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NPEAUCITIOBUE

YyebHHK HallucaH B COOTBETCTBHH ¢ IPUMEPHOIH ITporpaMmMoit 061ieo6pasoBaTeib-
Hoi1 yuebHoit gucnuHHb «DH3UKay ¥ UMEET JIEKTPOHHOE [IPHIIOKEHHE.

Conpepxanne yuebHuKa criocobeTBYET HOPMUPOBAHHIO CHCTEMBI 3HAHUM 06 001IHX
GbU3HYECKHX 3aKOHOMEPHOCTSIX, 3aKOHAX, TeOPUSX, PEACTaB/1eHHiT 0 1eHCTBUU BO
Bcenennoii pM3nYeCKHX 3aKOHOB, OTKDLITHIX B 3eMHBIX YC/IOBUSAX, PACKPbIBaeT (usi-
4eCKYI0 KapTHHY MHpa BO BceM ee MHorooOpasun. [1pn na/ioxxeHiy MaTepHasia B KHH-
Fe OTPAKEHb! OCHOBHBIE DTATbI CIOXKHOTO HCTOPHYECKOTO PA3BUTHA COBPEMEHHOMH

CHOHATBHBIX H CHEeNHATbHBIX HCHRIVIEH, 3aKAaabiBaeT (pyHAAMEHT TOCAENYIONIEro
obyuerns, cnoco6CTBYeT OCBOSHHIO MHOTHX BH/IOB JeATEIbHOCTH, HMEIOIIHX MeTanpe-
METHBIH XapaKTep, B ydeOHHK BKIIIOUEHO NPOecCHOHATBHO HallpaBAeHHOE COLepKa-
HMe, obycnosnennoe Tpeboanusamu @TOC cpeanero npodeccuonansHoro 06pazo-
BaHUA K (POPMUPOBAHHIO ¥ CTYAEHTOB (06YYaoIMXca) 061MX U MpodeCcCHOHATLHBIX
KOMIIETEHIUH.

Hapsaay ¢ reopeTHYecKMM MATEPHAIOM YHeOHHK COLEKUT IPUMEPDI PEtieHHUst 3a-
Aad, a TaKKe 3a0a4H A CAMOCTOATENIBHOTOC PellieHHs. DTo NpHoduIaeT 00y4aolLuXCs
K CaMOCTOSTEIbHOM TBOpYecKoii paboTe, B IIpoiiecce KOTOPOH OHH Y4aTCs aHATU3UPO-
BaTh (H3NYECKHE ABJICHUS, BREJIATD IIaBHbIe (PaKTOPHI, KCMOIb30BATh MPHOGPETE -
HEBle SHAHUA ¥ YMEeHWsI 1A PelieHust TPAKTHUECKUX 3a/1a4 NOBCETHEBHOI KU3HH, obec-
1e4eHHs Ge30TIACHOCTH COOCTBEHHOMH JKH3HHU,

Y4eOHUK COCTOMT H3 CEMH Pa3fIe/oB, COAEPKAIINX 24 IVIaBH, BBEIECHMS, 3aKII0Ue-
HHUS W IpUIoXeHHsA. B KoHlle Kaxnoit raaBb JaHbl KpAaTKHE BEIBOIBI IO M31araeMoit
TeMe, BOIIPOCH I CAMOKCHTPOJIS U TIOBTOPEHHA, a TaKke KII0YeBbie CJI0Ba.

B 10/1HOM COOTBETCTBHH ¢ yYeOHMKOM HammHcaHsl yuebHble mocobus « Duanxa ais
ripodeccuit U CrenuManbHOCTER TexHnYecKoro mpoputs: ChopHUK 3aaad», «Dusnka
4714 apodeccuii U crieluaTbHoCTel TeXxHUYecKoro mpoduia: KoHTpobHbIe MaTepUa-
asly», «Duanka ana npodeccuit ¥ ceHHaIbHOCTEHR TEXHHYecKOTo npoduas: JlaGopa-
TOPHBIH TPAKTHKYM», « DU3HKa 119 IpogecCuil U CHeLHAThHOCTEH TEXHHYECKOTO
npoduas: Metoaudyeckue peKOMeHAAIMN», KOTOPbIe BMeCTe ¢ YIeSHHKOM H 31EKTPOH-
HBIM NIPHJIOXKEHHUEM K HEMY COCTABJIAIOT yuebHO-MeToanyeckuil koMiutekT (Y MK).

YuebHuk npexnazHaveH 17s usydeHus Hu3ukd B npodeccuoHanbEeX o6pasopa-
TeJIbHbIX OPFaHU3AIMAX, PEATU3YIOUINX OCHOBHY0 MPodhecCHOHANBHYI0 00pa3oBaTeNb-
Hy1o nporpammy CITO Ha 6a3e ocHOBHOTrO 06mIero 06pa3oBaHus ¢ OIHOBPEMEHHBIM
HOJXy4eHHeM CpeaHero oOiero oOpasoBasus, U MOKeT OBITh MoJe3eH MPH IIOATOTOBKE
k El3.

R
bH3NKH.
- YuntsiBas, yTo hU3HKA CO3/aET YHUBEPCATBHYIO Ha3y 11 u3yueHus odmenpodec-
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BBEAEHMUE

@Ouzuka — Hayka o npupoe. Bemuuaiinrimil MLICAHTEIb IPCBHOCTH APHCTOTEND
(384 —322 rT. 10 H.3.) B cMBICA Ci0Ba «PU3MKay (0T rped. physis — IPUPOIA) BKIABI-
BaJi BCKO COBOXYIIHOCTh CBEAEHMH O IPHPOAE, BCE, 4TO OBLIO H3BCCTHO O 3EMHBIX U
HeBeCHBIX ABAEHUAX. B pyccKuil S1ablk TepMUH «U3HKa» ObLT BBEAEH BEIUKHM y4e-
HBIM-3HITHKIOTIETTUCTOM, OCHOBOTIOJIOKHUKOM MaTepuaIncTuyeckoil huwrocodpun B
Pocceun M. B.JTomonocosnim (1711 - 1765).

Ilosroe Bpemst HUANKY HA3BIBAMU HaTYpamsHON (hrmocodueit (drnocodueit upupo-
AbT), W OHA (haKTHYCCKU CIMBATACE C ecTecTBO3HaHueM. [To Mepe Haxonirens axcrepu-
MEHTATIBHOIO MATEPHAJA, €10 1IAYYHOr0 0G0OIIEH s 1 PA3BHTHsI METONOE HCCTETOBAHMA
N3 HaTYPATEHON (HA0COGUH KaK 06IIero yUcHHUs ¢ PHPOAC BBIGTIHCh aCTPOHOMUS,
XHMUSA, (hrsvika, Grostorus u Apyrre Hayki. OTCIONA CieLyeT, YTO PE3KYIO IPAHMITY MEX-
Ay (OUBHKON U APYTHMH €CTECTRElIIBIMH HayKaMH YCTaHOBUTh JIOBOJIBHO CAOKHO.

[Iporecc ANUTETBHOTG W3YYEHUs SIBJEHWIH TPUPOILT TIPHBEN YYEHBIX K HIEe 0 Ma-
TEPHATHIIOCTH OKPYRAIOIETO MUpa. MaTepws BIUTIOUaeT B cebs Bee, OKpYKalollee Hac,
M Hac caMUX. Y4elile 0 CTPOellMK MAaTCPUU ABASETC OAHWM U3 HeHTPATbHBIX B (DU3H-
xe. OHO 0XBaTh/BACT JBA U3BECTHHIX (DU3KKe BU/a MaTepUHBewecmao nnone. Bea-
KOE M3METCHUE, TPOUCKO/SIICE B OKPYKAIONIEM 114C MHpe, [IPeAcTaBseT codoil 1Bu-
JKCHUE MATEPUM. JGUNCeHUE eCTb CROCOD CYUECTB08ANUS MATREPUH.

®usuka usyyaer Hanboee obwue GopMb) TBIKEHNST MaTEPHH U UX B3AUMHLIE
TIPCBPAIIEHAA, TAKHE, KAK MCXAaHWIECKast, MOTEKYAAPHO-TCINIOBAs, HICKTPOMAarHUT-
1as, aToMHas u siaephas. [ogofHoc aesenve Ha (hOPMBL ABHKCHHA YCAOBHO, GLHAKO
tusuka B nporecce U3ydelnst 00bIMHO LIPEACTABIEHA WMEHHO TAaKUMU Pa3/ielaMu.

1 Marepns cymecrByer B IpOCTpaHCTBE # BO BPEMEHH,

Hpocmpancmeo onpeac/ifeT B3auMHOe PACTIONOKe-
Hue (0AHOBPEMCHHO CYUIECTBYIOINUX ) OOBEKTOB OTHOCH-
TEJIBHO APYT APYTa M MX OTHOCUTEARHYIO BeNUYMHY (pac-
CTOSTHHC M OPUEHTATINIO ). PazMepsl MaTepHaNbHBIX OOBEK-
TOB Bo Beeaennoi pasnoodpasupl. DTH MaTePHAIBHBIE
00BeKTB 0OPa3yIOT MMKPO-, MAKPO- ¥ Meramup, Mux-
POMUP — MUD HCBUAVMEIX 0OBEKTOB, HATIPUMED AICMEH-
TAPIILIC YACTHIIEL, ATOMBL, MOJIEKy L. Maxpomup — Map
00BEKTOB, 00MagaI0IMX «OOBYHBIME» pazMepayi. Me-
2amup — MUP aCTPOHOMHIYECKHX 06BEKTOB, HATIPUMCP
3BC3/ILI ¥ 0OpasyeMble MU cUcTeMBL. Bee siBieHus npu-
POALL NPOUCXOJAT B OPeAeSeHHOI 0CTef0BaTeThHOC-
TH H UMEIOT KOHEUHVIO TIPOJIOTKUTCIBHOCTE. Bpemsa
ApHCTOTEIb onpeseseT NoCTEA0BATC/ALHOCTD SBACHUIH IPHPOIB! H HX
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OTHOCHTEIBUYIO IIPOAOIKUTENRHOCTE. Ce10BATEMBHO, TIPOCTPAHCTBO U BPEMS HE CY-
MECTBYIOT CaMi 1o cefe, B OTPBIBE OT MATEPUH, H MATCPHS HE CYHIECTBYET BHE MPO-
CTPAHCTEA ¥ BPEMEHH,

Ob1eit Mepoii pa3mHIHEIX GOPM ABHKEHNUSI MATEPUH ABJsETCS axepeusn. Kave-
CTBEHHO pa3anynsle (huzudeckye hopMbl ABHKEHHT MaTEPHH CIIOCOOHRT MPEeBpamaTh-
CA APYT B IpYTa, HO CaMa MATepud HEYHHYTOXKUMA | 1lecoTBopuMa. K TakoMy BbIBOLY
APHLLIN ellle aHTHIHEIE GUA0CODbL-MATEPAATUCTHL

Musuka — nayka, Msydaomasn npocTeiiie H BMecTe ¢ TeM Hanboaee obmue
3aKOHOMEPHOCTH SBICHME TPHPOIDBI, CBOICTBA H CTPOEHHE MATEPHH U 3aK0-
HBI €€ JIBHMKCHHA.

Muanka — ocHOBa ecTecTBO3HaHus, DH3MUCCKYE NMOHATHS ABAAIOTCA IPOCTEH-
LIMMH 1 B TO K€ BPpeMs OCHOBOTIOMATAIONTMMH U BCeOOLIMMH B €CTECTBOSHAHMH (1IpO-
CTPAHCTBO, BPEMs1, ABHKEHNE, Macca, padoTa, SHeprus u jp.). TeopHs u MeToIb1 PH-
3UKM LIHPOKO HCIIOAB3YIOTCS B ACTPOHOMHHE, OHOIOTHMH, XUMHH, TCOIOTHH U APYTHX
ecrecTBeHHBIX HaykaX. Ousudeckuc 3akenbl (HAIpUMep, 3aKOHbL COXPAHEHH ), BHI-
BO/BI, CTACTBUst U3 HUIHMIeCKUX Teopuii UMeIOT ITy6oKnil dunocodexuii cmeica Ou-
3UKA OTHOCHTCS K TOUHBIM HAYKAM M H3YYACT KOMMYECTBCHHBIE 3aKOHOMEPHOCTH SB-
JIeHHI.

Dusnka — BayKa oxcrepuventasbHas. OcHosHAs 3a8a4a HHIHKH — BBIABATD #
0OBACHUTL 33KOHBI IPUPOBI, KOTOPHIMK OTIPEICISIIOTCS (PH3HHECKHE SIBIeHMs. 3a-
JilauH, CTOSIIAE Tiepel GH3UKOH, ONpeAeaiorT 0CODeHHOCTH YPOBHEH MO3HAHMS TIPH-
Poapl. B dhuanke BLLiengOT CACAYIOLUIKHE YPOBHH TO3HAHKA; IMIUPHYECKHN, T, €, 0C-
HOBAHHBIH Ha OlIbITE, TEOPETHYECKU T U MOASTHPOBAH WA, KASKIBIA H3 KOTOPBIX HCIIOIb-
3yeT ompezencHHbE MeToabL [lo/, MemodoM TOHUMAIOT COBOKYITHOCTS IPUCMOB U
onepaiii MPakTUUECKOTO U TEOPETHIECKOTO II03HAHMS AeiiCTBUTCABHOCTH.

Imnupuueckuti yposerns NPCAYCMATPHBAET HCIOMB30BAHHE LIABILIM 00pa3oM
METO/J0B, OIMHPAIOLIMXCA HA YyBCTBEHHOE [I03HAHKE 0O BEKTHBHO CYIIECTBYIOIIETO
MHpa. K 3THM MeT01aM OTHOCAT: CHCTEMaTHUCCKHE HADIIOIEHHS, 3KCTIEPUMEHTH H
H3MEpPEHHsL.

Habmoodenusa spiagiotces 1epBOHAYANBHEM HCTOYHMKOM HHbopManun. Ha na-
YANTBHBIX CTATUSAX PA3BUTHS HAayKu HAOMIOZCHUS WTDANH BaykHENRNTY0 posb u Giaro-
a4pst UM 00pa3oBAICS AMIMPHYECKUH (OTMBITHBIN) 6a3uc Hayki. Kak n3secTHo, mep-
Bble 3AKOHOMEDHOCTH B IPUPOAE HHITH YCTAHOBJAEHSI B [UBEAeHUH HeOeCHbIX Te 1
6111 OCHOBAHBI HA HAOMIOAEHUAX 32 X ABHKEHHEM, OCYILECTBIISEMBIX HEBOOPYKeH-
HEIM F71a30M. B HEeKOTOPBIX HayKax (HAlpUMEp, ACTPOHOMAH, TeQI0THH U AP.) Habuii0-
J€HHS ABJSIOTCH eAHHCTBEHIIBIM MCTOIOM UCCAEA0BAHUA.

dxcnepumenm — BaKHEHIIUA MeTo]| SMITHPHYECKOTG UCCTeA0BaHHA, € MOMO-
b0 KOTOPOTO ABTIeHUs HCCAEVIOTCS B KOHTPOIHPYEMBIX VIIPaBIAeMbIX YCAOBHAX.
IIpoBons OUBIT, DKCTIEDUMEHTATOD IICACHANIPABJICHEO BMENTHBACTCS B €CTECTBCHHEIM
X0 Mporexkanus mpougecca, OTMYHNTe/IbHAS OCOOEHHOCTL IKCIIEPHMEHTA — BOCIHPO-
U3BOAUMOCTS, T.€, €r0 MOXKET OCYIHECTBHTS KWK UCCASIOBATENE B 000 BpeMs.

DKCIEPHMEHTL MOTYT OBITL KAICCTBCHHBIMH H KOJMMYeCTBeHHLIMH. KauecTBeHHDI aKcme-
PHMEHT OTBEYAET, HallpUMep, Ha TAKO# BOLEPOC: OCTAETCA IOCTOAIIION MITH H3MEeHACTCA Jallias
<hH3nyecKas BeTHYHHA TIPH M3MEHeHHH BHEUINHX YCA0BHH? KomdecTBeHHEIN SKCIEPHMEHT
CBsL3dH C H3MEDEeHMeM.
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He Ha/l BCEMHW TEJIAMHA MOMHO NMPOBO/TUTL 3KCNEPUMENTDH], HAaIIDHMED ILTAHCTLI, 3BC31bI MOXKHO
TONBKO Haﬁ.HlOlIaTb. Ecnu Bce xe AKCIIEPUMEHT HE(}6X0£I,HM, TO NPOBOJAT JKCNEPWMEHT © MOAE-
JIbKY, T. €. TCJIOM, PA3MEDBI H MACCA KOTOPBIX IIPOIIOPUHOHANIBHO YMEHBIUEHD] 110 CPABHEHHIO C
PeaJdbHbIM TCIOM. B atom CJaydae pe3yabTaTbl MOACBHEIX KCIIEPHMMEHTOB MOMKHO CHHTATD ITPO-
TOPIHOHAARPHBIMY PE3Y/JAbTATAM PCAIBHOIC JKCIICPHMCHTA.

Hamepenue — COBOKYITHOCTDL ,[[eﬁCTBHl‘/J[, BBINOJIHAEMBIX C IIOMOINBIO CPCACTE 13-
MepE‘HHﬁ B LEAAX HaXOXKOEHHA YHUCJI0BOIr0 3HAYeHHA HSME]_)HEMOﬁ BE€JIHYHHBI B TIpH-
HATHIX eAUHUIIAX U3MEePEHHsL.

MMeHHO B MHTEPNPETAIHM PE3YILTATOB H3MEPEHHI BhisiBIsieTcs raybuna Teope-
THYE€CKHX BBLIBOOOB.

Teopemumecxuii yposens 103HAHUSA TIpeYCMATPHBaeT 0600IICHHS, KIaccH-
(PUKAIIIO 1 AHATH3 SKCIIEPUMEHTATLHEIX IAHHEIX, YCTAaHOBJICHHE (PH3HYECKHX 3aKO0-
HOB, BbIIBHKEHNE HAYYHBIX THIIOTES K CO3JaHHE Hay4YHbIX Teopnﬁ.

Qusuveckue 3axKoRbt — YCTOIYHMBIE TIORTOPSIOIHEC 0OBEKTHBHbIC 3aKOHO-
MEPHOCTH, CYHIECTBYIOIIHE B TIPUPOJIE.

TIinomesa — nayanoe npeAnoacKeHUE, BhIABUTaeMOe s 0ObACHEHHS KaKOTO-
0o sBieHus u Tpedylollee NPOBEPKH Ha onfbiTe. ECTH runoTesa BheP:KHBAET IM-
TTHPHYECKYIO MPOBEPKY, TO OHA MPHOGPETAET CTATYC 3aKOHA, B IPOTHBHOM CJIyHae CUH-
TaeTcs ONMPOBEPTHYTOH.

Teopua — cOBOKYITHOCTb HECKOJIBKMX 33KOHOB, OTHOCSIIIMXCS K OHOH 0ONMacTH
TTO3HAHHUA.

I BepxoBHbiM Cyapeit moGoil TEOPHM ABAAETCA ONBIT.

Ecoi Teopis B IeIOM He IOYIAET SMIMPHIECKOTC IOATBEPKACHHA, TO OHa AOMOIHIETCS
HOBBIMH rHIOTe3aMH. HoaTBepAaeHIAS OTILITAMH TEOPHA CYHTAETCA MCTHHHOTH A0 TeX 1op, nokKa
He ByeT Npe/IoKeHa HOBAA TEOPHs, 00bACHSIOIIAA HOBRIE SMITUPUYECKHE (DAKTHI H BRINOYAK0-
mas CTapylo KaK YacTHHIH caydail.

Kaskapiil war B H3y4eHMy Npupoapl — 310 NpubkeHHe K nctiHe, Musnka Bee
ray0:ke TPOHHKAET B HOBBIE 00JMaCTH M M3YYAeT TaKKe 00BEKTH, KOTOPEIE He HMEIOT
AHAMOTOB B IIOBCCAHCEHOCTH. B Takux CJIy4aAaX B (l)usm{e HCOOJB3YIOT MOJC/IHPOBaA-
HHE,

Moderuposanue n03B0NAET BOCMPOU3BECTH OTIPE/IE/IEHHBIE FTEOMETPHYECKHE,
¢usnuecKue, IMHAMHYECKHE XaPaKTePHCTHKH 00LEKTa — OPUTHHAA.

Modensv — ynpouiennas Bepcus GH3HUECKOH CHCTEMbL HJIH HPOLECCA, COXPAHSI-
1oLast MX raasHeie Yeprel [IpocTeuMy MOJENAME ABAIOTCA, HANIPUMep, MaTepH-
aAbHadA TOIKA, ]f[ﬂ,eaJIthIﬁ ra3, KpUCTATIHICCKAA PCIICTKA — TaK Ha3blBa€MOC Npea-
METHOE MOAE/AHPOBAHHE. HpI/] MOAETUPDOBAHHH YKa3bIBAIOTCA IIPEIC/InI 1 I'PaHHIBE 10~
IYCTHMBIX YIPOIEHHIA.

Jhobasa Moaenh Npexe BCero NOIBEPractes MPOBEPKE COOTBETCTBHS €8 CBOHCTB CBOHCTEAaM
MOIETHPYEMOi PeanbHON dranyeckoil cucrembl. 1o Mepe ycoBeplueHCTBOBaH s MOJEID CTa-
HOBHATCS OoJiee TOYHON 1 COBepIIeHHON. Moe1b, BrepxaBiad MHOTO HCILITAHK, IpescKa-
33BUIAS HOBbIE SIBNCHUS W YKA3aBILAA HA HOBBIE 3KCTIEPUMEHTHI, KOTOPbIe COTJIACYIOTCA C Hel,
COCTABJAET OCHOBY (DH3Huecknx Teophil. CYHIECTBYET TaKKe 3HAKOBOE, MECIEHHOE H KOMITbIO-
TEPHOE MOIEANPOBAHHE. IIpH 3HAKCE0M MOOEAUPOGAHLL B KATECTBE MOIETH MCTUIB3YHIT
CXeMEI, YepTeRH, (popMynnl. YacTHLIM CIy4aeM SHAKOBOTO MOETTUPOBAHNS SIBJSIETCS Marnie-
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Mmamuuecrkoe modenuposanue. llpu muicrennom modenupoearitits (MLICICHHOM JKCTIe~
PUMEHTE) YUeHkIii npeacTapaser cefe 06beKT, KOTOPbIH HE CYIECTBYET B PEaALHOCTH, H TPORO-
IMT HaJ HEM SKCHepHMeHT B yMe. IITHpoKo H3BeCTHBE, HATIPUMED, MRICTICHHEIE SKCICPHMEHTH
A. Jiinzteiina (1879 - 1955), coaparens Teopuu orHocuTenskoctH, I'. Tamnes u . Maxc-
pesuia (1831 1879). Taxk, Manuseii OTKPBIN 3aK0H HHEPIAH, MBICTIEHHO YMEHbIIAs, a 3aTeM
MCEJTIOYAs CHITBI TPEHHS NPH ARHKeHHH; MakcBesun copMyTHpoBa Mapagoke ¢ <TeMOHOM»,
T. €, MBICJIEHHO PACOIGIOMII Ha Ty TH NeTAIHX MOJIEKY I THIIOTCTHYECKOIO «/IeMOHAa», COPTHPY~
IOIIETO MOJAEKYJIb 10 cropoctaM. [ipuxommvromepnom moderuposaniiu b KadecTse MoJe-
J¥ BHICTYTIAET AJIFOPHTM — IIPOrpaMMa GYHKITHOHHPOBAHHS 00BEKTA.

MoaenH, KoTOpLie HMEIOTCA V (PH3UKOB CETOAHA, B COCTOAHUH OITHCATh MHOTHE
asnermns [pupoan. Oanako 3aprpa ouu 6yAYT YCOBEPINEHCTBOBAHEI H NOCTE OIbIT-
HOH npoBepku Bee Hombiue crocobeTROBATE MosHaHMo [Ipupoas:.

Wrak, pusnka — HayKa IKCTIEPUMEHTATEHAA, TAK KaK OCHOBHBIM METOJAOM M3y4e-
HHS IPUPOEL ABAAETCS FKCIEPHMENT, KOTOPDIH NOATBEPKAAET M OTPHLAET BHIBO-
bl Ppu3mrn.

Musznueckan BeanunHa., Qusunecxan eenuuuna — 310 U3MepsaeMasn xa-
paKTepHCTHKA (GH3MYECKHX 00BEKTOB MW ABJIEHNH MaTePHaJbEHOTO MUpa, obmas
B KA4eCTBEHHOM OTHOLIEHNH MHOKECTBA 0OBEKTOB MK ABJCHHI, HO HHAUBHAY-
abHAA IS KAXKAOIO H3 HUX B KOJTHUYCCTBEHHOM oTHomenud. Hampumep, Macca —
dusnveckan peMIHHA, ARASIOMAACA obulel xapakTepucTukoi husrueckux obbex-
TOB, UL KaXA0r0 00beKTa {aBTOMOOMIE, TETEBH30D, CaMOJIeT U T.11.) KMeeT UHAH-
BHAyaJIbHOE 3HaYeHHe; y/eJpHoe COTIPOTHRIEH e — PHandecKast BeaUYnHa — 06~
H[AS XaPAKTEPUCTUKA MHOTHX (PH3NUECKUX TeJ1, HO 4714 Pa3HbiX MeTalJIOR OHa pa3-
AUYHA.

Dyziueckas BeTMYHHA MpeacTapaset coboii tubo obobueHHoe noHsTHe (AIHEA, 061EM,
MAacca, YAENbHAS TEILIOEMKOCTD, BI3KOCTh, CHITA 3IEKTPHYECKOTO TOKA U T . 1.), b0 KOHKpeT-
HYIO BeJIHMHHY — HHAWBHAYAJHYIO XADAKTEPUCTHKY OTAEMBHOTC 00LEKTA MM ABIEHHS: BMe-
CTHMOCTb JAHHOTO COCY/3, HANPANKEHHOCTD JIEKTPUYECKOr0 NoJIA B TaHHOH TOUYKe TIPOCTpaH-
CTBA, yAe/AbHAs TEIUIOEMKOCTE BOABL PH TeMnepatype (0 °C U T. /1. YK23aHHOMY BhIlLIE OIpeae-
JEHHIO HE YAOBAETBOPAIOT TEDMUHDL JIEKTPHYECKOE TI0J1€, BONIHA K T. /I, @ TAKiKe HaUMEHOBa-
HUA PHIHYECKHX 0OBEKTOR: THPS, O3, YA U T. A

3nauenue KOHKPETHOH HH3HYeCKOH BEJHIHHEI BBIPAXKAIOT IPOU3BEICHHEM OT-
BJEYEHHOTO YHC/a HA IPHHATYIO A JAHHOH QU3HYECKOH BETHIMHD] eTHHHITY.

Yro Hano suare o Pusuyeckoil BeHINHE;

® HU3HUECKHIA CMBIC/ BENHYHHBI (KaKue CBOHCTBA ITH KaYeCTBA BEIIECTBA MIIH
TI0JIA OHA XAPAKTEPH3YET);

® onpezaenenyie hH3HYECKON BeTHYUHDL;

® hopMyay, BHPAXKAIOIYIO CBA3b JaHHOH (DH3HYECKOH BeTMIHHBL C IPYTHMH;

® ¢/IMHULY BEJTWYMHEL { HAMMEHOBAHEE, 0003HAYEHH E, OfIpeneNeHue);

® criocofibl ee N3MEpEHHUs.

Eounuuy ¢usunecxoti genurnunvt MoxHo YyCTaHOBHTH NIPOM3BOJIBHO, HO €CJTH
TIPHHATb WX HE3aBHCYMBIMH JIPYT OT APYyTa, TO B (JOPMyJIax, CBA3BIBAIOLIMX DAa3IUY-
HEle (hHIHYECKHE BEJTWYHMHEL, TIOABHTCH MHOTO NEePeBOAHBIX KCI(PHIIMEeHTOB, 4To yC-
JIOXKHHMT Kak caMH (popMy.ibl, Tak i Beruncaenust. K. Fayce nmokasan, 4To ks noctpoe-
HHSL CHCTEMBL €/IMHUI (PM3UYECKHX BEJIHYHH AOCTATOYHO BRIODATH HECKOJIbKO He3a-
BHCHMEIX ZIPYT OT APYTA eIMEHL. JTH €IUHUIBI HA3KIBAIOT OCHOGHbIMU . EAMHUILD]
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(bu3HYECKHX BETHYMH, KOTOPBIE ONMPEAESIOTCS 0 YPABHEHUSIM € [IOMOLIBI) OCHOB-
HBIX €JMHHL, HA3EIBAIOT NPOUIEOOHBIMU.

COBOKYIHOCTb OCHOBHBIX M IPOM3BOAHBIX €AMHHII HASBIBAIOT CUCMEMO edii-
nuy. MexnyHaponnada cucteMa euHulr CH cocrout U3 ceMU OCHOBHBIX (METD, KM-
JI0TpaMM, CeKyH/a, aMIep, kKelkBUH, MOJIb, KaH/ena), IBYX AOTOIHUTEABHBIX {pajiu-
aH 1 cTepauaH) U HOMBLUIOT0 YHCA TPOMIBOHEBIX €IUHHIL

JLitst 0BpasOBAHIS IPOU3BOAHBIX €JMHHUL H3 OCHOBHBIX IPHMEHSIIOT ONIPEAeITIONIHe
VPaBHEHUS CBSI3U MEXY BemMunHaMu. HekoTopble MPOH3BOIHBIC CAMHUIG], TIOTY-
YMBILME CLELHUANBIIBIC HAMMEHOBAHUSA, MOIYT ObIThb MCIOAL30BaHbL AJ151 00Pa3soBaHUs
apyrux npouspoanbix exuuut CH. CoxpanieHdsie 0603HaAYEHHSs eIHHWUIL, Ha3BaHHBIE
B YeCTh YUEHBIX, THNTYTCA ¢ TIPONHCHOMH OYKBEL

CreraibHble HANMEHOBAHUSA, MPUCBOEHHbIE €AHHUIAM, 00I3aTeIbHB K [IPUMe-
Heuu1o. HanpuMep, 151 paGoThl M 9HEPTUH CIEAYET IPUMEHATH eHHMITY X0y Ih (%),
a He HeITOH-MeTD (H - M), Heemorpa Ha To, uto 1 H-M = 1 [ix.

(Dusnieckne 3akoHbl. Du3nvecKue 3aKOHBL BHIPAKAIOT B MATEMAaTHYECKOH
thopMe KONHUECTBEHHBIE CBA3KM MEXTY (DHU3HIeCKHMU BelnynHaMy. OHU yCTaHaBIH-
BAIOTCST HA OCHOBE 000OTIEHMS ONBITHRIX (3KCIEPUMCHTANBLHBIX) MAHHBIX H OTpaska-
10T 0OBEKTHBHBIE 3aKOHOMEPHOCTH, cymecTiyowue B [Ipupoze.

YeraHopienue uUsnyecknX 3aKOHOB CBH33HO € M3MepeHreM (U3NYecKux BEJIH-
umH, QUeBHTHO, UTO PE3YJIbTAT H3MEPEHHH He MOXKeT OBITE a0COMIOTHO TOYHBIM.,

(DusuyecKHe 3aKOHBI CIPABEIIMBHI 1A Toil 00JacTH, 1A KOTOPO# UX npH-
MeHHMOCTH NPOBEPEHa ONBITHBIM MYTEM. :

Hanpumep, 3axonnl Mexanuxu Hoorota { KIacCHUYCCKOH MEXAIHKK) YCTAIIOBICHBI FUTS /IBU-
HCHHA MAKPOCKOTTHICCKUX TeJT, ABIKYIHXCS CO CKOPOCTAME MHOTO MCHBILC CKODOCTH CBETA.
JlansHel1iee pagBuTHE HAYKH MOKAZAIO, ITO 3aKOHAI KAACCHIECKON MEXAHHKH HE CTIPABE/IH-
BBI, C OAHOM CTOPOHH, A ABMKEHUA 0OBEKTOB MUKPOMUDA {OTAEIBHBIX ATOMOB WUITH 37EMeH-
TAPHBIX YACTHIL), C APYTOH — /15 IBHMKEHHA 0FhEKTOR, CKOPOCTH KOTOPHIX CPABHHMEL €O CKOPO-
crpro ceera (¢ = 3 - 108 m/c).

DuznyecKHe 3aKOHBI, HMEOILUe Hanboee 0OUIHPHBEE 001ACTH IPUMEHHMOCTH,
HA3LIBAIT hyHdamenmanbivtmy (HATPUMCD, 3AKOH COXPaHEHHST SHCPTHH).

Hsyyag ¢pusudeckuii 3aK0H, HYXKHO 3HATD:

® CBA3b MeXJIY KaKHMM ABAeHHAMH (1PoLEeccaMi) ik GU3HYeCKHMH BeJHYHHA-
MU OH BBIDaKAET;

o (POPMYIHPOBKY 32K0HA U CTO MATEMATHYECKOE BEIPAKEHHE;

® OIBITHI, TOATBEPHK AR MME CIPaBel I HBOCTE 3aKOHa,

® VUCT H HCTIONh30BAHHE HA TIPAKTHKE;

® [PAHHIIB IPHMEHIMOCTH.

HMouarre o PpusHIecKoii Kapruie Mupa. 1o Mepe HAKOILIEHHA IKCIIEPHMEHTATE-
HbIX IAHHBIX TIOCTEHEHHO BEIPUCOBBIBANACE M CKJIA/IBIBAJIACH BETMECTBEHHAA H CJTOX-
HAas KAPTHHA OKPYXKAIOHIETO HAC MIpa W BeeneHHoiH B eaoM.

Hayunble moncky 1 HCCIe0BAHNSA, NTPOBELEHHbIE HA IIPOTAMKEHMH MHOTHX BEKOB,
nozeosHan M. Hetotony (1643 — 1727) oTKpHITE B chopMyTHpoOBaTE (hyHIaMeHTATb-
HBIE 3aKOHBI MEXAHHUKH, KOTOPHIE B TO BPCMS KA3aJHCh HACTOJABKO BCEOOBEMIIONTHMH,
4TO JIErAW B OCHOBY HOCTPOETIHS MEXAHURECICOU KAPMUHBL MUPA, COLIACHO KO-
TOPO#t BCE Te/a AOJIKHBL COCTOATh M3 AbCOMOTHO TBEP/BIX YACTHII, HAXOASIIHXCS B
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HeTIPepPhIBHOM ABWDKEHNH. B3anmMoelicTRIe MeXITY TeJIaMH OCYILECTBJISETCS ¢ 1IOMO-
WBIO CUJT TATOTCHUS (TPABMTALIMOHHBIX CHUT). Bee MHOTO0OpAsHe OKPYKAIOLIEr0 MUPA,
no HbioToHy, 3aKT109210Ch B PA3JTHYNH JBHXKCHUA YACTHIL.

Mexanudeckast KADTHHA M#pa TOCOOACTBOBA/IA A0 TeX 11op, uoka [x.Makcpejiom
(1873) tie 6B11H cHOPMYMTHUPOBAHDI Y PABHEHHS, OIIMCHIBAIOIIHE OCHOBHEIE 3aKOHOMED-
HOCTH 3JIEKTPOMATHUTHRIX STRIEHIWH, JTH 3aKOHOMEPHOCTH HE MOTJIH OBITH 00bACHE-
HBI ¢ TOUKH 3pelia MexaHuki HoloToHa. B oTauyue 0T K1accH4ecKoil Mexanuky, riae
NMpeInoaaraeTcs, YTO B3aHMO IeiCTBHE MeXTY TeJIAMH OCYIIECTBASETCS MTHOBEHHO
{Teopus JanbHOIEHCTRIA), Teopya MakcBesTa yTBe[EKIAN, YTO B3aUMoAeHUTBHe
HPOUCKOTUT ¢ KOHEUHOH CKOPOCTRIO, PABHOH CKOPOCTU CBETA B BAKYYME, IIOCDEACTBOM
INEKTPOMATHATHOIO 11013 (Teopus Oiuzkoneicreus ). Cozfanne clellHanbHOH Teo-
PHH OTHOCHTEJBEHOCTH — HOBOTO YYeHHS O TIPOCTPaHCTBE U BPEMEHH — ITO3BOIHIO
NOMHOCTRI) OOOCHOBATE HJICKTPOMATHUTHYIO TEODHUIO.

B cocras Beex Oes HCEMIOUEHUS ATOMOB BXOJAAT 3JIeKTPUYECKN 3apsSKeHHEIe Jac-
THLBL. C NOMOIIBEY 3/IEKTPOMarHUTHON TEOPUH MOKHO 06BACHATE TPHPOAY CIIL, AEH-
CTRYIONHX BEHYTPH ATOMOR, MOJICKY 1 MAKDOCKOMHYECKUX Teit. JTO IOJAOKEHHE JIer-
J10 ¥ B OCHOBY CO3I4HUS IJAEKMPOMAZHUMHOU KAPMUHDL MUPA, COTTACHO KO-
TOPOH BCE IPOUCXOSILHNE B OKPYKAWIIEM HAC MUPE SBIEHHS MEITATUCH OOBACHUTH
€ THOMOMIBIO 3aKOHOB 3AeKTPOANHAMHUKN. OQZHAKO 0OBACHUTL CTPOEHUE U JABHIKEHHE
MATEPHH TOJHKO 9ACKTPOMATHHTHBIMH B3aHMOIeHCTBUAMY He Y/1ai0Ch.

JlanbHeiiree pazsrTHe QHIMKA OKA3AT0, UTO KPOMEZPAGUMGHUUOHHOZO H 91K -
MPOMAZHUMHOZ0 63AUMOOGEHCMEWIL CYIECTBYIOT W APYTHE THIIB B3AHMO/E-
crBuA. llepBas nosoBrHa XX B. 03HAMCHOBATACH HHTEIICHBHBIM H3YYEHHEM CTPOEHHST
ANEKTPOHHBIX 0HOJI0YEK ATOMOB H TEX 3AKOHOMCPHOCTCIH, KOTOPLIE YTIPaBISOT ABIIKC-
HUEM 3JIEKTPOHOB B aTOMe. JTO MPHBEIO K BOIMUKHOBEITHIO HOBOH 0Tpacau PH3UKH —
KBalTOBOM MEXaHUKH. B KBaHTOBOMH MCXaHMKe UCIIOJIb3YETCH HOHATHEOY QAUIMA: JIBH-
AYLIAACA MAaTEPUs ABJIAETCA OJHOBPEMEHHO U BELIECTBOM, U TIOJIEM, T. &, 00IaiaeT o7l
HOBPEMEHHO KOPIIYCKY/ISIPHBIME H BOJHOBBIMH cBOficTBaMu. B kiaccuteckoil xe du-
3UKE MATEPHs BCET/Ia MO0 COBOKYITHOCTE YACTHL, AUHO OTOK BOJIH.

Passutne sinepuoit Gu3uKku, OTKPRITHE 3EMEHTAPHBIX YaCTHL, HCCASI0BAHAE UX
CROICTB M B3aUMOIIPEBPAILEHHH HPUBE/H K YCTAHOBACHHIO &IIe IBYX TUMOR B3aHMO-
OeHCTBHIH, HAIBAHHEIX CULbHBIMU 11 CAAOLIMIL.

Taxum ofHpazoM, coBpeMCHHAsA (hH3NYECKasa KAPTHHA MUDPA [IPEAICIAraeT YeThIpe
THIIA B3AUMONEHCTBUA CHAbLIOE (AIepHOE), SAEKTPOMATHUTHOE, ¢/lafoe W TpaBhTa-
nroHuoe, CHTBHOE B3anMojlecTBHe 0BeCIeHBAET CBA3h HYKJIOHOB B siape. Caaboe
B3aMMOJICHCTERIE TPOSBASETCS B OCHOBHOM TIPH pactiae deMeHTApHELX Yyactull. Hrax,
YVY€HFeE O CTPOeHHH MaTepHH B HACTOSINEe BPEMs SBIACTCH aTOMHUCTHYECKUM, KBaH-
TORBIM, PEJISITHBUCTCKUM, B HEM IPUMEHSTIOTCS CTATUCTAYECKHE HPEICTAaBIeH A,

E Bonpocw ANA GAMOKOHTPONA H NOBTOPEHHA

1. llouemy puBHKY HasHBaWOT HayKoH o mpupoae? 2. Uro casianisaeT MeXAY coGOl MaTe-
PHIO, IPOCTPAHCTED 1 Bpema? 3. Yo ofiiero 1 4eM OTAMYAIOTCA APYT OT ApYyTa Habrwienne u
axcnepuMent? 4, C kaxoll uenpo B pruauke npoBo/sT namepernsn? 3. Uem oramuaercs GHH3H-
4Yeckas BeIMYHHA OT APYTHX TEPMHHOB, HCIoab3yeMblx B dusnke? 6. Uto Hazo 3HaTh 0 hu3m-
yeckol BeauunHe? 7. Kaxkue efHHUIE] (PU3HIECKUX BETUYMH SBISIOTCA OCHOBHEIMA B CH?
8. Kak ycTaHaB/IMBAIOTCA H YTO BHIPAXKAT Quamueckue 3axonnl? 9. Yro neobxoaumo 3HaTh 0
dbusiyeckom saxkode? 10, UeM 0TiimaeTca sAeKTPOMATHHTHAS OT MEXAHWYECKO!H KAPTHHBL MUpa?
11. Yro npearonaraet coBpeMeHHas pUIMYecKas KapTHHA MHpa?
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Mexanuxa (0T rpeu. mechanike — HCKy CCTBO IIOCTPOEHHSI MAlIAH) — HaYKa O
MEXaHHYECKOM JBMKEHUH MATEPHATBHBIX Tel 1 MPOUCXOAANINX IIPH 3TOM B3aUMO-
JeHCTBHAX MEXKIY HUMM.

Kunemamuxa (0T rped. kinematos — ARWXeHHe) — pa3fiell MEXaHHKH, B KOTO-
POM H3YYAIOTCST CIIOCODEI OMTMCAHNSA IBHMKEHHIT W CBA3b MEXAY BEJIMYMHAMH, XapaK-
TEPHUIYIOIIHUMH 3TH ABHXXEHHHA. Kunematuka H3Yy4aeT ABMXKECHUA Te 663 y4ieTa IIpHu-
IMH, UX BbI3LIBAIOMIHX.

Hunamurca (0T TDeY. dynamis — cyi1a) — pas3ied MEXaHAKH, NOCBAIEHABIH U3y-
YeHHIO ABHKEHUA MATEPHATBHBIX TEJE IO JedCTEHEM TPUIOKEHHEBIX K HHM CHJL.

B AMHAMUKE DACCMATDHBAKTCAH JBa THIIA 3a/aY.

3ajauM MepBOro THIA COCTOAT B TOM, YTOOBI, 3HAS 3aKOHBI JIBHKEHHA TeNa, ONpe-
JeJUTEL IeHCTBYIOUIHE Ha HeTO CHMEL KITacCHYecKUM TPUMEePoM PellleHus TakoH 3a-
Ja4y ABH/I0CH OTKDbLITHE H. HhIOTOHOM 3aKOHa BCEMHDHOI'O TAIOTCHHA. 3ian ycTa-
HoBAeHHbe H. Kennepom sakonn: apmaxkenns miaaver, 1. Heoron nogazad, 410 310
IBMKEHHE TIPOUCXOIHT MO AeHCTBHEM CUJIBI, 0OPATHO TIPOMOPIMOHANBHON KBaIpa-
TY PACCTOSHHS MeXay iaHeToi 1 CoHHeM.

3anaun BTOpOTD THIIA (OCHOBHBLIE B AUMHAMUKE) COCTOST B TOM, YTOOLI, 3HAS HA-
JaAbHOE TIQI0KEHUE Tela ¥ eT0 HavajbHY K CKOPOCTD, 110 ASHCTBYIOIHM Ha TeJl0 CH-
JaM OIPEACINTD 3dKOH €ro ABHXXEHHA.

Heropnueckan cnpaska. CyilieCTBeHHbI BRIAJ B pas-

BHTHE MeXaHHKH BHe(IH yyeHble: Apxumen (ok. 287 —
212 rr. 10 H.3.), KOTOPBIH Pa3paloTan TeOPHIO PHIYAT], CA0Ke-
HHeE L1apajUIenpHLX CHA, YUCHHE O LHEHTPe TaxecT! K T 4.; Jle-
ouapao ga Bunun (1452 - 1519), uecnegopasumit ceofouHoe
TAZEHIC | IBHKEHHE Tena, OPOLIEHHOTO FOPU30HTANBHO, COIIDO-
THBRJAEHHE DAJIOK PACTAKEIHIO ¥ CKATHID; YCTAHOBMBNIVIH, YTO
JAelCTBHE PABHO IIPOTHBOAEHCTBHK) M HATIPABJIEHO POTUB HETO;
H3YVYUBIIHH MEXAHU3M TPEHHA M ONpefeduBuIni koahdwmim-
EHT TPEHHS]; CO34aBLUIHI [TPOEKT 1IEPBOTC JIETATEIBHOTO anla-
para, napaurora, paga MAPOTEXHHYECKIX COOPYKEHHH U MHO-
roe apyroe; H. Konepunk (1473 - 1543) u Y. Kerwtep (1571 -
1630, oTKpbiELIKE 3AKOHE ABHMEHUA TUIAHET KOTOPBIE BITOCJIE-
CTBHHU CTaJIH OCHOBOH A5t chopmyauposarnoro M. Heworonom
3aKk0Ha BceMupHoro tarorenna; I Tamuneit (1564 -1642) —
OCHOBOTIOJIOKHHK INHAMHKH M OfIMH H3 OCIIOBATeaeH TOYInoro
Apxumes €CTECTBOIMANNS, YCTaHOBH 33KOH HHEPLIMH, 3aK0HbI cBo0O/-
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HOTO TAfIeHHA, ZBHAKCHUSA TEIA 0 HAKTOHHOM IUIOCKOCTH 1 TEJIa, HPOMIEHHOTO TIOA YTIOM K
TOPHU30HTY; OTKPBLT 3aK0H COKEH U IBIDKeH NI M 32K0H MOCTOAHCTBA NIePUOIA KoaeOaHHii Ma-
aTHnka, EMy gelopeyectso 06a3aH0 IBYMA TPUHIMNAMH MCXAHUKH, ChLIPABLIMMH GOBINYIG
POJb B PA3BUTHH HE TOJIbKO MEXaHUKH, HO U (PU3HKY B LEAO0M, — IIPHHLIKII OTHOCHTEIBHOCTH H
TIPHHIIIL TIOCTOAHCTBA YCKOPEHHA CBODOIHOTO NajIeHus.

lrasea 1

KUHEMATHUKA

1.1. MexaHuuvyecKoe ABHKEHUe

Onucanne MexaHHuecKoro ABxeHus. [log Mexanunecxum odsuxcenuem no-
HHMAIOT ¥3MeHeHHE ¢ TeYeHHEM BpeMeHH B3aHMHOT0 [TOICKEHUS TeI WM UX 4acTeil
B IpocTpaHcTBe. HanmpuMep, B pHpo/e — 3TO BpalneHie 3eMIu BOKPYT COOCTBEHHOMH
OCH, ABIXKeHNe 3eMIM H APYTHX niaHeT Bokpyr ConmHua, Bpaiesne COTHEVHOH CHC-
TeMBI BOKDYT a1pa [anakTukH, «pazberanies> ralakTHK, T.e. pacliHpeHue BeeaeHHol;
B TEXHHKE — /IBHOKEHHE aBTOMOOHIEH, CaMOMIETOB, MOPCKHX H KOCMHYECKUX Kopa-
e, yacTteil ABUTaTeeil MAlTMH ¥ MEXAHW3MOB.

ITpx u3yueHny IBHXEHNA MATEPHATLHEIX TeN, 1715 YIPOUICHUS PelIeHUst HEKOTO-
PBIX 337124 B MEXaHHKE HCHOAb3YIOT MOJEAN — MATePUAIBHYIO TOUKY i aOCOIIIOTHO
TBCpZOE TeNO.

Mamepuanvuas mouxa — reno, ob1analee Maccoi, pasMepaMH KOTOPOTO B
JaHHOH 3a/1a9e MOXKHO NpeHedpeys.

[Moaoxenne MATEPHATLHO TOUYKH B MPOCTPAHCTRE OMPERENASTCA KAK TOT0XKEHTE
reoMeTpHYIecKol TOYKH. MatepranbHOH TOYKOH, HalpUMep, CHUTAIOT 3EMIIKIIPH pac-
CMOTPeHUN ee ABIKeHNs BOKpyr Costiia. B aanbpHelinieM npu ynotpebieHHud TepMu-
HA «TeI0> Oy1eM HMETh B BUIY MATEPHATHHYIO TOUKY.

Ab6comomno maepooe mero — CHCTEMA MATEPUATLHBIX TOUEK, PaCCTOAHAE
MEXY KOTOPRIMH ¢ TeYeHHeM BPeMeHU He H3MEHSIeT s,

PaaMeps! 1 (hopMa abCOMOTHO TBEPAOrD TEA MPH Pa3THYHBIX BHEIIHUX BO3/el-
CTBUSIX HE H3MEHAIOTCS.

Mexanudeckoe ABHXKeHUE TIPOUCXOAHUT B [IPOCTPAHCTEE U BO BpeMenH. B wiaccH-
YyecKoil MEXaHWKe 1IPOCTPAHCTBO OAHOPOIHO H M30TPOIIHO, BPEMST — OJHOPOZHO.

O0dnopodnocms npocmpancmaa 03HaYaeT PABHOTIPABHE BCEX ero TOYek.

Hzomponnocms npocmpancmea o3H24aeT PaBHOIPABHE BCEX HATPABAEHH
B IIPOCTPAHCTRE.

O0nopodnocms epemeriu — PaBHOTIPaBHE BCEX MOMEHTOB BPEMEHH,

[ omHCcaHKs MEXaHHYECKOTO IBUKeHII He0OX0MUMO YKA3aTh TeJI0, OTHOCHTEh-
HO KOFOPOro paccMaTpuBaetcs Apikenye. OtHocuTeasHo CoMHIIA pacCMATPHBAETCS
ABMKEHHE TUIAHET, OTHOCHTEJIBHO KaKHX-JH00 IIYHKTOB HA [OBEPXHOCTH 3eMJIH —
ABMZKEHHE CAMOJICTOB, TOe3710B, apToMoOMaeit. [Tpu aToMm Contile (UaH 3eMIsI) CUH-
TAETCS HE[IOABUMHAIM U SIBASETCS TEOM OTCUETA.

Teno omcrema — poU3BOALHO BHIOPAHHOE TEJIO, OTHOCHTEILHO KOTOPOLO O1l-
peneaseTcs NoJoKeHWe JIBYKYIHelcs MATepUATbHOHM TOYKH.
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Homoxenne ABKYTICHCS MATEPHATBHOH TOY-

KM B JJAHHBIH MOMENT BPEMEHH MOXKHO OTpese-

JIMTB, ec/u BeIOpaHa cMCcTeMa OTcYeTa.

Cucmema omcuema — COBOKYTIHOCTh TeNa

OTCYeTa, CBA3AHHLIX C HUM CHCTEMBI KOODJIHHAT

U 4acoB.

X Mexannueckoe BHKEHHE MPOUCKXOIUT BO
BpEMEHHM, TT0ITOMY CHCTEMa 0TCYeTa AOKHA
HMCTh 4achl, OTCIUTHIBAIOLIME IPOMEKYTKH Bpe-
MENM OT UPOHIBOJIBHO BRIOMPAEMOro HAYAThHO-

Pye. 1.1 ro MoMeHTa BpemMenu (puc. 1.1).

Ha puc. 1.1 Teso oTcueTa O HAXOAUTCS B HaYaule
koopayHat. [TpH onHCaHHH JBIKENHS Hanbo e YIIOTPeOUTeIbHA IPIMOYTOIBHAS, HITH
AeKapToBa, cucteMa KoopauHat, [lomoxedue MaTepHanbHOl TOUKY M B 1IeKapTOBO# CHC-
TEME KOOPAUMHAT OUPEACTACTCS TPEMs! KOOPAMHATAMU: &, ¥, 2 WIH PAlHyCOM-BEKTOPOM T.

Pafinyc-BeKTOp I — BEKTOP, MPOBE/JCHHDIM U3 HAYA/Ia CHCTEMBbS KOOD/IMHAT B JlaH-

HYIO TOUKY. J/IHHa paiyca-BEKTOPa I, T.€. €0 MOAYIb [r| = 7, oTIpeaesiseT paccTos-

HYEe, HA KOTOPOM TOYKA M HaXOAMTCsi OT Hauama KOODAMHAT, 4 CTPEJIKa YKa3blBaeT

HaMpaBACHHC HA 3TY TOUKY.

{lpu aBHKeAMH MaTepUHaabiioi TOUKd M KoHel pagiyca-BeKTopa T ONHCHIBAET B

NPOCTPAHCTBE HEKOTOPYIO JIMHUIO — TPACKTOPHIO.

Thaexmopus (0T Aat. trajectorius — OTHOCAIMICA K EPEMELLEHHIO) — Heupe-

PHIBIEAS MK, KOTOPYIO OIIHCBIBAET TOUKA 1IPH CBOEM JIBHIKEHHH,

Buasi asrskenud. [To gopme TpaekTopHI MeXaHWICCKOE TBUMKCHVC KAaCCH(PHLM-

PYIOT Ha NPSIMOIWHCITHOE M KPHBOJIWHCITHOE.

IIpamonuneiinoe deudicenue — 310 ABIKERNE, TPaeKTOPHEI KOTOPOTO B BHIG-

PAHHOH CHCTEME OTCYETA SIBASETCS HPAMAs JHHUA.

Kpueonuneiinoe dguxncenue — 310 JIBUKEHIE, TPACKTOPH KOTOPOTO B Bbib-

PanHOH CHCTEME OTCUETA — HEKOTOPAs KPHBAs JTHHUSL.

Buz TpaeKTOpHH 3aBMCHT 0T TOLO, 110 OTHOIIEHKIO K KaKOH CHCTeMe OTCHeTa paccMar-
pusaerca asuxenne. Ha puc, 1.2,a uzobpaxena TpackTopua ABixeHus JIyHbt —ciyTHH-

[ToaHonyume

Opbura JTynsl
OTHOCMTE/BbHO
3eman

Hopoayune

Opbura JIynm
OTHOCHTEIHHO
Comya
ConHire
a 6
Puc. 1.2
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Puc. 1.3

Puc. 14

Ka 3eM/IM — B TeolelTPHYecKol cieTeMe (OTIOCHTe b0 3emau), a na puc. 1.2, 6 B re-
TMOHEHTPHYECKOI cricTeMe (OTHOCUTeThHO COMHIAY).

IMpocTeAniMy STBAAIOTCS MOCTYIATENRHOE U BPAIMATEIRHOE IBHKEHHS TREPAOTO
TEeNa.

Hocmynamensuoe deuxcerue — 310 TaKOe IBHIKERUE TBEPAOIO Tejla, IPH
KOTOPOM TIPSIMast, COEAHHSIONIAA [Be 0B TOUKH TeNa, NepeMeriaetcs, 0cTapasch
NapanneiasHol cRoeMy HavalbHOMY Moaoxenun (puc. 1.3).

I1pu mocTynaTeIbHOM ABUKEHUH TBCPLOTO TesIa BCe TOYKH TeJla OUCBIBAIOT O1H-
HAKORBIE TPAeKTOPHU. [l BHIKeIIHe Teqla 3a1AeTC W U3YYAeTCs TaK XKe, KAK U JIBHKeHHe
OTHON ToukH. [locTymaTensHo ARMKETCA AIHK MUChMEHHOTO CTOJA, BATOHEL 37eKT-
poroc3na, kKabuHbI «Kosieca 0603peHHs>.

Bpauwamenvioe deuxcenue 80KpYz HENOOBUNICHOT OCU — 3TO TAKOE ABU-
ACHHE TBEDJIOTO TEJla, TIPH KOTOPOM BCE €1'0 TOUKH OMUCHIBAIOT OKPYKHOCTH, IEHTPH
KOTOPBIX JI€KAT HA OTHOH HEMOABIKHOH NPAMOM — 0CH BpallleHus, MePITeHANKYAAD-
HOI1 1L10CKOCTSIM 3THX OKPYKHOCTEH.

ITpiMepaMi BpanllaTeibHOLIO ABHIKEH KT MOTYT OBITh: BpallleHHe KOJleC BEJTOCHTIE-
I3, TIPOMEIeDOR CAMOJIETA, RATIOR IBUTATENeH M TEeHEPATOPOE.

Ilpu Bpamare bHOM IBHXCHHMN TBCPAOTO TEMA BOKPYT HeNOABIHKHOI ocu OO ero
MIOJIOKEeHYE OLpee/sieTes yIioM nopopota ¢ (puc. 1.4).

1.2. Nepemewenue. NyTb

Bekrop nepemeniennsi. Ilonoxenne MaTeplaibHON TOUKH (TeTa) B BRIODAHHON
CHCTEME OTCYETA B IAHHBIE MOMEHT BPeMEHH 3a1aeTCs PAJIHYCOM-BEKTOPOM . [IycTh
TOYKA ICPEMCIIACTCS Ha MJIOCKOCTH M B HAYAILHBIH MOMEHT BpeMeHH f; HAXOAHTCA B
LOJIKeHNH A, B MOMENT BpeMeHH ¢ — B IOJMOKeHHH B. ITH [0JI0KEHNS TOYKH B
chcTeMe koopArHAT XY oupenessitorcs COOTBETCTBEHHO PalHyCcaMi-BeKTOPaMH Iy
ur (puc. 1.3). Bextop Alr, npoBesieHHEIH H3 KOHIIA pafHyca-BeKTOpa Iy {M3 TOUKH A)

! T'peueckan Gyxpa «genstas ( A) obosuavacT B popPMyLax HAMEHEHHE, IPHPANICHHE, TPOMEKYTOK,
OTPE30K.
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A(ty) Ay
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Puc. 1.5 Puc. 1.6

B KOHell paguyca-BeKTopa r (B To4Ky B), ABAsETCS NepeMenieHHeM TOUKH 3a TIPoMe-
KYTOK BpeMeHU At =t — #;

Al‘=r0—l‘0. (11)

Hepemewenue Ar — 5exTOD, COSAVHSIOLHIA TOMOKEHNUS BHKYILEHCS TOYKH B
Havase U KOHIle HEKOTOPOTO POMEXYTKA BDEMEHH.

BekTop nepeMeliesHs HATTPABJIEH BAOJb XODABI TPAEKTOPHH TOYKH.

JI71a ONMCcanuA ABMXeHus HeOOXOAMMO 3HATh PAJAUYC-BEKTOP TOUKH B M0BOH MO-
MeHT BpeMenn. M3 puic. 1.5 BUAHO, 4TO ecid U3BECTEH PAfUHyC-BEKTOP B HAMAIbHBIH
MOMEHT BPEMEHH Iy M H3BECTHO NepeMellerye Ar, TO MOXKHO HAHTH PaJHyC-BEKTOP T
B J1100011 IOC/IeAYIOMU MOMEHT BPEMEHH {

r=r,+ Ar. {1.2)

BexToprHoMy ypaenenno (1.2) nj1s [BMKenus TOYKH Ha ILIOCKOCTH COOTBET-
CTBYIOT JBA YpaBHeHHs B KOOp/AHRATHOI dopme.

OnycTHB neprieHANKYIAPE B3 Havala H KOHLA BEKTOPa llepeMellednss Ar Ha ocH
KOOpAUHAT X M YV, MOKHO HAKTH ero 1POeKIIH Ha 3TH OCH,

Hpoexuuu eexmopa nepemenieHUs — 370 HIMEHEHHS KOOPIHHAT Aru Ay
JMBMEKymelica Touku (puc, 1,.6), VMaMeHeHne KOOPAWHAT NpU IBIDKEHUN MaTepHAilb-
HOMH TOYKH MOKET ObITh KaK MOJOXHTERBHbIM, TAK M oTpunareasiem. Ma puc. 1.6
BHIHO, YTO [IDH IBIKEHUN MaTepuatbHOH TOMKH 13 A B B KoopaynRaTa o ocH X Bo3-
pacTaeT (x> 1), MO3TOMY U3MEHEHHE KOOPAMHATHI TIOMOKUTEABHO (Ar =z — 15 > 0).
Ilo ocu Y koopauuara yMeHbIMaeTes (< 1), H3MeHelnHe KOOPAMHATH OTPULATETb-
1o (Ay =y~ 3 < 0).

3Hast, 9UTO IPOEKIIMH BEKTOPA ITepeMelIeHHs DABHBI H3AMEHEHHAM KOOPAMHAT, HMeeM

=1+ A y=y+ Ay {1.3)

Bexropuomy ypasuenuso (1.2) ana ABH:KeHHA MaTepHaIbHOH TOYKH B Npo-
CTPaHCTRE COOTBETCTRYIOT TPH YpaBHEHHA B KoopAHHaTHO# dopme

r=5+ A5 y=yp+ Ay z=2%+ Az (1.4)

Takum 06pazoM, YTOGE HAHTH IMO0KEHUE TOUKH B IPOCTPAHCTBE B JIOOON MO-
MEHT BpeMeHH (KOOPAMHATH! I, ¥, 2), HeODXOLHMO 3HATD ee HAYaIBHOE OJIOKEHHe
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Y Y
Al C A b C
] |
a ) a i
(M ! ¢ g
: i
0 I 0 !
. b B X . B X
Puc. 1.7 Puc. 1.8

(KOOPAMHATDI Ty, Yy, 2) M YMETH BLIMUC/ISATh H3MEHEeHHsl KoopAUHAT Touku Az, Ay, Az
TIpH ec IBMKEeHUH. '

Mogayab u HanpaBiaeHHE HePeMeIHeHNs! MOJIOCTLIO OMPEAeIAIOTCS eT0 TPOSKIHA-
MH Ha ocn opraHat. Uenonnays puc. 1.6, no teopeme [Indaropa onpeaensieM Moayns
BEKTOPA MepeMelleHust

|Ar| = J(Az)* +(Ay). (1.5)

HampagnacHite BekTopa Ar MOMXKHO 337aTh YTJIOM O MeX/Y BEKTOPOM K MOJOXH-
TeJbHbIM HarmpaBicHHeM ocu X, M3 puc. 1.6 BuaHo, uTo

tgarg—y— (rapuc. 1.6 Az > 0; Ay < 0). (1.6)
T

Bel{”l‘Othl.l‘"‘I H lcoopnnnanmﬁ METOAbl ONMMCAHHA JBHXKEHHA B3aHMOCBA3AHM
H 3KBEHBAJICHTHLI.

Caoxcenne nepememenwii. IlepeMelenyie — BCKTOPHAs BEJIHYIHA, TIO3TOMY /icH-
CTBMS C BEKTOPAMMU lIEPEMEINEHMH TIPOBOSATCA [10 IPABHTIAM BEKTOPHOH anrebpnt ',

Moacaum aro Ha TpumMepe. [IycTh MT0/IKA IBUXKETCS HOMEPEK TeYEHHs PeKH
(puc. 1.7). Ecsiu 611 BOAA B peke 6bl1a HEMOABIKHOIM, TO TOAKA, IBHIAACH BAOAB OCH
Y, yepes HEKOTOPBIi IPOMEKYTOK BPEMEHH 0Ka3anach B Touke A, [Tepememnienne
BAONL 0cu Y — pektop a. B aelicTBHTEIBHOCTH BOAA B PEKe TeUeT BAOAL ocu X M
«CHOCHT» JOAKY 11O TEYEHUIO 32 TO JKe BpeMsi B ToukyB. [lepemenienue aosb ocn X —
BeKTOp b.

Kakoso xe Gyaet AeiicrBuTeNbROE NEpeMelledHe JToaku? YToO6l OTBETHTb HA ITOT
BOIPOC, HY;KHO CAQKHTL ABa BeKTopaa M b. CirojkeHne BEKTOPOB MPOU3BOAST IO MPa-
BHJIY [IAPAILIENOTPAMMA HITH TPeyToJdbHUKA (MHOTOYTOUIbHUKA).

CornacHo npasuay napanienoZzpamma, CYMMapHETH BEKTOP € NPeACTABJSACT
cobo#l AuaroHasb NAPANIESOrPaMMa, IOCTPOCHHOI® HA COCTABASIIOWHX BEKTOPAX
(au b) Kak Ha CTOPOHAX, NPH HTOM Hayala BCeX Tpex BeKTopod ( a, b, ©) coBnajaT.

Wz puc. 1.7 BuaHo, yTo ¢ = a + buan c = b + a, T. e, pe3yNbTaT CIOKEHHA MepeMe-
WEHHI] HE 3aBHCUT OT HOCAEZOBATEIBRHOCTH CJIArAEMEIX TTEPeMeLTeHHE.

! Bekropuas anrefipa — yuenue o AeHCTBHAX HAT BEKTOPAaMH (CIIOJKEHWH, BEMHTANHH, YMHOKEHHAN ).
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S, M
p) — . -

¢ i

b 3 l

i

d 9 l

a B 1 _:L
A U] 1 2 3 t,C

Puc. 1.9 Puc. 1.10

[lo npasuny mpeyzonvuuxa (puc. 1.8) Heobxo/1¥MO ¢ KOHLIOM BEKTOpa a €O~
BMeCcTUTh Hayauo Bextopa b. CoeAMANB Havyaao NepBOTo BEKTOPa ¢ KOHLIOM BTOPOTO,
TNOTYYAKT CYMMAPHLIH BEKTOD c.

Ecit1 He00X0HMO CTOXHUTD HECKOJIBKO BEKTOPOB, TO TTPABHIO TPEYTOAbHUKA 0606-
IAETCS Ha RPAGUTIO0 MHOZOY20MbHUKA. [|19 HAX0XAeHU De3yIbTHPYIOETO 1ie-
peMenienns a + b + ¢ + d = Ar Hajlo coeAMHATH HAYAJIO IEPBOLO BeKTopa (TouKy A)
€ KOHLIOM I1ocaeaHero (Toukoit B) (puc. 1.9).

ITyTs. [IyTe B OT/IMYMe OT NepeMelneHis FBAACTCS CKANADHON GyHKIMCH BPEMEHH.

Hymwe S — cxkansap, paBHbIH AIUHC YYACTKA TPAEKTOPHH, NIPOHIEHHOTO JABUKY-
weics TOUKOH 34 JaHHBIH IPOMEXYTOK BpEMEHH.

Ennnuna nytn — Merp (M) apnsierca 8 CH ocHOBHOIL.

Memp — cauHUIa ITWHBL, PaBHAS PACCTOAHUIO, KOTOPOE IIPOXOAUT CBET B BAKYY-
Me 3a BpeMst 1/299792458 c.

ITyTu, npoiileHHBIE TOYKOH 3a NOC/E0BATCIbHBIE IDOMCKYTKH BDEMCHH, CKAa-
ABIBAIOTCS ANTCHPaHUYCCKH,

I'padmk saBUCHMOCTH yTH 0T Bpemenn S = f(t) HasbIBaeTca gpaghuxom nymu
(puc. 1.10). Hanpumep, no u3BecTHOMY Ipadmiy TYTH MOKHO OIpe/leUTh MY Th, TPoH-
JleHHRI MaTePUAIBHONH TOVKDH 33 ONpe/ie cHHLIH IPOMEXYTOK BpeMeHH. J14 9Toro
HAJTO W3 TOUKH Ha OCH BDEMEHH, COOTBCTCTBYIOILEH KOHILY IPOMEKYTKA, HApUMep 2 C,
BOCCTAHOBUTD NEPIEHTHKYIAP A0 Liepecedenys ¢ TpadbikoM (Touka A). 13 310l ToukH
A OImyCTHTE MEPNEHMKYJISAP Ha ochk 5. TOUKa IepeceYeHHs MepPNeHAHKYIApa ¢ 0Cbio S
AacT 3naucHue myTH. CornacHo rpadmky, 3a 2 ¢ To4Ka mpoutia 1yt 4 M (cM. puc. 1.10).

IIpu ABHIKEHMH MATEPHAIBHON TOYKH OyTh He MOKET YMEHBMATHCA H He Obl-
BAET OTPHIATENRHRMM S > 0,

TIpu upsiMonuHeHOM ABUKEHHMH MOLY/Tb BEKTOPA niepemenienst | Ar| paBeH myTH
AS 1.e. |Arl = AS.
Ecnu aerxenue nporcxoauT mo ock X, To, cornacuo (1.4),

AS=|Ag =z — x| (1.7

FEcnu HamparieHHe MPAMOTKHCHHOIO ABHXEHHS U3MEHSETCH, TO IIyTh bonbie
MOZYJs1 BeKTopa nepementenus. Hanpumep, Te10 GpOCHIN ¢ IOBEPXHOCTH 3eMITH Bep-
THKT6HO BREPX. [ToAHABIINCE HA BBICOTY A, TeNo mafaeT BHH3. Bekrop mepemene-
HHA Tea paBeH Hymo Ar = 0, anyts S = 2A.

[Tpu kpuBOIMHEHHOM ABIKEHHUY MyTh AS Bombime MOxyIIst TepeMenieHyst |Ar|.
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1.3. Ckopoctb

BeKTOp CKOPpPOCTH. CKOPOCTB — OIITa 3 GCHOBHLIX KHHEMATUYCCKUX XaDaKTECPH-
CTHK JABHXKelnd Toukd, O003HAYAeTCH CKOPOCTb JATUHCKOM OYKBO#H v — nepBas OyK-
Ba JIATMHCKOIO C/I0BA velocitas — CKOPOCTD
Cxopocmb — BeKTOpHAs BETHUHHA, xapax*repmsyromaﬂ HanmpaBJIcHHE JIBIKEHHUS
Teaa v GBICTPOTY €r0 epeMeneH s,
PaccmaTpuBas ABuAKeHHe KaKoro-ad0o Teja, HampuMep aproMobIa, caMo.1eTa,
“Y KQCMHAYCCKOTO KOpaﬁJlH, HaM H3BCCTHO, YTO CKOPOCTL ABMKEHHA CaMOJICTa 60JTIJIIIC,
HYeM CKOPOCTh a.BTUMO6HJI§[, HO MCHLIIE, YeM CKOPOCTE KOCMHYECKOro K0p36ﬂﬂ. Ha
% TPaHCHOPTHRIX CPEACTBAX U6b.l'-lﬂU yCTraHaB/JInBalOT HpH60p, KOTOPHI‘:I MTOKAILIBACT
% MOAYJIb WKW YHCJI0BOE SHA4YCHHE CKOPOCTH €TO ABHAKEHHA — CITHAOMETP.
&

1

Ckopocts ¥306pakaloT HaNPaBAECHHBIM OTPE3KOM NpsAMo, /UTHHA KOTOPOTO
B BBIOpannoM MacmTabe xapakTepHayeT MOAYIb ckopoctu (pHe. 1.11).

Cpeanas ckaaapHas ckopoctb. OnpeaesnTs, KAKOE W3 Teil ABUKeTC HEICTpee,
MOKHO, HALIPHMED, TAKUMU CIocodamu:

® BEIYHCITHUTD TYTh, KOTOPHIH TPOXO/IAT BMXYIIMECS TeNa 3a OFHH U TOT XKe [po-
MCKYTOK BpeMenn. Yem 6ombiiie 3TOT 1Ly Th, TeM ObICTpee ABHXKETCS TeI0 U TeM Hoib-
1€ ero CKOPOCTS;

® BHLIYWCITHTH BPEMS, 34 KOTOPOE Tea TTPOXOAAT OJIMHAKOBHIC MYTH. YeM MeHble
3TO BpeMsi, TeM OLICTPee ABWIKETCS TC/0 B TeM DOJIbLIE ero CKOPOCTb.

TakuM 00pazoM, CKOPOCTD MPONOPIHOAATEHA TYTH U 0OPaTHO TIPOTIOPITHOHANBHA
BPEMEHW JIBHKEHUS

rg = éﬁ (1.8)
At

[To popmyne (1.8) onpeaensioT CPEHKIG CKATAPHYK CKODOCT.

Cpeduan CKaNApHAs CKOPOCHt — (DHU3UYECKas BETMYHUHA, PABHAS OTHOILE-
HUEO HyTA AS, NPOHAEHHOIO TEI0M 34 NPOMEeKYTOK BPEMCHH At K JJAHTEIBHOCTH
3TOrO 1IPOMEKYTKA.

CpefHsist CKaIsTpHAS CKOPOCTh YI0OHA 1151 OMUCAHMS ABVKEHHS 110 3aMKHY TOM
TPACKTOPHU MJIH NIO TPACKTOPUH, Pa3IM4Hble Y4aCTKH KOTOPOH IepecexanTes.

Yi <v>
B
AS
AT V3
-v—'b' r A
v ¥4
ﬁd To
"

/ 0 X V3
Pue. 1.11 Puc. 1.12 Puc. 1.13

! Marunckre BYKBL HanoMunaoT o GHANIECKoM cMBicae 0603HaYaeMOll BeTHYNHEL (HAIpHMEp, Bpe-
Ma — tempus, obo3HauaeTca TATHHCKOH GyKBoit 1)

7 . i " o ' . --‘v-w::x:ww. mru---:r-w-—- -—.;
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Tabrnna 1.1

ObbekT CkopocTs, M/t Obbekr CkopocTs, M/C
Poct yenoseveckoro sosoca 510 ¢ Monckyna B armMocgepe 5.10°
Hpeitgryrommii aeaunx 3.10 ¢ Jyna Boxpyr 3emimn 1-108
Mypaseii .10 Jemna mo opbure 3.1
ILaoBer; 2.10° Coaneunas cHeTeMa 2.10°
Crpuirrep 10 B [anaKTHKe
3BYK B BO3ITYXe 33107 DJeKTPOH B aTOME BOAOPOIA 2-10¢

Hpumenanue. Obnextyt BoenreHHoH ARIDKYTCS ¢ pasiMyHsiME ckopocTsamu. Ho (1) cywectsyer
(yHAAMEATATbHAIA TPHHLMIL, COTIACH0 KOTOPOMY MAKCHMA/IbHAR CKGPOCTD ABHKEHNA MaTEDHAIL-
HblX 0OBERTOB paBHa CKOPOCTH cheta B BakyyMe ¢ = 3 - 108 m/c.

MruoBeHHas ckopocts. CpemHas CKopoCTh SBIETCS TPMOU3NTEILHOH Xapak-
TepucTukol apmkenna, Koraa aproMo6uis pasroHAeTesT KAKM TOPMO3UT, NUKA3aHUs
CTIMOMETPA U3MEHSIOTCA 1 He OYAYT COBIIAJATE ¢ BRIMMCACHHBIMH 10 dopmyae (1.8),
MOCKOMBKY CTIH/IOMETP MOKA3LIBAaET CKOPOCTh ABMYKEHHMsL ABTOMOOHIIST B AHHBIH MO-
MEHT, T. €. 33 GeCKOHEYHO MAJBLA IPOMEKYTOK BpeMeHH. CKOPOCTE B JIAHHBIHA MOMEHT
speMenu (At — () HA3BIBAIOT MZHOGEHHOL (V).

HycTh MaTepyanhHAS TOUKA ABHKETCH 110 TpaeKTOPHHK (pHc. 1.12) 13 nonoxkenus
A B noaoxenne B no ayre AB. B reuenne IpoMexyTKa BpeMeHH At = i — &, To4Ka
HpoRger nyte AS, paBublil Anydse 1yTH A B, H COBEPIIUT IepeMcLICHEe

Ar = Ar — Ar,,

TIpu ymenbilIeHHH NPOMeKyTKa BpemeHu At Touka B 6yaeT pacriosaratses Bee Oin-
e 1 Oyske K Touke A, T.e, Ar 6y1eT yMeHbiuatses. Ecan AtOyaer crpeMHTbes K Hy.110,
TO MOAY.JTH BEKTOPA MepeMentierust paser nyTH |Ar| = AS u B ipese bHOM ciydae Ar
GyZeT HATIPABJICH [0 KACATEJIBHOMN K TPAEKTOPUH JABHKEHHA MATEPUATBHON TOUKH.

BexTop MrHOBeHHOH CKOPOCTH HATIPABJICH IO KACATeIbHOH K TPAeKTOPHH B Ha-
npamienyu aewkenns (puc. 1.13).

B 1atu. 1.1 upuBeaeHb CKOPUCTY JIBVKEHHS DAa3NHIHBIX 06BEKTOB.

1.4. PapHOMepHOe NPAMOJIHHEHHOE ABUIKEHHE

3akou paBHOMEPHOTO MpAMOTKEEHHOro ABHKeHus. I1pH npsMoIHHeRHOM ABH-
JKEHUH TPACKTOPHUA ABHXCHUA — TipAMad THHHA. HPH OIIACAHNH TAKOI'O ABHXKEHNUA
MOKHO CYBTATH, YTO TeJI0 ABIKETCS BAOML OAIIOH U3 oceill KoopauHar.

Ecaun apmaeliye npaMoaMneiinoe, To MOAYIb BEKTOPA TIEPeMCINCHUSA PaBeH Ty TH.
ITycTh MarepHaibHAA TOYKA ABMKETCS BAOAL ocH X, Toraa |Ar| = AS = Az u cko-

Ar

POCTb BLIYKHCTBIETCS N0 GOpMyae: v, = X OO/ HAMpaBicHHe BEKTOPa CKOPOCTH H
NOAGKHTENBHOC HANIDABIEHNE OCH Xconrla,r_[aro'r, T0 Az — MOAOKHTETBHAS BeJINYHHA,
At —~ BCeTAa [IOJIOKHTCARHAS BETWUHNHA, C€40BaTe/1bHO, CKOPOCTh — BEAHYWHA 10~
goskHTenbHadA (v, > 0).
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Ecnu HampapieHHe BeKTOpa CKOPOCTH IIPOTHBOMO- Uy, M/C
JIOKHO HOACKHTEALHOMY HalpaBIeHW) ock X, TO
v = _Az T.€¢ 1, <0 50
Tz A ¢ y Bee U - J
1Ipu npsaiMoAUHeH oM ABHXEHHH TeNa BEKTOD CKOPO- 40
CTH HE H3MEHAETCS MO HANPaBieH 10, MO/YJ1b BEKTODA BN et
CKOPOCTH € TeueHUeM BPeMeHH MOXKET KaK H3MeHATRCS, 20 ks
TaK Y OCTABATLCS MOCTOAHHBIM. EC/TH MOy CKOPOCTH 10 ::f: f//
Tesa ¢ TeYeHHeM BPpeMeHH H3MCHACTCH, IBHIKEHHE Ha3bl- Z;f‘ff;;;
BACTCH HEPAGHOMEPHLIM (NepeMeHHbIM). 0 12 3 4 5 tc
Pasnomepnuoe npamonuneiinoe deunce- Puc. 1.14

Hue — ITO JABUIKEHME, HPH KOTOPOM TEJNO NepeMenia-
eTCs1 ¢ TIOCTOSHHON [0 MOAYIIO CKOPOCTHIO v = const!,

Pasnomepnoe deuicenue — jpixenne, Ipy KOTOPOM TEJO MCPEMENIAETCH ¢
[OCTOAHHOM [0 MOAYJTIO H HATIPABJIEHHIO CKOPOCTBIO

v = const. (1.9)

ExvnuIia ckopocTH — MeTp B ceKVHAY (M/C).

1 M/c paBelt CKOPOCTH IIPAMOJIMIEHHO H PAaBHOMEDHO ABIDKYINEHCA TOYKYU, IPH
KOTODOIi 3Ta TOUKA 3a BpeM: 1 ¢ lepeMeniaeTcs Ha 1 M.

3asucumocThb (1.9) MoxHO U306pasuTh Tpadpuuccku. [ paduKoM CKOpOCTH paBHO-
MEPHOTO ABYDKEHHS SBJSAETCS MpsiMad JIMHASA, apa/uTeNibHasi ocH BpeMenH (puc. 1.14).
B MomeHT BpeMeHH 1 ¢, 2 ¢ 1 1. . CKOPOCTDb ABHXKeHHd paBHa 30 M/c, T. e. ABnsAeTCA
MOCTOSTHHOIA,

Ecau Teno ABMAeTCH PABHOMEDPHO BIIONE NOMMKHUTEIBHOIG HATIPARTEHUS 0cH X 1
B Ha4yaALHBII MOMEHT BpeMeHH f; = () HAXOAMAOCk B TOYKE ¢ KOOPAHIIATOH %, a B IPO-
H3BOJIbHHII MOMEHT BDEMEHH ¢ B TOUKE € KOOPAHHATOM I, TO CKOPOCTD ABUXKEHUS! PaB-

Ax  r—m, & — Iy
A 11 HTH, VUMTLIBAA, uT0 £, =0, v, = - Orcrona cirepyer, 4To
—~t ,

Ha v, =

=T+ vl (1.10)

Bripaxetnne (1.10) HaspBaoT IAKOHOM PABHOMEPHOZ0 NPAMOJUHEHHOZ0
deuscerus, 3 31010 ypaBHEHUS CNEYCT, UTO

xr— 3= vt

YUHTRIBAA, YTO MOAYB PA3HOCTH KOOP/AMHAT PaBeH IyTH [cM. hopmyiy (1.7)], Teao
ABHKETCA B/IOMb ITOKHTEBHOTO HAMPABICHHUA OCH X, T.¢. |2 — 5y| = & — 2, MOMy4HM

AS=nt (1.11)

le{ PaBHOMEPHOM ﬂpﬂMOJIHHeﬁHOM ABHKEHHH 3aBRHCHMOCTSD ITYTH OT BpEME-
HH SBJIAETCS JHHEHHO.

st olipeieleHUsT KOOPAMHATHI ABHAKYIIETo Tea B JII000H MOMEHT BpeMeHH Halo
3HaTh HaYaJbHYIO KOOPAHHATY ¥y H CKODOCTD 1y,

Ecsin Hauano oTcyeTa NOMECTHTE B HAYAA0 KOOPAUHAT ( 2, = 0), TO 3aKOH PABHO-
MEPHOTO MPAMOJIHHEAHOTO ABMXKEHHA OYIeT UMETh BH/I

! Const (ot aar. constans — MOCTOAHHDII).
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— (1.12)

W3 ypasuennit (1.10) u (1.12) BuAHO, YTO 32aBUCUMOCTE KOODAMHATH OT BPEMeHN
suHeRHanA, Koopnunara zco BpemeneM ubo Bospactaer, iuG0 yORBaeT B 3aBUCHMOCTH
OT TOrO NOJOKUTENbHasA (v > () uan orpuniatensHas (v < () CKOPOCTh JIBHXXEHHS.

[To rpacduky 3aBHCHMOCTH CKOPOCTH v, OT BpeMeHu (cM. puc. 1.14) moxHO onpeae-
JIUTh OYTH S, T.e. MOAYL PA3HOCTH KOOPAMHAT ABWAKYLIerocd Tena S = [Ar = |z — z
B 100011 MOMEHT BpeMenn t. [1yTh YnCNeHHO paseH TUIOTATH Mo TpadHKOM 3aBUCH-
MOCTHU CKOPOCTH [BIKEHUSA TeNa OT BpeMeHH. [Ipy npsMoAMHeiHOM PABHOMEPHOM
IOBHIKEHHH ILyTh, MAH MOIYIL PASHOCTH KOOPEMHAT |Ax|, papeH IJOIANH 1IPSMO-
VEOJIBHHKA CO CTOPOHAMH ¥, H .

§=wit

Hanpumep, ipu t=2¢, 5=30m/c-2¢ =60 M.
W3 ypasrenns (1.12) MOXKHO ONpeAETHTb CKOPOCTD ABHXCHUS 7, €CH H3BECTHA
KOODAWHATA TeMa © B MOMEHT BDEMEHM {, 2 HAYAAbHAS KCODANHATA 7, PABHA HYJIIO!

v, :% (1.13)

Tpadur nyTH paBHOMEPHOro NpAMOJHHEHOTO NBHKenns. JIMHeHYIO 3aBHCK-
MOCTB IIYTH, TPOXOAMMOIO ABHAKYILMMCSI TEJIOM OT BPEMeHH, MOXKHO H306pa3uTh Tpa-
thrgeck. Ecim no ocu abCIMee OTKIABIBATE BPEMST IBIXKEHUA §, & TI0 OCH OP/IMHAT —
myTh S, TO B cOOTBeTCTBYM ¢ hopmyoii (1.11) rpadukomM saEHHON 3aBUCHMOCTH
IYTH OT BpeMeHH SBJISAETCS IPsMasi TMHUSL, IPOXOAAIIAs Yepe3 Hauano KOOPAHHAT
(mpu t =0, §=0) (puc. 1.15). BeiAcHUM, OT 4€TO 32BHCHT YTOJI HAKIOHA NPAMOIH K OCH
BpEMEHH — YTOJI 0. 33 HEKOTOPHIN MPOMeXyTOK BpeMeHH ¢ {MyCTh 32 BpeMs t= 2 ¢ —
Ha 0CH aBCLHCC 3TOT IIPOMEKYTOK BpeMeHH u3o0paxer orpeakoM ( OB), Teso mpo-
o myThk S (t = 2 ¢ cooTBeTcTBYET § = 20 M — 0Tpe3ok A B). Vi3 puc. 1.15 umeem

AB S 20 M
tga=""="=1,; v, =—— =10m/c. 1.14
gu=Tp ==t U= M/C (1.14)

Taxum 06pa3zoM, yro HaK/IOHa MPSIMOii 3aBUCHT OT CKOPOCTH ABIKEHNS Tesa. Uem
GOJIbLIE CKOPOCTD JABMKEHHA U, TeM DoublIe tg o M, CireoBaTebHO, Ooabe s (o, > oy,

Ss M Uy, M
¥ i
0, =200-M/c
30 200 —
200 | | |4 150 [I vy =50 M/C
5 s
<|*_I 10 5 100
o : =
b ¥ | 1B 50 If \\\g
O 1 2 3 t, C \%?— \h
1 0 1 2 3 4 e
Puc. 1.15 Puc. 1.16
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TaK Kak vy, > 0 vy)' (puc. 1.16). YIiibl OTCYHTHIBAIOTCA OT MOAOKHTEIRHOTO HANPaB-
JEeHHA KoOpAHIIaTHOH ocu (Ha puc. 1.16 — 310 och {) MPOTUB YacOBOH CTPEIKH.

1.5. YckopeHue

Hamenenne ckopoctd. PeasbHbie Tesa, HaIpUMeD aBTOMOOMIB, HE MOTYT 40JTO
JBHTATLCA PABHOMEPHO W npaMoauHeiiHo, HaxkariueM mefany rasa BOAHTETh YCKOPHET
ABHAECHHEC EIBTOMO6I/IJIH, T. €. CKOpPOCTDh ABHIKCHHA BO3PACTACT. Haxatuem IeJaTH TOP-
M03a BOAUTED 3aMeJIseT ABHAKEHHE ABTOMOOMIS, T. €, CKOPOCTD ABHKEHHA YMeHbIa-
etcs. [Ipu ABMKCHHH MOXKeT W3MEHUTHCS HC TOIbKO MOAYAL CKOPOCTH, HO U Hallpasie-
HHe JBWKCHUS (HANPaRJIeHUe CKOPOCTH ). [ XapaKTePHCTUKU H3MEHEITHA CKOPOCTH
C Te4eHHEM BPEMEHH BBOAAT elle OZHY XapaKTePHUCTHKY JABHAKEHHS — Vexopedue ( a).

Yekopernue (o1 nat. acceleratio — yexopeHne) — BEKTOPHAT BeTUVHHA, XapaKTe-
PH3YIOLI A 6bICTp0Ty HIMEHEHHNA CKOPOCTH MaTCpHEU'IbHOI‘:I TOYKH II0 MOAYJIID W Ha-
[IPaBJIEHUIO.

IIpw upaMoMiHeHHOM PaBHOMEPHOM ABWKEHHN v = const, T.€. CKOPOCTb TeJa He
HM3MEHACTCAH HU IT0 MOOYITEK}, HH 1O HATIPDABJICHHI), IIO3ITOMY a = 0.

Hpu npAaMonuHeHIIOM HEPABIIOMEPHOM ABHKEHHH CKOPOCTH TeJIa HAllpaBJieHa
BROJIb IPSMOMH, COOTBETCTBYIOIIEN TPAeKTOPHH ABHIKEHHS, T. €. HAIIPABJIeH e CKOpOC-
TH He H3MEHSETCH, A U3MEeHIeTCS TOALKC MOAY/Ib cKopoctd. Ha puc. 1.17 .4, teno apn-
AKETCS BIONDb oCH X,

Mouysb ¢KOpoCTH B Touke A GoJblIe MOLYJ/IA CKOPOCTH B TOYKe B

Iv.‘L‘Ai > !vrﬂll Av = Ve — Vi

ITpn kpHBONUHEIHOM ABMMEHHH BCETJA NPOMCXOAHNT U3MCHEHHe CKOPOCTH 110 Ha-
NPaBJIeHNIO, TAK KAK BEKTOP CKOPOCTH HAIIPABJIeH 110 KACATeNBHON K TPAEKTOPHH ABH-
KeHus Tena. C TeyeHHEM BpeMeHM MOJIYNB BEKTOPA CKOPOCTH MOXET KAaK He W3Me-
usrses (puc. 1.17, 6), tak u uamensatees (puc. 1.17, ). CoBMeCTHB HAUAIO BEKTOPOB
vy H v, HalieM HX pasiocTb Av = v — v, T.e. H3MEHeHHe CKOPOCTH 33 IIPOMEXYTOK
BpeMeHH t — &,

¥Ycropenne. Beeaem enite ogio onpegenente YCKOPEHUS.

Yexopenue — BexTopHas hM3MYECKasl BeJMYUHA, PABHAS OTHOLIEHWIO M3MeHe-
HUA CKOPOCTH MaTepualbHOH TOUKHE (Av = v — vy} K TUTEABHOCTH TTPOMEXYTKA Bpe-
MeHH (At = { — 1y), B TEYeHHEe KOTOPOTO 3TO H3MeHEHHE TPOH3OTILIO:

Av
a=—.
At

Bextop yckopeHus a Hapap,/1eH TaK e, KAK BEKTOD H3MEHEHHS CKODOCTH Av = v — v,

Ha pnc. 1.18, @ uzo6pasken y4acTOK TpaeKTOPHH ABIDKYIIEHCS MATEPHATLHOM TOY-
KH. B MOMeHT BpeMeHH t; CKOPOCTE TOYKM Vg, & B MOMEHT BpeMeHH f — v. Bexrop
YCKOPEHMSA a HAMPaBIEH TAK Ke, KaK K BeKTOp H3MeHeHHA CKOPOCTH Av =v — v,

B obmiem cayuae Hampap/ieHHe BEKTOPa a HE COBIAAET C HANpaBIeHWEM HH BEK-
TOpA Vo, HK BeKTOpa ¥ {pHc. 1.18, 6). Bexrop a Hanpas/ien B CTOPOHY BOTHYTOCTH Tpa-
eXTOPHHU JBMXKCHUST MarepuaabHol TourH (cM. puc. 1.18, a).

(1.15)

1 Yrast Hakio#a CPaBHHBAIOT, eC/IH BoifPana oHa H Ta 7e CHCTEMA KOOPAHHAT, T.6. OAHHAKDELIH MAC-
wrat,

21'



0 A Ve B ViB X
a
MEIY v=v, + Av [v| > vl v=w + Av
vy Ay ty+ At th+ At
Vo
{Dto vi+ Av Q:)tﬂ vy + Av
6 g

Puc. 117

TanresunambHOE B HOPMabHOE YCKOpeHus. B obiem cnyyae NpH KPHBOTHMHEH-
HOM JBHKEHHH BEKTOP YCKOPEHUA & HATIPaBJIeH «BHYTPb» TPAEKTOPHH O/, HEKOTOPBIM
YIJIOM TI0 OTHOIIEeHHIO K Hell (puc. 1.19). PaznoxuM 1o npaBHiLy napaiiejorpaMMa
BEKTOp a Ha iBe cocTabsmouue. OnHa cOCTaBAAIOIAA a, OyAeT HalpaBIeHa BAOb Ka-
CaTeabHOH K TPReKTOPHH JBHKEHUA MaTePHATbHOH TOYKH, a IPyrasa, — BAO/Ib HOpMa-
I K TPaeKTOPUH, T. €. IEPNIEHAUKYISIPHO KAcaTebHOH B HaHHOi TOUKE TPAEKTOPUM.

Cocrapasolnas a, BEKTOPA YCKOPEHHWS a, HalpaB/ieHHasd BAOJIb HOPMATH K TpaeK-
TOPHY B JaHHOH TOUKE, Ha3bIBAETCH HOPMATbHBIM YCKoperuem. HopmansHoe yc-
KOpeHHe XapaKTepH3yeT H3MeHeHHE BEKTOPa CKOPOCTH MO HANPAB/EHHIO IIPH KPHBO-
JHHEHHOM JIBMKEHUH.

Cocrapasiollas a. BEKTOpPa yCKOPEHHs a, HAIPaBAeHHad BAOJb KacaTebnoM K Tpa-
EKTOPHUH B [aHHOK TOUKE, HAZBIBACTCS MAHZEHUUATLHBIM, LTH KACAMETbHBIM,
ycxopenuem. TanreHHANEHOE YCKOPeHIE XapaKTepH3yeT H3MEHEeHHe BEKTopa CKo-
POCTH TIO MOAYJIO.

Uz puc. 1.19 BuanHO, Y10 & = a, + a,, a MOAY/IM BeKTOPUB [a} = ¢, |a.| = a,, |a,| = ¢,
CBSI3aHBL MEX1Y C000it COOTHONIEHUEM

a=./a®+al. (1.16)
Yo €t \[)

A, v
a a -
a, a |
a 6 N '
Puc. 1.18 Puc. 1.19
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o iy . <o By
0 ¥o v X 0 vy v X
M T R
Av=v v, AV=v ¥,
Puc. 1.20 Puc. 1.2

I1py IPAMOIHHENRHOM JBWKEHHH CKOPOCTE TEa U3MEHAETCS TOJbKO 110 MOAYJHO, T. €.
a, = 0, nosroMy a = a,.. OnpeaeNnM HaITPaBJIeHHe YCKOPEHHAA CTAPTYIOIIETO TOHOUHOTO
ABTOMOGHIS HA TIPAMO/MHENRHOM yuacTke TpaexTopus (puc. 1.20). CxopocTsr Gobiie vy,
1.C. aBBTOMODHITb IBWKETCA YCKOpeHHO, TT0ITOMY BEKTOD MBMEHEHUS CKOPOCTHAY =V —
HAIIPABIEH B0 HATIPABICHHS IBIKEHNS, CIE/IOBATE/TBHO, M BEKTOD YCKOPEHHS a = a,
HATIPABAEH B/OJIb HAIIPABJIEHHS ABWiKeHHsA (HAIIPABIEHHA cKopocTH) L.

OnpeneniM HapaB/ieHHe YCKOPeHHs TIPH TOPMOMKEHMH ABTOMOOMIIA Ha NPAMO-
JUHEeHHOM yuactke nyTH (puc. 1.21). CkopoCcTsY MeHbIITE v, T, €. ABTOMOOIHIL IBHKET-
Cs1 3aMe/ITIeHHO, {I09TOMY BEKTOD H3MCHEHHS CKOPOCTH AV = v — v, HalpaB/ieH 1po-
THEOITOJIOKHO HAPABIEHUIO IBWKEHH, C/Ie/IOBATE/BHO, M BEKTOD YCKODEHHA a = a,
HaIpap/ieH POTHBOTIONOXKHO HAMPABJIEHHO BIKEHAS { HATIPABAEHUIO CKOPOCTH).

TakuM 06pasoM, BEKTOPBI CKOPOCTH H YCKOPEHUsT — KOJUTHHeapHHI 2. TTpu npamo-
MUHCHHOM YCKOPEHHOM ABHAKEHNY BEXTOP CKOPOCTH ¥V M BEKTOD YCKOPEHHS a UMEIOT
OJHG H TO e HalpasJeHHe { paBHOHANMpaBaeHHble): v 1T a. [Ipu npamonuneinom 3a-
Me/JIeHHOM IBUJKEHHH BEKTOD CKOPOCTH V M BCKTOP YCKOPEHHS a IMEIOT MPOTHBOIIO-
JIOAKHBIE HATIPABACHUST: v T] a.

1.6. PaBHOYCKOPOHHOE NPAMONHMHEHHOE ABHIHEHHE

Yerkopenne, HacTHEIM cyyaeM HCPABHOMEPHOTO ITPSIMOMUHEITHOTO IBHKeHHUS SB-
NAETCS PABHOMEPEMEHHOe IBIDKEHE,

Pasnonepemennoe oauncenue — 3T0 IRIKCHIE, HPH KOTOPOM YCKOPEHHE
OCTAETCH ITOCTOSHHBIM 110 MOAYJ/IH0 H HATIPpABJICHH IO

a = const, (1.17)

HarnpapJieHO yCKOPeHMe a BXOJIb TPACKTOPHA ABMKCHUSA MATEPHANHHON TOUKH.
Hopmanbhoe yckopeHue papHO Bynio a, = (. PapHonepeMeHHoOe ABHAXEHHE MOXKET
HbiTh 1160 PABHOYCKOPEHHBIM, THGO paBHO3aMe/ITeHH bIM,

Pasnoeycropenroe npamonuneiinoe deuxicente — 370 IBHKEHHE, IPH KO-
TOPOM YCKODEHHE HOCTOSAHHO 110 MOJIYAIO M HAIIPABJIEHHIO, H BEKTOPLI CKODOCTH H
YCKOPEHHH ABJLIOTCA PABHOHANPARAEHHBIMM:

a=const;vTTaa>0.

Enunnua yekopeHusi — MCTp Ha CeKyHAY B KBasipate {M/c %, unn M- c~2).

1 M/c? paBeH YCKOPEHHIO NPAMOJIMICHIO 1 YCKODEHHO ABOKYIEHCA TOMKH, TPH
KOTOPOM 33 BpeMd 1 ¢ CKOPOCTE TUIKH UaMensteTcst fa 1 m/c. Yunroias (1.15), mox-
HO 3AIIMCATD

! Hanparmerme JBHKCITNS OLIPCRCIACT HATPABACHMC BEKTOPA CKOPOCTH,
2 KOJIJIHHEHDHNMH Ha3bIBAKT BEKTODMIL, JICXKAIIHE Ha NapUTENDITHX WX OAHON H TOH Ke IlpHMOI‘/'l.
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Av
a=— TaeAv=v-vyuAt=1t- 1,
At 0 f

C.renorarenpHa,

V‘VU
=—. 1.18
A= (1.18)

Ecau B MoMenT Hayaia ordera Bpemenn (4 = () U3BeCTHA HavalbHas CKOPOCTD Vg,
TO MOOKHO O[PeAeNuTh CKOPOCTD V B IIPOU3BOJIBHBLH MOMEHT BpeMEHH 1.

v V=1
0HJIH(1= o

Us dbopmyasr (1.18) caenyer, uto a = M ; , OTCI0Ja HMeeM
— 1

v =v,+ at i v = 4, + at. . (1.19)
Ecnin HampaBJIcHME JRIKCHHS COBMECTHTD ¢ 0cblo X, To ypaBhennwo (1.19) 6yaer

COOTBCTCTBOBATL (LI)OpMyJIa AT NPOEKU MK BEKTCPa CKOPOCTH HA 3TY KOODAUHATHY IO
OCBb:

U, = Uy, + ab.

Ilps paBHOYCKOPEHHGM APSIMOJINHEHHOM ABMKEHHMH 3aBHCHMOCTE CKOPOCTH
NBAKEHHS MATEPHANLHON TOMKH OT BpeMEHH sABIAeTCs JANeHnoi.

Ec/u 11ayanbHast CKOPOCTD ABMKEHUST paBHA HYMO ( vy = 0), To ypasHenue (1.19)
uMeeT BH/

v, — at (1.20)
U COOTBETCTBEHHO
1= al. (1.21)

CxopocTh Tesd PH PABHOYCKOPEHHOM NMPAMOIUWHCHIOM IBHXCHHH ¢ TEYeHHEM
BPEMEHH BO3PACTAET.
I'pacdhik 3aBUCHUMOCTH CKOPOCTH OT BpeMenH {puc. 1.22) — npsiMas, npoxoiauas
yepes Hadaa0 KoopauHar (& = 0; 1w, = 0). ¥To1 HaknoHa TPAMOR 3aBUCUT OT YCKODEHUS
JABHKEHHUA Tela: 4eM GOJIBIIE YCKOPEHHE, TeM

v, M/ , posbuie yron nakaona (rapuc. 1.22, ¢,> aw
| fudde otz

% o JakoH paBHOYCKOPEHHOTO MPAMOJIHMHEH-

/ HOTO ABHIKEHH. Y YUTHIBAA, 4TO MOJYIb Pa3-

20 / —é WL_,L HOCTH KOOPAWHAT ABMKYIICTO TeNa |z — | =

J—! = I — T YMICAEHHO paBeH IVIOWAAU IO Ipa-

15 | (HpHKOM 3aBHCHMOCTH CKOPOCTH ABHKEHHUA

1A Tea OT BpeMerHu (cM. puc. 1.14), onpegeanm

10 i ATY PA3HOCTH KOODJAMHAT, HaIH Ny Tb. I1ycTh B Ha-

5 % o, =205 M/ YATbHBIH MOMEHT BpeMeHH fy = (), HadanbHas

2 cKopocTb v = 0. PassocTs koopauHaT Az ABU-

21 AKYUETOCS Tesla B MOMEHT BpeMenut (puc. 1.23)

YUCJACHHO PaBHA ILIOWAM IPAMOYTOABHOTO
Pnc. 1.22 Tpeyroavuuka OAB, KareraMH KOTOPOTO SIB/sA-
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10TCA BPEMs IBHKEHHNS { 1 CKOPOCTh B 3TOT MOMEHT ¥ M/C
AB-OB _ ai®

2 2 ) Vi-—————=----5 A
CrenoparesabHo, pa3HOCTh KOOPAVHAT AZ B Mo-

MEHT BPCMEHH 1 Gy/1eT pasHa

BpeMeHH v = al: § =

2 2
£ — =%, W Ax:i;—. (1.22)

Y4uuTEIBAA, 9TO IPU NMPAMOAMHEHTHOM JBHKCHUM ¢ t t, ¢
H3MEIIEHHE KOOPAHIATHI IBUKYIICTO TeJla Ax = 1 — 1 Puc. 1.23
PaBHO UYTH T — I = S, HMEEM T

at?
g (1.23)
2 .
Ecin HauanbHas KOOPAMHATA ABHXKYLIErOcs Tejaa I, = 0, TO KOOPAMHATA TCIa B

MOMEHT BpeMeHH {, cormacHo (1.22), pasHa

=2 (1.24)

5 ‘

I'paduxom dyHkuumn z = ot ABISIETCS NMPABAS YACTh MAPalbosibl ¢ BEPIIHHOM B
touke O, 0cbi0 MapaboJsl ABIAETCA 0Ch opauHaT (puc. 1.24). Bersn mapaGosib Ha-
TIpaBJielbl BBepX, Tak Kax ¢ > 0. /lesast BeTBb napabosibl He uMeeT (PH3MIecKoro CMhICa,
TAK KaK JIBHKEHUC TeAa HauyaloCh B MOMEHT BPEMeHH f, = O, mpu 3ToM 1y = 0 M 1, = 0.

Ecnm navanbHast CKOPOCTH IBVKEHUS OTJIMYHA OT HYJIA, T. €. ¥, = ), TO 3aBHCH-
MOCTE CKOPOCTH OT BpeMeHu ompeaessiercst ypapuenueM (1.19) u rpadukom sroii 3a-
BHCUMOCTH SIB/ISIETCA PAMAS JHITHA, HAYHHAIOINANACS Ha OCH OpAHHAT § = 0) 13 TOUKH
w (puc. 1.25),

Ha puc. 1.25 nayannHas cKOpoCTh PABHOYCKOPEHHOTO IBUXeHus o, = 4 m/c. Uc-

_'LO

v .,
HOJIB3YA ¢)OpMyTIy a = y HAIHAEM YCKOPDEHHC ABHXXYHIETOCA TEJIA.

v, M/C
10 Bll/ T
5 M 8 I
T ; at

\ B 6 :
\\ / A !

\ 6 y T4l C
AN 1
vt 7 w 2 :
N // H

N TV \D

\\ _// O 1 2 3 ty C
O 1 2 3 4 tc t

Puc. 1.24 Puc. 1.25
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[To rpadMKy MOKHO ONPEAEAHTE CKOPOCTS B I060H MOMEHT BpEMEHH, HAIPpHMEp
10-4
anat=3c,v=10M/c, Torma a = —3 = 2 M/c2.

PasHOCTE KOOpIHHAT Az ABHAKYIErocs Tela B MOMEHT BpeMeHH t (HanpuMep, 3 ¢)
(cum. puc. 1.25) uvcnesHo paBHa miomany tpanenud OABD, cocroswied U3 npaMo-
yroasHuka OACD u npamoyrosnsnoro tpeyronsinka ABC. Tlnomaas npaMoyross-

BC-AC at-t at?
uuxa OA- OD = yt; mnowanpy tpeyroapanka ABC! 3 == =3

Takum o6HpazoM, IIOIAAE TPalleLi, HIH AL, COCTABUT

2
Az =vot+%.

YuuTeiBag, yTo Az = T — 3, TOAYIHM

2
x=x0+vﬁt+%. (1.25)

@opmyna (1.25) BuIpakaeT 3GKOH PAGHOYCKOPEHHOZO NPAMOAUNEUHOR0
deuncenus.
Iyth S NpH PapHOYCKOPEHHOM MPAMOJMHEHHOM [ABHAKCHHH PaBeH PasHOCTH KO-
opAuHAT S= Az = z— 1, U N03aTOMY, Kak cienyer u3 (1.25), onpenensercs no gopmyne
at?
S =vt+—. (1.26)
2
HHorfa npy pelieHHy 3aga4 TpebyeTcs BHIPA3HTh MYTh Yepe3 HAYadbHYIO H KO-
HEYHYIO CKOPOCTH, HCKJIIOYHB H3 PACCMOTDEHKS BpeMsL. J{71a 3Toro Bolpasumi U3 ypas-
HeHuA = 1y, + at:
. v—1Y

i
a

H TOACTaBHM 3TO BhipakeHue B yparHeHne {1.26):

g xvﬂ[v—vo]_i_g_[v#vor _ v?—ug‘
a 20 a 2a

CJIeJOBaTENbHO,

v —vd

2a

5 (1.27)

1.7. PaBHO3aMeAneHHoe NPAMONHHEAHOe iBHEeHHe

Yexopenue. Pasnozamedrennoe npamonuneiinoe déudicerue — 3ro fisu-
JKEHHE, IPH KOTOPOM YCKOpEHHE MTOCTOAHHO 110 MOAYJIIO 1 HAMNpaBJEHHUIC H BEKTODRL
CKOPOCTH M YCKOPEHHS TPOTHBOMOJOKHO HATIPABJIEHBL:

a=const; vi|la=|a| <0.
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IIpu paccMOTpeHHH ABWXKEHNA BAMWIB OCH X NOJIOKHTEIBHOE HATIPaBIeHHe OcH X
H HalipaBJeHHe CKOPOCTH CORMANAIOT. BekTopHoe vparuenwe (1.19) B npoekunu Ha
och X uMeeT BHI

v=1y — at (1.28)

CKOpOCTE Tesa TpH paBHO3aMeNIEHHOM NPAMOIHHEHHOM ABMKEHUN ¢ TEYEHHEM
BpPEMEeHH JIMHEHHO YMeHBITASTCS A0 TIOMHOH ocTaHoBKH Teqa ( v = 0). W3 ypapHenuna

{1.28) MoxHO onpeiesTHTL BpeMA ABHKeHus 0 = v, — at, OTKyIa ¢ = %o
a

HMrak, npu paBHO3aMeANEHHOM TPAMOMUHEHHOM ABIKEHHHW CKOPOCTD Tela B Ha-
Ya/IbHBIH MOMEHT BpeMeHH ( ¢ = () paBHA HAYABHOH CKOPOCTH ¥ = U, & B MOMEHT
[
BpeMeHM t = —: p =0,
a
3axoH paBHO3aMeTEHHOTO NMpAMoJHHelHoro Apuskenns. I'padukom zaBHcHMO-
CTH CKODOCTH 0T BpeMenH (1.28) apasercs npaMad, IPOXoagias yepes TOUKH ¢ Koop-

muHaTtaMH (0, 1) 1 [ﬂ , O]. Ha puc. 1.26 mzo6paxeH rpadik paBHO3aMe1eHHOTO ITps-
a

MOTHHEWHOTO JBWKEHHWA. HavajbHad CKOPOCTh g = 10 M/c; RpeMd IBHKeHHA

Ty 10

t =2 — 5 ¢; Mmonyans yckoperus @ = ~ =5 =2/

[To nanroMy rpadHKy MOKHO ONpPeNeaHTh PasHOCTS KOOPIMHAT, WIH IYTh, KOTO-
PBIH TPOHIET TEI0 710 OCTAHOBKH. /157 3TOTO oTpene M nI0MAIh TPAMOYTOARHOTO
Tpeyroabhuka OAB:
_0A-0B,

2
i OA =y OB=-?-Q-,TOI‘I[E[S=EO—. (1.29)
2 a 2a

S

CenosaTeabHo,
2
_ (10m/ef _ 25 M
2.2 M/c?

Ha puc. 1.27 usobpaxeHns rpadKy IPAMOJHHENHOTO PABHO3AMEIJIEHHOTO JABH-
EHUS TeJ ¢ PasfHYHBIMH YCKOPeHUsIMY, OTKY/Ia BHHO, YTO Tela, HMEIoNIHe OAHY H
TY JK€ HAYaTbHYK CKOPOCTE, OYAYT ABHUTATHCS 0 OCTAHOBKM Pa3HOE Bpems. Yem 60mb-

v, M/C o, M/C
104 10
8 8—\
i
6 611\
, T T
\
’ 2 at=pe
B HARE
0 1 2 3 4 5 f¢ 0 1 2 3 4 5 6Le
Puc. 1.26 Puc. 1.27
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1Ie MO/IYJTh YCKOPEHHS TPH PABHO3aMEUVICHHOM JBMKEHHH, TeM GhICTPee H3MEeHUTCS
CKOPOCTb M TeM paHBIIIe TeI0 OCTAaHORUTCSA. Yepes 1 ¢ niocsre Havana IBUKEHNS Y TIep-
BOFO Teqa OyJeT CkopocTh 5 M/¢, ay Broporo — 8 M/c¢. [lepsoe Teno ocranoButes
yepes 2 ¢, 3 BTOPOe — yepes b C.

3aKoH MPAMOIMHEHHOTO PARHO3AME/JICHHOTO TBIKEIIUS MOXKHO LIOJYYHTE H3
BoIpakeHus (1.23), yYHTLIBAA, 4TO TIPH 3TOM ABHKEHHH YCKOPEHVE OTPULATENbHOE:

2
x=x0+vnt—%. (1.30)

HyTb, IIDOXUI[HMbIﬁ TEJIOM IIPH paBHO3aAMEAICHHOM IBUKCHHH, 6y,1e'r PaecH

2
S=vnt—%. (1.31)

1.8. CBo6oagHOE NageHue

Oneitel Tannnes. Visyuenne cBOOOAHOIO MajleHNs TeJ BIAAILUMCA HTA/1bSH-
CKHM (DM3UKOM U ACTPOHOMOM, OMHUM U3 OCHOBATE/1efl TOTHOIO eCTeCTBO3HAHMS
. TanmuieeM aBHIOCH HAYAIOM QUBUKY KAK 3KCTIEPUMEHTATHhHON HAYKH, OH NepPBLIi
ofipaTuacsa K U3UIeCKOMY OIBITY M A7 eMy 1IDABHIBHblE MaTeMaTHYeCKHe OlIhca-
TTHSL.

IMpu manenydn Modoro Te1a Ha 3eMAt0 M3 COCTOSTHHUS TIOKOS €r0 CKOPOCTh YBCIN-
YHBAETCA, T.C. TEJI0 IBMACTCA yekopeHHo. Habumonas 3a najienneM pasiinyHbIX Tedl
(1malpuMep, Tepa U KamIisg), MOXKHO C/IC/AaTh BBIBOJ, YTO 4eM Jerde Te10, TeM MeHbIIe
ero yexopenne. JelcTBUTEIPHO HEPO TAJACT B BOJIYXC TOPA3/I0 ME/TICHTICE, TeM Ka-

T.Tamnic# Puc. 1.28
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MeHs, Ho Tanuseli BRLABHHYI THIIOTE3Y O TOM, YTO CBOGO/HO MAIa0NHe Teta (W
CKaTHIBAIOIHECS TI0 HAKIOHHOI [LI0CKOCTH) HYAYT II0Jy4aTh paBHbIE TIPHPALIEHHA
CKOPOCTH B PABHBIE TPOMEKYTKY BPEMEHH, T €, IBUTAThCA C IOCTOAHHBIM /I BCEX
Test yekopenueM. JIpyruMu ciioBaMu, ecu Obl He GbLI0 COTPOTHR/IEHUS BO3/YXa, TO
BCe TeJa Ha 3emMurio nagaid Oul oauHaxkoBo. CeaBoonoe nadenue — 310 ABHXEHHE
Tes B He3BO3MYINHOM MPOCTPAHCTBE.

N npoBepky cBOETO Tipe/inoKenua [ anuneil TPOBe/ CEPHIO OTTHITOBR, CAMBIMH H3BECTHBI-
MH K3 KOTOPBIX OBLIH ONBITH N0 HaOM0AeHHUI) TAJeHHs WAPOB co 3HameruTol [Tuaanckoil
Gamurru (pic. 1.28). COHpoueHRbIe ¢ HAKIOHHOM HAIHK MyT'yHHBIM M JEPEBSIHHBIN MAaPH 011~
HAKOBOI'O AHAMETDA YIIAAM Ha 3eMAK0 MOUTH OTHOBPEMEHHO. YUeHE! 0OBACHNUT pasiniye BO
BpeMeH aJIEHKA APOB CONPOTHRICHKHEM BO3AYXa. 3ATEM OH MPOJOKII ONBITH B Jabopa-
TOPHEIX YCAOBHAX, 10 HAKIOHHOMY e 100y. TToCKObKY IDH MPOBEIEHHY OITEITOB I U3Me-
PEHNA MAJIHIX MHTEPBAJIOB BPEMEHH TPeDUBANKCH WCH, OH U30(OPE BOASHBIE YACH], TOUHOCTD
uaMepeHnit KOTopeIx paBuanack 0.1 ¢. Mayyas ABMzkeHMe [apos v3 lepesa W CJI0HOBOH ROCTH
10 HAKJIOHHOMY XKe100y, yroa HAKAOHA KOTOPOr0 MOJKHO OBLIO H3MEHSITh, YHEHBIH yCTaHo-
BWJL, UTO PACCTOAHILC, IPOXOJHMOC LAPOM MO XKeTody, IPONopUHOHANBHO KBAIPATY BPEMEHH
ABM:KeHHS ~12, BoJlee TOro, OH 110Ka3as, UT0 3T0 CIPABELTHBO /IS BCEX VIZIOB HAKJIOHA &KeJo-
64, TA KOTOPHIX OH CMOT BHIIOJZHHTE H3MEPEHNS, CAe0BATeNbHO, W A yraa 90°. Ha ocHo-
BAHMH OTTHITOR OH C/IET271 BRIBOA; CBOGOAHO 1IAIAI0NIEE TEO TOAYMHAETCA daKonyz ~ 2. [lpu
HM3YYEHWH H ONUCAHUY HTUX OTHITOR Tamdniel BBOAUT B QUIUKY HO-
BO€ MOHATHE — YCKOPEHUE.

Briocaenctsum, mocie coafiaHpg BAKYYMHBIX HACOCOB, OIIBITH | a-
Awies GBLIM MHOTOKPATHO NOBTOPCHEL UTOBH UCKAIOUNTD AeHCTBHE
CHITBL COTIPOTHBACHIS BO3AYXA M3 CTEKAAHHOH TPYOKH, B KOTOPYIO
MOMEIIAIH PA3THYILIe TPCIMETEL, OTKaYHBAIH Bo3ayX, Toraa npeg-  |°
METbI, HAXOASIHEC B Hel, HaTpUMeD TIYIMHKA U ApobHHKa, nagani | i
B OJIHOM TeMIe, T. €. cUHXpoi0. CoBpeMeHHad TEXHHKA [TO3BOTIeT |
LIPOBEPHTE THTTOTERY 'amiires ¢ HOBIION TOYHOCTBIO, HCTIOTB3Y S, Ha-
npumep, crpobockonmyeckoe! ocpetenme.

N3 puc. 1.29 (Lukana 1aH4 B €M) BHAHO, UTO IBA IAPUKA Pazing- 1
HOH MacCh MAJAI0T CHHXPOHHO. JTa cTpodockoniteckas doTorpa-
(b MOTY9eIra MDH OTKPLITOM 3aTBOPE KaMepbl M TIePHOOHYECKH I10- ![
BTOPSIIONTMXCS BCTIBIMIKAX CBETA C BPeMeHIIbiM HHTephatoM 1/40 c. !

3 uaMepenWii, CIENAHIBIX ¢ TIOMOIIBIC TAKOI ATMAPATYBI, CJie-
AYET, 4TO Tela MAJAIoT ¢ yeKopeHuneM 980 cm/c2.,

=i
ﬂ_ — -

gl mg el

= e

===

o e

e

Yexopenue ceo0b00n020 nadenun (g) — 310 VCKope-
HHE, ¢ KOTOPBIM MA/AI0T BCE TeJIa Ha 3eMII0 He3aBUCHMO OT  §
MX MACCBI B OTCYTCTBHE CHJI COMPOTHBJIEHHS BO3LYXA.

[Tpu cBOGOHOM MageHdu TeNa ¢ HeBOMBINOH BBICOTH A OT
1oBepxHOCTH 3eMan (A < R, rae R, — paauyc 3eMaH) OHO
ABUKETCH € HOCTOAHHDIM YCKOpeHueM | gl = 9,8 M/c?, Hanpas-
JIEHHBIM BePTHKAIbHO BIHS.

0 06 08 OL 09

® Sk ¢ MM ® il

=S

' Cmpobocrkonuneckiii sghgherm ~ 3pUTeNbHAA HITIOIN, BOSHHEA-
FOIIAsE B CIyUae, eCTH HadlogeHre KaKoro-HG0 MPeIMeTa OCYIIeCTBASETCH
HE HENIPEPEIBHO, & B TEUEHNE OTACNBHEIX MAJILIX, TEPHOAKYECKH CIEAYIONHX
APYT 3& APYTOM HHTEPBANOB BpeMeHH (oTAeNbHEE Kanpe). Ha sTom sdbex-
Te OCHOBAHO BOCTIPHATHE ABMIKEHHS B KMHEMATOTPadhe H HA TENEBUICIIHHE. Puc. 1.29
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YckopeHHe cB0O0OAHOTO TAZIeHHs 3ABUCHT OF LIHPOTH MECTHOCTH @ M BHICOTHI Hajk
ypopaem mopsi. Ha mupore Mockssl ( @ = 56%) g = 9,82 m/c?. Hpu peinenuu 3ajad,
JITA MPOCTOTH BRIYMCIEHHIE, HHOM/A CYUTAIOT, uTo g = 10 M/c2.

Caob6oanoe naaenue. CroboqHOe TAICHKE TETA C BHCOTH  / AHATOIHYHO PABHO-
YCKOPCHHOMY ABHKEHHWK), TPOUCXOAANIEMY BIOAL OCH Y, IIDJIOXKHTeIbHOE HALIPaBJle-
HHe KOTOPOI COBMAJACT ¢ HANPABIIEHHEM BEKTODA g. Y UUTHIBAsL, YTO g = const, ypas-
HeHue ABMKeHHs OyaeT uMerh By [eM.sripaketue (1.25)]

2

y=y0+v0t+%. (1.32)

CKOpocTh ¢BOOOAHO 1ATAIOWETO TeTa OYIeT H3MEHATHCS N0 3aKOHY [cM. dopmyay

(1.19))
v=v,+ gl . (1.33)

Ecau B MomeHT Bpemenn ) — () HanpaB/eHHs BEKTOPOB Vy M g COBIAJIAIH, TO B
TEPOeKIIMH Ha OCh Y

v, = ¥y, + gt (1.34)

Ceoboznoe magenye 3 HayaaLHOH cKOPOCTH ( vy, = () aHATOTHYHO PABHOYCKO-
PEHHOMY ABHACHHIO, IPOUCXOAAINEMY BIOTIb OCH Y, NOJIOKHUTEIbHOE HATIPABACHHE
KOTOPOH COBIAZAET ¢ HALpaBJAENYEM BEKTOPA g, a Hauano otevera O (i = 0; yy = 0)
HAXOIHUTCA B BEPXHEN TOUKE TPAEKTOPUH CBOOOAHO NALAIOMIEr0O TeJad, 3uKoH JBHKe-
HHA A0 OCH Y B 9TOM crnyHae HMeEeT BHA

y=4 (135)
2
a 3aBHCUMOCTD CKOPOCTH JIBUKEHHS TCJIA O OCH Y OT BpeMeHH
vegt (1.36)
HJIHN
v, = gt (1.37)

12 ..
Ipacux dyuxiuu y = 97 ABJACTCA YACTHIO TAPabOThI ¢ BEPIUHOM B TouKe(, 0Cb

napaboikl CORMA/IAET ¢ OCKIO OPMHAT (/51 IPOCTOTHI pacyeTa OyaeM cYUTaTh g =

012345 H*he vy, M/C
b
10 =k 40 4
20l 3
30—+ \H——] a0l -1 - _
i 1
50 i !
h, M 0 1 2 3 4¢c
Puc. 1.30 Puc. 1.31
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=10 M/c?). Tlo rpaduKy MOKHO ONPENEIUTh BPEMS IAeHHs TN ¢ OIpe/eIeH ol
BrICOTHI (prc. 1.30). Hanmpumep, eciu Teno magaet ¢ BHICOTHL 20 M, TO BpeMS TaJEHHS
Tena Ha Jemitio ¢ == 2 c.

BpeMst mageHus Tena HA 3eMJII0 € BHICOTH A MOMKHO OUPENeUTDL, eCIH B QOpMyIIy
(1.35) nonctaBuTh y = h:

2
h=9 (1.38)
2
OTKY/A
b= |2 (1.39)
g

[padurom dynxnum v, = gt ABIAETCA NpPAMAA, IPOXOAAAH YEPES HAYALO KOOD-
annar (puc. 1.31). s ceoboaHoro Lragenus ¢ ONpeaeeHHON BRICOTHI k PHINYECKUI
CMBICH HMeeT JTHIIEL OTPe30K PSAMOil B HHTEpBa/ic BpEMCHH 0T, =0 0 t== £, Tae £, —
BpeMs MajeHHs Teda Ha 3eMmao. B paceMorpennom ciy4iae ( A = 20 ) Tesio 4epe3 2 ¢
VIIQJIET Ha 3eMIHI0 CO CKOpocThio 20 M/¢ (em. puac. 1.30 1 1.31).

1.9. iBmeHne Tena, GpoILEHHOro NOA YFAOM K FrOPU3OHTY

Tpaextopus aAsxenus. Ecam teny coodumTh HAYaIBHYIO CKOPOCTD v, HAIIPAB-
JEHHYIO 110X YTIOM o K TOPHSOHTY, TO €ro JBHKeHUe OyaeT KPUBOIHHEHHBIM. JT0
JBMAEHHE MQXKHO PACCMATPHBATD B INIOCKOCTH X OV Kak peaymbTar CAoXKeHus IRYX
IPAMOIHHERHBIX ABHXEHHI — paBHOMEPHOTO BAOAL OCH X M PABHOTIEDEMEHHOTO 110
ocH Y ¢ ycxopenrneM g (puc. 1.32). TTogoHHbie TPaeKTOPUH HMEIOT APTHILIEPHHCKHE
cHapAHL, (byTOONTBHbIE MAYH, JETALUIHE KOS,

Ecmu npenebpeus cuamu COMPOTHB,IEHHUS BO3/yXa, TO TPACKTOPHEH IBMKEHHS
Tesa siBJIsteTCA mapaboa.

B BBIOpaHHOM CHCTEME 0TCYETA TS HAYATBHOIO MOMEHTA BpeMeHr & = (), 3aK0oH
PaBHOMEDHOTO ABIDKEHUS BIOJB 0CH X MMeeT BHI:

= 2y 4 Ul (1.40)

Puc, 1.32
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C yyeToM Haua/lpHBIX YCAOBHI: &)= 0; v, = ycosa (oM. puc. 1.32)
2y = (meos o)t (1.41)
3aKOH paBHONEPeMEHHOTO ABHXKEHHS BAOJb OCH Y UMeEeT BHA

t2
y = yn+vyat—97, (1.42)

HJIH ¢ YIeTOM HadajbHBIX yeloBui (1= 0; v,y = Ysino) (eM. puc. 1.32)

2
Y :('UUSiIlOt)t—%. (143)

HauGoabnias BeIcoTa H0AbeMa. HauGombIy0 BEICOTY TOABEMA Ay = Yoy MOK-
HO OMpeaenTh U3 ypaBHeHHs (1.43), ec/iu O6y/1eT H3BECTHO BPeMs A BHKEIHS TEIA OT
TOUKK O 10 TOUKH A, T.e. BpeMd [0/ /beMa.

[Ipu apxennn Teaa o ToakH O 10 TOUKH A CKOPOCTb Tena usMensceTcs. JBmxe-
HHe BIOJb OCH Y GyZeT paBHO3AME/IeHHbM v, = tysinc — gt. B maupeIcimeii Touke
HOIHEMA REKTOP CKOPOCTH v napasnesied ocH X (eM. puc, 1.32), TosToMy UpOcKIHA v
Ha 0Ch Y paBHA HYJIO: %y5ino — ghy,, = 0.

CreIoBaTeIbHoO, BpeMs IOIBEMA PABHO

Uy sInQ
thgg = ——— (1.44)
g
Hoactanus HaiigeHHoe BpeMs nojibeMa B ypasnenue (1.43), momyanm
in ina)
. tgsina U sina
Ymax — Pp S o —2[ 0 ]
g 20 g
HIH
vsina visin’a ¢sin’a
Umax = - = .
g 29 29
Takum obpasom,
18 sin? o ™
Ponax = Ymax =T, 0<0c<5. (1.45)
g

Haunbonbiuast BEICOTA [OABEMA [IPOIIOPITMOHATBHA KBAAPATY HAYATLHONR CKOPOCTH
™ .
u 6y)1€'r MaKCHMaJjlbHa IIpH yije 6pocaHHH o= —21, TaK KaK sin —2- =1.Boatom cayyae

TeJIO IBHKETCS NPAMOIHHEWHO BEPTHKAIbHO BBEPX M BBICOTA II0ELEMA, KaK clegyeT
u3s (1.45), paBHa

h=2 (1.46)
29
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JampHocTh nojera. JJanbHoCcTh TOAeTa Y
OTpeeIsieTcs] KOODAUHATOH TOUKH NafeHHA
Te/la Ha [TOBEPXHOCTE 3eMJIM, T. €. KOOPLH-
HaToH ToukH B (cM. puc. 1.32).

Koopauuarty rouxkw B HalifeM u3 ypas-
HeHus (1.41), noacrasue B HeTo BpeMA TO-
JTeTa TeAa oT Toukn O 10 TouKH B,

Tak xax napaboja CUMMCTPHYHA OTHO-
CHTEJIBHO BepIUYHBL (TOYKH A), TO BpeMd
[OABEMA DABHO BPEMEHU [1a/leHN, T. €. Bpe-
M5 TosieTa ¢ paBHO YIBOEHHOMY BPEMEHHN

t%{ HOXeMa £ Puc. 1.33
=0 a:zgm==3ﬂ%?ﬁi. ’ (1.47)

Ionctarus opmyny (1.47) B ypasHenue (1.41), nmeem:

2ypsina
g

T,

max

= 1, COB

YunTeIBag, 4T0 2 sin o cos o = sin 2¢, HOTYIHUM

vy sin2c
g

(1.48)

max

Kak crremyer us hopmyisi {1.48), #a16HOCTE [TOJ1ETA PH AAHHONH HAYAIBHOU CKOpO-
T

cti o, Hyaer Hanboabire#, koraa sin2o = 1, T.e. 200 = g, HIH ¢ = i 45" (puc. 1.33).

Ecou conpotusaeniem Bo3ryxa npeHedpeys, TO MAKCHMATBHAS JAIBHOCTD 110J1e-
Ta tena Syaer npu yrae Opocanus 45° K rOpH30HTY.

PeananHoe nBHXKEHHe TeJl B BO3AyXe NPOMCXORHT 110 TPAEKTOPHH, OT/IMYAI0HIeiics
OT 1apaboauuecKoi, Teno ABMKeTCA Mo bammucTiIecko (0T rped.  ballo — 6pocan)
KPHBO¥. JTa KPHBAs B CBOEH BOCXOAAIEN BETBH Kpyye napabousl. Ha puc. 1.34 npen-
CTABJEHEI TPAEKTOPHH ABHEHMH: BAeaabHasA (B BaKyyMe) U peafbHasi (B BO3AyXe).
HamMenetne TpaeKTOPHU MPOUCXOTHT HOTOMY, UTO Ha JIBHXKYIIIEECS TENO JI€HCTBYET
COIPOTHB/EHUE BO3AYX4, KOTOPOE 3aBUCUT KaK OT (POPMBL TesTa, TAK H OT CKOPOCTH ero
aBikexds. Yem Oouble CKOPOCTD T€NIa, TeM CHIIbHee PEAlibHas TPAEKTOPHSA ABHXKe-

Y, m
w=10"m/c
~ B Bakyyme
’ B BO3AYXE
:/ 200 400 600 800 1000 X, M
Puc. 1.34
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HUA OTJIMYaeTcs or napabonaudeckoii. Kak cnexyer u3 omeiros, nauGoabwas ais-
HOCTH IOJIETA B Boanyxe CHapﬂ,I[OB ACCTUTACTCH pH YTJaX HECKOJIEKO MEHBIIWX 450.
Olll’lcaHHEM ABUKCIHNA TCITI B aTMOCd)epe C YIE€TOM COIIPDOTHUBICHHA Bosnyxa 3aHHUMa-
erca Garaucmura.

1.10. PaBHOMEpHOE ABMMEHHE NO OKPYNKHOCTH

JIBHaKeHME IO OKPY)KHOCTH KaK NEPHOINYECKOE JBHKeHHe. [|BHXeHHe II0 OK-
PYXKHOCTY SLBJASIETCS NPOCTEHIIMM IPHMEPOM IIePHUOAHYECKOr0 ABHKEHHS.

Hepuoduuecxoe deudcene — 3T0 BHKEHNKE, NOBTOPAOIIEECH Yepe3 OTnpee-
JIEHHBIH TIPOMEXYTOK BpeMeHH.

Hanpumep, spamenye 3eMan BOKPYT cOGCTBEHHON 0CH, BpameHue 3eMaH BOKPYT
Coanna. XapakTepucTHKoi NepHoAHYeCKOTO IBMXKEHHS apnsdctost nepron { T).

ITepuod — MAHUMATEHBI TPOMEKYTOK BpEMEHHU, Yepe3 KOTOPHI ABHXKeHHE I10-
BTOPSIETCH, T. e, BpeMs OIHOro o00poTa.

Eaunnna neproga — cexyrza (c).

3uad meproA BPALIEHUST, MOXKHO OTIPEICAHTE YaCTOTY BpaLIcHUA ( V).

Yacmoma spauwierua — Benv4via, NOKA3HBAOKIAA YHCAO 000POTOB B e/lHHH-
Iy BpeMEHH:

1
V== (1.49)
T
Eaunmia yacToThl — ceKyiia B MEHYC 1epBoif cTenenu (¢ ).
1 ¢! paBHa YACTOTE PABHOMEPHOIO BPAIUEHU, [IPU KOTOPOH 34 Bpemsa 1 ¢ Te0

COBEpIIAET OHH MOAHHIH 0OOpOT.

[lepuon ppamenusa 3eman BOkpyT codcTBeHHOM ocu paBe 1 cyT, T.e. 24 u. T'=
= 1c¢yr = 8,64-10* c. Beaeactsue Toro 4o 3eMis BPALIAETCA BOKPYE COOCTBEHHOM
OCH, TEPOHCXOIMT CMEHA BPEMEHN CYTOK. BOKDPYr COBCTREHHON OCH BPaIMAIOTCS TAKKE
Jlyna, ComHle ¥ nIaHeTH,

Mepron ppatenus 3emau sokpyr Couauna coctasiser 1 roa, 1.e. T'=3,16-107 .
Benaenctsre Toro yTo 3emurs Bpaitaetcst BOKpYT Co/lHOa, IPOMCXOAUT CMeHa BpeMe-
HH rofa.

B rabu. 1.2 zanm nepuoas! obpamenss wianer CosxeqHoi cucteMsl Bokpyr CouHia.

Jluuelinasn ckopocrs. CKopocTb ABMIKEHHSA TejIa 10 OKPYHKHOCTH HA3bIBAIOT It~
Helinoil cxopocmuro. OupenenyM THHERHYIO CKOPOCTh 3eMITH.

3emimo, qBwkyinyoca Bokpyr ComHIta, MOXKHO pacCMATPHBATE KaK MATEPHATBHY)
TOYKY, TaK Kak paauyc 3eman Ry = 6,4-10° M MHOIrO MEHBLIE CPEAHEIO PACCTOSHUS

Ta6awua 1.2

[Tnancra oﬁpal;eeri{?: ron ITnanera oépagf;ﬁ rox [Lnanera oﬁparLILf:HTsﬁ ron
Meprypuii 0,24 Mapc 1.88 Ypan 84,02
Benepa 0.615 1OnuTep 11,86 Henryx 164,79
3emas 1 Carypn 29,46 [Inyron 247,70
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ot 3emmn no Connita. Cpensiee paccrosuaune 0T 3emnu 4o CoaHIla HA3HIBAIOT OOHOT
acmponomuveckoti edunuyeti (1 a.e.), 1 a.e. = 1,5-10"" m. Tpaekropus aABHKe-
HHA 3emAu Bokpyr CoHIla — 9/1MnC, HO (DOKYCH SAAUTICA OIH3K0 PaCiOI0KEHb
APYT K JAPYTY, NOSTOMY MOKHO CUWTATh, 4TO 3eMaaA BoKpyT Co/HTA ABIKETCA TIO OK-
PYXKHOCTH pajuyca B = 1,5- 10" M. 3a oauH 060poT, T. €. 3a BpeMs, paBHOE TEPHOTTY
T=1roa=3,16-107 ¢, 3eM,s1 IIPOXOAUT MY Th, PABHBII AJTHHE OKPYKHOCTH S = 2T R,
JABHIAACH C JUHEHHON CKOPOCTRIO v:

T T 3,16-107¢

_ & 1a1
g _2nR _2 3,14-1,5-10 M:x2,9-104 M/C.

¥ron noropora. [Ipu ABICKEHHY TOYKH N0 OKPY>XHOCTH DALMY C T ABJISIETCH BeJIn-
9YHHOM NOCTOAHHOH r = const. [IpoBegeM KOOPAMHATHYO 0Ck X yepe3 UCHTP OKPYXK-
HOCTH (J, BAONB KOTOPOI ABMkeTcs Touka (puc. 1.35). UlenTtp oxpykuocTt O — Hava-
;10 KoopauHar. Tonokenue TOUku A Ha OKPYKHOCTH B 1000 MOMEHT BPEMEHH Oi-
HO3HAYHO OTIPEIeIAETCA YITIoM Ap MEXAY MOJCKHTETHHRM HanpaBieHHeM ocH X H
PAAHYCOM-BEKTOPOM T, TIDOBEIEHHBIM M3 HaYaTd KOODAKMHAT K ABMLKYILelics Touke.
Yrojt Ay OTCHATHIBASTCA OT TOAOKHTEABHOIO HANpasienus ocn X 10 paIHyca-Bex-
TOpa T MPOTHB YacOBOH CTPEJIKHY. ¥ IJibl BRIPAKAIOT B pafHanax. ¥ roj 360° coorser-
CTBYET 210 paagraH.

Ipu nioBopoTe pagryca-BeKTOPA I HA YTOJ1 p = 27T TOUKA NPOXCANT YTh S, pABHBIH
ATHHE OKPYAKHOCTH § = 277 IPH [I0BOPOTE PaluyCa-BEKTOpA I' Ha yroa A ToYKa
MPOXOINT MYTh, pABHLIA AnuHe AyrH AS. 3 nponopmmy 27 ; 2wr = Ay : AS; ompene-
anM AS:

AS = 2nrle _ rAg,
2w
T.€.
S=71Ap, 0 < Ap < 2. (1.50)

Juneiinwiii nymo A S papeH TPOM3BENEHHIO MOY IS DAy Ca-BEKTOPA (I| TOUKH
H €70 YroJ IOBOpoTa Ap.

PaBrHOMepHOe JBHXKEHHE TOYKH N0 OKpyxHOCcTH. Paenomepnoe deuscenue
RO OKPYNCHOCMU — JBHXEHUE, IPYU KOTOPOM TOYKA ABMKETCS € HOCTOSHHOM 110
MO AHHEHHOH CKOPOCTRIO;

|¥| = const.

Ipu paBHOMEDHOM ZBHIKEHHH 110 OKPYXXHOCTH 34
PaBHBIE TIPOMEXKYTKH BpEMEHH:

® TOUKA MPOXOAUT PAaBHBIE N0 ITHHE AYTH OKPYKHO-
cTH;

¢ DanUyC-BEeKTODP TOYKH [I0BOPAYHBAETCS HA PaBHbIE
YTIBL

BricTpory moBopoTa paguyca-BeKTOpa ABMKYIEHCS
110 OKPYKHOCTH TOYKH XapPAKTEPH3YeT YIAOBask CKOPOCTb.
VrioByio cKOpocTh 0003HAYA0T Tpedeckoit Oykroit w
(oMera). Puc. 1.35




Yenoean ckopocmb — huanyeckas BeIHYNHA, PABHAs OTHOHIEHHIO YTJIa MOBG-
poTa paMyca-BeKTOpa Ay K NPOMEXYTKY BpeMeHr Af, 38 KOTOPBIA 9TOT IIOBOPOT
NPOU30IIET:

Ay
i 1.51
W= (1.51)
OTKyZa
Ap = WAL, (1.52)

Exvmnna yraoso# ckopoctd — paanal B ceKyHAY (pas/c).
1 pas/c paBeH yrioBo#H CKOPOCTH PaBHOMEPHO BpalAoIeicsa TOYKH, PaHyC-BEK-

_ TOP KOTOPOH 3a BpeM:A 1 ¢ NoBOpaYHBaeTCd Ha yroa 1 paauan.
Vr0ByIo CKOPOCTb MOKHO BBHIPA3HUTD Yepe3 nieproa obpamennst T. 3a Bpems, pas-
noe nepuony (At = T), paIMyc-BeKTOp TOUYKH MOBOPaYMBAeTCs Ha yToa 27 (Ayp = 2x):

_x

- (153)

Hcnionbsys coornomenns {1.49) n (1.52), BbIpa3um YRIOBYIO CKOPOCTD Uepe3 Jac-
TOTY BPALICHHA:

w = 27w, (1.54)

Me:kay Momy/IeM JHHEHHOM CKOPOCTH TOYKH, 00panialomeicsa no OKpyXXHOCTH, H
e YIJI0BOI CKOPOCTBIO UMEETCH CBA3b. 3a IPOMEKYTOK BpeMeHH A TOUKa IPOXOIHT
myTh AS = vAf, a paluyc-BeKTOp HOBOPaYMBaeTcH Ha yTor Ay = wAf, YYUTHIBasd, 4TO
8= rAyp, umeeM

vAL = mwAt,
HIIH
v=wr. (1.55)

Monyab THHEHAHO CKOPOCTH TOYKH, TBMXKYIIEHCS MO OKPYKHOCTH, PaBeH NPoH3-
BEJIEHHIO YTJIOBOKH CKOPOCTH Ha paauyc okpyxkuoctu. M3 dopmyant (1.35) caenyer,
yem O0xble paduyc oOKpyIcHOCRU, MeM Boavie aunetinas ckopocms. [Ipn
BPalIEeHUH 3eMAH BOKPYT cOOCTBEHHON OCH MAaKCHMATBHAsA JTHHEHHAA CKOPOCTD Y Te,
PACTMOMOKEHHBIX HA 3KBATOPE, MUHMMAJBLHAS M PaBHA HYJIIO Ha TOJI0CAX; YITIOBAst

CKOpPOCTH IIpH 3TOM OXHHAKOBA.

IlenTpocTpeMHUTEILHOE YCKOPEHHE.
IIpx paBHOMEPHOM BpalieHUH MATEPHAD-
HOH TOYKH I10 OKPYAKHOCTH MOZYJIb €€ JIH-
HelHOl CKOPOCTH MOCTOSHHBIN, Cliei0Ba-
TeALHO, TAHTEHITHANLHOE, WK KACATE/Ib-
HOE, YCKOPEHUe paBHO HyJ: a, = (. W3-
MeHeHHe BeKTOPa CKOPOCTH v MO Hanpas-
JIEHWIO XapaKTepyu3yeT HOPMaTLHOE, HAH
LEHTPOCTPEMUTENBHOE, YCKOPEHHE a,,

Bexrop ckopocry v B 11060# TOUKe OK-
PYKHOCTH HamNpaRJieH II¢ KacaTeNlbHOM K
Helt. PaceMoTpuM nosioxenne UK yLIed-
Puc. 1.36 ¢4 MaTEPHANLHON TOYKH B ABYX TOYKAX Ha




OKPYXHOCTH My, u M B 611:13k1e MOMEHTHI BpeMenH ¢t £+ At (puc. 1.36). 3a mpome-
KYTOK BpeMeHH A paanyc-BeKTOP IOBEPHETCA Ha YTOM Ay, MAaTepUa/AbHAS TOYKA
IEPEMECTUTCA Ha Ar, CKOPOCTb H3MEHHTCA Ha Av. Moaynb u3MeHeHust CKOPOCTH
{Av| paBes cropore AB Tpeyroisuuka MyAB, MOCTPOEHHOTO Ha BEKTOPAX CKOPOC-
TeH, kak Ha cTopoHax. PapaoOeapenHsie Tpeyronbuuku My, OM u MyA B nogobusl,
Tak Kak ZM,OM = ZAM,B = Ag Kak yIJIbl CO B3aHMHO-TIEPTIEHIHKY IS PHBIMH CTO-
poramu. U3 mogo6Hs TPeyroasHHKOB CAEAYeT, YTo

Ay w
Ar 7'
OTKyZa
v
Av=—Ar.
r
Aw
1o onpenesieHo, MTHOBEHHOE YCKOPEHHE PABHO 4, = v
Y4uTLIBaA BbIpajKeHue, NOAYUYeHHOe 11 Av, HMeeM:
o = Ar
Tor At
Ar
YuuTEIBASA, YT0 — = v, TOAYIHM
At
2
v
a, =—. (1.56)

Bexrop a, HampaBrTeH, Kak 1 BeKTOp AV, TIO PaTHyCy K HEHTPY OKpYXHOCTH O, TaK
Kak mpu At — 0, A — O ZM,AB = /M,BA = % — -';5 Taxum oGpasom,

IIPH paBHOMEPHOM ABHKEHHH MATEPHANBHON TOUKH IO OKPYIKHOCTH €€ YCKO-
peHHe HANPaBJICHO NEPNEeHNKYIAPHO CKOPOCTH, TI0 PAJHYCY K MEHTPY OK-
PYKHOCTH, TI03TOMY €T0 Ha3bIBAIOT HOPMATbHBIM, HIH IEHTPOCTPEMHTENBHBIM.

YuHTEIBadA CBA3L MEXKTY THHEHHOI U yriaoBoii ckopoctsio (1.55) u dopmyny (1.56),
HOJYYUM

a, = w'r. (1.57)

=3  KPATKME BLIBOABI

¢ Kunemamura — pasfen MEXAHUKH, HIYUAOUMI ABWKeHye Tenr Oe3 yueTa IPHYMH eT0
BHIIBBATONIIX.

® Mexanuveckoe O8uNCeH1€ — A3MEHEHE B3AUMHOTO MOJIOKCITHS TEI HiH MX MacTeH B
IIPOCTDAHCTBE C TCUCHHEM BPEMEHH.

® Cucmema omcuema — COBOKYITHOCTD Tela OTCYCTA, CBA3AHHAN € HHM CHETEMA KOOPIH-
HaT H CHHXPOHH3HPOBAHHbLIE MEXKY COH0H 4achl.

® Mamepuanbraa moyka — Telo, pa3MepaMli KOTOPOTO B JAHHOI 33/1a4e MOXHO Iipe-
Hehpeys.
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® Abcamomno meepooe meno — CHCTEMa MATEPHANIBHEIX TOYEK, DACCTOAHME MERIY KO-
TODPBIMH He USMEHSETCS TIPH JIRHKEHUH,

o ITonooxcenue deuncyiyetics mouky (Te1a) OGBIMHO PACCMATDPHEAETCS B IEKAPTOBOM
{TIpAMOYTOMBHON) cuCTeMe KOOpAHHAT. B AaHHBI MOMEHT BpEMEHH OHO ONPERETIeTCH TPEMS
OPOCTPAHCTBEHHBIMU KOODAWHATAMH (T, ¥, 2) A PAIHyCOM-BEKTOPOM T, TIPOBEIEHHRIM U3 Ha-
4AJIa CHCTeMbI KOOPAHHAT 20 TOUKH A.

¢ Tpaexmopua — THHEUA, OITHCHIBAEMAS B TPOCTPAHCTBE ABMKYINelca MaTepRalLHOR TOY-
KO (TenoM).

o Tauna nymu S — ckanspHas selHYyHA, PaBHAS CYMMe JTHH BCeX YYACTKOB TPaeKTo-
PHIi, TPOIAEHHBIX MATEPHASHOH TOUKOH 33 paccMaTpuUsaeMelil ITPOMEKYTOK BPEMEHH.

e [lepemeiyeniie Ar — BekTOp, MPOBENEHHBIH H3 HAMANTHHOTO NIOAOKENHS IBHKYyIeACs
MaTepHaJIbHOH TOYKM B KOHEYHOE MOJIOKEHME.

e [Hocmynamenvhoe deunceriie — JBWKEHHE, IDH KOTOPOM NPAMas, COSIMHAIONMASN ABe
0fbIe TOUKK TeNa, OCTAeTCA [P ABHKEHHH NapATAeThHOH caMoH cefe.

o [Tpamoauneiinoe osuxceriie — JABHKEHUE, TPACKTOPUH KOTODOTO B ZaHHOH CHCTeMe
OTCYeTA STRASETCA NPsiMoit sianei (|Ar) = 5). -

® Cpednuss Cropocms vy — CKASIPHAS BeAVYHHA, PABHAS OTHOIIEHHIO ITIMHEL YIaCTKA

A
TpaekTOpHi AS KO BpemeHH Af, 33 KOTOPOE (POHIEH ITOT YUacTOK ( vy = — ).

® Mznosennas cKopocms v — CKOPOCTh TeJIA B AaHHLIH MOMeHT BpeMenH (At — U). Bek-
TOP MTHOBEHHO CKOPOCTH BCEra HANPABJIeH 10 KacaTeAbHOH K TDAEKTODHH ARHIKEHHSI.

® PasnomepHroe deuncertie — IBAKEHIE, IPH KOTOPOM CKOPOCTD ¥ OCTAETCSA MOCTOSTH-
HO¥ 110 MOAYJIIO M HATIPABJIEHNIO (V = const; 2= &, +vt; S = vf).

® Ycxoperiue a — BexTopHas GUINIECKs] BETUNUAA, PRBHAS OTHOMHEHHIO H3MEHEHHA CKODO-
CTH MaTEPHATBHOM TOUKH (AV = v — V) K JJTATEASHOCTH NPOMEXyTKa BpeMenu (At =1 — &),
&,
ar”
® Pagnonepemenmoe deuncernue — iprxeHue ¢ IOCTOSHHBIM YeKopeHHeM ( a = const;

2 2
%;S:vnt:]:%;v:v” +at)

B TCUCHHE KOTOPOTQ 3TO H3IMCHEHHE TIPOHU30ILLIO ( a=

T =1, +yt +

0 a > 0 — ZRIDKEHHE DABHOYCKOPEHHOE;
0 a < ( — IBHXKEHHE PABHO3AME1EHHOE,

Crofo1poe TiaficH1e Tela ¢ BHICOTH h ¢ YCKOPEHHEM g (YCKOPEHME CROOOIHOTO Ia/IeHHA ) —
CTC

. " . #2
JaCTHBIH Ciydail paBHOYCKOPEHHOTO NPAMOIHHEHHOTO ABUKEHUS: v = o, T gt h = yt £ —92—

® Yoxopenue c60600H020 MACERILA £ — YCKOPEHHE, ¢ KOTOPBIM NAJAIT Bee TeNa Ha 3eMIi0
HE3ABUCHMO OT HX MACCEl B OTCYTCTBHME CHJI COIIPOTHBICHNA BO3IYXA.
o [Jounceniie meaa, Gpouwentozo noo yzrom K 20pU30OHmy.

7 sin® o
O HaHGOIBIIAS BHICOTA IIONBEMA Py == Ynax = T o
g
¥2 8in 20
O IAMBHOCTE HOMETA Ty = ————— .
g

@ ITepuod obpauenus 1 — BpeMs OIHOTO TIOJHOTO TIOBOPOTA Tea BOKPYT OCH Bpale-
HHSL,

1
& Yacmoma v — 4nciio 060pOTOB, COREPINAEMBIX TEJIOM 32 eAMHNITY BpeMeHH ( V = 5: )

8 Yeaoasoe nepemerettie Aip — yros 10BOPOTA Pajyca-BeKTopa r 3a BpeMs Al
TouxH, HaXOAANIMECH Ha Pa3HOM PACCTOSHHH 7 OT OCH BPAIEHHs], 32 PaBHBIE IIPOMEKYTKH
BPEMEHH [IDOXOAAT pasHbie nyTH (AS = rAp).
e Yzroeasn cxopocm w — ¢husudeckasi BeMTHHA, PABHaA OTHOIIEHWIO YT/12 IOBOPOTA Pa-
[Myca-BeKTopa Ay K IPoMeskyTKy BpemeHH At 33 KOTOPHIf 3TOT 1I0BOPOT IIPCH30IIET (W = ?L‘;).
2n
¢ BpawamensHoe deuicerite — PaBHOMEPHOE, eciy w = ¢onst { w = T = 2mv).
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® Tanzenyuansnoe Yycxopenie &, OUPeaeaacT GucTpOTY H3MEHEHH MOIY.IE CKOPOCTH
(HanpaBIeHo 10 KACATEIbHON K TPAEKTOPHH JIBHAKEHUA ),
® Hopmansroe ycxopenue a, XapakTepusyeT HAMeHeHHe CKOPOCTH TI0 HAMPABIEHHI0
(HATTDaB,/ICHO 110 HOPMATH K TPAEKTOPHH K LIEHTPY €€ KPHBH3HBI), M0oAYAb HOPMATBHOIO YCKO-
2

v
PEHUS 3ABUCUT OT CKOPOCTH TOYKH ¥ H PATHYCA KPURHIHEL TPACKTOPHH r{a, = — ).
r
® (830 AUNHETHBLY U Y2A08bIX XAPAKIMEPUCTUK BPALIATCILHOTO ABVIXKEHUS:
AS = rAg; v = .

ﬂ Bonpockl ANA CAMOKOHTPONSA M NOBTOPEHHSA

1. [Tovemy nayienne GU3NKYE HAYHHAKT ¢ painena «Mexanunkas ? 2, Yo oburero u 4eM ot-
THaaoTes <«KuneMatuka» i «/luHamuras? 3. 3adeM B dbHanke HeMoNbayoT Mogean? 4. Hem
pasnuaTes ToHATHA «CHeTeMa oTcueTay # «CreTema koopanHars 23, OT yero sasucut Gopma
TPaeKTOpHM ABIKYIEro Tena? 6. Kak Mexay co00il CBsi3aHbl BEKTOPHIIIA ¥ KOODAHHATHBIA Me-
TOABI OMMCAHHA ABIKeHIA? 7, CpabAuTe dusnyeckue BeaHIHHE «[IyThb» H «Ilepemememies»?
8. Byxsbt Kaxkoro andasuTa B OCHOBHOM HCIIONB3YIOT B MEXAHHKe A8 0003HAYeHHS (PHaiec-
xnx Beuiaun? [Tovemy? 9. IoueMmy npu paBHOMEDHOM IIPSAMOIHHeHHOM IBHKeHHH 3aBHCH-
MOCTB ILyTH OT BpeMeHH gpJisgetcss aureitHoit?10. Yo obiiero 1 4em OTARYAIOTCA 33KOHBL PAR-
HOYCKODEHHOTO U PaBHO3aMeNIEHHOTO TTpAMoiuHeitHoro apmkenua? 11, Yem oramyaercs na-
JeHHe Tell B BO3AYXe 0T majeHud B BakyyMe?12, [lodemy oTauyam0TCs TpaekTOPHE ABHXEHNA
Te.13, HPOLICHHOIO 110/] YIJIOM K [OPHIOHTY, B BO3ZyXe K B BakyyMe?13. [Touemy paBHomMeprOe
JABIXEHWUE IO OKPYXHOCTH ABNAsAETCA YCKOpeHHBM 714, Kakas cBA3Db CYLIECTBYET MEXIY: ail-
AeiHOI 1 YTI0BOI CKOPOCTAMM; () MEXIY THHEHHON CKOPOCTBIO H LEHTPOCTPEMH TeIBHEIM YC-
KODEHHEM; B) MEXKY YIJIOBOH CKOPOCTLIO H LIeH TPOCTPEMHTEIbHBIM YCKOPeHHeM?

Mpumepkl pelueHun 3aja4

® 3axaua 1. M3 nyuxros Ou A, paccrosiHve MeIy KoTOphiMu240 M, 0/THOBpEMeH-
HO Haval| ABUFaThCA HABCTPEUY APYT Apyry JABa Tena. IlepBoe Tesro ABMTANOCH € TIO-
CTOAHHOH CKOPOCTRIO 20 M/¢, BTODOE — ¢ MOCTOSHHOU cKopocThio 40 M/c. Yepes ka-
KO [IDOMEXYTOK BpEMEHH H HA KAKOM PACCTOSHUH 0T LYHKTAD 3TH Teaa BCrpersrca?
3azauy peniMrTh rpadhuuecKuM CIocoHoM.

Hano: v, = 20 M/c; 55, = 0 M; 1, = 40 M/C; spp = 240 M.

Haiitu: ¢, =

Pemenme. 1. CoBMeCTHM HAYa/0 KOOPAMHAT ¢ TYHKTOMO, TOTAA 2y = 0; 2 = 240 M.

2. KoopaMHaTHI TeJT UBMEHATIOTCS 110 3a-

KOHaM: z; = v t, ) = Zy — i , M

3. MocrpounM rpaduKH 3aBUHCUMOCTE
KOOPAMHAT TeJX 0T BpeMenH (puc. 1.37). A

4. Touka nepeceyenus rpadukos Bume- 240
eT Koopauratel: z=80M; t=4c. 200

OmBet: t=4c¢; z=80M. 160

® 3anaya 2. Kabuna nudra, nogunmMa- 120 I B
ACh PABHOYCKOPEHHO BBEPX, B Te4eHue 2 ¢ Ll i B B !
JOCTHTaeT CKOPOCTH 5 M/C, ¢ KOTOPOIi Mpo- 40 i

0 1 2 3 4

10.KaeT IIOABEM B Tederne 3 ¢. 3a Hoce-
IviollHe 4 ¢ paBHO3AMEJIEHHOrO ABHMKE-
ausA kabuna audra octaHaeanBaeTcs, On- Puc. 1.37

on
(=]

t ¢
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Puc. 1.38

pefennte BhICOTY MogbeMma KaOuMHbl MudTa. 3a7auy pemuTe rpayuyeckKuM CIoco-
HoM.

Jdano: yy=0;t, =2 =M/ =3cun=5M/70ty=4¢ =10

Haiiru: H.

Pemenne. IlocTponm rpaduk cKOPOCTH IBMKeHHSA KaOuHE! mudTa (puc. 1.38). Boi-
cOTa moxbeMa KaOMHEN MTU(TA YUCAEHHO PaBHA [LIomany Tpanenun OABC:

OC=t+H+ 5k AB=1, AD=1v = v,

Toraa
H:t’ +4 +53+tzvl _ £+ 20 + iy .
2 2
Buruncnenus:
H=2C+2'dc+465m/c=30M.

2
Orper: H=30 M.

® 3agaua 3.Tporascek ¢ MecTa, TOKOMOTHB /IBUTAETCH IPAMOAHHEHHO Y TPOXOANT
IEPBBIA y4acTOK myTH 500 M C YCKOPEHHEM @, a CAAYIONIWH y4acToK IyTH 500 McC
YCKOpeHHeM g, [IpH 9ToM Ha [lepBOM YJACTKe Iy TH €10 CKOPOCTh BodpacTaer Hall M/c,
a Ha BTOPOM Y4acTKe — Ha 5 M/c. Uto onbine — a, un a,?

Hamo: §= 5, = 5,=500M; 1,; = 0; v; = 10 M/c; v, = 15 m/cC.

Haiim: o;; a,.

Pemenme. [1lycTs Mook« TeIpHOE HanpaBJieHe OcH X COBMAJIAET ¢ HaNpaBJACHH-
€M JBMKEHHA TOKOMOTHBA. B HauanbHbIi MOMEHT BpeMeHH §;, = (}, JTOKOMOTHB Haxo-
JUTCH B Hauae KoopayuHar 1, = 0 (puc. 1.39). 3andem ypaBHeHns gpHKenus 1 hop-
MYJbl CKOPOCTH A7 NEPBOTO H BTOPOTO YUACTKOB ABHAKEHHA JIOKOMOTHBA B NIPOCKIH-
sIX HAa 0Cb X.

2 2

A ayts
I = Ty + vyt +—; By = Tgg + Vgl +—=;
1 ol T Yoit 2 ™ 0z + Voot o

B =ty + 0k ty = Ugp + G5,

1

| a0



5 S,

Rl
b

]
o1 T
Tz

Puc. 1.39

YuuTegan, uto 5y; = 0; 3 — Iy = S, 1wy = 0, mepBas cucTeMa YpaBHEeHUH IpuMeT
BMII;

_ @t
8= 5 ¢y
o=l . )

YUHUTHIBAS, 9TO &y = Ty} T — Ty = O, Uy = ¥, BrOpas cUcTeMa ypaBHeHH{ npumMer
BHA:

t‘z
§ =uty + 2% 3)

Uy = Uy + Gals. 4)
Yrobbl OMPEAENUTh 4, BHIPA3HM ¥, U3 YPaBHCHUS (2) H MOJICTABAM B ypaBHeHHe (1):

2 2
p ot g @ W
1 — - 2 = 1
A 2af 2q

2
OTKYHA @) = —

28"
Yro6b1 ONpeneauTs a;, BhIPa3uM t, U3 ypapHeHUs (4) M [TOICTARUM B YpaBHEH e

(3):

t, = 1’2*”1; S = Ul(Uz_”1)+ﬂf2(UQ_”1)2 _ vy — 1

a 2a} 20,
OTKVIA a, = v — v
yaa ao 25
Boryucaenus:
2 2 2
i —{1
GIZM:D’IM/CZ; g =( 5M/C) ( DM/C) =U,13M/Cz.

2.8500 M 2.-500m

Oreer: o, > ;.

® 3anaua 4. [Ba Tesa GpolieHbl BEPTUKAJIBLHO BBEPX ¢ OAHHAKOBOH HAaYya bHOH
CKOpPOCTHIO vy = 20 M/C ¢ HHTEpBANOM BpeMenH 1 ¢. OnpeseuTh CKOPOCTD ABMKEHHS
BTOPOTC TEJIa OTHOCHTENBHO Mepeord. UeMy paBHO PacCTOSTHUE MEXIY TeJlaMU Yepes3
2 ¢ nocsie OpocaHMs NEPBOro TeJa.

Hano: vy =20M/c, At=1c¢ t=2c,

Haiitu: v, = v, — v, S,
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Y Pemenne. Harpasum ock Y BEepTHKA/IBHO BBEPX, HAYAIO KOOPAHHAT
PacnoIoXkuM Ha [IOBePXHOCTH 3eMau B TouKe Opocanus Ten. Bektop ye-
KOpeHHs CBOOOIHOTO TafleHHs g HaNpaB/eH [POTHROMOIOKHO HallpaB-
g JeHnio ocH Y (puc. 1.40).
1. CxopocTh ABMKEHHSA TeJ H3MEHSETCSH M0 3aKOHY Vi = Vy + gf V, =
B npoexuuax Ha och Y

Yo

v = Uy — gt

vy2 = Uy — g(t - At):

Q

Puc. 1.40
U, = U — Uy = Uy — gE— Uy + gt + gAL= gAL
2. ¥YpaBHeHUS IBHKEHHS Te B IPOEKIHAX HA OCh ¥ MMemT BUX,
gt
th = vyt — 5
t—At)
o = Uy ( —At)‘g—(“'z—)-

PaccTosiHie MeXy Telamu S paBHO PA3HOCTH KOOPAHHAT S= y; — 1 = Ay

2 _ 2 2
§ =yt —%—vyn(t —At)+&29i = vaAH@—gmt.

Boiuncaenus:
v,=98m/c? 1c=98m/c%

-9,8M/c’-1¢c-2¢c=53m.

2 2
S:QOM/C-IC+—9’8M/; Lo

Orser: v, = 9,8 M/C; S=53 M.

® 3azava 5. Uemy paBHa THHENHAS W YIJI0Basd CKOPOCTH BpallteHHsl TOUKHU MOBED-
XHOCTH 3eMJIHM, HaxoIsAlelca Ha 9KBaTope, Nosaras, YTo OCh BpallleHua 3eMJIKi Npo-
XOIMT Hepes TIomoca, 3eMd feaeT 04uH 000pOT BOKPYT CBOei ocH 3a 24 4.

Hano: T=24u4=1864.10"c; R, =6,4-10° m.

Haitru: w; v

Pemenue. ITosaras BpalicHiie 3eMIH BOKPYT CBOeH OCH PaBHOMEDHEIM, OHpese-
JIsIEM YIJIOBYIO cKOPOCTh 1o hopmyte (1.53), a muueiinyio — mo dopmyse (1.55):

27
=—: v=whk,.

Boiumcnenmus: w = 2 o1 PR _ 7,3-107° paa/c; v=7,3-10°pax/c-6,4-10°M =

8,64-10% ¢
— 4672 m/c.
OtBeT: w="T7,3-10"° pan/c;, v = 467,2 M/c.
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E 3agayu Ans caMoOCTORTENbHOIO PELICHHA

1. Ha puc. 1.41 n3obpaxkena TpacKTopHs ABMKEHHS MarepuaibHoi Touyxn. Onpene-
JIMTh, HA KAKHX YYACTKaX TPAEKTODHU: 3) ABMKEHIE TPAMOTHHEENHOE, KPHBOJKHNEHHOE,
6) H3IMEHWIOCE HAIPABJICHHE ABHKEHHE TOUKHM; B) MOXY/Ib BEKTOPA NEPEMENIEH NS PaBeH
ILYTH; T) MOLYAb BEKTOPA IIEPEMEIeHISI MEHBIIE ITYTH; 1) MOAYNb BEKTOPA LiepeMemeHHus
PAaBeH HyTo.

2. CKOPOCTD PacIpoCTPAHEHHs PATHOBOIH (CKOPOCTE CBETA B BaxyyMe) pasua 3-10° m/c.
K70 panbille yCARIIMT POA0C COMHCTA, RHCTYTIAIONIETO Ha KOHIEDTE: CAYILATENH, CHASLIME Ha
paccrosiHuu 60 M OT Hero, WM PaIHOCIYINATENH, HAXoiMecs Ha pacerostaun 6 000 M7 Cro-
POCTE 3BYKa B BO3AYXe IPHHATE paBroii 340 M/c.

3. Cpejtiag myTenasg CKOpOCTh ABMAKeHNS Jemun Bokpyr ConHia paBuB0 kM/c. Kaxoe pac-
CTOSIHHE LUPH 3TOM MPOXOANT 3eMis 34 CYTKH; 32 rOR?

4, Iewexoa 3a MuHyTY ZeaacT90 niaros. Onpeae uTs CpeHIO0 CKOPOCTE ABIKEHNA Nelle-
x0/1a (B KM/4), c4uTas AAVHY mara pasroi 60 cM.

3. AsTomobuns Dpowen paccrosnue oT A 10 B co cpenteii cxopocTtsio 36 km/1, a obpatho
co cpefiHelt ckopocThio 54 kM/4. Kakosa cpeHas CKOPOCTb aBTOMOGHILA?

6. Kabura ckopoctroro audita NOAHAMAETCH PABHOMEDHO €O CKOPOCTBIY 3 M/c. Qupeae-
JIATH BPEMS, B TEYCHHUE KOTOPOro KabuHa JudTa He3 0cTaHOBKH Oy/eT IOIHAMATECA 0 BLHICOTH
50 M (15 srax). 3agavyy peurnTs rpadHYecKu.

7. Apa aBTOMOOMIA ABMKYTCS HABCTPEYY APYI APYTY — OIHH YCKOPEHHO HA BOCTOK, APYToil
3aMejeHNo Ha 3anad. Kak HanpasmeHnl yCKOpeH#ns aBTOMOOH e ?

8. Teno xBuKeTCS BAONE OCH PABHOYCKOPEHHO C HAYAIBHOH CKOPOCThIY,. B Kotiiie yeTsep-
TOH CCKYHIBI IBIDKEHUs! CKOPOCTD Tesia v = 3u,. 3a 9T0 BpeMs Telio npouo nyts32 M. Onpene-
JIMTH YCKOpEHWE TEaa.

9. Baonb ocH X 13 0aHOM TOYKH OJIHOBPEMEHHO HATHMHAIOT JBUrAaThCA ABa Tena. [lepsoe Teno
ABIKETCS PABHOMEPHO CO CKOPCCTRIO 20 M/C, BTOPOE — DABHOYCKOPEHHO ¢ yekopenrem),5 M/c?,
Ha9YaNbHas CKOPOCTh BIOPOTO Tesia paHa (), Yepes xakoe BpeMst BTOpOE TeNO HaTOHHT HepBoe?

10. ¥ Bepxiero KOHA TPYOKH, PACTION0KEHHOM BEPTHKANBHO, HAXOASTCS JIPoOWHKA B TPos-
ka. Kaxoe U3 Tes IpH 0QHOBPeMEHHOM CTAPTE MEPBRIM JOCTHTHET HHXKHEIO KOHLE TPYOKH, eCiIH
M3 Hee OTKAYEH BO3AYX?

11. Teso U3 cocToARMA N0KO cBOAOIHO 1134aeT Ha Jemurio B TedeHHe 4 ¢. C Kakoil BHICOTH
OHO MY/IAeT H KaKYI0 CKOPOCTh OYAEeT MMCTh B MOMCHT IPH3eMEHHA?

12. Kamens cBoboaH0 manaeT B maxty c Bojiod. Yepea 6 ¢ cabmen Benmeck Bogpl, Onperne-
JHTH [AYOUHY IAXTH, €CNH CKOPOCTH 3BYKA 330 M/C.

13. JlBa tena cobOaAMHEe NANAKT: OHC — C BHICOTHI20 M, a IpYTOe — € BRICOTHIR0 M. C Kakoii
CKOPOCTBIO NPH3eMAATCS Testa? OnpenesnTs BpeMst I [eHHUsL

14. C Beprosera, HaxoAAmEerocs Ha BbicoTe 200 M, cOpomen rpya. Yepes kakoe Bpems rpys
VIAJET Ha 3eMIII0, €CJIH BEPTOJIET:

a) HCTIOABHMEH;

) CHHKRETCA €O CKOPOCTBIO 4 M/¢;

B} IOAHHUMAETCS €0 CKOPOCTBIO 4 M/C?

13. Manpynk GPOcaeT Msium O 3a APYTHM BBEPX, KK CAEYIOMMI B TOT MOMEHT,
KOrja npeasIyIIni HaxodnuTces B Hausbictied Touke. CKoMbKo MsTueil B cekyHay Opocaer Masib-
YUK, ec/M MAYH IOJHIMAIOTCS Ha BRICOTY 1,23 M7

16. B xaxoil Touke TpaekTopiu (cm. puc. 1.32) aeramee
Teno 001ANAI0 HaHMeRbIFel CKopoCTHIo? 2 g

17. ITog KakHM yIJIOM K TOPH3OHTY GPOINIEHO TEXO,
ecTd ZaJbROCTD IIOJIEeTd B 4eTBIpe pasa Hoiblle MaKcH-

MANbHOHM BRICOTH NOALeMa? CONpOTHBIEHUCM BO3/YXa
upenefpeus. y
18. Yemy pasna yriioBas CKOPOCTH BpPauleHUA TOYEK

3emMHoil noBepxrocTn Ha muporte Cankr-IletepOypra
(\9: 600)? Puc. 1.41
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19. OnpeaeanTs MMHEHHYIC CKOPOCTD TOYCK, JeXKANTUX HA 3eMH0H NOBEDXHOCTH HA THHPOTE
Mocksm (ip = 567).

20. Cxompxo 060pOTOR B CEKYH/IY AENAOT KONECA [PY30BOr0 aBTOMOBII AHaMeTpOM] 5 M
TP CKOPOCTH TBHAKEHHA 72 KM/

21. K Bepeeke 1auHO# 0,5 M 1IprBs3aH KameHb. [Ipy BpaimeHun kKaMHS B BePTHKANBHON
[INOCKOCTH BEPEBKA OﬁpblBaGTCﬂ B TOT MOMEHT, KOI'JA CKOPOCTE KAMHA 6bIJ13. HaTpar.,JIeHa Bep-
THKaMLHO BBeDX. Ha Kaxyio BLICOTY NOAHHMETCH KAMeHb, C/IHM er0 BPAILATH CO CKOPOCTDIO
Je7l?

22. [Tepuoa BpameHis HCKYCCTBEHHOIO cnyTHHKa Jemmu paser 1,5 u. Ilpeanonaras, ato
CPenHAS BHCOTA £T0 HaJ NOBEPXHOCTHI0 Jemau 320 kM, 4 opbuTa ABNAETCA KPYTOBO, Onpe/e-
ITH MMHERHYI0 CKOPOCTb H IEHTPOCTPEMHTENBHOE YCKOpeH#e cuyTHuKa, Paauyc 3emau —
6 400 KM,

°p Kiiodesble CNOBA; MEXAHUYECKOE ABNKEHINE, NePEMELLERNE, NMYTb, CKOPOCTb,
yecKkopeHue, CBoBOAHOE NafeHne, LEHTPOCTREMUTENLHOE YCKOpeRue.

Fnasa 2

3AKOHbl MEXAHUKU HBIOTOHA

2.1. MNepsBbiit 3aKOH HbIOTOHA

JBn:xenne u nokoil. Ha nepeniii Barnaa, caMbIM eCTECTBEHHBIM COCTOSHIEM TETa
SABJISETCA COCTOMHUE TIOKOA. B NMOKoe HAXOIATCS KAMHH-BAJYHSL, PACIOJIOXKEeHHEIE Ha
oOounye 10pory, Mebenb B KOMIIaTe, CTPOEHHUS Ha TIOBEPXHOCTH Jeman. Ho Bee aTu
TeJia ABHXKYTCsI BMecte ¢ 3emneit sokpyr Coannal CoctosHiie ABHKEHNS CBOHCTBEH-
HO TIJIAHETaM, 3Be3/laM M 3Be3/IHBIM CHCTeMaM — FalaKTHKaM, BOJE B PeKax, 0braKam,
caMoJIeTaM, ABTOMOGISIM, MOJICKYJIaM H aTOMAaM.

OcCHOBHOMH XapaKTEPHCTHKOM ABUKEHHS ABASETCH CKOPOCTh. MoKeT JTH I BUAyILe-
€CS1 TEJIO CaMO TI0 cefe M3MEHHTD CKOPOCTB CBOETO ABMKeHHA? UTo gBisAercs MpHYH-
HOU U3MEHEHUMA CKOPOCTH ABMAKCHUS Tesa? OTBeT Ha 3TH BOIPOCHE ONEBUJICH, OH CJle-
IYET K3 HeIIOCPEACTBEHHBIX Habmoaenuil, UToOb U3MEHHTh CKOPOCTS /IBIDKEHHS TeJa,
HeoOX0MMMO BO3IEHCTBHE HA HETO JPYTHX TEML.

Bo BeeenHOH MpaKTHIECKH HEBO3MOXKHO HAHTH Tella, He HCIBITHIBAOIIYEe BHEITHHE
Bo3aekcTaMs. Ho ecain BHELTHYE BO3TEHCTBIS MMEKITCS, HO OHH CKOMITEHCHPOBaHE! (Ypas-
HOBELIEHbI), IPH PELIEHAN HEKOTOPBIX 387129 TeA0 MOMKET CUNTATBCS CROOOTHEIM.

Ceo000HbiM MeA0M HA3BIBAIOT TENO, HA KOTOPOE He AefCTBYIOT ADYrde Tesa (UIH
o).

Eciu Te10 siBasercs cBoOOIHRIM, TO CKOPOCTE €ro IBHXKEHHS He H3MEHSIeTCH.

Hanpumep, CTOSUIRI B KOMHATe WKa() HHKOIAA caM coDOM He HauyHeT 1epesisy-
raTses Mo KoMHate. ECIu Teno HaxoauTea B IOKOe, TO er0 CKOPOCTh TOCTOAHHA B PaB-
Ha HYJIO, T. €. v = ( = const. YTo0LI M3MEHHTH CKOPOCTH MOKOSIIIETOcs Tesa, HeoHxo-
AKMO BO3JEHCTBUE HA HETO JPYIHX Tesl.

CaMbIM MPOCTHIM BHAOM JBMMEHUS Tejla ABASeTCs paBHOMEpPHOe NPAMOJIHHEN
HOE JBHIKELHE, IPH KOTOPOM CKOPOCTh — BEJTMYHHA TIOCTOAHHAA. B cocTosHMK nokos
CKOPOCTD TOXE BEIHYHHA IOCTOSIHHASA W PaBHA Hy.to. Caen0BaTeNbHo, MOKOH — wa-
CHBLLL CAYYAL NPAMOIUHEIHOZ20 PABHOMEDHOZ0 OBUNCCHUSL.
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IlepBriii 3axon HbloToHa — 3aKkoH MHepumH. HaOmoneHus 3a ABHKEHHEM T H
PasMBILLIEHHS O XapaKTepe 3THX ABi:keAui noseoauan M. Helorony chopmymipo-
BaTb 3HAMEHMTBIE 3aKOHBI ABMKEHHS, KOTOPHIe OH H3ANMOXHA B paboTe «MaremaTH-
YyecKHe Hauasia HaTypaibHol ¢utocodmus» (u3gana B 1687 r.). B ocHoBe aanHoro Tpyia
JTeXarT HECKOJMBKO He HY:KIAWOIHUXCA B J0Ka3aTelhCTBe aKCHOM — 3aKOHOB (OCHOB-
HBIX TIOJOXEHMH ), IPEICTABIAIOINHX cofoil 06obIeHne MHOTOBEKOBOTO OIIBITA, HTOT
CZe/IaHHOMY 33 IIPeLIecTBYIONIee TRICAYE/IeTUE B yUeHHH 0 IpocTeiimux hopmMax 8-
HEHHA MaTepHH.

Hepevii saxon Heromona: mobas maTepuanbHas T10uka (Tel0) COXpans-
€T COCTOSHNE [TOKOS WM PABHOMEPHOTO NMPAMOJHHEHHOTO BHKCHHSA /10 TEX
1op, MOKa BHEMHAE BO3/IeHCTBHA CO CTOPOHBI IPYTHX TEJX HE HIMEHAT ITOTO
COCTOAHHUA. ;

Ilepaoiit 3axonH HbloToHa BLITTONHACTCA B CHCTEMAX OTCYETA, KOTODble Ha3blBAKOT-
Csl UHEPUUAILHBIMIL, U YCTaHABJIUBaeT QaKT CYLIeCTBORAHKSA MHEPIHaAbHbIX CHC-
TEM OTCUYETA, ‘

B unepyuansuvix cucmemax omcuema c60600H0E MeR0 OBUNCEMCH NP~
MOAUHEUNO U PACGHOMEDHO.

IAs oMHCAHNST MEXAHMYECKHX JARMIKEHME Ha 3eMile HHEPUHAJBHYIO CHCTEMY OT-
CYeTa CBA3LIBAIOT ¢ 3eMneli — zeouenmpuyecxoti cucmemoti omcuema. Havano
OTCYETa KOOPAMHAT ITOH CUCTEMBI COBMEIAIDT ¢ LeHTpoM CoJHUA, 8 KOOPIUHATHBIE
OCH ITPOBO/AIT B HANPaRJECHHH HENOABHAKHBIX 3BC3/.

Bonpoc o ToM, ABAS€TCA M BHIGPaHAAs CHCTEMA 0TCIETA MHEPIHAZIBHOHM, pellaeT-
Csl HA OCHOBAHUM dKCIIepuMeHTa. Ec/u B nIpejenax TOYHOCTH U3MEPEHHA B JAHHOM
CHCTEME OTCYeTA Mepsblii 3aKol HpioToHa BRIIOTHACTCH, TO OHA MOKET CUMTATLCS
HHepHHATLHOH. Bosee cTporo mepebtil 3akoH HeloToHA BHINOMHSCTCA B TEIHOTCHTH-
YeCKOH CHCTeMe OTCcYeTa.

Pasnomeproe npsamonunetinoe dsuxcetue c606001H020 mena 8 uHeplyi-
ATVHOU CUCTEME OMCUEmMA HAIbIBAIOM OBUNCEHIEM no uneptiun. Tlpy nBu-
*EHWH 110 HHEePLUMH CKOPOCTE CBOOOAHOIO TeAa He U3MEHAETCS HH IO MOAYIIO, HU 110
HalpaBJIeHHIO, T. €. v = const.

IKcnepuMeHTANLHEIE MO/ITREP/KACHAA 3AKOHA HHEP-
uuu. IIpu peskoM TopMoskeHMH aBTOOYCA HAXOAALHECH
B HEM TTACCAXKHUPbI HAKJIOHAKTCA BIIEPe/l, IPOAO/IKAS ABH-
#KeHHe 1o UHepIMH. Korza aBrofyc pesko Tporaerest ¢
MeCTa, MACCAKUPH OTKHUAMBAIOTCA Hazaf. [lo uHeprm
CAeTaeT rpsA3hb ¢ BPALIAIOIMXCS KOJIeC AaBTOMODIIIS uan
BeJIOCHTIENA.

W3 3ku3HEeHHOTO OTBITA KaXKABI YeTOBEK 3HACT, KaK
TpyAHO GeryueMy 4enoBeky GBICTPO OCTAHOBHTHCS,
eCTH He YXBATHThCS PYKaMM 33 Kakoe-HUOyAb Hewox-
BHXXHOE TEJI0 — CTOAO, IePEBo, 110 HHEPITHH MTPOJ0IEKA-
€T IBUTAThCA COPHITEDP WIH JRKHHK, Ipodekap Heob-
XOJUMYIO juctadiuw. MHoraa saliuy yaaercs ¢macTuce
OT NPeCAeAYIOMETO eTO BOMKA MTH COOAKMY, eCTH OH CMO-
#eT CAeNaTh CKavoK B cTopony. [lo nnepunu asuxcercs
.IyHa Bokpyr Jeminu u nmadeTs Bokpyr CosHIA. H. Hetoron
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2.2. Cuna

Cunbi B Mexanuxe. Ha nmo6oe aBHXylIeecs TeM0 AeHCTRYIOT BHEMIHHE CHJIBL.

Cuna F — 370 BekTOpHas (hpHaMIeCKasd BeJIMYMHA, ABASIONAACT MEPOil MEXaHu-
4eCKOT0 BO3AeHCTBHS Ha TeJO CO CTOPOHB APYTUX TeJl HITH NoJeil.

I710 BO3ACHCTBHE IPOABIAETCA B MBMEHCHHH CKOPOCTH ABHAKYINETOCA TEJA WIH
H3MeHeHUH JOPMBI H pa3MepoR Tena,

Cua, Kak u 100ast BeKTOPHAS BeJIMUNHA, CYMTAETCS 3A4AHHOMH, €CII U3BECTHLI ee
MOJLYJJb, HANPARJEHHE B POCTPAHCTBE H TOYKA IIPWIoKeHust. [Ipsamad, BAoab KOTO-
poit HaIIPAB/TeHA CUJTA, HA3LIBACTCH UNUEH OeliCmeus CUabI.

ITonstTie crabI Beeria OTHOCHTCA K IBYM TesiaM (Wau texy u nomo). Ilpu soaaeii-
CTBHH OJHOIO TeNa Ha APYroe MPOHCXOAUT HX B3aUMOAEHCTBHE JTHOO NIPH CONPHKOC-
HOBEHHH, MO0 HA PACCTORHUA TIOCPE/CTBOM MO,

Muznueckas IPHPOJa BAIAMMOREHCTBHIE MOXKET BBITh pasanuHa, B HacTosnee Bpe-
M#l M3BECTHO Y€TLIPE THIA PYHOGMEHINATLHBLY 83AUMODEUCMEULE. zpasuma-
UUOHNOE, ITEKNMPOMaAZHUMHOE, CUNbHOE, Caaboe.

B MexaHWke paccMaTpUBAIOTCS MPABHTALIMOHHBIE CHJIBL, HJTH CHJTBI TATOTCHUSA, 1
PA3HOBMIHOCTH 3JAEKTPOMATHHTHBIX CHJI — CHJIA YIIPYTOCTH K CWla Tpenus. Takue
CHJIBI 3ABUCAT JAHOO OT PACCTOAHMA MEALY TEAAMH UK YACTAMH OJHOIO U TOTO JKe
Tena, OO OT OTHOCHTENIBHBIX CKOPOCTEH IBHKEHHSA TeJl.

Iipryym HeRaBUCHMOCTH JeiicTBHA cHn. [ IpUHIIMA He3aBUCHMOCTH AcHCTRAA, HIH
NIPUMHIMIT CYNEPHOSHITAM ( HATTOKCHMSA ), CHJI CIIPABE/IJIHB A CHJI PasIHYHOH (pusu-
YecKoH TIPUPOADI.

Hpunyun nezasucumocmu deiicmaus CUN: ¢CIM Ha MATEPHAJIBHYIO TOUKY
{Teno) oaHOBpEMEHHO AEHCTBYIOT HECKOJIBKO CHJI, TO KaKAadA u3 CHI Aeii-
CTBYET He3aBHCHMO OT JIPYTHX CHI.

CHcTeMa NeCKONMbKUX CHII, OTHOBPEMENHO EHCTBYIOIIHX HA MATEPHANBHYIO TOY-
Ky, MOXHO 3aMEHVMTEh paenodeiicmayrouieli cunoii, paBaoil HX reOMETPHYECKOH
cyMMe:

F=F, +F, (2.1)

B obmem caydae ans onpeneseHHs paBHOACHCTBYIOWEH CHIIBI MCTIOJIb3YIOT IIpa-
BHJIO MHOTOYTOJIBHHKA.

Yaue HaxoMAT PABHOAEHCTBYIOILYIO ABYX CHJL. B 9TOM ciyyae yaobHee HCIIO/Ib-
30BaTh NPaBUAO Mapanie orpaMMa; paBHoIelicTBYoman cuna F paBna AMaroHaan
[apajIeorpaMMa, CTOPOHaMHA KOTOPOTO AABJSIIOTCS ABe cJjaraemeie ciibl F, u F,

(puc. 2.1).
F— Fi +F, Cunnl F; u F,, cyMMa KOTOPHIX paBHa BEKTOPY

F, HAa3bIBAIOTCH COCMABARIOUUMU BEKTODA
cunnt F.
Ecsm ussectas Moy cun |Fy| u |Fy| it yron
MEXAY HEMH o, TO MOXKHO ONIPEAEIATE MOAYTh
pasHoaeicTeyomei cuibl. [lo TeopeMe kKocHHy-
130 _ o COB HMeeM

Puc. 2.1 |Fj? = |F,|2 + |F,)2 — 2|F}|F,| cos (180° — o).
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F,
8.
F,
Puc. 22 Puc. 2.3
Yuntsiasg, uto cos{180° — o) = —cosq, HOAYUUM
[F[2 = |F,|* + |Fy)? + 2|F,[|Fy|cosc. (2.2)

Monyns pasHoOAeHCTBYIOMIEH CHIIBI 3aBHCHMT HE TOJBKO OT MOXYJ€H COCTaBIsIO-
KX CUJT, HO M OT KOCHHYCA yIia ( o) MeXTy HUMH:

® ecai & = (), To cos o = 1. CIbl ABASIOTCA coHanpaBieHHsiME Fy 17 Fy;

[P = [F\[? + [Fyf? + 2[F, |[Fyl, wan [FJ2 = (|Fy] + [F,)%

Takum obpazom, |F| = |F,! + |Fy|.

Moy b pe3yAETHPYIONISH CHITKE PABEH CYMME MOIY/TeH COCTARNSIONIMX 1. CHaa
F conanpasaena c cnnamu F, u Fy;

® £CJIH = T, TO ¢o8 0 = — 1, CHJIB ABMSIIOTCS MPOTHBOIOJIOKHO HAlPABJIEHHBIMH
F 1l Fy

[F? = [FyJ? + [Fyf? — 2[R |[F,), womt [F? = (By] — [Fyl)2, [F| = [Fy| — [Fy.

Moayib pe3yAbTHPYIOIIEH CHITH PABEH PA3BHOCTH MOAYJIEH COCTABASIOIHX CHIL
Hanpasnenwe pextopa F copnasaer ¢ HarpaBJeHueM CHIIB, MOAYJ/Ab KOTOPOH
6oabure:

— npd |[Fy| = |Fy|, T.e. CHIIBI PABHEI 110 MOYJO U STRASIIOTCA NPOTHBOMOIOXHO Ha-
TIpaBeHHbIMHE, PeayabTUpyIomad cuia F Gyaer pasHa nymo. B stoM ciaydae cacreMy
CHJ1 Ha3KIBAIOT YPAGHOBECUIEHHOL,

— CHCTEMY CHJ, IeHCTBYIOINMX HA MATCPHATLHYIO TOUKY, MOXKHO YPaBHORECHTD,
ecad K TouKe () NPUIOKUTD CHITY, HPOTHBOIOJIOXKHC HATPABJCHHYIO Pe3yiIbTHDYIO-
et ¥ PaBHOH el 110 MOyi0 (puc. 2.2). JTy CHAY HASBIBAIOT ypaBHOBEMUBaKOMERF, ;

x
®ccan o = —, To cosa = 0. Cuaet Fy u F, Bsanmuo-nepnenauynsapust: F, L Foy

|F|* = |F))? + |Fy)%, wmn |FE = {|RFHEE. Moxyns pesynstupyomed cimsl |F)
onpegenseres o Teopeme [ugaropa. Hanpasserwne cunnl F MoXHO 3a0aTh YTAOM o
F
(puc. 2.3) tga = %F—li
2
PasnokeHne CHIbI HA COCTRBISIONHE. [1pH pelieHH HeKOTOPHIX (il3HUECKHX 33-
a4 HeoOXOMMO HPOH3BOANTD Pa3ioXKeHHe BeKTopa cuibl F Ha cocTaBasonpe. Yamre

B
F,
‘Fl\ / A
F <F1 ——/—F
0

a 6
Puc. 24



Puc. 2.5

BCTPEYAINTCS 3371a9H O PA3T0XKEHHH BEKTOPa cunel F Ha ABe cocTaBagiomye, Jexa-
IIKe B OJHOU IIOCKOCTH. JTa 3a71a4a HMECT OHO3HAYHOE PEIIeHHe B ABYX CIYUasX:

® M3BECTHA OjlHA M3 cocTagaswmux Bekropa F. Ha puc. 2.4, g w306paxkeH BeKTOD
cuiibl F 1 ero cocrapnsiomasn F; B onpeaenennoM Macmrate. [1a HAXOXKAEHUSA BTO-
PO COCTABIHIOLIEH HCIIO/B3YEeM NPABUIIC TPEYTOIbHHKA. OrmeTn™ Ha ILTOCKGCTH
MPOM3ROMTBbHYI0 TOURY O (pHC. 2.4, 6) M OTIOKAM OT 3TOH TOTKH BEKTOPHI OAd =F,
u OB = F. Bextop AB = F,, HanpaB/eHbii 0T KoHIa coctapasomeii F K KoHiy
sextopa F, 6yzaer propoii cocrasmmonuii sekropa F: F, + F, =T,

® K3BECTHH HanpasaeHus: obenx cocrapisaiouux sekropa F. Ha puc. 2.5, a sro or-
peskn NN u MM, OTMCTHM Ha TLIOCKOCTH MPOU3BOJEHYI0 TOUKY O (pHc. 2.5, 6) 1 oTA0-
MM OT 9TOH Toukn Bextop OB = F. TIposenem uepes rouky O mpampie N'N'||NN n
M M'||MM. B npunatoM Macmrabe, HCMOTb3YsI UPABHIO TAPAILIEIOTPAMMA, ONpesie-
JISTIOT COCTABAALNHE OA = =Fn OC = F, KaK CTOPOHHI MaPAJLIe0TPaMMa, JHATOHA-
Jbio KoTOpOro siBasiercst OB = F. Hampumep, Ha TeJio, HAXOASIIEeCs Ha HAKIOHHOM
wiockoctd A BC, yron HakiaoHa o (puc. 2.5, 8), AelicteyeT ciia F, Hanpag/ieHHas Iep-
neHauKkyaspHo AC (F L AC). CocTaBasiowie 9Toi CHIIBI, HATTPABJIEHHEIE MTapaiienhb-
1o AB (F,) u nepnengukynapio AB (F | ), olpeaensaior 1o IpaBuy TapaiieiorpaMma
(cm. prc. 2.5, 8); MOIY/IH DTHX CHJI PaBHBI COOTReTcTBenHO F) = F'sincy F) = Foosa.

2.3. Macca

Macca — Mepa unepruocty. BenejicTeie HHEPTHOCTH TeAa COXPRRSIOT CBOKO CKO-
POCTb B OTCYTCTBYUE B3aUMOAEHCTBIA ¢ IPYTHMU TeIaMH.

Huepmnocmov — cBOUCTBO TeNa COXPAHATE COCTOSHHE TMOKOA WM PABHOMEPHG-
IO IIPSIMOJIMHEHHOTO [BHKEHHS, KOrA AEHCTBYIOUIHE HA HETO CHJIH OTCYTCTBYIOT Ml
B3aWMHO YPaBHOBEIIEHHI.

[Ipeanono:xkumM, ¥TO HA PeNbeax CTOST ABA OWHAKOBEIX BAarCGHA, OMIH U3 KOTOPHIX
MOPOKHELK, 4 APYTol rpykeHbii, KakoH U3 BATOHOB «Jierdes BBIBECTH M3 COCTOSHHS
[HOKOSI, T. €. H3AMEHHTB €10 CKOpocTh? PaayMeercs, mycroii. [TycTs moposxkHMit i rpy:Ke-
HBIH BATOHEI ARMKYTCA € OMTHHAKOBOIM CKOPOCTHI0. Kakoii U3 3TUX BATOHORB <«TPYIHEEH
OCTAHOBHTB, T.€. W3MEHHTb €70 CKOpOCTh? Pasymeercs, rpyxkensiit. Takum obpasom,
HHEPTHOCTS TPYKEHOT0 BaroHa 60/bine, 9eM HHEPTHOCTD IIyCTOT0, HOTOMY YTO Macca
TPY’KEHOTO BaroHa GOJbIne MAcChl MyCTOTO.

Macca (o1 nat. masse — KOM, KyCOK, IpyZia) — 9T0 pU3HIecKas BeJIMYHHA, SBIs-
OIAs1Ca MePOil HHEPTHOCTH TeJIa MPU [TOCTYIIATEIbHOM ABHIKEeHHH.
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Maceca — Besmunba ckanspaas. ExMHuna Macchl — KHiorpamMM (Kr).

1 KT — 3T0 Macca 3TANGHA, OTJIATOTO U3 CIUIABA IIATHHEL M upuaus (90 % Pt, 10 %
Ir) B Bue mumUHAPa (MeKTYHAPOHBIE MPOTOTHIT KHTOTPAMMA), BRICOTA KOTOPOTO
(39 MM), paBHA ero JUAMETPY, XPAHSHIETOCS B MEXAYHAPOAHOM HI0PO Mep U BECOB B
Cenpe 613 [Tapika. Bee cTpansl HMEIOT TOYHbBIE KOMHU 3TOTO ITAJIOHA.

B xraccudeckoit MexaHuke, WK MexaHHKe HbI0oToHa, T. €. KOT/Ia CKOPOCTh ABMXe-
HUS MAKDOTEN % MHOTO MEHFITIE CKOPOCTH CBETA ¢ B BakyyMe { v <€ ¢), CIHTAETCS, YTO
Macca Tesa He 3aBECHT OT CKOPOCTH €r0 ABIKeHHA.

Macca — Be/TMYIHA AUTMTHRHAS, T. €. MACCA TeTA PaBHA CYMME MACC BCEX YACTHIL
(MM MaTepUaNbHEIX TOUEK ), U3 KOTOPHIX OHO COCTOMT. ECiiH, HATIpUMep, TpH Teaa
MaCCAMH 0, My, My COEAMHATE BMECTE, TO Macca obveauneHHoro tesa m OyAeT paBHa
CVMMe MACC TEJ €10 COCTABAAIIIMNX: M = my + My + my, ECITH TeZo pa3zenuTs Ha
YACTH, HATIPMMED PA30pBATICs CHAPSI, TO CyMMa Mace 9acTel (OCKONKOB) OyaeT paBHA
Macce Teqa [0 pasaeaenHs (Macce cHapsaaa). BaxHelimee cBoHCTBO MAcChl — ee Co-
XpaHeHwue.

Macca saMKHYTOll cHCTEMBI T OCTAETCH HEH3MEHHOMH NpH Mo6BIX Npoltec-
caX, DPOHCXOAMINUX B CHCTEME.

Ientp macc. [Ipu ocTynaTebHOM ABUXKEHHH TeAa Y A00HO BBECTH HOHATHE UEH-
Tpa MAaCC, HIIH IIeHTPA UHEPLIHH.

Henmp macc — 370 TouKa, B KOTOPOH MOXET CUHTATLCS COCPETOTOYEHHOH Mac-
Ca TeJa IPH eT0 MIOCTYIIATEMEHOM JABVKEHHH.

IIpy nocTynare bHOM ABMAKEHHH TeAa BCE ero TOUKH JABHIKYTCS ¢ OIMHAKOBOM
CKOPOCTHK) M OMHCHBAOT MAapaJJieTbHBIE APYT APYTY TpaekTopun. [loatoMy MoxHO
pacCMATPHUBATH MOCTYNATENBHOE ABHMAKCHHAE HEe BCENO T€/a, 4 OJIHOH TOYKY — €TI0 LeH-
Tpa Macc, T. €. MAaTePHAJIBHON TOYKH, B KOTOPOH Kak OBl COCpeA0OTOYeHa BCA Macca
Tena,

QueBUHO, UTO TEHTP MAcC OAHOPOIHBIX CUMMETPUUHKEIX Tl COBMAAAET C LEeHT-
poM cummerpun 0. [TeHTp Mace OTHOPOAHOTO WAPA COBIAJIAET ¢ er0 TeHTpoM (pHC.
2.6, a). llenTp Macc OXHOPOAHOTO CTEPXKHA HAXOAUTCS B €T0 cepeidHe (puc. 2.6, 0).
LenTp Macc Tena MOJKET HAXOAWTRCA W BHE TeNa, HAPHMED LEHTP Macc O HOPOAHOIO
oboaa wiu xosbua (puc. 2.6, 8).

Kak onpenemuTs [IonoxeHue UEHTPA Macc IIPOH3BOJIBHOTO Tesla? PaccMOTpHM 1Ipo-
CTERNIVIO CUCTEMY, COCTOSHIVIO M3 JIBYX MaTEPHANLHEIX TOMEK MACCAMH 71 M My!

® eCIM m; = my, TO IIEHTP MacC JIEXKUT HA CEPEIMHE OTPE3Ka NMPSAMOH, COeNMASIO-
mel aTu TOuKH, 1. €. B Touke C (puc. 2.7, a), [ = k;

® £CITH 1y = 11y (11 > 1my), TO TIEHTD MACC JICKUT Ha OTPe3Ke MPAMOi, coennHstiomet
ITH TOYKH, H HAXOIUTCSA B TOUKE, PACTIONMKEHHON OJIHKe K my, T. €. GJIHXKE K Tely, HMe-
woureMy 60:b1IyI0 Macey (puc. 2.7, 6). Pacctoanus 1 [, 0T COOTBETCTBYIOIINX MATEPH-
ansHBIX TOYEK 10 TIEHTPA MACC 06PATHO IPOTIOPLMOHATHHEI MACCAM STHX TOUEK:

1 O* |
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My My Y
C
b b
m, a
s
c
b b
6 X
Puc. 2.7 Puc. 28
™ _h o my = m (2.3)
my b

Dopmyaa (2.3) aHATOTHYHA IPABUIY PHIYara, KOTopoe OBUTO M3BECTHO elile ApHc-
TOTENW. FTO MPABHI0 NCIOAL30BAT U APXUME/ B DAIMYHBIX TTOTBEMHBIX MEXAHHS-
Mmax. [To chopmyne (2.3) MO¥HO onpeeNuTh LeHTP MACC IBYX Tel, Hepa3pEIBHO CBi-
3aHHbIX APYT C APYTOM, HAPHUMED ABCHHBIX 3BE37T MK CHcTembl Jemas —JIyHa, ecau
M3BECTHBI MaCCa TeA U PACCTOTHU MEKTY HUMH.

OmnpeeanM NOJToKeHHE IEHTPA MACC MATEPHAJILHBIX TOMEK MaccaM# 7t M M, OTHOCHUTEIIb-
HO Hadata orcyera (puc. 2.8).

IMonoxenue Tovek I 1 2 v 1ieHTpa Mace C ONPCRENSIOT BEKTOPLI Ty, Ty H T, Hapuc. 2.8
1, 11 |, — BeKTODBI, HPOBEJEHHbIC H3 MATEPUAILHBIX TOYCK K LEHTPY Macc.

W3 puc. 2.8 BUAHO, UTO

te=r+1, tp=r+ L.
YMHOKHM IEPBOE YPABHEHHE Ha M, & BTOPOE — Ha 1y, TOTYYHM
mire = mry + mly, Mele = myry + myly.
CJ0XUB TIOCAETHAE YPABHEHHS], HMCEM
re{m 4+ my) = myry + mly + mery + mgly,
W3 dopmyan (2.3) caeayer, yro myl; = —myl,, CEAOBATCIBHO,
re{m; + my) = myry + Mers.

Taxum 06paszoM, MOTOKEHUE HEHTPA MACC CHCTEMEL, COCTOSALIEH U3 IBYX MATCPHAIBHBIX TO-
HeK, OIPEAENSeTCs PAIKyCOM-BEKTOPOM I

_ I+ ML

g (2.4)

2.4. Umnynbe TENA

Hunyiabe MaTepHaabHoii ToYKH. Mexaliyeckoe COCTOAHAe MaTepHANBHOH TOd-
KW B JAHHOH CHCTEMe OTCYETA OIpelle/iAeTCa KOOPAHHATAMU 7, §, 2 (WK DaauycoM-

| s0



GPHPL

BEKTODOM T') U ee CKOPOCTHI0 v. ECH 0(HA U3 ReAWYHH m

v p=mv
U3MEHAETCS, TO MATEPAANbHAS TOYKA IEPEXOAHT B APY-
roe MEXaHMJIeCcKoe COCTOSHHE. .
OyHKIHeH MEXaHHYECKOTO COCTOSTHUS MaTepHabh- Puc. 2.9
HC. 2.

HOH TOYKK ABJsAeTcs (PU3MIeCcKas BETMYMHA, HA3bIRaC-
Masg UMTTYABCOM (OT JIaT. impulses — TOXHOK, YIADP).

Hmnyave mamepuaavroii moyxu p — BEKTOPHAS BeMTUYHMHA, DABHAS TIDOM3-
BEJIEHUI0 MACCHL M TOYKH HA CKOPOCT V €€ ABHKCHUS:

p = mv. (2.5)

Enuanna uMIyisca — KMIOTPaMM-MeTD B CEKYHAY (KT-M/C).

1 xr.M/C paBped UMIYJIBCY MATEPHANBEHOR TOUKH Maccoill KT, ABMKYTElcd co cKo-
pocTbio 1 M/C. .

Tax Kaxk Macca Beerza nonoxuressHa ( mm > (), TO BEKTOPBI CKOPOCTH U HMITYJAbCA
ABNAITCA COHAPaBAeHHRIMH v T1 p (prc. 2.9).

KakaoMy MexaHMYECKOMY COCTOSIHHIO AaHHOH MaTepPHAaIbHON TOYKHM B BhOpaH-
HOI CHCTEeMe OTCYEeTa COOTBETCTBYET ONpee/IeHHbI UMITYJIbC.

VIMIysbc He 3aBUCHT HI OT IPOTIECCA, B PE3YABTaTe KOTOPOTO MaTepHATbHasA TOY-
KA 0OKa3aJ1aCh B JdHHOM MeXaHHUYCCKOM COCTOSHAH, HY OT MPeABAYIHX WA MOCeLy-
IOLIMX €€ MexaHudecKux coctoanuil. TIpy aanpHeimeM uayaennu Gusnkn yoeaumes,
YTO HMOYJILC — O/IHA M3 BAXKHENNIMX XapaKTePUCTUK JBHAKEHHS MATEPUANbHBIX Tell.

Hmnyabe Tena. JTioboe Teo MOXKHO TIPEICTARHTE KaK CHCTEMY MaTepHATbHBIX
TOUEK.

HMIyasc p Tena, CoCTOsIUMIA U3 1t MaTePHaTbHLIX TOYEK, PaBeH BEKTOPHOU CyMMe
HMITYTBCOR BCEX TOYCK CHCTEMBI:

P=p+tPt... + P

ITp# mocTynarenbHoM ABUKEHHH BCe MaTepHaJIbHBIE TOMKH CHCTEMBI ABHXKYTCA C
ORHOI 1 TOIf JKe ckopocTeio v, CYMMapHast Macca TOYeK CHCTEMBI PABHA MAcCe TeIam.
BekTopsl HMIIYABCOB BCEX MATEPHANLHEIX TOUESK COHAIDABIEHDL.

Hmnyasc mena p — BEKTOPHAS BEJIMYNHA, PABHAS IIPOH3BEIEHHIO MACCEDT: TEJ1A
Ha CKOPOCTb vV NOCTYNATENbHOIO ABHKEHHA:

p = mv. (2.6)

Ecan MarepHanbHas TO4KA (TeN0 ) ABHMKETCA HOCTYHATEAbHO 00 HHepHMK ( v =
= const ), TO UMAYIBC HE U3MEHSETCS, T, €. OCTAETCA IOCTORHHBIM (p = const ).

2.5. Bropoit 3aKoH HblotoHa

Bropoii 3axkon Hewrona. Pasneie ciibd, AeHCTBYIOMIHE HA OJHO H TO XK€ TEJI, Co-
obmAIT eMy pazmHYHble YeKopenys. Kak HOKa3BBalOT OMBITHL, YCKOPEHHE Teaa mpo-
HOPIHOHATLHO ACHCTBYIONICH HA HETO CILTE:

B o

E oa

Tpu eficTBEM OXHHAKOBBIX CHA Ha PA3/IHYHbIE TENA YCKOPEHKsE T 00PATHO Hpo-
TOPHHOHATIBHB] UX MACCaM;
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Bmopoti 3axon Heromorna: yekopeHHe Tela B HHepUHAIhHOil cHereMe oT-
CYeTa NPONOPHHOHANBLHO AeHCTRYIONEH Ha TeAo ciie H 06paTHO MPONopUHO-
HANLHO Macce Tefa:

a=—. (2.7)
m

Bexropsl yexopenus a u cunsi F conanpasacHor: a TT F.

B rtakoii popMe BTOpOi 3akoH HeOTOHa cipaBeij B UL IOCTYIATENFHOTO IBH-
KEHHUST HEM3MEHHOTO TI0 Macce Tella KOHeYHBIX Pa3MepOR, IPH 3TOM BCE TOUKH Tea
JBHAKYTCA C OZHUM H TEM K€ YCKOPEHHEeM.

ITpu pemeRU 3a1a4 AMHAMHKH BTOPOH 3akoH HBIOTOHA 4acTO 3aIMCHBAIOT B BUIE

F = ma. (2.8)

Cunra, Oeticmeyowas Ha meao, PasHa NPOU3BEOEHUIO MACCHL MEAA HA
€z0 YCKOpPEeHUE.

Enuruia cunsl — vpoton (H).

1 H paseH cHe, koTopas Tedy Maccoit 1 kr coofmaet yckopenue 1 M/c? B Hanpas-
AeHuu fleitctBus cuael: 1 H = 1 kr-m/c

Ecau Ha Telo AeficTBYeT HeCKOIBKO ciJl, To B dropMye 3akoHa Hetorona (2.7) nox
cunoii F ciaefyeT MOHAMAThH PaBHOAECHCTBYIOIYIO 3THX CHJL TAKOH BhIBOJI BBITEKAET
13 TIPHHIHNA HE3ABUCHUMOCTH JeHCTBHSA CHA.

B yacTHOM Cliy4ae, KOrEa BCE CUIIbL, ACHCTBYIONINC HA Te/0, HAMPAaBAeHbl 10 OJHOH
H TOH 7K€ IPAMOH, HX PaBHOJEHCTRYIOMIASA, 3 CIeOBaTEeNLHO, H YCKOPEHHE HalPAB/Ie-
HBI TIO TOI K€ TIPAMOii, H IOSTOMY YPaBHEeHHE OCHOBHOTO 3aKOHA MexaHnky (2.8) Mox-
HO 3aTTMCaTh B CKATAPHOH hopMe:

F=ma, (2.9)

I/le paBHOEHCTBYOIAs ciiia F nipeacTasuisier coGoli arebpanyeckyio CyMMy Beex
CHJI, JEUCTBYIOIINX HA AAHHOE Te10. [IpH 510M eci HaNlpaBieHHe CHJTH COBIIAAET ¢
HaIlpaBJeHUeM CKOPOCTH ABIXeHAsA, T.€. F 1T v, To F > 0 u a > 0. JTo o3nayaer, 410
MOA JefiCTBHEM TAKOH CHABI TeTo OY/IeT ABUrATbCA YCKOPEHHO.

Ecu BEKTOPHE CHIIBL M CKOPOCTH HATIPABAEHH! IPOTABOMOAOKHOF T v, 10 F<0H
a < 0. [Toa peiicTBIEM TaKOI CHJLBL TENO IBIKETCA 3aMeUTeHHo (HanpHMeD, IO AeH-
CTBUEM CVTBI TPEHH).

Ecau pasnogeiicTByionas sBeex cun pasia Hyamo ( F = (), To yckopeHHe Tesra Tak-
e paBHO HyJTo (a = 0), T.e. CKOPOCTh IBHIKeHH Tesla MOCTOSIHHAA v = const — ABH-
JXeHHe TIPSAMOTHEeIHOe H paRHOMEPHOE.

IlenTpocTpeMHTENbHAN CANA. Posb HEHTPOCTPEMUTENABHONA CHABI BBITIOTHR-
10T PeaIbHO CYIECTBYIOIME B IPUPOJE CHJIBI WK UX paBHoAeicTByomme. Cuma
WM PaBHOJEHCTBYIONAsA HECKONIBKUX CHJ, oDecniedanBaolas ABHKeHHEe MaTepH-
aTbHOI TOUKH (TeNa) 0 OKPYKHOCTH, Ha3BIBAETCSL UEHMPOCHP EMUMENLHOL
cunoii F,.'.

! O6parure pummanue! [leHTpOCTPEMHTETHHEIX CHT B IPHPOE HE CYUIECTBYET.
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[enTpocTpeMHTeNbHAS CHJIA BCET/ia Halipas/ieHa K UeHTPY m
KPHBH3HH TpackTophu. Ecau Ha Teno Maccoitm neitersyer nen-
TPOCTpeMUTeRHAA cUla (puc. 2.10), To OHO ABHXKETCA ¢ LeHT-
POCTPEMHUTEIEHDIM, UK HOPMAIEHBIM, YCKOPEHHEM ( gy, = a,),

2
v
MOJXYJIE KOTOPOTO paBeH @y, = —.

R
Ycropenue ay, IpHOGpeTEHHOE TCAOM Maccoit m oT Bo3zeti-

CTBHA Ha HEro LEHTPOCTPEMUTENbHOM CHIIEL F| ., onpejienseTcs 210
F Pue. 2.4
corMacHo BTopoMy 3akoHy HeloTona: a, = —=<, otkyna Fy =
m

= ma,,. YYHUTHIBAas, YTO YCKOPEHNE &, II0 HalpaB/ieHHIO coBNagaeT ¢ cunol F ., Mo-
AyJb IeHTPOCTPEMUTEIFHOH CHIIEI PaBEH

2 B
muy
F.=—. (2.10)
n
OcHoBHOI 3aK0H KIaccHYecKoii AuHaMuKH. B Tpyze HrioTona «Martemaruyeckue
Hayana HaTypaJibHO# Guocopri» BTOPOit 3aK0H HMeeT HeCKOJIBKO HHYIO0 hopMyIH-
POBKY, ueM Ty, KOTopas ObliIa IIpHBe/leHa PaHee:

I H3MeHeHHe MMITYJbCa Tela NPONOPIHOHAIbHO NPIIOKEHHOH K HeMy cHle H
MPOHCXOIHUT N0 HaNMpaBJIeHHIO TOH NpAMOH, N0 KOTOpoii 3Ta chla AeiicTBYeT.

MareMaTH4YeCKH 9TOT 32KOH MOKHO 34TMCATD TAK:
A{mv) =FAtnmu Ap = FA¢, (2.11)

rIe p = mv — HMIIYJIbC Teja.
ITpouseedenue cunwvt F na eapems ee deticmaus At, 1.e. FAt, naswsarom
UMNYABCOM CULBL.
Enunnua uMityeca cUIHI — HBIOTOH - ceKyHaa (H - c).
1 H-¢ pasen umnynscy cuanl 1 H, aelicteywiteit B Teuenue 1 c.
Bropoit 3axon HbioToHa MOXKHO cHOPMyIMPOBATS ellle U CAeAYIOMMM 00pazom:

1 vMOyabc cHabl, aeliCTBYIONEH HA TENl0, paBeH HAMEHEHHIO MMAYJIbCA TENA,

@Oopmyiia (2.11) Beipakaet Gonee obiryo Gopmy.1y BTOporo 3akoHa HeloToOHa, yeM
dopmyna (2.7), nOTOMY 4TO OHA CNPABEANKBA JUTA ABHXKYIIUXCA T€/T KAaK MOCTOSAH-
HOM, TAK ¥ TICPEMEHHOK Macc (HaNpHUMED, MAcca PAKCTHI B MOJETe yObIBAET ¢ TEUEHMU-
M BPeMeHH, T. e. ABAsAeTCH BeTHYNHO nepeMeHoNH).

W3 dopmyst (2.11) BbIpasuM cCHAY

F=2P (2.12)
At
OTKYJa BH/HO, YTO CHI4, TeHCTBYIONIAS Ha TE/IQ, DABHA H3IMEHEHHIO HMI1YJIbCA Teila 33
€IHHHLY BDEMEHH. JHAUHT, UIMEHEHUE UMNYALCA MeENd, a CAeO08AMENbHO, U
CKOPOCTU HE MONCETN NPOUCXOOUMb MEHOBEHHO.
Ecmm At =0, 10 F — oo (IpH ycIoBHE m = const). AHATOTMYHBIA BEIBOA I10-
IYUMM, eciiM OyaeM aHanuaupoBaTh Gopmyay mAv = FAtL 3aecs m = const = 0,
F=const =0. Ecin Av =0, rou At= 0.
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2.6. TpeTwit 3akoH HbioTOHA

Cunnl feiicteug u npotusoeticTst. [ToHsTHE «Cilas Beer/a OTHOCHTCA K IBYM
TenaM. CHaa BO3HUKAET TIPH B3aUMOACHCTBUH /IBYX Te, TIPH 3TOM MaTepHanbHbIe
TOYKM HJIH Tejla ABIATCA PAaBHOIPABIILIMH.

Papnonpasie B3auMoIeHCTBYIOMIMX MATEPHAIBHBIX TOYeK (Tes) OTpasKaeT TpeTHii
3akoH HeloTOHA.

HeoToH chopMyTHPOBA 3TOT 3aKOH TaK: MI000MY 1eHCTBHIO BCETAa IPeNsITCTBY-
€T paBHOe U JNPOTHROIOIOAKHOE IIPOTHBOJECTBYHE.

Tpemuii saxon Heromona: ciibi B3anMoAefiCTBHS ABYX TEJ B HHEpUHAIb-
HOil CHCTEME O0TCYEeTa PABHBL ¢ MOIYI0, IPOTHBOIIOJOKHDI [0 HANPABICHHIO
H JeHCTBYIOT BAOJb NPAMOi, coeauuAromteti 3TH Tema:

F12 — _F21. (2.13)

Ouxany u3 cu, HaipuMep F\,, HaspIBaOT custoi deticmeusn, npyryo (Fy) — cu-
a0t npomugodeiicmeun (puc. 2.11). 3TH cuiH Beersia ACHCTBYIOT TAPAMH U AB-
JIAIOTCA CHJIAMH OTHOH TIPHPOIHI, TaX KAK BO3HHKAIOT IIPH B3AUMOAEHCTBHH Teld. JTH
CHJIBL IIPMJIOXKEHEI K PA3HbIM TeJslaM, I03TOMY He MOTYT YPaBHOBEIINBATh APYT APyra.

IIpumeHenue TpeThero 3axkoHa HbloToka. PaccMoTpiM BzaMonelicTBIE ABYX TeJ
A u B, HanpuMep YeN0BeK, CTOs B JIOKE, HOATATHRAET APYTYIO JOAIKY C TIOMOIIHI0
pepenkn {(puc. 2.12). Cornacuo Tperbemy 3akoday HoioTona;

F p=—Fpg4 (2.14)

Eciu na Teno aeficTByeT ciia, To COMIACHO BTOpoMY 3akoHy HbioTona Teno o iei-
CTBHEM 3TOH CHJIBI IIPHODPETaeT YCKOPeHHe i cooTHomeHHe (2.14) MOXKHO nepenucars B
BHJIE Md, = — Mgy JHAK <MHHYC> B 3TOH GOPMYJIe 10KA3HIBAET, YTO YCKOPEHHA Tes A
H BnpoTHBONOI0:KHO HanlpaBieHnia T| ag 1o TpeTheMy 3akoHy HbioTOHA MOAYIHM 9THX
cu pastit. OIpezendM OTHOICHHE MOTY el YCKOPEHEH B3aUMOACHCTBYIOIINX Te

Ga _ @

(2.15)

ap M4

" Yexopenus, npuocbpemaemvie meramu npu ezaumodeticmsuu, o6pammo
RPONOPUUOHATLHBL MACCAM 83aumodeticmayrowux men, Yem Goabure Macca
TEJIA, TEM MEHBIIIE CTO YCKOPEHHE.

Onpege M OTHOLIEHNE YCKOPEHHH 3eMIH ¢ M KOCMHYECKOro Kopabuis o Ipu ero
samycke. COBpeMeHHBIE KOCMHYECKIE KOPalai MHOrOPa3oBOr0 MCIIOIb30BAHUA HME-
10T Maccy nopsifika m = 2-10° kr. Macca 3emmm M, = 6-10* kr:

g m _ 2-10%kr

G o 0 _ 20 B 6,6-107%
a Mg 6-10* kr

7y My

O Fi, Fy O

Puc. 2.11
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Tpu 3axoHa HeloToHa OTHCHIBAIOT ABHKEHHE NOYTH BCEX MATEPHATBHBIX 0Obek-
TOB, OKPYXKAOIUUX HAC: OT MOJIEKYJ Ta30B A0 MAaHeT COMHeUHOH CUCTEMBL.

2.7. 3aKOH BCEMUPHOro TAroTeHHUn

g Hcroprueckas cnpaBka. [eoneHTpiyeckoe MUPOBO33PEHHE, HITH yieHHe, APHCTOTENA—
=1 [Trosemes (11 B. H.3.), TPOCYIIECTBOBABINEE MOMTH 2 THIC, €T, OTIHPAIOCH Ha ATHTEABHbLE
obieuetosedecknil oneiT. JI0AM exeanerHo HabInAaTH Bocxop v 3axo1 CoaHI, CYTOYHODE
IBHAKEHAC 3BE3] ¥ HC [IOL03PEBANTH, YTO 3€MIS He IIOKOHTCH, & C OTPOMHOM CKOPOCTBI)  dau-
NCEMC 8 MUPOBOM NPOCTIPAHCNEE.

B 1543 r. b11a HagaHa kuHra nosasexoro acrpodora H. Konepuuka <O epamenuy Hebec-
HHIX cdeps, B KOTOPOH OH 000CHOBAN  2€TUOUEHMPUUECKYIO CUCTIEMY MUPQA, COZAACHD
KOMOpoti 3emusn, kax u opyeue nianemst, oopauwiaiomcs soxpye Coanya. IT0T 0CHO-
BOMNORTAIOIUI HayYHbIH TPYA BHeC pentaniini, (yynaaMeHTanbEbIE BRIAA B HAYYHYH DEBO-
TOLHI, KOPeHHbIM 00pa3oM HaMeHuBiIyio B3l HA [lprpoay. Yuenue Konepnuka onposep-
T710 reoueHTpudecKoe yueHne Apucrorend— [IToneMes i HOCTABUIO Mepen HAYKOH Psij Bax-
HBIX IPo0JIeM, B YACTHOCTH IPOBCPHTE COOTBETCTEHE HOBOM TEOpHHU haxTam.

TesuolleHTpHYecKas CHCTEMa MMpa HYKAATACE U B usmueckoM obocHoBanuu. Heobxoan-
MO OBIIO BRIACHHTE, YTO <CBA3bIBacT» NiaateTl ¢ ConruemM, 3emmo ¢ Jynoit? Kakoss buzn-
4eckHe MPHYMHE! IBHKeHHA BOGOLIE U IRWKEHNA NIaHeT B yacTHOCTH? Takum ofpazom, Graro-
3apsi BemHKoMY OTKpeiTUIG H. KonepHuka nogsuiack HayYHasi PorpaMMa, BHITOIHEHHE KOTO-
pOﬁ IIPHBCNIO K BOSHUKHOBEHHI) IKCTTEPUMEHTAIBHOTIO U MATEMATHYECKOrD ECTECTBO3HAHNS H
XJaccu4eckolt Mexanuku, win mexainkn HeworoHa,

H.Kemwnep (1571 — 1630) — akTeBHBIH CTOPOHHHK TeTHOLIEHTPHYECKOIO YIEHHUS, IIPMBET CHCTE-
sy H. KonepHika B cOOTBETCTBHE ¢ NIOCCIHIMH JAHHEME acTPOHOMAM, Hcnonsays nabmoaeHust
T. Bpare u cBou colcTRerbIe, Kernep OTKpbLT 3aKOHEBL IBIDKEHIA TUIAHeT (TPH 3aK0Ha Kerwnepa).

Pemaonuit niar B 6opode 3a TeHOLEHTPHYECKYIO CHCTEMY H HOBOE MHDORO33PeHME OB
caexrau I Famuneem. O obocHosan cuctemy H.Konepauka dhusuuecky B rIaBHOM CBOEM COYM-
Hernn «/lnamor o AByx cucremax Mupa — [ITonemeesoit # Konepuuxonaoils,

JakoH BceMHPHOr0 TATOTeHHA. OTKPLITHE 32KOHA BCEMHPHOTO TATOTEHHS CBSI3a-
HO ¢ peleHreM 3a1ad AHHAMHAKH riepBoro THIA. Y. HeroToHY OBUTH M3BECTHD! 3aKOHBL
JeKKeHUs niaHeT BOKpyr CosiHila — 3akoHbl Kennepa.
o u3BeCTHRIM KHHEMATHYECKHM 3aKOHAM 1BHKEHNA
wianer HeloTOH onmpefenua cuiy BCEMHPHOTO TATOTe-
HHS U YCTAHOBWJ 3aKOH, KOTOPHII ABMSeTCs (hyHAAMEH-
TaJIbHBIM 32KOHOM [IPHPOAHL.

Jaxon ecemupro20 mazomenus: mooule Ane
MaTepHAIbHbIE TOUKH NPHTATHBAIOTCA APYT K ApY-
Ty ¢ CHJIOH, NpONOPIMOHAIbHON NPOH3BEAELHHIO
HX Macc H 0OpaTHO MPONOPIUHOHATLHOH KBajIpa-
TY PACCTOAHHSA MKy HHMH;

F =gl 2.17)

7‘2

Koadwpuiinenrt nponopiiHonagpHOCTH G Ha3BIBaeTCs
zpasumayuoHHotl nOCMOoAHNHOU, KoTopast Ob1a on- H. Koneprux
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pexenena B 1798 r. anryniickum ¢usurxom [ KaBenguniem oneitHbiM niyTeMm. Iocie-
AVIOUIUE UBMEPEHHS JTUIND YTOYHSIIIH ee 3HaYeHHe,

Ipasumaiyuonnas nocmoaninas HHCIeHno PAasHa MOOYH0 CITbl MAZ0-
menus oeyx men, Maccoil 1 Kr kaxcooe, HaxOosauuxcs Ha paccmosnu 1 M
dpyz om Opyza:

G =6,67-10"" M3 /(xr-c?), umm G = 6,67-1071 H-m2%/kr’

Ipasumanuuontvie CUABL — CLAbL NPUMANCEH U — HAPABIEHE BIOIDb IIPH-
MOH, coenuHsONlel B3AUMOAeHCTBYIONIWE TOYKH, IOSTOMY ABJIAIOTCH UESHIMPALb-
HOLIMU CURAMIL.

Ecay teno Maccoil m HAXOAUTCH HAJ IIOBEPXHOCTBIO 3eMJIH Ha BeicoTe  fi, TO Ha
HEro AefCTBYET CHJIA 3eMHOTO IPHTSKEHHST — TATOTEHUS, ONpeenseMas 1o GopMyJie:

P —q_"Me (2.18)

(Rg +h)*

rae Mg, R - Macca 1 pagayc 3eMn.

TIpoBepKa 3aKOHA BCEMUPHOTO TATOTEHMS B YCJIOBHAX 3EMIH H ¢ HOMOILBIO MHO-
TOYHCIEHHBIX ACTPOHOMHYECKUX HaOM0IeHHH II0ATBEPAIIIA €T0 BCEOOIIHI XapaKkTep.

3aK0H BCEMMPHOTO TATOTEHHS TI03BOMAET BEIYHCIATD MACCY ILTAHET 1 X CIIYTHH-
KOB, OOBACHATH ABIE€HHA IPUIMBOB 1 OTJIHBOB B OKEAHAX W MHOXKECTBO JAPYTHX ABJIE-
HHUI, B TOM YHCJIE€ OTTHCATh ABMKEHUE B 3BE3THBIX CKOIVIEHHMAX — FajlakTHKaX.

To, uto WM. Heotou pacnpocTpaliui 3TOT 3aKOH Ha BCKo BeeseHHy10, SIBHIOCH Te-
HUATBHON MHTYHIMEH YYeHOro, II0CKO/IbKY cooTHOMmeHHe (2.17) 6110 moaydeHo Ha
OCHOBAHUH 3AKOHOMEPHOCTEH, CITPABE/I/TMBHIX B paMKax oo Coaneynoi cHcTeMBbL.
ToabKO B Hallle BpeMsl Hab/HOIeHHS 33 JRTeKUMH 3BE3/IaMH 1 3Be3HBIMH CHCTeMaMi
MOJITBEPIHIH YHHBEPCAIBHOCTD 3aKOHA BCEMHPHOTO TATOTEHUS,

Baarosaps sakoHY BCEMUPHOTO TATOTEHMS OTKPBITE BOCHMAA H AeBATas MIJIAHETHI
Conneunoit cuctemul — Herrryn (1846) u [Lnyton ' (1930).

2.8. [paBuTauMoHHoe none i

TpaBHTAIHOHHOC B3aMMOJieicTRHe, |PaBUTALMOHHOE B3aUMOJEHCTBHE IIPHCYLIE
BceM Tenam Bceenennoil.

Ipasumayuonnoe ezaumodeticmeue — B3aUMHOe IPHTSKEHHe MAaTepHAIE-
HBIX TeJjl, HabJrogaeMoe B Jii0d0i cpeae 1 BaKyyMe.

I'paBHTAILIOHHOE B3aMMOACHCTBIE POABIIHAETCS B BHAE CHII BCEMHPHOTO TSTOTe-
HHA. ITH CUJILE 3ABUCAT TOJIBKO OT B3aMMHOTC PacooxKeHHs Tel. [ paBHTanoHHOE
B3AMMOAEHCTBHE ABIACTCA OQabn00eticmeyowum, 1.e. PAxHyC ero AefCTBHs C4H-
Taercsa GeckoHeuHo GompmnM. M3 9eThipex THNOB (QyHAAMEHTATBHBIX B3aHMOAEHCTBIN
HHTEHCHBHOCTDL TPABHTAIHOHHOT) B3auMOAeHCTBYA caMad MajleHbKasl, HO OHa UIpa-
eT BaKHYIO POJib BO BeesleHHOoM, MOTOMY YTO CHJIHI TATOTCHHS O0ECTIEYHBAIOT CyLle-
CTBOBAHKE ILIAHET, TUIaHETHRIX cucTeM — CoTHeYHOH CHCTEME, 3B€3]1, 3BE3JHbIX CUC-
TeM H JpyrHx 00bexToR Beemennoil.

! Ha XX VI Accambiiee MexyHAPOAHOT0 acTPOHOMIIecKoro cosa (2006) 1pHHATO peliecHHe HA3H-
BaTh [IIyTOH KapAMKOBOH ITAHETOIH.
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JBikenye Tea B rpaBHTAIIMOHHOM mose 3emus, [paBHTAIOH- X
Hoe nioJie 3eMau — 370 odaacts BeeneHHo, B KOTOPOH CHITBI IPHTH- F l
KeHHU, ICHCTRYIONIHE HA MATEPHATbHBIE OOBEKTHL CO CTOPOHBI 3€M- a \\
M, 6oaBILIE, YeM CO CTOPOHHI JIPYTHX KOCMHYECKHX TCIT,

Ipasumauuonnoe none — >1o bopMa MaTEPHH, TOCPEACTBOM
KOTOPOii OCYIIECTBIALETCH IPABUTAMOHHOE B3AUMOIeCTBHE.

TpackTopHs ABMIKEHHS TeJ B TPABUTAHHOHHOM TI0jle 3eMJIn 3a-

BHCHT OT HAYATBHBIX YCIORHWE.

¢ Ec/mi HauaIbHAsA CKOPOCTD V) Te/1a, IOAHATOTO Ha BHICOTY b Hal Puc. 2.13
NOBEPXHOCTBLI0 JeM/IH, HAIPABJIEHA IePUeHAHKYIAPHO ocH X, T.€. TI0
THHUH JeWCTBUA TPABHTAIIHOHHOM CHbI {pHc. 2.13) , To, COTIIACHO BTOPOMY 3aKOHY
Hetorona, ata cama (eM. dopmyny (2.18)) coofuraer teny yekopeHue  a, HallpaBJIeH-
HOe, Kak 1 cuia F, & itentpy 3eman

ma = Gm—%, OTKY/IA @ :G%
(Rg +h)? (By +hY

Bfiusu nosepxuoctr 3emiu (h < R,) YCKOPEHUE a PABHO YCKOPEHHIO CROOOIHO-

rO MafeHuda g

3

M,
a=G—L; a=g = const.

Tema, HAXOAANIHECH B [PABUTALMOHHOM TIOJIe 3eM/IH BOIH3H €€ IOBEPXHOCTH, PaB-
HOYCKOPEHHO ABMKYTCA 110 MPSMOi K ce HeHTPY (CBOOOIHO NAZIaloT) ¢ YCKOPEHUEM
¢BOOOIHOTO MTALEHHS

M
=G=L, 219
1=C (2.19)
IIpu h <« R, yckopeHHe CBOBOMHOrO MAIcHUS ABAseTCS (PyHKIMEH v = Ry + R
mM, M '
—_ G e , HIH = G _$- 2'20
I=C Tay g 2 (2.20)

N3 bopmya (2.19) u (2.20) cneayet, 4T0 ycKoperue c60600H020 nAdeHUst He
3a8UCUM OM MACCHL «<NACAIOWE20 MeAa> ™, & ONPEOerACMCa MACCol 3em-
au M, — maccoti meaa, co30ar0uiez0 epasumayionHoe noxe (LCmowHuKa
NOARY, U G3AUMHBIM PACNOAONCEHUEM 83AUMOOCTICINEYIOWUX TEL.

¥YckopeHue CBOGOHOTO Na/leHus Tes Ha JIyae g = 1,6 M/c?. Béausu nopepxuocTa
[UTAHET UX MPABHTALMOHHOE YCKOPEHHE 3aBUCHT, KaK cieayeT i3 dopMyas (2.16), ot
HX MacCHl U pafuyca.

B Ttaba. 2.1 npiBeeHB 3HAUYEHHST TPARMTAIMOHHEIX YCKOpeHHi riader Cosned-
HOI crcTeMbl BOJIM3H IOBEPXHOCTH.

Tabauna 2.1
IL1anera g M/c? Tlnanera o M/¢? ITaanera o M/c? ILnanera 3 M/c?
Mepxypui 3.7 Mapc 3,7 Catypu 12 Hentyn 12
Benepa 89 HOmuTep 26 Ypan 11 IlayTou 2
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Ioncrasaasa dopmyay (2.20) B (2.17), onpese MM CIy TATOTEHHS
F=mg. {(2.21)

¢ Ecay HauaibHas CKOPOCTE v, TéNa, MOAHSTOTO Ha BEICOTY h Hajll IOBEPXHOCTBED
3eMH, HanpaBJleHa TOPH3OHTANIBHO, T.€. BAOAL OCH X, TO ABHXKEHHe Tea OYAeT CI0K-
HBIM, COCTOSIIMM U3 ABYX He3aBHCHMBIX ABHXKeHHIt: CROOOIHOTO NANEHHA W NPSAMO-
JHHEHHOTO H PABHOMEPHOTO JBIKEHUS €O CKOPOCTBIO v, = const Bosb ocu X. Tpa-
eKTOPHA ABHKEHHI — KpHBas auHust (cM. prc. 2.14). Yem Gomnbine v, TEM Aaablle OT
MecTa «Opocanus» NpH3eMIUTCA Teo. IIpH HeKOTOpoi CKOPOCTH 1y = v TeNIO He BO3-
Bparnaercs Ha 3emio. CKOPOCTh ¥ HasblBAIOT NEPEOH KOCMHYECKOH CKOPOCTRIO.

Ilepaas xocMuxecKkan CKOpoOCmsy v — 5TO MUHEMAJIBHAA CKOPOCTb, KOTOPYIO
HYKHO COOOLINTD TeTy, YTOObI OHO MPEBPATH/IOCE B CITYTHHK 3eMJIH M ABHTAIOCH MO
OKPYKHOCTH, [LIOCKOCTh KOTOPOH IIDOXORUT Yepe3 NEHTP 3eMIH.

IIpn aBMEHHU CMYTHUKa 3eMJH IO OKPYXHOCTH paauycoM R, + h Ha Hero faeii-
CTBYeT TpaBHTalMonsad cuia (cM. dopmyay (2.18)), kotopas  coobiuaeT CIYTHHKY
HOPMaIbHOE, UEHTPOCTPEMHTEIbHOE, YCKOPEHHE

i, =——.
Ry +h
ITo BTOpOMY 3aKkoHY HblOTOHA:

|):lﬁ|("' 12 m ,UI2 _G mMe

[T = .

ALY PV . R®+h (ﬁa+h)2
Cokpatus ()Tge JACTH MOCIeAHEero pa-

BEHCTBA Ha ~——, NOJYYUM
i + h

M.
= |G —==%_,
NI R R

UL U Ecau cnyTHHK 3anmyckaeTcs ¢ oBepx-

INENIES

HocTH 3eMsn (h=0), 10 9 = G%Q.

Re
C yuerom dopmyasl (2.19) momyuum
v = J9Ra. (2.22)

BbluscauM npubaMKeHHOe 3HAYEHHE
nepBOH KOCMHUYECKOH CKOPOCTH

vy = 9,8 M/c?-6,4-105 M ~
2 7,9:10° M/c ~= 7.9 KM/C.

Ecnun crOpOCTE 3amyCKa CITYTHHKA o
Puc. 2.14 Gosbire MEpBOH KOCMUYECKOI CKOPOCTH



ty (¥ > ), HO MeHBINE BTOPOH KOCMUdecKoii ckopoctu ( vy =~ 11,2 kM/c, cMm. mof-
pasa. 3.9), To TpaeKTOPHs1 TBHXXEHUS CITYTHUKA TIPEACTABAET JJLTHTIC, OKH 13 HOKY-
COB KOTOPOTO COBIIA/AET ¢ IeHTpoM 3eMiH (puc. 2.14).

[Tnanerer — cnytaukn ConHila — ABMXKYTCA 10 JAIMOTHYECKHM OpOHTaM, B O/I-
HOM M3 (hoKYCOB amunca HaxouTea ConHie. OpOUTH IUIAHET JEXAT NPAMEPHO B
OTHOM TUIOCKOCTH.

2.9. Cuna TaxecTH. Bec

Cuna TskecTn. PaccMOTpuM Teno, Haxosmleecs B MPOW3IBOABHOMH Touke B 10-
BEPXHOCTH 3€MJIM Ha MIHPOTe 3, Ha HETTOABYIKHON OTHOCHTENBHO 3eM/IM [I0JCTABKE
(puc. 2.15). Ha 370 Teno aeHcTBYIOT JBe CHJBL: CHJIA TATOTeHUsS  F; U CHIIA peaKiui
3eMHOI IOBepXHOCTH (MJIH CUJIA peakiiME onopbl) N, Hanipas/leHHe KOTOpoii onpeie-
JASETCA He TONLKO CHIIOH TATOTEHHA, HO M BpanienneM 3emmn. Pasnogeiicteyiomasn F
ITUX ABYX CHJI 00€ECTIEUHBaET ABHXEHHE TeJla N0 OKPYIKHOCTH ¢ ueHTpoMm  ( npu cy-
TOYHOM BpanateTbHOM ABHXKEeHUH 3eMIH BOKPYT OCH.

Cuna marxcecmu F,,, — cuna, IeHCTBYIONUIAA HA TeJIO BCJIEJICTBUE €T0 IPHTSIKE-
HH3 K 3emule, paBHAs 110 MOLYJIIO cuJie peakuun N, Ho Hanpap/aeHHASA MPOTUBOTIOJNOK-
HO eif.

Cua TaXeCTH paBHa POM3BENEHHIO MACCHI TENA HA YCKopeHue cBoBOHOTO nage-
HHUS ¥ IPHITOMKEHA K TeTy

Fox = mg. (2.23)

W3 puc. 2.15 Buano, ato cuasl F 1 F,, COBOAJAIOT 110 HATIPABJIEHUIO, €C/1H TOYKa
Braxoayrcd Ha nomoce wiv sxsarope. Ecsiu Touka B Hax0AWTCH HA OLHOM U3 TIOIIO-
COB, TO OHa He Y4aCTBYeT B CyTOUHOM BpaINaTeJbHOM IBHKEHHH 3eMaH. TouYKH 3eM-
HOIi MOREPXHOCTH, JeXal[He Ha 3KBATOpe, ABMAKYTCA TI0 OKPYKHOCTH, Paluyc KOTO-
POH MAKCHMAIEH H PABEH PAAHYCY JeMIIH.

Bec Tesa. Bec Tesa npunoxeH He K TeJTy, a K OTIOPe MM NOABECY.

Bec mena P — cuia, ¢ KOTOPOU TEJIO BCJAEACTBIE TPHTAKEHHS K Bpalawouleics
3emiie reficTByeT Ha OOPY WK MOJBEC, YAEPKUBAIOM{EE €ro 0T CBOOOAHOTO MAJEHU.

Bec resa unicnenHo pasel AelicTBYIOLLEH Ha Telo
CHJIE TSDKECTH P = mg TOABKO B TOM CJIy4ae, KOTAa
OIOPA KJTH TIOZIBEC HAXOATCS B TIOKOE OTHOCHTEb-
HO JeMJIH WK B COCTOAHHHY PABHOMEPHOTO NPSAMO-
JHHEHHOTO ABMKeHH, T.e. a = 0 (pnc. 2.16, 103, 7).
Ecnn e moapec uau omopa ABHXYTCSA € YCKOPEHH-
€M, TO BeC TeJIa MOXeT ObITh Kak OOJIbIIE, TAK 1 MEHb-
M€ CHUJIBI TSKECTH.

Hampnumep, B kabuHe n1udTa HAXOTUTCS MAID-
9HK Maccoit m (puc. 2.16). Ha nwero peficTBy0T Ha-
MPaBJeHHAs BEPTUKAIBHO BHU3 CHIA THHKECTH Mg
H BEPTHKAJILHO BBEPX CHJIA peakiu onopsul N (Ha
PHCYHKe He nokazanbl). Ecan mnudT nogauMaercs
¢ ycKopennem a (1103, 2), To ypaBHEeHHE ABUAKEHHSA
B IDOEKNIMH Ha ¢k Y: N, — mg = ma, oTKya N, =
=m{g+ a). Puc. 2.15
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a=0 a=g

0 ; X
P =mg P,=m(g+a) P,=m(g—a) P,=0
Puc. 2.16

o Tpersemy sakoHy HeloToHa ¢ Tako#H e 110 3sHaveHHO cunoil  |Py| = |N,| Teno
JaBHT Ha 1101 AHGTa, T.€. BEC MATLYUKA B CHCTEME 0TCUeTa «TidT» paseHP; = m(g + a),
T. €. OOTIBIIe CHIIBI TSKECTH. B 2TOM cnyyae OH HAXOMUTCA B COCTOSHHM NTEPErPy3KH.

Hegecomocts. Ecau mudT onyckaercs ¢ yckopenueM  a {(mo3. J), To ypaBHeHHe
InBrxenus N; — mg = —ma, otkyaa N, = m(g — a). Manbuuk naBur Ha nos mdra ¢
cunoit |Py| = |N,|, T.e. ero Bec B cHcTeMe «AHGT» MEHbHIE CHABI TsKeCTH. TIpH ¢BO-
bonxom nagennn audra (a = g) Bec peenxa paset Hymo (P, = 0). B aToM ¢iiydae oH
HaXOIUTCA B COCTOSHHY HEBECOMOCTH (T103. 4).

Hesecomocmv — 370 COCTOAHYE, IPU KOTOPOM TeJI0 IRUAKETCS MO MeicTEHEM
TOJBKO CHJB TSKECTH,

Bo Bcex paccMOTpeHHBIX ciyvyasx cuna Tsxkects F,, = mg.

B coCTOSHMM HEBECOMOCTH HAXOMATCS BCE MPEAMETH B KOCMUYECKOM Kopabse —
CIIyTHHKE, KOT/AA MPeKpallaeTca paboTa ABUraTeNs H Ha Kopabib JeHCTBYET TOMBKO
CHJIA IPHTSIKEHUA K 3eMie. Hebas roBOpUTD 0 Bece JIVHBI, 3eMJIH H IPYTHX TJIAHET
Conneynoil cucteMsl. KocMuueckne 06bEKTH XapaKTEPUIYIOTCS MacCO.

2.10. Cunbl B MeXaHUKe

Cuia Tpenus. Cuibl TPeHUS MMEIOT 3JeKTPOMATHHTHYIO IIPUPOAY H 3aBHCAT OT
CKOPOCTH JBHKeHHS TeJl OTHOCHTENbHO APYT APYTa.

Cuna mpenus — 310 CUIA, BOBHHKAIINAS PH COTPHKOCHOBEHHU MOBEPXHOC-
Tel Ted M MPeISITCTBYIOMAsA HX OTHOCHTEIbHOMY TTepeMellleHHIO B ILIOCKOCTH Kaca-
HUA.
Paznuuaior cunet TpeHus 10KOA Fy, ,,, CHIIBI TPEHMS CKOMbIKEHUA Fry, ., CHIIBI TPE-
Hus KaueHus Fop . 1A onHKx u Tex e nosepxHocTeit F, > Fiy o > Fiy . Tlpa
pelleH’H 3a7ad JUHAMUKH 4alle MPUXOIUTCA UMETh A0 ¢ TPEHUEM CKOTbKEHHS,
BO3HHKAIOIIUM IIDY OTHOCUTEALHOM TlepeMellleHHH COLIPUKAcaloIuXes Tel. Bosuu-
KAIOIIas TIPH STOM CuJlG mpeHusn cxonvucenun F., ' acezda nanpaenena e

! Hanee Fy,, 6ynem obosnavats Fy,
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CMOPOHY, RPOMUSONROACHCHYIO OMHOCUMEABLHOU cKopocinu OBUINCEHIUA CO-
NPpUKACAIOWUXCS MER, I 3ABUCUN O CUAbL HOPMATALHOZO daenernusn N:

Fyp = . (2.24)

Cuna HOpMaTBHOTO IARJIEHHA N IepIieHMKY ISIPHA TIOBEPXHOCTH, TI0 KOTOPOH ABIKET-
cs1 Testo. [Ipu ABHOKeHMH 10 TOPM30HTATLHOM NOBEPXHOCTH N = mg, I0aToMy £, = pmg.

Tpenue cxonbxenus xapakrepuaveTcs KoahuienToM TPpeHHS CKOIbXKEHU (KO-
3 pUIMEHTOM TPEHHA)

Fp

W=
rae p — OespazMepHas BEJIMYHHA.

Ha puc. 2.17 usobpaxeHo Te1o, Aeskallee Ha HAKTOHHOH IJIOCKOCTH, B CHJIBL, Ha
Hero JeHcTByronine. ’

BrifepeM 0cH KOODAMHAT TAKMM 00pa30M, 4ToOs ock X 6BINA mapaiienbHa Ha-
KJIOHHOI TZIOCKOCTH, 4 0Ch ¥ — TeprieHAuKysipHa. B ganxoM ciayyae cuna |[F | = [N|
SIBJISIETCS. COCTABJISIIONIEH CHIBL TsKecTH mg. Jpyras cocTaBisionas CHAbl Mg, BHI-
3BIBAIOIIASN JBHKEHHE TEJIA, HAILPAB/IEHA MAPALIe/IbHO TPYIMMcs noeepxuoctaM Fo.

Cuna TpeHHs CKOTBREHHS FT], BO3HHKAET B MECTE KOHTAKTAa, HO, CYUTAasd 10Meped-
HEIEl pasMep Tefla, JeXal[ero Ha HAKJAOHHOH IJIOCKOCTH, He3HAYMTEILHEIM, HepeHo-
CHM TOYKY €€ IDHJIOKEHHA B HEHTD TAKECTH TEIA., Hal'[pa.BJIEHlfIE CHJIBI TPCHUA CKOJIb-
KeHWs POTHBOTIONIOKHO Hallpas/ieHu o cuisl ¥, Kotopas nobyXaaeT TeJ0 JBUTaTh-
S BHH3 I10 HAK/JIOHHOI IVIOCKOCTH:

F.=mgsina,

FAe o« — YTOJI HAKJIOHA ILIOCKOCTH K TOPH3OHTY.
B cBo1o oyepezp, cHIa TPEHUA CKONbKEHUS Fo,, yiepKHBAIONAS TEI0 Ha HAKIOH-
HOH I/IOCKOCTH, TAKKe 3aBHCUT OT YIJIa ¢, TaK Kak

N = mgcosq,
H TOL/2
F, = pmgcosa.

Coornomenne cun F, u Fp, 3aBHCHT OT yI/ia
a ¥ QH3HYIECKHUX XAPaKTEPHCTHK TPYLIHXCS NO-
BEPXHOCTEH, T. e, 0T Ko pHLIHeHTa TPEHHA.

Teno HAYHET ABHTATLCS [0 HAKIOHHOH ILIOCKO-
CTH, KOl e F, rpeBbicHT cuty tpenwst F, > Fl,,

Korza Teno HaxOAUTCA B IOKOE, CHJIA TPEHHUS
Ha3HIBAeTCS CUAOU MpeHuUsn noKosR, a Koag-
tupenT Tpednsi — Koagrpuyruenmom mpe-
HUA NOKOA ().

Teno MOAKHO 3aCTABHUTH JJBHTATLCSH, YBEIUIH-

Bad yToJl HAKJI0OHA Q. B MoMeHT Hayana JABHXKE- 2 7 /%q/ »{ F/ S
K Tty
mgl—

HUA IBIOKYIas cuia F, Oyuer paBHa MaKCHMAaTb-
HOMY 3HAYEHMIO CHJIE TPeHUs nokos. Tak Kak
CHJIA TPEHHS [TOKOS GOJIBIIE CHITHI TPEHH CKOJb- Puc. 2.17
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Tabawua 2.2

Kospdunvenr tpenua Koathpunpent Tpenns
Marceprast Marepraist
MOKOA |, CKOTHhKCHUSA |1 TOKOA |, | CROMBXKEHHA |

Jlea — men 0,05—0,15 0,02 Cranp — craib 06 04
Crans — nen 0,1 0,05 Pesnna — MOKpbIit

Peauna — Aea 0.3 0,02 beron 0,7 0.5
Hepeso — nepero 0,5 0,5 Crexno — creriio 09 0,7
Peanuna — acdansr 06 0,4 Peavna — nepeso 09 0,7

XKeHHs, TO OUCBHAHO, U4TO U KoadduumeHT Tpenus noxkos p, Goabme koapdunmeHTa
TPEHHA CKOMBKeHHA B OOABIIHHCTBE cayyaeB. [T0aTOMY CABMHYTE TEJIO € MECTa «TPYA-
Hee», 4eM TIOTOM ero nepemeunars (ju, > p) (Tabm. 2.2). i

KoadHuLmeHTsI TPEHHS |1, | |4 B CHALHOH CTETIEHH 3aBHCAT OT POJA M COCTOSHUSA
TPYILHXCA IOBEPXHOCTEH, KPOMe TOTO, KO3DPHIIUEHT TPEHHS CKObXEHHA 3aBHCHT U
OT CKOPOCTH JBIKeHUsA. Bo MHOTHX C/Tyyasix OH B Havasle JBUXEHHS YMEHBIIAETCS C
yBeJWueHHeM CKOPOCTH ABMIKEHHMSA, a TOTOM BO3PAcTaeT.

13 noBceHEeBHOTO ONBITA H3BECTHO, UTO JeTYe BE3TH TPY3 Ha TEJEKKe, YeM ero
TAIUTh, TOTOMY 4TO KO3(hPULHEHT TPEHHA KadeHNs: MeHblTe K0XpPHIMeHTa TPEHHA
CKOJNBXKEHHUA 7151 OMHUX H TEX JK€ MaTepHaIOB (i, < p). Hanpamep, 115 MarepuantoB
CTaJlb — CTaJb b, = 0,001.

Cuna ynpyrocry. JledopMalia Tesa NPOUCXOAMT NMOA AeHCTEHEM BHEIIHHX CUI M
CONPOBOKAAELTCS UIMCHEHHEM pa3MepoB U (hOPMEI TBEPAOTO Tena.

HedopManun, KOTOPBIE TIOIHOCTBIO HCUE3AIOT IIPU CHATHH AedopMUpyomux dak-
TOPOB, Ha3bIBAIOT YNpyeumu. JedopMaliny, KOTOpLIE He UCYe3aI0T NIPH CHATHY Ae-
hopMUpYIOIUX (PAKTOPOR, ABIAIOTCS NAACMUHECKUMU.

YnpyrocTs WM WIaCTUMHOCTD TE B OCHOBHOM OTIPEIESIA€TCS MATEPHATIOM, H3 KOTO-
POTO OHH M3TOTOBIeHEL. Hanphmep, cTalb ¥ pe3HHa YIIPYTH, a MeZb ¥ BOCK IVTACTHYHEL

Yupyrue aecdopMaliiy, BOZHHKIONIME B TeaX, BeCbMa pa3HooOpasHel. Pazmuya-
0T YeTHPE OCHORHBIX BUAA AetopMaIiHH: pAcTsKeHHe (CXKATHE), CABHT, KPYYeHHE U
Haruo,

Haunbonee yacTo mpy dKCIUTyaTallMH PasfHYHBIX KOHCTPYKLHI IPHXOAUTCA pac-
CUMTBIBATh YUPYTrHe RedopMaLKH PACTSKeHHS VIJTH CXKaTHSL

HedopManiua pacTSHKEHVS M CXATHs XapaKTepH3yeTcd YANHHeHneM Al

Al=1— 1k,

rge I, — nepBoHAYAIEHAA JUIMHA TENA WY NPYXKUHBL.

Ipu cxatuu Al < 0, T.e. IJWHA Tera [ Nocie CKATHA MeHblIe NEPBOHAYANBHON
IUTAHK Tena 4. Bektop Al Hanpapr/ied POTHBOTIONOKHO OCH X,

Ipw pactsixernu Al > 0, T.e. uHa Tesa | Tochxe pacTAkeHHs 6obe nepBoHa-
YaJBHON UIMHEI Tea 4. BekTop Al coBriafaer ¢ NOJ/I0KUTENBHBIM HANpARAeHHEM OCH.X.

CuJibl, BO3HUKAOIHE NPU AedOpMalNH H CTPEMSIIHECS BOCCTAHOBHTE [TEPBOHA-
yanbHbIE PA3MEPHI M HOPMY TeJla, HaskiBalOT curamu ynpyzocmu F, .

Cuna ynpyrocth F,,,, BosHUKawas npy eopMalHy Te/1a, BCerla HalpapJjieHa B
CTOPOHY, MPOTHBONONMKHYI0 CMeIeHH ) YyacTHI] Tea. I1pyu oxmomepHoii muHelHO#
AedopMALMY PACTSKEHNA WK CHATHS CHIIA YIPYTOCTH HATIPABNIEHA BIIONb JUHHH
JeiiCTBMA BlIeUIHEN CHITbl M NPONOPLHOHATRHA BeKTOPY Al
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3axon [yxa: Moayns CHAbI YIIPYTOCTH, BO3HHKalomel TpH ynipyroit aedop-
MalMH PACTHKEHHNA WIH Co)KaTHA, NPOTIOPLMOHAJIEH €TI0 Y IHHeHHIO:

Fyp= —kAL (2.25)

Koaddunnent mponopunoHanbHOCTH & HasLBAIOT xoagr@uunernmom ynpy -
26Cmu, WK HCECmKoCmbvio.

HKecTrocTs BRIpakaeTcs B HbI0TOHAX HA MeTp (H /M),

3arony I'vka noa4HAMOTCA MaTbie AeGOPMAITHH, BO3HHKAIOIINE B CTED/KHAX H3
9IYTYHA, CTATH, ATIOMAUHIMSA, TPYKHHAX W IDYTHX YIPYTHX TeJax, T. €. ecan Al < |,
Mpu Gonpimux geopMmaiinax 3akon I'yka He BbITOTHAETCH.

Kak caegyer us coorHomenus (2.25), 0 YIVIMHEHHIO MPYKUHBI Al MOXKHO ompe-
JeTHTL CHILY, TeHCTBYIONYIO Ha Hee, 3akoH I'yka JIeXHT B OCHOBE U3MEPEHNS CUJT.
IIporpaayupoBaHHas NPYKHHA, MPCAHASHAYEHHAs AJ151 H3MEPEHMs1 CHJI, Ha3bIBAETCs
RPYHCUHHBIM JuHaMOMempoM. C ero MOMOLBI0 H3MEDAICT CHITBL, HMCIOIIUC TIPo-
H3BOJBHOE HALPABAECHHE B IPOCTPAHCTHE.

KPATKUE BbIBOAbI

& Tunamuka — pasnel Mexankuky, H3y4aloMMif 3aK0HLI ABHKCHUA TEJI H MPHYMHBL, KOTO-
Phie BRIZLIBAIOT MIH HIMCHAIOT 3TO JBIKEHHE,

o [epeawiii aaxon Hermomd: BCIKOE TENO COXPEHAET COCTOAHHE OTHOCHTCABHOTO MOKOA
KTH PABHOMEDHOIO MPAMOIHHEHHOIO ABHXKEHHSA 0 TCX NP, TIOKA BIEIIHEE BO3/IEHCTBHE HE
H3MEHHT 3T COCTOAHHE.

® Hnepruanvnuie cucmemst OMmceyenia — CACTEMB 0TCYETA, B KOTOPBIX BBINOJIHAETCA
nepewit 3akoH HaloToHa.

® Cuna F — pexTopHas (PUIHYECKAA BEAHYMHA, SBISLIOILASICS. MEPOI MEXaHUYECKOTO BO3-
JeHCTBHs Ha TeJIO CO CTOPOHBI APYIUX Tel.

BoszaeiicTBUe npogBASETCS B H3MEHEHHH CKOPOCTH IBHOKYULEToCA Tena. CHila cYmMTaeTes 3a-
JAHHO, eCJ/IM H3BECTHEI ee YHCA0BOE 3HaYeHNe, HANPaBIeiHe 1 TO4Ka NPHIIOKCHUA,

® [Tpunyun nesasucumocm Oeicmaus C1JL: €CJIH Ha TCA0 0AHOBPEMERHO AeHCTBY 0T
HECKOJIBKO CHJI, TO KHAad M3 CHI AefiCTBYeT HE3ABHCUMO OT APYTHX.

® [Tnuepmuocms — CBORCTBO T COXPAHATE COCTOAHHE TIOKOSA MW PaBHOMEPHOTO Npsi-
MOJIUHEHHOTO ABHAKEHHS.

® Macca m — ckansipHas pU3HYecKast BeAHINHA, SIBAAOILASNCA MEPOH HHEPTHOCTH Tea
IOpM NOCTYNATENbHOM IBHKCHEH.

Emunuma Maccsl — kunorpamMm (Kr).

B kaccnuecxoit Mexanuke (v<€ ¢) Macca Tesa C1RTAeTCs OCTOAHHOMR BeJIMMHHOM, He 3aBH-
cAMmei 0T CKOPOCTH IBKKeHH Tela. Macca Tesia papHa CyMMe Mace BCEX YaCTHIT { MITH MaTepH-
ATBHBIX TOYEK ), U3 KOTOPEIX OHO COCTOMT.

Macca 3aMKHYTO# CHCTEMBI Te1 OCTAeTCH HeH3MEHHOH TIPH JIIOHEIX MPOLIECCaX, TPOMCXo-
KX B CHCTEME.

® Innynoc mena p — BeKTOpHAst BENHYHIA, DABHAA NPOU3BEACHHIO MACCHE Tela Ha CKO-
POCTb €10 ABIKEIHA,

p = mv.

HarnpabmcHye seKTOpa p BCErAa COBIATACT ¢ HAPaBAeHHeM BexTopa v. Equnyia nMnynn-
€a — KHAOIPAMM-MeTp B ceKyHAY (Kr-M/c).

® Bmopoii aaxon Heromorna: yckopedue, nprofiperacMoe TesI0M B MHEPUBATLHOH CHCTe-

Me OTCYETa, TTPOIIOPLHMOHANBHO ACHCTBYIOWEH Ha HETO CHJTe W 0OPATHO NPONOPUHOHAIBHO MAC-
€€ 3TOTO TeA:

a=£ WM F = ma.
m
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Cuna F u yckopeHHe a HAMPAaBJXEHH! I10 OTHOM NPAMOIL B 0aHY cTopony. Ecaut Ha tesno aeit-
CTBYET HECKOJIbKO CHA, TO MO CUACH CeAYeT IOHUMATEL PABHOIEHCTRYIOMYIO Beex cil. Eau-
HHI3 CHAH — HpIoTOH (H).

Ap
At

® Tpemuii saxon Huiomona: cunbl, ¢ KOTOPEIME IBE MATEPHANBHEIE TOUKH JeHCTBYIOT
ZPYT Ha JPyra, paBHBI 0 MOZYJIIO B HAlIPABAEHEL B MPOTHBOIIOMOKHEE CTOPOHLL BAOIDL IPAMOi,
COC,I[BHHIOH.[CI‘:I 3TH TOYKMH,

o Ocioeroii aaxon Sunamuxi: F =

Fiy = -Fy.
IJTH CUIb [IPHIOMEHDI K PA3HBIM TETaM, HE YPABHOBEIIIHBAIOT APYT APYra H ABJIATOTCH CH-
JIAMH OIHOT IPHPOIbL.
® Jaron BCEMUPHOZO MAZOMENLUA. 1BE MAaTeDHUATIbHBIE TOYKH IIDUTATHBAKOTCA APYT K
APYTY € CHIOH, TPOTIOPITHOHAIBHON MPOU3BEACHHI0 HX Mace (mm, U m,) H 0OPATHO NPONOPLHO-
HaAbHOH KBAAPATY PACCTOAHMA () MEXKIY HHMH!

F=giihe
1,.2

rae G — rpaBUTAIMOHHAS oeTosHHAA (G = 6,67- 1074 M* krlc™?).

o lpasumayuonHtbie cliiiol — CHIB NPUTAXKEHHA — HATIPABACHB! BAGb IIPAMO, cOeAU-
HHIOIHEI‘;I Bﬂﬂl’IMOJ_lef/'[CTBleLI_[MB MaTepHATbHBIC TOYKH, ABAAKTCA LCHTPATBHBIMHA CHIAMH.

® Cuna maxcecmu — CHNa, ¢ KOTOPOI Te/Io IPHTATHBACTCA 3eMJeH,

Cuna TaxecTs PABHA MRPOUIBEICHWIO MACCHI TEJIA 11 HA YCKODEHNE CBUﬁO}IHOFO A EHHA &

Fox = mg.

Cusa TAXECTH NPHAOKEHA K TEJY.

® Bec mena — cunia, ¢ KOTOPOIT Telo BCICACTBHE IPUTSIKCHIS K Bpaliaolleics 3emie
IdeHcTRYET Ha ONODY HIIH HOABEC, YACIKHBADIINE €T0 OT cBOOOAROTO MaseHus. Bec Tesa npu-
JIOMKEH K OITOPE UJHX 1IOABECY.

® Cuna mpenua CKOIbKCHHUA BO3HHKACT TPH CKOILKEIIHH OAHOTO TCRa TIO HOBCPXHOCTH
Apyroro. Cuna TpeHHs CROJLXEeHHA NPONOPIHUOHAbLHA CHle HOpMANBHOTO flaniaenus (), npu-
SKUMAIOWEH TPYILHECs HOBEPXHOCTH JPYL K ADYTY,

Fp = B,

rie p — k03¢ HIHEHT TPEHUA CKOTBKEHHS, 3ABHCSIUIMH OT IPHPOABL H COCTOSIHUS COTPUKACA-
IOLIMXC5 MOBCPXHOCTEH M CKOPOCTH IBHXKEHMA.

Cuna TpeHWs HATIPABACHA N0 KACATENbHOH K TPYILMMCS [IOBEPXHOCTAM B CTOPOHY, HPOTH-
BONOJIOXKHYIO TBIKCHHK) ZAHHOID TCJIA OTHOCHTC/BHO IPYTOTO.

® (bt ynpyeocinit BOSHUKAIOT B Pe3yJIbTaTe B3aWMO/IEHCTBIA TEN, CONPOBOKAAIONIETO-
¢ ux gedhopMalinei.

Cuna yIupyrocTH IpoopUHOHATLHA CMEIeHHIO YACTHIIEL B3 TOA0KeHHA PABHOBECHS H HA-
TPaBJEHA K 11010KeHNI0 DABHOBECHS

F=—kAl
TIe k — YOPYTroCTs; Al — yaJIMHeHHE.

E Bonpocsl AN CAMOKOHTPOAS M NOBTOPEOHMA

1. Mox#o nu rnasy «3akons Mexanuku HeloToHa» HasBate «JunHamukar?2, [Towemy mo-
KO CUNTAIOT JaCTHRIM CIyUaeM IPSMOIHHCHHOr0 PaRHOMEPHOTO A8MKenns ? 3. Kakue Buipo-
JIRI CTEAYIOT M3 TIepRoro 3akona Holorona?4. Kakue IpMMeDBl U3 RU3HEHHOTO OlIbITa I0JTREP-
AT 3aKOH HHepruy (mepsbiii 3axoe HboTona)?3. B ueM sakimouaeTca DIpHHUKA He3aBHCH-
MOCTH W TIPEHIIUIT CYTIepHo3unHK AeticTBrA cun’6. [loueMy nMmoyabe apngerca PpyHkmel Me-
XaHHYeCKOro coctossaus Tena? 7. llovemy Bropoi 3axon Heorona c4MTAIOT OCHOBHBIM 33K0-
HOM KjaccH4eckoi guHaMuku? 8. IToueMy HMTY/IBC CHITEL ABMASTCA BPEMEITHOM XapaKTepHc-
TUKOH peficTBuA cuak’? 9. CyinecTByOT 1 B TPAPOAE NEHTPOCTPeMHTENBHEE cHibi? 10, Ka-
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KOH (Pr3u9eCcKHi CMBICT HMeeT TPaBUTaMOHHas mocToAunasg? 11. Tlouemy caBuHyTh TCIo ©

MECTA «TPYAHEE», YeM IOTOM ero nepemeniats? 12, Uem oTauuaoTCS yhipyrHe nedopMariid oT
raactudeckux? 13, Kakue nedopmausmu onuckisact 3akor Fyxa? Chopmyanpyiire erod4. Yro
ABJIACTCS llpH‘-IHHOl':I HU3IMETEHHA CROPOCTH ARMMKEHHA Teaa?,

MpuMepb pelweHna 3agaY

® 3agaua 1. Ha Baron maccoit 20 1, ABHAKYNIMIACS €O CKOPOCTHI054 KM,/ Y, HAYMHAET
1eHCTBOBATD CHJIA TOPMOKEHUS, ¥ OH ocTaHaBausactcs vepesl (0 ¢. Oupegeants cuny,
JeiCTBYIOILYIO Ha BAIOH; YCKOpPeHnKe, ¢ KOTOPRM OH JIBUTAICS, U IYTh, IIPOHAEHHBL
BaroHoM JI0 OCTAHORKH.

Hano: m=201=2-10%kr; v, = 54 kM/u = 15 M/c; £ =100 ¢; v= 0.

Haiitn: ¢; 5 F7, )

Pemenne. Ha saron aeiictsyior (puc. 2.18): 1) cuna tsixectimg; 2) cuma peakinu
onopsl N; 3) cua Tpenus F,.

BaroH aBuxeTcs B TOPH3OHTAJIBHOM HAlIPaB/eHNH. Ja IOM0KHTEIRHOe HAMPaBie-
HHe ocH X MpUMCM HaTlpaBieH1e IBUAKCHHA BAaroHa. /[ BHKCHIe BaTOHa PABHO3aME/IIICH-
HOE, BEKTOPBL YCKOPEHUST 1 CKOPOCTH HAIIPABJIEHLI B TIPOTHBOTIONOMKITBIE CTOPOIIBL

B Bextopro# dopme Bropoit sakon Hetotoha umeer summg + Fp, + N = ma, B npo-
eKIMH Ha och X: —F,, = —ma, wan F, = ma.

YcKopeHde H yTh, IPOUAEHHEIH BATOHOM O OCTAHOBKH, HAH/AEM M3 YPARHCHIA
KHHEMAaTHKH v = ¢ —af, OTKyAa

U,
@ = -2, Tak KaK v = 0;

2

§ =20
2a
2 2 2
BhiuMcaeHHs: ¢ = 15mfe =0,15m/c?; § = Lokl = 750 M; F\, =2 10*Kr X
100 ¢ 2-0,15 /c? M

x 0,15 M/c? = 3-10* L.
Oraer: o= 0,15 M/c% S =750 m; F,, = 3- 10° H.

® 3anava 2. /Tea rpysa Maccamu 1 ¥ 2 KT TPUKPENIEHE K KOHIIAM HEBECOMOTT Hepa-
CTAXUMON HUTH, IEPEKHHYTOH Yepe3 HIIOK, TIOBEIICHHEIH K MOTOMKY. OnpeaenuTh
YCKOPEHHE, ¢ KOTOPBIM OyayT ABMraThest rpy3bl. Cuurarh O10K HEBECOMbBIM, TPEHHEM B
ocu 60ka npeHebpeys.

Hano: 1, = 1 kr; my = 2 kT, ¢ = 9,8 M/c°.

Haiirn: a.

Pewenne. [Ipy peiteHns 3a1a4n CUMTAEM, UTO BIIOK HE BPATUAETCS, HUTh CKOAb3UT
no 6s10ky 6es tpenust. 1o yc10BHIC 3a/12TH:

1) HUTY HepaCcTANKUMEE, CAEJOBATEALHO, @) = ay;

2) 6J10K HesecoMbli, cnegoBareabno, Ty = T, = 1. N v
Ha kaxawrii n3 Tpy30B JIEHCTRYIOT CHITBI TAXKECTH 1 g, F
P a1 Tp _I
myg u cuapl HaTsxenusa T, u T, cooTetcTBEHHO {pUC. J
2.19). B sexroproii opMe sTopoH 3axkoH HbloToHZ HMeeT -~ X
Bum myg + T, = mya;, — 1718 NepRoTo Tpy3a; myg + Ty = me
= mpa, — JLI5 BTOPOTO IPY3a, B MPOCKIIHH Ha OCb X: Puc. 2.18
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Z —mg+T =may; (1)
X —mag + T, = —mya,. (2)

N N
ATy cCUCTEeMY YpaBHeHHH HeoOXOMHMO AOHONTHUTD JBYMS
T, YDABHEHHAMM, TAK KaK OHH COJEDXKaT YeThIpe HEH3BeCTHBIX:
' h=%=T; 3
a
1 e w=n=a @
Mg
‘az TMonctaBuB (3) u (4) B ypaBHeHMs (1) 1 (2), HMeeM
—-myg + T = mo; . (3
Mg —myg +T = —mya. (6)
Puc. 219 Boiumras w3 ypaBHeHus (3) ypapHeHHe (6), monydaeM
—mmg+ T+ myg— T'=ma+ ma,
OTKyla
— T
o(my — my) = a{my + my), W @ = —2—"Lg
m +my
2Kr—1Kr 2 2
Bomcaenna: ¢ = ———— - 9,8 M/c? = 3,3 m/c?.
1kr+ 2 Kr

Orter: o = 3,3 M/c?.

e 3ajaya 3. Beepx no HAK/IOHHO# [IIOCKOCTH € YIAOM HakAoHA30® ABIKETCS IPY3
Macco# 1 kr. Ha rpy3 nefictyer cuna 20 H, HanrpaBnenHas mox yriaoM 60° K HaKIOH-
Ho#i rwiockoct. HaifTu yckopenue, ¢ KOTOPHM ABHKETCS TeA0, ecau KoadduumuenT
TPEHHA CKOABXKeHH: pasen 0,05.

HaHo: m =1 kr; F= 20 H = 200 kr/m% o = 30% 8 = 60% 1= 0,05, g = 10 M/c®.

Haiimh: a.

Pemenne. Ha teno geficreyor (puc. 2.20):1) cuna F, HanpasaenHas noj yraoM
60° K HAKJIOHHOM TIOCKOCTH; 2) CHJIA TPEHHS F.; 3) cuaa peaxuuu onopst N.

[lonoxkurennHoe HamtpaBeHue ocy X BRIGEPEM BOJB TIOCKOCTH BBEDPX, TOIOKH-
Te/IbHOE HAIIpaBJAeHUe OCH Y — BBepX, MepIeHINKYIAPHO ocH X

B BekTophoit dhopme BTopoil 3akon HbeloTOHA HMeeT B

F+F,+ N+ mg=ma,
B IIPOEKIMY Ha OCH KOOPAHHAT:

F cosB — Frp, —mgsina = ma — ocb X;; (1)

N+ Fsinf—mgcosaa=0—ocp Y. (2)

W3 yparnenus (1) onpenensieM yCKopeHHe
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_ Fcosp—F, —mgsina

a= : 3)
m
F
YtoOB1 HANTH yCKOperHe, HeoOX0ANMO 3HATh s X
CHIy Tpenust: Fi, = pN, rre N — cuia peakid
OMNOPbL. (#]
W3 ypaBHenus (2) HaxoguM N = mgcoso —
~ Fsinf. Torna cuna Tpenus papua F, = \
— — H - Q \\
= p{mgcosa — Fsin). Iloncrasaasa F;, B ypas = T b
HeHue (3), noJayyaeM (\ %FJ_ ’
F cosP3~p(mgcosa—Fsinf)—mgsina 4 g
a= - (4) Puc. 2.20

™m

Boiuncaeund:

a = [200 kr/M? - cos 60° — 0,05(1 kr - 10 M/¢? - cos 30° — 200 kr/M? - sin 30°) —
—1&r-10 m/c? - sin 30°]/1 Kr = 5,4 M/c?.
OrBer: a = 5,4 M/c”.

® 3agava 4. CaMmoJeT OHCHBAET <MEPTBYIO TIET/IIO» B BEPTHKANBHOM ILTOCKOCTH.
OnpenenuTs HAUMEHBINYIO CKOPOCTL CaMOJIETa, TIPH KOTOPOii 1eTYHMK B BepxHel ToY-
ke MeT/IM He OTPHIBaIcA O 0T Kpecsla. Kakyio neperpy3Ky HCHBITBIBAET JIETHYHK B HHXK-
HeM TOUKe MeT/1H, CJIH CaMOJIeT JABHMKETCS ¢ 3Tol ckopocThio? Paanyc metaun 200 M.

Hano: R = 200 M; g = 10 M/c? m = TO KT.

Hafitu: v,,,; n.

Pemenne. Ha retunka geficTByIoT cHibl (puc. 2.21, a):

1) cuna TaxKecT mg;

2) cuna peaklHH onopet N.

IMonoxuTeNbHOE HanpaBiaeHHe 0CH X BRIOUPAeM K LIEHTPY OKPYXKHOCTH.

1. Jlerunk HaxoguTcs B Touke A. B BextopHoii popMe sTOpOil 3akoH HbloToHa

mg + N = ma,;
B OPOEKIIMH Ha och X
mg+ N = ma,,
HIH
2
mg+N =22, ¢V, X
R A
_UZ
rae a, = 7

B MoMeHT oTpLIBa JIeTYHKA OT ONOPH! (Kpec-
1a) v = vy, 1 N =0, moatomy ypaeHenwe (1) ana
3TOTO MOMEHTA IMeeT BU/L

2
mg — Tn’vmin , B mg
R a 6
OTKYIA Uy, = +/gR. Puc. 2.21
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2. JIeTUMK HAXOJAHTCH B TOYKe B. p
[leperpyska — 3To OTHOMIEHUE Beca TETYHKA K €I0 CUTE TskecTH  n = —. Bec
mg
JETUMKA 10 MOAYJIIO PABEH CHJle PeaKUHK onopsl ( P = N), HO IIo HANIPaRJIEHNIO el
IPOTHBONOAOXeH. Bec — 310 cHuia, ¢ KOTOPOH JeTYHK JEeUCTBYET Ha OLIOpPY.
B npoexiun Ha ocs X (puc. 2.21, 6) BTopoit 3akon HeloToHa HMeeT B

2

muy
—m + N = —
g R
mu?
OTKYJa N = + myg, TakK Kak INl = |P|, TO
2
P="" 1y
R
OnpenensieM meperpysxy
mv’ +mg
I 2
n = P — R — » +1.
mg my Ry

BriuncaeHust:

Vppin = \/10 M/c? 200 M ~ 14 M/¢c;

(14 m/c)?

-_—— l=].l.
200 M -10 m/c? ’

Ortrer: vy, = 1dm/c; n=1,1.

ﬂ 3agayn Ann caMOCTOATENLHOIrO pellieHns

1. TIpu pe3koM BHAEPrHUBAHHI MOPKOBH H3 3eMJIM OOTBA PBETCS, & TPH MELJIEHHOM — HET.
ITouemy?

2. MoxeT M1 CKOPOCTh TeNTa H3MEHATHCA MIHOBEHHO?

3. C oguHAKOBBIM JIM yCKOPEHHEM GY/IeT IBHTATBCA TEJI0 MACCOH ™ B ABYX CAYY4sX (pHC.
2.22). Hutb HeBecoMa, HEPACTIKIIMA.

4. Monexyna Maccoit 5,3 - 1072 kr, eTamast HOpMATBHO K CTEHKE COCY/IA CO CKOPOCThInB0 M/C,
VAAPAETCS O CTEHKY H YIIPYTo OTCKAKUBaeT 01 Hee. Qupeennrs HMITYJIRC, TOTYUeHHbIH CTeHKOM.

3. lap Maccoit 0,15 Kr, IBHrasich €O CKOPOCTEI0 10 M/C, YTIpYro yIapAaeTcd o MadKyIo He-
TIOABUKHYK) CTEHKY. OHP(:‘I.IE!IHTB UMITY.ThC, H()JIy‘-IBHHbIﬁ CTBHKOIU’I, €CJIN CKOPOCTD Liapa 6])[]1&
HampaB/icHa oA YrAoM 60° K ITOCKOCTH CTEHKH.

6. Teso Maccoif 2 KT mafiaeT B BO3AYXE € yeKopeHneM 8§ m/c’. HaiTu cluy conpoTusaenns
BO3VXA.

7. Ha HHTH, TPUKPCIIEHHON K MOTOAKY KabHHL midTa, IoaBeimnen rpys Maccoi),s kr, Onpe-
JETHT CHJTY HATSKEIHS HUTH, ecitn augT: 1) nokowres; 2) nojgHuMaercs: ¢ yekopeHneM m/ch;
3) omyckaerca ¢ yekopesneM 2 M/,

8. I'py3 Maccoil 25 KT paBHOYCKOPEHHO MOAHHMAIDT ¢ TIOMOIIBID BEPEBKH BEPTHKANBHO BBEPX
B revenue 10 ¢ Ha Brcoty 5 M. OpenesuTn CHIY HATSKEHHS BEPEBKH.

9. [lpa resa Maccamu 0,1 10,3 KT COSAMHENBI HUTHIO ¥ IEPEKMHYTHI Yepes HEBECOMETH BII0K.
Ipenebperas TperueM B 6ioke, HaitTi: 1) YCKOPEHHE, ¢ KOTOPBIM JABWXYTCA Tena; 2) CUy Ha-
TKEHUA HUTH,
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2
mg =5H I

Puc, 2.22 Puc. 2.23

10. Ha 6pycok mMaccoif 4 Kr B TOpH30HTANBHOM HanpasaeHun aeiicrsyer cuna 20 H. Onpe-
JeNUTh YCKOPEHHE, € KOTOPBIM ABHKETCA OpYCok, ecstH KoadduilHeHT Tpenna Opycka o IoBepX-
HOCTE (1,5,

11. I'pys nepemMeinaeTcs 1o ropH30HTANLHOH IIOCKOCTH oA feficTBreM cunpl 294 H, Ha-
npaB/cHHOM o yritoM 30° K FOpH3oHTY, ¢ yckopelineM 5,9 M/c?. KoadhdmnmenT tpenus rpysa
o rockocTs (0,1. OnpeaennTs Maccy Tpysa. ’

12, /Ipa Teqa MaccaMu 0,5 1 (0,7 KT, cBA3aHHBIE HEBECOMO#H HEPACTAKUMOHE HHUTRIO, JIEKAT Ha
TOPU3GHTANBHOH NoBepxHOCTH, Ha rpy3 maccoi (,5 K AeHCTBYET TOPH3OHTALLHO HATIPAB/IEH-
Has cuna 6 H. Onpenenuts yCKOpPEHUE, C KOTOPHIM IBHXKYTCS IDY3BI, M CHITY HATAXKEIHA HHUTH.

13. Toe3n maccoil 1 (000 T ocTaHABAMBAETCS IPH TOPMMKEHAN 32 20 ¢, TPOH/LA IPH 3TOM
paccrosiaue 150 M. Halirh HadyanbHYI0 CKOPOCTE I10€3/1a M CIILY TOPMOXKEHHS, €CJIH OH ABHIaJICT
paBHO3AMEJIEHHO.

14. Teno paBHOMEPHO ABMKETCA BHU3 [0 HAKJOHHOMN [IOCKOCTH, COCTABJSIOINEH C TOPH-
soxtom yrou 30°. Haittu koadwpuient TpeHHA Tesla O IIOCKOCTE.

13. HepecoMuiii 6710k ykpernien na konue crona (puc. 2,23). Tesa pasnoif Maccsl o 3,5 kr
COCAHMHENE! ITHTRIO W IepeKHHYTHI Yepes 010k, Kosdduument rperus uepsoro tesa o cToj pa-
pett (,2. Haiitu: 1) ycKOpeHHe, ¢ KOTOPBIM JIBIDKYTCA Tela; 2) CHY HATSKeHHS HUTH.

16. Moot Maccoii 200 Kr nmagaeT ¢ BEICOTBI2 M Ha HaKoBaabH©. JautensHocTs yaapal,0l c.
OnpezendTk cpeIHee 3HAYEHUE CHIBLL Viapa.

17. AsToMofuas Maccoit 5 - 10° xr IBHXETCA €O CKOPOCTBIO 36 KM/ 10 BEILyKIOMY MOCTY.
C xako#i cinoil OH ZaBUT HA MOCT B €10 BepXliel YacTH, ec1M PagHyc KPUBH3NE] MocTa 50 M?

18, Beapo ¢ Bonoif BPAUIAETCS B BEPTHKAJILHON [MII0CKOCTH HA BepeBke juTnHOE 60 cM. C Ka-
KOI HAHMEHBIICH CKOPOCTBIO HY3HO BPAIATE BEAPO ¢ BOAOH, 1T06b]I BOJA H3 HETO 1i¢ BLLIHDA-
Jack?

19. Onpeznenuts paauyc nernud Hecteposa, ecnu, cosepruas ee, JTeTYHK JABHT HA CHACHHE
Kpeclia caMoieTa B HinkHel! Toure ¢ cumoii 7.1 kH. Macca netuuka 80 Kr, CKOpPOCTE caMosIeTa
140 m/c,

20. Kaxyo ueperpy3ky UCOBITRIBAET KOCMOHABT, BPAIIAKIIMACA B TOPH3OHTAIBHOM TI10C-
KOCTH Ha LeHTpHpyre panHycoM 6 M ¢ YIJIOBOH cKopocThic 4,05 ¢~1? YeMy paBHa MakCHMATh-
Hasd TIeperpy3aka, ec/iu 313 HEHTPU(YTA BPALAETCA B BePTHKATEHOH IITOCKOCTH € TOH JKe CKOPO-
CTBIO?

21. Onpenemuts cuny nputsixeHus Mexny ConnreM 1 3emueri.

22. Ha xakoM paccTOSHHH OT TIEHTPa 3eMIH PACIIOIOMEHO TEM0, KOTopoe GyIeT MpHTATH-
BaThCA 3emael # JIyHoiH ¢ oxuHakoBoii cuaoi? Paanye 3eman 6,4 - 10° M, cpefiHee pacctoadue
MEKEY HeHTpaMH 3emud u JIyaer 3,84 - 10° m.

23. OnpeaeMTh YCKOPEHHE CBOOOAHOTO MAXeHH 11a BEcoTel (0 KM OT IOBEPXHOCTH 3eMIri.

24. Ha xaxoil cpeaneii RECOTe Ha/l TOBEPXHOCTRIO 3eMiiu BPAIAETCS! 10 KPYTOBO opbuTe
HCKYCCTBCHHBIH CIYTHHE, €CJIH OH JIBIKETCA CO CKOPOCTbio 8- 107 m/c?

23. Onpenenuts Maccy CosiHua, ec1u nepron obpamennsa Mapea sokpyr Conia 687 cy-
TOK, 4 CPe/lHee PACCTOAHHE MEKY WX HEHTPAaMH 228 MIIH KM.

\)p KmoueBble CNoBa; 33K0Hb HbioTOHA, cuna, Macca, nMnynbe, 3akoH Bce-
MUDHOrO TAFOTEeHKS, CHUNa THAXeCTW, BeC, CUAa TREHKA, Chaa yrpyrocTn, rpa-
BUTAUMOHHBIE CA/bLI.
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Mmaesa 3

3AKOHbl COXPAHEHUAA B MEXAHUKE

3.1. 3aKoH coxpaHeHHAa UMNynbca

HaMeneHue uMIyIbca CHCTEMBI TEN. PACCMOTPHM CUCTEMY, COCTOSIYIO U3 IBYX
TEM, HAIIPUMeED JIBYX 3BE3/1.

CuJibl B3aHMOAERCTBHSA MEXKIY TEJAMH, BXOASIIHMH B CUCTeMY (MeXay 3Be31a-
MH ), HA3BIBAIOTCA GHYMPeHHUMU Curamu. Buytpennne ciibl 6yaeM o603navars
cuMBoaoM Fj. 3aech nepsoiii HHAEKC ¢ 0603HAYAeT HOMep Teja, Ha KOTOpoe Aeli-
cTByeT cuna Fy, a BTOPO#H MHAEKC & — HOMED TeJsa, CO CTOPOHBL KOTOPOTO AeACTBYeT
cuna F.

ITo Tperbemy saxony HeoTona:

szz _Fik‘ (3.1)

Cuapl BO3AEHCTBYA HA TeJA JAHHOM CHCTeMBI (/IBe 3Be3/Ibl) CO CTOPOHBI TEN, HE
BXOZALIMX B 3TY CHCTeMY (HANPHAMED, COCENHHE KOCMHYECKHUE Tela), Ha3HBAOTCA
GHEUIHUMN CUAAMU.

PaBHOIEHCTBYIONIYIO BCEX BHEITHUX CHJI, ASMCTBYIOIIUX HA i-€ Tel0 CHCTEeMB, Oy-
zaeM obo3Havats F,.

L7151 Kaskioro Tesla, BXOOAMIETO B CHCTEMY, 3aluiaeM BTopoil 3akoH Heorona (2.17):

=FR ¥
At 12+ 5
Amyvy)
— = = _F, +F,. 3.2
N o+ F (3.2)

CoXHB JeBBie M TIPABHIE YACTH YPaBHEHHH, TOAYIUM

A(myvy) + A(m,v,)

At AL =Fp+E+F +F

Yuurnsag, uro F,, = —F,,, uiMeeM

Almy vy +myvy)

=F+F,
At 1Tk

HJIN

Ap
22 _p 4E, .
A BtE (3.3)

Iae p = vy + mMy¥y; — CYMMAPHBIM AMIAYJIBC CHCTEMEI IBYX Tl

W3 cootHOmeHNA (3.3) CIEAYET, YTO UIMEHEHUE CYMMAPHOZ0 UMNYAbCA Cli-
CIMeMbt Mest ONpeoeriemcs BEKMOPHOT CYMMOU 6HEUHUX CUTL, OetiCmey1o-
WX Ha IMY cucmemy.
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BHyTpeHHWe CHJIBI, H3MEHSS HMITY/IBCH] OTAENBHBIX TeJl CHCTeMBI (3.2), He U3Me-
HSTIOT CYMMAaPHBIH AMITYJIbC cHCTeMB {3.3).

JaxoH coxpaHeHHS HMNYIbCA. FAMKHYMAR CUCMEMA — 3TO CHCTEMA T, Ha
KaKI0€e U3 KOTOPBIX He JeHCTBYIOT BHEIIHIE CHIIBL

Ecnu cuctema Tell 3aMKHY'Ta, TO CyMMa BCeX BHELIHUX CHJI, ReHCTBYIONIMX HA CUC-
TeMy TeJl, paBHa Hy 0. TaK Kak BHETHNE CHIILI He AeHCTRYIOT HH Ha OJTHO TEJI0 CHCTe-
MHI, TO B ypaeHenuu (3.3) F, + F, = 0, Torma

Aap

=0, wm Ap =0, Aft=0.
At P

Taxum 00pasoM, HE3aBUCHMO OT IPOAOMAKUTENBHOCTH HHTePBaTa BpeMeHn  Af
UMILYJIbC CHCTeMBI TeJI B HAYasIe M KOHIe 3TOTO HHTepBana Bpemeun 6yaeT OAHUH U TOT
Xe, CIEA0BATEIRHO, p = const HJIH

myvy + mpvy = const. (3.4)
CootHomenue (3.4) BBIpaXkaeT 3aKOH COXpaHEeHHS UMITYJIbCA.

3aKoN COXPAMEHUR UMNYIHCA : B HHEPUMANBHOIH CHCTEeME 0TCYeTa CyMMap-
HBIH HMITYJIbC 38Ml€l'ly'l‘0ﬂ CHCTEMBI TEJ C TEYEHHEM BpEMEHH HE HBMEHACTCA.

I/IMIIYJHJC CHCTEMBI paBeil MPOH3BEACHHIO MACChl 7t CHCTEMBI Ha CKOPOCTD €€ LICHT-
pa Macc v

P = mve (3.9)
A 3aMKHYTOI CHCTEMBI Tell p = MV = const, TAK KaK m = const, cJieJoBaTeNbLHO,
v = const. {(3.6)

B unepuyuanvroii cucmeme omcuema yenmp mMacc 3aMKRYmMoil cucme-
MbL Mest O8UNCEMCSE NPAMONUHELINO U PASHOMEDHO.

BexktopHoMy ypaBHeHHIO {3.4) COOTBETCTBYIOT /IBa YPABHEHHUS /7SI MPOEKLIAEL Ha
OCH TIPAMOYTOIBHOMH AEKaPTOBO#H CHCTEMBI KOOPAHHAT:

my Uy + Maty = const;
11)”1 -+ Tntz'vyz = const.
Bce peanbHble CHCTEMbI He SIB/ISTIOTCS SAMKHY THIMH, IIOTOMY YT0 Ha TeJla CMCTeMBl feii-
CTEYIOT KaK CHJIbl TSDKECTH, TaK U Pas/IMuHbie CHTH COMPOTHRIEHHS, HAIPHMED TPeHHSL.
B HeKOTOPBIX CIy4asX 3aKOH COXPAHEHHS HMILYIbCa MOKHO ITPHMEHATD H 1S He-

JAMKHYTDBIX CHCTEM TEJ, CCAH BHENIHHE CHIDI, HEﬁCTBYIOIIII/Ie Ha J1060€ TeA0 CHCTEMEL,
YPAaBHOBEIUINBAIOTCA, T. €. CYMMa BCCX BHEIIIHHX CHI

paBHa Hymo. Hanpumep, ipu coynapesuu aByx N, N,

TeJI, HanpuMep 6B SAPAHBIX MAPOB, MOXHO IPH-

MeHATb 3aKOH COXPaHEHMs UMILYJbCa, TaK Kak & v, v,

CHJIEI TSDKECTH M, W Mg, U CHIBL peakuni N, 1 1 ) 2

N, ypasnosemmusatotcs (puc. 3.1). Cumoit Tpenus ’

KauyeHHs MOXHO IpeHeGpeub B CHITY ee Ma.TI(I))CTH. Rl i
Ecnu npoexips cyMMEI BCeX BHELIHMX CHJI Ha Ka- e e

KYI0-T100 KOOPAMHATHYIO OCh PaBHA HYJIIO, TO HMe- Puc. 3.1



Y €T MECTO 3aKOH COXPAHEHHS POEKITHH HMI1YIThCA He-
3aMKHYTO! CHCTEMBEI Ha IAHHYIO KOOPAHHATHYIO OCh.
Pacemorpum mpumep. Ilymka cromt Ha mat-
N (popme. Macca cucteMsr ynmka — cHapsii papHa M
(puc. 3.2, a). Ilocne BHCTpCAa cCHAPSA Maccoil m
JIETHT CO CKOPOCTBIO Vy, HAIIPABJEHHOM 11071 YIJIOM
M ¢ K TOPH30HTY, IIYIIKA ITPHA STOM OTKATHIBAETCS CO
CKOPOCThi0 v, (puc. 3.2, 6). Moayab ckopocts v
0 X MOXCT OBITH OTIPEesieH M3 3aKOHA COXPaHeHH
Mg TIPOEKLIMU HMITYJIbCa HA KOOPAHHATHYIO OCh X, Tak
KaK TPOeKLVs BHEIHEN CHJIbI — CHJIBL TSAKECTH
CHapsAla mg Ha och X — papHa HYJIK. /O BRICT-
14 PeJa CKOPOCTD V CHCTCMEI TTYIIKA — CHAPSIA paBHs-
JIACh HYNO, UMITY/bC cHCTeMbl My = 0, oatomy
0 = (M — m)uy + mu,. YUIHTHIRAS, UTO Vg = U,C0S8 O,
MUy COS &
M-m
JHaK «MHUHYC» 03HAYaeT, UTQ MIPH BbICTPeTe B
HOJIOKUTETFHOM HANPaBjJeHHH 0CH X CKOPOCTh
v MYUIKK HAIPABIEIA B HPOTHBOIOJOXKHYI CTOPO-
ay (cM. puc. 3.2, 6). [ymka cMewaerca B Hapas-
0 X JeHMH CKODOCTH — BO3HWKAET «OT/aua». Moayab
6 CKOPOCTH |V, | 3aBHCUT OT Macchl AYIIKKH (M — m):
Puc. 3.2 yem HOMBIIE MAcca TYILKH, TEM MedbLue |v,|, Jro-
651 YMEHBITUTH OT/IAYY, OXOTHHUK TIPH BHICTpEse
LPIKVMAET PYKbe K ILUIeYy, TAK KAK MACCA CHCTEMBI PYKbe — ITYJIA OKOJIO 6 K, a cuc-
TeMBI OXOTHHK — Py>Kbe — y.Ist Gosiee 60 K.
Ecnu nposcxoasaT GuieTphble B3AUMO/ICHCTBHSA THITA B3PHIBOB HJIH Y/IAPOB, TO U3MEHe-
HHS1 UMITYJIBCOB OTIEJIbHLIX T CHCTEMEI IPOUCXOAAT N0 AefiCTBHEM BHYTPEHHUX CIUI,
BHEIIFHYE CHJIbL — CUJIbl TAFOTEHHS, TPEHHS — HE YCIIEBAKT H3MEHUTD HMIIYJIBC CHCTEMBL.

Q nMeeM v, = |vy| = —

3.2. PeakTHBHOE iBMXEHHeE

Onpeeenne peaxTHBHOIO ABHKEHHA. 3AKOH COXPaHEeHWs HMITYJIbCa JIEXKHT B
OCHOBE TEODHH PEAKTHEHOIO ABHIKEHHHA.

Pearxmusnoe deusxcenue — NBWKeHNE, BOHHKAOIEE TIPH OTAE/IEHHH OT TeNla
HEKOTOPOH €r0 YacTH C ONPeAeTIeHHON CKOPOCTBI0 OTHOCUTENbHO TEA.

IIpuMepoM peakTHBHOIO JABUXKEHHS ABISETCA ABMXeHHe pakersl. [Ipu zaiycke
PaKeTsl IPOMCXOAUT UCTEUCHIE TIPOAYKTOB CTOPAHHS TOILTHBA C HEKOTOPOH CKOpOC-
TbIO V; OTHOCHTeBbHO paxeTsl {puc 3.3). UMuy/abc 0poAyKTOB CrOpaHus  p, Hampas-
JIeH «BHH3». COTNIACHO 3aKOHY COXPAHEHHS HMITY/IbCA, paKeTa OyAeT HMETh TAKOH Ke
T10 MOZYJTIO HMILYJIBC Py, HO HAMPABJIEHHLIH B IPOTHBONOJIOKHYIO CTOPOHY — «BBEPX>.
B nojiere Macca pakeThl ¢ TEYCHHEM BpeMeHH yOuIBaeT. JJHHaMHKa Tel HepeMeHHOM
Maccei Obina co3fana B koHue XIX B. pycckum npogeccopom M. B. Mewepckum
(1859-1935) u K. 3. lnoaxoeckum (1857 —1935). Ilpusenem Ge3 1oKa3aTenbCTRa
thopmyy Lnosnkosckoro as onpenenesns MAKCHMATBHOR CKOPOCTH Uy, KOTODYIO
HOJIYYHT PaKeTa IO H3PACX0/0BAHHH BCETO TOILIHBA:
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Vinax = 2,3?)1 1g% HIH Uy, = U4 ln%,

1 1

e ¥, — CKODOCTh UCTeYEHIs Ta308; M; — Macca paKeThl B MOMEHT CTapTa,
T.€. ¢ [IOJTHBIM 3aNacoM TOTUTHBA; M, — Macca pakeThl 6e3 TOMTHRA, 1
P

(X3

M3 a10ii hopmy.Ibl CAEAYET, UTO YBETHIHTD TUp,, MOKHO, €CTU:

My
® VBE/IMYKTD OTHOIIEHHE —L ;

1
® YBEJHYUTD ¥; — CKOPOCThL HCTCYEHHA Ta3oB, JTOT IYTh YREIHYEHHA
cxopocty pakeTs Opi ykasan K. 9. IluoakobckuM. OH TpeIosKiT UCTTONh- l'
c.

‘I]r
i Hcropuieckas cipabka. OCHOBOIIOIOKITHK TEOPHH MOKILTAIETHBIX COOBME-  ppre 33
=1 it K. J. [uonxosckuii muca; « e oBedccTRO He OCTAHETCA BCYHO HA 3eMte, HO

B MOTOHE 32 CBETOM H IPOCTPAHCTEOM CHadala poOKn MpOHUKNET 33 MpeAenbl atMocdepsy, a sarem
3dBOKET ceﬁe BCE OROIOCOMNEYHOE TIPOCTDAHCTEO . Meura PYCCKOIO YHEeHOI'0 OCYUIECTBHITACD.

Hauwano kocMmiveckoi IPEI O3HAMEHOBA0OCH 3ATIYCKOM IICPBOTO UCKYCCTBCHHOTO CIIYTHHK:
3emiu — 4 okrsops 1957 1. 2 snpaps 1959 1. cTapToBaNA KOCMUYECKAS PAKCTA, KOTODAS BLIBe-
12 Ha OplKTY IEPRBI HCKYCCTBeRABIA cnyTHHK CoaHua. 14 centadpsa 1959 r. pakera mocTHITA
nosepxuocT JIvHpl u focTaBmia Tyaa repd Coserckoro Coiosa.

JIpYTHM 3TalioM pasBHTHA KOCMOHABTHKH SBHICA [IOJET Yelobeka B kocMoc, KocMudeckuii
kopadae « Boctoks, mwmotupyemsrit FO. A Tarapuruim, 12 anpens 1961 1. copepimin noser Bok-
pyr 3emuoro wiapa. Cnyers 8 ner — 20 wrosia 1969 r. ana amepukanckux actporHaeTa Heiin Am-
crponr 1 IasuH OnApHH 13 DKHIAKA KOCMWYECKOTo Kopadis « Anouiod-11»> COBEpILIMIH 110~
caaky Ha JIyHy. B HacTOALICE BPEMS [IOJIETHL B KOCMOC CTAM OOBLICHHBIM ACTIOM, TOSBHIUCH
JAKE KOCMHYECKHE TYPUCTHL.

Bonbuott BKIaa B pa3BHTHE OTCYECTBCHHOH KOCMOHABTHKH BHEC BhIZAIONUHCA YIeHEIH,
KOHCTDYKTOD IEPROTC HCKYCCTHEINOTO CITYTHHMKA 3eMau, KocMuveckux kopafiseil < Bocroks n
+«Bocxoxs — C. 1. Kopaner (1906 — 1966).

30BATDh MHOTOCTYICHYATDIC¢ PAKCTDI 4Jjis TI0J€Ta B KOCMOC., 1

3.3. Pa6oTa cuabl

InemenrapHana pabora cmasl. dnemcHTapHOH pabotoii AA cune F Ha smeMeH-
TApHOM IepeMellleHN Ar Ha3hIBAIOT CKaJIAPHYIO (DHU3NYECKYIO BCTUYHHY, PABHYIO CKa-
JIAPHOMY (POM3BEACHUI0 BeKTOpOB cuiibl F 1 nepemetnienus Ar:

AA=(F Ar). {(3.7)
CornacHo onpezesIeHHI0 CKAISIPHOTC IPOM3BEACHUSA BCKTOPOB!
AA = FArcosa, (3.8)

rac o — yroa Mexay exropamMu F m Ar (puc. 3.4); Fu Ar —
COOTBETCTBEHHO MO/YJIM CHJIBI ¥ TIEpeMeleHusl.

Pa6oma cunvt F Ha nepemewenuu Ar pasna npousge-
OeHUI0 MOOYEN IMUX 8eKMOP08 HA KOCUHYC Y2Ra MEN -
Oy Humu.

Epwnuia pabotel — fkoyas (Ax), 1 Jx = 1 kr-m?/c%

1 JIx — pa6oTa, copepuiaemas cumoil 1 H na nepemeleHnH
1 M, ecIM HAIPaBJIeHHs CHJILL ¥ llepeMellleHHA COBMaJaloT.

Puc. 3.4
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Ecnu Ha matepuanbHyio Touky (Te10) 0ZHOBPEMEHHO eifiCTBYET HECKOJIBKO CHII,
TO 3/IEMEHTapHas paboTa Beex ITUX CHUI IIPH NEPEMEILEHHH TOUKH (Tea) HaAr paBHa

AA = F . Arcosa,

rae F., — Moaysb pesynbTupyloieil (paBHOAeHCTBYI0MEH) BeeX CH, eHCTRYIONIHX
Ha MATEPHATBHYIO TOUKY; &« — YTOJI MeXy BekTopamu Fp., u Ar.

B aaBucumocTtH oT B3auMHo#t opreHTaiH BeKTOPORF v Ar, T. €. yriia MEXIY HUMM,
pabora MoXeT GBITD:

. T
® nofoKHuTEeNbHOE (AA > 0),ecmi 0 < o < 5 TaK KAK KOCHHYCHI OCTPBIX YIJI0B
[OJTOKUTETbHDL;

o ™
& oTpHIaTeNbHOH (A A < (), ecnn 3 < & < K, BOCKOJBKY KOCHHYCHL TYITHIX YTIOB

.

OTPULIATENBHBI;
. ™ G
e paBHOH HY"I0 (A A = 0), ecoi o < 3 Tak Kax 008 o = 0.

Cuna, nepnenduxyrapnas nepemewieniio, patomy we cosepuiaem. Ha-
TIPUMEp, He COBepIliaeT paboTy cuja TAKECTH TIPH ABHKEHWH Tena 10 ropPH3OHTATb-
HOH NIOCKOCTH.

Benencreue Toro 4To NOHATHA NOKOH U IBH)XEHHE OTHOCHTEIBHEL, T. €. TeJo, 1o~
Koslieecs: B 0O cHCTEMe OTCYeTa, OyAeT NepeMetaThesl B APYroi, ABMKYeRcs
OTHOCHMTEJIBHO TIEPBOH, 3HAUECHUE SNEMEHMAPHOU pabombl 3a8ucum ont Goi-
bopa cucmemvt omcuema.

B obieM cnyuae Bruncaerre paboThl CHIbE Ha KOHEYHOM TIEPEMELIEHUH O04YEHb
cnoxno. Ho ecan cnna mocrogana ( F = const), a Tpaexropud resa npaMoaHHeiHa
(o = const) (puc. 3.5), To, cornacHo (3.8), pabota cunel FIpH nepeMenieHHn Teaa H3
TOYKH A B TOYKY B paBHa:

A= Frygcosa= FS,pcoso,

TAK KaK [IPH NPAMOITHHEHHOM JIBHKEHHH MOZYJIb BEKTOPA NePEMeNIeHHs PaBeH IyTH
Irasl = Sap-
PatoTa norenupasmbhbix ¢l K noTreHunaAbHbIM CHIAM OTHOCHTCS CHJIbl YIIDYTOCTH
H CHJIBL TATOTEHMS, KOTOPHIE ABJIAIOTCSA TIEPEMEHHBIMK CHIAMH, T. €. 3aBHCALIAME 0T Ar.
HMomenyuaavmvie cuabe — 310 cHbl, paboTta KOTOPHIX 3aBHCHT TOJIBKO OT Ha-
YaJIbHOTO ¥ KOHEYHOTO MOJACKEHHH JBHKYIIETOCS TeNa.
CrenosatebHo, paboTa MOTEHUHANBHBIX CHJI HE 3ABUCHT OT (DOPMbI TPAEKTOPHHI
ABHKCHUS.
Paboma nomenyuanvroll curst npu 3aMKHYMOl Mpaexmopuu acezoa
pasHa HYyo.
Henomenyuanvnvie cunvt — 310 CIbL, paboTa
KOTOPbIX 3aBHCHT OT POPMBI TPaeKTOPHH (HampUMep,

F F F_ CHJIbl TPEHHA).
(/ (a( (/ Ecnu maBecren rpadmk 3aBucumoctn F, = flAr),
A( ‘3 2 B topaboTa cHIH Ha IlepeMelleHHH [ — 2 paBHa NJIoia-
! Ar ! au GHTypw 1eb2 (puc. 3.6 u 3.7).
; 5 Tas ) InemenTapHOH pabote AA COOTBETCTBYET ILIO-
AB IAZL KPHBOJHHEHHOM Tparelluy ¢ OCHOBAHHEM AT,
Puc. 35 (cM. puc. 3.7).
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F,=const \ F = const

N
b\
=~
r 1 Ar, 2 r
Puc. 3.6 Puc. 3.7

Pa6ora ynpyroii cunbi. PaGota yupyroit cunet F = kAl (k — XecTkocTh; Al —
OTHOCHTE/IPHOE YUIHHEHUE) BHIMUCISETCSA IBYMA COCODAMHL.

Cnoco6 1. Tpadux 3aBHCHMOCTH YTIPYTOi ciabl oT yaiunenus Al n3o0paxeH Ha
puc. 3.8.

Pa6oTa CHABI YIIPYTOCTH IIPH OXHOMEPHOM PAcTSDKEHHH (CXKATHH ), XapaKTepH3y-
ONIMCST BEKTOPOM YAAMHeHHg Al, paBHa IUIONEA/IM IPSIMOYTOIBHOLO TPEYIOIbHHKA
(Ha puc. 3.8 OH 32IITPHXOBAH), KATETAMH KOTOPOTO ABASIOTCA |Fa)| 1 |All:

_ FuAl_EAR
Aynp - 2 - 2 ‘

Ilycts ock X coBnajacT N0 HANMpaBASHUIO ¢ BEKTOpoM Al 1, B £, — KOOPIHAHATHI
HavYa1a ¥ KoHna sexropa Al Pabora cuawl ynpyroct B 31oM ciy4ae (puc. 3.9):

ket _ kat
w2

Ecmi 2, = », T.e. Al= (), — TpaexTOpHA 3aMKHYTa, To, cornacho (3.9), npu nepe-
MEWENUU MOUKU YNpyzo0ed OPMUPYEMOZ0 MELd N0 3AMKHYMOU MPaexmo-
Pl paboma cunst ynpyzocmu pasHa HyJuo.

Cnoco6 2. B Hauane nmporiecca 0JIHOMEPHOTO pacTskenus (cxarus) Fy = 0, Tax
Kak Al = 0, npu yamunennu Al ciima ynpyroctn Fa, = kAl Ee cpeanee suayenue
HAXOMHM KaK cpeiaHee apudMeTHIecKoe, HOTOMY YTO 3aBHCUMOCTRF 0T Alnpsamo npo-
MOPITMGHAIBHASA:

(39)

0+ kAL EAL
Fy= _kat
2 2
F F
)
| 2 R |
| Al
Al Al n Al & X
Puc.38 Puc. 3.9
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Y Pa6ota cuasl ynpyroctu

Agmp = FpAAl = ’“‘25 (3.10)

Padorta rpasutanuoHHbix cuia, Onpe-
ACAMM paboTy TPaBHTAIHOHHBIX CHUIL, HiTH
CHJI TACOTEHHS, TIPH NepeMellleHUH MaTe-
PHAILHOH TOUKK MacCcOH m U3 [10J0XKeHUA
X 1Bu0OOXKeHHE 20THOCUTENBHO IPYroi Ma-
TepHaIbHOH TOUKH M, IoMellleHHOl B Ha-
yano orcueta (puc. 3.10). IIpu nepemerne-
HHUH Tesla m CHJIa U3MeHsieTes 06paTHO
Puc. 3.10 mpomnopIHoHanbio . Pabory A, Ha y4a-
CTKe 1 — 2 onpenennM Kak cymmy paboT Ha
OTHeAbHBIX YYacTKax: App = A, + A, + Ay + ... + A

Pa6ora Ha ywactke ( I — a) A;, = F,(r, — ), Tae F}, — cpeamss reOMeTpUYecKas

CUJ1a, PABHAs1 KOPHIO KB3/IPATHOMY W3 MPOU3BEAEHUSA CHJI B KPAHHMX TOYKAX:

\/T Mm Mm - Mml

2

Ta N
PaGota Ha 3TOM y4acTKe
1
A, = G@('ﬁ, —71)= GMm[— —i]
T n Ta

CootBetcTBeHHO paboTa Ha yyactkax ( a—b), (b—¢) ... (i—2) byqer

£ l]; 4, = GMm

nooh

Lol g ol L]

n T non

Aub = GMm

CaoxuB HOJIYYEHHDBIC 3HAYCHHA pa60rb1 Ha OTICTbHDLIX YHACTKaX, MTI0OIYIUM

AIQ_GMWL[___]“"GM [——l]-i- +GM’m[——l]=

non s T noon

1
= OMm [-—l+l—l+ +——l] GMm [——1].
noon non noon n n

Bce npoMesxkyTouHbie 4WiCHB B CKOOKAaX B3aHMHO YHHYTOXKAIOTCS. OKOHYATENBHO
HMECM:

l—l], (3.11)

oo

A=GMm

rjle 7, M 73 — MO/IYJIH PAayCOB-BEKTOPOE, XaDaKTEPH3YIOUX HAYaIbH0e H KOHeMHOe
NOJIOKCHHA HEPEMCILAIIETOCS Tea.
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W3 ¢opmyant (3.11) caenyer:

opa6oma IAQUCU MOALKG G HAYATOHOZO) tH KOHEU -
HOZ0 NOONCEHUT NEPEMEUAIOULE20CS MENd, . €. He 3a-
8uUCuUm ont PopMbL MPACKMOPUL;

® NpU nepeMeienull 00O 13 63AUMO0eliCMEYIOWLX
MAMEPUATLHBIX MOUEK HO 3AMKHYMOU MPAeKmopuu
(r, = n) paboma cun mazomenus pasna HYiw0.

Dopmyay (3.11) MOXKHO HlepenucaTh B BHIE

Hh—n
A= GMm—“% : Puc. 311

ITycTh TEI0 m NOTHATO Ha BHICOTY h HAZ MOBEPXHOCTRIO 3eman (puc. 3.11). Torma
pafoTa Mpu NOABEME TeJIa MACCOH M HA BBICOTY fi € YIETOM TOTO,4TO 1) = Rg, 1 =
= Ry + h, 6yacT pasHa

A=GM.m (3.12)

h
Ry(Re +h)
rae M., R., — COOTBETCTBEHHO MACCa U PAIHYC 3CMIIH.

Tpu yenoBuH h < Ry H YIUTBIBas, 9TO MOLYJIb YCKOPEHHA cBOOOAHOTO NaleHH

M,
2

BOJIUAH MOBCPXHOCTH 3eMIH ¢ = , TIOJLY'THM

A = mgh. (3.13)

3.4, MolwHoCTb

Cpeansisi MOMIHOCTD, [1pH KOHCTPYMPOBAHUH U SKCILTyaTallMi MAUIHH HEOOXOAH-
MO YYUTBIBATB I1€ TOABLKO paBoTy, COBEPUIEHHYIO MAWNHOMH, HO 1 ObICTPOTY BBLIO.IHE-
HHs paGorbl. Beauurha, xapakTepHsyolas CKOPOCTh BHITIOHeHUs pabOThl, HAa3bIBA-
eTCA MOWHOCHIBIO.

Cpednnsn mouiocms N, YUCIEHHO PaBHa OTHOWEHHIO paboThl AA K npome-
KYTKY BpeMeHH Af, 3a KOTOPBIH OHA COBEPIIAECTCS:

_A
POAE

KI'- M

N, (3.14)

2
Emuama mMommsocTy — part (Bt); 1 Br=1

1 Br pasen mownocmu, npu xomopoti patoma 1 JIx cosepuaemcs 3a
epemsilc.
[oacrasssis BMecTo paloTsl A ee BHIpaXkeHHe, MOAyYaeM

N, =M:F£cosa=ﬂ;

cp At At cp COs (3 15)

AS

Tae v, = ——
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Ecam MammHa paGoTaeT HePaBHOMEPHO, T . €, MOMIHOCTh H3MEHSETCH ¢ TEYEHHEM
BpeMeHH, To GopMyna (3.14) byaet onpenensTs CPEHIOID MOIHOCTD,

MrioBennas MOIHOCTb. MrHOBEHHAA MOIIHOCTE — MOIHOCTD B JJaHHBIH MO-
MEHT — ONpPEAe/IAETCS Mo QopMyJie:

N= Fucosa, (3.16)

Tlle ¥ — MPHOBEHHAS CKOPOCTb.

Mzroeennan mouprocms papHa NPOU3BETEHHIO MOAYJIS BEKTOPA CHILL HA MO-
AyJIb BEKTOPA MTHOBEHHOH CKOPOCTH M Ha KOCHHYC YTJId MEKITY HAMPABMEHHAMH 3THX
BEKTOPOB.

Mougnocme, kax u paboma, — 6eAUNUHA CKAARPHAA.

MOoIHOCTL PAa3AMYHKIX ABUTATENEH, B TOM YHCIE 1 ABTOMOOMITBHBIX, 10 CHX TIOp
H3MepAeTCA B AOHIATHHBIX ciaax: 1 1. ¢c. = 735 Br. Momtocts yeioBeka = 70 Br.

3.5. dHeprusa

g Hcropuyeckan cnpaska. B Ilpupoae Bce HaxoaMTes BO RB3aUMOCBAZN ¥ B3aUMOJARHCH-
mocTH. 1lozHasas v H3yvas MOCHEAOBATEABHOCTD M B3aMMOCBA3D SIBAEHHIL, €CTECTBOHC-
IBITATEAH OTKPHBAIOT 3aKOHR [IpHpoas:.

Eue npeenerpedeckuit dunocod Aprcrotens B Tpakrare «Dusukas nucan: «Tax Kak npu-
pona ecTh HAMANO ABHAKEHNs] H U3MEHEHHS, A TIPEAMETOM HANIETO HCC/Ie/[0BAHNA ARASAETCS LIPU-
poja, TO HeNb3s OCTARJIATE HEBBISICHEHHDBIM, UTO TAKOE IBHKeHHE: BeAb HE3HAHHE JIBIKCHHS
HeobHXOAMMO BJIeYET HesHaHue TPUpoabl». [103/Hee OBUIC YCTAaHOBAECHO, MTO KPOME MEXAITHMEC-
KOTO JIBMXXEWHST CYIIecTBYIOT APYTie BHADBI ABIKEHANSA, HANPUMED TEITLI0BOE, KOTOPHE MOTYT
B3aUMHO 1IpeBpamaThest. J BHxeRtie coXpaHAeTes, HAMeHIeTCA TOALKO GopMa aAsixenud. C rpe-
BPAIIEHHEM DATHYHBIX BH/AOB JIBIGKEHUS IPYT B IPYIA CBI32HO MOHATHE «3HEPIHA» (0T Tped,
energeie — JEHCTBHE} — OCHOBHOE TIOHATUE (DHIMKH.

TepMHH <aneprua» B cOBpeMeHHOM CMbICIe LOABHACH B Havyate X1X B, Anrnwiicknit gm-
3uk [ IOnr (1773 - 1829) nepBmii onpeaeaut sHepruo Kak paboTociocobHOCT ABMAKYIAXCS
Macc (1807).

B cepenuue XIX B. 66uin ony6ankosanst padotal 0. Maiiepa (1814 - 1878), 1. Ixoyas
(1818 —1889) u I.Texsmrombiia (1821 — 1894), B KOTOPBIX M3AATAICA 3AKOH COXPAHCHMA U TIpe-
BpallleHns 3iepriy. flonATHe 3HepruM pacipocTPaHIIOCh, KPo-
M€ MEX3HHYECKOTO, HA APYTHE BUIBI TBHKEHUSL.

Mo:KHO POBECTH AHANOTHIO MEKIY NPERPALICHHEM JHep-
THH H 0OMEHOM BaIIOTHE pyOJeii Ha JOIADB WIH €BpO; IPYTHE
GAHKHOTDI, JPYroe HASBAHHE, HO OCHOBHOE — MMOKYIATENBCKAS
C110COOHOCTh — OCTACTCSL. Tak U 3HEPrus, MCIbITHIBAS IPEBPA-
IEHHE, OCTACTCS IHEPIUCH U XAPAKTEPUIYeT CHOCOOHOCTD Tejia
HJIH CHCTCMBbE TeJI COBepIaTh pabory.

BaauMoaeticTeyonye Tesa, HapHMeP B TPABUTAITHOHHOM
TOJE, CIIOCOOHBL COBEPLIATL PaboTy, CACACBATEABHO, OHH «00-
AANAIOT> IHEPTHEH.

TaxkuM 00pa30M, NOHATHS <ABHXEHME H B3AHMOAEHCTRIE
MATEPHAABHBIX OGBEKTORS H <IHEPTHST» CBA3AHR! MEXLY CODOIL.

Buapl sHepriH. FHepeua — cKansipHas PuaHuecKkas
BCJTMYHHA, ABMAIIIAACS CIMHOH Mepoil PazTHIHLIX opM
L. xoyib ABHKCHMA H B3aHMOASHCTBHA MATCPUMH.



B cooTBeTcTBHH ¢ pasnuyHbiME POPMAMM ABHKEHHS! MATEDHH T'OBOPAT O PA3HEIX
BHZAX SHEPTHH — MEXAaHHYeCKOH, BHYTPeHHEH, AnepHod u ap. B npouecce Baaumo-
JecTBUsA Tes1 popMa ABHAKEHHA MAaTEPHH MOKET HIMEHAThCA, HANPUMED NPH TPEHHH
TeI4 Hal"peBaIOTCH, HpH ITOM M3MEeHAeTCA 1 B SHEPIHH, T.€. MEXAHUYCCKAA JHEPTUA
HOepexouT BO BHYTPeHHI010. MisMeHeHHe BHaa SHEpruM 00y CI0BAEHO AefCTBHEM Ha
TETO CHJT U CBSI3AHO ¢ COBEPLIEHHEM PAGOTH,

Inepeun — QuauNecKan SeAUNUNHA, XAPAKMEPUIYIOULAA CROCOOHOCTTL
mena Wiy cucmemsl mea cosepuams padomsyy.

Enumuna sxepriu, Kak 1 efHHuIa paboTsl, — LKoyab (J1x).

COBep]IIa.H MeXaHHYECKYID paﬁo'ry, TEJIO WK CHCTEMa TCA IEPEXOAAT U3 OOHOIO
COCTOSHMA B Apyroe. COCTOAHHE MEXAHMYECKOH CUCTEMBI ONpPeaeNIaeTcs paliycaMHt-
BeKTOPaMH WKW KOODAMHATAMH TeJI H UX CKOPOCTAMH. IIpH HaMeHeHMH COCTOSHUS
TeMa WM CUCTEMEI TeJl HX IHEPTHA MEHACTCA. )

Pat6oma A, coBepuieHHas TeJIOM WIH CHCTEMOH TeJl IPH 3TOM, ABJIAETCA MEPoii
H3MeHeHUs ux aHeprun AE.

A=AFum A=E,— F,. (3.17)

3anac sxeprun Tena (CHCTEMBI TeN) Onpesensercs Hauboabmel paboroil, KoTo-
PY10 MOXeET COBEPITMTD TeJIO (CHCTeMa Tel).

CoBepmeHue paboTH CUJIAMH CBA3AHO C M3MEHEHHEM JHEPTHH:

® eCJIH CHCTEMA TeJl COBEpIIaeT paboTy HAZl BHEIMIHKMH TEAAMH, TO SHEPTHS CHCTE-
Mbi Tejt yMeHbl1aeTcA. Hanpumep, Mexanuueckue (Ipy*KMHHBIE) YACH paboOTAOT B
TeueHHE OTPeIENeHHOTO IPOMEKYTKA BpEMEHH, TAK KaK SHEPTHsl IPYKHHBI PACX0Ay-
eTCs Ha COBepUIeHHe palbOThi MO TPEONOJIEHHIO CHJI TPEHHA KOJIECUKOB, CTPEJIOK, Me-
XaHHW3MA YacoB;

® eCJIH BHEIIHME CHJIbI { BHEITHKE TeJIa) COBEPIIAINT paboTy HAll CHCTeMOH Tell, TO
IHEPTHA CUCTEMBI TEJ yBeHunBaeTCst. Yro6sl MexaHuyecKue yachl paboraau, HX HAXO
33BeCTH, T.€. BHENTHME CHUTBE IOJDKHB! COBEPIIHTE paboTy Mo AeOpPMAITHH IPYKUHEL
4acoB.

Mexanuuecxan anepzun — busudeckas BejIHUUHA, KOTOPAS ABAAETCH (PYHK-
mueil CkopocTeii M B3aMMHOTO PACTIOIONEHHS Tell.

3.6. KnHeTHuecKan aHeprus

Oupenenende KuHeTHUecKoi aneprun. Kunetuueckas (o1 rpey. kinetikos — 1ph-
BOMAIIMI B ABIOKEHHE) sHeprus F, MaTepHanbHO TOUKH (Tema) ABaserca Mepoi Me-
XaHHIECKOTO ABHKEHHS M 3aBHCHT OT CKOPOCTH ABWKEHUS TOUKH (Te1a) B ZaHHOH
WHEPLHABLHON CHCTEME OTCUETA.

Ilpu ABM:KEHUH TeNa NIePeXOiAT U3 ONHOTO COCTOSHHS B IPYTOe, CJAENOBATENBHO,
H3MEHAETCS WX 3HeprusA. M3aMeHeHHe SHeprHH ParHO paboTe BHENTHWX CUIL

Beraucmm paboTy oCTOAHHOH CHITBE v, v,

F'= const, 7eHcTBYIOILEHN HA TEJIO MAccoil —_ —

m. Teno ABKkeTCS NOCTYNATEABHO, HPHA- | ¥ F X
MOJIMHEHHO, BAOIb 0CH X, BEKTODBI CHABI % T G

H CKOPOCTH TeJIa coHanpasiedsl (PHC. | Ax ¥

3.12). lpu nepeMenieHny Teaa Ha Az = ’

CiUTa coBepmaeT paboTy, paBHYIO Puc. 3.12



AA= FAz. (3.18)

Iipu a10M 32 BpeMsa At CKOPOCTb ABMKEHHS T€/IA HAMEHSCTCI OT v, 10 v,. [loz
AeHcTBHeM NOCTOAHHOM cuabl F = ma Tesio ABMXKeTCs paBHOYCKOPEHHO (a = const),

L Rl S m(vs —vy)

At At
3a BpeMa A ¢ TeNO IPOXO/MT MYTh
2 _ 2
A$:U1At+2(A—tl—:U1At+(U2 U])At z(ﬁ‘z_i_'v])&t.
2 2At 2
m(v, — )

Taxum obpasom, Lo geiicTBHeM cuibt F' = TEJ0 IlepeMeIaeTcs 34 Mpo-

At

Uy 4 14 MAL
MOKYTOK BpeMcHH At Ha paccToaHne Az = (2——1)—

2
Pafota cunu F, coraacio dopmy.e (3.18), pagHa

m(v, —u) (v +)At _ m(vf —of)
At 2 2 '

A4 =

HIH

Ad— mvy  myf -
2 2

U3 conocrasrenns opmy (3.17) u (3.19) caenyer BEIBOJ,

(3.19)

2 2
mys muf
EKQ = ) EKI =

2 2

Kunemuuecxasn IHePpZusa NpHu NOCTynaTeJbHOM NBHKEHHM TE€Ja paBHA IO~
JJOBHHE NIPDOH3BEACHHA MAaCChl TEJ/Ia Ha KBaJaparT ero CKOpOC’I‘HI:

2
muv
E,=—. (3.20)
2
YacTo IpH pelleH|H 3aaad ynobHee HCIOIh30BATh BEIPaKeHHE KRHETHIECKOHN IHED-
[HH TeJa Yepes ero UMITyJIbC pf = mv. Y MHOXHB U pasaenus Ha m (m = 0) NMpaBy
yacTb B dopmyae (3.20), noayunm

HIH
E, =2 (3.21)

Tac p = mu.

! Mopmyaa Hraa npewiokena dpariyickiM yyelibm I Kopronncom B 1809 T,
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Kunemuuecxasn snepeus mena pasna keadpamy umnyanca mena, 0eieH -
HOMY 1@ YOBOEHNHYIO MACCY merdq.

KuneTuyeckas aHeprus CHCTEMEL TeT parHa anrebpanyecKoil CyMMe KHHeTHYeCKHX
IHEPTHH BCEX TeJl, U3 KOTOPBIX COCTOUT CHCTEMA:

2 2 2
— My + myth +'“_I__mzvx . (322)

E
. 2 2 2

Kuietryeckas 3HCPIUs Tella 3a8UcUm om evibopa cucmembt omeuentd, 5o
He MOXeT ObITh OTpHUaTesbHa, T. €. B, 2 0.

Teopema o kuHeTHYeCKOH aHepruH. Ha Te0 MOTYT EHCTROBATE PA3THHHbIE CHIIBI — TATO-
TEHH:, YIIPYTOCTH, TPEHNS MM OIIOBPEMEHHO HECKOIBKO CHI.

Pa6ora mofoil cHAB WK Pe3y/IRTHPYIOMEN cHIl, AeHiCTBY IUIINX Ha TeJo, IBJISETCS Mepoi
M3MEHEeHHs KMHeT9eCc KO aHepriuu tena. Panec nonyucHHyio opayry (3.19) Moxito nepenu-
carh B BUAE:

AA=E, - E, = AE, (3.23)

rje E&Z — KHHETHYECKAS IJHEePTHA TeNa B KOHCUHOM NOJAOKEHHH, Exl — KHHCTHYCCKasa JHepTHA
TeJIa B HAYaAJAbHOM IIOJIOKEHHMU.

Hsamenenue xunemunecxoii snepeuy meaa AE, npu nepexode uz 00H020 noAO-
HeHUA 8 OPYz0€e PABHO pabOMe 8CEX CiLR, OCTCMBYIOUUX HA MEAO:

& efiCTBHE Ha Teno CA, paboTa KOTOPHIX Ha IAHHOM TIeDEMEIEHAH TTONOKHTE/1bHA, IPHBO-
JHUT K YEETHYEHWHY KHHCTHYCCKOH JUEDPTHUH TEJI|;

L ,LLEHCTBPIE Ha TeNO CHI, ])HGOTH KOTOPBIX Ha JaHHCOM JIEDEMEIICHHH OTPHOaTe/Inia, IIPHBO-
AHT K YMEHBIIEHHH) KHHETHYECKOH JHEPTHM Tesa.

3.7. NoTeHUManNbHaa 3HEPrus

OnpeaeneHne DOTEeHIHATBHOH SHEPIHN, Teila, IOJHSThIe HA HEKOTOPYIO BBICOTY
h HaJl MOBEPXHOCTHI0 3eMJIy, [IPU LIAJIEHHH MOTYT COBEPUIHTH paboTy (HanpuMep, Ko-
nep npu 3a0MBaHUH CBaM B TPYHT). CleoBaTeMbHO, TaKHE Tesfa 00Ma1aloT sHepruei,
KOTOpasi Ha3blBaeTCs MOTEHTHATBHOI.

Hlomenynanvuan anepaua E, — 5T0 3HePTHs, KOTOPAs 3aBUCHT OT B3aWMHOTO
PacroIoXKeHUS TeJ WU YacTeld 0JHOTO ¥ TOTO ke Tela.

[Maparoue Ha 3eMIIO TeNla COBepLIaoT paboTy, HOTOMY YTO TEJIO B3aUMOLEHCTRY-
er ¢ 3emieil. YnpyrogedopMHpOBalHAsA 1IPYXHHA criocobna coBepmuTh paboTy, To-
CKOJIbKY MPOUCXOANT B3AHMOACHCTBHE MEX/TY €€ HaCTAMH.

Homenyuanonas anepzust — smo sHEPLUSL 63AUMOOEUCTNEUSL.

Koraa rosopsr ¢ noTeHIHanbHOH SHePTHH OJTHOFO TeJia, Beeria MMerT B BUAY ApY-
THE TeNa, C KOTOPEIMU AaHHOe TesIo B3anMogelcTeyerT. [1oaToMy HHOT/IA & Ha3BIBAKT
B3aVMHOH TIOTEHUMATbHON 3HepTHel, HiIH JHEePTHell MOTCHIMAILHBIX B3aHMOJIeH-
CTBHH, HAIIPMMEP TPABHTAHOHHOTO B3aRMOAEHACTBHS.

Honsumue nOMenyuabHoti SHEPZULL OMHOCUMCS K CUCTEeME 83aUM0o0eli -
CMBYIOULUX 06BEKMOE.

Mepoii u3MeneHns NOTEHHUANLHON SHePTHY IIpH Hepexoe CUCTEMBL H3 OHO-
TO COCTOAHMSA B APYIO€ ABAAETCH paboTa TOTEHIINAMBHBIX CHJI, OCYITIECTBAS IONINX
B3aUMOJICUCTBHE MEeX/1y TeJaMH CHCTEMBI MM YACTAMHU OIHOTO M TOTO XKe Tela.
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Pa6ora moTeHUMaAbHAIX Ul A, PaBHA YOBLIM NOTEHIMAIbHON JHEPIHH CHCTEMEI
(En] - En?):
An = Lq — Lpp = _AEm (3.24)

rae £, — NOTeHIUAILHAA JHEPIUsl CHCTEMB B HAYAJIBHOM COCTOAHNY; K, — IOTEH-
IIHANbLHAS FHEPTHA CHCTEMEL B KOHEYHOM COCTOSIHMR,

[To dhopmyae (3.24) paboTy MOTEeHIHAABHBIX CHA — CHJT B3ARMO/IEHCTBHA — onpenenser
PA3HOCTE 3HAMEHWIT NOTEHIMATBHON sHepriu ( AE)), 4T0 0cofeHHO BaKHO NMpH pelitesn du-
anueckux zanad. [loaromy ais yupolnenus pelieHns 382341 HeoOX0AiMO BEIOPATE COCTOAHKE
CHCTEME], B KOTODOM @@ NOTCHIHA/IBHAS SHEPTHS CYUHTACTCA PABHOH Hy/I0. ITOMY COCTOSHHIO
COOTBETCTBYET HYEBOH YPOBEHB NOTEHUMAIbHOH S3HEDIHH. B 3aBHCHMOCTH OT BRIGOPA HYTCBO-
TO YPORHHA IOTEHIUIHATbHAS SHEPIMA MOXKET OBITE FOMoKUTeAbH0 (B, > (), oTpunaTensuoi
{ £, < 0) unu pasroii gymo (£, = ().

[MoTeHuMaIBHAS SHEPTHS OTIPeAeAAeT S B3aMMHEIM PACIIONIOXKeHHeM (PacCTOSHN-
€M) Te B CHCTEME WJIM YaCTeH OAHOIO M TOTO Xe Teaa. PaccTosHus MeXTy TelaMu He
3aBHCAT OT BBIOOPA CICTEMBI OTCUETA, T. €. He M3MEHAIOTCA [IPH TIepeXoe oT OFHOM
CHCTEeMBI OTCYETA K IPYTOH, TOATOMY U NOMEHUUAIbHAS SHEPLUS He 3A8UCUTN
om ebibopa cucmembi omeuema.

IoTeHuHAIbHAS JHEPIHA TPARHTAIIHOHHOTO B3auMozeiicTeas. PaboTa rpasura-
LHOHHOH cuibl, cornacuo (3.11), o mepeMeleHHIO TeAa MACCOH 71 U3 TOYKH ! B TOY-
KY 2, HaXOAsILIUXCS Ha PACCTOAHUM 7y M 74, OT Hentpa 3emiad (puc. 3.13), papHa:

_ GMgn _ GMgm

n Ty

A

(3.25)

PaBora rpaBuTaunoHHOR CHABL MOXeET ObITD OTIpefeneHa Kak o dopmyre (3.24),
Tak ¥ o popmyne (3.25). M3 cpaprenns a1ux GopMyt Caeyer:

GM,m GM,m
E,=—%_" E,=—0_
L bl

IIpUHATO NOTEHUHMANBLHYIO SHEPTHIO B3aUMONIEHCTRBHS OMHOCUIMEABHO HYNEEO0-
20 YPOBHA OMCUETNA CHUMAMb NOAOKUMETbROY, eCJIH TIPW B3auMoelicTBUM
TeJaa OTTAIKHBAKOTCS, HATIPHMED OJHOHUMEHHO 3apsKeHHBIC Tela.
Eciid npH B3auMOoAefiCTBUN TeJanpumszueéaiomcs, HalipaMep pa3HOMMEHHO 3a-
PsKeHHbIe TeJIa, WX ITPH TPAaBUTAHONHOM B3aHMONeHCTRHN, TO UX MOTEHIHATEHAS
1 DHEPTHA OMPUKATENLHA OMHOCUMENBHO HYREB0Z0
YPOsHA omcuema,
[MorentinanbpHAs 3HEPTUA TPABHTAITHOHHOTO B3aRMOeii-
2  CTBHS CUCTEMBI ABYX MaTeDHANLHBIX TOUCK MaccaMi mH M,
HaxXONAIIHXCS Ha PACCTOAHMH T APYT OT ApYT4, DaBHA:

0 B, =_GmM (3.26)

r

llerecooGpa3Ho 32 HY/IEBOI YpOBeHb OTCYETA MTOTEHITH-
IbHON PHEPrHu rPaBHTALMOHHOTO B3aUMOJCHCTBHA 3eM-
Puc. 3.13 JIH ¢ MATEPHATILHBIMH 0OheKTaMu Maccoii m BEOPaTh TOUKY,
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HAXOJALLYOCS HA TAKOM PaccTOAHHE OT 3eM-
JIM, 4TOOBI CHJIA IIPHTKEHHUS Tela K 3emie
CTPeMHJIACh K HYJTIO:

M_m
T

F=0qg — 0, ecn r — ox.

CiefoBaTeNbHO,

& HAYANO OTCYETA MOTEHIHATBHON 3Hep-
MY HAXOAUTCA Ha GECKOHEYHO HOMBLIOM Pac-
CTOSIHMH OT LeHTpa 3eMJIH,

® Ha noBepxHocTH 3eMiH { r = R,) no-
TEHIIHANbHAA SHEPTHSI IPaBUTAIIHOHHOIO

BBB.HMOI[EﬁCTBI/IH MHUHHMAJbHA 1 PABHA Eﬂ =

&y
\Re
O T
3eMasn i
_GmMe| |
Ry
Puc. 3.14
GmM,

Ry

Takum 061)330M, MHUHHMAaIbHAA NOTCHIHATBHAA SHEPIUA Y TEIa, HaXOAALUIETOCA

Ha NOBEDPXHOCTH 3emin.

I'paduk 3aBHCHMOCTH NOTEHIMANIBHOH SHEPrUH CUCTEMBE TEIO — 3eMJIS QT paccTo-
SHHS1 MEXAY TEIOM U LeHTpoM 3emir u3oOpasken Ha puc. 3.14.

Pabota cumel Tsoxect BOau3M noBepxHoceTu 3eMn (b € Rg) onpenensetcs mo
dopmyae (3.13), ciemoBaTenbHO, MEA0, NOOHAMOE 1A GHICOMY h OMHOCUMERb-
HO nosepxHocmu 3eMau, obaadaem NOMeHUUARLHOLL SHepzueti:

E, = mgh. (3.27)

IorenunamHaa 3Heprus yupyrodedopmuposantoro reqaa. Jledopmanus cxa-
THS (pacTsaXeHHs ) TPOHCXOZHT NOJA AeiicTBHeM BHeIWIHUX cull. B ynpyroaepopmupo-
BAaHHEIX TeJlaX BO3HHKAIOT CHJIBL YIIPYTOCTH — [IOTEHIMANbHbIE CUJBL, KOTOPBIC IIpe-

mATCTBYIOT Aedopmaniu Tena. Ux nelictsie
TaKOBO, YTO OHU CTPEMSATCSH BEPHYTH Tel0 B
HagabHOe (HexeOpMHDOBAHHOE) COCTOS-
HHe paBHOBeCHA. [Ipu 37oM cHITHL yIpyrocTi
coBepmaioT paboty (em. dopmyay (3.10))

kAL
Ayup = 9 ’

rae Al=I— [; I, | — AnnHa Tena, HapHMep
npyxHHbI (puc. 3.15), cOOTBETCTBEHHO B He-
AedbopMUPOBAHHOM H /lehopMHPOBAHHOM CO-
CTOSTHUSX.

B cooteetcTBUH ¢ (3.24) nomenyuans-
Hasn 3HepUs ynpyesux s3aumooeti-
cmaul pagHa.

_ KAy

£y
2

(3.28)

HotennnansHad aHeprud ynpyrozedgop-
MMPOBAHHOTO Teja paBHa paboTe cHibl yII-

b

“

Fypp=0 ;
i
:
7 Flymp= — kAL i |
|
. B S 5

Puc. 3.15
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n PYTOCTH 1IPH Mepexope u3 JedopPMUPOBAITOTD COCTO-
STHHA B HeAle(hOPMHPORAHHOE COCTOAHIIE,

Havano orcyera moteHuMansH0H auepruy (£, = 0)
COOTBETCTBYET TAKOMY COCTOSIHUI) CHCTEMB], NIPH KO-

TOPOM CHJIa YIIPYTOTO B3aUMOACHCTEBH BHA HYJIHO
CaxaTHie Pactdxenue p ¢ yupy 34 A A paBHa HY.

(Frp = 0, {=k, Al=0).
\ / I'pacdhuk 33aBUCHMMOCTH NOTERIMAJABHOH 2HEPTHN F,
yrpyToetOpPMHPOBAHHOTO Tela OT YATHHeHuss Al

At X u300paxkeH Ha puc. 3.16 u npeacrasiser coboi napa-
Puc. 3.16 Boay.

Hauano xoopAHHAT COOTBETCTBYET MOJIOKEHHUID
pasaoBecus: Al = 0; E, = 0. [Ipasas BeTb napabo.ibi 0TOOpAKAET H3MEHEHHE 1IOTEH-
LIUa1BHOH aHepruy NpH pactsokeHnu (Al > 0, Tak Kak [ > [)); leBast BeTBb — NpU €Xa-
tuu (Al < (), Tak Kak | < k). ’

3.8. 3aKOH coxpaHeHMA NONHOW MeXaHHYeCcKOoi IHepPrun

Ioanan sHeprua tena. Honnasn mexanuveckan anepzus meaa (cucme-
Mbt M) PABHA CYMMe KHHETHYECKOH U LIOTeHIMAIBHOH 3HePTHH BeeX Tes, BXOAd-
HIHX B CHCTEMY,

E=E +E, (3.29)

B 3aBMcHMOCTH 01 CHIL, AeACTBYIOLIKX HA Tela, BXOAALMe B CHCTeMY, PasAnyamnT
KOHCEPBATUBHEBIE M HEKOHCEPBATHBHEIC CUCTEMBI TEJI:

® eC.IU BHYTPEHHHE H BHEWHUE CHJIBL, ACHCTRYIOUHE HA TETA CHCTEM DI, SIBJAAKTCS
HOTEHUHATBIILIMH (HANPUMED, TPABHTAITMOHHEIME HIIW YIPYTHMH CHIIAMH ), TO CHC-
TEMY Te HAa3BIBAIOT KOHCEPBATUBHLOM;

® CCIM HAPS/IY C TIOTEHIMAJIBHEMEA JEHCTBYIOT M HeIOTeHUNANBHbIE CHAB (Ha-
IIPHMEp, CHILI TPEHHA), TO CHCTEMY T HadbIBalOT HCKOHCEPBAaTHRHOM.

IIpenmonokuM, 4To CHCTeMA Tea ABASASTCH 3aMKHYTOH H KOHCepBaTUBIIOH. 1Ipu-
MEHUM K 3TOMH CHCTEME TeN TeopeMy O KHHETHYSCKOH sHepruu (3.23):

AA = E, - Ep,

e AA — paboTa HOTEHLHANBHBIX CHA, PABHAA YORLTH NOTEHIHAIBHOM SHEPTHY.
CneposarensHo, £, — Ey=FE,— E.om B, + E, = E, + E,.
YuurbiBas, uto (B, + E) = F, — McxanuuecKas 3HCPTHS CHCTEMBI B HAYATBHOM
coctosTHuN, a { E, + E,) = E, — MEXannYecKast SHEPIHA CUCTEMBI B KOHEYHOM COCTO-
sSHUY, HonyauM: B, = E,, unu

E = const. (3.30)

®opmyna (3.30) BEIPAKAET 3AKOMH COXPAHEHLST NOTTHOU MEXAHUMECKOU SHEPZUU.

INonnas mexannyeckas JHEPIHA 33MRHy’l‘0ﬁ KOHCCpB&THBHDﬁ CHCTEMDI HE H3-
MCHACTCA, T.€. COXpaHACTCA.

TIpeAnoIoKNM, YTO CHCTEMA TEHA ABIAECTCS HEKOHCEPBAaTHBHOM. B aToM ciyyae pa-
60Ty CHII, NeHCTRYIOIMX HA CHCTEMY, MOKHO NPEACTABATL KAK CyMMY paboT [OTeH-
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EHaAbHBIX A A, M HETOTCHIMANBHBIX A A, cuA. [IprMeHUB TeopeMy 0 KMHeTHIeCKOH
3JHEPIUH, IOJLYIAM

E — Eq,=AA,+ AA,,.
YuureiBas, yrto AA, = E, — FE,,, BEIpaXeHue IPUMET BHI,
Eo— Eq=En— Ep+ A
[IpeoGpasyst HOMYYEHHOE BBIPAKEHHE, HMEEM
(B + En) — (Eq + Eq) = Ady,
YuureBas, uto (B, + Ey) = Ey, a (B, + Ey) = E,, noayunM
F,— E,=AA, (3.31)

Hsmenenue noanoil Mexanuneckoll SHepeul CUcmembt pasio pabome
EHYMPEHHUX HENOMEHLUATLHBLY CUt (HAIIPHMED, 3aMKHYTasl CUCTEMA, B KOTO-
poil Hapa/Ly C HOTE€HUMAIBHEIMU CHIAMH AeHCTBYIOT M CUiTbl TpeHust). Paforta cin
TPEHWST IIPH ABHEHHH CHCTEMBI YMCHBIACT €€ KHHETHIECKYI0 FHEPIHIO U, CAeJ0Ba-
TETBHO, MEXAHHUECKAA SHEPTHSA CHCTEMB! YMEHbIIAETCSH, LIEPEX04d B FHEPIHIO APYTHX
HeMeXaHH4eCKHX (DOPM ABIKEHNS MATEPHIL

B 3akoH coxpaHeHHS DHEPIHH — 3TO YHHBEDCAILHLIH 3aK0H NPHPOABE.

3axonsl coxpanenns — ¢yH1aMeHTaIbHbie 3aKOHBI IPHPO/RL * 3aKOHBI COXpaHe-
HUA ABJIAKOTCA d)yH,LlaMEHTaJIbeIMH 3AaKOHaMH IPUPOJILI IO CIEAYIOWUM TIPUYHHAM.

® TIO3BONAIOT PCIATE PAJ CHROMKHDBIX 3a/1a4 66‘3 PacCMOTPEHMA ,HefIC'l‘ByIO].LlHX Ha
TEJA CHA H He [IPOCICHKHUBAA ABMMKEILNA CHCTEMbI TEJIL. K taxum 3aJa9aM OTHOCATCA,
HaIIPDUMED, 3a4a49H O CTOJKHOBEIIHH TeJ, HDI/IMEHGHI/IE‘ 3aKOHOB COXPAHEHUA YIIPOTA-
€T DENMICHUE MHOTHMX MEXaHWYeCKHUX 3aJa;

® BLIXOJAT AAICKO 3a PAMKM MEXaHWKH (B'dKOHbI COXpaHCHHWA, OTKDBITBIC B MEXad-
nuxe). B Tex cayyasx, korga 3axonsl HeloToOHA HerlpuMeHHUMb!, HAIPHMED JI7TsT OTIHCA-
HHs JBHKEHHSA 2JICKTDOHOB B aTOMCE, 3aKOHDBI COXpaHCHHA MEXaHMYCCKWX BCIMYHH HE
TECPAIOT CBOCTO 3HAYMCHHUA. Mexaunucckye BesIM4HHBL — Macca, MMIIYJIBC, JHEPIUAd —
ABJANOTCA BC@D6].LII/IMI/[ B (buamce;

® «paoTalT» B MUKPO-, MAKPO- ¥ METAMHUPE, T.€. TPUMEHHMBI K CHCTEMAM BCEX
MATEPHANBHBIX OGBEKTOB, HE3aBUCHMO OT UX PAIMEDOB: JIEMCHTAPHBIM YaCTHIAM,
MaKpoTenaM (OOBIYHEBIX /LIS HAC PA3MEPOB) H K KOCMIHYECKHM TeJaM. 3aKOHbL coXpa-
HEHMS MIPAKOT LIEHTPWIBHYHO POJib B (PU3NKE, 0COOEHHO TIPH M3YYEHWN ATOMOB U 3.1€-
MCHTADHBIX YACTHIL,

® IIOMOTAIOT COBCPIIATE HOBBLIC OTKPBITHS (HaNpHMep, IpeAcKa3aHo CyLIecTBOBA-
HMe HAEMEHTAPHON YACTHULL — HeimpuHo, OHa He 0bMagaeT Maccol MOKOS, HelT-
PaThHA — IAEKTPHUECKHIT 3aPAR PAREH HYJIIO, ABHIKETCS CO CKOPOCTRIO CBCTA ! HMEET
KOMOCCATTBHYK) IIPOHUKAIOI Y IO CHOCO()HOCTB. IT1anera 3emna AJIA HEﬁTpHHO LPOCTO
npospadna. TeopeTHyeckoe opedcKazanue HeHTPHHO HA OCHOBAHHMH 3aK0HA cOXpaHe-
HUA SHEpruu 6B caenaro B 1930 r. meeituapekum dusmkom B.1layau (1906- 1958).
FKCTIEPHMEHTATBHOE OTKPBITHE HEHTPHHO CBEPINHIGCH CIYCTH 26 jleT mocne mosBIiIe-
HHUA MOWIHBIX UCTOYHHKOB Heff’ITpI/II{O'Hﬂ,EprIX PeaKTOpORB;

® CBSI3aHBI ¢ OHOPOAHOCTBI0 BPEMEHH, OTHODOMHOCTLIO U H30TPOITHOCTLIO TIPO-
CTP4HCTEA.
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3.9. puMmeHeHHe 3aKOHOB COXpaHeHMUR

Q; Heropudeckas cnpapka. MayueHue CTOAKROBEIMS T WM yAapos | ceirpano Goabmyo

poxs B puzuxe, B 1666 r. Jlonmonckoe Koponerckoe ofmecTao o6 bABHIO KOHKYPC Ha
Ay4iryo paboTy Lo H3YYEHHIO CTOMKHOBEHHA Tell. Tak Kak ZeTanbHO IPOCTEAUTD, ITO MPOUC-
XOAHUT 33 KPATKHI MHT COYA2PEHIS TET, HEBO3MOKHO, HE0OX0, /MO ObLTO HAMTH BEJHYMHDL, OC-
TAIOIIAECS HEU3MEHHBIMH TIPU COYIaDeHHsX, Peay/IbTaT HOHCKOB OKAZACH YAHBATEISHBIM: HH-
JAcprasgckwit yuensiil X. Tofiredc v aurauiickue Gusnku /D Yonmic u K. Pen oTkpsinm 3axon
coxpaleHus HMITYIbca; 'ioireHe, OAKOCTHIO PEITHBIIKI 3aa4y O CTOJIKHOBEHUH TE, MePBhI
BELICKA3aJ MEIC/b O COXPAaHCHHH KHHETHYECKOH 9HEPTHH MPH YIPYIHY CTONKHOBEHHAX.

CroaxHorenue ten, CTONKHOBEHHS, HIH YAAPLI, TeJl HOAPA3ESIOT Ha abCoM0T-
HO HEYIpPYIie H abCOMIOTHO YIPYyTHe.

Abconomno Heynpyzuii yoap — cToJKHOBEHHE TeN, TP KOTOPOM MEKY Te-
nMaMU JelicTBYIOT HeTIOTEHIMAARHBIC CIJIB H TIOC/Ie B3aHMO/eHCTBHS TeJla ABHKYTCA
KaK eIMHOe Le/loe.

Abcomomno ynpyzuii yoap — CTOIKHOBCHHUE TeJ, TIPU KOTOPOM CHITHI B3au-
MOAEHCTBHS COYAAPAINXCA Te/l ABATIOTCA NOTCHIUANLIBIMYA H B pe3yabTaTe B3au-
MOZEHCTBHA MEXAHUYECKAss JHEPTHA CHCTEMBI HE H3MEHAETCS.

AbcomoTHO Heynpyruil 1 abCoMOTHO YIPYTHHE yAapsl SBAATCH GUHICCKEMH
MOZEAAME 1A OIIMCAHNUA PeabHBIX CTOIKHOBEHWH,

OrpaHHYHMCS pacCMOTPEHHEM IIEHTPATBHLIX Y/IAPOB, T. €. TAKHX YAAPOB, KOr/1a
CKOPOCTH TeJ1 10 yiapa HallpaBJ/ielibl BAO/IL JJHHAH, COeJHHAIOME!i LEHTPLI MACC TeJl.

AbcomoTHo HeympyTHit yaap. K abconoTHO HEYNIPYTHM YAapaM MOXKHO OTHCCTH
CTONKHOBEHHE METEOPUTOR ¢ 3eMaei, 6abouK — CO CTEKIIOM ABMXYHIErOCS ABTOMO-
OussL.

PaccMoTpuM B KauecTBe npumMepa abcoioTHO HeynpyToro yaapa CrolKHOBeHHe
TPY30BOTO aBTOMOOHIIA ¢ MeCKOM M, /IBIKYILETOCS CO CKOPOCTERIO vy, M TIYJIH 1, TIETS -
e €O CKOpPOCThIO . 1locae meHTpasbHOrO HEeynpyroro yaapa (1yJiA 3acTpeBaeT B
necke) ux odmas ckopocth pasha U (puc. 3.17). Oupeznenum sty CKOPOCTb.

ITa CHCTeMa TeJl HeKOHCePBATHBHA U He3aMKHYTa, HO JI7IA Hee BHITONHAETCS 3a-
KOH COXpaHeHus NPOCKIHH HMITYJIbCa Ha 0Ch X, TAK KAK B 3TOM HAIIPABJICHHH Ha TE0
He AelCTRYIOT CUITRL

My, + muy, = (M+ m)U,_
Vnu ¢ y4eToM HAlIPaB/ieHUS BEKTOPOB Vi, Vol OCH X

My + mu, = (M+ m)U,

OTKYyZa

Uzm.

3.32
M+m ( )

Cxopocts U cucremel (M + m) mocne
HeYIPYIore CTOAKHOBEHHA COHallpaBlena
CO CKOPOCTHAMM v, U ¥,. IIpu Heynpyrux co-
Puc. 3.17 YIApEHHX MPOUCXOANT U3MEHeHHE MeXa-

! ¥Oap — aBncHue u3MeHeHHs CKOPOCTel TeJl 32 OUEAb MAJILIH TIPOMERKYTOK BpeMeHH HX CTOJIKHOBe-
HHii.
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HHYECKOH, B TAHHOM CJIy4ae KHHETUYECKOH, SHEPTHH CHCTEMH, TOCKO/IbKY IIPH yaape
MEKAY TeIaMH JeHCTRYIOT HeMOTeHIIHAJBHbIE CHITHI:

AEK =Ey, — Eg;
M+m)U? Mv  mud
EKZ_( 2) 3 EKI_ 21+ 22
YuurhiBasd, yto U/ = My + miy , TIOJTYHHM
M+
M+m(My +mu ) M@ mel
AE, = My ma
2 M4+m 2 2
Mm 2 ]
AE, = —————(y, — ). 3.33

3HaK «MMHYC» CBHAECTENMBCTBYET 00 YMEHBIIEHHH KHHETHYECKOH SHEPTHH; TaK Kax
AE <0,10 Ey < E,,.

Ab6comorno ynpyruii yaap. K afcoaoTHo yIpyruM yaapaM MOXHO OTHECTH CTOJ-
KHOBeHHe OHIbAP/AHLIX IAPOB, yAap waitbsl o TaKHTY BOPOT IPH UIpe B XoKKell. Pac-
CMOTPHM LEHTPANLHOE COYAAPEHHE JIBYX IIAPOB MACCAMH 71, H Ty, TBHXXYIIHXCA MO~
CTYNATEBHO BAOIL OCH X CO CKOPOCTAMHU ¥, H v, (puc. 3.18). OnpenenyM ckopocTs
mapos U} ¥ U, nocie 1eHTpasibHOTO YIPYTOTO yAapa.

L1 370 CHCTEMBI TeJT BEIIOIHACTCA 3aKOH COXPAHEHHA TIPOCKITHH UMITYJIBCA HA
ocb X. C y4eTOM HampaBJeHHs BEKTOPOB Vi, V, H OCH X 3aK0H COXpaHeHHS HMITYIbCa
3ANUNIeM B BHIE:

muy + myty = my Uy + mplhy.
CucTeMa Iapos KOHCEPBATUBHE, [I03TOMY K Hel IIPUMEHNM 3aK0H COXPAHEHHS Me-
XaHU4YecKoH aHepruu B BH/E:

et | mpvy Uy mpUs
2 2 2 2

Pemus coBMECTHO YPAaBHEHHS], BHIPAKAIOLIHE 32KOHBl COXPAHEHHS MMITYIBCA H
DHEPIUM, MOJIYIUM

Ul :(Tn]—'fn—)_)’l}l +2Tn'2$‘2; U2 :(%_m'l)UQ +2m'1v1. (3'34)
my -+ ms ™y + My
PaCCMOTpHM YaCcTHOE pellleHe CHCTEMEI YpaB-
Henuit (3.34).
HYCTIJ QIHO K3 TSI 10 yaapa HOKOHUTCH. Haan- ™y My
MED, B HITaHry BOpPOT Ha XOKKeHHOM IIIOLIALKE 1 @m v 2 ‘&m Vs

Maccol M nonagaer waiita Maccoii m, TeTaiasn co
CKOPOCTBIO v, Onpenennm cKopocTb maibel U; H
CKOPOCTB Bopor U, ocJie ypyroro yaapa maiion
O UITAHTY BOPOT. Puc. 3.18
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B sToM cayuae cucTeMa ypaBHEHHH, BLIPRKAIOIINX 3aKOHBI COXPAHEH WS HMITY/TbCa
1 3HCPTHH, HYAET UMETh BUA;
my, +0=mU, + M/,

my  mUf + MU?
2 2 2

Ysensl ypaBHeHHS, XapaKTCPU3YIOIIKeE [IAKOY, IepeHeceM BIEBO:

my, —mU; = MU,,

mvi mU}  MU3

2 2 2

BriHeceM o0t MHOXKHTEAb M ¥ BTOPOE YPABHEHME YMHOXKHWM Ha 2

m('Ul _'Ul) = MUQ,
m (v — Uf) = MU2.
[TepemuiieM NepBoe ypaBHeHYe 6C3 M3MEHCHUHH, 2 BTOPOE MOUJIEHO Pa3eTuM Ha
HepPBOE:
m(n — U} = MU,,
th + Ul = U2.

TMoacraBass HaliieHHOe 3HAUeHUe [/, B CPROE YpaBHEHHE, MMEEM:
m(v, — Uy) = M(v, + Uy).
PackpoeM crofku:
mv, — mU, = My, + MU,.
Ilepenecem 4neHsbl, cogepxalnie U, Bieso
—ml, — MU, = My, - mu,
OTKYAa [10JIYy4aeM
—U{m+ M) = (M- m)y
HJIH

M—-—m

UV =—uy
! M+m

(3.35)

3HaK «MHHYC» IIOKa3bIBAET, YTO CKOPOCTH 1aiitnl 10 1 nmocse yaapa TPOTHBOAO-
NOKHO Hampasaews (v, 7] U,).

IMoacrasus (3.35) B panee moaydYeHHOE COOTHOIIEHHe v + U; = UL, onpenensiem
CKOPOCTPB BOPOT MOC/Ie yapa afilel 0 X UITAHTY:

IBB



2m

Uy = ———
M4+m

" (3.36)

CxopocTs BOPOT ¥ CKOPOCTD Walbb 10
vaapa coHanpasnensl (v, T4 U,).

Ecav M » m (Hanpumep, npy yiape
TEHHHCHOTO Msda (m) o creHky ( M)), To
u3 ¢popmyasr (3.35) crenyer

Uy ===y = -1
Wy LR,
M

T.e. CKOPOCTb TEHHUCHOTO MA4a 110CJIe Puc. 3.19
viapa 0 CTeHKY PaBHa 10 MOIYJII0 eT0 CKO-
POCTH JIO Y2Pa, HO UPOTHROIOAOKHO el Hanpasiena v, 7| U,.

Ecru M = m (sanpumep, 18a OWIsAP/HBIX IAPA, OAMH W3 KOTOPLIX JABUKETCS CO
CKOPOCTBIO 1y, @ APYTO# liokouTtest), To 13 dopmya (3.33) 1 (3.36) cireayer , 4To IPU
LIEHTPATIBHOM YIIPYTOM yZape (8 O1ibap/le HasbIBae1CA MeTY0K ) CKOPOCTS MEPBOTo Liapa
U, = 0, ckopocts Broporo miapa U, = v. IIpn memixe nepsrifl inap 0CTaHAaBINBACTCH, &
BTOPOH, pasiee MOKoALIEH s, OyaeT IBATATLCS B HAMPABICHUY ABIAKeHH IEPBOrO 1Uapa
€O CKOpOCTBIO v,. B pesynbrare yzapa mapbl «0OMEIUBAITCH» ckopocTsmu (puc. 3.19).

Bropas kocMuyeckas ckopocth. Bmopan xocmuueckasn ckopocms — 310
HaUMeHbIIas CKUPOCTb, KOTOPYIO HYJKHO COOBUIUTH Telly, YToHb OHO, IPeoIoIes rpa-
BUTalMonHoe npurskenmne 3emuu (BeHepsl, Mapca, JIVHBL HIH APYTOTO KOCMHYEC-
KOro Tesa), VAATHIOCH oT Hee Ha OeckoHeuno 60.1bILoe PacCTOSHUE.

Onpene/inM BTOPYIO KOCMUYECKYIO CKOPOCTE ¥ PAKEeTbl Maccol m, cTapToBaBUien
¢ 3eman (M) €O CKOPOCTBIO vy, BOAM3H OBEPXHOCTH 3eMAH MEXaHHYECKAA IHEPI U
pakeTh! OyaeT

g C mMy
2 R,
o Mepe yaanenus oT 3eMH NOTEHIHANBHAS SHEPTHS PAKEeThl YBEAWIHBALTCS, &

KAHETHYECKaA — yMeHblaeTca. B ToyKe, HaXxoAslueiica Ha pacCTOAHNE 1 OT LEHTPa
3eMIM, MeXaHH4YecKas sHepris PAKeTh, ABHKYIERcs ¢o CKOpoCTsio ¥ < v, byaeT

E=

2
B=TY _omMs
2 T

Ha ocHOBaHUM 3aK0OHA COXpalcHKA S3HEPTHH

mud mMy, _ mv? mMg,
2 R, 2 ro

Pakera npeofoaeeT rpaBUTALIMOHHOE TIPHTAKeHHe 3eMIIH, €C/IH NOTeHIHaIbHAS
IHEPTMA B3aUMojIeHcTBUA ¢ 3emaei B, — 0, T.e.

mM g,
-

-G

— 0, npy r — o
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B aT0oM ciyyae 3ak0oH cOXpaHEeHHst SJHEPTHH HMeeT BU/L

g oMy _ my

2 R, 2

CKOpOCTh 1), PH 3AMYCKe ¢ KOTOPOi PaKeTa HPeosoeeT IPABUTALIMOHHOE B3au-
MofielicTBHe ¢ JeMel, paBHa;

2 mMy | omd?
'Ug---Jm[G Re + 5 ].

Cxopoctb u, Gy/ieT MUHHMAJILHA, T. €, OYeT ABIATHCSA BTOPOH KOCMUYECKOH CKO-
POCTBIO ¥, = vy, €CIM MOAKOPEHHOE BhIpakKeHue Oyxer uMeTh MHHUMANbHOE 3HAYe-
2

oy = /__23’;‘:'@ , (3.37)

Beryucnum o popmye (3.37) BTOpYIO KOCMHYECKYIO CKOPOCTD

muy
HHE, T.E. T = (), Torga

. 7011 (4. m2 2.6.104
vy =\)2 6,67 10 1 (H-M*)/xr? -6 107 kr ~11,2.10% M/c, unu vy == 11,2 kM/c.

6,4.10% M

Cornacko (2.19), ¢ =G %::i, IOSTOMY

2
U = 29‘R® (338)

YYUTHIBas, YTO IEPBAA KOCMHYECKasA CKopocTh [cM. (2.22)] v = \JgR, = 7,9 KM/C,
BTODAst KOCMHYECKAs CKOPOCTB GOJIbIIe TepBOi KOCMHYEcKoi BV2 pas, T.e. vy = v2u,
HAH v~ 1,41,

B tab6u. 3.1 mpuBeseHs! 3HAUEHHSA BTOPO KOCMUYECKO CKOPOCTH JIJIS1 TIAHET 3€M-
HOI1 TPYIIMBL

Tabauya 3.1
Tixanera Y KM/ I1naneta thy, KM/C
Mepxypuit 4,2 Sems 11,2
Benepa 10,3 Mapc 50

jid KPATKUE BoiBOALI

o Hamernenue CymMmMapHoe0 uMnyaoCa CUCTIEMYE e ONPEeIaeTcs CYMMOM BHEIHIX
Ten, JeHCTBYIONMX HA 3TY CHCTEMY.

® JamrHymasn cucmema — aTo CHCTEMa TeJl, Ha KKI0E U3 KOTODBIX He AefCTBYIOT BHeln-
HHE CHNEL
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® 3aK0H COXPAHEHUS UMNYAbCA, B HHEPLMATBHOM CHCTEME 0TCYETa CYMMADHLIH HM-
OV/IbC 3aMKHYTOH CHCTEMEI TN ¢ TEUYCHHEM BPEMEHH HE H3MEHWTCH. 3aK0il COXPAHEHHS HM-
MV.1IbCa ABJIAETCS TEOPETHYeCKOH OCHOBOM PCAKTHRHOTO ABMIKEHHA,

® Paboma cunvt — ckansapHas (PUIHIECKAT BEJAUYHUHA, DABHAA CKAIPHOMY [POM3BEe-
HHIO BEKTOPa CHJIBL Ha BEKTOP TlepeMeLleHUA;

A= (F,Ar) mwmt A= FArcosa.

® [lomenuuanvrvie CUuAbL — CHIB, PaBoTa KOTOPBIX SABHCHT TONBKO OT HAMA/IBLHOTO K KO-
BeYHOTO ITOJIOMEHHH Te/a. PafoTa moTeHiManbHbIX CHII TTPH 3aMKHYTOMN TPAeKTOPHH PABHA HYJIO.

® Henomenyuansnsie Cunbt — CHIB, paboTa KOTOPEIX 33BHCHT OT TPAEKTOPHH.

® Mowrocms DaBHa NPOMIBCACHU MOLYAA BEKTOPa CUIIBL HA MOAYAbL BEKTOPA CKOPOCTH
H Ha KOCHHYC YIJIa MEX/Ty HAlLPABJIeHUAME 3TUX BeKTOpos: N = Fvcosa.

® Dnepzis — cKanapHas QU3NYCCKAs BETHUHHA, ABIAIONAACH eMHOH MEPOH Pa3AHYHBIX
thopM IBIOKEHHS H BIAHMOJCHCTBHA MATEDHH.

® Kunemuueckasn snepeus npu noCmMynamerbHom JeUNCEHUL MeAa PaBHa NoJo-
BHHE IIDOM3BE/IEHNS MACCH! TEJIa HA KBA/PAT €70 CKOpocTH: B, = 2o, -~

® Hsmenenue xunemunecxkoll anepzuu mena AE, Npu mepexole U3 DAHOTO TOMOXKe-
HHS B Apyroe papHo paloTe Boex CUJ, AeHCTBYIONINX Ha TEJIO.

® [lomenyuanvnas snepzus — 3HePrud B3auMoaeicTBuA,

& [lonnas Mexanuueckas SHepeusi CUCTIEMbL THel — CYMMA KHHCTHIECKOH H MOTeH-
OHANBHOM 3HEPTHH BCEX TEJ, BROJSIIAK B CUCTEMY.

® 3aK0H COXPaHenus IHEPUL, MEXAHNYEeCKAd DHEePrud 3aMKHYT0H KoHCepBaTHBHON
CHCTEMBI HE H3MEHSETCH, T.€. COXPAHACT .

® Abcortomno neynpyzuid yoap — CTONKHOBEHUE TE, IPH KOTOPOM MEXKY TeJlaMH feii-
CTBYIOT HETIOTEHLIMANBHEIE CHIIBI H IOCJe BIAUMOIEHCTBHS Tella ABMXYTCSH KaK e/THHOE 1e10e.

® Abconrromio ynpy2uli yoap — cTOIKHOBEHHE TeT, TIPH KOTOPOM CHIH BaauMoAelcTBis
COYAAPSIOMIMXCA Tell ABIAIOTCS TOTEHIHANBHRIMY H B PE3YIbTATe B3aHMOAEHCTBHA MEXaHH-
geckasl BHEPTHA CHCTEMBI HE H3MeHAeT .

® Bmopas xocMuneckas ckopocms vy — HAHMEHBIUAS CKOPOCTh, KOTODYIC HYKHO CO-
odmuTs Teny, YTofHsl OHO, TPEOAOJIER IPABHTAHHONHOE IPHTAKCHNE 3eMJIH HIH IPYTOro Koc-
MHYECKOTO Tea, YAAIUIAOCE OT Hee Ha GeckoHeyno Goabuioe paceToanue (v = 11,2 KM/c).

ﬂ Bonpocu gna CAMOKOHTPOMA U NOBTOPEHUR

1. Y10 ApadeTca NpUUMHON M3MeHEHHS UMY Isca Teaa? 2, OT 9ero 3aBHCHT W3MEHEHHH
HMITy/IbCa Tefa? 3. YeM OTaU4aeTes 3aMKHY TS CHCTEMA Tell OT HE3aMKHYTOH 74, B Kakux cuc-
TeMaX 0TCYETa BRINOIHAETCA 3AK0OH COXpaHeHnsa uMnyneca? CopMynupyiite ero. 5. O6bsac-
HHTE IPHHIKR PeaKTHBHOTO ABInKenus. 6. IToyemy g samycka kocMuyecknx kopabaeii ¢ no-
BePXHOCTH 3eMIH HCNOMBIYIOT MHOTOCTYNIEHUATEIE PakeTh 77, UTo HyKHO 3HATE, YTOGE Onpe-
aemnth paboty cuabl? 8, TIpu Kakux yeaoBuAx paboTa CHITH TIOA0KUTE bHA, PABHA HYJIO, OT-
puuatcabna? %, *Iloyemy pabora sBISETCS IPOCTPAHCTBEHHOM XapAKTEPHCTHKON IEWCTRBHS
cunp? 10. B ueM ocoleHsocTh paboTsl 0TeHIMaRBHBIX cHn?11, AnisoTes mm yrpyrye u rpa-
BHTAIBOHHbIC CH/IbI TOTEHIHAMBHEIMU ? 12, 3aueM BBOIAT DH3HUECKHE BENWYHHE — CPeRHss
MOITHOCTb, MTHOBeHHAs MoMtHocTh? 13, Kakaa dusuueckas pelnunHa ABISETCS eHHON Me-
po# pasmuuHBIX GOPM ABIDKEHMA U B3aUMOLCHCTBNA MaTeprn?14. Uro apageTcs Meposi HaMe-
HEeHHs BHEPTHH cHcTeMbl TeA? 15, [ToyeMy KUHETHYECKAR SHEPTHA 3ABACHT OT BEIOODA CHCTEMEL
otcyeTa? 16. [loueMy KHHeTHYCCKas SHEPTHS BCET/Id TTOJI0KHTE/bHA (MK paBHa yTio) A7, [To-
qeMy [I0TeHLKANbHAS 3HePrus He 3ABUCHT OT BrIOopa cHcTeMbt oTcueTa? 18, *Iovemy Muuu-
MajlbHO# IIOTEHIHAIBHOH SHeprieil 061amacT Te/10, HaXOAANEECA HA IIOBEPXHOCTH 3eManA9.
OT yero 3aBUCHT TOTEHIMaNbHAA SHEPTHA YIpyrogechopMupoBadHoro Tena? 20. Ilpu kakux
YCAOBHAX MOHAA MEXaHMHECKAA SHEPIUA CUCTEMEI Teil coxpanaerca?21, Kak MoxHo onpege-
JIUTh H3AMEHEHHE TIOTHOM MeXaHHIeCKOH aHePTHH cHcTeMbl Ten? 22, Kakue 3akoHbI coXpaHe-
HUA BHITOTHAWTC Npi alcoMmoTHo : a) HeynpyroM yaape; 0) yupyrosm yoape? 23, *Tloyemy
ntageTE CoMHEYHOH CHCTEMBI MMEIOT PAsIMYHYIO BTODYIO KOCMHYECKYIO CKOPOCTh?

91|



Mlpumepsl pewennna sapgay

¢ 3anaya 1. YenoBek Maccoit m = 60 Kr cnyckaeTca Ha 3eMJTiO 10 AECTHHIE JITH-
HOH $ = 20 M, pacnionoxeHnoi nox yraoM3 = 30° Kk ropu3oHTaIbHOM (110cKOCTH, Haiiti
paboTy CHABL TAXKECTH.

Hano: m = 60 kr; s = 20 m; 3 = 30% g= 10 M/c%.

Haiira: A.

Pemenue. Cnoco6 1. PaboTa CHIIB TAXKECTH paBHA HAMCHCHHIO TIOTEHLMAIBHOMN
IHEPIUH, B3ATOMY € TIPOTHBOMNOJIGKHBIM SHAKOM:

A = —(mgh, — mgh). (1

CunTaeM, YTC NOTEHIMATBHAS SHCPIHA Ye/0BeKa Ha MIOBEPXIIOCTH JeMJIH PaBHa
nyaw (mgh, = (1), TOTOA

A = mgh, (2)
rae
h, = ssinf (puc. 3.20). (3)
Ioactapaaa (3) B (2), noayyaem
A = mgssinf.

Briukcaenusn: A = 60 xr-10 m/c?- 20 M- s5in 30° = 6 10% [Ix.
Cnoco6 2. Pabora cuibl TaxecTd passa {cM. puc 3.20)

A = Fscoso nau A = mgscosq,
TAe o — YTOJ MeXKIY BCKTOPAMY CHJIBL 1 TepeMellleH s
a = 90° — B =90° — 30° = 60°.

Borumcaenus: A = 60 kr- 10 M/c?- 20 M- cos60° = 6+ 10° Ix.
Orrer: A =6 x/[x,

® 3agaua 2, [Iyas, nersias o CKOPOCTHIOT,, YTAyO/sieTes B MUINeHb HaS) = 0,5 cM.
Ha cxonbko yrayGUTCs B TY e MMIUEHD ITYJIA, JeTALIAA CO CKOPOCTBIO Uy = 2y ?

Hawo: vy, vy = 2% S, = 05em =5-1073m; v = 0.

Hailru: S,.

Pemenue. KuHeruueckasd aHepTH4 MyAH
pacxoayerca Ha copepureHue paboThl 110 1pe-
OA0AEHHIO CHIBI COMMPOTHBIECHWA MWILICHH.
CyuTacM, 4T0 CHJIA CONPOTHBIEHNA NOCTO-
SAHHA.

nst mepBoOro Caydas:

my®  muf 7S
2 2 v
[last BTOpOrO CNydas:
me mv’  mufy FS
Puc. 3.20 2 2 >
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Tak xkax vy = 2y M v=0, 10

mud, m - 4ud

= FS; (1) - = FS,. (2)

Paspenwns (2) na (1), monyaum

modvt-2 _ FS o4 g g
2ma? FS, P !

Boruucnenns: S, = 4-5-107 M =2-10%mM =2 cM.
Orsert: 5, = 2 cm.

¢ 3agaya 3. Cuycxasch I0oa YK/IOH IIPH BHIKTOYEHHOM JIBUTATENe, aBTOMOOHID
Maccoli m = 2 - 10*€r ABMXKETCH PABHOMEPHO €O CKOPOCTHI0 v = 10 M/c. OnpeneauTs
MOIT[HOCTD JIBUTATEAS PH MoAbeMe aBTOMOOKIA 110 TAKOMY e YKJIOHY € TOH e CKO-
POCTBIO. Y KJIOH Y9aCTKa, IO KOTOPOMY [JBHXKETCS aBTOMOOMIID, paBeH 0,1.

Hano: m = 2-10%r; v = 10 M/c; sinf = 0,1; g = 10 m/c% a = 0.

Haiitu: P.

Pemenne. [Ipu paBHOMEPHOM ABMKEHHH A8TOMOOHIIS MOLHOCTD ABUCATES
(B JaHHOI 3amage MOIWHOCTH 06o3HauuM 6ykBoi P (00brun0 N), 4TOOH HE IyTATh C
CUNOH peaKlKy OLIOPHL):

P = Iy,

rae F — cuna tarn asroMobuis; v — CKOPOCTE PABHOMEPHOTO ABHAKCHUS,

Cwiy FonpeaensieM o RTopoMy 3akoHy HbloToHa, yiHTLRIBas, 9T0 ¥ = const Had a = 0.

Ha aBToMoOWD, CIIyCKAIOUIMIICA TIOJ YKJIOH, 1eHCTBYIOT CHisl (prc. 3.21):

1) cuna TsKecTH Mmg;

2) cana Tpenns F;

3) cuna peaktuu onopsl N,

3anumeM B BekTopHOM dopme BTopoli 3akoH Hpwrona: N + mg + F, = 0, wan 8
MPOEKIMH HA OCH:

—Fm+mgsinB = () — npoeKIMs Ha och X;

N —mgcosp = (0 — npoeKuya Ha och Y,

Puc. 3.21 Puc. 3.22



H3 [[EPBOTO YPaBHEHHS TIOTYYHM

F., = mgsinfi. (1)

Hpn aBrxeHnn aBTOMOGHIIS BBEDX 110 YKITOHY Ha Hero edcTeyoT ciums (puc. 3.22):
1) cuata TKECTH ME;

2) cuna tperus Fo;

3) cuna peaxnuy onopsl N;

4) cuaa Tate aBToMoOus F,

3anuuieM B BeKTOPHOU (opMe BTOpoii 3akoH HeloToHa:

N+mg+N+F=0,
HJIH B OPOEKIIUH Ha OCh X:
~mgsinfl — F, + F=10,
OTKya
F=F,+ mgsinf.

Cu1a TpeHNS NPH JBHMKEHNH BBEPX M BHH3 110 YKJIOHY /151 OQHOTO M TOTO XK€ TeJja
OfIMHAKOBA, TOTA ¢ YYETOM ypaBHeHus (1) nMeem

F= mgsinf -+ mgsinf} = 2mgsin(.

MommHocTb Aburatens P = Fycoso, Ho oo =0, T.e. coso = 1.
Toraa

P = Fy=2mgusin.
BeruncieHns:
P=2-2-108kr - 10 m/c?- 0,1-10 m/c = 4- 10* Br = 40 xBr.
Orser: P= 40 kBt

¢ Janaya 4. C XKeae3HOAOPOKHOMH IIaTQOPMBL, TBHAKYUIEHCS CO CKOPOCTRI0 ¥ =
= 2 M/c, BHICTpeIwaH 13 nymkH, Ofimas Macca miarhopMsl ¢ mymkoit M = 2- 103k,
Macea cHapana m, = 20 Kr, ero HauaIbHas CKOPOCTh %, = 600 M/c. Kakoga byger cko-
POCTB (L1aT(OPMBI B MOMEHT BEICTPeJIa, eClI HALIPABJIEHHEe BBICTPENA: @) COBHAMAET C
HaIpaBACHUEM JIBIDKEHUS TaaT¢GopMBL 0) TPOTHBONOIOKHO HANMPABIECHUIO ABIKE-
Hus aTGopMe?

Hano: v=2m/c; M=m, + my = 2-10°kr; my = 20 kr; v, = 600 M/C.

Haiiru: o]; v/,

Pemenne. Ha cucreMy xeneznofiopoxuas anardopMa — cHapaa AeHCTBYIOT BHe-
IIH{e CHJIBL: CHJIA TSDRECTU CHAPSANA, CHJA TSEKECTH ITAT(hOPMEL, CHJIA PERKITAH peilb-
coB. Ho B ropH3oHTaTRHOM HaNpaBAEHMH HA CHCTeMY aTdhOpPMa — cHAP#AI BHEITHUE
CHTBI HE JEHCTBYIOT, IO3TOMY NPH PElIEHHH 3a/1au% MOXHO MCTIONH30BATh 3aK0H CO-
XpaHeH!s [TPOEKUHH UMITYJIbCa Ha 0cb X,

MonoxutensHOe HanpabaeHue ocH X COBTAJAET ¢ HallpaBJIeHHEM ABMKEHUS Ke-
JIe3HO0POXKHOH MAaTQOPMEI 10 BEICTPEA.

1. Hanpasaenye BRICTpEIA COBRANACT C HALIPABJACHAEM IBIDKEHUST TUIAT(HOPMBL:

Mo = (M = ma)e] + g,
| o4



OTKY /14

;  Mv—meu,

U = ————=
M —my

2. HanpaB/ieHue BbICTPe/a IIPOTHRONOIOKHO HAMPABICHHIO ABMXKEHAS IIaTdop-
MBI

My = (M —my o]~ myvy,
OTKy/Ia
o = Mv +myu,
1 M _'rn‘z

2:10° kr-2 M/c —20 Kr- 600 M/C
2.10% kr - 20 Kr

BoluncieHns: v = ~ —4 M/c,

o — 2-10°% kr-2 m/c+ 20 kr - 600 M/cC
! 2.10% kr — 20 kr

2 8 M/c,

Ananua: v] = —4 M/C, CJleJOBATEIbHO, HATIPABJIEHHE ABIKEHH: XKeIe3HON0POXK-
HOM MAaT(hOPMBI U3MEHHIOCH HA TPOTHBOHOIOAKHOE, CKOPOCTh IIAT(OPMBL B 3TOM
HanpasjeHun 4 M/c;

1y = 8 M/c, CNefOBATENBHO, CKOPOCTD ABHKeHNA IIAThOPMBI YBETHYHIACH, TLAT-
dopMa ABHKETCA B IPEXHEM HAPABJIECHUH.

OtBer: v = 4 M/c, 1) =8 M/C.

¢ 3anaua 5. /[Ba TOBApHBIX BArOHA IBHKYTCS HABCTPedy APYT APYIY €O CKOPOCTA-
M v, = 04 M/cH v, = 0,1 M/c. Macchl BATOHOB COOTBETCTBEHHO paBHBl m; = 12 T,
m, = 48 1. C KaKoi CKOPOCTBIO H B KAKOM HATIPaBAeHHA OYIYT IBHTAThCA BATOHEI TIOCJIE
CTOJIKHOBEHWA? Y Jap CYATATh HEYTIPYTUM.

Rano: v, = 0,4 M/c; » = 0,1 Mm/c; m; = 12 1 = 12-10%kT; m, = 48 7 = 48 10%kr.

Haiimn: v.

Pemenue. Mcnonb3yeM 3akoH coXpaHeHHs DPOCKIIHH UMITY.Ibca Ha ock X, Iloao-
KHTENLHOE HANTPABJACHHE OCH X COBIAAAET C HANIPABJIECHHEM ABWKEHHA [IEPBOTO BA-
roHa:

Myt — myvy = (my + my)o,
OTKYAA
y = mv i,y )
my + My
BriuncieHnn:
o= 12-10%kr- 0,4 M/c — 48 - 10°kr - 0,1 M/C _
12-10% kr + 48 -10% kr

Anamz: v = (), CAeAOBATEIBHO, MOCAE CTOMAKHOBEHHA BATOHKI OCTAHOBATCH,
Orger: v=10).

0.

95 |



& 3anaya 6. Teno 6pomneHo MoA YT/IOM K TOPH3OHTY €O CKOPOCTBIO 4, = 10 M/C.
Kaxkyio ckopocts Oyaer HMeTDh Te10 Ha BbicoTe b = 3,2 M Hag ropuzonToM? ConpoTus-
jieHHeM BO3AYXa MpeHebpedb.

Hdano: uy= 10m/c; h =32 m; g= 10 M/c%

Haiftu: v,

Pemenne. K 3aMKkHYTOH cHcTeMe 3eMIIS — TE10 IPUMEHAM 33KOII COXPAHEHUS Me-
XaHHYECKOH SHEPTHH:

Penmis YPaBHCHHC OTHOCHTE/TBHO ¥, HHOJIYYHIM

v = Jud —2gh.

Borumcnenns: v = (10 M/c)* —2-10M/c>-3,2 M = 6 M/c.
OtBer: v= 6 M/C.

® 3agava 7. OyrH0/bHbIH MY Maccol m = 0,4 KT JIEYHT B HATIPARAEHUH BOPOT CO
CKOPOCTBIO v, = 20 M/c. HaBcTpeuy eMy GeXMT BpaTaph cO CKOPOCTBIO o, = 2 M/C.
OnpenenuTh KHHETUYECKYIO SHEPTHIO MSAYa OTHOCUTEIBHO BOPOT M OTHOCHTEJ/IBHO BPa-
Taps.

Haxo: m — (0 4 gr; v, = 20 M/C; vy = 2 M/C.

Haiima: E ; E,..

Pemenne. 1. Kuirernueckas sHeprusd Ma4da OTHOCHTEJIBHO BOPOT

2
Eq = ’”%

2. KuHeTHYecKast SHEPIUS Msi4a OTHOCUTEIBHO BpaTaps

m{v + )2
EK2: (12 z) s

¢ ¥ + v, = v — CKOPOCTh MsIYa OTHOCHTEILHO BPaTapsi.

; 2
Borunucaenun: F,, = 0,4 wr (220 M) 80 Ix;

_ 0,4 kr-(20M/c+2M/c)?
2

Orner: E,, =80 [Ix; E,= 96,8 k.

® 3aaauqa 8. Teno, nagamiee Ha NOBEPXHOCTE 3€M/IH, HA BBICOTE4,8 M UMENO CKO-
pocTh 10 M/c. C kako# ckopocTbio Teao ynaneT Ha 3emino? ConpoTHBICHHEM RO3NY -
Xa mpeHefpedn.

Hdano: by = 4.8 m; v, = 10 M/c; by = 0, g = 10 m/c%

Haitru: v, — ?

Pemenne. CucreMa 3eMid — TEIO SBILETCA 3aMKHYTOM, ITOSTOMY K 3TOH CHCTEME
MPHMELHM 34KOH COXPAHEHH MCXaHHYECKOH SHEPTHH:

| o8

Eyo = 96,8 /Ix.



2
myf —+mgh = -—Uz~+mghg.

HanopepxaocT 3eMiu noTeHIMANbHAR SHEPTHS Tenak , = mgh, = 0, T. . IOBEpX-
HOCTH 3eMJTH BHIOHPAEM 3a HYJIb OTCYETA IOTEHIMATBHOH aHepriu. Ce0BaTeNbHO,

uj

m'u m
—L +m h‘l_—z_x

2

OTKyja

1y = J2gh +1.

Boiumcaenna: v, = 2-10 m/c? - 4.8 M+ (10 M/c)* =14 m/c. .
O1per: v, = 14 M/C,

® 3anaua 9. Teno 6pomeno BePTHKAABHO BBEDX €O CKopocThio v, = 8 M/c. Ha
Kakoi#l BbICOTE MOTeHIMaIbHas SHEPTHA Teja OYIeT PABHA KHHETHYECKOH 9HEPruH?
ConporupiaeHneM Bo3yxa nmpeHebpeys.

HMano: v, = 8 M/¢; By = E; g= 10 M/c? by = 0.

Haiitu: h,.

Pemenne. CucreMa 3eMd — TeJI0 ABAAETCH 3aMKHYTOM, ¢le0BaTeabHO, NOIHAS
MEXaHHYeCKasd IHCPTHA CUCTEMEI OCTAcTCA MOCTOANIION, 33. HYyJIb OTCYETA MOTEHIN-
abHOI SHEePTHH BHIGMPaeM TOYKY GpocaHust, T.e. hy = 0

Mo 3aKoHY COXpAHEHUS DHEPTHH:

mvlz mug

—+m
5 ghy-

Mo ycaosuio 3agauun £, = E,, T.2.

mud

=m .
5 ghy

2
Torza 2L 5 L — 9mgh,, oTKYmA My =

2
_M_ = 1,6 M.

Boiuncnenus: h, =
4.10 m/c?

Orper: i, =16Mm,

¢ 3anaua 10. ABToMOOWE IBHAETCA N0 TOPU30HTANBHOH achaIbTOBOM Aopore
co ckopocThio 108 kM/4. OnpeaeauTs ero TopMo3Hoi nyte. Koaduuument tpeHns
uruH aBToMo6ms1 00 acanst paBen 0.4.

Jano: v, = 108 kM/1 = 30M/c; 1 =0, p=04.

Hattn: S.

Pemenne. TopMO3HOI 11yTh — 3TO paccTOsHUE S, TPOXOAMMOE ABTOMOOKIEM /10
[10JTHOU OCTAHOBKH, CTI&A0BATENbHO, KOHEUHad CKOPOCTb 7 = (.

s7 |



IIpu TopMoXeHHH HA AaBTOMOOMWIB JIEHCTRYIOT CHIIbE — TSKECTH, PEAKIMY OIODbL i
Tperust. PaboTa Cuu1 TEKECTH M PeaKLMH ONOPEI PABHA HYITIO, TaK KAK OHH TIePIIeHIH-
KYJISIPHBI HallpasJIeHHIO LiepeMeIeHIA.

Iipu TopMomenu aBToMOOWAA PabOTY COBEPHIAIOT JIMINb CHIAB TPEHWA, HAILPAB-
JIEHHBIE IIPOTUBOIONOKHO TIEPEMEIEHHI0 (CKOPOCTH) 2RTOMOOHIIS:

F

p = WV = pmg.

Pabota cuit TpeHUst HA TOPMOZHOM Ty TH OTPUIATEIIhHA M DABHA:
A, = pmgb.

Ilo Teopeme o kEHeTHYECKOIT IHEPTHU UMEEM

2 2
—umgS = —m, OTKyzZa 5 =
2 2ug

AHAIM3: TOPMO3HOH TIYTh HE 3aBMCHT OT MACCHI ABTOMOOILIA.

(30 m/c)’

_ WMWY 5w
2.0,4-9,8 M/c?

Breluncaenns: S =

Oreer: S~ 115 M.

ﬂ 3agaqu s caMOCTOSTENLHOIO PeLIeHMS

1. NojeeMubif KpaH, MOWIHOCTD BBHTATEIs KOTOporo 15 k By, paBHOMCPHO TIOAHMMACT YPY3
€O CKOPOCTBIO 1,5 M/¢. OupeaeanTh Maccy Ipy3a.

2. Uenosek Maccoii 60 kr npofieraet necTHry BRCOTON 10 M 3a 15 ¢. Kakyio cpeamion Mo-
HOCTL DA3BHRAET YeNOBEK B 3TOM Caydae?

3. I'pya maccoit 1) kr nagaer ¢ HEKOTOPO#R BBICOTHL U JIOCTUTAET LLOBEPXHOCTH 3eMITH Yepes
2.5 ¢. Haittet paGoTy CHIIBI TSKECTH.

4. Hoean Maccod 250 T paBHOMEpIIO IOIIUMAETCA CO CKOPOCTBI030 KM /4 110 ykIoHy 10 M Ha
1 kM iy, Koasdwpuument tpenus 0,002, Onpeneurs MOHIHOCTh, PA3BUBAEMYIO IOKOMOTHBOM
TIOE3AA.

3. MomocTs asuratens tanka 368 kBr, C kakoil MakcnMansHON CKOPOCTHIO MOKET PABHO-
MEpHO TOXHHMATECS TAHK B TOPY ¢ yuroHoM 30°? Macca tanka 15 1.

6. Konbkobexer maccoit 50 Kr, cTOS Ha JbAY, OPOCAET B TOPHIOHTATBHOM HANPABICHHH
maithy maccoit 300 rco ckopocteio 15 M/c. Ha kakoe paccTosiHue OTKATHTCS KOHbKOGERELL,
ecHH KoadpuLelT TPpeHH KOHBKOE ¢ jex 0,017

7. Haperpeuy BaroHy ¢ meckoM, ABIGKYIIEMYCSH O CKOPOCTRIO 36 KM/4, TOPU3OHTAILHO JIe-
THT CHApAZL co cxopoctbio 500 M/c. Onpesenuts CKOPOCTD MX COBMECTHOIO JIBUMEHUS, CCHH
CHADA 3acTpenaeT B fecke. Macca parona 10 1, macca cHapgna 100 kr.

8. Cuapsia, sersiuii co ckopocTsio 15 M/c, Pa3peLBacTesl HA 184 OCKOAKA MaccamMu6 u 14 kr.
OnpefenHTs CKOPACTh HOJIBIIEro OCKOJIKA, €CIMH MEHBIUIHI 0CKOMIOK MOJETHT CO CKOPOCTHIE M/C
B HANPABIEHUH, IPOTHBOFICJIONRHOM HANPABIEHUIO BVREHHUA CHAPAIA.

9. [IBa wapa Maccamu 6 u 4 KI' IBHXKYECS B0 OZHOIM IPAMOIi Co ckopocrsMy 8 H 3 M/C.
C xaxoit CKOPOCTHIO OHK OYAYT ABUTATHCA NOC/Ee AOCORIOTHO HEYIIPYTOTO YAADA, ECHAM NeDBhI
LIRD IOTOHSAET BTOPOI?

10. Tlyas maccoii 2,4 - 1072 kr, nersiman co ckopocTsio 400 M/c, nonaaaet B nperpagy. Cpea-
HSIH WA CONPOTUBIEHHSA TDETPa/Ibl ARHXKeHAI 1yan7 6 kH. IIpoOser nu nysis nperpaay, eciu
ee Toauaa 30 cm?

1. Teno MOAHUMAIOT BEPTHKATLHO RREPX C yeKopeHHeM 2 M/c?. OnpenennTs Maccy Tea,
€CITH B TeYEHME [EPBEIX UATH cexyh/ Ghia conepriena pabora 1,48 k/lx.
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12. Teno Maccoii 5 kr nagaer ¢ BeICOTHI 20 M. QupeesIuTh CyMMY TIOTEHIMAIIBHOI M KHHETH-
YecKOH aHepruii Tesra B TOUKe, HaxoAsulelica OT NoBepXiocTH 3eMin Ha BecoTe 7 M. Tpernem
TeJ1a O BO3AYX peHelpedn,

13. Teno, nagas ¢ BeICOTHIS, 14 M, B MOMEHT COTIPHKOCHOBCHIA ¢ 3emaelt 06Manaet uMLyTh-
coM 100 &r- M/c. OnpeaeuTs MacCy Teila M €T0 KHHeTHIeCKYI0 SHEPTHIO B MOMEIIT YIapa o 3eM-
10,

14. ABTOMOGIUIE Maccol 2 T OCTaHABAHBACTCS 3a 12 ¢, mpofias pacctosanc 60 M. Onpeze-
JMTH HAYAMBHYIO CKODOCTb ABTOMOGHITS 1 CHITY TPeHHS, COBEPIIAIIIYIO paboTy Mo TOPMOKe-
HHIO aBTOMODILIS.

15. I'pya Maccoli 4 Kr, MagaloniHi ¢ BHICOTH 5 M, ITPOHUKAET B IPYHT Ha riybuay 0,05 M.
OupeenuTs CPEHION CHIY COMPOTHBAEHUS! IPYHTA.

16. M3 npy:KHHHOrO NHCTONETA IIPOUIBCAEH BHCTPEIN BePTHKANILHO BREDX IIy.Ieit Maccoi
40 1. Ha KaKyH) BRICOTY NOTHHMETCA TIYJS, €0 IIPY3KHHA skecTrocTer392 T1/m ObLia cokara Ha
10 cm? ConpoTHBJICHHeM BO3/LyXa H MACCOH [Py KHHBI mpeiefpeys.

17. Ilyns, MeTAnias ropu3oHTAIBIIO CO CKOPOCTHIO500 M/c, 110113712 B TO/IBEIe HBIH HA JIUH-
HOH BEPEBKE MEINOYEK ¢ TeCKOM | 3acTpana B Hem. Ha Kakyi0 BeICOTY TTOIHUMAETCST MEIOYeK ¢
NECKOM, eCJlH eF0 Macca 6 Kr, a Macca uyau 15 r?

18. Tlpenefperad TPCHHEM, OTIPEAETHTE IIAHMEHBINYIO BEICOTY, ¢ KOTOPOH AO/IKEH HAYATD
pasber BenocunenueT, 4ToDR OH CMOT 1[POEXATH N0 BEPTHKANBHOMN 11T/ pagycoM 4 M H He
OTOpBAaTLCA OT Hee B BepXHeH TouKe.

19. MckycerBeHHBIT CIYTHHK 3eMad IBUXKETCS o ammntuieckoi opbure. Oupesenuts
CKOPOCTD ABMKEHHS CIYTHHKA B AlIOIEE, €CJH ET0 CKOPOCTH B nepuree 8,25 kM /c. [lepureii op-
6UT HaxoauTCA Ha paccTogHun 200 KM, a anoreil — Ha paccToAHHM() KM OT TIOBEDXHOCTH 3eMJIH.

vo Kmnodesbie cnoBa: 3akoH COXpaHeH1s: MMIIYLCa, PeaKTMBHOE ABWKEHIe,
paboTa CuAbl, MOLWHOGTh, SHEDIV, KMHETUIECKan JHeprvis, MOTeHUNaLHas
BHEPIMA, 3aKOH COXPAHEHWA MEXaHN4eCKoi 3Heprim,



OCHOBbI MOJIEKYNIIPHOWN
O®U3UKU U TEPMOAUHAMUKHU

=
w
o
m
<
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B duauke wisd ONUCAHHA B3AMMOAEHCTBUSA 4acTUIl {ATOMOB, MOJIEKYJT, HOHOR), CO-
CTaBJIAIOLIHNX Teslo, IPUMEeHSOT ABa METOMAA: MOTEKYIAPHO-KHHETHIeCKMIT (CTATUCTH-
4ECKWii) M TEpMOAMHAMMYECKHHA.

MonexkyaapHO-KHHETHYECKHH MeTO OCHOBAH HA TIPEICTABIECHHH O TOM, YTC BCE
BEIIECTBA COCTOST U3 MOJEKY.I, HAXOAAINXCA B XaoTHYeCKOM ABUKeHHH. Tax Kak
YHCI0 MOJIEKYJT OTPOMHO, ¢ MMOMOIIBI0 3aKOHOB CTATUCTHKH MOMKHO BRISEHTD OTIPEe-
JIeHHbIe 3aKOHOMEPHOCTH /15 BEUIECTEA B LIEI0M.

TepMoauHaMuUecKii METO UCXOIHT M3 OCHOBHEIX OIBITHBIX 3aKOHOB — 32KOHOB
TEPMOANHAMHKH — 6€3 PacCMOTPeHNS BHYTPEHHETO CTPOEHHSA BEIIECTHA.

Monexyaapnan pusuxa — pasgen GHU3NKY, H3yIaOIHi 3aBHCUMOCTH CTPOe-
HUS H (PU3NYECKUX CBOUCTE T OT XapaKTepa JBWKEHH H B3auMOAeCTBHA MEXILY
YACTHLIAMH, H3 KOTOPHIX COCTQAT TENa.

Hcropadeckan cnpaBka. ¥ yeHHe 0 TOM, YTO BCE TeJIa COCTOAT M3 OTALNbHBIX YACTHI —
aTOMOB, BOSHHKO B [pesreil [peimu 8 IV 8. 1o 1.2,

OCHOBOIOIOKHHAKOM aToMucTHdYeckoll Teopuu 6811 dunocod Temoxput. Bosapenns Je-
MOKPHTA, ECTECTBEHHO, BECHMA Ia€KH OT COBPEMEHHHX ITPEACTABIEHHH, HO OHH CHIFDATH BaXK-~
HYIO POJIb B DPasBUTHH (DUIHKH,

Cpent TpyoB KpynHbIX Gunocodros-husHKoB, 3aHUMARTIHXCH YYEHHEM O MOJIEKYIAPHOM
CTPOEHHH BELICCTBA, 0COOYIO PO CHITDAIN TPYIB! BEIHKOTO pyccKoro yyeroro M.B. jlomono-
cOBa. YueHBIH BbIBHHYJ [HIIOTE3Y O TOM, TEILIOTA £CTh [BUXKe-
HHe HeUYBCTBMTEALHBIX YacTHL., XapakTep 3TOTO BHKEeHHUs
MOJKET ObITb BpPallATENAbHBIM, NOCTYIATEIbHBIM, KOTedaTesb-
1piM. FIM HBLTH pacCMOTDEHE BOIPOCH BPAILIATEILHOTO ABHKE-
HHA MOJIEKYJT H 0ObACHEHH TEIUIOBbIE ABIEHES, IPOHCXOAAIIME
TIPU 3TOM BUJIE JIRHKEHHA,

OH 0TBepra rociICTBOBABIIEE B TO BREMSA YUEHHE O Tell-
JIOPOZE — HEKOTOPOI! HeBeCOMOHN KHAKOCTH, SKobbl onipesess-
1oulel TeTA0BEIE CBOICTRA Te, B YTBEDKAATL, YTO <TEILIOTA CO-
CTOMT BO BHYTPEHHEM IBIUKEHHH MaTCPHM».

Pafiota M. B. JJoMoHocoBa «PasMBIILTeHHA 0 IPHYHHE Tell-
JIOTHL ¥ X002y (1750) npeacTasaget codoil Habpocok Oyay-
e HayKkl — TepMofuHaMuky. B veil yueuniil oObacuut mpo-
MCXOKAEHHE TEILIOTEL [IPH TPeHNH.

OcHOBHEBIC IpEICTABICHHN, BHICKA3aHHBIE JOMOHOCOBEIM,
GouTH B 1ambHelen passuTe J1. Boabumanos, P. Kiaysiycom,
M. B./lomonocon J.Mawcsemtom, JL. Teit-/TioccakoM, A. ABoTaapo H ap.
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nasa 4

OCHOBbl MONIEKYNAPHO-KUHETUMECKOK TEOPUM.
WAEANbHbIA TA3

4.1. OCHOBHbIE NONOMEHNA MONEKYNAPHO-KUHETUYECKONK TEOPHN

OcHOBHBIE NOJOMKEHH MONEKYAAPHO-KHHETHYCCKOH TeopuH, MHorouncIeHHEE
HCCAeA0BaHHS ITO3BOJTHIH CQ)ODMYJIHPOBETB OCHOBHbIE ROAONCEHUA MOACKY AP -
HO-KUHemUYEeCKO meopuu.

1. Bce Teia cocTOST H3 Menbyalinmx 4acTHly, — aATOMOB, MOJ€EKYJL, B COCTaB KO-
TOPBIX BXOIAT eme §ojee MeNKHE dNEeMEHTapHbIE YACTUIbI (3IEKTPOHbI, NPo-
TOHBI, HeWTPOHbI). CTpoeHHE MOGOT0 BeIeCTBA AUCKPETHO (TIPEPHIBUCTO).

2. AToMBI H MOJIeKyJH)I BellleCTBA BCErjia HaAXOAATCA B HENPDEPBIBHOM Xa0TH-
YEeCKOM ABHKEHHH,

3. Mexay YacTunaMu A000ro BellecTBa CYNLECTBYIOT CHABI B3aHMoAeii-
CTBHUS — NMPHTSKenus H orTarkuBanHd. [Ipupoaa cin — 3J1€KTPpOMarHHTHaM.

ITH NOAOKEHUSA MOATREPKAAIOTCA ABIeHUAMH ARG dy3un, GPOYHOBCKOIO ABHIKE-
HESA, OCOOEHHOCTSIME CTPOEHUSA M CBOHMCTBAMH ra30B, JKUAKOCTEH, TBEP/LIX TeT W Ap.

Termnoroe apmxenne, ONRITHHE aHHEIe, TEKATWE B OCHOBE MOJEKYIAPHO-KH-
HETHYecKOH TeOPHH, CAYKAT HATJSAHLIM J0Ka3aTe/lbCTBOM MOJIEKYJIAPHOIO TeIao-
BOTO ABMIKEHMS U 3aBHCUMOCTH 3TOrC ABHMKEHMSI OT TemiepaTypsl. B ormirune ot Me-
XaHMYCCKOTO ABIDKEHAA HArPEBaHME MM OXMAXACHWE Tel MOXKET TIPUBECTH K U3Me-
HEHHIO UX (PU3NYeCKNX cBOIHCTR. TakK, TPy CUIBHOM 0XTaKASHUH BOJA IPEBpalLaeTcs
B Jie]l, 4 [IPY HATPeBaHUHK — B Ia3.

TeveHue TEILTOBEIX MPOLECCOB HEMOCPEACTBEHHO CBA3AHO CO CTPYKTYPOH Bellle-
CTBa, IO3TOMY TENJIOBLIE SBACHHS MOTYT OBITh MCTIOAB3OBAHBI 4735 0OBACHEHUS CTPO-
€HM4 BelleCTBa, 4 CTPOEHHE BEeLeCTBa, B CBOIO OYepeIb, 1aeT HaM IpefcTaBIeHue O
bU3HIecKOil CYLHOCTH TeIZIOBLIX SIBACHAH.

Y1068 OOBSICHATh 3TH MPOLECCH H HAYYHTHCA YIPaBAATH HMH, HEOOX0AWMO YC-
TAHOBUTH 3aKOHBI, KOTOPBIM MOAYHHAIOTCA H3MEHEHN A, IPOUCXOAALIHE ¢ Te1aMH
0oA AeiiCTBAEM TEILIOThHL. JTH 3aKOHBI ONMKCHBAIOT TEILI0BYI) (hopMy IBHKCHHS
MaTephm.

4.2. Paamepb! U Macca MONEKYN 1 aTOMOB

Paamepst Mmosiekya. Bee Tena cocToAT U3 OIPOMHOIOQ YKCTa MOJEKYJ1 U aTOMOB.
Tak xax pazMepst aTOMOB H MOAEKY] OY€HB MAJIBL, TO YBHACTh UX HEBOORYKCHHBIM
T7Ta30M HeAb3A, ToMBKO ¢ TOMOTHBI0 AEKTPOHHOT0 MHKPOCKOIIA, JAI0IIET0 YBeTude-
Hue B 30 000 pas u Goiee, 6uau chororpadpoBasel OTAe/IbHble KPYITHEE MOTEKYJIBL.
MeTo0M PeHTIeHOCTPYKTYPHOIO aHAAH3a € XOPOHIeH TOYHOCTBIO MOKHO ONTPCRCIHTL
pa3Mephl MoAeKyn. JlaHHbIE PEHTTEHOCTPYKTYPHOTO aHaMi3a [OKa3biBaloT, YTO HaK-
GOAbLINI AMHEHHBIA pazMep IBYXaTOMHON MOJIEKY Il KUCAOPOAa nopsiakad- 1070 v,
Takoil xe pa3Mep HMeT MOJIEKY/Ibl A30Ta.
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O ToM, 4TO pa3Mephl MOJIEKY.] YPE3BbIYANHO MajIbl, MOXKHO CYUTDL H He3 uamepe-
uui. IIpoBenem crenyiommii npoctoit onsit. B 1 1 (10 % M*) uncroii Boau passesem
1 mm? (107% M%) sestennbix yepn, T.e. pastasumM uepruaa s 1000000 pas. Yeuaum,
YTO pacTBOP UMeEET 3e/IEHYI0 OKPACKY M BMECTE ¢ TEM O/IHOPOIEeH. JTO CBUIETEIbCTRY-
€T O TOM, YTO Jlaske NPH 3HAYHTETHHOM Pa30aBieHHy B BOAE HAXOAHTCA OOAbIIOE KO-
JIMMECTBO MOJEKYJ KPacalileTo BellecTEa (MepHna).

Boapmue ycnexu, 1ocTHIHYTHE B NOCTEAHee BDEMS B U3YUEHHH CTPOEHHS BEIIECTEA,
PacKpLLTH TIeper HAMW HOBBLI MUD — MUD MeTbYAHTIINX YACTHII — MAKPOMHD, KOTOPLIA
OKa3a/1CA OYeHD CJOKHBIM, Moekyant 71000T0 TeNa COCTOST U3 elre HoJee MeAKHX Jac-
THI[ — ATUMOB, KOTOPHIE, B CBOIO OYEPEh, COCTOSIT U3 ANEKTPOHOB 1 Aiep. Aapa atoMoB
BKIIOUAKOT 8 Ce0s1 POTOHDE U HERTPOHbBI — YaCTHIIBL, TAIOKE HMEROLIMeE CIIOKIIOE CTPOCHHE

AmoMOM HAZBIBAIOT HAMMEHBITYIO YACTHIY AAHHOTO XHMHYECKOTO 3/I€MEHTA.

KaxxpoMy xuMu4ecKoMy 3/IeMeHTY COOTBETCTBYIOT BIIOJTHE OTIpefieIeHHbIE ATOMBEI,
COXPAHSIOIIME XHMHYECKHE CBOHCTBA JAHHOTO JIEMEHTA, ’

Moaexya0ii Ha3bIBAIOT HANMEHBINYIO YCTOWIHBYIO YACTHILY JJAHHOTO BENIECTBa,
006MaJA0MYI0 €r0 OCHOBHBIMH XHMHUUYECKHME CBOHCTBAMH.

Macca moaexys. Maccel oTAEABHBIX MOJIEKYJL H ATOMOB O4€Hb MAJIBE, HallpHUMep
abCoMIOTHOE 3HAUEHHE MACcChi MOJIEKY/Ibl BOMBI mopsiaka 3-1072% kr, Maccel oT/1enn-
HBIX MOJIEKYJ] SKCTIEPUMEHTANBHO ONPE/ESIOT € TTOMOMIBIO CHEIHATLHOTO TpHOopa—
Macc-CIEKTPOMETPA.

B monexynsapHoii (bu3HKe NPHHATO XaPaKTEPH3OBATE MACCHI ATOMOB H MOJIEKYJ
He MX aOCOMOTHBIMHE 3HAYEHHSIMH (B KI), 2 OTHOCHTE/ILHBIMH Oe3pasMepHbIMH BeJIH-
YWHAMH, HA3bIBAEMBIMU OMHOCUMETNGHOU amoMHOll Maccoti A, 1 omHocu-
MeNbHOU MONEKYAAPHOIL MaAcCCoit M,

Ho MexIyHAPOAHOMY COTJIAIIEHHIO B KAYECTBE aTOMHOM e IMHMIIb MACCEH (2. e. M.)
Tng IPUHUMaETCA 1/)9 Macchl wsotona yraepona 2C (my):

My =1/19mec = 1,66-107" kr =1a. e m.

OTHOCHTENBHYIO MONEKYIAPHYIO MAcCy, HIH OTHOCHTEILHYIO MACCY MOJIEKYJIBI
(M,), MOXHO OUPENEUTD, €CTH aDCOMOTHOE 3HAYEHHE MACCH MOJIEKYITH ( 17, B KT)
pasaeNTuTh Ha ATOMHYIO eAMHUILy Macchl ( 1,66- 10727 kr):

M, = Duor (4.1)

my
Ananornusoit GopMysoii onpexensercs H OTHOCUTeIbHAS AaTOMHAA MaccaAd,, Hano
JIUIG [IO7 My, B hopMy e {(4.1) moHuMaTh aGCOMOTHOE 3HAYEHUE MACChl aTOMA §7, ):

Komuectso BemecTsa. MUKPOCKOIMHYECKHE TEJA COCTOSIT H3 OTPOMHOIO KOJTH-
4ecTBa MOJeKYA. TaK Kak MacChl OTAE/NbHBIX MOJAEKYJI OTJUYAIOTCS APYT OT APYrd, TO
OOMHAKOBOE IHCJI0 MOJIEKY/1 PasHbIX BEUIECTB MMEIOT PasHylo Maccy, Hanpumep 107
MOJIEKYJI BOIOPOAA UMEIOT Maccy 33,45 kr, a 10 Momexyn kucnopoga — 531,45 kr.
TTo3ToMy NpHHATO CPaBHHUBATL YHCIO MOJEKYJ WAH AaTOMOB B aHHOM BELIECTBE €
YHCJIOM aTOMOB, coftepxamixcsa B 0,012 kr yruepoaa. OTHOCHTEIbHOE YHCIO ATOMOB
WM MOJIEKYJ, COLEPKANMXCHS B MAKPOCKOIMYECKOM TeJe, XapakTepuayerca Gpusu-
yeckoH BeJIHYMHOH, HA3HBAEMOH KOJTHYECTBOM BEUIECTBA V.

I 102



Koauuecmeo sewgecmea — 5To oTHOILEHHE YHeTa N MOTEKYT (ATOMOB) B JTaH-
HOM MAKDOCKOITMYECKOM Teie K uucrny N, aromos B (0,012 kr yrrepona:

N

-5 (4.2)

v

Konnuectso BCILCCTBA BhIDAXKAIOT B MOJIAX.

Mone — xonMYeCTBO BEIMECTBA, COAEPKAUIETD CTOLBKO XKe MOJIeKy (aTOMOB),
CKOJIbKO COAERMTCH aToMOB B (0,012 kI yraeposa.

Moub T060T0 BENIECTBA COMIEPAKUT, N0 OMpeeNeHHIo, OTMHAKOBOE THCIO MOJe-
Ky (4TOMOR). 3TO YHC/IO HA3BIBAIOT NOCMOARNHOY A802adpo;

_0012wr 1073 kr

N MOJI = —e—
AT 12m, 1,66 -10727 kr

Moab™! = 6,02 - 10%* Moas~.

TIoHATHE MOJISt OTHOCHTCS K YHCTY MoJiekya (atomoB) Benlectsa. Hanpumep, He-
TNIPaBHJIBHO TOBOPHTh, YTO B Ga/NIOHE COAEPKHTCA JIBA MOJIST yrilekHeaoro raza CO,.
Hy:xHo roBopHTE: B 6aNA0He COAEPKHUTCA 1Ba MOJIS MOJEKYI YTAEKUCIOTO rasa. JTo
03HaYaeT, uTo B Gannone umeerca 2-6,02- 10 mouekyn CO,, T.€. 1Ba MOJI aTOMOB
VIJIEPO/A M YETHIPE MOJISI ATOMOB KHCTOPOIA.

MoasipHaa Macca. B Mosexy asapHOi GUINKC TOIB3YIOTCS TAKKC MOHATHEM MO-
AAPHOU MACCHL M, KOTOPAs OTIPEUSNTETCS KAK Macca OHOTO MOJISE BELTeCTBA:

M= Tn’MOJINA' (43)
MOJIHPHE.H MacCa BhIpaoKacTCHA B KUROZPDAMMAX HA MOJb (I{I'/MOJUJ) H paBHA

OTHOLIEHNWIO MACChl BEIIECTBA K COAEPKAILEMYCA B HEM KOJTHYCCTBY BCILCCTBA .

M=2
v

B 1 Mo, mofioro seniecrsa cofepxutca Ny = 6,02 10% monekyn. MsBecTHO, 4TO MOJIL IPH
HOPMAILHBLIX YCIOBHAX 3aHuMaeT odbeM V, = 22,4- 1073 %, Crenosarensho, B 1 M? mofioro rasa
IIPH HOPMAIBHBIX YCAOBHAX COACPAUTCA OXHHAKOBOC YHEO MOJICKYI:

Ny _ 6,02:10% vom"!
Vo 22,4-107% momy' - m?

Ny = =2,7-10% a2,

3T0 YHCIO TOAYIUIIO HAZBAHUE ROCMOANKOU JTowmuoma.

4.3. BpoyHoBCKoe aABMeHUe. [inddysun

BpoyHorckoe apmkenne. B 1827 r anrmuiickuil 6otanux P Bpoyn, uzydyas BuyT-
peHHee CTPOEHHE PACTEHHH ¢ MOMOIIBI0 MUKPOCKONA, OOHADYXKUT, UTO YaCTHUKH
TBEPIOTO BellleCTBAa B XKHAKOI cpele COBEPINAIOT HeNpephIBHOE XaOTHYECKOe [BH-
JKeHHe. AHATIOTMYHOE ABHKEHHe MOXHO Hab10/1aTh B MHKPOCKOIIE, eCIH PaccMart-
PHMBATh ABIM, KAIleJBKH KHPA B BOJIe MJIH YaCTHYKM TBEPAOTO TeJla, B3BellfeHHbIE B
AKMAKOCTH WM Tase. TeljoBoe IBH)XeHHe B3BEUIEHHBIX B KMAKOCTH (raze) 9acTH-
YeK [I0JIYYWIIO Ha3BaHNe GpoyHO8CcK020 d8uncerus. Brio yCTaHOBIEHO, YTO CKO-
pOCTh GPOYHOBCKMX 4ACTHIL 3aBUCHT OT HX DA3MePOB H TeMiteparypbl. UeM Bhitlie
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[ 1T I TeMIlepaTypa H MeHbIIE PA3SMEDHL, TeM OBICTPEe IBUKYTCS
AI— s qacTHInL [IpirauHoit 6POYHOBCKOTO ABHXKEHHS ABAAETCA He-
NpePbIBHOE Xa0THYeCKOe ABHKEHUE MOJIEKYA KHAKOCTH HAH
. gl Tasa, KoTopbie, fecnopaaoYHo yaapssach co BeeX CTOPOH O

B3BelUCHHBIE B XKHIKOCTH (Tase) YaCTUIKH, LIPUBOJST HX B
ABMKEHHE,

Ecou pasmepsl Takoil YaCTHYKH BETAKH, OHA UCTIBITHIBAET
, CO BCEX CTOPOH GOBIIIOE THCIO YAADOB; PE3YBTHPY IOTHFH HM-
IyJIbC, TIOJIYYEHHBIH €10 IIDH COYAAPCHUAX, OKAa3BIBaeTCs PaB-

Puc. 4.1 HBEIM MM OJH3KAM K HYJIK, YACTHYK2 OCTACTCH (PAKTHYECKH
HETIOABIKHOI,

[Ipy MUKDOCKOTIMYECKHX pa3Mepax YacTHYKH CYMMa HMITYIbCOB, IO YUeEHLIX
€10 OT MOJEKYJI C Pa3HBIX CTOPOH, MOXKeT CTaTh He PABHOM HYJ/IO KAK BCJIEACTBHE
Pa3HOTO YHCJIa YAAPOB, TAK U BCTEACTBAE TOTO, UTO YACTHYKY € OAHOH CTOPOHDI MOT-
JH YAAPUTHL HECKOJIBKO MOTEKyT, 06MafalomKX B TAHHbIE MOMEHT BPeMeHH 6 0b-
LIHMY CKOPOCTSMM, YeM MOJEKY.IB, YAAPUMBLIHE ee ¢ APYroi cTopoHbl. Takas vac-
THYKA HAYHHAET ABUTAThCA. Uepes KaKkoe-To BpeMs O AHCTBHEM HOBHIX COV/Iape-
HUI HAIIpaBJIeHHe ee ABIXEeHHS MOXKeT H3MeHUThca. Ecau nabmoaats 3a sToH yac-
THYKOM, TO MBI YBHAMM, YTO OHA JBUXKETCA [10 AOMAHOH TpaexTopun {puc. 41). Mo-
JAEKYISIPHO-KMHETHYECKAA Teopust GpOYHOBCKOTO ABMKeHWA Obliaa co3nana A, DifH-
ITeitHOM, 3KCIIEPUMEHTANbHOE TTOATBEPKACHIE OHA TIONYYNIA B TPYAAX PPaHITy3-
cxoroe gusznka JK. Ileppena.

Audpyana. Henpepbisnoe ABUKEHHE MOTEKYT MIOOOTO BEIECTBA ( TBEPAOTO, KH,1-
KOIO, ra3006pa3HoT0) NOATREPKAAETCS MHOTOMHCIEHHBIMH OTIBITAMH TI0 Au(dy3nn.
Hudebyaueti HazpIBaOT ABACHHE CAMOIPOM3BOIBHOTO MPOHUKHOBEHHS OHOIO Be-
necTra B Apyroe, Ecan naxyuee semectBo (3Hp, KepocuH, HadTaNHH, IyXu U T, ].)
BHECTH B MOMELLCHUE, TO Yepe3 HEKOTOPOE BPeMs] 3al1aX 3TOTO BeIeCTBA PacIpocTpa-
HHTCSL IO BCeMy NOMEIEHHK). ITO CBHAETEIBCTBYET O TOM, YTO MOJEKY.Thl OJHOTO
BelllecTBA (Ge3 BO3AeHC TR BHEILIHHX CHJT IPOHUKAIT B APyroe. ONbITHBIM yTem ObLI0
VCTAHOBJICHO, UTO CKOPOCTB NPOTeKaHusA mpouecca AugdysHi 3aBHCHT 0T pola And-
byHAUMpyIOIMKX BenlecTs U TeMrepaTypbl. Juddyand B KHAKOCTIX TPOUCXOIUT MeT-
JIeHHee, YeM B Ta3axX, HO ObicTpee, YeM B TBEPIBIX TEJIAX, OTOMY YTO Y€M IVIOTHEE
BEIECTBO, TeM OKe PYT K APYTY Pacros0KeHbl B HEM MOJIEKYITH].

"f

4.4, Cunbi U IHEPrUA MEXMONEKYASPHOTro B3auMoeicTBUsA

Monexynsphsie ciibl. [Ipy H3YYeHHH CTPOEHHS! BEIIECTBA ObLTO YCTAHOBEHO, UTO
MEXIY MOJIEKYJIAMU OJHOBPEMEHHO JeHCTBYIOT CHAR MPUTAKEHU H OTTATIKHBAHMA,
Ha3bIBaEMBle MOJIeKyAAprvimu cuaamit. CiocoOHOCTD TBEPBIX TEJ COTPOTHRIATE-
sl PACTSDKEHHIO, 0COObIE CBOICTBa NOBEPXHOCTH JKHAKOCTH H JIPYTHE SBJAEHHS IPHBO-
JSIT K BLIBOAY, YTO MY MOJIEKYJIAMH NeHCTBYIOTCUIIbI npumancerus. Maias cxu-
MaeMOCTDb BeChMa IJIOTHEIX Fa30B H 0COOEHHO XKHUIKOCTE H TBEPALIX Tel 03HaYaeT, YT
MEKIY MOJEKYJIAMH CYIECTBYIOT Cl/tbi OMMAIKUEAHUA. B TEepABIX 1 KHAKHX Te-
JIax CUABI OTTATIKHBAHUA U IPUTSKEHHS AEHCTBYIOT OAHOBpeMeHHO. Ecau Obl 3TOIO0 He
OBLIO, TO TeNa He ObLIH 661 YCTOHYWBBIMU: TUOO0 pasneTansich Ohl Ha YACTUIH, AU60
crmnasiick. CHIIBI MERKMOCKYISIPHOTO B3AHMOIEHCTBHS 110 CBOEH TIPHPOJIE SBISITCA
CHJIAMH 3/IEKTPOMArHUTHOIO IIPOUCXOKAEHHS.
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IsIIHE B COCTAB MOJEKY, TPEACTABASIT CO-
G0H CIIOKHYIO CHCTEMY, COCTOSINYIO U3 3apsi- :
AeHHBIX YACTHI[ — 3/1eKTPOHOB, UMEIIIHUX OT- \F
pUUATeNBHEIH 3aps/, ¥ AAep, 3aps/l KOTOPBIX F
MOIOKHTENEH. DTEKTPOHR OKOJIO SApPA B aTO- .
M€ YIepXKHUBAIOTCH KYJIOHOBCKHMHE cHaaMu 0 ?"o\/f---‘" =
HPUTSDKEHUS PasHOUMEHHBIX 3apsiioB. ATOM B L

HeTOM aJeKTpUYECKY HeliTpaneH. MoJekyin / ™
cocrosT #3 atomoB. Cuinsl, yaepxxupalomue .

BMeCTe ATOMBI B MOJIEKYJIE, I CBOei pHpoae /
ABASIOTCS 3JeKTPUYECKHMH, OHAKO BO3HMK-
HOBEHME X HECKOMBKO cioxHee. CTporas Te- . Puc. 4.2

OpHs MOJIEKYJISIPHBIX CHJI IaeTCs ¢ MO3HITHI

KBaHTOBOH MeXaHWKH.

Mexcmonexynaproe ezaumodeticrmeéue — ato B3auMojleiicTBIe 3JIEKTPH-
YECKH HEHTPAIBHBIX MOJICKYJ HJAH ATOMOB.

3aBMCHMOCTb MOJEKYJISIPHBIX CH OT PACCTOAHHS MeXKIY MOXeKyJIaMH. CHLi
B3aMMOIEeHCTBHS 3aBHCAT OT PACCTOSHUA MeXAY MojeKy1aMy. Ha paceToanuax, mpe-
BBIMIAKNIMX PasMepbl MOJIEKYJI B HECKOJIBKO Pa3, WX AeHCTBHE NPAKTHYECKH DABHO
Hy0. Ha puc. 4.2 peicTap/MeHa 3aBUCHMOCTD CHJI B3aUMOZEHCTBHA F IBYX MOJIEKY.T
OT PACCTOSHIA MEXKIY HHMH 7.

Mex 1y sMeKTPOHAMHE OMHOM MOJIEKYTEL 1 aTOMHBIMHU SI/TpaMy ApYroii neficTsyioT
CHJIBI MPHTSDREHHMA F,, KOTOPHIE YCIOBHO NPHHSTO CYHTATh OTpUUATENbHBIMHA. O71-
HOBREMEHHO MY MeKTPOHAMH MOJEKYJ U UX sADAMU ASHCTBYIOT CHILE OTTATKH-
BaHus F,,, KOTOPHIE YCJIOBHO CYATAIOT OAOKUTENbHEIMU. Ha paccTodanum r= n, Kax
BUIHO U3 PHC. 4.2, peayprupyollias cuia pasHa Hymio (F, = 0), T.e. cusibl IpuTsIKe-
HUS YPABHOBELIMBAIOT CIH OTTAIKHBAHUS, JTOMY COOTBETCTBYET HauOoIIee yCTOM-
YHBOE PACTIONOKEHHe B3auMogeicTeyomx MoJiekys. [Ipu r > ry cuia NpHTAReHNA
TIPEBOCXOAMT CUILY OTTAJIKHBAHKSL, IPH 7 < 7, — HA0H0pOT.

Tak Kak CHIB IPHTAXKEHUS M OTTANKUBAHHS JeHCTBYIOT OZHOBPEMEHHO, TO MOX-
HO OIpeIeHTh HX PaBHOZEHCTBYIONIVIO, KOTOpAs XapaKrepH3yeT CIIy B3aUMOJACH-
CTBHSA MEXIy MoJeKyaamu, Kpusas, XapakTepu3ayionias CIIY B3aHMOJEeHCTBUA, 11O~
3BOJIAET JaTh KAYECTBEHHOE OOBACHEHHE IOSBICHNS CHBL YIIPYTOCTH [IPH COKATHH U
pacTskeHuH Tesl. [Ipy cokaThE TBEpAOTro Tejia IPoKCXoanT cOmmkenune vactil. Ha
PACCTOAHKE MEHBLIE 7 BOSHHKAET CHJIA, TPETIATCTBYIONIAA COMMKEHIIO YACTHIT ¥ CTpe-
MSITASICST BEPHYTH YACTHLIB B TIEPBOHAYATLHOE MoMoKeHHe. [Ipy pacTsikennu TBep-
AOTO Tea IPOMCXOANUT YAATEHHE YacTHLL APYT OT APYTa Ha PACCTOSIHHE 1 > Ty APH
3TOM HAYHHAIOT JeHCTBOBATL CHJIBI IPUTIKEHNA MeXK Iy YACTHIIAMH, CTPEMAIIRECH
BO3BPATHTh YACTHILY B HCXO/HOE MOT0XKEHUE ( == 1y).

3aBHCHMOCTE DHEPIHH B3AMMOJEHCTBHA OT PACCTOAHHS MEKAY MOJCKYIaMH.
ATOMEI B MOJIEKYTHL B3aMMOAEHCTBYIOT H, C/IEJIOBATENbHO, 0OT3AI0T TOTEHIIHAID-
HOIT sHEepruei E.

YCTaHOBUM TIPHMEDPHHH XapaKTep 3aBUCHMOCTH NOTEHUHATLHOH SHEPIHH B3aH-
MOZEHCTBHA MOJIEKYJT OT PACCTOSHUS MeXTY HUMMU.

CTpoeHte aTOMOB H MOJIEKY. ATOMEL BX0- F \

! Borxee CTPOro, MO F,.no,upaﬁymeﬂae'rcg MPOEKLNA CUJIBH Ha HAIIpaBACHHE BEKTOpA T, OIIpEAEARIOIIC
IO PACCTOAHHE MEXAY LIEHTPaAMH MOJIEKY.T.
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HorenuHanbHan IHEPrUs CUHTAET-
Cs1 NOJIOKHTEIbHOM MIpH GTTANKHBA-
HHH MOJEKYJ, OTPHUATEIbHOH —
NIpH OPHTSAKEHHAH,

[NoTeHIHaABHYIO JHEPFUIO TATOTEIOIUX
TeJ7, HAXOASIIUXCS Ha OECKOHEYHOM PaccTo-
AN APYT OT APYra, YCAOBHINCH CYHTATh
paBHoi Hysw. [Tpu cOmmkennn Moaekya
(puc. 4.3) mOTEHIIHATBHASA BHEPIHS UX OY-
AeT YMEHBIIATBCA U AOCTUTHET MUHHUMAIb-
HOI'O 3HAYeHMs HpH r = 1y {F,. = 0). Janb-

Puc. 4.3 HeUImee COMKEHNE MOJIEKY BO3MOXKHO
TOJABKO 3a c4eT paboThl, coBepIIaeMoit npo-
THB CHJ OTTaiKHBauHs. [Ipu 3TOM noTenManrbHas SHEPIHA MOJIEKYJ HAYHET Pe3Ko BO3-
pacTaTh. FITak, moTCHIMAIbHAS SHEPTHA B3aUMOAEHCTBHSA MOJIEKYT IMeeT MAHHMYM
IPH 1 = 7, CleIOBATEIBHO,

I MoJN0KeHHe YCTOHUYHBOTO PABHORECHS MOJIEKY.I COOTBETCTBYET MHHHMYMY HX
MOTEeHIHATLHOH 3Heprin.

I'padmix 3aBHCHMOCTH MOTENIIMATIBHON SHEPIHH B3aUMOAEHCTBHS MOJIEKY T OT pac-
CTOSTHUS MCIKITY HUMH HA3HBAIT ROMEHURANBHOU Kpuesoil;, yuactok ABC — no-
meHuUaILHOU AMOL, E, .. — 2AYyO6UHOU nomenyuanvroil amot, o — 3 dex-
MUBHLIM OUAMEMPOM MOAEKYAbL, OUDECTIONINM PA3Mepbl TOH 06.1aCTH, B
KOTOPYIO IPYTaA MOJIeKyTTa TPOHUKHYTh HE MOKET,

Kak npasuio, MEXMOMEKyAAPHOC BIAUMOTeHCTBHE OMUCHIBAETCH TOTEHITHATLHOM
IHePruell B3aMMoAeiCTBH, XapaKTCPU3YIOINell COCTOsSHKE M MHOTHE CBOHCTBA Bellle-
CTBa. ATOMBI M MOJIEKYJIBI HAXOAATCA B ABHKEHHH H, CJIeJ0BaTE/IEHO, O6JlaHaI()T KH-
HeTHUeCKO# sHeprueii.

CooTHoureHHE MEKIY MUHUMATBHOH TOTEHUHANTBHOM sHepTuelt E, . H cpefneif
KHHeTHICCKOH 3neprueli (E,) Xa0THYECKOTO TEIUIOBOIQ ABHKEHUS OlIpele/feT Bo3-
MOKHOCTh CYLIECTBOBAHKS TOTO HJIH HHOTO ATPETATHOTO COCTOSSHUA BEIIleCTRA: 2A30 -
O6pa3ﬂ020 ((EK> > Enmin)v meepaoeo ((EK) < Elmin) L :m:uarcozo ((EK) = Enmiu)'

4.5. CTpoenHne ra3oo6pa3HbiX, XHAKHUX U TBePAbIX Ten

Ta3pl. XapakTep TEILIOBOTO ABMKEHUA MOJIEKYTT H ATOMOB 3aBHCHT OT arperatHoro
COCTOSIHVISI BELIECTBA U OTPEAENACTCS CHILAMH MOJIEKV/ISIPHOTO B3aHMoeiic TS, Be-
LIECTBO MOKET HAXOJMTHCS B YETBIPEX arPETaTHBIX COCTOAHUAX: TBEDAOM, JKHAKOM,
ra3oo6pasioM 1 B BH/E [a3Mbl. KaueCTBeHHOE 0OBSICHEHKE OCHOBHBIX CBOHCTB Be-
IUeCTBa, HAXOISLIETOCS B OMPE/IEIEHHOM arperaTHOM COCTOAHMM, /IaeT MOJEKYIp-
HO-KHHETHYECKAS TEOPHSL

YacTHipl rada He CBA3aHbI MOJEKYJIAPHBIMH CHJIAMH NPHTIKEHUA M IBHXKYT-
¢l CBOOOHO, PABHOMEPHO, 3AN0JHSA BeCh IPEJOCTARICHHBIH UM 00BeM,
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B rasax npu HOpMa/ALHBIX YCAOBUAX MOJIEKYIbI HAXOAATCA HA PaCCTOAHMAX, BO MHOTO
pas MPeBLINAININX PASMEPHI CAMUX MOJIEKYJL. MoJeKky B raza ABIKYTCS €O CKOPOCTAMH
HOPANKA HECKOJIBKHX COTCH METPOB B CeKYHY. /laBnerHie BHYTpY rasa ¥ Ha CTEHKH COCY-
713, B KOTOPOM OH 32KJII0UEH, CO3/aeTes CTONKHOBEHUSIMIA MOAEKYJ1 APYT C APYTOM H CO
cTeHkamu cocyaa. [Ipn croAKHoBeHHX MepesaeTcsa UMIYJIBC, KOTOPBIT 00YCTOBIHBAET
JaBneHHe Taza. Beaeacrsue Toro 4ro cUabl MOJEKYASIPHOIO B3aHMOAEHCTBUS MPAKTH-
YeCKH OTCYTCTBYIOT, Ta3kl MOTYT JIETKO CKAMATBCS U HEOTPAHWYEHHO PACHTNPHTECAL.

KuaxocTn. 310 arperatiHoe COCTOAHHE BEIECTBA, B KOTOPOM HABAIOAACTCA YIIO-
PATOUYEHHOE OTHOCHTENBHOE PACIIONOKEHHE COCEIHHX YacTHl. MOoJeKyrbl KUAKOCTH
COBEPHIAIOT KoJMeHaTeIbHOE ABHKEHHE OKOJ0 OMPEeIe/IeHHDIX NOJIOKEHHH PABHOBE-
cHA. ITH KoaeOalus BO3MOKHEI TIOTOMY, YTO MEK/LY MOJEKYJIAMH KHAKOCTH CyLIe-
CTByeT cBOeoOpasHoe «CBOOGAHOE> IIPOCTPAHCTRO.

Cometckuit pusuk-reoperux 5. M. @perkenp paspadboran TeopHio, COrMACHO KO-
TOPOH @PeMA «OCEONOt HCUIHU> HACMUUDL, T.C. BPEMA 'KOAeOAHUA 0KONO
NONOHCEHUA PABHOBECLst, OueHb Mao, nopaaka 10— 1071 ¢, mocae wero gac-
THI{A MEPEXOMUT B HOBOE HOJI0XKEHHE PABHOBECHS H, TAKHM 00Pa3oM, [IEpEMELIAETCS
BHYTPH SKUAKOCTH. C MOBRINIEHHCM TCMIEPATYPLI BPEMA «OCCAI0H JKHU3HH» MOJICKYJT
AKUIKOCTH yMenblnaerca. OCHOBHOe CBOICTBO XUAKOCTH — mexywecms. llon acii-
CTBUEM BHELIHEH CH/bL B XKHAKOCTH TIOAB/IAETCS HATTPABIIEHITOCTE CKAYKOB TACTHIL Hi
OJHOTO «OCeJIOTO TIOJIOMKeHUsT» B APYTOe BIOJb HATlpaBJeHHA AekicTeua civibl. Bor
NO4YeMy KAOKOCTh TCUCT H MPHHAMaET GOPMY COCYa, B KOTOPOM OHA HAXOJAMTCA,

Teepapie pemectea. OHW OTAMYAIOTC OT ABYX TPEALIAYIMX ATPCTATHHIX COCTOS-
HUH BeIeCTBA NOCTOAHCTBOM (hopMbL H 00beMa. B TBEpABIX TEMAX aTOMBI H MOJIEKY-
J1BI JKECTKO CBA3AHBI IPYT C APYTOM, 00pasys NpocTPAHCTREHHBIE KPHCTALIMYECKHE
PELIETKY, YIIOPAAOUeloe, TePHOANTICCKH MOBTOPAIONICECA B MPOCTPAHCTRC Pacho-
JToxeHne yacThl. CHIBl B3aUMO/IeACTBUS (CHILbi IPUTAMKCHHA } HACTOILKO BEIHKH,
YTO YACTHIIBI TBEPOTO Teda He MOTYT YAAAMTBCS OT CBOHX «COCEei» HA CKOJIbKO-
HHOYADL 3HaUHNTENbHOE PaccToAHKe, TeIIOBoe ABHKEHHE YaCTULL B TBEPABIX TENAX
npezcrasiaser coboil XaoTUIeckoe KoacHanue OTHOCHTENHLHO HX TOJNOXKEHHEH paBHO-
BecHA. B xpHcTanax nosokeHHAMH PaBHOBECHS SABIAIOTCA  Y371bE KPUCMANTAU-
HecKoti peutemxuy, T.€. TOYKH, COOTBETCTBYIONHE HAMBOJIEE YCTORYHBOMY IOJ10KE-
HHUIO YaCTHAL TBEPJOTO TENA.

Pacmonozkenne 4acTHI B KPHCTALINYECKHX pelieTkax o6ycaosauBaeTt Gopmy u
cBOicTBa KpHcTanmoB. Hapsaay ¢ TBEPABIMU TejIaMH B IDUPOAE BCTPEYAIOTCH H
amop@uvie mena, y KOTOPHIX OTCYTCTBYET KPHCTAJLTHIECKas pemeTka. [Ipumepom
aMOPQHBIX TeJ1 MOryT OBITb ILTACTIJ/IHH, CTEKJIO, CMOJIA W {PYFHe BeHecTBA. AMopd-
HOE€ COCTOAHWE — 3TO HEYCTOHYHBOE COCTOsIIHE, KOTOPOE C TCYCHHEM BPEMEHH Tiepe-
XOJHT B KPUCTAITHUECKOe (CM. TIofpasfd. 8.1).

Ilnasma. D10 eute OHO arperaTHoe cocTosiHue Belectea. Ilnqaiama — ras, B KO-
TOPOM HMeeTCs HO./1bII0e KOTHYECTBO TOJQKHTENBHO # OTPHILATENLHO 3aPSKEHHBIX
HOHOB, a TAKXe CBOBOAHBIX 31eKTpoHoB |. OHa Moxet GbiTh NOJIyYeHa IIPH Harpesa-
HHH BEIeCTBa JI0 OUeHb BEICOKHX TeMmepaTyp {mopsaka 10° K). TIpu aTux ycaoBUAX
BEIHeCTBO HAXOAMTCA B ra3000pasHOM COCTOAHIH, IPHYEM BCJEACTBHE TETLTOBBIX CTO-
KHOBEHHI! TIOUTH BCE ATOMBbI NPEBPAIAOTCSt B HOHbL. [Tono6HbIe yeaoBHs cymecTsy-
1or Ha CosnHIe B IPYTUX 3Be3/aX, [e TeMniepatypa aocturaer nopsaaxa 10° K u 6onee.

P Cymmapuuii 3apsix 3MEKTPOHOB B HOHOB B KA Z0M 3/1eMEHTAPHOM 06beMe paBeH (AN MOYTH PaneH)
HYJI0.

107 I



4.6. CKOPOCTU ABHIKEHUA MONEKYN
H UX U3MEepeHHe

Onpit IlITepra. MeToa onpeaeneHua cKOpocTel MOJeKY. ObLI NPeAA0KEH
O.IlItepHoM (1920). UsMepenue ckopocTeil MOIeKy.1 651710 IPOBEIEHO Ha YCTaHOB-
Ke, CXeMa KOTOPOH npeacTaBieHa Ha puc. 4.4,

Y¢TaHOBKA COCTOMUT U3 ABYX KOHIEHTPHYECKHX UMIHHAPOBA U B, UMeloluX pa3-
JUYHBIEe AUAMETPBI ¥ 061IYI0 0Ch. BO3IyX BHYTPH LMIMHAPOB OTKa4aH, B IHJIHHIApPE
A umeetcs y3kasa meas C. I1o 0CH IPOTAHYTA IVTATHHOBASA IPOBOJIOKa P, MOoKpeITas
cnoeM cepebpa, 10 KOTOPOH MponycKaoT 31eKTpHdecKkui Tok. [Ipu Harpepanmu npo-
BOJIOKH TOKOM cepebpo HenapseTcs, aTOMbI eT0 BELIETAIOT ¥epes ek C' 1 nonajga-
10T Ha BHYTPEHHIO [10BePXHOCTh Huanuapa B. Ecau oba unanaapa HemoABHAKHbI,
TO BCE aTOMBI cepefpa HE3aBHCAMO OT HX CKOPOCTH MONAAYT B OAHY U TV ke TOUKyD
nuauHapa B. g

TIp1 0AHOBPEMEHHOM BpallieHHU 000UX [IUHHAPOB C YTI0BOH CKOPOCTBIO W aTOM
cepeGpa B 3aBUCUMOCTH OT CKOPOCTH NONaAaeT B APYTYio TOYKY Ha CTEHKe [IHAMHApA
B, nanipumep B TOUKy D', Tak Kak 3a BpeMs POJIETa aTOMOB OT IPOBOOKH P 710 CTEH-
KH IIWIMHAD B ycileBaeT HEMHOTO IOBEPHYTHCS.

3Has paccTosinms d, HA KOTOPbIE CMECTHIHCH CJIebl aTOMOB OTHOCUTE/IbHO HX
C/IEIOB TIPH HEMOABMKHBIX IITHHAPAX, VIJOBYIO CKOPOCTb BpallleH!s] IUJINHAPOB,
pagHyCHI BHEITHere R M BHYTPEHHeTrq 7 ITUAMHAPOB, JeTKO BEIYHCIHTD CKOPOCTh MO-
JEKYJIbl.

JlelicTBUTEABHO, €CIIH CKOPOCTS BHERIHETO HHAMHAPA ¥, a BpeMs IPOJIeTa MOJIEKY-
AL OT BHYTPEHHETO HMTHHAPA 0 BHEUIHETO t, TO PacCTOSIHUE Ha MOBEPXHOCTH LU-
aunzapa d = ut = wRt, a ckopocTh Mosexyanl v = (R — 1)/t Uckmouns U3 060HX ypas-
HEHHH {, HOJIYIHM

_ wR(R—r)
v= —

Cpeansisi ckopocTE aTOMOB cepefpa B OIBITe OKazanack paBHoi 650 M/c. Xapak-
TEPHO, 4YTO CJI0i cepebpa Ha BHEIIHEM HHMIHHADPE OIYYHICS Pa3MbITHIM. JTO O3HaYa-
eT, YTO CKOPOCTH ABHKeHHA aTOMOB Pa3/IH4HEL

Pacnpenenenie MoJIEKyJ N0 CKOPOCTAM. 3aKOH PacTIpefieieHUs CKOPOCTER MO~
Jekyn B rase 6uL1 nomyyed k. K. Makceeanom.

Beuny C0XHOCTH 3aKOHA 3AeCk NPeCTaBIIeHO
auib ero rpadudeckoe uzobpaxenue (puc. 4.3).
Ilo ocu opauHat oTnoxkeHa GyHKIUA pacnpedede-
HUS

(4.4)

P/ R D rae n — obuiee YUCa0 MOTEKY; An — YHUCA0 MOJe-
KyJI, HMEIOITUK CKOPOCTU B MHTEPBaJle OTv A0 v + A,
a 110 ocH abCLMCC — CKOPOCTE MOJIEKY L
I1omaae 3aMTPHXOBAHAOH TOJIOCE ¢ OCHOBAHH-
eM Awv 0Ka3bIBAET, KaKas YacTb OT 00uIero Yyuciaa
Puc. 4.4 MOJIEKY UMEET CKOPOCTH, JIeXKAaNiHe B JaHHOM HMH-
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An An
ndv nAv

T TV T*

Th'

0 U (Vu, ) AV v 0 o o v
Puc. 4.5 Puc. 4.6

Teppane. MakcHMyM KPHUBOH pacTipesieicHusI, TpecTaBaenoii Ha puc. 4.5, cooTeeT-
CTBYET HauGojiee 6epoOAMHOLL CKOPOCMU U,

BonbIIHHCTBO MOJEKYJT Ta3a ABUKETCS ¢ HanOoiee BEPOsSITHOIT CKOPOCTREY, TOTAA
KaK 4ucJ10 MOJIEKYJ, MMEIOIHX OYeHb MANTBIE H 0UeHb GOBIITHE CKOPOCTH, MaJIo.
Kpome Hanbomee BepoSITHOM CKOPOCTH ¥, OIBHXKEHMe MOJEKYJI Fa3a XapaKkTepH3y-
eTcs:

a) cpednuell apupbmemureckoti CKOPOCHILIO

U + U +..+v
vy =221 (4.5)
n
apejcTas.Istioiei coboli cpegHee apuMeTHIECKOE SHAYEHHUIT CKOPOCTeH BCeX MOJEKYJT;
6) cpedneii xeadpamuneckoii cKkopocmvio

212 2 2
(‘UKB>=\/"U_%};=JUI +’U2?‘|1‘...+'Un, (46)

PABHOH KOPHIO KBaAPaTHOMY M3 CPeIHero apHpMeTHIECKOTO 3HAYCHHS KBaIPaTOB CKO-
pocTe.
Ecim Bce MOJTEKyJIbl OIUHAKOBEL 110 MAcCCe, TO

2y < {V) < (V) 4.7

C HOBHILIEHNEM TEMIIEPATYPbL HAUOOIee BEPOATHAA CKOPOCTD BO3PACTAET, MAKCH-
MYM paciipeieIeHus MOJIEKYJI [0 CKOPOCTSIM CABHUTAETCS B CTOPOHY OOIBIHNX CKOPO-
creit {prc. 4.6). C MOBHINEHHEM TEMIEPATYPE VBETHIHEAETCA OTHOCHTEABHOE THCILO
MOJIEKYJL, 00IATAI0NINX GOBIINMA CKOPOCTSMH,

4.7. NapaMeTpbi COCTOAHUA UAeaNbHOro rasa

Hneaxbusii ra3. B Monexyasproil dH3MKe 1 TepMOAMHAMUKE PACCMATPHBAKT-
€A CHCTEMBI, COCTOAIIME W3 DOMBIEOrO YHCA YaCTHLL, T.€. MAKPOCKOTTHYECKHe CHCTe-
MBI /111 OMHOI YaCTHIIEL B OTIEARHOCTH HENB3A VKA3aTh €€ KOOPAWHATY M HATIPaB-
JeHHe IBWAKEHHS, ONpEeIeTHTE TEMEepaTypy U dapaenue. laMepume: tonsko  na-
pamempui COCMORAMUS COBOKYIIHOCTH MOJEKY T, T. 8. MAKPOCKONIHIeCKHe XapaK-
TEPUCTUKH,
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Boiscimam BHa1aJ€, KaKHM 3aKOHOMCPHOCTAM NOYHHACTCAH {I0BE/I€HHE BEHICCTBR,
HaXOsAIerocs B razoobpaznoM coctosnun. 1ipn atoM Gyslem paccMaTpuBaTh MAca-
STH3UPOBAHHYEO MOJIEJB PEATbLHBIX Fa30B — HACAIbHbIHA ras.

Hoeanvnoim 2azom HA3BIRAIOT TAKOH ras, s KOTOPOro MOXKHO 1penedpedb
Pa3MEPaAMH MOJIEKYJ, CHTaMHi MOJICKYAAPHOTO BBaHMO}IEﬁCTBHH; COYJapeHHs1 MaJjie-
KYyJ B TAKOM Ta3e [IPOUCXOZAT TI0 3aK0ITY COYAaPeHHsa YNPYTUX IMapoR.

PeanmhHeie rash BeayT ceba noA00HO HAEAIbHOMY, KOT/A CPEIHEE PACCTOAHHE MEXK-
Ay MOJEKyJaMM BO MHOTO pa3 GOJIBIIE X PA3MepoB, T. €. NMPH AOCTATOYHO GOABITNX
pa3pexEeHHIX.

CocrosiHre HEKOTOPOH MACChl Ta3000PA3HOr0 BENIECTBA XAPAKTEPHYIOT 3aBUCH-
MBIMH JPYT OT APyra (pU3NYecKMMH BeJIHYMHAMU, HA3BIBAEMBIMHU MapaMeTpaMH co-
crosims. K HuM oTHocATea obbeM V, naBneHue p u Temnepatypa 1.

O6nem 2aza BCET/1A COBIAAET ¢ BMECTHMOCTBIO TOTO COCY/A, KOTOPHIA OH 32HHMAET.

Eanauna obbema 8 CU — xybuueckuii memp (M%), .

Haenenue — busndeckas peNIUUHHA, PABHASA OTHONMICHUIO CHIH  F, IelicTBYO-
HIEH HA 3JIEMEHT [IOBEPXHOCTHA HOPMAJIEHO K HEel, K IIOAAM S 3TOIO 3/IeMeHTa:

P 5 (4.8)

Emunnnia gaprenns 8 CU - nackaas (1 H/M? =1 I1a).

o HacTOATEro BpEMeHH yHoTPeOIAI0TCS CAEYIONHE BHECHCTEMHBIE €/IMHHIIbI 1AB-
JEHUS; mexHuueckas ammocgepa 1 ar = 9,81 10° Ila; usuneckasn ammocghe-
palatm = 1,013.10° [Ta; muraumemp pmymiozo cmorba | my pr. cr. = 133 [la.

HamepeHnn napieHus raza. Kaxaas MOJEKYNa rasa, yIapssich 0 CTEHKY COCYAa, B
KOTOPOM OHA HaXOJMTCs, B TCUeHHE MATOTO IPOMEKYTKA BPEMCHH JICHCTRYET Ha CTCHKY
¢ onpelleiienHol cHioi. B pesynprate 6ecops09HBX YAAPOB 0 CTEHKY CHJIA CO CTO-
POHBI BCEX MOJIEKYJT HA €AUUMITY MAOUIAH CTeHKH OBICTPO MEHSETCH €O BPeMeHeM
OTHOCHTENbHO HEKOTOPO# (cpeaHeii) BesmmauHel. [Ipuboph, H3MepAIONHe aB/IeHHE,
HASBIBAIOT MaxHoMempamu (puc. 4.7, a - ). ManoMeTpn! GUKCHPYIOT CPETHIOO 110
BPeMeHH CHILY ZABJeHHd, IPUXOAALIYIOCH] HA eIHHULY IUIONIZIU er0 YYBCTBUTCALHO-
ro sJeMeHTa (MeMOPaHBT) HITH APYTOTO MPHEMHHKA JTABAEHHA,

Ha puc. 4.7, a 1306paxena cxeMa YCTPOHCTBE MEMALAUUECKOZ0 MAHOMEN -
pa nna uameperusa 6oubmux gapaenuil. OCHOBHON €ro Y4acTblo ABISCTCS H3OTHY-

Puc. 4.7




Tas TpyOKa A, OTKPBITHIH KOHCU KOTOPOH IIpHNasH K TpyOke B, a 3akpbIThii — cO-
eIWHeH co cTpesakol. ['a3 nocTynmaer yepes kpan K u TpyOKy B B TpyOKy A M pasru-
baet ec. CroGoaHeril konew TpyOKn A, ICpeMemasics, IPRBOIKT B ABHKCHHE 1l€pe-
Aaoni MexairuaM ¥ crpenky. lkana rparyuposana B onpefcieHHbIX €IHHKIAX
AasneHust: 160 B [Tackansx, Tu60 B TeXHUUCCKHX aTMOChepax, 160 B MHILIMMET-
pax pTyTHOTO croaba.

Ha puc. 4.7, 6, é moxasaHbl CXeMbl HCUOKOCTIHBIX MAHOMEMPOS: OTKPLITOTO
(cm. puc. 4.7, 6) Ans usMepenua neboapnux Aapaenyi poline arMocdepHOTo H 3aKph-
TOro (cM. pHc. 4.7, 8) AT U3MepeHHH JaB/IeHHIT HIDKe aTMOCHEPHOTO, T, €. HeOOBIIOTY
Bakyyma',

DU3HYECKUIH CMBICJ TOHSITHA TCMIIEPATYPhl OyACT PACKPBIBATBCS TTO MEPe H3YYC-
HHS MOMEKYJ/SIPHO- KMHeTHYeCKOH TeOpHH ra3os U OCHOB TCPMOUHAMMKIL

Mexiy mapamerpamu V, p, T cyuecTByeT 0AHO3Ha4HOE COOTHOIeHKe. B 0biem
BHUAE 3TO YpABHEHHE COCTOAHHAL ﬂ}l}i IIPOCTBIX CHCTEM OHO MOXET 6bITb 3almcaHoO
cieayommnm obpazoM: f(p, V. T) = 0. C IoMOIIbI YPABHCHHS COCTOSHHA BCET/1a o
ABYM MapaMeTpaM MOXKHO QIpefeNHTh TPeTHH.

4.8. OcHOBHOE YpaBHEHHE MONEKYASIPHO-KHHETHHECKO#H
TEOPUH rasos

JApuxenne Monaekya. JapICcHNe BOZHHKAET B PC3Y/LTaTe Y/AAPOR MOJIEKY O CTeH-
KM cOocyAoB. PaccMOTpUM noBegeHHe OAHOH NPOU3BOJILHO BEIOPAHHOH MOMEKYIb: 4
HIeaJdbHOTO Ta3a, HaxoaAneica B cocyne, nmetonieM GhopMy Kyba (puc. 4.8). Tlycrs
¥; — ee CKOPOCTh, HalPaRJIeHHAS epnelIHKYAApHO CTeHKe cocyla, a  m; — Macca,
[Tpn ynpyrom yaape Mo Jaekyaa cooBIMT CTEHKe HMIYIbC M,v;, TOC/E VAAPA ee
HMITYTbC CTAHET PABHBIM — m,v;. CaeA0BaTENBHO, HMITYIBC MOTEKY bl H3MCHUTCA Ha
my, — {(—ma;) = 2my;. [lo Bropomy sakony Hewroma,

F,'tl' = 2miv,;. (4.9)

Ecin B kybe, uiHa pebpa KOTOpOTo paBlia [, HAXOMMTCS 1 MOJEKYJ, TO BCJACICTBHE
BECIOPSIOYHOLO IBVKCHIS MOJIEKYJE M PABHOBCPOSTHOCTH BCEX HAMPARJIEHHH MOYKHO
CHHTATh, YTO 7t/3 MOJICKYJI ABHAKETCA BAOAb OCH X, n/3 —

BAOAboch Y, n/3Mosekya — Bosb ocuZ. YToOw! Haitty cpea- z
HIOK) CHJY JABJIEHUS Ta3a, CACAYCT MOACYHTATE CYyMMY HM-
[yJILCOB BCEX MOJEKYJI O CTEHKY 3a OIpeflelleHII0e BPCMS. ! AP 4
OT o71HOTO /10 IPYTOro yAapa O TY 3Ke ['PaHb MOJIEKY/IA TIPO- i .
XOINT Y Th, B cpefilieM paBubiil 21 MnTepsan BpeMenn Mek- PRSI AR
Ay ABYMSI 3THMH YJapaMH pasetl t; = 21/v,. Oupeaennm Te- l RPN
Teph CPCIHIONN CHATY, € KOTOPOi AefCTBYET HA OIHY U3 CTe- AN /3.
HOK COCyZa 0/1Ha Monekya, B ypasxenue (4.9) nojicTaBum B 407 Rl by B
BpeMst {; MeXKIY ABYMS yaapamu Fi(2{/v;) = 2m,v,, oTKyAQ 75 D X
{
2 2
L ) @iy ¥
21 ! Puc. 4.8

! I'a3, lapeHNe KOTOPOTO Hike aTMOCEPHOTD, TAshBANT paspencertioim. TAKoe CoCTOaHNE HAZH-
BAIT BAKYYMOM,
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BbiBoji 0CHOBHOIrO ypaBHEHHA MOMEKYIAPHO-KMHETHYECKOH TeopUH Ta3oB. Mo-
TIeKY bl Ta3a JBHIKYTCH C PA3JMIHBIMH CKOPOCTAMU ( ¥, ...y Tj, vy Uy ); CIIEAOBATENBHO,
OHH COOBMIAIOT CTEHKE COCYAa M PasTMIHBE HMITYIbCH. Bribepem Kakoe-muto oHO
HAIPABAECHWE ABMKEHUA MOJIEKYJI {HalpHMeD, BAob oc X). Mexay ABYMS mpoTH-
BOLIOJIOKHBIMH I'DaHAMH Ky0a B 3TOM HAlPABIEHHH JBHKETCA n/3 BCeX MOJAEKYJ, U
CYMMapHas CHJA yAapoB 06 OfHY TpaHb

2 2 2
F= l{__ml“’l L L (4.11)

3l { [

B naeanpHOM raze my = m, = ... = m, = My, HO3TOMY
F =§%(vf b o). _ (4.12)

VMHOAKAB U pa3/le/ uB {IpaByw yacThk paBedcTsa (4.12) Ha n, moayuum

2 .2 2

inmon v+ .+ (4.13)
3 I n

Bolpaxenue, cTosmiee B CKOOKaX, ecTb KBaIpaT cpearell KBaApaTHIECKOH CKOPOCTH
ABWXKEHMS MONEKYT (v, ). Taku obpasom,

Folmon, v (4.14)
3 I
rae F'=pS.
B paccmaTpuBaeMoM caydae S = [% cefoBaTeNbHO,
_F_F Mg Vs ) (4.15)
T
rae n/13 = n/ V= ny — 4HcA0 MOJIEKYJ B €AMHHLE 00beMa, M KOHIEHTPAITHS MOTCKY..
1
p=3 T (Vi )2 (4.16)

— OCHOBHOE YPABHEHUE MOJEKYAAPHO -KUHEMULECKOU meopuu,

OcHOBHOE ypaBHEeHHE MOJIEKYIAPHO-KHHETHIECKOH TEOPHH OTpeAeseT MaK-
POCKOMHYECKYIO BeJHUKHY — JABIEHHE rada Yepes KOHLEHTPAUuMIO 7y MoJe-
KYJI, MacCy my OTAEIbHBIX MOJEKYJI H CPEAHIO KBAaJAPATHYECKYIO CKOPOCTh
(Vs UX IBHIKEHHS.

1
Ecau uepes (E} = 2 M{ V) > OBOBHAYHTD CPENHION KUHETHYECKYIO SHEPTUIO 110~

CTYUIATE/ABHOIO IBHKEHHS HEKOH «CpeaHey MOJEKY s, TO ypaBHeHue (4.16) MoxHO

3aIHCaTh B BHAE
2

p= < nolE). (417)

I Jasaenne rasa paeno 2/3 ot cpe/Heli KHHETHYECKO DHEPriH NOCTYIATEILHO-
ro JABMXKEHHA BCEX MOJEKYI, KOTOPbIE COAEPIKATCH B €JHHHIHOM 00heMe rasa.
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4.9. TeMnepartypa u ee UamepeHue

TenoBoe pasnoBecHe. [ToHATHE TEMIIEPATYPBI — OAHO U3 BAXKHEHRIIHX B MOJIEKY-
sapHOH dusuke. [Jaxe Oc3 cennanbHEIX IPUOOPOR YeI0BEK Pa3AnyaeT TEIIo U X0-
10,1, 6o7Tee HarpeTblie M Mellee HarpeTnie Te/a. CTelleHb HarpeTOCTH TeN XapaKTepH3y-
0T meMnepamypoii. Takoe onpeie/eHue TIOHATHS TeMIIEPATYPbl HMeeT JAHIIb Ka-
4eCTBeHHBIH XapakTep. [N yCTaHOBNEHHS KOJIMYECTBEHHOTO ONPENeNeHHA TeMIle-
paTyphl HeOOX0AMMO BBECTH MOHATHE TETLTOBOro pasuosecud. Iogcium ato. Ecau
NCA0KATE HarPeTHH MeTallsl Ha Jeid, TO JIefl HAuHeT TaBUThCH, a MeTan) — OXjax-
JaThCH 10 TeX IOP, TOKA TEMMEPATYPH TeJl He CTAHYT oguHakoBLIMU. IIpn xouTaxTe
MeKNY ABYMS TeJaMK [IPONCXOAAT 0OMEH TertoToi (Tern000MeH), B pesyJIbTaTe KO-
TOPOTC FHEPTHI METALIA YMELBILALTCS, 2 3HePTHA Abaa (TP NIaBJAeHHH ) YReIHIH-
BaETCAL. .

Tereps BO3bMEM HECKOMBKO TE {CHCTEMY TeJ): HarpeTtoe xedeso (teno A), Boay
IpM KOMHaTHOII TemmepaType (Teq0 5) v nen (Teno B). BeeneM ycI0BHYIO 3aTlUCE,
MOKA3LIBAIOITYIO, KAK TIPH TenaooOMeHe MeKIY STHMH TeTaMH IIPOHCXOTUT H3Melie-
HUE IHePIUH Tew:

AT E3B

HamnpasreHne cTpesok yKaswIBaeT, OT KAKOTO TeMIA K KaKOMY FICPCAAETCS 3Heprust
[IPH TeMI000MeHe. DHEPIUsi IPH TeNI00OMEeHe BCera epeiaeTcsi 0T Teaa ¢ Bonee
BBICOKOH TeMIIepaTypoii K Teay ¢ Honee HH3KOH. B KOHIIE KOHIIOB HAaCTYTAET COCTOA-
HUE CHCTEMbI TeJl, IPH KOTOPOM Temioo0MCH MEXKAY TClAaMH CHCTEMEI OYAEeT OTCyT-
CTBOBATE. TaKoe COCTOAHKC HASKIBAIOT MENTOBHIM PACHOBECUEM.

Tena, HaxofAIKECs B TEIVIOBOM PABHOBECHH, HMEIOT OIHHAKOBLIC TEMIIEPA-
TYPbI.

Ecau cucrema ten HAXOAHUTCA B COCTOAHKUH TEILIOBOIO PABHOBECHA, TO 06'beM, TEM-
nepaTypa ee yacrTed M Apyrue XapakTePHCTUKU COCTOSHUSA He MEHSIOTCS €O BpeMe-
HeM. CBOFICTRO TeMIIEpaTyPHI OIIpeeATh HAPaBIeHUe TeTUTOBOTO 0OMEHA MEXKAY
TeJIAMH ABJISETCHA BaJKHEHIIHM B TEPMOIHHAMHAKE.

WsaMepenne teMnepatypsl. [Ipn nsMeHeHHHN TeMIepaTypbl U3MEHAIOTCH pas-
MEPBI TEN, UX 0ObEMBI, 3JEKTPHYECKOE COMPOTUBIEHHE | IPYTHE CBOHCTBA. B 607b-
IIHNHCTBE (I.)HBI/IHECKHX U XUMHYECKHX ABIEHHH OﬁH&pY}KHBaIOTCH 3aBHCUMOCTH OT
TemuepaTypsl. TakuM 00pasoM, TeMIIEPATYPY MOXKHO ONPEAETHTD [10 H3MEHEHMIO
KaKoTo-THO0 VA0OHOTO jUisl naMepeHUs (H3NYeCKOro CBONCTBA JAHHOIO BEIIC-
CTBa.

I AN 0AHO3HAYHOTO ONpeAeeHHA TEMIIEPATYPBI He0GX0/1UMM BEIOOD TEPMOMET-
PHUYECKOTO Tesa H TeMIEPaTyPHOTO TapaMerpa.

B xauecTBe TepMOMETPHYECKOTO Tela IS OTPEeNCHHEIX HHTEPBANOR TeMIIepa-
TYP MOXKHO BHOPATh Ta3 (HANIpHMEp, BOAOPOL) W XKHAKOCTE (PTYTD, CiMpPT). Tem-
MEepPATYPHEIM TAPAMETPOM ¥ HUX ABAAETCH 00BeM, TeMnepaTyPHEIME TTapaMeTpaMu
MOTYT OBITH 37€KTPHYECKOE COMPOTHBAECHHE HEKOTOPHIX [IOJIYNPOBOAHUKOB H IIPO-
BOAHHUKOB, HHTEHCHBHOCTD M3JIYIeHHs U T. 1.
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Temnepatypublit napaMeTp A0NXKeH HIMECHATHCA TPH H3MEHEHHH
TeMIlePaTypbl HENPEPbIBHO H MOHOTOHHO, T.€. OH HE 0JKEH HMETh
O/IMHAKOBBIX 3HayeHwil IpH pasubiX TeMNepaTypax.

00w

PE 1 Yame Beero st UsMEpPeHUsl TCMIEPATYP HCTIOTL3YIOT CBOFCTRO JKHTKO-
EE CTH M3MELTh 00bEM IIPY HArpeBaliMy (MM oxnaxiaeHun). [pubop, ¢ no-
T MOTIRIO KOTOPOI0O U3MEPACTCA TEMTEPATYPA, HASBIBACTCAMEPMOMETRPOM.
: ﬂ OO6BLIKHOBEHHBIH XUAKOCTURIA TepMoMeTp (puc. 4.9) cocTout U3 te-
M HOMBILOrO CTEK/IAIIIONO PE3ePBYapd, K KOTOPOMY LIPHCOCIMIIEHA CTEK-
I JISTHHASA TPyOKa ¢ y3KWM BHYTPEHHHM KadanoMm. Pesepsyap u 4acTh TpyOKH
Bfdw HaMmoANeHs PTYThI. TeMneparypy ¢peasl, B KOTOPYD OTPYXKEeH TCPMO-

=

METP, OUPCAEASITIOT 110 [IONOKEHHIO BEPXHEro YPOBHS pTyTH B TpyOKe. [Je-
_ JIEHHSL Ha LKA YCJIOBHIRCh HALIOCUTD cieayioiuum obpasoM. Ilnudpy 0
CTAaBAT B TOM MECTE MKANBI, T/Ie YCTAHABAUBAETCA YPOBEHE CTONOHKA
HUAKOCTH, KOT/IA TCPMOMETP OLIVIIEH B TAOHI ctier (aed), nugpyl00 —
B TOM MECTE, [Ae YCTAHABAHBAETCS YPOBEHD CTOMOHKA XKHUAKOCTH, KOT/Ia
TEPMOMETP ITOTPYKCH B 1APHT BOJIEI, KHTIATIEH TPH HOPMaTRHOM JaBiie-
Puc 49 HH (10° Ia). PaccToAnue MeKTy ITUMH OTMeTKaMu Aeaat wa 100 pas-
HbIX YaCTel, HasblBaeMblX rpasycamu. Takoii cnocob AcieHusi IKaibl BBe-
nen A. llenscuem. Tpanyc mo mkane Tleabcus oGosuavawr °C.

PryTHble TepMOMETPHI TPHMEHSTIOTCS /I7IS MAMEDEHHS TEMTIEPATYDRI B 06.1aCTH
or —30 1o +800 °C. Hapsaay ¢ XMAKOCTHHMY PTYTHLIMH U CHHPTOBBIMH LIDHMEHS-
FOTCS AMCKTPHYeCKHe (TePMOMIEMEHTH WM TCPMOMET Dbl CHIPOTHB/EHHS ), FTA30RHIE
TCpMOMETPH H T. T. [lokazanws TepMoMeT POB, MICTTOAB3YIONIMX Pa3fIMYHEIC TEPMO-
METPUYECKHUE TENA, O0BIMHO HECKOABKO pazianuaoTes. J11g nocTrxenus Gombie Toy-
HOCTH BBOAT TAKOKE DAL APYTHUX IOCTOS HHBIX TEMIEPATYPHBIX TOUCK, HALDUMED TEM-
TepaTypol 3aTBCP/IeBaHNsA Pa3iHIHBIX YUCTRIX BCIMECTR (0A0RA, CBUATIA, 3010Ta, MEJTH).
Ho Tounoe oupeneaemic TeMmepaTyphl HE JIOTKIO 3aBHCETH OT BENIECTRA, 3ATTOTHAIO-
wero repmoMetp. C 3T0i Leabio IPUMCHIOT TEPMOIHHAMUYECKYIO WUKATY TEMTIEpPATyp.

4.1.0. l[a30Bbie 3aKOHBI

H3zorepmuyeckuii nponece. 3akou Boiina — Mapuorra. Besikoe usMeHenne co-
CTOSTHAA ra3a HA3hIBACTCH MEPMOCUHAMULECKUM RPOUECCOM.

B /m060M TepMOIMHAMHYECKOM NPOLIECCE H3MEHAIOTCH TIAPAMETPD, ONpee-
Jgioniye COCTOAHHE Ta3a.

Hert 1m oasoro nponecca, 1pH KOTOPOM N3MCHCS Obl TONBKO OAKH IAPAMETD.
H3smenenue oasoro napaMerpa BefieT K M3MEHCHHIO ocTabHEIX. [Tpotiece, mpu KoTo-
POM OJTHH M3 TAPAMETPOB OCTAETCS IOCTOAHHBIM, a ABa APYTHX HIMEHSTIOTCH, HA3blBa-
0T HIORPOUECccom,

IIpouecc, IpOTCKAIOMMKI B Ta3e, MPH KOTOPOM TCMITEPATYPa OCTAETCA [OCTOSHHOMH,
HAZHBACTCH UIOMEPMUHCCKUM (<1130C» — PABHBIH; «TEPMOC» — TCILILIH ).

[Ioutu oanoBpemMerno B XVII b, ppaHiysckuM yyerbM J. MaproTTOoM H aHrumii-
ckuM yuenniM P. Boitrem 6112 yeTaHOBIEHa 3aBHCHMOCTS JIaBIEH WS Ta3a OT €70 06be-
Ma IPH LOCTOAHHONA TEMIIEpaType.
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3axon Boiina — Mapuomma: iapjieHle rasa Aannoii maccsl (m = const) npH
NOCTOSHHO} TeMIIepaType H3MeHAeTe s 0OPATHO NPOTIOPIMOHAILHO €I0 00beMY.

JTOT 3aK0H MOXKHO cDOPMY/IMPOBAaTh HHAYE:

NpOHU3BEeXeHNE IARJCHASA ra3a HA 06beM N AaHHOH MACChI ra3a IPH NOCTOAH-
HOIi TeMIepaType ecTh BEIHYHHA HOCTORHHASM:

2V = const, (4.18)

Ipahuuecky 3TOT 3aKOH B KOOP/IMHATAX PV M300pakaeTcs JHHHEl, Ha3bIBaeMO
uzomepmoti (puc. 4.10). s ognoil U TOII 3Ke MAcchl Ta3a pasHbie M30TEPMBI COOT-
BETCTBYIOT [POLIECCAM, IPOUCXOASIIAM MPH Da3IHMIHBIX TeMTiepaTypax.

H3ob6apusiii nponece. 3akon Ieii-/lioccaka. llpouece, LpoTeKaloUni B rase, MpH
KOTOPOM JIABCHHE 0CTACTCS TTOCTOAHHBIM, HASHIBACTCA U306 apHbim (<«6apocs — Ta-
AKeJIpii ).

3aBucuMOCTh 06beMa Ta3a OT CIO TEMIIEPATYPLI [IPU [IOCTOSHHOM JaBieHuu Obtia
ycranoBaeHa dpaniysckuM dusukom u xumuroM JI. Teii-JTioccakom (1802).

OubiThl, IIPOBEACHHbBIE UM, IOKA3ATH, YTO YBeTWYeHHe 00hCMA Ta3a TPOTIOPLUO-
HaJIbHO NTPUPAILEHHIC TeMIIepaTyPhl.

3axon Ieii--roccaxa: 00beM rasa JaHHOH MacChl IPH NOCTOSHHOM JaRJe-
HHH BO3PACTAST JIHHEHO ¢ YBeHIeHHEeM TeMIepaTypsl:

V= V(1 + at), (4.19)

rae V — obbeM rasa npu temneparype t, °C; ¥ — ero obwem mpu 0 °C; « — memnepa-
mypnsiii k03P duyuenm obvemiozo pacuupenun (115 Beex rasoso = 1/273 °C).
CrieIoBATEALHO,

1
V=v,|1+—=—t]| 420
"[ +27'.3] (4.20)

T'paduueckas 3aBUCHMOCTD 0OBEMA OT TCMTICPATY PBI H300PAKAETCS TPAMOH IMHH-
el — uzobapoii (puc. 4.11), [lpu ogens M3k TeMnepatypax (Danskux k—273 °C)
saxon leii-/loccaka 11e BRIMOAHACTCS, IOITOMY CILIOLIIAA JIHHKASA Ha TpaduKe 3aMe-
HeHa MYHKTHPOM.

r 1%
P2
>
<
b p]/ P,
ty ) ,/ /
t Lo
] ¢
0 1% ~273°C 0 t
Puc. 4.10 Puc. 4.11



4.11. AGCOMIOTHLIW HYNIb TEeMNepaTypbi.
TepMmoauHamMuyecKan WKana rTeMneparypb

Jaxon lapas. [Ipotece, nporekaowuii B rase, IpH KOTOPOM 00bEM OCTaeTCA Mo-
CTOSHHEIM, HA3LIBACTCH UIOXOPHBIM (<«XOPEMAr — BMECTHMOCTS).

Hcenenopannis 3aBUCHMOCTH AABTEHHSE AHHOH MACCHE Ta3a OT TEMTIEPaTYPEI TPH HeMs3-
MeHHOM 0GbeMe Obuin Brepsbie nposeaeHst B 1787 r. hpannysckum dusuxom K IHapnem.

3axon apas: napieHye ra3a JaHHOH MacChi IPH TOCTOAHHOM 06beMe BO3-
PACTaeT JHHEHHO ¢ YBeIMYeHHEM TEMIIEPATYPBL:

p=po(1 + 1), (4.21)

rie p — JaBJeHMe rasza mpu temmepatypet, “C; p, — ero nasiuenne npu{ °C; y — ment -
nepamyproii xospunuernm oaenenun. Lro 3Hauenne He 3aBUCUT OT LIPHPO-
Bl Ta3a; /IS BCEX Ta30B ~ = 1/273 °C~1. Takum o6pazom,

rP=" 273

1+ it}. (4.22)

Tpaduiveckad 3aBHCHMOCTE AIABIEHUS OT TEMIIEPATYPH H300pazkaeTcs HPIMON JH-
HHell — uzoxopoi (puc. 4.12).

Ao6comorHblii Hyas TeMneparypbl, Ecin uaoxopy (cM. puc. 4.12) 1poIo/KET B
00J1aCTD OTPHLATEJIBHBIX TCMIIEPATYP, TO B TOYKE IIEPECEYEHHA ¢ OCBIO adcuce nMeeM

1
_ 1+—t]=0‘
4 p‘}[ 273

Orcioga t = —273 °C (Tourniee, —273,16 °C), 4TO COOTBETCTBYET HYJIIO [I0 TEPMO-
JHHaMH4eCKOH MIKase. JTy TeMIlepaTypy HasplBaloT sytem Keaveuna (1 a6-
COMOMHBIM HYAEM).

TepMoaumamugeckas WKaIa TCMTIEPaTyp Oblia MpeAa0keHa AHTTHHCKIM VIEHBIM
Y. KembsuHOM. Ja Hayalo OTCYETa HA ITOH IUKAJIe LIPHHSITA TeMIepaTypa Hyab Keib-
BuHa (0 K). Hyse Kenbsuna — 3710 npeiiesthHasg TeMmepaTypa, 1PY KOTOPOH JaBieHue
HJIeasIbHOTO Ta3a paBHO Hyao. TeMneparypa Huke 0 K HeBoamoxHa; 0 K — aTo camas
HHU3Kas TemmepaTypa B npupoje. CyurecteoBaHue ee npenckasan M. B. JloMoHocos.

3a cAuHUIY TeMIlepaTyphl 110 TEpMOAHHAMPYECKOiT Kate npuHsT xeaseun (K);
1 K coorsercteyer 1 °C.

Temnepartypa, OTCYMTaHHAA [O TePMOIUHAME-
P YecKol Kaie TeMnepaTyp, obo3uagaerca T. Ee Ha-
3LIBAIOT MEPMOOUHAMULECKOU memnepamy -
poii. Tax Kak TOYKa IIaBJIeHH JILAA TPH HOPMAJb-
HOM aTMOCGEPHOM aaBjieHuH, upunstas 3a 0 °C,
paBHa 273,16 K™! (puc. 4.13), To

V,
,/ /m T=273,16 + t. (4.23)

/: ]
Vs
T 273°C 0 y 3aMeHUM Teneph B ypapHeHnH (4.20) TeMnepaty-
PY, OTCHUTAHHYO 110 LTKATE I_[E_‘JII:CHH, TEPMOTHHAMH-
Puc. 4.12 4eckoit TeMiepaTypoH:



Keappuna lenncus

Ixana Ilkama
‘,=VD[1+;t]=VO[273,16+t]:V T

273,16 273,16 ®273,16°
373 K+ —100°C
O6ozHauns uepes V; u V, 00beMEI rasa mpy TeM- .
nepatypax T; u T, sanumem 273,15 K+ —0°C
T :
V=V, V= Vo2 (4.24)
273.16 273,16 0 IS__ ___________ _:27300
PasneMB novaeHHO 5TH PaBeHCTBA, MOJIYYUM As Puc. 4.13
H306apHOTO npollecca
E = zl—, WIH K = const. . (4.25)
Vo T T

AHaZIOTHUHO N0AYYHM COOTHOLIEHHE MEX Ty llapaMeTpaMu, XapaKTEPH3YIOIIHMHE H3(-
XOPHBII IIporecc:

= const. (4.26)

B Tako#i sanmucu sakonos I'efi-/Tioccaka (4.25) u [apaa (4.26) Haubosee nonHo
PacKpsIBaeTCA HX (PU3MYECKOe COAEPKAHNE,

I Has naunoit Macent rasa ero o6beM nNpH H306apHOM HIM JaBJeHHE HPH H30-
XOPHOM NpoLEccax MpoNoPUMOHAIbLHEI TEPMOAHHAMHYECKOH TeMnepaType.

Ta30BbIe 3aKOHBI BRIMOJAHSOTCA € BBICOKOH ¢ TeNMeHEI0 TOUHOCTH JI7IS Ta308 MpH 11€-
OoMBEIIMX AaBJICHHAX H He 09¢Hb HU3KNX TEMIIeDATYDax.

4.12. YpasHeHWe COCTOAHUA HAEaNbHOro rasa.
MonsipHas rasosas NOCTOAHHASN

¥YpasrHenne Knaneiipona. PaccMarpuBbast H30TIpollecchl, Mbl TOATAIH, YTO OJWH H3
TPeX NApaMeTPOB COCTOAHUA OCTABaACA HOCTOAHHBIM. Ha npakThKe Jaiie NpUXoAHTCS
CTAJIKHBATHCS CO CIYYASMH, KOIa OJHOBPEMEHHO U3MEHSIOTCS BCe TPH MAapaMeTpa co-
CTOSTHUSL.

[TpeamomokuM, 4TO HAYAIBHOE COCTOSHHE Ta3a PH M = const XapaKTepu3yeTcs
napameTpaMi V), p;, T}, a KOHEUHOE — COOTBETCTBEHHO Vs, py, T, (puc. 4.14). Ilyctdb
TIEPEX0/, U3 HAYAJBHOTO COCTOSHHS B KOHEUHOE IPOHCXOANT NocaefoBaTeabHo. BHa-
yasie U3MEeHUM JaBJIeHHe p; Ha p,, a TeMaeparypy 7T, ocTaBUM HensMeHHOl. ObbeM,
KOTOpBIH 3ajimMeT ra3s noc/ie 3TOro nepexosa, 06o3nauum V, Toraa, 1o akony Boitis —
Mapuorra, p, V) = p, V, oTkyaa

v (4.27)
P2

117 l



Pa>py

Puc. 4.14

Tenept 1pu HEH3MEHHOM AABACIHNH P; YMEHBUIHM TeMieparypy ¢ T, ao Ty, npu
3TOM OObeM u3MeHWTCR 0T 3Hagenus V o Vo, caefosateabHo, no sakony ITfapas,
V,/V =T,/ T, otkyna

_Wh
‘

v (4.28)

B ypasuennsax (4.27) u {4.28) paBHBI JCBbIE YACTH; CEA0BATEILHO, DABHBI H Tpa-
BbI€, TOI/I2

pl‘Vl — ﬂVZ, VLTH p[]/; — p2V2’ (429)
By T 1) I,
T. €. MOXKHO 3aMucaTh, UTC
PV _ const. (4.30)

Beipaxkcnue (4.30) HaszmBaetca ypasnenuem Knaneiipona:

I TIpOH3Be/leHHE JABJIEHHs Ta3a JAHHOH MAcChl Ha €ro 00beM MPONIOPLUHOHAID-
HO TEPMOAMHAMHYECKOi Temneparype.

YpaBuenne Knaneiipona — MeHaeneeBa. 3naueHve NOCTOSIHHOM B YPaBHEHHH
(4.30) 3aBHCHT OT MACChi M MOJEKYJISPHOH MaCChl rasa, a TaKxe oT BbIOOpa eIMHHIL
NaBAeHUA, 00beMa B TEMAEPATY Dbl BHIYHCINM 3Ty MOCTOAHHYIO JAS BEIIECTBA, B35-
TOro B KOmucctBe 1 Moab. Kak caenyer u3 3akoHa ABorajipo, 1 MoJh Jnoboro raza
1IPH OIMHAKOBELX 3HAYEHUSAX TEMTTEPATYPhl H IABJCHUS 3aHUMACT O/IHHAKOBHIT 00HEM.
IMpit T=273K (¢t =0°C) u p=1,013-10° [Ta 1 Moab moGoro raza 3anuMaet 06beM
V, = 22,4-107% M>. TloncTaBue 3TH AaHHbIe B ypasHeHHe (4.30), nogyunM 3HayeHMe
BXOJSALLEH B HETO KONCTAHTRI, IPWYEM I 1 MOJIb JiF060T0 Tasa 3T0 3HAUEHHE OOHHA-
K0BO. OHO HOAYWLIO HASBAHUE MOARPHOL (YHUBEPCANLHOIL) 24306011 NOCMO -
annoii (obosvavaercs R). Halinem unciaosoe 3Hauenue R B CU:

_pVe _ 1,013-10°Ta - 22,410~ n?

R = §&,31 Ix/(Moms - K).

T 273 K A / ( )

Y passense (4.30) ansi omHOro MOJIA rasa TEIMEPb MOXKHO 3AMIECATD TAK:
pV,= RT. (4.31)
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3 ypaphenus (4.31) nerko nomyusTs YpaBHEHNE 17151 JTIO-
6ot Macebt rasa. Tas maccolim 3aiiMer obbeM V= V,(m/M),
rie M — macca 1 Mo/ M — uncio MoJei rasa. YMHO-
KUB 0be yacTu ypasaenns (4.31) va m/ M, nonyyum

m

m
Myp= R,
IYALLEnEY:

T
Ho —V, = V: ciejlosaTesasio,
Al

i)

pV = RT. (4.32)

S

370 ¥ cerb ypasHeHHC Knaneipona — Meneneesa /s

06071 Macesl rasa. Puc. 4.15
MonspHaas razoras nocrofHHadA. Y CTAHOBUM TeNeph

(PHsHUeCKWil CMBICT MOJISAPHON rasoBOH MOCTOSHROMN.

Ipenno/ioxuM, 4To B LHIHHIpe (puc. 4.15) noa nopmyem npu Temnepatype 7 Haxo-

antest 1 Motk rasa, o6beM KoToporo V. Harpeem ero nsobapho (p = const) va 1 K, mpu

3TOM MOPUICHB [IOIHAMAETCS Ha BeIcOoTY Ah, a 06bem rasa yeenuuures ua AV, 3anu-

meM ypaBHeHHe (4.31) /List HATPeTOTO raza

p(V+ AVY=R(T+1)

M BblYTEM W3 ATOTO PaBCHCTBA ypaBHenne pV = RT, COOTBETCTBYIOLIEE COCTOSHHMIO
rasa 710 HarpeBanus, [lony4um

pAV =R (4.33)
HMoacrapum B (4.33) snauenue AV = SAh, rie S — 1Ltouanb OCHOBAHUS TTHARHAPA:
pSAh=R. (4.34)

Ho pS= Fectb ciia, a FAh= A — pabora 110 HCPCMELICHUIO TIOPLLHS, COBCPLLAEMas
3TOI CWI0H IPOTUB BHENITHUX CHJ MPH PacLUMpenH raza, Takum obpaszom, R = A, T.e.

I MOJSpHasA ra30Bas NOCTOAHHAA onpeaeaderca paboroil, copepniaeMoii 1 MoJb
ragda npu H3o0apHOM HarpeBaHHH ero Ha 1 K.

4.13. Temnepatypa — mMepa cpe/lHed KHHOTUYECKOMN IHepPru1
XaoTHY4eCKOro ABUMEHHWA MONeKyn

Tepmoauramuyeckas temneparypa. [lepeiizeM tenepb k BaxieHIHM CJACICTBE-
M, BBITCKAKOIHUM W3 OCHOBHOIC YpaBHECHHA M()JIEK}UIHPHO-KI/IHETI/F-IECKOI‘:I TEeOpHn ra-
30B.

BoanmeM 1 Moub raza, Kotopsii 3aHkMaeT o6beM V. KoHileHTparing Mosieky 1 rasa
1y = Nu/V, 11 ypastenue (4.17) MOXHO 3aKCaTh B BHAE

_2hy

p =SB (4.35)

119 |



Ho nna 1 mMoms cipaBeiiMBo ypaBHeHue cocTostiust pV = RT, orkyaa

RT
p = -
Vv
IMoacTaBuB aT0 BHIpAXKEHE 115 AaBIEHIA B YpaBHeHHe (435) U pElHE ero OTHOCH-

tesbHO T win {E), noayunv nepeoe noaoxicenue MoneKyaapHo-KuHemuye -
CXOl meopuu 2a306:

T = %[-":%—’*] (E). (4.36)

W3 yparmenus (4.36) crenyer, 4To

I TePMOJAHHAMMYECKAS TEMIEPATYPa NPONOPIHOHAIBHA CPE/THEH KHReTHYeCKoH
OHEPrHH Xa0THYECKOTO ABH)KEHHA MOJIEKYT raaa.

Ilocroannaa BousnMana. Takum 00pa3oM, ueM GbicTpee TBUKYTCH MOJICKYJTBE,

3| R

TeM BhIllle TeMncpaTypa. 113 ypaBHenwust (4.36), mockonsky (E) = 5|7 T ans mobo-
A

TO rasa, CIENyeT 6MOPOE NOTOHCEHUE MONEKYNAPHO-KUHEMUMECK O Meo-

Pul 2a3046:

I cpe/THHE KAHEeTHYeCKHEe SHEPIHH MOJEKYJ Pas3HBIX ra30B, HAXOIAIMXCS NPH
O/IMHAKOBO} TeMIepaType, PABHBI MeXIY coboif.

M3 paseHcTBa CpeAHMX KMHETUYECKHUX SHEPIHE TA30BBIX MOJIEKYII CIEAYET, YTO NPU
TepeMeIIABAHAH PA3/ IHYHEIX [A308, MMEIOIHX OIAHAKOBBIE TeMITENATYDBL, HE IPOUCXOAT
TPEMMYLIECTREHHOH Mepe/Tault SHEPTHH OT MOIEKYJT OIHOTO [a3a MOJIEKY.TaM JPYTOTO.

Beanunna R/N, = k B ypasHenuw (4.36) no/yunna HazBaHHE NOCMOAHHOU
Boavymana n upeacTabiser cobOi razoBYIO MOCTOSIHHYI0, OTHECEHHYIO K OLHOM
MOJIEKYJIE:

R _ 831 Ix-mom ' -K™!

k=
N, 6,02-10%* momnp™!

=1,38-10"% Ix/K.

CuenoparensHo, Boipaxenne (4.36) MOXKHO NPEACTABHTE B BH/E

(E) = %kT. (4.37)

3aBHCHMOCTD JaBJICHHA ra3a OT €r0 KOHIEHTPalHH M TeMmepatypsl. [loacTas-
Jstst (4.37) B (4.34), HaiiaeM BLipaxeHue s AABJIEHHS rasa;
p= nokT. (4.38)

I JlapreHHe ra3a NpoNoPIHOHAIbHO MPOU3BEAEHHIO YHCIa MOJIEKY/ B €IHHHALLE
o0beMa Ha ero TepMOJHHAMHYECKYK) TEMIIepaTypy.

Ananu3 ypaBuerus (4.37) noxassiBaet, yto 1pd T = ( K KHMHeTHYecKas sHeprus
HOCTYMATENbHOIO ABKMKEHNA MOAeKyA E = (), a C1enoBaTenbHo, 0 v, = 0.
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Takum obpaszom,
R npu T = 0 K orcyrcrByeT nocTynareabHoe JBHXKEHHE MOTEKYJL.

Ouasuako ato He oaHavaet, uto npu T = 0 K npekpamaectcs asuskenue soobie. Co-
XPaHAIOTCA BPAMIATEIbHOE H KoebaTesabHOe ABHKEHUs atoMoB H Mosekys. Ilo co-
BPeMeHHEIM nipencTaBienusm, ipu T=0 K iy amomoe u ewye 6onee meaxux wac-
mul, OCMAemcsa HeKOMOPasi SHEPZUA, HAZLIEACMAA HYAEBOL.

TpeactaBiM Tenepsb Gopmyay (4.37) B TAaKOM BHIE:

2
—'_m<UKB) = §le
2 2

OTKYa CPEAHAA KBaApPaTHICCKaA CKOPOCTh

kT
() = | (4.39)
V om
OT1ciona cnefiyeT mpembe nOAOHCEHUE MOAEKYNAPHO -KUHEMULECKOT
meopuu 2a3oe:

I CcpeHAaS KRa/IpaTHUe CKas CKOPOCTE MOJEKY. MPOTOPITHOHATRHA KOPHIO KBaj-
PATHOMY H3 TEPMOIHHAMHYECKOH TEMIIEPATYPBI.

TakuM 06pa3oM, 3Haa TEMIIEPATYPY Ta3a, MOKHO HAHTH CPETHION KB/ IPATHYECKYTO
CKOPOCTB JIBMKeHHS Moneky. Ha ocHoBanMH BEIpaxkeHUs (4.37) MOXKHO YCTAHOBUTD
OlIpefie/IeHHe TeMIIepaTypLL:

TEPMOAHHAMHYECKAA TEMIIEPATYPA C TOYHOCTHIO /10 TOCTOAHHOTO MHOMKHTE-
as 3/ok paBHa cpeaHell KHHETHYECKOH 3HEPIHH MOCTYNATEAbHOTO ABHIKEHHS
MOJICKYJIbl HAEAJIPHOTO Ta3a.

Vcnoap3yst 3aBHCHMOCTD JIABACHMS I'a3a OT KOHIIEHTPAITHH €T0 MOJIEKYTT H TEMITe-
patypsl {cM. (4.38)), MoxHO HOay4HTh ypaBHeHe Knaneitpona — Menaeneesa.

Ob6o3Hagast yepes n ofulee YUCIO MOJIEKY.T B 06 beMe V rasa v IPHHUMAA BO BHU-
MaHHe, 4To 7y = n/ V, ypaBHeHHe (4.38) npeacTaBuM B BUIE

pV=nkT. (4.40)

Tak xax n 1151 TAaHHOM MAaCCH Ta3a HETIOCPEICTBEHHO He W3MEPAETCs], TO HeobXo-
J¥MO NPHAATDH YpaBHEHHIO (4.40) Soaee yaobuwtil Bra. /L5 3TOro BOCMOAB3YEMCH T10-
HSITHEM MOJL.

Obmiee YHC0 MONEKYIT B V MOJISIX PABHO 1 = VN,

IlosTomy

pV=uvRT. (4.41)

Papencrso (4.41) naseiBalor ypaenenuem Knaneiipona — Menodeneeaa.
Ilpu T = const noxayumM ypapaeniie Boiing — MapuoTra, & npy p = const — 3aK0H
Teit-Tioccaka.
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® OcrosHbIe ROAGHCENUT MOREKYAAPNO-KUHEMURECKOU MeOpLll 2A3086;

© BCE TCAA COCTOAT H3 MeALIali X 4acTitil — aToMoB, Motekya, Ctpoenue T0o0oro Beme-
CTBA TNCKPCTHO,

© aTOMBI H MOJIEKYAR BEIICCTBA RCETHA HAXOMATCA B HeUPEPLIBIIOM X30THICCKOM JBIDKE-
M, KOTOPOC HASBLBACTCH TEILIOBBIM ABUKEHHUCM;

O MCHZY HaCTHIIAME MOGOro BeNecTBa CYIMECTEYIOT CHIIBL B3auMOACHCTBHA — NPHTH-
HKCHHMA ¥ OTTaAKuBaHWA. [IpUpo/ia 3TUX CHA 3AEKTPOMAarHWTHAA.

® MakpoCKOUWGCCKHE Te1a COCTOSNT U3 OTPOMIIOT0 YHEIA MOAEKY.1, MACCEI KOTOPBIX MabI,
TOATOMY MACCY MOJEKYil B HX KOJHYECTBO BHIPRKAIOT B OTHOCHTENRITEX e/lMHUNAX (OTIHOCH-
TeAbHA MOJACKY.IAPHas WK aToMHuas Macca). KoanuecTBO BeLecTBa BBIPAKAIOT B MOJSLY.

® Koaunecmeao eetiecmed — 310 OTIOIIEHNe YHC.Ia N MoAeKyT (aTOMOB) B TAHHOM MAK-
POCKOITHYECKOM TeAe K uncty N, (6,02-10™ monn~!) atomon B 0,012 kr vracpoma:

N m
V= N = IJ— .
A

® Bpoyroeckoe O8uicere — 3TO TEIJIOBOE ABHKEHIHC BIBEIIEHHAIX B X HAKOCTH (HIH
I'a3€e) YACTUYEK,

& ArperatHoe COCTOAHHE BELECTRA OIIPCACAHETCS COOTHOEHNCM MCKAY CPEAHEH KUHCTH-
ueckOi U CPeRCH NOTeHTIHATBLHON SHCPrUCH RIAHMOACHCTRIIA MOJACKY. Y 23306 CPCIHAA KH-
HCTHMCCKASt SHEPIMS MHOTO 60b11e a0COAI0THOTO 3HAMCHUS CPETHEe II0TEHIHANBHON SHEPrHK
B3aHMOREHCTBHA MOJEKYJL, ¥ HCHOKOCHIEH OHM NPUMCEDII0 PABHLL, A Y MEepObrx mes abco-
JOTHOE 3TEAYEHAE CPefITe TOTCIIHATAHON JTePrAr B3aUMOAEHCTRAA MOJEKYJ MITOTo GoJIpIne
HX CPCAHER KHHETHYCCKON JHePruH.

¢ [JoTeHIMAABITAS JHCPIUA B3auMOLCHICTBHA IPK IPHTAXKCHAH OTPHLIATETLHA,

® Hoeaviviti a3 — MOJETH PEATBHOID [A34, COCTOSUIETO W3 MONEKYJI, DASMEDBI H B3AUMO-
ACHCTBHE MEXAY KOTOPLIMU LpeHeDpekiMO MaTsl, CpefHAR KHIIeTHUECKas JHCPIHA MOJICKY1
WAEAIBHOIO TA33 3HAYNTEARHO HOIBINE CPeHeil HOTEHIIMANbIIGHE SNMEPTHH X B3AUMOAEHC TR,

& MoackyIsSpRO-KMHETHYec kas TEOPHS PaccMaTpHBacT JAB/ICHHE TA32 HA CTCHKM COCY/IA, B
KOTOPOM OH IIaX0ANTCH, KaK PEe3y/bTaT yAapOB MOJICKYJ G €10 CTCHKH.

® Jaenenue raza onpejenserca Kak 2/ or cpeseil KHHETHYECKO | S1TEPIUH NOCTYNATe b=
HOTO JIBIKEHUS! BCEX MOIEKYJL, KOTOPbIE CO/IePKATCSE B eAHHHYHOM 0fbeMe rasa:

2
p= - nylE}.
3
¢ Temnepamypa aprdcicy mepoll cpearieil KNHETWYCCKOH 3IePTHN XaoTHICCKoro (Ten-
.FI(JB()I'O) JIBHIKENTHA MOJEKY.T]

KPATKUE BbiBOAbI

72N
3 R

o B dusmke nanbosiiee pacpocTpaHeHHE TOTYHA A0COMOTHAS KA TeMmepaTyp (IKa-
na Kenssuna). OAUH KeJibBUH PABEH OHOMY TPajiycy 110 wxane Heascus.

® Tepumoannamuucckuc napaMeTphbl, XapaKTePH3yOMC HACATBILIN 1a3, CRASAHE] MCHKLY
coboif ypasnenuem Knanetipona — Mendereesa

m
v="pr
P =

(E).

Jro YPABHCHHE COAEPHKHT B KAMECTRE YACTHRIX CTYYach I'a30BbhiC 3AKOHDI:
© 3akoH Boitns — Mapuorra (npu T = const pV = const);

o zakon lefi-/Ticcaka (npu p = const % = coust);

© 3axoHd Hlapna (npu V= const % = const ).
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g Bonpocol BNA CAMOKOHTPONSA U NOBTOPOHUA

1. Chopmyiupyiite oCHOBHBIE LOJNOKEHNA MOMCKYAAPHO-KHHeTHYECKO# TeopuH. 2. UTto
Takoe MosekyJ1a? 3. Uto Takoc atoM? 4., UTo TaKoe OTHOCHTEIBHAT MOJCKYIIPHAs Macca?d. Yo
Ha3blBACTCA KOJHYCCTBOM BelllecTBa? Exqunnua namepenna. 6. Kakoe dhuanueckuil ¢MbIc 1mo-
cToaHHOH Asoragpo? 7. B uem HamepseTces Mosipias macca? 8. Yem obycaopaeno GpoyHOBC-
koe Asmxerne? 9. Uto takoe auddyaua? 10, Kakos xapakrep 3aBUCHMOCTH CHJ MEKMOACKY-
SBIPHOTO B3AUMOAEHCTBHA OT PACCTOARMS Meskay Moaderydamu? 11, Maobpasure 3aBHCHMOCTD
TIOTEHUHATBHOH PHEPTHU BIAUMOACHCTBUA MOJICKY ! OT PACCTOSHUS Mexay HuMy. 12, Kakue
arperaTHsie COCTOSHMA BEIeCTBA cyHecTByoT? 13, Kakumu cKopoeTAMU XapakTepusyioT J\BH-
*eHue Moileky/l rasa? 14, Kakoli raz naabisawT wieanbaniM? 13, HazoBuTe LlapamMeTpsl cocto-
Axus rasa. 16. Uto taxoe zapiacHye rasa? Yem ono obycaosacno? 17, Kaknvn npubopamy 13-
sepsioT gasacuaue rasa? 18, Jaiire onpenenenue BakyyMa. 19, 3auumirre ocioBioe ypaBHeHKe
MOJIEKY ISIPHO-KMHETHYeCKOH TeopHH razos. 20. Uro HasblpaeTca TePMOAMHAMMYECKHMM HpO-
neccom? uzonporneccom? 21, Chopmynupyiite 3axonsl Boitna— Mapnorta, Teii-/Twoccaxa, [ap-
4. 22, Kakan TeMImepatypa HasbBaeTcs TepMo/iHHaMideckoii? 23, Kakoit puanuecknit cMoicn
HMCIOT MOJISIPHAS! 1a30B8as 0CTOSHHAA W IoCToANHAs BonpuMana? 24, Kakopa cnsiab Mexay
KHHETHHeCKOI sHepTHell TOCTYIATEIBHOTG ABHXKeHNS MOAEKY.N [d3a H €ro TepMOIHHaMHIec-
Kol TeMmepatypoil? 23. Beiscante ypasticine Kianeiipona— Meniienecpa u3 0CHOBHOIO ypaB-
HEHH S MOJEKYISPHO-KHHCTUYECKOH TeOpHIL

MNpumepb pelieHus 3aaay

® 3anaua 1. OnpenesauTn cpe/Iio KBaipaTHIeCKYR CKOPOCTb MOJIEKY I [a3a, ILIOT-
HOCTb KOTOPOro 1Pk AasieHun p = 50 kIla coctaenser p = 4,1-107% kr/M".

Hauo: p=5-10*Tla; p = 4,1.10"% kr/m%

Haiima: (v,,).

Pewrenne. [1o 0CHOBHOMY YDaBHEHHIO MOJIEKYIAPHO-KHIIETHIECKO] TEOPHY LA
JaBJIeHUs HMeeM

o= Lot

rae ng — YUCI0 MOJICKYJ B CAHHHIIS 061;ema; m — MacCa MOJAEKY.TbI.
HPOHBBEHeIH/Ie My = p — ITO ILTOTHOCTD Ta3a. Torna

1 K]
p= 2ol (ve)= [
3 P

Brruncaenns;

3-5-104 Ila
) =, ———————— =1913 M/c.
(vra) \/4,1-10‘2 Kr /m? /

Oteer: (v,,) = 1913 M/c.

® 3apaua 2. Ckoanko MoNedl 1 MOJTEKYJT BOAODOIA COAEPKUTCA B HALTOHE BMeC-
THMOCTBIO 50 M® 1o KaBaeHUeM 767 MM PT. ¢T. TTpH Temneparypeld °C? Kakopa 1L10T-
HOCTB rasa?

AaHo: V=>50m% p="767-1,33-10°Tla=1,02-10°[1a; T= (273 + 18) K= 291 K;
M= 2.107% Kr/MONb.

Haiiru: v, n, p.
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Pewmenne. 113 ypasnenus Kiraneiipona — Menneneesa

m

V =—RT, 1

D I (1)
e v = m/ M — yncao Monett, comepxamuxcs B obveme V, umeeM

pV

V=, 2
RT (2)

UHcno n MOEKYJ, COAEPIKALINXCA B JAHHOM 00beMe, HAXOAUM HCIIO/Ib3Ys IIOCTOSIH-
HYI0 ABOTagpo:

n= UNA.

[roTHoCTb Fasa p = m/ V, Toraa
_ oM
P=RT

Boruncaenns:

v 1,02-10° Ia - 50 M*
8,31 Ax /(Momb - K). 291 K

n =2,1-10% Moub - 6,02 - 10% Momb~! = 1,26 - 107,

= 2109 MOJIb = 2,1 10° MOJIb;

~1,02-10° Ila - 2-10-? kr / momB
8,31 Jx/(Moib - K)- 291 K

= 8,44 1072 kr/™°.

Oteer: v = 2,1-10° Moab; n = 1,26-10%"; p = 8,44- 1072 kr/M°.

& 3ajava 3. Kakosa no/xHa GbITh HANMEHBIIAS BMECTUMOCTD Ba/lIoHa, YTOOBI OH
BMemaI m = 6.4 xr kucaopoga npy ¢ = 20 °C, e¢/IH ero CTeHKH BbIIeP:KUBAIOT JaBJie-
Hue p = 16 MIlIa?

Hano: m = 6,4 xr; M=232-10"3kr/monb; T= (273 +20) K=293 K; p = 16-10° [1a.

Haiitu: V.

Pemenne, VI3 yca0Bus 3a1auu cIedyeT, 9TO MPH IOMEIIEHUH B OL10H6,4 KT Kiic-
JI0pO/ia NaBJIeHHe He A0KHO Tpeblmars p = 16- 10° I1a. Ilo ypasrerno Kianeiipo-
ta— Metiaeneesa,

m
V=-—=RT,
PY =T
OTKyZa
y=mET
M p
BoiuncaeHus:

_ 6,4 kr-8,31 x /(momp - K} -293 K
321073 kr/ Mo - 16 - 10° Tla

Otser: V=23-10"? 0
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H 3agayn gin caMoCTOATONLHOrO PellieHns

1. OmpesesinTs Maccy 0JHOH MOTEKYIbL BOIHL,

2. OnpeiesIHTh Maccy aTOMa JKEJIC3a H MOLEKYJIbI YIIEKUC/I0I0 Ta3a,

3. CKo/IbKO MOTIEKY Ta33 HAXOZUTCS B COCYAE BMECTHMOCTBIO 0,15 M® IPH HOPMAJIBHBIX yC-
JI0BHAX?

4. CroBKO MOJIEH M CKOTBKO MOJIEKY Ta3a HAXOAMTCA B COCYTE BMECTMMOCTBIO 250 ¢M3,
eCJIH JaBJieHne ra3a 566 MM pr. ¢T., a Temmeparypa 10 °C?

5. KakoBa MousipHas Macca rasa, ec/ii OH IIpH Temiepatype 27 °C u gasennu 2 [1a umect
TJAOTHOCTH, PABHYIO 2,6 Kr/M%?

6. Onpeze/ T TEMIIEPATYPY Fa3a, €CNH CPEAHAS KHHETHIECKAs IHEPIMS 110CTYIIATENBHOTO
ABMKEH5 OXHOMH MOJIEKYJIBl pabHa 6,9 - 1072 x.

7. CpelHsaa KUHeTHYeCKas SHEPTH NOCTYTIATE/I5HOTO BIKEHHS OTAEILHBIX MOTEKY /I Iaga
pasHa 5-107% [Ix, yuc1o Moekya B 1 cm?® coctasaser 3- 10", Oupeaeants saBaeHue rasa,

8. BrruncauTs noctosanyo JIomMuTa, T. €. YHC0 MOXEKY, cofepxammxes B 1 M3 rasa
[IPH HOPMAJbHBIX YCIOBHSX.

9. Haubosee BepoATHAS CKOPOCTD MOIEKYT KHCJIODOAA IPH AasAeHHH 2400 MM DT. CT. €O~
crasnstet 160 M/c. Yemy paBHO 4MC10 MOeKya B 100 cm®?

10. Basnos BMECTUMOCTBIO 8 1 COAepIRUT 2 KT Tasa np aasiexun 5-10° Ia, Oupenenuts
CPEJIHIOI0 KBAAPATHUECKYIO, CPEnHION apidMeTH ecKYIo H Haubosiee BEPOSTHYIO CKOPOCTH MO-
JIEKYJI Ta3a,

Knodessie CnoBa: atoM, MoIeKyna, MOASKYAapHaa Macca, KoaM4ecTBo se-
LecTBa, MOk, MONIAPHAA Macca, Andyans, ras, XuaKoCcTs, TBERAOE TENO,
nnasma, BakyyM, TeMneparypa, ra3oBbie 3aKOHbI, ypasHeHue Knaneiipora -
Mergeneesa.

frnaea 5
OCHOBblI TEPMOAWUHAMUKM

5.1. OCHOBHbI@ NMOHATHA U ONpPefeNneHun

Heropuyeckad cnpaBka. FCTopHIeCKH HAYAT0 DA3BUTHS TEPMOAHHAMUKH CHI3AHO C H3Y

JeHHeM K03 (DUIHEHTA [T0/1e3HOT0 AeHCTBUA TEIVIOBBIX MAINH. Pa3BHTHE TEXHUKH U TT0-
BCEMeCTHOE PACTIPOCTPAHEHHE TEILI0BbIX MALIMH B epsoil nonosuse XX B. HacTOATEARHO TPE-
6OBATH PA3BHTHS TEOPHH TEILTOBEIX NpoueccoB. OaHako GU3UKH TOTO BpEMEHN He MOTJIH JaTh
CTPOHHOH TEODHH TEIIOBEIX IPOLIECCOB Ha OCHOBE MONEKY/ISPHEIX [IPEACTABIIEHHI, IIOSTOMY
pa3sBHTHE TEOPHH MO0 0 cBoeoOpasHoMy TyTH. B 1824 r. dpanuyackuil pUank u UHKeHep
C.KapHo B pabore «PasMpiienye o IBHXYLEH CHIe OTHS> cHOPMYIUPOBAT IIPUHIUIL, CO-
TTTACHO KOTOROMY NPOH3BOINTEIBHOCTD TEINIOBOH MALIHHHK 3aBHCHT He oT pabodero BelecTra,
a 0T Pa3HOCTH TeMIEPATYP HarpeBaTe/la M XONOIHIbHUKS, B AanbHeldmeM TepMOAHHAMHKA I10-
ayumia passurue B pabortax B, Knanetipona, Ax. Qxoyas, P Knaysuyca, 10, Maiiepa, ¥. Toum-
COHA M Ap.

TepmomaaMuKa OTHOCUTCA K (PeHOMEHOMOTHYECKHM TeOPHAM (PUBHKH, KOTODHIE
MMET CeRyonue oburye 4epTsl 1) OHH He PacCMATPHBAIOT ATOMHYI) CTPYKTYDPY
MaTepny; 2) UCTIONB3YIOT BETHYHHEL, KOTOPHIE ONPEAETAIOTES TOABKO A1 MAKPOCKO-
TIMYecKoil CHCTeMEL; 3) MOCTPOEHHE TEOPHH OCHOBBIBAETCA Ha U3BECTHBIX ONBITHEIX
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JaHHBIX; 4) CBOHCTBA BEIIECTBA BLIPAKAIOTCS B (DOPME XAPAKTEPUCTHYECKHX Lapa-
MeTPOB (IJAOTHOCTH, BA3KOCTL U T. 11.).

TepMOAMHAMITKA H3YYAET TEILIOBbIE CBONRCTB2 MAKPOCKOIMYECKUX CUCTEM, HE 00-
palagch K MUKPOCKOMMISCKOMY CTPOEHHIO T, COCTABASIONTHX cucTeMy. OHA CTpo-
HTCS Ha Ga3e HECKONBKHX OCHOBHBIX MPHHIMITOB — HAYad TEPMOJMHAMHKHN, KOTOPLIE
NPEACTABIIIOT coDoM 06001EHIE H3BCCTHBIX MHOTOYMCAEIHHX ONBITHLIX JaHHLIX.
TeopeTiyeckuM n3y4yeHHEM CBOHCTB BeINECTBA 3aHUMALTCA CTaTHCTHYECKad Pr3avKa,
KOTOPad Aaj1a 000CHOBAHHE 3aKOHOB TEPMOTHHAMIKH H OTIPE/IE/IMIA TPAHMITY WX NIPH-
MEeHEeHMs,

Ocnosnbie onpenenenusi, [TpH U3yUCHIW OCHOB TEPMO/IMHAMHKH HEOOXOAHMO
3HATD CHEAYIOLLHE ONMPEACTCHHUS.

(Duanyeckasn cuctema, coctosimas H3 GOJIBLIOrO YACHA YACTHIL — ATOMOB WIH
MOJIEKYJT, KOTOPbIE COBEPILAIOT TERAOBOE ABHKEHHE W, B3AHMOAEHCTBY A MEXKTY
co60oi, 0OMEHNBAIOTCA IHEPTUAMH, HASHIBAETCA MEPMOCUHAMUHECKOU CU-
cMmemot,

CocToAHHe TePMOAMHAMAYECKOH CHCTCMBI ONPEIESAETCST MAKPOCKORULECK U -
MU napamMempamy, HanpuMep yaeIbHbM 00BeMOM, JABAEHIEM, TEMICPATY PO

Tepmodunamuxa paccmampueaen moasvKo pAGHOEECHBIE COCMORHUR,
T. €. COCTOSTHHSA, B KOTOPHIX NApaMeTpbl TEPMOIMHAMHYECKOH CHCTEMBI He MEHSIOTCS €O
BpEMEHEM.

Tepmodunamurmecum nPoYeCcCoOM HasbIBACTCA IIEPEX0] CHCTEMBI U3 HAYAIb-
HOTO COCTOSTHHSI B KOHETHOE Yepes NOCAe/IOBATETBHOCTh HPOMEXKYTOUHBIX COCTOSTHHHA.
[Ipoueccot ObIBAIOT OOPATHMBIMH H HEOOPATHMBIMH,

Ob6pamumvim npoyeccoM Ha3LIBAETC TAKOH HPOLECS, MPH KOTOPOM BO3MO-
*KeH ODPATHBII TIEPEX0/] CHCTEMBL M3 KOHETHOTO COCTOAHNSA B HAYATBHOE 4ePe3 TE Ke
TIPOMEXYTOUHBIC COCTOSHHS, YTOOBI B OKPYKAOIUX Te/1aX He TPOH30ILI0 HUKAKUX
nameHernit. OGpaTuMblil npouece sBaseTcd (hHsHueckol aberpakuueit. [pamepom
fipotecca, MTPUOAIKAIILETOCA K 00paTHMOMY, SIBJISIeTCA KOMe0AHNE TIAKEAOTO MasiT-
HHKa Ha JUTHHHOM TIofiBece. B 3TOM cryuae KHHETHYeCKast SHEPTHS TPAKTHYECKH [HOJI-
HOCTBIO [IPEBPANIACTCS B IOTEHIHATLHYIO, H HaoOopoT. KonebaHus npoucxoasat fos-
ro 6e3 3aMeTHOTC YMeHbIICIIHA aAMILIHTYAB BBUAY MAJAOCTH CONPOTHBIEHNS CPEAB] U
CHJI TPEHHSI.

Jloboit mpouece, conpoBoxAaeMbIil TPEHUEM UM TEILIONepefadeil OT HArpeToro
TeJIA K XOJOAHOMY, HA3BIBAETCSE HeoOpamumbim npoueccom. [lpumepom Heobpa-
THUMOTO TIPOTIECCA ABIAECTCA PaClIMPEHKE ra3a, AKe WaealbHoro, b nycrory. Pacimm-
PSISICh, ra3 He MPeoI0ieBaeT COMPOTHBICHUS CPEIBI, He COBEPIIAET paboThl, HO /1A
TOrO YTOObL BHOBb COOPATh BCE MOJICKYJIbI [a3a B LIIPEXKHUH 06beM, T.e. IPHBECTH a3 B
HAYATBHOE COCTOSHME, HEODXOAMMO 3aTPaTHTh paboTy. TakuM 06pa3oM, Bce peansb-
HbIE IIPOLECCEI ARASIOTCSA HeOOPATHMBIMU.

5.2. BHYTPEHHAR 3HEprua

BHYTpeHHAS JHepIud cHETeMbl. TepMOJHHAMUIECKAs CHCTEMA KaK COBOKYITHOCTD
MHOXKECTBA aTOMOB M MOJIEKYJI ob./1anaeT BHyTpenneld sneprueit U, Buympennan
SMEPRUA — 3T0 CYMMa 3HePTHI MoeKYIAPHBbIX B3aUMO/ICHCTBHH M SHEPIrUH TerLo-
BOTO ABMKEHMS MOJIEKY L.
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BHyTpeHHSASA SHEPIrHA CHCTEMBI 3ABHCHT TOJIBKO OT €€ COCTOAHHA H ABIACTCH
OZIHO3HAuHOH (PYHKIHER COCTOMHMA.

Hamenenue cocToAHMA CHCTEMBI XapaKTEPH3YeTCs TapaMeTpamMu coctostuust p, V, T.
OAHOMY U TOMY 3Ke COCTOSIHHIO CHCTEMBI COOTBETCTBYET OIpefeeHHOE 3HATEeHHE BHYT-
penniels sHeprau U, [Tpu HarpesaHuu ra3a yBesIHIHBAETCA CKOPOCTD ABHAKEHHS MOEKY I
H aTOMOB, YTO NPUBOANT K YBEIHYEHHIO BHYTPEHHEH 3HePIUH; CAeI0BaTEAbHO, BHYTPEH-
55 BHEPTHA 3ABHCHT OT TeMTiepatypbl, [1pH HaMeHCHUH AaBsieHus WTH YAETBHOTO 06heMa
MEHAIOTCSL MEXKMOJICKYJISPHBIE PACCTOSHUS, T. €. 1I0TEHLHAIbHAS SHEPTHA B3AUMOAEHCT-
BHST ATOMOB H/TH MOJTEKY.T TOKE H3MEHSIETCSA, a SHAUHT, H3MEeHeTCsl H BHyTPeHHSS IHepTHA.

Havamom otcueta BHYTpeHHel IHEPTHH CUMTACTCA TAaKOE COCTOSHHE CHCTEMBI, P
KOTODOM BHYTPEHH#AA HHEPTHS paBHa HY10. OObMMIIO CYMTAIOT, YTO BILy TPEHHsisl OHEP-
rust paBHa HyJii0 upx T = 0 K. [Ipu nepexone cucremsl us 0HOTO COCTOAHUSA B JIPYTOe
IpaKTHYeCKH HHTEpPEC NMPEeACTABIsgeT U3MeHeHHe BHYTPCHHeH aHeprur A U, moaTo-
My BBIOOD Havasa OTCYETA BHYTPEHHEH SHEPIUH He MMeeT 3HAYCHHA.

Tak KaK BHYTPEHIS 2HEPTHS CHCTEMBL 3ABHCHT OT XapaKTepa B3auMoIeHCTBUS
BCEX YACTHUI] B CHCTEME, TO AJIA CTPOrOro €¢ ONPefeieHHs He0OXO/IHMO YYUTLIBATE
TAKKe HSHEPTHIO 3MeKTPOHOB, IBIKYNIHXCSA HA 3IeKTPOHILIX 000101KaX ATOMOB HOHOB,
H BRYTPHSLIEPHYIO 9Hepruio. [foaromy yacTo pus yao6eTBa, yuorpebass nousarue BHYT-
PeHHeH SHePrHH, MMEIOT B BHAY He BCK) BHYTPEHHIOW JHEPTHIO JAHHOM CHCTEMBL, A
TOJBKO TY €€ YACTh, KOTOPAS CYIECTBEHHA JUT PACCMOTPEHHUS IAHHOCO SBICHU.

Hanpumep, YacTHIBI TCAA HAXOAATCA B ABHXKEHHH, T. €. 061aAal0T KHIICTHIECKOMH
SHEprHed U MEeXLY HUMH J€HCTBYIOT CHJThI IIPHTSKEHHS M OTTA/KHBAHMA — YaCTHLbL
001aAAI0T H NOTEHIIMATLHOM FHeprreil. lloacunTaTh 3HEPIHIO XA0THYCCKOTO TBHIKE-
HMSL OTPOMHOTO KOJIMUECTBA YACTHIY, 2 TeM Hoee yICCTh MOTEHIHANBIIYIO HTIEPTHIO
KXol M3 HUX HeBO3MOXKHO. TakuM 00pPA30M, SHEPIMHU BCEX YaCTHL, CJAraloTCs B 00-
(Y0 CYMMY, KOTOpad olipesesisieT BHYTPEHHIOI JHePrHio Testa. SlcHo, 4To usmepuTh
MOKHO JIMIIL H3MeHeHHe BHYTPeHHeid JHEPTHH, a He BCI0 3Hepriio Tesa.

Heabss cuurats, 4To 3Heprueit MoxeT 00.1a5aTh Kakoe- GV b OTHO TeJI0 KM OAHa
yactuia He3 CBA3N ¢ APYIHMY TEAAMH M ¢ IPYTHMH yacTHnami. Hesnast roBopute o
MOTeHIMAJILHONW 3HePTrHH KaMHs 0e30THOCHTEeNhHO K JeMie, HeBEePHO TakkKe ToMa-
raTh, YTO JIETAUHH M54 KK cCHApAJ obasaeT KMHETHYECKOI aHepTHelt caM o cebe,

a He 110 OTHOIEHHIO K KAKOMY-HUOy b Temy.

B HousTtHe SHEPrHH OTHOCHTCS BCETAA K CHCTEME TEJL

IIpu BeskoM naMeHeHUH GOPMbL HITH 00beMa Tejla H3MeHIEeTCs BHYTPEHHS aHep-
rua Teja. Ecam upu 9TOM He H3aMeHsAeTCs TeMnepaTypa (KHHETHYeCKAS JHEPTHS Jac-
THII), TO U3MEHSIETCS TIOTEHHHAIbHAS AHEPTHS YacTHI( Tes1a. B GoabluMHCTBE ciyvaes
OIHOBPEMEHHO H3AMCHSIOTCA H KMHETHYECKAA, 1 IOTEHIIHATHHAS SHEPTHH YACTHIL TeNa.

BHyrpennsas sueprus uaeanbHoro rasa. ['as, cocrosimuit U3 OTACALHBIX ATOMOB, 4
He MOJICKY1, HA3bIBAETCAOOHOQmOMHbIM . K OTHOATOMHBIM ra3aM OTHOCSITCS HHEPT-
HBIE Ta3bl — TeAW, HEOH, aprod. B cayuae naeanbHbIX TA30B MPEHEOPETAIOT CHNAMU
B3aHMOJEACTBHSA MOJTEKY T, T.€. UX NIOTEHLHANBHAS SHEPTHA TOJAraeTC PABHOH HYJITH,
TIO3TOMY BHYTpPEHHsIs1 9HEPIis HACATBHOIO ra3a LPEaCTaBseT COO0H KHHETHYECKY 0
3HEPTHIO TEMN0BOTO JBIKEHHS MOJICKYIL

B nmoapazza. 4.13 6p110 nokazaHo, 9TO cpeAHss KMHETHIeCKasA JHEPTHA AOCTYNa-
TEJbHOTO IBHAKEHHA MOJIEKY.ibl (ogHoaToMioi) pasHalF) = 3/5 kT. Onpenenum BHyT-
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PEHHIOI0 HHEPTHK) HACANBHOIO OAHOATOMHOTO raga Maccoi  m. s ATOro CpeiHIon
IHEpTHI) OAHOTO aTOMA HAA0 YMHOKHUTE HA YHUCT0 aToMoB. B 1 Mosb cogepakutes N,
ATOMOR, B T3¢ MacCOM m COAEPKATCS Vv = m/ M MOJb, IO3TOMY BHYTPEHHAS SHEPTHS
HAEAIbHOTO OJTHOATOMHOIO Ta3a

Uv="N,3%T, v Uv=3"gT, (5.1)
MUA2 2 M

TakK Kak kN, = R.

BuyTpeuHss aHeprus HaealbHOrO Ta3a NPONOPIIMOHATBHA MAacce ra3a 1 ero
TEPMOAUHAMHYECKOlH TeMmeparype.

Crenenn cBo00oab! MOJEKYIBL. * MoJTeKyIa OAHOATOMHOIO Ta3a IPHHUMAETCH 32
MaTepHaThHYIO TOHUKY, TaK KaK Macca aToMa cocpeloTodeda B OCHOBHOM B AIpPE, pa3-
MEDBI KOTOpoTro Maurk. 1losoxkenne o/III0aTOMHON MOJIEKYIIbl B TIPOCTPAHCTBE OJQHO-
31a4HO 3aJ4€TCH TpeMA KOOpAHHATAMHK. POBOpHT, 4HTO OI[HOElTOMI-[be/'I ra3 nMeeT Tpu
crerenn cBoboAb (i = 3). 3Ta MOTeKyTa ABUAKETCA TOJILKO TocTynateabHo. Beea-
CTBHE TOTO YTQ MOJIEKYAA HAXOAHTCA B Xa0THYECKOM JBHKEHHH, BCE HAIIDABIEHHS €¢
IBNAKEHHA ABASIOTCA PABHOIIPABHBIMH, T. €. CPEAHAS KHHETHYECKAsA IHEPrud XaoTh-
YeCKOTO TEeILIOBOIO ABHAKEHHA MOJIEKYJ/Ibl PABHOMEPHO paclIpe/lesieHa MeXKAY TpeM:
cTeneHaMil CBODOIBL

Ha xaxayio creneHb cBoO0AbI NOCTYNATENLHOTO ABHKEHNA 0HOATOMHOM MO-
JeKy/bl MPHXOIUTCA OAMHAKOBAA KHHETHYECKAA DHEPIus, paBHasa 1/ kT.

MoseKyiia IByXaTOMHOTO Fa3a IPeACTABJISET COO0H 06a amoma, Heecmro ces-
3aHHbIX MeNHCOY cOOOL. ITU MOJICKYJIBI He TOIBKO ABHKYTCA [I0CTYIATE/ILHO, HO U
BpaLIAlOTCA,

Taxas MoJeKy.na KpoMe TPEX CTelered CBOSObI IOCTYIATCIABHOIO IBIKCHHS HMe-
€T ABE CTeneHH cBOGO/Ab! BPAILlATENLHOTO ABMKEHHS, T. €. i = 5. Ecaii ras MHoroatom-
HBIH, TO ¢ = 6. .

BiyTpeHHsisi HEPTHA MHOTOATOMHOTO Ta3a MPeACTaRIseT co60i KHHETHYECKYIO
SHEPIHIO BCEX ABMKEHUN yacTuil. Bee cremeny ¢Bo60abI MHOTOATOMHON MONCKYJTbI
ABIATCA PABHOMPABHBEIMH, TTOATOMY OHH BHOCAT OIMHAKOBLIH BKJIa] B ee CPeIHIOI
KMHETHYECKYIO DHCPTHIO;

)
(EY=—kT.
2
BHYTpeHHsis 3HePTHI MHOTOATOMHOTO HAEAMBHOTO [A3a MACCH M PagHA
m 7 i m
U=—N,=kT =-—RT.
M 2 2M

5.3. Pa6ota ¥ Tennota Kaxk ¢popMbl Nepesavyu SHepruu

Cnoco0bl H3MeHeHHs BHYTPeHHel HepruK. V3sMeHHTh BHYTPEHHION 3HEPIHIO
TEeJa MOXKHO PasHBIMH crocobamu. PaccMOTpNM ABa cmocoba M3MeHeHNsT BHYTPeH-
HeH YHepruy Tena.
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Mexarnuueckuii cnoco6. B IITHHIDE ¢ TIOIBHKHBIM IIOP-
[IHEM HAXOAUTCH HacaNnbHEIA ra3 (puc. 5.1). [lycTsh Ha mopmiens
MEUCTBYET BHEIIHSIS CHJIA, KOTOPasd OBICTPO CKUMAET Ia3 U Co-
BepIIaeT paboTy 10 IPEOAOIEHHIO CHUT COTIPOTHBIEHN rasa. Pac-
CMOTPHM TIPOU3BOJIBHO BRIGPAHHYIO MOAEKYTY Ta3a, IBIKYILY-
10CS HABCTpEYY IOPILHID €O CKopocTbio v, Ecsiu mopuiens apu-
KETCS CO CKOPOCTBIO &, TO ¥+ % — CKOPOCTh MOJIKYJIBI OTHOCH-
TensHO TOpITHA. [Tocne ynpyrore yaapa MoOAEKYTE O IOPIIEHD
CKOPOCTD MOJIEKYJIbI COCTABHT —(? + %) OTHOCHTEJIBHO [OPLIHA
U —(v + 2u) oTHOCHTe/IbHO HNWHHAPa. ClefoBaTenbHO, I0CIe
yaapa 0 BoplIeHb CKOPOCTh MOMEKYEI, 2 3HAUYMT, H €6 KHNETH-
TecKad SHEPTHA BO3PACTAIOT, UTO TIPUBOJAUT X YBeIMYEHIIO BRYT-
penHel SHeprHH rasa. Puc. 5.1

IIpu cxxaTHH rasa ero BHyTpeHHAS DJHEPrHA YBEIHYHBAETCH 32 CYeT COBepille-
HMA NOPIIHEM MeXanHueckol paGoTel. TIpH pacimpeHyH ra3a ero BHYTpPEH-
HAA SHePTHA YMeHbINAETCH, MPEBPAmAsiCh B MEXaHHIECKYIO IHEPIHIO JBHKY-
IMErocsa HOPIIHS.

Tenaoobmen. [IpuBeseM B COLPHKOCHOBEHHE /IBA TeJIA C PASHBIME TeMIIEPaTypa-
MH. ITycTb TeMneparypa mepBoro Te/1a Bhille, 4eM BToporo. B peayasTaTe 0GMeHa sHep-
THSIME TEMTIEPATYPa MEPROTO Tela YMEHBILAETCS, 3 BTOPOro — yBeandnBaercs. B pac-
CMATPUBAECMOM IPUMEPE KMHCTHYECKAs JHEPrisi XaOTHIeCKOT0 ABMKEHUS MOIEKY.T
TIEPBOTO TeJIA HEPEXOIUT B KMHETUUECKYID FHEPTHIO XA0THYCCKOTO JRVDKEHHS MOJle-
KyJ BTOPOTO TEAA.

[Tpouecce nepenayn BuyTpeHHel suepruy Ge3 coBepIIeHHs] MEXaHHYeCKOT PaboTHr
HA3BIBACTCSE Mena00bMeroM. Mepoii sHEpPTHH, TTOMYYAEMOH HAH OTAABACMOI Te-
JIOM B APOIIECCE TEMTOOOMEH, CTYKHUT DH3NIECKast BETHIHHA, Ha3bBaeMas KO-
HECTNEOM MENJIGMbL.

Tennora u paéora ABAAOTCA He BHIOM 3HepPTHH, a GopMoif ee mepenayuu, OHU
CYIIEeCTBYIOT JIHIb B Aponecce nepeaayu SHepriH.

llepeaaya sHepruM B peaJbHBIX YCJIOBHAX. /[BC (HOPMEL ICpejadd JHEPTHH ABI-
0TCA KQ4ECTBEHHO HEPABHONCHHBIMH., HIJI/I [epenade sHEPruy Teqdy 1yTeM TEH.TIOO6-
MEHa YBEIUYMBAETCH SHEPrus Xa0THYeCKOTO ABHKeHHS aTOMOB HIIH MOJICKYI, UTO
IPUBOANT K H3MEHEHUI) BHYTPeHHel SHepruH Tea.

Ecan HaJ T€A0M COBEPUIAETCA pa60Ta, TO 3TCQ IIPHBOAHT K YBEJIUYCHUID JlIO60F0
BHJIa 3HEPTUM JaHHOTO TeJia, B TOM YUCe W BHyTpeHHel,

B peannHbix yeaoBusix o6a criocofa mepegaus sHepruu cucteMe B opme padoThL H
(hopMe TEILTOTH! 0OBIMHO COMYTCTBYIOT APYT APYIY.

Kak H3BeCTHO, CAKATHIN ras, paciiupssach, oxaaxaaercsa. B 1807 r . dusnx K. Leii-
JIoccak, u3y4apimuii CBOHCTBA HASATEHLIX TA30B, TOCTABWIT OMTEIT. B ero skcrepuMeH-
TC I/I,Z[eaﬂbHHf:I ra3 pacTHHpAJICA B BAKYYM, T. €. B COCYJ, H3 KOTODOIC IIpeABapHTeIbHD
ObL1 OTKaYaH BO3AyX. HuKaxoro noHwKeHHs! TemilepaTyprl He npousorio. I'ei-Jloc-
caK He CyMea OOBACHHTD, TOYeMy 3T0 Tak. O6bsacHUA pesyanTar onslta Leii-/Tioccaka
HemelKuii Bpad P. Maitep B pafote «Opranndeckoe ABUKEHHE B CBI3H ¢ 0OMeHOM
BeulecTss» (1845). Paccmarpusas pasTidHbe sHepreTUdecKHe Ipeppaliennsd, Maiiep
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MOKa3as, YTO MPH PaCUIMPEHHH MAEAJBHOTO [a3a B IYCTOTY ra3 He AOJDKEH OXJIakK-
NaTheA, TAaK KaK He TIPOU3BOJIMT HUKAKO# PabOTH! MPOTHB BHEITHUX CHJIL Ecam xe pw
pacllHpeHHH ra3 coBepuiaet paboTy MPOTHUB BHELIHHX CHJT, TO €70 TEMIIEpaTypa TOHH-
JKAETCS, ITO POUCXOIHT, HAIIPUMED, B TEILIOBbLX ABULATEJISIX.

B CH xomHyecTro TeTUToThl, Kak i paboTa, BeipaxaeTcsa B Oxcoyanx (JIx).

Jo seenenna CH KoaHYecTBo TETUIOTEL BHIPAXKAAM B KATTOPHIX.

Kanopusi — 370 KOIVMYECTBO TENIGTH, HEOOXO/MMOE /118 Harpenanusa 1 r AMCTHAIMPO-
BaHHOM BOAK Ha 1 °C, o1 19,5 g0 20,5 °C.

Eanumua, 5 1 000 paz 6oasmas kaiopuu, liasusaeTcuaruroxaropuet (1 kxan = 1 000 kan).
CootHoleRUe MCKRY eauHunamy: 1 kan = 4,19 i,

5.4. TennoeMKOCTb. YaenbHanA TeNJ0eMKOCTb.
YpasHeHue Tennosoro 6anaHca

Tenaoemxocts, Tennoemxocmoro mena Ha3BBAOT OTHOMCHKE KOJTHIECTEA
TEIIOTH (J, HeoOX0AMMOTO JIJTst TOBLIIEHHSA ero TeMieparypsl ot T 10 T, K pasHo-
cru oTuX Temnepatyp AT =T, — T:

o= (5.2)
AT
TEIUIOCMKOCTB, TaKUM DﬁpaBOM, XapaKTepH3yeT TO KOMTHY€CTBO TEIIOTHE, KOTOPOE
HYXKHO COOOIMHTE Teay, urobst narpets erona 1 K (npu oxnaxaeruu na 1 K teao
BBIAEJIAET TO XK€ KOMUYECTBO TEILJIOTHI, YTO K [10TJ/101UaeT Ilp]'l Hal‘peBaHHld).
HarpCBa.Fl Teda ¢ 0AHHAKOBEIMHY MacCaMH, HO COCTOMATIIHE M3 pasﬂld'-[HB]X Belll¢CTH,
MOHO 06HAPYKHTh, 4TO 7/ ROBBITEHHS UX TeMmepatyphl Ha 1 K TpebyoTcs pas-
JIHYHDIC KOJIHYCCTBA TCILIOTLI, CASTOBATEJAbHO,

1 TemmoeMKOCTh Tela 3ABHCHT OT €T0 TIPHPO/ABI.

Tennoemxocmv mena nponopuuonansria ezo macce. [loatoMy xapakrepu-
CTHUKOM TeTTOBHIX CBOMCTB BELIECTBA ARB/SIETCA €10 YdeNbHaAR MenaoemKocnts
¢ — BeJIMYHMHA, paBHAST OTHOIUEHHUIO TENTOEMKOCTH TeJia K eT0 Macce:

c= c__@_ (5.3)
m mAT '
B CH yaesnbHas TEMIOEMKOCTD BEHIECTBA BBIDAKACTCA B OMCOYAAX HA KUAO-
epamm-xeaveun |dux/(xr-K)].
3Hast TEMIOEMKOCTh BEMECTBA, MOKHO ONPEAETHTL KOMTHIECTBO TENJIOTH, Heo6-
XOAUMOE U HarPEeBAHKsl TEa MAcCoil m OT TeMuepatypul Ty A0 TemiiepaTyphl Ty

Q=cmAT=cm(T, — T)). (54)

Jlna uaMepenus ¥ cpaBHEHHA TENJIOEMKOCTEH Pa3/IMYHbIX TeJI NOAL3YIOTCS  Ka-
ARopumempom — npubopoM, B KOTOPOM NPOMCXOAUT TEIIOOOMEH MEXAY TENAMH,
H30MUPOBAHHBIMHU OT BO3JAeHCTBUSI OKpYKalomelf cpexul. [Ipoctefimmii karopumMerp
npeacrapaser coboit MeTamaMueckuii crakau ¢ xpoikoit. Ero crapat na npobkwy, no-
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MELIAIOT B COCYA 60bIIEH BMECTHMOCTH, TAK YTO MEKAY CTEH-
K4MM JBYX COCYAOB OCTAacTCST HCKOTOPBIH poMekyToK. Ceepxy Z
ofia cocyaa 3aKPbIBAIOT KPHITIKOi (prc. 3.2).

¥Ypasrenne TermoBoro Gamanca. Viamepenme teiuiocMkoc-
TeH TBCPABIX W SKMAKHX Teil 0BBIYIIO IPOHIBOUTCA € IIOMOLIBIO
KaJIODHMETPa, HATIOJIHEHHOTO BOJIOH WIH APYTOH KHUAKOCTHIO.
TBepioe Te10 U3BECTHOH MACCHIM;, HATPETOE 10 U3BECTHOH TEM-
NepaTyphl, ORICTPO NEPEHOCHTCA M3 HATPCBATESST B KAIOPHMETP
M OTHAET MY HEKOTOPOE KOMFYECTBO TETUIOTH, OXJTAXKAASACH CAMO
U HArpeBasA BEILECTRO KIOPHMETPa JI0 TeX 0P, I0KA TeMnepa-
TYDbI Teld U KAIOPHMETPA He CTAHYT PaBHEI OIHOMY ofiemy Puc. 5.2
aHaveHno T. 3HAS HaYaTbHBIE TeMIIEPaTYPbI, MACChI BCEX TeNT H
YACTLHBIE TCIVIOEMKOCTU JKHAKOCTH €3 U MATEPUATA KATOPUMETPA ¢, MOXKHO BBIYHC-
JIMTh HCU3BECTHYIO TEILIOEMKOCTD €, TBEPAOIC Te/Ia HCX0AA U3 ypaeHenus menio-
8020 GanaHCA, TI0 KOTOPOMY KOJIMYECTBO TCILTOTHI (), OTAIAHHOE TE/IOM, PABHO KOMH-
YECTBY TETJIOTHL, IOTYIEHHOMY KUTOPUMETPOM { (), — COCYAOM, (); — JKHIKOCTBIO):

Q=0+ (5.5)

W3 (5.4) caenyer, uto
G=cm(T)—T), Qy=cm(T—1), Q=cm(T— T3},

T/I€ Ty M 713 — COOTBETCTBEHHO MACCHI KATIOpHMETpa W kHikocTH;, T, — WX HAYAThHAS
TeMnepaTypa.
Ha ocnosanuu ypaBuenus Tenaosoro ananca (5.5) umeem

ey (T — T) = eama(T — T} + eymy( T — T},
OTKYZla HAXOAMUM HEUIBECTHYIO YAETBHYIO TEILIOEMKOCTD TEJ1A;

_ omp(T =) + eymy(T — T)
my (T, —T)

7

g Heropudeckan enpaska. Buiepsnie Karopumempuuecrui: memod (memod cmeiue-
= pus) 61 paspabortan kosuteroii u apyrom M. B, Jlomonocosa, npogeccopom sKCuepuMeH-
TamsHoit ¢uanxy T. PrxvanoM, koropstit 14 nexaGpa 1744 1. B TletepOyprexoii AxazeMiu Hayk B
upucyteteri M. B. JloMoHocoBa pouuTan A0kAal Ha TeMy «PasMuInuiense o KOMM9ecTse Tell-
JIOTHL, KOTOPOE AOLKHO TIOMYIMTBCA P CMeflieHUN SKMAKOCTeH, HMENIHY ONpeAeieHHEe [PaIy
CbI TELWIOTEI». PUXMaH npeaoxu opMyay /s onpeaeneHna TEMIICPaTYPhl CMeCH OTHOPOIHBIX
MKUAKOCTEH, KOTODAs MOTOM HEPEma B ydeOHUKH (PUBMKH 10/ HazpaHHeM <3aj1aqn Prxmanas.
COBPeMCHHHe Ka10PHMETPbI II03BOAAIOT IMTPOU3IBOANTD O4eHb TOYHBLIC HAMCPCHHNA HE TOJAb-
KO TEII0EMKOCTH, 110 ¥ TEILF0TH (hasoBOro Nepexona, Teiiorsl abeopbuun (abcopbiusa — 310
Apoiece o beMHOTO NOTACIIEHHS (4308 KHAKOCTHIO).

5.5. NepBoe Havano TepMoOAUHAMMUKM

IMepaoe Havano Tepmogunamuki, OCHOBY TEPMOAMHAMMKY COCTABJSIIOT 1Ba 3a-
KOHa (uay Havana). Micropudeckn B (hOPMYTHUPOBKE TEPBOTrO HAYATA TEPMOANHAMM-
KH Ba)KHYIO POJIb CHITPa/TH HeY/IauHbIe HOIBITKY YeJI0BeKa TOCTPOMTD MAIIHHY, KOTO-
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past 11pou3BoAKIa 661 paboTy, He HOTPeb/IsiA YKBUBAJICHTHOIO KOJTHYECTBA SHEPIHH;
TaKylo MallliHy Ha3BATH @eunbiM Oeuzamenem (OT Jar. perpetuum mobile —
HENPEePBIBHOE IBHKEHUE) nepaozo poda. [lepsoe Hauano TepMoaHaMHKH GOpMy-
JHPYIOT B BHAE CEAYIOLIETO YTEEPXKACHUS: HEBO3MOKHO MOCTPOUTE TIEPIIETYYM MO-
O1ne mepBoro poja.

Hepesoe navano mepmodunamuicu (32KOH COXpaHEHHA H NPEBPAILEHHA
DHEPrHH): IPH PasHOOOPA3HBIX NPOIECCaXx, IPOTEKAICIMX B IPHPOJE, JHEP-
THA He BOSHHKAET N3 HUYETO H He YHHYTOXAETCA, HO ApeBpallaeTcs JAHIIb B3
OZIHHX BH/IOB B JIPYTHE,

1151 TOTO 9TOOB 3aIIHCATh HEPBOE HAYAJIO TEPMOANHAMHKHY B MATEMATHIeCKOH (op-
M€, pACCMOTPHUM, KAK IIPOUCXOAUT H3MEHeHHe BHYTPeHHell 9HEPIHH CHCTEMBL

B ofmieM ciyuae BHYTpeHHSS SHEPTHS Tejla MOXKET BO3PACTATh KakK B pe3yJbTate
MEXAHMYECKO# pabOTEE BHEIIHUX CHJI, TAK H BCJCACTBHE TEILIOOOMEHA,

ITpn o6MeHe SHEPrUel ¢ OKPYKAIONTHME TeJTaMH BHYTPCHHSAS 3HEPTHS TeJIA B 3aBH-
CHMOCTH OT 0OCTOATETLCTE MOKET KaK BO3PACTATD, TAK M YMEHBIIATHCS: 3HAK () YKa3hi-
BaeT HalpasieHue Teroobmena. Ecin npH TerooOMeHe OKPYKAOIHE TEIAa Harpesa-
I0TCA, T. €. OTHUMAIOT SHEPTHIO ¥ PACCMATPUBACMOrO Tea, To &) < 0. Ecsii mpu naMerie-
HHM BHyTpeHHelt sHepruu A U Tena coBepinaetcst pabota A Ha/T OKPYKAIOIIHMH TeJla-
MH, TO 3Ta pafoTa CIHTAETCS MOACKHTENBHOH ( + A), eC/iH Ke OKPYXKAIOLUIHe Tl Co-
BepIIAT PafoTy Ha pACCMATPHUBAEMBIM TEJIOM, TO 3Ta padora orpurateasda { —A).

Tak Kak B 06I[eM cTyyae BHYTDEHHSAS 3HEPTHS Tella MeHAeTCsl Kak IpH coole-
HUY Te/ly KOJIMYECTBA TEIUIOTHL, TAK H IIPH COBEPLIEHHUH HAJ HUM PabOTEL, TO, YUHTHI-
Bast IPABHJIA 3HAKOB, 3aKOH COXPAHEHHS SHEPIMU IPUMEHUTENBHO K TIPOHCXOAAILEMY
HpoIeccy MOMXKHO 3aTTHCaTh B BHAC

AU=Q- A (5.6)

HameHeHHe BHYTpeHHeH PHEPIHM TeJa PaBHO Pa3HOCTH COOOMIEHHOTO Texy
KOJIHYECTEA TEIJIOTh H [POH3BEJEHHOMN HAX HIM MEXaHHIeCKOii paboTh.

Torza dopmyy (5.6) MOXKHO IIepeTTHCaTh B BUAE
Q=AU+ A (5.7

Kommectso Terwnorsl, cooflieHHOE Ty, HAET Ha YBeIHYE€HHEe er0 BHYTPEH-
Hell Y9HEPTHH H Ha COBEPHIEHHE TeJIOM PaboThI Ha/l BHEUIHHMH TEJIaMH.

Tak hopMyAHpyeTcst NepROe HAYAMD TEPMOTHHAMHKH — 3aKOH COXPaHeHHs DHep-
TMM LIPUMEHHTENBHO K TEITOBBIM [IDOLECCAM.

Ecsm B 3aMKHYTOI cHCTEME, COCTOsAIEH H3 HECKOJIBKHX Tejl, HMEIOINX Iiep-
BOHAYAJNBHO PadIHYHbIE TEMIEPATYPbI, IPOHCXOANT TEILUIOOOMEH, TO HUKAKOT
paGoThl BHYTPH CHCTEMbI HE COREpIIAeTCH.

Tax xax cucTeMa 3aMKHYTA, TO U3MEHEHHE BHYTPEHHEH SHEPTHH CHCTEeMBl DaBHO
HY.TIO, HO IPOVICXOHT H3MeHeHHue BHYTPEeHHeH sHeprHu Tea cucTeMel. COTJIacHo nep-
BOMY Ha4a/ly TEPMOZHHAMHKY, U3MEeHeHMe BHYTPEHHEH 3HeDIM T/l CHCTEMbI DABHO
KOMYeCTBY TEILICTHL, OTAAHHOH MW NMOXYIeHHOH 3THMH TeIaMH A0 HACTyIIeHHA
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TETLIOBOIQ PaBHOBECHA BHYTPH CUCTEMEL, T. €. COCTOAHNA, TPHU KOTOPOM TeMITepaTypa
TepecTaeT M3MEHAThCS,
[oatomy ypaBHeHue TEILIOBOTO OaaHca 415 3aMKHYTOM CHCTEMBI MMEET BHJT

A+ O+ +0.=0 (5.8)

e 6, Gy, ..., @, — KOMMYECTBO TEMJIOTHI, IOJYIeHHOe U OTAAHHOE KAXIDIM TEOM.

PaccMOTpMM TpUMEHEHMS TIePBOTO HAYATA TEPMOAUHAMHKH K PasjfuHBEIM H30-
HpoLEeccaM, IPOUCXOASATIHM B HACAIbHBIX ra3ax.

H3oxopHeiii nponecc. OObeM raza 0CTAETCS HOCTOSHHBIM, MEHSIOTCS €10 AAB/IEHHE
u Temmiepatypa. [lockonbky 00beM rasa He MEHSIETCA, Ta3 He COBEPINAeT HAKAKoH pabo-
Th1 IPOTHB BHEMINMX cHIT: A = (), T. €. 1P U30X0PHOM HATPEBAHUM BCA COOOLIEHHAS Ta3y
TEILTOTA [IOJHOCTBIO PACXOAYETCS Ha YBEIMYeHHE ero BHYTpeHHel aneprum: @ = AU

B coorBeTCTRUM ¢ BoipaxeHeM (5.3) yeTsHAs TEITOEMKOCTh [a3a MPH MOCTOSH-
HOM 06BCMe ‘

AU

CV T it

T mAT’

OTKYyId
AU =me,AT.

HameneHie BHyTpeHHeH 2HePTHA HIEAIBHOrO ra3a NPH HI0XOPHOM IpoIecee
HPOHOPHUOHAABHO H3MEHCHHIO €r0 TEMACPATYPHL.

Hzo6apusiii nponecc. /[aBICHUE 0CTAETCA TOCTOSHHBIM, H3MEHSIOTCS €70 00beM
# TeMnepatypa. [Ipe 1306apHOM HATPEBAHMU [A3 PACITHPSETCS, YaCTh COOOIEHHON
EMY TEIUIOTHI HAET HA YBCIWYEHHE BHYTPEIIHEH JHEPTHHE 'a3d, OCTajlbHas — Ha padbory
ra3a MPOTHB BHEITHHX CH:

Q=AU+ A

BuiumcauM paGoTy, copepiraeMyo ra3oM mpy H300apHoM pactupernn. IIycTs B -
JHHAPE 1107 TOPIIHCM HAXOAUTCS a3, 3aHuMammni obveM  V 1oz naBaenmem p. TLio-
wiaas nopuis S, Cwia, ¢ KoTopoi ra3 JaRHAT Ha MoplleHs, [ = p&. Ilpu pacimmpennn
rasa MopHIeHb MOTHUMETCS Ha BRICOTY Ak, IPH 9TOM ra3 COBEPIIUT PadoTy

A= FAh= pSAh.
Ho SAh = AV — ypesuuenne ofbema Taza. Cre0BaTeqbHo,
A= pAV. (5.9)

PaGora npx u306apHOM paclInpeHHH
rasa paBHa NPOU3BEICHHIO AABAESHUS
ra3a Ha YBCJAHYCHHE €10 06"beMa.

Ipadpmyecku Ha anarpamme pV (puc.
5.3, @) pabora M300apHOTO pacITAPERKA rasa
H300parKaeTCs ILI0AABK TPAMOYTOIBHHKA
abed.




Haotepmirdeckuit nponecce. TeMnepaTypa raza HCU3MEHHA, HIMEHSTIOTCA 0fbeM |
Aasnenne rasa. [lockoabky Temnepatypa rasa He W3MEHSIETCs1, He H3MEHAETCS W Er0
BHYTpeHHsis sHeprus, T.e. AU = 0. IlepBoe Hayano TepMOMHAMHKY AJIst 3TOTO [PO-
11€CCa 3aliMChIBACTCSA B BUAE

Q= A

IIpH H30TepMHYECKOM HArpeBaHUH BCA TEIUIOTa, coobmennas ragy, pacxony-
eTca Ha pa0oTy rasa MPOTHB BHENIHHX CHT.

T'padwueckn Ha guarpamme pV (puc. 5.3, 6) pabota H30TEPMHYIECKOTO paciiupe-
HHS Tasa BbIpAKaeTcsA IIOMAIbIo GUTypsl abed.

5.6. AauaGarHbii npouecc

AzauaGatuiit npouece. Aduabamuvim (ot rpeyd. adiabatos — HeNpOXOIHUMBbLIL)
Ha3bIBAETCH MPOLIECC, HPOHCXOMAIIHI He3 TernooiMena ¢ OKPYKAIOIMMH TeJaMHU.

OcymecTBUTS MIpouece, 6ausKAi K aanabaTHOMY, MOXKHO B TOM CJy4ae, EC/IM ra3
HaXO0AHTCHA BHYTRH 060.]'[0‘-11(“ € OYEHb XOPOUHMH TENJOH30IAIHOHHBMHA CBOﬁCTBa'
Mu. [TpubamxerneM K Takoi 060J10UKe MOXKET CAYXUTH cocyod Juroapa. 310 cocya
€ JABOWHBIMM MOCepPebPeHHBIMH CTEHKAMMU, M3 IIPOCTPAHCTBA MEXAY KOTOPEIMY BbIKa-
YaH BOSAYX.

AnvabaTHEIMH MOXHO CYHTaTh OBICTPO MpOTEKalonIxe npouecchl. Tipu GpicTpoM
CHKATHH ra3a 3aTpaynBaeTcd paboTa, IPHBOAAILAA K YBEAHYEHHIO BHYTPEHHEl aHep-
THH ¥ TIOBBILIEHUIO TeMNepaTypbl. Tena, TeMrepaTypa KOTOPHIX NOBBIIIEHA, TOJIKHBE
HEKOTOPOC KOJHYECTBO TETLIOTH epeAaTh OKpyKaloiiedh cpesie, Ho ipouecc Ternaone-
penayu TpefyeT HEKOTOPOTO BPCMEHH, I09TOMY TIpH OLICTPOM CKATUU (MM pacIid-
pECHHU) TEILIOTA HE YCNEBaeT PacnpOCTPAHMTLCS M3 JaHHOTO 06beMa, T. €. @ =0,
MPOIECC MOXHO paccMATpuBaTh Kak aguabatrbril, [IpuMepoM Takoro mpouecca Mo-
KT CYXKHThb B3PBIB rOpIOYei cMecH TIpH paboTe ABUTATENS BHYTPCHHETO CTOPAHHUAL.

TepBoe HAYaNO TEPMOAMHAMMKH A aqHA0ATHOIO POLUECCa HMEET BU

AU+ A=0 vin A=-AU (5.10)

Ipn agnabatHoM npouecce paGota cosepmaeTcs TOABKO 33 CYET H3MEHeHus
BHYTpeHHeii JHeprHH ra3a.

I1pu anuabaTHoM paciMpeHUH Ta3 coBepILaeT paGoTy, €ro BHYTPEHHss SHEPTHA U,
CNle0BATENIBHO, TeMITepaTypa normxaorcs. I1pu agnabarnom cxatun pabora rasa ot-
PULATeNbHY, €70 BHYTPEHHSIA AHEPIUA H, CAEOBATE/BHO, TEMITEpaTypa BO3PACTAIOT.
Spnenne oxaskaeHHs rasa NpH aaHabaTHOM PACIIMPEHHH UWIHPOKO HCTIOIb3YETCA B
TeXHHKe, HA[PHMeD B paboTe XOMONNIBHBIX VCTAHOBOK.

Hoaurponusiit mponecc. PeanbHbie Tpoliecchl, MIPOTEKAKINUE B OPAPOJIE, He SB-
JSTIOTCS CTPOTO U30TEPMHYECKMMH WU aTHabaTHBIMH, TAK KaK HEBOAMOXKHO HH OCY-
HIECTBHTE NOMHYIO TEPMHYECKYI0 H30JIALHIO, HH CO3AATh AIHabaTHYIO 000I0YKY, HMe-
DIYI0 TeNAONPOBOAHOCTD, PABHYIO HyI0. PeanbHble Npoiecchl, SIBNSOUIUECH TIPO-
MEXXYTOUHLIMH MEXKAY aZHAOATHHIM M U30TEPMHYECKHM MPOLECCAMH, HABBIBAIOTCSNO -
AUMPONHOIMU.
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5.7. NMpuHUMN AeiCTBUA TeNNOBOA MALLUHBLI.
KNi rennosoro gsurarensn

Heropuueckas cupaeka. Tensosre ABAratenn nosennchk B Hadaite XVIII e, B nepron

MHTEHCHBHOTO PAR3BUTHS METALTYPIrHYECKOH H TEKCTUARHOH MpoMbimaeHtocTH. B Poccuu
napoeoll asurarens 6o coanan M. M. IlonayroesiM (1765). B 1784 r. anrnuiicknii nsofipera-
Teah [, YaTT Noyds HATeHT HA YHUBEPCAILHEIH IAPOBOH ABMraTesb. B rogel skusnu dpan-
ryackoto @uzuka C. Kapuao (1796 - 1832) yamtyunmie napopble Mantuans uMenn KITJ 5 %. 3o
HABET( YYEHOTO HA MBICJb HCCAEN0BATS MPHYHMHBI HECOBEPNIEHCTRA TENIOBLIX MAINWH H HaHTH
myTy nosninesus ux KIT. B 1824 r. C.Kapno uznan paboty «PasMbIiienns o [ekyniel cuie
OTHSI M 0 MAIIIMHAX, CHOCOOHBTX PA3BHBATE 9TY CHIY3. JTa paboTa BOILIA B COKPOBUHIHUITY MHDO-
BOH HAYKHM ¥ IGCTABIIA € ARTOPA B PSUIBI OCHOBGIIOMOXHUKOB TepMoanHaMukn. B Heii Gur npen-
JIOPKEH UK HACAIBHOH Tell10BOH MAITHHEL

Tenaoroi qeuraTens. TelT0BOMH ABUTATEND: HPEACTARNAET COGOH YCTPOHCTRO, Ipe-
BpALIAIONIee BHYTPEHHIOK SHEPIHIO TOIVIMBA B MEXAHHYECKYIO. JHeprus, BHIeIsII0-
IMasACs [IPY CTOPAHHMH TOIUIHBA, MyTeM TelaoofiMeHa nepegaercs rasy. [as, pacinupa-
fICh, COBEPIIAET pabOTy TPOTHB BHEITHUX CHJT, IPHBO/A B ABIKeHHEe MexaHu3M. Cxe-
Ma TEILUIOBOIC ABMTATE/A NOKa3aHa Ha puc. 3.4, a.

JIio60oit TeIIOBOM ABAraTe b COCTONT K3 TPEX OCHOBHBIX YacTell: paboyero Tea,
HarpeBaTesd U XoJAoau/ibHuKA. Pabouee Temo (ras MM nap) OpH paciiHpPeHHU Co-
BepmaeT paboTy, MoMyyas OT HArPeBaTesd HEKOTOPOE KOMMIECTBO TEMAOTHIG,,. TeM-
nepatypa Harpepareaa T, ocTaercs MOCTOSHHOH 3a cueT cropanua Tonausa, [pu
CHATHH pabouee TEJO [epeaaeT HEKOTOPOE KOMMYECTRO TEIAOTH G, XONOAUIBHH-
Ky, uMemeMy Temuepatypy T, < 1. Tenaosoit apurarens fomkeH paborarh HHK-
amgecky. Ecau Tello #3 HAYAIBHOTO COCTOSIHUS A IePEeBOAUTCA B KOHEYHOE COCTOM-
HHe B, a 3aTeM uepes APyrue IPOMeNKYTOUHHIE COCTOSIHUS BO3BPAIIAETCA B HAYaIh-
HOE COCTOSIHHE A, TO TOBOPSAT, UTO COBEPIIACTCH KPY2080iE nPpouecc, VITH LK
(puc. 5.4, 6).

Ilocne okOHYAHUSA [IMKIA TEA0 BO3BPAIHACTCHA B CBOE NCPBOHAYATIBHOE COCTO-
SIHHE, €TI0 BHYTPEHHAA JHEPIrUiA NIPHHAMAET HAYANBHOE 3HAYEHHE.

IMoaroMy paboTa LUKIL MOSKET COBEPUIATBCS TOJABKO 34 CYET BHEINHMX MCTOYHH-
KOB, TIOJIROIANIMX TEMIOTY K paboueMy Teny. PeasnHule TermoBhie nBUraTenu pabo-
TAKOT [0 PA3OMKHYTOMY I[HEIY, T. €. [I0C/I€ PACUIMPEHIA Ia3 BLIOPACHIBAETCS, 4 B Ma-
LIMHY BBOAUTCS U CXKHMAETCHA HOBas HOPIHA ra3a.

Iuxa Kapro. Pazamvaior npamoti (1IMKT TeTUOBOR MailvHE) ¥ oGpamibiii
(UMKJ XOJIOTUABHOM MallTUHEL) HUKIIbL.

Harpe- @n
paress { T))
A B
Xosoauns- | s (1
Huk ( Ty) @, : -
a 6

Puc. 5.4



P Pa6ounii uuka KapHo COCTOHT H3 ABYX PABHOBEC-
1 HBIX M30TEPMHYECKHX H JBYX PABHOBECHBIX a/iU-
2 abaTHBIX Tpoleccos (puc. 5.5).

PaenoeecHbiM HABIBAIOT MPOLECC, B KOTOPOM a3
4 IPOXOIHUT PAJ CNEAYIOMMX IPYT 33 APYTOM PABHOBECHBIX
3 cocTositHil. IlapaMeTphl IBYX TakHX COCETHHX COCTOSTHHI
OT/IMYAICTCS. HA GECKOHEYHO MATYIO BeJIMMUHY. B naeans-
HOH MaiMHe, paboTaied 110 uikay Kapto, orcyrcrsy-
10T BCAKHE TIOTEPH Ha TETUIONPOBOMHOCTE, TPEHHE, JTyve-
HCIIyCKaHMe U T.[I. B kadecTBe pabouero BelecTsa BLIGHPACTCS HAEAIBIIBIH Ta3.

Ha y4actke 1— 2 (usorepma) uaealbHbIH Ta3 copepmaer paboTy MO H3OTEpMUYe-
CKOMY PacIMPEHHIO 3 CUET TeIIOThl, TOJYYCHHOH OT HarpepaTe s BuyTpennsis snep-
TH Ta3a He H3MEHSICTCS, Tak Kak T = const. Ilpu aguabarHoM pacmspennu (yIacToK
2— 3) raa copepiuaer paboTy 3a C4ET H3IMEHEHUs BHYTPEHHEH sHEPTHY, TAK KaK 1pH
3TOM TPOLlecCe ra3 TEMIOThL He TOMyIacT. [IpH H30TEPMHUECKOM CXATHH (YIaCTOK
J— 4) BHIACAAIOMAACA TEIIOTA MOTHOCTBIO IePeAaeTCs XOMOAMIbHAKY, BHYTPEIIH S
sneprust He MeHsercs. [Ipu agnadaTinoM cxatus (yuacrok 4 — 1) paboTa et Ha 1o-
BHINIGHHE BHYTDeHHEH 9HePTHH rasa, TCIJIOTE MACATLHEIH ras He noyyaeT. Mirak,
Wea/bHbIH ra3 BO3BPALIAETCS B CBOE NIEPBOHAYANLHOE COCTOSIHHE H, CIICI0BATCIEHD,
K LIEPBOHAYATBHOMY 3HAYEHHIO €ro BHYTpeHHen sHepruu. OT HarpeBavesns Maedib-
HBIH Ta3 MOIYYHIT KOTHIECTBO TENIOTH (Jy, XOMOAHMABHUKY 012 ()] caeoBaTenbHo,
COIVTACHO TIEPBOMY HAYATY TEPMOAMHAMMKH, B pabOTy MPEBPAIIEeH0 KOMIMIeCTBO TCI-
JOTLL, paBHOe @, — @, Bemmunia

0 V
Puc. 5.5

OQn — O
n= o (5.11)
H
HazplBaeTcs kKoaddmnuentom noaesnore fAeticteus (KII) rermnosoi ManiHHbL
KIIJT mukaa KapHo MOMKHO BRIPA3KTh Hepea TCMIEPATYPh Harperatens 7, M X0J0-
nunenuka T

Ty — T
e St 5.12
n T (0.12)

KoadduuneHr moneanoro AeficTRHA onpexeIaeTcs JHIIbL TEMIePaTyPaMH Ha-
rpeBaTeIs H XOJOAWILHHKA H HE 3ABHCHT OT poaa pabouero Belecrea.

W3 ypapHeHUd (5.12) cexyor BoIBOIHL:

1. [Ina nopsinernus KIL/I rennoroif Manmnsr Hy:KHO yBEJIHUHBATh TEMIEpa-
TYpy HarpeBaTels H YMEHbUI&TH TEMIIEPATYPY XOJOAIILHHKA,
2. KIIJI Temnoroii Manmiast BCEraa Menbnie 1.

B Hacrosmlee BpeMsa yemins vunkeHEPOR HanpasieHbl Ha nopbiinenye KIJT nsu-
TaTesd 33 CUeT YMEHBITeHUsT TPeHUs YacTell MallliHH, TOTePh TOTHEA BCASACTRHE
ero HeIIOJAHOTO Cropanus U T.4. PeansHble BosMoxHoCTH 215 nosbliienus K1/ saeck
ente ocraTcsa GoaprumMu. Tax, 14 DapoRoH TyPOUHBL HayabHbIE H KOHEYHBIE TEM-
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llepaTypsl lIapa NpUOIM3SHTENsHO TakoBbl T = 800 K, T, == 300 K. TIpu sTHX TeMmre-
parypax Makcumaibhoe sHaverne KITA
-1
Mmax = ———2100% = 62 %.
T

HeiicTeuTtensHoe ke apnadenne KII/I #3-3a pazauaHoTO poaa anepreTHIeCcKHX 110-
Teph == 40 %.

TMosbnuenne KT/ Tennoseix asurarenei, npuOaniKeHne ero K MAKCHMA/IbHO BO3-
MOXKHOMY — Ba)kKHeHIaA TexHHYecKas 3a1ava.

5.8. Bropoe Ha4ano TEPMOAUHAMMUKH

Bropoe Hayalo TepMoJHHAMHKH. IlepBoe Haya0 TEPMOIMHAMUKH yCTAHARIH-
BAET KOAMYECTBENIIOE COOTHOLIEHHE MEX/1y KOMTHYECTBOM TETIOTH, paboToit M u3Me-
HEHHEM BHYTpPEeHHEH SHEPTHH TeJla, HO OHO He ONpeessacT Hanpap/ieHHs TeYeH s po-
reccoB. C TOYKM 3peHns NEPBOT0O HAYa/Ia TEPMOANHAMHKH, OAHHAKOBO BO3MOKEH Tie-
pexoa aHepTHH B OPME TEIIOTHL KaK 0T 00/1ee HATPETOro K MEHee HArPeTOMY Tety,
TaK H Hao6opoT,

Bropoe Hauyano TEPMOMHAMMKH OMpCIeaAcT HANPAB/EHHE TPOLIECCOB, IPOHCXO0-
ISIEIMX B IPHPOJE H CBSA3aHHBIX € IIPEBPALLEHHEM SHEPIHH.

TIpeBpamenne TEII0TL B PAOOTY BO3MOKHO TOJBKO NPH HAJHYAH HarPeBaTe-
715 M XONOJHABHUKA; BO BCEX TEIUIOBBIX MAIIHHAX IHOJIE3HO HCITONB3YETCH TOJb-
KO YaCTh SHEPrHUH, NEepelapaeMas OT HATPEBaTes K XOJ0UIbHAKY.

Wwave roBopst, HY OIUH TeNA0BOH IBUTaTe b, BKAIOYAsl ABUTATEIb BHYTPEHHETO
cropanns, He moxet xaath KIIJl, pasuotit equnuie. CymecTByeT HECKOJIBKO (QOpMy-
JUPOBOK BTOPOTO HAYAJIA TEPMOAHHAMYKH.

Bmopoe nauano mepmodunamuxu: 1. «<Kosdpduuuenr noxesnoro aeii-
CTBHA MACAIbHOR TENNOBOH MATIMHB ONPEACIACTCA TOABKO TEMIEPATYPaMH
TEWICOT/IATYHKA H TeTonpuemunkas (C. Kapuo).
2. «B npupone HEBO3MOXKEH NPOHECC, CAHHCTBEH-
HbIM PE3YJILTATOM KOTOPOro 6bia 6b1 nepexon ren-
JIOTBI MOAHOCTBIO B paboTy» (M. [Tnanxk).

3. «Temwnora ne Moxker caMa coGoii mepexoaMTh
OT TeJia ¢ DoNee HH3KOM TeMIIePATYPOil K Teny ¢
Gosee Boicoxoii Temaepatypoit» (P, Kraysmnyc).

Bropoe Hauano OTPHL@ET BO3MOMKHOCTD HCNOJIB30-
BAHU 3a1aCOB BHYTPEHHEH SHEPIHN KAKOFO-A160 HC-
TOouHHKa 6e3 nepeBoja ee Ha Gonee HU3KNMIE TeMmepa-
TYPHBIH YPOBeHb, T. . 6e3 xonoannpaAKka. Hanpumep,
IPaKTHYeCKH HEOTPaHHYEHIIbIe 3aNachl BHYTPeHHeH
SHEPTUU OKEAHOB HEe MOTYT ORITH MOJHOCTBHIO HCIIOMb-
30BaHbl, MOCKO/JbKY, KaK TOJbKO TeMIlepaTypa OKeaHa
CTaHeT HUXe TeMIIEPATYPHl OKPYKAKUEN Cpebl, Mpo- M. [Tmank




¥30HIeT Npouece, B KOTOPOM N0JKCH OCYIIECTBAATHCA NEPEXOA TENIOTH OT Boaee
XO0/JIOAHOTO K HoJsiee TOpAYEMY Teay, a TAKOH IPOLECC CAMOIPOM3BOJbHO MPOTE-
KaTb He MOXKeT. Takum o6pasoM, BTOpoe Hadaao TEpMOAHHAMHKHA YTBEPKAAeT He-
BO3MOXKHOCTD [TOCTPOEHNS BEYHOrO ABHTATE/NS BTOPOI'G POAa, T. e, JBHI'aTeNs, pa-
60TalONIEro 3a CYET OXJAXKIEHUA KAKOro-J1H60 OIHOTO Tea.

TepBoe 1 BTOpoe Hakvala TEPMOJAHHAMHKH, C OZHOH CTOPOHH], TIOKA3bIBAIOT HHKEHE-
paM ¥ TEXHHKAM, KaKie [IPOEKTHI ABJIAIOTCS IPOCTO HEPEaTbHBIMH, (DaHTACTHIECKUMH,
a ¢ IPYTOM — YKa3bIBAIOT UM PEATbHBIH MyTh YCOBEPHIEHCTBOBAHUS TEILTOBBIX MALIHH.

TepMoaHHaMHYECKaR WIKaNA TeMIepaTyp.* OTKpbiTHE BTOPOLO 3aK0Ha TEPMOIH-
HAMHUKH TI03BOJIUJIO IIOCTPOKTh TEPMOJHHAMHUYECKYIO IIKATY TEMIIEPATYp, He 3aBHCSI-
LIYI0 OT TEPMOMETPHYCCKOTO Te/1a M TeMIIEPATYPHOro IapaMeTpa.

N3aMepus paboTy A M H3pacXOA0BAHHOE KOJMYECTBO TEIJIOTBL (), MOXKHO BHIYMC-
autb = A/ Q. U3 (5.11) u (5.12) creayer:

TH T][ QH QH
Ortciona onyyaeM
& I
-—=_. 5.13
e T 19

CrnegoBatenbHO, OTHOLIEHHE KOJAMYECTBA TCIVIOTH (), OTAZBAaEMOE XOMOTHAbHH-
KY, K KOJIHYECTBY TETUIOTHL (), MOJYYCHHOMY OT HATPeBaTeNd, PABHO OTHOLIEHHIO CO-
OTBETCTBYIOIUMX TEMIIEPATYP. DTO MON0KEHUE GBUTO B3ATO KeJIbBHHOM 32 OCHOBY TIDH
MOCTPOEHHH TEPMOAHMHAMUYECKOH 1IKaJb! TeMIepaTyp (cM. noapasa. 4.11).

B CU 3a ocHOBHYIO eJMHHILY TEMIIEPATYPBI IpUHIMaeTcsa xKeavsur (K).

Keaveun — 3710 1/273,16 TepMOAMHAMIYECKOH TeMITEpaTyphl TPOHHOH TOUKH
BOABL. MexXay TeMiepaTypaMH, H3MepPeHHBIMHU 10 TEPMOIMHAMMYECKOH 1ITKaIe H 110
mmkane Henbcus, cymecTByeT NpocTas CBsA3b, BhlpaskeHHas dopMmynoit (4.23).

Tak kak suipaskenvie (5.13) 6Gbl10 Moay4eHO TPYU paceMoTpenud nukna Kapxo, K11/
KOTOPOro He 3aBUCHUT 0T pafouero BelecTa, TO ATO OlIPEAe/IeHHE CBA3AHO He CO CBOM-
CTBAMH Kakoro Obl TO HU GBLTO BEWIECTBA, KAK 3TO HMEeT MECTO 115 N060i sSMNKpH-
YecKoit TeMnepaTypHoit mkansl, TepMoAHHAMHYECKOE ONpeeleHe TEMNIEPATYPHI He
HMMeeT Toit OrpaHHYeHHOCTH, KOTOPaA CBOMCTBEHHA MOJIEKY ISPHO-KHHETHYECKOMY OII-
peldeneHHIo.

5.9. XonogunsHaa mawuHa. TennoBoi ABUraTenn

XonoawsHeie ManHeL * Bee Term/loBBe MAIIUHE paB0Tal0T O TAK HASEIBAEMOMY
[PAMOMY ITHKJTY, T. €. OCYUIECTB/ISIOT TAKOH 3AMKHYTRIH ITPOLIECC, IIPH KOTOPOM TEMA0-
Ta TpeBpaiaercs B paboTy. OfHaKo MalMHY MOXHO 3aCTABUTh paboTaTh H o obpar-
HOMY 1IHKJ1Y, KOTZa B Pe3y.IbTaTe COBEPNIEHHON PabOTHI OT CHCTEMBI OTHUMAETCA HEKO-
TOPOE KOJMYECTBO TEILIOTH. B 3ToM ciyyae Tensora 6yaeT MepexonnTb OT MEHee Ha-
TpeToro Tena K H0oJiee HArpeToMy, a MaIlMHA IPEBPATHTCS B XOMOAHIBHY0 MAIOHHY.

IIprMepoM caMOH pacpoCTpaHeHHOH XOIOAHABHON MAlTMHBI B HACTOAILEE Bpe-
M9 SIBSIETCA TOMAIUHKIA XOJ0IHIbHUK, PaccMoTpuM npHHITAN ero paboThl. Arperar,
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€ IIOMOHIBIO KOTOPOTO CO3/IAeTCS HH3KAsA TEMTIEPATYPa B XOJA0AWJIBHOM KaMepe H ¢a-
MOM XOJIOAUABHHEKE {pHC. 5.6), COCTOMT U3 KOMIIpeccopa A, KoHeHcaropa B, kparna K
H ucnapuTens C, MCIOJIHEHHOTO B BUE TPYOOK B CTEHKAX XONOAMIBHON KaMephl.

OxmakAa0MAas CHCTeMA XOM0MHAPHUKA 3AGTHIETCS JKHAKOCTBIO, KOTOpPas JETKOo
ucnapsietcs {peoH, aMMHMaK, CEPHUCTEIH aHTHADKI U 7IP.) W HA3ZRIBAETCA xAado-
azeHmom.

X/1agoarenT noCpeACTBOM KOMIIPECCOPA, pabOTAIOILET0 OT 3IE€KTPOABHTATENS, CHKH-
MaeTCs B KOHIEHCATOPE, 1PEACTABISIONEM coO0H 3MEEBHK U3 TPYOOK HeBOMBITOTO
ceyenus, [IpH CKATHH XAaJ0ATEHT TIEPEXOIUT B AHIKOE COCTOSHHE, OXIDKIACTCS, OT-
AABast TEILIOTY B OKPY)KAIOIIYIO cpeay (TPyOKH CMOHTHPOBAHEI HA 33 HEH CTEHKE XO-
JOOWIBHHKA ), M YCTPEMIAETCS B TPYOKH HCTIAPUTENSA, CKPYIKAIOIHE XOMOMWIBHYIO
kaMepy. ITporecc Micmapesnst 1IPONCXOIMT TIOTOMY, YTO TPYOKH MCTIADHTEN HMEIT
auameTp, 6ol [uaMerpa TPYOOK KOHAEHCATOpPA, M JaBJEHHE Iasd B IIHX Pe3K0
nagaet. Kpome T0ro, M caM KOHAEHCATOP CO3AACT B Mcnapure.ie 00Jiee HU3KOe AaBie-
wre, [Ipouece HCTTapeHus, Kak OYAET ITOKAa3aHO lajiee, COMPOBOAIAETCS TOTAOMIEHH-
€M TCIJIOTHI OT CTCHOK 3MEEBHKA-UCTIADUTENA, BO3AYXA H IIPOAYKTOB, IOMELIEHHBIX B
XOJONUALHYIO KaMepy. TeMnepaTypa B X0/100MABHOH KaMepe o, Clef0BateibHo, BO
BCEM XOJI0ANIbHWKE TOHuKaeTcA. [a3006pas3HBIil X1aI0aTeHT MOCTYMAET BHOBD B KOM-
HPEccop, H IPOLECC MHOTOKPATHO TIOBTOPAETCS.

TemwnoBpie aBuraTens. IIpuMepaMH TENIGBBIX JBUTATENCH MOTYT CIYXHUTL 1ApO-
BBl MALIMHEL, IZPOBBIE TYPOHHBI, ABHIATENH BHYTPEHHEIO CTOPAaHHs, PeaKTHBHEIC
ABUTATEIH.

B napoBbix ManiMHax ¥ NapoBLIX TYPOMHAX HarPeBaTeNeM CIIYKHT NapoBOH KoTe,
paGoynM TesoM — Lap, XOJOAWIBHHKOM — atMocdepa win yCTPORCTBA Jnst OXTa-
aeHuA oTPabOTaHHOTC Napa — KOHAEHCATOPBI, B IBUTATENAX BHYTPEHHETO CTOPAHHA
HATpeBaTeleM H paGoYHM TeIOM CAYKHUT TOTAMBO, 4 XOMOAMIBHHKOM — aTMoctepa.
B kagectse TOILIMBA 00BIYHO HCMIOJIBL3YIOTCA OEH3MH, CIIUPT, KEPOCHH M TH3EILHOE
To1Bo. C MOMOLUBIO CIIEllHATBHBIX YCTPOHCTR (HAIpHMEp, KapOoparopos B OeH3H-
HOBBIX IBHTATENAX ) TOTLINBO H BO3/IYX TIEPEMENIMBAIOTCS H B BU/IE CMECH TIOAAIOTCS B
ILTHHAP, T7ie H IPOMCXO/IHT cropaHue aToH cmecH. [1pojtyKThl cropaHHs BHIOpacLIBa-
101cd B aTMocdepy. Cxema paboThl TENIOBOTC ABUTATEA OIPUBeaena Ha puc. 3.7. Pa-

Harpesarens
(1)

Patouee
TCJIO
JABUTATENS

Temnota

XomoauasHuK
(Ty)

Puc. 5.7
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Puc. 5.8

Hovee TENO ABUTATEIIA LOIYYAET OT HArPEBATEIS IPH TemIieparype T KOJMYeCTBO
TETLTOTH (), COBCPINaer paboTy A ¥ I€pesaeT YacTh TEILIOTH ) XOJI0AUTEHHKY, HMe-
IOLIeMY TeMneparypy T.

Kap6ropatopusiif asuraress.” PaccMOTPHM YeThIpexTaKTHBIN LMK KapOopaTop-
HOTO JIBUTATEIS U TOJAyYHM pabodyio AHarpaMMy atoro 1nkia {puc. 5.8).

[1pu geyekennn nopinHs BHU3 (puc, 5.8,a) 32 cueT paGoTH BHENTHUX CHJE OTKPLIBA-
€TCs1 BILYCKHOM KJIanaH 1 paboyas cMech ogaerca s upHaAp, [Iponcec naobapHmi,
U AaBleHHe paBHO aTMocgepHoMy. Koraa mopinens JocTHTaeT KpaiiHero HiKHero 1no-
JIOXCHUSA, BBITYCKHOH KnanaH 3akpriBaercs. Lleprurit TakT (BcachbiBaHHE) 3aKOHICH:
11a rpagMKe mpoLece ToKasaH npaMoil §— 1. Bropoit Takt (cxatue) (puc. 5.8, 6) uner
Takxe nox gefictereM BremHeld cunbl, Ofa Kiamana 3aKpeIThl, ¥ ra3 agnadario Ha-
rperaetca, Ha rpaduke ato coorsercreyeT TMHMH [ — 2. TpeThi takT — BCTBINIKA 1
pabounit xox (puc. 5.8, 8). [Ipy A0CTHRKEHIH MOPUTHEM KPAfHErO BEPXHEro TOIokKe-
HHSA UCKPA 3alajibHOM CBEYH BOCILIAMCHSIET CMeCh, IaBJICHHE IA3a Pe3K0 BO3pacTaeT.
Ha rpaduke 3To cooTBETCTBYET H30XOPHOMY TIpoiteccy 2 — 3. Tlopineds 3arem mnepe-
MEMACTCA BHU3 ITPH 3AKPBITHIX KIAMAHAX, UTO HMEET MECTO MPH aiHabaTHOM pacllH-
perun. Kpusasi — 4 COOTBETCTBYET TAKTY, HAZLIBACMOMY PAbOUHM XOI0M.

Kak BHHO W3 rpaduka puc. 5.8, @, B 9TOM TaKTe AaB/IEHHE Ia3a Naiaer, 00neM
BO3PACTAET, TEMOEPATYPA yMeHblaeTcst, PafoTa B 3TOM CIYUAE NOJIOKHTETbHA U ITPO-
U3BOJIMTCSA 33 CHET YMEHbUIEHUA BHYTPeHHCH 9HePTHH ra3a. YeTBepThIi TAKT — BHIX-
Jom (puc. 3.8, 2). Korza nopriens JocTuraer Kpaiiiero HHOKIENO MOJA0XKEIVs, OTKPLI-
BACTCS BLIMYCKHOM KJIallaH M IPOJYKTH CTOPAHMS Yepe3 BRIXJIONHYI TPYOy BbiOpa-
CBIBAIOTCS B OKPYKAIOHIYIO cpenty. /lapaeHye ra3a majlaeT M B KOHUE TAKTA CTAHOBHTCS
paBHHIM arMochepromy. Ha rpaduxke 1o usoxopuutit rpouecce 4 — 1. IlopuieHs nepe-
MEUIACTCsT 32 CYET JHEPTUK MAXOBUKA B BePXHee M0JI0KeHHe — TAKT 30KOHYeH.

B paccMoTpeHHOM 3aMKHYTOM ITpOllecce IPOM3BeAeHHan pabota A paBHa miomnia-
AM 3ALUTPHUXCBANHON (PUTYPLI, OTPaHWUeHHOH JHMHHUIMY [TPOTCKABITHX IPOICCCOB.

AHam3 rpadHKa II0Ka3bIBAET, YTO paciiupenne npu paboyeM xozue (yyacTok §— 4)
[IPOMCXOIWT NIPH HOJLIIEM JABICHAN, YeM CXKATHe [IPH BTOPOM TakTe (ygacTok 1 — £).
IT0 06CTOATENBCTBO B KOHEYHOM HUTOTE U 00YCIOBAHBAET MOJAYYEHHE NMOAE3HOH pa-
fOTbI IBHTATEIEM,
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Patora npn usoxopreix nponeccax (3 — 2u { — 1) pasHa Hymo (V= const), a no-
JOXKHTETbHAS paboTa onpeAeasieTcs b PA3HOCTHIO paboT npu axuabaTiioM pac-
MIMPEeHHH M CKATHH.

Ha npaxrtuxe KII nipurarens eHyTpenHero cropauus gocturaet 20 —30 %.

Kax moxHo nopeicuts KIT[ sTore apuratens? ONBIT U pacyeThl IOKA3EIBAIOT, 4TO
IS 3TOTO HYXKHO A06HTbes OoJbIel cTemeHH CKaTHsa cmecu. OIHAKO B TBUTATENSX
KapOIOpaTOPHOTO THIIA QUeHb CHTBHO CIKHMMATE TOPIOYYIO CMECh HETh3sT, TAK KaK OHA,
CHJIBHO HAIPEBAACH, DYAeT MpeXaeBpeMEHHO CAMOBOCILIAMEHATECA.

Jusens, Hemernkimii naacenep P. [lusent wao6pern ABHraTe /b, HA3BAHHBIH €TO 1Me-
HeM, paboTaroNii Mo TAKOMY ITHKTY, KOTOPBII T03B0/ISeT H36eXaTh YKA3aHHBIX BhLIE
3aTPYAHCHUN H 3HAYHTEAbHO NOBLICHTE KILJT.

Crenens OKATHs B IM3€19X A0CTHEAET OOMBIIOH BETUYHHMI, BCTIEICTBHE ETO TEM-
IepaTypa BO3AYXa B KOHLIE CXKATHSA TOMHUMAETCS 0 TEMIIEPaTyphl, J0CTATOYHOH A1
BOCMIAMEHEeHHsT TOILUTHER. ’

TOIIMBO Cropaer 3aeck He cpasy, KakK B KapGOpPaTOPHbIX JABUTATE/AX, A TOCTENEH-
HO, B TPOJIOTIKEHHUE HEKOTOPOIi yacTh xo/1a nopiuHs. [Iporece ropeHus TonaKMBa Beae-
CTBHE 3TOTO [IPOUCXOMT fIPH YBETHUHBAKOIIEMCs 00beMe paGodero npocTpaHCTRa,
[09TOMY JABJIEHHE FA30B BO BpeMH pafoThl 0CTAETCS TIOCTOAHHBIM,

TakuM 06pa3oM, CropaHne CMECH MPOHCXOIUT MPH MOCTOSHHOM AABNEHHH B OT/IU-
He 0T KapOIOPaTOPHEIX ABUTATEICH (TTPY IIOCTOAHHOM 0OBheMe).

Husens okasaucs Hoee SKOHOMHYIIBIM ABUIATENEM, YEM KAPDIOPATOPHEIH, €F0
KII/I nocturaer 40 %. On MokKeT pa3sMBaTh 3HAYHTENBHYIO MOITHOCTD (ICCATKH Thi-
CSTY JIOUIaAMHBIX CU) U paboTaTh HA JAEIeBBIX COPTAX JKHIKOTO TOTLTHEA.

Jusenan 6oNpIIOH MOIIEOCTH NIMPOKO TPUMEHAIOT Kak B CTAIMOHAPHBIX YCTAHOB-
KaXx, TAK U Ha BOAHOM, KeMe3HON0POKHOM K BO3AYIHOM TPAHCTIOPTE, & AU3eH Majol
MOLIHOCTH B TIOCJI€/IHEE BPEMS YCIELIHO HCITOMb3YIOTCS HA aBTOMOOWISIX, TPAKTOPAX
1 HeBOMBUIHE CYIax.

PeaxTupnbii nBHTaTenb. Ha pic. 5.9 npusegeHa cxeMa MpAMOTOYHOTO BO3LYII-
HO-PEAKTHBHOYQ ABMTIATENs, NCTIOAbIyeMOTo B aBHalH. Ero paboTta nportekaer cie-
myiommM 0bpasom. TIpH 1oneTe camosieTa BCTPeYH sl MOTOK BO3AYXA IPOXOIUT Ycpe3
HAMIOPHOE COTLIO ¥ 3aXBATHIBAET TOpPIOUee, pasbpeisruBaeMoc opcyHkamu. Obpaso-
BaBILIAsICA Pab04as CMECh OCTYTIAET JA/Ee B KAMEPY CTOPaNHsl, T4 BOCILIAMEHSIETCSI
¢ HOMOLIbK 331IAJIbHBIX CBeYeil

T'a3bl, TOAYIAIONIHECH B PE3YJIbTATE CTOPAHHISA Pafiouei CMecH, ¢ OTPOMHOE CKOPOCTEIO
BEIOPACBIBAIOTCS Yepes BRIXOIHOE OTBEPCTHE — cOILIO. BesleicTBHE PesKoro yBemgeH|A
IABJIEHHS TIPH CTOPAHUH CMECH CKOPOCTD [A30B [IPH BBIXOJIE H3 COILIA HAMHOTO 00/1b111e
CKOPOCTH BXOAADIETO B JIBMIaTes b Bo3iyxa. 1o 3akony coxpaneHusI KOJM4ecTBa IRIDKE-
HUst (MMITyJThca) 61aronaps 3ToH Pa3HOCTH CKOPOCTeH H CO3AETCA PEAKTHRIAS TSTA.

3anatkHasg cBeva

T'oprovee
e
sl 2
Hafioproe 'gﬁgtfg“ Kamepa == BerxomHoe
COTTIO | & BotiE. cropanms == COLLIO
TS s
Puc. 5.9
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Tlyckopoii moTop Komripeccop Tazowas TypOHua

Puc. 5.10

B nactosuree BpemMsi B aBHALMH IUPOKO MPHMEHSIOTCA Ty pOOBHHTOBBIE IBUIATE-
au (puc. 5.10). B aToM iBHraTeie TPOXOAsIIAE Yepes TYPOHHY Ta3bl OTAAIOT e H01b-
HIVK) YaCTb CBOEH 9HEPruH, [03TOMY Tra3oBasi TypOHHA pasBHBaeT MOHIHOCTD, 3HAUH-
TEAbHO APEBbIWAKILYIO Ty, KOTOpasl LOTpeOnseTcs koMmpeccopoM. H30uTOK Mow-
HOCTH TYPOHHBI PacXOAyeTcs Ha PUBECHHE BO BPANIeHHE BO3AYIUIHOTO BHHTA, SBJIS-
IOHIErOCs OCHOBHBIM MCTOYHHKOM TATH ABHrartens. KpoMe Toro, B TYpOOBHHTORBIX
ABUTATENSIX NONYYAETCA HEKOTOPAS IOTIOJTHHTEBHAS TSAT2 OT PEAKTHBHOTO AEHCTBHS
BBIXO/IAUIMX M3 COTUIA OTPabOTABIUNX ra30B.

B coBpeMeHHBIX TEIUTOBBIX MaIlIMHAX 1) KoAeOaeTcs npamepHo oT 40 (y ABWraTe-
Jiell BHyTpeHHero cropauus) Ao 60 % (y peakTHBHKIX /IBHTaTesieil).

KoHCTpyxTOpCKas MBIC/D YYeHbIX MIeT KaK [[0 IIYTH COBEPUIEHCTBOBAHNS CYILE-
CTBYIOIIMX ABHTATENCH (CO3/1aHMS HOBBIX MaTePHAJIOB, YMEHBUICHUA TPEeHUs U TIO-
Tepb TOILIMBA IPH HETIOAHOM CTOPAHHHM ), TaK U MO JIMHUH CO3/IAHMA IBUTATETeH, KOH-
CTPYKIMSI KOTOPBIX NMPHHIHIHAILHO OTIHYaeTcs oT cymectByomux ( ML /I-renepa-
TOPbI, aTOMHbIE, AAepHbIE U T. A.). BayKHO KMETH B By, 4T0 yBeIM4eHHE KOJIMIeCTBA
ABuraTtesiell BHyTPEHHEro CFOPaHHsl BHI3IBACT OOIBITYI0 03a60YeHHOCTD J10/1EH B MTa-
He 3aIHTHI IPUPOALL U OKpYXalomeif cpeant. Co3aanne HOBBIX ABHTATeNeH, TPO/IyK-
TBI CTOPAHHSI KOTOPBIX HE 3arPSI3HsIN OBl OKPYXXKAILYIO cpely, — BakHas npobiaema
COBPEMEHHOCTH.

Oxpana npupoasl. IIpupoaa nns wenoBeka HE TOTBKO KCTOUYHHK IPOAYKTOR MHTA~
HHSE H CBIPBS JISL IPOMBILIIEHHOCTH. UeJIoBeK — caM 4acTh MPHPOADI -— HYX/ACTCA B
6MaroNpUATHON CPeae XKHIHN ¢ YMCTOH BOAOH u BosayxoM. Bosnyx — aro dmsnye-
CKasl CMeCh 1a30B, 06pazy ioniux 3eMHyI0 atMocdepy. OH CONEPKHT BO B3BEHIEHHOM
COCTOSTHUH OOMbliIee WK MEHbIIee KOJHIECTBO NbUIK, ABIMA, YACTHUE COJIH W APYTHX
eCcTecTBeHHBIX puMeceii. Kak npaBuio, KOHIEHTPALUSA B BO3AYXe eCTeCTBEHHBIX IIPU-
Mecell He IOCTHraeT TAKUX 3HadeHuid, IPH KOTOPHIX OHH MOTin OBl OKa3piBaTh OTPH-
HaTeabHOC BO3AEHCTEHE Ha OpraHn3M vesopceka. CylliecTBeHHO O0see Bpe/THBIM SIB-
JIAETCS 3arpA3HEHHe aTMOCHEPHOTO BO3AYXa NPOMBIILTEHHBIMHM BEIOPOCAMH.

IloBceMecTHOe IPHMEHEHHE TEIUIOBBIX ABUIATENIEH OTPHIIATEABHO BAUSET HA OK-
py:xaouyio cpeny. [ToacyuTano, 4ro B HACTOALICE BPeMS €Kero/lHO CXKHIAeTCs NpH-
ONMM3UTENBHO 2 MADPA T Pa3THYHBIX BHIOB KAMEHHOTO YIJIA H OKOO 1 MIPA T HedTH.
ITO NPHUBOIUT K [OCTENCHHOMY TIOBBILIEHHIO CpelHel TeMIEPaTyYPhl Ha 3eMIiIe, 4YTo
MOJKET CO37IaTh YTPO3Y TasHUs JIeIHHKOB H MOBbIeHe YPoBHsa MUposoro okeaua,
Kpome Toro, B atMocdepy BHGpachiBaeTcs He MeHee 120 MJIH T 3076 1 10 60 MITH T
SIOBHTOTO cepHUCTOro aHrHApuaa. Cebinre 200 MJH aBTOMOOWITEH BO BCeM MHpe He-

| 142



NPEPBIBHO OTPABIANT aTMOCEPHLIN BO3AYX OKCH/IAMH YTIePO/a M a30Ta, YTAEROI0-
poaaMu 1 ap. M aT0 1UIIb YacTh BpeAHbIX IpUMeceH, MOMAAAInHK B aTMochepy. GBe-
JIMYEHHEM MOIHOCTCH TEIUTOBHIX W aTOMHEIX 3JEKTPOCTAHIMI PE3KO BO3PACTAET HO-
TPeGHOCTE B BOjie, A/ 3THX 1leell B Hamel CTpPaHe UCIIOMB3YETCS OKOA0 35 % BOMABI,
pacxoiyeMoH BO BCeX OTPaciax HAPOJAHOPO X03AHCTHRA.

B nacTosinee BpeMs B psijle CTPAH ITPUMEHSAIOTCS MPSIMble U KOCBEHHBIE METObI
3AUHTHL BO3IYIIHOTO W BOAAHOTO HacceliHOR OT sarpssnerud. [IpamMbie MeToABI — 3TO
OYHCTKA 1 YJIABIHBAHUE JBIMOBLIX 1 BEHTHJ/IAIIHOHHBIX TAa30B; MIEPEXO] Ha HCIIOJIb30-
BaHHE TOIUIMB, MAJI0 3arDASHAIOMIMX aTMocdepy, HaIpUMep PUPOJIHOre rasa, oec-
CepHUCTON HedTH; CO3xaHne HeOeH3HHOBRIX aBTOMOOHIBHEIX ABUTATENEH; OUMCTKA
BOAbI C TOMOTILIO (I)HJII)T[)OOGMEHHBIX CMOJI 1 MOBTOPHOE €€ UCIIOJR30BaHHE.

IIpuMeHerre KOCBEHHBIX METO0R 00ecnednBaeT 3HAYUTE/IbHOE CHHAKEHHE KOH-
HEHTPAIHI BPEAHBIX BEILECTB B CAMOM HIDKHEM CJIoe aTMOC(epbl. ITH METOAL! CBA-
3AHHI ¢ YBEIMIEHUEM RBICOTHI HCTOYHUKOB BHIGPOCOE 1 MCNOML30BAHMEM (DHIMIECKUX
BHKOI-IOMepHOCTCfi pacCcHBaHMA HPHMECBI';I B BO3AYX€, C PallHOHWIBHBIM YYE€TOM ME-
TEOPOJIOTHYECKHX YCIOBHH IPH IPOEKTUPOBAHKMN M IKCILIYATAIHH PA3/IHYHbIX TIpejl-
MPUSATHI,

s sxoHOMEH IIIOUIAAE U BOJHBIX PECYDCOB ueﬂec006pa3Ho COOPYKAaTh LieJIble
KOMILIEKChI 9JIEKTPOCTAHHMH C 3aMKIYTHIM LIHKJIOM BOROCHOMKeH s,

3anpenieH BBO B SKCILIyaTAUMIO IPEATPUATHI M TEIVIOAIEKTPOCTAHIIHE, BBIOPACH-
BAIOIIMX B aTMOCHEPHRIT RO3IYX 30,1y, KOTIOTh, TIBLTE, BPE/IHbIE Taskl 63 odecneueHUA
HX OYHCTKH. Bpe]_IIIbIe IIPOHU3BOLCTRA, KAaK IIPpaBHI0, JOKHDBI BRIHOCHTBLCA 34 HEPTY I'o-
pona. B 6ombuinx Macirrabax BeneTcs O3eJeHEHHE YiHL, PasDHBAIOTCA CKBEPD, TAPKH,
Ccajpl.

=2  KPATKME BbIBOAbI

¢ Bee Makpockonuyeckue Tesa obuaaloT BHYTPEHEEH SHePrucii, KoTopas ApaseTcs OIHO-
3KAYHOM (hyHKIHeH TeMIeparypnl 1 o6bemMa, BHYTDelIHAS 3HepIHs OOHOATOMHOTO HACAIBHOO
I'a3a 3aBUCHT O TEMITEPATYPHI
3 m
U==-—RT.
2 M

Ha kaxryio crenens cBOOOIH ¢ TOCTYNATENBHOTO IBI/KEHHA OTHOATOMHOM MOJIEKY. b [IPH-
XOAMTCH OAVHAKOHA KMHETHYECKYS SHeprus, pasHas 1/, kT,

¢ Ilepaoe nauano mepmodunamuk — 310 33KOH COXPAHCHHA H TIPEBPANIEHNS SHCD-
THH IPHUMEHNUTENBHO K TEITOBEIM TipoueccaM. CormacHo eMy,

Q=AU+ A

® B repmoaanamMuke paboTa, CoBeplIaeMad CHCTEMOMH MPOTHE BHEIHUX CJI, paBHad = pA V.
¢ [Ipy RarpeBaHHH H OX12KAEHHH KOJIHYECTBO TEILIOTH PABHO

)= emAT.

® O0meH TenAOTON B M30JHPOBAIHON creTeMme De3 CoBepIlenyA padoTh XapaKTEPH3YeT s
YpaBHEHHCM TENI0B0ro Hananca

Qt+ G+t +Q, =0

¢ [IprMeHeHye MepBOro HAYAMA TEDMO/IHHAMMKH K DASTHUHEIM HIOTPOLUECCAM, IIPOHCXO/II-
TOHM B BAEAILROM rase:
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O TIPH HIOXOPHOM IIpoLiccce M3MeHeHNe BHY TPeHHeI SHepTUH HMAEATEHOTO 234 TPOTIOPLIHO-
HATTHHG U3MEHEHHIO er0 TeMIepaTypal {paloTa paBHa HyJI0):

@ =AU,

O npu n30HapHOM LIPOLECCe MEPETABAEMAs CHCTEME TEILIOTA HAET HA K3MEHEHHe BHYTPEH-
Hel SHepPruu H COBEpIICHHE PadOThE,

O TIPH U30TEPMHYECKOM MTPOLIECCE BHYTPEHHSST SHEDTH HACAJBIIOTO Fa3a HE MCHACTCA H BCs
TeIlZI0Ta pacxoayeTcs Ha paboTy rasa MpoTHE BHEIIHEX CHIT:

Q=4

© npH agiabaTHOM Tpollecce paboTa COBEPINAETCS TOMBKO 323 CUCT U3MEHEHHS BHYTpeHHeH
sHepruH rasa: AQ =0 A = -AU

& Briopoe naucit mepmodunamuxi Opee/seT HANpasNeH s IPOLECCOB, LPOHCXO-
AAWMX B Ipupofe. OHO OTPHIAET BO3MOKHOCTh HCNOAb3OBAHNS 3ATIACOR BHYTDEHHER SHEDFHH
KAKOTo-MI00 HeTouHvKa Bed epenojia ee 114 Hosiee HHSKWIA TEMIIEPATYPHBIH YPOBEHB, T. €. 663
XOORHIbHIKA. ’

@ Bo Beex TEIVIOBBIX MAIMHAX MOJIC3HO WCTIOIB3YETCA THUID YACTD SHEPIHH, TIEPeIaBAcMas
OT HArPEBATEI K XONOLWIRHUKY. MakcMMATEHO BO3MOMHOE 3HadeHHe Koaddunena moses-
HQro IedcTBHA

Bakueiineii 3ajiaueil Haykv 1 TeXHUKH ABsercs nosstirenue KIT/] rennossix asuraresnei
W OPUGAHMKEHEE €ro K MAKCHMATEHO BOSMOMKHOMY,

Q X TX

OrHomenne == = o MONOXKEHO B OCHOBY METOJIA H3MEDEHUA TeMTiepaTyp (TepMOoJuHA-
H

MHYeCKasT IKaNa TeEMITEPATYD).

® [loBceMeCTHOE IPYMEHEHHE TEILIOBBIK JBUTATENCH OTPHUATCABHO BAUAET HA OKPYKAI0-
YO CPeily. ITO CTABUT PAS CepLeaHLIX npobnem epes obmectsoM. Hapaay ¢ saxneimnei sa-
davei nosermerwst KIT/ reroprix gaurarenedf TpebyeTcs NpOBOAHTE MEPOLLPUSITHS TI0 0XPa-
1Ie OKPYKAIOMICH Cpe/InL,

H

ﬂ Bonpocwl ANS CAMOKOHTPONA H NOBTOPEHMKSA

1. [Tosemy TepmoarHamuka — heHoMeronoruHeckas Hayka? 2, Kakve nmponecce nporexa-
10T B PHpoAe — 0OpaTUMbie wiy HeobpatuMiie? [Toscunre na npumepe. 3. [lodeMy sayTpeH-
H3Isi SHEPTHA TEPMOIMHAMWYECKOH CHCTCMBI SIBJSIETCA OAHO3HAYH0M hyHKIIMeH ee COCTOAHUS?
4. Or kaKux QU3HYECKMX BETHYMH 3aBHCHT BHY TPEHHSS JHEPIHA MAEANBHOTO rasa? 5. Kakue
cymecTBYIOT dopmsl nepeaaun aneprin? 6. Kaxas pasHuia mexay TCILIOCMKOCTBIO Tea K
YIeIBHOH TeroeMKocThio? 7. IToueMy repBoe Hayano TEPMOTHHAMHKH MOKIIO HA3BATH 3aK0-
HOM COXpaHeHNs u npespatenus saepriu 8. [Ipu kakoM naoupotecce Bes TeMIOTA, COODILICH-
Has ra3y, pacxoayeTca Ha paboTy ra3a mpoTHR BHenrHUX cu? [lovemy?9, Tlpn kakom uzonpo-
Hecce ra3 He copepuiaet paboTsl mpotus BHemHnx cun? Mouemy? 10. ABnserca an anpabar-
ublit mportece uzonponeccoM? 11. Ot uero 3apucut KIL temnopoi Mammnn 712, Kakoe mpax-
THYeCKoe TPHMEHEHNE HMEeT BTOpoe Hayano TepMoinHaMiki ? 13, 1lpuseiTe npHMeps! Tell-
J0BBIX gBHratenci. 14. Kako#t ymep6 npupoae Hanocut pafora TEILIOBBIX ABUraTeneii?

MpuMepsbl pelleHus 3agav

® 3anzaua 1. ['a3, sanuMaBunil o6beM 20 J1 1Py HOPMaIBHBIX YCIOBUAX, ObLI H30-
6apHo Harpet 10 80 °C. Ompenents paboTy PAaCIIHPEHAS Ia3a.

| 144



Hano: V=20n1=2-102m% 1} =273 K; T, = (273 + 80) K= 353 K; p, =
=1,01-10° IIa.

Haiin: A.

Pemente. PaGota paciunpenns rasa npa u300apHOM npoLecce ONpeneiseTcs mo
dopmyne (5.9): A = pAV. 3 ypaBHeHHST COCTOSTHUA Ta3a CJAeIYET

A=2RAT.
M
M3 ypasrenns Knaneifipona — Menaeneepa
m
V= HRTH
HaXOJM YHCI0 MOJIeH Taza;
m_ P
M RT’
OTKY/a
A — pl‘/l AT .
T,
BoraucneHHs:

_1,01-10°ITa-2-10-2 M* - 80 K

A
2713 K

= 592 JIxk.

Otser: A =592 JIx.

® 3amava 2. B kasopuMeTpe CMENIHBAIOTCS TPU XHMHYECKH He B3aHMOJeHCTBY-
OH1He XKHAKOCTH MRcCoH my = 1 KT, my = 10 KT, m 3 = 5 KT, HMEIOIHE COOTBETCTBEHHO
Temrepartypbl 6, —40, 60 °C u yaeashsie teroemxoctd 2 000, 4 000 1 2 000 [Tx /(xr- K).
OupeueyHth TeMieparypy © cMECH H KOJMYECTBO TENJOTHI, HeoOX0auMoe It moc-
TeAYIOMET0 HarpepaHua cMecH 10 t = 6 °C.

Havo: m; =1k, my= 10k, my=5kr; T, =(273+6) K=279K; T, = (273 —40) K=
=233 K; Ty, = (273 + 60) K = 333 K; ¢, = 2000 JUx/(xr- K); ¢ = 4000 Ix/(xr- K);
c3 = 2000 /Lx/(kr-K); T= (2734 6) K=279 K.

Haiim: O, ().

Pemenne. 3 ypasuenns ternoboro fasanca cieayer, 410 airebpanieckas cyM-
Ma TIOJTYYEHHBIX W OTAAHHBIX JKMIKOCTAMH KOJTMYECTB TETIOTH PaBHa HYJIO:

myey(© - Ty) + myey(© — Tp) + myey(® — 13) = 0.
Penrad 310 ypaBHEHHE OTHOCUTENBHO 6, MMCEM
_ myey + mey s + macyTy
Mme; + mycy + Mgy

e

Yr1o6bl cMECh HATPeTh 10 TeMnepatypbl T, He0OXOAHMO KOJAMYECTBO TEILTOTHI
Q=em(T—8)+ em{T—0) + emy(T—9) =
= {am + emg + cmg)(T — O).
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Briuscienus:

1 k-2 0002 970 K 1+10 14 00022933 K5 -2 000- 2% 333 K
0= Kr-K kr-K Kr-K. =254 K
102000 2% 110 kr-4000 2% 45 2000 2P
kr-K K kK
Q@ = 20002 1 s + 40002 10 ke +2 00022 5 wr|(279 — 250K =
kr-K KT - xr-K

=1,3-10% Ix = 1,3 M/Ix.
Oteer: © =254 K, ¢ =1,3 MIx.

¢ 3axaua 3. TemmcpaTypa HarpeBaTens WiCATLHOH TermopoH mammmHE500 K, TeMm-
nepatypa xoaoanienuka 400 K. Oupeaesnts KIIJ yukna Kapito 1 nomesnyx Mouw-
HOCTh MATIIHEL, eC/IM HATpeBaTeb lepeaet e 1675 [ relutorsl B CEKYHAY.

Hano: T, =500 K; T, =400 K, @ =1675 /Tx; t=1¢.

Haiira: n, N.

Pemenwe. KIT/1 Mmaniunsl onpeagesserca no gopmysie (3.12):

T.—-T. _500K-400K
T, 500 K

B monesuyio paboTy npeppaimaiorcs
A=nQ=0,2-1675 Ik = 335 JIx.
[Tomeasas MONTHOCTD MALIHHBL

0,2.

’I']:

Bbraucnenus:

Orger: 1= 0,2; N = 335 Br.

ﬂ 3agayn Ans caMOCTOSITEe/IbHOIO PellieHHn

1. Teno maccoit 10 kr yamno ¢ BeicoTH 20 M. Ha cROMBKO YBEAHUMTCA BHYTPEHHAA SHEPTHA
B MOMEHT YAIapa 0 3eMITI0, €CTH HA €T0 HarpeRanwe uiet 30 % KuieTHuecKoi sHepruH Tena’?

2. IIpH H30TEPMHYCCKOM PACIIMPEHHME HACATBHEIM rasoM cosepriera pabora A4 = 20 k.
Kakoe xomu4ecTBO TEMNOTH COOOIIEHO ra3y?

3. Kaxyio remnepatypy Oyaer umeTs BOAA, ecan cMemats 400 o1 soawt npu 20 °C w0 100 1
Boaipt tipH 70 °C?

4. BMECTHMOCTB CHCTEMB OXTaKaenns apToMo0mIs 6 1. B paguaTop Bauan 2 J Temnoi
BoAb! npH 40 °C, a 3aTeM JONOIHIAN cucTeMy ropsae ool mpu 85 °C. Qupenennts peans-
HYIO TEMNEDATYPY CMECH, YIHTBHIBAs, YTO OHA Ha 14 % HIKe pacueTHOHR?

5. B akpapuym mamuto 25 5 gomsl ipr 17 °C. Crosbko ropagedt Boau upu 72 °C HyxHO
JOIUTE B AKBAPIYM, 4TOOB! B HEM yCTAHOBHIACH Temilcparypa 22 °C?

6. /Ls agHbl HyxHO TpuroToBuTh 320 11 Bogs! mpu 36 °C. B razopoit KONOHKe TEMITEPATYPA
Bofinl 78 °C, #3 Bogonposoa tever Bofa npH 8 °C. CKONBKG ropstei M XQAOHOM BOABI HYXKHO
B3SATh /715t IPHTOTOBEHHA BAHHbI?
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7. TloveMy, MOAHAMAACE B BCPXHUC COM ATMOCCPEL, BORAYR OXAaxaeTcs?

8. HoweMy npu BRINyCke rasa 13 Oa/I0HA BeHTIIIb HOKPEBAETCH POCOH WM Aake HHeeM?

9. Onpegenurb paGoTy UaeANbHOR TEILTOBOM MAILIMHEL 32 OIMH WKL, €CJIM B TeyelHe WK
MallHHa nosrygacT ot gHarpesarcia 2 095 [k rerorn. TeMueparypa HarpeBarens 400 K, tem-
fieparypa xononuishnka 300 K.

10. Temneparypa varpesarenst TEMIOBON MalnHbl, paGorawueit no uukay Kapuo,
207 °C, a remucparypa xoaonuipHnka 117 °C. Kakolt acukaa Gp1Th TEMIIEDATYPA HArpeBa-
Teas (NPH HEUIMENTION TeMiepaType XoXoauasuka), utobs KIT mamuns yeeanansics s
TpH paza?

Q,o Knioyesbie cnoBsa. TepMognHaMnyecKkas cucteMa, BHYTRCHHSS SHeprus,
paboTta, TennoTa, TernnoeMKoCTb, YaeibHas TernoeMKocTb.

l’aea 6

CBOWCTBA NAPOB

6.1. UcnapeHue U KOHAEHCaUunA

Hcnapenne. M3yuns cpoicTBA AAeAJLHBIX TA308, IepeHIeM K PaCCMOTPEIIHIO
CBOICTB peajibHbIX [a30B M )KHAKOCTeil, B YaCTHOCTH MX B3aMMHEIX TIpeBpalleHuil ApyT
B JIPyTa. 3AECh CAEAYET HMETE B BHY, YTO MOJIEKYJIRI Ta30B H XWIKOCTEH XOTS U Mathl
Mo pa3MepaM, HO UMEIOT KOHEYHBIE PASMEPHI U oTIpe/iesleHyIo hopMy U MCXKAY HUMH
CYHIECTBYIOT JJOBOJLHO 3MAYMTCIbHBIE CHITB B3AMMOJIEHCTRUA. B 9TOM COCTOHT 1/1aB-
HO€ OT/IMYME PeATBHBIX IA30B H JKHAKOCTEH OT MACAILHBIX, KAK YIPOIUEHHOW Moaean
PEATBHBIX 0OBEKTOR.

lipy u3yueHH HileaTbHBIX TA30B OTMEYAIOCH, UTO MITOTHE ero CBOHCTBA He 3aBH-
CAT OT MPUPOALI 'a33. OJHAKO YeM HIKe TeMeparypa # 60/blie JaBienye, Tem 3a-
MeTHee 3aBHCHMOCTh CBOICTE 1432 OT €70 APHPo/ibl. [33 B TAKMX YCAOBHSX HA3bIBA-
10T MAPOM, TEM CaMbIM YKA3bIBad, YTO OH 06pasoBafcs W3 OMpenenentoil XKHAKOCTH.

fBreHne nepexoya BeLlecTEA B AP HA3LIBACTCH napoobpalosanueM.

B npupoae napoobpasoBaiiie IPOMCXOAUT B BUAE MCIAPEHUS U KHIIEHHSE.

[Tapoo6pa3oBanue ¢ OTKPHITON MOBEPXHOCTH XXUAKOCTH HAZBIBAETCS ucnape-
HUEM.

HcenapaoTcea He TOJNbKO )KHAKOCTH, HO M TBED/IbIe TeJIa.

Hcnapenue TBepAbIX T/ HASLIBAETCA CYOAUMAUUETE, WIN 80320HK 0.

PaccmoTpum niporiece ucrapenwust xuAkocteil. T ak ke kak Audypysus, cnapenue
TPOMCXOIMT BCAEACTBHE HENPePbIBHOTO XA0THYECKOTO JIBIKEHHS MOJIEKYJ1 JKHAKOCTH.
Besikas MostekyJia, (BHKYLIASICA K3 1y OHHBI XKHIKOCTH K €€ MOBEPXHOCTH, UCTTBITHIBA-
€T B TIOBEPXIIOCTHOM CJI0€ ICHCTBHE CHJIB, TIPEISITCTBYIONEH BRIPHIBAHAIO MOSTEKYAD C
TIOBEPXHOCTH KHAKOCTH. HToOH MPOHTH CKBO36 [I0BEPXHOCTHDLH C/I0M, MOJIEKyIa 1071~
KH2 00JIANATE I0CTATOYHON KMHETHYECKOH 9HEPTHEH /LIS COBEPIUCHHUS PaboThl BLIXOIA
C MOBEPXHOCTH XUIKOCTU. CKOPOCTH MOMEKYA JKIAKOCTH, KaK H MOJICKYJ Ta3a, pasJivy-
HBL KHAKOCTD MOKUAIOT Hanbosiee «ObICTPbIe» MONEKYJIIbI, BCJCACTBHC YCTO CPeaHsa
KHHETHYECKAA DHEPIUA OCTaBIINXCA MOJIEKYJI YMEHBUIAETCS, YTO BefleT K MOHHAKEHUI0
TEMIICPATYPLL AKUIKOCTU. [1J1s1 11040ep KA HOCTONHHON TEMNEPATYPBL JKUIKOCTH e
HeoOX0AUMO COOGIIAT SHEPTHIO U3BHE, HATIPUMED B BUAE tenoTel. KomuuecTso Tel-
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JIOTHI (J, HeobXoAMMOe /TS TpeBPalieHHs B ap 1 K KHAKOCTH IPH HOCTOSHHOA TeM-
TIePaType, HA3BIBACTCH YOEABHOL MENTOMOU napoobpazoeanun:

Q@
e (6.1)

B CH yneabhas rertora napoo0pasOBAHUS BRIPAKAETCH B OHCOYAAX HO KUAO-
epamm (JIx/xr).

[Tocsie Toro Kax MoseKy.1a XKUAKOCTH EPEMECTHIACH OT TPaHHIIL! TIOBEPXHOCTHO-
TO CJI0A Ha PAaccTostHue, DoibLIee PALMYCa AeHCTBHSA MOIEKYJISPIIBIX CHJ1 HUAKOCTH,
OHA CTAHOBHTCA MOJEKYJ/I0H Hapa. MoJdeKyasSpHBIe CHAEI IeHCTRBYIOT Ha CPaBHUTE b=
HO KOPOTKUX paccTOAHMAX (nopanka 10 HM).

KonneHcauus. B peayspraTe XaoTHYeCKOTO ABMKEHHS HaZ [IOBEPXHOCTbIO M-
KOCTH MOJIeKYJla 11apa, nonajad B cepy AeficTBHA MONEKYIAPHBIX CUJI, BHOBb BO3-
BPAINACTCSL B KMAKOCTb. JTOT IPOIECE HA3BIBAIT KoHOeHcauuet. 11pu kougenca-
UMM 3pa HEKOTOPOI MaccChl BBLIEAETCS CTOABKO JHEPTHH, CKOJIBKO 3aTpas MBaeTCs
TIPH HCIIAPEHUH KUTKOCTH TaKoil e Macchl. Mcnapenne KUAKOCTH TPOMCXOINT TIpH
n10601 TeMnepaType U TeM ObICTpee, YeM Bbille TeMuepatypal, Gonpue miowais cBo-
GopHON MOBEPXHOCTH HCHAPAIOLIEHCS KUAKOCTH U OpicTPee yaausioTes o6pasoBas-
mIHecs: Haj JKUAKOCTBI) [Iapsl.

EciH XHIKOCTb HAXOAUTCS B OTKPBITOM COCYIe, TO MOJIEKY.T UCTIapsIeTca Ooablne,
4eM KOHIEHCUDPYETCH, ¥ Macca RUAKOCTA YMEeHbIIAeTCs.

Cuenyer obpatuth BHUMAHMKE, YTO NIPOIECC 1aPOODPA3OBAHKA CBA3AH ¢ YBeIMYe-
HMeM BHYTPCHHeH 3Hepruu BeIecTRa, a IPoLece KOHAEHCAIHN — ¢ YMEHBIUIEHHEM ee.
CeqoBaTeNbHO,

I KOHJieHcauus  napoobpa3oBaHue NPOHCXOSAT TOABKO B mpoiecce o6Mena
aHeprueil Medkay oxpy:kalolieit cpenoii H BeleCTBOM.

6.2. HacbllWweHHbiH nap U ero cBOMUCTBa

Hacnaimennsrif nap. I[TycTs sKHIKOCTD HAXOAHTCH B 3AMKHYTOM COCYA€, M3 KOTOPO-
T0 OTKA4aH BO3AYX. BHauaje YMCI0 MOMEKY N, HCTIAPHBINWECA H3 JKHAKOCTH, PACTET,
HO 4yeM GoJIblIe YHCI0 MOJIEKY.T IIapa, TeM H0blile MOJEKYT KOHeHCHpYeTcs. B Tom
caydae, KOLAa 4YHC/I0 MOJIEKYJI 1apa Bee XKe YBeJIHHHBAETCH, AP, HaXOMAWMHICA Hal
KUAKOCTRIO, HA3RIBAKT HEHACHIIICHHBIM, Eciu 3a OTHO U TO JKe BpeMsT YUCTO UCHaps-
I0IUXCA M KOHACHCUDYIOTIHXCA MOTEKYT ITApa ONHHAKORO, TO YHCA0 MOJTEKYT Mapa
Ha/ KHAKOCTBIO GYAET OCTABAThCS IOCTOAHHBIM. TaKoe COCTOSHNIE HA3bIBAIOT OuNa -
MUHECKUM pasnoeecuem napa u xuoxocmu. T1ap, Haxonsuiica B JUHAMM-
JeCKOM PABHOBECHH C AM/IKOCTHIO, HA3BIBAIOT HACHIMEHHbLM.

HeHachIenHpli n1ap noT4MHseTCs Fa30BbIM 3akoHaM. Uem qanbmie cocTOsSHKE 1apa
OT HaCHILITEHHs, TeM JIyJIle OH NOAYHHETCS 3akoraM boitna — Mapuorra, Tefi-/Tioccaka.
C yBemmieHHeM YHCTa MOJIEKYT TTApa Ha/l HOBEPXHOCTRIO SKHKOCTH TP HEM3MEHHOH
TEMIIEPATYPE €10 JaBAcHUe yBeTuinBaeTcsa, OHO IOCTUIraeT MAKCHMANBHOTO 3HAYCHHS,

L HDH IIOBBIIEHHHA TeMIIepaTy PbI GONBITHHICTBO KIIKOCTEH PACIHHPALSTCA, YTG IIPHBOIHT K YBEIHYE-
HHIO PACCTOAHUA MEKAY MOJICKY/laMU KHAKOCTHY, a CICI0BATERHG, K YMEHBIICHHE) CHJI MOJICKYTADITOTO
B3AHMOACHCTBAA H YMEHDUIEHWIC SHEPIHiH, BHTPHQHBQBMOI‘:I MOJTeKyJIDﬁ IIpK UCITapeHH.

| 148



KOI/Ia T1ap CTAHOBUTCST HacHIIeHHARIM. /laBIeHHe HaChIIERHOTO [Tapa OnpeIeseTcs KoH-
uenTpaLied (THCIT0 MOJICKYJ B eMiHIEe 06beMa V') MOJIEKYIT Iapa U TEMIIEPATYPOiL.

CpoilcTBa HachneHHOro Bapa. PacCMOTPHM, KaK 3aBUCHT JaBIeHHEe HACKIIEHHOTO
napa pH HeM3MEHHOM TeMIlepaType OT €0 00heMa. YBEIHIMM BMECTUMOCTb COCYAR, B
KOTOPOM HaXOQJATCH XKUAKOCTE U Ce HACLINEHHBII TTap, TOT2 KOHIEHTPAIHA MONeKyI
[1apa M ero [LIOTHOCTh YMeHBIaTes. MoneKky b 11apa OyayT peke IOnagath B KUIKOCTh,
Jdunamudeckoe paBHOBecHe HapywWHTesl. 1IpH OCTOAHHON TeMIlepaType Yuc/o Uera-
PAIOIMXCA MOJIEKYJT HE U3MEHMTCS, T. €. HCapeHe Gy/ICT NpeoBiaNaTh HAl KOHAEHCA-
ureid. 3To 6y/IeT MPOHCXOANTS 10 TeX TOP, IOKA BHOBD He YCTABOBUTCHA AMHAMHIECKOe
pasHogsecHe. TakumM oOpa3oM, KOHIEHTPAIIHA MOMEKYJL, & C/IefIOBATe/ThHO, H

I AaBJieHyEe HACBIIEHHOTO Napa Ha/| CBOGOHOM NOBEPXHOCTHIO KHAKOCTH NPH
HOCTOAHHOH TEMNlepaType He 3aBHCHT OT 00beMa.

Ecnu BCst aKUIKOCTD HCLIAPHIACS, 4 00BEM COCY/Ia TIPOAO/IKACT YBEIHYHBATBCH, TO
KOHITCHTPALMST MOJTEKYX TTapa YMeIILIAeTCH, a ClIeJ0BaTe/ bHO, YMEHBIIAETCA JaBIe-
HHE Tapa, l1ap CTAHOBUTCH HEHACHIIIEHHBIM.

Eciu, Hao6opoT, cKIMaTh HEHACBINEHHBIH Tap, TO B KOHIIE KOHHOE BCE BEIIECTBO
MOKET TIEPEHTH B AKHIKOE COCTOTHHE, HATBHEHIIee CKATHE KUAKOCTU BCIEICTBHE €€
MAaoi CKUMAEMOCTH IOTpefyeT Pe3KOro yBendeHus JaBIeHIIs.

JlapJieAre HACHILIEHHOTO Dapa He 3ABHCHT OT €ro 00’beMa, HO 3ABHCHT OT TeM-
nepaTypsl.

Ipu yBe1MueHHH TEMIIEPATYPBL M3 XWIKOCTH CTAHET UCTIAPSITHCS OOBIICE THCI0
MoJeKy.1. JInHAMHYeCKDe paBHOBCCHE HAapy T Test. KormenTpans Moaexys mapa 0y-
JIET PacTH 70 TeX TOp, TOKa CHOBA HEe YCTAHOBUTCA AUHAMUYecKoe paBioBecke. B atom
CJTydae KOHNCHTPALMA, A JHAUHT, U AaBaeiue 6yayT 6onpmvmu, FTak, ¢ BospacTaHu-
eM TeMLEPATYDHI JaB/eHIe HACHLIEHHBIX [TAPOB yBeIUYHBAETCH.

CocTosHHE HACKITIIEHHOIO TTApa MPHOTMXEHHO OTTMCHIBACTCH YPABHCHHEM COCTOS-
HYA HAeasbHOTO ra3a. JlaB/elne HACLIENIIONO IIapa

Dy = nkT. {6.2)

Eciiu cocyzi, B KOTOPOM HAXOAMTCS HACBILIIEHHBIH 11ap, IPeIBapUTETHO OBLT TIIA-
TE/IbHO QUMUIEH ¢1 HEHTPOB KOHAEHCAIIMH, T. €. TBLTHHOK, TO MOXHO TOJTYYHTh [ICpe-
CBILIEHHBIN Tap, T. €. Tap, J[aBJAeHWEe KOTOPOTO BRI, YeM 5TO COOTBETCTBYET AaBJIe-
HHE) HACBIILEHHOTO 14Pa TTPH JAHHOH TeMIepaType.

6.3. AGCoNnIOTHANA U OTHOCHUTENIbHaA BRaXXHOCTb BO3AyXa.
Touka pocbl

AGComoTHa: ¥ OTHOCHTENBHAS WIASKHOCTh BO3/1yXa. B 11puposie MHOTO OTKpbI-
TBIX BOJOCMOB, C MOBEPXHOCTH KOTOPLIX WICT HETIPEPLIBHOE HCIIADEHNE BO/IBIL. Hosto-
MY B COCTAB aTMOC(bepr BXOJIAT H [14Pbl BOJEL. KonunyecTso BOJAHBIX HAPOB B BO3IyXe
XAPAKTEPHIYET EI0 @OCOTIOMHUYI0 8ANCHOCTL — BeJIMMUHY, IOKa3BBAIOINYIO,
KaKast MACCa TAPOB BOJIbI HAXOAHTCS B 1 M* BO3AYXa.
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Piuc. 6.1

Kpome abcomoTHO# BAAKHOCTH HEOBXOIIMO 3HATh M CTe-
Ieilb HAChHRIIEHHS BO3YXa NapoM, KOTOPAasi XapaKTepH3yeT-
CH €10 OMHOCUMEALHOU GAANCHOCBI0 — BEIHHHHOIH,
PaBHON OTHOMIEHMIO abCOJIOTHOIT BAAKHOCTH D K KOTHye-
ctey D, BoasiHoro napas 1 M°, HACKIIAIOIEro RO3YX NPH
J3HHOM TeMIIePaType, H BEIPAKEeHHOH B IPOIICHTaX:

D
= —-100 %. 6.3
f D, (6.3)

Ec/n BO3AYX He CONEPXKUT RAPOB BOJIHL, TO €70 adCOMIOT-
Hasi ¥ OTHOCHTE/IBHAS BJIAKHOCTD PaBHa HyJIIO (HO TaKOro
B 1IpHPpo/e 1ie ObiBaet).

Touka pocsl. AGCOMIOTHYIO BAAKHOCTb BO3/YXa MOKHO
OIpEe/IeTUTE 10 ToUKe pochl. Touka pocbt — 3TO TeMIepa-
TYpa, IPH KOTOPOi Nap, HAXOAALIMACH B BO3AYXE, CTAHO-
BHUTCS HAChHUEHHbIM, 3HaYeHusT Iy A7 PasHbIX TeMepa-
TYD AAIOTCA B CIPABOYHEIX Tabau1ax. Takum 06pasoM, 3Has
TOYKY POCHI M TeMIepPaTyPy BO3/AYXA U B3sIB U3 TabHI[ 3Ha-
yennsa D u Dy, MOJKHO onpeenuTs f.

TurpoMetp. IIpuboprt 11s oNpeaereHnA BAaKHOCTUH
BO3/yXa HA3bIBAIOTCA 2ugpomempanmit. Pabota npocreii-
UIETO THIPOMETDPA OCHOBAHA Ha TOM, 4TO 00e3KHPeH b Ye-
JIOBEYCCKHH BOJIOC YIVIMHACTCA TTPH YBEIHYSHHH BIAKHO-
CTH BO3XYyXa.

Ecsm taro#t Bosoc € (puce. 6.1) mpolrycTuTs 9epes Jderkuit
010K, TIPHKPETIHE OZTHH KOHEI[ ero K MeTA/UIMYECKOH pame, a K
JAPYTOMY IIOABECHTE IPY3 P, TO TIPH M3MEeHEHH Y JUTHHBI BOJTO-
ca yKasateJb 5, UPHKPEILIEHHBL K 010Ky, OYReT IBHraThCs.

IporpanyupoRag npegsapureibHo Ipubop T, MOSKHO 110
HeMY HelIOCPeCTBEHHO ONPC/IE/ATh OTHOCHTEMThHY K BIAAXK-
HOCTb.

BoaocsaHoii rurpoMeTp IPpHMEHSIIOT B TeX CAy4asx, KOr-
A B OlIpe/leNIeHUH BAAXHOCTH BO3AYXa He Tpedyercsi 6ouib-
IOH TOYHOCTH.

Icuxpomerp. Bosee TOYHO BAKHOCTD BOAYXA ONpEIE-
JIIOT ¢ HOMOILBIO ncuxpomempa (puc. 6.2). Od cocTout
13 JIBYX TEPMOMETPOB A i B, peaepRyap O/THOIO 13 HUX obep-
HyT Maptei M, orrymennoii B cocya ¢ roao# C. Boa, nonxu-
MICh 110 KAIILLIAPAM Map/H, CMaduBaeT pe3epeyap TEPMO-
MeTpa. Ecmi Bo3AyX He HACKINIEH BOASHBIM IAPOM, TO BOAA C
MapITH UCTIapsIeTCst, OXJIAKIAsT TEPMOMETP, II03TOMY TEPMO-
METP € BJIEDKHLIM Pe3epByapOM MOKAKCT GONce HI3KYIO TEM-
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Neparypy, YeM TEPMOMETP € CYyXHM pe3epByapoM. YeM Cyilie BO3AYX, TeM Goublile pas-
HOCTb [TOK23aHMH CYX0ro H MOKpOTo TepMoMetpos. 1lo 210l pasHoCTH H3 HCHXpOMETDH-
4ECKMX TaOJUIT OTIPENENAIOT OTHOCHTENBHYIO BIAKHOCTh Boayxa. Eci Bo3ayx Hacel-
IIEeH BOASTHBIM TIAPOM, TO TIOKA3aHKA TEPMOMETPOB OYAYT ONMHAKOBEIMH, OTHOCUTEbHAS
BJIOKHOCTh cocTaBuT 100 %6, YTO BOSMOXKHO, HATIPUIMED, BO BPeMSI B0/, TYMAHA H T. 1L,

6.4. Kunenwe. NeperpeTtbiit nap

Kunenue. B mpoliecce ucnapenna Hanbosee GpiCTPble MOIEKYJIbI XKHAKOCTH TI0-
KHAAIOT NOBEPXHOCTD )KUAKOCTH, [IPEOJ0JIEB CUITE MOTIEKYIAPHOTO B3aUMO/eHCTBHIA
H [IPEeBPALiasICh B MOJIEKYJIbI mapa (cM. 6.1).

YacTHBIM CITYYaeM UCTIAPEHUS ABNACTCA Kunenue. 310 IpoLece HHTeHCHBHOTO
napoofpa3oBaHUs HE TOALKO €O CBOOOMHON IIOBEPXHOCTH, HO H 110 00heMY KHAKOCTH.

HarpeeM KuaK0CTb, HAXOAAINYIOCS B OTKPRITOM cocyzie. Besaxast xkuakocTs conep-
KUT HEKOTOPOE KOMHYECTBO PACTBOPEHHBIX rasoB. C yBelHYeHHeM TeMIIepaTypPbi pa-
CTBODHMOCTD Ta3a yMeHbIaeTcs. ['a3 BEIIeISeTcsT U3 JKUAKOCTH, Oceas B BUe MeJI-
KHX IIy3bIPBKOB Ha BHYTPEHHUX CTeHKax cocyaa. [To Mepe moBeinieHHs TeMnepaTyphl
pa3Mephl Iy3bIPbKOB YBEAHYHBAIOTCS U MY3LIDHKH BCIILIBAIOT.

ITonagas B BePXHHE, MEHEE HATPETHEE CIOH XKHUAKOCTH, OHH YMEHBIIAIOTCA B pasMepax
H3-34 KOHACHCALMH BOISHBIX TAPOB BHYTPH Hux (puc. 6.3, a).

Koraa reMnepaTypa JKMAKOCTH BHIPABHSAETCS, 06BEM ITY3BIPBKOB TIPH oxbeMe Oy-
JeT Bo3pacTath. IponucxoauT aT0 NOTOMY, YTO JAaBACHHE HACBHIIIEHHOTO Iapa BHYTPH
MY3BEIPhKA OCTAETCA TIOCTOAHHBIM: p, = nk T, a THpoCcTaTHYECKOE TaBaeHHepgh yMeHb-
maetcs. [Ipu nocTosIHHOI TeMOepaType AaBIeHHe HACHILCHHBIX IAPOB OT 06beMa He
3aBMCHUT, BCE NPOCTPAHCTBO BIYTPH Iy3BIPBKA IIPH €T0O POCTE 3AMOAHEHO HAChIHIeH-
HbIM T1apoM. Korza myssipek A0CTUTHET TIOBEPXHOCTH KUAKOCTH, TO JaBAeHHE HACLI-
IMEHHOTO Napa B HeM NPaKTHYeCKH PABHO aTMocthepHOMY AaBAEHIIO Ha IIOBEPXHOCTH
KUAKOCTH. HachiIeHHEIH map, 3anoansomil 1y3sipek, sbibpacoisaercst B arMocde-
py (puc. 6.3, 6). IIponcxoauT KUNEHHE,

Kunenne >KHAKOCTH MPOHCXOAUT NP OHHAKOBOH TeMIlepaType Bceil xKna-
KOCTH, KOI'/Ia IABJICHHE HACBIIIEHHOTO NAPa 3TOM JKHAKOCTH PaBHO BHEMIHEMY
JaBICHHIO,

Kazxaasn KUAKOCTh IPK HOPMANBHRIX YCIOBHAK KUITHT MU OTIPERCTCHHOH TeMItepa-
Type, IPH KOTOpOH IaBTeHNe HACLIICHHRIX NAPOB 3TOH XKUAKOCTH paBHO BICILHEMY JIaB-
JIEHUIO HA €e II0BeDXHOCTb. Ty TEMIEPATypy Ha-
3BIBAIOT MEMREPAMYPOL KuneHu.

INogsoanmast k KHRKOCTH B Npoilecce KHIIe-
HHA TEIIOTA PACXOAYCTCH Ha YBCIHICHYE TOTEeH-
LMAIBHOH SHEPrHU MOJIEKY, Ha paboTy TPOTHER
BHEIIHEro NaBJeHUS IPH 0OPA30BaHHH U JIBHXKC-
HHH HY3BIPBLKOB Mapa, Ha KOMIeHCAHHIo [MOTephb
TeILIOTH, CBA3AHHBIX C IPOLECCOM UCHAPEHHA
KUAKOCTH B OKPYKAOWIYIO Cpely.

M3 npuBefeHHBX paccyxAeHUH ACHO, ITO a 6
TeMIepaTypa KHIICHHUS JKHAKOCTH 3aBUCHT OT Puc. 6.3




BHEIIHETO AaBieHus. YeM HUke BHelNlee AaBieHUeE, TEM HHXKe TeMIepaTypa KHiie-
HUS KUAKOCTH. DTUM OOBACHAETCH XOPOLIO HIBECTHRIA (baKT, UTO HA GOIBINTUX BRICO-
Tax, TAe aTMocdepHoe Jas/ieHue TOHHKEHHOE, MKUAKOCTH KUIAT IIPY TEMIEPaTypax
boxee HU3KUX, YeM Ha YpoBHE Mopsi. Hao60DOT, B KOT/IaX I1APOBBIX MalllMH, T/le IaBje-
HME JoCTUraeT mopanka 15 atv ( 15-10° [1a), TemmepaTypa KUTTeHHS ROJIBI OIH3KA K
200°C (473 K).

Koraa roBopsT 0 TeMnepaType KHIEHUS KAAKOCTH, HE YKA3bIBas TABIEHHA, HMe-
0T B BULY TEMIIePaTypy KMIMEHHA IIPH HOPMAaThHOM AaBAeHUM (760 MM pT. CT. =
=1,02-10° TTa).

VpasHeHne Temloporo HajlaHca pH MapooGpasoBaHUA M KonjeHcamud. Komu-
YeCTBO TEIUIQTHI, HEOOX0MMOM s IPERPALIENHS KHAKCCTH B [1ap, HATPETOH 10 TeM-
nepaTypbl KHNEHHA, OIpeae/aeTcs 1o GopMyie

Q= rm, . (6.4)

e »— yaeIbHas TEILUTOTA Tapoobpas0BalIis; 17t — MaCCa KMAKOCTH, IPEBPAILEHHON B 113D.

M3z 3akona COXpaHenHsa JHEPrUH CAEAYET, 4TC IIPH KOHJCHCAIIHH ITapa B )KHAKOCTD
BEIIENIACTCA KOMHIECTBO TEIIOTH, oTipefienseMoe o dopMyne (6.4).

Y;[eﬂb]-[aﬂ TEILIOTA Hap006paBOB}lHHH AJIA ,I[aIIIIOﬁ KHMAKOCTH YMEHbBIHACTCA C T10-
BBILUIEHWEM TeMIepaTypol. QLpeaesisieTcs: yAeMbHas TEIOTa NapooGpasoBaHUs OIIBIT-
HbIM TYTEM. Oﬁbl‘-IHO ee HaXO/AAT 110 TeIJIOTE KOHAeHCAllu |, I[JIH ITOro ap BELECTEA,
VAETBHYTO TEILIOTY MApoodpa3soBaHus KOTOPOTO OMPEeAoT, BMIYCKAIOT B XOMOTHYIO
KHAKOCTD TOTO YK€ BEIIECTBA, HAXOAAINYIOCH B KATOpHMeTpe. 3Tias TeMUEPATYPY Kil-
neums T, Maccy JKHAKOCTH 1y H ee TeMIlepaTypy Oo BIycKaHus mapa { 7)) v nocre
(T,), cOCTaBNAIOT ypaBHeHHE TeNIOBOro Hanarca. [IpeHebperas KOJHYECTBOM TEILIO-
ThI, HAYINETO B OKPY KAIONIEE 1IPOCTPAHCTRO, NIOJAYYHM

Q+ Q'lz Q2+ QS:

rae Q = m — KOJHYCCTBO TCILTOTRI, BRIAEAAIONICCCA TP KONACHCAITHH I1apa; Ql =
= ¢m(T, — T,) — KOIMYIECTBO TEILIOTbI, OTAAHHOE KHIKOCTbIO, 00pa3oBaBIIeHcs U3
napa; ¢ = ¢;my (T, — Ty) — KOJIUYeCTBO TCTLIOTHL, NOAYYEHHOE KUAKOCTHIO, Haxoad-
meics B KAMOPHMETPE; @y = comy( Ty — T) — KOJAMMCCTBO TETLIOTH, MOJYIEHHOE Ka-
JOPHMETPOM; €1, & — YAENBHDLIE TEIVIOEMKOCTH XXHUAKOCTH U BELIECTEA KAlOpHMMETDA.
OTcrofia onpeiesuM YAEAbHYIO TEILIOTY 1apo0Bpa30BaHus:

r = emy(Ty — 1)+ eymy(Ty — 1) —emi(Ti — Tz)

m

Ileperpersii nap u ero Hcnonbp3oBanKe B Texuuke, [1ap, HMEOUMTI TEMIEDATYDY BHIIIE
TCMIIEPATY Dbl HACBIIIEH S ITPH TOM e JaBIeHHH, SIBJsiercs nepezpempin. [leperpersiii nap
CAYHKUT PaboduM TCIOM B TEILIOBEIX BHIATEX, TYPOHHAX U T. 4.

PasBuUTHE TEXHUKE 34BHCHT 0T YMCHHSA KaK MOXKHO 0071€€ TI0THO HCTIOIB30BAT, TPOMATHBIE
3aMachl BHYTpeHEEH SHepruH, CONepxKalleiicsa B Touee. Mcoip30BaTh BEYTPEHHIOO SHEp-
THIO — 3HAYMT IIOJIYYHTD 3a CHeT Hee ToJe3HYIo paboTy, a 3T0, B CBOIO OHEPEAb, 03HAYAET, UTO
BHYTPEHHIOK DHEPIHIO €€ HYMKHO CHAYAJTA TIPEBPATHTE B MEXAHHYECKYIO. ITO MOJKHO OCYIIe-
CTBWTH PASHBIMH CTIOCOHaMHU, HATPHMED TIEPEBECTH HAEPTHIO TOTUTHEA B SHEPTHIO Ta3a WK [Tapa.
Pacmimnpsisics, ra3 cosepinaer paboTy W 1Py 9TOM OXJ1a/4eTCs. Ero BHYTpEHHNA 3Heprus Lepe-
XOIUT B MEXAHMICCKYEO 3HEPIHIO ZBHAKYIIET0Cs MOPLIHA HaK Bpamaomeiics Typoussr [Toay-
YeRHHH B KOTJIaX eperpersiil map {Cyxoil) HATIPABIAIOT B napoBLie TypOnHbL Temncparypa
TMEpErpeToro napa HacTonbko Beluka, uto KIJ taxux Typbus npessimaer 45 %. Hocne cosep-
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HeHHs paboTol B TYPOMHC Iap HMeET ellc BLICOKYIO TCMICPATYPy M 001aaacT Go/bIIM 3ama-
COM SHEPrHHU H €70 HCMOJb3YIOT B OTONHUTENBHBIX CHCTEMAX,

DHEPTHIO BOAAHOTO Mapa IHPOKO MPHMEHAIOT 171 paboThl HAPOBEIX TYPOHH TEMIODIEKT-
POCTAHIHI, MAPOBBIX MAINKH, AJA HYKI TPOH3BOACTRA H GHITOBBIX LieJeil.

KPATKUE BbiBOAbI

o Komzaercanus i napoofpasosaHie IPOHCXOAT TONBKO B IPOIIECCEe ODMEHA SHePIHeH Meskay
OKPYXKAICIIEN cpeoil H BeleCcTROM.

& Mekay sUAKOCTRIO M IIAPOM Haj, Hell MOMKET CYIIecTBOBATE AHHAMMYECKOE PaBHOBECHE,
T. €, YHCI0 MOJAEKYJI, HOKHAAIOUIHX JKHAKOCTb, PABHO YMC/Y MONEKYJ1, BO3BpAIIAMHEXCA B Hee
H3 TIapa 32 OJHO W TO AE BPpeMEA.

® Ilap, Haxoaswmiics B AMHEAMHYECKOM PABHOBECHH € KUIKOCThIO, HAZBIBACTCSH FHACDIULCH -
HbiM. ,[[aBJTeHHe HACHITIEHHOO I&pa ONpEAEIAeTCH TOABKO TBMHCpaTypOI‘;[ H HE 3aBHCHUT OT 0611€Ma.

® B cocras armocdepr 3emi BXoasT BOAAHbBIC NApel. Bemmunia, MoKa3pBaioad KOIuye-
CTBO BOASHEIX MApoR k1 M* BO37yXa, HaskBaeTca adcoomnol aiaxcHocmyro. CTeCHD Ha-
CBILIEHHA BO3yXa IIAPOM MMOKA3BIBAET OMHOCUINEIOHAA 8NANCHOCTD.

® JKuaxocTs KUIHT MPK TeMIICPATYPE, KOT/IA AABAEHHE HACKITIEHHOTO 1apa 3ToN AHAKOCTH
Pa2BHO BHEINHEMY JIABACHHH).

& TeMmnepatypa KHOCHHS NOBBILIACTCA C YBeTHYelIHEM BIICITHEro JaBAeHHA.

E Bonpochl Ana CAMOKOHTPOAS U NOBTOPEHUA

1. Yem vicnaperHe OTAHYACTCA 0T Mapoohpazosanua?2, OT KAKHX YCTORHI 3aRMCUT CKOPOCTh
ucnapeHnst KUIKoctH? 3. Kak o6bAcHUTE NPOLCCC MCHAPCHUA ¢ TOUKH 3PCHUA MOJICKY/APIIO-
KHHETHYECKOH TeopuH? 4. Kak HaMellsieTCs HEePrHS ARUAKOCTH TIPH HCTIADEHWH W JHeprHs napa
npH KoHAeHCaunu? 3. [TpuBearTe HPUMEPHI HACBIIEHHBIX M HEHACHIIIIEHHBIX TTapoB6. OGbACH-
Te He3aBHCHMOCTD JABACHHS HACLILIEHHOTO Tapa IIPH MOCTOAINION TeMIepaType oT 00beMa?

7. Yro xapakrepuayer abcoaioTHaa paaxocts? Oruocutensan BAnKAoCTs? 8, Moxer i ab-
COMIOTHAS BADKHOCTS BO3AY XA PABHATHCA OTHOCHTCIbHOIM? 9. C noMoIbo kakux npudopos H3-
MepseTcs BAaKIocTh Bo3ayxa? 10, [loueMy xineHye — 53To acTHBIH Corydail ucnaperua? Tlpu

KAKHX YCJI0BHAX OHO npoucxoaut? 11, Iipuseaure npuMepe: MCOAB30BAHNAA IIEPErPeTOro Mapa.

Mpumepb pelexun 3agaq

® 3amaua 1. KoTesn BMECTHMOCTEIO 5 M° 3aITOIHHIM BOJIOH, Macca KOTopo# my = 20 K,
M Harpeny ee x0 Temiepatypbl ¢t = 180 °C. HaiiTu aasienne 1 Maccy BOASHBIX IAPOB B
KoTie. TIAOTHOCTE HACHILIEHHBIX IIAPOB BOJ(bI IIPH 3TOMH Temueparype p = 5,05 kr/m®.

Hano: V =5 m% my, = 20 kr; T = (273 + 180) K = 453 K; p = 5,05 kr/M% M =
= 18-1073 kr/moab.

Hatiru: m,, p.

Pemenne. Macca napa, HeoHXoMMast /TSt HACHIIICHHS KOTJIA BMECTUMOCTBIO  V/
rpu remueparype T,

m=pV; m=>5,05kr/M*-5m* =2525 kr.

Ioaywunu, 4ro m > my, T.e. BCA BOAA B KOTJE IPEBPATHTCA B TIAP; CACAOBATCILHO,
m = my ¥ 9T0T nap OYAET NEeHACHIIEHHbIM.
JlaBsreH1te HEHACHINIEHHOTO MAPa OIPEAENAETCA U3 YPABHEHH COCTOAHUSA

pV:%RT,
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OTKyIa
m lR T
MV

BoruHcAeHH:
_ 20 kr-8,31 JIx /(monn - K)- 453 K
181073 kr / mMosib - 5 M*

Orser: m, = 25,25 kr; p = 840 kIla.

~ 8,4-10° Ma = 840 «lla.

® 3ajaua 2. AGCOMOTHAA BJAAKHOCTH BO3/IyXa IPH TeMnepaTtype ¢ = 60 °C paBHa
D, = p, = 0,05 kr/s’. Haiiti abcomoTHYI0 BAaxHOCTb Dy{p,) DU IIOHMKEHHH Temne-
paTyphi 0 £, = 10 °C. JasjieHye HACBILIEHHLIX [IAPOR NPY TeMitepaTypet, pasHo 1 226 [la.

Jano: T, = (273 + 60) K =333 K; p, = 0,05 kr/m% T, = (273 + 10) K=283 K; p, =
= 1226 Ha; M = 181072 kr/mo7b. :

HaitTn: p,.

Pemenue. Oupejienum IIOTHOCTh HACKHIIEHHEIX TapoB NPH TeMnepatype 1y, uc-
XOJIS1 U3 YPABHEHHS COCTOSTHIS:

BV =%RT2.

Tak kax m/ V = p, TO ypaBHEHHE COCTOSHHSA MPUMET BHA
_pRDL
Yt
OTKY/a
_ M
P2 =5
RT,

Bpryucaenus:

1226 Tla-18-10~° kr / Mo
8,31 Ik /(mosn - K) - 283 K

[II0THOCTD HACHIIEHHBIX IAPOB NPH Temmepartype T, MeHBIIE, YeM p,, T.€. p < p;. Cie-
JIOBATENBHO, TIPH OXAAKASHUH JIO TEMIEPATYPEL T, 4aCTh IIAPOB CKOHIEHCHPYETCH U
abCOMIOTHAS BAAKHOCTD BO3AyXa OyAeT OIPeReasThCs IVIOTHOCTBIO HACKIIEHHEIX f1a-
POB, T.e,

Pz =9,4-1073 kr/m3.

Pz =
OteeT: p, = 9,4-107° kr/M>.

® 3anaua 3. B cocyn, cogep:xkamuit 3 1 soasl npu 20 °C, onyCTiia KYCOK Xelesa
macco#t 3 kr, narpersiii 7o 540 °C. Tlpu 3TOM TeMmiepaTypa BoIB! noxHsIAck 10 55 °C
H 4acTh ee Hcnapuiacs. Haittu maccy Bozbt, obpaTuBieiics B map.

Hano: Vi=31=3-1070% T, = (20 + 273) K=293 K; m = 3 xr; T'= (540 + 273)K =
=813K;©=(55+273)K =328 K; T, = (100 + 273) K= 373 K; c=0,46- 10° i /(xr- K);
¢ = 4,19-10° [Ix/(xr- K); r = 22,6 - 10° [k /KT; p; = 10° k/0°.

Hatirw: m,.

Pemenne. YpaBHeHHE TENOBOTO HaiaHCca

em(T—0) = my(0 — Ty) + rmy + e;me( Ty — O),
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OTKyZa
I em(T — ) —em(©-T,)
? r+c(T, —0)

1"11(3 ml - pl Vl'
Bpruncaenusn:
L= 0,46-10% /Lx /(xr - K)- 3 xr{813 — 328)K _
22,6-10° JIk / kr+4,19-10* /I / kr- (373 — 328)K
_4,19-10% [k /(kr-K) - 10% kr/m® -3-10-m%(328 — 203)K
22,6 -10° Ix / kr+4,19-10% T /(kr - K)
Ormer; m, = 0,01 kr.

= 0,01 xr.

E 3agauu AR cAMOCTOATENLHOIO pelleHns

1. Nasrenne poaaHoro napa pu 27 °C pasmo 1 330 a, Kaknm Gyaer aasnenne napa, cciu
ero Temneparypa usMenutes Ao 127 °C, a 06wem ot 2 20 4 17 (013 g0 4 m)? Kaknm 6yaer napre-
HME Tapa, el 06beM yMCHBIIMTCA oT 2 710 0,5 1, a Temnepartypa cumaurea a0 7 °C? Kaxum
fyner 3ot nap?

2. Ipu 17 °C HachlUeHHBIH BOASHOI Nap OTAENEH OT KUIKOCTH H NIOCHE ITOTO HarpeT NpH
Heu3MelnoM ofbeMe 1o 27 °C, Kakum craner ero fasnenie?

3. OupeaeHTh KOAMYECTBO TEIOThL, HCOBXOAHMOE IUIs TOTO, ITOHL! HArpeTh A0 KUOeHus
3 KT BOAbL, MMetoniei TeMnepatypy 20 °C, w ob6patiTs B nap 200 r RO

4. Kaxoe Kom9ecTBO CTOrPaLyCOro BOJASIHOTG napa Tpe0yeTcs Ast HarpeBaHus1() KT BOAEL
ot 10 no 60 °C?

5. MoXeT JIH BOJAa HAXOAHTECA B XKH/IKOM COCTOAHWH NpH Temniepartype 300 °C?

6. [1pu Kakoif TeMnepaType BHIMAJACT POCA, eCTi aDCOMIOTHAS BALKHOCTL BO3YXA COCTaB-
asier 7-1073 kr/m??

7. C Kaxoii BLICOTH HOMKHA [IAATH KA 10K, TeMaeparypa Kotopoii 20 °C, wrobsr upu
y/ape 0 3eMI0 OHA MOJHOCTHI0 Henapunack? ConpPOTHBACHUE BO3AYXA HE YUUTHIBATE.

8. Temnepatypa Bosayxa 2 °C. OTHOCHTENEHAS BAAKHOCTE 60 %. BrinageT au n104si0 HeH,
€CJIH TEMNIEPATYPA MOYBH climzutes Ao —3 °C?

9. B noasane npu 8§ °C orHocuTeabHad BAAKAOCTE Be3ayXa pasHa 100 %. Ha cxoanko mago
MOBBICHTD TEMIICPATYPY BO3AYXa B MOABANE, YTCOB BARKIOCTH YMEHBIUIHIACH J0 60 %7

JD KmiodeBbie CnoBa : vcnapeHne, KOHAeHcauns, HacolieHtsid nap, abco-
JIOTHES BAAXHOCTb, OTHOCUTE/bHAENA BIAXHOCTD, KUITEHNE.

frhaea 7

CBOWCTBA XXUAKOCTEH

7.1. XapaKTepucTUKa XUAKOro COCTOSHUA BelllecTBa

Onpeaenenne xuaxoctn. AKuoxocms — 510 arperaTHOC COCTOSHHE BELIECTHA,
TIPOMEXYTOYHOE MEX/TY razo00pasHbIM U TBepAbiM. OMIIAK0 JKHAKOCTH BCIEACTBHE
PA3IHIHOTO XapaKTepa TEMI0BOTO IBHAKEHHS MOJEKYJl CYTIECTBEHHO OTAMMAIOTCA OT
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rasoB ¥ TBePALIX Ten. OTBeT Ha BOIPOC, K 9eMy GiiMKe CBOWCTBA JKUAKOCTel (K rasy
HJIH TBEPAOMY TeJIy ), 3aBUCHUT OT TOTO, TIPH KAKHX TEMIIEPaTyPax M JaBJAEHHAX IPOBO-
ZAT 910 cpaBHeHue. Ecau cHIB MONEKYIAPHOTO R3AUMOIEHCTBIA B ra3axX HAYHHAKT
NPOSABAATHCS IPH HUBKHX TEMUEPATYPAX U OOJIbIIMX JaBIEHNAX, TO B KUAKOCTAX 3TH
CHABI UTPAIOT OCHOBHYIO povib. MoeKy sipHOe NaBiieHne B KUAKOCTAX OYeHb BeJlU-
k0. OGpaTM BHUMaHHE, YTO MOJICKYISIPHOE JABICHHE— 3TO HE IABJCHHE B TOM CMBIC-
e, KaK OHO HOHMMAJ0Ch B TA30BBIX 3aKOHAX, & YCAOBHOE 0003HAYEHHUE BEHIITHEI,
VUMTHIBAIOIEN MeHCTBHE MOJIEKY/IAPHBIX CHIL Y IeJbHBINA 00beM XKHIKOCTER B THICA-
4H pa3 MEHBINE YACTBHOTO 00beMa Ta3a; CACOBATCIBHO, MOJICKYITPHOE JIABJIEHNC B
KHUAKOCTAX B MIULTHOHBI pa3 Gosblie, yeM B razax. Pacuer MoekyaspHOTO JaBaeHUs
IAs BoAp! Aaet sHavenne okoao 1100 MITa. MosekymisapHoe qaBieHse MOXKET OBITh
BBIYMCICHO TIO To# paboTe, KOTOPYIO COREPHIAIOT MOJIEKYJTHI, TPOXOAST UepPC3 TIOBEPX-
HOCTHBIH CA0I KHIKOCTH, ECAH KNAKOCTb HAXOAUTCA B COCTOAHHH PABHOBECH, TO
MOJIEKY.IBL JKHIKOCTH K0JIeO/TIOTCS OKOJIO HEKOTOPOTO HOJI0KeHust paBHoBecHs, Barom
CAyYae CUABLL TIPUTSREHUA YPABHOBEUICHBI CUAAMM OTTAIKUBAHHA,

Ceoiicrsa xnakocti. M3-3a 60a6110T0 MOIEKYISPIIOTO AaBJAEHHS KNAKOCTD IPaK-
THYCCKH HecokuMaeMa. JleficTBUTE/IbHO, HAXOASCH 110J] OFPOMHBIM MOJIEKY ISIPHBIM JAB-
ACHHCM, KWAKOCTh IPAKTHYECKH HE PearupyeT Ha vaMeHeH sl BHEIIHEro [[ARJeHHS,

Kuakocts 06:12/12€T CBOHCTBOM mexy«ecmu, NpHOOpeTaeT (hOpMy cOCYAa, B KO-
TOPOM OHa HAXOAUTCA.

PaccMOTPUM OTAENBHY IO MOJIEKYJTY, HAXOAALYIOCS BHYTPH O0/BILOTO 00beMa 3KHJI-
KOcTH (pHc. 7.1). Ha aTy Mosiekyy AeHiCTBYIOT COCe/IHIEe MOJEKYJIR, HAXOAANHCCS
Ha PacCTOAHHM 7, = 1 HM (paduyc monexyaaprozo 63aumodeiicmeusn). Eciu
paAuycoOM MOJIEKYJIIPHOTO B3aHMOAECHCTBHS OrPaHIyYKTh chepy, B IeHTpe KOTOPOEH
HAXOJMTCA PACCMATPUBAEMAS MOJTEKYTA, TO B 3T0H O0JACTH PacTIONOKATCS BCC MOJe-
KyJIbl, BO3A€ICTBHIO KOTOPRIX TIOABEPraeTcsa JaHHad MoeKyaa. Tak Kak o THocTs
KHJIKOCTH OIHHAKOBA IO BeeMy 00'beMy, TO PaBHOAEHCTBYIONAsA MOIEKY ISIPHBIX CHJI,
ACHCTBYIOMIMX HA PACCMATPHBAEMYIO MOJIEKYAY, paBHa Hy 0. Moaekyibl JKMAKOCTH
TPHTATHBAIOTCA APYT K JIPYTY, HO TAK KAK PE3YALTUPYIONAs CHJ MPUTSKCHUSA PaBHA
HYJIK), TO HHKAKIX [epeMeLTeH i MOTeKy 1 110/, AeHCTBAEM 5THX CUJI He TIPOHCXOAMT.

Ilpu casHre c10eB JIpyr OTHOCHTEIBHO APYTA B XKM/IKOCTH BOZHUKAIOT CUJIHI BHYT-
PEHHETO TPETIHS, 3aBUCATIIC OT Koath(bHIIeHTa BHYTPEHHETO TPeHus ( JuHamMuue-
cKOti aA3KOCIIU).

Yem HOBIITE AHHAMHYECKAS BA3KOCTE, TeM OoJee BA3KOM aBisgeTca kuakocte, Ha-
TIpHUMEp, BoAa — 6oJee BA3KOE BENIeCTBO, YEM ATIETOH, HO MeHee BSIBKOe, UeM TJTHITe-
puH. ¥V GONbLIIMIICTBA Ta30B IMHAMHYECKAA BAIKOCTh B 100 — 200 pa3 MCHBIIIC, YeM ¥
BOJIBI. BA3KOCTD 3KUAKOCTEH 3aBUCHT OT TEMIIEpaTyphl U Agapsienus. C moBblOEHUEM
TEMTIEPATYPHI BA3KOCTD XH/KOCTeH OBICTPO YMEHBIIAETCSI, BO3PACTAHWE JIABAEHUS Be-

JIET K YBEJIHYEITHIO BA3KOCTH XKHAKOCTH.

MHuorouncaeHHble A2HHBIE CBHETEThCTBYIOT (0 TOM, YTO 110
CIPYKIYDE AHIKOCTH OUTH3Ke K TBEPAbIM TEaM, yeM K razam. Biai-
KOCTSIX MCKAY MOJICKYIAMH CYIIECTBYET HiIHNCHIE ROPpAOOK,
T. C. MOJKHO YKA34Th IOJIOKCHIE MOJICKYL, OMEDKAHIINX K nepBoil.
JaHHbie pelTIeHOCTPYKTYPHOTO aHAM3a IIOKA3LIBaIOT, YTO CTPYK-
TYpa KMAKOCTH TOAOOHA CTPYKTYPE TBEPROTO TEA, U3 KOTOPOTo
OHa MOJTYYAETCS, TOMBKO 5Ta CTPYKTYPa BHIpakeHa cabee.

Coserckuii ¢uzur H. U. Openkens pazpaboran Teopuio,
COTTIACHO KOTOPOK MOJEKYa KHAKOCTH B TEYEHUE HEKOTO-




pPOro BpeMeld KoaebaeTesa OK0A0 CROUX TIOOXKEHUH PABHOBECHUS, KaK OBl HAXOMACH B Y37Ie
Kpl/lCTaJI.TlH‘IECKOﬁ PeMeTEH. BpEMH «OCEJIJ]O]‘;I JKH3HH» MOJEKYJibl dKHIKOCTH OYeHb M0
(~ 107— 107" ¢), nocie yero MOJACKY.1a RUAKOCTH IEPEXOAUT B HOBOE NOJIOMEHUE PABHO-
BecHA (HOBBIT yaeix). B mpocreilmmx cayuasax npober MOJIEKyIb KHIKOCTH COBNIAZACT 020 -
CMOAHHOU pewemky — PacCTOTHAEM MEXY ABYMA COCEAHHMH V3JaMH pelueTkH. Mo-
JeKyJia, HAaXOAAWAACS B Y371€ PEleTKH, COBEPIUIaeT TENIORLE KOAeHaHHA € aMITHTYA0H
MBHBI.UEEI, 4e€M NMOCTOAHHA] DEIIETKH, BTO NO3BOAAELT CHHTATL, YTO XHAKOCTh HMEE€T KBA3H-
KpHCTAaAnHYeckoe (KaK Obl KPHCTANIMYECKOE ) CTPOEHHE.

7.2. TIoBEPXHOCTHLIA CAOW MUAKOCTU. JHEPIUA NOBEPXHOCTHOrO CNOSA

TIpoucxoxaeHne CUl NOBEPXHOCTHOrO Hatayenna. Ha nosepxHocTu pasaena
KUAKOCTH M €€ HEHACBHLEHHOTO TIapa BO3HUKaeT U, 00YC/IOBICHHAA MOAEKY AP~
HbIM B3aUMo/leficTBHEM IPAHHYANINX Cped.

Kaxpas moxekyna, paciosloxKeHHaA BHYTPH 00bEMA KEIKOCTH, PABHOMEPHO OK-
PYyKeHa COCeIHHMH MOJIEKY/IaMH H B3aUMOJEHCTBYeT ¢ HUMH, a PaBHOAEHCTBYIOLAA
3THX CUJT PaBHA HYAI0 (cM. pyc. 7.1). OHaKo B MOBEPXHOCTHOM C/10€, TOJNILHHY KOTO-
poro 6yAeM CYMTATh PABHOH pPaguycy MOJEKYAAPHOTO B3auMoneiicTeus ( ~1 HM),
BCJIEICTBHE HEOAHOPOAHOCTH OKPYKeHHS HA MOJIEKYJTY AeHCTBYeT ciia R, He CKkoM-
NMEHCHPOBAHHAS CHJIAMH CO CTOPOHBI APYTHX MOJEKYJT SKHAKOCTH. Ha Takylo Moaeky-
Iy ReHCTBYIOT CUIH, COCTABIAIOUIME KOTOPBIX B BePTHKAIBHOH M TOPHU30HTAIBHOH
ILIOCKOCTAX PA3AHYHDL. Cuibl B BepTI/IKa.HIJHOﬁ IIOCKOCTH CTPEMSATCSH BTAHYTD MOJIC-
KYNY BHYTPBb JKHAKOCTH. HcnmiThiasa OOIHOCTOPOHHEC ﬂeﬁCTBHe, HalIpaBJACHHOE BHYTPDb
*KUAKOCTH, MOJIEKY.TB TIOBEPXHOCTHOTO CJIOA CKUMAIOT JKHAKOCTD, IIPOU3BOAA Ha Hee
AaBJEHHE, HASHBAEMOE MOACKYARPHOIM OAGTICHUEM.

Cuel, AeHicTBYIONINE B TOPH3OHTATBHOM TJIOCKOCTH, CTATHBAIOT NOBEPXHOCTD MKHJ-
KOCTH. Omn Ha3bIBAIOTCH CUIAMU ROGEPXHOCHIHOZ0 uamnwceuun'. HaanMep,
€CJH B PACTBOD CMHPTA B BOJE BAUTH IPOBAHCKOE MACI0 (ILIOTHOCTE PACTBOPA PARHA
ILIOTHOCTH MACJ1a), TO, HAXOAACH B He3pa3INYHOM PaBHOBECHH, MACIO TIPHHHUMAET (op-
MY HTapa. I/ISBCCTHO, UTO U3 BCEX BOIMOXKHBIX TEJ, HMEIOIITHX O,I[[/IHB.KOBI:Iﬁ OGBEM, mau-
MEHbHIEH TOBEPXHOCTBIO 001a42€eT Wap. B peanbHbIX yCI0BHAX HA KHIKOCTh AEHCTBY-
eT CHJIA TSKECTH; CRel0BATENbHO, B JAHHOM CJIydae ee JelicTBHe CKOMIIeHCHPOBAHO:
JKHAKOCTH PHHAA (POpMY NIapa, XOTA 0BLIMHO CHJIA TAXKECTH TPETATCTBYET 3TOMY.

EciH Ha NOBEpXHOCTD BOABI IIOMECTHTD MeJIKHE KyCOUKH KaM(popbl, TO OHH OyIyT
OBICTPO NEpeMeaTbC 110 HOBEPXHOCTH BOJBL, COBEPINAA DECHOPANOIHBIE HBHKEHHSL.
Kamdopa, pacTBOpsIsich B BOJIe, U3MEHSIET MOBEPXHOCTHOE HATAKEHHe BOADI, @ TAK KaK
PacTBOpEIHE MPOHCXOAUT HEPaBHOMEPHO, TO KYCOK KaM(OpPEI IepeMeINaeTcs B CTO-
POHY, B KOTOPOH B ZAHHBIH MOMEHT [TOBEPXHOCTHOE HaTsKeHHe OOJBLIE,

TloBepxHOCcTHOE HaTs:KeHHe. MTosepxrocmuoe namancenue — pusniecKkas
BEJIH'MHA, PaBHASA OTHOLIEHMIO CHJIbl F HOBEPXHOCTHOIO HATMMKEHHA, IPHA0KEHHON
K TpaHHIE MOBEPXHOCTHOTO CJI0A XHIAKOCTH H HATIPABNEHHOMN MO KacaTeAbHOH K MO-
BEPXHOCTH, K /iTiHe | 3TOH rpaHuIb:

(7.1)

F
oa=—.
l

! Tlox AefieTBMEM 3TOM CHIIBI TOBEPXHOCTHBIM CA0H HAXOAHTCA B COCTOAHRMH IMOCTOSHAOTO HATAKEHHS.
CHU:IbI TTOBEPXHOCTHOIO HATAXEHUSA 32CTABMAIT CBOGOAHYIO MOBEPXHOCTh COKPALIATECA.
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! EaxHHUA OBEPXHOCTHOIC HATSKCHHA — HBIOMOH
na memp (H/wm).

- IToBepXHOCTHOE HATSKEHHE PAZTHYHO /LI Pa3-
o T -~ HBIX JKMAKOCTEH ¥ 3aBHCHT OT TEMIEPaTypbl.

B O6bIMHO TIOBEPXHOCTHOE HATSIKEHHE YMEHBIIACTCH

Ab= - — — — |D  cBo3pacTanuem TeMIEPATYPHI M IPU KPUTHYECKOH TEM-

Jr Ap!  LCpaType, KOraa IJIOTHOCTD XKHAKOCTH M apa oAulia-

4, *:"“"’"ﬁ“*}"::—“_‘ D,  KOBSI, TOBEPXHOCTHOE HATAKEHHE KUAKOCTH PaBHO
HYJIO.

Puc. 7.2 Ha oOpasoBaliye 110BCPXHOCTH XKHUIKOCTH Tpebyercs

3aTPaTHTh OTpeleIeHHy 0 paboTy, KOTOPAs CHYKHT Mc-
poit cBobOIHOI SHEPTHH TTOBEPXHOCTH.

IIpoBesem takoii onbiT. Ha mpoBooYnyo paMKy {(pMc. 7:2) HajeHeM ITPOBOJIOY-
HYIO JIETKYIO HePekIaidiy, KoTopas Moxet cBoboauo nepememarses. HavarpHoe
HOJ0XeHUe nepekaaanHel A, D, [lorpysHB paMKy ¢ cOCYA ¢ MBLTEHRIM PACTBOPOM,
32T5iHeM ee MbUIBHON AneHKoH. CTpeMsAck COKPAaTUTh CBOK) TOBEPXHOCTh, MBIAIBIIAN
TIeHKa TOJTHUMET HepeKJaZuHy BBEPX H OHa 3afiMeT Hoboe noamkenune AD. Cuna
[10BEPXHOCTHOTO HaTSKeHMs, HATIPaBIeHHAs BePTUKAJILHO BBEPX, YUCAeHHO paBHa
K02(QPHLIKENTY NOBEPXHOCTHOTO HATSKCHHSA, YMHOXKEHHOMY Ha 21, tae [ — mupuHa
paMKy (CHJIBI IOBEPXHOCTHOTO HATKEHHA AEHCTBYIOT ¢ 06X CTOPOH ILTEHKH ).
HYT1o6H YPABHOBECHTH CHILY MOBEPXHOCTHOIO HATSIKEHHS, K PAMKe HYXHO IIPHJIO-
AHATL PABAYIO eff M HanpasIeHHYO TIPOTHROTIONOKHO CHTY F. 3a cyeT YMCHbIIEHHS
ceobonnol snepruu copepiuaercs pabota AA = FAh W3 (7.1) caeayer, uto F= o 21,
Toraa AA = «-2[Ah Ho 2[ARh = AS — M3MeHeHUE I0UIALH IOBEPXHOCTH ILIEHKH,
nostoMy AA = aAS, oTkyaa

AA
o =—,
AS

T.€. NOBEPXHOCTMHOE HAMANCENUE PABHO OMHOWEHUIO pabomsl, KOMO-
DPYI0 HYICHO 3ampamums npu noCMOoaHnol memnepamype, ¥mobvt co-
30amv NOGEPXHOCMd HUOKOCMU NAOWaobwe AS, k¥ nrowadu smou
nOBePXHOCINU.

Crobo/THAsT IHEPTHA MOBEPXHOCTH HMAKOCTH MOKET EPEXCONTH B APYTrHe (bOPMEE
3HEPTHH WJH 32 CUET Hee MOXKET COBEPINATHCS PaboTa 110 MEPEMENTEHHIO AKUAKOCTH.
IoBepxHOCTHOE HATTKEHHE PA3NUIHEX xuAKocTel mpu 20° C (293 K) npiseneno B
1abm. I1.7 (cm. mpuit).

(7.2)

7.3. SlBneHus Ha rpaHnLe MYAKOCTU C TREPALIM TENOM.
KanunnapHbie ABneHus

Cuaumsanne. [Ipy conpukocHOBEHHE KUIKOCTH C TOBEPXHOCTBIO TBEPAOTO TEIA
BO3MOXHBI B3 CITYYast: AKUAKOCTh CMAYMBAET TBEP/OE TEJIO U He cMavusaeT ero. Eci,
HalpHMep, KaTyid PTYTH MOMECTHTD Ha TTOBEPXHOCTD THCTOTO JKejie3a U Ha YHCTOe
CTEKJI0, TO HA IIOBEPXHOCTH XKeJle3a OHH OyayT pacrekathea (puc. 7.3, @), 4 Ha mosep-
XHOCTH CTEKZIa MMCTh opMy, Oiakyio k mapoobpasvol (puc. 7.3, 6). 14 BbiAciie-
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Puc. 7.3 Puc. 7.4

HMSl IPHYMH 3TUX ABJEHUHA PACCMOTPUM OTAENBHYIO MOMEKYTY, HAX0qUylocsa Ha [1o-
BEPXHOCTH KHAKOCTH U CONPHKACAIOMYIOCH C TOTPYKEHHEIM B JXHIKOCTb TBEPIBIM
TesoM, OnuieM BOKpyT Moseky el M (puc. 7.4) cepy AeHCTBIA MOIEKY/IA PHBIX CHII
paguycoM 1. Cia F, BO3meHcTBHA BCEX MDAEKYJ KUIAKOCTH, BXOSIAX B cepy Mo-
JIEKYJIAPHOTO AeHCTBHA, HANpaB/eHa 10 GUCCEKTPHCE TPSIMOTO YTAA, 00pa3oBaHHOTO
CTEHKOE H MOBEPXHOCTHIO XHKOCTH, BHYTPH XKHAKOCTH. KpoMe Toro, co CTOPOHHI TBEP-
AOTO TeJa Ha MOJeKyny M peficTBYIOT MOJeKyJ/IsipHBIe CHIbL F,, KOTOPhHIE HATIDARE-
HB! [EEPIEHAMKYJ/IIPHO TOBEPXHOCTH TBEPAOTO Tena. PaBHOIEHCTRYIONVIOF 3TUX ABYX
CHJI HAXOJIAT TI0 TIPARUITY apajiienorpaMMa. B 3aBHCHMOCTH 0T cOOTHOLIEHHA  Fy |
F, paBHOZIEHCTRYIONAST HATIPABIEHA B CTOPOILY TBEPAOIO Tea (pUC. 7.4, ) WK XKWT-
Kocru (puc. 7.4, 6).

Ecau cHABI R3AUMOJICHCTRAS MOJEKY TEEPAOro TEJIa H MOJEKYN KHIKOCTH
Gosbne CHI B3aMMOJEHCTBHS ME)KAY MOJEKYJAMH KHIAKOCTH, TO HHIKOCTh
cMadMBaeT TBepioe Teo (PryTh — Kene3o0). B MpoTHRHOM cayyae JKHAKOCTD
HE CMAYMBAET TREPAOro Tela (PTYTh — CTERIO0).

VI cKpMBJIEHHAS 1I0BEPXIIOCTD KHAKOCTH B Y3KUX IUIHHIPHIECKHX TPYOKaX MIH
OKOJIO CTEHOK COCY/a HasbklBaeTcsl meHuckom. [10BepxXHOCTE CMauRBaloNMe KUAKO-
CTH BOIH3H TBEPAOTO TENa NOAHUMACTCS, U MEHHCK — BOTHYTHIH (pHc. 7.3, a). Y He-
CMAYHBAOLIEH KUAKOCTH €€ TIOBEPXHOCTh BOJIH3H TBEPAOTO Tesld HECKOABKO OMyCKa-
eTCsl, H MEHHCK — BBITYKJIBIA (puc. 7.5, 6).

OnpeaenuTs, CMauHBAOIIEDR HITH HECMATHBAOIEH 10 OTHOIEHMIO K TBEDAOMY TELY
SIBSIETCA JKHAKOCTE, MOXKHO TIO XpaeBoMy YTy & (Yrosm MeXay MOBEepXHOCTBIO TBEp-
JIOTO TeJa M KACATEIbHOH K [I0BEPXHOCTH XHAKOCTH B Touke M, puc. 7.4 n 7.5).

[ SKHUAKOCTH, CMAYHBAIINEN TIOBEPXHOCTH TBEPAOTO Tesla, KpaeBoi yromf ocTphrit
(0 < m/2); weM ayvIIie CMaYWRaHKC, TeM MeHbie . [lpu mos-

HOM cMaunpanuu 0 = 0. [ necMayuBalOmUX KUIKOCTEl 7 7
KPAeBOH yTOJI H3MEHSIeTCA B pelenax 7/2 < 0 < w; upw nos-
HOM HeCMaYHBaHWH & = T,

Y emaumBaromed JKHAKOCTH MCHHCK BOTHYTBIH, ¥ He-
cMauuBalonied — BLIMYKILIIH.

Kamuunsipusie smienus. Ocobenno xopouo Had/mogaer-
sl ICKPHBJICHHE MEHHICKA JKUAKOCTH B TOHKWX TPyOKax, Ha-
3HBACMBIX KARUAASPam. ECIH B COCYI € SKMAKOCTBIC OILy-
CTHTB KAITHILJIAP, CTEHKH KOTOPOI0 CMAaYHBAIOTCA KUIKOCThIO,
TO KHJIKOCTh TOJHHMAETCA 0 KAMHLISIPY Ha HEKOTOPYIO BBI- Pue. 7.5




711 coty h (puc. 7.6). 310 OOBACHAETCS TEM, YTO UCKPHBJIEHUE
o NOBEPXHOCTH AKUAKOCTH BRISLIBAET TONOJHUTENBHOE MOMEKY-
5 / JIsIpHOe JaBsienue. ECan oBepXHOCTD BRITYKIIasd M UMeeT Cee-
= ] pudeckyio Gopmy, TO 106aBOYHOE JABJIEHHE COCTABHT
T U 9
- — o
_ —|L N pr == (7.3)
— ¥ r
- — - .= _— TrAer-— paIMyC KPUBHU3HHI II0BEPXHOCTH.
- - _—lF - Hapnenne pn anrefpandyecku cKAaakIBaeTcs ¢ arMochep-

- — ——  HEiM. B c1yuae BhITyKI0TO MEeHHCKA (r > (1) cyMMaplioe AaB-
~  nenue 6obiIe ATMOCGHEPHOTO M KHAKOCTE OITYCKAETCs 110
Prc. 7.6 Kanussipy. Eciu MeHHCK ROTRyTHIE (7 < 0), To cyMMapHoe
JABTEHUE MEHbILe aTMOCHEDHOTO U JKHIKOCTL TOJHUMAET-
¢S 110 KAIMILApY. JKHAKOCTE TOTHUMAETCS (WM OIIYCKAETCS) [0 TeX HOp, [OKA I'Hjl-
POCTATHYECKOE AaBJeHHE p = pgh CTOJI0a KUAKOCTH BBICOTOH A HE KOMIIEHCHPYET /0~
6aBoUHOE (MANNacoBO) AaBneHue py. (Jlamiac ycTaHOBUI 3aBUCHMOCTh 3TOTO AABJIE-
Hus 0T (POPMEI MeHHCKa.) B aToM ciayuae

— = pgh, (7.4)
T

rie p — IWIOTHOCTD JKUIKOCTH, ¢ — YCKOPEHHE CBOOOIHOrO MaIeHUs.
U3 (7.4) MOXHO OIpEeNuTh

_ 2o
par

SIBeHNE KAMMULIAPHOCTH B OBITY, IPHPOJE H TEXHHKE. SIBTeHVe KanIIIPHOCTH
HIpaeT OrPOMHYIO POJIb B CAMBIX Pa3HOOOPA3HBIX IPOIECcaX, IPOVCXOAAIUX B TIPH-
poze. Hanpyumep, IPOHHKHOBEHUE BJIATH M3 [IOYBBI B PACTEHUSL, B CTEONH H JUCTBS
00YCAOBMEHO KAaTH/IIPHOCTHIO. KIIeTKi pacTeHus 06pasyioT KarLisipHble KaHaH,
H, Kak BHTHO M3 (popmyast (7.5), yeM MeHbIIE PAIMYC KATMIILIIAPA, TEM BhITIE IO HEMY
[IOAHUMAETCS KUAKOCTH. [Ipomece kKpoBOOOPAIIEHAS TOXe CBA3AH ¢ KalMAJAPHOC-
Tb10. KpOoBeHOCHbIE COCYAbI ABAOTCA KANUIISIPaMH.

Ocobento GOMbINOE 3HAYEHHE UMeeT KAIWLIAPHOCTD TTOYBEL 110 MeabYafiuimM co-
CyZaM BJIara H3 LIyOHHBI epeMeraeTcs K I0BEPXHOCTH no4BbL. ECaM XOTST yMeHb-
IWHTH UCTIAPEHHE BJIATY, TO [I0YBY PLIXJSIT, PA3PyIUast KAmM/UpeL B nessix ypenuye-
HHA NPATOKA BAATH U3 TTYOUHBI IOYBY YKATHIBAIOT, YBEIHUNRAS KOJHYECTBO Kallk-
JISIPHBIX KAHAIOB. B TeXHUKe KAMIIAPHEIE IBTIEHUS UMEIOT O0MBIN0E 3HAYEHHE B ITPO-
[[eCCax CYIIKH, B CTPONTENBCTBE.

h (7.5)

52  KPATKME BblBOABI

o Togepxnocmuoe Hamsycente — TeEPMOJMHAMHYECKAS XaPDAKTEPUCTHKA TI0BEPXHOC-
TH pa3fiesia SKHAKOCTH H ee HaChIIICHHOTO Tapa, PABHAA OTHOIIEHHIO Pab0TH, KOTOPYIO HYKHO
3aTPATHTD [IDH MOCTOAHHOH TEMIIEPATYPE, 1-lTlf)ﬁbl €03/1aTh NOBEPXHOCTE XHUAKOCTH IIAOLIALBIO
AS, K TROMATH STOM IOBCPXHOCTH:

_ad
A8

&4
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® Kanunnapnsie seaeniis 06y CIOBIEHb TOBEDXHOCTHBIM HATSIKEEHEM HA TPAHUIE Pas-
Jena pasaiHbIX cped. JKuakocTH, eMauuBalolye NOBEPXHOCTE KAMILISPOB, HMEIOT BOTHY THIH
MEHHCK, 2 JKUIKOCTH, He CMaYHBAIOIIHe TOBEPXHOCTE KAIMIUISIPOB, — BHITYKIIBIH MeHUCK. BEi-
COTA IMOAHATHS (ONYCKaHMS ) JKHAKOCTH TI0 KAHLIADY

_2

h .
par

E Bonpochl ANA CAMOKOHTPOAS U MOBTOPBHMA

1. Q0BACHNUTE, NCXOIA H3 MOIEKYJADHO- KHHETHUECKOH TEODHH CTPOEHHSA BEINECTRA, YIPY-
FOCTB, TEKYUECTh U BA3KOCTD KujxocTi. 2. OT Yero 3asHCHT IIOBEPXHOCTHOE HaTeHHe?3. Kax
HalpapJeHa CHJla TIOREPXHOCTHONC HATAKeHK KuAKocTh 2 4, Kak onpefennTs H3MeHEHHE 110-
TEHHHMBHOﬁ JHEPTUH ITOBEPXHOCTHOTO CJHOA XKHAKOCTH HpH yBEJIPI‘IEHHH HIIH yMEHBH.IEHHI’[ ce
nosepxaocTd? 5. Kakue apnenus MoxkHo HAaGMI0IATD Ha TPaHIIE KHIKOCTH C TBEPABIM TETOM?
6. Ilouemy ypoBeHb OAHOPOAHOH KUAKOCTH B DASIMYHBIX KANWUIAPHEIX TPyOKax coobwan-
IMUXCSE COCYAOB PasAuuHbIif? 7. OT Yero 3aBHCHT BBICOTA TIOAHATHA (OMYCKAHUS } XKHAKOCTH TIO
KAMHAIAPY ?

MpumMmepnl pewenun sagavy

® 3anaya 1. /IRe MIACTHHK TOTPYXKEHE! B CITHPT. Ha Kakyo BHICOTY NOAHUMeTCH
YPOBEHD CIIMPTA, €CJH PACCTOAHKE MEKIY IAACTHHAME YMEHBIOHTE ¢ 1 g0 0,5 MM?
CMavuuBaHue JIACTHHBL CIUTATH TIOIHEIM.

Hano: o= 0,022 H/M;p=08 100 kr/M% ry = Imm=10"M; 1, = 0,5 MM =0,5-10"*m.

Haiiri: Ah

Pemenne. Mexay miacTHHaMHE 00pasyeTcs MEHUCK, HMEIOITHH HHIHHAPHIECKYIO
[TOBCPXHOCTE, B aTOM cyyae

hy :2_°L; h2=2_a; Ah
pan pgn
TIE 7, U 1, — PACCTOAHHME MEXY ILIACTHHAMHE,
Berocaenus:
Ap— 2.0,022 H/m
0,8-10% xkr/m* - 9,8
=56-10

OrBer: Ah=5,6 MM,

® 3anava 2, OnipefieNiuTh pajuyc Ty3HIPhKA BO3AYXA, HAXOISTETOCT HETIOCPE/T-
CTBEHHO [0/, IOBEPXHOCTBK) BOJIEL, €CJIM IUIOTHOCTE BO3/IYXa B My3bIpbke 260 K/’
HOBEPXHOCTHOE HaTsmKenue 72 - 1073 H /M, armocdepnoe pasaenue 1-10° I1a, Temme-
patypa 290 K,

Hano: o.=72-107* H/m; p = 260 kr/M% py= 1-10° H/M%; T =290 K.

Haitru: r.
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Pemenne. Cormacuo (7.3),

P=p+ P

20
rae pg = 7_
Toraa

2a,

p=p+—. (1)
T

W3 ypaprHenuns KnaneiipoHa — Menneneesa pV = % RT monyumnm

_M

= . 2
P="rT (2)
Moacrapnsas (1) B (2), uMeeM
[Pa + go‘t']M
p= :
RT '
OTKyZaa
e 2oM
pRT — Mp,
Beruscnennsn:

r e 2-72-10* H/m-29.1072 kr/ mosb
260 kr /M3 - 8,3 /Ix /(Momb - K) - 290 K — 291072 kr/ Moas -10° H/ m?

~B6,7-1079 M = 6,7 uMm.

i~
~

Oteer: 7= 6,7 HM.

ﬂ 3ajiayu AR CAMOCTOARTENILHOIO pelieHis

1. Onpepesnrs naMeHeHNe CROSOAHON IHEPIUH MBINBHOTO TIY3bIPs, €CIH DY €ro Pas/lyBa-
HHH AHaMeTp BoapactaeT ot 3-1072 ao 30- 1072 m. [TosepxHocTHOE HaTsRenue 30-107° H/M.

2, C moMomnio nuneTkn ormeperod( kanens BoArr, Haiith moBepxnocTHOE HATSKEHWE BOJRL,
eCJIH Macca OTCYMTAHHBIX Kanenb 1,84 T, a AHaMeTp WelKH THIETKH 2 MM.

3. [TosepxHoCTHOE HaTsKeHHE kKepockHa 2,4 - 102 H/m. Kakyo paboTy coBepiuiat CUbL 110~
BEPXHOCTHOTO HATSKEHMSA PH YMEHBIIEHAY NOBEPXHOCTHOTG CJIOS KePOCHHA Ha 25 em2?

4. Haftru no6aBo4Hoe 1aBIeHHe, CO3/IABAEMOE I0BEPXHOCTHIO BO3AYIIHOTO MY3bIPbKA JHA-
MeTpoM 1 MM, HaXOJAIIETOCA 10/ BOEOH,

5. B oamoit 1 Toii ke KanuuspHol TpyOKe BOAA MOAHHMAETCH HAR) MM, & KEPOCHH — Ha 26 MM.
OnpenenyTs MOBEPXHOCTROE HATSKEHHE KepocHHa. [IogepxHocTHOE HaTsbRerHue roasl 0,072 H /M.

6. B cocys ¢ MAKOCTIO OMYINEHA KATWMADHAA TPYOKa ¢ BHYTPEHHUM AMAMETPOM 3 MM.
HaliTi noBepXHOCTHOR HATSKEHHE XHIKOCTH, €CTH BEC XUAKOCTH B Kanuaasgpe paser 0,2 H.
CMaynBaHUE CHHTATH IOMHBIM.

7. Ha Kaky1o BEICOTY TIOGHHMEYCS BOJA MEKIY JBYMS MIOCKOTIADAIAC/ILHEIMI CTEKASHHBL-
MM TUIACTHHKAMM, €CJ/IH PACCTOAHNE MeX Ty HUMH paBHol MM? [loBepxHOCTHOE HaTAAeH:E BOABI
4,072 H/m.

KmoueBsle cnoBa: NOBEPXHOCTHOE HATAXEHHUE, CMadneane, Kannunnapel.
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lnasa 8

CBOWCTBA TBEPAbIX TEN

8.1. XapaKrepuCTHKA TBEpAOro COCTOAHUA BeWecTBa

AHMZOTPONHSA KPHCTALI0B. PasnooOpa3Hbie TRepIbIE Te/1a, BCTPEYAOUIHeCd B IPH-
polie, MOXHO Pa3fieIMTh Ha JIBe TPYIIBL, OTAHYAIIIHECS IO CBOHM CBOMCTBaM. Ilep-
BYIO IPYIINY COCTABAAIOT KPUCMAARUMECKUE Mead, BTOPYIO — amop@Hbvie
meaa.

OTauguTebHOI YePTOH KPUCTATTHYECKOrO COCTOSTHHA BEMECTRA SBISETCA QMU -
3omponus — 3aBUCHMOCTD PAja (PU3UYECKHX CBOWCTB, TAKHX, KAK CKOPOCThb Pac-
IPOCTPAHEHHS CBETA, TEIJIONPOBOAHOCTD, MOAY/1b YIIPYIOCTH K AD., OT HAIIpaBjeHHS.
Tena, cBOMCTBA KOTODHIX OAUHAKOBBI 10 BCEM HAMPABJCHUAM, HA3KBAIOTCA  UIO-
mponrvimu. V30TPOIHWIMA ABIAIOTCA Ta3bl, GOJABNIHHCTBO XHAKOCTEH H aMopd-
HBIE TeJd.

[IpuynHO# AHHAOTPOIIHH KPHCTAJLIOB SBJIAETCS YIOPSAT0YEHHOE PACTIONIOXEHHE
aTOMOB, 00pasyIoNuX ApOCmMPpancmeeH Y0 pewtemxy. UTobs NpeacTaBUTL NPo-
CTPAHCTBEHHYIO PEIIETKY, HY’KHO MBICJIEHHO COEAMHHUTD OM3Nexalne TOYKH, B KO-
TOPBIX PAclo/JIOKEHR EHTPHI ATOMOB KPHCTa/LIa. JTH TOUKH HA3HBAIOTCA Y3AaMU
Kpucmaianuneckoi pewiemyxu. B y3nax peweTKH MOTYT paciioaraThes Kak OfH-
Housble aToMel (puc. 8.1), Tak u rpynna atoMos uiu nouw (puc. 8.2).

YroHbl GOBACHUTD AHU30TPONUI, POAHATMIKPYEM CTPOSHHE KPUCTANRA. PaccMoT-
PHM B KavyecTBe IIpUMepa CTPOeHHE KpycTaia rpadiera, usobpaskeHHoro Ha pc. . Ato-
MBI YIJIEPOJA B 3TOM KPUCTAJLIE PACTIOJATAIOTCS B IVIOCKOCTSIX, KOTOPbIE HAXOAATCHA APYT
OT JIpyTa Ha HEKOTOPOM OLpeaesieHHOM pacCTOAHUH. PaccTosHue MeXIy aroMaMu, pac-
TMOTOKEHHBIMU B OTHOH IIOCKOCTH, MEHbIIE PACCTOSHUS MEXY TWIOCKOCTSIMH; 3HAUHT,
H CHJIBI B3AUMOZEHCTBHSI MEKTY aTOMAMM, JIEXKALMMH B OHOM ILIOCKOCTH, G0bie it
BIAVMOEHCTBHA MEXKIY ATOMAMH PAa3/IMMHBIX IwiocKocred. Tfoaromy xpuctaws rpaduTta
jlerde BCETO PA3PYHIMTE B HANPAB/CHHH, MTAPALIEABHOM ATOMHbBIM ILTOCKOCTAM,

MOHOKpPHCTALIbE ¥ HOTHKPHCTALIb. DOJIBIIHHCTBO TBEPALIX MATCPHAIOB SBJISAIOT-
CSl ROJIUKPUCMATITIUHECKUMU, OHH COCTOAT H3 MHOXKECTBA Oecropsii09HO OpUeHTH-
POBaHHBIX MEJTKMX KPHCTAIHYECKHX 3ePeH — KPHUCTALTHTOR — METKHX MOHOKPHCTAI-
710B. KaoKapIit M3 MeTKIX MOHOKPHCTALIOB AaHH30TPOIEH, HO TAK KaK KPHCTATTHKH OPH-
€HTHPOBAbI XA0THYECKH, TO B L{EJIOM MOJAKPHCTALTMYECKOE TEO SABASETCA H30TPOIl-
HEIM. ECII MOHOKDUCTA//Ibl KAKUM-HHADYAb CIOCOOOM OPHEHTHPOBAHGL B ONpeaeeH-
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HOM HANTPaBJEHUH, HATIPUMED TIPOKATKOMH, TO MONMKPUCTALTHYECKOE TEJIO CTAHOBHTCS
AHM30TPOITHBIM.

KpyriHEIE 0JHHOYHREE KPHCTAJLIB HA3EIBAIOTCS MOHOKPpUCcmaniamu. KpynHble
KPHUCTAJIJTH B IPHPOAE BCTPEYAlOTCs OUeHE Peiko, [ToTpebHOCTE MPOMBITILIEHHOCTH,
HAYKH W TEXHWUKW B KPUCTAAMAX BEJHKA, OHH HAXOAAT MIMPOKOE MPHMEHCHHE B pa-
AVOTEXHUKE, ONTHKE M APYTHX OTPACIIAX HaPOIHOTO X03stiicTBa, HampiMmep, KpucTai-
Jibl pyOHHA HCIIONB3YIOTCA B KBAHTOBEIX TeHEPATOPax cBeTa — Jasepax, C moMomsio
KPUCTAJLIOB CETHETOROM COTH NONYYAOT YABTPAa3BYKOBEIE Konebanusa. B HacTosmee
BpeMs HCKYCCTBEHHO H3TOTOBISIOTCS MOHOKPHCTAII/IEI MHOTHX BellieCTB: KBaplia, aj-
Maza, KOPyH/a, pybuna u ap. YtoObl BHIPACTUTE KPUCTALIEL, HYKHEI 0COObIe YCJIOBUA.
Hanpumep, 115 noaydenus ammaza tpebyorces gapnenne 10* MIla u remuepatypa
2000 °C.

ATOMaM OZHOFO M TOTO e XMMHYeCKOro 3jJeMeHTa MOTYT COOTBETCTBOBATh pa3-
JIMYHBEE [0 CBOHCTBaM KPUCTALTHIECKHE CTPYKTYPEL YTJIepaIy IPUCYIHH CAOUCTasT
CTPYKTYpa rpadiTa ¥ IPOCTPAaHCTBEHHAS CTPYKTYDA a/IMa3d, CBOHCTBA KOTOPHIX CO-
BEPUICHHO PasJHYHbL. F3 MOJIeKyJ BOJBI MOXET COCTOSTE Jiefl IATH pa3iN4HbIX KPH-
CTAIIHYECKHX CTPYKTYD.

CBOHCTBO BelllecTBa O/JHOTO COCTaBa 00Pa30BBIBATH PA3IIMYHBIE KPUCTATHYECKHE
CTPYKTYDBI, 00ajaionye pasHbIME (GH3HYECKHMH CBOIICTBAMHE, HA3kIBACTCA NOAU-
moppusmonm.

JI71s1 KPUCTAJTHIECKHX TeJT XapaKTepeH OaibHU ROPAJOK, T. €. IPABUIBHAS TT0-
BTOPSIEMOCTD II0/I0KEHHH Y3J10B KPHCTALIMYECKO pellieTKH Ha MOOBIX PaCCTOAHHAX
B KPHCTAJLIE,

Amopdusie Tesa, KpoMe KpUCTALTHYECKHX Te/I CYLIECTBYOTAMOPPHble mena.
OHuu, XOTA ¥ pacCMaTpUBaiOTCA OOBIYHO KAK TBEpABIE, NPEACTABIAIT cobOi mepeox-
JIKIEHHBIE KAJKOCTH.

Ec/ paccMaTpHBaTh HEKOTODHIH aToM aMOPGHOTO Te/ia KaK LEHTPAIbHBI, TO 6/11-
kaiiliie K HeMy aTOMBI 6VAYT pacloJaraTeCs B OLIPENeeHHOM II0PAAKe, HO TIO Mepe
VAATEHUS OT <UEHTPAIbION0» ATOMA 3TOT OPSIOK HADYIIAETCSA W PACTIONOXKEHHE aTo-
MOB MOKET OBITh PA3JIHYHBIM, T.€, CTY4aiHBIM. B aMOpGhHBIX Teax B OTAUYME OT KPH-
CTA/THYECKHX CYHIECTBYET JMHIIb OMIKHHI IOPALOK BO B3ANMHOM PACHOIOKEHUN
coceanux atoMoB. K aMopdHBIM Te1aM OTHOCATCSA CTEKJIO, TIACTMACCH U T. 7. Muo-
rve resa (cepa, TAULEPHNE, CaXap M T. 11.) MOTYT CYIIECTBOBATh KaK B KPUCTALIMYEC-
KOM, TaK H B aMOPGHHOM COCTOSHHMH, WM, KAK IPHHATO TOBOPUTH, B CTEKI000Da3HON
¢opme. B npupose aMopdHoe COCTOSHHE TeJI MEHEE PACIIPOCTPAHEHO, YeM KPHCTA-
JIHYeCcKoe.

8.2. Ynpyrve cBOHWCTBA TBepAbIX Ten. 3aKkoH [yka

Hedopmauus. [loa neficreneM BHEUTHHX CHJI, IIPH HarPEBAHHH HJIH OX/IAXACHUN
H3MEHAETCS 00beM TeIa, 9Te 0OBIYHO COMPOBOKIAETCSA H3MEHEHHEM eT0 (DOPMB], T. €.
npoucxoauT aedopmaiusa Teepaoro Tena. JedopManyi, KoTopble NOIHOCTBIO HCYe-
3a10T [IPH CHATUY AeopMupyiomux (HaKTopos, HA3HBANTYRPYeumu . [ledopManuy,
KOTOPBIE HE HCHE3AI0T [IPH CHATHA AeOPMUPYIONINEX (PaKTOPOB, ABIAIOTCE MAAC-
MmuvecKumid, pryTOCTb HJIH MAaCTHYHOCTE TE€JI B OCHOBHOM ONPEASIACTCA MaTe-
PHAIOM, H3 KOTOPOTO OHH H3roTOBAeHB. Hanpumep, c1asis 1 pe3anHa yupyrH, a Melib B
BOCK IIJTACTHYHEL.
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ITpy aedopmaniiu TBEpAOro Tela YaCTHULbI, PACTIONOKEHHEIE B Y3/1aX KPHCTAIIIU-
YeCKOH PellleTKH, CMeN[aloTCsl OTHOCHTENbHO JAPYT Apyra. ITOMY CMelleHHIO [IpelAT-
CTRYIOT BHYTPEHHHE YITPYTHE CHIIEI, ACHCTBYIOILIME MEK/TY YACTHIIAMHA TBEPAOTO Tela.
Cuia ynpyroctu F,,, Bo3HMKalomada npy AehopMaliny Tena, BCera HallpaB/ieHa B
CTOPOHY, IIPOTHBONIOIOKHYIO CMEINEHHIO YACTHLL Tea.

Baas gedopmand. Ynpyrue geopMalHH, BO3HHKALIIKe B TEAaX, BECbMa paad-
HOoOpa3Hsl. Pa3iMvaoT yeThipe OCHOBHEIX BUAA AethoPMANUil: pacTsmKeH e (HId CKa-
THE), CABHT, KPYYeHHE ¥ u3ru0.

Haubonee yacTo Py sKCILIYaTAIIAH PA3IHIHAIX KOHCTPYKLHH PHXOIUTCS PACCUd-
THIBATh YIIpyTHe fechopMarty pactsaxenns (puc. 8.4, a) win cxarus (puc. 8.4, 6). le-
{hOpMAIMIO pacTsDKeHFs (CKATHA) Tela XapaKTepU3yIOT ero OTHOCHTEIbHBIM YAJIHHE-
HHEM € — OTHOWIEHHEM abCOMIOTHOTO YITHHEHHAA | = | — [ K TepROHaYaIbHOH IMHe [y

_ Al
L
Tpw necopmaimu casura (puc. 8.5) € = tg .

[IpunoxeHHas ¥ Temy BHELIHAA CHaa F' cO3JaeT BHyTPH Hero HOpMaihHOE MeXa-
HHYEeCKOe HalpsxKenue (WK HAPXEHHE T)

£

o= 5 (8.1)
rZe S — NIoWab CeYeHns Tela.
3axon I'yka. P IykoM OBLTO YCTAHOBIEHO, 4TO B 00aacTy ynpyrux aedopmarnii
HOPMAJIbHOE HAIIPAKEHUE W OTHOCHTENBHOE Y/THHEHHE CBA3aHB MEXKAY COOO0H:

£ = Al = 0, (8.2)
{

JTO COOTHOUIEHUE Ha3bBAIOT 3akonom Tyxa. KosdduuueHT nponopiiHoHah-
HOCTH O, XApaKTEPH3YIOIUH yIPYTUe CBOHCTBA MATEPHANIA, HA3KIBAETC Koadu-
uuenmom ynpyzocmu. Bervunna, obpatHas KoaOHULHEHTY YIPYTOCTH, HA3bIBA-
eTCA MOOYNEeM NPOOORLHOI Ynpyzocmu, uiu mooyiem fOnea.

=L (8.3)
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Al 1
IMepenuuem saxoH [yka B BHAE T F% W

E
5 (8.4)

Ipu ynpyroii aeopMariy Tena HanpsKeHHe TIPOTOPIMOHATIBHO OTHOCHTEIbHO-
MY YVATHHEHHIO.
C yuetom (8.1) cooruourenue (8.4) npuMer BHI

F Al
—=FE—. 8.5
3 7 (8.5)

Yem Goabirre E, TeM MeHBINYIO fehOPMAIIHIO IIPH TIPOYMX PABHBIX YCJIOBHSIX HCTTDI-
ThHIBAET M3AEIHeE.

B Jdedopmaina Ten cEg3anHa ¢ M3MEHEeHHEM HX BHYTPeHHell HepruH.

HesasncnMo 0T TOTO, NPOUCXOANT /U AePOPMALIAA PACTSIKEHUS WX CKATHA, BHYT-
PpeHHAS IHEPTHS TeIa YBEIUYUBaeTCs, TAK KaK Ha/l HUM BHELTHHMH CHIAMH cOoBeplia-
ercst pabota. PaceMoTpum, HanpumMep, cayuaii ynpyroit aehopManun yanuaenns, [lo
Mepe yATHHEHHS PAcTAIMBAIOINAS CUJlA JOJKHA YBeTUYHTheA. B Hauane mponecca oHa
paBHa HYJIIO, B KOHIIe paBHa F; ee cpel(Hee 3HaYeHIe HAXOAWM KaK cpeiHee apHdme-
THYECKOe!

Fp=——=

2

KoHeuHoMy 3HadyeHuio cuiabl F coorBercTByeT yanunenue Al. [1as Toro 4toOb
PacTsHYTh TesIo Ha Al, cjefyer coRepUIHTs pabory

0+F _F
5

A= Fpar= AL
2
Tak xagk F = ESA'!, TO
A= %%‘sz. (86)

W3 cooraowenus (8.6) cnenyer, yto paGota, 3aTpaueHHas Ha AeopManHio Tena,
IPOTIOPUHOHATbHA AlZ

8.3. MexaHu4ecKue CBOHCTBa TBepAbIX Ten

HpouHocTs MaTepuana, /Ll pacueTa PazMUUHBIX KOHCTPYKIMil HeOOXOAHMO 3HaTh
IPOYHOCTE MaTepuaia. Ifpounocmbro MaTepHana Ha3bBaeTCA ero CoCOOHOCTD BbI-
NEPKHBATH HAIPY3KH Oe3 paspylLUeHus.

IIpedenom npounocmu ¢, HA3WMBAIOT 3HAYEHYE HOPMATHHOTO MEXAHUYECKOTO
HAIPAKEHNs, KOTOPOMY COOTBETCTBYET HAHOOMBIIAS BH/IePKUBAeMast TENOM Harpy3-
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Ka;, npedenom ynpyzocmu (NPONOPUUOHATLHOCMU) 0, — 3HAYEHHE T, A0 KO-
TOPOTO COXPAHAETCs TIPONOPIMOHANBHOCTE MeXTy AedopMarieit 1 TPHIOKEHHOH CH-
JIO#, T. €. BhIOJHAeTCA 3aKkoH ['yka (8.4).

IIxacTuunocrs Matepuana. [Ipenest NpoyHOCTH MHOTHX MaTepHANOB SHaYHTE  h-
Ho GoJIbIle TIpedena yupyrocTd. Takne MaTepHaTk HA3HBAKTCA 8A3KumMu. OHu ob-
JafaloT ¥ YIpYToil, ¥ MIacTHYecKoH AedopManusaMi. K HUM oTHOCSTCA MeAb, LIMHE,
HKeJle30 M Ip.

Matepuasisl, ¥ KOTOPBIX OTCYTCTBYET 0OMacTh yIpyTHX AedopMarniii, OTHOCATCS K
naacmuuecKuMm, HapuMep BOCK, IIMHA, IJIACTHIIHH,

CriocobHOCTb M3A€HA TPOTHBOCTOATD PaspyLIEHHIO 3aBHCHUT HE TONBKO OT Kade-
CTBa MaTepHasa, HO TaK¥Ke H OT (POPMBI H3/IeNTHsI H BHAA Bo3/elicTBis. Hanpumep,
CTePIKEHE JIETYe Pa3pyIIMTh OMHOCTODOHHHM CHKATHEM, YeM PACTSIAKEHHEM.

Xpynxocts MaTepHaga. KpoMe IPoOYHOCTH B TEXHHKE MaTepHAaJIbl Pa3iuyaT o
ux meepdocmue. U3 1Byx MaTepUaliOB TOT CUMTAETCA Honee TBepAbIM, KOTOPHII Ia-
pamaet Apyro#. Pe3ll ¥ ¢Bepia /s PE3aHHS METALIOB AOJXKHEL, OYeBUAHO, 0bJ1a-
Aath Goabliell TBEpAOCTLIO, deM obpabaTsiBaeMbii MaTepral. B coBpeMenHoif TexHH-
Ke JJIS1 Pe3LO0B K ¢Bep.1 ynoTpel/IsioT CBepXTBepable CIIIaBhL V3 mpUpOAHBIX MaTepH-
a710B HaubOo bIIEH TREPAOCTHIO OTIMYACTCS aIMa3.

Boabwoe 3HaveHue Ha MpaKTHKE UMEET CBOHCTBO TBEDALIX TeJl, HA3bIBAEMOE
xpynrxocmuio. Vzie/ve Ha3bIBAIOT XPYNKHM, €CJIH OHO Pa3pyLIAeTCs TpH HeboMb-
mux aedopmamiax. Hanpumep, nagenus na crexna, dapdopa — xpyneue. dyryn,
MpaMop, AHTapb 00I3AAI0T MOBBIIEHHOH XPYIIKOCTLIO, & CTAlb, MEb, CBUHEL He SB-
JISTEOTCST XPYNIKMMH. Y XPYIKHX MaTepUaNoB npeiest ypyrocTs H npefie MpovYHOCTH
MOYTH OHHAKOBHL [I7acTHYHbIE CBOIICTBA Y XPYTTKHX MaTepHANOB MPaKTHYECKH HE
IPOSABJIAIOTCS.

8.4.* TennoBoe pacuiupeHue TBepAbIX TeN U MUAKOCTEMN

Tenosoe pacumpenve. 13BecTHO, 9TO NPYU NOBHIIEHUH TEMIEPATYDPRI JHHEH-
Hbl€ PA3MEPHI TBEPABIX TeJl YBEIHYHBAIOTCS, 4 [IPH IOHMKEHHU — YMeHbInatTesslen-
NOBLIM pacutuperueM HasblBacTCsl YBeTHUEHHEe THHEIHBIX PA3MEPOB Teaa H eTo
o0bema, NPOUCXOASINIEE TP MOBbIIIEHUH TEMIEPATYPBL.

IIpu HarpeBaHHH TBEPAOrO TeJIa YREJIHYHBAIOTCA CPeliHe PACCTOSHHASA MexX-
Ay aTOMaMH,

Juneiinoe pacumpenne. JlnneitHoe TensoBoe paciiipenyie xapaKkTeprayeTcd TeM-
NepaTYPHLIM K03 pHUHEHTOM THHEHHOTO pacmMpeHus o. [IpemonoknM, 4To TBEp-
JO€ TeNno NIPH HauaasHOH TeMnepatype T umeeT Amuny ly. 11pu HarpeBanuy Tesa A0
TemitepaTypsl T ero JyIHHA yBeaIHYMTCA 10 [, T.e. Ha Al = | — 1. OTHOCHTE/IBHOE YA~
JIHHEHWe Tes1a COCTaBUT Al/l,. Benuduna, papHas OTHOMIEHHI) OTHOCUTENBHOTO Y-
JIHHCHHA TeJla K U3MeHeHHIo ero Temneparypl Ha AT = T — T, Ha3bIBaeTCSA meMm-
nepamyproim Kod@uuenmom AuneiH0z0 pacliuperus:

__1 Al
°=ZF 8.7
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M3 dopmyast (8.7) ompenensercs 3aBHCHMOCTE UIMHEL TBEPAOTO TeJIaA OT TEMIIEPa-
TYPHL

[=1,(1 + cAT). (8.8)

I GOABIUMHCTRA TejT MOKHO CYHTATD, UTO TEMTIEPATYPHble K03 dHUNEHTH JTH-
HeHHOIo paciIUpeHHs MPAKTHYECKH He 3aBUCST OT TeMIepaTypsl. TeMnepaTypHele Ko-
addunenTE MIHEHHOrO pacHHpenust HEKOTOPBIX Marepuaos npy 273 K npusene-
Hol B Tabu. I1.8 (oM. mpui.).

Oo6bemnoe pacumpente. C BEO3pacTaHKeM TEMIEPATYPL] H3MEHSETCH 1 OOBEM Tela,
B npezenax He CIHIIKOM GOBIIOrO TEMIIEPATYPHOTO HHTEPBAIa 06beM yBETHUHBA-
€TCsI TIPOTIOPITHOHANBHO TeMnepaType. O6beMHOe pacHMpeHse TBEPABIX Tel Xapak-
TepU3yeTcst TEMIIEPATYPHBIM K03 Puuuenmom 066eMH020 pacuiupernus 3 —
BEIHYMHOM, PABHOH OTHOIIEHHIO OTHOCHTEIBHOTC YBe/imieHus obbema AV/ V, Terak
H3MEHEHHUIo TeMriepaTypsl AT: '

B=—F— (8.9)

e AV= V-V, V,u V— obbemsl Tena npu temiieparypax Ty # T cOOTBETCTBEHHO.
N3 (8.9) nonyuum

V= V(1 + BAT). (8.10)

Mesxny TeMnepaTypHBIMHA KO(bHUMEHTAMH JIHHEHHOIO X 00BEMHOTO pacIupe-
HHS CYUIECTRYET CBA3L

B=3c, (8.11)

KOTOPpasi JIETKO YCTAHABIMBACTCS W3 COOTHOLICHHS MeXY J/THHON ! Tena u ero 06be-
Mom (V = [9).

Tennopoe pacmHpenue sknaroctei. I[1pu HarpeRaHHH KUIKOCTH BO3PACTAET CPel-
HAA KMHETHYECKas 3HEPIHUS XA0THUECKOTO ABHKEHHA €€ MOJEKYX. DTO MPUBOMKT K
YBEJNMYEHHIO PACCTOAHUA MeXIY MOIEKYJIaMH, a CAeJOBATEIBHO, H K YBEIHYEHHIO
o6beMa. TenioBoe paclipeHKe KUAKOCTEHM, KAK M TBEPABIX TeJl, XaPAKTEPHIYETCs
memnepamypHoim KodQPuuuenmom 066eMH020 PACHIUPEHUA.

Temneparypubie ko3 QUIHenTs 00BEMHOTO PaCHINPeHHs HEKOTOPDBIX KUAKOCTEH
ipw 273 K upusenens: B tabi. 8.1.

O6beM KUAKOCTH MPU HarpeBanuy onpenengerca no opmyne (8.10). Ipu yre-
JH4YeHHH 00BeMa Te yMeHbIIaeTCs BX IA0THOCTh. O603HAYHE Yepes p U p, MAOTHOC-
TH TIpH TemniepaTypax I'u Tj cOOTBETCTBEHHO M yYMTHIBad, YTO p = m/ V, NoIydaeM

Po
= —. 8.12
P I BAT (8.12)
Ta6bnuma 8.1
Beiectro B, 10*K" Beuwectso 8, 16 K™
Pryts 0,18 Coupr 11
Kepocur 1,0 Sup 1,7
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3HaueHHe TeIUIOBOTO paclHpeHns Tel B IpHpoe H Texuuke. [Ipu KoHcTpyHpo-
BAHAM IPUOOPOB M MAIIMH HEOGXOAMMO YUUTHIBATD TEILIOBOE PACIIMpeHre MaTepHa-
JI0B, U3 KOTODBIX OHH BRIMOAHAIOTCA. TaK, IPH HATOTORNEHUM PRATHIHBIX TEKTPH-
YeCKHX BBOJOB, II€ HeOOX0IMMa CTIANMKA METAILTA CO CTEKJIOM, CJleyeT BeOMparh Ta-
KHEC MeTaJLIhl, TEMITepaTypHbte KO3 OHUITHEHTH IHHEHHOTO PACIIHPEHHS KOTOPHIX
ObLIM GBI COMZMEPUMEI ¢ TEMTIEPATYPHBIMH KOaGpUITMCHTAMH THHEIHHOTO paciumupe-
Hus cTeksa. Ecan ati KoadhHIHeHT 3HAYUTENBHO OTAMYAIOTCS, TO IPH HATPEBA-
HWH HJIH OXJIAXKIEHHH Cllaa BOSHHKAIOT CU/TbHEIE MEXaHHYECKHEe HATIPSHKEHHs, KOTO-
pbie MOTYT BBIBECTH 3 CTpOA Npubop. JleTan MHOTUX MAIIMH X MEXAHH3MOB, AT
KOTOPBIX TEILIOBOE PACIIHPEHHE HEKEIATENBRO, BLITIOJIHAIOT U3 0coDOr0 CIiaBa HUl-
KeJIA C XKeJIe30M, HaseiBaeMoro uasapoM (o = 1-107% K1), Fiurap npuMeHsOT B TOY-
HBIX OpUOOpax, HAMIPHMED /1 MASTHHKOB YACOB, TIOKA3aHIA KOTOPHIX HE JOKHbBI
3aBICETh OT TeMaepaTypel. M3 HHBapa A€NAI0T STATOHLL AJIHHEL, IIPUMEHEMbLE IPU
0C060 TOUHBIX M3MEPEHUSX, HAIPUMED Fe0/Ie3HYECKHK.

Hapmenninmii TemmeparypHeiit K 03dpUIHEHT THHEHHOTO PACIIHPEHHSA HMEET
kBaprl (o = 41077 K™!). B cocyzax, H3rOTOBJISAEMBIX M3 KBapLQ, AaKe IPH 3HAUU-
TeJILHOM TIepelaie TeMIepaTyp LpaKkTHYECKH He BOHHKAIOT MeXaHWieCKHe Hallps-
xenus, Ksapiepas Tocy/ia He JIONAaeTcs [IPH O9eHb Pe3KHX H3MEHCHHAX TEMIEPATy-
Pbi, HATIPEMED OCTAETCS LEAOH, eCIH PACKAIEHHYIO AOKPACcHa [I0CYLY OIYCTHTD B BOJY.

[Ipu CTPOKTEBCTBE JIMHEH FA30HPOBOI0R M TPYOOIIPOBOAOB Ha OTIPEAEICHHBIX pac-
CTOSIHMAX AENAIOT MPOTHYThIE YYACTKH M3 TPYO (KOMITeHCATOPHI). ITU YYaCTKH TIpe-
IDOXPAHAIOT TPYOBE OT PA3pPHIBa TP¥ H3MEHEHHH MX /IHHDL B C/IyUae HAMPEBAHUS UIIH
oxaxaenns, [Ipu MoHTake AMHMI ITEKTPONEPeAadH IPOBOAA MEKAY depMaMi He
HATATUBAKOT, & IENAI0T ¢ 3aMETHHIM TTPOBHCOM; BeJIHYMHA 3TOTO MIPOBHCA 3aBUCHT OT
TEMIepaTypHoro KoaddurmenTa THHeAHOTO PACUTMpEeHHA MAaTepuaa, U3 KOTOPOTo
MBrOTORJACHH TipoBoja. [TpoBosa 3nekTpiudULMPOBAHHBIX JKeIe3HbIX JOPOT HAXOAAT-
CA B HATAHYTOM COCTOAHHMH C IIOMOLIBIO CHCTEM BI0KOB ¢ TPY3aMU, HO He 3aKPeTList-
IOTCST HETIOBHIKHO, TAK KAK ¢ UBMEHEHMEM TEMIIePaTyPHl UX THHA HaMeHseTcst. Mox-
HO TIPHBECTH HEMAJIO TIPHMEPOR TIPK CBAPHBIX padoTaX, TUTHE U T.J., KOIAA YYUThIBA-
€TCsl JIMHENHOE paclIipeHie.

Kak yxasslBarocs B 8.4, 60JBHNIHHCTBO XKUAKOCTEH TPH HATPEBAHHH PACHTHPACTCH,
C DTHM SIBJIEHUEM MPUXOIHTCS CUHTATECH U B TEXHUKe. ECIM MUIKOCTE HATPEBATD B
3AKPHITOM COCYIE, TO OHA MOXET pa3opBarsh aT0T cocyi. [loaroMy IpH sanoaHeHHH
Pa3/IHYHBIX eMKOCTEI WX He 3aKPHIBAIOT TEPMETHYHO WU JKe OCTABASIOT TIPOCTPaH-
CTBO, HEOOXOAMMOE /1714 YBeNHYeH s 00beMa XKIKOCTH.

8.5. MnasneHue M KpuctannM3saLusa

Ilnagnenue. BenecTBo CyuIeCTBYET B TREPJIOM KPUCTA/LTHYECKOM COCTOSTHHY TIPH
onpefie/IeHHBIX 3HAYEHUAX JIaBJeHHUS 1 TEMIIEpAaTyPHL. B 3TOM COCTOSHUY BEeLeCcTBO
HAXOAUTCA A0 TEX II0P, IIOKa KHHETHYECKOH IHEPIrHE ATOMOB HEAOCTATOYHO, ‘-IT06H
TIPEOAOJIETh CHJIBL B3AMMHOIO NPUTSKEHHS, DT CHJIBl YASPKHBAIOT ATOMBI HA HEKO-
TOPOM PacCTOSHUH JPYT OTHOCHTEIBHO APYTa, He MO3BOJIIA UM NepeMelatses. [Ipu
3TOM aTOM KOetIeTesl 0KOJIO [IOM0KEHHA CBOEro PABHOBCCHA. HpI/I HarpesaHHH TBED-
JOr0 Tejla KHHeTHYeCKas 3HePrHd aToMOB (HJIM MOJIeKy/) Bo3pactaeT. [Ipu aToM aM-
OMUTYAB KoJeGaHui MOTYT CTAaTh HACTOIBKO GOJBITHMH, YTO YoKe OYAYT CDaBHHUMEL C
[IEPUOIOM DELIETKI, nponaoﬁne’r HApYLIEHHE JaJIbHEero NOpAAKd, KPHCTANTHYECKAaA
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penleTka HayHeT pa3pyumiatecd. [lpu zanpHeit-
HIeM YBEIHYEHUH TEMIIEPATYPhl MPOHCXOANT
naagaenue meepooix me, T.€. nepexoo ae-
wWecmea u3 meepooz0 COCMOAHUA 8 ICUOD-
xo0e. ITOT IIpoLecc u3oTepMuieckuii. [1pu nias-
JNEHUM TEMHEPATYDA TeJa OCTAETCHA IOCTOSIHHOMH.
Bca noasoxnMas H3BHe TEIJIOTA HAET Ha Paspy-
mreHne KprcTaLia, [1ocie pa3pyLeHus KpucTai-
J1a ¥ 00pasoBaHUA KUAKOCTH MMOOBOLAHMAT H3-
BHe TENJI0Ta HIET Ha HarpeBaHHe JKUAKOCTH.

JinarpamMma IUIaBJIeHHsA KPHCTALIMYECKOrO Tesia Haobpaxkena Ha puc. 8.6. Ha ocn
abCcIee OTIONKEHO BPEMS, HA OCH OPAMHAT — TeMIeparypa. Y4actok) A cOOTBETCTBYET
HArpeBaHHIO TBEPIOrD Teaa AC TeMIepaTyph Niasiedud T .. TemnepaTypa Tesa Ha
BTOM Y4aCcTKe BO3PacTaeT NpUOAH3HTEIHO IPOTIOPLMOHANBEHO BPEMEHH HArpeBaHMS.
Yuactok AB cOOTBeTCTEYET IIPOLecCy NMAABIEHHUA.

Puc. 8.6

IIpy IaBJeHHH KPHCTAVTHYECKOE Te/10 HAXOAHTCA OXHOBPEMEHHO H B TBep-
JOM, H B JKH/IKOM COCTOSHMSX.

Temnepatypa IIaBIeHHA 3ABHCHT OT POJa KPHCTALIMYECKOro Tena. 14 60.b-
IIMHCTBA KPHCTALIHUECKHX TeJl OHA NOBbIIIAETCA PH YBeJAHYeHNnH atMocdep-
HOTO AABJIEHHA.

IIpu 1wIaBAEHHY IPOMCXOAMT YMEeHbIIEHHE TJIOTHOCTH (MCKI0YEHHEM SABASOTCH,
HaTpUMeD, BUCMYT H Jlefl — UX IIOTHOCTD YEeIHUHBaeTCd pH naaeHun ). Touka B
AHArpaMMBI IIJIABJIEHHS COOTBETCTBYeT OKOHYAHHIO NTPolecca IUTaBIeHHs. 1 sepaoe
TE/10 IPEBPATHIIOCH B KHAKOCTb.

OTHOUIEHHE KOMAYECTBa TEILIOTH (J, He0OXOAUMOTO /71 TOTO, YTOOBE NepeBecTH
TBEPI0e TeA0 B MUAKOCTD IIPH TeMIlepaType MIaBAERHA, K Macce 3TOTO TeJia Ha3HBa-
0T YOERLHON MENJAOMO NAACICHUS.

A= Q/m. (8.13)
B CH yaensHas Tels0Ta [1/1aBIeHHs BHIPAKAETCA B ONCOYRAX HA KUNOZDAMM
(Ax/xr).
U3 (8.13) cnenyer
Q= m.

B Iipn mwiaBneHHH yBe/IMYHBAETCA BHYTPEHHAA JHEPIHA TeJa,

Kpucramsanusa. Yuacrok BC auarpaMmel (CM. puc. 8.6) cOOTBeTCTBYET HarpeBa-
HUIO KUIKOCTH. Ecm B HekoTOPEIT MOMEHT BpeMeHH TIPEKPATHTD HarpeBaHue KUIKO-
CTH, A TIOTOM €e OXIaNTh, TO KpHBad notizeT BHU3 (yyacTok CD). Koraa remiiepatypa
TIOHH3NTCS 10 3HAYEHH A, DABHOTO T}, HAUHETCA kpucmaiiusayun (yyacrox EF) —
[IEPEXO]] BEILECTBA K3 JKHAKOIO COCTOAHHS B TBEpPAOE KPHCTALIHYECKOe. JTOT PO~
LECC COTIPOBOXKAAETCS BbIAENTEHUEM TEMMOTH KPUCTALTM3AIMH, KOTOpas PaBHA Tel-
JloTe NaBAeHMs. Bo Bpema aToro npoilecca NPOUCXOAHT YAOPAAOUYEeHHE ABMKeHS
MOJIEKY.T )KUAKOCTH, B PE3Y/BTAaTe OHM HAYHHAIOT KOAe6aThCSI OKOJIO Y37I0B KPHCTAT-
muueckofi pemrerku. [pouecc kpuctanausanum naorepmuueckuil. TemnepatTypa kpu-
cTallu3auuy Ty, ¥ yaeasHas TeloTa KPUCTAIM3ALMH PaBHbl COOTBETCTBEHHO TEM-
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IepaType TAABJEHUSA M VIENAbHOM TEN0Te IaBASHUA AU OLHOIO M TOTO XKe Tella
IIPH OHOM ¥ TOM ke faBneHun. Koraa kpuctanu3anus 3akonantes (Touka F), Teno
HaYHeT OxyakAarscs (yuactok F().

TTpomece KPUCTATM3ALMH IPOMCXOLMT B ABYXx(DasHOl cucTeMe, BOMMIN LIeHTPOB
KpHCTaNNu3anun, TaKMMK IEHTPaME MOTYT ObITh ITBLTUHKH, ME/IbYaiiline IPHMECH,
HEOAHOPOAHOCTH. EC/M KHAKOCTD YHCTAs, T. €. B HEll HEeT [IeHTPOB KPHCTa/lIH3allliH,
TO IIpH ee 6HCTPOM OXJIKTEHHH MOXKHO IMMOAYYHTE NEPEOXTAXKICHUYIO XKHAKOCTD
(T.e. KUAKOCTb € TEMIIEpaTypoil HIKe TeMIepaTyphl KpHCTalIH3auun). Itor npo-
necc Ha puc. 8.6 nzobpaxen iuaueii DE. CocToaHue nepeoxIakaAeHus SBIsSETCA He-
YCTOHYHBBIM; ITPH CHJIBHOM TIEPEOXJIKIEHHH 00Pa3yOTCs HEHTPH KPUCTA/UTH3AHHH
W )KHAKOCTH IIPEBPALIAETCA B TBEPAOE TJI0.

FKuaxue KpHCTALTBL, DTO COCTOSHNE, B KOTOPOM 00HAPYKHBAIOTCS CTPYKTYPHbIE
CBOﬁCTBa, TIPOMEXYTOTHERIC MEXKAY CBOHCTBaMH TBCPAOro KpUCTAILIA U KHAKOCTH. }I{Hﬂ'
KU€ KPHCTAJLTbI 00pa3yIOT BELLIECTBA, MOJIEKY/Ibl KOTOPBIX HMEIOT YAJIHHEHHYIO 1T aT0t-
kooGpasHyo ¢dopmy. O6paszoBaHUe JKHAKHX KPHCTA/LTOB HPOMCXOAHMT B Y3KOM HHTEPBA-
JI€ TEMIICDaTYP. Hp}l OXJTAKJIEHHH XUIKHE KPDUCTA/LIBI NPEBPAIAIOTCA B TBEDABIC.

CyGanmanua. Mecybmumanus.* Y HEKOTOPBIX TBEPABIX Te, TAKHX, HALIPUMED,
Kak HadTamuH, noa, Kamopa, TBepIas YIAeKHC/I0Ta (cCyXoii Jen), HabmomaeTcs ne-
PEX0A Cpasy U3 TBEPAOTO COCTOSIHHSA B ra3006pasHoe, T. €. MPOHCXOIHT HCIlapeHHe.
Hepexo,u TE€Na U3 TBEPAOTO COCTOAHNA B r33006p33110f.‘ MHHYA JKHAKOC HA3LIBAKT
cybaumayueii, 1y Bo3roakon. O6paTHHIH NPOLIECC HA3BIBAKT decybaumanuels.
Bce TBepibie Tesa CyGIMMHPYIOT, HO TIPOTIECC CYOAMMAIMH Y PA3HBIX TeJI IPOTEKAET C
pasmHIHOH cxopocThio. [Ipu koMHATHOH TeMIeparype CKOPOCTDb MPOTEKAHHS 3TOT0
IPOTIECCA HACTOIBKO MA/Ia, 4T0 CyOIHMALIMIO NPAKTHYECKH HEb3s% 00HAPYIKHTD,

Tponece cybmuManyuu NPOTEKAET KaK TIPH HarpeBaHUM TBEPAOTO TeMd, Tak u 6es
MOABO/E TEIJIOTH u3BHe. Bo BTOPOM Ciiydae NPOMCXOUT nepepacipeseierne BHYT-
PEHHEH FHEPTHH MeXTY TBEPIBIM H Ta3000pas3HbIM COCTOAHHAMH. IIpu cybanmanim
TEJI0 OXTAKAACTCSA, TAK KAK €ro MOKHAAIT Haubosree ORICTPhie MOJIEKYBI, 00Ma1a10-
M€ KHHETUYECKOH SHeprHel, KoTopast JOCTaTOYHA Jjld IIPEOACICHHSA MOJEKYIAPHO-
TO NMPHTAAEHHA H OTDBIBA MOJICKYJI OT IIOBEDXHOCTH TBEPRAOIO TeJa. CPEHHHH KHHe-
THYECKAA JHCPTHA OCTABINHXCA MOICKYT YMEHBIIAETCA; CACTOBATCARHO, TEIO OXJIAH -
naerca. 1nsa roro wTo0wl TeMnepaTypa cyOIMMHPYIORIETO Tea 0CTABANACE TOCTOSH-
HOM, K HEMY U3BHE HYXKHO IIO/IBOJHTH TEMIOTY.

KPATKWE BbIBOAbI

® BoaniuHHCTBO TBEPABIX Ted HAXOOWTCA B KPUCINARIWYeckKoM cocmosiut. Kpucram-
JIBl AaHU3OTPOTIHBL, T. e, (PUBHYECKHE CBONCTEA KPUCTANIOR 32aBHCAT OT BHIOPAHHOTO Hanpasie-
HHSL.

® Amopghroe cocmoanue — TBepoe COCTOAHHE BellecTRa. B oTiidue 0T KpUCTAINIOR ¥
aMOpPHEBIX TeJl HET CTPOIOro MOPAAKa B PACIONIOKEHMH ATOMOB.

¢ B pesysinrare BHEIIHEX BO3ZEHCTBHI IPOUCXONAT H3MEHeHHe KOHHIYPALMK TBCPAOTO
Tena, T.e. OHo gedopMupyerca. Jedopmaiiins HABIBACTCH YIPY20iE, €C/IH 0HA HCYe3aeT [oce
CHSITHS HATPY3KH, U TLIACMURecKotl, eCIM OHA TI0C/e CHATHS HATPY3KH HE HCUE3aeT.

IIpu mMaxerx xedopMallax B yIpyroH cpejie BHNOMUseTes 2axon T yxa

€ = «ugd.

¢ B npollecce HarpeBaHus Tejl IPOUCXOAHT U3MCHEIHE €T0 Pa3MCPOB, T. C. eni080e
pacwupenue,
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# [lepexoa BelllecTBa M3 KPHCTALIHYECKODO TBEP/AOTO COCTOAHNA B XMAKOE HA3BIBAETCS
nraérentiem. Hanuude onpeae/eHHO TeMIepaTyphI IIaBAeHHA — BaKHBIH IPH3HAK KPHC-
TaJAMIECKOr0 CTPOEHHA TBePALIX TeJ. TeMIlepaTypa INABNEHHS 3aBUCUT OT BHEIIHErO JaBe-
Hus. IlnapaeHuie MPOMCXOMUT C [IOTIOMEHKEM TEINOTLL. Y eAbHas TEILIOTA IaBTeHHA:

A=Q/m.

E Bonpock 417 CBMOKOHTPONA U NOBTOPEHWA

1. Ha xaxue nBe TPyNIbl MOKHO Pas/ieNHTh TBEP/Ible Teaa?2, Uem OmIMYaoTes aHH30TpoN-
HEIE TeJa OT H30TPONHbIX? 3. YTo ARNgeTca IpHYMHON 2HH30TPONUK kpHcTannos? 4. [Ipuse-
AUTe NIpUMEDBI BEWECTB, 0bIafaouux notHMopdusMoM?d. YeM oTanyaloTcs ynpyrue nedop-
MaLHH OT IacTudecKux? 6, OOBACHHTE IPHYMHY BOSHUKHOBEHNS YIIPYTHX CHJI TpH JedopMa-
nuu. 7. Kaxue neopmanuu onucrisaet 3akon ['yka? Chopmyaupyiite ero. 8. MaMenserca an
BHYTpeHHAA sHepris fedropMiuposaiiblx Ten? 9. Kakue Mexannieckue CBOHCTBA TBEPIbIX T
He0OX0AMMO 3HATh A/ pacyeTa PadIHYHLIX KOHCTPYKIMiT? 10, Ofbsacuure Terosoe pacim-
pEHMe Tell ¢ TOUKH 3PeHHs MOJEKYIAPHO-KUHeTHYeCKoi TeopuH. 11, ObbsicHuTe ocoleHHOCTH
TEILIOBOrC PAacuTHpenns Boabl 12, Kakoe 3HaueHHe HMeeT TEIIOBOE PACIIMPEHHe TeJ B IPUPO-
ae u rexinke? 13, O6bpacHUTE IpOLECe ILTABNeHHA ¢ TOYKH 3DEHHS MOJIEKYISDHO-KHHETHYec-
Kot TeopuHu? 14, MoxHO 11 CHUTATh Npolleccyl MIAaBNeHHA H KPUCTALIH3AlHH H30TIpoLecca-
mu? Iogcuure. 13, [Iprpeayre npUMepH IPUMEREHUS KHIKHX KPHCTAMIOB.

fipuMepsl pelueHna 3aga4

® 3anaua 1. K 11poBoTOKe U3 YIiIepoAUCTOH CTAMM MoABerieH rpy3 Maccoi 100 kr.
Jnuea npoBonoks 1 M, xuamerp 2 M. Moxyas Oura ans cranmu E = 2- 10" Ila, npe-
Zes ipouHocTH o, = 330 MIIa. Ha ckonbko yeennunTes AauHa npoBoioku? I[Ipessr-
IIaeT JIM IPHICKEHHOE HaNIPsKeHe npefesl IPOYHOCTH?

Hano: | =1m; d=2-10"m; E= 210" IIa; m = 100 kT; 5, = 3,3-10° [Ta.

Haittu: Al, 0.

Pemenne, Mz Gopmynn (8.3) Haxonum
A= _ ‘”ﬂ,
ES =d’E

rae [ — 1nuHa npoBocKy; Al — u3MedeHHe ANKHHLL F'= mg — cuaa, 1eACTByIolas Ha
3
Td
MPOBOJIOKY; S = - I7I0NA/Ab [OMEPEYHOTO CEYeHNA MPOBOIOKH.

Hatinem npunoxeHHOe HOpMaTbHOE HanpsukeHHe [cM. (8.1)]:

__F__4mg

S wdr

Berucaenud:

. 4-1m-100 T 98 m/c?

©3,14-4-107¢ M2-2-10" a
_ 4-100xr-9,8 m/c?
T 3,14.4.10°° M

= 1,57 MM;
II

=3,12.10% Ila = 312 mIla.

| 172



AHAIH3: NOIy4eHHOE JHAYEHHE O He NPEBHITIAET [peIea MPOYHOCTH.
OteeT: Al =157 MM; 0 = 312 MIla.

® 3anaya 2. TpyOxa uz Mmeau nmeet aanny 0,5 M npu remneparype 200 °C. Kakora
AJHHA 510U TpyOKK npu Temmeparype 10 °C?

Hano: !}, =0,5M; t; = 200°C; o = 16,7-1075 K% ¢, = 10°C.

Haiiru: [,

Pemenne. Tak kak B Tab. [1.8 (upun.) reMueparypHbiil koadpHIHEHT AHAEHHO-
1O pacuIMpeHus Jad A8 BewecTs npu temnepatype (0 °C, a fuHa I TpyOKH npu TeM-
neparype 0 °C HeW3BeCTHa, TO AJSI onpeaesieHus AauHEl [y TpyOiu npu 10 °C HyXHO
samucarh ABa pasencTsa (AL = AT):

b =hL(1+aAl);
b =k(1+aAb).
Peiniast COBMECTHO CHCTEMY YPABHEHUH, 110AYy4aeM
1+od,
2= lk
1+ oty
BoluscacHES;
105 KL,
I = 0.5 M 1+16,7-10°8 K1 . (273 +10) K - 0,5M1,004726 — 0,498 m

1416,7-1075 K-1 - (273 4 200) K 1,007899

Oreer: [, = 0,498 M.

& 3agaua 3. Coofimaonrecs cocyabl 3al0JHEHbl KHAKOCTBIO, HMEIOMIEH TeMme-
patypy t,. [IpH HarpeBaHUK JKHUAKOCTH B OJLHOM M3 COCYIOB 10 TeMIEPaTypbl i, YPO-
BEHB JKHKOCTH B HEM YCTAHOBHJICS Ha BBICOTE fiy, @ B IPYTOM COCY/AE — HA BBICOTE £,
Haiftu TeMnepaTypHbIii KoadHIHEHT 06BEMHOTO paclIMPEHHs KHUAKOCTH.

Hano: t; ty; by ha.

Haiitu: 3.

Pemenue, [110THOCTD XKHAKOCTH 00paTHO NPONOPLUHOHA/IbHA ee oObemy. Creno-
BaTEIbHO, ecau npyu Temneparype 0 °C IJIOTHOCTS XKHAKOCTH COCTABJISIET fy, TO IIPH
TeMIieparypax ) u &, [cM. (8.12)] cooTBercTBeHHO HIMeeM (At = AT)

Po Po
= N p = .
= T sy T 148t
Orciona
p_ 1Bt
P 1+f¢

N3 ycoBrs rHAPOCTATHYIECKOTO PRBHOBECUS (p) = py WU P17y = pyf,) TONTYYEEM, YTO

(L ﬁ Takum o6pazom,
P2 1

—
_|_
o
S

|5

1+ pt,
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CreRoBaTeNbHO,

B: h‘z_hl
h’ltZ—‘h2tl-

® 3anaya 4. Kakoc KOJIH4eCTBO TEMIOTH U3PACXOA0BAHO HA HATPEBAHHE ATHOMH-
HIeBOro uapa ot 0 °C, ecm ero 06beM yBeTMUIICA Ha 15 cM®?

Hano: t, =0°C; AV =15 cm® = 15 -107° M3, ¢ = 880 Ik / (k- K); pp = 2,7 - 10° xr /M5,
a=24-10"K™,

Haiitu: Q.

Pemenue. KOJ’[H‘-[(ECTBO TEIMIOTRI, COOﬁH.[EHH()e n1apy NpH HalrpeBaHWH,

Q= cm(t; — tl)’ (1)

rAe t, — KOHedHas TeMIlepaTypa; m — Macca AMOMUHHEBOTO mapa. 13 ¢opmyant (8.10)
st OOBEMHOTO PACIIMPEHNS UMEEM

V= V(1 + BAt)},
rae At =ty ~ 1, =ty (tak xak {; = 0°C). Torna

V-V, AV
fo=0 =" 2
TV VB @

m
Tak Kax 10 yCI0BHIO 3aaa4u HapecTHO AV, a V) = —, tie py — INIOTHOCTD A/KOMHHHS
Po

AVpy

npu 0 °C, 1o dopmyna (2) npumer Bug t, = 2, Hcxoas ua Toro, yto B = 3o [eMm.
Y p 3

(8.11)], momyyaem

f, = 2Veo
2 Imao
Torga
_ CAVPO
Q= 3a
Brruuciaenus:
. . . -6 3 . * 3 3
0- 880 [ / (kr K; ;i ig-ﬁ 1;1{_12,7 103 kr /M =4,0-10° [ = 4,9 M/bx

Orser: Q= 4,9 M/ x.

¢ 3axaya 5. Kaxoe Ko/AHYeCTBO TEIJIOTH 3aTPATHTCA Ha ILTABJIEHHE ATIOMMHHE-
BOH GonBaHKK Maccolt 200 Kr, HaxoasHIeHes TpH Temueparype 20 °C?

HMano: m = 200 kr; ¢ = 880 Jbx/(xr-K); X =3.9-10° lx/xr; T, = (20 + 273) K =
=293 K; T,, = (660 + 273) K=993 K.

Haittn: ().

Pemenne. Ha HarperaHue amoMuEns Maccolt m ot Ty go T, Tpebyercs Koamde-
CTBO TEIJIOTHI

Ql = Cm( Tw[ - Tl)y
& AJIA €70 IVIABJCHUA 3aTPAaUYnBaeTCA KOAUYECTRO TEHLAOThI
Q2 = }\m.
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Orcrona
Q=+ Q=cm(Ty, — T1) + m
Boryncienas:
@ = 880 Ik /(xr-K) - 200 kr (993 — 293)K + 3,9-10° JIx/r - 200 KF =~
2~ 19-107 Jx ~ 190 M/Ix.
Orser: ¢ = 190 M/x.

E 3agaun gns caMOCTOSTeNILHOIO PeilleHHs

1. Measpri crepkeHb ATHHOH 3 M 1 ceveHneM 1.5 mm® pactarusaior. Yemy pasra paboTa
PACTSDKEHHs], ECJH OTHOCUTENIBHOE YAMuHeHHe pagHo 0,0017

2. Kakyio HaMMEHBIYIO LIHHY AOAKHA HMETH CBMRTIOBaA TTPOBONOKA, YTOOK OHA PasopBa-
Jach N0 AeHCTBHEM COOCTBEHHOIO BECA PH 88 BEPTHKATBHOM IIOIBCHIMBAHUK 33 OJIMH KOHel?
IIpexen npounoctu ceruna 19,6 MITa.

3. CransHas cTpyHa auameTpoM(,5 MM B JuinHO# 80 cM pacTarusaeTcs Hal mm. Kakas cua
UpHJIOkKEHa K cTpyHe? Boiuuciurs paboty MpH pacTAXeHUH CTPYHL

4. Jlavia MeaHoi mpopoaoky npu narpesanmi ot 0 go 100 °C ypeanummacs va 0,17 m. On-
PEAETNTD TEMIEPATYDHETH KoachdHIHe T THHeHHOTO PacHIHPEHHs Me/IH, €CJTH [IePBOHAYAIb-
Ha4 AauHAa npoBoaoxH 100 M.

3. Megupiii cTepXerib, B3AToIA IpH Temnepatype 10 °C, mI0THO BCTABIEH MEXNTY Heflon-
BIHXHBIMU mockocTsaMu. Ctepkens varpesaercs ao 80 °C. Oupeaennts HanpsixeHue, BO3AN-
Kamlllee B HeM.

6. Kakyio cHy HY/KHO TIPHIOKHTE K CTATBHOM MPOBOJOKE THaMeTPoM 2 MM, w100l [0IY-
YHThb TAKOE K€ YIAHHEHHE, KAK IPH ee HarpeBaHuH Hal00 K? Amacramia=1,2 107 K™}, E=
=21,6-10" [Ta.

7. CranbHoii crepxens npu Temneparype 0 °C ameer muny 0,2 M. Hpu kaxoi Temnepatype
ero fausa 6yaer 0,213 m?

8. Kaxoii 06nem mmeeT Hedrs opul °C, ecmit pu Temrepatype 20 °C ee ofbem panet 65 m>?

9. Tlouemy cocyabl 7S TEPEBO3KH H XPAHEHWS JKUAKOTO TOTUTMBA, EC/TH OHW HAXOAHTCS B
YCTOBHMAX HIMEHAIOUICHCHA TeMIIEPATYPEE, HOIB3A 3AMONHATD J0 Kpaes?

10. HehTs nannta B MHAMHAPHYECKYIO ITMCTEPHY BhicoTOM2 M. [lpu Temnepatypel °C nedrs
He JAOXOINUT 10 kpaes uuctepHnt Ha 0,1 M. Paccunrars, npu Kakoi Temneparype HeTh HAYHET
BBITHBATLCA A3 HHCTEPHEL

11. Macca 1 1 cnupra ipn 0 °C pasua 0,80 kr. OnpeAenuTs NAOTHOCT CTHPTA HPH TEMIIe-
patype 15 °C.

12, Kaxoe KOJHIeCTBO TEIAOTEH HCOOXOMUMO /1 MPeBpallicHIAS KT JIbAA, B3ATOTO MIPH TEM-
neparype —20 °C, B map, Temneparypa koropora 100 °C?

13. CxoIbKO TEWIOTH HYXHO 3ATPATHTD, YTOORL PACIIABATD I1PH TEMIOEPATYpE [LIABJC-
Hug 20 KT cBHHIEA?

14. Yrobnt oxnaauts 5 1 gogs ot 20 10 8 °C, B nee HpocawT nen upu temueparype 0 °C.
OnpemenuTs Maccy JAbda, pacXoAyeMOro Ha OXIaXKASHHE.

15. Cmecs, cocrosanlyio 13 b Kr jiea 1 15 kr Bos! 1pn 00uieit teMneparype () °C, Harpesaior
10 Temmepatypsl 80 °C, mpoiyckas uepes nee gogsHoil nap npa 100 °C. Onpeaenuts Heodxo-
JHMYIO JI71S1 3TOTO Maccy mapa.

16. B cocyze vaxonuresa emech 0,5 1 Boasi v 0,5 krmwaa npr 0 °C. Tennoemxocts cocyna
1 680 Dx/K. Kakoe KOMHYecTBO BOASHOTO CTOTPAZYCHOTO Napa OBLI0 IPONYILEHO B BOALY, €CJIH
Rech Jiel PacTasuT i TeMIlepaTypa BOIH yeTaHOBHAachk 30 °C?

vo Kmouegble CnoBa: aHM30TPONMmMA, rnoaMopensm, qeopMaims, 3aKoH
fyka, IPOYHOCTh, PACILVPDEHME, NNABACHNE, KDUCTANAN3aUNS.



OCHOBbI ANEKTPOAUHAMUKH
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IIpeacrasnennsiil B JaHHOM pasfielie MATEPHa NOCBSNIEH YYEHHUIO 00 saeKTpHye-
cTBe ¥ MarHeTHaMe. Eciiu B MexaHUKe M3Y4aTCsA PasUUHbIe BHIBL JRUNXCHUS MAK-
POCKQIHYECKHUX TeN W B3aUMOAEHCTBUA MEXKTY HUMM, a B MOJTEKYIAPHOH dH3aluke —
CBOMCTBA TeJ B 3ABUCHMOCTH OT MX CTPOEHMS, CHJI B3aUMO/JEHCTBHS MEX1y MOAEKY-
JIaMH (aTOMaMH) ¥ XapaKTepa TeNIOBOTO ABMAKeHHs 3THX YaCTHII, TO B 3MeKTPOAUHA-
MHUKe PACCMaTPUBAIOT B3aHMO/IEHCTBHS, OCYILIeCTBIsAEMEIE TIOCPE/ACTROM 3/IeKTPOMar-
HUTHOTO TIOJISL.

Qa0 U3 TPOABNEHHH 3IEKTPOMATHHTHOTO B3aUMONeHCTBHS MEKITY AeKTPHYEC-
KH 3apsKeHHBIMH YaCTHLAMH HJIH MaKPOCKOTTHYECKHMH 3apsKeHHBIMHE TEJIJaMu — Ky-
JIOHOBCKHE CHJIBIL, KOTOPbIE 00YCI0BINBAIOT CYIIECTBOBAHUE ATOMOB. PaceMoTpeHie
3JIEKTPOMATHUTHRIX B3aMMOAEHCTBHII OCHOBAHO HA IIPUHIMNE GJIM3KOIERCTBUS, CO-
TJIACHO KOTOPOMY, MEXK/Y 3apsKEeHHbIMI YACTHIIAMU WM TeTaMH B3aUMOACUCTBHE
PACIIPOCTPAHSETCA ¢ KOHEWHOH CKOPOCTRIO, PAaBLOL CKOpOCTH cBeTa. B BakyyMe ata
ckopocTs pasha 3-10° Mm/c.

IpaxTHueckoe paspuTie reopuda JIx. Makceenna moayyuna B TpyAax I. T'epua u
A C.IlonoBa, BeIMKOTO PYCCKOTO hH3KKa, n300peTaTens paamo.

Hcropuyeckan cnpaBka. POXAeHUIO IAEKTDOAMHAMMKH KK HaYKH NpellecTRO-

BATH MHOTOYHCJIEHHKE OTKPHTHS M 3kcniepumedTsl. B 1785 r. dpaniysckum duauxom
1. Ky monoM GBI 3KCTIepHMEHTATBHO YCTAHOBIEH 3aKOH B3aNMOLeACTBHS IBYX HEIIOABMIXHBIX
TouedHEX 3apaa0B. B 1820 r. garckuit dusuk X9 perex MoKasa, 4To TOKH, TEKyLIHE IO TIPOBO-
IaM, CO3OAI0T BOKPYT cebst MATHUTHOE noae. 3aTeM dhpatiysc-
kue yuaensie K. buo, M. Casap u I1. Jlamaac skcepaMeHTaIb-
HO, a NIOTOM H TEOPETHYECKH ONDEICTHAN CHIY BO3ACHCTBUSA
MATHHTHOTO HOJIA Ha MTPOBOAHMK ¢ TOKOM. (Dpamiysckuil du-
3WK A. AMIep A0KA3T CYIHeC TROBAHHE MHKPDOCKONMYECKHX TO-
KOB B J000M Telte, 06YCIOBICHHEIX IBHKEHNEM MIEKTPOHOB.
B 1831 r. anrmumitckuti duank M. @apaneiil oTKpEI 3AeKTpO-
MArHMTHYIO HHAYKIHIO (BOSHHKHOBCHHE 3ICKTPUYECKOTO MO
[IpPY BCAKOM H3MEHEHHH MATHMTHOIO). DyHAAMEHTOM 2JeKT-
POAMHAMHKH CTRNH YPABHEHHH, BEIBeAeHHbIe B 1867 r. anrHil-
CKHM y4eHbM /K. MakcBeanoM, JOCTATOUHEIE /75t OTIMCAHUsE
BCEX 3J€KTPOMATHHTHBIX SBJEHHE, B KOTOPHIX He IPOsBIIAI0T-
€5 KBaHTOBbIe 3aK0oHOMepHOCTH. (Du3HUecKas CYITHOCTh ypaB-
HeHH# Makcpe/na 3akI09aeTcs B TOM, YTO B IPHPOAE cylie-
CTBYET eAHHOE 3MEKTPOMArHUTHOE NOJe, KOTOPOe MOKHO pa3-
IEIUTH HA ACKTPUYECKOe H MATHHTHOE JHIIL OTHOCHTEIBHO.




lMmaea 9

SNEKTPUMECKOE MNOJIE

9.1. AneKTpHYEeCKHe 3apaabl. 3aKOH CoOXpaHeHus 3apaga

dnexrpuveckn# 3apan. Bee Tema B mpHpoae cocToAT U3 MebYAHIMX YaCTHII, KO-
TOPHIE YCJAOBHO HA3BAHEI 3/1eMEeHTapHBIMYL. JleMeHTapHEbIe YacTHIIH XapaKTepH3YIOTCA
MACCOH U 3/1eKTPHYeCKHM 3apsafoM. Crila 3/IeKTPOMardHTHOTO B3aUMO/EHCTBHS Jac-
THI{ HA MHOTO NOPSAKOB IIPEBBIIIAET CHITY HX IPABHTAIIMOHHOTO B3aUMOACHCTBYA. 3Ha-
YeHHe CHJIBI HJIEKTPOMArHNTHOTO B3aMMOeCTBHS YacTHIl OlpefeseTcd HX 3JICKT-
PHYECKHMH 3apALaMH.

Tlo coBpeMeHHBIM NIPECTABAECHASIM, IAEKMPUiecKuil 3apad asnsercs Gpusu-
4eCKOH BeJIHYUHOM, XapaKkTepuaymomel MHTeHCHBHOCTD 3/IeKTPOMATHUTHBIX B3aHMO-
IeHCTBUH.

JiBa 3naKa 3JEeKTPHYECKHX 3apAf0B. B npHpose CyNeCTBYIOT YACTHIIBI € 3/1€KT-
PHYECKUMM 3aPSAaMH IPOTHBONOJIOKHBIX 3HAKOB. 3apal 3/1eKTpoHa CYUTAOT OTpH-
uaTesIbHBIM, & 3apAA NPOTOHA — ITeMEeHTapHOH YaCTHIEL, KOTOPas BXOAUT B COCTAB
Afpa aToMa, — TMOM0KUTETbHEIM. BOBIIHHCTRBO TEN 3REKMPUYEcKU Helimpats-
#0; TUCII0 BMIEKTPOHOB B HUX PaBHO YHCy 11poTonos. HeltTpanen atom moboro selue-
cTBa. EC/IM HapyWHTh KakUM-TO 06pa3oM JIeKTPUYECKY0 HeHTpanbHOCTb Tesa, To
OHO CTAHOBUTCA HA3nexmpu3osannuvim. Telo, uMemnllee H3OLITOK IEKTPOHOB,
3apsDKEHO OTPUIIATENBHO. Tea0, B KOTOPOM 3JIEKTPOHOB MEHBIIE, YeM NOI0KUTEABHO
3aPAXKEHHBIX YACTHII, 3apAXKeHO MOJIOKHTENBHO, IoMoKuTeNbHEIN 3aps o6pa3yeT-
cs, HATIPHMEP, Ha CTeKJle, TOTePTOM KOXel, OTPUHATEIBHBIH — Ha AHTADe, TOTEPTOM
HIEPCTBIO.

IdnementapHbiit 3apaa. [Ipu a1eKTpu3alHK 27eKTPUYECKUI 3apAl M3MeHseTC He
HEIPEepPHBHBEIM ¥ POU3BO/AbHBIM 00pPa30M, 2 TOIBKO Ha CTPOrQ ONpeieeHHoe 3HaYe-
HMe, PABHOE HJIH KPaTHOe MHHUMATbHOMY KOJMHYECTBY 3/1€KTPHYECTBa, Ha3blBaeMo-
MY 3JIEMEHTAPHLIM 3NeKTPUYECKUM 3apsiACM.

INeKTPHYECKHI 3apsa/l HMEET JHCKPETHRIH XapakTep H H3MEHAETCA Ha LEJTYI0
KPATHYIO BelHuuHy (KBaHTyeTcs).

HauMeHbtast o Macce cTabHIbHAS YaCTHLA, 06/134A101AS 3/IEMEHTADHBIM 3/1€KT-
PUYECKUM OTPHIUATELHBIM 3aPAJIOM, Ha3hIBAETCH SAEKMPOHOM. 3aps 3eKTPoHA
e=1,6-10"" Kn. Macca snexTpona m, = 9,11 - 10~ kr. 3apsan npomona n010KUTe-
7IeH ¥ 110 MOZYJIIO PaBeH 3apALy 9AeKTPOHa, ero Maccam, = 1,67- 107 kr. 3apsz Tena,
COCTOSANIEro U3 N 3aPAyKeHHBIX YaCTUI, KPATEH LIEJTBIM 3HAYEHHSIM 3apsjia 3JeKTPOH;
() = £ Ne. 31eMeHTapHbIi 3apa BrepBble 6501 uaMepeH P. 3, MuannkesoM B 1909 .

CywecTBYIOT M Apo6HbIe 3apsiabl ? DT MPEANOJIOKEHHE BO3HAKIIO B CBSA3H C IIPeJ-
CKa3a3HHUEM CYIIECTBOBAHMS K6AQPKO6 — YaCTHLl, U3 KOTODPHIX IIOCTPAEHO GOJBIIHH-
CTBO TSKEIBIX SJEMEHTAPHBIX YACTHLl, HATIPHMED NPOTOHOB, 3aps KBaDKOB [IPearo-
narajiv pasHbiM £1/3e, +2/3e. [TOHCKH KBAPKOB MPOBOAKIMCE MHOTHMM YYeHBIMH Pa3-
JIRYHBIMH METOAAMH, HO BCe OHM Ja/Ti OTPULATe/IbHBIA peayabTar. Takum o6pasoM, B
HacToAlllee BPEeMs! SKCTIEPHMEHTANBHO ¢ GOIBLIONH TOYHOCTBIO YCTAHOBJIEHO, UTO

B apoGHbIx 3apAN0B B CBOGOAHOM COCTOAHMM HE CYIIECTBYET,
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3akoH coxpaHeHus 3apsaaa. JHAUCHHE 3aDANA, HAMEPIAEMOE B PA3/IMYHbIX HHED-
THATIEHBIX CUCTEMAX OTCYETA, BCETa OAMHAKOBO H He 33ARUCHT OT TOTO, ABIKETCS OH
WL TIOKOMTCS,

3aKoH COXPAHEeHUS 3NEKMPUHECK 020 3APAO0A; CYMMAPHDIH 3apAT dNeK-
TPHYECKH H30AHPOBAHHOH CHCTEMLI HE HIMCHAETCH.

INEKTPpHYECKHE 3apAAbl He CO3AAIOTCA H HE HCUEIAIOT, 3 TONLKO [EPealoTcs
OT OJHOTO TeJA K APYTOMY WIH NepepacnpenenaiOTcs BHYTPH JaHHOTO Teda:

76, = const. 9.1)
i=1

Kpome TIPOTOHOR U 5JIeKTPOHOB CYIIECTBYET BOJIBIIOE YHCTO APYTHX JIEMeHTap-
HBIX 3aPSKCHHBIX YacTHIl, Bee oHM YIACTBYIOT B Pa3aniuHEIX IPOTIECCAX B3AHMOIIPER-
palLenHii, HO KAKOBHI OBl HM OBLITH 9TH [TPOLIECCHI, CYMMAapHbIH 3apsijl YaCTHIL 10 B3aH-
MOTIpeBpamieHns PaBed CYMMAPHOMY 3apsiay TOC/E B3aHMOIIPERPaLLEHHST,

Hrtaxk, 3apsaa He SIBNASTCA CAMOCTOATENBHOH CYNIHOCTEIO, HE 3aBHCHMOI OT MaTe-
PHH, OH — OJHO U3 CBOUCTB MATCPUH. 33KOH COXPaHeHHs 3apAjia UMeeT Takoe xke (pyH-
AAMCHTAJBHOE 3HaYeHye B (PU3KMKe, KAK U APYTUE 3aKOHBL COXPAHeHus (3HEPTUH, HM-
IyJbCa, MOMEHTA UMITYJIbCA H T, 11.).

9.2. 3akoH KynoHa

OcHoBnoil 3aK0H B/IeKTPOCTATUKH. Pa3zesn 3/1ekTPOAHHAMHKY, B KOTODOM H3yda-
€TCA B3AHMOJACHCTBHC HEMOARHXHBIX 2ICKTPUYECKHX 3aPAMIOR, HA3KIBAIOT 31€Km -
pocmammcaii. Taxoe BS&HMOLLEﬁCTBHC OCYIIECTBAACTCA IIOCDEACTBOM JJAeKmpo-~
CMamu1ecKozo noiA.

OCHOBHOH 3aK0H 3/IEKTPOCTATHKH — 3aKO0H B3aHMOJCHCTBHA ABYX
HEMOABIOKHBIX TOYCYHBIX 3ADAN0B ( AACKTPHYCCKH 3apPAXKCHHbBIX TE,

( pasMepbl KOTOPBIX MAJIbI 110 CPABHEHHIO C PACCTOSHHAMHE MEXILY
HHMH) - OBUT SKCTIEPHMEHTANTBHO YCTaHOBJEH (paHiy3ckium (prsn-
= kom 111 Kynonom (1736 1806) B 1785 . u Ha3BaH ero MeHeM .

Onpir Kysona. s onpenenenus cuiisl B3auMOEHCTBIS ABYX
3apaaos Ky/oH BOCIONB30BANCA KPYMUALHBIMU 6ECAMU
(puc. 9.1) — ycTanoBKoif, cCOCTOANEH U3 CTEKIAHHOM Ta/J09KH,
NOABEIEHHOW HA TOHKOH yOpYTroit TPOBONOKE W NOMEIIeHHOHU B
CTEKJLTHHBIH MHAMHAPHYECKHH cocyd. Ha ogHoM KoHIIE DTaouKH

. HAaXOAUTCA MaJTeHLKHI MCTAIMIHYCCKHH AP, 3 HA IPYIOM —
= npotuBoBec. Bepximit KoHeI] HHTH TIPUKPCILIEH K HIKAse ¢ Aenc-
= RusMH. C DOMOIWIBIO 3TOH WKL ONPEENSIOT YTOI 3aKpyYuBa-
g HHA HuTH, Yepes oTReperiie B KPLITIKE COCYAA BBOAAT APYToH Ta-
KO ke mapuk. Ecin wapukaM coobIeH 3apsii, TO OHH B3aHMO-
AeHCTBYIOT Mexay coboil. O cuie B3auMOIEHCTBAA CYAAT 0 YTILY
3AKpy4YHBAHUA HHTH, B 00weM ciyuae CHbl B3aHMOAEHCTBHA 3a-
Pnc. 9.1 BHCAT OT (YOPMBI H Pa3MepPOB HA/IEKTPH30BAHHBIX TEN ¥ XapaKTe-

F”l

! SroT sakon Grun yerakowtes antauiickm yaernm [Kasergpmen sa 13 et 10 oTkpermis ero Kyzonom
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Puc. 9.2

pa pacipejieNlents 3apAA0B Ha HUX. B caydyae HENOABUKHBIX TOYEYHBIX 3aPj0B, T . €.
3apsI0B, paclipele/eHHbIX Ha Telax, JHHelHbIe pasMepbl KOTOPBIX MaJsl [I0 CPaBHE-
HHIO C PAaCCTOAHWAMH MeXKTy HUMH, CITPABE/UTHB 3aKkoH KynoHa.

Dopmymposka 3akona Kyaona. Ousirabiv myteM Kynonom 6110 y cranosie-
HO, YTO €CJIM 3apsii BHOCHMOTO IIapUKa yBeIHYUBATh B 7 Pa3, OCTaB/LsAA 3aps ] aph-
Ka, 3aKPEeIUTCHHOTO Ha CTEKASHHON TasovKe, TOCTOAHHBIM, TO CHIa WX B3aUMojel-
CTBUS YBEeJIUYHBAETCA B n pa3. Ecym paccToanye MeRTy MapUKaMH YBeTHYHBATL B 71

pas, TO CHJIa HX BSaHMOJICi:ICTBPI.FI YMEHDIIINATCHA B 1’12 pa3s.

Jaxon Kyaona: CAIA 3NCKTPHYECKOTO B3aHMOAeHCTBHA F' MeXKy ABYMA He-
TIOBHIKHBIMHE TOUEYHBIMH 3JCKTPHYCCKH 3apAXKEHHBIMH TeJdaMH (), 1 (), B Ba-
KYyMe TIPONOPIHOnaIbHA IPOH3BEICHHIO HX 3apAAOB U 00pPaTHO HPONOPIMO-
HAaJbHA KBaAPaTy PACCTOSAHHA 7 MEXKAY HHMH:

F = ;2] (9.2)
T

e k — ko3hpunneHT IPONOPUHOHATLHOCTH, 3aBHCAIINH OT BRIOOPA CHCTEMBI €f1H-
HUIT (PUIAIECKHX BEJIHYHH.

ITpu B3amMoOneHcTBHY OJHOUMEHHBIE 32PIAB OTTANKUBAIOTCH, PASHOUMEHHBIE —
npuTAraBaTca. Cuisl KysioHa HallpaB/eHs! o IPAMOI, coeauHsIIonieH 3apsaanl.

Cuna otrankusanns F, neiicTryionas Ha 3apsa (), O CTOPOHBI OTHOHMEHHOTO 3a-
psiza ¢}, COBIIaiaeT TI0 HATTPABJIEHHIO C PAANYCOM-BEKTOPOM r, TPOBEACHHEIM U3 () K
aToMYy dapaay (puc. 9.2, a). Cuna npuTsiKeH#ns, 1eHCTBYIOAA Ha 3apsia () co CTopo-
HEBI PA3HOUMEHHOTO 3apsiAaa (), HMeeT TPOTHBONOJIOKHOE Hanpabaerue (puc. 9.2, 6).
CHIbI OTTANKHBAHUS TPHHATO CYHTATE MONQKHTENLHBIMH, CHITBI TIPHTSKEHHS — OT-
PHLATEIHEHBIMIL.

3Hak MOIyNA B 06003HaYeHMH 3APANA B AATbHEHINEM OyeM OITyCKaTh.

B CH zapsaa — npou3aBoiHas BeJTHYWHA, ONIpejiefisgeMan Yepe3 OCHOBHYI BeJH-
yiHY — cHiay Toka. Equnnna anexrpideckoro 3apaga 8 CH — xyaon (Ki).

Kyaon pasen saexmpuueckomy 3apady, npoxodsuemy 3a 1 ¢ uepes no-
nepeuHoe CeueHue NPOBOOHUKA nPpY cule moxa 1 A,

Koadpunuent nponopiiaonansiocTH B 3aKoHe Kynona (9.2) B CH onpenensercs
1o gopmye

k—l

= . 93
41\'3{) ( )
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3axon Kynona 8 CH samuchiBaercs B Buze

F= QlQZ

dmegr®

(9.4)

BennunHy £, Ha3HBAIOT AAEKMPUHECKOU NOCMOAHHOU, 5TO OJHA U3 (bU3H-
YeCKHMX KOHCTaHT. [7151 Toro 4To0bl ONpeaeIuTh ee YHCAEHHOE 3HaYeHHE, PACCMOTPHM
cay4ail B3aMMOAeHCTBHS 3apanoB no 1 Kim Kk, paciofoKeHHbIX HA pACCTOAHHN
1 M apyr o1 Apyra. U3BecTHO, YTO CHJIA B3aUMOZEHCTBHA 3aPAJ0B B 9TOM CAYyYae paB-
Ha 9-10° H. U3 bopmys (9.5) Hatinem

@, 1 Kn? s ,
= = —885-10-12 Kn? /(H-mM), (95
= YxrF  4.314-18-9-10° H /H-M) (9.5)

T.e.gy = 8,85-1072 O /M.

9.3. IneKTpuyecKoe none.
Hanps)XeHHOCTb 9NeKTPUYECKOoro Nons

daexTpHUECKOe NoJe, JIEKTPUIECKOE TT0JIe TPeACTABAIeT coboit ocobrIil BU Ma-
TePHH, CBA3AHHBIH C 3MeKTPHYECKUMH 3apAJaMH U fepealoliii AefCTBUA 3apAA0B
ADYT Ha Apyra.

DIeKTpHUYECKOE O He BOSHUKAET NMPH B3aUMOAEHCTBHY 3apanos. JIxboii sapsia
He3aBHCHMO OT HaJM4MA APYTHX 3apsAA0B BCETIa HMeeT 3/IeKTpHYeckoe moJe. Ecan
3aps] HENMOABIDKEH, TO ATEKTPHYECKOE T0JIE HA3BIBAETCH AAEKMPOCMAMUHECKUM
nonem.

9JIBRTPOCT8TH'-ICCKOC IoJjie He MEHACTCA BO BPEMEHH H CG3Ja€TCA TOJBKO
VICKTPHYECKHNMH 3apAajgaMi.

VI3yyas 0CHOBHI 3/IEKTPOIMHAMHKH, MBI OyIeM 3BAKOMHTHCS U C IEPEMEHHBIM BO
BPEMEHH 3JEeKTPHYECKHM I1071eM, KOTOpOe He CBA3aHO C 3apAAaMH Hepa3peBHO. MHo-
THe CBOMCTBa CTATHYECKUX H TIePEeMEHHBIX IOJIeH COBNafalOT, HO MEXAY HAMH eCTh 1
CyllecTBeHHbIE pa3nyns. B nanpHelmem mose OyaeM Ha3bIBATE SMEKTPHUECKHM, €CTH
JaHHOE CBOUCTBO B PaBHOH Mepe NPHUCYLIe KaK CTATHYECKKM, TaK U IIEPEMEHHBIM 110-
JSIM.

B coBpemeHHO#H (U3HKe 3/IeKTPHYECKOE 1101e paCcCMATpHBaeTCA Kak ocabas ¢op-
Ma MaTepuH, obaanaoilias cnelupudecKamu dusndecKuMu ceodcTBaMu. [IaBHBIM
U3 HHX ABJAeTCA C/eAyIolles: Ha 3/IeKTPHYeCKHe 3apAibl, IOMellleHHEIE B 3TO NOJe,
AefCTBYIOT CHJIbI, MPOTIOPLIMOHATBHBIE 3THM 3apsfaM. JJIeKTPHYECKOE HOIe MOXKHO
06HApYXKHTh, €C/M B IPOCTPAHCTBO, OKPYKAIOIIEe 3aPAA (), BHECTH APYToH 3apsl.
O6Br4HO A4 HCCAEAOBAHHSA CBOHCTB MOJIA MOJb3YIOTCS MOMOKHUTEBHBIM 3apsIoM,
KOTOPBIi HA3HIBAIOT NPOGHLLM 1 0003HAHAIOT Q. [IpH 3TOM cumTalOT, YTO NPOBHEII
3apAl He MCKAKAET U3YYAEMOTO IOJIS, T. €. IPEHEOPETaloT ero COGCTBEHHBIM MOIEM.
Ha npoGuHii 3apsi, MOMellleHHbI B KaKyl0-TH00 TOYKY IO, CO30aBaeMOTo 3aps-
aoM (), AeHcTBYeT cuia

F= Q% (9.6)

= .
4dmeggr

| 180



Puc. 9.3

Hanpsa:keHHOCTE 3IeKTpHYecKoro 1o, Ecii B OfHY U Ty JKe TOUKY 10J15 BHOCUTD
pasnbie 3apsbl Q;, Qy, (s, ..., TO Ha HAX OYyT ACHCTBOBATH pasHbie CUibl F, Fy, I, ..,
HO oTHOLIEHHe F\/Q = F,/ @, = F,/ Qs 1nst 3T0i TOUKM NoAIs BeerAa OyzieT nocTosaH-
HBIM, /1151 pARHKIX TOYEK OIS MOKHO COCTABUTE TOYHO TaKHE JKe OTHOINEHUS, T.e. 3TOH
BEJIMYMHOM MOXHO KOJMYECTBEHHO XaPAKTEPHU30BaTh M0Je B PasAMyHbIX Toukax. OT-
Holienne F/ Q,, HashBAKT HANPANCEHHOCBIO INEXMPUHECKO20 NONS:

F Qg r
E=—=—%_",
Qmp  Amgrir
TAe r — PacCTOAHHE OT 3aPA/A (), CO3AALErO TIoJIe, 10 TOIKH [OJIs, B KOTOPOil oMpe-
Ae/NeTCs1 HANPSDKEHHOCTD.

B CH HafIpa:keHHOCTh 3/IEKTPUYECKOTO (1075 BRIPRKAETCA B HBIOMOKAX HA Kif -
aon (H/Kn).

HanpspxeHHOCTD — CHIIOBAS XAPAKTEPUCTUKA IO, OHA YMCACHHO PABHA CUIE, Aeii -
CTBYIOIeH Ha e/IMHNYHBIH [T00KHTEALHBIN 3apsa:

__9Q

=
dme,r

(9.7)

HanpsxeHHOCTh — BeNMYHHA BEKTOPHAs. 32 HAIPABJIEHHE BEKTOPA HANPsKEHHO-
cti E IpHHUMAIOT HAIpaBIEH e CIJIBL, ¢ KOTOPOH HoJie seiicTByeT Ha npobHBIi 3aps,
HOMEMEHHBIH B JAHHYIO TOYKY OIS,

JIMHHH HANIPAYKEHHOCTH. JJIeKTpHYecKoe oJe rpaduuecku yAo0HO NpeACTABIATD
CHJIOBBIMU THHUAMY. CLI08bIMU JUHUAMU, WITN TUHUAMU HARPAHCEHHOCTU
#1015, HA3BIBAKIT JIMHIH, KacaTeJIbHbie K KOTOPHIM B KAXKIOH TOUKE COBIATAIT C BeK-
TOPOM HalPsDKEHHOCTH B JAHHON TOYKE MO,

JIMHMHM HANPSHKEHHOCTH 3TEKTPOCTATHYECKOrO
10J1 HHKOTZA He MOTYT GbITh 3AMKHYTbI CAMH Ha
ce6sa. Onu 06a32TeIHO HMEIOT HAYAJIO H KOHEll
m00 yX0oaT B 6ECKOHEYHOCTD.

IT0 CBUAETENBCTBYET O HAYHH B IPHPOJE ABYX PoO-
JIOB ACKTPUYECKUX JAPAAOB. Y CIOBIIUCE CHUTATS, YTO

JHHHH HANPAKEHHOCTH BACKTPHYECKOro noas
HaINlpaBJ€HbI 0T MOJOXKHTENLHOIO 3apAja K OT-
PHUATENBHOMY, T.€. BBIXOUAT H3 TOJOKHTEIHHO-
FO 3apAAa, a BXO/IAT B OTPHIATEILHBIN 3apaf.

JIMHHM HATIPSKEHHOCTH HHIKOT/IA HE IIEPECeKaloTes. Puc. 9.4
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Ilepeceuenne muumit 03Ha4an0 OB OTCYTCTBHE OTIPENEAEHHOTO HAIIPABJIEHHS BEK-
TOPa HalIPSKENHOCTH 3/IeKTPHYECKOTO TOJIA B TOUKe mepecededns. I'ycToToit muHuil
HaNPAKEHHOCTH XapaKTepU3YIOT HANPSKeHHOCTh nosst. B MecTtax, rae HanmpsikeHHOCTD
10Jisl MEHBIIe, JTHHUH DPOXOAAT pesie. [IpuMepsl npocTeiiinx 3/ieKTpHYeCKUX 1ol
[IpeJCTABIEHH Ha puc, 9.3, a—2.

DJNEKTPHYECKOE TI0JI€e, BO BCEX TOYKAX KOTOPOTO HANPSIKEHHOCTh MO/ OQHHAKOBA
no Moayaw u Hanpasiesuio (E = const), HasbiBaeTcd 00HOpOOHbIM.

IIpuMepoM Takoro MOJsA MOTYT OBITh ACKTPHYECKHE N0 PABHOMEDHO 3apsTKeH-
HO# ItocKocTH (pHc. 9.4, 2) W IIOCKOTO KOHAEHCATOPA BAATH OT KPA€eB ero 00KIANI0K

(puc. 9.4, 6).

9.4. MpuHyKUN cynepno3avLMUKU Nonewu

Ilputoun cynepno3uiMu. Pe3yAbTHpYIOIAs CHUJIA, AeHCTBYIOIIAS HA TOYEYHEI
3apan () Co CTOPOHBI ABYX ADYTHX 3apAf0B (), H (), paBHa reOMeTpUYecKol cCyMMe
cui Fy 1 F, co cTOpOHE Kaxkaoro H3 sapamos () u (. Tax kak

Fi=QE n F,=0QE,
rie E, n E, — HanpsKeHHOCTH TIoJTeH, CO3MIaHHBIX 3apAiaaMu ) 1 @, TO

F= QE, + QE; = Q(E, + E,).

M3 aTor0 paBeHCTBa CileayeT, YTo TeoMeTpHiyeckyo cyMmy E; + E, Hano paccMartpu-
BaTh KaK pe3yAbTHPYIOHIYIO HAMIPSDKCHHOCTD MO B TOYKe A, I/I€ PACIOI0KEH 3apAn

@ (puc. 9.5).

F
E=6=E1+E2.

B aToM cocTonuT NPUHUUN HAROMNCEHUA, UTH CYNEPROIUNUU, noaeii.
Ecau none coanano nByMs 3apaaaMi ) 1 (B, To monyas sektopa E onpegeisierca
TI0 TeopeMe KOCHHYCoB (M. pHc. 9.5):

E = JE} + E? + 2E,E, cosa, (9.8)

rae o - yroa Mexay E, u E,.
B obmieM cayuae MPUHEIAT CYTEPIO3ANEH GOPMYIHPY-
eTcs TaK:

€CJIH B AaHHOH TOYKe IPOCTPAHCTBA Pa3jHYHbIC 3a-
pAKeHHble YACTHULI CO3AIOT NOJIA HAPIKCHHOCTSA-
M E,, E,, E; ¥ T. 1., TO pe3ypTHPYIOIIAA HANPSDKEH-
HOCTD TIOJISAl B ITOMH TOYKE PaBHA

E:E1+E2+E3+.... (9.9)

W3 mpuHU#ANa cynepIrio3ULHH [I0eH CAenyeT, YTo DU Ha-
JIOMKEHHM NIOTeH OHW He OKA3KBAlOT HUKAKOTO BAMSHAA IDPYT
Ha Apyra. bnaromapst npHHIMIY CYIEepRO3SHITMM JUIA HaX0XK-
AEHHS HAIIPSKEHHOCTH NOJIA CHCTEMbI 3aPSTKeHHDIX 4aCTHII




B JI0O0H TOYKE AOCTATOYHO 3HATD BhipaxeHue (9.7) ang @ ] .

HAMPAKEHHOCTH 11015 TOYEUHOI0 3apsija. p

Jdunons.* Cucrema, COCTOANIAA U3 ABYX OMUHAKOBBIX
110 3HAYECHHIO, HO PA3HOUMEHHBIX TOYEYHBIX 3apAa 0B, pac-
NOBOKEHHBIX HA HEKOTOPOM PacCTOAHUH | ADYI OT Apyra,
Ha3kBaeTCA aexmpureckum dunonem (puc. 9.6). Ot-

- . F.
pe3ok npsaMoli [, coeMHAIOIIIH 00a 3aps/ia, Ha3LIBaeTcA
OCBIO AU !

OcHoBHO¥ XapaKTepHCTHKONR AMN0A SBAACTCA €T0 1/ |
anexmpuneckuti (GUNOIbHBLL) MOMENM — BEXTOD, P
: gl |

L

! sino

YMCIeHHO PAaBHBIH NPOKH3BEeHHIO 3apAAa §) Ha Bexropl n
HATIPABJIEHHBIH OT OTPHLATENBHOIO 3aPA/Ia K 10/10KHUTEE-
HOMY:

p= QL (9.10) Puc. 9.7

Ecan AMmo/b NOMEeCTMTh B OTHOPOTHOE 3MEKTPHYECKOE 1T0JIe HAIIPSKEHHOCThIO E
(puc. 9.7), TO Ha KaK/BIH U3 €T0 3apSII0B AEHCTBYET CHJIa: Ha HONoXHTeNbHEH F, =
= +QF, Ha orpuuare;ibHnit F_ = — QF. JTH CHJbl PaBHB IO MOJIYNI0, HO TIPOTHBO-
OJIOKHBI 10 HaMpaBieHu0. OHU 06pazyIoT Mapy CHJl, TJIeY0 KOTOpOii paBHo [sin o,
CO371a10T MOMEHT maphi cua1 M. Bektop M nanpassien nepaeHZNKYAAPHO BEKTOPAM p
n E (na prc. 9.7 — x Ham). Mogyas M onpesensierca cooTHomenneM M = QElsino,
rae o — yro Mexay sextopaMi p U E.

B 0IHOPOAHOM 110J1€ MOMEHT MAPEI CHJ CTPEMUTCS [IOBEPHYTH AMIIO/h TAK, YTO0B!
BekTOpH p ¥ E 61K NapassienbHeL.

9.5. PaGora cHn 3NeKTPOCTaTHYECKOro nons

Ha sapsaa, moMenieHHbA B CTAIMONAPHOE {He H3MeHsIoMeecs BO BpEMeHH ) 3eKT-
pHYECKOe TOJIe, AEHCTBYET CUIIA, BCIEACTBHE Y€I0 BO3MOKHO MepeMeilieHie 3apaia.
fIpu mepemelliennH 3apAaa @ B 97€KTPOCTATHYECKOM MOJIE NOA AeHCTBHEM CHIBL  F
coBepiuaeTcs paboTa

AA=FAscosa= QFAscosu,

e As— MOIY/h BEKTOPA MepeMelleHus As; o« — yTom Mex- T -
Iy HanpapneHusMH BekTopos E u As. Ecan none oanopon- |
uo (E = const}, To cuna F = QF, pelicTBy0I1as Ha 3apa/ CO 2
CTOPOHR [OJIA, TAKXeE IIOCTOAHHA. B aTOM cayuae pabota

A = QFscosa. (9.11)

Ecnn nose HeOQHOPOAHO, KaK, HATIPUMED, N0Je TOYeTHO-
IO 3apsifia, TO HANPKEHHOCTD IT0JIA B Pa3JHYHBIX €0 TOYKaX
paznnyHa. YToOnl BEUMCTATS paboTy B 3TOM CJIy4ae, BbIsAC-
HHMM, 3aBHCHT JTH paoTa 37TeKTPHYeCKHX CHJI IIPH niepemMellte-
HHHE 3apa/a 12 ONHOH TOYKM I10Ms B APYIYIO OT (hOPMBL Ty TH.

IlycTe 3apan () nepeMellaeTcs 43 TOYKH [ BTOYKY 2B !
OHOPOJKHOM 3JIeKTPOCTATHYECKOM I0JIE HAUPSIXKEHHOCTLIO Puc. 9.6

.
=
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Y E (puc. 9.8). M3 Touks 1 B TOUKy 23aps/i MOXKET IIONACTD 110
PasAUYHBIM TPAeKTOPUAM, Hanpumep { —2u 1 —3— 2. Cpas-
HHUM paloThl CH TONSA B OOOHX C/IyYasx.

ITo dopmyne (9.11), pabora cun monsg Ha nyrn 1—2

A12 _ QE(“TZ - $1)’

Iy TAK KAK § COS 0 = I, — ;. PaboTa cun mosts na nytu 1 —3—2

! _ paBHA cymMe paboT Aqq 1 Ay, HO A3, = 0. Tak Kak BEKTOPbI

o I,=1, X  HampsKeHHOCTH U TlepeMelieHus B3auMHQ-Mepe /MKy asp-
Puc. 9.9 HEI H MX CKaJIsIpHOE [IPOM3BeAeHHEe PABHO HYJIIO, TO

Az = Ay + App = QE(z, — 1)

Taxum o6pazoM, Ao = A 30

Pafota cHA 31€KTPOCTATHIECKOrO 0 PH MepeMEIeHHH 3apsa He 3a8H-
CHT OT (POPMBI NYTH, & 3ABHCHT JHIIL OT B3ANMHOIO PACHOIOMKEHHS HAYAIb-
HOI M KOHeUYHOIl TOYEK TPAECKTOPHH.

IJTOT BBIBO ABJIAETCA CBOHCTBOM ROMEHUUATOHBIX nozeii. U3 nero Creayer
(puc. 9.9) eflie onHO 3aKIA0YEHHE.

Pa6ota, coBepuraeMasi B 3JIEKTPOCTATHYECKOM TT0JI¢ NI0 3aMKHYTOMY KOHTY-
PY; pasna Hyo (x, = ).

TIpu nepeMemeHHN 3apsA/10B HAMEHAETCSA HX B3aHMHOE PAcnojioKenne, 1o-
aTomy pabora, coBepmaeMas 31eKTPHYECKUMH CHJIAMH, B 3TOM CJTydae paBHa
H3MEHeHHIO OTEHIHANBHOIH DHePInH [epeMellaeMoroe 3apaaa:

A=—ATL (9.12)

IT0 yTBEPXKAEHHE CIPAREAIHBO KaK I OAHOPOAHOTO, TAK W A HEOJIHOPOAHOTO
nond.

Pa6oTta 31eKTPHIECKHX CUJT OTTAAKHBAHMS OJIHOMMEHHBIX 3aPAAOB HOJOKHTE/b-
Ha, €CJIN 3aPAIbI YAUTAITCA APYT OT APYTa, H OTPHIIATENBHA, ECTTH TTPOMCXOAUT COMH-
KeHHe 3apsai0B, PaboTa a/IeKTPHYECKHX CHJE IIPHTSKEHHS PasHOMMEHHLIX 3apSI0B

LIOJ0XKHTEABHA, €CTH OHH CONMMKAIOTCH, M OTPHIIATENBHA,
n eCJIH OHH YAAITIOTCS IPYT OT Apyra. Tak kak pabora a/iekr-
PHYECKHX CHJI BCeT/ia paBHA YMEHBIIEHHMK) TOTeHINAAbHOH
JHEPIHH, TO NOTEHIHANBHAS JHEPrUA OTTAIKHBAHHSA IPH-
G/IDKATOIKXCST APYT K APYTY OAHOWMENHBIX 3aPSA0B [HON0-
HKUTENIEHA M yBeTHyuBaercs (puc. 9.10, kpuras 1), Ecou xe
Y Pa3HOMMEHHDIE 3apAlbl YEAATCS IPYT OT APyTa, TO MO-
TEHIIMAJILHAA SHEPTHA NX MPUTSKEHUS OTPHLATENbHA H
T cTpeMMTCS K HYJO IpH ¥ — oo (puc. 9.10, kpisan 2).

2 [TorennuaabHas SHeprus 3apsifa B OAHOPOIHOM TIQJNE
CBA3aHA C HATIPAXKeHHOCTHIO 1107151 COOTHOINEHUEM
Il = —QEx (9.13)
rac r — KOOpAHHATA 3apsAAaa, €CIW cHHUTaTh, uTo II = 0 npu
Puc. 9.10 z=0.
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9.6. Noreruuan. PaaHocTs NOTEHLKANOB.
IKBUNOTEHLMANbHBI@ NOBEPXHOCTH

Horemiuan. Beibepenm B 271eKTPOCTATHIECKOM IIOJIE KAKY10-THO0 TOYKY 33 Hadalb-
HYI0 U 6Y/1EM BECTH OT Hee OTCYET IIOTEHIIHANBHON axeprud. s nepeMenienus saps-
I1a ¥3 HAYAJBHOM TOUKM B JIAHHYIO TOUKY [0S OpH M06oit GopMe TyTH JoIKHa ObITh
3aTpadeHa OjHA u Ta e pabota A (eM. 9.5). Orciona cieayer BHIBO

B mo6oit Touke Mo MoTeHIMabHasS dHeprus [1 3apsAaa MMCIEHHO PaBHA pa-
6oTe, KOTOPYI0 HEOOXOANMO 3ATPATHTD 1A EPEMENMIEHHS 3APSH/IA B HTY TOUKY.

[Mono6HO TOMY KaK [OTE€HUHAILHAS DHEPTHST B TTOJI€ CHA TATOTEHNS MPOTIOPLHO-
HANBHA MACCE TeJ4, TOTEHIHATLHAS JHEPIHS SMEKTPOCTATHIECKOTO 1103t IIPOIIOPLIH-
OHANLHA 3APATY:

IT=eQ (9.14)
Beavuuna
II
== (9.15)
T

Ha3bIBAETCS SACKMPULECKUM nomeHyuarom noas. Ona xapaxmepusyem no-
MEHUUATOHYIO FHEPZLIO, KOTNOPOU 00.1a0an 6bt NOAOHCUMENbHBITL eOunLY -
HbUE 3aPa0, ROMEWEeHHBIE 6 JAHHIYI0 MOUKY MO,

PasHocts noTeRn#anoB. s TOTO YTOOBI BEIYMCIUTS IOJIHYHO MOTEHIMATEHYIO
3HEPTHIO 3aPAa, HAZI0 HAWTH PaboTy CHII TOJIS IO TIEPEeMEIIEHHIO 3apaaa H3 A2HHOH
TOYKH TIOJIS B TOYKY, [/€ ToJIe OTCYTCTRYET, HapUMep Ha HeckoiedHo OoJblLIoe pac-
CTOSIHHE OT 3apFI0B, CO3AAKIMX MOTE.

B cootsercTBiH ¢ (9.12) paboTta cuA mosst MOXKeT BBITEH BHIYHCTIEHA Yepe3 pa3HOCTD
HOTEHUHMAIOB HAYATRHOM U KOHEUHOH TOUEK TPAeKTOPHH:

A= -All = —(T, - Th) = Q(¢; — ). (9.16)

Benuuuny (p; — ;) HA3HIBAIT PAIHOCHBIO NOMEHUUATOEB ITCKTPOCTATHYE-
CKOTO NoJisL. IToHsITHE pasHOCTH MOTEHIIHAN0B (MY HALIDSAKEeHHs ) [IPMMEHVMO JIHIIb
K JBYM Pa3JTHYHKIM TOYKAM IO

B CH pasnocts moTeH1IMan0B BoipaxaeTcs B gozvmax: 1 B =1 Jx /K.

Boavm — 3mo pasnocms ROMEHUUARO0E (FNEKMPUUECKOE HANPANCEHUE),
npu komopou nepemenyeriue sapsaoa 1 Kn conposoxcdaemen pabomoii 1 JTx.

IMorenuwnan SBasieTCA SHEPTeTHYECKOH XapaKTEPHCTHKON 3IeKTPOCTaTHYECKO-
IO IO/ M KaK CKa/ISIPHAS BeJIMYMHA MOXeT IPHHHMATE IT0NOXHTEeNBHEIE HIH OT-
puniaTeabHble 3HaueHud. Caeayer oOpaTHTh BHUMaHUe, 4TO PHUIHYECKUHH CMBICT
HMeeT Pa3HOCTh MOTEHIMAJNOB, TAK KaK Yepe3 Hee BHIpaxaetcs paboTa cuil mos
IO TTepeMelle U0 3apaaa. [oBopa 0 IoTEHHANE B A2AHHOH TOYKE I10JI4, BCEer/a IO/ -
pa3yMeBaOT Pa3HOCTDb MOTEHIKANOB, HMES B BUAY, YTO 0JHa U3 TOYEK BhibpaHa
3apaHee H HAXOJUTCS B «6eCKOHEUHOCTH >, Tak Kak 3HaYeHHe MOTEeHIFHAThHOH sHep-
CHH 3aBHCHT OT BBIOOPa HYJA€BOrO YPOBHA SHEPIHH, TO 3HAYEHHE [TOTEHIHAIA MO-
XeT OBITh ONMpeeaeHO JIMWb 10 OTHONIEHH IO K HEKOTOPOMY YPOBHIO, IPUHATOMY
33 HyJeBOH.
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Br16op Touky ¢ HyNeBBIM MOTEHIIHANOM O0OBIYHO ONMPEAENALTCA B 3aBHCUMOCTHU OT
ycnoemii 3anaun. IIpu pewrennu 3anay uesnecoo6pasHO MoAaraTb PaBHBIM HYJIO I10-
TEHIHAT 3eMIH, 3 He HeCKOHEYHO YAATEHHBIX TOYEK IeKTPHYECKOro nous. Buibop
HYJIEBOTO YDOBHS NIOTEHI[HaJIa He BANACT Ha 3HaYeHNe PA3HOCTH IIOTEHIHAIOB.

IIpu pewrenny 3agad 4acTo HeOOXOAUMO 3HATH MOTEHIIHAT ANEKTPOCTATUYECKOTO
MO TOYEYHOr'0 3apsiia ) B TOYKe, yAAJCHHOM Ha PacCTOSIHHE 1 OT 3apsjal

o=—2 (9.17)

dmeqr

3ta dopMyia CpaBeaANBa MPH YCAOBUH, YTO MOTEHIIHAT CTPEMUTCS K HYJTIO TIPH
T — 00.

@opmy:rolt (9.17) MOKHO MOIB30BATHCH M U151 ONIPEIeIeHHS IOTEHITHANA OIS
Iapa pagMycoM R ¥ 3apsamoM (), paBHOMEPHO pacrpesie/IeHHbIM TI0 €T0 TOREPXHOCTH
(r > R). BEyTpH mapa uMeeTcs IOCTORHHBIH IOTEHIHAI OIS, PABHBIH

Q@
= . 9.18
¥ ey R ( )

IKBHIMOTEHUHAILHBIE MOBEPXHOCTH. [padHUeCcKH 2JIEKTPHYECKOE M10JIE MOKHO
1300paXkaTh HE TOABKO ¢ TIOMOHIBIO THHHUIA HAMPSIKEHHOCTH, HO U C TTOMOIIBI0 3K8U-
NOMEHUUAIBHBIX ROGEPXHOCMEL — COBOKYITHOCTEHM TOUYEK, HMEIOIIUX OfKHA-
KOBHIH moTeHUuMan. Ilepecekasch ¢ IIOCKOCTBIO YEPTEXA, SKBHIIOTEHIIUATBLHBIE T10-
BEDXHOCTH [T IKEUNOMENUUATILHBIE TUNUU,

Hapuc.9.11 r10xasaHbl 9KBUNOTEHIHAILHBIE THHUH 10718 TOYEYHOTO IOA0KUTEAL-
HOTO 3apfAfia. BOKpYT 3Toro 3apsiza MOXKHO IPOBECTH DECKOHEYHOE MHOXKECTBO IKBU-
HOTEHIIHAIBHBIX JUHHH, 1X 9epTaT TakUM 06paszoM, YTo6H Pa3HOCTE MOTEHITHAIOB
AT ABYX JIIOOBIX COCEAHNX THHMIL OblTa oHa U Ta Xke (Hanpumep, 1 B). Takoe u3o06-
pakeHHe SKBUTIOTEHUMATBHBIX THHUI JaeT HATJIAZHOE IPeACTABIEHHE O TOM, KaK Me-
HAETCS Pa3HOCTEL MOTEHIINAMOB B JaHHOM IOTE,

Ha puc. 9.12 nokasaH yuacTOK 3KEMNIOTEHIMATEHOH JHHEM. B Touke ! moMeien
3apsn (). B omHOpoaHOM SaeKTpUYecKoM II0Je IlepeHeceM 9TOT 3apsaa ) Ha pac-
CTOSIHHE T U3 TOUKW | B TOMKY 2 BAO/TE AMHHW PABHOTO noTeHnuana ( @ = const).
B srom ciyyae pabota onpenensercs no gopmysie A = @Q(p; — ;). B To Xe BpeMs
A = Frcoso = QFErcoso; cnefoBatensto, Q(p; — ;) = QErcoso, Tax kak ¢ = const,

t
l
!
|
|

Puc. 9.11 Puc. 9.12
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TO @ — 4, = 0 (MeBas 4acTh ypaBHEHUS PABHA HYJTIO, & CJie40BaTEAbLHO, H NpaBas YacTh
no/pxHa 6BITh paBHA Hy1o). Tak Kak @, zu E He MOTyT G5ITh paBHEBL HY.II0, TO cos o = 0,
T.€. o = 90°, 0TKyAa ceqyer BHBOI;

I BEKTO HANMPAXKEHHOCTH JNEKTPHYECKOTO Hoan E Beerna nepnesguxyaspeH
MOBEPXHOCTH PABHOIO HOTEHLHANA.

OTMETHM /IBa BasKHBIX CBOHCTEA S9KBUTIOTEHITHATBHEIX HOBEPXHOCTEM;

1) B Kax 0/ TO'Ke DKBHIIOTEHIHATLHOH NOBEPXHOCTH BEKTOP HANPAKEHHOCTH
NoJiA NepeHAMKYAsPet eii H HallPaRIeH B CTOPOHY YOMBauus NOTEHIMANa;
2) pa6oTa no NepeMenieHHIO 3aPANAA B0 IKBHIOTEHIHATBHOH IOBEPXHOCTH
PAaBHA HYJIO.

I/ICXOI[H H3 CBOHCTB IKBHIIOTEHIHAIBHDBIX HOBerHOCTeI‘;I MOKHO II0 H3BCCTHOMY
PacHOIOKEHHI0 JKBHIIOTEHNUANBHEIX TOBEPXHOCTEH B KAX/I0H TOYKe NS onpese-
JIHTH HallpaBJICHHE BEKTODA HATTDAXKEHHOCTH WM 110 U3BCCTHOMY PacioNONKEHHIO JTH-
HHiT HAIPAXKCHHOCTH MOCTPOMTh IKBUNOTEHUIMANbHLIE MOBEPXHOCTH.

Ecin anexTpuyeckoe nmone 06pasoBaHO HECKONBKMMY 3aPsIIAMH, TO IOTEHITHAI B
Kakoi-1100 TOYKe N0/ paBeH anreGpanvecKoi CyMMe NOTEHIIHANOR, CO31aBaeMblX
KXK/IHIM 3apAOM:

=9t et et (9.19)

9.7. CBA3b MeX1y HaNpPMKEHHOCTLIO H Pa3HOCThIO NOTeHLWanoB
3NeKTPUYECKOro Nons

IJIeKTpHIECKOe MO HMEET /IBE XaPaKTePHCTUKH: CHAOBYK (HANPKEHHOCTh E)
M JHEPreTHIecKyIo (TTOTeHIHAN ). HanpskeHHOCTH U MOTeHUHA — PasIH4HbIE Xa-
PAKTEPUCTUKH OIHOH H TOMH e TOUKH HOJS; CIe0BaTE/ILHO, MEK/AY HIMH JOJIKHA
CYILECTBOBATEL OAHO3HAYHAS CBA3b. ‘

Ecan n3BecTHO pacnpefeneHie NOTEHIMANA, T.€. €T0 3HAYEHUE B KaXI0H TOUKe
T0J151, TO MOKHO HaMTH M HANPSAKEHHOCTH 3TOFO NOMA B KAXA0H Touke, PaccMoTpuM
paboTy TEKTPHUECKHX CHJI B OAHOPOAHOM [IOJIE NPH MepeMeIeHUH TONOKITeAbHO-
ro 3apsiia U3 Touyxy I B Touky 2 (puc. 9.13):

A= QFEArz, (9.20)

rae E, — npoexus sextopa HanpsxenuoctH E na ock X,
C mpyrofi cropotisi, 31y padoTy MOXKHO BBIPA3HTh YEPE3 Pa3HOCTH IIOTEHIMAIOB Ha
KOHLaX 0Tpe3ka Ar:

A= Qlpy — p) = —QAy, (9.21) E

|

!

rae Ag = (2 — ¢1)- i
IIpupaeuas npassie yacti Gopmya (9.20) u (9.21), no- !
ayauMm QF, Az = — QAyp, oTKYia ] o :
E

5 A Az % E, X
! Az’ Pne. 9.13



AHATOTUYHO,

CaexoBarenbHO, 3HAS HATIPAXKEHHOCTD MO B KAXK/TOH TOYKe, MOKHO BEIYHCTHTD
Pa3sHOCTH MOTEHHUAIOB MEXY JIIOOBIMU TOYKAMM.

B cayuae 0IHOPOAHOTO IO, HANPHUMED ITOJIS TIIOCKOTO KOHAEHCATOPA {CM. PHC.
9.4, 6) Moay/Ih HANPAKEHHOCTH ONpeAeaseTcs o gopmyie

E=f1"% 9.22)
d
raie d — PACCTOSAHUE; {4p; — \Py) — PABHOCTD [IOTEHIMAIOB MEXKAY OOKIaIKaMK KOH/EH-
caropa.
PasHocts noreHmanos (sexrpryeckoe Hanpsikenue) 8 CH BeipaskaeTca Bgotn -
max (B); HanpaXeHHOCTh DIEKTPHYECKOTO NIOJIA, B COOTBETCTBHU ¢ (9.22), — mrostb-
max na memp {(B/m).

9.8. IM3NEKTPUKH B INEKTPHYECKOM None.
Monsapu3aumua AN3NEKTPHKOB

HMuanexrpuxu. Juanexmpurxamu Ha3bIBAIOT BellleCTBA, He TPOBOAANINE 3eKT-
puyeckoro Toka. Tepmun «amasiextpuks» 6ot BBeaen M. Dapaaeem wist 0603HAYCHUS
CpefBL, B KOTOPOH MOXKET B OTJIMYHE OT METAAOB JUTHTEALHOE BPEMA CYIIECTEOBATD
ANMEKTPUIECKOE TIoe. JHaMeKTPHKH MCTIONB3YIOT AJIST H30JALMH dIeKTPUYECKHX 11e-
nel, a TaKoKe 1% COOOMIEHHS 3MEKTPHYECKHM YCTAHOBKAM OCO0BIX CBOHCTB, 103BO-
TAOIMX 60Iee NONHO UCI0AB30BATh 00BEM H MAaCCY MATEPHAJIOR, H3 KOTOPBIX OHH
H3TOTOBJIEHEL. [ HanekTpUKaMu MOTYT OBITh BEIECTBA, HAXOAALIMECS B IIOOOM H3 TPex
arperaTHbIX COCTOSHHIL rascobpasnoM (a30T, BOAOPOK), XUAKOM (IPOAYKTH HedTe-
nepepaboTkH), TBepaoM (aHTapb, dapdop, KBapir).

0 B naeaJsHOM AH3AEKTPHKE HeT CBOGOAHBIX 3apAN0B.

Brewrnue 31eKTpoHBI ATOMOB IM3AEKTPHKA KPEIIKO ¢BA3aHH ¢ aiapaMu. [Ipu sBHyTpHaTOM-
HOM paceTostHuu nopsaka 10710 M gase 21eMeRTAPHBIN SACKTPIIECKNI 3apan CO3aeT Noje
HaMpaKeHHOCTLIO

e 1,6-1071 Kn

E = =
dmegr?  4-3,14-8,85.1002 K1-B1-m - 10® v

=~ 10" B/m.

10 3HaueHde NouTH B 10 000 pa3 Goublile, 4eM AOCTUTHYTHE B HacToslee BpeMsa (107 B/wm).
Y Bce-Taky ecnM AH3MEKTPHK BHECTH BO BHENTHEE BAEKTPHYECKOE 110J1€, TO THIAEKTPHK Ipe-
TEpIEBAET CYIIECTBEHHEIE HIMEHEHHST, YTO OOBACHAETCA MOJEKYISPHEIM CTPOEHHEM HANEK-
TPHKA.

Besikad MOJIEKyJIA pe/icTaBasieT coBoit CHCTEMY ¢ CYMMApHBIM 3apA/IOM, DABHEIM
HYK}. OII,HEHCO MOTCKYJIB] 06ﬂaﬂaIOT INEKTPHICCKAMHA CBOMCTBAMH H HX B NMEPBOM
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OPHOIMKEHNH MOXHO PACCMATPUBATL KAK 3IEKTPHUECKHE M-
noju. [lomoxurenbHEIl 3apsaA IMNOAS paBeH cyMMapHoMy 3a- | @ip & @
PARLY Alep U HOMEINEH B <LEHTPe THXECTH» II0JH0XKUTEeNbHBIX
3apSAZI0B; OTPHIATENbHBIH 3apsAf paBeH cymMapHoMmy sapsiny | D €& @D
3NEKTPOHOR M MOMEIEEH B <I[EHTPE THXECTH» OTPULATENEHBIX

3apAN0B. @ <> &
.—._._‘_‘_‘_"‘—‘—r‘__-‘—‘_
BhizesIA0T TPU IPYIIHb IU3/1eKTPUKOR,
E,

1. HeiiTpanbablie, HENOAAPHBIE, NHIAEKTPHKH, HMEIOT
CHMMETPHYHOE CTPOEHHE MOJEKYI. Puc. 9.14

[TeHTphI TAKECTH NMOJIOKHTEIBHEIX H OTPMHATENEHDIX 3aPA/I0B B OTCYTCTBHE BHEII-
HEro AeKTPUUECKOTO OIS B HUX COBMANAIOT; CIEIOBATENIbHO, TAKUE MOJIEKY/IHI He
061aAA10T COGCTBEHHBIM AMIIOJIBHBIM MOMeHTOM. K HenQusspHbIM AM3IeKTPUKAM OT-
HocsTes Herson, napaduH, TONUITHIeH, propomtact, H,, O, N, 1 AD.

2. lunoXbHBE, NOJAPHbIE, THITEKTPHKH HMeIOT AaCHMMETPHYHOC CTPOEHHE
MOJIEKYJI, UTO IPHBOJNUT K HECOBNAICHHIO NEHTPOB TAKECTH NOJIOKHTEIbRBIX
H OTPHINATEIGHLIX 3apA0B.

Mounekyiia nmpeacTaBiisieT B 9TOM CJAYYae KeCTKHH AUIONb, JIeKTPHIECKHH MO-
MEHT TAKOTO JUTIOJN { INNOMBHbIH MoMenT) ecTh p = Q1 (cm. puc. 9.6). IIpu oTcyT-
CTBHMH BHEUIHETO [10/iA AHIIOJbHEIE MOMEHTH MOJIEKYJI OPHEHTHPOBaHbI Xa0THIECKH
H HX CYMMAPHBIA AUIIOAbHEIN MOMEHT paBeH HyM0. K MOAPHBIM THINEKTPHKAM OT-
HOCATCS (heHOM, HUTPOOEH30 H Ap.

3. Kpucramueckue, ciabononapHble, IM3IEKTPHKH XapAKTEPHIYIOTCH HOH-
HOM CTPYKTYpoOil.

K uum orrocarcs NaCl, KCl, CsClu ap.

Toaapusanus. [Ipu nomMemeHUn IU3IEKTPHKOB BO RHEIITHEE 3K TPUYECKOE I1071e
MPOMCXOINT TMPOLECC WX MOJAPU3ALKA. SAeKMPULLCKOY NOAAPUIaUU St HA3bI-
BAIOT 0cOO0E COCTOAHUE BEIECTBA, IPU KOTOPOM JI€KTPHYECKHA MOMEHT HEKOTOpO-
1o o0beMa 9TOr0 BEHIECTBA He PABeH HYJTIO,

B pesyasTare NojisipH3AIMK HA TPAHAX THANEKTPHKA TOABISIOTCS 3apsAAb, He
KOMIIEHCUPOBaHHbIE COCEIHMMH AUMOAAMHI. JTO IPUBOAUT K TOMY, 4TO Ha OJHOH
€ro NOBEPXHOCTH BO3HHKAIOT [I0J0MHTENPHBIE 3aDAAE], a4 Ha
Ipyroii — orpHuuaTensHble (puc. 9.14). JTy afeKTpHYeCKHE 3a-
PSLABI HABLIBAIOT CEA3AHHDIMU.

- +

Casi3aHHbIE 3apaabl MPHHALIEKAT MOJIEKY.IaM AHD/IeKT-
PHMKA H He MOTYT OBITb YAQJEHE! C €T0 IOBEPXHOCTH.

Ef
IIpu BospacTanuy HANPKEHHOCTH BHEIUHEIO IO GpHeH-
TalMsl IEKTPIYECKHX MOMEHTOB JIHI0JIed elre 60ee yrmopsiao-
YHBAETCS. _"_E"'
Hanpsixennocets snexrpudeckoro moast EY, cospasaemoro ¢
CBA3AHHBIMY 3apslaMy BHYTPH AHIJIEKTPHEA, HAIIPAaBJAEHA NPO- Puc. 9.15
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THBOMOJIOXKHO HAPSKEHHOCTU BHELTHET O, TOAAPH3YIOETO ANINEKTPHK 3ACKTPHYEC-
koro nona E, (puc. 9.15). HanpsokeHHOCTD CyMMapHOTO TIOS BHYTPU JMSJEKTPHKA
E = E; + E’. PeayanTupyomas HAnpaxeHHOCTh E N0/ 3aBHCHT OT 3IeKTPHYECKHX
CBOMCTB CPeJbl, OHA MPOTOPIHHOHANBHA TPIJIKEHHOH K TUIAEKTPHKY HAPSKEHHO-
ctu E; BHenInero nos:

p-2 (9.23)
€

E
HAusnexmpuneckas nporuudemMocms = = —E@- CPeAsl NOKa3LIBaET, BO
CKOJNBKO Pa3 HATIPAKEHHOCTD TTOJIA B BaKyyMe OoJibille, YeM B JHITEKTPHKE. ITO
BeIHYHHA Ge3pasmepHas. JusieKTpHYECcKas POHMHAEMOCTh HEKOTODBIX BELIECTB
npusegea B tabua. I1.13 (cM. mpu,).

9.9. MpoBOAHUKY B INEKTPHYECKOM None

[IpoBoaHAKH B DAEKTPHUYECKOM Noe, B 3aBUCHMOCTH OT XapaKTepa BO3ACHCTBHA
3JIEKTPUYECKOTO 110151 Tela NOAIPA3/ICTsIIOT Ha IPOROAHWKY, MIEKTPUKH H MTOJIYIIPO-
BoHUKY. CBOHCTBA TeJl # MOBEACHHE HX B 9ACKTPUUECKOM NOAE OTPEJENAITCS CTPO-
EHHEM H pPaciooKeHUeM aTOMOB B Teaax. B cocTap aToMOB BXOIAT 37€KTPHYECKH
3apshKeHHbe YACTHIIBL: MOAOKHUTETbHBIE — MMPOTOHDI, OTPHITATETBHBIE — JIEKTPOHBL
B HOpMAIhHOM COCTOSIHME ATOM FICKTPHYCCKH HEHTPAJEH, TaK KAk THCJIO TIPOTOHOB,
BXOJSNIHX B COCTAB A/IPa aTOMA, PABHO YHCAY 3IEKTPOHOB, BPAILAICIHACA BOKDYT
Aapa 1 00pa3yIoIINX «3NEKTPOHHbIE 000M0UKH» aTOMa. DJIEKTPOHDbI YAECPKHBAKTCA B
aTOMée CHJIAMH 2/IEKTPHYECKOTO APHTSKeHHs K Aapy. OHaKo B METAANAX H3-34 0CO-
OeHHOCTeH UX CTPOEHUs [IPY BHELIHEM BO3ACHCTBUH 2JICKTPOHbI IETKO MOTYT OBITh
YAQTCHN 33 TIPEJETBI <CBOErG» aTOMa M CBOOOHO [IePEMELIATHCS 10 TEX HOP, H0Ka He
OyayT 3axBadyeHbl KAKHM-THO0 JIPYTHM aTOMOM. DJIEKTPOHBL, HOTEPSBIIHE CBA3b CO
CBOMM ATOMOM, HA3BIBAIOT C80G00HbIMU. X ABIDKEHHE HMeET XaoTHYCCKHIH Xapak-
TEep M 3aBHCHT OT TeMIIepaTyphi. YeM Bblille TeMIIEPaTypa, TeM OOJIbIIe CKOPOCTh ABH-
KEHHsI CBOOOTHBIX 3MEKTPOHOE. B METANIMYECKHX TPOBOHIKAX KOHLEHTPAllK:A CBO-

foaubIX anekTpoHos nopaaka 10%° m—3, /IBuxkenne Takux
3JIeKTPOHOB aHANIOTHYHO TEIIOBOMY ABHAKCHUI) YACTHIL Ta34,
€' moaTOMy COBOKYITHOCTh CBOGOAHMIX 3IEKTPOHOB HA3BIBAIOT
BREKMPOHHBIM ZA30M.
Ecnn Metannuyeckuil MpoBOJHAK MTOMEINEH B 9JeKTPH~
JecKoe [10Jle, TO HA Xa0TH4eCKoe ABWKEHUE IIeKTPOHOB Ha-
KJAALIBAETCA YHOPAAOUEHHOE IBHXKEHHE B HATIPABECHHH,
IPOTHBOTIONIOAKHOM HANPAKEHHOCTH ntond. Takoe IBUKeHUe
EKTPOHOB Ha3bBaOT apetighom. Ha puc. 9.16 npeacras-
JieH TIPOBOJHUK, TOMEINEHHBIH BO BHEIHEe OJHOPOIHOE
anexTpHyeckoe none E,. llox geficTBHeM oA 371eKTPOHB
D nepeMemaiorcd B HallpaBieHHN NOBepXHOCTH A B. B pe3yis-
—_— TaTe HA IOBEPXHOCTH MPOBOAHNK2 A B BO3HMKAeT H30BITOY-
HEIf OTPHIATEALHBIH CBOOOIHBIE 3apsift, HA IOBEPXHOCTH
Puc. 9.16 npoBogHuka CD — H30BITOYHLIN NONOKUTENLHEINA 3apsil.

A
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SIBienne mepepacnpeneseHns 3apajoB BHYTPH IIpO-
BOAHHUKA NOJ AeHCTBIEM BHEIIHErD 37€KTPUYECKOro

TIOJs1 HA3BIBAETCS AAEKMPOCMAMULECKOU UH - \
oyxuueti. 3apsybl, MOABISIOUIHECS] HA TOBEPXHOCTH
TIPOBOJIHUKA, HASLIEAIOTCS HZEeOeHHbIMIL, HITH 1H -
dyuyuposannvimu. llepepacupenenenne 3apsaoB /
BHYTPH HPOBOHHMKA IIPOMCXO/IUT 10 TEX NOP, TIOKa Ha-
TIPSKEHHOCTE BHETTHETO [0S He CTaHeT PaBHOM Hpo-
THBOIOJIDAKHO HATPABICHHOR Hanps:keHHOCTU E nosis

HHAYLMPOBAHHEIX 3apAa0B. B aToM cnyuae |Ey| = | B, K anexrpiye-
T.€. HAMIPAKEHHOCTh Pe3yIBTHPYIOIIErO 018 DAaBHA CKGH MAIlHHE
HYJI0, ¥ YIOPSIAOUEHHOE JBIKCHHUE 3aPSIA0B B IIPO- Puc. 9.17

BOJJHHKe TIpeKpaniaeTcd, T. e. HACTYAeT PaBHOBECHE.
[pu paBHOBECHA 3aPAA0B Ha TTPOBOJHHKE MTOTEHITHA BCEX €T0 TOYEK ofuHaKoB, Cre-
ZIOBaTeNBHO, 8 CAYUAE PABHOBECUSL 3APAT08 NMOBEPXHOCTTL NPOBOOHUKA JK -
BUNROMEHUUANBHA.

JJeKTpocTaTHYECKas 3alMTa. ECau MPOBOAHMKY COOOUINTE HEKOTOPBIHA 3apaj
@, TO OH pacIpe/IeTHTCA TAK, YTOOH COOMOAANOCEH YCIOBHE PABHOBECKS, T. . HUTTIe
BHYTPH [IPOBOTHHKA He GyAeT M30BITOYHBIX 3aPsLI0B, 4 BCE OHU PACTIONOXKaTCs THo Ho-
BEPXHOCTH IPOBOAHHMKA € HEKOTOPOH TIIOTHOCTBIO ¢ (IJIOTHOCTBIO 3apsA/la HAa3bIBAIOT
oTHomeHHe @/S, rae § — MIOMaKs MOBEPXHOCTH MPOBOMIHNKA). M30BITOMIIBLIA 3apsil
Ha TI0ZIOM MPOROTHHUKE PACITPENEIALTCS TaK ke, KaK ¥ Ha CIVIOIIHOM, T. €. 10 €T0 Ha-
PYXKHOH NOBEPXHOCTH. 3TOT BBIBOA OB HATIAHO OpoaeMoHcTpupoBan Mapageem,
IPOU3BEAINIHM CIEAYIOUIHE OMBIT, ECAM W3rOTORUTE 3aMKHYTLIH IOJBLH TIPOBOAHNEK
13 NpoBoJioYHON ceTku (puc. 9.17) B Bune kieTkn (kretka Qapanes), yKPenuTh €ro
Ha M30JHPYIoNeli HoACTABKE H TOIBECHTD HA €70 BHYTPEHIIEH H BHELIHEH 110BCPXHO-
ctH GyMasKHbIE TOAOCKH, BRITIOTHSIOUINE POJIb 37IEKTPOCKOLIOB, TO IIPH 3apsiiKe KaeT-
KM € IOMOLIBIO 3AeKTPodHOPHOI MAIIKWHBL OTKIOHATCH JIHIED HAPYKHBIE THCTOUYKH.
JTO CBHIETENBCTBYET O TOM, YTO AeKTPHYECKOe [oJie BHYTPH KJIETKH OTCYTCTBYET.
Taxum 06pazoM, TPOROAATIAA TIOBEPXHOCTE HAZIEHKHO 3aINALIAET Ty 00IaCTh LIPOCTPAH-
CTBa, KOTOPYIO OHA OKPYKAET, OT JeCTBUS /IeKTPHYECKOTO 101, Takue nosepxHoc-
TH HCHOJIb3YI0T B KAYECTBE 3JIEKTPOCTATHUECKOH 3aIlIHTHI.

9.10. KoHaeHcaTopbl

daexTpuyeckan eMKocTb. OUbITHBIM IyTeM GBIIO YCTAaHOBJIEHO, 4TO ecyid hopMa
H pa3MepHl YeIMHEHHOIO NPOROAHIKA He MAMEeHSIOTCA M 0CTacTCA HeM3MeHHOH cpelia,
B KOTOPOH HAXOHTCS MPOBOHUK (HANDHMEp, BO3AYX ), TO 1IDH yBelHYeHuy 3apsiia )
Ha MIPOBOAHUKE NPOUCXOZNT NPONOPIHOHAIBHOE EMY BO3PACTAHME OTEHI[HAMA TIPO-
BOAHHKA;

Q= Co. (9.24)

Koadpdumment nponopuponatsHocTd € = (/¢ HASBIEAETCSA SIEKTPHUECKOH eM-
KOCTBIO. IACKMPULECKAR EMKOCTD (eMKOCME) NIPOBOANHKA HJTH CHCTEMBI IPO-
BOJTHHKOB €CTh (DM3HIECKAA BETHYHHA, XAPAKTEPUIYIOLIAA CIIOCOOHOCTD IPOBOTHUKA
WM CHCTEMBbI IIPOBOIHHUKOB HAKAIITHBATE SMEKTPHYECKHE 3aPS/IHL.

191 I



B ofiieM cirydae eMKOCTh 32BHCHT K2K 0TCPedbt, 8 KOMOPOoil Haxooumcs npo-
B00HUK, TAK H OT PACNOAONCEHUS OKPYNCAIOWUX €20 Me, HO HE 3aBHUCHT OT
3Ha4YeHUA co0BIeHHOTO eMy 3apsAja M €T0 IOTEHITHATIA.

B CH egunuuelt snexTpiieckoi eMKOCTH siBnsierca gapad (D).

Dapad — emKocmb MAKOZO NPOBOOHUKA, NOMEHUUAL KOMOPOZO UIME-
usemcs Ha 1 B npu coobwetuu emy 3apsda 1 K. I1a eAMHUNA BeCbMa BeJIMKA.
Hanpumep, eMKOCTE TaKOTO TPOBOAHHKA, KaK 3eMJIs, BCETo AU opaaka 7-107* O,
IIO3TOMY VIS NPAKTHYECKHX Hesel MCHOAb3YIOT A0 bHbe eauHuin: 1 MxD = 107° @,
18D =10 D, 1 ud =102 D.

JLIsL IpHMepa PACCUHTACM SACKTPHYSCKYK) €MKOCTD YeIHHEHHOTO IPOBOIHHKA, HMEIOINero
thopmy ceprl. I1o onmpenenenmio, C = @/ . IloTerma cthepHuecKOT0 IPOBOIHNKA, HMEIOIIE-

. Taxum 06pazomM, eMKOCTD ye/ITHHEHHOH

TO paguyc R, Ha ero NOBEPXHOCTH DaBeH =

coepwt dmeof?

C= 41TEUR.

DAeKTPHUECKAA €MKOCTh (MPOBOAHHKOB APYTOi GOPMH BEMHCISIETCS GoJlee CI0KHO. Ecan
MPOBOIHUK TOMECTHTE B AH3NEKTDHK, OTHOCHTEMTBHAS TUIEKTPHIECKAS [IPOHHIIAEMOCTD KO-
TOPOTO PDABHA £, TO €0 EMKOCTh B03paCTaET B £ pa3.

SﬂemquECKaﬂ EMKOCTBH HE 3daBHCUT OT MAaTEpHAJIA IIDOBOAHHKA U OT HAaTH4YHA HDﬂDCTBﬁ
BHyTpH er0. Ilo ropmy.ie anekTpiyeckoil eMKOCTH HPOBOAHHKA, uMermero dropmy cdephbl, MOX-
HO BEIMHCJIHTH EMKOCTH K4K [HOMKIX, TAK H CILTOUIHBIX METALIMYECKUX HIAPOB, IOMEIEHHBIX B
CPEIy ¢ IUMICKTPUYECKOH NPOHUITAEMOCTBIO £

C = 4dneg R,

Konpencaropst. Ussectno, uto B 0011eM Ciydae eMKOCTh TPOBOAHUKA 3ABHCUT OT
cpesibl, B KOTOPOH OH HAXOAWTCS, ¥ OT PACHOJIOKEHNUs OKPYKAIOMMK €10 NPOBOAHH-
k0B, CHCTEMY IPOBOJTHHKOB, EMKOCTD KOTOPO He 3aBUCHT OT DACIIOJIOXKEHHS OKpPY-
KAUIOMUX TeJ, HA3BIBAIOT Kondercamopom. KoHeHCaTope — 3T 0OBIYHO CHETEMA
M3 ABYX POBOAHUKOB, HABHIBAEMbIX OOKAAOKAML M PA3AETCHHDBIX A¥3JEKTPHKOM,
TOMI[UHA KOTOPOTO MaJa 110 CPABHEHHUIO ¢ Pa3MepaMH 06K1anoK. OOKIaIKy KOHAEH-
CaToOpa PACIoNaranT TaKuM 00pa3oM, YTOOHI I0JIe, CO3/aBaeMoe 3apSANaMH, HaXOAA-
IWHMACA Ha 00KIaAKaX, OBLUIO COCPEIOTOYEHO B IPGCTPAHCTBE MEXKAY HUMH,

INEXMPUHECKAN eMKOCTL KOHOEHCQMOPa ONPeOenAemcs €20 2eoMem-
PUet u CUINEKMPUUECKUMU CBOUCTBaMU CPedbL, IANOTHAIOULET NPOCTPa -
cmeo mexncoy obxaadxamu. [lpu 3apsiike KOHAEHCATOPA Ha ero OOKIANKAX MOAB-
JIAIOTCSA 3aPA/AbI, OMHAKOBBIE 10 3HAYEHWIO, HO [IPOTHBOIIC/IOKHBIE N0 3HaKy. PasHocTb
TIOTEHI{HATIOB MEXAY OOKIAIKAMI H3MEHIETCS MPONOPIMOHATBHO 3apany [cM. (9.22)].

[Ipocrefinmy sIBASIOTCS IIOCKHE KOHAEHCATOPL — CHCTEMA ABYX MIOCKOTApaI-
JIe/THBIX TPOBO/IANINK IIACTUH — O00KJIA/IOK, PA3HEIEHHBIX ANIEKTPUKOM. EMKOCTD
TJIOCKOTO KOHIEHCATOPa BEIYUCIALTCA 110 hopMyRe

= iﬂjﬁ (9.25)

rae 55— JIoMajab 06KJIEII[OK KOHAEHCATOPA, d— pPaccTOAHHAE MEXKIY OﬁK.HaI[KaMH; £ —
AU3TEKTPHYECKAS TTPOHUUAEMOCTD CPEbI, 3aIIOJHAIOMEH HPOCTPAHCTBO Mex Ay 06-
KJIaaKaMH.
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Coenunenne KoHAeHCATOPOR. /|15 TONYIEHNA 30 JAHHOTO 3HATEHUS EMKOCTH KOH-
AEHCATOPBI COENMHAIOT B famapen. Pa3miya0T ABa BHIA COEAMHEHHI ApaL/IeNh-
HOE€ M HOCe/I0BaTelbHoe.

Ilpu napanreavsHoM coeduneruu KOHICHCATOPOB COEJIMHIIOT UX OJHOMMEH-
HO 3apsikeHHbie o0kaaaky (puc. 9.18, a). [Ipu srom obuiui 3apsazs Oarapen

Qoém = Q] + Qz + Q3
Ho rak kak @ = U, gCl, Q= UypCh, Qs = UypCs, 10
Qoo = Uap(C + Gy + G).

Emxoctb Takoi GaTapen

oty
Oy = ~200
obu UAB
HITH
CO(JU: = Cl + CZ + C3 + P (9.26)

[MTpy mapaiiesbHOM COeMHEHNTE KOHAECHCATOPOB EMKOCTD DaTaped paBHa CyMMe
eMKOCTEH, BKIIOUEHHBIX B Hee.

[Ipn nocaredosamenbiom coeoureHul KOHIEHCATOPOB COSTHHSIIOT Pa3Ho-
UMEHHO 3apspkeHHBbie 00Kkmanxn (puc. 9.18, 6). [lpu oToM 3apsia Garapen

Q06m= Q= Q=@

Hanpsoxernne Meskay ToukaMu A 1 B

Ql Q2 QS
Usg =U +Uy, +Uy = = G
AB 1 2 3 C Cg 03 abm

1+1
MR

OTcrofa monyyaeM, 4To TPH TTOCeI0BATENbHOM COeJUHEHHH KOHAEHCAaTOPOB eMKOCTh
Gataper pacCUMTHIBAIOT 110 GOPMYyIe

1 _ U_4B
Coﬁr.u Quﬁm
HIn
to_1 1,1
Cow C G G | (9.27)
Jrncl
A T, |B A _.C_Cp Cy B
L=z Iy
-|-=;C’3 v v, U
I |
a 6
Puc. 9.18
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B cay4ae n KOHAGHCATOPOB OJIWHAKORBOH EMKOCTH IeKTPHYECKAst eMKOCTh Gara-
peH TIpH naparesnbHoM coeauHenn Cy, = nC. IIpH mocaeoBaTeTkHOM COENHHE-
1Ml Cusy = C/n

9.11. JHeprua 3apaKeHHOro KOHgeHcaTopa

Ecin 00KnaaKku 3apsykeHHOrO KOHAEHCATOPA 3AMKHYTh METATTMMCCKUM TTPOBOA-
HUKOM {puc. 9.19), 10 110 Tenu mofijgeT 3MeKTpUYecKlil TOK, TaMIIOYKA 3aTOPUTC U
6yReT ropeTh 1o TeX TOop, 10Ka KOHAEHCATOP HE PaspsaAMTCa. DTO 3HAYMT, UTO 3apsi-
JKEHHBLIA KOHIEHCATOD 001ajaeT sHepruei. [LTst BRHCTEHUST SHCPTUHM 3aDAKEHHOTO
KOHEHCATOPA CHAYATA PACCMOTPHM YEAMHEHHLIH He3APSDKEHHbI TIPOBOJHUK.

ITepexeceM 3apsit () MHOTOKPATHBIMH TOpUAAMH A Q) 13 OeCKOHEYHOCTH HA IPOROJT-
HUK. 1p1 aTOM HCOBXOAMMO HPEOOFETH CHTLT OTTATKWBAHNS, ACHCTBYIONHMC MEXAY
BHOBb IIEDEHOCUMO Topyed 3apaza A () ¥ yxe HAKOITMBUTHMCH 3apsJ0M HA TOBEpX-
HOCTH TPOBOAHKKA. [TepeHoc ouepeaHO IOPTMH sapsiial (13 6eCKOHEYHOCTH Ha TTPO-
BOZAITHK M3MEHSTET ero MoTcHImaT Ha Ay. Tak kKak MPOBOAHWK paHee ObIT He 3apsKCH,
€10 IePBOHAYA/IBHEIA OTEHTMAT paBed Hy 0. Ecnnp — KoHevHEIH MoTeHIHAT, TO cpeq-
Hee 3HAUEHHE MOTeHIHAAA cocTaBuT /2. Pabora, KoTopas coBepiraeTcs IPOTHB CHII
TIOJIA TIPH COOOUTEHAH NIPOBOAHMKY 3apiia () H HOTEHLHANIA @, ABJIAETCH Mepoil sHep-
THK 3apsDKeHHOTo npoBo/nuka, (OHa MOXeT ObiTh BRMUNCAeH 110 dhopMye

a9
2

Ecmu MpoBOIHUK He HAXOAUTCS BO BHEIHEM JIeKTPHYECKOM N0Je, TO 9Ta paboTa
XAPAKTEPH3YET COOOMEHHYIO MOTEHUATEHYIO SHEPTHIO B3AUMOAEHCTBH A 3apsA10B, Ha-
XOAAIMXCAH Ha MPOBOXHHKE!

2

L= (9.28)

Tak Kak &) = (', rae ¢ — eMKOCTh IPOBOAIIHKA.

Ecian uMeeTcs cucTeMa [IBYX 3apsKeHHBIX POBOIHHUKOB (KOHIEHCATOD), TO ROJI-
HAA IHEPZUSL CUCMEMbI PABHA CYMMe COOCTBEHHBIX SHEPrHi MPOBOIHIKOB H 9HED-
'y MX B3aUMOeCTBHS:

HZQMw%{mmH=EE5Ei, (9.29)

2 2

rae ¢ — 3apg/ oAuoil u3 0OKAAA0K KoHjteHcaTopa; C — eMKOCTb KOHIEHCATOPa; ;, H
¢y — TIOTCHIMATHI COOTBETCTBYIOIKX 00KIAA0K, CO3aBaEMBIE KAK [TOJIeM APYTOi
K 0OKMaAKY, TaK U CODCTBEHHBIM 10JTEM.

EL
Hezasucumo ot (ropMbI H reOMETPHYECKHX Pa3MepoB

KOHICHCATOp 00nanaeT aHeprueil, pasuoit paGore, npo-
‘ H3BeICHHOI TIPH Pa3fieIeHAH 34PAKOR, COCPEI0TOYEH-
Puc. 9.19 HBIX HA ero 00KIaKax.
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9.12.* 3Hepruna anNeKTPUIECKOro nons

Jneprusa anexkTpuieckoro noas. B 9.11 6bino mokasano, 4ro sapsxeHblil KOH-
aeHcaTop obJagaer aHepryeil. BosHukaer Bonpoc: rie N0KaIM30BaHa 9Ta SHEpPrusf?
MOXHO NpeAno/I0KHTD, YTO OHA COCPEAOTOYENA HA 0OKIAAKAX KOH/IEHCATOPA WIH B
IIPOCTPAHCTBE MeXAY OOKIAAKaMH, T. e, B JIEKTPUYECKOM MoJIe KoHAeHcatopa. Otser
Ha 3TOT BOTPOC MOMET AATh TOJBKO ONBIT. B anextpocTaTHke pacCMaTpHBATCH JMLUb
TIOCTOSIHHBIE BO BpeMedy Most. Ecaiy MaTepuanbHerit o0bekT He oOMeHHBaeTCs oHep-
rveil ¢ OKpYXKamoilUMH 06BEKTAMH, TO SHEPTHA MOJAA He 11poaBaAeT ceba. Onpeae-
JMTH OMBITHBIM ITyTCM HATHYHE SHEPTHH ¥ MO MOXKHO TOABKO B 31€KTPOAHHAMHKE,
T.€. pacCMaTpUBas N0JId, lepeMeHnsie Bo BpemeHu. [Janee Gyaet mokasaHo, 9to cyme-
CTBYIOT 3/1€KTPOMArlHTHBIE BOJIHLL, IPEACTABISIONME CO00H 3ICKTPHYCCKHEe M Mar-
HUTHBIC TTOAA, MUBMEHAKILKUECA BO BDEMEHH W PaclpOCTPaHAIOIIHECS B IPOCTPAaHCTRE
¢ onpeaesacHoN cKopocThio. ONMBIT MOKA3BIBAET, YTO AACKTPOMATHUTHEIE BOJIHBI 3a-
KWIIO4aloT B cebe M nepeHocAT suepruio. Cre10BaTenbllo, ePTHI KOHACHCATOpa Co-
CPECNOTOUYCHA B JICKTPHHYCCKOM I10J1€E.

O6beMHad ILIOTHOCTL 3HepriH. O0BEMHAR NAOMHOCY SHEPZUU INEKTPHICCKOTO IO
ecThb QH3HYECKAA BEIMYHMHA, paBHas OTHOIIEHHIO MOTEHIMANbIIoN sHepran 1, sanacenHoi B
obbeMe V, k ofbeMy, T.€.

w=—, 9.30
: (9:30)
1715 OIHOPOTHOIO TTOJIA, KAKMM ABJSETCH II0JIe TUIOCKOTO KoHeH aTopa, U = (yp, — ¢;) = Ed,
aomem V= 84, rae § — momais 061Ia10K KOHEHCATOPa; d — paccTosHHe Mexay HuMu. Toraa

2
= cu ;
2
2 2 2 2
- cur geSE _ B (9.31)
25d 25dd 2

¥4 HKPATKME BbiBOAbI

& FNeKMPOMAZHUTIHOE 63AUMOOCTCTNEUE — HTO BIAUMOENRCTBUE MEXAY INEKTPUHECKH
3APANKEHHBIMH YACTHIAMH HUIM MAKDOCKOIMYCCKH 3apsiXeHHbIME Tenamu, IIpu paccmMoTpennd
JMEKTPOMAIHUTHBIX B3aNMO/IEHCTBMI OCHOBHIBAIOTCS HA UpHiuTe OnuskodelicTsis. Muren-
CHBHOCTh SII€KTPOMArHMTHLX B3aUMOJCHCTEHHA ONPeAeACTCSE 3MEKTPHUECKWM 3aPSHIOM.

® Pasznualor \ta BHAA 3TeKTPHYECKOT0 3apsAia, YCIOBHO HA3BAHHBIX TI0I0NCUTIERDHDIM
U OMPULaImenbHbiM.

® CyulecTsyeT MUHHMAIBHELH 9TICMCHTAPHEIH 271K TPAYECKUI 3aDST, KOTOPOMY KPATHBI BCe
ATCMENTAPHDBIE 3APAAbI YACTHLL W TENL ~ 2AEKNIPOH.

® TlomnHenit sseKTpIdecKni 3aps ) 3aMKHYTOH CHCTEMBL PABCH anrcOpanyeckoi CyMMe 3aps-
J0B, CATAIONIMX CHCTEMY 2/leMeHTapHREIX JacThl, OH CTPOTo COXpaHsaeTCes BO BCeX B3aUMOZICH-
CTBHAX M NIPERPALLEHUAX HYACTHIL STOH CHCTEMbL.

# HemoaBikHble TOYETHEIE DAEKTPHYECKHAE 3apAABI B3JAUMOAEHCTBYIOT B BaKyyMe ¢ CHJIOH,
onpeaeasemol o saxony Kyrona:

_ Qe
dmegr?
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¢ BsaumorneiicTBHe 3apANOB OCYMIECTRIACTCA HIOCPEACTBOM 3JEKTPUYeCKoro moJist. Cumo-
EO XapaKTEPHCTHEKOH NOA ABIACTCAHANPRHCCHNOCTTD, DABHAS CHIC, IeHCTRYIOWEH HA eIH-
HHYHDI TOJIOKUTCTIbHEI 3apa;

E=L

7

HanpaxennocTy nonelf, co3gapaeMplX OTACALHBIME 3apATaMH, CKAAILIBAIOTCA [COMETPH-
YECKH (MPUHULN CYNePTOIUULIL).

& DJICKTPOCTATHYCCKOE [10J1e ABAACTCA IOTCHIUATEHBIM, T. €. paboTa, coBepIIaeMast 1o Tie-
PEMEILEH IO 3aPAA, HE 3aBHCHUT OT TPREKTOPHH, A 3ABUCHT JTHINE OT HAYATRHOTO H KOHEYHOTO
HOJ0KEHUS 3apsiad. Pabora paBHa H3MCHEHHIO TOTEHUWATBHOM SHEPTAK ¢ IPOTHBOTIOIOXKHEIM
SHAKOM:

A=-AllL

& DHepreTHYeCKOH XapakTePHCTHKOI ond apasetTcanomerniuanr. On xapakTepuayer Ho-
TEHIINANBHYIO SHEPIUID, KOTOPoH 06Jana Obl M0J0KUTEBbHbIA €M HUYHBIH 3apsi, TIOMCIICH-
HEI B JAHHYIO TOUKY N0,

Dusuyecknii CMBICJTI HMEET PA3NHOCTIG NOTREHIUAI08, YEDE3 HES BRIDAKACTCA pa60Ta CHII
TI0J1 0 TIEPEMENIEH IO 3apsia:

A= Qg — ).
L ] CHJ’IOBE\H H SHEPreTHYCCKAA xapamepncmm IO CBA3AHbI MCKIY c0601'f‘1 COOTHOILIEHMEeM.:

E = L%
d
L] IIpl/l BHECCHHH JHUICKTPDUEKA BO BHCLHIHCE 3JIEKTPHYIECKOE NToJTe IIPOMCXOAUT ero 1TOJApr3a-
jivgic
HOJ[HPM30B3.HHI)[I‘/JI AUITCKTPUK CO3/1ACT SNEKTPHYECKOE 1TONTE, KOTOPOE BHYTPH [IH3JI€KTPH'
Ka ocnabadeT BHElIHee HOJe B € pas:

, Wi E = —grad .

£E=—,
E
® CiocoHHOCTD MPOBOIHUKOB HAKATLTHBATD BﬂeRTpH‘IECKI/Iﬁ 3apA XapaKTCPHIYVCTCAIICK -
mpuuecxoz‘i EMKOCITLIO.

c-2.
)

INexTpUYECKas eMKOCTD 1€ 3aBUCHT OT 3apajla TPOBOIHHKOR, 4 ONPEAESETCS JUlllb re0-
METPHUECKHMH pasmepamH, (hopMoil, B3aUMHBIM PACTIOIOKEHHEM ¥ BJIEKTPHYECKHMH CBORCTRA-
MH OKpYaloliel cpest.

QJIEKTPH'-IBCKBH EMKQCTL TLIQCKON) ROHIEHCATODA

€8y

C==—.
d

® 3apsxeHHBIH KOHAEHCATOP 061a836T SHEPTHEN
2
HzCMQ%L

L BHEPI'I/IH KOHACHCATOPA COCPEAOTOUCHA B dJICKTPHYCCKOM 110J1€, O6beMHas IOTHOCTE
JUEPriuH AMEKTPHYESCKOTO IOJIA PaBHa

e E?
w = .
2
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ﬂ Bonpochl ANA CEMOKOHTPONA H NOBTOPEeHHUA

1. [Touemy anekTprueckHi 3apAa ARIIETCA (BUIMYECKON BEAHYMHON 72, UTo 3HaunT «v/iek-
TPUYECKUl 3apsi/ KBaHTYyeTCs» (auckperen)? 3. BeinonHsercs M 3aK0H COXpaHeHUS 3apsia
IPH JICKTPH3ALAH Tex? 4. [ToueMy 3axon KynoHa fAB/IAeTCA OCHOBHBIM 3aKOHOM 3J1€KTPOCTa-
TakH? 3. Uro npeacTapager coboil BIEKTPHUECKOE N0JIe M KAKUMY CBOWCTBAMH OHO 00J1aaer?
6. IloueMy BEKTOp HALIPANKEHHOCTH ANEKTPHUCCKOrO HOLA SBAACTCA €T0 CHAOBOH XapaKTepHc-
TUKOH? 7. 3aBUCHT JIH padoTa, COBEpIIAEMAs HIeKTPHYECKHM [I0JI€M TIDH HepeMelletny 3apsi-
ad, ot (hopmet nytu? Joxawkure. 8. Iloyemy asekTpuvecku noresuan B 4aHHON TOUKe O
ABJACTCS ¢TI0 dHePreTHIeckoil XapakTepueTHroh? 9, Kak pacniogoxeHbl IpyT OTHOCUTEBHO
APYTa THHHH HATIPSKERHOCTH 27IEKTPOCTATHYECKOTO TIOJIS ¥ IKBHIIOTEHIIHAIBHELE TTOBEPXHOC-
h? 10. Kax cBsi3atipi HANPAKEHHOCTD M PA3HOCTD MOTEHIHAMIOB 3CKTpHYcCcKoro noag? 11,
YeMm OTAMYAIOTCA TUHICKTPHKH OT Metatmor? e ux ucnoneayior? 12. B yeM cocTonT ABiE-
HHE TOAApH3aHn uarexTpukos? 13, Kakne seltecrsa oTHOCAT K npoBoanukaM? 14, I'e pac-
HOJIArAKOTCA 9ICKTPHYECKHE 3aDSIBl HA 3apKeHHOM IIPOBOAHNKe?15. YT0 XapakTepuayer a/ek-
TpPUYECKad eMKOCTD MPOROJINMKA, OT uero oxa 3asuckT? 16. Kak paccuMTriBaeTcs aneKkTpidec-
Kasi eMKOCTb KOHIEHCATOPOB?

Mpumepnl pelleHus 3aaay4

@& 3anaya 1. B Bosayxe (¢ = 1) Ha paccTosHHHU [ JpyT OT APYyra YKPEILIEHH! BA
TOYEYHBIX 3aPAKEHHBIX Tela ¢ 3apsi1aMi + 1 +4 () cooTBeTCTBEHHO, 171 HyKHO I1o-
MECTHTB 3apAn — ), 4ToOpl OH HAXOAHACHA B PABHOBCCHH ?

Jano: + ¢ +46¢; —Q, Le = 1.

Hai#tu: r, .

Pemensne. Co cTOPOHH 3apAA0B + QU +4 ( Ha 3aps| — () AeHCTBYIOT CHABI IIPHTH-
xenusa Fy u F, (puc. 9.20):

pololel o _la4p0

’ 2
Ameyry Ame,ry

v

TAe 7, — PacCTOsIHHE MCXKY 3apafaMH + {1 — ¢ r, — paccTostHue MeXay 3apaaaMi
— Qu +40. 3apaa — () HaxoOWUTCH B paBHOBecHH, eci | Fy| = [ Fy|, 1.e.

Rl _ el 4@

dreyr? Aweyrd

Orcropa 41 = r}

BaTEIbHO,

, HiIH 21, = ry. Kak Buano w3 puc. 9.20,r, 4 n,=1,1.e. 3, = I; caeno-

2
y T =—.

!
3 3

=

OrBer: r = I/3, ry = 2I/3.

& 3anaua 2. /[Ba 0/JUHAKOBEIX NMOJOXKHTEALHEIX 3a-

paana 107 K1 HaxosATco B Bo3yxe Ha paccTosuuud e g ~ O <0
npyror apyra (puc. 9.21). OnpeaenuTs HANPSHKEHHOC T F F,
most B ToUKe (), Haxosnleiics Ha cepeJHe 0Tpe3ka, co- T ™
€AMHSIONIEr0 3APS/LL, U B TOUKe A, pacio/IoKeHHOH Ha E '
PACCTOAHKHU 3 CM OT 3apAA0B. Puc. 9.20
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E, HOano: Q= @,=10"Kne=1;2r=8cm=0,08 m;
rn=5cm=0,05Mm,
E, P Haiima: E,, E,.

Pemenue. Ilo npuanuny cynepno3uiyyu pe3yib-
THPYIOHIast Hanpskensocts E moss, cozaasaeMoro sa-
panaMu (; 1 (), OTIpEACAAETCS BEKTOPHOIT CYMMOH
Hanpsskennocreir E; u By, CO31aBaEMBIX KaXKILIM 334-
pSAOM B AaHHOM TOUKe MO/

E=E1+E2. (1)

B rouke O Bextopsl E,y 1 Eyy HallpaBieHs! OT TOY-
KM () B CTOPOHHI OT 3apsIIOB, CO3/AI0NIHX nose. Kpome Toro, 3apsaasl @, v (), paBHEL B
PACIIOJEOXKEHBI H2 PABHOM PACCTOAHHWH OT TOUKH 0. HO‘)TOMy C y‘-ICTO\I HallpaBJICHKA
pekTopos u3 (1) noayyaem:

Eu = Em - Ezos Em = Ey, Eo =0.

B Touke A peyIbTUpyI0LIHil BEKTOP HATIPSKREHHOCTHE 4 SBJIETCS1 ANATOHATBIO TIApask
Jexorpamma, obpaszosannoro E, u E,; crenosarensyo, £y = 2F cos o, Tak kKak E; = E,.

E?ﬁ O Elﬂ Q2

Pric. 9.21

h
TTocKoibKY cose = —, a b = 1 — 72 = (,03 M, HaIPKEHHOCTP 110714 B TOUKe A

1
E,=2_ 9 k
dreert 1

BorauciaeHns:
Eo= 2-1077 Ka1-0,03 M
A7 4r.8,85.10 12 @/ M-0,05° M?

Otmer; F, =0, F, = 4,32-10° B/m.

® 3aaaya 3. Onpeaecanurs NOTEHIMAI 3MEKTPHIECKOTO MO JHioasd (pHc. 9.22),
AIEKTPUMECKHI MOMEHT KOTODOro cocTaiger 8-107'* Ku-m, B Touke A, pacnomo-
JKeHHOH Ha OCH THOOJA Ha pAcCTOAHUN 7= 0,2 M 0T €10 1eHTpa CO CTOPOHHT ITOJOMKN -
TEABHOT'O 3apsiga ([ < r).

Hano: p=8-107"Ku-M; 7=0,2M;e, = 8,85-10 * O/m; e = 1.

Haifru: .

Peutenne. CornacHO IPHHUMOY CYTIEPTIOIKUITMHA TIOMEH, TOTeHLHAN JTI000H TOUKY
IEKTPUYECKOLO NOJIA AUMONS PABEH ATreHpandeckoi cyMMe MOTEHITHATOB, CO3/1aBa-
eMBTX B 3TOH TOUKe KAKIbIM 3apsaaoM: ¢ = p, + ¢_, 1au [em. (9.18) u (9.19)]

=4,32-10° B/ M.

kp:4 0 - : _FE - Al
e ?"—5 e, 7'—}—5 dmey (7 by dmey |7 7

rae p = QU Tockonbky | < 1, BeanunHo# {%/4 no
A CpaBHeHmo ¢ r? MOXHO npeHeGpeun u hopmyaa (1)
TIPUMET BHJ,

_ P
Puc, 9.22 = 4111-:07‘2 '




Boruncaenus:

B 8-10"1 Kn.m
 4.3,14-8,85-10"2 @/ M-0,2? M

¢ - =1,8-10"B.

Otser: ¢ = 1,8-102 B,

® 3anaua 4. Jnexrpoi, IpoJeTes HoJle ¢ PA3HOCTLIO NOTeHIMaIos 7 = 10000 B,
HONAJAeT B ILTOCKUI KOHAEHCATOP IAMHOH 10 CM W ABMKETCH HapajLIebHO IIACTH-
HaM Ha PABHOM PacCTOAHHH OT HWX. K NJIaCTHIIaM KOHAIEHCATODA, PACCTOSTHHE MEK/TY
KOTOPBIMY d = 2 CM, IPHJIOKeHa Pa3nocTb noTeHnManos U, = 300 B. Onpenenuts
BEPTHKATBHOE CMENEHNE 3JIEKTPOHA MPH BRIJIETE W3 KOHAEHCATODA.

Hamo: U=10B;I=10em=0,1 M d=2cMm = 0,02 m; U, = 300 B,

Ha#itu: Az .

Pemenne. [To 3aK0Hy coXpaHeHHs IHEPruu UPpUOOPETeHHAs 3JIEKTPOHOM B HOJE
KHHETHYeCKast JHCPTHS paBHa paboTe 3MeKTPHIECKUX CUJT TTOMS, T. €,

2
my
ell = —,
2
e e — 3apaj 3JeKTPOHA; m U ¥ — €70 MACcCa M CKOPOCTh; I/ — YCKOPAIOILAA PASHOCTD
MOTEHLUHAIOB.
M3 sToro parencTBa onpeznengeM CKOPOCTH, C KOTOPOIT 3/€KTPOH BIETAeT B KOH-

AEHCATOP:
v= }M (1)
m

B nosre koHAeHCcaTOpA 9AEKTPOH YYACTBYET OAHOBPEMEHHO B ABYX ABHKCHHAX:

1) B rOpH301ITATLHOM HATIPABIEHUH BJOME ILTACTHH KOHAeHCaTopa. [Ipu aToM snek-
TPOH ABHMKETCA 110 HHCDIHH NPAMOJIHHCHHO 1 PABHOMEDHO W MPOAeTaeT nyTh | (K-
Ha TIAACTHH) 3a BPeMsi, PaBIoe

rie ¥ — CKOPOCTh 3MeKTPOHA;

2) B BEPTUKAILHOM HaPaBAeHHH. 1Ip1 9TOM 31€KTPOH JIBUKETCH PABHOYCKOPEH-
HO TIO/T, /IeHCTBHEM CHJIB BICKTPHYECKOr0 0N { CHIIOH TSXKECTH 3ICKTPOHA MOXKHO
npereOpeyh) M TOTYYaeT CMELIEHHE, PABHOE

=2, @

rae t, — BpeMsl ABIKeHUs 37IeKTPOHA B REPTUKATHHOM HATIDARJEHHH, @ — YCKODEHHE,
KOTOpOe, COIJIACHO BTOPOMY 3akoHY HbIOTOHA, paBHO

o=t 3)

m
riae Fa,:l — CH4, ,HEflC’l‘ByK)IIIB.H Ha 3CKTPOH B TI0JIE€ KOHACHCATOPDA.
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Ho BpeMst ABH3KEHMA 5JIeKTPONHA B BEPTUKAABHOM M TOPM3OHTAILHOM HAIIPaBJIe-
HHAX 0AMHAKOBO, TO3TOMY

Cuna, neficTBYIOIAS Ha 371eKTPOH, PABHA IIPOHIBENEHHIO 3apAaa e HA HANPSXKEH-
HOCTB F 11071 KCHAEHCATOPA, T. €.

F,, = ek, (4)
4 HATPSKEHIOCTD BRPAXKACTCA Yepe3 FPAAMEHT IOTEHLMAA 110 PopMyJIe

A
dl

E (3)

riae U] — pasHocTh NOTEHNMAA0B MEeXAY IVTACTHHAMY; d — PACcCTOHHHME MEX/y HUMH.
Ilocne mogacTaHoBKH BhIpaXKeHWit (4) u (5) B hopmymy (3) momyaum

_el
md
Toraa
Az = el I
Imd v?
YyuTeiBag Beipaxenue (1), moaydaeM HCKOMOE CMellleHHe
2
r=—",
2d-2U
Breiunciaenus:
300 B-0,01 m®

=3,75-107% M = 3,75 MM.

T =
2.0,02m-2.10* B
OtBeT: Az = 3,75 MM.

¢ 3apaua 5. EMKOCTb IJIOCKOTO BO3AYIINOTO KoHeHcaTopa C'= 107" (D, paccros-
HHe MeXTy IacTHHaMi 4 MM. Ha noMelneHHBIN Meskay NAacTHHAMM KOH/IeHCATOPA
zapan @ = 4,9-107% Ka gefictyer cusia F = 9,8-107% H. ILiomans niacTHHEL KOH-
nencatopa 100 eM?. Onpeie/MTh: HANIPSKEHHOCTD NOJIST H PA3HOCTh TOTEHIMAN0R
MEKAY IUIACTHHAMH; ILIOTHOCTE SHEPIHAH M YHEPFHIO MTOJIA KOHIEHCATOPA.

Hano: F=98-10"H; Q=49-10°Kn; C=10°®; S=10"2n% d=4-10"n;
g =1;e,=8,85-10""2 DO/m.

Hairre: E, U, 11, w.

Pewenne. Ilone Mexay miacTHHAMYH KOHAEHCATOPZ CYMTAEM OJHOPUAHBIM. Ha-
TPSLKEHHOCTD 10151 F MoxkeT OBITh ONPe/IeNieHa W3 BhPaKeHHs

E= g.

PazfocTs noTeHIUAI0B MeXK/TY MIACTHHAMY HAXOAHWM M3 cooTHoleHus [/ = Ed.
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SHBPI‘HH KOHAEHCATODA PABHA

_CU? eeySU?
2 2d

1

Coraacro (9.30) u ¢ yyeroM Toro, ure V= Sd — ob6LeM nong B KoHASHCATOPE, TIAOT-
HOCTE BHEPTHY PaBHA

I 1II
W= = —,
vV 5d
Breruncaenus:
4,9-107% Kn

U=2.10'B/m-4-107 M= 80 B;

1.8,85-10° 2D/ M-10-? M%(8-10)? B?

I
2-4.107%m

=7,08-10"% IIx;

7.0810° I
w0 = 1,77 107 Tk / M.
YT l0M 4-10°m M/

Otser: £ =210 B/m; U= 80 B; [1 = 7,08- 1078 [k, w = 1,77- 1073 Tk /M5,

® 3anaya 6. ¥ CTaHOBHTE, KaK M3AMEHSIOTCSA EMKOCTE ¥ 9HEPTHSA IJIOCKOTO BO3AYII-
HOTO KOHAEHCATOPA, eCJIM NapasieabHo ero oOKmaakam (puc. 9.23) BBeCTH MeTaLIH-
YeCKYI0 TWIACTHHKY ToMuiol dy = 1 MM. I11oimaas 06Kiagki KoHaeHcaTopa v IiTa-
ctuHE 150 eM?, paccTostame Mesky abrnankamu d = 6 My, KoHpaeHcaTop 3apsiked 10
HanpspreHust 400 B u otkmoden ot batapen.

Hano:e =1;dy=1Mm=10"m; 5=150cM* = 1,5-102 M5 d = 6 MM =6-10"3 m;
/=400 B.

Haitrn: AC, ATL

Pemense. EMKoOCTh M oHEPrusi KOHAEHCATOPA NPY BHECEHHH B HETO METAJLIAYE-
CKOH IJIacTHHEL M3MEHSIETCA, JTO BHI3BAHO TeM, YTO [PH ITOM YMEHBIIAETCH PacCTost-
HYe MeXAY IIACTHHAMHE OT dy A0 (d — dy). Mcnoab3oBas hopMy:y 3/1eKTPOEMKOCTH
II0CKOTO KoHzencatopa (9.25), moxyyum

dy

ggd g5 | £5d T

d—d, d d{d—dy)
HpH BHECECHUH MeTa.TIJIH‘IeCKOﬁ IUTACTHUHDY! TapalaejapHO 06KJI&,I[K&M

00BEM 2JIEKTPHYECKOTO TOJA yMenbimaeTcss Ha AV = S{d — dy) —
— Sd = —8d,. CaenoparesbHo,

AC=C,-C,

d

]

_ 550E2Sd0
2 Puc. 9.23
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U
Hanpsaxennocts E noss onpeaessieTca Yepes rpajuent noTenuuana; f = R Takum

obpaszom,
ALl = Eol25dy
242
Briuncaenms:
1- 1012 1.5-10°2 M2 -10°3
AC — 8.85-10 (D/M L5 IE) M- - 10 M:4’42.10_12¢);
6-10°M-5-10°m™
1p-12 4002 B2-1.5-10-2 a2 - 103 ;
AH=8’85 10 (D/M 400° B*-1,5-107° M?-10 “:2,95-10"7,[[}1{.

2-62-107% m?
Oteer: AC'=4,42-10"12 D; ATl = 2,95-10 7 [Ix.

E 3agayn Ans CaMOCTONTE/ILHOIO PeLeHHN

1. C xaroil cunioi spo aToOMa BOAOPOA PHTATYBRET 2AEKTPOH, €CJTH PaZTUYC OpOHTHI 371eK-
tpoua 5- 10~ M? YeMy paBHBI CKOPOCTDb 3IEKTPOHA M HANPSZKEHHOCTD 3IEKTPHYECKOTO IONS
SApa B TOYKAX NEPBoil opOUTH HAeKTpona?

2. Ha ToHKUX HUTSIX JasHOM 12 oM noaBecuin mapuku Maccoit mo 1 r. Touka noaseca o6-
mast. MM coobIumm nosoxuTcabHbIA 3apaz, 1 OHH Pasoianck Ha yroa 45°. Haiitru anextpn-
YECKYIO CUALY OTTANKHBAHNA, CHJIY TPABHTAIMOHHOTO TPUTAKEHHA MEXKIY IIApDHKAMH H HX 3a-
paa.

3. B kaxnoit BepIuMHe KBagpaTa HAXOAATCS MOJOKHTENbLIEE 3apannl (¢ = 1077 Kir kaxmniii,
Kakoii oTpunaTenbHuIi 3apsi1 CAETYET MOMECTHTD B LIEHTPE KBAAPATA, YTODHT CHCTEMA HAXOMTH-
Jlach B pAaBHOBCCHM?

4, B pepimunax KepagpaTa PACIONOMEIL] OTPHIATEMLHEIE 3apaabl (f = —5- 104 K kasaniii,
OnpezenuTs, KAKO 110J0KATETLHBIA 3apa/L HEOGXOAMMO TIOMECTHTE B TEHTPE KBAXpaTa, 9T0-
GBI CHCTEMA 3APANIOB OKA3A1aCh B PABHOBECHH.

3. OupeaennTh OTHOINEHHE 3ADAAA DIEKTPOHA K €70 MACCE, eCAH JAEKTPOH BPALIACTCS 0
op6ute pamuycoM 5,3 - 10~ m Bokpyr noaoxuTeabHOTO 3apaja 1,610 "% Ka. Yactora Bpame-
Hug 0,7-101% ¢!, 3apansl cCHHTATE TOUEUHLIMM,

6. Tpu 3apsAAa PACIONOKEHET It REPITHHAX IPAMOYTONBHOTO PaBHOOE A PEHHOTO TPEYTOMbHH-
ka. Iox reficTBMeM cin 1mosis, obpasoBaHHOro sapsaaMu +3- 1077 1 +5- 1077 Ka, naxonsu-
MWMCS B OCHOBAHWH TPEYTOABHUKA, OTPHUATENBHEBIN 3apsia—2 - 1077 Ko nepememactes no meam-
aHe B [IEHTP TSKecTH Tpeyroasnyka, OnpefenuTs paGoTy CUIT NOJIS, eCN KATET TPeYToabHH-
Ka paBell 242 cM.

7. Ily~oK 5>NeKTPOROR HATIPAB/ICH MAPALICILHO ILTACTHHAM IUIGCKOTO KOHACHCATOPA ATHHOM
5 €M C PACCTOSIHHEM MexTy inactuHamMu 3 oM. C Kako#i CKOPOCTBI BIETEMH AIEKTPONE B KOH/IEH-
CaTop, ECITH U3BECTIIC, UTO OHH OTKJIOHWINCH 33 BPEMs NOJETA B KOHIeHcaTope Ha 3 MM? PasHocTs
NOTEHIHANOB MeXy nnacturaMut 700 B. Onpene T KHBETHYECKYIO 2HEPTHIO 3ICKTPOIIOB,

8. OnpegennTs NOTCHUHAT B HAYANILHOM TOUKE MepeMenienns sapaga —6 - 107% Ka, evxy-
merocd B moste 3apsaaa +4 - 1078 Ku, eciin sHepriis, 3aTpaucHHAsA HA NCPCMEILCHHE 3apsiia, PpaB-
Ha6- 1077 /I, a norennuan xoneurwod Touknl 500 B, ¥ cTairoBHTE, Ha KAKOM PACCTOAHHH HaX0-
JUAHCDH 3apALl B HAYAIC U B KOHIE MEePeMEineHHsL.

9. Kaxyro yCropsomyio pasHoCTb MOTEHIHAMOB A0/EEH TPOHTH S/€KTPOH, 4TO0b! Mpaos-
pectu cxopoerb 10 600 km/c?

10. [Tpa Toueunnix 3apsga +4- 107% u +3- 1078 Kt yaaaeHsr Apyr oT Apyra Ha pacCTOSHHE
40 cM. Kakylo pafioTy Hy)KAO 3aTpaTHTh, YTOOH CONMIUTE UX A0 paccToanus 15 cM? Ompene-
JIUTH 3HAYCHHA NOTCHIHAIOB B TOYKAX, (1€ HAXOASTCA 32pst/ibi MOCHe cOMMKeHHs.
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11. Paccrosiiue Mex 1y BePTUKAIbHEIME IVTACTHHAMM B ILIOCKOM BO3/YITHOM KOIICHCATOPE
paBio 6 MM. Ero norpyxatoT no nonosunsl B Macao { ¢ = 7). Kak uaMenurcs eMkocTs
KOHeHCaTOpa?

12. ITnacTinsl IAOCKOTO BO3AYIIHOTO KOHASHCATOPA HAOEAAR0 150 cM? PasABMraloT Tak,
4TO PACCTOSAHHC MeX Ty HAMHI yeeanunBaeTes ¢ J 40 14 Mm. Kakyio paboty Heofixonumo 1ipu
STOM TIPOH3BECTH, €CTH HAIIPSIKEHHE MY MACTHHAMH KOHAEHCATOPA IIOCTOAHHO (T. €. KOH-
AEHCATOD HE OTKJIIOYAETCA) H pasHo 380 B?

13. Mexay o6x1a7KaMHA IAOCKOTO KOHAEHCATOPR TIONAAR0 100 cM? KaXKAas HAXGAUTCA
cioAa. OOKRAIKE OPUTATHBAIOTCA APYT K ZPYTY € clioii0,03 H. OupeneauTsb HANPAXKEHHOCTh
TOAS KOHAEHCATOPA (Epam = 6).

14, Ha naacTHHAX [IN0CKOIO BAKYYMHOIO KOHASHCATOPA PABHOMEPHO PACTTPEAeaeH 3aps/
5-107° Ka. [nomaan obxaanok 100 cm?, a paccToannc Mexay obsnamkamu 3 My, 3apskeHHb
KOHAeHCAToP oTiuiiover ot Oatapen, Kakyio Hajio ipouapecTu pabOTy PH Pa3ABHIKEHHH IL1aC-
THH 70 8 MM?

15. Ha ruracTHHAY ITOCKOTO BO3AYINHOIO KOHAEIICATOPA C ILTOMIAABIO nacTud 150 cm? na-
xomuTcs 3apsi 5 - 107 K. Kakopsl cuJra B3aWMHOIO NPHTSXEHHA MEXKTY MAACTHHAMH 1 06BeM-
Haf II0THOCTD JHePTUH MoJI4 KoHaeHcaTopa?

16. [isa xonaencatopa eMKoCTEI b 1 7 MKD MocienoBaTeabHO 10/ICOCTHECHEL K HCTOYHHKY
¢ pagnocTsio noreHumanos 200 B. Kakossl OyAyT 3apsiibl 1 pasHOCTh IOTEHIMAIOB HDaTapeH,
€CJTH KOHIEHCATOPSE OTCOSAHHITE OT BCTOYHHKA H COCTUHHUTD NapALIETbHO?

vo Kniovuesbie CHOBa: S/SKTRUYECKUI 3apsif, 3aKon KynoHa, aneKTpruYecKkoe
110416, HANPSXEHHOCTh, NPMHLIMAI CYNePno3uLyny, AunoNs, OTEHLMAN, AU3NIEK-
TOMK, NONSPAS3ELNA, NDOBOAHMK, KOHAeHCaTop.

laea 10
3AKOHbI NOCTOAHHOIO TOKA

10.1. YcnoBuA, Heo6xoauMMble ANA BO3SHUKHOBEHMWA
W NOAJEPMAHNA INEKTPHYECKOIO TOKa

Iloa arexmpuuecxum moxom NTOHHMAT YIOPATOUEHHBIN NePENOC HIIH Ha-
TIpaBJeHHOE ABHAKEHHE 3IeKTPHYECKH 3apSKEHHBIX YacTHIL. JAeKTPUIECKHIT TOK MO-
KET TCYL B TBEPABIX TejlaX, KUAKOCTIX u rasax. Eciu B cpefe nMectces Gonniioe
KOJIN4YeCTBO CBOﬁO,I[HHX MICKTPOHOB, TO TCMEHUE JNEKTPHYECKOro TOKa B HEM ocy-
HIECTR/IACTCS 33 CYeT Apelida dTHX a1eKTPOHOB. TakoH TOK HA3BIBAIOINOKOM RPO -
600uUMOCHU, 3 BEILECTBA, B KOTOPHIX OH BO3MOXEH, — npoGooNuxamu. 3a Ha-
npapjienye TOKA HPUHHMMAOT HalpasjeHue Apedda noroxurensHeix 3apsagos. Ho-
ITOMY Hanpap/I€HHE TOKa B MECTATNAX MPOTHRONWONOXKHO HalPaB/ICHWIO ABHACHWA
ANEKTPOHOR,

IIEKTPHUCCKUH TOK LIPOBOAHMOCTH BO3HHKAET B IPOBOIHMKE, €CJIH B HEM €CTh CBO-
GozHble 3apsA/BI H CYNIECTBYIOT CHITbI, 00ECMEYMBAIOIUHE YIIOPSIOYEHHbIH apeii 5THx
3apsnoB. CHIbl 3/IEKTPHYECKOTO B3aMMOJEHCTRUS MEXTY 3aPA/IaMU B CAMOM IPOBOJ-
HMKE TOKA BbI3BaTh He MoryT. OHM IIPHBOAAT JIMIIE K TAKOMY TIepepacipesieieHUIo 3a-
PAAOB, B PE3YILTATE KOTOPOTO HAITPAXKECHHOCTD 10/ BHYTPH NPOBOJHHKA CTAHOBUTCHA
PaBLOH HYJIO, A NOTEHIHATH BCEX TOUEK — OHHAKOBRIMY. I/ HouiepKanus B LIEMd
JUTHTENRHOTO TOKA Ha CBOOOHEe 3apA/bl JOJKHBI ACHCTBOBATE CMOPOHHUE CUTIbL.
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-+ — ot VcrpoticTea, obeceurBarolie BOSHUKHOBE-
. E— — O P B

HH€ U ZeHCTBHE CTOPOHHHMX CHJI, HA3BIBAIOT
ucmouruxamu moxa. B stux ycrpotii-
CTRaxX NMPOMCXOMIUT pa3sfielieHle Pa3HOMMeH-
HBIX 3apsA71oB. [Tox AeiCTBUEM CTOPOHHHMX CHJT 3IeKTPHYCCKHE 3aPAILI BHYTPH HCTOY-
HHUKA TOKA OBWKYTCH B HATIPDABACHUH, [IPOTHBOIIOIOKHOM AeHCTBHIO CHIL 3/IeKTPHYEC-
KOro 1107151, B pesyiibrare 3T0ro Ha MOJIIOCAX NCTOYHMKA TOKA MOJIEPHKUBALTCS TIOCTO-
SHHAS PA3HOCTH MOTeHIHANoB, CxeMaTHYeCKoe M300paKeHHe HCTOYHHKOB MOCTOSH-
HOro ToKa nokasano Ha puc. 10.1. [losoxkuTebHBIN HOMIOC raibBAHHYEeCKHX 3MeMEHTOB
¥ AKKYMYJIATOPOB H306paxkaeTcst JUTMHHOMN YepToit, OTpRIIaTeTLHEIH — KOPOTKOH (pHC.
10.1, @). ¥ nosocos rereparopos (puc. 10.1, 6) cTAaRATCA 3HAKH «+» H « —».

Puc. 10.1

10.2. Cuna TOKa 1 NJOTHOCTL TOKA

Cuna Toka. KonnuecTBeHHOM XapaKTeDHCTHKOH AJIEKTPHYECKOTO TOKA ABJIAITCS
CHNa ToKa [ M TIIOTHOCTS J.

Cuna moxa — CKaIsApHAs BeJTHIHHE, PAaBHasl OTHOUIEHHIO KOMHYCCTBA 31€KTPH-
gecTBa AQ}, KoTOpoe 3a BpeMsi At MepeHOCHTCA Yepe3 JaHHOE CEYCHHE NPOBOAHUKA,
KO BpeMeHH At

A
;= AQ (10.1)
At
Hocmonuﬂbuu MoOKOM HA3LIBACTCA 3ﬂ8KTpH‘{eCKHﬁ TOK, CHJld | HaﬂpaﬁﬂeHHe
KOTOPOIO € TeYCHHUECM BPEMEHM HE N3IMEHAIOTCH. HJ[ﬂ IIOCTOAHHOI'O TOKa

-9 (10.2)
i
ILnotaocts Toka. Ilnomuocme moxa — pekropHas ¢pusnyecKast BeTHUNHA, MO-
AYJTb KOTOPOH paBeH OTHOWEHHIO CUIABI TOKA K TLUTOTIAH MOTIePEIHOTO CeUeHHsA Ipo-
BOZHHKA 5.

j= r (10.3)

Bekrop j HaripaBieH BA0AL HATIPABJAEHHS TOKA.

Ecnu B €Nk MOCTOSHHOTO TOKa BRIYEHB! TTIPOBOIHHKY ¢ PA3HBIMH TOTICPeUHH-
MH CEYEHHSIMH, TO TIOTHOCTh TOKA B Pa3JHYHBIX CEYEHUAX 0OPATHO MPOTIOPHHOHANb-
Ha IUIOWALAM cedeHuil npoBoannkoB. [lnoTHOCTs TOKA XapakTepusyer pacnpesene-
HHE 3JIeKTPHYECKOr0 TOKA 110 CeYeHHIO TTIPOBO/IHHKA.

BriscHuM, OT yero 3aBHCHT NMJAOTHOCTD TOKA. 5 3TOT0 MLICAEHHO BHAEIHM
BHYTPH NPOBOAHKKA MICIAIKY eTMHHYHOH 1romazny { S = 1), pacnoJoxeHHYIO
[EPHEHAMKYJAPHO HAIIPABACHHIO CPefTHeH CKOPOCTH v IBMKeHU A 3apanos. [locT-
PO¥MM Ha 3TOH MAQMA/Ke, KaK Ha OCHOBAHUH, IUJIHH/P, BEICOTA KOTOPOTO YHCIEH-
HO paBHa v (Boobie, b = i, Ho § =1 ¢, orcioaa h = v). Torna YMCII0 2IEKTPOHOB,
KOTOpPBbIe NPOHAYT Yepe3 paccMaTpHBaeMy1o ouaiky 3a ¢ = 1 ¢, paBHO YHCAY
3JCKTPOHOB, 3AKAIYEHHEX BHYTPH UHAWHApPA. ECIH n — 4HCI0 37MeKTPOHOB
MPOBOAUMOCTH B eJHHUYHOM 0ObeMe (KOHLEeHTPAIHA CBOOOAHBIX 3JIEKTPOHOB),
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TO Y — YHC/I0 31€KTPOHOB HPOBOAHMOCTH BHYTPH M-
JMRHADPA, @ nev — 3apsl, NepeHOCUMBI UMH (e — 3apsa
ajeKTpoHa). [IIOTHOCTS TOKA MOXKET ObiTh BBIYHCIEHA
o opmye

j= new. (10.4)

TaxuM 06pasoM, RACTMHOCTG MOKA 6 NPOBOCHU -
Ke NPONOPLUOHATLHA KOHUEHMPAUUL CE0O00HBLY
ANEKMPOHOE 8 HEM U CKOPOCTIU UX OBUNCENUSL.

Caenyer OTMETUTH, 4T0 BaXKHOH 0COGEHHOCTHIO Me-
TAJNIOB ABASETCS NPaKTHIECKH MOCTOSTHHAN KOHIEHTpA-
u¥st cBODOAHBIX JIEKTPOHOB B HuxX. KoHueHTpauus ceo-
H0IHBIX 57IEKTPOHOB IJIA AAHHOTO METAIIA He 3aBUCHT
OT TeMITePATYPhI.

Hcmomsays dopmymy (10.4), MOXHO OnpeAennTs CKO- A. Amnep
POCTH HANIPABJIEHHOrO ABHIKEHNS] 3eKTPOHCB B MPOBO]-

HuKe (CKopocmb Opetigha).

P =

ne

BEIMHCANM 3TY CKOPOCTB 4718 MEJHOI0 IpoBoannka (n = 8,5 10% m~*). IIpn mak-
CHMAJIBHO JIOIYCTUMOH ILIOTHOCTH TOKA § = 107 A/M?

10" A/m?

v=— =~ 8. 107t m/c.
1,6-1071 Kn-8,5-10% m~3 /

Cpeanss CKOpoCTb TENIOBOTO ABMKEHHA 3J€KTPOHOB IPH KOMHATHOH TeMIepa-
Type coctasisieT 0koao 10° M/c. CpaBHMB 310 3HaY€HHe CO CKOPOCTIO Apefida, Bu-
JUM, UTO CKOPOCTh Apefida 91eKTPOHOB MHOTO MEHBIIEe CKOPOCTH HX TEILTOBOTO JBH-
HEHHA.

Cueayer pa3iMyarh CKOPOCTh Apeiida 2MeKTPOHOB B MeTalie M CKOPOCTR pac-
IPOCTPaHEHUs! 3IeKTpHueckoro Toka. Koeda peus udem o ckopocmu pacnpo-
cmpanenus moxKd, mo UMeemcs 8 ulY CKOPOCMb PaAcnpoCmpareHs
AAEKMPUHECKOZ0 NOAS KAK NPUNUHDL, 8bi3bisarowetl Opeligh arexmponos.
Ilox meiicTBHEM HCTOYHHKA TOKA BCE 3/1eKTPOHBI B META/UTHYECKHX NPOBOJHHKAX
HaYHHAIOT CBOE HaNpaBJIeHHOe JBHXKeHHe IOYTH OTHOBPEMEHHO, TaK KaK CKOPOCTh
PacIpOCTPAHEHHS 3IEKTPHYECKOI0 10/ PaBHA CKOPOCTH cBeTa ¢. Bpems ycraHoB-
JeHUA 3JIEKTPHYECKOIO TOKA B 1Ie0H ANKHOH [ cocTaBister = [/c.

Cuay TOKa MOXKHO HafTH, €M U3BECTHA IVIOTHOCTE Toka: [ = j5.

B CH eamimna CHIIE DMEKTPHYECKOIO TOKA amnep (A) a/iseTcs OCHOBHOH. JTa
€AMHHUIIA MOTYYHIA HA3BAHME B YeCTb (hpaHIlyacKoro dnauka AAMmepa (1775 1836).

C momoureio cootHomenwns (10.2) MoxHO monyauTs QopMyIY 444 Olpeae/eH A
eIHHULB KOJTHYeCTBa 3JIeKTPHYeCTBa:

GQ=It=1A1lc=1A.c=1Kn

Kynon — 3mo xonuuecmaeo aaekmpunecmaad, npoxodsuee wepes none-
peuroe ceuerue nposodnuxa npu cune moxa 1 A za epems 1 c.
EAHHMIA TUIOTHOCTH TOKA — aMnep Ha Keadpamuvili memp (A/M°).
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10.3. 3akon Oma ans yyacTka uenu 6e3 3C

3axon Oma aas yyacrka uens. /Jis Toro 4ro6bl B NPOBOJIHUKE BCC BPEMS TIPOTE-
KaJ TOK, He0OX0/IMMO TIOUIEPIKMBATE B HEM IIOCTOSHHOE d/1eKTpHiIeckoe moue. Bosbmem
MeTaIHYecKi npoBofAHuk auHod [ (puc. 10.2). [lycrs E — HanpakeHHOCTD J71€K-
TPHYECKOI'C IO/ BHYTPH IPOBOAHUKA, A, — @, = U/ — N0CTOSHHAs PASHOCTD IIOTEH-
IHATOR Ha KOHLEX IpoBoAHuKa. Toraa

E:H'—’l_'l%zg‘
{ {

Ecan cocrosiame NPORONHNKA He MEHAETCS ¢ TeueHHEM BPEMEHH, TO JIJIS KAKAOTO
MPOBOIHKKA CYIECTBYET OAHO3HATHAS 3ABHCHMOCTH MEXKTY CHJIO TOKA B IPOBO/THH-
Ke M HanpAKeHHeM, IPHI0KEHHBIM K €ro KoHaM. I'. OM sKCIIepHMEHTAIIBHO YCTaHo-
BUJL, YTO CHJFA TOKAa B METALNHMYECKUX TTPOBOAHHKAX IIPOIIOPLIMOHANBHA NPHIIONKEH-
oMy Hanpsikeanio; [ = GU. KoadduumeHT NPONopUHOHATRHOCTH (G HA3BIRAIOT 32eK -
mMpuecKoi NPosoSUMOCHIbIO NPOSOdHIKa, 3 00paTHYIO Betmumiy R = G! —
eT0 IEKMPULECKUM CONPOMUGTEHUEM. DTEKTPHIECKOE COTPOTHB/IEHUE — OHA
M3 BOKHEHIIHX XaPaKTePUCTHK AIEKTPUIECKHX CBOUCTE MPOBOAHUKA, OIPEASAAIOIAL
YIOPSAOYEHHOCTD NepeMelICHHSA HOCHTENed TOKa.

3axor Oma 9as yuacmxa yenu: CIa TOKA B NPOBOTHHKE MPONOPIIHO-
HaJIbHA HANPSKEHHIO HA €0 KOHIAX H 00paTHO NPONOPLHOHANBHA COIPOTHR-
JNEHHIO NMPOBOHHKA:

I==. (10.5)

Boasr-amnepHasa xapaktepHcrHka. [paduk, Ha koTopoM m3ofpaskeHa 3aBUCH-
MOCTD TOKA OT NPHJIOXKEHHOTO HAIIPAXKCHHA, HASBIBAETCA eo.abm-amnepuoii xa-
paxmepucmuxoti ZAHHOTO NPOBOIHUKA H [IPEACTABAAET COOOI NPAMYIO JTHIIHIO
(puc. 10.3). ¥roa HakiIoHa 3TOH IPsAMOIH 3ABUCHT OT CONPOTHBICHHAR y4acTKa Lerm:

U
ctga=-L=R,
5

IIpu v3MeneHHH OPUICKEHHOTO HANPsDKEeH#EA {7 MaMcHAETCA cuna ToKa [, Ho OTHO-

wenue U/ a1 faHHOTO [IPOBOAHHKA OCTAETCS IOCTOSTHHBIM IIPH JAHHOM TeMIepaType.

Puc. 10.3
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10.4. 3aBUCHMOCTb IAEKTPUYOCKOTO CONPOTHBJIEHHS
OT MaTepHana, AMWHbH ¥ NIoLWaan NONepPeyYHoOro ceYyeHus
npoBOAHUKa

ConpoTHBienHe NPOBORHHKA. JNEKTPUIECKOE COTPOTHBIEHKE COYCIOBIEHO TEM, UTO
cBOGOMHbIE AMEKTPOIILI TipH Apeiidie B3aMMoaelicTBYIOT ¢ IOJIOKUTENBHBIMH HOHAMM KPHU-
CTATTHYECKOH pelreTku MeTaAia, [IpH TOBEIIIEHHH TEMNEPATYPhl YIATIAIOTCS COyAape-
HHA JIEKTPOHOB ¢ MOHAMH, TO3TOMY CONPOTHB/ICHUE TTPOBOIHUKOR 3aBUCUT OT TeMIIepa-
TYphL. CONPOTUB/IEHUE LIPOBOHUKOB 3aBUCHT OT MaTepHana IPOBOIARUKA, T. €. CTPOeHUst
€r0 KPHCTATUTHIeCKOH petiteTiy. JIT ORHOPOAHOTO FMAMHIPIYECKOr0 MPOBOTHHKA JITH-
HOW [ ¥ IJIOMIA/TBI0 HONEPEMHOrO CeeHUsT S CONMPOTHRICHHE ONPEIendeTcs o GopMyJie

R= p%, | (10.6)

RS
rae p= - VAeILHOe COMTPOTUBJIENNE NPOBOAHHAKS (COMPOTHBACHHUE OTHOPO/HO-

ro QUIMHAPHISCKOTO HPOBOAHIKA, MMEIOIEr0 eJHHUYHYIO JUTHHY U €IMHAYHYIO IL10-
IA/b LIONIEPEYHOTO CEYEHHUA ).

Exunnua conporusaeHus — om (Om).

1 Om — conpomueaenue nPoBOCHUKA, HO KOMOPOMY RPU HANPANCEHUU
1 B meuem mox curnoti 1 A,t.e. 1 OM=1B/A.

YaenbHOE CONPOTHBIEeHHE NpoBoaauKa. Bemuynna ¢ = %, obpaTHas yaeTbHOMY

CONPOTHBIEHHUID, HA3LIBACTCH YOCALHOU INEKMPUHECKOU NPOBOTUMOCNLIO
nposodnura.

Enunuia anekrpyyecKoi HpoBoauMocTd — cuemerc (Cu).

1 Cm — aaexmpuuecxkas nPosouMOCms RPOBOOHUKA CORPOMUCTEHIUEM
10M,me. 1 Cvm=10ML

W3 popmyaet (10.6) caenyer, 4To eAHHHLEH YAEIBIIOTO COMPOTUBIEHHSA ABSETCSA
oxm-memp (OM-mM). ¥Yieasnoe conpoTusiende Haubo/1€e PACIPOCTPAHEIHBIX 1IPO-
BOAHUKOB nipuBeeHo B Tabm T1.12 (cM. mpum).

10.5.* 3aBUCUMOCTb INIEKTPHUYECKOrO CONPOTHBAEHHA
NPOBOAHUKOB OT TeMnNepaTypbi

3aBHCHMOCTh COTIPOTHBJIEHHA MPOBOHHKOB OT TEMIIEPATYPbl. YAEIBHOE H1EKT-
pHYECKOC COLPOTHRIICHHE TIPOBO/THUKA 3ABHCUT HE TOJLKO OT POAa BelleCTBa, HO U OT
€ro COCTOAHNA. 3aBUCUMOCTE YACJIBHOIO CONMPOTHBACHHA @ OT TEMIICPATYPH i (IIO
ntkane Ienncra) spipaxkaerca popmyJion

p=poll + o), (10.7)

rae p, — yAenbHoe conporusacume upu 0 °C; o — memnepamyprviti Koagpduyu-
eHm CONPOMuUBACHUR, XAPAKMEPUSYIOWUT OTNHOCUMEABIOE UIMEHEHUE
YOERbHOZO CONPOMUBIEHIUSL NPOSOOHUKA NP Hazpeeantiu ezo Ha 1 °Cuau 1 K

a=P"Ff (10.8)
pot
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TemnepatypHbIe KO20MDUITUEHTH CONPOTUB/IEHHS BEIECTB Pa3/JIHYHbI TIPH Pa3HbIX
TeMnieparypax. OIHAKO 1715 MHOTHX METAJIJIOB H3MEHEHHEo. ¢ TEMITEPATYPOIT He OUeHb
BENHKO. J[7151 BexX YHCTHX MeTa/umoB o = 1/273 K (mim °C™1).

BHBHCHMOCTI) COITPOTHBJACHRA METAJLIOB OT TeM'ﬂepaTypr IIOJIOKEHA B OCHOBY y(:—
TPOHCTBA mepmomempos conpomuenerust. OHM UCTIONBIYIOTCS KaK TIPH OUEHb
BRICOKMX, TAK M [IPH O4€Hb HH3KUX TEMIIEPATyPaX, KOTAA IPUMEHEHHE JKAIKOCTHEBIX
TEPMOMETPOB HEBO3MOXHO.

I/I3 [MOHATHA O IIPOBOAHMOCTH ITPOBOAHHKA CAEAYET, MTO YeM MeHbIIe COMpOTHB-
JleHKe NPOBOJAHMKA, TeM GoJIble ero PoBOZAMOCTb, [TpH HArpeBaHHH YHCTHIX METAI-
JIOB WX COMPOTHRIIEHHE YBEIUYABAETCH, 2 TIPH OXNAKAEHHA — YMEHbBIAETCS.

HpOBOIlHMOCT]) YHCTHIX MCTAJLUIOB IIPH HarpepalvHi yMcHbIaeTCAd, a IIPpH OX-
JaXKTCHHH YBCJHYHBACTCA.

CeaepxnpoBogumMocts. B 1911 r. roanauackuii pusux I Kamepawnr-OnHec mpo-
BEJ OITBITH € PTYTHI0, KOTOPYIO MOKHO NOJIYIHTh 8 YHCTOM BHjie. OH CTOJNKHYJICH C
HOBBIM, COBEPLIEHHO HEOXKUIAHHBIM ABACHUEM. ¥ JeIbHOE CONPOTHBAEHUE PTYTH
npu Temmepatype 4,2 K (okono —269 °C) pe3ko ynaao 0 TakoH Maloil BeTHUMHEL,
YTO €r0 MPAKTHIECKH CTAA0 HEBO3MOXKHO H3MEPHTL. JTO ABJEHHE 0OPaNIeHNs IIeK-
TPUYECKOTO conpoTusieHnsa B Hyab Kamepiauur-OHBec HA3sBAN c6EPXRPOGOOU-
MOCMBIO.

B HacTosiImee BpeMsA CBEpPXIPOBOJIMMOCTE OOHAPYXKeHa ¥ Gofee ueM 25 MeTammi-
YeCKHX COeIMHEHRH, GOMBIIOro YKcaa CIVIABOB, HEKOTOPHIX [FOJIYIIPOBOAHHKOB H II0-
anMepos. Temneparypa T, nepexosa HPOBOAHUKA B CBEPXIPOBOAALICE COCTOAHUE
IJIs THCTBIX METAIJIOB JeKHT B pefienax ot 0,14 K (ana upunua) no 9,22 K (114
HUOOMA ).

JABHXKeHHe 3/IEKTPOHOB B METAILIE, HAXOISALIEMCH B COCTOSHHH CBEPXIIPOBOARMO-
CTH, ABJIACTCA A0 TAKOH CTENEHH YTOPAIOICHHEIM, YTO 3JIEKTPOHBI, TEPEMETIAACH TI0
[POBOTHUKY, IOYTH HE HCIBITHIBAIOT COYIapeHni ¢ aToMaMy H HoHaMH pemeTkd. [Toa-
HOe OOBICHEHHE SIBJEHHS CBEPXTIPOBOANMOCTH MOYKHO JATh € MO3HIIMNA KBAHTOBOI
MEXaHHKH.

10.6. IneKTPOABUXYILAA CHNA HCTOYHHKA TOKa

I1C ncrounnAka Toka. Ecin aBa sapspkennnix tena A u B (puc. 10.4, @), naxoas-
IMXCA M0/ Pa3sHBIMH TOTEHIIHANAMH (\§ > 9 ), COSAUHNTE IPOBOAHHEOM AaB, TO 10
HEMY IIOTeYeT TOK, KOTOPHIi depe3 KOPOTKOe BpeMsl, KOT/Ia TIOTEHI[HANB YPaBHSIIOTCA,
npegpararcs (puc. 10.4, 6). [lna noauep;xaHug HEH3MEHHOTO I10 BpEMEHH TOKa Heol-
XOAHMO ITOIICPKHBATh HEM3MEHHOI PasHOCTH OTEHIIHANOR P, — Py = COonst, T.€. BCe
BpeMs MOTIOTHATE 3APAALI COSTHHEHHEIX TE. JTO MOKHO CAEJATh TOABKO TepeHoCs
3apsiiel Teta B 0bparHo B Teno A, BBesA Kak OBl KDYTOBOPOT 3JA€KTPHYECTBA, IS YeT0
KOHTYD, 110 KOTOPOMY HIET TOK, A0/IKeH ObITh 3aMKHYT ( AaBbA).

Opnako Ha yuactke BbA 3apsinaM npHaeTcs NMepeMeIlaThecsl MPOTHB 3JeKTPH-
YeCKUX CHJI. 37O NepeMenIeHe MOTYT COBEPITUTE JHITL CTOPOHHHE CHJIBI {Te. CHIIBI
He 2JIeKTPHYECKOH [IPUPOABI, 4 MEXAHUYECKOH, XMMUYECKOH H T. 1.), KOFOPBIE MO-
TyT AeiicTBOBaTH THOO Ha BCEM MPOTAKEHUHM L[ENH, THO0 HA OTAEABHBIX €€ YUacT-
Kax. Xopomei AHajorned MOXEeT CIYAHUTE IPAMER, IpUBeAeHHbIH Ha puc. 10.4, 6.
Jltsa moamep:kaHUA TOCTOSHHOIO TOKA BOJIBI M3 BepXHEro 6aka I B HUKHHEA 2 B
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a 6 8
Puc. 10.4

TpybonpoBoae HeOGXOMUM Hacoe & (MeXaHMYeCKHe CHIIbL) A1 3aKa4KH BOJH B
BepxHuit Oak.

CTOpOHHHE CHABL AOKHBL COBEPIIATE paboTy MO MepeMECHHIO 3aps/10B, HA 4TO,
€CTECTBEHHO, 3aTpavMMBaeTCsl JHEPTHSL

Paboma, komopyro cosepuiaiom CMOPOHHUE CUlbt NPU NepeMeuieHul
EOUHUYUHOZO NOTONCUITIEABHOZ0 FREKMPULECK0Z0 3apada e0ob 8cetl yeni,
paena saexmpoosuwicyuiett cure (34 C) ucmounuxa moxa.

Eannuua 3C — eoavm (B).

BHyTpH IIPOBOAHKKA, IO KOTOPOMY TedeT MOCTOSHHBIH 3/1eKTPHYeCKHEIH TOK, G/HOBpE-
MEHHO CYIIECTBYIOT IO/ KaK KyJIOHOBCKUX ( Ey,), Tak u cTopoHHMX ( E,) cn Hanpa-
JKEHHOCTD Pe3y/IbTHPYIOLIETO 11071 OIPEAEIAETCS 110 IPHHLMITY CYTIEPIIO3HIHIH MOJTeH:

E = Eyyy + B, (10.9)

IIpu npoTekaHuH 3MEKTPUYECKOTO TOKA O NPOBOAHAKY HAZ 3apAAOM  } 1IpH €ro
lepeMellleHu coBepillaeTcs paboTa KaK KyTOHOBCKUME ( A,,,), TAK H CTODOHHHMH
(A.,) cnnamu. llonnas pabota paBHa cyMMe aTHX paboT:

A= Axy:: + Acr

Paznenus ofe YaCTH 3TOro COOTHOLIEHMS HA (J, MOTYYMM

é - Auy.rl + Aer

Q Q@ Q

ITpumeHnM 3TO COOTHOIIEHUE K YIACTKY AB anexrpudeckoii uenu (puc. 10.5, a),
10 KOTOPOIi TPOTEeKaeT MOCTOSHHBIH TOK:

Ao _ Aes | Aer

@ Q@ @

A 1]
Beauuuna —EX = ¢, - ¢, XapaKkTepH3YeT PasHOCTh TIOTEHIHANOB B Toukax A u B, a

A .
BEIMYIHA ~—— = &, — JIEKTPOJIBIKYILYIO CHIY, IeHCTBYIOMYIO Ha y4acTkeBA, n0-
atoMy cooTHomrenue (10.9) MoxkHO Nepenucarts B BHzE

A ]
f = (1 —¢r) + &py
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Hanpsaxenne. Ouanyeckad BeJHYH-
Ha, YUCTEHHO paBHas MOTHOM paboTe, Ko-
TOPAA COBEPILAETCS Ky TOHOBCKHMH 1 CTO-
POHHUMMH CHJIAMH [IPK ePEMEIEHHH E1H1-
HHYHOTO TIOAOKUTETBLHOFO 3apAia B0
y4acTka uenu (Hampumep, AB) U3 ToukK
ABTouky B, Haznieaemca Hanpaice-
Huem (nadenuem nHanpPpaNceHun)
Uz, Ha aToM yuacTke. Tora

Puc. 10.5
Ups = (g —pp) + &5y

AHATH3UPYA 3TO BHIPAKEHHE, MOYKHO C/IETATh BBIBOJ O TOM, YTO HANPSUKEHHE Ha
KOHIAX yMacTKa ey A B paBHO pa3HOCTH MOTCHITMAIOB TOJIBKO B TOM CAVUAE, €CAH
Ha y4acTke He npuioxkena 3C:

Ups =94 —pp mpu &y =0.

Namepute 3/1C MOKHO 110 Pa3HOCTH HOTEHIMANOB Ha KIeMMax PasOMKHYTOI'C HC-
TOYHHKA:

Eya =4 —Pp upn Uy =0.

10.7. 3akoH OMa a1n NONHON Lenn

PaccMoTpuM 3aMKHYTYIO T1€TTh, COCTOATIVIO H3 BHENTHEH YaCTH, UMEIOIHel conpo-
TUBJeHue K, ¥ BHyTpeHHel — UCTOYHHKA TOKA, COTTPOTHRIEHHE KOTOPOTG 7 { PHC.
10.5, 6). CorzacHo 3akomy coxpanenms sHepruy, 3/1C HCTOYHHMKA TOKA paBHa CyMMe
nalcHUH HanpsKeHHH Ha BHellHeM ¥ BHYTPeHHeM y4acTKaX Lelld, TAK KaK [Py Iepe-
MELECHHH TI0 3aMKHYTOH ITelTH 3apA/] BO3BPAIAeTea B HCXOHOe NONIOKEHAe — B TOY-
KY C TeM ke [HOTEHIHANIOM (T. . ¢4 = @g):

&= IR+ I (10.10)

rae IR v Ir — nageHHst HATIPSKEHHMS COOTBETCTBEHHO HA BHETTHEM U BHYTPEHHEM Yua-
CIKax LielH.
H3 dopmyast (10.10) cnexyer GopMya, Beipackaioniag 3axon OMa JUts OJHOH Leln:
&

I= : 10.11
Rir (10.11)

3axon Oma 0aa NONHOY wenu: cuwia TOKA LENH NPONOPUHOHANbHA Aefi-
crByoteii B nenn I/1C H o6paTHO NPONOPIHOHATLHA CYMME CONIPOTHBIICHHI
LeNH U BHYTPEHHEro CONPOTHBIEHH HCTOYHHKA.

3/1C, Kak ¥ cHJia TOKa, — BeTHuKHa atrebpanveckas. Ecm D/1C cnocobeTryer
ABWXXEHHIO TIOJIOKUTETLHBIX 3aPSI0B B BHIOPAHHOM HAPABICHHH, TO OHA CIHTAETCS
nonaxuTeanHol (& > 0). Ecan 3LC npengaTcTBYeT IBHXeNHHD MO0KHTEAbIbIX 3a-
psa0B B BHIODAHHOM HANIPABJIEHHH, TO OHA CUHTAETCA OTpHIIaTeNbHOHU ( € < (),
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CreayeT uMeTh B BHAY, 9T0 opmynoii (10.11) MOKHO 0/1b30BATHCS UL B CIY-
4ae, KOIJa TOK MJET BHYTPH HCTOMHHKA OT OTPHITATENBLHOTO MOJTIOCA K TOIOKUTENh-
HOMY, @ BO BHEIIHEH e — OT IOJOXKUTENBLHOTO K OTPHIATCABIOMY.

10.8. CoeamMHeHHe NPOBOAHMKOB

IMocaenoratenbHoe coequaenne. [IpoBoOAHK KN B DIEKTPHIECKOH LENH MOTYT CO-
EMUHATHCA TIOCAEA0BATENBHO HH TaPalIelbHO.

IMpu mocnepoRaTeIbHOM coequHETHA (puc. 10.6,a) cvia ToKa Bo BCEX YACcTHX OIH-
HakoBa (I = consi); obiuiee CONPOTHRAEHME LIEIH, COCTOSIIEH M3 HOCIeI0BATENBHO
COeIHMHEHHBIX TPOBOIHHKOB, PABHO CYMME COHPOTHB/IEHUH OTAEAbHBIX NPOBO/HE-
xoB (R = R, + R,); HapspkeHne HA KOHIAX el PaBHO CYMMe HalpsKeHUH nocie-
JOBATEAbLHO COETUHCHHRIX NPOBOMIHKOB (U= U, 4+ U)).

IIpu nociie0BaTeLHOM COEIHHCHHH JIBYX IPOBOTHHKOB: [ = const; U= [/, + U,
R= R] =+ RQ.

Mapamneipnoe coequHenne. I1pu napawrensHoM coequnennu (puc. 10.6, 6) npo-
BOMHMKOB CHJIA TOKA B HEPa3BETBJACHHOH YaCcTH LelH PaBHA CyMMe CHJT TOKOB, TeKy-
WX B PA3BETBIACHHBIX yuacTkax ([ = I, + L); masieHust HATPSKEHUS B MAPA/LIETbHO
COeAHHEHHBIX Y4aCTKaX OMHHaKkoBbl ( U = const).

Obuiee conporusaenne R napaiielbHO COEAMHEHHBIX IPOBOHIKOB R, v R, 1ienu
PACCYHTHIBAETCS CNEIYIONIHM 06PazoM:

1_1.1
R R R’
T.€. 061Uee COnpOTUBIEHHE
R= _faky .
B+ R,
IIpu napanneIbHOM COeAHMHEHHH JIBRYX NMpoROAHHKOB: [ = I, + L; U = const;
_ BB,
R+ R

I R R,
""Ej L
U, U,
U
a

Puc, 10.6
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10.9. CoeagMHeHne HCTOUHHKOB 3NEKTPUYECKOK IHeprum
B 6arapelo

Yacro NCTOYHNKH 3MEKTPHIECKON SHEPTHH COEANHSIOT Mexay cOGOM s nura-
HHUA HEeIn. COC,[[HHGHHE HCTOYHHEKOE B 6aTap€‘IO MOXKET 6bITI) TIoCAe10BaTEIbHLBIM H
mapajuleTbHBIM,

Ilpu nocregoBaTeILHOM COEAHHEHHH Ba COCEAHHX HCTOUHHKA COCTHHAIOT-
¢si pa3HOMMEHHBIMH noocamu {puc. 10.7).

IlomoxHTEeMLHBI B OTPHIIATEIBHEIH IMOICH COeTHHEHE TTPOBOIHUKOM, 2 C/IeJ0-
BATE/IbHO, MMEIOT OAMHAKOBBIH noTeHuMas. [loaTomMy pasHOCTE NOTEHIMATIOB MEXAY
MOJOKHTENBHBIM HOIIOCOM BTOPOTO HCTOYHHKA H OTPUIATENBHBIM NMOJIOCOM NEPBO-
ro papHa cymMe J/]C 3THX HCTOUHHKOB.

Ecxan Bcero umeercst n OAHHAKOBBIX HCTOYHHKOB, TC Pa3HOCTD IIOTEHIIHAJI0B Kpaﬁ—
HHX MOJFOCOB [IPU PA3OMKHYTOM Liel B 7 pa3 00Jiblue, YeM y OHOTO HCTOUHHKA.

Ilpu nocreposarenastoM coeaunennu JJIC 6arapeu pasna cymme I/IC or-
JIeNbHBEIX MCTOYHMKOB, COCTABIAIONINX GaTtapelo.

3TO BEPHO H B TOM CJIy4ae, KOT/]a OTACIbHEIE MCTOUHUKH MMeloT pazanuakie 3/[C.

Obmiee conpomnsienue Gataper O/AMHAKOBBIX HCTOUHKKOB PABKO CYMME BHYT-
PEHHHX CONPOTHBJICHHI OTAENbHBIX HCTOUHHKOB:

fg="rn+nrn+.-+ rp,= nr

Toraa, no 3akony OMa, cHa TOKa B TAKOH TeTTH

=" (10.12)
R+nr

Ecau coedunumn mexncoy coboti 8ce NORONCUMETbHBIC U 8CE OMPULA-
mensvHble NOMIOCHL 0BYX WU T UCTMOUNUKOS, TO ROAYUUM NAPALAEALHOE
coedunenue ucmounuxos suepeun (puc. 10.8). Ha npakrike Bceria coeauHsIOT
napa’eabHo HCTOYHHKH TOMBKO ¢ oAHHakoBo# 3/1C.

Puc. 10.8




IIps mapaaie sHOM COeAMHCHHM HanpsKeHHe HA Pa3oMKHYToil Gatapee Ta-
KOe€ K€, KaKk Ha OTAEJIbHOM HCTOYHHKE. 3!-13‘-]]1’1‘, OpH NapawsreJ TsHOM coeauHEe-
HMH OJJMHAKOBBIX HCTOYHHKOB 21eKTpHuecKoi sueprun 3JIC Garapen paBHa
IJ/IC oAHOTO HCTOUHHKA.

CompoTuBacHHe HaTaped MPH MapATIETLHOM COSAMHEHUM MEHBIIE, YeM COHpO-
TUBJIEHHE OTHOTO UCTOUHHKA. ECIN HE1b COCTOUT U3N OAMHAKOBBIX HCTOUHHKOB, BHYT-
DEHHEE COMPOTHBAEHHE KAXKAOTO T, TO COTPOTHBIIEHHE GaTapeH

T, —1
6=
Toraa, no sakomy Oma,
&
T=—\. 10.13
Ror/n ( )

10.10. 3axoH Axoyna - JleHua

[Iporexanne Toka 10 IPOBOAHUKY Bbl3bIBaeT HATPeBaHHE NPOBOJAHMKE. Kak noka-
3BIBAOT OMBITHI, KOJIHUECTBO BbiIEISCMON TEIIOTEI TeM (obile, 4eM Hombiie cuna
TOKA ¥ COTPOTHBJIEHNWE MPOBOAHHKA. [1poBeneM Takoii oneiT. [TonsecnM xenesnyro
IIPOBOJIOKY ¥ IIPOIYCTHM I10 Hell TOK, BKJIIOYMB B Lellb PeocTaT i aMIepMeTp. Y Beau-
YHBas CHJY TOKa B 1€, HaOmi0aeM CHA4ANa MTPOBHCAHKE MPOBOJIOKH OT HATPEBa-
HUSI, a 3aT€M ITPH A0CTATOMHO HOMBIIOH CHIe TOKa KpacHoe Kaynenue. JanipHelinee
yBeIMYeHHe CHJIBL TOKA MOXKET NPHBECTH K HeperpeBaHnio NpoBosiokd. Ha ocHora-
HHU OIIBITHBIX JTAHHBIX MOYKHO YTBEPAIATD, YTO B 3/IeKTPHIECKOH LIeNM IIPOUCXOAUT
psin npeBpameHuil Hepriy, [Ipy nepeMenieHHH 3apsiia BAOID 31CKTPUYECKOH LIeIH
KYJAOHOBCKMMH H CTOPOHHMMM CHJIaMH coBepuraercs pabora A. Ecim ssnekrpuyeckas
LEllb B PACCMATDHBACMON CHCTEME KOOPAHHAT HAaX0ANTCH B COCTOAHHY TIOKOA, a TOK,
MPOTEKAIONTIKI 110 Hell, TocTosaHeH { [ = const), To paboTa BEMHCIAETCS o popMy.ie

A=1IUt (10.14)

HE3aBHCHMO OT TOTO, B KAKOH BUZ 9HEDIUH MTPEBPAIIAETC SJCKTPHYECKas SHePIH.
ITa paboTa MAXKET MOHTH HA YBeIHYEHHEe BHYTPEHHEH SHEPTHU IPOBOAHUKA, T. €. €0
HArpeBaHHe, HA H3MEHeHHe MeXaHNIeCKOH SJHEPIrHY, HANPUMED Ha JIBHAKEHHE [IPOBO/I-
HHMKA C TOKOM B MATHUTHOM HOJE, B T. JL.

HeobpaTuMpie 1peoOpazoBaHus 31eKTPHUECKOH IHEPIHH B TEIIOBYI MOXKHO
OOBACHHTL B3AHMGACHCTEHEM 3/IEKTPOHOB C HOHAMM METAIIHYCCKOro NPOBOAHIKA.
CrankuBasiCh ¢ HOHAMH METALIHYECKOT0 [IPOBOIHUKA, 3/JJEKTPOHbI IEPeIA0T UM CBOIO
3Hepruw. Beneacrene 9TOTO yBEAMYHBAETCS HHTEHCHBHOCTE KoeOaHiit HOHOB OKO-
70 TIOJIOXKEHHSA PABHOBECHS. A ¢ YeM OoJbIIelt CKOPOCTBIO KOIeOII0TCs: HOHBI, TEM
BBINIE TEMIIEPATYpa NPOBOAHHMKA. Bens Temueparypa — 910 Mepa cpeHeil sHepTrHH
XA0THYECKOTO ABFDKEHHS ATOMOB, M3 KOTOPBIX COCTOUT NIPOBOJHUK.

Y10oOb1 BHIYMCANTS 37IEKTPAYECKYIO SHEPIHIO, 33TPaYeHHYIO Ha HarpeBaHue IPOBO/L-
HUKA, HYXKHO 3HATh NajieHue HANPSKEHHsT Ha JAHHOM y4acTKe poBogHuka U = IR
[Toacrasus B dopmyay (10.14) nocaeaHee BEIPasKeHNE, TIOAYINM

A=TIRt, win Q= I*Rt (10.15)
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Jaxon Awcoyan — Jdenya: KOIMYECTBO TEIUIOTH, KOTOPOE BbIAEAAECTCA B
NPOBOAHAKE ¢ TOKOM, MPONOPUHOHAJILHO KBAaJPATy CHILI TOKA, BPEMEHH €To
HOPOXO0K/ICHHA H COIPOTHBACHHIO MPOBOIHAKA.

10.11. Pa6ora U MOLULHOCTb 3/IEKTPHYECKOro TOKa

Pa6ora anekTprdeckoro Toka. [IpeanonokiM, Hac HHTepecyeT MeXaHHYecKas pa-
60Ta, KOTOPYIO COBEpIIIAeT /IeKTPOBUTATEND, ecu [/ — HanpsiKeHHe cern; R — compo-
THBJeHHe 0OMOTKY; | — CHIa TOKa, TeKyIlero no oomotke. QUeBHAHO, YTO Ha MEXaHH-
YeCKYI0 paboTy A, COBEPILAEMYIO IBHIATEEM, PACXOAYETCHA YACTh JHCPTHH 2JIeKTPH-
geckoro Toka. [Tpu paGote aBurarens obmotka ero 6yaer Harpepathed. Ha ocHopanuu
3aK0Ha COXPaHEHHS IHEPTHH MOKHO YTBEPKAATh, YTO IHEPTHsT 3IeKTPHYCCKONO TOKa
(1Ut) npespauaetcd B MeXaHUIeCKYIO ( Ay, ) M TeiwioByio ( 12 RE) sneprum:

TUt = Ay, + I?Rt, Ay = IUt— I*Rt.

[Ipnbop, ciayxamui A7 K3MEPEHHs PHEPTHH JIEKTPHYECKOTO TOKA, HA3bIBAETCA
INEKIMPUUCCKUM CUCTTTULLKOM.

ITonuas pabora, cosepuraeMast MCTOUHHKOM ToKa, DJ1C koToporo &, onpenensier-
ca 1o gopmy.ie

A=EH (10.16)

Ennnuna paboTet aekTpuuecKoro Toka — oxcoyns (JIx).
Mounoctb aeKTpruyecKoro Toxa. MowgHocms — 310 OTHOLIEHNE PaboTH 2/1eK-
TPHYECKOTO TOKA KO BPeMeHH E, 34 KOTOPOE COBepIlaeTcs pabora:

N =~f—:IU. (10.17)

EnvHMIIa MOHIHOCTH 3JIEKTPHYECKOTO TOKa — aamm {Br).

10.12. TennoBoe peicTBME TOKA

TennoBoe AelicTRYe 3MEKTPUYECKOTO TOKA UTPAET GOJIBNIYIO POJIb B COBPEMEHHOM
TexHuke. PaccMOTpUM HeKOTOpHIE TIPUMEPE! eTO TPUMEHEHHS,

Ha Ten0BoM AeHCTBHH TOK2 OCHOBAHO YCTPOICTBO TENIOBOTO TATTBBAHOMETPA, er0
cxcMa mpejcTaBieda Ha puc. 10.9. Kompl Metayminyeckoii IpoBoIokH 2 3aKpeUIeHb
HEIOABIXKHO B METRIMUECKHX Kojoakax v & Ilposomo-
Ka 2 BHINOJIHEHA U3 HCOKMCIIEMOTO YIIPYTOro MaTepHaa.
B cepemune nposonoka 2 OTTAMBAETCH HUTHEO 5, TPOXOAS-
11eil yepes 610K 4 H CKPeIIeHHOH ¢ NPy KHuo# 6. [Tpu npo-
XOMJIEHHH 3NIEKTPHYECKOrG TOKA IO IPOBOJIOKE 2 0Ha Ha-
rPeBaeTCsa M YIIHHAETCS, ee IPOorHO yBemiunBaetcs. Benea-
CTBHE 3TOT0 HATh J NepeMeIaeTcs U NOBOPaYUBaeT BIIOK 4.
C 6s10KOM 4 CKpeIUIEHA CTPEIKaA IAJLBaHOMETa, HO9TOMY
MOBOPOT 6A0KA COOTBETCTBYET OTKIAOHEHUIO CTPETIKH Ha He-
KoTopsIid yroa. Ecm mxana nputopa rpajiyuposaHa B e/ii-
Puc. 109 HHUAX CHJIbL TOKA, TO IPHOODP HASBIBACTCALMNED METPOM.
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HacTo HCHOAB3YIOTCS PAIMYHOTO THIIA SAEKTPHYECKHE Ha-
rpeBaTesibHble MPHOOPHL 1 aekTpHYeckue teuu. K anektpuue-
CKUM HATPEBATENBHBIM IIPUOOPAM OTHOCATCS IJIABKHE [IPEI0-~
XpaHUTeMH («OPOBKH»), KOTOPHIE CTYKAT /19 yCTPAHEHUS
OMACHOCTH KOPOTKOTO 3aMuIKaHusi. OBLIYHO 3TO TOHKHE Mef-
HBle WJIH CBUHIIOBbIE TPOBOJIOYKH, BBOJHMBIC ITOCACIOBATENb-
HO B HeMb 37eKTPHYECKOro TOKA H PACCYUTAHHBIE TAKHM 00pa-
30M, UTOOK! OHM TITABWANMCH TIPW TOKC, TPEBHITIAIONIEM TO 3HA-
YEHHUE, 114 KOTOPOE PACCUUTAHA 11ETIb.

K narpeparenbHBIM npubopaM MOKHO OTHECTH H JTAMIIOUKH
Hakanwranus. [lepsas mamnouka 6u1a nzo6perena B 1872 r.
snekrpotexHukoM A. H, loasirunniM. Ona npeacrassisaiaa coOoi
CTEK/ISHHBIA OAJUIOH, B KOTOPOM MEXAY TOJICTBIMH MeTHBIMH
[IPOBOJIQYKAMU YEDEILISIACS YIroapHblil cTepxenn, [Tpu npomyc-
KAHUH TOKA YTOThHBIH CTep:KeHb DACKAIANICS H IaBal cBeT. Yco-
BEPLICHCTBOBAHHEM JIAMII HAKAAMBaHKS 3aHuMamick T. Dnucon, V. Jearmiop v Ap.

B HacTosmiee BpeM#A B KaueCTBe HHTH HAKATHBAHHS JaMIT HCTIONMB3yeTcs BoAbgpa-
MOBas TPOBOJOKA ¢ TeMTepaTypoii maasienusd 370 °C. YeM Benue TeMIepaTypa HHTH,
TeM OOJIbIIAS YACTE U3AYYIaeMOi 3HePIHM oTAaeTcs B Buje csera. B 1913 1. nogsu-
JIMCh JIAMITOYKH, DAJLTOHbl KOTOPHIX 3ATOJIHSIHCh HHEPTHBIM ra3oM (apronom). Iipu-
CYTCTRHUE APTOHA 3aMe/JIgeT HCIIAPeHNC HUTH, ¥ CPOK CTYKOBI JTAMT YBeTMUMBAETCS.

Jlamma HakamuBaHusa npeactasiaena Ha puc. 10.10. Ona umeet BotbpamMoOBYIO HUTE
WY CORUDAIb [, YKPEILIEHHYIO Ha METATUIMYECKOH HOMXKe 3, BHYTPH KOTOPOH NIPOXO-
ASIT MTPOBOJOYKH 2, TTOABOISIIHME TOK K CITHPATH. /I OTKAYKH BO3/YXA CIYHKHAT TPY-
60YKA 4, KOTOpas TOCHAe YAAJEHUS BO3AYXA 3ananBaetes. JlaMma nmMeet MeTaidec-
KU HOKOJIL J M U30MUPOBAHHLIA OT OKOJS KOHTAKT 6, K KOTOPOMY IIPHIIAHBATOTCS
IIPOBO/A OCH HATH HAKaTuBaHusA, [[OKOIb 1 KOHTAKT 6 IPH RBOPAYHBAHHMN JaMIIOYKU
B TTATPOH COEAMHAITCS ¢ TTPOROIAMHA JEKTPUHECKOH COTH.

HarpeBaTeasHbIMH TPHOOPAMHE ABJIAIOTCS J/IEKTPOLLMTA, JIEKTPOYTICT, M1eKTPG-
YAHUK U T, ., KOTOPblE HALLTY IIMPOKOe IPUMEHEHHE B oMaliHeM obuxome. s
CO3/TAHUS BRICOKMX TEMIIEPATYP CATYKAT 2AIeKTPUUeCKHE Tewd, TeMIepaTypa BHYTPH
ey MOXKeT JocTHraTh 2 500 -3 000 °C. [Ins 91010 B IeYax B Ka4ecTBE TOKOIPOBO/IA-
IET0 BELIECTBA [IPHMMEHSIOTCS TYTOIIABKHE META/LIB!, HapHUMep MOMUOAeH. DieKT-
pPHYECKHE NIEYH HAIUIH MIHPOKOE MPHMEHEHHE B PA3TMIHbIX 06IACTAX HAPOIHOTO XO-
asiicTra, Ele oTHUM BAXKHBIM TIPHMEHEHHEM TETLTOBOTO ACHCTRUAA TOKA ABIACTCA KOH-
TAKTHAA CBAPKA, KOTODAA TPHMEHACTCS JJI5 CBADUBAHUS METANJIOB CO JHAYHTE/1bHBIM
YIEAbHBIM COLPOTUBAEHHEM ( HUKEIb, TAHTAI, MOAHOIEH K ap. ).

Puc. 10.10

r KPATKUE BbiBOAbl

L] Sﬂexmpuuecxuﬁ MoK — 370 YIOPAAOUCHHOE ABIDKCHHEE JEKTPHYECKH 3aps-DKCHHBIX
yacTHil. KonrHdecTpeHHbIMHT XAPaKTCPUCTHKAMH JIEKTPHYECKOTO TOKA ABJIAIOTCA CULIL TROKA

=29
At
H RAOMHOCTNL MOoKa

=1
i=g
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Cornacno sakony OMa AJIst yUacTka Nem,

L] 3jzercmpuuec%oe conpornusienHite METALINICCKUX [IPOBOAHHKOR 3aBHCHT 0T Mate-
pHaa, AMHHBL K II0MIATH TIOI€DEYHOI0 CEHEHU:

l

R=p—.
g
C yBeJIHYeHNEM TEMIICPATYPBI COTIPOTHBAEHNE YBEAAYHBAETCS:
p=pe{l + at).

Y HexOoTOPBIX IPOBOZHHKOB H CIVIABOB IPH TeMIepaType, Gauskoit k 0 K, anextpuueckoe
COTPOTHRNEHUE IPAKTHIECKH OTCYTCTBYET, T.€. HAOMIOaeTCA CaEPXNPOBOOUMOCHL,

® [JoTeHTMabHble CHITBL ANeKTPOCTATHYECKOTO st (cunnt Kyona) He MOTyT nonoepsxu-
BATb IOCTOSTIIHbBIA TOK B LCIH, TaK K4K Pafiora 3THX CHII BAOAb 3aMKHYTOIO KOHTYDA PABHA HYJTIO.
JLAsl [loAmepKaHNA B HelTd NOCTOAHAOrO TOKA JIOIKHBI ACHCTBOBATh HeMOTeHIHAIBHbIE (CTO-
POHHHE ) CHIIBI, HMEIOLIHE MEXAHWIECKYH0, XMMHYECKYIO HITH HHYI0 IpUpoy. YCTpoiicTsa, obec-
NeYuBAlOIIHMe BOSHUKHOBCHNE U AeHCTBHC CTOPOHHUX CHJ, HA3KBAIOT UCIMOYHUKAMU THOK A,

Pu3HUCCKY 0 BEAMUKHY, YHCAEHHO PABHYIO paboTe, KOTOPYIO COBEPIITAIOT CTOPOHHEE CHITBI
MpY THePCMCILENHH JHHUYHOTO [I0JA0KHTETHHOTO 3apAAa BI0As Beell nenH, HasmgawT I/1C
UCTNOYHURA TOKA:

g = A
® 3axon Oma Ons 3aMKHYMOU Uenu YCTAHARIMBAET 3aBUCUMOCTD MEKIY CHIGH TOKA,
I/C HCTOYHHKA H NOJIHBIM COTTPOTHRICLIMEM LETTH;

&
R+r'

® 3axon Jocoyra — Aenya: KONNYECTBO TEIIOTH, KOTOPOE BHACTACTCH B [IPOBOAHHIKE C
TOKOM, IIPCTIOPUMOHANBHO KBA/IPATY CHJIBL TOKA, COTTPOTHE/EHHIO K BPEMCHH:

Q= I*Rt.
® Paboma sneKTPHHECKOTO O TIPH YIIOPAACUEHIOM ABUKEHHH 5/EKTPOHOB B EPOBON-
HKKe TPOTIOPUHOHATBHA CHJIE TOKA, HANPSLKEHWIO H BPEMEHH!
A= Tl

® Mownocrp 271eKTPUYeCcKOr0 TOKa PABHA OTHOMIEHHIO pabOTE KO BPEMEHH, 34 KOTOPOe
OHA COBEPITAeT S

I=

E Bonpocbl ANA CAMOKOHTPONA H NOBTOPEHHA

1. Kaxue ycnoBus Heo®xomiMel /1715 BOZHUKHOBEHNSA W NOLIEPKaHHA 21eKTPUYECKOrO TOKa?
2. Kakas CBA3H CYLIECTBYCT MEXKIY XapaKTePACTHKAMHM 3eKTpHUecKoro Toka? 3. Ot dero 3a-
BHCHT CKOPOCTD HAIIPABJIeHHOTO ABMXKeHUA (CKOPOCTS Apeiidha) sMeKTPOHOB B IPDOBOAHHKE?
4. Or yero 3aBHCHUT H KAK ONpeAe/AACcTes CHAA TOKA B IPOBOAHKKE (Ha yyacTke ueny ez 31C)?
5. Iloyemy BOMBT-aMIIEPHAS XaPAKTEPUCTHKA MPOBOAHHEA PEACTABISAET coBolt NPAMYIO JH-
Huo? OT Yero 33BHCHT YTOJI HAKAOHA 2TOl NpaAMoi? 6. Uem 00ycloBIeHO 2IeKTPUYECKOE CO-
poTUBIeHUe TPOBC/IAMKA? (T KaKUX ero XapakTepHCTHK OHO 3aBucuT? 7. Kak 3aBucur co-
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TIPOTUBICHHE IPOBOAHHKA OT Temrepatypsl?8. TIpH Kakux yeIOBHAX BOHHKAET ABMEHHE CBEpPX-
nposoguMocTH? 9. Kak MOMHO OnpeieiiTh CHIY TOKA B HOJHOW (3aMKHYTOMN ) BACKTPHYCCKOH
nenu? 10. Kakue ycaosus BRINOIHAIOTCA H KaK PACCYWTHIBAIOTCA COMPOTHBCHUS TP NOCTe-
AOBATEMBHOM H ITAPAIEIBHOM coeanteHHu Lporoaunkos? 11. Kak paccuntanaercs D/C Ha-
Tapen MPH NOCAETOBATEALHOM, IIAPALIEILHOM 1X coeuiernn? 13, [ToyeMy npH npoTexaHy
TOKd O BPOBOAIMKY TIPOMCXONMT €TI0 HATDEBAHUE?

Mpumepsl pewelna 3agad

® 3anaua 1. Kakoe KoinuecTeo 31eKTPOHOB NPOXOIUT YERCS MONCPCYHOE CCYCHHE ITPO-
BOIHHKA [WIOMAABIO 1 MM? 32 2 MHH, €C/IH [IOTHOCTD TOKA B poBoAHUKe 150 A /cm??

Hano: §=1nmM" =10"%M% t =2 Mun = 120 ¢; j= 150 A/cm® = 150-10* A/M2

Haifmu: n.

Pemenne. KomyecTBo aICKTPOROB, HPOXOAALIMX YCPes MOMEPEYIoe CeYeHHE IIPO-
BOAHHWKA, PABHO OTHOIIENHIO 3apAa, IIPOLIERLIETo Yepes JalHHoe NnodepevyHoe cede-
HHE, K 3apARy SNeKTPOHA:

n="%, (1)

3a BpemA ¢ uepes ceveHc MPeBOJHNKA DU ToKe [ = 35 mpoxoaunT 3apsii
Q@=jSt (2)
IfoacTasasag (2) B (1), umeem
_ 5t
—

Boiumcnenus:

- 150-10% A/m?-107% M?.120 ¢
1,6-10"* Ka

=1,15-102.

OTteet: n=1,15-10%.

® 3anaua 2. OnpemeanTb CHIY TOKA KOPOTKOTO 3aMbiKakua datapen, 3/[C koto-
poii 15 B, ecan 1ipu MOAKNIOYEHHH K Hel CONPOTHRAeHHS 3 OM CHa TOKA B TIETTH
cocTapiaset 4 A,

Hano: Z=15B; E=30m; I=4 A.

Haiimi: [
Pewense. Cuna ToKa KOPOTKOTO 3aMEIKAIHA
Iy =— 1
— e

[Fjie 7 — BHYTpelHee CONPOTHBACHUC DaTapeu, KOTOPoe MOSKHO HAMTH HCXOAS 13 3aK0-
#a Oma s nosmHoil wenw (10.11):

& — IR
HNoactaeus (2) B (1), moayynm
;€ __f1
"y &-IR
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Brrmcaenusn:

15B-4A

—_— :2 A.
“  15B—4A-30M 0

OrtBer: [, = 20 A

® 3axaua 3. OnpejeauTs BpeMs T, 1eoDX0IMMOe 47151 HaTPERaHMSA Ha 3JCKTPH-
gecKkoiH IWTHTKe MomHocTs0 1 200 Br apu KILA 75 % 2 xr paa, B3ATOTO HPU TEMILE-
parype —16 °C, npeBpameHns €ro B BOAY ¥ HATPEBAHWA MOAYIEHHOK BOBI 10 TEM-
nepatypst 100 °C.

Hano: N=1200Br;n=0,75; m=2kr; t; = —16 °C; ¢, = 100°C; A\ = 3,3 - 10° /I& /kr;
e =2,1-10° [l /(kr- K); ¢, = 4,19 10° JIx/(xr- K).

Haiirn: +.

Pemenune, Jnekrpuyeckad sHeprya ¢ = nNT pacxoayercs Ha HarpeBaiine Jbja ot
TeMnepatypsl —16 °C 10 TeMneparypsl TAABICHUA &, = 0 °C ( @), Ha M1asIeHHe JThja
(@) M Ha HarpeBaHHC MOAYYEHHON U3 J1bja BOAEI oT Temmrepatypil 0 °C jio Temilepa-
Typet 100 °C (Qy):

QJ = Cnﬂb(to - tl)l
QQ = }\ma

Qa = Cum(tQ - tﬂ)
¥YpagHeHHe TewoBoro Hajianca:
NNt = ¢ty — b)) + m + eamt, — 1),

OTKyda
_emlly —4)+Am+eoml(t, — ) '
nN
Boruncaennsn:
2,1-10° ‘?’K 2xr-16 K +3,3- 1055— 2 Kr + 4,19 103 Ki[’“K 2kr-100 K
T 0,75-1200BT =
=1740c.

Oteet: T=1740 c.

E 3agaum gnn CAMOCTOATENLHOIO pelieHus

{. Uepes momcpewIioe coueIine HPOBoAHUKA KUKAYIO CeKyHAy TPoTeEacT 12 - 10" ceofoanbx
aAeKTponoB. (HIpeieInTs CHIY TOKA B TPOBOAHHKE.

2. Kaxoc KOTHUeCTBO 2ACKTPHUCCTBA IIPOXCIHT YepPe3 NOueHEYHOe CEUCHIE IPOBOAHIKA B Te-
HeHne 1 ¢, eCIH 33 ITOT LPOMENKYTOK BPEMEHH CHIa TOKA PARHOMEPHO BO3PACTAET OT Hy A 16 A?

3. Kaxosa D/IC uCTOYHMEKA HAIIPAMKEH S, €CJIH CTOPOHHHWE CHIIBL coBepmatoT paboty 10 JIx
TTPY DA3JCICHNH 3apAnoe +5 u —5 Ka?

4. AkKymyasTopHst OaTaped, cocToamas w3 60 GaHoK, 3APAKAETCH OT MCTOUHHKA MOCTOHAH-
Horo nanpsixenms 100 B, Tok zapsizikn pasen 2,5 A, 91C kaxpoi 6aHku B Hauane sapsakul,2 B,
BHyTpentiee conpotupaeinie 0,02 Om. KakoBo COMPOTHBICHHC PEOCTATA, BETIOICHHOTO MEKIY
HCTOUHUKOM 1 Hatapeefi?

3. 2/1C nerounnka Foxa pagHa 1,5 B, [TpH 3aMBIKAHEH HCTOYHHKZ CONPOTHBACHHEM 2 OM
cuna Toka cocrasisier 0,3 A, Onpene T CHITY TOKA KOPOTKOTO 3aMbIKAHU,
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6. Dmexrpryeckuii YallHWK MMeeT B HATDepaTese Ase ceKIHy. Ecau oHu coennHeHbl na-
PaAeIbHO, TO BOAA B YafHHKe 3aKuNaeT 32 8 MUH, & €CJl OHH BEIKYEHb TI0CAEOBATENb-
Ho, TO 32 50 MnH. 3a KaKoe BPEMA 3aKWTNUT BOJa B UafiHUKC, ECIH BEMIOYEHA OJHA B3 CeK-
uai’?

7. OnpenesmTh MOIUHOCTE HATPEBATEIS HICKTPOMANHHKA, eCTH B HeM 3al () MHH MOXKHO BCKH-
NATHTh 2 71 BOARL, HayanbHad TeMIeparypa kotopoit 20 °C. KITJ narpesarena 70 %.

8. [Last Harperanus 4.5 nsoast ot 23 °C no kuneHus warpesatens notpebmger 0.5 kBr-g
JIeKTpHUECcKoi aneprun. Yemy paser KILJ storo sarperarens?

vo Kmovesble CNOBA: ciula TOKa, MJOTHOCTL Toka, 3akon Oma, 24C, anexr-
pU4ECKOe CONPOTURABHME, HANPXeHue, 3akoH [xoyns — flenua.

Fnaea 11
3NEKTPUMECKUN TOK B NONYNPOBOAHUKAX

11.1. Co6¢crBeHHAn NPOBOAKMOCTb NOAYNPOBOAHHKOB

Heropuyeckas cnpapka, Dyplioe pasenTye paAMOTEXHEKH 0632H0 21€KTPOBAKYYMHbIM

npubopaM. OHH ABAATUCE HEOTHEMAEMOH YACTHH BCAKOTO PATHOTEXHHYECKOTO YCTPOH-
CTB4d, H I'JIaBHBIM 06])330M HX CBOHCTBAMH OIpeaeaaIuch TEXHHYECKNE NOKA3aTEMH alllapa-
TYPHL

OH2KO B [IEPHOM HAKBHICUIETO PACLIBET TEXHHKM H TEOPHH 3MEKTPOBAKYYMHBIX IPUOCDOB
OHH HAULTH TOCTOHHBIX KOHKYDEHTOB B BH/IE PA3HOOOPa3HBIX NOIYTIPOBOZHHKOBLIX TIPHOOPOB.
ITH nprbOpPLI 06OMANAIOT PAAOM UEHHDBIX KAYeCTB: DOTHIINM CPOKOM CAYKObI, MATBIMH Tabapn-
TAMH, BHICOKOH MEXAHMYECKOH MPOUHOCTHIO M HE3HAYUTESIBHBIM MOTPEGIEHHEM 3HEPTHU. JTH
KauecTBa B COBOKYTIHOCTH 0ecTieqHBaioT IIOBKIMIEHNE HAKEAHOCTH PadoTHl ANMAPATYDE TTPH
OAHOBPEMEHHOM COKPAUIeHHH DACX0Ad JHCPIHK HA €€ TIMTAHHUE, MACChl K raﬁapmoxa. K TOMY Fe
B PAAC CAYYAEE NONYIPOBOIHHKORbIE NPHOOPHL MOryT BEINOTHHTS (PYHKIMH, HE AOCTYIIHbIE DAEK-
TPOHHBIM JIaMIIaM.

B 20-x rogax XX 8. O.B.Jloces 0TKPbLI CHOCOGHOCTE NOMYIPOBOAHHKOBIX 1HOA0B (KpU-
CTAITMYECKHX IETEKTOPOB) reHePHPOBATh HE3aTYXalonde Kosebanma. B wamell crpane me-
CAeJOBAHUS TONYTTPOBOAHMKOE Hadanucs B KoHIEe 20-x rogos XX B. TOX PYKOBOACTBOM
A @ Hodwpe.

B nanbHeiinteM B CBA3H ¢ MPOTPeCCHBHEIM PasBUTHEM (QHBHKH U 0CoDeHHO GU3NKH TRED/IO-
ro redia, 6I:|UI OTEDPBIT PA/T BAGKHBIX CBOITCTB NOAYIPOBOIHRKOE, KOTOPLIE MO3BOJIMAY 3HaAYHTEJIBEHO
PaclHpHTL OéJIaCTb HCIIOJIb30BAHHA NOAYIIDOBOAHHKOBBIX IlpHﬁOpOB B HACTOSIIEM U OLUEHHTD
HX posib B GyAyLIeM.

Hoaynposoanukd. CymecTByeT 00abIIAsA [PYTINA BELIECTB, KOTOPLIE IO CBOMM
HeKTPUYECKHUM CBOICTBAM 3aHHMAIT IIPDOMEKYTOTHOE MOJICKeHNe MEXAY IPOBOA-
HUKaMH W TH3AEKTPUKaMH. DTH BeECTBA HA3HBAITNOAYNPOSOOHUKaGMY. K HUM
OTHOCAT KPEeMHHIH, repmanii, pochop, MEITBAK, CYPHMY, CCJIEH, OKCHIIHI PAAa Me-
TALI0B, CYAbMRIL, Teanypuasl. Hanbosee THIIMYHBIMH 110JAYIPOBOAHAKAMH ABJLA-
10TCA TepMaHuil U kKpeMuril, C HUMH CBA3aHBI MHOTHE YCIIEXH [TOYTIPOBOAHUKOBOH
3MEeKTPOHHKH. ATOMBI 3THX 37IEMEHTOB, 00.,1a/1a YeTHPbMA BAJECHTHBIMU PAEKTPO-
HaMmH, 00pa3yIoT KPHCTA/IMYECKYIO Pellie TKY THIA AlIMa3a ¢ KOBaJIeHTHOH CBA3bIO
aToMOB.
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OT THUHMYHHIX IPOBOHUKOR ( METAJIJIOB ) TIOJIYIPOBOHH-
KH OTJIMYAIOTCS Tpex e BCero KOHIeHTpaltMer CBOOOIHBIX
371eKTPOHOB. KoHUeHTpanug HocHTe el 3apsiia B IOAYIpo-
BOAIHUKAX MTPY KOMHATHOH TEMMEpPaTYype 3HaYUTEIBHO MEHb-
1€, YeM B MeTaJlJIaX, TI03TOMY VIIeJNbHOe COLPOTHBAEHHE T10-
TYTIPOBOAHHKOB ropasiao 60JIblle, YeM METALIIOB,

YnenpHOE CONpPOTHBAEHHE I10/1YIIPOBOAHUKOB CYyIIe-
CTBEHHO 3aBHMCHT OT TCMIICPATYPH! (eCAH MPH HarpeBaHUU
MeTANTa OHO BO3PacTaeT, TO P HATPEBAHHMH ITOJYTIPOBOA-

Puc. 11.1 HUKA CHIbHO yMEHBIIAETCH ).
Hanuuue npumeceii Takxke [o-pasHOMY BIMSET Ha 27€K-
TPHYECKYIO MPOBOTHMOCTh METAJIJIOR H MOMYTIPOBOAHHKOR (IIPHCYTCTBHE IIpUMeceH
B METANIAX 3aMETHO CHIDKAET UX JJIEKTPHUYECKYIO TPOBOAMMOCTD, B TO BpeMsi KaK B
MOAYTIPOBOTHUKAX NIPEMECH B OTACABHEIX C/IYYasAX MOTYT MOBLICHUTD SIeKTPUYECKYID
MPCBOAMMOCTS B 1eCATKH M COTHH THICAY Pas).

Hamnuue 21eKTpoHOB HPOBOAMMOCTH B TIOAYIPOBOIHHKAX OOBACHAETCH 0COOEH-
HOCTBI0 UX KPHCTA/LTMYECKOTO CTPOEHH.

CobcTBennag NpoBOAHMOCTE TOAYIPOBOAHMKOB, PacCMOTPHM KPHCTA/LTHYIECKY IO
pemeTKy repmanis (puc. 11.1).

Bo BHemueld 060104YKe ATOMOB T€PMaHHS HMEETCH YCTHIPE BATEHTHEBIX JTEKT-
poHa (repMmaHnii Haxoautca B IV rpynne HepHoau4ecKol cHCTeMBL 3/1eMeHTOR
A 1. MengeneeBa). ITH 3/€KTPOHE], YYACTBYIOLUIHE B KOBRJAEHTIOH CBA3H C CO-
CeJHHMH aTOMaMH, Cﬂa60 CBA34HDI C AIPOM. SHCDTI/IH HOHH3AIIHH aTOMOB repMa-
HHA CPaBHUMA ¢ HePTHEl TCIIOBOIO UBMXKEeHHA (KOJACOaHHA YaCTHII B KPHCTAT-
7ne) yxe npu KoMuatuoi Temneparype. [loatoMy 4acTs BHEIHKX 3J1eKTPOHOB 0600-
INEeCTBJAACTCA COCEAHHMMH aTOMaMH H JCTKO NepeXoauT OT OAHOTO U3 HHX K ADPYTO-
MY, CTAHOBSACH OJyKAaONUMH YacTHUAMH, OTHOBPEMEHHO ¢ MOABIeHHEM Oy X-
JaUIero 31eKTPOHa Y OJHOTO M3 ATOMOB MOJIYIPOBOIHHKA BO3HHKAET BAKAHTHOE
{cBoboAHOE) AA 3/1EKTPOHA MECTO, KOTOPOE NIPHHATO Ha3biBaTh OwipKOl. ITY
ABIPKY MOXKET 3aHATH AJIEKTPOH COCeTHETO aTOMa, Y KOTOPOTO B CBOKO 04Yepelnb 00-
pasyeTrcs IHpPKa. BayxkaaHue 31eKTPOHOB B KPUCTALIHYCCKON pelleTKe OTyIpo-
BOJHMKA BiedeT 3a coboii ceoeobpazHoe 6y iaHue AbpoK. «Ilepemeuienues abi-
POK OT OZHOTO aTOMa K APYTOMY TOAOGHO IBHKEHHIO ROIONCUMENbHOZ0 3AP -
da, PaBHOTO 3apSy 2TEeKTPOHA.

Ecin B mosynipoOBOAHHKE CO3ZATh 3JEKTPHYECKOE TI0JE, TO ABHKEHHE KaK JIeKT-
POHOB, TaK # ABIPDOK MPpUHHMAET HaHpaBHEHHbIﬁ XapakTep, rpUH4YeM JbIPDKH <I[IepeMe-
MIATCA» B IIAlIPABJeHUH MOJIA, A BACKTPOIIBL — HABCTPEUY M.

B uncTOM NOIYyNpOBOAHHKE YHCA0 CBOGOAHBIX STEKTPOHOB PABHO YHCTY JHIPOK,
MO3TOMY MPOBOAMMOCTE YHCTHIX INOAYNPOBOAHHKOB HAIOJOBHHY 3JEKTPOHHAA, Ha-
[IOJIOBHHY ABIpOYHast. Takyo MpOBOIMMOCTb HA3bIBAIOT cOOGCMEenHoti npoeodu-
MOCMBIO. ,

IIpumecHad IpOBOAHMOCTE. JAEKTPHYECKAsE MIPOBOAHMOCTD II0TYIIPOBOTHHKOB
OTIpefieNaeTca KORIEHTPaIHell a1eKTPOHOR H ABIPOK W HX [FO/{BHKHOCTEIO, BBeIeHUE
e aTOMOR [TPHUMEeCH NPHBOJHUT K CO3AAHHIO JOMOIHHTEeABHBIX HOCHTEIEH TOKA H HO-
BBIIIAET 3JIEKTPHYECKYIO IPOBOIUMOCTb BeniecTra. IToaToMy GOTBIIHHCTBO TOAYIPO-
BOJHHUKOB — NPUMECHEIE.

JonopHsie npuMecH. [Ipy BReZeHAH B KPHCTAILIMYECKYIO PEIeTKY repMaHKA aTo-
MOB MBIIIBAKA, CYDBMBI WJIH APYTHX BEIECTB, ATOMbI KOTOPBIX HMEIOT IISITH BAJEHT-
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AToM R
HHH#
\ Merann
p IMonynpoBoaHHK
HEIE¢ CBA3H P - -
a 6 973 0 t°C
Puc. 11.2 Puc. 11.3

HBIX 3JEKTPOHOB, KOHLIEHTPAusi CBOOOAHBIX 3IEKTPOHOB B NOLYIIPOBOTHUAKE PE3KO
sospacraer. [Iponcxoaut 310 HOTOMY, YTO YeTHIPE BAJIGHTHRIX 3/IEKTPOHA aTOMA MPH-
MeCH YYaCTBYIOT B CO3/TaHUN XUMHUECKOH CBA3H ¢ aToMaMH repMaius. [laToiii Baten-
THBIA 2JIEKTPOH OKa3bIBAETCs C/1a00 CBA3AHHBIM ¢ aTOMOM IIPUMECH, T03TOMY OH JIeT-
KO MOKHAACT ATOM U CTAHOBHTCH «CBOGOXHBIM> (puc. 11.2, a).

TakuM 06pa3oM, a 3TOM CayYae IPHMeCHBIE ATOMBE OTAAIOT 2IEKTPOHEL, T. €. SIBJIA-
FOTCSL JOHOPAMH 3JIEKTPOHOB, 4T0 U 00BsicHseT ux naszpanue. [Iposoaumocts, obyc-
JIOBJICHHAS JBHXeHMEM CBOOGIHBIX JIEKTPOHOB, HA3LIBAETCS JIEKTPOHHOH, HIH NIPO-
BOAMMOCTBI) n-THIIA. ,

Axnenropasie npumecH. [1pu BeeHny B KPUCTANTIHYECKYIO PEIIETKY FepMaHHs]
aTOMOB MHAWS, TAJUIHS WM APDYIUX TPEXBATCHTHBIX 3AEMEHTOB XapakTep IPOoBOIH-
MOCTH MOJYTTPOBOJAHHUKA MEHSETC. JTO 00BSICHAETCH TEM, UTO Ha 00pa3oBaHUeE JABYX-
HIEKTPOHHOH CBSA3H € OJHUM M3 COCEHUX ATOMOB FePMaHMs ¥ aTOMA HH/US He XBaTa-
eT GAHOTO JJIEKTPOHA, T.€. MEXKIY 3THMU ABYMs aTOMAMH [T0JIy4aeTca HesanoJHeHHasA
BAJICHTHAA CBSA3b, WM AbIpKa (puc. 11.2, 6). ucno Ovipox 8 Kpucmaiie pasro
YUCAY AmOMO8 nprimects. [ poBoAUMOCTS, 06YCIIOBAEHHAS JBIDKEHHEM ABIPOK, Ha-
3bIBAETCA JBIPOYHOMH, WK IIPOBOJAMMOCTBIO P-TUIIA.

3aRHCHMOCTD 3NeKTPHYECKO NMPOBOMMOCTH 0T TEMIIEPATYPhl H OCEENEHHOC-
H. Pasmriie Mexy MPpOBOHAKAMH Y TIOJIYIPOBOIHNUKAMI 0COOEHHO 3aMETHO IIPH
HOHKKEHUY TeMIEPATYPbL, TOTAA KAK PazJiuuue Mex Iy NOAYIPOBOAHHKAMY 1 U3014-
TOpaMH ¢ OHIJKEHUEM TEMIIepPATYPHl HcYe3aeT. JaBUCHMOCTh CONPOTHBIEHHH Me-
TA/LIOR M TIOJIYTIPOBOTHHKOR OT TEMIIEpaTyPhI IT0Ka3aHa Ha puc. 11.3.

Y MeTasnoB yMeHBUICHHE 3JIEKTPUYECKOH IIPOBOANMOCTH IIPU NOBBILIEHHUU TEM-
[ePATYPBL CBA3AHO C YMEHbINEHHEM TIOABHKXHOCTH 3JeKTPOHOB. KoHUeHTpalHa cBo-
GOMHBIX AMEKTPOHOB MPAKTHYECKH HE 3ABUCHT OT TEMTIEPATYPHI

¥ noxynpoBOZHWKOB ¢ POCTOM TEMIIEPATYDHI IOABIKHOCTE SMEKTPUHOB i ABIPOK
TOXE IaJaeT, HO 3TO HE HIPAeT 3aMeTHOH POTH, TaK KaK (1PN HArpeBaHUW repMaHHug
KHHETHYECKAA SHEPTHA BaJeHTHHIX 3AEKTPOHOB BO3PACTAET W HACTYIAET PA3PLIB OT-
JEJBHBIX CBSI3€H, YTO MPUBONT K YBEJHUEHHIO YHCIa CBOOOMHEBIX JMEKTPOHOB, T. €.
POCTY 2JEKTPHIECKON NpoBoauMOCTH. Brepsrie B 1873 r. B . Cmut Habmonan naMe-
HEHHWE COIIPOTHRJIEHHS KPRCTALTHIECKOTO CeeHa TIPH OCRellleHITH,

Ilpu ocBeleHHH MOMYNPOBOIHUKA B HEM NOABASIOTCS AOMOJMHATEILHBIC HOCHTE-
JIX, YTO MPUBOANT K TOBBLUIEHUIO €I'0 A/IeKTpU4ecKoil nposoauMocty. Hccieaopanus
MTOKA32JTH, YTO Ha CBOMCTBA IOAYTTPOBOJHHKOE BAMAIOT PEHTTEHOBCKYE TYTH, PaSHO-
AKTHBHOE M3AYUeHNe, MArHUTHBIE 110JI51, MEXaHH4decKue AedopManuin u ap.
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11.2, MonynposogHuKoBbie NnpuGopbl

TepMHCTODRL. Y TTOTYTIPOBOTHWKOE SPKO BHIPAjKeHa 34BUCHMOCTD JEKTPHICCKOH
MPOBOAMMOCTH OT TEMTIEPATYPHL UEM BEILIE TEMTICPATYPA TIOJIY T POBOAHMKA, TEM JIY4-
e OH NPOROAXT TOK. IIpubopsl, ocrioBaHHLIE Ha 3ToM ahdheKTe, HA3HIBAT MEPMO-
CONPOMUBAEHUAMU, Uiy MepMucmopamu. TepMUCTOPD HAIILTH OFPOMHOE ITPH-
MEHEHHE B TeXHHKE, MeUIIMHE U CelbCKOM x03stiicTBe. OHH MCIONL3YIOTCH LA W3-
MEPEHUS TeMIEPATYPL! B PA3AMMHAIX aTPeraTax, BCIOY, I1e HeOOXOAMMO NOLAePKH-
BaTh MOCTOAHHYIO TEMNEPATYDY U CBs3aHHHIe ¢ 1Ieil pusuyeckue BerHauiet. C noMo-
WLIO TEPMHCTOPOR OTIPEIENAKT TEMIEPATYPY 1I0YRbI Ha pasdiudHoil raybune. Tepmu-
CTOPbl MOXKHO BBOAWTH HETIOCPEICTBEHHO B KPOBEHOCHBIH cocyl. UYBCTBUTENLHOCTD
3TUX NPUOOPUB HACTOABKO BEIUKA, YTO HA UX OCHOBE U3TOTOBJISIOT NPHEMHHKH Y-
YUCTON AHEPTUH, HashiBaeMble 600Mempamu.

IAeKTPOHHO-ILIPOYHEI nepexoa (p—n-nepexoa). I'pamulia CONPUKOCHOBEHHS
ABYX IIOJIYIPOBOAHUKOB, O/IMH H3 KOTOPLIX HMEET 3JICKTPOHHYIO, a IPYTOH — JILIPOY-
HYIO TIPORO/IMMOCTD, HASKIBACTCA IACKMPONHO-0bIPOUNBIM NEPEXO0dOM WU
p-n-nepexodoM. ITy NepexoNHl UMEIOT GONBIIOE LIPAKTHYECKOE 3HAYEHUe, TBA-
51Ch OCHOBUH PabOTHI MHOTHX NMOJYTIPOBOANHKOBEX 1puGopos. TlpakTuyecku p—n-tic-
PEXOA OCYIIECTBI/IETCS He MCXaHUYCCKUM KOHTAKTOM /JIBYX DA3HBIX TONYNPOBOXNHE-
KOB, a BHECCHMEM JIOHODHBIX H aKUENTOPHLIX IIpUMeCcei B pa3Iible YacTH YUCTOro
IIOJIY LIPOBOAHHKA.

ITycTb aABa nOJMYUPOBOIHKKA C PA3THUHEIM TUTTOM 37EKTPONMPOBOIHOCTH (P ¥ 1)
COIpHKacaTcs Apyr ¢ apyrom. IIpu s10M HagHerca nepexod (1uddy3us) s1eKT-
POHOB M3 n-0614CTH, Tie UX MHOTO, B p-06JaCTh, 1AC UX MAJIO, U IEPEMELEHHe
ABIPOK B 0GpaTHOM HanpasieHur. Tak Kak ABIPKY B 3NEKTPOHE SIBIISIOTCS 3aps-
KEHHBIMU YacTHLAMHU, TO BCAeACTBHE HX Au(y3uM N0ABUTCA KOHmMaxmuas
PAIHOCMb ROMEHUNAN0E MeX 1y p- W n-obaacTamu (puc. 11.4, a). 3aexrpo-
Hb! M ALIPKY HA FPAHHIe Pa3/ieNia ABYX TONYTIPOBOAHHKOR CO3/AI0T  3ARUPAI0-
wiuil ca0d, 1o/e KOTOPOro MPEeUATCTBYeT AaibHeiimeMy Aup y3HOHIOMY nepe-
HOCY HOCHTeJIeH 3apsia.

IIpnnoxumM BHeNIHCE 3NEKTPUMECKOE TOAE K CHCTEME IBYX TIOAYHIPOBOAHRKOR
(xak Tiokasano Ha puc. 11.4, 6). B 3ToM cayuae HATPSAKEHHOCTh BHENTHETO TI0S
COBTaJIaeT 10 HAMPABJIEHHIO ¢ HOJeM 3anupamouiero cios. [lpy rakom Hampasie-
HUH BHEUIHETO ICKTPHUYCCKOTO MO ANCKTPOHBI, ABHTAsACh MPOTHE 110J14, A AbID-
KW, ABUIASICH BAOL MOJIS, YXOAST N3 ofaactn B6au3au konTakta. [Ipu 3TOM 3anu-
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paonIuil ¢/10H PacHIMpSETCs U ITHPHHA €ro 3aBHCHT 0T TTPUJA0XKEHHOH PasHOCTH
HOTeHUMAJNO0B. B 3anuparonieM cioc KOHHCHTPAHs cBOGOAHBIX 3JeKTPOIIOB U Abl-
POK Majla H OH BeJleT cehf Kak AUsMeKTPUK. OUeBH/IHO, YTO B 9TOM CIydae 3IeKT-
pHYECKMId TOK Yepe3 p—n-Tepexol TPAaKTHYeCKH He PoXoauT. Hampapaeine BHOLI-
HEro IoJist, PacIIMPsTIOIETro 3aNHPAIHINI C/IOW, HASHBAIOT 3Januparwum (06 -
pPamuvim).

IIpy u3Menenuu HaTpaBIeHUA BHEINHCIO dAeKTpHUeckoro ouad (puc. 11.4, g)
H3MEHSAeTCH HATIPABIEHHE JIBIDKEHHS 3MeKTPOHOB H ABIPOK HA IPOTHBONONOKHOE.
B obunactu p—n-nepexosia oHH peKOMOMHHPYIOT. [Ipy 9TOM mwrpuHa 3anupaionie-
FO €108 U er0 CONPOTHRIIeEHHe YMelibllalTcs. CledoBaTeablo, B 3TOM HallpaBJie-
HUH 3/IeKTPHYECKUIT TOK ITPOXOJNT CKEO3b p—n-NepeX0i 0T p-IIOAYIPOBO/IHHKA K
n-MOJYIPOBOAHUKY. Takoe HAlpaBIeHHE TOKA HA3KIBAIOT MPONYCKHBIM, NIH
nPAMBIM.

Taxum obpasom,

B p—n-nepexoa o6aasaer 0OAHOCTOPOHHEH MPOBOAHMOCTBHIO.

Juoa. TogyTpoBOAHHK ¢ OJHHM p—7-TIEPEX00M HA3BIBAIOT MOJYIPOBOAHHKO-
BbIM quofom. Ha puc. 11.4, 2 mokasaHo yenoBHOe 0603HaYeHKE noaynp06800Huxo-
8020 Juoda.

[MoxynpoBOANKMKOBEIA AMO/, KK H ABYX 3JIEKTPOAHAS HMEKTPOHHAS JaMua (JLHOT),
O6JIa,I[&ET OHHOCTOPOHHeﬁ IIPOBC/THMOCTBH). HOJTYH]JOBOI[HHKOBBIE AHOOBI TOPAa3io
TIpolLle B KOHCTPYKIIMH U HaexkHee B paboTe, YeM AJIeKTPOHHAS JaMna. B HacTosmee
BpeMsi OHM [I0YTH TIOJTHOCTBIO BHITECHWIM CTEKJISTHHBIE IMOAH B paaunoTexHuke. I1o-
JTYNPOBOAHUKOBBIHA JUOA HCIIOJE3YETCS JUTsT BRIIPSIMIIEHHST TepEMEHHOTO TOKA U MO-
KeT paboTarh B KaYeCTBe JETEKTOPA.

Ecau B mo/ylpoBOANMKOBLIH MaTepuall LipuMeceii BHeceHo B 20 — 30 pa3 Goab-
e, YyeM 0OBIYHO, TO TOAYYAT 0CoObid KAACC AHOAOB, HAEIBAEMEIX  MYHHEAb~
HotMu . Takye THOB NIPUMEHSIOTCS KaK YCUJTMTENH H TeHEDPATOPHE BRICOKOH dac-
TOTBL.

Tpansucrop. [11d cO31aH1s NIOJYIIPOBOAIIMKOBOTO TPHOAA — TPAH3UCTOPA — He-
00X0ANMO UMETh TPH COCTABHbIE YaCTH MOJYTPOBOIHHKOBOIO 1IPHMECHOTO MaTepHa-
J1a: ABe n- ¥ OIHY p-TUa Win Hao6opoT. O/HA U3 BO3MOXHBIX CXEM [IPEICTaBIeHa Ha
puc. 11.5, a. TIpu BKAOUEHHH TPaH3KCTOPA B Lellb HCAOJIb3YIOT ABe OaTapen. OaHa
BKJIIOYAETCS TUIIOCOM Ha {-YacTh TPHOAA, HA3HIBAEMYIO aMuimmepom (3I), 2 MHHY-
COM — Ha CPEHIOI N YacTh, HasnBaeMyk 6azo# (B). Bropas 6atapes mopxmouaet-
s TWTIOCOM Ha 023y, 8 MUHYCOM — Ha BTOPYIO  p-YacTh, HA3BIBAEMYIO KOJLIEKIMOPOM
(K). ITpu Takom BKIIOMEHHH J(BIPKH SMHTTEDPA YXOAAT B 6a3y. /lajibHeiitee ABHKeHHE
ABIPOK 13 6236l B KOLTEKTOP OCYILECTBIIs-
eTCA 3a CYET BTOPOI Gatapeu.

IIpu yBerraeEHN HANpPAXKEHUA HEPBOH p p Toxkod-
faraped BO3PACTAET YUCIO ABIPOK AMHUTTE- r—- [—~ [~ | ZeKTOpa

5

pa, KOTopble Yepe3 6a3y AOCTUTAKT KOJ-
nexropa. ClefoBaTeNbHO, HAPSKEHHE OK B K
MexTy 6a30i ¥ 9MHTTEPOM VIIPaBJISIET TO- L@aﬂﬂh ._J __J
KOM KOJJIEKTOPA, TaK JKe KaK HanpskKelne v f

MEeXIy CeTKOH H KaTOAOM B JIaMIOBOM a 6
TpUOAEe YIPaBAAeT aHOIHBIM ToKOM. Ha Puc. 115
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puc. 11.5, 6 nokasano yci0BHOe 0603HAYCHHE MOAYNPOEOOHUKOE020 MPuUoda
TH1IA p—n—p.

[Tepsbiit moTynpOBOAHUKOBEI TPHO (Tpan3ucTOp) 65L1 co3gad B 1948 r. amepu-
KaHckuMu usuxamu Y, B. oxan, J. Bapaun u ¥.Bputreitn. [IppMenenne nony-
NPOBOAHUKOB COBEPIINITO PEBOJIOINIO B PaiHOTEXHHKe, PagnogeTany ¢cTaau HacToMb-
KO MHHHATIOPHBIMY, YTO MOABUIACH BO3MOKHOCTD H3TOTOBIATH THIOTPadCKUM CIIo-
coBOM Tak HasblBAEMbIE MUKPOMOIYIH. Mukpomooy it NpeAcTaBasioT coboi ToH-
KHe JTHCTMKH, Ha KOTOPBIX OTTEYATAHBl AMOABI, TPHOABL, CONPOTHB/IEHUS, HHAYKIN-
OHHBIE KATYIIKH U IpYTHE 3jeMeHTH paguocxem. Vcnoan3ys pasinyHbie KOMOHHA-
IIMH MHKPOMOZY.Iel, MOXKHO H3TOTOBIATE PaAHOYCTPOMCTBA ¢ 3apaHee 3alaHHBIMH
napaMeTpaMi.

[Toaynposoanuku npuoGpeTaioT Bee Bosbinee sHaueHne, oboraias QU3NKY, Xu-
MHIO, 6MOJOTHIO U Apyrue HaykH. MccieazoBaHHe MOMyTIPOBOHUKOB €llle He 3aBep-
IIEHO, H B HACTOsIIEe BPEMSI HEBO3MOXKHO B IIOJTHOM Mepe ITpe/cKa3aTh pa3euThe ¢hu-
3MKH 110IYTIPOBOHUKOB,

)52  KPATKME BbiBOABI

® Paznuns B oJlekTpHYECKOH IPOBOAMMOCTH MEXAY IPOBOAHAKAME (METANAAMM }, TOY-
TPOBOTHKKAMY M M30JIATOPAME BEISBAHL! DA3AHYHEM B CTPOCHHU TBEDALIX TeJl H 3IeKTPOHHBIX
0D0I09EK ATOMOB, M3 KOTOPHX OHH COCTOAT.

® [Ipu BBCIEHHH B KPHCTALTHYECKYIC PEIETKY TOAYIPOBOIHHKA ([CPMAHHS) ATOMOB Be-
UIECTB, KOTOPhIe HMEIOT NATh BATIEHTHBIX 2MIEKTPOHOB { MBIIIBSK, CYPEMA H JID. ), KOHLEATPAIHs
¢BOGOIHEIX A7EKTPOHOB B I10JYTIPOBOAHHKE PEIKO BoapacTaeT. [IpHMECHBIE aTOMBL SB/ISIOTCH
Aonopamy anextpoHoB, [IpoBoanMocTs, 00yCAOBIEHHAR ABKEHHEM CBOOOIHDIX 2/IEKTPOHOB,
HA3BIBAETCH SAEKMPOHILOL Nposodumocmvio n-mund. [IpH BBeJeHMY B KPHCTALIHYECKYIO
PELIETKY MOJYTPOBOIHHKA aTOMOB TPEXBAIEHTHBIX 37IeMeHTOB { MH IR, TasLmuii u 1p.) Bospac-
TaeT KOHIEHTPAUM JHpPOK. Takas MPOBOINMOCTE HASLIBAETCA ABIPOYHON, WIH  nposodumo-
CMbI0 p-mund.

¢ Hauboaee oTueTIHBO TOJYIPOBOAHUKH OTIHYAKTCHE OT IPOBOIHUKOE TeM, YTO ¢ YBEJIH-
YEHHWEM TEMIIEPATY Dbl H OCBEILCHHOCTH Y MTOSYIPOBOAHMKOR PACTET DJICKTPHYECKAA IPOBOII-
MOCTB.

o IMI1poxoe npHMeHenye B 3TeKTPOHNKE B HACTOALIEE BEPeMST IOYIUIH HOAYIPOBOOHY -
xu, PaguoneTaiH cTald MUHHATIODHEIMY, [IOABHIACE BOSMOXKHOCTE HAaTOTOBAATE HX THITOrPadh-
ckHM crocobom. Qi 00eCIeYHBAINT HCKTIYUTEIEHYI0 HATEKHOCTE ANNApaTyPhl H IPUBOAAT
K 3HAYHTEIbHOM 3KOHOMHH AOPOTOCTOAINMK MaTepuanos, Heclerosanne nNomynpoBoIHIKOB e
He 3aBEPILEHO, H CCTO/IHA Hellb3s B II0JAHOH Mepe IPeICcKa3aTs pa3ssuTHe QHU3UKH TOTYIPOBO-
HUKOB.

E Bonpocui ANA CAMOKOHTPO/NA W NOBTOPEHHA

1. B uemM oTnMuMe 1IPOBOAHEKGB OT UOLYTPOBOAHHKOB ¥ H30ASTOPoR?2, UTO BEH MOHMMae-
Te Noa cOBCTEEHHOM NPOBOANMOCTBHIO MY NPOBOAHMKOE? 3, OOBACHHTE TPOBOIHMOCTH p- H
n-THNA. 4, Kak 3aBHCHT siekTpryeckas IPOBOAMMOCTD MOIYIPOBOIHHKOR OT TEMIIEPATYPh H
ocsementoctu? 3. Kak ycrpoed u paboraet nonynposoaiukorsit aoa? 6. KakeMu npenmy-
IMECTBAMH OGTAJAI0T IONYIIPOBOIHHKOBEE THOAb M TPHOAB! MO CPABHEHUIO C JIAMIIOBRIMH?
7. Paccxaxure 0 i1eperekTHEAX TONYTIPOBOAHUKOBON TEXHHKH.

JJ KniouveBsie cnosa: nposoariik, NoAYNPOBOARUK, M30AATOR, AOHOP, aKuen-
TOP, MNPOBOAMMOCTE P-TUNA, NPOBORUMOCTE Ti-THUAA, NOAYAPOBOAHNKOBEIH
Anon, TaH3uCTop.
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raea 12
MATHATHOE NMONE

12.1. MarHutHoe none

OmwiT Ipcrena. B ogHOM U3 HAyYHBIX JIOHTOHCKUX xypHatax B 1735 rosiya omy6-
JIMKOBAHA CTAThs, B KOTOPOH COOBIANOCE, YTO B PE3Y/IBTATE YAAPa MOJHIM B KOMHATE
ObLTH Pa3OpocaHbl i CHABHO HAMAIHHYEHRI META/VIHYECKHE BHJIKHA H HOKH, JTO OFTHO
13 TIEPBBIX COOONICHHE O MATHUTHOM BO3AEHCTBHY 3A€KTPUYECKOTO Pa3psiaa HIH TOKA
HA METAJLIHYECKHE TTPEIMETHI.

Hayano gacrosimeMy MOHUMAHHIO TIPUPOABI MATHETH3MA NONIOKHI JaTCKUE (dH-
suk X.Dpcrea (1777 —1851), ob6paTHRIIMi BHUMaHHE Ha TO, YTO CTPEIKA KOMIIaca,
CAYYAWHO OKA3aBMIANCA HA CTOJIC TIOA NPOBOAHHKOM, PAcOMAraeTCA B OTCYTCTBHH
TOKA Mapajinejibao npoBoguuky (puc. 12.1, a). Ilpn sxioyeHnn ToKa cTpeska OTKIO0-
HAECTCSA OT IEPBOHAYAIBHOIO NOJ0KeHHA (puc, 12.1,6). M3McHeHIe HAPaBIeHUS TOKa
CONMPOBOMAANOCH AHATOTHYHEIM OTKIOHEHHEM, HO TOJIBKO B IIPOTHBOIIOIOKHYIO CTO-
ponuy (puc. 12.1, 6). Takum o6pazoM, OO MOKA3AHO, YTO ATEKTPHYECKHI TOK BO3-
HeHCTBYET Ha MATHMTHYIO CTPEJIKY.

OnbIT IPCTCAA ABUACA TTPAMBIM 0KA3aTCALCTBOM B3AUMOCBA3H 2JIeKTPHIECTBA U
MAarHeTH3Ma: JIeKTPHUEeCKHH TOK OKa3blBaeT MArHUTHOE AeHCTBHE.

HcenenoBanus, mposefieHHble pyccKuM GmsnkoM A, A, DitxensansaoMm B 1901 ¢,
MOKA3AMHN, UTO CCIM 3apsKeHHOE Te0 TIOKOUTCSA OTHOCHTCIBHO HabmoaaTens, TO BOK-
PYT 3TOTO TeNa Cyujecmayem Inexmplieckoe nose. Eciu xe oHO JBHXeTCs 0T-
HOCHTEJIbHO HabJII0AATE s, TO BOSHUKAET Ma2HUmMHO€ noe, KOTOPOe BRI3EIRAET OT-
KAOHCHHE JeTKOMOBIKHON MATHUTHOH CTPCAKH. AHAIOTHYHOE ACHCTBHE HA MATHHT-
HYIO CTPeTKY OKA3BIBAET ¥ MPOBOAHUK ¢ TokoM. Eciin mo npsaMoMy npoBoaHUKYy, pac-
HOJOKEHHOMY 110 MATHHTHOMY MEpPHIHAaHY B HAIIPABNEHHM CeBEP — 10T, MPOIyCTHTD
TOK, TO pacHON0XKeHHAA IOk HUIM MATHUTHAA CTPefka OTKIOHUTCA (cM. prc. 12.1).
Ecam noMecTHTh CTpeTKy HajZl TPOBOSHHUKOM, TO CTPENKA OTKAOHHTCA B APYTYIO CTO-
pOHY.

Boabimoi BKAAM B ROHUMaHHE OPIPO/IB MATHETH3MA BHEC (DPaHIy3CKHH YUCHDIH
A.Amnep. VM GBIJIO YCTAHOBNEHO, YTO BCAKUH 3JIeKTPUIECKME TOK criocobeH B3au-
MOAEHCTBOBATE C APYTHM TOKOM C CHJIOH, KOTOPAs He MOKeT ObiTh O0bACHEHA KYJIOHOB-
CKMM R3aHMOAEHCTBHEM.

CornacHo meopuu 6usxodeiicmaus, B3auMoIelCTBUE HETIOABIKHBIX JTeKT-
PMYECKHX 3apSAOB OCYIECTRIAAETCA IOCPEACTBOM dJieKTpHueckoro nosst. [iposoann-

Puc. 12.1
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Puc. 122

KH C TOKOM 3J1eKTpHyecKH HeHTpanpHbl Ho, IpoIycTHE o ABYM NapaslieTsHbIM I1PO-
BOAHHKAM TOK, MBI YBHHM, YTO IPOBOLHHKH, 110 KOTOPHIM TOKH I, # I, TEKYT B 0ZHOM
HAlpaBJIeHNH, IpUTAruBaiorcs (puc. 12.2, @), a IPOBOIHHKH, 110 KOTOPHIM TOKH TEKYT
B NPOTHBOMONOKHBIX HAaPAB/IeHUsX, OTTaKUBaTCA (puc. 12.2, 6).

BaanmogeficTBie Mex Ty TTPOBOAHHUKAMH C TOKOM, T£. B3aUMO/IeHiCTBHE MEXKLY ABH-
AKYLIMMHUCS 97IEKTPUYECKUMH 32PAaMHU, Ha3HIBAIOT MazHummbim . CUIIBL, C KOTODBI-
MU [TPOBOJHHKY C TOKOM AEHCTBYIOT APYT Ha JAPYTa, HA3BIBAOT MAZHUMHbLIMY Cll-
aamu. [IprinsHOi BO3HHKHOBEHUS CHJT MArHHTHOTO B3aHMOIEICTRUS SIBISeTCS Mar-
HHTHOE 110Jie, KOTOpOe MOABSAETCS BOKPYT IIPOBOAHHKA C TOKOM.

MarnnTHOe noJsie npesicTaBasgeT coboif ocobyio hopMy MaTepHH, TOCPEICTBOM
KOTOPOif ocyllecTBageTCA B3auMOAeiiCTBHE MEXKAY ABHAKYIMMHCS 3apssieH-
HBIMH Y4aCTHLIAMH WIH TeJTaMH, 00/1aa101HMH MarHHTHBIM MOMEHTOM.

3KCHepHMEHTBJII)HI:IM JOKa3aTe/IbCTBOM DEAJTBHOCTH MArHUTHOTO H 3/1€KTPHYEC-
KOTO MoJeil apasercs ('baKT CYILIECTBOBAHNA 3JIEKTPOMAarHUTHRIX BOMH. MarautHoe
OJE, KaK H WICKTPUYCCKOE, ABJIACTCA YACTHRIM HPOABJICHHEM EAUHOIO 3SACKMPOo-
MAZHUMHOZO NOJA,

Henomsmlcm:le 3apAabl HE CO3JA0T MATHHTHOTO ITGJIA. Tomko ABHDKYIHHCCA 3a-
PAnnI (3IeKTpHYIecKuil TOK) H NOCTOSHHbIE MATHMTBI CO34AIOT MATHHTHOE 1101€,

HPH H3Yy4YCHNHA B3aHMO/IeHCTBHS ITOCTOSHHBIX MATHHTOB brLI0 YCTaHOBJICHO:

MOCTOAHHBbIE MATHHUTHI HMEIOT JBA TI0/0CA: CeBEPHBIH H 10:KHbIL (Ha pic. 12.1
COOTBETCTBEHHO N H S); 0O/[HOHMEHHBIE IQIIOCE] OTTATKHRANOTCA JIPYT OT ApY-
ra, 8 PAHOMMEHHLIE IPUTATHEAIOTCH.

OTO HABOJMIO HA MBIC/Ib O CYHIECTBOBAHKH B IPUPOAE «MAaTHUTHEIX 3apanoBs. Ecan
OBI MATHHTHbIE 32D CYILECTBOBAIN B IIPUPOJIE, TO MX MOXKHO BBLIO 61 PA3/IETUTh
[I0400HO 3ASKTPUYECKHM, T. €. HOAYYHTh NOCTOSHHBIA MATHKUT TOJIBKO C OMHHM 1100~
coM. OTHAKO ecsIM pasAe MTh MATHHT HA JBE IIOJIOBKHBL, TO KAXKIasd 4acTh CHOBA Oy-
JeT uMeTh ABA moatioca. IIporece AeIeHrsT MOXKHO ITPOIOJIKATE CKOJIb YTOIHO A0TO, U
KaXBI} OIYY9eHHBI MaTeHbKHH KYCOYEK MarHuTa Oy/IeT IpeCcTaBIAaTh coboii Mar-
HHUT ¢ ABYMA ToifocaMu. IToaaHee GbL10 OKA3AHO, YTO JAKE JEKTPOHBL, IIPOTOHE,
HeHTPOHBL BeAYT cebs Mogo6HO MeTHYAHIITNM MarHHTAM,
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Ecmu OTRCIIbHBIC T€AA MOSKHO 3apAAUTh NOJOKHUTENbHO HIH OTPHIATENALHO,
TaK KaK CYIEeCTRYET 3IeMEHTAPHBIH DJIeKTPIIEeCKHI 3ap4/T, TO HHKOTAA Hellb3A
OTJEJINTh CEBEPHBII NOJIOC MATHATA OT I0MKHOTO.

Takum o6pasom,

I HET OCHOBaHHil CUATAThL, YTO B NPHPOJE CYILECTBYIOT OT/AEJbHBE MATHUTHBIS
3apsAab.

ITa MEICTE ObLIA BRICKA3aHa AMIIEPOM B FHIIOTE3e 0 2/1eMEHTapHEIX 3JeKTPHYC-
ckix Tokax. CornacHo runorede AMIEpa, BHYTPH ATOMOB U MOJIEKYJI BENIECTBA ITAP-
KYJIMPYIOT 37I€EMEHTAPHbIE SIEKTPHYECKHE TOKU. ECAM 3TH TOKH PACHONOKEHE Xa0-
THYECKH IO OTHOUIEHHIO APYT K APYTY, TO UX AeHCTBUE E3AUMHO KOMITEHCHPYETCS H
HMKAKHMU MarHUTHBIMH CBOMCTBaMH TeNlo He obmazaer. B HaMarHHyeHHOM COCTOS-
HHUH (HaTpPUMeD, B HOCTOAHHBIX MATHWUTAX ) 3JIeMeHTapHBle TOKH OPHEHTUPOBAHET OTI-
peaeienabM obpasom (puc. 12.3). CaeaoBaTensbHo, MATHHTHBIE CBOHCTBA 0G0TO Tela
OOBACHSIOTCST 3AMKHYThIMH 2JIEKTPUYECKAMH TOKAMH BHYTDH HETLO, T . €.

§ marnuTHOE B3aHMOJefiCTBHe — 3TO B3aHMOIeliCTBHE TOKOB.

3aMKHYFEIE KOHTYP ¢ TOKOM B MAarHUTHOM noJe. [Ipy HayueHnn snexTpuieckoro
110/ MCTIOMB3YIOT NPOOHBIE 3aPAG, T.e. TAKOM 3apsill, KOTOPIA COBCTBEHHBIM 110~
JIeM HE HCKaKaeT H3y1acMOoro moJs. MCCJ’IBI[OB&HHH CBOHCTB MATHHUTHOTO MO mpo-
BOZIAT HAa MaJIEHbKOH IUIOCKOM PAMKe C TOKOM, IIOBO/SIINE IPOBOIA K KOTOPOH nepe-
ILIETAIOT: TOT/IA B 3TUX TPOBOAAX TEUET TOT XKe TOK, HO B NPOTHBOIOI0XHOM HANPAB-
JIEHMH, IOTOMY CHIIBI, IEHCTBYIONIHE CO CTOPOHBI MATHUTHOTO TIOJIA HA KAXKIBIH ITPO-
BOJIHHK, PaBHBL, HO [IPOTHEOIIO/I0KHO HAIIPABJIeHbl. Pe3ynnTHpyomasn cua, 1e#cTBy-
0IIas ¢0 CTOPOHE MaTHUTHOTO [0S HA CKPYYEHHBIH NIPOBOAHME, paBHA Hy0. Pa3-
MEDEI PAMKH ¥ CHJIa TOKA, TIPOTEKAIONIETO N0 Hell, A0KHK OBITh TAKMMH, YTOOBI Mar-
HHTHOE HOJIE CaMO PAMKH He MCKAXKAI0 HCCIeAyeMOTO MATHHTHOTO mosist. Takyo
PaMKy € TOKOM HashlBalOT NPOOHBIM KOHMYPOM,

Ilpogenaem onsit. [TogBECHM RePTHKAMBHO MaNeHbKHI [IpobbLii KoHTYp. Ha He-
KOTOPOM PACCTOSIHHY OT HETO Pacio0KiM MTPOBOAHUE. Eciiu TOKa B TPOBOIHMKE HET,
TO PaMKa HaXOAMTCA B Oe3pas/iM4HOM COCTOAHMM PaBHOBeCHS ., EC/H 110 TPOBOAHUKY
[IPONYCTHTD 3ﬂ€KTpH‘IECKHﬁ TOK, TO paMEKa ¢ TOKOM [IOBEPHETCA H PACIIOIOXHTCAH TAK,
4T00BI POBOJ, HAXOSUICS B TJIOCKOCTH paMkH (puc. 12.4). TIpH naMeHeHud Hanpas-
JIeHUs TOKA B [IPOBOAHMKE DAMKA MOBEPHETCA HA yToa «. CIelOBATEIbHO, Ma2ZHLI -
HOE NoNe OKA3Ibleaem OPUeHInUpY -
1wee deticmeue Ha NPOOHLLIL KOH-

myp. DTUM [10JIb3YIOTCA /1S YCTAHOBJIE- O O O
HHST HANPABJICHHUA TT0JI5L
[IpobuBIH# KOHTYD, HOMENeHHbIH B

MArHHTHOE [OJE, HCITBITHIBAET CO CTOPO- O O O I
HbI MalrHHTHOI'O MOJIA ]IEi"ICTBHC Bpalia-
IOIIETO MOMEHTA CHJtBI M, OLbITHBIM 11y~ O O O
TeM YCTaHOBJIEHO, 4TO AAd AaHHOH TOY-

KH MarHHTHOI'Q 1[10J14 MAKCHUMAJIbHOE
3Ha4YeHUe MOMEHTA CHTRI M., TeHCTBY- Puc, 12,3 Puc. 124
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I0INETo Ha KOHTYP € TOKOM, HPONOPUMOHAALHO TIPOU3BEACHHIO
CHNHI TOKA B KOHTYPe Ha AOIAAE KOHTYpa S, T.e. M, ~ IS.
C. Bennuuny p,, = 15, XapakTepu3yoOIIyI0 MATHHTHbIE CBOHCTBA
KOHTYDA ¢ TOKGM, KOTOPELE OIIPEACASIIOT ero MOREACHHE BO
BHECIITHEM MATHUTHOM TIOJE, HA3KIBAIOT MAarHUTHBIM MOMEHTOM
koutypa. Takum obpazom, M. = p,..
MarsMTHOMY MOMEHTY KOHTYD: p,, IPUOUCHIBAIOT Onpese-
JIEHHOe HampaBAeHWe B TpocTpancTee, CaedoBaTeNbHO, 3TO
GEAUUUHA BEXMOPHAA.

P

BexkTop p,, cOBIajaer ¢ HaNpanJieHHeM NOI0KUTENLHOMH
HOPMAJH 1 K IUIOCKOCTH KOoHTYpa (puc. 12.5).
Puc. 12,5
IMonoxnaTeNsHOE HANPABNEHHE HOPMAIM COBIIANAET ¢ Ha-
HpaB/eHHeM TIepeMellleHusA OYPAsHUKa ¢ IPABOH HAPE3KOH, BPATIAEMOTO B HATIPAB-
Jlenyu Toka. Harpapiierme MarHUTHOTO MOMEHTA MOXKHO OITPEIETUTE H C IOMOTILI0
MAarHUTHOM CTPeKU. JTO HAITPABJIEeHNe YKa3bIBAET CEBEPHBIH TOMIOC CTPETKH.

12.2. BeKTOp MHAYKUWUM MArHMTHOro Noas

MaruuTHaa WHAYKUMA. JKCIEPUMEHTAILHO OBLIO YCTAHOBIIEHO, YTO OMHOUE-
HUE MAKCUMAALHOZO 8PAUAIOULEZ0 MOMENTNG, OCliCBYI0UEez0 HA KONMYD
C MOKOM 8 MAZHUMHOM NORE, K MAZHUMHOMY MOMEHMY MO0 KOHMYPA
He 3asucum om caoticme npobHO20 KOHMYyPa v NOITOMY MOXET CITYKUTb Xa-
PaKTEPUCTHKONH HCCIeyeMOro MaTHHTHOTO MoAsl. Ero HA3HIBAIOT Mdenumioll un-
oyxuyueti:

B= _ (12.1)

Dopmysa (12.1) onpenensieT ML MOAYIIh MATHUTHOA MHAYKIMH. Maruuthoe
o€ MOKeT OBITh OTMHCAHO TIOJIHOCTBIO, €CMU B KAXK/0it €70 TOYKE HaileHbl MOIY b U
HanpapJeHUe MarHUTHOH HHAYKHUM B, BekTop MarHUTHOH WHAYKIIAW COBMAIAET C
HAIpaBJEHHEM BHEUTHETD MarHHTHOTO HOJS.

Maravtsas HHAYKUMA SARISETCH CHIOBOH XapaKTePHCTHK O MATHUTHOIO HOJIS
B JIAHHOI TOYKe NMPOCTPAHCTBRA.

B obnieM ciayyae 3aBUCMMOCTD BPAILAIOILETO MOMEHTa M OT OpMeHTalliH KOHTYDa
puipaaercs dopmy.oit

M = Bp,sing, (12.2)

re o — Yo MeskIy BeKkTopaMu p,, u B (puc. 12.6). Mak-
CHMAQJIBHOTO 3HadeHUus M, BpAlAIIMHNA MOMEHT J0CTH-
raeT npu o = ®/2.

ParroBecue KOHTYpPa B MAaTHHTHOM MO BOAMOKHO
TOF A3, KOrJa BeKTODHL Py, H B Banpagiens! no oAH0i npa-
Puc. 12.6 MO¥.
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Puc. 12.7

3a eaunuiy Marautoi unaykuun B CH, nassisaemoit mecaa (Tn)', npuunmaert-
CH TAKasA UHOYKYUS, MPU KOTROPOU HA KOHMYP, MAZHUMHbIE MOMEHM KO-
mopozo 1 A-m%, deticmeyem maxcumanvHoill 8pauLAIOUUTE MOMENTT, PAG-
noui 1 H-m. )

Coratacto (12.2), umeem 1 Tn =1 H/(A-M).

JIunnu MarauTHOM MHAYKLIEM, [lofo6HO TOMY Kak sieKTpHUecKue noJjs rpadu-
YecKH M306pakaloTca ¢ MOMOIIbIO 3AEKTPHYECKHX CHIIOBBIX JIMHHAL, MATHATHbIE MTONIS
KU300paKAIOTCA C IOMOLIBIO AHHHIA MATHUTHOM MHAYKUMHA (WM MAaTHATHBIX CHIIOBBIX
JTAHWIL).

JAuruu maznumnoti uHOyKyui — 3TO THHHH, KacaTe/bHbie K KOTOPBIM B AaH-
HOH TOYKe COBIAJAIT 110 HANPABJIEHUIO C BeKTopoM B B 910l Touke. JIMHHM MarHUT-
HOH MHYKIMH MOXKHO CAE/IATh «<BHIMMBIMH» ¢ TOMOIIIBIO JKeJIe3HRIX ONHI0K. Ec/in
Ha CTEKJITHHYIO MIaCTHHKY, Yepe3 KOTOPYID NPOIYLIEH NIPAMOM IPOBOAHHK € TOKOM,
HACBHINATE JKEJIE3HBIX OIMWJIOK U CAErKa MOCTY4aTh Mo IVIACTHHKE, TO XKeJIe3Hble OIIUII-
KH PacmoioxaTCd BAOAL CUIOBKIX TUHKH (puc. 12.7, a).

Y3 ombiToB cieayer, 4TC TMHUK MATHUTHOR HHAYKIMHA IPAMCTO NPOBOAHUKA C
TOKOM TIPEACTABASIOT KOHIEHTPHYECKHE OKPYAKHOCTH, Jiekalllie B IMAOCKOCTH, Nep-
AEeHTHKYITPHOH TOKY. [[eHTp 3THX OKPYXHOCTEH HaXOAWTCA Ha OCH NpoBoAHuKa. (10~
MOILUBIO JKEJE3HBIX OIMAMOK MOYKHO IIOJIYYMTh M300paKeHHe JTHHHN MATHUTHOW HH-
DYKLMH MPOBOAHHKOB ¢ TOKOM J1l00oi hopmpi (puc. 12.7, a, 6, 8).

JIMHHH MATHUTHOH MHAYKIMH BCEIJa 3AMKHYTHI H OXBATBIBAIOT IPOBOAHHMKH €
TOKAMH.

JTo oTAMYaeT UX 0T AMHHH HaNPSKEHHOCTH IEKTPOCTaTHYeCKoro noas. Takue
NOAA HASLIBAIT SUXPEE8bIMIU B O0TIHUNUE 0T HOMEHUUATIHHBIX, TIDHMEDOM KOTO-
DBIX SBJIAETCA JAEKTPOCTATUYECKOE TI0TIE.

Hanpasnesie TMHAIT MATHUTHO WHAYKIMM CBA3aHO ¢ HATIPABJI€HUEM TOKA B IIPO-
BOAHHKE. HaHpaBJIeHHG CHIOBBIX JIMHAA MarHHTHOIO IOJIsL, CO3AaBacMOTO MPOBOI-
HUKOM ¢ TOKOM, OIIPEAE/IAETCS 0 Npasury oypasuuxa.

Ecnu npaBoBHHTOBO#H OypaBYMK BBHHYHEATH 1O HAITPARTEHWIO TOKA, TO HAMpaB-
JleHre BPaleHHA PYKOATKM OypaBYHKA COBMAAET C HAMPABACHHEM JTHHUH MarHuT-
HOH MHIYKIHH.

MarsuTHOe 1oJie Ha3hBAEeTCA OOHOPOOHBIM, €CITH BEKTOPhL MAarHUTHOH HHAYK-
ITHH BO BCEX €0 TOUKax oAuHakoesl ( B = const). [lpuMepoM oaHOpOIHOTO MArHHT-

! EnMHNLA MarHITHOH MHAYKIHE TOMYYHIA CBOE HAZBAHHE B HECTD IOTOCTABCKOTO YYEHOTO — SMIEKTPO-
u papuoTexHura H. Tecan (1856 - 1943).
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HOTO MO MOXKET CTYKHUTE TI0Jie BHYTPH COJIEHOUOA — KaTYUIKH, /THHA KOTOPOit
muoro Honbiie ee auametpa (puc. 12.7,8). JIHHNM MATHUTHOM HHAYKIMH OHODOAHO-
ro [10JIA HApaJJIeNBHEL, K UX TUVIOTHOCTE Be3/le OLHHAKOBA,

ITnomnocmoro AuHUT MAzZHUMHOT UHOYKUUU MOXHO XapaKTepPU30BaTh 3Ha-
YeHWe MATHUTHOH HHAYKIUH B. Y cT0BHIVCH Yepe3 eAHEHYHYIO IUIOMAJAKY, PACION0-
HKEHHYI0 MePRCHAHKYISPHO THHUAM MATHHTHOM UHAYKIHH, TIPOBOANTS TAKOE YHCIO
JUHHH, KOTOPOE PABHO WIH NPOIIOPIHOHATBHO MOTYNI0 MATHHTHOH WHAYKIIHH B 9TOH
06JIACTH MATHATHOTO TIONA,

MarauTHas HPpOHHLIaeMOCTDb cpeabi. Ec/H ¢ NOMOLIBI0 NPOBOAHNMKA C TOKOM B Pas-
JIMYHBIX BEIIECTBAX CO34ABATh MarHUTHOE TOJe W UCCIEIORATH €ro ¢ MOMOILBIO Tpob-
HOTO KOHTYPA, TO MOKHO yOEIUThCA, YTO MATHHTHAA HHAYKIINA 3aBUCHT B AaHHOH
TOYKE OT PO/IA BEECTHa, T. €. 3aBUCHUT OT ¢BOHCTB cpenbl. Ilyers B u By — MaruuTHble
MHAYKLHME COOTBETCTBEHHO B JAHHOM OAHOPOIHON H30TPOIIHOH CPEfie H B BAKYYME.
Wx orHomenune ’

B

. 12.3
B, (12.3)

1

MOKa3LIBAIONlee, BO CKOIBKO PA3 MATHUTHAS HHIYKUHS B cpefie 60piIe (MM MEHD-
II€), YeM B BAaKyyMe, HashiBaloT MAZHUMHOU NPOHUKAEMOCMbIO cpedvl. Om-
HOCUMENLHAR MAZHUMNHAR NPOHUUAEMOCHTD XADAKTEPHIYET MarHHTHbIE CBOI-
CTBA cpefibl, OHA 3ABUCHT OT POjia BENIECTBA ¥ TEMIEPATYPHL: {. 2 1 — BeJHunHa Ge3-
pasMepHas; i/t BakyyMa i = 1. ITo sHayeHWIo |, pa3inyaioT: a) AMAMarHeTHKH (L < 1),
HATIPHMEP, BOIA, MPaMOP, 307I0TC, PTYTh, HEEPTHBIE radbl; 0) napamMarneTuky (p > 1),
HAIpUMep, KUCIOPOA, aTIOMMHMH, NJIATHHA, eI049Hble MeTalin. Hekorophle mapa-
MarHeTHKH, HAIIPHMEP XeJe30, HMEIOT | > 1, HX HasbiBaoT deppoMarneTukaMu. Ma
(heppOMArHETHKOB HITOTOBJITIOT HOCTOSHHbBIE MATHHTEL.

[Tpu perueHuH 33134 TONE3HO 3HATE (POPMYBI MHAYKLMH MATHUTHOTO 11051

a) OECKOHEYHO UTHHHOTO NPAMOIMHERHOTO TIPOBOAHEBKA

B:M,
27T

(12.4)

¢ 7 — KpaT4aiiliee paccTOAHUE OT MMPOBOAHUKA A0 TOH TOYKH, B KOTOPOMH onpeneis-
e1ca B;
0) BHY TP OECKOHEYHO AJMHHOIO CONEHOMIA HIIH TOPOUAA

B = ppgin, (12.5)

Ifie 1 — YUCJI0 BUTKOB, IIPHXOIANXCA HA e/IMHUYHYIO ANHHY COTeHOMAR HIN Cpel-
HeH TMHUM TOPOHTIA.

12.3. [leficTBMe MArHUTHOIO NMONA Ha NPAMONIMHEHHBLIN NPOBOAHUK
C TOKOM. 3aKoH Amnepa

Jaxon Amnepa. GaHUM 13 IPOABJCHAN MATHUTHOTO OIS ABAACTCH €T0CUI060€
8030eticmeue Ha IBWKYILIHECs 3/1eKTPHYECKHe 3apAIEL K IPOBOAHHKH C TOKOM. B
1820 r. A. AMmiepoM OB YCTAHOBJEH 3aKOH, OLPeAe/SIIONIHI CUTY, AeHCTBYIOIYIO HA
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3JIEMEHT TOKa B MATHHTHOM 11osie. T aK Kak co3aaTh 000coh-
JIeHHblIi AJIEMEHT TOKa HeJIb3s, AMIIED U3YyYaj IOBeIeHHE
TIO/TBIKHBIX TIPOBOJIOYHBIX 3aMKHYTHIX KOHTYPOB DasIHMYHON
topmMbL

3axon Amnepa: Ha NIPOBOJIHHK € TOKOM, TOMEIHEH~
HbIH B OJHOPOAHOE MATHHTHOE NI0JIe HHIYKIWH B, nesi-
CTBYET CHJIA, IPONOPUHOHANbHAA JUIHHE OTPe3Ka Npo-
pomnka Al, caie Toka [, npoTeKanliero no nNpoBoyI-
HHKY, H HHAYKIMH MATHHTHOTO ROJIA B:

F= BlAlsing, (12.6)

Puc. 12.8

TAe oo — YTIoJ MEXY HaHpaBleHHEM TOKa B IPOBOJIHWKE W HATIPaBJIEHUEM BEKTOPA B.

3Ta cHa MMeeT MaKCHMAIBHOE 3HaUYeHHe npH o = /2. Ecau npoBoAHUK pacro-
JIOXEH BAOJb TMHUH MAarHMTHON HHAYKLMH, TO 3Ta CHJA PaBHA HYTI0.

IlpaBuno Jepoil pyku. /s onpeaencHHs HaNPaBIeHAA CHIbL, ACHCTBYOIIEH Ha
IPOBOAHHK C TOKOM, TIOMELIEHHBIH B MAarHUTHOE 110J1€, IIPHMEHSETCHA NPaBUJIO IeBOH
pykH {prc. 12.8).

Hpaeuno ne6oti pyxu: eciy JeBYI0 PYKY PACHOJOXKMTS TaK, YTOObI THHHH
MarHHTHOMH HHAYKUHH BXOJHJH B JaJ0Hb, 4 BHITAHYTHIE YeTslpe Najblla co-
BIIAJIA/IM ¢ HANPABJIEHHEM TOKA B IPOBOJMHKE, TO OTOTHYTBIH Gonbmoil naren,
YEa3KeT HANPaBJICHUE CHIIE], AelcTBY10MIelH Ha IPOBOHAK C TOKOM, IOMelleH-
HBIli B MATHUTHOE NOJI€.

Ita cuna Beeraa nepieHIuKYIApHa IIOCKOCTH, B KOTOPOH JeXaT MPOBOAHHK M
BekTop B. 3Has HanpaB/ieHre ¥ MOZYJIb CHIIBI, ACHCTBYIOWEH Ha 000 YYacTOK (1po-
BoAHHKA Al, MOXKHO BEIMHC/IHTE CHIIY, A CTBYIOUYIO HA BeCh IPOBOAHKUK. /1A aToro
HYIKHO HAWTH CYMMY CHJL, ZICHCTBYOIINY Ha BCe YYACTKH IIPOBOIHHKA.

12.4.* B3aumopeircTBMe TOKOB

PaccMoTpum B3auMorelicTBIe Napaiie/bHbIX IPOBOAHUKOE ¢ TokoM. Ilpexmono-
XKHMM, UTO B OIHOPOAHON M30TPOMMHOI Cpefie ¢ MATHUTHOH IPOHUIAEMOCTRIO (L HA pac-
CTOSTHUH d APYT OT ApyTa PacroJoXensl A8a poBoganka I u 2 (puc. 12.9). Ilycrs B
OJHOM HANPaBJEHHH [0 OLHOMY H3 HUX TeYeT ToK 1, a 1o
aApyromy — I, ByleMm c4nTaTs, 4T0 NMPOBOAHMK C TOKOM [
CO3AAET MATHUTHOE TOJIe, 2 IPOBOIHHK C TOKOM [, Haxo-
AUTCS B MATHHTHOM [10JI€ EPOBOIHUKA [,

Boizenmitm na npoBogHpKe 2 TPOM3BOJABHBIA 3JMeMeHT
Al,;, Ha Hero eficTRYeT cHla AMniepa

AFZ' = B]_IzAlt' SiIlOL,

I
rae B = %%’j -~ MHAYKIAA MATHUTHOTO MO/, CO3/IaBa-

£MOT0 HEPBBIM IPOBOSHUKOM. Puc. 129



BexTtop B, Haipa/ieH nepueHAuKyAsipHO IIPOBOJAHUKY € TOKOM [, TIO3TOMY
sine = 1. C yueTomM 3toro

AR =Blip A
2rd

ITpumMenss npaBuIo EBOH DYKH, Otpele/ideM HANpaBIeHue 3Toi cuanl. YToOR! Haki-
TH CUTY Fy (T.e. cuity, AeHCTBYRIYEO CO CTOPOHBI II€PBOTO POBOIHUKA HA BTOPOH),
HYZKHO IPOCYMMHPOBATH Bee aAeMeHTapHbie A Fy C yaeroM Toro, uTo X AL = [ momyyuM

. wodifs Hitods 2ol
=) AF =2 A =200 12.7
2 ; ! 2nd 2nd ( )

Cuaa, ¢ koTopoii nepBhiii NPOBOAHHK AeHCTBYET Ha BTOPOIl, HPONOPIUHOHAIL-
Ha NPOH3BE/ICHUIO CHJIbl TOKOR, TEKYLIMX IO POBOAHHKAM, H 00paTHO mpo-
NMOPIHOHAIPHA PACCTOSAHHIO MEKIY HUMH,

Kpome Toro, 0Ha 3aBHCHT 0T MATHHTHBIX CBOHCTB CPEL, B KOTOPOH HAXOATCS
IPOBOXHUKY, U MX JUTHHEL

[lyctb Tenmeps, HAOOOPOT, NEPBLIN NPOBOAHUK HAXOAUTCS B MATHUTHOM T0/I€, CO-
3/1aBaCMOM BTODPBIM TIPOBOAHHWKOM. C TOMOILBLIO aHATOTHYHBIX BEITHCIIEHHH TI0IYYHM,
YTO BTOPOH IPOBOJIHHK AeHCTBYET Ha NEPBBIH € CIIOH

L1
Fo o= _ PHofidat 12.8
12 ord (12.8)

N3 cpasrenvs dopmyn (12.7) u (12.8) BHAHO, YTO 3TH CHUIBI PABHEI TIO MOLYJTIO,
HO TIPOTHBOIIOJIOKHEI 1T HATIPABJIEHHIO.

Ecau TOKH TEKYT 1o 1IPOBOAIHKAM B OAHHAKOBLIX HAIPaBJeHHAX (cM. puc. 12.9),
TO IPOBO/IHAKH TPUTATABAIOTCS, & B IPOTHEONIOIOKHBIX — OTTA/IKHBAIOTCSA, TOTOMY
UTC Ha KXKILIA M3 HUX CO CTOPOHBI MAaTHUTHOLO HOJIS APYTOr0 IPOBOJHHKA ACHCTBY-
eT CHJIa, MOJyJlb Kotopoi

7= toliddd. (12.9)
2nd

MarHuTHoe B3auMOAeHCTBIE MPOBOJHUKOB C TOKOM TOJIOKEHO B ONpe/IeIeHHERM -
nepa — eAUHULB CHIB 2JIEKTPUYECKOTO TOKA, OCHOBHOM eanHnLsr CH:

1 A pasen cune HeusMensouezoca MoKd, Komopuiii npu npoxoxcoeniiu
no 08YM NAPALRENLHBIM NPAMOAUHEHBIM NPOSaOHUKAM OeCKOHEUHOT O~
HBL U HUMITIONCHO MAROU NAOWA0U KPY208020 NONEPEUHOZ0 CEUEHUST, PaC-
NOAONCEHHBIM 8 8uKyYMe Ha paccmosnuu 1 M Opye om dpyza, evizsar 6wt
HA KAHCOOM YUacmKe nposoonuKa oaunoi 1 M cury 83aumodeticmeus, pag-
Hyo 2-1077 H,

Hcnoussys onpeaenenne amiepa i Gopmyay (12.9), MokHO HalTH

_ 2rdF _ 2n-1m-2-107 H
whid 1-1A1A 1w

o =4r-1077 T/ m.

| 232



12.5. MarHuTHbI NOTOK

PaccMOTpHM TLIOCKYIO IIOLIAAKY IUVIOMAABI0 AS, HAXOASIIYIOCA B OMHOPOAHOM
MaruuTHOM nojie B (puc. 12.10).

Maznumubim nOMOKOM Jepes TOREPXHOCTE AS
HA3BIBAI0T QH3WYECKYIO BeTHYITHY, PaBHYIO TPOH3BEAL-

B, 7 B /
HU©O B, (HpoeKHUH BeKTOopa MATHUTHON HHAYKUKH Ha o
HOPMaJIb K MIOBEPXHOCTH ) Ha INIONaAb 3TOH MOBEDXHO- Aﬁ/ /
/ /
AS
Va4

CTH:

AP = B, AS= BAScosq, (12.10) V4
Tae & — YTOJ MeXIy HalpaBIeHHeM HOPMaIun M BeKTo- Puc. 12.10
POM HHAYKIHMH B. '

Tak kak B, = Bcosa — pelnunHa CKasPHAA, CKAAAPOM SB/SETCS V MATHH THEIH
IMOTOK.

MaruuTHbI MoToK $ XapaKrepH3yeT YMCI0 JHHHA MATHUTHOM HHIYKIMH, ITPO-
XOJANHX Yeped /IaHHYI0 TIOBEPXHOCTE,

B 3aBHCHMOCTH OT TOTO, KaKOH 3HAK MMeeT Cos Q, MATrHUTHEIH DOTOK MOMXKET 6bITb
H00KHUTEMBHBIM ($ > () H oTpuuartensbM (P < 0). 3HaK cos & 3aBHCHT 0T BBIOODA
MMOJTOKHTEILHOTO HaNipaBJASHHS HOpMAaJH. IloaoxurensHoe HanpapJICHWE HOPMaJIHl
3aJaeTcd HAlPaB/JeHWEM TOKA, IPOTEKAIMIETO MO paccMaTPHBAEMOMY KOHTYPY.

MarnuTHbBIL I0TOK Yepe3 3aMKHYTYIO NOBEPXHOCTh PaBeH HYJIO, TAK KaK YHC-
JIO BXOISIUMX CHIOBBIX AMHHI PABHO YHCIY BBHIXOASIIHX.

H3MeHnTh MATHHTHBII TIOTOK MOXKHO CIEAYIOIUMH CocobaMu:

1) U3MEHsIsI MATHUTHYIO HHAYKIHKIO [10 MOZYJIIO0 M HANPABJIEHHIO, T€. [IOMEIasi KOH-
Typ C HeHaMeHHO TINMOMIaAbI0 B HEOJHOPOAHOE MAaTHHUTHOE II0OJIE;

2) H3MEHAS OPUCHTAIIUIO KOHTYPA OTHOCHTEIBHO HATIPABACHWA BEKTODA MAarHHuT-
HOM HHAYKUHH B, T.e. Bpamas KOHTYP B OJHOPOJHOM MATHHTHOM MOJE.

Enuuuna marHuraoro uotoka — aebep (BO).

1 B6 pasen nomoxy uepes naockyio ROGePIXHOCHL RAOU,a0b10 1 M%, nome-
WEHHYIO NEPNEHOUKYAAPHO CLLIIOBIM AUHUAM OOHOPOOHOZ0 MAZHUMHOZO
noas, undyxyus xomopozo pasta 1 Tin

1B6=1Tna M.

12.6. PaGoTa no nepemelleHHIO NPOBOAHNKA C TOKOM
B MarHMTHOM none

[IpeanonoxuM, 9TO MapaNIe/ILHbIe BETBH LEH IPEACTABIAIT COO0H IHHEL, BAOIL
KOTOPBIX CKOJIB3MT HPOBOJHUK, AjuHa Kotoporo [ (puc. 12.11).

EciH 3Ty cHCTEMY TIOMECTHTH B OJIHOPOTHOE MATHHTHOE TI0JIE, HHAYKITHA KOTOPO-
IO HATIPABJIeHa NEPIEHANKYJISPHO IUIOCKOCTH PHCYHKA, TO NMPOBOAHHE HAaYHET ABH-
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rarbeA. 1Ipy ABKMOKeHHH OH GY/IEeT mepeMeInarses mocTyna-
TeNIbHO NapasIie/bHO CaMOMY cele, TaK Kak Ha HeTo €O CTo-

®  POHBI MarHUTHOTO TOJA AieHCTBYET chila AMmepa
5, F=BII
® |® ® '
Y i IlycTh npOBOAHUK 1IOA AeHCTBHEM CHIB F IiepeMelna-

eTcs Ha Az U3 nofaoxenud I B mosoxenue 2. Ilpu atoMm co-
Puc. 12.11 BEpIIaeTCs Mexauudeckas pabora

AA = FAx= BllAz,

rae [Az = §— Iomaap, oXBaThiBaeMas IPOBOAHHKOM NpH ABMXeHHH (Ha puc. 12.11
oHa 3awtpuxosaHa). Toraa ¢ yuetom (12.10)

AA = IBAS = IA®. : (12.11)

Paboma, cosepuuaeman cunamu Amnepa npu nepeMeLieHun nposooHy -
Ka C MOKOM 6 MAZHUNMIOM NOJE, PABHA NPOUIBCOCHUIO CUALL MOKA HA MAZ-
HUMHBLL NOMOK UEPE3 NOBEPXHOCITL, OXBAMBIBACMYIO NPOBOCHUKOM NPU
€20 OBUNCEHU.

Tak xax AP xapakrepuayer YHCJ0 JVHHH MArHUTHOH MHAYKLMH, HepeceKaeMbIx
TPOBOJHUKOM TIPH JBHKEHHH, TO P MHOTOKPATHOM TEpEMELIEHUH JIMHEHHOTO I1po-
BOJHHKA (WX IIPH BPALleHNH KOHTYPa) A% ToAcyeTa paboTrl Heobxoaumo 6paTh CyM-
MapHOe YHCJIO epecedeHnii NPOBOMHUKOM MarHMTHRIX CHIOBLIX JIHHMH.

Pabota, BeraucaseMast 1o opmyae (12.11), 8 CH BHpakaeTca B KOy X,

12.7. feficTBM@ MArHUTHOIO NONA Ha ABMYWKIHCA 3apsj.
Cuna Nopenua

HeiicTBHe MarHATHOTO NOAS HA ABHXKYIHIIC 3apsan. [ BHAKYILHEC IeKTPUYECKHE
3apsifibl CO3AAI0T BOKPYT cebA MaTHUTHEIE TIOMS, KOTOPHIE PACTIPOCTPAHSIOTCA B BAKYYME
CO CKOPOCTBIO cBeTa ¢ B cpepax (e > 1, u 2 1) CKOPOCTE pacpocTpaHeHHsT MEHBIIE ¢

Ecnu xe 3apsa ABHAETCSA BO BHELIHEM MAarHNTHOM IIOJIE, TO HPOUCXOIUT CUIOBOE
B3auMO/ICIICTBYie MATHITHBIX NOAeH, crpefessiemMoe N0 3akoHy Amniepa. [Ipouecc B3a-
HMOZEACTBHA MarHHTHBIX TIOJIEH uccaenoBancs JIopeHneM, KoTophiii Bhised (hopMy-
Ny ISl pacqdeTa CHAbI, ACHCTBYIOHICH CO CTOPOHBI Mar-
HHTHOTO NIOJIA Ha ABMXKYLLYIOCS 3aPSIKEHHYIO YaCTHILY.

Cuna Jlopeana, Cuny, JeiCTRYIOLLYK CO CTOPOHBL
MarHMTHOTO 1104151 B Ha 3apsAp €, ABHXYIHHHCA €O CKO-
POCTBIO ¥V, MOMKHO OHpEEJHUTh HCXOAS M3 3aK0HA AMIe-
pa. ITycte no nposoanuky navHoH Alsa Bpems At npo-
XOJMT 1 ONMHAKOBHIX 3apsifos @ (puc. 12.12). 3to o3Ha-

ng@

TaeT, YTQ YCpe3 MPOROIHHK NPOTEKaeT ToK [ = At Co-

IJIaCHO 3aKOHY AMilepa, Ha n{) 3apaaoB AelicTBYeT cina

F=BIAlsino = B%C%Alsina.

Puc. 12.12
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CuJia, ¢ KOTOpOIi Noste KeficTBYeT Ha KaXkAblil OTHeNbHbI 3apsa (cuaa Jlopenua),

Fy= £ = BQ%sina.

J
n

Al
y‘-IHTbIBaH, 9TO E = U — CpefHAA CKOPOCTh ABHXECHHA 3apAAa, 110yYacM

Fp= QuBsing, (12.12)
Tle (c — YIOJ MEKTY BEKTOPOM CKOPOCTH 3apsiia v H BEKTOPOM MAFHMTHOM UHAYKUMH B,

0 Cuna Jlopexdua Hanpag/ieHa NepHneHIHKY1IpHO BeKTopaM v H B.

Hpasuno nesoii pykn. [lna apuskymeroca No0XKUTeAbHOTO 3apsa HaripaBieHue
cuabl JIopeHua onpejiengeTcs Mo IpaBUy Aepoii pyku (cM. puc. 12.12). C usmenenu-
€M 3HaKa 3apA/1a HanpaBJIeHHe CUJIbl MEHAETCS Ha MPOTHBOMOIOKHOE.

ARanmvzupys Beipaxkerne (12.12), MoKHO c/1€/1aTh BHBOABL

a) ecym CKOpoCTb 3apsifia v = 0, To Fy = 0, T.e. MaTHHTHOE T0JIe He [IeficTBYeT Ha
HEMOABMKHYIO 3apsSKeHHYIO YacTHLLY;

6) ecin o = 0, To sinoe = 0 u Fiy = 0, T.€. ecIM YacTHL@A ABWKETCH TaK, YTO BEKTOP
ee CKOPOCTH v MapalieieH BEKTOPY MarHuTHo HHAYKIMH B, TO HA Hee co CTOPOHBI
MarHUTHOTO TIOJS CHABI He ACHCTBYIOT.

Tax kak cuia JlopeHIa Bceraa HalpasieHa NepleHIHKYISPHO BEKTOPY CKOPOCTH
JIETSAIe JaCTHITBI, TO OHA HE M3MeHseT MOAY A CKOPOCTH, 4 M3MEHeT JIMIIb HanmpaB-
JleHye ABWKeHWs YacTHUEL. EcH 3apakeHnas yacTHLa ABHIKETCH B OAHOPOAHOM Mar-
HETHOM II0JIe, BEKTOP HHAYKIIHH KOTOPOI0 [IEPNeHARKYIAPer HAIIPABACHUIO CKOpOC-
TH 32pAKeHHOM YacTHLLL, TO cuia JlopeHla HCKPHBASET TPAEKTOPHIO IBHXKEHHS, Bbl-
MOJHAA POJb HEHTPOCTPEMUTEABHON crusl. JeficTsue 310#1 CHABI He IPHBOIAT K W3-
MeHEHHIO KHHeTHYeCKOH 3HeprHH 3apsiKeHHOM YaCTHLEL, T. €.

B cuna Jlopenua ne cosepmiaer paGory.

12.8.* OnpepeneHMe yaenbHOro 3apsaja.
YCKOpUTENH 3apaXKeHHbIX YacTuy

JIBHKeHHe 3apAKeHHOMH YacTHLIHI B MATHMTHOM Hofe, Ouelb BAKHBIM ABISETCA
HCTIONH30BaHUE SIB/1eHNS ACHCTBHA MATHHTHOTO TIOMTSA HA ABHXKYIUHACA 3apsj MPH HC-
CAEA0BaHUAX KOCMUYECKHX YacTHL L9 onpedeeHUs 3HAKOB uX 3apaaoB. /[n4a BeIBo-
713 OOLUMX 33KOHOMEPHOCTEH CYMTAEM, YTO MATHUTHOE 1101C OAHOPOIHO.

TpaexTopys: 3apasxeHHON 4aCTHIIBL, NOTABLIEH B MOUIHOE MATHMTHOE 11071€, PE3K0 U3-
MmeHdaetcs (puc. 1 2.13). B 3aBrcUMOCTH OT 3HAKA 3apAAA YaCTHIIA OTKICHSETCS  871€60
WK enpaso (Ha puc. 12.13 BekTop HHIYKIMH MATHUTHOTO TIOJIS HAlIPaBJIeH OT Hac 1ep-
NEHAUKYJIAPHO IVIOCKOCTH YePTeska) M ABHIKETCS [0 OKPYXKHOCTH, paxHycR KOTOPOi MOX-
HO OTIPEAEITATE U3 YCJIOBHS PABEHCTBA LIEHTPOCTPEMUTETbHON CWIBI M CHh JlopeHna:

2
— = (vB.
R
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h
Puc. 12.13 Pic. 12.14

Otcoaa
muv
R=—. (12.13)
QB
YaeTuiia, CKOpoCcTh v KOTOpOI HanpaeaeHa mox yrioM (3 k B, ABMKeTCs 110 BHHTO-
BOI JIHHHUY 1 Kak OBl HABUBAETCS HA CHJIOBYIO MMHMIO (puc. 12.14). Ilar cnupanu A
onpefensieTcsd TAHTEHIHATIBHOM COCTARIAOIIEH v, CKOPOCTH YacTHIBL. Paguyc cnim-
panu R 3aBUCHT OT ee HOPMANBHOH COCTABIAIOIEH v,
Ha saextpuyeckuii 3apsa, ABUAYIMUACT OHOBPEMEHHO B 3JIeKTPHYECKOM H Mar-
HUTHOM IIOJSX, AefCTBYeT Pe3y/IbTHPYIOUIAs C1Ja

F=F, +Fy= QE + QvB. (12.14)

Mexay 3/1eKTpHYeCKO B MArHUTHOM COCTABIAIOLIMMH 9TON CHIIBI HMEETCS TTPHH-
OUNMWATBHASA Pa3sHHLA.

3JIEKTpH'-IeC!€06 MON€¢ HAMCHACT CKOPOCTD, a4 CACAOBATCNIBHO, H KHHETHYECKYIO
JHEPTHHy YACTHLUDBI; OJHOPOJHOC MATHHTHOE NOJE H3MCHAET TOJABKO HanpaB-
JIEHHE €€ NBHKCHH A,

Ilponmyckas 3aps:KeHHbIE YACTUIIHI YEPE3 O(HOBPEMEHHO AeCTBYIOUIME Ha HUX
IeKTPHYECKOe M MarHUTHOe o, u3 (12.13) onpeaensioT X yAeIbHuIE 3apsaabl
)/ m — OTHOLUEHHS 3aPAZOB YacTHIL K UX MaccaM. CKOPOCTb YaCTHLIbI BLIYHCSAIOT MO
yCKOpsiolllelf pasHOCTH NOTEHIHMANOB 3TeKTpHdecKkoro nous. JefictBuTensHo, pabo-
Ta SJMEKTPHYECKUX CHA (X, — p5) PABHA KHHETHYECKOH SHEPTHH YaCTHIIBL

2
muy
T = Q(‘P] — o)

v = PQ(‘Pl - L{32)_
m

Paguyc R TpaexTopHu onpenensioT aKcnepuMenTaapHo. [Ipu uasecTHex B u
(¢; — ) 13 (12.13) paccuuTHIBAIOT yAETbHbIH 3apsia;

Q _ 2 _"P?).

m R*B?

OTKyAa
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Tak GbL1H oNpeesieHbl YeIbHEIE 3APSIbl SIEKTPOHA £ = 1,7588-10" Ka/kr u
Me

LIPOTOHA —— = 9,5488-107 Kn / kr.
Mp

IIprGophl, ¢ MOMOMIBIO KOTOPBIX MOXKHO Pasie/IaTh 3aPsKeHHbIE YACTHI(B HO UX
VIeABHBIM 3apa/iaM, Ha3slBaIOT Macc-cnexmpozpagamu.

VeKopHTed 3apsKeHHblX yacTHl,. CTPYKTYPY aTOMHBIX fep HCCAenyiorT 6oM-
fapAMpys MX YaCTHIIAMH, MMEIONIHMH O0JIbIIYIO 3HEPTHUIO, T. €. JIETAMUMHU ¢ GOTBINOH
CKOpOCTBIO. [I71A 0Ay4YeHHs TAKHX YACTHIL B TA0OPATOPHHIX YCIOBHAX HCTTOAbIYIOT
YCKOPHTE/ M YACTHL, PA3JAMYHBIX BH/OB, OJTHAM M3 KOTOPHIX ABISETCA YUKIUYECKUL
ycxopumens (UUKIOMPOH).

B nuxnotpone {(puc. 12.15) 3apsykeHHas YacTHIIA ABHKETCI MEXIY HOMIOCAMH DIeK-
TPOMArHUTa, MHOIOKPATHO IPOXOAs Yepea snekTpideckoe nose. [Ipu atoM xaxapiit
pa3 ee 3Heprus Bo3pacTaeT Ha 10?—10° aB. YnpassieHye ABHKeHHEM YaCTHIIbI TPOK3-
BOJIMTCS C TIOMOII[BIO TTONEPeYHOr0 MAaTHUTHOTO OIS,

Ha 3apsyKeHHy YacTHLY, ABMKYIIYIOCA B TTOCTOSSHHOM MarHHTHOM IoJe, 1eH-
cTByeT cuna JlopeHia Fj, B peaysbTaTe YacTHLA JBHXKETCH 10 OKPYKHOCTH TOCTO-
AHHOTO pafnyca R, ec/iM ee Macca m H CKOPOCTH U OCTAOTCS HEU3MEHHBIMH {pHC.
12.15, @). Cuia Jlopenua Fj; paBHa cilfle, BRI3bIBAOIICH NEHTPOCTPEMUTENLHOE YC-
KOpeHue, T.2,

mu?

Y _ B,
RC@

TAe () — 3apsy YACTHIIH, B — WHAYKIHA MaTHUTHOrO 10/ (BeKTOPH v 1 B B3auMHoO-
MePNeHARKYAAPHEL T. €. sina = 1),
3 9r0ii (hopMyJIBL JIETKO [IOJIYYHTH BRIPAKeHUS J7151 YTIOBOH CKOPOCTH YACTHIIHL

v _QB
R m

Ecmu @, m v B NOCTOSTHHDI, TO YIJIOBas CKOPOCTb, a CJeL0BATE/IbHO, M 4UCI0 060-
POTOB YaCTHIEL B CEKYHAY TAKXKEe SABIAIOTCH OCTOAHHbIMY BeIMYMHAMHE, HE 3aBHCH-
IAMH OT 3HEPruy yacTribl. OAHAKO PAAUYC TPACKTOPHH 3aBHCHT OT CKOPOCTH JBH-
KeHus yacTuin [cM, (12.13)]. TloaToMy ¢ yBeIHYeHHEM CKOPOCTH ABMMKEHUS YaCTH-
LBl ¥ POCTOM €€ SHEPTUH PAJIUYC TPAeKTODHH YBEIHYHBAETCH, II0ITOMY H YaCTHIA B
HUKJIOTPOHE ABIDKETCA N0 PACKPY4YHBAIOILEH S CIIMPaTH.

OUINMNNNRNNN

Puc. 12.15
237 l



CxeMa MHKJIOTPOHA TToKasaHa Ha puc. 12.15, 6 (suz cboky) u puc, 12.15, e (Bug
cBepxy). Mexay nonwocaMu 31eKTPOMarHUTa, COCTOSIIET0 H3 MATMINTA 2 H 00MOTOK
1, IOMeIA0T 1B MeTA/LIMYECKUX SJEKTPOAA 4 H 6, Ha KOTOPHIE HONAETCH BHICOKOE
HANpPsKEHHE OT BbICOKOYACTOTHOIO reHepaTopa 7. 3/eKTpo/bl HA3BIBAITCA AyaHTa-
MH H3-33 CXO/ICTBA UX (GOPMBI ¢ TaTHHCKO# 6yKBoi D. Bénau nentpa MarnuTa B po-
MEXYTKE MEXKLY AYaHTAMH PACTIONATAeTCS NCTOUHHK J 3aDMKeHHBIX YacTHII (MOHOB),
Besa cucreMa M3 9AeKTPOAGB M HOHHOIO MCTOMHHMKA TIOMENICHA B BAKYYMHYIO KaMe-
DY &, paspexxeHHe B KOTOPoit gocTuraer 107° MM pr. cT.

YactoTa M3aMeHeHHS SAeKTPHTECKOTO OIS HOADHPAeTCs Tak, 4ToOhl K MOMEHTY
NOJ/IETA HOHA, BELIETEBIIETO U3 MCTOYHUKA 5, K 3330DY MeXAY AVAHTAMUA TaM CYyIIe-
CTBOBAJIA YCKOPAIOLEAS PA3HOCTE NOTEHIHAIOR. BHYTPY AYaHTOB 2/1€KTpUYECKOe HoJe
OTCYTCTRYET, H TAM MOH JIBHKETCA TI0 iyre AOCTOAHHOTO PAZHyCa, COOTRETCTBYIONIETO
3Heprud HoHa. B mpoMexxyTikax MeXIy 1yaHTaMM SHePTHS MOHA YBeNWIHBAeTcs, yBe-
JIAYUBAETCS U PAJHYC CASAYIONETO HOEYBUTKA B AyadTe. MoHE IBHAKYTCS 1O crivpa-
JIH, TPHOMMKAACH K KPAIO OJI0CA MATHKTA. TIY40K YCKOPEeHHbIX MOJOKUTEAbHBIX
HOHOB BBEIBOJAT W3 MKJIOTPOHA € OMOIILIO OTKJIOHAIONIETO 3AKTPOAA 8, Ha KOTO-
PHIH HOJAeTCS BHICOKHH OTPHIATENBHEH ToTeRHIMAN. [Tpoxoas MUMO Hero, my4oK
HUCHOB H3MeHAeT CBOIO TPACKTOPHIO U Yepe3 OKOLIKC, 3aKPBIToe TONKOH (OIbroi, BhI-
XOZHT B3 KAMEepHL.

I H10TPOH HCTONB3YETCS B KAYeCTBE YCKOPUTEIS TSKEIbIX YACTHIL — IIPOTOHOR
H MHOI'O34PsLAHBIX TIONIOKHTEILHBIX HOHOB.

Jd KPATKME BbIBOAbI

® BaaumoselicrBie Mex /[y IPOBOTHHKAMH € TOKOM, T. €. BIZUMOAEHCTRHE MEXITY JTBHXY-
WHMUCS ACKTPHYECKHMH 3apsilaMy, OCYLIECTBISAeTCH IOCPEECTBOM MATHATHOTO TIOJIA.

® Marnutaoe noJie, Kax 1 3JeKTPHYECKOE, ABJSIETCS YACTHBIM CIVYAeM TPOABICHNS eAAHHO-
IO 3ACKTPOMATHHTHOI'O TIOJSL.

® OCHOBHOI XapaKTePUCTHKOH MATHUTHOO TIONI ABAACTCH MAZHUMHAA UHOYKYUR

= Mose

Dm

¢ MarauTHOE TIOJIe H3OOPAKRETCS ¢ NIOMOIIBID TUHHA MATHHTHON HHAYKUWK, JIMHAKE Mar-
HHTHOH HIAYKIIMH BCCI/A 3aMKHYTH M OXBATHIBANT HPOBOJHUKH € TOKOM. 110N ¢ 3aMKHYThI-
MH CHJIOBBIMH THHHAMH HA3BIBAIOT GUXPEELIMEL.

¢ Bearunuy, MOKA3KBAIOIYIO, BO CKIUIBKO PA3 MATHHTHAS HHAYKOUA B cpefe Ooable 1in
MEHbIIE, YeM B BAaKYYMC, Ha3bIBAWT MAZHUMHOU NPOHULAEMOCTTLIO:

Hzg-

¢ [1o 3HAYEHWIO MATHATHOH HOPOHUNAEMOCTH PAsARuaOT duamaznemuxu () < 1), napa-
Maznemuru (p > 1), gheppomaznemurie (> 1). ¥ (heppoMArHeTHKOB [ 3aBHCAT OT BHCLI-
HETO MaTHHTHOTG MOJIA.

# Ha snemeHT NpoBoiHYEKa ¢ TOKGM, TOMEILEHHBIN B MATHHTHOE NOJIE, IEACTBYET CHIA, KO-
TOPas, COIMIACHO 3aKOHY AMIeCpa, paBHa

F = BfAlsino.
Hampasnenne cuis OnpefesaeTcs no npdsuiy 1eeoli pyKy.
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& [Ipy nepeMeleHMH IPOBOAHAKA C TOKOM B MATHUTHOM TIOJIE CHIAMH AMIIepa COBEpIIaeT-
¢ pabota

A = IA®,
rae AP — uaMeHeHe MAaTHUTHOIO TIOTOKA:
AD = BAScoso.

MarHuTHHI HOTOK XapakTepU3yeT YHCAO JUHHH MATHHTHOH HEAYKUHY, [POXOUAIIHY Te-
PC3 AaHHYI0 TOBEPXHOCTh. MarHUTHBIH [I0TOK YepPe3 3aMKHYTYIO TOBEPXHOCTD PABEH HYJHO.
¢ Ha jpioxynryiocs sapskeHHY0 4acTHHY B MATHHTHOM noJte gelicteyer cuna JlopeHua

Fy = QuBsina.

ITa cnia USMEHSET HallpaBJACHHUEC CKOPOCTH, T.€. HCKDHENAET TPACKTOPHIO IBHKCHHAL. Cnia
ﬂO]JEEHI.[a HC H3MEHACT KHHETHYECKYIO JHEPIHIO YaCTHLID, T. €. HC COBEDIIACT paﬁo’ry.
® Bee Tena B MAarHUTHOM NTOJIE HAMATHHYMBAIOTCA, T. €. CO3/AI0T CBOE MAarHWTHOE [10J1€.

ﬂ Bonpockl ANA CAMOKOHTRONA W NOBTOPEHUA

1. Yto npeacrasaget cobol MartuThoe moae? Kakumu crolicTBaMu ono obaaaaer2. B yem
3axjiouaiach Tunoresa Amnepa? 3. Yo Ha3HBAOT BCKTOPOM MarHUTHON MHykuui? Kakol
X4PaKTEPHCTRKOM MOJA OH ABAACTCA? 4. UTO HA3LIBAIOT THHHAMN MArHUTHOH HuayKnu? Ka-
K0e Hanpas/ieHHe OHK HMenT?d. Kakue nos nassieaior uxpessvu 26, Cdopuystupyiite npus-
LIV CYAEePNO3HINY Losteit. 7. Kak cBs3aHb BeKTOPBI HALPSIKEHHOCTH M HHAYKIHH MATHUTHOTO
uonsa? 8. ChopMyaupyiite 3akon Amnepa. 9. PacckaxuTe 0 B3aumMoeiicTeiu Tokos. 10, Uto
HA3LIBAIOT MAMHKTHBIM OTOKoM? B Kakux cauannax cro Bepaxatot? 11. Yemy pasxa pabora 110
TIEPEMETEICHHI) TTPOBOIHKKA ¢ TOKOM B MarHuTHOM Ttose? 12, Kakan cina aeficTByeT co CTOPOHB!
MATHHTHOLD ITOJIST HA ABIKYLIANCS 3ap:Aa? Yemy oHa pasna?13, YTo HasbiBaOT Ve LHbIM 3aps-
A0M dacTuunl? C moMOWBIo KakHX (ipubopoB oy onpenensiiorca? 14. Kakue yckopuresan 3aps-
JKEHITHIX YACTHIT BAM HIBCCTHDI?

NMpumepnul peweHus 3agay

® 3anaua 1. Ilo xByM AMMRHBIM TapaiiedbHpIM IPOBOAAM TEKYT B HPOTHBOTIO-
JOKHBIX HaflpaBAeHHUAX TOKH 90 1 70 A. OnpencauTs HHAYKIHIO MaTHUTHOTO TTOJA,
€037IaBa€MOT0 TOKAMH B TOUKe M, HAXOAAMICHCA Ha paccTOSHHH 12 cM OT mepBoro 1
14 ¢M OT BTOPOro MPOBOAOB, ECIIM PACCTOSHHE MeX 1y mpoBogaMu 10 cM.

Bano: [ =90 A, L=70A; R, =12cm=0,12m; K, =

=14cm=0,1dM d=10cM= 0,1 M; pio = 47- 10~ T/, d &
p=1
Hatimi: B,

Pentenne. [Ipeamonoxus, YTo TPOBGAHIKH Hanpagre-
HB! TIEPIEHAMKYISIPDHO IIOCKOCTH HepTexka (puc. 12.16).
Toxk I, naet o1 Hac, 3a yeprex. On 0b603HayeH KPeCTHKOM.
Kasxerit Tok cos3naeT B Touke M uaaykimio [cM. (12.4)]

B =Ml p ply
onR, 2nR,

npudem B, HanpasieHa NepOeHIUKYSAPHO R [0 4acOBOM
crpenke (OYPaBYHK BBHHYMBAETCA), a By — nepresanKy.sip- Puc. 12,16
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HO R, IPOTHB YacoBoii cTpelkH (OypaBuMK BEIBHHUMBaeTcs ). MuayKkuma 110714 B Touke
M pasha reoMeTpugecKoil cyMMe UHAYKIWE B u By;

B = B? + B} — 2B, B, cosp.

Boruncaenua:
1-4#-10—72.9014 14107 H .70 A
B = M ~1,5-100*Tm; B, = M ~1.10~* Tn
27-0,12M 27-0,14 M

3 TeopeMEI KOCHHYCOB OTIPEEIHM €08 ¢ (LIOCKOBKY o = (3, KaK YIJIBI CO B3aKM-
HO-TIEPIIEHANKYIAPHBIMH CTOPOHAMH, COS § = €OS av):
R+ R;—d* (144 +196—100)cm®> 5

CoseL = - = -,
i 3R,R, 2.12-14 om? 7

CrenoBareanHo,

B= \/(1,5-10-4)2 +(1-10) =2.1,5-107 -1-10—42 Tiu~1,1-10 T

OtBer: B=1,1-10"*Tx.

® 3agaya 2, [Tapan/ic/abHO IIIACTHHAM IVIOCKOTO KOHAEHCATOPA CO3IAHO OMHOPO-
HOEe MarsuTHOe noe nHAYKIEeH 4 - 107 Tu. Mexay niacTHHaMH NeplieHIYKYISPHO
HAIpPaBJIeHHI0 MarHHTHOrO [0S ¥ HAPAIenpH0 macTuHaM (pHc. 12.17) npmketca
3MEKTPOH €O CKOpocThio 5 000 kM/c. Onpese/uTh HANPSKEHHOCTD 3JIEKTPUYECKOTO
TI0JI8 MEXAY MTACTHHAMH.

HaHo: B=4-10"%Tx; v= 5000 km/c = 5-10% m/c.

Haiiru; E,

Pemenne. HaupaBrenue HampsiZKeHHOCTH MarHUTHOTO N0 MPHHHMAETCS Mep-
HeHAHKYISAPHBIM 9epTexy (Ha puc. 12.17 ykasaHo kpectukamu), Ha smeKkTpoH, 1BH-
JKYLUHCA Tepoen MKy IIpHo nomo, no dopmyne Jloperna(12.12) co croponsl Mar-
HHTHOTO T0Js AeHCcTBYeT cuila Fy = Bve, rie B = pwigH — VHAYKINA MATHUTHOTO
HOJIS;, € — 3apal AeKTPOHA; | — OTHOCHUTENbHAs MarHWTHAS TPOHHLAEMOCTH Cpe-
AL |y — MarHMTHAS TIOCTOSHHAA.

IJNEKTPHUECKOE TI0J1e TeHCTBYET Ha 3/eKTpoH ¢ cunoit F,, = eF, rne E — Hanps-
KEUHOCTD 3JCKTPHYECKOTO IO/, DIEKTPOH ABMKETCA HAPALTEABHO IUTACTHHAM U TIep-

NEeHIAKYISIPHO MarHUTHOMY TOJIIO B TOM CIy4dae,
eCJIM 3TH CWJIBl PaBHEL [IG MOAYIIO, HO TPOTHBONO-
{7 JIOXKHBI II0 HATIPaBIIeHn1o; Bve = Ee. Otciona

FPPDOPPXPE®® E = Bu.
RGO RO BorascreHns:

®® ®®J®l®®®® E=47-10"Tx-5-10°mM/c = 2-10* B/m.
! Orger: E=2-10* B/Mm.
Fy

e 3azaua 3. 3apsa7 ¢ NOCTOSHHOH CKOPOCTHIO ¥
Puc. 12.17 BJeTaeT B OJHOPOAHOE MAaTHHTHOE TIOJIe TIePIEHIH-

E
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KYJApHO JTHHAAM UHAYKUEY. Mnnykums nona 1 Ta. B reuenue v
107! ¢ mapamIe/ibHO MATHUTHOMY LIONI) AeHCTBYET asieKTprYec-
KOe TIojTe HanpskeHHocThio 100 B/M. BeraucanTh nocToAHHBIHN
AT CHUPAABHO TPAeKTOPHH 3apsaa.

Hano: B=1Tx; t=10"*¢; £E= 100 B/m. vy

Haitrh: =.

Pemenne. MarauTHast coCTaRyAMAaA cuipt Jlopenna aeit-
CTBYeT HOPMaNnbHO K HalpapieHnio ckopocty (puc. 12.18). Ha-
TIpaBIIeHHE CHILbl MOXKET BbITh ONPEICNIEHO MIPARUAOM JTeBOH PyKH. B
[Tpu OTCYTCTBMH ANEKTPUYECKOTO MO 5TA CHJIA 3aCTaBJIAET 3a-
PSI/L IBUTATBCA [TO OKPYKHOCTH. MarHuTHASA COCTAB/SAIONIAS CHITBL
Jopenua Fy = BQusin(B, v) paBHa IeHTPOCTpeMHUTENLHOI cHe:

PO

VUV

{

=

Puc. 12.18

2

BQu="22, ‘ '6))

T

rae B — uHAYKUUA nons; () — 3ap4af; ¥ — CKOPOCTh ABMKEHHS, 11 — Macca 3apiaia; 7 —
paznyc OKPY:KHOCTH, IO KOTOPOMH JIBUKETCS 3apsij,.
B paccMmatpuBaemMoM ciyuae sin(B,v) = 1. Paguyc okpysknocrs Haxonum u3 (1):

muv
=30 2)

C yuerom (2) nepuox obpaurends 3apsia
2nr _ 2wm

T===50" ©

Ilpu KpaTKOBPEMEHHOM JEHCTBHH JMCKTPUYECKOTO MO0JIA BOSHHKAELT JJEKTPHYEC-
Kasl COCTABJSAIONAS CHIbL JIOpeHila, HalpapienHas napalielsHo noio, F, = QF,
rae E — Halp:aeHHOCTh 3JIeKTPHYecKoro moas. 3a BpemMd § feiicTud F),, COCTaBIA-
Ulast CKOPOCTH, HAPABJCHHAS APATIeILHO TOMI0, BO3PACTAET OT HYJIA A0 ). [lo uM-
NyABCY CHIBL F, { = mv, HAaXOTUM

m - m )

1 (4

Hasmume coctagisioneil CKOPOCTH vq, HAIIPASIeHHOH nepleHIHKyISIPHO v, 03HA-

qaer, 9TO 3apsid ABHKeTCs 1o crupand, [Ipy ycTaHOBUBIIEMCS TBHAKEHHH I0ar CIHpa-

nu znoctostHeH. OH ONpeIexdeTcst U3 YCJAOBUS, YTO 3a OIUH 000pOT 3apsaia (3a IepH-

of T) IpOHCXOAUT €rc CMEINEHHe Ha paccrosinpne maraz = v, 1. Vs (3) # (4) noayanm
A Ft2mm F

r=0———=—2rt

m BQ B
Bruncienua:

g 100B/M-2-3,14-10* ¢
1Tn

= 0,06 M.

OtgeT: z = 0,06 M.
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E 3agayn pAs CaMOCTORTENbHOIO PELIeHMS

1. [To aByM napanienbHEM IPOBOAHNKAM, HAXOMALIAMCS Ha DRCCTOSHUE 12 CM APYT OT ApY-
ra, poTekatoT Tok| 1o 30 A. Olipe/ie™Th UHAYKITHIO MATHUTHOIO NOJIA B TOUKE, HAXOAAIIECs
HA PacCTOAHKH 10 CM OT KaxKAOT( HPOBOAHHKS, €CJIH TOKH ITPOTEKAIOT: a) B OAHOM, ) B IIPOTHBO-
TIOZIOMKHBIX HATIPABJIEHHSX,

2. Tlo aRYM DApaIeIbHBIM TPOBOMIMKAM NPOTEKAIOT TOKH CHII0IHS 1 4 A. PaccTosaHe MexTy
nposoziHHKaMy 14 cM. HalTn MEOXKeCTBO TOYEK, B KOTOPBIX HHAYKLAS MATHHTHOTO I10/15 PABHA
HyI10, PaccMOTpeTh ABa C/iyyas: TOKH MPOTEKAIOT: ) B O/IHOM HATIPABJIEHHH, 6) B [IPOTUBONOI0NK-
HBIX HATPABACIMAX.

3. 1o HRONHPOBAHHOMY KPYTOBOMY IPOBOAHUKY paxuycom 10 cM npoTekaer Tok 5 A. Ilep-
NEHAMKYAAPHO ILIOCKOCTH KOMbLA TPOX0OAHT ZTHHILH IIPOBOIHHK TAK, YTC OH CONMPHKACAETCH
C KOJTBICBEIM MPOBOAHMKOM, Hajity HanpsmeHOCTs MArHHTHOTO TIONA B IIeHTPE KPYyroBoro
IIPOBOJHUEA TIPH YCAOBHY, YTO TOK B TIPAMOM MPOBO/IHHMKE PABCH 15,7 A,

4, Tloz BTUSIHMEM OZHODOAHOTO MATHUTHOLO LIOJIST B HEM ¢ yekopeHueM 0,2 m/c? asmketes
TIPSIMOTHHeHIThIIT AOMHHHEBbIH NPOBOAHKK cedcHMeM | M2, [To npoBOAHKMKY TedeT TOK 5 A,
€T0O HATIPAB/ICHHC LEPIIEHAUKYIAPHO 0110, BHYHCTUTE HHAYKTIHIO THOMS.

3. B 0AHOPOAHOM TOPHIOHTATHHOM MATHUTHOM NIOJE HAXOAHTCS B PABHOBECHH [ODHM30H-
TaALHLIH lPAMONHHEHHBLY ATIOMWHHEBBIH TPOBOJHHUK ¢ TOKOM1Q A, pACIION0XKEHHBIH Nepnen-
AHKYAApHO NI0M0. ONpPeAeIUTD HHAYKUUIO 05, CYMTAA PA/MYC NPOBOHUKA DABHBIM 2 MM.

6. B MarnuTHOE NONE, 06PA3OBAIHOE B BAKYYME, ICPHEHAMKYISPHO IMHWAM MHLYKLIUH BJe-
TAIOT 3J€KTPOHDL ¢ 3Heprueii 1 aB. Minayxruus uonst 1,3 - 1072 Ta. Buraucnuts cuny JlopeHua u
Paluyc TPAEKTOPUH ABHKEHHA 3IEKTPOHOB,

7. TIpOTORBI B MAYHUTIIOM TIOJTe ¢ MEAYKUWEH 5. 1077 T xBukKyTCa B BAKYYME O LyTE OK-
py*kHocTH pagrycoM 50 ¢M. Kakylo yCROPAIOIIY PA3HOCTD NIOTEHUHANOE OHW JOJUKIL GBLTH
TIPONRTH?

Vo Kniouesne CnoBa: MarHUTHOE rNoae, MarHuTHasn MHEOYKUNA, MarHyuTHas npo-
HALAEeMOCTb, 3aKOH Amnepa, MarHuTHbIA NoTok, cuna Jlopenua.

fmasa 13
INEKTPOMATHUTHAR UHOYKLKUA

13.1. IneKTpOMarHMTHana MHAYKUHWA

Onbirel @apanen. B 20-x rogax XIX B. npofizeMamMu 5/1€KTPOMATHETH3MA 3alH-
TEPECOBA/ICA TeHHAILHbIN aHITTHHCKHI yyeHbli-camoyuka M. Q@apaaeii (1791 - 1867).
Jpcren 1 AMIEp peBpaTUIH 2/IEKTPHYECTBO B MarHeruaM, Qapaseit nocrasun ne-
pen coboit 3a7a9y «IPEBPATUTH MATHETH3M B 31EKTPHYECTEO». B 1821 r. oH 3anmcan B
cBOEM JHeBHHKe «K0ab CKOPO 3MIEKTPHYECTBO MOKET CO3AABAT MATHETHIM, MOJKET
JI MarHETH3M CO3A3BaTh eKTpudecTBo?». M cniyers 10 nieT yueHHM sKciepHMeH-
TanbHO G510 06HapyxeHo (1831):

NPH H3IMEHEHHH MArHHTHOTO MOTOKA, MPOHH3bIBAIONIETO SAMKHYTBI KOHTYP,
B HEM BO3HHKAET IEKTPHUYECKHI TOK.

Jto AvjenHe GbiNO HA3BAHO AAEXKMPOMAZHUMHON undyxuueii (<uHayK-
LUA» — 3HAYHT «HAREREHUE» ),
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Puc. 13.1 Puc. 13.2

PaccmoTpum omsiThl, KoTophie 1pHBesn Dapages K 5TOMY OTKDHITHIO.

Ha puc. 13.1 uzobpaxeHa KaTyiiKa, BKIIOYEHHAS B 11ellb HCTOYHHKA TOKa. JTa Ka-
TYIIKa BCTaBJeHa B JAPYTyK KaTYIIKY, MOJKIIOUEHHYIO K ammepMeTpy. IIpu 3ambmka-
HUM W Pa3MEIKAHWH [Ie[TH BHYTPEHHE! KaTyIIKK BO BHEUIHEH KaTyIIKe BOSHUKaeT Hli-
JTYKIIHOHHEIH TOK.

3atem ¢ momotipio oneito Dapaieil 10Ka3al, YTO TOK BO3HHKAET M IIPH NepeMe-
HMIEHUU KATYIIeK APyl OTHOCHTEIBHO Apyra (cM. puc 13.1).

3xaxoMsbliii ¢ TpyaaMu Amuepa (cM. 12.1), Dapaneii noHUMA, YTO MaTHUT — 370
COBOKYITHOCTH MATEHBKHX TOKOB, IIHPKYTHUPYOTIHX B MOJIEKYNaX, IOATOMY OH Ipo-
BeJ AHAJOTHYHBH OIBIT, 3aMeHHB KaTYUIKY C TOKOM Ha MarHuT.

Ha puc. 13.2 nzo6paxkeHa KaTyLka, IOAKTIOUEHHas K aMnepmeTpy. [lepememas
BAOJIb KATYIIIKH MOCTOSHHBLIA MAarHUT BHH3, YBUIHUM, 4YTO, ITOKA MATHUT JIBHXKETCH,
CTPeJKd TaTbBAHOMETPA OTKIOHAETCH, T. €. B KaTylIKe BO3HHKAeT 3MeKTPHYeCKHH TOK
(puc. 13.2, a).

Kak TonbKO MarHMT OCTaHABIHBAETCH, TOK HeuesaeT. [Ipy npvsKeHMI MarHKTa B
00paTHOM HAITPABJICHUN — BBCPX — MIEKTPHYECKHH TOK B KaTYILIKe BO3HHKAET BHOBB,
HO Hallpap/ieHHe TOKa MPOTHBOMONOKHO TIepBoMy (puc. 13.2, 6).

IMocte MEOTOUHCTEHHHX OHTOR (Papajeil ycTaHOBU, 4TO B 3aMKHYTHIX IIPOBO-
JAIHX KOHTYPaX 3JeKTPHUeCKHH TOK BOZHHKACT JHIOD B TEX CAy4asX, KOra OHHU Ha-
XOAATCA B IePEMEHHOM MATHMTHOM N0JIe, HE3ABHCHMO OT TOTO, KAKHM ClIOCOOOM A0-
CTHTAETCS M3MEHEHHe [0TOKAa MHAYKUMH MAarHUTHOIO NOJISA BO BPeMeHH. TOK, BO3HHU-
KAIONHii TIPY SIBJIEHUH 3MEKTPOMaTHUTHOM HHAYKIUH, HA3HBAKT UHOYKUYUOHNIM
moxom. CTPOTo FOBOPA, TP JBHKEHHH KOHTYPA B MATHMTHOM TIOJIe TeHepHpyeTcd
He ofipeae/ieHHbIH TOK (KOTOPBIH 3aBUCHUT OT COTIPOTHUB/IEHHS ), a onipenesenHas JAC.

3axon Mapaaen. PaccmotpnM, kak BosHukaer I C uHAYKUMM, a ClleJOBATEND-
HO, ¥ MHHAYKIIMOHHBIH TOK. I1ycTh MpoBOAHKMK Ge3 TOKA AMHOM [ ABIKETCSA B MATHUT-
HOM TIOMe co cKopocThie v {puc. 13.3). MarauTHoe noae oHopodHoe, BekTop Mar-
HHTHOH HHAYKIHHA HallPaB./eH [(ePIeHANKY/APHO

TJTOCKOCTH PHCYHKA OT Hac. IIpH JBMXKEHHU mpo- o,
BOJHHKA BITPABO CBOOOIHBIC HIEKTPOHBI, COAepKa-  ©

HIMecs B HeM, 6YAYT ABUTATBHCA TAKJKe BIPABO, T.€. ®I ® ® i :rF®
BO3HHKACT KOHBEKIIHOMHBIH TOK. HanpagieHune ! i
3TOTO TOKA 0OPATHO HalIPaB/IEHHIO IBUXKEHWA SIIEK- | ® ® ® ! F® ®
TpoHoB. Ha Kasbiil ABIXYIHICA 3MEKTPOH CO CTO- ® Jé ® D n® .
POHBI MAarHUTHOTO 110J14 fleficTBYeT cina JlopeHna >

Fy. 3apsan sneKTpoHa — OTPULATENbHBIH, I03TOMY ° Az = vAt Pz

cita JlopeHna HanpaeAena BHA3, [loa aeficTbieM

3TOH CHJIBI 2TeKTPOHE J0/1AKHE] IBHTATLCH BHU3, B Puc. 13.3



HIKHel! YacTH IPOBOAHNKA [ HAKATUTMBAIOTCA OTPHIIATENb-
HEIE 3apsi/Ibl, 3 B BepXHeH — NnojaoxuTensHbe. Obpasyer-
C4 pasHOCTb NOTEHIIUAIOB P — {4, B IDOBOJTHHKE BOZHM-
KaeT 3MeKTPUIeCKoe [oJie HaNPsKeHHoCT 0 E, Kotopoe
PENATCTBYET AATBHEHIIEMY TTepeMellieHHIO 3TeKTPOHOB.

B momenr, koraa cuna F,; = eF, neHcTBY1I010aA Ha 3a-
PAIBL CO CTOPOHBI 3TOTO 371 eKTPUYECKOrO MO, CTAHeT
paBHOi Mo MOAY o cuie Fjy = evBsin, AelicTRyOmMEeR
Ha 3apAALI CO CTOPOHBI MATHHTHOTO HOJIA, T. €. IIPH e =
= evBsina, WK E = pBsin o, 3apsaapl epecTalyT Iepe-
MeIAThCS,

HanpsxeHHOCTL a7€KTPHYECKOro ol £ B ABWXKY-
nIeMCS IPOBOIHHKE JUTMHOH [ #1 pa3HOCTh MOTEHI[HATIOB

M. Qapaneii {1 — P CBA3AHBI MEXY cOO0H COOTHOUIEHHEM
Py — Py = EL,
nnn
@ — @y = vBlsino (13.1)

Ecay Takoii NpOBOAHHK 3aMKHYTh, TO MO TIETIH NoiAeT TOK. TakuM 06pa3oM, Ha
KOHLAX HPOBOAHHKA HHAYLHpyeTcs F/1C

&= vBlsina. (13.2)
Boustee moapoOHoe nayueHne aeKTPOMarHHTHOR HHAYKLHH MoKazano, uto 3/1C
HHAYKUIH, BOSHAKAOIIAA B KAKOM-JH00 3aMKHYTOM KOHTYPE, PABHA CKOPOCTH H3Me-

HEeHHSI MAaTHHTHOTO MOTOKA Yepes3 MOBEPXHOCTh, OrPaHHYEHHY) STHM KOHTYPOM, B3s-
TYI0 ¢ 0OpaTHbiM 3HaKOM. Takum o6pazoM,

Ad
Fgy = —
w = (13.3)

Coorromerne (13.3) Boipaxaer 3aKon SAEKXMPOMAzHUMHOU UNHOYKULU, WK
3axoH Dapages.

3axon Dapades: INC uHAYKUUHE PaBHA CKOPOCTH H3IMEHEHHS MATHHTHO-
ro MOTOKA Yepe3 NOBEPXHOCTS, OrpaHHYEHHYIO KOHTYPOM.

IlpaBmio Jlenna. 3nak «munyc» B popmyne (13.3) otpaxaer npaeuno Jdenya:

I HHAYKUMOHHBI TOK BCET/Ia HanpaBieH TAKUM 00pa3oM, 4To ero AelcTBHE Ipo-
THROTOJIOKHC ASHCTBHIO PHYUHBI, BBIZLIBAIOIIEH TOX.

HpH BO3PACTAaHMH MArHUTHOIO IMMOTOKA

A®
2250, Fuu <0,
At e

T.e. J|C HHAYKIHMH BLI3BIBAET TOK TAKOTO HATIPABJACHHSA, IIPH KOTOPOM €0 MarHHT-
HOE I1071¢ YMEHBIIACT MATHHTHLII MOTOK Yepe3 KOHTYP.
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HDH YMCHbBIIECHHH MAarHHTHOI'C MOTOKa

AP
— <0, &Eup >0,
At HHA

T.€, MAarHUTHOE II0Je HHAYKUHOHHOTO TOKA YBETHUHBAET YORIBAIOITMH MarHHTHBII
TIOTOK Yepe3 KOHTYP.

I C mnayrumn. JJIeXTPOABIKYINAS CHJIA B LIETIH — 3TO Pe3yJIbTaT IeHCTBAICMo -
PONRUX CUR, T.€. CUJI HEINEKTPUUECKOTO NpoHcxoxaenus. [1py apioxesuy npoeoj-
HHUKA B MATHHTHOM TI0JIE POJTh CTOPOHHHX CHJI BEITIOMHSET CUjia JIopeHIa, 101 AeHCTBH-
€M KOTOPOH [TPOHCXOMUT paz/ieIeHue 3apsAL0B, B Pe3yJbTaTe 4eTo Ha KOHIAX MPOBO/IHHU-
Ka [IOSBJISIETCA PasHOCTh noTeHnuaios. 31 C MHAYKUNN B IPOBOAHUKE XapaKTepH3yeT
paboTy Mo NepeMeNIeHIo eqMHAYHOTO TOJIOMKHUTENLHOTO 3apSAAa BAOIE IPOBOHHKA.

EciH 3aMKHYTBIH KOHTYD COIEPKUT N IOCTes0BaTENbHO COeTMHEHHbBIX BUTKOB (Ha-
HpHUMep, KaTYLIKY M cojeHona), 7o A C magyxnum pasna cymme 3/ C kaxaoro BUTKa:

g = —N22
i = (13.4)

Eciu saMkHYTHI IpoBoasIIAN KOHTYP HMEET COIPOTHRICHUEe [, TO CHTa HHAVK-
IIMOHHOTO TOKA ONpefiessieTcs o hopMyne

Ewa
[ =2 135
R (13.5)
IIpy 3TOM B KOHTYDE NPOTEKAET KOJHYECTBO 3JIEKTPHYECTBA — 3apsil
Ad
AQ=- = (13.6)

ABnesne 3MeKTPOMArHHTHOM MHAYKIIUM JIEKHT B OCHOBE IeHCTRUA 3aexmpu-
HecKkux zerepamopos, Eciu paRHOMEPHO BpalaTh NPOBOJIOMHYKY PAMKY B Of-
HOPOZHOM MarHHTHOM II0JI€, TO BO3HHKAET UHAYIHPOBAHHBIA TOK, IEPHOIUYECKH
H3MEHTIOUMI cBoe HampaBaenne. Jlaxe oAHOYHad paMKa, BpamaoNiasca B OMHO-
POAHOM MardHUTHOM TOJIE, IPEACTABAAeT cobol reHepatop nepeMeHHoro Toka. bo-
Jiee CJA0MNHLIE TCHEPATOPDI 06hl‘{H0 ABJAKTCA YAYUNICHHBIMY BapHaHTaMH TaKoro
YCTPOHCTBA.

13.2. BuxpeBoe aneKTpuyecKoe none

Buxperoe snexTpuyeckoe nose. Kak orMeyanocs patee, iepeMeHHOES MAarHHTHOE
nose MOPOKAAET HaAsedennoe (UHOYUUPOBAHHOE) FNEKMPULECKOE NOJIE.
Eciu MAaTHUTHOE TOJE MOCTOSHHO, TO MHAYLHPOBAHHOIO 3/IEKTPUYECKOI0 HOMS He
Bo3HHKHeT. CeoBaTe/IbHO, HHAYIIHPOBAHHOE 3/IEKTPHYECKOE II0JIe He CBS3aHO C 3a-
pAMaMU, KAK 9T0 HMEET MECTO B C/Ty4ae 3MeKTPOCTATHIECKOTO TIOJIST; €r0 CHIIOBRIE JTH-
HHWHW HE HAYHHAKTCA B HE 3aKaHYHBAIOTCA Ha 3apsajaX, a 3aMKHYTBI CAMH Ha CBﬁH, I10-
Z0OHO CHJIOBBIM JMHMAM MarHUTHOTO NOJISL. JTO O3HAYAET, 4TO
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HHIYHMPOBAHHOE DIEKTPHYECKOE N0e, MOACGHO MATHUTHOMY, ABJIAETCA BHX-
PEBbIM,

Eciu nenoaBHXKHBIH TPOBOHHK TIOMECTHTH B IEPEMEHHOE MATHMTHOE T10JIE, TO B
HeM uanyuupyercs 3/[C. DaekTpoHbl NPUBOAATCS B HANPABACHHOE ABHKEHHE 3JICKT-
PHUYECKHM I1071eM, HHAYUMPOBAHHBIM MEePEMEHHBIM MATHUTHBIM TOJIEM; BOSHHKAET HH-
JAYHHPOBAHHBIH 3MeKTpHYECKHIT TOK. B 3TOM caydae HPOBOIHHK ABIAETCH JHLID HHIH-
KaTOPOM HHAYIMPOBAHHOTO ANEKTPHIecKoro nosast. [lose IpUBoOANT B ABMKEHYE CBO-
GOMTHBIE 2MEKTPOHbI B IPOBOIHUKE H TEM CaMbiM 0OHapykuBaeT cebs. Temepb MOXHO
YTBEPKAATh, UT0 1 €3 (IPOBOIHUKA 3TO HOJTE CYIECTBYET, 001A/Ias 3aIaCOM FHEPTHH.

CYIIIHOCTI- ABJICHHA 3J1e1<1'pomarnn'moﬁ HHAYKIUHH 3AKTH04YACTCA HE CTOAbKO
B MMOABJACHHH HHAYTIHPOBAHHOT( TOKA, CKOJIBKO B BOIHHKHOBCHHH BHXPEBOTO
QNEKTPHYECKOTO ITOJSA. :

3to (I)yH,I[aMeHTaJII:HOE‘ OOJTOKEHHE JJIEKTDOSMHAMHKH YCTAaHOBJICHO Maxcsennom
Kak 000bIIeHHe 3aK0HA JIEKTPOMArHMTHOR HHyKunn Dapaaest.

B oranuHe OT /IEKTPOCTATHHECKOTO MOJS HHAYHHPOBAHNOE JJIEKTPHYECKOE
noze ABASAETCA HEMOTEHIHANLHBIM, TAK Kak pafoTa, coRepmaeMasi B HHAYIIH-
POBAHHOM JIEKTPHYECKOM N10JI€, IPH e peMeNeHIH € JHHHUHOTO NO0KHTEb-
HOTO 3aps/ia N0 3AMKHYTOMY KOHTYpY paBsa J/{C ununyxumu, a He Hymo.

HaripaBiedye seKTopa HAPAXKEHHOCTH BUXPEBOrC 3IEKTPHYECKOTO NOAA yCTa-
HABJIMBACTCH B COOMGEMCMEUY C 3aKOHOM 3NeKTpOMarHuTHoM nuaykunn Oapa-
Aes 1 npaBuiioM Jlexrna.

Tak KaKk BHXpeBOe 3eKTPHUIEeCKOe MoJIe CYIEeCTBYeT H B OTCYTCTBHE IIPOBOHUKA, TO
€T0 MOXKHO OPHMEHSTH IS YCKOPEHMS 3aPAKeHHbIX YaCTHI A0 CKOpOCTel, conaMepu-
MLIX CO CKOPOCTRIO cBeTa. MiIMeHHO HAa HCHONB30BaHUH 3TOTO NIPHHITMIIA OCHOBAHO Jiefi-
CTBUE YCKOPHTeJIeH 3TIeKTPOHOB — Gemamporos.

Buxpesnie Tok, * Ec/mi MACCHBHBIHR MPOBOAHHK, CO-
NPOTHBJIEHHE KOTOPOT0 MaJIC, ABHXKETCSI B MATHHTHOM
moJe, To B HeM BO3HHKAlOT KOPOTKO3aMKHYThIe MHITY-
LUUPOBAHHBIE TOKW. JTH TOKH, CHAa KOTOPBIX MOXKeT
HocTurarh HOBIIHX 3HAYEHUI, ABIAIOTCH BUXPEGHL-
M. OTEPBI B H3YYHIT 3TH TOKH QPAHIY3CKHH DUINK
K. B.JI. @yKo, 10 IMEHH KOTOPOTO OHU 1 HA3BaHbI
(roxu @Myko). Hanpapnenue BHXPEBBIX TOKOB, KAK U
BCAKHX WHIYIHPOBAHHBIX TOKOB, ONPEAENAETC 11O
npasuny Jlenna, T. e. UX HapaBAeHHe TaKOBO, YTO CO-
3AaBaeMO€ HMH MAarH#THOE IT0Jie IPOTHBORCHCTBYET
ABIDKEHHIO HPOBOJHUKA.

Paccmotpum cnenyromuii skcnepument. Ilycts Mac-
CHBHBIH MasATHHK P (puc. 13.4), BRINOAHEHHEH U3
CIJIONTHOFD KYCKa AJIOMHHNAS WIH MeIH, Konebiaetca
MEKIY MOMIOCaMH CHABHOIO aneKTpomaranTa M. Ecnau
3/IEKTPOMATHUT HE BKJTIOUEH, TO MAATHHK, TIPEXKIE YeM
Puc. 13.4 OCTAHOBATECS, COBEPIIHT A0BOIBHO MHOIO KOIe0aAHHIE.
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IIpn BKIIIOYEHHOM 3/IEKTPOMArHUTE MAATHUK, AOHIS 10 HETO, PE3KO TOPMO3UTCH U
OCTAaHABIHBACTCS, JTO TNMPOUCXOAUT IOTOMY, 4TO B HEM BO3HHKAET HHII,'y’I.[HpOBaHHLIﬁ
TOK, KOTOPLIH, COTHacHO MpaBuay JIeHIIa, CO3/[aeT MaTHUTHOE [10J1€, IPOTHBOAEHCTBY -
Iolee ABMMKeHHI0 MaaTHHKa. Ecau B 3ToM MasiTHHEe CeNaTh Npope3n, TO BUXDEBBIC
TOKH YMEHBIIATCA U MaATHHK 6yﬂ,€T TOPMO3HTLCA € TAK CHIILHO.

TopMoasiniee AecTBHe BUXPEBBIX TOKOB HCIIOAB3YETCH IS TAlIeHH KoaeOanui
CTPEJIOK B 3JIEKTPOM3MEPUTENBHBIX TIPHOOPAX,

Cuiia BUXPEBOTr0 TOKA 32BUCHUT OT (JOPMBI KYCKa METALIa, ABMKYIIErOCH B MATHUT-
HOM H0JI€, 0T CBOHCTB MaTepHa/ia, U3 KOTOPOTO OH BHUIOJHEH, H OT CKOPOCTH V3MEHeHUs
MarHHTHOTO TOTOKA. BUXpeRrle TOKH ROZHMKAIOT M B HENOABHAKHBIX TPOBGIHHUKAX, [T0-
MECHIEHHDBIX B IIEPEMEHHOE MATHHTHOE I10JIC. CEeoitcTBO BHXDEBEIX TOKOB HAIPEBATD ITpO-
BOIHMKH MCIIO/IB3YIOT B MHAYKIHOHHBIX [Te4aX /U1 CH/IbHOTO HATPEBAH A WK JasKe IL1aB-
JEHHA METAJLTORB,

13.3. CamouHayKLHA

Camonnnyknng. PaccMorpuym nens (puc. 13.5), cocTosiyio U3 HCTOYHHKA TOKa,
peocrara R, KaTYIIKH HHAYKTHBHOCTH L, rambBanoMerpa I u kmiova K.

Ecin uens saMxuyTa, TO No ratsBaHoMerpy I' M KaTylke HHAYKTHBHOCTH L mpo-
TeKaeT MeKTPUYECKHH TOK, B MOMEHT pasMBEIKAHMSA el CTPe/IKa FaAbBAHOMETPA
PE3KO OTKIOHAETCS B OGPaTHYIO CTOPOHY. 3TO MIPOMCXOIUT TTOTOMY, UTO NMPH PasMEL-
KaHHH ey MaTHUTHBIIH ITOTOK B KaTyLIKe YMeHbIUIAeTCs, BEI3biBasi B Heit 3/1C camo-
UHAYKIUHK. TOK CaMCHHAYKINY I, B COOTBETCTBMU C 33KOHOM JleHna npensrcrByet
yOBIBAHWIO0 MATHUTHOTO MOTOKA, T.€. OH HATIPABJIEH B KaTYIIKE Tak Xe, KaK U YORBA0-
M TOK f,. ITOT TOK HETMKOM HPOXORHT HEPE3 TUTbBAHOMETP, HO €70 HaNpaBieHHe
IIPOTHBOIIONIOKHO HAIIPAaBAeHHIO ;. SIBjleHne BO3HHKHOBEHHS MHAYHHPOBAHHOIO TOKA
B IIEITH B Pe3YAbTaTe U3MEHEHUs TOKA B 3TOM LIeH HA3HIBAIOT CAMOUHOYKUUEI.

B CamoyHaykuus — 4acTHBIH cay4vaii ABJEHHA NEKTPOMATHUTHOH HHIYKI[HH.

BriscuauM, ot vere sasucut I C camouHAYKumy. Unaykuus B nponopunoHaib-
Ha CHJIC TOKA B KATYIIKE, I03TOMY MAaTHUTHEIH TIOTOK, BORHMKAIOIIHIT B KATYIIKE, TAK-
XKe IPOIIOPLHOHANIEH CHIE TOKA!

®=1LI (13.7)

KoathduimeHT MponopiinoHaabHOCTH [ Ha3HBAIOT HHOYKMUBHOCMBIO KOHMYPA.
IIpu uaMenennn cob6CTBEHHOTO MATHHTHOTO [IOTOKA B KOHTYPE, COTJIACHO 3aKOHY
TeKTPOMAardHUTHON MHAYKUWH, BosHukaer JJIC caMouHIy KMy

(r)

o =22 138 =~

tH = At . ( . ) T I CIC"

Toactapias B seipakenue (13.8) dopmyny (13.7), HaxoaumM, 4to —""
IJC caMOMHAYKWMY IIPOHOPUMOHAIBHA CKOPOCTH H3MEHEH NS _,T 5L _

CHJIB TOKA:

[——
o =L mey ~F *

“ At (13.9) Puc. 13.5
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Hunyxtusuocrs. M3 dpopmyint (13.9) cneayer, uto undyxmuerocmo — sro hu-
3uYecKas BeIMUNHA, yucleHHO paBHaa D/ C caMOMHAYKIINY, BOSHHKAIOLIEH B KOHTY-
pe IIpy U3MeHeHUM CHTbl ToKa Ha 1 A 3a 1 ¢. MHAYKTHRHOCTD L KOHTYpa 3aBHCHT OT
€T0 TeOMEeTPUYECKOH (OPMbI, PasMePOB M MATHUTHBIX CBOUCTB CPEALL, B KOTOPOI OH
Haxoautcsa. Hampumep, as1a conexonaa AmuHod [ 1 I10m24b10 ceYeHHs BUTKA S, Ha-
XOAAILETOCA B BAKyYMe WJIH BO3IYXE,

_ eV %8
{

L , (13.10)

rae NV — obliee YMC/I0 BATKOB COJNIEHONAR; |y — MATHATHAS MOCTOSHHAS. Y 4HTbIBAS,
uT0 06bEM costeHonAa V=18, a n= N/!— YHC/I0 BUTKOB, NPHXOAALIUXCH Ha eIMHKILY
nynbL, popmyay (13.10) MOXKHO mepenHcaTs B BHIE

L =pn?V. (13.11)

s dopmyasl (13.7) caenyer, uto L = @/1.
W3 atoit hopMy.JIHI MOKHO OTIPEeTHTD €IMHHIYY HHAYKTHBHOCTH — 2EHDU:

1Tn=1B6/A=1B-c/A

Kak cnegyer 13 onbIToB, MHAYKTHBHOCTD BCSIKOTO KOHTYPA 3aBHCHT OT CBOHCTB
Cpelisl, B KOTOPOH OH HAXOAHTCA. B 3TOM MOYKHO YHEAUTHCH C TTOMOIIBIO ONBITA, CXeMa
KOTOpOro JaHa Ha puc. 13.5. Ecii B KaTymky L NOMECTHTE KeNe3HbIH cepaeuHuK, 10
CHJIa TOKA CAaMOMHAYKHHH BO3pacTeT BO MHOTO Pa3. JTO CBUAETEABCTBYET O TOM, 4TO
VBeIHYWAaCh MHAYKTHBHOCTD KaTYIIKH,

Benuuwuny, pasnyro omuowenuio undyxmuenocmu L xonmypa e 0ono-
PpodHoii cpede k undyxmuenocmu Ly konmypa e saxyyme, nasvisarom mae-
HUMHOL NPOHUUAEMOCMbIO CPeodbl.

w=L/L, (13.12)

MaruyrHas IpOHHNAEMOCTD, XapaKTEePHIYIOUIAd MarHHTHEIE CBOMCTRA BENIECTBa, —
BesIMyHHa Oezpa3MepHas.

Baaumuan maayxmus. Eciu KoHTyp, cocTofuiunit n3 nposoxuuka 2 (puc. 13.6), no-
MECTHTB BOAH3H KOHTYpa I C TOKOM, H3MEHSIOUIMMES ¢ TEIEHHEM BPEMEHH, TO B NPO-
BOAHMKe £ OyAeT 3aperHcTPUPOBAHO WHAYLMPOBAHHOE 37eKTpHyeckoe none. JAvie-
HH€ BOSHUKHOBEHHS MHAYHUPOBAaHHOIO 3IEKTPUYECKOrO TI0Jis B MPOBOIHHKAX, HAX0-
AAMMXCA BOAM3N APYTHX IPOBONHHUKOB, 0O KOTOPHIM POTEKAET H3MEHAOINMIICA BO
BPEMEHH DMEKTPHYECKUH TOK, HA3HIBAIOT 63AUMHON undyxuueti. I[1C s3auMHOM

HHYKUHH ONpefenM M0 3aKOHY 3JeKTpoMar-

EE—— HUTHOH MHAVKIHH;
i——= iy [
1T ]
L - &y = —%, (13.13)
v :“‘Lb 1 2 U
q‘”j} P rae AP, — NOTOK MarHUTHOM HHAYKLIHYA, KOTO-
. 1 Dbl co37aeTcsA MATHHTHEIM TIOJIEM TOKa I;, po-
———, TEKaoUIero 1o KOHTYPY I W MPOHU3BBAIOLIErO
ILIOMAAb I0BEPXHOCTH, OXBATHIBAEMOM KOHTY-
Puc. 13.6 pom 2.



MaruuTHRIH HOTOK $,; NPOIOPLHOHAIEH TOKY [, IPOTEKAIONIEMY IO TIEPBOMY KOH-
TYpy:
Qg = L by (13.14)

KoagpduimedT nponopuMoHanbHOCTH Ly Ha3blBAIOT 83GUMHOU UHOYKIMUEHO -
cmuio Koumypos 14 2, Ly 3aBucur ot pasMepos, reoMerpuieckoil GOpME!, OTHOCH-
TeJABHON MATHUTHOI IPOHMLAEMOCTH CPe/Ibl H B3AMMHOTO PACTIONOXKEHUS KOHTYPOB.
W3 dopmyn (13.7) u (13.14) Buano, yro L, BEIDAKAETCH B TEX HKE eAHHUIAX, YTO U
HHAYKTHBHOCTE, T.e. B 2etipti (TH).

Ha apaeHny B3auMHON HHAYKIMK OCHOBAHO JIelicTBUe mparncdopmamopa —
YCTPOICTBA, IPEIHASHAYEHHORO 115 NPeoOPA3OBAHMS HANIPSIKEHIS U CHUIEl lLlepeMeH-
HOTO TOKa (cM. 16.11).

13.4. 3Heprna MarHWTHOro NoONA

DHeprus MarHMTHOTO NOJiS ToKa. PaccmoTpuM uems (puc. 13.7), coctosutyto w3 6a-
tapeu G'B, pesucropa R, coyrettonaa L, kKmwotia K. Eciu Kmod HaXOAUTCS B OJICKEHHEH
1, TO uepes CONEHOMA NPOTEKAET MOCTOAHHDBIMA 110 3HAYEHUIO ¥ HATIPABAEHUIO TOK
Beaxuit anexTpiueckKnii TOK BCeraa OKPy»KeH MArHMTHEIM IT01eM. BO3HHKaeT BOIpOC:
e JOKATH30BaHA COOCTREHHAS SHEPTHA TOKA — BHYTPH TPOBOIOB, 10 KOTOPKIM Apeti-
GYIOT 57IEeKTPOHLL, WIM B MATHHTHOM LOJE, T. €. B CPelc, OKpY:kaoniel Toku? YTobb!
OTBETHTB Ha 3TOT BOMPOC, PACCMOTPHM, YTO OYAET IIPOUCXOAKTD, €CJAM KJIIOY PA3OMK-
HYTb 1 1IePEBECTH B noToxkenue 2. B 9ToM cayvae uepes peancrop R HEKOTOPOE BpeMs
Oyaer Teub yOBIBAIOIUME JI0 HYJIA TOK, HOAAEPKUBAEMBI BOSHHKAIOUIMM TOKOM CaMO-
WHAYKIAH, ¥ TPOMCXOANT [IPEBPALEEHHE IHEPTHM MATHUTHOIO 0/ TOKA IIABHbIM 00-
Pa30M B SHEPTHIO MOJICKYASIPHO-TETLTOBOTO ABHKEHIA — HarpeBaHHe COTIPOTHRITEHHS.
3HAYMT, yMEHbIIEHHE SHEPTHH MArHUTHOTO 1071 MOKHO BBIMHCINTD KakK paboTy 3Toro
toka: AW = A, Tak Kak cobcTBeHHbIR MarHUTHEL 10ToK @ = LI, NpOHK3bIBAIOIIMI
COJICHIONT, TIPOTIOPIHOHANIEH CHile TOKA, TO 3aBUCUMOCTh & oT [ MoskeT ObiTh M30bpane-
Ha B BH/€, Npe/cTasaeHHoM Ha prc. 13.8 . [1oinaas 3amTpuxoBaHHOMH Y3K0K TOMOCKH
COOTBETCTHYeT 3/leMeHTapHOH paboTe A A, coBepIIaeMOil TOKOM, IPY HIMEHEHHH €T0
sHavenus uHa Al TlosHas pa6oTa A, coRepllaeMasi TOKOM, PABHA CYMMe JeMeHTApHbBIX
pabor AA ¥ YNCaEHHO paBHA IIOMARH TpeyroabHuKa 0.4 B:

_ &0y
y

A (13.15)

GB 1] dl
Puc. 137 Puec. 13.8

ke
I
I

B B
T

249 |



Yuureias, uro 8, = LI, dhopMmy.y (13.15) MoxHO nepenucats B BUAE
- L
5

B nponecce cosepmeHus 3101 pabGOTEI SHEPTHS MATHHTHOTO TI0JIS YMEHBIIALTCH 10
HYJ/1 (TaK KaK TOK y6bIBaeT OT 3HaueHud [y 10 Hy/s). TIOCKOJBKY TIPH 3TOM HHKAKHX
U3MEHEHH B OKPYKAIOUINX 3CKTPHMECKYIO LEllb TeIaX He MPOHCXOAMT, CIIEAYET BRIBO

A (13.16)

H MarHuTHOE TIOJIe ARAKETCHA HOCHTENEM JHEPTHH.

HTaK, COﬁCTB@HH&H 9HEPIrUA TOKa paBHA DHEPruH MarilTHOTO ITOJIA:
2
_ LR
2

@opmyaa (13.17) cripaeeanusa 4715 TH0OOTO KOHTYPa, OHA XaPAKTEPHIYET 3aBHCH-
MOCTb 3HEPI'MH MardUTHOTO 10/ TOKA OT CHIIBI TOKA B KOHTYPE U €r0 HHIYKTUBHOCTH.

O6beMHas MIOTHOCTEL PHEPTHM. ¥ BBIDa3uM 5HePrHio MATHUTHOTO NMOJA Yepes
tpusHYecKre BETMYUHEL, XapaKTePUAYIOLIHE ero.

PaceMoTpuM ciiyyail GecKoHeYHO ATMHHOFO COJIEHOWAA, HHAYKTHBHOCTh KOTO-
poro onpefienseTcs no GopMyie L = ppgn® V. B atoM ciydae dopmyaa (13.17) mpu-
MET BHI

Wi (13.17)

2 2
Wi = %’%E (13.18)

YUUTHBAA, YTO MHAVKIMA 10/ BHYTPH OECKOHEUHO JTHHHOTO coleHonaa B =
= ppgdn, IOTYIaEM

2
WM = B
24414

Beaegersue TOTO 4TO MATHHTHOE [10JIE COMEHOMAA OAHOPOIHO H TOKATH30BAHO
BHYTPH COJIeHOH/I3, SHEPIHA pacipeesieHa Mo 06beMy cOEHOH I € IOCTOAHHOM 11107T-
HOCcThIO w = W, / V. Yuurtsisas (13.19), moxyaiM

B2
w= .
2

V. (13.19)

(13.20)

Ananorus Mexay 3eKTPOMAarHHTHHIMH H MeXaHHYeCcKHMH seiaeHnavu.* Cpas-
2

. 1
HHBAsA BBIDAXKEHHA AJid cOOCTBEHHBIX JHEPIrHH KOHICHCATOPa Wan = 5 % H COJIEHOH-

1 o 1 . 1
na Wy = ELI ? ¢ noTeHuManbhon Wy = akx? H KuHeTudIeckoi Wy = Eva aHeprus-

MU, MOJKHO TIPOBECTH AHANIONYIO MEXAY 3NEKTPOMATHUTHEIMU U MEXaHHYECKUMU AB-
JIEeHHAMH. TaK, AAA 3AEKTPHISCKOTO 10 BEJIHIHHa 1/ C, oﬁpaTHas[ eMKOCTH, aHaID-
THYHA pryI‘OCTH ]'[I)yJKHHbI, 4 VI MalrHMTHOI'O ITOJA HHAYKTABHOCTDL L aHasoruyHa
macce Teqa m. TaxuM obpasom,

I HHAYKTHBHOCTh ABJIAETCH Mepoﬂ <HHEPTHOCTH» KOHTYDA IO OTHOLWICHHIO K
H3IMCHCHHID B HEM TOKA.
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KPATKHE BLIBOALI

® HAnaenue posiukHOBCIMA D C B IPOBOAANIEM KOHTYDPE, HAXOIAIIEMCS B ICDEMCHHOM
MalHHTHOM TIOJTE WJIW ABHXCYIIEMCST OCTOSSHHOM MATHUTHOM THOJI€, HASBIBACTCSBIEK TP OMAZ -
Hemnol undyxyueti. 31 C HHAYKIHY, COLIACHO 3aKO0HY 37eKTPOMAIHUTHON KRAYKIWW, DABHA
CKOPOCTH M3MeHeHHA MATHUTHOTO IIOTOKA Yepes MOBePXHOCTD, OTPaHMIEHHY) KOHTYPOM;

Ad
Epg = ——.
At

JHAK «MHHYC» OTPAXKAET Npasuro JIeHua: WITYKITMORHDBI TOK BCEr/a HANPAR/IEH TAKHM
o6pasom, ITO ero AeHCTBHE 1IPOTHBOTIOJIOKHO JEHCTEHIO IPHYHHEL, BRI3bIBAIOILEH Ero,

& Brixpepoe aNeKTpHYECKOe NOJMe NOPOXK/3eTCH IIePeMeHilbIM MATHUTILIM 1roseM. Ero cu-
JOBBIE MHHIA BCEL IR 3aMKHYTHI, TOAI00H0 CUI0BLIM AMHUSM MarHMTHOTO nost. CylAOCTD SB-
JIeHM S HJEKTPOMATHHTHON MILIYKLAH 3aKTI0¥aeTCA He CTOJIBKO B IIOABIEHHH HHTYKITHOIIHOIO
TOKA, CKO/ILKO B BO3HHKHOBEHHH BUXPEBOT0 MeKTPHYECKOTO MoMA. B oTIHYHE OT 3MeKTpocTa-
THYECKOrD MO BUXPEBOE JJIEKTPHYECKOE TIONE SRASETCH HEMOTEHIIUATLHBIM,

& Bo Bcex mporieccax, npoxcxofanmx Ha CoMHle, — BCIBIIKAX, TOSBICHUH ISATEH, (IPOTY-
Gepatues, COLHEYHOTO BCTPA — BAXKHEHILYIO POJIL MIPAET MATHUTHOC [10JIC.

@ UaCTHLIM CTy4aCM ABJICHHA JAEKTPOMATHATHON MHAYKUNY ABIACTCACAMOUNOY KU —
BO3HHKHOBeHHe 3/1C B IposojsiieM KOHTYPe NPH H3MEHEHHH B HEM CHJIBI TOKA:

. Al
Fon = -L— ’
At
rae L — VHAYKTHBHOCTD, 3ABHCALIAS OT FCOMETPHUCCKOR GIOPMEL, PASMEPOB KOHTYPA H MATHHT-
HBIX CBOHCTR CPE/IBT, B KOTOPOH OH HAXOAUTCH:

L = pper? V.
® Juepeius MAZHUMHOZ0 RORR
_LP
[ = —
2
® Ofsemuas nIOMHOCTb FHEP2LL MATHHTHOTO [10J15
B
20l
# CpaBHHBas BHpakeHHA
2 L 12
me Q_ H WM .
20 2
JUISE SHEPTHH AJIEKTPHYECKOTO M MATHHTHOLO LOTEH ¢ TOTeHIHAILHOH H KHHETHUCCKOH 3HepTHel
ka? mi?
Wo=—"n We=—,
2 2

MOXXHO IPOBECTH AHAMOTHIO MEXKAY ICKTPOMATHUTHEIMA H MEXAHHYECKHMY ABIEHUAMU.
JLs1 BNeKTPHYeCKOTO 1o/ Beyiunna 1/C ananorsuya yopyrocT opyKuisl & a s Mar-
HUTHOIO N0/ HHAYKTHBHOCTD L aHANOTMIHA MACCE TeJia m.

ﬂ Bonpocoi AN CAMOKOHTPONA U NOBTOPEHMA

1. B uem sakmousercs sapjieHue anekTpudeckoil uagyknuu? Kak oupegeaserca 3 C wmi-
ayriuu? 2. [To KakoMy IIPABHITY OTIPeAe/IsioT HANpaBAeHHe WHAYKIHOHHOTO ToKa? Cihopmy-
JHpyTiTe er0. 3. Kak BO3HHKAKT K IAC HCILOIb3YI0T BUXPCBbIC TOKH 2. [Tovemy caMOMHAYKIINS
SABJACTCA YACTHLIM CYYACM SBJCHHA DAEKTPOMArHUTHOM neAykuun? Kak onpegengerca 37C
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CAMOHHAYKIMU? 3. OT Uero 3aBUCHT HHAYKTHEHOCTL KOHTYpa?6. B Kakux cayyasx BOIHHKAET
ABJICHME B3AMMHOR UHAYKIHH? e OHO UCTIOJAB3YyeTCa?

MpuMepsl peiexus sagay

® 3anava 1. B ogHopoasom MaTHHTHOM niosie ¢ unayknued 0,1 T pacrionoxkeHa
IpsMOYTONbHAS pamMka KLMN, MoaBM:KHAA CTOPOHA KoTopoit LM nepeMeniaeTcs co
CKOpOCTDIO 10 M/C IepIeHAMKYIAPHO THHIAM HHAYKIMY nons {puc. 13.9). Onpeae-
auth I C MHEAYKIWH, BO3HUKAKWYIO B KOHTYpe KLMN. OnpeneanTs HanpasJieHUe
HHAYKLIHOHHOIO TOKa. JIIHHA CTOPOHL paMEM LM papHa 0,1 M.

Hano: v=10mM/c; i=0,1M; B=0,1Txn

Haiitu: €

Pemenne. Hpu apuxxernn NposoHHKA LM Nnomaab paMKER YBEJIHUMBACTCA, Mar-
HHTHEI TOTOK, IPOHH3BIBAOIHE PAMKY, BO3PACTaeT U, C1eA0BATEIbHO, COIIACHO 3a-
kony Mapazes, B paMke Bosuukaer I C nHAyKIMY

_A2

PaMxy npoHusHBaeT MATHHTHBIH MOTOK
& = BS= Blz. 2)

IIpu aprkeHHH IpoBogHHKA LM n3MeHsAeTcA 1, 2 B Y [0CTAIOTCA HOCTOSHHEIMA. YYH-
THIBAS 3TO, NOACTABAM BhIpaxenue (2) B popmyay (1)

Ax
& = -Bl—,
At 3)

Ho Azx/At= v — cKOpOCTh ABMKEHHA NPOBOIHUKA LM, ciefoBaTenbHO,
&= —Bluv.

BoruHcienun:
&=-01Tn-01mMm-10M/c=-0,1B.

Anaana, 3HaK «<MHHyC» ToKaseiBaeT, 94to 31C nHayKumu geiicTByer B KOHTYpel LMN
B TAKOM HATIPABRIEHWH, PH KOTOPOM HHAYKHHOHHKEIN TOK HANPABJeH B KOHTYDE TIPOTUB
YacoBOH CTPEJIKH.

Orser: &= -0,1 B.

® 3anaua 2. Conenounp 6e3 cepIeuHIKA ¢ OXHOCIOHHON
00MOTEO# M3 ITPOBOJIOKH AnaMeTpoM 0,5 MM umeeT 1AMy 0.6
[ M M IUIOWAIb HONEPEYHOro CeYeH s 0,006 M2, Onpeneants
CHJIy TOKA, TEKYIIETO IO 0OMOTKe 1Py HanpshkeHnul0 B, ecom
v 3a0,001 ¢ B 06MOTKE BRIAEIAETCH KOMMIECTBO TEIVIOTHI, PaB-
HOE SHEePIHH MArHHTHOIO HOJIS BHYTPH costeHoua. [lose cun-
TATh OJHOPOHEIM,

Hamo: d=0,5MM=5-10""m;I=0,6M; §=0,006 m% U=
=10B;t=0,001¢;p=1;py=12,6-10"7 Tu/m.
Puc. 13.9 Haiii: T,

| 2s2

K®

®®
—

Hug

FARPRFRR®B®
" RIOORO®
BRXOXO®




Pemenne. I1pn mpoxokaeHuu Toka I Tpu HaupskeHUH U B 0OMOTKE 3a BpeMs ¢
RHIZIEJIUTCS TEILIOTa

Q=10 (1)
Iueprus mons BHYTPU cojieHouAa [cM. (13.17)]
Lr
W=,
: )
HHAYKTHBHOCTD COJEHOMAA
N N 1
rae S — ceyeHHe; [ — ANMWHA COTCHOMIR; N = T Wa-a IUIOTHOCTD BHTKOB CO-

JeHouza; N — YHC/I0 BUTKOB; d — AHaMeTp NPOBOIOKH.
Ecnu BUTKY TIJIOTHO IPUIIETaloT APYT K Apyry, 10 [ = Nd..IloacraBus B (2) BhIpa-
KeHUs 418 L ¥ IpHpaBHAB 10 YCJIOBUIO TIpaBhle yactd (1) u (2), momyyuM

2
17t = Wl 5t

24?2
Otxyaa
_2Utd?
T
Boruncrenusa:

_ 2.10 B-0,001¢-25-107% m?
1-12,6-1077 I'n /M- 0,006 M2 - 0,6 M
Otper: =11 A

=11A

ﬂ Jagayn gna CaMOCTOATENMbHOMO pelieHun

1. B oaHopoaHOoM MArHETHOM 1101¢ VETYKITHEHE - 10~° T ABHKETCS IPOBOAHMK ITHHOH 15 M
€0 ckopocThio 107 M/ ¢ nepICHAKKYIAPHO 10T U caMomy cebe. Onupenennre JC, nHayUHpYe-
MYI0 B IPOBOAHHKE.

2. B ognopoanoM MarnHTHOM Hose mHaykumei 5-1072 Ta (Bo3nyx) co ckopocThio 20 M/c
NEPIEHAKKYISPHO (MO0 TIepeMelnaeTcst NPsAMoil posox imuoi 40 ¢M M CONpPOTUBNEHHEM
10 Om. Kaxkoit Tok momies 651 0o IpOBOAHUKY, ecIH OBl ero 3aMiiy/u? ( Bausnue 3amMeikalone-
TO [POBOJA He YIHTHIBAT.)

3. C kakoii CKOPOCTBIO ABIKETCS IEPUEHAHRYIISIPHO OAHOPOAHOMY MATHUTHOMY LIOJTIO HH-
aykuuedt 6,3- 107 Ta (. = 1) npsamoii mpoBoAHKE MUHHOH 30 ¢M H conpoTuBeHuem (0,1 Om?
Tlpu 3aMEIKAHWM IPOBOHMES B Hem nomes Ost Tok 0,01 A, (BimsHHe 3aMBIKAIOIIETO NMPOBOXA
¢ YYHTBIBATD. )

4. TTposoanuk amuio# 50 ¢M, IO KOTOPOMY TEYeT TOK 1 A, JIBUXKETCH HEPHEeHAUKYISIPHO
MATHHTHOMY MO0 HEAYEKIHe 2,5 1075 T (u = 1) co ckopoetbio 50 kM /4. Onpeaeants paboTy
NepeMEIeHHs NPOBOAHIKA 33 1 U IBIDKEHU,

3. [Tposoauuk aauuoii 0,6 M, comporusiennem 0,025 OM ABHKeTCS OCTYNATENBHO B ILUIOC-
KOCTH, IEPHEeHAUKY/IAPHOH MArHHTHOMY MO0 ¢ BHAyKuwrei 5 - 1072 Ta. [To npopoauHKy Teder
ToK 4 A. CKopocTh ARMeHHs npoeoanuka (0,8 M/c. Kakas Moumiocts 60JbIne; 3aTpaueHHas Ka
nepeMelleHne MPOROJINHMKE B MAHUTHOM IIONE€ HAH HA ero Ha.rpenaﬂne? BO CKOJIBKO pas'?

KnioueBslie cnosa: 3/1eKTPOMarHuTHas uHaykumnd, sakoq dapages, 34C
UHAYKUNA, CAMOUHOYKUNS, MHOYKTUBHOCTD.



KOJIEBAHUA U BOJIHbI
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JaHHBIH pasnen MOCBAIIEH HIHPOKOMY KPYTY BONPOCOB, CBA3AHHBIX € KOJIeOaHUs -
MU U BOJIHAMH. Y yeHne 0 KoJebaHuAX W BOJIHAX B PH3HKe BbLAEAAI0T 0cobo. 310 0byc-
JIOBJIEHO OOUIHOCTBIO 3aKOHOMEPHOCTEI KOMehaTeIbHEIX HPOLECCOB Pa3IMulioH IpH-
POZIBI ¥ METOAOB MX MCC/IEN0BaHHA, MeXaHnJyecKue, aKyCTHYeCKHe, 3/IeKTPOMAarHuT-
Hble KOMeOAHUA M BOJIHBL PACCMATPUBAIOTCA ¢ €AMHON TOUKM 3pEHHS.

KoneGanus CBOMCTBEHHE! BCEM SABIEHHSAM OPUPOABE [YJABCHPYIOT B3R, Bpa-
niaotes mwianeTs ConHedHoU cCHCTeMBI, B 3eMHOIT aTMoctepe M HOHocepe UUPKY-
JUPYIOT TOTOKH 3apsKeHHBIX ¥ HEMTPAJAbHBIX YaCTHII, BETPbI BO30yxaal0T Komeba-
HMs1 M BOJTHBI Ha MOBEPXHOCTH BOAOEMOB. BHYTpH /1060T0 XXHBOTO OpranuaMa He-
IIPEPBIBHO IIPOMCXOAST PHTMUYHO [IOBTOPAIONIHECS TPOIIECCH, HATpuMep OueHne
cepana.

Han6ousiee BaskHbIE M YACTO BCTPEYAIOINECS BUAABl BOIH — YIIPYTHe BOJHBI, YACTHBIM
CJIYYAEM KOTODBIX SBJISETCA 3BYK; BOJIHBl HA MOBEPXHOCTH XKUAKOCTH; 31€KTPOMAr-
HHTHBIE BOJHBL.

OcHoOBHOE CBOHCTBO BCEX BOJH HE3ABUCHMO OT UX TIPHPOABI COCTOUT B TOM, 4TO
BOJIHBI OCYIIECTBIAIOT MEPEHOC 3Hepriuu H6e3 nepeHoca BelecTBa.

Boarniyio pons urpaet reopus Koe6aTe IbHbIX NPOLECCOB TIPY pacyeTax Ha Ipoy-
HOCTh MOCTOB, OTJENbHBX BHOB MallTHH, JIETATEIbHBIX ANapaTos.

AKYCTHKa, 371€KTPO-, pAIMOTCXHUKS, ONTHKA H JPYrUe pasiie/ibl HAYKH H TEXHUKH
6a3UpyYIOTCS HA YYEHHH 0 KONeDaHUAX U BOJIHAX, TIO3TOMY MX H3y4eHUe uMeeT Gosb-

IHo€e 3HaYCHHe.

@ Hcropuueckas cipaska. [HioTesa aHTANiCKOTO QU3M-
ka JIA Makceenana (1831 - 1879) 06 anexTpoMaruuTHOH
TIprpoge ceeTa OLUIa IKCMEPHMEATANBHO TOATBEKIEHA Holee
yeM yepe3 20 ner HemenknM dusuxom [lepiem (1857 — 1894}
u pyccikum duszukom [1.H.JTebesennm (1866 - 1912). T.Tepn
JOKA3AT, 4TO ¢ NOMOILBIO 3ICKTPOMAIHUTHBIX BOJH MOKHO Ha-
6.1104aTh H3BCCTHE 3K TEL OUTUKY (1IPEIOMIEHUE, OTPAXKE-
HHE U T.1L.).

I1. H.)lefenes oBHAPYKIT 1 H3MEPH AABACHHE CBETA Ha
Teepabie TeAa ( 1899) v razu (1907). Gnviter JleGeaepa mpomon-
KU pycckHe yyedble A. A Tnaronepa-Apkansesa u M. A Jle-
BHOKASA.

DNIEKTPOMATHHUTHBIE BOIHB! HAIILTY HIMPOKOE IIPUMEHERIE
B Texnuke cBa3y; Tenerpad (1831), renedon (1876), paano
Jlx. Makcesean (1896).
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rnaea 14
MEXAHUYECKUE KONEBAHUA

14.1. Koneb6atenbHoe ABHUXeHHe

Hepuoanieckoe apicxenne. Koagebamenonobirmu dsudceruamu Ha3bIBAIOT ABU-
JKEHUs] WK TIPOTIECCHL, TOYHO MM IPHOTHIUTENbHO IIOBTOPSIONTHECS YEPES PABHBIE
NPOMEXYTKH BpeMeHH. Cpeii HHX BKHYIO POJTh UTPAOT MEPHOTHIECKHE IBHKEHHS.

I[BH}KEHHE Ha3BIBAIOT nepuoauuemcwu, ECJIH SHAUYCHHA @HE‘H'—ICCKHX BEJIMYHH
(HALIPHMED, CMEINEHHS MK CKOPOCTH ), M3MEHSIOUIMECH B [IPOTecce ABMAKEHHs, TMo-
BTOPAIOTCS Yepe3 PABHBIE [IPOMEXKYTKU BPEMeHH,

[TpuMepamMu TIEPHOMMIECKOTO ABMKCHNSA MOTYT CIYXKUThH ABHKEHME TLIAHET BOK-
pyr COJ'IHI.[a, ABUXEHHE TTOPITHA B ITHJIHILADE ABUTATENS BH}’T}.')EHHBI‘D CropanuAia 1 Ap.

KonebarenbHy1o cucTeMy BHE 3aBHCHMOCTH 0T ee (PU3HYECKOH IPHUPOIBI Ha3bIBa-
T ocyuramopom. [IpuMepoM oCLILISITOPA SIBISIETCS KOMEHMOMUCS TPY3, TOA-
BEIIeHHBIH HA [IpyXKHEE WJIH HUTH.

HHonnmm xoaebanuem Ha3bIBAIOT OHH 3AKOHYEHHbIH LHKI KoJebaTelbHOTO
ABHKEHUS, TIOCJIe KOTOPOI'G OHO HOBTOPSETCS B TOM JKe MOPsiaKe,

XapakTepHcTHKH KoaebarensHoro ApwKenvs. Hepuod xonebanuii T — Bpe-
MiA, B TEYCHHE KOTODPOr0 COBCPINACTCA OAHO HOJIHOE KOJIGﬁaHI/Ie.

Eaunuua mepuoga — cexynga (c).

Yacmoma nepuodureckux Koaebanuil v — BeTHYHHA, TOKA3hIBAIOIIAA YHC-
J0 [IOJHBIX KOJIE6aHHfI, COBCDINACMDIX 34 €AMHMILY BDCMEHH. YacTora — BEIMYHHA
o6paTHas NEPUOAY:

v =

1
I (14.1)
EnvHuia qactotel — zepy (Tu).
1 T — aro yactora xonebaHwit, repro, KOTopuX pased 1 c (1 = 1c¢™Y).
Huxcnuvecxoti, nnu kxpyeoeol, wacmomoti nepHojudecknx kojebaHuil Ha-
3BIBAETCST YHCITO TIOJTHBIX KOAe0OaHuii, COREPIIAEMBIX 33 BpeMs 2T CeKYH]T:

27
=27y = —. .
w=2m = (14.2)

[[HKTHYECKYI0 YaCTOTY W BEIPAKAIOT B paouardx na cexyhoy (paja/c).

Juist Tesia XapaKkTepHo CyHIECTBOBAHUE HEKOTOPOIO MOJOKEHNS, HA3bIBAEMOTO 110-
JIOXKEHHEM YCMOUMUB020 PAGHOEECHR, B KOTOPOM T€A0 UM TOUKA MOKET HAXO0-
IMTLCS 0 TeX 110D, I0Ka BHEIHSA CHJla He BLIBEIET €T U3 3TOT0 cocTostHus. Ocyie-
CTBHTD 9TO MOXCHO 34 C4€T pab0Thl BHEIUHEH CHJIbL, COOOUIMB TeNy H3ORITOYHYIO JHEP-
ruio. Teno, RbIBE/IEHHOE U3 COCTOANHS PABHOBECUA H NIPEAOCTABIEHHOE caMomy cebe,
COBEpIIAeT KOeHaAHUA OKOJIO [TOJIOKEHUS PABHOBECHST — TaKHe KoJeOaHusT Ha3bIBa-
T cOBCMeEeHHbIMU, HITH CE0000HBIMU .

JT1060¢ KoTebaTeNbHOE ABUKEHHEE XaPAKTEPHUIYETCA aMRAUMY 00t A — 3HaueHn-
€M MaKCHMAJILHOTO OTKIOHeHHs KONeOIIOIIENcs TOYKH 0T HOA0KEHHS PaBHOBECH,

Kosrebanus TOYKH, IPOUCXOAANIHE C IOCTOSTHHON aMILTHTYAOH, HA3LIBAIOT He3d -
myxarouumu , C IOCTETIeHHO YMeHbIIAINENCs aMITHTY/ION — 3Qmyxarouumu .
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14.2. TapmoHnyeckne KoneGaHus

TapMonuueckue konebanns. TapMOHUYECKHE KOMEOAHMA — 9TO TIPOCTEHIIHE TTe-
pHomMyeckue KonebaHua. BonburHCTBO KoAeGaHUI, BCTPEUAIOIIHXCS Ha IIPAKTHKE,
SIBJISIIOTCS CTOMKHbIMU, M3 Kypca MareMaTHKH u3BecTHO (TeopeMa Dypse), ¥TO Jto-
foe cACKHOE IePHOANYECKOE KoaebaHKe TIpeicTasasieT cobol CyMMY IPOCTeHIInX
TapMOHHYECKHX KoAeGanuii (rapMOHHK).

Tapmonuvecxue xorebanus — eMHCTBEHHBIH THI KoAeOanuit, popma Ko-
TOPbIX HE HCKa}KaeTCA NpH BOCIPOU3BEeHHH.

Tapmonuueckumu A6A10MCR KOREOAHUSL, NPU KOMOPBIX KOACOIIOULAA -
CA BERUUUHA USMEHAETNCA CO BPEMEHEM 1O 3AKOHY CUHYCA UAU KOCURYCA.
TapMonuueckne KosefaHNuA BEMUYMHEL § OTIHCHBAIOTCH YpaBHEHHEM

s = Asin(wyt + ), (14.3)

rae A — aMImLiMTyIa (TaK Kak CHHYC M3MEeHSIETCS B Ipefiesax oT +1 70 —1, To § MOXKeT
TIPUHUMATH 3HaueHHe OT +A 10 —A); w; — WHKIMYeCKas JacToTa.

Apryment cunyca (wot + gp) Ha3HBAOT gpazoti konrebanuii. Daza xonebaHns
onpeenseT 3HAYEHUE § B MOMeHT BpeMeHH ¢. B MoMeHT Hayana orcyeta (t = 0) (asa
PaBHa naxansnoil gaze ¢,

Daza xonebanuii npedcmasnsiem COOOH Y2R08YI0 MEPY EPEMENHU, NPO-
wedwezo om HaAa1ad Korebanu.

Ecnu navanpHas asa koaebGanuil ¢, = 0, To dase ¢ = 2n cooTpeTcTBYeT t = T,
tase 7/2 — T/4dut.x (puc. 14.1).

MeToa BeKTOPHBIX AHarpamMM. apMonnueckoe KoneOaHHe MOXKHO TPE/ICTABHTD €
MOMOLILIO BEKTOPA, JJIHHA KOTOPOTO PaBHA aMIUTMTY/le Kosebanust A, a HartpapieHne
obpasyer ¢ ocblo X yroa, paeHbiii HavanbHoH dase koneGanus. Ecau 1IpuBecTy 3TOT
BEKTOD BO BPalleHHe C YIII0BOH CKOPOCThIO ( LUEK/HYECKOH YacTOTOM) Wy, TO IIPOEK-
LIMA KOHL@A BEKTOPa Ha ocb X OyAeT nepeMeIlaThes B 1pefienax o +A o —A.

ITyctp TOuka M paBHOMEPHO ABHXKETCH M0 OKPY/KHOCTH pajiyca A MPOTUB 4aco-
BOH CTPEJIKM € IIOCTOAHHOH YII0BOH CKOPOCTBIO Wy {puc. 14.2, @). Eciiu B HayanbHb#

MOMEHT BpeMeHH t = () 3Ta TOYKa 3aHuMaJIa o0~
8 xexne M, u ee HauanpHast (asa Glila paBHa HYIO,
TO 4epe3 BpeMsl ¢, COBepIIHB YIVIOBOE liepeMelle-
HHE wyf, OHA IpHAeT B monoxkenne M. [Ipoexnua
Touku M Ha ock X cocTaBUT

s = Asinwgt. (14.4)

U3 aToro ypaBHEeHUS CEMYET, UTO [P Bpalle-
t HWYW TOYKH M 10 OKPYKHOCTH TPOEKIHS ee paau-
yca, BekTopa A Ha och X cOBEpUIaeT rapMOHHYeC-
Kue Konebanus okono Touku 0 (puc. 14.2, 6).
Cxopoctb Konebanud. [Ipoekins BeKTopa JIu-
Hel{HOH CKOpOcTH 1, Touku M Ha ock X (cM. puc
14.2, a)

U, = Y Coswyl.




Puc. 14.2

Mexay THHEHHOH 1, H VIJIOBOH Wy CKOPOCTAME CYILECTBYET CAECAYIOUIAA CBAID!
vy = Aw,,
rae A — paguyc OKPYKHOCTH, IIOAITOMY
v, = Awycoswyl. (14.5)

YauThiBas, UTO coswyt = sin (wyt + 7,/2), ypasHenuc (14.5) MoXKIO nepenHcarb B
BUAE

v, = Agwosin (wyf + w/2). (14.6)

W3 ypapuenuii (14.4 u 14.6) cnexyer, 4ro:

® CKOPOCML Konebmowetics mouxu M uamenaemcs, Kax u cmeu,eHue, no
CUNYCOUOANLHOMY 3AKONY, RPULEM MAKCUMATOHOE IHAYEHUE VUn,, = Awy
cxopocmb docmuzaem npu sin (wyt + 7/2) = 1;

® CMeweHUe s U CKOPOCIb v, CO8Unymbl no ase na w2,

® CKOPOCTIL JOCUZULT MAKCUMATLHOZO FHAYCHUS 8 INE MOMEHIbL 6pe-
MeHu, Kozda cmeutenue s = 0.

¥exopenue. [Ipoekinsa BexTopa NEHTPOCTPEMUTEABHOIO YCKOPEKUS ¢ Ha och X
(cm. puc. 14.2, a)

a4, = azSinwyt. (14.7)
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Puc. 14.3

2
MNoncrasus a, = %0 = wid B (14.7), nony4um

a, = —Auw} sin wyt. (14.8)

YcxkopeHue KoaeOaomeicst TOYKH TaKKe H3MEHAETCA 110 CHHY COHAANBHOMY 3aK0-
HY. MakcHMaAbHOE 3HAYEHHE G, = —wiA YCKOpeHHe AOCTUIaeT B MOMEHThbI BpeMe-
HH, Korga sinwyt == 1. Yautmean (14.4), dopmyny (14.8) MOXHO Nlepenticath B RA/E

a, = —uis. (14.9)

FHaK «<Munyc» 6 ypasrenuu ( 14.9) osnauaem, wmo yckopenue KoReoo-
WENCA MOYKI HARPABAEHG 8 CIMOPOHY, RPOMUBONOJONCHYIO CMELENHIIO, U
8ce20a K ROAONCEHUIO PASHOBECHUS. YCKOPEHUE 1 CMEWEHIE UAMEHIIOMCA 8
npomusograsze.

Ha puc. 14.3 npeacrasiedsl rpadM4ecKyde 3aBUCHMOCTH CMEIEHM S, CKODUCTH ¥ |
YCKOPEHMS ¢ OT BpeMEHH # IMpM YCJAOBHH, YTO HauambHas (asa KonebaH#s <, paBHa
RyJ0. M3 pucyHKa BAAHO, YTO CKOPDOCTD AOCTHTAET MAKCHMATHHOTO 3HAYCHUAY, KOTLA
KONEOITIOMAACA TOYKA IIPOXOAHUT HI0A0KEHHE PaBHOBeCHsL. B a10T MOMEHT CMeleHne
$ ¥ YCKOPEHHE @ PABHBI HYJO.

Buenna.* PaccMOTpUM CaoXKeHHC KoeDaHWH OHOTO HAMPABJEHHUA H OJHHAKO-
BOi1 YaCTOTBI, HO PA3/IMYAIOIIHXCS aMIUVIHTYAaMH 1 HauanbHou dasoii. ITycrs Teno oa-
HOBPEMEHHO YYacTBYET B ABYyX TAPMOHHYECKUX KOJJeOaHUAX, MPOUCXOASIIUX, HalpH-
Mep, BAOJE ocu X;

o = Asin(wyt + 1),

14.10
.7;2 — AZSin (wnt + LP?) ( )

I 258



BrimonnyMm cnoxeHHe ¢ 1IOMOIIbLIO BeKTOPHOMH AuarpamMmbl. MzotpasumM momoxe-
HHE BeKTOPOB A, H A, B HAaUaMbHEH MOMeHT BpeMenu {puc 14.4) YVriani Mexay sTHMH
BEKTOPAMH M 0CBi0 X PaBHEI HAYATHHBIM (ha3aM CIaraeMbIx KoJaeOaHui ¢, H ¢, Bek-
TOp A = A, + A, ABASETCH aMILTHTYACH PE3YALTHPYIOUIETO KoNehanns, Tak Kak Bek-
TOPBL A; ¥ A, BPaTHaOTCA ¢ 0AHHAKOBOH YIJIOBOH CKOPOCTBIO Wy, TO HX CYyMMa — BeK-
TOp A — Oy/JIeT BPAIATHCA ¢ TOH e YITOBOH CKOPOCTBIO wy. TakuM 00pazoM, pesyib-
TUPYIOlee rapMOHHYECKOE KOTeGaHue IPOHCXOUT B TOM Xe HaTlPABJeHUU H COBCP-
HEAeTCs C TOH JKe YACTOTOM.

YpaBHeHHC Pe3yALTUpYOlTero Koaebauusa Oyuer:

r=12 + 3 = Asin{wyt + ¢).
Peay IR THPYIONIYIO AMILUIUTYAY OHDPEIENIHM TO TEOPEME KOCHHYCOB:
A? = A+ A} — 24,4 cos o,
T
A* = A+ A4 + 244 cos(p) — a),

HIn

A= JA? + A +2A 4 cos(yp, — ). (14.11)

HauanmsHas asa ¢ peayapTHPYIOEro KosrebaH!s, Kak caenyet ua puc. 14.4, onpe-
OEJISIETCS CAEAYIOMUM 00DasoM:

4,

tg«p:%; Tak kak CB= A, OB= A, 10 tgnp:I.

£

YumThIBas, YTO NPOEKLMA CyMMbl BEKTOPOB HA KaKyt0-in00 OCb PaBHA CYMME IIPO-
EKITMH CaracMEX Ha TY JKe OCh, T. €.

Y

Puc. 144
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Ay, =24 cog(%"t) A= An + Ay = Assing, + A,singy;
2A |- — A, = Ay + Ap = Ajcosyp -+ Aycosp,,

/ / A\ HallaeM

— A131DLPI+A2SIDL‘P2 (14.12)

W V] t ,
\\ ;“\ :/J ¢ 8% A cos, + A cosipy
\ VA /
/ / CIeIOBATEJIBHO,
) | . U L AN N ¥ R
¢ = arctg| S HAsing, | ) g
Puc. 14.5 A cosp; + Ay cosp,

YacTHble CAyYaH CII0KEHHS KOAcOAHHMI: -

e, —py=2rn,rae n=20,1,2 ... Torga cos(p, — @) = 1 4, KaK CJIeyeT U3
dopmyme (14.11), A= A, + A,

oo, —v=02n+x,taen=0,1,2,... Toraacos{y, — p;) = —1 1, Kak caepyer U3
dopmysp (14.11), A= |4; — Ay} Ecu A, = A,, 0 A=0.

I1pu croxkeHun ABYX rApMOHITYECKHX KONeGaHHIT OIHONO HANDARIEHHST, HO MO pa3-
JIMYAIOIIMXCS TI0 HacToTe { Aw) pe3yAbTHPYIOIEe KoleOaHHE MTPOUCXOTHT ¢ aMILTHTY-
J0H, H3MEHAILEIiCHA NEPHOIIYECKH OT HEKOTOPOIO MAKCHMAMBHOTO 3HAYEHHA N0 HYJ/L:

Aw ] (14.14)

Konebanus takoro su/ia HaswiBaoT Huenuamu (puc. 14.5).

14.3. Ceo6oaHble MeXxaHUYeCKHUe KonebaHua

Keazuynpyrue ciwibl. T1ycTh MAaTEPHANBHAS TOYKA MACCOH vr COBEPHIAET TapMO-
HH4YEeCKHe KOJIB6B.H]/IH BAOJL OCH X OKOJ10 NIOJOMXKEHHA PAaBHOBECHA, IDHHATOrO 34 Ha-
vano KoopanHat. Toraa koopauHara z KoJjebaomeiicsa Touky, cormacao dopmyte
(14.3), 6ymeT USMEHATHCA CO BpeMeHeM TI0 YPABHEHHIO

= Asin{(wgt + ),

e , — HavabHas dasa.
B cootBetcTEH# ¢ dopmynamu (14.5), (14.8) u (14.9) ckopocTh H yCKOPEHHE Ma-
TEPUATBHOH TOYKH H3MEHAIOTCA CO BPEMEHEM [10 3aKOHAM:

v=Augcos (wyt + pp); ¢ = —Awgsin(wt + @) = ~wiz.

Cuna, geficTByomas Ha KOACOAOIYIOCS MATEPHAABHYIO TOUKY Maccoi m, cormac-
HO BropoMy 3akony Helotona, pasHa F = ma, uim ¢ y9eToM a = —wiz,

F = —muwiz.
Beeas 0603HaYenne k = mwi, NOJYYHM
F=—kn (14.15)
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W3 ypasHenus (14.15) BuauM, uTo aTa cHta nogo6HO yipyroi cuae (CM. 3aKoH
F'yka) nmponopimoHankHa CMENIEHNE) MATEPHAIBHON TOYKH OTHOCHTEIBHO MOJIOXKE-
HHSI PABHOBECHS W HANPABJEHA K [TOJIOXEHWIO PABHOBECHA.

Cunbl, HeyIIpyTHe 110 IPUPOZE, HO AHAJIOTHYHLIE [0 CBOMCTBAM CHIIAM, BO3HHKAIO-
H[MM NPU MAJIBIX eOPMALINAX, HA3HIBAIOT KE8AIUYNPYLUMU CUTAMU.

Mexanuueckne konebanns cOBEPUIAIOTCA MO AeicTBUEM YIIPYTHX MM KBa3HyH-
DYTHX CHIL.

CaoGoaubie koneGarmma. [/ Te/ XapaKTepHO CYIIECTBOBAHUE HEKOTOPOTO 10J10-
KeHHS, Ha3hIBAEMOTO TIONOXKEHWEM YCTORYMBOTO PABHOBECHS, B KOTODOM TEJIO MK
MaTepHaTbHAA TOYKA MOXET HAXOZHUTHCS A0 TeX 110D, IOKA BHEHIHSIA CUIa He BEIBeZleT
MX U3 3TOTO COCTOSHUA.

Ce0600HbIMU (COBCMBENHBIMU) KOACOAHUAMY HAZHBAIOT KosiebaHus, Ko-
TOpbIE IPOMCXOMAT B CHCTEME, TPEACTABAEHHOI camMoii cefe rmocie Toro, Kak oHa Obl1a
BhIBEEHA H3 [I0JI0XEeHUSA PABHOBECHH.

CpobGoaubie KoaebaHust cOBEePINATCS B KojebaTensHoil cucteMe 6e3 BHEITHETO
BO3AEHCTBHS 32 CYET MEPBOHAYAABHO COOOIEHHON 3HEPrHU.

Croboanbie KoIe0aHHa ABIAIOTCA TaPMOHUYECKEMHE

z= Asin (wyt + py), (14.16)

rae A U @, — NPOU3BOJbHBIE IOCTOSIHHBIE, /ISl OIIPEAEIEHHS KOTOPBIX HEODX0INMO
3HATH HAYAJIbHbIE YCJOBHS; Wy — COOCTBEHHAS IIMKJINYECKAs YACTOTA, KOTODask 3aBH-
CHT OT lapaMeTPoB KosebaTeabHOH CHCTEMEL

Kaxmoe konebaHue XapakTepH3yeTcsl ONpeseIeHHbIMI 3HAYEHHAMU aMILIHTY b
A u HavansHOM (haskl ¢y, Teso naHHOI Macch! m, HAXOAACH N0/ AefcTBHeM 0HOH 1
TO# 3ke cuAbE F'= —kz, MOJKET CORePIIATh KojiehaHHS ¢ PA3THYHBIMU AMILTHTYAAMH H
HayaJlbHBIMH (pa3aMU B 3aBHCHMOCTH OT HaYaIbHBIX yCJI0BMH. Ho mepuon konebanust
BCETTIA OCTAETCS OJHUM U TeM Ke:

_2n

T (14.17)

Wo

CBOﬁOlIH]JIE KOJ’IC6B.HH$! ABJIAIOTCA HE TOJNBKO CAMBIMH pPAaCIpOCTPaHEHHBIMH, HO 1
CAMBIMH Ba’KHBIMM B TEOPHH KOJIEDAHHH, TAK KAK YCAOBUS BOSHHKHOBEHHSA APYTHX
KoneOaHHil CYIIECTBEHHO 3aBUCAT OT HX XapaKTepa.

14.4. uHelHbie MexanuuecKue KonebartenbHble CUCTEMDI

JIuneiinas korebarensHasn cucreMa. Junetinsie xonebamenvibie cucme-
Mbi — CHCTEMBI, B KOTOPBIX IIPOMCXOMIAT KoieDaHHs B MATHIX OKPECTHOCTAX OKOJ0
MONOXKeHUsT paBHOBECHS, JIuHeHHEe CHCTeMBl ARMIIOTCS Hieaan2auei peatbHOH
crcTeMH. TTpuMepaMu THHEHHBIX KOIeOaTeMbHBIX CHCTEM MOTYT CYXKUATD:

® MAsTHHK B I10JI€ CHBI TSKECTH P HeGoUIbIIMX aMILTHTY AaX KoneDaHus;

& TIDYKUHHBIH MAATHUK P PACTSKeHHAX, /1151 KOTOPHIX BBITIONTHAETCA 3aKoH ['yKa;

® 3AeMeHTapHBII K0AeOATeNLHEH KOHTYD, HHAYKTHBHOCTh, EMKOCTh H COIIPOTHB-
JIEHHE KOTOPEIX HE 3aBHCAT OT MPOTEKAIOUINX 10 HUM TOKOB.

TTapaMeTpsl JTHHEHHOH K0ieOaTeMLHON CHCTEMBI, OTIpEeAsIONHe (PHU3HTeCKHE
CBOHCTRA CHCTEMBI, B X0/l¢ TIpotiecca He H3MeHsmioTeA. Pa3nmuunsie o ceoeil npupoae
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JIMHEHHbIE CHCTEMbI YACTO OTIMCHIBATOTCS HACHTHIHEI-
MU yPABHCHUSAMM, YTO IO3BOJAET HAYYATDL oDNHe
CBOHCTBA TUHEHHEIX KOTeOATETBHBIX CHCTEM H Pa3By-
BaTh 011y 10 TeOPUI0 KoNeOaHuit ¥ BOTH.

MaremaTHueckuii MmagTunk. Mamemamune-
CKUtl MAAMHYUK — WeaIH3UPOBAHHAS CHCTEMA,
TPEACTABIAIMIAA cOBOW MATEPHANBHYIO TOUKY Mac-
coi1 m, NORBEIeHAYIO HA TOHKOM, IEBeCOMOH H Hepa-
cTskumol HUTH MHO { (puc. 14.6). B noxoxennu
paBHOBeCHA () CUIa TSKECTH Mg MaTCPHANTBHON TOU-
KN ypaBHOBelwnBaeTcA HaTsokenneM T muri. Ha ma-
TEPHAABHYIO TOUKY, HAXOAAHIYIOCS B MOJOKeHHH 1
(yTON OTKJIOHCHHS <« MAT HACTOMBKO, UTO (o &% 8in o),
AcicTBYCT BO3Bpallaiomas ciia -F = —mgsino, Ko-
TOpAs ABJASETCS COCTABJISIIONIEH CHIIBL TSKeCTH. JHAK
«MMHYC» YKa3BIBaeT HA TO, YTO CHJIA HATIPABJIEHA B CTOPOHY, MIPOTUBOIOIOKHYIO CMe-
HIEH IO,

Tax Kak & & o = /] TO BO3BpamaLIas cCHIa

Puc. 146

OTKY/ia

F=ma$=ﬁﬂlg:ﬂ, A aw:—-‘?:c.

Cuna F npomopriHoHanbHa CMeNeHni0 & W HaNpaBjieHa K TTOMOXEeHHIO paBHOBe-
CUS, CHEe0BATENEHO, IO ACHCTBHEM 5TOH CHALI MaTepHalibHas TouKa Gyaer cosep-
IIaTh TapMOHMYecKHe Kosrebanus. [Ipy aTOM LPOeKIHs YCKOPeHHs KoneOmomencst
MaTePHAAbHON TOYKH MPONOPLUMOHAIBHA €70 CMETEHHIO, B3SSTOMY C TIPOTHBOIIOICK-
HBIM 3HaKOM [cM. popmyay (14.9)]:

e, = —Wiz.

CaenoBaTeBHO,

—%z = —uwiz.

o :\E. (14.18)

Ilo dopmyne (14.17) onpenenum nepuod xoreGanuii mamemamuueckozo

MAAMHUK
]
T :%\F (14.19)
g

OTKyaa ciaedyer, 4To
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Ilepuod xonebaniuii MaMeMamuiecKoz0 MAAMNUUKA He 3ACGUCM OM €20
MACCHE U AMNAUMY OB KOACOAHUL, OH NPONOPULOHAEH KOPHIO K8aAOpam-
HOMY 13 ONUHbL MAAMHUKA U 0OPAMHO NPONOPUUOHALEH KOPHIO K8aopam-
HOMY 13 YCKOPEeHUs caob001020 NAoeHus.

Taxum 06pazoM, Maakle KOMeHAHNA MATEMATHIECKOTO MAsSTHIKS ( o =~ sin o) SB-
JSIIOTCS. CBODOAHEIMM TAPMOHHYECKHMH KO.Te0OaHISIMH.

MareMarnyeckiii MASTHUK — HanOoJIee IPOCTOM U B TO e BpeMA TOYHBIH pHbop
IS ONpefeNieHUs YCKOPEeHUSA CBOOOTHOTO MaJleHUA.

Kak crenyer us dopmynst (14.19),

 4n¥
T

Mpy:xanubiii Mastank., Ipyscunnodi Masmmuux — rpys Maccoit m, ofBeLIen-
HBIA Ha aBcoMOTHO yripyToit mpy:xkune (puc. 14.7). B momokenun paBHOBeCUs YIPY-
rasi ciiia F ypasHOBeIIMBaeT CUTY THAXKECTH TE.

Ec/i TeJ10 BRIBECTH U3 II0JIOKEHHS PAaBHOBECHS,  3aTEM OTITYCTUTh, TO OHO Oymer
COBEPILATH TapMOHHUECKOe KoedaTebHOe ABHKETNE MO IeHCTBHEM YIIPYIOH CHIIBI

F=—kz,

TIe k — XKeCTKOCTD MIPYKMHEL
3anmiineM ypaBHeHHE ABHKEHHA 3TOTO TEIa COLIACHO BTOpPOMY 3aKkony HaloToHA

ma, = —kz,

OTKYAA

a, = —ﬁw, (14.20)
m

T. €. IPOEKIHS YCKOPeHUs KoJIef/II0IErocd Tela NPOIOPIHOHATIBHA er0 CMELIEHHIO,
B3ATOMY C TIPOTHBOTIOIOKHBIM 3HAKOM.

Kouaebanus npyRKMHHOTO MaATHHKA ABAAIOTCH CBOOOIHEIMH TADMOHHYECKAMHE
KOJIeOaHHSAMH.

Cornacto gopmyae (14.9),
a, = —wir,
CIeaA0BaTENBHO,
5 k
—WgE = ——%,
m
175,41

wp = JE (14.21)
m

Ilo Gopmyne (14.18) onpenennM ne-
Puod xonebanuli npyjicuUHRoz0 Ma-
AMHUKA Puc. 14.7
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T, — 21:\/%. (14.22)

Iepuod Konebanuli npyicuHHO20 MAAMHUKA 3A6UCUTTL T MACCHE KOO -
JIOUYE2OCA MENA U HCeCMKOCINIL NPYHCUHDBL.

14.5. MNpeBpalleHne 3HEPrun npu KohebarenbHOM ABHUIHEHHH

Onpenenaum s3HEPTUKO KOJIeOMIOETOCS TEA, HATTPUMEP MaTEPHATRHONE TOUKH Mac-
COH m.

TToTeHUHAThHAS SHEPIUA uaMepAeTcs pabOTOl CHIIbI, BEI3bIBAIOLIEH CMEILeHe T,
T.€. BBIBOMALIEH TENO, COBEPIIAKIICE TAPMOHHIECKOE KOeOaTeTbHOE ABIKEHHE, 13
HOJIOXEeHHs PAaBHOBECHS. JTa CHJIA paBHA BO3Bpauaiomeit cune F U IPOTHBOMOI0K-
Ha el 1o Hanpae/eHuo. Toraa noreHHaabHas seprus oM. (3.10)] 6yaer

k.’L'2

E, 5

(14.23)

Ho k = muw}, a = Asin(wt + @) (puc. 14.8, @), noaromy U0TeHUMAIbHAA SHED-
THA Tejla, COBEPUIAIONIETO TapMOHUYECKoe KoaebaTenbHoe ABHXKeHHe, GY/IET paBHA
(puc. 14.8, 6)

B = %mwﬁAZ sin(wot + o)k (14.24)

OTKy/d CJICAYET, UTO MAKCHMATBHOC 3HAUECHHE HOTGHHHBJII)HOﬁ SHEPTrHH
L 542
By = 5 M A, (14.25)

Tak kak ckopocTb Kosedaomerocsd Tena v = wA cos (wyt + ©g), TO €r0 KHHETHYE-
ckasi sHeprus Gyaet pasHa (puc. 14.8, 8)

2
E = mTU = %muﬁA"’ cos? (wyt + g ). (14.26)

W3 ypasrenus (14.26) ciieayeT, 4TO MAaKCHMATTEHOE 3HAYEHHE KHHETHYECKOH IHep-
'

E

K max

- %mugm. (14.27)

[onnast sneprus Tesa, COBEPUIAINIIETO MFAPMOHUYECKOE KONeOaTeAbHOE ABMXKEHE,
paBHa {cM. (14.24) u (14.26}]

1 .
E=FE+E, = 3 mug? A% [sin? (wet + @y ) + cos? {wot + )

1O sin?ac + cos’?o = 1, mosToMy
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E=lmad  (1428) +Ab—
2 a
[Ipu koebaTenbHOM JBHKEHUU TIPO- 0

UCXOAUT [pPeBpailleHue 9HEPIHA HOTeH-
MUANBHOH B KMHETHYECKYIO H HAOGOPOT.

Honnasn snepzust Koaebaouiezo- —Ap-
CSL MENA NPONOPUUOHATLHA Keadpa-

my amnaumy ot U He UIMEHIEMCS 8 E, ~
meueHue Konebameropnozo npoLec- o

ca (puc. 14.8, 2). B xpaliHux moiomeHn- 0

X KoaebIomeics TOUKH ee CKOPOCTh t
v =0, T.e. 10AHAS 3HEPIUI PaBHA TOTCH-

uuansHOH. [IpHM npoxXoskTeHWH Mooxe-

HUA paBHOBecHA cMelledne ¢ = (), moaTo- 6 E,

My TIQTHAS S3HEpPrHs paBH2 KHHETHYECKOM. 0

[TocToAHCTBO MOAHOH MEXaHHIECKONA
3HEPrUM B paccMaTpuBaeMom cayyae E=E.+E
06yCNOBMEHO MpeHeOpeKeHHeM 1oTeps- z
MH 3HEPTHH Ha COBEPIIeHWe paboT mpo-
THB CHJI COIIPOTUBJIEHHSL. t
W3 puc. 14.8, 6, 8 BAHO, 4TO KHHETH-
yecKast U TOTEHITHATHHAS SHEPTHH U3Me-
HAIOTCA € 4acTOTOM 2uy, T.€. Iepuol Ko-
NebaHus KMHETHYECKOH ¥ NOTEHIMATRHOM 3HepIuil BABOe MeHblile neproia Koaeba-
Huit cuctemsl. M3 anammsa dopmyn (14.25), (14.27) u (14.28) crenyeT, UTO MakcH-
MaJIbHOE 3HAYEeHHEe KHHETHUECKOH SHEPIHH PABHO MAKCHMATBHOMY 3HAYEHHIO IIOTEH-
LAAIbHOA 9HEPTHH ¥ paBHO F — MOJHOM 3HEPrHH KOIeOMIOMErocs Tea:;

Puc. 14.8

BB, =-E __ = %muﬁAQ. (14.29)

14.6. Ceso6oaHbIe 3aTyxaolHe MexaHn4yecKkne KonebaHna

3aryxaoiue Mexannueckne koneQauus.* Pearbunie cBobo/iHbIE KoslebaHyA TEN
ABJAKTCA 3aTYXAIOIHMH, T. €. aMILIATYAa KOJIE63HPIfI C Te€YEHHEM BPEMCHH YMEHDb-
WIAETCA, ITO 06YCAOBAEHO noTepei sHeprun xoebatensHoH cucTeMoi. [pocreiinmm
MEeXaHH3IMOM yﬁbIJIl/[ IHEPIrHH l{O.TIe6aHPI5{ B MECXaHMYEeCKHX CHCTEMaX ABJACTCHA 1IpE-
BpAIIEHHE €€ B TEIIOTY BCIACACTBHE TPCHHA.

3aKoH 3aTyXaHus KoIeOaHn H OnpeieNiAeTCs CBoicTEaMu cycTeMbl, Hanbonee usy-
YEHO 3aTyXaHue KoaebaHuit, 00yCAOBIEHHOE YMEHBIIEHHEM SHEPTHH, €CIM CIA, BH-
3BIBAOMIAA 3aTyXaHHE I{OJ’[eﬁa}{Hﬁ, HpOoLIOpOHOHAAbHA CKOPOCTH

Fy=—m, (14.30)

rae r — KopHIHEHT CONPOTHBACHUA. JHAK «<MHHYCH> YKA3BIBAET, YTO CKOPOCTD U
CHJIa TPEHUsI UMEeIOT NPOTHBOIIOI0XKHBIE HAllPaBIeHU.
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X T 3atyxamoume KoaebaHnsa oNuCHBaKTCAa ypaBHEHHEM
z= Age"tsin (wt + ). (14.31)

M3 (14.31) caenyer, uto Konebanue copepltaercs ¢
) aMILIUTY A0H

, A= A (14.32)
ybbiBaroleii ¢ TedeHHeM BpeMEeHH 110 9KCIIOHCHIMAAbHO-
Puc. 149 My 3akoHY (puc. 14.9), n yactoroii

w:‘fw%—ﬁz, (14.33)

rae & — koadULHEHT 3aTyXaHUs], PABHBIH

§="1-. - (14.34)
2m

KoachpumerT 3aTyxanns 3aBucHT 0T KoadbduHenTa COIPOTUBIEHAA T W MAaCChl
m KOJCOAIONIErocs Tema.

W3 (14.33) cregyert, uto KoaeHaHHs BO3MOXKHEL, €CITH & < wy. 3aTyxanue Hapymia-
€T IePUOTMYHOCTD KoMebaHMit, [I03TOMY OHM YiKe He ABAAITCS NePHOIHYECKHM IIPO-
LeCCOM M K HUM HeTIPUMEHHMO TIOHATHE NepHOAa WK 4acTOThL OIHAKO ecIH 3aTyXa-
HUE MaJIO, TO MOKHO YCIOBHO IIOIH30BATHCA NOHATHEM TIeDHOA KAK TPOMEXKYTKa
BPEMEHH MEXIY IBYMS MIOCAEIYIONIMMH MaKCUMYMaMH kKosebawineiics husnueckoit
BeTuunHbL (cM. pHc. 14.9). 3aeck saBucuMoctb (14.31) usobpaxena munwnet 1, a 3aBU-
cuMocTb (14.32) — annneit 2. Tleproa 3aTyxalownx KonebaHuil paen

po_ 2 (14.35)

wo JuE -8

Ipu & < w, nepnoa T= T,. BLICTPOTY 3aTyXaHnA KonebaHHit XapakTepn3ayeT zo-
2apudpmuueckuti dexpemenm samyxanun © — HATyPATBIBIH JoTapAdM OT-
HOIleHHH aMILTHTY] ABYX MOCJeN0BaTENbHBIX Kos1eDaHni, COOTBETCTRYIOUIHX IPOMe-
AYTKY BPCMeHH B OHH TepHOI:

At
Al _ (14.36)
At +T)
TpoMexyTok BpeMenu T = 1/5, B TeUeHHE KOTOPOTO AMILIATYAA 3aTYXaIOMNX KO-
JlebaHmMil YMEHDIIAETCS B € Pa3, HASHIBAKT 8peMeHeM PeaaKcauuu.
Torna BBIDAKCHYIE AJIA JIOFB.I)HCI)MH"IGCKOFO HEKDEMCHTA 3aTYXaHHA HMEET BHA

o=L wm =1 (14.37)
T N

JlorapudmMudecKuil JCKPEMENT 3aTYXaHHA — BelUyYKrHa, obpaTHas YHCAYy Koiaeba-
HHI N, 10 UCTeYeHHH KOTOPBIX aMILIHTYIA KoAeOaHui YMEHBIIAeTCA B € pas.

ABTOKO/e6anns. B peanpHuxX kogeHaTEBHBIX CHCTEMAX COBEPIIAITCA 3aTyXal0-
wue KomeGaHust, ECTH BOCTIOMHATE NOTEPH JHEPIUM PeaTbHON KoJebate/IbHON cuc-
TEMBI, TO KojlefaHHA CTAHYT He3aTYXANMMH. OcofeHHO BaXKHEI U UTHPOKO TIPHMeE-
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OfpaTHas

l__ CBA3D ‘I

HcTouHuK Kaanan KonebaTenvraa
SHEPIHH cHlcTeMa

Puc, 14.10 Puc. 1411

HSIOTCS @6MOKOACOAHUR — He3aTyXaloNIHe KOMehaHusl, LI0ANCPKUBAEMEIE B KOJIe-
GaTesIbHOW CHCTEME 3a CHET MOCTOSHHOIO BHEITHETO HCTOYHHKA SHEDPTHH, TPHYEM CBOH-
CTBa 3THX KOTeBaHNi ONpeeTsioTes caMoit cHeTeMo.

PaccMoTpHM cHCTEMY, KOTOpAsi COCTOMT M3 MCTOYHUKA SHEPFHH, TEJI4, CIIOCOOHOTO
COBEpPIIATH 3TH KOAEOAHHS, H YCTPOHRCTBA, OCYIIECTRASIOUIETO TIEPETAdy SHEPTHH OT
UCTOYHHKA K Teqty. IT1a CHCTeMa CMocoOHA PEryTHPOBATh MOCTYTUIEHHE SHEPTHH K
KONMeOMIONIEMYCS TEY IS KOMIIEHCAIIMH TIOTEPh HA TPEHUE, AXKOYAEBY TEAOTY, H3-
ayqenne M T. A, [IpuMepom Takoli CHCTEMBI SABASIIOTCS Yachl ¢ MaATHUKOM (pHc. 14.10).
31ech OTYETINBO BBIAEIISIOTCS TPH OCHOBHBIX dyieMeHTa. MICTOYHHKOM aHEpTHH CI1y-
KUT UPYKUHHBTH WAu ripeBoif 3apont 1. Koaebmowmeiics cucTeMoit apasgercs MaaT-
HUK 2 1win GamaHcup (KOMECHKO ¢ MPYKUHON ), U, HAKOHETL, VCTPOHCTBOM, PEry/Upy-
OTIAM IIOCTYIUIEHHE 9HEPTHH OT MCTOYHUKA K Tesy, — aHKepHBIA xo4 3. Cucrema 06-
NajaeT ONpeAeTeHHBIM 3ATTACOM SHEPIrUH — TIOTEHIMAILHOR aHeprueii rupy, WIH 3Hep-
rueil cxaToil npy:KUHBL [HpsA IPUBOANT B ABMKEHIE XPATIOBOE KoJieco 4. AHKepHoe
YCTPOHCTBO (ILTAHKY, BHIIOJIHEHHAS B BUJIE AKOPSI) KECTKO CBSI3aHO ¢ MAATHUKOM H
YIIPABAsAET BPAlleHHEM XPAMOBOTO KOJIECA, KOTOPOe CBOMMM 3YObsIMH YIIMPAeTCA TO B
J€BbIA, TO B PABbLI BBICTYT aikepyoro yerpoicrsa. [Ipn a1oM MadTHUK momyvaeT
MMILYJIBC TO B OJHY CTOPOHY, TO B APYIVIO, OTKPLIBAS WM 3aKPbIBAsi IPH 9TOM JOCTYI
SHEPTHH OT UCTOYHHKA. B pesy.bTare mpoucxoaaT HesaTyxalomme KonebaHHs MasiT-
AUKa (X0 4aCOB) € 4aCTOTOM, IPAKTHYCCKN PABHOM YaCTOTE eT0 CBOOOIHBIX KoJeha-
HHH, TIPH YCIAOBMM, YTO TPeHHe B cucTeMe Mano, CHCTeMb, LI040OHBIC PACCMOTPCH-
HOMH, Ha3bBaWT asrmoxorebamensitbimu. [IpEMEPOM TAKHX CHCTEM ABISIOTCH
opratiias tpyba, CKpHNMYHAA CTPYHa IIPH PABHOMEPHOM JBIGKCHUM CMBIYKA, 3/JEKT-
PHYECKHiT 3BOHOK ¢ IpepPBIBATEIEM, TCHEPATOP HESATYXAIOMMX KomebaHuit,

ABTOKONEGATE/ IbHAS CHCTEMA COCTOHMT U3 CJEIYIONMX OCIHOBHHBIX Yacrei: koseba-
TeABHOH CHCTEMbI; MCTOYHUKA SHEPI'HH, 32 CYET KOTOPOTO IOITO/IHAETCSH IHEPTHA B
KOJ1e0aTCIbHOM cHCTeME; KIIanana — yCTPORCTBA, PEryIHPYIOHIEro NOCTYILIEHHA SHep-
THH B KONMeHaTe/bHYI0 CHCTEMY OlPERETEHHBIMH TOPUHAMHY; 06GPaTHOR CBSI3H, ¢ TO-
MONIBIO KOTOPOit KostebaTebHasl CHCTEMA YIPABaAeT KaanaHoM {puc. 14.11).
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14.7. BoiHywaeHHble MeXaHWYecKue KonebaHus

AMIUINTY 2 BEIHYKEHHBIX kKoneGanuif. PaccMOTpeHHble panee kKonebaHua npo-
HCXOAWIN ¢ COOCTBEHHOM YacTOTOM wy, OTpee/IsieMOii mapaMeTpaMH caMoit koteba-
TeABHOH cHcTeMbl, UTo0b B peaspHOM KoJe0aTeNbHOM CUCTEME HOIYUMTDh He3aTyxa-
onre KomebaHus, HeoHX0IUMO KOMIEHCHPOBATH TIOTEPH 3HEPTHH,

Konebanns, BosHUKaIONME 04 AeWCTEHEM BHEMIHEH NepHOAMIeCKH H3AMeHSTIoLIeH-
CsL CHJIBI, HA3blBAIOT GbINYNCOEHNBIMY KOAeOaHUAMYU. 324 CUeT BHellHeH CHIIbB
MePUOANYECKH KOMIIEHCHPYIOTCSI IOTepH SHEPTHH cHCTeMBl. XapaKTep BBIHYKIEH-
HBIX KojlebaHuil onpenesieTes Kak BHEUTHEH CHJI0H, TaK M CBOHCTBAMH CaMOi CHCTe-
MaL. [Io npomecTBUN HEKOTOPOTO IPOMEXKYTKA BDEMEHH B CUCTEME YCTAHABIHBAKOTCA
BBIHYK/IeHHbIe KOJIe0aHUs ¢ YACTOTOH, PABHON YacTOTe BHENIHeH CHIBL.

ITycTh BBIHYXKIEHHbBIE KOTEOaHNs BOHUKAIOT MO IeHCTBIEM BHelIHei meproau-
YECKH U3MEHSTIONEH S CHITBI '

F,. = Eysinwt, {14.38)
rae F, — aMITUTy/Ia BRIHYRAOMEH CUIIbL; w — UMKJIHYeCKast 4acToTa,

Onpenenym aMILIUTYAY BBIHYKAEHHbIX KoebaHRnit, CYMTAS, YTO 3aTyXaHHE OTCYT-
cTByeT. B aToM ca1yyae Ha Tesio Maccolt s ReHCTBYIOT cuma F,, M KBa3Hynpyras cuia

F'= —kz. B cooTBeTCTEHMH cO BTOPBIM 3akoHoM HrioToHa:
ma= F,, — kz, (14.39)
YUUTHIBAA, UTO @ = —w’r, & k= muw, MOMyInAM

—mw'z = F sinwt — muiz,

A
am{w} — w?} = F sinwt,
OTKyZa
B
r =—————sinwtk.
m{wi — w?)
ITomyueHHOE BHIPAKEHHE MOKHO TIEPENHCAT B BUE

z= Asinwti, (14.40)

rae
I
A=—20 14.41
m{wi — w?) ( )

— aMRaUmMYyda SLIHYNHCOEHHBIX KOJeOarnuil.

Pesonanc. AHaauzupyst Burpaskeruc (14.41), MORHO ¢ienaTh BEIBOA, YTO YCM MEHbD-
Ile pa3HOCTh (wi — w?), TeM 6ONbINE AMIIMTYAA BHIHYKISHHBIX KOAe0a Uil

C npubinKeHreM 9aCTOTH w BRIHYKAAIILEH CHIBI K 9ACTOTE COOCTBEHHBIX KOJle-
Hanmii wy KomebaTeTBHOR CHCTEMBI AMILTHTY/I2 BRIHYK/IEHHBIX KOeOaHUI pe3ko Bo3-
pacraer. B uacanbHbIx KosmeGaTeAbHLIX CHCTeMax (OTCYTCTBYIOT CUABI COMPOTHEIIE-
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HMSI H TPEHHUS) aMILTMTYAA BRIHYKIEHHBIX Koneba- A §:;>8>§
HUH [IPH W = Wy MAKCHMAJIBHA K CTPEMHTCA K Oecko-
HeYHOCTH. PeasibHble KoJleHaTeNbHbIe CHCTEMBI Xa-
DAKTepU3YIOTCH KOIPPUUUEHMOM 3aMYyXaiist b.

Koabduimment 3aTyxaHus MeXaHH4ecKol Kome-
faTesIBHOM CHCTEMBI

b

5,

83
5=~ (14.42)

T om’

|
|
|
|
|
|
|
|
i
I
]
]
]
I
|
|
|
|
1

rae k — ko3 pUIUEHT TpeHUs, m — Macca Koseh- o w

JIOLIETOCS TeJa. Puc. 14.12

B peanphBIX KOMebaTeILHBIX CHCTEMAX AMILTHTY-

J1a KOHEYHA M JOCTUIAeT HANOOIBILEro 3HAYEHUST TIPH YaCcTOTE, HECKOMBKO MEHBINEH Wy,

Pezonarnc — sipnenue peakoro BO3PACTaHIs aMIUTATY/E BLIHYKACHHBIX Koeba-
HHH, KOTZa YacToTa Konebanuii w npubmnKkaercs K 4actoTe cOOCTBEHHBIX Komebanmii
CHCTEMBI Wy,

Ha puc. 14.12 npuseneHs! pe3oHAHCHBIE KPHBEIE I PA3THIHHX KO3(DHIHEHTOB
3aTYXaHUsI, OTKYAA BUAHO, YTO C yBeTHYeHHeM Koa(pHIMeHTa 3aTyXaHKsA KPMBBIe CTa-
HOBATCA HolNee MOAOTHMH,

SlBneHue MexaHWYECKOTO pe30HaHCa Bieprble 6610 omucaro [. TamumeeM. Mexa-
HUYeCKHH pe30HaHC MOXKeT OBITh KaK II0JE3HEIM, TAK M BPEAHLIM. SIBIeHHe pe3oHanca
HCIOJIB3YETCS B BUOPOMAIlIHHAX, PAOOTAIOIIIX B TOPHORCOBIBAIOIIEH 0OJIACTH, B 3/1EK-
TPO- U pajHoTexHHKe. BpenHoe fAeficTBHE pe3oHaHCa CBA3aHO ¢ PAa3pPYIMEeHHsIMH, KO-
TOPBIE OH MOKeT BBI3BaTh. UTOOBI NPeaOTBPAaTHTE HEXKEIATENbHEIE TOCAEACTBHS Pe-
30HAHCA, HeOOXOAUMO P KOHCTPYUPOBAHMHU PA3THYHBIX COOPYKEHHH M MAIIHH YUH-
THIBATE IaXKe HeOOMbINHE MEPHOAWUECKH eHCTRYIONIHE CHIIbl M BHOPAIIUA UM HC-
IIOJIb30BATE YCTIOKOUTENH KonehGanuii, OCHOBAHHEIE Ha SBJICHUH AHTUPE30HAHCA.

KPATKME BbiBOAbI

® KoneGamenvrbiMu OBUICEHUSMY HAIBIBAOT IBWIKEHI HIIH MPOLECCH, TOIHO WK
[IpPUONU3HTENBHG TIOETOPAIONHMECS Yepes OHHAKOBLIE POMEAKYTKH BPEMEHH.

® [Tonisim KonebaryeM HAIBIBAIOT OOWH 3AKOMIEHHBIA IIMKT KOAeOaTEIbHOTO IBHIKE-
HHSL, TIOCTIE KOTODOTO OHO MMOBTOPAETCS B TAOM XKE HOPATKE,

® [Toroscenue yemotinuaoz0 pasHoaecttst — 3T0 OOKEHAE, B KOTOPOM TeNo (MaTepH-
ANbHAS TOUKA) MOKET HAXOIHMTHCA 10 TEX A0P, IOKA BHEIIHSAS CHJIA He BLIBEAET €70 U3 3TOTO
COCTOSTHUA.

® ITepuod konebanuti T— BpeMd, B TeYeHHe KGTOPOTO COBEPIIAETCA TOXHOE KOJIe0aRNeE,

& acmoma nepuoduueckux KorebGanul v — IAcIo TIOIHEX Kotebanui, copepinae-
MBIX 33 eTHHIUIY BPEMCHK:

V==
T

® Jurnuueckas, uau Kpyz06ast, Raciiomd NEPROTHIECKHX KoteGaHui w — MicI0 To-
HbIX KOJTe0ati, COBeplIaeMbIx 32 BpeMs 2 CeXyHI:

_ 2n
T
Ennunia mutmieckoi 4acToTH — paauan & cexyHzay {pama/c).

w = 2w
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® Aunaumyoda A — 3Ha4YCHAE MAKCHMATBHOTO OTKJIOHEHHA KONEOIOMENCH MATEPUATL-
HOH TOYKE OT NoJKeHud paBHOBECHA,

& [apmonuneckue xonebanus — koaedaHus, DU KOTOPLIX KoleOI0Imancs BeIImIia
€O BpeMeHeM W3MeHsAeTCd M0 3aK0HY CHHyCa (KOCHHYyCa):

z = Asin(wyt + ).

¢ Ceob0dnvie xoredants — konebdaHus, COBEPIIaeMble B KoaehaTeTbHOH cHCTeMe bea
BHEIIHEro BO3/IEWCTBUA 33 CUET MEPBOHATATRHO COODILEHHOM SHCPTHIL

® Mamemamuneckusi Maamuux — WAEUIM3MPOBAHHAA CHCTEMA, TIPEICTABIAIONAN CO-
60ii MATEPUANBHYIO TOMKY MACCOH 77, OABEIEIHY O HA TOHKOM, HCBECOMOI H HEePacTsKHMOL
HUTH ANUHOH [

HC[)[/IOJI KkoneGaHuil MaTEMATHYECKOTO MAATHHKA HE 3aBUCHT OT €50 MAacchl H AMIENHTY AL
KoaefaHui, a 3ABMCHT OT ATHHLI MAATHUKE [ M YCKOPEHs CBOOOAHOTO NAACHHS g

T =2‘n\!z.
g

® [Ipyrcunnnili MastmHix — 1Py3 Maccoil m, OABeLeHHbIT Ha AGCOMOTHO YIPYro# npy-
JKHHE.
Iepuog roxeHanuit TPYKHHHOTG MASTHHKA 3ABHCHT OT MACCH KOJeOMI0IIEroCH Tea 1 1

ECTKOCTH TEPYKIHBL k!
T=2xn fﬁ
k

L J HPH KOReHaTeILHOM ABHXCHHH IPOACXO/IAT NMPEBPalllCHHE JICPTHH HOTEHITHATBHON B
KHHCTHUYCCKY0 1 HﬂOGOpOT.’

e Hesaryxaoupe KoaedaHUs MATE PHATLIION TOUKE (Teja) IPOHCXOAST C IOCTOSHHOM aMIT-
JUTYA0I B CHCTEME, ITOHAA MEXaHHYeCKaa JHEPTHA KOTOPOit ¢ TeYeHHEM BPEMEHH OCTAeTCA
MOCTOAHHOIA,

& Jaryxaiomme xoebalHa MaTepHAIBIIoH TOUKH (Tea) IPOUCXOANT € MOCTCICHHO YMEHD-
IMAOUIEHCH aMILTHTYAOH 110 3KCTIOHEHIMAIBHOMY 3AKOHY, 34TyXa01me Komed0aHua IPOHCXo-
JIAT ¢ YaCTOTOH, ONpefesEe MOl mapaMeTpaMH KoureGaTteJBHON CHOTEMBL

® Bunymcdennvie Mexanuseckie Koaebanua — 1e3aTyxaninme Kolebanusd, cosepiia-
eMble 07 AefiCTBHEM BHEIITHeH NEPHOAMYECKH U3MEHSIIOUIEHCH TR

F= Fjsinwt.

B ycranorHBIMEMCS peXKIME THIHYKIEHHBLE KOJTeOAHWA MPOUCXOAT ¢ YaCTOTOH BRIHYMAa-
I0MIeH CHTHI H SBAITCHA FAPMOHHYCCKHMH.

AMILINTYA2 BRIHYK/IEHHBIX Koae0aHH#i DTpONOpLUHOHAILHA AMILTHTYAIOMY 3HAYEHHIO BbI-
UysAalome cuisl M,

® Pesonanc — ABACHHE PO3KOTO BO3PACTAHMS AMILTHTYAE BEHYKISHHBIX KoebaHHH, Koraa
4aCTOTA BHIHYKUEHHMX KOJIe0aHHH w TPHOMHKAETCH K YACTOTE cODCTBEIHEIX Kouebalnil cuc-
TeMBI wy (W == wy).

ﬂ Bonpochl ANS CAMOKOHTPONS U NOBTOPEHMA

1. Kakue xapakTepHCTHKE HMeeT KoaedaTenbHoe AsikeHdc? Jaiite uM OnpeacicHue,
2. Yem OTIMYAKOTCA FAPMOHWYIECKHE KOMeOAHMs OT APyTHX BH/A0B Kouebanmit? 3. IIpu kakmx
VCIOBHAKX BO3HHKAIOT CBOGOIHBIE MCXaHMeCKHE Koneharua? 4. [IpH kaxux yea0BuAX BOSHH-
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KalOT Y € KAKMM IIEPHO/IOM COBEPLIAIOTCA KOIeOaHIs MATEMATHYECKOr0 H MPY/KMHHOTO MASTHH-
koB? 5. OT YEro 3aBHCAT MAKCHMATIbHbie TIOTEHLUHANbHASA W KUHETHYECKAs SHEPTHH Tea, COBEp-
IAROILErO rapMOHIYeckoe KoaebareibHoe apxenve? 6. IoueMy nomHas aneprus konefunowe-
FOCA TeJA, COBEPLIAIONIETO FApMOHITYECKoe KoJefaTeibHoe IBHIKEHNC, HE H3MEHSETCH B TEIeHNe
kosebarcasitoro upouecca? 7. llodemy coboassie konebanys peanbroit xosebarenbHoi cucTte-
MBI CTAHOBATCS 3aTyxaiomuMp? 8. Kak MOxHO n0xywuts asTokonebanusa? 9, lpyn kakux yeo-
BHAX BO3HHKAIOT BbINY KIeHHbIE KojeOarma? 10. OT vero 3aBKCAT YacTOTa M AMIUTMTYA BHIHY -
REHHLIX KoebaH il B ycraHourmeMcs pescume? 11, Korna BosHMKaeT sisieHUC MEXaHHYECKOIO
peaoHanca? 12, Kak MOXHO LIPEIOTEPATHTE HEXENATebHbIE NOCACACTBHA PE30HAHCA?

MpumMepw pelweHw 3agay

® 3ajava 1. FapMornueckue KOMeHaHASA BeTHYMHBL S OTTHCHIBAKITCS yPaBHeHHEM
5=, Olsin[?mt + l(:_} M. OnpeenuTe; aMITHTYAY KOMCOaHWI; LAKIMYCCKYIO YacTo-
Ty; HaYaABLHYIO a3y KoreOaHWi; Teproa KoaedaHMi.

Hano: § = 0,0ISin[S'ut + %] M.

Haitma: A; wy @p; 1.

Pemenue. YpapHelne rapMolIMIecKux KonebaHuil HMeeT BUL

S'= Asin(wyt + @p)- 6]

CpaBnnBast ypaeHenue (1) ¢ ypasHeHHeM, TAHARIM B YCIOBHH 331a4YH, ONpeeiacM

aMIUTHTYZY KosleGauuil A, UMKNNYECKYI0 YACTOTY wy M HaYanbHywo hazy ¢, koneba-

i A = 0,01 M; wy=3m; @y = -E

I.[[/IKJIPI'-IECI{B}I yacTtota T'm IepHuoa koaeHaHuii CBA3aHbI COOTHOMICHHEM

=21
Wy
Boraucnennsa: T = 2—“ c= 2 = (g6 c.
3n 3
Orser: A = 0,01 M; wy = 3w; @y = %; T=10,66c.

® Jagaya 2. Hanwiunre ypaBHeHHe rapMOHHYECKOLO KOAeOAHHS TOYKH, €CJIH €T0
amiLiuTyaa 10 cM, MaKCMMabHasi CKOpocTh 20 ¢M/c, a HavanbHas dasa konebanuit
paBHA HyJIO.

Jdano: A=10cM=0,1M; 9, =20cm/c = 0,2M/¢; ;= 0.

Pemenue. Y paBreHne rapMOHUYECKOTo Koaebanus umeeT BUIL: &= A sin (wyt + ).
YtohHsl 3a11MCATh YPABHEHHE KOAeOaHAS TOYKH, HEOOXOIMMO HalTH W, Makcumans-
Had CKOPOCTb KoAeOMomENCs TOUKM onpeaeasiercs 1o dopmyne

Vnax = !Awﬂl’
OTKYla
wy = U’;“"
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0,2 m/c
0.1m
OtBer: r=0,15in(2¢) m.

Boruucaenns: o, = =2c¢L

® 3azaya 3. Macca NMoIBelIeHHOTO K CIUPATbHOM Ipy:kuHe rpy3al 00 r. Ha ckombko
HYKHO YBeTHUUTE Maccy Tpyaa, 4Todbl nepHo il konebaHuit rpyaa YBeTHIHACS B TPH

paza?
Havo: m=100r=0,1 kr; 7, =3T,.
Haiiti: Am.

Pewmenne: [Teprosipl KoaebaHus IPYKHHHOTO MaATHAKA MAcCOl mu m + Am o11-

penenseM 1o GopMyIaM:
T —on [ T —on [REAT
k k :

T, m+Am
R 3, orkyaa 9m = m + Am, cregosaTensHo, Am = 8m.
1

Borucaenns: Am = 8§-0,1 kr = 0,8 kr.
Oreer: Am=0,8 kr.

® 3anaua 4. OQnpesienuTe NONHYI JHEPTHIO MaTepHanbpHOH TOUKYW Maccoi 0,01 kT,
xosebsomeiics mo 3akony z = 0,5 sin (2t) m.

Hano: m = 0,01 xr = 1 - 107 kr; z = 0,05 sin (2¢) m.

Haiftu: E.

Pewenne. M3 ypasrenus x = 0,05 sin (2¢) M onpenenseM aMILTHTYLY H HUKIIHYe-
CKYIO 4aCTOTY KoeDanmii

A=005M=5-10"2 M w,=2cL

Haiinenneie BeMYHHEI IIOICTABISIEM B (POPMY.LY, IO KOTOPO# olpenensercs -
Hasl JHEPTUSL:

P mA2?
-
95.10% M2 . 4 -2
Brruneacans: £ = 0,01 xr-25 120 MoAcT 5-107% T = 50 mxc/x.

Otser: E = 50 mx/[x.

E 3agays pns caMOCTORTENLHOTO PelUeHHs

1. YPaBHBHWE TAPMOHUYECKOTO KonebarenpHOTO JIBUXEHWS UMEEeT BUA! r =
. T "
= 0,03sin|wt -+ 3 v, Onpexenute: 1) aMnanTyay xonebanui; 2) LHKIMYECKYIO YacToTy; 3Ha-

croTy; 4) mepuop koneGanwuii.

2, 3auucaTh YPABHEHWE FAPMOHMYECKOTO KOAeBATebHOTO ABHIKEHHA TOYKH, COBEpIIAIe
KOAe0aHNS ¢ aMILIMTYAOR 3 cM, ecau 3a 1 Mun coBepimaerca 240 xoneGanwit. Havanshas dasa
xoscHaruit pasxa 30°.

3. ¥papneline rapMOHUIeCKOro kosichans Toukn uMeet BUZz= 0,08 sin (10w¢) M. Onpene-
JIHTh MAKCHMAIbHYI0 CKOPOCTh H MAKCHMATBHOE YCKOPEHHE Kojehaomelics TOYKu.
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4. Teno coeepuraer rapmoHudeckre koeGanus ¢ avmutyaoi 12 oM u mepronom 0,25 c.
Onpegeants: 1) MAKCHMATBHYIO CKOPOCTD; 2) MAKCHMATBHOE yCKOPEHHE KOMeOIOIIEerocs Tena.

3. OnpenenMTs MAKCUMATBHYIO KMHETHYECKYIO, MAKCHMATBHYIO MOTEHI[HAILHYIO U IIOJIHYIO
IHEpriy MATePHATBHON TOUKH Maccoi 8 1, Korednowmeica o sakouy £ = 0,01 sin (0,14) m.

6. I'py3, MOABeIICHHLIH K IPYKHHE, JKeCTKOCTE KoTopoit 250 H /M, konebieTcs o BepTHEA-
i ¢ ammHTy Ao 0,08 M. OnpenernTs MaKCHMATbHBIE 3HAYEHUS NOTEHIMATbHOH W KUHETH-
YeCKOi SHEPTUE KOIeOII0Werocs Tea.

7. Teno copepinacT rapMoHUYeCKHe Koaehanns ¢ ammantyaoit 10 oM, mepuoa kaneGanmii
6,28 ¢. MakcuManbHAs KHHETHYeCKAA sHEPIHA konebmouerocs tenal mx. Oupenesnts Mac-
CY K0J1eGTIONETOCA Tea.

vo KniouveBble cnoBa: rapMoHnHecke kanebaHna, amnnntyga, dasa,
4acToTa, Nepron, MarteMaryeCcKi MasTHUK, TPYXKMHHLIA MasTHIK,
Mexannvyeckmne Konebadmns, Pe30HaHC.,

laea 15
YOPYTUE BONHLI

15.1. NMonepe4Hbie U NPOAO/IbHLIE BOJIHbI

Boanosble npoueccst. Cpeny, COCTOAUIYIO M3 YACTHLI, CBI3aHHBIX IPYT € APYTOM
YIPYTHME CHJAMH, HAa3EIRAIOT YRPYz0H cpedoil.

Boanoavim npoyeccom HasbiBAIOT MPOLECE PACTIPOCTPAHEHHS KOIeOaHUH B yTI-
pyroit cpeae. MexaHnYecKHe KoNebaH s BOBHUKAIOT B A000ii cpeze, coflepikaliel ato-
MBI ITH MOJIEKYJIbI, €C/TH YCTOHTMBOE PaBHOBECUE YaCTHL CPeJbl Hapyinaercs. Bos-
HUKINEe HAPYINEHHE YCTOHUMBOIrO pABHOBECHS HE OCTAETCH B TIpe/lesiax BeKOTOpOH
oB1aCTH, a BCAEACTBHEE TOTO, 4TO Cpeia YIPYTast U 06NaJaeT HHEPTHHIMH CBOMCTBaMH,
TiepefiaeTcs B APYTHE YACTH CPE/IbI.

Jlywom HA3BIBAIOT JIMHHUIO, KACATEbHAS K KOTOPO B KaXIOH TOUKE COBIAZIAET C
HAIIPABJIEHWEM PacpOCTPaHeH s BOTHEL KonebaH s yacTHIT Cpe/bl MOTYT COBEPIIATD-
s TI0 HATIPDABJAEHHIO JIyYa M MePHeHINKyIapHo eMy. Bonubl, BozHMKaOIIHE B YIIDY-
Troii cpejie, Ha3bIBAIOT YIPYTHMH, HIH MEXAHUYECCKUMU.

PasavyaT NonepedHbie H [IPOI0TbHEE BOJHEL

B nonepeunoii 6oane wacTullb CPEJTH COBEPITAIT KOMEOZHHUS B IIAOCKOCTH, IiEp-
MEeHAUKYISIPHON HAMPaBJIeHHIO PacipOCTPAHEHHA BOIHBI { HAIPHMED, ceficMIUecKHe
BOJIHB], PACTIPOCTPAHSICIINECH B TBEPAON MAHTHH 3JeMIH ).

B npodoannoti 6oane 4acTHITH KOMeOMIOTCA BAONEL HATIPABJICHNS PaclpocTpa-
HEHUS BOJIHBL. ITH BOJHB COCTOAT U3 CIYIIEHUIT ¥ pa3peskeHuil B yIPYTod cpete (Ha-
fIpHMep, 3BYKOBbIE BOJIHDI).

Boanosoli npouecc Xapakmepusyemcs mem, Ymo uacmuyb: cpecvt co-
B8EPULAIOM KORCCAMETbHIC OBUNCEHUA OMHOCUMETBHO NOAOHCEHUSL DACHO -
8ECUST U NOUMU HE NEPEMEUAIONMCA NOCTNYNATEABLHO.

PacripocTpafenue ypyrod BOJMHE TPeICTaBmsieT coboil NoCIe10RaTeIRHYIO He-
peavuy ABMAKEHHS OT OIHOM 06/1aCTH YIPYTOI CPEADL K APYTOH, IIPK ITOM IIepefaeTcs
AHEPrus, MOCTABIHHKOM KOTOPOH AB/IIETCA <HCTOYHMK» KoJleQaHui, T. e. BO3HUKAeT
NOTOK 3HEPIHH, PACXOAANIMIICA OT HCTOUYHHKA KOoTebaHui.
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Hauboiee Baxuble 1 yacTo BCTpeyalo-
UHeca BUIb! BOJIH — YIIPYTHe BOIHBI, BOJT-
HBI Ha MOBEPXHOCTH KUAKOCTH H 3JIeKT-
pOMarHuTHRC BonHEL. OcHOBHOE CBOH-
CTBO BCeX BOJIH, HE3aBHCHMO OT HX IIDH-
POZBL, COCTOUT B TOM, YTO BOJIHEL OCYILE-
CTBJISAIOT IIEPEHOC SHEPTHM.

HepeHoc JHCPITHH HE CBA3aH C ne-
PEHOCOM BEIIECTBA.

JHeprus, liepeHeCHMAas BOTHAMH, MO-
XKeT KaK COBepIIaTh padOoTy, TaK ¥ Npespa-
IAThCA B APyTHE BUABL JHEPTHH (HanpH-
MeD, pacupocTpaHeHue B3PbIBHOM BOIHB],
obmaziaoueii 60ABIION paspyLIAKOLeii CH-

Puc. 15.1 J101, T. €. CIIOCOGHOCTHK) MPOH3BOAHTE Me-
xaiuueckyo pabory).

Ilonepeunmie BomHbI. PaccMaTpyBas MeXaHHMYECKHE BOJIHBI, MOKHO TIONYIUTD CO-
OTHOUICHHA, KOTOPHIE UMEIOT Raubosee ofiIuit XapakTep H MOTYT OBITh UCIIO/IB30BA-
HBI 1718 OLIMCAHHS BOJIHOBBIX IIPOLICCCOB O0Jiee CI0KHOM TPUPOIBL, HALPHMEp TIPH
H3Y4YeHHU DIAeKTPOMArHHTHBIX BOJHI.

[onepeyunble MexaHHYecKMe KOMeGaHNs BOZHHKAIOT B TREPALIX TeAax, TaK KaK 1A
BO30YKACHHS Tak¥X Kosiebanuii HYKHO CO3aTh HAYILHYIO YIDPYIVIO 1ehopMAaIHio
CABMTA.

PaccmoTpuM npoilece o6pasoBaiins NomepedHoi BOIHBL B Takoit BoJiHe cMente s
KOJIeOTIONIMKCSE TOYEK HAIPABJICHB! NIEPIIEHIUKYSIPHO HAIPABICHHIO PACTIPOCTpatHe-
HUs BOJTHEL, T. €. ocl X. Ha puc. 15.1 u306pakeHo IATh NOCAESAOBATENbHBIX MOMEHTOB
06pasoBaHUsA BOJHEL, KOTOPAs PACTIPOCTPAHAETCA BAONb IMHHUH 1 — 5, T.€. ocu X.

3JT0 rpaduueckoe IPeACTAB/ICHHE BOIHOBOIO IPOLECCA IMEET COBCEM MHOH CMBIC,
YeM rpabHK CMeIelisl IPH TapMOHHYCCKOM KOMeSaHHH, Ha KOTOPOM U300pakatoch
CMELIEHHE OOHOU 1 MO Hce MOUKHU B 3AaBUCHMOCTH 0T BpeMmenH (puc. 15.2), 3nech
Ha KaXK/0H CTPOYKe TIOKA3aHO [I0OKEeHIe YacTul 1, 2, 5, 4, 5 B BHIOpaHHbIH MOMEHT
ppeMeH#H (cM. puc. 13.1).

B HavanpRbBIT MOMCHT BpeMelH (¢ = () BCe YaCTHIIbl PACTIONIOMNKEHHE Ha ocH X, T. €.
HAXOJATCA B IOJIOKEHHY PaBHOBECHSL.

IIpociienum 3a moBefieHHEM YACTHIL CPEIbL, HAXOJSIUINXCA B TOUKAX 1, 2, 3, 4, .
ITycTs TOYKA I TpHBOANTCA B Konebamue ¢ 11epuo/ioM T, HallpaBiIeHHOe TePIeHAHKY -
JspHO AMHUK 1 — 5. Tak Kak coceHIe TOUKH CBASaHB MeKIy co00# yIpyTHMH cua-
MH, OHH TAKXKE IIDHXOJIAT B KOJIC6?:1H]/[€, HO C HEKQTOPDLIM 3aI03JaHHEM.

1
Yepes yerpepTs NepHoga (& = 1 T') Touka I OTKAOHWTCS OT TUHUM PABHOBECHS HA
MaKCHMalbHOe cMelneHHe A . KonebaHne Ha9asin Bee TOUKH, JeKamme cIeBa OT ToY-

1 1
ku 2. Tlocne t = = T HauneT 1IoAHEMATBCS BBepX M Touka 2. Eue uepes 1 T, 1.e.mpu

1
t= 5 T, Touka I BEpHETCS B IONOKEHHE PABHOBECHS, TOYKA 2 JOCTHIHET MAKCHMATb-

HOTO OTKJIOHEeHHsI M Kostebanus IOMAYT 10 TOUKH 3.
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HanpasneHnue

Konebanuit Hanpanenue
o~ PacnpocTpaHeHNns
L7 T S BOJIHBL
Y
~ #
l S a
Puc. 15.2
Hanpasnaenue
Hanpannel-Ige pacnpocTpaHCHHs
Koneéamm BOJTHEL 5
Pue. 15.3 Puc. 15.4

3
[lput = " T To4Ka ! ROCTHTHET MAKCHMaJIBHOTO OTPULATENBHOTO CMEIIleHHs, TOUYKA

2 RepHeTCA B TIOJOKEeHHE PARHOBECHS H KOAeOAHNS JOCTUTHYT TOYKH 4.

Hakowner, 3a Bpemd, pastoe mepuogy t = 7, Touka I BepHeTCd B IONOXKEHHE PABHO-
BECHS, COBEPIURB NIOIHOCTBIO 0HO Koslebanue, KonebaHwst pacAPOCTPAHIANCE A0
TOYKU 8§, BCE KOIEHMONMecs TOUKH 06PazyI0T MONHYI0 BOIHY.

TIpu AankEHEHITHX KOeHaHHAX TOUEK BOJHOBOM [IPOLECC PACIPOCTPAHUTCA BIIpa-
BQ OT TOYKH J.

B paccMoTpeHHOM Ciiydae 00pa30BaHIH TOTIEPeTHOI BOTHEI KAKAAS JaCTHLRA JBH-
KETCS TONBKO BBECPX H BHH3, IPH 3TOM TIPOMCXOMT lI€PEAada JHEPIUM KourebaTeNb-
HOTO JBUMEHHNS OT OJHOH TOUKY CPelibl K Apyroii (cMm. puc. 15.2).

Ipoaoabubie Boansl. [ToMiMo ToTTEpeYHBIX BOJH B Cpeie MOTYT ROSHHKIYTD 1IpO-
JONBHBIE BOJHEL, B KOTOPHIX KOJeHAHUSA TACTHII CPEB MPOHCXOAST BAO/IbL HAlIPaBJe-
HUS pacTpocTpaHeHHsa BOJHOROTO Hipolecca (puc. 15.3).

[IpogonbHbie Koe0aMs MOTYT HEPEAABATHCA TBEPABIMY, KUAKHMH 1 Ta3000pas-
HBIMH TEJIAMH, TAK KaK IpH 1edopMaliiy CKaTHs WIH PacTSKeHUs B TAKHX cpeaax
BOZHUKAIOT VIIPYTUC CHJTHI, CTPEMSAILMECHA YCTPAIKTD 3TH Aedpopmanun. Takum 0bpa-
30M, MPOAOJILHBIE BOJHBL MOTYT PACIIPOCTPAHATHCA B 11000 cpene.

B HPOL0/IBHBIX BOJHAX BC/IEACTBHE COBMA/ICHHST HATIPABAEHHH KOTeHaHMIT 9acTHLL
U BOJTHBI TIOSIBJIAKITCA CTYIHEHHS ¥ Pa3PCKEeHHA.

[TpogonbHas BOMHA ROZHUKAET, HANDHMER, B ATHHHON CITHPA/ILHON IPYXKHHE, KOTJa
OAMH KOHEII II0JIBEPTAETCA IEPHOAHYECKOMY BHEIIHeMY BoszeicTBuio (puc. 15.4, a).
Eciiu nepuog BHeinnero sosaeiicrsust T, TO yripyras BoAHa pecTagasacT coboil moc-
JMEAOBATEITHHBIE CKATHMS M PACTKEHUS TIPYKHHBL, CMCHSTIOTITHE IPYT APYTa Yepes Bpe-
M1, paBHOE OM0BHEE nepuoga (puc. 15.4, 6).

15.2. XapaKTepuCcTUKHU BOJHbI

@poHnT Bosmst. [IpH paccMOTpeHH# 00PA30BAHIA NOMIEPEYHBIX BOJIH IIPeoIara-
JIOCh, 9TC KoJaebaHus yacTUll IPOUCXOJISIT BI0JML ocH X, T. €. B OTIPEACTEHHOM Hanpans-
acuud, Ho oT ucTounmka KosieHanui BOHB PACIpOCTPAHAIOTCA B IPOCTPAHCTBE IO
BCEM HAIIPABJIETIHSAM, [I03TOMY K01e0JIeTC COBOKYITHOCTD YACTHII, PACIIONIOXKEHHEIX B
HEKOTOPOM 00BEME.
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DpoHT BOJHBI

’ N
N

-

Ncrounux sonn

Puc. 15.5 Puc. 156

MHOXKECTBO TOYEK, KOTEOAOIIHXCS B OANMHAKOBOI (hase, HASBIBAIOT BOAXHOGOTE
ROGEPXHOCMDBIO, 4 MHOXECTBO TOYEK, [0 KOTOPBIX J0ILITO KOJIB63HP[€‘ K JAHHOMY
MOMEHTY BPEMeHU, — @POHMOM 80HDL

BOAHOBBIX MOBEPXHOCTEH MOXHO M300pa3uTh MHOTO, 2 GDPOHT BOJIHH, T. €. BOJHO-
Bas [IOBEPXHOCTL B JAHHBIN MOMEHT BpeMeHH, 0AuH. B 3aBucuMocTH oT Biaa GpoHTA
BOJTHBI Pa3MiYaioT IVIOCKHE U chepHyiecKye BOMHBIL

B nnockoi eoane GpoHTOM BOJHB M BOTHOBBIME MOBEPXHOCTAMU ABJIAIOTCS
NAOCKOCTH, NEPHCHAUKYIADHBIC HATPDABACHWIO PaCTPOCTPAHEHWA BOJHEL, T. €. AyYY.
Ha puc. 15.5 mokasansl psili BOTHOBBIX NOBEPXHOCTEH, DPOHT M HCTOYHHK BOJHEL

B cpepuneckoii goare BOJHOBIE TOBEPXHOCTH K (DPOHT BOJIHBI ABSIIOTCH cde-
poii. ChepudecKre BONHB BOSHUKAROT B TOM CIIYYAE, eCIH HCTOYAHK BOIHEL ABMSETCH
To4eyHbIM. JIy4yu B cchepHuecKOi BOMHE HANIPABJIEHBI BAOAb PaZHYCOB Cep OT HCTOY-
HHKa, PacloaoXkeHHoro B ux uenrpe 0 (puc 13.6).

CxopocTh pacnpocTpaHeHHs BOJH. CKOPOCTh PAaCPOCTPRHEHHST BOTHOBOTO TIPO-
Lecca ¢ 3aBUCUT OT ILIOTHOCTH CPEABI p, B KOTOPOIl BOSHHUKAIOT BOJTHHL

M5t IpOJOIBHEIX BOXH CKOPOCTh 3aBUCUT Takke oT Moaysist FOura £ u onpenend-
eTcs 1o dopMyile:

Vo = . |—- (15.1)

ﬂJIH IMOIIEPETHBIX BOMH CKOPOCTE 3aBHCHT OT MOAY A CABHTA N

Vnon = \/E (152)
P

Tax kak A5 60IBUIHHCTBA TBEPABIX TeX MoAYIb KOHra 60blue MOAYIA CABUIA
(E > N), T0 B OTHOM U TOM e TEjIe CKOPOCTH MPOAOIBHLIX BOJIH GOJIBIIE CKOPOCTH
[ONepevHbIX:

’Uﬂpoll > lUI.lUll'

I[Ipu 3emuteTpsACEHMAX BO3HHKAIOT CEHCMUYECKHE BOJIHBL, KOTOPbIe OBIBAIOT ABYX
BHJIOB:

1) npopoabHBEe, HITH BOXHEL CKATHA,

2) nonepeyHble, WX BOJHBI CABUIA.
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CKOpOCTb PACTIPOCTPAHEHHs 3THX BOJIH B MAHTUHM 3€MJIM PA3TUYHA, YTO Aa€T BO3-
MOKHOCTD [0 CEHCMOTPaMMaM, T. €. HEIIPEPLIBHOMH 3aIHCH yIPYTrHX KoaebaHuH 3eM-
JIH, BBI3BAHHBIX 3eMJIETPACEHUEM, OIPEEISITh OYArH 3EMIIETPICEHUSL.

Jdauna poauesl. Ha puc. 15.1 B MOMEHT BpeMeHH, paBHEI meprogy ({ = T), ToukH 1
H 5, HAXOAANIMECA B TTONOKENHHM PARHOBECHS, MMEIOT OJHHAKOBOE CMeleHHEe U OH-
HAaKOBOe HaNpaRJieHe ABHKeHNA (BBepx ). [loaToMy ropopsit, uro Touku I 1 5 uMeroT
onuHaxkoBble ¢aspl. Touku 1 1 8¢ OJMHAKOBHIM CMEIiEHHeM IBUAKYTCS B IIPOTHBOIO-
JIOKHBIE CTOPOHEL, MIO3TOMY FOBOPSIT, YTO TOUYKH [ W § HAXOASTCHA B IIPOTHBOIOJIOXK-
HBIX (hasax (MpoTHRodA3e).

Paccrosmnue Mexay ToYkaMi [ 1 5 olpeleseT JIUHY BOJTHEL A,

Jlnunoti 60rbL ) HA3BIBAETCS PACCTOSHHE MEXAY OMMKANMIHMYI TOYKAMH BOJT-
HBI, KOJEOMOTHMECSA B OIMHAKOBEIX hasax.

Hepuodom éoanve T HazpiBaeTCsA BPEMst OAHOLO MOJHOTO KoleHaHHS ee TOYeK.

Bennuuny, 06paTHYO NEPUOLY, HASBIBAIOT YACMOMOU 60 IHbL V.

V=
T
Ha puc. 15.1 Bugso, uro 3a epems nepuoja ( £ = T') BOJHOBOH NMPOLIECC PACTIPOCT-
PAHHUTCA Ha paccTosiike . Mexiy JVTHHOI BOTHEL, CKOPOCTBIO PACIPOCTPaHeHHA U
nepuoaoM (HIK 9aCTOTOM ) KosebaHuii CYIecTBYeT 3aBHCHMOCT!

»=oT, (15.3)
HJIHN

=2, (15.4)
v

CKOpOCTh paCpOCTPaHEHMS M JATHHA BOJHBI 3aBHCAT OT CBOHCTB Cpe/ibi, B
KOTOPOil BONHA PACHPOCTPAHAETCS, A MEPHOI H YACTOTA 3ABHCAT TOJIBKO OT
CBOICTB HCTOUHHKA BOJIHBI.

15.3. YpasHeHuHe nnocKOM Geryuieid BoNHb

Ilycts BOOABL MOMOXKHUTENBHOTO HANPABIEHUS OCH X PACHIPOCTPARASTCS [110CKAA
BOJIHA, HCTOYHHK KOTOPOH O HaxoauTcst B Hauate koopAnHaT ¢ = 0 (puc. 15.7). Cko-
POCTB PacIpOCTPaHEHHS BOJIHBL v. B MCTOYHHKE BOMH — BUOpaTope — H3MEHEHHe
CMEIeHNA BE THYHHEL b NPOUCXOANT IO 3aK0IY!

s(0, 1) = A sinwt,

THe A — aMIUTMTYA]; w — ITMKIHYECKAs JaCTOTA.

PaccMOTPHM HEKOTOPYIO YacTHLY Cpeldbl M, HaXOIAIYIOCd HAa PACCTOSTHUHT T OT
UcTo4HUKa Kosebanuil O, OueBuaHO, YTO YacTUIA Cpeasl M KonebaeTcs 1o 3aKOHY
KOIeOaHHA HCTOYHUKA, HO ee Kojgebanus OyayT oT-

CTABATh [0 BPEMEHN OT K0aebaHuil HCTOYHHKA Ha L M
Konebanus qoiiayr go Toukn M yepes IPOMENYTOK 0 X
& "
BpeMeHH At = 3 [I09TOMY BpeMs KOAeOaHMH TOUKH z
T
M 6vnet mensbIie, ueM ¢ Ha Af, M COCTABHT (t _F)‘ Puc. 15.7
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Toraa ypaBHeHHE CMEIIEHMS YACTHI, HAXOASLIUXCS HA PACCTOSTHHM £ OT UCTOYHHKA,
Oyzaer uMeTh BU;

s(z,t) = Asinw(t - 7). (15.5)

Ypasnenue (15.5) Boipaxkaer ypasHeHne Oeryeli sombt. M Hero caemyer, uto
H3MEHeHUE CMEINEHNsT YaCTHIT STBJIAeTCA KaK NePHOAHYecKoil pyHKIHel RpeMeHd 1,
TaK ¥ HEPUOAMYECKOH (DYHKIHEH KOOPAHHATBL I.

Ecin nnockas BolHA pACNPOCTPAHSETCs B HALPABAEHUH, IPOTHBONOIOKHOM 110-
JAOKHTEABHOMY HAMPABIEHHIO OCcH X, TO €€ ypaBHeHue 6yeT;

s(z,t) = Asinw(t+3) (15.6)

,H..TIS[ XAPAKTePHCTUKH BOJMH HCTIOJIB3YIOT 0AHOE80€ "-EUCJIO k, KOTOPOC TOKA3bIBA-
€T, CKOJBbKO AJUH BOJIH YKJAAABIBACTCA Ha DACCTOAHNAH, PABHOM 27 CIMHHL ATMHEBL

2 2w =
k==5=" (15.7)
pyras ¢opma ypaBuenus mwiockoctedi Geryinett soausl [cM. popmyny (15.5)]

HMEET BUI
s= Asin(wt— k). (15.8)

Ypaenenus (15.5) u (15.8) onpegensior cMeniesue ool TOYKH Cpeibl, HAXO/s-
LIEHCSA HA PACCTOAHME T OT BUOPATOPA, B MOMEHT BPEMEHH L.

15.4. UuTepdeperLuna BOAH

Ipuniun cynepnosnnni. Ecau cBOICTRA CPeJTBI, B KOTOPOH PACTIPOCTPaHAIOTCS
BOJIHbI, HE H3MEIIAIOTCA 10/ AeHCTBHEM BO3MYLIEHHH, CO3aBaeMbIX BOJHAMH, TO K
HHM IIPUMCHUM MPHHIRIL CYTIePUO3HITHE (HAIOKeHus!) BOJIH.

IIpu pactipocTpaHeHHH B cpefle HECKOXBKUX BOTH BOJHBI PACTIPOCTPAHSIOTCS He-
3aBUCHMO JPYT OT Apyra. KaXkaas Touka cpelibl, KyZa TPUXO/IAT ABE HITH HECKOILKO
BOTH, TIPUHHMAET YYACTHE B KONeOAHHAX, BHI3BAHIIBIX KK BOMHOH B OTAEILHOC-
TH. Ha ocHOBaHHMHU NPUHUMITA CYNEPIIO3UTTHH MOXKHO YTBEPIKAATD, YTO  PEIY/tbinti-
PYI0Uuee CMEWEHUe YaACMULbL Chedbl 8 H000TE MOMEHIN 8PEMEHI PABHO 2€0-
MEMPUUECKOU CYMME CMEULEHUL, KOMOPbLE NOAYUAION YACTULLL, YUACTIGY S
8 KamcooM U3 BONHOBBIX NPOUECCO8 8 OMOETLIOCMiL.

Ocobulit HHTEpeC IPEACTARISCT CYIIEPTO3NLHS (HATOXKCHHE) KOTCPEHTHBIX BOJIH.
KorepeHTHOCTD 03HAYAET COTIACOBaHHOE [IPOTEKAHUC BO BPCMEHH H B TPOCTPAHCTBE
BOJTHOBBIX MpolieccoB. Bosmsl n Bo30yKAAOMIE X HCTOYHHKH ABASIOTCS KOZEPEH-
MHBIMIU, €CITH PAZHOCE (PA3 BOAH He 3aeucum om epemeris. TIpenmoaoxum,
9TO PaCIpPOCTPAHSIOTCS CHHYCOH/IRUTbHbIE BOTHEL

8§ = Alsin (UJLt - klxl) - Alsin‘l‘l;
8 = Aysin (wol — kyi) = Aysin®,,
rae @, u ¢, — coorBeTCTBeHHO (b33 NEPBOI H BTOPOI BOJHDL
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Q= (Wit — kz); By = (wot - kymy).
Pasnocts ¢a3 BonHE
Ap =D, — @, = wyt — bz — wit + ki,

HIH

Ap = (wy — w)t ~ (kzy — kay).

B 3TOM BRIPQKEHNH OT BpEMEHH 3aBHCHUT TOIBKO TepBuH wien. T akiM ofpazom,
BOTHHI OYAYT KOTEPEHTHEL, €CTH W, = Wy, T. €. UX YACTOTH! AO/DKHEI OBITH OFHHAKOBLI.

2m
715t KOTCPCHTHBIX BOJTH, VYMTHIBAS, UTO k) = k) = N passocTh (ha3 Ay paBHa:

A(_p = Qﬂu

= (15.9)

Hurepdepennus Bor. Humeppeperyun éoan — 310 CIOXKeHUe B IPOCTPaH-
CTBe JIBYX WIH HECKOMbKHX BOJIH, TP KOTOPLIX B Pa3HBIX €70 TOUKaX AOIYHaeTCA YCH-
JeHHe WM Ocaabenue aMIIHTYAL pe3yapTupyioweit soansl. Murepdepennus xa-
PAKTEPHA AJIs BOIH JIOGOH IPUPOIBL BOJH Ha IOBEPXHOCTH XXHAKOCTH, YIIPYTHX H
371€KTPOMATrHUTHBIX.

I1pn WHTepdepeHITHH BOIH PE3YIbTHDPYIONee KoTebanre B KaX/0H TouKe mpea-
craBiser co00H reOMETPHUYECKYI0 CYMMY KOJ1eDatui, COOTBETCTBYIOIMX KOKAOH U3
craaabipaomuxcd o, Cornacuo (14.11), aMnmanTyAa pesyaptupyioniei BOJIHEI B
Kakoi-1160 TOUKE TPOCTPAHCTEA PABHA:

A= JAT + A3 + 24 A, cos A, (15.10)

rie A, v A, — aMIUTMTY/BI CKI2ABIBAOIITHXCA BOAH; Ay — PasHOCTDb (a3 MexKIy HUMHU
B paccMaTpuBaeMoOil TOYKe.

Ecain BoJHbL B BO3OY)KAAKOLIME HCTOYHUKY KOTEPEHTHBL, TO PA3HOCTh (a3 BOJTH
Ay OCTAETCS HEUIMEHHOTL 8 DAHHOT MOUKE, HO MOKET HAMEHATLCS OT OJHOH TOY-
KH K APYTOH, TAK KaK 3aBMCUT OT I, ¥ T, [cM. dopmyny (15.9)].

Ha puc. 15.8,a u306paskeHsl KOTepeHTHBIE HCTOYHHKK S) 1 S; M IIPOM3BOIBHAS TOUKA
M, ynancHHas oT S, Ha 1y, 0T S, Ha @,

AMIATY A Pe3syALTHPYIOMIEH BOJHEL Oy IeT MAKCHMATBIIA, €CIH PasziocTs hazAy
Oyner paBua

Aup=21'r$1;)\$2::t2kﬂ, kE=012,.. (15.11)

o

S;_) )

Puc. 15.8
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B otoMm cayuae cosAyp = 1, u, kak caenyer us (15.10), aMIIuTy Ia pesy AL THPYIO-
wieil Bosmel Oyaet

A - Al + Az.
N3 coornomenus (15.11) creayer
|2, — @ = kX (15.12)

MaxcuMyM aMIUTHTYABI PAcONOXKEH B TeX TOUKAX, /A KOTOPEIX PA3HOCTH
X0Ja BOJH |I; — Z,| paBHa HYJIO HIH LEJOMY YMCIY JJIHH BOJIH.

Cootnoutenne (15.12) HashBaOT YCAOBHECM MakcHMyMa, a k = 0, 1,2, ... — no-
padkom unmepepenyuonrozo maxcumyma.

AMIUMTY 1A pe3ybTupylonieii BoHbl OyaeT MMHHMAIBHA, €CJIH PasHOCTh a3 Ay
paBHa :

Ap=2r8 "2 — L2k + 1w k=0,1,23 ... (15.13)
B sToMm caytae cos Ay = —1, 1, Kak caeayet u3 (15.10), aMomuTy1a peayabTHPYIO-
mel BosHEL Oyaer paBHa
A = |A1 - AQ;.
W3 cootnonrenust (15.13) cnegyet
N
]£U1—$2|=(2k’+1)§, k=0,1,2, ... (15.14)

MurnMyM aMILINTYAbL PACIOJIOKEH B TEX TOUKAX, ISl KOTOPKX PASHOCTh X014
BOJHH | — 1, paBHAa HEYETHOMY YHCXY MOXYBOJIH.

CooTHowenne (15.14) HaspiBator ycnoBuem muanmMyma, 2 & = 0,1, 2, ... — no-
PHROKOM utimepPepenyionioe0 MUHUMYMA.

TakuM 06pa3oM, B IPOCTPAHCTBE TOMYYACTCS HEKOTOPOE PACTIPE/IEICHUE AMILTH=
TYZ Pe3YAbTHPYIOLIEH BOIHLI ¢ YePeAVIOUTNMHUCI MAKCHMyMaMH 1 MUHUMyMaMu. Ecau

AMTUTHTYIIBI CKTAABIBAIIUHXCSA BOMH OMHHAKOBRL T, €. A; — A, TO MaKCHMAIbHAsN
aMILIMTYJa pPaBHa YABOCHHOH aMILIUTY/Ie KaKA0H BOMHBL
A = 24, = 24, (15.15)
MUHHMATBHAS AMITHTY,[4 PABHA HYTIO
Apin= |4 — Ay =0, (15.16)

N3 dopmyas (14.28) cuenyet, UTo sHepzua nponopruonarbia Keaopamy
amnaumyost, CAeLOBATENLHO, IPH UHmMepepeHttiu npoUcxodum nepepac-
npederenue snepeul 60K 8 Npocmpancmee. B TOUKaX MAKCHMYMOB JHEPIHA
MaKCHMATbHA, B TOYKAX MUHUMYMOB — MHHHMAJIBHA.

Kaptury unTephEpEHITHN PacCMOTPHM Ha TTPHMepE HaJIoXKeHUs BOJIH Ha TIOBepX-
HOCTB BOABL. C IIOMOIULI) ABYX ILADMKOB, YKPEIlJIeHHBIX Ha CTeD)KHE, KOTOPHIH cOoBep-
ITAeT TApPMOHRYECKWE KoeOanus, BO3OYAHM OTHOBPEMEHHO ABE KPYTOBLIE KOrepeHT-
Hble BOJTHBI B BaHHE, 3aM0THEHHOM BOAOH (puc. 15.8, 6).
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AMILTATYIBI BOJH pasHHL T.€. A; = A,. KapTuHa HHTepgepeHIIMY 3THX BOJTH NIpea-
crapaeHa Ha puc. 15.9. M3 prucyHka BUAHO, YTO Ha MOBEPXHOCTH BOZBI BO3HHKAIOT 00-
JIACTH, B KOTOPBIX AMILUIMTYABL PE3YIbTHPYIONIHX BOJH MakcuMaibbl { A = 24, H
MUHKUMAaARHE (A = 0).

Crosune ousbl.* [IpumepoM peayabrata HHTEpdEPEHIIMHA ABYX BOJIH CAYXKaT
CMosuUe GOAHbBL, 00PA3YIINECH MPH HAJIOKEHHUH ABYX BCTPEYHBIX [VIOCKUX BOJIH C
OAMHAKOBEIMH AMIITHTYIAMH.

Crostuue BOTHBI MOTYT OBITH TOMYYEHBI IIPH OTPAKEHHM BOHEL OT MPETISTCTBHS.
JonyctuM, BUHpaTOp MOCLLTACT BOJIHY K NpenarcTeuio (mpsaMas soana). OTpaxeH-
Has OT HETO BOJHA HAJIOKUTCA Ha MPAMYIO BoJiHy (puc. 15.10).

YpaBHeHHe cToAYeH BOTHH MOAYYaeM CAKEHHEM YPAaBHeHHA MPSMOiT BOJHEL,
MMEIOLLErD BU:

S, = Asin w[t —E] = AsinQ*rr{l —E],
) T X
M YpaBHeHHs OTPKeHHOH BOAHbI
S, = Asinw t—(;xl = Asin2n i+—ﬁi]
v T X

OtpakeHHAasl BOJIHA ABHMKETCA B HAIPABJIEHUH, 1IPOTHBOIIOIOKHOM IIPAMOM BOJI-
He, TO3TOMY z OepeM CO 3HAKOM «MHHYC».

CMellleHre TOYKH, KOTOpas yYaCTBYET O/[HOBPEMEHHO B ABYX KOJMeHaHHsX, paBHO
anrebpaudeckoil cymme S 1 Sy

S:SI+SQ;
S = Alsin2w i-}--:‘E]+sin2'|'y __E
T X
Tax kak sin o +sin 3 = 2sin OLT—FBCOS & ;B,TO T = 2Acosg-1}l\$—sin2—;£; YYUTBHIBALA,

2m
yTO —I—; = uJ), NOJIYYHM

= 2Asin%Twsinwt. (15.17)
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Bripaxenue (15.17) Ha3slBatoT ypaBHeHHeM cTosuel BoaHbL OTCIO4a CAEAVET:

® 5 KOKIOH TOYKe CTOA'elf BOJHEL TTPOHCXOAAT KONEDAHHS YaCTOTOH

® AMIUTHTY 12 KONeDaHus A, 3aBHCHT OT KOOPAHHATH T PACCMATPHBAEMO TOYKH U
HE 3aBHCHT OT BPEMEHH

A = 2Acos%T$, (15.18)

[MO3TOMY YpaBHEHHE CTOsTUEll BOJHBI MOKHO 3aTIHCATE TaK:

. 2wt
T = A4, sin—,

T

HJIN
z= A, sinwt

Kamaas Touka cosepiuaeT rapMonndeckoe konebanne ¢ nepuogom 7. B mosyuen-
HOM YPaBHEHWH CTOsIMEH BOJHBI aMILIUTYAA A, TS KaXKK0H TOYKH BOMHEI, COTTAacHO
eeipazkensio (15.18), Brionte onpefenena. Ho npu mepexone oT 0/{HO TOYKH BOTHHI
K JAPYro# 0Ha U3MEHSETCA B 3aBUCMMOCTH OT PACCTOAHUA 2.

AN oA A
Ecomn IIDUAABATE T 3HAYCHHKSA, PABHbLIC Z; 3 Z, 5 E U T.A., TO IIPHA IOACTAHOBKE HX B

dopmyny (15.18) momyyuM cos %Tw =0 u A, = 0. CirenoBarejibHO, yKa3aHHble TOUKH

BOJIHBI OCTAKYTCH B [IOKOE, TAK KAK AMILIMTYAbI KOJe0aHHi MX DABHEI HYJ/T10. DTH TOY-
KH Ha3blBAOT Y3AaMu CTOTIeH BOMHBI (TOYKH 2, 4, 6 Ha puc. 15.10).

Iyunocmsimu BOIHH HA3LIBAIOT TOYKH, KOAEOMOMMLCS ¢ MAKCHMATBHON aMIDIIH-
TyRoi (toury 1, 3, Hua puc. 15.10). [lyqnocrsaM (MAKCHMTBEHBIM aMILTUTY M ) COOTBET-

CTBYIOT 3HAY€HHA T, paBHBIC QZ; 41; SZ M T. 1., IV HUX ‘cos —ZE’ =1, A, = 24. Pac-

CTOSTHHE MEKY COCEMHMMH Y3IaMH (TTYYHOCTAMH ) Ha3BIBAIOTORUHOW CIOSUETH BOTTHbL.
Xr ==, (15.19)

TAe X — ImiHa SeTyILeil BOJHBI

B cTosueil Bonse Bce TOYKH cpeibl, B KOTOPOIl OHAa pacipoCTpaHAETCs, pacnono-
JKEHHBIE MEJKIY ABYMS COCeTHMMH Y3JIaMH, KONeOaoTes B oaHo# dase (cuHbasHo).
Touxu cpefbl, Jexaliye Mo PasHble CTOPOHBI OT Y33, Koaebmorea B nportusodase —
thaza ux KoneHaHKA OTIHIAETCS HA T, T. €. NPU NEPEXOOe Yepes yaen pasa Kore-
Ganuii ckawkoobpasHo MEeHAEMCs HA T.

B ToM cayuae, kozda éoana ompasxcaemca om cpedvt 6oaee naomoil, uem
ma cpeda, 0e pacnpocmpanaenca 60AHA, 8 MECTE OMPANCEHIUS BO3HUKA -
em y3en, hasa 8oans. UAIMEHAEMC A NPOMUBonoaoxckyto. llpu stoM roso-
PAT, 4T0 POHCXOAUT IIOTEPS IIOJA0OBHHEL AJTHHBL BOJIHBL Koraa Bosua oTpamaercs or
Cpeihl MeHee TIJIOTHOH, B MecTe OTpaskeHHA LHOABAAETCS TYYHOCTE U OOTEPH NOJIOBH-
HbI ZIZTHHLI BOJIHL] HET.

B oriuune or Oeryimmx BoJIH B CTOAY€H BOAHE OTCYTCTBYET IEPEHOC IHEPIHH BCJIE-
CTBHE TOTO, YTO 0OpasyIOIe 3TY BOTHY NPAMasi U 0OPaTHas! BOJIHbBI HEPEHOCAT PaB-
HYH SHEPTHIO B TPOTHBOTIOIOXKHBIX HATIDABJIEHHAX,
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15.5. Noustne o andpakunu sonH

B usoTonHol cpene BOTHEL PACTIPOCTPAHSAIOTCA NIPAMOTHHEHO. ITO 03HAYAET YTO
JIyYH NIPEACTABAAIOT coboil 1IpsiMble JTMHUK, OTHAKO CYIIECTBYIOT YCAOBHS, NPH KO-
TOPBIX OHH OTKJAOHAITCH OT APAMOJHHEHHOTO HATIDABIEHUS!, e BRIXOA 33 MPCeThl
JAaHHOW M30TOMHOH CPEIbL.

PaccMOTPHM OTIBIT, AEMOHCTPHPYEMBIT 00bIYHO ¢ IOMOIIBK BOIHOBOH BaHHbL. Ha
IYTH NMIOCKUX BOJTH, BO30YKAAEMBIX KOTeOAIOWeHcs TLIaCTMHOIM S, CTaBuTCA 3Kpan D
€ IIeSTbI0, Pa3Mepbl KOTOpOH MOXKHO M3MCHTh, Eciu mupuHa ueyin  d 3HAUUTENTBHO
Gonbie ZAMHBL BOJHBL { d 3> \), TO 3a IENBI0 06pa3yioTes 061acTH, KyIa BOJHEL He
PacllpOCTPAHSAIOTCS, HASHIBAEMBIE T'eOMeTpUYecKoil Terbio (puc. 15.11). Eciu mupu-
Ha I[eJTH CPAaBHUMA 110 NOPSAKY BEJTHYHHBI C JVIHHOR BOTHBIN (d ~ X}, TO IPOMCXOAUT
auppakitist BoaHb! (puc. 15.12). 3a axpaHoM BOAHOBAS KapTuHa MeHdeTcs. Boano-
Bbl¢ [TOBEPXHOCTH MEPECTAIOT OBITh ILIOCKHMH, 2 JIYYH YKJIOHAIOTCA OT TIPSIMOTO Ha-
(IPAaBAEHUS U 3aXOAAT B 06IACTh TeOMETPHYECKOH TEHH.

Andpakuna HabmonaeTesa He TOABKO IPH TIPOXOXKAEHIH BOJH CKBO3bh MAJTHIE OT-
BEPCTHA, IIPH OTHOAHHY BOJIHAMHI MaJ10I0 3KpaHa MM Kpast DobIIoro skpaHa. HMase-
CTHO, HallPHUMep, UTO CTBO.I IepeBa He MOXKeT CAYKHTH {IPeIsITCTBHEM LIS 3BY KOBBIX
BOJIH. 3BYK MOMHO YCJBIINATD, TAKKC CMPATABIIHCH 34 37AHUE,

O6bacrenne auppakuns yoooHo NpoBOAHTE Ha OCHOBe mpHHIpma lofiren-
€a, YTBEepKJa10IIEero, YTo Kax/as TOYKa BOJHOBOTO (PPOHTA CTAHOBHTCS HC-
TOYHHKOM 3JJICMEHTAPHBIX BOJH.

L/ L/

[TycTb B HEKOTOPBIH MOMCHT BpeMcHM (DPOHT BOJIHBI ocTHraeT wean. Ha puc. 15.13
u300pakeH TOT JKe 3KPaH ¢ Meabio B fosee kpynHoM Macirtabe. COTIACHO IPHHIIUIY
lofireHca, KaXkaas TOUKa BbIALISEMOT0 WEIbI0 YYACTKa QPOHTA BOJIHbL SBJISCTCS
HCTOYHUKOM BTOPHUYHBIX BOJH. B 0nHOPOAHOH H30OTPOIHOH Cpejie BTOPUYHbIE BOTHEI
fyayr ceprveckue. [Moctpous orubam0Uyn BTOPHYHBIX BOIH /Uit HEKOTOPOTO MO-
MEHTa BpeMelHy, I10/1ydaemM Horbtit dponr BosHbl W3 puc. 15.13 BuaHO, YTO BOAHA
orubaeT IPCMATCTBHE M 3aX0AMT B 061aCTh reOMeTPUYECKOH TelH,

Puc, 15.13

Tuppaxyueii naseisaercsa orubanne BOIHAMY [IPENATCTBHI UK 11000€e OTKI0-
HEeHHEe DACTIPOCTPAHEHUSI BOJH OT 33KOHOB TEOMETPHYECKOM OIITHKH.
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15.6. 38yKOBbie BONHbI

PacupoctpaHeHHe 3ByKOBBIX KoueGanuit. Mexanndeckue KoneGaHus, paclpoct-
paHAwIHecs B ynpyroi cpene (TBepibie, JKUZIKHe K rascofpasHble Teja) 1 BOCIPH-
HUMaeMbIe OpPTaHaMU CJIyXa, HAa3bIBAIOT 368YK0GLIMU Goanamu. OCHOBHOU cpefoi,
B KOTOPO# PaCTIPOCTPAHSAIOTCA 3BYKOBEIE KonebaHus, ABAAETCS BO3AyX. B Bozayxe,
T.€. Ia3ax, KoJaeOaHusa paclpoCTPAHSIOTCA B BUAE MPodorbHbix eoan. B 6e3803-
OYWHOM RPOCIPANCINGE 38YKOBbIE KOACOARU PACTPOCMPAHAITNDCA HE MO-
2ym, T.e. /IS MX PAcTipOCTpaHeHus HeOOX0ZHMMAa [TepeAalolas cpea.

YenoBeyeckoe yXo BOCIPHHEMAET KOJ1€0aHH, YaCTOTH KOTOPBIX JIEKAT B HHTED-
BaJsle pUMepHo oT 16 1o 20000 .

Pasmen pH3HKH, B KOTOPOM M3YYaiOT 3BYKOBHIC ABJICHHS, HA3HIBACTCA AKYCMU-
xoii. B HacTosIeE BpeMST aKyCTHKA H3Y4YaeT K Te MeXaHHYeCKHe BOJIHbI, KOTOPBIE He
BOCHPHHHMAIOTCS YeI0BEYECKHM YXOM, K HHM OTHOCATCS HH(MPa- U YIbTPa3BYKH.

Hugppaseyxamu HaspIBaIOT 3BYKOBEIC BONHBI ¢ YacTOTaMH MeHbIe 16 ', yan-
mpa3aeyxamu — BONHH ¢ YactoTamu Gomee 20 000 I'u.

Pasnuunsie meaa no-pasnomy nepedarom 38ykK, T.e. 001aJai0T pazTMuHOH
3BYKOOPOBOAHOCTBI. HanpuMep, MATKHe TOPHCTHIE TelIa TPOBOAAT 3BYK ILUIOXO, 1O-
3TOMY WX HCHOMB3YIOT /IS 3BYKOH30ISLIHH.

B xaxmoii cpege 3BVK pacIpocTpaHAeTcs ¢ olpeAe/eHHON CKOPOCTHIO, 3aprcaulei
OT MAPaMeTPOB, XapaKTEPH3YIOIHNX JaHHY0 cpeay. B HUAKOCTSIX CKOpPOCTh 3BYyKa
BHINTE, YEM B ra3ax, a B TBEP/IBIX TE/laX — BBIIE, YeM B XKHAKOCTAX. CKOpPOCTE 3BYKa
3aBHCHT HE TOJbKO OT NPHUPOILI BEIIECTBA, B KOTOPOM OH PaclIpOCTpaisaercs, HO 1 OT
ero TeMneparypsi. HanpuMep, CKOpOCTE 3BYKa B Bo3IyXe npH Temmeparype 0 °C pas-
Ha 331 M/c, mpu 20°C — 343 m/c.

IpoMKocCTh 3BYKa. JHEPreTUUECKOil XapaKTepUCTHKO 3BYKa, KaK MEXaHHYeCKOH
BOJIHB, ABJISCTCA HHMEHCUBHOCHD |, WIH c1na, 36y Ka, KOTODAS 3aBHCHT OT 3HED-
THH, EXXeCEKYHIHO NIEPEHOCUMOH Yepe3 eIHHAYHYIO TOHI3/IKY, PACTION0KEHHYIO TIep-
MIEHAMKYIAPHO HAPABIEHHI) PACHPOCTPAHEHHS 3BYKOBO BOTHEL

Eauuuia HHTEHCHBHOCTH 3BYKA — BaTT Ha KBagparHbii Merp (Br/M 2),

Koaunuecrso sxepruy, nepeHocuMoil BOTHOH B eAMHUILY BpeMeHU Yepe3 eXHHWY-
HYIO AOMAAKY, TPOTOPITHOHANTEHO KBaAPATY aMILIHTY/IbI BOTHEL H KBaJPaTy 4acTo-
ol [cM. (14.28)], cnefoBaTeIbHO, UHMEHCUEHOCTND, UL CUAA, 36YKA OAHNOL
YaACMOMbL NPONOPUUOHARBHA KBATPANY aMRAUMYObL.

J17151 TOTO YTOOK! 3BYK ObLI BOCTIPHHST YEOBEYECKHM YXOM, HeofX0/IIMO, YTOOH ero
HHTEHCHBHOCTE GBITa He MEHBIIIE HEKOTOPOH BETHIHHEL, HA3KBAEMOH nOp0o20M Ctbi-
wumocmu. Ilopor cIEIIMMOCTH cooTBETCTBYET HETEHCHBHOCTH [y = 1072 Br/M%

ITopoz caviuumocmu pasauder 0as pasnvix yacmomn. Yenopeyeckoe yxo
Hanbolee YYBCTBUTEABHO K KOIe6aHUSIM, TeXKaniuM B ipeaenaax ot 1000 ao 3000 I'n
(1—3 xIm).

3ByK OOBIIOH HHTEHCHBHOCTH BHI3BIBAET GOJIEBBIE OUEYIHEHHS U OIIACEH T YXa.

BomeBoii OPOr COOTBETCTBYET HHTEHCUBHOCTH Ly = 1 Br/M2.

Cy6beKTHBHOM XapaKTePHCTHKOH 3BYKa, 3aBHCANEH OT YACTOTH M CBI3aHHOH C
HHTEHCHBHOCTBIO, SIBJSAETCS 2POMKOCTb 36YKA.

CaMetii TPOMKHH 38YK, KOTOPBIH CIOCO6HO BOCTIPHHUMATD YEJI0BEIECKOE VXO,
UMeeT HHTEHCUBHOCTb MpuMepHo B 10'? pas 6oiblie, 4eM MHTEHCHBHOCTD CAMOTO
THXOTO 3ByKa. leaecoo0pa3sno cpaBHHBATE HHTEHCHBHOCTH 3BYKOB IIO JIoTa-
pudMHuIeckoil mKane, B aTo# ukane ypoBeHbs HHTEHCHBHOCTH BBRIpaxaercs
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Ta6nuua 15.1

" Yposens Ypobens
CTOYHMK 3BYKa Heroynux 3BYKa

HHTEHCMBHOCTH, 115 WHTEHCHBHOCTY, AB
[Topor capnmuMocTy 0 JIBHTATEND CAMOJIETA. 110
IMenot 20 Poxk-konnepr 120
Tym Ha oxuBIEH- TTopor fonesoro 120
HOI yanue 20 OILYLLEeHMS
Tpomeuii kpuk 100 Kocmumeckad paxera 180

B 6enax (B)!. Ecau yposens osiHoro 3ByKa Ha 1 6ex (1 B) Buime, wem y apyroro, 1o
OTHOLIERHE HHTEHCHBHOCTH STHX 3BYKOB paBHo 10, ecni Ba 2 B, To oTHOIIeHWe UX
UHTeHCHBHOCTeH pasHo 10°% u T. 1. TakuM 06pa3oM, TPOMKOCTb 3BYKA XapaKTePH3Y-
eTcsl HHTeHCHBHOCTBIO 3BYKA. ~

VpoBeHb HHTEHCHBHOCTH 3BYKA — JA€CATUYHbI Jorapu(M OTHODIEHHS HHTEH-
cHBHOCTefi 3ByKa (Tabi. 15.1)

s
I’

rae [ — MHTeHCHBHOCTE 3BYKA HA IOPOTe CJABINHMOCTH.

O6BIYHO yPOBEHD HHTEHCHBHOCTH BHIpaxkawT 8 geumbenax (#B) (1 b = 10 ab).

Bricota ToHa, [1o (hopMe M XapakTepy BOJIH Pa3THYalOT 3BYKOBBIC YAAPEI, IIYMbI H
TOHBI (My3LIKAJILHEBIE 3BYKH ).

ITpocmbim, WIH HuCmbIM, MOHOM HA3HBAIOT 3BYK, HCTOYHUK KOTODOTO CO-
BepllTaeT rapMOHNYecKoe KoaeOaHue.

IIpocToit ToH coanaet, HanpuMmep, kamepToH. OCHOBHOH XapaKTePUCTHKOH IIPOCTO-
IO TOHZ ABJISETCS YaCTOTa, ONPee oA BEICOTY TOHA. Hem Goaviue wacmoma,
m.e. meHvlile nepuod korebaiuti, mem 60nee 8bICOKUTE 36YK Mbl CABIUUM.

3BYKH, U3/laBaeéMBle MY3bIKaTbHBIMH MHCTPYMEHTAMH, ABIAITCA CJIOKHEIMU TO-
HaMH. CJIOKHBIN TOH MOKeT ObITH Pa3/IosKeH Ha IPoCThie WK B ciiekTp. HanMenvpinas
YacToTa v TAKOTO PA3IOKEHHS CIeKTpa COOTBETCTBYET OCHOBHOMY TOHY, OCTAJbHbIE—
aGeptoram. OGepTOHH UMEIOT YACTOTHE, PaBHEIE 2v, 31 U T. 1. B 3aBHcHMOCTH OT TOTO,
00EPTOHBI KAKHX 9aCTOT HMEIOTCS B JAHHOM 3BYKe, 3BYK NIPHOOpETaeT onpeeseHHbIIH
membp, VI OKPacKy.

TeMGp 3BYKa, KPOMe TOrO, 3aBHCHT OT TPOMKOCTH (T. €. aMIUTHTY/IH KomefaHuii)
OTAENBHHX 06epTOHOB. BCIECTBHE TOTO YTO 3BYK HMEET OTAEAbHBIN TeMOD, MOXKHO
OTJIHYUTDh HOTHI, B3ATHIE HA PA3IHYHBIX MY3BKAJbHBIX HHCTPYMEHTAX, HiIH roJioca
pa3nuYHbIX JI0aeH.

HIymonm Ha3LIBAOT 3BYK, COCTOAMUI 13 OOABIIOTO YHCAA TADMOHMYECKHX KOJle-
faHuii ¢ pasHbIMH YacToTaMd. YeM OoJIBIIE B CIIEKTPE PA3IMYHBIX YACTOT, TEM (OJIb-
1ie 3BYK npHOmKaercs K mymy. CIIEKTp MIyMa ABAsSeTcs CIoHeM, K mrymas or-
HOCATCS 3BYKH OT BUOPAIIMY MAIIWH, NIOPOX, CKPHIL, COTTACHBIE 3BYKH PEYH M T. I

3ayxoeoii ydap — 3T0 KPaTKOBPEMEHHOE 3BYKOBOE BO3JEHCTBHE (HAIPHUMED,
B3PBIB). F8YKOBOMY YOapYy COOMBEMCMEYEM eOUHUNHA, NAK HA3bI6AeMas
yoapuasa, 601HA.

k=lg (15.20)

! Benr — eaumwgg, NOAYYHBINAS HA3BAaHHE B YecTs maobperareas tenedoma A, T Bemma (1847 — 1922).
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Berpeuas nperpaiy, 3BYK OTpakaeTca. 3BYK, OTPAKEHHbIA OT Nperpaabl, Ha3biBa-
€TCS HX0M. IXO MOXKHO CJIBIIATE B TOM Cilyvyae, eI 3BYK, HAYIIUH OT HCTOYHHKA, H
3BYK, OTPaXeHHBIH OT Nperpajbl, pas/ie/IeHbl TPOMEXYTKOM BpeMeHu He Metee 0,01 ¢.

15.7. YabTpasBYK U ero NPpUMEHEeHue

Yavmpa3zeyx — 3T0 YNPYTHE BOJHEL ¢ YacToTaMu= 2 - 10%— 10°T11. Bepxuuii nipe-
AeJI OTIpe/IefisIeTCsT MESKMOAEKY IS PHbIMHU PACCTOSHHSMHE # [I03TOMY 32BHCHT OT arpe-
T4THOTO COCTOSTHUS BEHIECTBA, B KOTOPOM PacTPOCTPAHSIETCS YAbTPa3BYKOBasA BOJHA.

sl reHepHpPOBaRUs M IPHEMa YJIb TPasByKa MCIIOAb3YIOT YCTPOHCTBa, Ha3BIBae-
MBIE YIbMPAICYKOBLIMU UIYHAMENAMU U npuemHurxamu. Hauborbiree pac-
HPOCTPAHEHHE HOMYYHITH 2TEKTPOMEXaHHYECKHE H3TTYYaTe T , IIPecOpasyolre 31eK-
TpHYECKHe KoNeOaHna B MEXaHHYECKHE,

PaccMOTpUM HEKOTOpBIC XapaKTCPHBIE CBOHCTBA lebf‘paasyKa

CKOpOCThb paclipocTpaHeH st YAbTPa3ByKOBBIX BOJIH U MX [IOTJIOIHEHWE CYTHecTBeH-
HO 3aBHCHT OT COCTOSHUS CPEABI, HA 9TOM OCHOBAHO HCTIO/IB30BAHUE VABTPA3RYKA A4
H3YYeHUH MOJEKY/ISIPHEIX CBOIMCTB BelllecTsa. MccnezoBaHua Takoro pojia SB/I4i0TCA
TIPe/IMETOM MOJTEKY/IAPHON aKyCTHKH. BaskHY0 poib yIbTPa3sBYK UIPAET B TMAPOAKY-~
cTuke. Ha IpHMHLKIEC OTpaXXeHUS YIBTPA3BYKOBBIX HMIYJIbCOB OT IIPENSTCTEHI, BO3-
HUKAOUWMX Ha LYTH HX PacIpoCTPaHeHH, CTPOUTCA paboTa 3X0JI0Ta, THAPOJIOKATOPA.
OTpaxeHne yJIbTPa3BYKOBBIX BOJIH Ha IPAHULIE IBYX CDe/l 1I03BOJIAET ONpeleuTh
pacIiosiokeHe U pasMep HeOTHOPOMHKX BKIKYEeHHH, NoJI0CTeH, BHYTPEHHUX OpTa-
1I0B U T.I1. 3Hasi CKOPOCTE PACIPOCTPAHCHHSA YUbTPA3BYKA, ONPEASIAT IyOHHY 3a-
nerannst 00wekTa. HTepecHo IpuMeHeHHe YABTPA3BYKA I3 caenslx. Baarogaps yh-
TPA3BYKOBOI JAOKAIMHK € IOMONIbIO MOPTaTHBHOTO mpubopa «OpHERTHP» MOXHO 00-
HapyKUTb 1IPCAMETH Ha paccTosaHnd J10 10 M.

Cxarusi ¥ paspesKeHus, Co31aBagMble YIbTPa3BYKOM, TPHBOAAT K 0OPa30BAHMIO
Pa3pblBOB CIVIOLIHOCTH XKHAKOCTH — Kasumauul. KapHTauu CyLUecTByIOT HCAOM-
r0 1 OBICTPO 3AXJIOMBIBAIOTCS, TIPH 3TOM B HeOOMBIINX 06 beMax BEIICAAETCS 3HEPIHA,
IIPOHMCXOAUT PA30OrPeBatue BEIECTRA, A TaKkKe HOHU3AUNS U JUCCOLHATTHSA MOJIEKYIL.
AKYCTHYECKAsl KABHTAIIMS M CBS3aHHLIE ¢ Hel du3Hveckye sBJeHHA BHI3bIBAIOT, Ha-
MpHUMEP, Pa3pYIIeHUe H JHCIICPTHPOBAHNE TBEPALIX TEA, SMY.AbTMPOBAHKUE XKUAKOCTEH
H NO3TOMY IIPUMEHSAETCS A8 OUHCTKY NOBEPXHOCTeH, netaned.

Meauko-6Hom0THYECKHE TIPHI0XKEHNSA YILTPA3BYKA MOKHO B OCHOBHOM Pa3fIeNIHTh
HA /1B HAIIPABIEHHsE METO/\bl AMATHOCTHKY H WCCJIeJOBAHUS H METOAB! BO3IEACTEHUA.

K tiepBoMy HAIPABIEHHIO OTHOCATCS JTOKAIIMOHHBIE METO/BI ¢ UCTIONb30BAHHEM
TTaBHbIM 06Pa3OM UMITYJIbCHODO U3YUEHHS: ax0aHuedarozpagus — onpenene-
HHE OIIyX0J/IeH ¥ OTEKA FOJI0BHOTO MO3Ia; YALMPA38yKosasn Kapouozpadus — us-
MEpEHHE Pa3MEPOB CEepaNa B IMHAMUKE, YAbMPa3syKosas 10Kayus — B oTaIb-
MOJOIHH — JUIS OIPCAIEHUsA PA3MEPOB IMasHbIX ¢pel. C MOMOIIbIO YIbTPasByKOBO-
ro adgubexra Jonsrepa H3yyaloT XapaKTep ABHXKEHHS CEPIeYHbIX KIAanoB H U3Meps-
0T CKOPOCTB XpoBOTOKA. C IMATHOCTAMECKOI! HEMEIO FIO CKOPOCTH YIbTPAa3BYKa HAXO-
JSIT TUIOTHOCTD CPOCHIEHCST WTH NOBPEKACHHOH KOCTH.

Ko BropoMy HanpaB/ICHHIO OTHOCUTCAYIbMPA3BYKO6AA pusuomepanua. Bos-
ACHCTEHE YNLTPA3BYKOM Ha NAllMeHTa TIPOM3BOIAT C TOMOILEBIO CHelHAILHON H3Ny-
YaTCABHOM Io/I0BKH anmapata. OOBIYHO 1718 TEPAIICBTHUECKHX LCCH TPUMEHSIOT Y.1b-
Tpas3BykH uacToToit 800 kI, cpeaHss KX HHTEHCHBHOCTb 0Koo 1 Br/cM® 1 MeHbILeE.
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Mexay uanydatenbHoit TOTOBKOH M KOXeH MOMEMAIOT KaKyIo-HHOYAb KUAKOCTH,
HallpHMeE]P MACcJIo, TAK Kak Jaxe HeGoIbInas Mpocaoiika BO3AyXa MOKET TTPENATCTBO-
BaTh NIPOHVMKHOBEHUIO yAbTPassyKa B opranusM. IlepBuyneiM MexanusMoM yinLTpa-
3BYKOBOIT TEpanu SBISIOTCT MEXAHHYECKOE U TEIIOBOE MEHCTBYS HA TKAHb.

B xupypruy yanTpasByk MPHMEHSIOT KaK «yIBTPAa3BYKOBOIT CKRANBIIE b, CTOCOD-
HBIi{ PACCEKATDH HE TOJLKO MATKHE, HO M KOCTHEIE TKAHH.

CirocoOHOCTD yaAbTPa3ByKa ApoBUTDh TENA, [IOMENIEHHBIE B KHAKOCTD, U CO3/IABATh
IMYJIBCHHM HCTIOTR3YETCS B (hapMAalleBTHYECKOH TIDOMEITIIIEHHOCTH B MPOHUIBOACTBE
JIEKAPCTB, B MHAIER0IT MPOMBIIIIEHHOCTH IIPH U3TOTOBAEHNH Malionesa, PAasJINIHbIX
coycoB ¥ T. . [Ipu sedennn Takux sabojepaduil, kak TyGepKy.ies, GpOHXHATRHAS ACT-
Ma, KaTap BEPXHUX JblXATeJbHEIX TYTEH, MPHMEHSIOT a3P030JM PA3THYHBIX JICKAp-
CTBEHHBIX BEIIECTE, NOJYUYEeHHRIE ¢ TOMOIIBIO VIBTPasByKa. B HacTosmee Bpems uc-
[OJIB3YETCH METOJI «CBAPHBAHUAS IOBPEKAEHHBIX HAW TPAHCILIAHTHPYEMEIX KOCTHBIX
TKaHei ¢ IOMOLIBI0 ¥IbTPa3ByKa. '

['yOutenbHoe Bo3AeHCTEHE YIPTPA3RYKA H2 MHKPOOPTAHU3ME] MCITOJIb3YETCA B
npolecce CTEPUIN3ANNA,

[lepeuriciieHHbIE IPUMEPB] HE HCYEPTTBIBAIOT BCEX 0nacTell TPUMEHEHWH YIIbTpa-
3BYKa, MEPCNEKTHBA PaCcTMPEHUs STHX MPUIOXKEHWH MOUCTHHE OrpoMHa. Tak, MOKHO
OKHUAATH, HALIPUMED, TIOSBICHUS MPHHIMIIUATHHO HOBBIX METOIOB AHATHOCTHKH €
BHeIpEHUeM B MEAMIIHHY YIBTPA3BYKOBOH roaorpadmu.

;SN KPATKWE BbiBOAbI

® YnpyzumMis, Wi MEXAHUYECKUMU, BOAHAMU HA3LIRAT MEXAIINYECKHIe BO3MYTIIEHHA,
PACTIPOCTPANSTIONINECA B YIPYTOH cpejle. Pacnpoctpancline YIPYTHX BOJIH B CPCAe He CBAZAHO ¢
1IepeHOCOM BellleCTRa.

® Pa3nu4aioT /[BA THIIA BOJIH: IONepeYHble H IPOAOALHEIE,

Vipyrast BOJHA HA3BBAETCA HOHEPEUHOT, ECIAM YACTHIEL CPeAbl KOIeBIOTCs, OCTABAsCh B
TIOCKOCTAX, IEPREIAHKYISIPHEIX HAIPABAECHHIO pacl pocTpaliellis BOTHEL

Yipyras BoNHa HA3RIBAETCA APOOOALHOL, CTH YaCTHLLL CPER KONeOMIOTCA B HAlIpABIle-
HHH pacpoCTpaHeHNA BOJIHBL

® /{n1noti 807161 HA3BIBAETCSA PACCTOANYE MEXKIY GAMKANUIUME TOUKAMH ROJTHEI, KOJTeH-
JIOIWHMHCA B OAHHAKOBBIX (basax. JIMMHA BONHEIA paBHA PACCTOSHUIO, HA KOTOPOE PAcTIpoCTpa-
HAETCA ROJHA CO CKOPOCTBIO v 32 BpeMd, paBlioe Neproxy korefauuii T°

=T

¢ YpapHenue IWI0CcKoit Heryiieil BOJHBI OIPe/IesieT CMENIEHHE TOYKH CPEJTH, Haxoasehcst
Ha PACCTOSHUH £ 0T BUOPaTOpa B MOMEIIT BpEMEHH &

§ = Asin(wf — kx).

® Boanoaoe yucao kTOKa3bIBAET, CKOJILKO AMHH BOH YKTATHBACTCS HA PACCTOSIIIMH, paB-
HOM 27 e {MHHL, JNUHbI:

N oT 2
© HecKOABKO BOJIH B Cpefie paclPOCTPAHSIOTCS HE3ABUCHMO APYL 0T Jpyra. Pe3ysTHpy e
CMEITCHHE YaCTHIIDI cpe,am B JIIO60ﬁ MOMECHT BpeMEHH paBHO FBOMeTpP[‘{eCKOﬁ CyMME cmemelmﬁ,
KOTOphIE’: no;ryqalm‘ YaCTHI{BI, yqacmyx B K&K 0M U3 BOTHOBLIX up()ueccoB B OTAEJbHOCTH.
® Humeppepentjun 600 — IT0 HANOKEHHE BOIH, TPH KOTOPOM IIPOUCXOAMT YCTOHYH-
BOE BO BPEMEHU MX YCHJIEHHE B OIHMX TOYKAX IPOCTPAHCTEA U acabreHe B ApyTrHx. Y cToivn-

k:2_1r:2_1r w
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BYIO KADTHHY HHTeP(EPEHIMH JAI0T KOTEPEHTHBIE BOJIHBL, T.€. BOJHbI, HMEIOIHE OHHAKOBYIO
JUTHHY W NOCTOSTHHYIO Pa3HOCTE (a3 BO BPEMEHH.

[1pu nHTepdepeHME MPOUCXOINT TIEPEPACHIPEACNEHHE AHEPTHH BOAH B IIPOCTPAHCTBE.

® YacTHbM ciiyuaeM HETCpGEPCHUNH BONH SBASIOTCACTIOYUE 60anbl, OHK 06pa3yioTes
B PE3VNIBTATE HATOKEHHA IBYX Oerymmx CHHYCOMIaNBHEIX BOJIH, PAcCrpOCTPaHIIIUXCH Ha-
BCTPEUY JIPYT APYTY W MMEIGIMX OAHHAKOBHIE YACTOTH M AMILTHTYABL. ¥ 3/1aMi CTOS4CH BOJHEI
SABJSIOTCA TOUKH, B KOTOPBIX e aMIUTHTYAA PaBHa Hy oA ; = (; TyYHOCTAMH — TOYKH, B KOTO-
PHIX AMILTUTYAZ MakcManbHa: A, = 24,

JiHa cToA49CH BOJHBL A ; PABHA PACCTOAHHIO MEXKAY ABYMS COCCAHHMH Y3JIaMH WK IRyMs
COCEJIHMMH NYYHOCTAMH H COCTARJAET MOJOBHHY JINHHB OETYIHX BOJHX

Aer 5

o Jugppaxupts — apnenne oribHaHAS BOIHAMM NPEISTCTBUE M MOO0r0 OTKI0HCHHE OT
3aKOHOB FeOMETPHYECKON OLTHKH. i

® J6yKogve 80AHbL — MEXAHITIECKUE KOTeOaHTS, PACHPOCTPAHSIOLIMECS B YIIPYTOH Cpe-
JI€ ¥ BOCOIPUHAMAEMEIE OPTAHAMH CTYXa YeJ0BeKa. 3BYKOBbIC OLIYIICHHS BHI3BIBAIOT BOMHEL,
YACTOTH KOTOPHX JCKAT B HHTepBaje oTl6 1o 2 « 107 T, Yupyrie poansr ¢ vacroramu MeHeel6
T'u HazbiRatoTCA HHGPAIBYKOM, a ¢ yacTotamu Hoabie 2 - 10* T — yapTpasBykoM.

CKOpOCTb 3BYKA 3aBHCHT OT IPHPOALI BENICCTEA, B KOTOPOM 3BYK pacnpoCTpaHAaeTcs, U ero
TEMIIEPATYDbL. 3BYKH PasIHYAIOTCS TG BEICOTE, TeMOPY M IPOMKOCTH.

ﬂ Bonpock: A1 CAMOKOHTPONA K NOBTOPEHHA

1. ITpm KaKuX YCAORHIX BOZHUKAIOT YUPYIHe BOAHH?2, YeM oTaMvaeTcd nonepeyiias BoI-
Ha oT npogoabaoii? 3. Kak ceasannl Mexry co00i OCHOBHEIE XapaKTepUCTHKH BoaHab ? OT uero
ownu 3arcaT? 4. TIpH KakuX YCA0BHAX BO3HUKaeT HHTepdepeHius sonu? 3. [Hasosute ycno-
Bust udrephepeHIMOHHBIX MHHUMYMa H MakcuMyMa.6. Kak npr unTepdepenmy BOIH IIPOHC-
XOIHT [IepepacipesescHie SHCPTHH BOIH B mpocTpaticTBe??. [IpH KakMX yCAOBHSIX BOHHKACT
audpaxiua soans? 8. [fouemMy B 6€3B03AYLIHOM NPOCTPAHCTBE SBYKOBBIC KO/1€0AHHS HE pac-
npocrpansoTes? 9. OT uero 3aBUCUT CKOPOCTh pacnpOCTPaHeHHs 3ByKa B cpeje?

Mpumepsl pewiernn 3agay

® 3agaua 1. Onpege/uTsh CKOPOCTD PACIPOCTPAHECHNS BOJIHBL, €CAHM JIBE TOTKH, JTe-
allde HA OTHOM W TOM K€ J1yde H HAXOAAIIUECT Ha PacCTOTHUHA U T M, KomebmoTcs
B ipotHBodaze. [Teproa korebaunii 2 - 102 c.

Hamo: 3, =dM; 2, =Tm; Ap =m 7' =2-10¢.

Haiiru: v.

Pentenne, XapakrepHCTHKH BOJHBI CBA3AHEI MEXY co60i cooTHOMeHHeMA = vT,
OTKYAA

X
v =—.
T
JUTHHY BOJTHRE HAXO/IHM M3 COOTHOHICHHSA
Tp — X
Ao = 2“M,
® N
OTKYIa
2nf{z, —
N = w(z, — 1)
JASS
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Takum obpazom,

_ 2n{z, — =)
AT
Borumcnenus: v = n(TM—dm) 3-10% m/c.
%-2-10%¢

OtBet: v=3-10°m/c.

¢ 3anaua 2, /[Ba KOTEPEHTHBIX HCTOYHHKA KOAEOIIOTCS B OAMHAKOBBIX (hasax ¢
yacrotoi 500 I'u. Cxopocts pacnipoctpaHeHus: konebaHnit B yupyroii cpeae 1 kM/c.
OnpenennTh, TPH KaKoM HauMeHblIeH, He paBHOW Hy[dI0, pasHOCTHM xona Gyaer Ha-
6aroAaThC MAKCUMATBHOE YCHIeHHE KoleGaHuil.

Hano: v = 500 ;v = 1-10*m/c; k= 1.

Haiimu: |7 — 5| = A, .

Pemenne. HanmeHsiyo pasHocTh X044, TPH KOTopo#H OyaeT Habmozarsest yCu-
nenne KosneGaunii npu HHTep(EpeHLMN BOJIH, ONPEAe/IAeM U3 COOTHOLIEHUSA

A =k
rnek = 1.
Toraa A =
JAuHY BOJHBI HaXouuM 1o Gopmye
=2
o
Haumensiuast pasHOCTb X0Na paBHa
A=t
==
108 wr e
Boruucaennsa: A = 1-10° m/c =2M

500 I'n
OtBeT: A =2 M.

ﬂ 3agayu pnR CaMOCTORTENLHOTO PELeHHs

1. KoneBanus, nmewnue yactory 0,5 k11, pacnpocTpaHAoTes B YOPYIoH Cpee co CKopoc-
Tb10 330 M/c. OnpeneaHTE ANUHY YUPYCOH BOJIHbI,

2. Konebanus, uMelomye yacrory 50 I, pacnipocTpansorcsa B ynpyroii cpeie co cKopoc-
Thi0 100 M/c. OnpeneauTs HAWMEHRBIINEE PACCTONHIE MEXAY TOMKAMU Cpefbl, hasul konebanui
KOTOPEIX TIPOTHBOIOMNOMKHEL

3. CxopocTs pacnpocTpaeHus BOTHbI B YIPYToii cpeae 15 m/c. PastnocTs das Komebanwii
JIBYX TOY€K, OTCTOSIMX ApyT oT Apyra Ha 0,1 M, pasHa /3. Onpeneants 4acToTy KosreGaHmi
MCTOYHHKA YIPYTHX BOJIH.

4. OT ABYX KOTEPEHTHBIX HCTOYHUKOB, KOIEOMOIMXCH B OIMHAKOBHIX (hazaX, B YIpyToi cpeie
PACTPOCTPAHAIOTCA KoAeOa IS co CKOPOCTHIO 200 M/c. HanmeHsmana pasHocTb X0a, pH KOTOPOi
HaboaacTCs yeuaenme Kosiebanuil, papHal,5 M. OTpeaeuTb NepHoi KOCOAHAN HCTOWHHKS BOJH,

3. JlBa KOTepeHTHBIX HCTOYHHKA K01e6m0Tea © 1eproaom 0,02 ¢. BoJHbI pactipocTpaHsS0T-
cA B ynpyroil cpefe co ckopoctsio 500 M/c. Onpenenyts, NpA KakoH HAUMEHBLIEH PA3HOCTH
%0/a IpH HHTephepeHny BOTH Oyner Habmoaatses ocsiabiaenne koaebarmit,

vo KnioueBsbie CRoBa: r1onepeyHas BonHa, npononsHas sonnda, beryias son-
Ha, MHTEPGBPeHUNA BOH, ANMPAKLMS BOJIH, 3BYKOBAsS BOAHA, Y/TbTPA3BYK.
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frhasea 16
SANEKTPOMAIHUTHLIE KOJIEBAHUA

16.1. CBo6oaHble 3neKTpOMarHHTHbie KoneGaHun

KounedaTensHblii KOHTYp. IexmpomazHumnoimMu xorebanusmu Hasbpa-
10T HepHOANYECKHEe B3AHMOCBI3aHIIbe H3MEHEHHH 3aPAIOB, TOKOB, HATIPAXKEHHOCTH
IEKTPHUCCKOTO TIOS M MHHAYKLUHN MATHHUTHOTO TIOJIA,

[Ipocreiimeil uaeann3upoBaHHOR K0J1e0ATCABHOH CHCTCMOI B MEXaHVKE ABJIAIOT-
csl, HAIIPUMEp, MATEMATHYECKAN WM NPYKMHHBN MaaTHHK. Kak ObLT0 MoKa3aHo, B
3THX CHCTEMaX ROSHMKAIOT ¢BoOOAHBIE TapMOHHYeCKne Konebauus, TIpu mexaHnve-
CKHX KOJAeOaHHAX MPOUCXOUT ITEePHOJHYCCKOe npeBpamCHHe SHEPTHH CHCTEMDI U3
KUHETUYECKOH B IOTEHTHANLHYIO.

AHAJTOTMYHBIE TPOLECCHI IPOTEKAIOT TIPH BO3HUKHOBEHUM 2JI€KTPOMATHUTHBIX
xonebanuil B CHCTEME, HasbIBaeMoii KonebatenbHbIM KoHTYpoM. Korebamenvrniil
KOHMyp npeicrasisiet coboi 2IeKTPHYECKYK Lerb, COCTOAINYIO 3 Konaencatopa C
HWHAYKTHBHOCTH L, coeuuennbix Mex1y coboil, Ecin conporusiienne konrypaR = (),
TO TaKOil KonmeDaTe EHBIH KOHTYD Ha3bIBaloOT udeanbrbinm (puc. 16.1),

CB00o/HBIE 2IEKTPOMATHATHLIE KoJieGanusn. PaccMOTPUM BOZHHKHOBEHHE CBO-
BOMHBIX 37eKTPOMATHUTHBIX KoaeOaHui B HaeaabHOM KoaebaTeILHOM KOHTYpE,
110JIb3YACH AHATOTHEH MEX/TY MeXaHHIeCKHMH H 3JIEKTPOMATHUTHBIMH ABJICHUSIMH
(cM. moapasa, 14.6). Ytobwr BosbynuTe Konebanua B KOHTYpe, Heabxoaumo: 1) ubo
co0bIHTh KoHAeHCaTOpy C HEKOTOPBEN 3apsii, B PesyIbTaTe Yero o OyaeT obiajiarh

. cu?
sHeprieit W = ——; 2) 6o B030YAMTH B KATYIIKE MHAYKTHBHOCTH L TOK, B PE3yJib-
2
TaTe 4ero oHa Oyixer obianath sHeprueid W, = -5

KoneGanns nanpskennst M Toka. [lpeanonosxkum, 4to ot ucTounuka G'B KoHjleH-
caropy C coobuen 3apan (, (puc. 16.1, kmod B nosoxenuu 7). B HawaibHONH MOMCHT
BpemenH (t = 0) 3apsi/ Ha 0OKIAAKAX KOHJIEHCATOpA paBeH () = (Jy M TOK B LENH OT-
cyrersyeT (1= 0). Mexay ofxiaikaMi KOH/IEHCATOPA TIOSBUIOCH 3JIEKTPHYECKOE TTOIE,
3HEPrHsi KOTOPOIO

_cug
2 )

rae C — aJlekTpOeMKOCTb KOHleHcaTopa; Uy — MaKCMMAIBHOE HAMPSKEHHE MEKIY
00KIAIKaMH KOHJIEHCATOPA,

(16.1)

Takoe cocTosHUE KONeHaTeTbHOTO KOHTYRa
AaHaJIOTHYHO COCTOAHHIO MATEMATHYMCCKOrO MasiT-

1 2 HHKA, OTKJOHEHHOT0 OT 110/1I03K€HHs PaBHORECHS

J- K Ha Maaelif yron « (puc. 16.2, a).
3&MKHCM KOHACHCATOD C Ha UHAYKTHBHOCTD
GB % C L §| L, xmou B nonoxenud 2 (cm. puc. 16.1). Konaen-
CATOP HAYHET PA3P:KAThCA, TTPH 3TOM B KOHTYpE
-|- BO3SHHUKAET BﬂCKTpH‘IECKHﬁ TOK, BCACACTBUE YETO

B KaTYUlKe HHI[yKTPIBHOCTH NOABJIAECTCA MAIHHUT-
Puc. 16.1 noe none B, B niaeancHOM KOHTYpE yepes 4eT-
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+

ETETRTE

Puc. 16.2

o —

BE€PTH MEPHOAR IHEPIHA INCKTPHYCCKOTO TIOJIA MEPEXOANUT B SJHEPTHIO MATHUTHOTO
MOJIA:

Wy =W, =22, (16.2)

rae L — MHAYKTHBHOCTD, ) — MaKCHMANBLHLIH TOK, TPOTEKAIONIUI Yepe3 KaTyIIKY.

Hanpsixerne Mexny 00KJIaIKaMy KOHAEHCATOPA [IPH 9TOM paBHO Hy10: U = 0,
t = 1/, T. Takoe cocTosHHe KOMEGATENBHOTO KOHTYPa AHAJIOTUHYHO COCTOSTHUIO MaTe-
MATHYECKOTO MASITHHKA TTPH TTPOXOKICHHH MOJOXKEHUS PABHOBECHS, T. €. KOTAA 10-
TEHUMAIbHAA DHEPIHS CUCTEMEBL NOAHOCTEIO TIPEBPAIAeTCA B KHHETUYECKYIO 3Hep-
raio (puc. 16.2, §).

[Moce aTOrO MarHuTHOE TIONTE IOKHO OBICTPO YMEHBINATHCA 10 HYS, TAK KaK HET
TOKOB, erc nojepxusacnmx. MaMendionieecss MArHATHOE TIOJIE BBI3BIBAET TOK CAMO-
HHAYKIUH B KATYIUKE WHAYKTMBHOCTH, KOTOPBIH, COTIACHO 3akoHy JleHlla, moaiep-
JKUBaeT YOBIBAIOIME TOK PA3PAAKH KOHeHCaTopa. TakiuM 06pasoM, TOK, TTIPOIOIKAsT
Te4b B TOM e HATIPaBAeHHH, Tepe3apsikaer Konaercarop. Korna sakoHunTtes nepesa-
PAAKA KOHJEHCATOPA, TOK B KOHTYpe OyaeT paBeH Hyno. Clea0BaTeNbHO, Yepes Bpe-
Msl, paBHOE MOJI0BHHE [1epuoja ( ¢ = 1/9T), MAPHUTHOE [OJIE HCYE3HET, T. €, SHEPTHUS
MArHUTHOTO HOJIS TIOJHOCTLIO MPEBPATHTCA B DHEPTHIO 3EKTPHYECKOTO TTOTA
(puc. 16.2, 8). 310 cocTosinme KOaeOATENbHOIO KOHTYPa aHAJIOTMYHO COCTOSHHIO Ma-
TeMaTHYECKOTO MasiTHHKA, OTKJIOHEHHOTO 0T NOJIOKEHH . PABHOBECHS Ha YTOT  (, HO
Ve B CTODPOHY, MPOTHBOTIONOXKHYIO COCTOSHUIO, TIOKa3aHHOMY Ha pHc. 16.2, a.

[ocae aToro KoHIEHCATOP CHOBA HAYMHAET PA3PSKATECH, B KOHTYPe BO3HUKAeT
TOK, HO Y3K€ LPOTHBOIOI0KHOTO Hallpasaenust. Yepes spems ¢t = 3/4 T konuencarop
PaspAIUTCS NOTHOCTBIO, IHEPTHS AMCKTPHYECKOTQ NONST BHOBB NIPEBPATHTCS B 9HEPTHIO
MarsuTHOTO noas {puc. 16.2, 2). Yepe3 Bpems ¢ = T coCTOsAHKE KOHTYDA CTAHET Ta-
KHM Xe, KaK i B Ha4aJIbHbII MOMeHT BpeMenn (oM. puc. 16.2, a). 3arem Bech IPOLECT
[OBTOPSETCS,

B koHTYpe BO3HHKAIOT KoseGaHus, TPU KOTOPBIX HAMEHSIOTCS HANIPSKEHNEe MeX-
ay 00KAaAKaMK KOHACHCATOPA M CHJla TOKA. [IpK 3TOM IIPOMCXO/IUT MPEBPAILEHHE SHEP-
THH 2MEKTPUYECKOTO NOJSA B SHEPIHI0 MATHATHOTO TOJSL i Ha00OPOT, T, €. BO3HHKAIT
3IeKTPOMarHUTHEIE Kostebauus. Ecau compoTHBIeHHe KOHTYPA PaBHO HYJT, TO MPO-
LeCC IIPEBPANIEHHS IHEPIMH WEKTPHIECKOTO IO B SHEPIHI0 MATHUTHOTO HOMS A07-
HKeH TIPOIO/IKATECS OeCKOHEUHO, BOSHUKAIOT HE3aTYXAK0UIME JJIEKTPOMaTHUTHbIE KO-
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naebaHust. 3TH KoJMeGaHUs Ha3bIBAIOT COOCMEeHHbIMI, IR c60600HbIMY, TAK KK OHH
IIPOUCXOAAT 6e3 BO3/EHCTBYS BHELIHEN BhIHYKAAIONIEH CHIIbI.

{opmyaa Tomcona. TIpoBoast aHATOrMIO MEXIY MEXaHHYECKMMHU ¥ 3JIEKTPOMAr-
HUTHBIMH KOJIeOaHUAMH, MOXKHO OTPeAeJHTh Nepuos cobeTeeHHBIX Koaebanuii. Tle-
pHOA KoseGaHUI TPYKHHHOTO MAasATHHKA 3aBHCHT OT MAcChl IPY3a H KECTKOCTH NPy-
xuHBI [cM. (14.22)]. B konebaresHOM KOHTYDE POJIb MACCH UIPaeT HHAYKTHBHOCTEL,
a POJIb XKeCcTKOCTH — BeanduHa, obparthas emxoct:  1/C. Takum ob6pasom, nepros
He3aTyXalollnX COOCTBEHHBIX K0JeOaHn , BO3HHKAIOIIKX B KONe0aTeIbHOM KOHTYpE,
onpefensercs no gopmyie

T =2nJLC. (16.3)

Qopmyay (16.3) nassisaor gpropmyaoii Tomcona.
[ukiM4ecKast, UIH KpyroBas, 4acToTa cobCTBEHHBIX 3IEKTPOMATHHTHBIX KoeOaHuit

2w 1
S —_— 16.4
“=7~7c (164
B uneansHoM Kose6aTeIEHOM KOHTYPE KosleGaHus 3apaa POMCXOAAT [0 3aKOHY
Q = Qsin (Wt + o), (16.5)

rie (J; — MaKCHMaTBHBIH 3apaAj Ha 00KIAJIKax KOHIEHCATOPA; Wy — HMKIHYECKAst, HiH
KPYTOBas, HacTOTa cOGCTBEHHBIX KOTeHaH; ¢, — HayaIbHas (asa.

IMepuoanueckoe H3MeHeHue 3apAAa Ha 0OKIaAKaX KOHIEHCATOPA BEI3bIBAET Mepe-
MEHHYIO Pa3sHGCTE MOTEHIIHAJIOB — TEPeMEHHOe HaNpsA:KeHHe [/ U mepeMeHH bl 3/1eK-
TPUUECKHH TOK [

U= = Dogintaat + ) = Uy sinfeat + ), (16.6)
o)

tae U, 0= E — aMILTUTYAa HallpAXKCHUA.

YVuurhiBas, YTo 3MeKTPUYECKUI TOK XapaKTepU3yeT CKOPOCTh H3MEHEHH 3apsfa
Ha 00KTAIKaX KOHASHCATOPA, MOXKHO 3aITHCATD [AHATOTHYHO ypaBHeHu o (16.6)]

I= % = Quuigcos (Wt + @) = ycos{wet + @), (16.7)
rae I = @y — AMILTHTYAA TOKA.

TakumM 06pa3oM, Mo TApMOHHYECKOMY 3aKOHY H3MEHACTCA He TOAbKO 3apsai Ha 06-
KJAJKaxX KOHIEHCATOPA, HO M HANPSDKEHHE U CHJIA TOKA B KOHTYDE, T. €. BOHHKAIOT
¢BOOOIHBIE ANMEKTPOMArHUTHBIE KOJIeOAHHS.

W3 sripaxkennii (16.5) - (16.7) BriTeKaeT, 4TO

B xone6aums sapsaza (HanpsKeHHs) M TOKA B KOHTYpe CABUAYTHI o ¢ase Ha /2,
CaienoparensHo (cM. puc. 16.2),

TOK AOCTHIaeT MAKCHMALHOTO SHAYEHHS B T€ MOMEHTHI BpEeMeHH, KOrja 3a-
paz (Hanps:KeHHe) Ha 0OKJIAZKAX KOHIEHCATOPA paBeH HY/IO, H HA060pOT.
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16.2. NpeBpaljeHne 3Hepruv B KonebGaTeNnbHOM KOHTYpe

[Ipu 3apsiake KOHAEHCATOPA MEXAY €TO OOKIAAKAMH TIOSBIACTCS HAeKTpUYe-
C«Uz Q2
CKOe [0Jie, SHeprus kotoporo W,, = - wm W,, = 20 IIpn paspsaaxe xonaen-
€aToOPA Ha KaTYIIKY WHAYKTHBHOCTH B Hell BOSHHKAET MATHUTHOE MOJIe, SHEPIHSA KO-
2
Toporo W, = - B uaeanbHOM KOHTYpPe MAKCUMA/IbHAA JHEPTHS 3IeKTPHYECKOT0

oJid paBHa MaKCHMAaTbHO SHEPIrHHA MAarHHTHOTO IIOJIA:

CUs = Ll (16.8)
2 2 ’

IHePrus 3apsTKEHHOTO KOHAECHCATOPA MEPHOAWICCKH U3MEHACTCA CO BPEMEHEM M0
3AKOHY ‘

us . .
HIH

Q‘Z
Wa.'] - ‘26.‘31[12 (wﬁt + P )

YuurhiBas, uto w® = 1/(LC), nosydaeMm

2 2
W, = ‘*’Ug—%sin?(wot +4g0). (16.9)

JHeprusi MArHUTHOTO [0JA COAeHOM/1a H3MEHAETCA CO BPEMEHEM 110 33AKOHY
LI}
Wan = 700082(%15 + o) (16.10)
YuursiBas, 910 [y = (ywy, MOAYYAEM
wo Qo 2
WM ——CO0S (Lﬂﬂt"‘lpg) (1611)

IlonHas sHEPrUs 3AeKTPOMarHHTHOTO TIOJIs KOJieHaTeMbHOTO KOHTYpa paBHa
W= W,+ W, = 1/210(‘)!1—/@{{ (16.12)

Taxum oOpasom,
l B H/IEAJHOM KOHTYpe CYMMapHasi JHEPIHsi COXPAHAETCS, INeKTPOMATHHTHDIE
KOJIe0aHUS HezaTyXalolue.

16.3.* 3atyxalouiue 3NeKTPOMarHHTHoie KoneGaHus

Peambuniii konebatenpHutit koutyp (puc. 16.3) obnamaer OMHIECKMM COMPOTHB-
JeHHeM R, MOSTOMY SHEPTHs, BHaYaje 3aMaceHHasA B KOHTYDE, HEIPEPLIBHO PacxonLy-
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R eTCs Ha BblResleHue TelloThl. BeeacTBue atoro

K-( aMIUIATY/a KoAeDaHuil TIOCTEIIeHHO YMeHbIIAeT-
-l— C
.16.3

€51 ¥ KOJIeOaHHsl B KOHTYPE 3aTyXAt0T,
L TIpoBoLA aFAIOTHIO MEXKIY 3ATYXAOIUMY Me-
XaHHYECKAMH U 3JIeKTPOMArHUTHBIMY KOJIeOaHH-
SIMH, CHUTaeM, UTo R urpaet poas koadpduuneH-
Ta CONPOTHB/IEHHs 7. Toraa ypaBHeHHE 3aTyXal0-

GB

{HHE

Puc X SMEKTPOMArHUTHBIX KOnebaHuil HMeeT BU
Q = Qe sin (Wit + ), (16.13)
e koathdunmenT saTtyxaHua
R
b=—, 16.14
Y (16.14)

a 9acToTa

/ 1 R
w= wg—ﬁzz E“ZE—Z (1615)

AMILTHTYa 3aTyXaloIHX KoneGaHnit yMEHBIIACTCA ¢ TEUCHMEM BpeMeHH N0
IKCMOHEHIHAILHOMY 3aKOHY:

Q= Qe™™, (16.16)

rae @, — aMIUIHTYAa KoJeGaHuil B MOMEHT BpeMeHH ¢; (J, — HadaIbHAd aMILIHTY/a
KomefaHui B MOMEHT BpeMeHu £ = (.,

3apucumocTh (16.13) nokaszana Ha puc. 16.4 cIoUTHON MMHMCH, a 3aBHCHMOCTD
(16.16) -- wWTpUXOBOIA.

Nz (16.13) caeayer, uTo KosreHaHis BOSMOKHBI JIHIIb J0 TEX 0P, N0Ka w — A€H-
CTBUTENbHAS BCAHYMHA, T. €. D < wy.

[lpn Meaentiom 3aryxaiun KoxeHaHUit MOKHO MOMb30BATHCSA MOHATHAMHE, KOTO-
phle BBeZeHs! A HedaTyxaownx koseQammit. [lepuoa saTyxanomux konebaHui or-
peaensiercs o gopmyie [cum. (14.35)]

y L (16.17)

| 32’

Jwi =8

Q, TZe wy; — COOCTBEHHAs YacTOTa CBOOOIHEIX Hesa-
N TYXAIOIINX KOJe0aHuii.

~ CparHuBas dopmynsl (16.3) 1 (16.17), Buanm,
RN YTO IEPUOA 3ATYXANMX Koaebanuii GoMblie, yeM

7 - CBODOMHBIX HE3aTYXAIOU[HX,
o T~ CKopocTh 3aTyXaHnA Koe0aHHi B KOHTYDe,
N/t KaKH AJIs Cyyast MEXaHHYeCKUX Konebanui, xa-

- PaKTepH3YeTCs JIorapupMIIECKUM eKPEMEHTOM
- 3aTyxaHus ©:

-
-
o
o’
-~
-
e
-

p o—tn-Y —s7, (16.18)
S t+T
- Qu o
e Q1 @, — aMILTHTYABI KoNebaHui B MOMeH-
Puc. 164 Thl BpeMeHu tu £+ 7.
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ITpoMekyTOK BPEMEHH, B TEYEHHE KOTOPOTO AMIUTHTY/A 3aTYXA0IMX KoJleOaHmii
YMEHBINAECTCS B € Pa3, HA3bIBAETCSA @PeMeHeM PENAaKcauuu.
1 2L

16.19
TR (16.19)

16.4. [eHepaTop He3aTyxaOWKUX KonebGaHHui

HamoMmuuM, 4To aBTOKOIe6aTeNbHAS CUCTEMA COCTOUT U3 CIeIYIONIAX OCHOBHBIX
yacTeil: KolebaTeNbHOM CHCTEMBI; MCTOMHHMKA SHEPIHM, 33 CUET KOTOPOro IIOIIOMNHS -
eTCsl HePrusi B KostedarenbHOH CHCTEME; KJIallaHa — YCTPOHCTBA, PeryAHPYIOIHero
MOCTYILICHHA SHEPTHU B KONeBaTeBHYI0 CHCTEMY OTPeIeIeHHEIMH MOPIHAMHE; 00-
PaTHOH CBS3H, ¢ TOMOII{BIO KOTOPO# KosebaTe bHas CHCTEMa YHPABIIsieT KAalaHOM.

B reneparope (puc. 16.5) kosebaTenbholi cucremoii cnyxut xormyp (Lu C), obna-
NAOIA N MAJIBIM COTPOTUBIEHHEM; UCTOUHUKOM FHepzuy — HaTapest (BbITPSIMHTEID),
MUTAIONIAS HAMPSDKEHUEM TPAH3UCTOP; PO KAANAHA BbINOIHACT MPAHIUCTIOP,
KOTOPBIH PEryINPYeT HOCTYIUIEHHS JHEPTH IOPIUSME OT HCTOYHHKA B KOJIe0aTeIbHBIH
KOHTYD. 7151 caMOBO30y K 1eH st KOeDAHMiH CTyKuT Karyiuka obpaTHoit cesian L, HH-
XYKTHRHO CBA3aHHASA C KATYUIKOH KonebareapHoro kKoHTypa L. B reHeparope posb Kia-
MAHA BHIOJIHSAET TPAHZHCTOP THIA p—n—p. TPAHSHCTOP UMEET TPH AIEKTPOIA: SMUTTED
3, kosuextop K, 6azy B. IMUTTEDHBIN MEPEX0 OTKPHIT, ECIIH TOIOAKNTETBHBI MTOJIOC
HCTOUHHKA COS/THHEH ¢ AMUTTEPOM, 8 OTPHITATENRHBIH — ¢ 6az0il. TpaH3HCTOP He TpoITyC-
KaeT TOK, eCJIH MOTEHIMAN Ha35I TIOJI0KITEEH [I0 OTHOIIEHMIO K sMuTTepy. B 3asrcimMocTu
OT MOTEHLMATA 62351 10 OTHOIIEHHIO K SMUTTEDY TPAHSHCTOP OyET «3aKPBIT» WIH <«OTKDIF».

EcotH K104 3aMKHYTB, TO B II€TTH TPAH3UCTOPA BO3HUKAET TOK, KOTOPBIH 3apsiKaeT
KoHzeHcaTop C X01e6aTeIbHOT0 KOHTYPa. B KOHTYPe BOSHHKAIOT C80600HbLe KOAe-
barus. TOK, NPOXOAAWIHIA Yepes KATYUIKY I KOHTYpa, HHAYUUPYET IIEPEMEHHOe Ha-
IpsKeHHe B Karyiike oOpaTHol cBa3n L, KoTopoe
HO/aeTcs Ha SMUTTEPHBIH Tlepexof TpaHaucTopa. B nep-
BBHIH 1T0/TyTIepHOA KoaeOaHuil TpausucTop Ovier <ot~ K|B

KpBIT», T.€. B KOJUIEKTOPHOM Llenu TpaH3ucTopa Oyier (E
L. g L

Tedh TOK. JTOT TOK CORMABAET TG HANPARIEHHO € To- I
KOM B KaTyIIKe KOHTYpa. Bo BTOpOit IOIyIepruos ToK B

g

KOHTYpPE U3MeHSIeT HallpaBJjieHHe, TPAH3HCTOP Oyaer .
«3aKPHIT», KOle0ATeIbHBIN KOHTY]D B TeUeHHe MOy TIe- HH—
PHO/Ia OTKJIONEH OT MCTOUHUKA SHeprHH. B nocnenyio- Puc. 16.5

il nepuox npouece mosropaercs. Takum obpasom,
TPAH3HCTOP BKJIIOYAET U OTK/IOYACT HCTOUHUK MOCTOSIHHOTO TOKA, 33 CYET IHePrHy KO-
TOPOTO B KOHTYPE MOIEPKUBAI0TCA HE3aTYXAIONUE KONeOaHHS.

l AMILIMTY 2 M nepuoa KoaeGanuii onpeaeasioTcs cBoiicrBaMu KoaebaTenpHoH
CHMCTEMBI.

16.5. BuiHyleHHble 31eKTPOMAarHuTHbie KoneGaHus

BHHY)ICI[EHHHE MICKTPOMArHATHLIC KoJeHaHus. PaCCMOTDEHHT)Ie philTe konebHa-
HHA IIPOMCXOAWIN € YaCTOTAMH, ONPEACAACMBIMHA ITdpaMETPAMHK camMo# xosefare/n-
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HO# cuctemsl. HTo0Gb! B peanbHOl KonebaTenbHol cucTeMe HOMYYHTb HE3ATYXAIOUIHE
KoaeGaHus, HaT0 KOMITCHCUPOBATh [I0TepH sHeprin., KonefaHuA, BO3HUKAIOIIHE 10/
AeHcTBYEM BHeINIHel neproanyecku uaMensonieics I C, Ha3HBAOT SbIHYHCOCH -
HbIMU SACKMPOMAZHUMHBIMU KOTebanuamu.

Jing toro yTobsl B KoIeHATCABHOM KOHTYPE BO3HHKIH BBIHY:KAEHHbIE KojeHaHys,
HeoOXOMHMO TOABECTH K KOHTYDY BHELIHIOK NEPHOTHYECKHA U3MEHSIOIIYIOCS 110 Tap-
MoHMYeckoMy 3akoHy 3/]C niu nepeMeHHOE HAIIPSKEHHE

/= Usinwt, (16.20)

rie U — MaKCHMAalpHOE 3HAYCHUE HANPSIKEHNHS; w — UUKIHYecKas (Kpyrosas)
YacToTA.

Toraa aHAT0UHYHO BBIHYK/AEHHEIM MEXZHMYECKHM KOTeOaAHUAM YpaBHEHHE BAHY -
AEHHBIX AEKTPOMArHUTHEIX KOJeOaHuil HMeeT BUA

Q = Qysin(wt + ). (16.21)

B ycranoBuMBIleMcS peXHMe BBIHYKACHHbIE KOJeGaHHA NPOHUCXOAAT C Yac-
TOTOM W H ABASIOTCA FApMOHHYECKHMH,

Amniutyna 1 dasa komeOaHUH 3aBUCAT OT W U ONMPeIC/ATCS CACAYIOIUMH Bbl-
PAKCHUSIMH:

Q= Yo — (16.22)
R2+[ L——]
\] wr-L
tgp= . (16.23)
—wl
w(

Cu1a TOKa B KOHTYpE IIPH YCTaHOBHBILIHUXCS KOJIEGAHMSIX — 3TO CKOPOCTh H3MEHe-
HUS 3apsga, olipefensgercs 1o popmye, aHaToruaHon (16.7):

I= AQ _ W@ cos{wt — ). (16.24)
At
W3 cpasuenns dopmyn (16.21), (16.24) caenyer, uto

B konebanus sapana (HANpAKEHHs) M TOKA CIBHHYTHI Ha /2.

16.6. NepemeHHbiH TOK. leHepaTop nepeMeHHOro ToxKa

IaexmpuneckKuti mox, U3MEHAIOUMICSA CO BpEMEHEM, Ha3blBalOT nepeMeH -
notm. [lepeMenHblil 9/IeKTPHYECKHH TOK, U3MEHAIOIUNCS CO BPEMEHEM 110 TapMo-
HHYECKOMY 3aKOHY, npeiacrasageT coO0H BRIHYXACHHbIE KoMebaHNA daeKTpUyec-
KOit Leru, IPOUCXOASILINE C YACTOTO! w, COBMA/IAKLIENH ¢ YaCTOTON BHHYXAA0IeH
3]C.
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PaccMoTpuM 3aMKHYTHIE ROHTYD ILTOMAALKY S,
HOMEIEHHbIA B 0JHOPOAHOE MATHUTHOE TI0JIE, HH-
Ayknua Kotoporo pasia B. Kouryp papHOMepHO
BpamaeTest BOKpPYr och 00’ ¢ YIAOBO# CKOPOCTBIO
w {puc. 16.6).

MarHuTHBIA NOTOK, TIPOHU3BIBALIMA KOHTYP,
otpeaessierca Gopmyiaoid ¢ = BScoso, TAE o0 —
YroJa MeXTy BEKTODOM HOPMAJM N K ILIOCKOCTH
KOHTYpa ¥ BektopoM B. I1pu papHoMepHOM Bpalne-
HUHM KOHTYPa YIoJl I0BOPOTA (0 M3MeHAeTCH co Be-
MEHEM M0 3aKOHY & = Wi, 3 MATHUTHLII OTOK, IIPOHH3BIBAIOLIKHA KOHTYD, — 1O 3aKOHY

® = BScoswt. (16.25)

B samknyTOM Koutype pozuukaerT D4 C wHayknuu (cm. 13.1)

Puc, 16.6

&= 22
At

Onpenenum usMeHeHMe ToToKa A$ 3a Majbli IPOMEXyYTOK Bpemend At. B mpo-
H3BOJIbHO BHIOpAHHBIM MOMEHT BDEMEHH t MArHUTHbLA 110T0K ®; = BScoswt. B mo-
MeHT Bpemenu ¢ + Af marnurustid notok ®, = BScosw(t + At). Caexopatebiio,
A® =&, — P, = BS[cosw(t + At) — coswt]. Mcmons3oBas popmyiy cosw(t + At) =
= coswtcoswAt — sinwisinwA{ H YIUTEBas, 9TO NOCKOIBKY At odeHDb Majo, TO
coswAt ~ 1, asin wAf ~ wAt, nmeeM

(16.26)

AP = —~wBSAtsinwt. (16.27)
IMoactasus (16.27) B (16.26), moayuum MraoseHHoe 3Havenne 3/[C
& = wBSsinwt. (16.28)

Kak caenyer u3 (16.28), AC nAanyKOrH, BO3HUKAIONAA B 3aMKHYTOM KOHTYPE,
TIPH €70 PABHOMEDHOM BpAllleHHH B 0/ITHOPOAHOM MAarHWTHOM TIOJIE MEHSIETCA CO Bpe-
MeHeM TI0 3aKoHy cuHyca (puc. 16.7). 91C unayknuyn MakcuMaiibia IpH sinwt = 1,
T.e. o = wit = w/2. Bemumiia &, = wBS HABBIBAECTCH AMNAUMYOHBIM IHAEHUEM
IAC unoyrxuuu.

Ecan Takoil KOHTYp 3aMKHYTh HA BHEITHIOK TIEMh, TO 110 HEMH IOHAET TOK, CHJIa 1
HalpaBIeHHE KOTOPOTO U3MEHAIOTCS.

MrroBeHHoe 3HaYEHHE [TePEMEHHOTO TOKA, TEKYILEro 110 aKTHBHOMY COTIPOTHBIIE-
HUIO R, onpeaenutes 1o 3akony OMa:

L&
=2 B et = Isinwt,  (16.29)  Fof— &
R R I,

re [, = &,/R — aMIIMTY AHOE 3HAYCHHE CHIIBI TOKA.
Tox mo dase conaaaer ¢ 3/1C (cm. puc. 16.7). 0 r
IIpoMexyTok Bpemenu 7, B TE4EHIE KOTOPOTO \ 7
nepemernas I/C cosepiaeT oHO MOJHOE KoJe- NG
faHle, HAIBIBAETCA HEPUOCOM NEPEMEHHOZO
moxa. Uucno noanbix KonedaHui, COBEPIIAEMBIX Puc. 16.7
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3a 1 ¢, HA3BIRAOT HACMOMOU nepemernozo moxka v. Hanpumep, yactora nepe-
MeHHOT0 ToKa 50 11, T.e. 50 xonebanuii B cexyHay, o3HayaeT, Y10 I/AC 1 TOK MEHAIOT
CBOe HampaBJleHue 100 pa3 B cekyny Mexmy KpyroBoil 4acTOTOH epeMeHHOTO TOKauw,
YacTOTOH V M NepUOAOM CYLIeCTBYeT CIIeAYIOIAs CBSI3b!

16.7. EMKOCTHOE W MHAYKTHBHOE CONpPOTUBAGHUA
nepeMeHHoro Toxka

EmkocTb B sienn nepemeHsoro Toxka. Jlycrs B Lelb NEpeMEHHOr0 TOKA BKIOYeH
KOHZIEHCATOD eMKocThio C. Hanps:kenne ¥ 3apsaa Ha 0OK/IaKaX KOHIEHCATOPa H3Me-
HAIOTCA 110 3aKOHY

U= Uysinwt, Q= CU= CU,sinwt. (16.30)

Cuia toka B uenn [ = AQ/At Vcnons3ys cooTHOMIEHHE 7151 CKOPOCTH KoAeOmio-
WIEHCs TOUKY, MOXKHO YTREDKJAT, YTO TOK — CKOPOCThL UBMEHEHHS 3apsajia — Olepe-
skaeT KonebaHus 3apsina no Qase Ha 7/ 2;

I= Cwlysin(wt + n/2) = Lsin(wt + =/2). (16.31)

3necs rBeIeHO oOo3nayeHue fy = Cw U, M3 cpaBHenus poipakenuii (16.30) u (16.31)
Clefyer:

HepeMeHHbI TOK B HEHH ¢ eMKOCTBIO OliepekaeT HanpsuKeHue no ¢pase ua /2
(puc. 16.8).

3TO NPOHCXOAUT AOTOMY, UTO IPH NEPHOAHYECKOH 3apsTAKe KOHACHCATOPA B LIETTH
TeYeT HCPEMEHHBIﬁ TOK, I[OCTPII'aIOHH/Iﬁ MaKCHMAaJIbHOrO 3HAY€HKWA B Te MOMEITDHI Bpe-

MCHH, KOI'7Ia HAIIPSKeHHe PaBHO Hy 1o, [ Takoil uern BulloaHseTcs 3aKkoH OMa He
IJI1 MEHOBEHHBLX, A I AMIAUMYOHbEX SHAYCHHI, EC/M 11eTTb, B KOTODYIO BKJTIOMEH
KOHAENICAToP, 00A3aRaeT COMPOTHBICHUEM X , HA3bI-

[’ o BacMblM eEMKOCHIHBIM, TO 3AKOH Oma HMECT BH/
U
I, ==, (16.32)
XC

W3 cpaprenns dopmyn (16.31) u (16.32) cne-
t AYyeT:

7/
R4 €MKOCTHOE CONpPOTHRIEeHHEe 00paTHO NPO-
TMOPIHOHAJIBHO €MKOCTH H KPYTOROI YacTo-
% Te nmepeMecHHOre ToKa:
Uy 1
Xo=—. (16.33)
Puc. 16.8 w



HUHAYKTHBHOCTD B LellH NEPEMEHHOro Toka. I, U
IlycrTs o neny, coflepskarieil TOIbKO MHAYKTHBHOCTD U
L, TeueT nepeMeHHbIi TOK Busiaf = [ sinwf. ITOT TOK -
Bo30yx/1aet B Karyuke 3/ C caMOMHAYKITAH p /

Al
&=—L—. 16.34 ) ¢
A7 ( ) !

Ha ocrHoBanuu ananoruu Mexxay MeXaHuyecKH- e
M M 3JIEKTPOMATHUTHRIMH KOJTEGaHIAMH CKOPOCTh
H3MEHEHHA TOKA OTIpeAesercs Mo opMyJie, aHa-
JoruuHoi (14.6):

[ 1E ]

I

AT T
= = Wl si t+—].
AL w Usm[u} 9 . Puc. 169

HoacrasuM 370 Boipaxenue B {16.34), obo3uauus
Ug = LL?LIO;
. T . T
& =—wlLl sm[wt-i—;]: ~U, 51n[wt+—2—]. (16.35)

HaHpH}KEHPIe Ha HHAYKTHBHOCTH YPABHOBEHIHBAECTCA BIIC CAMOHHIOYKIHH, T . €.

U=U,sin

i
wt + ——].

2
CaenoBarenpHo,

I nepeMeHHbEH TOK B HENMH ¢ HHAYKTHBHOCTBIO OTCTAaeT 1o (pa3e OT HANPSKEHHS
Ha /2 (puc. 16.9).

ITO MPOUCXOAUT TIOTOMY, UTO TIPH YBEAHUEHWH CHIH ToKa 3/]C caMOHHAYKIIA
BbLI3bIBACT PIH,lIyKI.IHOHHbIﬁ TOK, HpeHHTCTByI(JH.II/Iﬁ YBECIHYEHHIO OCHOBHGIO TOKA,
BCJIEJICTBHE 3TOIO CHIA TOKA AOCTUIAET MAaKCHMAIGHOTO 3HAYEHUS TO3Ke, YeM Ha-

NpsDKeHYE.
JamuchkiBad 3akoH OMa A7 aMIIINTYTHBIX 3HAYeHHH B BUze
U
Lh=-L, (16.36)
T X
L

rie X; — undyxmuenoe conpomuanerue, u cpasuusas hopmyasl (16.35) u
(16.36), MOKHO c1eJaTh BBIBOX;

I HHAYKTHRHOEC COTIPOTHRIEHHE MPONOPIHOHAILHO HHAYKTHEHOCTH H KPYTOBOH
yacrore:

X, =wl. (16.37)

Huaykrusaoe X; ¥ eMKOCTHOE X ; COIPOTHBACHHA B OTAMYHE OT AKTHBHOIO CO-
NpoTHBJIEHHs R HA3BIBAIOT pPeaxmusHbiMu CONPOMUBTIEHUAMU.
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16.8. 3akoH Oma Ans 3NeKTPUYECKOH Lenu NepemMeHHoro ToKa

IlocaenoBarensHoe coequtenne R, C, L. Eciu saekrpryeckas 1enb COCTOUT H3
NOCIe0BaTeNLHO COCAMHEHHBIX AKTHBHOTO COMPOTURIeHNs R, emxoctn C U MHAYK-
THBHOCTH L, TO 110/1HOE HANIPSXKeHHE B 3TOH HellH MOXKHO OTIPENIETHTD H3 BeKTOPHOH
nuarpaymymel. CKAaIbIBAS BEKTOPH aMILIKTYA HAIPSDKEHWI, TIOAy4YaeM aMILTHTYAY pe-
3yALTHPYIONIETO KoMebaHus, PacmosioxuM och TOKOB ropuacHransno (puc. 16.10).
Tak Kak TOK U HaNpsKEHHWEe HA AKTHEHOM COMPOTHEACHUH R coBmafaroT no dasze, To
Ha muarpammMe sexktop Up (aMIyIdTy 1HOE 3HAUYeHHe HANPsDKeHUA Ha AaKTHBHOM COTIPO-
THRACHHUH) PACTIONIOKEH TOPU3OHTANEHO. Hampskenue Ha eMKOCTH OTCTAET OT CHUIbI
TOKA Ha 7 /2, no3ToMy BekTop U, NOBEPHYT OTHOCHUTENBHO TOKA Ha yroa /2 1o yaco-
BOH crpesike. Hanpspkenne na MILAYKTUBHOCTY ONIEPEXaeT TOK HAa /2, N03TOMY BeK-
Top U, MOBEPHYT OTHOCKTE/IBHO TOKA HA YTONIT /2 IPOTHB 4acoBOH cTpesku. Kak BugHO
w3 puc. 16.10, sextopsr U, u Uy HanmpagaeHs! B TPOTHROMOIOKHBIE CTOPOHEI, TIOATOMY
IPY HX CJIOKEHUH HOAYIAEM BEKTOP, MOAY/Ib KOTOPOTO paBeH | U — U| u HanpaBaen
B CTOPOHY GOARINErO BEKTOPA. BHIIOIHAST MOCAEA0BATENbHO C0KEHHE BEKTOPOB, Ha-
XO/TMM aMTUTHTY/THOE 3HAYeHe ReKTOPa, Pe3YIbTHPYIomero Hanpsukerne U, Kak su-
HO 43 Auarpammsl, BeKTop Uy CIBUHYT OTHOCUTCABHO TOKA 114 YTOT .

B 3nauvenme yraa  3aBHCHT OT cootHomenns U, u Ug.

B ciyuae Uy = Uy yron ¢ = 0. Tok # Hanpsaxende coBnaatT mo dhaze. JHadeHne
U, moxno oupenenuts no teopeMe [Iudaropa:

Uy =AU} + (U, —Uc).

AHanorHgHo onpeaeciidercd 1o41oe CornpoTHBNeHNE Z uenu HHePEMEHHOTO TOKA:

p ZJRz +{w_f,_if.
w

3axon Oma Onst amnaumyOHvix 3HaueHull Cuot moxa I u nanpsaxcenus
U, 6 tenu nepemenozo moxka UMeeT B/,

U[]

I = (16.38)

1 2
R? 4wl — —
U, \/ +[w wC']

——————————————————— U, AMILTHTY/Ia CHIIBI TIEPEMEHHOT0 TOKa MPOTNopIH-
3

: OHANbHA AMIVIHTYJC HAMPSXKCEHASA H 00paTHO
i NPOHOPUHOHAIBHA NOJHOMY CONPOTHBICHHIO
1

. Hel .

Pezonanc nanpayxenuii. Eciin vHAYKTHRHOE CONpO-

THBJIEIIHE NEITN OKA3bIBAETCH PABHBIM EMKOCTHOMY, TO

B 11enH HAGMIOAACTCA PE30OHAHC, TIPH 3TOM PEAKTABHOE

Puc, 16.10 COTIPOTHBJIEHIE LielTH papHo Hymo. [ToaHoe compoTHB-
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JIeHHe 1{eTIH DAaBHO AKTHBHOMY CONpPOTHBAeHHI. T oraa 3akoH Oma [cM. dhopMyiy
(16.38)] npumeT BUA

_U
.

HPH PE30HaHCE CUAA TOKA B LIETTH OKA3BIBACTCA HaubonpIeH 1 Mo ('1)1:13(! CoBIIagacT
C HaNIPsAKEHHEM,

B IJNEKTPOTEXHHUKE c;;yt[aﬁ pe3oHaHCa B NEOW U3 NOCIeA0BATETbHO COCAHHEHHDIX
COHpOTHBJIEHHf[, CMKOCTH H MHAYKTHBHOCTHE MNOJYVYUJ HAa3BalHC Pe30HaHCA HalIpA-
}KEHHﬁ, TAK KaK HalIpAXEHHA Ha KaTYIIKe HILAYKTHBHOCTH H KOHASHCATOPE ITpH Pe30-
HaHce MOTYT 3HAYHTEJABHO IIPEBAILTATE HATIDSKEHHUE Ha BXOJE 1TeTTH.

1y

16.9. Pa6ota 1 MOWHOCTb NEPEMEHHOTO TOKA

Padota u MOIMHOCTE MEPEMEHHOTO TOKA. Pawnee 6Gbu10 IOKa3aHo, YTO MOITTHOCTD
NOCTOAHHOI'O 3JECKTPHYECKOT( TOKA

P=IU=TI'R, (16.39)

rae U -~ HanpsKeHue MeXTy KOHMAMH VIAaCTKa Lenu; ] — ciia TOKa Ha 9TOM YUACTKE,
R — axTMBHOE CONPOTHBJICHHUE.

B cayyae mepeMeHHOro TOKa 1€10 06CTONT CAOXKHEe, TAK KaK CHJIa TTePEMEHHOTO
TOKA 3aBMCHT HE TOJNBKQ OT AKTHEHOTO COTIPOTHBIEHHNA LETH, HO U 0T HHAYKTHBHOI'U
H eMKOCTHOTO ConpoTtuBachuii [cuM. (16.38)].

Eciy B lellM HMeeTCA KOHAEHCATOP, TO UPOLECT IPOXOMKIASHHH YEPE3 HEIO TOKA
MPeACTABAACT MEOIOKPATHYIO Mepe3apsaAKy KOHACHCATOpa. B aToM crydae, ecan npe-
HeGpeyb OUeHb MATBIMH TIOTEPSAMH Ha HaTPeBaHKeE AUIEKTPHKA B KOHIEHCATOPE,
IPOXOXKIEHFe TOKA Yepe3 Hero He CBA3aHO C BELAEJeHHeM B HeM 3Hepruu. B revenue
TOH YeTBEPTH NMEepHOLa, KOraa IPOUCXOIMT 3apsIaka KOHLEHCATOPa, IHEPrHa 3anaca-
£TCS B HEM, & KOT/AA KOHAIEHCATOP Pa3psKaeTcs, OH OTAAET B IIeMb 3aMaceHHYI0 dHep-
CUIO.

AHAMOTHYHO fe/10 0OCTOMT M IIPH HAJHMYKH B LIETTH KaTyUIKH HHAYKTHBROCTH, Kor-
Ia CHJa TOKA HapacTaeT, B KATYIITKE CO3/IACTCA MATHHTHOE TIOJIE, KOTOpoe ofaanacT
3antacoM sHepruu. [Ipu yMeHbUIeHUH CUJIB TOKA MarHUTHOE TOJe HCUE3aeT U 3aIla-
CeHHad B HEM JHEDTHs BO3BpallaeTcs K MCTOYHHKY Toka, Cile1oBaTesIbHO, IIPH HAJIH-
YHH B TIETTH WHAYKTHBHOIO H €MKOCTHOTO COLIPOTHB/IEHHH HPOUCXOAMT OOMEH 3HEp-
rveii MeXIy KOHIeHCATOPOM MK KaTYHWIKOH HHAYKTHBHOCTH M MCTOUHHKOM TOKZ, B
LETH pacxoayercs MowHocTs P = UK, rae k= cos ¢ — koaghghuyuenm mougoc-
mu yenu, a p — caBAr Gaspl MeXTy CHIIOH TOKA B IENH U HAIPSIKEHNeM MEK/LY KOH-
HAMH PacCMaTPUBAEMOTO yuacTka. TaxmuM obpasom,

P=1Ucosy. (16.40)
Jdannas bopmyaa ornuyaerca ot (16.39) HanmuMeM A0MOJIHHTETEHOIO MHOXKUTE-

15 COS . Ona IMOKA3LIBALT, UTO

I BblACAACMANA B LICITH e PEMEHHOI 0 TOKE MOIIMTHOCTD 3aBHCHT HE TOJILKO OT CHJIBE
TOKa H HaIIPSXKEHHA, HO H OT CABHTA (baa MEKY HANIPAKEHHEM H citoii Toka.
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Ecim ¢ = 90°, To cosp = () ¥ MOUIHOCTD PABHA HYJTIO, KAK ObI HU OBLIM BETUKH
HAMPSDKEHHE U CIUIAa TOKa. B 9ToM ciiyuae 3Hepris, nepeiaBaeMast 3a 9eTREpTh HepHoIa
OT MCTOYHHKA B TI€Tlb, PABHA SLEPrHY, IIEPEAABAEMOI M3 HEMM B MCTOYHHK B TedeHHe
CAEAYIOUICH JeTBEPTH IEPHOKA, T. €. BCA SHEPIMA K0IeOAeTCs MeXITy HCTOYHHKOM M
LIETIBIO.

Cpeansin MOIHOCTS IEPEMEHHOTO TOKA. B TeneHHe MAOTo TIPOMEXYTKa BpeMe-
HHU NMePEMEHHBH] TOK MOXHO PACCMATPUBATH KaK LOCTOSHHLIA, TTOITOMY B T{eTH C aK-
THBHEIM COTIPOTHB/JIEHUEM MTHOBEHHAS MOITHOCTB 1IEPEMEHHOIO TOKA

p, = IU = LUsin’wt,

rae I u U — aMIUIMTyAKBIE 3HAYEHHS] CITHI TOKA H HATIPSIACCHHA,
OnpeaenuM CPeTHIOID MOTTHOCTE MEPEMENHOTO TOKA 32 BPeMsT, PABHOC TICPHOMY

-1
(t = T). HisBectHo, uT0 cpeatiee 3HaYeHHe sinwt 3a NEPUOA PABHO o7 YUHTHIBAs 310,

noay4uM GOpMYJIY IS cpeaReH MOTTHOCTH IIEPEMEHHOI0 TOKA

LU,
By = =% (16.41)
HeHcTBylowHe 3HauYeHHA CHAbl ToKa, Hanpsxenns, INC. Jeicmeyroweti
(appexmuenoii) cunoti moxa Iy, n deticmeyrowum (3ppexmusnvin) na-
npsiceruem U,y HazbiBAIOT TaKHe CHAY H HATIPAXKEHHE IOCTOAHHOTO TOKA, TTPH TIpo-
XO0XKJIEHUMH KOTOPOrO 10 TOM JKE LIENU 32 TO JKe BPeMs BLIIEISIETCA TAKOEe JKe KOJIMye-
CTBO TCIJIOTHL, UTO W TIPH JAHHOM [IEPeMEeHHOM TOKE,
I1pyu sToM MOLHOCTB

2

U
P=TI4U,=RI% = —Ek. (16.42)

CpaBHuB 3Ty QOPMYY C BBIPaXeHMAMH A7 MOLUIHOCTH [[epeMeHHOro Toka (16.41),
TOAYUHM

I U
I, ==Ly, == .
=75 Ue=7 (16.43)

AnanoruyHo, AeiicTByonee 3nadenne I3/1C nepeMeHHOTO TOKA B IIETIH MEHBITTE €70
aMIVIUTYIHOI'O 3HAYEHHS:

Z
Ep=—m.
SN

3Haa s¢rpexTHBHDIE 3HAMCHNS, MOKHO BHIYHCIHTD CPEXHION MOILIHOCTE TIepeMeH-
HOTO TOKa 0O TeM Ke (JOPMYJ1aM, YTO H MOLUTHOCTh IIOCTOSHHOrO ToKa. Bee Boas TMeT-
PHI, IPEHAZHAYEHABIE A/ IIEPEMEHHOTO TOKA, TOKA3HBalT 3¢ peKTHBHbIE SHATCHUSA
SUC u nanpsReHMs.

Koaddmument momnocrn. Ananvzupys gopmyay (16.40), MOXHO CKa3aTh, 4To
O 3TOH HOPMYIIEe MOKHO BBIYKC/IATE CPETHION WK AKTHBHYIO MOUIHOCTD LelH Tiepe-
MEHHOTO TOKa.
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0 Kooddunuesr Momsocts cos ¢ Xapakrepuayer MOTepy JHEPruy B LelH

Y, CIE€A0BATENbHO, ABIAETCA BaxkHe el XapakTCPUCTHKOH TIPH IPOeKTHPORAHUH
JIMHHI Ha TepeMeHHOM Toke. Ec/m Harpy3KH B Lel MMEIOT 00IbIIHe eMKOCTHBEE K
WHAYKTHBHEIE COMPOTHRICHNA, TO ¢ = 0 M ¢0s { MOXKeT OBITh MHOTO MEHBIHE €IHHH-
sl B aTux cayyasx ansa nepeaaun Hy KHOH MOIHHOCTH HCOOXOIWMO YBEAHYHTE CHLTY
TOKa I,j,, 4T0 HPUBOANUT K BRIAEJACHUIO B 1enn GoJIbHIOro Ko/myecTsa Teiiorsl. Ho-
3TOMY TIPHXOANTCA JUHO YBEIMYMBATE CeUEHIE TPOBOJIOB, JHOO pacnpeleNATh Ha-
IPY3KH Tak, YTOOBI cos ¢ OBLT IO BO3MOXKHOCTH HMXKe K eaunuAie. [Ipy npoexTupo-
BaHUY JIMHUN ieKTponepesay HeOOXOAUMO CTPEMHTBCS K NOBBIHEHHIO K0addu-
HHEHTa MOUTHOCTH,

16.10. leHepaTopbl TOKa

Teneparop. Ienepamopti 2/1eKTPUYECKOIO TOKA — YCTPOHCTEA, NpeHA3HAYCH-
HEIE 47151 Ppe0Gpa3oBaHisA PasIHIHBIX BHAOB SHEPTHH (MEXaHHYECKOH, XHMHYECKOH,
TEIJIOBOH, CBETOBOH H AP.) B AEKTPHYECKYIO.

PafoTa coBpeMEHHBIX TeHEPATOPORB OCHOBAHA HA SIBACHHUH IJAEKMPOMAZHUM -
1ot undyxuuu, Ha puc. 16.11, a nao6paxena 1ipocTeiitas cxema reHeparopa nepe-
MeHHOro Toka. [Ipu BparmeHnH paMKi B MATHHTHOM MOJAE B Hell BOSHUKAET IepeMeH-
Has 3/1C unayxuun. Ecnu niens 3aMKHYTh, TO B IIeNH 0TeYeT epeMeHHbi Tok. g
COC/ITHEHUA PaMKH ¢ BHELIHEH LEIRI0 CTYRAT Koibtfd, YKPEILIEHHbBIE HA OIHOH OCH C
pamMioit. C MOMONIbI0 HENOABHKHBIX CKOMB3AMNX KOHTAKTOB-IETOK KOJbIa COeAU-
HSIOTCS C BHEITHEH Henbio. 3a 0AHH 060POT PAMKH [TO/ISIPHOCTD IETOK MEHAETCS ABAK-
AbL. Jlng yBemueHys HallpsKeHus, CHHMAeMOro ¢ KJAeMM I'eHeparopa, Ha paMKy Ha-
MATHIBAIOT He OJWH, 3 MHOTO BUTKOB. BO BceX NPOMEIIIZIEHHBIX reHeparopax nepe-
MEHHOTO TOKa BUTKH, B KOTOPHIX HHAYIUPYETCA MepeMeHHbIH TOK, YCTaHABIWBAIOT
HETIOABIKHO, 3 BPAIlAeTCA MaTHHTHAA cucTeMa. HemoBHKHYI0 YacTh TeHepaTopa Ha-
3HBAIOT CMAMOPOM, A NIOABIKHYIO — POMOPOM. EcAn poTop BpalllaTh ¢ MOMO-
IIbIO BHEITHEH CHIIBY, TO BMECTE ¢ POTOPOM OY/IET BPALIATHCSA U MATHUTHOE TIOJE, CO-
31aBaeMO€e MM, TIPH 9TOM B IPOBOTHUKAX cTaTopa HHayuupyercsa 3/C.

Puc. 16.11
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U Tunnl reHepaToOpOB. JJIEKTPOreHEPATOPLI, pa-

HoTaouye ¢ TMAPOTYpOUHAMM, HASBIBAIOT 2UIPO-

zenepamopamu, a paboTaloniue ¢ TapOBBIMH TYpP-
OuHaMUu — mypbozeHepamopamii.

t B HacTosmniee BpeMA CTATOPH TEHEPATOPOB W3-

Puc. 16.12 TOTOBJSAIOT U3 TOHKHX H30JUPOBAHHKIX JUCTOR

IJIEKTPOTEXHHYECKOH CTANH, HMEDIIHX Y3KYIO

1IeTJII0 THCTEpPe3nca, HAOPpAHHBIX B TTAKeT W CKPeTVIeHHsIX Goaramu. PoTtop cobmpa-

OT M3 TOJCTHIX JIACTOB M HACAXKHMBAIOT Ha 001umit Baa ¢ TypOMHOM.

B reneparope nepeMennsoro Toka /L C ABaxas 32 0AMH 060pOT MEHSIET HAIIPaB-
aenve. /LS monydeHHs MOCTOSTHHOTO MO HAMPABJEHWIO TOKA IIPUMEHSIOT CIIEITHAN b-
HOE YCTPOHCTEO, Ha3nBaeMoe Kotaexmopom. [lpocreiimmmil KoAIeKTOp IPeACTaB-
asiet cobol 1B MBOMMPOBAHHBIX APYT OT APYTa [IOAYKO/IbLA, K KOTOPHM IPHCOEAH-
HAITCA KOHIE BUTKA (puc. 16.11, &). B Te MOMEHTEI, KOI/la TOK B BUTKE MEHAeT
HAIPABJIEHHE, IOJYKOIbI[Aa MEHAIOT meTKH. Bo BHelHe# e mpoTeKaeT TOK OAHO-
ro Harpasnenus. Ha puc. 16.12 11okasaso, Kak U3MeHAETCS HalpsKeHHe, CHUMae-
MO€ C 3TOT0 KOJLTCKTopa. Takol reHepaTop AaeT MyAbCHPYIOMMI TOK; eT0 Hallpas-
JleHye MOCTOAHIIO, 110 CHJIA HaMeHAeTCs. Eciu BMecTo 0IHOTO BUTKA OTHOBPEMEHHO
BPAaTh DOIBIIOE YHC/I0 BUTKOB, TO MOYKHO [IOJIyYHTh TOK, HEH3IMEHHBIH HE TOIbKO
MO HANpaBIeHHIo, HO ¥ 110 3Ha4eHKNI0. KOomiekTop 110500HOr0 THIIA COCTABAEH U3
GOJBINOTO KONMUYECTRa H30THPOBAHHBIX APYT OT APYTa fIACTHH.

16.11. TpaHcdopMaTopbl

Tpauccdopmarop. Tparchopmamop npenctasaser coboH BLINOIHEHHBIH H3
MSATKOTO (eppOMETHETHKA CEPAETHHK 3aMKHYTOH JOPMEL, Ha KOTOPOM HaXOAATCS
ABe 0OMOTKM: IepBHYHAA 1 BropuyHasi (Ha puc. 16.13, a o6MOTKH HMEIOT pasiuy-
HOE YHCJI0 BUTKOB). KoHIb! nepBr4HOH 06MOTKH, HA3HBAEMBIE GX000M TPAHC(HOP-
MaTopa, NOIKIIOYAIOTCA K CCTH MHTAIOLIETO MePpeMeHHOTO ToKa. KOHITB BTOPUYHOTH
0OMOTKH, HA3BIBAEMBIE €bLX000M TPAHCHOPMATOPA, NOAKIINYAIOTCS K HoTpebuTe-
mo. Ha puc. 16.13, 6 nano ycnosnoe 0603HaueHHe TPaHCGHOPMATOPOB HAa PaAUOCXe-
Max.

B ocuoBe paboTs TpaHCGHOPMATODA JIEKUT SBJIEHHE IeKTPOMArHHTHON HHAYK-
uH. PaccMOTpHUM NpHHIMT AeicTBUA TpanchopMartopa. Ilyers Ha sxog rpancdop-
MaTopa NofaeTcs NcpeMeHHoe Hanpsbkente U. B cepaeunnke TpancgopMaTopa Bo3-
HUKaeT MarHUTHHIH NOTOK, KOTOPEIH IPOHH3BIBAET KaK TIEPBHYHYIO, TAK W BTOPHY-

[+) -0
c/:
U, bl XL
'l
— — 36
a 6
Puc. 16.13
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HyI0 0OMOTKH TpaHcdopMaTopa. B nepBruHOM ¥ BTOPHIHOIT 06MOTKAX COOTBETCTBEHHO
BO3HUKaAI0T J/1C caMOMHAYKITHN

AD A®
] &y =— rent)
At ¢ AL

rae Ny u N, — uncia BUTKOB [TEPBHYHON M BTOPUYHOH 0OMOTOK.
Hanpsikenus Ha BXo4e 1 BbIxoje TpaHcopMaTopa OYAYT COOTBETCTBEHHO PABHEL

& =-N,

UI = I]Rj _gl = IIRI +N1 %, (16.45)
A
U, = LR, — &, = LR, + NZA—T, (16.46)

rie R, 1 R, — COOTBETCTBEHHO COMPOTUBICHUA IEPBUYHOM M BTOPHYHOH 00MOTOK TpaHC-
dopmatopa; [ 1 I, — CHIbI TOKOB, IPOTEKAINKX 00 NEPBUYHON M BTOPHIHOM 00MOTKAM.
PaccMOTpHM cayyaif, Koraa BTOpHYHas 06MOTKA PA30OMKHYTa, T. €, [, = 0 (xoa0-
cmoii x00). Texuuyeckute TpaHCOPMATOPE KOHCTPYUPYIOTCS TAKUM 06pazoM, 4To-
OBl BRIMOAHAIOCE Yenosue IR, < &), T.e. 06MoTKH TpancdopmaTopa obsataor He-
60/IBIIMM aKTHBHBIM COTIPOTUBJECHHEM, HO GOTBINON WHAYKTHRHOCTBIO.
Pasneans nounenxo ypasHenue (16.45) Ha ypaBrenue (16.46), moayuum

.L—r]'-:&

. 16.47
AR (16.47)

Hampskenne Ha KOHIIAX NepBHYHOK 06MOTKH TpaHC(OPMATODa TaK OTHOCHTCS K
HATIPSIKEHMIO Ha KOHIIAX eT0 BTOPHYHOM 0OMOTKH, KaK YHC/I0 BUTKOB MIEPBHYHON 06-
MOTKY OTHOCHTCA K YHCJIY BUTKOB BTOPHYHON 0OMOTKH.

Koaddmmenr tpanchopmannu. Otaomenne k = N,/ N, HasplBaT K03 P -
uyuenmom mpancgopmayuu. Eciv Ha BTOPHTHOI 0OMOTKE BUTKOB GOJB-
me, TpaHchOopMaTOP HA3LIBAIOT ROsbiwmarowum (N, > N|), ecnu MmeublIe -- n0-
nHuxcarougum (N, < N)).

Ecan tpancdopMaTop HaTpyXeH, TO IAICHAEM HATIPAXKEHHS BO BTOPHYHOI 06-
MOTKe 110 cpasienuio ¢ IC uHayKumu npenedperaTs HEAL3S, TOITOMY BbIDasKeHHe
(16.46) iMeeT Bosee CTOXKHDIH XapaKTep.

Tunbi TpancpopmaTopoB. CyniecTBYIOT TakXke KOHCTPYKUMH TpaHCHOpMaTo-
POB, KOIJa 4acTh NEPBUYHON 0OMOTKH ABJIsIeTCA BTOPHYIHON WK Hao60poT (puc.
16.14). Takue TpancdopMaTOPH HAIBBAKT asmomparcopmamopamu. Ecnu
OJHH M3 KOHTAaKTOB aBTOTpaHcGOpMATOpa CAenaTh Noa-
BHKHBIM, TO MOXHO ILTaBHO MEHATE BEIXOJHOE HAMIPSIKe-
Hye, O/HH U3 TUIOB TaKuX TPaHC(HOPMATOPOB, MCIIONb-
3yeMblil TP NaBopaTOPHBIX MCCAEL0BAHUAX, HMEET Ha-
spanue JIATP. /lna nonyyennst B 1ab0paTopHBIX yCIO-
BHSX [I€PEMEHHOT0 TOKA BHICOKOTO HAIIDAXKEH#S 3a cueT U]
IHEPTHM IIOCTOSIHAOIO TOKA NPUMEHSIOT TpaHcGopMaTop
0co60it KOHCTPYKUWH, MOJYUMBIIAL HAa3BaHUe LHAY KL - U,
onnoi xamywru Pymxopgha. 31a KaTymka mo3BoJsi-
eT MONYYHTb MeXIY KOHUAMH BTOPHYHOH 0OMOTKM Ha- ¢
npsxenue okoao 10 kB. Puc. 16.14
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Bo sBpemst paboTsi TparchOpMATOPE HATPEBAKOTCS, II0ITOMY HX HEOOXOAUMO OX-
naxaaTh. Manomommabie TpancopMaTOPL OXTAKAA0T BO3IYXOM, MOIHBIE — MHHE-
PATLHBEIM TPaHCHOPMATOPHBEIM MacaoM. Jis oTol 1eau cepieuHHK ¢ oBMOTKaMHM Mo-
IPYKaloT B Maca0, a CHAPY KK KOPIIYCa JIeal0T MAC/IAIbIE DAIHATOPEI, YePe3 KOTOPEIE
NponycKaT IO XONOAHKH BO3/YX, MO0 BOAY.

MotHoCTE cOBpEMeHHEIX TpaHehopMaTopor focTuracT 1 000 MBT, Haupstxenme
moBsIMAMUX 06MoTok 750 kB. ITpu Takux napaMerpax pasMeprl CTATLHOIO ceped-
HMKa ¥ 0OMOTOK BeJMKH U TPaHChOPMATOPEI IPEACTARISIOT COG0H I'PaHAHO3HbIE CO-
OPY2KeHHS MAccoil B COTHH TOHH.

TpancgopmaTop sABsierca HanO0Iee COBPEMEHHbBIM TPeodpa3oBaTesieM SHEPTHY,
KO3(hDHIIMEHT MOTE3HOTO e CTBUS MOIIHEIX TPAaHCHOPMATOPOB A0cTUraeT 94 —99 %.

16.12.* ToKu BbICOKOK 4acTOThI

Toxn, gactora koropslx 50—10 000 11, HA3LIBAOT MOKAMY HUIKOL WACIIONIbL.
Toku, yactota koTopsrx 6oee 10 000 ', HABKIBAIOT MOKAMU BBICOKOT HACTNOMIBL.

Eciii B 01HOPOAHOM HPOBOIHUKE € HOCTOAHHBIM [ONEPETHRIM CEYeHMeM UMPETCH
MOCTOAHHBIA TOK, TO IIIIOTHOCTDL TOKA OAMHAKOBA B PA3/IMYHBIX TOUKAX Cedelins po-
BOAHWKA. Ecn mpoTekaeT nepeMeHHBIH TOK, TQ B 2TOM CAYYAE IVTOTHOCTE TOKA OKA-
3IbIBAETCH He OJMHAKOROH MO CEYEHHIO: OHA HAaHGOMBINAsT HA TOBEDXHOCTH H HANMEHD-
IIast Ha OCH [IPOBOAHMKA. Ee HepaBHOMEPIIOCTE TeM GOJblle, YeM TOJIILe NPOBOJHUK 1
ieM HOJTRINE YaCTOTA LIEPEMEIHOrD TOKA, a TIPH 04eHb OOJIhIINX YACTOTaX TOK [IPAKTH-
YECKH CYIUECTBYET TOIBKO B TOHKOM TIOBCPXHOCTHOM CJI0€. JTO SIBAEHHE IOJYIHIIO
HaspaHUE CRUH-IPPexma (OT aHII. «CKHH» — KOXa). YKazaHHOE ABAEHHE 00DBsC-
HAETCS BOZHUKHOBEHHEM BHXPEBOIC 3NEKTPUYECKOIO IOJH MIEKTPOMarduTioH 1H-
AYKIIHH.

Jli1st TAKHX TOKOB CIUTOTIHBIE TPOBOAA MOXKHO 3aMEHSTh TOHKOCTEHHBIMU TPyOKa-
MHU-BOJHOBOZAMH, KOTOPBIE HOKPBIBAIOT XOPOIIO IPOBOAAILNAM CJ0eM cepebpa, Tak
KaK WX COTIPOTUBIEHYUE MPAKTHYECKH 00YCIOBIEHO TONBKO [IOBEPXHOCTHBIM CJI0EM.
3TO HAIIO MTUPOKOE MPUMEHEHHE B PATHOTEXHUKE CBEDXBBICOKUX YaCTOT.

B nacrosmee BpeMst TOKH BBHICOKOH YacTOTBI HCIONBAYIOTCS A1 OBICTPOTO TIPO-
TPEBA H IIABJASHHA METALIOB, /I [IOBEPXHOCTHOH 3aKAIKH CTAIBHBIX U3Te/ AN, 1715
[IPOTPEBa HAIEKTPHKOB, CYIIKH JIPEBECHHBI, MUIUEBHIX MPOAYKTUB, B METHLMHE — 151
IIPOTPEBaHus TOPAsKEHHBIX OPraHoB TeJJ0BEYECKOTO TeJTa.

OcCTaHOBHMCS Ha IPHMeEPE NTOBePXHOCTHOH 3aKATKH CTATLHBIX H3Aenauid. I1pu foc-
TATOYHO BBICOKOH YaCTOTE TOKHM COCPeAOTOUHBAIOTCSH Y HOBEPXHOCTH 3aKa/THBAEMOH
JEeTAMH, 32 KOPOTKOE BPEeMs ee NPOTPeBafoT, BHYTPH JKe MeTajll He [OCTHTAET TeMIle-
patypbl 3akaiKy. [[oBepXHOCTE 1€TAIH OCIIC 3aKATKH TPUOOpeTaeT TpebyeMy o TRep-
AOCTB, 6IATOAAPS COXPAHMBLIEMYCS BHYTPH HE3aKAJIEHHOMY METAILTY JETANb HE CTa-
HOBHTCS XPYIIKOH.

16.13. Nony4enune, nepenava # pacnpelencHue 3NeKTpoIHEePrun

Heropuueckas cupaska. [lepssiii «Inan anexrpudmxanyu PCOCPs 6nin paspabortan
= B konue 1920 r. Tocyaapersendoii koMRecHel 1o saexTprupuKamg Poccum — coxpanies-
yaap iy
no TOJIPO.
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3a 10-15 ner no miany F'O3JIPO nameuanock coopyants 10 ruaposnekTpocTaHiinii 0b-
meit MorHocThIo 640 MBT 1t 20 TermnoBbix asexTpocTanimii o6meit momHocTsio 1,11 I'BT. [To
IUIAHY TH/POAIEKTPOCTAHIINH A0JKHEL OBLTH 06BeIMHATHCS B SHEPTeTHUECKHE CHCTEMBL.

IHepreTHYecKas cHCTeMa — 3T0 00be/IMHEeHNE OT/IEIbHBIX ANEKTPOCTAHIIMIE MeskTy coboil
JIMHHUSIMH BRICOKOTO HampsiKenust. B aHepreTHyeckoif cueteMe HaWIy4IMM oOpasoM pasperna-
HOTCS1 BOIIPOCHI PABHOMEPHOH 3arpy3KH OT/e/IbHBIX CTaHImil 1 GecniepeboitHoro cHabxeHNs a/ek-
Tpoaneprueit notpebuTeneii.,

IlepBbie aHepreTHyeckne o0beIMHEHNS B Hallel cTpane Osutn cosaausl 1o wany FO3JIPO
B 1921 r. 8 Mockse (MOI'3C) u Jlennurpane («ITeKTPOTOK» ).

PasBuTHE rOCY/IapCTBa TECHO CBA3AHO C PAa3BUTHEM TOIUTMBHO-IHEPTeTHYECKOTO KOMILIEK-
ca. [IaBHBIM HCTOYHMKOM SHEPTHH ABJISIOTCH 3J€KTPOCTAHITHH.

Ilepsoe MecTo 110 BEIPaBOTKE JIEKTPOIHEPTHH 3aHMMAIOT TEIJIOBbIE 3JIEKTPOCTAHIIMH, pa-
Gotawouue Ha yrie, Hedrenpoaykrax u Apyrom toruse. KI1/{ Tenziosix anekTpuyeckux cram-
wmit mopsiaka 40 % u okono 70 % y crannmii ¢ Terioanextponentpaibio (T311). Ha sropom
MECTE T10 IPOM3BOCTBY 31eKTPOIHEPIHH HAXOAATCS rHpaBanyeckue aexrpoctanimu (I12C),
ucnoab3yome aHepruio nagawoiei soast. KITJI atux cranumit nocturaer 80— 90 %.

ATOMHBIE 3IeKTPOCTAHIMH UIPAIOT HCKIIOUNTEIBHO BAKHYIO POJIb B TeX paifoHax, r/ie HeT
THAPOPECYPCOB, MAJIO TOIIMBA, A TAKJKE IIPH OCBOGHHH HEODKHTHIX TEPPHTOPHIL

B nameii crpane paspaboTaHbl epeBHKHbIE A/IePHbIE 9HEPIOyCTaHOBKH.

IMony4enune snekTpoanepruu. [lepsbie reHepaTopsl MOCTOAHHOTO TOKa OBLIM CO-
3nanbl B 50-x rogax XIX ., yxe B 70-X rofiax Hauyazioch UX MPOMBIILIEHHOE ITPOU3BOJI-
CTBO.

B Hacrosiiiee BpeMsi ypoBeHb [IPOM3BOACTBA U NOTPeb/IeHNs 9HEPTHH SBIAETCS
BaXKHEHIITNM 0Ka3aTe/ieM Pa3BUTHs PON3BOMTEIBHBIX CHJT 001ecTBa. I 1aBHYIO poJib
TIPH ATOM MIPAET JIEKTPOIHEPrHs — caMasi YHHBepcaIbHas U yA0OHas /Uil HCTIOJIb30-
BaHMsA (HopMa HEPIUM.

[Tpou3BOACTBO 3/IEKTPOIHEPTHH OCYIIECTBISETCS Ha TPEX TUIMAX 3J1eKTPOCTAHIIHIA:
rerioBeie (TAC u TIIL), ruapo- (FAC) u aromusie (AIC).

Ucrounnkom aHeprium Ha TIC u TIII (TensioanekTpoieHTpasb) CayKaT yroJb,
ra3, Top, Mas3yT M T. .

Wcroynukom anepruu Ha TIC cyKUT NOTEHIMATbHAS SHEPTUs BOJbI, TOHATOMH
TJIOTHHOIA.

Hctounnkom anepriun AIC siBisieTcs sijiepHoe TOIIMBO, KOTOPOE Pa3MeIeHo B
TensioBbiiensiioniux anementax (TB3JI) spepuoro peakropa.

Ilepenaya u pacnpenenenue 31eKTpoaneprun. IlepesasaTs TOK HU3KOroO Hanps-
xenns (100-200 B) ua paccrosinne 6oee 2 KM u3-3a GOJBIIMX MOTEPH B MPOBOJAX
HEBBITOHO. /1 yMeHbIIeHHs ToTeph HeoOX0ANMO yBeTnanBaTh Hanpskenue. Ho
TOK BBICOKOTO HAIPSIKEHUs HEJIb3sl IOIBOAUTD B I0Ma, Ha (habpuKy 1 3aBO/Ibl, TAK KAk
MPUKOCHOBEHME K IIPOBOJLY, HAXOAATIEMYCS TI0/L BHICOKMM HalNPAKeHHEM, ONacHo /IS
JKU3HH To/iei. Ita npobieMa MoskeT OBITh Peliena, eciii HMeTh YCTPOICTBO, KOTOpoe
MOTJIO OBI TOK BBICOKOTO HANPSiKEHUsE 1IPe06pa3oBbiBaTh B TOK HU3KOTO HAIIPSIKEHHSI.
J171s1 IOCTOSIHHOTO TOKA TaKue MpeodpasoBaHus CBSI3aHbl CO MHOTHMHU TPYAHOCTSAMH.
HanpsikeHue ke nepeMeHHOr0 TOKa MOMKHO JIETKO H3MEHHTh C IIOMOIIBIO YCTPOHCTBA,
NOJIyYMBILErO Ha3paHue mpancgopmamop.

Cxema nepegadu nepeMeHHOro TokKa Ha Gosbliiie paccTosiius u3obpaxeHa Ha
puc. 16.15. Tok HU3KOro HaNpsXKeHHs], BBIPabaTHIBAEMBbIii 3JIEKTPOTEHEPATOPOM,
nozaercst Ha Tpatcopmarop. Tpancdopmartop npeobpasyer TOK HUBKOTO B TOK BbI-
COKOT'O HANPSDKEHUs, Aaiee 10 JIUHAY 3JIeKTPonepead TOK MOCTYIAeT K MecTy To-
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TpebaeHNs 3JeKTPOIHEPTHU. B MecTe moTpeGIeHna aleKTpoaHepru TpaHcgopMa-
TOPH! nPeoGpasyioT TOK BRICOKOTO HANPsXeHMs B TOK HH3KOTO Hanpsuxenus. [locne
1peo6pa3soBaHKs 3JIEKTPOIHEPEHSA NOCTYIIAET K MOTPEOHTEIIO.

C noTpeGHTeNsAMM 3TIEKTPOSHEPIHH HMEKTPOCTAHIIMH CBA3AHEI MO0 BO3LYLIHBI-
M, 60 KabeTpHbBIME AHHUAMHE diekTponepeay (JIDIT), BosayiHble THHHN 3A€K-
TPOTEPeAaYH ~ 3TO MPOBOAA, MOABELIEHHBIE HA M30/ISATOPAX K CTAIBHAIM HJIH JKe/le30-
GETOHHBIM OTIOPaM.

Coraacno 3akony Jxoyas — JIeHIa, MOTepH, BO3HHKAIOLIKE MPH [epefaye /IeKT-
DOSHEPIHH, 3aBHCAT OT CHUIE TOKA. [0 Mepe yBeHYeHHs HAPAKeHUA [IPH OJHOH 1
TOI e MOITHOCTH CHJ1a TOKA B JIMHMH YMEHBIIAETCS; C/IEA0BATENBHO, YMEHBIIAIOTCS
# noTepy. Heo6xoanMocTh Iepeaaun 3J1eKTPO3HEPTHH Ha G0JIbIIINE PACCTOAHMA TTOX
BBICOKHM HAlDSKEHHEM U TIPH GOJIBIINX TEPelaBaeMbIX MOIHOCTSIX IIPHBOIHUT K TOMY,
uTo obopynosanune JIDII cTaHOBUTCA ZOPOTHM, HO BCE JKe Ha 3TO NPUXOAMTCS MATH,
TaK KaK MOIHbIe THAPABJNYECKHE W TEIJIOBBIE SM€KTPOCTAHLHH He BCETAA PaciIoo-
sKeHBI BOIM3N KPYIHEHUIHX POMbILIJIEHHBIX PAaiOHOB.

B roposax Tok BEICOKOTC HaNpsiKeHH NePefaeTcs 10 Kabe bHBIM JTHHUSIM 3JeKT-
poliepenay, 3aTeM ero PachpeAesioT Mo TOHH3UTENbHBIM TPAaHChHOPMATOPHBIM TTOA-
CTaHLHAM,

IlepcreKTHBHBIMH ABISIOTCH Kabe IbHble THHEH IIEPeAavd OOJbIINX MOUIHOCTEH, pac-
NIOJIOKEHHBIE B TPYHaX, 3al0JHEHHRX 1151 YMEHbIIEHHS TTOTEPb XHAKUMH BOIOPOLOM
(nipu Temnepatype 20 K) uau reniem (4 K). Tlpu Takyx HU3KHX TEMIEPATYPax COMPOTHB-
JieHHe aTIOMHHHEBEIX MIH MEIHBIX Kale/IbHBIX TPOBOAOE YMEHBIIAETCS B THICSIYH Pas,
HPOTOPIHOHATBHO COMPOTHB/IEHHI0 YMEHBIIAKTCS TIOTEPH [IPU Iepefaye 31eKTPOIHED-
THH,

KPATKWE BbIBOAbI

L] Sﬂexmpomaznumubze xo;zeéanm — [IEPHOJHYECKHE B3aUHMOCBA3aHHbBIE HSMEHEHMA
3aPAA0B, TOKOB, HAIIPSKEHHOCTH 3IeKTPHYECKOTO M MEAYKIWH MarHHTHOTO noJell.

[pocretimeit cuctemoit, B koTopo#l HabmoAaOTCA cEOGOAHEIE IMEKTPOMATHITHEIE KOJ1efa-
HUA, ABasieTcs KoneGatensHbiit kouTYp. [Tepnos cBoboaHBIX rApMOHHYECKUX KoNeGatuil B Hie-
aTbHOM KOHTYDe onpezenserca gpopmyaoti Tomcona

T =2nJLC.

IMonsad sHeprua sACKTPOMArHHTHOTO 1014 KOAe0aTe bHOro KOHTY DA PaBHA
W= W, + W, =1/5wiLQ}

| 308



@ B peanbHOM KomeGaTeBHOM KOHTYpE, 00.1a8aI01eM OMUYECKHM COTPOTHBAEHHEM, CO-
BEPILAIOTCH JIEKTPOMATHUTHEIC KOAeOaHMA.
AMILUTHTY 4 3aTyXaoluX Kojlebanuil ¢ TeueHHeM BPeMeHH U3MEHIETCH TI0 3aK0HY

— —be
Q, = Gpe™™.
CrkopocTb aaTyxanna koacbaHHi B KOHTYDE XaPaKTePHU3YeTCs JToTapHPMULECKNM
JIeKPEMCHTOM

©=I 9 =§T.
t+1)

JL151 oIy YeHHs He3aTyXaI0IlIHX KoneGaluil HemoabayioT aBToKosebaTe bHEIE CHCTEMBL

® KonebaHvis, BO3HHKAROIIHE TIO/ AeHCTBHEM BHeILHeH eprouiecky namMeHaometica D/C,
HA3BIBAKT SIHYNCOSHHBIMU SACKINPOMAZHUMHDIMYU KOACOaAHUAMU.

{Ipn coBIAJEHHH YACTOTH BHELIHENO MEPEMEHHOT0 HANPSKEHHMs ¢ cODCTBEHHOI YacToToH
k01e0aTe/IbHOTO KOHTYPA HACTYIAET Pe30HAHC — DE3KOE BO3PACTAHME AMILAHTY bl BOIHY K IeH-
HBIX KOMeOaHMIL.

@ [Tepemeribiii mox — 3J1eKTPUYECKHI TOK, H3MEHAIONHITCSA co BpemereM. O IPeACTaB-
JsieT cofoit BRIy KACHALIE KoNeGarus, MPOMCXOIAMINE ¢ YacTOTOH, COBOazaloieil ¢ YacToToM
eenryxaaromux 3JC.

[lepemenHbiil TOK NOAYYANT € TOMOWbIO TEHEPATOPOE T0Ka. PaboTta GobHIHHCTB? COBDE-
MeHHBIX FeHEPaToPOB OCHOBAHA HA ABJCHHH 2IE€KTPOMArHHTHOH HHAYKLIHK.

®  JneKTpHYECKMA TOK, BOSHHKAKNMIA B 3aMKHYTOM KOHTYDE, BPALIAIONIEMCS B OLHOPOA-
HOM MArHHTHOM TI0JIe, X3PAKTCPUBYETCS TCM, UTO €00 CIUIA MCHSCTCS MO CHHYCOMIAILHOMY 3aKOHY

I= Isinwt.

® 3axon OMa jus AMILUTHTY AHBIX 3IIAMCHHH CHIIB TOKA U HATIPAKEHUA B [IENH TIepeMeHHOo-
T0 TOKA MMeeT BH/
Jrs

® Tpancdopmamop — yCTPONCTBO Wist IPeoHPA3OBAHHMS NEPEMEHHOTO HATIPSKEHHS H
cuabl Toxa. OCHOBHOM er0 XapaKkTepHCTHKOH aBndeTca koddduinenT TpancdopMalim

N
Ny

Uy

I = .
0 1]2
wh— —
C

w

k

® BJ[eKTpOBHEPFHIO OPOU3BOIAT HA TEILIOBBIX, THAPO- K aTOMHBIX 3JIEKTPOCTaHIIAAX.
KoanuecTBo Ipou3BoauMOi 3JIeKTPOIHEPTHY — BAXKHCHIIK N TOKA3aTERb SKOIIOMHUYECKOH
MOIITH TOCYJAPCTBA.

ﬂ Bonpochl 4NN CAMOKOHTPONA M NOBTOPEHHUA

1. Kaxum ofipasom BosHHKaT cofoaHble KoneGaHna g koaebatesHoM Koutype? 2, Ot
YETO 3aBHCHT NMEPHOA cBoboannx koncbanuii B xkoutype?3. Kakue npespaimenus sHeprum npo-
HCXOAAT B KoebaTenbHoM kouType? 4. [Touemy B peanpHoM konefare bHom KOHTYPE Koueba-
HEA HyayT 3aTyxaomumu? 3. [lovemy reHepaTop He3aTyXaoIMX Konebanuil ABAgeTCA aBTO-
KonebarensHol cucteMoii? 6. Kak ocyniecTBageTcs reHepupoBaHue IepeMenHoro Toka? 7. Ot
4er0 3aBHMCAT €eMKOCTHOE H HHAYKTHBHOE COIIPDOTHBJICHHA B e HCPEMEHHOI'O TOKB.? 8. l'[pn
KAKMX VCJIOBHAX TOK M HATIPSUKEHME B 1IENH NTePeMeRHOro ToKa coBNafawT no dase? Yro npu
aToM MOxkHO Habmogats? 9. Kak onpeaessiiores aefictByonive (s ek TuBHbe) 3HATCHIA TOKA
M HanpsikeHUA? YeM OHM OTIHYAOTCH OT MIHOBeHIILIX 3HaYeHui?10. Uto xapakTepusyet Ko-
adupueHT MOIITHOCTH TIeTH TIepeMeHHOTO TOKA W OT 4eT0 OH 3aBHCUT?
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Npumepw peweHnn zapay

® 3anava 1. B kone6arensiioM KOHTYPE, COCTOSTIEM H3 WHIYKTHBHOCTH H eMKOC-
TH, MaKCUMATbHBIH TOK B KaTyluke 1 A, a MAKCHMAJIBHOE HAapshKEHHe Ha KOHAEHCa-
tope 1 kB. Yepes spema 1,57-107% ¢, cuutasg o1 T0r0 MOMEHTA, KOT/A HAIPSKEHHE
ObLIO PaBHO HYJTIO, SHEPTUA B KATYIIKE CTAHOBUTCS PaBHOUW HHEPTHH B KOHAECHCATOPeE.
Beravcaunts miepuon koaebannit KOHTypa, 3HEPTHIO KOHTYpd. (OMUYECKOe CONPOTHB-
JIeHUE CYUTATH TIPEHEGPEKIMO MAJIBIM, )

Hano: [,=1A; U;=1000B; t=1,57-10"%¢c; W, = W,,

Haiitu: T W.

Pemenne. Haiinem nepuog konebanuii konrypa. 1o ycioBrio 3a/1a4M B 3a1aHHBIH
MOMEHT HHEPTHS MaTHMTHOTO NOJIA KATYIUKY PABHA SHEPTHH 3I€KTPHYIECKOTO 0 B
koHfeHcarope: /o LI* = 1/5CU?, rae L — UHAYKTHBHOCTS KOHTYDA; [ — TOK B KOHTY-
pe; C'— eMKoCTh KoHeHcaTopa; U/ — HanpsikeHue Ha IUIACTHRAX KoHAcHcaTopa. CyM-
Ma HTHX IHEPTUI ONpeaesseT TOMTHYIO 3HEPIHIO KOHTYpa:

1 .
w=Lrrilevr—cu (1)
2 T3
BRIpasHM MOJHYIO SHEPTHIO KOHTYPA 4epes MAKCHMA/IbHOE HanpsKenue Uy
w = Lov
= e (2)

W3 (1) u (2) onpeneanm, 4To

U = Uy 2. (3)
HcnonbayeM ypaBHEHHE TAPMOHHYECKOT0 KOJIeDanua HanpsKeHus (OTCYET BeIeM OT

HaNpsKeHAA, PABHOIO HYJII0)

U= Uosinz—“t,
T

rae T — nepuon kosedanmii; ¢t — spems. C yuerom (3) uoaydum Z%t = E, OTKyIa

T=8t.

BerunciuM Tenepb nomHylo (MakCHMalbHYI0) aHepruI Koutypa. OHa paBHa MaKkcH-
MaJbHOH 2JIEKTHYECKOH SHEPIHY KOHAESHCATOpA (SHEPIHs MATHHTHOTO II0JIA IIPH 3TOM
paBHa Hya1)} [cM. popmyTy (2)] niu MaKCUMATBHON 3HEPTHH MArHUTHOTO TI0JIs1 (3Hep-
U5 2IEKTPHYECKOTO MOMA PaBHA HYJIK )

W= <LI3, (4)
2
rae I, — MakcHManbHada cuia ToKa B Karyiike. Mz gopmynnl Tomcona (16.4) naxoanm
T
VLC = —. &)
27
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Iepemoxum (2) u (4) ¥ UIBNEUEM KODEHB:

W = %IOUO\/LC.
C yuerom (5) nomyuum
IU,T

W =——""
41

Boiuucaenus;
T=8-157-10°%¢c=126-10"% ¢;

1A-10° B-12,6-10% ¢
4.3,14

W =

= (0,001 x.

Orser: T=12,6-107% ¢; W= 0,001 Ix.

® 3apaua 2, Pamka, comepxawas 100 BUTKOB MIOIAABIO MOTEPEYHOTO CEYEeHUs
BUTKA 400 cM?, BpalllaeTCst B MATHUTHOM 1I0JI€ ¢ HHAYKLMel B = 12,56- 107 Ta. Onpe-
zenutb A C wHAYKIHH depe3 0,01 ¢ Tocse Havasa JIBHKCHHS PaMKH, €CJH AMIITH-
Tyanoe 3Hadenue 34 C pasho 2,5 B.

HMano: N=100; S=400cm2=4-102M% B = 12,56 10 Tu; t=0,01 ¢; &, = 2,5 B.

Haiitu: &

Pewmenne. 3/1C HHAYKIIMM PAMKH, BPAlAIGIICHCA B OMHOROJAHOM MaTrHMUTHOM TIOJTE
€ HALIPHAEHHOCTBIO H ¥ HOCTOALHOH YITIOBO CKOPOCTBIO W, U3MCHSICTCS 110 3aKOHY

& = &, sin wt, (1)

Maxkcumanbiioe (amruTygHoe ) suaucuue 3/LC nepemennoro Toka [em. (16.26)]

AD
<y
Ha (2) onpenensem ; = i
BSN
Buunciennsa;
25B

w= , — =498 pan/c.
125610 Tn-4-10-2 m? - 107 pa/

IIpn pannoM sHadeHWH w ¢raza yepes £ = 0,01 ¢ cocTapuT
wt = 49,8 paa/c- 0,01 c = 0,498 pax = 28°30".
o ¢opmyne (1) onpeaenseM MrEopeHHoe 3HaYende I/IC uHAyKunm gepea 0,01 ¢
&=25Bsin28°30' = 1,2 B.
Orget: £=1,2 B.

e 3anava 3. Tpancdopmarop noBrimaeT HanpspkeHue ¢ 220 go 3 000 B. Bo BTO-
prunoit o6mMotTke nporekaet Tok 0,1 A. QupesenuTh cuay ToKa B IEPBHYHOM 0OMOTKE,
ecan KILI tpancdopmaropa cocrasiaser 96 %.
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Hano: U, =220 B; U,=3000B; L, = 0,1 A;n=0,96.
Haiiru: I,.
Pemenne. KIL/T rpancdopMaropa

R LY,
OTKyZa
I = LUy ;
nU;
Berucaenus:

_01A-3000B _,

1= - 74A‘
0,96-220 B

Omper: [ =14 A

¢ 3azaua 4. Onpencauts COMPOTHBICHHUE BTOPHYHOM 00MOTKY TPaHCHOPMATOPA,
€C/IM IIPH BKAIYEHHUH ePBUYHON OOMOTKH B ceThb ¢ HanpsxernneM 220 B 8o BTopHY-
HOH 06MOTKe Teder TOK 5 A, a HanpsUKeHHe Ha ee KouLax coctasiaseT 12 B. Koagdmu-
nMeHT TpaHcdhopmatui pased 0,10. [loTepsamu sHepriy B nepeuyHONR 0OMOTKe TIpe-

Hebpeus.
Haiftn: ;.

Pemenne. Ecmi norepssMi B epBHYHOMH 00MOTKe MOXXHO nipeHebpeys, 1o J1C un-
AYKUHH &) B IEPBMYHOM 0OMOTKE paBHa HanpsxeHuio: &) = U, 3nas xoadduuuent
TparcopMalH, MOXHO onpeneanTs D/1C HHAYKIMM BTOPUYHON OOMOTKH: k= &, /&,
Orciona &, = k&, = kU,. /lna BTopiiHO# 06MOTKH, cOTIacHo 3akony OMa,

32 = 12'7'2 + U2, HJIH Iz'rg 232 —_ (Jrz = kU-L b U2.
Torga
kU, U
p=2U1"2
I

Buuncrenus:
_0,01-220B-12B

o 2 OmM.
5A

Orset: = 2 Om.

ﬂ 3agaym AnR CaMOCTORTENbHOTO PeLleHHS

1, KonebatenbHuii konTyp umeeT eMkocTs 26 m 1 wngykTusnocts 0,12 MTH. Kakoit 11u-
Hbl HIeKTPOMATHUTHBIE BOJTHEE B BaKYYME CO3OAET ITOT KOHTYD, KOTAA B HEM HIPOUCXOAAT KOJIE-
Ganun ¢ cOGCTBEIHOM YaCTOTOH?

2. Karywka MHyKTHBHOCTBIO 3- 107 ° [H npucoeHeHa K TIOCKOMY KOHJIEHCATOPY C 1L/10-
mazgpio TwacTa 100 cM? | paccrosinueM Mexay humy 0,1 MM, UeMy PaBHa AMANEKTPHYCCKAS
IPCGHULAEMOCTD CPEAIBL, SaTIOMIHAIONIEH IIPOCTPAHCTRCG MEXIY ILTACTHHAMM, CCTH KOHTYP Pe3o-
HUPYeT Ha BOJHY JUIHHON 750 M?
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3. Kaxo# HHAYKTHBHOCTH KATYHIKY HAJI0 BEJIIOYHTE B KOJIeGATENRHEL KOHTYD, YT0OB IIPR
eMrocTH 2 MrD Nonyqurs 38yKoByI0 wacrory 1 000 Tu? Conpotnsneanes koHTYpa npeHebpes.

4. KoneGarerbHBIA KOHTYD COCTOMT H3 KOHAEHCATODA M KATYIIKH HHIYKTHBHOCTH. Bhiduc-
JIMTh SHEPTUI0 KOHTYPA, ECIH MAKCHMABHALI TOK B KaTylike pased 1,2 A, MAKCMMANBHAS Pa3-
HOCTD TIOTEHLHAJIOB HA OOKJIALKAX KOHAeHcaTopa cocTasiaser 1 200 B, wacroTa Kostebanui KOH-
Typa 10° ¢! (morepsamMu npenefpeys.)

5. Peumute mpeAsIyIyIo 32/ia4y 1IPA YCJIOBHUM, YTO IAHA He YACTOTA, & Ilepuoj xoaebanuit
KOHTYpa, paBHbid 107 ¢.

6. MakciMaThHas SHeDTHS MATHWTHOTO MoJIs KoefaTenbHoro konTypa pasHal0d ? Jx npy
cuie Toka 0,8 A Hemy paera yactora xoneHanuit KOHTYPA, CCIH MAKCHMANBIAS Pa3HOCTE No-
TEHIIMAIOB Ha 00KIaNKaX KOHAeHcaTopa coctagnser 1200 B?

7. Ilo ycnoguio npeamayinei 3ajauyn HARTH He TACTOTY, a IEPHOA KOmeOaHuil KOuTypa.

8. [epnog xosrcOanmil KOHTYPA, COCTOAIIETO M3 WHAYKTHBHOCTH H eMKOCTH, COCTARJISIET 105¢.
YeMy papHa MAKCHMATBHAL CHJIA TOKA B KATYIIKE, eC/I MAKCHMAUIBLHAS PA3HOCTD I0TEHIMAIOB
Ha 0OKJIaIKaxX KOH/IeHcaTopa cocTabaster900 B? MakcuMansHad sHepIris d71eKTPHIeCKOro nons
pagHa 9-107* k. .

9, BuTok mpoRonokH TAOMAARI0 4 (0 cM® paBHOMEPHO BPALLACTCH B OAHOPOIHOM MATHHT-
Hom monie ¢ muayrumci 0,20 Ta. Onpegenuts Haunbosbiiee sHadene I/, eciu yacToTa Bpa-
meHHs BUTKA pasra 50 ¢~

10. B oaHOpOAHOM MATHUTHOM 110J1e ¢ uHAYKIIMed 1 Ta paBHoOMepHO BpalllaeTcd TIPAMO-
YTOBHAS paMKa pasMepoM 20 x 30 cm 12 10 BuTkoB npoBonoku. HaliTy aMILIuTy IHOE 3HAYC-
Hue /1C uHAYKIMHK, ecad yueao 060POTOR PaMKH B MEHYTY paBro 120.

11. Oapegenurs KIIJ tpancopmaropa, eciai ol NOBHILAET Halpskende @ 110 1o 500 B.
B nepsuyroit 06MoTKe IpoTekaeT Tok 2.4 A, Bo BTopuuHo# — (.5 A.

12. OnpepennTts conpoTHE/IEHAE BTOPHYHOM 06MOTKH TpanchopMaTopa ¢ kKoadhduinentom
TpanchopMaIHi 10, ecIH IPH BKIOYEIHH IEPBIYHON 0OMOTKH B CeTh ¢ HanpsoxeHuem24 B o
BTOPM4HOH 0OMOTKe uaeT Tok 2 A, a ee Hanpsxerne papao 200 B, Tlotepsivu sHeprud B mep-
BHHHOM 0OMOTEKE IipeHebpet.

13, Mepruwunaa RaTymka TpaHcgopMaTopa nveet 10° suTkon. Ha ee cepievnmk HapeTn we-
THIPE BTOPHYHELE KATYITKH ¢ yrcaaMy BUTxos 250, 500, 1 500, 10 000. Kaxoe HanpsxeHnne Bo3-
HHKACT Ha 32KHMAX KakA0M H3 5THX KATYIUEK, €C/1 Ha TePBUYHYIO ToAATE Hanpmbxennd 20 B?

KnioueBnie CnoBa: c80604Hble SAEKTDOMArHUTHLIE KOe0aHNsl, BbIHYXOEH-
HBIE 3AEKTPOMAErHUTHBLIE KONeBaHna, IePEeMEHHBINA TOK, @MKOCTHOE COMPOTHB-
NeHne, UHAYKTHUBHOE COPOTHENeHNE, 3aKkoH OMa 4718 Len NEPEeMEHHOro Toxa,
MOLUHOCTL IEDEMEHHOro ToKa, reHeparop, TPaHCHopmMarop.

lMasa 17

SNEKTPOMATHUTHbIE BOJIHbI

17.1. AneKTpoMarHMTHoe none KaxKk ocobbiit BU matepuu

B3auMoCRAZh DAEKTPHYECKOT0 W MAarHHTHOTO moiaei. B 60-x rogax XIX B.
Jx. MakcBesui pa3paboTai TEOPHIO 3AeKTPOMATHATHOTO [IOJIS, COTJIACHO KOTOpoiine-
DEeMENNOE INEKMPULECKOE NOAE NOPOHCOAEM NEPEMEHHOE MAZHUMHOE. DTH
MOJIST UMEIOT BUXPEBOH XapaKTep: CHJIOBLIE THHUH NOPOXKIAI0IETO IO KOHIIEHTPH-
YeCKH OXBaYeHbi CHIOBBIMH JIMHHSAMH IIOPOXKAAeMOT0 oJist. B peaynbtare obpasyer-
Cs1 CUCTEMA <TTEPENJIETEHHbIX> MEXK 1Y CODOH 3MeKTPHYECKHX It MATHUTHBIX Toned, He-
KOTOpOE MPEICTABNCHHUE 0 XAPAKTEpe NEPEMEHHOTO 37IeKTPOMArHUTHOTO TIOJIA MOKET
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Puc. 17.1 Puc. 17.2

Zatb puc. 17.1, apnmomuiicss kKak 6b] MTHOBEHHEIM CHIMKOM 3TOFO TS, [IpaMas
anans Ey n3obpaxaeT 1lepBHYHOE TepeMeHHOe 3JeKTPHYECKOE TIOMIe, OKPYKHOCTH B
B FTOPU30HTAJIBHOL NIOCKOCTH — BTOPHUHEIE [IepeMeHHbIe MArHITHBIE [H0J15, 2 OKPY K-
HocTH E B BePTHKATBHOHN TIAIOCKOCTH — BTOPHYHBIE TIEPEMEHHBIC SMEKTPUUECKHE TTOJA.

MarnutHoe N0J¢ BOZHHKAET BOKPYr HPOBOAHHKON, 110 KOTUPBIM TEKYT TOKH.
CH0Bble JIMHHM MATHUTHOTO NOAS BCETJa 3aMKHYTBI, OTKYJA CAELYeT, UTo
AMEKTPHYECKHE TOKH, IOPOKAAIOIHE MATHHTHOE MoJe, TAKKe JOKHBI GbITh
3AMKHYTHI.

Ecmi mo npoBoAHUKY TTPOTEKAET IOCTOSHHBIN TOK, T. €. TOK TPOBOIUMOCTH, TO JTH-
HUM TOKA 3AMKHYTEL

PacemotpuM ciiyuait, Koraa B aeKTPUYeCKYIO Lellb BKIIOYeH KoHgeHcaTop. Mexk-
Iy OOKAAAKAME KOHEHCATOPA 3apsiIbl ePEMellaThCa He MOTYT. JT0 HPHBOINT K TOMY,
4TO TMHHUH TOKA OOPHIBAIOTCA Y TOBEPXHOCTH OOKIAIOK KORJIEHCATODA, TOK MPOBOIH-
MOCTH, TEKYIIUE [0 NPOBOJHHKY, COSAUHAIIEMY 00KAAAKH KOHAEHCATOPA, OKa3bl-
BAeTCA PA30OMKHYTHIM. EC/iM HanpsxeHe HCTOYHHKA TOKA SBJISETCS ePeMEHHBIM,
TO TIPH 3aMBIKaHWK Kmova § (puc. 17.2) KOHAEHCATOD HOMEPEMEHHD 3apsKacTCs U
paspiIMAeTCH, B IENH HAET TOK, TaMTOYKa, BKJIIOYEHHAS B 3Ty LEHOb, TOPHT. JTO CBH-
AETENBCTBYET O TOM, YTO JIMHUM TOKA 3aMKHYThL. Mexxay o0KIaIKaMy KOHIEHCATOPA
UAMCHSIIONIAICS 3NEKTPHUUECKH T 3aPAil CO3TAET MePEMEHHOE AMEKTPUYECKOE [10Te, KO-
Topoe MakcBenm Ha3BaAT TOKOM CMETI[EHHA.

Toxk cMemennsa — nepeMeHHOe 3JCKTPIYECKOE [10J1E, TOAOOHO TOKY MPOBOLHMOC-
TH, MTOPOXIAeT MATHUTHOE 110JI€, CHJIOBbIC THHIH KOTOPOrO BCETAA 3aMKHYTHL

Taxum oGpasom,

I IACKTpHYECKOE€ H MATHHTHOE TOJA B3aHMOCBA3aHbI: HIMEHEHHE 0THOI0 H3 HHX
NOPOXKIACT IPYTOEL. Iminonn — MPOARJEHHE €THHOIO JJIEKTPOMArHHTHOTO ITOJIA.

OHEeprus 91eKTPOMArHHTHOTO NOJA M €10 MaTePHANbHOCTb. JNEKTPOMAarHUTHOE
none — ocobas popma Matepuu. OHO CYIECTBYET DEANbHO, T. €. HE3ABHCHMO OT HAC,
0T HalmUX 3HaHMH 0 HeM, HeorbemieMOi XapakTepRCTHKON MaTEPHH SBJISETCA dHED-
rus. Hop sueprieii 21eKTPOMArHHTHOTO [10J1 OPA3yMEBacTCsl CyMMa 3HEPTHI d1eK-
TPUYECKOI'O M MarHUTHOTO IOJEH:

W= W, + W,

Co0oTBeTCTBEHHO IIOTHOCTD SHEPTHH 3/IEKTPOMArHUTHOTO 11015 CKJIABIBAETCA H3
TLIOTHOCTeH 3Hepruil 31eKTPHYeCKOro H MaTHMTHOTLO {10416l

EEDE2 + .B2

: 17.1
> o (17.1)

W= Wy Hwy =
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17.2. neKTpoMarHHTHbie BONHDI

OIEeKTPOMAaTHATHEIE BOJHBL. B 061ieM c/ydae yTBepikaarTs, 4TO B AAHHOH TOUKe
IPOCTPAHCTBA CYNIECTBYET TOJABKO IMEKTPHYECKOE MY TOIBKO MATHUTHOE II0JIE,
HeJtb3s. IIpennonoxum, 4To Kakoii-To 3apAf, MTOKOAIHICA OTHOCHTENBHO 3eMJTH, CO-
313eT HEOTHOPOAHOE IEKTPUYECKOe [10]1€, MAarHHTHOTO NIOJISE BOKPYT 3apsifia Het. Eciu
HabmogaTeNh HaxOAHTCS B CHCTEME KOOPJUHAY, ABMKYILENCA OTHOCATENBHO JeMIIH,
TO HEOAHOPOIHOC HIEKTPHYECKOE TI07Ie, CO3AAHROE 3THM 3apPAA0OM, IS HEeTO yXKe Tie-
PEMEHHO BO BPeMeHU. JTO [IepeMeHHOe IEKTPUYECKOe 110/1€ HOPOXKAAeT MArHUTHOE,
Taxym oGpazoM, 1151 3Toro HabuIAATE S CYTUECTBYIOT OAHOBPEMEHHO M IIEKTPUYEC-
KO 1 MaTHHTHOE TTOJIA.

Hnayxuus B MarHUTHOTO TOMS, BO3HHKAIOWEO B Pe3yabTaTe M3MEHEHUs DJIeKT-
PHYECKOTQ, IIPONOPIHAOHAJIBHA CKOPOCTH H3MCHEHHA HAIIDAMKCHHOCTH SJICKTPHYECKOTO
nonst: B =~ AE/At. HanpsukenaocTs E 3MeKTPHYECKOTO TONTA, BOZHHKAIIIETO B pe-
3y/ILTATE H3IMEHEHHA MaTHUTHOTO 110714, cOrIacHo 3akony Dapaaes, MponopuuoHaibiia
CKOPOCTH U3MEHEHHS MHEAYKLINK MarHuTHoro nosst: E~ AB/AL.

Ecmu B Kakoif-m60o TOUKe NPOCcTpaHCTRa BO3OYHTh BUXPEBOE DIEKTPHUIECKOC TTOJIE,
TO CWIOBLIE JTHIMH BOZHMKAIOMETO TIEPEMEHHOTO MarHUTHOTO TI0J OXBaTLIBAIOT CH-
JIOBbIE JIMHHH 3/IEKTPHYECKOr0 I10/11 KOHLEHTPHYECKHMH OKPY>KHOCTAMH. Mensiio-
njeeca MATHHTHOE TI0JIe IOPOMKIAEeT 3IEKTPHYECKOE [10/Ie, CH/IOBBIE JIMHIH KOTOPOTo
OXBaTLIBAIOT CHIOBLIC JMHHI MATHUTHOTO TTOJIS, U T .71,

3Ha4uT, llepeMenHble TCeKTPHYECKOe H MArHUTHOC MO B3ANMOCBSA3a b, OHH ITOA-
AEPAKUEBAIOT JAPYE APYFa 1 MOTYT CYIIECTRBOBATE HE3ABHCHMO OT HCTOYHHKA, HX IIOPO-
JUBIIETO, PACIIPOCTPAHASCh B IPOCTPAHCTBE B BU/E 3/ICKTPOMATHHTHOH BOJIHBL /Ipy-
FHMH CJIOBAMH,

I ANRCKTPOMATHHTHBIC BOJIHBI — 3TO pacnpoCTpaHAIOHIceCH B IIPOCTPAHCTRE €~
PEMEHHOE IJEKTPOMArHUTHOC MOJIE.

W3 reopur Makcsesia cienyeT, YTO 9JIeKTPOMATHUTHSIE BOJHEL SBISIOTCA MOTIe-
peuHsiMU: BRekTOphl E v B B3aMMHO-NIEPNEHARKYASPHBL U JIEXKAT B IUIOCKOCTH, HEp-
HeHAUKYIAPHOI BEKTOPY V — CKOPOCTH PacnpocTpaHeH s BOMHEL KpoMe Toro, B amek-
TPOMArHUTHOIT BoJiHe BekToph E u B Beeraga ko1e6.110Tcs B OAMHAKOBEIX (pa3ax, of-
HOBPEMEHHO JOCTHTAI0T MAKCHMYMa, OZHOBPeMeHHO obpaiaoTcs B Hyb (puc. 17.3).

TaxkuM o6pazom,

| JECKTPOMArHHTHAA BOJMHA ABIACTCA BOJHOH HOHepe‘{HOﬁ.

CxopocTb pacnpocTpaHeHHs BOMHB. COTTacHO Teopud Makcseluia, CKOPOCTb pac-
HPOCTPAHeHWA HTeKTPOMArHHTHBIX BOJTH — BEeIHYMHA KOHeuHas. OHa ONpee/seTcs 3Tek-
TPIYECKUMH 1 MATHHTHHIMH CBOHCTBAMH CPEAb], B KO-
TOPOH PacnpOCTPaHAETCS 2/AeKTPOMArHUTHAS BOJIHA:

v — (17.2)

~EotboEH ‘

ThE €y K |y — VIEKTpHYEeCKast K MarniTHadA 1oCToAH~ z
HbIC, £ U |L — OTHOCUTEAbHEBIC JHIJICKTPHYCCKAR U Mar-

E
HUTHAA IPOHUIAEMOCTH CPEsHL, Pue. 17.3
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Ecan sneKTpoMaTHUTHAA BOJTHA PACTIPOCTPAHAETCA B Bakyyme, To € = 1, p = 1.
BeluHC/AMM CKOPOCTE PacTIipOCTPaHEHHS MTEKTPOMATHUTHOM BOJHBI B BaKyyMe:

1 1
ey 48,8510 D/M-47-107 T/ M

¢ =3-108 m/c.

Ckopocts pacnpocTpaneHis 21€KTPOMATHHTHBIX BONH B BAKYYMe PaBHA CKO-
POCTH cBeTa B Bakyyme: ¢ = 3- 108 m/c.

JlHHa BOJHBI, PaccTodaHRe, Ha KOTOPOE MePEMELIAETCS SJIeKTPOMATHHTHAS BOJIHA
3a BpEMS#, PaBHOE OJHOMY NIEPHOAY KONeBaHuA, HA3HIBAETCH OAUMNONU 6OINbL.

Ecin v -~ cKOpOCTb pacIipocTpateHns 3JIeKTPOMArHUTHOM BOJTHB! B OJJHOPOAHOMH
cperte, T — ee nepuox, v — 4acTOTa, aX — JUIHHA, To A = v T uau x = v/v. a4 BakyyMa
N = eT wam '

N = <. (17.3)
v

Tak kaK CKOPOCTh BOJNHBL 33BHCHT OT £ H || CPE/ibl, TO IPH NepeXoie BOTHLI H3
OIHOH Cpesbl B APYTYIO H3MEHAIOTCA v M A, 2 YaCTOTA KoJieGaHull ocTaeTcs
npexacHel.

Ecnu BoNHA NepeXofuT U3 BAKYYMa B CPey C AUANEKTPHYECKON MDOHHIAEMOCTBIO
€ M MATHUTHOH i, TO ANTKHA BOJHLI yMCIDIIACTCH:

Mo
iR

A=

3

7€ hy — JAJIMHA BOJHDBI B BAKYYMeE.

17.3. BuGparop lepua. OTKpHTHIA KoNebaTeibHbiA KOHTYD

OTKpHTHIi KOTeOaTenbHbil KOHTYpP. B 3aKPHTOM K0/e6aTEIBHOM KOHTYDE MICK-
TPOMATHUTHOE TI0JI€ JIOKAJIH30BaHO B TOH O6JIACTH HPOCTPAHCTBA, TIE PACIIOI0KEH
3TOT KOHTYP, TIO3TOMY 3JIEKTPOMATHUTHBIX BOJTH 3TOT KOHTY] He H3JayJaeT. Mcnonb-
30BAHHE K0Ae0aTEABHOTO KOHTYPA /IS H3/IyYeHHs 3/€KTPOMArHUTHEIX BOJTH OBLIO
npenoxero I'. Tepuem. OH BBen B Koaebareabnbiil KOHTYP (puc. 17.4) HCKPOBOH 11po-

MEXYTOK I, Ha KOTOPLIH MOAaBaToch NepeMeHHOe HalpsKeHHe

_|_ €O BTOPHUYHOHN OOMOTKM MHAYKIMOHHOH KaTymKH 2.
|é L C Korzaa pasHocts moTeHUHAIOB MeXay 00KIa2KaM# KOHJIEH-

CaTopa CTAHOBHIACH JOCTATOYHO 60JIbIIIOﬁ, B HCKPOBOM IIPO-

o / o4 MeXYTKe BO3HHKAIa UCKPa, 3AMBIKAIONTAsT KOHTYP M BMECTE €
TEM OTKJIIOYAIOMAA («3aKOPAYHBAIOIAT» } HHIYKLIMOHHYIO Ka-
Tyuwiky 2. B 310 BpenMs B KOHTYPE COBEPILANACH CePHs 31eKTPO-

s 2 4 MarHuTHBIX koneOaHuii. [Ipu ucUe3HOBEHWH UCKPHI KOHTYP
pasMbiKajica B Kouaebanna rpekpamanics. Ho Toraa uHayk-
Puc. 174 ITHOHHAA KATYIDKAR BHOBD 3apaKaia KOHJIEHCATOD; B HCKPOBOM



Puc. 17.5 Puc. 17.6

MpPOMeXKYTKe BHOBDB [IPOCKAKMBAIA HCKDA, a B KOHTYPe COBepllalach MOBTODHAA ce-
PUS BAEKTPOMATHUTHEIX KoJieOanuil H T. 1.

B nansueitiieM, 4To66l YBEIHUNTD YacTOTY KOMeOaHUi H TeM CaMbIM ITOBBICUTD HH-
TEHCUBHOCTD BAEKTPOMATHUTHOTO H3AY4eHUs] KOHTYpa, [epl yMeHbIIH HHAYKTUBHOCTh
H eMKOCTh KOHTYPA, PasIBHHYB [LIACTHHE KOHfeHcaTopa (puc. 17.5). Haxowner, ol pe-
ANIM3OBAT TAK HA3LIBACMEIH OMKPbUMbLE KONeGamenvHbiil Konmyp (6ubpamop
Tepya) — upsaMoayHeRbii IPOBOAHYUK ¢ HCKPOBBIM IIPOMEKYTKOM ITOCEpeArHE, 0Bma-
NAKIKA OUeHb MajIoi eMKOCTBIO 1 HHAYKTHBHOCTHIO (1 Ha puc. 17.6). Tak kakv=1/T
u T=2n+LC,To c ymennmenvem L u CyactoTa koneGanuit pacter. B sTom suGpatope
MepeMeHHOE AMEKTPHYECKOE oJie Yke He ORIIO COCPenoTOYeHO BHYTPH KOHIEHCATOPA,
2 OKPYXKaJio BUOPATOD CHAPYXKH, YTO CYNIECTBEHHO TIOBHINIANIO MHTEHCHBHOCTD 37EKT-
POMATHUTHOIO H3JIy4YeHHs. JIeKTPOMArHHTHOE M3JIyIeHHe OTKPHITOrC BUGparopa |
(puc. 17.6) Tepit perucTpUpPOBAI ¢ IOMOIIRID BTOPOro BOparopa 2, HACTPOEHHOTO B
pesoHaHC ¢ H3mydaTeneM (pesonaTopa). Koraa aneKTpOMarHUTHbIE ROTHE JOCTHTATH
PE30HATOPA, B HEM BOZHHMKAJIM HMEKTPOMATHUTHbBIE KONeDaHus, CONPOBOKAAIONINECS
MPOCKAKMBAHHEM HUCKDHI Yepes3 HCKPOBOII IIPOMEKYTOK.

Bo03M0O:XHOCT 00HAPYKEHHA IIeKTPOMATHUTHLIX BOJIH YKA3HIBAET HA TO, UTO
OHH NEePEHOCHT SHEPTHID,

CBoifcTBa D/1eKTPOMATHUTHBIX BOJH. T10/B3yACh BUBPATOPOM W PE3OHATOPOM,
l'epIt ycTaHOBUI, YTO 3AEKTPOMATHUTHEIE BOJIHEI 06120Q0N COUCMaamu, npu-
CYwUMU T06bIM OpYZUM BOIHAM. OTPAXKAIOTCS OT Iperpaj (MeTaIINYeCKHX),
MpeTOMJISIOTC HA TPAHMLIE IBYX cpel (IU3IeKTPUYECKHX ), UHTeP(epUpYIOT IPYT C
APYTOM.

C nomomibi BUOpaTopa ['epiieM OBLTH MOMydeHbl IIOCKHE BOMHHE ATHHOM o1 0,6
10 10 M 4 MOKa3aHo, YTO 3MEKTPOMATHUTHHIE BOJIHHI SIBJASIOTCS HolepedHpmMu. OH
TOTYIHI CTOSTYHE HTEKTPOMATHATHBIE BOJTHEI H ¢ UX NOMOIIBIO OTIPEIEIHII CKOPOCTh
pacnpocTpaHeHus 3MeKTPOMarHUTHBIX BOJIH, KOTOPast COBIIA’A CO CKOPOCTBE) CBETA.

Uccnenoranmsmu pyccknx yuensix I1L.H. JTebenera, A. A. Tnaronesoit- ApkanseBoi
M IPYrUX GBLIO 1OKA3AHO!

8 Bce cBolicTBa 3/IEKTPOMArHHTHLIX BOJH COBIIAIAIOT CO CBOMCTBAMH CBETA.
M3 storo caenoBai 04eHb BAKHbBIIA BEIBO/:

B BuguMBHi cBeT MpeaCTaBASIET COO0H YIEKTPOMATHATHOE H3MYYEHHE.
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Tabanna 17.1

Hsnysenne JIMHA BOTHBL, M Yacrora soasw, Ty Wetoanuk uzaydeHns
Pagnosoaun 108 — 102 3.10°—3.102 | KomcHaTeasnoii
KOHTYp
Bubparop lepua

MaccoBbii usnyvareab

Jlamuopniil reHeparop

CueToBhE BUJHBL
undpakpacHoe

H3JIY4YCHIE 510 *—8-10°7 | 6-10"—3,75. 10" | Jlammnl
BUAHMBIH CBET 8-100-7"—4-10-7 | 3,75-10"—-7,5-10M
yasTpadHoNETOBOC
MBIy YeHHE 4-1077—107* 7.5-101—3- 10" | Jlasepnt
Pentrenoscrkoe wanyvenme | 2-107°—6.1071* | 1,5-10"7—5.10". | Tpy6xw Pentrena
lamMa-uanyvenue Merpie 6-107"? |  Boxbire 5-10'* | PagnoakTusHbIi paciiaj
Hnepnvle 1poueces
Kocmuueckue
TIPOLECCHI

JanuHeiinme uccnexoBaiys NOATBEPAVIH, UTO HE TOJBKO BUANMbBIN CBET , HO U
HHppaxpacHoe, VILTPadHOIeTOBOE, PEHTTEHORCKOE M TaMMa-H3/TyIe HUsT HMEIOT 371K~
TPOMArHUTHYIO [IPUPOAY, T. €. ACKTPOMATHHTHEIE BONHLI MIMEIOT OUCHb NTHPOKHH A1-
ana3od YacToT MM JJHH BOJIH, '

O6.1a0a5 UMIMPOKUM FUATIAZOHOM YaCTOT UJTH JITTUIT BOJTH, SJIEKTPOMATHUTHbBIE BOJI-
HBI OTJIMYAIOTCA JPYT OT APYTA 110 CIIOCOHAM WX TeHEPAIIHH M PETHCTPALIMH, A TAKKE TIO
CBOMM cBOHcTRaM. I103TOMY 3/1€KTPOMarHUTHbIE BOJTHBL JEMATCS Ha HOCKOJIBKO BH-
JOB: PAIMOBOJTHBL, CBETOBbIE BOJHBI, PEHTTEHOBCKOE U raMMa-uaayuenue (tabn. 17.1).
Cneflyer OTMETHTE, YTO FPAaHUIIBI MEKIY Pa3TMYHbIMH BHAAMH 3/I€KTPOMArHHTHEIX
BOJIH JJOROIBHO YCNOBHBL JIEKTPOMArHUTHBIE BOJHBL BCEX BUAOB PaCIiPOCTPAHSIOT-
€51 B IPOCTPAHCTBE C OJHOW B TOH e CKOPOCTBIO.

17.4. MaoGperenune paauo A.C.lMonosbiM. lToHATHE O pagHOCBA3N

Hepsbiii paguonpueMHuk.” W es HCIOAB30BAHNS 3MEKTPOMAIHUTHRIX BO/IH 15
HepeJaYH CUrlialoB Ha 6obIIMe PACCTOSHKS OblAa BIEPBHIE BhicKazana B 1889 r.
A, C.TlonioebiM. MM ke B 1895 1. 611 mOCTPOEH H IPOXEMOHCTPHPOBAH B JEHCTBHH
MIePBLIA PaAHOTIPHEMHMEK, OCHOBAHHEIH Ha peleiHOi cXeMe. HHYTOXHO Majtad aHep-
M5 3AEKTPOMArHUTHBIX BOJIH ¢ HOMOIIBIO CHEHUATEHOTO YCTPOHCTRA —Ko2epepa —
HCIOJIB30BAIACH LIS YIIPABAEHHS] MECTHBIM HCTOYHHKOM SHEPTHH (22eKmpobarma-
peett), TATAnIAM PErUCTPUPYIOUIUE annaparT ( axexmpossoror). Yxe B 1896 T.
IlonoB ocymecTeua paguoteaerpadHyo cBa3b Ha paccroanuy 250 M, a B 1899 r, mpu-
MEHHB H300PETEHHYIO M aHTeHHY, — Ha paccToanud 50 km. B 1900 r. IV BeemupHbiii
anekTpoTexHnveckuii konrpecc npucyans A.C.Ilonosy Iovernwiit qaumnom u 3oso-
TYI0 Menans 3a u3obperenue paguno. Tak HaUATACH Hpa PAZIHo,

CxeMa nepporo pagHoNpHEMHHKA H300paxkena Ha puc. 17.7. 3AeKTpoMarnnTHbIE
KOJTCOAHMS, UPHHATHIE AHTEHHOH M, nonagaoT Ha korepep AB. Korepep (ot nat, <ko-
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A.C.Tlonos

repeHIIH0» — <«CIEIUIEHUES ) MPEACTABAAET COBOH yCTPOHCTRO, ciocobHoe obHapy-
KHMBATh JEKTPOMATHUTHBIC BOJHBL. JTO TPyDOKa, B KOTOPOH HAXOAATCH Me/IKHE Me-
TALIHYECKHE OIIUWIKH, 00aaomue 60IBIUUM COTPOTHBIEHHEM, TOK Yepe3 HIX He
uger. Ho KOrna Ha ONUIKK MOMafiaeT 3MeKTPOMATHHTHAS BOJTHA, TO OIMJIKH KaK OH
«CHEMIAITCA» APYT ¢ IPYIOM, COMPOTURIEHIE HX YMEHBLIACTCS; Uepe3 HUX MOXKeT
NIPOXOANTD JIEKTPHYECKHH ToK. Eciii o TpyOKe moCcTy4aTh, TO CONPOTHBJEHHE OIIH-
JIOK BO3pACTaeT, TOK 4depes HHX He MeT. DIeKTPOMATHHTHAs BOJIHA, U3MEHAA CO-
NpoTUBJ/IEHUE KOTepepa, AejiaeT ero NpoBOIHUKOM JIeKTPHUECKOro Toka. Baarosa-
PA KOrepepy, 3aMbIKAI0NeMy Tens Gatapes PQ), TOk TeueT Yepe3 0GMOTKY peile, IpH-
TATHBAICIIETO SKOPb, KOHTAKT pesie C 3aMblKaeTcs. SIKOpb, 3aMBIKasi KOHTAKT peJie,
TIO3BOJAET TOKY TeUb Yepes 0OMOTKY 3BOHKA. 3BOHOK MPHTATHRAET CBOH AKOPh, MO-
JOTOYEK YAAPSET M0 YalieyKe, CIBIIHTCA 3BYK. OTHOBPEMEHHO ¢ STHM KOHTAKT 3BOH-
Ka [) paspbiBaeT Lelb, TOK Yepe3 3BOHOK IPEKPAIIAeT Tedub. SIXOps 3BOHKA BO3Bpa-
HaeTcsA B IePBOHAYANBHOE MOJIOXKEHYWe, YAAPSIA 110 KOrepepy M YBe/THYHBas ero co-
npoTHBIeHUe. TIpHEMHHK CHOBA TOTOR K MPHHATHIO 3AeKTPOMAaTHUTHLIX BOJH,
BaskHbIM MOMEHTOM B Pa3BUTHH paaro Obu10 u3obpeterne B 1906 1. a7eKTPOHHBIX
JlaMIl, TIO3BOJMBIINX CO3JATh HCTOUHUKY HE3aTYXAIOMHX JJIeKTPOMATHUTHBIX KOJe-
6aHuit, DTO TOTHOCTHIO PEIIHJAO BOTIPOC O TTePeliaye no PATTHO PEUH, MyShIKH.
Pamuonepesarumk. OcHORO pasoriepeAaTYNKa ABMACTCA TeHEPATOD He3aTyxam-
mMx KoseGaHui, coOpaHHbIH Ha TaMIIaX WK TPAH3UCTOpax. [eniepaTop BHIpaGaTbiBaeT
KostefaHus BRICOKOM YacTOTht, HA3biBaeMoit Hecyureit (puc. 17.8). Ecan uepegatynk us-
TYYACT He3ATYXAKIYI0 CHHYCOWIANBHYIO BOJHY, TO B IPUEMHON armente perucTpu-
PYIOTCST rapMOHKYeCKHe KoneGaHus, KOTOPBIE He HeCYT HUKako# urdopMariu. /lna
nepefayy CUTHAIOB, PEYU, My3bIKH HEOOXOAUMO MEHATH XaPAKTeD BHICOKOUACTOTHBIX
KoneOaHHH, HATIPHMED aMILIUTYY. DTOT IPOIECe HA3KBAeTCIModyanuueti. Tak, Te-
AerpadpHas MOAYJISILHSA COCTOMT B TIPEPHIBAHAH H3AYYEHHS ¢ TOMOIIBIO KI0YA, T.€. 1o~
ChIJIKE KOPOTKHX (TOYKa) M ATHHHBIX (THpe) cHrianos — azdyka Mopse (puc. 17.9).
JLast Toro YTOOBI HepesaBaTh 3BYKOBbIE KOJMeGaHus B IIENb reHepaTopa He3aTyXxa-
IOITKX KoebaHui, BIovaT Muxpogon (puc. 17.10). [loxn gelicTBUeM 3BYKOBBIX
BOJIH, TAJAI0IMX Ha MEKPO(OH CO 3BYKOBOH 4a-
CTOTOH, H3MEHAeTCS CONPOTHRIeHIe MUKPOdO-
Ha, a CIeAOBATEABHO, M TOK B IEPBUYHOM 06MOT-
Ke TpaHcGOpMaTopa. JT0 IPHBOAMT K IIOABJIE-
Huw nepeMeHHoR 3/[C Bo BTOPHYHOH 0OMOT- Puc. 17.8
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Tok B aH- K B

TeHHe Nepe-
fa— Touka Tape 9 J_ c

oL AMAAMAMAMAMAMN B :
LR

Kiou Komau Komou HaxaT
HAXKAT — OTXKAT + -
Puc. 179 Puc. 17.10

Ke, T. €. Ha CEeTKY JIaMIIBI TOAaeTCs NepeMeHHOE HanpsiskeHe 3BYKOBO# YacTOTHL. AM-
TJIMTYZa BEICOKOYACTOTHHIX KOTeDaHuM, FeHEPUPYEMBIX B KOHTYPE JaMITbl, MEHSET-
cs1 BMeCTe ¢ HH3KOYaCcTOTHBIM HalpSiKeHHeM Ha ceTKe, a CJIe0BATEeNbHO, MEHAETCS
W MHTEHCUBHOCTDL PaIHOBONH, H3AyYaeMbIX aHTeHHOI. [Toka 3RyKa HeT, Mo TeTH
MHKpPOdOHA NMpoTeKaeT FOCTOAHHELH ToK (puc. 17.11). Ilpu nogeaeHuy 3BYKOBBIX
KOeOaHUE MEHAETCH 10K B LEMH MUKPOGOHA, aMIUIMTYAa BBICOKOYACTOTHBIX KOJIe-
GaHui M3MeHSeTCA 110 3aKOHY 3BYKOBBIX Kojlebanuil. DTo aB/eHie HA3HIBAIOT aM”n-
Jumyonoi modynsuueii.

PaauonpueMudk. PajgdolipueMHIK COCTOHT B OCHOBHOM M3 CAEOYIOWUX Iae-
MEHMOoa. aHTEHHEI, K0Je6aTeXbHOTO KOHTYPA, YCWIHTES, AeTeKTopa, AMHAMHKA,
K anTenHe pagnolpHeMHEKa OZHOBPEMEHHO NOCTYIAIOT MOAYTHPOBAHHBIE CUTHATHI
OT MHOKECTBa Nepeaaommx cTaniuil. YTobsl 13 MHOXECTBA CUTHAMIOB BHIAEAUTH HH-
TEPECYIOIYIO Hac HHGOPMAITHID, B TPHEMHNKE HCTIONb3YIOT KoreDaTe/bHbLi KOHTYP.
B koHTYp BKJIOYEH KOHAEHCATOP IlePeMEHHON eMKOCTH, KOTOPHIH MMO3BOAAET H3Me-
HATh COOCTBEHHYIO 4aCTOTy KOHTYDA. TaK IPOM3BOAMTCS HACTPOMKA IPUEMHOTO KOH-
TYPa B pe30onanc ¢ TIPUHKMAEMBIMU ATEKTPOMArHHTHEIMK Koebanusimu. B komeba-
TE/IbHOM KOHTYPE [OABAETCS MOGYAUPOBANHbIU CAQObIE MOK BHICOKOH 4acTo-
Thl (pHcC. 17.12, &), KOTODHIIf TOCTYIIAeT CHAYAMA B YCHANTENE, & 3aTEM B demexmop,
TAc MPOUCXOANT Paze/ieHHe BbICOKOYACTOTHOM HECYLUEeH Y 3BYKOBBIX KOJIeOaHuH, T.e.
demexmuposatue. J[eTeKTOPOM SBISCTCSA ABYX3NeKTPOIHAS 2JI€KTPOHHAS JaMIIa
WM TIOJYIPOBOAHUKOBBIN 1107, 001a2101uil 0AHOCTOPOHHEH MPOBOAAMOCTHIO.
[locne mpoxoxaeHUs yepes AHOX BHICOKOYACTOTHEIA MOAYAHPOBAHHEIH TOK OyaeT
nyabcupyiomuM (puc. 17.12, 6). [lns BuinefleHUsT HH3KOYAaCTOTHOIO CHIHAIA CILYKAT
Guavmp, cocTodIMIi U3 MAPANTENHHO COeTHHEH-
HBIX KOHAEHCATODA U COIPOTHBACHUA. [L7151 TOKA HU3-
KOH (3BYKOBOI1) YacTOThl KOHASHCATOD NPEACTABI-
eT 0OMBITOE COMPOTHRJIEHHE, I0TOMY TaKOH TOK
Hier yepes conpoTusieHue (puc. 17.12, 2), nocne
Yero OH YCHIMBAETCS M IepejaeTcs Ha JUHAMUK. ToK
BLICOKOH 4acTOTHI HAeT Yepe3 KoHJeHcaTop (pHC.
17.12, 8).

OyHKHUOHAIBHAS CXEMA COBPEMEHHOTO PaAHO-
mepeaaTYHKa ¥ palHoNpHEeMHHKA H300paxeHa Ha
puc. 17.13.

Teneparop { HezaTyxaoIMX KolebaHuii BEIpaba-
THIBa€T BRICOKOYACTOTHbIE KOsieOaHNs. 3BYKOBBIE KO-
ebaHis ¢ IOMOIIBI0 MEKEDOdOHA TPeobpasyoTcs B
Puc. 17.11 anexTpudeckde Koaebanus, Komefanus ot renepa-

3ByKa 3syk ecto
HET

Tok B uenn
mukpodona

Tok B mermu
NepegaTYrKa
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Puc. 17.12

Topa I U 3BYKOBbIe Koae0aHus HoCTymaT B Moayastop 2. B Hem nop neficrBres 3By-
KOBBIX Koj1ebaHui MPOUCXOAUT U3MeHeHre MHO0 aMITHTYAbl (aMTUIATY/THAA MOIY-
JAUEA), 00 YaCTOThI (YACTOTHAS MOAY.IALNA) KOAeHaHHIH, BhIpaOATBIBAEMBIX TeHe-
paropoM. [ n4 nepesady peur 1 MY3bIKH MOIYJISIHS OCYIHEeCTBISIETCS 3BYKOBBIMY
yactotamu (10—13)-10° T

[Tocne yewnuTeas § MOAYIMpOBAHHBIE KOAeOAHNA MOCTYHAIOT B TIEPEAAMINYIO aH-
TeHHY 4, KOTOpas, SAB/ASACH OTKPBITHIM KOJ1e0aTe/lbHbIM KOHTYPOM, H3/Iy4aeT 3JIeKT-
POMATHHTHRIE BOJIHBL B adup. HerlocpeICTBeHHO MEpeiaBaTh JIEKTPOMarHMTHRIE KO-
nebanys 3ByKOBOM YaCTOThHI HEJTE3A, TAK KaK AJIEKTPOMATHHTHBIE BOIHEI PA3IHYHbIX
YACTOT 110-PA3HOMY PacllpOCTPaHAIOTCA B aTMoc(epe H II0-pa3sHoMy B3aHMOAEHCTBY-
FOT C BEIIECTBOM.

Ha paccTosHuu or paguoliepefaTiuka
HaXOOUTCA PAAHOTPHEMHHAK. DJIEKTPOMAr-
HUTHEIE BOJIHBI HOCTYNAIOT B aHTEHHY pa- Mepenarum
OUOTIPUEMHKKA 5 U B KOHTYPEe 5— 6 BRI3LI- 4
BAIOT 31eKTPOMATHHTHBIE Koaebanus. [1pu-
HUMAeMBbIe KoMeOaHusA BHICOKOH 9aCTOTHL
Aanee MOCTYMAKT B YCHIUTENb 7, a 3aTeM B
JetekTop & Jdanee HH3KOUACTOTHREIE KOJe-
GaHUS YCHJIMBAIOTCA B yCHIIHTeNe 9 1 II0- I
AawoTed Ha AuHaMuK. Mndopmanus, rocry- Muzicpo- 16 Jre—
MUBIIAA B MUKPOGOH, BOCTIPOU3BOIATCA dox me 1 9
IMHAMHKOM. [I151 pagHOoBeIaHust MCIIOb-
AYIOTCA BCe AHAITA30Hb! PAAHOBOJH. Puc. 17.13

ITpnemuuk

—

te e
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17.5. lpumeHeHue 3NEKTPOMarHUTHbIX BOAH

Tenesupenne. CobpeMeHHOE 0BUECTBO HEBO3MOKHO [IPEACTABUTS (€3 Terepnae-
HiA. OHO IIPOYHO BOILIO B HAN OBIT, MEIHIIMHY, aCTPOHOMHIO, CHCTEMbI ABTOMATH3H-
POBAHHOIO YIIPaBJIeHHs H Apyrue 00JacTH.

CxcMa TeneRUAEHNA B OCHOBHOM COBIIA/IAET CO CxeMOil pajinoBeniauns. Pasimnma
3aKJIIOYAeTCS B TOM, UTO B IePeIaTUlKe KOJICOAHUA MOAYIUPYIOTCH HE TOJIBKO 3BYKO-
BBIMH CHTHRIAMH, 110 H CUTHATaMH H3o0paxenua. [IpeobpasoBaiis nzobpaxeHus
IPEAMETOB B SIEKTPUYECKIE CHTHAIB MPOHCXOAAT € IOMONIBIO #koHockona. [lony-
yaeMble OT HKOHOCKOMA 3JCKTPHUYECKHE KOMCOAHITS TOABOAATCH K PafHOTIepefaTI -
Ky M MOAYIHPYIOT H3JYMAEMYIO HM PaJHOBOJILY IOZ0OHO TOMY, KAK IMEePEeMEIIBH TOK
B TleNU MUKPO()OHA MOAYJTHPYET PAJIMOBOJHY IIPH Mepe/iadye 3BYKA.

B npueMHuUKe nIpeodpazoranue Mo IyYeHHOTO CUTHATA B BUTHMOE U300 pakeHne npo-
HIBOIUTCA KUHECKOROM. INEKTPOHHBIH MYYOK B MPHEMHHKE COBEDILAET MO HKPAHY
JBHKeHWe, B TOUHOCTH CHHXPOHHOE C ABMKeHHEM /IEKTPOHHOTO IIy4YKa B epefaTyuKe.
TeneBH3HOHHBIE NPUEMHHKH DABOTAOT B METPOBOM W JIELIUMETPOROM AHana3oHax. [Tpu-
€M 9THX CHIHAJIOB OCYIIECTBJSACTCS B MPeAeiax NpaMoid srauMocti. Mockosckast Oc-
TaHKHWHCKaA Tefaebamisa Beicotoil 540 M obecniednBaer HAIEXKHBIA TIPHEM Teseliepesay
Ha paccTosgame 10 130 kM. YTo6bi OCYIECTRAATH TENEnepeNiayn Ha 60 NbIIHe PaccTos-
HHSL, IPUMEHAIOTCS peTpaHcasTophl. Mcnoab3oBaHue CTyTHHKOB CBS3U 1A€T BO3MOX-
HOCTB [IPHEMA M NIEPeAaUy TEJEPOrPaMM [[PAKTHYECKH N3 000K TOYKH 3eMHOTO [apa.

Pagmonokanua. Paduonoxauus — obnapyKenme PasaAnYHBIX [IPEIMETOB M H3-
MePeHHE PacCTOAHUSA 10 HUX ¢ TIOMOTIBIO PafHoBOAH, B ocHOBe paanosokaiuu e-
KUT siBjenue orpaxenus Y KB ot npeameros.

Paduonoxamop (padap) npencrapiaser cofoil paNMonepesaTuHK U PaaHONpPH-
EMHHK, BMEIONIHE OBTIYI0 AHTEHHY, CHAGKEHHYIO MepeKJIIouaTeNneM ¢ TIPHeMa Ha Tie-
pedady. JTa aHTCHHA CO3ZaeT OCTPOHAITPABIEHHOE H3Ty4enne — paauoiyd. Manyde-
HHUE NPOU3BOAUTCS KOPOTKUMH UMITYJ/IbCAMH NPOAC/LKHTENBHOCTRIO 1078 ¢. Mexay
JIBYMS TIOCJEA0BATEIHBIMUY HMITYJIBCAMW AHTEHHA aBTOMATHYECKH HEPEKII0IAeTCA
HA TIPHeM SAEKTPOMATHUTHOM BOJIHBI, OTPRKEHHOI OT HCCTEAYEMOTO GOBEKTA,

B MOMEHT [I0CBLAKH paBOCHIHAIA 1ATYMK BPEMEHN HAYUHAET CMemaTh »AeKTPOH-
HBH Ayvy. Pamuocuraan nocTynaer B aHTEHHY, H3AY4aeTCsi B IPOCTPAHCTBO U OJHO-
BPEMEHHO CO3/TaeT HAa HKPaHE ANEKTPOHHO-TYYCRBOH TPYOKH OTKJIOHEHUE 3TeKTPOH-
HOTO JIy4a BJOJIb BEPTHKAIH, H300paXeHHOE B JeBOH YacTit puc. 17.14 Haj HyJEBBHIM
AefAeHneM IKaIbl. OTpaxeHHBIHA OT HpeMeTa PAJHOCUIHAT IIPAHUMAETCS TOlt JKe aH-
TeHHOH, IPOXOAUT Yepe3 MPHEMHUK M Ha SKPaHe 3JeKTPOHHO-JIY4eBOi TpyOKH maer
BEPTUKAIBHOE OTKIIOHEHHE y4a HA HEKOTOPOM PACCTOSHIHN OT MEPROTO OTKIOHEHNS
{cMm. puc. 17.14).

3Has BpeMst TBHXKEHHS JIy4a M0 TOPH3OHTAMIM, MOKHO PAC-
CTOSTHHE MEJK/TY BEPTHKAIbHBIMH OTKJIOHEHUSIMH TPOTPA/LY-
HpOBaTh B KuioMetpax. HanpassieHnue, B KOTOPOM HAXOJHT-
¢ 0OHApY:KMBaeMbiid OOBEKT, OTIPEAESETCS MON0XKEHHEM
AHTEHHBI PAJIMOJIOKATOPA, TPH KOTOPOM HA MOHHTOPE TIOSB-
JIIETCA OTPAKEHHLIH PATHOCHTHAL.

Paaposiokanus mUpoOKo 1IPUMEHAETCS KaK B BOEHHbIX, TAK
M B MUDHBIX HCJIAX: 33/1a41 BO3/IYITHONH Y1 MOPCKOW HABUIA-
LUK, onpeaeneHue pacctoduus 1o Jlyner w maaver ConHey-
Puc. 17.14 HOU CHCTeMbl, HaOITIOIeH U 33 METEOPHTAMHU.
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Paanoacrponomus. B oTauyme 0T pATMOIOKALINE, HCCIEAVIOLIEH Tea ¢ ITOMOUIbIO
OTPaXKCHHEIX MU DA/TMOBOJIH, PAOUOACTIPOROMUS UCCAeOyem Hebeciibie meaa
N0 UX cobcmeenHoMYy PaduoUuaayerntto. PaiuoacTpoHOMIYeCKHe HABIOIeH!s
NMPOU3BOAATCS PAJHUOTETECKOTIAMH — YCTPOHCTBAMH, COCTOANMMH H3 AaHTEHHO CHC-
TEMBI U YYBCTBHTEIBHOIO PAXHOIIPHEMHHKA C YCH/IMTENEM.

HcTounmskaMm ManyyeHns B paIuOacTPOHOMEH SBAAIOTCA aJaKTHKA, MEX3BE3 -
Hasl TAIAKTHYECKAs cpefia, 3ee3nl, Connne, JlyHa, naHeTs v p.

CoBpeMeHHBIE HCC/€0BaHHA TI03BOITHIH 00HAPYKHTE CIIEKTPAIBHBIE IHHAM MHO-
THX XUMHYECKHX HIEMEHTOB HEOPTAHMYECKUX M OPTAaHWIECKHX MOJCKYI, UTO O3B0~
JMTI0 TIPHOTKPHITS 3aBECY HaJl MpolicccaMu 06pa30BaHHA 3BC3/ U ILIAHETHEIX CHCTEM.
OtkpoiTie GOHOBOIO (PEIUKMO80£20) UBTYUEHHS HBUACCH MOATBEPKIEHIEM MOe-
Ju «ropsadeits BeeseHnoH, ITH necae0BaHUA TIPOLOJIKAIOTCA.

KPATKME BbIBOAbI

® D/ICKTPHYECKOE H MATHUTHOE IIOJIS ABASIOTCA TIPOSBACHHAMH €AHHONO HEJI0T0 — IeKT-
POMATHHTHOFO OIS, JIEKTPOMATHHTHOE 110JIe — ocofas dopma matepun. OHO cyllecTByeT
PCAIBHO, T.€. HE3ABICHMO OT HAC, OT HAWKMX 3HaHKH 0 HeM. HeorpemireMoil XapakTepucTHKOM
MATEDHH ABAIETCS SHEPTHA, DHEPTHs AMEKTPOMATHHTHOTO TI0JIA paABHa CYyMMe SHEPTHEH 2JEKT-
PHYECKOIrQ H MArHUTHOI'O TIOJEH;

W= WJ;[ + WM'
® [lnomnocme anepeuy TEKTPOMATHHTHOLO 1107151 PaBHa
eegB? . B?
2 2y

® IAeKMPOMAZHIMHBIE GOAHBL — FTO PACTIPOCTPAHA IGLIEECA B TPOCTPAHCTBE [IepeMeH -
HOE 3IEKTPOMATHUTHOE NOJe. JNeKTPOMArHHTIIEE BOJMHE ABASIOTCH NonepedHuMi. CropocTh
PACTIPOCTPAHEHUS DAEKTPOMATIINTHEIX BOAH — BEIMYHHA KOHEYHA, OHA OMPeNeNdeTc dIeKT-
DHMYECKHMK U MAaTHUTHEIMU CBOWCTBAMH CPELL:

1
TR

B Baxyyme CKOPOCTB 2IEKTPOMArHHTHON BOJIHBI paBHa CKopocTy cBeTa (3-10° m/c).
® [11eq NpakTHYECKOTO HCIIOIL30BAHUA ITeKTPOMArHHTHEIX BOJIH 414 Tlepeaadl undopma-
ouu npunanexut A. C, [lonosy - maobperarento paano.

E Bonpochl AAA CAMOKOHTPONSA U NOBTOPEHHUS

1. *lloyeMy 3eKTPOMATHUTHOE toAe MaTepuanbio? 2. Uro cofoil npeacraBisioT 3jeKTpo-
MATHHTHBIE BOTHE ! KAKHMI OHM SIBISIIOTCA —TIPOIO/IBHBIMH I NoflepedHbIMU? [Towemy?3. OT
YEro 3ABMCHT CKOPOCTh PACTPOCTPAREHHS SJIEKTPOMAIHUTHHX BOJH B cpejle? 4. [1ouemy B Baxy-
VME CKOPOCTh PACTIPOCTPAHEHH S 3/IeKTPOMATHHTHEIX BOIH MakcHMaThHa? Kak ona obosnatact-
o ¥ YeMy oHa parua? 3. Kax cBs3anm Mexay cofoi XapakTeDHCTHKH DAEKTPOMATHUTHOR BOJI-
Hel? 3aruuinTe aty cbsisb. 6. Kakumn ¢BodicTBamy obiaaanoT snekrpoMarduTHele BoHbl? 7. Ha
OCTIOBAHMH 4€TO MOXKHO YTBCPIKJATh, YTO BHAHMBIH CBET IIPeICTABARET CODOH HICKTPOMATHHT-
Hoe waayverue? 8. Ha xaxve BHABL [0 AHATA3OHAM YACTOT MITH JITHH BOJIH TIOAPANIEFTIOTCA K-
TpoMarHuTHAbIE BosHbI? 9. Kak ocyinecTBIseTCA FeHCPUPOBAHIE M HPHEM 3JICKTPOMArHHTHEIX
somH? 10, M3 Kaxwx 0CHOBHBIX YacTell COCTOST M Kak paboTaloT epefaTyvk 1 TPHEMHHK PaJHO-
Boau? 11. Kak ocymecreisietcs TenesnsuoHBas nepenava? 12, B uem gaknouaercst NPUHITAND
paanookaruw? 13. Kakie cpencTsa panmo- ¥ TETEKOMMYHHKAIHH HCTIOIB3YIOTCA B OLITY?
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Onrika — pasfen GH3HKH, B KOTOPOM PacCMaTPHBAIOTCA 3aKOHOMEPHOCTH H3JLY-
9eHus, IOTMIOINEHHs U PACHPOCTPAHEHUs CBeTa. Pa3HyaoT TeoMeTpHYECKYHO U (hn-
3UYECKYIO ONTHKY. [eoMeTpHYeCKas ONTHKA He 3aTPATUBAET BONPOCOB MPUPOEL CBE-
Ta. Ee 0CHOBHbIM¥ 3aKOHAMH ABAAIOTCA NPAMOIHHEITHOE PACTIPOCTPAHEHUE CBETA, OT-
pakeHHe M NpeaoMIeHue ero. Ha 0CHOBaHHH 3aKOHOB reoMeTPUYecKOli ONTHKM pac-
CUHMTHIBAIOTCH H KOHCTPYUPYIOTCA ONTHYECKHE TPHGOPH — OT JIHH3 10 CJ0KHBIX 06beK-
THBOE B O[POMHBIX ACTPOHOMHYCCKUX HHCTPYMEHTAaX.

DusnyecKkas ONTHKA u3ydaeT Npold/ieMel, CBSI3aHHBIE C IPHPOLOI CBETa H CBETO-
BHIX AIBAEHUI.

Heropuueckan capaeka. C xenia X VI B, B sayynom mupe 1t 60ppda MeXRITY KOPILyCKY-
JISIPHOH N BOTHOBOI Teopuamu ceTa. AsTop 1epsoii (. HeloToH) cuutan ceem nomoxom
rwopnyckya (0T mar. corpuskulium — Tenslie), BHOPACHIBAeMbIX
CBETAUIMCS TEIOM M JIeTSIIHX B IIPOCTPAHCTBE NPAMOIHHEIHO.

Bonrosyio Teopuio cBeTa npensiokna coppemensdk Heloto-
Ha rosaugckuit yuensnii X. Tiofirenc (1629 - 1695).

Ha ocHoBanuy coBpeMeHHBIX OpeACTaBAcHUH CBeT HUMeeT
IBOHCTBEHHYIO KOPIYCKYAAPHO-BOAHORYIO IPHPORY (KOPITYCKY-
JSPHO-BOTHOBOH AYANH3M): C OIIHOH CTOPOHB, OH 06J1aaeT BO-
HOBEIMM CBOCTBAMH (sTRAeHUs uHTepdepertny, Audpakumy, no-
ASAPMBAIHK), C APYTO — MPEACTABIIET COOGH I0TOK YacTHL —
(hOTOHOB, O0/IAAAIOIINX HYIEBOH MacCOM TIOKOS W ABHKYIHXCS
CO CKOPOCTBIO, paBHOI CKOPOCTH cBeTa B Bakyyme. Kop-
AYCKYIAPHO-BOJMHOBOM DyATH3M €CTh NPoABneHue Hauboaee ob-
nieti B3AMMOCBA3H ABYX OCHOBHBIX hOPM MaTepiH, H3y4aeMbIX
X. Toitrenc (PH3MKOI, — BEIECTBa H N0

lrasea 18
NPUPOAA CBETA

18.1. CKopocTb pacnpocrpaHeHns cBeTa

INexTPOMATHHTHAA IPHPOIA CBeTa. C8em — 3NeKTPOMATHUTHOE U3TYYeHHe, BOC-
MPHHUMAEMOE YeaoBeydecKuM raaszoM {n = 0,38 - 0,76 mxm). B ¢pusuke wacTo naspipa-
10T CBETOM U HEBHAHNMBIE JJIEKTPOMATHUTHBIE BOJHBI { A = 0,01 — 340 MKM).
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B 1873 . /T>x. MakcBesu BriBesl YPaBHEHHS, YCTaHaBAHBAIOTINE B OO0 TOUKe mpo-
CTPAHCTBA H B MoO0ii MOMEHT BpeMeHH CBA3b MEX/Y HanpsikeHHocTio E anexTphue-
CKOro 1noad 1 ]f[HIlyKIIPIeﬁ B MarHuTHOTO 1G4, ILIOTHOCTEH EKTPHYECKUX TOKOB j H
3apsios. M3 Teopuu Makcee/na BHTEKANO, YTO HAMEHEHUA 2/IEKTDPHYECKOTO H MATHUT-
HOro mosei B3anMocsa3anbl. Ha ocHoBe 3T0if Teopuw 651710 ChOPMYTUPOBAHO BAXKHEH-
ee mOHATHC B (1)1/[31*11{8 —IACKMPOMAZHUTTIHOE NOJAE. B YpasHEHHA Maxcpeia Bom-
JIa CKOPOCTb, C KOTOPOH JO/DKHEB! PACIIPOCTPAHSITECSA B MPOCTPAHCTBE H3MEHAIOUHEC
3NEKTPHYECKOe W MaTHUTHOE 110J14, T. €. 3JeKTPOMarHUTHAA BOJHA, PacpoCTpansio-
WIASACH B CPE/Ie CO CKOPOCTHID

v=—, (18.1)

e

e ¢ — CKOPOCTB CBETa B BAKYYME; ¥ — CKOPOCTD CBETA B Cpejle, UMeoIlel OTHOCH-
TEJLHYIO AHINEKTPHYECKYIO TIPOHHULAEMOCTD £ H OTHOCUTENBHYIO MAaTHHTHYIO TPOHH-
LaeMOCTD L.

Ha ocvoBaHmu TeopeTHYecKHX HecleaoBaHuH MakcBens cnesaa BLIBOLL

B cBeT MMeeT DACKTPOMArHUTHYIO TIPHPOAY.

IKCNEPUMEHTANBHOE IOATBEPK/ICHHE 3IEKTPOMATHHTHOH TEOPHH CBeTa OBLIO 1T0-
JIy4eHo B olbTax [epiia, MoKasaBIuero, YTo 371eKTPOMArHUTHEIE BOJTHBL, I0A0GHO CBe-
TY Ha FPAHAIE Pa3/iena JAByX cpesd, UCTHITHIBAIOT OTpaskeHHe | mpeaomiaeHue. [lomu-
MO 3TOTO, TOK/ECTBEHHOCTD MPHPO/LI CBETOBLIX U 2MEKTPOMATHATHBIX BOJIH [I0JTBED-
KIAMaCh OJIMHAKOBOM CKOPOCTHIO MX PaCTIPOCTPAHEHHS.

Nz ypasHennii MakcBesuta anst 3/IEKTPOMAarHUTHOTO MOJIA, OTIPEEISIONINX CBA3b
mexay E n B, nonyueHa ¢popmyna (18.1), cBaspiBaomasn cKOpocTb PacipocTpane-
HUSA CBETA U ATCKTPOMATHHTHBIX BOJIH B BEIIECTBE C €70 WIEKTPHYECKUME H MarHuT-
HBbIMH CBOHCTBAMH.

Amnnumy oo TapMOHHYeCKHX KonebaHuii YacToThl v (JacToTa BOJMHBI), COBEP-
maeMuix BektopaMd E u B pacrpocTpansiomecs sAeKTpOMATHUTHOH [IOCKOH MO-
HOXPOMATHYECKOH BOJIHBI, OMUCHIBAIOTCA BBIPAKEHHAME

E = Eysin (2mvt + ¢); (18.2)
B = Bysin(2nvt + ¢p), (18.3)

rae Fy n By — MakcHManbibie {(aMIVTHTY/IHbIE ) 3HaveH s Bektopos E u B; ¢, — Ha-
yanbHas (asa. Bekropol E n B Bcerjia B3auMHO-MEPNEHANKYISIPHBL, 4 TAK)Ke MEPIIEH-
JHKYJAPHB HANPABJIEHUIO pacupocTpaHenust BoHu {puc. 18.1).

B OnexTpoMarHMTHBIE BOJIHBI MONEPEYHSI,

M3 puc. 18.1 Bugno, uro pektopet B u B nsme-
HAIOTCS CO BPEMEHEM 110 FApMOHUYECKOMY 3aK0HY.
Onu ogHOBPEMEHHO JIOCTHIAIDT MAKCUMARLHOTO H
MHHHMAJTBHOTO (HYJEBOro) 3HaYeHUIl. 3a BpeMs,
pasHoe nepuony Kosiedanuii T, BEKTOPHI UMEWOT
MaKCUMaJIbHBIe 3HAUYEHUsT B MOMEHTHI BpeMeHu T/4
1 3T/4 vi HyneBbIe 3HAUCHHNS B MOMEHTBI BDEMEHN




0, T/2 n T. aunoli 80nHbL X\ HAZBIEAENCS PACCMOAHUE, KOMOPOE SACKNPO-
MAZHUIMHAS 80AHA NPOXOOUM 3a 8pems, pasnoe nepuody T,m.e. 3a apems
noanozo xorebarnus eexmopoe F u B:

A=eT =5, (18.4)
v

ToHsTHE 2JIEKTPOMATHHTHON MPHPOILI CBETA He TOJABKO 00BACHWIO Habuonae-
MBbI€ CBETOBLIC SIBJCHHSA, HO W TTO3BOIMIO TIPEICKA3aTh TAKOE SIBICHNIE, KaK JaBIeHHe
CBETA, KOTOPOE FKCMEPHMEHTAILHO ObLI0 06HapykeHo pycckum usnkom [T, H. JTe-
OexebiM (1899). 310 cTamo HCTHHHBIM TPHYMGOM 3/1€KTPOMATHHTHOMH NPHPOIBL CBETA.
Bor uro nucan adrauiickunii gusuk /1. Tomcon: <« Bclo cBom kH3HE BoeBan ¢ Makc-
BEJJIOM, He TPH3HABAS CTO CBCTOBOTO JABJICHHSA, H BOT OMLITEI JIeGeieBa 3acTaBuin
Mens cgaToesy. Mraxk,

I CBET — 3T DMEKTPOMATHHTHRIE BOMHB], KOTOPhIE MOTYT PACHPOCTPAaHATLCA KAK
B cpene, TaK H B BAKYYME.

Onbitel Pemepa u Maiikenscona. ITepBy1o noubITky onpefefnTs CKOPOCTh CBETA
npeanpuuan I'. Tamuneii (1607), Ho ona okasanack HeyAauHOH. TpyTHOCTH H3Mepe-
HH{S CKOPOCTH CBETA CBS3aHEBI C TEM, YTO OHA GYeHb Bejuka. Toabko B 1675 r. gaTckuii
actposom O.Pemep, nabiiozas 3arMeHHe cnyraukos IOmurepa, nokasani, 410 cKo-
pocms pacnpocmpanenus ceema — gerunina xoneunas. Cxema Meroga Pe-
Mepa upeactasieHa na puc. 18.2. Paccrosnue ot KOnurepa (M0) no Coanna Goapiie
paccrosinug o1 3emmn (3) ao Coanua npuMepno B 5 pas. Meroa Pemepa ocHoBaH Ha
HabnioneHny 3arMcHus cnyTirka I0mwTepa U, Pemep onpeacnn, uro eciy Habmo-
JaTh 3aTMEHHe B TOT MOMEHT, Koraa I0nuTep u 3emng HAXOAATCS HA HAKMEHBINEM
paccroaHuu Apyr ot apyra (noaoxenus IO | v 3,), To 3aTMeHHe HACTYUAET DaHblile,
€M B T€ MOMENTHI, KOI7Id IVIAHETHl HAMOOee yaauensl APYT o1 Apyra (MOT0KeHNT
10, u 3,). 3amasapiBaHHe 3ATMEHUS CBA3aHO € TEM, YTO TPH HAMGOIBIEM YAATCHHN
IJIAHET APYT OT APYTA CBET A0JEEH [IPOHTH 00aBOYHOE PACCTOSHIE, PABHOE AHAMET-
py opOuTH 3emuid. 3Haa BpeMs 3aa3AbBaHUA 3aTMEHHS U AMaMeTp opOUTR 3eMITH,
MOXXHO OTIPEIENTHTE CKOPOCTH CBeTa. B To Bpems PeMep He MOT NOTYYHTE IOCTATOYHO
TOYHOFO 3HAYEHNH CKOPOCTH CBETa, TAK KaK JHAMETP 3eMHOH opbuTH He OB H3Me-
PEH A0CTATOYHO TOYHO. CoBpeMeHHEIe JaHHbIE AAI0T 3HaYeHHe CKOPOCTH CBETA [10 Me-
Tony Pemepa, 6.1m3koe k 3-10° m/c.

0,10,

f_..-
—

-
——=" Opbuta ciyTHUKA

- [Omurepa U"Iol
3
Opburra
Opbwra IOnurepa
3eMan
Puc. 18.2
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B xasenetiitem 6110 TPeIOKEHO eIle
HEeCKOJABKO METO/I0B H3MEPEHHA CKOPOCTH !
cBeTa. BliepBble B 3eMHEIX YCAOBUSX CKO- M emeeeoonld
pocTh ceeta (= 3- 10" M/c) 6biia namepe- B m
Ha Qpanty3ckuM dusuroM M. Ouzo B8 G rmmronmemnann -
1849 r. Bnocaencreuu metox @uzo 6wt
VCOBEPILEACTROBAH aMepHKaIckuM (uzu-
KoM A.MaiikenbcoHoM, CXeMa omBITa
Maiikeabcona ana Ha puc. 18.3. Puc. 18.3
A usmepeHns ckopocti ceera Maii-
KeThCOH BOCTIOIB30BAJICS IBYMSI TOPHBIMHI BCPIIHHaMH ( AHTOHHO 1 Bunncon), pacerost-
HHe | MeX/Iy KOTOPBIMH OBLITO TIHaTeabHo uaMepeno. Ha sepumiie oxuoi roper 6611 yeTa-
HOBJIEH HCTOYHHK cBeTa 8. CBeT 0T Hero, IpoXo/is Jepes Mienb [J, Tagar Ha BOChbMUIPal-
HYIO 3epKaabhyio npusMy A. OTpaskeHHBIH OT 3ePKATLHOH TPAHN TIPU3MEI CBET IONaa/i
Ha BOTHYTOE 3epKaio B, YCTAHOBJEHHOE Ha BepINMHe APYroi ropbl. OTpasKkasich OT HETD,
CBET MaJaJl Ha 3EPKAJIO 1 U, OTPAKAACh, CHOBA HA 3epKaio B, Mocie Yero monagal Ha
BTOPYIO IPanb 3epKa/bHON npuaMbl A, OTpasKeHHEIH OT MPU3MEL A CBET YIaBIHBAJICH C
TIOMOIIBEO 3PHTETbHOM TpyOs . Bpaimenue IpH3Mbl A IPOHCXOAMIIO € TAKOH CKOPOC-
TBIO, 4TOOBI B 3pUTEILHYI0 TPyOy ' HenpepbiBHO Ob110 BUAHO K300paKeHHe memn D.
DTO BO3MOXKHO B TOM CJydae, eCJIH 34 BPEMst IIOBOPOTA IPU3MBI HA  1/g obopoTa ceeT
TNPOXOMHT paccTosHNe 21, MaiikebcoH TakoKe MOy 3HadeHNe, 6amskoce k 3- 10% Mm/c.
Kpome Toro, MaiikenncoHoM GbL1a olpeze/eHa CKOPOCTE CBETa B BAaKyyMe U APY-
rux cpegax. M3 9Tux onsiToB ObLIH CA€1aHBI BAYKHBIE BBIBOIBL:

1) ckopocTh CBeTa B BakyyMe 0oJbLie, Y€M B APYTHX CPEax;
2) CKOPOCTDb CBETA HE 3ABHCHT OT CKOPOCTH HCTOYHHMKA, T, &, CBeT He MOTYAHI-
eTcA KJacCHYeCKOMY NPaBWIY CA0KEHHA CKOpocCTeii.

ITO OMLITHOE TIOAOKEHHE — HE3aBHCHMOCTh CKOPOCTH CBETA OT CKOPOCTA HCTOY-
HHKA — JIEKUT B OCHOBE TEOPUH OTHOCHTETBHOCTH. B 1pipoie He CyIIeCTBYET CKOPO-
¢TI GOJIBINEl, YeM CKOPOCTH CBeTa B BakyyMe. [10 COBpPeMEHHBIM IAHHEBIM, CKOPOCTD
cBeTa B BakyyMe ¢ = (299792,5 + 0,4)-10° m/c. Utak,

I SJAEKTPOMArHHTHASL BOJINA B BAKYYME PACHPOCTPAHAETCHA CO CKOPOCTBIO ¢ =
=3-10° m/c.

18.2. 3aKOHbI OTPaXXeHMA U NPeNnoMIeHHA cBeTa

JakoH NpAMOMMKECHHOT0 pacnpocTpaHeHua cBeTa. Ecin aekTpoMaruiuTHast BOJI-
Ha PacpOCTPAHAETCA B OXHOPOAHOU CPEE H I/IMHA BOJIHBI HPEHEOPEKHMO Maa 110
CPAaBHEHUIO ¢ pa3Mepamu 061acT, B KOTOPOI OHA PacIpoCTPaHAeTCA, TO PacIpocTpa-
HeHUe BOJHBL IPOUCXOIHUT 110 3aK0HAM FeOMETPHYECKOH ONTHKH.

B reoMeTpuueckoii orrTHKE pacCMATPHBAIOTCA 3aKOHEBL PACIIPOCTPANEHIE CBETA B
[IPO3PAYHLIX CPEeIaX HA OCHOBE TIPEJCTABAECHHS O CBETE KAK COBOKYIIHOCTH CBETOBBIX
ayyeit, Jys — ato JiHHHS, KacaTeJIbHAasA K KOTOPO¥H B KakK0i TOYKe CORMAJaeT ¢ Ha-
IpaBJieHHEM PAcIpocTpaHeHusa BOAHEL EcC/iM BOJIHA paciipocTpaHseTcs B OAHOPOA-
HOM ¥ M3OTPOITHOM Cpeje, TO JIyd IIpeCTaBiser coO0H NPAMYIO, LIePIeHIHKYIIPHYIO
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dponty sBomunl. Hanpaenenus ay4a u nepenoca sHepeull 3ReKmpomMazHum-
HOUl 80AHBL COBNACAION.,

Bounbluyio posb B pasBHTHH B3TJIALOB Ha HPHPOAY CBETA CHITPAT 3aKOH TIPAMOIIH-
HEHHOTO pacnpOCTPaHenys CBeTa:

B B ogHOpoaHOi cpenie cBeT pacnpoCTpaHAETCA NPAMOJTAHEHHO.

Iror 3axoH ewwe B I1] 8. ao n. 3. chopmymporan Ieking B ¢cBoeM Tpyae «Onrukas.
OmerTHEIM 0GOCHOBAHHEM 3aKOHA MOCIIYKHAO ABIEHRE 0OPA3IOBAHMS TEHEH OT Pa3mnd-
HeIX npemMeron. Ha puc. 18.4 nao6paxed NCTOYHWK CRBETAS, THHEHHEIE pasMephl KOTOpO-
ro Mamsl. OT Tena A, Nperpaaaioiero CBeTy myTh 0T MCTOMUMKA 10 IKPAHa, HA 3KpaHe
obpazyerca Tenb. TEHb HMEET PE3K0 OTePUEHHRIE TPAHMLIEL, ECITH HCTOYHHK S moueu-
Hbiidl, T. €. eCITH eTO PA3MEPHT PEHEHPERUMO MAJTHI IO CPABHEHHIO C PACCTOSTHHUEM A0 OC-
BeIAeMOro npeanMera. Eci MCTOUYHHK He TOYedHDIH, TO Tellb II0JIY4aeTCs HEPe3Koii, OHa
WAMeeT PAa3MBITHIN Kpait, KOTOPBIA HA3LIBAKOT NOAYMENB10. 3aKkoH IPAMOIHHEHHOTO pac-
TIPOCTPaHEHHST CRETa ¢ TIO3UIHIT BOTHOBOI Teopwu 6bL1 0bocHoBaH Mpenenem (1818).

Pacnpocrpasenue cBeTa B BenecTBe. J/IEKTPOMArlIMTHBIE BOJIHEL MOTYT Pacnipo-
CTPaHSTBCA HE TONBKO B BAKYyMe, HO H B PA3THYHEIX CPeiax, IPH 3TOM IPOUCXOAUT
B3aMMOJIEHCTBHE 3MEKTPOMATHHTHOIO H3MYTeHNA ¢ BemecTBOM. BaanmopeiicTBue
3JIeKTPOMATHUTHOW BOJIHH € BeITECTBOM CBOAMTCH K B3aUMOAEUCTBHIO C 3JEKTPOHA-
MH BELLeCTBd. JAEKTPOMArHATHAS BOTHA XapaKTePH3yeTCd HAPsUKeHHOCThIOE arnek-
TPHYECKOTO 1 WHAYKHell B MarupTHOTO Tione#. A3 Teopny anexTpOMarBNTHHIX BOTTH
cneayet, ut0 B= Efe. Cunsl, 6HCTBYOILIE HA 3TEKTPOHBI BEIIECTBA CO CTOPOHLE 3J€K-
TPHYECKOIG M MArHMTIIOIO [10JIeH, OTHOCHTCA KaK

el ¢

evB v
TAe ¢ — CKOPOCTh CBETA; ¥ — CKOPOCTh /IBIKEHUS 3/IeKTPoHa. /I 3IeKTPOHOB B aTO-
Max 1 AJIeKTPOHOB ITPOBOIMMOCTH B MeTalax( c/v) > 107, 0TKyAa CAENYET, 4T0 MATHUT-
Hbl€ CMJIbI MaUIbl [10 CPABHEHNIO ¢ 3ACKTPHYECKUMY, TIO3TOMY 8E€KIMOp HANPANCEH-
HOCMU SAEKMPULECKOZ0 NOJESE HA3LIBAION CBEMOBHIM.

ITocMOTPHM, Kak MMPOXOAMT CBET Yepe3 TPAHUIY pasziena ABYX Cpell — IBYX Aud-
JexTpuroB (puc. 18.5). Ha rpanmiie pasaena npoucXofsiT 48JeHU OTPaskeHUA U Ape-
JIOMJIEHHST CBeTa.

JakoHs! oTpaxceHns. YTOX MeXAY HanpaBJIeHHeM TAIAI0NMETo Ayda | W HOpMa-
JbK0 NN K [DaHHLE Pa3fena Ha3bIBAIOT Y210M RAGEHIL (x, YTOI MEXK/IY HAIIPABIIC-
HHEeM OTPa’KeHHOTOo Jiyua 2 1 HopMathico NN; — yerom omparxcenun B. Jxenepu-
MEHTATBHEIM TTYTEM YCTaHOBAEHO:

3

1) naparouxuii n oTpaskenubIi JIyun M HopMaab NV
K TPaHMIie pas/iesa JeKaT B 04HOH ILIOCKOCTH;
2) yroa naficHHs . paBeH YLy OTpaskeHus [3.

JTO YTBEPXACHUE HA3BIBAIOT 3aAKOHOM OTPAXEHUA,
Kax ormertabiil dakt 0HO OBUIO UdBecTHO e EBKTHAY B
IT1 8. 10 H.2.

3aKoHbl NPEJIOMIeHHA. YT0Jl ¥ MeXKIY IpeioMIeH-
HBIM JIYIOM § U HOPMAJIBIO K TPAHMLLE pa3jiesa HAa3bIBaIOT
Puc. 184 yeaom npenomaenusn (cM. puc. 18.5),
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CHeTHYCOM KCIIePHMEHTAIBHO 4151 IPEJOMIIEHIS] CBETA
DBLTO YCTaHOBJEHO:

1) napawmuii 7 1 nperoMIEHHSbIH 3 IYYH U HOpMAaIb
NN, x rpanniie pa3nena JekaT B 0JHOH IVIOCKOCTH;
2) oTHOLLIeHHE CHHYCA YTJa MaJeHHA o K CHHYCY YIIa
NpeJOMIEHHA ~ DARHO OTHOIMEHUIO CKOpOCTeil pac-
MPOCTPAHEHH CBETA B 3THX Cpelax:

since

siny %

37eck v M v — CKOPOCTH PacIIPOCTPAHEHUA CBCTA B Cpe-
Jax, XapaKTepH3yeMELIX COOTBETCTBEHHO NIOKA3ATE/NAMH pe-
JIOMIEHHS 7y ¥ 7. ITO COOTHOLIEHHE MOXKHO NePeNHCaTh B BUAC

sina
—— = =y, (18.5)
siny ™
o th o \
TAe g1 = — = — — MMHOCUMEFAbHBIU NOKAIAMETb NPEeSOMIAEHUA BTOPOA
m U2

cpeanl (110 OTHOLIEHHKIO K IEPBON).
Cooraomenne (18.5) HazbBaeTCsl 3AKOHOM RPEAOMACHUS C8EMA, COTJIACHD
KOTOPOMY

I BO CKOJIbKO pa3 CKOPOCTb CBCTA B IEPBOH cpeze Gobile HIH MEHbIIE CKOPO-
CTH CBETa BO BTOpOﬁ.

. 5 sinae ¢ ¢ o
Ecm neproii cpenoh AsageTca BaKyyM, To—— = —, TAe — =n— abcomrommbii
siny v v

noxazameite npeixomaenues. [1okazaress TpeAOMIeHH TOKA3bIBAET, BO CKOMb-
KO pa3 CKOPOCTH PACTIPOCTPaHEHHsA CBETa B BaKyyMe 60blle, ueM B JaHHOH cpefe.

ABCOMIOTHLIA MOKA3aTeb MPEAOMIEHHA 15l HEKOTOPBIX JHYJIEKTPHKOB IIPHBeE-
zer B Ta0u. I1.15 (cM. npu).

3Hag nokazaTeH IpesOMAEHHs IBYX cpel, o dopmye (18.5 ) MoxXHO Ha#iTH 1X OT-
HOCHTETBHBIN ToKasaTe b npeaoMienust. [Ipu cpaBHeHnu AByX cpell cpeiy, o0iama-
1y10 GOMBINMM TIOKA3ATENIEM HPEIOMICHIS, HA3BIBAIOT ORMuUUecKy 601ee NaomHO.

3aKOHBI OTPaeHHs 1 IPeJOM/IEHHA CBeTa CTIPABE/THRH /TS OMHOPOAHBIX H H30T-
POTHBIX Cpell.

Yacrora KoneGannii 31eKTPOMATHETHOM BOJHBL HE H3MEHSETCS HH TIPH OTpa-
KEHHY, HA TIPH IPEJIOMJICHHH CBeTa.

18.3. NonHoe oTpameHune

Toanoe otpaxkenme. [TycTh cBeT pacnpocTpansercs U3 6oJee IIIOTHOR Cpeapl B
Menee woTnyio. 13 puc. 18.6, @ Buano, 4o B onrtuyeckn 600ee MIOTHOMH cpejie maja-
IOINHH AYY COCTARJIAET C HOPMAJbl0, BOCCTABNIEHHOH K rpaHHle pa3desia, yroJl MeHb-
ITHH, deM VY, MAYILHHA B MeHee [JI0THOH cpefe. Ecim yBeAnunBaeTcs yrosl NageHns,
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7 T
n2=l

Puc. 18.6

TO YBETHYMBAETCA | YTOJ NpesioMaeHHd. B ciyyae, mokasantom Ha puc. 18.6a, n, < ny,
MIOATOMY YTOJ TIPETIOMAEHMS Beeraa Goblie yria nagexdus. [Ipy HEKOTOpOM yIJie na-
JIEHUS OH AOCTHTAET 3HAYeHUs /2, T.e. TAKOH [IpeIOMEHHBIH Iy PaclipOCcTPaHIeT-
cs1 BAOJAB IPaHuIL pasaena AByX cpel. llpn nasibHelinem yBemaeHnH yria DaaeHua
Jly4 BO BTOPYIO (T. €. MeHee IVIOTHYIO) CPe/ly He TIEPeXOINT U [T0JHOCTBIO OTpakaeTcs
B [IEPBYIO Cpe/ly. 3TO SB/IEHHE HA3HIBAIOT ROJAHBIM OMPaANCeHUeM. YOI aieHus
Oty TIPH KOTOPOM BECh CBET HAUMHAET MOJHOCTHI0 OTPAXKATHCA B NEPBYIO CPEAY, HA3hI-
BAIOT NIPEJEJILHLIM Y2710M ROJAHO20 OMPANHCEHUR.
[IpuMeHsia 3aKOH 1PeIOM/IEHHs, PACCMOTPUM MPOXOXKIEHNE CBECTA M3 BEILECTBA C

MOKA3aTeeM NPEIOMIEHHS 7, B BO3AVX, T. €. B BCIeCTBO ny, = 1 (puc. 18.6, 6). Co-
raacHo gopMmye (18.5), ecnu ny = 1 U~ = 1/2, TO IpU ABJESHUH TIOTHOTO OTPAKCHHS

. LW 1 . 1
HMeeM 8in o / 51115 = —, oTKyza sinag = —. B obitem cayaae
nl n

sin oy, = nya (18.6)

[TpeaenbHBIA YTOA MOJHOTO BHYTPEHHETCG OTPAKECHNSA MOJKHO OIIPEJCITHTD, eCIIH H3-
BECTHBI [IOKA3ATCAH TIPeoMIIeHHs IBYX Cpel. fB/eH1e NOTHOTO BHYTPEIHET) OTpake-
HUST MOKHO HaOMOAATD B MPUPOJIE; APKHi OIeCK KAENTh POCHI, CHEKMHOK, TeIAHBIX
cocyieK. JTo IBTEHUE HCTIONb3YETCs B obopomusbix (puc. 18.7, a) n nosopomivix
npuamax (puc. 18.7,6). lpuHiwn aeficTBUA PaBHOOEAPEHHBIX TPAMOYTO/BHBIX IIPH3M
SICEH U3 PHCYHKOB.

Ceeropoapl.* [Iupokoe TeXHHYECKOE TIPUMEHEHHE ABIEHUE 110JIHOIG BHYTpeI-
HETO OTPAXEHMS HATILIO B YCTPOHCTBAX, HA3blBAEMEIX céemosodamu. CBeToOBON
IpeacTaBisier cobod Goapiioe YHCI0 TOHKAX CTEKISHHBIX HATEH, AHAMETP KOTOPBIX
nopaaka 20 MKM, a J1JIMHd OKOIO 1 M KaxX-
Aasi. ITU HUTH 1IAPAIEAbHBL MEXTY CO-
Goit M pacmoaoXeHs BAOTHY0. Kaxkaas
HHTB OKPYKeHa TOHKOH 060/104K0i U3
CTEKJIA, 1I0KA3aTeIb TPE/JJOMAEHHS KOTO-
POIo MeHBIIE, YeM caMoil HUTH. CBETOBO

1 2
MMeeT B4 TOPLIA, B3AMMHOC PACTIONONKE-
W ; N\ ! ; 5 e KOHUOB HyTeif Ha 00OuX TOpLAx ero
a

CTPOT0O OAWHAKOHRO.
Ecau y omHOro Topua cReTOBOA TIoMe-
Puc. 18.7 CTUTH Kakol-aubo MPC/MET W OCBETHTh

N s
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€ro, TO Ha APYTOM KOHIIE CReTORO/IA ROBHHUKHET U300 pakeHue 3Toro npeamera. Hsob-
paxkeHne NOJAYYaeTcsa BCAeCTBHE TOTO, YTO B TOPel] KAKA0H W3 HUTEH IomagacT cBeT
OT Kako-mm160o Manoit obmactu 1peameTa, McubiThiBas MIIOKECTBO IOTHBIX OTpaXe-
HHIl, CBET BBIXOAUT U3 MPOTUBOTIOMOKHOTO TOPIA HUTH, TTEPeJaBasi OTPAXKEHHE j1aH-
HON Masoit oOmacT npeaMera. Tak Kak pacnofoenHe HUTEH APYT OTHOCHTEIRHO
ApYTa CTPOTO OAMHAKOBO, TO Ha APYTOM KOHIE IIOSABIAETCS COOTBCTCTBYIONIEE U300~
paxkeHue mpeAMeTa, YeTKOCTh M300PaKeHHST 3aBHCUT OT AMaMeTpa HuTeld. Yem MeHb-
LIEe TUAMETD KAXK0H HUTH, TeM Hotee YCTKHUM ARIAeTCA H3obpakeHne mpeaMera. 11o-
TEPU CBETOBOMH IHEPIHH Ha IyTH CJIe0BAHUSA CBETOBOIO JIy4a OOBIMHO HEBEIHKH.

18.4. NIUH3bI

Caerossie ayun. Kax w3recTHO, TpefiebHBIM CIYIA€M BOJHOBOHU ONITHEH TIPH
CTpeMJieHMM AJIMHBL BOJIHBI K HYJI0 (x — 0) sisisercs reoMerpuyeckas onruka. B re-
OMeTPHYeCKOH OIITHKE MpeHefPeraloT ABMCHUSMH HHTePhEPEHLHH, THDPAKIHA U 110-
JISIPU3AITHH CBETA.

MeToabt reoMeTprYecKoR ONTHKH N03BOJSIOT HOIY4aTh H300paxeHns 00bEKTOR,
KaK COBOKYTIHOCTH u300pakennii ero oTae pHbIx Touek. Hauboabliiee 3HAUEHHE Te0-
MEeTPHYecKas OMTHKA HMeeT JIA pacyeTa M KOHCTPYHPOBAHMS OMTHYECKHX NpHbHo-
POB — OT OYKOBBIX JIMH3 /10 aCTPOHOMHYECKHX NPUOOPOB.

Erte B cepennne X1 B. ObLIM H3BECTHBI IMIIMPUYECKUE IPABUIIA IIUCTPOEHUS H300-
paxenuii, 1asaeMbix auH3aMu. B XIII p. nosasuavcek ouky. [lo HEKOTOPHIM AAHHLIM,
okoao 15390 1. 3. fAncon (Huaepaanabl) NOCTPOH/ MEPBLIil ABYXIHH30BbIH MHKDO-
CKOII. ACTPOIIOMUYECKHE HaOTIOACHUA ¢ TIOMOILbIO TeleckKona, nocTpoerHoro I Ta-
JIHjIeeM, IIO3BOJIHAK CAEMATh PAZL OTKPHLITHE.

Jhunast. Jun3aoii nazsibaoT mHQOBAHHOE CTEKI0 HAU Mo0oe Apyroe Ipo3pad-
HOe BeIleCTBO, OTpaHIYeHHoe cdhepuyecKUMU NoBepXHOCTSMM. B yacTHoM ciyyae ofHa
H3 10BEPXHOCTEH JTUHIBI MOXET OLITh TLTOCKOH. JInHaw OuBatoT: 1) cobuparowgue,
Y KOTOPBIX TOJILIMHA B cepeanHe Oonbine, dyeMm y kpaes (puc. 18.8, a); 2) pacceuea-
10u§ue, v KOTOPHIX TONNIHHA B CEPE/(MHC MEHBITE, 9eM vy Kpaer (puc. 18.8,  6).
ITO LIPUMEHUMO I7s1 JTHH3, HMCIOIUX OOIBINHIT KoahUIHCHT MpeToMaeHis, Y4cM
Cpeid, U3 KOTOPOH [1aJa10T Iy,

JIMH3H XapaKkTepusyIoT: 2Aa6HoH onmuieckoi ocuto (O, 0, — AMHueH, cOean-
HAIOWIEH [EHTPEI KPMBU3HBI HOBEPXHOCTCH JIMH3H, ONMUMECKUM UeHMPOM ( —
TOYKOM, Jexaned i1a TepeceueHH TIABHOH ONTHUECKOH 0CH W THHHW, COSTHHAONICH
KOHIBI HADAJLIEIBHbIX PAIUYCOB 1| H 75, IPOBENEHHBIX U3 0O0HX HEHTPOB KPHBH3IIBL.

Beaxyio npamyio, 1poxoasinyio yepes onTHYECKHI HEHTD JHH3bI, HA3BIBAIOT €€
nobourot onmuteckoli ocvro. Ucpes ONTHICCKHIT IICHTD NTHHAB VY TIPOXONT,
He TIPeTIOMIISSCH.

m

O,

a 7]
Puc. 18.8
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Lll]

Puc. 18.9

JInu3s1, y KOTOPBIX PAZIMyCHl KDUBUAHE 00Pa3yIoNIMX HX NOBEPXHOCTEH BETHKH 110
CPABHEHHK) C X TONILUHOMN, HA3BIBAIOT moHKkumu. Eciau 510 YCIOBHE HE BLITIONSA-
€TCS, TO INH3A SABJSIETCA MOACMOIL.

JInH3a M3aMeHAET HAMPaBAEHUS MAIAIONINX Ha Hee ayueii, Cobuparomas THH3a mpe-
obpasyer HapaJuIe/IbHbIN 1Y4OK Jy4ell B cxoaamuiica. PaccenBaomas TMH3a npespa-
1aeT mapainelbHbI MyYoK JydeH B pacxomsiuiuiics (puc. 18.9).

Ecau Ha TOHKy#0 cOOMPAIOIIYIO JHH3Y TAPAJLIENBHO TAABHOW ONTHYECKOH OCH Ha-
HPABUTh HY4OK CBETOBBIX JYYel, TO BCE JAYUH MEPEeCEKyTCA B 0f[HOIH Touke F Ha riag-
HOI ONTHYeCKOH OCH, Ha3bBaeMoH21a8HbIM poxycom imusnl (puc. 18.9,a). V aun-
3pt ABa pokyca. EcIH Ha THH3Y CBET NMAAAET CJIEBa, TO (POKYC, HAXOASAUIMIICA Ciesa oT
co0upaloieli IMH3bL, HASBIBAIOT ZePeOHiiM, A HAXONAIMNACS CipaBa — 3QOHUM.

PaccToAHne OT OLITHYECKOIO UEHTPA JKMH3BI A0 IVIABHOTO (POKYCa HA3BIBAIOT2AAE -
HBIM PoxycHbiM paccmonnuem f. ITa BCIHUNHA SBASETCA OCHOBHOMN Xapakre-
PUCTUKOI JiuH3bL. 151 cobHpaonmx THH3 raBHoe GOKYCHOC PAcCTOHHE — BEeTHYH-
Ha NOJIOXKUTeNbHAS, 1) PACCeMBAIOMNX — OTpUlareabHas. JIMH3y XapakTepH3yIoT
TaKKe ONTHYCCKOH cinoit. Onmuueckas cujta — Benduna, obpaTHan GOKyCHOMY
PaCCTOSTHHIO JIMHA3DI:

o= (18.7)

st cobupatontei aunsbr © > 0, 1s paccerBaiomeii @ < 0.

Enununa ontuueckoii cunsl — duonmpus (anrp) (M), Juonrpus pasia oltu-
YeCKOH CHJIE JINHIHI € TTaBHBIM (DOKYCHBIM PacCTOSTHHEM 1 M.

A4 pacceHBaoINUX JMH3 TepeaHAI QOKYC ABAAETCA MHHMBIM, U JUTST €70 TIOCTPO-
eHHst 6epyT He caMH TyuH, a ux npoaokenue (puc. 18.9,6). Cxematnaeckue obo3Ha-
yeHUst cobuparoeii ¥ paccenBaoliieil AMH3 IaHK COOTRETCTREHHO Ha puc. 18.10, q, 6.

TlocTpoenne u3obpaskenuii B muae. B ciyuae NpoTSkeHHBIX MPEAMETOR TIOCT-
pocHie H30OpasKeHHs CBOAUTCA K NOCTPOSHUIO U30HPaXKeHHHA €0 OTAEIbHBIX TOYEK.

Ipu nocTpoeHIH U300paKeHn TOYEK, JTeKAIIMX BHE
TJABHOM ONMTHYECKOH OCH, YI00HO UCTOAB30BATh
T T JIY'IH, XOI KOTOPBLIX H3BECTEH:
0 o . 1) JIyd, IPOXOAAIGUE Yepe3 ONTHYECKMI UenTp (He

l FF 1 F MeHsteT HampaBeHHs pacTpOCTPAHEHH);
2) Jyd, napaIebHBIH [JIaBHOM ONTHYCCKOH 0CH
@ 6 (110cJ1e npeaoMIeHHS B JIMH3e UAeT Jepe3 3agHni Go-
Puc. 18.10 KyC);
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3) Ay4, HpOXOAAII Mt yepes nepettuii (POKyC AMH3LI (1I0CTe NPENOM/ICHRA B HekH
HJeT Tapasie/bHO [ABHOMH OLITHYECKOH OCH ).

I1pu mocTpoeHMH W300pakeH st TOUKH A, Teskameil HA IIABHON OITIYeCcKO#H OCH THH-
36l (puc. 18.11), HyxHo 3Hats Xox myua A A’, 1azaoiero Ha TUH3Y IO TPOU3B0IBHBIM
VEAOM. [1J14 9TOT0 HyKHO [POBECTH nobouny10 onmuveckyio oce O, Oy, napaniers-
HYI0 MafgawlieMy ayuy A4’ u ghoxanvryro nrocxocms FF,. Todka nepecedeHHA No-
Gounoii ocu O, 0, ¢ HOKATEHOM IIOCKOCTBIO OIpEeNiseT MONOAKeHHe TOO0YHOTO QoKyca
F\, B KoTOpOM coOepyTes ayuH, lapa/LiensHsie no0o4Hoit ocu O, O, CietoBaTeTbHO, Iy4
A4’ mocae mpeaoMeHUA B AMH3E IOH/ICT Yepes 3ToT okyc | Touka A’ mepeceuenus ero
C TJIABHOH OTMITHYECKOH OCHIO ACT H30OPLKEHHE CBeTAIIENHCS TOUKH A.

@opmyna munanl. [1aBrnoe GoKyCHOE PACCTOSHUE TOHKON COOMPAIOMEH THH3EH
onpezaendercs 10 GopMyJie { OCHOBHAA DOPMYAA AUHIBL)

1 1 1
—+—-=—, 18.8
rie d — paccroanue ot mpeaMera A B 10 olrrudeckoro HeHTpa ouuss (puc. 18.12); f—
PacCTOSHME OT OITHYECKOTO [EHTPA JIMH3b 40 u300paxeH s peniMeTaA, B; Ha aKpaue.

Dopumyiy (18.8) MOKHO n1€peTHCATD B BUAE

1 1 1 1 1
LI U S RN | 189
7 d+ (ng: )[ﬁ+r2] (18.9)

TRE Ny = 7iy/ 1y — OTHOCUTEBHEIH ITOKA3ATENhb IPEJIOMICHUA BEIeCTBa IMH3bL U OK-
PYKAIOIULCH CPEALL; 7| M 1) — PAAMYCH KPHUBH3HEI [IOBEPXHOCTEH JIHH3EL.

B dopmyne (18.9) nepex wieHaMu, COIEPXKAIAME 1y H 13, CTABUTCS 3HAK <ILIOCH»
2751 BHITIVKJTHIX TTOBEPXHOCTEH M «MUHYC» — I BOTHVTHX. V13 (18.9) cnenyert, uto
€CJIN ABOSKOBHINYKIast THH3a (r; > 0 1 7y > () HAXOAWMTCA B ONTHYECKH DoJiee TUIOT-
HOI cpesie, yeM BEUIECTBO JMH3LI {1y < 1)), TO OHA SIBASETCS paccenBaomei. {BosgKo-
BOTHYTas JINHAA MOXKET GBiTh COOMpAOEH, HATPHMED €C.TH ¢e TOMECTHTE B BOIY.

JuneiinoimM yeeaunenueM TOHKOI THH3BI HA3LIBAIOT OTHOLIEHUE THHEHHOTO
pasMepa u300paKeHHs K JMHeiHoMY pa3mepy rpeaMera (cm. puc. 18.12):

r=yAhB
AB
Kak cieayer us nogobus rpeyroasiaukos ABOu A, B, 0,
f
==, 18.10
y ( )
A :
A !
/ i 3”’02
% :F — %’— A A
Ol ”/’,-“"’ iF A" B O"‘\._F Bl
v ! a_ Y i ‘:41
Puc. 18,11 Puc. 18.12



Puc. 18.13

IorpemmocTn waobpaskenuii, * M306pakeHUsT TPEAMETOR, [IOAYYEHHBIX ¢ TTOMO-
UIBK) JTHH3, HMEIOT PAT AeheKToR:

* cepureckan aGeppayus — /ydn, NaJAONIHE HA KPast JIMH3LL, TIPEIOMIIST-
OTCSL CUJTBHEE, Y4eM JIYYW LEHTPAAbHBIC, TO3TOMY H300pasKeHue CBETSMIeHCsT TOYKH
MOTYIACTCS B BHAC cBeTANcrocs mucka (puc. 18.13, a). /luameTp atoro mucka p ABjis-
eTCA MePOLL NONepeunoll chepuueckoli abepparuu, a PaccTosIde o MexLy u306-
paxenusamMu §' u 5" Touxkn S — mepoii npodoavnoil chepuveckoli abeppauiiu;

® xpomamuneckan abeppayun — pazTHIHHE MBETHBIC JYYH, KOTOPbIE BXO-
IAT B ¢OCTAB OeBIX Mydel, 00Aa1aI0T DAY HLIMH IIOKA3aTCIAMH IPEIOMIICHHS ¥
MO3TOMY TTO-PAsHOMY [IpeaoMIAloTes B MTUH3e (puc. 18.13, 6). CuiibHee npenoMisioT-
cs (puoneToBLIC Ayun, clabee — kpacHbie. IloaTomy rnasnblil hoxyc FyduoseToBsx
JIyycit nexmur Hmsoke K MiH3e, TAaBHLIH GoKyC F, Kpacibix Aydel — Jansiie OT Hee.
B pesy.ibrare [axe LCHTPAIbHLIC JYYH HE CXOAATCA B OAHOH TOUKe, a AAI0T H300pa-
JKCHHe B BUJC TUCKA C LIBETHOH KaliMOH;

® gacmueMamu3M BOIHUKACT, KOIAA JYYM, WAYLUTHE OT MPEAMCTA, IPOXOAAT Ye-
pes a3y noA GoJBIIHM YIVIOM K OTITHYeCKO# ocH. B aToM caydae tepsercs nogofue
MeX Ay MPEIMETOM H €0 H300PAKEHHCM.

s yCTpaHeHUs 9THX HEACCTATKOR CO3MAIOT OIITHYECKHE CHCTEMEL, COCTOSUINE U3
ABYX HAM HeCKOJIBKNX JAHIT3 Pa3anyHoil GOPMEI U PA3THIHEIX COpToB cTekna. B co-
BPEMEHHBIX OIITHYECKMX (IPUHOpax Kak O0BEKTUB, TAK M OKYJSAP NPEACTABISIIOT CO-
6011 COKHEIE OUITHYIECKHUE CHCTEMBI, COCTOS IIHE M3 HECKOAPKUX JIMHS,

18.5.* [ha3 KaK onTHYecKana cucrema

I71a3 yenoBeKka KAk onTHYecKad cucTeMa. [OpH3OHTATBHBIN pa3pes raasa
npeacTaBaeH Ha puc. 18.14. BremHoo 060a04Ky 11a3H0r0 A010Ka! HA3BIBAIT CKAE-
poii. ITa 060IONMKA 3AIINACT T1a3 OT PA3TTWIHBIX BHEIHUX BO3edcTBHiE, K el pu-
neraer cocyducmasn obonouka 8 IlepeaHiown NPo3PaYHyI0 YacTh CKIEPH 6 HA3bI-
BAOT P02060t 060A0UKOH, WK POZOBUYEEH. 3a POTOBHLEH Ha HEKOTOPOM PaccTO-
AHHH PACUOIOXKEHA PACYHCHAA 0OOIOUKA 53, KOTOPAS MOKET MMETD DA THUHbIH
LBET — OT CBETAO-TOMYOOro A0 YepHOro {OH OMpese/IseTesl KOMMIeCTBOM H COCTABOM
COMEoKAIeTocs B 9T0i 0b0M0YKe urMenTa). Poroeuia u paayxHas 060104Ka He
TIPUAETAIOT APYT K /IPYTY MI0THO, MeskTy HHMH HAXOJIUTCA lepenHsAd KaMepa [/1a3a4,
3AFOJHEHHAST MPO3PAavlo KTKOCTBIO.

Porosuna u 11po3payHas :KUIKOCTb NPOILYCKAIOT CBETOBRIE JTY4M, KOTOPHIC TIONA-
JAroT BHYTDPD I71a32 Yepe3 3pauox — OTBEPCTHE 5, PACLOJIOKENHoe B cepefHHe pa-
Ayx110#1 0000uKH. CTOUT MOMACTH BHYTPD T/1a3a JyUaM APKOTO CBETA, KAaK MPOUCX0-
auT pednexropuoe cyxenue 3pauka. IIpu ciabomM ocBeuweHUM 3padoK paciiupseTcs.
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HeltocpeacTBeHHO 32 3paukOM HAXO0HTCS MPO3pav-
HBIH XpycTamk 7. XpyCTaluK npeacTaBaser coboi
3JIaCTHYHYIO IBOAKOBBILYKIVIO THH3Y, KDUBH3HA
KoTopoH moxeT uaMmensaTees. [Ipoiins uepes xpyc-
TaNuK, 4 3aTeM Yepe3 NPO3IPALHOE, CIOBHO YHCTECH-
A XPYCTalb, CMEKA0BUONH0E TNEA0 2, 3AN0il-
HAOTIEC BCK BHYTPEHHIOK YacTh [J[a3Horo g0J10Ka,
JIYYH HOMAIA0T HA cemuamyy 9.

CeryaTasi 000/104Kd NOKPLIBAET BCK) BHYTPEH-
HIOW MOBEPXHOCTD TAa3a, 33 UCKIII0YEHHEM ero Ie-
penneii yactu. CeTuaTast 06070UKa IPEACTARIAET
co00i CBETOYYBCTBHTENLHYIO NOBEPXHOCTD 17134, Puc. 18.14
Yepes 060M04KyY FIa3a B 3a4Hel €ro YacTH BXOAHT
apumenbrbtil Hepa 11, B MecTe BXOXIeHHA 3PUTEIRHOIO HEPBA HAXOUTCA HC 4YB-
CTBUTENBHOE K CBeTY crernoe aTHo. Hepanexo or BXofAa 3pHTeNLHOIO HEPBA HA NO-
BEPXHOCTH CETYATKH MMEETCH TAK HA3KIBAEMOeXcermoe namio 10— Hanbozee 1yB-
CTBHTENbHOE K CBeTy. I71a3 — onTHUCCKasl CHCTeMa, 06pa30BaHHAS POTOBHIEH, KU
KOCTED HEPEAHCH KaMCPhl M XPYCTAIHKOM.

OCHOBHOI1 3/leMeHT OITHYEC KO CUCTEMBI T1a3a — ABOSKOBBITY /A5 THH3A — XPY-
ctamik. C MOMONIBIO XPYCTAMHKE n300paskeHHe BHEITHErO TIPEAMETA TIPOELUPYETCST
HaceTyaTKy. TakK Kak KpUBH3HA TOBEPXHOCTH XPYCTATHKA MOKET M3MEHSITBCS, TO H306-
paskerine npeaMeTa B HOPMAaJIBHOM T/ia3e BCer/ia ToNajiaeT Ha [FOBEPXHOCTE CEeTIYaTKH.
[Ipomecc H3MeHEHMT KPHBH3HbL XPYCTATHKOB HA3BIBAIOT GKKOMOOQUUET . AKKOMO-
OAUHS T71a3a — NPUCTOocobIeHHE Iia3a K SCHOMY BH/ICHHI) TTPEIMETOR, HAXOAAIIMXCS
Ha DA/ IMYHBIX PACCTOSHHAX.

Outydeckas CHCTEMa FNaza aHATOTHYHA JHH3E, OTITUYECKAA CUJIa KOTOPOi
® = 58,5 M. Ha ceruarke rnasa, cocTOAIIEN W3 CBETIYBCTBUTENBHBIX KIETOK, HMEIO-
myx GopMy KonBodek u anouek, obpasyercs geicTBuTENBHOE M 0OpaTHOE H306pa-
Kenue nmpeaMeta. ONTHYeCKUH LeHTP IJIa3a PaclooxeH Ha PACCTOTHUYN OKOJI0 5 MM
OT POroBAUEL. PazMep H30OpaskeHHs LPeMETA HAa CETYATKE [1a3a OTPeieNnAeTcs
Yezaom 3penus. Beplunna 3Toro yria HaXoAMTCS B OLTHYECKOM [EeHTpe [1434, a IyYH
HanpasieHbl Ha Kpalnue TOYKH pegMmeTa, Paccmonnue HQUlyuuiezo 3peHus —
3TO TAKOE PACCTOAHHE OT TIPEAMCTA JI0 I71a3a, TPU KOTOPOM YTOT 3peHUST MaKCHMATEH,
JlAs1 HOPMABHOTO IJ1a3a PACCTOAINE HAMAYYINErD 3peiHs — d, ~ 0,25 M. Paapewaio-
INast CMOCOOHOCTh T71A3a XaPAKTEPUIYETCH MHHUMAIbHLIM YIJIOM 3DeHUs, [IPH KOTO-
POM TOYKH NIPEAMETa BUAHK pasieibio. Paspematomas cnocoOHOCT, Taza =5 17,

Hedrextor apenns u ux xoppexknus. He xaxaprit 1/1az MOXeT Tak aKKOMOTHPO-
BaThCs, UTOOB! M300PAKEHUE 1IPEAMETA OKa3a/10Ch TOYHO Ha HOBEPXHOCTH CETYATKH.
B oxanx ciyuadax ¢oryc rnasa B CIIOKOHHOM COCTOSIHMM OKa3BIBAETCS IEPEN CeT-
4aTKOil, B APYTHX — 3a Hell. B mepBoM cayvae XpycTamuk MpefoMIsCT VYA CHITh-
Hee, YeM XPYCTAINK HopMaabHoro riasa (puc. 18.15,a). Takoi rras HaseBawT 611 -
30DYKHMM, TaK KaK OH He MOXKET OT4eTIWBO BU/AETD Y/a/leHHbEe lipeaMeTsl. a1 Toro
4To0BL TYYH, HVIIHE OT KaX/[0M TOUKH VIANEHHOTO upeaMeta (1. e, oYty napan-
JIEJIBIIBIE TYIKH ), COOMPAIHCE Ha CCTYATKE, X HYKHO CAeIaTh PACXOASIIMMHCS, TI0-
ATOMY TePell TAKHM [VIa30M [IOMEIAKT paccenBanmyno duu3y (puc. 18.15, 6).

Bo BTOpOM caydae XpyCTaank HEAOCTATOMHO ipeaomisier ayau (puc. 18.15,  4).
Taxo} raa3 HA3LIBAIT GAABHOIOPKUM, TAK KAK OH HC MOXKET OTYECTAMBO BHIETD
HM3KO PacosIoxeHHbe mpeameTsl. ITo0n mpuBecT (GOKYC Ha CETYATKY, Ha/0 1a-
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pasLIeIbHBIA DYY0K JTy2eH cBeTa, Hajaloilui Ha XPYCTalIUK, OPeBPaTUTh B CXOAAIIUACA,
J1/1 310ro nepes TIasoM HoMenaT cobupatmyio auH3y (puc. 18.15, 2). Takue pac-
cedBaloIve H COOHPAIONTHe TUH3H, HCIOIb3yeMble AJ1 YIYIIIeHHs 3peHysl, HasblBa-
10T o4KkamMu. ONTHYeCKas CHa OYKOB BRIPAKAETCH B JHONTPHAX.

18.6. OnTHyecKkue NpUGOpPLI

Onmuvecxumu npubopamu Ha3bIBAIOT YCTPOHCTEA, IPEAHABHAYEHHbIE [ [10-
JIYUeHHA H300pakeHHi pasau4sbix 06beKToB. K onTHuecKuM npubopaM OTHOCSTCS
nyna, poToanmapaT, MUKPOCKOITL, TeNeCKOM M T. 1.

Jlyna. ITpocreifmmM npubopoM, ¢ IOMOIBIO KOTOPOTO MOXKHO YBE/HYUBATD YTOJI
3peHwst, sIBNAETCS Ayna. Jlyna npeactapaseT coboit kopotrodoKrycHyo JHH3Y. IIpupac-
CMOTDEHUH IIpeMeTa A B ero MoMeInaonT MeskIy Aymoi 1 GokycoM myms! (puc. 18.16).
HeBoopy:keHHBIM I1a30M npeaMeT AB BUIEH O YTI0M 3PEHUS ¢ TAKEM, UTO tg{y =
= AB/d,. [1a3, BoOpyKeHHHIH Jymoi, BUMHT MHEMOe H3o0Opaxenue A, B, npeamera AB
MO YTJIOM 3PeHHs  TakuM, 410 tgy = AB/F, Tie F — QOoKycHOe PACCTOSHHE JTYTEL.
Yenoebim yeenunenuem onTuuecKoro MpUGopa Ha3biBAKOT BEMHUHHY

r—t82 _ & L rogp (18.11)
tgpg

Yem MeHblile GOKyCcHOE paccTosHHE Ayl F, Tem Ooabliiee YIJIOBOE YBEIHYEHHE
OHa JIa€T, UH YTJIOBOE YBEJIUYEeHHE JYIILI IPOTOPHMOHATBHO €€ ONTHIECKOH cHiTe.
.Hyl'[b[ cF<2cmue OpHUMEHAT, TAK KdK OHH HCKAXAIOT H306pa}K€HIfUI.

Mukpockon. s noayyenns O0IbIIOTO YIVIOBOIO YBEJIMYEHHS HCI0/IB3YIOT OII-
THYECKHE CHUCTEMBI, COCTOSILIE K3 HECKONLKIX JIMH3, T, €. MUKPOCKON.

Al LP(] N
‘}:‘ET::ZA‘ _— —— F
B, B \f
f=D h' 4
Puc. 18.16
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IIpocreiinmniit MEKPOCKOT COCTOMT U3 ABYX KOPOT-
k0(QOKYCHBIX cobuparomux auns. C u G, (puc. 18.17).
Ecmi nipeamer A BioMectuts nepel JTAH30i C; (00bek-
THBOM )} HAa PACCTOAHUH HEMHOTO GOJbIEM, YeM HOKYC-
Hoe F), T0 0OLEKTHB JACT YBEMHUEHHOE JeHCTBHTEID-
Hoe u oOpaTHoe usobpaxenue npeamera A'B. Bropyw
muH3y O, (OKyAsp), obpaweHHY0 K riasy HabilozaTe-
711, pacHoAAaraioT TakK, 4ToOb! H300pKeHe, AaBaeMoe
00BeKTHBOM, HAXOAHIIOCH MEXAY OKY/ISIPOM Y GoKycoM
F,0xynasipa co cTOpoHE ofpexTHEA. B aTOM ciTy4ae oky-
JAp AeHCTBYET Kak JTyMa U aeT YBeJIHYeHHoe, MHUMOoe i/ i BN
1 00paTHOe (110 OTHOWIEHUIO K IIPEAMETY) U300PAKE- p*iw e —m————— s 4"
Hye npeaMera A” B, kotopoe H BOCTIPUHHMAETCS TJIa-
3oM HabmonaTemst. [1nockocTs n306pakeHns, AaBaeMo- Puc. 18.17
IO MHKPOCKOTIOM, YCTAHABIMBAETCS HA DACCTOAHH M HaH-
TYYIIEro 3PeH s OT [J1a3a HabiroaTess.

B mockocTH A A KOHIEHTPAIUS BBIXOAAWMX Ty4el MaKCHMalbHa — 3TO TAK Ha-
3BIBAEMBIN 3PAYOK BbIXO/A. B 9TOM IJIOCKOCTH pacrionaraeTcs a3 HabmomaTe s

O6BMYHO 1 0OBEKTHB, H OKYJISIP COCTOST H3 HECKOMBKHX Pas/iHYHbIX J1H3. Bes cue-
TeMa JTH3 00BEKTHRA 3aKMI092eTC B OOIYIO OMPARY, KOTOPAst MOKET RBHHMHBATLCS B
TyOyc {Tpy6y) MEKPOCKOTIA C HIDKHE#H CTOpOHbI, CHCTeMa JIHH3 OKYJ1pa TAK/Ke 3aKII0-
YAETCA B OIIPABY M MOKET BCTABJIATECA B TYOYC MUKPOCKOIIA C BEPXHEH CTOPOHEL,

Ecam oxkyasp npeiHasHaveH 779 HaMePeHus MaJibix 06 beKTOB, TO B €T0 OIIpaBy
BCTABJAIOT MUKPOMETPHUECKYIO LIKATY, T . €. IIKATY C 04eHDL MeJKHMH JeAeHHAMHU
(ue Goaee 0,1 MM), B TOM IWIOCKOCTH OKYJSIPa, TAE NOY4aeTcst AeHCTBUTEIbHOE H300-
paskeHHe MPeAMETa, JABAEMOT0 O BEKTHROM.

TaxuM 06pa3oM, paccMaTPUBas TPeIMeT B MMKPOCKOII, MBI BUIHMM €T0 COBMEILeH-
HBIM C MEKPOMETPHYeCKoit mKanoi. Ty0yc MMKPOCKOII2 NPUKPEIVISIIOT K WITATHRY, C
MOMOIIBK) KPEMAIbEPHOIO BUHTA €10 MOJKHO TIOAHUMATH M/IH OTTYCKAaTs, [1ast Gonee
TOYHOU HACTPOIKH UMeeTCA MUKPOMETPIYECKHit BUHT. [[pUKDeTTeHHBIH K IITATHBY
IpEeIMETHEIH CTOIMK CIYKUT I YCTAHOBKH paccMarpusaeMoro o0wvexTa. Ilpeamer-
HBIA CTOJHK MOXHO [I€PEMElIaTh M BPAIIaTh C [IOMONIbIO PeryAHPOBOUHBIX BIHTOB.
HemocpencTeeHHO NOA CTOMMKOM YKPEIUIeHa TepeMeHHas muachparMa, Cayskalas 11s
PETYIMPOBKU APKOCTH PAcCMATPUBAaeMOH KapTHHEL [loa cTomuKoM 118 GCBeilleHus
ofpeKTa CHU3Y 3aKPEIUIAIOT 3ePKANbLIE.

KavecTBo MEKPOCKOIA XAPAKTEPH3YIOT ABYMS BETUYHHAMY: YBETHYeHHeM H pas-
pematoweil crrocobHOCTHIO, JIMHEHHBIM YBEMMYeHHEM MHKPOCKOIA Ha3bIBAIOT OTHO-
LIeHUE JIMHEHHOTO pasMepa H300paKeHns A)P;EKT& K JUHEeHHOMY pa3sMepy paccMar-

AB
I'=td, DD, (18.12)

rae & — paccTosHue MekAy (hokycaMH OObEKTHEA M OKYJIAPa; d, — PacCTOSHHE HaH-
Jyyirero spenust; Dy D, — onTHYecKasd cuita O0BEeKTHBA B OKYJISPA COOTBETCTBEHHO.
HauMeHbiee paccToAaHHE & MEKLY IBYMS TOYKAMH PACCMATPUBAEMOTO 00BEKTA,
KOTOPELIE €llfe BHAHE! Pa3/efdbHo ¢ IOMOINBI0 MHKPOCKONIA, HA3EBAIOT paspeuide-
MuiM paccmoanuem muxkpockona. Bequuuny o = 1/¢, 00patayio paspemiaeMomMy
PacCTOSTHHIO, HA3BIBAIOT paspelnakiieil cmocobHOCThI0 MUKpockoma. Ecu pacctost-
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HHe MEX/Y TOYKAMU MCHbIIE, 4eM €, TO TOYKW HePa3JAHYMMBI 1 CIMBAIOTCSA B OHY .
MakcuManbHOC 3HaUeHHe pa3peraoLiel cnocoSHOCTH JAHHOTO THIA OPHOOPOB OT-
paHHYelo ABJICHHEM TU(MPAKIINM cBeTa. Pa3Mepsl npesiMeTos, pasIHIMMBLX ¢ IIOMO-
HIBK) MHKPOCKOMNA, I0/IKIBL OBITh HE MEHBIIIe [THHBI CBCTOROM BOJIHH OCBETHTENS.
Ecnu pazMmeprl TipeAMeTa MeHBIIIE AWHBI CBETOBOM BOAHBI, TO CBET OTHOAET €ro 1o
3aKOHaM AUpaKium.

Texeckon. Onrryeckuit mpuHOP, ¢ NOMOOIHIO KOTOPOTO MOXHO IETAABHO paccMat-
PUBATh yAATCHHBIE 0OHEKTHI, Ha3blBAIOT MeRecKonom. TeNecKonsl, HCTIOIb3yeMble
B 4CTPOHOMUM, TIOIPA3NEISIOT Ha pedhparmopbt, 1'1e YBeInueHHe YIaa 3peHust 40-
CTHTaeTcs ¢ MOMOLIBI0 CUCTEME! IHH3, U peghiexmopbt, TIABHYIO YaCTh KOTOPBIX
HIPeACTaBIsAeT NapadoiniecKoe 3epKrallo.

Tlepshiit Teneckon-pedpakTop, TOUHEE 3PHTEIbHYO TPYOY, H300pes AaTCKuil off-
ik M. Jlumnepereil. Ero usofperchue, Kak UMeOmee BoeHHoe 3Haueline, Gbu10 3a-
CEKPeYeHO JATCKUM TpaBuTeabeTBOM. Ho Bects o mpubope, pHOIHKAWOIEM Aaie-
KMe HpPeAMCTH, IIMPOKQ PacHpOCTpaikaach i1o Espomne. Yanan o Hell ¥ Be/IMKHI UTa-
apsiicrui yuenrniii [ [asmeii. HesaBHcHMO OT ZATCKOTO ONITHEA OH TIOCTPOMIL TEJIe-
CKOT eule 6osee COBEPINEHHON KOHCTPYKLHM.

ITpocreiiianm TeneckonoM siBaseTcs 3pureibHast Tpyba. Xoa Ayueil B Teneckone
TToka3aH Ha puc. 18.18,

C nomonIbio 00bekTHBA C) MOMYYAT AeHCTBHTENbHOE H30OpaKkeHWE acTPOHOMU-
YECKOTO 0OBeXTa, Y4 OT M0GOH TOUKH KOTOPOro HAYT NPaKTHYCCKA HaPaLIeAbHO.
HeiictBuTemHoe, 06paTHOE H yMeHBIICHHOE H300paxkeHne A, B, o0pexta A Brioayya-
eTcs MOYTH B QOKaNbHOI IockocTH 00bekTHEA. OKyAspC) B TEACCKOTIE PACTIONATAIOT
TakuM 06pasoM, 910061 €T0 TIepesHUi (oKyce coBnasan ¢ saaHuM pokycoMm obbeKrTH-
pa. CrenosarensHo, nsobpaxenue A, B) o6bekra AB HaX0MTCs MOYTH B POKATBHOI
IIOCKOCTH OKYAsApa Oy, OKyJsip AaeT usobpaxkenue A’ B, Kax BunHo u3 puc. 18.18,
YTOJI p 3HAYUTEALHO NIPEBLILIAET YTOA ;. JTO H 06YCAORAMBAET yBEIHUCHHE Tese-
ckoma. YInoBoe yBemudeHue teneckona I' = tgg/tgp,. B clmy MajlocTH YIJIOB © U ¢y
HT0 OTHOILEHNE MOXKHO 3aMEHUTH CJIEIY IOTTHM!

r_t8e _ v _Fs (18.13)
tgwe o Fi

Puc. 18.18
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Anamusupya dopmyiy (18.13), MOKHO ceaTE BBIBOJ, YTO [JEA NOJTYYEHHU 3HA-
YYTENBHLIX YTTIOBBIX YBETUYEHHE HYKHO UCIFO/1630BATh JUTHHHOGOKYCHBIE 00BeKTH-
Bbl H KOPOTKOHOKYCHBIC OKYJSPHL

Yem GoJble AHAMCTD TEJECKOITA, TeM OOJIBIIE CTO PA3PEINAIOIIAS CIIOCOOHOCTD.

™1 KPATKME BbIBOAb

& Cgermn — 970 3/eKTPOMATHITHEIE BOJIHE]L, KOTOPLIC MOTYT DAacTIPOCTPAHATLCS KAK B CPEAC,
TaK M BAKYYMC.
® JJIeKTPOMATHUTIHEIE BOMHBI XAPAKTEPUIYIOTCS JUTHHOH BOJHBL A M 4aCTOTOMH v

=25

U

® DJIeKTPOMarkMTHBIE BOJIHBI B BAKYYME PACTIPOCTPAHAIOTCS CO CKOPOCTLIO
c=3-100m/c.

¢ [IpeacapHBIM COyYaeM BOTHOBOH ONTHKH IIPH CTPEMJIEHHH JIZTHHHK BOJIHBL K HyJTIo & — 0)
ABJAETCA FTEOMETDHYCCKAA OITTHKA. B I‘EOMBT[)H‘{GCKOI‘:] ONTHKE ¢JH3MHBCKPIC S1IBACHNA O1IMChiBa-
I0TCH HA OCHOBE IIPeACTABIEHIH 0 CEeMO80oM AYHe KAK IUHIU, 600Ab KOMOPOtl pacnpo-
CMpanfemca aHepeus céemosod goansve. B o1nopoaHo# cpele CBeT pacnpocTpaHseTcs
LUPSIMOTHHEHHO,

® 3aKOHBL OMPANCEHUSL CBEMNA:

1) mazaminyii M OTPAXKEHHBIN YYH ¥ HOPMATH K TPAHWLE PAZAEIA ACKAT B 0OJU0MA [/10CKOCTH;

2) yToa najienus pased YIay OTPAKCEHHA,

® Jaxonsb. nperoMreHILs Caema;

1) maaamKi ¥ IPCAOMICHHBIE AYUH M IOPMalb K [PAIIMIlE Pa3fiesa JeXaT B OfHOH mioc-
KOCTH;

2) OTHONICHKE CHHYCA YA NAACHHS K CUHYCY YIJIa HPCAOMIIEIIHA PaBllo OTHOWEIIHIO CKO-
POCTel pacpoCTpalleHns CBeTa B 9THX cpefax:

sine sino
=— WM

siny sin Ay

® [1pn npoxoseHH cBeTa 13 GUTUYeckKH 00Mee IUIOTHOM CPERBL B MCHCC IIOTHYIO Habio-

ITAeTCs MOTHOE OTPAKCHHC:
sinapg = iy

m

¢ T1301 vaspBaoT LU OBAHHOE CTEKTO WITH Mi060C APYToe Mpo3paiiioe BEecTBo, Or-
PAHNYEAHOE CEPHYECKHMH TTOREPXHOCTAMU.

Cofupanimas niH3a upeodpa3ycT HAPALIEIHEIH IY4OK JAVIeH B CXOAANIHIACH, PACCEHBAIO-
A MUH3a — B PACXOAANHIHCS.

® Onmuneckas Cuaq Aui3s — BEAMYAHA, 06paTHas (hOKYCHOMY PacCTOSHUI:

1

(I):—,

® [masHoe (OKYCHOE PACCTOAHHE TOHKOM cobupaminell THH3H ONpeAesieTcs o hopMyIc
{ocnosnas popmyna aunsot)

+

-
ey | =
M=
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o Jluneiinoe yeeauenue moxKO AUi3b, — OTHOUIEHHE JHHEHHOTG PasMepa H300pa-
KEHHUA X JUHeHOMY pasMepy [IPe/IMeTa.

® [7a3 — onTveckas cucTeMa, ofpaloBaHHas POTOBHIIEH, KUIKOCTHIO IEpeHeH KaMepsl H
XpycTanuxoM. OnTHUECKan CHCTCMA F7a3a aHANMOTHYHA JIHI3e, OIITUYeCKas Cuia KoTopol (D=
= 38,5 anrp.

» Jyna npeacrasnger coboi KOpoTKOMDOKYCHYIO JIMH3Y, YII0BOE YBETHUEHHC AY1IBI IPG-
NOPUMOHAIEHO ee ONTUYecKol cuie

T = d.D.

® Mukpockon CIYXHAT 14 TOTYy4eH s CUAbHO YBeJIMYeHHBIX M300DarkeH Hil MAThIX TIpe/-
MeToB. ITpocTelimmii MUKPOCKOL COCTOHT M3 IBYX KOPOTKO(OKYCHBIX COOHPAIOIMIX JHHS.

& Jfuneiinoe yeenuienie onmMuneckol cucmems PABHO TPOU3BEACHHIO MMHEHHBIX
VBCAMYEHIH 00beKTHBA 1 OKYJISIPA:

F = Flrz.

® Paspeuiaemoe paccmosHie MuKpoCcKona — HanMeHbIIEe DACCTOAHKE E MEXKIY ABY-
M# TOUKAME PACCMATPHBAEMOTO 00BEKTa, KOTODHIE eITle BHAHK Paz3/IeIbHO ¢ TOMOIIBI0 MUKDO-
cxona. Besminny o = 1/¢, o0paTHyio paspellaeMOMy PACCTOSHHUIO, HASHBAIOT PAIPEUA0 -
wietl cnocofHoOCMbIO MUKPOCKONA.

® Teaeckons:, NCTIOABIYEMEE B ACTPOHOMUH, I0DA3e/INT Hapedpaxmopst, T/ie yee-
JIHYCHHE YI7Ia 3pEHIS JOCTHTACTCSI C IIOMOLIBI0 CUCTCMBI JIMH3, pedhaexmopnt, TIdBHYI acTh
KOTOPBIX LIPEACTABIAET TapaboIHIecKoe 3ePKaIO.

YraoBoc YBCIHIEHHE TEIeCKOIA:

E Boripocnl gAf CaMOKOHTPOARA K NOBTOPEHUA

1, Kaxne GaKTH MOATBEPKIAIOT, UTO CBET UMCET IMCKTPOMArHHTHYIO npUpoay? 2. lepe-
YHCANTE OCHOBHBIE XADAKTEPUCTHEH 2IEKTPOMATHUTHOH BONMEL? KaK OHH CBA3AHE MEXIY CO-
6oii? 3. Kak onbiTibiM nyTem 6bIna ONpEncacHa CKOPocThb coeta? Uemy OHA paBHA B BaKyyMe?
4. Yro raxoe 1yy cBeTa? Kax pacnpoctpanseTcs cieT B 0gHOpoauol cpeae?d. Kaxue asmenns
TMPOUCXOIAT [IPK NPOXUKISHUH CBETA Yeped IPaHUuLy Pa3/lend ABYX ONTHYeCkuX cpen? Yto Ha-
BHIBAIOT YTJIOM MAJeHHA, VII0M OTPAKeHH, VIJIOM OpeaomaeHna? 6. *Kakne cooTHoleHns
4aCTOT M AJIHH BOJTH BBIMOIHSAKTCA TTPH Mepexo/e MOHOXPOMATHYECKOrO €BETa Yepe3 TPAHUILY
pasrniesia IBYX ONTHYECKHX cpea? 7. Kak MOXHO HalITH yTON OTPaXKeHUs, YTOJ NpeloMaeH s ?
8. Yro nmoxaskinaeT adcoMOTHEM H0KadaTeas NpetomieHus? 9. TIpu KaKUX YCIOBUAX IPOKC-
XOAHT SIBACHHE [ONHOTO BHYTpelnero oTpaxkchua? 10, B yeM pasandyne coOUpaOUTHX H pacce-
HBaOMHX TUI3? JaiTe MOHSTHE OCHOBHBIM UX xaparkTepuctukaM. 11. Kak ocymectsisgercs
noctpoenHe u300paKeHniil TOUKH B OTPE3KA NIPAMOE B COGWDAIOIINX H PAacCeMBalOIIHX HH3aX?
12. Kaxue peTHYMHEL CBA3BIBAIOT MEkAY c000H GopMyNa TMHSH ? 3anHNTHTE K MOSCHMTE €e.
13. Kakue GriBaior fedekTsl 3PCHIA H KaK HX KODPEKTHDPYIOT?

MpvMepb peweHun 3agay

® 3anaua 1, Ha ropusoHTaIBHOM AHeE 03epa rayOHHOoiL,8 M HeKUT II0CKOE 3epKa-
J10. Ha KakoM paccTosHN# § OT MecTa BXOMKACHNA JTyda B BOAY STOT Jyd CHOBA BEIHICT
Ha MOBePXHOCTD BOABI IIOCJe OTPAKEHUA OT 3epKaja? Yron nmasenus myqa30®.

Hano: h=18M; a=30% n, = 1,33.

Haiitn: s.
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Pemenmue. Hoctpoum xop myya. [Tyern 1y4 ceTa naja-
€T Ha MIOBEPXHOCTh BOJIOEMA B TOUKY A IOZ yIiIoM o (puc.
18.19). Ha rpauuile pasgena AByX Cpell JIyd TPeJOMIAAET-
ca. Yron npenomaenus paset 3. [lo sakony npejoMacHus,
sin o /8in 8 = ;.

[IpesroMAeHHBIT Ty, OTPa3uBIIMCE B Touke C'oT IIoC-
KOTO 3CPKANTA, JEKAIETO Ha /IIle BOAOEMA, BRIIIET U3 BOJb
B Touke B. Paccmotpum A ABC. B 3T0M TPEYTOABIIHKE

s= AB=2htgB, tgPB =sinp/cosd.

Haiinem u3 (18.5) sin B = sin o/ ngy, TOTAA

0 7

2hsina Puc. 18.19

2 12
15, — SN~ &

BoeruucaeHHs:

- - |9
s—mzlﬁmm

1,332 — 0,5
Oreer: s = 1,46 M.

® 3agaya 2. Jly4 cBera BHIXOMT U3 AHXIEKTPHKA B BakyyM. [Ipenesbubiit yroa
pager 42°, OTIpCACTUTE CKOPOCTD CBETA B AHBJIEKTPUKE.

Hano: o = 42°, c = 3 - 10° m/c.

Haiitu: v.

Pemense, CKOPOCTD CBETA B THIIEKTPHKE OIIPEAESSIETCS] U3 COOTHOIEHHA ¥ = ¢/,
/i€ n — [EI0KA3aTeNb MpeNoMIeHHA THAEKTPHEK, KOTODBIH OIpeAeIAeTCH U3 YCAOBUS:
sina = 1 /7. CoiefioBaTeIbHD,

v= ¢sino.
Buiuncaenus:
v=23-10M/c- 0,669 = 2,01-10° m/c.
O1ger: v=2,01-10%M/c.

¢ 3anaua 3. Ha kakoM pacCTOSIHHHE OT TIPEIMETA HyKIIO LOMECTHTD DKPAH, YTOODI
IBOAKOBHITYKJIAst THH3A ¢ PATMYCAMH KPMBU3HbL lloBepxHocTell K = 0,2 M M nokasa-
TeleM TIPEJOMICHUS n = 1,5 gaBaia jedCTBHTENbHOE H300paKeHHe NpeaMeTa, yBe-
JMYEeHHOE B IBA pasa’?

Haoo: B =R, =02mn=15T=2

Haifm: f + d.

Pemenne. M3o00paxenue npeamera
AeliCTRUTENBHOE H yBEJIMYEHHOR, C1e0Ba- B F
TelbHO, TIpeIMeT A B moMenieH Mex1y
TMaBHEIM (hoKycoM F' M TBOMHBIM (QOKYC- ——
HEIM paccTosnueM 2F. YuuTeBas 210, I1o-
CTPOMM YEPTEK M ONPEnesM COOTHOMIE-

Hue Mexy du f(puc. 18.20). Y3 nogobus B
tpeyroisHukos ABO u A’B'O u yenosus v
3aga4m uMeeM f/d = 2, oTRyIa Puc. 18.20
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f=2d (1)
3anuiiem dopMmyay annsei {18.8) ¢ yuerom (1)

1.1 .1

F o d 2d
Orciopa d = 3F/2 u ¢ ydyetom (1)

d
+=.
f 2
W3 (18.9) onpemennum sHavenue F:
1 =(1,5-1) 1 -|————1 =0,2 M.
F 0,2 0,2mMm
OxoHuate/bHO noyYaeM f+d = % =0,9Mm

Orser: f+ d=09M.

® 3agaua 4, /| BosKOBBIITYKIas JIHH3a M3 CTek1a (n = 1,5) nMeeT ONTHYECKYIO CHITY
5 M~'. Korza aTy nuH3y MOrpysKamoT B KMAKOCTE C TOKAZATENEM MIPEJIOMICHUST N, =
= 1,67, oHa AeHCTBYCT KaK paccerBaioman. OnpeneauTs ONTIHNECKYI0 CHITY U (POKyC-
HOe PacCTOSTHNE JANHABE B KuAKOCTH, [TOCTpouTh H30GpaXKeHne TOUKH, HaXOMATIERCS
Ha I1aRHOI ONTUYeCKOH OCH Ha TPOHHOM POKYCHOM PacCTOHHMU OT AUH3M ¢, = 3F)).

Havo: n=15,nm=1.m=167,, =5md, = 3.

Haitu: &,, F,, [, f.

Pemenne. B caydae koraa MHH3a HAXOAUTCA B Bo3ayxe, n; = 1 1 dopMyaa JIMH3bL
MPUHHMAET BH]

1

@:—:
'R

ol

rae K, u Ry — paanychl KPHBU3HHI ChepAYecKUX TOBEPXHOCTEN, OrPAHHIHBATOIIIIX
JUH3Y; Fy = 1/® = 0,2 M; ¢, — orrmiyeckas cuia aunsel. OTcroqa

1,1 @

R, R, n-1

Bo BTOpOM cay4ae, Kor/la TUH3A MOTPYKEHA B JKUAKOCTb, n, = 1,67 U

¢2=i=[£_1]

i+i]. @)

F L] kR R

Hoacraeasas vpasaenue (1) B (2), momyanm

®, =[£—1]&=¢:1—(“ﬁ"‘2) B
1y P
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PoxanpHas v
4 P | TINCKOCTD L /
, i
¥
. 4N L .
5 B By FT 5/ - 2
{PokanHas |
! ILTOCKOCTD N
J 5 F f A
. G
Puc. 18.21
BpruHCIeHUA:
-1 5 — 1
L= S LS ZLET) e,
167-0,5
. 1
Bp=——— = 009m.
-1,015 M~

3HaK «MHHYC» YKa3BIBAET, YTO JTMH3A, TOTPYKEHHAS B XXUIKOCTD, ACHCTBYCT KakK
paccenBamLLad.

[MocTponm n3obpakenus Touku S B cobupatoweii (puc. 18.21, @) 1 paccenBaloei
(puc. 18.21, 6) minzax.

B mepsoM cayuae usobpakenve S’ Touku aedctsurensnoe. [To dopmy.ie nuH3s!
(18.8) oupeaenum f, — paccrosune oT HIOOPAKEUAST RO JMH3bL:

;= B
¥
t — B
TAe d, — PaccTOSHWE OT MPeAMeTa 10 JIMHIEL
Tak xak 110 yenoBnio 3agaun d, = 35, to

_ K-35 3R

ﬁ*m—ﬂ_ 2

Bo BropoM cayvae anmnsa — paccenBaroas. Msobpaxenune 5 MHUMOE, IOITOMY B
{18.8) F, u f, BospMeM co 3iakoM «MUHyc», OQnpegcum u3s (18.8) aHaucHUC fi

;_ B _ 3RE_
‘T HBid F+3F
Brrunenenns:
3-0,2-0,99
=1502=03m f=—"—""=0,3TM
Y ’ ' b 0,994 0,6

OtBer: &, = —1,015M7 1 F, = —099M; = 0.3m; =037 M.
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E 3agacsu AR CAMOCTOATEALHOIO PeilleHus

1. Yesosexk, crosmmii Ha Oepery ozepa, BUAMT JIVHY B HeOe B HAPABICHHH, COCTABILAIONIEM
yroi 60° c ropusonrom. Ha paccrognun(,9 M ot cebs delopex BUAMT oTpakenue JIVHLL B o3epe,
OnpencanuTh POCT YCI0BEKA.

2. ToHKHH NYYOK CBETA HAMIPARJICH B BO3/YXeE 114 OBEPXHOCTD HEKOTOPOH AKIIKOCTH MO
yriloM uaneHus 40°. Yron npenomaerds [IPH 31oM paeer 24°. Kakos 6yzeT yrox nperoMieHus
HOpH yTJe najeHnd 80°7?

3. Jlyu cvera HanpapjieH U3 Bo3yxa B crexio (n = 1,5). Haittu yrast nasieHus u npenomie-
HHS, €CITH YTOJ MCKIY OTPASKEHHBIM M [IPEJOMICHHEBIM JydaMu pased 90°,

4. BRYWCAUT TpeAeTtHBIH YTOI TIGMHOTO OTPAKEHHS IS MACKCHTTIACA H ATMAa3a.

5. JIyu cBeTa HAUPARBICH B CEPOYTAEPOC HA TPAHMILY € BO3AYXOM 0] YIoM9°. Briliner mu
JIy4 B BO3IVX?

6. IIpenesHET YO OANOTO OTpaskenna L ciupta 47°. HaiiT rokasatens npenomie-
HHH COUPTa. ‘

7. Haiitn doxycroe paccToAHHE paccenEalomel {(ABOAKOROITYTOH ) JIMHBHL, ECJIM PACCTONA-
HHe OT JHH3BL 20 npeamera 12 cM, a Ao u300paKeH s 5,5 cM.

8. ImasHoe hoKyCHOE paccTOsTHHeE ArN3sL paBio 10 oM, TTpeaMeT HaxOAuTCS Ha PACCTOAHHH
12 cM o1 mHab. Haittw paccTosime 0T H300PLOKeHMs 10 IMHSL

9. MaolpameHne mpeaMeTa, HaxoAALLETOCS HA PaccTeARHH0,25 M OT ABOSAKOBEITYEJION JTHH-
3B, TIOJIYUHAOCH AHCTBUTEALHLIM, OOPaTHEM 1 YBEIMYeHIEIM B TPH pasa. Kakoso doxyciroe
PACCTOSIHIE THHABI?

10. Tnasnoe GokycHoe paccTosHUe COOMPAIOLIEl THH3E paBHO K. Ha KakoM paccTOSHEH OT
JIMHZB HYKHO TIOMECTHTH TIPEJIMET, YTO0B yBesrnueHne ObLI0 60oabine 2, HO MeHblIe 3?7

11. /IBOAKOBBINYKAs CTEKISAHHAS JIUH3a UMEET PAAUYChl KPUBH3HBI TIOBepxXHocTel 0,3 1
0,5 M. OnpeaemuTh OMITHYECKYIO CHJTY JIMH3H ¥ TaBHOE (hOKYCHOe paccTosHue. Kak uaMeHsaTes
UCKOMbIE BETHHHHDL, €CW JIMAZY TIOTPY3HTE B BOAY ? 15 cepoyraepon? [loctponTs naoBpaxeHue
TOUKM, HAXOAANIENCH HA FIABHON ONTHYECKOI OCH Ha IBOITHOM (OKYCHOM DPAaCCTOSHUM OT JAMH3BL

12. JIBOSIKOBBITY KA JIFII3A H3 cTeKAa 08UIagaeT ONTHICCKON ciutolh atp. [ie moMemeH mpes-
MET, £C/TH €r0 MHIMOE M300DAKEeHNe MIOIYYeHo HA paceTodaund 0,25 M or mmHawt? Tre GyaeT Haxo-
JUTBCS1 UB0OPAKEHHE, eCHM THH3Y M TIDEMET HOMECTHTE B Bofty ? JlaTh cxeMy fydeit B 00OMX CITyyasx

13. CrewnsiHHAA NBOAKOBOIHYTAs1 IMH3& C ONTHYECKOH cuxoil 3,33 ANTP OTCTOMT OT Nped-
meTa Ha paccroaunn (0,2 M. Hapucosath X0/ fiyyei ¢ cobmoeHneM MacinTaba u onpe/iesinTe
PacCTOsIHKE OT MUHALL 10 HaoOpakeHus. Kak HaMeHHTCS X0 nydeit u e 6yaer u3obpakeHue,
€CJIM JIMH3Y W MpeJIMET TOMECTUTE B CEPOYLIEPO?

vo KnioueBble CnoBa: 3aKOHbI OTPAXEHS, 38K0H MPENOMACHNS, TOHOE OTpa-
XKEHNE, 3aKOH NPAMOSTMHERAHOrO PACNPOGTRAHEHU CBETA, INH3A, Jyna, MyK-
POCKOMN, TeNeCKor.

'masa 19
BOJ/IHOBbIE CBOMCTBA CBETA

19.1. UHTepdepeHuun ceeta. KOrepeHTHOCTb CBETOBBIX JIY4EeH

Huarepdepenuns ceera. Humepdhepenuyueii Ha3nBaoT ABIEHAE, BOSHHKAIO-
Iiee 1Py HAJOXKEeHUN ABYX (JIH HECKONbKHX ) CBETOBBIX BOJIH O/IMHAKOBOI'O [IEPHOJA
B O/IHOPOJHON W3OTPOIHOI cpese, B PCIYIRTATE YET0 MPOHCXOANT TIepepacupenee-
HHe JHEPTHH BOJH B TPOCTPAHCTBE.
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Heo6x0oauMBM yeaoBrueM HHTepdePEHITHH BOJH SBASETCH AX KOTEPENTHOCTD,
T.€. PAaBEHCTRO HX YACTOT H NOCTOAHHAS BO BpeMeHH pasHocTh ¢a3z!. Kore-
PEHTHBIC CBCTOBBIE BOJHBI MOKHO NIOTYYHTH TOJEKO OT O/IHOT0 HCTOYHHKA.

Hist a1oro HyXH0 KakuM-n60 06PasOM pasacTUTL OAHH 1yd Ha JBa, NYCTHTh UX
MO PAa3HBIM ONTHYSCKHM IYTM, 3 3aTeM CHOBA COeUHUTD UX. Toraa pa3znocts a3
OIpeAeNnuTCs PasHOCTRIC Xoga ay4deil, [TpH 1ocTosHuO pasHoCcTH X0aa pasnoctb das
TAKIKe MMOCTOSHHA.

Ipyruan cynepuosuuun, /14 CBETOBBIX BOJIH, KK W AJS JE0OBIX APYIUX, CIIpa-
BC/UIMB IIPHHITHTT CYTEpNo3HiiMH. TTOCKOJIBKY CBET UMEeT SMeKTPOMArHUTHYIO TIPH-
pony, NPHMCHCHHE 3TOrO MPUHIMIIA 03HAYAET, YTO PE3VILTHPYIONIAS HATPSKeHHOCTD
2JeKTPUYECKOro (MarHHTHOTO) MOJ14 ABYX CBETOBBIX BOJTH, TIPOXOG/ANIHX YEPC3 OIHY
TOUKY, PABHA BEKTOPHOH CyMME JIeKTPUYeCKNX (MarlIMTHBEX ) NOJAeH KAaK10A U3 BOAH
B OTAEJHHOCTH.

ITpH CIIGKEHUH MIOCKHX KOTCPEHTHLBIX BOJIH AMILTHTYR PE3YISTHPYIOWIETO KoAeOaHus

A2 = AE +A§ +2A1A2 COS('\PQ _(Pl), (19.1)

e (¢y — ;) — pa3HOCTh (ha3 craraeMuiX BOSTH.

Anamm3 ypasaeHus (19.1) no3Bossier c/enaTh CAHYIONHE BHBOABI:

ecmn gy, — ¢ =0, 2w, 4w, .., 2kw, 1e k= 1,2,3, Tocos(p, — ) =1 A= 4, + Ay

2) ecn @y — iy =7, 37, 5T, ..., (2k® + 1)m, Tocos(yp, — ) = —1n A = |4, — Ay

B niepBoM cayyae npovMCcXOMHT yCHAEHHEe Pe3yibTHPYIOMIETD KoAeOaHus!, BO BTO-
poM — ocaabaenve, Ecan npuartom A, = Ay, 10 A = 24,, a A, = 0. Bo Bropom
cAyYae JIPOUCXOAUT NOJTHOE raillelIMe CBETa CBETOM.

O6uiuto 3TH yesoBus GOPMYTUPYIOTCH HE Yepe3 PasHOCTb (a3, — ), a Hepes3
PasHOCTD X042 BoJiH 8. MaBecTHO, uTO (hase p = T COOTBETCTBYET HPOHeHHON BONHON
IIyTh, PABHBIH 1IOJI0BHHE MHHEL BoIbl A /2. Torna ycaoeue maxcumymoa MoxHo
chopMyTUPOBATh CAELYIOIHAM 00pasoM:

MAaKCHMAJBbHOE YCHACHHE Pe3YIbTHPYIOUET o KoAeGaHHs HACTYTAET, eC/IM pa3-
HOCTh XOAQ CAArAaeMbIX BOJH PABHR YE€THOMY HCJAY MOJYBOJH HAH IEAOMY
YHCTY JITHH BOJIH:

&= 2k (\/2) = kM. (19.2)

AHAJAOTHYHO QOPMYAHPYETCA YCAOBUE MUHUMYMOG:

ocnabnenne peayALTHPYIONIETo KoAeGAHUS IPOUCXOHT, €CAH PA3HOCTDh X0/1a
CJAraeMbiX BOJH PABHA HEYETHOMY YHCIAY NOJYBOJH:

d=(2k + 1)N/2 (19.3)

3uauenns k= 1, 2, 3, ... HA3BIBAIOT NOPRAOKOM UNMEPPEPEHUUOHRO20 MaAK-
cumyma (Munumyma).

Ha prc. 19.1 nokazano, kax DpOHCXOAUT UHTepdepeHUH BOJIH, HMEIOIHX PaBHble

aMiuTy bl Ecoi pasHOCTE X0la paBHA HedeTHOMY Yneay nosysoad (puc. 19.1, @),
TO aMIUIMTY B! A} M A, IMEIOT pasHble 3HaKH, Pe3yNbTHPYIOINAs aMIiuTyaa A = 0 u

! DroMy yCAORHIO YAOBIETBOPAIOT MOHOXPOMATHYECKHE BOHL, T. €. BOAIL OJIHOM CTPOTO ONpe/ic/Ien-
HOM 4aCTOTH! (IMHBI BOJHEI} H [IOCTOSHHOH AMILTHTYABL
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Puc. 19.1 Puc. 19.2

IPOWCXOAUT TallleHue BOTH. ECi pa3sHOCTDb X0/1a PABHA YeTHOMY UHCITY MOTYBOJIH
(puc. 19.1, 6), To ammtyas A; M A, UMEOT OIMHAKOBBIE 3HakK, A = A, + A, = 24,
1 TIPOMCXOINT YCHIICHHE CBETA.

W3BecTHO, 4TO M3TyYeHHe CBETAIEIOCH Teaa CKIQ/IBIBAETCS U3 BOJIH, UCIyCKae-
MRIX OTJEABHBIME ATOMaMIL. [IpOA0TKUTENBHOCTS HATYYEHHS OTAETRHOIO ATOMA CO-
craBisiet 1078 ¢. 3a ato BpeMa B BaKyyMe 06pa3yeTcs 1yT BOJH (MOCTCI0BATENBHOCT
ropboB — BUHAAMH) UPOTSIKEHHOCTBIO OKOJIO 3 M, T. €.

§=ct=3-10"m/c- 102 c=3m

ITocKOABKY Te10 OMHOBPEMEHHO H3MY4aeT HOMBIIOE KOTHIECTBO ATOMOB, BO30YK-
JaeMble UMY 1y BOJH, HAKAIBIBASCE APYT HA APYTa, PETEPIEBAIOT CAyYaliHbIe CKau-
K000pasHble HAMEHEHHS, T, e, OHH He SBJISIOTCA KOTEPEHTHBIMHU U YCTOHYMBON KapTH-
Hbi HHTepbepeinimu He Habmonaercs. [Lns HabmoaeHus yCTOHYMBONR KapTHHB! WH-
TephepeHnnn HeoBX0AUMa CONTACOBAHHOCTh BOJIH 110 BPEMEHH H JLIMHE.

Mertoa noxyyeHAss KOTePEHTHBIX CRETOBbIX BOJH.* [IJIst 1OJIyIeHHs: KOTEPEHT-
HBEIX CBETOBBIX TMYYKGE MPHUMEHSAIOT PA3AHYHRE UCKYCCTBeHHBIe pueMbl. Ouange-
CKag CYBHOCTh Beex npubopos (3epkana Mpenena, Gunpusmer Openens, mean IOura
U T.A.) A5 HabA101eHust muHTepdEePEHTTHI CBETA O/THA U Ta 2Ke; CBET OT 0LHOr0o HCTOY-
HHAKA UAET K 9KPaHy JIBYMA DA3THUHEIMH Ty TSIMH.

Cxema Habumonenus unrepdepesIiY CBeTa ¢ TOMOIIbI HumpusMbl Openens n3ob-
pakeHa Ha puc, 19.2. B aroi cxemMe A8 pa3saBoeHKsI BOJHBI, HAYLIEH OT HCTOYHHUKA S,
HCTIONB30BAHO TTpeOMAeHIe CBeTa. BoHa, WAYIad OT WCTOUHKKA S, pasiBanBaeTCA
IyTeM LIPEFOMIICHHS B JIBYX TIONOBMHAX OMITPHAMBL H JOXOJIMT 0 SKPaHa ABYMSA pas-
JMIHBIMHE myTsiMd, Ha skpane B obiactu A BC nabuaionaerca untephepeHn s AByX CH-
CTEM KOTEPCHTHBIX BOJIH, KaK Obl HCXO/ISIINX U3 IBYX HCTOUHMKOB  S) U S, KOTOPHIE
ABIAIOTCSH MHHMBIMH H300pakeHHAMH HCTOUHHKA 5.
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19.2. UnTepdeperHunna B TOHKHX NASHKaX

Hawfoiee THIHTHBIM # PACTPOCTPAHEHHIEIM IPUMEDPOM WHTepbepeHIIM CBeTa AB-
asgeTca HHTepQEPeHTHA B TOHKHX IMeHKaX (MbUIbHAR JIEHKA, TONKAS CTEKAAHHAA
ILTACTHHKA M T.J1. ).

Ha puc. 19.3 n0ka3ana TOHKAs 1L1€HKa TOIMHONA, Ha Hee 1102, YIIOMO K HOPMAaTU
aaeT HAPALIETbHAIA My9oK Tyiaedl. PaccMOTPHM pe3y ibTaT untepdepeHid B 1y-
Yax, OTPAKEHHBIX OT IeHKH. JIy4SA, nomasas B TOUKY A, HacTHHHO oTpaskaetcs (A £),
gactiuno npenowisercs (AB). pesoMaeusiit 1yd A B HCHBITHIBAET OTPAKEHUE OT
HIKHEH TOBEPXHOCTH TVTEHKH B TOUKe B U, IPEI0MIISACH B Touke () BRIXOAWT U3 ILIACH-
xu (CD). Jlyau AE n CD KorepeHTHBI, TaK Kax 00pa30BaHE! M3 OHOTO Myda SA.

Hafizem onTuveckyio pa3sHocTb xoda 8 tyteit AEw CD.

OmyyeckHii MyTh paBeH reoMeTPHYECKOMY IIYTH, YMHOKEHHOMY Ha IOKa3a-
TeJb MPEIOMICHUA CPebl, B KOTOPOil pacnipocTpaHsieTcs CBeT.

W3 Touxu Crupopeznem Hopmars CK k nydam AEu CD. Onrnueckue iy ayueil AE
1 CD ot Hopmanit CK 10 MecTa nx Hanoxenns (B (POKyce MTH3H ) 0ANHAKOBbL Tak Kax
ayuy AE TPOXOAMT B MEPBOI cpe/e, I0KA3ATETh MPefoMIeHHA KoTopoil n; = 1 (B03-
ayx), orrruueckuii nyth AK, a nyd CD Bo BTOpoO# cpeae ¢ noKasarTe/eM lIPejoMieHI
n (nienka) — onrudecknii myts (AB + BC)n, 108 = (AB+ BC)n — AK. Va3 puc. 19.3
ceayer, uto AB = BC = d/cos~, a AK = ACsine, Ho AC = 2dtg~, Toraa AK =
= 2d tg~ sino. BolIIOJIHKB 9TW TPUTOHOMETPHUECKHC PENOPasOBaHisL, NOTYUHNM, YTO
Pa3HOCTh X0/1a IBYX Ayveit
2dn 2dn 2dsin~sina

—2dtg~sino =
COS~ cos cos "y

§=

Ho sin «« = n sin 7] CeA0BATENBHO,

_ 2dn (1-sin?5)

COS ™

) = 2dncosy = 2d+/n® —n? sin® ~ = 2dn? —sin’ .

A5 1oy YeHUs1 OKOHYATETBHO PA3HOCTH XOZA HeoOX0-
IMMO Y4€CTh, 4TO

CBETOBLIC BOJIHDI, OTPAasACh OT ONTHYECKH 601’]68
w10THO# cpebl (0T cpep! ¢ HAIbIIMM NOKA3aTEIEM
NpEeNOMIICHIS ), H3MeHaoT a3y Ha «, T. €. HoJyda-
¥OT JONMOJHUTENbHYI0 PA3HOCTh X054, PaBHYIO \/2.

Onrnyeckas pasHOCTh X0AA JyIeH

& = 2dn? —sin® o + 22\—

PaznocTh X0/1a 3aBUCHT OT TOJILIMHbBL ¢ IJICHKH, TI0Ka3a-
TEIA NPeAOMJIEHHA N MaTepraia, yIia TTaJeHuda & Hy‘IEI‘/’i H
JUIMHBL BOJHBL A anamouero ceera. Mtak, peayabrar uuTep-




(depeHLIMY B TOHKMX IIEHKAX OTPEIESTeTCH CIAEAYIONUMH YCAOBHAMHU, BHIPAKEHHB-
MH Yepe3 OITTHYIECKYI) PasHOCTD XO/a.
Ycaosue maxcumyma:

2k% — 24V —sinla + % (19.4)
Ycaoeue munumyma:
2k + 1)% = 24—t o + % (19.5)

AHamuaupys peipakenns (19.4) u (19.5), IpHXOAMM K BRIBOAAM:

1) ecau HA TOHKYIO ILTEHKY NMAJjAeT MOHOXPOMRTHUECKOE HINyYeHue (HaTpH-
Mep, A = 6,7-1077 M — KpacHbiii LIBCT), TO OHA B OTPaKEeHHOM cBeTe Oyaet audo
kpacnoii (19.4), mbo remmoii (19.5);

2) eC/IH Ha TOHKYIO IVIEHKY TajaeT Oenbiit cBeT (CI0KHBIIA ), TO OHa 6y €T MMeTh
OKpacKy, COOTBETCTBYIOWIYIO A, /1A KOTOPoil BbINoAuAeTCA yeaorue (19.4).

OnnopozHas OKpacka |IPH YIjie IaJeHHs o IabMoJaeTcs B TOM Cly4ae, KoI/ia To/-
1IMHa MUIEHKY BCIOAY OIUHAKORA, B MPOTHBHOM C/IY4a€e 1LOCTOSIHHOM OKpacku He Oy-
AeT U TOABKO YACTH IJIEHKH, MMEIOITHNe ONMHAKOBYIO TOMIKHY, Oy/yT KasaTecst OKpa-
IIEHHBIMM B OAHH LBET.

HnrepdepcHunonHas KapTHHa HAOMIOAAETCS U B TPOXO/ISILUEM CBETE, HO TaK KaK B
NIPOXO/AILEM CBCTE HET II0TEPH NOJYBOMIIBL, TO BCA KapTiHa uHTepGEPeHINH HiMe-
HMTCA Ha 0OPATIIYIO,

19.3.* NMonocol paBHO# TONLWMHDBI. KonbLa HbioToOHA

ITonocel paBroi Tomuuel, MHTEepdepenuoiubpe 11040CH B BO3IYLIHOM KJIHHE
MOXKHO HaOIIOARTE, €/ LIOJI0KUTH OAHY [UTOCKOIAPAIUIEABHYIO CTEK/ISIHHYI) TIACTH-
HY Ha APYTYIO, 4 IO/l OIHH U3 KOHIIOB BEPXHEH ILTACTHHKM MOJOKHUTh HeDOARINION TIpe-
MeT TaKuM 00pasoM, YTOBB! MekKTY HUMH 00pasoBaICs BO3AYIUHbIH KianH (puc. 19.4).
B aToMm ciyuae passocTe X042 ydei onpeaensercs gopmyamu (19.4) u (19.5). Jdo-
IYVCTUM, YTO JIydH [— 4 MajaioT Ha KJIWH HOPMaawHO ( sino = () u nokasare/sb mpe-
JIOMJIENHA BO34yXa n = 1, Torma

§=2d+ N\/2. (19.6)

Ha rpanuue, rie crex/isHHbIE WTACTHHBI conpukacawTcs, d & 0 1 § = X\/2, noaro-
My HaOmogaeTcsa TEMHas M0J0ca (MHIIMMYM).

IfepBas ciersas nomoca (k= 1) BoaHukaer mpu d =\, Tak Kak § =2k (7N /2) =2-1x
X (N/2) =\, noatomy & = 2d + N/2 =X Orcioga moay4uM, YTO B 3TOM MECTE TOJMIIMHA
BO3AYIHOTO KAHHA d = \/4. UMeIHO TaKoil BO3AYHIIEI IPOMEKYTOK TIPOXOIUT Ta-
pasIeabHO rPaHK COTIPHUKOCIIOBENNS!, i CBET/Ias [TOIOCA MMEET BUJ NPAMOIH JIMITHH.

Bropas ceernast moaoca HAXOAUTCS TaM, TAE TOJIIMHA BO3/YITHOIO KJIWHA JOCTH-
raer 3HaveHuA d= 3/4\, Tak Kak mpu atoM & = 2-2(N\/2) = 2d + \/2.
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ITH NOJIOCH, KDKA0H U3 KOTOPLIX COOTBETCTBYET CBOS BIIOJIHE OlIpefieleHHas ToI-
LIMHA KJAMHA WV TIAPAJLIebHOH IVIACTAHKH, HA3KBAIOT 7200CAMU PAGHOL MO -
wgrsreve. 110OCH PaBHOIT TOIMHMEB MOTYT OBITh HPAMBIMA THHUAMH, KOHIIEIITPUYEC-
KUMH OKPYXHOCTAMHE M HMETh JTI00YI0 APYTyio GOpMy B 3aBHCHMOCTH OT PacTioyoxe-
HHS TOYEK, COOTBETCTRYIOIUX d = const. YTOJ KJIMHA JI0/KeH ORITh OUeHb MATBIM,
HHAYE TOJIOCH PAaBHOH TOMMIMHE TOMKATCS APYT HA IPYTa H HX HEJL35 PA3IHYAT.

Kombua Hetorona. [1onocet paBHOH TOAIMKUHABL MOXKHO TOMYYHTD, €C/I NOJOXKATD
I/IOCKOBBIMYKITYIO JIMHAY ¢ OOAbINNM PajHyCOM KPHBH3HLL (R = 10— 100 M) Ha T1oc-
KOTAPAUIEABHYIO TTAcTUHKY (puc. 19.5, @). B 9ToM clyyae moaochl paRHOH TOJIH-
HEI MMEIOT BHJI KOJIEll, KOTOPhIE HasbBaloT Kobliamu HuloTona (puc. 19.5, 6).

Ecin 5a iuH3y 0a73eT MOHOXPOMATHYECKHH CBET, TO BOJIHBI, OTPaXeHHBIe OT Bep-
XHe# U HHKHeH TPAHHI 9TOH BO3AYITHON TPOCTOHKH, MHTep(EPUPYIOT MeXAY coHol
H MX PA3HOCTDL X04a 3aBHCUT OT TOJIIIMHEI 3TOTO BO3AYLIHOTO KJAUHA. B 0TpakeHHOM
CBETE IIPU 9TOM HAOIOAAETCS CeAYIOWAS KapTHHA: B [IEHTPe — YePHOe ISITHO, OKPY-
JKEeHHOEe YepeJyIOUIMMUCA KOHUEHTPHYECKMMH CRETIBIMH H TeMHbIMH HHTepihepeH-
IIHOHHBIMM KOJIbLAMH YOBIBAIOLIEH HIHPUHLL (cM. puc. 19.5, 6). B npoxoasmeM cpere
KapTHHA 00PaTHAs: BCe CBET/IBIE KOJIbIIA 3AMEHSIFOTCS TEMHBIMM, a B LEHTpe — CBeT-
JI0€ 1ISITHO.

19.4. Ucnonb3oBaHue HTepdepeHLUHn B HayKe U TeXHUKe

WHrepdepeHINA [MMPOKO UCHOIb3YETCA B PA3THYHbIX 061aCTAX HAYKH W TEXHHU-
kH. B HacTosiee BpeMs aTaIOH JTHHBEI YCTAHORJIEH, KaK OTpeleNeHHOe YUCA0 (13-
OpaHHbIX) AJMMH CBETOBHX BOAH. Mcrob3ys HHTepGEPEHIHMID, MOKHO OTPEAeNHTE
JJIMHEBI BOJIH, TIOKA3ATENH NPeJOMIEHAA, MUKPOCKOIIMYECKUE PASMEPHL TE, MMKDO-
HEPOBHOCTH Ha MIOBEDXHOCTH AETANIEH.

Hurepdepennus B peHTTeHOBCKONH 0OAACTU 3JIEKTPOMATHUTHBIX HMATyYeHHH AB-
JISETCcs OCHOBOM PEHTIeHOCTPYKTYPHOTO AHANMH3A KPHCTULINYECKHX PELIeTOK TBep-
IBlX PACTEOPOB, CILIABOB M YHCTHIX BellecTB, /75 aTHX Lesiell CYKAT pa3iHIHbIC TT0
KOHCTPYKIIMH MPHOOPHI, HA3KIBAEMEBIe UHmepdepomempamu. B xaxnaoM HHTep-
dbepoMeTpe u3MepsieMBIi MapaMeTp ABJISETCA NepeMEHHOI BETHYHHOM, a BCe 0CTalb-
HElEe — [IOCTOSHHEBIE.

Hurepdepomerp Majikenscona.* lleperiii wHTepdhepoMeTp HBLI NPEATOXKEH
A MaitkenscouoM. Tlpunnun aeitcrpusa untepepomerpa Maiixenscona (puc. 19.6)
J0 CHX IIOP MIKPOKO PUMEHSETCS B PA3IMYHBIX THNAX 3tux npubopos. IIpubop co-
CTOHMT W3 /IBYX 3epkad M| m M, ¥ nosympo3paydroii nocepeOpeHHON HIACTHRKM P
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Ceer 0T MCTOUHMKA STNafaeT HA INTACTHHKY P; 1101
yrioM 45° # pasfensercs Ha ABa Jiyda, osToMy

OH OTHOCHTCA K TPYNNe AByIyvyeBwx. [lyTH may-
yeil, KaK BUJAHO M3 PUCYHKA, PABTHYHBE, BCIEA-
CTBHE Hero OHU IPHOOPETAIOT OlPEALHSITHYIO Das-
HOCTh Xoza. JIyu 1, oTpaskasdck or seprasa M,, 4a-
CTHYHO IIPOXOZUT CKBO3b TLIACTHHRY P (mya 1').
Jyu 2, oTpakasich o1 sepkasia M,, Bo3Bpamaercs
K IITaCTHHEE P, TBAKIBI MPOXOAS CKBO3h CTEK-
JSTHHYIO TJIACTHHKY P, Napanaeiasuyio P, [lia-

éwm

* G CTUHKA P, OTNMYAETCH OT IVIACTHHKH P TeM, 4To
OHa He MOKPbITA cnoeM cepebipa. JIyd 2 YacTHYHO
Puc. 19.6 oTpa/kaerca OT tacTuikd Py (nya 2°). Jlyun '

2' korepeHTHbL Pe3yasrar ux nnTepgeperiiH 3a-
BUCUT OT OITTHYeCKOH PA3HOCTH X0/ Tyya [ oT Touku A 1o zeprana M, vaywa 2 ot
Touky A 1o sepkaia M. M3-3a nanmuus naacTHHKH P UX 0ITHYECKHE TIYTH O/JHHA-
KOBBI, TIOBTOMY €€ Ha3HBalOT KoMrencamopom. TakuM o0pa3oM, ONTHYeCKas pas-
HOCTb X0za 1y4eit I’ u 2’ pasHa § = 2n,(l, — [,), rac [, ¥ {, — paccTosHUS OT TOYKK A
J0 COOTBETCTRYIOIMX 3€PKAT, 1, — MOKa3aTedb IpeloMIeHnd Boaxyxa. Ecmu {; = [,
To HabmogaeTcst MakcuMym uaTephepenunyn. CMeneane 0AHOTO U3 3epKai Ha pac-
CTOAHUE A /4 JACT PA3HOCTh XO/a Jiydelt \/2, UTOQ IPHBOAUT K BOSHHKHOBEHUIO MU-
HumMyMa. Taxum o6pa3oM, o HAMEHEHNIO HHTEPhEPCHITHOHHONR KaPTHHLI MOXHO
CYAUTH O Ma/IWX TepeMelleHHaX OZHOID U3 3epKal B UCTOAb30BaTh uHTepdepo-
MeTD LA TOYHBIX H3MepeHuit fanHel. [ToMelnas BMecTO OHOIO 13 3epKaj Kakyio-
aubo AeTanb, MOXKHO 110 hopMe IMOJOC MM KOJell KOHTPOTAPOBaTh KadecTRO ee
00paboTKH.

[Ipoceetnenue ontuks., Ocoboe MecTo B IPUMEHEHHH HTepGhEpEHIIN 3aHNMA-
eT [IpocBeTeHHast oNTHKA. [Ipy TPOXOKAECHHH CBETA YEPEe3 JIMHIbI HIIH IIPH3MbI OT
KasKJI0H U3 [IOBEPXHOCTEH CBETOBO LIOTOK YaCTHIHO OTpaXactTcd. B cAoXHARIX O~
THYECKHUX CUCTEMAX, T7le MHOTO JIMH3 U IIPU3M, DPOXOASIIIH CBETOROU IOTOK
YMEHBILACTCS 3HATHTENBHO; KPOME TOTO, TOABASIOTCs GnKu. Tak, ObL10 ycTaHOB-
JIeHO, YTO B HEPHCKONAX IIOABOAHEIX JIOAOK 0Tpaxkaercs A0 50 % BX0AAMIEro B HeTo
cBeTa. /{14 ycTpaHeHHs 3THX Ae(eKTOB ONTHYECKUX CHCTEM H IPHMEHAETCA METO/
LIPOCBETICHHON ONTHEH. CYUTHOCTB METOA 3aKAI0YAETCA B TOM, YTO ONTUYECKHE
HOBEPXHOCTH NMOKPLIBAIOTCS TOHKHMH TUICHKaMH, CO3Aa0TINME HHTep(epeHIIHOH-
HbIE SIBJIEHUA.

O6pIMHO TOMIITHA MpocBet/Aomed wieHky d = A\ /4 magaomero cseta. Torga o1-
pasKeHHbIH CBET MMeeT PA3HOCTD XO/a, PAaBHYIO A/2, YTO COOTBETCTBYET YCIOBHIC MH-
HHUMYyMa IPH HHTepgepennuy. Takum o0pasoM JOCTHTAETCS HeTKOe H30OPAKCHHE,
YHHUTOXAOTCA Oanku. [IpocBeT/sonine MOKPHITYS HAHOCATCS HA TIOBEPXIOCTH JIHH3
M IIPH3M MYTeM XUMHYecKOH 06pafoTkH (TpaBTeHHe B KMCI0TE), IyTEM HAHECEHHH
IL1€HOK (DTOPUAOE 11PH UCUAPEHVH B BAKYYME HITH MEXaHHUECKH,

19.5. Audpakuus ceeta

Andpakuus. CseT npeacTaBaseT cof0il BOMHOBOH MPOIECE W VA HETO IIPY OLIpe-
NeMEHHBIX YCIOBHAX A0/LKHO HAa0OAATLCS ABJleHHe Oupaxyuu (OTKIOHEHHE OT
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ePBOHAYAABHOTO Halipasieins). Ha-
npuMep, CBeT, HAYIKI 0T HeOOMBIIOTO
APKOTO HCTOMHWKA Yepes 0TBepCTHe (PHC.
19.7, @), mo npaBUTAM reOMETPHYECKOH
ONTHKH JOJIKEH AATh Ha 3KPaHe PE3KO or-
PaHWYEHHOE CBETJIOe U300paKeHHe OT-
BepeTus Ha TemMHoM (ore. Ho ecu pac-
CTOSIHHE OT OTBEPCTHS [0 BKPaHA 3HAYM- Pue. 197

TEIBHO IPEBOCXONUT PA3MEDHI OTBEPCTUA

(B HECKOMBKO THICSY pas), TO B peay.ib TaTe AudpakiMy cBeTa Ha SKpaHe 06pasyeTcst
Gomee c0KHASA KAPTHUHA, KOTOPAst COCTONT M3 COBOKYITHOCTH CBETJIBIX M TCMHBIX TTO-
J0C WM NHHNH, JOpPMa KOTOPBIX 3aBHCUT 0T opMbl otBepetud. Ha puc. 19.7, 6, @
HOKA34HbI AMPPAKITHOHHBIE KADTHHEI IS CAyYaeB, KOTA IHAMET) OTBEPCTHA CPaB-
HHUM C PACCTOSTHHEM /10 3KPaHa W KOT/1a TUAMETP OTHEPCTUS B THICSTYH Pa3 MEHBIITC
PACCTOSAIINA A0 9KpaHa.

ToYHO TaK e NpH OCBElleHUH HEIP@GPayHbIX IPEAMETOB, KOT/a PACCTOAHUE MEK-
Iy TIPETIMETOM TAKOTO POJIA M AKPAHOM 3HAUHTETRHO MPEBOCXOAHT PasMephl TIpe/-
meta, HabaAaeTcs SBIeHHe JU(PAKIHH CBeTa — Ha 3KpPaHe BMCCTO TCHH MOJAy4Ya-
eTCsT CJIOKHAS KapTHHA. Kpasd TeHu oKalMJISIOTCS PsigoM CBETJIBIX H TEMHbIX 110J10C,
a BHYTPH TeHH MOTYT HabiiogaTees 06MacTH, Kya CBeT 3aX0IHT.

SBnenns, paccMOTPEHHBIE BRIINE, MOTYT OBITh OOBACHEHB ¢ TOMONAID METO-
na, upeanoxennoro O. MpeneneM, ¢ upumenenueM npuaiuna [oiirenca — Ope-
HEJEA,

Ilpuuuun Toiirenca — Wpeneas. CormacHo npuHmumy THofireHca, KaX Iy TOU-
Ky $poHTa BONHLL MOKIIO PACCMATPHBATL KAK CAMOCTOATENLHBIH HCTOTHHK KOJe-
Hanuii, OpeHesb TONOAHKI STOT IIPHHIINM, BBEISA HPEACTABAEHHA G TOM, 4TO BOJI-
1I0BOE BO3MYIICHHE B M0oGO# TOUKe MPOCTPAHCTRA MOXHO PACCMATPHBATD KaK Pe-
3yAbTaT UHTep(epeHHN BTOPUYHBIX BOJH OT (PMKTHBHBIX HCTOUHHKOR, Ha KOTO-
phie pazbupaerca BonHoBoi ¢ponr. Ppenens BnepBble BHICKA3Zal MPeANONIOKe-
HHe, UTO

a & 8

3TH (HHKTHBHbIE HCTOYHHKH KOTE€PEHTHB H MOTYT HHTepdepupoBarth B 060
TOYKe NPOCTPAHCTRR, B Pe3YJIbTATE YeT0 DJEMEHTAPHDIE BOJIHBL MOTYT TACHTD
WIH YCHJIMBATh APYT IPYTA.

715 Toro uTO6B! OTpeIeHTE PeayIbTaT AMdPAKLIH B HEKOTOPOH TOUKE [IPOCTPAH-
CTBd, cheHe.llb MpeINIOKIT DBB6I/IB3TI: BOJHOBYHK) MOBEPXHOCTD HA OTACJIBHBIC YYACT-
KW (30Hb Dpenens), pacnioAoKeHHBE TAKUM 00pa3oM, 9TOOBI BONHb, TIOCHLIAe-
MBIC [IBYMS COCEAHUMH 30HAMM B JaHHYIO TOUKY IIPDOCTPAHCTBE, IPUXOAWJIK B [IPOTH-
BOCIJa.Se. Marematnyeckue OTepanMi MoKasblBAKT, YTO ITTOINA/TH 30H PABHOBEIHKH, A
CA€A0BATENAbHO, CONEDKaT OIHHAKOBOE KOAHY€CTBO KOTEPEHTHLIX HCTOUHHKOB CBETA.
Takum o6pazom,

roaeGanud, Boa6y:KIaeMble B IAHHOH TOUKe TPOCTPAHCTRA ABYMA COCEIHH-
MH 30HAMH, ITPOTHBONIOJIOKHBL 11O (1)3.38 H HPpH HAJTOXKCHHH AO0JKHBI B32aMMHO
ocnabasTe APYT ApyTa.

Cregyer saMeTHTD, Y10 Pa3HOCTH (Pa3 T COOTBETCTBYET PAa3HOCTD Xoa & = X /2.
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19.6. JudpaKuuna Ha wenu B napannenbHbiX Ayyax

Hsyyenne nudpakuun Ha yaxoil memn, [TycTe Ha Y3KYIO HIEB, PACHOIOKEHHYIO
B IJIOCKOH Henpo3pauHoii mperpage MN, HOPMAIBHO TAAET MIOCKAsT MOHOXPOMATH-
yecKas cBeToBas BosHa (puc. 19.8), AB = g — midpuHa e, 3a MeIbI0 TOMECTHM
coOHMpaIONIyIo MMH3Y L, B QOKATEHOH MIOCKOCTH KOTOPOI PACIIONOMKEH DKpait 3 1t
HaboeHHs IMPaKITHOHHOI KAPTHHBL

B coorpercrsun ¢ npunnnnoM [oiirenca — Mpenesis OCBEIRCHHYIO NIETbL MOKHO
PaccMATPHBATh KaK MHOXKECTBO TOYETHBIX KOTEPEHTHRIX MCTOYHHKOB CRETA, TAK UTO
0T Kak/I0H TOYKH IEJH PACTTPOCTPAHSIIOTCS CBETOBBIE KOTEPEHTHBIE BOJTHBI TI0 BCEM
HAIIPABICHUSM.

Bribepem cHavana Hanpas/ieHye, TapalieabHOe TAaBHO ONTHYECKOH OCH THH3LI
H COBIAZIaloNIee ¢ TePBOHAYATLHBIM HANpaBgeHueM ayueit. JInHaa cobeper ayuu 310-
IO HalpaBjeHus B cBoeM r1aBHOM okyce F. Bcee aTu ayyu 1o Toukd  F OpoxoasT
ORVHAKOBbIE OIITHYECKHE [IYTH, OTOMY CIO/Ia OHM IPUAYT B 0auHaKoRo# dase u, UH-
Tepepupys, YeuiaT apyr apyra. CireJoBaTensHO, B ITAaBHOM (DOKyCe THHIH BCeraa
#Ha0II012€TC MAKCUMYM CBETA, KOTOPBIH HMEET BU/I APKO OCBEIIEHHON HOJIOCHL, Y-
nieit MapanIe hHO WElH.

PaccMoTpuM Temieph ayuH, HAYIIKE TIO YTJIOM ¢ K TEPBOHAYATHHOMY HAMPABJIE-
HHIO PACHPOCTPAHEHUS. ITH JIyUHu JuH3a cobepeT B cBoeM noboanom ¢okyce P. JIyun
KOTEPEHTHH, [I03TOMY OHH HHTEePdEpUpyIOT.

Yrobsl y3HATH, KAKOB PE3YIBTAT HHTEP(hEPEHITHH BTOPHYHBIX BOJIH, TTPOM3BEIEM
cienywInye noctpoeHus. [lpoeaeM nepnenaukyaap AC K HampaBAeHHIO pacIpocT-
paHeHHs BTOPUYHBIX BOMIH (cM. puc. 19.8). On aBnsierca HOBBIM (DPOHTOM BOJHHL, H
OT 3T0TO (hPOHTA 0 PACCMATPUBAEMOM TOUKH P BTOPHYHBIE BOJHEI He HAOEPYT Pa3HO-
CTH X0[a, TaK KaK ONITHYeCKHe MYTH BTOPUYHLIX BOJTH OIMHAKOBH (JTMH3a He BHOCHT

106aBOYHOM PasHOCTH (ha3 MeXAY BTOPUYHBIME BoJHaMu). Ha camom aeie Bropud-
OIpenesIeHHYIO PA3HOCTh X072, Mesy AyuaMu, MAYHIMMU OT KPaifHUX TOYEeUHERIX HC-
TOYHHKOB A ¥ B, o6pa3yercs pazHocTb xo04a &§ = BC. U3 puc. 19.8 caenyet, 4to
3onbl Mpenens. Bocnoassyemes MetoaoM 3ou Opedens. /s onpeneseHns 9uc-
na 30H (PpeHess N0CTYIHM CaeIyIOUHM 06pasoM:
l l l l, l l, l AJUHEL BOJTHBL, M Yepe3 3TH TOUKH TIPOBe/IEM TII0C-
N KOCTY, lapajnenbhbie AC. 3TH MEOCKOCTH pasfe-
C] A Hble KpasiM tienn. 3 Takoro mocTpoeHns scHO, 94To
PasHOCTh X014 Jiyvell, UIVIIHX OT ABYX COCEHHX 30H
Unesno 30, YKAAABBAOIMXCS B TETH, 3aBHCHT
OT AJIMHBL BOJIHBL U yTAa . B Haupasaenudax, ko-
9 14, YKIaLIBRIOMMXCS B THETH, HMEET MECTO MH-
HEMYM cBeTa. BTopuuHble BOJHEL, HAYLIHE OT ABYX

HBIE BOJIHBI, PACTIPOCTPAHSIACH OT ey A B oA paceMaTPUBAEMBIM YIJIOM @, HalepyT
BC = asiny. (18.7)

Ha BC = & OT/103KUM OTPE3KH, PABHBIE IOJIOBUHE

¢ -lp
11 X 5 \’-}\ 9 JIAT HIeJb Ha 30HBI (DpeHe.J’Iﬂ, KOTOpLIC B JdHHOM
L /% ; 52 CIydae IPeACTABIAIT cob0i TTOIOCKH, TapaLIethb-
/2
Openens, paBHa A/2.
TOPBIM COOTBETCTBYET YeTHOE 40 30H Dpere-
Puc. 19.8 COCeJTHMX 30H, NOracsT APy APYyra, TAK KaK Pa3jiH-
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YaKTCA 110 C])BSG Ha «. CJ[E}IOB&TE‘JIBHO, yCA0OBHE MHHHMYMOB HHTCIICHBHOCTH CBETA
HMEET BH/J

BC = asing = 2k(\/2),
HH
asingp = kX, (19.8)

rnea=12,3, ..

B HanpaBaeHUsIX, KOTOPEIM COOTBETCTBYET HedeTHoe uucao 30H DpeHens, ykia-
JBIBAIDINXCA B IICTH, HabAOAAI0TCA MAKCUMYMBI CBETA, TAK KaK IeHCTBHE OAHOH 30HbI
OCTAEeTCS HECKOMIIEHCUPOBaHHBIM, CIIeIOBATENBHO, YCAOBHE MAKCUMYMOB HMEeT BUJL

BC = asiny = (2k+ 1)\/2, (19.9)

e k=1, 2, 3. .

I1pu HeusMeHHOH MUPHHE IETH MAKCHMYMBI CBETA PA3IMUHOM JTHHEI BOTHB IPH-
XOAATCSA Ha pasTuuHbie yranl. ECU niexb ocBemaeTcs 6e/bM CBETOM, TO Hy/1eBOH
(IeHTpanbHBLH ) MakcuMyM — Genblit. [1o 06e CTOPOHB OT HY/IEBOTO MAKCHMYMA pac-
HOJIATAIOTCS IIBETHBIE MAKCHMYMSEI IEPROro nopsaaka. leiictenrenbHo, coraacHo gop-
mysie (19.9), kpacHerii ceeT (X = 0,76 MKM) OTKJIOHHTCA Ha GOMBITHE yToT, YeM (huo-
netoBeld (X = 0,4 MrM). MeX Ty HUMU PacIlOJCKATCA OCTANBHEIE LBeTa CIIeKTpa.

19.7. AndpaKuruoHHan pelseTka

Nudpaxunonnas pemerka. O6paTUMCs TellePb K CJIY4AI0, KOTAa HMEETCs 04eHb
60JIBINOE YUCJIO OAUHAKOBBIX O4eHb Y3KUX Illlesel], pacliooKeHHbIX Ha OIMHAKOBBIX
BeChMa MabIX paccTosthusx (puc. 19.9, a). Takyro cHcTeMy HazwBalOT dudpaxuyu -
OMHOU peuwtemxoti. HazoBeM MeTs W PACTOTIMKEHHYIO PAXOM C HEH HENPO3payHylo

3 2 1 0 1 2 3
ko 1 1 1 | ] IN
d LA
4
a W By 5
g4
N o
- ML)
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6 8

Puc. 199
353 I



4acTb 9J1eMeHTOM pelieTKH. [IIupuHy d OAHOTO 37€MEHTA DENTeTKH HA3bIBAIOT MNO-
cmoannot peutemxu. Hannuve MHOrOKPATHO MOBTOPAIONIUXCS B CTPOTOM HOPS/-
Ke 3JIEMEHTOB PeIIeTKH BHOCHT B ABJEHHe Audpakuny HOBole KadecTBa. Judpaxmu-
OHHBIE KapTHHBL, 00pasyeMble OTAMLHBIMH MEJISMH, HAKTAABIBAIOTCS APYT HA IPYTa
Ha sxpane. Ecou kakaas U3 Hasaraiompxcs TuMpakiiHOHHEIX KapTHH HMeeT B JaH-
HOM MeCTe 9KpaHa MHHHMYM, TO H CYMMapHasl KAPTHHA, 04EBHIHO, TOKE MMEET MH-
HUMYM. ECH KaXk1as U3 HAJaraowuxes U pakiH#OHHBIX KAPTHH HMEeT B IAHHOM
MeCTe 9KpaHa HEKOTOPYIO OCBENIEHHOCTh, TO B CYMMapHOil KapTHHE MOXeT OLITh U
BOMBINAS OCBEHIEHHOCTD, H IIOJIHOE e OTCYTCTBHE.

IIycTs Ha peuteTky MN majaer NIOCKONApaiAeIbHbIH MYYOK KOTePEHTHEIX BOJIH
(puc. 19.9, 6). BuibepeM HekoTOpOE HaNpaBJieHUe BTOPHYHBIX BOJH MOJ YIJIOM
OTHOCHTEJIBHO HOPMANH K pemerke. JIyun, uaymue ot Kpaiinux Touek A u B 1Byx
COCETHUX Ineeii, MMeIoT pasHocTh Xofa & = BC. Takas ke pasHOCTh X042 H ¥ BTO-
PHYHBIX BOJIH, HAYINHX OT COOTBETCTBEHHO PACTIONOKEHHBIX TTAp TOYEeK COCEAHUX
weteii. Ecv 9Ta pasHocTs X042 KpaTHa LieIOMY YHCITY AJIMH BOJIH, TO IIPH HHTepde-
peHIIMH BO3HUKHYT [1ABHBIE MAaKCHMYMBI, 17151 KOTOPBIX BHINONHSETCS YCAOBHE
BC= kX umu

dsing = kX, (19.10)

rae k=10,1,2,.. — NOpAI0K TTaBHBIX MAKCUMYyMOB, OHH PacionoxaTcsa CHMMeTPpUY-
HO OTHOCHTENBHO HEHTPAIRHOTo MakcuMyMa ( k = 0, ¢ = 0). MeXay rI1aBHBIMH MaK-
CHMYMaMH 00pa3yIoTC MEHHMYMBI, YHCJIO KOTOPBIX 3aBMCHT OT Yncsa N BCex mesei
pemtetku. Yem Goabite N, TeM Gosiee pe3ku TaaBHbe MakcHMyMbL Ha puc. 199, &
IpeAcTaBireHsl ANdPpaKiiOHHLE CIEKTPH], NOIYYeHHbIE OT PEIIETOK ¢ PA3HBIM YHC-
JIOM IeTeH, Ho ¢ OIHHAKOBBIMHU 3HaYeHWAMY d.

Bce npose/ieHHBIE PACCYKIEHHS OTHOCATCSA K CAYYALD, KOFAA Ha PEHIETKY [1aJaeT
MOHOXpoMaTHYeckuii cBer. IIpu ocselllennd ANPPAKLHOHHON PEIETKH Oe/IbIM CBe-
TOM TPOHCXOIHUT €r0 PA3NIOMKEHHe B CTIEKTP. TOMBKO HEHTPANBHE HOOCH, HIH HY-
JieBble MakCUMYMBI { k = ), 0cTal0TCs GenbIMHU, OCTABHEIE MAKCUMYMbl HMEIOT pa-
LYRHYIO OKDaCcKy W paclioiarapTed CHMMETPUYHO OTHOCHTENLHO IeHTpaibHore. Kax
caexyer u3 (19.10), Tyum pasHBIX AAHH BOH 00pasyOT MAKCHMYMBbI B DasTTHUHBIX
HanpapaeHusX, HanpuMep, npu & = 1 B AByX TePBbIX MAKCUMYMaX, PACTIOTIOKEHHBIX
CUMMETPUYHO IO 00e CTOPOHBI OT UEHTPAIBHOIO, IIPOUCXOAHT PA3IOKeHHe DEN0ro
CBETA B CTIEKTP, KOTOPBIIT ofpanieH K HeHTpaibHoMy (OeoMy) MakcHMyMy beoseTo-
BBIM KOHIIOM. JTO CBHAETENIbCTBYET O TOM, UTO TH(PAKITHOHHAS PEIIeTKa Pa3araeT
OeJIblit CBET B CIIEKTP 110 JUTMHE BOJIH, T€. Iy4H ¢ Goabileii ATHHON BOIHE OTKIOHAIOTCR
Ha 6onbimil yron. JaxHa Boansl GHOMETOBBIX Nyueit pasHa 0,38 MKM, KPACHBIX —
0,76 MEM.

0 Cnekrp vaunAHAeTCH (PROJETORBIM HBETOM H 3aKAHYHBAETCA KPACHBIM.

AnajioruyHasi KapTHHA HaOIogaeTcs npu k= 2, 3, ...

JudpakumonHas pemerka — cleKTpaisubii npudop. Jdnbpaxunonnse pemer-
KM MMUPOKO TIPUMEHSIOTCS B CIIEKTPATLHOM aHAJIM3E B TEX CYYasX, KOTA1a HeoOX0IH-
MO OHpefeeHre AMHHBI CBeTOBOH BosnkbL M3 dopmysr (19.10) BuaHo, yto ana us-
MEPEHHst JUIMHBL A CBETOBOM BOJIHB HEOOXOAHMO H3MEPHTD JIMINL AU PaKIIACHHBIA
YTOJ \p, TAK KAk 3HaveHnst d M k H3BECTHEI, TPHYEM YeM MEHBIIE [IOCTOAHHASA PeTTeTKH
d, TeM sIp4e BHIPAKEHE! TTABHBIE MAKCHMYMSL H MOMKHO TOUHEE UAMEDHUTE JIHHY BOA-
HEI M.
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Tak xax audpaxlMOHHDIe PelIeTKH ABISIOTCH CIEKTPATHHBIM NpUOOPOM, OHH Xa-
PaKTepH3YIOTCS PaspPeIualoleil CHIOH, T. €. CNOCOOHOCTRIO PasfeNaTh GIU3KHE CIIeKT-
pajbHbLIC TUHMH C THHAMY BOJH N H A;. Pa3/1HYATE IBe CIEKTPAIBHbIE INHUH MOXKHO
B TOM CJIy4ae, eCJIH OHI He CTMBAIOTCS B OFIMH MAKCHMYM, O0J1ee ITHPOKHE, YeM ITHPHHA
KaKIOH H3 THHHI A, M Ny, 32 MeDy pa3pellaonieil CIoCOGHOCTH PellteTKH TPUHUMAIOT

M
—— = kN. 19.11
=N (19.11)

Jta dhopMyaa IOKa3kBaet, YTO Pa3PEINAIAsT CIOCOOHOCTb THGMPAKITHOHHOH pe-
UIeTKH OOPEAeISAeTCs YHCIOM NITPHXOB Ha Hell M MOPAZKOM CIEKTPa. B coBpeMeHHBIX
IUQPAKIHOHHBIX PELIeTKAX YHCIIO INTPUXOB cocTas/ster okosio 2 000 Ha 1 MM, a 06-
Imee YHC/I0 WTPUXOB J0CTHIaeT 3Hadenna 1-10°.

SIBneHne 1udpakIiuy MHPOKO HEMOAL3YeTCA B HayKe M TexHUKe. B nacrosmee Bpe-
M HAIIA APOMBIIUIEHHOCTD BHINycKaeT criekTporpadst ¢ AudpaK{HOHHBIMHE peLie TKa-
MU I CeKTPAJRHOID aHasmaa. JderasrHoe naydyeHue UHTepgepeHITNT 1 ARG PakIHY
JIETI0 B OCHOBY HOBOI oTpaciy GpUsnknu — 2oaczpagui.

19.8.* NoHaTHe 0 ronorpadpum

Tonorpadus. TepmuH «zor0zpadus» NPOUCXOIUT OT ABYX IPEYECKHX CJOB:
«rpao» — MHHLY, <0JIOC» — TIOJHBIHA, YT0 3HAYMT <II0JHASA 3alKCh». B manuoM CIy-
Yae peub uaeT 00 0coboM MeToAe perucTpanui Ha (pOTOIIACTHHKE BOJHOBOTO (PpoH-
Ta W3JIy49eHHs], HAYIIETO OT IIpeIMeTa, H 3aTeM BOCCTAHOBJIEHHS 9TOr0 (PPOHTA 1715
MOJIYYeH s MHAMOTO WIH JERCTBHTENBHOIO waobpaxenns npeamera, s aroro ¢o-
TorpadmpyioT nHTepdepeHIIMOHHY 0 KAPTHHY ABYX YacTell BOJHE], KOTOPBIE KOTEPEHT-
Hbl Mesx Ty coboit, OtHa 9acTh BOJIHB IOCTYNAET HA (POTOIIACTHHKY HEIlOCPEeACTREH-
HO U Ha3KBaeTCs ONOPHOU 80AHO, a IPYTaA YACTh HANPAB/IAETCA 17151 OCBELIeHUs
H3y4aeMOro OOBEKTa H TI0C/Ie OTPAKEHHUS OT HEro OCTYTAeT Ha TY e TUTACTHHKY.
DTy 4acTb BOMHbBI HA3KBAIOT NPEOMEMHOLU BONHOIL,

[Ipunian rosorpadus 611 mpeanoxken B 1947 r. anrmuiickum dbusukom /1. Tabo-
poM. OnHaKO B TO BpeMsi J1a3ePHl elile He ObiiM H306peTensl, a NONYYHTE ¢ TIOMOIIBIO
TeMI0BbIX HCTOYHHKOB HEIOABUAXHYIO H KOHTPACTHYIO KAPTHHY HHTepdepeHIiHN OUeHb
tpyaHo. ToibKo TazepHoe uanydenune, obnaganilee H0ABIION IPOCTPAHCTBEHRON H
BPEMEHHOI KOTEPEHTHOCTBIO B COUeTaHHH ¢ GOMBIIOH MHTEHCHBHOCTRIO, A0 TOJI0T-
pacuH BO3MOXKHOCTE OLICTPO PA3BHTHLCS.

IMpunmun roforpaduu paccMoTpuM Ha caegyoneM npiMepe. Eciu ocetuts do-
TorpadHuecKyio IIaCTUHKY @ NBYMS KOTepeHTHEIMH TTYUKaM# ceta (puc. 19.10,a),
HATIPABUB ONOPHbiil 1 HePHeHANKYASPHO NOBEPXHOCTH IUIACTHHKY, a npecment-
rotd 2 — mo yraoM 6, To ceeToBEIe Kostebanus, HHTepdepHpys, ZaAyT Ha ILIACTHEKE
CHCTEMY MHTep(hepeHIIHOHHBIX TIoToc, 1locae MposBaeHust naacTHHKA GYAeT mpea-
¢TaB/sTh c000il AU PaKIHOHHYIO pemeTKy. OCBETAM 9Ty PENIETKY IePeHIRKYIAD-
HHIM €€ IOBEPXHOCTH IIYYKOM KOrepeHTHOro csera {ayd 1 Ha puc. 19.10, 6). Yactb
CBeTa TIPOMJET Yepes Pelerky, He U3BMEHWB HanlPABIeHU, H, KPOME TOTO, BOSHHKHYT
ABa Mapayie/bHbIX yuka ceeTa I’ 1 1”7, pacnpocTpansomuxca nog yraama 0 u —0 x
OBEPXHOCTH TIJTACTHHKH. JTH YIJIBI B TOYHOCTH TAaKHE XKe, KAK U YIOJI, [I0J KOTOPLIM
OCBEUIANACh IIACTHHKA paHee Ape/IMETHBIM NYYKOM, a HHTeHCHBHOCTD IIyyka 1,
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Puc. 19.10

HAYIIEro o4 yraomM —8, Takas ke, Kak ¥ Y NajaBIIero Ha IJIaCTHHKY [IPCAMETHOTO
myuka. [11acTHHKA <«3aN0MHHAA», IO KaKHM YTJIOM 1 C KaKOH HHTEHCHBHOCTBIO Ha
Hee magan npeaMeTHsif nyvok. BoccTanoByieHre NpeAMeTHOTO CBETOBOID ITyYKa OLIOP-
HBIM [JA€T BO3SMOKHOCTD 3aIIUCATD, & TOTOM BOCCTAHOBHUTD CBET, OTPAXKEHHBIH JI0OBIM
TIPEMMETOM,

Ha puc. 19.11, @ nokasaHa cxema 0HOH M3 TPOCTENIINX YCTaHOBOK 7171 HOJTyde-
HHS TOA0TPaMMbl TOYKH, OAHA YacThb OIIOPHOI BOMIHEL 1, nayuiell oT Jasepa, HOHaaer
Ha TOYeuHbIiT 0OBEKT A 1 paccerBaeTes OT HETO B BUAE TIPEAIMETHOR BOTHEI 2, ApyTas
YaCTh 3ePKAIOM HapaBAsieTcs Ha (DOTOMAaCTHHKY, e BOIHE! I U 2 nHTepdhepHpyloT.
HruTepdrepennonnas kKaptuna, 3aduKcHpoBadaas Ha (OTOIIEHKe, B SBJIIETCA ro-
JIOTPAMMOM TOUKH A.

JAst Toro 4To6bBI MOMYYHTE U300 pAKEHHE TOYKH A 110 ee ToJIorpaMMe, HAA0 Ha ro-
JIOTPAMMY HATIPABHTh TO K€ ONOPHOE M3NYUEHHE, C TOMOII[BIO KOTOPOTO OHa ObLia cHs-
Ta, H306paKeHre TOUKH TOJAYJYAETCA B pE3YAbTaTe AuhpaKkiiuy onopHoil Boausl Ilpu
ITOM ILTOCKAsI OIIOPHAS BOJHAE, NIPOLIEALIas Yepe3 ToJIorpaMMy, 00pasoBaHHYIO O1-
HOH TOUKOH, B peayabTate AudpakiiMu pasaeaseTcs Ha Tpy BOTHI (puc. 19.11,  6):
OTHY — TLIOCKYI0, PACTIPOCTPAHSTIONIVIOCSH B MEPBOHAYATHFHOM HanpaBIeHu , | Ase cie-
PHYECKHE — PACXOAAIIYIOCS, AAIOIYI0 MHIMOE H3ohpaxkenne A’ Toukm A, M cxoas-
IIYIOCS, MAIONIYIO AEMCTBHTEbHOE H300paxKeHHe A,

JIxo6oit TpeaMeT MOMKHO HPEICTABUTE KAK COBOKYTHOCTh TOUEK, NO3TOMY KAXKIAA
TO4KA HpeaMera 0OpasyeT Ha (hOTOIVIACTHHEE CBOIO rosorpaMmy. Takuu ofpasoM Ha
rOJI0TpaMMe TIpeIMeTa OKaUKYTCS 3alMCAHHBIMH [OJIOIPAMMBI BCEX ero To4eK. Pa3HoCTh
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as MexcTy OMOPHOI BOTHOI U BOJIHOM, ay e OT JAHHOH TOYKH IIPEIMETa, PA3IMYHA
/151 Pas/IMMHBIX TOYEK, TIOITOMY OT TOJIOTPAMMEL MOKHO TIOTYUUTE TIOUTH HE UCKAKEH-
HOe 06'beMHO€ H306pa}KeH[/Ie HNpeaMeT:t. Tak Kak pPaCCeAHHBIE ITPCAMETOM BOJIHBI ITOHA-
JAl0T COBMECTHO € OIIOPHOL BOHOI BO BCe TOYKH I'0JIOIPAMMEIL, TO BCE €€ YYACTKH CO-
Jepekat WHGOPMAIIHIO 0 TipeaMeTe, EciH (hOTONMACTHHKA € TOA0rpaMMoil pasbumach, To
-n000ii ee OCKOMOK, OCBEIIEHHBIH OMOPHBIM MYYKOM, BOCCTAHOBHT H300paKeHne npe/-
MeTa.

Hcnoim3onanue ronorpadnn. B nacrogmee BpemMsa ronorpacdhis TPHMEHETCH AJTA
3allMCH U XPAHEHWA Oﬁ'beMHbIX [fIHCl)OpMaI],HOHHbIX MATEPUHATOB, B KHHO, Ha TECJACBHAC-
Hul M T. 7. Ceifuac TpYAHO ONEHUTH BCE BO3SMOXKHOCTH lIPUMEHEH U 10J10rpahuu, HO
HECOMHEHHO, YTO OHa SIB/SIETCA OAHHM M3 TEPCHEeKTHBHEHITHX METO/I0B COBPEMeH-
HOHR (DH3UKH.

19.9. Nonapusaumna NonepeyHbniX BONH

ToaspH3aus MEXaHHYECKHX BOJAH. PaHee OBUIH PACCMOTPEHBI SIBJAEHHS HHTED-
(epenituy ¥ APaKIUK CBETA, MOATBEPAAAIOMME €r0 BOMHOBYIO npuposy. C BoJHO-
BOI TOMKM 3peHus OOBICHAETCA U sIBAEHME MOSIPU3AIAH, KOTOPOE MOXHO HabIio-
JaTh TOJALKO ¥ TOTEPEYHBIX BOJAH. CYNTHOCTh 9TOTO SBACHUA TIPOILE BCETO PACCMOT-
peTh Ha MOTIEPEYHBIX MEXAHHUECKHUX BOTHAX.

B nposoapHOi BosHe (HanpuMep, 3SBYKOBOH ) HalpaBJieHHe Ko1e0aHUi TOTHOCTHIO
OIPE/IE/ISIeTCST HATIPABJIeHHeM PaclpoCTPaHeHNs BOTHE!. B nonepeunoi Boste Koneba-
HUS COBEPUIAIOTCS NEPTIEHANKYASPHO HATPABJEHHIO PACIIPOCTPAREHNS. 3aIaHHOE Ha-
NpapaeHHe PACIPOCTPAHEHHUS BOJTHBI €1i¢ He OTPeIeNAET HanpasieHus KoaeOaH i, Tax
KAaK HAIIPABJACHUI, NEPIIEH AMKY/ISIPHbIX AAHHOMY, Hecumc/ieHHOe MHOXKecTBO (puc. §.12).

Paccmotpim onsit, Ilycrs no waypy B Haripabienui SO pacipocTpaHAeTCa Tone-
peyHast BOJIHA, HA TYTH KOTOPOI IOcTaRIeHa Tperpaja ¢ meavio (puc. 19.13, a@). Oue-
BHAHO, YTO BOJTHA Yepes MEXb NPOHAET TOALKO B TOM CIyYae, KOTAA HallpaBJieHHe e/l
AB coBilagaer ¢ HanpasJjieHHeM KotebaHui, T.e. eCJIH MeTb PacioI0sKeHa BePTHKANb-
Ho. Ecv mienb moBepHyTh Ha 90°, T.€. PaCAOIOXHTH C¢ TOPH3OHTATLHO, TO KoNeba-
HMS Yepes weas e npoiayt (puc. 19.13, 6). 310 CBHAETEALCTBYET O TOM, YTO B LIHY-
Pe POHCXOIWIIH HOIIePedHble KOTeOaHHs B 3a[AHAOM HarnpapieHn. [Ipoaoipubie
KoJieGaHKs NPOXOAST Yepes Weh IPH JO0M YTe IoBOpoTa.

Ecua B onepeyHo BoAHC KolebaHMsI COBEPIIAIOTCS TOABKO B 0JHOM KaKOM-aH00
olipee/IeHHOM HANPaBJAeHUH, TO BOIY Ha3BIBAIOT RAOCKONOAAPUIOGAHNON, WL
nONAPUIOEBAHHOL.

z

Puc. 19.12 Puc. 19.13
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rl Ilonapuaauua cpeTOBHIX BOJIH. Paccmor-

H’ f H? 4 \b‘ PEHHEIH ONEBIT TOBOPHUT O TOM, UTO MIEAb MOX-

A A, 0 HO HCTIOJb30BaTh IS aHA/IN3a NIoNepe4HEIX

MexXaHnyeckux konebanuit. Yrobw yctano-

a BHTh, SBJIA€TCA JIH CBEeTOBas BOJHA ITONepey-

HOH, Haflo0 HMETh TaKOe YCTPOHCTBO, KOTOpOe

MOr710 651 BBINOMHATD POJb YKa3aHHOM BHIIIE

LIeTH, T. & NQAAPH30BATh HEMIOJAPH30BAHHY)

BOJHY H AHATH3WPOBATH COCTOSHHE MOJISAPH-

30BaHHO# BOAHBI (OMpeaensiTh HAMPABICHKHE

ee xosebanuii), Ponb Takoil menn MoryT Bei-

Puc. 19.14 MOJHATL HEKOTOPbIE KPHCTA/ILI, HATIPHMED

TypmaiHH. Belpe3aHHble U3 Hero onpegeieH-

HbIM 06Pa3oM ITOCKONIAPaAIe bHEIE ITACTHH-

KH, KaK c/lelyeT U3 ONBITa, CIOCOGHBI MPONYCKATh CBETOBEIE KOIeOaHus TOTBKO OMHO-

ro HanpasaeHns. CienoBaTeasHO, TYPMATHHOBBIE ILIACTHHKH MOTYT OBITH HCIIOAB30-
BaHBI 7151 BEIACHEHHS XapaKkTepa (HONepeYHOCTH) CBEeTOBHIX BOJIH.

[TosichuM, moyeMy TYPMAIMH M HEKOTODbIE APYTHE KPUCTAJLIBI MOTYT HOJISAPH30-

BaTh cBeT. Kak HaBecTHO,

¥

I KPHCTAJLIB — TeJla AHH30TPOIHbIE, HX ONTHYECKHE CBOHCTBA PANIMYHEI IO
PA3IMYHBIM HANPABJICHHAM.

¥ TypMalHHa aHH30TPONUA NNPOABASETCA B TOM, YTO OH CUIBHO TIOFIOWIAET H3AY-
HeHHe ¢ KOTehaHUAME 0HOTO OIpeeeHHOTO HAIPaBJIeHus, 4 H3JyYeHus ¢ Koaeba-
HUSAMH B [IePIEHANKYASIPHOM eMy HallpaBJeHHHM TOYTH He NOorJIomaeTt. 10 CBOHCTBO
KPHCTAITIOB HAa3bIBAIOT OUXDOUIMOM.

Taxum 06pasom, TpoaHAIH3UPOBATL COCTOAHHE CBETOREIX KOsieOaHuil B CBeTOBO
BOJIHE M YOeauThCs B UX TIONIEPEYHOCTH MOXKHO € IIOMOIIBIO JBYX TYPMaJIMHOBbIX IL1A-
cruaok. Ha puc. 19.14, @ niacTHHKM pacnosoxkeHbl TAKMM 00pasoM, 4TO HalpasJie-
HMA ITPOITYCKAaeMEIX MMM CBETOBBIX KoneGaHn it napajie/IbHEL APYT ADYTY, NPH 3TOM
BTOpas NIIAaCTHHKA IpoltycKaeT fe3 H3MeHeHUs CBETOBYIO BOJHY, IPOIIEAIIYIO Yepes
nepeyio. I1pu noBopore BTOpoii TYpMaaHHOBOH TWIacTHHKH HA90° (19.14, 6) oHa oa-
HOCTBIO TackT KoseOaHUs, polIeAlie Yepe3 NepByIo IIAcCTHHKY. [lepBas naacTHH-
Ka, MPeRpalnamlias eCTeCTBEHHbIH CBET B ILIQCKONOIAPH30BAHHELIH, Ha3bIBaeTCa RO~
JAAPUIAMOPOM, BTOPAS, ONPEAEAIONAT HATIpaBAeHHe KoneOaHuii (racanias mos-
PHM30BaHHYIO BOJIHY ), — GHAAUIAGMOPOM. VI3 ONbITa BUAHO, YTO MOASPU3ATOD H aHa-
JIH3aTOP ABIAIOTCA B3aUMO3aMeHseMbIMH Ipubopamu,

1 Ssaeune NOJAPH3AUHH J0KAJbIBACT nonepelurmﬁ XapakTep CBETOBBHIX BOJIH.

IMonepedHOCTE CBETOBAIX BOJH TIOATBEPXKAACTCS M 31EKTPOMArHHTHOU TeopHeii cBeTa.

19.10. Nonapusauua caera

EctecTBennsiii 1 nonapn3oBauHblii cBeT. Kak ObLTo 0OTMeYeHO paHee, CBET Mped-
cTaBaseT coBOH 3JeKTPOMAarHUTHEIE KoaeGaHus, PacpOCTPAHAIOIMECA B BHE TIOMe-

' 358



PeYHBIX 37IEKTPOMATHHTHBIX BOIH ATHHOH (3,8 - 7,6) - 1077 M. Di1eKTpOMATHHTHAA BOJI-
Ha XapaKTepH3yeTCs BeKTOPaMH HaNpsKeHHOCTH 31eKTpHdeckoro noasa E u uHAYK-
nuu MarsuTHoro ronsi B. Bextopel E v B pacnonoskeHsl BO B3aHMHO-TIEPIEeHHKY-
JISIPHBIX TIJIOCKOCTSX ¥ KO1eOMIoTCsA B OAHHAKOBLIX (hasax (Ha pdc. 19.15 BosHa pac-
NPOCTpaHAeTCA B HanpaBieHHH ocu X). KomeGaHN#A 5THX BeKTODOB B H3OTPOTIHOH cpee
MPOHCXOAIT NEPIeHIHKYIIIPHO HAIPABAEHHIO PACTIPOCTPaHEeH s KonebaHuH — K JIyuy.

Bo mMuoTHX cay4anax (pH GH3HOIOTHIECKHK H HOTOXHMHIECKHX BO3AEHCTBHAX,
JIOMUHeclleHIH, doToaddekTe M T. 4.) AeHCTBHE CBETOBBIX BOAH Ha BellleCTBC B OC-
HOBHOM OIIpeAeNAeTc BEKTOPOM HaNpsKeHHOCTH 31eKTpudeckoro nosns E, rak kak
6OJBIIMHCTBO ABAEHHH, HabMIOA2EMBIX B BellleCTBE NMOA AeHCTBHEM CBETa, CBA3aHO C
BO3EHCTBHEM HA 3NEKTPOHBL

ITosToMy paccMaTtpuBas Jajtee KojebaHus CBETOBOTO 1y4a, OyaeM NOHUMATh MO
HUM konebanns sektopa E.

SAEKTPOMATHHUTHBIE BOJIHBI, U3/IyUaeMble CBETIUIMMCH TeJIOM, CKIA/EIBAIOTCA U3
OTZe/IbHBIX BOJIH, KOTOPbI¢ HCITYCKAIOTCS €ro aToMaMH (31eMeHTapHbIMH BHOpaTOpa-
MH). Beaeactsre Toro 9To aToMeI 6eCpePhIBHO MEHAIT CBOIO ITPOCTPAHCTBEHHYIO
OPHEHTAIMIK, HANpaBaeHue KolebaHuil BekTopa E peaynpTHpyOIeil cBeTOBOH BOJI-
HBI HENPEPBIBHO MEHSETCA.

Ecau B cBeToBOM BO/He KoslebaHusa BexTopa E mpoucXxoaaT no BCeBO3MOMXKHBIM Ha-
NPABJAEHHSM B ILTOCKOCTH, MEpHeHAHKYIAPHON HallpaBleHH10 pacllpOCTpale | BOJ-
HBI, TO CBET Ha3hIBaloT ecmecmeennbim (puc. 19,16, a).

CreToBBIE KOMIeOaHus, Kak M Mobsie KojebaHus, TPOUCXOAAINHE B OXHOMH ILIOCKO-
CTH, MOMHO Pa3JI0%KHTh 110 TIPABIITY Mapalle/IorpaMMa Ha IBa KoseGaHus, TPOHCKOAS-
IHE B IBYX B3aMHO-TIEPIIEH IHKYIAPHEIX ILIOCKOCTSIX. ClieioBaTebHO, eCTECTBEHHBIIN
JIyY CBETA MBI MOMKEM HPEeICTABHTE KaK JIy4, B KOTOPOM Kose0aHusi IPOUCKOAAT B IBYX
B3aMMHO-TIEPIIEH THKYJIAPHLIX HANPABIEHHAX, HAIPUMED B IJIOCKOCTH YepTexa, KOTo-
PYIO CUMTAEM COBNAAONIEH ¢ TNOCKOCTRIO NAJeHHA (K0Ae0aHHS yCI0BHO OTMEYaloTCs
YEePTOYKAMH), H B IVTOCKOCTH, TIEPTIEHANKY IIPHOH I17I0CKOCTH NageHus (xoaebaHus ot-
MevaoTca Toukamu). Ha puc. 19.16, 6 1y ecTecTBeHHOTo cBeTa YCJIOBHO H300pakeH
KaK NIpsMas, Ha KOTOPO# PactioiokeHO OJUHAKOROE YHCO YEPTOUEK U TOUEK.

Ecu konebanns BekTopa E mposcxoAsT ToABKO B OHOM HallpaBJieHHH, TepHeHIH-
KYJISIDHOM JIYYY, TO CBET Ha3kIBAIOT MAOCKOnoanapuidoeannvim. llpamas ¢ veprou-
kamu (puc. 19.16, 8) unu roukamu (puc. 19.16, 2) uzo6paxkaeT JAy4 TIOCKOTOIAPH30-
BAHHOTO CBeTa. YacTHYHO MOJISPH30BAHHbIA y4 cBeTa u300paken Ha puc. 19.16, d, e.

a % E
6 ———f————t——
ot
z > . . .
X
ot
—+—+—ot oo} —o+o—
¢ X
Puc. 19.15 Puc. 19.16

359 |



N1 N
' )
Z i i |
. Y Pl Vol
JE\ 7 /) { N 90°
[ \ /" Sy i R
B N Y !
N Nl
a 6
Puc. 19.17 Pruc. 19.18

[LnockocTh A, MPOXOAAILYI0 Yepes HanpaBieHue Konebauuii Bekropa E u 1yy
(puc. 19.17), HasBIBAIOT NAOCKOCMBIO KORCOAHUTL.

Hnocxocmy M, npoxozsllyio 4epes Jyd H NepneHAUKYAAPHYIO HAIPaBAeHHIo KO-
nebaunii BextopaE, T. e, 1710CKOCTh, B KOTOPO# KojebieTcs BeKTopB, HA3bIBAOT MAOC-
Kxocmuro noaspuzavuu. [Lnockoctn KoneOAHUA 1 MOTAPU3ANIH BCETA B3aHMHO-
ACPIIEHAHKYISPHEL.

Ioaspuzaumsa cBeTa NPH €ro OTPa’KeHNH H HpeoMmneHHH. [oaspu30BaHHbIN CBET
MOXKCT ObITb [10JLY4EH DU €T0 OTPa’KeHHH M NPEJIOMIIEHHH OT IPaHMLET Pa3/lena ABYX
AuaaexkTpukos. Ecam yrost BaleHns cBeTa Ha rpaHilly pasfea AByX AUIJIEKTPUKOB
1€ PaBEH HYJII0, OTPaXCHHAINA H MPeJOMIEHHDIH JyYH 0Ka3bIBATCs YaCTHYHO 1OTs-
pusosanubiMu (puc. 19.18, @). B orpaxkennom nyde npeobaagaiot Konebanus, nep-
LCHAMKYJSAPHBlE NIOCKOCTH MAaJCHHA, B MPENIOMASHHOM Jyde — Konebanuus, mapai-
JIeJIbHBIE 1ITI0CKOCTH H1a/ieHMA. IIpy yriie nagenns, yI0BJETEOPAOIIEM YCIOBUIO

tg ig = n, (19.12)

TAC 1 — OTHOCHUTEJIbHELA 110Ka3aTenb NpesIOMJIeHUs IBYX CpPell, OTpasKe LI JTyY [0J1s-
pH30BaH 11oaHOCThIO (puc. 19.18, §), a mpesomaeHHbI — ToAbKO vacTH4HO. COOTHO-
menue (19.12) massBaroT 3axorom bprocmepa, yron iy — yenom bprocmepa,
WIH Yy2A0M noaHoU noaspusayuy. V13 3akona bBplocrepa M 3akoHa npejoMiIeHHs
sin 45/ sin 4 = n caeayeT, YTO LPH NAAEHHH AYYa HA AU3JIEKTPHK IO/ YIJIOM HIOJTHOEH
MOMAPHIAMNH OTPLKCHHBIH M MPENOMIICHHBIA JTy9H B3aHMHO-TIEPUEHAMKYJIPHBL.

19.11. lsoiHoe nyuenpenomneHue, NMonapouan

Apoitnoe myvenperomenne. Kak oTMcganocs paHee, B APHPO/IE CYTIECTBYIOT alH-
30TPONHbIE BElECTBa, ONTHYCCKNE CBOHCTBA KOTOPHIX MO PAa3AWYHBIM HalpaBjieHHuAM
paaanyHbl. K TakuMM MaTepHaTaM MOXIIO OTIIECTH, HATIPUMED, KPUCTAJLIE HCAAN/IC-
KOTO IImaTa ¥ KBapua. B ecTecTReHHOM Niyde KoneOanus BeKTopa E NPOHCXOAAT No
BCEM HAIIPABAEHHAM, 2 TAK KaK CBOHCTBAa KPHCTANA B PA3HBIX HANPABAEHMAX pa3-
JIMYHbL, TO KOAe0aHUA BEKTOPA HAIIPSIKEHHOCTH MEKTPHUYECKOTO NOJA B PA3IH4HbIX
IUTOCKOCTSIX NPOMCXOAST HE OAWHAKOBO, BO3HMKAOT KaK Obl TYUH C Pa3HbIM 3HAYEHN-
em E — #a rpanwne pasgena ARYX cpell OHM TIPEOMASIOTCSA PA3INHYHO. ITO O3HAYAET,
4T0 KOomeHannsA, TPOUCXOMANIAE B IBYX B3aUMHO-MEPNEHAHKYIAPHBIX MIOCKOCTAX,
KOTOPHIE XapaKTEPH3YIOTCS ABYMST KOMIIOHEHTAMH BEKTODA HANMPSKEHHOCTH 3ICKT-
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prueckoro o (B, u E,), GpakTuuecky MMeIOT pasHble IOKa3aTeld NPeOMIEHHS.
HpPI ITOM Ha6.TIIO,I[36TCﬂ Pa3nBOEHHUE Iy4a, HIH J.'[BOﬁHOE‘ JYYENpeTOMICHHAE €CTECTBCH-
Hbl cBeT, BOHIA B KpUCTAIT HCJ2HACKOTO UINATA, PA3/IBAMBAETCSA Ha /iBa Jy4a, MoJid-
PH30BaHHBIX BO B3aUMHO-TIEPIIEHIHKY IPHBIX TIOCKOCTAX, [ 715 0HOTO H3 JIyveH Bhl-
TIOJTHSIIOTCS 33KOHBI NIPETOMIIEHHS H TIO3TOMY 3TOT JTyY HA3bIBAIOTOOBIKHOGEHHBIM,
AN IPYTOTo — HE BRIFOJHAKTCS H JIYY HASHIBAIOT HEe0ObIKHO8EHHBIM.

Harnpapaenusa, B0/ KOTOPBIX IBOMHOTO IyuenpeioMyieHns HeT 1 06a my4a (00bIK-
HOBEHHEIN H HeOOBKHOBEHHEIN ) PACTIPOCTPAHSIOTCS C OTUHAKOBEIME CKOPOCTSIMH, Ha-
3BIBAIOT ORMUMECKUMYU OCAMU Kpucmanna. Eciu Takoe HallpaB/ieHHE OAHO, TO
KPHCTaJITbl HA3BIBAIOT OOHOOCHBIMIL. [IIOCKOCTE, IPOXOASILYIO Yepe3 MaTalomui TyY
H ONITHYECKYIO OCh KPHCTAJLIA, HA3bIBAKOT FIABHEIM CEYEHUEM KPUCMAAAA.

O6BIKHOBEHHbBIE H HECOBIKHOBEHHBIE JTYYH ABIAIOTCS OTHOBPEMEHHO My4aMH HO-
JAPH30BAHHBIME; OOBIKHOBEHHDIH JTYY MOASPU30BAH B IVIOCKOCTY [VIABHOTO CE4EHU, &
HeOObIKHOBEHHEIA — B ILJIOCKOCTH, NEePIEHANKYIAPHOH MTOCKOCTH IJIABHOTO CEYEHH.

IIpuama Hukoun. [posakonpeloMIIoNnie KPpUCTALIE HENOCPeCTBEHHO He HC-
MOMBL3YIOT Kak MOJAPHU3ATOPBI, TaK Kak TIYyYKH OOBIKHOBEHHBIX M HEOOBIKHOBEHHBIX
JTy4ell BHIXOIAT B3 KPUCTALIA O O4eHb MaJIBIM YIJIOM APYT K APYTY WIH Jlaxe Iepe-
KpbiBaloTesa. UroOsl «pasBecTH» STH JIYUH, TOJb3YIOTCS PA3THYHBIMH [10JIAPH3YIOMIH-
Mu mpusmamu. Hanbosbimee pacripocTpatenue noayuunanpusma Huons, nnu rue-
xonb. OHa COCTOMT U3 KPHUCTAJ/Ia MCIaHACKOTO HINATa, MMelomero GopMy napajie-
aendneaa (puc. 19.19). Kpuctann paspesaeTcsa HAKTOHHO IO I0cKocTH  BEDP Ha
AB€ YACTH, A 3aTeM CKIEMBaeTed KaHaICKHM OanbsaMoM. [lokasare b NpesoMIeHHs
KaHazickoro 6asib3ama 1,549. IokaszaTens npe1oMIeHHs KCIaHACKOTO IIATa Ajist OOBIK-
HOBeHHbIX Jy4eit 1,658. 115 HeoObIKHOBEHHBIX JIy4ed MOKA3aTe T MPEIOMIeHHS UC-
JIAHJICKOTC MIMATA PA3TWYHBL JAS PAa3JTHYHbIX HAlIpaBleHHil: 414 ny4el, MAYIINX Ma-
pa/UTeIbHO IVTHHHEIM peffpaM [PH3MBIL, OH paBer 1,515.

IlycTs ecTecTBEHHBIN Y4 I3JaeT Ha HHKHIOW TpaHs npu3Msel (puc. 19.20) B u1oc-
KOCTH TJIABHOTO ceueHus (TI0CKOCTH YepTexa) MoJ TAaKMM YIJIOM, YTO LpelloM/IeH-
Hble JIYYH, Pa3ABOMBIUNCE, HAYT MOYTH [IaPA/JIENbHO PoIoabHBM pedpam. HeoObik-
HOBEHHBIH JIVY, 10 10 €105 KaHAJCKOTO 6anb3aMa, BCTYIAET B HETO KAK B CPedy
foJsrce NPeIoMASTIONIYIC M MTPOOIKAET IIYTH, HE OTKAOHSSACH, TAK Kak ¢A0H KalalcKo-
ro Ganb3aMa oueHb TOHOK. QOOBIKHOBEHHDIH /1YY BCTpeYaeT ¢ Gambp3aMa Kak cpeay
MeHee IpeIOMIAIONIYIO W, TAK KaK YIoJ ero nageHuns Gospiue npejeabHoro yria, He-
ILITHIBAET MOJHOE OTPAXKEHHE H HOMIOIMACTCA 3a9epHEHHON FPAHBIO MPU3MEL F13 11pH-
3MBbI BLIXOZHT OIHH TOJbKO HeOOBIKHOBeHNBI Ty4. HanpasacHue koneGaHuil BeKTO-
pa E noxasaHo Ha puc. 19.20.

HeobeikiHo-
BEHHLIR AY4

QO6BIKHOBER-
MBI YY

Puc. 19.19 Pre. 19.20
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Ioagponapi. Mcnonpaya AMXpoU3M TAKHX ABOAKOTPETOMISIOINX KPUCTAILIOR, KAk,
HATTPUMED, TePAllaTHT, H3COTOBIBIIOT NMOJSIPH3AMOHHBE CBETODUTBTPHI {IOIAPOUILI).
Onn npeacTaBAAOT coGOM ETYIOHHYIO TIEHKY, TIOKPBITYIO TOHKHM CIOEM KDUC-
TA/UIHKOB TePaTaTHTa, OPHeHTHPOBAaHHBIX ONpe/ieieHHBIM 00pasoM. DTH ILIEHKH BEeIYT
CE6§I HO.Z[06H0 ILJTACTHUHKAM, BHIPE3aHHbIM H3 KPUCTAILIA TYPMaJIHHA. B HHX ITDOMCX0IUT
ABOLHOC TydelIpenoMIeHUE H, TAK JKe KaK B IIACTHHKE TYPMAIHHA, OUH H3 [OJISIPU30-
BAHHBIX JIy4el HOTACNIAETCA B CAMOM TePAMATHTE, a APYTOH BRIXOAHT HAPYXKY.

Takue ycTpoiicTBa, KaK ITOJAPDOKABL M IPH3MBI, MOTYT PabOTaTh KAK [OJAAPU3ATO-
pb! ¥ aHanM3aropel. OBl I0KA3HIBAET, YTO HEKOTOPHlE KPHCTAJLIEL M PACTBOPH Opra-
HIMECKHX COCIMHEHHH TP MPOXOKIEHUU Yepe3 HUX MOJSPH30BAHHOTG JIy4a NMoBo-
PRYHEBAIOT ILIOCKOCTDL €ro MOJAAPH3aluH, IIPHYEM YT'OJ IOBOPOTA IIOCKOCTH I{OJIE63'
HUH BexTopa E nponopunoHwieH yTH, NpolzeHHOMY CBETOM B 3T0M BenlecTBe. Be-
[1ECTBA, BpaIlaoLlie IICCKOCTE IOASPH3AINHE, HABHIBAIOT ONIMUNECKI KIMILEHbL-
Mze. K vX yncIy TIPMHAIEKAT KBapLl, PacTBOP caxapa B BOJE U Ap.

HApnenne nongpuzaliy WHUPOKO UCHOAB3YIOT B HAPOAHOM xo3siicTse. OHO npu-
MEHACTCA /A OTIpelie/IeHHs KOHIIEHTPAIIHK PACTBOPOB ONTHMECKH AKTHEHLIX BEILeCTE,
A onpeesaeHA MeCT YOPYTHX HANPSKeHHH, BOSHUKAIIIHX B PE3Y/IbTATe MEXaHH-
4EeCKUX HAIPY3O0K, MPH U3y4eHHH OBICTPO MMPOTEKAIMMX IPOUECCOB, TAKUX, HAIIPH-
Mep, Kak 3BYKO3aIlliCh H BOCIIPOM3BEACHHE 3BYKA.

19.12. fiucnepcun cBeTa

Jucnepcns ceera. Eciy npoitycTHTD Tiy40K 6e0T0 cBeTa Yepes CTeKISHHYIOIpPH-
3MY, TO Ha 3KPaHe BO3HKKHET MOOCKA C HENPEepPhIBHO MEHAIONIEHCA OKPackol, KoTopas
HA3BIBAETCS NPUIMAMULECKUM, WTH CUCREPCUOHHbIM, crexmponm (puc. 19.21).
Pasiroxerse 6eoro cBeTa B CIIEKTP IPH NPOXOKAEHHH Yepes IIPH3MY — NPOsiBIeHHe
aucnepcu. Jfucnepcueti Ha3bBaAIOT 3aBUCHMOCTD CKOPOCTH CBETA B BEIECTBE OT JL/TH-
HEI BOJTHEIL, JTH 33BHCHMOCTDL 1TOKA3aTells IPEeIOMIIeHH: BEellleCTRa OT UTMHB] BOTHBL

[ToueMy ke Gennlii cBET, IPOXO0/AS Yepe3 IpH3MY, pazaaraercs B cuekrp? C Tog9ku
3PeHMs BOHOBOI TEOPHH BCSIKMH KojlefareIsHBI TIPOLeCe MOKHO XapaKTepH30BaTh
JacToToi KoseGaHuil, aMITHUTY 0 1 (hasoi. AMILTHTY A2 KoeOaHMH (TOYHee, ec KBajl-
par) olpeseseT sHepriio konedauuit. Daza HrpaeT OCHOBHYIO POJIb B ABIEHHSX MH-
tepdepenuun. [Ipet Bcex Ayyeli cBs3aH ¢ JTMHOH BOMHBL

# ducnepcus cBeTa XapakTepHa /A BCEX Cpel, KPOMe BaKyyMa.
B BaKyyMe€ CKOpPOCTL pacIipoCTPaHEHHA 3ACKTPOMArHHTHEIX BOTH J000H AJIHMHBL

ofHa ¥ Ta e (3-10° M/¢), 4 B BewWeCTBe 3aBUCAT OT JUTHHBI BOJIHBL 1109TOMY OT/THYA-
10TCST H MOKA3aTe/IH TIPeIOMIIEHHS 2 = ¢/ v 7711 PASAIHYHBIX BOJH, BXOAAIIHX B COCTaB

gpacmﬂﬁ .
AHKEBLIH

HOJ1eTOBLIH

Puc. 19.21
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Tabamma 191

JLTHHA BOIHBL Ilokazarens TPeIOMASHUA 11
A MEM GmoopuT KBapI KAMEHHAs COMh
0.2 1,50 1,65 1,75
16 143 1,53 1,53
3.2 141 147 1,51

Genoro cseta. [Ipoxoas uepes NpU3aMy , COCTABHLIE YACTH GEJI0T0 Ty4a UCTIHITHIBAIOT
Pa3AYHOE NIPeJIOMIIEHUE H BHIXOAAT PACXOAAIIMMCS LBETHHIM MTYIKOM.

fArnenye THCTIepCHE cBeTa HAOMIONAETCS He TOMBKO TIPH NPOXOJKIEHHEH CBETa Ye-
pe3 MIPH3MY, HO H BO MHOTHX JIDYTHX CTydasx. Tak, HanpHuMep, NIpeIoMIeHHe COMHed-
HOFO CBeTa B BOASHBIX KalUAX, 00pas3yoluxcs B armoccdepe, COPOBOXKAAETCS Pas-
JIOJKEHHEM €r0 Ha IIBETHbIE JIy4H; 3THM 00 BICHIETCS: 00pa30BaHKe PayTH.

ucnepcuio HaIvieaOMm HOPMAALHO, eCAl NOKAIAMENb NPEAOMACHUS
soapacmaem ¢ yMeHbiteHuem onurot soarnst. KoapdunmenT mperomienns He-
KOTOPHIX BEIECTB B 3aBHCHMOCTH OT AJIHHbI BOJIHBI OpuBeneH B Taba. 19.1.

IIpu cpaBHEHWH CIEKTPOB, HOJYYEHHEIX ¢ TOMOIIbI0 NPU3M € PABHBIMH Hpe-
JOMJISTIOIIMMHE YTIaMHK, HO M3TOTORJIEHHBIX W3 PA3JHYHBIX BENIECTR, YCTaHOBJIEHO,
YTO LBETHBIE JIy4H He TOJIbKO OTKAOHEHbI HA Pa3 HBIe YIJ5I, UTO 00YCIOBIEHO Pa3-
HBIMH 3HAYEHUSAMMU 1 /1A OZHOM M TOM e X\, HO H X CLIEKTPLI PACTAHYTH Ha 60 J1b-
HIYIO W MEHBINYIO JUTHHY H3-32 Pas/IMuMisI B 3HAUYEHHH JHCIIEPCHH LI PA3HBIX BE-
HIECTB.

CrloxeHHe CNeKTpaIbHBIX UBEeTOB. IlepBhie JKCIEPHMEHTANbHEIE HCCIEA0BAHUSA
JHCTIEPCHH CBeTa MpHHaLtexkaT HpioToHY, KOTOPELH 11oKasa, 9To Geblil CBeT ABIA-
€TCsI CTOKHBIM H COCTOUT H3 CEMH TIBETOR: KPACHOTO, OPAHKEBOI0, XKEITOr0, 3eJIeHO-
ro, roiyboro, cuHero, ¢pHoserororo. Codupas TMH30A B OJHO MECTO BHIINE/IIHE 13
[IPH3MBI [IBETHHIE JIy4Yd, HBIOTOH MOTYYRII Ha DKpaHe BMECTO OKpaileHHoi 6eayio no-
n0cKy. CaefoBaTeNbHO, HPY COENMHERMH LBETHLIX JIy4eil creKTpa ofpasyeTcs Gerbii
1BeT. Benbtii HBeT MOXKHO OMYYUTH MPH CMETIeHH ABYX {Miiu 6osee) nseros. Takne
LIBETA HA3BIBAKT JONOIHUMERbHbIMY. [IDIMEPOM TOMOMHUTENLHEX 1[BETOB SBJs -
I0TCA XKeNThle U cuaue JTydd. CMermuBas B pa3uyHOM IPOTEOPITUM H3TyYeHHE TPeX
OCHOBHBIX 1[BETOB, KAKAMH SBJAKTCA KPACHBIH, 3e/IeHblil i (DMOJIETOBbIA, MOXKHO I10-
Jy4UTh JII0OYIO OKpPacKy Aydei,

IIBera reu. B okpacke Ten nabmopaetcst Gonbinoe pazHooGpasue. [ser Tesa 0byc-
JIOBJEH €r0 OKPACKOH, CBOHCTBAMM €T0 MOBEPXHOCTH, ONTHIECKHMH CEOHCTBAMHM HC-
TOUHHKA CBeTa U Cpejlbl, 4ePe3 KOTOPYIO CBET PACIIPOCTPAHAETCA.

IIser npoapavHOro Tejia ONpeAeAIeTCH COCTABOM TOTO CBETa, KOTOPHIH npo-
XO/HT Yepe3 Hero.

Ecmu mpomycTuts OGemBIi CBET Yepe3 OKpalleHHble CTeKAa (HalpuMep, KPaCHOE,
3e1€HOe U AD.), TO ITH CTeK/Ia TPEUMYTIECTBEHHO [IPOTIYCTAT Te IIBETA, B KOTODHIE OHH
OKpallieHbl CAMH: KpacHbie — KPaCHbIH; 3eJleHrle — 3e/ieHblii 1 7.1, Ha aToM ocHoBano
TIPHMEHEHHE Pa3/IMYHbIX CBETOBBIX (PU/IbTPOB.

I IIseT nenpoapayHoro Tena ONpesesAeTCS CMECHI0 BETOR, KOTOpLIE OHO OT-
paxaer.
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HeKOTOprE TeJa KAKYTCA HAM TOJBKO JKEJTbIMH, APYTHE — CHHHMH AT .. IJTto
3HAYUT, YTO TeO IPCHMYILECTBEHHO OTPaXaeT keaTole (cHHMe) ayyw. Teao, orpaxa-
onee B 60bLUIOM KOJIHYECTBE Boe UBETHHIE Jy4H, OyaeT KazaTbes OembM. Tero, no-
[JIOMIAIONICE IOYTH BCE MAAAMIIME HA HETO JTyUH, OYeT Ka3aThCs YEPHBIM.

B npupoze He cymecTByeT HE abCOMOTHO OeIbIX, HM aBCOMOTHO YePHBIX TCT.

CnocobHOCTh Te NOIOWATD OTpefeaeHHbie UBETHBIE JIVYH HA3bIBAIOT U36upa-
menvHbiM noenoujenuem. OT HETO U 3ABUCUT OKPACcKa TelL.

Ecam nafaonnii Ha OKpalleHHY0 IOBEPXHOCTE CBET TI0 CBOCMY COCTABY OT/IHYa-
€TCd OT AHEBHOTO, TO 3hdEeKTH OCBEILEHHS MOTYT ObITh COBEPILIEHHO ApyriMu. [laxe
NEPexoz OT AHEBHOFO CBETa K MCKYCCTBEHHOMY 3HAYUTEBHO MeHsIeT COOTHOLIEHHE
L[BETOB M OTTEHKOB MPEAMETOB U 0CODEHHO XYIOKECTBEHHBIX Npou3Beaernii, Kei-
ThIE U 3¢AEHbIE [IBETA KAKYTCSA IPH BeYePHEM OCBeLleHHH O0JIee TYCKIIEIMH, 2 CHHUR
UBET — [TOYTH YEPHBIM.

19.13.* Bupnl cneKtpos

IIpusMaTHYeCKHil CIeKTp. Mekay CIeKTPaMH, [OIy4YaeMbIMH B TUDPAKLHOHHOH
pelLIeTKe i B I[pi3Me, HMeeTCs CYLIeCTBEHHOE pas/iHyne.

JAndpakiinoHHas pellleTka pazJaraeT MANAMIIHA cBeT HelOcpeACTBEHHO B 3aBH-
CHMOCTH OT AJIMH BOJH, TTOTOMY O YIJIaM, 06pa30BaHHbIM HATIDABJICHHAMYU COOTBET-
CTBCHHBIX TH(PAKIMOHHIX MAKCMMYMOB, MOKHO BEIYHCAMTDL UTHHY BOJHBL [IpuaMa
pasjaraeT NAJAIIMIA IIYYOK CBeTa B 3aBHCHMOCTH OT 3HA4eHHA KoddHILIHEHTA TIpe-
noMaeHvs. [losToMy i onpeneeHHs AAMHE! BOIHBE CBETA HeOOX0OAUMO 3HATD 3aBU-
CUMOCTb 72 = f{X\), T.€. YYHTHIBATh CBOHCTBA BeleCTB, M3 KOTOPOFO CAENaHa IIPH3MA.

Hdndpakunonnsiii cnextp. llopafok pacnonoxeHns COCTABHHIX IBETOB B CIEKT-
pe NMpHU3MBI U B crieKTpe TudpakIHOHHOH peliteTKH pasanden. B audpakuunonioit pe-
nIeTKe CHHYC yIita OTKIOHCHHA [IPOIOPLUMOHAaieH IIHAe BOIHEL. B pesyasTate kpac-
Hble JAYYH, HMEIIHe OOABIIYIO TMHY BONHEI, OTKIOHATCA AMPPAKIHOHHOM peleT-
Kol cumbHCe, yeM puoseToBBIe Ay4yd. B mpuasMe ke koaddulliienT npeloM/IcHUS B
MPO3PayHbIX BeMlecTBax magaeT ¢ YBeNMYeHHEM ANTHHbL BoAHBL KoagduuuenT mpe-
JIOMJIECHHA KPAcHLIX Jy4ell MeHbIIe, yeM (PHOIETOREBIX, II03TOMY ITPH3Ma OTKJIOHAET
ux cnabee, Hem HUONETORBIE.

Cnekrp Coasua H 3Be3a. B zasucuMocTd 0T TeMiepaTyphl atMoctepnt ConHua 1
3Be3/l OHM PasyIHyaloTCA 110 LBETY: CaMble FOPAYHE 3Be3 bl MMEIOT TeMIlepaTypy Nmopsi-
xa 10° K, rony6ete — mopaaxa 3-10* K, xenroie — nopaaxa 6. 10° K, camele x0/107HEI€,
KpacHsie, — nopsiaka 3-10° K.

CnexTphl 3Be3L OTIIMYAKTCS HHTEHCHBHOCTBIO M YUCIOM TUHUK Pa3IHYHBIX XH-
MHYECKUX BIeMEHTOB U coeAuHennid. B cnexTpax oueHb ropsYux 3Be3/1 BLLACAAIOTCS
SIPKHEe THHWW H3TYYeHus TeJIMsl M 430Ta, 4 B CIeKTpax Hanbomee XOI0HBIX — CHIb-
HBIe TTOAOCH! IOTAOTIENH Pa3IHIHBIX MOACKYAAPHDBIX COelHHeHHH.

B B atmoc¢epax Bcex 3Be3q IpeodiaaloniuMe SBISIOTCH BOOPOA H rejuit.

HCTOUHHKOM 9HEPTUH, Toay4aeMoit 3eeagama ¥ CoTHIIEM, CITYXKAT TEPMOSZIEPHEIE De-
AKITHH TIPeBpaLieHHs] BOZOPOJA B TeJTHIL B X HeApax MpH TeMiiepaType mopsinka 10 mmx K

PaccMatpuBast ¢ MOMOIIBIO CTIEKTPOCKOTIA ¢TIeKTp COMHIE, MOKHO 3aMCTHTD, YTO
€ro CIVIOHIHOMH CIIeKTP Mepepedall MHOTOYMCAeHHBIME TCMHDIMK JIHHHUAMH, HaXOId-
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IUMUCA B PA3THYHAEIX YacTax cektpa (puc. 19.22, 2). llepseiM ommcan 3TH TeMHBIS
auHun HeMelkuil yaenntit M. MpayHrodep, 10aToMy 9TH JIMITUR HA3BIBAIOTCST dpa-
yreogeposvimu. Obpachenne ppayrrodeposrix tunuii B cuekrpe ConHUA gan
I'. Kupxrod. Ecam aToMbi norsomaT UMEHHO T¢ BOJIHBL, KOTOPRIe OHU MOTYT HCITYC-
KaTh, TO KAXKA0¢ BELIECTEG, KOTOPOE HMEETCH B COTHOYHOH MTH 3eMHOH atMocdepe,
CaMo IOIJIOIAeT XapaKrepHble AJd Hero Jy4u. [1o31oMy U NOABALIOTCS TEMHBIE JIU-
HHH Ha (QOHE CTTOMHOTO COEHEYHOIO CIEKTPA, ¥ CTAHABIWEBAA HOMOKCHHC TEMHBIX
JHHHI B CTIEKTPE, MOXKHO OTIPE/IETHTD, YePCe3 KaKHe BETIecTRa TPOXOANTH COMHEYHIe
ay4r B arMocdepe CoHia,

YCTaHOBAEHO, YTO B COJMHEYHOH arMocthepe MMelnTed BOAOPOA, HATPHI, KajlbLHH,
HKeJe30 ¥ IPYTHE BENICCTRA, BCTPEYANONIHECA W Ha 3emute, IHTCPeCHO OTMCTHTD, UTO B
criexktpe CoJi11Lia IOMHMO H3BECTHHIX 2JIEMEHTOB OOHAPYKIIH HICMCHT, KOTOPBIH Ha
3emine enie He 611 uaBecTed, Ero HasBaaH reaueM (0T rped. «reanoc» — CouaHLe).
Tonwko cryers 26 meT remuii 6611 HaliAeH B Ha 3emic,

19.14. CneKrpbl ucnycKaHus. CneKkTpul nornowexus

Cnexrp ucenyckanus. Eciiv CBeT OT PACKATEHHOTO TBEPIOrO TEJIA 1TPONYCTUTE Ye-
pe3 IpU3MY, TO Ha HKPaHe 3a TIPU3MOH ITOJIYYHM HENPepHBHLINCRA0WHOU cnexmp
UCHYCKaHUSL

Ec MCTOMHIKOM CBETA SBJISIETCST Ta3 FUTH Map, TO KAPTHHA CLIEKTPa CYIECTREHHO
MensieTcA. HabmofaeTcs cOBOKYITHOCTD APKHX JTHHHH, Pa3feTeHHBIX TEMHBIMW TIPO-
MeXKYTKaMH. Takue ClleKTpPBl HA3bIBAKT AtuHeiuambimu. [IpumepaMu 1nHelTyaThIx
CTIEKTPOR MOTYT CJYXKMTb CIIEKTPbI HATPHS, BOAOPOAa M reiua (puc. 19.22, 4, 6, 8).

| Bl‘lﬂ CIICKTPOB CBETALIHXCA ra3oB 3aBHCHT OT XHMHAYECKOi NpHPOADbI rd3a.

Kaxierif ra3 Wiy map jaer cBoM, XapaKTCpHEIE TOMBKO JLst Hero cnekrp. TToatoMy
CIIeKTD CBETALIETOCS Ta3a MO3BOMAET CAEIATh 3AKTI0TeHHE O €70 XUMHYECKOM COCTAa-
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Be. Ecii HCTOUHUKOM M3YUeHHsT CYKAT MOJIEKYJIB BENIECTBA, TO HabJIoAaeTcs 70 -
nocamviti cnexmp.

Crnextp nornomenns. Bee 91v TpH BUIA CHEKTPOB — CIIOMIHOM, AMHeAUATHI U
MOA0CAThIR — ABAAIOTCH CHEKTPaMHU HCITYCKAHHS.

I1oMHMO CIEKTPOB HCMYCKAHWSA CYHIECTBYIOT CIIEKTPHI MOTJIOIEHHS, KOTOPBIE 110~
AYYAIOT cJAedyonuM obpazom. Benblit cBeT 0T UCTOYHHKA NPONYCKAIOT Yepe3 Naphl
HCC/EYeMOTO BelleCTBA M HANPABJISIOT HA CIEKTPOCKON MK HHOM npubop, npea-
Ha3HAYeHHEBIN U1 Hecnenosanud cnekTpa. B atom cayyae na one ciizionisoro cnek-
TPa BH/THB TEMHEIE JIHHUH, PACTIOIOXKEHHBIE B OTIpeleIeHHOM mopanke. Mx yucao n
XapakKTep pacuoIOKeHHUs HO3BOJSIOT CYAHTE O COCTaBe Heeaenyemoro Bemectsa. Ha-
OpHMED, eCJIM Ha IYTH Jydeil HAXOXATCA Oapbl HATPHA, TO HAa CHJIONIHOM CIIEKTpe
BO3HHKAET TEMHAA [I0JI0CA B TOM MeCTe CTIEKTPA, T/e TOMKHA OBIIa pacTioiaraThes
KEATAsA TUHUS CIEKTPa HCTTYCKAHUA TTapoB HATpHSA. PaccMmoTpenHoe siBaeHue ObL10
o0bsicieHo KupxrogoM, KOTOPEIH 10KA3aJI, YTO aTOMBI JAHHOTO 3JeMeHTa [IOrJo-
OIAI0T Te XKe CBeTOBBIE BOJHBI, KOTOPBIE OHH CAMU HCITYCKAIOT.

JT0 yTREPKAEHUE HashBaloT 2axornom Kupxzoga. Ha puc. 19.22, 3¢ npu-
BEAEHDI CIIEKTPHI IOTJIOMEHHS HATPHA, Boaopoaa u reans. Ha puc. 19.22, 2 noka3san
cnexrp norsomenys Conua.

Yokt 06BACHUTH IPOMCXOXK/IEHHE CIEKTPOR, HEOOXOAMMO 3HATh CTPOEHHE aATOMa
{cM. mojipaz. 22.6).

IpuGopn AN noAyMeHHAs M HCCASAOBaHHS cHeKTpa. /(s uccaeaoBaHuil BUIH-
MO YaCTH CIIEKTDA CJLYKAT NPHOOPHL, HA3kIBaeMble crexmpocxonamu. OnuH n3
HauboJee IPOCTHIX U300paKeH Ha puc. 19.23.

JBYXTpyOHBIH CTIEKTPOCKOII COCTOUT M3 KOJUIMMATOPA 1, CTOJIMKA C IIPU3MOi 3§ 1
SPHTENBHOM TPYOOH 2, KOTOpas NEPEMEIIAETCA OTHOCHTEHO MPHIMbBI MHKPOMETPH-
yeckuM BHATOM. Koanumarop 1 cocTOWT U3 TpyObl, HMeOLIEH Ieb 4, YCTAaHOBIIEH-
HYIO B r71aBHOM dokyce mHH3H 5 (prc. 19.23). [ToaToMy my4u, mafaionHe 0T HCTOY-
HUKa HA JIMH3Y 5 ¥ MPOXOAAIINE Yepe3 LIelb, BHXOAAT U3 Hee Mapaie/IbHbIM Myd-
KOM. JIy4H U3 JIMH3K § MaA210T Ha NEPEAHKNC MPAHB TIPA3MHL 5, pA3JIaraloTest B IpU3Me
H BBIXOJISIT M3 Hee CHCTEMOI JIy4el pa3HBIX IIBEeTOR M HANIPABIeHHI B 3aBHCHMOCTH OT
AJNUHBL BOJHBI, IPHYEM BCE JIYTH OJHOTO LIBETa MapaaneiabHbl APYT APYTY. 3aTeM JIy4H
HOCTYHAIOT B 3PHTENBbHYI0 TPYOY Yepes 0ObeKTHE 6.

Tak Kak BbIXOZAIIUE W3 HPU3MBI JIYYH OJHOIO LBETa NAPAJUIENBHBL, HO He COBIa-
MAKOT TI0 HATIPABJICHHIO C Jy4aMH JPYTHX ITBETOB, B (POKAMBHOH MIOCKOCTH 00BEKTH-
Ba § BO3HUKAET PSI/T MAPAJ/IENBHBIX PA3THYHO OK-
palIeHHBIX M300paxkeHuit weau 4. 3T usobpa-
JKEHHS PACCMATPUBAIOTCA Yepes OKyJsip 7.

B AByXTpyOHBIX CIIEKTPOCKOTIAX /ISl OTIpeae-
JIeHUSE OTHOCUTENBHOTO PACTIIONOXKEHUA CIEKT-
PaibHbIX JIMHHI OKYJIAD 3PHTEAbHOHR TPYOHI
cHafoxeH HUTBIO, [TOBOPOTOM TPYOB! BOKPYT TIPH-
3MBI COBMEIIAlOT HUThb OKYJISIPa C PAa3THYHBIMH
yacTsMH criekTpa. CMmemerne TpyOst 2 0TCYUTHI-
BAeTCA C MOMOLIbIO AMMOA B TOPHIOHTATBHOMH
MUAAHMETPOBOH JNWHeHKH, MpUaeraoue K
Moy,

TTpu6op, perucTpUpyYIOMKi CHEKTP HA (OTO-
Puc. 19.23 TUTACTHHKE, HAIKBAIOT CREKMpozpachom.
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Bosee coBepiieHHBIe CIIEKTPOCKONbI CHaOXKeHBI TpeThelt TpyOoH, ¢ MOMOIUBIO KO-
TOPOH B (hOKATEHOH IJIOCKOCTH 0OBeKTHBA 3pUTEIIbHOH TPYOB! MPOCLHMPYETCA MKaNa
JUTHH CBETOBEIX BOJIH. Takoi puOop HashIBAXT CAEKMPOMEMPOM.

Ecau 8 PoKaIBHYIO ITOCKOCTb NOMECTHTE ieleBy1o auadparMy, To 13 BCETO ClleK-
Tpa MOXKHO BEIJIEMHTD Y3KHI My4OK MOHOXPOMATHYECKHUX Jydel. ITOT npubop Haskbl-
BAIOT MOHOXPOMAMOPOM.

Cuexrpansubiii anama. Vcciezoranne cneKTpos UCILYCKaHUA H CIIEKTPOB IIOTA0-
MIEHH: MO3BOJIAET YCTAHOBMTD KaueCTBeHHMIIT COCTaB BeltecTsa. KosimuecTBeHHOE CO-
AepAaHHE ONPEACTIEHHOT(Q 3JIeMEHTA B COCAHHEHHY MPOH3BOAHTCA IYTEM HM3IMEpEHHA
SPKOCTH €70 CHEKTPATBHBIX JTMHHIL.

Meron Hccaen0BaHUA, NO3BOIAIONME IO cIIEKTPaM HCIYCKAaANS H HOIJIOWCHHSA
CYIUTh O XHMHYECKOM COCTaBe BENIeCTRA, HA3BIBAINT CHEXMPAAbHLIM AHATUIOM.

HanpHumep, CBeTANIHECA Tas3bl H IIAPH! JAIOT JHHEHUATEIE CIEKTPSH, IPH 3TOM KaX-
ARIH TA3 WM AP MMEeT XAPAKTEPHEI /ISl Hero CHeKTp. 3Has IIHHbL BOJIH, HCIIYCKa-
eMbIX pasjiHYHBIMHE ra3aMi ¥ NapaMy, 110 CHeKTPY MOXHO YCTAHOBUTE HATHYHE TeX
WJTH HHEIX 3IEMEHTOR B HCCJIEAYEMOM BeliecTee. Ecn B HccnelyeMOM BeIecTBe HMe-
E€TCA B OIIpeAEI€EHHOM MECTE CIICKTDA JKEATadA JTHHHA, TO MOXHO YTBCPHAATD, YTO B
COCTAB BEIIECTBA BXOIMT Hatpuit. Eciiv B cieKTpe HaXOAMTCA OIHA WM HECKOJIBKO
NYHHH, KOTOPBIE He COOTRETCTRYIOT JIMHHAM HH OfHOTO H3 H3BECTHLIX 3JIEMEHTOB,
MOHO YTBEDHIATD, YTO 0OHAPYKEH HOBHIIT 3/1EMEHT.

MeToa CHeKTP@IbHOIO aHAIH3a YPEe3BhIYARHO YYBCTBUTEAEH. C eT0 HOMOIIbI0 MOXK-
HO 0OHAPYXHTh HAJTHYME HHTEPECYIOWIETO 3JIEMEHTa JIAKe B TOM Cy4ae, KOT/a KOTH-
YecTBO ATOTO aJieMeHTa He npeBbimaer 10710 1, 4ro He MOXKeT ObITb OOHAPYKEHO XH-
MHYECKHUMH METOXAMH.

CreKTpaJbHBIH aHATU3 YPE3BbMARHO BaXKeH B Pa3/MUHBIX 00JacTAX HAayKH, Ha-
IIpHMEP B aCTPOHOMMH, FAe ABNAETCA €AHHCTBEHHBIM HCTOYHHKOM BCEX HALIHWX CBE-
REeHUl 0 XUMHYECKOM cocTaBe HebecHprx Te. C MOMONILIO CHEKTPATBHOTO aHaNH3a
6ueT wayven coctap ConHia, 383 0 TYMAHHOCTEH, OTKPHITO 25 3;1eMenToB Tabmunbi
Mexnneneesa.

B HacTosniee BpeMA CIeKTPAIbHbEH AHAINS IIMPOKO TPUMEHSIETCH TAKKe B reojo-
THH, METATYDPTHH, XMMHH H APYTHX 0OJACTAX HAYKH M TEXHHKHU.

19.15. YnbrpadvonetoBsoe # HHPppakKpacHoe UINYYEHUR

Yasrpadmoneropoe uaayuenne. B 1801 r. vemenxnm pusnkom 1. B. Putrepom u
aHrmriickuM puankoM Y. BosmacTonoM ObiiH OTKPHITHL HEBHTUMBIE JVUH, HA3BAH-
Hbi€ YIbTPa(HOAETOBLIMA. ITH JIyUH 3aHHMAIOT CHEKTPAIBHYIO 001acTh MEXEY (uo-
JIETOBBIM KOHLIOM BHIHMOIO CBETa ¥ PEHTTeHOBCKAMH JIy9aMH, B AHaNa30He JUIMH BOJTH
ot 400 10 10 HM.

WUcTOYHWEAMH YABTPAGHONCTOBOTO M3NYICHHS SBIAIOTCA TEa, HAKAJCHHBIE 0
TeMneparypsl nopsizaxa 3000 K. [IpuMepoM MOTyT CaryskMTh pTYTHO-KBapHEBbIe, KCe-
HOHOBBIE, Ta30paspsiiHble ¥ APYyTHE AaMibl. ECTECTBEHHBMH HCTOYHHKAMM YJIRTpA-
¢droseToBOrC HaAyyeHHs apisirorca ColHe, 3836, TYMAaHHOCTH M APYTHe KOCMH-
qyeckue 0OBEKThI

¥YnerpaguoneTosbie Aydu 06Aa1a10T 0YeHb CUBHBIM OHOAOTHIECKHM ACHCTEHEM,
HOSTOMY UX 3HAYEHKUE B IPHPoJie orpomHo, Vianydenve B uHTepBade (0,38 0,32 MEM
OKa3bIBAET YKPEIUIAIONIEE, 3aKATHBAIOIIEE BO3/IEHCTBHE, CIIOCOOCTBYET 00pa3s0BAHUIO

367 I



puTaMuHa D B oprannsme 9enoseka. Manygenne B unrepsaie 0,32 - 0,28 MKM BBI3BI-
BAeT 3arap, a B UHTepBane(,28 — 0,25 MKM oKa3biBaeT bakTepuiuaHOe feiicTeue. Bons-
1ITHE O3Bl MOTYT BBI3BATh [IOBpEXKIeHUe [1a3 M 0XKOT KOXKH.

Y nerpadmonerooe Uz yYeHHe 04YeHb CH/IbHO TIOTAOILAETCSI 3eMHOH aTMocthepoit,
TIOATOMY €T0 HCCJIENOBAHVE TTPOUSBOAMTCS B BHICOKOTOPHBIX pailoHax. Jlnst peructpa-
ITHM 3TOTO M3AYHEHHS UCTIOMBIYIOTCS 0ObIMHBIE (POTOMATEPHAIBL H PA3THYHBIE TIOMH-
HECLIMPYIOIIHE BEIECTBa, NPeodpasyIollye YIbTPa(hHOTIETOBOE H3AYYeHHE B BUAHMOE.

Hudpakpacnoe uanyuenune. MadpakpacHoe n3aydeHHe ObUI0 OTKPHITO aHTIWHC-
KuM yuensiM B, Teputeniem B 1800 . 11 3aHMMAET CIEKTPUILHYIO OOTACTE MEXILY Kpac-
HBIM KOHIIOM BHAMMOTO CBET2 U KOPOTKOBOJAHOBBIM PAAMOM3TYUEHHEM B AWANIA30HE
IUTHH BOJH OT (0,76 MKM 10 1 —2 MM. 3T0 H3JTyYCHHAE HECET 6onbmy10 JHEPTHIO, BbI3LI-
Bas CUJIbHOE HAarpeBaHHe TeJl, Ha KOTOpble OHO NONAJaeT, 1I03TOMY €TI0 YacTo lashiBa-
10T MEeNNOBHIM.

HcTounnkamy uH(paKpacHOro U3Ay4YeHs ABISIOTCS JIAMITBL HAKATHBAHAA C BOAb-
$pamMoBOil HUTBLIO, 3NEKTPHYECKAS YTOJIbIAs IyTa ¥ pas/iiyHble ra3opaspsaiHble JaM-
nbl. MOUIHBIM eCTECTBeHHbIM KCTOTHHKOM ABisercsa CoHile, koo 50 % usaydcHust
€ro MeXAaT B HugpakpacHoi obiaacTh.

Wudpaxpacrpie 7y4H IPOHUKAIOT B NOBCPXHOCTHLIE TKAHU Y€/10BEeKA H XKUBOTHHIX H
OKa3BIBAKOT MOJI0KHTENbHOE BAKIHIE HA TeYeHHe BeeX OMOMOTHYECKHX NPOLIECCOB. ITO
M3JIY4eHHC ITHPOKO UCHIOMB3YETCA B CETbCKOM XO3SHCTEE IPH YCTPOHCTBE NAapHUKOB.
JIyun, oTpaskasnch OT TapHHKA, BRI3BIBAIOT AONOIHUTENBHOE larpeBaHne TI0YBHL (nap-
Huxoavtii agpgexm). UndpakpacHoe n3.Tyuenve NPUMEHSIOT A1 CYIMKH MaTepna-
108, oBolleil, ppykTos. CosaaHbl 1pUBOPDI, B KOTOPHIX HH(PaKpacHOe M300paKCHUE
ofbekTa npeobpasyerca B BuaumMoe. MH(ppakpactible TOKATOPDI U JIJIBHOMEPE 00Hapy-
3KMBAIOT 0OBEKTHI B TCMHOTE, €CJIM MX TeMIIEPATYpa BRILIE TEMIIEPATyPbl OKPYJKAIOILeH
cpepl. Mg pakpacHsie Masepsl HCAOIB3YIOT /IS HA3EMHOH B KOCMHYECKOH CBSI3H.

19.16. PeHTreHOBCKHE ny4yu. UX npupoaa U CBOACTBA

Pentrenosexue ayuu. B 1895 r. B. Peutren, Habmofasa npoliecchl B ra3opaspsii-
HbIX TPYOKaX, OTKPbLA 3a0aA0YHBIE TYYU, KOTOPHIE TETIEPh HAZKHBAIOPEHINZEHOBCK U -
mu aysamu. OHU OBIIY O6HApPYKeHBI H1aronaps UX
CIOCOGHOCTH BHI3LIBATL CBeueHHe (DAYOpPecHHPYIOLIHNX
BELIEeCTB. JTH JIyYH BRISBIBAJIN 3eJieHOBATOE CBedeHue
CTEKJIA ra30PaspAgHOH TpyOKH B TOM MecTe, T/Ie Ha HETO
Magal moTok OBICTPHIX 3MEKTPOHOB M3 Katoma. PeHTre-
HOBCKHE JIy4YH CIIOCOOHEI IIPOHHMKATL Yepe3 Tela, HEMmpos-
padHhbie /i1 0OBIYHOTO CBETA, HAIIPUMED YEPHYIO OyMa-
TY, KAPTOH, TOIKHe CI0H MeTaniaa, OHH BISBIBAIOT 1O~
uepHenue (oTorpaghudeckoil MAACTUHKYA U NOTEPIO 3a-
pA/a 3MEKTPOCKOIA BCEACTEHE HOHH3AIIAY BO3IYXA.

Jdudpakums peHTTeHOBCKHX Tydeit. BoarKko npea-
MOAOKEHUE, YTO PEHTTEHOBCKHUE JIYYH — 3TO 3JEKTPOMAar-
LHMTHBIE BOJIHBL, KOTOPBIE H3JMYYAIOTCS MPM PEIKOM TOP-
MOXeHHH 3aeKTpoHoB. [[oATBepKASHHEM STOTO TIPEAITO-
J0KeHusa Moriio Oul ObITh ABNeHHe IM(PaKIHUH, IPUCY-
B. Penrren 1ee BceM BuaM BoaH. OHaKO OMBITKA HOJYYHATH AAD-
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PaKIMOHHYIO KAPTHHY HA Y3KHX UIENAX ¢
HNOMOLILIO PEHTTEHOBCKHX JIyYel ToTep-
neau reyaady. B 1912 r. M. Jlaya ausr Ha-
fmoneHHst TUGDPaKIIMK PEHTTEHORCKHX
Jydeii MpefyIOKHA HCTIOTB30BATh KPUC-
Tasuisl. Kpucramis npeacrasasior coboi
YIOPSAAOYECHHYIO CTPYKTYDY, XapaKyeph- 8 12 B==
3YIOIYIOCA MEXILTOCKOCTHBIMA PaccTos- M
HUAMH {PACCTOSHUSAMM MEKLY Y3IaMM

y ) PenTrenoBckoe
KPHCTALIMYECKOH PEIeTKH ) I0pAAKa He- naAyuCIHe
CKOJIBKHUX HAHOMETDOB, N SIBJIATOTCS CCTE- Puc. 10,24
CTBEHHOH [IPOCTPAHCTBEHHOH AudpaKuu-
OHHO} penerkoi. ONbITHL, NPOBEAEHHBIE
M. Tays n ApyrumM# GUIMKAMH, TOKA3ANH, ITOPEHM2ZEHOGCKUE MY YU — ITNO0 3NeK -
MPOMAZHUMHBLE BORHDBL, OTIUNBL KOTMOPBIX COOTREEMCMBYI0M paamepy amo-
Ma, m.e. om 8-1078 do 11072 m. ScHo, uTo OOHAPYRUTH TRGDPAKIHID PCHTTEHO-
BCKHX J(y9eil Ha TIOCKKX V3KVMX [HEMAX HeNb3s, TAK KaK MOJIYYHTE Lielb TAKOTo pas-
Mepa IPAKTHYECKH HEBOZMOXKHO.

Pentrenosckan tpy6ka. [Tos1yyatloT peHTTEHOBCKHE JIYUH B CIIEIHATBHBIX Hpyo-
pax, Ha3bIBAEMbIX permzenoacKumu mpybxamu (puc. 19.24). Pentrenosexas
TpyOKa npencTapaser coboi CTEKIAHNBIN GaLIOH, JABICHAE B KOTOPOM MOPSKA
0,1 MITa. McTOYHHKOM SMEKTPOHOB CYAHUT KaTo/, BHINOJIHEHHbIA H3 BOIb(paMa B
Bufie cnupaiy. IOTOK 3AeKTPOHOB, HCITYCKaEMEIX PACKAIEHHEIM KaTOAOM TIPH TEPMO-
3JEKTPOHHOH 3MUCCHH, YCKOPAETCA B CHIBHOM 3JEKTPHYECKOM [0JIe, CO30AHHOM HC-
TOYHHKOM BBICOKOTO HATPSDKEHHS, ¥ CKOPeHHBIH 110TOK 3JeKTPOHOB Na/laeT Ha Mac-
CHBHBII aHO/T, PACHOAMKEHHBIN 1107 YT7IoM Hopsiaka 45°, Takast reoMeTpHA aHOAA N0~
3BOJISTET YIIPAB/ISATH HATIPABJIEHHEM PAaCIIPOCTPAHEHMA JTy4cil. 3/IEKTPOHbI B O/I€ IPH-
oOpeTanT KuHeTHYecKyto 3uepruio E, = my?/2 = eU. TTonas Ha aHOM, OHA TOPMO3SIT-
€S 1IPH ABHAKEHHM B BEUIECTBE 3HOAA.

U = 50-200 xB D IeKTPOHBI
Karton

B peayibTate TOPMOKeHHs ObICTPBIX 31€KTPOHOB BO3HHKAET TOPMO3HOE PEHT-
TeHOBCKOE H3NyyYeHHE.

TopMo3Hoe peHTIeHOBCKOE HaAyIeH e HMeeT CILIOMHON HenpephIBHBIH CIIEKT],
TAK KaK JIeKTPOHH, GomGapaAupyIoNTHe aHOM, HMEIOT pa3anynbie ckopocTtd. IIpn ux
TOPMOXEHWH BO3HMKAOT TYYH PA3TUYHBIX AJHH BOJIH.

Maxcumanbias 3HEPTryusd PEHTTEHOBCKOIO H3MYYEHHA He MOXKET 11PEBbILIATD IJHED-
THM 3JEKTPOHA, KOTOPYIO TOT TIO/IYYHI B YCKOPSIOIEM TI0JIE.

IlpuMeHeHHE PEHTTEHOBCKUX Jy4deil. B HayKe H TexHuKe IIUPOKO UCIOAB3YIOTCA
TaKMe CBOHCTEA PEHTIeHOBCKHX JTy4el, Kak uX Go/bllas IPpOHHKAIONIAS CIIOCOOHOCTS,
LlEﬁCTBPlB Ha (l)UTOIIJIaCTH]{KH, CHOCOﬁHOCTb BBI3bIBATE HOHH3AITHIO B BEILECTBE, CKBO3b
KOTOpOE OHU TIPOXOIST,

Tak, penmezenoscxan dehexmockonua — cuocod onpe/lereH s HalHyHs, Me-
CTOHAXOXKACHHA H PAa3MEpPOB BHYTPCHHUX ILE(I)EKTOB B MaT¢pHaIax U U3ACTIUAX — OC-
HOBAaHA Ha PA3/ MUK OC/IabaeHs PEHTTEHOBCKUX JIyYel TPH WX OPOX0KIEHHH CKBO3b
YUACTKH H34eNTHNA paanuqﬂoﬁ NJAOTHOCTH H [IPOTAMEHHOCTH, B peHTI‘EHOBCKOﬁ
aedektTocKOonun Haunbosee PpacpoCTPAHEHHBIM sBJsIeTcs oTorpadmueckuit METOL ¢
MOJYUeHHeM H300DaXKeHHs Ha PEHTTEHOBCKOM [LTeHKe.
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C noMompblo PEHTTEHOCTPYKTYPHOTO aHAMH3A HCCAEAYIOT ATOMHYIO CTPYKTYPY Be-
IECTBA MYy TeM H3Y4elHa KapTHHEI JH(MPaKLUH H PACCESHUA PEHTIEHOBCKUX JTydeit
BELIECTBOM.

CBOHCTBO PEHTreHOBCKHX JIYYeii B Pa3THYHON CTEMEHH MO0 ATHCA PASHBIMK
NIEMEHTAMH, 4 TaKXe Cl'lOCOﬁHOCTb BRI3LIBATE CBEYCHHUE JIOMHHECITHDYIOIHX JKPa-
HOB J€TJI® B OCHOBY HX HIMPOKOTrO HCIIOJIB30BaHHA B MCITUUHWHC /14 IIPOCBEYHBAHNA
Pa3JAHYHBIX OPraHoOB YE/I0BEKA C Le/Ibi0 JHATHOCTHKY, UL IeYeHHs 3/10KAYeCTBeH-
HBIX OIIyX0Jieid, 15T 0OOHApYKeHNs B Telle Pa3TMYHBIX BKAIOYEHHH, HampHMep OCKOJI-
KOB. cD[/ISIfIOJIOI'PI‘-IeCKOE ,I[eﬁCTBHe PEHTICHOBCIKHX J]y‘-[eﬁ BIIEPBLIC HCCAEHOBAT pPyC-
cKutt akagemux A. M. Bexrepes.

KPATKUE BbIBOAbI

& YcToitynBasg KapTHHa HHTephCPeRiEH CBeTa Hab/0MAeTcd TPH HATOKEHHH KOTePeHT-
5 _ 26+

HLIX BOJIH APYr Ha Apyra. Boanw yeuwnmsator (& = &)) wm ocaabmsior 2

| o

JApPyTa B 3aBHCHMOCTH OT PA3HOCTH X013 MEXAY HIMH.

HanBonee pacnpoctpaueHsbiM NpuMepoM wHTepepeHilng cBeTa ABseTca nhtepdeped-
M3 B TOHKAX TieHKax. KorepeHTHBIE BOAHBI 00PA3YIOTCA NPH OTPLKEHHH CBETOBbIX BOJTH OT
JABYX NOBEPXHOCTEH mireHKH. Tak Kak pasHOCTb XOa HHTeppepHPYIOUIRX JTydel 3aBHCHT OT
TOJIIHHbI T/IEHKHA, TOKa3aTeNA MPeJOMICHI MATEPHAJA, YI/IZ NAAEHH JTydel W JTMHEE BONHBL
NaJAIOIEro CBCTA, TO HPH OCBEICHHH IEHKK DeNbiM cBeToM 06pasyeTcs LIBETHAN KAPTHHA MH-
rephepeHInm.

® Caem npepcT4BisieT coDoi AMEKTPOMATHHTHEIE BOJHBL, H JJIT HETO [PH ONPEIeAEHHBIX
yeopasx HabMoaeTca sBIeHHe Oudparxyi. ITo0 ABnenre 00BACHACTCA C TOMOLILINIP U -
yuna Iodzenca — Dpernens. CornacHo 3T0My NPUHIHNY, PUKTHERHEIE HCTOYHHKK KOTE-
PEHTHBL i HCITYCKAGMBIE HMH BOJIHBI MOTYT HHTEP(EPRPOBATH B MIOO0I TOUKE MIPOCTPAHCTBA.
Jlas Toro 4yToOk! ONPEAEAHTDb Pe3yabTaT AMPAKIH B HEKOTOPOI TouKe TIpocTpaHcTea, MDpe-
HeJlb TIPEAIORUI PasOHBaTh BOJHOBYIO TOBEPXHOCTH Ha OTHebHBIe yuacTKH (30uEr). [Toabsy-
ACk MeTO0M 30H DpeHess, MOKHO PACCUHTATE AHDPAKIHOHHBIC KAPTHHEL OT wean H Andpak-
NMUOHHOH PENIETKH.

Y1071, onpeneA il HANpas/TeHie Ha raBHbl AH(DPAKINOHHBII MAKCHMYM CHEKTDA, [10-
JYYEHHOTO € IOMOIIBIO PEINETKH, HAXOAAT U3 COOTHOMIEHTHA

dsinp = kX

Hudpaximonnan pemeTka pasnaract 0easiif CBET B CHEKTP 10 ATHHAM Boan. C ee IToMOTIBI0
MOKHO H3MEPATD JUIHHBI CBETOBBIX BOJIH.

® l'onozpaghus — ocobbiit METOA PETHCTPARMH HA POTONNACTHHKE BOAHOBOTO (PPOHTA H3-
AYYEHHA, BAYILETO OT NPeaMeTa, i 3aTeM BOCCTAHOBAEHHS 3TOr0 (DPOHTA /1A NOTyUeHusA H3oh-
paxcenua npeameta. lonorpadms puMeHseTcs IS 3aMucH W XpaneHus 6oabioro wagopma-
HOHHOTO MaTepHana, B KHHO, Ha TCICBHAeHHH A T.1. OHa SBJIsIeTca OJHAM H3 TePCHeKTHBHBIX
METOJI0B COBPeMEHHOHN (PUIHKI.

® TlonepeyHOCTh CBETOBBIX BOAH HBLIA I0KA3IAHA SKCIICPUMEHTANBHO NPH HAO M0 ACHHH TIPO-
X(MKIEHHA CBETA 4€PE3 AHU30TPOTIHBIE CPEA — KPHCTaJLILL.

JeHcTBHE CBETA Ha BEWECTBO ONPEAEIIETCA B OCHOBHOM BEKTOPOM HanpsikeHHOCTHE ajiek-
TPHYECKOTO TS,

Ecau xonebanns pexropa, E NPOMCXOAAT BO BCERO3MOXKHBIX HANPABJEHNAX, B ILIOCKOCTH,
TIePNEHAHKY/IPHOH HATIPABJICHHIO PACTIPOCTPAHCHUSA BOJIHDL, TO CBET HA3BIBAIOT eCTECTBEHHBIM.
Ecan konebanivs MpoMCXOAAT TOMBKO B OTHOM HATIDABJICHHM, TO CBET Ha3bIBAIOT NOJAPH3OBAH-
1niM. [TonspraoBanbiil CBET MOMXKHO TOYYNTH IPH OPETOMIIEHHH 1 OTPIKEHHH OT TPAHHIL pa3-
AeNa ABYX AHINEKTPHKOB. CBeT MOXKeT MOTAPH3OBATECS MPH MPOXOAICHHH Yepe3 aHH30TpoT-

HYIO cpeny.
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® fHanenue norIpUIALLL NOKA3LIBAET IONEPEYHBIH XaPAKTED CBETOBHIX BOMH. [lomepey-
HOCTL CBETOBEIX BOJTH [TOATBEPIKIALTCH H HICKTPOMATHUTHOLN TEOPHEH CBETA.

#® 3aBUCHMOCTD TIOKA3aTe A IPEIOMIeH N BeUiecTBa OT HIHHEL BOJTHE HA3LIBAIOT AHCTIEp-
cueit cBera. PeayapraTtoM AMCTEPCUH SBISETCH PA3I0KEHWe IPH3MOii 6elloTo CBETA B CHEKTD.
Jucnepcus xapakTepHa s Beex cpeji, KpoMe BaKyyMa.

Jucnepcuio HA3BIBAIOT HOPMAIBHEOH, €CAH MOKA3ATeNb MPEAOMIEHHA BO3PACTAET C YMEHA-
IMeHHEM A/THHBI BOJHDBL.

® Bna cnexmpos ucnycrxanust 3aBHCHAT OT XUMIMECKOH ITPHPOAH ¥ COCTOAHHS TEa.
CrexTp packaIeHHOro TBEPAOTo TeIa — cruioutHoi. CriekTpst ra3os WK NapoB — AvHeHYaTHE.
CHEKTDBI MOJEKYT — HOJIOCATHIE,

® Cnexmput no210UeHUA NOIYYA0TCA IPH MPOXOKICHRH M TIOMJIONIeHUH 3Ty eHuis B
BELECTRE, ATOMBI AGHHOTO BELECTHBA MOIIMSIAIOT TE CBETOBBIC BOAHb], KOTOPbIE OHM CaMI HC-
nyckaioT. [o cnexrpaM HOCoiesus olpeaenanT XUMUIECKHR cocTas {COTHIEA U 38e31.

@ JTyus, KOTOpbIe HMEIOT ATHHbI BOJTH MEHBUINE, 4eM (PUoeToBbIe, IPenomIioTcs 6oapime
GHONETOBRIX JIydeit 1 exKar 3a PHOMETOROH YaCTLiO CHEKTPA, HA3HBAOTYALMPAPUOAETO-
e, Ux 0BHApy¥WBAIOT 110 XMMMIECKOMY IeHCTBHIO.

JIyuu, KOTODBIE MMEIOT A/THHBE BOAH DOJbILE, YeM KpacHble, IPpeloM/ISIOTCA MeHbIe Kpac-
HBIX JIy4eil ¥ JeKaT 34 KPacHBIM KOHLIOM CHEKTpa, HasHBaTHHpparkpacruimu. VIx obHapy-
JKUBAIOT O TEILIOBOMY IeHCTBHIO.

@ CrrekTpH 3Re3] KpailHe pasaooOpasusl. [loyry Bce oln — cieKTpR nornomenuA. lset n
COEeKTD 36€3/4 CBA3AKB ¢ MX Temnepatypod, FCTOUHIKOM JHEpIHH, TI0Tyd9aeMOi HOAbINHHE TBOM
3pe3 1 COMHUEM, CAYKAT sS/iePHbIC PeRKLMH IPeBPAtEHMst BGAOPOAA B TeHi.

@ PenmeenosCKoe waAyyentie BO3HAKAeT IPH P3KOM TOPMOXEHHH GLICTPHIX 2/IeKTPo-
Hos. Ero criexTp cruiowiHod. MakcHManbhasd SHEPrus peHTIEHOBCKOTO H3IYUEHHS He MOXET
TPERHIHIATH IHEPTUIO 3IEKTPOHA, KOTOPYIO OH HOAYYHIL B YCKOPSTIOWEM [T0JIE.

XapaxTepHCTHYeCKOE PEHTTEHOBCKOE HIJIYUCHHe HMeeT JTHHeaTsIi cnekTp. YacToTs ero
JIMHWH XapakTepH3yIOT BEIECTBO aHOA.

PenTreHosckoe HanyYeHye HCTIOALIYIOT B MEIUIIMHE U TEXHHKE, HaYYHBIX HCCIETOBAHMHAX.

E Bonpochl AN CAMOKOHTPONA K NOBTOPEHHUA

1. YUto o3HAUAET MOHOXPOMATHYHOCTE CReTOBRIX BoxH? 2. YTO NMPOMCXOANT NpH ABACHHA
uarepdepennmd cpera? 3, [Tpu kakux yeaoBuax HabIogaeTCA MAKCHMANBHOE YCHACHHE, MaK-
CHMAIBbHOE ocKabaeHue B HHTER(EPEHITHOHHON KADTHHE OT ABYX KOTEPEHTHBIX UCTONHHKOB?
4. TIpK KaK\X YCAOBHAX MOKHEO Habao1aTh A pakiroHRY0 Kapruny? 3. Ure npeActaniser
coboii pupaxuuonnas pemietka? 6. [Ipy Kakux Yea0BHAX HaGAIORAIOTCA [JI2BHAIE MAKCHMY -
MBI TIPH TOPMATLHOM HafEHHH MOHOXPOMATHYECKOTO CBeTa Ha peuletky? 7. Y9To MOXKHO Ha-
6AIAaTE NPY GCBeeHHH TRPPAKTMOHHON PeIICTKH OeMeIM cBeToM? 8. Y KaKuxX BOJTH MOKHO
Habampath sisienne nospazanui? 9. Uro 10xasuiBaeT grIeHue Noagpuaanyn ceeta?10. Kax
MOXKHO 00BACHHTE AucHepcHio ceeta? 11. Kakue cymectByOT IMAUE CIIEKTPOB H3TYICHUA?
12, *Uem OTIHYACTCA APUAMATHYECKKI cIleKTp oT Audpakurodnoro? 13. *Kakoii Bua uMeror
CIICKTPHL CBETAIIETOCS [A3a U OT U€TO OHY 3aBHCAT? 14. PaccKaKMTe 0 METOAE CEeKTPAILHOI0
anammza. 13. Kakvmvu cpoifcTaamu of1agaoT 1 kakoe GHOI0rHYecKkoe AeHCTBHE Ha SKHRBIE OpTa-
HU3MBl OKa3biBAeT yIbTpadHoacTOBoC uaaydente? 6. Pacciarnre 06 undpakpacHom nany-
YeiHH | ero ceoticTax, Kakopul npupoaa 1 cBOACTEA PEHTIEHOBCKUX Tydel?

Mpumepsl pailleHKa 3apaM

® 3aaaua 1. Ha MbUIBHYIO II€HKY, HAXOJSITYIOCA B BO3AYXe, HOK yraoM  61°107
NafaeT NapaiaelbHbIH TyU0K MOHOXPOMATHYECKHX ay4eil A = 0,52 MEM. [Tpu kakoi
HaHMeHBbIIeH TOAIKHE IUTEHKU CTAHYT BU/THAL HTepGepeHIMOHHELE TIONOCH, €CTIH Ha-
Oumozenve BeleTCs B OTPAXKeHHOM CReTe?
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Jano: X =0,52-10%M; o = 61°10"; n = 1,33.
Haiim: d.
Pemenne. 3anyuureM ycaosHe MakcuMyMa (19.4):

2dn? —sin® a + %,

2
re d — TOJINMHA IVIEHKHM B TOYKe HaOJIONEHHS,n — 1T0KA3aTe b MPETOMIIEHHS TLTIEHKH,
o — VIO TIajleHis Iyyel CBeTa; \ — JI/IMHA BOTHEI Magatoniero cera. Caaraemoe 2/2
VYUTHIBAET TOTEPIO MOIYBOJHEI TPH OTPKEHHUH CBETA OT MBIIbHOI IIeHKH (T. €. OT
TPAHHIIEL PA3/IENA BO3IYX — IUIEHKA ).

Ipuuas &£ = 1, Tak KaK TOJLUMHA OCHKH HAUMEHBUIAS, HalleM

bN
d=—F— ="
d+/n? — sin?
Buiunciaenns:
. 0,52-107% M . 0,52-10%m
41,337 —sin? 62°10°  44/1,33% — 0,8767

=0,13-107% M = 0,13 MKM.

Oreer: d = 0,13 MEM.

e 3anava 2. Ha nudpaxumonnyio pewreTky, AMeoinyio 500 WITPHXOB Ha MHJLIH-
METP, IAJIAET MA0CKas MOHOXpoMaTHYecKad BonHa (A = 0,5 MxmM). Onmpeaeants nan-
GOMBIIMH NMOPAAOK CIIEKTPa, KOTOPBIH MOKHO HaOAI0AATh HPH HOPMAJIbHOM MAAeHHH
JNy4eH Ha PeleTKy.

Jano: A =0,5-10"m; N = 500 vm~! = 5-10° 7L,

Haiiru: k...

Pemenne. YcaoBHe I1aBHEIX MAKCHMYMOB

dsin g = k.

MakcuMarLHOMY & COOTBETCTBYET sin @ = 1, Hoatomy

d - kln&}()\'
Torma
kmax = i,
A
rpe d=1/N.
Brruucaexusa:
103
g=110M 9100w,
500
P 2:10°m
"T0,5-107% M
Oreer: £, = 4.
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& 3anayva 3. [Tox KakuM YTIIOM K TOPH3OHTY A0KHO HaxoauThes Conrlie, wTo6h!
Jly4d, OTpaKeHHBIE OT TIOBEPXHOCTH 03epa, GBLTH MAKCHMATLHO NOJISIPU30BAHEI?

Hano: n= 1,33,

Haifru: ~.

Pemenne. OTpaskeHHBTI T4 MAKCHMATHHO TIOISPU30BAH, €CJIH 177 VT4 § ero na-
JeHHs BHIMOMHAeTes yenore Bproctepa (19.6):

tgig =1,

TAe 7 — OTHOCHTEIBHBIH MOKA3ATENE [IPeoMIeHHs ARYX cped. ComHIe HAXOQUTCH K
TOPU30HTY L0/ YIJIOM

N=7/2 — i
Toraa

ig = arctg n = arctg 1,33 &~ 53°% ~=90° — 53° = 37°.
Otser: ~ = 37°.

ﬂ 3agayn AnA CaMOCTORTENbHOMO pewieHHn

1. Kakyo HAaMMeHbIIYIO TOIUHY AOJHHA HMETh MbUIBHAS MJIEHKA, YTO(b OTPayKeH Hbie Iy H
HMCIH KpacEyo oxpacky (A = 0,63 mrm)? Bexsni nyq nanaer Ha naeHKy nox yraom 30°.

2. Ha torkyio mrenxy (n= 1,33) mox yraom 50° maaeT mapaireAsHbl MyYokK He7oro ceeta.
[Tpy Kako# TOMITHE TIEHKH OTPRKEHHBIE CBET HMeeT MAaKCUMYM AJIA 2LTHHEL BOJIHGI (0,5 MEM?

3. Ha Tonkyio nieHky ¢ 1iokasaresieM TPeNoMICHHA 1,5, pacomoXelInyio B BOJAYXe, Maja-
€T HOPMATBH( MOHOXPOMATHYECKHMH CBET C IJIMHOA BOJTHBIN. QLPEIeNUTh, KaKoH S0MKHA OLITE
HAUMEHDLLIAS TOAMHA TTeHKHE, 4T0OE B OTDAXKCHHOM CBETC OHa Kasaxach TeMHoH. Kaxoii nzer
6yIeT HMETh TLTEHKS, eCJIH £€ TOMTIHEA paBHa 1,6607

4. Ha nuactunky ¢ menso muprizoi 0,7 MM Na/iaeT HOPMAaJTbHO K HeH MOHOXPOMaTHHeCKHH
cpeT ¢ Auuoit gonHs! 0,7 mxm. OnpeaenTh IAPHEY HEHTPATLHOI CBCTAOH IOFOCDL, €CIH K-
Paf yAaJeH QT MIETH HA PACCTOAHHE 1 M,

5. Ha venrpozpauHbiit 3Kpad ¢ Meqsk WHPHHOR 1() MKM magaeT napannesnpHblil my4ox Mo-
HOXPOMATHYECKOTC CBeTa, Y0/ OTKIOHEHHS BTODOTO MQPAKIHOHHOTO MakcHMymMar ° 10, On-
PEAEINUTD JINHHY BOJHEI HANAKIETO CRETA.

6. Ha mems mmupinoii 2 MM Iaxaet ICpIelIHKYIISIPHO MOHOXPOMATHUCCKHEL CBET ¢ JITTHHOH
BONHBI = 1,589 MicM. Haifiti Bee yTuipt, B HADDaBIeHHA KOTOPBIX IMaOII0A10TCA MAKCUMYMBY CBETA.

7. Ha tudhpakuuosHy0 peteTky HOpMATBLHO K Hell 1aiaeT MOHOXpoMaTideckiii ceer. Max-
CHMYM BTOPOTO TOPA/IKA HAbmoAaeTcs o yrioM 30° k HopMami. CKOBKO CIIEKTPOB Pasand-
HBIX IOPSAAKOB JaeT AMPPAKIHOHHAA PelNeTKa?

8. Ilpu HOPMABHOM ITA/IEHHK CBETA Ha AM(PPAKUHOHHYIO PEILETKY UKA3410CD, YTO MO yT-
noM 35° COBMAZAIOT MAKCHMYMDI CIIGKTPAIBHAIX THHUE ¢ AanHaMA BorH 0,576 U 0,384 Mkm.
Onpepe/nThb HEPHO PEIIETKK W LOPS/IOK CIEKTPUB, K KOTODBIM OTHOCATCS a1 JHHrR. M3Bec-
THO, YTO I/ BTOPOH CIeKTPaJbHON THHMM MAaKCHMAMbLIBIT IOPAAOK CIEKTPa, AaBaEMBIH pe-
IHETKOM, paBeH MsTH.

9. JIyu ceera, npoxoagumii yepes 10 POIHLL, NajaeT HA KBApUeBYIO IACTHHKY, YaCTHYHO
OTPaIKAETCS, YACTHYHO nperoMagerca. OnpeJenuTs, KaKMM J0/DKEH GBITh YTOX MajieHns], 4To-
b1 TPEJIOMITEHHEL JTYY OBLT IEPIIEHANKYIHPEH UTPAKEHHOMY.

10. Ilpun nepexone ny4a cBeTa U3 HEPBOH CPeBl BO BTOPYIO IIPCAEALHBIN YI0I 0Ka3aca paR-
HbIM 61°. [Tox KakyM YI/10M HA TPAHHILY PA3/IENa ITHX CPpefl TOMDKEH TT/IATE JIyY, HAYILKEH 3 BTO-
poii cpelst B uepsyio, yTo0bl OTpakeHHLLH Ty4 ObL1 MOMTHOCTLIO IOIAPH30saH? CAe/aTh HepPTes.

vo Knouessie cnoea: nHrepgepeHyna, angpakumns, npuHuynn lNodreqca —
Dperens, nonapu3auna, NoASpONE, ANCIIEDCUA, CAEKTD, H3YyYeHHe.
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3a CpapHHTEIPHO KOPOTKHIT CPOK BOIIPOCH ATOMHOI U SIepHOH QH3HKH U3 Teope-
THYECKHX W BKCTIEPUMEHTAJIHHEIX CTATH MPaKTHYeCKHMH W TIPOMBITILIEHHBIMH. Ha ux
OCHOBe IIOCTPOEHBI ATOMHAS, PEHTTEHOBCKAS, PATHOCIEKTPOCKOIIN, CO3IaHbl KBaH-
TOBEIE TeHEPaTOPbI, IOCTPOEHBI ATOMHbIE PEAKTOPHL, ATOMHBIE 9A€KTPOCTAHLINH H
KopabuIn.

Onuospemenno ¢ (bU3HKOIH ATOMHOIO SIpa Hadana OBICTPO PA3BUBAThCA (PHIBHKA
ameMeHTapHbIX 4acTHi. [lepBble yciexu B 310# OOMACTH CBA3AHBI ¢ H3YYEHHEM KOC-
MHYeCKHX Jyueit, BRITO OTKPBITO HOMBIIOE KOMTHUECTRBO 2ieMeHTapHbIX YacTun, O6-
Hapy)XeHa YHHBCpPCaIbHASA B3aUMOTPEBEPAlacMOCTh HX.

ES Hcropryeckas CHpaBKa. 2JICKTPOMATHITTHOMY H3AYYEHHIO IIPHCYIIM KaK BOJTHOBHIE, TAK

¥ KBAHTOBHIE CBOHCTBA — YeM 00JbIIE JUTHHA BOJHB HAIYIeHHS, TeM OoJblIe oHO 00Ha-
PYXKBAET BOJIHOBbIE CBOMCTBR; Y4EM MEHBITIE ANUHA BOIHLL, TEM OTUET/THBEE TPOARIAIOTCHA KBAH-
TOBbIE CBOUCTBA M3JIyYEHMSI.

CBA3b MeXY BOJIHOBEIMH U KOPIYCKYJISPHEIMH CROHCTBAMH 3JIEKTPOMATHHTHOIO H3JyYe-
HI1A olipenensiercs dopmymroit [lnanka E = hv, win E= hef/h.

Taxkue ABICHAA, KK TeNLIOBOE HanyseHue, hoToanexrpuaeckuit ahdexT, MOTYT OBITE TTOHA-
THt HCXOAA JIMOIb B3 KBAHTOBOH TeOPHH WAXYUEHHS H MOMMNOIERHS 3AEKTPOMATHHTHOTO HAIY-
YEHUS.

Spnenne saeninero dotoapdexra Huumo obuapyxero I.Tepuem, uccaenosano A. T. Ctome-
TOBBIM H 00BACHEHO A. DHHIITEHHOM,

Hosriit aTan B pasBHTHH (DU3HMKH CBA3aH C OTKPEITHEM B
1887 r. ajiexTpoHa. BeISICHHIOCE, YTO ATOMEL He JIeMEHTapHH,
a MPEACTABISTIOT CON0M CIOKHBIE CHCTEMEL, B COCTaB KOTOPBIX
BXOIUIT 3JI€KTPOHBL.

Peiraomyo pons 415 NOHUMAaHWs CTPYKTYPH aToMa CHIT-
pani onsiTH aHrauiickoro ¢maua J. Pesepdopaa no paccesi-
HHIO (--JACTHI. JTH ONBITH ABASIOTCA PyHAAMEHTANBHBIMU He
TOJBKO [j1A aTOMBOH, HO U simepHoil dusnkn. OrHIM 13 T1aB-
HE[X JAOCTHKeHHH YYeHOTO BHI0 OTKPLITHE ATOMHOTO SADA
(BNIOCAERCTBHH S1/IePHYI0 (I7IaHETAPHYIO) MOZAEIb ATOMA CTAAH
HA3BIBATE MOAENBIC aTOMA Pesepdopna).

Jarckwit hirank H. Bop pazpaboTa TeopHIo aToMa Bo10po-
aa (1913). B ocaoge Teopuu atoma no Bopy nexur paj xopo-
110 M3BECTHBIX B HACTONALIEE BpeMs mocTy1aToB (oM. 21.4).

B yTBep:XIeHHM OCHOB KBAHTOBOH (DH3NKK BASKHAT POJL
3. Pesepdopn npuHapTexHT A, JitnmreiHy (1879 - 1955).
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frnaesa 20
KBAHTOBASl ONTUKA

20.1. KsaHtoBas runote3a MNnaHKa. POTOHMI
Tnoreaa Ilnanka. B 1900 r. Hemeurkutit duanx M. Iliank npeanonosxmn caeayiolee:

SHEPINA MCMYCKAETCH TEIOM HE HENPEPLIBHO, KAK 3T0 NPEAN0Jarajloch B KIac-
cudeckol PpHaHKe, a OT/IENbHBIME TMCKPETHBIMH OPUMAMH — KBAHTAMH, JHep-
rus E KOTOPbIX MPONOPUAOHATBHEA YacToTe  KoaebaHuit:

E= hv. (20.1)

3necs h= 6,62 10 * I - c — nocmoannan [lnanxa, WM KBAHT ACHCTBUA.
Joboe Teno cocTouT U3 GOABITOTO YHCIA ATOMOB, KaXXIbli U3 aTOMOB M31yJaeT
ajlekTpoMarHuTHbie BosHbL CornacHo eunomese llnanxa,

SHEPIUsA aToOMa MOXKeT H3IMCHATHCH JHIITh onpeneneHHbIMH NOPIHHAMH — KBAHTA-
MH, KPATHBIMH HEXOTOPOii SHEPIHH, T. €. NPHHUMATD 3HadeHHa £, 2F 3E, .., nk.

3nas noctoaunyio [Liasnka, MOXHO HaliTH KBAaHTSI SHEPruu U1 KosebaHuii ¢ pas-
JIMYHBIMH YACTOTAMH. 3Ta SHeprus o4eHb Mana. Jaxe ams wacrors 10 Tix oHa paBHa
hv = 6.6 102 ]I, TaK 4TO C MAKPOCKOITMYECKOH TOYKH 3pedus s3Heprus KoaebaHmnit
IPEICTABIACTCH HAIMEHSIOLIEcs HellpepbiBHo. OAHaKO B MUKPOMIIDE, T1e IPUXOAHTCA
UMETh J€JI0 ¢ MAABIMHU BETMUHMHAMH, 3TH HEPTHH OKa3bIBAIOTCS BECbMA 3AMETHBIMH,

Doronnt. Pasputre rumoressl [IraHka npuBeno K cO3AAHNIO IIPeACTABIEHHH O
KBaHTOBLIX CBOHCTRAX cBeTa, KBaHTH CBeTA NOAYYMIAN Ha3BaHHe ghomonbe. Cornac-
HO 3aKOHY IPOTIOPLMOHAILHOCTH MAacChl M SHePTHY M runoTese I1nanka, sueprua go-
TOHA OIpeAeaseTcs 10 (hopMy.TaM

E=md, E=hw

[TpupaBHsB IpaBHE YacTh ypaBHEeHUH, TOTYIUM BEIpaXKeHYe A1 Macchl oToHa:

m="2 (20.2)
C
WIH, YIUTBIBaA, YTO € = AV,
h
m= N (20.3)

Hmnyasvc pomona — 310 TIPOHIBEAICHHE €I0 MACCHI HA CKOpOCTh: p = mc. Iloa-

h
crasus m u3 (20.2), nonyudm p = ——U-, WY
¢

p= (20.4)

h
N
B Macca noxos ¢orona paBHa RyIo.

KBaHT 21eKTpOMarHMTHOTO U3AYYCHHUS PACIPOCTPAH AETCA CO CKOPOCTBIO CBe-
Ta, 06J'[aﬂaﬂ npH 3TOM KOHCYHBIMH 3HAYEHUAMHA SHEPriuN ¥ HMIIYJ1bCA.

B MOHOXPOMATHYECKOM CBETe ¢ 4acTOTo v Bce HOTOHBI HMEIOT OJMHAKOBYI0 3HED-
U0, UMITYJIBEC 11 MAacCCy.
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20.2. BHelWHWA U BRYTpPeHHU doToaddeKT

Buemmmii u BuyTpennnit poroaddext. Kpanrosas rumoresa [lnaHka v uayveHHe
doToanexTprdyeckoro adderta IBUINACL OCHOBAHUEM A CO3AAHUN KBAHTOBOH Te0-
PHH CBeTa.

Domosaexmpunecikuii 3¢h¢pexm — BHIPLIBALINE 3TEKTPOHOB U3 ATOMOR UITH
MOJIEKYJI BEIIeCTBA MO eHCTRIEM cBeTa (M3NyYeHHsA ) — BOepBbie Onla oOHApyKeH
B 1887 r. . 'epuem.

Ecnv aneKTpoHBL, BHEOMTEIE CBETOM, BEUIETAIOT 3a IIPEAETBI BEIIECTRA, TO (oTo3d-
(beKT Ha3BIBAIOT @nemnum. BHewHui doToaddext Habmoaaerca raasabM obpa-
30M y MeTa/oB. Ecii ke 0TOPBAHHEBIE OT CRBOMX aTOMOB WJTH MOJIEKY.T 3IEKTPOHE
OCTAIOTCs BHYTPU OCBENIAEMOTO BEIIECTBA B KAYeCTBe CBODOMHKX, TO (hoToadhderT
Ha3BIBAIOT SHYMPEHHUM.

BuyTpenuawuii otoadderT HabioaaeTcss Y HeKOTOPHIX MOy IPOBOIHUKOB H B MEHB-
Liel CTEelleHH ¥ TUAMeKTPHEOB. SIBIeHne BHenHero (hoToadekTa BIepBbie GLLI0 He-
caenosano A.T.Cronerosem B 1890 r. SIBneHue BHyTperHero ¢oroaddexta OpL10
uccrefoBano aka1 A. Moddge B 1908 1.

Cxema ousitoB CroneToBa Mo MCCIEL0BaHMIO BHENTHeTo hoToadderta naobpaske-
Ha Ha puc. 20.1. B BakyymMHoii TpyOKke noMenaoT uccaeayeMyio wiactuny K, cnyxa-
Y0 KaTOAOM, H BCIIOMOIATEIbHBIH 3JAEKTPOA A, CAVKALIINN aHOI0M, JeKTpoabl K u
A yepes noterrMoMeTp RP MOAKTIOYEHB! K HCTOYHHKY HanpsikeHus:. HanpsokeHWe
MEKIY AEKTPoAaMI (AHONHOE HAMPSIKEHKE) H3MEPSAIOT BOMTETMETPOMVY, TOK B TIETTH —
rarsBaHoMeTpoM I

Ecnu naactuaky K He ocsemarh, To TOKa B IEMH He OY/ICT, TaK KakK BaKyYMHBIH
HIPOMENKYTOK MEXIY KaToAoM H aHOAOM TOKa He IpOBOANT. Ecai e necaemyeMy
ITAaCTHHKY OCBETHUTD Yepe3 oKkHO C, TO CBeT BBIPBET M3 [IACTHHKY 3J1eKTPOHBI (MX Ha-
3uIBaOT romoasnexmponamu). 11ox neHCTBEEM aNeKTpUIeCKOID [tosig GoToaeK-
TPOHBE ABHKYTCA K aHOMY A, 3aMBIKAs HeTb. IanhBaHOMETD MOKA3HIBAET HATTHYHE TOKA
(ero HasbiBawT Promomoxort). C 1oMOMEI0 NoTeHIHOMeTpa RP MOKHO M3MEHSATE
3HAUCHHE M 3HAK aHOAHOI'0 HanpsmreHust. CliesyeT HMEeTh B BHAY, YTO TOK B LeNH BO3-
HHUK2eT U B TOM CIyHae, KOT/[a aHOHOE HATIPSUKEHHE PABHO HYJTIO U IAKeE TIPH HeOOMb-
MIOM 3a4EPIKHUBAIOILEM OTPUIATENBHOM HAPAKeHNH. QOOBACHAETCA 3TO TEM, YTO BHI-
JETAIIHE U3 KATOAA (POTOIEKTPOHBI 00IANAI0T KHHE-
THYeCKOH 2HEPTHEH, 32 CUeT KOTOpOil copepluaercs pa-
60Ta MMPOTHE CHJT 33/IEPKHBAIOIIETO TIOJI,

Ha puc. 20.2 nokaszana 3aBUCHUMOCTE CHJTH (POTOTOKA
OT AHOMHOTO HALIPSKEHHHA IIPH HEU3MEeHHOM CBETOBOM
MOTOKE,

[Ipu onpenenennoit pasHOCTH TOTEHIIHATIOR MCKIY
9/1eKTPOAAMH BCe BbIPBAHHBIE M3 KATOAA DJIeKTPOHBL KO-
CTUTHYT aHo/a, UePe3 raTbBAHOMET] MOHAeT TOK, KOTO-
PEIH ONpeaesisaeTea YHCIOM MeKTPOHOB, BEIPHBAEMEIX
CBETOM C 110BEPXHOCTH KATO/IA 34 e[MHHUIY BpEMeHH.
DTOT TOK HAa3HBAOT MoOKoM nacuiwenusr 1, Ecan
MOJEe TOPMO3UT 3JACKTPOHEI, TO TIPH HEKOTOPOM 3HAYE-
HHH (f, 51eKTPOREI IePecTaloT BhUIETATh H3 KaToga. [lo
3HaueHHI0 U, MOXHO OIpPefe]IUTh CKOPOCTE BBLIETAI0-
A.T. Croneros HNIHX 3NeKTPOHOB.
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Puc. 20.1 Puc. 20.2

ITycTh ¥ — CKOPOCTH BBLIETAIOTIETO 3MEKTPOHA, M W €. — ero Macca M sapsajl. Kune-
THYECKas! 3HEPTHA 3TOTO EKTPOHA PaBHamu? /2. DIEKTPOH MOKeT NPOeTaTh CKBO3b
TOPMO3SIIIEE TI0/I€, PA3HOCTD HOTEHUKAIOB KOoToporo paeHa U, eciu el < mv?*/2. On-
peaenus U, u3 yeaosusa my® 2 = ell,, HalileM CKOPOCTD 9THX 3/1€KTPOHOB!

v ’2& {5 , TAe U — 3anepuBaioniee HanpsDKeHue, (20.5)
m

3akonsl CrojieTora, B pe3yabTaTe MHOTOUHCIEHHBIX TIATEIBHO NOCTABACHHBIX
onhiToB CTOETOR YCTAaHOBHI CEAYIOLIHE 3AKOHbE homosdppexma.

1. Cxna ¢oroToka HacHIEHHA [, BOSHUKAICHIETO PH OCBEEHHH MOHOXpOMa-
THYECKHM CBCTOM, MPOROPIHOHAILHA CBETOBOMY NOTOKY, NaKA0INeMy Ha KATON:

I, = ko, (20.6)

KoagdumuenT nponopiHoHaIbHOCTH k, COOTBCTCTBYIOIIUI cHie GoTOTOKA (BHI-
pakeHHOH B MKA) TP OCBEIIEHHOCTH KATOAA CBETOBBIM MOTOKCM 1 JIM, HA3BIBAKT
PomaoryecmeumesbHOCMbIO 0CBelaeMoN TIACTUHKH. (OH BRIpaXKaeTCa B MUK -
poamnepax Ha romer (MKA /M)

2. Cxopoctb (POTONEKTPOHOB YBEIHYHBAETCA ¢ POCTOM YACTOTHI (C YMEHb-
nieHHeM JJIHHBI BOJHBI) NMAJAI0NIET0 CBETa H He 3ABMCHT OT HHTEHCHBHOCTH
CBETOROT0 MOTOKA.

3. He3aBHCHMO OT HHTEHCHBHOCTH CBETOBOro notoka (potoaddexr nayuna-
€TCS TOJBKO IIPH OupeaeleHHOH 15 AaHHOTO MeTajllla MUHAMAbLHOH YacToTe
(MakcUMaIbHOI JUTHHE BOJIHBI) CBETa, HadnBaeMoii kpacHoit rpannueii ¢o-
To3¢peKTa.

Bonnosas teopust cB&Ta 0KA3aTach B COCTOSAHWH OOBACHHTD JTHIIL IepPBbIH U3 FTHX
3akoHOB. COTJIaCHO 3TOH TeOPHM, CBET, NPEACTABIAONINN OO0 3IeKTPOMArHUTHBIE
BOJIHBI, PUBOAMT IEKTPOHBE, HAXOAsIuecs 8O3 NOBEPXHOCTH METaslAa, B KoJle-
OaTeNbHOE ABHKEHHE ¢ AMILIMTYA0H, 3aBHCSHIEH OT HAPSUKCHHOCTH TOJA, a4 CJIEL0-
BaTE/IbHO, 0T HHTEHCHBHOCTH MAJAIoNIero cBeTa. B pesysibTare 31eKTPOH 1puobpera-
€T KHHETHYECKYI) SHEPIUIO, 0CTATOYHYIO 451 IPe0JQOIeHUS CHIIBE HPHTSDKEHHA 110-
JIOKHTEIPHBIX HOHOB H BBLIETA €70 M3 MeTauia. YeM 60ABIIE MHTCHCHBHOCTD HAJa0-
IIIETO CBETA, TeM OOJIbIINE YHCIT0 HIEKTPOHOB MOMKET IIONYYHTh JHEPTHIO, JOCTATOYHYIO
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A1 BblaeTa U3 MeTaKLTa, ¥ TeM Oosplle OyaeT POTOTOK HackImeHHs. JTO OOBbACHAET
nepsuH 3aKk0H dotoadderta. Ho 13 31010 e paccyKAeHHA CleEVeT, YTO KHHETHYEC-
Kas BHePIUs BLIJIETAIOUIMX 371€KTPOHOB Takke N0KHA OBITH NPOTOPIUUOHATbHA HH-
TeHCHBHOCTH MaAIOIIErQ HA IVIACTHHKY CBETA, a 3TO MPOTHBOPEYHT BTOPOMY 3aKOHY.
TouHO TaK e HEMOHATHBIM € TOUKH 3PEHNA BOJHOBOI TEODHH ABAAETCS U CYILECTBO-
BaHHe KpacHOH rpauuusl Gotoaddekra.

Ypasnenue Jitamreiina, YTo6b 06bACHHTD 3TH 3aTaJOYHBIE 3AKOHOMEPHOCTH (ho-
Toaddexra, A IHHIITERH HCNOIB30BaN THIoTe3y [LnaHka, rOBOPAIIYIO O TOM, YTO
3JIEKTPOMATHHTHOE U3MYUEHHE TIPecTaBageT cobol He HEpePbIBHYIO BOJIHY, & M0-
TOK OTIEIbHBIX YACTHL — KBAaHTOB.

JHHINTEH NPeANoN0KHT, YTO ABIeHHe POToaNeKTpIYecKoro adgeKTa ABIAETCA
MOATBEpKIeHEEM AHCKPETHOCTH CBeTa. Beab ecyiu AMCKPETHOCT NPHPOALI CBETA NIPO-
SBJIAETCA MPH ero UCITYCKAHHH, TO OHa JOJKHA COXPaHATHCA, KOl"Ila H3nyYeHHe pac-
IIPOCTPAHAETCA B IPOCTPAHCTBE B IIPH NOTMOIIEHHH,

DiiHiuTeilH MOKa3as, 4To J1000e MOHOXPOMATHYECKOE H3TYYeHHE [IPeACTABIAET
co60ii COBOKYITHOCTE KBAHTOB, 3HEPTUs KOTOPBIX MPOIIOPUHOHANBHA YacToTe, Koad-
(HIHEHTOM NPONOPLUHOHAIBHOCTH ABAsSeTCs nocTosiHHas Ilnanka. Jto npennono-
KeHHE a0 BO3SMOXKHOCTH 00BACHUTD 3aK0HEI oToadhdperra. IHeprua Kksanta hv,
NaJALIEro Ha BEINeCTBO, PacXOAYeTcs Ha paboTy A BbIPbIBAHUA MEKTPOHA U3 Belle-
CTBa U Ha COOBMIEHHE 3/IeKTPOHY KHHETHYECKOH SHEPTHH mu?/2. DNeKTPoH, Haxoas-
uiica BHYTPH BEINECTEA, TIOTIOTHE KBaHT CBETa, TMO0 MOKHHET BEIecTBo, aubo oc-
TAHETCS BHYTPU HETO. 3TO 3aBUCHT OT TOTO, YTO 601bIIe: SHEPTHA ITOTOIEHHOTO KBaH-
Ta CBeTa UM paboTa BrIX0Ja 3JeKTpoHa. Ecoty sHeprus norioimeHHOro KBanta 00Ib-
1re paboTHl BRIX0/1a, TO KHHETHYECKAs SHEPTHA POTOIEKTPOHA PABHA PA3HOCTH JHED-
TMH MOTJIOIMEHHOTO KBAKTa CBeTa ¥ paboTH Brixona ( mv?/2 = hv — A):

2
hu = A+ % (20.7)
Bripaxenue (20,7) HasbiBaeTcAypasHenem Jinwmerina Ons snewnezo go-

moagghexma.
Ypabrenue JitHwTeliHa ABAAETCS YaCTHBIM CIyYaeM 3aKOHA COXPAHEHHSA M Npe-
BPAILICHHS SHEPTHH IPUMEHHTENBHO K AB/IeHHI0 oToaddeKTa.

1 Pat6ora BBIX0/a 3JIEKTPOHA U3 MECTALTA 3aBHCHT OT MPHPOALI BELLIECTRA.

JL/15 HEKOTOPBIX METAJIIOB OHA BRIYUCTEHA M HAXOAUTCS 0 CIIPABOYHBIM TAOMULIAM.

C yMeHblIEeHHEM YacTOTH! TAJAIONIErQ CBeTa (YBeIHYeHHeM [UTHHBI BOJTHH) 9Hep-
rHsl MaTaliuX KBaHTOB ((POTOHOB) IPY HEKOTOPOH HacToTe  V, (MM ATHHE BOJHBI
X\) MOXeT cTaTh pasHoit paboTe BhIX0aa, T. €. hv, = A Un hc/N = A, OTKYIa

=— WIH A = —. X
Vg 5 " (20.8)

['panuvHas IUIHHA BOJHBL A, MAJAM0IIEr0 CBETa, IPH KOTOPOM BO3HHKaeT doroad-
exT, Ha3LIBAETCA KPACHOU 2panuyeti pomoaddexma.

Muorogorornsii $poroaddext. Ha ocHopanun onsiToB o gotoaddexrty , npo-
BOIMBIITHXCS CO BCEBO3DPACTAIOIEIH TOYHOCTBIO, OBLIO YCTAHOBJIEHO;

I 3JIEKTPOH OXHOBPEMEHHO MOXKET NOJYYHTh 3HEpPTHIO He OT oaHoro (oToHa,
2 OT HECKOJBKHX (POTOHOB.
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Takoii doTosnexTpuyeckuit apderT NONYYNI HA3BaAHHE MHOZOPOMOHHO20.
Ypaenenue Iiinwmeiina ona muozogpomonnozo pomospdpexma

2
Nhv=A+ 1”21 (20.9)

rae N — uncnao poTOHOB, 0IHOBPEMEHHO NepeJalolluX DHEPIHIO OZHOMY 3JIeKTPOHY.

ITpu MuorodoTorrOM hoTo3¢HhEeKTE KPAaCcHas TPAHH LA CMEINAETCA B CTOPOHY A/IMH-
HEIX BOJIH.

Buyrpennnii ¢poroadpdexr.” Buyrpennnii doroadderr B xpucTanInueckux
LOJLYIPOBOAHHKAX U HEKOTOPBIX AWAIEKTPHKAX COCTOUT B TOM, YTC NOA JeHCTBU-
€M CBETA JIeKTPOIPOBOIUMOCTD 3TUX BEIIECTB VEETUINBAETCS 32 CIeT BO3pacTa-
HMS B HUX YHCAa CBOOOIHBIX HOCHTENEH TOKA — 3/IEKTPOHOB IIPOBOAMMOCTH H
asipok. Iloapobro MexaHuaMm 0OPA30BAHUS SHEPTETHYECKUX YDOBHEH U 30H ONMH-
can Bra 11. -

3/ecy OTMETHM, YTO JHepreTHYecKasd 30Ha He HMeeT HUKAKUX NPOCTPAHCTBeH-
HBIX Pa3MepoB, a mpefcTasAgeT coboit MOHATHE, oTpaxkaimiee dbakr, YTO TOT UITH
HHOI 9JIEKTPOH KPHUCTANIA MOXeT 001aJaTh SHEePTHAMH, 3aKNUEHHHMHY B OIpe-
JIeTeHHBIX Tpejesiax. JTUMH Hpefie/aMH ABIAITCA HHKHAS M BEPXHAA IPAHALbI
30HBL. B dpase «<mupuHa 3anpenieHHOH 30HBI» IO/ CJIOBOM <«LIHPUHAS ClieAyeT
NOHMMATH JAUIND TO, UTO 3HAYEHHE SHEPTHH JIEKTPOHA, HAXOMATIETOCS HA JaHHOM
YPOBHE, OTIIMYAETCH OT SHEPIUY 3JIEKTPOHA, HAXOAAIMMETOCA Ha IPYTOM YpPOBHe,
Ha AE.

upyha 3anpenieHRO 30HbI ONpeAeNnseT 3HePTHIY A F, KOTOPYIO HYXHO JIOTOT-
HHTEIBHO COOBLLUTE 3/IEKTPOHY, YTOObI HEPEBECTH €T0 M3 3alI0THEHHOH 30HbI B 30HY
NMPOBOAMMOCTH. JTY SHEPTUIC HASHIBAIOT IHEPZUET GKMUBU3AYULU U BEIPAKAIOT B
JJEKTPOHBOABTaX. 110MyIPOBOAHUK MOXKET MPOBOMUTE TOK, €C/W 3/IEKTPOHBI M3 3a-
NOJIHEHHOH 30HH NepellLTH B 301y npoBoauMoctu. OTciona ABNeHie BHYTpeHHeTo dho-
ToadheKTa YacTo Ha3BIBAKT (POMONPOBOGUMOCIILIO.

Haubonee 6113kHe K S/IPY 2MEKTPOHB! KPETTKO CBSA3AHML C SAAPAMM M HE IIPUHHMA-
IOT Y44CTHA B IPCBOJNMOCTH. JAEKTPHYECKAs TPOBOMMOCTh BOIHHKAET AN 33 CUEeT
BAZICHTHBIX 3JIEKTPOHOB 30HBI IPOBOAHMOCTH.

MexanuaM GoTOMPOBOANMOCTH OBBIACHSETCS caedyiowum obpasom. [Ipu ocse-
LIleHKH [IOBEPXHOCTH MOMAYTIPOBOAHNKA (POTOH, MOTIOMERHBIH B TIONYIIPOBOIHUKE,
OT/laeT 3HePIUIO Ba/ICHTHHIM 3iieKTpoHaM. Eciin aHeprus hotoHa 60mbiiie MUPAHLL
3aMpENIeHHON 30HH, TO 3JIeKTPOH I1epeXOAUT B 30HY IPOBOAUMOCTH U CTAHOBUTCH
3JEKTPOHOM TIPOBOAMMOCTH, a B 3aMONHEHHOI 30He ofpaayercs guipka (cm. 11.3).
O6pa3oBaBiasics AbpKa MOXET OLITE 3a110JHEHa OTHHM M3 HAMKANIIIX COCeTHNX
3/ICKTPOHOB, HO TOTJa OCBOOOAUTCH MECTO, KOTOPOE TOMLKO YTO 3aHHMAJ 3TeKTPOH,
T. €. IOABUTCA HOBAasA ABIPKA, 1 T.7I. B BO3HUKINEM MpoTecce aleKTpoH Oyaer nepeme-
AThCs [IPOTUB HANPABJEHUS JJEKTPHYECKOTO MO, a CBOOOAHOE MECTO, 3aro-
HSEMOE BICKTPOHAMH, — JbIPKA — IePEMEILAeTCs UM HAaBCTPedy 110 HATIPABAEHHIO
1noas. B anexkTpuueckux U MarHMTHEIX MOJSIX ABIPKa BeAeT cebd aHAJOrHYHO I10JI0-
JKHUTENbHOMY 3apAAy, BeJHYWHA KOTOPOTO PaBHA 3apsiy 3MeKTpoHa. TakuM ofpa-
30M, OIUH Mo110meHHblH POTOH 0cBOGOKIAET NAPY AEKTPOH-ABIPKA, IPH OCBEIIE-
HHH TOJVIPOBOAHNKA YBEeXHYHBAETCA KOJUYECTBO HOCHTEEH TOKA, YBEJINYNBIET-
€51 TOK IIPH HEU3MEHHOM HampPSKeHHH, YTO SKBHBAICHTHO YMEHBIIEHHIO COTIPOTHR-
JIEHUA,

ITpn oceeneHHH cBeTOM, AN KOTOporo hv < AE, dotoaddekT He BO3HHKaET.
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20.3. Tunol poTOo3NEMEHTOB

Moroanementsi ¢ sHewHHM dotoadrpextom. [1lupokoe npuMeHeHne B TeXHUKe 110-
AYYUIH HOTO3TEMEHTH — IPHOOPLI, ACHCTBUE KOTOPBIX OCHOBAHO HA MCITOJIB30BAHUA
thoroatbekta, K HUM OTHOCATCA BaKYyMHBIE (DOTODIEMENITHI, MPAKTHYECKH He odaato-
11{He HHEPLIHOHHOCTBED, H TA30HATIOIHEHIIble POTO3IEMEHTHI, 001aKalonye GOMbLIOM HHep-
LIHOHHOCTBIO B B0aBnIoN yyBcTBHTEAbHOCTRIO. Ha puc. 20.3, a, 6 TOKA3aHBI BHEHHHI
BHA M cXeMa (POTO3/IEMEHTa, COCTOSIIETO M3 CTEKIAHHON WM KBapLeBoil Koa0bl, BHYT-
PEHHSIsI YACTE IOBEPXHOCTH KOTOPO#l IOKDPBITA C/I0EM CBETOYYBCTBUTENbHOIO MeTauta K.
B KauecTBe CBETOYYBCTBHTEALHOTO CJIOSA, KAK NPABUIO, UCTIOJIB3YIOTCS 11E0YHble Me-
TAJIATHI, UMEToTITHE Manylo paboTy BuXoaa. Boaayx u3 Kon6bl TILATC/IBHO Y/IaneH.

BHYTPH KOJIObI HMEETCS MeTaLIHYecKoe Konblo (MM cetka) A. Kak ot cBeTouyB-
CTBHUTEJBHOIO CI0S, TAK H OT KOJ/Ibl(a HAPYXKY CAETAHBI BHIBOABL, C IIOMOIBIO KOTOPLIX
(hOTOITEMCHT MPHCOETHHACTCA K Darapee T4K, YTOObI METALIMYECKHIH CIT0i OBl Ka-
TOAOM, 4 KOABLO — aHogoM. B tens sraodeH Takxe ranseanoMerp [ 1 uaMepesns
toka. CBeT, 1101141251 Ha KATO/, BHOHBAET U3 HETO AJIEKTPOHBL, KOTOPBIE JIETAT K aHOAY.
B nenn waer Gorotok, oOHapyKHBaeMBbIi raAbBaHOMETPOM. 1IpHMeHsiemMble B HACTO-
A1ee Bpemst GOTOACMENTH PEArHPYIOT He TOJBKO Ha BUAUMBIHA CBET, HO Ja’Ke Ha HH-
tdpaxpacHbie JTyun.

YyBCTBATEABHOCTh BAKYYMHHBX (OTO3JIEMEHTOB HeBeWKa (He TpeBblliaeT He-
CKOJBKMX JCCATKOB MUKPOAMIIEp Ha JIIOMEH), T. €. TOK B Lielld BaKyyYMHOTo (oTo1e-
MelTa Mat, JIs yCHIeHUs TOKa (TIOBBILLEHHS 4y BCTBUTENLHOCTH) B KOJIOY BBOAUTCH
paspeskeHHbIi Ta3. B razoHanomHenHbIX GOTO3NMEMEHTAX AIEKTPOHBL, BHPbIBAEMBIC
CBETOM M3 KaTOZa, MPH IOCTATOYHBIX HAMPAKEHUIX MEXK/LY Karo/A0M M aHOLOM IIPH-
0OPETAIOT TAKYIO CKOPOCTD, YTO OKA3BIBAIOTCS B COCTOSIHHY HOHU30BAThH YaCTHIIHI Ta3a,
HATIOJTHAIONIETO (DOTOS/IEMEHT;, BOSHUKAET YaapHas HOHH3anus. O6pa3oBaBlHecs TIpy
3TOM HOHBI, B CBOIO O4€PEb, MPUXOIAT B ABMXXEHHE H MOHU3YIOT HelivpaJibHble YaCcTH-
Lkl I'a3a; B pe3yJibTaTe K aHOMY YCTPEeMJIeTC BCeBO3PaCcTAIONIAs IABHHA 31eKTPOHOB,
OTOTOK 3HAYKMTENBHO YBEIMYUBAETCS, YYBCTBUTENBHOCTh (DOTO3IEMEHTA PACTET.

OCHOBHOE TEXHMYECKOE TpUMeHeHRe (POTOAIEMEHTBI HAXOAAT B hoToTenerpadhuu
(nepenaya H300paKeHHUA Ha PACCTOAHME TI0 [TPOBOAAM), B TEJIEBHIEHUH H 3BYKOBOM
kuHo. Kpome Toro, poTossmeMeHTs INHPOKO IPHMEHSLIOTCA B GoTOpee, ¢ TOMOIIBIO KO-
TOPBIX ABTOMATHYCCKH MPWBOJIAT B JICHCTBHE CaMbie pasHo0OpasHbie MeXaHU3MBL. B ¢o-
TOpe/Ie HCNOJb30BaHA Ge3biHepIIHOHHOCTD oToa(hdeKTa, T. €. cnocobHOCTh doToame-
MEHTA IPAKTHYECKW MTHOBEHHO PEarMpOBaTh HA CBETOBOE BO3EHCTBHE HIN €0 U3Me-
nenue, Motopene moxer paborats MO0 TP MONMAJAHTH CBETA Ha 3/IEMEHT, TMOO0 Py
IpekpatieHiy ocBereHns (hoTOMEMEHTA.

[Ipumenenus QoTopene pasHoobpas-

uetl. DoTopese MOTYT B HYKHOE BpeMs
BKJTIOMATH H BLIKJIOYATh YAHYHLbIE (boHA-

PH B TOPOAaX, CBET MASIKOB K (aKeHOB,
COPTHPOBATH Pa3fIMYNbIe AETAJH IO I[Be-
Ty 1 (POpMeE, IIYCKATh B XO/L WM OCTaHaB-
JIUBATb JIEKTPOABAIATENH, CTAHKH H T. .
T @oT103/1eMEHTHI C BHYTPEeHHNM (HoTO-
addextom. * K uum orrHocaT goToconpo-
4 6 TUBAEHUS M BEHTH/bHbIE (DOTO3IeMEHTDL.
Puc. 20.3 DotosneMeHTH ¢ BHyTPeHHUM (oToad-
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exToM 001a1a10T 3HAYHTEIBHO GOJbIIER HHEPITHOHHOC- 3omoto
ThIO 10 CPABHEHHIO ¢ POTOANIEMEHTaMH, OCHOBAHHBIMH Ha
ByemHeM horoadrbexre.

DomoconpoOmuaIenusMu Ha3LBAIOT OTYTIPOBOTHU-
KOBBIC TIPHOODPHI, COTPOTUBIEHHE KOTOPBIX 3aBHCHT OT HH- Cr)
TEHCHBHOCTH MaAONIEro Ha HUX CRETA. [] pUHIMIT ReHCTBHS
(oToCONpPOTHBIIEHNA 3aKTI0YaeTCs B caeAyioneM. B 3ateM-
HEHHOM NOAYTIPOBOIHMKE [IPH HEKOTOPOH TEMIIEPATYDE HME-
€TCS1 OTIpeie/IeHHOE HHCI0 CBOGONHEIX A7IEKTPOHOB. DTH 371eK- 3 .
TPOHBI 00YCJIOBINBAIOT 0OBIYHYIO (TEMHOBYIO) IPOBOIH- A
MOCTB nomynposoanrka. Ecim k 3aremaensoMy doroconpo- Puc. 20.4
THBJICHUIO TIPHIOKHTE HANPAXKEHHE, TO BO3HUKACT MEeMHO-
80t mox I, 3HadeHue KOTOPOTO 3aBHCHT OT IIPHIIOKEHHOTO HanpskeHus. B ocBenennom
(POTOCONPOTHBICHHH B CJI0€ NOJYTIPOBOAHUKA 0OPa3yIOTCs ZONOIHITENBHbIE CBOOOIHBIE
IEKTPOHBI M ABIPKH. B CBA3H ¢ 9TUM ero IPOBOXUMOCTE VBeYMBACTCS, TOK I, B Llenn
(ero Ha3BIBAIOT CBETOBLIM ) TOJKE YBETMUHBAETCA. Pa3HOCTh MEX/Ty CBETOBBIMI H TEMHOBEI-
MH TOKaM¥ Ha3biBatoT pororokom: I = I, — I.. GOTOCONPOTHB/IEH S IHPOKO IIPUMEHA-
IOTCS B 3BYKOBOM KMHO, TEJICBH/ICHNH, ABTOMATHKE, Te/TEMEXaHHKe, [T CUTHA/IM3AlliH,

ApyruM BUAOM IpuMeHeHHs BHYTpeHHero ¢oToaddekTa B mpHbOpax ABAAIOTCA
BeHTWIbHELE (POTOIJIEMEHTHI, T. €. 9MEMEHTBI C 3AITHPAIOIAM CI0eM. BeHTUIbHEIH 3¢h-
(peKT BO3HMKAET B TeX NMOJIYIIPOBOAHMKAX, ¥ KOTOPBIX MEXIY META/UIOM M 1IOJIyNPO-
BOJHHKOM MJIH MEX/IY MOIYIPOBOJHUKAMM P~ M n-THIA BOJH3H MOBEPXHOCTH KOH-
TAKTA CO3LAETCS 3aIHPAIOINUI C10H, 006Mafa0IIHH 0AHOCTOPOHHEH IPOBOIAMOCTEIO
{cM. 1. 11). B pesyapTate BHyTpenrero $o1o3¢gdekTa IpH OCBEIEHIH [IPOUCKOAUT
HApyIleHHe PABHOBECHOTO pacpeeIeHus] HOCHTENEH TOKA B 061aCTH KOHTaKTa, H3-
MEHSIETCS 110 CPABHEHMIO ¢ PABHOBECHOM KOHTaKTHAs Pa3HOCTh HOTEHIKANIOB, Te. BO3-
HUKaeT (PoToaMeKTpoABIKYWas cuia. BosHukaowas 2/C nponopuroHaibia CBe-
toBoMy noToky. Ha puc. 20.4 npusenena cxema Takoro GoTo31€MeHTa.

Metannmudeckas mnacTuska M, coykalias OJHUM U3 2JIEKTPOZOB, M HAHECEHHBIIH
Ha Hee TOHKHH CI0H noAynpoBogHNKa P (ceseHa), HOKPBITOTO TOHKOH IPO3pavHOil
ILIeHKOMH 30710Ta MK APYTOr0 MeTal1a, CJYKAIIero BTOPLIM 31eKTPOAOM, COeIUHEHB
BHELIHEH LIelblo, B KOTOPYIO BKIIOYeH raabBaHoMeTp [, Ecau moaynpoBoaHHKOBEIH
CIOH OCBETUTD Yepe3 BTOPOIL SJEKTPOL, TO B ¢/10€ P B pe3yibTare BHYTpeHHero ¢oTo-
athdeKTa MoSBASIOTCS CBOOOMHEIE 2/1eKTPOHBL OHM ABHKYTCS Xa0TUYECKH, OTHAKO
Ha I'PaHHIle METAIIA ¢ MOJYTIPOBOAHUKOM U3-32 BeHTHIBHOTO ahdexTa obpasyercs
3C, noatoMy B MeTa/lle BOHHKAET H30BITOK 3JIEKTPOHOB, B IOJIYIPOBOIHUKE —
H3OBITOK ABIPOK. EC/IM Tenh NPH 3TOM 3aMKHY T, 110 Helt TeueT Tok. Takum obpazom,
BEHTHIbHBIH (POTOIIEMEHT SABJISIETCS TeHePaTOPOM TOKA, HETIOCPEACTBEHHO MpeoBpa-
3YIOWKM CBETOBYIO 9HEPTHIO B 3JIEKTPUUECKY0. Ha TakoM e MpHUHI[HIe OCHOBAaHO
IEHCTBHE CONMHEYHBIX HaTapel, KOTOPBIE ¢ YCTIEXOM MCIIOIB3YIOTCH HA KOCMHYECKUX
kopabusix. BenTuasHble GOTOTeMEHTH HMEIOT IPEMMYIIECTBO Mepe/i BAKYYMHEIMH,
TAK KaK paboTaT 6e3 HCTOYHHKA TOKA.
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KPATKHE BbIBOAbI

e B 1900 r. M. Ilnank anst o0bACHEHHA 3aKOHOMEPHOCTEH TEMIOBOTO H3NYUEHHA NpPEaIO-
T HOBYIO TEODHIO, COTJIACHD KOTOPOH aTOMEL HCIYCKAIOT 2AeKTPOMAaIHUTHOE H3IyUeHHe CTPOTO
OUPEAENEHHBIME IOPUHAMH — KBAaHTaMH.
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OCHOBHAA XapaKTEPHCTHKA KBAHTOB — SHCPIHs
E = hv,

Pasputie zunomess: Iliatxa NPHBENO X CO3MAHNIO TIPEACTABIEHUA O KBAHTOBBIX CBOH-
cTBax cBeTa. KBaHTbI CReTa NOMYURIKR HA3BAHKE «(DOTOHE». (DOTOHH XapaKTepH3YIOTCH SHED-
ruei, MACCOR, UMIYJIRCOM:

E=mc E=hv m=@», p:E.
& ¢
® Macca nokos (hoToHa paBHa HYJIIO.
® B MOHOXpPOMATHUYECKOM CBeTe Bee (DOTOHB HMEIOT OIHHAKOBYIO SHCPITHIO, UMITYILC M Maccy.
® Asnenve BHELIHETO Pomasrexmpudecioezo sqgrderxma oo obuapyxeno I.Tepiem,
uccaenopano A. I CrosietossiM, KOTOPBIH yeTaHOBHI 3aK0HH Gotoaddexra. ObbscHeHHE AB-
NeHUst BHelHeTo oroadderra gan A IHHIITeHH. OH IPeAMON0KIT, YTO 2MCKTPOMATHUTIIOE
HATyYeHHe TOFIOMAETCA TAKKe OTAEIBHBMH NODHUAMHE, JHEPTHA KBAHTA, TAJA0LIero Ha Be-
LIECTBO, PACXOAYETCS HA PABOTY BEIPHIBAHMSI J€KTPOHA H3 BENECTEA H COODIIEHHE ACKTPOHY
KMHETHYECKOH 3Hepru

2
hv:A+m—U.
2

® Bo/iHoBbIE M KEAHTOBBIE CBOMCTBRA CBETA He HCITIOUAIOT, 8 B3AMMHO JONITHAT ADYT ADY-
ra. OHH BLIPAXAIOT HCTHHHBIE 3aKOHOMEPHOCTH PACIPOCTPAHEHHS CBETA H B3auMOZeCTBHS
€0 ¢ BeNIeCTBOM. DIeKTPOMaTHHTHOE H3JIydeHHe [IpeacTasser cobol cIoxHy 0 GopMy MaTe-
PHH, KOTODAs! UMEET ABOHCTBEHHYIO KOPIYCKYISIDHO-BOXHOBYIO PHPOLY.

ﬂ Bonpochl AnR CAMOKOHMTPOA M NOBTOPEHRMUA

1. Kak nosmusuma runoresa [lnanka va GopMupoBaHie npeacTaBlIeHus 0 npyupoie ckera?
2. OT Yero 3aBHCAT PHEPTHA, Macca H HMITYJIbC Gotoua?3, OOsacHnTe ypapHenue JHHIITeHHA
L ereritHero hotoadibexra? 4, OT yero sasucuT pabora BBIX0AA aNeKTpoHa W3 MetamiaB. Yro
TaKoe «KpacHas rpaiuia porosdertas? Ot yero oHa 3apucut?6. JTo npoucxonuT Ipu MAO-
rothoronaoM dhotoadderte? 7. *MoXHO U YTBREDAK/IATD, UTQ 2NCKTPOMATHUTHOE H3TyYeH e
HMeeT ABOCTBEHHYIO KOPITYCKYJISPHO — BOIHOBYO IIPHPOLY (KOPIYCKYJSIPHO — BOJIHOBOM
nyanusm)? logcuure.

Npumep peiueHUn 3aaa4M

@ 3agaya, Onpene/UTh KPacHOBOJAHOBYIO rpaHily doroadderra 1us HATpus, ecan
pabora BEIX0ZA 37€KTPoHa U3 oTokarona paeHa 2,3 3B,

Hano: h=1662-103 Ix-c;c=3-10°m/c; A =232B=23-16-10"° Ix =
=3,7-107 k.

Haiitu: X\,

Pemenne. 3anuieM ypaBHeHME 1A KpacHOH rpasuIist Gotoaddexrta (20.14) n
BEIYHCIHM U3 HETO HCKOMYIO ITHHY BOJIHBL

hug = A, win ;\l—C=A,

OTKy/1a
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Boruucnreans:

_ 662107 Ix-c-3-10° M/c

A
® 3,7-1079 JIx

=54-1077 M.

OtBer: N, = 5,4-107" M.

ﬂ agayn gAA CaMOCTORTENBHOIO pellieHnn

t. Onpenennts sHepruio GoToHa: a) ANA kpacuoro ceeta { h = 600 HM); 6) AIS KeCTKHX
peHTreHoBCKHX mydel (A = 0,01 um).

2. Hairru maccy diotona: a) moroxpoMatiieckoro ¢cseta (v = 0,5 MKM); 6) peHTIeHOBCKOTO
manyzenns (h = 0,025 um); B) ramma-uanydenss (h = 1,24 - 1073 umM),

3. Kakopa anuna BOJTHBL (DOTOHA, MACCE KOTOPOTO PABHZ MACCe MOKOSIIErocs 3IeKTpoHa?

4. Kpacnas rpanylia 471 HeKOTOPOTO MeTallla cocTabxeT 0,6 MkM. MeTasr oceentaercs
CBETOM, JUTHHA BOHBL KoToporoe 0,4 Mxy. OnpenesnTs MaKCHMANBRYRK) CKOPOCTh 3J1€KTPOHOB,
BBHIGHUBAEMbIX CBETOM U3 METAITA,

5. BoibuBaeMule CBETOM IIpH (oToah(eKTe HAEKTPOHEL NOAHOCTHIO 3AAEDRKUBAINTCH 00paT-
HEIM TToTenTanomM 4 B. Kpacuas rpanmua ans meranna papaa 0,6 mim. OnpenennTs 4actoTy
MAZAIIET0 CBETA.

6. /o Kaxoro MaKCHMAJIBHOTO [TOTEHLIKANA 3APAAKTCS [LIACTHHEKA, TOKPHITAs HE3HEM, TIDH
obiyueHun ee GUOIETORBIMH JYYaME ¢ AMHHON BOTHBL (0,4 MM? PaboTa BEIXO/IA 3/IeKTPOHA
Ans neand pasha 1,9 aB.

ﬁ Kmouesble cnosa: runoresa fnanka, QotoH, GoTospger, aakoHsl Crone-
TOBA, ypasHEHWE JHHINTEIHE, (POTOINEMEHT.

lnaea 21
OU3IUKA ATOMA

21.1. Pa3BuTHe B3rNA40B Ha CTPOEHUE BeulecTBa

Turoresa o TOM, YT0 BCe BellecTBA COCTOAT M3 OOABIIOTO YMCIA aTOMOB, 3aPOJU-
Nack CBBIUE 2 THIC. Jet Ha3an. CTOPOHHWKH aTOMHCTHYECKOH TEOPHH PACCMATPUBAIH
4TOM KaK MeARuaHIIyio HeAETUMY0 YacTHILY (OT Iped. «aToMOC» — HeJleTUMBIT) 1
CYHTAJH, YTO BCe MHOI00OOPA31e MHPA €CTh He YTO MHOE, KAK COUeTAHHE HEU3MEHHBIX
TACTHI] — aTOMOB.

KOHKPCTHBIQ MpEeACTARBTCHWA O CTPOCHHHA aTOMOR PA3BUBATACH TTO MePE HAKOILITE-
Hus QU3HKOH (KTOB 0 CBOHCTBAX BEIIECTRA.

Bonbuiast pons B 3100t obnactn ¢puanueckoi Hayku npuaaytexur /. N Menzene-
eBY, KOTODHIH, OTKPHIB MepHOAM4YeCKWH 33K0H, RIEpBLIC HA HAYYHOH OCHOBE MOCTa-
BHJI BOIIPOC O €[HHOH mpupoae aToMoB. O mHcam: «IIpH Bcelt BHANMOI IPOCTOTE
A€Ja HbIHE HeT elle BO3IMOKHOCTH YTBEDKIATH I{aKle'JIH6D THIIOTE3Y, 1O0CTATOYHO
o6mc1mromym ITOT 32K0H MePHOARYHOCTH...». lanee /1. 1. Menaenees oTMeUal, UTO
aTOMBl NPOCTLIX TEJI €CTDh CAOMKHBIC BELICCTBA.
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OTxpeiTHA, coBepIneHHbIe BO BTOpOH noaosuae XIX B., 3acTaBMIIM MOCTENEHHO
YCOMIHTECS B CIIPABEAMTHBOCTH MpeACTaBIeHus 06 aTOMaX Kak IHeZelMMBIX YacTH-
nax. O4eHb BaXKHLIM CTAJIO OTKPBITHE HeMellKHX yueHbrx K, Kupxroga u P. Bynsena.
Onu obHapyKUIH:

KaXKIOMY XHMHYCCKOMY DJACMCHTY COOTBETCTBYET xapamepamﬁ, ﬂpHCy'lllHﬁ
JHIIb 3TOMY JJICMCHTY Ha60p CIIEKTPAJIbHBIX JHHUH B CHEKTpax NCNYCKaHHA
H NOTTI0LICHH A,

3T0 03HAYATIO:

CBET HCIYCKAETCS U NOrJI0MAeTCs OTAEALHEIMH aTOMaMH, a aToM, B CBOIO oYe-
pezab, npeacTasager coboll CIOKHYIO CHCTEMY, cIOCOGHYI0 B3aHMOAelcTBO-
BaTh C 2JA€KTPOMATHUTHBIM [OJIEM. ’

O6 3TOM K€ CBUJIETEILCTROBAJIO ABJIEHHE HOHH3AIIHH AaTOMOB, 00HAPYXeHHOE TTPH
HCC/IEOBAHUMAX SJIEKTPONHAA K Ta30BOT0 Pa3paa. ITo IBACHHE MOXKHO ObLI0 00bsIC-
HUTD JAUILIE TPEALIONIOKUE, UTO ATOM B IIPOTECCE KOHU3ALMH TEPSIET YACTh CBOMX 3apsi-
J0B UnH nipuobperaeT HoBeie. OTBET Ha BONIPOC, YTO ABJISACTCA HOCUTENIEM 3apsaa, Te-
PAEMOTO WTH IPHOOPETAEMOr0 ATOMOM B TIPOLIeCCe MOHUAAIMHN, OBLT JaH B CAMOM KOHIIE
XIX B. Okazanoch, 4TO TAKMM HOCUTEIEM ABIAETCA BXOAALIME B COCTAB aTOMA 3JI1eK-
TPOH — OTPHIIATEIBHO 3apsKeHHas JacThia ¢ Maccoil m, = 9,1 - 10™** kr u 3apsaoM
e=1,6-10""° Ku.

Onupasch Ha 3TH OTKPBITUS, aHTAuHcKui dusuk Jx. Tomcor B 1898 r. mpeano-
JKUJ EPBYI0 MOAE/b ATOMA B BUAE LIOTOKUTENBHO 3aPKEHHOIO IAPHKA PaIiyCcoM
nopsaaka 1071 M, B KOTOPBIH BKpamaeHbl OTIeAbHEIE 3JIEeKTPOHBI, HEATpaAU3YIOIIHE
N0JA0KHTENbHBIN 3apaf.

21.2. 3aKOHOMEpPHOCTH B aTOMHbIX CNEKTpax soaopoaa

BHyTpeHHee CTPOEHHE aTOMA M3y4aTh HEMOCPENCTBEHHO HEBO3MOKHO H3-32 Ma-
J0¢TH ero pasmepos (~ 1071 m). CTpyKTypa aToMa IIposABIsSeTCs TOIbKO KOCBEHHO
B SIBJCHHAX, CBA3AHIBIX C €70 BHYTPEeHHUM cTpocHHeM, K uucily Takux sSiBITeHHI OT-
HOCUTCS U3y HeHue. 31eCh yYeHbIM YAAN0Ch YCTAHOBHATH OOIHe 3aKOHOMEPHOCTH B
XapaKTepe CIEeKTPOB U HAWTU PAZL IMITHPHYECKHX 3aKOHOB, KOTOPHIM OHK MOIYHHS-
10TcA. BRIIO YCTAHOBJIEHO, 9TO CTIEKTPaJIbHbIe THHHU BCEX 7AeMEHTOB MOXKHO pas-
OHUTE Ha DS CEpHIL.

CTpYKTYpbI COOTBETCTBYIOUIHX CEPHii, OTHOCRUINXCA K PAa3JHUYHBIM XHMHYE-
CKHM 2JIEMEHTaM, CX0XKH Mexay coboi,

B npenenax oiHOH CepHHE PACIOJIOKEHUE CIIEKTPAABHBIX IMHUI HMeET OlipeeNeH-
Hbli nopsaok. Hanbosee mpocTbiM aTOMOM SIB/ISIETCS aTOM BOAOPOIA.

B 1885 1. M. BaneMepy yaarocs HalTH GopMyay, ONHCHBAIIIYVIO paclipese/1eHie
CTIEKTPAIBHEIX JUHAI BUIUMOTO CIIEKTPa BOLOPOAA, TOIYYHBIINX Ha3BaHHE CEPULL
banremepa:
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H, H, H| H, H

A = 0,656 MKM 0,486 0,434 0410 0,364
KpacHas munms Toay- Duo- Yabrpa- (upezmesn
Bast Jnero-  dHone- CepHH)
Bag  Tomad

Puc. 211

2

n

A= ——, 211
03y (21.1)

TAEe Xy — HEKOTOpasi MOCTOSTHHAS, & 1 AT PA3THIHLIX JIHHUH CCPHH MPHHUMAET 3Ha-
yeHIe N0C/IeJ0BATeIbHOTO PSLEA Le/IBIX IHCET Hauynnast ¢ Tpex ( n = 3, 4, 5, ...).

DopMyna (21.1) onipenensieT UTHHY BOJIHEL, COOTRETCTBYIONMYIO MOCAEA0BATEAbHBIM
JUHHAM cepui BanbMmepa, kKak (hyHKIMIO Lejoro yucaa. 3iuadenue , = 0,364613 Mim
ObETO YCTAHOB/IEHO MPU CONOCTaBACHNH (hopMyJIB (21.1) ¢ TAaHHBIMH IKCTIEPHMEHTOB.
YacTb ciexTpa aToMa BOAOPO/a npeficTaBaeHa Ha puc. 21.1 (cumsonamu [, H;, H,, H;
0003HAYEHb] BUAMMBIE TWHUM, H_. COOTBETCTBYET Mpenety HanbMepoBCKOM cepun).

HccaepoBanist u3mydeHus B HEBIAMMOLM YacTH CIEKTPA OKA3a/1M, YTO CYILeCTBY-
10T CEpUH, PACTIONOXKEHHBIE B MHMPAKpacHOH 1 yapTpadioneToBoi o61acTAX CIIEKT-
pa, KOTOpble NOTYYH/IH HasBanue cepun Hawena n cepus Jlaiimana.

DopMy.ibl, OTIPEAEATIOTUUC PACTIOTONKEHNHE CITEKTPATBHBIX JUHHHA B KAKIOH U3 3THX
cepuii, ananoruysl hopmyne 1is cepuu Barsmepa. VI 06s1rau0 obo0wernyio dhop-
MyJy Banpmepa nas Beex JIMHHE CIIEKTPA aTOMA BOZOPOA 3ANCHIBAKIT B B

=R, 2

i
2
A n N3

1 i], (21.2)

rae A — AJIHHA BOJHEL (BeTMUHHY A ™! HA3bIBAIOT 60/INO8bIM HuCOM); R, — nocto-
ArHast, pasHasi 1,007 - 107 M~ 7 4 n IPHHMMAIOT BIIOJIHE OIIPeNeIeHHBIE 3HAYEHHST TS
KaxKZI0H cepin U KaxX/0# criekTpaibHoi aHHun (Tabia, 21.1).

YunrsBas, uto A = ¢/v u 1/X\ = v/ ¢, bopmyay (21.2) MoxHOo nepeiucars B Bujie

uzq%‘%} (21.3)

ni 3

rae R = Ryc = 3,29- 10" ¢~! — nocmosnnas Pudéepaa.
IIpy yBeaHyYenuH n, ATHIIA BOJTHBI YMEHBIIACTCS, A YACTOTA JTHHUHA YBeIHIHBAET-

Cs W LOCTUrAeT MPeJeIbHOrO 3HAYEHUS

(rpaHuIB cepHr) R/ 1 npH ny, — 00.
AHANOTHYHEIE CTIEKTPHI HMEIOTCSE He Cepus

Tabauua 21.1

™ 1y
TOJIBKO ¥ BOOOPOAA, HO, HAIIPDHMED, H ¥ THE- Tlaiivana 1 2 3 4
JIOYHBIX METAIIOR, Pa.CHOJ'.[O}KEHI/Ie CIIEKT- BB.;‘Ib\dEpa 5 3' 4' 5’ '
LT3 _ B y Fy thy
PaJIBHBIX JIMHHH B HEX OIIPCACAACTCA (l)Op Tawena 3 45,6,

My.10H, aHANOrM4YHOH (ropMy.te BatpMepa.
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21.3. flinepHas (hnaHeTapHas) Moenb aToma.
OnbiThi Pesepdopna

JKCIIePHMEHTANBHAs IpoBepKa Moaedd T omcoHa Obuta ocymecTeaena s 1911 r .
AHIHCKUM puzukoM J. PesepdopaoM. Peaephop HCTTONBI0BAN 1A ATOH LIeIH TTo-
TOK OBICTPBIX TIOOKUTEILHO 3APSIKEHHBIX O-@CHUL, UCITYCKAEMbBIX HEKOTOPHIMH
TaK HA3hIBAEMbIMH PAAHOAKTHBHBIMH BElECTBAMH ( HAIIPUMED, [TI0JOHNEM ) H LMEIC -
wiux 3apac +2e u maccy 6,64 - 10777 kr.

Tponyckast My4oK o-4acTHI[ Yepes TOHKYD 230101y donbkry, Pesepdopa obHapy-
ML, 4TO HEKOTODAsA YaCTh 4aCTHIL OTKJIOHSETCS HA AOBOJIbHO 3HAYUTEIBHBII yIO/I OT
epBOHAYAJIBHOTO HAMPABJIeHH4, @ 4acTh AaXKe OTPaXaercs oT Goibru.

Yrnpouwenuas cxema omutoB Peaepdopaa nzobpaxkena Ha puc. 21.2. Wctounnx
Q-9ACTHLL IIOMELATN BHYTPH CBHHIIOBOH [IOJIOCTH ¢ Y3KUM KaHaioM. Bee a-uactinpl,
KpOoMe ABHKYIIHXCS 10 Y3KOMY KaHATY, TOTJIOLATHCH CBUHIIOM. Y 3Kl NYYOK o-1a-
CTHIT MAZall Ha 30JI0TYI0 01Ty MEePIeHARKYISIPHO €€ TIOBEPXHOCTH. 32 (hobroii HbLI
NoMeLlleH IOABHIKHBIA 9KPaH, HOKPHITHIH (IIyopecMpYIOMHM BENIeCTBOM; (-4aCTH-
ITRI, MPOIHeITHE Yepe3 GOoIbry, BhI3BIBATIH BCHBIHIKH Ha 9KpaHe. Takas YCTAHOBKA,
HAXOAWASACH B BAKYYME, TO3BOAIA HAGIIONATh (-"HaCTUIIBI, PACCESHHbIE TIOJT YTJIOM
3 no 150°.

[TonyuerHbIA pe3yabTaT OBLI COBEPINEHHO HEMOHATEH B PaMKax Mojaean Tomco-
Ha, TaK KaK HOJ0XKHUTEIbHBIH 3apsi/l ATOMA, PACITPE/ie/IeHHBIH TI0 BCEMY ero 00beMy,
He MOr OKa3aTh CTOJb 3HAYHTETLHOrO BO3AEHCTBHSA HA MACCHBHBIE U OBICTPHIE (-
YaCTUIEL

O6obuiast pe3ybTaThi oubITOB, Pesepdops npeanoxursdepuyro (naanemap -
HY10) MOOeab cmpoenus amoma, B KOTOPOii aTOM TPEACTABIEH B BHAC MHHH-
aTopnoi Cosneunoif cucteMbl. COrmacHo 3ToN MOJEA, BeCh TTONOKUTERBHEE 3apay
W IIOYTH BCS Macca aToMa (99,4 %) cocpesioTouenbt B aroMHOM gape. Pasmep saapa
{(~107'% M) HMYTOKHO MaJ 110 CPABHEHWIO ¢ pasmepoM atoma ( ~ 1071 M), Bokpyr
SAPA 110 3AMKHYTHIM JUTHIITHICCKUM OPOHTAM, KOTOPSIE B IEPEOM NIPUOIHIKEHHH
MOKHO CHMTATh KPYTOBBIMU, ABHIKYTCA /JIEKTPOHBL, 00pa3ys 2AeKTPOHHYI 000J09-
Ky aToMa. 3apsifl IAPA PABEH CYMMAPHOMY 3apsily 2NeKTPOHOB,

OnHaro mpeqnoxertast PesepdopaoM Mo-
Aelb CTPOEHUS 4TOMA He OOBACHUIA CTIEKT-
PAIBHBLIX 3aKOHOMEPHOCTEH 1 JaXe 0Ka3aiach
B IIPOTHBOPEYHH ¢ 3aKOHAMH KJ1aCCHYecKoi Me-
XAHMKH W 3JIEKTPOJIMHAMWKH.

B camom jene ABUIKEHME AIEKTPOHA 10 Op-

Baxyym OUTe, KaK ¥ BCAKOE KPHBOJIMHENHOE ABYKEHNE,

o-wacTHHML  3onoto Ixpan eCTh ABMKEHHE C yCKOPCHHEM. Cormacho zako-

HaM KJIACCHYECKOH DNeKTPOIMHAMHKH, KPHBO-

JIUHEHHO® ABMKERHE JOJ/IXKHO COIIPOBOXKAATh-

cs1 M3TYYEHHEM CBETA COOTBETCTRYIOMIEH yac-
TOTHL.

CrefoparesibHO, IPK ABMJKEHUH JIEKTPO-
Ha BOKPYT sIIPa aTOM JOKEH HEITPEPBIBHO H3-
Jy9aTh 3Hepruio. Ho yMeHbilleH#e SHEPTUM
IIPHBOAXAT K YMEHBUIEHHIO PAIHyCa OPOUTHL
Puc. 21.2 IJEKTPOHA — JIEKTPOH AO/KEH IBHTATHCH II0
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CTIHPATH, TPUOIMIKASICE K SAPY. A Tak KaK CKOPOCTb ABHKEHHS 3JeKTPOHA OCTACTCS
HCH3MEHHOH, TO TODKHA YBETHYUTHCS W KPYTOBasi YACTOTA ero BPalleHHs, Henpe-
PBIBHO OOJIXHA DACTH YaCTOTA U3AYHEHHSA, T . €. CIIEKTP U3TYUCHIA JOTXKEH 6bITb
criomHeM. Henpepoisro npufimmkasch K apy, 371€KTPOH YEPe3 Maioe BpeMst A0.1-
*eH VITacTh Ha Ao, T.e, B Mojend Pesepdopaa aTom sSBAsgeTCs HEYCTOMUHBOH CHC-
TeMOMH.

B ,L[EﬁCTBPITeJIbHOCTH e aTOMBI ABJASITCA BCCLMA yCTOI‘:I‘-IHBI:IMI/I CHCTEMAMM H IMEC-
10T JIMHEHYAThIe, 2 He CILROLIHEIE CIIEKTPBI H3JIYYeHUs,

21.4. Moaenb atoma Bogopoaa no bopy

Hocrynare Bopa. B 1913 r. garckuii dmsux H. Bop BBea unen KBaHTOROH TeopHH
B sizepHYIo Mojens Pezepdopaa u paspaboTtan TeOpHIo aTOMa BOAOPO/A, HOTHOCTBIO
HOJATBEPK/EHHYIO 3KCIePUMEHTATBHO,

B octioBe 60pOBCKOI TEOPHM ATOMA JIEKAT 084 OCHOBHBIX NOJIONCEHUS — NO-
cmyaama:

1. 3NEKTPOHBI MOTYT IBHTATHCA B aTOME TOJIBKO 1O ONpeJeIeHHEIM OpOUTaM,
HaXoJACh HA KOTOPbIX OHH, HECMOTPA Ha HAJIMYMeE Y HUX YCKOPEHUS, He HaTy-
JarmT.

ITH OpOHTHI COOTBETCTRBYIOT CTAIMOHAPHEIM COCTOAHHAM 31eKTPOHOB B aTOME H
ONpeAEIAITCS YCI0BHEM

(21.4)

Metnth = n
nin — T s
2
TAE 7, — PAIHYC n-# OPOHTHL, v, — CKOPOCTD SMEKTPOHA Ha 3TOM opOnTe; m, — Macca
DAEKTPOHA; M, 1,7, — MOMEHT UMITYJIbCA 2JIEKTPOHA HA 3TOH opbuTe; 1 — LEN0e YHCIO
(n=0),n=1,2,3...

2. Atom HIIYYaET HH NOrJIoOMaeT KBAaHT 3J1e1<'rpomanmmoﬁ DHEPITHH HpH ne-
pexoac aaeKTpoOHa H3 O/IHOTO CTAIITHOHAPHOTO COCTOAHHA B [pYyTOE,

JHeprud KBaHTA PABHA Pa3HOCTH BHEPTHI CTAIIMOHAPHBIX COCTOSHUI ATIEKTPOHA
10 (F,) noocae ( E)) nepexoga:

h = E, — E,. (21.5)

PaceMoTpuM npocTeiiiui aToM — aToM Bogopoaa. OH COCTOHT M3 Aapa, BKIIOYa-
IOTIETO OIHH TIPOTOH, U 3JIEKTPOHA, BPAIIAIONIETOCs BOKPYT AApa II0 KPYToBoH ophu-
te. Ha 371eKTPOH €O CTOPOHH #/ipa AEHCTBYET KYJIOHOBCKAs CUJIA TIPUTSDKEHHS], c000-
a1 eMy LEHTPOCTPeMHUTEIBHOE yekopenue. [Toatomy

L _ee_mh (216)
4re, r? Ta

TAe e — 3apsl] 2/ICKTPOHA H IIPDOTOHA; £y — IJEKTPUYECKAaA MMOCTOAHHAA,
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[Tocxo/bky 1OMKEH BHIIOTHATHCS TIEPBLIH ITOCTYJIAT
Bopa, Bocnoabsayemcest seipaxenueM (21.4). Crpenenum
H3 HeTO CKOPOCTB ¥, BO3Be/IeM B KBAaZPAT U IIOACTABHM B
(21.6). U3 mony4yeHHOro BEIpaXeHHs HalileM

2
po=n? S0 @21.7)
TN
rmen=1,2,3,..

Kak ciienyer us cootHomenus (21.7), paguycsl opbut
aJIeKTPOHA B aTOMe BOAOPO/1a ITPONOPLIHOHATEHEIR?, Tloa-
ctapasas B (21.7) 3HaYeHUA KOHCTAHT M cYHTasin = 1, mo-
Jy4aeM 3Ha4YeHHe epBOro H0pOBCKOro pajlyca, KOTOPRIE
ABNAETCA eMHHIlelH AIMHLI B aTOMHOH uanke:

H.Bop

g = 0,528 - 10710 M. (21.8)

YpoBHHu dHeprHii B aTroMe. [1o GOPOBCKOI MOZETH SAPO aTOMA CUUTAETCA HEMOA-
BHJKHBIM, II03TOMY TIONHAS 9HEPTisA E aToMa ABIAeTCA CYMMOH KHHETHYECKOIH JHep-
run E, BpallleHKs 3/1eKTpOHa H NOTeHIHANBHO 9HEPIUH F;, B3aMMOJEHCTBHS 3MeKT-
POHA C AAPOM:

e €’
bk=—=—— Ei=——, E=F+Ei=————. 219
* 2 8meym ! dmegm ¢ " 8TETh ( )

ITomyyennoe 3aveHne E OTPHLATENBHO, TAK KAaK 3HAYEHHE OTEHI{HAIBHOM SHEp-
TUH ABYX 3aPA0B, HAXOAAMMXCA HA HECKOHEYHO GOBIIOM PACCTOSHHY, MBI TI0IAra-
eM paBHEIM HYJI0. [Ipy cOMMKEHITH 32PAI0B NOTEHINATBHAS SHEPTHS YMEHBIIAETCH.

Haumenslueii sHeprued, Kak ciefyeT u3 ypasHeHus (21.9), atoM obnazaer npu
n= 1. B 310M caydae roBopsT, 4TO ATOM HaXOMTCSI B OCHOBHOM 3Hepzemuye-
cxom cocmonanuu. CocTosnns ¢ n > 1 HASHIBAKT 6030y HcOeHHbIMU,

Onpenennm sHepruto E, Ha 110060M 3HEpreTHYeCKoM ypoBHe. /LA 3TOTO TOACTa-
BHM B Bolpaxenue (21.9) anauenue r, u3 (21.7). [lonyaum

meet 1

By =-2
8h%eh n’

(21.10)

JIuneiiuarsie cnekTpsl. [IpH nepexoe seKTPOHa € OTHOTO SHEPrETHYECKOTO YPOB-
Hf Ha APYTOH, COMJIACHO BTOPOMY ToCTynaTy bopa, BRI/ ISeTCs HIH NOTIOUAeT s
KBAaHT SHEPTHH

4
hv=E2—E1:£-%-;-—2~[i2—l2]. (21.11)
8héesny  m3
Ecau a/eKTPOH HEePEXOIMT, HATPUMED, CO BTOPOi opOuTH { 7, = 2) Ha MEPBYIO
{n, = 1), TO BHIIENIAETCA KBAHT HEPrUM. B 00paTHOM cydae Takoif e KBaHT aHep-
THH MOLJIOINAETCs. TakuM 00pasoM, MAaKCHMATBHYI) FHEPIUIQ aTOMY BOJOPOAA HYX-
HO COOOUINTD A4 TOTO, YTOOBI MEePEBECTH ANEKTPOH ¢ OpOUTH o = 1 Ha opbHTY n — cc,
T.€. OTOPBaTb €r0 OT 44pa aToMa (MOHH3HPOBATD aTOM).
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Puc.21.3 E,>3B
5
—0,54
048 3
-1,51 4 3
Cepns Iamena
-3.39 P 2
Cepust Bamsmepa
-13,6 1
Cepus Jlailimana

U3 coorromretns (21.11) MoKHO OLpeneniTs YacToTy 1 MM AJIMHY BOJHB A = ¢/v
HOIOWAEMOI0 WK HCTYCKaeMoro hoToHa:

4
_ me! [—17—% , (21.12)
8h'ep |nf ng
1 meet |1 1
= -] 21.13
A Shgeﬁc[nf ng] ( )

@opmyanl (21.12) u (21.13) HasbIBalOTCS ceprarbrbimu. BUalIo, 9TO BHIPLOKCHHE
(21.12) npeacrasisier coboii obodmentyio popmyay Baasmepa, a BemunHa

mee?
- g (21.14)

siBnsieTcs nocmoannoii Pudbepza. 3nauenye R, Bericiaennoe no opmyne (21.14),
COBLIZJAET € IKCIIEPUMEHTATHHHIM 3HAYEHNUEM 3TOH ITOCTOSIHHOM, YTO NOATBEPKAAET
NpaBrJBHOCTH TeopHK Bopa aas aToma Bogopona.

Teopus Bopa o6bsicHIIA PACcXOXKIEHAS NIPH 3KCTIEPHMEHTATHHBIX OTpee/IeHHSAX T0-
cTostHHOi Puyibepra /118 aToMa BOLIOPOAA U OMHOKPATHO HOHH3UPOBAHHOTO 2TOMA TEJTHSL.

Bop yxazan, ¥To 4714 10IyYEHNA TOYHbIX BBIPAKEHHH 0CTOSHEOH Puabepra Hy:KHO
VINTHIBATH JIBUXKEHYE S7pa o4 AeHCTRHEM CUIT CO CTOPOHBT aMeKTpoHa. Teopus, He-
XOJUBNIasl U3 MPEATIONOKEHHS 0 HEMIO/IBIKHOCTH S/IPA, SIBASETCS JTUIH IEPBLIM TIPH-
Omkenuem. TakuM 00pa3soM, Ha OCHOBaHUM TeopuH Bopa MOXHO 0OBACHUTE Hau-
qvie THHEIYATRIX COeKTpoB, 00pa3yiommMxcs y ATOMa BOAOPOAA NP nepexole AeKT-
POHA B3 OZHOTO CTANTHOHAPHOTO COCTOSHAS B ApyTroe. Kaxad crekTpanbHas THHHA
NOJIY4aeTcs B pe3yJbTaTe TOTO, 4TO aTOM HCIIycKaeT (POTOH IIpH Iepexoje U3 OIHOTO
3HEPLeTHICCKOTO COCTOAHMS B ApyToe. TIpU 3TOM pasHOCTE MEXKIY SHEPIHAMH aTOMA
B HAYAIBEHOM W KOHETHOM COCTOAHUAX OTIPEeNISeT YACTOTY FNEKTPOMATHUTHOTO H3-
JIy4enus, a cel0BaTeNbHO, H NI0JI0KEeHHE AAHHOU IMHUH B cliekTpe. Ilpuaasass n B
coorHomlenud (21.10) pasmuynble 3HAYEHHS, MOXKHO IIOJIYYUTh PAA 3HAYEHHH aHep-
THiT CTARITHOHAPHBIX COCTOAHMIE aTOMa Bofopoaa (prc. 21.3).

Cymecmonamle AUCKPETHRX DHECPreTHYCCKHX COCTOAHMHI ATOMOB SBJISIETCA
OAHON! U3 caMbIX Xapaxkrepyhix ocoleHnocrei Hx CBOﬁCTB, OHO NOKAIAH0 MHO~
FOYHCACHHBIMH OIIBITAMH.
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InasHoe kBaHTOBOE uMcHO. B Boipakenus (21.7) u (21.11) Bxoaut n, KoTopoe
HA3BIBAIOT 2/IA6HbBIM KE8AHMOBBIM HUCAOM. [TaBHOE KBAHTOBOE YHCJIO XapaKTe-
PH3yeT 3HEPIHIO H CPedHee yAaleHHe AIeKTPOHA 0T aTOMHOTO AApa (paauyc opoHuThH).
Ono npuHuMaet sHavernsa n=1, 2, 3, ... (n = 0). C ypeuueHHeM rIaBHOTO KBAHTO-
BOIO YMCJ1A YBEHUYHBAETCS PAAHYC OPOHTHI H SHEPTHS INMEKTPOHA. JHEPTETHHECKOE
coctosiHue ¢ n = 1 gBnsercs ocHOBHRIM. CocTosiHHAC n > 1, Te.n = 2, 3,4 ...,
ABNAOTCA Bo36yxaeHHEbIMH (cM. puc. 21.3). Atom Bopopoaa o61afaeT MUHMMATBHON
aHeprueii (E, = —13,6 3B) npu n = 1, T.e. KOTIA HAXOAUTCS B OCHOBHOM COCTOSTHHH.

Poxzaenne reopuu Bopa 03gaMeH0BaNI0 HAYaI0 HOBOTO 3TaNa B PA3BHTHH COBpe-
MenHo# Ppusuxu. TeM He MeHee oTa TeopHs 061a1a1a paaomM Heaoctatkos. H. Bop mep-
BBIM 3aME€THJ/ M MOAYEPKHYA CIAGHE CTOPOHBI IPEAJIOKEHHON UM TEOPHH: HCKYCCT-
BEHHOCTh IJIAHETAPHOMN MOJeNU, CBoeohpasie NOHATUH CTALIMOHADHBIX COCTOSHHIA,
T.€. COMETAHUe KIACCHYECKUX M KBaHTOBbIX Teopuil. Teopus Bopa okasatace Hemo-
CTATOYHOH U1t 0OBACHEHHIH CTPOEHNUS MHOTOMIEKTPORHBIX ATOMOB, MOJIEKYJI, XHMHU-
4ecKo# CBSIaH H T.A. ITH 0OBbsICHEHHA Jasa HOBas TeOpHs — KBaHTOBasg MeXaHHKa,
OCHOBHI KOTODO# G511 co3aans B 1925- 1926 rr. B.Teitsenteprom n J.1lpexiHrepom.

Poxnenne Teopun Bopa 03HAMEHOBATO HAYAIO HOBOTO STAlla B PA3BATHH COBpe-
MeHHOH (n3uku. Tem He MeHee 3Ta Teopus obaana paaoM HegoctaTkoB. Cam Bop
MePBBIM 3aMETHJI M OAYEPKHYJI c/1a0ble CTOPOHBI NIPeIOKEHHOH UM TEODHH: HCKYC-
CTBEHHOCTBD ILTAHETAPHOI MOJENH, CBoe00pasHe IOHATHIA CTALIMOHAPHEIX COCTOSTHHH,
T.€. COYETAHNE KJIACCHYECKHX W KBAHTOBEIX NIOHATHIA.

21.5. KsaHTOBbLIE reHepaTopbi

[TosiBneHue K8aHMOBLIX 2eHEPAMOPOE ABNIETCS OIHUM H3 Haubolee 3aMe-
YaTebHbIX JOCTHKeHUH HOBO# 001aCTH HAYKH — KBAHTOBOI 3/IEKTPOHHKH.

ITepBrie KBaHTOBBIE reHepaTOPh! OBLIA Pa3paboTaHb! HALIMMH COOTEUECTBEHHHUKA-
mu H.T. BacoeiM H A. M. [IpoxopoBsIM H amepukaHCcKuM (pusnkom Y. TayHcom. On-
THUYCCKMEC KBAHTOBBIC TEHEPATOPHI, HA3BBAEMBIC JIA3ePaMU, ABNATCA COBEPIICHHO
HOBBIM TUIIOM HCTOYHHKOB CBETa.

Bo30yXaeHHEIH aTOM MOXeT OTIATh SHEPTHIO BO30YKIEHNA Oe3bI3MydaTeNbHO U
32 CYET CRONMANHBIX (CAMOIIPOU3BOBHBIX ) H BbINYNCOEHHbIX nepexodos. Ns-
Ay4eHne OOBRIMHBIX HCTOUHUKOB CBETA CIIOHTAHHO: OHO HEKOTEPEHTHO, COCTOUT H3 11Y-
OB BOJIH Pa3/IM4HBIX YacTOT, IOAAPH3ALMI M HanpaBAeRKH pacnpocTpaHenys. ITpun-
LIMI 1a3¢PHOH TEXHMKH 3aKII0YaeTCs B HCIIOAB30BAHAM BBIHYKAEHHOrO (MHIYLHPO-
BaHHOIO) KOTePEeHTHOrO H3IyYeHHUs. :

TNoaundyyuposannvim uszayvenuem NOHUMAIOT H3AYIeHHE BO3OYKACHHBIX
ATOMOB, BHI3BAHHOE AeHCTBMEM MAJAIOILETO HA HUX CBeTa, B 9TOM cayyae nepexon
B030YXXIeHHOTO aToMa Ha 6Gosiee HU3KUH yPOBEHb CONPOBOX/IAeTCA HCIYCKAHHEM
totoHa, He OTAHYAOLIETOCA MO XapaKTEPUCTHKAM 0T HHAYLHpYIoiero doroHa. Bpe-
3ynbTaTE TAKOTO BBIHYXXIEHHOIO KBaHTOBOTO Mepexojla B BeHIecTBe TeHepaTopa 1no-
ABASAIOTCA YKe ABa OAMHAKOBBIX (POTOHA: OMH NIEPBUYHBIH — BHIHYXIAOWMIL, ADY-
roii BTOpHuHBIi — ucnymeHHbH. [IOCKOABKY BemecTBO COCTOUT M3 6OMBIIONO KO-
JM4ECcTBAa aTOMOB, TAKHX BTOPHYHLIX (POTOHOB CTAaHOBUTCA Bee HoJibie u Hobllle,
MPONCXOAHT yCHJIEHHE CBeTa.

Yuco BEIHYKIEHHBIX Mepexo0B 3aBUCHT OT IIOTHOCTH MOTOKa magaomux ¢o-
TOHOB. /|74 no/1y4YeHHs MOIUIHOTO HHAYIIMPOBAHHOTO H3Ty4eHHs HeoOXOAMMO, 4TOObI
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o B3auMo- Mocne paatvo-
AeHCTBHA nelcTrs

Mv

/\/:\/—'
hv

6

Puc. 214 Puc. 215

B BO36YKAEHHOM COCTOSIHMH ATOMBI MOTVIH HAXOAUTHCS B TEYEHUE JOBOIBHO TPOAOJI-
JKHUTEJBHOTO BpeMeHH. B3auMoelicTBIE 3JeKTPOMArHHUTHOTO H3AVYeHNs ¢ BelleCTBOM
CONPOBOKAAETCS AUO0 €ro MOTJIOIIEHHEM, T. €. YMEHBIICHHEM HHTEHCHBHOCTH CBETA
[IpH TPOXOAKNEHIH ero Yepes BeniecTBO (puc. 214 a), mibo ero yeunenueM (puc. 21.4 6).
st Toro 4ToOBI BeIECTBO YCHIHBATIO IPOXOAALIEe 2MEKTPOMArHHTHOE U3JIyYeHHe,
HeoBXOaMMO CO3AAThH B HEM HEPABHOBeCHOe (MHBEPCHOE) COCTOSIHUE, T. €, TaKoe CO-
CTOSIHUE, B KOTOPOM ATOMOB, HAXO[SUIMXCS HA BO3OYKIEHHOM ypOBHe, H0Iblie, 4eM
Ha Hosee HU3KHX. [Ipolecc MepeBoAa BEIIECTBA B TAKOE COCTOAHUE HA3HIBAETCH
ORMUMECKOU HaKauKol,

PaccMOTpHUM npuHIHD 1eiicTEHS ONMTHYECKOTO KBAHTOBOIO TEHEPATOpa — pYyou-
H08020 Aasepa, cosganHoro B 1960 r. Ha puc. 21.5 npencrasnena cxema pyOHHOBO-
ro nasepa. Pybun (aktuBHag cpepa) — ato kpuctann Al O, B COCTAaB KOTOPOTO BXO-
zuT 80 0,05 % uoros Cr®*, MOHBI XpoMa HIPAOT OCHOBHYK) POJIb B Ta3ePHOM IIPOLEC-
ce. CBeTOBOE M3MYUEHHUE Jlagepa CO3TATCA HOHAMU XPOMA, A Bo30YKAEeHHsA KOTO-
PBIX CTYXKUT HMITYJIbCHAA 1a30pa3paaHas TpyOKa £, CTHpaibHO 3aKpyUYeHHAast BOKPYT
PYSHHOBOTO CTEPXKHS [; OHa HA3BIBAETCH JIaMNOU Haxauku. PyOUHOBEI CTepKeHb
Ja3epa NpecTaBasn coO0M [MIMHAD, TOPIbI KOTOPOro OBUIM TIMATEIBHO OTHOIHPO-
BaHEI M IOKPBITHI CJI0eM cepefpa TakuM 06pa3oM, YTO OIMH TOPeH HOJHOCTBIO OTpa-
A& CBET, & APYTOH — YACTHYHO OTPAXKAT M YACTHUYHO TIPOMYCKAT CBeT. IIpH BCIBIIKE
JIaMITbl HAKAUKH B PYOHHOBBIH CTepKeHb TONazaioT GoToHb pa3IHYHbBIX YacTOT, ATO-
MBI XPOMa, TIOTIOTUB 4acTh (pOTOHOB OnpefesleHHOM 3HEPTHY, IEpeXoaAaT B BO3OyK-
ACHHOE COCTOSHHE. 3a CYeT OrPaHUYEHHBIX CIIOHTaHHBIX IIEPEX0J0B B CTEPKHE MO-
HeT BOZHHKHYTh BBIHYKAEHHOE U3/yYeHHe, PACIPOCTPAHAIONIEECS CTPOTO B €70
OCH M YCHJIHMBalollleecs P MHOTOKDATHBIX OTPaKEHHUSIK OT TOPLOBLIX 3ePKal, KOTO-
PBI€ BLINIOJHAIOT POJIb 00BEMHOTO Pe30HaTopa. B peay/ibraTe BOSHHKAET MOIIHOE MO-
HOXPOMAaTHYECKOE HIyYeHHe — CBETOBOH HMITYJIbC, YaCTh KOTOPOTO BHIXOMHT Yepes
TONYTIPO3payHoe 3epKano. JIHTeIbHOCTE TAKOTO HMNYJIbca ~ 1072 ¢. D10 cBA3aHO
C TeM, 9TQ Bce BO30YKAeHHbIe HOHBI XPOMA 34 3TO BPEMs IEPEXOIAT B HEBO3OYX-
AeHHOe cocTossHHe. CBETOBOM JIVY JTa3epa CTPOTO HallpaBJ/ieH | 06J1afaeT Masol pac-
X0AUMOCTbI0. OObeMHBIA PE3OHATOP Jla3zepa CAYKHUT A8 CO3AaHHA TOJOKUTENb-
HOH 06paTHOi CBA3M U ANs HOPMHUPOBAHUA N€OMETPUYECKHUX MAPAMETPOB BHIXO/I-
HOTO JIy4a Jla3epa.

He Bcst sHeprus, noriouleHHas pyGHHOBBIM CTEPIKHEM, IIPEBPAILAETCA B J1a3ep-
HOe u3JaydeHHe. YacTh ee, JOBONBLHO 3HaUMTENBHAS (=2 50 %), TpaTUTCA Ha Harpesa-
HHUE CTEPHKHA, [TOITOMY B KOHCTPYKLMM Ja3epa IpeaycMoTpeno oxyaxaenue 3, Cko-
pOCTb MOBTOPEHHS UMITYJIBCOB J1a3epa 3aBUCHUT OT CHCTEMBI OXJIaXK/IeHNUA pYOUHOBO-
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ro Kpucraiia. Iipu Temneparype crepikns nopaaka 1000 K py6unossrii 1asep pas-
pyniaeTcs.

CyecTByeT G0JIbIIOE KOJMIECTBO Ta3ePHBIX MATEPUAIOB, DTO IIPEXkKIE BCErO CTeK-
JIO, B KOTOPOC BBEIeHBI MOHBL HEOAUMA, GUIIOOPHT KaJbLMs C HOHAMH CaMapHs U JIP.
PasnuyHble JazepHBle MaTePHAJIBl AAI0T CBeTOBOE H3JIYYEHIEe PA3THYHbIX JJIMH BOJIH!
pyOuHOBBIHA nazep — 0,694 MKM, a3ep Ha CTeKJe ¢ HeoauMoM — 1,06 Mxm (WHbpa-
Kpaclioe usnyuexue). B nasepax B kaueCTBe aKTHBHOIL CpeIbl MOTYT OBITh MCTIOMB30-
BaHBI ra3sl KU cMecH ra308 (Ne, Ar, Ne —He u 1p.). B ra30BEIX J1a3cpax aTOMBI aKTHB-
HOH cpexsl YacTo BO3OYKAAIOT BRICOKOYACTOTHERIM Pa3psaaoM. Kak npaBuio, ua/iyde-
HHUe Ta30BbIX a3epoB HenpepbIBHO. CO3/1aHbI NOMYTIPOBOIHUKOBHIE, XUMUUECKHE, Ta-
30AMHAMIYECKHe U APYTHE Ja3ephl.

IIpuMeHeHHe na3epoB. B mazepHOM Jyde MOXKET TOCTUTATLCA TIOTHOCTh MOIL -
HOCTH mopsiaka 102-10% Br/cm?. Dtoro aocratodHo, 4tobbl 1ipu GOKYCHPOBKE B
30H€ (DOKA/IBHOTO MATHA 32 BpeMs~ 1078 c Ipokeu s oTBepCTHE B BOABGPaMOBOH POJb-
re. lannroe CBOMCTBO Ja3epHLIX JyJel HCIONB3YeTCH B CBETOAYYCBbIX CTAHKAX, ¢ TMO-
MOWIBKO KOTOPHIX BEITIOHSIIOT OTBEPCTHS B KAMHSAX YACOBBIX MEXAHU3MOB 13 pyOHHa,
anMa3a, B TYIOILIABKHX CTINABAX U TPYAHOOOPabAThIRAeMEIX METaIax.

IIl1pokoe mpuMelieHWe HANIM JIa3ePEl B MUKPOIEKTPoHUKe, C 1IOMOLLbIO JTa3e-
POB NPOHU3BOIAT CBAPKY PA3IHYHBIX COCIVHEHUH 71 MUKPOCXEM, HATIBLIOT 110JTY-
APOBCAHUKOBEIC CJIOW U T. . BBIcOKass MOHOXPOMATUYHOCTE W HAPABIEHHOCTH Ja-
3€PHOTO M3/1Y4eHHA NIO3BOJIAI0T UCLIOAB30BATL Cro A4 UsMepeHus paccrosHuil. Ha-
npumep, 17 HostOpst 1970 r. coBetckast aBTOMaTuyYecKas cTanius «J/IyHa-17» JocTaBu-
JIa Ha 1OBepXHocTh JIVHBE NepeABHKITYIo Jabopartopurr «JIyHoxoa-1», Ha KOTOpoi
OBl YCTAHOBJIEH Ja3epPHBIN oTpaxaTensb. 110 BpeMeHn 1Hpolera JasepHOTo ayda, 10-
CJTAHHOTO ¢ 3eMJTH M OTPaXKEHHOIO 06PATHO oTpaskaTeaeM, OBLIO TOYHO H3MepPeHo pac-
crosiHue 01T 3eMau o JIyHsl

Jlasepr: HO3BOIAIOT H3MCPSITH HE TOIBKO ACTPOHOMHYECKUE, HO M MaJThle paccTos-
Hua. (Hanpumep, ¢ HOMOUTBIO 1a3epHOIO KHTepdEpOMeTpa U3MepeHa JedopMalvs
3CMHOM KOPBI ¢ nOrpenrHocTsio 3-107% M)

B MeauIuHe oiHOH w3 obsacTeil IPUMEHeHHs OUTHYECKHX KBAHTOBBIX T€HCPATO-
POB ABJACTCH XHUPYPruA. BRIXOAIOH IY40K CBETa UCIOAB3YIOT A CTCPHAHIALNH H
LUPURHTAHNA YYACTKOB XKUBBIX TKaHcH. 1IpoBeAenn! yclelnbie 9KCAEPHMEHTHI ¢ TIPH-
MEHEHUEM JIa3€ePa 110 YCTpaHeHHIo 0TCA0CHHS CeTUYATKH 71833 ( MUKPOXUPYPIHA IJIa-
3a). ['1a3 mpu takoii omepauuu CAYXUT JIHH30, KoTopasd QOKYCHpYeT Haaydene Ha
ceTqyarke. VIHTCHCHBHOCTS ILy4Ka CBETA TPH 3TOM HACTOABKQ HHU3KE, YTO [71a3 B 11e7I0M
He TI0BPeX/IAcTCs, a4 B TOM MecTe, T/Ie IYYOK CBera (POKYCHPYETCH, IIPOMCXOINT 11PH-
BapHBaHHE CETYATKH.

p=d KPATKME BbiBOAbI

® BuyrpeHHee CTpoehKe ATOMA H3Y49aTh NIENOCPEACTECHHO HEBO3MOMKIO H3-32 MAIOCTH £T0
pasMepoB. CTPYKTYPa aTOMA 1[POAB/ISETCH TOIBKO KOCBEHHO B ABCIHAY, CBA3AHHEIX ¢ €00 BHYT-
PEHHHM cTpoetneM. K aucty Takux SsBIeHui OTHOCUTCH W3NYYCHHC,

® J. Pezepdopi UPeAIORKA A0epuyro (naanemaptiyio) moders amomda. CornacHo
9TOI MOZIE/TH, BECD [O/IKHTENBHBIA 3aDSA 1 BOYTH BCA Macca aroMa 99,4 %) cocpeaoTodens B
atoMHoM siape. PasMepnt anpa 107'% a1, pasmep atoMa ~ 1071 .,

Bokpyr anpa 110 3aMKHYTHIM OPOUTAM ABHKYTCA 2J1€KTPOILBL,

Mozens cTpoenns atoma, npemnoxeHaas Peaepdopaiom, He 06bACHANA CIICKTPAIbHLIX 3a-
KOHOMEPHOCTEE # OKasalach B TPOTHBOPEUH U ¢ 3aK0TTaMK Knaccnyceckoi mexaauky. [o mone-
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nu Pesepdiopiia aToM SBASETCA HEYCTOHIHBOH crcTeMoit. B peficTBuTeIBHOCTH aTOM YCTOH-
yus, Berxoa u3 aTore saTpyaHuTe/ IHOTO MOA0KeH O501 npeaaoxer H.Bopom s 1913 T

® B ocniose meopun Bopa nexat ABa 1locTyaTa.

1. DAEKTPOHB MOTYT JIBUFATHCSA B ATOME TOABKO 110 OLIPEIEAEHHLIM OPOMTAM, HAXONACH HA
KOTOPBIX OHM, HECMOTDS Ha HAAW4ME Y IHX YCKOPEHHs, He H3yJatoT. ITH opOUThl COOTBET-
CTBYHOT CTATIMOHAPHBIM COCTOSIHWAM 2JeKTPOHOB B 2TOME W OTIPE/IC/IAIOTCS YCI0BHEM

nh

mev:urn = 2'“ N

2. ATOM M3NYYAET UM IIOIIOIIAET KBAHT 3IEKTPOMATIIHTIION SHEPTHH INPH EPEXO/e JIEKT-
POHZ U3 OAHOI0 CTALMOHAPHOID COCTOAHNIA B Apyroe. JIePria KBaHTa papHa PasHOCTH 31ICp-
THil CTAMHOHAPHEIX COCTOAHHIT 3/IeKTpoHa 40 By U nocuc £ -nepexoga:

h=FE, — E.

® Bop BBEN NPaBI0 KBaHTOBAHMSA, 103BOIMBLIEE OLPEAETHTh BO3MOKHBIE PATHYChl OPOHT
3EKTPOHA H 3HAYEHHE SHEPTHH aTOMAa BOJAOPOJA.

Ha ocroBarym Teopi Bopa MO0 00BACHHTE HATHYNC IMHEHUATRIX CIIEKTPOB, 06pasyioLIHx-
Cs1 Y aTOMa BOJIOPO/IA TP NEpeXoyie HICKTPOHA H3 OXHOTO CTALHOTTAPHOTO COCTOSHHS B JIPYIOE.

CyllecTBOBaHEE JUCKPETHHIX SHCPIeTHYECKUX COCTOSTHHI ATOMOB SIBASETCS OANOM H3 ca-
MLIX XapaKTePHEIX oco0RINOocTeH X CBOHCTR, OHO JIOKA3AHO MIIOMOYHCICHHBIMH ONBITAMH.

# Poxzenue reopuu Bopa ozHaMeHOBaNO Haualo HOBOTO HTaila B PA3BUTHH COBPEMEHHOR
¢usax. Tem He MeHee 9Ta Teopus 0641212 PAJIOM HEIOCTATKOB: HCKYCCTBEHHOCTD INTAHETap-
HO# MOZIEAN, CBOEOGPAIUE IIOHATHH CTALMOHADHEIX COCTOSHMI, TC. COYCTaHHe KIACCHICCKHX H
KBAHTORDIX MOHATHHA. JTa TeOpH: NpeAcTaBAsAna coboll oupese/IeHHBIH TIEPeXO b 3TAll Ha
TIYTH COSAIHA [TOCIEA0BATENbHOH TEOPHH ATOMHEIX M A/IEPHbIX ABIEHHH.

# Ha ochope KBaHTOBOI TEOPHH H3TYUETTHA ObI/IW TOCTPOEHBL KBAHTOBRIE TeHepaTopul. On-
THYECKHC KBAHTOBBIE TEHEPATOPHl — AaA3epPst — ABJIAIOTCA HOBBIM THUOM HCTOUHHKOB CBETA.
Q114 HAULAH TMHPOKOE TPUMEHEHHE B DA3AMYILIX 001aCTX HAYKN M TEXHUKH,

ﬂ Bonpocbi AN CAMOKOHTPONA H NOBTOPEHUSA

1. Kakyio pous ceirpaim Tpyast 1. . Menaeneera B pa3sBHTHH UDeACTaRNENNH O CTPOCITHH
atomoB? 2. Kakue OTKPEITHA H ABJCHNA CBUACTCIBCTBORA/IM O TOM, UTO ATOM IPE/ICTABIAET
c000i1 coXHYI0 cucTeMy? 3. PacckakuTe 0 3aKOHOMEPHOCTAX B aTOMHBIX CLIEKTPaX BOAOPOA.
4. Ucnonbays ynpomeHHy o cxeMy onttos 3. Peaepdopia, 00bacHrTE peay/IbTaThl ITHX OITh -
T0B. 3. Kakue noctyarsl IexaT B OCHOBE TeopHH aToMa Bogopona mo Bopy? 6. Kak teopus
Bopa ofibacHaeT uposcxoxiCHUE TUHERIATHIX CNeKTPoB? 7. UTo JIekuT B OCHOBE MPUHUMNA
zeiicTBaA Aazepa (KBaHTOBOTO revepaTopa)? 8. [e npUMeRAIoTCA Na3ephl?

NpuMep pelueHHA 3afavn

® 3anaya. OnpeaennTs YacTOTY CBETA, U3J1YYaeMOro aTOMOM BOAOPO/A, TTPH nepe-
XOJIe 3/IEKTPOHA HA YPOBEH ¢ TJIABHAIM KBAHTOBBIM YUCJIOM 7y = 2, €CJIH pajiluyc oOp-
6UTHI 3JIeKTPOHA U3MEeHIICH B 9 pa3.

HaHo: n, =2; r/r, = 1/9.

Hairu: v.
Pemenne. 9acToTa CBETA, H3JIy4aEMOTO aTOMOM BOAOPOIA, onpe/lenseTcs hopMyrIon
1 1
v = R —_— - 1
) o
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rae R — nocrosindas Pupabepra; n, — HOoMep OpOUTEL, ¢ KOTOPOI MepeXoiuT 37MeKT-
POH; 1y = 2 — HOMep OpOUTHI, HA KOTOPYIO 3JEKTPOH MEPEXOIHT.
W3 dhopmynet (21.7) nna paguyca opbuThH caeayer, 4to
m_n_1

n o on 9

Pa3szennB 1 yMHOKHB NPaBYIO YacTh papeHcTsa (1) Ha nf, moaydum

v:R[ ——7-1-12—]i

3| 2
g )

BoiuvcaeHnsd:

1
v =329-10' ¢! [l - %]Z =0,73-10° ¢ .

Orser: v = 0,73-10°¢c”’

E Sagauymn AN CaMOCTORTENILHOIO PELIEeHHS

1. BoiyacanTh nepro obpalieHns sneKTPOHA Ha TIEPBOi GOpOBCKeit opOuTe B ATOME BOXODOZA.

2. BoiuucanTh CKOPOCTS BIEKTDOA, HAXOAAMETOCA 1A TPETHEM BHREDIETHUECKOM YDOBHE B
aToMe BOAOPOAA.

3. Ilpu nepexone anexTpoHa B aTOME BOAOPOAA H3 BO3OYKISHHOTO COCTOSHAA B OCHOBHOE

paaMyc opOITEl 3IEKTPOHA yMeHbImuacs B16 pas. OupegeauTs JJIURY BOTHE HATYIeHHOro Go-
TONA,

4. Onpegesurs AMuHY BoAHEL ge Bpoilis aexTpoHa, MPOLIEIETe YCKOPAIOUYIO Pa3EoCcTh
noteHurance 10° B.

3. Bo ckomnbKo pa3 MeHsITCS paguyc OPOUTHL 3JEKTPOHA 1 FHEPIUSL ATOMA BOAOPOAA IPH
TIePexo;Ie U3 COCTOSHHA 1, = 5 B COCTOSAHMNE ny, = 17

6. KakoBEI CKOPOCTE M YCKOPEHHe 3/1eKTPOHA Ha nepsoii 6oposckoi opbure?

vo KnioueBoie CnoBa. CrekTp aToMa, CeKTpansHele TMHWA, MOLEe/Is aroma,
NoCcTyAaTs 5opa, KBaHToBOE Y1CH0, Nasep.

Frnasa 22
OGU3UKA ATOMHOTO AAPA

22.1. EcrecTBeHHan PafANOAKTUBHOCTD

B 1896 1. A. Bekkepenn, u3y4as siBJleHHE JIOMHHECLEHITHN COJIel ypaHa, YCTaHO-
BHJI, YT0 €C/IH OCBETHTD COJTb YPAHA COTHEYHRIMH JIy9aMH, a 3aTeM MIOJIOKHTD e€ Ha
3aBEPHYTYIO B HepHYIO OyMary (GoTONNaCTHHKY, TO NOCHASIHAS TEMHEeT 1o AelicTeu-
eM, KaK OH IO,1arasl, Jydei JIOMHHEeCIeHIHH.

Ho onnaxant Bexkepens monoxui Ha GOTOMIACTHHKY COJlb YPAHA, HE OCBETHB €€
npensapuTenpio Aydamu CoNHIA, ¥ BECh NPeNapaT MOMeCTHA B TeMHBIN Amuk. Ye-
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pe3s HeCKOJIBKO AHElH, IPOABUE (POTOIIACTHHKY, OH 06-
HapyXHJ Ha Hel OTMEeYaToK KyCcKa YPaHOBOLM DYABL.

ITpoBoast MOAOOHEIE OTIBITH ¢ PA3IHUHBIMHU COIAMH
ypaHa, Bexxepens npHines K BRIBOIY, YTO YPAHOBAS COJlb
HCIYCKaeT JYYH HeU3BECTHOTO THIA, KOTOPRIE TIPOXO-
14T Yepe3 SyMary, Iepeso, TOHKHE MeTA/LINYeCKHe IL1a-
CTHRKH, Jeal0T BO3AYX MPOBOAHHKOM 3MeKTPUYECTBA.
Jlyun, oTkphIThIEe Dexkepenem, HasBann paduoaxmue-
KoM (OT JIAT. <PAInycs — Jay4).

DTeMEHT YPaH OKa3aJcs He e IMHCTBEHHRIM, CIIOCO6-
HBIM MCIYCKaTh PaJNOaKTHBHbIe TyyH. Mapun u [Ibe-
py Kiopu, KoTopBie IIpOBeIH BCeCTOPOHHEE M3ydeHHe pa- Pre. 221
JHUOAKTHBHOCTH, YIAJIOCh BBIAETUTD U3 YPAHOBOH PYIBI
JBa paiCaKTHBHEIX 3/leMeHTa: MojoHWH Po 1 paamii Ra.

EcrectBeHHbIe pATHOAKTHRHEE SIEMEHTE MMEIOTCS B 3aMETHRIX KOTHYECTBAX TI0-
BCIOIy Ha 3eMJle: B BO/ie, B BO3/LYXE, B [IOYBe, B TKAHAX XKHUBBIX OPFAHU3MOB, B IIPOAYK-
tax muranus. HanGonee pacnpocTpaHeHHBIMY eCTECTBEHHHIMH Pa/IHOAK THBHBIMHM H30-
rontamy sBasiotest YK, C 1 pafHoaKTHEHBIE H30TOTEI CeMEHCTBA YPaHa M TOPHS,

IxcnepuMerTansHo PesepdopaoM ObLIO YCTAHOBIEHO, YTO PATHOAKTHBHOE M3JTy-
YeHUE HEOFHOPOIHO W COCTOUT M3 HECKONBKUX BHIAOB Jydeld. ITO CJAEA0BAID U3 pe-
3YJAbTATOB ONLITOB, CXeMa KOTOPHIX ApHBEAcHa Ha pHc, 22.1. TlonepeyHoe MarHuTHOE
110J1€, HAIIPABJIEHHOE [IePNeHARKYIAPHO ILIOCKOCTH DHCYHKA, DA3NCTAET H3NyYEHHe,
HCIYCKAEMOE DATHOAKTHBHBIM UCTOYHHKOM, HA TPH IYYKa: «, [3, .

Airbha-yun mpeAcTapaioT coboH MOTOK MOHO3HEPTETUYECKHX sep reust; 6eta-
JIVYH — [IOTOK 3/IeKTPOHOB; FAMMa-jIy4l — IOTOK KBAHTOB 2/IeKTPOMArHUTHON 3Hep-
THH.

Pa,zmoaxmnnocrb JACMEHTA HC 3ABHCHT OT TOIo, ABMACTCA T OH XHMHYECKH
YHCTBIM HJIH HAXOOHTCA B COCTaABC KaKOT O-JIHGO XHMHYE€CKOro CoeIJHHEHHA.
PajHoaKTHBHOCTD NPEACTABISET COO0H BHYTPHAAEPHDIH Npouecc.

3TO BHITEKAET W3 TOrO, YTO HA HETO HE OKA3bIBA0T HHKAKOIG BO3ACHCTBIS HHA BH
XUMHYECKOTO COeAHHEHNUA, B KOTOPOE BXONT IAHHOE PO, HI arPeraTHOE COCTOSTHHE
BEILECTBa, K GOJIbIINE JABTEHHS, HH OYEHb BbICOKME TEMIICPATYPHI, HH SIEKTPHYEC-
KHE H MarHlTHbie 10JI4, T. €. BCe T¢e B03I[€EU’ICTBHFI, KOTOpbIE MOrYT H3IMEHUTD COCTOsA-
HHE TEKTPOHHOH 060M0YKH aToMa.

Urak, nox ecmecmeaennoli paduoaxmuaocmsio NOHUMAIT SBICHUE CAMO-
HPOU3BOJIBHOIO HPEBPAllleHHs aTOMHBIX SIEP HEYCTOMYMBEIX H30TOIOB B YCTOHYH-
BBIE, COTIPOBOK/AAIONIEECH HCIIyCKAHHEM YAaCTHIL W u3JlydenueM sHeprun. Takum o6-
Pa30M, OTKPHTHE SBACHUA PAJHOAKTHBHOCTH BILIOTHYIO TOBENO (hH3UKOE K H3yde-
HHIO CTPOEHHA aTOMHOTO S7Ipa.

22.2.*% 3aKOH pajMoOaKTUBHOro pacnaga

3akoH pagHoaKkTHEHOTO pacnaja. lIpy UayieHHY ecTeCTBEHHOH PAHOAKTHBHOC-
TH Ilepel 9KCIIEPUMEHTATOPAMH BO3HHK BOIPOC: 10 KAKOMY 3aKOHY [IPOHCXOIHT Pac-
T3/l PATIOAKTHRHEIX 31eMeHTOB? MHOTroUHCTIeHHBIe ONBITH MOKA3BIBAKOT, YTO € TEYe-
HHEM BpEMEHH YHCITO PAAROAKTHRHEIX ATOMOB B TAHHOM 00BEME BETIECTBA YMEHBIIa-
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erca. JI7st OHUX S/IEMEHTOB 5TO YMEHbILeHHE IPOMCXOHT OUeHb OBICTPO — B TEYEHHE
MHHYT H Jlajke CeKYH/1; [Vl APYTHUX Ha 3T0 TpebyloTes MIILIUapas: aet. Brino yeTaHos-
JE€NHO0, UTO PacHag ajacp — sSBleHMe ciaydJaiiHoe. HeBO3MOMXKHO CKa3aTh, YTO MPOM30ii-
J€eT ¢ ZAHHBIM A1POM; OHO MOXKeT B PABHOH Mcpe U IPeTepleTh paciai, i COXPaHHThCS
HEJTHIM He3aBHCHMO OT TOT'O, CKOABKO BPEMEHH OHO BOOOIIE CYIIeCTBYeT, MOXKHO TOMh-
KO YTBEPAJATh, YTO UMEET S HEKOTOPAs! BEPOATHOCTD PACIaia KaoKIOro pagHoakTHB-
HOTO 3JICMCHTA 3a Olipe/ieIeHHLI i MPOMeXKYTOK BpeMeHH; CAe0BATENBHO, H3MeHeHHe
PaAUMOAKTHBHOCTH CO BPeMeHeM AOQKHO MOTYMHATECH CTATHCTHYECKOH 3aK0HOMep-
HocTH. OHOI U3 OCHOBHBIX XAPAKTEPUCTHK PATHOAKTHBHOTO 2JIEMEHTA IBJIACTCA BE-
JIHYMHA, KOTOPAs ONpe/leNiAeT BepOSTHOCT Paciiajia KaxaoTo OTAeJIbHOIO aTOMA 34
cexymray. Ee 0003HaYaloT \ 1 Ha3BIBAIOT ZOCMOSAHMOL PAOUOAKMUEHO20 pacnada.

Eciv B HaganbHBIH MoMenT BpeMeHH § = 0 nMeeTcst Ny paiHOAKTHEHbLIX ATOMOB, TO
B MOMEHT BPeMeHH ¢ YHCI0 OCTABUIMXCS PAIMOAKTUBHBIX 3TOMOB

N=Ne™ (22.1)

e e ~ 2,72 — OCHOBAHHE HATYPAJIBHOTO JorapudiMa.
Burpaxkenue (22.1) Ha3HIBAETCA 3AKOHOM PACUHOAKMUGHOZ20 pacnada.
llepuon moaypacnana. 3to spems Ty, N0 HCTEIEHHH KOTOPOro HaYANbHOE
uucao Ny aToMOB PA/IMOAKTHBHOIO BEILECTBA yMeHbUTCA BABoe. Ecmu ¢ = Ty, TO
N= Ny/2utorna Ny/2 = Nye ™2, otkysia Ny, = In 2, wmt

In2 0,693
=5 =5

Ieproa noaypacnaza NOCTOSHEH 4151 JaHHOTO u30Tomna. IlepHoab moaypacnaga
PA3TUYHBIX PATMOAKTHBHBIX H30TOMOB H3MEHSIOTCA B 04€HD HIHPOKMX IIPEAELIAX: OT
4,56 MupsL siet y ypana 1o 1,5- 1071 ¢ y nzoromna nononus. ITocrogascTso neproaa no-
JIypachajia JaHHBIX ATOMOB H30TOTA IOATBEPK/AET CTATUCTUYECKHH XapaKTe] pajvo-
aKTHUBHBIX NPeBpalleHHH.

Bce H30TONEI 3TeMEHTOB, HOPSIIKOBBIA HOMEDP KOTOPBIX foblie 83, palHOAKTHEHL.
EcrecTBeHHble PAAMOAKTHBHBIE SJIEMEHTHI MOXKHO DACTIONOKHTh B YETHIPE PAJA, KaX-
AbIH 4IEeH KOTOPOro {KpoMe IepBoro) oOpasyeTcs B peayabTaTe PafHOaKTHBHOTO pac-
Maja npeAsAyero. PoaoHavaibHHKAMK STHX PALOB aBasoTcsa a3 U, 33 Th, 25U, ZINp.

CewmeiictBo *5U 3akaHumBaeTcs CTabHABHBIM H30TOIOM CBHHIA 295Pb. CeMeiicTBo
topust %3 Th 3aKaHIMBAETCS YCTOHYHBBIM H30TOTIOM CBMHI “SPb, KOHEYHBIM IIpO-
AYKTOM ceMeicTBa aktiiua *53U apisierca cTabuapHbmi H3oton ceunna UPb, Ce-
MeHCTBO HENTYHUA 2N p 3akanuMBaercs CTaOHUIBHBIM M30TOIIOM BHCMYTa ‘5Bi. Po-
AOHAYAIBHUKH PAIHOAKTHBHBIX CEMEWCTB HMEIOT HOJHHINE NIePHOIbI II0AYPACIIAAA,
HanpumMep 25U — 4,56 - 10° meT, 22 Th — 1,39 10 met. B Teuenne reonormyeckux 3mox
MENKTY BCEMM WICHAMH PAJMOAKTHBHOTO CeMeHCTBA YCTAHABIHBAETCA BEKOBOE PaB-
HOBECHE, IIPH 9TOM KOJHYECTBA PaJIHOAKTHBHBIX BEUIECTB NPOIIOPUHOHANbHbI MX IT6-
PHOAAM NIOAYPaCcIaza.

Axmuenocms A panMoaKTHBHOIO BEIIECTBA XADAKTEPHIYET YHCIIO Paciiajios saep
zalc. :

Eannuuei akTHBHOCTH sBAsieTes Gexxepens; 1 bk = 1 pacn./c =1¢7%

Beanunny T = 1/\ Ha3LIBAIOT CPEOHUM GpeMeEHeM HCUIHU PATUOAKTHBHOIO
H30TONA. JHAYEHHS A M T HE 3aBUCAT OT BHELIHUX YCJAOBHH, 8 ONPEAEIAIOTCA JIHIIb
CBOMCTBAMY ATOMHOTO SIIpa.
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22.3. Cnocobbi HabnwgeHUa ¥ perucTpauun 3apa)XXeHHbiX 4acTHy

Mertoabi perncrpanyn SaepHLIX udnydenuii. [ean uccnenosanuit wamyuernsa se-
NIECTB — BEIACHEHHE NPHPOJBI YACTHL, H3/LYYAEMBIX [IPH PAXHOAKTHEHOM pacraje,
H3MePCHHE SHEPTIM 3THX YaCTHI U HHTeHCHBHOCTH H3NTyYeHHH {Te. orpejle/ieH e Yic-
JIa 4ACTHIL, H3YU2EMBIX Pa/IHOAKTHBHBIM BelllecTBOM 3a 1 ¢).

Hanbonee pacpocTpaHeHHBIMY [IPH PETACTPALIEH SAEPHBIX YACTHL M H3Ty4eHUH
ABJAIOTCA MeTOIBl, OCHOBAHHBIE Ha HOHM3HPYIOIEM # (OTOXHMHYECKOM AeHCTBHH
gacTui. K HIM 0THOCATCS XHMIYECKIe, KATOPUMETpHYeckye U thoTorpaduueckue Me-
toaw. MoHAsHpyioimee AeficTBUe N3JIYYEHHS HCIIOAB3YETCS B MOHU3AMKOHHBIX KaMe-
pax, cteTynkax [eitrepa — Mosnepa ¥ CUHHTU/UTALMOHHBIY CHETYHKAX.

Kamepa Buascona. Dtot npubop O6bLT CKOHCTpyHpoBaH B 1911 r. anrauiickum
¢pusuxom Y. Bunscorom. OH OCHOBAH Ha CNIOCOOHOCTH OBICTPO JIETAIAX YACTHI HOHU-
3UPOBATH MOJEKYJ/IbI BELIECTBA, HAXOAAIIErOCHA B MApO0OPazHOM COCTOSTHHM.

Cxema kamepsl BuibcoHa naofpaskena Ha puc. 22.2. Pabounit o6beM kamepnt [ 3a-
TIOJIHEH BO3AYXOM HTH APYTHM Ta30M H COAEPXKHUT B ce0e HACHIIEHHBIH ap BOAb FITH
crupra. [Ipd 6BIcTpoM NepeBIKeHHH NOPILH: 2 BHU3 [Tap WK ra3 B oGbeMe 1 afuabar-
HO PaclIHPAETCA H OXJIAKAAETCS, TIPH STOM Tap CTAHOBUTCS NepeHachineHHBM. Korna
uepes 00BEM KaMepsl TIPOJIeTaeT 3APSKEeHHAS YACTHIA, TO HA CBOEM ITYTH OHA CO3/IAeT
HOHBI, HA KOTOPBIX TP PaCUIMPEHHH 00beMa [ 00pa3yioTcs Kale bk CKOHAEHCHPO-
BaBIerocs napa. Takum 06pasoM, YacTHIA OCTaBAeT 32 oGO BUAMMBI cie (TPeK) B
BH/IE Y3KOH HOIOCKH TyMaHA. JTOT TPeK MOXHO HabmoaaTh wan cotorpadupoBats.

Anp(dha-4acTUILL BEIBBLIBAIOT CHIIBHYIC HOHH3ALMIO Ia3a K [[03TOMY OCTAB/ISIOT B
KaMepe BHibcona sKMpHBle clielbl, GeTa-4acTHIB Moce cebsl 0CTAB/sAI0T OUeHb TOH-
Kue Tpekd (puc. 22.3). TaMMa-KBaHTBI MOTYT OBITh 0OHAPYKEHBE C [IOMOINBIO KAMEDLL
BumbcoHa no (GoToaIeKTpoHAM, KOTOPBe OHH BHIOMBAIOT U3 MOJIEKY [a3a, 3aM0MHA-
101ero pabounii 00beM KaMephl,

Kamepy Buancona 4acTo moMeINAa0T B CHABHOE MACHUTHOE [10J1€, YTO NO3BOJISET
MO MCKPHBJEHUIO TPEKOB YaCTHLI ONIPEAENITh UX SHEPTHIO U 3HAK 3apsia, a 110 TOJNH-
He TPEKOB — 3apsiil U MAacCy YacTHIL

lazopaapaause cueTunkH. B vecienopanusx o sgepHoil Ggmanke YacTo UCOMAb-
3YIOT CYCTYHKH 3aPSOKEHHBIX YACTHL, KOTOPBIE CAYKAT T PETHCTPALHE OTACIbHBIX
YacTHIl. PacCMOTPHM HpHHIIAIT AeiCTBHA OJIHOTO M3 BHAOB CYCTUYHKOB — TPONOPLHO-
HaTBHOTO (pUC, 22.4), C4eTYHMK COCTOMT H3 HATIOAHEHHOTO Ta30M IMAHHApa 1, B KOTO-
PbLi BBEAEHH Ba 3/IEKTPOAA: aHOA J [IPEACTABASET COO0I TOHKYI0 META/LTHYECKYIO HATS,
00a ee KOHIIa yKperieHsI HA H30aTOpax. KaToa 2 BBIIOIHEH B BHIe TOKOIIPOBOISIIETO
METALTHIECKOTD CJIOS, HAHECEHHOTO Ha BHYTPCHHIOKY MOBEPXHOCTD IIMJTITHIPA.

Mezxay KaTOA0OM H AHOIOM IIPUKJIAIBIBAETCS HATIPSKEHUE
NOpAAKa HECKOJIBKHX COTEH BOJBT, RCJIEACTBHAE YETO BHYTPH
CYETINKA CO3/IaeTCs aaekTpHyeckoe ose. [Ipu nonaganun B
CYETHMK YACTHIa HOHH3YET MOJEKY/Bl Ta3a H B HAEKTpHye-
CKOM [IOJIC MEXAY KATOLOM H AHOJOM BO3HHMKAET HAIIPABJICH-
HOe IBWKeHHE HOHOB, T.€, IPOMCXOUT ra3oBwii paspan. Pas-
PAAHBIA TOK cO371aeT GOMBITOE MaficHHE HATIPAMXEHHS Ha CO-
HpOTUBNIEHUH B, ¥ HANPS:KeHHEe MEXAY 3/1EKTPOJJAMH CHIIb-
HO YMCHBUIZETCS, NOATOMY pa3psij npexpaiaetcs. Hlocre npe-
Kpallenus ToKa MEKAY KaTO/IOM M aHO0M BHOBB BOCCTAHAB-
JHBaeTCs HOMbIIOE HANPSKEHKHE H CYETYHK TOTOB K PETHCT- Puc. 22.2
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pamy caeAyiole yacTAIb. MMnyase HAMpsDKeHNs, BO3HHKANIHEH Ha COIPOTHB-
JIEHU M RH, YCHUIUBAETCA U DETUCTPHDYETCA CNIEHHATLhHBIM CHETHRIM yCTpOﬁCTBOM.
HpOHOpHHOHHﬂbHHMH CHETUYMKW Ha3bIBAKOT IIOTOMY, YTO CHJIA TOKA I'a30BOTO pas-
psizia, BO3HHKAKIIETD MOCAe NPOXMKIEHUS HOHU3UPYIOWeH YacTHIIH, TPOIOPIHO-
HaJIbHa YHCTY 00Pa30BaHHBIX €10 MOHOB.

OnHa 13 PA3HOBHIIHOCTEN NPOMOPUUOHAIBHBLX CUermUK0E Oblla IPeIOXKEHA
3. Pesepdopaom u [.Teitrepom B 1908 r. Briocaenctsuu B 1928 r. cueTunk Obin yeoBep-
meHCTROBaH J. MIo/LIepoM | Mo/yuw Ha3BaHue cuemyuxa Ieiizepa — Mioanepa.

22.4.* 3¢pdexr BaBunosa - YepeHKoBa

dddexr Basuwrona— UYepenkosa. B 1934 r. A.TI. UepeHKOB NpH HCC/IEA0BAHHH
CBeYeHUH XMIIKOCTelH MoJl AeHCTBUEM ~-H3Iy4eHHs pajus Habmonan caaboe cinee
CBeYeHHe, APKOCTE KOTOPOTO B TUCTHIX TIPOSPAYHBIX JKHAKOCTSAX MAJIO 3aBUCETA OT HX
XUMHUYECKOTO coCTaBa.

CaeueHue, BBI3bIBACMOE PAAMOAKTUBHBIMU H3TYIeHHAMHE, OBLIO 3aMeueHo ette [se-
poM 1 Mapueii Kiopn, Ho OHH cYHTa/IH ero 0b65MHOM MoOMHHecIeHNiell. Bapnios u
UepeHKOB IPEINOI0KUAIH, UTO 3T0 CBeMeHHe BOJHHKAET B Pe3yJIbTaTe TOPMO/KEHHA
GBICTDBIX AEKTPOHOB, BHIOMBAEMBIX ¥~ KBAHTAMY M3 MOJEKYJ 00.1y4aeMOro BEHIECTRA.
I1o mpeATONOKeHHE GBITIO TIPOBEPEHO CIEAYIONINM 00Pa30M: TaK KaK MATHUTHOE TI0TIe
OTKJICHHET 3JA€KTPOHBI, TO CE€YeHHe, eCIH OHO BOZHUKAET Ha ITYTH TOPMO2ATIETO 37I€K-
TPOHA, AOJDKHO OTKJIOHSTBCA MATHUTHLIM I1oJ1eM. M felicTBUTENBHO, IPH HATOMKEHNH
MAaTHMTHOTO IOJA CBeYeHHE OTKJIOHAIOCH B COOTBETCTBYIOMYO cropony. Chenopa-
TeJILHO, 3TO He ObLIA TIOMUHECTIEHTIHS,

W3 teopun 3TOTO SBJICHUS, HazBaHHOTO 3 hexmom Basunoea — Yepenxo-
64!, COBepUIeHHO HeOXHUAAHHO C/Ief0BAJIO, 9TO

#l cBeT AOMKHBI HCMYCKATH 3/ICKTPOHBI, KOTOPbIE ABHXKYTCH OBICTpee cBeTa.

Ho BEAb TCOPHA OTHOCHTENLHOCTH y6enmem)ﬂ0 CBHIAETCIIBCTBYET O TIOJTHOH He-
BO3MOXKHOCTH TakKOIro ABHMAECHHA. W Bce-taknu OKa3aJ10Ch, UYTO MOXKHO G6IroHsTh CBET.
Bce neno B TOM, 9FO B TCOPHH OTHOCHUTEJIRHOCTH HpeILEJIbHOﬁ CKOPOCTBI) ABNACTCA
CROpPOCTh CBETA B BAKYYMEC, B semiecTBe cBeT pacIiDOCTPAHAETCA C MEHbIIeH CROpOC-

U 3¢uperr Bapuaosa - Yepenxora GRLT TeOPeTHYECKH oOLACHEH coBeTcKUMN yuennivu M. E. Tammom
H M. M. Qpankom. 3a otxpritie adperra v BoiacHer ke ero Mexaunama A. [T Hepenkosy, . E. Tammy u
.M. @panky 5 1958 r. Oei1a upucyxaena Holenesckas upemmust.

| aes



MotoyMHO-
ut e u Jnuza KHTEb
P b
Hanpaeaerune £ ¢
oJeTa N -
_______ Muadparma

Puc. 225 Puc. 226

TBIO ¥, = ¢/n, TAe 1 — TMOKA3aTe b IPEIOMIEHHS cpe/ibl. Eciv SHeprHa ~-KBaHTa Be-
JIMK3, BBIOMTBIH UM 5JICKTPOH MOKET JIBUTATHCH CO CKOPOCTHIO 1, HOMblIel CKOPOCTH
CBETa B Cpejle, HO He upesbiluatonleil ckopocTr csera B BakyyMe. Taxum 06pasoM, 11s
BO3HHKHOBEHHUS UePEHKOBCKOTO H3TYIeHHS HEOOXOIMMEI CAEMYIONTHE YCIOBHA: U > €
ik An > 1, rae 3 = ¢/ c. CyThb 3TOTO ABNEHHS 3aKII0YAETCS B CASAYIOUEM.

INEKTPOH, ABIKYIHICA CO CKOPOCTRIO 1., 06TOHSET CBOE COGCTBEHHOE DITeK-
TPOMATHHTHOE TI0Jie ¥ HAMHHAET HTHM TIOJIEM TOPMO3HThCS.

B pesynbrare TopMOkeHHA ¥ BO3HMKAeT uamydeHue (cBedcnue). Manyuenue Basu-
noBa — YepeHkoBa 061a1aeT CTPOTOH HATIPABAEHHOCTHIO, OHO COCPEAOTOYEHO B IIPEe-
Jax yriia sinp = v,/ s (puc. 22.5) M HaltpaBJIcHO B CTOPOHY AABHIKEHMS s5eKTpoHa. Takoe
ABHKeHHe 371eKTPOHA MOYKHO CPABHUTH C ABHDKEHUEM FIIHCCEDPA MO MIAAKOH TOBEpXHO-
CTH BOJBI, KOT/IA 32 HHM BO3HHKAIOT PACXOANIHECS BOJHBI ¢ KOHYCOOOpasibiM ppon-
TOM, IIPUYEM YTOJI KOHYCA TEM MeHBIIIe, YeM C OOJIBIIEH CKOPOCTBIO ABUKETCS TITHCCED.

Cyeryux Yepenkora. Idbert Basunopa — Yepenkosa MpUCYTL HE TOTLKO 3TEKT-
POHAM, HO M JTIOOBIM APYTHM 3apPAXKEHHBIM YACTHLAM: HPH GOJBIINX CKOPOCTAX JBH-
HEHHSA B IVTOTHEIX cpefiax ( n > 1) OHM U3JYYaloT 31€KTPOMATHUTHBIE BOJIHBL — CBET.
Takum oGpasom, ceedenne Bapunosa — YepeHKoBa MOXeT GbITh MCIIOIb30BAHO 15
oTpe/ieTeHHsT CKOPOCTH ABIKeHH s OplcTpriX yacTuil. Ha atom adhexte ocHoBano neii-
cTBHe cuemuuxa Yepenxosa.

CyeT4yHK COCTOMT U3 YHCTOH KHAKOCTH, HAMPHUMED BObI UAH IPO3PAYHOTO TBED-
JI0r0 Tefld, COEIUHEHHBIX ¢ (DOTOYMHOKHUTEIEM, DEFHCTPUPYIONIHM KUKAYIO OT/AeTb-
HYIO «CBEPXCBETORYI0» qacTuy (puc. 22.6). OcobEeHHOCTBIO YEPEHKOBCKOTO CYETUH-
Ka ABJSETCS TO, YTO OH PETHCTPAPYET He JTI00bIe 3apsKeHHbIe YACTHIIDL, A JHIb T€, ¥
KOTOPbIX CKOPOCTE GOIBbIINE CKOPOCTH CBETa B IaHHOMH cpefte, KpoMe Toro, ApkocTs
BCIBIIIKH 3aBUCUT OT 3apana 4actausl. [losroMy, moafupas moaxoasuiyio cpeny, Mox-
HO BHITESTD YACTHIEL ¢ ONpee/]eHHBIMH HHTEPBAJAMH JHEPrUH HAW C OlpefeieH-
HBIM 3HAYCHHEM 3apaAja. TakHe cYeTIMKH YCTAHABMMBAIOTCA, HAIIPHMEp, HA CIIYTHH-
KaX ¥ KOCMUYECKHX PAKETAX I H3Y4eHHS KOCMUUECKHX TyYeil.

22.5. CtpoeHMe aTOMHOro sapa

O1kpbitre Heilfrpona. B 1920 r. 3. Pesepdopa npeanonoxua BO3MOKHOCTD CYIIE-
CTBOBaHMA He3apsKeHHOH ( HeNTPaJIbHOM ) YACTHITE, MACCa KOTOPOH NpMMEPHO paB-
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Ha CyMMe MAcC IIPOTOHA M 3/1eKTponHd. MHOrouHCneHHbie OIILITEL, IPOBEIEHHBIE B [1€-
proj ¢ 1920 mo 1930 1. ¢ 1tenbio OOHAPYKEHUS 3TOM YACTHIBL, HE AABAJIH TOIOMXKH-
Te/ibHBIX pe3yabTaToB. B 1930 r. nemenkue pusnkn B.borte u P, Bexkep o6HapyxHaH
H3ydeHHe O0NbIIOH POHHUKAIIIEN cOCOOHOCTH, KOTOPOE HE OTKAOHANOCH 3AEKT-
pHdecKUM rojieM. [To ¢BOMM CBOWCTBaM 3TO H3/IydYeHHe OBLIO MOX0XKE HA OYeHb XKec-
TKUE (T.€e. TIYOOKO0 TPOHHUKAKIINE B BETIECTBO) peHTTeHOBCKue Ayun. B 1932 r. dpan-
nyackue pusuxn Upsn 1 Openepux HKonno-Kopu obHapysxumn, 9to npu obayye-
HUM 3THM H3JIyYeHHeM TapaduHa, BOAB W APYTHX BOACPOAOTOAOOHBIX COeTHHEHNI
BO3HHKAIOT TPOTOHK HOABIIAX sHeprHit. B atoM ke rogy ancaniickuit yueHbi
k. Yageux, yaenuk 3. Pesepdopaa, MHOIC JieT MCKABIIHH HEITTPOH, 10Ka3aT, 9YTO
u3jyuenye, oTKpbitoe Bore u Bexkepom, npeactapisier coboli NOTOK HeHTPaIbHBIX
YACTHI, MACCA KOTOPBIX uyTh Bobiie Maccst mpotoHa. Takum o6pasom, nefitpon, cy-
H[eCTBOBAHHKE KOTOPOTO TTpenonarand J. Pesepdopn u apyrue dbusuku, GbL1 OTKPHIT
KAK OTIeIbHAs YJACTHIIA. :

Crpoennte aromuoro aapa. OTKpbITHE HEHTPOHA CHITPATO HOMBIIYIO POJIb B IIOHU-
MAHHH CTPOEHHs aTOMHOTGC Anpa. CoBeTckuM ¢usnkoM [, [, MsaneHko B HeMEKHM
yuennM B.Tefisenteprom 5 1932 r. Opu1a IpeanoxeHa IPOTOH-HEHTPOHHAS MOJIED,
COLJTACHO KOTOPOM sLAPO 100600 XMMHYECKOTO 3JIEMEHTa COCTOHT M3 ABYX BHAOB dile-
MEHTAPHBIX YaCTHIL RPOMOHOE p U HEeUmpPOHO8 n, KOTOPbIE BIIOCEACTBHH NOJIY-
UMM HA3BAAUE HYKAOHO0E. | ATpHEeHIIMHY SKCIIEPHMEHTAIBHBIMU HCCIEHOBAHMA-
MH ObLIA JIOKA3AHA CIPABEIMBOCTD HTOH MOJIENHN, U B HACTOSAIIEE BPCMS OHA ABJIACT-
cs1 oONIenPU3HAHHOH,

[TpoToHE HMET NOTOKUTEABHEIH 3aPSl, PABHBIH 110 MOAYJIKD 3aPsAY AHCKTPOHA,
HeRATpoHb! aiexTprdecky HeliTpaabtbl, Macca npoToHa B 1836 pas 6ombine Macch
anexTpoHa. Macca HeliTpoHa Go/IbIe MACCHL TTPOTOHA Ha 2,5 MacCH alexTpoHa. Mac-
CEI HeHTpOHa m,, M IIPOTOHA M, B YTIEPOAHOM [IKa/Ie aTOMHBIX Macc (4.€.M.) COOTBeT-
CTBEHIIO paBibl m,, = 1,008665012 a.e.m., m, = 1,007276470 a.e. M. Komauectso mpo-
TOHOB B sI/Ipe ONpe/le/isieT 3apsia siapa + Ze. 3HAUCHAE Z COBMA/AeT C aTOMHLIM HOME-
POM COOTEBETCTBYIOHIETO XUMHYECKOTO a/eMenTa B [lepuoauueckoii cucreme Menze-
seesa. Kosmyectso nefitponos B sjpe o6o3nagarot N, Oiee uucao HYKAOHOR B Ape
Ha3bIBAKOT MACCOBBIM YHCAOM A siapa;

A=N+7Z (22.3)

Jlnsa 06o3HAYEHHS ATOMHBIX SI7IEp TIPUMEHSTIOT CUMBOTHL. Ectn - X cooTReTcTBYET
CHMBOJTY aTOMa XMMHUeCKoro aseMenTa B Ilepuoanueckoit cucreme Meupesneesa, To
CHMBOJI SIZIPA 3TOTO atoMa uMeeT Bua $X. Hanpumep, s11po atoma Bogopoaa iy 1po-
TOH HMEKT CUMBOJ [ H 1itd { p, 4ap0 aT0Ma reTis WIH afh(a-4acTHIAZ KMEIOT CHMBOJ
tHe waw jo. Siapa, HMEKOIHE OMH U TOT ke Z IPH PasiHUYHEX A, Ha3HBAIOT #30MO0 -
namu. U30Toms! siiep XMMHUIeCKOTO 371eMEHTA UMEKT 0JUHAKOBOE YHCJIO [IPOTCGHOB,
HO pa3Hoe YUC/IO HEHTPOHOB B COCTaBe A/pa.

CyuectTBoBaHHE H30TONOB OBIIO yeTaHobieHo emte B 1910 r. anramiickum dusu-
koM @. Copmu. Y Bcex XUMHUECKHX 37€MEHTOB (KpoMe TexHenus 53 1'c ¥ npoMeTHs
14 Pm) umerorcs n3otonsl. Hanpumep, BOAOPO] HMEeT TPH H30TOMNA; IETKHH C SApOM
YH (npoTuit), Tsikensiii ¢ aapoM 2H (aefiTeprii) H MCKYCCTBEHHEBIH ¢ ssapoM $H (Tpn-
Tuit). ¥ ypana ( Z = 92) umeercss 12 M30TOIOB ¢ MACCOBBIMH YHciaMu o A = 228 110
A = 239. Bce XUMHYECKHE DIEMEHTDI IPEACTABISIOT COOON TPHPOHBIE CMECH H30TO-
moB. [MoaToMy Kaskaslii XHMHUYeCKHI AeMeHT WMeeT OTHOCHTENBHYI0 aTOMHYIO Mac-
Cy, PABHYIO CpeJHeMY 3HRUEHHIO ATOMHEIX MAcC BCEX €0 U30TOIOB.
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Dusnyeckue CBOHCTBA M30TONOB HECKOIBKO OT/IMYHEI OT ¢TabWIBIILIX 3JICMEHTOB.
Hanpumep, Temneparypa kuuienus nporua 20,39 K, a geiirepua 23,57 K.

Slpa, IMEIOTIHE OTHO M TO e A LIPH PasHbIX Z, HasbipaloT uzobapamu. Tpume-
poM u3obapHOit mapsl MOTYT 6B 245 1 $SAT, msobapoi tpuassr — X Ti; 8V; 32Cr. Ix-
CIIEPUMEHTAIBHLIC JAHHbIE TI0 PACCEANNI0 -YACTHL] BEIIECTBOM MO3BOAMIA YCTaHO-
BUTh aMIHPUIecKy 10 GopMyy A1 BEIMHCIEHNS Pauyca s/pa;

R=RAY3, rme Ry=(1,2—1,7)-107% m.

O6beM sIpa NPONOPTIMOHANEH YHCTY HYKJIOHOB A, BXOAAUIMX B HETO; 3TO 03Hava-
€T, 4TO HYKJIOHBI BO BCEX SIPAX YTAKOBAHBI MPUMEPHO € OIMHAKOBOH ILIOTHOCTBIO.
[LTOTHOCTD SAAEPHOTO BEUIECTBA BEIHKA, U ee 3HaYeHHe IPHMEPHO COOTRETCTBYET p =
= 2.10" kr/M% T.e. oxos10 200 MITH T B 1 cM®,

JletbeKT Macchl, SHEPTHA CRA3H M YCTOHUHBOCTh aTOMHbIX Azep. Bospumnncrso
SIAEP TIPEACTABASIOT COB0H yeTOHYMBEIe 00Pa3OBaHUS, XOTS MEXKILY IPOTOHAMH, BXOMSI-
LIMMH B COCTaB AAPa, AeHCTBYIOT CHJIBI KYJOHOBCKOTO OTTaTKUBAHKA,

YeroRuMBOCTD ATOMHBIX SIIEp O3HAUAET, YTO MEXTY HYKJIOHAMM B sipax cylle-
CTByET ornpezeeHHoe BaauMojeiictaue. O NPOYHOCTH TOrO WL HHOTO 00Pa3OBaHUIS
CYIST 110 TOMY, HACKOJIBKO JIETKO KJIM TPY/THO Pa3pYIUIHTh €T0; HeM TPY/IHeE €TO Pa3py-
WINTH, TEM OHO TIpouHee, PaspyliiTh SIPO —~ 3TO 3HAYHT PA30PBaTh CBA3M MEXAY ero
HYKJIOHAMH, WJIH, MHBIMH CIOBAMH, COBEPLINTDL PAabOTY NPOTHB CHIT CBA3H MEXLY HUMH.
Taxoii noaxoa, 0OCHOBaHHBIN Ha 3aKOHEe COXPaHeHHs SHEPIHH, O3IBOJLIET caeIaTh DI
BaKHBIX BBIBOJIOB O ClIeNu(UKe TeX CBA3EH, KOTODBIE YIEPKHBAIOT HYKJIOHDI B SIApE.

BBeaem ToHATHE SHEPTHM CBA3HM OTAEABHOTO HYKJIOHA B 4pe, T. €. YOCAbMOIL
snepzuu c6a3u AE,, — busudeckas BIMYHHA, paBHAs paboTe, KOTOPYIO HYXKHO
COBEPILMTD I yjaleHHs HyKJI0Ha U3 sapa. [loaHak sHeprus ¢BA3M AApa onpeaens-
eTcst paboToil, KOTOPYIO HY’KHO COBEPIIUTD JJA PAcIieILIeHHs AIpa Ha COCTaBAS-
nrMe ero Hykaoub. M3 3aKoHa cOXpaHeHHs YHEPIHH CAeAYeT, 4To npy 00pasoBaHUN
SAPa BRLAEISIETCS YHEPIUsT, HeOOX0AUMAs AU pacilienyieHus aapa Ha COCTaBIAon e
ero HykAoHbL 1[oTHYI0 3HEPTHIO CBA3M AAPa XapaKTepHsyeT BexndnHa Am, Ha3blBae-
Mas deghexmom maccoe. 1lox neheKToM MacChl NOHMMAIOT PA3HOCTE MEKIAY CYM-
MOt Macc IPOTOHOB H HEHTPOHOB, HAXOJAMIMXCS B CBOOOIHOM COCTOSHUH, ¥ MACCOIT
COCTaB/IEHHOTO W3 HUX sifpa. Ecau siipo ¢ Maccoit M, 06pa3oBaHo H3 Z TTPOTOHOB €
Maccoit m, Kaxanii U3 (A — Z) HeliTPOHOB ¢ MacCoH m, KaXABIH, TO

Am=Zm,+ (A - Z)m, — M, {224)

Hannuwe nedekta Macehl HOKA3bIBAET, UTO /IS MOJTHOTO PACHIETIEHHS siIpa Ha Co-
CTaBJBIIOINHE €TO HYKJIOHB! {MPOTOHB! H HEHTPOHEB!) HEOOXOAMMO 3aTPaTUTh IHEPTHIO

AE, = Amc?, (22.5)

Benuuuuny A E,, HasnisaoT anepeueti cenzu (noarnot snepzuei cesau). OHa
SIBJIETCH HETIOCPeJCTBeHHOH MepoH yCToifYnBOCTH Sapa.

B szepHoit pusHke MPHHATH C1eayR0InecO03HANEHHST: 2) /LTI MacChl — a. €. M. (aToM-
Had equHHUIA Macchl); 1 a.e M. == 1,66-107%" kr; 6) ana suepruu — 9B (asextpos-
B0a1bT) B M3B (MeraanextponBoast); 1 3B = 1,6-107* IIxk; 1 MaB = 10° 3B,

Kak ormMedanocs Beliue, yiaeasHas 3HEPTUS CBSA3H — 3TO IHEPIUA, TPHXOAAMAACS
Ha OJIVH HYKJIOH:

AE

AEy, = (22.6)
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1] YnenbHaA SHEPTHS CBA3M BECbMa BEAUKA,
Ona cocraBnger B cpeayieM okono 8 MaB na
OJTMH HYKJTOH.

Ha puc. 22.7 npuBeneHa Kpyrast 3aBUCH-
MOCT# YAe/bHOH FHEPIWN CBI3H OT MAacCOBO-
ro yucna A. U3 pucynka BUAHO, YTO 3HAYe-
e AE,, y Pa3miNTHBIX 5171epP Pa3THYHO.

Haubonee npouio cBA3aHbI HYKIOHEL B
3 si/ipax cpeanel yactu [epuoamieckoit cu-
cTembl MenjeneeBa. B aTux aapax yaein-

D460 0ININM000020U) 1 yHeprud cBasd bimuaka k 8.7 MaB. o
Maccooe uncio A Mepe Aa1bHeHero yseJnueHus YNCaa Hy K-
Puc. 22.7 JIOHOB B SAPE YAETLHAA SHCPTHSA CBA3M YOBI-
Baet. [l sijep, pacnonoKeHHBIX B KOHLIE
11lepROAMYECKOH cHCTeMbl (HapHMep, IiA ypana), AE,, IPUOIH3HTENbHO COCTAB-
nsiet 7,6 MaB.
ITO 1I03BOJISIET CAEMATE BHIBOX O TOM, UTO

SHeprus cysan Ha HykAoH, MaB
— RS L A L1 O~ 00 W

1S MONMYYEeHHA ANepHoi SHePruM MPUHITHIMAIBHO BO3MOXKHbI /IBA METOMAA:
1) nenenne TAKEMBIX A7EDP; 2) CUHTE3 ACTKHX ANEP.

22.6. AaepHole peakuuu. UIcKycCTBEHHas paguOaKTUBHOCTD

Slaepuvbie peaxunn, Sodepubie peaxyuu — 5To NPEBPAIEHUE ATOMHBIX A/Ep TIPH
HX B3aUMOJEICTEUN KaK APYT C APYTOM, TaK U ¢ SiIEPHEIMH YacTiiaMi. TIpw saepibix
peaxTvsix COBIIIOAATCS 3AKOHB! COXPAHEHIS CYMMAPHOIO 3JEKTPHYECKOro 3apsaja,
THC/IA HYKJIOHOB, SHEPIHH, UMMY.ABCA, MOMEHT2 UMITYJIbca. 3 3uKOHOB CcOXpaneHHs
SMEeKTPUYECKOTO 3apsia v TMC/Ia HYKJIOHOB {MACCOBBIX YHCEN) CAEAYET, 4TO CyMMa
3apsA0B (MACcCOBBIX YHCENT) TPOAYKTOB PeaKLU HITH PACTIAZA PABHA CYMME 3apaa0B
(MaccoBMX THCEN) MCXOAHBIX Agep. Bee siiepHble peakuuy XapakTepUHIyIoTCa 3Hep-
THelt, BEIJIEACMOH MM MOTIOHIACMOf MPU WX TPOTCKAHUH. Peakiinm, compoBoXIae-
MbI€ BblAEJCHHEM FHCPTHH, HA3EBANTCA IKIOMEPMUMECKUMU, A TIOTIOTEHHEM
IHEPTHH — IHAOMEPMULECKUMU.

Cornacyo pe/IokeHH0M bopoM Teopry, AlepHasA peakilnd NPOTEKAeT B ABa STana.
Ha nepsoM sTane afpo — MumeHs A — cauBaetcs ¢ fombapanpylonteit yacTuneii o, 06-
pasysi HoBoe s171po C'™*, KOTOpOe HAXOMUTCA B Bo30yXRaAeHHOM coctosianm: A + a — C*.
Ha BTopom atane BosOyxaennoe sapo C* pacnagaercs Ha KOHEYHbIE IPOAYKTHE Saep-
HOH peakiny: C* — b+ B. Taknm 06pasom, AfepHas peakuis NPoTeKaeT 1Mo CXeMe

A+a—C* > B+h (22.7)

OnHo# 3 NePBHIX STEPHBLX PEAKUHH CTAT0 COSAWHEHHE AAEP a30Ta C AAPAMH re-
Aus (o-uactuiaMu ). Ita peaknus 6uia ocymecteaeHa Pesepdopnom B 1919 1, Bom-
Bapaupys asoT a-vyactuuaMy, Pesepdopa obuapysxui rrossaeHne npotoHos. [Ipy aTom
AAPO A30Ta, MOTVIOTHEBLIEE 0-YACTHLLY, 06pa3yeT Bo3OyxkaenHoe sapo'$F, koropoe pac-
HA/IA€TCS HA KOHCYHbIE NPOYKTH peakuun O u ip:

UN + fo— §F — 170 4 Ip. (22.8)
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TlosiBNeHMe IPOTOHOB PETHCTPHPOBAIOCH BHAYANE METONOM CIIMHTHILIALN, a 11o-
TOM KaMepoil Bunecona.

{Ipenackazannoe 3. Pesepdopaom B 1920 r. cyimecTBoBanKe B sS/pe HeHTPANTBHOM
YaCTHILB (HEHTPOHA — }n) 610 noaTBepxaecHo B 1932 r. B. Bore u I. BekkepoM npu
obcTpesne saep GepLIMS o-YaCTHIIAMM:

iBe + Ja— 1C + in. (22.9)

BriociieaCTBHY OBLI0 BHIACHEHO, YTO
0 neiiTpon pagHoaxTHBEH, EpHO] er0 noaypacnaga T = 12 MuH.

HckyceTBeHHAS paaHoakTHBHOCTh. C IOMONIbIO peakinil ObUIa IOATBEPXKAEHA
BO3MOKHOCTB IIPEBPALIEHHSA OHHX XMMHYECKHX 3I€MEHTOB B APYTHE 1 OTKPhITa BO3-
MOXKHOCTD HOJAYYEHMS HCKYCCTBEHHBIM 11yTeM DA THOAKTHBHBIX 3,1€MEHTOB.

IprHMMHAIBHONH Pa3HHUBI MEXKAY HCKYCCTBEHHOH H ecTeCTBeHHO pajgHo-
aKTHBHOCTBIO HE CYUIECTBYET, TAK KaK cBoitcTBa H30TONA HE 3aBUCAT OT CHO-
coba ero oGpazosanns, H H30TOI, NONYYeHHBIH UCKYCCTBEHHBIM MYTEM, HH-
YeM He OTAHYAETCA OT AHAJIOTHYHOrO NPHPOAHOro H30TOMNA,

HckyccTBenHast pagoakTHBHOCTD CBA3AHA ¢ HADYIUIEHHEM CTAOMIBHOCTH aToM-
HOro sapa. CmabuirbrviMi ABIAIOTC AADA ATEMEHTOB, ¥ KOTOPHIX YHCO TIPOTO-
HOB PABHO YHCIY HEHTPOHOB.

Ecnu y nerxux sinep ( A < 50) HCKYCCTBEHHBIM IMyTEM CO3/1aTh H30BITOUHOE YHCIIO
HEXTPOHOB, TO CTAOMIBHOCTD AAPA HAPYIUHTCA, BOSHWKHET 3-pPanioakTHBHOCTD.

Ec/M cTabUILHOCTD AApa HAPYIHTE, CO3AAB U30HITOYHOE YKC/IO IPOTOHOB B AApe,
TO 3TO IPUBOIUT K BO3PACTAHHIO IHEPTHH SIPa U COTIPOBOKIACTCA HCKYCCTREHHOMH
37 -pamHOaKTHBHOCTRIO.

22.7. feneHne Taxennix agep. LUenHan sgepHan peakuuws

Hexenue Taxembix agep. Orkpoitvc vedtpona (1932 r.) u uckyccTeeHHOl pa-
anoakTHBHOCTH (1934 r.) cTanc NOBOPOTHHIM MYHKTOM B HCCICAOBAHWH SNEPHBIX pe-
akuuit. HaunHas ¢ 1834 r. 3. Mepmu ¢ KoAIeraMu IOABEPIIH AeHCTBHIO HEATPOHOB
[IOYTH BCE 3JIEMEHTH MEePHOAHYECKOI cucTeMbl, O6LIYHO NpU HeWTponHoi HoMbap-
AMPOBKe 5po 4X, 3aXBaThIBas HEHTPOH, IEPeXoAUT B Bo3byxacHHoe cocTosnue! 71X,
KOTOpOE, HCMYCKast 3/1eKTPOH, MPEBPaNlaeTces B Apo YCTOHYMBOTO HaoTonma 411X,
B 1938 -1939 rT. Hemenkne ¢puamku O .Tan u O, lTpaccMaH 06HapyKWIH, YTO ITPH
fomOapMpOBKe ypaHa [[POUCXOANT AeTEHHE €T0 sAjlep Ha ABa (PeaKo TPH) OCKGJIKA C
BRIZICTEHHEM OONBIIOTO KOAWYECTRA 3HEPTHH. B pesyabTate AeneHus aaep ypaHa no-
JYYUIHCHh HOBBIE DJEMEHTBI, OTHOCSAIIHECS K CPeAHEH 4acTH NepHOIHYeCKOH cHeTe-
Mbl,— 6apui, 1aHTaH u ap. CTano oueBHIHO, YTO HEPBOHAYAJIBHAS PEAKIHS C AAPAMH
YPaHa 0CA0KHAeTCA H0JIbIIMM KOTHMECTBOM KaKUX-TO MOCAEAYIOUIHX TIPOLIECCOB.

BO3MOKHOCTE AENIEHHA TAKENBIX A/1EP MOKHO OOBACHUTD HA OCHOBAHUH 3aBUCH-
MOCTH YIeJALHOH SHEPIHH CBA3W OT MACCOBOIO YMCIa A, IpUBeIeHHO Ha puc. 22.7.
W3 3T0i1 3aBUCHMOCTH C/IeIYET, YTO YAEJAbHAN SHEPTUA CBA3N Y TsKesnX anep nd MaB
MEHBIIIE, 4EM Y SIICP AJEMEHTOB, HAXOMAIMXCS B Cpe/Hel yacTh Tabanust Menaenee-
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Ba. IIpomecc TeeHNs TSLKeIbIX snep sIBISETCH JHEPTeTHYeCKH BHTOAHBIM, TAK KaK B
aKTe JeJeHHA YH4acTBYIOT nopsaka 200 HYKJIOHOB, 1. e, IeJieHKe OJHOIO AIpa JOJ/DKHO
COMNPOBOXAATHCA BbLASIEHHEM 3HEPTHH 0Kk0./10 200 MaB, mpuyeM H0IBIIas 4acTh 3T
aHeprH (F =165 M3B) npuxozurcs Ha KMHETUYECKYIO SHEPTHIO OCKOMKOB Je/IeHU.

[IpoaykTH feNneHust OUeHb PA3HOOOPA3HEI, HX HACUHTbIBaeTcH Goaee 200 BUAOB.
Hamnboiiee BeposiTHbIE 3HAUEHUST MACC OCKOIKOB TIpHXOAsTes Ha 95 u 139, Jlenenue Ha
OCKOJIKH PaBHOH MacChl MEHee BEpOSATHO H MPOUCXO/HT KpaliHe peako. Haubonee TH-
IHYHLIM IPUMEPOM PeakLii AesleHUs SBAAETCH

BU + in— U — Ba + HKr + 3n + @ (sueprus). (22.10)

JaneHeliliye HeCEA0BAHUSA IOKA3AIM, 9TO 1104 JeHCTBMeM HEHTPOHOB MQTYT Jle-
JMTHCA SAPA H APYTHX TSAKEABIX 3MeMenHToB: 233U, 25Pu, 22 Th u ap. Onnm a1pa Taxke-
JIBIX BJIEMEHTOB AeAATCA TI0/] AeiicTBHEM ObICTPLIX HeliTponoB (HanpumepZsU, 22 Th),
ApyrHe — 104 jecTBUeM TeIIoBhx (Hampumep, 25U, 22Py),

B 1940 r. corerckue ¢puzuxu IH,. @sepos u K. A, [letp:xax 00HAPYKHUIH, UTO SAPA
HEKOTOPHIX TSIKEJIBIX DIEMEHTOB MOTYT [IPETEPIIeBaTh CIIOHTAHNHOE (CAMOIPOK3BOMD-
HOe) flenerne. BeposaTHOCTb 3TOro npouecca 04eHs Majia, a HEPHO MOJIypaciala IpH
aTOM cocTapiaser 8- 10 ger anst #3U u 102 xer ana 282 Th,

Henuan agepuasn peakuus. OTKPbITHE JeeHHS AP YpaHa H HEKOTOPLIX APY-
IHX TSAMEJBIX 9JIEMEHTOB MO3BOJMI0 IPAKTHYECKH OCYLIECTBUTh LENHYIO SAePHYI0
peakumio. B moapasn. 22.9 ObL0 yKa3aHO, UTO NPH AeJIEHHH AAPA YPaHA KPOME siep-
OCKOJIKOB BBLTETAIOT ABA-TpH HeWTpoHA. IIpu H1aronpUsiTHEIX YCTOBUAX BBLIETEB-
1IHe HelTPOHBI MOTYT IIOMACTD B APYTHE sSUIPa YpaHa, Bbi3blpasa ux gesenue. [Ipn gene-
HUU IABYX-TPEX si/Iep YPaHa 0CBOOOKAAETCA VKe 4eThIPe — 1€BATh HEHTPOHOR, KOTO-
pbie MOTYT BLI3LIBATD Z€eHHE HOBHIX A7ICP YpaHa ¢ obpazoBanueM ot 8 7027 HeliTpo-
HOB H T.Z. {pHc. 22.8); BO3HMKaeT CaMONOALEPKHBAONIHITICA TpoLece AeTeHNAs, KOTO-
PHIH 1 Ha3hIBAYOT LENHOH ROepHoll peaKyueil.

Lennas peakusi COMPOBOKIAETCS SHATUTETBHBIM BEIICIEHUEM 3HEPTHH, T. €. SIB-
JseTest 9K30TepMudeckoil. B npeasiaymeM naparpage 6b110 MokasaHo, 4T TpH Aee-
HUH O/IHOTO AApa ypaHa Beiesidercd sneprus 200 MasB. Onpenenym, xaxas sneprus

0CBOOOKTAETCA TIPH NEEHHH BCCX ATED,
cogepxamuxcs B 1 xt (2,5 - 10* amep) ypa-

i
1 na-235 (*HU):
U235 E~2-10°MsB-2,5-10% =
%‘% " _ 26 _ 13
Q= N =5-10* MaB = 8-10" [Ix.
\ g
% ITC 3KBUBAJIEHTHO TOH 2HEpPruH, Ko-
P n TOpast MONYYAETCs OT CTOPAaHHsA TIPUMep-
@-._. < ;” y Ho 1 800 T Henauna uaH 2 500 T KaMedHo-
= &::\; ro yras. OrpoMHoe 3HaYeHHe 0cBob0xKa-
po // / “ @ i ®  emoit IHEPIHH MOOYIHIIO YIEHbIX H MHKE-
r o f & 1N\ @\\ HEPOB HCKATh MYTH ACTIOAB30BAHUSA 1EN-
4 / & » L ® W [10ii S1epHOM peaKIMH B IPaKTHYECKHX
ea o \ X\ (XaK MMPHBIX, TRK ¥ BOEHHBIX ) UEJIsIX.
‘ l' v IIpakTHYeCcKOE OCYIUECTBAEHHE LECITHBIX
SIePHBIX PeakilHil He SBAAETCH TaKoi
Puc. 22.8 IPOCTOH 3a4a4eH, KAK 3TC KKeTCA Ha Liep-



BbIH B3rasg,. [leso B ToM, YTO NPUPOIHBIH YpaH B OCHOBHOM COCTOMT U3 ABYX M30TO-
nos: 99,3 % 25U u 0,7 % 23U, TeopeTndeckne W SKCHEPHMEHTATbHbIE AHHBIE TTOKa-
3RIBAIOT, YTO HEHTPOHBI, OCBODOXKAAIOUIHECS TIPH AJCHUH SAep YPaHa, BLI3RIBAIOT Je-
JIEHHMe JHIb AJep M30TONA ypaHa-2335, saapaMu ypana-238 OHH JIMINb [OI0MAKTCS,
He BBI3BIBAS MX JAEJeHHS, T. €. Lpa ypaHa-238 He NMPUHUMAIOT yYacTHS B Da3BUTHH
HEeMHOH peakiu, JTO SBIAETCS MPHIYKHON OTCYTCTBHA IEMHLIX PeaKIiHil B IPHPOI-
HoM ypaue. CreoBaTebHo, AN 06pa30BaHUA UEHHON A1ePHOM peakuuy HeodX0/H-
MO PEINTh 33/[a4y PasieJcHUs IPUPOLHOT0 YpaHa Ha iBa ero H3oTona. B Hacrosamee
BpeMs 314 CIOXKHAA M TPYA0EeMKAs 3a7iava petleHa.

Kak e npakTHYecKH MOXeT GbITh OCYIIECTBAEHA LielHas peakuuA? Ecau see 06-
Pa30BaBIIMECS B MPOHECCe AeNCHUSA BTOPHYHbIE HEHTPOHEI YYaCcTBYIOT B NOCTERYIO-
IIMX aKTAX AeJIeHHs, T0 YHCI0 HelTPOHOB BO3DACTacT B TeOMETPUUECKOH IIPOTPECCHY,
CIIEAOBATENIBHO, BasKHeHIIeil XapaKTePUCTHKOH Da3BUTHSA LIEIIHOH AAE€PHOH peaKIHK
ABNACTCH KOIPrPruuenm pazmMuodicenus HedmpoHoe

k=—i (22.11)

rae N; — YHCI0 HeHTPOHOB, BHI3BIBAIONIMX ACTACHUC Ha OJHOM U3 DTAllOB DEAKLMH;
N,_| — 4HCI0 HEMTPOHOB, BHI3bIBAIOIINX JeJeHHE A1ep Ha NpeauIecTBYIOLEM JTalle.
KoadhpuimenT pasMHOKeHUS OLpeae)seT TakHe YHCA0 JeeHHH a/ep, BEI3Bat-
HOE OHUM J€/I€HHEM NPeAbLIylero 3seHa peakun. Ecin k < 1, o peaxkuus 6bicTpo
3aryxaer. Ecn &k = 1, TO IeITHOH npoliecc UAET ¢ NIOCTOAHON HIITEHCHBHOCTDIO, Ha-
3nBaeMOl Kpumuueckoil. Cucremy ¢ k > 1 HasbBAOT HAOKPUMUYECKOU; B 3TOM

cayydae L[CHHOﬁ npolece pa3BUBaeTCAa JIABHHHC M HPHBOJIHT K AJA€PHOMY B3DBIBY.

22.8. Ynpasnaemasn yenHaa peakuus. figepHbid peaxkTop

Aaepusiit peakTop. YCTpoiCcTRO, B KOTOPOM OCYTIECTRAACTCA YIPABIAEMBIH Lel-
HOH APOIICCC NIENCHUSA SIACD TAKETBIX SIEMEHTOR, HASHBAIOT A0EPHbIM PeaKmo-
pom. llepBolii s/iepHBIi peakTop ObLI TOCTPOEH IPU UHKArcKOM yHUBEPCUTETC B
1942 r. mog pykoBogcTioM 3. Oepmu.

PacemoTpum yeaosust paborsl siepHOro peaktopa (pHc. 22.9), B KOTOPOM B KA4ECTBe
TOPIOYETO HCTIOMB3YeTCs IPUPOAHBIH ypar, 00oraienHsti 40 5 % u30TonoM ypaHa-235.

Tak Kak Pa3EUTHE HEMHOH peakniuK BOSMOKHO TOJBKO HO/A ASHCTBUEM TEIJIOBLIX
HEHTPOHOB Ha AIpax ypaHa-235, To 0MHOBPeMEHHO ¢ YBeAMUYCHHEM €TI0 KOHIIEHTDA-
11 He0OX0IUMO CO3/1aTh YCAOBUA /A 3aMeAJICHHSA BTOPHYHBIX HEHTPOHOB IO Tell-
TMOBRBIX CKopocTel. s 3TOH eI HCIIOAb3YeTC: CIEHHANBHOE BEILECTRO, HashlBae-
Moe 3amedaumenem, Hapa BeinecTa 3aMe/UTHTENA JOMKHEL B OCHORHOM 3aMefIATh,
HO HE NOrA0TaTh HeHTpoHE. TakuM BelecTBOM ABjsgeTcs Taxenas Boga D,O. Oaxa-
KO TIOyUeHHe e€ B HOMBITHE KONMWYECTBAX COLPAMKEHO ¢ Olpe/ie/IeHHbIMH TPYIAHOCTA-
mu. B 06uraH0it Boge Ha 6 000 monexyn H,O comepxurcest muImb ofHa Mosekyaa D,0,
1103TOMY B PeAKTOPAX HCIIOJB3YEOT TAKME 3AMC/UTUTENH, KaK 00BMHAs BOA My rpadurT.

AKTHBHas 30Ha PEakKTOpa, B KOTOPOH IIPOTEKAET CaMOIIOAAEPKUBAIOIAACH 1eN-
Has peakUusi, IPeACTaBasAeT codol rpaduToBbIH HFTHHAD.

Yro0bl YMEHBILHTh YTeYKY HEHTPOHOB, aKTHRHAST 30HA OKPYKEHA CI0eM OTpakKa-
TeJIsA, POJIb KOTOPOTO BBITIONHSIOT CTCHKH IpadHTOBOr0O WIKHHApa. Saepuoe ropiouee
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(ypaH) BBOIUTCS B aKTHBHYIO 30HY, KaK IIPABUJIO, B BUJE CTepXKHEl, MCXKY KOTODHI-
MH pacToIOXKeH 3aMeTHTENh HEHTPOHOB. B mpoLecce HenHOo# peaklHy TeMmepaTypa
B aKTUBHOH 30He gocTuraet 800 —900 K. [lsig 0TBOAA TENAOTH Yepe3 aKTUBHYIO 30HY
PeaKTopa no TPyOaM IPOHyCKAT TEIIOHOCHTEb, HAPUMED O0BIYHYIO BOJLY HIIH KAA-
KWl MeTAJUTHYECKHI HATpUil. YTIpaBieHHe HenHoil peaknueil ocyilecTBAIETCS ¢ HO-
MOILBIO PETYJIMPYIOIIIX CTEPHKHEET, H3TOTOBASEMBIX U3 60pa UM KaJMHS, SBISIONIHX-
€51 XOPOMTHMH [[OTVIOTHTEIAMH TEIVIOBBIX HEHTPOHOB, PasBHBaloilancs menHas peak-
4 NPUBOIHT K TOMY, YTO YHCIIO ASTAIMUXCS SAepP HEUPEPEIBHO pacTeT, T. €. YBeu-
YHUBAETCS MOUIHOCT peakTopa. st Toro 4robBl LENHO npoLece He npuodpen ja-
BHHHOTO XapakTepa, HeoOXoiauMo Koah@UIIHEHT PasMHOXKEHHsI HEHTPOHOB Noaaep-
JKHBATH PABHBIM €JIMHUILE; 3TO JIOCTHIACTCS C MOMOIIBIO PETYIHDYIONIMK CTEPKHEH.
ITpy BLIABUHYTBIX H3 AKTHBHOI 30HBI PEAKTOPA PErYJUPYIOINX CTepXKeH k> 1, a
MPH IOJHOCTHIO BABUHYTHIX k < 1. C moMOmBIO CTep:KHel B 1000l MOMEHT BpEMEHH
MOJKHO TIPHOCTAHOBUTE PA3BHTHe IIETTHON Peaki[HH.

Kpamnyeckaa Macca. CaMONOAZepKHBAIOMASCS LeNTHAA PEakmusi MOXKET MpoTe-
KaTh B AKTHBHOI1 30He (K > 1) B TOM ciyuae, eciid 0fbeM ee He MEHBIIIe HEKOTOPOTO
KPHTHUYCCKOTO 3HAYeHHs. MUHHUMa/bHBTH 00beM akTMBHOH 30HBI, TIPH KOTOPOM BO3-
MOKHO OCYNIECTBJIEHHE TICTIHOM PEAKITHHE, HA3BIBAIOT KPUMUKECKUM OGBEMOM.
Maccy nesisierocs BelecTsa, 3aKAI04eHHYIO B KPHTHYECKOM 00beMe, Ha3BIBA TP -
museckoil Maccoi. B 3aBHcHMOCTH OT YCTPOUCTBA YCTAHOBOK U THIIA TOPIOYETO
KPHTHUYECKAsT MACCA MOXET U3MEHATLCA 0T HECKOJIBKMX COTEH IPaMMOB IO HECKOJb-
KHX JECATKOB TOHH AAEPHOr0 ropiovero.

Bocnpou3BoAcTso siepHoro ropioyero, B peakrope, paboTtaionem Ha nNpUpPoOi-
TOM YpaHe, YacTh BTOPHYHBIX HeHTPOHOB 3aXBATHIRACTCA stApOM YpaHa-238, rpespa-
asacy B ypan-239.

HMsoron ypana-239 pagnoakTHBEH ¢ HEPHOAOM [oaypacHaga 23,5 Mun. B pesyis-
Tate -paciaia OH MPEBPALAETCs B H30TON HenTyHusA-239 (233Np).

B croto oyepens, mpeTepieras 3-pacnaf, SAPO HENTYHHSA MpeRpaacTca B ARPO
wytonna-239 (*PPu).

Hsoron nayTonusi-239 umeer nepuoy noaypacrnaaa "= 24 tric. jer U 1o coei
CIOCOGHOCTH K ACTEHHIO He yCTYMaeT ypaHy-235. OH MoxeT ObITh HCTIONIb30BaH B
sAEPHBIX PEAKTOPax B KauecTre ropiodero. Taxum obpasom, pacxogosanue ypaHa-235
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COIPOBOX/AeTCST 0OPAa30BAHMEM HE MEHEe LEHHOTO ANEPHOTO TOPIOYEro TIyTo-
HUa-239.

Ilpu aenennu oxHoro Aapa ypara-235 B cpeasem ocBoboxIaeTcsa 2,5 HefiTpoHa.
Ha nonzepxarue 11eNHoi peakuyu pacXoyeTcs OAVH HEUTPOH; Cle0BaTensHo, 1,5
HEeHUTPOHA MeT Ha 06pa3oBaHue siuep ITyToHusd. Takum 00pa3oM, P JeAeHHH S/1ep
ypaHa-235 peakTop 0AHOBPEMEHHO BOCTIPOM3BONT SAEPHOE TOPIOYEe B KOJIUYECTRe,
[IPeBOCXoAAIleM M3PACXOA0OBAHHOE,

3amura oT paauanau. [Ipu uenHoii AnepHoOi peakuuy 006pasyrOTCs paHOaKTHB-
HBIE AAPa-0CKOJKH, KOTOPHIE ABJSAIOTCA UCTOMHUKAMH HeHTPOHOB 3- U ~-H3JIyueHH.
CrnenoBaTenbHO, YPAHOBBIN DEAKTOP SABISETCA MCTOYHMKOM Pa3HoOGpasHbIX H3IyYe-
HUI, [ABHYIO OIIACHOCTD LIPEACTABASIOT HEHTPOHH U ~-H3JAYUeHHE, TAK KaK OHH 00-
NafaoT HOABIION MPOHUKAIOIIEH ¢CHOCOOHOCTRIO, 3aNIHTa 0OCTYKHBAIONIETO MEPCO-
HAJA OT 0BIydeHust ObeceYnBaeTcss 00BIMHO CI0EM BOJIBI TO.HI.!IPIHOH nopaaka 1M,
cnoem OeTOHA A0 3 M M TOJCTBIM CI0eM YYTYHA.

B Hacrosuiee BpeMsa co3faHH pa3luHbIe THIIBI PeaKTOPOB, OTAHYA0IINECH APYT
OT APYTa SHEePruAMH HEHTPOHOR, BHI3BIBAIOIINX JeleHHe AAEPHOTO TOpIYero (peak-
TOP Ha TENJIOBBIX HEHTPOHAX, PEaKTOp Ha ObICTPHIX HEHTPOHAX), XAPAKTEPOM Jes-
ETOCA ReNecTBa (Ha MPUPOAHOM ypaHe, 0boTalleHHOM YPaHe, Ha YHCTOM JIe/IAIIeM-
cA IPOAYKTE ), Ha3HaueHreM (JI/Isl Hay4HHIX HCCIeI0BAHM, IPOU3BOICTRA Iy TOHUS,
BBIPaOOTKH DIEKTPOIHEPTHH ).

Amomnan 60mba MOKeT PACCMATPUBATLCS KAK PEAKTOR, B KOTOPOM 11POTEKAET
HeYNpapJIsseMBbli LieTiHoH nponecc gejedus (k> 1), B kayecTBe 4/1€pHOrO ropiovero B
Hel UCIOJIb3YETCHA B OCHOBHOM YpaH-235 nnu nnytonxii-239. Ilenuoit npouecc, Bexy-
HIHH K B3PbIBY, BO3MOYKEH TOJIBKO HIPH ONPele/leHHBIX KPUTHYECKUX pasMepax HiIH
KPMTHYECKOI Macce siiepHOro ropoyero. Kpuruueckas macea s ypasa-235 | Iy-
TOHHS-239 6iuska k 10— 20 kr.

Ho B3pbIBa sAepHbiil 3apsa pasaeieH 0OBIYHO HA IBE YACTH, Macca Kaxaoi H3 HUX
MEeHbIIE KPHTHYECKOI, TOATOMY HEMHAS s/IepHAs PEeaKIMA He TporcxoauT. Kak Tons-
KO YACTH SIEPHOTO 3apsfia, IPeCTARAAIOIME cO00M Moaylapys pagaycoM 4--6 oM,
COEHHAIOTCS BMECTE, HX MAcca CTAHOBUTCS O0JIbille KDHTHYECKOH, MTHOBEHHO HAYM-
HaeTcs HeYNPaRJAeMEIi [IeTHOI A/ePHBIH mporiece, MpeACTaRIANINI coboil aaep-
Hbll B3puiB. CoeqiHeHHE AAePHOTO TOPIOYEro OCYIECTRALETCS ¢ MOMOIBI OOBIYHO-
TO B3PBIBYATOTO BEINECTBA { ILIMHOTC IT0PoXa). A aepHbli B3pLIB COMPOBOKIAETCS HC-
OYCKAHHEM ~N-HIAYyHYeHHA ¥ HeHTPOHOB, PE3KHM [OBBIIIEHHEM TeMIIEDATYPB! H aBjle-
ius. OCHOBHEIMH [TOPAXKAOILUMHU (PAKTOpPaMU ABMAIOTCS VIapHAS BOTHA, KOTODas pac-
IIPOCTPAHSIETCA OT UEHTPA B3PhIBA BO BCE CTOPOHEI CO CBEPX3IBYKOBOH CKOPOCTRIG, H
0BUIBHOE PAAHOAKTHBHOE H3IYYCHIE, 3ATPA3HSIOUIEE OKPYIKAIOILYIO CPELY.

22.9. Nony4yeHue pagnoaKTUBHBIX H30TONOB ¥ UX NPUMEHEHMe

HonxyyeHHe pagHOAKTHRHBIX HA0TOHNOB. Mcciaea0BaHuA [0 MCKYCCTBEHHOH PATHO-
AKTUBHOCTH, IpoBeaeHHble . u @ Komo-Kopy, 3. Mepmit, OTKPELIN BO3ZMOXHOCTh
CO3/IaHHS HCKYCCTBEHHBIX DAZIHOAKTHEHEIX 37eMeHToB. [TpoMEIILIeHHOe TPOU3BO-
CTBO PAJHOAKTHBHBIX H3OTOMOB CTaJ0 BO3MOXKHO MOCJE [IyCKa HEPBOTO COBETCKOIO
aTOMHOIO peakTopa B 1946 1.

[1epBEIM 3J€MEHTOM, CO3AAHHbBIM HCKYCCTREHHBIM 11yTeM, ObL1 Texnenuil 5 Te. On
6Lt toyuer B 1937 r. mpu GoMOapaupoBKe MOMHG/IEHa AeHTEDUEM:
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%Mo + 2H — 8Tc + In, (22.12)

Jlume B 1961 1, ero caeanp 611 0OHAPYKEHB! B 3¢MHBIX MuHepanax. Ilonydenue
TEXHEIHA CTAT0 HAYaIOM 3an0/IHeHHA palee MYCTYIOIINX KAeToK 43, 61, 85, 87 [Tepn-
onyveckoii cucremel Menjieneesa. K HacTostneMy BpeMenH ¢ HOMOIUBIO AAEPHHIX pe-
AKIMH M UCKYCCTBEHHOH PAIMOAKTHBHOCTH TIONYYEHH W30TOIB ¢ HOMepaMH oT 93 a0
105 (cM. ITepuoguyeckylo cucTeMy 2aeMeHToB MeHZedeesa).

[IpuMerHeHne HCKYCCTBEHIIBIX PAAMOAKTHBHLIX M30TONOE OCHOBAHO Ha HOMBIHOM
TMPOHMKAILEH H HOHH3HPYIOITEH COCOOHOCTH PAJHOAKTHBHOTC W3AYYCHHS, BO3HU-
KalOlllero B pe3ybTaTe paJuoakTUBHOIO paclaja.

PaanoakTHUBIIbIE H3OTONE! U SAEPHEIE W3/IYMEHMS HAXOAAT B HOC/IEAHNE TO/Ibl BCE
6OJTEE IMMPOKOE IDUMCHEHKE B HAYYHEIX HCCIET0BANMAX, TPOMBIIIACHHOCTH, CENbC-
KOM XO3sIHCTBE W METUITHHC.

O6acTi MCI0/b30BaHUA H3OTOLOB H U3/IYYEHHIT MHOTOYHCIEHHBL: ONpeIe/eHHe
Ka4yeCcTBa OTTHBOK M CBApHBIX IITBOB, PACX0oAa W CKOPOCTH ABMIKEHHA )KHlII{OCTCﬁ, ra-
30B U CHINMYYHX MATEPHATOB, A TaKkKe (PUKCUPOBallie YPOBIIEH 3aOMHeINs 3aKpblThIX
eMKocTell, C MX TOMOLIBIO ONPEAEIAIOT MECTa TEYH B HIO/I3EMHEIX TPYOOIMPOBOAX,
KayecTRO CMENTHBAHUS PA3IHYHEIX MATEPUATOB, TOMIIHHY H HAJIEXXHOCTh TAKOBBIX
TOKPBITHIA.

H3oTomsl cysxaT 47151 H3YUeHHsT MUTPAHUi pblf M KadecTBa YI0OPeHHI, Pa3BUTUA
JKMBOIO OPIAHH3Ma M ABIDKEHUS HJIA B YCThSX PeKd. Byayuy BKIIOYEHHBIMU B METAT-
JTHYCCKHME MOAIMHMHHKH KWW NOPUIHEREIC KOJBIA MOTOPOB, DHH TMO3BOJIAIOT OIpEae-
JIUTh IMHAMUKY MX HIHOCA.

Ha ocHoBe UCTIOIb30BaHHA AAEPHBIX H3LYYEHHH 10CTPOEHD] SIPUOOPLL, ABTOMATH-
YEeCKH M3MEepSINIHe TOMTIHHY W TINOTHOCTE PA3MYHBIX Cpell, TaBleHHue ra3os, BI3-
KOCTb JKUAKOCTEN | NMeBIit psit IPYTHX NapaMeTpoB, HeOOXOMUMHEIX /LS PeTY.THpOBA-
HHS TEXHOJOTHYECKUX npoueccos. Baarogaps 6ecKOHTaKTHOCTH pabOTh, TOYHOCTH U
HaJeXKHOCTH H3MepeHmit NprHOOphEl ¢ HCTOYHMKAMH H3JIyHeHU 1MPOKO HCITONB3YIOT-
cA B KAYeCTBe JATYMKOB CUCTEM aBTOMATHUECKOTO PETYAHPOBAHMS.

Honusnpywiiie u3nydyeHUsT TPHUMEHSIOTCS N1 VAaleHUd 3JeKTPOCTATHIECKHX
3apsa10B, 06pasywIIUXCcsa Ha PabOYMX OPraHax MAlliH, 3aTOTOBK4X U TOTOBOM 1Ipo-
OYKIHH B OYMAXKHOH, TEKCTWILHOMN, PE3HHOBOH U APYTHX OTPACSAX MTPOMBIILIEHHO-
CTH.

C moMOmEBI0 MOUIHBIX HCTOUYHMKOB M3TYYEHHS OKA3ajioCh BO3MOXHLIM OCyIIe-
CTBUTBH B TPOMBIULIEHHOM MacIITabe CTEPHIN3ALMI0 MEJHKAMEHTOB, HEKOTOPRIX Jie-
KaPCTB M MEIUIIMHCKOTO 000Dy I0BAHHUL.

Hcnoap3oBande H30TGIIOB W M3JIYHeHUI B MeAWIIHHE TIO3ROIUAO CAeJaTh 3HAYH-
TeJIbHbIH 1uar BIIEDEO B OﬁHaCTPl AUATHOCTHKH H J€YeHHA 3A0KaYeCTBeHHBIX OIIyXO-
Jlelt ¥ HEKOTOPBIX APYTHX 3a60/1eBaHW.

PazpaboTaHbl METO/IH TPUMEHEHHS UATYYEHHH /151 KOHCEPBUPOBAHKA THITEBBIX
NPOAYKTOB, YCKOPEHHA XUMHYECKUX PeaKIIMIA, TOMyYeHH HOBbIX XUMHUYECKHX COelH-
HEHHH, W3MeHeHHs DU3INKO-MeXaHHYeCKHX CBONCTE PA3/IHYHLIX MATEPUAIOB U U3Ee-
JWH U3 HAX.

Memoo meuervix amomos, W PaJlHOAKTHBHBIX HHIUKATOPOB, 3aKTI0YaeTCA
BO BBeIEHHH PaAMOAKTUBHBIX H30TOIIOB B H3Y4aeMblif 0OBEKT, 4TO JaeT BO3MOXKHOCTD
TOUHO, GBICTPO H HAZEKHO HCCIICA0BATh CBOHCTBA BEIECTBA H X0/, PASHOOOPa3HBIX
npoueccoB. B HacToslIee BpeMs MOYTH BO Bcex 06JACTAX 3HAHHI M OTPac/sx IIpo-
MBIILTEHHOCTH IIPUMEHSIOTCH PaAN0aKTHBHEIE HHAMKATOPLL, OCOOEHHO LIHPOKO —
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B CEJILCKOM XO3s1iCTRe, GMOIOTHY M MELHUMIIE, 3 TAKKE B METALTY PIHUCCKOH, XMMH-
Jeckol 1 He(hTSHOH IPOMBILIEHHOCTH.

C Tex 0P KaK aTOMHASI TPOMBILUTEHHOCTE CTaAa BHINYCKATh B TOCTATOYHBIX KO-
JIMYECTBAX CaMble Pa3HOOOPAZHLIE «MeyeHBle» XUMHUIECKHEe COeTHIIEHNS, HCCaeN0-
BaTeJH CaMbIX Pa3/IHYIBEIX CHELUHAAbHOCTEN TONYYHIN YPE3BHYaHO MOIUHBIA HH-
CTPYMEHT, KOTOPHBIH MO3BOIMI CO30aTh HOBRIE METO/b! BEAEHHS SKCTIEPUMEHTANb-
HBIX paboT.

ITOT ZAJIEKO He TMOMHELA TepedeHb 00nacTell UpUMEeHeHUs PATHOaKTHBHEIX H30TO-
TIOB U SLAEPHBIX W3/IyYeH U IIOKASBIBAET, HACKOIBKO rNyBOK0 BHeapsieTes (hU3UKa aTo-
Ma B TEXHUKY, METUIHHY U CEMTBCKOE X034 HCTRO.

Pasenrie aToMHoil sHepreTnky. [locie mycka nepBoil B MUpe aTOMIOH 3J1eKTPO-
cranimy (ADC) B 1. Obnmncke (1954 r.) 6B HAKONIEH OOBIION HAYYHO-TEXHUYEC-
KO ¥ IPOU3BOACTREHHBIH OTTHIT TPOEKTHPOBAHMS, COOPYKEHNS H AKCILTYATAlMU KpyII-
HeIX ASC pasanunoro Tuma. Coopy:xaemele AJC 1A TEIIOBHX U OBICTPHIX HEHTPO-
HAX C PASHEBIMH 3aMeJHTENIMH U TEIUTOHOCHTEISIMH, PACCUMTAHIbIE Ha PASTHYHYIO
MOMIHOCTE, TTOKA3HBAIOT, UTO ATOMHAS SHEPTETHKA CTATTA CAMOCTOATENBHON OTPAcIbid
ATEKTPO3HEPIeTHYECKOT) TIPOUSBO/ICTBA,

BricOKO€ 3HEProCOoAepIKaHme SAepHOTO FOPIOYEro U NPAaKTHYeCKH HeoTpaHHYeH-
HAA aBTOHOMHOCTE TIO3BOAIT CO3AARATE ATOMHEIE JIRUTATETH, KOTOPEIE € YCIEXOM
HCTONB3YIOTCS B HAABOMHBX W IOABOAHBIX Kopabaax. 17 asrycra 1977 r. aTOMHBIH
NeIOKOJ «ApPKTHKa» T0CTHI CeBepHOro I10JI0Ca, OCYIIECTBUB BEKOBYIO MeUTy Yello-
BeuecTBa. ATOMHAbIE JEI0KOAbl «JIeHUH», «ApPKTHKa», «Cubupp» A0KA3aTH BO3MOXK-
HOCTE KPYIAOFOANTHON HABHTAITHY B ADKTHKE.

B nacrosiliee BpeMsa ocob0e MECTO YAISEeTCH CO3aHHI0 HOBLIX HCTOYHHKOB JHEp-
riad. K HUM OTHOCSITCS TOTIMBHbIE KHUCTOPOTHO-BOAOPOTHBIE 3JI€MEHTHI, TEPMOIeHe-
paTopsl, contevnnie Hatapen, MI/-renepatopsl. Ho Bee ati yeTpoiicTsa noxa cpas-
HYUTE/IbHO MATIOMOLUHBI W A0POTH, HOYTOMY OHH MOTYT OBITb HCTIOIH30BaHLL JIALb KaK
BCITOMOTaTCThHbIE HCTOYHHUKH YHEPTHH, HAPUMEP Ha KocMHuYecKHX Kopabueix. Pe-
THEHHe SHCPTETHUCCKON MPpobieMbl 8 Gmnkaiiimem Gy, 1ymeM Gy/eT IPUHAATERKATh TEP-
MOSAZEPHBIM 2ACKTPOCTAHLIASAM, OTHAKO YCTOHUMBYIQ YIPABIAEMY0 PEAKITHIC CHHTe-
34 He yZAM0Ch IIOAVYHTH A0 CHX N0D. DTY 1PoG/IeMy PELAIOT KpyNHeHIIHe YYeHbie
Bcero Mupa. PenmeHuc atoif mpobaeMp! ACT YeTOBEYECTBY HEUCYEPITAEMBIIT UCTOUHHK
HHEDIUH.

TeopeTHuecky y4eHbIMH IIPEACKA3aHO CO3IaHUE ellle OAHOr0 MCTOYHUKA SHEPTHY,
OCHOBAHIOTO HA AHHUINAATIMK — PEAKITHH COeUHEHUS ATOMOB BellleCTBd U aliTHBE-
wecta. Ecay yaactes mMocTpouTh aHHUTWISIITMOHHBIH peakTop, rae 6yAVT B3auMo-
AeiCTBOBATD, HAPUMED, BOAOPOI H AHTHBOLOPO, TO OH OyACT BBIPAdaTHIBATD KOJIOC-
CATBHBI TIOTOK CBETOBO 3HEPrUA. JTa SHEPIUsA ¢ IOMOLIbIO COAHEYHBIX OaTapei Mo-
KeT OHITh 11penOpasoBalia B 31€KTPUYECKYIO SHEPTHIO.

CywecTByiomue B HACTOSANIEC BpeMs CIIOCOOD Oy 4eHHA 3IeKTPOSHEPTHH Ipes3-
BBIYaifHO CAOMKHBE U UMeoT Masibii KoadduunenT nosesnoro aeicrsud. OrpoMHse
PE3EPBEL BHCPTETHKH KPOIOTCS B YMEHBUIEHHH HOJBbIMUX TOTEPh HPH Npeodpasosa-
HUU H TIepeade sHepruy. Mcnoab3osauue 1LTa3MBl 1A IPAMOTO Tpeofipa3oBaHHs TeIl-
JIOTHI B 2/€KTPHYECTBO, IPEMeHeH e CREPXIIPOBOAHKKOB PE3K0 CHU3AT 3TH IIOTEPH.
XoTs MOAARISIONIYIO YACTh IHEPTHH JAKOT CIIIE TeIlJIOBBIE W [HAPOITEKTPOCTAHIINH,
HauHHAET UIPATE Bee HOJCEe ONYTHMYIO POJDb SIAepHAs sHEpreTHKa. AaepHas sHepre-
THKA — SAPKUA HPHMED PEBOIOLHGHHOTO [IEPEBOPOTA, BEIZBAHHOTO AOCTUKCHHAMH
HayKi, B YaCTHOCTH (PH3UKH ATOMHOTO #/1pa H 3/ TeMeHTaPHbIX YaCTHI),
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22.10. Buonoruyeckoe aeAcTasne pagnoaKTUBHbIX H3NTYHEHHUA

Onenka Bo3/IeHiCTBHA H3TyYeHHA HA OPFAHH3M. B ocHOBe Guo0THYECKOTO AeH-
CTBUS M3IYYEHWS JI€XKUT IIOTTIOIEHHE SJHEPTHH, NPOABISIONIeECS B MOHU3AMH U BO3-
OYKAEHUH ATOMOB H MOJIEKYJT )KMBOH MaTePHH.

[1o coBpemMeHHBIM MPeACTARIEHUAM, HOHM3AIMA SBJISETCS JTNITE TePBHIM 3BEHOM
B CI03KHOI LeTIM GUOIOTHYECKOTO AeHCTBUA paaualiui. IoHH3a1Tus XKHBOH TKAHH NIpH-
BOJIUT K Pa3pHIBY MOJIEKYJISPHEIX CBA3€H U M3MEHEeHHID XMMUYECKOH CTPYKTYPHI pas-
JHYHHIX coefuHeHmit. I3MeHeHH B XMMHYECKOM COCTABE KJIETKH BeAYT K Hapyuie-
HMIO ee HOPMATBLHOTO (hYHKIHOHMPOBAHUS, HAPYUIEHHIO 0OMEHA BEILleCTB U B pe3yJib-
TaTe K FH6ETH KIeTKH.

buonoruyeckuit agpeKT UM CTeNneHb TYHEBOro NOPAKEHUS PACTET ¢ YBeAHYeHHeM
TIOTJIONIEHHOM T03bI M3IYYEHM s, T. €. IHEPTHM, TIOTVIOUIEHHOH B eTHHMLIE MACCH] TKAHU.

O6ias peakilHA OPraHU3Ma Ha BO3JefiCTBHe M3IyUeHUs 3aBUCHT OT O3Bl M3/Iyde-
HM#, BU/IA €T0, pa3aMepa 06J1ydaeMOoii MOBEPXHOCTH, OTHOCHTETBHON MYBCTBHTETbHOCTH
TIOABEPraloIMXcs OBIyYeHNIO OPraHOB, HHAMBHAYANbHBIX 0COOEHHOCTEI OPraHU3Ma.

Tpu oxHO# U TOI XKe 103€ GHOMOTHYECKOro JeHCTBHS Pa3HBIX THIIOB U3TYy4YeHHil
WX BO3/IeiICTEHE HEOINHAKOBO H3-3a Pa3/IudMs B TVIOTHOCTH HOHM3ANMH (YHCA0 UOHOB,
00pa3yoIHXca Ha eIMHHLE TYTH HOHU3UDYIoNIei yacTupl). YeM MA0THee HOHU3A-
U, TEM CHIbHEE NTopaXkalolilee AeiicTBYE.

[Ipy oueHke AeACTBUA H3TYYeHHS HA OPTaHU3M He0GXOAUMO DPa3AMYaTh BHEIHee
u BHyTpeHHee obnyvenue. OMUH U TOT JKe BU paanauuu (HarpuMmep, o-Ay4d) Cpae-
HHUTeIbHO 6e30maceH Mpu BHeNIHEM 00MYYeHUH, HO MOXeT NPeACTaBIATh CEPbe3HYI0
yIpo3y NpH JOKANH3ALNH PAIMOAKTHBHOCTH BHYTPH OpPraHU3Ma.

Takxnm 06pasom, B ciiydae BHeLIHero obaydeHus ocoboe BHMMaHHe CIeAyeT ye-
JIATH 3all{HTE OT raMMa- (M PEHTTEHOBCKOTO) H3JYYeHHs1 U HeWTPOHOB, KOTOpLIe 06J1a-
Ja10T 6010 NPOHUKAIOUIEH CIIOCOOHOCTRIO,

Anbda-4acTHIEl TPOHUKAIOT B KOXKY HA HECKO/JBKO MHUKPOMETDOB M 33/I€DKHBa-
I0TCS POTOBBIM CIOEM 3MTMIEPMBI, HE IPUUMHSAS 3AMETHOTO Bpe/a.

Bera-4acTULbl TPOHUKAIOT B TKaHb HA HECKOJIBKO MHILTMMETPOB H 3HAYHTENBHO
TIOTJIOIRIOTCA KOXKeH M NOAKOKHON KIeTiaTKOM.

Masste 103b! 06Iy4EHNST, XOTS H CO3AAIOT OMACHOCTh HEXKEIATebHbIX TeHETHIEC-
KHX U3MeHeHHH, MOTYT B pjle ciy4yaeB CTHMYJAMPOBATH POCT U PA3BHTHE PacTHTENb-
HBIX, 2 HHOTAA H JKUBOTHRIX OPTaHU3MOB.

YcTORYMBOCTD PAa3TUYHBIX OPTAHH3IMOB K AEHCTBHUIO HOHUBMPYIOUINX HaAyYeHuit
Koebaerca B UpeaBbyaifHO MUPOKKX Npeaenax. [Tpy 9TOM yeM KpYIHEE U CAOKHEe
OpraHH3M, TeM Jierde OH pa3pyllaeTcs MO JeiCTBHeM HanydyeHus. Tak, Harmpumep,
faKkTepuM B THICSIYM Pa3 YCTOHYHBEE K AJEPHBIM U3NYUEHHSIM, YEM YEJIOBEK U BEICOKO-
OpTaHH30BAHHbIE KHUBOTHHIE,

Haubo/ee BOCTIpHUMYHBEI K TYYEBOMY BO3ZEHCTBUIO OBICTPO pasBUBAIOLIMECA
KJIETKH: OpTaHbl Pa3sMHOMKEHHSA WIN KJeTKH OILyX0Jeil Jierde pas3pylalTes, YeM HOp-
MaTbHaA MBIIeTHAs TKaHb; PAIBHBAIOIIHAECH 3aPOILIIIH KUBOTHBIX [OPA30 YYBCTBH-
TelbHee B3POCABIX ocobeill; npopacTaniiie ceMeHa BOCTIPHHMYHBEE CeMAH, HAXOMIs-
UIMXCA B IOKOE, a BereTaTHBHBIE (hopMbl HakTepuil HeCpaBHEHHO YYBCTBHTE IbHEE GaK-
TePHANBHAIX CTIOP.

Ho3a uamyuennn. BoasxeiicTere HanyuyeHNit HA )KHBbIE OPrAHUAMbE XapPaKTEPH3Y-
eTcsl 10301 M3AYUeHHA. FKCNOIULUOHNOI G030 UINYHEHUR HASBIBAIOT MepY
HMOHH3AIMH BO3AYXA, NPOUCXOAAIIEH N0 AeHCTBHEM JaHHOTO H3TYYeHH,
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B CH 9kcno3vunoHHYIO 103y H3AY4YeHUS BRIPAXKAIOT BKYJIOHAX HA KUAOZPAMM
(Ka/xr). Ecau cymmapibiti 3apac uonoe 00H020 3HAKA, 06PA306AHHBIX U3-
ayuenuem & 1 xr e03dyxa, pasen 1 Ka, mo dosa uznyuenus pasna 1 Ka/xr.
BruecucremHoil equanneii asaserca peutred (P): 1 P = 2,58 1074 Ka/xr.

BoszaelicTBHs Ha OpraunaM H3jy4eHWH pasaiyHoi 01pupoIs! PH OJHOM H TOH XKe
no3e D, HeoMHHAKOBHL. [103TOMY 15T O1IEHKH OTIACHOCTH M3TYYEeHNs BBOAAT Koadybu-
MUEHT k OTHOCUTENBHOH OHOMOTHIECKOI aKTHBHOCTH. [l15t pEHTIeHOBCKUX JAyyel,
~-Iyueii ¥ 3TeKTPOHOB k = 1; /1A MEINEHHbIX HEHTPOHOB k = 5; 11151 GBICTPHIX HEHT-
POHOB K a-4acTuil k= 10 u T. . TIDaKTHYECKH BXKHO 3HATH 6UOA0ZUECKY10 003Y
o6nysenus Dg, KoTopas OIpeaeisercs CAeay oMM o0pa3omM:

D6 —_ kD[].

EcrectBennnlii o paayanum ( KOCMHYECKKe JTy4dH, PaTA0aKTHBHOCTD OKDYKal0-
wedl cpeabl 1 YeJOBEYECKOro Tela) COCTABAET 3a TOR GHOMOTHYECKYIO A03Y 0KOJIO0
2,5-107° K /kr. MexyHapoiHasi KOMHUCCUA [10 PAIMALMOHHOM 32111Te YCTAHOBILIA
7S JHLL, PaGOTAIOIIMX C M3Ay4enHeM, peeabHo AOMYCTAMYIO 3a rog o3y 1,3-107%
Kit/xr. Buonorudeckas gosa B 0,15 Ki/kr, monyteHHas 32 KOPOTKOe BDEMS, ABASET-
€A CMEPTEMBHOM.

22.11. 3nemeHTapHbie YacTHLbI

Yacrusl. [To CMBICTY TEPMHH «3TeMeHTapHast» YacTHLA O3HAYaeT <IPOCTeHIast»,
«fanee HefenuMast» yactuna. QOJHAKO YacTHIBL, HA3BIBAEMble 3JIeMEHTApHBIMHU, HE
BIOJIHE OTBEYAIOT 3TOMY OIlpeseeHHI0. B HacTosee BpeMs IaTh CTPOTOE OTipeselie-
HHeE 3JIEMEHTAPHOI YaCTHITE OKA3hIBAETCA HEBO3MOXKHBIM. JTO NOHATHE AB/ISETCH BECh-
Ma CIOKHBIM, Y PAJ] AKCTIePUMEHTATBHAIX (PAKTOB YKa3blBaeT Ha CYHUIeCTBOBAHHE CTPYK-
TYPLI 37ieMEHTAPHBIX YacTHL {HAIPHMED, HYK/10HOB).

VcTopuYecKy 1epBoil aKCIepAMEATATEHO 0GHADYKCHHOH 2/ICMEHTapHOMH 4acTH-
11eit sipnseTcs aneKTpoH. /LK. Ik, ToMCOH NpH HeceI0BaHHN CBOKCTB KaTOAHbIX JIY-
4eil YCTaHOBHII, YTO OHH MPEACTAB/IAIOT CO00H [OTOK OTPHULUATENBHO 3apPSKeHHBIX Ja-
cruil — 3eKTpoHoB _Je. laroit OTKPHITHS IEPBOI 3/IeMEHTAPHOH YACTHIILI CHUTALTCA
29 ampens 1897 1.

B 1900 r. IL1askoM 6BIN0 OKa3aHO, YTO CBET PEACTABIAET COOOM [IOTOK YaCTHII,
HasBaHHbIX homonamu ~. DoroH He 06/1aAET ITEKTPHUECKUM 3aPAIOM, H €TO Mac-
€a [OKOSL PABHA HYIO, T. €. (JOTOH MOXET CYIICCTBOBATE TONBKQ B TPOIIECCE IBHIKE-
HHS CO CKOPOCTRIO CBETA.

B pesyabrare nccaenosannii Pesepdopaa 1o paccessHuio o-4acTHIL TPH MPOXOXK-
aeHuy Yepes semectso B 1911 1. 6bL1 oTKpErmpomon — siapo aroMa Bogopoza. [Ipo-
TOH 00.1aaeT MOJOXHUTETHHBIM 3/IEKTPHYECKHM 3apAA0M, PaBHBIM 10 MOLYJII0 3apsi-
Ay 3MEKTPOHA, €To Macca B 1 836 pas O0JIbliue Macchl 3JIEKTPOHA.

B 1928 1. I1. Jupax npenckasan, a K. AHAepCOH 0OHAPYXMA B COCTABE KOCMIIECKHX
Jydeli YacTHIbI, HOyYMBLIME HasBaRHe no3umponst | Je. Macca noxos nosurpoHa
COBNA/IAET € MACCOM TOKOS 37IeKTPOHA, a 3apsJ — ¢ 3apAgoM nporoda. k. YaIBukoM B
1932 r. 6L OTKPHIT Hewimpon, ero Macca 6/113ka K Macce mpoToHa:  m, = 1838m,.
DNeKTPHYECKNIi 3apsa HeliTpOHa paBCH HYJIO.

B 1931 - 1935 rr. I1. [Taymi, 06BACHAS 3aKOHOMEPHOCTH PB-paciaja, peanoaoKiLT
CYIIECTBOBAHHE ellle OTHOM HeMTPATILHOI 3/IeMeHTaPHOM YACTHI(BI C MaccOH IOKOS, paB-
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HOIi HYJTIO, — HefempuHOo v. IKCIEPIMEHTAIBHO 3Ta YaCTHIA Obliia OOHAPYKEHA AHliD
B 1956 . K. KoyaHOM B sizepHOM peakrope.

K. Angepcon u C. Huanepmeitep oTkpeuu Mroonst, C.Ilaysin — w-Me30HbL.
C 1950 1. 4uc/10 BHOBD OTKPLIBAEMBIX 3/IEMEHTAPHBIX YACTHIL CTA0 CTPEMHTEIBHO BO3-
pacTaTh, BulAY OTKPBITHI A-ME30HbL, HX MACChl HAXOASTCH B nipeenax (966 — 974)m,.
K-Me30HBI MOTYT UMETh TIOJIOKHUTENbHBIH, OTPHLIATEIBHBLH U PABHLIHA HYJTIO 3apsibL.
Caenyioweii 6oabIIoH TPYNNON ABIAIOTCS 2uneporst ¢ MaccaMu (2 1803 278)m,.
B nocaennue roas! 00HAPYKEHbL YAaCTHIIBI ¢ O4€HDb MAJISIME BPEMEHAMM KHU3HH —pe-
20HAHCHE, UX He HAOTIOHMAI0T HETTOC Pe/ICTBEHHO, HO 06 HX CYINECTBOBAHAH CYIAT 110
AHAH3Y OBEJEHHS OPOJYKTOR HX PACTIaa.

K HacrosniemMy BpeMeHH H3BECTHO HECKOJILKO COTEH 3/1eMEHTaPHBIX YacTHI. Kosb-
IMWHCTBO H3 HHUX HeCTaOMABHEI U IIOCTENIEHHO MPEBPAMAITCA B Goslee gerkue 3ie-
MEHTAPHEIE YACTHIEL,

Anrryactaupl. [loce OTKPBHITHSA NEPBOH AHTHYACTHLBE — MIO3HTPOHA — BOZHHK
BONPOC 0 CYIECTBOBAHKA AHTUYACTHIL ¥ Y APYTHX acTuil, [Teperie aHTHIIPOTOHBI ObLIH
MOJYYEHBl SKCTIEDUMEHTAIBHG B 1955 r. npu GoMEAPAMPOBKEe METHOH MUIIEHU TIPO-
TOHAMH, SHepPrHs KoTophix nopsaaka 6 I'sB. B 1956 r. 611 oTkpeIT aHTHHEHTPOH. BHa-
CTOsIlee BPeMs YCTAaHOBJIEHO, YTO

I KaxaoH SHEMEHTapHOﬁ YJACTHIE COOTBCTCTBYET CBOA aHTHYACTHIIA ¢ TOYHO
TaKoH xKe MaCCOﬁ, HO € 3apAI0oM IPOTHBONMONOKHOI0 3HAKA.

Tak, 371eKTpOHY C OTPHLATEIBHBIM 3aPsi/loOM COOTBETCTBYET MO3UTPOH € HTOJOXKH-
TENABHDBIM 3apAOOM. HpOTOHy C MOMOAKHTENLHBIM 3apAA0OM COOTBETCTBYCT aHTHUIIPO-
TOH € OTPHLATEbHBIM 3apAROM. YacTHIA U AHTHYACTHLA Y TAKUX HE3apsKEHHbIX 4a-
CTHI], KaK (POTOH, 110 PH3HIECKNM CBOHCTBAM HEPA3INUYHMBIL.

BzanMHbie IpeBpameHns RelecTsa H noas. [IpH CTOMKHOBEHHH 3/EKTPOHA ¢ TTO-
SUTPOHOM IIPOUCXOOHT HX NMPEBPANICIIHE B KBAHT 3JIEKTPOMAarHUTHOTIO H3JIYUICHHA C
OCBODOKIECHHEM SHEPTHH:

e + et — 2. (22.13)

I710 sAB/IeHHE NOAYYRAO HABBAHHE QHHULUTIAWHN. AHHHIHIMPYIOT HE TOJbKO JJIeK-
TPOHBI X MO3HTPOHHL, HO | /106251 4aCTHITA TIPH CTOJNKHOBEHHH CO CBOEH aHTHYACTHIIEH.

Ecam cymecTByeT npouece aHHHTHAAIHH, T.€. NPEBPAleHHe BEemeCT A B
KBaHTH 3JEKTPOMATHUTHOTO TOJA, TO JIOJKEH CYNIECTBOBATh H OGpaTHRIl
npolece — NpeBpanieHAe KBAHTOB I0JS B BEMECTBO.

B 1932 r. U. n @. XKommo-Kiopn 06HAPY:KUIH, YTO ~-KBAHT ¢ YHEPTHEH, HOJIb-
meii cyMMapHoii 9HEPriuM NMOKOS 9:1eKTPOHA U Io3uTpoHa E, > 2myc® = 1,02 M»3B,
TPH TIPOXOXKACHUN BOMH3U A/[pa aTOMA MOKET TIPEBPATHTHCA B TTapy SAEKTPOH-TIO-
3UTPOH:

N— e + et (22.14)
SABnenus poKAEHAS 31EKTPOH-TIO3UTPOHHBIX AP H AHHATHJIAIMS MOKASLIBAIOT, YTO

B nBe dopme MaTepuH (BemecTRO H MoJie) MOTYT B3aHMHO NpPEBpallaTsCa.
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[Tpouecc AHHHTHAALHH COTPOBOXAAETCH KOAOCCAIBHBIM BEIICIEHIEM JHEPIHH.
Taxk, ecnu IpH AZEPHBIX peaklUsIX BIIETeHHE SHEPIUH Ha eTHHHITY MacChl B MUJLIH-
OHBI pa3 NPeBOCXOAUT BblAEIeHe SHEPTHH NPH OOBIYHBIX XHMHYECKHX PEaKLHIAX, TO
TPH AaHHUTHJISUHH BBIAEJIEHHe S9HEPTHH B MHJJIUOHBI Pa3 MPEBBIIAET SHEPTHIO, BEIIE-
JSIEMYIO TIPH SAEPHBIX PEaKUuaX. Tak Kax [IPH aHHHUTHWISLAN BCsS 9HEPrHs B3aUMO-
AEeHCTBYIONIUX YACTHIL MIOJTHOCTBIO IEPEXOIUT B Apyrie GOpMBl SHEPTHUH, TO BHHUIH-
JIALHA eCTh MAKCHMANIbHO MHTEHCHBHBIH H3 BCEX BO3MOKHBIX HCTOYHHKOB 3HEPIUH.

JeMeHTapHEIM YaCTHLAM IPHUCYILH BCE YEeThIpe BHAA B3aHMOAEHCTBHIL CHIbHOE
(aaephoe), cnaboe, 3NEKTPOMATHUTHOE M TPABHTALIHOHHOE,

KPATKHUE BbiBOAbI

® Paduoaxkmuenocms — caMOIIPOH3BOIBHOE IPEBPalieHre AZEP HeyCTOHYHBEIX H30TO-
TI0B B YCTOHYHBEIE, COMPOBOAKAAIEECS HCAYCKAHMEM JaCTHI] H H3TyIeHHeM 3HepTHH {OTKPH-
ta B 1896 r. A, Bexkepenem).

® 3aron paduoaxmuanozo pacnada

N= Noe-—m.

JLJ1A KaxKHOro pajiMOaKTHBHOTC 371EMEHTA CYLIECTBYET OlIpeeIeHHbII HHTepPBaJI BpeMeHH, B
TeYeHHE KOTOPOTO HavalbHOE KOTMIECTBO 3T0MOB YMEHBLIACTCA B ABa pa3a. STOT UHTEDBAT BpeMe
HM Ha3bIBaeTCA MEPHO/IOM NoJTypacnaia. Hlepros nosypacnaa IoCTOSIHEH /UL JAHHOTO H30TOTIA.

¢ CornacHo npoToH-HefrponHoii Moaenn (mpenoxena s 1932 1. [I. /T, Vsanenko u B. l'etizen-
6EeproM HE3ABMCHMO APYT OT APYTA), AAPO COCTOMT H3 NPOIMOHOE W HEtiMPOHOE, OTYINB-
HIMX Ha3BaHKE HyKAOH0E. Oblliee YACI0 HYKIOHOB B SAPE HAa3HBaKT MaCCOBLIM YHCIOM Apa:

A=N+2Z

fnpa, MMelolye OJHO M TO e YHC/IO HPOTOHOB, HO Pa3THYHOE YHCI0 HEHTPOHOB, HA3BIBAIOT
UIOTNONAMU.

& YcToliuHBOCTS GOMBIIHHCTBA ATOMHBIX SUIEP O3HAYAET, YTO MEXKIY HYKJIOHAMH B AADAX
AeHCTBYIOT SAEDHBIE CHIIBL,

Mepo# yeTORYHBOCTH AAPA SABAACTC FHEPZUA C6A3N, HEOOXOAVMAT 1/151 PACIIETICH!A
A7ipa Ha OTAe/IbHbIE HYKJIOHDL

AR, = Amdé,

rae Am=[Zm,+ (A — Z}m, - M,] — nedeKT Macchl (pa3HOCTb MEXIY CYMMO#H Mace IIPOTOHOB
H HEHTPOHOB, HAXOASHIMXCA B CBOOOIHOM COCTOAHHM, H MACCOI AAPa, COCTABIEHHOTO U3 3THX
YaCTHIT).

¢ Hoepunie peaxijui — HCKYCCTBEHHOE TIPEBPAIICHNE ATOMHBIX S/€] KAK NPH B3aHMO-
OEHCTBMM APYT C APYTOM, TAK H ¢ AAepHbIME YacTHIaMM, [Ipu 5ToM coBI0AAI0TCS 3aKOHEI CO-
XpaHEHHS CYMMAapPHOTO 3JeKTPUYECKOTO 3apsa, JHCHAA HYKIOHOB, 3HEPTHH, HMITYJ1bCa, MOMEH-
T4 IMITYJIECA.

Bce snepHble peaklivH XapakTePH3YIOTCA SHEpTrHeH, BhAeTAeMol (ITOTI0maeMoH) NP HX
IIPOTEKaHHH.

& Tlpencrasannoe Pesepdopaom (1920 1) cyniecTroBanYe B AApe HeliTpaibHON YacTUILIR
(HeiiTpona) 6puo noaTsepxaeHo (1932 r.) npu obctpene amep Gepuanus amba-IACTHIAMU.
HefiTpon okasanca panroakTUBHRM. Hellrpotsl, B3auMonefic TRYS ¢ AApaMH, BbI3BIBAIOT A1€p-
HbIE PeaKLIHH JeTeHHs HEKOTOPBIX TSKEThiX 3/IEMEHTOB.

® S{xpa ypaHa, TODHS H ZDYTHX TSKeJBIX 2JeMeHTOB NOA AeficTBUeM TeILIOBHIX HelfTpo-
HOB cIOCOBHB ZeanTEcs. [IpH 3TOM Ha OIHH aKT AelleHus BEAeMAeTCa aHeprua okond00 MaB
¥ HCIYCKAIOTCS ABA-TPH BTOPHYHBIX HEMTPOHA, KOTOPBIE TO3BOJIAIOT OCYUIECTBAATD yRPAE -
AREMYIO U HEYNPAGAAEMYI0 UETTHYIO Peartiti: Oenenies. YpapiseMas HeNHasA Peakius
HCIIOAb3YeTCA B peakTopax, HeympasiseMasd — B AaTOMHBIX HomOax.
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® Paju0aKkTHRRRE HIOTOIRL, TTOMYIACMBIE B PCAKTOPAX H YCKOPYUTENAX, HAILIH IDHPOKOE
IIPHMeEIICHHE B HAYKE, Me/IMIHHE, TTPOMBIILIEHHOCTH H CELCKOM X03AHCTBE,

® B CCCP (1954 1.) nymicHa nepBas B MHPE  aMOMHAR SAeKMpocmanius. Bricokee
IHCPTOCOAEPAKAHME SALPHOTO TOPIOUETO H TPAKTHIECKH HEOrPAHMYEHHAsA ABTOHOMHOCTD MO3BO-
IAIT CO3AABATDL ATOMHBIE JIRMIATE/M, KOTOPLIE IPUMEHSIOT Ha KOPabiIax ¥ MOABOIHBIX JOIKaX.

® PajnoaKTHBHBIE U3IYYEHHS IPEACTARIIOT GONBIIYIO OIACHOCTh A AKHBRIX OPraHH:-
MoB. [Ipn pa6ore ¢ HuME HeOGXOAAMO PHMEHATE CIIEI{HATBHBIE METOBL SALLHTHL

® JTeMEHMAPHBIMYU LACTMULAMLL HA3EIBAIOT TAKHE YACTHIH, KOTODHIE HENb3s CYATATH
COETHHEHHEM APYTHE, HOTICE «MPOCThIX» HacTuil, B3auMoneHCcTBY ¢ APYTHMH YaCTHIAMH, OHH
AOJKHBL BECTH ce0st KAk eIHHOE 1e0e.

® Bce aneMeHTapHEIC TaCTHLEL IPETEPHCBANOT B3AHMOIIPEBpaIeHHs. BoIbINHHCTBO YacTH
HecTabuaeno, Mcwniodenne cocTapagioT (GOTON, 376K TPOH, HeHTPHHO. Bee YacTHIIB MMEIoT aH-
THMACTHIEL, KOTOPbIE OTIMYAKTCA OT YACTUIT 3HAKOM 3NEKTPUYECKOr0 3aPsifia, HANPARIEHHEM
CITHHA.

¢ [Ipu croAKHOBeHHH YaCTHIIB H AHTHYIACTHINE OHH AHHUTHIIHPYIOT, T. €. [IPEBPAIAIDTCS B
ramMma-kBanThl. Bosmoxen u o6parHbii mponece. [lapa vactiy poxiaercst hoTOHOM, B3aHMO-
JeHCTBYIOIHM C IIOJIeM Aapa. DTO ABIACTC I0KA3ATCILCTBOM B3aHMHOT0 IPeBpalllcHHs Bele-
CTBA U TIOJIA.

® Pa3mnyaioT 4 BHI2 B3aUMOAEHCTBUS SICMEHTAPHBIX YACTHIL CHAbHOE (AEPHOE), INEKT-
POMarauTHOE, c1aboe, rpapuTaHOHHOE. KaxzoMy B3anMoAeHCTRIIO COOTBETCTBYET CBOE ITOJLE.

ﬂ Bonpocbl AN CAMOKOHTPONR W NOBTOPEHUA

1. B yem sakmovaercs sisnexne paMoakTHBHOCTR? 2. KakoBa npuposna paquoakTHBHOTO
uanywenna? 3. Ilo kakoMy 3aKOHY IPOHCXOIUT PAcTajl PATHOAKTHBHBIX aep? 4. OObACHUTe
CBA3b MEXK/TY TIEPHOLOM TIONYPACTIAA H TOCTOSHHOR PATHOAKTHREONO pactaga?s. Kakosu yc-
TPOHCTBO W AcHCTBHE Kamepl Busibcona u cueTunka lefirepa? 6. OrtkppiTie karoil MacTHILI
CHITPAI0 GOIBITYIO POTH B TOHMMAHHHE CTPOEHHA aToMHora aapa? Kakue pH3NYeCKNe BETHYH-
HEI XapakTepuayioT sapo atoMa. 7. Yo npejcrasaseT coboi MPOTOH-HeTPOHHAR MOIERD AApa
aroMa? 8, Kakiie CHMBOJIBL HCII0/1b3YIOT 11 0003HAYEHHS ATOMHREY Azep?Y. IIpupeaure mpH-
Meph! H30TOMNOB, H306apHoH napil. 10. Kak onpeaeasercs sHepris, Heo6XoauMaa /15 MOJIHOTO
pacHIeTIIEH U A/ P HA COCTABASIIONIME ero #yKAoH: 711, Or yero 3aBHCHT yCTOMYMBOCTD ATOM-
usix g7ep? 12, Kaxue Apa THOA peakuwii jexaT B OCHOBe NOJIyYeHHA saepHoi sHepriu#3. Cy-
LIECTBYET JTH MPHHITATTHAIBHAA PASHHIIA MEKIY HCKYCCTBEHHOM H €CTECTBEHHOH PaqnoaKTHB-
socTuio? 14, [lovemy aenenue sipep ypana-235 Haapisaior nensoh peaxupeit? 15, Paccxkaxure
O MONYYEHHH W IPHMEHEHUH PATHOAKTHBHEIX U30TOTIOR,

MNpuMepu peweHus 3agay

® 3anaya 1. Beruncantsd gedexT MACCHL H SHEPTHIO CBA3u stApa SN. l a. e .M. =
=1,66-10"% kr.

Hano: Z=7, A = 14.

Haitru: Am, E,.

Pemenne. [ledext Macch sapa

Am=Zm,+ (A - Z)m,— M,

Ity dopmyny nenecoobpasuo npeobpasoBaTh TAK, YTOOH B Hee BXOAMIA MAcCa m, =
= M, + Zm, HeHTpanpHOTO aToMa, AeheKT MacChl KOTOPOro

Am=Zmy+ (A - Z)m, — m,,
T7Ie 71ty — Macea HelTparkHOTO aToMa BoAopoaa; i, = 0,00055 a. e. M, — Macca 3/IeKTPOHa.
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BoraucieHdst: HCNoJb3ya TabIHYHEIE 3HAYEHUSA IS H30TOIA a30Ta ‘4N, HaX0aHM

Am = [7-1,00781 + (14 — 7)-1,00867 — 14,00304] a.e.m. = 0,11232 a.e.m. =
=0,186-10"%" kr.

aﬂepFHSi CBA3HN Anopa
E,= Amc®*=10,186-10"7 kr-9-10" M?/c® = 1,67- 107" JTx = 104,3 MaB,
Oteer: Am = 0,186-10~% kr; E,, = 104,3 MaB.

® 3axaua 2. Bryiengercs WM ITOTIOMIAETCH SHEPTUS P SUIEPHON peakiuibyCo +
+ n — $Co + ~? BeruMCANTD 9Ty FHEPTHIO.

Hano: M,(3Co) = 58,95182a.e.m.; M,(1Co) = 59,95250 a.e. m.; m, = 1,00867 a.e. M;;
la e M =1,66-10"% kr.

Haitru: AE.

Pemrenue, /[ BpiYMCIeHHS SHEPTHH SACPHON peakiiin AE = Amc? HeoOxonN-
MO ONpeJenHTs JedekT Macchl A peakiium.

Jedexr Mmaccet

Am= (M +m,) — M,

Tak xak yucno HMICKTPOHOB A0 W MOCJIE PEAKIIHH COXPAHACTCA, TO BMECTO 3HaYeHHI
Macc siAep BOCIIOIb3YeMCs 3HAYEHHAMH MaCcC HEATPAbHBLX ATOMOB:

Am = [(58,95182 + 1,00867) — 59,95250] a.e.M. = 0,00799 a.e. M. ~ 1,3-10 2 k.

Peakiius nier ¢ Belie/IeHUEM SHeprUH, TaKk KaK Am > 0.
Boruuciaenus:

AE =13-10 2 kr-9-10" M%/c? ~ 1,2-10'? Jlxk ~ 7.4 MaB.
Ortper: AE = 7,4 MaB.

E 3agayuu gna CaMOCTORTENLHOr0 PELLIGHHA

1. Kakad sHepria spiaeasercs mpu obpasobaiiu 1 T resust $He 13 IpoTenos u HEHTPOHOB?

2. BrigenseTca i TOTIOUIAETeA aHepri IpH peakuuwH + TH — $He + 1n? Kaxosa ata aveprus?

3. TIpu TepMOALEPHOM B3aHMOAEHCTENH ABYX HCHATPOHOB BO3MOKHLI DEAKLMH IBYX THIIOR:
c ofpasosanueM $He u ¢ obpaszosanuem YH, Onpemenuts Temnosic 3 QekTs 3THX PeaKITHii,

4. ITpu obnyyenun o-uactuiell aapa atoMa J3Mg ofipasyioTcs HOBBIE SAEMEHT H HEHTPOH.
Oupenendts: 1) Kakoil aNeMeHT MOTYYAETCA B Pe3yJIbTaTe 910 Peakiuy; 2) BhAeASeTCs KIK
NOLJIOIAECTCA SHEPTUS IIPH HTOH peakimu?

5. Tpu TepMosineproit peakiru PH + jn— JH saensercs sueprus 6,25 MaB. Onpeaeauts
Maccy NOKOs HEATPaMbHOTO aToma H, cautas, uto m(3H) = 3,01604% a.c. M.; m,, = 1,00867 a.e. M.

6. BuruucauTs edekT MACCEL, 2HEPIHIO CBA3N AIpa aToMa J3Mg ¥ ero yaeasHyIo IHEPIHIO.

7. Ilepmon nomypacnafa paaus pasenr1 600 set. YeMy paBHO cpenHce BpeMA KH3HH AAPA paaHd

8. Tlpu HombGapmuposke saep Gopa 5B npotonamu noanyyaetca Geprnanit {Be. Kakoe aapo
oBpasyetcs eme upH 3TN peakiyn?

9. Macca peiitpora pasha 2,01356 a.e. M. Haiit sHepruio crasu.

Kmo4eBble CRoBa: paguoakTUBHbLIA pacnan, HeATPoH, arOMHoe A4po, 4e-
DEKT Macceei, UENHAaA SOepHANA DeaKkuns, SOCOHLIA DeaKkTop, panuauns, ane-
MEHTAPDHLIE YACTHULI, AHTUHACTULUE!, B3a3UMOLeRCTBNsST CUNbHOe (S4epHoe),
INEKTPOMArHUTHOE, Cnaboe, rpaBUTaLNOHHOE.



PA3AEN

V II 3BOIIOLUMA BCENEHHOM

Acmponomua — nayka o Beenennoil. Yuenue o Toi vactu Beesennoii, Kotopyio
OXBATBIBAIOT COBPEMEHHBIE ACTPOHOMHYECKNE HAOMIOMEHNS, HA3BIBAIOT KOCMOJIOTHEH
(0T rpeu. «kocMoc» — BeenedHas, «fiorocy — yueHHe).

Acmpocpuzuxa nsyaaet GUsnIecKre CBONCTRA HeGECHBIX T H MPOTEKAIONTHE B
HUX U KOCMIUCCKOM TIPOCTPaHCTBE TIPOIECCHL.

I_HH[JOKOE HUCIIOJIB30BAHUC B ACTPOHOMMH OTKDDbITBHIX B 3CMHbBIX YCTOBHAX EIJMSH‘-ICC'
KHX 3aKOHOB U METOJIOB HCCIEAOBAHMS HAYATIOCh CO CREKIIPARIbHO20 A3, KOTO-
PBIH OKA3aJICH HACTOMBKO 3(h(heKTHRHEBIM, UTO CTAI OXHUM M3 BaXXHeIINuK B aCTPOHOMHH.
CHCKTpa.TIthIﬁ dHATH3 YIATEHHBIX KOCMHYECKHX OGBEKTOB aajl BOSMOKHOCTL OIIpeae-
JIATh UX IZIOTHOCTE, TEMIIEPATYDY, XHMMYECKUH COCTAB, XapaKTep U CKOPOCTH BHYTPEH-
HUX JIBIKEHHI W /IAKe IPHCYTCTBAE B HUX SEKTPUUECKIX M MATHUTHBIX 1107181l

HOpElS[/ITEJII)HLIM OTKPRITHEM ACTPOHOMUWH ABUNOCH TO, YN0 38838?)-‘, COCITOANM 13
MAaKUX e amomos, umo i Jemias. [IBa XUMHIECKHX dJIEMEHTa — refIii K TexHe-
Uit — Ol OOHAPYKEHBI HA 3Be3/IaX paHbiie, yeM Ha 3emne. CoRpeMeHHast acTpodH-
3UKa HCTTOJIB3YET BECHh apCeHan (bHSWIeCKHX BHaHHﬁ, VUWUTBIBACT B:LUKHYIO POJIL [PaBH-
TAllMOHHLLX, 3JICKTPOMArHHUTHEIX, cAa6bIX H CUIIBHBIX — SAZEPHbIX B3aHMOAEICTBHHA,
RKJIIOYAS! (PHINYECKYIO TEOPUIO TIOBEJEHH BEIIECTBA B 3KCTPEMAJILHBIX YC/I0BHAX,

Hecropuueckaa cnpaska. BakseiiuuM MOMEHTOM B IOATOTOBKE HAYMHOH PeBOMIONIH

OLLIO DepeoCMBICTEHIC BOMpoca 0 MecTe 3emau Bo Beeaennoit. Eme B Ipesueii Ipetnu
Apucrapx Camoccxuit yreepxaan, wre Semust obpaitaercs sorpyr ConHua, QaHAKO B TeUeHHE
MHOIMX CTOJICTHH TOCTIOACTBOBAA TCOLICHTPHYeCKasa cHCTema Mupa ApucTorens — [ITonoMes,
B KOTOPO# 3eMJIs paccMaTpubaack kak neHrp Beeaennoil. Co-
uynHenne Konepruka «O spamenun HebecHsix cdeps» (1543)
BEJIIOMAET WECTh KHHUT, B KOTOPBIX H3AATACTCsI HOBOC YICHHE O
KOCMOCE, COLJIaCHO KOTOPOMY 3eMiisi ABRAeTCS OFHOH U3 ILa-
HET COMHEYHOR CHCTEMBL. BOIBIIAS 4acTh €0 KHHT COAEPIKHT
TaOAHLBL ¥ PACIETHL, OTHOCAILmECs K ToH Buanmoii actu Bee-
JeHHOH, KOTODYIO C APeBHAX BpeMeH Habmoaan 1 HCCaeAOBaT
4eIoBeK. YyeHie Komepiuka nocTaBuio epe, yUeHLIMH PAR
npoGaeM: NPOBCPHTD COGTBCTCTBHE HOBOM TeoprK Habaoae-
MBIM (pakTam, HafTH MPHKHEL OOBEANHENHS B CAMHOE [ET0e
wiader M Courua, 3emian i JIyner; yCI0BUS BO3HHKHOBEHNSA
LBMAKCHH BOOOLIE I ZBUKEHHA [LIAHET B YACTHOCTH.

BosmxHoBeHIHe COBpeMeHHOH KOCMOTIOTHHM CBA3AII0 C CO3/TANH-

eM A. JiHurTeinioM B 1916 7. peTATHBHCTCKOH TEODHH TATOTEHMS H
A, DHmmnTelin aapoxaerreM B 20-e rosiet XX B, BHETATAKTHUYECKOH aCTPOHOMULL




frhasa 23
CTPOEHUE U PA3BUTUE BCE/NIEHHOM

23.1. Hawa 38e3aHas cucteMa — lanaxKTuka

IIpy HabawaeHEH 3Be3AROTO He0a Jake HEBOOPYKEHHBIM T7Ta30M MOXKHO YBHAETDH
IPYNIEL 3Be3, KOTOPbIe OMYYUIH HA3BAHUE I6E30HBIX CKONJIeHUt. 3Be3/iHbie
CKOTUIeHHA HabI0a10TCs IBYX TUIIOB: PACCEAHNBLE W WANOBDIE.

TunuyHEM IpeiCTaBUTEIEM PACCESHHOTO 3B€3/IHOTO CKolenus ABnawtcsa [ine-
A0bi, Ha3BIBaeMbIe B IIpocTopeun Cmodicapamu. PazMephl paccesHHBIX 3Be3/THBIX
CKOILIeHHH cocTaBasmior 1...10—15 nk!. Bamxaitmive k 3emie paccesAHHbIE 3BE3/I-
HEIE CKONJIEHH HAXONATCS Ha PacCTOAHHM HECKOMBKUX THICSIY CBETORBIX J1et, MX MOK-
HO Habmoxath B maockocthn Maewnoro IyTu.

Maeunuviii ITyms — ceeTas cepedpyCcTas 0A0CKa, BUAHAsA Ha Oe3001a4HOM 3Be3-
nHoM Hebe, Bonee apkie u 6auM3KHe 3Be3/IbI PACHONATAIOTCA Ty 110 Mepe npubau-
JKeHuA K cpeHeit muHru Maeunoro IIyTH, HazpiBaeMoil raTaKTHYECKUM 3KBATOPOM.

T110CKOCTh TAaKTHYECKOrO SKBATOPA — IIOCKOCTh CHMMETPHHU HalICH 3Be3AH0H
CHCTEMBI.

HccnenoBalus Nokasasu, 4T0 BCSA COBOKYMHOCTH 3Be3a Mieunoro Iytn obpa-
3yeT eAUHYI0 3Be3/IUYI0 CUCTEMY, HasbiBaemylo Jataxmuxoi. Pazmeps! [anakTh-
KM rpanauosssl. B cepesune FanakTHKH HAXOAUTC ROPO — MMTaHTCKOE IIAPOBOE
cKoTLIeH e 3Be3n. Aapo lanakTrry BUAHO ¢ 3eMJIH B CTOPOHY co3Be3aus CTpenbla
d npeacTasaget ¢oboii Apkuil yyactox Mneunoro I[Iytn. Ot 3eman go sapa lanak-
THKH 30 THIC. CB. JIET, a OT OAHOTO A0 APYToro kpasa l'anaktHke — moutH 100 Toic. ¢B.
neT. Bee 3Be3zbl BpamaioTea BOKPYT neHTpa lanaktukn. Mlepuoa obpamenua Cox-
HEUHOH CHCTEMBI BOKPYT Adpa ['anakTHKM cocTaBaget npuMepHo 200 MJTH JieT npu
CKOPOCTH ABMEeHMA 0K0a10 220 kM/c. Beero B coctase Hamel Mamaktnku 60mee 100
MIIPJ 3Be3, oMHoM U3 koTopbix AeisdeTesa Comxnne. Ha puc. 23.1 npefcrasiaeHa cxe-
Ma Hame# [amakTUKH, MecToHaxokIeHHe COMHCYHOH CHCTEMEI YKa3a1l0 CTPeIKoi
M KDECTUKOM.

Puc. 23.1 Puc. 23.2

"1mx==3,1-10% M.
21cp.rog =95 - 105Mm.
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Onro ns Ouikaitiunx k 3emile WAPOBLIX CKOTUIEHHH HaX0AMTCA B CoaBeaauu [ep-
xyneca (puc. 23.2). IlTapossie ckomnenus ofpasyior B Hameit lanakTuke edepuye-
CKYIO CHCTEMY ¢ APKO BRIpa:KeHHOH KOHNeHTpaluyeil 3sean k uentpy lanakruxn, JIu-
aMeTpPhl IAPOBHX 3BE3IHETX CKOIJIeHUH UIMEPSIOTCS JecSTKAMM Tapcek, a KoJauye-
CTBO BXOJAII{MX B HUX 3BE€3]] HACYUKUTHIBAET ACCATKH U COTHH TRICAY.

23.2. fipyrue ranaktuku. beckoHeynocTb BeenenHo#

TanaxTurd. YCTaHOBAEHO, YTO KPOMe Halleil [ a/IAKTHKY CyMecTBYeT MHOKECTBO
A000HBIX eif 3BE€3AHBIX CHCTEM, TAKIKE HASBIBAEMbIX 2GIAKMUKAMU.

Cpasrubast Hamy TajJakTHKY € PYTHMH TAJTAKTHKAMH, YU€Hble OTIPESTHIIH, YTO
Hamra I'atakrrka, mogoOHo ranakTHKaMm B AHapoMene u TpeyroasHUKe, WMeeT CITd-
pPAJIBHOE CTPOEHME. :

DopmMa raJakTHK pazinyHa — CYIWECTBYOT HUTHITHYecCKHe (B YACTHOCTH, Wapo-
Bble), YedeBHIIeOOpasHbIe, HI006PasHEIe, HepaBuabHbe. PasMep Haed Fagaktixu
MeHbIIle TAJAKTHKY B AHApOMee, HO Oobine Bosbiunx B Mannix MareianoBix
O61aK0B, KOTOPBIE ABSIOTCH CILy THUKAMM Hawel TajakTuky n paclionoxeHs! Ha
paccTosTHHH KO0 120 THIC, CB. JeT 0T Hee. Boe zaiaxmuny apawarmes 60Kpye
ceoux oceil, kax u Hawa Faraxmuxa.

Pagnoranaxtaxu.* OcoOblit HHTEPEC NPeACTABSIOT TATAKTHKH, BJIAIONIHECH MOLL-
HBEIMH JHCKPETHBIMH HCTOMHHKAMH PaJIHOMAAY4eHHSL, FX IPHHATO HA3BIBATh PALHOTA-
JMaxTHKaMH. 110 MEEHHIO COBETCKOTO acTpohH3nKa akaaeMika B. A, AMOapirymsHa, pa-
JAMOIa/IAKTHEA BOSHUKAET B Pe3yJbTaTe IPOUECcca pasae/ieHHs ePBOHAYAIBHOMH MAaCChl
Ha JIB¢ VAUISIOIHECH IPYT OT ApyTa raJakTHKH, CTajust eNeHust — Nepexo] MaTepuH
13 6oee ITOTHOTO COCTOSIHUS B MeHee IUTOTHOE — BRI3BIBACTCS B3PBIBHBIMM ITPOIECCa-
MM H COPOBOMKIAETCS MHTEHCHBHBIM paJiHoM3IydeHHeM. [lonarator , uto paduoea-
AAKMUKA — CIAOUSL, Yepe3 KOMOPYIO NPOX0OOUM KAHOAR ZAAAKIMUKE 8 Dl -
Huii nepuod caoezo passumus. Hanbonee uasectHa pajrorajsaxkTika Jebeap A.

Ksazappl.* 310 MOUIHBIE BHETAMAKTUYCCKHE HCTOYHUKHN 3J€KTPOMATHUTHOTO H3-
nyuenust, Manydenne xkpasapos B 10°— 10* pas npepbiluaeT HaTy4eHne BCeX 3BE3] ra-
nakTHKH. OIHO U3 OCHOBHBIX CBOFCTB KBa3apoB — MEPEeMEeHHOCTb MX U3YUEeHHH B
pamo-, UK- u ontuyeckom ananazonax. (Dusnyeckas APHpPoJa aKTHBHOCTH KBa3a-
POB ellle 40 KOHIA He pacKkperta. CoriacHo cylecTBYIOLINMM THIIOTE3aM, MONTHOE H3-
JIyueHHe KBa3apoB MOXKeT GbiTh 0OYCAOBIEHO HPOIECCAME CTOJIKHOBEHHUA 3BE3I,
BCIILIINKAMY CBEPXHOBEIX 3Be3/l, IPeBPalicHHEM B M3TyYeHHE IHEPTHH MaTHHTHbIX
MOoJIeH BPAIAIOLIEr0ocs MACCHBHOIO MATHHTOILIAaMeHHOT0 Tesa. Ocobsiil HHTepec
KBA3aphl MPEACTABAAIOT KAK AAJeKHe OOBEKTDI, YYACTBYIOIIKE B KOCMOJIOTHIECKOM
pacurmpeHMH MeTtaranaktHki, MisyueHue KBa3apos MOMKET IIPOJMTE CBET HA PAHHNE
cTaanu 3ponound Beegennoi.

MeraramakTiea. B cossesgun [eBsl pacnosiaraercs OrpoMHOE CKOILUIEHHE TaaK-
THK, IHAMETP 3TOTO CKOILTeHMs 0K0/10 100 MAH CB. /IET, 3 Macca PaBHa IIPHMEDHO KBAJl-
PHIIHOHY COTHEYHBIX MACC. TAKOE CKOTLICHHE raTaKTHK ITOJIYYHIIO HasBaHHeCeepx -
2anaxmuxa. Bee goctynusie obiactr Habmoaenns BeeneHHOM BXOAAT B cOCTaB
crcTeMsbl, 60JIee TPAHAWO3HOH, yeM CBeDXarataKTHKa, U HaspBawTea MetaranakTi-
KOIf, FPAHHIIBI KOTODOH ITOKA OCTAIOTCSA HEIOCTYITHBIMH ISt HAOTIOAEHUS B CAMBIE MOII[-
HbIe COBpeMeHHble Teseckonbl. Ho u MetaranakTika SBjageTCs THIIb HHMTOXKHOM
qacTeI0 GeckoHeuHoH Beesennoil.
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Beenennaa — 3710 GesrpaHnyHbIl MHp, 6€CKOHEYHbIH B IPOCTPAHCTBE K BO
BpeMeHH, NpecTaBamonii coboii Bee paznooGpasue popM cylecTBOBaHUA
MATEPHH.

23.3. TIOHATHE O KOCMOJIOTHU

Hocryaar kocmonorun. Kocaoaozun — paszen acTpOHOMHH, N3YYAIONIHIA CBOH-
cTBa BeenenHolt kak €fMHOTO Le0TO.

BriBOABI KOCMOMIOIUH OCHOBBIBAIOTCS HA 3aKOHAX (PU3HKH H AAHHBIX HabI10/1aTeAb-
HOIi aCTPOHOMHH. BaxkHeHIINM [IOCTY/IATOM KOCMOJOTHH SIBJIAETCS TOJIOKEeHHE, CO-
TJTAaCHO KOTOPOMY 3QKOHbE NPUpodsl — 3aK0HbL PUIUKU, YCTRAHOBAEHHYIE HA
OCHOBE USYUEHUS BECLMA OZPaHUYeHHOo wacmu Beenennoii, mozym 6oims
pacnpocmpanens: Ha acto Bcenennyio.

KocMonoruyeckue Teoput pa3/iM4anTcst B 3aBUCHMOCTH OT TOT0, KaKue (PU3NYeCKHe
3AKOHBI ¥ [IPUHITHITBE TOAOXKEHB! B MX 0CHOBY. LlocTpoetitbie Ha 9THX TeopHAx Moderu
donicnsr donyckams nposepry O Habmodaemoti obracmu Beerennoi, Bol-
BOZIbE TEOPUU LOKHB! HOXTBEIKAATECS HAOMOACHISMHE YUIH HE IIPOTHBOPEYHTE HM.

Oanopoanocts U H3oTponHOCTh Beenennoii. KocMosoriis Hauama passaBaThCs
Ha HAy4HOH OCcHOBe nocie OTKPeITHA M. HploToOHOM 3aK0HA BCEMUPHOLO TATOTEHMS.

CoracHO HBIOTOHOBCKOMH TEOPHH, HPOCTPAHCTBO NOXUMHAETCS €BKIUAOBOMH reo-
METPUH, [7le KPaTIAHINIHMH PAcCTOSTHHAMM MEXKLY ABYMSI TOUKAMM SIBISIOTCS OTpPe3-
KH NPAMBIX THHHA.

IIpocrpaHcTRO M BpEMS CUMTAIOTCA AGCOMOTHLIMY, T, €. HX CROHCTRA HE 3aRH-
CAT OT MaTEpPHH H €€ ABHXKEHHA.

Hapsiny ¢ npeacraBienieM 0 eBKIHAOBON I'eOMETPHH TPEXMEPHOTC IPOCTPAHCTRA
CKJIaJbIBAETCS TIPE/ICTABIEHHE 00 OAHOPOTHOCTH W H3OTPORHOCTH HecxoHeunoil Bee-
JerHol. [IefiCTBHTENbHO, €CAN PACCMATPHBATL CPABHHTEILHO Hebommume obnacTu
Beesrrenno#, To 3Be3an pacupeaeneHbl B HUX HepapHoMepHO. [1o Mepe pasBUTHA act-
poH3NYECKHX HCCACAOBAHUH OBLTO 0OHADYXEHO, 9TO 3Be3/(BI IPYTIIHPYIOTCS B IH-
TaHTCKHE CKOILTEHUA — TaIaKTHKH, U 4TO 0biad kapTuHa Beenennoii npeacraeaser-
€S COBOKYITHOCTBIO OTAE/bHBIX CKOILIeHHH TanakTHK. CKoNNeHns ralakTvk copep-
AT THICAYHM TANAKTHK ¥ UX pa3MepHl COCTABSIOT IOPSAAKA HECKOJIbKHX MeTaIapcex
(Mnx). Cpeznntee paccTosHue MeX/y CKOTIEHUAMI FaMakTHE okoa0 30 Mnxk. Takum
ofpa3oM, B paaryce npumepio 30 Mnx Beenennas ssaserca HeogsopoaHO#H, 31eCh
UMEIOTCA OTAeNbHbe CTPYKTYPHBIE 3J1EMEHThI, paclipe/ie/leHHbIe B IPOCTPAHCTBE He-
paBHOMepHbIM 06pasom. B paguyce oxono 1000 MK cofiepRUTCsA NPHMEPHO OHHA-
KOBOE KOJTHYECTBO CKOILIEHHIT rajlakTUK, T. €. BeesleHHas npuban3uTenbHO OHOPO-
Ha H cBOlicTBa BeesleHHOMH 0IMHAKOBB! O BCEM HallpaBjieHHsM, T.e. Beestennas spist-
eTcs H3oTponHoi. Hrak,

l B Goasmnx Macirabax Beenentyio ¢ 601b1Iok CTENEHBI0 TOYHOCTH MOJKHO
CYMTATh OXHOPOAHOH H H3OTPONHORH,

W3 HabmioneHuit TIOCTENEHHO CKIaibIBAIOCDh TIPEACTABJIEHHE O CTATHYHOCTH Bee-
JICHHOH, T. €. HEH3MEHHOCTH €€ CTPOeHHS co BpeMeHeM. B yacTHoCTH, Ha 3T0 yKa3bIBa-
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JI0 1I0CTOAHCTBO MOJI0MKEHHS 3B€3/ H TYMAHHOCTEH OTHOCHTEABHO ApPYT Apyra. Bumu-
MblE JBHKCHHS TIPH 3TOM CROJIWINCH K HEPHOAHYECKAM JABHIKEHHAM ILTAHET BOKPYT
ConHua.

CpoifcTBa NpocTpancTBa-BpEMEHH HEPA3PHIBHO CBA3AHBI ¢ ABMXKYIHEHCA Ma-
Tepueil.

23.4. Pacuupsiouwancs BeceneHHan

3axon Xa60aa. CospeMennas kocMonorusa Gasupyercs Ha pabotax A . JiAunnTeii-
Ha, A. A. @puamana u 3. I1. Xa66a 1 ouMpaercs Ha [Ba [JIaBHBIX HA0MIOHAEMBIX SAB-
JEeHUA.

1. lanakTHKE H HX CKOIUICHHS pPaBHOMEPHO pacnpenenensl Bo Beeaennoil.
2. JInnnn cHeKTPOR BCeX FANAKTHE (32 UCKIIOUEeHNEeM HEROTOPBIX FaJakTHK H3
YHENIA CAMBIX (G/IM3KMX) CMEIEeHbl B KPACHYIO CTOPOHY (KpacHOoe cMelleHHe ).

llepBoe siBjiedue nogTBEpkAaeT, 4To Ha Gonbimmx Macmrabax Beemennas oxHo-
poada 1 w3orponuaa. OxaopoaHocTs Beenernoi o3navaeT, YTO B MPOU3BOJIBHBIX OAH-
HaKOBLIX 06'bCMaX COAENKHUTCSH paBHOE YHCA0 TATAKTHK. Bcenennan H30TPOIIHA, T. €.
B PA3HBIX HAIPABJICHHAX HAXGIHUTCA OAHHAKOBOC YHUCI0 IAJIaKTHK.

Ecan Bropoe asaente paccmMaTpuBarhk Kak a@dekrr Jdonnepa, To MOXHO Ce/IaTh
BBIBOA, YTO BCC TAAAKTUKN YIANAKOTCA OT HAC CO CKOPOCTLIO

U =c—. 231
S (23.1)
Hayuas xapakrep ABUKEHHA FA1aKTHK, AMEPUKaHCKHIT acTporoM 3. I1. Xab6a ye-
TAHOBHJI, YTO OTHOMEHHEe AX /X, onpeae/aseMoe 1o cnekTpy TanakTHxH, Iponopuuo-
HaMLHO paccrosiHnio R po TanakTHKH, T. €, ralakTakn yaandorces («pasberaloTcs» )
CO CKOPOCTSIMHU ¢, TPOTIOPIHOHANBHBIMH PACCTOSHUAM O HUX K

v= HR, (23.2)

rae H — noctostaHas Xab6/1a, xapakTepusyIoias CKOPOCTh «pasderaHys» TalaKTHK.
B nacrosmee ppems npuauMator H = (50 —100) kM- ¢! Mmc ™!

Coornonrenye (23.2) Ha3HBAIOT 3axoHoM Xa66a. ETo MOXKHO TPAKTOBATD KaK
HOATBEPXKNEHUEe pacIHpeHds Habmonaemoi obaacry Beenennoii — MeraranakTu-
KH. 3HaueHue nocTosHHo#i Xab6a u 3akon Xab6a MO3BOASIOT ONPENeauTh BpeMs {,
npolle/llee ¢ HAYATA paciudpena BeesieHHO# IIPH YCAOBHY NOCTOSHHOM CKOPOCTH
pacurupenns £ = R/v = 1/H = H"}, t = (10 —20) Mapa neT. ITO BpeMs TPAMEPHO
xapaktepuayeT Bo3pacT BeesenHoi. [locKoIbKy ralakTHKH HMeIOT MO/I0KHTEAbHbIE
CKOPOCTH, [IPOMIOPHHOHATIBHDIE PACCTOSHHAM, MOXKHO CAEJIATh BRIBOJ, YTO B [IPOILIOM
BCe TajlakTHKH Opumy Hioke APYT K APYTY, 2 IGTHOCTh Beeneunoi Gsiia Goabme.
Pacioipensie IPUBOAKT K OXJTAXKASHHIO, T. €. B poIioM Beenennas 66112 He TOIBKO
6onee WIOTHOH, HO 1 Gosiee TOpAYeH, 4eM B HACTOSIUEE BPEMSL.

Hrax, B ocHOBe onpenejeHHBIX Monenei BeeaeHHOM TOMKHBI J1€XKATh NPeRToo-
KeHUs o ee OJTHOPOJHOCTH M M30TPOHOCTH B BOMBINMX MactITabax H OCHOBHBIE YPaB-
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HENHs Y (IOJIOKCHHS TEOPHUN TSITOTeHHS JWHIITelHA O
CBOHCTBAX [IPOCTPAHCTBA-BPEMEHH W £TO HEPA3PBIBHON
CBSI3H C IBIKYLeHcA MaTepuck.

Moaeas pacmmpsmwomeiica Beenennoit. B 1922 -
1924 rr. Ha OCHOBeE NpeNCTaBAcHIH 00 OHOPOTHGH, U30T-
ponuoi, deckonednoit BeeneHHON U TCOPUM TATOTEHHS
IHHMITeWHa coBeTCKUM MaTteMaTuKoM A. DpuaManom
TIOJIYHCHBI TEOPETHICCKHe pe3yabTaThl, CBHAETEeTbCTEY-
H0LIKE 0 TOM, 4T0 BeenesHasn, 3an01HeHHAN TATOTEILTIM
BeIeCTBOM, 10/KHA O6ITh Hecmayuoiapnoi. C tede-
HHEM BPEMEHH OHa A0JDKHA JHGO HEeOTPAHMIEHHO pac-
IHPATECS, JUO0 CRUMaTHCA. HO 3TH TPHHIIHITHATBHO HO-
Bble Pe3syJIbTATH [IOJYYUIN NPU3HAHNE JUIIb [10C/E OT-
KPHITUS KPACHOTO CMeLleHus, 1.6, dbdeKTa «pasberasusi»
TATAKTHK. A. Dpupmay

W3 unrepuperauny 3akona Xab6aa cieayer, 4ro B
HEKOTOPHIH MOMEHT BPEMEHH B ja/1EKOM TIPOIIIJIOM BCE PACCTOSHHS 06pAlIavch B
1yib. OTAeAbHBIE TATAKTUKM, 3Be3/I6] H IPYTHE HeOecHbIe Tea He MOTIIH CYIECTBO-
BATH KaK U30IMPOBaHHBIE OOBEKTHL. ITOT MOMEHT BPeMEeHH OBLT MOMCHTOM Haya/Ia
pacrupenua BeelleHHOR.

Taxum obpazom, 8 Hacmostee spema Beenennaa pacuupaemces, DToT npo-
LIeCC U3-3a CUJI TPABUTAITHH TIPOTEKACT ¢ 3aMenreHneM. Pacniperne Beenennoil npu-
BOAWT K CHHXXEHMID IVIOTHOCTH H YMEHhIUEeHUI0 3aMeteHnsd. CyIlecTByOT ABa coe-
Hapus 6yodyuiezo Beeaernnoti: 1) IIOTHOCTD BelecTBa Bo BeeeHHOMH 10CTaTOYHO
Maja ¥ 3aMej/ieHHe Majlo — pacimupenuye OyaeT MpoTeKaTh HeOTPARMIEHHO ZOMIT0;

2) naotHocTb BeLecTBa Bo BeesieHHO 10CTATOYHO BEJMKA, BEIHKO ¥ 3aMe/JIeHHe Pac-
TIAPEHKA — PACITAPeHHe IPEKPATUTCA H CMEHWTCA caKkaTheM. Kputnaeckas ILIOTHOCTD
BEIMECTBA g, OTACIACT OFHH CLICHAPHH OT PYTOTO (TEOPETHIECKHE PACYETHI IOKA3hI-
BAIOT, 4TO p, & 107 kr/M®). Eciin nab/moeHus 110KaxyT, YTO II0THOCTD BEILECTBa B
HACTOSTIIMA MOMEHT p < Py, TO PACLIMPEHHE AO/KHO CMEHUTBCH CHKATHEM, IPHP < Py,
paciupesuc 6yaeT AnThed GeckoHedHo oaTo. Ha 0CHOBE CYIMCCTBYIONIETO YPOBHS
HAINKX 3HAHKN O paclIpedesieHHy BellecTBa Bo BeeneHHo#H IPHHATO CYHTATE, UTO pe-
ATHHAA CPEHAS IVIOTHOCTD YyTh MEHbILE KpUTHYecKon miotHoct. Ecii ato npea-
CTaBJIeIIMe BEPHO, TO PCAAU3YeTCs BTOPOH clieHapuit — pacuiuperue OyAeT LipOTEKATh
HEeOIPAHWYEHHO FOTO.

CpeaHssi II0THOCTD BEIIECTBA BAMAET Ha FeOMeTpUYecKHe CBOFCTBA BeeenHoMH,
T. €. CTCNCHD HCKPUB/EHNS IIPOCTPAHCTBA 3ABHCHT OT MACCH! TATOTEIONIET0 BELeCTBa—
yem GosbLIE Macca, TeM CHbHee KpHBH3HA. [[pH S0JbITHX MaccaX KPHBH3HA MOKET
CTaTh HACTOJIBKO BEJMKA, YTO IPHUBELET K «CRePTHIBAHUIOY npocTpancTsa. [pocTpan-
CTBO CTAHOBUTCA KOHEYHBIM, HO GesrpaHiyHbiM. Eciiu Macca Maia, TO «CBEPTRIBAHHS >
TIPOCTPaHCTBA HE NPOUCXOAHT U MPOCTPAHCTBO ABAACTCA GecKoHeuHbM, Tlepaerit ciy-
Y4ii OTBEYAET «3aMKHYTOMY» MHPY, BTOPOH — «OTKPHITOMY>.

23.5. Moaenb ropsaveii BceneHHoi

I[Jlﬂ OIIpeacACHNA TOT0, KaK NPOHCXOANIO pacIlHpPEHHE Beenennoii ¢ MoMeHTa
HadaJa [Iponecca, Kaknue ponecCol Ipy DTOM IMTPOTCKANH, HBOﬁXOI[I/IMO IIPOBECTH pac-
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YeThE [IPU PAa3HBIX MPEANOJIOKEeHHSIX O PAaCIIMPeHHH, O COCTOSHUH H COCTABE Bele-
cTBa BO BeenleHHON M CpaBHUTH Pe3y/IBTATH PACYETOR € HAOMIOTEHUAMH,

CornacHo Mogenu pacumpsiouieiics Beenennoil Ha ocHore sakoHa Xab6ma Mox-
HO TPUMEPHO YCTAHOBHTE MOMEHT BPEMEHH Hadana pacmupenns Beenennoil. Pacue-
THI IOKA3BIBAIOT, YTO 3TO HPOUSONLIC 0K0A0 15 mapd nem nazad. K nacrosmemy
BpeMeHH HaubOoIbIlee PACTPOCTPaHEHHE TOMYYKIA MOJIENs 20paveti Beeaennoil,
KOTOPYIO Ipeiaoxii B KoHie 40-x rogos XX B. amepuKaHcKui ¢usuk [Ix.I'amoB.
Coraacuo mosenn l'amosa, coBpeMennast Habawogaemas BeeaeHHast npeacTapisier
coboii pesyarTat « Boabuiozo eapwviéas , T.e. Karactpodudecku ORICTPOTO PasneTa
MaTEPHH, HAXOAUBIHEHCS IO TOTO B CBEDXIIOTHOM H CBEDXTODAYEM —  CUHZYAAD-
HoM (Heonucyemom) coctoanny. OaNH 13 BOIMOKHBIX ClleHapHeB 3BoIoiHH Bee-
JAeHHO# — caenyomuii. IInorHocts Bemectsa cnyerst 107% ¢ mocne Hauana pacim-
penus («Boabiozo eapwutaas) npuMepto B 10*% pas npesocxoanna siaepHyIo 110T-
HOCTb. TeMmepaTypa BenecTBa IPEBBIIIAAA AECHTKY THICAY MHAAHAPAOB IPaliyCoB.

B x0oCcMOIOTHH BEIIENMIOT HECKOJIBKO TIEPHOAO0B B 3BOAIOMHH BeeleHHOM nocae
«Bompmoro s3peBar. Kay el nepuon xapakTepH3ayeTcs: ONpeAeleHHBIME IIPOLIECca-
MH. B nepBoHavanbHEH MEpUO, KOTOPBIN ANHICS BCEIO HECKQ/IBKUX CEKYHA, Belle-
cTBO Beesenroii HaXOXWIOCH B COCTOAHWH QOTOHHOM TIA3MbL: HA OMH MHJLTHAD]
(hOTOHOB (KBAHTOR CBETA) MPHXOAWIACH TONBKO O/iHa yacTUIa. MOTOHE POXKAAITCA
M YHHYTOXKAOTCA IIPH B3aMMOIEHCTBIH C 2JIeMEHTaDHBIMH YacTHUAMH.Domon posc-
daemcst npu 63auMO0elicmeun wacmuybt © armuwacmutbl. YacTHIb 1Py
ITOM UCUE3AI0T (AHHUZWINPYHOM ), N HOABIIOTCA OTOHBL, Tsskeble YaCcTHITH POXK-
HAIOTCA 13 0Co0OT0 COCTOAHKA MATeEpH — U3UUECKO20 8aKyYMA, B KOTOPOM OHU
HMEITCS B CKPBITOM, «BUPTYAJIbHOM», COCTOSHHH, TAKeJIble YaCTHITN B aHTHIacTH-
Il AHHUTHAMPYIOT, ¥ B PE3YIbTaTe HOABASIOTCS IPOTOHBL, HEHTPOHBI, 3/EKTPOHE,
HeUTPHHO 1 AHTHYIACTHITHL.

B nepsoie 15116 MUHYT TI0CHE < BOMBIIOIO B3pbiBas NPAKTHYECKH [IPOM3IOULIHE BCE
COOBITHS, ONpe/ie/IMBIIME Te CBOMCTBa BCelleHHOH, KOTOpPbIE OHa UMEET B HACTOSTIee
BpeMA. Pemaomyto pons 2AeCk HTpad IPOTOHB M HEHTPOHKI, KOTOPRE, R3aNMO/eH-
CTBYA ¢ 3TeKTPOHAMM, IO3UTPOHAMHY, HEHTPUHO H AHTHHEUTPHHO, IPeBPALIAIOTCA APYT
B pyra. Temieparypa B pesyJbTare pacllMpeHus yMenbiuaetcs. [Ipy sroM npomo-
HO8 CIMAHOBUIOCH BORLLLE, MAK KAK UX MACCA MEHLUIE MACCHL HEWMPOHOE
u ux obpasosanue snepzemunecku évtzodnee. [lponecc co3ganus ualpITKa Ipo-
TOHOR [IPEKPAILAeTCs U3-33 [OHHKEHUS TEMIEPATYPhl A0 TOTO, KAK BCe HEHTPOHBI
GyAyT IpeBpaINeHsI B IPOTOHbL 3aMeTHM, YTO B IIEPBBIE MIHOBEHUS Mocie « Bombio-
o B3pbIBay (HOTOHOB OBIJIO MHOTO (Ha OAHH MPOTOH IPUXOANACA 1 MAPA (OTOHOB).
C reyenyem BpeMeHH 3T0O COOTHOINEHHME OCTAETCS MOCTOSHHABIM, HO 3HEPrHs (QOTOHOB
CTaHOBHUTCSA MEHBIIR, TIOTOMY 4YTO B pe3y/bTare sgupexta Jomiepa yactora poTOHOB,
a 3HAYHT, ¥ ¥X d1eprus yMeubnaoTcs. [Ipu magenun Temmeparyps o 1 mapz K na-
YHMHAIT 0OPa3oBBIBaTLCs npocreiimue sapa. Utak, Heidmponst saxsamuvisalomcs
npomoHamu, U npoucxodum obpasoeanue delimepus. Peakiuis npogoKaeT-
¢4, 1 00pa3yoTed Apa I'eANs, KOTOPLIE COCTOAT H3 IBYX NMPOTOHOB M ABYX HEHTpPO-
HoB. OIHOBpeMeHHO 06pa3yeTcs HeMHOrO JHTHA U u3oTona reina-3 (3He). K konuy
MATOR MHHYTH [IOC/E « DOABLIOrO B3pbIBa» PACILHPSIOIIEECs BEMIECTBO COCTOUT H3
simep Bomopona — 70 % wu anep remust — 30 %,

Temneparypa cranosutca Huxke 1 mapz K, Beenennas nepecraer OuITh ropsidei,
HACTYMaeT CAeXYIOiHi aTan paciunpennd BeenenHoll, KoTopuil AMUTCA TOPARKA
300 Tric. et. Bemectro BeeenHoit B 3TO BpeMst MpeACTaRIsIeT COOOH nzaary, KoTo-
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past aBsIeTCA HellpoapauHoii 415 ¢oToHoB. [1pu TeMneparype nopsakad 000 K raun-
HaeTcsl 06pazoBarue HeHTPATBHBIX aTOMOB. I10SBAAI0TCA HeHTPATHHEIH BOAOPOA U
renuii. BewecTBo cranoButcs npospadnnyM ans doronos. HelitpaspHoe BemwecTso
HayMHAeT cobUpAThCA B HEKOTOPHIE 0OpasoBanmsl, «<KoMKH», C 3TOr0 MOMeHTa Havu-
HAET TIPOHCXOINTH 00pa3oBaHe TATAKTHK.

JOTOTHUTENRHBIM A0KA3ATENBCTBOM BEPHOCTH THIIOTE3EL «BOJILLIOr0 B3pRIBas>
SIBMJIOCH OTKpBITHE B 1965 1 A. [len3unacom u P BunscoroMm pestuxmoeozo usiy+e-
Hun. BoaMOXHOCTD CYIIECTBOBAHHS 3TOTC H3TyUeHHs ORLIA MPEICKA32HA AaMEDUKaH-
cxiM buznkoM-TeopeTrroM C. [aMoBriM eue B 1949 r. Mccaenosadmna mokasamy, 4To
MHTEHCHBHOCTb 3TOMO K3My4YeHHs NOYTH CTPOrO [IOCTOSIHHA A1 BCeX HalpaBIcHui, a
PACIIPEAENEHHE 10 AJAMHEAM BOJIH COOTBETCTRYET H3MYUEHHIO a0COTIOTHO YEPHOTO TeJIa,
HMefomero Temrepatypy 3 K. 9To uaayuemnie He CBi3aHO, BEDOSTHO, HU ¢ KAKUMH
obbekTaMu BeeeHHOM, CYIIECTBYIOLIMME B HACTOSILEE BpeMs, 2 OTPaXKaeT pacipene-
JIEHHE MaTepuH Bo BeeseHHOI HA HAYABHOIN cTaauy ce passuTus. Ecau npeanomno-
JKMTb, YTO «HAYA/IbHBIH B3PHIB» TPOU30IIEN Mopsiaka 1 5--20 Mapa et Hasal ¥ B pe-
3yARTaTe PACTTHPEHHA TpocTpaHcTBa Beenennoll ee TeMuepatypa Hadana PE3KO Ia-
11aTh, TO PACYETHl NPUBOISAT Kak pa3 K 3HaueHH0 3 K.

Taxosa runotesa zopsueii Beernennoil.

23.6. CtpoeHve 1 NMTPOHCXOMAOHHE raNaKTui

TaakTHKY peAcTaBagoT coboif THTAHTCKHE CKOTUICHUS 3Be37l, CBI3aHHIbBIE MekK-
Ay coboi CHTaMM TpaBUTAIHH. TATAKTHKH COAEPIKAT 0T HCCKOAbKUX MUJLIHOHOB 10
MHOTHX COTEH MHJTHapAoB 3Be3 . Hapany co sBeszaMu B COCTaB raslakTHK BXOAAT
MeNC36e30HbLEl 2a3, MENCIBEIOHAR NbLADL, KOCMUMECKUE AYHU.

ITepByio yAaYHYIO KAACCU(DUKAITHIO TATAKTHK 1O MX BHENTHEMY BHAY NDEAIDUHAT
3. Xab6x B 1925 r. OH peTOKUA OTHOCHTE TATAKTUKU K OJHOMY U3 CIeyIONIHX
TpeX THIOB: 1) aAHNTHYECKHE; 2) COHPAIbHBIE; 3) HellpaBUibHble. Jaaunmuue-
CKUE 2AAGKMUKL, UMEIOLHe BU/J TPAaBHIbHBIX KPYTOB WK DILUTHTICOB, XapakIepH3y-
IOTCA BEICOKOH TINOTHOCTRIO 3BE37 H APKOCTDIO B HENITPE ¢ IVIABHBIM YMEHBUIEHUEM
nepudepun. B 60bHIMHCTBE LTHITHYECKHX TAIAKTHK OY9€Hb MO Ta3a — MeHed),1 %
10 MAcCe.

TSl CRUPARLHBIX 2GRAKMUK XaPAKTEPHO HatnuKe AByX (Huoraa doJee) cnu-
PaJbHBIX PYKABOB, 0OPA3yOIINX IVIOCKYIO CHCTEMY — <AucK». Kpome aucka B cIH-
PaJIbHBIX Fa/JaKTHKAaX HMeeTcH chepHYecKas COCTaBAAmas, KoTopas obpasyetcs
00beKTaMy, PACTIONATAKIMMICH TPUMEPHO CepUIecKH-CUMMETPUYHO BOKPYT LeH-
Tpa TalaKTHKH. B COMpaTbHEIX PYKABaX COCPEAOTOYEHO MHOTO MOJIOIBIX APKHX 3B€3]]
1 CBETSIHXCA ra3oBhix 0Onakos. KomuyecTBo rasa B CMpaibHBIX MJIAKTHKAX COCTAB-
Jster 1—15 % or obuel Macchl.

K nenpasunavuvim 2araxmuxam OTHeCeHb 00BEKTH, ¥ KOTOPHIX OTCYTCTBYET
YETKO BBIPAKEHHOE SAPC H He 00HApYKeHa BpaaTebHad cuMmeTprs. KomruecTBo
rasa B HEIPABUJIBHBIX FAIAKTHKAX MOKET TOXOAHTE 10 50 % oT obmeit Maceo. [Ipen-
NOJAraeTcs1, YT 3/VIMIITHHECKHE TATAKTHKH COCTaBIAoT 17 %, cniupaibuble — 80 1
HENMpaBUAbHbIE — 3 % OT O6LIETO YUC/Ia FANAKTHE.

B xonne XX — navane XXI B. 06HapyKeHH 3Be3/JHbIE CHCTEMBbI, KOTOPHIE HE YKJIa-
JIBIBAIOTCST B AAHHYIO KNACCH(PHKAIMIO. JTH TANTAKTHKH MOMYUHIH Ha3BaHHE « ReKY -
asprotes. K MX ©HCIy OTHOCATCS, HAIDUMEp, «KOMIIAKTHbIE» IaJIAKTHKY, 06/1ajiar-
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A€ BLICOKOH [IOBEPXHOCTHOI SIPKOCTBI), a TAaKXKe KapJIHKOBbIe 3Be3/IHbIe CUCTEMBI ¢
HHU3KOH CBeTHMOCTRIO.

Bonpoc 06 o6pazoBaniy FalaKTHK ABASETCH OJHUM H3 CIOXKHEHIINX BOOPOCOB
COBpeMCHHOH acTpodusuku. K HacTosIleMy BpeMeHH MMEKTCS Pas/IMUHbIe MOTETH
0OpasoBalua rataktuk. Tak, poccuiickiM ¢usukom f. B, 3eapzornuem 6uima npex-
JI0KEHA KOHOCHCAUUOHNRASL MOOCAb 00pA308as 2ARAKMUK B PE3YAbTATE
CKaTHs (KOHEHCALIMH ) Ta30BbiX CTYCTKOB. COTIACHO 3TOH TeOpHH, B OAHOPOIHOM 1
HM30TPONHON paciuupsgioneiics BeeneHHON BO3HHKAIOT HeCKOHEYHO Maible HECHHO-
POZHOCTH IIOTHOCTH BELeCTBA, KOTOPHIe B Ipoilecce paciiupedus BeexeHHoi yeu-
simeaiorcs. Hapacranue HeoHOpoAHOCTEl IIPHBOAUT K 06pa30BAHHED MOMHEBIX YaAD-
HBIX BOJIH, CKMMAIONIMX ra3 B IJIOTHbIE Fa3oBbic ob1aka Maccoit 104 — 10" mace Con-
Hila. [Toaxe 3TH 06MaKa B peayapTate OXJALKICHHS W TPABUTALMOHHOM HEYCTOHIHBO-
CTH PacllaJlaloTcA Ha OTAeNbHBIC CTYCTKH. IIpogomkas CKHMATLCA H TePSS IPH 9TOM
SHEPIHIO HA U3NTy4YeHHE, YILIOTHHBUIEECH BCIICCTBO B PE3YJ/IbTATe CBOCH 3BOIIOIHH
NMPEBPAINACTCS B COBPEMCHHBIE TA/IAKTHRHL.

IBOJIOUMA FATAKTHKH 3aBUCHT OT MACCH H HAYaMbHOH CKOPOCTH BPALIEHHA Ta30-
Boro obaaka. Ecam HayanbHoe BpalieHHe OTCYTCTRYET, TO IPaBUTAlMA PABHOMEPHO
ckMMaer 06/1aK0 — 00pasyeTca arAUNMUYECKARA 2alaKmuKa.

Bo spataomemcs 06aaKe ra3 KOHIEHTPHPYETCH B TaTakTHYECKOH MIIOCKOCTH,
[EPNEeHAMKYIAPHOH OCH Bpanieln, — 00PasyeTcs CRUPAIbHAA 2aAQKMUKA, Ha-
npuMep Haila lanaktuka, wiu Maeunsrii [yrs.

Yem Gosbllie HAYATbHAS MACCa TAa30BOrO 06JIaKa, TCM CHJIbHEE I'PABHTALMOHHOE
CIKaTHe ¥ TcM ObIcTpee 00pasyeTcs ralaKkTHKA.

KPATKWE BbIBOAbI

® AcmponoMusi — HAYKA, H3YUAKIIAs IBHKEHHE, CTPOCHHE H pagBUTHe HeOeCHBIX TEI 1
ux cucteM. HakoneHube €0 3HALIMA TIPUMCHSIIOTCS A TIPAKTHIECKUX HYK/I YEJOBEYecTRa,

® Hawa FNanaxmurxa — Magunodt ITyme — 310 sBuaAMMas Ha 6e3061a4HOM 3Be31HOM Hele
cepeOPHCTAA TIONOCKE, KOTODAs SBJSCTCS IPOCTPAHCTBEHION 3Be3aH0il cucTeMoi. BoabnnHCTRO
ee 3Be3]| pa3/iIuMMo B uosoce Mneunoro I1ytu. B lanakTuky BXOAsT 38e3bI BCCX CO3BE3AHIA.

® Mup ranakTHK Tak &e pasHooGpaseH, kak W MUp 38e3n. OcofuIll HHTEPEC [IPEACTABISIOT
PAAMOTAIAKTHKH — CTA/IMH, 4EPE3 KOTOPBLE ITPOXOANT Ka¥KAas IUIAKTHKA B pAHHHI IepUO/I CBO-
€TO Pa3sBHTHA, KBa3apbl — 3BE3A010000HLE HCTOMHHKH PAAMOH3IYICHHA,

® Beeneninast — GeaTPaHRIHBIN MHP, GeCKOUETHBIH B TPOCTPARCTEE H BO BPEMEHH, IPEsT-
cTaBIA0WKH cof0il Bee pasHoobGpasre GOPM CYIICCTEOBAHNS MATEDHH.

@ Cornacho cospeMeHHBIM lipejcTasieHusM: Beenennas oaHOpOIHA M U30TPONHAE; TANAK-
THKH <pa30eranrcss Co CKOPOCTAMH, TPONOPLHOHANbHEIMH PACCTOAHMAM 10 HHX:

v= HR.

® PeanpHas Boesenuad A0cTaTou R0 XOPOLIO OMHCHIBAETCS MOAENBIO Pactipsioneiics Bee-
JIEHHOH.

® CoriacHo Mo/te/1d TopAqei BeeseHnol, pacuiupenive BeeseHHOIM BO3HUKNIO B pe3ybraTe
«Bomsmoro B3psieas, [{oKa3aTeAbCTBOM THIIOTES N ropavdell BeenenHoN ABMIOCEH OTKPLITHE Pe-
JHKTOBOTO H3ayveHus (1965 1.),

E Bonpockl ANS CAMOKOHTPONSA U NOBTOPEHUS

1. Kak HasLIBaeTCA TA/IAKTHEA, B KoTopoil HaxoanTes CoHeyriad cucteMa? Pacckakure o
ee crpoenu. 2. [IpoBenpre cpasHeHue nated FanakTHkn ¢ Apyrums ranakrukami, 3, Obbac-
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uute repmuH «Beenennas». 4. Kakve nocryare! gesxkar B ocHoBe KocMosiorun? 5. Ha kaknx
HabT0/IaeMBIX SIBICHHAX GasupyeTca COBPEMeILiias KOcMoIorua?6. Pacckakute 0 MOeNnH pac-
urupsiiomeiics Beeaennoit. 7. B vem zakmovaercs ruinoTe3a «boastioro s3pmsas (lopsaueit
Beemennoit)? Kakoe sBrenne HOATBEPAIACT 3TY THIOTCIY?

KnioveBble cnoBa; acTpoHOMUS, ranakruka, Maesnoii Nyrts, BeeneHHas.

lmaea 24

3BONIOLUMUSA 3BE3/. TMNOTE3A NPOUCXOXIEHUS
CONIHEYHON CUCTEMbI

24.1. TepmosfepHblil CUHTE3

Tepmoanepssiii cuntes. Paree (cM. 22.7) oTMeE4a/10Ch, YTO SAepHAA IHEPIUSA MO-
KeT BLICBOOOKAATHCA Ii€ TOJbKC IIPH [€JeHHH TSKEbIX SIIep, HO TakKe TIPH CTHA-
HUH (CHHTE3E) NeTKUX Aaep B GoJlee TOXKeTble. DTH DeAKIMH TIPOTEKAIOT MPU TeMIle-
parype 10" K 1 Bbime. TIpH HOPMATHHBIX YCAOBHAX CAHAHEE SICP HCBOIMOXKHO, 1IOTO-
MY UTO LIOAMKHTEAbHO 3apsKelHble s1pa HCBITHIBAIOT OIPOMHBIE CHIIbE KY/JIOHOBC-
KOro ortaakusaius, [Ipy cuiiTese 1eTKHUX Sep 3a/1a4a CROJUTCS K TOMY, 4TO6BI ¢OIM-
3UTh A/Ipa Ha TaKHe PACCTOSHUS, TIPH KOTOPBIX A€HCTRIE S/IEPHBIX CU IPUTKeHHA
TIIPEBBICHT KY/JIOHOBCKHE CHBL OTTAIKUBaHUA. I TOTO YTOOR NIPOMI0OL0 CTHSHHE
ATOMHBIX SAED, HEOOXOAMMO YBEAMYHTE WX TTOABWKHOCTD, T, €, YRCIHUUThL KHICTH-
YeCKYH0 3HEPTHIO, ITO JOCTHTAETCH TOBBIIICHAEM TeMTICPaTYPH.

BanaHc sHepruu. B pesybTarte CAMAHMS JIerKUX Afiep BECBOOONKIIACTCS IHEPTHS,
TaK KaK 00pa3oBaBIIeecs: HOBOE SIp0 UMeeT OOUIBILYIO YAEAbHYI0 SHEPTHIO CRs13U. Ecn
[IPU AeNeHMH TAKEIO0TO SIIPA YPAHA BBIleNseTcs 3Heprus nopsakal MaB Ha nykioH,
TO TIPH CHHTE3€e eHTepust i TPHTHS 06pasyeTes PO reaus:

YH 4 2H — {He + in. (24.1)

Aapo geiitepus nMeeT sHepruio cBA3u 2,2 MaB, tTputns — 8,5 MaB, remus — 28,3
M>5B; cneaoBaTebHO, MOKHO BbIYUC/IMTh SHEPTUIO, BBLAGIACIIYIOCH B IpoIecce pe-
akin: 28,3 MaB — (2,2 + 8,5) MaB = 17,6 MaB, 4To B ncpecueTe Ha 0UH HYKJIOH
coctaBager 17,6/5 ~ 3,52 MaB, T.e. no4TH B HeTHIpe pa3a MpeBOCXoAuT a(pdexT peak-
uuy genenya. [TocKOAbKY peakuus CMSHUA JETKMX ATOMHBIX A7ep B 6oaee TsKenble
IIPOHCXOANT IIPH OYEHb BHICOKHX Temmepatypax ( 107 K v i), TAKHe PeakiHu 11o-
JIYMHIH HA3BAHHUE mepmMosoepHble.

Peakuus {24.1) causnua sigep AeUTepUsa M TPUTHA COCTABIAET OCHOBY BOOPO-
Ho# GomObL. 3ananoM B Takoii 6oMmbe CIYXKHT aToMHast 60MOa, IPH B3pPLIBE KOTOPOH
BOZHWKACT TeMmepaTypa lopsaka 107 K, roctatounas Ayist npoTeKaHus peakuyy CHH-
Te3a (KOTOPAA B JAHHOM CJIyYAe SIBASETCS HeyHpaB/ideMoil).

24 .2.* Ipo6Gnembl TEPpMOAAEPHON IHEPreTHKH

HeympasaseMbie TepMOAAePHBIE PEAKIINH TPOHUCXOIAT MNP B3PhIBAX BOAOPOAHBIX
6oM0, B pe3y/bTaTe Yero BHICBOOOKIAETCH OTPOMHOE KOJIHYECTBO SIAEPHOH SHCPTHH.
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OsnazneTh ynpapasieMoH TEPMOSAEPHOMN DeaKHKel -— 3TO 3HAUMT 0BMaaTh TPaKTH-
4eCKY HeHCYePIlaeMbIM JIelifeBbIM UCTOUYHHKOM 3Heprun. Pemenne npoGaeMs! ypas-
JIAEMOI TEPMOSIZIEPHOI PeaKIU H302aBUT YTTOBEYECTBO 0T 3aH0T 06 MCTOYHMKAX DHEp-
THM; B 5TOM CJIy4ae SA€PHEM TOPIOYHM CTaHeT BOAA Mopeil 1 okeaHor. Ho aTa awep-
THS MOXET ORITh IOJIy4eHa JIUIIb [IOCJE TOTO, KAK OyIyT pemelibl po6ieMbl Harpesa-
HUSL 10 OTPOMHBIX TEMIIEPATYP OOTBINOTO KONHYECTRA JETKHUX A/IED U YAEPKAHUA HX B
TAKOM COCTOSHHMH B TefeHHe 3aMeTHHIX NPOMCIKYTKOR BpEMeHH.

PaGoThi 110 OBNAIEHHIO YIPABIISEMBIMH TEPMOSIEPHEIME PEAKIHAME BELYTCH
TIPAKTHIECKH BO BCEX PA3BUTHIX CTPAHAX MUPA, B 4ACTHOCTH PA3pabaThIBAIOTCH METO-
ZBL CO3JAHHA CEBEPXBRICOKHMX TEMIIEPATYP B BOAOPOAHOH nnasMe. B mocneanee BpeMs
€ MOMOMIBI) MOIHOTO JIA3€PHOTO H3AyYeHUs, CHOKYCHPOBAHHOTO B MasioM 00beMe
CPe/TbE, YIATOCh MOJTYYHTh CBEPXBHICOKHE Temneparyps { ~ 108 K) u sriasath TepMo-
ANEPHYIO DeaKIIHIo.

TiaBHas TpYAHOCTD B MOLYYEHHH YIPABISAEMOM PEAKIIE COCTOUT B TOM, YTOObI
06eCTIeYHTh TIONHYK) M30AALHI0 TUTA3MBL OT CTEHOK YCTAHOBKH, B KOTOPOI OHa Haxo-
aurcs. lIpr cOnpUKOCHOBEHHH €O CTEHKAMH YCTAaHOBKH TJIA3MA MTHOBEHHO OXJIaK-
HaeTcsl H [IepecTaeT CyIecTBoBaTh. ClAea0BaTe/bHo, IIIAa3Ma I0JDKHA OBITH OKpYKeHa
BakyyMoM. st Toro 4Tofel yAEPKATH €€ OT COMPHKOCHOBEHHSI CO CTEHKAMH YCTAHOB-
KM, TIPHMEHSIETCS MazZHUMHAR mennou3oasus. Haubonee nepcrieKTMBHOM Tep-
MOsAIepHON YCTAHOBKOH sAB/sieTcA « TokaMak» (TOpoH/, KaMepa, MarHuT). [Ipuniun
JelfcTBUS ¥TOR yCTaHOBKH paccMoTpeH B I 11.

B zakamovenye oTMeTHM, YTO TeMIIepaTypa, IMIOTHOCTD II1a3Mbl H BpeM: ee yiep-
JKaHHs, AOCTHTHYTHIE K HACTOSIIEMY BPEMEHH, NOKA HeIOCTATOUYHO BETHKU AN OCY-
IECTRBIEHUS] CHHTe32 OOJIBLIOTO KOJIHYECTBA JIETKUX siaep. B Hacrosiee BpeMst Ha
yctaHoBKe «ToxkaMak-15» B MHCTUTYTe atoMHOH sHeprun um. W, B. Kypuarosa mo-
Jy4eHa Ia3Ma ¢ TeMrepatypoit okoso 10° K u BpemeneM ee yiepxanus okoso 80 mc.

24.3. AHeprua ConHua v 3Rre3q

Boanauxraosenne 38e31. (Du3HyecKas NPUPOA 3Be3/] H3YYeHa ellle HeAOCTATOYHO
IOJIHO, YTOOBI MOXKHO OBLTO ¢ YBEPEHHOCTRIO TOROPHTH O TOM, KAK BOZHUKAIOT 3BE3/TH,
Kax BO3HMKJI0 CoJHIle ¥ KaKOBa cyab0a 38e371. [0 cOBpeMeHHBIM TIPe/ICTABIEHHIM
3Be3/Ibl 3aPOJKJAIOTCS FPYIIIAME HITH CKOIIEHUSIMH B OCHOBHOM W3 BOAOPOAHO-TEJIH-
€BBIX TYMaHHOCTEH, T.e. B HeKOTODBIX MECTAX NMPOCTPAHCTRA MEX3BE3AHAs [ILIJIE U Ta3
CIYLRAKTCA B Tea GOMBIIMX pa3MepOR, YTO B PE3YJIhTATE OCIAEAYIOMEro CKATHA Ta-
KHX TeJ IPUBOAUT K MX PA30TPEBAHMIO M CBEUEHHIO, T. €. K [PEBPANEHHIO B 3BE3/TH.
Korna Temneparypa BHYTPH TeJIa IIOIHAMAETCS JOCTATOYHO BLICOKO, TAM NPORCXOTAT
IIPOLECcChl TPEeBPANIEHHS BOIOPOAA B Ho/lee TSKelble XUMUYECKUE HIeMEHTEL, YT0
COIPOBOKAAETCS BBIZIEICHHEM 3HAYHTENHHOTO KOMUYECTBA 3HEPTHH, B TakoM co-
CTOSTHHH 3Be3/Ibl MOI'YT HaXOAUTHCA 110 MeHbILIeH Mepe MIJLTHAP/BE JeT { HAPHMED,
Comnrie).

Slapa 3Bean kaKk ecTeCTBEHHLIH TePMOAIEPHEH peakTop. Peakiiny cHHTe3a Mpo-
TEKAIOT B HeApax 3Be3/, B ToM uucie H Conuna. CoHie U COMHIENnoA0OHEE 3BE3AbI
COCTOAT B OCHOBHOM #3 BoJopoza — A0 80 % u reaus — 1o 20 %. Temneparypa B HX
neapax aocturaer 107 — 10° K. TIpu Takoii TeMrepaType BCe aTOMbI IIOJIHOCTHIO HOHH-
3UPOBAHEI H NPEACTABAAIOT Co00i 1u1asMy. Takum obpazoM, Co/HIle U 3BE3AB MOXKHO
CPAaBHHTD C THTAHTCKUMY CAMOTIOAIEP/KHBAIOLIMMIICS TEPMOSIEPHEIMH PEAKTOPAMEL.
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HaubGoJiee BeposTHO# TepMosIEpHO# peakiieii, npoucxosinei & Heapax ConHua npu
T=(1-2)-107 K, apasietca caeayowas:

tH+ H — fH+Je t v,
tH+1H — 3He +~, (24.2)
3He + 3He — 4He +21H.

ITy LenouKy TepMOsIePHbBIX PeakIlil, B peayibTaTe KOTOPOH YeThIpe siipa BoJo-
poaa }H npeppamaroTtcst B ofHO siApo Tesinsi  $He, HasbIBAalOT mpomon-npomo-
HbIM yuKkaoMm. CpelHssA IPOAOIKUTENLHOCTD IOC/AeAHeH peakluy, 3apepiuaouteit
LHKJ, OKOJAO 1 MJIH JIeT, a sHepreTHyecKiH adext — oxono 13 MaB. B uenoM axep-
reTudeckuit addexT poTOH-MPOTOHHOTO IIMKAA cocTasnsAeT 27 MaB.

s 3Bean, 6onee sprux, yem CosHinge, XapakTeped Y2RepooHbiil YK,

HToroM yrieposgHoro HHK/Ia, Kak M HPOTOH-TIPOTOHHOTO, SBJISAETCH [PEeBpalleHHe
YeTHIPEX SIAEP BOAOPOAA B OJtHO AApo Teiusg. KomyuecTso sep yrieposaa, yqyacTByIO-
IHX B PEAKIMH, OCTAETCSH HEW3MEHHBIM; OHM BBITIOJTHSIOT POJIb KaTamusaropa. B atom
LIMKJIE B IPOMEXYTOYHBIX PEAKLMAX U3 YEAepoa o0pasyerca asot. A30T ABisiercs
TTOO0YHBIM MPOAYKTOM PEAKIIMH AIPEBPATIEHUS BOAOPO/A B TeHii.

Hocne BEITOpanHa BOAOPOAA B TIeHTPeE 3Be3sI TP TeMnepatype (1 —2) - 10°K na-
YMHAETCA FOPEHHE TeIHA:

3iHe — §C+ 1,

(24.3)
2C+4He - O+~ urt.A

C BBifesIeHHEM [IPOAYKTOB FOpeHH — YI/lepoJa U KHCJAOPO/a, B pe3yabTaTe y 3Be3-
aul 06pasyeTcsa Y2aepooHO-KUCAOPOGHOEe AOPO.

Ipu Temneparype T'= 5 - 10— 10 K zaropaiotcs yriaepoa s KHCIopos, obpasyio-
IIMeCA TIPU TOPEeHKH TIPOTOHEL M HEUTPOHBI yYacTBYIOT B PAa3JIYHBIX PeaKIMAX ¢ A/-
paMH, MOPOK/as 3/1EMEHTH ¢ MOPAIKOBEIM HOMEPOM B Ipeflenax 16 < 7 < 28,

OCHOBHOI TPOJIYKT TOPEHUS YIIEPOAA H KHCAOPOAA — KPEMHLILL.

[Tpu Temneparype T'> 2 - 10° K B TeIIOBOM H3Iy4E€HHUH IIOABIAETCS MHOTO KBaH-
TOB C 9HEPIUEH, JOCTATOYHOM AJisl OTRIEILIEH ST o-4aCTHI[ OT KpeMHud, Cepbl, MArHHA
4 Ap. Ab(ha-4acTHILHI MOTYT TIPHCOETHHATHCS K G0JIee TSKETbIM SIpaM, 06pasys ane-
MEHTHI BILTIOTE IO XKeJe3a, HHKes, HUHKA.

[Iponcxoxaenue aieMeHToB ¢ Z > 30 CBA3BIBAIOT € NIPOLECCAMH 33XBATa HEHTPO-
HOB. K HMM OTHOCATCS 3/1eMEHTHL BIVICTD A0 BHCMYTA.

Obpa3oBaHne 31€MEHTOB TAXKETIEE Te/THsl IPOHCXOANT VKE B COBPEMEHHYIO IITOXY.
CuHTe3 37IEMEHTOB TSHeIee JKEeNe3d MPOABIAETCA BO B3PBIBHLIX NMpoleccax (BO BCOLHL-
KaX CBEPXHOBbIX 3Be3/1). I1pu 3T0M ra3 BBOPAChIBAETCS B OKPYIKAIOHIEE IIPOCTPANICTBO W
yJacTByeT B (GOPMHPOBAHUH 3Be3/] MOCTEAYIONIHX HOKONEHMIE U IPYTHX HeGeCHBIX Te.

Ecsu Ha panHedi cTagny 3BOMIONHH BEIECTRO TATAKTHKH COCTOSLIIO HCKTIOMHTEAb-
HO U3 BOAOPOJA M TeJIHA, TO B AaMbHEHIIIEM MeX3Be3JHasd cpeja 000raTHach Tsixe-
JIBIMM 3JIEMEHTAMH ¥ OHE YK€ B FOTOBOM BR/IE BXOAAT B COCTAB BHOBb POKAAOUTHXCA
3Be3jl. Takum obpasom,

l B0 Bceaennoii nponcxoaur npoiiece HeoOPATHMOCTH PAa3BHTHA MATEPHATb-
HOTO MHPA.
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24.4, 3sonouMa 3asesq

Wanyuenve 3Be3/ibl 0CYLIECTBISICTCA 33 CYET TEPMOSAAEPHBIX PEAKLUIA, TIPOTEKa0-
LEHX B LLeHTPe 3Be3;1bl. Pacuerst Mostesell 3BE3/ HOKABBIBAIOT, YTO [JIABHON TEPMOSIAED-
HOM peaxuueil ABNSETCA NPeBPalEHHe YeThIpeX AAep BoAOpoaa B Aapa renus (mpo-
TOH-TIPOTOHHBII LMK/, CM. TOAPa3. 24.3), IPH HTOM IIPOHCXOAUT BRINOPaHHE BOAOPO-
1\a, CBETHMOCTD ¥ PAIMYC 383451 YBEIHUUBAIOTCS, a TEMIICPATyPa yMeHbiliaeTcs. TeM-
leparypa B IleHTpe ¥ 3Be3/1 GOJBbLIMX Mace BBIIIE, MOITOMY TaKHe 3B€3Abl IBOIIOLHO-
HUPYIOT OBICTPEE U TPERPAMIANTCS B KPACHBLX 2H2aNMOE.

[Tocne BeITOpalnusA BOAOPOAA TIPOMCXOINT CKATHE SAPa, COCTOAINETO YXKe U3 Te-
JIHSL, TIPH 3TOM TeMilepaTypa 1oBblmaetes 1o 100 man K u 6oJjiee u naunHaer mpore-
KaTh HOBasd TEPMOSAEPHAH PeaKHHsA — 00Pa30BaHHE ATOMOB YI7I€POAA U3 TPEX ATOMOB
refns, JTa PEaKLUs CONPOBOXK/IaeTCsH TOTepel MacChl U BHEIENEHHEM SHEPTHH.

OxoxuaTenbHast Cyabba 3Bes/bl 3aBUCUT OT ee Macchl. EC/H1 Macca 3Be3apl MeHblIle,
gem 1,2 mMaccel Comina, To OHa 3aBePIIaeT CROIO BOMICINIO Kak  bensil xapaux.
Ecyiu Macca 3Be3ant 3akmiotena Mexay 1,2 # 3 maccamu CostHia, TO OHa IpeRpalaeT-
cA B HeUmpouHy0 38e30y. Ha KOHEUHOH CTATUH e¢ PA3BUTHA TPOUCXOANT MOLI-
HBIH COPOC OO0IOUKH, T. ¢. 6CNLANKA CEEPXHOBOIL 36e30bt. Ecnu Macca 3ne3zsl
TIPEBBIUIAET TPH COMIHEUHEIE MACCHI, TO B PE3YJibTaTe IpOLecca rPABUTALMOHHOTO CKa-
TUS PATUYC 3BE3Abl CTAHOBUTCS CTOJb MAJBIM, YTO IPABUTATIMOHHOE NOJIC 3BE3/Ib] Ha-
YMHAET BTATHBATE B €6 BCK) OKPYKAOUYIO MATEPUIO, 3TH 3Be3/HI BCe MOTJIOIIAIOT,
HO HMYero He UCHYCKAIOT, JlakKe H3AydeHHe. Takue 3Be3Abl HA3KIBAIOT HePHbIMU
Obtpamu. PacdeTsl IOKA3BIBAIOT, UTO €CAY OBl 3eMas IPEBPATHIIACH B YEPHYIO JIBIPY,
T0 ee paauyc Grrt 66109 ¢M. Tak Kak 4epHble AbIPbL He HATYYAIT U HX Pa3MEPBI OUEHb
MaIbl, TO OOHAPYKHThL UX MOJKIO JTUIIb KOCBEHIIBIM YTEM, 3 UMEHHO — 110 PErHCTpa-
UHH KOPOTKOBOJHOBOTO, YJILTPaUONETOBOTO HIH PEHTICHOBCKOMO M3NY4YEHHS, CO-
HPOBOKIAIOILCIO BTITHBAHWE MEXK3Be3THOM MaTepiy B 4EPHYIO AbIpY.

CxopocTsb 9BOMIOLAH IPONOPIHOHAIBHA CKOPOCTH BbIAEIEHKS SHEPTHH ¥ 00-
PATHO NPONOPHHOHAIRHA MACCE 3Be3]Ibl.

3BEe3/IbI-THrAHTH PA3BUBAIOTCA 3a HECKOJILKO MUJUTHOHOB JIeT, 3Be3A b1 Tuna Counn-
na — 3a 8 — 11 mapa Jaert, 6envie kapaukd — 3a 10'°— 10" ner.

24.5. NpoucxoxaeHne CONHBYHON CUCTEeMbI

Conueunas cucrema. Cotneunan cucmema npenctaeaser cobofi rpymny ne-
fecHbIx Tel, 06beIMHENHBIX B EIHHYIO CHCTEMY Guaroaaps rpaBUTALIMCHHOMY B3aH-
MOJIEHCTBHIO, ¢ LeHTpalbHbiM TetoM — ConnneM. Kpome ConHua B cocTaB Contey-
HOM CHCTEMbl BXOIST BOCEMD [UTANET U UX CIEYTHUKH, KADIHKOBbIE IUTAHETH M MAJTble
T€/1a — ACTEPOUABI, KOMETH, METEOPHTHI H AD.

IThanemu: (o1 rpey. planetos — Gay:xaalomue) — nebecHble Tela, oOpAAILINC-
ca BOKpYT 3Be3asl (ComHia). OHY, B OTIHYHE OT 3BC3[, He UIAYHAIOm Ceema, a
CEEMSIM OMPANCEHHBIM COMHEUHbIM caemom. DopMa aHeT 6J1M3Ka K apood-
pasioit. [1nanersl ConMHeYHOM cHCTeMBL TOAPAALNSIOT Ha IBE IPYINLL 3eMHast TPYII-
na (Mepkypuii, Beniepa, 3ema:, Mapc) u nutaneTsl-rurantsl (fOmurtep, Catyph, Ypasy,
Henryn). HnyTon, koTopsiii pansie cunTancs nmanetoit, Ha XXVI Accambree Mex-
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JAYHApOAHOIO aCTPOHOMHYECKOTO coio3a (2006) 6b11 KBATHPHUIMPOBAH KAK KAPJTHKO-
Bast MAZHETA,

CpaBHHBas MexTy coboit 3TH ABE TPYTINBI AAHET , MOJKHO CKA3aTh, YTO ILIAHETHI
3¢MHOM rPYUIIB XapaKTePU3YIOTCS MeHbIIeH Maccoif, MEHBINUMY pasMepamu, H0ab-
O MZIOTHOCTBIO N CPABHUTEABHO MajOit CKOPOCTBIO obpainenus Bokpyr CoHIla.
Hwu 0712 13 NilaHeT 3eMHOH IPYINILI He HMeeT PasBUTON CHCTEMBI CIIYTHHKOB B OT/1H-
4He OT TIIAHEeT-THTauToB. Crymuuxom 3emau aerasemcest JTyna, Moboc n [leii-
MOC — cityTHUKH Mapca. 3eMiist — eIMHHCTBEHHAsI IJIAHETA 3eMHOU TPYIILL, 0b1aaan-
AT CHJIBHEIM COOCTBEHHBIM MarHUTHRIM 11osieM. TpH IiaHeTs 3eMuo#H rpynnel (Be-
Hepa, Jemnd, Mape) obnaaatoT atMocdepoii. ¥ Mapca oHa cOXpaHHIACh B OUCHB PA3-
PeXeHHOM COCTOSHHM, 8 ¥ MepKypHs IIOIHOCTRIO OTCYTCTBYCT. Tossko 3emiis obaa-
naeT MOIUIHOM ruapocdepoil, KoTopad cHOPMUPOBAIACH OJHOBPEMEHHO ¢ ILIAHETOH.
Crenyer 3aMeTHTE, 4T0 Benepa umeem obpamuoe epauyeriie, T.e. TPOTHROIO-
JIOXKHOE HAPaBJIeHU BpalenuA CoMHIa BOKDYT cBOel ocH.

3 ocobeHHOCTEN IIIaHeT -TUTAHTOB CJELYeT OTMETHTD UX OTHOCHTEIBHO Gosbinne
pasMeptl, MaIy [LIOTHOCTE, XOPOILO PA3BUTYH CHCTEMY cRlyTHAKOR. T ak, y KOmurepa
umeercs 14 cmytaukos, y Carypaa — 10. Ilnockue ceeranmecs kombia Bokpyr CaTypha
COCTOST M3 MHOXKeCTBa MeJIKKX 1aCTHIL OcoberHOCTBIO ¥ paa SBJISeTCs XapaKTep ero
BpAITIEH S, OH JIBHUKETCA KaK Obl «JIea Ha GOKy», TOCKOCTh €10 SKBaTOpa NeprneHiHKy-
JISIPHA TLTOCKOCTH OPGUTDI,

Tunoresa npoucxoxaenns Conreunoii cucremsl. Hanfonee npopaboranusii B
HacTosmee BpeMs cueHapuil poskaedud CoMHeYHOH CHCTEMBI, KOTODOTD [IPHIEDHU-
BaeTCA DOMBIIMHCTBO ACTPOHOMOB M ACTPOMUZNKOB, CAENYIOWHNIL: CYTIECTBORAMNO TIPO-
TOILIaHETHOE 00JIAKO MEK3BE3IHOTO BEIUECTBA Maccoil 10° CONHEYIBX Mace, 1A0T-
HOCTB KoTOpOro ropsaka 10% mosnekyn B 1 cm®, Temneparypa 20— 100 K. Bo Bpems
B3PBIBa CBEPXHOBOMH 3BE3/IBI TOA AEHCTBUCM YAAPHOH ROMTHBL MEK3BE3JHOE BCIICCTRO
HAYajo CKUMATHCA, TEMIIEPATYPA CTANA YBETHIUBATECH H 32 HECKOIBKO MUJUTHONIOB
ner noctrraa (1,0—1,5)-107 K. 3a cuer cxkarna IpoTONIaHeTHOE BELIECTBO HPEBPa-
THIOCE B IMH30BMIHBIHN JINCK ¢ HOBOM 3Be3701 (CosHIIe), B KOTOPOH IITH TepMosiiep-
HEIE peakItul (mpuMepHo 4,7 MAP/ JieT nasan). B peayabTaTe MeITCHHOTO BPAUICHUS
JiIMH3A IIDeBpaTHAACh B TOHKHI JHCK, KOTODBIH paciasca 1a TUTAHTCKHE KOJBbLA, OK-
pyxatonue Comnue. CyllecTByeT MHOTO MOZesef], paccMaTpUBAIDIINX NPEBPAILIEHHE
KOJell TUCKa H3 MEeXK3BE3/THOTO BeHIECTBa B TIaHeThl. B HacTosllee BpeMa peanoy-
TUTE/IbHEe CJAELVIONAs: 5TH KOABIA VIVIOTHSIHCE, YACTHITH BENECTBa KOJEl] CaHAa-
JHCh, 00pa3ysl 3ApOIbIHE LIaHeT — IiaHeTe3eMain. BereacTBHe NPHTAKEHUS KO-
JIeTE IPYT K APYTY 3apoabIiy miaHeT pocau. Haubospiero pazmepa JOCTHIVIM JEBATh
3aponplilieif, KOTOPHIC BIOCACACTBWH TPEBPATHIIHCE B AaHeThl. ke kK CoaHiy TeM-
TNeparypa NLIHHOK ObL/Ia BBILIE, H 34Ch 00PA30BaAlUCh CPABHHTEIBHO IeDOIbLIHE 1A
HETH 3¢MHOH TPYTIEL, COCTOSIIHE M3 TYTOMIABKHX KAMEHHCTHIX BEINECTH, METAJ/IOB
H UX OKCHZOB M COJIePAKAITAe OUCHb MAJIO JIETKUX Ta30B W BOJK.

Hameue ot Connia, rae ObUT0 HAMHOTO XOMOAHEE, HA IIEUTMHKAX HaMep3al Jef, a
TAKXKe YIIEKUCABINA ra3, MeTaH, aMMHaK, T aM 00Pa3s0BalKCh IJIAHETH-IHIaHTH], B CO-
CTABE KOTOPBIX 3HAYMTENBHO HO/IbLIE BOJB, aMMHaKa M MeTaHa, YeM METALIOB ¥ Ka-
MEHMUCTHIX BEleCTB.

TuroTeza 06pasoBaHMA [WIAHET yTEM 00beaHHEHMs TBEPAbIX TE H Y4CTHII BBLJ-
BHUHYTA BHIJAIOMHMCSA COBETCKUM yyeHBIM akaaeMukoM O, 1O, [TIvuarom. Ona 3ame-
HUJIA IIPEACTAB/IEHHS O KOHAEHCAIHMHN [IIAHET W3 TA30BBIX CTYCTKOB B 00bACHIIIA pas-
JeneHne 111aner 1o Gu3ndeckoll BpUPOo/e Ha JBe IPYIIEL. BnocaeAcTBHE 3T4 [MIIOTe-
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3a ObliIa TOATBEPXKACHA (HDUBMKO-XHMUIECKMMH HCC/IEA0BAHMAMM COCTABA U CTPYKTY-
PBL METEOPUTOB.

KPATKUE BblBO[bl

® Bobmoii snepreTirgeckuii adupert MOXKNO NOJYIHTL IPH CHHTESC JIETKHX s1aep. Peakuun
cvHTesa s1ep TPeGyOT HATPERATMA BEIECTRA B0 OYEHE BHCOKHUX TEMTIEPATY], TIOSTOMY STH pe-
AKUHH Ha3bIBAIOT TEPMOATEPHbIE. Y UPABANTE TEPMOZIEPHHIMU PEAKLHAME — SHAUHT 6H.1a1aTh
CaMbIM JeIeBHIM HCTOYHUKOM SHEPIHH,

& Tepmosideprvie pearctiin TPOHCXOIAT B Heapax CoJHUA W 3Be3]] H ABISIIOTCA HCTOU-
HHUKOM DHEPIHH, KOMIICHCHPYIOIMM HX Hajgydenne, CONHUE H 38e35I IPECTABIAIOT COO0H KaK
OBl TUTAHTCKIE CAMOTIOAEPKMBAIOMIHECS TEPMOSIEPHEIE PEAKTOPH, B KOTOPBIX NPOTEKAT
PEAKIH, PE3YABTATOM KOTOPBIX ABJISETCS 06DAIOBAHME HE TONBKO NETKHX, HO H TSDKEIbIX 371 -
MEHTOB,

@ JBOJIOIMS 3BE3/] 3aBHCUT OT NX Macchl. CKOPOCTh 9BOTIONHH DPOIOPUHOHATEH CKOPOC-
TH BBIETIEHHA SHCPTUH U ODPATHO NPONOPUHOHAIBHA MACCE 3BE3/Ll. 3BE3Nb-THAHTEL PA3BU-
BAIOTCSA 32 TECKONBKO MHUTHOHOB JieT, 3se3ant THma CoaHna — 3a8 — 11 Mapa ser, Hesbie Kap-
JHEM — 3a 10— 10" ner.

& Conneunasn cucmema — rpymma HeGecHBIX Te, 00beAHHCHHBIX B €/IMHYI0 CHCTEMY 6/1a-
rofapsi TPABMTALHOHHOMY B3aHMOEHCTBHIO.

# B coctas CoMHEYHON CHCTEMBL BXOAIT BOCCMb TLIGHET, KOTODBLE TOAPA3AEAIOTCH HA ABE
rpymmet: 1) semuas (Mepkypuit, Benepa, 3emas, Mape); 2) maaners-rurastst (KOnutep, Ca-
TYpH, ¥Ypaun, Hearyn).

® ['unoresa o6pasOBaHWs IAAHET TyTeM 0dbe/JHHENNS TREPABIX T/l M YacTHIL { THIIOTe3a
O.10. IIImuara) DOATBEPAAAETCS CTIEKTPATBHBIMH MCCACAOBAHHAMY COCTABA U CTPYKTYPbI MC-
TEOPHTOB,

ﬂ Bonpochl A% CAMOKOHTPONH H NOBTOPEHHA

1. IToueMmy TepMmosAepHbIe DeaKIIMH HA3bIBAIOT peakiusaMy cubTe3a? 1Ipy xaknx yeaoBuax
NpoTeKaloT 3TH peakumn? 2. Ilpu kakux peakIHAaX JCHCHHS TSXKelbiX SAep MM CHHTe3a JICT-
KHX A/IeD BbiZeAAeTCA OGIbIAZ SHEPIU (B TepecyeTe Ha OAHH HyKAoH)? Obbaciured. Kakas
OCHOBHast [POOICMA CTOHT LIEPES] COBPEMEHHOI TepMOsepHOi saepreTiroii?4. [Touemy aapa
3BE3H ABAAITCA €CTeCTBEIIHbIM TEPMOSICPHBIM PeakTopom?d. Kakas ienouKa TepMosiepHbIX
peaxuuii npoTekaer B Henpax Connina? Kak oda Haznmsaetcsa? 6. * HoueMy B MeX3BE3THOM Re-
mecTee conepxxutest 70 % Bonopoaa, 28 % renus, a xenesa 0,1 %7? 7. *Ilouemy npouecc paspu-
THA MaTepHaIbHOTO Mipa teobxoaum? 8. Kaxaa drasudeckan pesvuuHa, ¥apaKkTepH3YoWAs
3BE3/LY, OLIPEALIISeT ee 3BOAIOIMI? 9, Daaronapa kakoMy BsanMoaeicTerio obpaszosanack Con-
HeuHad cucrema? 10. Hasorure wnaners, sxoasmuc B coctas ConneyHoil cucremsl. CpagHute
ILTAHETRT 3eMHON Py s ¢ IRaHeTaMu-ruranTaMi. 11. Kakas runoresa mpoucxoxzaerns Cot-
HEYHOIT cHcTeMbl HauboJjiee TpeITOYTHTEBHEE?

vo Kniouessie cnoBa: repmosgepras peakuns, ConHeqHas CueTemMa, KpacHsid
rHUraxT, YepHas abipa.



SAHJIIOMEHUE

CoBpeMeHHan HayvyHas KapTMHa MUpa

[MosHanMe MHPA YeI0BEKOM — IHAIEKTHYECKH CAOKHALE U IPOTHBOPEYMBEIH NMPG-
Hecc, TBOPYECKHH M0 CBOEMY XapaKTepy.

Kak otmeuanoce B0 BBefieHIH, A0 1873 1. TocnofcTEOBATA MEXaHWYECKAS KaPTHHA
MUPa, KOTOpast CMEHUTACh PeNSTHBUCTCKOH usHieckodl KapTHHOH Mupa.

[NepBhIM IATOM HA TIYTH TIOCTPOEHHA HOBOH HayuHoi (hH3WYeCKON KapTHHBE MHPa
sipusiack rumotesa M. [Lnanka (1900): aroMer W3/IyualoT CBET AMCKPETHRIMY IOPITHA-
MU — KBanTaMu. A, DiiHimeiiHoM ObIIO BBICKA3aHO NPEAITON0XEHKE, UTO CBET He TOb-
KO H3AY4aeTCs, HO ¥ PaclipOCTPaHALTCA, a TAKOKe [IOFI0IAETCS BelieCcTBOM JUCKpeT-
HBIMH NOPIMSIMHA — KBAHTaMH,

CreyouuM 1iaroM ABUAACk MOJIENDL ATOMA BOAOpOAa, Tpeasioxernas H. Bopom
(1913). 3Ta MoAeab MOCTPOEHA HA OCHOBE COEZTMHEHUS KTACCUYECKHX TIPEACTABIIE-
HUH ¢ KBaHTOBBIMH IMOCTYIaTaMM.,

B tedenue psaza aecatHneTHi GW3MKH CYUTANM CBOEH THasHO 3ajayell TPOHKK-
HOBEHHE B CTPYKTYpy MatepHu. Mccrenosanue a1eKTpoHHO# 060/104KH aTOMA, 2 Ha
ITOHU OCHOBE M CBOICTB TBEPAOTO Teja CTAN0 3I0XaAbHEM 114 usukn XX B, lpo-
HHKHOBEHHME B CTPYKTYPY aTOMHOTO sApa, a 3aTeM U B CTPYKTYPY PSza HacTHL] SBH-
JIOCh HPOAOKEHHEM HAYYHOTO ITypMa 00IHX TIPHHIMIOB CTPYKTYPHOM OpraHu3a-
UK Matepui. MTak, HaMm peicTOUT 0O0OMIMTD HMEIUIHECS CBEAeHH ¢ TOUKH 3pe-
HUS1 COBPEMEHHOH (DM3MKH Ha CTPYKTYPHEIE (POPMbl MATEDHH, 3aKOHOMEPHOCTH HX
B3aMMOACHCTBHS, OCHOBBIBASICh HA HEUCUEPIIAEMOCTH MATERIK U BOIMOKHOCTH €€ 10-
3UAHUA, T. €. IPOCTeINTE 34 ANATCKTHYECKUM pasBUTHeM MaTepHanssoro Mupa. Croy-
KM 3pelusi COBPeMeHHOM (U3NKH 0606IIATb 9T CBE/IEHUA HAUHEM ¢ 3/1EMEHTADHbIX
yacTul, ubo Ha paHHed cTaAuH passuTus BeeseHHOH HMEHHO OHKM 06pa3oBanCh mep-
sbIMH. B HacTosmee BpeMd N3BECTHO HECKOABKO COTEH 3JTEMEHTAPHLIX YACTHIL, NIpU-
yeM CTabMIbHEIMM ABJIAIOTCS JIHIL (POTOHBI, HEATPHHO, SJEKTPOHB B HX AHTHYACTH-
(bl 1 B OTIPEJENCHHO CTeneHn MPOTOHEL Bce 0CTANBIbIE YUACTHIIH He ABJIAIOTCA CTA-
OuABHBIMHA. MHOTOUYHCIEHHBIMM MCCIIE/IOBAHMAMN YCTAHOBJIEHO, YTO HCTHHHO HJie-
MEeHTAPHbIMY YaCcTHIAMHA, He TIPOSBISIONHME BHYTPeHHeH CTPYKTYpH, B HACTOANIEe
BPEMSA MOXHO CUMUTATH JTHIUL (POTOHBI ¥ JEIITOHEL

Paccy:xkaeHnst 00 2ieMeHTAPHBIX 4CTHIAX IPHBOASAT HAC B UTOE K CTPOEHHI) aTO-
MOB M MOJICKY.JT, IOCKOJILKY HMCHHO M3 HUX COCTOMT BECh OKPYXAIOUIMI HAac MHUD M
MEI CaMH, AToM 06YCIOBITHBAET HHANBHAYATLHOCTE JIOOOTO XHMHYECKOTO 27IeMEHTA.
B s1Ap0 aToMa BXOAAT MPOTOHBI M HEHTPOHBL JJIEKTPOHHBIE 000JI0UKH ATOMOB CBA3HI-
BalOT MX B MOJIEKY.Ay. SI/Ipa arOMOB TSDKCIRIX 3/EMCHTOB MOTYT CAMOTIPOU3BOABHO
LpEBPALATBCS B sApa Gojlee JErKMX aTOMOB. JTOT MPOECC MOKET WITH H B 0Opart-
HOM HANPABACHHU — H3 sep ATOMOB JIeTKUX 3JIEMCHTOB MOTYT 00Pa30BbIBATbCAH A/Pa
aToMOB HoJee TSKENBIX 3J1EMEHTOB, YTO TIPOUCXOAUT NPH TEPMOSIEPHbIX PEAKLMSIX,
KOTOPLIe HPOTEKAoT, HAPUMeED, B HEAPAX 3Be3 .
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IepponavyannHas 3aa4a PUIHKH 3,1eMEHTAPHBIX YACTHI 33KAI0YAMACE B TOM, YTO-
6Bl HANTH 31€MCHTAPHBIE CTPYKTYPHbIE eIHHHLBI MATEPUH.

Pazsutre mpeactaBiennii 06 3Bo/OLUMH BeeneHHON U3 CBEPXMAOTHOTO COCTOA-
HH4 MIOACKAIBIBAJIO APYTYIO TIOCTAHOBKY BOMPOCA: YTO eC/TH (PYHIaMEHTAIbHBIE CTPYK-
TypHble e/IMHHUIB! MAaTEPHH BOSHHWKIIK B TIporiecce pacuinperis Beenennoil, B ¢1ox-
HOI AMHaMMKe Tak HasbiBaeMoro <Bosbmoro B3peiBar? Boratoe pasHoobpasue ane-
MEHTAPHBIX YacTHIL, BOHUKAIOIINX B XO1€ B3aUMOZeICTBUN NPH BEICOKHX SHEPIHAX,
MpakTUYECKH He CYMECTBYET B €CTeCTBEHHBIX B3aUMOLelicTBUAX IpW MafbIX SHepIU-
ax. Oanako Takoe pazHooOpasue MOTIIO MIMETh MECTO B Hayasle « boabnioro B3peiBas
M, BO3MOKHO, IIPH COCTOAIHH (HA3BAHHOM CUNZYAAPHOCMbIO ) CBEPXTIJIOTHOTO CKATHA
¥ THraHTCKHX TeMrnepatyp Beenensoi. M sepoATHO, 0T Hero HepyT cBoe Hayaso cTa-
OWUJIBHBIC 3JIEMEHTAPHBIE YACTHIIE, COCTARJISIONIHE CTPOHTENBHBIH MaTepHant Beenen-
HOH B ee CORPEMEHHOM COCTOAHMM.

QOcoOEHHOCTDIO 3/IEMEHTAPHBIX YACTHII ABJIAETCH UX B3aHMONpPeBparieHie, 4eMy
COOTBETCTBYIOT YEThIpe THIIA (HIHYECKHX B3auMojIeticTBHiA: c1aboe, cunpHoe (s/iep-
HOE), 3/IEKTPOMarHHTHOE, TpaBUTallHoHHOe. Kaxk/AbIH THIT B3auMoaeicTBUI XapaKTe-
pPH3yeTCS CBOWM IOJIEM, W KBAHTAMU 3TOTO MOJA, T. €. B3aUMoaecTBUA, IBASIOTCA
0OMeHHBIMA. FIHaue TOBOPA, YACTHIII B IIPOLECCE B3AUMOREHCTBIS 0OMEHHBAIOTCS
MeLy CoBOM KBAHTAaMH COOTBETCTEYIOLIHX T0/1eH. JTO Ka4eCTBO JIers10 B OCHOBY
BO3MOXCHOCTH OOBSICHEHUS PA3NTHYHLIX BUIOB B3AMMOJACHCTBHS 3JIEMEHTAPHBIX Ya-
CTHULl KaK PAa3THYHBIX IPOABIeHHI eAMHOTO B3auMoelicTBUA. B HacTodilee BpeMd
C0O3aHa TeopUA ¢J12a0bIX U 2JIEKTPOMaTHUTHBIX B3aHMoReHcTBHiT. [IpeanpuHMMaeT-
€A MOOBITKA CO3/1aTh eIHHYIO TEOPUIO TPEX BUAOE B3aUMOIEHCTBHH B MUKDOMHE:
caaboe, CUIbHOE, AAEKTPOMATHHTHOE, — TaK HA3blBACMOE «BEIHKOE 0O'beIHHEHHE .
Bosee cMesble MEYThl YYEHBIX CBS3aHBL ¢ IONCKAMH BO3MOXKHOILO CynepobbenrHe-
HUS1, KOTOpOE BKIIOHAI0 ObI H TPaBHTAITHOHHOE,

TaxnM 06pazom, uzydenne CBOMCTB MUKPOYACTUI] H WX B3auMOselicTBHi moMora-
€T IOHATD 3BOJTIONHI0 BeesleHHOI, HauHHad ¢ MOMEHTA ee DaCIiUpeHHsl L0 HACTOsILE-
FO BpEMEeHH.

C TOYKH 3peHHa coBpeMeHHOM GHBHKY, BCe MHOTOOODA3HE BUIOB MATEPHH MOKET
OBITH CBE/IETIO K CYIIECTBOBAHUIO ABYX OCHOBHBIX €€ BHIOB: BENIECTB H TOJIA.

OusHuecKHe M051 00/1a12K0T CBOHCTBOM CBSI3BIBATh 31€MEHTAPHbIe YACTUIBI B aTO-
MBI, MOJIEKY/TBI, MAKPOTEJA, MTAHETHL U T. A.

Besikoe naMeHeHe, MPOUCXO/ANLEE B OKPYKAIONIEM Hac MUDe, IpefcTARIAeT ABH-
HerHe MaTepul. YIcTOUHHMKOM ABUAKeHUS ABJIAIOTCA YeThIpe THIIA (pUu3MYecKHX B3al-
MOMEeHCTBII.

Urax,

B MHp€ HET HHY€ET0 HHOTO0, KpoMe ABlkymielica Marepun. Ifo3nanne Mupa ecTb
npouecc HeCKOHEUHbIA., DNEMEHTAPHOE H CI0KHOE B CTPOCHHH BelleCTBa —
TNOHATHA OTHOCHTETbHbIE, H NpeAHasHaYeHHe YenoBeKa COCTOHT B TOM, YTO-
GBI HccaeaoBaTh M MOHATH cBoI0 Beenennyio,



OTBETbI K 3AAJAYAM
ANA CAMOCTOATE/IbHOIO PEWEHUA

masa 1

2.0,2¢:0,02¢.8.2,6-10°M; 1-10' M. 5. 12 M/c. 7. Ha BocTok. 8, 2 M/c%. 9. 80 ¢c. 11. 19,6 »;
39,2 M/c. 12. 150 M. 14. 6,4 ¢; 6 ¢; 6.8 ¢. 15. 2. 17. 45°. 18. 7,3-1075 ¢ 19. 463 m/c. 20. 4,2 ¢,
24.45m. 22, 7.8 km/c; 9,1 m/c?
Masa 2

4.64-107B krm/c. 5. 2,6 krv/c. 6,36 H.7.49H; 59H;39H.8.2475H.9.4,9m/c% 1,5 H.
10. 0,1 m/c% 41. 45 kr. 13, 15 M/c; 750 kH. 14. 0,58. 15. 1 M/c% 4,9 H. 16. 156,5 kH. 17, 39 xH.
18.2,4M/c. 19. 250 m. 20. 10; 11. 21. 3,6- 102 H. 22. 3,46-10° m. 23. 9,65 m/c% 25. 2. 10% k.
Thapa 3

1.1-10%kr. 2. 392 Br. 3. 3 x/Ix. 4. 235 kB1. 5.5 M/¢. 6. 4 oM. 7. 5 m/c. 8. 24 m/c. 9. B m/c,
10, Her, 1. 5 xr. 12. 981 /i, 3. 10 kr; 500 Jx. 14, 10 m/c; 1,66 kH. 15. 3,96 «H. 16. 5 m.
17.8 v 18. 10 m. 19. 8- 10% m/c.
asa 4

1.3-107® kr.2.9,3- 1072 xr; 7,3- 10" &1, 3. 4,02+ 10%. 4. 8-107% 4,8 10°%. 5, 32- 10~ kr/MO/b.
6.3,3-102K.7.10°11a. 8. 2,7- 10 »~*. 9. 7,2- 10%. 10, 77,46 M/c; 71,4 M/C; 63,26 M/cC.
fhnasa 5

1. 588 /T 2. 20 k. 3. 30 °C. 4. 60 °C. 5. 2,5 1. 6. = 190 71; = 130 1. 9. 523,75 k. 10. 891 K.

lhasa 6
2.1995Ma 3. 1457 x/Ix. 4. 86 1. 6.5°C. 7. = 265 kM. 8, He prinaner. 9. 8 K.

lhasa 7
1.2 0,017 Ix. 2.0,072 H/m. 3. 0,6-107* [Ix. 4. 288 Ta. 5. 0,03 H/m. 6. 22 H/m. 7. 0,015 m.

[nanpa 8

1.202 Mx. 2. 177 M. 3. 52 H; 2.6- 102 Ix. 4. 2- 1072 K1 5. 1,4-10%T1a. 6. 676 H. 7. 600 °C.
B. = 63,75 v 10.52°C. 11. 0,79 r/em®. 12, 1,53- 10" k. 13. 5- 10% Ix. 14, ~ 0,21 kr. 13. 3,6 k.
16. 0,12 kr.
Mmaea 9

1. 8,2.10"% H; 2,19-10% m/¢; 6-10" H/Kx. 2. 4,1-107° H; 8,2-10"'* H; 6,2.107® Ka.
3.-0,95-107 K. 4. 4,75-10~* Kn. 5. 1,76 10" Kn/kr. 6. 2,2- 1072 [[%.7. 4,1- 10" m/¢; 7,8- 107" [l
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8.500B;0,72m; 0,24 M. 9. 281 B. 10.4,5-107" /Ix; 2,4-10° B; 1,8-10* B. 11. YBeAuunTCSH B UCTH-
pe pasa. 12, 1,2-107% Jix. 13, 3,3-10° B/m. 14, 0,706 JTx. 15. 0,94-1072 H; 0,628 [x,/ M.
16, 4861075 Kx; 682-107 ® Ka; 972 B.
hasa 10

1. 2MrA. 2. 30 K. 3. 1,98 B. 4. 14 Om. 5. 0,5 A. 6. 10 mun; 40 Mun, 7. 1 600 BT. 8. = 76 %.

hasa 12

1. 76,4 A/M; 57,3 A/ 2. 0,06 m ot mersuiero; 0,49 M oT menbimero. 3. 35,2 A/m. 4. 1,08-1074 Ta.
9.339-1072Ta.6.1,2-1071% H; 2,66 103 & 7. 2,99-1G' B.
fhasa 13

1.0,9B.2,4,01- 10 A. 3. 5,29 m/c. 4. 0,632 [Ixx. 5. B 416 pa3.

Masa 14

1.033mim0,5¢ " 2¢.2,0,035in (0,57 + 7/6). 3. 3.08n m/c; 7,682 M/c?. 5. 4 [Ik. 6. 0,8 [Ix.
7. 0,2 kr.
Maea 15

1.0,7v. 2. 1m.3.25T.4.2,5-10%¢. 5. 5 m.

Maea 16

1,105 2.6.3. 12,7 mlu. 4. 1,2-1073 Ix 5. 1,15-107% x. 6. 0,76-10°c L 7.13-10% ¢.
8.1,256 A.9.25B.10. = 7,5 B. 11. = 94 %. 12, 20 Om. 13. 30 B; 60 B; 180 B; 1 200 B.

Inasa 18
1,7 1,5 m, 2, 39°. 3. 56%; 34°, 4. 42°; 24°. 5. Het. 6. = 1 ,4.

thaea 19

1. 0,128 miem, 2. 0,345 Mrn. 3. 0 /3. 4. 14 mm, 3. 0,62 Me. 6. 26°; 47°24/. 7. £4.8.1,92-107 % m;
112 9. 49°37. 10, 48°5(/.
Mmaea 20

1.23B; 1,25-16" 5B. 2. 4,4.107% kr; 8,8-10 # xr; 1,8- 10~ kr. 3. 2,42 v. 4. 6,05 10° M/c.
5.4,7-10%Tw. 6. 3,1 B.
faea 21

1.15-107%¢.2.0,76-10° m/c. 3.973- 1070 0. 4. 0,030 11, 5. 25; 1/25.6. 2,2- 10 m/c; 9,2- 102 m /2.

fasa 22

1.6,77-10°! Tx. 2. 10,98 MaB. 3. 5,36 - 107" Jx; 9,04- 107" [1x. 4. Kpemuuii; snigensercs:
154,3 M3B. 3. 3,347 10~ kr. 6. 0,206 a.c.m.; 30741077 Ik; 12,8 10713 ik /mykaon. 7. 2 309 ser.
8. 4He. 9. 2.217 MoB,



NMPUNOXEHUA

MN.1. OcHoBHbIE PU3HHECKHE NOCTOAHHLIE (OKPYINEHHbI® 3HAYeHUR)

Duanyeckas NOCTOSHHAS 0603"&'-[61’!“8 YucneHHOE 3HAYEHHE

HopMansHoe yeKopeHHe cBOGOIHO TafAOUINK Tel g 9,81 m/c?
I'paBUTANHOHHAN TOCTORAHAS G 6.,67-107 ' H-m?/kr?
ITocToaunas Asoraapo Na 6,02-10% Mo
Monapuas razosas MOCTOAINHA R 8,31 Ix/(Moie- K)
IToctosinaas BoasnMana k 1481072 Tx/K
Mousipaniii o6bem (06bem 1 MOJIB) HASATBHOTO

rasa ilpd HOPMATBHEIX YCIOBHAX V. 0,0224 m*/Monb
3apaa anexrpona e 1,60-107"* Kn
Mocrosmnaa Mapanea F 9,65-10* Ki/momn
CxopocTs CBeTa B BaKyyMe c 3108 m/c
Hoctosunaa Credana — BoabivaHa o 5,67-1078 Br/(M2- Kb
IfocTosinaas Buna ) 2,80-107m-K
Hoctosmnaa [Lramka h 6,63-10~* Ix-c
IMocroanuan Pundepra R 1,007 107" m!
Paauyc Bopa T 0,529 1071 m
JIMWHA BONTHBI KOMUTOHOBCKOIO WATYICHHS

IAEKTPOHA N 2,43-1072m
[ToTeHIHAN MOHM3AIMK aTOMA BOAOPOIA

(aHEPTHsT HOHMU3AIUH } A 2,18-107 ¥ 1x = 13,6 3B
ATOMHAS eTHHHIA MACCEI a.e.M. 1,66-10"% kr
Koadduument npornopUHoHaTLEOCTH MEXKLY

aneprueti (MaB) 1 Maccoii (a.e.M.) k 91071 Ik /xr =

= 931,44 MaB/(a.em.)

N.2. Hexoropbie COOTHOLUEHMA ME8XAY €AHHNLAMH H3MEPEHKHA GHIUUBCKHX
BENHYUH

Eounuua daurivi — memp (M), pas- Eounuua maccot — xurozpamm (Kr),
Mmeprocms L pasmepnocmoe M
1 aToMIIAS eHHHIA Macchl = 1 a.e.M. =

1 mukpon (MEM) = 1078 ; 1 M == 105 MM

1 anrcrpeM (A) = 1079 m; 1 M= 10" A = 1,66-10 " &r

1 acTpoHOMMYecKkas camiTuna (ae.) = Founuya epemenu — cexynoa (c),

= 1,496-10" u pazmeprnocme T

1 eserosoit rog, (ce. ro) = 9,4605 - 1019 m 1 cpeanve comHedHble cyTkH = 86 400 ¢
1 mapcex (k) = 3,0857- 10 m 1 rog = 365,25 cyTox = 3,16 107 ¢
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Edunuya pabomut, mennomnsi,
anepauyu — dowoyan (Ix),
paameprocms L'MT?

1dx=1H Mm=1M"kr-c?

1 xan = 4,19 Jlx

15B = 1,60-107°

Edununa mowpocmu,
mennoeozo nomoxa — eamm (Br),
pasmeprocmo L*'MT *
1Br=1/x/c=1M*kr-c?
11c ~ 735 Br

1.3. ACTPOHOMHYECKWEG BONUYUHBI

Cpenuuil paguyc 3eMiH ........... 6,37-10% M
Cpeauss njaoTHoC T 3eMd ...... 5 500 kr/m*
Macca 3eMIH ..o 5,08-10% kr
PasyC COMHUA oovvnncnvanenrrnrersrennnns 6.95-10° m
Cpeanaa maotHocTs Coanua ... 1400 xr/m?
Macca CoAMIA ....ooevocererereererenes 1,98-10% kr
PagiyC JIYHBL ....covovevvvenerroesnsnsrennne 1,74+ 105 M

M.4. NnoTHOCTb XMMAKoCTeR, 10° xr/m’

Boaa (IpH 4 °C) cvvveeoeeeeeeeesrssessesssssseriosions 1
Tauuepun . 1,26
Kepocun 0.8

Edunuya oaenenun, MEXAQHURECKOZ0
Hanpaxcenus — nacxaan (Ila),
paamepuocms L 'MT?

1IMTa =1 H/v? = 10 aun/c? =

=1m'-krc?

1mMmpr.ct.=13311a

larMm = 1,013-10°Ia

Edunuya memnepamypos — xetbeun
(K), pasmeprocme T

t[°C] = T[K] — 273,15

t[°F] = 1,8 ( T[K] — 255,37)

Founuya xonunecmaa snexmpure-
cmea — xyaou (Kn), pazmeprocms Tl

1Kn=1A-c¢c

Macea JIFHBL ......orvoeieemensessnseines 7,3- 102 kr
CpeaHee paccToaHAe MEXIY

nenTpamM# 3emnn u JIyI ..., 3,84-10% m
Cpemnce paceTosHHE MEXTY

tentpams CoiHLa M 3CMIH ... 1,5-10M m
{Tepuoy obpawcHns

JIyHbl BOKPYr 3EMIH ........ 27 cyT 7443 MHH
Macro 0.9
PTYTD e 13.6
Cmupr 0,8

N.5. NAOTHOCTL ra3oB NPH HOPMANBHBIX YCAOBUAX, KT/M*

ABOT ot ssesssararararerens 1,25
APLOH conevmmrreererserenersssneecerans 1,78
Boaopox 0,09

Bosgyx 1,29
Tenuit 0,18
Kucaopon 1,43

N.6. 3ddeKTUBHLIH AHameTP MOAGKYA ra3os, 1070 M

Bonopon,

Kucaopoxn 2,9
=5 1 1 SO 1,9

N.7. MNoBepxHOCTHOE HaTAXEHHe XuaKocTer (npu 20 °C), H/m

BOAA ottt 0,072
Cmuuepnn corrrereenrenses 0,066

| a38

Crupr
MBLABHBIA DACTBOD ..ooveveesiessnnsinssssnccssssncesns 0,04




M.8. MnoTHoCTL P, MOAYNL NPOAOALHOM YNpyrocTH £ (wogysm IOwra),
TeMnepaTtypHulii K03GPULMEHT NUHEAHOTO pacLUMPEHNS (x (CPORENS JISEIENNR)

p, 100 | E 10" | o, 107¢ p, 100 | E10% ' o107
Kr/m* H/m? K- Kr/M® H et K-

ATOMUHMIA 2.7 7,0 24 Mean 8.8 1298 16.7
Boabgpam 19,15 41,1 43 Huxeab 8,8 204 13.4
HKemeso (cTans) 7.85 22,0 11,9 | Huxpom 84 — - i
Koucrauran 89 21,0 17,0 | ®apdop 2,3 — 3
Jlen, 0,92 0,28 — | Tk - - 30

Bewecteo Beuecteo

N.9. YaensHan Tennora nnasneHun, x/1:x/kr

0] O3 RO OORUUUOVOUURTRTR o 1 | Ouaoso
CBHHeEL .....c..c.ee. et ssessnseres B0 Cepefipo
MEZD i senes 180

N.10. YpenwHas Tennota napoobpazosaHua, M/x /Kr

BOAA oot 2900 PIYTB csrsisicscesnnrccsiscnsnees 0,29

N.11. YaenbHan TennoeMKocTb, x/1x/(xr-K)

BOAZ e 52 HEXPOM coocvomvvensimmmrnssmrrrrmcicisnmnsansroe s
BT ittt ettt nsat 2,1 Meib i
CBHHELI ...t eetesacen vt et saasas s 0,13 L9517 0 OO

N.12. YaenovHoe conpotuBnexue, 107° Om-m

| 3703 5:¥00] o7-1.¥ SO OO OTOTTSTOURROPIRY s I8 AT £ OOV B i
FKETEBO ..t eses s sreesees 9.8 CEPEBPO .veeeeeeeeeeeeeeeeeremvrrens s esisneenes 1,0
HEXPOM .ovvorrverrreeseeeenereerrersrrrsns s nsesseeens 110,0 AUTIOMITHWA .. reverrnenes 2,9

N.14. TemnepaTypHbiA KO3GPHLUHENT CONPOTUBNBHUA NPOBOAHNKOB, 1073 K
MEE ....covcorinnrnriinnieseneeerrereeressissssssesssssssssneses 02 Boab®paM i 0,2

N.15. Noxaszarens npenoMneHMA

P81 Y 7 ST 2,42 CTREIO v vsnssssecrsssensessns e easesees
BOAE o 1,33 Keapi
.. 1,31 THELCPHH .ovovvronevoemmsesssssssmessesnersassssssimnsennes 14




M.16. Macca m, U 3Heprua E, NOKOS HE@KOTOPBIX 3N1eMEHTAPHBIX YacTHL]

My E,
HacTuna

a.eM. 10-% kr MaB 10710 Mk
INeKTpOH 5,486-107% 0,00091 0,511 0,00081
Iporon 1,00781 1,6724 938,23 1,50
Heiitpon 1,00867 1,6748 939,53 1,51
Heittpon 2,01336 3,3325 1875.,5 3,00
o-Yactumna 40047 6,6444 3726,2 5,96

N.17. Pa6oTa BbiX0oAAa 2NEKTPOHOB #2 MeTanna, 5B

ATIOMEHME 1vovvevviseseeeeeeneeensesnssessssessnens 37 TITIATHHA 1.vvvesiesvesssresanessnsessssemsnssmsssscasessasssens 6,3
BoabdpaM ... 4,5 Tiesnit ..... :
JIutuii ........ e 2,3 TEHHE ooreesrneevrreeie e ceesessssessssssnsnersssressssonens

\Y (315U OO PP 0 |

{1.18. HekoTopble cBel6HHA NO MaTeMaTHUKe

Hopru KBaApaTHOrO ypasHeHus

. ~bE b -4
ex? +brz+c=0 xLZ:—ac
2a
TPHIOHOMETPHYECKHE DODMYNHI
. . . . a+3  a-— . l—cosc
sin® a+cosla =1 sina+sinf=2sin B e 5 B sin? % =—
tgocctga =1 o [ ; 1+cosa
) ' ) sino:—sinB=2msm—+ﬁ-sinM cos? & = 9080
sin(e®PB)=sina-cosPtcosa-sind 2 2 2 2
. . a+pf  a—-p
cos(atf)=cosa-cos3Fsina-sinf cosa+cosf=2cos 5 cos-z—
sin2a=2s8inccos —
coso—cos3= —Zsinﬂsin a—f
008 200 = cos? o —sin® o 2 2
COOTHOWEHHS B NPAMOYTONLNOM TPEYTO/bHHKE
a=csine a=btga 8 a, b — KaTeTwl; ¢ — [H-
b= ccoso, b= actga e c MOTEHY3a; & — YTod
MEXIY CTOpPOHAMU b, ¢
c? = & + b — reopema Tludaropa b 4

CoOTHOWEHHR B NPOH3IBONLHOM TPEYFONbHKUKE

4, b, ¢ — CTOPOHBI Tpe-
YIOJIBHMKY; o, 3, § —
YI7bl TPEYTOMBHIKA

sina _ sinf  siny
a b ¢
@? = b+ ¢ — 2bc-cos o

— TeopeMa CHHYCOB

b= a? + ¢* — 2ac- cosB | — TeOpeMa KOCHHYCOB

¢*=a>+ b — 2ab-cosn




NPEAMETHbIA YKA3ATE/b

Astoxonebanus 267

Axxymynarop 204

AKTHBHOCTB BEIIECTBA PATHO-
aKTHBHOTO 396

Anbda-nyuu 295

Ammnep 203, 232

Amnepmerp 214

AmmumaTyaa 255

AHamH3 cneKTpatbHBI 367, 416

Anannaartop 358

Aumaorponns 163

Aunurnmsams 412

AHTHYACTHI 412

Apucrorenn 4

Arom 102

— Teoprh bopa 387

Baza 223

Bexkepesm 396
Bera-ryuu 395

Beratpon 246

Brerwa 258

Buonpuama Mpenens 346
boaomerp 222

Baxyym 422

Barr 77

BexTop WHAYKIHM MATHHTHO
228

— HANPSKEHUOCTH TIOAA DIeK-
Tpocratnyeckoro 181

— nepeMenieHnA 14

— cropoctr 17

— ycKopeuus 21

Bec Tesa 39

BaanmogeiicTRe rPaBHTAINOH-
noe 56, 432

— MeKMOAeKyagpHoe 105

— cuaenoe 9, 413, 432

— caaboe 9, 413, 432

— — — 3MEeKTPOMAarHuTHoe 313,
432

Briknocts abcomoTHas 149

— oTHOCHTeNbHaA 150

Basronka 147

Boaua 3pykosas 284

— KOTepeHTHas 345

— anopyaz 355

— MOuCpeyHast 274

— mipesMerHasa 355

— npoaoabian 275

— ¢ToAvan 281

— chepuyeckaa 276

— anekTpoMarnnrias 315, 325

Bounbr yupyrue 273

— DAEKTpOMarnuTHE 315

Boast 185, 209

Bpems oceaaol XHU3HH Mole-
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