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NPENAHCJHOBHE K YETBEPTOMY H3JAHHIO

Flpn noaroroBxe K HacToALEMY H3JAHUI0 XHHTa Ohiaa
cyuiectsesHo rnepepaotana. Kopeunnm ofpazoM dame-
gennl IvaBh 1! w VII, mocesilieHHEle 3JIeKTPHUECKOMY H
MarHHTHOMY NOJIAM B BemlecrBe, a takxke § 56, B kotopom
paccMaTpuUBaeTca 3JMEKTPOABHKYWIAA cuna wAZykuuu. Ilpu
pPaccMOTpeRHH IOJed B BaKyyMe HCHOJAb3VIOTCH TOMbKO Be-
anundsl E u B. JloGasnes HoBufi naparpad (§ 107), co-
AepXKAUIHH 3/MeMeHTapHHE CBeAEHHs H3 BEKTOPHOIO aHa-
ansa. Cyuiecreennpie 106aBjaeHBs clelaHbl B naparpadax
18, 30, 40, 47 u 112, HeGoablive aoGasieHHd H H3IMeHe-
HUS caenaHbl B HEKOTODHX ApYTHX nmaparpadax.

ABTOp Bhipaxaer Gaaropapuocts H. H. loapadaply aa
NoAe3Hble COBETH W 3aMeuaHHfl, KOTOpHe ObIH y4TeHH NpH
nepepaGoTKe BTOPOI'O TOMA.

Anpeab 1970T. H. Cuoseaves



3 NPEAUCJAOBHUA K NEPBOMY H3JAHHIO

Kak u pepBaif ToM 3TOro Kypca, BTOpPO#i TOM npeidHa-
3HAYaeTCA NpexJae Bcelo AAA CTYACHTOB HHIKEHepHO-(H-
3HYecKHX cnenuaibHocTell BTysos. Hecmorpsa na Heloab-
mofi o6beM, npeAsaraeMoe BHHMAaHHIO YHTaTeneR nocobue
COIAEPAUT H3NOKEHHE BCEX BONPOCOB, 3HAYeHHEe KOTODHIX
HeoOXONUMO AAS H3yueHHA TeopeTHUeckofl Gu3MKH U ApY-
rHX QH3IHYeCKHX JHCHHIVIHH.

Cokpauwenre o6beMa KHHIY JOCTUTHYTO (KaK H B IEPBOM
TOMe) rnapHbiM 06pasoM 3a cieT OTHA3a OT ONHCAHHA JEK-
UHOHHEIX ACMOHCTpauHfl, ycTapeBWIHX NpuHBOPOB H IKCIe-
PHMEHTANBLHOA TEXHHKH NpOWJbIX cToNeTHi. HMcropHueckni
MaTepHas 1aH Takxke B KpaitHe ManoM ob6neme. Cxasannoe
BOBCE He 03HAuaer, ITO M3J0KeHHe Beaercs Ges OMOPH Ha
sxcnepuMeHT. Bee QynaaMenTaabEbLIe  ONBITLL, NOCAYXKHBILHE
OCHOBOH cOBpeMeHHOIO YyueHHA 00 3JeKTpoMarHeTH3Me,
OnHucaHHl JocTaToOuHO Tnoapobuo. [las npumepa yKaxem
H& COBOHYIHOCTb ONHITOR, DPEANPHHATHX AASA BHACHCHHA
UpHpoAw HOoCHTeNeHd Toka B MeTaanax (Pukke, Masaeiab-
mrama 1 [lananekcu; Tosmeda u Croapra), rpynny onsi-
TOB, NOCBALIEHHHIX YCTAHOBJEHHIO TPHPOAbB MarHeTH3Ma
(Q¥nawrefina u ge Xaaca, Bapuerra, [Hrepna u lepaaxa),
ONBLITHL 10 ONPefie/IeHHIO 3apafa H YAeNbHOTO 3apfAjla snek-
TPOHAZ H NOJOXKHTENBHEX HouOB (Munnmukena, Towmcona,
Acrona), onwte lepua ¢ 3JeKTpOMATHATHHIMH BOJHAMH
B T. . OnKcad Takke paj 3KCHEPHMEHTANbHLIX METOLHK H
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YCTAHOBOK: YCKODHTENH 3apsKeHHBIX YacTHIl, HOHHU3ALHOH-
Hble KaMepHl H CUETUHKH, Macc-cnekrporpadet v T. O.

Bonee nozpoGuo, ueM 370 OOBIYHO AeNaeTcst B BY30B-
CKHX yueGHHKAX, HANOMXKEHB! JUa- i mapaMarHeTH3M, 30HHAaA
TEOPHA METAJNJIOB M NOJAYIPOBOAHHKOB, Ta3OBHH pa3psn
B 9JAeKTpoMarHuTHole BoJhbl. [lpm astoM aBTop OTKa-
3a/CA OT HEKOTOPLIX BCTPeYalollinxes B yueGHUKAX ylpoIe-
HUH, HCKAXKAWOMHX CYLLHOCT, ABMEHHNA M CTABANHX B TYMHK
AyMawulero uyurarens. Hanpumep, onpeienenne ypoBH#
DepMu KaK MakCHMAJLHON YHEPTHH 3NEKTPOHOB Npu abco-
AKTHOM HyJe OCTARJISIET COBEPIUEHHO HEMOHATHLIM BO3HHK-
nOBEHHE KOHTAKTHON TepMo-3.A.c. (HOO mpH TaxkoMm ompe-
AeJeHBH ypoBeHb MepMH H3 (PYHKUHH OT TeMIepaTyph
NPeBPALlAETCH B XapaKTEPHYIO A/l JAHHOTO MeTa]la KoH-
ctanTy). Takoe onpefefeHHe HeNPHMEHHMO TakXe K MOay-
NPOBOAHHKAM, Y KOTOpHIX ypoBedt @PepMH nonagaer B 3a-
rpelienHyo 30HY. B KadecTBe BTOPOTO OpHMepa MOMKHO
YKa3aTb OOGBACHEHHE HKAJIYUSHHR 3JEKTPOMAarHMTHHX BOJH
JHNOAEM ¢ NOMOLIBI TAK HA3LIBAeMOTO OTIIHYPOBLIBAHUA
CHJIOBLIX JHHHHA. Bo-mepBEHX, 3T0 <«OTIIHYPOBLIBAHHE® CO3-
JA4eT JUIb BHIHMOCTL OOBACHEHWS — MO-HACTOAIEMY ero
NOHSTb HEeNb3A. BMecre ¢ TeM OHO fBJAETCA B NPHHLHIE
HeBepHBIM, IOCKOALKY HHKAK He YUHTHIBAET JeXallnX B OC-
HOB¢ BO3HUMKHOBEHHS W pACNHPOCTPAaHEHHA BOJH €IHHCTBA
W B3aHMOCBA3H 3JEKTPHYECKOTO H MaTHHTHOTO MOJedH.
B paccyxaenuax o6 OTHIHYPOBLIBAHHH BO3HHKHOBEHHE
9JAeKTPUYECKOTO H  BO3HUKHOBEHHe MariMTHoro mnoJgef
BOAHLI PacCMaTPHBAIOTCS COBEPLIEHHO HE3ABHCHMO JPYT
OT ApyTa, YTO NPOTHEOPEUHT HCTHHHON (H3HYeCKOll CyTH
SABJACHNI.

Hanoxenue Begercs B Memaynapoauoit cucreme efiu-
pru (CH). o mocaenHero BpeMedH B COBETCKOUN (hHauue-
CKOH NuTeparype (B 4acTHOCTH, Bo BcexX yueGHHKax Teope-
THYeCK0oH (HIMKHM) NpHMEHAAach TayccoBa cCHCTeMa ehoH-
g, TlostomMy MBI cOoWwIH  HEOGXOAHMEM IO3HAKOMHUTEL
uHTatTeNs H ¢ 3ITOH cHucreMol, Beck TekeT, oTHocAlluiics
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K TAYCCOBOR CHCTeMe, AAH HETHTOM M MOXeT OLITh NOAHO-
CTbIO ONyILiEH UHTATeNIeM, eCllH 3Ta CHCTeMa He IpeacTa-
BAfiET /s Hero HHTepecd. B NDHIOKEHHAX B KOHUE KHHIHM
AaHbl €IHHHIL H3MEPEHHA SJEKTPHYECKHX H MAarHHTHBIX
Beawund B CH B B rayccoBofi cucTeMe, a Takxe COMOCTa-
BACH BU]l OCHOBHHIX GOPMYa IEKTPOMATHeTH3Ma B ofenx
cHCTEMAX.
[Mparomy Goawuiyio 6/1arofapHOCTh 3aBelyiOIleMy Ka-
tdenpoii du3nKH MOCKOBCKOro 3HEPreTHUECKOro HHCTHTYTA
~mpogeccopy B. A. DalpHkaHTYy H TpenojaBaTensM 3ToOH
kadenpu WM. TI. ®enoporoit u 10. B. T'op6atoBy 3a psa
pechbMa ROJe3HLHIX COBeTOB M 3ameyanul. CuMraro raKse
MOATOM BLIPA3WTL [IPH3HATENBHOCTh DEAAKTOPY KHHIH
E. B. KysHeuosoit, MHOro cieaaBiieii A8 HCOpaBIeHHA H
yIyYIIeHAR TeKcTa,
H. Caseaves



FITABA I
ANEKTPHMECKOE NOJIE B BAKYYME

§ L. Beenenue

H3 mxoabsoro Kypca (H3HKM H3BecTHO, UTQ Npu Ofpe-
AeReHHbIX YCAOBYAX Tela npuoGpeTaloT saeKTpuieckuin sa-
pan (aaexTpusytorcs), Hanwume saexktpudeckoro sapsia
NpoABJAAETCA B TOM, UTO 3apfAXKeHHOe Tel¢ B3aHMoje-
CTBYET C IPYTHMH 3aDAXMKEHHHIMH TeJaMH.

Hmeercs Ipa Bua 3JeKTpHUECKHX 3apsigoB, YCHOBHO
HA3LIBAEMEIX MOJOMHTEAbHEIM H OTpPHIATE bHBIM. Japaau
OIHOTO 3HaKa OTTaJAKHBAIOTCA, PA3Hbix 3HAKOB ——- NPHTATH-
BAIOT ApYr Apyra.

DaeKTpuuecKufi 3apAd ABAAETCH HEOTHEMJEMEIM CBOIl-
CTBOM HEKOTOPHIX TaK Ha3BIBAEMHX HIeMEHTapHHIX YacTHIL
3apaA Bcex 3feMeHTapHBIX YacTHI[ (eclH OH He pased
HYJ/II0) OJMHAKOB 10 abcodIoTHOR BeJHuWHe. LEro MOiKHO
HasBaTh 3JjAeMeHTapHBIM 3apsanoM (OO03HAuaTE ero
Mul Oyaem Gyxeok e

K uncily saeMeHTAapHLIX YacTHI MPHHAAAEXKAT, HANPH-
Mep, 92eKTpoH (HecylinH orTpHuaTeNbHHA 3apAl), OporToH
(HecylllHll NOJOMHTENbHDLIH 3apAf) ¥ HeHTPoH (3apfAi Ko-
TOPOTO paBeH HYJI0). [TIOCKOMBKY H3 PTHX YaCTHIE MOCTPOEHE
aTOMEI BEHIECTBA, 3JeKTpHHecKHe 3aPA/bl OKa3BIBAIOTCA Op-
TAHHYECKH BXOISIMMH B COCTaB BeeX Ted. OOGbIuHO uacTH-
bl HecViHe 3apAAbl PasHLIX 3HAKOB, IPUCYTCTBYIOT B pas-
HHX KOJH4eCTBax H pachpeienens B Telde ¢ ONHHAKOBOH
NAOTHOCTRIO. B aToM cnyuae aarefpanueckas cymma 3aps-
JOB B JIIOOOM 3/JeMeHTapHOM o0beMe Tela paBHa HYJO,
H KaXbifl Takolt ofheM (H Teqo B uenom) Gyner Hefr-
paiaeneiM. EciH KakuMm-in6o ofipasom (HanpuMep, HaTH-
paRHeM) c03ZaTh B Tefe H3OLITOK YaCTHL OJHETC 3HAKa

1



{COOTBETCTBEHHO HENOCTATOK YacTHL, APYroro 3HakKa), Teno
OKaXeTcAl 3apsiKeHHbIM, MOMHO Takme, He HaMeuas ofuie-
ro KOJHYECTBZ MONOMKHTEIbHBIX M OTPHIATEABHBIX 9aCTHIL,
BLI3BATD HX flepePACHpeResicHiie B Tene Takum oGpasoM, uTo
B OZHOM YaCTH Teja BO3HHKHET H3GHITOK 3apAlNOB OAHOrO
3HaKa, B APYroHl — Apyroro. 310 MOXKHO OCYUIECTBHTR, NPH~
6AH3MB K MeTaNJIHUECKOMY Tely Apyroe sapsiiKeHHOe
Teno.

[Tockonbky Bearull 3apaa ¢ o6pasyeTcs COBOKYITHOCTBIO
3JeMCHTAPHLIX 3apANOB, OH ABAAETCA UEJHM KPATHBIM &

g==x Ne.

Ounnako aneMeHTapHMil 3apaj HACTOALKO MaJd (cM. § 3),
NTO BO3MOJKHYIO BeJHUMHY MaKPOCKOMHYECKHX 3apAioB
MOJKHO CUMTATb H3MeHAWLIeACA HelpephiBHO:

DJieKTpHUeCKHE 34psAibl MOFYT HCYE3aTh M BO3HHKaTh
BroBb. OAHako BCerda BO3HUKAIOT HJAH HCUE3alT OAHO-
BPEMEHHO 7iBa 3JCMEHTAapHBIX 3apPAAA (POTHBOTOIOMKHBIX
sHakoB. [{o3TOMY cyMMapHslil 3apfAl 3/eKTPHYECKH H30JH-
POBAHHOMA cuCTeMBl ) He MOMKET H3MEHATLCH. DTO yTBEpMKAe-
HHe HOCAT HasBaHHWe 3aKoHa COXpaHEHHSN 3Jdek-
TPHUECKOTO 3apaia,

Ecan 3apsikeHHbie - 4YacTHUEl, HalpPHMED  3JEKTDOHREL,
MOTYT Gojee unn MeHee cBoGOAHO NepeMeltaThed B Mpelde-
nax Teja, TO COOTBETCTBYIOLIee BellleCTBO CHOCOGHO NPOBO-
Auth saekrpuuecknil Tox. Hocurensmu szapnapa, ABHMEeHHe
KOTOPHIX CO3J4€T TOK, MOTYT OBITh He TOJLKG 2JEKTPOHM,
HO H HOHBI, T. € aTOMbl HAH MOJEKY/JIH, NOTepABlIHE
Jaulo nDpHcoedHHHBUIHE K cele o,mﬁ HIH HECKOABKO HIEKT-
POHOB.

B cooTBeTcTBHH. CO CHOCOBHOCTBIO MPOBOXHTH SJAEKTPH-
YecKHA TOK BCe BELLECTBA NOAPAa3Ze/AITCA HA JHIJEKTPHKH
(1ne H30/14TOpHL), UPOBOZHWKY W HOAYRpOBOAHMKH. Hgme-
aJbHLIX H30JATOPOB B NpHpoje He cyiuecTsyer. Bee melle-
cTBa XOTA Onl B HHUUTOXKHOH CTENeHy NpPOBOAAT 3INEKTpuue-
cku¥i Tox. OZHAKC BelecTBa, HashBaeMmble JHINEKTPHKAMH,
npoBofat ToK B 1015—10% pas xyme, yeM BeluecTsa, HA3H-
BaeMble NpoBojnuxkamd. [losynpoBoiHHKaMH HA3HIBaeTCs
o0lypHas rpymia BellecTB, KOTOpLle MO CHOCODHOCTH Npo-

1) CuereMa Ha3piBaeTCs 9/JEKTPHIECKH H30MHPOBAHHOA, €CaM uépes
OTPAHHUUMBAIOMYIO &8 fIOBEPXHOCTL HE MOMET Teub JACKTPUUECKUR TOK.
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BOJAMTL TOK 3alOJHAIOT NpoMexyTouuyio ofiacte Mexay
HPOBOIHHKAMHE H AuM3NeKTPpHKaMu. [ToMUMO BeJMuMHEL [IPO-
BOAHMOCTH [(OJYTNPOBOLHHKH OTAHYAIOTCA OT [IPOBONHHKOB
pAAOM ApYTHX ocobenHOCTef,

§ 2. BzaumogpeiictBue sapaaos. 3axon Kyaona

Kak yxe oTMe4anoch, Ha/JIHYHE Y Teqaa JIEKTPHYECKOro
3apaaa MpoABAfSeTCR B TOM, YTO TaKoe TeJO B3anMOfeli-
CTBYET ¢ JAPYTHMH 3apiKeHHHMHM TenaMu. Teda, Hecyinme
3apALsl OAMHAKOBOLO 3HaKa (W/M, KAK [OBOPAT, 3apAmeH-
Hble ONHOHMEHHO)}, OTTAJKHBAWT APYr Apy-
ra. Tena, sapsKeHHble Pa3HOWMENHO, NPH-
TATHBAIOTCA JAPYr K APYry. 3aKaH, KOTO-
POMY IMOAUHHAETCA CHJIA B3aUMOLCHCTBHA
TaK Ha3blBaeMblX TOUEYHBbIX 3apsios, Gbul
yeranoeaeH B 1785 r. Kynonowm,

Toueynwm 3apagomM Ha3LBaercs
3apRKeHHOE TeJIO, pasMepaMH KOTOPOro
MOMHO hpeHeOpeuh 10 CPABHEHHIO ¢ pac-
CTOSIHHSIMH OT 3TOTQ Tesda A0 APYTHX Téd,
HECYIHX 3JEeKTPHYECKHH 3apsan.

C nomolbio KPYTHABHEIX BeCOB (puc. ),
nodoOHEIX  TeM, KOTOpbie OBy He-
nosb3opann Kasenaumem ana ompenene-
HAS TPABUTALMOHHOH NOCTOAHHOH  {CM.
T. 1, § 46). Kyaom uaMepsan cuay saa-
HMOJEGHCTBHA IBYX 3aPAKeHHHX IUAPHKOB
B 32BHCHMOCTH OT BeJHUHMHL 34pHHOB Ha
HHX ¥ OT paccToAHHA Mexay Humu. [pu stom Kyaon ue-
XOAHA H3 TOro, YTO IPH KacaHMH K 3apfKeHRHOMY MeTan-
JHYECKOMY IIaPHKY TOUHC - TAKOIO K€ He3apAXKeHHOro
WAPHKA 3apAl pacupefetsiercs Mexuy oﬁomm tHapuKaMe
MOPOBHY.

B peayarrate cBodX omerroB Kynos mpHimen K BLIBOAY,
UTO CuAG 83auUMOOelicTeUR DsyXx ToOueuHbIX 3apAGes nponop-
YUOHAABHA gealiitune Kaxdozo u3 aapados u obpaTHo npo-
HOPYUORAABHA KBAJPATY PACCTOAHUA meHOy Humu. Hanpas«
JieHHe CHALl COBNAjAaeT C NPOXOAAMed uepes 3apsiibl Mpsi+
MOR.

3akoH KyJnoHna Moxer OuTb BLIpaXKeH caezywllued Gop-
MYJI0#:

f k ‘h‘h (21)
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rie kR — xosdduunenT APONOPUNOHANLHOCTH, ) H §z — Belus
9HHE B3aHMOAEACTBYIOLIBX 3aps0B, 7 —— pacCTOAHHE MeXk-
Ay HHMH.

B cayuae oilHOHMEeHHHX 3apAA0E CHJI3, BHUACACHHAR N0
dopumyae (2.1), oxaspiBaercs OOJNOKHTENLHOA (47O coOT-
BETCTBYET OTTAJKHBAHHIO ~MeXAy 3apaiamu). B cayuyae
PasHOMMEHHLIX 3apAJ0B CHIa OTpHLATE]IbHA (4TO COOTBET-
CTBYeT NIPHTSIKEHHIO 3apsijoB APYr K Apyry) !).

3akon Kyaona MOXHO 3anHcath B BEKTOPHOM BHJE:

192 T
t=p0% . L, 2.2)

B 3TOM BrIpaKeHMH NOZ I caelyeT N0JpadyMeBaTh BeK-

TOp, NpOBENEHHLII OFT ONHOTO 3apdia X APYTOMY H HMelo-

LMl HanpaBJeHHe K TOMY H3

g r % ¢ CAPAROB, K KOTODOMY nphio-
o— R *Kena cuaa § (pue. 2).

3Han 3aKoH. B3aHMO/eH-

Puc. 2. CTBHA MeXIy TOUCYHBIMH 3a-

pAZaMH, MOXHO BBIYHCJIHTD

CHJYy B3AHMOACHCTBHSL MEXAY 3apAfaMH, COCPELOTOYeH HBIMH

Ha Tesax KOHe4YHbiX pa3amepoB. [Jf 3TOTO HYKHO pa3bHTh

Kaxablii U3 3apANOB Ha Cro/ib Maable 3apsanl dg, uToBol

HX MOXHQ ORIIO CUMTATH TOl!e‘IHbIMH, BHYHCINTL 0o op-

Myne (2.2) cuary B3auMOZefiCTBHA MeXAYy 3apsaiamu dg,

B3ATEIMH MONApHO, H 3aTeM NPOH3BECTH BEKTODHOE CJI0MKe-

Bue 3THX cuA. MateMaTHuUecKH 3Ta OUepauds NOAHOCTHH)

COBNajaeT ¢ BHIYHC/IEHHEM CHJE FPaBHTAHOHHOTO NPHTA-

MEHH MeXKIy TeJaMu KOHeuHHX pasmepoB (cM. T. I, § 46).

§ 3. Cacremul efuuuy

Hasaexaium BHOOPOM eNMHHLBL H3MePeHHA 3apsaa
(eguHHnL AAs f. 1t r OBIAH YCTAHOBJNEHE B MeXaHHKe) MOX-
HO A0OHTBCA TOro, ¥T06b KO3 (PHIMEHT NpPONOPLHOHARLHO-
¢TH B ¢opmyae (2.1) cran pasen eannune. CooTBeTCTBYIO-
mas eguadua 3apaaa (f v r npeanoaaraloTca H3MepPeHHBIMH
B efunnuax CI'C-cucreMil) HasnBaercad abCOJIOTHON 9JleK-
TpOCTaTHYeCKON eawuHueil sapsaga (cokpamenno: CILC3-
emuuvuel sapana). Ouna npencrapaser cobofi Tago# 3apaj,

1) ConocrabbTe 3TO €O JBAKOM H X8paKTepOM CHAH B3aHMOLedk«
cTBAR Mexay monaekyaamu (cM. T 1, § HIV).
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KOTOpPHit B3aHMOJENCTBYeT B RAKYyMe ¢ PABHLIM €MY B Ha-
XOAAUMMCA Ha paccTOAHHH | cm 3apAmnoM ¢ cuiol B 1 dum.

[MocpencreoM TinaTeNbHEIX H3Mepenuit (cM. § 66) Owuto
Hafieno, uTo 3NeMeHTapHuI 3apAn paBeH

e==4,80-10"" CIC3-en. sapana.

[IpussiB eXuHUIK AJHHB, MacCLi, BpeMeHH M 3apsfia 3a
OCHOBHLIE, MOMHO NOCTPOHTH CHCTEMY eJHHHI, H3MepeH#s
JMEKTPHUECKMX H MarHHTHHX Benuyud. CHcTeMa, B OCHOBe
KOTOpO#t JiesKaT CAHTHMETp, [rpaMM-Macca, CeKyAxa H
CIC3-epnuuna sapsifa, HasbRaeTcs aGCONIOTHOR 3ACKTpO-
cTaTHueckoi cucremoit eamnun (CI'CD-cucremoil). B oc-
HOBe 3TOH CcHCTeMBl JIeKHT 3aKoH KyJaoHa, T. e, 3aKoH
B3AUMOACHCTBHA MEMKIY 3apaXKeHHBIMH TenamH. Bnochef-
CTBHH MHl IOZHAKOMMMCH ¢ aGCONIOTHON 3JeKTPOMAarHHTHON
cHcremok eaunny {CI'CM-cucreMmoit), B OCHOBe KOTOpDOMH
JeXUT 33KOH B3aMMOAEHCTBHA MeXAY IPOBOAHHKAMH, IO
KOTODHIM Teyet 3AeKTpHYecKnA Tok. AGco/IOTHOA ABAAeTCS
TaKXKe rayccoBa cHcTeMa, B KOTOPOH efRHHUb H3MepeHHs
3/1eKTPHYECKUX BeJHYHH coBnaigaior ¢ eiunnuamu CICI-
CHCTEMBI, & MarHATHRIX BeaudHit — ¢ efuAyuamu CICM-
CHCTEMEL

B cuctreme CIC3 dopmyna, pepaxaromas szakon Ky-
JIOHa, NPUHUMAET CJeLyIouni BRA:

et (3.1)

Sta hopMysa clipaBe/uBa B TOM CaydYde, eclH 3apakbl
Haxozdarca B mycrote. Jas 3apsaioB, NOMeNIAlOUIMXCA B He-
KOTOpoR cpelle, OHa JoJxHA OBITH yTouHeHa (cm. § 18).

C 1 suBaps 1963 r. 8 CCCP mesien B gmeficrane Tocy-
napersennni crangapt TOCT 9867—61, KoTopuiM TpeanH=
CBIBAETCS NPEJANOUTHTENbROE npumeﬂenne Mesx aynaponoft
CHCTeMB! efluHny, ofosHavaemod cuMBoaoM CH. Ocsonun-
MH eIMHHIAMH 5TOH CHCTEMBI ABJIAIOTCA METD, KHJAOrPaMM,
ceKynaa, amnep, rpagyc KenaoBuna #u cBeda. Efunnuest cu-
ant B CH caysxut #biorod (1), paBusifl 10° Oun.

HpH ycTaHOBACHHH €IHHHI K3MEPEHHA JJEKTPHYECKHX M
margutHptx BequuuH CH, kak u CICM-cucrema, ucxonur
H3 3aKOHa B3AHMOAEHCTBHA He 3apAfOB, & NPOBOJAHHKOB
¢ TokoM. IToaromy Ko3dHUHEHT NPOMOPLHOHAJIBHOCTE B
dopMyne 3akona Ky/oHa oKa3niBaeTcd OTJIHUHOH OT eRH-
HHUBI pa3MepHOH BeJHYHHOH.
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Emunnuen sapaga 8 CH susaserca kyaon (k). Onbit-
HEIM TIYT€M YCTAHOBJIEHO, UTO

1 x=2,998 - 10° (npuGauxenso 3.10°) CFCI-ex. sapaaa.
(3.2)

Yrtolni cocTaBUTL TpeAcTaBjdeHue O BeJHYHHe 3apana
B 1 X, BHIUHCIHM CHIY, ¢ KOTOpPOH B3aHMOJelcTBoBa/H OHl
ABa TOYeuHbIX 3apsia BeauwuywHoH [ x Kawiwi, HAX0AA-
uu?écn) Ha paccroanuu 1 m ppyr ot apyra. B coOTBETCTBHYN
c (3.1

f=2 L0200 CPCa=9. 104 dun =9 10° 1~ 10° 4T

SneMenTapubli 3apsi, BHpaAXEHHBH B KyjdOHnaX, pasen

e=160-10""g.

§ 4. Pauvouanusosannas 3anuch GopMmya

Bo muorne dopmyas 3JeKTpOAHHAMHKE, €CJH 3adHCH-
Batk ux B CFC (B uacTHoCTH, B rayccoBofi) cHcTeMax, BXO-
AAT MHOMHTEIAMH 4m H TAK HA3biBAEMAad 3JEKTPUAHHAME-
yeckan [OCTOAHHad ¢, PaBHAT CKOPOCTH CBeTa B MYCTOTe.
Hns toro uto 66 W3GaBHTRCH OT HYUX B NPAKTHUCCKM Hau-
Gonee BamuLX dopMynax, KO3dPHIKeHT APONOPUHONAID-

Hocru 8 sakone Kysona nosarawt pasasiv ——. Toraa
(1]

BbLIpaXKeHHEe 3aKOHa ANA 3apAioB, NMOMellAOIIHXCAd B IIy-
CTOTE, IPHHKEMAET BHA

fm o Dl (4.1)

T dne, r?

CooTBeTcrBeHHO H3MeHAWTCA H IpyrHe dopMyan. Bu-
JousMeHeRHas nofobuepiM 00pasoM 3amuch (GOpPMYN Hasbl-
BaeTcd pamHOHaAH3oBaHHOMN. CHCTeMB eAMHHN,
IOCTPOGHHHE ¢ HCNOMIb30BAHHEM DPALHOHANH3OBAHHBIX (Op-
MyJl, TakkKe Ha3HBATCA PANHOH2JAH30BAHHHMH
K ux uneny npunagaexur v CH.

Benuunuy s HasHBaKwT 3SJEKTPHUYECKOH no-
ctosHnol OHa HMeeT PA3MepHOCTb JIEKTPHUECKOR eM-
KOCTH, ZefeHHoH Ha AauHy. COOTBETCTBEHRO ee BHIpAKaIol
B eAHHUDaX,Ha3uBaeMblx papana Ha MeTp (cm. § 25),
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Hro6p HaATH YHCIeHHOe 3HAUCHHE &p, IIOACTABHM B
dopmyny (4.1) sHaueHHA BeAHMUHH, COOTBRTCTBYIOLLHE CHYy-
uaK ABYX 3apafoB 0o } £, PACNOJOKEHHHX Ha PAacCTORHRY
opyr or npyra, pasuoM 1 s. B npeawayniem naparpade mu
HaULIA, 4970 CH/a B3aMMOJEHCTBHA B 3TOM CJyyae pasHa
9.10° & [loacraBuB 3TO 3HAUEHHE CHJBL, a8 TakKe §) =
=gs=1Kkur=1nm5 dopmyny (4.1), noayunm

1
4“30

9.10°=

1-1

TR

OTKyAa |
&= =g rgr = 0,885 - 107" @/, (4.2)

DAeKTpHYECKaA IIOCTOAHHAA 29 COBMECTHO ¢ MarHHTHOM
NOCTOAHNON o (cM. § 38) samensawT QUrypHPYIOILYIO B ra-
YCCOBOH CUCTeMe 3JeKTPOANHAMHUYECKYIO NOCTORHHYWO €.

B n3nannroft 3a npomine roau 8 CCCP nureparype no
(H3HKe HCMOAL3YeTCA NPEHMYLIeCTBEHHO TayCccoBa CHCTEMa
exunul, [TostoMy MBl cuitaeM HeoOXOZMMBIM NO3HAKOMHTSH
yyaunrexces Kakr ¢ cuctemofi enuuun CH, 1ag u ¢ rayccosoi
cHcremoit. HMamowxenne Oymer Bectuck B CH. [MTonytro Oy-
JeT yKasbplBaTbCA, KAK NOJy4eHHEle QJOpMYJbi BHIIASAAT B
rayccosoit cucreme. B upuaoxennn 11 8 KOHUE KHHIHM cono-
craslieda’ 3amuch OCHOBHLIX (DOPMYJ 3JEKTPOAHHAMHKH B
CH u B rayccosofi cucrteme.

§ 5. JnekTprueckoe noae. HanpsiKeHHOCTh RNOAH

DBaanmopeficTBie MeXIy 3apsilaMH  OCYIRECTBJASETCH
yepe3 3JeKTpHUecKOe NioJe. Beskuil 3apai HaMmeHsieT CBOH-
CTBa OKpy:Kaloluerc ero ApPOCTPAHCTBA — CO3AA€T B HeM
3MeKTpHYECKoe noJe. 3To node mpofAsiaser ce6s B TOM, 4TO
TNOMEUSHHBA B KAKYIO-I100 ero ToUKy saekTpuuecKuli 3a-
pPAL OKa3biBaeTcsl nog OeHicTBuem cuanl, Cie/0BaTedqbHO,
JUlg TOro uToOHl BLIICHHTB, HMEETCH JH B JaHHOM MecTe
SMeKTPHUYECKOe II0JIE, HYIKHO TIOMeCTHTh TyJa 3apsiKeHHoe
Teqo (B fajbHefeM A KpaTKOCTH MHE GyfgeM TOBOPHTL
HpOCTO 3apsjl) # YCTAHOBHTb, HCMBITHIBAET OHO JeHCTBHE
3JeKTpHYeCKOH cuabl #an Her. Ilo Besuunmte cuawl, Jef-
CTByIOIGEH Ha MAaHHBIA 3apsAX, MOIKHO, OUEBHJIHO, CYAHTH
00 «HHTEHCHBHOCTU» MOJA.

Hrak, ana obnapy:ReHus H HCCIeJOBaHHA 3JeKTpHue-
CKOTO MO/t HYXKio BOCTOAL30OBATHCA HEKOTODLIM «NPOGHBIM»

2 M. B, Capenspes, 1, I[I 17



sapagoM. Jaa Toro nurobm cura, AeficTBywIas Ha
npoOHBIA 3apAJ, XapaKTepH30Ba/la NOJAe «B JAHAOH TOUKE»,
upobHupift 3apsan  AoJ/KeH OHTb TOweunbiM. B npotuaHOM
cayyae cuaa, feficTByIoIlasd Ha 3apai, Oyzer XapaKTepuso-
Bathb CBOACTBA NOAA, yCPeNHEHHHE MO o0bheMy, saHHMAae-
MOMY TEJIOM, KOTOpoe HeceT Ha cebe mpoOubiii 3apap.

Hceneayem ¢ nOMOIBI0 TOYEUHOO HPOOHOTO 34psila fup

nojie, co3fasaeMoe ToueuHblM 3apaioM ¢. IlomecTHB npot-
HEI 3apsf B-TOYKY, MONOXEHHE KOTO-
f po# oTHOCHTeAbHO 3apada ¢ onpele-
JfeTcs pajHyCoM-BEKTOPOM T (pHc. 3),
[ MHE 06HADYKHM, YTO Ha HPOOHBR 3a-
r psn BeHCTBYeT CHAa
____ I g r

f—qnp(m"ﬁ?) (5”
Hs tdopmyant (5.1} caeayer, uto
Puc, 3. CHIla, AeHCTBYWOIMAR HA NpobHuWE 3a-
psil, 3aBHCHT He TOJBLKO OT BEJHMHH,
onpeJcAMUX noje (OTGH ), HO H OT BeAHYAHE NPOGHOrO
3apAala Gup. EcAK 6paTh pasHble no BejguyHHe npoOHblE 3a-
paasl g, qn, B 7. A, To u cuant ¥, 17, ..., KoTopste oHn
HCOHITHIBAIOT B LAHHOH Touke nodas, GyAyT pasasudsl. Jler-
KO, OMlHaKo, BieTh ¥3 (B.1), wTo oTHOWeHHe §/gnp 4TS Beex
npoGHEIX 3apAmoe OyAeT ORHO W TO e ¥ 3aBMCHUT JMillb OT
BeJHYHE ¢ M F, ONpedensioluux moJie B aauHofi Touke. Ilo-
TOMY eCTeCTBEHHO [PHHSITh 3TO OTHOIIeHHe B KayecTRe

BEJHYHHLI, XapaKTepH3YIOLLeH J/JeKTPHUECKOe NoJje:

i

s (5.2)

BextopHyw peanunHy (5.2) Ha3WBaiOT HAaATpANKEH-
HOCTBH 9JEKTPHUYECKOro NOJAH B AaHHON TOuKe
(T. e. B TOil TOYKe, B KOTOPOH NPOOHBIA 3apAL Gup HCIBITH-
BaeT jgeficTeHe cAaw f).

B coorBerctBHE ¢ dopmynoft (5.2} HanpsKEHHOCTb
JIEKTPHUYECKOrO I0JIS YHCJAEHHO paBHaZ cude, AelcTBYOILel:
Ha eNHMHYHBIN TOYEUABl 3apai, HaxonaulHica B AaHHOMH
Touke noas. Hanparaenne Bextopa E coBnamaeT ¢ Hampa-
BACHHEM CHJABL, ACHCTBYIOILCH HA MNOJOMHTENbHHIA 3apaf.

K nosATHIO 0 HanpsiKeHHOCTH 3JeKTPHYECKOTO MOJsA Mbl
OpHWIAH, HCCTeAys node ToyeudHoro 3apsaia. OxHako ompe-
Jeaenue (5.2) pacmpocrpaHserca M Ha ciydaH modas, co3ja-
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BREMOro JI060K COBOKYNIHOCTBIO 3apaacB. B aTom chyuae,
BRpoYeM, HeobOXoAuMO clejylollee yTouuenwe. Moxer cay-
YHTBCA, YTO BIAHMHOE PACTOJNOMNKEHHE 3apAf0B, 06YC/I0BAH-
BAIOHIYX HCCAELYEMOS MOME, H3MEHACTCS TOM BO3JEHCTBHEM.
npofuoro sapsaga. 3T0 NpoH3CAjeT, HanpuMep, Koraa 3a-
PAAL, CO3JAlONKe [HOJIe, PACNOMOMEHRE Ha MPOBOJHHKE H
MOTyT CBOGOJHO MepeMellaThes B ero npenenax. [Tosromy,
4TOOLl He BHECTH M3MeHeHMA B HCCHeAyeMOe fofe, BeaHyi-
Hy npo0bHoro sapfaza HyxHO (paTe JOCTATOMHO MAaJOH,

Kax crexyer nz dopmya (5.2) u (5.1), nanpsxkeiiHocTs
M0JA TOYEHHOTQ 3apsiia NMPOMOPHHOHANBbHA Be/HYHHE 3apd-
Aa g n o6paTHO NPOMOPUHOHANLHA KBaJApaTy PacCTOAHHA r
OT 3apAia A0 LAHHOA TOYKH MOJA:

R T L (5.3)

Hanpasnen sektop E Brons paguansHoil npamof, mpo-
XOHAlleH uYepe3d 3apaAX ¥ AAHHYIO TOUKY NOASA, OT 3apfja,
€CJH OH MOJQXHTeNEH, H K 3apsify, eC/H OH OTpPHLATENeH.

Cornacio ¢opmyne (3.1) B rayccosoft cucreme ¢dopMynz Aaa Ha-
TPSXERHOCTH TIOMS TOYEYHOTO 33pNAA B OYCTOTE HMEET BHA

qg r
E<1 L, 5.4
o (5.4)
3a eJUHHIY HaNpPsAeHHOCTH 3JEKTPHYECKOrO I NpH-
HHMAeTCA HaNpA:XKeHHOCTE B TaKOH TOUKe, B KOTOPOH Ha 3a-
pax, pasanil eguunue (1 £ B CH, 1 CI'C3-epunnne sapsja
B rayccoBoit THcTeMe) geHCTByeT cmila, BeJMYUHHA KOTOpO#
Takxe exnnuua (1 # s CH, | dun B rayccosoii cucreme).
B rayccosoii cucteme 3Ta eAMHNNA CNEHHAALHOrO HAa3BAHRA
Re nMeeT. B CH enuHHua HANpsIKEHHOCTH 9/1eKTPHYECKOrO
noAs HMeeT Ha3BaHHe BOJBT Ha MeTp H 0bBo3Hauyaer-
ca efm [cm. dopmyay (11.8)]
Coranacno (5.3) sapag B | & cosgaeT B NycToTe H4 PACCTOAHYMH | #
HaNnpAMKeHHOCTh
E=—~l'-i*-—-—--—l!2—=9‘ 10% 6!.#.
BT AT
Ta xe REMPAKCHAGCTE B FaYCCOBOﬁ CHCTEM¢ paBHa
q 3-10°

= T TI000
Conocrasing ofa peayAbTaTa, HaXoiHM, UTo
1 CI'C3-efuinna HANPIKeHHOCTH oA = 3 - 10 o/am.
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Coraacno (5.2) cunaa, aeficTByowas Ha npoGHHA 3apaf,
paBna
f=g,-E.

OueBunano, 4To Ha BCAKHA ToueyHui 3apam ¢') B Tou-
ke noan ¢ HanpaxenhocTeto E Oyner nelicTBOBatTh CHAa

f=g¢q-E. (5.8)

Ecau 3apsa ¢ noaoxuTeneH, HanpapJeHne CHAL COBHa-
RaeT ¢ HanpabieHuem pextopa E. B cayuae orpumarens-
HOro g HanpasJjeHusa BekTopoB f ¥ E npoTHBONONOMHLL

§ 6. Cynepnosuuna noxefi. Moje aunoas

OnuiT nokasLiBaeT, YTO CHAA, C KOTOPOA CHCTeMa 3apa-
nop JeAcTByer Ha HeKOTopblﬁ He BXOJAAUIHH B CHCTeMy
sapsf, pasHa BeKTOPHOH cymme chl, ¢ KOTOpPLIMH AeficTByeT
Ha AAMHHIA 3apaf KamAiwil U3 3apaA0B CHCTEMHE B OTLEb-
goctH. OTcloda BLITEKAET, UTO HANPANEHHOCTG NOAR Cl-
cTemMp 3apados pasHa GEeKTOPHOL cymme Hanpaxcenwocreld
noaefl, KoTepoie cosdasaa Ool KaxcOvifl us 3apadoa cucremol
8 OTOCAbHOCTIL:

E=E1+E2+ --.=ZE;. (61)

[MocaenHee yTBep:AeHHe HOCHT HA3BAHHe NpPHHLHOA
Cynepno3nunk (Ha/lOXKeHHA) 3JeKTpPpHIECKHX
noJgaei.

[NpiHUHR CYNepNO3HINH NO3BOJAET BHLIYMCAHTD HampH-
JeHHOcTh noaf MAGol cHoTeMb! 3apafgoB. PasGusas npo-
TSIKEHHbBE 3apaAbl Ha JA0CTATOYHO Manble JA0AH dg, Nodyo
CHCTEMY 3apAJ0B MOXHO CBECTH K COBOKYIHOCTH TOWEYHLIX
3apAnoB. Braaj KaxAOro H3 TaKMX 3apAjoB B PE3YJbTH-
pyioiee noje BuuHcHAneTcs no Gopmyse {5.3).

Bocrnionb3yeMcs NPHHUMTOM CYNEpPHO3HUHH INf HAXOX-
JeHHA HAaNpRKEHROCTH NOJA 3/JEKTPHYECKOIrO IHIOJA.

DneRTPHUYECKHM JAHNOJEeM Ha3LbBaercd CHCTe-
Ma JABYX OAWHAKOBBIX [0 BeJHUHHE Da3BOMMEHHLIX TOuey-
HblX 33apsAloB: +§ H —¢g, PaccTOfHHe MeXJy KOTOphiMH {

1) B gopmyse (5.3) 4 osnawaer sapfia, OOYCAOBAMBAWIMA noJe.
B topmyne (5.5) qepes ¢ ofosmauen 3apaid, HCNBITHBAKIMKA B TOuKe
¢ nanpamennocTolo E meficTBre caaw i
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3HAYHTENLHO MeHbllle, YeM paccTORHHe A0 TeX TOoYeK, B KO-
TOPHIX Onpefenserca none cHcremsl. Ilpamasn, npoxoanian
yepes 06a 3apana, HasmsaeTcs ocblo nunoas. Hafizem wa-
NpAXKEeHHOCTE NOJSI Ha OCH IHNOAA, a TAKKE Ha NpAMof,
NPOXOAALIEH UYepe3 LEHTP IHNOJS M NEPHeHHKYJSPHOH K

Puc. 4.

ere ocu {puc. 4). Ilonokerne ToueK Ha ITHX NpAMHX 6y-
KEM XapaKTepH30BaTb UX PaccTOAHHEM ¢ OT LEHTpa 1M-
noaa. HanoMHEM,” 4TO B COOTBETCTBHH C ONpeAeJeHHEM
AHTIONS JIOJIKHO BBIOMHATLCH VeJgoBHe: r 2% [

[Tone B Kaxjgofl Touke GylZer Dpeacrasasnts cobofi cy-
neprnosuunio noneid E+ u E_, coagaBaeMbIX TOYeuHLIMH 3a-
pagaMH +¢ u —¢. Ha ocu ngumona sektopu E, u E.
HMEIOT OPOTHBONOJOKHEE Hampasdenus.. [lostomy pesyis-
THpYIollaa HanpsxenHocTe Ey Oyner paBHa no Moayaio
pasHocTH Moaynefl Bektopos E; u E_:

1 p q 1 (’+é)2‘(’_7§’)2
I il

=g 7 =i 7 3 7
[ s R s 24

2
[IpeneGperass B suamedarteqe [/2 mo cpaBHeHHIO ¢ I,
noaydaem

By=l 2L L 2 6.2)

g, 2 4ney 13’

rae uepes p obo3HayeHO nNpou3BeieHue gf, HaskiBaeMoe
BAEKTPHUYECKHM MOMEHTOM JHIONN.

21



Haa touer pa npamofl, nepnenaHkyaspuof k ocu, EL n
E. #MeioT 0ZHHAKOBBIE MORYJH, PABHHE

g 1 q P g
Ey=E- = M{L)g.m o (6.3)
2

M3 nopoGus parHOGeApeHHLIX TPEYFOJLHHKOB, OOHPaio«
uHxcs Ha orpesoK ! W Ha Bextop Ei (puc. 4), caegyer,
qITo

E, t

3aMeHUB B 3TOM cooTHOweHuH E; ero amauenueM (6.3},
NOJIYYHM

I
aF—,
r

1 ¢ . 1 p
EJ_="““T“—"—— gl (6.4)

Moxno nokasath, YTO HanpsAKEHHOCTH MoOAs AHNOAH
B MPOH3BOJLHOH TOUKe onpejenasercd (opMyJsoi

E=-t_P yYT¥3coste, (6.5)

4negd

TAe o — YTON M@XAY OChbl0 JHIIONS H HaNpaBJeHHEM Ha
sanuylo Touky {pue.5), [Mogcranoska B (6.5) o = 0 (nam n)

H u=_—r2°— npuBoANT K dopmynam (6.2) u (6.4).

+q __-_;t??
-gh___z_:g -g?ffj;_ _Taé i
,~ R
S S
g 7 a) f)
Pue. 5. Puc. 6.

B rayccopoi cucteme B Qopumyaax (6.2), (64) n (6.5) orcyr-

CTEYET MHOHHTENE

4ne,

XapaKrepHuIM IJA HaOPSXKEHHOCTH NOAA AMIONA AB-
Jsercd TO, YTO OHa Onpejefisiercs He BeJHUHHOA 08pasyio-
WHX JAHNOAL 3apAAOB, a2 MOMeHTOM Aumoas p = gl. C pac-
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cTOMNHEM OT NANOAA HAanpsKeHHOCTh yObiBaer kak 1/rd,
T. €. GHCTpee, YeM BanpSIKeHHOCTh NOJA TOYEHHOro 3apsnia
(y6brBatontas kKak 1/r?). HanpsKeHHOCTh MOKa3aHnHo# Ha
puc. 6, a cucTeMBt 3apR0B, HA3LIBAEMOft KBAAPYNOAEM,
yOMEBaeT ¢ paccTosHxeM ewe SwicTpee — Kak 1/r%. Hanps-
MEHHOCTb OKTymoas (puc. 6, 6) yGusaer kak 1/r5 OG-
WwxM A14 AHAOAS, KBAaAPynois H OKTYIO-
Af ABJSETCA TO, 4T0 ajdreGpanueckass cyM- -4 D
Ma 06pasyiolHX HX 3apAJ0B PaBHAa HYJIO. "‘"Q*-——}—'_?’
OTMeTu™, 4TO NOMHMO ¢ ¥ [ Aaa mon-
HOTO onpefenelyss JOHOOAA HeoOXOLHMG Puc. 7,
3alaTh ellle H OPHEHTALKIO OCH AHHONS
B jIpocTpaHcTBe. B cOOTBeTCTBMM C 3THM MOMEHT JRMMOMM
CAeAyeT paccMaTPHBATL KaK BeKTOP p. DTOMY BeKTOPY NpH-
fIUCBIBAETCS HANpaBJcHHe OT OTPHLATENBHOIO 33apAja K mo-
JqoxutenbHomy (puc. 7). Ecium BBectH paawyc-extop I,
NpoBefleHHBH OT —¢g K +¢g, TO MOMEHYT AUNOAA MOXHO
NpejCcTaBuTh B BHIE

p=g¢gl. (6.6)

§ 7. Jlunns wanpaxennoctu. Motok Bexkropa
HANPAMKEHHOCTH

DIeKTpUYECKOe [OJE MOXKHO 3aJaTh, yKazaB AJs Kax-
Iofi TOUKH BeNHYHHY W HanpasicHue sektcpa E, Cooxyn-
HOCTh 3THX BeKTOpOB OOpasyer node BeKTOpa HalpsKeH-
HOCTH 3MEKTPHYECKOro noJda {cp. ¢ nojeM BeKTopa cKopo-
ey, 1. I; § 34). Tlone BexTopa cKOpOCTH MOMNHO, KaK Mbi
3HaeM, TPEACTABHTb OYeHb HACASAHG ¢ IOMOULLIC JTHHHE
TOKa. AHANOIHYHQ IJMEKTPHYECKOE: MOJe MOMNHO ONHCATh C
TOMOLLbLIO JHKEH{l HANPSIKEHHOCTH, KOTOPLIE Mbl OyiaeM Ha-
3bIBATL COKpauleHHo JAnuusMy E. JIHHHE HanpaxeHHOCTH
nposoaarcd TakuM obpaszoMm, uTo6GH KacaTeldbHa# K HHM
B Ka¥JOH TOYKe cOBNajana C HampaBjieHnHeM Bektopa E.
Fycrora auuuf BoIbupaercs Tak, 4TO6GH KOJHYECTBO JHHHUI,
APOHK3LIBAIIHX €AUHHLY MOBEPXHOCTH MePIeHANKYAAPHOH
K JIHHMAM [I0IMALKH, GpiIo paBHO YHCAEHHOMY 3HAYEHHI)
Bektopa E. Torga no KapTHHe JIMHRE HANPAMKEHHOCTH MOX-
HO CYAHTH O HanpasJ/eHHH H BenuuuHe BexTopa E B pas-
HBIX TOYKax npoctpanctsa (puc. 8).

Jinauy E ToueuHoro 3apfARa, OvMeBMJHO, NPeACTaB/IAOT
co00Hl COBOKYNHQCTE PaHAJBHBIX APAMBX, HaNpaBAeHHHX
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OT 3apsja, ecaH OH I[OJNOXKHTENEH, H K 3apAdy, eclH OH
oTpunatened (puc. 9). JIMHHH OAHHM KOHIOM ONHDPAKOTCA
Ha 3apfA, OPYTHM YXOAAT B Beckoneunocts. B camom mene,
noaxoe uncao N JiuHuil, nepecekawIHX ChepHYECKY No-
BEDXHOCTL TPOH3BOJABHOIG pajfuyca
r, GyleT paBHO NpOU3BEJSHUIO TY-
CTOTHI JIHHHE HA TIOBEPXHOCTE che-

£ E
pel 4nr?, T'yerora Janumi 1'[01 ycJ10-
= g
BHIO UHCNEHHO paBHa E = ey 77
/,———\ CaenoBareabHo,

N yucaeHHO paBHO
L Lanrr=L, (7.1)

dne, r? g

Puc, 8.

T. €. 4HCJIO JHHMHA Ha JOGOM paccTofHHH OT 3apsijla Gyner
ofHo H To Xe. OTcl0Za U BBITEKaeT, YTO JHHHH HUTIE, KPO-
M€ 3apfja, He HAUMHAIOTCA M He 3aKaHYHBAIOTCH; OHH, Ha-
YaBIIKCh Ha 3apsje, YXOAAT B OecKoHEUHOCTb (3apsf mo-
JAoXHTENEH), KGO, NMPHXOAst M3 OecKOHEUHOCTH, 3aKaH4YM-
BAKTCH Ha 3apsie (3apAl oOTpHIATeNeH). 370 CBOACTBO

NN
N7

auhni E singeTca oOliuM A/ BceX 3JEKTPOCTATHYECKHX
noJieft, T. e. noneidl, cosgapaeMux JoGoi CHCTEMOR Henoxm-
BHAHLIX 3apAJOB: JHHHH HaNpPAMKEHHOCTH MOTYT HaUMHATh-
€A MJH 3aKaHYHBaTbCA JHIb HAa 3apAnax NHOO YXONHTH B
Geckoneurnocts. HuiKe, Ha puc. 26, nokasawa KapTdHa JH-
Huéi E moas ppnoas,
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[lockoaexy rycrora nuuufi E seiGupaercs passHofi duc-
NMeHHOMY 3HaveRMio E, KOJIHYeCTBO JHHAMN, MPOHH3LIBAIOMIHX
naowazky dS, nepnenaukyasapHyio K Bektopy E, Oyxer
qitcnedto paBHo E dS. Ecan niotagka dS opuenTnpoBaHa
TaK, 4YTo HOpMaJlb K Hell o6pasyer ¢ sektopom E yroa o, To
KOJIHYECTBO JHHUM, MPOHH3LIBAIOIIMX MJOIIAAKY, OyaeT 4YHC-
JeHHO paBHo [cp. ¢ dopmyaol (82.12), . I

EdScosa=FE,dS, {(7.2)

rle E, — cocrasnsionan sexropa E mo HanpaeneHHio Hop-
Maau K miouiagke. Orcioga gaa Konudectsa Jauuui E, npo-
HH3BIBAIOUIHX MPOH3BOJbHYIO NOBEPXHOCTH, NOJYdaeTcs Clie-
Aywllee BEIPaXKeHHe:

N uHcIeHHO paBHO IE,, ds. (7.3)
$

Ecnu uMeetcsi NoJe HEKOTOPOTO BeKTopa A, TO BLIpaxKe-
HHue

m=j&¢& (7.4)
S

rie A, — COCTaBAAKILAR BeKTOpa A MO HAMpaBJAeHHIO HOp-
mMany K dS, nasbiBaeres NOTOKOM BeKTopa A uepes
MOoBEPXHOCTh S.

B 3aBHCHMOCTH OT npHpoAL BeKTopa A BBHIPAMKEHHE
(7.4) umeer pasnuuHblll Qu3HYecKnH cMpica. Tak, HanpH-
Mep, MOTOK BEKTODA NMJOTHOCTH MOTOKA SHEPTHH paBeH, Kak
H3IBECTHO, [IOTOKY SHEDIHE Yepe3 COOTBETCTBYLLYIO NOBepX-
Hoete (cm. 1. I, § 82). IlpenocrarnsieM YHTaTesdio caMoMy
yOeIuThcA B TOM, YTO MOTOK BEKTOPa CKOPOCTH

o= [ 0,dSs
S

Laer o6beM KHIKOCTH, NpoTekawllei B eJHHHUY BpeMeHH
Yepes MOBEPXHOCTD S.
Hz dopmyan (7.3) crenyer, uto nmoroxk sexkropa E

®=jmds (7.5)
5
YHCACHHO paBeH.KOJHYECTBY JIHHHIA E, NPOHH3LIBAIOWIHX O~
BEPXHOCTb S.
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Kag mB!l yBHIHM B HpanbHefilleM, NOHATHe NIOTOKA Bek-
TOpa NANPAMEHHOCTH. MOAA Hrpaer - GOJBLIYIO ponb B Yue-
Hxu 00 ACKTPHYECTBE W MarneTusMe,

3amernm, uro notork (7.5) ectr aarebpamueckas BesH-
YHHa, NpHYeM 3HAK ero 3aBHCHT OT BHOOpa HampasJ/eHHS

£ HOPDMANK K SAeMEHTapHBIM IVIOWAj-
KaM, Ha KOTOopbie pasbuBaercs no-
BEPXHOCTL S NPH BbidHCAeHHH D. Hs-
MCHEHHE HATPABJEHHA HOPMAJH Ha
HPOTHBONONOXKHOE H3MEHAET 3HAK Y
E,,.a clefoBatebHO H 3HaK Y NOTO-
Ka B.

B cayuae 3aMEHYTHX DOBepxHO-
CTelt NPHHATO BHIYHCAATH NOTOK, BLI-
XoJAui W3 OXBaTLIBaeMOfl MOBEpX-
HOCTBLIO 0b6JacTH Hapyxy. CooTkercT-
BEHHO [10Z HOpMadbi0 K dS B Jafb-
felimleM - GyZeT BCerja nolpasyme-
BaTecAl oOpauleHHas Hapyxy, T. €

Pre. 10. BHEIUHAA, HopMadab. [lostoMy B Tex

Mmecrax, rae sexrop E nanpasieH na-

pyxy (1. e. annug E BbIXOZHT H3 00BbeMAa, OXBaTHIBAEMOIO

noeepxaocteio), En W cooTBercTBeHHO AP OyAYT NMONOKH~

TeJbHBI; B TeX JKe MecCTax, rie Bextop E Hanpasnen BHYTDb

(1. e. aunus E Bxonut B 00BeM, OXBaThiBaeMHIl NOBEPX-
noctbo), E; v d® Oyayr otpuuatensHe (puc. 10).

§ 8. Teopema Taycea

B npeanigyuiem maparpabe Omao noxrasano [cM. top-
myany (7.1)], uto okpyxawinyo TOYeUHL{l 3apag g cep-
_MeCKYIO TNIOBEPXHOCTH Jioforo paguyca r mepecekaer gfeg
auanit E!). Otcioga BHTEKaeT, 4TO H3-TOYEYHOro 3apaja
BHXoAuT (NGO K HeMy cxOonurcs) g/ep AMHHH (B rayccoBofi
CHCTEMeE 970 UHCH0 paBHO 4mq).

B cooteeTcrBud ¢ topmyaol (7.3} norok sexkropa E
Yepe3 HEKOTOPYI0 NOBEPXHOCTE UHC/ACHHO PaBeH KoJauue-
ctBy auuuii E, nepecekaiouldx 3ty mosepxuocth. Chenopa-
TeMbHO, NOTOR BerTopa E uwepes oxpaTwBalOLLyio 3apaX

1) Pasymeercs, KoJHYecTBO JHEui E JHWL 9HCIeHHO PaBHO g2
KoautecTBO AHHRAR — Ge3pasMepHas BEJTUYHHA, BHDAMEHHE Xe ¢/g
HMeeT pasMepHOCTb, ONHAKO ME JAMA KPAaTKOCTH OYNEM YC/IOBRO TOBO-
puTh, YTO YHCAQ JHHUA PABHO ¢/
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cpepHuecKyl0 TOBEPXHOCTE DaBeH ¢fep!). 3Hak noToka
coBnajaer co 3HakoM 3apajga, [lokawem, utOo W ;N8 OO-
BepXHOCTH J1060A Apyroft (GopME, eCAM OHA 3aMKHYTA H
3aKJI0YaeT BHYTPH Ce0Gf TOUEUNBIA 3apsAj ¢, NOTOK BeKTQpa
E takwe OGyner pabed gfep. JI1A HOBEpXHOCTH, He HMelO-
medl «mopuluus - {pHc. 11,a), 3TO yTBepHKJAeHHe SBJAAETCH
oYeBHAHBIM. JlefACTBHTEABLHO, TAKaA NOBEPXHOCTh, KAK H MO-
sepxnocTh cdephl, nepecexaeTca Kamaol JuHued E TonbKO

a) &)
Puc. i1,

oann pas. Ilostomy uHcA0 nepeceyeHHl paBHO KOMUECTBY
JIHHHE, BHIXOAALMX H3 3apAAa, T. € §/e.

fpu BbiunMcAeHVH NOTOKa Yepes MOBEPXHOCTE ¢ «MOp-
mwHHaMA» (cM. puc. 11,6, Ha KOTOpPOM TOKasaHa TOJbKO
0Ha M3 g/eq auuull E) HyXHO yyecTh, YTO UHMC/IO Mepece-
YeHHiR pavAofl JHHEHM E ¢ MOBePXHOCTBIO MOXKET 6blly‘b B
paccMaTpHBAEMOM Cliyuae TOJIbKO HeYeTHBIM, NpPHYEeM  3TH
nepeceyeHus GyAYyT BHOCHTh B OO NMOTOK NONEpeMEHHO
TO NOJOXKATeNbHLIA, TO OTpHHATeJbHHE BKAaiz B urore,
cKoAbKO Oul pa3 naHHaf JHHAA He NepeceKaja NOBepX-
HOCTh, Pe3y/bTHPYIOUIHI BKJIaj B NOTOK OyAeT paBeH JHOO
nJoC efAHHELE (478 JNHHHH, BHIXOAAUIER B KOHEYHOM cuere

') B naumoM cayyse HOET pedb HE TOJALKO ¢ UHCACHHOM pABRH-
cTBe:; PasMeprocTs NOTOka. Bextopa E patna pasMepHOCTH /8.
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Hapyxy}, JHGO MHRYC eJHHuue (A8 JAHHHH, BXOIAIUER
BHYTPb).

Tagum o6pazom, kaKobBa OH HK GHIa dhopMa 3aMKHYTON
NOBEPXHOCTH, OXBATHBAIIEH TOUEYHbIAl 3apfl ¢, TOTOK BeK-
Topa E CKBO3b 3TY NMOBEPXHOCTh OKa3ublBAaeTCs paBHEIM g/eo.

ITycre BHYTpM HeKOTOpOfl 3aMKHYTOH MOBEPXHOCTH  3a-
KJIOUEHO HECKOJNIbKO TOYCUHLIX SaPANOB NPON3BOMBHAEIX 3HA-
KOB. g1, §2 H T. 1. [lotok Bekropa E mo onpegenennio pa-
BEH

O=0E,dS @.1)
§

(KpYyXOK y 3HaKa HHTerpajda ykasniBaeT Ha TO, YTO HHTe-
TPUPOBAHHE MPOH3BONHTICA NO 33MKHYTON MOBEPXHOCTH).
B cuny npuRnMna cynepnosnnuu nodeft

E,=Ep+Ep+ .. = XE. (8.2)

Tloacrasus (8.2) B BhipaxeHue AJaA NOTOKa, MOAYYHM
§ EndS = § (N En)dS =X § Euas,
§ § §

rue Eni-—'Hopmaanaa cocTaB/ARKOILan HaHpH}KEHHOCTH
HOJIA, CO3RABAEMOTO i-M 3apAROM B OTHEJBHOCTH.
Ho, kak 6LL10 1MOKa3aHo BHILE,

q
$Eyas =2,
N

CnegosaTtennnro,
§>E,,,d8=719 Y. (8.3)

JlokazadHoe HaMM YTBepiAeHUEe HOCAT Ha3paHue Teo-
peMu [aycca. Bra teopeMa. MoXeT OHTbL cQopMyJH-
poBaHa CACAYIOLIHM 00pasoM: NOTOK 8eKTOPA HANPANCCHHO-
CTH 3ACKTPUHECKOZ0 ROARA Hepe3 SAMAHYTYHIO NO8ePXHOCTL
pasen arzeGpaudeckol cymme 30KAIOHEHHBIX SHYTPU 3TOU
noaepxrocty 3apados, deaexnod Ha eo.

B wacTHOCTH, eciM BHYTPH HOBEPXROCTH 3apajbl OTCYT-
CTBYIOT, OTCOK pased Hy/11o. B atom cayyae Kamaaa aAunus
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HaNPAXKEHHOCTH MOJdA (Cc03aBaeMOTo 3aphilaMi, paciono-
eHHbIMH BHE [OBePXHOCTH) NepeceKaeT NOBEPXHOCTh HeT-
HOE uMCJ/I0 pa2, BbIXQJAA HapYXKY CTOJbLKO XKe pa3s, CKOJbKO
u Bxonas BHYTph (pHc. 12). B vrore BR/iaj, BHOCHMBIH B NO-
TOK KaKJAOH u3 JAnHHA, Oyier
paBeH HYJIO.

Ecnu 3apsa pacnpeliened
BOYTPH 3aMKHYTOH MOBEPXHOCTH
HenpepuBHO ¢ 00BeMHOM nioT-
woctelo pl}, Teopema Taycca
ROMKHA OuTb 3anucada che-
AYIOIHM ofpasoM:

$E,as = "a:l;.[ pdV, (8.4)
Y v

Puc. 12.

rie HMTerpan cnpasa Geperca no obwemy V, oxmarbiBae-
MOMY MOBEPXHOCTBIO S,

B rayccomofl cucreme B gopmyaax (8.3) u (8.4) smecto l/ey cToHMT
MHOKETeab 45,

Teopema T'aycca nossoaseT B paje cayyaes HadTH Ha-
NPAMKEHHOCTh N0/ ropasfo 0ojdee MPOCTHIMH CPEICTBAMH,
4eM ¢ UCoAb3cBaHHeM ¢opMyAH (5.3) ANA HanmPAXKCHHO-
CTH IOJ TOUEYHOTO 3apsijia H MPUHIHIA CYNEePNO3HUUH [10-
jed. IlpomemoHcTpHpyeM BO3MOMHOCTH TeopeMhl [aycca
Ha HECKONBKHMX TOJE3HHIX ANA jJajabHefiilero npuMepax.

1) OGremHan IIOTHOCTH 3apsia ONPEeAENHCTCH. MO  aHANOTHH ¢
00LIYN0H NJIOTHOCTRIO CASAYIOIINN 06pazom:

p= lim A
av-o AV

rae Ag ~- 32pAh, SaKMOUEHHEI BHYTPH Maioro cOvema AV,
KpoMme ofbeMHON HAGTHOCTH 3apAja HaM NOEafo0ATcA B Aadb-
HeALeM

. A
NOBEPXHGCTHAA MAGTHOCTE ¢ = Hm -—g-,
Ag>0 A

rie Ag — 3apaj, HaXOARWMACH Ha 3NeMeHTe NOBepXHOCTH AS,

. .. Ag
Avnefipaq MROTHOCTE A = lim —,
Af»o A

rae Ag—3apaAR, HaXORAMAACR #a OTpeske UHAHHADHYECKOTO Teda,
uMeloweM LAHHy Al
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1. None Gecxoneunoit oRROPOARO BAPHIKEKUOR NADCKO-
cti. PaccMoTpHM moJe; cozdaBaeMoe GecKOREUHO MIOCKO-
CTLIO, 3apAXKEHHOR C NOCTOAHHOH NOBEPXHOCTHOH IINOTHO-
CTHIO O} AA% ONpefeNeHHOCTH GyNeM CUHTATL 3apRj DOJC-
HKHTeAbHEIM, M3 coofpaseHHR CHMMETpPUH BLITEKAaeT, 4TO
HanPAKeHHOCTL B JI0OO0H TOUKe [OAA HMeeT Hallpabierde,
nepnenUKy/ISpHOe K MJAGCKOCTH. B camom jese, NMOCKOMDL-

KY TIOCKOCTh GecKomeuHa ¥ 3aps-
e XeHa oJHOpoAHno (T. €. ¢ NOCTOfH-
HOW [JAOTHOCTHIO), HeT HHKaKHX
ocHoBaHHI K TOMYy, uroGH CcHAa,
nefictBylolad Ha NpoGHBIA 3apfj,
OTKJMOHA/NACE B KaKyw-AHO0 CTO-
poHy OT HeOpMaJH K HJIOCKOCTH.
“"D E Haiee QueBHAHO, 49T0 B CHM-
E METPHYHLIX OTHOCHTENBHO TNJIOCKO-
CTH TOYKAX HaNDAMKEHHOCTh fOAf
Oyler OAMHAKOBA NO BENHTHHE W
OPOTHBONOJIOXKHEA M6 HATPaBJAEHHIO.

ITpeacraBuM cebe” MbICAEHHO

HHAKADHYSCKYI0 NDBEPXHOCTH C
Puc. 13. 0BpasyionuMH,  NEpEHLHKYp-
HBIMH K IJOCKOCTH,' H OCHOBaMHsA-
MM BeIHUMHH AS, pacnoNoMKeHHHMH OTHOCHTENLEO Ma10-
CKOCTH cuMMerpHyHo (puc. 13). [IpumeHMm K 3TOH
nopepxHoctd TeopeMy [aycca. Ilotok 4depes GOKOBYIO
MacTb NOBEPXHOCTH GyneT OTCYTCTBOBATL, OCKOJIbKY E, B
KaxJof ee Touke paBua uywao. JIas ocHosaumi E, cosna-
Aaet ¢ E. CaeposaTensHo, cyMMapHH TOTOK 4epes 0o-
BepxHocTe Oyaer paBen 2E AS. BHyTpH noBepxHOCTH 3a-
RmoyeH sapap o+AS. CoritacHo Teopeme Iaycca A0MKHO
BHIIOJIHATBECA YCJAOBHE

OTKYLA
E= o (8.5)

230

IMonyueHHBIl HaMu pe3ybTAT HE 3aBHCHT OT AJHHBI LH-
aunnpa. Taknm obpasoM, Ha M0OLIX PacCTOAHHAX OT 1JAO-
CKOCTH HANPSXKEHHOCTb TOJSA ONMHAKORA KO BEJHUHHE.
KapTuHa NHHHA HaUpSXeHHOCTH BHIASAHMT TaK, Kak noKa-
sano Ha pHe. 14, A oTpuuaTeabHO 3apAKeHHOH NAOCKO-
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cTH pe3yabTar OyXeT TAKHM Ke, JHIL HanpasBJeHHe BeK-
Topa E B JHHUl HanpsAXeHHOCTH U3MeHHTCH Ha olpaTHoe.

Ecnu B3ATh IIOCKOCTh KOHEUHHIX pa3MepoB, HalpHMep
3apAKEHHYI0 TOHKYI0 IWIACTHHKY!), TO NOJYUEHHBI BHILE
peayapTaT Gyaer CUpaBeAJHBHIM JIHIUIb A/ TOYEK, PACCTONA-
HHE KOTOPHX OT Kpas MAacTHHKH 3HAUMTENRHO MPEBHIIaeT
pPaccTOSHME OT. CaMOfl IJIACTHHKH (Ha pHC. 15 0614CTb 5THX
TOYeK obBeleHa MYHKTHPHOH KpHBsoidl). Ilo Mepe ylaieuds
OT IMIOCKOCTH HJAH NPUOIMKeHHS K ee KpasM nole Gyfer

/
+§ /

Pue. 14. Puc. t5.

Bce GoJibille OTJIMGATBCA OT 10MAA OecKOHeUHOR 3apseHHO
MI0CKOCTH. XapakTep NoJA Ha GOJIBIIHX PACCTOSIHHAX Jer-
KO IpelCTABHTb, €CJH Y4eCTh, UTO Ha DacCCTOAHHAX, 3HAYH-
TedbHC MpEeBRIIAIOUIHX pPa3Mephl MIACTHHEH, CO3faBaeMoe
el MOJIe MQMHO DAcCMaTPHBATE K4K IlIOJle TOYeYHOro 3a-
paja.

2. Hoae nByx Pa3HOMMEHHO 3apANKEHHLIX MAOCKOCTEH.
ITone aByx mapaaneibHeIX GeCKOHEUHBIX INIOCKOCTEH, 3aps-
MEHHLIX DA3HOMMEHHO ¢ OJIHHAKOBOA MO BeNWUHHE [TOCTOMH-
HOH NOBEPXHOCTHO# MJOTHOCTBIO O, MOMKHO HalTH Kak cy-
NEepnosHuMio Hofell, coxjapaeMblX KaMIOH M3 MJAOCKOCTEH
B OTHENbHOCTH. Jierko Bujete (pHc. 18), aro B ofiactu

1y B ciyuae naactudke noi ¢ B dopmyae (8.5) caexyer mnomu-
MaTh 3apaj, COtpeAOTOuUSHHHH Ha | M2 NAaCTHHKM 0O Beed ee TOJ-
UHHE., ¥ MeTalnMvyecKHX Ted 8apsfl pacnpeieisercs No BHeIIHel no-
sepxsoctH. ClefoBaTeAbHO, TNOTHOCTH ¢ B ¢$opmyae (8.5) coorser-
CTBYeT YABOENRas BeJHMYHAA [NOTHOCTH 3apAfa Ha OTpAHHIHBAIONIMX
MeTalMIHIecKyI0 INACTUHKY NOBEPXHOCTAX.
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MEeXKAY MAOCKOCTAMH CRIajbiBaeMble TIONA HMET OIHHAKO-
BOE HanpaBicHHe, TAK 4TO Pe3yJbTHPYIOILAA HanpAiKeH-
HOCTh paBha
g
E=—. {8.6)

€0
B rayccorof CHcreMe 3Ta GopMyJsia HMeeT BHR
E = 4no. (8.7

Btie 06nema, OrpanuueHHOrO TAOCKOCTAMA, CRIaAbiBae-
Mble NOJf HMEOT NPOTHBONOJIOKHEIE HANpPABJIEHHs, TaK 410
PeayaLTHPYIOW AN HaOpsXKen-

HOCTb PABHA HYNIO. m
TakuM, ofipasos, node oOKa- { o)
sbiBaercs COCpPEeAOTOUEHHbIM

MeXay maockocraMu. Hamps-
MEHHOCTh HOJIS BO BCeX TOYKax

& -
&
£, | £°75 | £,
g [ i | i

Pue. 16 Puc. 17.

STOH 06JaCTH OXHYHAKOBA [0 BEJMYHHE M II0 Hanpae-
aenvo. Tlone, ofnagarmwiiee TakuME CBOHCTBAMH, Ha3H-
BaeTcsl OLHOPOJAHBIM. JIHHHH HaNpPRXKEHHOCTH OXHOPOAHOTO
noss BpeficTaBaAfAlT cob0fl COBOKYMHOCTh TNapaledbHHX
PaBHOOTCTOSALIHX HpPSIMBIX.

[Monyaennufi HaMH pesdyapTaT npubilixeHHO crnpaBea-
JMB ¥ B cayyae NJOCCKOCTeHl KOHEUHBIX pa3MepoB, eciu
paccrodHie MeXIy OJAOCKOCTAMH SHAYATEALHO MEHBIIE HX
AHKefiHEIX pa3MepoB (NAOCCKHA KoHAeHcatop). B stom cay-
Yae 3@METHLHIE OTKIOHEHHS NOJAS OT OJHOPORHOCTH H BEJMH-
YHHLI HANPAXEHHOCTH OT ofey HaOMOZAIOTCA TOABKO BOAR-
34 Kpaes naactHr (puc. 17),
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3. fMone OecKoHeyHOTO 3apsMeHHOro UmAHHApa, Pac-
CMOTPUM 1HOMe, co3faBaeMce OecKOHeuHQH HBAHHApHIE-
CKOI HOBEPXKOCTBIO pajgHyca R, 3apAXeHHOR C NOCTOARHOR
NOBEPXHOCTHOR NJOTHOCTBIO ¢. M3 coobpamennfi cummer-
PHH CJAEAYyeT, YTO HaNPSKCHHOCTE Toad B JA0O0H TOUKe
noMKHA OblTh HaOpaBleHa BAOAbL pajualbHOH npamof,
MepneHAHKYNApHOR K OCH [HJHHIPA, a BeAHYHHA Hanps-
KEHHOCTH MOXKeT 3aBHCETh JHWL OT PACCTOAHHA F OF OCH
usauugpa. IpefcTapuM cefe MBICACHHO KOAKCHAJBHYIO ¢
3apsKeHHodl NOBEPXKOCTBIO  3aMKHYTYH) UHJIHHAPHYECKYIO

Pae, 18,

MOBEPXHOCTb pajuyca r H BMcoTH A (puc. 18). [las ocHo-
BaHHH 37010 wnAHRApa En = 0, ann OCKOBOW NOBEPXHOCTH
E,=E(r) (3apag cuuraeM noJoxurenshiniM). Chefoeas
TeALHO, TIOTOK JAHHHA E uepes 5Ty 3aMKHYTYIO NOBEPXHOCTh
Oyner pasen E(r) -2nrh. Ecin r > R, BHYTps HOBEPXHOCTH
nomajaer zapap ¢ = Ah, rae A — RHHefHaA WAOTHOCTH 34-
psza. llpumennsa Teopemy I'aycca, nonaysaem

E(r)- 2arh = %
OTKyAa

E) =gt (2R (8.8)

2ne,

Ecnu r < R, paccmaTpuBaeMas 3aMKHYTas MOBEPXHOCTH
He COZEPIKUT BHYTPH 3apajgoB, Beaeicrsme dero E(r)= 0,
Takum 00pa3oM, BHYTPH 3apsXeHHOH LIHAHHApHYecKOR
NOBEPXHOCTH OeCKOHeuHOH AJNMHBI NOJe orcyTcTyer. Has
NPAKEHHOCTD M0/ BHE NOBEPXHOCTH oOnpejelsercd JHb

3 M. B, Casensen, T, II k)



HAHSHHOR DJOTHOCTBIO 3apARa A') w paccrossmeMm r of
ocd -upaunapa. [lose OTpHIATEbHO S2PAMEHHOrO WHJEHH*
Apa OTANYAETCH OT MONA UHAUHADA, 3aPAKEHHOIO MOJOMKMH-
TEALHO, TOABKO Hanpasienaem sekropa E.

Hs ¢opmyaum (8.8) cAeayer, uro, ymeHbmaﬂ pajuyc
nuamHipa R (IpH REH3MEHHOH NHHedHOH [IOTHOCTH 3a-
psiaa 1), BOAN3HM NOBEPXHOCTH LKJAKHAPA MONKHO NOAYUKTD
OYeHb CHJAbHOE MoJe, T. €. I0-
Je ¢ oueHb GO/bIION HAmps-
skentocrhio E.

Vura, uto & = 2nRo, nan
HaNpsKeHHOCTH B Herocpex-
CTBEHHON OJAM30CTH OT [0-
BepxXHOCTH - (r =R) B cooT-
BercTBaH ¢ (8.8) noayuaem

E(R) = ,,% - (8.9)

C noMOMbE MpHHUHTA
CYNEPHO3IHIHH JErko HaHTH
noJge ABYX KOAaKCHAJAbHEIX HH-
JHHAPHUYECKHX MOBEPXHOCTEN, .
sapsKeHHABIX ¢ OJMHAKOBON N0 BEJAHYHHE, HO OTJARUAOLIEHCA
3HakoM JHHefiHON NMIOTHOCTBID A (puc. 19). Buytpu menn-
mero u BHe GOJBINEro MAJMHHIADOB Noje OTCYTCTBYeT. B 3a:
3ope MemIy UHAAHIpAMH BelHYHHA HANPAKeHHOCTH II0Js
onpexeaserca Qopmyno (8.8). Ito cnpasenayBo u Ans
LHMTHHADHYECKHX IOBEPXHOCTEH KOHeYHNOH AMHLI, ecllH 3a-
30D MexIy NOBepXHOCTAMH 3HAaYHTEJbHO MeHbIe HX LJH-
HEl (UMAHHEADHYECKHH KOHJeHCATOp). 3aMETHHe OTCTYIe-
HBHA QT [0AA NOBepXHOCTedl OecKoHEYHOH AJMHHE OYAYT Ha-
HM0AATRCH TOJMEKO BOJNH3H Kpaek UHJIRHAPOB.

4. Noae 3zapsaxerHo# cepHueckoid nosepxHocTH. Toie,
cosiaBaeMoe cdepHieckoll MOBepXHOCTLIO pasnyca R, 3a-
PSOKEHHOM ¢ NOCTOAHHOH [OBEPXHOCTHOH MJIOTHOCTBIO ¢,
6yfier, CUEBHAHO, OTJIHYATBCS IEHTpaAbHON CcHMMerpaefl.
DT0 03HayaeT, 4TO HanmpaBaeHHe pextopa E B J1000f TOuKe
MPOXOJHT 4Yepe3 LEHTP cdepbl, & BeaHYHHA HanpsKeHHO-
CTH sBjsieTcd (QYHKIHER pACCTONHHS r OT HeHTpa clephl.
BooGpasuM cdeprueckyd noBepxHocTh paauyca r. [lag

!) Tipeamoaaraercs, 4ro 3apfA pacupeiencsl PABHOMEPHO HE TOJE-
K¢ BAOAL OCH HWIHAZPA, HO ¥ MO €ro TUBCPXHOCTH (o = const).
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BCeX' TOYeK 39TOA ToRepxHocTH En = E(r). Ecau r >R,
BHYTPE MOBEPXHOCTH FONafaeT Bech 3apsaf ¢, CO3Zaromuil
paccmaTpuBaeMoe mode. CieloBaTeabHp,

E(r). 4ar2=%,

OTKYyZNa
1 4
E (r) = Aney 1% (f = R) (810}
B rayccopofi cucTeMe B 3ToH QopMyne Rer MHOKHTENs 41:3 .
[}

Coepuyeckan TOBEPXHOCThL PAABYCA £, MEHBUIEFO, 4eM
R, pe Oyper cogep:KaTh 3apsifioB, BCAEACTBHE uero A
r < R nonyuaerca E(r)= 0.

Takum -00pasoM, BHyTpR cdepHUeCKOR NOBEPXHOCTH,
3apM¥CHHON -C NOCTOAHROH NOBEPXHOCTHOH NJIOTHOCTHIO O,
noJe OTCYTCTBYeT. BHe 3TOH MOBEPXHOCTH TNOJE HMeeT Ta-
KOf JKe BHJ, Kax NOJie TOYEYHOro 3apgia Yol XK€ BeJHYHHH,
NOMEIUEHHOFO B LEHTpe cdephl

3amenns B {8.10) ¢ uepes 4nR%s u nonoxus r= R, no-
JYUHM JUTA Halps:KeHHOCTH noisi BOIN3H 3apaxenHol che-
PHUECKOH [I0BEPXHOCTH

E(R)=-§; (8.11)

[ep: ¢ dropuyaoi (8.9}

Hcnoss3ays NpHHUEI CYMepnosHOMH, JETKO [OKAa3aThb,
YTO NOJie JBYX KOHNEHTPRUECKHX CiepHUECKHX TIOBEpXHO-
crell. (cepuyeckHil KOHAEHCATOp), HeCYIIHX ONHMHAKORLIE
no BeJHYHHe H NPOTHBONQIOXKHHE [0 SHAKY 3apaib ¢
B —¢, COCPEROTOUCHO B 3a30pe’ MeMAy NOBEPXHOCTAMH,
npHYeM . BeJHYHHAE HATPHMEeHROCTH noJAs B 3TOM 3asope
onpeneasierca dopmyach (8.10).

5. Hone oGwvemno 3apamennoii cbepn. Paccmorpum
ctepy papuyca R, 3apsKeHHYIO ¢ NOCTOAHHOH oGbeMHOI
naoTHocTei0 p. [lose Tako#t cdepr, oyeBnaHo, obianaer
NeHTpaneHo# cAMMerprefl. Jlerko BHAeTb, 9TO0 [IMA NOJAA
BHe cdieph MOJNyuaeTcs TOT 3Ke pe3yJbTar [B TOM wuHcae
m dopmyaa (8.10)], uro n B ciyyae HOBEPXHOCTHO 3apA-
xkeHrolt cdepn. OnHaKo Ans TOYEK BHYTPH chepn pesylib-
Tat OygeT HHEIM.-B camom aene, chepuueckasds HOBEpXHOCTH
pamuyca r (r < R) sakmiouaeT B cebe sapax, paBHHG

p--gn'r?'. CaegoBaTennHo, TeopeMa [aycca nas Taxof

*
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TIOBEPXHOCTH 3aNHLIETCH CAeAYIOHINM 06pasom:

EU%4m%v%p%nﬂ

OTKy/a, 3aMenss p yepes — 9, noayvaem
_ﬂR3
3
{
E() =g prr (<R (8.12)

Takum obpaszoM, BEYTpH ciephr HanpsxeHHOCTE IOJA
PACTET JHHENHO ¢ paccTosindeM r oT ueuTpa cdepnl. BHe
cheprl HAnPAIKEAHOCTL YORIBAET HO TAKOMY e 3aKOHy,
K4K H Y HOJA TOUCUHOIO 3apafa.

§ 9. Pabdota cmi adeKrpocrarHyeckoro noas

Jlerko coobpa3suth, 4To CHAA, AeficTBYOINAA HA TOYed-
HLH 3apsj, HAXOAAWMHACA B HOJe ADPYTOTO HENOABAMNCHOMD
TOYCUHOTO 3apfAfa, fABjafAercs uwenrtpaasnoil. Uentpasbhoe
noje CHJ, Kak H3BecTHO u3 MexaHukm (cM. T. I, § 26), no-
TeHLHAABHO. ¥OelnMea B NOTEHUHAALHOCTH CHJ 3/eKTPOCTax
THYeCKoro moad {T. €. nods, co-
3/1aBaeMOTrO HeNOABXMKHEIMH 33~
pROAMH) RenocpeicTRenHo. Jlan
5TOF0 BHUHCAMM paboTy, KOTO-
pan copepiaeTCA CHAAMHU {1043
HelOABHXHOrC TOUEHHOro 3aps-
A& ¢ HAJL TIEDeMEIlaIcLiHMCH B
5TOM TNOJe TOYEUHBIM 32apPAIOM
q’. PaGora ma s’aemMeHTapHOM
nyru df pasna (puc. 20)

dA=[fdlcosa=
L -1y
Puc. 20. FETTN & dlcosa gy r? dr

(Mol yuam, uro dlcosa = dr). Orcioaa nis paboThl Ha
nyru /—2 poayyaeTcs BhipaXkeHHe

¢)

Alz=ﬂ%f_€£=__l_(ﬂ.’,_.ﬂl)- 9.1

r? 4ine, \ 1 rs

B rayccosof cucteme B 970l opMy’e HeT MHOXKHTEIT — e



TMonyuenunlit HaMu pe3yabLTAT CBHAETEIBLCTBYET O TOM,
yTo pabota AeHCTBHTENBHO He 3aBHCHT OT [YTH, MO KOTO-
POMY HepeMellajici B 3JCKTPHUECKOM ToJe 3apsajn q', a 3a-
BHUCHT JHIIb OT HAa49aJbHOT0 M KOHEYHOrO NOJIOMKEHH[ IT0ro
zapsaa (ot r; u rz). CnefoBaTelbHO, CHAH, AeHCTBYWOLiuE
a 3apAf ¢’ B MOJe HEeMOABHIKHOrC 3apaga ¢, ABIAIOTCH
BOTeALHABHLIME. 3TOT BHIBOJ JETKO PpaclpocTpaHsAercs
a mnoJje JI6G0H cHCTeMbl HeNMOABHAKHBIX 3apfajos. B camoMm
Aeae, cuaa f, geficTeyollas Ha TOUedHLIl 3apAA ¢’ B. Ta-
KOM [0Jle, MOXKeT MC NPHBIHMNY CyAeprnosnuun OblTb Opef-
cTaBJjieHa B BHIe

fﬁth

rae f;—cuya, obycacBiennas i-M 2apajoM Co3Jalomiei
noae cucreMel. Pafora B 3ToMm ciiyuae paBHa, KaK H3Be-
cTHO, aarefpauyeckoil cymme paGoT, COBEPIIAEMbBIX OTAE/b-

HbIMH CHAAMH!
-
A = z Ai-

Kamaoe U3 cldaraeMelX B OPaBOf HacTH 3TOTO BBIpaXKeHHS
e 3apHcHT OT nyTH. CieJoBaTeALHO, He 3aBHCHT OT NYTH
i paGota A.

M3 mexaymku H3BecTHO, uTo paboTa NOTEHIHAJLHEIX
CHJ1 Ha 3aMKHYTOM TYTH paBHa nynio. Pafora, cosepiurae-
Mas CcHAaMH MOAA Haja 3apsiom ¢’ npu obxole erc mo
3aMKHYTOMY KOHTYPY, MOXKeT GbLITb npejcrabieHa Kak

$oE.d,

rie E;— npoexunsa sextopa E ra nampan/ienne snemexTap-
Horo nepemenieHua dl (KpyXOK Y 3HaKa MHTerpana yKasbl-
Baer Ha TO, YTO HHTETPHpUBaHWE INPOM3BOAHTCH IO 3aMK-
uyroMy KoHTYpy). llpupasHas Buipamamwlxit paGoTy
HHTErpall Hyai0 H COKPATHE Ha MMOCTOAHHYIO BeAWYHMHY ¢,
npujieM X CAeAyIOH(EMY COOTHOIISHHIO:

Ef)E, di =0, (9.2)

KOTOpOe HOMXNHO BHIIOMHATRCA AAd J060F0 3aMKHYTOTO
koHTypa. Crenyer HMeTb B BHAY, uto dopmyaa (9.2} cnpa-
BeAJauBa TOIBKO AJA JeKTpocTaTHYecKoro nois. Brocned-
CTBHH OYyAeT MoKa3aHO, YTO MOJe JBHMKYIIMXCH 3apAlcs
(r. e. mone, H3MEHAIOLEECH! CO BpPEMEHEM) He ABAAETCA
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NOTeHUAANILHLIM, CARADBATEAbHO, ycioBHe (9.2) nns mero
HEe BHITIONHACTCH.

Buipaxenne Bulia §A;d! HA3LIBACTCH UHPKYASUHEN

BekTOpa A 00 fauHOMY KoHTYpy. TakuM ofpasoM, Xxapak-
TEPHBIM JJIT 3JeKTPOCTATHYECKOrC II0Jf ABJAETCH .TO, 4TO
HHPKY/IALHAA BEKTOPA HANPSIKEHHOCTH N0 moboMy 3aMKHY-
TOMY KOHTYDY paBHa HYJIO.

§ 10. MoreHumnan

Mbt 3HAEM H3 MEXAHHKH, UTO TeNO, HAXOASIIEBCH DB T0-
TeHUHANLHOM U0Jie cua, 06afaer MOTeHHAJbHOM 3Hep-
rHell; 3a cueT KOTOpPO# cobepiuaercA pafora cuiaamp noas.
CJIEJ.IOBaTeJIbHO pafora {(9.1) moxer OuTbL OpeicTasieHa
KaK pa3HOCTb 3HAYEHMA NOTEHUHAJLHOR ZHEPTHH, KOTOPH-
MM 06nanaa sapaa ¢’ B Toukax I u 2 moas 3apfja g:

! o L e _
Ap= 4meg diey 1y =Wn p2:

Otclofa 0J8 NOTEHUHAALHON 3HePrHH 3apaia ¢ B noJe
3apsla g noaydaem
1 g7
W, = fer —r—+ cohst,
3uayenne const B BupaXendy A NOTEHUMAJLHON
sneprun oOWuHo BoIGupaercs TaknM 00pasoM, uToOn npu
yaAaneHHH 3apfAAa HAa GecKOHEYHOCTb (r = oo) MOTeHUHANb-

Hag 3ueprua ofpam@anace 8 HyAs, [Ipu 5T0M yCHiOBHH HO-
JIy4aeTcH, 4To

L[ 4
W, = Frrsarad (10.1)

Bocronbayemcs 3apazoM ¢’ B KayecrBe npoGroro aza-
pARa Ans uccaegoBaHua noad. Cornacio (10.1) norten-
IUabuas 3Hepruf, KoTopoh 06naﬂaeT npolHuIfi 3apaj,
3ABHCHT HE TOMBKO OT €r0 ReJHYMHH ¢, HO H OT BeJHYHH
g Y r, OMpESeASIONHX ToNe. Cnenoaarenbno, 3Ta IHEPTHA
MOXKET ObTh HCNOAB30BAHA JJA OTMHCAHHA NOAA, NOJOGHO
TOMY, Kax Obiia HCHOAL3OBAHA JJIs STOM Henn cuaa, Aeh-
CTBYIOIl(asi Ha NPOOHHEA 3apan.

Pasuple npoGHBe 3apaab qy, g, ¥ T. A Oyayr obaa-
AaTh B OAHOH H TOH XKe TOUKE NOJA Pa3MYHOR 3Hepruefi
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’
W,, W, u 1. &. Onnaxo, kak suguo u3 (10.1), oTHomenwne
Wp/qup Oyner ann Bcex 3aphioB ONHO M TO ke, BeAnduna

i 10.2
P (10.2)

q)m

HasplBaeTcd NMOTCHIOHAJOM NOJA B AAHHOH TOuKe M
HCTOJb3yeTcsl, HapAAY ¢ HanpsxeRHocTbi0 moas E, gan
CIIHCBHHA 3JIeKTPHYECKUX Modef.

Kak caeayer uz (10.2), noTeHusan MHCAEHHO paBey mo-
TeHLHAJbHOH 3HEPrHH, KoTopo# ofJaRaeT B ZaHHOH TOUKe
noJia eAHHHYHbLIE DOAOKATENbHEIR 3apaa.

Ioacrapass B (10.2) 3nauenwe nOTEHUHANBHOH 3Hep-
rud (10.1), moayyaem jae NMOTeHOHaNa NOJA TOUEUHOrO 3a-
paja caeayiollee BHIpaXKeHHeE!

=1, (10.3)

dqe, 1

B raycconoﬁ_ cicreMe MOTeRnHad noJas TOYeunoro dapaaa s NyCctToTe

onpepenserca $opmyaod
!=-g-
¢=-

PaccmorpuM noJsie, C03LaBaeMOE CHCTEMON TOYGUHBIX
3apAAOB (1, §2, ... PACCTOAHKS OT KAKAOrO H3 3apsifioB 1O
LaHHON TOUKH nodn 0GO3HAHM 71, T2, «.. Paﬁo'ra coBep-
MaeMasi CHTaMH 9TOTO ROJA Haj 3apaioM ¢, ﬁyneT ‘paBna
anrefpanveckofi cymme paGoT cmd, oﬁycnoaaennux KaX-
ABIM H3 3apAJ0B B OTACABHOCTH:

12=2A¢-

Ho coraacuo (9.1) xaxpan ns paGor A; paena
1 (94 a4
i e =),

4mey \ i fig -

roe rj— paccTofHHE OT 3apsia §; AG HaYa/NbHOrD ROJO-
JKeHusl 3apafa ', fig~—— PACCTONHHE OT §; OO KOHEUHOIG
NoJIOKeHua 3apajga ¢’ Cnenoaa'renbﬂo

I 9.9 A4
Al2m 4“80 Z riy 43'58, 2 *

Conocraeasd aT1o BHIpAXKERHE C COOTHOUIEHHEM
Am = Wpl - sz:

®



noNyYaeM JAs TOTEHUHANbHON SHepruu 3apasa ¢’ B none
CHCTEMbI 3apsijioB BbipaKeHne

1 . qﬂ'
W = TIne, 2‘ ri !

LW (10.4)

¥= 4ne, ry

OTKYA4

Takum ofpasoM, noTedyuaa Ao0AA, ¢0304A8AEM0O20 Lu-
cremol sapados, pacen asceOpaudecKkord cymme ROTERHUA-
A08, cosdasaemvlx KawOum ud 30pa008 8 OTOCALHOCTIL.
B 10 ppeMa K4k HanPMKEHHOCTH MOJA CKAAaABIBAIOTCA IIPH
HaROXKeHWH NOJIeH BeKTOPHO, MOTEHUHANB! CKAaXBBAIOTCA
anrefpanueckd. o 9To#l npuudHe BHIYHCJEHHE IIOTEHIHA-
0B oxasnlBaercs OGHUYHO TOPA3xe HPOLLE, ueM BhIUMCAE-
HHE HANDAXKEHHOCTEH 3JeKTpUYecKoro Nojd.

Ha cootnomenua (10.2) BuiTexaer, 4TO 3apdaz ¢, HAXO-
JAAlics B TOYKE MOAA ¢ HOTEHUMAJIOM ¢, 06aajaeT noTeH-
HHalbHOR 3Heprue

Wp=q°q)~ (10-5)

Caexosarenvno, pafora cua NojA HAL 3aPAROM § MOMeT
BBITH BHIpaXKeHA Yepe3 PazHOCTh NOTEHIHAOB!

A=W, ~ Wy =q(g,—q). (10.6)

Taxyum obpaszom, pabota, cosepuraemas naj 3apaioM
CHlaMy TOJAN, PaBH2 [POH3BeleHHI0 BeJWUMHLI 3apsna Ha
pa3HOCTb NMOTEHIMAJOB B HaualbHOH M KOHeUHOH TOUKAX.
Echn 3dpas ¢ u3 TOYKW ¢ HOTeHDMaloM ¢ yarafdsercs Ha
feckoHedHOCTh (TAE 10 YCIORWIO NOTEHNHAJ paneH HyJo),
padora cut nonA GydeT papHa

Ay, =go. (10.7)

OTcioga caenyer, uTo HOTeHyuar 4uciendd pasen pabare,
KOTOPYH COBEPULAIOT CUAbL NOAA HAO eJUHUNHBIM NOA0NL-
TeAbNbLM 3apadom npu yoaseAun eeo u3 Oannol TOUKU Ha
feckoreunocrs, Takylo Ke mo senxunHe paCory HeoOxo-
Z¥MO COBEPUWHTb [IPOTHUB CHJ 3JEKTPHUECKOTO MOAf s
TOrO, UTOOH MEPEMECTHTh eAHHRUYHMIE MOAOKHTENLHBIR 3a-
pRA H3 DecKOHEUYHOCTH B JAHHYI TOUKY IOJS,
Coorsowenne (10.7) MoXHO uCnOABL3OBATH M yCTa-
KOBJCHHS €AWHMIL W3MEPEHWH RNOTeHUHaNa. 3a eAURHUY
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noTeHnWahka clenyer, OYEBH/HO, NPUHATH NOTEHLHAN B Ta-
Kol ToYKe noAs, AAA nepeMellleHust B KOTOPyIO H3 Oecko-
HEYHOCTH €JHHUYHOTO MOJOXKHTeJLHOTO 3apaga HeoGxoauMo
COBepPWIHTL padoTy, pasnyio eaunuie. Tak, 3a CH-enunnny
NOTeHIHAAA, HA3HBAEMYIO BOJLTOM (COKpalieHHoe o603Ha-
yeHHe — 8), HPHHHMAaeTcs NOTEHIHAJa B TaKeoH TOuke, JJIA
nepeMellleHdn B KOTOPYi0 n3 OeCKOHeUHOCTH 3apsna, pae-
Hore | KyJsouy, HY»KHO coBepilute pabory B | amoyab:

1dm=1%x-1e,
OTCIOAA |
7]
Le=—25, (10.8)

3a alCOMOTHYI0  SAEKTPOCTATHYECKYID  ETHHHIY  {oTeHnuana
{CI'CD-ex. noTennvana) NpHHANMAETCA NOTEHLUEAN B TaKOH TouKe, AMA
NepeMelieHns B KOTOPYK) W3 OECKOHEUHOCTH 3apnas, paBore +1 ens-
anue CTCD, HeofxomuMO cOBepIIHTE pabory B 1 spe.

Bupaxan B coortmomenuu (108} 1 8w w ! & gepes enumum
CIC3, nafzem cooTHoWenie Mexay Boasrom # CI'CD-e;. noTenunana:

Low _ 107 ape 1
1x  3-10°Crca 300

lsg= CIrC3-en. norennuaJa,

Taknm obpasom, ogHa CI'CD-eaunnua noTenuvaza pasuz 300 s

B ¢usuke 4acTo DOJAL3YIOTCA eAMHUIEH paloTh W 9Hep-
IHH, Ha3biBaeMoll 3JekTpoHBONLTOM (38). Tlom ssexTpon-
BOABTOM TIOApasyMeBaercst pabora, coBepliaeMas cHJIaMH
nojsl HAJ 3apsiOM, PABHLIM 3apALy SJEKTpPOHa (T. e. Hajk
3/eMEHTAPHBIM 3apsiloM e) INpH APpOXOMJISHHH HM pas-
HOCTH NOTEHUIHANOB B | 6:

156=1,60-10""k+1 6=1,60+ 107" o =1,60 . 107" spe,

Hcnons3yloTest Takke KpaTHble 3JEKTPOHBOALTY e[H<
HHILH:

I k38 (KHNO37eKTPOHBOABT) = 1 0P a8,
1 Mas (MerasanexkTporsosbT) = 10° 38,
1 I'sg (rurasaexrpousoJnsT) = 10° sa.

OtMeruM, uTo BeauguHa kT, xapaKTepusylomasa cpen-
HIOW 3HEPIHIO TEHJOBOrO ABHKEHHA MOJEKY., pPaBHa IpH
KOMHATHON TemnepaType

- _23'
bT = 1,38-10 300

20 95107 98 = - 28,
1,6- 10 40

41



§ 11, Ceasn Mexay HANDIKERHOCTHIO
REKTPHHECKOrO MOAA M ROTEHLHAJNOM

B npeaslaymux naparpadax GO BEISSICHEHO, UTO ek~
TPHYECKOE NoJe MOMHO OnHcarbh JHGO ¢ NMOMOLIBIO BEKTOD-
#Hol Benmnunus E, qu60 ¢ MOMOIUIBbIO CKANAPHOA BeAHYHHEL
@. OueBHAHO, YTO MEMJY ITHMH BeJHUHHAMH JAQJKHA CY-
LIeCTBOBATL onpejienennas case. Ecan yuecTs, uro E npo-
NOPUHOWAALHO CHJe, OelcTBYOueR Ra 2apan, a ¢ — NOTeH-
LHAJbHOA 3¥eprHH 3apsja, JAerko coobpasuTh, . 4TO 3TA
CBA3k JIOMKHA OBITb aHAJOTHYHA, CBH3H MeXLY NOTeH-
IHabHOH 3Heprueft u cunoft. Jleficteurennho, pabora cua.
noAs Hag 3apafOM ¢ Ha oTpe3re nyTH df Moxer Gurh
npeacraBiera, ¢ OAHOH cropoHH, Kak gEdl, ¢ apyrolt xe
CTopoHbl — Kak yOul/Ib MOTEHUHANLHON 3Hepruu 3apaja,

% 41, IpupasnuBas 3TH BHpaKes

T. e. Kak — d(q@)= —¢q Y'a
BHSf, NMOAY4YHM

gE;dl= — q%dl,
OTKYZa HaXOMfIM, UTO
Et=—%])» (11.1)

rie wepes ! abo3mageno NpoH3BOJSLHO BLIOpanHOoe Hanpas-
JieHHe B npoctpancTse, B uacruocrn,

d
E,=-2, F,=-3, E=-%, w2

OTKyZA A s R s
E=iE,+]E, +kE, = — (151 +1 5L +k L),
Bripamenue, crosmee B ckoGxax, Ha3bpaeTcs rpa g~

eHTOM cKaasapa ¢ (o6o3nazaercs grad¢)?), Hcenoas-
3ya 0603HaYeHHe IPafRCHTA, MOXKHO HANHCATH:

E = —gradeg. {11.3)

) ¥Muosxus obe yacTH 3TOre pascncTBa Ha §, MH HPHXGAHM K €O+
OTHOLWEHHIO
aw,

fo= =51~

[cu. popmyay (285), r. I}
2) Haa obo3naueHHs TIPajUeHTa NPHMeHAeTCA Takke cumpoa V
{sataa):
Vp=grad q.
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Taxkum o6pazoM, HANPAKEHHOCTE JJAEKTPHUYRCKOID NOJH
paBHa IpajHeHTy MOTeHIIMa/ a;, B3ATOMY ¢ OGPATHHIM 3Ha-
KoM. T'panuent HeKoropoH cxanapmol yHKUHH @(X, Yy, 2)
€CTb BeKTOpHas BedHYHHa, obJajawoliafd CARYIOHIHMH
cofictBaMa. Hanpasnenne rpaguenTa coBmajnaer ¢ Ha-
npaBJeHHeM N, B KOTOPOM NpH CMellleHHd H3 NaHHoi Touku

$yHEKIHA @, BO3pacTasi MO BeNMUHHE, M3MEHAETCH ¢ HaH-<
- . O
Gosblielk cKOpOCTHIO. BeiHunHA TPOH3BOLHON -5% Mo 3TOMY

HanpapleHHI0 JXaeT MOAYJb TrpaauenTa. Yactasle npous-
dp do ¢

BOJHBIE B Ay Bz npeAcTapAaioT coboll MpoeKNnHN rpa<
JHeHTa Ha KOOpAHMHATHBlE OCH X, ¥, 2. AHAJOrHYHO MPOH3-
ap

BOJAHAA -, B3ATAaA 1O NPOH3BOJIBHOMY Hamnpasiesuio /,

OGymer upoeKuHed rpafsAeHRTa Ha 3T0 HampasaeHie. [Tpoex-
1M TPaXHEHTa HAa nepneunnxympﬁoe K HeMy Hampapie-

HHe T, OUeBHJAHO, paBHa HYJIO: 99 - 0. e~

IToscuum cooTHOIEHAE Memny Ha- 1
OPAREHHOCTBIO TOJMA H MOTEHIHAJIOM Ha AN
npuMepe MoJf Towe4HOro 3apsiza. [o- \
TeHIHAJM 3TOr0 NOJAA BhIpamaercs (yHK- v Ve
ket [cm, (10.3)]

|
p=—

4ne, r ° +q

Pacemotpum TOuky moas /, moJdoxe- Puc. 21.

HHe KOTOpO# - onpellesifeTca PaaHycoM-

BekTOpoM r {puc. 2] BBINONHEH B NPEATNONGHeHHH, 4TO ¢
NoJ0KHTeIeH) . QUeBHAHO, 9TO NpPH CMeUICHHH M3 3TOH TOY-
KM B pasHLX HAaNpaBJICHRAX Ha OAMHAKOBHIH MO Be-
JHUHHE MaJblli OoTpe3ok d! Baubonbpuiee MNDAOKHTEIb-
Hoe npupamienHe @ JA0JyyYaetcsi ZIAA Hanpabjerud oOf
Touks J X 3apany g, ecnd 3apad NMONOMHTEIEH, W AAA
HAnpaB/IcHHA OT 3apsafa § K TOuKe [, ecaud 3apsil OTpH-
uareaen. ChlegopaTenbno, HanmpaBnaedne rpajuenta n Mo-
¥er OLITh NPEACTAB/IEHO B BHAE

- T
n"—-"-'-I-'T, (11.4)

TAe 3HaK «—» COOTBETCTRYET CAYYAI0 [ONOMHTETLHOTO 3a-
panxa, sHak «+» - orpHuarensuoro. I[Tpoexuus grade ma
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Hanpasfiedde f panna

(grade), =22 = —_L ¢ (11.5)

3HaK «—» B 3TOM BbHIpPAKEHHH YKasblBAeT ia TO,uTo grad ¢
B Cayyae [ONOMHTEALHONO 3&psla UMeeT Hanpablienue,
MPOTHBOMOJOKHGE I, 3 B CAy7ae OTPHHATENLHOTO 3apsia —
coBrnagawuiee ¢ r. Moayabr gradq, odYepuzHO, paBeH MoO-
ayio eeipamenuss (11.5). [ostomy, npuHaMasi Bo BHHUMa-
Hue (11.4), MoXHO HaNKeaTh

g;{radcpr—q——~£~—~q—L (11.6)

[rerxo y6eautbes B ToM, uTo yeaoewe (11.4}) yuuTthizaercs
TAKOH 3anicbl0 aBTOoMaTH4eckH]. Mcnonb3oBae cooTHolte-
ne {11.3), noayuaem n3 (11.6) a1a naupsameHHOCTH nOJS
TOYEYHOTO 3apAna yAe H3BecTHy Ham Qopmyay (5.3}.

dopmyaa (11.3) nossoaseT NO M3BECTHLIM 3HAMEHHAM
@ HaflTH HAOPSIKEHHOCTL fIOA% B KajoH Touke, Moo
petntp u 0GpaTHyi0 3ajauy, T. €. MO 3aJaHHEIM 3Haue-
HuAM E B Kamaolt Touke HalTH paA3HOCTL MOTEHIHANOB Me-
WAy AByMs [OPOH3BOABHBIMM TOuKaMi nouas. Jlas 3toro
yuTeM, uT0 paboTa, coBepuiaemas CHJaMH [0JA HajA 3aps-
IOM ¢ npu nepemelleHHH ero M3 ToukH I B TOUuky 2, Mo-
#eT ObTh BBIUHCIEHA KAK

2
A12= J. qudl.
1

Bmecre ¢ Tem B coorserctBuu ¢ (10.6) Ta xe pabora mo-
JKeT OLITh NpelCcTaBacHa B BHAE

Ap=q(p, — )
[MpupaBauBan Apyr Apyry STH ABa BBIP&KEHHA H COKpa-
iag #a ¢, nojyuaem

2
oy = [ Eydl. (11.7)
1

Hurerpan B npapoft yacTs MOXHO OpaTh no A1000% JNHEHH,
coequuaonied Toukd { u 2, uGo paboTa cuja NOAA He 3aBH-
CHUT OT nyTH. ad o0xoka 110 3aMKHYTOMY KOHTYDY @) = g

4



u dopmyna (11.7) mepexofHT B y¥Ke 3HAKOMOe HaM COOT-
nouense (9.2).

Hcenoavayem dopmyay (11.7) ans Buoiduc/ieRus pasno-
Cr¥ MOTEHUMANOB Mexay ABYMA OeCKOHEUNBIMH pasHo-
HMEHHO 32DAXKEHHEIMH MIOCKO-
craMy.  Hanpamexnocth  moast
MEXAy I[ICCKOCTAMH, KaK Mbi
ycranosund B § 8, Bcioay paBHa
o/8, ¥ HanpaBJeHa flepreHABKy-
nApeo K naockocTam. CoeJMHHM

toukn ! W 2, BamTHiC TPOM3BOJBLHBIM 06pPa3oM Ha PAa3HBIX
AOCKOCTAX, sunueli 1 — 1’ — 2, Rak Mokasado Ha pHe. 22.
Coraacuo dopumysne (11.7) .

@ - Py = fg,dz = f’E!di + fE;dl.
{ f r

Ha yuactke [ — 1’ E; = 0; nostoMy Iepsoe cnaraeMoe B
NpaBoil MacTH paBHO HyMO (OTCIOAA CHAERYeT, 4TO NOTeH-
nuan touek ! u I’ omus u ToT Ke). Ha yuactke I'—
E, = E = const, ciegosarebHo,

2 2
jam=5jm=ﬁm
I 1

rie d — paccroanue mexjy niaockocramu. Takum oGpasoM,
@ — @, = Ed. (11.8)

OueBHHO, 4TO 3TOT pe3yJabTaT CHpaBeASMB A7 pas-
HOCTH MOTEHIHAJCB MEXIYy ABYMS TOUXKaAMH, B3ATHIMH B OX~
HOPOJHOM TOJIe HANPAXKEeHHOCTH E, npuueM nof d creiyer
ROHMMATH B 2TOM Cjlydae NPOSKHHIO PACCTARHUA [ig MEXAY
toukamd / # 2 Ha manpasiepue sexTopa E (puc. 23).
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§ 12. IKBHNOTEHUHANLHBIE NOBEPXHOCTH

Haa warasadoro u3obpaxeHiss moJas MOKHO BMECTO JH-
HRAff HAMPSKEHHOCTH BOCMOJb30BATbCA NOBEPXHOCTAMH pas-
HOTOD MMoTeHHa Ia HAH .BKBHHOTEHL!HEJIbe!MH HOBerHOCTH-
MH. Kax CAEYET H3 ec Ha3BaHNA, SKBUNOTEHLHANb-
Hana NOBepPXHOCTEL— 3TO TaKas HOBEPXHOCTD, BCe
TOMKM KOTOpOil HMEIOT ONHHAKOBHII noTenuuad. Ecnw no-

TeHUHAA 33aAaH Kak yHKUEA X, p U

T £ 2, ypaBhHeHHe SKBHNOTERUHAILHOH no-

BEPXHOCTH HMeeT BHJ

n ${x, y, 2} = const.

HanpasJiende HopMaaH K 3KBHIO-

TeHIHAAEHOU TIOBEPXHOCTH GY/eT COB-

_ Najath ¢ uHanpasjeHweMm BekTopa E

Pue 24, B Tol e rTouxe, Yrobn yOefHTbCH B
ITOM, NPOBefeM B HeKOTOpDOH TOuKe

KacateAbHYW® t K noeepxHocti {prc. 24). Ilpu cme-
IeRHH -BJAOJdb T Ha OecKoHeudo MAAYyIo BelHuHHy dt

ROTeHUMAN § HE WIMEHWTCH, TAK 4T %’% paBuo uyao. Ho
a
'?3% C TOUTHOCTBIO OO 3HAKA pPaBHO NPOCKUHH BEKTOp& E Ha

nanpabaeHne v. CaepoBaTtelibHO, TaHTeHURAAbHAS COCTaB-
Jsiomad E paBda HYJI0, OTKY/Ra BHITéKaeT, yTo BekTop E
HApaBJ¢H NO HOPMAMH K NOBEPXHOCTH. YuTH, aTo BekTOp E
BMeCTe ¢ TeM HalpasieH JI0 XacaTedpHOH K Judin E, merxo
coobpaskTh, YT0 JHHHH HANDAXKEHHOCTH. B KadIo#i Touke
OPTOTOHAALHE 3KBHIIOTEHUHANDHLIM MOBEPXHOCTHM.
DKBANOTEHIHAIBHYIO OBEPXHOCTh MOMKHO MPOBECTH ue-
pes mobyw Touky moas. CAefoBATRNbHO, TaKHX TOBEPXHO-
crefi MgxeT OunTh nocrpoeHo OGecKoHewHoe MHOXeCTBO.
Ycnaenupaotces, OANAKO, NPOBOKHTL NHOBEPXHOCTH TaKHM
o0pasoM, uTOGE Da3HOCTL NOTEHUHANOB @iy — ¢ AAA
ABYX COCENHHX NOBepxHocTed GbLta, BCIORY OXHA B Ta Ke.
Torxa 0o rycrote sKBUNOTEHUHANLHEX TOBEPXHOCTEd MOK-
HO CYAHTL O BCAHYAHC HaRpfXkeHHOcTH noJad. [eficTeu-
TeILHO, UeM TYIke pacnoJaarapres IKBHOOTEEUHANLHEIE
MoEepXHOCTH, TeM OLicTpee H3MEHASTCH MOTEHLHAA NpH He-
peMelneHuH BAOAL HOpMann K nosepxuroctu. ClhenosaTedb-
HO, TeM Gosbime B HaHHOM Mecre gradegp, a sHauur H E.
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Ha pHcC. 25- mokasaHm IXKBHNIOTeHINAABHEIE NOBePXHOCTH
(TouHee, HX NepeCceYeHHS C IVIOCKOCTBIO GepTea) IS Mo+
M TOYEYHOTO 3apsjia. B COOTBRETCTBHH C XapakTepoM H3-
medenns E 3KBHIOTEHIHANLHEIE HNOBEPXHQCTH NIpH l'!p!»lﬁ.l'll{,-
HEHHH K 3apsfy CTAHOBATCA TYLLE.

HJIH OOHOROAHOTO NHOJISI 3KBHUITOTEHILHAJbHBEIE NOBEPXHO-
CTH, OYEBHJIHO, PEACTaBARIOT cOGOH CHCTEMY PaBHOOTCTOS-
ILHX AAPYT OT Apyra OIOCKOCTed, NepreHNuKyMApHHX K Ha-
npasnedHt0 NoJs.

Puc. 25. Pue. 26.

[a puc. 26 n3obpaxeis SKBHNOTCHLHAIbHLIC TOBEPXHO-
CTH W JHHHH HanpsuKeHHOCTH /A noja axnoas. Ms pxc, 25
H 26 BHAHO, 4TO NPH OJHOBPEMEHHOM HCUOJb3OBAHHH U
SKBHIIOTEHIHAJBHLIX TOBepXHOCTelf, H JHHHR HanlpfAKeH-
HOCTH KapTHEA NOAS moJydaercsi ocO0eHHO HarvaAHOH.



TJIABA 1T
SNEKTPHYECKOE NOJE B AUDNEKTPHKAX

§ 13. Toanpubie ¥ HENOASPHLIC MOJEKYIhI

Ecnv AM3JeKTPHK BHECTH B SJIEKTPHUYECKoe MoJe, TO 310
noNe | CaM AW3INEKTPHK NPeTepreBalOT CyUlecTBeHHHLe H3-
Meneunst, Yrolsl noudTs, fnoyeMmy TO TIPOHCXOAHT, HYMKHO
YUeCTh, YTO B COCTABE ATOMOB M MOJEKYJ HMEIOTcsl NoJjo-
MHUTENBHO 3apfKEHHDIe 4pa H OTPHLATENbHO 3apsiXeH-
HBle 3MeKTPOHEL. DAeKTPOHH ABHRYTCA B Npeienax aroma
HJH MOJEKyJAbl ¢ OTPOMHOH CKOPOCTHIO, HENpPEPLIBHO H3Me-
HAA CBOe MOJIOXeHHe OTHOCHTeNbHO fiep. [lostomy aedr-
CTBHE K2XKIOTo 3JeKTpOHa Ha BHelunue 3apaant Gyaer npu-
MepHO TAKiM, KakK eciin Gbl OH HaXOAWACA B MOKOE B He-
KOTOpPOl TOuKe, NOAYURHHOH yCpeAHeHHEM UOJOXeHHS
3JIEKTPOHA 110 BPEMEeHH.

Ilns paccrosuuil, GONBIMHX TI0 CPAaBHEHHIO € pa3me-
paMy MOAeKyAnl, AeficTBHE 3JeKTPOHOB 3IKBHBAJIEHTHO Xel-
CTBHIO WX CYMMApPHOTO 3apfia, .NOMEIISHHOTO B HEKOTOPYIO
TOUKY BHYTPH MoJexydnl, HasopeM »Ty TOUKY HEHTpPOM 18-
MKECTH OTPHUATENBIMX 3apAAOB. AHANOTHYHO AeHCTBHE
fiEep SKBHUBAJEHTHO AcCHCTBHIO HX CYyMMapHOTO 3apsjia, no-
MCHIGHHOTO B WHEHTP THKECTH IOJOMKHTeNbHBIX 32pANOB.
OueBupno, 4TO NOJOMKEHHE UEHTPa TAXKECTH 3apRI0B Ofpe-
JeafeTcs Tak e, KaKk H nojoxkeHue oGBIUHOro UeHTpa TH-
MECTH, HO C 3aMeHoil Macc wacTuu X 3apsjpamd. Crenosa-
TeNBHO, PAAHYC-BEKTOP HEHTPA THAMECTH MOJOKHTEALHBIX
2apAN0OB BRIUHCAAETCA N0 dopMye

Fo + +
= Ez";jj - 7—";* t, (13.1)
i



TAe t} — paauyc-BeKTOp TOUKH, B KOTOPOH fOMellaeTcs
{-f MONOXKHTE/JbHEIH 3apal, ¢ — CYMMapHHH NOA0XKHTEb
BB 3apA) MOJEKYJLI.

AHaJOTHYHO JJad paAuyca-BeKTOpa LeHTpa TAMecTH
OTPRUATENLHEIX 3apAJOB HMeeM

2 Xy

2‘?1 -q
TAe Iy — PajMyC-BeKTOP yCPeAHEHHOTD [0 BPeMeHH MoJo-
JKEHMSl j-TO OTpPHLATEJRHOTO 3apsafa. Mwl ywmm, uto, no-
CKOJIBKY MOJIEKyJa BleJ0oM HefiTpallbHa,
CyMMAapHRiA oTpuuaTellbiblil 3apaj pa-
BeH TIONOXKHUTEALHOMY 3apfAly, B3fTOMY
C O6paTHHM 3HAKOM.

B orcyTcTBHe BHELIHErO 3JIeKTpHue-
CKOTO [MOJfl LEHTPHl TAMECTH MOJ0XKH-
TENBHEIX # OTPHUATEABHEIX 3dPAILOB MO-
FYT AHOO coBIAAAThb, TUGO ORITH CABHHY- Puc. 27.
TBIMH APYr OTHOCHTENLHO Apyra. B mo-
cIeAHeM CAyuae MOJEKysia 9XBHBAJIEHTHAR 3JEKTDHYECKOMY
AUNOJIC H HasHBaeTcs noadpuod. [loaspras monekyaa
ofsnafnaer COGCTBEHHBIM 3JEKTPHUECKHM MOMEHTOM P, AAf
KoToporo ¢ yuerom ¢opmya (13.1) u (13.2) nonyyaercs
cleLyiollee Bhlpaxkenne. (puc. 27):

p=gl=g(r* —r7)= g}t + Xg;r;.

TlpuMeHAs eJMHYI0 HYMEpalMis AJA NOJOKHTENBHLIX H
OTPHUATENBHBIX 3apAJOB, YTOMY BLIPAXKEHHID MOXKHO HpPU-
Jath BHA

(13.2)

P= 2 GsTes (13.3)

rie g -— aiArebpanyeckas BeJMUHHA; CYMMHDOB2HHE NPOH3-
BOJHTCA 110 BCEM KAK MOJOKHTENbHBIM, TAK U OTpHLATedb-
HEIM 3apAfaM MOJIeKYJBl. 3aMeTHM, UTO AJiA HeATpajbHORN
B NEJOM CHCTEMEl 3apsinos shipaxenne (13.3) He 3aBHCHT
OT BHIGOpPA TOUKH, OTHOCHTEIBHG KOTOPON Gepyrcs palanychi-
EEKTOPHL f.

Moviexyna, y KOTOpofl UeHTpHl THAXKECTH 3apANOB pas-
HhX 3H4KOB B OTCYTCTBHE II0JIf COBMEIEHB, COGCTBEHHBIM
SJIeKTPHUECKHM MOMEHTOM He 06Jajaer W HA3HBaeTcs He-
nonaapHof., [Tox meficTBHeM EBHEUIHETO 3JEKTPHUECKOTO

4 M. B, Capenser, 1, 11 49



HOASl 3ap#ibkl B HelOMAPHOH MOBEKYNe CMellalotcs Apyr
OTHOCHTEABHO [APYTd: NOOJQXKHTENbHBIE 0O HaUpas/IeHHIO
[oJ1sl, OTpHLATeNIbHBE NPOTHB nOMNA. B pesyiptate Mo.e-
Kyna npuobperaer asjaeKTpHueCKEH MOMEHT, BeanvyHHA
KOTOPOTO, KakK MNOKashlBaeT ONHT, NPOHOpiHOHalbHa Ha-
APSKEHHOCTH NojA. B paunonann3oBaHHON cHCTeMe Koad-
pULHeHT NpPONOPIHORANLHOCTH SANHCHIBAIOT B BHAE &of,
TIe &y— MEKTPHYeCcKad [OCTOAHHAN, a B — BeJHUHHA, HAa-
3LIBACMAS NOAAPUIYEMOCTBEI MOJEKY B, YUHTH-
Bag, uTo HanpardeHud p u E coBmajgaior, MOXKHO HAIHCATH

p = pegE. (13.4)

Junonabubit MOMEHT HMeeT pa3MepHOCTb, paBHylo [g]L.
CornacHo ¢Qopmyné (5.3) pasmepHocts gof pasna {[g}l-2
CileroBdTe/IbHO, NOAAPHIYEMOCTE MoJieKyJae P obaalaer
pasmepHocThio L3, '

IIpouece noasipHsatuy HemONAPHOK MOJIEKYNH IIpoTe-
KaeT Tak, KakK eciu OH NOJOKHTENLHLE H OTPHIATENbHLIE
3apAIR MOJEKYAE OuIE CBAIAHK JIPYT © APYIOM YOpPYTHMH
cusaMu. ITo3TOMY roBOpST, YTO HENOJApDHAA MOJeKyJa Be-
llet cebs BO BHellHeM NQJe Kak YIOPYTHH AHMONL.

HeitéTsre BReIUHETO NOJIA HA HOMAPHYIO MOJEKYNY CBO-
JAHTCA - B OCHOBHOM K CTpeMJeHHIO noBepHYTE MOJEKYIY
TaK, YT0Okl ee 3JEKTPHUECKHi 'MOMEHT YCTAHOBH/ICA IO Ha-
npasjenHo noaf. Ha BeJRUHHY 3JIEKTPHUECKOTO MOMEHTA
BHelllHee [0Jle TpaKTHYeCKH .He BJHAeT. CJEIOBATENBHO,
MOQJIApHAA MONMeKyAa BejdeT cefd EBO BHelllHEM nofe Kakg
HKeCTKHH AMIONb,

[Tockoupky MOJEXYAB MO 3JEKTPHUECKHM CBOfcTBAM
9KBHBAJEHTHL! AHNOAAM, AJAS NOHHMAHWS ABJCHHH B JH-
SJeKTPHKaX HYJXHO 3HaTh, Kak pefieT cebA AUIOAL BO BHELI-
HEM 3AeKTPHYECKOM TOJIE.

§ 14. Jlunoas B OGHOPOAHOM H HEOJHODOIHOM
3JEKTPHYECKHX HOAAX

Ecau 1uMoab NOMECTHTL B OAHODOXHOE 3AEKTPHUECKOE
noJie, oGpa3vIOlLHe AUNOAbL 3apAAB +4 H —§ OKawyTes
noJ NeACTBHEM DABHHIX MO BeJHYHHE, HO NPOTHBOMNOJOMNHBIX
0o Hanpasaenuo caa ), u f; (puc.. 28). Dtn cuam obpa-
8YWT napy, M1euo KorQpol pasuo /sifla, T. e. 3aBHCHT OF
DpHeHTANNM JWNOAA OTHOCHTEABLHO Toan. Moayse xamnoh
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H3 -cua paBeH gE. YMHOXHB ero Ha MJIeuo, NMOAYHUM BeNH-
YHHY MOMEHTA Naphl CHJ, OeHCTBYWLUIHX HA IHIIOAB!

M =gqElsina = pEsina, (14.1)

rie p — JAeKTPHYECKH MOMEHT ABMOAA.
dopmyna (14.1), oueBnjpno, Moxer ObiTh HamucaHa B
BeKTOPHOM BHIe

M =[pE]. (14.9)

Mowment (14.2) cTpeMHTCA MOBEPHYTb JAWNONb TaK, 4TO-
6Bl €r0o MOMEHT p YCTAHOBMJACH IO HANPAaBJeHHIO [OAK,

g
f,
t E
P f
Lo d st -
i l
*‘Z ‘—:{f ————— —
Pue. 28,

UrolH yBeMHUHTh YIOJ MexAy BekropaMu-p B E Ha de,
HYXKHO COBEPUIHTL TPOTHR CHJ, AeHCTBYIOIIHX Ha JMNOJb
B 3NEKTPHUECKOM Iojie, paGoTy

dA = Mde=pE sina da.

dra pafoTa HAET Ha YBeJHYCHHe NMOTEHRHAJNLHOH SHeprHu
W, rotopofi obnanaer AHNOJbL B JIEKTPHIECKOM moJe

dW = pl'sina du. (14.3)

HuTterpupopanue Bhipaxenns (14.3) aaer Ana sHeprud
JMIOJA B /IE€KTPHUCCKOM TOJE BBIPAMKEHHE

W = — pE cosa+ const,

Haxouen, nonaraa const paenoit HyAlo, nogyuaeM
W= — pE cosa = — pE. (14.4)

Bufpap raxum o6pasom 3HavyeHHe consi, MBI mogaraem
SHEPrHIO ZHMOAA pasHOH HYJI0 B TOM cJayuae, Korga IH-
oL yCTaHaBAHMBaeTcss MNepNeHIRKyAspHo K noaw. Ham-
MeHbILce 3HAUeHHe SHEPruH, pasaoe —pk, roaydaercs npu
OPHEHTALUMH JUNOJA MO HanpabJeHHio nojd, HauboJbliee,

&
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pasHoe pE,—rmnpu p, HAUPABJACHHOM B CTOPOHY, TPOTHRO«
noroxuyw E.

B neoanoponnoM mode CH/bl, JEHCTBYIOGIHHe Ha 3apsiibl
AunoJdA, Boclllle TOBOPA, He OJINHAKOBH NO BennuuHe, Hpu
Malslx pasmMepax IUnoJs. cuiwt f; 1 fp MoXno npubGauxen-
HO cuntaTh KoaammeapubtMu (puc. 29). Hpeanoaoxuwm, uro

node H3MeHserca ObicTpee

Tre— BCETO B HAaHpaBJeHHU X, COB-

29——"?; najapleM ¢ HanpaBJeHHeM
| =~z E B TOM MecTe¢, FAe Pacnono-
f, ____% : £ WeH AMnoJb. IToaoxuTeNbHEH
:  ——T sapfl AHIOJS CMelleH - OTHO-
1 7 oos et b CHTeNbHO OTPHILATEALHOrO B
HalpaBJeHHH X Ha BeJIHUHHY

Puc. 29. Ax = I cos a. [Tosromy Hanps-

KeHHOCTL 1OJISl B TOUKax, rae
9k -
NOMelIaloTcd  3apsfbl, oTJHYaeTcA Ha AE=-BTAx=

GE
v {cosa. CaemoBartensHo, pesynstdpyiomwas f; + fp cua,

AeHCTBYOILNX Ha AVIOMbL, 6yAeT OTAHYHa or Hyas. I1poek-
uMs1 5TOH pesynLTHPYIOLEH Ha ocb X, QUCBHAHO, PaBHa

fﬂqAE=qg—flcosa=p%§cosa. (14.5)

Taxum oOpazoM, B HEOZHOPOZHOM TOJE HA JUNOMAbL
KpoMe spaularesbnoro Momenra (14.2) meficteyer cuna
(14.5). o medcTBHEM 3TOH Cu/Bl AUNONL Gyier Julo BT4-
rEpaThed B 00gacTh GoMlee CHABHOrO moad (yroa ¢ OCT-
peifi), 6o BHITANKABATHCA W3 Hee (yroa a Tynof).

OTMeTdM, YTO BbIpaKeHHe /A CHAB [ MOMHO NOAYYHTH
u3 QopMyas (14.4) AnA 3HepTHM AUNONH, HCHOAL3OBAB HU3-
BECTHOC U3 MEX2HUMM COOTHOLIEHHE MEKAY MOTeHULHAMBHOM
suepriell W chHaoi. efictBUTenbno, npoadddepesunposas
(144) no x B npelnonoKeHuH, 4TO o (T. €. OpPHEHTALUHS
AMNONRA) ocTaeTcs TOCTOAHHOM, H H3MEHHB y pesy/JbraTta
3HaK Ha oGpaTHH, MB mprieM K dopmyne (14.5).

§ 15. Moaspusanng AHINEKTPHKOB

B orcyTcTBHe BHEIUHEro 3JeKTPHYECKOro INOJs JHIOAb-
HHE MOMEHTLl MOJIEKYA NH3NeKTPHKA HAH PABHH HY/MIO (He-
NOJSIpHBle MOJeKYJbl), HAH paciupeieieHel 0O HanpasJe-
HUAM B OPOCTPAHCTBE XAOTHYeCKHM o06pasoM (moaspuue

52



MOJMeKyaH). B o60oHX cayuasx CyMMapHBI 3JeKTpHUeCKHL
MOMEHT AH3JeKTpHKa paBeH HYMO.

Ion jpeficrBveM BHeNIHETD MOJS NHIIGKTPUK NOJspH-
ayercd. ITO 03HAYaeT, YTO Pe3yJAbTHPYIOUIHI 3/IeKTpHue-
CKHH MOMEHT AM3JIEKTPHKAZ CTAHOBHTCA OTINUHBIM OF HYJS,
B KauecTBe BeMWuHHBI, XapaKTepPU3VIOUWlEHl cTeNeHb MNOJR-
pPH3ALHH JAH3IJMEKTPHKA, €CTECTBEHHO B3ATb 3IJeKTPUYECKH:
MOMeHT eiuHnup oO0vema. Ecam  node wa¥  Au3JeKTpHK
(unn 064 OHH) HEONHOPOAHH, cTemedb MONAPH3ALHM B pas-
HLIX TOUKaX JAH3JeKTpHKa Oyaer pasauuna. trobu oxgpak-
TEPH3OBATL NOJAAPUIANUMIO B JaHHOW TOUKe, HYXHO Bbife-
JHUTh 3aKMOHaWHA B cele 3Ty TOUKy c;manecma Gecxo-

HeyHo Maawl ob6weM ') AV, BalTH cyMay Zp, MOMEHTOB,

33KJI0UEHHBIX B 3TOM 00BeMe MOJIEKYJ, H B.SﬂTb OTHOLIEe-

HHE
2";‘
P—TV—" {15.1)

Bennuuna P, onpenensemas dopmynoit (15.1), nasm-
BaeTcd BEKTOPOM DNOJAPH3ALHH AHIJNEKTPH-
K 4.

JUnoAbHL MOMeHT p; HMmeer pasMepHocTh [gll. Cae-
AOBaTEJNBHO, pasMepHocTb P paBHa [¢]L~%, T. e. coBmaaaer
¢ pasmepHocTsio &E [cm. dopyyay (5.3)1

¥ OU3AeKTPHKOB J1060T0 THIA (KpOMe Cerneros/eKTpH-
KoB, 0 KOTOpHIX OyaeT pedn B § 19) BekrOop nOTApH3ailHH
CBA3aH C HANPKEHHOCTBIO NOJs B TOl A€ TOUKe MPOCTHIM
COOTHOIIEHHEM

P = ueok, (15.2)

rae » —He 3apMcawas or E sennuuna, Hasbizaemast -
3NeKTPRUYECCKOH BOCIPHHMUHBOCTDBLW EHINEK-
tpuka ?). Pazmepnocte P u eE, kax Mpl BuzenH, oaHHA-
koBa. CJleopareabno, x — 0e3pasMepHas BeTHUHHA.

1} duzuyeckd GeCKOHEUHO MaJLiM HA3ILIBAKT Tako# obbeM, KoTo-
pEIfi COZEPHHT MOCTATOYHOE AMA YCpeLHEHHA KOJHYECTBO MOCKyA M
BMECTe C TeM HAaCTONEKO MaJ, 4TO MAKPOCKOIHYECKHE BeJHYHHH —
AOTHOCTB, TEMOEPATYpa, HAOPAMNKEHHOCTs noas B A 1. A, — MOXRO
CUHTATL B €r0 Npefetax NOCTOFHABAMH [CM. TaKKe TEKCT, CAefy:0mHl
84 (bopmy.norl (39.2), 1. 1, § 39).

%) B anmaoTpeomHulX AMIEKTPHKaX uanpaeienila P v E, soobe
TOROPA, He COBAfaloT. Mul OrpaHHYyHMCH PaccMOTPEHHEM JHIOL H30-
TPOTHLIX RHIJEKTPHKOB,
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Ilna IR3NEKTPHKOB, HOCTPOSHHHIX H3 HENOJAPHHIX MO~
sexya, popmyna (152) BHITeKaeT U3 CJAeLYIOLHX MPOCTHIX
coobpaxennii. B npenenw obvema AV monapaer koJdnye-
CT30 MOJIEKYJ, paBHoe nAV, e 7 — uHCIO MOJIEKYST B ¢Ad-
HHie ob0beMa Kaxawfi H3 MOMEHATOB p; ONpeleNifAeTcA B
_atoMm cayuae popmynofi (13.4). Takum o6pasom,

2 pi=n AVﬁEoE.
Ay

Pasjenus 3T0 BIpa)kexrue Ha AV, monyudM BeKTOp Ko-

JAPH3aLHH _
P = nfie;E.

Haxonel, Beexs oGo3HadeHHe
w=ng"), (15.3)

npuxoauM K gopmyae (15.2).

B cayyae JIHM3JEKTPHKOB, MOCTPOEHHBIX H3 MOJAPHBIX
MOJIeKyJ, OPHEHTHPYIOIEMY KelCTBHIO BHELIHETO IOJA Mpo-
THBHUTCH TeILIOBOE [BHIKEHHE MOJEKYJ, cTpeMmflieecd pas-
OpocaTh HX IHIOJBLHEIE MOMEHTEl MO BCEM HampaB/IeHHAM.
B peaynerate ycTaHaBAHBaeTcs HEKOTOpad TNpPeHMyLlecT-
BeHHA® OpHeHTalHs AHMONBHBIX MOMEHTOB MOJEKYJ B Ha-
npaBaeHHH mods. COOTBETCTBYIOIIMEA CTATHCTHUCCKHA pac-
YeT NOKA3LHBAET B COTAACHH C ONHITOM, YTO0 NIpH HEH3MeH-
ROfl TeMieparype BEKRTOD IIOAAPH3AUWH INPONCPUHOHANEH
HanMpaKEeHHOCTH [0J4dA, T. €. NPHBOIHT K ¢opmyae (15.2),
IIpy nocTosHHOM HaNPAXKEHHOCTH MOJNA BEKTOpP MOJAApH3A-
NHH IH3MTEKTPHKOB; IOCTPOEHHBIX H3 MOJAAPHBIX MOJIEKYJ,
YMEHBIIAETCA ¢ NOBHIIEHHEM TeMmeparypsl JIH3NeKTpuie-
CKas BOCIPHHMYMBOCTL TAKHX AHSJEKTPHKOB 08paTHO mpo-
nopouoHajbHa aGCOMIOTHOH TeMmmepartype.

B uMOHHBIX KpHCTaA/N2X, KaK U3BECTHO, OTJAENBHBIE MO-
JeKyabl YTPAuHBAIOT cBOIO 06ocofnennocTs. Bech Kpueradn
npeacrasaser coboit kKak 6L OZHY THTAHTCKYIO MOJEKYJTY.
Peierxy HOHHOrO KpHCTala MOXHO pacCMaTPHBaTh Kak
IBe BCTABJEHHBIE JPYr 8 APYra pemeTkHd, 0fHA H3 KOTOPHX
oGpa3oBaHa MOMOMHTENbHLIMH, 4 APyras OTPHIATENbHEMH
HoHamy, [Ipy geficTBHH HA HOHBI KpHCTAJIA BHEIUHEro HOAs

1y Coomnomenye (15.3) siansercs npuGamxennsiM. DBounee Tounoe
BRIpANKEHHE, CBA3KIBAOLLGe BeIHYHHL ¥ H B, 6yleT Aano s Koune § 18.
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ofe pemieTEH CABHFAIOTER APYr OTHOCHTEABHO Apyra, 4TO
APHBOAKT K HBOJNAPH3aUMK AH3JIeKTpHRa. Bektop moaspusa-
IHE RN B S5TOM CAyuae CBSI3aH C HanpSXKEBHOCTBIO NOAR
coornowennem .(15.2).

PaccMOTpHM B OZHOPOZHOM HIOTPONHOM JZHIVIEKTPHKE
C HEMOJNAPHHIMH MOJEKYNaMH BOoGpa:xaeMylo WIOWEIKY
S, NepneHAHKYANPHYK K Hanpasienwio noas E, a caeno-
BATENBHO H K HANPaBJeHHIO BeKTopa noAsipusaunn P
(prc. 30), ITycts B eqmuuue o6beMa AMJIEKTPHKA HMeeT-
CS1-f OEMHZKOBBIX YacTHIL C 3apAIOM
~+e H n OJHHAKOBHX YaCTHL ¢ 3aps- (1_)_,O+ 2
gom —e. Ecnu noae B mpefenax An- _ l
3JIEKTPHKa OAHOPOMHO, TC NPH BEIO-
yeHAH E Bee moJoXuTe/NbHEE 3apaibl
cMectATcA B HanpaBnerud E (cosna-
JaomeM ¢ Hanpasdennem P, cm. panc. /
30) Ha oJMHAKOBOE paccTOAHHE [, a

BCe OTpHUATeNbHMe aapaibl CMe- %
)

CTATCA B NPOTHBOMOMOAKHOM 'HAOpPaB-
e 1,

Q\u

*%%

- P

JieHEH Ha OJHHAKOBOE pacCTOsfHME [
Tlpn sTomM uepe3 miIomagxy S mpoil-
JeT HeKOTOpOe KOJHYECTBO MNOJIOXKH-
TEJbHEIX 3apAJ0B B HANPABJICHHUH
clleBA HANpaBO H HEKOTOpPOe KOJHie- Puc. 30,
CTBO OTPBIATeJbHHX 3apALOB B Ha-
IpaB/AeHHH CNpaBa HaneBo. Pa3s NOAOKHTeNLHEIE HOCHTENH
CMEIAIOTeST Ha paccroanse /), TO miowanky S nepecekyTt
BCe 3apAfE e, KOTOphie A0 BKJAIOUEHHS HOJS OTCTOSIH OF
nee He Bojee yeM Ha [, T. e. BCe --¢, 3aKNIOUCHHEIE B UH-
JuejpuueckoM ofbeme ¢ OCHOBaHueM S n BuigoTOl [ (Ha
puc. 30 aToT 00LEM S3ITPHXOBAA TOPHSOHTANBHOH LITPH-
xopkol). Yucno s1nx zapajos paBHo nSl, a nepeHocH«
Mblt HMM B HanpaBlerun P sapsan pasen +enS!l. Anano-
rHYHO B HANPaBJIeHHH, NPOTHBONOMOXKHOM P, nepecexyr
NAOIMIafKY BCe OTpULATEJbHBE 3apafiel, SakAQUeHHHE B
ofreme Sl; (Ha puc, 30 a10T 06BEM 3aITPHXOBAH HARAOH-
HO#l ‘mITpMXOBKOH). B pesyabTate 4uepes miomaiky
NpoHJeT CnpaBa HaJeB0 OTPHUATENbHSIl sapsai, paBHHIL
—enSiy

[Tepenoc oTpHBATENBLHOTO 3apAia B OAHOM HafllpaBACHHE
SKBHUBAJEHTEH MEpPEHOCY TAKOr0 JKe N0 BEeJNHYHHE NOJOXKH-
Te/AbROrO BSapAda B [NPOTHBONOJIOMHOM Hanpap/eHHM.
HosToMy MOXHO CUMTaTh, YTO UPH BKAKUEHHH [ONA 4epea
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naoklagzky S NepeHOCHTCs B HanpaBieHHH BekTopa P nosno-
WHTEARHBI 32ps]

g =enSli+enSly=e(l, 3 1)nS,

Ho [y + I, ecTh paccrodunue !, Ha KOTOpoe CMelalTCH
ApYr OTHOCHTETBbHO JPYra MONQMHTENbHbBIE H OTpHIAaTeAb-
Hele 3apfaabl B AU3JIeKTpHKe. B peayabrate Takoro cMele-
Huf Ka)kJ1an napa sapajios ¢ n —e npuobperaer AANONL-
Hell MoMent p =el =e(ly + k). Taxux nmap B eauHHUE

’ 2 ofpeMa n, ChieloBaTelbHO, NpPOU3Be-
(5=5=5 Reune e(l,+ b)n =-eln=pn paer

MOAYAL BekTeopa noaspHsanuy P

& 5z Taxum o6pa3oM, 3apaf, NPOXOAALINA
__L, .—L, —»-P [OpH BKJIOUEHHH [ONA 4Yepe3 [LIo-
& i ¢ Wanky S B nampasnenun Bextopa P,

z TrAT () paBeH
g =PS. (153.4)
PaccMoTpuM BHYTPH IH3JACKTPHKA
A o] IBe OAHHAKOBbie II0 BeJHuAHe BOOG-
paxcaemble naowmaike S; u S Ilao-
Puc. 31, WaAKH TnpeinojaracM MNepOeHAHKY-

JAsipueiME K E B oTcTOoAwmME apyr ot
apyra Ha Ax {(puc. 31). o BK/IKueHHs (oA cym-
MapHblfi 3apAl, 3aKJIIOYCHHBIN B UMAHHADHYECKOM 0OOBEME
¢ ocHOBaHMeM S UM BLICOTOR AX, paBeH HYJIO (RUIAEKTPHK
sawly nefitpasnen). [1py BRAOYEHHH NOAR Yepe3 MJAOILAAKY
&, BXOAHT BHYTPL UWAHEAPA [OJOXHTEABHWA 3apajk
g = PSS [cm. (154), Py — mMoaynb Bektopa P B ceuenun Sij.
Oaunospemenso depes Sz BHXOAHT H3 WHJIHHIPA DOJO-
KUTeABHbIH 3apaf g, =PsS (P; — moayab Bextopa P 8 ce-
uvenuu Sp). B pesyabrate B paccMaTpHBaeMOM oOfbeMe OKa-
sbipaeTcd H3OMTOUHLIE CBAZAHHLIA TOMOMUTENLHBIE 3apan

s= 0, — @, =(P,— P;) S. (15.5)

Ecan A#31eKTPHK noafpu3oBad ogHopoxHo (P = const),
To Pi = Py nu puipaxenue (15.5) obpauiaetca B HyJb. -
CreposateiibHo, B OJHOPOAHO MONAPU3OBAHHOM JH3JEK-
TpiiKe H30bITOUHBe 00beMHBEIE CBA3aHHble 3apafibl He BO3-
HukaioT. O1HaKo, eCnK AMMEKTPHK N0 Kaxofi-nubo npuvute
nosspH3yeTcA HeONHOPOAHO, paBeHCTBO Py H Py yie He Bbi-
noangerca. IlpuunyamMn HEOAROPOLKOH NONAPHU3ALAH MOTYT
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6LITL KaK HEONHOPOAHOCTH CaMOro AHTEKTPHKA, TAK H He-
ogvopoanoct# noas E (npasza, e BeAkHe, 4 NHUIL TaKHe,
KAKHe BBI3BAHbl BPUCYTCTBHEM CBOOOLHBIX 3apsi/OB B MECTe
HEOHOPOJHGCTH) .

[lpesnonoxuM, 4TO CTENMeHb MOAAPH3ALHH LHANEKTPUKA
H3MeHAeTCA TONLKO B HAIPABJACHHH GCH X, COBUANAWILEH ¢
nanpaeienneM E (puc. 31). Toraa P;— P, npeacrasaser
cofofi mpupallleHHe AP, KOTOpoe NOAyuaeT MOAYJEbL BEK-
ropa P npu cMewennn Bgoap ocu ¥ Ha Ax. Ilockonabky
AP =0, B nunuuppuyeckoM ofheMe BeMHUMHON SAX B0O3-
HMKAaeT W3GLITOYHBIA 3apad, paBHblfl cornacio (15.5)

Jhs=—(P,—P)S=—4AP. S,

Pazneans »70T sapaA Ha 00beM OHJAHHApA SAX, NOMYUHM
0o0BEMHYIO NVIOTHOCTh CBA3AHHLIX 3apAJ0B B CEUEHHH C KO-
opruraToil ¥ (Ax moJsaraem MajbIM):
,__AP.S
Sax ’

Cokparus Ha S u ycrpeMus AX K HyJ, npHieM x dop-
MyJae

(15.6)

[lonyueHHOEe HaMM COOTHOWISHHE OKAa3LIBaeTCA CHpaBeld-
JHBHIM M [JIA JHIEKTPHKOB € TOAADPHEIMH MOJEKYyJaMH.

M3 suipamxesns (15.0) m1s E3BLITOUHOTO CBA3AHHOrO 34-
paaa, SakAUEHHOIrO B paccMaTpuBaeMoM cObeMe, BhITeKaeT
ellle OAHO BaxHOe cooTHOoWweHue. HalizeM mOTOR BeKTopa
P uepes [DNOBePXHOCTE NHJAHEAPA, H300paxeHHOrO Ha
puc. 31. Morok uepes 60xOBYIO NOBEPXHOCTbL PaBeH HYJMIO,
TaK Kak BekTop P kacartenen K 3Tofl mopepxuoctH. Hop-
ManbHas cocrapasicmas P oana naomagxn S; paBra MoO-
ayaw sektopa P B ceuenusn 2, 1. e. Py Iloatomy ans

'} B ofmem caysae, Koraa P He coBnagaeT M0 Hampas/AeHdw
€ OCbIO X B 3ABHCHT UG TOABLKO OT X, HO H OT KOODAMAAT y H 2, And
p’ neayuaerca dopmyia

, (6Px aPy 0P,
p=— +
dx dy gz
(cmpica cuMeong div P paswvacuserca s § 107).
B cayuae, AJA Kotoporn MW noayunaw gopMmyay (15.6), P, = P,

Py =P, =0, trak uro {15.6) ecr ne wro unoe, Kak (13.7), mamucad-
nas An% PACCMOTPEHHOTO EAMA YacTHOTO CAyuaf,

)w—dwp (15.7)
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HOTOKa uepes S, moayyaercs 3nauvenne PoS (HamoMuuM, urto
naomank WIOWAnoK S, # S, 0AMHaKoBa H pasHa S}, Hop-
MajpHasa cocrasasmoas P ana maomiaaxu S, pasHa —P,
(nanpapneHHA BHelIHeH HopMaaH K S, W Bekropa P mpo-
THBONOJIOXKHB), TAK 4TO COOTBETCTBYIOUIHA MOTOK pased
—P S, TaknMm oOpa3zoM, NoanHit nmoToX BekTopa P uepes
ACBEPXHOCTL UHAUHADPA PaBeH

(DP=PZS_‘P|S=(P2—P[)S-

ConmocTaBHB mosyueHHOe HaMH BHPAaXKEHHE C IIpaBof
49acThi0 (popMyant (15.5), NpuxoAUM K COOTHOIICHKIO MEXKEY
H30OBITOUHBIM CBA3AHHHIM 3apf/IOM, 3aKNIOUYEHHBIM BHYTDH
SHAHAApA, H ROTOKOM BeKropa P uepes moBepxHocTh HH-

JAHHADA:
q::aﬁ = =0, (15.8)

HabniTounnlit 3apaf, 3akIKUeHHHIH B HEKOTOpOM
ofreMe, paBeH anrefpanueckOdl CcyMMe HAXOASULHXCH

B 9TOM ofbeMe CBASAHRBIX 3apsOB: ¢’ = D ¢". [Tosromy
(15.8) MoxHO samucaTh B BHJE

op=§p,.ds== -Yv. (15.9)
)

Moxuo morasate, uto ¢opmyaa (15.9) ocraercs cmpa-
BCAJINBOji U B CaMOM OGILUEeM ciyuae, T. €. [1 NOBEPXHOCTH
nw6oli GopMbl, pH NPON3BOALHOA 3aBHCHMOCTH BeKTopa P
OT KOOPAMHAT X, ¥, 2, & TAKXKe IS JHIEKTPHKOB Kak
¢ HEMOJANPHHIMH, TAK H C NOAAPHbIMH MOJEKY/IaMH.

Teneps BLISICHHM, YTO MPOHCXONHT MA NOBEPXHOCTH NO-
ARPN30BANHOrO AnvAexkTpHKka. [Ipexnonoxmum pravane, uto
BHEIHssT NJ0CKas rpaHb NHA/AEKTDHKA -NEPIEHIAHRYMSIpPHA
k Bekropy P (puc. 32,a). [IpA BKAIOYEHHH MORS BCE OTPH-
HaTenbHble 8apAaL CMECTATCA OTHOCHTENBHO NOJOMHTEb-
HblX 3apAnoB Baego (Npotus P) Ha ORHRAKOBYIO BeTHUKHHY
! (coorpercteylomyw Iy + & ra puc. 30). B pesyasrare
B TIOBEPXHOCTHOM C/10€ TOMIUHHG [ OCTaHYTCHA TOALKO MO-
NOKATENbHBE 3aPRAL, AAIOWAE B CyMMe ¢, .= enSl (na
APOTHBONQIOKHOH rpaHd o6pasyeTcss TaKoH ke MO BeaH-
uyKHe OTpHLATenbHBIlt 3apan). Pasnenus ¢, wa S, mony-
YHM MOBEPXHOCTHYIO [IMIOTHOCTL CBfISAHHOro  3apsja:
o’ = eln. Ho eln, KaKk MH YCTAHOBHAH BRI, €CTh MOLYJb
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BBKTOpa NOJaApHIaIAN p, no3TOMY MOMHO HaAnRHcarth, 910
o =P. (15.10)

Tepefinem K cayuaio, KOTAa HOPMaaAb N X BHeNeH NJao-
CKOH TPaHH AH3JCKTPHKA o0paayer ¢ BekTOopoM P mpous-
BObHLIR yron o (puc. 32,6). B stom cayuae csoGoaen ot
OTpHIlATEIbHBIX 3apAAcB 0GbeM KQCOro LMJAHHAPA, paBHbifl

Pac, 32,

Slcos ¢. Conepxalinitcs B HeM H3ObITOUHBIR 3apAl pased
§his=enSicos a. Paspeans 37107 sapAj Ha S M yuvd, uTO

ein = P, noryuum
o' =Pcosa=P,, (15.11)

rae P, —npoekuus Bekropa P Ha BHeMHIOIO HOpMaab
K MOBEPXHOCTH AusnexTpuka. Ilpn @ =0 mnpoexuus Pa
pabua P, u mu npuxonum K dopmyse (15.10).

(I)opMy.na (15.11) naer He TOALKO BeAHYMHY, HO M 2HaK
NOBEPXHOCTHOTO CBA3AHHOIO sapsiia. B Tex Toukax nosepx-
HOCTH, TJIE YION MeXAy BHeIHel HOpMAaablo N H BEKTOPOM
P ocrpui, P, > 0 v ¢’ nonoxwurennvHa.. B Tex Touxax, rae
n u P o6pasyior Tynofi yroa, P, < 0 1 o oTpuuarteabHa.

Bripasne cornacuo (15.2) P uepes » n E, npuxogum
K dopmyne

o' =xeyE,, (15.12)

rae E, — HOpMaibHas COCTaBAAIOLIAA  HANPANEHHOCTH
noass BHYTPM JAnatexTpuka., B cooreercrean ¢ (15.12)
B TeXx MecTax, TAe JHHHH HanpsIXKeHHOCTH BLIXOAAT H3
Ansnextpuka (£, >0), Ha ROBepXHOCTH -BBICTYNZIOT
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NoJOMHTEIbHEIE CBA3AHHBIE 3apAJH, TAM 3Ke, T1e JHHHH Ha-
NIPAKEHHOCTH BXOZAT B AMAAeKTpUK (E, < 0), noABaswoTcs
OTpHLATENLHbIE [I0BEDXHOCTHEIE 3apALHL.

Popumyan (15.11) u (15.12) cnpasensaussi H B caMow 06-
uleM cayvae, KOMAA HEONHOPOAHBIA AMIJIEKTPUK [[POH3BOJADL-
HOft OPMBI HAXORHTCA B HEOAHOPOAHOM 3TAERTPHIECKOM
noae. flox P, u E, B »ToM cnyuae HYKHO NOHHMaThb
HOPMAaJBHYID COCTABJAIOIIYI0 COOTBETCTBYIOLIETO BEKTOpA,
B3ATYK B HeNOCpPeACTBeHHOR GH30CTH K TOMY 3JeMeHTY No-
BEPXHOCTH, AJS KOTOPOTO Onpenesercs o'.

Dopuyna (15.11) umeer Takofi e BUE H B rayccoBoll cucreme.
Dopmyna xe (15.2) umeer B 3Tofl cHcTeMe BHE

P ==xE. {15.13}
Cooreercreenno hopmyaa (15.12) sanucmBaeTca caenyiomuM obpasom:
0 =x%Ey. (15.14)

§ 16. Onucanue noas B AHIIEKTPHKAX

IMoa HanPaXMEHHOCTLIO [OJS B AH3JAEKTPHKE NOHHMAlOT
snauenne E, nonyvaolleecd ycpeldHeHHeM HCTHHHOTO MOJS
no ¢uanyeckn SeckoHeuHo MaaoMy obwemy, McTuHHOe (Mn-
KPOCKONHYECKOE) NOJE B AHMIEKTPHKE CHABLHO MEHTeTcH
B npefenax MeXMOAEKYJAPHHX paccrogHui, OaHaro npH
paccMOTpeHHH JeficTBUA MO HAa MAKPOCKOMHUECKHE Teaa
5TH W3IMEHeHHA CKasplBaThesd He OYAYT H JeficTBHE MONA Ha
TeJO ONpefensieTcs YCpeAHeHHHM  (MaKPOCKOMHICCKHM)
sHavueHneM E.

Maxkpockonuueckoe node E noayuaercs B peayjabTare Ha-
AOWEHHA ABRYX noded: nona E,, cosnaBaeMoro ¢BoOOAHBIMH
3apAAaMH, T. €. TAKHMH 3apAJaMH, KOTOpHe MOTYT nepena-
BATBCSl OT OAHNOTO Tesd K APYFOMY NPH HX KacaHuu, H noas
E’ cBusanHeIX 3apAnoB. B cHAY ApHHOMDA cyneprmosHUHA
noJaen

E=E,+E’ (16.1)

TMonspuzauua Au3NeKTPUKA 0OyCJIOB/ACHA JEeHCTBHEM
cymmapHoro noas (16.1). CaeaoBatenbHo, uMeHro sto E
HYXHO HofAcTaBAATs B ¢dopmyan (152) u (15.12}.

CasiaaHHBIe 3apAAR OTMYANOTCH OT CBOGOAHBIX JHIIL
TeM, UTO He MOTYT MOKHHYTb TpPeAedbl MOJEKYAR (anu
aToMa), B COCTaB KOTOpoil OHM BXOAAIT. B OCTanbHOM MKe
BX CBOfCTBA TAKOBLI, KAK W y BCEX NpouuX sapajos. B ua-
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CTHOCTH, HAa CBSI3aHHLIX 3apAjaX HauHHAKOTCS JHGO 3akaH-
unBalotcd  §'feo snuHMB  Bextopa E’. [losToMy TeopeMy
Faycca nast onpegensiemore suipaxesuneM (16.1) sexrtopa E
HY?KHO 3aTHMCLIBATEL CAEAYIOLHM 06pasoM:

Vp=§E, 8= (Y 9+ 2 7), (16.2)
S

T. € NpH BBEIUHCJICHHM NOTOKa BekTopa E uepes aaMkuy-
TYiO IIOBEPXHOCTb YUHTBIBATh A4ATe0pAaHueckyld cymmy He
TONBKO CBOGO/HBIX, HO TaKiKe H CBA3AHHLIX 3aps/ioB, 3a-
KMOUEHHBIX  BHYTPH mnosBepxHoctH. [loztomy dopmyaa
(16.2) oxaswiBaeTcd MaJONPHIONHON A HAXOXKAEHHA BeK-
Topa E B AHSNEKTpHKe — OHAa RBHIpamaerT CcROWCTBA HEWS-
BecTHO!H Bennuudbl E uepes caasaHHsle 3apaibl §’, KOTOPBIE
B CBOIO Ouepelb oupelensiorced HemspectHol E [em. dop-
Myay (15.12}].

K cuactwio, sarpynsenune, obycaopaeHHoe TeMm, uto E
3aBUCHT TaKKe H OT CBA33aHHLIX 3apfAj0B, MOXHO oboilTH,
BBEAS B pAacCMOTPCHHe BCMIOMOTATeJNbHYIO BelHYHHY, CBA-
3aHHYIO NPOCTBIM COOTHOIIEHHeM ¢ BeKtopoM E M ompene-
NAeMYI0 JAHIBb paclpeles]eHHeM B NPoOCTpaHCTBE CBOGORHBIX
sapafgos. UYroGbl YyCTaHOBHTH BHJ 5STOH BCROMOTATeNhHOH
BERUYHHE, conocTaBuM Gopmyay (16.2) c© BelpaxeHHeM
{15.9). C TouHOCTLIO A0 3HAKA ¥ MHOMKHTENd 1/ey npasas
uacTh Boipaxenusa (15.9) copnajsaer co BTOpPOHl M3 CYMM:
8 ¢opmyae (16.2). 3ro ZaerT BOAMOXKHOCTE HCKIIUUTL H3
COOTHOWENHA 3apaAAm ¢, 3aMeHHB HX NMOTOKOM Bekropa P.
Jlerko nposepuTh, uto, 06beauHEB BMecTe (15.9) m (16.2),
MOXKHO N0JAYUHTh CAenyIoUyw popmyay:

e+ Op= :§>(aJ:‘.+P)n s =Yiq. (16.3)
S

Bripamenne, croamee B ckoGKax nod 3HAKOM MHTe-
rpala, M ecTb Ta BCIOMOraTeNbHas BelHYHHA, O KOTOpOM
inna peyn Beime. Ee ofosHauait Gykeoit D 1 HasbiBaOT
3MEKTPHYECKHM CMelleHHeM (MK S/IeKTPHYeCKOR HHAVK-
uHei).

Htak, 3nMeKTpPHUECKHM CMelleHHeM (3A€K-
TPHYECKOH HHAYKLEHEeHN) Ha3uBaeTca (uanueckasn
BeTHYMHA, OfpefieNaeMas COOTHOIIEHHEM

D =¢gE + P, (16.4)
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C wcnosbaosanueM 37Ok Besmmnn dopmyna {16.3) moxer
6LITh 3anucaHa B BHAE

®D=§Dﬂd8=2q. (16.5)

8

Ecnu cBoGoARbe 3apsfel pacnpefeiednl BHYTPH 3aMK-
HYTOH MOBEDXHOCTH HenpepnBHO ¢ 0OLeMHOH NAOTHOCTHIO
g, thopmyha (16.5) BHOOH3MenAeTca cAeaywHiUM o6pa3omM:

©p=§ D, dS= [ pav. (16.6)
S v

Gopmyner  (16.5) u. (16.6) BHpaxalOT Teopemy
Taycca 1714 BEKTOpPa 3JEKTPHUECKOrO CMeLleHHS: NOTOK
BEKTOPA FALKTPUHECKO20 CMEULCHIR Hepes SAMKHYTIIO ho-
6epXHOCTD paBen QA2e6pAUYECKOll CYMMe SAKAFOUCHHDLX
8HYyTpU 3TOU nosepxrocTu caobodublx 3apados.

B paxyyme P =0, T2k uTO onpexensemas BLIpAMEHHEM
{164} penuunsa D npespastaercd B eE u dopmyns
(16.5) u (16.6) nepexonar B dopmynn (8.3) n (8.4).

Enununell MOTOKA BEKTOPA 3JEKTPHYECKOTO CMeHIeHHS
asaserca xyaoH (x). Cornacno (16.5) sapam B I & cosnaer
yepe3 OXBATLIBAIOIIYI0 €r0 MOBEPXHOCTE HOTOK CMeEIleHns
B I K

Toacraeue B dopmyny (16.4) purpamenne (15.2) gas P,

HOJYYHM
D = ¢E + xgB =g, (1 + ®) E. (16.7)
Beapasmepunyio penuunny
e=14=u (16.8)

Ha3LHBAIOT OTHOCHTEABHON JH3JAECKTPHYECKOH
NPOHHHMAEGMOCTHIO HAM . NPOCTO JAHIAeKTPHUe-
CKOH npoudaeMocThio cpedu!), CienoBarenbHo,
cooTHomenne {16.7) MOXRO 3anmHCATb B BHAS

D = g.eE %), (16.9)

1y HMuoraa ang ynpoimeHus ¢opMys BBOAAT TaK HaidnBaemyio af-
COMOTRYK) AHINCKTPHUSCKYIO TIPOHMIIAEMOCTD. Ba = 898, OJHaKo sra Be-
AW9HAa (DHEOMUECKOFO CMHCJIa He HMEeT, W MH €0 ToALs0BaThes HE
OyneM.

?) B aHH3OTPONHLIX NH3JEKTPHKAX nanpasnerus Dy E, pooGme
FoBOPS, He COBNALAKT (CM, CHOCKY HA eTp. D3),
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370 W eCTh TO NPOCTOC COOTHOINEHHE MeXAY BeKTopaMH E
n D, o xoropoM peus Gblia BhILIE.
Cornacuo dopmyaam (5.3) # (16.9) snekrpuyeckoe cue-
ILeHHe NOJAA TOYEUHOTO 3apana B BAKyyMe PaBHO
Lo r :
D=7 (16.10)

EnuBuiel aACKTPHIECKOro CMellleHHA CNYXHT KYROH HA
KBaApaTHbill Merp (xfs?).

SnerTpHUECKYID HHAYENHIO!) 8 TrayccoBofl cHCTEMe ONpefelsfaT

COOTHOIEHAEM .
D=E + 4nP. {1e.11)
MMoacranosxa B Hero 3nauenus (15.13) .nas P paer
D= (1 4+ 40) E. (16.12)
Beaununny
g=1+4nn (16.13)

Ha3pBalT A HKIJEKTPHUECKOH nNpoHHUaemoCThlo. DBeeas
o1y neanauny B dopmyny (16.12), moayuum
D=&E. (16.14)
B rayccosof clCTeMe SJeKTpMueckas MHAVKUHA B BAKYYMeé COBna-
daeT ¢ HagpaxeHHocThio mods E. CaefopartenbHo, »JeKTPHYECKAd WH-
AYKIMR TOJS TOYEYHOrO 3apfAfia B BaKyyMe OnpemendeTcA QopMy-
qoi (5.4). -
Cornaco dopmyne (16.10) snexTpudeckoe cuemenne, cCO3Kasaemoe
3apsiaoM B 1 x Ha paccToAHMH | &, coCTaBAser
1 g 1

i
=g L 2
T 4n 2 4n 12 4m kla,

B rayccoBoi cCHCTEME SJAEKTDHUECKZH WHAYKIMHA B STOM Cayyae

papHa 3. 100
DH%E o 2 =3.10° CTGI-eAunHuIL,

Takum ofpasom, 1 x/#2 coorsercrayer 4rm«3.10° CIC3I-en. snex-
TPHUECKOH HHAYKIHA.
B rayccosoli cucTeMe BhipaXeHHe TeopeMul ['aycca HMeeT BHA

Ef;' D dS =47 Z g, (16.15)

§Dnds==4u j' odV. (16.16)
v

1) TepMsH <3/ GKTPHYECKOE CMEMieRHe» TNPAMCHHTEALHO K BeIH-
qyHe (16 11} ve ynorpeGasercs.
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B rayccosofi cucteme 3apAi B OLMH KYJAOH CO3M4eT NOTOK BEKTOPa
BACKTDHUECKOR MHAYKUHH, paBHuA 4mg = 4x.3.10° CFC3-epnnun, Ta-
KHM ofipasoM, MeXay eHHHIaMH DOTOKa BekTopa D cymecTsyer cooT-
HOWDeHHE

l k=4x.3-10° CI'CO-eaunny noOTOKA.

UroGpt BBIACHHTE (H3Inueckuil cMbica peanund D u e,
paccMOTpUM HECKOABKO NPHMEPOB MOJER B AUSIEKTPHKAX.
1. Tloae BHyTpR naockofi niacTHHel. PaccMOTpuM mnode,
co3jlaBaeMo€ B BaKyyMe JABYMA OeCKOHEYHBIMH [a3Ho-
HMeHHO SapfmeHHuIMH OJaockocTsiMH, OGosHauHM Hanps-
KeHHoCTh 1O Ey, a auaexTpuueckoe cMellenue Do = gofip.
BeeceM B 3T0 M0Je MIACTHHY H3 OLHOPOLHOTO AH3JEKTPHKA
H paclioNOXHM ee TaK, KaK MOKa-

AL . sano Ha pHc. 33. [lox neficTBHeM
v - TNOJS JHAJIEKTPHK MOJASPH3YETCH K
+ - + - Ha ero IIOBEPXHOCTAX NOSIBATCS
+ - ¢l-=—|-  cessaHHBle 3apAAH NJOTHOCTH o
+ = OTH sapAibl CO3LaAyT BHYTPH mJa-
+ - N ~  CTHHH O/[HODOJHOE MOJAe, HANPs-
¥ T eHHOCTb KOTOPOTO corsacHo dop-
+ s ot - ' Ef__ ’J B
. R _ Myjae (8.6) pamHa £’ = o'/e;. Bre
. - . _ IW3NeKTpHKAa B [OaHHOM Cayuae
- | an
N | . ~J- ~E'=0. Hanpaxkennocty noas Eg
+ - + - pasuHa ofeg. O6a moas Hanpabie-
] HM HABCTpeuy ApPYyr ApYry, cieio-
£ £ BaTeAbHO, BHYTPH IAHJEKTPHKA
g~ — | e
& o 1
e E=F—FE =FEj——=—(0—10¢).
E—E &g &p
(16.17)
Pue. 33.

Bue nusaexrpuka E == E,.
Toasipusanua  nnsaekTpHKAa  ofyciobaeda  MoJeM
{16.17). TlockonbKy OHO NepHeHIHKY/IADHO K HOBEPXHOCTH
nnactubel, £, = E u B cootBeTeTBHH ¢ (15.12) o = ngoE.
IMoncrasasia 310 3nayenwe B Qopmyay (16.17), nonyuaem

E= EU_ ME,
OTKYLa
E E
E=gi =B (16.18)

Wrak, B paccMarpuBaeMoM ciysae OTHOCHTeNbHas Ad-
SNEKTPHUECKAA TIPOHHLAEMOCTh & IOK43LIBAET, BO CKOJALKO
pas ocnabidgercd nosae sa cuer JHIIEKTPHKA.
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YmHoxkHB (16.18) Ha €48, NOTYUHM 3JEKTPHUECKOE CME-
ileHHe BHYTPH NJIACTHHEL

D =g eE = g,E,. (16.19)

Takum oGpasoM, BHYTPH MJIACTHHB 3/E€KTPHUYECKOE CMe-
LieHHe PaBHO HaNpPsKeHHOCTH nNoag cBOBOAHHWX 3apsioB,
YMHOKEHHOH Ha €, T. € COBIARAET € 3JeKTPHYECKHM
cMellleHHeM BHelliHero noag Dy, Bue naacriiet e=1u D
TaK¥Ke. parHO eoFy.

Yrobm mafiTh o, Bupasum B (16.18) E u E, uepes
NJOTHOCTH 3apA0B

’ o
Chieices
Orcona
o=l (16.20)

Puc. 33 Buinonded B WpeAnoaoxXeHHH, 4to € = 3. B co-
OTBETCTBHH € 9THM rycrora Junait E B Iu3JeKTpHKe B TPH
Pasa MeHbille, ueM BHe MJIACTHHLE. JIHHHM npoBelleHH Ha
OZHHAKOBEIX PaCCTOSHHAX /JPyT OT.Apyra, HOCKOJBKY foJe
oJHOpoAHo. B paHHOM caydae ¢ MoXHO HaiTH, HE mpHOe-
ras k Qopmyae (16.20). DeiicTBuTenbHo, pas Hanpsxel-
HOCTb MOMS BHYTPH NJAacTHHEL B TPH pasa MeHblle, YeM
BHE €€, TO H3 TPeX JHHHI HANpPSXKeHHOCTH, HaUHHAOWHXCA
(v 3akaHuHBaloUiMXcs) Ha cBoGOJHBIX 3apajax, JBe
IOMKHE 3aKaHYUBAThCK (COOTBETCTBEHHO, HAUWHATLCA) Ha
cBA3aHHHIX 3apanax. OTciofa BEITEKAET, YTO NMAOTHOCTb CBA-
3aHHBIX 3apsfOB IOMAHEA GHITL paBHOH 2/3 BAOTHOCTH CBE-
GOAHEIX 3apAA0B.

B rayccoofi cHcTeMe HanpAaXeHHoCTs E’, cosjaBaemas CBA3aH-
HEIMH 3apagaMi o', B cooTeeTcTBHE c dopumynofi (8.7) pasua 4no’,
Tostomy cootnomernne (16.17) mmeer Bug

E = Eo— E' = E, — dno’,

3ameuns o' yepes En = E no dopmysne (15.14), noaysnm

E = E, — dnxE,
OTKY A3
Fe--Lo . Eo
EYL e

Takum ofpaszoM, AHIEKTPHUECKAR NPOHHIAEMOCTh. £ TaK e Kak
i e B CH, nexkasptsaer, B0 CKOJBKO pa3 oclabideTcs [oJe 3a CueT IH-
anexTpHka, CAefl0BATeNbHO, OTHOCHTE/IbHAR LUAEKTPHYECKan RpOHae-
MOCTH € COBTajaer ¢ € B rayccoBoll cucreMe. O1ciona, DpfiHEMas BO
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punmanue (168) u (16.13), sakmouaem, uro nuMEKTPHYECKAA BOCe
NPHAMYEBOCTE B rayccosoli cucteme (Xpc) m 8 CH (xgy) orammaorce

APYT OT Apyra MHOKHTEJNeM 45

Koy = 40t (16.21)

2. Mlone BHYTpu wapoBoro ciaod. OKPYXHM 3apameH-
HYI0O chepy KOHUEHTPHUYECKUM WIADOBLIM CNOeM M3 OLHO-
poasoro Amaaertpuka (puc. 34). Ha suyTpenneil mosepx-
HOCTH ¢/10A NOABHTCH CBA3AHHLIA 3apsij ¢), pacnpejlesed-
HBIl ¢ TIIOTHOCTBIO 0 (9] = 4nRie)), ua HapyxHoh — 3a-

PAA G; pacmpelleNeHHBll C NNOTHOCTBIO O (4; = 4nR0y).

Puc. 34

BHak sapsaia g, coBmazaer co sHakoMm 3apsana § cdeps,

BHAK ¢ €My NPOTHBONOJOKeH. 3apaiul q; H g, CO3AAIOT
Ha PacCTOAHHAX 7, NPEBHILAIOUIHX CODTBETCTBERHO R; H Ry,
[oJle, coBnajaioilee ¢ TOJeM TOUEUHOrO 3apafia Takoll Xe
penuyuus [cM. dopmyay (8.10)} Bryrpr nosepxHocTelr, no
KOTOPLIM OHY DPacipeleneHbl, 3apafbi ¢, H g, TNoas He
coznawnt. CrefloBaTenbio, Hanpmxennocts nonst E' BHYTPH
AM3NIEKTPHKA paBHa

E =
dntgy r

I 4nRje] 1 Rjo]

I

T 4dme, 2 gy r?

1Y)



H NPOTHRONONAOK HA TIO HAAPABJEHHD HANPAMKCHHOCTH NOAAR
Eo. Peaynbmpylow,ee NoJe B NHMNICKTPHKE

1 g i Rl

7 1M

E(ry=Eg— ' = —— 5

dne, r? £y

, (16.22)

Kak Jderko BHACTh, YOuBaer no aaxouy 1/#2  Iloatomy
MOMHO YTBEPKIATb, 4T0
E (R re 2
ER) T 1 e ER)=E@) L
E¢) R R
rae E(R|) — nanpaxXeHHOCTH NOJA B JM3JEKTPHKe B Helo-
CPeICTBEHHOA GAH30CTH K BHYTpeHHE NOBepXHOCTH CJOA.
WMenHo T2 HanpsXeHHOCTh ONpefe/ifieT BeJIHUHHY O

o] = we,E (R)) = xe,E (r) -:—% (16.23)

(B KaKnoft TOuKe nosepxuoctd E, = E).
Mojcrapasa soipaxenne (16.23) B dopmyay (16.22),
MOMYURM '

1 q 1 R%e,E(n r*
E() = S~ DL S By ()~ mE (),

E,
OTKYZAa HAXOAMM, UYTO BHYTPH JHIJEKTPHKA E=—E°— ",

caenopatenbHo, D = gy [cp. ¢ dopmynamu (16.18) n
(16.19)].

3aMETHM, YTO, TIOCKOMLKY MoJie BHYTPH AHITEKTPHKA H3-
MeHSeTCA N0 3aKoHy 1/r?, BHINONHAETCA COOTHOLIEHHE
o) 0;=R}: R Orciona Bhitekaer, uto ¢y =gz ChrelloBa«
TeAbHO, NMOAfK, CO3RaBAECMEIE STHMH 3apAAaMH, Had PAcCCTOf«
HUSX, TpeBHIIAIIHX [Rs, B3aHMHO YHHYTOKAIOT JAPYR
Apyra, tak 41¢ BHe waposoro caod B =0 u E = E,. |

ITonoxus R, paBHuM R, a Ry = co, MLl TIpHAEM K Cay<
uald 3apAXKEHHOH cdepbl, MOTPYMKEHHOH B Ge3rpaHH4HBIA
OJHOPONHE JianekTpuk. HanpaxenHocTe 11018 BHe Tako#
cthepul pagHa

E=-L_ 4 (16.24)

T 4mey er? °

Taxoea e 6yReT HaupsKeHHOCTb DOJS, CO3NABAEMOro
B OAHOPOJHOM 6€3rpaHHYHOM AHIIEKTPHKE TOUYEUHbLIM 3a<
pAROM.
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(6a paccMOTpeHHNX NPEMEPa X2paKTePHLL TeM, UTo AH-
NeKTPHK GBI ORHOPOJHLIM H OTPAHHYHBAIOLiHE Ero no-
BEPXHOCTH COBIAJAadH C SKBHIOTEHIHANbHKMH MOBEPX~
HoersMi. TToaydednelii HaMU B 3THX CAYYafAX pe3yabTaT AB-
asiercs o6uMM. Ecau 00HOpOOHBI QUIAEKTIUK ROAHOCTHI

3anoaHAeT 00BeM, O2paruden-
" -& &' -5 Hbill  IKBUNOTEHYUAALHOLMU .70~
' 8EPXHOCTAMYU, TO BEKTOP 3A8KT-
DUMECKO20 CMeujenus cosnadaer
C BEKTOPOM HANDANEHHOCTH No-
A8 Cc80BOOHbIX 3EpARJO0S, YMHO-
MCEMHbIM HQ &, M, CHeJOBaTe/k-
HO, HANPAMEHHOCTL ROASL BHYT-
pu QUALGKTPUKL 8 & P03 MeHb-
ue, YeM HANPAMEHHOCTL NOAA
caobodubiy 3apados.
Puc. 35. Ecau ynomamyTeie  yCIO-
BHSI He coBMI0IAIOTCA, BEKTOPLI
D 1 gE; ne copnasator. Ha puc. 35 nokasaxo nose 8 naa-
CTHHE IHANEKTPHKE, MePeKOleHHOH OTHOCHTENBHO M0CKO-
creft, Hecyuinx cpoBopHble sapsiisl. Bexrop E’ mepnenuky-
Jsiped K rpaHAM naacTuHe:, 1103ToMy E B Eo HexoJAHHE-
apubi. Bextop D nanpassien Tak Xe, KaK E, c/1eA0BATERbBRO,

r
E
e ————
/.-'" ""*-.._‘_‘\
=
e ————— _— \
! - . 1
v et . LN
.}_-.(.'r +q )/J
s S
£ E —YE &
\ e —— ]
N - LA
= T g
~___E_
Puc. 36.

D u eoEp He coBmajanT no HampasacHuio. MoXKHO mOKa-
3aTh, YTO OHH HE COBNAAAIOT H [0 BCAHUHIE,

Bo Bcex paccMOTPEHHbIX -Bbillie NpHMEpax H3-3a croe-
IHAaJbHO BuibpanHoil (opmel AusnekTpuka noae E' Gwuio
OTJIHUYO OT HYJA® TORLKO BHYTDH AM3JICKTPHKa. B ofiem
cayvae E' Momer OHTL OTIHYHO OT HYJAA H 3a MpejerdamMu
nusrektprka. [lomecTaM B - NepBOHAYAMBHO OAROPOAHOE
Tioje cTepeHb H3 AuaTekTpHka (pue. 36). Beaeacrere no-
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AAPHAALNK HA KOHIlAX cTepXKHA 06pasyloTcs cBA3aHHble 3a-
paab MPOTHBONIOJAOXHBIX 3HaKoB, MIx noje Bue cTepiHA 3K~
BHBANEHTHO noaw Annoas (auunn E' nokasadw Ha pu-
cyuke NYHKTApoM). JIerko BHIeTb, YTO Pe3yJbTHPYIOULee
none E BGMu3an xoHUOB cTepKHs Godbile Eg.

§ 17. TipenomacHHe NHHUR FUEKTPHYECKOTO CMeELIEHAS

Tone BexTopa D MoxHO H300pasuTb ¢ NOMOMWILIO JH-
HHMI 3JCKTPHUECKOro cMellleHus (Mbl OyaeM AJaf KPaTKOCTH
Ha3biBaTh HX JHHHAMH CMELIEHHA), HANPABJIEHHE H FYCTOTd
KOTOPBIX ONPEAeHSIOTCA TOUHO TaK e, KaK H 1A JHHAhA
sektopa E {cMm. § 7).

TlomecTuM B OmuoponHoe moae Eg JXBe cCiomeunbe
BMECTe IJIOCRONApajfiedbHBIe OAHOPOAHBIE ITACTHHDI U3 Pa3-
Hblx BH3JekTpHKoB {puc. 37). Ilpu pasHuix g, u & MJ0T-
HOCTH 3aPAIOB ©), M 0, Takke OYAYT pasanusbiMu. Coe-

NOBaTeJbHO, Ha NOBEPXHOCTH, 10 KDTOpOﬁ CONPHKAacalTCs

// ’ // 7,
59 g 7 } Ewm' o
n, 1 ! £
5 4/ . ! T 7
¥ -8 E . -
;Z/n . ml Ez’f ?
E z 2 | ’ 2|
y +8;% Egf-~ JEp, +65
4 8
Pue. 37,

NIAACTHHB, BOSHHKHET W3OLITOUHLIE CBA3AHHBIE 3aPAL G-

OnHaKo, Kak MM 3HaeM, JuHHH Bektopa D Moryr Haun-
HATHCA M 33KAHYMBATLCH TOALKO Ha CBOGOMMEIX sapfmax.
TTo3ToMY JHHMM CMellieHHS MPORAYT uépes NOBepXHOEThL
pasjena ABYX IHINEKTPHKOB, He INpepniBasicb, OHH JHUIL,
KaK Mol HOKaMeM HHXKe, MpPEeTepleBaidT Ha 3TOf MOBEPX-
HOCTH H3MIOM.

Hafiiem cOOTHOIMGHHS MEIKAY HOpMa/diBHLBIMH, a TaKixe
MEXKAY TAHPEHHHAJbHLIMH (110 OTHOWIEHHIO K MOBEPXHOCTH
pa3fena) cocrasisiomnmy sextopos D u E B nepsom H BO
BTOPOM IHSJEKTPHKAX.

68



Paccmorpum  BooGpaxaeMblil WHAMHAD BhICOTH f, OCHO-
BaHHA KOTOPOTO S| H S; pacnoyoxeHbl 0 pasHble CTOPOHLI
fioBepXxHOCTH pasiena (puc. 37,a). Ilpumenum kK 3TOMY
uuaunapy TeopeMmy Taycca (16.5). Buyrpr uuauuapa
HMEITCH JHIL CBA3alilbie 3apaisl, cBOGOAHEIX 3apANOB MO
npennoyoxennio Tam Her. [Tosromy npasas vacts B $op-
myne (16.3) obpawaercs B Hyae. Ilorokom D yepea Go-
KOBYIC TIOBePXHOCTL LHAHHADA MOMKHO NpeHeGpeyuh, TAK KaK
A wmpt 6ynem crpemuthk K Hymwo. [Totox uepes BepxHee oc-
HoBaRHe UMAMHApa pased D1h,S;, rae D), -—— BopManbHas
cocraBnsomian. sekropa D B nepBoM Au3AexkTpHKe B He-
NOCPeACTBEHHOH GJM30CTH K NOBEPXHOCTH pasfena. AHa-
JOTHUHO MOTOK uepes HuMHee OCHoBaHHe ecTb Dg,Sa, rae
Dy, — nopMaABhan cocrapagomas sektopa D Bo BTOpOM
JM3JEKTPHKe TaKXKe B HEMOCpeACTBEHHOH OJAU30CTH K MO-
BEDPXHOCTH pasiena AH3MeKTpHKOB. CAOXHB 5TH ABa NHO-
TOKa, MBl NOAYuUMM AOAHBE (O0TOK, KOTOPHIH 110 YCIAOBHIO
Oomaxer ORITE paBeH HYJN:

DOp =D, S, + D2n82 = (D, + D2n) §=0.

Oreiona cnegyer, uto Dy, = — Dy, 3HaKH cOCTABAAIOLHX
OK233J8HCh Pa3/iMUHBIMH BCleACTBHE TOU'C, HYTO HOpMaJH it
H Ny K OCHOBAHHAM LHJHHAPA HMMEIOT TPOTHBONOJIOKHBE
Hanpasneuna. Ecan npoexruposate Dy u Dy Ha oaHy o
TY K€ HOPMaJb, TO DOJAYUUTCH, HTO

Dip = Dyy. (17.1)

3aMenns coraacio (16.9) cocrasaswuue D coorper-
CTBYIOINMMH COCTaBAfIOWHMME BekTopa E, YMHOMEHHBIMH
Ha epg, TIGNYUYHM COOTHOIEHKE

Ey8sE'yy = 88, E 0y,
H3 KOTOPOTO CAELYET, YTO

Ein \Z)
o = (17.2)
Tenepb 06paTHMCA K TaHTEHUHAJbHBIM COCTaBJSIOMHM
sektopoB E u D. Cornacuo gopmyne (16.1) E = Eq + E.
Bektop Eq b 060HX A#37€KTPHKAX 1O NPEATONOKEHHIO OfU-
HakoB. Bektopnl E’, kak BHAHo u3 pHc. 37, 6, Hanpab/eHbl
0 HOPMAaaHd K MOBEPXHOCTH pasjena, BCIEACTBHE Yero OKa-
SHIBAIOT BJHAHHE TOIRKO Ha HODMANLHLIE COCTaBAALINE
sektopa E. Orciona sagnioyaem, 4To TaureHudanbHble CO-
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cragasiomie BekTopa E B 000X ZMINEKTPHKAX JEOJKHGI
ObITh OAHHAKOBLIMH:

Fiy = Fon. (17.3)

3amenus corsacHo (16.9) cocrasaswomue E  cooTBers
CTRYICIUHMH COCTABASUOULHMY BeKTopa D, OeneHHLMH Ha
-
€0€, NIOJAYUYHM COOTHOIHEHNnEe

Dix _ D
£gE)  Eg€p |

13 KOTCPOIO cCAeAyer, uTo

Die _ &1 (17.4)

Dy €;

Pe3loMHpYsl, MOKHO CKa3aTh, YTO NPH Nepexofe yepes
TpaHKly pasjiesa [BYX AU3NEKTPHKOB HOPMAJIbHAfA COCTAB«
aamouwas sexropa D n tau-

reqiauaJbLHasl  cOCTaBJsIO- / / / / / /
masn eekropa E uaMensior-

csl HempepuiBHO, TaHrenH- /

aJlbHafA e COCTaBJAIOMIAA

pektopa D u HopMaabras &

&
cocTaBasoman sekropa E Y o
npu Tepexole uvepea rpa- (<€) / | PiaTd

HYLY pasfena [perepie-
BAIOT Pasphib. /

Cooruowmenus (17.1) —

{17.4) cripaBeiJMBE H RAA D
TpaHHUbI IN3JEKTpHKA /

¢ BakyymoM. B -sTOM

cayyae OBHY H3 AHIJIEK-

TPHUECKHX  TIPOHHIAEMO-

cTefi  HYXKHO  TIOJOXKHTh Puc. 38.

PaBHOH ellHHHIlE,

Ha purc. 38 noxasaHol JHHHH CMellieHdsi 15 Tex XKe
nFactay, uto ¥ ua puc. 37. Bre nnactun D = gyE. Ha rpaa
HHEAX JHJICKTPHKOB JIMHHH TePIAT H3NI0M  (npejaoM«
JAKTCA), BCICICTBHE YEro ¥roa o MEXAY HOPMAJIBIG K M0«
BEepXHOCTH pasjeqa u JuHHeh D usmensercs. Ma pucydka
cagayer, uTo

Div . Dy
Dyp " Dy’

tgal . tga2=

i}



oTKyga ¢ yverom tdopmya (17.1) u (17.4) noayuaercst 3a-
KOH HpelOM/IeHHA JHHHA 3JMEKTPHYECKOID CMemeHHs

e (17.5)
g L)

[lpn nepexose B AHIMEKTPUK € Medblied & yroJ, oG-
pasyeMblil JHHHAMH CMeieHUA C HOPMAAbK), YMeHbLIACTCH,
CAeA0BATENLHO, THHHH PACNOiaraioTesl pee, NPH Oepexone
B IR3MEKTPHK ¢ OoAbllfell & JUHAM CMeUlBHHs, HANPOTHB,
CTYILAIOTCH.

§ 18. Cuanpl, aeficTByomue Ha 3apAA B AHIACKTPHKE

Ecan B saekTpHueckoe moie B BaKyyMe BHeCTH '3apH-
KeHHOe Tenqo TAKMX Pas3sMepoB, YTO BHeUIHee MOJe B npe-
lenax Tefia MOXKHO CYHTATh CAHOPOAHLIM (B 3TOM caydae
TeJIO MOXKHO PAcCMATPHBATH KaK TOUGUHLIA 3apsi}, TO Ha
Teno GyaeT AefictRoBaTh cuAa

f=gE. (18.1)

Uto6ul 3apsikeHHOE TENo TMOMECTHTb B NOJE, CO3AaHHOE
B JH3AEKTPHKE, B NOcTIefHeM HYXKHC chaenatb FMOAOCTE,
B KHIKOM HAH ra3006pasHoM LH3JIEKTpHKE TAKYID NOJOCTS
o0pasyer C&MO TenAo, BHITECHAT AUNIEKTPHK H3 3aHHMAae-
Moro um oObeMa. Ha noBepXHOCTH - HOMOCTH  BOSHHKAKT
CBA3aHHBIE 3apPSAILI, NMO3TOMY MOJ€ BHYTPH NOAOCTH -OydeT
etanudo ot noas E B cnaomuom ausnextpuke. Taxkum 06-
pasom, CHIY, JACHCTBYIOILYIO Ha TOMEINeHHOe B NIOJIOCTh 34-
pAXKeHHOE TeNO, Helb3sl BLIYMCAATh KAK NpOH3BEACHHe 3a-
pAla ¢ Ha HanpsKeHHOCTh moad E.

Borupcasis cuny, AefCTBYIOINYI0 Ha 3apAXKeEHHOE Teno
B XKHAKOM HJAH ra3oo0pasHoM JHINEKTPHKe, HYHHO YuH-
ThiBaTh elle O0AHO obCcToATe]bCTBO. IlpH monApH3anyuH
IH3NEeKTPURH CJerKa LedOopMHPYIOTCA. ITO ABAEHHE Hasbl-
BaeTct 3deKkTpocTpukukell. Ms-3a saexTpocTpHK-
LUK Ha rpaHALE ¢ TeAOM B JHITEKTPHKE BOIHHKAWOT MeXa-
HHYEeCKHe HATAMEHHA, YTO TIPHBOAHT K THOABAEHHIO AOMONI-
HHTEAbHOH MEXaHWYECKOH cHML, = AEHCTBYIOIIER #la TE&IO.
B cnyuyae noaocty B TBEpAOM AHIJIEKTPHKe nonobHan cuia,
€CTECTBEHHO, He BOIHHKALT, '

Takum ofpasom, cuaa, FEHCTBYIOIia® HA 3apsAeHHoe
TeJ0 B AH3EKTPHKE, BooOlle roBops, He MoxXer OuTb Ofnpe-
neqieda mo ¢opmyae (18.1), rae E — HanpaXeHHOCTb noJist
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B CILIOIIHOM AHJEKTPHKE, H 321342 €€ BLIYHCAEHHR OOBIYHO
ObvingeT BecbMa chAoxHofi, Moxuo, 0AHaKo, Negasatk, 4T0
B TOM CJy4ae, KOrAa 3apsiKelHHoe TeIO MOTPYMKEHO B O/HO-
POAHBIA AK3JeKTPHK, SATIOJAHAIOIUE BCe NPOCTPaHCTBO, TAE
110/Ie OTJAHYHO OT HYAA, PE3YALTUPYIOLAT ACHCTBYIOIWHX HA
TeNO IJEKTPHUECKHX W MEXAHHYECKHX CHJI DAaBHA cune
(18.1). HanpsxenHocTh 0HOAA, CO3AaBaEMOI0 B 0JHOPOIHOM
GesrpaHuyHOM JH3JMEKTPHKe  TOUEUHBIM 3apSAOM, onpeje-
anerca ¢opmyaofi  {16.24). CaesosaTentHo, st CHABL
R3AMMONEHCTBYA ABYX TOYEWHLIX 3apsafloB, MOrPYXeHHbIX
B OLHOPOAHLIA Ge3rpaHMYHLIA ') AHINEKTPUK,

MOXHO HanucaTthb it £

1
fzm%l (18-2) + r' __o—'

Qopmyna (18.2) Buipaxkaer sakon KyaoHa * B

'S
OJA 3apAfoB, HaXOAAUHXCA B [JHIJCKTDHKE, + — |l
Ona nprMeHUMa TOABKO AJA KHUAKHX H raso- °
o0pazHblX NHINEKTPHKOB, g

Tenepr uafipeMm cuay, AeHCTBYICIYID HA + -
TOUEUHBIN 34PN, [IOMEINeHHbIl B [OJOCTh
BHYTPH TBePAQrD AHseKTpHKa. PaccMorpum
HEeCKOJbKO. CIYy4aen.

1. ¥skaa nonepeunas meab.Creraeu B oi- Pug. 39.
HOPOUHOG - NOAAPH3OBAHHOM JHIJEKTPHKE MO-
JOCTH, B BMIE Y3KOH ilesd,” MepreHIHXyAApHOR K
ektopam - E v P (puc. 39). Ha nosepxHoctsax au-
3/JCKTPHKA, OrPAaHHYMBAMOWIMX luejb, BO3HHKHYT CBf-
3aHHbe 3apadbl, [JOTHOCT: KoTopulx o =P, B ce-
pefnHe IueSiH OHH CO3MAAYT JOMOJHHTENBHOE [0Je Ha-
NpAXKEeHHOCTH %o—=§’ HanpaeJeHHOe TaK e, KaK K
nonre E B cnaowHom Auaiertpuxe. ChelosaTte/ibyo, Hanps-
EHHOCTh 1019 B cepedune uienu paexa E +*£—‘.Comacﬂo

(16.4) s1a Benwunna cosnagaer ¢ Dfey B auanextpuxe. Ta-
KHM o0pa3soM, cuita, AeHCTBYOUIAR HA 3apAk, NOMetleHHbI

P - - D
B cepeAuHe y3KOA MoMepedHoil uleay, pasia ¢ -— = qeB.
0

') IpakTutecKH KOCTATOMHO, 9TOOW TPAHMIH AHIGKTPHKA  OT-

CTORMN OT. 3apAAcB Ha DacCTOSHHE, 3HAYMTENMLHO OpeshullljioLiee pac-
CTOAHHE MeXKILY HUMH,

73



2. ¥3kan npojaoapHas NOJOCTb. ECAH TOJOCTDL B AHIJIEK-
TpHKE MMeeT BHA Y3KOTO IJHHHOIO UHIHHIpa ¢ obpaayio-
U\HMH, Aapainenskuivid BekTopam E u P (puc. 40}, uanps-
AKEHHOCTH Tmoas B ee cepeduie Oyger TaKofl e, Kak B
CIICHINOM JH3IJACKTpHKe, IT0 0o0BACHSeTCA TeM, 4TO CBA-
3aHHBIE 33ap/Ab, BO3HHKAIOMIHE

, +€ | Ba TOpHAX NOJOCTH, Majiui Mo
g ~7' penuunne (Mana nJowanb TOP-
;Z og B- Ia) B ganeko OTCTOAT OT cepe-

JHMHBL TIOJOCTH; IH03TOMY CO3/a-
Puc. 40. BaeMoe HMH JOMOJEHTENBLHOE

nose npedebpexumo mano. Cu-
Jla, AeficTBYIOILAA Ha 3apsaf, MOMEIUeHHHI B cepeJuHe ya-
KoH NpoAosibHOH TioocTH, paBHa gE.

3. Hounocrs cheprueckor dropmel. BoiuscauM HanpsmKeH-
HOCTb AOMOJHHTEJABHOTO NOJAA B LeHTpe cthepuyecKoll no-
JoeTH  papuyca R {puc.

41). Hopmanpuas coctae- —P

JAIOMAs BeKTOpa IOASHPH-
3al{M A8 pasHeiX TOUeK
HOREPXHOCTH HONOCTHE W3-
MeHAeTCA B Hpefienax ot P
Jo Hyad. CoOTBeTCTBEHHO
H3MEHSIeTC s ¥ TAOTHOCTB
CBSI3AHHBIX  3apsioB ¢
"Byaem  xapaKTepH30BATh
TOUKH MOBEDXHOCTH NOJAAD-
HuM yrioM ¢, OTCUATHIBae-
MbIM OT HampaBJeHHA, TPO-
Tusonoaoxuoro E, u aszm-
MYyTaJbHBIM yTJOM a. Jler-
KO BHAETh, uT0 ¢’ = P, = Pre. 41.

= Pcos®. M3z coobpaxe-

KUl CHMMETPHH 5ICHO, YTO CO3AABAeMOe CBA3AHHEIMH 3aps-
JlAMH TIOJle MMeeT Takoe Ke HaAPaBJIEeHHE, KaK H NoJje B
ausgextpuke E. [loaromy A erc BpiuHCIeHHR HYXKHO OT
Ka)Jioro = BekTopa  Hanpsikennoct® dEp, cosjpaBae-
MOTO CBA32HHLIM 34DAZOM 3IIEMCHTa INOBepXHocTd dS,
B3ATh coctaBaswuyw dE;, B manpaBaenun E u. zatem
CJ0XMHUTE 3TH COCTaBJfIOLIHE JJs1 BCeX SJeMeHTOR [OBepX-
HOCTH.

Bripazum sitemeBT NoBepXHOCTH B cthepHUEcKOl CHCTeMe
koopauHatr: dS = R?sindddde. Ha nem nomewaerca 3a-
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par dg = o’ dS, KOTOpHI cO3paer B LeHTpe cdepsl node
HATIPAKEHHOCTH

1 odS
AEaon = g R =
1 PcosdR*sinBddda _ 1 ;
= % =i P cos ¥sin & do do.

Cocrasnnwmas dEzon 10 nanpasneHnic E pasHa

dE) = dE oy c0s § = ﬁa P cos® 0 §in © 49 da.

[Tpousarerpuposas 310 Beipa:menke 10 ¢ of O g0 2m «
no & ot U 10 m, NoAyYHM HATIPSKEHHOCTD JONOJTHHTEAbROrO

nons
% 20

~

P | coszﬁsinﬁdﬁf do. = -
8 0

Egon= T

1 P
43‘(30 Ep )

ChaegoBarenibHo, HANPAXKEHHOCTh MO B LeHTpe chepu-
gecKoh HOJOCTH paBHA

1 p
Etge (18.3)
B rayccomoit cicreme ata dopuyna unveeT BuA:
E + %np. {13.4)

Kaxgast OTAQIBHO B3fTas MOJAeKyJa JHMIJIEKTPHKA [10-
Meligercd KkKak 6wl B LenTpe ctepuueckodt nosoctu. Ilo-
3TOMY ZAcHCTBYIOLlee Ha Hee nose NO/UKHO Ouith OaMXEe X
suayenno {18.3), ywem x E. Crporufl pacuer nmokasnlgaer,
YTQ MoJe, AEHCTBYIONIEE HA OTAEABHO B3ATYI0 MOJEKYITY,
TOYHO coBiafaeT ¢ (18.3) ToabKo B cAydae KpHCTaAIHUE-
CKOTO IUINEKTDHKa KyOHUecKOH cHcTeMBl J1aa XKHAKHX U
razooSpasubiX JHIIEKTPHKOR HANPAMEHHOCTH NOJA, xefi-
CTBYIOUIETO H& OTAeJbHYH) MOJeKYJy, ONpedensieTca 3Haue-
greM (18.3) aumb mpuOAHIKEHHO,

B § 13 npr paccMOTPeHHH [OksApH3al MOMEKYJT Mhl
N0 CYUIECTRY TIPEANQJIaraii, YTo nojie, AeqOpMHpYyloilce
YOPYTVIO MOAEKYJy, T. €. MoJle, (PHIypHpYOllee. B QOpMyJle
(13.4), ectv cpeanee Makpockonuueckce nole E. Tenepn
Mbl MOXKEM YTBepHK/Aarh, YTO 310 He Tak. CpeiHee MaKpOCKO-
IHYECKOR JI0Ne CO3/aeTcAd BCEMY MOJCKVJIAaMH JH3IeKTPHKA,
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BKIIOYa8 ¥ PaccMaTpusaemyio Mosexydy, B dopmyny xe
(13.4) HyxHO NOJACTaBJATL CpelHee IOJE, CO3/aBAEMOe
BCEMH MOJEKYJAMH KpoMe TOH, AHNOJALHBIN MOMEHT KOTOPOH
Mbl X0THM onpefeanth. [locaeanee moJe, Kak Mp! ycraHo-
BHAN, Oauxie K 3xHaveHuw (18.3), yvem Kk E. ¥Yura 310 00-
CTOATENLCTBO, BHpa:KeHue JAMA MHAYLHDPOBAHHOTO HKUNOJb-
HOTO MOMEHTA HENGARPHOH MOJNEKYAbl HYXKHO UCATb B BHJE

p=Be(E+ 7o),

rAe P — BeRTOp HOMAPHU3AUHE THAICKTPHKA. ¥ MHOXKHB 3TOT
MOMEHT Ha YHCJIO MOJeRyJ B efunnle o0beMa f1, NOJdYUHM
AMIONLHBIA MOMEHT eAHHHMUM ofbeMma, T. €. BEKTOp Noasn-
pusauun P:

1
P =qnp == nBsDE—]——?’—nﬁP.
Otciona

P=_n?—‘80Ea
I—Enﬁ

Conocrasup sty $opmyay ¢ soipaxenaeM P = ugE [om.
(15.2)], NpPHXCAHM K COOTHOLIEHHIO

J%m=n. (18.5)
l—iﬂﬂ

Hpu nf <€ 1 (470 BHINOJHSAETCH AAA Ta30B MPH HE OYEHB
BHICOKMX 1aBleHusx) suipamenue (18.5) nepexomur B dop-
myay {13.4).

Paspewns (18.5) oTHocATeaBHO AP, MOAYUHM, UTO

3 ®
b= 34 %"’

HaxoHen, 3aMeHBB B COOTBeTCTBHU ¢ (16.8) » uepes e— 1,
npunem x popmyae

se—1 _ nf

et2 3 ° (18.6)
KOTOpas HOCHT Ha3paHie dopyuyawm Kaaysmyca—
MocorTi J1a dopmyna aaer Xopoinee COTACUE C ONB-
TOM [JA8 HEHOAAPHLIX IH3JEKTPHKOB- B Ta3006pa3HOM M
HKUAKOM COCTOSIHHSAX, A TaKXe A KPHCTAIOB KyOHUecKOR
CHCTEMBI,
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§ 19. CerHeroaXeKTpHKH

CyuiecTByer rpynma BellecTs, KOTOpnie MOryT objaagars
CHOHTAHHOH (CAMONpPOW3BOJIBLHOA) nOMApH3AUHEH B OTCYT-
CTBHE BHELIHEery rnoJd. 3710 HBJTEHHC ObiI0 OTKDHITO HEpBO-
HAYaJbHO JI15 cerieToBON coad '), B cBA3M ¢ ueM Bce
nogoGHBle BeliecTBa NOJAYYWIW HasBaHHe CCTHETOICK-
TpHKoB. [lepsoe jerTandpHOoe HccAegoBaHHe 3IJIEKTpHYUE-
CKHX CBOHCTB CerHeTOBOM COJIH ObLIO OCYUIECTRIEHO COBeT-
ckumr busukamu M. B, Kypuarosnim
u 1. T1. KoGexo.

CerneTosnekTpaki OTIHYAOTCA OT
OCTaNbHHX IHIJACKTPHKOB PAJOM Xa-
pakTepisix ocobennocred:

1. B To BpeMs Kak y OOBLIURBIX AH-
3JEKTPHKOB & COCTaBJSeT HeCKOIbKC
€IHHHH, AOCTHrad B BHAE HCKJAOUe-
HHUS HECKOJALKHX AeCATKOB (y BOAH,

nHanpumep, e =38l[), nau3NeKTPHUE- =
CKaAd [IPOHHIAEMOCTh CETHETOIEKT-

pHKOB GbiBaeT MOPAAKA HECKONBKHX Puc. 42.
THICAY.

2. 3apwicumocte I} or £ ne ssnsnercn nunefinoll, cieposa-
TEJALHO, IH3MEKTPHUCCKEA NPOHHUAEMOCTL OKA3LIBAETCH 3aBH-
csuel OT HaNpKeHHOCTH o5t (BeTBb | Ha KpuBoi puc. 42),

3. [Tpu n3aveHeHHsX NOJA 3HAUECHHA BEKTOPZ MOMAPH3A-
uud P (a cnenoBatenbHo, H [)) 0TCTAWT OT HaNpfKeHHO-
crit oA E, B peayapraTte yero P u D onpefensioTcs He
TONbKO BeanunHoH E B jaMHBIt MOMeHT, HO M mpeaue-
CTBYIOUIAMH 3HadeuusiMM E, 1. €. 323BHCAT OT NPEABICTOPUH
OH3EeKTPHKA. D10 fBJelHe HA3LIBACTCA THCTEPE3IHCOM
{oT rpeueckoro «ructepesnc» — 3anasaeiBanue). Ilpu nuk-
JHYeCKHX MIMEHeHHAX [ogg 3asHcumocts P or E caenyer
nsobpakenHofl Ha puc. 42 KpuBe#H, HasmiBaeMofl merheit
racrepesnca. Ilpy nepBoOHAYAIbHOM BRJIOUCHHH O
NoRAPH3AUHA pacteT ¢ E-B COOTBETCTBHH C BETBBIO KpH-
Bo#i 1. ¥Ymeublienue P npoiicxoaut mo seteu 2. [1pu obpa-
weaun £ B By/b BelilecTBO COXpausieT 3HaveHue MNoaspnsa-
UMH P, Ha3nBaeMoe OCTATOUHOH MOJAApH3IauHel,
Toabvko Tox AeiicTBUeM [POTHBONOJIOKHO HAMpPaB/AeHHOID
neAs HanpsKenzocTd- £, NMOMAPH3AUUS CTAHOBHTCS. pasHO#

1) Tak Ha3LBAOT KROKNYI0 KAAMEBO-HATPHEBYID CO/lb BHHHO# Kue-
Aot KNaCH, O - 4H,0,
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HYRMO. DTO 3HayeHHe HaNPSKEHHOCTH INOJAS HA3BIBaeTcs
Kospunutdsuoit cuaoi Ilpu npansvuefinmiem u3MeHe-
nun £ mosyuaercsl BeTBb 3 METaH THCTepesHca W T. A

[ToBefesane MOJAPH3AUKNH CETHETO3IEKTPHKOB aHAJOTHY-
HO MOBEJECHHIO HaMarHHueHss qrepponarnetukon (cm. § 54).
[To 3Toll nNpHuUHHe CerHeTOSJIEKTPHKM MHOTA4 -Ha3LIBaloT
pepposdekTpukaMu  CerHeToaMekKTPHKaMU  MOTYT
ObiTh TOJMBKO KpHCTAJAJMMUECKHe BELIEeCTBa, NpHYeM TaKHe,
Y KOTODHIX OTCYTCTBYT LienTp cHMMerpun. Tax, HampuwMep,
KPHCTAJ/B CeTHeTOBOH COMM TMPHHAAMeRkAT K poMOHUECKOi
cucreme (cum. 1. I, § 138). BaaumoneficTBue uactuy B xpH-
CTalfle CerHeTO3JeKTPHKA DPHBOAMT K TOMY, 9T0 HX JH-
NOJABHBE MOMEHTH CHOHTAHHO YCTaHaBJAHBAlOTCA mapani-
JeAbHO Apyr Apyry. B HCKIIOUHTENBHBIX CAYUAHX OAUHAKO-
Bag OpHeHTAlHs AHUOMLHBIX MOMEHTOB PACMpOCTpadfercs
Ha Bechb Kpucrani. OOBIYHO :Ke KPHCTAMT pacmagaeTcs Ha
offacTy, B nMpelenax KaXJI0H H3 KOTOPHIX LHIOJBHBIE MO-
MeHTH napaidjesbhbl ADYF APYCY, OAHAKO HaANpasleHHA
NOAApH3alHK pa3Heix objacTell GLIBAOT Pa3aAuyHL], Tak 4TO
pesyaLTHPYIOWIMA MOMEHT RCero KpHcraana MoxeT OBITb
paged nymo. OO6aacTH CIOHTAHHOM (CAMONPOM3BOJIBLHOM)
ROJAPH2AHKH Ha3mBAKTCH Takke gomenamu. Ilon nefi-
CTBHEM BHEIIHET0 MOoJs MOMEHTH! AOMeHOB NOBOPAuNBAlOTCH
KaK 1le/i0e, YCTAHABJAMBAACH IO HANDABACHHKY MOJIA,

Jinst KayAOro CerseTosTEKTPUKA nMeeTcs TeMmepatypa,
BLILIE KOTOPOH BeliecTBO yTpauHBaeT HeoOuluHbIe CBOHCTBA
M CTAHOBHTCSl HOPMAJbHBIM AHIEKTPHKOM. 3JTa TeMmmepa-
Typa naswiBaerca TOYKoH Kiopn CerHerosa comb HMEeT
ase touky Kriopu: npu —15°C u +22,5°C, npuuem oha
Be/leT ce0f KaK CEerHeTOIeKTPUK JMUIL B TeMIEpATYPHOM
HHTEpPBaJe, OrpaHHuYeHHOM YKasaHHBIMU 3HauedmAam#., [IpH
TeMIlepatype Huxe —15°C u sbime +22,5°C saekTpuue-
CKHe CBOHCTBA CETHETGBOM COJIH OGLIUHEL

Ouenp Ba)kHOe NpPAKTHUYECKOE 3HAYEHHe HMeeT OTKphI-
TWlll coBeTckHMm ¢uankom B. M. Bynom u ero coTpynHm-
HKaM# CerHeTosjeKTpHK — MeraTturanaT Oapua (BaTiOy),
Touka Kiopu Kotoporo pasna 125°C.

§ 20. Mpamoit u ofipaTusiii nbezoaneKTpuueckuit sdidexr

HEKOTOPbIE KpHCTAJIbl, HC HMEICIIHE UeHTpa CHMMETDHA
(B TOM uHCTe Bce CeTHETOXNEKTpHKH), NpH AedopMaumu
HOAADHAYIOTCA, DT0 ABJeHMe HA3LlBaeTCs NPAMBM Obe-
303NeKTpuuYecKHM 3P PerKTOM RIH OPOCTO Nbe-
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3os/ekTpnieckuM 3ddextom. Bennunna rnonspH3anuMH npo-
NopuHOHA/IbHA AedOPMallMH, a cjeloBaTeJbHO, B mpelenax
YOPYFOCTH ¥ MeXaHUYECKOMY HanpseHH10. [1pu n3meHeHHH
HaKa jeQopMaLln SHAK NOMIPH3ANUH MEHAETCA TAaKxKe Ha
o6patTHbIf,

BaxnueiittiMy Mbe303IEKTPHKAMH (T. €. [be303NeKTPH-
YeCKHMH KDHCTaARaMH) sBARIOTCA KS8apu, CErHeroBa CoJib,
meTatdranar Gapus # ap.

Kpucranas Keaplua NpHHAANEKAT K TeKCATOHaALHOR CH-
creMe. Ecau BrIpesaTh M3 KpHCTaAl1a XBapua NJIACTHHKY,
NepneHZNKYAAPHYIO K KpH-
crajiorpaduueckoll oCH 4 ja
(es. 1. 1, § 138), 1 noa- I . l
BePTHYTh €€ CIKATHIO BAOJb |
3TOH OCH, TO Ha TpaHAX vt |
NJIACTHHKE  TOABARIOTCA. a_-.l Y 1. .y
cBA3aHubple 3apsiabl  (Ha —_—
pHC. 43 maacTHHXa pacno- i ‘

r T+ +

J0XKeHa TakK, UTO KpHeTad-
JAorpauyeckas ocb ¢ Ha-
npasiesa Ha Hac). To e
caMoe [POHCXONIHT, ecaH
MIaCTHHKY  TMOABEPrHYTh
pacrsiXeHuw BAoaL ock OO0, nepnedIHKyNADHOR K Kpucrtan-
JorpadHUeCKHM HaNpaBJeHHAM a H ¢. B nocaeanem cayuae
3(pdpekT Ha3bIBAOT [ONEPEUHLIM, B [EPBOM ChAyyae — Ipo-
HoabHeM. [Tpy uaMenenny 3uaka aedopMalld {T. e. ipH pac-
TAMEHHH BIOIb @ WM carun BAoabs O0) ua rpansx nia-
CTHHKH NOSIBAKIOTCA CBA3aHHBeE 3apAisl Apyroro suaka. Has
IPAKTHYECKOTOD MCIIOJb30BAHHS TLE303JEKTPHUECKOTO 3-
teKTa Ha TFpaHu NJAaCTHHKHR Hak/JaJbLBAaloOT MeTalJHuecKue
obk1anxn. Ecau 3TH 00KN21KH BRJIOYHTD B 3AMKHYTYIO 11eNb,
TO NPH H3MeHeHHsX AeopMaluH KpucTaja B Lenu GyAyT
BO3HHK&Th HMOVJLCH ToKa. TaKile Npolecchl HPOTEKAloT,
HATIPHMEP, B DObe30JEKTPHUECKOM MHKPOQPOHE — 3HAKOME-
peMenxas AedopManusa TWACTHHRKH 00j [JeficTBHeM 3BYKO-
BOH BOJHBI NpeoBpaayercd & NepeMeHHbI Tox TOH XKe
YACTOTh.

[Teezosnexrpuueckuil sddert umeer cileaymwiliee o6bAC-
Heuue. PelueTky BCAKOrQ KpUCTanja MOXHO NPEACTaBHTD
B BHAE HECKOJAbKHX OOpa30BaHHLIX Pa3HBLIMK ATOMaMM HJ
rpynnami atomoB OoJiee NPOCTHIX pelieTOK, BCTABJIEHHBIX
Apyr B Apyra. Ecan Kpucraan fe HMeeT UEHTPA CHMMETPHHM,

Puc, 43.
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TO npd AepOPMAUHH NPOHCXOAHT CABHF NPOCTHX pellleToX
LPYr OTHOCHTEALHO APYTa, KOTOPHIA MOXET BH3BaTh NOAB-
JieHHe ¥ KPHCTAJMA 31eKTPHYECKOTO MOMEeHTa.

Hapany ¢ onucadanM Boiuie npameim 3¢peKToM, y nke-
303N1eKTPHUECKHX KPHCTaANOB Habnwoaaercd obpaThbl it
5¢(peKT, 3aKNOUANKILKACA B TOM, 4TO MOJAPH3ALMA IOA
AeficTBHEM NEKTPHYECKOrO NOJA CONPOBOXKIAETCS MeXaHH-
YecKHMH AedopMallUaMu KpucTadna. TakaM obpadom, ecad
Ha MeTajnHueckHe oO6KIafxku H300pakenHofi Ha puc. 43
NAaCTHHKH NOAATb TepeMeHHOE - 3JeKTPHUECKOE Hanpaxe-
HHE, TO hJAacTHHKaZ Oyner NoriepeMeBHO, pacTATHBATBHCA K
CHHMATBCA BAOJL OCH @ (OAHOBpPEMEHHO MpPOHCXOAAT CXKAa-
THE H pacTAXKeHHe BaoabL och O0), 1. e. B #ell Boafyaarcd
MeXapHuecKHe KodeGauwsa. IDTH KoAebalnA craHyt ocoben-
HO HHTEHCHBHBLIMH, €C/H YACTOTZ NEepeMeHHOTO HANpPAMEHH
‘coBnanaer ¢ cobCTBeHHOM (pe3oHaHCHOR) 4acTOTOR TMa-
CTHHKH.

Tagrmee HaCTpOGHHHIE B PE30HAHC NbHE303JEKTPHUECKNE
NAACTHHKH HCOOJB3YIOTCA N8 BO30YMKAeHHA YAbTPa3BYKO-
Helx Boan (cwm. 1. 1, § 90}, nan crabuausalHd 4acTOTH Te-
BEPaTOPOB 3MeYTPHueckux xoneGaHuit B PaINOTeXHHKE
H T. I

O6patnulii nLe3oaneKTpHueckuil 3¢dext cneayer OTAH-
uaTh OT aaeKrpocTpuknmy. llociepnsss HmeeT MecTO BO
BCOX AH3NEKTPHKAX — TBEepALIX, MHAKHX H Ta3000pasibix.
IlbezossiekTpuueckuit 3¢deKT BO3HHKAET TOJBKO B HEKOTO-
pux Kpuctanrnax. HNaaee, nedpopMmanua npu 3AeKTPOCTPHK-
LK 3aBHCHT OT 1105 KBaAPATHYHO M TNPH H3MEHCHMH Ha-
NpaBReHnn NOJAR 3HaKa He MeHser. llwezosnekrpuveckufi
sbders 2aBHCUT OT NoJfA JUHEHHO W PR H3MEHeHHH Ha-
NpaB/leBks N011 MEeHseT 3HAK.



TJTABA It
NFOBOOHUKH B 3JNEKTPHYECKOM TOJIE

§ 21. PapnoBecHe 3apAjoE Ha NPOBOJHHKE

Hocutenn 3apAia B NPOBOAHMKe COCOGHBI liepeme-
ATLCA NCX AeHCTBHEM CKOJAb Yrojuno Majoi cuis. [le-
3TOMY pPaBHOBECHME 3apAJNOB Ha NPOBOJIHMKE MOxKeT Habaio-
JaThcA JMIUD NPH BHIICJHEHHH CJEAYIOIMX YCAOBUil:

I. Hanpsxennocrs noist BCIOAY BHYTPH TPOBOIHMKA
AOMKHA OLITL paBHA HYJIO

E=0. (21.1)

B coorsercterp ¢ {11.3) 3ro o03Hayaer, 4TQ MOTEHUHAJ
BHYTPpH NPOBOJHHKA ZOJKeH OLITb NOCTOSHHBIM (9=const).

2. HanpamenHOCTh [0J% Ha NOBePXHOCTH TPOBOAHHKZ
lonxHa Owre B KaxJAoH TOUKe HalpaB/eHa TO HOpMa/H

K IOBEPXHOCTH
E=E, (21.2)

ChnenoBaTenbHo, B ClyYae paBHOBEecHS 3apsaAoB TOBepx-
HOCTb NPOBOAHHKA GyAeT IKBHIOTEHUMAJILHOH,

Ecan npoBojdllieMy Teay cOOOIWHTL HEeKOTOPH 3a-
pAaA g, TO OH pacnpefeNHTcs TakK, uTo6bl cofnl0AalHCh
ycaoBAA pasHoBecHdA. IlpeicraBuM cefe MbicJAeHHO TIPOH3I-
BOJLHYI0 3aMKHYTYW TIOBEPXHOCTh, TOJHOCTHIO 3aKJAIOUEH-
HYiO B Mpelenax Tesa. [TocKonbXy npH paBHOBECHH 3aPALOE
noje B Kamaoll TOuKe BHYTDH MPOBOJHHKA OTCYTCTBYeT,
NOTOK BEKTOPa 3JEKTPHUECKOr0 CMEilleHHA uepes [oBepX-
Hocrb pasen Hyaw. Coraacuo Teopeme Faycca aarebpanve-
CKas CyMMa 3apAA0BR BHYTPH NOBEPXHOCTH TakxKe Oyier

6 H. B, Casenpes, 1. 11 81



pasxa Hyaw. 10 CNPABENNHBO [ TOBEPXHOCTH n06Lx
Pa3MepoB, NPOBeALHHOR BHYTPH NPOBOAHNKA HPOHIBOMbHbIM
o6pazoM. ClleJloBaTe/bHO, NPH pPABHOBECHW HH B KAaKOM
MecTe BHYTPH INIPOBOAHMKA He MOMXeT ObiTh H3OLITOYHBIX
34pAJOB — BCe OHH pachoJomarcs [0 NOBepXHOCTH Tpo-
BOIHHKA C HEKOTODOH {IOTHOCTRIO G,

Tark kak B COCTOAHHH PaBHOBECHH BHYTPH TPOBOAHHKA
HaOLITOUHRIX 3apAJ0B HeT, V/JalleHue BelllecTBa H3 HeKo-
TOporo ofbeMa, B3ATOrO BHYTPH HPOBOAHHKA, HUKAK He
OTpasuTcsa Ha DPABHOBECHOM pacno/OXeHHH 3apsagos. Ta-
KM 00pasoM, u3OuiTOUHBIR 3apsiji pacypelenseTcs Ha Io-
AOM NPOBOJHHKE TaK Xe, KAK M Ha CIJOUIHOM, T. €. 10

ero HapyxHoH nopepxnocTd. Ha no-

BEpPXHOCTH MNOJOCTH B COCTOSHHH

E paBHOBecHA  W3OBITOYHBle  3apAAH

pacnoaararbCcs He MOryT. JTOT BH-

BOZ BbITEKAeT TAKKE U3 TOrD, YTO Oj-

§-y HOHMeEHHBe 3S/eMeHTapHbie 3aPsAmHL,

as ofpasylouiie AavHbf 3apsnl ¢, B3a-

HWMHO OTTAlIKHBAKOTCR Y, Clejfosa-

TEJBHO, CTPEMATCH PacliQKHTLCA

Puc. 44. Ha HauboNbIIEM PACCTOAHHH JPYT OT
ApYyra.

Pacemorpum  HeGoAbWIYX UHAHHIDHUYECKYIO TIOBEpX-
HOCTh, OGPA30BAHHYIO HOPMAJAMH K HOBEPXHOCTH NIPOBOJI-
KHKA H OCHOBAHHAMH BEeNHUHHE dS, OIHC M3 KOTOpPRIX pac-
NOMOKEHO BHYTDH, a HpPYyroe BHe NpoBoLHHKA (puc. 44).
tloTok BekTOpa EKTPHURCKOTO CMEUleHH$ ueped Ty
foBepXHOcTh paBed DdS, rae D — BeauuuHa cMelleHHA B
HenocpedCcTBeHHON O/H30CTH K NOBEPXHOCTH TIPOBOAHHKA.
Jleﬁc'rnme.nbno HOTOK uepe3s BHYTPEHHIOID UalThb LHJIMHA-
PHYECKO} JIOBEPXHOCTH pABEH HYyMO, TaK Kak BHYTPH Npo-
sogauka E, a 3mauut v D, pasHo uynw. Bue nposolHuKa
B HENOCpeACTBeHHOH 6HH30CTH K HeMy HaMpAXKeHHOCTh
noas E manpassena no Hopmanu K TNOBEPXHOCTH NPOBOJ-
auka. CnegoBareqbHo, ATs BrCTYOAOUEN HADYKY GOKOBOH
NOBCPXHOCTH HHAHHAPE D, =0, a aad BHelIHero ocHOBAa-
Hust D, = 0 (BHewHee OCHOBaHHE NpEANOJATaeTci Paclo-
JIOHEHHBM OYeHb OJH3KO K I[OBEPXHOCTH NPOBOAHHKA).
BryTtpy unnusipa mnonagaer cBoGOZHB 3apan ¢dS (¢ --
WIOTHOCTE 3apAfa B AAHHOH TOUKe TOBEPXHOCTH NPOBOA-
suka). [lpumenas K UUJIHAAPHUECKOR MOBEPXHOCTH Teo-
pemy laycca, noayuam DdS =0dS, 1. e. D =¢0. Orciopa
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107 HAaODPAMKEHHEOCTH NOad BﬁJIHSH.HOBEDXHOCTH IPOBOARH-
Ka noayyaeM

E=-"2-, (21.3)

&8
FAE &£— OTHOCHTRJADHAA JOHINEKTpHUEeCcKas np0HHnaEMOCTb
CpEAh, OprH(aIOlﬂeff’I NPOBOAHUK [Cp ITOT pe3yibtaT ¢

dopmysiamu (8.9) w (8.11) mas uyanegpa u cdepwl, Ha-
XOAAMKXCA B BaKyyMme)

B rayccopofi cuctese 9Ta GopMyaa HMeeT BEA

470
==, (214}

PaccvoTpum mnose, co3famraeMoe H300paKeHHBIM Ha
prc. 45 sapsxernnM npoBoannxom. Ha Gonbmux paccros-
HUAX OT NPOBOAHHEA IKBHNOTEHIHANLIEE NOBEPXHOCTH

Puc. 45.

HMEIOT XapakTepHyl A TodeuHoro sapaja dopmy chepH
(na pHCYHKe I/ 3KOHOMHHA MecTa ciepHyecKas MHOBepX-
HOCTH H300pakeHa Ha HeOOJbLWIOM pPacCTOfHHH OT Mpo-
BOOHHKA, DYHKTHPOM [OKA3aHBl JAHHEH HanpAXeHHOCTH
noas). [To mepe npubiauIKeHHS K NPOBOAHUKY SKBHNOTEH-
HAAbHEIE [OBEPXHOCTH CTAaHOBATCA Bee 0onee CXORAHWMH
¢ fOBEPXHOCTLIO NPOBOAHMKA, KOTOpas, KaK Mbl 3HAEM,
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ABAAETCA  SKBHNOTeHHHaAbHON. BOMH3H BLICTYIIOB  3KBH-
[OTeRI#a/bHNe NOBEPXHOCTH PacloAaraloTCs yIie, 3HAUHT
H HampsiXeHHOCTh HOJAA 3pech Soaeute. OTC0la COrAacHo
(21.3) noayuaercs, YTO MJAOTHOCTh 3apAA0B Ha BLICTYIAX
ocofeqHo Befuka. K ToMy e BBIBOLY MOMXKHO NpHATH, yuiu-
THBAA, YTO H3-32 B3aHMHOTO OTTaJKHBAaHUKHA 3apsabl crpe-
MATCA PacnofioXHTBECA KaK MOMHO Aadbile Apyr oT Apyra.
B6anan yraybaenuit 8 nporomaHuke (puc. 46) 3KkBHiO-
TeHUHa/ibHble TOBEPXHOCTH pacnosoxenn pexe, Coorser-
CTBEHHO HANPSAMEHHOCTDb MO/ H IWIOTHOCTD
@ P 34pAA0E B 3THX MecTax Oyier meHblie. Bo-
& ofile, IWIOTHOCTL 3aPAA0B IMpPH AaHHOM
NOTeHLHaMe NPOBOAHHKAa  onpeensercd
- KPHBH3HOH TOBEPXHOCTH — OHA pacreT C
\ YBeJHYEHHeM TOJ0XKHTE/NLHON KPHBH3HBI
(BEIMyKIOCTH) M yOnBaeTr ¢ yBejdue-
AHEM OTPMUATENBHON KDPUBH3HGL (BOTHYTO-
- cti). Ocofenno BenHKa GuiBaeT IIOTHOCTD
3apafoB Ha ocTpuax., [losToMmy Hanpsxel-
HOCTb NOJA BOJH3H OCTPHEB MOXKer OBITh
HacTOJAbX0  GOAbIUOHA, UTO TNPOHCXORUT
HOHM3AUHA MOJCKYJ raza, OKpYxalowero
npoBoAHKHK, MoHb HHoro 3naka, uem g,
' IPHTATHBAIOTCS K NPOBOJHHKY M HellTpanausyloT ero sa-
psfa. MoHbl TOTO Ke 3HaK4, 4TO U §, HAUHHAIOT . JBHIATLCH
OT MPOBOAHHKA, YBAEKASA ¢ coboit HefTpa/ibHBle MOJEKY/H
raza. B peayibraTe BO3HHKAeT OI{YTHMOE NBHKEHHe Ta3a,
Ha3biBAEMOe SAEKTPHYECKHM BerpoM. 3apsil MNpOBOAHHKA
"YMeHbIDaeTcfl, OH Kak Obl CTEKAET C OCTPHA H  YHOCHTCH
seTpoM. [losToMy TaKoe siBAeHHe Ha3BBAIT HCTeYeHHeM
3apajga ¢ OCTpHUA.

!
!
o

Puc. 46.

§ 22, TlposoaHHK BO BHEWHEM IJAEKTPHYECKOM NOJE

TpH BHECEHUH HE3aPAAEHHOTO MPOBOAHHKA B 3NEKTPH-
yecKOe MOJe HOCHTEIH 3apsiia NPHXOIAT B JABHXEHHE: T0-
JAOMHTEJALHEIS B HanpaBjeHHr Bekiopa E, orphunarens-
Hble — B TIPOTHBONOJIOXAYIO CTOpoOHY. B pesyasraTte ¥ KOH-
1OB TNPOBOAHMKA BO3HHKAWOT 3apsiibi NHPOTHBOHOJONKHOIG
3HaKa, Ha3uBaeMble HHAYUUPOBAHHBIMH 3apaiaMn {puc. 47,
OYHKTHPOM TIOKA3aHbl JIHOMH HANPAXKEHHOCTH BHeiHero
noaa}. Ilose STHX 3apfAn0B HaNPABAEHO MNPOTHBONOJONHO
BHeulHeMY noa0. Takum oGpasoM, HakanJHBaHHe 3apAf0s
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Yy KORNUOB TPOBCAHHKA TNPHBOAMT K ocnab/JeHHI0 B ReM
nonsa. IlepepacnpeneneHne HocHTesell 3apsila MPOHCXOART
A0 Tex Mop, Noxa He GyAYT BumoJHxeHn ycjosHa (211} u
(21.2), T. e. NOKa HADPAKEHHOCTb MO BHYTPH MPOBOR-
HHKAa He CTaneT PABHOH HYJIO, a JIHHHH HalpsaeHHOETH
BHe IPOBOAHMKA NEepNeHJHKYASPHBEIMH K €T0 -MOBEPXHOCTH
{puc. 47). CnenorarentHO, HefiTpanbHLil MPOBOIHHK, BHE-
CeHHBIH B 3JEKTPHUECKOE INOJe, pa3pbiBaeT YacTh JIHHHR

Puc, 47.

HaNpAXeHHOCTH — OHH 3aKaHUMBAIOTCA HA OTPHLATENbHALIX
HHAYUHPOBAHHLIX 3apAjax H BHOBb HaUMHAIOTCA HA MO-
JOKHTEABHBIX.

HugyuupoBaHusle 3apsibl pacnpele’sOTCd N0 BHEM-
Hefi MOBEePXHOCTH NPOBOAHHKa. EciH BHYTPH NPOBOAHMKA
HMeeTcq IOJOCTh, TO NPH PpaBHOBECHOM pacHpelefleHHH
HHAYUHPOBAHHMX 3apsA0B MOJe BHYTPH Hee Takxe obpa-
waerca B #yan. Ha 3ToM ocHoBobiBaeTcd s/aeKTpocratute-
ckas 3zawmura. Koria Kaxo-to npufop XoTAT 3alHTHTh
OT BO3JEGHACTBHA BHELHHUX floJel, €r0 OKPYXAKT IpoBo-
daukM GyTaspom (sxkpaHom). BHellinee noJsie KoMmercH-
pyercd BHYTPH 3KpaHa BO3HHKAIOLHMH Ha €ro IOBEPXHO-
CTH HHWAYUHPOBaHHbIMH 3apsafamu. TlonoOHui akpaH mefi-
CTBYET XCpOINO B B TOM Cliyyae, €CJH €ro choexatb He
CIVIOIHEIM, @ B BHIE T'YCTOH CeTKH.

Hanuwyne ocTpus y fpoBoJALIEre rteda MOXeT NPHBG-
RHTb He TOJNILKG K CTeKaBUI0 3apAfOB ¢ Hero, HO H K «Ha-
TCKaHWIO® HA [POBOANHK. 3apaicB ¢ JApyrHx Tted. Iloa
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AeficTBHEM 1107, CO343BAEMOrC 3apAMeHHMM TeaoMm [
{puc. 48); Ha Tere 2 BOSHHUKAIT HHAYUHPOBAHHBIE 3a-
psaant. Cuaenoe mose, co3gasaeMoe BONH3H OCTPHA HAXOAA-

HWIHMCA HA HeM WHJIYHHPORAH-

T~ HblM 3apAjOM, HOHM3YeT MoO-
+ ~\e\\\ Jexy/el rasa.. HMonel pasHbx
W1 T35 7 ®) OHAKOB IABHXKYTCA B IIPOTH-
o -7 BONOJOMHBIE CTOPOHB H OCe-
- O30T Ha COOTBETCTBYIOUIHX
d-- Tenax. B peayabrate 3apsa

g Tena ! yMeHbIDaeTcs, a Ha
Puc. 48. NPOBOAHHKE € OCTPpHeM Ha-

KalJHBaeTca  3apsf, OHO-
uMelHbl#l ¢ ¢. 3apaa Kak Oul lepeXxOLHT OT 33pPAKEHHOIO
reja [ K NepBOHAUAMBHO He3apAXeHHOMY Teay 2.

§ 23. leneparop Bau-ge-Ipaada

B 1929 r. Ban-ze-I'paad npemnomua KOHCTPYKLHIO
3JeKTPOCTATHYECKOrD TeHepaTopa, OCHOBLIBAIGKEroCst Ha
TOM, YTO H3OLITOWHBIE 3apAAL pac-
NOAAraoTCa MO BHEWHell mWoBepX-
HOCTH OpoBoAHHKA, (Xxema Takoro
reneparopa nokasana na pac. 49.
Meawtét meTannnueckuli Imap, Ha-
3uBaeMbl#l KOHIYKTOPOM, YCTaHAaB-
AMBZETCA Ha H3caupyluell  Ko-
Jdouie. BHyrpe liapa BBexena Ha-
Aetas  HA  BaAukH  OecKouedHas
ABHAKYIIASLCA  JIelTa W3 Weaka
UMY [POpEe3HHEHHOH TKaHu. ¥ ocC-
HOBAHHA KOJIOHHB BOJM3H JEHTH
YCTAHOBJAEHA rpebeHKa H3 OCTPHES,
C KOTOPBIX CTeKaeT Ha JeHTy 34-
paj, BO3OY:KIAEMEI reHepaTopoM
Hanpsxenns (FH) Ha Heckoab-
KO AeCATKOB KHJIOROJILT. BHyTpu
KOHAVKTOpPA YCTAHOBJCHA BTOpPan
rpedeHKa, Ha  OCTPHA  KOTopod
flepeXOAUMT 3apaj ¢ JeHrts. . IJra rpefenxka coefHHeHa
¢ KOHAVKTOPOM, TAK YTO CHATBLIE C JEHTH .3apAN Cpasy xe
NePEeXONHT HAa €r0 BHEIWHIW NoBepXHocTh. Ilo Mmepe Ha-
KANJHBAHNA HA KOHAYKTODE 34p#]0B HOTEHUHMaa ero pac-
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TeT, MOKA yTeuka 3apAjfa He CTaHeT PABHA INIGAEOIHMOMY
3apaLy. Yreuka DPOHCXOAHT B OCHOBHOM 3a CUYET HOHH3a-
U#H Tra3a BOIHSH RNOBEPXHOCTH KOHAYKTOpa (BO3HHKAW:
liee BCAEICTBHE ITOrO MPOXOXKIACHHE TOKa Yepe3 raid Ha-
SLIBAETCS KOPOHHBIM PaspsiioM H/JAH IpOCTC KOPOHHPOBA-
HueMm; oM. § 91). Uro6m yMeHLIIWTL KOpOHHPOBaHHE, MO-
BCPXHOCTb KOBAYKTOpA THIATCALHO WANGYIOT (BCOOMHAM, UTO
HanpsAXEHHOCTs NMOAsi BOJAH3N BLHICTYNOB GbIBaeT GoJbile).
Hanpsixennocre moas, npn KoTopoll BO3HAKRET paspai
B BO3AYXe OPH aTMOCHepHOM NaBJeHHH, COCTaBasieT MPH-
mepHO 30 xgfcm. Takad HanpAXKeHHOCThL jocTHTaeTcs BOMH-
3H MOBEPXHOCTH iapa TeM ObicTpee, ueM MeHblue ero pa-
anye fcM. dopmyay (16.24)) Ilostomy mias nosyueHEs
GoJLUHNE pa3HOCTell MOTeHUHAAOR NPAXOIUTCA Ae1aTh KOH-
Ayxtop Gonbmux pasMepos (mo 10 u B nuameTpe). Diek-
TPHYECKAA TMPOYHOCTR rasa (T. e. HanpAKeHHOCTb MOAA,
NpH KOTOpOH Ha4yWHaeTcs paspsl) Bo3pacraeT C HOBhIHIE-
EeM - fansgendd. Ilostomy yaaercs 3ameTHO YMeHBIIHTH
pa3Mepsl reHepaTopa, TOMeitas ero B aTMmoc(epy cxa-
TOrG rasa. FeHeparop uUeinKOM MOHTHPYIOT B 0Gake, KOTO-
pPHH 3aM0JHAKT TazoM (a30TOM WX HMEIOLHMM MNoBHILIeH~
HYIO 3JICKTPHYECKYl0 NpOYHOETL PpeoHoM ')) Mox HAasse-
Huem nopagxa 10 ar. IlpezeapHas pazHOCTE HOTEHUHAJOR,
KOTOPYIO MOXKHO NPAKTHYECKH NOAYYHTL € NOMOIUBIO Fe-
nepatopa Bau-ae-Tpaada, cocrasiaser oxono 107 a.
Ieneparop Bau-ne-Tpaada ucnoavayerca AMAA YCKOpe-
HHS 3&PSAXKeHHBIX UaCTHH B ONBITAX [0 HCCHeA0BaHHIO
4ATOMHOFO AApa. ¥ CKOpeHHe YACTHI, OCYLIecTBAAeTcd B pas-
psigHoit TpyGke (PT), K 3/eKTpoiaM KOTOPOH NpPHKAaAH-
BAETCA PAa3HOCTb (IOTEHHHAJOB, NodyyaeMad Ha TreHepa-
tope. HHorza reneparop Bam-pe-Fpaaga crpont B puze
" IBYX OJHHAKOBBIX PAacCNOJOMEHHBIX PAAOM KOJIOHH, KO-
OVKTOPbl KOTOPLIX 3apaKalorcs pasHoumenno. B srom cay--
yae pa3psigHan TPYOKa BKAKUAETCH MEXKAY KORAYKTOPaMH.

§ 24. 3neKTPOEMKOCTH

CoobuienHull NPOROAHNKY 3apsj, § paclpeieisercs Ho
€ro MOBePXHOCTH Tak, 4YTOOL HanpAKeHHOCTb [OJAS BAY-
TPH RPOBOAHNKA GbiMa paBHa Hyd. Ecad OPOBOIHHEKY,
yiKe HecylleMy 3apsf ¢, cooliluTh elle 3apfi Toh Xe

1} ®peonom massibBaercs AuxaopandgTopueran CChF..
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BEHYHHBI, TO BTODOH 3apajg JoAXKeH pacnpelefHThcd O
EPOBOJHHKY TOUHO TakuM Xe o0pasoM, Kak m nepsuiit, B
APOTHBHOM c/lyyae OH CO3LACT B NPOBO/IHHKE noJe, He pas-
HOE HYJIO.

Chnexyer OrosopHTh, 4T0 3TO CHPaBEAAHBO Julib B TOM
caydae, ecJH YBeJNHYeHHe 3apsila Ha NPOBOAHHKE HE BoI-
30BET KH3MeHeHHIl B pacnpejefeRdyu 3apsAfoB Ha OKpy-
waowux rteaax. Takum 00pasoM, pasnuuHLIE NO BEAHYMHE
3apAAbl pacnpefelsOTCA Ha Y/AAJISHHOM OT APYFHX Ted
{yeannenuoMm) npoBoJHEKe 0OAOOHHM o6pazoM, T. €. OT-
HOUICHMe [JKK THOCTell 3apsAja B EBYX IIPOM3BOJbHBIX
TOYKaX MOBEPXHOCTH [POBOIHHKA [pH JI0GOH BeRHUHHE
sapaga Oyner oano u 1o Ke. OTCIOfa BHTEKaer, 4To no-
TeHUMas YeJIHHeHHOTO NPOBOAHWKA NPOTIOPRHOHAJNEH HAXC-
RmimeMycss Ha HeM 3apafay. JlefiCTBHTeNAbHO, YyBeJHUEHUE
B HEKOTOPOE YHC/AO pa3 sapaja NPHBOAHT K YBERHYCHHIO
B TO e YHCJO pa3 HaNpsIXKEHHOCTH [OAA B KaXKACH TOuke
OXPYXAIOLIer0 APOBOJAHHK TNpocTpanctsa. CheaoBarenbuo,
B TaKoe >Ke UYHC/IO paa BospacTeT paboTa mnepeHoca mo
AWOOMY TYTH eIHHUYHOTO 3apAfa H3 GeCKOHeYHOCTH HA NO-
BePXHOCTL NPOBOJHUKA, T. €. mOTeHuuan nposoaunxa. Ta-
Kuy o0paszoM, AJIA yeIHHEHHOrO MPOBOAHHKA

g=Cq. (24.1)

Koadduuuent nponopunonanstoctds € mMeXAy noTeH-
HHaAOM H 3apAA0OM HA3BLIBAGTCA 3MEeKTPOEMKOCTHI
(cokpaiierio NpocTo eMKOCTbio) nposoankka. Ws (24.1)
cAeAyeT, 4TO

_ 4
c=4. (24.2)

EmKocTb uncjieHHO paBHa 3apsay, coofilenHe KOToporo
NPOBOAHHKY MOBLILIAET €ro NOTeHUHAJ HA eNHHHLY.

BuiubcsHM TIOTEHUWA/ 3APSLKEHHOTO uapa paanyca R.
MeKay pasHOCTHIO MIOTEHIHANOR H HaNpAXKeHHOCTHIO NMONA
cywecrsyer coordowenie (11.7). [losromy. moterunan
wapa @ MOMXKHO HAlTH, UPOMHTErPHPOBAB BHIpaIKEHHE
{16.24) o r or R 10 co {notenupan Ha GeCKOHEMHOCTIH
noJaraeM pasHLIM HYJA0):

- (e 4 1 a
P = Tne, J er?) dr = 4718, R’ (24.3)




Conocrapasig (24.3) ¢ (24.2), HaxoauM, UTO €MKOCTb
yeJAuHeHHOro Hiapa paanyca R, NOTPYKeHHOTO B GIHOPOA-
HBH OearpaHH4HBEL AH3JNEKTPHK ¢ OTHOCHTEJBHOH NPOHH-
LaeMOCThIO g, PaBHA

C = 4neeR. (24.4)

3a eJHHHHY eMKOCTH NPHHHMAKT eMKOCTh TAKOTO Npo-
BOJAHHKA;, [OTEHLIMA] KOTOpOro HaMeHAercd Ha 1 & npu
coobluensy eMy 3apaga B 1 k. DTa efuHHNA €MKOCTH Ha-
sbiBaercs papanob (P).

B rayccopofl cucreMe GopMyda AN eMKOCYH YENHHCHHOTO LIapa
umeer Bua C = eR. [lockonbky &— Gespa3mepHast BeAHUHHA, EMKOCTH
HMeeT palMepHOCTE AMAWABL 3a eAWHHLY EMKOCTH NPHHHMAETCA eM-
KOCTE YeRHHCHNOTO THapa pamnyca | ¢M, HaXOTALIETOCS B BAKYYMO,
3Ty eAMHHHY eMKOCTY Ha3niBaOT. caHTemetTpom. Cornacho (24.2)

1k 3100 oo
Itf?—ﬁﬁm CrC3=9.10" ¢cp.

EwMkoctbio B oAHy tapany obaagan Oul yeAHHEHHbIR
map paxuyca 9-10° m, T. e. pajuycoM, TNpPHMCPHO
B 1500 paa Gonbum paguyca 3emnn. Taxuam obpazom, da-
pafa — oyeHb Goqbuias BeAHuuHa. [losToMy Ha npaxkTHKe
OIB3VIOTCA CAHMHHUAMM, DABHBIMU A0AAM (Papajbl — MHK-
podapanofi’ (mxg) n MHKpoMmuKpodapapofi (mxkmrdy) wng
"NHEO(Qapanoit (Agh), KOTOpHE ONpeleJHIOTCH CASAYIONIHM
o0Bpasom:

1 nxgp =107% ¢,
1 ng=10"% ¢=0,9 e

§ 25. KongeHcatopn

YearneHHble: TPOBOAHHKE 00MafZaloT Maioh eMKOCThbIG.
Jaxe wap TakiX pa3MepoB, Kak 3eMJ/Ifi, HMEET eMKOCTs
Beero yiump 700 mrgh. BMecre ¢ TeM Ha npakTuke Onisaer
morpebHOCTE B YCTPOHCTBAYX, KOTOphie MPH HeGOJBIOM .OT-
HOCHTE/IbHO OKPYKAIOIHX ' Tesl NOTeHLHMaJe - HaKaniusads
6ul Ha cele . {«KOHIEHCHPOB&JiH») 3aMETHHIE NIO BeJHYHHE
sapanpt. B OcHOBY TaKdX YCTPOHCTB, Ha3hlBaeMblX Ko H-
JeHCaTOpaMu, TONOXKeH TOT DaKT, UTO 3ACKTPOSMKO(TE
NpoBOAHHKA Bo3pacTaeT NPH NpHOAMMKENUH K HeMy APYyrHx



Ted. JedcTBurensHo, nmoL AelicTBHEM MOAA, CO31aBAESMOTO
3apAAEHHLIM TPOBOJAHUKOM, Ha HNOJieceHHOM K HeMy Tene
BOSHHKAWOT HHAYUHPOBAHHHE (HA NPOBOAHHKE) HJAU CBII-
34HHEIe (Ha JM37eKTPHKe) 3apaabl. 3apAAbl, TPOTHBOMOA0XK-
Hbie 10 3HAKY 3apAjy NPOBONHHKA ¢, Ppacieaarawnrca
Onuzxe K TPOBOJAHHKY, YEM OJHOUMEHHBIE ¢ ¢, H, C/eJ0Ba-
TEJNRHO, OKaskiBalT GoJbllee BAMAHHE Ha €ro NOTERIHANL
Hoa'romy IPH [OJHECEHHH K 3apfKeHHOMY fDOBOJHHKY Ka-
Koro-1u60 Tesa NOTeHLHaJl MPOBOAHMKA YMeHbLlaeTcs No
abcomoTnoit Benuuune. Cornacio dopmyae {24.2) sro
93HaUdeT yBegHUYeHHe eMKOCTH TPOBOLHHKA.

Koagencatopbt genaioT B BHIe ABYX NPOBOIHHKOB, pac-
NoJIoKeHHBIX OaH3KO ADYT K Apyry. O6pasymline KolaeH-
caTop HNPOBOAHMKH HA3WBAWOT erc ol0xjiaakamu. Yrobul
BHEWHWe Tejla He OKa3mBadd BO3AeHCTBHS HA eMKOCTh KOH-
Jexcatopa, o0KIaJKaM NpHIAOT TaKylo dopMy ¥ Tak pac-
10J1aTal0T HX LPYr OTHOCHTEALHO Apyra, 4rofbl mose, €o3-
RaBaeMoe- HaKaNJAHBAaeMEIMH Ha HMX 3apsjaMy, Obuo
NOJHOCTBIO COCPENOTOYEHO BHYTPH KoHAeHcaTopa. JTOMY
YCIOBHIO yHoBAeTBOpAOT (cM. § 8) nBe mJjacTHHKH, pac-
HOJIOKeHHble OAH3KO ApPYr K ApYTY, ABA KOaKCHAJBHBIX IIM-
AHHAPA H JABe. KoHLeHTpHueckHe- chepnl. COOTBETCTBEHHO
BEIBAlOT NJOCKAE, NHAMHNIPHYECKHE H cPepuuecKHe KOHACH-
¢aTophL

Hocxkodbry nose sakfio4eHO BHYTPH KOHASHCATODA, Ji-
HHH 3JeKTPHYECKOTO CMelHeHHA HAUuHalOTCH Ha OJHON 0b-
KAajgKe ¥ 3akaH4yuBafoTed Ha apyroil. CaezosartelibHo, <BO-
6onnne 3apafb, BO3HHKAWOIIHe HA pasuslx obKIafkax,
HMEIOT OJMHAKOBYI) BeJWYHHY § W Pa3JHUHE 0O 3HaKY.
Hox eMKocTbi0 KOHEeHCATOpa NOHHMaeTca (PH3HUECKas!
BeNHUHHa, NPONCpLHOHaAbHAA 3apsAy 4 ¥ ofpaTyo nponop-
IHOHAaJBHAN PA3ROCTH TNOTEHUHANO0B MEKAY obKIaaxaMmu:

_ q
C=tom. 25.1)

EMKOCTL KOHIEHCATOpa uaMepfAercs B Tex jKe CAHHH-
1ax, uTo H eMKOCTL YeAHHEeHnHOro NPOBOLHHKA,

Bennynia eMKOCTH ORpeiensercss reoMerphed KOHAeH-
caropa (dopmoit u pasmepamu OOKNAZOK W BEAMYHHOM
3430pa MeXIy HHMMH), a TakK&Ke IHIJIEKTPHYECKHMH CBOR-
CTBAMH CPeibl, SANOJHAWILEH [OPOCTPAHCTBO MeXAY ob-
kaagkamu. HafigeM dopMyly A48 €MKOCTH HJ0GCKOFO KOH-
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aerncaropa. BEcld naouwaie obkralku S, a aapag Ha Heft g,
TO HAMPAXKEHHOCTB MOJMA MekAy OOKJagKaMH DaBHa

~ q

€€ AN

(Mol BOCnmoOMB3OBANHCE GopMynof (8.6) M yulH BO3IMOXK-
HOCThb HAJHYHA MAHIEKTPHKA B 3a30pe MexAy NJAACTHH-
KaMH). '

Cornacuo cootHourennmo (11.8), pazHoCTb NOTeHIMAIOB
MeMAy ofKnafgKaMu paBHd

qd
eSS !

¢ — 0, =Ed=—"+

OTKyJa ANA eMKOCTH NAOCKOTO KOHJeHCaTopa MoJy:aercs
cleaywliaa dopmyna:

8,85
c =2, (25.2)

rie S naouanb o0kAaiku, d — BeqHUHHA 3a30pa MEXKAY
oDKNafKaMu, & — OTHOCHTeAbHAA AMNIEKTPHYECKAA DPOHH-
LAeMOCTh BEMIECTRA, 3ANOAHRIOMIETO 3230D. .

Hs dopmyan (25.2) caelzyeT, YTO pasMepHOCTb 9JeK-
TPHYECKOH IOCTOAHHOH €p paBHa PAa3sMepHOCTH eMKOCTH,
AeNeHHON HA pasMepHOCTH AJHHEL (HAMOMHHM, YTO &—
Oe3apazMepHasi BeJHUHHE). B COOTBETCTBHH C 3THM M-
HHLLI, B KOTOPLIX H3MEpsercs g, HOCHAT Ha3BahHe «dapaia
Ha MeTpr (/m) [em. (4.2)]

B rayccosoli cucreme opMmyla EAS eMKOCTH RJCCKOro Koljedca-
TOpa HMeeT BHA

el

C= drd

(25.3)

BBUMHCIUM €MKOCTh IHJIHHIPHUECKOTO H CHEPHYLCKOTO
koHZencatopos. 3amenns B dopumyae (8.8) A uepes gfl
(I — naHua O6KAANOK) H YUTA BO3MONHOCTH HAMHUHA AM-
3/eKTPHKA, AJAA HAMPAKEHHOCTH ROAA MEXAy OOKAaiKamu
LHIHHAPHUECKOT0 KOHAEHCATOPA MOJNYYHM CJAEAYIOlles. Bhl-
paxeune:

E()=-——2.

2nege Ir

LH



P33HOCT]> NOTEHIIHAJI0B MeExXLY Oﬁi{ﬂaﬂ,K&MH HaxoouM
NYTEM HHTErpHpOBaNHA:
R Ry
;
‘P:““‘Pz:fE(f)dfz g fd— -2 ln&

2neqel r 2n8qel R,
R R

(R: m Ry— paguycn puyTpenHell W BHemmHell 06kAaji0kK).
Paspeaur ¢ na nafifennoe 3nayeHHe ¢ — (g, NOJYYHM
€MKOCTh UHJIHBAPHYCCKOTO KOHAEHCATOPA

_ 2meye!
C m——]n,& . (25.4)

R

Ecau 3azop mexay o6KIagKaMH OTHOCHTEJNBHO Mad,
T. €. BuoJaHsierca ycaosne d = Ry— R, &€ R, 3namena-
Teab GopMyau (25.4) MomuHC npeobpazoBarb CAEAYIOUIHM
o0paszom:
«&,___ ( Rz_Rl)~R2—R1=il
In R, =in{l + o R R, ).

Boipamenne 2nR)] naer naoutasb o6kigagkn S. Takum
of6pa3oM, B clydae MaJoro 3a30pa e€MKOCTb LHUJIHHADHYE-
CKOTO KOHZEHCATOpPa MOMHO BHIUKCAATL NPHGIHKEHHO IO
tdhopuyae (25.2).

Coraacuo (8.10) nanpskeHpocTh noas mewjay oOKnai-
KaMu c)epHYECKOr0 KOHIEHCaTopa PaBHa

E()=

dmgee 1

(Kak ¥ B npefRAYUIMX Caydasix, yIT€Ha BO3MOXHOCTL Ha-
JHUHA RMIJIEKTPHKA B 3a30pe MexAy 00KJAaJKaMm).
Hafizgem pasHocTh NOTEARHANOB

R’ Ra
T g dr _ g (1 L\_
q,l_%_f,E(r)dr— 4nege f 2 dmege (Rl Rz)H
Ry

Ry

-4 Ry — Ry
4rniege R\R,

(R1 v Ry— pamnycH BRYTpeHHefi W BHemiHell o0KJAagok).

1y Mp  BOCHONL30BAJIHCE  M3BECTHOR  diopMyaol: In (]l + x) =~ x,
cnpaBeAnyBoE paa X <1,
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Orcioga A9 eMKOCTH [OJyYaercd BLpaXKeHHE

C =4neg -Ri;i% . (25.5)

B cayuae, koraa d = Ry— R, € R,, eMKocTb ciepHie-
CKOTO KOH/JeHCaropa TaKKe MOMHO .BbYUCAATD HO dop-
MyJae A5 eMKOCTH ILJI0CKOTO  KOHAeHcatopa. B camom
Zene, BeIpaxeHHe 4mR R, B 3TOM cAydae NPHMepHO paB-
Ho 1vipuapd S awboii M3 obxaanox. - [losromy dop-
Mysaa (255) MoxeT ObTh npul/auKeHHO 3anHcaka B BH-
ae (25.2).

Mz soipamenufi (25.2), (25.4) n (25.5) dcHo, nouemy
BBejende Mexay 0OKIaAKaMi NPOCAOHKH M3 CErHeTOJIeK-
TpUKa (Hanpumep, MeraTHTaHara OapHsA)} N03BOAAET OOAY-
UMTh NpH HeOGOAbIIMX pa3Mepax KoujeHcaropa Golbliyio
€MKOCTh.

IToMuMO eMKOCTH, Ka’KIbiii KOHZEHCATOD XapaKTepil-
3yeTca npeiedbHbiM HanpsaxenHeMm ') Upay, KOTOpPOE MOXK-
HO OpHKNaZbBaTh K 0OKIaJKaM KOHIeHcaTopa, He ona-
casach ero npofos. [IpH mpeBBIILCHHM 3TOTO HaMpAXKEeHHA
MexJly o0KdaakaMd TIDOCKaKHBAaeT HCKpa, B- pe3yaprare
yero paspyIUaercs AH3ACKTPHK W KOHAEHCATOP BHIXGAMT H3
CTpOA.

§ 26. CoeguHeHHe KOHIEHCATOPOB

Pacnoaaras HeKOTOPHIM HaBOpPOM KOHAEHCATOPOB, MOX-
HO 3HAYHTE/NLHO. PACLIHPHTL UYHC/O BO3MOMHHX 3HaueHHK
€MKOCTH H pafouerc HanpsiKeHHA, ecqH NPAMEHATH coefn-
HeHHe KOHJEHCATOPOB B GaTapeH.

ITpu napanienpHoMm coeinHenHx (puc. 50) oaxa u3 ob-
KJAJOK KaKIO0r0 KOHIEHCAaTopa HMeeT TNOTEHIHan ¢, a
Apyras @z CledoBaTelbHO, Ha KaXI0H M3 ABYX cHCTeM 00-
KJIaJ0K HaKan/inBaeTcs CyMMapHblit 3apaf

q=2fh=Eck(€P1—‘Pz):(fpl‘"%)zca-

EMKocTb OaTapeil NOJIYUMM, Pa3feHB CyMMapHblid 3a-
psii Ha TpHJOKeHHOoe K Hell Hanpsxense. B pesyastate

1} DaextpuuecKHM HampamenueM U B AaHHOM cliydae HAIWBAETCR
PA3HOCTh NOTEHUHANOB MeXiy ofkmamkamu [cMm. dopmyny (325)). Ha-
DpAKEHHEe He CAeAYeT CMeliHBaTh C HaNPAMEeHHOCTHIO NOJA.
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NOJYUUM
C=NC,. 26.1)

Takum o6pasoM, HpU napaJieSbHOM COEIAHHEHHM KOH-
JAEeHCAaTOPOBR eMKOCTH CKiajuBawTca. [IpefenbHoe Hampd-
XeHHe OatapeH, OUCBHAHO, PaBHO HauMeHblleMy H3 3Ha-
uennil Upayx LA KOHAEHCATOPOB, BKNKUEHHBIX B GaTapei.

“
|
= & .4;.441‘6’3 v Ol ;
%l
Puc, 0.

Ha puc. 51 noxkasaso mocsexoBaTesbHOE COeAHHEHHE
KoHAedcaTopeB. Bropas obkaaaka nepsoro KOB/leHcaTopa
opasyer c nepsoil 00knanKofi BTOPOTO eAHHBI! TPOBOAHUK,
Ha KOTOPOM TpH NOAavue HANPAKEHHA Ha 6aTapeso BO3HH-

KaioT HHAYLUPOBAHHLIC BEPHLEH TAKOH Ke Be-

& JHUUHBL, KaK 3aps[ Ha nepBei oOKjAaaxe mep-
BOTO H BTOpOil ofkaanke N-ro xoHjeHcaTopa
(BCTTOMHHM, YTO JHHKH CMEIeHUs HaUHHAKTCA
Ha 0JHOH o0KAaIxe AaHHOTO KOHZEHCATOpa H
| ¢ 3axamuuBalorca Ha apyroft). To xe camoe
6 ilnene, CNpaBe/JHRO AAA BTOPOH OOGKJIaAKH BTOPOTO
=T KOHARHCATOPA H MepBoil 0OKAafKH TPeThero
: # 1. A. Crenosarte/bo, 415 BceX KOHIeHCATO-
POB, BKJIOUEHHBX MOCAeJ0BATENLHO, Xapak-

+¢ TEepHA OJAMHAKOBAA BeJHMYHHA 3apAfa ¢ Ha

g
PR izt
-g

Gy obkaagkax. [losToMy HampsiKenue Ha Kaxk-
( ¢  AOM M3 KOHREHCATOPOB
% g
Puc. 51, U= Cr (26.2)

CyMya 3THX HANpPsIXeHHI paBHAa pPasHOCTH. NOTEHIH-
anoB, NMPHIOKEHKOH K GaTapee:

—m= N U= N &= X

4



OTKYZ4d IIONYyHaeTCd, UTO
1 ' 1
=3 o (26.3)

[lpu nocneapBatesbHOM COESAHHEHHH KOHIEHCATOPO3 CKJja-
IABIBAIOTCA BedduHHbl, 00paThnle HX emkoctam. Coriacxo
(26.2) nmona o6uiero HanpsKeHWs, NPUXOAALLaAcA HA JaH-
Wbl KoHJeHcaTop, ofipaTHa ero eMkocThH. Heofxoqumo,
uTOON HH AAA ONHOTO H3 KOHAencaTopoB Uy He mpesbiirano
yKa3aHHOe AafA Hero snayende Umay.

Ecau Bce KOHJEHCATOPH OJHHAKOBBL H HMEIOT €MKOCTh
Ci u npeneasnoe Hanpmxenne Umaz, TO TP TOCAELOBA-

TEMLHOM COefHHeHHH (= 1:,—0,, a (Umandsar = NUmaxe



TJABA 1V
SHEPI'HA JDJIEKTPHYECKOIO HOJI4

§ 27. DHeprua CHCTEMBI 3apAJ0B

Cuiib, ¢ KOTODHIMHM B3aHMOJAEHCTBYIOT 3apsKeHHBIE
Tena, KOHCcepBaTHBHE (HX pafoTa He 3aBUCHT OT MYTH).
CnenoBatenbHo, CHCTEMAa 3apsKEHHMX Tel1 o6nafaer mo-
TeHuHaacHo# sHepruefi. HafigeM snipamennHe a1A NoTeH-
IHAJIbHOR DJHEPTHH CHCTEMBI TOYeyHHX 3apafgoB. IHaumem
¢ CHCTEMB! M3 IBYX 3apAJOB ¢, H g3, HaXoOsWHXCA Ha pac-
crosAnn 3. KorZa sapsanm ymaneHm Apyr OT Apyra Ha
becKoHEYHOCTD, OHH He B3aHMOJEHCTEYIOT. ITonoxkuM B 3TOM
cltyyae HX SHeprawo papHoli Hymwo. C6nuanM 3apaan Ha
3ajannoe paccroanue rip. Flpe stom Mpl monxubel Gyaem
cosepunTh paGoTy NPOTHB 3/EKTPHUECKHX CHJ, KOTOpas
nofiler #Ha YBeNUYEHHe NOTEHUMATbHOH SHEPTHH CHCTEMBL.
COauxenne 3apsioB MOMHO NPOH3BeCTH, NpuGAmxKaa g
K gz anbo g; K ¢;. B oGoHX cayuasix coBepluaerc OJHHA-
Koead pabora. Pabora mepenoca 3apsajga ¢, 3 GeCKOHEUHO-
CTH B TOYKY, VAAJEHHYIO OT ¢ Ha ry3, cornacto (10.7)
paBHa

1 4

Ay =g =1q, Ine, 1y (27.1)

TAe (i — NOTEHLHAN, CO3AdBAEMLIAl 3apANOM ¢ B TOH TOU-
Ke, B KOTOPYIO mepeMelliaercs 3apafx .

Ananoryuao palora nepenoca sapsna ¢: n3 Geckoxeu-

HOCTH B TOUKY, YAaJNleHHYIO OT g; Ha ry2, paBHa

1 g

A== g ’ (27.2)

4nEy g !

TAe (g — NOTEHUNAJ, CO3JABAEMEIl 3apAloM ¢, B TOH TOY-
Ke, B KOTOPYIO nepeMeltaeTcs 3apaj ga.
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3uauenus pabor (27.1) u (27.2) onuHakoBH, H Kaxioe
H3 BHX BHIpaMaeT SHCPIrHI0 CHCTeMEl

W =q91 = 9:0:.

Jna toro uroGu B BHIpaKeHHe SHepPruM cHCTEMH 06a
3apaga BXONHWJH CHMMETPHUHO, HanuHIEM €ro CJIeAyIOUIHM
obpazoM;

i
W = 5 (9:9; + :292). (27.3)

@®opmyna (27.3) xaer SHepruic CHCTeMH! JBYX 3apsiiioB.
TlepeHeceM H3 GeCKOHEUHOCTH elile OJHH 3apHAJ s H TIOMe-
CTHM €ro B TOYKY, HaAXQOAMYIOCH Ha PacCTOANHH Fyg OT ¢ H
r23 OT 9. Ilpu 3TOM MH cosepinmM paGory

— = 1 k] gz )
Ay = G103 = G5 7 ( e T )
rje s — NOTEHHHAJ, CO3AABAEMLIH 3apANaMU §; H gz B TOM
TOYKE, B KOTOPYIO Mbl NOMECTHJIH 3apaf §a.

B cymme ¢ A, unun A, pabora Ay 6yIder pasHa SHePTHH
TPeX 3apAJOB! '

1 1
W= L +4; Toe, (_‘b__‘_]_'f)_z)_

dney fig fis 72

[Tocneanee BLIpAXKECHHE MOXKHO NMPHBECTH K BHAY

Vb ot S ) a2 -

Ty L} 23
1
=5 {0191 1+ 9:92 + §:Pa);

rie ¢; — NOTEHU KA, CO3aBaeMbiil 3apalaMHu ¢ H g3 B TOR
TOYKE, T/ PacnoNokeH 3apai g, H T. 1.

HobGasnas g cucreMe 3apafoB NOCHEAOBATENLHO g4, §s
M T. X, MOXHO YOEAUTbCA B TOM, 4To B cnydae N 3apsanos
HOTEeHLKA/IbHAK JHEPTHS CHCTEMB! paBHa

1
W= 399 (27.4)

rie @;-— NOTEHNIHAJ, Cco3llaBaeMbiii B TOH TOUYKE, TAe Ha=
XOTHTCA ¢;, BCEMHU 3apAfaMH, KpoMe i-ro,

7 M. B, Caseases, T. 11 o7



§ 28, Jueprua 3apRKEHHOIO TPORORHHKA

3apang g, HaxofALHACA HA HEKOTOPOM TPOBOJIHHKE,
MOMKHO pacCMATPHBATb KaK CHCTEMY TOUedHBIX 3apajo0B
Ag. CornacHo cKasaHHOMY B mpefHIylieM naparpade, Ta-
Kas cucTeMa ofnajaer sHeprue#, paBHo#l padore, Koropyio
HYXKHO COBEpPUIHTb, 4TOOH NEPeHEecTH Bce 3apAim Ag us
GeCKOHEUHOCTH H pACHOJNOMHTL HA TOBEpXHOCTH HPOBOM-
HHKA.

[Teperoc u3 GeckOHe4HOCTH Ha NOBEPXHOCTH NPOBOAHHKA
NepBOil MOPUHH 3apAla Ag He COMPOBOIKAALTCA coBepile-
HdeM paboThl, TAK KaK [OTEHIHAJ NPOBORHHKA NEpBOHa-
yaabHO paBeH Hymw. B peayiabrare cooOUeHHS NPOROIHARKY
sapAfa Ag ero NOTeHIEHAJN CTaHOBHTCA OTJHYHLIM OT HYJA,
BCJIE/CTBHE Uera nepeHoc BTOpofi mopuun Ag yxe TpeOyeT
COBepLieHHS Hexortopoli paborel. Tak kak no Mepe yBe-
AHUCHKA 3apsAja Ha M[OPOBOAHHKE HOTEHIHAJ Cro pacreT,
npy nepemellleHHH KaXA0H AocjaeAyioulelt TOPLHHE sapana
Ag noaxya coBepuIaTheA BCe (oJbllaf MO BeJTHYHHe pa-
6ora '

Al =pAg=-&Ag, ©28.1)
rle ¢ — noTedidan MNpoBOAHHMKA, OOYCIOBNEHHHIM VyiKe
HMCKIHHMCA Ha HEM 3apdAaloM q, C— €MKOCTh LPOBOJHHKA.

PaGora (28.1) njaer Ha yBeanuyeHHe 3SHEPIHM HPOBOL-
HuKa. IToaromy, mepexofin X AudipepeHunasaMm, umeem

1
aW =& qdq,
OTKYHa NOJAY4aercs BbipamKeHUe JJ1 SHepruu:

W= —5’3—+const
oeC *

EctectsenHe CuMTaTh SHEPrHIO HE3apsKEeHHOTO TNPOBOI-
HuKa pasuoli #ymio. Torza const ramime obpamaercs
B Hyab. ¥urta cooritowenue (24.2) Mexay eMKOCTblo, 3a-
PALOM M NOTEHIHAJAOM NDOBOJHHKA, MOXHO HATHCATDH

Ww=2a _ae _Ce¥ (28.9)

Gopuyay (28.2) MOXHO MONYYHTh TAKHKEe HAa OCHOBAHHH
crepyolux coobGpaxenuii. [TopepXxHoCTh NPOBOJHAKA $iB-
JiAeTcs IKBHNOTEHLHANLHOM, MO3TOMY MOTEHUMANLl TeX TO-
WeK, B KOTOPBIX HAXOAATCA TOYEUHBIE 3apAjnl A¢, OAHHA-

L



KOBH H paBHEl NOTeHNRaNy ¢ npobofHuxa. [TpuMenss & ci-
creMe 3apAgos Ag dopmyny (27.4), noayunm

i 1 % 1
W=5 2 0Aq=59 Y A= 5qq,
uTO COBMAJAeT ¢ 58.2).

§ 29. dxeprun 3apRIKEHHOTO KOHAEHcAaTopa

[Tpouece BO3HHKHOBeHHA Ha OOKJafKax KoHIeHcatopa
3apajioB +¢ H —¢§ MOXHO NPEeACTABHTL TaK, 4TQ OT Of-
HoW OOKNAAKH [OCAeA0BATENBHO OTHHMAWTCA OYeHB Ma-
Jbie TOpUNH 3apsifa Ag H TepeMellaloTcs Ha APYPyio of«
kaaaky. Pabora nepexoca ouepe/HOH NOPUHH paBHa

AA=Ag{p —q)=AqU,

rae U —uanmpaxeHue Ha KonpeHcarope. 3amensis U B co«
oTBeTCTBHH ¢ (25.1) m nepexoas x Andrpepenunanam, no~
JYYHM

dW=dA=Udg=-4dq.

HaxoHell, wHTerpupya NocsieHee Bupakete, DPHXOANM
K GopMyne L7 SHEPTHH -3aPAKEHHOTO KOHLEHCATOpa

_ g _.gU _ CUA

(29.1)

Qopmyant (29.1) orauvaiorca ot dopmyn (28.2F Toavko
aaMeHod ¢ Ha [/.

Tor Xe pesyabTaT ANA 3HEPrHH KOHACHCATOPA MOXKHO
NOAYUHTE ¢ noMollbi opMyam (27.4). Kaxani uz sae-
MeHT2DHBIX 3apsJA0B, Ha KOTODHE MOXHO MBICAEHHO pasje-
JIHTh 3apaj ¢, HaXOLHTCA B TOUKE ¢ TMOTEHLHANOM @,
a KamAblil Hu3 3ap440B, HA KOTOpHIE MOXKHO Pase/HTh
—¢@, — B TOYKaX C NOTEHUHAJNOM @o. CIIeAOBATENbHO, JHEP-
A TAkOR CHCTEMBI 33pAA0B paBHA

W= ((+q) e +(— q)<p2]=";“?(‘pi““q’2)2%w’

yto cosnafaer ¢ (29.1).

C noMolliplo BHIpaXKeHHA 1A SHEPTHH MOMXKHO -HafiTH
CHAY, ¢ KOTOPOH MJAaCTHHB ITOCKOrO KOHJAEHCATOpa NPHTH-
ruBaloT apyr  Apyra. [aa sTore npeAnonoXkHM, uTO
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paccTOsHHE MeXIy NJIacTHHaMH MOMeT MeHaTeea. [loa-
crauM B Qopmyay {(29.1) Bupaxenue (25.2) ana em-
KOCTH [LIOCKOrQ KOHAeHcarTopa, 0003HauMB MepeMeHHLIN
3a3op Memiy o6knagkamu 4epes x (BMecTo d)

¢ __¢
W =26 = S8 ¥
Tenepe Bocno/Ab3yeMest COOTHOLIEHHEM, CBA3WBAIOLIHM
NOTEHUHANBHYIO 3HEPTHIO W CHAY, NpHueM OyaeM CYHTATH.
3apAA Ha o6KJajKax NMOCTOAHELIM (KOHAEHCATOD
OTKJIOUEH OT HCTOUHHKA HaMpAMKEHUA):

__ew _ ¢
B dx 2e0.68 (29.2)

(3HaK «--» YyKa3eBaeT Ha,LTO, 4TO CUla CTpe-
MHTCA YME@HLIHHTb X, T. €. SABJAAETCH CHJAOH npH-
THAKEHHUA),

[TonmiTaeMcss BLIMHCAHTE CHAY HPHTAMXKEHHA
MeKAy 0OKJIajKaAMH IUIOCKOTO KOHAEHCATOpPa Kak
npon3Be/lecHHe HaNPSAKEHHOCTH IoJA, Co3jaBae-
MOTO OIHOA H3 OOKJajfoK, Ha 3apsf, cocpejlo-
ToueHHbt Ha apyrof. Ilo dopmyse (8.5) Hanps-
HKEHHOCTE TIONH, CO3/J4BAeMOro 0AHOH oDKIANKOH,
paBHa

Emm = (29.3)

280 = 2838
. 52, i)
Puc. 52 (E = - COo3llaeTcA 3apAAaMH oGenx o0KNnalLoK).
0
Husiexrpuk ocnabasier none B 3azope B e pas, HO 3TO
MMEET MECTO TOJNBKO BHYTPHM JH2AeKTpHRA [cM. dopMyay
(16:17) u ceaA3aHHKk ¢ Hew Texcr]. 3apaAabl Ha o0KIaaKax
pacnonaraloTcs BHE ,IHSACKTPHKA H [OITOMY HAXOAATCA
noj JeHCTBHEM NOJA HanpsmKeHHoCTH (29.3). YMHOXHB 3a-
paAg OOKIaZKH ¢ Ha 3Ty HalpAXKEHHOCTb, MOAYUHM
r_ . _4 __ .7
== ges 4 26,5 (29.4)
{aHaKk «—» o0yclOBAeH TeM, YTO 3apfal, CO3JanuUIui noje,
H 3apfj, Ha KOTOPHIfl 310 none AeficTByeT, HMEKT pasHbie
3HAKH).
Dopmyanl (29.2) u (29.4) ne cosmagat. Onmt coraa-
eyeTcd CO 3HaueHHeM cHam (29.2), noJyvamuuMca H3
BEIpaXKeHHs [JIA 3HEPTHH. ITO OODBACHAETCHA TeM, HUTO
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KpOMe «3JeKTpHUeCKofiy cuam (29.4) Ha oOKAanku geficTe
BYIOT CO CTOPOHH IM3JeKTPHKA MeXaHHueCKHe CHJILl, CTpe-
Mstilitecss MX pasABHHYTb (cM. § 18). ¥ Kkpas of6kAajox
UMeercsl DaccefHHOe node, YObiBaiollee [0 BelHuMHE MpH
YAaNCHHH oT Kpacs. Mofexy/an AHIREKTpUKA, obaanas AH-
TIO/IBHEIM MOMEHTOM, HCMBLITHBAKIOT AeACTBHE CHALL (puc. 52),
BTATHBaIOW el HX B 06sacTh Oonee cuabHOrO oas [eM. ¢op-
myay (14.5)]. B peayabrate fabaeunne Mexjay oOKnajxkaMu
HOBHHIZETCA # MOABJSETCA CHaIa, ocaafasionias neficTBHe
cuasl (29.4) B & pas.

§ 30. DBeprus 3JEKTPHUECKOTO NOJs

DHepruio KoHieHcatopa (29.1) MOXKHO BHIPA3UTh uepes
BEJIHYHHEI, XAPAKTEPH3YIONLHE 3SJEKTPHUECKOe foje B 3a-
aope MeXay obkaaixamu. Coenaem 3TO A MIOCKOTO KOH-
peitcatopa, [Toacrapam 8 (29.1) wepawmenue (25.2) ans
eMKOCTH, TOr/a

cue geSU2  gee (%)2 Sd.

We—-="57 =73
Cornacho (11.8) % = E; mnpousseneuue Sd upencrae-

ager coboh oOGneM V, saunmaemuift noneM. Takum ofpa-
30M, MOXKHIO HANHCATH

W=y, (30.1)

Gopmyaa (29.1) cRAzbIBaeT 3IHEPrHI0 KOHASHCATOPA
c 3apaJ0M Ha ero o6rmagxax, gopuyaa (30.1) — ¢ Haaps-
WEeHHOCTBI0 HOAsi. JIOrMYHO NMOCTABHUTbL BONPOC: TAE Xe JO-
KaJjH3oBaia (T. e. CcOCPeROTOYeHa) HHEprud, UTO SIBASETCH
HOCHTEJIEM  SHeprHA — 3apAikl uau none? B upenenax
3NEKTPOCTATHKH, KOTOPAR H3YJYaeT NOCTOSHHBIE BO BPEMEHH
NOAA HEMOXBMKHHY 3apafloB, [aTk OTBET Ha 3ToT BOMPOC
nepo3Moxpo. IlocTosHEee Noaf u o6ycloBHBUIHE HX 3a-
paAbl He MOTYT cylllecTBOBaTh 000co0/eHHO APYT OT ApYra.
QO/jHaKo MeHsIOIIMECHT BO BPeMeHH MOAA MOrYT CYLIecTso-
BaTh HE3aBUCHMO OT BO3GYIHBUIMX WX 8apfAJ0B W pacnpo-
CTPAHATLCA B NIPOCTPAHCTBE B BHJIE BJAEKTPOMATHHTHHX
ponH. ONeIT NOKA3LIBaET, YTO 3JEKTPOMAarHHTHEIE BOMXHBE
NEPEHOCST 3Hepruic. B wacTHOCTH, 3HEpTHA, 3a. cueT KOTo-
pofi CyLIeCTBYeT MH3Hb Ha 3emJe, foctasasercs or CoaHua
9AeKTPOMATHHTHBIMH - {CBETOBBIMH) BOJHAMH, SHEPrHuA,
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S4CTABAKIONLAN 3BYYATH pAJHONPHEMHUEK, NPHUHOCHTCA OT
nepefanomiell  CTAaHUMM  3MEKTPOMArHUTHRIMM -~ BOJTHAMH
H T. A 3TH $akTHl 2aCTaBJAAIOT NPH3HATH, UTO HOCHTEJNEM
SHePrHH ABJSIeTCa I0de,

Ecniun none omHopopHO (4TO HMeEeT MECTO B IIOCKOM
KOHJCHCATOPE), 3aKNIOUCHHAA B HeM OJHeprusi pacupelie-
JReTCA B NPOCTPAHCTBE € NOCTOAHHOH IJMOTHOCTBHIO @, paB-
HOA SHEPrHH NOJA, NeJeHHOH Ha 3anoAHAEMBIH [IOJIeM
o6veM. CnemosarteabHo, cornacuo {30.1) naorHocTe sHep-
THd Toafl MIAOCKOro KoHJeHcaTepa .

_ EpeE?
=—5 {30.2)
®opmyna (30.2) cmpapeanHBa W JAA  HeOAHOPOJHOTO
noJas. Yura cootHowende (16.9), ee MoXKHO 3anucaTh B BHIE

_£D

W=, (30.3)
HJH
D2
W= (30.4)

B m3oTponmHoM JuasiexTpuke HanpagieHus Bektopos E u
D cosnanawot. [Tostomy ¢opmyne (30.3) MoxHo NpHAATH
BHA
__ED

T2
3amenus B 37T0it dopMyae D ero suaiuenmem (16.4), moay-
M JUIS @ Cleflyloliee BHIPAMEHHE:

_ E(xE+P) eE?  EP
w=—"7 =5 5 (30.5)

IlepBoe citaraemoe B 53TOM BHIpaXKEHHH COBOajaeT
€ NAOTHOCTHIO sHepruu moasn E B Bakyyme. Bropoe caarae-
Moe, KaK MHl cefiyac Aokamewm, npeicrasaser cofofi sHep-
THIO, 3aTPaYHBAeMYI0 Ha MOJAPH3AUHIO0 AHM3ACKTPHKA.

ITonnpHaauusa AH3IEKTPHKA COCTCUT B TOM, YTO 3aPAJb,
BXOANLIHE B COCTAB MOJEKYJ, CMellalTcd H3 CBOHX MONO-
HeHHl noj jAeficteueM asnerTphueckoro nona E. B pac-
Yere Ha eAuHHIy o0BeMa JNH3AeKTpHKa pabora, 3arpadu-
BaeMas Ha CMelieHHe 3apsfoB ¢, Ha BeJHYHHBI drp, paBHa

dA= Edr,=Ed r

EI UL P (Vgl qx k)
{(ana opacroTHl MB cuuraeMm, uro none E oadoponno).
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Corjacuo dopuyae (13.3) v§1 grTr: paBHA JIHNOABHOMY

MOMEHTY eQHHHILI 06DbEMa, KOTOPHH N0 ONpede]cHHIO €CTh
BEKTOp noaapnsauuu Auziextpuka P. ChezosatenbHo,

dA=EdP. (30.6)
B cootBercTBuH ¢ dopmyaoit {152} P = wesE, otkyna

dP = g dE. Hoacragus 3170 sunauenne dP 8 (30.6), nony-
ynM pas dA BeEIpaxenne

dAﬁuaoEdE»——d(xB;Ez):d(-%&).

HakoHell, Npou3belst UHTErpHPOBAHME, Hajfilem ANA pa-
60TH, 3aTpaunBaeMofi Ha MOJNApH3ALHIO eAuAUNE ofbeMa
LH3NEKTPHER, BblpaXKeHHe

EP
A==

KOTOpOE COBNALAET CO BTOPLIM cadraeMbiM B opmyJae
{30.5). Takum oOpasoM, Bblpasenus (30.2), (30.3) u
(30.4) i MAIOTHOCTH 3Heprum BRMOYawy B cebd, KpoMme

g L2 EP
coBGCTBEHHO SHEPTHH NOJA —9_—2w, elle M IHCPIHIO —5—,
saTpayHBacMyly NOpH COIAAHHM [OAA Ha [OJASIpH3AUBIO

BH3NEKTPHKA,

B rayccopoft cucTeMe BBIpAXKEHHSI ANA TWIOTHOCTH 3IHEPTHH K-
TPHUECKOTO TMOJA HMEIOT CASAYIOMAR BiL:

eE? -ED D?
Y TR TR T (30.7)

BuiuncauM 3Hepruio NONA 3apsiKEHHOIo IIapa pajuyca
R, nomeurefinoro B OAHOPOAHBIA 6Ge3rpaHUuHBIA THIJIEK-
TpHK. Hanpsizennocts 1nods B 3TOM cAyuae ABAAETCA
dbynKuel TOMbKO OT 1

Ee—t_ 4

T dmeg er? "

PazofreM oxpyxawilee map NPOCTPAHCTRO HA KOH-
IeHTPHYECKHE IapoBhle cJIOW Tomuuuo# dr. O6nem chnos
pasen dV = 4nr?dr. B Hem 3arnioucHa 3HEPrus

aW=wdy =22 (L LV anrar = L4

2 \dne, er? 2 4nege 2"
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DHeprusa noas

g ﬂﬂj_ q _4’

4nege 2 2 4neeR

2o} —

[cornacno (24.4) 4meeR paBHO eMKOCTH IMapa).

[MoqydenHoe HaMH BBEIpaXeHHe COBNMAfaeT ¢ HafjeH-
HbiM padee BhipaxeHHeM (28.2) aas sHeprHH 3apsaXkeH-
HOTO MPOBOAHHKA.

CoobutuM obknagkaM MNJAOCKOrO KOHAEHCATOpa- ¢ BO3-
AYWHBIM 3230poM  3apsabl +¢ H -—g. OTHOCHTebHAA
OM3JIEKTPHYUECKA TNPOHHUAEMOCTh BO3-
Ayxa TNpaKTHUeCKH paBHa eaunuue. [lo-
3TOMY €MKOCTb KOHAEHCATOPA MOXHO

&S
- CYHTAThL DABHOH C"__d" a 3HEpruio

!
= Wo=?é-. Tenepp norpysum oO6KNaAKH
0

—=]= = 4aCTHYHO B XHAKHA AHMNeKTPHK (puc.

‘}L \ 53). B aToM cayyae KOHEEHCATGD MOMK-

~-¥ HO paccMaTpuWBaTh KaK ABa mapaffelb-

HO BKJIIOUCHHBIX KOHAEHCATOpPA, OLHH H3

Puc. 53, KOTOPHX HMeeT naomiajis oOK/IaIKH,

paBHYI0 xS (X — OTHOCHTeJbHAS YACTb

3a3opa, 3alOJHeHHaA XHUAKOCTeIO), H 3aMOJHER JAHIIEK-

TPHKOM C & >> |, BTOpPOH C BO3AYIWHHM 3a30pPOM HMEET NJI0-

manp obkaagkn, pasuyio ([ — x)S. Buiuacaas emkoctsh no
topmyae {26.1), nosydaem

C=C+Cy= suS(‘li—x} + eaz&t —Cy+ su(s;—l)s x> Co.

+ -

2
Dueprus xKe W=% Gyner membme, yem W, Cuaeno-

BATEALHO, 3aMOJHEHHe 3a30pa AHINEKTPHKOM OXa3uBaercd
gHepreTHUECKH BBHIFOAHMM. [lo3ToMy AMINeKTpHK BTArH-
BaeTCA B KOHAEHCATOP H YPOBeHb €TO B 3a30pe NOJHAMAeT-
cst. DT0 B CBOIO OYepedn NPHBOJMT K BO3PACTaHHIO NOTeH-
IHaJBHOM 3HEPTHM RMIEKTPHKA B-NOJE CHA TAXecTH. B xo-
HEYHOM MTOre YPOBeHb RH3JEKTPHKA B 3a30pe YCTARHOBHTCH
Ha HEKOTOPOH BLICOTE, COOTBETCTBYIOUICH MUHUMYMY CyMMap-
HOMl 3HepruH (3JEKTPHYECKOrO moAf B O6YCAOBJEHHOH CH-
JIAMH THXeCTH). JT0 fBJeHHe C¢XOAHC C KanuANApHbIM
NOAHATHEM JKHIKOCTH B Y3KOM 3a30pe MCXKY MIacTHH-
Kamu (cm. 1. I, § 146).
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BraruBaike JH3MEKTPHKA B 3230D MeXAy OOGKIATKAMM
MOKHO OOBACHHTH TaKXe H ¢ MHKPOCKOMNHUECKONR TOMKH
3peHHA. ¥ KpaeB MJIacTHH KOHJAEHCATOpPa HMeeTCst HeOAHO-+
poxaxoe toge. MoJekyabl IM3MeKTpHKA o6iafatoT cobCTBER-
HbiM IHIOABHBIM MOMEHTCM JHDO NpHGOpeTalnT ero nox
NeACTBHEM MOJfA; NO3TOMY HA HUX JSHCTBYIOT CHJIBE, CTpe-
MALLHecA TePeMeCTHTh HX B 06aCThb CHABHOTO {10Af, T. &
BHYTpb KoHZeHcaropa: [lox aAeficTBHeM THX -CHA MHI«
KocTh BTArMBAeTCd B 3a30p /[0 Tex [ep, [0Ka JIeKTpHYe-
CKHe CHJbl, JeHCTBYIOLIMe HA 3KHAKOCTb Y Kpas WJIacTHH,
He GyAyT ypaBuOBElIeHbi BECOM €T010a KHAKOCTH,



FTOTABA V
NOCTOAHHBMHA 3JEKTPHUMECKHH TOK

§ 31. DaexTpuueckuit ToOK

Ecnn B DpoBOEHHKe c03/aTh HJAEKTPHYECKOE NOJE, TO
HOCHTEJIH 3apAja MpHAYT B YNOPALOUeHHOE JABHXKeHHE: mo-
JIOKHTRJNBHBIE B HANPABJIEHHH 0OAA, OTPHUATE/IbHBIE B
NPOTHBOHOJIOKHYIO CTOPOHY. YNOPAAOYEHHOEe JBHKEHHE
3apAROB HA3bIBACTC 3JAeRTPHUECKHM ToKoM. Ero
NPHHATO XAaPaKTepu30BaTh CHJAOH TOKa— CKaasApHO
BeAIHUHHOI, PaBHOW 3apaay, TNEPEHOCHMOMY HOCHTENsiMH
yepes pacCMATpHBAEMYIO [OBepXHOCTh (Hanpumep, uepes
TIONEPEYHoE CeyeHHE NPOBOJAHUKA) B eXZHHHLY BpEMEHH.
Ecan 3a Bpemst df nepeHocuTca 3apsip dq, To cHna ToKa i
N0 OApefesicHHIo PaABHA

. dg
i=2r. (31.1)

DNeKTPHUECKHA TOK MOpKeT GbiThb OOYC/O0BJEH [BHKe-
HHeM Kak (OOJOMKHTeNbHBIX, TAK K QOTpPHL@TENbHBIX HOCH-
Tesell. TlepeHoc oTpHIlaTeLHOTO 3apAfa B QAHOM Hanpas-
JIGHHH 3KBHBAMEHTEH IEpeHOCY TAKOTO Ke IO BeJHYHHE NO-
JOXKHUTENLHOTG 3apsila B TPOTHBONGJIOKHOM HanpaBieHuH.
Eciu B DpOBOJHMKe ABHAKYTCA HOCHTeNHW OBOHX 3HaKOB,
npuueM 3a BpeMs df uepe3 AAHHYID MOBEPXHOCTh MOMOXKH-
TenbHBIe HOCHTENH NEpeHOCHT 3apsn dg* B OLHOM HAMpag-
NeHWH, a OTPUNATenbHEe dg~ B NPOTHBOMONGKHOM, TO

dgt dg—~
di dt

{=

(dg~ — abcomoTHan BenHyHHA OTPHUATENBHOrO 3apsia).
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3a HamnpaBJeHHC TOKA NPHHMMA&ETCA HanpaeieHue, &
KOTOPOM IepeMellaloTcsl NoJA0KHTeIbHbE HOCHTEIH.

Hocurenan sapsga NpuHHAMAIOT YUYacTHE B MOJEKYfp-
HOM TenJIOBOM JIBHMEHMH H, CJAEA0BATEABHO, JABHMKYTCA
¢ HEeKOTCpOH CKOPOCTHIO V H B OTCYTCTBHe nonaf. Ho B sTom
clygae yepes [POH3BONBLHYIO IMOULAAKY, TPOBELeHHYIO
MBICJIEHHO B NPOBOJAHHKE, NPOXOAHT B 06e CTOPOHEI B ¢pen-
HeM OLWHAKOBOE KOJHUYECTBO HOCHTeNeH Jio6oro sHaka, Tak
yto cHna Toka (31.1) pasua uymo. l'IpH BKJIOUEHHH TONH
Ha XaOTHYeCKoe JBHXXEHHe HOCHTeNefi CO.CKOPOCThI V Ha-
naraercs ynopsiouednoe ABHMEKEHHe CO CKOpocTbio u').
TakuM o6pazoM, CKOpacTs HocuTeaeh 6yaer v + u. Tak Kaxg
cpejiHee sHayenwe v (Ho He v) pPAaBHO HYJIO, TO CPeAHAA
CKOPOCTHL HOCHTENeH paBHa u:

v+u=;+a=u.

JNleKTpHUECKHIT TOK MOXKeT OblTh pacnpefened no no-
BepXHOCTH, Yepe3 KOTOPYIO OH TedeT, HepaBHOMepHO. Bonee
JETaNAbHO SJeKTPHYECKHH TOK MOXKHO OXapaKTepu30BAThH
C NOMOLIbID BEKTOPA NJAOTHOCTH TOKd4 j. DTOT Bek-
TOp HYHCAEHHO paBeH CHJle Toka di uepes pacluooXKeHHYK
B JaHHOH TOYKe IepNeHAHKYJAAPHYIO K HANPABJAEHHIO JBH-
MCHHA HOCHTENeH RAOaiKy 4S5 ,, OTHECEHHON K BeJHUHHe

3Tof IioWwalKy; P
. )
i sy (31.2)
3a HanpaBneHHe | NPHHHMAaeTCA HaNnpasJCcHHE BEKTOpA
CKOPOCTH U* YUIOPS/AOYEHHOTD IBHMKEHHS [0J0XHTEIbHbIX
HOCHTEIeH.

TTone pexTOpa MAOTHOCTH TOKA MOXKHO H30OpasHTE ¢ [10-
MOUILI) JHHHKH TOKa, KOTOpHIE CTPOATCS TAK XKe, KaKk H JH-
LHH TOKa B TeKyHlefl XKuaRocTH, JWHHH Begtopa E u T. 1,

3Has BEKTOp MJIOTHOCTH TOKA B KaMRO#i TOUKE MPOBOJ-
HHKa, MOXHO HAHTH CHJAY ToKa i depes o0yl HOBEpX-
HOCTh S

i= [ j.dS (31.3)

[ep. (7.5) u 1. I, popmyna (82.14)].

'}y Nope6uo 3ToMy B NoYOKe rasa Ha XKaOTHYeCKoe TENVIOBOE ADH-
JKeHHe MOJIEKYJ HakJAa/IblRAercs YOIOPALCYSHAOE ARHMKEHHE.
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Tflyetp B eannHue o6BEMa COHEPXKHTCT At TOJNOXKH-
TEAbHHX HOCHTeNEH W N~ oTpuUaTenbHbiX. AGCoMIOTHas Be-
JHYHHA 3apALOB HOCHTEJNEH paBHa COOTBETCTBEHHO €* u €~
Eciu nop feficTBHeM NOAS HOCHTeNM NpHOGPETAIOT CKO-
POCTH #* M U, TO 32 €JHHHIY BPeMeHnH ueped eAHHWMHYIO
HJOWIAAKY NPOHAET n* u* MOJOXUTEIBHHX HocHTeaedl '),
KOTOpHIe LepeHecyT 3apan e n*u*. AHAJIOTHYHO OTpHIA-
TeJAbHHIE HOCHTENM nepelecyT 2apan e n u~. Taxum obpa-
30M, BJs IJIOTHOCTH TOKa NOJYUAeTCA CJeAyioliee BHIpa-
XKEeHHE:

j=e ntut+enu". (31.4)

Tox, He uaMeHsOWHCA cO BpeMeHeM, Ha3bIBAETCH MO~
CTOAHE KM, Mp Oyjlem obo3HauaTh ero cuay Gyksofi /,
€OXpaHHB JAJS1 HENOCTOSIHHOTO ToKa oGo3Hayenne i  Oue-
BHJHO, UTO

[ = %, (31.5)

rie g — sapsaj, NepeHOCHMEI Yepes pacCMATPHBAEMYIO NO-
BEPXHOCTE 32 KOHeuHOE BpeMA 1.

B CH epuynuua cuabl T0ka amnep (a) spasercs oc-
HORHOH. Ee onpenenenve Gyner naHo mnoaxe (cM. § 38).
Epunnua sapaga KYJAOH oONpeledsdeTcs Kak sapaj, ne-
peHOCHMEIH 3a 1 cex uepes nonepeyHoe CEYCHHE NPOBOAHHUKA
npH cuile Toka B 1 a.

3a. epununy toka p CIC3-ciucreMe npHHMMaeTcs Takod TOK, NpH
KOTODOM Yepe3 JAHHYI0 TOBSDPXHOCTE NepeHocHTes 23 | cek ofHa
CI'C3-exn. sapana. ¥ura coorHomerie (3.2}, nonydaeM

l1a=3.10°.CI'CB-en, cuRH TOKA. (31.6)

§ 32. DaekTpoABHKYMIAA CHAA

Eciu p NpoBOAHKKE CO3AaTh SNeKTPHYECKOR NOJAE K He
NPHEATL Mep LA ero TNORLEPKaHHsA, TO, KaK MB ycrafio-
pruan P § 22, nepemelliedne HocHTeNel sapsia [pHEERET
cuedb GRHICTPO K TOMY, UT¢ IoJde BHYTPH MpPOBOIHHKA HC-

1) BupaeHMe A8 UHCAa MOJEKYJ, NPOAeTAIONIHX geped epHHHI-
AYI0 IMOWAAKY B EAHHHUY BpeMeHH, COLEPXHT, KPpOMe TOr0, MHOXKM-
Teap 1/4, OGycNOBNEHHBEH TeM, uTO MOJEKYAH ABUKYTCA XAOTHYECKE
lew. 1. I, dopuyay (100.6)]. B ZaHuoM cIyude $TOrG MHOKHTEHA HET,
TAK KAaK BCe HOCHTeNH AaHHOPO 3HAKA ABHAYTCA YNOPIAOUEHHO B OAHY
H TY XKe CTOpPOHY.
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yesHeT H, CJeA0BaTeabHO, ToK npexkpatHrcs. [las Toro
yroBhf MOAZCPKHBATL TOK JOCTATOUHO AJAHTCALHOE BPEMA,
HYyXHO OT KOHLA NPOBOANHMKA C MEHBIUMM [OTEHLHAJIOM
(nocHTeJM 3apafa MpeanosaraiTes NOACKHTEIbHBIMHE) HE-
fpephiBHO OTBOAHTh NPHHOCHMBIE CIOJa TOKOM 3apajsl, a
K KOHUY ¢ GO/bLIMM NOTEHLHA/JOM HENpephiBHO HX TOMBO-
auth {pHc. 54). MHBIMH c/0BaMH, HEOOXOAHMO OCYULECTRHTL
KpYTOBOPOT 3apsAloB, ipH
KOTODOM OHH  XBHTQNUCh g5 _ %
Gbl 110 3aMKHYTOMY TNYTH. &= - a2
LHpryaanus BekTopa  f Y
3JEXTPOCTATHUECKOTO O i
pasHa uyme [cM. dopmyay \B\_ -4
(9.2)]. Tloatomy B 3aMKHY- D
Tol lieny Hapsiy ¢ y4a-
CTKAMH, Ha KOTOPHIX IO~ Pue. 54.
JIOXKHTE/bHBle 3aPAALI ABH-
JKYTCA B CTOPOHY YOLIBanHA , AO/KHB HMETHCH YUacTKH,
Ha KOTOPHIX HEePEHOC NOJMOXHMTEABHBIX 3apANOB NPOHCXOAHT
B HalpasJeHHH BO3pacTanus ¢, T. € IPOTHB CHJ 3JeKTPO-
craTHuecKoro mojf (cM. H300pameHHY)0 MNYHKTHPOM 4acTh
uenu Ha pHec. 54). TlepeMmelnienue HOCHTeNEH Ha ITHX y4a-
cTKaX BO3MONKHO JHLL ¢ MOMOUIbI) CHJI -HESJICKTPOCTATHYE-
CKOTO  DNPOHCXOMJEHHS, Ha3plBaeMblX CTOPDOHHHME
cunami, TakuM o6pa3om, Ans NoAlepXaHWa TOKa Heol-
XOAMMBl CTOPOHHHME CHJBI, AeficTBYIOWMe nubo Ha BCEM
npoTAXKEeHHH HenmM, AuGO Ha OTJEJNbHBIX ce y4acTKax. Odu
MOTYT ObiTh OGYCJOBJIEHBL  XHMHYECKHMM  TIDOLRCCAMH,
anddysueii HocHTeNell 3apaia B HeOJHOPOAHOH cpepe HAH
yepes rpaluuy ABYX PasHOPOAHBIX BeIECTB, 3J/€KTPHYECKH-
MH {(HO He 5JeKTPOCTATHYECKHMH) DOJSMH, NOpPOX/aeMHMA
MEHAIONHMHCA BO BPeMEHM MATHHTHHMU Mojiama  {cMm.
§ 103}, m 1. I

CTopoHHHe CHJBl MOXHO 0OXapaKTepH30BaTh paGoTof,
KOTOPYIO OHM COBEPIIAIOT Haj HepeMelijaloiiyMHucA 0o Lend
aapagamu. BeanuuHa, papias paGore CTOPOHHHX CHA, OT-
HeceHHONl K eJHHHLe MOJOHHTEILHOrO 3apAla, HA3LIBAETCH
3MeKTPOABHKYUeNn cuaof (3. & c) &, pelicTBy10-
ulefi B UeNH HAH Ha ee yyactke. CieoBaTenbHo, ecld pa-
6oTa CTOPOHHHX CHJI Haj.3apajoM ¢ pasua 4, 10 no on-
peAescHRIO

!

A

== (32.1)
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Ha conocrasnenna dopmyn (32.1) w (10.7) swTexaer,
Y70 pasMeEpHOCTh 3. A. C. COBNaJaer ¢ pasMepHOCTbIO IIO-
TeHitHana. Ilosromy & namepseTca B Tex Ke €NHHHILAX,
YTO H §.

Cropoutio cuay for, NeACTBYIOILYIO Ha 3apAa ¢, MOXKHO
NPeICcTABHTh B BHJE

f.=E'q.

Bekropuyw Benuunyy E' HasuBaloT Halp A XeH-
HOCThIO NOJAS CTOPOHHHX cHA Pabory croponsnx
‘CHA Hak 3apA/OM § Ha BCeM NPOTHNKEHHH 3aMKHYTOR Len#
MOXHO BHPasHTh CAEAYIOUHM o6pasoM:

A= § fodl=g § E; dl.
Paspenus o1y paboTy Ha ¢, MONYYRM 3. . C., AeRCTBYIONIVIO

B LECIIH:
&= 5{3 Erdl. (32.2)

Tarrm oO6pasoM, 3. . c., AeACTBYIOLIAS B 3aMKHYTOH
IenH, MoXeT ObITh Ompejefena Kak LUHPKYJAALHS BEKTOPA
HanpAKeHHOCTH NOAA CTOPOHHHX CHJL. '

DAeKTPOABIRKYULAN CHJIa, JEHCTBYIOUla’ Ha YyuacTKe
1--2, oueBHfHO, parHa

2
Epo= [ Eidl. (32.3)
!

KpoMe CTOpPOHHHX cHJI Ha 3apsAi ACHCTBYIOT CHAB 3JCK-
Tpacratuueckoro nods iz = gE. Caegosareabro, pesyas-
THPYIOUlAA CHaa, AEHCTBYIOIlaA B KAXKICH TOUKe Lenu Ha
sapaj ¢, pasHa

f=f,+i:=¢(E"+E)

Pabora, copepuiaemasi 3TOH CH/IOH Haj 3apsajoM ¢ Ha y4a-
cTKe nenu J—2, naercst BHpaKeHHem

2 2
Ap=q [Eidi+q [ Edl=q8n+qo—w). (324)
1 1

Hna saMkHyTOM Denu pafora 3MEKTPOCTATHYECKHX CHA
paBHa HYJIO, TaK 910 A = ¢&.
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Benuuuna, umcaenno pasuas paGoTe, coBepmIaeMod
3MeKTPOCTATHYECKHMH ¥ CTOPOHHHMH CHIAMH NPH nepe-
MEINEHHH eJIHHHYHOTO TOJOKMTENILHOTO 3apafa, Hash-
BAeTCH NafJeHUHEeM HANpAXeHHH WIM NpoCcTo H a-
npaxetunem U Ha IaHHOM YyuacTke lenH. B coorBer-
¢t8HR ¢ dopmyaoit (32.4)

Up=¢— ¢+ & (32.5)

ITpu orcyrcTeun cTOpoOHHHX cuJ HanpaxeHndne U cosna-
JLaeT C PAa3HOCThIO NOTEHIHAA0B ¢ — Qo

§ 33. 3axen Oma. ConporuBiaenne APOBOAHHKOB

OM 3KClepHMeHTANbHO YCTAHOBWJ 3aKOH, COTJIACHO KO-
TOPOMY CHJIA TOKa, TEKYUIeTo MO OAHOPOAHOMY MeTanH-
yeCcKOMY NPOBORHHKY, NPONOPUHOHAJNBHA MAfCHHIO HAMPH-
meuus U Ha npoBonuuke:

= %—U. (33.1)

OaHopoAHbIM HaZbIBaeTCst NPOBOAHHK, B KOTOPOM He AeHcT-
BYIOT CTOpPOHHNE CHAEL. B 3T0M caydae, Kak mbl BH/IeJH, HA-
npskerue U coBnafaeT ¢ pasHOCTHIO NOTEHLHAJIOB @) — Py,
nojepKUBaeMoit Ha KOHUAX mUpoBoAHHKa. Beanuuna R
HAa3LIBAETCH JJEeKTPHYECKHM CONPOTHBJEGHHEM
DPOBOARRKA. Epxnued cONMpPOTHBACHHH CAVKHT OM, paB-
Hufi COMPOTHBJEHHIO TAKOTC MPOBONHHKA, B KOTOPOM IPH
HanpsaxeHnHu B 1 @ Teuer ToK cuaoit B 1 &,

3a egHHHIy COOPOTHBREHWA B TayccoBOR CHCTEMe FPHHHMAeTCs
CONPOTHBJCHHE TAaKOro NPOBOAHHKA, B KOTOPOM TPH Pa3HOCTH (OTeH-
nuanes B !} CI'C3-ex. noreHunana TeweT Tok cuiofl 8 1 CI'C3-ed.
cuiil Toxa. Hafizem cooTHOumeHWe MeXAY 3TOF eAVHULEH s OmOM:

_de 1300 oo

1 ox 1o =507 CI'C3-en. conpoTHBNeHHA.

1
9. 101
Taxum ofpaszom,

1 CI'C3-efl. conpoTuricHua == 9. 1011 ox. (33.2)

BenuuuHa CONpOTHRACHHS 3aBHCUT OT (OPMBl B pasMe-
pos NpOBOAHHMKA, a TakXKe OT CBOHCTE MaTepHana, H3 KO-
TOpOro ot cAenad. JInA OMHOPOZHOrO URIHMHADPHYECKOrO
NPOBOAHMKA

R=p7 (33.3)
tl



rae [ — AAnHA NPOBOAHKKAE, S ~— MIOLIAAL €T0 [ONEPEYROTO
ceyeHNs, p — 3aBHCALLKA OT CBOACTB MaTepHala Ko3ddu-
GHEHT, Ha3LIBAacMBII Y ACABHHM 3SJEKTPHYECKHM
CONpPOTHBNE&HHeM BellecTea. Ecit =11 S =1, 10
R uucnenro papuo p. B CH p usmepsiercs 8 0Mo-MeT-
pax (os-m). Ha mpakTuKke 9acTo XapakTepHayioT Mate-
pran conpotuBaeHueM NpH [ =1 m u S =1 xm? 1. e Bb-

. 2
PaNaIOT p B —L MM

3akon Oma wmowHo 8anucats B Ax(bQepennHaNbHOMN
topme. Buinenum Muc/I€HHO B OKPECTHOCTH HEKOTOpOit
TOYKH BHYTDH NDOBOIHHKE 3Je-

a2 MeHTapHLIf LHAHHIPHUeCKHH

s o6bem (puc. 53) ¢ oOpasyouiu-
j MH, napanJejbHBIMH BEKTOpY

£ IJIOTHOCTH TOKa j B RAHHOH

Touke. Hepes monepeuHoe cede-

Puc. 55. HHe -IMAHNApa TEYeT TOK CHJOH

jdS. Hanpskenue, npHaOKeH-

Roe X UHJIHHADPY, paBHo Edl rae E — RanpAXKeHHOCTb mods
B JaHHOM MecTe. HagkoHew, conpoTuBjeHHe UMJIHHApPA,

coraacno ¢opmyae (33.3), pasHo p:—é. [MopctaBum sTH
snaueHus B dopmyny (33.1), roraa

. ds
]dS=mEdl

Hocutenn aapafa s Kaxaol TOUKE ABKKYTCA B HaNpas-
nenuy Bektopa E. Ilostomy Hanpasnensuss § m E cosna-
aaot '), Takum o6pa3oM, MOXKHO HanHCaTh

j=-:;-E = o, (33.4)

1
rae c=;—-aenmmna, HasuisaeMasnn XKosdbduanueHToM

5NeKTPONPOBOAKOCTH HIH MpPOCTO NP OBOAH-
MOCTbLIO MaTeprana.

dopmyna (33.4) Bupaxaer sakor Oma B auddepen-
vHaasHol dopume.

Cnoco6HOCTL BelecTBd NPOBOJHTE TOK XapakTepH-
ayercs ero YAeJbHHM CONDOTHEJMEHHEM p AHO60 INpOBOJH-
MOCTbIO ¢. VX BesHUHHA ONpefenseTcs XHMHYECKOA npH-

t} B auusoTpenHHX Tenad BanpanieHs Bexropos j B E moryr
¥e COBRaJaTh.
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PORCH BellleCTBAa W YC/AOBHAMH, B YaCTHOCTH TEMTNepaTypod,
NpH KOTOPEIX OHO HaxoAutcd. s GoAblIyHCTBA MeTa/IOE
yAeNbHOEe CONPOTHB/EHHE pAacTeT ¢ TeMIepaTypoil npubau-
SHTEMBHQ IO JHHEHHOMY 3aKOHY:

p=po(l +at°),

rie pg — yaeaptoe conpotueierue npu 0°C, {° — remnepa-
“TYpa mo kane [{eabcus, o — KO3(QQUIMEHT, YHCIEHHO
pasHpil npumepHo 1/273. Tlepexoas x alconwoTHol Temme-
parype, noayuaem

p = pol. (33.5)

[lpn Huakux TeMnepaTypaX HaGMIONAIOTCH OTCTYNCHHA.
OT 3TOH 3aKOHOMEpPHOCTH Fpnc. 56). B GonblUMHCTBE CaIY-
uaeE 3aBHCHMOCTh p oT T caenyer Kpusofi [. Bennunna
OCTaTOMHOFO  CONPOTHBE-
HHA Poer B CHIBHOH CTe- o2l
NEeHH 3aBHCHT OT 4YHCTOTHL
MaTepHala M HaAHuYMA
.OCTATOYHHIX MEeXaHHYeCKHX Y
RAOpsKeBHH B o06paane. >
TloatoMy RoOCae OTHHra
Poce 3aMeTHO YMEHb- pﬂv {
maerca. ¥ abcoMoTHO YH-
CTOTO MeTaana ¢ HAeaNbHo 7 2
HpAaBHNLHOR KpUCTaJMJIHYE-
ckofi pemeTkol npu abco- Puc. 56.
JIOTHOM RyJe p =0

Y GoabumoRt rpynnel MeTaMIoB W CIIaBOB NPH TeMne-
paType mopfAiKa HECKOMbKHX rpaaycor Keabsuna compo-
THBJAEHHe CKauxoM ofpamwaerca B HyAb (kpuBas 2 Ha
puc. 56). Bnepsnie 370 sBAeHKHe, HA3BaHHOE CBep XN po-
BOAHMOCTbBIO, b0 obuapyxeno B 1911 r. Kamepaunr-
Opnecom pzas pryTd. B paapHefilieM CBepXNpOBOAHMOCTH
GHia o0HApYXKeHa ¥y CBHHUA, 00Ba, UHHKA, afIOMHHHA H
APYrHX MeTa/l1oB, a4 Takxe y pafa cinapos. Jias kax-
JIOro CBEpXOPOBOIHHKA HMeeTCH CBOA KpHTHYecKas Temme-
parypa Ty, ©IpH KoTopoli OH IepexOa#T B CBEPXNpPOBOAA-
‘mee coctosame. [lpn AeficTBHH Ha CBEPXNPOBOJANHK MAaTHUT-
HOTO ‘MO -CBEPXUPOBOAsilee COCTOSIHME Hapyliaercs.
Benuuuaa KpUTHYECKOTo noJst fy, paspyllaloiRero cBepx-
NpOBOAMMOCTb, paBHa Hyaw npH I = T K pacTer ¢ NOHH-
HEHHEM TEMIEPATYPHI.

8 H. B. Casenses, T, 1T 113



[Tonnoe TeoperHueckoe OOBACHEHHE CBEPXIHPOBOAHMOCTH
Gut1o zano B 1958 r. coserckum ¢uzukom H. H. Boroaw6o-
BHM H €ro COTpyINHHKAMH.

3aBHCHMOCTb 3JEKTPHYECKOr0 CONPOTHBJCHHSA OT TeMIe-
PaTYpHl NOJOKEHA B OCHOBY TEPMOMETPOB CONPOTHBJAEHHA.
Takolt TepMOMeTp NpPeACTaBAAET cOGOH MeTalAHUECKYHd
(o6LuHO N/ATHHOBYIO) HPOBONOUYKY !), HaMOTEHHY HA
dapdoposhii HaK CAKAHOA Kapkac. IIporpagyHpoBanHbii
IO MOCTOAHHBIM TeMMEpaTYpHHIM TOYKAM TEPMOMETp COMpO-
THBJIeHUs TO3BOJSIET H3MEPAThL C TOYHOCTBIO MOPAAKA He-
CKOJBKHX COTHIX rpajyca KaK HH3KHe, TaK H BBLICOKHE TeM-
nepaTypsl.

§ 34. 3akon Jxoyas — Jlenua

[Tpu npoXoAEHHH N0 TPOBOJHHKY TOKA NPOBOAHMK Ha-
rpeeaetcd. JIXKoyab u He3aBHCHMO oOT Hero Jlenn ofHapy-
RHAH SKCITEPHMEHTALHO, YTO KOMHYECTBO BHIENAIOLIETOCH
B NPOBOJHHKE Tenaa NPONOPLHOHANBHO €ro CONPOTHBAEHHIO,
KBAaJIpaTy CU/IBl TOKA H BPEMEHH:

Q= RIt. (34.1)

Ecnk cuta TOKa H3MmeHsieTcs coO BPEMEHEM, TO
t

Q= J’ R2 dt. (34.2)
0

CootHowrenua  (34.1) u (34.2) BRpamawT SaKOH
Odxoyna—Jlenuna. Tloncrasasia R B oMmax, i B amme-
pax, a { B cekyHIaX, Q noayuuM B AKOYJAAX.

3akos (34.2) umeer caeayomee ofbacHenne. Paccmor-
pPHM OAHOPOJHBIA NPOBOJHHK, K .KOTOPOMY TPHAONEHO Ha-
npsaxenne U. 3a BpeMs di depe3 xaxjioe ceyeHHe NPOBOL-
HUKA UPOXGEMT 3apAj dg =i dif. 70 paBHOCHJILHO TOMY,
yro 3apal dq = id! nepeHocutTcA 3a BpeMa df H3 OAHOrO
KOHIA NPOBOAHHKA B Apyroi. [IpH 3TOM cHAH NIOAs coBep-
waior pabory dA = U dg = Ui di. 3amenaa U B cootser-
cTBHu ¢ 3akoHom OMa uepes Ri W HHTerpupys, NOJYHHM
s paGoThl 3JEKTPUYCCKHX CHA BHIpaXKeHHe, coBNajalmouiee
¢ eupaxenueM (34.2) ana Q. Takum oGpaseM, HarpesaHue
NPOBOJAHHKA NMPOHCXGART 3a ¢YeT paboTHl, coBeplIaeMoH cH-
JIaMM oMM Haj HOCHTENSIMH 3apsifia.

1) B mocnennee mpems Bce Goabluee NPHMCHEHHE HAXOLAT TEPMO-
MeTPH CONDOTHBJACHHA H3 MOJIYIPOBOIHHKCS.
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Or ¢opmynur (34.1), onpeneasiomed Tenso, BEUIeAse-
MO€ BO BCEM NpPOBOIHHMKE, MOKHO NepefiTH K BHpaKeHHID,
XapaKTEPHIYIOWEMY BHIENEHHE TRNJJa B pas/HYHBIX MecTax
NpoBOJIHHKA. BrIendM B NPOBOZHHKE TAKMM XKe 00pa3oM,
KaK 3T0 Oblio coenaHe npu BuiBoae dopmynan (33.4), aae-
MeHTapHHA o6beM B Bule WHAuBApa. CoraacHo 3aKoHY
Jxmoyna — Jledua 3a ppeMsa df B 370M o0beMe BRIAEIHTCA
TEMIO

dQ=RAdt = LL (jaSpdt=ppav dt,  (34.3)

roe dV = dS dl — sesnuuna sseMenTapuoro ofneMa.

Konuuectso tenna d@Q, oTHeceHHoe K- elHHHIE BpeMeHH
H efAuHHIe o0bema, Ha30BeM YA EAbHON MOUIHOCTHIO
Toka w. Ha (34.3) nojgyuaem

w = pj’. (34.4)

BocnoabzoBasinkch cootHomenuem (33.4) mewxny j, E,
p ¥ 0, popuyae (34.4) MoXKHO MPHAATE CACAYIOHIHH BHA:

w = jE=gE° (34.5)

Qopuyau (34.4) u (34.5) Beipaxkalor sakou Hxoyas —
Jlenza B gnddepernyuanchofi ¢dopme. Urtobsl, ucxona Hs
HHX, TIONYYHThE KOJHUSCTBO TEMIa, BHIAENAIOULEECT BO BCEM
NPOBDJHHKE 3a BpeMA {, HYXKHO IPCHHTETPHPOBaTh W@ 1O
oGbeMy NPOBCAHHKA B HEKOTOPLIA MOMEHT BpeMeHH ¥, a 3a-
TEeM NOJYUEHHOe EbIpaXKeHHe NPOHWHTErpHpPOBaTH 1O Bpe-
MeHH f:

Q=fﬂjmwu
0 14

§ 35. 3akon Oma Ang HeOAHOPONHOTO YYACTKA Henn

3akon Oma & puge (33.1) cnpaBesnue Aas oJHOPOZHOTO
y4acTKa IEenH, T. e. TAKOID Y4acTKa, B KOTOPOM He HeficT-
BYET 3AEKTPOABHXKYIast ciaa. UToGs nonyynTh BHpaXeHHe
sakoHa OMa s HeOZHOPOAHOIC ywacTka Lenu, GyjgeM Hc-
XOIUTh M3 3aKoHa coxpadenus sHeprui. [lycte Ha xodmax
Y4acTKa MOJAepPIRHEAETCAd Pa3HOCTh NOTEHUHANOB ¢ —
(puc. 57). 3. m. c., AeACTBYIOULYID Ha yyacTke, 0003HauduM
&12. 3alaBUINCh onpelencHHBIM HanpaBietineM (HanpHMmep,
o6o3HayeHHbIM Ha puc. 57 crpenxoit), 1o [ u 3. A ¢ &

g* t15



HYXHO paccMaTpuBaTh Kak alreGpanueckHe seauuntul. Tox
6yaeM cuMTaTbh NONCKHTEAbHBIM, €CllH OH TeyeT B HANPAB-
JIEHHH, YKA32HHOM CTPeJaKof, H OTPWUIATeIBHHIM TPH HPO-
THBOTIONIO?KHOM HaNpaB/JeHHH. AHAMOTHUHO 5. A. €. GyleM
CYHTATb TOJMOKHTEABHOMH, ec/IH OHA AefiCTBYeT B HampasJhe-
HHY CTPeJKH (3TO 3HAYMT, YTO HAJ MOJOKHTENRHLIM 3aps-
AOM, TepeMelaloliHMca B 3TOM HANpaBJieHHH, CTOPOHHHE
CH/IBl COBEPIIAKT IIOMOKHTENRHYID paGoTy), B OTpHIATEAbL-
HOM, ec/iH OHa JGHCTBYET B NPOTUBONOJNONKHYIO CTOPOHY.

—_— =)

99; ~~— %

Puc. 57.

Ecau npoBOAHRKH, 0Opa3syioliHe yyacToK LeMH, Hemofg-
BHXHBI, €IHHCTBEHHHIM pe3Y/NbTATOM RPOXOMKIEHHA TOKa
Gyaer HarpesaHie UpOBOAHHKOB. IlosTOMYy paboTa BCeX cHA
(3/EKTPOCTATHYECKHX H CTOPOHHHX), COBEpIIeHHAR Haj HO-
CHTensIMH 3apfAfa, LOMXKHA OHITh pAaBHA BLILENHBLHIEMYCH
Tenty. 3a BpeMs df MO NPOBOAHHKY MEPEHOCHTCR 3apan
dg =1 dt. Cornacio (32.4) pabora, coBepluaeMas Hajg
3TUM 3apfjoM, PaBHa

dA=&,dg (g —9)dq.

3a ppemda df sugelifeTcs Temio
dQ=PRdt=IR(Idi)=IR dg.

[TpupasHnBast 3TH 1Ba BHIPaXEHHA H cOKpawas Ha dg,
noayuaem

IR ={9 — @) + &z (35.1)
OTKYZAA -
L Tk s Tl

= 8@ty (35.2)

Mdopmynnl (35.1) u (35.2) Beipamaior sakoH Oma mnn
HeoAHOpOAHOro yuacTka uend. Ilpa &3 =0 d¢opmyna
(35.2) nepexonut B BEIpamkeuue (33.1) saxoma Oma ana
OHOPOJIHOTO yuacTka uenu. [loaoxus B (3b. l) P1 = g, HO-
AYYHM BeIpaxenue 3akoHa Oma AAS 3aMKHYTOH IleNH

&

=%, (35.3)
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rae & — 3. 1. c., neHCTBYIOLIAS B HenH, R — CyMMapHoe co-
NpPOTHBJIEHHE Beel Nenu.

B nuddepenunancrot dopme 3akoH OMa npH HaJaHYHH
CTOPOHHHX CHA 3amMiNeTCA caAeaylomuMm obpasoM:

j=o(E+E) (35.4)

PaccmotpuM npumep Ha mpuMeneHue dopMysan (35.2).
IlycTb Ha KOHuaX YYacTKa IlenH NORAEPIKHBAIOTCA MOTEH-
nHaabl @ =20 8 1 gz = 15 @ (puc. 58). Yuactok conepXur

- §p =705 (R=T M}

;v,“%’a \ | ¥ / ;p—m
R=day
Puc. 58.
3. 0. ¢ &= —10 g (3HaK MHHYC YKasblBaeT Ha TO, MTO

5. A. . OelicTRyer B unanpaBieHHn 2—[). Conporvsjenne
HCTOMHHKA 9. [, C. | oM, OCTAJbHHIX 3BeHLeB yuacTKa 4 OM.
ChneposaTeNbHO, MOJHOE CONPOTHBIEHHE yyacTka R =5 oM.
TloacrasuM safaHuble snayenus B dopmyay (35.2):

20— 15—10

5 = —la.

I =
Ilna Toka noayunnoch OTPHLATENLHOE 3HAaueHHe. D10
03HauaeT, UTO TOK TeYeT B HANPaBJeHHH 2 — ],

§ 36. Passersaennwie uenn. Ilpasuna Knpxroda

Pacuer passeTBAEHHHIX Uenelt SHRYHTEABLHO Ynpouiaercs,
€C/qH DNOAb30BATHCR  [IPABHIAMH, CCI)OpMyJIHpOBaHHbIMH
Kupxrogom. Stux mnpasun asa. [TepBoe M3 HUX OTHOCHTCH
K y3naM UemH. Y3/I0M HaspBaeTcd TOYKa, B KOTODOH CXO-
Jurea Gonee YeM ABa MPOBORHHKA (pHC. 59). Tox, Tekymui
K Y3y, CUNTaercss MMM oMH 3HaK (NJI0C HAH MHHYC),
TEKYHIHH OT y8/1a — HMEIOIIMM JAPYrod SHaKk (MHHYC WIH
nawce}. MMepBoe npasuiao Kupxroda raacur, uto
anzebpauneckas CYMma TOK08, CXOO0RUUXCA @ Yy3ie, pasHa

HYAH:
»i,=0. (36:1)
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CnpaBeANUBOCTb 3TOr0 YTBEPKIEHHA BEITEKAST U3 CJe-
Ayloiux coolpaxenuit. Ecan 6wl anreGpanveckdss cymMma
TOKOB GLIJa OTMHUHE OT HYJAd, B V3Je NPOHCXOXHA0 Okl Ha-
KannHBauHe HJAH YMeHbLICHHE 3apsia, UTO B CBOIO OYepenb
npusoauao OH K H3MEHEHHIO IOTEHIIHA-
J1a y3ia 9 MAMEHEeBHIO TEKYillHX B lenH
Toxos. TakuM o6pazoM, 49ToOb TOKH B
Uen# ol MNOCTOAHHLIMH, AOMKEO BhI-
noJHATLCA yeaosue (36.1).

Ypasuenne (36.1} MOXHO Hanucarth
aas xaxgoro H3 N yaaos uwenu. Opnako
He3aBHCHMBIMH SIBAFIOTCA TOAbKO N — |

Puc. 5. ypapHenHe, N-e Oyiler clIeicTBHEM H3
HHX.

BrigeAuM MBICJCHHO B pasBeTBJeHHOH LelH IFPOHU3ROIL-
HEfl 3aMKAyTHIl KoHTYp (cM. KoHTYp J—2—3—4—] wa
puc. 60). 3agaaumcst HanpaBleHHeM ofxoda (manpumep,

p

S

e
i
54 f;.%\ J
Puc. 60,

N0 4acOROH CTpe/lKe, KaK . yKasaHO Ha PHCYHKe) H npume-
HHM K KaXJOMY M3 HEPasBeTBACHHBIX YUacTKOB KOHTYpa
zaxon Owma:

IR =@ —q+ &,

IRy =gy — @3+ &,

IRy = @3 — @ + &,

LRy=¢,—¢;+ 8,

TIpH chAoXeHHH S3THX BLIPAWKEHHH NOTEHHUHATR COKpa-

{A0TCH B TOJAYYAeTCA ypaBHeHHe

2R =2 &y, (36.2)
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KOTOpoe  BHpaxaer BTopoe mnpasuao KHpx-
roga.

¥YpaBHeuue (36.2) moxer ObiTb coCTaBleHO [JIA Bcex
3aMKHYTHX KOHTYpOB, KOTOpPHIE MOIKHO BHIJGJNHTL MLICHAEH-
HO B AanHof pasBerBiensoli Henu. Ho hesasucumbiMu 6Gy-
AYT TOABKO YpaBHEHHS AN TeX KOHTYPOB, KOTOpHE Hedb3f
ROJAYYHTE HaNOXeHHeM JADYTHX KOHTYDOB ApYyr Ha JApyra.

2 L3 4 4

m bz O\

R,=Zom Ay=dom Ry=Fom
;—r—gﬁﬁa ._T gg - ﬂ—g‘?:‘fﬁ
/ s 5

Puc. 61.

Tax, nanpuMep, &As uenn, H3oOpamennod na puc. 6l,
MOKHO COCTABHTL TPH YPaBHeHHS:

1) aas kourypa I—2—3—6—1,
2) nas Koutypa 3—4—5—6—3,
3) aas kKourypa I—2—3—4—5—6—1.

Tlocaeinull KOHTYp Fnoay4aercA HaNOXeHHEM [epPBHX
asyx. C/enosarentHo, yKasaHnLle ypasienus He GyAyT He-
3aBUCHMBIMH. B KauecTBe HE3aBHCHMBIX MOWKHO B3fThs JIO-
Gnle Nsa ypaBHEHHA H3 Tpex.

Ipu cocraslenHu ypaBHeHH BToporo npasuia Kupx-
roda TOKaM H 3. 1. ¢. HYXXHO [PHIHCHIBATE 3HAKH B COOT-
BeTCTBHM ¢ BLIGpaHublM HanpasieHvweM o6xona. Hanpumep,
1ok /, Ha puc. 6] HYXHO CYHTATE OTPHIlATENLHBIM, TAK Kax
OH TeueT HaBCTpeuy BHIGpaHHOMY HanpasjeHyio ofxona.
3. 4. ¢ & TaKKe HYXKHO BPHNKCATh 3HAK «—», TaK Kax
oHa AeNCTBYET B HalpaBJeHHH, OPOTHBOIOLOMKHOM HANpPAaB-
JAeHnio obxona, ¥ T. A

Hanpasienusi o6xofa B KaXjioM H3 KOHTYPOB MOXKIlO
BHIGHPATE COBepIIEHHO MPOH3BOJBHO H HE3dBHCHMO OT
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Buifopa HampasJeHu#t B Apyrux xoutypax. [Tpm stom mo-
HeT CAYYHTLCH, YTO OAMH H TOT e TOK JAr0G0 01Ha W Ta Xe
3. A. ¢. Bofiletr B pa3Hble YPaBHEHWs C pas/JHYHBIMH 3Ha-
KaMH (Tak moJayuaercs ¢ TOKoM fp Ha puc. 6] npu ykasau-
aelx Hanpab/ieHusix 06XoAa B KoHTYpax). 9To, OAHAKO, He
HMeeT HHRAKOrO 3HaUeHHs, OTOMY 4TO H3MEHeHHe Hanpas-
JeHHs 0GX0Za BbI3blBaer JHiUIb W3MeHeHHe BCEX 3HAKOB B
ypaBuenuu (36.2) Ha obpaTHbe,

Cocrasnsisi  ypaBHeHHs, CJAeIyeT TOMHHTb, YTO 4epes
Aoboe ceyeHue Hepa3BErBJAEHHOIO YYacTKa ILeNH Teuer
oAMH H tor Xe TOK. Hanpumep, Ha yuacTKe 6 — &, Teuer
TaKo# XKe TOK fp, Kak Ha yuactke &y — 3.

UHeno He3aBHCHMBIX YPABHEHHHA, COCTABJEHHEIX B CO-
OTBETCTBHH C MEPBLIM W BTOpHM npasudamu Kupxroda,
OKa3bIBAETCH PABHHIM UYHCAY [a3dMUHBIX TOKOB, TEKYILHX
8 pa3peTBjenHoll uenu: [lostoMmy, ecnu 3amzaHel 3. .. ¢. H
CONPOTHBJEHHS 7 BCeX Hepa3BeTBJEHHLIX YUACTKOB, TO
soryr OLITh BHIUHC/JAEHH BCe TOKA. MOXKHO pemIHTL ¥ 3a-
Aa4H HHOTO pOXa, HampHMep HAHTH 3. X. C., KOTOPEe HYXHO
BKJIIOUHTS B KaXJBIH H3 YYacTKOB wen#, 4ToObl DOJYYHTE
pH 32LaHHLIX COMPOTHBICHHAX HYMHHEIE TOKH,

B sakmouenne paslepeM npHMep Ha pacueT pasBer-
BJAeHHON uend, u3obpaxeHHol Ha puc. Bl. Jauwm R;, R,
Rs, & n &;. Hyxuo nafitu &,, npn Kotopoit fz=1 a, n
10YUaloliHecs HpH 3TOM ToKu fy u f;,

ens umeer gBa ysaa (Toukn 3 u 6). [Ipn yxazanuwix
cTpeiKaMy HanpasJeHusXx -TokokR YypasHenaua (36.1) mns
ITHX V3NOB HMEKT BHI

— I+ 1,— ;=0 gna ysaa 3, }
[, —1;+1;=0 pna yana 6.

DTH ypaBHEHHA He He3aBHCHMbI— JI060C M3 HHX MOXK-
HO MOJYYHTh K3 APYroro samMeHolt 3uakoB Ha oOpatubie.
Henoabayem B aadbHeiilieM fAepB0e M3 HHX.

Tenepp cocTaBuM ypaBHenus (36.2) 1na  KOHTYpoB
f—2--3—6--1 # 3—4—5—6—3, npuHaB B o0OUX cayyasx
nanpaeiedie 06x04a M0 YACOBOH CTpeaKe:

“IIR['_IZRZ’: —5’1—32» ]
[3Ry + 1Ry = &3+ &, 1)

') PexomenayeM UHMTATEAId COCTABHThL ypaBHEhHe JJAR KOHTYpa
I-—2—3—4—5-—6~-1 1 yOeAUTLCA B TOM, MTO OHO ABASETCA CASACTBHEM
ypasuernuf (36.4).
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TMoxcrasum B ypaBueuuda (36.3) n (36.4) 3amaunule Be-
JIHYMHBL H NepenHieM HX CASAYIUINM 06pazoM:

=1 L+ 0- 8= — 1,
—0 =0 L+ Ey=—4,
0'11'}'3'13_1'8’2:1.

Mubl OpHULJIM K CUCTEME U3 TPeX YPaBHEHHMA ¢ HEH3IBECT-
HuiMH [y, {3 1 &3 Pewas cucremy, nonyyaem

-1 -1 =1

-2 0 —4
0 3 1 -—8
="y T o= 5 ~ " lbe
-2 ¢ 1
0 3 -1

Takum e crnocoGoM MoxHo Hadlta, uro [ =12 a,
1'3 = —-—0,2 .

JAna &; Mbl NOAYUHAH OTPHLATENLHOE 3HadYeHHE., IJT10
O3HauaeT, 4TO Hanpab/ieHde &y AOMKHO OMTbL B3ATO NPO-
THBOMOJAOKHBIM H300paKEHAOMY Ha pHc. 61, KoTopoe npu-
HEMASOCE (ipH pacuere. TOK /3 TakKe TedeT He B Hanpas-
JeHHH 3—4, KaK yKa3aHO HAa PHCYHKE, a B IPOTHBOIIONOH+
HOM HanpaBJeHHH.

§ 37. KoadduumeHT 01e3HOro JeHCTBHA HCTOUYHHKA TOKA

DaeKTpuuecKad UCAb COCTOMT, KaK NMPaBHio, H3 HCTOY-
HUKA TOKA, MOABOIAALIHX NPOBOIOR H NOTpeOHTEN TOKA HJH
Harpy3ku. Kamaefi H3 3THX 3JeMeHTOR nenu objanaer co-
npoTueAeHieM. ConpoTHBAEHHE MNOABOAALLHX NPOBOJOB
o0uyHO GhIBaeT oueHb MaJo, NOITOMY Mbl OyAeM. HM mpe-
se6perate. Coraacno dopmyne (35.3) ToK B uenu

&

=gz

(37.1)

rie Rp— CONPOTHB/IEHHE MCTOUHHKE, R — CONPOTHBACHHE
HAFPY3KH.

Hanpnaenue Ha HarpysKe (cOBRajalollee ¢ Hampaxe-
HMEM Ha 3aXKHMax 3. 4. C.)

R
U=IR=&z3w
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Menbuie &. [Ipn R = co (T. e. KOrZa LeNb PasoOMKHYTa)
U penaerca papuuiM &. TaxuM ofpa3zoM, HanpsiKeHHE HA
3aUMax PazOMKHYTOTO HCTOUHHKA TOKA PABHO €ro 9. L. C.

TTpumenus dropmyay (32.4) Kk 3aMKHYTOH Lenwn, mony-
yHM, uTO paboTa, coBepllaeMad Haj TEPEeHOCHMLIM BIOJD
neny zapagoM dg, paBHa

dA=2&dg.
Pasnenus paboty dA Ha BpeMs df, 3a KoTOpOe OHa Co-

BEDLIAETCH, [IONYYHM MOWIHOCTb, PA3BUBAEMYIO HCTQUHH-
KOM 3. 1. C.,

_dA _ e dq
P=Sf=8& =5l

Takum 00pa3omM, MOLIHOCTb, pa3BHBaeMas HCTOYHHKOM
TOKa, paBHa

p=&I. (37.2)

[loacraeuB B 3Ty opmyay sHaueHwe Toka (37.1), no-
AYUHM TOJHYIO MOLULHOCTB P, BHIIEASEMYIO BO BCeil Henw,

82
P=s g (37.3)

B Harpyske BblAeNAeTCH TOJbBKO YacTh 3TOI MOL[HOCTH:

N &* __& R
Py=RP=m e R=Rsr " Exr> U749

KOTOpPYK MhEl Ha3oBeM noJe3noil MownocTbio. OcradbHas
MOIHOCTE PACXOAYETCA B HCTOUHHKe TOKa (M TMOABOJALIHX
IpoBONAX) H OKasplBaeTcsi GecrnosicaHoi.

OTuolense MoJsie3HO{ - MOIMHOCTH KO BCEH MOLLHOCTH,
pasBuUBaeMoii 3. A. ¢. B IenH, onpepedser Ko3(ppHUHEHT
noJjesHoro fAefictBHA (K. WM. O.) HCTOYHHKA TOKA:

Py R
=P T RAR (37.5)

M3 stofi dopMyan chelyver, 4To K. 1. A. OyReT Tem
Gosblue, YeM 6oJbile CONPOTHB/ACHHEe HArpy3KkH K [0 cpas-
HEeHHI0 ¢ COMpoTHRAeHHeM HcTOYAHKA Ry ITostomy cempo-
THBJAEHHE HCTOUHHKA CTPEMATCA AeNAaTh KaK MOXKHO MeHb-
HiHM.

MousocTe, pasBuBaeMan JaHHBIM HCTOUHHKOM TOKa,
3aBHCHT OT COTPOTHBNeHHs Harpy3ku R. Ona MakcHMaldn-
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HA Npn KOPOTKOM 3aMblkaHuH (R = 0), HO B 3ToM c/lyuae
BCA MOILMHOCTb BHIAGASAETCH B CAMOM HCTOYHHKE H 0Kazbi-
paerca coBepwenno GecrnoaesHodi. C pocrom R noaHas
MOUuIHOCTE yObiBaer, crpe-
MACb K HyJa10 npH R — oo,
Haltgem cootnowenie
mexay R u Ry, npu Koro-
pOM mose3nas MOILIHGCTD, \
o16HpaeMas  OT JLAHHOLO
HCTOUHHKa  ToKa, Oyaer \
HauGoaptieft. Jlas srtoro e
npoauppepenzupyeM §op-
M?{er c(b?:?.tl») AnnpyPH mo R 7 ¢ F 4 5 bRk
H TPHPABHSIEM TNPOHIBOI- e
LYIO HYJII0:
dpﬂggz Rs—R =9 ’l’] /7/;?0
dR {(Ro+ R)? : 7
Or1ciona HaxomuM, yro &f
Py WMeeT MaKCHMYM I1IpH : .
R=R, (apyroe peiueHue, A
R=o00, cooTEeTCTBYCT MU-
numymy Py). Caegosartesib- Puc. 62.
RO, uToOb oTobpare OT
JIAHHOR 5.1 C. HAHOOJBIIYID MOJE3HYIO MOIHOCTb, HYMHKHO
B3SATb CONPOTHBJAEHHE HArpy3KH, paBHOE CONPOTHBJCHHIO
ucrounuka toka. Cornacto dopmyae (37.5) K.n. . B 3TOM
cnyuae cocraeasier 0,5,
Ha puc. 62 mpuBeacHb KpHBble 3aBHCHMOCTH P, Pp u n
o1 oraomenus K/Ry.
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THABA VI
MATCHHTHOE NOJIE B BAKYYME

§ 38. BaanmogaeiicTene TOKOR

SneKTpHYECKHe TOKH B3aHMOJCACTBYIOT MexAy coGofi.
Hanpumep, nBa TOHKUX npsaMoJinHeHHBIX NapaJjieibHbIX
I[POBO/IHMKA, 10 KOTOPHIM TEKYT TOKH (MH GyjeM Hasbl-
BAaTh WX NPAMBIMM TOKaMH), APHTATHBAIOT APYT ApYra,
ec/lH TOKH B HHX HMeIOT QIMHAKOBQE HanpaB/eHHe, d

Ounit nokasm-
BEET, TT0 CHJA B32UMOJEHCTBHSA, NPHXOAALLAfACA Ha €AH-
"HHILY AJHHB KaXKIZOTO M3 NapalelbyLIX NPOBOIHUKOB, NPO-
NOpUHOHAAbHA BEAMUHHAM TOKOB B HHX [} H i B oOpaTHO
OponopH#oHAAbHA PACCTOAHHIO & MEMKAY BEMH:

f=r2, (38.1)

o cooGpaXenusM, Koropnle CTAHYT SCHLIMH B ZaJbHEH-
meM, KO3(MOUIHEHT UPOTOPUHOHANBLHOCTH Mbl 00O3HAUHNN
gepes 24

3aKoH B3aHMOREHCTBHSA TOKOB OB  YCTAHOBIEH B
1820 r. Amnepom. C ofiUM BhIpaskeHHeM 3TOTO 3aKOHA,
MPHTOIHLIM [17 HPOBOAHUKOB R0G0H GoOpMBL, MBl ITO3HAKO-
MuMcs B § 46.

Ha ocuosauun aaxoda (38.1) ycranapauBaercs efHHHLA
cuint 10ka B CH v B abco/IOTHOR 3JeKTPOMAarsHTHOH CH-
ereme epunny, (CI'CM-ceereme). Exuuuua cuinel TOKa B
CH — amnep —onpelensercd Kak c#HJa HeHIMeHAWE-
rocs TOKa, KOTOphif, HpOXORA MO ABYM NapalielbHHM Tpf-
MOJIRHEHHHM IPOBOANHKAM OecKOHeUHOH OJHHLI H HHUTOXK-
HO Mafloro KpYroBOrQ ceUCHHAl, PACHONOMERHHIM Ha pac-
¢TOfiHMH | M oOMH OT HpYrorc B BaKyyMme, BuizBal O
MEXKIY 3THME [IPOBOZHHKAMH cuay, pashyio 2:107 # Ha
KaKIbli METP MJIHHLL
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Kyaon onpemenfioT Kak 3apaji, npoxoasmuit 3a 1 cex
uepe3 [ONepeuHoe CeueHHé NMPOBOJHHMKA, MO KOTOPOMY Te-
YeT AOCTORHHBIA TOK cOH B | 4. B COOTBeTCTBHH ¢ 3THM
KY./10H HA3HBAIOT TaKiKe aMnep-cekyuaod {(a- cex).

B paumonanuzoBaHHOM BuAe Qropmyaa (38.1) sanncu-
BaeTcA caenyounM obpazom:

=t 22, (33.2)
rfe pg— TAK HasblBaeMasi MarHWTHas 0OCTOSAHHAA [Cp. ¢
dopmyaoir (4.1)]. Yrobwl HafiTH uHcleHHOE 3HAYCHHE g,
BOCIIO/IL3YEMCA TeM, 4TO COMJIacHO OMpeje/sieHHic ammepa
npy h=ip=1la Hb=1m [, noayvaerca paBHO#
2.10°7 n/m. Tloacrasum 3TH 3HaueHHd B popMyay (38.2):

-7 pg 2:1-1
2. 107 =L 20
Otcioza
py=4m- 1077 enju V). (38.3)

Kosdduuuear £ B dopmyne (38.1) mo:xuo chenaTs pasruM 1 3a
cuet BebOpA eLHHHUL “H3MepeHusa cuAnl Toka. Tak ycTakaBausaerca
abCcoMoTHAN INCKTPOMATHHTHAA efnHnNLa chAapl Toxa (CIMCM-ex. cwim
TOKA), KOTOpas OOPEREJACTCA KaK CHIa TAaKOTO ToKa, XOTOPHHA, Jpote-
Kaf [0_TOHKOMY MPAMOJMHAEHHOMY O€CKOHEMHO ANHHHOMY NPOBORY, Aefi-
CTBYeT Ha pPaBHBIE H NAapaAfeRbHLIA eMY NpAMOA TOK, OTCTOAWHHA Ha
L cm, c cunofi B 2 Gur HA KamABN CAaHTUMETP AJANHBL

B CI'CHO-cucreMe % OKasLiBaeTcsi pasMepHoil BefHUHMHOH, He paB-
Hofi epmnung. Cordaceo dopmyne (38.1) pasmepHocTh & onpepensercs
CJAEAYIOUIHAM BEPANKEHHEM:

L AhtIel _ A
[l = = 7o (38.4)
Me yanin, 9T0o pasMepHOCTL f, ecTb pasMepsOCTe CHIM, Aedennas Ha
Pa3MepHOCTh AJHHB, [O3TOMY pa3MepHOCThL TpoH3BefeHHs fif pasua
paamepuocTH cHAB. Coriacho dopmyaam (3.1) u (31.5)

=0 -t

flopcrasass 3TH 3HadeHus B swpaxenne (38.4}, Haxoauw, yto

T2
el =z
Takum o6pazoM, B CI'C3-cHcreme k& MOKHO OpPeJCTABHTL B BHAS
1
k=-c—2, (38.6)

Yy Tenpu na merp (cM. § 59).
125



rae ¢— HMEOIaR pasMeprocTb CKOPOCTH BETHYHHAE, HA3HBAGMAR 37 € K-
TpoOAKEHAMHYECKOHW nocroamnol, HUrobu nafith ee uucjen-
Hoe 3HauenHe, BOCHOJAB3IyeMcA COOTHomeHueM (3.2) MemAY KyJOHOM H
CTC3-envnrueil 3apana, koropoe Opo YCTAHOBAGHC OMBITHBIM TYTEM,
Cuaa B 21077 #/m sksusasentda 2-10-* dusfcm. Cornacho dopmyae
(38.1} ¢ rakoh cunoit BszaumomeficTeywr TokH no 3109 CICH-eannuy,
(r. e. 1 a) wamaufi npe b = 100 cu. Crnegosarentno, -

1 2.3-10°-3- 108
o2 100 '

c=3 10'¢ cufcex, (38.6)

2.107% =

OTKY A2

3nayenHe 3NEKTPOAHHAMUYECKOH TOCTOAHNHOH COBNAZART cO 3Haue-
HieM CKopocTH ceeta B myctoTe. Ma reopun Maxcpenta BuTexaer cy-
WECTBOBAHUE 3JACKTPOMATHHTHEIX BOAH, CKOPOCTH KOTOPHIX B TYCTOTE
paBHA 3IEKTPOAHHAMHUECKOH MNOCTOsHEOW c. CoBnajeHHe ¢ CO CKO-
pOCTBIO CBETa B, NyCTOTe Ralo OCHOBaHWe MakcBeliy NpegnosoXHTD,
UTO CBET ecTh IEKTpOMAarHutHas BOJMA.

3nauenve £ » dopmyae (3B.1) paeHo 1 3 CI'CM-cucreme u
1 1 cex? . .
= TG0 o B CI'CO-crcteme. OTciofa cneRYerT, UTa TOK CHAOH
B 1 CTCM-egneny akBuBageHTeH Toky cuaok B 3. 100 CTCI-equnmm:

1 CICM-ep, cuam toka = 31009 CPC3-ex. cuan Toxka = 10a.  (38.7)

. 1.
Taxum obpazom, icrem =7 lercas CoOTBETCTBEHHO, Jopom =

1 )
= ?‘i’crts- TlostoMy B rayccoroit cucreme Bo Bee dopMyas, colep-

JallHe HapAZy ¢ MATHHTHBIMH BeJHYHHAMH CHAY TOKZ HAH 3apaf,
BXOAHT [0 OAHOMY MHOMITENW lfe Ha KaMAY0 CTOALLYID B (opMy.de
BeNMHYHHY { WM ¢. 3TOT MHOKNHTEI: NPEBPALIAET 3HAUEHHE COOTRET-
cTBYIOWEH BesnuHHE (I WK g}, Bolpamendoe B eanHduax CTCH, s 3Ha-
yenue, BhipaxenHoe B eiunuuax CTCM (cuereMa ezmmun CTCM no-
CTpoeHa Tax, uTO KO3QOHUHEHTH NPONCPLHOHANLUOCTH BU BeeX Gop-
myAax pasfbr 1},

§ 39. MarHuTHoe none

BaauMogeliCTEHe TOKOB OCYILECTBJAAECTCH 4depe3 moJe,
KOTOpOEe HasblEaeTcs MarHHTHBL M. 3’[‘0 Ha3BaHHue HpO"
HCXOAMT OT TOro, uTo, Kak ofnapyxun B 1820 r. Dpcred,
noJje, CO314BaeMoe TOKOM, OKa3blBaeT OpHeHTHpYoUee Ael-
CTBHE Ha MarHHTHYIO CTPERKY.

Hrax, apuxyilnecs 3apsiasi {TOKH) H3IMEHSIOT CBOI-
¢TBa OKDYXKAIOWIEro UX HPOCTPAHCTBA — CO3JAIOT B HeEM
MarLgrHoe mosie, JTo I0Je NpPOABJIAAeTcd B TOM, UTG Ha
ABHXYHHECSH B HeM 3apfAkbl (TOKH) AeHCTBYIOT CHJILL
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TMogofHo ToMY, Kak AAf HCCAEAOBAHUA 3JEKTPUYECKOTO
HOAST MB HCNOJAB30BANA NPODHEIA TOYEUHLI 3apsAj, npn-
MEHHM JJA HCCASAOBAHWS MATHHTHOTO HONs MPOOHEIA TOK,
UHDKYJAUPYIOUIHE B IVIOCKOM 3aMKHYTOM KOHTYpe OYeHh
MaJbX pasMmepoB.. OpHeHTAUMIO KOHTYpa B MNpPOCTPAHCTBE
OyieM XapaKTePHIUBATbE Hanpabd/jeHHEM HOPMAJH K KOH-
TYPY, CBA3aHHOH ¢ Hanpap/NeHHeM TOKA NPaBHIOM NPABOro
punTa (pRc. 63). Takywo HOpMaJTb Mbt Gy-

AeM Ha3slBaTb TOJIOXHTEIbHOMH. "

Buecs npoGHbiii KOHTYD B MarautHoe I /
noJe, Ml 00Hapy®UM, UTQ [ONe OKA3EIBAET
Ha  KOHTYP OpHeHTHpYIOlliee JeilcTBHe,

YCTAHABJIHBAA €T0 MOJOMKHTeJbHOR HOp-

Majbl0 B ONPE]c/]eHHOM HamNpaRJeHHH.

IlpuMem 3To.HampaBJeHie 33 HallpABJCHHE Puc. 63.
noas B jJaHHON TouKe. Ecnu KoHTyp nosep-

HYTb TaK, 4T00bl HANpaBAcHHSA HODMAadH K NOAA HE COB-
najialy, BOZHHKAET BPAUIATENLHBIH MOMEHT, CTpeMsilGHHCH
BEPHYTh KOHTYp B paBHOBecHOe noJoxesue. BenyduuHa mo-
MEeHTa 3aBHCHT OT yIVIa o MEXIY HODMAJBK H HAMpABJE-
HHeM noas, gocturad Hamnboabmiero aHaueHWs Mmay TpPH

cr,—— {npu o = 0 MOMEHT paBer HYJID).

Bpama're.nbﬂbm MOMEHT 38BHCHT KAK OT CBOHCTB moAf
B Jan#0A TOYKe, TAK H OT CBOHCTB KOHTYpa. Broca B omHy
H Ty XKe TOUKY pasubie¢ npoOHbIe KOHTYpL, MB 0GHApYKHM,
YTo BeAH4HHAa Mmax TMPONOPUHMORANLRA cuie TOKa / B KoH-
Type W NJOWAaLH KOHTYpPa S ' cOBepuieHno He 3aBHCHT OT
dopupr koHtypa Taxum obpasoM, fgeficrBHe MAarHHTHOLD
onA #a OACCKHE KONTYp C TOKOM ONpeReffaeTcs BeJH-
YHHOMH
Pou=1S, (39.1)

KOTOPYIO Ha3blBAIOT MATHHTHHBIM MOMEHTOM KOH-
Typa (aHANOrHYHO BpAATEJbRBIH MOMEHT, JeficTByIo-
Miuil B STEKTPUYECKOM r0Jte HA AHMOMB, NPOMOPINIORANEH
SACKTPHUECKOMY MOMEHTY IHNOJAA p = gi).

B rayccopoli CHCTEMe Mar#MTHHA MOMEHT JOMKEH HIMEPATHCH
B CTCM-gaunugax, a cina 7oka — B CI'C-emnnnnax. [ostoMy B BH-
paxeHHe AAA pn B TaycCOBOA CHCTeMe RBOLHTCH MHOXUTENb l/c:

P = ..i_ IS. {39.2)
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KpoMme crasl Toka [ # nnoiann S, KOHTYp XapaKTepH-
8yeTcl TaKXe OpHeHTalHeli B npocrpaictee. ITosToMy mar-
HHTHbIH MOMEHT CJelyeT pacCMaTpHBaTh KaK BEKTOp, Ha-
NpaBJenne KOTOPOro COBMAAAET C HaNpaBAcHHEM NOJ0XH-
TeJLHOA HOpManH:

P = Pml

{h — eAEHHUHLIA BEKTOD).

Ha npo6GHbIe KOHTYpH, OTAHYAIIIHECH 3HAUCHHEM [,
AefiCTBYIOT B A2HHOH TOUKe IOJIA PasHble [0 BeJHYHHe Bpa-
uiateasusle MOMEHTH Mmaz. Ofnako otnouleHHe Mmax/Pm
6ymer AJsl BceX KOHTYPOB OAHO M TO e H MoOMXeT OHITh
NPHHATO AAA KOJMHYECTBEHHOH XapaKTEPHCTHKM noas. ®u-
SHYECKYI0 BEAHYHHY B, NpONOpUHOHAMLHYIO 3TOMY OTHO-
IIEHHIO, HA3BIBAIOT MATHUTHON MHAYRIHel:

B ~ Mmex (39.9)
Pm

MarunTHast HHIYKUH#S — BEKTOp, HalpaBjeHHe KOTOPOTo
onpeae/JAeTcA PaBHOBECHHIM HANPABJeHHEM NOJOMHTENb-
Hofi HOpMaA® K NMpofHOMY KOHTYPY (MH Ha3padu €ro Ha-
npasnenneM nossa). Popmyna (39.3) ompenenser MoAysb
eekTopa B.

TTone Bexropa B MOXKHO TipefcTaBHThL HAFAAAHO ¢ NO-
MOLIbIO JIKHHA MATHHTHO! MHIAYKUHH, KOTOpHle CTPOATCH N0
TeM Xe NpaBudaM, 4TO W JHHHH Bekropa E (cM. § 7).

U3 ckasaHuoro BrTexaer, yto B XapakTepusyer cmio-
Boe fAeficTBHe MATHHTHOTO NOJS Ha TOK M, CAEJ0BATENBHO,
AIBAAETCA AHAJNOTOM HaNDAXKEHHOCTH 3JCKTPHYECKOro [o-
aa E, KoTopad xapakKTepnsyeT cHI0BOe AcHCTBHE 3JIEKTPH-
YecKOro noJs Ha 3apaf.

§ 40. 3axkon buo-— Caeapa. Ilene pshxywerocs 3apsapa

Buo u Casap nposeau B 1820 r. uccnefiopaHHe Maruur-
HbIX NoJiefl TOKop pasniuHoi dopmMbel. OHM. YCTAHOBHIH, UTO
MACHHTHAA MHAYKIHA BO BCEX CAyuasX NPONOpPLHOHANALHA
CHIIE TOKA, CO3ZAOMIETO MarHUTHOE noJe, u Gosee HiH Mme-
Hee CIOXKHEIM 06pasoM 3aBHCHT OT pacCTOAHHA A0 TOH TOU-
KH; B KOTOpOil onpefensnack B. Jlannac mpoanaininposan
9KCHEpHMEHTANbBHEE NaBHble, moaydeHHHe Buo u Casapom,
R HAIUed, 4To MarHuTiioe noje JIO6Or0 TOKa MQIKET OLITh
BHIYHCIEHO KaK BEKTOpHAad cyMMa (CyNmepno3uuus) nosed,
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CO342BacMbiX OTAENbHBIMH 3JEMEHTAPHLIMH  YYaCTKaMH
toxa. Jna MarfnTHofi MHIYKUMH NOAA, CO3NABaeMOro e
MeHTOM TOKa Anuawl df, Jlannac noayuua dopMmyay

dB =g HdLrlyy (40.1)

rie R — ko3buuHeHT NPONOPUHOHAABHOCTH, 3IABHCAMI
o1 BEifOpa eJHHHL H3MepeHHd, [ — CuJa TOKa, d! — BeKTop,
COBNAaNAOMHA ¢ 71eMeHTAPHBIM YYACTKOM TOKa I (anpas-
AeHHBIR B Ty CTOPOHY, B KaKyi
TeueT Tok (puc. 64), r— Bek-
TOp, NpoBedenuulil oT 3aeMeHTa
TOK& B Ty TOYKY, B KOTOPOH Ol
peneaserca dB, r— moyas aTo-
ro BEKTOpa.

Coorromerne (40.1) HOCHT
HasBaue 3aKkoHa DBuo—
Casapa—Jlanaaca wau
Gonee KpaTko 3akoua bno—
CaBsapa,

Hanpasaeu sekrop dB nep-
NeHAHKVISIPRO K IWIOCKOCTH, IpO-
xoadwed uepes dl n TouUKY, B KO-
TOPOB BLIYHCJAAETCA lLode, Npl-
yeM Tax, 4TC BRalleHHC BOKPYT Puc. G4,

dl B nmanpasacuun dB cpazauo
¢ dl npaBusom opasoro sunta (puc. 64). Has moayas
dB MOXHO HamHcath CACAVIONICE BBIpAKCHHE:

aB=p fdsne (40.2)

Flle ¢ — yroa Mexay BexTopamy dl nr.
B paunonanusosannoil dopme 3axou bio — Casapa 3a-
NHCHIBARTCA CIELVIOUIHM 0BpaszoMm:
idlsing
dp =to L% (40.3)

T da 2

T. €. moJaraercs k’=4%°-. Eaununa mMarddTHoll HBAYKUHR

B CH nasupaerca Tecaa (ra).

B cueremax CIC3 u CI'CM enndrunl niMepenus B suibupalores
Tak, 4To6u Kodbdumient & B bupaxenun sakoHa Gno — Casapa Gua

) HanomuuaeMm, 4To B 3To0fl riaBe PaccMATPHBAIOTCA TOMLKO Mar-
HHTUBIE NOJAS B BAKYYME,

9 . B, Capeancs, T, [1 129



pasen l. Caegomareanio, Mesly efHHHamg B 8 a3tux chcreMax
AMESTCH TO M(@ COOTHOUIeHHE, 4TG M MeXKZY eXHHHHZMH CHAM TOKA:

1 CI'CM-eg, B=3-10"° CI'C3-ex. B. (10.4)

CICM-enuuuna MaTHHTHOA HBAYKUHH HMeeT cleuMaJbHOR HAIBAHHE —=
rayce fac).

Tayec npeasioxnn aGcolOTHYIO CHCTeMy elHHMI, B KOTOpO# sce
SAEKTPHMECKHe BeJAHMHHHE! (3apAA, CHIZ Toka # T. H.) HIMEPAOTCH B
eannulax CTC3-cueremul, a MarnuTHBIE (MACHWTHHE MOMEHT, MaTHHT-
Hasg HHAyKRER H T. L) — B eaunsuax CICM.cucrems. B rayccosoft
cucreme zanod Buo — Cabapa mueer pHA

idising
r

dB = % (40.5)

(no momoay muommrtean 1fc om, crp. 126},

DNeKTPUUECKHH TOK €CTh, KAK Mbl 3HAEM, YROPAROUEH-
HOE NBHIKCHHC 3apAfoB. TakuM o6pasoM, MarHHTHOE noje
Bo30ykaaercs ABHXKYLUHMHCS 3apanamu. [lone (40.1) co-
3faeTcs BCeMH ABHKYIUAMHMCA 3apsjaMy, 3aKN0YeHHBIMH
B aneMenTe ToKa dl. UtoOwl HaNTH MAarHUTHYIO HHAVKURIO
noJa, CO3ZABAEMOTO GAHUM ABHMKYUIHMCA 3apsiioM, npeob-
pasyem BbipaxeHue (40.1), 2aMeHun B HWeM CcHAY TOKa |
ApOH3BEASHHEM IIGTHOCTH TOKA [ Ha NJAOLLAJAL TOMepeuHoro
ceueHHy NPoBogHHKA S. Bertop nmhoTHOCTH TOKA § W BeK-
top dl HMelT OAHHAKOBOe Hanpaejaenue. [TosTomMy MOKHO
HANHCaTh, 4TO

idl= Sjdl. (40.6)

Ecau Bce HOCHTENW 3apAfa B MPOBOIHHKE ORHHAKOBBH! H
uMeiloT 3apan ¢ (e’ — adreGpauueckas BeJHUMHA)}, BeK-
TOp NAOTHOCTH TOKA MOXKHO TIpeAcTaBuTh B BHAE [cM. (31.4)]

j=¢'nu, (40.7)

TAe A — UHCJO HOCHTeNel B efldHHNe o6beMa, U — CPemHsis
CKOPOCTE  HX  YNODPAJOUEHHOTO ABHXKEHHWS. 3aMeTHM, 4TO
KOrla HOCHTENH TOKA MOJOMKHTEbHEL, | H U HMEWT OJHHA-
kKOBOE HampaBiewue. B cayuae oTpuuAaTedbHLIX HOCHTENei
j ¥ U HADPABNEHH B NPOTHBONOIOMHBIE CTOPOHHL

[logcrasum & cdopmyay (40.1) seipawenune (40.6) aaa
idl, samenun B Hem j cornacho (40.7) (k" monaraem paBHEIM
pofdn). B pesyabrare mosy4uM, uto

dB = po SElrl, (40.8)
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ITpousseneniie S din naer uncno HOCHTened 3apsaia, 3aKAM0-
YeHHEIX B 3JleMeHTe nposoaa maulst dl. Pa3saenns Bopamke-
nue (40.8) Ha 3TO uUHMCNO, MONYYHNM MATHATHYIO WHAYKIMIO
N0/, CO31aBaEMOT0 OHHM 3apSFAOM, ABHXYIIHMCA CO CKO-
pPOCTLIO U,

Ecnu aapan e’ aBuzKercst co CKOPOCTBIO V, TO HHAYKLIHS
CO3AaBACMOr0 9THM 3apALOM MAarHATHONO MGAst B TOUKE,
HOMOMEeHHE KOTOPOit OTHOCHTEILHO 3apHaa OUpeReifercs
PaAHYCOM-BEKTOPOM I, paBHa

W & [vr]
B= Wni_::_ —5. (40.9)

B rayccorodl cucteme 3Ta dopMyina nMeeT BiJ
_ 1 e furl T
- {(42.19)
Chrenyer nMeTbh B BHAY, UTO 3J€KTPOMArHHTHBIE BO3MY-
ILeHHA PACTIPOCTPAHAIOTCA B NPOCTPAHCTBE ¢ KOHEUHOM CKO-
pocThio, paBHON cKopocTH cBeTa ¢. ITosToMy mofde B HaH-
BOH TOYKEe NpocTpaHCcTBa OyNeT cOOTBETCTBOBATBH TOMY CO-
CTOSHHIO {T. e, MOJOMEHHIO H CKODOCTH} 3apdia, KOTOpoe
CYLIeCTBOBAJIO Ha T = r/¢ CERYHA paHblle (7 — paccTosiie
OT TOYKH, Te Obl Ha T CeKyH/l panbllie 3apai, J0 TOYKH,
B KoTopo# onpenensetcs: B}, Takum oBpa3oMm, uMeeT MecTo
3anasapiBaiie 3HaveHud moJasn, TeM foabilee, YeM JAajbile
OTCTOMT JIaHHAS TOYKa TIOJAS OT Bbi3BABLUErO 3TO MOMe 3a-
paza. ®opmyast (40.9) u (40.i0) pmawor npaBuabHLIA pe-
3YJABTAT JHIIL B TOM CJyvyae, ec/H HepeMelleHHeM 2apsjaa
32 BpeMa T (KOTOpPOE€ PAaBHO UT) MOXHO mnpenefpeub TO
CPABHEHHIO ¢ pPACTOAHWEeM r A0 KAMHON TOUKHM MOJAA, T. €.
npa coGMIOReHUH ycaoBusa: vt K r. Pasjle/us HepaBeHCTBO
Ha T W TIPHEAB B0 BHHMaHHe, UTO r/T DAGHO ¢, TIOAYHHM

yCJA0BHE
v ¢, (40.11)
npH KOTopoM cnpasedausk dopMyant (40.9) u (40.10}.

§ 41. Hoas npamoro H KPyrosoro TOKOR

IlpuMennm ¢opmyay (40.3) ana BeluHeAeHua noaefl npo-
cTeHINX TOKOB. PaccMOTpuM noJe, co3faBaeMoe TOKOM, Te-
KyUHM npo GeckoHeuHOMY npsiMoMy nposoay (puc. 65). Bee
dB B panHOW TOYKe WKMeWT OAWHAKOBOE HAMpaBJcHHE
(B nameM cayuae 3a deprex). IloaToMy CJCKEHHE BEKTO-
pos dB MoXHO 3aMeHHTb CaOKeHUeM HMX ModyJeidl. Touka,
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pimyss! KOTO[}Uﬁ MbI BBIYHC/AACM MAlHHTHYW HHAYKUHIO, Haxo-

JuTCs Ha pacctosuun b or mposoaa. Mz puc. 65 Buano, uto
P b [ = rdo - bda

sing ’ sine  sina
IMoactarum 37H 3nauenusn 8 dopmyay (40.3):

Mg ibdusinosin®a Bo § .
B = pswa = g p Sinede.

Yron @ Aas Beex 3snemedTon GecKOREUHOTO NPAMOrO
TORa H3MeHaetica B npedenax oT 0 ac ;. Creaomatensho,
! T ; i
= =0 i =y ——
B—JdB w3 | sinada=y, T
g

TaknM o06pa3oM, mMarHuTHaf HHAYKUHS NOJTA DpAMOro
TOKa onpejensercs GopMyaof

i
B rayccopoh cicteme 31a Qopuynz HMeeT BII
1 2i
B= P (41.2)

JInAEY MarHUTHOR HOAYKOHW TOIA OPAMOTO TOR& Mpen-
cTaBAAT c0DO cucTeMy OXBaTHLIBAIOIHX TIPOBOA KOI-
| LEHTPHUYECKHX OKpYy#KHOCTEH

b o {pue. 66). '

Ha  dopmynw (411}  creayer,

Z

YTO Ha pacCTOSHHL b*ﬁ' M OT

4

Puc. 65, Puc. 66.

MNpAMOre NPOBOAA, 1O KOTOPOMY TeyeT TOK CHAOH 1 g, MaruiTHaa HA-
JAYRUNA YHCIEHHO PABHA MATHHTHOW TOCTOAHROR Wo. [IpHHSB BO BHH-
Manue anadenne (38.3) pas Yy, Halge™, YTO B paccMaTpHBAEMOM CAY-
yae B = 4n . 1077 14 Yro6u NOAYUHTH 4719 TOrO e c/Ayyas 3navesHe B
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B rayccax, nogcrasusm B (41.2) ¢ = 3.1000 cmfeex, i =3.10° CIC3
[cm, (31.6)), & = (100/2n) cm:

B=L3——l 23100 4 108

Taxnm obpadom, 4m- 107774 skpueasentHs 4n . 10~ 2¢, OTKYAS
1 7a=10* ac, (41.3)

PaccMoTpHM NoJde, €031aBaeMOE TOKOM, TEKYLIHM [0
TOHKOMY HpPOBORY, HMeoileMy dopMy OKpYMHOCTH pafuy-
ca R (kpyroeo#t tor}. OnpefeqnM MArHHUTHYIO AHIYKIHIO

6)

Puc, 67, Puc, 68.

B LleHTPe Kpyrosuro Toxka {puc. 67). Kamawi sseMent roka

cO3J1aeT B LEHTpe HHAYKUMI), HanpaBicHHYK BOAbL TOJO-

KHTeNLHOR HOpMaax K KoHTypy. Iloatomy BekTOpnoe cnio-

seHne dB cBoaMTen K caomeHunio ux moaynei. [To dopmy-
e (40.3)

— Yo idl
dB = 4 R?

(o = n/2). IlpouHrerpupyeM 3TO BbIpaKeHHe N0 RCEMY
KOHTYpY:

B = de——— fdl 41 R2 2aR =py 55 2R
Hrak, MarnuTHad HHAYKUMA B LEHTPe KPYTOBOrO TOKA paBHA
i
B=p.0-2-§. (414)

Tenepe Hafiaem B Ha ocu Kpyrosoro toka, Ha paccros-
HHH X OT IJOCKOCTH, B KOTOPOH JeXHT KOHTYP {pHc. 68).
BexTopul dB nepreHAHKYASIPHBI K TIVIOCKOCTAM, MPOXOAAIIAM
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gyepes cooTBercTBylomue &l wuw - r. CaenoparennHo, OHE
00pa3yioT CHMMeTPHUYHHH KOHHuecKuli Beep (puc. 68,06).
Hsa cooﬁpameﬂuu CHMMETPHH MOMKHO 3aKJIOMHMTh, YTO pe-
3yJbTHPYIOWHA BekTop B Hanmpasied BAOAbL OCH TOKa. Kak-
Bt #3 COCTaBASICHIHX BeKTopoB dB BHOCHT B pesyabTH-
pytowiui BekTop Braan dB |, pasubit no mopyno dBsinf=

udB—f—- . Yron o mexay dl u r npamofi, nosToMy

—dp R _po idl R _ 1o Rl
dB“_dBr_tln T 7 T dm Tt

TIpOMHTErpHPOBAB 1O BCEMY KOMTYPY M 3aMeHHB ¢ Ha

V R? + &%, noayuum

= = _N_u ﬁ J' un cR _ o 2nR%
J‘ dB! dl = 2ﬂR (R + x2)sn’2 . (41 -5)

Ilpn x = 0 37a popmysa nepexoAuT, Kak ¥ JIONKHO OHITh,
E hopmyay (41.4) nns MariuTaol MHAYKUHM B LEHTPE KpY-
rOBOro TOKA.
Croslliee B uyMcauTele cOOTHOWEHHs (41.5) BrpaxeHHe
#R2% pasHO P, — MarHWTHOMY MOMeEHTY XoHTypa. Ha Gonb-
#X PACCTORHHAX OT KOHTYPa B 3HAMEHaTele MOMHO npe-
Hebpeus R? mo cpasuenkw c¢ x% Torza dopmyna (41.5)
NpHEHMAET BHJ

AHAAOTHYHLA Brpaxienuio (6.2) pas HaNpsKEHUOCTH 3JeK-
TPAUSCKOTO [TOJA Ha OCH ANmoad. YuuTeieasa, uro B Ha ocy
KPpyroporo ToKa H pp, HaHpaB.'IEHbI BAOJB MOJOKHTEABHOM
HOPMAJAH K KOHTYDY, MOXHO HamNHCATh

B = Mo 2P (41.6)

A

Ha puc. 69 usofpamensl AHMHHE MATHATHOH HHAYKUMHA
HOJISA KpYyroporo toxa. JIaHul adwb JHHMM, JeXallye B O4-
HOB M3 IJIOCKOCTEH, MpOXOJAIMX Hepes ocbk Toka. [107o86-
Has xe KapTHHa MMeeT Mecro B MOOO[ M3 3THX IJIOCKO-
cTei,
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Ha puc. 70 BHAHO, YTO ABa OAMHAKOBBIX COOCHBIX KpY-~
FOBHIX TOKa CO31aI0T B NJOCKOCTH, OTHOCHTENLHO KOTOPOH

Puc. 69.

OEH CHMMETPHUHBL, MAaTHHTHYI) MKHAYKIWIC, HAIPABJEHHYIO
B KaXKA0H TOYKE NEePNeHEHKYJAAPHO K 3TCH NJOCKOCTH.

§ 42. llupxyaaumus mexktopa B. Ilose corenonpa
K TOpOHJa

BosabMeM KOHTYp, OXBATHBANUIKA NPAMOR TOK, H Bbl-
UHCJIMM I Hero HHPKyAsnHio sextopa B:

§ By dl.

Buavane paccMOTpMM cayyafi, KOrja KOHTYD JIEXKHMT B IJO-
CKOCTH, MEPNeHAHKYAAPHOR K TOKY (puc. 71; TOK nepheH-
JUKYNsApeH K IVIOCKOCTH YepTexa H HANPABAeH 33 UepTeX).
B kaxaof Touke KOHTYpa Bexrop B Hanpasnen mo kaca-
TeMbHON X OKPYKHOCTH, NpoXoisiuef uepe3aTy ToukKy. Boc-
MOJML30BABIIHCE H3BECTHLIM CBOHCTBOM - CKANAPHOTO MPOH3~
BeleHHsl BeKTopoB, Bidl MokHO 3ameRutb uepes Bdls, rne
dlp - npoekuns nepemeulenus d! Ha nanpasnesue B. Ho
dlp moxHo npeactaButh B BHAe Rda, rae R — paccrosHue
OT NpAMOro ToKa 10 dl, do— yroJ, Ha KOTOpHIA MOBOpauH-
BaeTcd pajHaibias RNpPAMan INpH NepeMelleHHH BIOAh
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kouTypa Ha orpesox dl Ilosromy, yura Bmipaxense (41.1)
Adn B, MOMHO HANHCATD

Bidi=Bdly=J% ”°‘ % R da = "°" da.
Takum 06pa3om, BbipaMmeHne AAA UHPKYJASAUHH HMEET BHA

§B,dz_ “°‘§d (42.1)

Ipu ofxone mo KOHTYpY, OXBATHIBAIOLLEMY TOK, DajiH-
ajbHafg npaAMad BCe BPEMA [OBOPAYHBAETCA B OLHOM

o

Pune. 71. Pre. 72.

HampaBAeHHUH, noa’romyé} do = 27, Huaue ofcrouT Aeno, ecau

TOK He OXpaThipaercss KOHTYpoM (puc. 72). B atoM ciyuae
. npd oGxoge N0 KOHTYpY pa-
& JAHA/NbHAS NPAMan NOBOpauM-
Baetcs CHauada B OAHOM Ha-
npap/ienny (ysacrok J—2),a
saTeM B INPOTHBOHOJMOXKHOM
(yuacToKk 2—17), BCARICTRHE

qerg § dg OyZeT paBeH HYJI0.

Yuurnieas 3TOT pe3yabTarT,
MOXHO HAMHCATH

§ B dl =y, (42.2)

Pue. 73. rae noA i caeiyer nojgpasy-

MEBATb TOK, OXBaTLlBaeMbift

koutypoM. Ecau KOHTYp ToKa He OXBATLIBAET, UMPKYJRSIHA
sekTopa B pasna dyao.

Caywail xoHuTypa npoHssoabHoll popmu (puc. 73) ornu-

YaeTcsl 0T PACCMOTPEHHOTO HAMM ¢iyuas AWllb TeM, 4TO

npH DepeMelileHHH BAOAL KOHTYpa paiuanbHad npamad He
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104bKO NOBOPAYHBARTCA BOKDYT TOK3, HO H UepeMellaeTcs
BAONL Hero, Bce npeibiiyilne BHKJABAKH OCTalOTCA chopa-
BEAJINBBIMH, €¢I o4 da N0APA3YMEBATL YI0OJ, Ha KOTOpPHLI
MOBOPAYHBARTCH TPOEKUNA pajHAABHON NPSMOHA Ha NepleH-
AHKYJIAPUYIO K TOKY NAOCKOCTh, CyMMAapHBIfi yros NoBOpoTa
3TO#l NPOEKUHH paBel 27, ec/lU KOHTYD OXBATHIB2eT TOK, H
EYZNI0 B npotuBluoM cayuae. CieaopaTensHo, MEl CHOBA NPH-
xoouM K dopmyne (42.2). Ira dopmyna noayueHa HaMH
AAA cAyuas MpAMoro Toka. MoMHO MOKA3aTh, UTO OHA CIpa-
BeAJIMBR M AN TOKA, TeKYU(ero Nno OPOBCAHHKY NPOH3BOJbL-
uoft gopmul.

Ecnu KOHTYp OXBATLIBAET HECKOJABKO TOKOB, UHPKYJSA-
uusi B papna ux anreGpanueckoil cymue:

§ Bdl=p, Y. (42.3)

BuuHensa cyMMy TOKOB, OONOMKMTENBHHEIM HYIKHO CUMTATHL
Takoft TOK, HANpaBAeHHe KOTOPOro CBf3aHO ¢ HampasJje-
uneM ofXx0/la MO KOHTYPY TNpPaBHJIOM NPABOFO BHHTA; TOK
NPOTHUBONOIQMKHOrO Hanpabjienus GyJeT OTPBUATEIbHBIM.
Beipameune (42.3) copaBeinnBo TOJABKC A8 THoAA B
pakyyme. [Iaa nonas & meilecTee B dopMynae (42.3), xpome
TOKOB, TEKYILHX N0 TPOBO1aM {MaKPpOTOKOB), HeoOXGAUMO
YUHTLIBATL TaKke MOJdexyssipubie Toku {cm. § 44).
Bocnonesosasiilick cooTHoleRnem (31.3), mMomH0 Hamy-

cathk
55 Bidl =y [ ja 48, (42.4)
5

rae S —poH3BOILHAS TIOBEPXHOCTL, OnHpaolancs na faH-
Ukl KOHTYD.

B rayccosoil cucrese dopmydaa (42.3) ueer pua

AN 25
§B[d!~—?“1. {42.5)

Beanuunuwt E 1 B ssasioTcs OCHOBHBIMH CHJAORBIMI Xa-
PAXTEPHCTHRKAMH COOTBeTcTBYIoUluX noseit. ComocTaeienue
phpaxennsi (9.2) u (42.3) ana uwpryasuuit E v B nospo-
JISeT 3aKJIOUHTE, UYTO MEX/AY 3THMH [OJAAMH HMeeTcsl NpHH-
iMAHAAbHOe pasznuuue. LlupRYAANHST HaNPAKEHHOCTH 3JeK-
TPOCTATHUECKOTO MOJS BCErjla paBia HYAW, CIEN0BATENLHO,
SASKTPOCTATHUCCKOE NOJe NOTEHLEHAJLHO H MOXKeT ObiTh 0Xa-
pakTepuscBaHo noreuuManon . Hupxyaanus marnntuof
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HHAYKIHH OTJIHYHA OT HYAS, ecAd KOHTYpP, NO KOTOpOMY
GepeTcA UUPKYAALHY, OXBaThBaeT ToK. Ilonsa, obnapawnmue
TAKHM CBOICTBOM, HasbiBAMOTCH BUXPeBHIMH (Ul co-
NeHOHLaabHBMu). MarHurnomy MoM0 Henb3d npuny-
caTh TNOTeHn#al, KoTopwid 6wl OW CBA3AH C MAaTHHTHOH
RUJYKIMEH COOTHOLIEHHEM, aHaJoTHUHBEIM (opMyae (11.7).
3710T noTenilal He OB Obi O/LHO3HAUHBIM — NOCHE KaXAoro

oBxomna MO KOHTYPY, OXBaThi

BAKIWEMY TOK, H BO3BpalileHHsI

WL A B [epBOHAYAJNBHYIG TOYKY OH

7 2 nmoayuad 6 lpHpalienHe, pPas-
| ] HGe pol.

' Hanee, JUHHA HaNpsKEHRO-

| ; . CTH 3JCKTPOCTATHYECKOro oA

4l l; H3UUHAWTCA W 3aKaHYHBAIOTCA

Ha 3apsanax. Kak mnoxasuiBaer

Puc. 74, OILIT, JHHUH MATHUTHOH HHAYK-

UKH, HAOPOTHB, BCerfia 3aMKHY-

Tl {(cM. puc. 66, 69 u 75). D10 yKaswBaeT Ha TO, MTO
MArHETHBLX 32PAJOB B NPUPOJE He CVILNECTBYET.

[Mpumenum dopmyay (42.3) naa BHUHCACHHH MarHHT-
HOH MHAYKUHH Nojs GecKoneyHo JIMHHOTO coneHonna. Co-
JeHoun (puc. 74) npeacrasafer cobof TOHKHH HPOBOA,
HaBHTHIH NJOTHO, BHTOK K BHTKY, Ha UWJIHHADHUCCKHH Kap-
xac. B otHowmenwH co3ZaBaeMoro uM MoJad COMEHOHD 5KBH-
BAJIEHTEN CHCTEME OAMHAKOBLIX KPYTOBbIX TOKOB ¢ obuef
npaMol ocklo. BecKoHeUHO ANHHHEIA CONEHORT CHMMETPHUCH
OTHOCHTRILHC JMi060# HepneHIuKYAAPHON K ero OcH NIIOCKO-
cry. BaaTiie monapro cuMMeTpHUHBIE OTHOCHTENBHO TaKoH
TIOCKOCTH BHTKH CO3JAKT N0JIe, MATHHTHAH MHAYKUMA KO-
TOPOro MEepueHAUKYJAAPHA K miockocTH {(cM. pHe. 70). Cae-
JOBaTe/bHo, B N060i TOUKe BHYTPH M BHE cOA€HOHKA BEkK-
tTop B MoiKer uMerb nuuIb HanparBieHKE, NapaRieaLHOE OCH.

BosbMeM npamMoyrodebasit koutyp {—2—3—4 (puc.74).
Hupkyasauyo B no 5TOMY KOHTYpPY MOXHC INPefcTaBHTL
chnexylolum oGpasom:

2 3 4 1
§B¢dl=!J'Bzd!+2f81dl+af81dl+4j‘81dl.

K3 yereipex HHTETpanoB, CTOSINX B MPABOH YACTH, BTOPOR
3% UeTBepTHIl paBHM HYJIO, TaK Kak Bexrop B nepnenaury-
JAPCH K YYacTKaM KOHTYpPa, NO KOTOpbIM OHH GepyTcs.
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Baap yuactok 3—4 Ha O0AbIOM PaccTOAHHH 0T COJIeHOHAA
(rae none 3aBeIOMO AOAMKHQ ObiTb OueHb c1abbiM), TpeThiiM
cnaraeMbiM MOMXHO npedeGpedus. C/ef0BATENBHD, MOWHO YT~
BEPKAaTh, 4TO

2
= [ =Bl
§B,d¢ ljB,d Bl

3ieck B — MArHHTHas MHAYKUMSI Toas B Tex TOUKAX, rjie
pacnoaaraerca orpesox [-—2, [— nnuHa 3TOre orpesKa.

Ecnu otpesox /—2 npoxoAUT BHYTPH COJNEHOHZA Ha JIIO-
f0M paccTOAHHH OT €ro OCH, KOHTYpP OXBaThIBaeT CyMMap-
HEIH TOK nli, rjie f— 4uC/0 BHTKOB COJEHOUAA, NpHXOAfA-
IGeecd Ha efHHHUY ero JJHHE, [ — CHJIa TOK2 B COJeHOHAE.
[Tostomy cornacuo {42.3)

§ B,dl = Bl = pouli,

OTKYyZAA
B =ugni. (12.6)
B rayccosoil cucrese ata Qopmyla HMEET BHA
B 47" al. (42.7)

OTMerHM, 4TO MOVIYUEHHBLIH HAMH pe3ynbraT He 3aBHCHT
OT TOTO, Ha KaKOM PAcCTOAHHH OT ocd (HO BHYTPH COJIEHOH-
Jla) pacnoaaraetcd oTpesok {—2. Ecnu 3TOT OTpe3oK pac-
nonaraeTcsi BHE COJAEHOHAA, TO OXBATHIBAeMblH KOHTYROM
TOK PaBeH HYJI0, BCJIEACTBHE Yero

§>B,dl==B£:D,

otkyZa B = 0. Takum oGpa3zoM, BHe GeCKOHEUHO JJHHHOTO
CONEHOWAAa MarHHTHas HHAYKHUMA paBHa HYAO, BHYTPH —
BCIOAY ONMHAKOBA H HMEET BEJIHYHHY, ompenesnsemyio ¢op-
Mynoit (42.6). Tlo 3Tofi DpuuHHEe B YUeHHH O MarHeTHsMe
GeCKOHEUHO [JTHHHBIA COJICHOH[J HIPaeT TaKylo e podab,
KaK NAOCKHII KOHJEHCaTop B Y4eHHH 00 3JIeKTpHYeCTBe.
B o6oux cayuanx noie oAHOPOAHO H IOJMHOCTHIO 3aKAOUEHO
BHYTPH KOHJeHcaTopa (3MeKTpHUeCcKOe) M BHYTPH cone-
HoHAa {MarHHTHOE).

IlpousBesenue ni HasbiBaeTCs YHCIOM AMAEP-BUTKOB HA
merp. I[Ipu # = 1000 BHTKOB Ha MeTp H CHJe TOKa B | @
MarHHTHasi HHAYKLHS BHYTDH coqenonaa 6yaer4an-10~tra=
= 47 ec fem. (41.3)]
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IlonoGuo ToMmy, Kak ofa KPyroBeiX TOKa Ha puc. 70 Bro-
CIT OLMHAKOBBIH BXJag B pesyabTHPYIOILEe nole, ofe Mo-
AOBYHB! GECKOHEUHO ANMHHOTO COMEHOMIA MPpHHHMAOT pab-
Hoe yudcTHe B co3ganHH noas (42.6). [Noatomy, ecan no-
JIOBHHY cosiedonza yOpaTtk, TO ¥ KOHIA OCTaBLIerocs
«10JYGeCKOHEUHOT0» COJEHOHAa MarHiuTHas #HAYRuHA By-
AeT paBHA MOJOBMHE 3HAUeHHs, noayvaeMoro ui3 (42.6):

= ol (42.8)

IMpakTHYeCKH, €CJH ANHHA COMEHOMAA 3HAUNTEIbRO DoJablie,
yeM ero jpuamerp, popmyaa (42.6) Gyder cnpaseanusa A3d
TOYeK B CpeAHell 4acTH coJie-
HOHZA, a8 dopmyna (42.8) ana
TOUeK BOJANZN €ro KOHILOB.

Puc. 75, Puc. 76.

Ha puc. 75 nokasaua npumcphas KapTHHA JHHHEA Mar-
HHTHO/A MEAYKUHH ANS COMEHOK/d KOHEUHOH JAJIHHAL

Topora npeactasaser cofofi TOHKHA NPOBOL, JIOTHO Ha-
BHTHIl Ha Kapkac, uMeoultit ¢opmy Ttopa (pac. 76). On
IKBUBEJEHTEH CHCTEME OAHHAKOBHIX KPYTOBLIX TOKOB, WEHT-
pPBl KOTOPEIX pAcROAOKEHb N0 Oxkpy:HocTH. BoabMem Kok-
TYP B BHIC OKPYIKUCCTH pallyca f, LeHTP KOTOPOf coBna-
Jaer c uenTpoM ToponAa. B cuny cummerpud sexkrop B
8 Kaw 10/l Touke AaJKen OBITL HanpaB/leH N0 KacaTeabHOH
K xouTypy. CienoBatesbyo,

§-Bzdl-=B-2nr,

FAe B — MarHyTHAR WHAYKOUS B TeX TOUKaX, T1e NPOXOLRT
KOUTYP,
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Ec/in KOHTYp DPOXOANT BHYTPH TOpPOHIA, OH OXBATHIBALT
ToK 2nRni (R — pajauyc TOpoHLa, A — YHCAO EMTKOB Ha
CLHHUNY ero Anuubl), B 310M cayuae

B« 2Znr = p2nRni,
OTRY]La

B=pgi 2. (42.9)

Kontyp, npoxoasitifi BHe TOpOHIAA, TOKOB HEe OXBaThl-
Baet, noatemy jaa nero B-2xr = 0. Taxum of6pa3som, BHe
TOpPOWLa MarHuTHas HILLYKUHA paBHA HYJTIQ

Has toponaa, paauyc KOTOporo R 3HAYHTEJNBHO NPEBOC-
XOJHT pajHyc BHTKa, OTHOWIEHHE R/r Ana BceX TOUEK BHYTpH
TOPOHIA MAA0 OTAWYAETCH OT eAHHUIbl H BMecTo (42.9)
noayyacrca Takas ke ¢opmyna, rak jaaa  GecKoHedHo
JUTHIIHOFO COMEnoHAa:

B = pyni. (42.10)

B 3ToM cayuae mode MOMKHO CUHTATh OLHOPOAHBIM B
Kamk/JOM H3 cedeHuil Topouida. B pasnbIX ceueHHsx moje
MMCeT pa3JiHyHOe HanpableHHe, NOSTOMY TOROpUTH 06 oa-
HOPOAHOCTH NOJIA B NPelenax BCero TOPOHAa MOKHO TOJNBLKO
YCJOBHO, IIMeA B BHAY MOAYJb BekTopa B,



TITABA VI
MATHHTHOE NOJIE B BEULECTBE

§ 43. MarpuTHoe nojie B BCIMECTBE

B npeasiaynle ranase npeanonarainoch, 4To (POBOIHHKA,
N0 KOTOPHIM TEKYT TOKM, CO3NAlOUlHe MarHHTHOE moJe, Ha-
xoAnTca B Bakyyme. Ecan Hecyuiue TOK NPOBOAUMKH Haxo-
IATCA B Kaxkoh-anbo cpelfe, MarHUTHOE MoMle CYULECTBEHHRIM
obpasom MaMeHAeTCA. 3TO OUBACHAETCH TeM, YTO BCfAXoe
BEI\eCTBO ABRAAETCA MAaTHETHKOM, T. . cnoceGHO noj
ACHCTBHEM MAUHHTHOTO MOAA npHOOpeTaTb MarHHTHBIR MO-
MeHT (HaMarHHYHBaTbcs). HaMmaruuuenHoe pelllecTBo CO3-
naer maryutHoe none B, goropoe HawknaabiBaeTcs Ha of-
YCAOBJIEHHOE TOKaAMI NOJC B(]. O6a nons B CyMMe RalT pe-
ayAabTHPYIOLLeE IIOJE:

B=B,+B. (43.1)

Heruntoe (Muxpocromuyecxoe) node B MarHeTHKE CHJIb-
HO M3MEHSIETCH B NPeAeiaX MeXMOJEKYASPHLIX PACCTOANUN.
IMox B noapaayMeBaeTcs yCpeiHeHHOe (MaXpOCKOMAYECKoe)
none (cM. § 16}.

Onr oGpsicienns pamariyuenus Ted AMnep npesnogo-
AKHA, YTO B MONERYNAX BeliecTRa UHPKYAHUPYIOT KPYTOBLHIE
ToKH, Kamani Takofi Tok o6nafgaeT MarHHTHEIM MOMEHTOM
H CO3ZaeT B OKPYKaloWleM HpOCTPAHCTBE MarHHTHOE Hoje,
B otcyTeTBHE BHEINHETO TON MOJIEKYJAPHBIE TOKH OpHed-
THPOBaHbl GeclOpALOYHLIM 06pa3oM, BCAGACTBHE yero of-
YCIOBMAEHHOE HMH pPe3yALTHRYIOUlEE I[Ole pPaBHO HYIIO.
B cuny xaoTHYeCKOM OpHeHTAUHH MarHHTHEIX MOMEHTOB OT-
AeNBHLIX MOJeKysJ cyMMapHLIT MarHHTHLII MOMEHT Tena
Tarxe pased Bymo. [log geHciBueM noss MaTHHTHBIC MG-
MeHTHl MOJEKYd NPHCOPeTailT NPEeuMYILeCTBeHHYIQ OpHek-
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TAUHIO B OAHOM HaNpaBJeHHM, BCACILCTBHE YEro MarneTHK
HaMarHUYHBAeTCA — M0 CYMMapHBI MAarHWTHHE MOMEHT
CTAHOBHTCH OTJAHUHBIM OT Hynf. MaruutHele 10/ 0TAEAb-
HblX MOJICKYJ/ISIPHLIX TOKOB B 3TOM CJAy4ae yXKe He KOM-
HeHCHPYIOT APYr APYyra U BO3HHKaer mojte B’

Hamarynuenue MarueTHKa ecTeCTBEHHO XaPAKTEPH30BATh
MATHUTHBIM MOMCHTOM eJMHMUBE ofbeMa. TV BenHUHHY
H23LIBAIOT BEKTOPOM HaMarHuuuBauHA H obosua-
yawt J. Eciu Marderdk HaMarHH4eH HeoAHOPOAHO, BeKTOp
HAMATHUYCHUS B JAHHOH TOUKe onpejeasieTcs CReAyIoniHM
BhipaKeHHem:

> P

1
= 2, (43.2)
raie AV — dusudeckn OeckoHeyso Maanit ofbeM, B3ATHNA
B OKPECTHOCTH paccMaTpUBaeMOH TOUYKM, P, — MarHHTHBIH
MOMEHT OTASAbHOH Mouexynbl, CYMMHPOBAH#E NPOU3BOANT-
oA MO BeeM MOJeKysam, 3akmioueHHelm B ofbeme AV [cp.
¢ dopuyaoci (15.1)1

§ 44. OnMcanue noasn B MarHeTHKAX

Hafinem motox Bextopa B = By + B’ uyepes npoussonb-
HYI0 3aMKHYTYI MOBEPXHOCTH!

D =§Bnd8=§(30+ B’),ldS=§Bo,,dS +§>B;d8;
: .

B § 42 6o ycTadoBaeHo, yTO JHHHM Bektopa By (xa«
PAKTEPH3YIOLIEro 1oNe, Co3/(aBaeM0e MAKPOCKOMHYECKHMH
TOKaMH) BCerja 3aMKHYTEL. To Xe caMoe cnpaBetuso M
s aunni Bektopa B’ TMostomy ofa uHTterpana, crofiue
Cripapa, paBHbl Hymio (Kamzas us nuauit By wau B’ pepe-
ceKaeT 3aMKHYTYIO IOBEPXHOCTb YETHOE YHCIO pas, npuueM
olla BXOAHT BHVTPbL MOBEDPXHOCTH CTONBKO JKe pa3, CKOILKO
BBIXOZHT Hapyxy). ChaeaoBaTenbHO,

D, = j B,dS=0. (44.1)
S

Jra ¢Qopmyaa Beipamaer Teopemy [aycca pgasm
Bekropa B: rnorox sexropa macHuTHOl uHOykyul wepes a0-
6y10 3ARKHYTYIO NOBEPXHOCTS PUBEH HYALD,
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Tenepb oGpaTeMcA K LHPKYJAAUNH Bektopa B, Kotopasn
RO ollpefeneHH0 PaBHa

Eﬁ B, dl=_<§ (Bo+ B'),dl = § Byl + § B! dl.

B § 42 Onio vcTanoBieno, UTO LUMPKYASIHA BEKTOPA
By, BhipaKaeMas TepBbIM U3 MATErPAdOB, CTOAWIX B mpa-
BOH YacTH, NPOAOPHHOHANBHA aArebpaHueckoli cyMMe Mak-
POCKOMHYECKHX TOKOB {, OXBATBbIBAEMbIX KOHTYPOM, IO KO-
TOpoMy Geperca UHPKYJAAURA. ARajoriing  LHPKYJISRHA
sekTopa B’ (BTOopoe canaracsoe} noqxia ObITh IPONOPUHO-
HalbHa CYMMe BCeX, OXBAThiBaeMbIX KOHTYPOM MOJeKyaap-
HLX TOKOB [y. CienosateibHo, LHPKyAALHS BexTopa B pe-
3YNBTHPYIOLIErO 11019 NPOIIOPUHOHAABHA CYMME BCEX OXBa-
THIBAEMBIX KOUTYDOM TOROB {K&K MAKPOCKOHUNCCKHX {, TAK
H MONEKYASPHBIX [y):

§ Bidl=po ¥ it 3 L (44.2)

BosHHKaer cHTYallHs, aHaJorHuRasi TOH, ¢ KOTOPOH Mbl
CTOAKHYAHCH TIPH DPACCMOTPOHHII 3AEKTPHUECKOTO [OJs B
IuaaexTpHKax [eM. dopuyay {16.2)]: aaqa toro yreder onpe-

AeJHTs B, By K00 3HATL HE TOJb-

J KO TOKH, TeKVILHE 110 NPORJIAAM,

HO B MOJeKyasaplinie TokH. [IyTh,

‘i\ 4NN "T\\ no3asoasowbi  ofofiTh 31y 3a-
3 . k 2N \ TPyAHeHHe, Takke aua’lcriueH

! A—ir
AV N\ N\ TOMY [IVTH, KOTOpBIM Mbi BOC-
N A\ N\ Y nosesopaauce B § 16, Ckasul-

BaeTcs, MOMKHO HAlTH  TaKyio
BCTIOMOTATEIbHYIO BEeAUUHHY, KO-
i TOPAA CBA3AHA BDOCTLIM COOTHO-
Puc. 77, uednienm ¢ sextepon By onpese-
JASIETCA JAHUID MAKPOCKONHISCKH-

MH TOKAMif.
YroObl yCTAHOBHTL BHA 3TOfl BCOMOrartedbHOMH BeJHUH-
#al, nonpobyem Bulpazuts ¢purypupyiomyio B {44.2) cymmy
MOJICKYAPHBIX TOKOB 4epe3 BEKTOP HaMAFHHACHHA Marde-
THKa J'). B 51y cyMMY A0AKBE BOHITH TOJALKO T¢ MOAEKY-
JISIPHbIE TOKH, KOTOpble OKA3LIBAIOTCA «HAHH3AHHBIMH® Ha
KOHTYP, AAfl KOTOPOro BbldHcageTca uupkyasuud. Kak pua-
HO K3 puc. 77, sneMeHT Koutypa df, oGpasywmufi ¢ nanpas-

1) B § 16 Mol BuIpaziill CYMMY CBA3ZIMBIY 33PAA0B 4CDE3 vekTOp
NosspH3aLHIL AHIAERTPUKa P,
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JeHHeM HaMarHHIeHHS YPOJd @, NepecekaeT Te MOJIeKyasap-
HBlE TOKH, LEHTPB KOTOpHX NONAAAICT BHYTPh KOCOTO MH-
amiapa ¢ c6wemoMm Sycos adi (Sy— maolaib, oxBaThl-
BaeMasn OTACAbLHLIM MONEKYAAPHEIM TOKOM). Ecau n-— uncio
MOJEKyJ B eaunHue ofbvema, TO CyMMapHbiii TOK, OXBaTbl-
Baemsbll anemcnutoM dl, pasen [ynSy cos a dl. Tlpoussene-
nne [ySy paBHO MariHTHOMY MOMEHTY fh, OTAGNBHOFO MO-
JAekynfapHoro toka. ChaegoBaTesibHO, BLIpaKeHHE [uSun
npeacTasaner cofof MarHHTHBIL MOMEHT eJMHHLE 06DbeMa,
T. € AdeT MOAYAR Bekrtopa J, a [uSwh cos a— npoexuno J;
BekTopa J Ha Hanpasienune aneMmenta dl. Taxum obGpasoM,
CYMMapHbLIH MOJEKY/IADHBIA TOK, OXBAThIBAEGMDBIH 3MeMEHTOM
dif, pasen fdl, a cymMa MONEKYAAPHLIX TOKCB, OXBATHIBaE-

MBIX BCEM KOHTypOM:
Si.= §> 1, dl. (44.3)

Hexawuus u3 dopmya (44.2) u (44.3) cymmy Monexy-
JAAPHBLIX TOKOB, JMErKO MOJYUYHTH CJefyiollee cOoOTHOoeRKe:

B Y
§l2—3) di=Xi. (44.4)
o i

Bripaxenne, cTofilllee B CKOGKAX MO/ 3MaKOM HHTETpa-
Ja, U ecTb HCKOMaf BCINOMOFaTenbHas BeauwunHa, Fe ofo-
3gavalor 6ykeoil H # Ha3blBalOT HaNpAMXKEHHOCTHIO MarHHT-
liOT'0 MOJS.

Urak, 1anpaKeHHOCTbIO MATHHTHOFG NOAA
HashiBaeTcs (PU3MYECKast BeAHUHHA, ONpe/lersieMan COOTHO-
IIeHHeM

B
H=—-1J. (44.5)
Ho
C ncnoabzoBanueM 3Tol pennunnbl qopmyna (44.4) momer
OLITEL 3amKcaHa B BHAE

§ Hiodl=Yi. (44.6)

Eeyid MaxPOCKONHYeCKHe TOKH pacnpejleledsl B Npo-
CTPAHCTBE ¢ MJIOTHOCTbIO }, dopmyna (44.6) BurousMe-
HAETCH CNeAYIOUIHM 06pa3oM:

§ Hodl= § i, dS (44.7)
S

(S — NpOM3BOABHAR NOBEPXHOCTh, OrpaHHYEHHAs KOHTY-
poM, no KOTOpOMY Gepercs LHPKYAAUWsA),

10 W. B. Caneises, 1. I 145



Dopmynur (44.6) u (44.7) BelpakawT TeopemMy O
LHpKyaauunr Bbekropa M. yupxyasyus sexkropa Ha-
NPAKEHKOCTH MASHUTHO20 HOAR NO HEKOTOPOMY KUHTYPY
pasng  aszelpaudeckol cymme MAKPOCKONUHECKUX TOKOS,
0XBATHIBAEMIX ITUM KOMTYPOM.

M3 crazaHHOro BHLie BEITEKAET, YTO HANPHKEHHOCTH
marHutHoro nonss H ABasercsas aHAJOTOM S/IEKTPHYECKOrO
cMmenllenus (avexTpudeckoli muaykuun) D. [TepBonadanbho
Npenosaralock, Yr¢ B MPHPOLE HMEIOTCH MOAOGHDLIE TLK-
TPHYECKHM 3apAfaM MAMHHTHBIE MacChl, ¥ YueHHEe O Marme-
TH3ME pa3BUBAJOCL MO aHAAOTHH C yueRHeM 00 3/eKTpHYe-
cTBe. B 7e Bpemena M GuuiH BBeJeHb HA3IBaRMs: «Maryur-
Haa MHOYKLUA» 418 B W «HanmpsXeHHocTh moas» aas H.
BrocnencTBUM BBISICHHIOCH, UTO MAarHHTHLIX Macc B HApH-
pone He CYIECTBYeT M YTO BeJHYHHA, Ha3BaHRas{ Martur-
HOM HHjyKuMell, B HeHCTBHTENLHOCTH SABJAAETCHA aHANCTOM
Be sjaekrpHYeckoro ¢Memesuda D, a Hanps:KeHHOCTH 37EK-
Tpuueckoro noasd E (cooteercrsenno H -—— anaznorom ne E,
a D). Ozuako u3MeHATH yiKe YCTaHOBHBILYIOCHK TEPMMHO-
JAOTHIO He craJj#, TeM (ojlee, UTO BCAEACTBHe pasaHuicH
NPHPOAK 3IEKTPHUECKOTO W MATHHTHOIO TNoJeH (3exTpo-
CTaTHYeCKOe MoJe MOTeHUHAJNbHO, MAFHHTHOE — COJCHOH-
AaabHe) peanuninl B u D o6uapymHBamT MHOrO cX0ACTBA
B CBOEM NOBefeHud (Hanpumep, aunud B, xak u nunun D,
He mperepneBaioT pa3putBa Ha TpaHHIe IBYX Cpei).

B Bakyyme J = 0, nostomy H npespamaercss B Bfpo u
dopMyan: (44.6) u (44.7) nepexoasit B dopMynsl (42.3) u
(42.4).

W3 dopmynst (41.1} caeayer, 4T0 HaNPAMEHHOCTb MOJN
NpsAMOro TOKa B BakyyMe OnpejlefsierTcsl BHpaykCHHOM

i
H == o, (44.8)
H3 KOTOPOro BHAHG, YTO HanpsKeHHOCTb MariHTHOrO NOJIA
HMEeT PA3MEePHOCTb, PABHYI0 pa3MepHOCTH CHILI TOKa, Ac-
JIERHOW Ha pasMepHOCTh ANHHH. B COOTBETCTBUHM € 3THM
eMHHIZ HanpsKeHHOCTH MarHutHoro noas B CH wnocur
wassauue amnep Ha Merp (a/m). Coraacio (44.8) na pac-

CTORHUK b = 20 A OT NPAMOroe npoBoiLa, N0 KOTOPGMY TEuer

TOK cwiIcH | @, HanpAmeHHOCTh Mar"dHTHOro fnoJda paBHa
1 a/». Hanomuum, 4TO MarHATHAA HHAYKLHA B 3TOM Cayude
pasHa 4x- 107 72 feM. § 41,
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B rayccoBofl cuCTeme HanpHKeHHOCTH MATRHTHOTO NOJS Onpege-
AA0T CASRYIOILHM 06pasoM:

H=8 - 4nd, (44.9)

a BNPG}KCIIHE Aas ll[[pky.ﬂﬂll,“ﬂ HMEeT BRI
4n .
§H,dz_-—c»2 i (44.16)

Kak mpitekaer p3 (44.9) B paxyyme H = B. B cOOTBETCTBHH ¢ 9TUM
eandiLa uamepenn H B rayccoBofl cHereMe, HasbiBaeMad 3P CTE A O N,
HMEET Ty Ke BeAHWIKRY MW PAIMEPHOCTDL, 4TO W €ANUHNA MArHATHOR HA-
AyEnsk ~— raycee, Flo cylmetTByY »pCTell ¥ rayec ¢yThb pasywe Ha3pamma
ogHol # Tofl Me epumnun. Ecan 3ol eannnuel mamepaioT H, ee pazu-
BalT 3pcTeaoM (3}, ecan usmepsior B, To — rayccom.

Takum ofpazom, H npAMOro Toxa B BaXyyMe onpefeisercs Tod
se dopmynon (41.2), xoropolt onpezensercs B, npuuem H B spcrepax
uucnenno pasna B B rayccax. CordacHo pacvery, npellUecTBOBABHIEMY

cogrHomenno (41.3), H na paccTomnun 55 M OT TpAMoro ToXa cunol

! a pasna 4x-107? 5. B CH ra xe nanpsuxennocts pasha I a/sa. Che-
IOBATENLIO,

1 afm=4n. 10725
Eni

(#4.11)
1 3=796 afu (= 80 a/x).

BEKTOP HaMarHuuyeHus J NPHHUATO CBA3LIBaTL HE C Mar-
BHTHOM MBAYKUMel, a ¢ HanpsKeRHocThio noas. Kak noka-
aulBaeT onwT, bekrop J cBa3am ¢ sexTopoM H B TOR Xe
TOYKEe MATHeTHKA COOTHOHICHHeM

J=¢yH, (44.12)

tiae ¥ — XapakTepnas ANA JAHHOrO MarueTHRa BeJAW4HHAE,
HaswBaeMast MATHUTHON BOCTHPHHMUUEBOCTbIO!).
Cornacao (44.5) paamepuocte H cosmapaer ¢ pasmep-
hoeteio J. CaenoBatennno, y-— GespasMepHad BeqHYUHA.
[Toacrasup B dopmyny (44.5) pupamenne (44.12) nns
4, noaygum
B
H = o M,
OTKYAa
B

e (44.13)

'} B an¥30TPONHEX cpeAax Hanpaphenun sextopos J B H moryr
e CoBnanaTh.
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respasmepnas BeanuuHa
p=14y (44.14)

Ha3LIBaeTcd COTHOCHTEeNBHOH MarHUTHOH N po-
BEH1aeMOCTBIG HJAH TPOCTO MaTHHTHOR wupo-
HEHaeMOCThID!) BemecTna.

B otauuue o1 pusnexTpuveckoit BOCIPEHMUHBOCTH X, KO-
Topas NPUEKMAECT JIHUIb NOJOKHTENRHEIE 3HAYEHIN (BEKTOD
noaapHzauuy P B H30TPONHOM AHAMEKTPHKE BCerja Hanpan-
sed no noao E), marsdtias BocnpuHMuUHBOCTh § ObiBaer
vAK MONOKHTENBHOM, TaKk W oTputatensHoil. [Tostomy mar-
HHTHAA NPOHPIAEMOCTE p MOMKeT OLITh Kaxk $onblie, Tak
MeHbille elHHHLEL

HoacraBue (44.14) B dopmyay (44.13), npuieM g co-
O THOLICHHID

=B
H= o {44.15)

KOTOpOe H ABAALTCA TeM TPOCTHM COOTHOUICHHEM MeMKLY
sektopami B 1 H, o xotopom ynomunanoch Bbilie.

Taxum o0pa3oM, HANPAMKEHHOCTs MarHutHoro noag H
€CTh BEKTOP, HMEIOUIHH TO Ke HanpabBieHue, 410 0 BeKTop B,
HO B Mgyt P23 MeHBWHA 110 MOAYAID (B aHH3OTPONHHX cpe-
nax segropet H u B MOTYyT He coBmanaTh no HanpaeaeHuIo).

Coorpomenne (44.12), ceaswaalomee Bextopwt J u H, umeer Touuo
Tako#l RHA H B rayccosol cucreme, [loacTasis 3To bmipaxeune 8 Qop-
wyny (44.9), noayuam

H=DB —~4nyH,
OTKY A B
-2 16
H 1 -4 4y, (41.16)
Bespasmepuan seauwunna
p=1+4ny {44.17)

HasbLIBACTCH METHHUTHONA npovunaeMOCThLIO BelWecrsa, Bnemn
3Ty Benuuusy B dopmyay (44.16), noayaum
B
H=—, (44.18)
1)
Jlerko BHIeTe, 4TO @ B rayccoson cHcreme coprajaer ¢ 4 B CH.,
Conocrapaerde §opmyn (44.14) a (44.17) nokaswipaeT, 4To 3Waveilke

'} Muoraa nxna ynpowenus dopuyd BBOIAT TaK HA3HIBaeMylo ab-
COMIOTHYI0 MATHHTHYI0 NPONHILAEMOCTL Mg == oM. Onnako sTa Beau-
4HHa QUINHECKOro CMBICAA HE HMEET W MLi €K NOJb30BaThCA HE Gydem,

148



MATEMTHOR BOCOPHUMYHBOCTH B [JHU,HOHEUIPBOBaHHOﬂ CHCTeMe mpe<noc-
XOJUT B 4N pas 3HaueHHe ¥ B TayCccoBOH CHCTEMe:

Yep = 4k pe {44.19)

[Mepeiem K BbIACHEHHIO GH3HIECKOTO CMHIC/IA BEJIHIKH
H u p. PaccmorpuM oHopOAHOe MarHUTHOE Mofie B BaKy-
yMe, KOTOpoe MOXHO 33a/aTh ¢ NOMOILL0 JAHG0 BekTopa By,
aubo pextopa Hy = Bo/ue- Bektop Ho mMb BasoBeM Hanps-
JKEHHOCTBIO BHeiTHero noas. Brecem o 310 noJe GecKOHeUHo
JJNHHHBIA KPYTJLIH CTep:KeHb
H3 OMHOPOAHOTO MarHeTHKA
H pacno/ioxuM ero szodas By
(puc. 78). Iom aeficteHeM
MOAS  MOUEKYJAPHBIE  TOXKH
YCTAHOBATCH TAK, YTO HX Mar
HHTHBIE MOMEHTH pacnioo-
XKATCA BAOJb OCH CTePIKHA,
BCACACTBHE Y€TO HX IJIOCKO-
CTH CTAHYT [epHeHaHKyIap-
IbLIMH K 3TOfl ocu. PaccMor-
PHM MOJEKyJIApHLIE TOKH, Je-
XKalllie B TPOHU3BOJLEO Bhl-
OpaHHOM TMONEpEeYHOM ceue-
HHH CrepXKHst. B Kax /0l TOUKe BHYTPR CTEPIKHA CMeMKHEE
MOJCKYJAAPHBIE TOKH TCKYT B MPOTHBONOAQKHEIE CTOPOHEL,
TaK 49TO MX COBMeCTHoe feficTBHe paBHO Hymio. Hexommen-
CHPOBAHHKMMH OYyAyT JHWL Y4aCTKH TOKOB, HpHMBIKAIOILNE
K MOBEPXHOCTY crpemust. Takum obpasoM, cyMMapHoe xeii-
CTBHE MOJEKYJSIPHBIX TOXKOB OyLeT TaKuM, Kakoe Bbi3Ban
Gul MAKPOCKOMHUYECKMH TOK, TEKYILHIl 110 MOBEPXHOCTH
crepxHaA. Of003HAUMM CHAY S5TOr0 TOKA, NPHXOAANYIOCS
a2 eHHHUY JJHHB CTep:KHA (JMHefiHYIO [VIOTHOCTB TOKa},
yepes /). OueBHANO, UTO LHAHHAD, oOTEKaeMblll TOKOM, JK-
EHBAJIEHTEH COJEHOMAY C YHCIOM aMNep-BUTKOB fnf, PABHLIM
JKHeHHOH naoTHoctw ToKa [y, ClefOBaTelNbHO, BCe MOJe-
KYJADHBE TOKH BO3GYKAAIOT COBMECTHD TaKoe NoJe, Kakoe
co3zan Okl B BakyyMe COJEHOMJ C UHC/AOM aMIep-BUTKOB,
pasueiM [, Coraacuo dopMyse (42.6) marnWTHas HHIYK-
IHs ITOTO NOJN paBua

Pue. 78.

B =pol,. (44.20)

Jlerko sugern, 4To Hanpasgende B’ coBnasaer ¢ HanpaBb-
aeneM Bg. Bue crepxus B’ parua nyao.
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BeieanM.  MbIC/IEHHO B CTEpPKHE TIePIeHANKY/ISIpHBIA
K oc# cacli toauwnss dl. Moaeryanpuble TOKY, 3aK/iOYeH-
Hule B 06BEMe 3TOTQ CAOf, 3KBUBAJEHTHH KPYTFOBOMY TOKY
cuanl fidl. Cornacio dopmyne (39.1) marHUTHBIK MOMENT
$TOr0 TOKa paped

dpm =18 di,

rae S — miowanp MONEpeuHOTo ceueHHs crepskua. Pasne-
MME dpy HA obbeM cios dV = Sdi, mosyyum Ans HaMariue
YeHNA CTePIKHS CAEAYIOIee BhipayKeHue!

=1, (44.21)

Takum oBpa3om, HamarsdyeHue CTEPMKHA COBRAJAET ¢
JAHHEAHOH DIOTHOCTBIO TOKA.
C yuetom (44.21) dopmyna (44.20) npuHHMaeT BHE

B’ =pyd (44.22)

(b BOCHOTL3OBARKCH TeM, YTO BekTopel B u J uMetor onu-
HaKkoBoOe HANpPABJACHHE).

Crnaameaa sexktophl B’ 0 By, HaxoAuM BexTop MarauT-
HOR HHAYKUME PR3YJLTHPYIOLEro noas

B= Bﬂ-.l- B = B3+}l0-l.

Hagkonen, nogctasus ato sHauende B s bopmvay (44.5),
neaydaem

_ B
H == H, (44.23)

Hrak, B paccMoTpedHOM HaMM cAyuae HalpsaKeHHOCTh
oM B MAFHETHKE COBNAAAeT ¢ BEKTOPOM METHHTHOH HH-
AYKUHE BHEIHHEro NOJIA, JeVIeHHLIM Ha g, T. €. OKa3biBaercs
PABHON HaMpPSIKEHHOCTH BHEIHEro nmoas.

Cornactio ¢opmyne (44.15), ymuoxus H Ha pop, MM
TONYYHM HHAYKUHIO B!

B
B =l = > =By, (44.24)

Otciora crefyer, 4TO OTHOCHTENLHASE MATHATHAS NPOHH-
HAEMOCTh | MOK23BIBAET, BO CKONBKO a3 yCwIHBaeTcs Hosie
B MarneTtuke [cp. ¢ (16.18)].

3aMerdayM, YTO MOCKOIsKY mode B’ ommmupo ot Hyas
TONbKO BHYTPH CTED#<HS, MarHUTHO® [10/1¢ BHEe CTePIKHA 0CTa~
ercA 0e3 HaMmeHeHH,
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IosyuenHbIi HaMH pe3ynbTaT GhlBaeT CIpaBeLIHB B TeX
Clyyasx, KOTda OAHOPOAHLII MarHeTHK 3anoauser ofbew,
OrpaHnyYeHnull NMOBEPXHOCTAMH, KOTOPHe 0Gpa3oBaHHl JH-
HMAMHM HanpsxeHHOCTH BHelwHere noasa'). B mnporuBHOM
clyyae HaNpAMXeHHOCTb Nons, onpelenseMan GopMYyJof
{44.5), ve cosraaaer ¢ Hy = By/po.

YC/I0BHO NONaraloT, YTO HAOPAMKEHHOCTb NOASA B MarHe-
THKE papHa

H=H;—H_,

rae Hyo— Bueinnee none, a H_ — Tak Ha3biBaeMOe paaMar-
HHYMBaIOLieC MOJE, KOTOPOE NpPEeAnosaraeTcs NPONopHHO-
Ha/IbHBIM HaMAaTHHYEHHIO!

H_ = NJ. (44.25)

Kosdduunent npomopunoHanashoctH N  HasbiBaeTcA
pasaMarivyuBawmuM ¢akTop oM OH 3aBHCHT OT
dopMe MarHeTuka. Jlnd Tena, MOBEPXHOCTL KOTOPOro He
[epecekaercs JAHHHAMH HANDPIMEHHOCTH BHEIUHEro moJs,
kak mbl Buaenn, B = Hg, 1. e. pasmarnuunpaomutt dbaxrop
paseH Hymio. [Ind TOHKOro Aucka, MepNEeHAEKYJAAPHOTO K
BHeuIHemy nodw, N = 1, gaa mapa N = ;.

COOTBeTCTBYIOIUMA pACYET A4€T, uYTO B CJIydYae, KOrAa
ONHOPOAHLIA MaCHCTHK, HMeoUHA dopMy 3JIHICOHAA, NMO-
MelllaeTcsi B OJHOPO/MHOE BHeIIHee MoJe, MAarHUTHOE Nohe
B HEM XOTS H OTJHYHO OT BHEIUHEr0, HO TakKikKe OJHOPORHO.
To xe cnpaBeanueo AAs mapa, npeicTaBasiomero coboit
yacTEbH cAyuadi SAMAHICOHAR, 4 TAKXKE AJA LJAHHHOTD CTep-
JKHAl H TOHKOTIO JHCKa, KOTOPLIE MOMHO CUHTATb HPEAelb-
HbIMH CAYYASMH 3/THICOHAA.

§ 45, MpenoMacnue JHHMH MAFHHTHOR MHAYKUMH

BoificHMM, 4TO TMPOHCXOAMT Ha FpaHHUe ABYX OAHOPOL-
HBIX H3OTPONHBIX MATHETHKOB ¢ pa3sHHIMH . PaccMmoTpum
BoOOpAXMAEMBIl UHAHHAD BHICOTH /1, OCHOBaHHS KOTOPOro
S, u S, pacnonoxeHH HO PasHble CTOPOHE [TOBEPXHOCTH
paznena (puc. 79). [TpuMeRUM X 3TOMY LHJIHHADY Teopemy

') HanomdnM, uyTo B CTyuae 3jexTphueckoro noas D= D, npu
YCIOBHH, uTO OZHOPOMHLIA AHMSMACKTPHK 3aROJNHAET OOBEM, OTrpaHHuei-
BEHT SKBHMOTEHMHAMLHLIMH TOBEPXHOCTAMH, T, €. HOBEPXHOCTAMH, Op¥)-
TOMAJABHBIMY JHHHSM HANPAMEEHOCTH BHELINETo 1O,
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faycca (44.1). Ilotoxkom B uepes Gokonywo HOBEPXHOCTb LH-
AHUAPE MOMKHO npeneGpedyb, Tak Kak /i Mel Oygem crpe-
MHTb K Hymo. TToTox uepes pepXHee ocHOBaHWe UHAHH/IDA
paver 31,8, rae B, — vopmanbhas COCTABAAIOIIAN BRK-
Topa B B nepBoM MarHerHKe B HENOCPOACTBEHHON GaM30CTH
X NOBEPXHOCTH pas3jleda. AHAMOMHYHO NOTOK 4Yepes HHMKHEe
ocHOBaNHEe eCTh B2nSs, rie By, — nopManbHas COCTaBAAW-

uan Bexktopa B Bo Bropom

(57=57=3) MarHeTHKe TakKe B HENOCpe-
v, CTREHHO{T OJH30CTH K MOBEpX-
5 4; ~ MOCTH pasiena  MarHeTHKOB.
i .y W
e b ———
g . 7 1, ¥ 4 H,,
A .
n‘; kS e .
g . 2 My
Pue. 79. Puc. 80.

ChoXuB 3TH JABa NOTOKA, MBI NOAYUMM TOJHBI [0TOK, KO-
TOpuifl cornacio TeopeMe [aycca gonsew Owith pasen
HYNO:

®p=B,,8,+ B3,S, = (B, + B;;) S =0,

Orcioga caeayer, yro B, = —B... Ecan npoexrtuposats
B; u B; na ofHy ¥ TY XKe HOPMaJb, TO IOJNYYHTCH, UTO
B,,=B,,. (45.1)

3amenna cornacwo (44.15) coctasaswowme B coormer-
CTBYIOIWHMH CcOCTanAAWNMI BekTopa H, yMpoxeHneiMu
Ha o, TOJYUHM COOTHOLICHHE

woy H 1 = ol M,
H3 KOTOPOTO CIEAYeT, UTo

Hin _ M
Hio Ty (45'2)

Teneph BosbMeM Ha IpaHuue MATHETHKOB PAMOYIOJb-
Hui KOHTYD (puc. 80) W BRHIMHCANM IR HEro HHPKYAALHIO
H. llupuny xoutypa @ BO3bMeM CTOAb MaJoll, UT06H BKAA-
ZOM, BHOCHMLIM B UHPKYJARIHIO CTOPOHAMH, [epHeHIHKY-
JADHBIME K MOBEPXHOCTH pasjend, MOXKHO OblI0 mpeHel-
peub. Toraa ANR MHPKYASANNH  [OAYYAaeTCA  BulpaXKeHHe
b{H\c — Hy:). TlockoabKy KONTYD He OXBaThiBaeT MaKpo-

52



CXONHYECKHX TOKOB, UHPKYJIAUMA LOJKHA OLITh DaBHA
nynwo [cM. (44.6)], oTKyxa BLITeKaeT, Yro

le = hr?r- (45.3)

3amenus cornacHo (44.15) cocrasnsiomne H cooreet-
CTBYIOIMMH  COCTABJAIOIIHMNY BeKTOpa B, neneHunimMu Ha
Hcit, NOAYYHM COOTHOILEHNE

Bix _ Bay

Holt: itatty !
H3 KOTOpCTO C{aenyer, 4To

By 14
Byr gt (45.4)

Pe3ioMHDYR, MOKHO CKa3aTh, YTO MpPH NEpexofe uepes
IPAaRMIy pasfena ABYX MACHETHKOB HODMAJbLHAR COCTAB-
aapouan sektopa B M ratreu-
umManbHas COCTaBJAICILAA Bek-
topa H H3MeHAIOTCA HempephiB-
#o. TaHreHUHMANBHAER Ke COCTAB-
asomas sexktopa B u HopMads-
Haf cocrasaswuas Bekropa H
npH MepexoAe 4Hepe3 TpaHHRLY
pasjena NpeTepneBaioT pasphiB.
Taxkum oGpa3oM, Npu nepexofe
uepes TPaHMIy pasjena ABYX
cpen sextop B Befmer cefa aHa-
JAoryudo Bextopy D, a Bekrop
H — ananoruuno sekropy E [cp.
dopMynwr  (45.1) — (454) ¢ Puc. 81
dopmynamu (17.1) — (17.4)].

Ha puc. 81 nokasano nmoseaenue auukit B npu nepeceve-
HHM TpaHHUbl ABYX MarHeTuxkon. OG03HAYHM YIVIBI MeXIy
AuHHAME B ¥ HOpPMAanb0 K NOBEPXHOCTH pasfena COOTBET-
CTBeHHO 0; U ap. OTHOlIEHHe TAHTeHCOB 3TUX YIVIOB paBHO

tg oy - Biv/Bin
tg a, Bye/Ban®

OTKYRa c yuetoM (45.1) u (456.4) noayuyaercd aHaAOrHUHBIA
(17.5) 3akoH mpesOMIEHHs JHHHA MACHUTHOH MHAYKUHU:

tg oy Ly =
Sl = 40'5
tgo, He ( )
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Yipu nepzxose B MarueTHy ¢ 60apiell y AHOHH MATHUT-
Holl HHIYKUMK OTKIOHAIOTCA OF HOPMAAN K TOBEpXHOCTH.
Jlerko BHEETH, 4TO 3TO NPUBOAMT X CTYILeHUIo AuHui. Cry-
wexne auyuit B B Bewectre ¢ Goabiuoi MardHTHOH NpOHH-
LaeMOCTbi0 Jaet BO3MOMXKHOCTD (QOpPMHPOBATH MAarHKTHLIE
NYYKH, T. €. NpHjaBarb UM HeoOxoxaumMyo dopMy u Hanpas-
Jenne. B uactHOCTH, AJA TOrO 4TOGH OCYUIECTBHThR MarHHT-
HYIO 3QILHTY HEKOTOPOro 06beMa, ero OKpyKaloT KeJe3nnM

|

FELH]

Puc. 82, Puc. 83

skpatiom. Kak puano na puc. 82, cryledie JuHHH Maruur-
Holl HHAYKIMK B TOJUE 3KpaHa NPHBOAHT K ocnalleHHIO
noaa BHYTPI.

Ha puc. 83 nana cxema 1aGopaToOpHOrO 3JeKTPOMarHu-
Ta. O COCTOMT M3 XKeNe3HOro ApMa, Ha KOTOPOe Hacamennl
nyraeMple TOKOM KRaTYWKW. JIHHHH MAaTHHUTHOH HHAYKIHH
OK&3BIBAIOTCA CCCPELOTOUEHHBIMHU B OCHOBHOM BHYTPH ApMa.
JIMLIb B Y3KOM BO3ZYIIHOM 2a30p€ OHH MPOXOJST B Cpeae
¢ Manoil p. Bektop B mepecekaer rpaHpuib Mexay BO3AYIL-
HeIM 3a30PCM H SAPMOM MO HOPMAJH K MOBEPXHOCTH pas-
gena. Orcwoia cornacHo (48.1) creayer, 4T0 MarHuTHas
HHAYKLUHA B 3330pe H B sipMe O/HHAKOBA No Beaudude. [1pH-
MEHHM TeopeMy O Uupxyaauuu H K KoHTypy, npoxonaumemy
no ock apma. Hanpaxennocts noas ¢ Goiabmol TOUHOCTHIO
MOMKHO CYUTAThb BCIOAY B KeJede OAMHAKOBOW M pasHoh
Hyes = Bluopmes. B Boanyxe Haosn = B/poptpess. OGoszHa-
UMM NTHHY YY9acTKa KOHTypa B JKenie3de uepe3 lyey, a8 B 3a-
30pe — uepes [yoyy. TOrAa LUHPKYAALHIO MOXKHO TPEACTABHTh
B BHRE H}}(enlﬂ.{en -f~ HBOQJIZBQSIL- COI‘JI&CHO {44.6} ara U,HPK}T'
NaipA  gonxda OwTh pasua Ni, rae N — cymMaprOoe Mo
BHTKOB XAaTymlex sJjeKTpoMartura, { —cuia toxka. Takum
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ofpa3oM, HMeeM
B . B

T LTI T !BDH = Ni,
OTKYA4 ¥
== i ~
B= ol =g ~ Tren
Ipogn +
Hacan  Miwen Homen

(Waosz OTAHMYAETCH OT €AHHHLDLL JHIUL B NATOM 3Haxe nocie
sansAToi).

O6LIMHO lposy OnBaer nopsinka 10 em =01 M, Lygen —
nopanka 1 M, fwen AOCTHUTAET 3HAYCHHH NOPSNKA HECKOJb-
KuX ThicY (cM. rafauny ua crp. 186). ITosTomy BTOpHIM
craraeMblM B 3laMeHaTelle MOXHO NpeHeGpeub U HanHCAaTh,
4TO

B=pg . (45.6)

!BOCLR

ChnenoBateibHO, MarHHTHAf HMHAYKUHA B 3a30pe 3JeK-
TPOMAarHuTa HMeeT TaKyi0 BENHYHHY, Kakyio OHa umena Gl
BHYTPH Topou/Ja 6e3 cepieusuKa, Ha €IMHHLY AJIRHBI KOTO-
poro Gul10 OBl HAMOTAHO YHUCJAO BHTKOB, paBHoe N/luoy [en.
(42.10}}. ¥YBennuuBasi oblles YHCNO BHTKOB H YMeHbINad
pasMepsl BO3AYMIHOTO 3a30pa, MOXKHO [OJAYYaThb OOAA ¢
GonpinuM 3HaveHHeM . IlpaxkTadeckd ¢ NOMOILb0 3/EK-
TPOMATHUTOB C MeJe3HblM CepJeuHMKOM YAAeTCs [10Jy4aTh
noan ¢ B po ~17a {10000 c).



FITABA VI

DEXCTBHE MATHHTHOIO HOJA
HA TOKH W 3APS LI

§ 46. Cuna, BeHCTBYIOLIAA HA TOK B MATHHTHOM TnoJe.
3akon Amnepa

CorsacHo 3akoHy, yCTaHOBJAeHHOMY Amnepom, Ha 3je-
MeHT ToKa dl aehcTByer B MarHMTHOM TfoJae CHaa

df = ki [diB], (46.1)

(# — KoxbpHuEesT NPONOPUUOHANBHOCTH, [-— CHIZ TOKA,
B — MarHMTHas HHAYKIHA B TOM MECTe, Tle HOMEULaeTCH
snemerT di}.

Beauuuna cuant (46.1) srluucasercs no Gopmyne

df = kiB dl sina, {46.2)

rie o — yroa Mexay sexropamu db n B (puc. §4,a). ta-
npasneHa cHaa NePneHAUKYAAPHO K [JAOCKOCTH, B KOTOPOH
nexat sektopsl dl u B.

Hanpasaense cuabl, JelcTsyioliel Ha TOK, YIOGHO oRm-
peRegaAaTh ¢ NOMOLLLI0 TAK HasnBAeMOro MpaBHJAA Je-
Boll pyxu EcIH pacnonoxuTs JEBYI0 PYKY Tak, ytobn
BeKTep B «BOH3aRCH» B JaJ0ub, 4 YeThipe CNOKEHHLIE BMe-
cTe fanbfla Obiiy HanmpasieHnl BI0Jb TOKd, TO OTCTABACH-
Hbi B CTOpOHY GOAbWoN Nalen YKaXeT HANPABIeHUe CHJIHL .
(puc. 84,6).

[Tpumenum 3axon Amnepa afs BHYHCAEHUA CHJbi B32H-
MoJeficTBHA IBYX HaXoAsIlUXcs B BaKyyMe [apalielbHBX
GeCKOHEUHO JUTHHHWX MpAMLIX TOKOB. Ecau  paccrosdue
Mex Ay Tokamu & (puc. 83), To KaRALH EMEHT TOKa fa
6v/1eT HaXOAHTLCS B MATHUTHOM MOJE, HHAYKLHA KOTOPOFO
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Lo
B, = ,‘2;:5 [em. dpopmyay (41.1)] ¥roa @ mexay sneMeHTamu
ToKa £z H BektopoM B, npamo#i. Cnegosatensdo, COraacHo
{46.2) Ha exHHHUY AAHHB TOKA i3 ACHCTBYET CHAZ
; Be 204,
foy=FkiBy = kH_"b . (46,3}
Jlas cuawl fio, ACACTBYIOIEH HA €AUHNUY ANHHK TOKA i,
nodgyuaeTca aHaNorHuHGee Bupaxenne C ROMOILLI NPABHAA
AeBCH PYKH Jerxo ycTauoBHTb, YTO RPH OZMHAKOBOM Hi-
npasiedid TOKOB OHH NPHTA-
rHBAKT APYr ApPYra, a . npH
pa3iHIaoM — OTTAJKHBAIOT.

I Uz
B,
—— e 71_
e ~
Fig By
.\\"_-.a—-:-"'.‘/ s
E;
- |y ]
Puc. 84 Pue, 85,

Buipaxenne (46.3) cosnanaer ¢ dgopmynoit (38.2), ecan
nonckuts k£ = l. Cnemosateanito, 8 CH s3axkon Amnepa

HMEeT BHA
di = {[dIB]. {46.4)
CooTBeTCTBEHHO

df = iB dlsina. (46.5)

B rayccorofi cucreme dopmyna (46.1) umeer Bna

ﬁ=%nmm (46.6)

(cm. sameuanue Ha crp. 126).

B rayccosofl ¢ucTeme MATHHTHad HAJAVKUHS B BaKyyMme cosnajaet
¢ H, BCAEACTBHE Yero B 3TOM CJyuae 3akon AMIEepa MOXKHO 3alucale
cAedylomuM cOpasoM:

df=—([d1H]. (45.7)
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§ 47. Cuaa Jlopenua

[poBoxaux, no KOTOPOMY TeueT TOK, OTIHYAeTcs OT Mpo-
BOAHHKA §e3 TOKa JHIib TeM, YTO B HeM NPOHCXOAHT yno-
psaoucHHoe ABMXMeHWe HocHTedel sapsna. Orciona uanpa-
uIBaeTCa BBHIBOA, UTO CHJa, AefCTBYIOWad Ha NPOBOAHHK
C TOKOM B MATHUTHOM noJe, OOYCJAOBNEHA ACHCTBHEM CHJA Ha
OTAeNbHblE JBHMYILIHECH 3apsfel, a2 yXe OT THX 3apajoB
IeltCTBHe Nepefaercs NPOBOAHHKY, N0 KOTOPOMY OHH [epe-
MEULAloTCH. JTOT BHIBOJ MOATBEPMAAETCH LENsIM pPAAOM
ONHTHHX ()aKTOB W, B UACTHOCTH, Te€M, UTO MYYOK CROGOAHO
JNeTAUIMX 34PAMKEHHBIX 4acTHI, HATIPHMeEP 3JeRTPOHHLI ny-
YOK, OTKAOHAETCST MarHHTHBIM [IOJEeM.

Coraacnuo (46.4) Ha aneMment Toka dl neficreyer B mar-
HHTHOM [OJI€ CHiTa

df =i [dl B]. (7.1

3amenus idl yepe3 Sj dl [em. dopmyay (40.6)], Brpaixe-
HHI 3aKOHa AMIiepa MOXHO NpPHAATh BHA

di = Sdi{iB] =[jB]dV,

rne dV -~ o6beM IPOBOAHUKA, K KOTOPOMY IIpu/oeHa CH-
na df. Paagenus df Ha dV, noavYeM «MI0THOCTR CRJBI», T. €.
CHAY, ACACTBYIOWLYIO HA eIMHHUY 06beMa TMPOBOAHUKA:

fer. o6 = [jBl. (47.2)

ITogcTtasus B 3Ty dopMyay Bupawmedue (40.7) nas },
HagkaeM, UTo
fen. o6 = ne’ [uB].

Jrta cuaa papHa CyMMe CHJI, TIPHACKEHHBIX K HOCHTENASRM,
3aKAIOYEHNHM B efuHine ofbema. Takux HocHTeneh n, cie-
joBaTeibio, Ha OJIMH HOCHTENL NeRCTBYeT cHia, paBHad
fon- os/nt = £'JuB]. Takum 06pasom, MOXKHO YTBEpPKAATh, UTO
Ha zapajg e, IBMKYILHHCA CO CKOPOCTHI0O V B MariHuTHOM
none B, geficteyer cuna

f=¢"[vB]. (47.3)

Cuny (47.3) naswBawt cuaofl Jlopenna uiu ao-
peHueBOH cunoil),

1} Yacro nopenueroll cunofi Ha3uBAWT CYMMY 3JEKTPHYECKOH W
marsuTiofl cHAl, AeficTBYIOINX HA 3apAd:

f=¢E+e¢{vB)
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B FEYCCDBOH CHCTEME e2 BhIpaX<HHE HMEET BHO
’
f= -‘3} [vB], (47.4)

npHueM A BakyyMa B MOXHO 3ameHrtbh Ha H.
Moaynp JIOpeHIIEBOH CHAB! paBen
f=¢vBsina, (47.5)

r/le ot — yroqa Mexay BektopaMH v u B. CnegosartennHo, 3a-
pAad, JBHKYIUHEACA BAOJDb JHHHA MArHHTHOTO IOJA, HE HCHHI-
TEIBAET JEHCTBHH CUJIBL

Hanpaeneda cuna JlopeHua nepnedinKy/nspHO K Iaoc-
KOCTH, B KOTODOIT JiexkaT BekTophl V i B. Eciu sapsia ¢ no-
JOKHTEeH, HanpasjeHHe
CHJIDl  COBIAJAeT ¢ Ha- £
npapiIeHHeM BekTopa [vB).
B cayuae oTpunatenbroro
e’ HanpaBJeHUs BeKTOpOB

f u [vB] nporuzononoxabl v v
{puc. 86).
[Tockonbky cuaa Jlo- g B

peHIlla BCeria unamnpapqaeHa
HepneHAHKYAAPHO K CKO-
POCTH  3apfAXeHHO#  yas
CTHUH, oOHaz paloTel Hafg Puc. 86

uacTHuell He COBepIAET.

ChnenosatenvHo, HelicTBYS Ha 3aDAMEHHYIO YacTHily [0-
CTOAHHB!M MATHHTHBIM NOJIEM, H3MEHHTb ee 3IHEPrip
HeJb3g.

[lpu moayuennu BuipaxeHHda (47.3) nast cuast Jlopenna
H3 dopmyast (47.1) Mbl cYWTaNH, YTC HOCHTENH 3apAja B
APOBONHHKE ABHMKYTCH CO CKOPOCTRIY YNMOpAJ0YeHHOTO IBH-
xenusa #, OaHako Lame B OTCYTCTBHEe TOKa HOCHTeTH 3a-
PAfa HaXOMATCA B XAOTHUECKOM Tenaosom asuxenuu. Cpen-
Hee (IO HOCHTENAM) 3HAYEHHe BEKTOpa CKOPOCTH 3TOro
OBHIKEHHKS Vo PaBHO HYITIO;

= 1
Vo= "E' Z Vg = 0.
TMostomy u pesynsTHpyioflas cun (47.3), neficTByomux na

HOCHTEJIH, 3aKJIOYeHHHME B 3JIeMeHTe IpPOBOAHHKA Al, npH
OTCYTCTBHH TOK2 TAKIKE PABHAZ HYJIW:

Af= D¢ [vBl=¢ [(X vy B]=0. (47.6)
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Ilpit BO3HHKHOBEIHH TOK& CKOPOCTb HOCHTESl CTaHO-
HtcA paBHoft V=V, + u. B atom cayuae

A= 3¢ [(vo+ u) B] = D¢ [v,B] + D¢ [4B].

IlepBan cyMMa B 3TOM BbIpakenuH B cooTBeTcTBHY € (47.6)
pasna iuyawo. Bropas cymMMa no cyulecTBY COBRAajaer C
(47.2). Taxkum obpasoM, Ae#icTByIOlag Ha TOK aMmepoBa
CHJI4 CAaraercs U3 JOPEeHUeBHX cdl, ofyC/ORJASHHLIX YNO-
PAICHCHHBIM ABHIKElHeM HOcHTeleH 3apana.

Cuaa, ZeficTBylomas Ha TOK B MarHMTHOM [1OJe, HMeeT
adayenne {47.1), HezapucHMo OT TOre, MOKOWTCH NPOBOR-
“HK € TOKOM HJH NepeMellaeTcss OTHOCHTeNbHO MaTHUTHOTO
~ond, B sToM nerko yGeauThbes, BOCTONB3CBARIIUCE BHIpA-
wenneM (47.3) ans cuawl Jlopenua. TlycTs mpoBof, No Ko-
TOPOMY TEYeT TOK, ABHIKETCH CO CKODOCTHIO V, & 3JeXTpoH,
ABMSIOMWHACH HOCHTEIEM 3apAKa, HMeeT OTHOCHTENBHO NpOo-
BOAa CKOPOCTb W. Torza 3AeKTPOH NBHMKETCA OTHOCHTEJLHO
noasA €O CKOPOCTRID V-4 U U Ha Hero Gyjler meficTBOBaTh
cHa

f.=—ef(v4u), B]= —e[vB]—e[uB],

a Ha YYacTor NPpoBGLa — CHAA
df_= — ¢[vB}dN — e [uBldN,

rie dVN — uHCAO 3MEKTPOHOB B 37eMeHTe Toka dl, a u—
CPRIHAT CKOPOCTh HX [IBAMKEHHS OTHOCHTEIBHO NPOBOAHIKA.

Ilposon B neaom Helitpaden — oH ofpaszoBad Henoa-
BHMKHBIMHE '} NOACKHTENLHBIME HOHAME H CBOGOIHO ABRMY-
iuMucs saektponamn {cM. 1. 1, § 139, MeTannuueckue Kpu-
cTatan). Tlonoxurenbible MOHL ABHKYTCA BMecTe ¢ npo-
BOZOM €O CROPOCTBIO V, TAK UTO Ha KaMKAbH 3 HHX
JeficTByeT CHia

f,=e[vBl

Ypcao HCHOB B sJdeMenTte Toxka di Taxoe e, Kak 4ucjIo
snegrponos. ClemnoBaTeNibHO, HA HWOHBI, COAepiKalllimecss B
ageMelte dl, peficTeyeT cuna

db, = e [vB]dN.,

1) B neficTBHT&ABHOCTH MOHB . He HENOABHKHE, a Kojeb.uores
cKOAO yanoB KpwcTadawaeckodi pemmetss. Ondako 370 He cyimecrsenho,
TaK KaK HX Cpe}[ﬂﬂi] CHDPOCTb OTHOCHTEBHO pELLIETKH paaHa Hy.F[[O.
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DneMeHT npoBoAa ANHRB ¢! HCHBMTHIBAST NEfACTBHE CHU-
nbl, paBHoORk cymMme cun di_ w df;, Kotopasn, Kak serko Bu-
HAEeTh, HMEET 3HaueHHe

dt=di_+di, = — e[uB) dN.

MNoayueHtoe HaMn BHpaMEHHe SKBHBANEHTHO dopmyae
(47.1). B Hero He BXOZHT CKOPOCTh NPOBOAHHKA V. Taxum
of6pa3om, sakoH AMmepa HMeeT OAHHAKOBLII BHA H JAJIA
TNOKOALLErOCA H AJaA ABHMKYIUICTOCA OpOBOAHHKA.

§ 48. KoHTyp c TOKOM B MarHHTHOM NoJe

[ycte npamoyroapHbifi NiAocKHR KOHTYP € TOKOM 1fO-
MewaeTcd B OZHOPOAHOM MArHHTHOM MNOJIE. Ecau KOHTYD
OpHCHTHDOBAH TakK, UYTO BEKTOD B mapanneen €ro mjaocKo-
cru {pHc. 87), TO CTOpOHH, HMeloliHe AluHy b, He Gynyr

~ i {4
= ;’/ T
J -_—-_Hg_r,_.g: 4 -_b—h‘—_—*

L

Puc. &7. Puc. 88

HCObITHBATL JEACTBHA CHJI, Tak KaK AN HHX B dopMyne
(46.5) sine =0. Ha aesmil yyactok GyaeT coraacHo 3a-
KoHy AmMnepa fAeficTBoBaTh cuaa [ = iBq, HanpasneHHas 3a
uepTeX, Ha NpaBLIfl YYaCTOK — Takas e N0 BeJHYHHE, KO
NPOTHBONONOXKHKO HampaBsieddas cunra /. Dta cuaw obpa-
3YIOT APy, MOMeHT KoTopoii paBen

M =[b=iBab.

YuuTbiBas, 4T0 ab pasHO MJIoIAaLH KoHTYpa S, a IS gaer
BeJIHYHHY MACHHTHOrO MOMEHTAa Py, MOMHO HanHcaTh
dta (opMyaa coBragaer no cyiuectsy ¢ opmynoi (39.3).

MomeHT M CTpeMHTCH NOBEPHYTH KOHTYpP TakK, UTO6H

€ro MardUTHHH MOMEHT P YCTAHOBHJICH 110 HAMPABACHHIO
noia B. Takas opuentaiusd KoHTypa NokadaHa Ha puc. 88.
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B stoM cayuae f; = fs = iBa, [; = f,==iBb. Hanpabnenus
BCeX CHJ JIEKAT B NAOCKOCTH KOHTYpa. Jlerko BHers, 410
BpallaTeNbHbIdl MOMEHT B 9TOM Cllyuyae He Bosuukaer. [fo-
CKOJILKY MOJie OIHOPOAHO, DABHOAEHCTBYIOINAH CWa paBHa
HYJi0; CHABl JHUIb PAaCTATHBAIOT KOHTYP, HO CMECTHTb €ro
He MOryT. 3aMeTuM, YTO eciu NOBEpHYTh KOoHTyp Ha 180°
(uIn wsMeHHTh HalpaBieR#e Aons Ha o6partHoe), To Ha-
HpasfeHHR BCeX CHJ HaMe-

i HATCA Ha HPOTHBOIOJAOM -~

Hble, H OhWH OyLyT He pac-

TATHBATh, 8 CHHMAaTb KOH-

TYp.
[Tokaxem, uro dop-
myaa (48.1) copaseanrusa
B 419 DACCKOrG KOHTypa
npoH3BoabEON gopmu. Pa-
300beM  NAOIMAZL KO-
Typa Ha y3K#e mapaiielib-
&l ‘3“’ Adh 1{, L Hgllljf Hangaanef{mo BEKTOpa
% B nonockH wHpHHOU dh
(puc. 89,4a). Ha saement
Puc. 89. KOHTYpa dl, meicTByer cu-
aa df; = iBdl sina;, ua-
npaBjieHHan 3a uvepTex. Ha siement dfy mefictayer cmaa
dfs = iB dl; sin 4y, UMeOMAan NPOTHBONOAOKKOe Hanpasie-
nie. Kak BuaHo u3 puc. 89, 6, dl; sing; = dlysin gy = dh —
wipure rmoiockd. Cienosarensio, cunal df, u df, oguna-
KOBBl N0 BeJRYHHE H o0pasyioT mapy, MOMEHT KOTOpO#A pa-
BeHE

a)

dM=iBdh.b,

rae b— nauna nonocky. Tlpoussesenue & dh paer narowans
poaockk d5, Takum o6pasom,

dM=iB dS.

Bepa nonapuo cHaw, NpHAOKEHHBE K NPOTHBOIEKAIUM
3NEMENTAM KOHTYpPA, H CYMMHpPYA UX MOMEHTH, MOAYYHM pe-
SYABTHPYIOULHA MOMeHT, AeACTBYIOIHHA HA KOHTYp:

M=_(dM=sB [ds=1iSB = pyB.

Hraxk, Mbi cHOBa npaman x dopmyne (48.1).
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Hpu nppoussoatiofi opueHramum KomTtypa {pmc. 90)
MATEHTHYIO REAYENE0 B MOKEC paslioKHTL HA COCTRBASHQ-
mie: By — nepnenankyaspHyo H By — napaaneabnyio mino-
CKOCTH KOHTYpa, H PAacCMATPWBATh AeficTBHE KamLOR co-
crapasomel oTaearo, Cocrasamwomas B, Syner obycnos-
NHBATH CHAW, DPACTATHBAMEIRES HAH CHEMAOMHE XOHTYD.
Cocrasagiowan By, seauuna xoTopodt pasua Bsine (a-—
YIron MeXNy Pm H B), npEBENeT K BO3HUKHOBEIHIO BpalHa-
TeAbHOTD MOMEHTa, KOTOPHA MOKHO Bbi-
UHCAUTE N0 dopMyae (48.1):

M=p,By=p,Bsina. (48.2)
[MpuuanMasg BO BHHMAHHE B3aHMHYIO

OpUeHTAUHIO BexTopos M, pn # B, dop-
myay (48.2) moxHO SanHCATL B BHIE

M =[p.Bl (48.3)

Hdns akyyma B rayccosofi cucreme sra dop:
MYJ12 HMeeT BHJ Puc. 90

M= [pmH]. {48.4)

Jas toro urobul Yyrod ¢ MeXAy BeKTOpaMi pm u-B ybe-
JAUURTE Ha da, HYAKHO COBEPUINTL HNPOTHR CWI, RefiCTBYIO-
LIHMX Ha KOHTYP B noae, paboTy

dA=Mda=p,Bsinada. (48.5)

[ToBopauRBasch B MEPBOHATANLEOS DOACKEHHE, KOHTYD
MOKET BOSRpPATHTL 3ATDPAVCHHYID HA €70 IOBOPOT palory,
COBepHIR ee HaF KaknMu-AmGo Teramu. Caenosatedsio,
paGotra (48.5} wmerT Ha yepemirvenue 3feprnd W, Koropoil
oGAaLaeT KORTYP ¢ TOKOM B MATHHTHOM NoJAe,

dW = p,, B sinade.

Hurerpupya, HaX0aHM, 170
W = « p,Bcosa -+ const,

Ecan noaowuts const = 0, dopMyna npnobperaer BHA

W= —p,Bcosa=— pyB. {48.6)
Jaa BaxyyMa B raycconod CECTEME MOXHO HANUCATH
W o wpnH. {48.9)
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Otmertum, uro dopmyna (48.6) aHanOTHUHA BHIpake-
Huio (14.4) nns sHepruu, KOTOpoil o6iafaeT AHNONL B 9JeK-
TPHYECKOM MOJe.

Tenepb paccMoTpHM IOCKHfi KOHTYp C TOKOM B HeOX-
HOPOXHOM MarHMTHOM Tone. Jlas BpocToTH GyleM BHayaje
CUHTATh KOHTYP KpPYroBHIM. [lpefmnomo:kuM, 4T moJje H3Me-
Hserca OLICTpEe BCEr0 B HANPABAECHHH X, COBMAa/aiolleM
¢ HanpasjeHdeM B B TOM MecTe, rie PacHoNoOXKeH LeHTD
KOHTYpa, B YTO MarHHTHHA MOMEHT KOHTYpa OpHeHTHPOBAH
Blions mona (puc 91, a),

Py
2

B fE=8

i b ‘ R
\';

& 8)

Puc. 91,

Cuna df, ZeficTBylolIaA Ha 3/eMeHT KOHTYpa, MepreH-
ZUKy1ApHa K B, T.e. K J¥HHH MarddTHOHM MHAYKLHH B MECTe
nepeceyennn ee ¢ dl. TTosToMy CHAIB, NpWIOKEeHHEE K pa3-
JHYHBIM 3J1eMeHTaM KOHTYpa, o06pasyloT CHMMETPHYHHIH KO-
Huueckufi «Beepy» (puc. 91,6), Mx peaynptupyomas f Ha-
npasaeta B CTOpPOHY Bo3pactanua B u, cnejposartesnbHo, BTs-
rdBaeT KOHTYp B o6JacTb Gonee cuapHore noas. Ouesnano,
UTO 4YeM CusbHee u3MensieTcsl none (4eM Gogbmie rpajgueHt

oB
noss -5;-), TeM MeHblle YroJ pACTBOpA <Beepas H TEM

Gosbuie, npy NPOYHX PAaBHBIX YCIAOBHSAIX, Pe3ybTHpYOULan
cuna f Ecnu u3MeHHTh HanmpaBaeHue TOKa B KOHTYpe Ha
obpaTHOe (NMpH 3TOM P, CTaHeT NPOTHBONOJOXKYMM B), Ha-
npaBiednd Bcex cua df w ux pesvanTHpyiomlelt f namenar-
ca na obpathuie (puc. 91,8). CnenopartensHo, Mpu Takroil
B3aUMHON OPHEHTAIHH BEKTOPOB P H B woHTYp Gyjer 8H-
TaJKHBATLCA H3 MOJA.

C nomompbio Boipaxenns (48.6) ana sueprun xoHTYpa
B MarHHTHOM MoJe JIETKO HafiTH KOMHYECTBEHHOE BHIpaXe-
Ane aaa £ Ecan opHeHTalldd MarHYTHOTO MOMEHTA NO OTHO-
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HIEHHIO K NOJIO OCTaeTcs HeusMeHHoOR (g = const), to W
6yaer sapuceTh TOAbKO OT x (uepes B). ubdepenuupys
W no x H u3MeHAi ¥ pe3y/ibTara 3HAK, NOAYIHM NPOEKIHIO
CHJALI HA OChb X

14 0B
fo=—F5=Pn 5, cosc.

Io npeanonokeHKo B8 APYrHX HaNpaR/eHHAX NOJNe H3-
mensercda caalo, NOSTOMY [poeKUMAMH CHABl Ha OpyrHe
OCH MOXHO npeHeGpeub H cYuTaTh, 4T0 [ = fr. Hrak,

f=pm -%% oS a. (48.8)

CorslacHo noayuyeHHOH HaMu dopMyne cHia, AeficTByIo-
Lias Ha KOHTYP C TOKOM B HE€OAHOpPOAHOM MArHHTHOM I10J1¢€,
3aBHCHT OT OPHEHTALHH MATHHTHOTO MOMEHTA KOHTYpa OT-
HOCHTEJ/bHO HanpaBJAeHHA NONd. Ecan BEKTOPH P H B coB-
NaAalT mo HanpasaeHuio (o = 0), cH/la NOMOKHTENbHE, T. &,

aB
HanpaBJewa B CTOPOHY Boapactakus B (Fx— npeanoaa-

raeTca MOMOXHTENLHEIM; B NPOTHBHOM Ciyyae 3HAK K Ha-
npapJenie CHIL H3MEHATCA Ha TPOTHBOMNOJOKHBE, HO CHNA
no-npediieMy GylAeT BTATHBATL KOHTYpP B OBAACTL CHABHOIC
nonst). Ecan pr, 8 B anTHnapangeabHsl (o = a), cHaa oT-
puuaTedbHA, T. €. Hanpasidewa B CTOPOHY yGuiBahna B.
JTOT pesyJabTaT Mbl yXe NOJYUHIH KAauecTBEHHO € mTo-
Molbio puc. 91.

PasyMeertcs, 4T0 KpoMe CHAB (48.8) HA KOHTYp ¢ TOKOM
B HEORHOpPOAHOM MATHHTHOM nose 6yner neHcTBOBATH Tak-
e BpaltaTeNLHMA MoMeHT (48.3).

§ 49. PaGora, coBepilaeMan npH flepeMeliieHid Toka
B MATHHTHOM noJe

,H,Oﬂ}’CTHM, UTO NpoBOA C TOKCM MOMKET CBDﬁOIlHO nepe-
MeltaThCd BO BHEINHEM MAardfutHOM NOJE. 3710 MOMXHO ocy-
HECTBHThL € IOMOILbIO CKONMB3ALMHX KOHTAKTOB MEXAY KOH-
HaMH MPpCBOLAa H OCTAJbHBIMH YYACTKaMHK SBMKHYTOﬁ LenH
(puc. 92). BHewnee none Oyaem npexanonaraTh OZHOPOA-
HblM H MEpOeHIHKYJIsPHBIM K MAOCKOCTH KoHTypa. Ipu yka-
3auHBIX Ha DHCYHKe HAaNpaBACHHAX TOKa M noAs ciaa Syder
hanpaBdacHa BONpas0 H paena

f=iBi,
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rie | —pau#a nepeMetaloierocs yyactka toxka. Ha nytH
ds 9Ta CHJZia COBEPIUHT Haj NPOBOAHHKOM PaBoTy

dA=fds=iBlds.

[pousBesenye {ds paBHO 3AIUTPHXOBAHHOH TVIOHIAAH
(puc. 92), a Blds--noToky marduTHOR HHAyxuuu 4O me-
pes aTy naomaary. IlosTroMy MoxkdHo Hamucatb, 4TO

dA=idD, (49.1)

rie dd - nOTOK MAarHUTHOM HHAYKIUMH, MepecéKaeMbift po-
BOJHHKOM NpPH €ro ABHKEHHH.

ITosyuenHbI#i HaM¥ pesynbsTat Jerke oGoGLLHTL Ha Chy-
Yaf HEOZHOPOAHOrO HoJdA. [ 3TOTO HYXHO pasbHTb mpo-
BOAHHK Ha YyuacTkd dl u cho-
KHTh 3AeMeATapHue paboTH, co-
BepiliaeMble HaJ KaXAHM yuacT-
koM (B npedenax KaxAaoh ma-
Jofi nmomanks di ds MarHETHYO
HHAYKUHIO MOXHO CUMTaThb MHO-
CTOSIHEO).

as Ecnu eektop B ofpasyer c

Pue, 92, HOPMAJIBX) K KOHTYpPY yroa a,

OTJHUHMH OT HyJA, HanpabJje-

HHe CHJAb COCTABHT ¢ HANpapJeHHEM NepPeMelleHHs Takxe
yroa ¢ (I nepnenaukyaspHa k B) u

dA=fcosads=iB,lds,

rae B, = Bcosa -~ cocraBagomas sektopa B no manpas-
JIEHHIO HOpMatd k naowazake [ds. Tpoussenenne B,fds
ecth d® — noToK, IepeceKaempifi npoBonkHKOM. Takum 06-
pasoM H B 3TOM CJay4ae Mbl NpuXxoauM K dopmyne (49.1).

3aMeTuM, uto paGorta (49.1) copepinaercst He 3a cHeT
MAar{uTHOro noas (xak 0mno yxasaso B § 47, cuna Jlopen-
ua paboTel HAJA 3apPAZAMH He COBEpINAET), & 33 CUYET MCTOU-
HHKa, NOJAepKHBAIOWIEr0 TOK B KOHTYpe ).

i

) B § 56 Gyaer noxasamo, 4TO NpH HIMEHEHHNX (OTOKA MATHHT-
BOH MHRYKUHHM, NPOHHSHBAIOMIErO KOHTYP, B STOM KOHTYDE BO3HHKACT
9. 1. ¢, HHEYKUHH %= — R ChenobaTenbto, B 3T0M CAYJde HCTOU«
BHK TOKa, KpoMe pa0oTw, sSarpavdbaeMoli Ha shifefledHe JeHIO~
EXOY/NEBa Temla, AO/NEH COBepINaTh ACHOMHHTEALEYK paGoTy IpOTHB
8, A, ¢, HHAYKUHKY, ONPeAeNqeMyiy BHpaMenHeM

dA= = g dt = L2 1t =i 0,
KoTopoe coprapaer ¢ (49.1),
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Hangem paboty, coBepilaeMyio Hall 3aMKHYTHIM KOHTY-
pPOM C TOKOM DIpH €IC nepeMelleHHH B MATHHTHOM none. Bra-
yane TPEANCJONKHM, YTO KOHTYD, HepeMellianch, OCTaerc
Bce BpeMs B oiHON miockoeT# (puc. 93; sextop B mampas-
aeH 3a veprex). CuJnl, NPHIQKEHAHE K YYaCTKY KOHTYpa
1—2, 06pa3yioT ¢ HanpasjeHueM MepeMelleHHA OCTpule YT+
aul, CrexosarteibRo, copepurtaemas uMu pabora A; nONOMH-~
rearta. CornacHo dopmyae (49.1) sta pafora nponopuuo-
HanbHA CHIIe TOKa B KOH-
Type i"H INepeceueHHOMY
yuactkoM [—2  noToky
MarHHTHOH MHAYRUHM. Yua-
cTok I—2 TepecekaeT NpH
CBOEM ABHMKeHWH noToK g
yepe3  3aMITPUXOBAHHYIO
[OBEPXHOCTE H NOTOK Dy,
NPOHM3LIBAOIKE KOHTYD B
€F0 KOHEYHOM MOJOKEHHH.
Takum oGpasoM,

Al = i(@g + (I)K).

Cuau,  neficteyromsie Puc. 93.

Ha Y4YacToK Koutypa 2—I,

00pasyloT ¢ HanpaBfAeHHeM [EpeMeLIeHHS TyAble VIJIbL,
IosTomy coBepinaemas uME paGora A, OTpHLATeNbHA.
AGconmoTHas BeNHYHHA ee NPONOPLHOHAABHA TIOTOKY, nmepe-
cekaeMoMy yuacTkoM 2—J/, KoTopuifi ciaraercss Uz @, u
Oz — NOTOKA, NPOHH3EIBAIOIIEr0 KOHTYP B HAYAJbHOM IO-
Joxexun. CliefoBaTtefbHO,

Ag = - i(q)o + (DH).

PaBora, coBepmaeMan Hajf BCEM KOHTYPOM, PaBHa
A= Al"'l‘)l?.:i(q:’ﬂ"']'(DK)""(‘I’n{)"i"q)u)m i(‘Dx"(Du)-
Pa3nocTh MarHuTHOrO MOTOKA Yepes KOHTYD B KOHIE Tie-

pememtennn @, H moToka B Hauade Py AaeT npHpaljeHHe
noroka yepes KoHTyp AD. Takum o6pazom,

A=iAQ, (49.2)

B raycconoi cueteme ¢opuyaa s paboTm MMEET BYA
A=—:_—£A<D. (49.3)
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Tpu BuBone dopMyas (49.2) mul cmenasu ompeneaeH-
HHEe npeffoNOXeHHa © Xapakrepe JBHXeHHS KOHTYpa.
Moxno nokasatk, uro 3Ta Qopmyna ocraercs crpaBemid-
Bofi npH A060M ABHKEHHH KOHTYPA B NPOH3BOJLHOM Mar-
HUTHOM moae. B wacTHOCTH, MpU MOBOPOTE KOHTYpa B OIHO-
pO/NOM NOJE H3 MONOMKENHA, B KOTODOM BEKTODH Pm H B
HanpasaeHst B NPOTHBONONOXKHLIE CTOPOHM, B NOJOKEHME,
NPR KOTOPOM STH BeKTODH COBNAMAIOT N0 HANPABMEHHID,
CHJIB! TOJIA COBepIIAaloT Haj KOHTYpoM paGory

A=2{SB
(P = —BS, nexTop B u nonoxuTeNbHAn HOPMANb HMEIOT
NPOTHBONONOXKHRE HATNpaBieHus, BeaeacTBue wero Oy or-

prnarenen; @ = BS). VuuTwpas, ut0 iS = p, — Maraur-
HOMY MOMEHTY KOHTYpa, NoJay4aeM

A=2p,B,

ToT Ke peaynbTaT NONYYAETCS C MOMOILLIO BelpaKeHHUS
(48.6) nnsA sHeprum KOHTYPA B MATHHTHOM MOJe:

A=Wy—Wy=paB—(— me)=2me-



FTABA IX
MATHETHKH

§ 50. Knaccudurauus MarueTtukos

ITpexae ueM H3INOMKHTL KAACCHOHKALHIO MarHeTUKOB,
paccMOTPHM BEJHMYHHLL, ¢ NOMOUIBID KOTOPEIX NPHHATO Xa-
PaKTePH3OBATh MATHUTHbBIE CBOHCTBA PasHHX  BeillecTB.
B § 44 Gunisa BBefeHa ANS 9708 [eAH BOCTIPHHMYHBOCTE %,
ONMpefeRAIan BENHYHHY HaMarHHUCHHA EIHHHIE ofheMa
pellecTBa [cM. dopmyny (44.12) )

Yacto BMECTO BOCHPHUMYHBOCTH €AMHULE oObeMa X
HOAB3YKOTCA OTHECEHHOH K OJHOMY KHIOMOMAW BellecTBa
KHAOMONApHORA (AIA XMMHUECKH MPOCTHIX BeIeCcTB —
KHJIOATOMHOfi} BOCIPHHMUHUBOCTBIO Yum (Yxar) WY OT-
HeceHHo# K elMHHNE Macchi yAeJbHOH BOCHDPHHMYH.
BOCTBIO Yyp. MeXy 3HaUeHHAMH 3THX BOCIPHHMUYHBOCTEH
MMEIOTCH COOTHOINEHHA: Xum == ¥ Ve, THE Vi~ 06bEM K-

NOMONA BellecTBa (B M3/KMOAL), Ypr= 5% rae —mnaor-

HocTh BeillectBa (B x2/M%). B TO Bpemsn kak y-— Gespa3+
MEpHAA BeJHUYHHA, Yxwm (WIH Ywxar) HMEET pa3MepPHOCTD
Mifemons (HmH m3/Kar), a yyq — M¥[xe.

BocnpuiMuBROCTb, OTHECEHHA K MOM (rpaMM-MOJeKyne) semle-
CTBa, HazHBaeTCqa MOJIHpHDﬁ (IlJ]ﬂ XHMHYECKH TIPOCTBHIX BEMIECTB —-
AaTOMHON). OueBHAHO, 9TO Xnu = %Vw, TR Vy —oOBEM MONA Beme-

cra (B cMi/moap}. Mexay sHavenuamu yxw (B CH)} 8 %« (8B raycco-
BO# CHCTEME) HMeeTCH CODTHOIIEHHE

Haew = 47T« IO-SXM- (50.1)

B 32BHCHMOCTH OT 3HAKa W BEAHUMHBI MarvHHTHOH BROC-
NPHUMYHBOCTH BC€ MACHETHKH MOApPasileNATC] Ha TPH
rpynnH:
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1) anamarveTHkH, V KOTOPHX ¥ OTpHHATEeNIbHA H
Majia no a6CoIOTHOH BEAHUHHE (Yum ~ 1078+ 1077 M3/kmons);

2) napaMarHeTHKH, Y KOTOPHX j TOXKe HepeNuxa,
HO MOMOMHTENBHA (Yum~ 1077 <+ 107¢ md/xmonn);

3) beppoMAarHeTHKH, Y KOTOPHX ¥ NOJNOXKHTEIbHA
H ROCTHTaeT O4eHb GOMBINHK 3HAGEHHH (fum~ 10% #3knoae).
Kpome ToTO, B OT/IHUHE OF AHa- M aPAMATHETHKOB, AM8 KO-
TOpBIX ) MOCTOAHHA, MArHUTHad BOCHPHHMUYMBOCTh (heppo-
MAPHETHKOB #BAfercd (QVHKIHEH HanpaAxeHHOCTH MarHuT-
HOTO TOJA.

Taxum ofipasoM, BekTop HaMarnh4enus J MOMeT Kak
coBnajfiath no Hanpasnesuto ¢ H (y napa- u deppomarte-
THKOB}, TaK H OHTh HanpaBledHHIM B HPOTHBONOAQKHYIO
CTOpoHY (Y RuaMarHeThxos)., HamoMHHM, YTO Yy AM3JEKTDH-
KOB BEKTOP NOJIAPM3AIMH BCETAA HANpPaBAeH B TY e CT0-
pony, uto u E.

§ 51. MaruntoMexanuueckne sBICHNd.
MarauTHLIE MOMEHTLL ATOMOB B MOJEKY.J

B riape VII Mb Bugenn, uTo rumoteaa Ammnepa o Mole-
KYJSIPHBIX TOKAX I[O3BORSET OOBSICHHTL -MHOTHE fBJIEHHS
8 marHerukax. [Tpupoaa Monery/NfpHWX TOKOB CTafa NO-
HATHOA mOC/je TOro, KaK onotamd Pe-
sephopaa G0 YCTAHOBIEHO, HYTO
aTOMH BCeX BerlecTB COCTOAT H3 Mo~
JOKHTENLHO 3apAXKEEHOTO fAIpa H
JBHMYIIHXCA BOKpYr Hero oTpuua-
TeJBHO 3aPIKEHHBIX SJEKTPOHOR.

CornacHo TeopuH, pasBHTOH B
1913 r. Huascom Bopowm, snekTpoHul
B aTOMax ABMKYTCA N0 KPYTOBHIM Op-
6uraM. Uepes naOImAAKY, Dacnoao-
FHeHHYIO0 B JI0OOM MecTe Ha AYTH 3JeKs

Puc. 94 TpoHa {pHc. 94), NepeHOCHTC] B exH-

HELY BPeMeHH 3apaj ev, [le e — 3a-

pAA 3IeKTPOHA, a v — ukcho ofopoToB B cekysiy. Cheno-

BaTedbHO, ABHXyuuiica no opbure sjekrpon ofpasyer

KpyroBoil TOK cHabl’ i = ev. [IOCKONEKY 8apsifi 3JeKTpoHa

OTPHLIATENEH, HanpaBJ/ende JBHXKEHHS SJEKTPOHa M Ha-

NpaBAeHHe TOKA HPOTHBONONOXHEL. MaruuTHeit MOMeEHT
€03XaBaeMOro BAEKTPOHOM TOKa paBeH

P = IS = evar?,
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pae r — pazuyc opOuthl, [Iponsseaenne 2nsv naer CKOpoCTh
JBHXKEHHSA 3JEKTPOHA U, HOSTOMY MOXHO HaNHCATb, YTO

pm=e_;r'u (51.1)

Mowmenr (51.1), obychosiaeH ABHMEHHEM 3JeKTPOHA MO
opOuTe, BCAGACTBHE Yer0 HA3LIBAETCH OPOHTANBHBIM
MariuTHHM MOMeHTOM saexktTpona. Hanpapne-
HHE BEKTOpa Py, 06pasyeT c HanpabJeHHEM TOKA IpaBOBHH-
TOBYIO, & ¢ HANpaB/ieHHeM ABHIKEHHA 3/1EKTPOHA JIEBOBHH-
TOBYIO crcTeMy {puc. 94).

JAeuxyminiics no op6ute anexTpoy ofnanaer MOMEHTOM

HMIOYJAbCA
L = mur (51.2)

{(m — Macca anextpoHa). Bexrop L HaswmsaioT op6u-
TANBHHM MeX2HHMUECKHM MOMEHTOM 3J€K-
Tpona On ofpasyer ¢ HanpaBleHMeM JBHKEHUA 3Je€K-
TpoHa npaBoBEHTOBYI0 cHcTemy. CrnefoBaTeNbHO, Hanpas-
AEeHHA BEKTOPOB Pm U L NPOTHBONOMOMKHLL.

OTHomeHHe MATHYTHOTO MOMEHTEZ S5JIEMEHTAPHON uYacTH-
Ial K e MeXauuyeckOMy MOMEHTY HA3BIBASTCH THpOMaAaTr-
HHTHHM OTHOoWmeH HeM. [na s1eKTpoHa OHO paBHO

. 6L

(3HaR «—3» YKA3LBAET Ha TO, YTO HaNpaBJeHHS MOMEHTOR
MPOTHBONOMOKHEL) .

B ['ayCCOBDfI CHCTEME THPOMATHMATHOE OTIOWIEHHE pABHO

Pm _ ¢

L ne

BCJIBECTBH@ BpailueHHs BOKDPYr dlipa 3JA€KTPOH OKasbl-
BaeTcH I!O}].OﬁHbIM BOAUKY. Jrto OGCTOHTEJH;CTBO JEKNT B
OCHOBE TAK Ha3biBaeMbIX FHPOMATHHUTHH X HIH Mar-
HHTOMeXaHHUYEeCKHX ﬂB.'leHlfIﬁ, SAKNPOUANIUHICA B
TOM, UTO HaMarHH'cHHe MarHeTHka HPHBOAHT K €r0 Bpallc-
HHIO H, HaoB0pOT, BpaUleHHe MaTHETHKA BHI3bIBaeT ero Ha-
MarHHIeHHe. Cymecrsosaﬁﬂe ICPBOTO AsNeHHd GulAO JOKad-~
3aHO 9KCIEPHMeHTAIbHO DiHmTeiHOM H 1e XaacoM, BTO-
poro — Bapuerrom.

B ocuose onura DiHwreiina n ge Xaaca semar cae-
aAyloune coolGpaxenns, Ecin HaMarduTuth crepKedb H3
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MAarneTHka, 1o OpﬁﬂTaﬂthIE MAarauTHbIC MOMEHTH JNEKTPO-
HOB YCTAHOBATCA TO Hanpab/leHHI0 NoJafA, a MeXanHuYecKHE
MOMEHTH! — IIPOTHB 110J4. B pe3ynbrate C)’MMaprlﬁ Mmexa-

HHUECKHA MOMEHT 31eKTponos L, cTaHerT omIWumEM oOT
Hyns (mepBoHayanbHO BCAEACTBHE XAOTHUCCKOH OpHeHTa-
LHH OTAEe/bHBIX MOMEHTOB OH Obi1 paBeH HYJ©0)., MoMeHt
HMOYIbCA CHCTEMB! CTEPIKEHD -+ HTEKTPOHE ROAMKEH OCTATh-
cn 6e3 uaMeHeHni. [103TOMY cTepmens npHoBpeTaeT MOMEHT
HMNYAbLCA, PABHBIA — EL;, T. €. NpUAeT BO BpauieHne. M-
MeHeEHe HalpaBjeHnA HaMarHHUCHMS OpH-
BedeT K H3MeHeHHI0 HanpasJjelus Bspalie-
HHSL CTepHHA,

MexaHuueckyi0 MoJleAib  $TOTC  ONHTA
MOMKHO OCYUIECTBHTh, MOCTAaBHB YeJoBeKa
Ha Bpallaloyica CTy/] -H JaB eMYy B PYKH
Bpalfaoiieecs BeJOCHIeAHoe KoJeco. Ilo-
BOpAuABAf BEJOCHNeLHOE KOMeco BBepXx,
4eJlOBeK TPUXOAHT BO BPAIEHHE B CTOPOHY,
IpOTHRONOJOKHYIC HallpaBJeHHIO Bpale-
HuA Koneca. [loBopaunpas Koaeco BHH3,
~ 4eJ10B€K NPHXOAHT BO BpalueHHe B [POTH-

BONOJOIKHYIO CTOPORY.
Onuit Dhnmrefina 1 ge Xaaca ocyie-
‘ cTBAANCA cienyiomium obpasoM (puc. 95).
Puc. 95. Tonkn#t AeNesHHN cTep:eHb NMNOABSHINBAN-
cAd Ha YApyrofi 3akpyuHeawlleAcAd HHTH H
NoMelmanica BHYTPb COMeHOMAA. 3akpyuwBaHHe HHTH MpH
HaMAaTHUYCHUH CTePIKUA [OCTOSHHEIM MarHUTHHM OJEM
noMyManocs BeceMa MaawiM. JIaAa ycunenus sgdexra Gein
NIPHMeHed MeTOA Pe30HAHCA — COJICHOMJ, MHTAJCA TepeMeH-
HLIM TOKOM, 4aCTOTa KOTOPOro NoAGHpasach paBHOW cob-
CTBeHHOH 4aCTOTe MEXAHHYeCKHX KoacOGanuit cucremul. [Ipu
STHX YCIOBHAX aMOANTYAA KoneGaHMi JocTHralda aHAueHudn,
KOTOpPLIe MOXHO GHLIO W3MEPHTE, HAGMI0fAA CMEleHHA CBe-
TOBOTC 3aHuxKa, OTPAXKEHHOTO OT 3epPKaJibild, YKPeMJIeHHOTO

Ha HHTH. M3 RaHHBIX onmbita GBVIO BLIYHCJAEHO THPOMArHUT-
HO OTHOIEHHe, KOTOPOEe BOJNYUHIOCH PaBHBIM — :;— -(— mLc
B rayccoBoit cucreMe). Takum ofpa3zoM, 3HaK sapafa HO-
CHTeAell, CO3AAKIMX MONEKYNAPHbIE TOKH, COBNAA CO 3Ha-
KoM sapana saextpoHa, OfHako nonmyueHHslli pesynbrat
OPEeBLICHA OXUAaeMOe 3HaYelHe THPOMATHHTHOTO OTHOMIE-
uust (51.3) B aBa pasa.
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Utobu nouark onsit Bapuerra, scnoMnuM, 4to npH mo-
(ILITKAX BOBJICYb THPOCKON BO BpailleHie BOKPYr HEKOTOPOro
Hanpab/eHHsi OCh THPOCKONA MOBOPAuUHBAeTCA TaK, UTOGH
Hanpapiesns cOGCTBEHHOTO H NPHHYAHTENbHOrO BpalleHRH
rupockona cosnany (cM. T. I, § 44). Ecnn ycranosuth ru-
POCKON, 3aKpeMeHHblfl B KapJaHHOM MOJBece, HA JHCK
UeHTpOoOeXHOR MAIUHHBL M NPHBECTH €€ BO BpallleHue, TO
och I'MPOCKONA YCTAHOBHTCA IO BePTHKAJH, OpHYEM TakK, UTO
HalpaB/ieHHe BpallleHHA THPOCKONA COBMAjeT ¢ Hampasne-
HHeM BpauieHua Aucka. [Ipn H3MeHeHHM HampaB/eHHs Bpa-
IeHHA LeHTPOGEXHOH MaluHbl OCh I'HPOCKONA NOBOpadH-
paerca na 180° 1. e. rak, uroGHl HamparJieHus 06OHX Bpa-
HIeHHH CHOBa COBHAJIH.

Bapuert npusoiua XKene3HHH CTEpKEHb B OUeHb GbiCT-
poe BpalieHue BOKPYT €ro OCH H H3Mepss BO3HHKAIOIee
npu STOM HaMarHHuenue. M3 peayanTartos storo onnra Bap-
HeTT TakXe NOJNYUHA ANS THPOMAarHHTHOFO OTHOLIEHHS Be-
JVuMHY, B ABa pa3a MpeBHILAIONYD 3Hauenue (51.3).

B naabhefilieM BHIACHHIOCh, YTO KPOMEe OpPOHTAJBHHX
moMenToB (51.1} u (51.2) anekTpon o6aagaer co6CTBEHHLIM
MexaHuyecKuM L, U MariHTHEIM Prms MOMEHTAMH. AJ51 KOTO-
pblX FHPOMarHHTHOE OTHOINEHHE PABHO

Pms . _ &
Lg m?

(51.4)

T. €. COBAAAaeT CO 3HAYEHHEM, NIONYYEHHBIM B ONbITax JDitH-
wreiHa u ge Xaaca u DBapuerra, Orciofia caeayer, 4rg
MAaFHHUTHEE CBoOficTBa eneza 00Gyc/1oBAGHH He opOuTalb-
HbiM, a COOCTBEHHBLIM MAarHHTHHIM MOMEHTOM SJACKTpOHOB.

CyuiecTsoBaHHe cOGCTBEHHBIX MOMEHTOB SJIEKTpPOHA Iep-
BOHAYAJbLHO MLITANHCh OGBACHHTD, PACCMATPHBAR IJIEKTPOH
KaK 3apsMeHHblil (HaPHK, BPalllaloIHUKCS BOKPYr CBOEH OCR.
B coOTBETCTBHH ¢ 9THM COOCTBEHHE MeXanyyeckHli MOMEHT
BIEKTPOHA TIONYYMA Ha3paHue cmnHH {OT aHrauiickoro to
spin — BpamaTbea). Opnako Bckope OGHApYKHIOCh, UTO
TaKoe TpeAcTaBleHHe NPHBOIHT K PALY OpPOTHBOpeuufl, u
OT TrHNOTE3H O <BpalLlaOUIeMCA» 3JEKTPOHe NPHINAOCH OT-
KasaThca, B HacTosiulee ppeMa MpHHHMAETCA, UTO COGCTBEH-
HEIfl MeXanHyecKnfi MOMeHT (CHHH) H CBSI3aMHHIE C HHM
cofcTBennbil {CHHHOBLIA) MardMTHHIA MOMEHT ABIAIOTCA
TAKHMA e HeOTBheMJICMbIMH CBOHCTBAMHM 3JeKTpOHa, Kakg
€ro Macca H sapag.
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CoanoM oburagawT He TOALRG SMEKTPONH, HO ¥ ApYrHe
SNIEMEHTAPHELS YACTHLIB.

Cl’Il‘lH IACMCRTZPRIX Sa8CTHI} ORKA3ZLIBACTCH HCJEBIM H/IH
NOAYHEABM KDPATEHNM BENWUMHE B, HOTOpas PaBEa NOCTOAH-
noit [Lnanxa A'), perennofl Ha 2m:

n=-2%= 1,05 107 Oxe . cex=1,05- 10 ape-cex. (51.5)

1
B uactrocTH, Ang SMERTpOHa L, =3B, B CBA3N ¢ veM ro-

BOpPAT, YTO CNHH BMeRTpoHa paBeH 'y, Takum oGpasom, fi
npencrasaser cofoff Kak 6ol eCTECTBEHHYIO ERAMHUNY MO-
MEHTa HMAYJZbCA, NORGOHG TOMY KaK 3neMeHTapHbilt 3apan
€ ABAsercH ccTecTBeHHol eauunieli sapaaa.

B cootBercteEn ¢ (51.4) coGeTBeuuniii MATHMTHLIE MO-
MEHT 3JeKTpPOHa DABEH

Pra=—la=—gg=—gy. 61
Benuvnny

Bp= —29—’% = 0,927 . 10”® pmoyasfrecua =
= 0,927 . 107 spr/raycc? (51.7)

Ha3znBawT MarHeToHoM bopa. Cnejopatenbuno, €ob-
CTBEHHR({l MATHHTHBIA MOMEHT 9JEeKTpoHA paBeH OJAHOMY
Marzerony Dopa.

MaryTHEA MOMENT aTOMa CTAFaeTcH M3 OPOHTA/IBLHLIX
H cOOCTBEHHKX MOMEHTOB BXOAAMIMX B €1 COCTaB 3IEKTPO-
HOB, 2 TAKKE H3 MAFHYTHOrO MOMeHTAa anpa (KOTOpHIl 06-
YCAOBReH MArHWIHHME MOMEHTaMH BXOAAUEX B COCTaB
AIpa IEMEHTapHHIX YACTHIE -— HPOTOHOB H HEHTpONOB).
Maruurnpilt MOMeENT AEDE SHAUATERbHO MEHbIle MOMEHTOR
REKTPOHOB, MOITOMY HPH PACCMOTPERHHM MHOPHX BOBPOCOR
UM MOXHO npesefpeub B CUMTaTH, YTO MATHHTHHIA MOMEHT
aToMa paBeH BeKTOPHON cyMMe MATHUTHHRE MOMEHTOB 3/€K-
TPOHOB. MarBNTELI} MOMEHT MOBEKY/NH TAKME MOMKHO CUM-
TaTh DABBLHIM CYMME MATHUTHHX MOMCHTOB BXOLSUIHX B €
COCTAaB SAEKTPOHOB,

1} Tlocrosneyo [AaHKG HISHRAWT TMOKE KBAWTOM ERACTRHL.

2) Coraacro dopuynte W = —pn,B pasuepnoers saranTHOro Mo-
MEATA PaBs& PAIMEPHOCTH IHEPTHH (IPT MAK Joxoyab), JedesHod Ba
pasMepHOCTb MarkuTHOR NHAYKUMM (Faycc BAW Tecka}.
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IKCNePHMEHTAABHOE ONpejeNeHie MAHUTHEX MOMEHTOB
ATOMOB M MOJIeKyJ Oblio ocyumectsaeHo HltepnoM w Pepia-
X0M. B HX OnHTax MoOJeKyNADHHA MY4YOK NPONYCRANCsH ue-
pes MarHRTHoe noae c GofbIHM rpaauentom. Heoasopox-
'HOCTb NOASl JOCTHralach 3a CURT CHelUanbHOR GopMhE 10«
AHOCHBIX HAKOHEUHHKOB JIEK-
tTpoMarsnTa (puc. 96). Co-
raacio ¢opmynae (48.8) =Ha
aToOMBl HJIH MOJEKYAH nyuKa
JoxHa JeficTBOBATDL CHJA

aB
F=pn 32 cosa,

BeJMYHHA M 3HAK KOTOpOf 3a- Puc, 96.
BHCAT OT yria g, 06pazyeMoro

BEKTOPOM Pm C HampasiaeuneM uoas. IIpu xaoTHueckom pac-
npeJeNeHHH MOMEHTOB MOJIEKY [0 HanpaBieHusAM B Ny4Ke
HMEIOTCS YACTHIM, AJS KOTODHIX SHAaueHHS G HSMEHFITCA
B npenenax or 0 xo .
o3 nows | B COOTBeTCTBHH C 3THM
f npeanedaaraioch, uTo Y3-
%m ml:ﬁ MOJeKyAapHbIH nyqy;K
Hocle NPOXOKASHUS Me<

I
! Hg. Mg Ly MOMIOCAMH  OCTaBHT
[:I Ag. Mo,k Ha 3KpaHe CIJIOUIHOA pacs
TAHYTHE CAel, Kpas KOTO-
Coozew | 1111 v porgv COOTBeTCTBI;'IOT Mo~
FLUTE L M JeKyllaM, ¢ OPHEHTAUHUAMH
I mopg yraMi a=0 ® =
(1 T T O I IO (pue. 97). Oublr nan me-
* OXXHIaHHblE  PE3YJBTaTH.
Puc, 97. BMecTO CINIOUIHOTO pacTs~

HYTOro ChAcela NoJaydananch
OT/e/bHBIE JINHHH, PAacHOJOMEHHHe CHMMETPHYHO OTHOCH=
TeNbHO ¢Aeda NyuKa, YIOJYYeHHOr'c B OTCYTCTBHH TOJSA.
Onur Hlrepra u I'epnaxa morasan, uro YIVIH, NOL KO-
TOPLIMH MAaruHTHLIC MOMEHTHI aTOMOB M MOJEKYJa OpHeHTH~
PYIOTCA NO OTHOIERHIO K MArHHTHOMY HOMW0, MOTYT HMETh
JHIIb AHCKPeTHHe SHaNeHHS, T. e, 4T0 NPOeKIHH Mar{HTHOrO
MOMEHTA Ha Hanpas/ieHHe NOJS KBAHTYIOTCH.
Yucao BOIMOMKHEIX 3HayeHUl TNPOCKIRA MariHHTHOTO MO-
MeHTa Ha Hanpas/jeHHe MarHHTHOTO NMOAA AJA DAasSHBIX aTo-
MOB pasiuugo. Jing atoMoB cepefpa, aNniOMHHHA, MeIH H
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IeJOYHEIX MOTAJIOR OHO paBHO JKBYM, HJIfl BaHaRus, as0ra
H rafobreHoB — 4EThipeM, JUIA KHCIOPOAAa — NATH, A Map-
raHila — IecTd, Keje3a — JIeBATH, Kk00adbTa — HECATH
HT A

HAnA MarHHTHRIX MOMEHTOB aTOMOB H3MEDEHHA JaaH
3HAYEHHS MOPRAKa HeCKOAbKUX MarHeroHos bopa. Hekoro-
Phie aTOMB He OOHAPYKHJIMH OTKRJAOHEHHs (CM., HanpyMep,
cjIe, aTOMOB PTYTA M MarHusa Ha pHic. 97), uTO yKkasbiBaer
HA OTCYTCTBHE Y HHX MATHHTHOTO MOMEHTA.

§ 52. JlnamarneTnam

DnextpoH, ABuxywufics fo opbure, nogoded BOAUKY.
IMosToMy eMy AOMKHW OHTH CBOHCTBEHHH'BCE OCOGEHHOCTH
NOBEJCHHA THPOCKONOB MOA AeACTBHEM BHEIIHHX CHA, B Ya-
CTHOCTH [IPH COOTBETCTBYIOLUIMX YCJAOBMAX AOJMKHR BO3HH-
KaTk OpeueccHs 3NexTPCHHOH opOHTH. ¥Ychosun, neolxo-
BUMHE JNA NPelecCHH, OCYUIeCTBARIOTCA, €cli aToM Haxo-
IOUTCS BO BHemHeM MmaruutHOM none B (puc. 98). B atom
chydae Ha OpOHTY AEHCTBYeT BpaliaTeqbHbli MoMeHT M =
= [p,B], crpemMalniicAs ycTaHOBUTE OpOHTANbHBI MarauT-
Hbli MOMEHT 3/JeKTPOHZ Py 0 HANPABACHHK noJs (mpu
TOM MeXaHHYecKHH MoMeHT L ycTaHoBHTCA OpoTUR moad).
Tlog neficteHem MomeHTa M Bektopht L M p,, coBepmiawr
NpelecCHi0 BOKPYT HaNpaB/leHHs BEKTOPa MArHHTHOM Ri-
aysuad B, ckopocTb KoTopoll Jjerxe Hafith (eM. T. I,
§ 44).

3a BpeMa di mekrop L noayvaer npupamlense dL,
paBHoe

dL = Mdt,

Bekxrop dl, kak u Bextep M, nepnesjinkyaspes K nno-
CKOCTH, TIPOXOAsilefi uepes BekTopul B u L, u ne mogyaso
paBeH

jdL = p,Bsinadt,

TAS @ — YIoJ MeXNy pm H B.
3a Bpems df mIOCKOCTL, B KOTODOH JIeXKMT BekTop L,
NoBepHeTca BOKPYr HanpaBieHHs B Ha yroa

_ idL] _ pmBsinadt _ pm
d = Lsing Lsina L Bdt.
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Pasnenne s51O0T yron Ha BpeMsa di, Haliiem YIioBylo
CKOPOCTb MPeLecCHH

4t pm
w = g="725

TMogcraBus B 3T0 BrIpameHne aHavenue (H1.3) otHome-
HHS MAarHHTHOTO H MEXaHHUYeCKOro OpOHTANBHLIX MOMEHTOR
3JEKTPOHA, NTOAYUEM "

0, =<3, (52.1) 50

B rayccosofi cucreMe @ =£f—‘—r-.
L 2ime
Yacroty (52.1) HasmBawT va-
CTOTOR AApPpMOPOBOH mpe-
ILe CCHH HJH TIPOCIO ap M op o-
Bo#t wacToTo#. OHa He 3aBH-
CHT HH OT YIila HaKJCHa OpOHTHI
0O OTHOWIEHHUIO K HANPABJEHHID
MATCHATHOrO 1OJIA,, HH OT pafuyca
OpOHTHl MJIH CKOPOCTH 3JeKTPOoHA
H, ClelcBaTeJbHO, AJH BCEX 3JeK-
TPOHOB, BXOASIIIKY B COCTaB aToM4a,
CLUHAKOBA.

[Mpeneccus opOutel  0GycAoB- -
JHBaeT JONOJHHUTENLHOe ABHIKEHHE -§€ S

-~

9MEKTPOHA  BOKPYF HampaBieHus o == L rd
nonsi. © Ecin 6w paccrosinue r’ /%
9/71eKTpOHA OT mapaifenpHoli B )

OCH, TNIpoXoAsiIiefl uepes LEHTP Op- ,

O6uThl, He H3MEHAJNOCh, AONOJHHA f P
TeAbHOE IBHKEHHE TEKTPOHA Npo-

HCXORHNO M0 OKPYKHOCTH pajuyca Puc. 98,

r’ (CM. He3alUTPUXCBAHHYIO OKPYH-
HOCTh B HIDKHeli uacTH puc. 98). Emy coorBerctBoBas Gul
(]
f ek
KPYroBoil TOK (CM. 34INTPHXOBAHAYIO OKPYIKHOCTL) I =e 5=,
MarHHTHbIH MOMEHT KQTOPOFO

o,

P pror ,3_-20)
p=18=e gy =

= (62.2)

HanpaBieH, Kak BHAHO n3 puc. 98, B cT0pOoHY, MPOTHBONO-
JOXEYI0 B. 3T0oT MoOMeHsT Ha3shBaeTCs HIYIHPOBAHHBIM
(HaBeleHHLIM) MarHHTHLIM MOMEHTOM.

12 WU. B, Capenres, T, 11 1Y



B meficTBHTEALHOCTH, BCAGACTBHE ASHKEeHHA 3JEKTpoHA
no opbuTte paccrofiiie f° Bce BpeMs Menserca. Ilostomy

B QopMyae (52.2) HykHO OpaTh BMECTO r* ero cpemuee

II0 BPEMEHH 3HauenHe r' . 3To cpeaHee saBUCHT OT yria o,
XAPAKTEPH3VIOHIEre OPHEHTANNIO IJIOCKOCTH OPOHTH 1o oT-
HoweHnne K B. B uactsocTH, RAs opOuTH, NepneHAHKYAAp-

HOH K BekTopy B, r’ mocrosHHO u
B , paBHO pazuycy opGutu r. [Lasa op-
rersin®@t Gurh, HAOCKOCTH KOTOPOi NPOXO-
Jur yepe3 HanpaBaesue B, r/ us-
MeHSeTC N0 3aK0HY r’ = rsinwf,
rge o - yriosag CKOpoCTe ofpa-
wt MICHHS 3JeKTpoHa no  oplbure

(puc. 99; mexrop B u opfura ne-

at B IMIOCKOCTH pHcyHKa). Cre-

T
JoBartenpdo, r’ =r<sin‘ ol ¥, no-
CKOJIBKY CpejHee 3Ha4YeHHe KBag-

-4

. 99, e [
Puc. 99 paTta cHHyca ecTb fy, 1 = ) %,
EchH NpoM3sBeCTH yCpeJHEHHe MO BCeM BO3SMOMHBIM 3Ha-

YeHUAM ¢, CUHTAA UHX paBHOBEpOHTHHMH, TO INOJYYaeTCsa
— .
’ 2, (52.3)

r =—§r
B aTtoMax ¢o MHOTHMH 3MeXTpoHaMu OpOHTH OpPHEHTH-
poBanb BCEBO3MOXKHBIMH crnoco0aMH, TO3ITOMY KaXKIOMY
3/EKTPOHY MOMHO MPHIECATh B cpeiaseM 3nauenue (52.3) 1).
Ioncraeas B (52.2) 3nauenwe (52.1) ana wr # (52.3)

pas 1’ [OJYYHM JJA CpefRHEero 3HauYeHHd HHAYLHPOBAH-
!~_!01'0 MAarH¥THOrO MOMEHT4Z OHHOrO 3JIEKTpOHa caedyroulce
BHpaKeHHe:

J— 2

v, =— -E%-ﬂB (52.4)
{3HaK «—>» OTpamxaeT TO, YTC BEKTOPH p:n n B saupas-
JieHEl B [IPOTHBOIOJIOKHbIE CTOPOHH).

Mpt npeanonaranu opduty Xpyroeo#t. B nporuBaoM cny-

yae {Harnpumep, AAs SAAUNTHYECKOK OpOMTH) BMecTo f2

HYXHO B3ATh r?, T. €. CPeAHHH KBaJpaT PACCTOAHHA 3JCK
TPOHA OT ALPA.

1) Dro crporo COpaBeAaHBO JiHUIL AR chepHieckH CHMMeTpHIROA
MEKTPOHHOR OOOAOUKH aToMa (CM. YUeGHRK No aToMHOH Quanke),
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Fpocymunporas Bupaxerne (524) no seem saexTpo-
HaM, HahieM HHAyUHPOBAHMLIH MaTrHHTHME MOMEHT aroMa
B LEIOM:

™

Ppur= Ny Pp=— o N7 (52.5)

k—l

(aucao 3J1eKTp0H03 B aTOMe DaBHO, KaK M3BECTHO, aTOM-
HOMY HOMepy Z).

Hrax, non jgeficTBHeM BHEILHETO MATHHTHOTQ MOJSt 1poO~
HCXOJUT Npeneccus JIEKTPOHHHX OpOHT ¢ OIHHAKOBOH /4
BCeX 3MIeKTPOHOB YrJ0BOH ckopocTeio (52.1). Obycaosmaen-
HOe npeleccHedl NONONHATENbHOE IBHMKEHHE 3ACKTPOHOR
NPHBOLAT K BO3HKHKHOBEHHIO MHIYUMDOBAHHOTO MaCHUTHOTO
MOMEHTa aToMma (52.B), HampaBJaeHHOTQ NPOTHB noJs. Jlap-
MOpOBa NpeleccHs BO3HHKAeT y BCeX (€3 HCKJIKYEHUS Be-
mecte. OZHako B Tex cayyadAx, Korja aToME o0Japaior
caMi no cefe MarHHTHBIM MOMEHTOM, MATHHTHOE TOJe He
TOABKO HHAyuupyer MomenT (52.5), HO M OKa3niBaeT Ha
MArHUTHLIE MOMEHTH ATOMOB OPHEHTHpPYIOHIee JeficTBHE,
yoTaHaBdiiBasd HX [0 HanpaeaeHHio nods. Boauukawopit
IpPH 3TOM TOJNOXKHUTENBHHI (T. €. HamlpaBJeHHRI BLOJB
n0Jisi) MACEHTHHA MOMEHT OHiBaeT '3aHaYMTENbHO 60Jblie,
yeM OTpHIlATeNbHbil MHAYUHpOBaHHLIA MOMeHT. [losToMy
Pe3yIbTHPYIONIHT MOMEHT OKA3HIBAETCH HOJNOXKHTENbHBIM H
BEHIECTRD BEIET ceBd KaK NnapaMarHeTHK.

Huamarnetusm oOHapyKUBAIOT AHINE Te BEWIECTBE, ¥
KOTOPLIX ATOMH He 00/1aJai0T MAaTHHTHBIM MOMEHTOM (Bex-
TOpHAN CYyMMa OpOMTAJbHHX H CIHHOBBIX MarHHTHEIX MO-
MEeHTOB JIEKTPOHOR aTOMa paBHa Hymw). Ecau axs, Taxoro
BemiecTBa YMHOMXHTDL paBerctso (52.5) na uucno Asoragpo
N4, DOAYYMATCH MATHHTHHIH MOMEHT KMJOTPpaMM-aTOMa Be-
iecTBa. Pasfenns ero Ha RaNpsXeHHOCTh Noyis £, Hafilem
KRIOTpaMM-aTOMHYK) MATHHTHYIO BOCIPHUMTHBOCTD ‘.
(OrHOcUTEJabHAS MATHHTHAHA NPOHHLAEMOCTb JHAMATHETHKOR

. B
npagtaueckn pasha 1. TI03TOMy MOXKHO NONOKHTL <7 = Wy
Taxum oGpasom,

Z Z
Naph PN el — —
e = g = grg=—3,55-1012k21 72, (52.6)

PagmycH 3ACKTPOHHMX OPGHT HMEWOT BEJHYEHY NOPAK-
Ka 10710 .
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Caenonatentto, cornacio dopmyne (52.6) rumorpamm-
ATOMHAA JHAMATHHTHAaA BOCMPRHMUHBOCTE NOJYYaeTcs MO«
pagka 10-8—1077 4rTo XOpOWWO cOraacyercd C IKCIEpHMEH-
TaJBHEIMA TaHHEIMH.

§ 53. NapamarueTHam

EcAH MaruUTHBIA MOMEHT p, ATOMOB OTJIHYEH OT HYJIs,
BElIeCTB0 OKA3LIBAETCHA MapaMarHHTHLIM. BHelluee MarHur-
HOE TI0JIe CTPEMHTCH YCTaHOBHTL MarHHTHBEIE MOMEHTH aTo-
MOB BJoJb B, TennoBoe RBMmKEHHe CTpeMHTcs pa3zbpocath
WX PaBHOMEPHO IO BceM HanpaBieHMsM. B pesyabrale
YCTaHaBJARBAETCR HEKOTOpas paBHOBECHAA NMpPEHMYIIECTBeH-
HaA OPHEHTALKA MOMEHTOR BAOJAB [OAA TeMm GoJbmias, ueM
Goabme B, u TeM MeHBNIAR, YeM Bhille TeMIepaTypa.

Kiopn skcnepuMmeHTanbHO YCTAHOBHJ 3aKOH, COrJAcHO
KOTODOMY DapaMaruHTHas KUJAOrPaMM-aTOMHAS BOCIPHHM-
YHBOCTH BEOIECTBA paBHa

c
Yrar = T (53.1)

rae C-—nocroasnan KiopH, 3aBHcAWas or polla Be-
wectsa;, T — aBcoAloTHAs TeMnepaTypa.

Kaaccuueckana Teopus mapaMarHetuaMa Oblia pasBuTa
Janxesenom B 1905 r. Mul orpaHHuAMCcA H3J0XKEHHEM ITON
TEOpHH JJIsl cIyuad He CAHINKOM CHJIBHEIX [OJefl H He
OYeHb HH3KHX TeMmepaTyp.

Coranacho opumyae (48.6) atom o0nagaer B MATHHTHOM
none nmeuuﬂa.nbﬂou sHeprued W = —p,.B cos ¥, kortopas
3aBHCHT OT yrja & MeXAay BexTopaMn p, H B. Ilosromy
PABHOBECHOE pacnpegelieHHe MOMEHTOB OO HANPABJIEHHAM
JOJIXHO NOAYHHATBCS 32KoHY Boabumara [em. 1. I, dop-
myay (109.3)]. CorsacHo 3TOMY 32KOHY BEpOSITHOCTL TOIO,
4TO MarHATHBII MOMeHT atoMa Oyjer oO6pa3oBbiBaTh ¢ Ha-
npasJfeRHeM BekTopa B yroJs, sakJIOUeHHBIA B Mpeiesax or
4+ po &+ 49, nponopuHoOHaAbREA

W B cos O
P e

Boeana oGosHayeHHe

22, (53.2)

BLIpaXKelne, onpe,menmomee BePOATHOCTb, MOXHO 3amuCaThb
B BHAE €3 €us ¥,
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ByseM n3obpakaTh HanpaB/JeHHS MaTHHTHHIX MOMEHTOB
4ATOMOB C NOMOINBIO TOYeK Ha cdepe eIHHHYHOro paamyca.
Ecau Gl nose He OKasblBado Ha MarHHTHLIE MOMEHTH OpH-
€HTHpYIOllero JefcTBHA, OH¥M ObuH O pacnpefeneHd No
HanpapJAcHHAM XaO0THYeCKH. B 3ToM cayuae MIOTHOCTH TO-

n
uex Ha cepe NOCTOAHHA M PaBHA —, TAE A — KOJUYECTBO

paccMaTpHBaeMHX aTOMOB, KOTOPO€ MEl BO3bMEM pPaBHLIM
UHCAY aTOMOB B eXZHHHle ofnema. [109TOMY 4UHCAO ATOMOB,
MOMEHTHl KOTOphIX 06pasyloT ¢
HaopastesdeM B yraw, 3a-
KANIOUeHHble B rnpefenaax or O Sind
o 9+ de; Guao 6w pasHO ad
{(puc. 100) 4
n 2:131;1“611& m-é»nsinﬂdﬂ

(53.3)

[ep. ¢ dopmynoir (100.4) I Toma).
B nmeficTBuTesabHOCTH, Mar- Puc. 100.

HHTHOE M0J€ OKa3biBaeT i#a Mo-

MEHTHl ODHEeHTHPYIOUlee HefictBHe, B PeayJbTATE YEro Ha-
npaBieHss ¢ MeHbluuMH § cTaHOBATCA npevlsafalolumi.
BeposTHOCTD pPa3IKYHBIX OPHEHTAWKH, KaK Mbl BHIENH, OPO-
nopuHoHanbHa e? ¢ ?®  Chepoparessdo, 4TOGH IOAYUHTH
pacnpejenenie MOMeEHTOR NO HAMpaBJIeHHAM TIPH HAJHYMH
MAarguTHOTO NOJAA, HYXKHO Bhipaxenne (53.3) YMHOXHTDb KHa
3TOT MHOKHTEJb:

dng= Ae?s® - sin § 46 (53.4)

{A — wenssecTHHH 1n0Ka KO3POUUKWEHNT NPOMOPHHOHAMb=
HOCTH).

MarsuTenif MOMEHT aToMa HMEET BeIHYHHY ROpaA-
Ka ofqHore Marnerona Bopa, t.e. ~ 102 gxfra [cm. {(BL.7}}
[lpn pocthraeMblXx OOLIYHO [1OJIAX MATHHTHAA HHAYKUMH
GuBaer nopaaxa | ra {10* ec). CrenonatensHo, p,B HMeeT
nopaaok 10~ da. Beanunsa kT npu KoMHATHOH TeMnepa-
'rype paBia npumepHo 4.10-% Jx. Takum oOpasom,

a= T <1 1% ? MoXHO 3aMeHHTh DPHGIHKEeHRHO 9e-

pes | + acos®. B stom npubnuxenun sripaxeine (53.4)
NPUHHMAET BRI

dng= A(l +acosﬂ) nsmﬁdﬁ

) |

’ o
dnjy =
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Koncranty A Moxso HafiTH, BOCNOML3OBABHIHCH TEM,
YTO NOJHDE UHCAO MOJEKYJ, HMEeMUIHX BCE BOSMOMXHLIE OpH-
eHTaNHH, XapaKTeprsyemsle 3HaueHHAmMu ¢ or 0 mo =, Hoa-
dHO GHITL paBHO 1.

@ n
n=J.dnﬁ.=%nA j(l +acos ®) sintdd =nA,
0 0

Otcwoga A = 1, rak uro
dng= 1 (1 +acos B) sin & db.

MarsuTHLie MOMEHTH aTOMOB PaclpelresioTCHd CHMMeT-
PHYHO OTHOCHTEJABHC Hanpabaenus nodis. [losromy pesynb«
THPYIOUIHA MaTHHTHBIE MOMeHT COBIAafaeT N0 HaNpaBJIeHRIO
¢ B. CaegopaTenbHO, KaxKABE aTOM BHOCHT B pe3yabTH-
pyiolHii MOMEHT BKJaJ, PaBHHH pncos & Takum oGpasom,
[J1s1 MATHHTHOTO MOMEHTa eJMHHIE o0Bema (T. e. [JIA Bek-
TOpa HaMarHHYeHHS) MOKHO HaMHCaTh CJefywollee Bpa-
XeHle:

n n
J= J- PmCOSﬁdna=-é7‘_npmJ. (1 +acosBcos¥sinddd=
g 0

La Hpmt

1
=ZMWn3 =3

Ioxgcraeans coma BMecTo @ ero 3uaueHHe (53.2), nony-
yaeM

npiB

I =7

Hakonen, pasaeiur J ua H, HafineM BOCHPHEMUHBOCTE

2
o Pay
B
AAs i1apaMarHeTHKOB TaK:e MOXKHO MOJOKHTh T= NE
Base BMecTO A 4MCIO0 ABOI‘&UIPO Na, NOAYYHM BHIpAXe-
HHe Ansf KHJIOI'paMM'a'POMHOiI BOCTIPHHMYHEBOCTH

2
e = 22T (53.6)

182



Jlergo BuEeTb, YTO Ml NPALIE K 3axeny Kiopn. Como-
crasnenre dopmya (53.1) n (53.6) naer gmas mocrosmnuofi
Kwopr caeiyiuiee ssipaense:

ol Apfn
3k

Hanomnrum, uro popmyna (53.6) moayuena B mpeanono-
KeHUH, UT0 PpnB € ET. B oueHb CHABHHIX NOMAX W OpH
HU3KUX TeMneparypax Hala10zamTcsa OTCTYILIEHHS OT IO«
NOPLHOHAJLHOCTH MeX]y HaMmarTHHYeHHeM fapaMarieTHKa
J W HanmpsaeHHOCTLIO nona f, B YacTHOCTH, MOXET HacTy-
AUTL COCTOAHNE MATCHHTHOTO HACHIIECHHA, MPH KOTOPOM BCe
Pm BBICTPAMBAIOTCS 1O NMOJIO, H AajbHefIlee yBenuueine A
He IPUBOAMUT K BO3PACTAHHIO J.

3HauCHUR Yxar, PACCUHTAHHHE N0 QopMmyste (53.6), B
pAfe cayyaeB XOPOLIO COTMIACYIOTCA €O 3HAYEHHAMHA, MOJY-
aeMBIMH H3 OOHITa.

Ksaurceas TeopHs npapaMarHeTH3Ma YUYMTHIBaeT TO 00-
CTOATEJNBCTBO, YTO BO3MOMKHBE JHIIB JHCKpeTHbe OpHeHTas
1t} MAaTHHTHOTO MOMEHTA aTOMa OTHOCHTeNRHO noas. OHa
HPHBOHT K BHIPAMEHUIO AJSl Yxar, AHaJOTHUHOMY (53.6).

C= (53.7)

§ 54, ®eppomaracTusm

Ocobpli ®Aacc MarneTikoB of0pasyioT BemlecTea, CIO-
cobupie o0MaJaTh HaMarHHYeRHEeM JaXe B OTCYICTBHE
BHe{lIHero Marm#racro noJs. [lo csoemy nauGoJaee pacnpo-
CTP4HEHHOMY TPeACTaBHIEAID — JKeIe3y — OHR NOJNYUH/IH
HasBaHue deppomarHeruKos. K mx umcay npraai-
AeKAT JKeJIe30, HUKeNb, KobanLT, TagoIuHE#, HX CUNaBh M
COS/HNEHAA, 8 TAKKe HEKOTOPHE CHJaBh H COCRHHERHR
MapraHiia @ XpoMa ¢ HetdlepDOMAarHHATHBIMH 5JIeMEHTaMN
(nanpumep, MnAlCu, CrTe u 1. 2.). B nocaenuee spems
GOJRINYIO POJh £TAAM HIPaTh GEPPOMATHHTHBIC HOAYIPO-
- sogungd (ca. § 72), pasnizaeMie GeppuTamu. deppo-
MATHETH3M TIPHCYI BreM 3THM BelecTBaM TOALKO B KpH-
CTalAAYECKOM COCTORHUH,

DeppOMaNECTHRER ABASIOTCA CHABHOMATHUTHHIME Bemie-
CTBAMH — HX HaMarpsueHue B orpomsoe {ao 1% umeno
pa3 EPeBOCKOTHT HAMATHEUEHHe AHA- H HaPAMAaTHETHKOB,
NpARAAACKAUIAX K KaTeropuu cHalOoMarnyTHLIX BeulecTs.

Hamarnnuesse cAaGOMATHUTHHX BEHIECEB HSMeHSETCA
¢ HanpAXeHHOCTHI0 nogsd  JHHefino. HamarHuuedne
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deppoMarneTHkoB 3aBUCHT OT [ cnoxkuBIM of6pazoM. Ha
pHc. 101 1ana kpuBas HaMareuueHus $eppoMarseTukd, Mar-
KHTHBI MOMEHT KOTOPOTO NepBOHAYalbHO OLLI paBeH HYJII0
(ona HaseBaeTCd OCHOBHOMN WY HyJNeBoH KpHBOHA Ha-
MarHH4YeHHudA). Ye B NOAAX MOPAAKA HECKOJbKHX
apcren (~ 100 afs) mamarnuuense J AOCTHraeT HacHiIie-
aun. OcHoBHas KpHBasi HAMACHHYCHHS Ha - IHarpamme
B — H npusepena na puc. 102 (xpueaa 0—I). Hanomnum,

6
2\ 2
2F-- -7
32 Q?a" /]
%7t i
Ky /
N
P4t
o 7 20 0 400 sl
H am 4
Pae, 101, Puc. 102.

uto B = pg (H + J). Tlo3TOMy MO BOCTHXEHHHM HACLILECHUA
B npopomxaer pacrti ¢ H mo anmelinomy saxony: B =
= peoff + const, rae const = pgdyae.

Kpnean mamaruuuenus emeza OnJla BrepBule moay-
teda W noJpabHo KcellenoBaHa pycckuM yueneiM A. I Cro-
AeTOBWM, Pa3pafoTaHHuil uM DaHCTHYECKHH MeTOHd H3-
MepeHHs MarsuTHON MHAVKIHH DaXORuT UIHPOKOe NpHMEHe-
Bie 00 HacronLero speMmend (cMm. § 57).

Kpome nenunefiHoft saBucumocrn Mexay H un J (uwin
H w B) ana deppomarneTnxosB xapaXkTepHO TaKkKe HaJHune
ractepesuca. Ecau poeectn Hamarsudedde [0 Rackl-
uienus (Touka ! na puc. 102) n 3aTeM ymeHbLIaTh Hanps-
KEeHHOCTb MArHMTHOIO NOJf, TO HaMaTHHYEHHe cJaeAyeT He
nepsoHauaibHofi kpuso#t 0—I, a HM3MeHAEeTCA B COOTBET-
CTBHH ¢ Kpusoft I—2. B peayseTaTe, Korja HanpsxKeHHOCT
BHElHero moJs cTaHeT paBHON Hyalo (TOuKa 2), HaMarHu-
yeHHe He HCYe3aeT H XapaKTepH3yeTcs BeJuuHHOM By, KO-
Topas HasbiBaercd OCTaTo4YHO#W nugyknue# Ha-
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MarEHYeHHe HMeeT NpH TOM SHadeHue J,, HasuiBaeMoe
OCTATOYHHM HaMaTrHuYeHneM.

Hamaruuyenne obpantaerca B Hyds (Touka J) AHUIB
noa necfictBueM moasa [, nAMelowero HampaeJeHHe, NPOTH<
BOHOJMOXHOE IIOJIIO, BH3BABIIeMY HaMmaruatenue. [Hanpsa-
WednocTh H, HasniBaercs KOSPHHTHBHOA CcHAOM

CyliecTEOBAKHEe OCTATOUHOTO HAMarHWUEHHA JefaeT BO3-
MOXKHHIM H3rOTORJEHHE INOCTOSIHHLIX MArHuTOB, T. €. Tel,
kotopuie 0e3 3aTpaThi SHEPTHH HA MOAZEpXKaHUE MAKPOCKO-
MHYeCKHX TOKOB oO0MamaldT MATHHTHBIM MOMEHTOM H CO-
3/1a10T B OKpYXKaIlleM HX NPOCTPAHCTBE MAarHHTHOe Tone.
OueBHAHO, YTO MOCTOSIHHBI MArHHUT TeM Jydllle COXpaHseT
CBOH CBOHCTBZ, uYeM O6Onbllle KOIPHHTHBHAA CHJIa Mare-
pHasla, H3 KOTODPOro OH H3TOTOBJEH.

IMpu pefictBur Ba ¢eppoMarHeTHX NEpeMEHHOrO Mar-
HHUTHOTO I10JIf HHAYKLHS H3MEHAeTCA B COOTBETCTBHH C KpH-
Bofi [—2—-3—4_5—1 (puc. 102), xoTopas Ha3swlBaeTcA
nmersed rucTepesnca (aHaNOTHUHAA NETAA TOJNY-
yaerca # Ha jpuarpamme J — H). Eciu maxcumanecHbie sHa-
ueHns f1 TaKOBLL, YTO HaMarHHueHHe JOCTHTAeT HACBHIEHHS,
noAyuaeTcA TAK HA3LIBAEMAA MAKCHMAa/NbLHAA neTad
ractTepesuca (cniomuasd neras Ha puc. 102). Ecdnnm
IPH aMIVIMTYAHLIX 3HaveHusX M dacellleHHe He JOCTH-
raetcs, NoJdyJyaercA neraf, HAa3wBaeMand YAaCTHB M L HE-
AoM (MyHKTHpHas NeTJs Ha pHCYHKe). YacTHHX LUHKIOB
MOMET CYMIECTBOBAThL GeCKOHEYHOC MHOXKECTBO, BCe OHH Je-
AT BHYTPH MAaKCHMAaJBHOH NET/NH FHCTepesuca.

Tnerepesnc npuBoAMT X TOMY, YTO Hamarunwuenne gep-
poMarHeTHKa He ABJAeTCcA OAHO3HA4HOR Qynkuued H; oHo
B CHIbHOH Mepe 3aBHCHT TaKiKe OT NPedilecTBYOILEA HCTO-
pui oGpaslla — OT TOro, B KAKHX NMOANAX OH NOOKIBAA Mpexkie.
Tak, HampuMmep, B notte HanpsxKeHHoctd I, (puec. 102) un-
AyKOHA MOMeT uMers Jwoboe 3HayeHHe B Npefenax or
B no By. '

W3 Beero crasadnoro o deppoMarseTHkax BHEHO, 9710
OHH OUeHb [OXOXH HO CBOHM CBOMCTB&M Ha CETHETO3Jek-
TpukH (cM. § 19).

B cBs3y ¢ HeonHO3HAYHOCTHIO 3aBucHMocTdH B ot H no-
HATHe MArBR¥THOH NpPOHHLAEMOCTH MpHMeHseTcss JAHllb K
OCHOBHON KpHBO# Hamargnuenus., OTHOCHTeNbHAH MArHUT«
Ha® TPOHHLAEMOCTh (PEPPOMArHETHKOB p (a cleloBaTe/b=
HO M MariHTHas BOCHPHHMYMBOCTE y) sABJAeTcH dydxuueil
HanpsenHoctw noan. Ha puc. 103, w3oOpaxena
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GCHORHEA KpHBas HaMmarimuenma. [llpoBefem H3 Hauana
KOOpAHHAT IPAMYIO JHEHIO, IPOXOAKHIYIO Yepes NPOH3BOAL-
Hyi0 TO4Ky KpuBoil. Taurenc yraa HakioHa STOH mpsMoi
OponoplHoHaked otHoHlenuso B/H, T. e. oTHoCHTEABHON MaT-
HHTHOA NPOHHIAEMOCTH | [ifl COOTBETCTBYIOIETO 3HAUCHNA
HanmpsXKeHHOCTH noas. Iipu ysemmvenan H or nyas yron
HakaoHa (a 3HaYyAT W p) chauajga pacrer. B Toure 2 od no-
CTHI'AET MAKCHMyMa (ApaMad 0—2 ABNASTCH KACcATEALHO
K KpuBofl), a satem ybOupaer. Ha puc. 103, 6 mau rpadnx
2aBHCHMOCTH u orT H. H3 pHcynxa Bmase, ¥TO MaKcHMadb-
HOe 3H49eHHe [POHHUAEMOCTH JOCTHTACTCH HEecKOJbKD
paHblue, ueM RachileHue. [1pH HeOTpaHHYEHHOM BO3pAacTa-
Hug A nponHuaeMoCTp acHMITOTHTECKH NDUOGIHKaeTcd K
efunAiUe. IT0 caedAyer H3 TOro, 4ro J B BHIpaKeHUH
=1+ J/H Be MOMET [peBBICHTL 3HaYeHHe Juse.

Bennuwsn B, (#wan /1;), H. ¥ Wmax ABIAIOTCR OCHOBE-
HbIMH XapaxrepacTdikamy ¢eppomarsetika. Ecam kospuu-
THBHAs cuna H, pesmuka, $eppoMATHETHK HA3LIBASTCA K e-
cTKUM. [lan Hero xapaxrTepha IUHPOKAS OeTds THCTEpe-
s#ca. DPeppomarnetnx ¢ wmaxoc# M. (1 cooTBETCTBEHHO
V3KOHl meTAel rucTepesnca) HasniBaeTcd MArKH M. B saBu-
CHMOCTH OT Ha3HaueHHs GepyTcA (PepPOMATHETHKM ¢ Tolf
BJAH HHOH XapakTepHCTHEOH. Tax, AR HOCTGAHHBX MATHH-
TOB YilOTpe(MoTCH MecThue PeppOMarieTHkn, a L% cep-
aeynHKos TpanchopMaTopoB — MATKHe. B rabanne npuse-
JeHbl XapaKTepHCTHKM HEKOTODHX THIRHYHHX peppoMarte-
THKOB.

Bemeerno Cocran Pmax BB;.' A };73
Henreao 999% Fe 1 5000 - 80
Cyuemém- 79% Ni, 5% Mo, 16% Fe| 800 - 0,3

o j
Anguxo | 10% Al 199% Nj, 18% Co, - 09 52 800
53% Fe
Marauzo § 14% Ni, 24% Co, 8% Al, - 1,25 46 000
3% Cu, 51% Fe -
Konymare | 13% Ni, 24% Co, 8% Al, - 18 59 600
3% Cu, 0,7% Ti,
ocra/mtioe Fe

DeppOMarHeTHKY PR HaMarAAYeRHH -AedopMHpYlOTCA,
310 #BAEHHe HasnBaerca MarnaTOCTpuKkuHen Or-
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HOCUTENbHOE H3MeHeHHe JuHeAHHX pa3Mepos ofpasua npu
MATHHTOCTPHKUHH HEBEJHKO — B Noafx mnopaika 10° afu
(~10® 3) oHo cocraBasier 10~5—10-6. 3nak addexra 3a-
BHCHUT OT NPHPOALL ieppoMarue-

THKA, OPHEHTAUMH KPHCTaAN0- g
rpadHyecKHX oced MO OTHOIlIe-

HHIO K HANpPABACHHIO MAarHHT-

HOTO NMOAA H OT HanpskenHoctn %
noas. ¥ Hexkoropux deppomar-
HeTHKOB NP HNepexofe oT cia-

GLiX noJed K CHABHHM 3HaK 4
MATHHTOCTDHKUHH  H3MeHSeTcs #
Ha oOpaTHBIL. Foe[~ ~

Teopuss  deppomaruernsma
6u1a cosnana §1. M, @penkeaem g
u B. Tefisenbeprom 8 1928 r.
Hs onbmoB no usyuenus Mar- 7
HUTOMEXaHHYECKHX - ABJeHHIT
(em. § 51) caemyer, 4TO OTBeT-
CTBEHHBIMH 33 MarHHTHbIe CBOIl-
c1Ba (beppOMATHETHKOB fBJSIOT-
cqd cobeTBeHHbe (CHUHOBHIE) MATHHTHLIE MOMEHTHL 3J1€KTPO-
uoB. [Ipu onpeneneHHbLIX YCIOBHAX B KpPUCTAAIaX MOTYT
BO3HHKaTh CHJbt!), KOTOpHle 2acTABAKIOT MATHHTHHE
MOMEHTH JEKTPOHOB BEICTPAKBATHECH Ma-

[ aee mma i s am e dmosaa

Puc. 103.

LAY paJienbHo JApyr Apyry. B pe3yiastate BO3-
5\ HHKAaT 06N acTW CHOHTAHHOrO {ca-
AN SN MOIPOH3BCABHOFQ) HaMarduueHud,

\ KOTOpHE HA3SHBAIOTCA TaK:ke AOMEHa M H.

‘| B nperenax kaxaore momena geppomars

1 ‘ 1 l HeTHK CNOHTAHHO HaMarBu4eH RO HaCHIle-

\ Huda H oﬁna,mae’r Onpeﬂe.ﬂeHHMM MarnHrT-

1 2 3\\ 4l wum MomenTom. Hanpasiesas 3THX MO-

AN MEHTOB [AS pPa3dHbiX AOMEHOB pPAa3JIHUHH

VU (pmc. 104}, Tak yTO B OTCYTCTBHE BHEHIHETO

\  7oas CyMMapHHN MOMEHT BCEro Teqaa pas

Pic. 104. peH Eyaw. [Jomens HMeT pasMepH No-
panka 10103 cu,

,[[eﬁc‘rl_me NeAd Ha JOMEHLI HA pa3HblX CTAaAHAX aponec-

ca HaMalHHUeHH} OKAa3wWBaercs padnuubkM. Buaualte, npu

Y} Dru cuam Hasumalores ofmeunumu, Hx ofuacwenne paeten
TOIBKO KBARTOBOH MEXaHMKOR.
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cnabux noJaax, nabaojaerca CMellleHHe TPaHHLl JAOMEHOE,
B pe3ysbTaTe Yero NPOHMCXOAHT YBEeJHUEHHE TeX AOMEHOB,
MOMEHTB! KOTOPHIX cocrasasior ¢ H Menpmuh yroa, sa cger
LNOMEHOB, y KOTOPMX yrant & MemIy BeKTopaMH Ppm # H
Goabute. HanprMep, fomennt / uw 3 (puc. 104) yeemuun-
BAOTCA 32 cueT foMeHoB 2 H 4. C yBeNHYeRHeM HanpsKeH-
HOCTH 110J1 STOT MpoLece HIeT BCe AaAblle H NANbIIE, NOKA
Jomendbl ¢ MeHbUIHMH § (xoTopble 00saZalOT B MATHHTHOM
NoJile MeHbilleH SHepPruei} He MOTVIOTAT UENMKOM 3Hepre-
THYECKH MeHee BHTOJAHbe JoMeubl. Ha cnexyioutefi craauu
HMeEEeT MeCTO MOBOPOT MAarH¥THLIX MOMEHTOB AOMEHOB B Ha-
npas/eduu noast. IIpH 3ToM MOMEHTH 3JIEKTPOHOB B lpeje-
Jax JAoMeHa TIOBOPAYHBAKOTCA OAHOBpeMenHo, Ges Hapy-
LIEHHA HX CTPOTON MapaieJbHOCTH APYr APYry. DTH mpo-
uecchl (HcKalouasg HeOOMBIIME CMeLIEHUA TIPaHHL MeXAay
JoMenaMH B oueHb caAalbix noasx) seAAKTCA HeolpatH-
MBIMH, YTO H C/AYMXKHT NPHYHHOH rucrepesuca.

daa kaxnoro geppomarseTHKa HMeeTcs ONpefe/ieHHas
remnepatypa T, npH KoTopoll oB/14CTH CHOHTAHHOTO Ha-
MarHWieHHs PaCnajalTes M BEUIeCTBO yTpauHBaeT {eppo-
MaruHTHble CBOHCTBA. ATa TemMnepaTypa Ha3blBaeTCA TO Y-
kofi Kiopu. [Ilna xetesa ona pasia 768° C, nas nukens
365° C. Ipu temueparype shinte Toukn Kiopu ¢eppomarie-
THK CTAHOBHTCSH OOLIVHEIM NapaMarHeTHKOM, MariHTHa:
Eocnpunmqﬂaocm KOTOporo nofuunsercs 3akony Kiopu —

eficca

s = g (54.1)

[ep. ¢ dopmyaoit (53.1)]

[Tpu oxsamaenun QeppomarneTnka Humxe Touku Kiopn
B HEM CHOBA BO3HHKAIOT JOMEHhI.

B rtouke Kiopu npucxofut ¢asoBLIfi nepexol BTOPOro
poaa (cm. 1. 1, § 147). [Ipu Temmepartype, pasHoit 7,, Ha-
Oaiozaerc aHOMaJHs B MOBEReHHH psia  PH3HUECKHX
CBOJCTE, B YaCTHOCTH TeIJICEMKOCTH, {heppoMarHeTHKa.

B Hexotopnix cayyasx oOMeHHBI® CHJIBI IPHBOJAT K BO3-
EMKHOBCHHIO TaK HA3LIBaeMbX aHTHGeppoMAaruHeTH-
K0oB (xpom, Mapraden u zap.). Cywecrsopatne aHThpep-
poMarHeTnkos Owl1o npengckasauno JI. [1. Jlaxapay B 1933 r.
B anrndeppomarnerukax coOCTBeHHbIE MArHHTHLIE MOMECH-
THl 3JE€KTPOHOB CAMONPOM3BOJILHO OPHEHTHPOBAHLEI aHTHNA-
paaneabno aApyr apyry. Takas opuenTanus oXBaThiBaer 1O-
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napno cocegnue atomel. B pesyabrarte antudeppomarte-
THRM ©06/JajaloT KpaiiHe MaJofi MarHMTHOH BOCMPHHMYH-
BOCTbID M BeXyT cebf Kak ouenb cialnie mapaMaTHeTHKH.
Hasn antudeppoMarHeTHKOB TaKKe CYUIECTBYET TeMmmnepa-
1ypa Tx, npu KoTopoil aHTHMapaaeabHasi OpHEHTALNS CIIH-
HOB HcuezaeT. DTa TeMnepaTypa HasplBaercss aHTHQep-
poMariuTHOn Touko# Kope uinm TOYKOH
Heens., ¥ Hexkotopelx aHTH(EppPOMAaTrHeTHKOB (Hampumep,
y apOufl, ANCHpPO3Ms, CHJABOB Mapranua H MeaH) TaKhX
TeMieparyp Iee (BepXHAA ¥ HMXHAA Toukn Heend), npu-
yeM aHTHpeppOMArHATHLEIE CBOHCTBA HabAIOAAIOTCA TOJBKO
npH OPOMEXYTOUHHIX TeMMeparypax. Buile BepxHefl TOUKH
BelllecTBO BefeT cefin KAk fMapaMarHeTHK, a NPH TeMmepa-
Typax, MeHbIUHX HHMHel TOUKHN Heess, cTaHOBHTCA (eppo+
MAarHeTHKOM,



IrN1ABA X
SNAEKTPOMATHUTHAS HHAYKUHA

§ 55. flpreHye INEKTPOMATHHTHOH MHAYKUHH

B 1831 r. ®apajgelt OTKPHJ, 4TO BO BCAKOM 3aMKHYTOM
TNpOBOASILIEM KOHTYpe NpPH H3MeHEeHMM TOTOKa MAaTHHTHOA
HHAYKUMH 4Yepe3 MOBEPXHOCTh, OTPAHHYCHHYI0 STHM KOHTY-
pOM, BO3HHKaeT 3JEKTpHUECKHH TOK. ITO sB/eHHE Ha3H-
BAIOT 3JeKTPOMATHHTHON HHAYKUHEH, a Bo3-
HHKAKOWHHA TOK HEAYKIHOHHLI M.

Puc. 105,

BeaguiHa HAAYKUHOHAOTO TOKa He 3aBHCHT OT cnocola,
KOTOPHIM BBI3LIBAETCS HM3IMeHEeHHe NOTOKA MATHHTHOR HIl-
zykuuy @, u onpefesisercd NHIB CKOPOCTHIO H3MeHenus P,
T. e. 3HauenneM d®/df. Ilpn uamenennn snaka d@/d! me-
HAETCH TaKxe Hanpasiende toka. [TOSCHHM CKa3aRHOE Chles
ayiomnM ppumepoM. Ha pme. 105 usoGpaxer KoHTyp -,
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CHIY TOKa B KOTODOM [; MOMHO MeHATb C NOMOMILIO peo-
ctata. Tok i§; co3naer MarHHTHOe NoJie, NPOHH3LIBAIOLHEe
"xoutyp 2. Eciid yBenuuHMBATL TOK [j, NOTOK MarHUTHOH HH-
nykeas @ gepes koutyp 2 Gyger pacTH. JTO NpHBefeT K
NOSBJEHHIO B KOHTYpE 2 HHAYKIMOHHOTO TOKA iz, PErHCTPH«
pyeMoro rajJbBaHOMETpOM, ¥MeHbIIeHHe TOKA i; OGYCHAOBHT
yOLIBaHHE MOTOKA MAaTrHUTHON HHAYKHHMH uepe3 BTOPOH KOH-
Typ, 4T0 NpUBEAeT K MHOABNCHHIO B HeM HHIYKIHOHHOTO
TOKa HHOTO HalpaBJeHusl, yeM B nepBoM ciydae. HVBEgyg«
IHOHHLIA. TOK i3 MOXHO BHI3BATh Takxe, npulimkas KOH-
TYp 2 K NepBOMY KOHTYDY, MJTH YIaJAs BTOPOH KOHTYp OT
nepporo. B oGoux cayuaax HanpaplieHHs BO3HHKAIOUIErQ
TOKa GYAyT NPOTHBOMOMNOMHEEIMH, HaRouen, sJekTpomar+
HATHYI0 HHAYKIHIO MOMHO BhI3BATh, He NepeMellas KOHTYP
2 mocrynaTe/ibHO, a NOBOpAYHBasA €r¢ Tak, 4ToOn MeRAJACH
YIoa Mex)y HOPMaJblo K KOHTYPY M HalpaB/ieHHeM MO/,

3ano/iHeHHe BCero NMPOCTPAHCTBA, B KOTOPOM IioJe OT-
JRYHO OT HYJAS, OXHOPORHHIM MarHeTHKOM MPHBOIHT, MpH
MpOUAX PaBHEIX YCJOBHAX, K YBeJIHUEHHIO HEAYKOHOHHOTO
TOKa B p pas. ITHM NOATBEPKAAETCH TO, YTO HHIAYKLHOH+
HBIfi TOK O0YCAOBJeHd H3MeHeHHeM He [OTOKa Bexropa H,
4 TIOTOKA MarHUTHON HEAYKIIHH.

JIeHI yCTAHOBKA NMPaBHJOQ, ¢ NOMOLUIbIO KOTOPOrQ MOIKHO
HafiTH HanpapjeHHe HHAYKLIHOHHOrO TOKa. I[IpaBmao
Jlenna raacur, uto. uHOykyuoHustd ToKk ece2da ranpas-
AeH TaK, uTobol nporusodeiicrsosart npuuuse, ezo 8bi3bl-
garowjeid.” Ecny, ranpuMep, Hamerenue @ BLI3BAHO nepeMe«
l[eHAEM KOHTYpa, TO BO3BHHKAeT HHAYKLHOHHBIH TOK Takoro
HanpapJeHHs, 4TO cuaa, AeficTBylomlags Ha Hero BO BHeld-
HeM HoJie, NPOTHBUTCA ABHMKeHAK Koutypa. [Ipu npr6au-

JKEHHH KOHTYpa 2 K MepRoMy KOHTYDY BO3HHKAeT TOK iz
{prc. 105), MarHHTHHIH MOMEHT KOTODOTO HANpaBJeH npo-
THB BHEIIHero nons (yroa o MexAy Bekropamm p; H B
paeer n). Caenomarenbno, coriacuo ¢oepmyne (48.8) Ha
KOHTYp 2 GyneT AeficTBoBaTh CWMIA, OTT&JKHBAIONIAA ero oT
nepsoro Koatypa. Ilpu yaanenuw koHTYpa 2 0T mepporo
KOHTYpa BOSHHKAeT TOK i, MOMEHT KOTOporo P cosmas
Aaer no nanpabneHnio ¢ B {a =0), Tak 4TO cuna, Ae#-
CTBylONlast Ha KOHTYp 2, HMeeT HalpaBleHRe K IepBOMY

KOHTYPY.
[lycte KOETYp 2 HenofBHMeH, H TOK HHAYUHpYeTca B

HeM OyTeM H3MEeHEeHHS TOKa i; B HepBOM KOHType. B stom
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cAyyde HHIYLUMPYeTCA TOK fg TAKOrO HANpaB/AeHHd, uTo CO-
sfgapaeMuii UM cOOCTBEHHBI MAPHHTHRIH HOTOK CTpeMHICH
ocnabuTh H3MeHeHHA BHeUIHEro {I0TOKA, HPHBEeAIUHE K M0-
SIBJCHHIO MHAYKUHOHHOrOo Toka. [lpw yeenuuenun i;, T. e.
BO3DacTaHdy BHEIUHErdD MariHTHOIO HOTOKa, HanpabJ/eH-
HOFO BIPABO, BOSHHKHET TOK iz, CO3ZAIOMMA MOTOK, HANpPAB-
neHHnt BAeBO. [IpH YMeHbIUeHWM i BO3HHKaeT TOK {.
coGCTBeRHBIA MArHMTHEfI NOTOK KOTOPOrO HampaBlieH Tak
¥e, KaK H BHEIUHHH [OTOK, H, CNelOBATENbHO, CTPEMHTCH
DOAJepKaTh BHEIIHUD MOTOK HEHIMEHHLIM.

§ 56. DaeKTPOABHXKYLWIAA CHJIA WHAYKLUHKH

J.7 co3pandq TOKa B HenH HeoOXOAHMO HaJHUMEe 2. . C.
flosToMy HARAeHHe SAEKTPOMAarHHTHOR HHJAYKIHY CBHAE-
TeNnbCTBYET O TOM, YTO MPH H3MEHEHHSIX MAarHUTHOTO MNo-
toka @ B KOHType BO3HHKaeT SJAEKTPOABHKYyllaf
CHJIAa MHIYKUHH &

vl
ey
[oa @%@ ]
E
®B®/®
. v ! —p- U
&
®®/ .
@@//)‘G |
2.1) &

Puc, 106.

Yrolel BLIACHHTE CBA3b MeXAY &; H CKOPOCTbIO H3Me-
penusn @, paccMOTpPHM CaeAyloilHf npyMmep. BoabMem Kon-
Typ, Y4acTOK KoToporo f—2 piu#H ! MOXKeET NnepeMelnarses
Ge3 HapylWeHHA KOHTAaKTa ¢ OCTaJAbHOH HYacTbi0 KOHTypa
{puc. 106, a). [lomecTiM €ro B ORHOPOAHOE MAaIHHTHOE
BoNe, NepHeHIHKYASPHOE K NAOCKOCTH KOHTYpa (310 mOJe
M306paxKeH0 Ha DHCYHKe KPYXKaMH ¢ KpecTHXKaMH — Bek-
vop B nanpamnen or Hac 3a ueprex). [IpuBefeM MORBHK-
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RYIO 44CTh KOHTYpa B ABHMKEHHE CO cKopocToio v. C Tofl ke
CKOPOCTBIO CTAHYT NepeMELATLCA OTHOCHTENBHO [01A M HO-
CHTeJH 3apafia B NPOBOAHHKe — 3/1eKTpoHbl (pHc. 106, 6).
B pe3synbraTe Ha KaXAbifl 37eKTPOH HAUHeT AEHCTBOBATh
cuna Jlopenna f, papHan no moaymo [cu. (47.5)]

fi=evB (56.1)

(ungexc «||» yKassiBaeT Ka TO, YTO CHIA HaTpaBlIeHA BIOL
npoBoAa).

HeitcTeye 3T0f CHIL! SKBMBAJICHTHO AefCTBHIO 3NEKTpPH-
yeckofl ¢uAbl, ofycaopfeHHOk nONEM HanpAXKeHHOCTH

E=1yB,

WMEWIllMM HanpasJeHde, ykasaHuoe Ha puc. 106,6. I7o
110J1e * He3/IeKTPOCTATHYECKOrO TNPOHCXOxAeHHs. Ero  mup-
KYJASALHA 00 KOHTYPY AAeT BEAHUYUHY 3. 4. C., HHAYIHPYeMoH
B KouType:

F=FEdi=Fl=vBi=B2L_BE (50
rae dS = lpdf - npupawenne NJoMaXH KOHTYpa 3a Bpe-
ma di (3To mpHpalilenye pasHO 3alUTPUXOBaHHOH MJIOIIAZH
ua puc. 106, a). I'lpu BBIUMCAEHHH UHPKYJASHHH MBl YUJIH,
uro £, OTANYHA OT HYJAS JHIUb HA YUACTKe AJHHH [, IpHueM
Ha 3ToM yuactke Bciogy £ = E.

[Tpouspenenue B dS naer 4@ --npupawiende noToxa
MAFHUTHON HHAYKUHH Yepe3 KouTyp. CAeloBaTenwHO, Mbl
NPHULIH K BHIBOAY, UTO 5. I.C.. HHAYKNIHH &, BOZHUKAKILAA.
B 3aMKHYTOM KOHTYpe, pasHa CKOPOCTH H3MeHEHHA BO Bpe-
MeHH [OTOKA MAarHuTHOH HHAyKuuH D, NpPOHUIBIBAIOIETD
KOHTYp. DTO PaBEHCTBO MPHHATO 3afHCLIBATL B BHIE

&= (56.3)
dt

3uak «—» B Qopmyne (56.3) osnavaer, uTO HampasJje-

Hpue &; W Hanpaeaedue J@') cBA3aHB NPABHJIOM JIEBOTO

puHTA. [1ONOXKHTEALHOMY TIpHpaUIeHHIO NMOTOKA, HMEKIero

hanpasnaedne 3a yeprex. (puc. 106}, coorsercTByer n3obpa-

AeHHOe Ha PUCYHKe HampaBaenne &; KOTOpOe CBS3aHO C

) Hotok @ # ero npupauiehne dO — cKansipHbie BeaHYHHHL [lo-
3TOMY 06 Y HBUPABJXGHHH MOMHO FOBOPHTH JHIL B TOM CMBICHE, Ka-
Xofi BKJARLIBAETCH, HANpHMEp, B NoHATIe HALpaBleHHa Toka [cm. 3a-
Meuanusd K dopuyae (7.5)]
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HanpaBJIeHHeM 33 YepPTeX NpPaBHIOM J/IeBOTO BHHTa. Lcim
O6f NPOBOAHKK [—2 mepeMela/cA He BIPAEBO, a BJEBO, 10-
TOK 4epe3 KOHTYyp yMeHbwiancd Oul - &; umena §bl panpan-
JieHHe, NPOTHBONONOKHOe HIOOpaxeHHOMY Ha PHCYHKE,

Ha puc. 107 nokasano Hanpasiense &,; JUiA PasiIHuHbIX
HanpasjeHud BekTopa B ® pasmoft sasBucuMoctH B ot
BPEMEHH.

b {2 oo

* B B
//'/{ﬂm%’ﬂ) & ,//ﬁmv .

Lz LEETGR)
v "

y Ve
Y s
ya /d; P ’ "d/@
B B
(YHEHDLTETER) (pecmEmt
Puc, [07.

Exnnuilefi motoka margutHol uuaykuud B CH cayxur
Befep (86), KOTOpHI mnpeicTaBiser coBofi NOTOK w4epes
noBepxHOoCTb B | 42, nepecekaeMyl0 HOPMaabHEIMH K Hel
JIHHUSIME MATHHTHOTO nond ¢ B, pasHoil | tecna. Ipu cko-
POCTH M3MEHEHWA NMOTOKA, paBHOH | 86/cex, B KOHTYype Hi-
LyLHpYeTCs 3. 4. C., papHasa 1@

B rayecorofl cucteme ¢popMyna (56.3) uMeer sua
&= — e, {56.4)

Eanneuef @ B sToft cucTeMe sbadeTca Makceean (Mxc), paBAGI
mOTOKY 4epe3 nosepxHocTs B | c4? npn B =1 ec. Memxay eaumuuamu
noroxa B CH ® rayccosoli CHCTeMe HMEETCR CJRAYIOlUlee COOTHOUIEHHE:

las=1ta-1 #2=10% 2¢- 10% ca® = 10 mne. (56.5)

[To popmyne (56.4) &, noaywaercs o CICI-efuHAuax noTeHIHANA,

Yrobu moayunth &; B BOJABTAX, HYXHO YMHOMHTL nONyuenanfi pe-
syasTat Ha 300, TMockoneky 300/c = 1072,

g D (mxc)
& {a)=~ 10 & een) {56.6)

B pacccMOTpeHHOM HaMH Bl MPHMEPe POJIbL CTOPOH-
HHX CHJ, MOAJEDKHBAIIIHX TOK B KOHType, HIDaiOT CHJILL
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Jlopenna. Pafora 3THX CHI'HAJ eAHHHYHBIM NO/IOKHTENbHbIM
3apafoM, paBHA] MO onpeflefleHH0 3. I, ¢ (eMm. § 32), oka-
3blBA€TCA OTVIHYHOH OT Hya#, D10 OGCTOATENLCTBO HaXo-
JHTCH B KaMKyUleMcst MPOTHBOPEYRH ¢ BbicKasanisiM B §47
yTBEPKJeHUeM O TOM, 4To chia Jlopenna paboTel Haj 3a-
pAnOM coBepliaTh He MoxeT. Heno B ToM, uro cuna (56.1)
npencrasaser coGofi He BCIO JODEHNEBY CHAY, AefCTBYIO-
LY Ha 37eKTPOH, 2 JHIlb HapaineSbiyio NPpoBOjLy cOCTaB-
NAOUIYI CHAHM, OGYCJOBISHHYIO CKO-

pocteio v {pue. 108). TNox peficTBHEM
3TOfl COCTaBASIONUIEA 3JEKTPOH NIPHXO- B® £,
AHT B ABHKCHHE BAOAL MNPOBOAE CO . N
CKOPOCTLIO W, B Pe3ysibTaTe uero Bos3- fy «—p—Q—1=w
HMKaeT NepheHiHKyAspHas K NposoLy
COCTABJAAIOILAA  JOPeHUeBofl  CHAbI "
f, 1), moaynp Koropoit paBeH
. f
f=euB (56.7) !
Puc. 108,

(cm. puc. 108),
Takum, obpazoM, moakas JOpeHUEBA cWAa, AeicTBYIO-
Lias Ha 3JEKTPOH, paBHA

a=f+1,
a paGoTa 3TOf cuAbl HAZ 3MEKTPOHOM 32 Bpems df
dA=fudt—f, vdt

(HanpaBieHHA BEKTOPOB f, H U OIMH2KOBb, & BeKTOPOB
f, u v nporusonosoxen; cM. puc. 108). Vurs, uro

f,=evB, [, =euB, nerko Bumeth, uto paGoTa noJHONA
cuael Jlopefiua JAeHCTBHTeNBHO, KaK M IOJXAraercs, pasHa
HYJIIO.

Cuaa f| manpas/jena NPOTHBOMOJNOMXHO CKOPOCTH Ipo-
Boga v. Ilostomy paas Toro, uytobbl Y4acroKk npoBoja
/—2 nepemewmiancs, Kak nokasano Ha puc. 108, ¢ nocrosu-
HOH CKODOCTBIO V, K HEMY HY2KHO NPHJOMHTL BHEWHIO CH«
ay fgn, YpaBHOBEIUABAIOWIYIO CYMMY CHA f,, NPHACKEHHHX
KO BCEM 37eKTPOHaM, COofep:kallHMcAa B npoBoje /—2. 3a
cuer paboTnl 3TOH cHAbt M GyLeT BO3HHKAThL 3SHEPrus,

1) Bra cotTasaAoIAA HE BHOCHT BKAAAa B UNPKYJAANHIO, TaK Kak
€e NPOeKIHa Ha HanpasJeHHe OPoBCAa PABHA HYJIO.
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phbljlensieMast B KOHType HHIYHUPOBAaHHHM TOKOM. [leitct-
BHTE/AbHO, MOAYJL CiAbl fap MOMHO NpeACTaBHTh B BHIR

fBEI = f_LfIV =eubnV = euBnlSnp,

Tiae 7 —yico cBOBOIHBIN 3MEKTPOHOB B eAMnuue odbema,
V =[Sy, —obbem nposopa Ha yuactke [—2, Spp-— miao-
1:a/lp NOHEePeYHOrd CEYEHHS NPOBOLA.

PaGora cuanl fpy 33 Bpems df paBHa

dApe = o0 dt = euBnlS v di. (56.8)

Dueprus, BulgeqfeMas TOKOM B KOHTYpe 3a Bpemsa df,
onpeneAseTcs  cjeAyiollHM BeIpaxeHHeMm [cM. cdopmyay
{37.2)]:

dQ = &1 di'= &,jS,p dt,

rie [— OAOTHOCTL TOKa. B coorsetcTBuH. ¢ QopmyJont
(31.4) nnovHOCTL TOKA paBHa [ == eng, coraacHo (96.2)
3.74.c. HBAYKUMH MOMNO IpelcTapuTh B Bufe &= vBl.
TNoacrarus 318 3Hayerua [ u &; B BHpamkeHHe 1an dQ,
npuieM K GopMyde

dQ = vBlenuS,, dt,

cosnaganuielt ¢ popmynoit (56.8) pwa dApe. Tawum ofpa-
30M, MBI DOK&3aJH, uT0 d@ = dA,,.

PaccmorpeHHoe namy o6nacHene BO3HAKHOBEHHA 2. 4. C.
NEAYKUMH OTHOCHTCA K C/Ay4ai0, KOTAA MACHUTHOE TMOoJe
MOCTOSIHHO, 4 H3MeHHseTcA reoMeTpusi KoHTypa. Ho mar-
HHTHBIA IIOTOK 4epe3 KOHTYD MOXKeT HIMEHAThCA Takmke 3a
cueT usMenerus B. B stom cayyae oObACHEHHE BO3HHKHO-
BeHHA 3. A. C. OKa3sblBaercA s npuHuuNe Apyrum. Hamensio-
igecd co BpeMeneM MarHdTHoe none B mopoxpaer suxpe-
soe sjexTpHdecKoe noste E (moapoGdee 06 3TOM roBOpUTCH
B § 103). Iloa peficterem noas E npuxoadar B ZBHKeHHe
HOCHTeNd TOKa B MPOBOANHMKE — BO3HHKAET HHAYUHPOBAH-
Hell TOK. CBA3b MeXAy 3. 74.C. HHAYKIHH H H3MeHeHHAMH
MATHKTHOTO TOTOKA ¥ B STOM CAyude ONUCHIBAeTeR (op-
Mmyaoi (506.3).

[TycTe XKOBTYp, B KOTOPOM HHAYUMPYETCA 3.14.C., CO-
CTOMT Ke M3 OJIHOrO BHTKA, 4 H3 N OAMHAKOBLIX BHTKOB,
T. €, npejcrapiser cofoit codedons (uau Ttopoua). Ilo-
CKOJIBKY BUTKH COAEHOHAA COSAHHAKTCH HOC/IeN0BATEALHO,

196



&, OymeT paBHa cyMMe 3.J.C., HBAYLUPYEMBIX B KaXJI0M
H3 BHTKOB B OTIAgJIbHOCTH,

im - B2~ £(So).

BeaHuuny
Y=Y (56.9)

HAasHIBAWT ROTOKOCHUETNMNEeHHEeM HAH TOJLBM
MATHHTHHM NOTOKOM. Ee uaMepAmrT B TexX Xe elH-
HHIAX, 4T0 ¥ . Ec/MH NOTOK, NpOHH3BIBAICINAE KaX< Ibill H3
BEMTKOB, OJHHAKOR,

W NO. (56.10)

BocnoabsosaBuinch MOTORKOCLEILIEHHEM, BhiDAMeHHe AJ#A
3. nc, Hﬂnyunpyemoﬁ B COJeHOHZe, MOXKHO 3anHcaTh B
BHAEC

& = — (56.11)

dt *

Dpusep. Katywka, nvewowans N puTKOD, Bpamaercs 8 OXUODOAHOM
MArHUTHOM MmoJie ¢ TMOCTORHHOR ckopocThlo @ {puc. 109). Hafiaem uu-
AyuspyeMylo B Hedi 3.4.c. [lotok wepea omuH BHTOK ' = B,S =
=BStosa, rae S—naomags BHTKa, O — YI0d MEXLY HOPMaJbio
K IJIOCKOCTH BHTKA H Hanpasiennem B,

Tlonuwii notok ¥ = N = NBS cos @.

¥roa o MewseTcs CO BpeMeHeM TO 3a- ﬂ\ ;

Koy o = wf. CnefoBaTenLuo,
¥ = NBS¢os of = ¥, cos ©of,

rae uepez ¥y 0GU3HAYGHO aMIIHTYA-
HOe aHauewve noJHoro notoxa. [lo
dopmyne (56.11)

€i= —ﬁ’-=‘lfmmsinmt=$msinmi.

dl
(56.12)

Takum ofpasoM, B KaTyilKe HHAYUMpYeTcd MepeMeHHad 9. i C., Hi-
MEHSICILAACH CO BPeMeHeM N¢ rapMOEHUYECKOMY 3aKOHY.

Puc. 109,

§ 57. MeTonm H3MepeHHs MATHHTHOH MHIOYKLAH

[lycTs noanuf MOTOK, CuelJIeHHbIH ¢ HeKOTOPHIM 3aM-
KHYTHIM KOHTYpOM, HSMEHRercsi oT 3navenus ¥, o V.
Hahpem sapax ¢, KOTOPHl NpOTeKaeT HpH 3TOM Uepes
KajKjoe ceyeHHe KOHTypa. MrHobennoe sHaueHie CHbl TOKA

197



B KOHTYpe OyaAer paBHo

=& _ 1%
PCRT TR @
OTKYAa
. i d¥ i

(3HaK «¢—>» 03HaYaeT, YTC HanpaBJeHHe, B KOTOPOM lepe«
HocHTCA dg, w Hanpasaenug dW cBsizaibl DPABHJIOM JEBOIO
BHHTZ).

IlponnTterprpoBas 3TC BLIpaXKeHHe, HallgeM NOMHBIA 3a-
PAA

2
i
qud¢= _.%qurzﬁﬁ(qr]uwz). (57.1)
1

Coorsomenue (57.1) Aexut B OcHOBe pa3paboTaHHOIO
neppoHavaisio A, [, CrodeTtoBriM BafdHCTHYRCKOIO CIO-
coba H3MepeHHS MATHHTHON MHAYKUHMH, KOTOPLI 3aKJIO-
Yyaercsi B chegyolueM. [ToMecTHM B HHTepecyioulyio Hac

He Jfe I

N farrucrey,
EETDEOHOM,

a; &1 )
Puc. 110.

TOUKY ToMAA HeOOJBIIYI KATYIUKy, HMelomyio N BHTKOE.
Ecan Karyliky pacnoJoXuTb Tay, yroOwl Bektop B oka-

3aJIC  NepUeHJUKYASPHEIM K NJAOCKOCTH BUTKOER (pHC.
110, @), vo monuL#i MAarHATHBIE NOTOK OyIet paBeH

\F[:NBS,
rie S—-I‘l."lOIllaﬂ,b QHHOTO BHTKA, KOTOpadA JOMKHaA OLTh

HACTOJIBKO Manoti, uto6ul B B ee npemenax Moxuo Oblio
CUHTATDL OOHOH M TOH Xe.
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Ecan nosepHyTh Karyilky Ha .90° (puc. 110, 6), notox
yepes Hee oGpaTHTCA B HYJAL (N nepueHAHKYJAApH3 K B),
T. € Hamensercs Ha NBS. TIpu nopopore na 180°
(puc. 110, 8) n3MeHeHHe NONHOTO NOTCKA 4epe3 KaTYIIKY
cocTaBHT 2N BS, Tak Kak sHayeHHe NOTOKA CTaHET paBHbIM
Wy=—NBS (n u B uanpasjeHb B HPOTHBGOMOJOKHLIE
cTopoHH). Ecau moBopoT KatymIKH OCYIIECTBHTh JOCTATOY<
Ho GrICTpo, B KOHTYype OyfieT WMeTh MecTO KpaTKoBpeMeH-
HBIT HMIYJEC TOKA, NPH KOTOPOM NPOTEKaeT 3apsj, paBHLIA
coraacHo (57.1)

g = 2NBS (57.9)

(npn noBopoTe KaTymike Ha 90° GopMyaa Oyaer Taxcit me,
1o 6e3 ABOHKH).

3apfj, npoTeKalIWA N0 KOHTYDY NpPH KPAaTKOBpEMeEH-
HOM HMNYJBCE TOKa, MOMHO H3IMEpPHTb C IIOMOUIBIO TakK
HaseiBaeMoro  GaJAHCTHYECKOTO Meds
raqahBaHOMeTpa, KOTOpHIf Ipel-
cTaBafer cofoll ranbBaHOMeTp
¢ GoJbUIHM NepHOROM cOGCTBeR-

HeiX xoseGaunui. Mamepue ¢ u

anad K, N u §, moxHO no dop-

myae (57.2) mahtu B. Tlom R ®» Puc. 111.

3TOM ~ Clyyae NOAPasyMeBaercs '

NOJIHOE CORpOTHBJAEHHe LM, BK/IOYaioltee CONPOTHBAEHHE
KaTYUIKH, MOABOAAIIHX NPOBOACB H TajbBaHOMETpa.

Ecan g B dopmyne (D7.2) mmipa3uTs B KyaoHax, R—B

oMax, a 8 —B KB. MeTpax, 7o B noayunTcs B Tecna.

Bumecro Toro uroOnl NOBOpauHBATE KaTYUIKy, MOMHO
BKMI04aTE {760 BHKAOYATL) HCCAeAYeMOe MarsuTHoe
none, HJIH W3MeHATh erp HanpapneHHe Ha oGparmoe. Tak,
B uacTHocTH, noctynan A. I'. CroneTos npH Hcc/iaeLOBaHHH
KpHEO# HaMarHHYeHHA Kejesa.

Jas namepennsn B HCNOJB3YIOT TaK#e TO 00CTOATENh+
CTBO, 4TO 3/IEKTPHUECKOe CONPOTHBACHHE BHCMYTA Noj JAehi-
CTBHEM MATHMTHOTO. IO/ CHJABHO BO3pACTaeT — NpH-
MepHO Ha DY% Ha Raxayr HecATyO ROIIQ Techa (Ha Kax-
oyw. 1000 ec)'). TlosroMy, nomMenlas mpeEBApHTENbHO

) ¥ Apyrux MeTAATOB SJMEKTPHUECKOE CONPOTHBAEHHE B MACHHT-
HOM TOJe TaKmKe BO3PACTAeT, HO B ropasfo Menelled crenewn. ¥ meay,
HAOpHMEp, YBelHueHHEe CONPOTHBAEHHA upuMepud B 10 pas menblue,
HeM ¥ BHCMYT:2.
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APOrpaLyHPOBAHHYI0 BHUCMYTOBVIO crHpade (puc. Il1) »
MarHHTHOE NONe W H3MepsAs OTHOCHTEJNbHOE H3MEHEHHE ee
CONPOTHBJACHHA, MONKHO ONPENEHTh MATHHTHYI0 HHAYKIHIO
noast,

§ 58. Toxu Pyko

MuaykuHOHHEIE TOKH MOPYT BO3OYXAATRCS H B CIJIOHI-
HBIX MaCCHBHMX RDOBOXHUKAaX. B sroMm ciyyae OHH HAasH-
BAIOTCH TOKAMH PYKO WIHBHXpPeBL MH TOKaMA.
IToCKOMBKY 3MEKTPHUEBCKOE CONPOTHBACHHE MaCCHBHOIO IpO-

BOZHHKA MaJ0, BHXPEBHIE TOKH MO-

Hgs m ryT JOCTHTATH OU€Hb GOMBILOH CHILL.
npudoge Toxun Pyko NOIIHHAWTCA Npa-
Buay Jlenua — oun  BuIGHpAIOT
BHYTPH IPOBOAHHKA TAKHE MYTH W
HANDABACHHA, qTOOH CBOUM Jed-
CTBHEM BO3MOXKHO CHJAbHee TPOTH-
BHTLCH HOPHIHHE, KOTOPOH OHH BH-
asadpl, [losTOoMy ABHKYIIMECH] B
CHABHOM MAarHHTHOM II0Jle XOpo-
HiHe THPOBOZHMKHM  HCIBLITLIBAIOT
CHJAbHOE TOpPMOMKeHHe, 00yCJI0BIeH-

Pue. 112, HOe B3auMoieiicTsBHeM TOKOB Dyko
C MATHHTHKIM I11OJeM. DTHUM MOJb-
3YIOTCA [IAA YCOOKOeHHS (AeMndHpoBaHHA) TOIBHIKHBIX
yacTell TaAbBaHOMeTpPOB, ceficMorpados H ApyrHx mpubo-
pos. Ha noasrxuo#t uvactu npuGopa VKpenasercs NpoBo-
BSLLad {HalpHMmep, ajIOMUHHEBAs) NJacTHHKA B BUHEe CeK-
ropa (puc. 112), Koropast BBOAHTCS B 3230D MeXAY NOJH-
CaMH CHJABLHOTO n[CCTOAHHOTO Marmura. lIpH  ABHXKeHHH
NNACTHHKH B Hell BO3HWKAIOT BHXPEBEIC TOKH, BHI3LIBAKO-
IHe TOPMOMKeHHe CHCTeMBl. lIpeMMyIecTBO TakKOro yeT-
poficTBa COCTONT B TOM, UTO TOPMOMKEHHE BOSHHKAET JHLIbL
NpH ABMMEHHH [IACTHHKM W OTCYTCTBYET, KOrga nJa-
CTHHKa HenmoABaxkiua. Ilostomy sneKTpoOMarHHMTHHI yemo-
KOHTe/Ib COBEDUIEHHO He TPenfTCTBYeT TOUHOMY MNPHXOXY
CHCTEMB B NTOJIOXKEHHe PABHOBECHS.

Tennosoe meficTBue TOKOE DyKO HCIIOAB3YeTCS B HHIY-
KUHOHHBIX TNeyax. Takas neds mnpedcrabager cobol ka-
TYLIKY, IATAEMYID BEICOKOYACTOTHHIM TOKOM GOMBIIOH CHALL
Ec/u noMecTHTL BHYTPE KATYLIKH NPOBOJALLEE TeNO, B HeM
BOZHHKHYT HHTEHCHBHEbIE BHXPeBEE TOKH, KOTOPHIE MOTYT
pasorpete Telo ao naasienps. Takum chocoboM ocynie-
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CTBASIOT NAaBjeHHe MeTall0B B BaKyyMe, 4TO TO3BOJSET
nonyyaTs MaTepHa/dbl HCKIIOYHTENLHO BEICOKOH YHCTOTHL

C nosMolbio TokoB PyKo ocyllecTBAAETCH TAKXKe NpO-
TpeE BHYTPEHHHX MeTa/JJIHYeCKHX 4acTell BaKyyMHBIX yCTa-
HOBOK IS HX 0Oe3TaMHBaHUIL,

B MHorHx cayuasx TokH Pyko OHBAIT HEXKeNaTelb-
HBIMH 1 IPHXOAATCA DPHHUMATH Aas Oopwubbl ¢ HUMM cne-
uuajihHple Meppl. Tak, Hanpumep, uToObt LPEOTBPATHTh
NOTepH 3HEPTHH Ha HarpeBaHHe BHXPEBLIMU TOKAMH cepled-
HHKOB TpaHcdopMaToPOB, 3TH CepAeYHHKH HabHpalorca H3
TOHKHX [LJACTHH, pasfeleHHBIX H30JHPYIOLHMH NpPOCIOH-
kamu. Tlaactuuky pacnosaramoTes Tak, YTOGH BO3MOMNKHbBE
HanpaBJeHus ToKeB Pyko Obuin K HHM NeprlediuKyaap-
ubiMu. [losBnenwe (eppHToB (MATHMTHBIX MATEPHAIOB C
GONbIIKM 3NCKTPHUECKHM CONpPOTHBJACHHMEM) CIenalo BO3-
MOMHBIM H3IOTOBJEHNHE CePACUHHKOB CIJIOUIHBIMIL.

Buxpesple TOKH, BO3HHMKAIOLIHE B MNpPOBOAAX, MO KOTO-
pbIM TEKYT MepeMeHuble TOKH, HallpaBJeHkl TakK, yTo ncaab-
AIOT TOK BHYTDH IPOBOJA H yCHAHBAIOT BS/N3H MOBEPXHO-
ctH. B peayanraTe GLICTPONEPEeMEHHLIH TOK OK&3LIBAETCH
pacnpeieseHHBIM 10 CEYEHHIO MPOBOAA HEPABHOMEDHO — OH
KaK Onl BEITECHAETCS Ha TOBEPXHOCThL NPOBOAHHKA, JTO AB-
JNeHue Hashipaercd CcKHEH-3GexKToM (0T aHraubickoro
skin — koxa) wian NMOBepXHOCTHHM 3bdberToM.
M3-3a cknu-3¢pdexTa BHYTPERHAA H4CTH NPOBOJHHKOB B BH-
COKOUaCTOTHBIX Lendx OraszuBaercd GecnonesHoit. [Tostomy
B BEICOKOYACTOTHBIX LelSIX NPUMeHAKT NMPOBOAHHKH B BHIEC
TpyfoK.

§ 59. fleaenne camOMHAYKUHH

DnekTpaueckHH TOK i, Texkyluit B nA06OM KOHTYpe, CO-
3A3eT MPOHU3LIBAIOIMI 3TOT KOHTYP MaTHHTHBIH noTok W,
Ilpn uamenenusx { Oyaer usmeuarecd Takxe ¥ m, caejo-
BATENBbHO, B KOHType Oyjer HHAyUMpOBaThCA 3, A.¢. IJTO
SIBTEHHe HA3bIBAeTCH CAMOUHAYKLOHell.

B coorReTcrBun ¢ 3akoHoM DBuo-— Capapa marputias
HHOYKUNA B [0pomopuUHOHalbHa CHJe TOK2, Bhi3BaBLUEro
none. OTciofa BHTEKaeT, YTO TOK B KOHTYpe i H <O3-
JaBaeMblil MM TOJHBIH -MAarupTHLIE MOTOK ueped KOHTYyp W
ApYyT APYry NpONOPUHOHANBHBI:

W L, (59.1)
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Kosdpunuent npomopuuonanavroctd L mexay cudoit
TOKA H NOJIHBIM MaUHUTHHIM HOTOKOM Ha3blBAeTCH HH Y K-
THBHOCTBIO KOHTYpa').

JIneiinasg sasucumocTs W oT [ EMeeT MecTo JHMIIL B
TOM ¢Jy4Yae, eclH OTHOCHTeNbHAs MAarHHTHAS TNIpOHHDAe-
MOCTb [L Cpedbl, KOTOPOH OKDYXEH KOHTYD, HE 3aBHCHT
OT HAOpPAXKEHHOCTH moJs f, T. e. B oTCyTcrBHe (reppomar-
HETHKOB. B NpPOTHBHOM cAyyae p fBJAKETCH CJOKHOH (PYHK«
pueft (cM. puc. 103) ot i (uepes H), m, nockonnky B=
= pouH, zapucumocte W or [ Taxxke GyAeT A0BOABHO CHOXK-
Hofi. Opnako coorHowenne (59.1) pacnpocTpadAlT H Ha
9TOT CAyYall, cuHTas MHAYKTHBHOCTH L ¢yuxured or i. Ilpn
HeH3MeHHOH cmie TOKa [ noaHBE norok W Momer uame-
HATBCH 33 CYeT H3MeHEeHH#A (OpMbl K pasMepoB KOHTYpA.

M3 cKa3aHHOTO CleRYeT, ¥T0 MHAYKTHBHOCTH L 3aBHCHT
OT reoMeTpHH KOHTYpa (T. e. ero GOpPMHB H pPa3MepoB) H OT
MACHUTHBIX CBOHCTE (OT W) OKpyXxarome#i KOHTYP Cpedbl.
Ecau KOHTYD :KecTKHl M NOGJH30CTH OT Hero HeT ¢eppo-
MarHeTHKOB, HHEYKTHBHOCTb L 6yZeT TOCTOAARHON BelH-
YHHOM, ,

3a ennunny uHAyKTHEHOCTH B CH npHHHMaerca HHIyK-
THBHOCTL TAKOro NPOBOJHHKA, Y KOTOPOro TMpH CHJE TOKA
B HeM B | a BosumKaeT noauntii norox W, pasubiit 1 86.
DTy enHHHLY HA3BIBAOT TeHpH (2H).

Buipamenue, onpefeasiollee HHAYHTHBROCT: L, MMeeT B TayccoBof
cHCTeMe enIHIMI BUJ,

AL A i 50.2)
(ifc) i
UYrobn malité pasmephocth senmusnel (59.2}, mocnonbayemes Tew,
9T0 B TayccoBOM cHcTeMe B HMeeT pajiMepnoCTb, PaBHYIO COTJIacHO
(40.5) paamepnocTH cHJABL TOKA §, JeNeHHOA Ha pPa3MEPHOCTE € H Ha
43MePHOCT: JAHHE  (mociegHiol MBI OyAeM O0003HAUATh CHMBOJOM
I1). Crenosarensto,

¥] 1B] [S] {B] [
Ll=[¢ [—— ={c ~ =[e —— = [{].
(L]~ [e] S = le] =g =l == U1

Taxum o6pazoM, B rayccosofi cuCTEME HHAYKTHBHOCTh HMEeT pas-
MEepHOCTb JJIHHEL B CcoOTBETCTBHH C 3THM SIHHHNY HHIYKTHBHOCTH B
ITOH CHCT@ME HazWBAKT caHTHMerpoM. HBaykrHBHocTbIO B 1 cM obaa-

A#eT TaKel KOHTYP, ¢ KOTOpHM IpH chie Toka B 1 CICM-epunumy
(7. e. 10 @} cuennen moToK, pasuwilt 1 mxc (10% a86).

1} Ycrapesiee RaapaHHe 3TOR  BEAUYMHH — Koz Huuent camo-
HHAYKIHER,
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Mexay enununamu L 8 CH » B rayccosolt cncteme HMeeTcd cae-
Aywniee COOTHOMIEHHE:
1 a8 108 mrc

= = 10°
ia ~oicrem -~ 0 es. (50.3)

lew=

BrruucaHM HHOYKTHBHOCTH coJeHoWZa. Boabmem cose-
HOUJ TAKOK IWHEL, MTOOEL ero MOMHO OBUIO NPAKTHYECKH
cuytath OGeckonedHsiM. IIpH WpoTeKaHHMH 1O HeMy TOKa i
BHYTPH COJIEHOMAla BO30yIKAaeTcsi OLHOPOZHOE MoJe, Mar-
HHTHAA MHAYKUHMS KOTOPOTO COIacHO (opmynam (42 6) n
(44.24) pasna B = popni. IloToK uepes Kaxaub# H3 BHT-
koB fSyner @ = BS, a noaup#t MarHutHbii NOTOK, CLENJeH-
HBIA ¢ COJIEHOHOM, paBeH

Y = NO = nIBS = punlSi, (59.4)

rae ! — anuHa coNeHOMza (KOTopasi NpelnoJaraercs OuYeHb
Boabioi), S — maclanb NONEPeYHOro CeveHHs, 1 — YHCHAD
BUTKOB Ha €/IMHUNY JUTWHB! (NpOM3Be/IeHHe ni paer noJHoe.
YHCJI0 BHTKOB N).

Comocraenas (59.4) ¢ (59.1), nofyuaeM AJIs MHAYKTHB-
HOCTH OYeHb IMHHOTO COJEHOHAA CNeAYIOIlee BLIDAXKCHHE:

L = pyun®lS = poun®V, (59.5)

rie V =1S —o6bem conenonpna. 3amenus B (59.5) n ve-
pe3 N/i, monyuum

2
L=pp S, (59.6)

B rayccosofi cdcreme QopMysia Aaa HHIYKTHBHOCTH COJIEHOHAA
HMEET CACKYIGUIHA BHA:
L =4npn?ls. (59.7}

B cootsercrBuu ¢ (59.6) pazmepHOCTb pp paBHa pas-
MepHOCTH HHAYKTHBHOCTH, JeAeHHOH Ha pa3MepHOCTb AJH-
Hbl (HANOMHWM, YTO QTHOCHTE/NbHASN MaTHHUTHARA MPOHALAE-
MocTb b — Oespasmepran Benuunxa). CiaeZoBaTensHo, B
CH py naMepsiercss B reupu Ha Metp [cm. (38.3)]

[Ipu HaMeHesudXx CHABL TOKa B KOHTYpe BO3HHKaer
9, A.C. CAMOMHAYKUHH &, paBHaa [cM. dopmyay (56.11)]

s L di,
Fo=—tp= U (1510 5). (59.8)

Ecan L npu maMeHeHHSX cHJLL TOKa OCTaeTcsl MOCTOSH-

Hoit (uTo, KaK YMKe OTMEHYaJoCb, BO3MOXKHO /AL DpH
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OTCYTCTBHH (eppOMarHeTHKOB), BHIpaxeHHe 1ad &, UMeeT
BHE

di
é’s-u-—«lfa—t-. {59.9)
B rayccoso#t cucreme
1 di
Es=—— L. (59.10)

CootHomrenne. (59.9) aaer BO3MOMKHOCTL ONpEeReJHTDb
HHAYKTHBHOCTD L K2k KoagghHUMEHT NpONOPHHOHANBHOCTH
MEeH Y CKOPOCTBK) H3MEHEHHs CHJbl TOKA B KOHTYPE H BO3-
HHUKAWOWeHd BCAeACTBHe 5TOro 3. A. ¢ camouuHaykuun. Oa-
HaKO TaKoe oOnpefelleHHe NPABHABLHO JHILb B C/IyYae, KOrAa
L = const. B mpucyrcreuu deppomarnerukos L nepedop-
MHpyeMOro KoHtypa Gyaer Qyukuuedt oT { {depe3 H); cne-

di
AOBaTeJbLHO, MO2KHO 3anvMcatb KaK —— —7 ﬂponsﬂenﬂ

r gi dt’
TaKyl0 noACTa#OBRY B (opmyse (59.8), nomyunm

dL )\ di
&, = —(L+z-5)—‘?, (59.11)

OTKYZAa BHIHO, Y4TO NPH HaAWUHH (eppOMarieTHKOB KO3(-
i
GHUHEHT TPONOPUHOBANBHOCTH MEXLY —r H &: OTHIOLNL

He paseH L.

B cayuae, xoraa L = const, uaMeHeHHe CHJbI TOKa CO.
ckopocTbio 1 afcex B npopoauuke ¢ L = 1 en npusoanut co-
raacio (59.9) x so3HuKHOBenHIO &, = 1 6.

§ 60. Tok npn 3aMBIKAHHY H PA3MBIKAHUH HENN

Ilo mpasuay JleHua ponoJHHTelbHBIE TOKH, BO3HHKAIO-
1He B DPOBOAHHEAX BCJAeJCTBHe CaMOHHAYKIHM, BCeria
HanpaBJeHH TaK, 4TOGn BOCHIPENSATCTBOBATL H3MEHCHHAM
TOKa, TEKyUlero B Lien#. ITO NPHBOAHT K TOMY, YTO yCTa-
HOBJIeHHE TOKA INPH 3aMulKaBHK uend M yOLiBaHHe TOKa
NpH pasMLIKAHHM UENH HPOMCXOAHT He MTHOBEHHO, a H[O-
CTeneHHO.

Hafizem cHaualla xapakTep H3MEHEHHA TOKA NpH Ppas-
MbiKaaun Hend. IlycTs B wenb ¢ He saBucsalllel OT i HHAYK-
THBHOCTBIO L 1 conporupseRdeM R BKJIOYEH HCTOMHHK
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TOKa, HMeoniuf 3. 0. ¢. & (puc. L13). Hoa neficrsuem stoit
3. L. C. B ueny OyAeT Teub MOCTOSIHHBIA TOK

&

IO=? (60.1)

(eOTPOTHRIEHHE HCTOYHHKA TOKA cuuTaeM MpeneGpexxHMo
MaJILIM),

B moment Bpemenu /=0 OTKJIWYHM HCTOUHMK TOK4
3aMKHYB OJHOBDEMEHHO Lefb HAKOPOTKO MHepeRaioyaTeneM
fl. Kax toabKo ¢HAa TOKA B Lenu craHeT yOblBaTh, BO3-
HUKHeT 3, A. €. camMounaykumu. ClejoBa-

TeJqbHO, TOCAe OTKMIOUEHHA HCTOYHHKA L
3. . €. CHJlA TOKa B Lenu GYAET B COOTBET-
¢rBiH ¢ 3akoHoMm Owma yooBJaeTBOPATH
YpaBHEHH!IO f?[]
: di
iR = ga = — L e .
[Mepennmem 910 BHpaKEHHE TAK: N\ '
P di | R P & gl
arTi=0 {60.2)
Ypaenenne (60.2) npeacrapaser cofon Pae. 113,

JAHRefiHoe oAHOpOAHOe AutiepeHlHaABHOR
ypaeHenne l-ro nopsaaxa. Ero nerko npouuTterpupoBath,
pa3fenus MepeMeHHble, T. €. 3alHCAB B BHAE
di R
OTKYZAA

ni=— 2 ¢4 1nconst

(uMest B BHAY dadbHefnine npeobpasoBaHHA, Mbi DOCTOSRH-
HYI0 HHTErpHpGBaHug Hanncanu 8 BuIe Inconst).

[ToTenuHpoBaHHue 3TOTO COOTHOLIEHHA OA€T

£y
i=const-e ¢, (60.3)

Beipaxenre (60.3) apnsgerca oOmuM pemieHHeM ypas-
HeHus (60.2). 3nauenne const HafineM U3 HaYaJdbHBIX YCJIO-
guit. [Ipu ¢ = 0 cuna Toka uMeaa suauenuwe (60.1}. Caeno-
paTeneHo, const =/ Tloacrasue 310 3Hadenme B (60.3),
NOTYYHM

R,
i=1le T, (60.4)
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Hrax, nocie orkiigueHHsd HCTOMHHKA 3, A. €. CHNd TOKa
p lenA He obpaniaeTcs MTHOBEHHO B HYJAb, a yOulBaeT no
aKcnoHeRunanpioMy saxony (60.4). I'padux yOmsanns i
Jau wa puc. 114 {kpusas 7). CropocTh yOLIBAHHS Onpefes
JAfIETCH  HMelolledl  pa3MepHOCTH
BpeMeHH BEJAHYHHOM

L
T':-R- ’ (60.5)

KOTOPY® HA3HBalOT I[OCTOAH-
Ho#i BpemenH uenn. Hcnonwso-
BaB oGo3nauenne (60.5), dopmyne
(60.4) MoxHO MPpUIATL BHA

Pue. 114, L
e i=1e . (60.6)

B coorBerctBuu c 3Tolt dopmynol T ecTh BpeM#, B Teve-
HHE KOTOPOr0 CMJja TOKa yMeHbllaercd B e pa3. Ha coor-
HoumeHuss (60.5) BuAHO, YTO uyeM Gosble KHIYKTHBHOCTS
uenn L M MeHbme ee conpoTHBAeHMe R, teM Oodbue 10-
CTOSHHAA BPEMEHHA T U TeM MefJieHHee CnajfaeT TOK B HemH.

Tenepp paccmorpum cayuafi aamuKanus uenn. [locae
ROAKJIOUEHHS K HMCTOYHHKY TOKa, IO TeX MmOp, [IoKa Cuia
TOKa He NPHMeT ycraHoBHBWIEroca suavenus (60.1), B nens
KpoMe 3. 1. ¢. & Oylder AeficTROBaTE 3.JI.C. CAMOHHAYKIMH.
CnenoraTeilbHo, B COOTBETCTBHH ¢ sanoHoM Oma MOmHO
Han®caTh, WTO

R=F+&=8—L3.

[MpeoGpasyem 310 ypaBHel#e K CAEGOYIOLIEMY BHIY:
di R. &
E+Tt=f' (60.7)
Meul npulusig K JAHHeHHOMY HECAHOPOIHOMY YDaBHEHHIO,
KOTOpoe oTAHiaercs or ypasHeuus (60.2) amnin TeM, uto B
npasoil 4acTH BMeCTO HYJf B HeM CTOHT NOCTOSHHAS BeJH-
yyHa &/L. Kak useectHO n3 teopuu AuddepeHIHANBHBIX
ypaBHeHHH, o0llce pelieHHe JMHEHHOrO HEOAHOPOIHOrO
ypaBHeHHS MOMHO NOJy4YHTb, NpubasHB J060e ero yacr-
goe pellelde K OOll[eMY pelleHRI0 COOTBETCTBYIOIUIETO OJ-
HopogHOro ypaBHenns. OOlee pelleHHE OAHOPOIHOIO
ypabHeuua uMeer Bupg (60.3). Jierko ybeiauTscs B TOM, 4TO
j = [o = &/R npeacrapager coGofl YacTHOe pelleHHe ypas-
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Henns (60.7). CaenoBatenbHo, ofliee pelueHHe ypaBHEHHA
(60.7) MOXHO HanHcaTh CAEAYIOILHM oOpazoMm:

Ry
i=I,+const-e L,

B Hauanbuoit MoMeHT. cusia TOKa { paBHa uymo. Or-
ciofa aaa const noayqaercs 3padeHde const = —/o. Ta-
‘Kum obpasom,

i= 10(1 ~ e“‘%‘). (60.8)

Pyuxuua (60.8) omucbiBaeT HapacraHue TOKa B LlenH
noc/ie NCAKIIOYeHHS K Hell McTodHHKa 3. 4. ¢ I'paduk atoi
¢yukuHE nad Ha pHe. 14 (Kpupas 2).

Mgt npeamonarand MBAYKTHBHOCTE L moctoannofi. Ecan
neflb CONEPHHT KATYIIKY C XeJe3HHMM cepAedHuxoM, &,
Gyner ompepensnthest GopMydonn (59.8). B srom cayuae 3a

Cyer CJ1araeMoro I'E 3. M. ¢. CAMOHHAYKIHH MOXeT a0+

CTHraTh OueHb GoJbINMX 3HaueHui. [Ipw aToM cuma Toka
MOKeT 3HaUHTEJILHO HpeB30HTH o

§ 61. 3ueprun MarsHTHOrO NOJR

PaccmoTpam nepss, u300paxenuyio- Ha puc. 115. Cna-
yana 3aMkHeM coJieHoug L Ha batapeio &; B Hem ycTaxo-
BHUTCA TOK f, KOTOPHI OOYCJAOBHT MATHHTHOE [I0J€, CIETVIEH-
Hoe ¢ BHTKaMM conedoupa. Ecnw,
OTKJAI0GHB  COJEHOHA OoT Oara-
peH, 3aMKHYTb er0 uepes conpo-
THRNeHHe R, TO B o6pasoBaBmieics
Hend GyAeT HEeKOTOpOe BpeMA Tedb
nocrenenno yGuBalomnin Tok. Pa-
Gora, coBepllaeMasi 3THM TOKOM 34
Bpems di, paBHa

dA=&,idi=
=& jat = — 1d¥. (61.1)

Pue. 115,

Ecir HHAYKTHBHOCTB. COJIeHOHZ4 He 3aBHCHT OT i
(L = const), ro d¥ =L di u Bupaxenue (61.1) npunu-
MaeT CAeAYIOLHHA BHA:

dA=— Lidi. (61.2)
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IlpouniTerpupoBaB 3TO BEIpaXKeHue [0 { B npegenax ot
IepBOHAYAJIBHOTO 3HAYeHHA [ NO HYJS, HOJAYuYMM pabory,
COBEpIIAEMYIO B LeEMH 3a BCe BpeMf, B TEUEHHE KOTOPOTo
TIPOHCXOMHUT HCUE3HOBEHHE MAFHHTHOIO TOJH:

A=-J Lidi="— (61.3)

Pabora (61.3) nzer ma mpupaiueHue BHYTpeHHeft 3Hep-
FHH TNPOBOAHMKOB, T. e HA HX HarpeBanve. CoBsepluenue
3TOR paBoThl COMPOBOMKAAETCHA HCHUE3HOBEHHEM MAarHHTHOIO
noJis, KOTOpoe MepPBOHAYa/bHO CYLIECTBOBAAO B OKpYHKAO-
meM codeHouy npoctpaHcTse. [NoCKoAbKY HHKaKHX ZDYTHX
H3MEHEGHHH B OKPYXKAIOIIHX 3JEKTPHUECKYIO LElb TeAax He
NPOHUCXOMAHT,. OCTAETCH 3aKJIUHTh, YFO MATHHTHOER MoOJe
ABJAAETCST HOCHTE/NEM SHEPruH, 3a CUeT KOTOPOH H COBep-
waerca pabora (61.3). Takum oOpasom, MbHl NPHXOOHM K
BLIBOJlY, YTO NPOBOAHHK € WHAYKTHBHOCTBIO L, 1m0 KoTo-
pPOMY TeueT TOK i, obaajiaeT sHeprHel

2

Li

KOTOpaA JOKAJH30BaHA B BO36YXKAaeMOM TOKOM MATHHT-
HoM moJe [cp. 3Ty copmyay ¢ BupakeHuem (29.1) mam
3HEPTHH 3apsXKEeHHOTO KOHAeHcaropal.

B I'ﬁYCCOBDﬁ CHCTEME BBRIpAMKEHHE AJA 3HEPTHH KOHTYDA ¢ TOKOM
HMEeT BUA

we t L2 (61.5)

3amernmM, uTe BHpaxenwe (61.3) MONRHO TpakTOBaThH
Kak Ty pafoTy, KOTOPYIO Heo6XOAHMO COBEPUIMTL NPOTHB
3. 1. C. CAMOHHJYKLUHH B [pouecce Hapacranus Toxa or 0
Mo i, ¥ KOTOpast MJeT Ha CO3JaHHe MArHMTHOrO nonas, obJa-
zawomero sHepruefi (61.4). B camom jgene, paGorta, coBep-
naeMas NpPOTHB 3. A. C. CAMOHHAYKIIHH,

i
A= [(-&)idt.
Q
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IMpousnens mnpeoGpasobanus, NoAOGHLIE TeM, KOTOpHE
npuBedn Hac K poipaxenmuio (61.2), moayunm

i
&= Lia=%, (61.6)
0

yto cosnagaer ¢ (61.3). PaGora (61.6) copepuraerca nph
YCTAHOBJNGHHH TOKA 3a cYeT HCTOUHAKA 3.J1.C. H HAeT He-
JNUKOM Ha CO3JaHHE CHENJIEHHOTO ¢ KOHTYPOM MAarHHRTHOrO
nois. Bupamenue (61.6) He yuuibiBaeT TOH paGoThl, HO-
TOPYI0 HCTOYHHK 3.J.C. 3aTPavyMBaeT B NPOLeECce YCTAHORB-
JeHHsl TOKa ia HaTpeBaHHe NPOBOJIHHKOB !).

Buipasum sHepruio mareursoro mona {61.4) uepes se-
JHYMHE, XapaKTepH3YOIHHe caMo noje. B ciyuae Gecko-
HEUHOTO ({MPaKTHYECKH OUYEHb AJHHHOFO) COJACHOWAA

L=ppn®V, H=ni
OTKYIa

P==

n

Tloactrasnas sty 3#avedus L u i B (61.4) u npoussond
npeofpa3oranug, NOJYUIHM

W= by (61.7)

Kak O6bni0 nmokaszano B § 42, MarsuTHoe noje HeckoHey-
1O [JHHHOTO COMEHOHIA OJHOPOAHO W OTJAHYHC OT HYAA
TOALKO BHYTPH conesonpa. CaenosatenbHo, sneprus (61.7)
3aKji0UeHa B Ipefenax COJEHOHAA M pacnpejelena N0 ero
00beMy ¢ NOCTOAHHON MWIOTHOCTRI0 @, KOTOPYHY MOKKO MoO-
AyuHTh, pasgeius W Ha V. IlpousBens 370 AedeHde, No-
JYUUM

w=Hall” (61.8)

i} Ona pasha
i
a = | rizat,
0
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Bocnonpsopagminck cootHoneinem (44.15), dopmyay
JJisl I7IOTHOCTH SHEePTHH MAPHHTHOTO NIOJS MOMXHO 3anucaTth
chenyowinm obpasom:

BH _ B
w == (61.9)

TlenyuenHOe HaMK BHIpa)KeHHe AAf IVIOTHOCTH 3HEPTHH
MAFHHTHOrO MOJIfl HMEeT BHA, aHRJOTHUHBIH BBIPAXEHHN
(30.2) ans nnoTHOCTH 3HEPrHM 3JeKTPHUECKOTO NOA, C
TEM JIHIIb OTJHYHEM, 9TO JeKTPHUECKHE BEJHYHHb B HeM
3aMeHeHH COOTBETCTBYIONMMH MaTHHTHbIMH.

B rayccosofi cucteme (GopMyJZs RA NJIOTHOCTH SHEPTHH MalHHT-
BOTQ 10751 BHITASAAT CASAYIOUHM 06Dpa3oM:

_pH* BH B 10
T 8~ 8m’ (61.10)

Ecan MarHHTHO® ROJMe HEOJHOPOAHO, IIOTHOCTD SHEPIHH
Gonbmie TaM, rae Goawite H u p. UroOul HafTH 3HEPTHIO
MaTHHTHOTO II0JIAl, 3AKMOUEHHYI® B HEKOTOpoM ofbeme V,
HYKHO BHIYKHC/NHTD HHTErpad

W=fde=J'i‘%’ﬁdv. 61.11)
v 1'a

§ 62. Baanmuan Hugyxuus

BosbmeMm gBa kontypa ! u 2, pacmonoxesubie Apyr oT-
HOCHTEJbHO Jpyra He oYeHb jnaneko (puc. 116). Ecau B

7~ 2

Puc. 116.

[epBOM KOHTYpe TCUeT TOK CHJBI iy, OH Co3jaeT yepes Apy~
rofi KOHTYp TNPOIMNOPUHOHAJNLHBI ) NOMHLIA NOTOK

Iyz = L21‘i1 (62.1)
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{noae, coajawoulee STOT NOTOK, H300pa)KeHO HA PHCYHKE
CITOUTHEIMH JIHHHSAMH).
Ilpn naMeHeHHAX TOKa I; BO BTOPOM KOHTYpe HBAYLi-
pyercd 3. 4. c. p
31 .
6g2= - L‘Il?‘ (622)
AHanoryuno, NpH NPOTEKAHHH BO BTOPOM KOHTYPE TOKA
CHMEl {3 BO3HHKAET CBA3aHHHI C NePBHIM KOHTYPOM MOTOK

W= Ligiy (62.3)

(moste, cozparouiee 3TOT NMOTOK, H3QOpaxKeHO MYHKTHPHEIME
JHHHAMH),

ITpr n3MeHeHHAX TOKa {; B KOHTYpe ! MHIAyHMpYyeTcs
3.A4.c

Ep=— L2, (62.4)

Konrypet I ¥ 2 Ha3bBalOTCA CBA3AHHWIMH, a SBJCHHE
BO3HHKHOBEHHA 3. J.C. B OJHOM M3 KOHTYDOB NpPH H3MeHe-
HHAX CHJIBl TOKa B JPYroM HAa3ulBaeTcd B3aHMHOA
HHAVKIUHEH

Kosppuumenrs nponopumonanvuoctd Lis u Ly Basbe
BAWTCA B3AaUMHOA HHAYKTHBHOCTLIO (HAM KOS (-
brHuHeHTOM B3AMMHOH HMHIYKLHH) KOHTYPOB.
IToaxe MB nmoKaxewm, 4TO 3TH Ko3ddUIHEHTH BCErna pas-

HEl ADYF APYTY:
Lp=1y. (62.5)

BaauMnas HHAYKTHBHOCTL L 3aBHCHT OT GoOpMBI, pass
MEPOB H B3aHMHOTO pAacloJOXKeHHs KOHTYPOB, a TakkKe OT
MarHUTHON NPOHHUAEMOCTH. OKPYKAWIMEH KOHTYPH Cpeasl.
MaMepsiercst L2 B TeX K€ eIHHHIAX, YTO H HHAYKTHB-
HocTh L.

BEYMCIUM 5SHeprHI0 MAarHHTHOIO IO, CO3aBaeMoro
ofoumMH kKoHTypamd. Ecild TOK Teuer TONBKO B OAHOM H3
KOHTYpOB, HaNpMMep B MepPBOM, 3Hepr#s MAarHUTHOTO [0/
corqacuo (61.4) paBHa

Ly}
Wi=—. (62.6)
a WJIQTHOCTE BHEPIHH —
FQHH?
W=7

rpe H|— HanpAXKEHHOCTk MO, CO3[ABAEMOr0 TOKOM i
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AHaNOTHYHO, €CJIM TOK TEYeT TONBKO BO BTOPOM KOHTY-
pe, SHeprus noifA paeHa

Ly,
Ww,= 22, (62.7)
& ee MNJIOTHOCTh
l"o!-lH%
2 g H

rie H,— HanpAXeHHOCTb MOJS, CO31aBAEMOTO TOKOM [y

B cayuae, korga Tox B 0GOMX KOHTYDPaX OZHOBpPEMEHHO
OTJHYEH OT HYJ5, HaUpAMKEHHOCTb NOAA B JI0GOH Touke
6yaeT cOrMacHe NPHHUHNY CYNEpPHO3WIHH paBHa

H~=H,+H,

Tak uTo, Boobie rosops,
H*£H} + Hi.

Orciona caefyer, uto
WFE W+ Wy,

H TOJHAaA COBMeCTHasA SHeprHs KoHrypos W He paBHa cyM-
me snepruil (62.6) n (62.7).

Yro6n saitty snepruio W, BuiuncnuM paboty, KoTOpylo
AQJAHLI COBEPIIHTE HCTOYHHKH TOKA, BKJAWUYEHHHE B oba
KOHTYpa, AJA TOTO, YTOOB B KOHTYpAaX BO3HHK/IM TOKH CHJIBLI
fj H iz 0 OBIIO CO34AHO COOTBETCTBYIOLIEE CYMMapHOe IoJe.
Tlycrs BRAvasde cnla Toka B OGOHX KOHTYpax papHa HYJIO.
Has Toro uro6b! cO3faTh B NIepBOM KOHTYPe TOK CHJH iy,
HCTOYHHK TOKZ, BKJYEHHHE B KOHTYP, IOAMEH COBep-
IMNTH OPOTHB 3. A.C. camonnaykuuu & pabory, BelHuuHa
koropoit corsaacno (61.6) papaa

2
A;= L;, ,

rjae Ly — HHAVKTHBHOCTH NI€PBOro KOHTYpA.

Tenepn, nelnep:xuBas cully TOKa {; HeH3MEHHOH, cTa-
HeM YBeJHUMBaThL CHJAY TOKa BO BTOpPOM KoHType oT 0 zo
fo. [lpy 3TOM HCTOUHHK TOKa, BKJIOWCHHLIH BO BTOPOH KOH-
TYp, AOJKed coBepiuTh paboTy

Al = Lyi;
2 = 2 ?

rie L; — HBAYKTHBHOCTb BTOPOrO KOHTYpa.
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Oxnako memo He wHcuepnbiBaercs TOJbKo ortum. [lpa
U3MEeHeHHAX TOKA iy B liepBOM KOHType "OyjAer HHAYUHpO-
Bateca 3.4.c. (62.4). Ilas Ttoro 4rofnl NOABIAEHHE 3TOH
3. & C. He BLI3BAJO H3MCHEHHA CH/IbL TOKA B KOHTYpe, HCTOY-
HHK TOKA4, BKJIOUEHHBIA B NepBHl’ KOHTYD, JOJIKEH COBep-
WHTb {IPOTHB 3. A, C. HHAYKUMH pabory

A= (- &a)idt.

Toxncrasaas cioga Buipamenue (62.4) aaa &4 H yum-
ThiBaf, YTO CHJA TOKA i, MOCTONHRA, MONYUHM

t iy
’ . diy . Cqs va s
Ae=1i L|2? dt = 15 ngdlz = lelltz. .
0 0

Taxum o6pa3om, nottHasa paboTa, KOTOpas COBepllaeTca
HCTOUHHKAMMH TOKa, AefcTBylNlKMH B 000HX KOHTYpax, NMpH
YCTAHOBJNEHHHW 3HAUeHHH CHMJbl TOKa i, # {s paBHa

:2
|‘: L‘z
A=A+ Ay + A= ——+ -+ Li,  (62.8)
[MpoBenst Takye e paccyXACHWA ANA CAyYasn, KOTAa
BHAYaJle YCTaHaBJNHBAeTC BO BTOPOM KOHTYpe TOK CHAM
ip, @ 3aTEM B NMepBOM KOHTYpE TOK CHAB i;, BOAYYHM 113
paboTH clelyiolee BhIPANKEHUE:

L L
A’ e _g_‘ + 2£2 + LZ["’Q‘I (62.9)

(B atoM cayuae, 9TCOH HOAAEPKHBATH HeHaMeHHOH CHIY
TOKa f3, HY#HO cOBepilaTh paBoTy npoTAB 3. 4. C. HHAYKIHH
(62.2), xotopas nponopunoHadabHa Ly ).

" [lockoabky pafoTa He MOXeT 3aBHCETh OT TOTO, B Ka-
KOH 10cTefoBaTelbHOCTH CO3MAlOTCA TOKH — CHauata iy,
a 3aTeM iy, HJAH HAOGOPOT, — BLpamenus (62.8) u (62.9)
JOMXKHE OblTh paBHLl Apyr Apyry. Otcioaa caeayer cnpa-
BeIUBOCTh cOoTHOW enHs (62.5)

Briuncienran HaMM pafoTa HAET HA CO3JaHHe 3HEPruUn
W wmaruntHoro nousd. IloatomMy MokHO HamHcath, 4TO

L2 L 1
W it =3 Loy (62.10)
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Tlepsoe caaragmoe B 3Tol OpMyJse ZaeT 3HEPrHIO TOXa
[, BTOpOE — SHepTHIO TOKa Iz, caaraemoe Ligiiy Ha-
SHBAeTCA B3aHMHOHK 5Heprueli TOKOB i, H ia.

‘Haiizem snepruio W B npeamofoxeHHH, YTO TOKH i H i
OIHOBPEMEHHO YBEMHYMBAIOTCA OT HVJS IO 3aJaHHBIX 3Ha-
yeHnpH. B »TOoM clydde B HEPBOM KoHTYpe nﬂﬂyuupyemﬂ
3. A.c., pasHaa &g + &;, Iae é"s,—-—«Ll ——— 3.h.C

caMOHHAYXKNHH, 3 &; —3. A.C., onpeﬂeﬂﬂemaﬂ cpopMleoﬁ
(62.4). Bo BTOpOM KOHType ZeficTBYeT & + &4 Palbora,
CORepIIaeMas NPOTHB 3THX 3., C., HAET HA CO3JaHHe 3IHep-
rum ToKoB. [lo3ToMy MOIKHO HAIHCATh, UTO

i
W= [ [~ (@0t Sl iy dt + [ 1= Gor g =
0
14
ZJ‘( o +L12 dlz h dt'*'_f L2 gy +L21 dtl)"zdt
0

HcenonbsoeaB  coornomenne (62.5), 510 Bhpamenue
MOXKHO npeoﬁpasosa'rb K BHAY

W= fLm di i+ j Lm iy d¢+IL,2 zl o 4 iz)

L2

't
I'IepBble ABa HHATCrpaJda JarT COOTBETCTBEHHO 5 H

L.i%
__gfg_. Tpertuil uHTErpan MOXHO 3amlHCATH CAEAYIOUIHM 06-
pasoM:

¥
[ Lot at = L
o

UTak, MH CHOBA NIpHXOAMM K Bhpaxenuio (62.10),
Qopmyne AaA IHEPLrHH TOKOB MOMKHO NPHAATH CHMMET-
PHUYHBIA BHJ
2 2 ; -
Ly Leiy | Lpgigdy = Loy

oo ofy By | Sl
W=t t—5 -t
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HOan suepran: N cBASAHHBIX APYr ¢ APYTOM KOHTYPOR
NONYYaeTCH aHAJOTHUYHOE BLIpAXKEHHe

N
1 ‘s
W=z % Ly (62.11)

i, k=l

rae L = Ly;~~B3auMHas HHAYKTHBHOCTb i-I0 H A-TD KOH=
TypoB, a L;; = L; — HHAYKTUBHOCTE {-TO KOHTYpa.

B zakaouenHe HafileM B3aUMHYI0 HHIYKTHBHOCTH ABYX
KaTyHmeK, HAMOTAaHHBIX Ha OOL{ufi TOPOHAAJbIHBL Keaes-
Huilt cepfleunsk (puc. 117) ITlockoilbKy JAMHHA MarsyTHOMH
WHAYKIIHH COCPENOTOUHBAIOTCA BHYTPH cepieuHuKa [cMm.
TEKCT, cheayowui 3a dopmyaoit (45.5)], MoxHO cuuTaTb,
yTo  BoalymkJaemoe = aio00k U3
06MOTOK MarHuTHOe Ttone Oyier
MMeTb BCIOY B cepLeYHHKE OJHHa-
KOBYIO HANpPSIKEHHOCTb (HalOMHHM,
YTO TyCTOTA JIHHHA MarndTHON HH-
AVEU#E npomepunonanbna 5). Ecan
nepsas oOMoOTKa HmeeT N) BUTKOB
¥ N0 Hell TeyeT TOK CHAM I, TO CO-
TJ1aCHO TeopeMe O UHDKYIASLHU
[cm. (44.6)] MoKHO HamucaTh, 4TO

Hl= N, (62.12)
rae | —anuHa cepAevHHKA.
floTox MarHHTHOH HEIYKLMH Ue- Puc. 117,

pes nonepeyHoe ceucHye cepleydnKa

M = BS = popnHS, rae .S — naolajge nonepeynoro -ceyeHus
cepneunrka, [lojctaBue cioga snavenwe 1 uz (62.12) u
VMHOXKHB TIOJYYHBILEeCs BLIpa)kewue Ha Ny, Noayuum mnoa-
HbIR MOTOK, CLenAeHHEH co BTOpoH 06MOTKOH

8 .
¥, = T Mot N (N i

ConoctaBnag 310 empaxenne ¢ (62.1), maxomum, uto

N
Ly = TMOP«NlNz- (62.13)

IlpoBenss BoiuHcAcHue notoka ¥y, CBA3AHHOTO ¢ Nepsoil
00MOTKOH, B NPEANONOKeHHH, 4T0 N0 BTOpOA ofMoTke Te-
9eT TOK CHMb ip, MOMHO MPHATH Aas Lig K TaKOMYy e TOu-
HO BHIpaMeHHUID,
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§ 63. PaGora nepeMardudenyn deppoMarHeTHra

Ilpy u3aMeHeHHAX TOKa B LENH MPOTHB 3. M. C. CAMOHH-
AYKUyH cosepuaercs pabora

A ={— Egcﬁﬁw—tﬁ—wdw (63.1)

Ecau usgyKTHEHOCTS Lenu L ocraeTcs mocToAHHOH (410
BOZMOMXHO TOJBKO MPU OTCYTCTBHH (DEPPOMATHETHKOB), 3T
paboTa HOJHOCTBIO HAET Ha cO3LaHHe SHEPTHU MATHUTHOTO
nona: dA" = dW!). Hnave, Kak Mbl cefidac BHIACHHM, 06-
CTOHT HEJ0 NpH HAMHYHH (epPOMaTHeTHKOB.

Beipazum (63.1} uepes BeJHMUYMHEI, XapaKTEpH3YOILREe
maruutiHoe none. C 3TOH uUeJbK paccMOTPHM OUEHB JANMI-
Huit coftedona. B arom cayuae H = ni, W = niBS. Cneno-
BATERBHO, MOKHO HANMCATH

., H
i=—

, d¥=nlSdB.

MMoacrasue 1u Bepakenus B (63.1), noayuum
dA"=HdB-V, (63.2)

riie V = IS —of6bem cosedonga, T. €. o6beM MmO,

BrisicauM, -MOXHO 5nu BEHpaxenne (63.2) OTONKAECTBHTH
¢ TIpHpAaIeHueM SHeprud mMarautuoro noas. Hanomnnam, uro
aneprusi — QyHKMA cocrodnus. [losToMy cyMMa ee npH-
PAUICHHH He 3aBHCHT OT NYTH, O KOTOPOMY COBepuIaercs
nepexoa H3 OJHOTO COCTOAHMA B APYroe, H, B YACTHOCTH,
CYMMa NpHpAaLIeHHH 3HEPrux AMsl KPYTOBOrO mpoilecca pas-
Ha HYJO:

§dW=o

(nuave roeops, dW siBasierca noanbiM AuddepeHnHANOM).

Ecxv s3anoasuth conesouf (GeppoMarseTykoM, TO CBA3b
mexkaxy B u [ Oymer uMerTh EHA, H300paKeHHbH Ha
puc. [18. Ilpu olxoae no nerae ricTepesuca {T. e. NP Of-
HOM NHUKJIe NepeMarupyenus) HHTerpad

§HdB

iy B atom caywae (63.1) nepexopur B dA’ = Lidi [em. (61.6)].
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GyAer paBeH NJOuULANH Sy, oxBaThizaeMofi neraed. Takum
o0pasom, HHTeTpaa OT BLpaxenus (63.2), 1. e

§ dA, (63.3)

orauded oT Hynas. OTCiola MBI 3aKJIOYAEM, YTO NIPH Hazid-

yHH (eppoMarHeTHkoB pabota (63.2) He moxeT OHTh Npi-

pasHeHa NPHPAILGHHI SHEPrHU

MATHATHOTO [10J4. §
B pacuete ma ejxuuumy

o6bema . (deppoMaruetTHka pa-

Gota (63.3) pamna

<§ HdB=S,  (63.4) / i

4

[To 3aBeplieHnH LHKAA mepe- /
marHuuedns H wu B, a suauut u
MArHHTHaA  9HeprHs  Oynayr
HMETh TepBOHAYANLHYK Be/H-
upny. CuegoBaTenbHo, pabora
(63.4) wuper He Ha coajgaHue Puc. 118.
IHEPrHH MarHHTHOTQ moas, Kak
NOKA3HBAET ONLIT, OHa HIOET Ha YBEJAHUCHHE BHYTPeRHeH
3HePrHN (eppoOMArHETHKA, T. €. Ha €ro HArpeBanHe.

Hrak, npn cosepuieHHd OAHOIO LHKJA flepeMarHHYeHHs
¢eppoMarterdka 3aTpaydBaeTcsl B pacueTe Ha eIHHHLY
ofvema pabota (63.4), ulcNeHHO paBHAasA NAOIIAJAM NETAH
ricrepesuca. OTa paboTa uaeT Ha narpeBanue (eppomar-
HETHKa.

B rayccosoit cucreme paboTa nepemarzuyenuss ¢eppomarseTHka
B pacueTe Ha €AHHHIY ©ObeMa ONPEZeNfeTcs BLIPAMEHHEM

1 1
—_— =— 63.5
= §Hd3 — 5n, (63.5)
T. €, YHCACHHO panHa nJoagk neTad rHCTepeauca, H.EJ'IBHHOI:I Ha 4!13.

B orcyrctene deppomarsetukos B ssaderTcd @AHO3HAT-
Hoi yukuwen H (B = pouf, rme p = const). Toatomy
{63.2) npeacragaser coboit nonubil Angdepenuan

dA" =puH dH - V.
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Hurerpuposanne ot 0 no 1 gaer
H
2
W= [ =vpp [ Har =12y,
{

YyTO B pacyeTe Ha efHHHLY oGbema copnagaer ¢ (61.8). Ta-
KHM o06pa3oM, B OTCYTCTBHe (eppomarHeTHkos pabora
(63.2), kax ye OTMEYaNOCh, HAET HA CO3/aHHe IHEPTHH
MargHuTHOIO 1O, T. €.

dw=HdB (63.6)

npeacrasngeT co0ofi npHpallenye NJOTHOCTH SHEPTHH Mar-
HHTHOTO IIOJISI.

B rayccoBofi cucreMe

I
dw= i HdB, 63.7)



T/TABA Xi

ABH)KEHHE 3APA)KEHHDIX HYACTHIE
B 3JIEKTPHYECKHX H MATHUTHBIX NOJAAX

§ 64. JiBniKenne 3apaiKeHHOR 4aCTHUL B OJHOPOJTHOM
MATHHTHOM T0J€

ITpencrapum cede sapax e, BaeTauui B OZHOPOAHOE
MACHUTHOE TIOJIE@ CO CKOPOCTBIO V, MeprneHAuKyaspHoil K B.
[Ton jefictBueM cuapt Jlopenua 3apsaj mnpHOOpeTaeT no-
CTOSIHHOE TI0 BeJiH4MHe HOPMAJIbHOE YCKOPEeHHE

w, =1 =2 yp (64.1)
(yroa mexay v B B npamoi).

Echn CKOPOCTh. H3MEHASTCA TOJMbKO IO HANPABJIEHHIO,
NBHMEHHe ¢ TIOCTOAHHBIM [0 BEJHUHHE HOPMAJAbHBIM YCKO-
peHueM npeacTaBAser cOOOH paBHOMepHOE MIBHMKEHHe IO
oKpyKHOCTH (cM. T. I, § 20), panuyc kotopoh onpefenser-
€A yCHOBHEM w, = U¥R. Tloacraenss ciofga 3HaueHHe
(64.1) mna w, u peluad NoJyyMBINeecs ypaBideHHe OTHOCH-
TeJALHO R, noayuaem

m v
R=Z-%. (64.2)

Hrak, B cayvae, KOria BeKTOp v NeprneHaHkyaaped K B,
3apsKEHHAA YacTHUa ABHAETCA 10 OKPYXHOCTH, PajHyc
KOTOPOl 34BHCHT OT CKOPOCTH 9ACTHHM, Marnmnoﬁ HHAYK-
IMH MO/ H OTHONUIEHHS 3apAjia YacTHIE €’ K ee Macce m.
OrtHomenne e'/m Ha3biBaeTCsd YAGJbHEIM 3apsAg0M.

Hafizem Bpema T, KoTOpoe 34TpayHBaET YacTHita Ha
ofun oGopor. s 3TOr0 pasfienus JAuHy OKPYHHOCTH
2rR Ha cxopocTe uacTHuw v. B pesyabTaTe NONYUHM

T=2n-- (64.3)

A
g B*
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Tlepuon o6GpaureHus vacTuupl NO OKPYXHOCTH OKAa3Hl-
BaeTcAd He 3aBHCALIMM OT €e CKOPOCTH, OH ONpefelfieTcs
TOJBKO YIAEJbHBIM 3apAA0M UacTHHB H MarHHTHOH HHAYK-
uneil noif. Ha puc. 119 nokaszansl TPaekTOpPHH ABHIKEHHA
B OJHOPOAHOM MAFKHTHOM [OJI€ ABYX 4aCTHUL ¢ ONHHAKO-
BEIM YJeJbHBIM 3apfiCM, HO pPa3JHYHHIMH CKOPOCTAMH V)
H Vo. ECAH YacTHubl BHIXOAAT OJHOBpeMeHHO H3 ToukH O,
TO, COBEPIUHB 33 OXMHAKOBOE
BpeMA TMOJHBIH 00opoT, OHH
CHOBa BCTpeTsaTes B Touke O.

BriicHum xapaxrep ABH-
JKeHHsl 3apAKeHHOH vacTHUH

Puc. 119, Pue, 120,

B cJydae, KOTAA ee CKOpPOCTh Ofpasyerc HanpaBlAeHHeM Of-
HOPOIHOTO MA&CHHTHOrO NOJA Yroa ¢, OTJAHYHHIEA OT mf2.
Pasnomxum BexTOp Vv Ha ABe COCTaBJAIOIME: V , — nepne-

BHKYNApHY©O K B u v —napaiieisiyio B {puc. 120).
Jlerko BugeThb, 4TO

v, =vsine, v, =uvcosa.

I
Cuna Jlopenua pasHa
f=éevBsina=e¢'v B
¥ JIeXKHT B IJIOCKOCTH, nepnenaukyasapnoit Kk B. Cosgasae-

MOe 3TOH CHJOCH YCKOpeHHe gpjifeTcs s v, HOPMalbHbiM.
Cocrasaaowas cunsl Jlopenua B HanpasjenHd B pabna
HYJO, NOITOMY UOBJHHTE HA BEJAHUMHY V, 3Ta cuja He
Moxer, TakuMm 06pa3oM, ABHMeHHe HacTHHL MOXHO npen-
CTAaBHTb KaK HaNOXelHe LBYX ABWXeHMi: 1) nepemente-
HHA BHOJb Hampasiennd B ¢ NOCTOAHHOH CKOPOCTBIO
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v,=vcosc h 2) PaBHOMEPHOIO BpalUeHHS B ILIOCKOCTH,
nepneHJHKYAAPHON K BeKTOpY B. Paauyc oxpyxuocth, no
KOTOPOH TMPOHMCXOAMT BpalleHHe, Onpejeserca HopMyJof
(64.2) c samenoft v Ha v = vsina. TpaekTopus HBHKe-
tusl npencrasaser coboli CnHpaJds, och KOTOPOH coBnazaeTt
¢ Hanpasjennem B (puc. 121).
Ilar cnupanau [ moxuo HaflTh, 1
YMHOXKMB ©U) Ha OnpeieseMplil
dopuynonn (64.3) nepuoa obpa-
uesnsa 7:
=yl =2n% % vcosua. (64.4)

Hampaeneuue, B koTopoM 3a-
KpyuHBaeTCa CHOHpaflb, 3aBHCHT Puc. 121
OT 3HaKa 3apaza yactuunl. Ecau
3apsaj NOJOXKHTENEH, CIUPa/b 3AKPYUYHBAETCS NPOTHE 4aco-
Bo# crpeaxn. Cnupanb, N0 KOTOpOH JBHMKETCH OTpHLA-
TeJAbHO 3apsiKeHHAsi 4acTHUA, 3AKPYdHBaeTCA IO 4aCOBOf
cTpedKke (mpejnonaraercd, UTO ML CMOTPHM Ha Chupaib
BAONL HanpasieHus B; uwacTuua npu 3TOM JeTHT OT Hac,
ecan o < &/2, H Ha Hac, eCIH o > n/2).

§ 65. OrTknoneHne NBHIKYUMXCA 3APAKEHHBIX HACTHLU
NEKTPHYECKHM H MArHHTHBIM AOJAMH

PacemoTpuM  y3KHMiT NYYOK OIOHHAKOBLIX 3apAKeHHBIX
yacTay (HanpHMep, 3JeRTPOHOB), momagaowwil B touke O

l — L

Puc, 122,

Ha TepreHadKyJAPHBEIK K HeMmy 3kpaH (puc. 122), Onpene-
JHM CMeIleHHe Cela NYYKa, Bhl3BIBAEMOE NepNeHAHKYaap-
HbiM K Hy4KY ONHOPOAHHIM SJIEKTPHUECKHM mnoJjeM, AeH-
CTBYIOIIHM Ha nyTH juHHolt f. IlycThb mepBoHauaabno
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CKOPOCTh YacTHI[ paBHa vo. Bofiaa B o6aacTb mons, KaKLas

yacTHila OyAeT HABHTCATbCA ¢ AOCTOAHHHIM [0 BEJIHYHHE W

Hanpas/JeHHiO, TIEPNeHJHKYAAPHEIM K Vg YCKOPeHHeM
’

W, = % E (¢'/m— ynenouufl 3apax wdacThuu). JIBHMeHHE

mox ReficTBHeM MOJR RNpoRoJKaerca Bpema f= [j/ue. 3a
3TO BpeMﬂ JacTHURl CMECTATCHA HG PaCCTOAHHE

1
== w ft=—— ol (65.1)

U NpUo6peryT NEPHEHIHKYAAPHYIO K Vp COCT2BJAAIOUIYIO
CKOPOCTH
== t__e_’_ h

wt=—F-

(4 B
m Yo

4

B nanpHefinleM YacTHIE JeTAT NPAMOMHHCAHO B Ha-
NpaBJEHHH, KOTOpPOe 08pasyeT C BEKTOPOM Vo YIronl g, ompe-
NenfeMBll yCAOBHEM

B pesysabraTe B jgononHeRHe K cMellenuio (65.1}) myuox
npHoGpeTer CMelleHye
’ I
yo=lhitga="FELL,
m Ua

rhe lg — paccTosiHHE OT TPaHAlL Nods A0 9KpaHa.
Taxum oGpasoM, cMellieHue ciefa NMy$Ka OTHOCHTERAbHO
touxun O pasHO

- =L ph (1,
y=y+y mErJg(2ll+12)' (65.3}

Iocneanee BHpakeHWe MoXHO ¢ yvwerom (65.2) zanu-
caTb B BHJAL

y=tga(—é—lt+12),

OTKYAAa BLITEK&ET, UTO YaCTHUH, NOKHHYB IoJe, JETAT TaK,
KaK eclu OH OHH BEITETENH M3 UEHTpa KOHAEHCATOPA, CO-
3Ral0lleTo foMe, NOA YIVIOM @, KOTOpHA onpejensercs Gop-
mynoi (65.2),
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Tenepe npeanonoxum, 4TO Ha HMEOILEM [POTAXKEH-
HOCTb [y MYTH YaCTHI BKAIOYACTCA NEpPNeHAHKYISAPHOE K HX
CKOPOCTH Vp OZHOPOJHOE MarHuTHoe noje (puc. 123; mose
NepneHAHKYAAPHO K IIOCKOCTH PHCYHKA, oGaacTbh moas o06-
BEIEHA HYHKTUPHOH OKPYMHOCTBbIO). 1loj meficTBHeM nNOJn

Puc. 123,

Kaxjgaa 4yacTtuua HOJIY‘IHT MNOCTOAHBOE N0 BeJHYYHe yCKO—
4
peHne w =— v,B. Orpaunupsanch ciyuyaem, Korja or-

K/IOHeHde NydKa f10/JieM HEeBeJHKO, MOXHO CYHTaTh, YTO YyC-
KOpeHHe wl TakKze MNOCTOSHHC N0 HANPaB/NEeHHK) H NEPREH-

AMRYJAAPHO K Vo. Torga Ags pacdera cMelieHHs MOMXHO HC-
110AB30BATH I'[Ole'-IEHHhIe HaMH GopMYyJbl, 3dMEHHB B HHX

YCKOpeHHEe @, = L — E 3navenmeM w, =_ vOB B peayab-

TaTe Js CMEI!J,EHHH, KOTOpOe Mbl Telepk oﬁosuaqum Oyk-
BOH X, IONYYHM

i i [
x=2B3 (54 +12). (65.4)

¥Yroa, Ha KOTOpblli OTKAOHHTCH NY4OK MATHHTHHIM [O-
JeM, ONpeAeIUTCH BHPAMEHHEM

tgp==B {,;n (65.5)

C yuetom (65.5) dopmyay (65.4) mOKHO 3anmucaTh Cje-
aywoupM ofpasoM:

x=tgﬁ(§-tl+12).



CaepoaaTenbHo, NpH ManblX OTK/JIOHEHHAX HACTHIB, fIOKH-
HYB MarHHTHOe foJe, JeTAT TaK, KaK ecJH Obl OHH BhlIe-
TeAH H3 LEHTpa MO NOJA YIJioM B, BETHYHHA KOTOPOro Of-
peaeasgerca BupaxenneM (65.5).

Ormerm, ¥4T0 Kak oTKAcHedHe {(065.3) anexkrpHyecKnM
nosem, Tax n OTKNOHeHHe (65.4) MArNMTHBLIM IOJEeM BpPO-
NOPUHOHANBLHO YASNBHOMY 3apAfy YACTHL H HATDAMKEHHO-
cTH (Wan HHIYKUMH) cooTBeTcTBymoulero nois. O6a oTkao-
HeHUH 32BHCAT TAKIKE OT ¢p, YacTHIE ¢ OAHHAKOBLIMH &'/nt
H Up NOAYH3IOT B KaXIOM
H3 noaefl oplHHakopoe OT-
KJACHEHHe M, CJefcBaTedb-
HO, TTONafalT B OAHY H TY
Me TOUKY BSKpaHa.

Orxacuenue nyuka
3JIeKTPOHOB 3JIeKTpHYe-
CKMM HWJIH MarHWTHBIM [O-
JeM HCIOJIb3YeTCA B 3J€K-
TPOHHOMYYeBLIX  TPYOKaX,
BuyTpn 1py6rN ¢ »JeKTpUuECKHM OTK/IoHEHHeM (puc. 124)
KpoMe ' TaK Ha3blBAeMOr0 3/JeKTPOHHOTO  NpOMKEKTOpa,
C034a10LLEro Y3KHH MAYYOK OBICTPBIX 3JEKTPOHOB (3Jek-
TPOHHBLII /y4), NOMelu(aloTCs IBe Mapbl B3aHMHO nep-
NeHJNKyAApHBIX miacTuH. [lonasaa wanpamxenune na a6yio
napy MJI4CTHH, MOXKHO BbI3BaTh MPONOPIHOHAJIBHOE €MY
CMEIKEHHE 3NeKTPOHHOrO Jyya B HanpaBieHHH, MephneHiu-
KyJMApHOM X AaHHBIM RaactHHaM. JKpaH TpyOGKH MOKDHI-
BaloT QayopecuHpywLliaM coctaBoM. [TosTomy B MecTe no-
najAUHA HA 3KPAH 3JIEKTPOHHOIO Jyua BO3HUKAeT ApPKO
cBeTALEECH OSTHO.

DAeKTPOHHOMYUEBbte TPYOKH NPUMEHSIOTCS B OCHRMANC-
rpadrax — npubopax; Ho3BORAOWHX HAGA0IaTE # GOTOTPa-
(uposate OnicTponpoTekaioiiye npoteccel. Ha onuy napy
OTKJMOHAKOILHX NAACTHH N0JaloT HANpAXeHHe, H3MeRdolee-
Cfl NIHHEHHO cO BpeMeHeM, Ha APYFYW Rapy — Hccilelyemoe
HanpsxeHde. BeaeacTeue HHYTOMHON HHEpIHOHHOETH SJIEK-
TPOHHOFD 1Iy4Ka ero OTKAOHeHHe Gyfer 6Ge3 3amnasulBaHus
CJTEIOBATDL 3@ W3MCHEUHSAMH HanpsKeHuil Ha OTKJIOHAIIMHX
AAIacTHHAX, TPHYEM JYY BHIYEDTHT HA 3KpaHe ocuuiorpatha
rpadMk 3aBHCHMOCTH HCCAREAYeMGra HAmpasKeHHg OT Bpe-
MeHH. MHorue HesneKTPHUCCKHe BETHUHHBI MOryT OHITh
¢ NOMOLULBIO COOTBETCTBYIOILHX VCTPOHCTB (ZaTUMKOB) Mpe-
06pa30BaHbl B IMEKTPHYECKHE HANPAXKEHHA (MAH TOKH).

Pue. 124,

224



[losToMy ¢ nOMOWEBIO OCUMMIOTPa(hOB HCCAEAYIOT CaMEe
pPa3nHIHBIe [0 NPHPOJE TPOLECCH.

JNEKTPOHHOMYUeBaA Tpy6Gra sBjAfAeTcd HeOThbeMAEMOil
HacTbl TENEBHIMOHHBEIX YCTPOHCTB. B TeneBMAeHwu uapie
npuMedATea TPYOGKH ¢ MATHHTHLIM VP AaBJEHHEM 3/IEKTPOH-
HbIM JiyuoM. ¥ Ttakmx Tpy60X BMECTO OTKJIOHSIIOIHX NJja-
CTHH HMeIOTCS ABE PAcIONOKeHUble CHAPYKH B3aHMHO mep-
NeHUKYJAPHBIE CHCTEMBl KATYIMEK, Ka)jAad H3 KOTOPBIX
co3faeTr NepNeHAUKYJIApHOe K Ayuy MarnutHoe mose. Hs-
MeHsIst TOK B KaTylIKaX, BbI3HIBAIOT NepeMelleHie CBeTOBOTO
NATHa, cO31aBaeMoro Ay4oM Ha 3KDane.

§ 66. Onpeaenenne 3apaja H Macchl 3JEKTPOHA

HaMepenne yleabHoro sapafia 3JeKTPOHA, T. € OTHOMIe-
Hua e/m, Bul10 BIEpBHle OCYLlecTBAeHo ToMcosoM B 1897r.
¢ NOMOUILI0 paspasHol TpyOXn, usclparKeHHoH Ha puc. 125,
Buixopsluit u3 otBepcTHa B aHoje A IeKTPOHHLIH MYyoK
(kaTodHble nyuy; oM. § 89) mpoXoAua MeWAY NAacTHHEMH
MJAOCKOTO KOHAeHcaTopa
nenazaa Ha Gayopecin-
pyiomu#l 3xpaH, co3fapas
Ha HeM CBeTAlllgecH WHATHO,
IlogaBan HanpsxeHHe Ha
IJIaCTHHHEL  KOHjeHeartopa,
MOXKHO OBLTO EO3AeHCTBO-
BaThb H4d INY40K OLHOPOJI: Puc. 125.

HBIM 3JeKTPHYECKHM MoJeM.

Tpybka moMelranach MexKAY MOMOCAMH 3NEKTPOMarHHTa,
¢ TIOMOLILIQ KOTOPOrO MOXM(HO OBJIO CO31aBaTh HA TOM e
YUYACTKE [YTH 3JEKTPOHOB TepHeHAHKYNAPHO® K JIeKTpHue-
CKOMY ORHOpOJAHOe MarHuTHOe nods (o6aacTb 3TOro mosd
ofpenena Ha puc. 125 mydsxTHpHEIM KpyxKom). llpu Bhx-,
JIIOUEHHEIX NOJAX NYYOK HOnajgad Ha 3kpaH B Touke O.°
Kaxnoe Ha moneft B OTAEALHOCTH RBI3BIRAAD CMEIUEHHE |
IYYKa B EePTHKAJLHOM HANpABJEHHUH. BeJHUHHE cMellleHuit
OIpeAe]ATcA ROJAYYEHHBIMM B nNpelbllylieM Raparpade
peipaXkenunmMd {65.3) u (65.4).

BKNIOYHB MAarHHTHO® NOJe ¥ H3MEPHB BHL3BAHHOE HM
CMeLieHHE CIE)a NYUYKa

i {1
x=2BL (_?zlwz), (66.1)

15 Y. B, Capexsen, T, §] 225




ToMcon BRIWYAN TakkKe 3JEKTPUMECKOe ToJMe M MORGHPan
.ero Be/AHYHHY H HafipaBJeHHe Tak, 4Toful OYUOK CHOBa NoO-
nagan B rouky 0. B sroM cayuae snexTpHUeCKOe - H MarHHr-
HOe RO neﬁeraoaanu_ﬂa SJEKTPOHLI MYUYKa O,I[HOBPEMEHHO
C QJHHAKOBLIMH II0 BEJTIMUHIHE, HO HPOTHBOHOJIO}KHO Hanpas-
JCHHBIMY CHAAMH, T. € BHIOJHANOCE YCIOBHE

eE = ey,B. (66.2)

Pemas coBmecrHo ypasieuus (66.1) u (66.2), Tomcou
BEIYHCARAA efm u vgl).

By npuMeHun 1ja ompeZedeHHs YIlenbHoro sapsia
3NeKTPOHOB MEeTox MarHutHoR (oKycHposkn. Cytb 3ITOrO
Meroga SsakjauaeTca B caegyiouem. lpeanosoxuM, uTo
B OAHOPOAHOM MAarHHTHOM [IOJI€ BbIIETA€T M3 HeKOTOpOH
TOUKH CJIeTKa pacXOlfiuicsd CHMMETPHYHbIA OTHOCHTE/NbHO
HafipaBJeHHs MOJA OYYOK 3JCKTPOHOB, HMEICUHX ONHHAKO-
BYI0 NO. BeJHuUHHe cKOpocTh v, Hanpasienus, mo KOTOpPLIM
BHIIETAIOT 3JEKTpOHH, 00pasyT ¢ HanpaeaehdemM B nHe-
Gospltke Yripl a¢. Kag Ovino_peisicHeHo B § 64, saexTpouwl
ABUKYTCH B STOM clydYae MO COMPAABHLIM TPAaeKTOPHSIM,
coBepinas 24 oJAuHaKoBoe Bpema [cm. dopmyny (62.3)]

T=21’E?F

OOAHLIH 060p0T H CMCIladAcCh BAOAL HAMPAaBACHHA TNOJIA HA
paccroauue I, pasnoe

{=vcosaT. (66.3)

Beneneresie Manoctu yraos o pacerosuus (66.3) aas
PA3HBIX 3JEKTPOHOB GYAYT DpPAKTHUECKH OJHHAKOBBIMH H
pasuuMy v (anA mMaasix yrioe coso =~ 1. Cinenosatess-
HO, pacXofAuuics NYYoK CQOKYCHPYETCS B TOUKE, OTCTOA-
ilell OT TOYKH BBIETA 3JEKTPOHOB Ha PacCTOAHHH

t=ol =2a7 =, (66.4)
B onkite Byma sAerTpoHb, HCOYilleHHBle PaCKANTEHHHM

katofoMm K (puc. 126), yckopsaoTcd, npoOXoAsd pasHOCTb no-
Tennuanos U, NpHAOKeHHYI0 MEXAY KAaTOLOM W amoioM A.

') C paBHEM yCNeXoM MOXHO Opii0 HIMEPATh OTIIOHGHHE HYuKa
SACKTPRUECKHM [MONEM H 3aTeM KOMAEHCHPORATEL AGACTDHE SMCKTPHuE-
‘CEOrQ fIOAH MartHTHLIM,
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B pesyapTare OHH RPHOGPETAIOT CKOPOCT ¥, BENHYHHA KO-

TOpO#A Mo¥Ker OhiTb HafileHa H3 YCAOBHS
mo?

el =-=—, (66.5)

BhijeTes 3aTeM H3 OTBEPCTHS B aHOAE, 3JEKTPOHH ofpa-

SYIOT YSKHH Ny4OK, HanPaBNeRHElll BAOAb OCH 5BaKyHpO-

BaHHOH TpyOKH, BCTaBieHHON BHYTPb conenonga. Ha sxone

B COJICHOR/ NOMEUAeTCA KOM/JIEHCATOD, HA KOTOPHIK NOfaeT-

cfl nepeMeHHoe HanpsKeHue. IToae, cospaBaemoe koumenca~

TOPOM, OTKJIOHAET 3JEKTPOHBI NMy4Ka OT ocH Rprnbopa Ha

[ J’
1 1eooooocoo

-
T

Tanoooonuouou

Puc. 126.

HeGO/BINHE H3MEHSIOMHCCA CO BPEMEHEM YIIH o. B peayan-
TaTe MPOHCXOIZHT «3ABHXPCHHE» NYYKa — 37eKTPOHbL “HAUH-
HaJOT ABMFATBCA 11O DASJAHUHBIM CTIHDAJBHLIM TPAeKTOPHAM.
Ha Bbixoze u3 coO/eHOMAA CrasuTcs (AYOPecHHpPYIOUMH
akpaH. Ecau mopobpath MATHATHYIO MHOYKIMIO B Tak, 9To-
Our paccrostue !” oT KORJeHcaTopa A0 SKPaHA YAOBJIETBO-

PRJD YCJOBHID
UV=nl (66.6)

(rae | —mar cnupanu, 2 n — nenoe YHCIO), TO TOYKA nepe-
CEYeHHA TPAEKTOPHH 3/IEKTPOHOB monajer Ha 3KpaH —
eKTPOHHLIA NYYOK OKaxeTcA CHOKYCHPOBAHHEIM B 9TOM
TOUKe W BO3GYIMT Ha 3IKpaHe pesKoe CBeTAlleecH NSTHO.
Ecnu yenoene (66.6) He coGuiiosaercs, cBeTalleecs NSATHO
Ha sKpaHe OyneT pasMbiTHIM. Pemas cOBMECTHO ypapBHeHH:
{66.4), (66.5) n (66.6), Moxuo HafiTa e/m u v.

HanGonee tounoe sHadenwe yLeNBHOTO 3apsja 5Jex-
TpoOHa, YCTAHOBJEHHOE C YY€TOM Pe3YNbTATOB, NOAYYEHHEIX
PasHBIMH MeTOLaMH, paBHO

= =1,76+ 10" g/xe=5,27 . 107 CI'C3/e.  (66.7)
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Benwuuna (66.7) paet OTHolleHWe 3apffla 3NeKTPOHA
K ero Macce nokos My Kak BbITeKaeT U3 TeOPHH OTHOCH-
TENBHOCTH, Macca /of0ro Tela 3aBUCHT OT ero cKOPOCTH 10
3aKOHY

[T R —_ R— (66.8)

B stoii dopMyse m — macca Tena, OBMKYUIETOCH CO CKO-
poOCTbI0 ¥, ¢ — CKOPOCTL CBeTa B MYCTOTE, a rMy— Macca
TeNa B TOM CJayuyae, KOr/la OHO [OKOHTCH, HA3bIBaeMasi M a c-
COlfl MOKOA.

B onpoitax ToMCOHa CKOPOCTL 3JEKTPOHOB COCTABASIY
mpumepro 0,1 ¢, 4TO NMPHBOLNIO K OTKAOHEHHID /H OT My Ha
0,5%. B nocnepyionux onui-
Tax CKOPOCThL 3JEeKTPOEOB J0-
¢TUrana ouseip GOMBIIHMX 3HA-
yernit. Bo Beex cAayuanx Guiio
+ LI, ’) o0Hapy:XeHo YMeHbIIeH#e H3-
MepseMblX  3HaueHHd efm ¢
pocTOM U, NPOMCXOAHBINE: B

Vs TOYHOM COOTBRTCTBUY C ¢op-
Murgoeran  yynoi (66.8).

Pre. 127. 3apan aaekrpoda Oma on-

pedened ¢ Goabliofl  Toy-

HocThIO Mussnkedom B 1909 r. B saxpniToe mpocTpaHCTBo

MEXIY TOPHBOHTAJNLHO PaclO/0MKEeHHLIMHA NJACTHHAMH KOH-

npencatopa (puc. 127) Muiamken BBOJAMA MeibualuiMe xa-

neabky Macna. [1pu pasGpblsruBalMy KalmelbKH 3JEKTPH30-

BAJHCh H HX MOXHO OBLIO YCTaHABAUBATL HENOABHIKHO,

noaGupas BeAHUHHY ¥ SHAK HATPSKEHHs HA KOBAGHCATODE.
PapunoBecue Hacrynase BpH YCJIOBHH

i A

v‘r
Aymboepusemen

P’ =¢'E; (66.9)

3lech P/ — pesyanTHPYIOILAS CHAL TAXKECTH W apXHMeao-
o 4
Bofl CHJB, [raBHasn .—m’s(p.— Po}g, TAe p— NAOTHOCTh

KanenbKy, r—ee paluyc, po— MJO0THOCTL BO3AyXa.

3uan r v E, moxuo 6uno Halith €. Jas onpexenenus
paguyca H3Mepsaaach CKOPOCTb paBHOMEDHOTO [1aJAeHHsd
KaneJbKH B OTCYTCTBHe noJif. Kak 43BeCTHO M3 MeXaHHKH
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fem. 1. 1, dopmyay (60.2)], sta ckopocTs pasna

vy = 20 palar (66.10)
n

MamepuB vg H 3Has 9, po H BA3KOCTb BO3AYXA 1), MOMKHO MO
gopmyae (66.10) BuHUMHCAHTE 7. JIBMMKeHHe KalejJbKd Ha-
6m0Aaa0Ck C NOMOILBI0 MMHKpOckona. [lisi HaMepeHHs Uy
ONpeAenanoch BpreMs, 3a KOTOPOe KanedbKa NPoXojHia pac-
CTOSIHHE MeMJY ABYMS HHUTAMY, BHAMMBIMH B 10t€ 3peHHs
MHKpOCKONA.

Touno sathurcupoBaTh paBHOBECHE KanenbKH OUeHb
TpyaHo. TloaToMYy EMeCcTo TOJf, OTBEYAIOILEro YCJAOBHIO
(66.9), BKIOuUaJOCh TaKoe ToOJie, NoA AeficTBHEM KOTOPOro
KamenbKa HAa4YHHATA ABUTaTbCcA ¢ BebONBILOH CKOPOCTBHIO
BBEpX. YCTAHOBHBINAACA CKOPOCTh INIOABEMA Uy ONpese-
JseTcd M3 YCJAOBKA, 9TO cuaa P’ u cHia TpeHusa 6nnrv B
CyMMe YpagRHOBELIHBAIOT cuay e'E:

P+ 6nnrog =e'E,

Boipa3ue P’ uepes o, po M 7, NOACTABHB 3HAYEHHE
r #3 (66.,10) u peniHp ypaBHeHHe OTHOCHTEABHO &', NONYYHM

2n? — oo 1)
e’=9n]/ Voo —5— .

{e—po) g

CinepoBarenbHo, HIMEPHB CKOPOCTH CBOGOAHOrO mnane-
HHsl KaleabKH Uy H CKOPOCTh €e NOABEMA Up B H3BECTHOM
sAekTpwiecKoM moie £, MOXKHO Obli0 HalTH 3apaR Ka-
nenbku ¢,

WsMepus cKOpoCcTb Ug, MWIAHKEH BEI3BIBAJ HOHHM3AIHIO
B031yXa; 06/1yuas NPOCTPAHCTBO MEXAY MIACTHHAMH DeHT-
IeHOBCKHMM Jyvamu. OraesbHBle #OHEl, NPHIHNAA K- Ka-
neabke, H3MEHANH ee 3apAi, B pe3y/bTaTe 1erg. cKOpoCThb
Up W3MEHANach.

Kak noka3anw uaMepenun Mujinkena, H3MeHeHus 3a-
pana KanmeabKu Ae’ w cam sapsp ¢ Kaxaw#i pas nomyua-
JHch HENEIMU KPaTHBIMH OMHON W TOll e BeauunHe e. Tem
caMbiM Oblla 3KCMEPUMEHTANBHO A0Ka3aHa AIHCKPETHOCThb
IEKTPHYECKOrO 3apaja, T. €. ToT $akT, YTO BCAKKA sapsij
claraercs M3 3JEMEHTapHEIX  3apsSfoB  OJMHAKOBO

1Y B a1y ¢dopmyisy Muljuken BHOCHA [(ONPaBKY, YIHTHBAIOILYIO,
4T0 pasMmepn Kanedexk OelH cpaBHMME ¢ AJKEOH ceBcOoanoro npobera
MOJeKYa BO3nYxa.
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BEJHUHHBI, 3HaueHHe s/1eMeHTapHOro: 3apfajfa, yeTaHoBJeH-
HOE ¢ yueToM u3sMepetiit MHIHKeHA # JlAHHBIX, NOJYHEeR-
HBIX JAPYIHMK MeTORAMH; PaBHO

e=1,60-10"" xk=480-10"° CTC3.  (66.11)

Taxkyo XKe BeJdUMHy HMeer 3apfii aaekTpona. [Huan
Maccel NOKOA 3JMeKTPOHa ¢ yderom (66.7) m (66.11) noay-
$AETCH 3HAYEHHE '

me=091-10"" x2=0,91.10"% 2, (66,12)

Takum 06pasoM, Macca 3/7eKTPOHA NPHGIH3HTENBHO B
1840 -pa3 MeHbile. Maccsl CAMOI'D JEIrKoro. H3 aTomos —
artoma Bojgopoda (cMm. . I, § 92).

§ 67. Onpenenende ypeJsHOTe 3apPALA MONOMHTENbHBIX
uoHoB. Macc-crekTporpadu

OnucauHble B npeApAyiieM naparpage MeTOAbl Onpenc-
JAeHHA &'/m HPUFOZHW B TOM CAyYae, €CIH BCE YaCTHUM
B NMYyYKe HMCIOT OAMHaKORYIr ckopocTb. Bcee ofpasyioumue
NYYOK B3/EKTPOHH pPasroHAIOTCH OJHHAKOBOH pazHOCThiD
NOTEHIHA/MO0B, NPHJIOKCHHOH MEXAY KaTOAOM, H3 KOTOpPOTO
OHH BHJIETAIT, H aHONOM; NO3TOMY paszbpoc 3HAYeHUH CKO-
poctedl 3JeKTPOHOB B myuke oueHb MaJj. Ecam 6ui 310 6B110
He¢ TaK, JeKTPOHHWE Nyd4ox JaBan Obl Ha 3Kpale CHIALHO
PasMuITOE MATHO, H H3MepPeHHN ObLIH OB HeBO3MOMKHEL

[TonoxnTennasie ROHEl OOpPA3yOTCH 32 CYET HOHH3ANHK
MOJIeKYJ Ta3a, HapuMep, IPH ra3osoM paspage (cum. § 84).
Bosunkas 8 pasHBX MeCTax, HOHbl TIPOXOAAT HEOA#HAKO-
BYIO. Da3HOCTb {IOTEHUHANOB, BCJICACTBHE Yero HX CKOPOCTH
6oiBaloT pasfinunbimu. TaknM ofpasoM, METOAB, KOTOPHIMH
OB OnpeReyied YASHNBHLIE 3apas 3ICKTPOHOB, K MOHAM He-
npuMenuMel. B 1907 r. TomconoM 6us1 paspaboTal «MeTo[
rnapaloa», KOTOPHE H03BOJNHA oOCGHTH OTMEUeHHGE 3aTpy/il-
HeHue.

B ontite ToMcona TOHKHHE NYYOK NOJOHHTEALHLIX HOHOB
NPOXOANT uepes 06aacTh, B KOTOPOil HA HEro OJHOBpeMEHHO
BO3AefCTBOBAJH TNapaaiedbHele APYT JAPYry SJexTpHue-
CKOe W MarHMTHOe nmons {puc. 128). O6a nons Oulin OOHO-
pOdHBIMH H 006pa3dBHBaNK ¢ mepBOHAYANLHBIM HARpaBAe-
HUeM nyyxa npaMofl yron. OHH BH3LIBANH OTKJIOHEHHS HMO-
HOB: MarHuTHOE ~— B HanpaBJeHHH OCH X, SHeKTPHYECKOR —
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proak ocu y. Coraacho dopmynam (65.4) » (65.3) st or-
KAOHeHHA GHAH PaBHEI '

x=%’32—‘(%t,+zg), i
|
J

. 67.1)
/ (
y=e—E—ﬂ’; ('é‘ll‘i'lz),

m

rRe U — CKOPOCTDb JlaHHOFO HOHA € YAENBLHEIM 3apajioM €'/m,
/| — NpOTAXKEHHOCTL 06JIACTH, B KOTOPOA HONA HeilCTBYIOT
Ha TyY0K, !y— paccToAHHE 0T TPaHHLL -3TON 061acTH JI0
OTONMACTHHKH, PETHCTPH-
poBaBlledl NOMAJIaBIIHE HA
Hee HOHHL.

Bemuuunst (67.1) mpen-
crapgaswT  cofo  Koop-
JIHHATH! TOYKH, B ROTOPOH
nomagaerT Ha IJACTHHKY
HOH, HMelR# §aHHOE
sHaueHHe €'/m 4 BOAHYHHY
crkopocty v, Hosuml ¢ oau-
HaKOBBIM  YIEJAbHHIM  34-
pAIOM, HO pPA3IHYHBIMH
CKOPOCTAIMH flONajaJ® B
pasHbie TOUKH [JaCTHHKH.
Hegawouns 3 dopmya Puc. 128,

(67.1) cropocth U, moay-

UMM YpdBHEHHe KPHBOH, BAoJb KOTOPOHR pacllofaraiuchk
cnefpl MOHOB ¢ OOHEM M TeM 3Ke sHadeHHeM e'/m. Boa-
Be/lsl mepBoe H3 ypapHeHHA (67.1} B KBaApaT M pasfmeluB
3aTeM €ro Ha BTOpQe, TNocae Npeo0pa3oBaHHA NONYYHM

= 5 (67.2)

v=[1mosTm)

Takum o6pasom, HOHbI ¢ OJHHAKOBHIMH &’'/ri W pa3liHu«
HHIMH U OCTaBAAJH HAa TJACTHHKE CJIEA B BHIE HapaGOJbL.
Honet ¢ pasanunblME €'/m pacnofarajiuchk BAOAL Pa3HEIX
napaGoa. 3uas napamerpul npubopa (1. e. E, B, [, u b} u
H3Mep#s CMeIleHHs y U X, MOXHO G0 o dopMyae (67.2),
HaxXOJAHTh YIEJLHLIH 3apAL HOHOB, COOTBETCTBYIOLIHX KaX-
Aol napafosie, Ilpu HIMeHeHHH HANPaBAeHHA OLHOIC U3
nodefi cOOTBETCTBYKAA KOOpPAHHATA M3MeHAJa 3HAK Ha
o6paTHHIl, TaK UTo NOAyYaiAHch NapaGoibl, CHMMETpPHI<
Hele npexHuM. [leqd DomoAaM  paccTofHHe  MeXny
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COOTBETCTBYIOIIMMHE  TOUKaMH CHMMeTPHYHHX napadod,
MO¥KHO OGh10 HaxoAuTh X ¥ Y. Chej, ocTaBiseMblil Ha naa-
GTHHKE NYyuKOM [NpPH BLIKIIQUEHHHIX NOJAX, RaBajl HA4Yaao
koopannat. HMa pue
129 nokaszasn nepBuie
napabojn, MOMyYeHHble
TomcoHOM.

Tlpouseeis onwit ¢
“XHMHYeCKH YHCTHIM Heo-
HOM, Tomcor ofHapy-
HHM, UTO  FTOT  ra3s
JaBana gBe napabonbl, co-
OTBETCTBOBABIINE AaTOM-
BEIM  BecaM 20 # 22
TTonkiTRA o0BACHHTS
3TOT pe3y.JbTat NPHBENH
K T[pennoNoXeHHw o
TOM, YTO CYLIECTBYIOT

Pue, 129. IBe XHMHUECKH Hepas-

JHYHMBIE Pa3HOBHA-

HOCTH 4TOMOB HEOHa (N0 COBPEMEHHON TEepMHUHOMOTHH —

JBa M30TOma Heona). JloKazaTenbcTBO 3TOTO MpPEANONO-

}eHHS Opio ZaHO ACTOHOM, YCOBEPLISHCTBOBABILIAM METO,T
OlIpe/le/IcHHA YIeIbHOIC 3apsia HOHOB.

[IpuGop AcrtoHa, Ha3BaHHHIA MM Macc-CHEeKTpo-
rpadomM, umen caenyioiliee yerpotictso (pHc. 130). Ilyuoxk

Puc, 130.

HOHOB, GHIICNEHHBI CHCTEMOH Hleqef, nponyckadcda mociae-
AOBATENLHO UYepe3 SMeKTPHUecKOe W MAarHHTHOe NOASf, Ha-
npaBieHHEIE TaK, YTC OHH BLISLIBA/H OTKJOHEHHS HOHOB
B [POTHBONOMAOXKHEIX Hampassienusix. [Ipu npoxoxienud
SMEKTPANECKOTO TIOAA WOHBE C J&HHEIM €'/m OTKIOHAIKCEH
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TCM CHAbHEe, yeM MeHblie Oblia HX CKOpOCTb. IToaTOMYy M3
SMEKTPHUECKOTO TOASl HOHBI BHIXOAMJH B BHAE DacXoad-
uierocs Ny4Ka. B Mar{HTHOM [oJie TPaeKTODHH HOHOB TaK-
We HCKPUBJSJIHCE TEM CHJbHee, 4YeM MeHblie Oblla MX
ckopocTh. B peaynawrare nocie BHXoZa H3 - MAarHKTHOPO
‘oA MOHBL 00Pa30BLIBAJH TIYYOK, CXOAHMBIMMECH:B OZHOA
TOYKE,

Honnl ¢ ApYyrHMH 3HAUSHUAMU YIEHIbHOrO sapaga ¢o-
KyCHPOBaJHCL B ApYyruX Toukax {(Ha puc. 130 nokazaHul

Puc. 131.

TPAEKTOPHH HOHOB JIHIIb [LIs OJHOTO 3HAYEHHS e'fm). Co-
OTBETCTBYIOIME pacueT AAeT, UTO TOUKH, B KOTOPHIX CXO-
AATCA MyYKH, 00pasoBavHble HOHAME C pas/iMuHBIMM e’fn1,
Jiemar NpuOJAMSHTENBHC Ha OAHOI npsiMo#. Pacnonaras
BAosAb 3TOH npamofi dortonnacTHHKY, ACTOH. nonyuan Ha
Hefl pal IUTPUXOB, KamAbli U3 KOTODHX COOTBETCTBOBJ
onpejeneBHoMy 3Haueduio €'/m. CXOLCTBO NMOMydaBHIETOCH
Ha nJacTHHKe H300paxkeHus c dororpadHell ORNTHUECKCTO
JHHEHYaTOro CMeKTpa MOCAYKUAD MPHYHHON TOTO, YTO ACTOH
Ha3Bad €ro Macc-cnekxTporpaMmMMoii, a csofl npu-
6op—macc-cnekTporpadom Ha.puc 131 npisene-
HEl nOMYyYeHHEIe ACTOHOM MacC:CMEKTPOTPaMMbl (NpOTHB
WITPUXOB YKa3aHLl MaCCOBBIC YKCAA HOHOB).

BeiinGpugx cospan npubop apyroro THna. B macc-
cnekrporpade DBefinGpuaxa {puc.- 132) mydok HOHOB mpo-
"XOJAT CHavana uepe3 TaK Ha3blBaeMHH CeJACKTOp (HAH
GUALTP) CKOPOCTeH, KOTODbiMl BbLIAEAAET M3 NYYKA HOHDI
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¢ onpeneieHHHIM 3HAUEHHEM CKOPOCTH. B ceiekTOpe HOHH!
NoJBepraioTcsi OJHOBPEMEHHOMY HEHCTBHIO B3AHMHO Nep-
NEHIHKEYJIAPHEIX 3AEKTPHYSCKOr0 H MAaTHHTHOro IoJeH,
Kamxja0e M3 RKOTOPBIX OTKJAOHAET WOHH B NPOTHBOMNOJOKHBE
cTOpoHbl. Hepes BHXOAHYI0 INeNb CEJNEKTOpPa NpOXOAAT
TOJBKO Té HOHHI, J/ifl KOTOPHX HeHCTBHS VIEKTPHUECKOTO M
MArHHTHOrO MNoJcH KOMNeHCHPyYIOT ApYr Ipyra. 2T0 npouc-
XOAHT Tpu yeiaosuu, uT0 &'E = e'vB. CiefoBaTebHO, CKO-
POCTH BHINEALIHX H3 CEJEKTOpa HOHOB, HE3aBHCHMO OT HX

4]

ZEI\S
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W /
\:::__,.l’ ”,/

Puc. 132.

Maccel M 3apsia, HMEIOT ORWHAKOBYIO BEIHUHHY, PABHYIO
v.= E/B.

‘Bulfifis H3 ceaerkTopa, HOHH [onafawT B obaacte nep-
NeHAUKYAAPHOTO K HX CKOPOCTH OJHOPOJAHOrO MarHuTHOTO
noas ¢ wmuiyknned B’. B . sroM- cayuae HOHH JBHIKYTCH
N0 OKpYMHOCTAM, paauychl KoTOpHX corjacHo (64.2) sa-
BHCAT OT &'[m

=Y
il e B .

OnucaR nONOBMHY OKPYXHOCTH, HOHM MONajianT Ha
($OTOMIACTHHKY Ha PacCTORHHAX OT Wiean, pasunx 2R, Cae-
IOBaTeNbHO, HOHEI Ka)XKAOr0 copra (ONpemenseMoro 3Ha-
genyen €'/m) OCTaBJAKT HA NAACTHHKE Cjlel B BHAC Y3KOH
nojockn. 3Had mapaMeTpsl mpHopa, MOXKHO BLIUHCAHTE
yAenbHele 3apaAsl HoHOB. [lOCKOABKY 8apAaanl HOHOB #AB-
ASIIOTCA UeNBIMH KPATHMMH 31eMenTapHOBO 3apsjia e, no
BaftleHBHIM 3HayYeHBAM ¢€'/Mm MOMHO ONpEASIHTb MAaccH
HOHOB,
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B Hacrodluee BpeMsi HMEeTCS MHOrQ THHOB YCOBepiHeH-
CTBOBAHHEIX Macc-ciuexTporpagos. Cosnavp Takxe npubo-
pLl, B KOTOPLIX HOHBHl PETHCTPHPYIOTCA He (POTONIACTHHKOL,
a ¢ NOMOUIbIO 3JEKTPHYECKOro YcTpoRcTBa, OHH MOAYYHIH
Ha3BaHHE MacC-CNEeKTPOMETPOR,

§ 68. Uukaorpon

HezasucuMocTe mepHoma obpallleHysi 3apsaKeHHOH ya-
CTHIE B OZHOPOJHOM MAarHHTHOM ILIOJIE OT €& CKODOCTH [cM.
dopmyny (64.3)] nosnoxeHa B OCHOBY YCKOPHTENS 3apsiKeH-
HEIX YACTHI[, HASKHIBAEMOTO L HKJO.TPOHOM. ITOT NpHGOp
COCTOHT W3 JIBYX 3JEeKTPOACE B BHIe MOJOBHHOK KPYI/o#i He-
BbicOKOf KopoGku (puc. 133), MOAYYHBIIMX HA3BAHHE AyaH-
T0B. JlyauTsl 3aKA04€HH B OTKAUHBAEMHIH KOPIYC, KOTOPHIH
NOMeLLAeTcs] MeXIY MoaocaMi GOMbIIOTO 3/1eKTPOMATHHTA.
Hone, cosnaBaeMoe 3/1eKTPOMArHHTOM, OZHOPOAHO H iep-
NeHIUKYASPHO K ILIOCKOCTH AyanTtoB. Ha gyantul mojaetcs
HepeMeHHOe- HanpsKeHHe,
CHHMAeMOe ¢ TOJIOCOB reHe-
paTtopa BHICOKOH 9acCTOTHL.

Beenem B 3a30p MeXily
IyantTaMd B TOT  MOMEHT,
KOrjla HanpsiXeHWe AOCTHTHET
HaubOoJelliefi BeJHUMHbLE, MO-
JOKHTENBHO 3apsKeHHYI0 Ua-
cruny. Yactuna 6yner nojixsa-
YeHA BAEKTPHUECKHM MOJieM H
BTAHYTZ BHYIPb OTpHUILATENh-
Horo sJekTtpofa. llpocrpan-
CTBO BHYTPH AyaHTa ABJRET- Puc. 133.

CSl SKBHIIOTEHLHAJBHEIM, Clle-

IOBaTelbHO, YaCTHHA B HeM

6yZer HAXOAHTLCA MOA BO3AEHCTBHEM TOJAbKO MAarHWTHOrO
noast. Kak Gewio susiciero 8 § 64, B 9TOM cayyae mpoHc-
XOAHUT JBHXKEHHE 3apAXeHHON YaCTHIUH M0 OKPYHHOCTH,
pajpuyc XoTopoli NMpONOPHHOHAJIEH CHKOPOCTH 4acTHun [cm.
(opmyay (64.2)]. [TonGepem wacTOTy M3MeHEHHS HaMpsAXe-,
HHA MeXILy HNyanraMH Tak, 4Tolbi K MOMEHTY, Korja ua-
CTHIZ, NPolRd [OJMOBHHY OKPYXKHOCTH, NOLOHIAST K 3a30py
MeXAY AYaHTaMH, PasHOCTh MOTEHUHAAOB MEXAY HHMH. H3-
MEHHJIA 3HAaK H JOCTHIMIZ aMOAHTYAHOTO sHaueHHs., Torja.
gacTana GyleT CHOBA YCKOPEHa H BAESTHT BO BTOPON AYaHT
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¢ sHeprueli B8 ABa pa3a 6oJblueH, ueM Ta, ¢ KoTopol ona
JABUraNach B MepBOM AYaHTE. Oénanaﬂ GoJbled CKO-
pocrbio, YacTHUa OyjeT ABHTaTLCA BO BTOROM AyaHTe 1O
CKpykHOocTH Goablwiero paguyca (R ~ v), HO Bpems, 3a KO-
TOpOe OHA MNPOMAET TMOJOBHHY OKPYXXHOCTH, OCTAHETCA
npexXHuM (OHO He 3aBHCHT oT v). [losToMy K MOMeHTY,
KOPLa HaCTHILA BJAETHT B 3a30D MexXiy AyaHTaMH, Hanpsmke-
HHe MeXJAy HHMH CHOBA H3MeHUT 3HAK H CTaHeT MaKCH-
MaABHEIM 10 BeJqHYHHe.

Takum oOpa3om, ecaH 4acTOTY H3MEHEHHs Hampske-
HHA - clelaTh paBHOfl Hepuojy oOpalleHMs HacTHLUM,
onpepensiemomy gopmytoit (64.3), to uacThua Gyper ABH-
TaThCsl 110 KPHBOH, GAM3KOH K CIHpaJ/H, MOAywas npd Kaxk-
J0M TPOXOMASHHH UYepes 3230p MeXAY AYaNTAMH JOTONHU-
TEABLHYIO NMOPUMI0 3Hepruyu, papuylo 'l (¢'— sapap wacta-
upl, U/ — nanpsxkeHne, BhipabaThiBaeMoe reHepatopom) . Pac-
nofarag HCTOYHKWKOM [epeMeHHOTO HanpAKeHHs CpaBHH-
Teblto HeGoabLioh BeNHIRHE { ~ 10° 8), MOXHO ¢ NOMOIHLIO
NHKAOTPOHA YCKOPHTh NPOTOHBI 10 3HepTUll opaaxa 25 Mae,
ITpu Go/iee BBICOKHX 3HEPrHAX HaUHHAET CKa3blBATLCA 3a-
BHCHMOCTb MACChi NMPOTOHOB OT CKOPOCTH — nepuop obpa-
licHyus yBenuuueaercs [cornacHo (64.3) os nponopuuona-
JeH #] 4 CHHXDOHH3M MeXLY ABHIKEHHEM YacTHIL H HIMe-
HEeHHAMH YCKOPAIOIMIEr® NOJA 0KA3LIBAETCA HapYWEeHHEIM.

Yr1o6b u3bemaTsh HapyeHust CHHXPOHHIMA H HOAYYHTD
wacTHUbl GOMLUWIKX 3HEPIHH, feqadT H3Menswilefica anbo
4&CTOTY HaNpPAKEHHA, THTAIOULETO AYaHTH, G0 HHAYKUHIO
marHutioro noas. [Mpudop, B KOTOPOM B MpoUecce yCKope-
HUA KaXAOH MOPUMH HACTHIL COOTBETCTBYMOLHM o6pa3om
YMEHBIIAETCA YACTOTA YCKOPSIOUIEre HAMpAMENUs, Hashi-
Baetci $a3o0TpoHOM (NGO CHHXPOLHRAOTpoOHOM). Ye-
KODHTeAb, B KOTOPOM 4YacTOTa He MEHHETC, a HHAYKINA
MATHHTHOTO NOJIA H3MEHACTCS Tak, 4TOOB oTHOweHHe m/B
0CTABAJAGCE MOCTOSIHHBIM, Has3HBAKT CHHXPOTPOHOM
(yCKopHTeAM 3TOro THRA NPHMEHAIOTCS HCKAUHTENbHO AJI5
YCKOpeHHs 3JeKTPOHOB),

B yckopuTtene, naspaniom cuHXxpodasotTpoHOM'),
H3MEHAIOTCH M 4acToTd YCKODAMWETO HAUNPAMEHHRA, H MAar-
HUTHOE ToJie. YcKopAeMble MACTHIEL ABHXKYTCA B CHHXPO-
¢azoTpole ue no COHPAJH, 4 MO KPYIOBOH TPACKTOPHH NO-
CTOAHHOTO pajuyca. (10 Mepe yBeaHUYEeHHs CKODOCTH H Macchi

") CunxpobasoTpon HA3WBAIOT TAKXKe NDPOTOHHWM CHEXPOTPOHOM,
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YaCTHI HHAYKUHA MaTHHTHOTO [OAA pacTeT Tak, 4To of-
penensieMbli hopmynon (64.2) paauyc ocragrca Bce mpema
nocrosEdniM. [lpu 9TOM nepron ofpalleHHA MeHsieTCd Kak
K3-32 BO3pacTaHHg MAacCh YaCTHL, Tak M BOIeACTBHE yBe-
Auyenus B. JIas Toro, utobbl YCKOPAWILEE HaNpsiKeHHe
Obiyi0 CHHXPOHHO C JABHMKEHHEM 4acTHu, YacTOTa 5TOrD Ha-
NpsOKEHHs Aenaercs H3MeHAUelica 00 COOTBETCTBYIOLEMY
saxkoHy. JyanToB B CHHXpo(]a30TpPOHe HET, YCKOpEHHE Ya-
CTHI, HPOHUCXOAHUT Ha OTARNLHLIX YJACTKAX TPACKTOPHH ¢ INO-
MOIILIO 3/EKTPUUECKOTO NOJA, CO3/44BaeMOro reHepaTopaMu
HanpAXeHHa MeHSoleics 9acTOTh,

Cammii MOWHEA B Hacrosdwee speMs (8 1969°T.) yeko-
pUTETb 3AeMeHTaDHLIX YACTHI — MPOTOHRBH CHHXDOTPOH —
sanyiled B 1967 r. B CCCP B HucturyTe (uIuky BEICOKEX
snepruit (r. Cepnyxos nox Mockeoil). OH vckopser mpo-
TOHB j0 aHepruu 8 76 a8 (76 109 38). CkopocTh MPOTOHOR,
ofinafawinux’ Taxkol IHeprield, OTAKYALTCE OT CKOPOCTH
cBeTa B nmycToTe menee uem Ha 0,01% (v = 0,99992 c).



raAaBa X

3NEKTPHHECKHM TOK B METAJJIAX.
H NONYNPOBOOHHKAX

§ 69. Tpupora wocutenedl Toxa B Metaaaax

Jnn BoisicHeHHs NPHPOABI HOCHTENEH TOKA B Mertamiax
6blA mocTaBJeH psij onblToB. TIpexsae Bcero QTMETHM OMEIT
Pukke, ocywectenennbit B 1901 r. Pukke Basiz Tpu um-
JHAIPA — IBa MeOHLIX M OJHH aJOMHHHEBLIH — ¢ TUATeAb-
HO oTHMH(oBalHbBIMHE TOplamMu. Huaunaph Guin pasemens
M 3aTeM CJOXKeHEl BMECT€ B NOC/E/0BATENBHOCTH: MeNb —
aMoMHHEE — Mefib. Uepes Takoll cocTaBHOH NPOBOJHHK PO~
IycKa/lcA HeillpepbIBHO TOK OAHOTO H TOTC e HaNmpaBAeHH:A
B (reueHHe Tofa. 3a Bce BpeMst Yepe3 LHJIHHAPH Hpoluen
sapsa, paBeetii 3,5-106 x. BsBemnBaHue - N0Ka3ano, 4TO
NPOMYCKaHHe TOKA He OKa3aJo Ha BeC UMJIHHIDOB HHKA-
Koro BausgHus. [Ipu HccleaoBanHM CONPHKACABIUHXCS TOP-
0B NOJ MHKPOCKONOM Take He GbIO o6napyeno mpo-.
HHKHOBEHUA OJHOrO Merasia B Apyrofl. PeayawraThl onbita
PHKKe CBHAETEJIBCTBOBAJH O TOM, UTO MEpEHOC 3apAia B Me-
TaJJI8X OCYULeCTBAsAETCA HE ATOMAMH, a KAKHMH-TO 4acTH-
1aMH, BXOAAMIMME B COCTAB BCEX MeTaunoB. TakAMH yacTH-
HaMH MOTAH GrITh OTKpuTHe B 1897 r. ToMcoHoM snex-
TPOHHL

UTo6H 0TOXKASCTEHTE HOCHTEH TOKA B MeTakJlax ¢ 3JeK-
TPOHaMH, HYKHO GbLT0 Onpefe’duTh SHAK H BeJHIHHY YAeRb-
HOro. 3apana Hochrenell. ONLITH, ROCTABJACHHLIC C STOH
Heblo, OCHOBMBAJNHCE HA CAERYIOIMX paccyxienusnx. Ecau
B MeTaJjie HMEIOTCH JEerko NepemMeHlainlivect 3apsAiKeHHLIe
YACTHIE, TO HPH TOPMOIKEHHH MeTa/iIHUCCKOTo NMPOBOAHUKA
STH YACTHUH JMOJ/KHBI HEKOTOPOE BpeMA HPOAOIKATL ABH-
raTbCA MO MHeplKH, B pe3yAbraTe 4ero B NPOBOJHHKE BO3-
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HHUKHET HMIYJALC ToKa # OyleT mepeHeceH HeKOTOpPLI .3apsaj.
HYCT!: HPOBOJIHHK ABHIKETCA BHAadaJie CD CKOPOCTRIO Vy
(puc. 134). HauneM TOpPMO3HTb erc ¢ yckopeHuem w. Ilpo-
AONad ABHTAThCs MO HHEPIHH, HOCHTeNH 3apafa npaodpe-
TYT OTHOCHTe/bHO NPOBOIHHKa YckopeHHe —w. Takoe e
YCKOpEHHe MOXHO COOOGUIHTE HOCHTENM B HENOABMKHOM
APOBQJIHHKE, ECTH CO3JAThH B.

) w Uy
HEeM 3JeKTpHYecKoe Tose Ha-
thw
NpAKEHHOCTH =— —, go—=-uw

e
T. e, TNPWJIONKHTb K KOHUAM
NPOROJHHKA DPA3HOCTL IOTEH-
muwl Puec. 134,
THAA0B U=IE =~ — ‘
(I — nausa npopoauuka, m—macca, a e — 3apal HOCH-
Tens}. B sTOoM ciyyae no NpPOBOEHHKY. -MOTEUET TOK CHJBI

b e — ]

. U

t=-p, rhe R — conpoTusieHne NpoBOAHHKA. Chenosartenba
TeNbHO, 3a Bpema df uepes Kamioe ceueHHe TPOBOJHHKA
npofijer sapsx

. mwl ml
dq=1dl‘= — —érﬁ-dfﬂ — de.

3a Bce BpeMs TOPMOXeHHA NPOHAET 3apal
4 0
— - | g,
q_oqu_ [ gyt (69.1)
g

Benuunnul g, {,- vp u R noanawTtcs uamepexmo. Tardm
06pa3oM, 3aTOPMO3HB NPOBOJIHUK H H3MEPHB NPOXOUSHIM
ApH 5TOM B LENH 3apAJ, MOXHO HAATH YASALHBIH 3apal HO-
cutesedf. Hallpasnesne umnyabca ToKa [gacT 3Hax HOCH-
Tenen.

IlepBhlit onbLIT ¢ YCKOPEHHO ABHMKYULHMHCH [POBOAHM-
Kamu Obln nocrasned B 1913 r. MaupenvmramMonm u Ilana-
Aekcn. Ovy NPHBOAHAM KATYIIKY ¢ MPOBOIOM B GLICTpHIE
KPYTH/IbHEE KoJreGaHHa BOKpPYr ee ocy. K KoHNAM KATYIIKH
nogKalodyancs teiredoH, B KOTOpoM O CABILIEH 3BYK, 06-
YCNOBJEHARA HMOYALCAMH TOKa.

JonuuecTBeHubI# pesyabTaT Obi moayueH ToiaMedoM H
Crioaprom B 1916 r. KaTymxka u3 npoBolla Anuiofi 500 s
NpHBOIHIACE BO BpaileHHe, NPH KOTOPOM JHHeRHAas CKO-
POCTh BHTKOB cocraBiaana 300 m/cex. 3aTeM KaTyiulKa PesKo
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TOPMO3BJIACE H ¢ NOMOHMIBIO GaNJIHCTHUECKOrO TdJbhBaHO-
MeTpa M3MepsJacA 3apsai, NPOTeKABIUMA B llenH 3a Bpemd
TopMoKenHs, Belmucnennoe no dopmyae (69.1) axayenue
YRETBHOre 3apAja HocuTedeH monyuasoch 0ueHb (MHIKHM
K e/m And 3JeKTpoHoB. TaxuM o6pazom, ObIO 3KCNEePHMeH-
TadbHO JAOCKA43aHO, 4TC¢ HOCHTENAMH TOKa B MeTalnax sB-
JSIOTCH SMSKTPOHBIL

Tox B MeTananax MOJKHO BBIZBATL BecbMa MaJoH pas-
HOCTLK NOTEHUHAJM0B. ITO AaeT OCHOBAHHE CuuTaTh, UTC
'HOCHTeAH TOKA — 3JIeKTPOHBEl MepeMeilaloTcs IIo  MeTasly
TpaKTHYeCKH ¢BoBoaHo. K ToMy Xe BLIBOAY DPHBOAAT H pe-
syabrate onpita Toamena u CTioapta.

CyurecTBOBaHHe CBOBOAHBIX 3JASKTPOHOB MOMKHO OOBSC-
HHTE TeM, UTO npH 0OpPa3z0BAHMN KpPHCTaiAHYecKol peuler-
KH OT aTOMOB MeTajda oTIenasioTes cnafee BCero CBA3aH-
Hble (BaJeHTHBIR) *3ACKTPOHBI, KOTOPLIE CTAHOBATCA <KOMA-
JeKTHBHON CcOBGCTBEHHOCTBIO® BCErD KycKa Metaana. Ecan
OT KAXKROrQ aToMa OTUIeNHTcA NC OJHOMY 3IJeKTpPOHY, TO
KoHIeHTpalus cBOGOAHBXE 3AeKTPOHOB (T. €. MX 49HCAO 7 B
enuHHIle o6vemMa) OyoeT paBHa KOAHYECTBY aTOMOB B €XH~
uule o6beMa. [1poussenem ouenky n. Hucao atomMoB B eln-

Hulte ofbéMa pasHo EN’*’ rae 8 —nIoTHOCTE Meranna,

W — Macca KuaorpaMM-atoma, N —uncno Asorazpo. Huas
MeTa/JsoB  3HadeHusi O/y  3akauens B npenenax of
20 kmoav/m® {pna xaaus) ao 200 gmoss/md (nas Gepun-
nnsg). CnefoBaTenbHo, IAf KOHUEHTPAUNH CBOBOAHEIX 3M€K-
TPOHOB (HJ/IH, KaK WX eLle HA3LIBAIOT, 3CKTPOHOB NPOBOAH-
MOCTH) ROAYYAOTCH 3HaYeHUs NOPSAKA

=107 + 107 47 *(10% = 107 ™). (69.2)

§ 70. OnemMeHTApHAN KAACCHYECKAN TEOpMHA METANNOB

Mcxoan u3 npeactasnaeiufi o cBOGOAHBIX 3J€KTpoHAX,
Jpyae paspadora/] WJIacCHUECKYIO TEODHIO METalI0B, KO-
TO0pas 3aTeM Gblla ycopepileHcTBOBaHa JlopeHueM. Jpyne
NpejnONONKHI, YTO 3AEKTPOHH TPOBOAMMOCTH B MeTalle
BEIYT cebn noaoGHO MoJieKyaaM HaeaiabHOro rasa. B mpo-
MEXYTKaX MeXK/JY COYAAPCHUNMH OHH JRBIDKYTCA coBep-
IeHHo csoGoano, npoferas B CpelHeM HEKOTOPHIE MyTh A.
Hpaeraa, B o1/MHYHe OoT Mo/NeKya rasza, npefer KoTophiX oll-
penenserca coylapeHUAMHM MOJEKYI APYr ¢ ApYroM, 3JeK-
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TROHBl CTAJKHBANWTCSA MPEHMYLLeCTBEHHO He MeXAy cobof,
a ¢ HOHaMH, 06pa3syIOIUMH KPHCTAMINYECKYIO DelleTKy Me-
Taana. STH CTOJKHOBEHHS] NPHBOAAT K YCTaHOBJEHHIO Teln-
JIOBOTO PABHOBECHS MeMAY AEKTPOHHLIM TazoOM H KPHCTajk-
Janueckoit pewerkold. losarasn, uT¢ Ha 3AegTPOHHRIL ras
MOryT OBITb pPacOpOCTPaHeHH pe3yabTaThi KHHETHUECKOH
TEOPHH Ta30B, OLCHKY cpelHell CKOPOCTH TEMAOBOTO ABH-
:eH¥d IJISKTPOHOB MOXKHO Npoussectn no dQopmynae [cm.
7. 1, dopmyay (106.12)]

f=1 Z%Z .
nm

(70.1)

Jdna xomuarHolt temneparypm (~300°K) sbiuucienue no
9TOl ¢popmysie NPHBOAHT K CJACAYIOLIEMY 3HAYCHHIO!:

_ 8-1,38- 1072, 300 .
0= : = 10° mjeex.
l/ 3,14.091. 167% /

IMpu BrAlOUeRHM 045 HAa XaOTHUGCKOE TeNJIOBOE ABH-
JeHHe, MPoHCXoddllee co cKopocThio (70.1), HaKIambl-
BAGTCA YIOPAAOUSHHO® ABUMKeHUE 3JEKTPOHOB ¢ HEKOTOpOM
cpelHell ckopocThio #. Beanuuny atolt cxopoctu nerxko oue-
HHTb, HCXOAS M3 (hOpMYJBl, CBA3LIBAIOLLEH MJIOTHOCTH TOKA
] ¢ dHc/OM n HOCHTeNER B eAntHUe o0bema, HX 3apAIoM €
H CcpeliHell CKOPOCThIO U:

j=nei. (70.2)

[peneabnaft  AONYCTHMAA  TCXHHUECKHMH  HOPMAaMK
IJIOTHOCTL TOKA 451 MeAHbIX HPOBOAOB COCTABJSET OKOJO
10 a/mm? = 107 a/m2. Bass nas n 3Hauende 108 cu® =
= 10% 4%, noayunm

i 1

- —3 '
fi=—mn — = | M/CEK.
en 16-10~19. ¥ : !

Taxum o0pa3oM, jaxe NpPH oUeHb GONBLLINX OAOTHOCTHX
TOKA CPEAHAN CKOPOCTb YMOPSIIOUEHHOIO ABHMKEHHA 3aps-
ZoB (i) B 10%® pas MeHbine cpefHell CKOPOCTH TENJOBOTO
ABHKeHHA (7). [losToMYy npM BLITHCJIEHHAX MOIYAb pesy.h-
THPYWOILEHi CKOPOCTH [V + ul| BCeraa MOKHO 3aMeHHTb MO-
AyJeM CKOPOCTH TEMJIOBOTG ABHKEHHA |V i

15 M B Canenven, 1. T 241



HafizeM BrlapaunHoe mojieM H3MEHeHHMe CPEIHEro 3Hauer
HHA KHHETHYeCKOH 3Heprud siextpoxos. CpeAHuil KBazpart
pesynbTHpYIOLIeH CKOPOCTH paBeH

VHFuR=vi+ovut+uwl=vi+2va+u?l)

Ho cpeanee azauenne v paBio Hyaw (cMm. § 31). [Tostomy
V+ul =102+ 2

CJIE,ELOB&TBJIBHO, ynoopaaoueHHoe JBHXCHHE YBEJIHUHBACT
KHHETHYECKYIO SHEPTHIO 3JCKTPOHOB e&; B CpejHeM Ha

Repe= 222 (70.3)

3axon Oma. Jlpyne cumran, uro cpasy mocie ouepeld-
HOMG COYIADEHHS 3JIeKTPOHA ¢ HOHOM KPHCTAAMHYECKOH pe-
WIETKH CKOPOCTh YHOPAJOHCHHOTO JBHIKEHHA ~ 32/eKTpOHa
paBHa Hyqaw. IIpenmosokum, YTO HANPAKEHHOCTD MOAR He
uamensiercs. Torfa mof AgiicTBHEM NOJA 3NSKTPOH MONYUHT
NOCTORHHOS YCKOpeHHe, paBHOe eE/m, W Kk KoHUY npobera
CKOPOCTE YIOPAJOYSHHOrO ABHXKEHUA NOCTHTHET B CPeJHEM
3HaYeHHA

Fonax = 0 7, (70.4)

rie T— cpelHed BpeMsl MEXAY NABYMSA MOCaESA0BAaTe bHBIMH
COyMapenHsiMH IEKTPOHA C HOHAMH PEIIETKH.

Ilpyne He YUHTHIBAJ paclpeleieHHs SNEKTPOHOB MO CKO-
pocTAM M NPHIHCHIBAA BCeM 3AEKTPOHAM ORHHaKoBOe 3Ha-
yeHue CKOpocTH 0. B oToM nmpubnumeHun

A

T = ==
ﬂ’

rae A—cpegHee 3HAuEHHEe MJIMHH cBofoguero mpodera,
U — CKOPOCTE TEMJOBOTO ABHXKEHHA 3JICKTPOHOB (Mh& BOC-

NoNMb30BAMKCL TeM, WTO |v + u} npaxruuecku pasen |vi).
IToxcrabum sto 3HavehHe v B opmyay (70.4):

g = S, (70.5)

mo

1} Ecau Ape cAyyafiiitie BeJIHuunnl 4 H b HesaBMCHME! Apyr oT
Apyra (4TO CUpaBeRJIEBO AJT CKOPOCTER V M u), TO cpenmes 3HayeHwue
AX OPOUBBENERHS DPABHO DPOH3BENCHHI0. CPeLHHX 3HAYEHHR

ab=a-b,
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CropocTh u H3MeHsieTcsl 3a. BpeMA mpofera JHefRO.
TNostomy ee cpeiHee (3a npober) 3WayeHHe paBHO N0JA0-
BHHE MaKCHMAJabHOrO:

__ eE:

- 1 _
u= _fu = omu

IToncrasus sto BHipaxkenue B dopMyay (70.2), nonyunm

ne?

= Sme E.

TTnoTHOCTE TOKA 0KA3aMach NPONOpLHOHAABHOH Hanpd-
JKeHHOCTA Toas. ClefoBATENbHO, MEl - NOAYYHAH 34KOH
Owa. Coraacho (33.4) xoadduu#eHT PONOPLHOHAABHOCTH
mexay f u E npencrabisier cobolt IpoBOIHMOCTD

_ ne®h
~ Zmo

. (70.6)

Ecan 6bl 31eKTPOHH He CTAAKHBAJNHCH ¢ HOHAMH pe-
IeTKH, ANHHA cBOOoAHOre npofera, a CleOBaTeNIbHO, H
DPOBOAHMOCTE ObliM O OeCKCHeYHO BeNHKH. TakuM obpa-
30M, IEKTPHUECKOE COMPOTHBICHHE METJJA0B o6yCN0BIeHO
CcOyIapeHHsiMH CcBOGOLHBIX 9JEKTPOHOB ¢ HOHAMY, OOMe-
IMAKULKMHCH B Y3JaX KPUCTAANHYECKOH pelleTKH MeTaviaa.

3akon Jxoyas — Jlenna. K xomuy ceoGoaHoro mpos
Gera sAEKTpoH NpuoGperTaeT AONONHHTENBHYI- KHMHETHUe-
CKYIO 3HEPrHi0, CPENHsS BelduMHA KOTOPOH COrjacHo ¢op-
myaam {70.3) u (70.5) paBua
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mumax &N

o B, (70.7)

Ae, = 2mut

CTOJNKHYBIIMCL C HOHOM, 3JEKTPOH MO NPeANoJoXKeHHIO
HONHOCTBIC TepsieT npHoOpEeTeHHYI0 HM 3a BpeMst npobera
CKOpOCTh, T. e. Bepefaer sHepriio (70.7) xpHCTaMIHYeCKOH
pemerke. Jra 3Heprusl MAET Ha YBeNHUEHHe BHYTPeHHel
SHEpTHM MeTal/la, NPOABMSIOEecs B €ro HarpeBaHRH.
Kamkauifi 3nexkTpoH nperepneBaeT 3a CEKYHAY B CpeiHeM
1/t = vfA coymapetnii, cooBinas BcAKHfi pas pemeTKe SHep-
rao (70.7). Caenopatenbto, B eAnHnnle ofbeMa 3a eniu-
HHUIY BPEMEHH JOJIKHO BHISIATHCA TEHIIO
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roe fi-— YicI0 9JNEeKTPOHOB MPOBOAHMOCTH B eAHHHIS
ofbema.

Benpuuna w ecth He YTO HHOE, KAK YAeAbHAA MOIHOCTD
Toka {cM. § 34). Muoxutean npu E? coBnanaer co siave-
neem (70.6) ans o. Taknm obpa3oM, Mbl OPHUITH K BHI-
paxennio (34.5) aakoua Jlxoyna — Jledua.

3akon Brpemana — Ppanua. M3 onbiTa M3BecTHO, YTO
HAPANY ¢ BBHICOKOH 3JAKTPONPOBOZHOCTBIO METAJJIBL OTAH-
ualTed Takxe Oonbuioll TeMIonposoAHOCThIO. Buijlemad u
Ppann ycradosunu B 1853 r. sMnupHueckMA 3aKoH, CO-
raacHo KOTOPOMY OtkoluexHHe Kos(buluenta TemIonpoBOL-
HOCTH ¥ K KO3 dHuKeHTy SNEKTPONPOBOIHOCTH O LIS BCeX
MeTalNoB NPHOJM3HTENBHO OAMHAKOBO ¥ H3MeHAeTcA Mpo-
nopunoHanbHo afcomoTHOH TeMmepaType. Tax, HampuMep,
NP KOMHATHON TeMIepaType 3TC OTHOLUIGHHUE DABHO 7%
amomunxa 5.8-10%, s megnm 6,4-10° u ans  cepHuna

-8 Odx-om
7,0-10 cex  zpad |

CrocoGHooThI0 NPOBOAKTE Tensao 061alal0T H HeMeTad-
nuueckke Kpueradaas., OAHAKe TEMIOTIPOBOJAHOCTE METAalN-
JI0B 3HAYHTEALHO MPEeBOCXOAHT TENCNPOBOJHOCTL AUDJIEK-
TpHKoB, M3 3TOro MoMKHO 3akMIOUNTB, YTO Tel/omepenaua
B MCTa/llax OcyIlecTBasieTcd B, OCHOBHGM HC KPHCTaAJHUE-
ckofl pewetkoll, a anextponamu. PaccmatpuBaa  saek-
TPOHBL KaK OAHOATOMHBIR Tas3, Ans Ko3(D)HUHEHTA Temjo-
HPOBOJIHOCTH MOMKHO 3aMMCTBOBATh BLIpaXKCHHE KHHeTHYe-
ckoft Teopun rasos [cm. 7. I, dopmyay (113.6)]

1
K=-3 nmuedey

(uepes nm obosHaUeHa MJAOTHOCTh [a3a, BMECTO ¥ B3ATO U).

VieneHad TeITOeMKOCTh OJHOATOMHOTO = rasa paBha

3 3k
oy = ?%5—2—}7. IoacTapnas 370 SHa4eHHE B BHIpaXKe-

HHe A7 ®, NOAYYHM

n= % nkuoi.

PasgenuM ¥ Ha Bupaxenue (70.6) zna o
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my? 3
Ilpoussens sameny —2—0 =-2—kT, NPUXOAHM K COOTHO-
DIEHHIO \
k
xos{)r,

e

KOTOpOe BhipaxaeT 3akoH Buiemana — ®panua,
Honcraus k = 1,38 1028 Oacjepad u e = 1,60.10719 x,
RONYYUM

=1293. 1077,

Q=

Mpu T = 300° K ann oTHOWeEHHA /¢ mojyuaercs sHage-

—6 OXc-OM
uue 6,7 .10 cok - apad ’ QY€Hb XOPOINO COTNACYIOLIeeCHd ¢

HKCHEPHMEHTANbHBMA AZHHBIMH (CM. TNPHBEAEHHHE BHIllE
anauenns aad Al, Cu u Pb). Oxuaxo, Kak BLISCHHAOCH BRO-
CAEICTBUH, CTONbL XOpouiee coBnajenue oKasanods cayuai-
LM, HOO KorZa Jlopenu yTOYHHJ pacueThl, YuTs pacnpene-
JeHHE BMEKTPOHOB 110 CKOPOCTAM, AN OTHOIIEHHA %/¢ moay-

Y4
YHJ0Ch 3HAUCHHE 2(-8—) T, koTopoe xyxe coraacyercs ¢

BaHHLIMH OTbITa !).

Hrag, KaaccyuecKas Teopust. CMONa oOBLSCHHTL 3aKOHB
Oma u Hxkoynsf — Jlenua, a TakKe 4aja MauecTBeHHoe obb-
AcHeHMe 3aKona BHaemana — ®panua. Bmecte ¢ Tem ara
TeopHs BCTPETWIaCh C BECbMa CYWECTBEHHHIMH 3aTpyidte-
nuamu, M3 nux ocrHosHelMu sBaAfilOTCH ABa. M3 dopmynu
(70.6) BniTeRaeT, 4TO COMPOTHBJIEHHE METAJJOB (T. e, BeJiH-
uiHa, ofpaTHAS ¢) HOJKHO BO3PACTAaTb KaK KOPeHb KBaj-
patHulfi M3 T. B camom pese, nJs upeinoJioXeHuit o sapi-
CHUMOCTH OT TeMMNepaTypbl BEMHUMH i M A HeT HHMKAKHX
ocnoauuil. CKoOpocTh e TeINIOBOIO JBHIKEHHA TIPONOp-
L HoHaAbHA KopHIo 3 T. 3TOT BLIBOA TEOPHH MPOTHBOPEUHT
OOBITHEHM JZAHHBIM, COrJIACHO KOTOPHIM 3JEKTpHYecKoe €o-
NPOTHBJIEHHE MeTaJJIOB PACTET IPONOPLHOHANBHO NlepBof
crenenn T (cM. § 33), T. e. Guctpee, uem V7T .

BTopoe 3aTpyAHEHHE KNACCHYECKOH TEODHH 3akKAuaeres
B TOM, YTO INEKTPOHBEIA ra3 AOMKeH 064a1ath MoaapHON

1) Cornacso keantoBof Teopust

2 2 _
x* _ o (%) T =245-107%T,

¢ 3
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3
TEIVIGEMKOCTBIO, pPaBHO- -§R. HobBasnas aTy BeAHYURY K

TeMIOEMKOCTH pelieTk#, cocTasastiomel 3R ((cm. . I, § 141),
MBI TOJYUHM A4S KHAOFPAMM-aTOMHOH TENJOEMKOCTH Me-

9
T3 JHAaYCHHe ) R, Tarum 06p_a30M, COorJacHO KJiacCcuye-

CKOH 3JEKTPOHHOR TEOpPHH KMJIOTPaMM-aTOMHas TeiloeM-
KOCTb METaJJoB JoJNXKHa Oeth B 1,5 pasa Gosslie, ueM y
IH3JEKTPUKOB, B HeHCTBHTENBHOCTH e TeNJOEeMKOCTh Me-
TAAJ0B He OTJHYAETCS 3aMeTHO OT TelJIOEMKOQCTH- HEMEeTad-
JHYecKux KpHcra/uos, O6bACHEHHe TAKOTQ HeCOOTRETCTHHS
CMOTJIA TaTh JIMNIL KBAHTOBAS TEODHS MeTas0B.

HecmoTtps Ha mecnoto6HOCTL KJIACCHYECKOH TEOpHH AaTh
afbsiCHeHHe pALa fABJEHHM, OH4 COXPAHHJAa 3HAYCHHE H A0
HACTOSLIEro BPeMeHHM, IOTOMY UTO B Cy4Yae MajblX KOHIEH-
Tpanui cBOOOAHLIX 3JEKTPOHOB (UTO HMEET MeCTO B MOJYy-
IPOBOAHHKAX) OHA AaeT BUOJHE YIOBJETBOPUTENLHBE pe-
ayaeTaTel, BMecre ¢ TeM no CpPaBHEHHI) C KBA#ATOBOH Teo-
pReil RKaaccHueckas oOJafaer 3HAYHTENLHOH MNpPOCTOTOH H
HarJfAIHOCTLIO.

§ 71. OcHoBbI KBAHTOBOH TEOpHH MeETAJN/IOR

B kaaccHuecKOM TeODHH META/VIOB CUMTANOCh CaMoQ Co-
6ol pasyMeluwAMes, YT0 HIEKTPOHb 11POBOIMMOCTH MOTUYT
o6aajath JOGEIMHE 3HaueHHIMK SHepruH. CoriacHo KBaHTO-
BOl TeODHH 3HEDTHA 3JEKTPOHOB B MI060OM KPHCTANIHIECKOM
TgJMe (B YACTHOCTH, B METajjie) TAK e, Kax H 3Heprus
SAEKTPOHOB B aTOMe, KBaHTyeTcd, DTO 03HAYAT, YTO OHA
MOMKeT JIPMHHMATH NHillb THCKPETHHE (T. €. pasieseHHbie
KQHEMHLIMH TIPOMEXKYTKAMH) 3HAUEHHs!, Ha3biBaeMBle YpOB-
HaM¥ 3Heprud. Jlo3BoseHHKE YPOBHH SHEPIUA B KpHCTa/LIE
rRYIONHPYIOTCR B 30HHL

;. UT0BB NMOHATH IPOHCXOMKACHHE 30H, PACCMOTPHM BOOG-
paxaeMuli mpouecc o6belHHeHHA AaTOMOB B KPHCTAJLI.
ITycts nepponauanbno umeercs N H30JHPOBARHBIX aTOMOB
Kakore-i1nbo pewectsa. KaxIbiil snekTpos nioforo atoma
ofsajaer OfHAM H3 paszpelleHHHX 3HAUCHUH 3Hepruu, T. e..
33HKMAeT OJIHH M3 JO3BOJEHHHX SHEPreTHUCCKHX YPOBHef.
BsocHOBHOM, HeBO30YXAEHHOM COCTOAHHH aTOMa CyMMap-
HaA JHePrHsd 3JEKTPOHOB HifeeT MAHHMA/bHOE BO3MONKHOE
snavenre, [losTomy, Kazajock GBI, BCe 2JEKTPOHM HOJINHK
HaXOMHTLCA HA ¢AMOM HH3KoM yposHe, OIHAKO 3JIEKTPOHH
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MOAYHHAIOTCH NPHHUHNY sanpeTa Ilayau, Koropwidl
MJIACHT, UTO B JI0GOH KBaHTOBOH CMCTeMe (aTOMe, MOJEKYyJe,
KpHCTaANe U T. .} Ha KaXAOM 3HEpPreTHIeCKOM yposHe!)
MOXKeT HAXOANThCA He §omee ABYX 3JEeKTPOHOB, NpHYeM co6-
CTBEHHBIE MOMEHTEHI {CTIMHEI) 3JEKTPOHOB, 32KHMIOUIHX Of«
HOBPEMEHHO O/IHH H TOT M€ YDPOBeHl, JONKHE HMEThb ITPOTH-
-BOTIONIOXHble Hanpasjenus?). CaenobarteqibHO, Ha CaMOM
HH3KOM YpDOBHe aToMa MOMer Pa3sMeCTHTRCH TOMbKO JABa
3JeKTPOHA, OCTalbHble 3allOMHHOT momnapho Go-
. Jsiee BuicokHe yposud. Ha puc, 135 nokasano pas-
MellleHHe 3JEKTPOHOR [0 YPOBHAIM B OCHOBHOM
COCTOAHHM aToma, HMeIlEero 5 9/7eKTPOHOR.
Cxema ypoRHeli H30GpaxeHa YcIoBHO, fe3 co-
G6arofenns maciiraba. DAeKTPoHH ofo3HayeHH
KpyXKaMu co cTpeakofi. PasHme HampapieHHA
CTPe/OK COOTBETCTBYIOT NPOTHBOMOMOXKHLIM Ha-
 NpaBaeHuAM CIIHHOB.

[Toxa arOMBl H30AMPOBaHBL APYT OT APYTa,
OHY HMEIOT NOJHOCTHIO COBNAJAlOMIHE CXEMBL
IHePreTHYLCKUX YpoBHefi. 3anoNHenHe ypoBHef
5JEKTPOHAMH OCYIIECTBJAETCA B KaXKIAOM aToMe
He3aBHCHMO OT 3aMOJHEHHA aHAJOTHYHHIX ypOB-
Hell B Apyrux atoMax. [lo mepe cOMKeHMA aTOMOB Mexay
HHMR BO3HHKAET BCe YCHAHBAlOMeecs BIRHMOJefCTBRE, KO-
TOpOe NPHBOAMT K H3MEHEHHIO [OJOXKEHHA yposhed. Bme-
CTO OJBOr0 OfHMHAKOBOrO Ans Bcex N aToMoB ypOBHA BO3-
HuKaoT N owenp OJHIKHX, HO He COBHAfAIOIHX YPOBHef.
Takum o6pazoM, KamAHA YPOBEHb. HICJIHPOBAHHOTO ATOME
pacumlenasercd B kpucTadae wa N rycro pacnonoxenHutk
ypoeHell, o6pa3yoniuX HOAO0CY WIH 30HY,

Beanuuna paculen/eHHss AN4 pa3Huix yposHell He oam-
HaKGBa. YDOBHA, 3anO/JHeHHBE B aToMe Gojee OJIH3KuMu
K f1py (BHYTPEHHHMH) 3/eKTPOHAMH, BO3MYILAKOTCH MeHE-
e, YeM YPOBHH, 3aNOJHEHHHIE BHEIIHHMH 3JAEKTPOHAMA,

igal

Puc. 135.

1} Moxer CAY4HTBCH, HTO ORHO H TO Xe 3HAYEHWE SHeprin Gymge
COQTBETCTBURATE HECKOJhKHM KBAHTOBRIM COCTOAHHRM. 2T0 FABJACHRE
HA4pIBEETCA BB POXK JE€HHEM, & YACK) PA3THIHKX COCTOAHAR ¢ OAf-
HAKOBOR SHepriefi—KpAaTHOCTHI0O BHPOXLEeHHA g B »
cayuae HA KAMAOM SHEPrqTHUECKOM YPOBHE MOXET HAXOAWThCA He Go-
qee 22 3eKTPOROB.

3 Ilpskugny Tlayan noAMHEAIOTCA HE TOMLKC SJMEKTPOHH, HO M
Bre JpyTHe YACTHHH € GONYHeAd cuEHOM [cM, § 51, Texcr, caeayw-
muh 2a $opmyaon (51.4)1
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Ha puc. 136 nokaszano pacuienieHde pasiuyHBIX YDOBHeN
KaKk QYHKUHA pacCTOfiHMs £ Mexay atoMamu. OTMeueHHble
Ha pHCYHKe 3HAYEHHA f; H rp COOTBETCTBYIOT PaCCTOSIHUAM
MeX/y aTOMaMy B JBYX PA3JMUHBIX KpHcTanaaax, M3 cxemu
BH/IHO, yT0 BO3HHKAIOIlee B KPHCTa/A¢ paclleneHHe YpOB-
Hefl, 3aHATLIX BHYTPCHHUMH 3NEKTPOHAMH, OYeHb Mano. 3a-
METHO PAacLEMVIAKTCA JAHWE YPOBHH, 3aHUMAaeMHeE BaJeHT-
HhiMH  sieKTpoHamH. TakoMy e pacllenyieHHI® TOR-
BepraioTcd H Gollee BRCOKHE YDPOBHH, He 3aHATHIE 3JEKTPO-
HaMH B OCHOBHOM COCTOfI-
HHH aTOMa.
ITpu  jocraTouno Maghblx
paccTOAHHAX MeXAY aToMa-
~— MH MOMKeT DpON30iiTH epe-
— KpbIBaHHEe 30H, COOTBETCT-
| BYIOIIHX  ABYM  COCE/IHHM
P : ; — YypOoBRAM aToMa® {CM. NYHK-
> T — THUPHYK NOPAMYI, OTBEUAID-
1
|

| UIYI0 PacCTOIHHIO Iy MEXAY
i aromamu). Hucno yposred s

2 7 r TaKOoH CauBieficd 30He pasHO
CyMMe KOJHUCCTB ypPOBHEH,
Pre. 138, HA KOTOpHE paCLIETISIOTCS

06a ypoBHS aToMA4,

BaavmMonelcTByOlIHe aTOMDI npeﬂc*ramﬂ}()'r”co@ﬁ ead-
HYI0 KBaHTOBVIO CHCTeMy, B IpeJiesiax XOTODOH HeAcTByeT
npunnun sanpera [Taymn. CaeforatenpHo, 2V 31ekTpoHOB,
KOTOpHE 3alOoJHANH Kakof-To ypoBeHb B H30AHPOBAHHDIX
aToMax, pasMecTATcs B KpUCTa/le MonapHo (¢ NPOTHBOMO-
JAOKHEIMH CTHHAMH) Ha N YpOBHAX COOTBETCTBYMINeH no-
JOCHL. , ,
Husune, ofpasopandsie cnafo pacilenJeHHHIMH YpPOB-
KSMH 30HB! 3AM0/HAIOTCH 3JeKTPOHAMH, KaXABH H3 KOTO-
PHIX He YTPAuMBAET U B KPHCTAJJe NPOUHOH CBA3M CO CBOHM
aToMOM. DTH 308bI M 32NOJHAIMIYE WX SNEKTPOHH B Aafh-
HEAHIEM MHTEPECOBATH HAC He OGyIyT.

Jloaponennbe 3HAYEHAA 5HEPrHH BAJEHTHHX 3JeKTPOHOB
8 KpucTajie oObeNHHAIOTCA B 30HB, pasgejeHHLIE IpoMe-
MYTKaMH, B KOTOPHIX pa3pelleHHbIX 3HAUEHHH SHEePTHU HeT.
3TH NpOMEXYTKK HA3LIBAIOTCA 3anpelleAHB MY 30Ha-
M . lllupuna paspeiieHHBIX ¥ 3aNpeUIEHHBIX 30R He 3aBH-
CHT OT pa3MepoB Kpucramna. Takum o6pazoM, ueM GoJblue
ATOMOB CONEpHT KPHCTANN, TEM TECHEee pAaCHoNATaloTCH
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ypoBHH B 30He. lIlHpHHA pa3pelleHHbIX 30H HMEET BeNHUMHY
NOPAAKA HECKOABKHX 3JEKTPOHBOJBT. CaeA0BATENBHO, eC/aH
KpHCTasn comepxkur 102 atoMoB, paccrosHke Mexay co-
Ce/(HMMH YPOBHAMH B 30He cocTaBjser ~ 102 g,

IMpun aGcoaroTHOM HyMe 3HEprHs KPUCTANAZ OOMKHA
6wt MuHMMAadbHOH. [lo3TOMY BaJCHTHBIE 3ACKTPOHDI 34-
NOJHAT HOTAPHO HHXKHHE YDOBHH PAa3pPelIeHHON 30HBI, BO3-
HHKIIEA 13 TOTO YPOBHS, Ha KOTOPOM HAXOAATCS BaJeHTHLIE
3/NEKTPOHL! B OCHOBHOM COCTOSHUH aTOMa (Mbl GyjieM Ha3bl:
BaTb ce BaJeHTHOH 30HO#). Donee suicokue paapeuien-
Hble 30HB OYAYT OT 3MeKTpoHos ¢BOGOZHLL B aasucumocTd

-z — — ~ - —

- Crosafar amig ") = zaoRidvaR ] = e
(rona pu—

nﬂﬂﬁﬂﬁ’m{ﬂﬂm} s
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aw:

¥ danponenscr 20n2

—— Fawz = F ¥ ot FaIOTReRAR
S faowe 080 Foers  Sangmmnas E F=="— garcomrar 3

ey . R e e e— 77 7 S—

Q) memenwy &) noryngoBeiiex 8} YSLmRImLy
Puc. 137

OT CTENEHH 3aNOJHEHHS BAaJICHTHOH 30HH 3JEKTPOHAMH H
IMHPHHLL 3aNpelleHHOA 30HL BO3MOMHEI TPW Cayyas, H30-
Gpaxenntle Ha pHe, 137. B cnyuae a) anekTpoun 3ano-
HAIOT BAMEHTHYIO 30HY He NoJHOCThI0. [loaToMy Aocrarouno
cOOGIIHTL 5JIEKTPORAM, HAXOAALIMMCS HA BEPXHHX YPOBHAX,
coBcem HeGoMblIyi0 3Hepruw {~ 1072 + }0-22 38} mna Toro,
yT06H MepeBecTH ‘HX Ha Gonee BLICOKHE YPOBHM. DHeprus
tennosoro Asmxenus (kT) cocrabasier npu 1°K pesuunny
ropanka 10- 3¢ (npu xoMuaTHON Temmepartype ~ !fiy 38).
CaenoparenbHo, npH TeMmneparypax, onamynbx ot O0°K,
uacTh J1€KTPOHOB TePeBOAMTCH Ha (oJiee BEICOKHe YPOBHH.
JlononHATeNbEAan SHEPrud, BhHi3BaHHAA JefiCTEMEM .Ha IMIEK-
TPOH BHJAEKTPHUECKOTO NOJIsA, TAKMKEe OKA3EIBAETCH JOCTATOY-
HOit OAA nepesoia JMeKTPoHA Ha GoJiee BHICOKHE YPOBHH.
T1097TOMY 3MEKTPOHBI MOTYT YCKODSTBCS 3JAEKTPHUECKHM NO-
JeM M npHobpeTaTh JONOJHHUTENbHYIO CKOPOCTb B HampasJe-
HHH, NPOTHBOIOJOXKHOM HampasieHHIO nonaf. Taxum obpa-
30M, KpHCTaM] ¢ nofofHo# cxeMOH 3HepreTHUYECKHX YpOB-
neit Gyaer npeActaBAATL Co60K0 METAJI.
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YacTHuHOE 3aMoJHEHHe BaJeHTHOW 30HHI (B cayuae Me-
TalJa €e Ha3HBAlOT TAKMKE SOHOH NPOBOAHMOCTH)
MOXKer MPOH30HTH, ecl¥ Ha MNOCTICAHEM 3aHATOM YPOBHe B
4ToMe HaXOIHMTCH TOJNLKQ OLHH 3JEKTPOH; HJIH HMEET MECTo
nepekpuianue 3od (cM. puc. 136, paccrosnue rg). B neprom
cayuae N aMeKTPOHOB MPOBOAMMOCTH 3AROJMHAKT NOHAPHO
TOJILKO MOJOBHHY YPOBHEH BaJeHTHOR 30nH. Bo BTOopoM cay-
uae YHCAO YPOBHEH B 30He NPOBOAHMOCTH GyieT Soabiue N,
TAK 4TQ, JAMe €CJH KOJHYECTED SJAEKTPOHOB HPOBOLHMOCTH
paBHO 2N, oHM He CMOTYT 3aHATH BCE YPOBHH 30HBI

B cnyvasx 6) m 8) ypoBHH BaMe€HTHOH 30HBEI MOJHOCTHLIO
3aHATHL 3JEKTPOHAMH - 30HA 3anojsena, aa Toro uToGel
VHSNHUNTE SHepIUIo 3JEeKTPOHA, HeoOXOLHMO COOBIMHUTH €My
'KOJIHYECTBO 3HEPTHH, He MeHbIlee, yeMm LIMpHHA 3allpemnied-
Ho%t aoHe AW. DaexTpuueckoe mone (B0 BCAKOM cCJayuae,
TaKoit HANPAMCHHOCTH, MPH KOTOPOH HE NPOHCXOIHT SJICK-
Tpugecknfi npoboi kpucTasna) COOOWMNTH MEKTPOHY TAKYIO

. SHEPruio He B coctoAnum. IIpr 3THX yCIOBHAX SJEKTpHUe-
CKHe CBOHCTBA KPHCTa/ia ONPEIETAIOTCA WHPHHORA 3ampe-
" ntentoit 3oHsl AW, Ecnu AW BeBeauko (mopsilka HECKOJb-
KHX JeCSITHIX JJEKTPOHBOALTA), SHEPFHA TEIVIOBOTO JBHMKE-
HHAl OKa3biBaeTcs KOCTATOYHOH JAJA TOro, 4TOOB! NepeBecTH
YacTh 3JEKTPOHOB B BEPXHIOK CBOGOIHYI 30HY. JTH 3JCK-
TpoHH OGYOYT HAXOLHTLCH B YCJAOBHMAX, aHAJOCHUHLIX TeM,
B “KOTOPHEIX HAXO/LITCS BAJIEHTHbE SJEKTPOHbl B MeETAITe.
Cro60Anasn sona OKameTcst JAS HHX 30HOH NPOBOIHMOCTH.
OIHOBpeMEHHO CTaHET BO3MOXKHBIM TMEpPeXoi JeKTPOHOB
BAJIEHTHON 30HME Ha ee OCBOOONMBIIMECH BEPXHHE YPOBHH.
Takoe BeiecTBO Ha3HBaeTcd 2ANEeKTPORHHM NOay-
HNPOBOAHHKOM,.

Ecau uripuna sanpemennof 3oHs AW Besnuka (nopsjgka
HECKOJNBKHX 5/JEKTPOHBOJIBT), TEIJIOBOE JIBHMEHHE He CMo-
xet 3a6pocHTbh B CBOGOMAYIG 30HY 3aMeTHOe 4YHCJO SJeK-
TPOHOR. B 2TOM clyuae RPHCTANA OKa3nBALTCH HIOAATOPOM.

Takum ofpa3oM, KBaHTOBAA TEOPHR 0OBACHAET C efHHO
TOUKH{ 3pEHHA CYLIECTBORAHHE XOPOUIHNX NPOBOLHHKCB {Me-
TaJIJIOB), MOJYTIPOBOJAHHKOB ¥ H30JSTOPOB.

PaccmoTprm  pacipepeneuse sAeKTPOHOB 1O YPORHAM
30HBl NposofguMoOcTH B MeTaade. ITpu abcomoTHoM Hyle Ha
RaxaoM ua N/2 HiKHUX ypoBHeR OyAeT HaXOLUTHCA MO ABa
$/EKTPOHA, OCTANbHEE YPOBHH GyAyT CBOGOMHEL. Taroe pac-
npelenenyde noxkasano Ha puc. 138 curownodlt nunmefi. Ilo
OCH OpIHHAT OTJOMKEHO YHCAO MEKTPOHOB HA JAHHOM yPOB-
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ie [eMeica o6o3navenns 2f (W) craner sicen B gadnmefurenm].
B kauecrse uHgexca Ans 0603HAHEHHH YPOBHA HCMOAL30-
saHa ero sHeprusn W. CoGCTBEHHO, B. COOTBETCTBUH ¢ TEM,
UTO YPOBHH 3HEPTHH JHCKPETHH, pacupeidefeHHe H3obpa-
»waercd ¢1eBa 0T Wmax COBOKYNHOCTLIO- TOUEK C OPIAHHATON 2,
a cnpasa o Wyax — ToukaMu ¢ opiaunarofi 0. Ho tak xak
PAcCTOAHHA MeXAY YPOBHAMH Ouelb MAJH, 5TH TOUKH pac-
[OMAraloTcA BechbMa CYCTO H 0OpPas3vIoT CHAOIIHYIO NHHHIO.

20
Z Y
_____________ N
7 \\
g Vot W

Puc. 138

Idna sepxmero 3anodnenHoro npH aGCoJIOTHOM HYyJe
YpOBHS KBAHTOBAS TEOPHA [aeT 3HaueHiie

B a9 o
Winax = 9m (3“- n) s

rde. = 1056.10" Osc-cex, m—macca saekTpona, n—
YNCI0 CBOOOAHLIX /EKTPOHOB B eAHHiile o6bveMa. [Tpuun-
mast n = 102 u%, nojyuum

1,05% . 1068

W(3'3'142‘ 1029)2/3# 1,25-10""% s ~ 8 24,

Winax =

Ecan 651 yposuH 30HLI pacIpeleanauchk No OCH 3HEprHH
€ TIOCTOSHRON NNOTHOCTHLIO (T. €. UHCJO YpOBHel dZ, npHuxo-
Jalieecs: Ba WHTepsan sHeprufi AW, He saeuceio ot W),
cpejHee 3HaueHHe SHEPrHH 3JACKTPOHOB Buio Obl paBHG TO-
JAOBHHE MaKCHMaJgbHoro. B aeficTBHTeRABLHOCTH, MJAOTHOCTD
ypoBHe# AponopuMoHansua ¥ W, 1. e. dz~ ¥V W- dW. Briyn-
CHEeHHA RAI0T 0AS cpelHell SHeprud 3JeKTPOHOB NpH abco-

= 3
JIIOTHOM HY/e 3HaueHHe W = < Wnax. CteloBaTespHo, gake

npd 0°K anextpoHs HPOBOAMMOCTH B MeTadie ofaaxanT
OTPOMHOH KHHETHYECKOH 9HeprHef,, pablOH B cpeiHeM IpH-
MepHo 5 98, UtoOnl COOBIINTE KAACCHURCKOMY SJIERTPOHHOMY
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rasy TaKyle OSHEpruio, erc HyXHO HArpeTb A0 TeMIe-
paTypel nopAjlKa HeTHPEXcoT THicAu rpanycos Kenopuna,
Cronb e OBICTPe ABHAYTCH H BAJEHTHLIC 3NeKTPOHL B H30-
aaropax. OZHaKO OHY HAXQAATCA B TaKHX YCAOBHAX, 4TO
3JIeKTPHYECKOE TIoJe He MOXKeT H3IMEHMTb HX COCTOSIHHE H
' BBI3BATHL NpeofjiafakHe JBAXEHHT B OJHOM HarnpaBJeHHH.

BrifichuM, KakoBa BEPOATHOCTh HAXOWIAEHNA 3JEKTPOHOB
HAa pa3/UYHEIX YPOBHAX NPH TeMIepParypax, OTJHUYHBIX OT
0°K. B kuaccuueckoil ¢msuke pacnpejieneHde yacTau nq
COCTOSIHUAM C Pa3NHyHON 5Heprueil xapakrepHayeTcs (yHK-

uHeli ‘Boapumana:
w

fo(W)=Ae *, (71.1)

.rae A — KoaddHUHEHT nponopunoHaabHOCTH [ep. T: I, dop-
Myna ¢109.6)]. ITa yHKUHA onpeAenneT BEpOsSTHOCTH TOTO,
YTO 4acTHUA Oy/IeT HAXOAWTLCS B COCTOSTHHH ¢ 3neprren W.

Pacnpenenenne (71.1) GOm0 noayueHo B Npelnonoie-
HHY, UTO B Ka)KZOM COCTOAHHM ¢ JNAHHOH SHeprHeli Moxer
HaXOAUTBCH HEOrpaHUYeHHOEe KOJHYeCTBO 4yacTHU '), PyHk-
1M pacnpefieNeHus, yUHTbHBaKllan npuHudn 3anpera [lay-
nn, Ouina natigena Pepmp. Ona Hmeer BHA

F (W) = !

VAT (71.2)
3nece W — 3Heprusa panHoro yposusi, Wy — napamerp cu-
cTeMbl, HaabiBaeMbii yporneM PepMmu.

®Oyukuna (71.2) naer BepoATHOCTH 3aflQNHCHHA 3JCK-
TPOHAMH JaHHOro YypoBuA. Jlerko yGeZHTbCs B TOM, uTO
CIVIONIHAA KpHBasi Ha puc. 138 ¢ TOUHOCTLIO 10 MHOXKHTENS 2
cosnajaer c¢ rpaduxoM -bynukuud (71.2) ana T=10. B ca-
MOM Jleqe, B 3TOM CJydae

F(W)=1, eciu W<Wg

f(W)=0, ecniu W> W,

Takum obpazoM, mpu 0°K yposenb ®epmu coBnafaer
C BEDXHHM 34MOJIHEHHBIM 3aeKTpoHaM#d ypoBHeM Wmax.

Hna W= Wi pyHkuns (71.2) npya nmiobofl TeMnepaType
uMeer aHayedue, pasHoe ;. CrenoBatensHo, yposenn ®ep-

H

!) Npn T =0 ¢ymxuus (71.1) ofpauiaetca B HyAb NpE BCeX 3HA-
yeHuAx snepruy, kpome W = 0. Bro o3navaer, IT0 BCE YACTHUBE KOVEK<
ALl HaXOANTECA HA HYJNEBOM YPOBHE,
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MH COBMAJAeT ¢ TeM SHEPreTHYeCKHM YPOBHEM, BepOsiT-
HOCTH 3aNOJHEHHH KOTOPOTO paBHA NOMOBHHe (HZ TAKOM
VpOBHE B cpelpeM HAXOHUTCH ONMH 3JEKTpOH). 3HaueHHe
Wp MOXKHO HAlITH H3 YCAOBHSA

§2f(wk)=N, (71.3)

roe N — mOJMHOE 4YMCAO BaNAEHTHEIX JICKTPOHOR B KPHCTAJ-
ne. Kamcaoe cnaraeMoe nNpexgcrasaner coGof cpefHee 4ucs
10 3JIEKTPOHOB Ha k-M ypoBne. CyMMHpOBAHHe [POM3BO-
AHTCA 0O BCeM YPOBHAM BaJeHTHOH 30HHI H OCTadbHBIX J€-
Kalux Hajl Heil 30H.

YpoBHM B npefeliax paspelieHHBIX 300 JekKaT OUeHb
rycto. TTostoMy cymmy (71.3) MOMXKHO 3aMeHHTR HMHTErpa-
AoM. Bcem YpOBHAM, JexaliM B Tpedenax HeGOMBILOIO
WHTepeana sHepruit dW, MOMXKHO [pHIMCATR CGAMHAKOBYIO
“3anatocTb 2f (W), Ecan naothocts ypoeue#l pasua g(W),
upciao ux B unrtepBase dW cocrasur g{W)dW. IHa nonwo
3THX ypoBHell npujercss B cpefnem dNyw = 2f(W)g(W)dW
3NEKTPOHOB, A TIOJHOE YRCAO SAEKTPOHOB HA BCEX YPORHAK
JOJ¥HO OBITL paBHO

oo

JdNW=f2f(W)g(W)aW—_~j — 22N AV _ N, (71.4)
( FY 1
0 0 o € +

3uaa sun (W), mommo seluyncawts Heterpan (71.4)
(nns mHTEPBAJOR 3HEPrHH, COOTBETCTBYIONIMX 3anpelieH-
HEIM aoHaM, g{W) caepyet nonoxuTh pasHolt nyaw). Ilo-
JQyduBLieecs BolpaxeHne OGyvier COLEPIKATH Wy u T. Cae-
nopatedbro, jad AaHHoro N moxno nafitu Wr kax Qymk-
unio 7. Buipaxenue (71.4) npenc*ramme’r coboll o
CYIECTBY YCAOBHE HOPMHPOBKH (DYHKIHH FWYy em. 1. 1,
§ 106, Tekct, npedmecteylownit dopmyie (106.7)].

BbIIIHCJIGHHH, npoBeAeHHbie AU METAJINI0B, IOKa3biBAIoT,
uro Wz caabo 3aBUCHT OT TEMOepPaTypH, TAK 4TO 3HAUEHHA
ypoBHs {epMH DPH He CJAHIIKOM BEICOKHX TeMAepaTtypax
(ecnu BT <« Wp) maao oTauyawTca of 3HaueHus Wro npu
aconoTHOM HyDNe.

Ipu +1emnepatypax, oranunmx or 0°K, pacnpegene-
HHe, onuchiBaeMoe QyHKuKeir (71.2), umeer Buj, nokasasn-
Hbli Ha 'puc. 138 nyHKTHpHO# KpuBoK. Upaunara KpHBOH
XapaKTepHsyel CPefHiOl N0 BPeMeHH 3aHATOCTh YPOBHA,
no3TOMY, HAanpHMep, OpAHHata, pasHas 0,25, oanauaer, uta
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/4 epeMeHA YypOBeHb 3aHAT OAHKM SJeKTpoHoM (MM
s — ABYMS), a OocTanbHOE- BDPEMS HIYyCTyer.

B ofaactu Goabwnux ameprui (1. e. npu W — We > AT,
4TO BLINOJHAeTCA B 00/4acTH <XBOCTa» KPHBOH pacmpefe-
JeHks1) elMHHUER B 3HaMeHaTeJqe MOXHO DpeneGpeus,
Toraa ¢yrrung (71.2} npunuMaer BHI

W--Wg w
f(W)~e¢ ® =const-e o, (71.5)

T. e, mepexoAuT B8 Qyuxmmio (71.1} pacnpenenenns Boabu-
Mana.
Pacripenenende 3JeKTPOHOB 1O YPOBHAM MOKHO CHe-
JaTh OYEHb HarNAAHBIM, R300pPasuB, Kax 3TO CIeJaHC Ha
puc. 139, kpHByIO pacupene-
w Jenuss PepMH COBMECTHO €O
CxeMOfl 3HepreTHUECKHX 30H.
UeM BHIIIE TeMIepaTypa,
Tem OoJsee TOJOTO HAET HH+
cnajapudii- yuacTok KPHBOH,
Onuako 3aMerHoe OTJHUHE
pacnpeneleHUsl TIpH TeMuepa-
Type T 0T pacnpejeseHun
npu 0° K mabmiogaercs JIRLIb
o B obaactn nopagka kT. Cae-
773 A0BATENbHO, TEIJIOBOS ABH-
JKeHie BIHSET HA KHHETHYE-
Pac. 139, CKYI0 3HCPTHIO JHIIb He6OJib-
IIo# YacCTH BCeX 3JIeKTPUHOB,
TlosToMy cpefnHssi 3Heprus 3JeKTPOHOB cialo 8aBHCHT OT
TeMmepaTypn. DTHM obnacusercs TOT GaKT, UTO 3JEKTPO-
HBl HPOBOKMMOCTH HE€ BHOCST 3aMETHOTO BKJA&JAa B Temo-
eMKocTb Merasmja, TakuMm o6pasoMm, KBAaHTOBag TeopHN
YCTpaHACT ONHO M3 OCHOBHBX 3aTpyAHeHnHl, KOTOpDOro He
MOLJIa NPecoNeTbh KIACCHUECKAas TeopHS.
Jas 3aBHCHMOCTH 3JeKTPONPOBOIHOCTH Meraaja or
TeMnepaTypbl KBAHTOBAsl TEOPHA TAKMKe MAeT XOpOolo Cco-
Fracyiulpecsi ¢ ONBITOM Pe3yJbTaThl.

X

§ 72. HoaynposoaHHKH

TMoaynposoaunkn ©O6f3aHEl CBOHM HAa3BaHHEM -TOMY
06CTOATENLCTBY, UTO HO BeJHYHHE $JIeKTPONPOBOAROCTH
OHH SaHHM&10T NPOMEKYTOUHOE NONONKEHHe MEexXIy MeTaJ-
aamn # H3oaaTopamyu. ONHako XapaKTepHHM I HHX fB-
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adeTcA He BelHUMHaZ INPOBOJMMOCTH, a TO, YTO HX MPOBO-
JHMOCTD PAacTeT ¢ NOBbIUEHHEM TeMBepaTypbi (HAMOMHHM,
uTQ ¥y MeTaanap oHa ymenburaercs}. Ilosympoeoawukamu
SIBASIOTCA BEINECTBa, Y KOTOPHIX BaNeHTHast 30HR NOJHO-
CTBIO 3aNOJHEHa 3MeKTpoHaMH (cM. puc. 137,6), a mupn«
Ha 3anpeleHHofl 30HH HeBeNHKa (y COGCTBEHHHIX MAONY-
npoeojieHKoB He Gosee 1 38).

Paznuualor co6cTBeHHYIO H MNOpPHMECHYN
NPOBORHMOCTH TOJIYNPOBOLHHKOR.

W
Jowa
= RBBOTUNIETIE
” ' SaRPEERTET
7 ”ff"“'"‘%}""" } sona
e Bzrepiin s
- Jona

o)
Puc, 140.

CoGcrpeHMas  aposogEmocts. ColCTBcHHAS  NpOBOIH-
MOCTh BO3HHKAéT B pes3y/ibTaTe NEPEX0Za JJEKTPOHOB C
BepXHHX YPOBHell BaJEHTHOW 30Hpl B S0HY MPOBORMMOCTH.
Ilpy aTOoM B 30He NPOBOAHMOCTH IOABJSIETCA HEKOTOpOe
GHCJIO HOCHTENell TOKa — 3JeKTPOHOB, SaHWMAKMIUX YpPOB-
HH BOJU3H [HA 30HL, OJHOBPEMEHHO B BAJEHTHOH 30He
0ocBOGOKAAETCA TaKoe e YHC/IO MECT Ha BEPXHHX YPOB-
nax. Takue cBOGOZHBIE OT 3JEKTPOHOB MECTa Ha YDOBHSIX
3anb/HeHHOH NpH aGCOMIOTHOM HyJe BaJEHTHOH 30HHI Ha-
3BIBAIOT ABPKa MU

PacnpefeseHHe S/€KTPOHOB 10O YDOBHAM BajeHTHOM
SOHB ¥§ 30HH TPOBOJAHMOCTH OHpelenserca dyHKuued
®epuu (71.2). Brruncienns no dopmyne (71.4) mokaseis
BawT, 4TO YpoBeHs PepMM nekHT TOUHO mOcpepliHe 3anmpe-
wiennofl aoun (pnc. 140). Caexopartenbno, KA% 3AEKTPOUOS,
nepeillefliNHX B 30HY OPOBOAUMOCTH, .BeduuHHa W — Wp
MaJi0 OTJAHYAercA OT NOJOBHHB MIMPHHB 3anpeilleHHCH 30-
HH. YPOBHH 30HH! [DOBOIHMOCTH JleAT HA XBOCTe KpH-
BOf pacnpesenennd. {I09TOMy BepOATHOCTL HX 3alONReHHA
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9/JCKTPORAMH MOXHO HaxoAMTh no Gopmyae (71.5). Io-
Jarasi B 3T0H dopmyie W — We = AW/2, noayuuwm

AW

F(W)~e 5T, (72.1)

Konnuectso siaekTponos, nepelulefuinx B 30HY NPOBG-
AuMocTH, OYAer npomopLMoRansno BepoRTHactH (72.1).
ST 3N€KTPOHE, a TAKXKe, KAK Mbl YBHIMM HHXKe, 00pazo-
BaBIlHeCHd B TAKOM Ke uHcaAe ALPKH, ABJASIOTCA HOCHTEs-

MH ToKa, TIOCKONBKY RBpOBOIR-
ing MOCTb NPONODLUHOHANBHA YKHCIY HO-
CHTeJeil, OHA TaKXe AOMKHA Obith
NpONOPUHOHANLHA BhIpaKeHH0
(72.1). -CrenoBaTenbHO, 3JeKTpO-
NPOBOAHOCTL NOJYNPOBOLHUKORB Oni-
CTpo pacreT ¢ TEMIEPATYpOit, H3Me-
HAACL NIC 3aKOHY

_Aw
o 77 o=ge =T, {72.2)
Puc.- 141, rae AW -— mispuHa 3ampenieHtoll

30HbI.
Ecan na rpaduke OTKAaLblBaTH 3aBHCHMOCTh Ino oT
1/T, To AAA NOAYNPOBOJHHUKOB MOJAVYAETCA MPAMAs JHHEA,
nzobpaxennas Ha puc. 141, [lo nakaony 310# npsmoi
MOKHO ONpPEelefHTh LIHPHHY 3anpenledsol 3oHnt AW.
THOHYHBIMHE MOAYIPOBOAHHKAMH  fBJIAIOTCH  3JE€MEHTLI
IV rpynnbl neprogunueckoit cucremsl -MenaeneeBa — rep-
Mahui B KpeMmuuft, Oy o6pasyioT PpelleTKy, B KOTOpoH
 Kam/JAbll 4TOM CBf3aH KOBAJEHTHHIMH (NapHO-/JEKTPOH-
EaMH) CcBA3AMH {cM. T. |, § 139) ¢ deTelpbMA PaBHOOTCTOA-
HEAMH OT HErQ COCEAHKMH aToMaMK. YC/IOBHO TAKOS B3anm-
HOe PpaclojoKende aToOMOB MOMHO -HDENCTAaBHTL B BHAE
NJOCKON CTPYKTYpHI, H3oGpamenHolt Ha pHe. 142, Kpyxxa
€0 3HAKOM  «+» 0003Ha4aioT nOJONKHUT&IbHO 3aps-
JeHHbBle aTOMHLIE OCTaTKH (T. €. Ty YacTb aToMa, Ko-
TOopas OCTaercsl Mocdae yAalreHHsS BAJCHTHHIX 3JCKTPOHOB),
KPYKKH  CO- 38HaKOM  «—» — BAJIGHTHHE 3JIeKTPOHL,
ABOIiHEIe JIMHAH — KOBaJeHTHLIC CBs3M.
Ilpn pocTaTouhO BHICOKON TeMuepaType Tel/oBoe ABH-
MEHHe MOXeT pa3opBaTh OTAe/IbHBEE Napul, OCBOGOANB
OfHH 3JeKTpoH (raxkofl caydafi mokasaH Ha puc. 142},

256



ToKuHYTOS 3JEKTPOHOM MecTe ftepectaer OLITL HefTpanb-
HEIM, B ero OKpPEecTHOCTH BO3HHKaeT H3OBITOUHBIN noJoMu-
TenpHEIA 3apaa + e — obpasyerca Aupka. Ha ato Mecto
MOMeT MNepecKOYUTh 3JeK-
TPOH OJHOH M3 COCEAHHX
nap. B pesyabrarte pblpka
HaYHHAeT TaK¥Ke CTPAHCTRO-
BaTh NO KPHCTAMIY, Kak H
O0CBOGOLUBIIHICA 3EKTPOH.

Ecan cBoGonHblit 3neK-
TPOH BCTPETHTCH C HHIP-
KOif, OHH peKOMOHHY-
pyooT (coenuuATCA) .
JT0 D3HAYAET, UTO 3MeK-
TPOH HefiTpadausyer H3GLI-
TOUHHE  TNOAQMKHTEILHEI
3apsai, HMewownica B OK-
pPecTHOCTH OBIPKH, M TEpS-
eT  cBobojy nepeABHKe-
HUA 0 TeX NOP, NOKa CHO- Pnc. 142,

Ba He IONIYYHT OT KPHCTANd-

JHUECKOH pellleTKH 3HeprMio, AOCTATOYHYIO AJAA CBOEro Bhi-
cpoboxkaeHu®. PexomBuHauysa IPHBOAHT K OAHOBPEMCHHOMY
HCYE3HOBEHHID CBOBOLHOrO 3AekTpoHa M Zuipku. Ha cxeMme
yposreti (puc. 140) npoueccy pexoMOHHAUHH COOTBETCTBYET
Nepexo]l 3/eKTPOHA H3 30HH NPOBOAHMOCTH H& OJMH H3 CBO»
GOAHBIX YPOBHEH BANEHTHOH 30HHKL.

Hrak, B noaynposoanHke HIAYT OAHOBPCMCHHO JBa
npolecca: POXKAcHHE [ONAPHO CBOOOLHHIX SJEKTPOHOB H
ABIPOK W pexoMGHHAUHMA, TPHBOAHILAS K IONAPHOMY HC-
HeaHOBEHHUI0 HMACKTPOHOB M ABIPOK. BeposTHoCTh nepnoro
npouecca OpICTPO pacteT ¢ TeMueparypoil. BepostuocTsb
peKkoMOHHALME [PONOPLMOHANLEE Kak YHCAY CBOGOAHBIX
3NeKTPOHOB, Tak H uucay Aelpok. CieaoBaTelbHO, KaX-
flofi TeMmepaType COOTBETCTBYET ONpeAeseHHad paBHOBeC-
a8 KOHUEHTPAUHH A€KTPOHOBR M ABIPOX, BEIHYHHA KOTO-
poOit HAMeHseTcs  C TemMneparypoH mo TakoMy e 3aKomy,
Kak H o [em. dopmyny (72.2)}

B oTcyTcTBHe BHeLIHEro 3JEKTPHUECKOTQ MNOJA 3JeKT-
POHLI MPOBOAMMOCTH H ALIPKH ABHXKYTCs XaoTHueckd. [Tpu
BKJIIOUEHHH 110Ad Ha XaoTHYeCKOoe [JIBHKEHUE HaKNaAbl-
BaeTcs YAOpAAOUEHHOe MHBHXKEHHe: JJEKTPOHOB  TPOTHE
noas H AHPOR — B HanpaeiaeHuu nomst, Oba ABuxenus —-
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H ABIPOK, H SJEKTPOHOB — NPHBOAAT K [epeHocy sapaja
BoAb Kpucraana. CheloBaTenbHo, COGCTBEHHAS SAEKTPO-
MPOBOAHOCTL 0OYC/IOBAMBAETCH KaX Onl HOCHTENAMH 3apd-
fa ABYX 3HAKOB — OTPHIIATe/bHHIMH 3JEKTPOHAMH H NO-
JIOKHTCTBHLIMH ABDKAMH.

CoGcTBeHHas NPOBOLHMOCTL Halmiofaercs Bo BCex Oes
HCKMIQUEHHA NOJYNPUBOAHHKAX NpPH JAQCTATOYHO BRICOKOH
TEMIEpaType.

IIpumecnas npoBOAMMOCTb. ITOT BHA HPOBOLHMOCTH
BOSHHKAeT, eCcad HEKOTOPble 2TOMBl JAHHOTQ MOJYIPOBOM-
HHKA 3aMeHHTh B Y3/ax KpH-
CTAJANHYeCKOH peleTKH aToMa-
MM, BalleNTHOCTh KOTOpPHIX OT/IH-
yaeTcs Ha elHHHIYy OT BaJNeHT-
HOCTH OCHOBRHX atoMos. Ha
puc. 143 yenaoBHO H3pOpaxena
pemeTKka TepMaHHA ¢ [pHMe-
ChI0 D-BaNeHTHHIX aTOMOB ¢oc-
dopa. Has obpasoBaHHsl KOBa-
JlenTHBIX CBA3eH ¢ COCeAAMH
atoMy tocdopa HocTaTouHO He-

Pue, 143, THipex anekTpoHoB. Crnefosa-
TeNbHY, NATHH BAJEHTHWH 3aAeK-
TPOH OKAa3HBaeTCH Kak Obl JAHUIHHM K JIETKQ OTHIEIIACTCH
OT 4aromMa 3a cuYeT SHePrHH TEeN/IOBOro JBHKeHHdA, 00-
pasyd CTpaHCTBYWLH# cBoGOAHHI SAeKkTpoH., B oTnHume
OT paCCMOTPEHHOTO paHbwe cayuasd obGpa3oBaHke cBOOGO/I-
HOTO 3JIeKTPOHA He COMPOBOMAZETCH HAPyUIeHHEeM KXOBa-
JeHTHHIX cBAsel, T. e. o6pasoBanueM ABpkH. XoTd B OKpe-
CTHOCTH aTOMa [pHMECH BO3HHKaeT W3OHTOYHHE MOJI0XKH-
TeJbHB 3apsaj, HO OH CBSI3aH C 3THM aTOMOM H liepeMe-
maThCa N0 pewleTKe He Moxer. Baaropaps stomy sapany
aTOM MPHUMECH MOXET 3aXBaTHTh (PHGIHSHBIIMACA K HeMy
3MeKTPOH, HO CBA3b 3aXBayeHHOro 3JEKTPOHa ¢ aToMoM Oy-
IeT HENpOuHOH H JIETKO HapyIlaeTCA BHOBb 3a CUET TeILO-
BHIX KoJeGaHHH pelleTKH,

Taxkum ofpa3oM, B nNONYNpOBOAHMHKE ¢ 5-BajeHTHOR
NPHMechi0 HMeeTcd TOJLKO OAMH BHJA HOCHTelell ToKa —
91eKTPoHB. COOTBETCTBEHHO TOBOPAT, YTO Takof moaynpo-
BOZHHK o6gajaeT SJAEKTPOHHOM NPOBOOHMOCTBIO HJIH fB-
Jfercy MOJAYHNPOBOAHHMKOM n-tuma (or cioBa negativ —
OTPHUATELHEIA), ATOMB ODHEMECH, TNOCTABAAIONIHE 3JEK-
TPOHUL NPOBOAHMOCTH, HA3LWBAITCA AOHOD AMH,
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[IpumecHn HcKaXKaT T0Je PEIMETKH, UYTO HPHBOAHT K
BO3HHKHOBEHHIO Ha SHepremqecxoﬁ CXeMe TaxK Ha3nBae-
MbiX JIOKaJbHLHIX YPOBHEH, PacloJOKeHHLX B 3anpeHien-
Hoil sose wpucranda (puc. 144}). Jlwdoli yposenb Baient-
HOH SOHEI MAH¥ 30HH INPOBOANMOCTH MOMET ObTh 3aHAT
3MEKTPOHOM, HaXO[AUIMMCH B JIOGOM MecTe KpuUCTanna.

Fowa

NI

N b SETPEIETE
Lawapsie jposr JoKa

. Donswmnar
= : o0

W)
Puc. 144

JHEPTHK), COOTBETCTBYIOUIYIO JIOKAJbLHOMY YDOBHIO, 3J€K-
TPOH MOKeT HMeTb, JHIIb HaXOAfch BOGJAHSH aTOMa IpH-
MeCH, Bbi3BABIIeTo mosABAeHWe 3Toro ypoeHsa. Caepora-
TEJAbHO, 3JeKTpPOH, 38HHMAIIHAH NPHMECHLIH YPOBeRb, JO-
KanusoBan BOJIMSH aToMa IPUMECH,

Ecan fnoHopEBIE YpOBHH PpacnoNOXeHbl HeAajeKo OT
NOTONIKA BAJEHTHOM 30HBI'), OHH HE MOIYT CYIECTReHHO
TIOBAHATL Ha JNCKTPHUECKHe CBOHCTBa KpucTaana. Huave
o0CcTOUT Jlenio, KOrlla pacCTOfiHHe TAKHX YPOBHeHl OT RHa
30HH NPOBOAMMOCTH TOpasjiio MeHblle, ueéM lIHpHHA 3a-
npeulenHoH 30HH. B 3TOM cayuae sHepFHSA TENJOBOTO IBH-
MeHHs pJaxe UpH OGHIUHKIX TEMIEpaTypax OKa3nsaercs
AOCTATOMHOA AJAA TOro, 4TOOB MEPeBECTH 3JIEKTPOH ¢ RO+
HOPHOrO YPOBHS B 30HY NposojnHMoctH. Ha pue. 143 stomy
Hpoleccy COOTBETCTBYET OTHICDJEHHEe MATOTO BajleHT-
HOrO 5/IeKTPOHAa OT aATOMa NpHMeCH. 3aXBaTy CBOBOLROrO
3JNEKTPOHa aTOMOM NPHMECH COOTBETCTBYeT Ha pHC. 144

) Bro 3Hauur, yTO nNATHHY BANEHTHHA SJEKTPOH MPOYHO CBA3aH
€O CBOHM aTOMOM,
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nepexof 9JeKTpPOHA H3 30HLI NPOBOAHMOCTH HA ONHH M RO«
HODHBIX YPOBHER.

YposeHr @PepMu B NOJAYNPOBOAHHKE MA-THOA JEHHT
MeX/y /[OHODHWMH YPOBHAMU H JHOM 30HEl [POBOIY-
MOCTH, HPM HEBBICOKHX TeMMeparypax — IPHOIHSHTE/bHO
nocpeanHe MemxAy HAMH (puc. 144).

Ha puc. 145 ycnono naobpaxena peileTKa KPEeMHHS C
npiMecpblo  3-BaJNeHTHHIX aToMoB Oopa, Tpex Baneuntubix
BIEKTPOHOB aToMa 0opa HedoCTaTOuHe AAA 00pa3oBaHHA

Puc. 145.

cBA3ell co BceMM eTHpbMA cocensamu. Flostomy opHa H3
CBA3ell OKAMKETCA HE YKOMINVICKTOBAHHOH H Oyner mpeicTas-
nTe coboft MecTo, cnocobHoe 3axBaTHTL 3AekTpod. Ilpu
nepexofe wa 570 MECTO 371eKTPeHA OMHOH M3 COCefHHX Tap
BO3HHKHET ABIPKA, KOTOpas 6yAeT KOYCBATh MO KPHCTAJIY.
B6nuay atoma OpHMecH BO3HMKHET H3GLITOUHLIA OTpuNa-
TebLUBI 3apal, HO oF ByJer CBS3aH ¢ AAHHBIM aTOMOM H He
MOMeT CTaTh HOCHTeNEM Toka. TakHM 0Opa3zoM, B MOAYIDO-
BON{HEe ¢ 3-BAJEHTHOH [PHMECbID BO3HHKAOT HOCHTENH
TOKa TOABKG OJHOr0 BHAA — JBIpKH. [TpoBOOHMOCTE B 3TOM
c/lyyae HasplpaeTcA ABIPOYHON, &4 0 NOAYEPORONHHKE TORO-
PAT, UTO ON NPHHALNSKHT K p-THNY (0T caosa positiv—mo-
JqoxuTeapHblt).  [lpuMecd, BBI3LIBAIOIIHE BO3HNKHOBEHHE
IOBIpOK, HA3EIBAIOTCA AKUENTOPHBI MH.

Ha cxeme yposHelt (pnrc. 146) axuentopy cOoTBeTCTBYeT
PACTIONOKEHHEIA B 3aNpeTHON 30He HelaJleKo OT ee JHa Jo-
KaJbHbl ypoeeHb, O6Gpa30BaHHI0 OBIPKYW OTBEUAET NEPexoj
IMEKTPOHA M3 BAJIEHTHOH 30HH HAa aKUENTOPHHH YPOBEHb.
OGpaTHBI nepexoi COOTBETCTBYET PAa3PHBY onHOl H3 uYeThI-
PEX KOBAMEHTHRIX CBA3eRA aToMa NPMMECH C ero COCelAMH H
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pekoMOyHANKME 00pasoBaBINETOCA TPH 5TOM 2JIEKTpOHA H
JAEIPKH.

Yporene PepMH B NOJYNPOBOLHHKE p-THHA JEKHT MeX-
Ly DOTOAKOM BAJEHTHOH 30HBI H AKUENTOPHLIMH YPOBHAMH,
NPH HEBLICOKHX TeMhepaTypax — NpHOJIMIUTENbHO NMoCpeau-
e MeWAYy HHMH,

C nopblleHHEM TEMIIERATYDHI KOHUCHTPAUHA NPHMECHBIX
HOCHTeNeH ToKa ObicTPo LOCTHTZET HACHIIEHHA, JTe o3Ha-
YAET, YTO NPAKTHUECKH OCBODOKAATCA BCe JOHOPHBIE HAH

W

Jowe

[POBGTHAMOCITIL
Aryenmapyue ypossi

“ I 17 FarPELERRER

/ } E 2002

+ ;44__] - _* ______ ’: ]
[——O— *
* Darenmpas
— 30Ka
)
Puc. 146.

3aNOJHAITCA 3JeKTPoHaMy BCe aKlenropHbe yposui. Bme-
cTe C TeM N0 Mepe pOCcTa TeMnepaTypul Bce B (oabluel CTe-
IeHH HaduHaeT CKAa3blBaThcAd COGCTBEHHAA NPOBOAHMOCTD
NONYNPOBOAHUKA, OOYCIOB/eHHAs] NEPeXOA0M 3JCKTPGHOB
HeNOCPeRCTBEHHO H3 BaJIeHTHON 30HH B 30HY NPOBOAHMOCTH.
Takum oBpa3oM, npu BBICOKHX TeMNEPATYPAX MPOBOTHMOCTh
NOAYNPOBOAHHKA OyieT CKAAJABBATLECA U3 TNpPHMECcHof H
cobereennoit nposoruMocTd. Ilpe HU3KHMX TeMmepaTypax
npeobiagact npuMecHas, a TpH BLICOKHX —-co6cTBenHan
TTROBOANMOCTD.

§ 73. ddpdekr Xoaaa

Xoan obuapyxun B 1880 r. ciaenyoliee sBAEHHE: eCaH
METANJIHYECKYIO [JIAaCTHHKY, BJOJDb KOTOPOH TeueT MOCTOsH-
HbIf 3JIEKTPHYECKHH TOK, MOMECTHTh B NEPIEeHAHKYIsIpHDe K
heit MaTHMTHOe MOJe, TO MeXAY NapasienbHbBIMH TOKY H
noJ10 rpaiaMHy (puc. 147) Bo3nHKaeT PasHOCTL HOTEHIHAAOB
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Up = @1 — ¢p. Bennunna ee onpenennerca BbIpAKeHHEM
U11=ijB, (73.1)
rAe b — MHPHHA NAACTHEKH, | — MIOTHOCTD TOKa, # — mar-

HHTHAA HHAYKOMA noast, R — pasublfi Aast pasvuunbix me-
Tal0B  KOS(PHUHEHT RPOMOPUHOHAILHOCTH, NoNy4YMBLIKHA

8
%J /
7
. 1 // -—--j
! 7~ ] |
| ,)‘—7/'
Puc. 147,

HasBaHHe MOCTOAHHON Xoana. CaMo sBremde HA3HI-
BAOT 5ppekTOoM X0Aaa HAN TaAbBAHOMATHAT-
RHM ABJECHNHE M.

Ddperr Xonna ouens npocro obbAcHAETCH 3JAEKTPOHHOMN
TeopHel. B OTCYTCTBHE MarHHTHOLO NHOJS TOK B NAACTHHKE

P —.
\\ \\ \\ \\ E \\
P LB \ [P \E
A \ N A .
e e > J
o Y r\ A Eg \-‘
4K A I A \
\ \ \ \ \

1 5 hy P
P N A I
Puc. 148.

0OYCNOBIHBACTCA JNEKTPHYECKHM Tosiem E, (puc. 148). Di-
BHNIOTEHLHAIHLIE NOBEPXHOCTH 3TOTO nods o6pa3yioT CH-
CTeMy MepneHHKyNapREX K Bektopy Eo nmockocredt, uso-
OpaKeHHbIX Ha PHUCYHKE CIUIOLIHBIME OPAMBIMH  JIHHHSIMH,
[Toremuran o Becex Toukax Kaxpof NOBEPXHOCTH, & CJeis-
BaTeJbHO, ¥ B Toukax / 0 2 oxwnikoB. HocuTenw toka —
S/ICKTPONLI — HMEIOT OTPHUATEJNbHBIA 3apfll, TOITOMY CKO-
POCTS HX ynOpAAOYEHHOrQ ABHXKCHHA W.HanpasJena npoTH-
BOTIOJOKHO BeKTOPY IJIOTHOCTH TOKa |.
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[Tpn BRAWOUEHnHH MaFHHTHOIC IOAf KAM[BIH HOCHTENRDb
OKa3keBaercs nog LelicTBHeM CHAH JIopeHila, HalpaBJaeHHOH
BIOSABL CTOPOHKE b maacTHHKR (pHc, 147) W paBHOR mo Mo-

AyJaio
f=euB. (73.2)

B peayabrare y 3JeKTPOHOB TNOABJAETCA COCTABAAIOILAS
JBHXKEHUS B HaNPaBieHHW K BePXHefi (Ha DHCYHKe) I'paHH
DJACTHHKH. ¥ 3TOH rpann o6pasyercd H3GHTOK OTPHBATENb
HLIX, COOTBETCTBEHHO YV HHMHEH IpaHH — H3GHITOK NOJOKH-
TEJAbHbIX 3apAfcB. (Jef0BATE/BHO, - BO3HHKACT [OMNONHM-
TesNbHOE TOHmepeyHoe 3jexTpuueckoe noie Ep. Korpa na-
NPSUKEHHOCTh JTOTO IOAS JOCTHIaeT TAKOH BEIHUHHH, HTO
€ro JedAcTBHe Ha sapaabl OyAeT YpaBHOBEMIHMBaTb CHJIY
(73.2), ycravoBHuTCSl cTauMoNapROe pacnpefeneHHe 3apaacs
B rnonepeyHoM HampasnenMy. CooTBeTcTByWOLlee 3HAUEHHE
Eg onpenensercs u3 yenoenn: efg = euB, oTkyna

EB = uB, (73.3)

TTone Ep cknanwmsaerca ¢ nonem Eq B pesyabtupylowee
none E. DxkBUnoTeHNuaNbHEE [OBEDXHOCTH NEPHEHAHKYAAP-
Hbl B KaXA0H TOUKe K BEKTOPY HampsmensocTn noad. Cae-
/0BaTeJbHO, OHH NMOBEPHYTCH H 3aHMYT MOAOXKeHHH, H3o0pa-
#eHHBle Ha pHc. 148 nyukrapoM. Toukn [ W 2, KoTopbie
npexie JeXadd Ha ofHoN M TOf JKe IKBUIOTEHLIHAJIbLHOM
NOBEPXHOCTH, Teneph Gydyr HMeTp pasHHE NOTEHHHANBL.
Urobel HafiTH HanpsA)KeHHe, BO3IHHKAlOUIee MeXIYy ITHMH
TOYKAMH, HYXHO YMHOXHTE Ep Ha paccrofinMe MeXAy HH-
MH . Beipaxas, KpoMe Toro, B (73.3) u uepe3 j, n u e B €O+
oTBeTcTBHH ¢ dopmyaoit [ = neu [cm, (70.2)), noayunm

Up="bEp=— bjB. (73.4)

INocneanee poipaxkenne cosnaiaer ¢ (73.1), ecnn nodo-
HHTL

R= . (73.5)

Takum o0pasoM, HaMepup NOCTOSIBHYIC XoJAJa, MOXKHO
HaHTH KOHIEHTPAIHIO HOCHTENEH TOKA (T, €. HX YHCJO B €[1H-
Hupe obnema).

BaxHofi xapakTepHCTUKOH BENlECTBA SBASETCH TIOABHXK~
HOCThb B HEM HOCHTeJell TOKa, NOJ, KOTOPOH N0/ pa3yMeBacTCs
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CpelHsis CKOpOCTb, NpHOOpETaEMas HOCHTeleM B [OJC,
HaMpsXKEHHOCTh KOTOPOro paBHa eaundue. Ecan s noge
Hanpsikernoctd E pocdtend mpuHOOPETAIOT CKOPOCTh ¥, TO
MOABHMHNOCTL HX i) paBHA

[
=, 73.6
Uy F { }
B CI/I CKOPOCTL U3MEPAEeTCA B METPAX B CeKyHILY, Haupsa-
WeHHOCThL JCKTPHYECKOro modsi B BOJAbTAX HA METP. Caneno-

BATeNBHO, eJHHHLEH NOABHKHOCTH Gyder 1 m?.e-'. cen~!,

+ + + 4+ + - -~ - -

¥ B f B

- = = - - + + <+ 4+ +
Puc, 149

TToaBHXKHOCTE MOJKHO CBA34Th C IIPOBOAMMOCTBIO O
KOHIEHTpauuef Hocutesed n. [lasa sToro pasfiennm COOTHO-
meHHe [ = Aed Ha HaOPseKeHHoCTh NHoas E. YuTtd, 4To OTHO-
weHle j K £ faer o, a u, geaeHuoe Ha E, ecTb noaBHK-
HOCTDL, NOJYYHM

0 = neil;. (73.7)

Omnpenenus nocrodunyio Xonna K K OPOBOLKMOCTL ©,
MOXKHO no opmynam (73.5) u (73.7) HalTh RoHIeHTpauno
W MOABHIXHOCTh HOCHTEJEH TOKA B COOTBETCTBYIOILEM 06-
pasue.

Sisaenve Xonaa sabmofaercs pe TOJABKO B MeTanmax, HoO
H B NOJYNPOBORHUKAX, NpHUYeM N0 3HAKY >dypekTa MOKHO
CYAUTE O NMPHHARIEHKHOCTH NOJYNPOBOAHHMKA K fi- WIH P-TH-
my. Ha puc. 149 conocrapien sgdext Xoaaa ans o6pasunos
C NOJIOXHUTEILUBMHE M OTPHUATENBHBIMH Hocuredamy. Ha-
npaenenMe cuanl Jlopedua HaMeHsieTCcd HAa MPOTHBONIOJONK-
HO€ KAaK IIPM H3MeHeHHM HAlNDaBJCHHA [IBH:KCHHA 3apaia,
Tak H 1pY H3MEHEHHH ero sHaka. C/lefoBaTeJLHO, IPH OJH-
HaKOBOM HANPABACHUH TOKA cuia Jlopedua, AeficTeytolian
Ha NOJIOMKHTENLHBIE ¥ OTPHIATENBHEIE HOCHTETH, HMeeT OLH-
Hakopoe HampabJdeHne. [losToMy B cayuae NONOKHTENLHLIX

264



HOCHTeAe! NOTeHUHaN BepxHel (HA PUCYHKe) Ipadd RHIME,
yeM HWXCHEN, a B Clyude OTPHIATEJNBHBIX HOocHTesel — Hu-
#e. Takum 06pazoM, ONpeAenass 3HaK X0AM0BCKOH pasHOCTH
NOTEHIHAJ0B, MOXHO YCTAHOBHTEL 3HAK HOCHTesell Toxa.
JlwGoneITHO, UTO Yy HEKOTOPHX MeTadnoB 3Hak Uy coot-
BETCTBYET TOJNQMKHTENbHLIM HOCHTEAAM Toka., 1o obbac-
Haercs oco6hiM MepeKpLIBAHHEM 30H, HPH KOTOPOM YacTh
3MEKTPOHOB NMEPEXOLHT C BEPXHUX YPOBHEN BaJCHTHOH 30HBE
Ha H¥KHHKE YPOBHH Apyroil sonw. B pedyabraTe BO3HHKAIOT
B PaBHOM KoOJiMyecTBe Kak ¢BOOOAHLIE 3JEKTPOHB, TaK. H
aeipke, IlpoBoguMocTh TaKoro merajna HMeeT CMeIaHHBIR
{(3/1eKTPOHHO-ALIPOYHBIH) XapaxkTep. AHoMmanbHulft (nas me-
TannoB) snak sdderta Xoana o0YCIOBICH TeM, UTO ALIPKH
001222107 Gospluell NOABHKHOCTHIO, YeM IJEKTPOHHI.

§ 74. PadoTta BmXopa

Meranmsl we npuofperawT camu no cefe NOJOKHTEb-
HOTO 3apafa. 3HAYHT, 3JEKTPOHH NPOBOZUMOCTH HE MOTYT
CaMONPOH3BOJBHO MOKHAATh METall B 3aMeTHOM KOJHue-
cTBe. JTO0 OODBACHAGTCH TeM, UTO MeTafd nRpeicTaBafeT
AJA 3MeKTPOHOB NOTeHNHAaAbHYI0 aMy. TIOKHAYTb MeTamd
YI4eTCs TOJNBKO T€M 3JEKTPOHAM, YHEPTUA KOTOPEIX OKaskhl-
BaeTcqd NOCTATOUHOH [AJjis  MPEOAOJEHHA [IOTEHOBAAbHOrO
Gapnepa, nmelilerocs Ha nopBepxHocTH. CHaw, obfychiosmi-
BAWIKe 3TOT Hapbep, HMEWT CAelyioliee MPOHCXOXKICHHE.
CayuafiHoe ynaleHHe 3JeKTPOHA OT HAPYKHOTO CJAO0f HOA0-
MHTENbHLIX HOHOB PeleTKM NPHBOAHT K BO3IHHKHOBEHHIO B
TOM MeCTe, KOTOpOe IIOKHHYJ 34eKTPOH, K36bITOUHOTO NOJ0-
KHTeAbHOrC 3apsiaa. Kynonosckoe psauMofeficTeHe € 3THM
3apAAOM 3aCTap/IfeT 3MeKTPOH, CKOPOCTL KOTOPOro He OYEHL
BeNMKa, BepHYThcs obGpaTHo. TaxuM ofpa3om, oTae/bHHE
9/JEKTPOHEl BCe BpeMsA NOKHAAIOT NOBEPXHOCTL MeTalsa, yia-
ARIOTCA OT HEe Ha HeCKOJAbKO MEXATOMHBIX PACCTOSHHIA M
saTeM T0BOpauuBaloT o6paTHo. B pesynbTate MeTasld OKa-
3bIBAETCH OKPYZEHHBIM TOHKHM OOJaKOM 3JEeKTPOHOB. 3TC
ob6naxko ofpda3yeT COBMECTHO € HapyXHBIM C/JI0€M HOHOB
JABofinof sJekTpuueckHi caolt (puc. 150; Kpy:KKH — HOHBI,
YCPHEIE TOYKH — 3JeKTPOH). CHIH, ACACTBYIOLEHC HA JEK<
TPOH B TaKOM Cj0e, HanpaBJeHu! BHYTPb Meraana. PaGora,
CoBepIaeMas NPOTHB ITHX CHJ NPH NePeBOAe 3M€KTPOHA H3
MeTajlia HapyxKy, HIeT Ha yBeNHueHHe MOTeHUHAJbHOH
sHepruH aektpona Wp.
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Taxnm ofpasoM, noTeHURA/bRAS 3HEPTHSl BaJeHTHBLIX
9JEKTPOHOB !) BHYTPH MeTajja MeHblle, yeM Ble MeTalaja,
Ha BEJHYHHY, PaBHY0 ray0HHe NOTeHUHANLHOA AimMbl Wpy
(puc. 151). CrauoK NOTeRNHANLHONR 3HEPTHHE NPOUCXOAUT HA
IJiuHe [MOPARKA HECKOJABKHX MERATOMHEIX  pacCTOaHMH

(~10% ), nosToMy CTEHKH

3 - AME MOXHO CYHTaThb BepPTH-
®© ® @ KaJLHEIMH. ,
g N [loTeHunaibnast sHeprHs
. r - 3JIEKTPOHA €BfA3aHa ¢ NOTEH-
@ ® ‘B OHAJOM TOYKH, B KOTOpPOH Ha-
- XOIUTCA 3JEKTPOH, COOTHOIIE-
- T
* % L o prm—— ———
® 6.0 1 1e
- e - i 1
o - ] 1
_... - - | 1]
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- Va .
+ * }/’ Yoo
® @ ‘9 |
Puc, 150. Puc. 151,

unem Wp = —eg [em. dopmyay (10.5)] ITockonwky sapsg
9JIEKTPOHA OTPULATENEH, NMOTeHIHA  TOUKU N TOTeHIHalbs
Hafl 5HEepTHA 5/€KTPOHA HMeloT pasHule 3nakd. Otciona cie-
AYeT, YTO MOTEHIHAJ BHYTPH Meraaaa GoJblle, YeM NOTEH-
UHAN B HENOCPENCTREHHON GAUB0CTH K erc [OBEPXHOCTH (M
6yAeM JJIs1 KPATKOCTH TOBOPHTL IPOCTO €HA IOBEPXHOCTH?),
Ha BednuuHy Wyfe,

"~ Coobuenre Meranaay H3GEITOUHOrO MOJOQMCHTENBHOrO 3a-
pSda YBeAHUHBAET MNOTEHUMAJ KaK HA NOBEPXHOCTH, TAK H
BHYTPH Metanna. IloTeHnnabhas sHeprHa 3/MeKTPOHA COOT-
BeTCTBeHHO yMenbmaerca (puc. 152,a). Ha puc. 152,6
naubl kpusble Wy H @ AJs cayuas, KOIjAa MeTa/ 3apsDKeH
OTpHILATENBHO 2),

!). IToTennnanpHas siMa JAS SJEKTPOHOB, 3aMNOJHAIGUIHX YPOBIH
HHMHHX 30H (T. € NpPOYRO CBA3AHBHIX €O CHOMMM aTOMaMu), HMeer
6daeuryio raybumy, Bee paceympenwa storo naparpadia  OTHOCATCS
K BaJCHTHEIM SJAEKTPONAM,

) B nocnexHeM cAydae BHCOTA NOTEHIMANbHOre Gaphepa HEMHOTO
nonnxaeTcs (COOTBETCTBEHHO YyMeHbWaeTca pafoTa BhXoAaj., OTo aB-
Jenne Haswipaercs stpdexrom [oTTH,
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[MosHan 3sHEprusi 3JeKTPONOB B MeTajjie cjaaraercd H3
NOTEHUMaMbHONH M KHHeTHuecKofl sHeprufi. Kak Guino Bsisic-
HeHO B § 71, 3HaueHHA KHHETHUECKOi SHEPTHE 3JEKTPOHOB
TIPOBOMHMOCTH 3aKJ/IOYEHB NIPH a6COMIOTHOM Hy/e B npege-
nax or 0 o cosnafaiouieft ¢ ypoBHem PepMmi Wy Ha

=
‘IrJP

V Ascwgpomun k0 preeemmecqf

| W
r

+ ) 2
Pue, 152

puc. 153 sHepreTHyeckHe YPOBHH 30HBI NPOBOAHMOCTH BHH-
caHul B MOTEHLHANLHYI AMY (NYHKTHPOM H300pakeHLl He-
sanatole npy 0°K ypossu):. [Jas yhadeHus 3a npemenst
METa/na pasHbiM 3JCKTPOHAM HYMHO COOGUIMTH HeolHHAKO-
By sHeprutoo. Tak, 3JeKTpony,
HaxXOAAIeMyCsi HA CaMOM HHXK-
HEM YpOBHe 30HH NpOBOIM-
MOCTH, HeOBXOAHMO COOGUIMTD
snepruo Wpo; AAA. 3A€KTPOHA, Y,
Haxogaulerocd Ha yposre Pep- w
Mu, gocratouta sHepril Wy —
— Whax = Wpo — Ws

Haumensmas sueprusi, Koto-
PY0  HeoOXOAMMO  COODLEMTH
3MeKTPOHY AJAA TOTO, YTOOHI
YZAJHTb €T0 H3 TBepJOTo HJH MKHAKOTO TeJia B BAKYYM, Hashl«
BaeTcsi paBoTo#d BuXxonxa PaGory BuXxona npHHATO 060+
3HaYaTh Yepes e, [Ae ¢ —BeJHUHHA, HMeNlan Pa3MePHOCTD
TIOTeHIHAJa M Ha3BBaeMasd NOTEHLHAJAOM BHXOJa.

B ¢ooTBeTCTBHH CO CKa3aHHHIM Bbillle pafora BHIXOA2
3JIEKTPOHA U3 MeTa/ula ompenessiercss BuipaxenHe !)

eQp = Wpo — Wp. (74'° l)

1) Benwunny (74.1) wporga naswBaior >ddextusnof paboTofl Bhi-
xoaa, 2 Wpe— nonnoil paGortolt sxxoas,

Puc. 1563
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Ml npHIWIAE K 3TOMY BHIPaXKEHHIO B IPEANOJIONEHHH,
uTo TeMneparypa merania pasha 0°K, Ilpu mpyrux temne-
patrypax pafoTy BEHIXQZA TaKXe ONPeLeffiorT KakK Pa3HoCTb
rayOHHbL NOTEHUMaNbHOR AMB M ypoBHS (MepMu, T. €. pac-
npocTpannoT onpefenedte (74.1) na mwolule TeMnepaTypsL
ITO XKe olpeldedeHHC NpUMekAercd H A MOJIYNPOBOL-
HHKOB.

PaGoTa BEIXOZA 3/€KTPOHA M3 MeTalJa HeMHOTO 3aBH-
CHT OT TeMIiepatypol. 3To BLI3BAHO. TEM, UTO, KAK OTMeua-
Jock B § 71, uzMensnercs ¢ reMnepartypoil yposenb Depmu
We. Kpome toro, usz-3a oByCA0BIEHHOTO TEILJOBHIM PacHId-
peHHeM H3MEHCHUl CPEAHHX PAaCcCTORHHA MeX Ay artoMamu
crerka uameusiercs raybuna noreHuManbHOil AMbl Wpo.

Beanunna padoTw BeXoAa oueHbL UYRCTBHTENbHA K CO-
CTOSHUE) TIOBEPXHOCTH MeTajna, B 4aCTHOCTH K €€ YHCTOTE,
[MonoBpae HaznexalBM o6PA30M NOKPLITHE TIOBEPXHOCTH,
MOXHO CHJALHO CHH3WTL padoTy Bhixoaa. Tax, Hanpamep,
HaHeceHHe Ha [OBEPXHOCTL BOJAbGpaMa CIOA OKUCHAA MIe-
JoudoseMeqwHoTO MeTadia (Ca, Sr, Ba) cunwaer palory
BbixoJa ¢ 4,5 3¢ (anda uncroro W) mo 1,52 3e.

§ 75. TepmoanexTponBas aMHCCHS. DIeKTPOHHDIE
JAMNB

TepMo3/1eKTPOHHOR SMHCCHEl Ha3blBAeTCA HCIYCKaHHe
SNEKTPOHOB HATPETHIMH TBEDABIMH HJAH MUJKHMM TelaMH.
Hac B 3arom maparpade Oyayr
HHTEPecoBaTh TOJBKO MeTal-
J1bl.

Hsaende TepMO3EKTPOH-
£, HOW 3MuccHH  oOBACHAETCH
TEM, UTO BCJAEACTBHE pacipe-
JeseHus o SHepruaM  HMe-
eTCH HEeKOTOpOE KOJNHYECTBO
INEKTPOHOB, SHEPrUsl KOTO-
pLIX JOCTaTtouHa Aaa  TOTO,
yTOOLl  NIPeCAoJeTk  MOTEH-
Puc. 154, UMaAbUbIA Gaphep, HMEIOIHA-
cs #a rpanwuie Mertaana. ITpu
COBBIHIGHHY TeMMEPATYPH KOJAMYeCTBO TaKHX 3JCKTPOHOB

pe3Ko BO3PacTaeT H JleJaercs BNOJHC 3aMETHHIM.
Hcenegopanie TepMO3JeKTPOHHOH 3MucCHY YROGHO MpO-
M3BOJANTL C NOMOULBIO cXeMBl, H300paskenHofd Ha puc. 154,

R
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OCHOBHBIM 3JeMeHTOM CXeMBl fBJSeTcs ABYX3A€KTDO d-
Has JaMna, Ha3blBaeMasd TakXKe BAaKYYMHEHEM LHO-
oo M. OHa npeacraeasier coBofl XOpolIo OTKaYaHgHLIH MeTad-
JHYECKHA M/ CTeKASHHLI GajioH, BHYTPH KOTOPOTO HMe-
10TCH (B2 3JIeKTpofa ~~ katol K W aHom A. KoHCTPYKTHBHO
3JIEKTPOALI MOTYT ObITh BHINOJMHEHH PasHLIMH CIoCcO0aMH.
B mpocrefiliem cayuae Katop HMeeT (opMy TOHKOH NPamMOH
HHTH, aHOJ ~~ KOAKCHANLHOIO ¢ Hell umuauHapa (puc. 155).

KaTon Harpesaeica TOKOM, Co3/laBaeMbBIM GaTapeefi Ha-
Kana by Temnepatypy Hakana MOMKHO MEHATH, peryaupys
C MOMOHIBI0 peocTaTa Ry cHAy TOKa Hakaja. lHa saekrponmt

s
=5,

,I
fomen 57

/

Puc. 155. Pre. 156.

MoxaeTcsl HanpsKeHHe 0T aBOXHOH Gartaper b, Beanunny
asoAHOro Hanpamenua U, MOMHO H3MEHATL C NOMOIIBIO HO-
TEHUHOMETPA Ry ¥ H3MepATh BOALTMETpoM V (U, cuutaerca
MOJOKHUTEIbHMM, eC/IH NOTeHLHaJX aHofa Bhlle MOTEHIHA/IA
KaTofla). [aabBanoMerp G npefnasnauen A H3MepesHs
CH/IBl aHOLHOrO TOKA ia.

Ecny yCTaHOBUTL TOCTOSHHLIN HaKas Katola H CHATL
84BHCHMOCTb CHJIB aHOJHOI'O TOKA fy OT aHOLHOTO HaNpsKe-
Hust Uy, To nodyuaerca xpusast, usoGpamennass na puc. 156
(pa3nvyHLle KPHBHE COOTBETCTBYIOT pasHEIM TeMieparypaMm
KaToja). DTa KpuUBag HasLBaeTCAd BOJAbT-aMHOepHON
XdpaKTEePHCTHEKOH.

[Tpu U, =0 spneresinde w3 Katonia 3J4eKTpoHE 0Bpa-
3YI0T BOKPYr Hero OTpUUaTeNbHLIH MpPOCTPanCTReHHHA 34-
PAf — 3MeKTPORHOe 06/aK0, 9To 06AaKO OTTANKMBART BHi-
JeT4alolue U3 Karoja 3JeKTPOHB H BOAbWyo yacTh HX BO3-
Bpamaer o6paruo. Bee xe HeGosblIOMYy UYHCAY 3J1EKTPOHOB
yAaercsi I0JETeTh [0 aHOAA, B pe3yabTaTe Yero B aHOJHOH
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nenn O6yzer Teubr ciabulii Tok. YToOH NOJHOCTHIO Nperpa-
THTb MORajJaHHe Ha aHOL 3JEKTPOHOB, T. €. CAeJaTh fy Pab-
HBIM HYJAIO, HEODXONUMO NPHJAOKHTD MeHIY KaToloM Mo
aHOJAOM HEKOTOpOe OTpHIaTeNbHOe Hanmpaxenue, Cienoma-
TEJLHO, BOJBT-aMIIEPHAA XapaKTEPHCTHKA JHORAa Hauu-
Haercss He B HYyJe, a HEMHOTO jleBee Hayaja KOOPAHHAT.
[Tpy manblx NosoXHTENbHHX 3HaveHH#X U, cHl1a aHoOA-

HOTO TOKA H3MeHseTca NPonopiHonanbho U/ h, Teopernuecku
9Ta 3aBHCHMOCTh Omsa nosydeHa JlenrmiopoMm u Borycaas-
CK¥M H Ha3bIBAGTCA 3aKOHOM TPeX BTODH X,

Ilo mepe pocra U, Bce GombLiee YHCIQ 3JEKTPOHOB OT-
CachBAETCA JIEKTPUULCKHM IOJEM K 4HOAY H, HAKOHEW, IipH
onpefeeHROM 3HaveHun U, 3JeRTpoHHoe 006A2Ko MOAHO-
CTbI0 PACCACHBASTCH M BCe BLUJIETEBIIME H3 KaToma 3Jek-
TPOHBl TOJYHAOT BO3MOXKHOCTL JOCTHTHYTB anola. Ianb-
Helmui poct U, He Moxer yBe/MUHTb CHJITY aHOJIHOIO TO-
Ka — TOX JAOCTHTAET HACHILeHHKA,

OueBHANHO, YTO MMEHHO TOK HACHIIEHUS XapaKTepHayeT
TEPMOSIEKTPOHHYI0 aMHccHI0. ECAH B €AMHUIY BpeMeHH ¢

CAHHHIE MOBEPXHOCTH KAaTOAa BBLIETZeT
e} N 3JeKTPCHOUB, TO IJOTHOCTb TOKa HACH-
merHs (Cuna TOKa HAacblUleHHS, OTHe-
CenHan K eHHMIE MOBEPXHOCTH KAaToA’)
GylleT paBHa jme = Ne. Takum obpasom,
H3MepdAs NJOTHOCTb TOKA HACHINCHHSA
NpH pasauYHON CHJAe TORa HaKaxa,
MOMKHO HAATH KOJHUECTBO IAEKTPOHOB,

» BELICTAIOLIAX C EIMHHHSLI TNOBEPXHOCTH
ad —» [PH pa3HBIX TEMIEPaTYpPax. '

r Ha punc. 156 mn3obpaxeHtl BO/BLT-aM-

Puc. 157, nepuBle XAPAKTePHCTHKH JAf HECKOMb-

kux -remueparyp. Ilpm manmx U, onn
COBNAAT, 3ABHCHMOCTL TJIOTROCTH TOKAa HACHILEHHsl OT
TeMIepaTypsl okasaHa Ha puc. 1567, KpantoBds Tteopus
NPUBOAHT K Caegyiowed $opmyne:

_2
fuae= AT% T, (75.1)

rae ep — paGora Bbixola, A — He 3aBMcAlas OT poda Me-
TaJjaJaa KOHCTaHTa, TEOPET-HHGCROE 3HaueHHe KOTOPOI’I paBHO
1,20+ 108 a/m? - 2pad® (120 afcm?® - 2pad®). DkcoepuMenTann-
HHe 3HaueHua A NOJYHAalOTCH NPUMEpPHO B ABa pasa MeHh-
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IIWMH, yeM TeopeTH4yecKoe. XoX jmae C TeMneparypol dop-
Myna Tmepefaet BIOJHE YIOBJICTBOPHTENLHO.

®opuyna (75.1) masusaercs Qopmynoil Puuapacona —
Hsmmana win npocto gopmynoil Puuapacona t).

Kak cnepyer ma (75.1), yMenslleHHe é¢ pe3Ko NOBHL-
15aeT sMHCCHKS {Aerko vOemwThcs B ToM, uro npu 1160° K,
T. e. npu BT = 0,10 28, yMensitenne eg o1 3 10 1 28 mpuso-
AHMT K BO3pacTAHHIO jyac NOUTH B 5 - 108 pas). Ilostomy npu
U3TOTOR/JICHHH JEKTPOHHbIX JAMI NPHMEHSIOTCS CIeNHatb-
Hble TOKPHITHA U crocobb 06paloTKH KAaTOLOB, NPHBOIAAILNE
K CHMHiKeHHI0 paGoTe BmixoZa. CoBpeMeHHMe TaK Ha3LlBae-
MBI@ OKCHOHBIe KaTOZH, H3MOTOBJAEMBlE H3 HHKEJS, MOKPHI-
TOr0 OKHCbIO 0apHst MAH CTPOHIHS, HMEIT paboTy BLiXoAa
nopsagka 1,0—1,2 aa.

B npeampyuiem naparpade oTMedajoch, 4YTO BHEUIHEeS
HOJle YMEHbLIAeT BHICOTY NOTEHUMAJLHOTO Oapbepa H TeM
caMplM cHHXaer pabory Beixoja (3dderr Illorrka). Iro
NPHBOZHT K TOMY, YTO H N[OCNHE JOCTHMKEHHS HACHILICHHA
CMJIa TOK4 B JHOME HEMHOro pacrter ¢ yseaxuennem U,
ChesoBaTtensHo,  COOTBETCT-

BYIOIIHH yYaCTOK BOABT-aM- E'T

NepHOfl XapaKTePUCTHKH He
ropusouTanes (kak wu3obpa-
¥KeHO Ha pHE. 156), a uuer no :

LY 7 -
HeGOJBIIEM YIJIOM K ocH U, Y / \ ;
Hwox mpomyckaer ToK N Y
TOJNLKO B TOM CJyuae, KOTAa
NOTEHUHAA aHORa BHIe, YeM Puc. 158,

Katoga. TlpH OTpHLATENLHOM

HanpSXEHHH TOK B AHOAHOH LeNH OTCYTCTBYeT. JTo CBOfi-
CTBO-[HOA MO3BOJAET HCMO/b30BATE X0 AMA BLINIPAMJIECHAS
nepemenHoro Toka. Juon, npeaHasHayeHHHA s 9TOH
lie/1H, Ha3LIBAIOT TaKxke Ke HoTpoH oM. Ha puc. 158 noka-
3aH rpadHK TOKa, TEKYILEro depe3 KeHOTPOH, €CAH Ha Hero
[OL2ETCs MEPEMEHHOE HanpfAKende, U3MeHAlOLIeecs Co Bpe-
MeHeM no TapMOHMYecKoMy 3akomy. B sTom cayuae ToxK B
Leny Teyer JIMNIb B TeYyeHHe MOJOBHHBEI NEPHOJA, B CBAA3H ¢
4yeM TakKoH crnocol BHIpAMJEHHS TOK2 Ha3blBaeTcs OAHOIO-
aynepuoaueiM. Hcnonbsya ofHOBpeMEHHO ABa KEHOTpPOHA

1} PuuapAcOH BHBe! KTaCCHUECKYR (GOpMYyAY AJA TepMOSJAEKTDPOH-
Aol IMHCCHHM, KOTOpas oramiaercs or (75.1) JHUb TeM, YTO BMECTO

T? » nee pxoaut ¥ I. Gopuyaa (75.1) Guna godysena JlsmmMeHow.
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und ABofiHo#l AuoA, cobpanunifi B OfHOM CanaoHe, MOMXHO
OCYIIeCTBHTL JIBYXNOJYyNepHoHoe Bhupsamienue. CooTser-
CTBYIOIas cxemMa u3obpaxeHa Ha puc. {59. [Tepeuuuas o6-

S

Puc, 159

MOTRA TpaHchopMaTopa nd-
TACTCH MepeMeHHBIM TOKOM.
Bropuuneix 00MOTOK JBE.
MeHbillan CAYXKHT A5 Ha-
xala kartoja. boasuman oG-
MOTKA HMEeT CPeAHHH Bbl-
BOA, KOTOpHI uepes Ha-
rpysky R coepuHen ¢ kKa-
togom. Konuw o6MOTEH
HAYT K anoaam, Oany no-
JIOBHHY Tiepuoga mnoj 6o-
nee  BLICOKHM TNOTEHIKa-
J0M, 4eM KATGA, HaXo-
EHTCA OJ#H aHOZ, BTOPYIO
nonosuHy — ppyrof. B pe-

3yAbTaTe YCPE3 Harpyaxy TeyeT TOK, H3oOpaxeHHBE rpadu-
yeckn na puc. 160. Tako#t nyabcupylouui TOK MOKHO craa-

JHTL.

Ecau MEXKAY KaTOOOM H aHOIOM MOMECTHTD TPE’THFI 3J1eK-
TPOA B BHIAC CETKH, IOJYYHTCA TPEX3NEKTponHAA Jamila——
Tpuonx (puc. 161; nens Hakana

Ha cxeme onyliena). CeTka Mo-
Mer ObTh BhBIDOJAHEHA, HanpH-
Mep, B BHAe chnupaaH, o6BHBaIO-

“—‘w—"
| 1 qied 2 awod

Pnc. 160,

Puc.

161.

Ielicl BOKPYr KaTtofa., Ecau coofIunTs ceTke HeBoblLOH

ONOXKHTENBHBI

MOTEHIIHAJA 10 OTHOLIEHHID K KaTooy

(B sTOM cayuae HanpmKenve Ug MeXKIy ceTKOH H KaTOAOM
Mbl OyfleM CUHTATD [OJOKHTeNLHLIM), SJeKTPOHBL OByIyT
OnicTpee oTCACHIBATHCH OT Kartona. Hekoroprlie u3 HuX 10-
nafgyT Ha ceTKy (B pe3yakTaTe 4ero Bo3HHKHET Heboubluof
CETOUHEIH TOK f;), HO OCHOBH4A 4acTh [POJETHT CKBO3b CET-
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Ky # RocTHTHeT aHoia. M3-3a 6AH30CTH CETKH K KaTOAY Re-
GoabliHe H3MCHCHHA HANPAXKEHHA MEXAY CeTKOM H KaTOROM
OKa3blBalOT BOJbIIQE BAHAHHE Ha CHY aHOAHOIO TOKa.
OrpunaTtensuoe CeTOuHoe nanpspkenne Ue yMeHbinaer
AHOJAHBIA TOX H NPH AOCTATOYHO GONBUIOM OTPHLATEALHOM
RanpsixKeHnn U/, TOK npexpamaeTcd noJHOCTbIO — JaMia
OKaspiBaeTcy saneprod. Lcam  nocTpouTs 3aBHCHMOCTH
8HOJIHOTO TOKa f OT CceTOuHOro Hanpsaxenns U, npH mocto-
fIHHOM aHOiHOM HanpsbxeHun Uy, moayyaeTcsd Hpusas,

]

Aeganme-
DUEmuKg

Pue. 162

naobpamentHas Ha puc. 162, COBLKYNHOCTL TaKWX KPHBHX,
HOCTPOEHHLIX AnA pa3HbiX sHauenuit Uy, 06pasyet ceMeficTBO
CETOYHHE X XAPAaKTEPHCTHK TpHoAa. Beanuuna
dig
S§=- A (75.2)

Ha3biBaeTCd KPYTH3IHOH XapaKTepPHCTHKH

3HAYMTENbHASL YacThb XAPAKTEPHCTUKH [pAMOJHHeiHa.
[TonaBas na cerky heboabluoe CHHYCOWIAJbHOE HALpPAKe-
Hue Ug, MOXKHO NONYyuHTh GOJbIUHe CHHYCOWAAJbLHble H3Me-
HEHHA aHoAHoro Toka. [Ipn 3Tom c conporuBneHus R Moxer
6LITE CHAITO nepeMeHsoe Hanpsxeune ¢ ropaszo Goablted
aMnauTyao#, uem amnautyaa Ue. Ha stom ocHoBano gefcr-
BHE TpHOAa Kak yCHauTenf. KpoMe TOTo, TpHOR MOKeT OhTh
HCNOJL30BaH Iig npeoGpazoBaHud (H3MeHeHusi opMbl) H
renepHpoBanus (BO3OY:K/eHHs) NepeMeHHLIX TOKOB H Ha-
NpsXeHH#,
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Has yayuimeHnsi xapakTePHCTHK 3/1eKTPOHHOH Jamnbl B
Hee BBOJATCA JOMNOJHHUTE/bHbIE 3JIeKTPOAb — CeTKH. UeTsl-
PEX3JEeKTPOAHAA JaMIla HA3HIBAGTCA TETPOAOM, MSATHIJEK-
TpoAHaA — nesToAoM M T. A. Llupokoe nprMeneHue noJy-
YHJAH TaKXe JAMIOB, B KOTODRIX B OAHOM GajNoHEe COEMe-
HieHbl JIBE CHCTeMbl 3JeKTpolck. Kaxpaasa Takas Jamna
BHINGAHACT GYHKUHE ABYX JaMIL

§ 76. KoHTakTHas pasHOCTh MOTeRLHANOB

Eciy npHBecTH ABa PasHEIX MeTalJa B CONPHKOCHOBE-
HHE, Mex 1y HHMH BOSHHKHET Pa3HOCTH NMOTEHIHAJIOB, KOTO-
pag paspbaerca KoHTaKTHOH. [IpH stom B okpyxaio-
IeM MEeTalasl NPOCTPAHCTBE TOABJATETCS HJeKTPHUECKOE
nose. Ha prc. 163 uso6paKeHB! 3KBHIOTEHUHAJLHbIE NO-
BEPXHOCTH (CDJCIIHBIE JH-
HHM) W JIMHWH Hanps-
KeHHOCTH  (MYHKTHDHBIE)
3TOTO MOAA; TOBEPXHOCTH
KaXXJI0TO K3 MeTallloB fB-
jasercs  IKBUNOTEHUKAJb-
Hol,

KoHTaKTHas pasHOCTb
IIOTCHIIHA/N0B  BhI3BIBACTCH
TeM, 4TO TpPH CONPHKOCHO-
BeHHH MeTaj/NoB  4acTb
3MEKTPOHOB H3 OLHOTO Me-
Talla TepPeXoiHT B JApY-
rofi. B BepxHefi yacts pHC.

Pre. 163. 164 usoOpaxmedo ABa Me-
: Tajana -—-caesa Q1O NpHBe-
JeHHA HX B CONPHKOCHOBEHHE, CpaBa — Tocae. B HHXHER
YaCcTH PHUCYHKA AaH rpadHK NOTEHUHAJLHOR SHepPrHH 3ieK-
TpoHa. ¥posens ®PepMu B NIePBOM MeTajne ACKHT MO Hpefl-
NOJOXKEHHIO Bbilile, YeM BO BTOPOM: ECTECTBEHHO, YTO TpH
BOSHHKHOBEHHM KOHTAKTa MEXAYy METanJaMH 3JeKTPOHH ¢
caMbiX BbLICOKHX YDOBHeH B [iepBOM MeTajJle CTAaHYT mepe-
XOLHTb Ha GoJee HH3KHe CBOGOAHLIE YPOBHHW BTODPOTO Me-
Ta/yna. B pesyabrate moTeHLHaJ MepBOr0 MeTadna BO3pa-
cTer, a BTOpOro — yMeHnlnTcA. COOTBETCTBEHHO NOTEHIH-
aNbHAs SHEPrHf HJIEKTPOHA B IEPBOM MeTallle yMeHbIUHTCH,
a BO BTOPOM yBejnnyurcss (HAaNOMHHM, 4YTO IOTEHLHAN Me-
TaJJla M NOTeHUHANbHAA SHEPTHS SJEKTPOHA B HeM HMeEWT
pasHble 3Hakyu; cM. puc, 152),
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B cratucrHueckol (PH3HKE IOKA3LIBAGTCH, UTO YCJIOBHEM
PABHOBECHS MEXIy CONPHKACAIOUUMHCST MeTajaaMu (a Tak-
e MeXIY NOAYNPOBOJHHKAMH H/IH METAa/JAJoM H I0JYynpo-
BOJHHKOM) fBJfIETCA paBeHCTBO NMOJMHBLIX SHepruii, COOTBET-
CTBYIOIENX ypoBHSIM Pepmu (puc. 164; B sToM cayuae ypos-
Hn ®epmH pacrogaralorcs Ha OJHHAKOBoH BHcore). ITpu

T f -.%j_al___iaiz:____F_.F-‘
T & 2 ) &g,
Hes i 7 i1 { i
I Iy k¢ —
{ ;%,3 ] W, I 72
\a’é/,;
Puc. 164,

coBJI0/IeHHH TAKOTO YCJI0BUSA MOTEHLWANbHAS SHEPIHA 3JeK-
TPOHA B HeNOCPelCTBEeHHOR 6AH30CTH K HOBEPXHOCTH Mep-
BOTO MeTanna Oyaer na (eg: — eq() MeHblle, ueM BOJH3H
sroporo Merajdaa. ClezoBaTeNbHO, TOTEHLHAJ Ha I1OBEpX-
HOCTH [EpBOTO MeTaaaa Oymet Ha

Up="8"F —q,—g (76.1)

BbIllle, UeM Ha TIOBEPXHOCTH BTOoporo. Bennuuna Uy u ecTs
KOHTaXTHAsl PAasHOCTh MOTEHUWAJIOB MEXIY TEepPBbLIM H BTOe
PRI MeTaAlaMH.

Kax Buano usz cdopmyan (76.1), KoHTakTHAs PA3HOCTL
MOTEHUMANOR MeXJy HepBHM H BTOPHM METAaRAaMH paBHa
pasHocTH paboT BHIXOfa AJs BTOPONG M NEPBOro MeTalloB,
HeNeHHON Ha sNeMeHTapHsall 3apaj, MJAH NPOCTO Pa3sHOCTH
MOTEHHHANOB BHXOLa AJS BTOPOTQO H NEPBOTO MEeTaJJoB.

PaznocTh moreHunanor (76.1) ycranapaubaercs MeXAy
TOYKAMH, JleXKallHMH BHe MeTa/VIOB B HeNOCPeACTReHHOR
6au30cTH K HX nosepxuoctd, [losToMy ee HA3LIBAIOT B H e Ii-
Heil RKOHTAKTHOA pasHOCTHIN NOTEHUHANOB,
Yanle ®e roBOPAT NPOCTO O KOHTAKTHON Pa3HOCTH [IOTEHHH«
aJoB, MoApasymesas oA Hel BHemHiolo, Mexny BHYT~
PEHHUMM TOUKAMH METAJNI0B TaKXe HMeeIcd pasHOCTh
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NOTeHOHAJOB, KOTOpAas HAa3blBaeTCH BHy‘TpeHHeﬁ, Kax
BHAHO H3 pHC. 154, nNoTeHUHANbLHAA 2HEPTHA 3JIGKTpOHA B
nepBoM MeTaJJe MeHblle, ueM BO BTOPOM, HA W — Wp,.
CooTBeTCTBOHHO [0TeHIHaA BHYTPH NEpBOro MeTanna BHI-
e, 4eM BHYTpHU BTOROTO Ha BeJIHYHHY

Up= o= ¥r2 (76.2)

e

Boipasenne (76.2) naer BHYTPEHHIOW KOHTAKTHYI pas-
HOCTh [IOTE€HINAJOB. Ha TaKyHy BECJIHYHHY y6MBHET noreu-
LHajx npH nepexofe H3 MEpPBOrc MeTannla BO BTopof.

/I B & 2

: =
f(/,;
] 8
A
Puc. 1865.

Ha puc. 165 nsobpaeHsl [(BAa CONPHKACAIOMUXCA Me-
tanaa [ H 2 W psaaoM — H3MeHeHHe noTeHUHA a BACAL KOH-
TYpa, 0003HaYeHHOTO WTPHXMYHKTHPHON AuHHefl. B 3a30pe
B — C po3HuKaeT 3JIeKTpUYECKOe moJie, JUHHH HanpsMXKeH-
BEOCTH KOTOPOro IIOKa3aHbl

1T 2 1 & 1}

IYKTBPOM.

o Wemay T Ha puc. 1066 AdH xof
i £03 e, HOTeHUHAALHOH  3HEprHy
eg; i 5JCKTPOHZ BIOAL TPEX pas-
$ ‘L 1 JIMUHBIX COIPHKACAIOHXCSA
uf, 7 W, Apyr ¢ ApPYrOM MeTaJios

r—i—l 1 1, 2, 8. Mla pucyHka BHA-

HO, HTO YyCramaBJHBalo-

Puc. 166. masacd MEXKAY MeTadJIaMHu

I 1 8 pasuoCTh MOTeHNHa-

JIOB OKa3bIBaeTcd B 5TOM CJlyyae TOUHO Takoil, KaK M NPH HX
nenocpeACTBeHHOM conpukocHoBeHHH ). To xe camoe cupa-
BeANHBO OpA Ji0GOM YHCie (POMEXRYTOUHLIX 3BEHBEB: Pa3-

1y CaM# noTeduUHadnt (PH 3TOM MOCyT H3MensrbcA. B uacTRocTy,
MOKET CAYUUTLCA, ¥TO 00a XKpaknde MeTaina GYAYT UMETb TOTCHUHAR
OINOTO 3HAKA.
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HOCTL HNOTEHHUAJOB MeJAy KOHNAaMY ieNH orpeledierca
PasnocThio  paboT BhIXOA2 Anf METaNR0B, OGpasylomuX
KpafiHHe 3BeHbd Leni.

BHewnast konTakTHas PA3HOCTh TNOTEHIHANOB KoJjeG-
JICTCH AJIH PA3AHUHBIX 4P METaNIoB OT HeCKOABKEX Jecs-
TEIX BOJBTA 70 HECKOJbKHX BOJLT.

KontakToast pasHocTs NOTeHNUAaNOR BO3HHKaeT M Ha
TpaHnne MeXAy METaAJ0M H NOJVIPOBOAHHKOM, a TaKHKe
Ha Tpapuue MexX3y AByMs No-
JYNPOBOAHHKAMH.

B zaxkaloueHne OTMETHM,
YT0 B B3aMKHYTOM Lemnu, CO-
CTaBJeHHOH H3 awboro wHeaa
PA3HOPOAHBIX MeTaJJIOB HJH
NoNyNpoBOARNKOBE (puc. 167),
CyMMa CKa4KOB [IOTeHLHaAa
pasHa Hymno. CuefioBaTenbHo,
eCin BCe Cnad HOMLepXKHBATh
np¥ OAHHAKOBOH TeMmepaTy-
pe, 2. HA. C. B LUEMH BO3HHK- B_ .t 7 ,
HYTb He MOXeT. BOIHMKHOBE- frmmeeed  L_..._5+—4
HHe TOKA B TaKoi Lenn npo-
THEOpEUHIO Gbl BTOPOMY Ha-
uany tepmoannamuxu. Jefict-
BHUTEJBHO, TAK KaK NpoTeKaHue TOKAa B MeTa/laX H NOoAyNpo-
BOJHHKAX He COMPOBOMKAACTCH XMMHURCKHMH H3IMEHEHHEMY,
TOK coBepuian Obi pafory 3a cuer TeNda, NOJYYAEMOTo OF
OKpyXaioweit nenb cpeAst. Hukaknx no6ouHbIX IpOLECCOB
(HanpuMep, nepejauyd YacTH NOJYUEHHOTO Telja JAPYrHM
TeszM) TPH TOM He npoucxonnno Gu, TaknM o6pasom Ooin
6Ll OCYLIECTBAEH HepneTyyM MelHae BToporo pona,

Puc., 167,

§ 77. TepmosnekTpHUECKHE ABICHHA

Mexay TenfoOBHIMH ¥ 3JEKTPHUSCKHIMH [IPOLeCcaMH B M-
Tansax {a Takike U B BOJYIPOBOLNHKAX) CYLIECTBYET ONpe-
JleJleHHad B3anMOCBs3b, KOTopas ofyCuaoBiuBaer paj sABJe-
HHIY, HA3LIBAEMBIX TEPMO3IJEKTPHUECKH MH: sBJenie
3eebexa, Apjaenne [Menbtee u ArAcHue ToMcoRa.

Sipnenne 3eeGeka, 3eebex oGuapyxun B 1821 r, uro
ecau cmad ! u 2 ABYX PA3HODOAHBIX MeTaJs)oB, ofpasywo-
HIMX 3aMKAyTYIO Uent {puc. 168), nopnepi:xHBaThL NpH pas-
JIHYHLIX TeMIepaTypax, TO B HenH TeueT TOK. lameHenne
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3HaKa y Pa3HOCTH TeMNepaTyp CiiaeB CONPOBOXKAAETCH H3-
MEHeHHEM HANpaBJeHHA TOKa.

TepmoanekTPOABHKYIMAA cHAZ  (COKPAINCHHO TEPMO-
5. A. c.) ofycaoBiena AByMs mpuHudHaMu. Kak oTMedajioch
/ B § 71, ypopeup DepMH 3aBHCHT OT
temneparyps ). [loaroMy cKauok
noTeHiiHaJa NMpH Nepexoje H3 OAHOrO
MeTania B JpyroH [BHYTDeHHAS KOH-
TAKTHAA DPa3HOETh MOTEHIHAJOB, CM.
dopmyny (76.2)] nas cnaes, HaxoZf«
IHXCA TIPH PpasHLIX TeMIepaTypax,
HEOAMHAKOB H CYMMa CKauKOB NOTeH-
uHaia JAnaA BCell HeMH OTAHYHA OT
7 Hyasa. Opnoro aroro 6uiic Gl JoCTa-
Puc. 168, TOYHO AJ5 BO3HHKHOBEHHA NEHCTBYIO-
el B ykadaHHOM Ha pHc. 168 crpen-

KO HaNnpaBJeHHH 3. A. C., PaBHOH

é,mﬂr = U’AB (Tl) + U;SA.(TZ) =
= AW AT = Wi (TO1+ W (T2) — W ()]} =
= L {[Wes (T3~ W ()] = [WralT) = Wea (T}

[Mocnennee phipaXkeHHEe MOMHMO IpPEACTABHTL CAECAYIO-
HHM 00pasom:

4

& j(—:- "ffT”)dT - j(é "Z"A)dr. (77.1)

t 1

Yro6bpl NOHATH BTOPYK NPHUHHY BO3HMKHOBEHUS TepMo-
3. 4. €., PACCMOTPHM OXHOPOHbIA METANIHYECKUH (IPOBOA-
HHK, BJ0Jb- KOTOPOro MMeercl TpajHeHT TeMaepaTypHl
(puc, 169). B sToM cayyae ROHIEHTPAUMsA 3JEKTPOHOB C
fosee Buicoko# aHepruedi (¢ W > W,) y marpetoro koHua
Gyaer Goablie, YeM Yy XOJOJHOrOo, KOHLEHTDALIHS 3JIEKTPO-
HOB ¢ GoJsee HH3KoM sneprHed (¢ W < Wp) Oyner, Haelo-

1) [EAg MeTannoB OpH HEeBHCOKHX TeMnepatypax (xoraa kT«:WFO)'
$TA 33BHCAMOCTE HMEET BHX

nt | KT V2
YeeVal -3 (v,) ]

rae W, — yposers Depau npu 0° K.
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POT, ¥ Harperoro KoHLUZ MeHnmre, Bioan npomofu#ka Bo3-
HUKAeT [rpajiMedT KOHUGHTDALHMH IJIEKTPOHOB C [AAHHLIM
3HAYEHHEM SHEPTHH, UTO NOBJeYeT 3a coboft nuddysuw Go-
ntee OBICTPBIX 3/MEKTPOHOB K XOJOAHOMY Kouuy, a Gomee
MEAJIEHHLIX — K TeIlIOMY.

HnopoysHonnri nOToK OBCTPHX 3AeKTPOHOB Oyner
Goxbuie, deM NOTOK MEAJCHHEIX 3AGKTPOHOB. IlosTOMy
66AH3H XOMOAHOTO KOHLUa oG-
pasyercs H3GHTOK SaeKTpo- 7 (h<%) %
HOB, a BO/IM3H lOpAYero — ux | - — |
HegocTatox. B peayabrate
BHYTPH NPOBOAHHKA BOZHHK-
HeT 3JEeKTpHYecKoe noJje, Ha-
npanjeHHOe HABCTpPEYY rpaiu-
eHTy teMnepatypil. OHO Oys
AeT yMeHbIIATh NOTOK ORICT-
pPHX H YBeJHYMBATHL MNOTOK
MeleHHbIX dJaeKTponos. Kar-
Aa 0o6a [OTOKA BLHIPABHAIOTCH Pue, 169,

B KaXJOM CevyeHHH, HacCTYIHT

paBHOBECHOe cocTosinHe. [TpH 3TOM Ha KaXROM y4acTKe IIpo-
BOIHHK2 AJMHHON dx OyAer NPOHCXORMTL H3IMEHEHHe MOTeH-
uuana d, cOOTBETCTBYIOLlee H3MeHeBHIO Temuepatypbhl dT
Hd ToM e yuyactee. Beenem o6ozHayenye.

=% (77.2)

B ofulem cayuae nOTeHUHAA BAOAL NPOBOAHHKA MOMKET
H3MEHATHCA NO pa3untm npuaunaM. Ilox dy B-(77.2) noapa-
3YMEBACTCA TOJIKKO T4 4ACTH M3MEHEHHs NMOTeHNMaJa, KOTO-
pad pbi3Bala rpagHeHTOM TeMIEPATYpPHL

Mexny KOHI|AMH NPOBOAHHKA, HAXOMAALLMMHCH TIPH TeM-
neparypax Ty u Ty, nosiBnfAeTcss pasHoOCTh NOTeHUHAN0B

r,
Abuuppra= [ BAT. (77.3)
T,

Beanunna g Hesennka — nopagka 10~ e/zpad. Ilostomy
OGHAPYXHTL PasHOCTb MOTeHUMANoB (77.3) GuiBaeT TpyaHO.
OnucaHRLIA npoiece BO3HUKHOBEHHA PASHOCTH NOTEHUH-
a/JoB Ha KOHMHAX HepaBHOMEDHO HAarpeToro NpPOBOAHHKA
HMEeT MeCTO H B MOAYNposoAHuKax. Ecau nochTensMu Toka
ABJAIOTCH SJCKTPOHH, NOTEHIHAJ HATPETOT0 KOHIA, KaK MH
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BH/leJIH, OKa3KBAeTCA BHILIE, YeM NMOTEHHHAT XOJI04HOrO. 3Ha-
YHT, Yy MOJYIPOBOAHHKOB n-tuna dg u dT HMelOT oguHaKo-
Bule 3HAKH W, caefoBarennno, B> 0. B cayuae nwipounoi
MPOBOANMOCTH JHIPKY, NUGPYHIupYa B OGoAblleM 49HCIe K
XOMONHOMY KOHILY, CO3AaK0T BOMM3n Hero w36LITO9HHIN nO-
NOMHUTeAbHHHA 3apAa. Takum o6pasoM, y NOAYNPOBOAHHKA
f-THOA NOTEHLHad XO0JOLHOTO KoHLA OyAeT Bbile, ueM IIo-
TeHIHan Barperoro, n p<01).

Bepremcs cuosa k puc. 168. 3a cuer HeoANHaKoBOCTH P
ANa yyacTkoB A n B BO3HHKHET B HanpaBJeHWH, yKasau-
HOM CTpenko#, 3. . ., paBHas

T, In T, Ty
Evuprys= | BodT + [BadT = [padT — [paal (77.4)
T[ T-: Tl T:

(opr onpefeseHHH NPeNeNOB HHTETPHPOBAHMA HAJO0 HMETb
B BHAY, UTO 3. JI. C. AeHCTBYeT B HanpaBJeHiud yGHBaHHA
nOTeHNHAaga), ‘

~ TepmosaekTpoaBHKYylasd CHA2 &Erepyo  CAArACTCA  H3
CYMMHl CKauKoB moTeHuwana (77.1) B KoHTakTax (cmasx)
H CYMMHl H3MeHeHMH morTeHuHana (77.4), sul3paHupx Aud-
¢dysuelt HocHTenelt Toka. Takum oOpasom,

g"re[:nuo = gKﬂHT -+ g.tmq)({;ya'

IMoxcraBus ciona eeipaxenust (77.1) # (77.4) u npoua-
Belfl HecnoXxmuele ipeoOpPa3oBanHs, HAXOAUM

T, T2
1 dW 1 dW
gwepucu: f (ﬁA Iy d;A )dT - [ (53 T e dﬁB )dT.
4 F
Benuuuna
i dWF 77.5
e=B-Z—r (77.5)

ABJASIETCA XapaKTePHCTHKOA MeTajaa HAN HOJMYNPOBOAHHKA
W HaspBaercd KoadpuilHeATOM TepMo-3. 1. C.

7) Takofl ke 3naKk § HMEIOT MeTajin, ¥ KOTOPBIX 3HAK XOMI0B-
CKOR PA3vOCTH NOTEHUMAJOB COOTBETCTBYET NOJA0KHTENbHEIM HOCHTE-
aam (cm, nocaegnull afsay § 73).
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Bocnoassosasuuce ofosHauenvem (77.5) Bupaxenue
O0aA TeEPMO-9, 4. C. MOXKHO Il'pelICTaBHTb B BHHAE

T, T
grcp,\m = J a,dl — j g dr. (776)
T

T

Ecnn a4 # o B npefenax uarepeana Iy <. Ts mano u3-
MCHAIOTCA € TeMIIepaTypoll, MO¥HO HAalHCAThb

C%ﬂrcm«m =0ag (Tl —Ts), (77.7)

rhe uepe3 o,z 0003HAUEGHA DPAIHOCTb (14 — Clp. DEJHUKHY
t.4p HA3BIBAWT YA eJbHOH TepPMO-3. 4. C. LAaHHOH mapwl
METAIOB MJH TOAYNPOBOAHUKOB. Insi OosblIHHCTBA map
MeTaMIOB cap HMeeT mopaiok 10-% + 104 afepad; ans mo-
JAYRPOBOAHHKOB OHA MOXKET OKa3zaThCH ropasno Goabuie (fo
1,5:10-3 gfepad). Dro obbsicHaerca TeM, YTO Y TOAYyNpO-
BOAHHKOB C PA3HLIM THUMOM POBOJHMOCTH & HMEET pasHble
snakn '), Bedencrene uero (wap! = |aal + lasl.

B oraensHbix cayuasx ydeabHas Tepmo-3. 4. ¢. caabo
3aBHCHT o1 Temnepatypnl. OEHAKO, KaK NPAaBHJIO, C YBeJH-
YEHHEM PAa3HOCTH TEMIIEPATYP CHAEB & repyo W3MEHSiETCS HE
M0 JIHHeHHOMY 3aKOHY, A [OBOJBHO CJIOMKHEIM 00pa3zoMm,
BIJIOTh 40 TOTO, UTO MO:Ker MEHATh 3Hak. Tak, Hanpumep,
ecld ONMH CNad maphl XKeJe3o — McAb TOANEepPKMBATh NPH
0°C, To npu TeMmepaType BTOPOro CHas, PABHOH NMPHMEPHO
540°C, Tepmo-3. . ¢, obpaulaercs B Hyab;, npH fojee HH3-
KOH TeMmepaType Crast &qepmo HMEET OAMH 3HAK, npH 6o-
fiée BRICOKOH — ApYTOf.

fIBnenne 3ecGexa HCMOAL3YETCs LS H3MepPEeHHs TeMIle-
patyp. CooTBercraylomee yeTpoicTBO Ha3hIBAETCA TE P MO-
napoit. Oanu cpail TepMonapsl NOAMEPXKHBAT NPH TO-
crosiHHofi  TeMnepatype (unanpumep, mpu 0°C), apyroii
noMeillanT B TOT 06DbeM, TCMIEpaTypy KOTOPOTO XOTHT H3-
MepHTb. () BeAH4YHHe TEMNEPATypsl MOMKHO CYIHTh NO CHJE
BOJHHKAKMIErQ TepMO-TOKA, HAMepseMoil ralsBaHOMETPOM.
Bosee ToOuHLIfI pesyabTaT n[OAyuaeTCH, eCHH H3MepATh
BOSHHKAIOUYI0 TEpMO-3. f. C. N0 MeTOAY KOMIEHCAUHIL

') TipH NOBRILICHHK TeMNEepPaTYpLl YPOBHH (epMH MPHMECHBIX NOJIY-
OPOBOJHUKOB CMEULAIOTCA 110 HAMPABASHHIO K CepefHHe 3anpelleHHOH
3068, T, €, AJs8 MOJYOPOBOLHWKGB PA3HBIX THUICB B [POTHBCMONOKHLIE
croponbl. Beauwnuna (77.2) Aas noJynpoBOAHEKOB C PasHHM THIOM
NPOBCAKMOCTH TakyKe KMEET PasiLle 3HaKH.
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C NOMOLHBIO TEPMOIAP MOMKHO H3MEPATh € TOYHOCTBIO MO-
pAagKa COTHIX ROJEH rpagyca KaK HH3KHe, TAK H BHICOKHE
TeMIepaTypH.

B RadecTBe HCTOUHHKOB TOKAa TePMONZpHI H3 MeTajJoB
B HX CN/aBOB He HCIONL3YIOTCH BCASNCTRHE BechMa HH3KOTO
k. . B. {#e Goaee 0,56%}. TepMonape! #3 NOAYIPOBOAHHKO-
BRIX MaTepnaioB 00/alalT ropasfo GOMBUIHM K. I A. {10
7%). OHE yKe HalUUIH PHMeHEHHe B KauecTBe HeOGQJIBIIHX
redeparopoB Toka JJsl GLITOBLIX Ledsell. DHePrun TaKoro re-
Heparopa, HaJesaeMoro B Buae afamypa Ha CTeHJIO Kepo-
CHHOBOH JTaMNHI, XBaTaer A NUTAHHA PafyonpHeMHHKA.

Sisaenue Heabvrhe, D10 apienne, otkpuitoe Ileapthe B
1834 r., 3aknwuaeTcs B TOM, UTO TMPH NPOTEKAHHH TOKa 4de-
pe3 Iienb, COCTABJACHHYIO M3 PasHOPOAHLIX METANJIOB UIH
N0JIYIPOBOJHHKOB, B OZHMX CIafX NPOHCXOLMT BhejeHHe,
a B ADYTHX — nor/olleHde Terna. Takum ofpasoM, sBJeHHe
IlenbTbe oxasuiBaeTcsi o6paTHLIM fABAeHHIO 3eefexa. Ko-
JIAYECTBO ~ BBHIJIEJHBUIErocA Telja OnpejenseTci Bolpaxe-

HHEM
QA.B = HAB g= HABit! (77.8)

rie ¢ — 3apsjl, OPOWEAIIKE uyepes cna#, /45— koapdu-
HMEAT NPOTNOPUHOHANBHOCTH, Ha3kiBAEMBIH Koo (p prIIH e H-
ToM I[TennTne (rok TeueT or asena A K speny B).

B oramune ot Tenna xoyas-Jlenua temno IlennTee
NPONOPUHOHAARHO HE XKBAAPATY, a Nepeofi CTENEeHK CHJIH
Toxa. [lpu nepemene Hampasaenns Toka ( waMmeHser sHaK,
T. e, BMECTC Bblfe/leHud Temna hHalmiofaercd NOTVIOIICHHE
TAKOTO e KOJHYecTBa Temta (npH tom Xe ¢g). Chenona-
TENBHO,

=~ gy

Mexny kospduuuenrom Ilemptbe M Ro3ddunzenTOM
TepMO-3, IZ. C. HMeCTCA BHITCK2mUlec H3 3aKOHOB TCpMOJMH-
HAMHKH COOTHOLUEHHE

HAB = aABT' (77.9)

Asnenne Ilennthe HMeeT chenyiomee oGbscHenns, Ho-
CHTEeNH TOKa (5/JEKTPOHBE HJIM ABIPKH) MO pasHbie CTOPOHDI
OT Cnad HMET pPasdHYHYI0 CPEAHKI0 IFHEPTHID (HMEBTCR
B BHAY NONHAA IHEPTHA — KHHETHYeCKas IVIOC HOTEHIH-
aapnad). Ecan HocHtenu, upofias yepes cmali, momalalor
B 06J14CTh ¢ MeHbIIeR sHeprueil, oHE OTAal0T HU3OLITOK Hep-
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THH KDHCTalAuuecKoll pelierke, B pe3yAsraTe uero cmai
narpesaetc. Ha Rpyrom cmae HocHTeH NepexcisT B ofi-
AacTh ¢ Gouiblueil SHeprueil; HeJOCTAOUIYW SHEPrHio OHH
3aUMCTRBYIOT ¥ PLIeTKH, UTO NPHBOJUT K OXJaKIEHHIO cnasd.

Hnaue gfcTour Beno B KOHTAKTE HABYX DONYNPOBOIHH-
KOB ¢ Pa3NHUHLIMM THOAMH MPOBOAUMOCTH. B sroM caydae
Ha OJHOM Clae 3JieKTpoHbl W ALIPKH JABHIKYTCS HABCTpeUY
Ipyr apyry. BeTperMBiuHch, OHH peXOMOHHHPYIOT: 3J€K-
TPOH, HAXOZHBIUHHCA B 30He NPOBOAHMOCTH A-NGJAYIPOBOL-
HUKa, NONas B P-TIOJYIPOBOJAHHK, 3aHHMAaeT B BaJICHTHOH
soHe MecTo Apipku. [Ipu 3TOM BricBOGOKAZeTcA 3SHePTHH,
Kotopasa Tpebyercs fsA oOpazopaHus CBOGOMHOTO 3JI€K-
TPOHa B MN-TIOJAYNPOBOAHHKE ¥ ALIPKHE B P-NOJYIPOBOLHUKE,
4 TakXe KHHETHUeCKash SHEPTHA 3JeKTpPOHa H AbIPKH. ITa
3HEpTHA CoOGULAETCH KPHCTAJNHYECKOfl pPelleTKe 4 WAeT Ha
narpepanuie cnad. Ha apyrom crnae nporekaiomufi- TOK OT-
CachiBAET 3JEKTPOHHl ‘B ABIPKE OT TPaHHIE MEKAY HOJYy-
npoBofHHKaMu, YOuelIb HOCHTENSl TOKa B MOTPaHU4HON 06-
NACTH BOCIOJHSIETCS] 32 CUET NOMNAPHOrO POMKIAEHHS 3JeK-
TPOHOB H JHIPOK {fMpH 9TOM JEKTPOH H3 BAJNEHTHON 30HM
p-UIONYNPOBORHAKA TEpPEXOAHT B 30HY MPOBOAHMOCTH A-TO-
ayopososunka). Ha ofpasosanme mapul 3aTpaudsaercs
JHEPTHsl, KOTOpas 3auMCTByercd y pelieTkKd — cnai oxJa-
IOAaeTcH,

A. ®. Hodde sHIBHHYA HAEK HCNOMB3OBAHWUA ABNCHUA
IMeabThe AnA co3panus XOADIHABHBIX ycTaHoBoK. Cospanel
onbiThbie ofpasust HefoJbWHX OLITOBHX XOJMOJHJIBHHKOB,
pabounm 3JIeMERTOM KOTOPHIX sRAsfeTcs OaTapes H3 wepe-
AYIOILUXCA TOAYNPOBOAHHKOB #- H p-THma. Cnau  ogsoro
BHla (COOTBETCTBYIOILHe, HAaNpHMep, Mepexoly OT I K p)
BEBEfleHn B oxaamiaemyio obJjacTb, Apyroro BuHZa (coor-
BETCTBYIOLIHE Mepexofy OT p K ) BhBedeHsl Hapyxy. [lpu
HajJexalleM HampaB/eRHH TOKa BHYTDeHHHMe Cfiad NOTJiQ-
LT TENNO, TOHHXKAY TEMOEPATYPY OKPYKAOUIETO WX Npa-<
CTPAHCTBA, HADYXKHBIE CNAH OTAAIOT TEIIO BHEWHEH cpelle,

3aMaHuHBO TaK¥Ke NPUEMeHHTL #ABjeHue [leanThe aad
3neKTpHYecKoro oforpesa noMeiieHufi. B stom cayuae cnafl,
HOTJIOILAIONMINE Temo, CAeAyeT BBIBECTH Hapy:Ky, a Chaf,
BBUIEAIONIMIE TEM/I0, NOMECTHT: BHYTPH oforpeBaeMorc no-
mewennsd, Tlpomyckast TOK B COOTBeTCTRYIOU(EM HampasJe-
HHH, MOMHO, KaK NOKA3HBAIT pacueTsl, NOAYYHTh Bhijlene-
HHME Ha BHYTPEHHEM cCllae KOJHUECTBA Tenha, HMOYTH B /8a
pasa npeBBULAUEro 33TPATH SHEPTHH Ha CO3JAHHe TOKA
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(ocTanbHas 3HePrHA Yepnaercsl B3 BHeUIHen cpeiwl). Takasn
cHcTeMa oforpesa WMeer emme M TO JPEHMYIIECTBO, ¥TO B
caydae HeoOXOAHMOCTH (HampHMep, B KapKylo Torofy) ee
MOXHBO 0e3 NepeleNOK HCIOJb30BATb AJA NOHHKEHHF TeM-
nepaTypsl NOMEIIEHHS ~— IJ5l 3TOr0 HYJKHO JIHIIb H3MEHHTh
HanpasleHHe Toka Ha ofpaTHOe,

Slenenve Tomcona. Ha ocnoBanun TepMOJIMHAMHYECK!HX
coobpaxkenui TomcoH mpeackasana B 1856 r., uro Temno,
aHanoruyHoe Temny [lenbThe, AOKHO BHAEJAAThCA (MAH
NOrJOLIATECA) NPH NPOXONIEHHH TOKAa N0 OLHOPOLHOMY
NPOBOJHHKY, BIOAL KOTOPOTO HMeeTcs TPAaJHEHT TeMmepa-
Typhl. 10T 3dQdekT Oula BNOCJCNCTBHH OOHADYNKEH 3KChHE-
PHMEHTAJBHO H NOJYuH/ HazpaHMe ABJAeHHA ToMcoHa.

YaenpHas MOUIHOCTL, BBLIIEJAIOUWAafACA B TPOBOJHHKE
BCJEACTBHE ABJeHHS TOMCOHA, pPaBHa

w=12], (77.10)

rae %—— rpajdeHT TeMnepaTyph! B JaHHOM Mecte, [-—-

IJIOTHOCTb  TOKA, 1T — Ko3addulHeHT nponopuuoHanbHOCTH,
HasbiBaeMHll KospdunuenTtom Tomcoxa. 2ToTKO-
s(ppuIHeHT cBA3aH ¢ KOo3(QdHIUKHEHTOM TEPMO-3. A. C. H KO-
sdpunuentom [lespThe ompegefieHHBIMH  COOTHOUIEHHAMH,
BHITEKAIOUWHMHE H3 TePMOLHHAMUKH,

Sfsaenne Tomcouna ofbsicHferTcss 1o aHANOTHH C ABJE-
nHeM IlenbThe. IlycTb TOK TeueT B HanpaBicHUH BO3pacta-
HHsl Temnepatypbl. EciM HOCHTEM TOKA -— 3JEKTPOHBI, OHH
TPH CBOEM ABHXKEHHH OyAyT NepexoAMTh H3 MeCT ¢ 6onee
BHICOXO# Temmepatypeil (M, caeloBaTenbHO, OoJbliedl cpell-
Hell sHeprHell 3MEKTPOHOB) B MecTa ¢ Oojiee HH3KOH TeM-
nepatypoil (u Menwuedl cpenuell sneprueil). Msboitok cBoei
SHEPTHH 3JEKTPOHBl OTAAAYT pelieTKe, uTO MPHBENET K Bbl-
fAedenno Tensna. Ecau HOcHTENAMH TOKa CJyXKaT IHDPKH,
spderT, Xak Jerko BHIeTh, GyIeT HMeTh OOGpATHBIA 3HAK.

§ 78. lloaynposoaHHKOBble NHOABI W TPHOLBI

BriipsimneHde TOKOR H YCHACHHE HaNpAKeHHH MOKHO
OCYWECTBHTb C MOMOIUBIO MOJYNPOBOJHHKOBBIX YCTPOHCTB,
Ha3bLlBACMBIX IOJYHPOBOAHHKOBHIMH {H/IH KPHCTaJJHYCCKH-
MH) aHofam¥ K TpHoiamu. [lonympoBOAHMKOBBIE TPHOAR
HA3LIBAIOT TAKKEe TPAH3HCTOPAMHY,
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florynposofunroBsle yeTpoficTBa MOMHO TOAPA3ACAUTE
H8 [Be TPYOIBL YCTPOHCTBA € TOUEUHBIMH KOHTAKTAMH U
YCTPOUCTBA ¢ [MOCKOCTHBLIMH KOHTaKTaMH. Mt orpaHuaum-
€ pacCMOTPEHHEM ILIOCKOCTHBIX IHOAOB H TPAai3HCTOPOB.

OCHOBHBIM 3J€MEHTOM NAOCKOCTHHEIX YCTPORCTB ABJRET-
€A TAK HasblpaeMBlll p—n-nepexol. Od npedcrasaser coboi
TOHKHE CJIOH Ha rpaHnle MeXKAY ZBYMs OBJACTAMH OLHOTO
I TOTO e KPHCTanZd, OTARYRIOMUMHUCA THOOM OpuMecHol
npoeoauMocTd. Jua uarororaeHus takoro nepexonz GepyT,
HampHMep, MOHOKPHCTAMJM U3 OYeHb YHCTOro repMaHua ©
3AEKTPOHHKIM MexXaHU3IMOM TNpoBoiHMocTH  (0Oyciomden-
REIM HHUTOXHBIMH  OCTATK&Mu
npumeceft). B mupesannyio u3
KpucTania TOHKY IJIACTHHKY
BONABAAIOT C OAHOH CTOpOHLE
kycouek wHzuf. Bo spemn sToR
Onepaludm, KoTopas oCYlUeCctBJ -
eTcs B BaKyyMe HJAH B aTMOC-
tepe HHEPTHOTO Frasa, aToMLI o t-nEpeal
HHAHA RUGPYHAHPYIOT B repMa-
uufl #Ha Hekotopyw rayOuny. B Pic. 170,

TOH 00JacTH, B KOTOPYIO IIpOG-

HHKAIOT aTOMBl HHAHA, IPOBOAHMOCTD epMaHus CTaHOBHTCA
neipounoil. Ha rpannne atefl ofaactd Bo3BUKaeT p— R-le-
pexon,

Ha pnc. 170 noxkazanm xoa KOHLEHTPAlWM NpuMecell B
HanpaBJcHHY, TNepHeHZHKYAAPHOM K TpPaRHYHOMY CJOH.
B p-06/1aCTH OCHOBHBIMH HOCHTE/ISIMM TOKa ABASIOTCH [IRIp-
KH, O6PA30BaBHIKEC B Pe3y/IbTaTe 3aXBaTa 3JeKTPOHOB
aToMamu opuMecs (axuenTopsl MPH TOM CTAHOBATCH OT-
puuaTeJ bHEIMH WOHAMH); KpOMe Toro, B 3Tok objacti
uMeeTed HeGOAbIIOe YHC/AO HEOCHOBHBLIX HOCHTeJefl — 3MeK-
TPOHOB, BO3HHKAIWIHX BCACACTBHE TMePEBOAA  TENJOBbIM
JIBHMEHUEM 3JeXTPOHOB M3 BaJIeHTHOH 30HLE HEROCPEACT-
BEHHO B 30HY [POBOAHMOCTH (3TOT NpoLECC HEeMHOTO YBe-
JHUYHBAET W YHCAC ABIPOK). B n-06aacTa  ocHOBHBIE HO-
CHTEJNH TOKA — 3JEKTPOHsl, OTLANHbIe OOHOPaMH B 30HY
HPOBOAMMOCTH (/OHOPH IPH 3TOM TMpespallapTca B MOJO-
KHTENBHEE HOHLI); MPOHCXOAAWMH 3a cueT TelJOBOIO ABH-
MEeHHsT Tepexol 3JCKTPOHOB W3 BAaJEHTHOW S30HH B 30HY
NPOBOAHMOCTH NPHBCAHT K 00pasoBaHMi0  HeOOJLIIONO
YHCHA  AHPOK — HEOCHOBHHIX HOCHTENdell Aas 9TOH  0b-
JIACTH.
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Judpdynaupys Bo BCTPeYHBX HAllpaBAEHHAX uepes fio-
rpaHHuHbld cjof, JAEIPKH H JIEKTPOHH peKOMOHHERPYIOT
-Apyr ¢ gpyrom. TlostoMy p — n-mepexoj] okasmBaercs Ci/b-
HO O0efHEHHHIM HOCHTENSiMH TOKa ¥ npuobperaer Goupiuge
conporusiaeHne, OfHoBpeMEeHHO Ha Ipanvle Mexay obna-

CTAMH BO3HHKAeT ABOHHOMN
3JIeKTpPHYeCKHA C¢noH, o6-

QOO @ie @ D ®D.®D pasorannni  oTpULATENH-
é«@a@ @ @i@ © @.@@ HEIMH HOHaMH aKLEenTop-

HOH NpHMECH, 3apsil KOTO-

-] P I
Q@ © Q @:@ @D @_® PHX TeNepb He KOMIEHCH-
Q°@ PO @:e @O D@ pyerca pupkamu, H noao-
MHUTEJAbHDIMH HOHAMA 20
QP @,@ @:@ @ @ EB.-69 HOPHOH HPHMECH, 3apAf Ko-
Gj SISIOISHOISIOISIC) TOPHX Teneph He KOMMEH-
0o PDODDADD cupyercs 3JEeKTPOHAMH
] ' (puc. 171; KDYKKH — HOHBI,
p-n-ngpeiod yepHHeE TOUKH ~— HJIEKTPO-
Puc. 171 Hul, Gejble TOYKH — ABIP-
He. 2 KH). DaeKIpHuecKoe foJe
B 9TOM CJI0e HanpaBieHO
TAK, YTO TNPOTHBOZEHCTBYeT HajbHefilieMy Iepexomy

yepe3d CJIOH OCHOBHBIX HocHTejefl, PaBrobecde jocruraercs
IpH TAKOl BHICOTE NOTEHHKAJLHOro Gapbepa, NpH KOTOPON

Jawa
i B
£ _ __gwmfo
gy S s b
vvvvvvvv = T
CX KR K Ty
SRR Lol s sorpeemon
AN IN JPOsRE Sowd
alelute et e
“"»:'. Banghmias

ez

ypoBru Pepmu obenx ofnacTefi pacnmosaraloTcs Ha ONUHA-
KOBOH Bnicote (pHe. 172). MarnbGanue aHepreTHyecKHX soH
B 00JaCTH Tepexo/ia BLI3BANO TeM, YTC TMOTEHIMan p-o6aa-
CTH B COCTOSHWH PaBHOBECHH HWXeE, YeM ROTeHuHas n-oG-
JACTH; COOTBETCTBEHH(Q MOTEHUHAMbHAA OSHEDPTHA 3MEKTPOHA
B p-ofgacTu Gosblie, ueM B n-o06aacti, Huxuaa rpanuua-
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BaJeHTHOH 30HH /[aeT XOoi NOTeHUHaJLHONR SHEPruH 3JeK-
TpoHa Wy, B HANpPaBJCHHH, NEPHEHAHKYAADHOM K HEPEX0ay
(cM. cRJOLIAYI0 KPHBYIO Ha pHC. 173, a). IockonnKy sapan
AHIPOK MPOTHBOMNOJOMKEH 3apALy 3JEKTPOHOB, HX HOTEHLH-
ajipHas aHeprua Wpg Gosblle TaMm, rje MeHblle Wi, H HA-
obopor (CM. OYHKTHPHYIO KDHBYIO Ha pHc, 173, q).
PaBhopecHe MeXJy p- ¥ n-0612CTAMH ABJAAETCA MOA-
BHXKHBIM. HeKoTOpOMY KOJHYECTBY OCHOBHBIX HOCHTeMeH
VAaeTcA npeofoeTh MOTeHOMAJILHEIN Oapbep, BCAEACTBHE
YeTo uepes mepexoj, TedeT HeGOJLIIOH TOK focm (PHC. 173, a),

2% Pt

z”ﬂ'#

Pr-repeted

Pue. 173,

DTOT TOK KOMMEHCHPYETCH OOGYCMOBJIEHHEIM HEOCHOBHBIMH
HOCHTEASIMH BCTPEYHLIM TOKOM [yeocn. F€OCHOBHEIX HOCHTE-
Jef OueHb MaJo, HO OHM JIeTKO MPOHHKAIOT Uepes rpaHHuy
obnacrefi, «cKaThiBasich» € INOTeHuHaJbHOro Oappepa. Be-
JHYHHA imeoom OTNPEJeNfAETCA UYHCJAOM DOKITAIOMIHAXCA exe-
CEKYHAH(O HeQCHOBHLIX HOCHTENEH H OT BMCOTHL TOTEHIHAMDb-
HOro Gapbepa NMOUTH He 3aBUCHT. BesMUHHA loc, HANPOTHB,
CHJIbHO 3aBHCHT OT BHICOTH Oapbepa, PaBHoBecHe yCraHas-
JAMBAETCS KAK a3 DNpPH TAaKOH BREICOTE NOTEHUHAABHOIG
Gapbepd, npu KOTOPOil 00a TOKA iocm H imeocs KOMASHCHPYIOT
Apyr Apyra.

[MogaauM HA KpHCTaJll BHELIHEe HAMpsiKeHHe TaKoTo
Hanpasiesust, yToOnl «-+>» OblA NOJAKMIOYEH K p-o6nacty,
a «—>» OB NOAKMIOuEH K n-06nacTH ') (Taxoe HampaxeHue

1) Brawouenne BHeUIHET0 HANDHAMEHHT HApYUIaeT DaBHOBECHE, Tax
yro yposHH PepMn obedx ofaacTedl cMeWAaTCA APYr OTHOCHTERABHO
apyra. Ilpu npavom Hanpamennn W, B p-ofaacTd pacro/araercs

HHIKE, 4eM B n-00/1acTH.
287



Ha3piBaelCsl MpAMbiM). DTO NpHBEJET K BO3PACTAHHIO TO-
TeHURBaNa (1. e. yBeawueHHI0 Wyx u ymerbwlenniy Wy,)
p-061aCTH H TMOHHXKEHHIO noTenuMana (T. e. YMEHBHICHHIO
Wioa u yBenauenuio W) n-o6aactu (puc. 173,6). B pe-
3YAbTaTe BLICOTA MOTEHRHAJABHOTO Oapbepa YMeHBIUHTCH H
TOK iocu BOSpacTer. ToK e ineocs OCTAHETCH MPAKTHYECKH
Ges Hamenennit (0H, kaK OTMe4as0Ch, OT BHICOTH Gapbepa
N0YTH ne saslcHT), CheloBaTenbHO, Pe3yNLTHPYIOLIUA TOXK
CTaHeT OTAHYeH OT Hyas. [loHMKeHHe TOTEHIHAJABHOFO
Oapbepa npoNoOpUMOIANLHO NPHAOKEHHOMY HANPSAKEHHIO
(oHO paBHo el/). [IpH yMeHLUIGHHH BHCOTH 6Gapbepa TOK
OCHOBHBIX HOCHTEJEH, 4 CIe40BATENBHO U Pe3yAbTHPYIOLEHH
TOK, ObicTpo Hapactaer. Takum o0pasom, B HanpaBJeHHH
OT p-06/1acTH K n-061aCTH p — N-NEPEXON MPONYCKAET TOK,
CHJIa KOTOporo GLICTPO HADACTAeT NPH YBEJHUCHHH TIPHAO-
KEHHOTO HampaxeHus. ITO HanpaeJeHHe HashIBAeTCA Mps-
MBIM (WY TPONYCKHLIM, WJAH HPOXOAHLIM).

Bosuukaiolllee B KpHCTas/de HPH NPSIMOM HanpSIKEHWH
3JIEKTPHUYECKOE MOMe <«NOMMUMAeT» OCHOBHHIE HOCHTENH K
TpaHuue MexXay o6aacTsMH, BCAENCTBHe 4ero IIMPHHA me-
pexojanore caog, obelHeHiOr0 HOCHTE-
asmu, cokpamaetca ). COOTBETCTBeH-
HO yMeHbllaeTcsl H CONPOTHRJAeHHE Me-
pexoxa, npHYeM TeM CHJAbHee, 4eM
foaplue HanpamxeHue. Taxum oGpasowm,
BOJILT-aMIepHan  XaDAKTepHCTHKA B
NPONyCKHOH 0OJacTH He ABJAAETCH
Y npawmoit (puc. 174).

Tenepr npuAOKEM K KpHCTALNY

Puc. 174, HaNpAKEHHE TAKoro HanpaBaeHns
yTo66 «+» Gbli TOLKTOUEH K -00aa-

CTH, a2 ¢—» Obld foakniouen K p-obnaacTH {Takoe HanNpsixKe-
nye naspipaercs oGpatHeiM). O6paTHOe HaOPsSKEHHE HPHBO-
AMT K HOBHINEHHIO TOTEHIHa bHor0 Gapbepa u CODTBETCTEEeH -
HOMY VMeHbHIEHHIG TOKa OCHOBHBIX HOCHTedel loca
(puc. 173, 8). Bosungawowmufi 0pH 3TOM Pe3yJLTHPYIOUIHA
TOoK {HasubBaeMBbIl 0GpPaTHEIM) ZOBOALEO OHICTPO NOCTUTaeT
Hacolluesua (T. e. nepecrtaer sasuceTb ot U, pnc. 174) u
CTAHOBHTCH PABHHIM imeoen. 1| aXKAM 008pasoM, B HanpaBieHuH

é

) VmenpllleHHe UIHPUHB TEPEXOJHOLD €108~ MGKHO OOGBLACHHTDL
TeM, WTO NpH 8ajanHoM - d@/dx meHblnee HiMeHeHHe [OTenuuana Ag
ocyilecTaaAReTCA Ha MeHblieli aaure Ax,
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oT. n-o6aactk K p-ocdnacti (KOTopoe HasbiBaercs oOpaTHHM
WAW 3af0PHAIM) P — A-Nepexof NponycKaer cjalblli TOK,
LEJHKOM 0OGYC/0BACHHBI HeOCHOBHEIMH HOCHTEIAMH. JIHmb
IpH oYehb OoabLIOM 00pATHOM HANDSKEHHH CHIA TOKa Ha-
YHHAET Pe3KO BO3PAacTarb, YTO 0OYCNOBJACHO JEKTPHUCCKHM
npoboem nepexofa., Kaxawifi p— n-nepexol xapaxrepH-
8YETCA CBOHM NMpeleibHbIM 3HAYeHHeM ofpaTHOrO HampfAxKe-
HUA, KoTopoe OH cnocofed Bhepxars 6e3 paspylueHHA,

IMoae, BO3HMKaONlee B KpHCTAAe NMPH HAJOKeHHH 06-
PATHOTO HANPAKEHUs!, «OTTATHRAET» OCHOBHLIE HOCHTEJH OT
TPaHHIKN MeXKAY 006A4CTAMH, UTO NPUBOAHT K BO3PACTAHHID
IUHPHHEl TIEPEXOAHOro cfod, obe- 4
JHenHoro HocHteassmu. Cooreer-
CTBEHHO YBEJHUYHBAETCA H CO- /\ j\
npoTHBAcHHE nepexofa. Caeno- \/ \/ z
BaTENLHO, P — n-nepexcl ofaa-
ZaeT B O0pPaTHOM HaMpaBNeHHHu ¢
ropaszgo OOJbUIMM CONPOTHBJIE- /\ /\
HHEM, YeM B IPAMOM. e =

3 ckasaHHoro BBITEKaeT,
YT0 p — A-TIEpexol MoXKeT OBITh Puc. 175,
HCICAL30BAH AAA BHUIIPRMJIEHUS
nepemeHHoro Toka. Ha puc. 175 nokasan rpaduk toxa, re-
KYLLEro uepe3 Iepexci, B TOM chaydae, ec/d NPHAOKeHHoe
HanpsiKeHHE H3MERFETCs 1o apMOHMYECKOMY 3aKOHY.
B 3roM caydae LIRPHHA ¢TI0, 00efHEHHOTO HOCHTEASMH, H
CONPOTHBACHHE Tepexola AYAbCHPYIOT, H3MCHAACH B TAKT
¢ M3MEHEHHSIMW HalpAMeHUs.

lepMmanueBble BHIDpAMHTEAM MOTYT BHEIZEPKHBATh 0O~
paThoe Hanpaxerue no 1000 s Ilpu Hanpskedauu s 1 6 naoT-
HOCTh TOKAa B TPAMOM Hanpasnaenuu nocthraer 100 afcm?,
B o6paTHOM - He OoJibllle HecKOJbKHX MHKpoamnep. LCule
Gonee BLICOKOE 0OpaTHOe HAampsAMeHHe HAOMYCKAKT Kpem-
Huesple BenpYMuTend. OHH TakXe BHAEPXKHBAWT Gonee
BHICOKYI0 paGouyio Temneparypy . {(me 180°C pmecto mpH-
mepHo 100°C zna repmanus), Fopasgo XyAUlMME napamer=
paMK 06/afaloT LIHPOKG PaclpoOCTPaHEHHLIE CeJeHOBLIE Bhbiv
npaMutesd. JlonyctHMoe o6paTHoe HANMpPSKEHHE COCTABAAET
Aaa Hax He Gogee DO g, HauGonbniaf MAOTHOCTE [PSMOr0
ToKa A0 50 majem?, Coenunas nociaefoBaTelvHo N Buimps-
MHTEJBHEIX 9M€MeHTOB (CeleHOBLIX 1afif)y MOMHO mOAY-
YHTh BHUOPAMHTENb, BEAepMKHBalounit N-kpaTHoe o6paTHoe
HapAXEHHE.

19 H. B, Casenses, T. 11 239



MonynpoBOZHHKOBEIA TPHOA, HJH TPAHIHCTOP, PEACTAB-
Asier coGofi KpucTana ¢ AByMsa p — n-nepexofamu. B 3aen-
CHMOCTH OT TOpPsAHAKa, B KOTOPOM uepemyiorcd obhactu ¢
Pa3HEIMH THOAMH [IPOBOAMMOCTH, PA3fMYyalT p—An—p- H
n — p —n-tpadanctopu '), Cpegnas "yacTh TpaH3UCTODA

(o6napaiomas B 3aBHCHMOCTH QT

Swummay Gays Kgzwm®  THIA TPAHIHCTOPA N- HAH P-TIPOBO-

. JHUMOCTBEIO) Ha3HBaeTcs ero 6a-

sof. Tlpunerawumne k Gase ¢ obe-
HX CTOPOH 06/1acTH C MHHM, YeM ¥

h Ie Hee, THNOM MNPOBOAHMOCTH 06pa-
i % =T 3YKT IMHTTED M KOJJAEKTOP.
= PaccMoTpiM  KpaTKo — OpHH-

Pnc. 176. uun  pabots  TPAH3HCTOpa THOa

p—n—p (puc. 176}. [las ero us-
roTOBAEHHA OepyT NJACTHHKY K3 OYeHbL UHCTOTO TepMaHus
C 3JCKTPOHHOH NPOBOAMMOCTBIO H ¢ 00eHx cTopon BIaaB-
AA10T B Hee MHAEN, KOHUEHTpalUud HOCHTEJNEeH B SMHTTEpE
H KOAMeKTOope, T. €. B JAbIpoYHOd o0gacTH, A0JXKHA OHTDL
Gonplle, ueM KOHUEHTpa-
H#A HOCHTENEil B mpenenax
Ga3bl, T. @ B 3JEeKTPOHHOI!
obmactu. Ha puc. 177,a
NAHL KPHBbIC TIOTEHUHAJb-
HOfi 5SHCPTHH — 3/JeKTPOHOE
(cniomHas NHHHA) W b
POK (MYHKTHPHAH JHHHSA).

Ha nepexon smurrep —
6aza mnogaerca HanpfAme-
HHe B NPOXOJAHOM Hampas-
aesnn (puc. 176), a na ne-
pexof  6asa — KOJNEKTOP Puc. 177,
nojaerca OoJabiiee nanpd-
¥eHHe B 3aNODHOM HanpaB/leHMH. ITO MPHBOAHT K MO~
HHMKEHHIO TIOTeHIHaAbROTO Gapbepa Ha NepBOM nepexolle K
noBeleHnI0 Gapbepa na BTOpoM (puc. 177, 6). IIporeka-
HHE TOKa B UENH 3IMHTTCPA CONPOBOXKIACTCHA IPOHMHKHOBE-
HHEEM LIpoK B 00/1aCTh 0a3bl (BCTPEUHDLIA [IOTOK 3JAEKTPOHOB
Man BCJAEACTBHE TOrQ, YTO HX KOHLEHTPAaUHA HeBeJHKa),
IMponukuye B 6a3y, AbipkH AHGPYHAMPYIOT NO HampabJe-

!) Bupaior u Gofee CHQMKHBE TPaH3HUCTOPHl, HATPHMEp THOA
p—h—p—n ¥ Ep.
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HHIO X KOnnektopy. Ecau ToatnHa 6assl HeGoyniIas, mOYTH
BCE [ALIPKH, HE ycneB pekoMOHHHPOBaTh, CyRYT AQCTHraTh
KOJIeKTOpa, B HeM OHH NOAXBATHIBAIOTCA [OJEM H yBEJH-
YHBAlOT TOK, TeKYUlH{ B SamOpHOM HaNpaB/feHHH B HeNH
KOJLIEKTOpA.

Berkoe H3MeHeHHe TOKAa B HEMi IMHUTTEPA NPHBOIUT K
H3MeHeHHI0 KOJHYeCTBa ABIPOK, NMPOHHKAOUIHX B KOJJIEK-
TOP, H, C/IGACBATENbHO, K TNOYTH TAKOMY e H3MEHEHHIO
TOKa B-OenH Koanektopa. OueBHAHO, UTO H3MeHeHHe TOKa
B Iend KoJneKTopa He NPEBOCXOLHT H3MEHEHHA TOKA B
uenu 9MuTTepal), Tak 3TO, Kazanochk G, ONHCAHHOE YCT-
poficto OecnonesHo. O,E[HaKO HafO Yy4YecTb, 4TO MEpPEXOX
HMEET B 3aN0PHOM HaNpaBICHMH ropaszio Oosblilee COmpo-
THBNECHHe, YeM B npoxoxHoM. [losToMy mpH oJHHAKOBBIX
H3MCHEHHAX TOKOB H3MEHEHHS HANPSIIKEHHS B LEHU KOJJNeK-
Topa GYAYT BO MHOrO pa3 GOMblLe, YeM B IeIH IMHTTEDA.
CrepoBaTenpHoe, TPAH3HCTOP YCHAMBaeT HANpPsAXKeHHA H
MoIHOCTH. CHHMaeMast ¢ npubopa MOBHINERHAY MOILHOCTD
TOAB/IAECTCA 33 CUET HCTOUHMKA TOKA, BKJIOUEHHOrO B LENb
KOJLIEKTOpA.

TepMaHHEBLle TPAH3UCTOPH AAKOT yCHJeHme (Mo Hanps-
JKEHHIO ¥ N0 MOIMHOCTM), HoctHratouwiee 10000,

1) B TpanalcTOpe THNA p—R~-p—n YAARTCH NOMYUHTL ¥ yCWieHHE
o TORY,



FJIABA XIIt
TOK B 3JIEKTPOJINTAX

§ 79. Iduccoudauus MONEKyln B pacTeopax

[Ipoxoxienne Toka uepes MeTas/bl M 3JeKTPOHHLIE TIO-
JYIPOBO/JHHKA HE COMPOBOKIAZETCH KAKHMH-THO0 XuMuve-
CKHMH fpeBpaiieHusMi. TakHe BellecTBa Ha3HIBAKOTCS LPo-
BOZHHKAMH [epBOTO poia. Bemectsa, B KOTOPHIX mpH
NPOXOMAESHMH TOKA MPOHCXOANT XUMMUECKHE OPeBpalleHusd,
HA3BIBAIOTCH UPOBOJHHKAME BTOPOIO PoAa MAH 3J€KTpO-
artTamu. K ux udcay npHHajnexar pacTBOpH cosel, ue-
JoYefi HA¥ KHCAOT B BOJAe W HEKOTOPHIX APYTHX KHAKOCTHX,
8 TAKKe paclJaBbl COJed, ABAAICIMXCH B TBEPAOM CO-
CTOAHHY KOHHBIMH KPHCTaaNaMu.

HocuTensiMi TOKa B 3JEKTPOJAKTAX CJAYKAT HOHEL, Ha
KOTOpble AHCCOLHHDYIOT (paculenfioTcd) 8 PacTBope Mo-
JEKYNbl PacTBOPEHHOTO BelllecTBa. UTOOLI BBLIACHHTL, KAKHM
0o0pa3oM MPOUCXOLHT JHMCCOLUHMALMS, PACCMOTPHM MOJNAPHYIO
mogeryay, nanpumep NaCl. Tlpu oG LeAnHenHH aToMoB Na
n Cl B Monaexyay npoacxo,um nepepacnpeielicHie s/ex-
TPOHOB — BaJSHTHBI 3MeKTpoH Na o0Ka3plBaeTcs KagR Obl
BiAIOYeHHLIM B o6oaouky aroma Cl, pna moaHofl 3acTpoliku
KOTOPOR He XBaTaer KaK pas OJHOTO 3JeKTpoHa. B peaysn-
Tare aroM Na MpeBpaliaercs B NOJOKHTENBHLIN HOH, aTOM
Cl—p orpuuarenvunii,. OGa poHa yIepIKUBAIOTCH B
MOJIEKYJIE CHJAMHM  3JeKTPOCTATHUECKOTO  (KYJAOHIOBCKOTO)
B3auMojelicTBHA., AHajoruuHo aw06as Apyrag noJaspHas
MOJIEKY/Ta COCTOHMT H3 JIBYX HJH GOJLUICTO UHCAA HOHOB.

B pacTBope KamTad MOJEKYJa pacTBOPEHHOTO Belie-
CTBA HaXOAUTCA B OKPYXKEHHH MOJeKyJa pacTpopurend. Ecan
MOJIEKYJ/ILI PACTBOPHTEAS SBJASIOTCS TAKKE NOAAPHLIMH, OHU
6YAYT HCHBITBIBATH BOJAW3H MOJEKYJAbl PacTBOPEHHOIO Be-

£92



HIeCTBA OPHEHTHPYIOUlee ACHCTBHE CO3LABAEMOFO €10 AJIEK-
TpHUecKoro mnoaf. [To3ToMy MOMEKYJ Bl pPacTBOPUTENS TMO-
BEPHYTCA K [OJOMHTEJbHC 33pAMEHHON YACTH MONEKYJb
PACTBOPEHHOrO BEIIECTBA CBOWUMH OTPHLATENLHLIMH <KOH-
uaMH», 8 K OTPHLATENBHO 3apSXKEeHHON YacTH -— [0J0XKH-
TeJbHBIMH «KoHuaMu» (pHc. 178; cisiomubiM KOHTYpOM 06-
BellCHA MOJeKyJa PacTROPEH-
HOT'O BELECTBA, MYHKTHPHLIMH
KOHTYPaMH — MOJIeKyAL  pac-
1eopuTens). Ilpu Taxkom pac-
NOJOMEHHY MOJEKYN pacTBO-
puTeIs  Co3AaBaEMOe  UMH
none ocnabaser CBA3b MeXAy
DAsSHOMMEHHEIMH HOHAMH MO-
JIEKYJlbl PACTBOPEHHOI'D Belle-
CTBa, BCHEACTBHE UYErg 3Ta
CBSI3L ‘MOMET 0Kas3arTbesl paso- Puc. 178,

PBaHHOH 3a CUET SHepruM Tem- -

JIOBOTQ ABHKeHHf. B 5TOM cayuae MoJeKyJaa pasiedsiercs
Ha ABa Hip OoJbliee KOJWYECTBO HOHOB Pa3HBIX 3HAKOB
{BuCCOUHKpYeT).

HanpsixeHHOCTL MONA, CO3LABAaEMOT0O AUNOJEM, NPOHOP-
UMOHANBEHA BeNHYHHE ero 3JeKTPHUYECKOTO MOMEeHTa [CM.
dopMyay (6.5)]. TTosromy cpAsk MeXKAy HOHAMH B MOJe-
KyJie PacTROPeHHOT(Q BellecTBa OCAabJsAercs TeM CHAbHee,
yem Oonblle ARMONLHLIL MOMEHT OKPYXKAIOLLHX € MOJexyd,
T. €. ueM GoJblie IH3/ICKTPHYCCKAs! NMPOHHLAEMOCTD KHIKO-
CTH, B3ATOI B KauyecTBe pacTsoputeas, Ms Becex muaxocreil
camoﬁ 6odlbLitof JH3NeKTpHUeCcKOl npoHHIaeMoCcThIo 0fna-
daer Boda (g = 81). B coOTBETCTBHMH C 3THM AMCCOLHALMA
MOJEKYJ B BOAHBIX pacTBopax OniBaer ocoGeHHO BesMKa.

O6pasopaBuimecs HOHEL HAYWHAOT CTPAHCTBOBATL TIO
pacTeOpy. Ecam HOHBI Pa3HHIX 3HAKOB COAM3ATCA Ha JO-
CTATOYHO MaJ0e PaccTOfHHe, OHH MOTYT OOBelHHHTBCS CHO-
Ba B MOJEKYJIy. DTOT HpOIeCc, MPOTHBOMOOKHLIN npoiec-
Cy IHCCOUHAaUNW, HasmBaerca pexoMOGuMuHaupeil (uau
Moausanueil) woros, B pactBOpe HAYT OAHOBpEMEHHO
00a nporecca — IHCCOLMALHUS BCE HOBEIX H HOBBIX MQMIEKY
u pexoMbuHanua HOHOB B MoJaekyianl. Korza koanuecTso
MOJEKY/, THCCOUHHDPYIOUIHX B eRHHHNY BpPEeMEHH, CTAHET
paBHBIM KOJHUECTBY MOJEKYJ, BO3HHKAIOLIMX 32 TO XKeE Bpe-
MA BCJEACTBHe PEeKOMOHHAIMH, YCTAHOBHTCA PAaBHOBECHOS
COCTOSIIHE., DTOMY COCTOSHHIO COOTBETCTBYET ONpefeseHHasn
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CTCIeHL REHCCONHALIHH, KOTOPYIO NPHHATO XAPAKTePH30BATH
Ko3dpdHUINEeHTOM AHCCOUMANHH ¢, NOKA3HEBAIO-
MM, KaKasd 9acth MOJACKY/] PacTBOPDEHHOT( BeliecTBA HA-
XOMMTCH B AHCCOUMHpOBaHHOM cocTosuud. Ecnn goaunve-
CTBO MOJIeKyJ PACTBOPERHOre BelleCTBA, COMAEPHKILUIHXCHA B
elHHHUe 00bema PACTBOPA, PARKO A, TO K’ = an MOJERY.
OyayT HaXOAHTbCH B pacTBOpe B BUIe HOHOB H n” =
= (l —a)n—p BHAe HEAHCCOUMHPOBRHHBIX MONEKYH.

Jasa gampoll MoJeKyJiel pacTBOPEHHOrO BEUIECTBa, elle
He pacnasuleficsi Ha HOHBI, CYILECTBYET ONpelefeHHad. Be-
POATHOCTL TO[O, YTO OHA RHCCONHMPYET B TeueHHe OJHOH
cexyuant. CrefoBaTenbio, KOJMHUCSCTBO THCCONMHPYIOHX 32
e/(MHULlY BpeMeHH B elHHHLE o0beMa Mosekyn An’ A0JKHO
ObiTh [PONOPLHOHABHO M” — UHCJIY €lle He DacHaBILHXCA
Ha HOHBI MOJIEKYJI:

A’ =f'n" = k' (1 —a)n, (79.1)

Ko>ddrunerT nponopuuoHaAbHOCTH k' 3aBUCHT OT HPH-
POAbI PACTBOPHTE/S B PACTBOPEHHOFD BRLIECTBA. Oana pac-
TBOpHTEel ¢ GGAbIINM 3HauekHem & kodhduunent & Gous-
mwe. Kpome Toro, oH BO3pacTaeT NpH MOBHILEHHH TeMMepa-
TYpPUL

BepoATHOCTH BCTPEUH ABYX HOHOB Pa3HLIX 3HAKOB NPO-
NOPUHOHAABHA KaK YHCAY TOJOKHTEAbHBIX, TaK H YHCAY
OTpHIATeNbEEX HOHOB. M 1O, 1 Apyroe WHCJIO PaBHO KOJH-
yeCcTBY JHCccOuMHpoBaBmiHX Moaerya #'. Tlostomy Kosamue-
CTBO MOJICKYJ, BOJHHKAIOLIHX B eJuHHUEe ofLema 3a elH-
RHIlY BpEMEHH BCJACACTBHe pekoMOWHALMNH, [IPOMNOPLHO-
HansHo A%

An” = krrn.v'2 — (79.2)

JLas cocroauua pasuosecHs An’ = An”, nosromy [cM. BHI-
paxents (79,1) u (79,2}]
(1l —a)n=Fk"0n?

k’
ﬂ' + 0 k” W_‘O-

OTKYZa

M3 aByx pemieHn#i 9TOro ypapHeHHSI

£ B %
B ] ———— o
%n ‘/ 45" nt + E'n

a= —



PeHICHHE CO SHAKOM «—>» NePel KOPHEM: HYXXHO OTGPOCHTD,
TAK KAK o He MOXeT GuTh OTpHUaTeabHbIM, [lpyroe peme-
HHEe Jler'Ko MPHBECTH K. BUAY

Qk” (

BDra ¢opMyna aBaAeTCA npnﬁ_ﬂnmeﬂﬂoi’i. Koshduunen-
Th %' w 2” MOMXHO CUMTATh NOCTOXHHEIMH JHLIbL B TOM CJY-
uae, €CAH KaxAasd MOJAEKYJa PACTBOPEHHOrO BeIeCTBa
HMeeT CBOHMH COCERAMH TOJbKO MOJEKY/L PacTBODHTENS,
YTO BHINOJHAETCH nupd REGOALIIMX OTHOCHTENBLHLIX . KOH-
UEHTPALHAX PacTBOPa. Ipr GoAbIMX KOHIEHTPALHAX OK-
py:xeline KaXAOR MOJEKYJLl COCTOMT KaK K3 MOJERyJ pac-
TBOPHTENA, TAK M M3 MOJIEKY DACTBOPEHHOTO BEILECTBa,
BC/ISACTBHE TEr0 H3MEHHeTCs BEpONTHOCTD JHCCOUHALMH. H3-
MEHfIeTCSl TakKe BePOATHOCTL PeKOMOMHALMM HPH BCTPeue
HONOB PasjiMYHBIX 3HAKOD.

fpn manux n(xoma

"), (79.3)

2 <1_) dyuknuio  (79.3)
MOXKHO npaﬁnnmeuﬂo NpeiCcTaBuTh Chelylomum o6pa3oM:

@~ o (1+ e ~1)=1, (79.4)

ChnegopatesnbHo, B CHIbHO pa30aBJeHHWX DactTBOpax
NPaKTHYECKH BCe MOJIEKYJB PACTBOPEHHOrQ BEUIECTBa OKa-
3bIBAIOTCA AHCCOUMHPOBAHRLIMH, DT0 oOBACHAETCS TEM, YTO
APH MAaJbiX 1 HOHLl IIOUTH He CTAAKHBAIOTCA JAPYT ¢ ApY-
TOM; TNO3TOMY PeKOMOUHaNUHA He NPOHCXOANT H ¢ TeueHHEM
BpPEMEeHH BCE MOJIEKYNH Pacnajanrcsi Ha HOHEL

IMpu Gonpwyx n (korja eaunHuell MoxHO npenebpedb

. 48" n
[0 CPaBHCHHIO ¢ ]/——k,—, a Tem GoJjee Mo CpaBHEHHIO C

”
-ﬂ;——) BHipaxkenne (79.3) npHuaMaet Buj
N IRV Y SR
W1 ¥ ¥n  Va®

B srom cayuae Kos(HIHEHT AMCCOLUHAIHM o OUYCHb Ml

s kf
(uo YCJ0BHIO k," > 1, a cnegoBaTeNbHO W< l) H
1
yOLiBae€T ¢ POCTOM KORUSHTPAUMH NPONOPIEKHOBAIBHO —]7:
n
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TIpy HEBLICOKHX TeMNEPaTypax HOHLI OHIBAIOT OKPYKEHLE
o0AenMBIIHMI MX MOjeKyJaMH pacrtBopHTeas (puc. 179;
4HAOTHYHAS KapTuHa HalAwnaeTcs LA OTPHHATENLHOTO
HOHA). ODTO0 ABAGHHC HA3LIBAETCS

g coapBatanged (B cayyae sol-

a’:':‘. s € ) HbBIX = PacTROPOB—THIApaTal k-
ey ,’_i_\ 2} HoHOB, a camo oGpazoBaHue u3
(=70l uoHa u ydepikuBaeMoil ero cuio-
g N BHM mojeM 0B0JOUKM M3 MOJEKYA
_}““‘l,— = pacTBOPUTENR HA3KIBAKT COJMBEA-
I “--—'If__\,l\:_:‘_{:\' TOo M. Bojee unTeHcHBHOe TemNOBoe
LIPS ‘. ABHIKEHHE HapyulaeT CBA3b MEXKIY
o HOHOM W MoJeRydamu, 00pasyro-

N myMn  ofosouKy coabBaTa. llo-

Puc. 179. 3TOMY IIPH MOBHILIEHHH TeMnepa-

TYPH pasMeph COJaLBATA ASNA0TCA
BCE MeHbllle H B KOHIIe KOHIIOB TpPH [OCTATOYHO GOJBIION
TeMnepaType colbBaTHas 000J40UKa NOMHOCTHIO HCYE3ACT.

§ 80. Jnexrpoans

Eciit B aJleKTPOJHT BBECTH TBEPRLIE NPOBOAsLLME MJa-
CTHHRH "~ (9AeKTPOAB) M NOJath Ha HHX HaNPAMKEHHE, HOHKL
NPUXOAAT B ABHXKEHHE H BO3HHKaeT 2JeKTPHYeCKHH TOK
(puc. 180}. INonoxurensHO 3apsiXKeHHHe HOHB JABHKYTCH K
OTPHLLATEJNLHOMY 3JIEKTPOAY (KaToay),

BCACACTBHE 4ero HX HasHBAwT Ka- -
THonamBr Orpruarenbhble HOHUE

ABAKYTER K NOJOXKHUTE/IBHOMY 3JICK- D

Tpoay {aHOAy) M HOCAT Ha3BaHHe &
-0
AHHOKOB, -0
JIOCTHIHYB COOTBETCTBYIOWETO M€~ & <o
KTpoila, MOHB OTA2I0T eMy H3GLITOY-
Hble HAH NOJYHEKT HEJOCTAIONIHE 3M1e- Puc. 180

KTPOHB! M NPERPAIAITCSA B HeRTpab-
Hble aTOMbl HAH MoJeky/abl. B saBH-
CUMOCTH OT XHMHUECKOH NPHPOAL 3JMEKTPONHTA H AJieK-
TPOROB HeHTpAAH30BaBIUMECA HOHH JUGO BHIAEAAIOTCA Ha
9AeKTPOAAX, 160 BCTYNAIOT B DEAKUHIO € /J1E€KTPOAaMH HIH
pacTeopuTeneM. XUMHUeCKHe PeaKknuk, B KOTOpHE BCTYDAKOT
HelTpAIH3OBABUINEGCH HOHMBI, HA3HIBAIOT BTODHYHE M H.
TIpoayKTH BTOPMYHHIX peaKliull BHICAAIOTCH Ha 3ACKTPoOAaX
HIu AepexoAsT B pacTBoP.
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Takum oBpasoM, HPOXCXKAEHHE TOKA dYepes 3INeKTPOJHT
CONpPOBO AALTCA BBJISJIEHHEM Ha 3JEKTPoJax COCTaBHBIX
qacTefl 3NeKTpOAKTa. ITO NBJAEHHE NOJYYWIO Ha3BanHe
BACKTPOJHUS A,

PacemMoTpHM HeCKOJIbKO NPHMEPOB.

i. BosbmMeM B KauecTBe 3/€KTPOJHTA BOAHBHL pacTBoOp
coaaHoll xueaore. Moaexkyna HCl guccounmpyer B pac-
TBOpe Ha NOJOKHTeAbHO 3apfXKeHHHA HOH sojopoma H* u
OTPHUATENbHO 3apskKeHHHH HoH xaopa Cl-:

HCI <= HY +CI™,

IMogoias x anomy, WOHB XJA0Pa OTAAOT eMy HU3OHLITOUHBIE
2JeKTPOHBl U MpeBpallaiTea B HefiTpanbHble aTOMB XA0pa,
KOTOpLIE ¢pa3y ke o6LeAHHAIOTCA NMONAPHO B MOJEKYMLL

9C1™ — 2¢~ — Cl,.

AroMu BOJOPDAE, HefiTpann3oBaBlIHCE Ha KaToAe, oObeiH-
HAIOTCA OMapHo B MoJtekyan Hy:

9H* + 2~ —> H,

CiegosartenbHo, B npoliecce 3MCKTPOAH3a PACXOAyeTCS
pacTBOpPEHHOE ReIUeCTBG, a4 Ha SJIeKTPoJaXx BHAENAIOTCH
rasoo0pasHpie XA0p M BOAOPOA. BTOpHYHLIX peakumi B aTOM
cAyUuae He MPOUCKOLHT. ,

2. DaeKTPOJHT — PRCTBOP CepHOlt KHCAOTH B Boje. Mo-
nekyaa HpSO, muccouuupyer B pacTBope Ha ABA [OJIOXKH-
TeJAbHLIX OAHO3apALHLIX HOHA BORACPOAA H JABYX3apsiAHBIH
orpunarensuslii you SO;™:

H.S0, == 2H* +S0O; ™.
Ha saektpoiax OpoTeKaoT CACAYIOHINE ITPOLECCh:
2H* + 2¢™ =—> H,,
S0;7 ™ =2~ — SO,

Bonopon BeensieTcss B BHAe Oy3wbIpbKOB Ha Kartome. Heil-
TpanbHAS XKe TPYRMHPOBKa aroMoB SO, XuMuYeckd OYBHD
AKTHBEHZ K BCTyNaeT BO BTOPHUBYI0 peakuuio. Ecau saek-
TPONB HU3TOTOBJEHH, HAMPHMEp, H3 IJATHHHEL HJM HHKEJA,
50, pearupyer ¢ BOJAOH:

SO, + H,0 — H,SO,++0,.
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Mounekyia ceptioft KHCIOTH TOCTYNAET B PACTBOD, KHCAOPOS
BBLAECNACTCA B BHAC NY3IHPLKOB nia auoné. B nrore npoACXo-
JAUT pasjioXKeHne BOAb ¢ BEIAGIEHHEM ee COCTABHBIX yacTefi.
Bropuunan peakiuus B 3TOM cJyuYade NPOTEKAeT C PacTBOPH-
TEAEM.

3. Mennuie 31eKTPOABL MOFPYKeHBl B BOAHLIH pacTBOD
MejHOro xynopoca. [lHcconraygnst ApoTeKaeT 1o cxeMe

CuSQ; == Cu** + 807,

HeflitpanuzoBasuinecst aToMH MeJH O01/araiolcs B BHJE
TBEPAOr0 ocajka Ha Katoge. Hefitpanbnasi rpynnyupoBka
SO, npeanoutuTesbHEE BCTYNAET B PEAKHHIO ¢ MEABIO, UeM
¢ Bonoi. IlosToMy BTOpHUHAs peaKuHs HAET ¢ MATEpHAJIOM
aHOAA:

SO, + Cu —> CuSO0,.

O6pasoBapuiasics MOJeKyla NOCTynder B pactsop. Ta-
KHM 00pa3oM, B X0Ae 3NEKTPONN3a NPOHCXOANT pacTEOpeHye
4HOJla H OTIOJKEeHHe MeJH Ha Karoje, H/JEKTPOJHT e B KO-
HEeYHOM cyeTe He H3MCHsieTCH.

§ 81. 3axouw Papanes

3aKoHH 3JMEKTPO/H3a GBUIH YCTAHOBJEHH SKCHEPHMEH-
ranbHo ®apageem B 1836 r. DTH 3aKOHH QYE€HB NPOCTHL
TepBHli H3 HHX YTBEPKEAST, UTO KOAU4ECTS0 Bvidesusiie-
20CA Ha 34eKTPO0e 6LUlECT8A RPONOPUUCHAABHO 3apaly,
npowieduiemy wepe3 3ACKTPOALT:

{
m=Kq=K [ idt; 81.1)
’ [H]

3/lech M — Macca BRENHBINEraca BeulecTsa, K — koaddu-
IIHEHT, 3aBHCAUIMH OT NPHPOAL BEIIECTBA M HA3LIBaeMLIH
ero 3N eKTPOXHMHUecKHM 3kKBuBaneunTom. [ipn
¢ =1 Macca m unclenHo paeHa K. CaemoBaTenbHO, 3JeK-
TPOXHMHYECKHH 3KBHBaJeHT ypeAcTaBaser cofoit Maccy Be-
IlecTBa, BEIENAIOLIErOCH HA 3NEKTPOLe NpPH NPOXOXK/IEHHH
4epes 3JeKTPONHT 3apsAfla, papHOTO eTHHHLE,

Bropoii saxon Papanes cBA3HMBAET FMEKTPOXHMHYECKHH
9KBHBAJeHT K BellecTBa ¢ €ro XUMHUCCKHUM 3KBUBATEHTOM
Ajz (A — aTtoMHBHIH Bec, 2 -— BaJEHTHOCTb JAHHOIQ Belle-
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ctBa)!). 3TOT 3aKOH THACHT, YTQ IAEKTPOXUMUMECKUE FKAU-
BAALHTOL BCEX BCUIECTE NPONOPLUCHAADHLL UX XUMUHLECKUM
srsugasentam. Ko3d@GHUUUEAT NPONCPUHOHANBHOCTH MHIOYT
8 Bupe L/F. Bejgnuuny F HaawBawr yncnoMm Papaned.
Bripaxenue BToporo sakoda dapajes Teneph BHITVIAJHT
caeaywumM o00pasom:

K=g=2. (81.2)

Ioacrarus Buipaxenne (81.2) B dopr y (81.1), mu
ofbeauniM ofa 3akKoHa. B pe3y/abrare noa  TCH

me=24 (81.3)

Tlpu g, uucneuno paBroM F, Macca /M YHC/AEHHO COBMAa-
naer ¢ A/z. TakuM 06pazoM, AJs1 BEAETEHHS] HA 37NeKTpoje
KHJIOTpaMM-5KBHBa/IeHTa WJIH TpPaMM-3KBHBAJIeHTA Ji06Oro
BelllecTBa TpeGyeTcda NPONYCTHTL uUepe3 3AEKTPOJHT O1HO H
TO e KOJHYECTBO JEKTPHYECTBd, YHC/AEHHO paBHOe F,
OnLITHHEM MyTeM YCTAHOBJAEHO, YTO

F =96,497 . 10¢ KyZaou

KHAOr paMM -3KBRBAACHT

(HpHﬁﬂH}KeHHO 96,5 - 106 —2 ) (81.4)

Ke-3K8

HJIIH

F = 96497 Xy Ao

TPaMM-3KBHBAJIEHT *

o %) XuMHaeckHM SKDHBANEHTOM 3JIEMEHTa HasmBaeTcs GeapasmepHan
BeAHUHHA, UHCJASHRO PaBHAA Macce JaHHOTO B3JeMEHTA, BHPAKCHHOH
B rpaMMax (MAM B KHAOTPAMMAX), KOTOpafd 3aMeMaeT B  XHMHUSCKHX
coeaunenusx 1,0078 2 (cooTBeTCTBEHHO XK2) BOACpPOAA.

Ba/eHTHOCTRID 2 P]€MEHTA HA3LIBAETCA YHCAO ATOMOB BOACPOAR,
KOTOpOE SaMellaercd B XHMHUCCKHX COSAHHCHHSX O/HHM ATOMOM KaH«
HOrO SJIEMEHTA. ’

Jna oanOBafeHTHOTO 5SAeMeHTA XHMHYECKHI 3JKBHBAJEHT papeH
era aroMHomy Becy, [las Z-BanAeHTHOTO 3/MeMeHTa XHMHUCCKHE SKBHBAe
Jent panen A/z.

OMHYECTBO 9JIEMENTA, Macca KOTOporo, BhlpaxeHsas B FpaMMaXx,
YHCAEHHO paBHa XHMYMECKOMY SKBHBANEHTY, HA3LBaeTcs TpPaMM-
sgksuBanenTtoM Koauuectso BemecTea, Macca KOTOPOro paeHa
A/z KunorpamMos, Ha3HBACTCHA KHJOrPAMM-3KBUBAJEHTOM,

{lonfiTHe XHMHYECKOTO SKBHBAJEHTa, & TaKKe TPaMM-SKBHBAIEHATa
H KHAOTPaMM-SKBHBA/MEHTA MOMET GHTh pacnpOCTPaHeHO TakKie Ha Ta
TpYODRAPOBKH 4TOMOB, KOTOpBIE BBUISARIOTCA ODH. SACKTPOJIHIE HA SMeK-~
TPOAAX.
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3akonn Papages cHrpadn GOJABIYIO pPoJb B YCTAHOB-
JIEHMH aToMHOH (T. €, JMCKpeTHoH) ApUPOAL 3/eKTPHYECTRA.
Ku1orpaMM-3KBHBANCHT  JI00OTO  Beu(ecTBa  COLEPHKHT
N’ = N,fz atomor (N4 — uncno Aeoraapo). CneinosaTtesbs
Ho, N 4/z uonoB nepedocar 3apaa, pasubiit F. Ha noaw kax-
JlOTO HCHA NPHXOJHTCA 3apaA

g B _F
R T

Taxkum o6pazou, 3apsi HOHA OKA3LIBAETCH L&AblM KpaTe
HBIM 3apaaa

F
&=, (81.5)
Ny
KOTOpbIf, OQueBHAHO, OpeACTaBAAeT cOOOH 3aeMenTapHbill

aapai.

[penpocrasanem uutatealo ybeauTbcs B TOM, UTO NOA-
ctaHoBka B (81.5) 3nauenns (81.4) ama F u Na =602 X
X 10% guaomMonb ' NPHBOAMT K BeAMUKHE 3J€MEHTapHOTO
sapaga (66.11).

Coornoutenye (81.5) Gbi1o HCmoOabL3OBaHO LA onpeae-
neuun yucna Asoranpo. [Ipu stom Ouio B3siTo 3Hauenue F,
HalileHHOe U3 OMDLITOB MO IeKTPONH3Y, H 3HaueHue e, noay-
uyeHHoe MuamikeHom (cm. § 66).

§ 82. JaeckTpoanTHUYeCKas NPOBOJHMOCTD

HpH BKAOUCHHH 3NCKTPHYECKOro /s Ha xaoTuuelkKoe
TellJIOBOe ABH)KeHHe MOHOB HAKIAABBAETCH ' YiopAA0UeHHOR
ABHKeHREe — NOJOXKHUTENBRBX HOHOB B HalpasJAeHHH 0011,
OTPHUATENLHBIX — NIPOTUE  HANPAaBJEHHA 1014 Pasmepbl
HOHOB (4 TeM GoJee cOMLBATOR) ropaszio Goablle pazMeposn
ICKTPOHA, HNOSTOMY OKPYXAWILHE HOH MOJEKVJab 0Kasbi-
BAIOT Ha Hero HeNpepniBHO BO3AeHCTBHE {HANOMHHM, YTO
JBHMKEeHHe 3AeKTPOHOB B MeTaljaX B [POMEXHYTKAX MeX1y
COYLApEeHHsMY € HOHaMH peIeTKH MOXHO OBIIO CUHTATh
cBOGOIHLIM). ITO BO3ACHCTBHE MPHBOAKT K TOMY, YTO HOH,
NoAoORD WAPKHKY B BSI3KOH Cpele, UCHBLITHIBACT NPH CBOEM
ABHKEHHH CONpOTHBIAEHHE, TPONOPHHOHANALROE CKOPOCTH.
CiefoBatenbHo, Ka)KIOMY 3HAYEHHI) HaMpaXeHHOCTH flo-
as E cOOTBETCTBYeT CBOe 3HaueHHe CKOPOLTH YCTaHOBHBIUE-
roce PaBHOMEDPHOIO ABHXEHHS HOHOB [, OIpeefeMoe yeio--
BHeM

¢'E = ku,
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rie e —3apAl HoHa, k— k03ddHIHEHT NPOMOPLHOHAIL-
HOCTH MeExAy CKOpPUCTBK) MHOHA H CHAOH CcOnpOTHRIEHHA
cpejbl OBHMEHHIO HOHA.

Takum ofpa3dom, nox feficTBueM nods HanpsxeRRocTd E
HoH Gyner ABHraThed (B HaNpaBJeHHH [OJA WM TPOTHS
HOAA) ¢ NOCTOAHHOH CKOPOCTBLID

u="-E, (82.1)

ConoctapisAs 310 BHpamenue c¢ dopmynoit (73.6), Mul
EMANM, 4TO OTHONIEHHe €'/Rk ecrp He uTo HHOE, KaK NOABUNK-
HOCThL HOHA iy, MoOHB Pa3HBIX 3HAKOB MOTYT MMEThb PasHBIi
N0 BeJUYMHe 3apAj €, KpOMe TOoro, M KosbuuueHt B aas
Kux Gyner pasauueH. IlosToMy HOHBI pasHbIX 3HakoB ofJa-
JAal0T pasaHyYHOH NOABHMHOCTBIO Ho. '

TMoaBHKHOCTE HOHA 3ABHCHT QT €ro MPHPOAE H CBOHCTB
pactBopuTean. C MOBHIUCHHEM TEMAEPATYPH NOABHKHOCTD
pacter. 2T0 HPOHCXOIMT 3a CHET TOro, YTO yMeHbUIAGTCA
BA3KOCTb CPeilbl, B KOTOPOH IBHKETCsS MOH, HO B ellle 60Jb-
Iefl CTemeHH 10 OrIBaeT BHI3BAHO TeM, UTOG IIPH NOBLILICHUY
TeMIepaTypHl YMEHBLIAKTCH Pa3MepHl colbBaTHOH 06004~
KH, OKpyXKarolled HoR.

[MoaBHKHOCTD HOHOB B MEKTPOJHTAX Ouenb Mana. [Ipu
KOMHATHOR TeMmepaType JIfi BOJHBIX PACTBOPOR OHA cO-

-5 -7 Mlcex -4 -3 cxfcek
craBmaaer npumepao 1077 — 10 ol (10 —10 ~alon )
TToABHKHOCT 3MEKTPOHOB B MeTannax NMpuGAH3UTENLHO HA
yeTHpe HNopsAAKa GcJblie (~ 10" M).

aln

N BukenHe HOHOB CO3/@eT EKTPHYECKNI TOK, INIOTHOCTL

KOTOpOTO paBHa

j=(nretuf +n-e uy)E,

rie nt— gHCAO HOMOMHUTELHLIX MOHOB B euHHIE oObeMma,
e*—3apan, a Uy — NOABHIKHOCTH NOJOMHTENbHLHIX HMOHOB,
1, e~ M 4y —AaHaJOCHYHble BeJHUYMHB! /IS OTPHIATENbHLIY
uoHoB [cp. ¢ dbopmynoi (31.4)]1

Bennunna, crosiilad B cKoOKax, He 3aBucHT or E. Cae-
ROBaTEeAbHO, WIOTHOCTb TOKA B EKTPONHTAX MPONOPLHO-
HaldbHa HANPANKEHHOCTH NOJA. D10 03Hadyaer, 4yTo A9 SjeK-
TPOJIHTOB CNpaBeAuB 3akoH Oma.

Ecin Moslekyabn AMCCOLMHpPYIOT HAa JABa MOHA, TO &t =
=g =¢ g nt=pn =n" =on (WHCAY AHCCOLHHPOBABIUHMX
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Monekyn). B arom ciydae
j=one' (uf +u;)E. (82.2)

Bripaxenue (82.2) crnpaRepinBo JAHIIL HA HBEKOTOPOM
YAANEHHH OoT 3aekrponos, B HenocpeacTBensodi 6aHz0CTH OT
SJAEKTPOJIGB TOK CO3JA€TCd HOHAaMH TOJNBKO ONHOTQ 3HAKa:
aKHOHAMH BOJM3H aHOAA W KaTHOHAMM BOJM3M KaToja.

CornacHo $opmyne (82.2) nmpoBOIMMOCTL 3MEKTPOMHTA
onpeliefseTcsa ¢ISIYIOIWHM BEIDpaXKeHHeM:

a=ane’ (uf +u;)

N
YMHOXHM H pa3fielHM 3TO BLIpa)KeHHe Ha N’=-§4—-—

THCIO MOJEKYJ B KHJIOrpamM-3KBHBAJNEHTE DaCTBODEHHOFO
BeuiecTea:

g=a % (&'N"} (ug + u3).
IMponssenense e’N’ passo umeny Papages F. Ortaoure-
nve n/N’ paer KOJNHMYeCTBO XH/JOrpaMM-3KBHBa/CHTOB pac-
TBOPEHHOTO BELECTBA B cIHHMIE o6beMa pacTBopa; ero Ha-
3HBAT  9KBHBAAEHTHOH® KOH-

g HeHTpalHeRk PAacTBOPEHHOIO De-
mecTBa. OG03HAYHM ITY KOHOEHTpA-
uHio GYKBOH 1), TOTIa BhIparKeHHIO 171
EPABOJHMOCTH  3JMEKTPOUTA  MOKHO
npyAaTh caenylomuHl BUA:

o=anf(uf +u7).  (82.3)

6-!
Puc. 181, Hpu noBHIIEHHH  TeMUepPaTyput
KO3 PUINEHT IHCCOUMALNH o H [0/-
BHJXHOCTE HOHOB yBeduuHmaloTcd. TT09TOMY OpPOBOAMMOCTD
3JIEKTPOJHTOB G BO3PACTaeT C TeMNepaTypof. 3aBHCHMOCTh
[POBOXMMOCTH OT KOHIEHTPAUHH OKaZBIBACTCA ROBOJLHO
COMHOR. 70 BHISRAHO TeM, 9TG G 3aBHCAT OT 1) M Heno-
CPEICTBEHHO, M uYepe3 o, JIpM MaiskX KOHUEHTPALHAX, KO-
raa « =~ 1 [cM. dopmyay (79.4)], ¢ pacrer nponopuHONailL-
HO 1. B DajpHefimleM € yBeJIHUEHHEM 1, HauunaerT yOBIBATh
K03 DUHHEHT AHCCONHALHH ¢; MOITOMY POCT NPOBOIHMO-
CTH 3aMeIsercs, a sareM oHa Jaxe HAUHHAET yOLIBATH.
Ha prc. 18] noxasana 3aBHCHMOCTh TPOBOARMOCTY G BOA-
HOTO pacTBOpa CEpHOH KHCJAOTH OT OTHOCHTENBLHON KOHULEH-
TpaLun ¢’ pacTropa.
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§ B3. TexsuueckHe NPHMEHEHHS S3NEKTPOIH3A

DNeKTpONH3 HAXORUT CAMble Pa3sHOOOPAZHEE TEXHHYECKHR
nipiMeHeHns. OxXapakrepusyeM BKpaTlle HeKOTOpPHE H3 HHX,

1. Faabepanonaacruxka. B 1837 r. B. C. fIxo6u npumMeHun
3MEKTPOJIH3 JJIA HSFOTOBJIEHHA METAJJIHYECKHX CJENKOB C
penbeHEIX MoAened. Mojelb M3 BOCKa HJIH Kakoro-axGo
JIPYroro IacTHYECKOro MaTepHala NOKpPLIBAeTes AMs €O+
3MaHHA MPOBOJANIETG CJAOH TPaGHTOBHIM NOPOIIKOM H 3a-
TeM BKJIIOYAETCH B KAYeCTBe KATOIA NPH HJIEKTpoause. DieK-
TPOJHUTOM CAYKHT PacTBOp COMH, colepxauled Merans, U3
KOTOPOTO XOTAT NOAYYATH C/eNoK. MeTain ornaraercs Ha
KaTo/ie B BHAE CJI0f, TOUHO OTPAXKAKOUWEro pefbed MOAELIIH.
[MoayueHHLIH cJeNOK JETKO OTAensercd OT KaToZa. TakuMm
crnocoG0M WHOrLAa H3TOTOBMAIOTCA THOOrpafCcKHe KAHILE,

2, I'anpBanocterns. C NMOMONIbIO SJEKTPO/H3a HAHOCHT
Ha [OBEPXHOCTb METAMIHUECKHX H3AMHH TOHKHIl cloll Apy-
roro Meraana. 3TO Aeiaercd ¢ AeKOPATHBHBIMH UeJAMH (30~
JoHeHHe, cepefpenHe, ILIaTHHHPOBaHHE), a TakKe IS CO-
3[aHAS aHTHKOPPO3HOHHHIX NOKPHITHH (HHKeJHPOBAHHE, XPO~
MHpOEaHKe, KaAMHPOBAHHE H T. 1.).

3. 3nexrpomeranayprusi. [Iyrem siekrponusa pacnnas-
JIeHHBIX pYL NOJYHAIOT a/IOMUHHHA, HATPHH, Maruui, Oepdi-
aufl 4 HekoTopble ApYTHe MeTasiel. Haupumep, cupbeM A
TOJYUCHHS] ANHOMUHHA CiyXKAT OOLIYHO OOKCHTH — MHHEe-
panul, cojepxauiue rAHHOo3eM (AlO;). B kauecrBe aqeK-
TPONOB TPHMEHAIOTCS YrosibHbie fIiacTHHL. Pyla nopaep-
JKMBAETCA B pacljaBieHHOM COCTOSHHH 3a CUeT Temna, BB
ZeqIsieMoro mpH IpOXOXJeBHHE TOKa.

DAEKTPONH3 TNPHMEHAIOT TaKXke MLIA padHHHPOBAHHA
(T. e. ouncTKH) Meranion. Hus 3T0ro #aacTHHA H3 OyHIHAe-
MOTO MeTajsla BKAKYaeTcs B KagecTBe aHO/1a COOTBETCTBYIO-
IieH JEKTPONHTHUECKOH BaHHBL. SJIEKTPOJHTOM CJAYXKHT
pacTBOp COJIH OuHliaeMoro Meraadia. [IpH naljexaiteM Bel-
Gope HanpsXKeHHs BHCIATHCA Ha KaTofe OyleT TOJBKO
INAHHBIH MeTa/Jl, a NPHMECH BHIAAYT B BHAe ocanxa. Takum
nyTeM NOJAY4aloT, HanpHMep, OYeHb GUHCTYI0 Meib, KOTOPas
HasHBaeTc MIEKTPOJHTHUECKOH, :

4. daexTpoluTHuecKas NMoauposKa. KoauuecTeo Belle-
CTBA, OCAXKJAIOUIErOCH HA SASKTPOLE HAH NepexQfdllerc ¢
3JEKTPOAAa B DACTBOp, MPONOPIHOHAJILHO HJIOTHOCTH TOKA,
¥ BHICTYNOB, KaK MHl 3HaeM, HanpseHHOcTh noia E Gofbs
e, CAelOBATEAbHO, B ITHX MecTax OoJbllie H MJOTHOCTH
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TOKa; BO BNajk#ax NJIOTHOCTb TOKA, HamnpoTHs, OLBaeT
Menbile. Ilostomy, ecanm M3kesNve ¢ iIepoXoBaToll NOBepx-
HOCTbIO CHeJaTh aHOACGM COOTBETCTBYIOWIUM O0pasoM Bhl-
GpaHHOl 3JICKTPOJMTHUECKOH BAHHDLI, TO ¢ BHICTYIIOB GyaeT
AepexoiNTh B pacTBOp GoJblUe MEeTajja, ueM H3 BOAAHH, H
IepoxoBaTOCTH OyAyT crnaxusaTecs, Ha stoM npumuMTNE
OCHOBBIBRETCA 3/ICKTPONOAHPOBKA METANIOB,

‘ 5. Noayyenne raxelodi soabl. Tsmenoit Bonoit (D,0)
Has3hiBaeTcn BOJ&, B KOTOPOil aTOMBI BOAOPOZA 3aMelleRnl
aToMaMd Jeftepun (D) — uaoTona Bofopoia ¢ aTOMHBIM
BecoM 2. Taxenans BoAa TMPHUCYTCTBYET B HeGOMBIIOM KO-
yecTBe B 00blyHOH Boje. Monn D* ofaanarr menbinel noa-
BHKHOCTBIC, yeM HoHu HY [T03TOMY B BHASASIOMIEMCH NpH
3EKTPOIH3E Tase THKeAbd BOAOPOJA NPHUCYTCTBYET B OTHO-
CHTEJALHO MeHbilieM KOJHYecTBe, YeM B HCXOAHOH BOAE; B
JIEKTPOJIHTE e KOHUEHTPALNHS TAXKEeNOH BOAR NOBbIIaeTCs.
Ecin npoHsBOARTL 3JeKTPOJH3 JIOCTATOUHO ROJIIO, MOMKHO
NMOAYYHTh BOAY C BHICOKHM COASPiKaHHeM Moderya Di0.

6. JnekTpoanTHueckHe KOHZeHcatopwl. Ecau B pacTeop
GopHoil menouwt {cmecd GopHOHW KHUCAOTH H aMMHaka) mo-
FPY3HTh ATIOMHHHEBBIE 3JeKTPOAR H NPHJQOKHTbL K HAM Ha-
nprxKedHe, T0 aHOA GRICTPO NMOKPLIBACTCH OUYEHb TOHKHM He-
NPOBOAAUINM CA0eM OKHCJAOB AJIOMHHHS, H TOK NpeKpa-
ulaerca. Msonupywownil crofl nmoamep:ueBaetcs 3a cuer
3JEKTPOJIH3a W TPH H3IMEHEHHH NOJAPHOCTH Hcuezaer, Ta-
KuM of6pa3oM, aHOL H 3AEKTPOAUT OKa3LIBAIOTCA pasfieneH-
HBIMH TOHYAHIDHM CJQeM H30JRTOpa M o6pasyioT XoHaeHCa-
TOp BecbMa GONbINON eMKOCTH (eMKOCTh KoHfencartopa ol-
PATHO MPOTIOPLHOHAABHA PACCTOAHHIO MEeXIY oOKRAANKAMH).

B «cyxux» 371C¢KTPOIHTHUECKHX KOHAEHCATOpaX 3JCKTpo-
JIUT H3TOTOBJAAIOT B BHAE I'YCTOH MacTLl M MPONHTHIBAIOT HM
GYMa’kKHYIO TPOKIAAKY, NOMeNlaeMylo Mexay oOK/aalKaMmH.
[Toao6uble KoHAeHCaTOpH npH HebOJALLIHX pasMepax obaa-
H410T eMKOCTBIO TOpPAAKa coTeH MUKpodapax. [Tpu ux BKmo-
qYeHHH HeoOXO[HMO CTpOro co6awaaTh GO03HAUEHHYIO 1O-
JAspHOCTb. Ecny s/eKTpoj, ¢ o6pasoBaBIIHMCA HA HEM CJI0EM
OKHCJ1a NOAKIIOUHTE K MHHYCY uHenH (1. e. B OOpaTHOM Ha-
npaBiAeHHH), TO H3OJAHPYIOUIHH CHOH HCYe3HeT H CHIA TOK4
Pe3KO BO3PAETET, YTO NPHBEJET K Pa3pyWIEHHIO KOHAEHCA-
ropa. Kaxanii Takofi KoHjeHncatop OblBaeT paccuHTaH Ha
onpefe/eHHOe NpeAedbHOE HANPsXKeHHe, DPH NpeBLILCHHN
KOTOPOTrQ H3CHHPYIOUHEA cigil npoGHBaeTca M KOHIAEHCATOP
BHXOJHT H3 CTPOA,



FTTABA XIV

SNEKTPHYECKHH TOK B 'A3AX

§ 84. Buaw razosore paspsaa

[TpoxoxaeHHe 3JMEKTPHUSCKOTO TOKA UEpe3 rashl yasbl-
BacTCE T@30BHI M Pa3pajgom B Merannax, nonynposoj-
HHKAX 4 JEKTPOJHTAX HOCHTEJH TOKa CYHIeCTBYIOT BCETRA,
He3aBHCHMO 0T MPOUEcCcoB, CBA3AHHHIX C NPOXOAACRHeM
TOKA; 3/IEKTPHUECKOe MONe AWML OGYCJAOBIMBAET YNOPAAO-
ueHHOe ABMIKEHHE HMewIlHuxcs 3apsagos. [asui B HOpMans-
HOM COCTOAIHHM SABJAITCH M30JATOPAMH, HOCHTEAH TOKA
B HUX OTCYTCTBYIOT. JIHIL npH CcOOAIOIEHHH CHEUMAbHMX
YCJIOBHH B razax MOryT MOsiBHTLCH HOCHTENH 3aPAKOB (HOHM,
3JeKTPOHbL) W BO3HHKAET IJICKTPHUECKull paspsii.

Hocuredin T0Ka B ra3ax MoOryT BO3HHKAaTb B PE3y/AbTATC
BHEUIHUX BO3LeHCTBH{l, He CBA3aHHBIX C HAJNUYHEM JICKTPli-
eckoro noas. B sToM caydae TOBOPAT 0 HECaMOCTOA-
TEABHOW OPOBOAHMOCTY rasa. HecamocrosTenbnmit
paspsa Moxer ObiTh Bbl3BaH HarpeBaHHeM rasa Jo Bbl-
cOXoH  TeMmepaTyphl  (TepMHUecKad HOHM2ALHA), BO3-~
ZeHoTBHEM YALTPa(UOACTOBLIX HJM DEHTreHOBCKHX Jyuefi,
a TaK¥e BO3H€ﬁCTBH€M R3JTYHEeHHHA PaaHOAKTHBHEIX
BeLeCTB.

Ecnn HocHTENH ToKa BO3HMKAKT B pe3yabTaTe Tex mpo-
1LeCCOB B rase, KoTopule 06yCNnoBAenbl NPHIOKEHHBIM K rasy
SJCKTPHUECKHM NOJIEM, IPOBOANMOCTL HA3BIBAETCA CaMo-
CTOATEAbLHO N,

XapakTep Ta30BOro pas3pajfia 3aBHCHT OT MHOMKECTBa
(akropos: OF XMMHYecKOH TPHPOAL rasa H 3JeKTPOAOB, OT
TeMueparTypel H HapleHuA rasd, OT $OPMB, PABMEPOB H
B3aUMHOTO PAachONOKEHHS 3JIEKTPOAOB, OT HANPAKEHHA,

2) N. B. Camenres, 7, J! 305



TUIOTHOCTH H MOIUHOCTH ToXa H T. n. [Tostomy rasophmiii
PA3pAA MoXKeT HPHHHMATh BecbMa pasHooOpasuble (GopMbL.
B 4acTHOCTY, OH MOXET COMPOBONKAATBCHA UBEUEHHEM H 3BY-
KOBBIMH 3(dreKTaMy — IIHTEHHEM, IIOPOXAMH H TpPECKOM.

§ 85. HecamocrosTeaphmii ra3oBuIi paspsg,

ITycTs ras, HaxopdLMACA MEXIY IVIOCKHMY Napajiiielh-
HHIMH 3MeKTpogamu (puc. 182}, mojpepraeTcd Henpepuis-
HOMY NOCTOAHHOMY TI0 MHTEHCHEHOCTH BO3ZelCTBHMI0 KaKoro-
Au60 HOHH3KPYIOLNETre areHTa (HampHMep, DERTICHOBCKHX
ayueft), JleficTBHe HOHM3aTOPa MPHMBOOMT K TOMY, YTO OT

HEKOTOPHX MoOJeKya razal!} oTwenaser-

cfl OfNHH MM HECKOJbKO 3JEKTPOHOB, B

H pe3yiabTate Uer0 STH MOJEKYJIH Iipe-

BpaIlAOTCH B MOJOXKHTENBHO 3apAIKeH-

& Hble HOHSl. [IpH He OueHb HH3KMX ZaB-

e - JEHHUAX OTLIENHBIIHECH 3EKTPOHEL

OGLIYHO 3aXBaThIBAIOTCA HEHTPAJLHLEIMH

e MOJIeKY/1aMH, KOTopble TaknM o0pasoM

CTAHOBATCA  OTPHIUATENALHO  3apANKEH-

HEMH HOHaMi. UHcAo map HOHOB, BO3-

e HHK2IOUMX TOA AeHCTBHEM HOHH3aTOpa

3a CeXyHAy B enHHHIe obbema, 00603HA-
—-—{I—@— uuM uepes An;.

Hapagy ¢ npoueccoM HOHH3AUHH B

Puc. 182. raze GyaeT NPOHCXOJHMTL PeKOMGHHAalus

HOHOB (T. e. HeHTpaJu3auus pasHo-
HMEHHbIX HOHOB NPH BCTpeYe HAH BOCCOE/HHEHHE NOJOMKU-
TeABHOTO MOHA W 3JeKTPOHA B HEHTPaJbHYI0 MONERydy).
KonuuectBo pekoMOHRHPYIOIIHX 3a CeKYHLY B efHHHLE
ofneMa nap HOHOB Afy, KaK H B caydae JeKTPOJHTOB [CM.
dopmyny (79.2)], NponopuUHOHANBHO KBAAPATY UHCHA HMEIO-
IUXCA B efHHHNE ofbeMa map HOHOB .

An, =rn? (85.1)

(r — k03bdHIHEHT NPOMOPHHOHANBHOCTH).
B cocTosiHME paBHOBecHA An; HoAXHO ObITh paBHO Af,

T, €.
Any=rn (85.2)

1) AtoMn Ml Takke OyAeM CUHTATh MOJCKYAaMi (OZHOATOM-
HLIMH}.
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OTciofa AN PABHOBECHOR KOHHEHTPAUMRA HOHOB (wdcna
nap HOHOB B elHHHLE o0beMa) MoayuaeTcs CAEAylOllee
BBIp dKeHHe: o

n=1 2%, (85.3)

[Ton pmefieTBHeM KOCMHUCCKOrO H3JydYeHHWsl W cJeloB pa-
OHOAKTHBHEIX BeELIECTB, HMEIOWIHXCA B 3eMHoH Kope, B ar~
MocdepHOM BO3JAYXe BOSHHKAeT eXeCeKyHAHO B CpelNHeM
HECKOALKO nap noeoB B 1 cad HOaA Boapyxa kozbduuueHt
r=16:10"° cu® - cext. PaBHOBeCHas KOHLEHTPALHA HOHOB
cocrasager npuMmepHo 10* em-®, Dta KoHueHTpauuda Hedo-
CTATOYHaA JAJA TOTO, 4r06H oOYyCJAOBHTL 3aMETHYIO NPOBOJM-
MocTb, UMCTHIE CYXOfi BO3RYX, XaK H3BECTHO, SBAHETCH
0YyeHb XOPOUIIMM HIOAATOPOM.

Ecnu mozare HanpsimeHHe Ha 3MEKTPORB, TO VOHIIBL HO-
Hop Oyzer NPOHEXOAMTL HE TOABKO BCJAEACTEHE DeroMGu-
HaiHH, HO M 3a CYET OTcachiBaHHs HOHOB NOJEM K 3JeKTpo-
naM. [ycfe ua eaHHBLB 00beMA OTCACHBARTCS €XECeKYHIHO
An; nap noHob. Eeau sapsif KaxAoOro Houa e’, To HeATpaJH-
3aUMA Ha.9JNeKTPORAX OAHOR NMapH HOHOB CONPOBOXKIACTCH
NEPeHOCOM TO Lfeflh 3apsafa, paBHoro €. Kaxaylo cekysay
JICHTPOAOR AOCTHrawT An;SInap novor{S — naomans saex-
TPOAOB, ! — paecTofiHMe MeXEy HHMH; S! paBHO o6BeMYy
MEeX3AeKTpoAHOTG npocTpascTsa). CAefoBaTeNbHO, CHIa
TOKa B LIeNH pasHa:

= e Aﬂ]Sl;
OTCIOHA j
Any = e,‘s (85.4)

rae j— IOTHOCTE TOKa.
Ylpu sanuuuu ToKa yCIOBHE PABHOBECHS LOJKHO ObITh
JaAMHCaRD C/eLYyIoIHEM ofpasoM:

Ang == An, 4 Any.
TlogeraBuB cioxa Buipamenus (85.1) u (85.4) mas An,
M Anj, NOJAYYEM COOTHOLIEHHS

Ang=ru? + -1 (85.5)

Bumeere ¢ 1eM oA TAOTHOCTH TOKA MOXeEr OLITL Hamny-
CaHO BLIpAXKEHHEe, aHaJorMYHoe  Bhipaxenwo (82.2) nns

INERTPONHTOB:
]“en(u +ug) Ey (85.6)

2G5 307



TAe 4y W 4y — NOABUMHOCTH MOMOKHTENbHBHIX H OTPUuA-
TeTbHEIX HOHOB, B 3TOM BhIpa)KeHHH A fBAFETCHA, KaK 3TO
cnenyer n3 cooTHomweHds (85.5), QyHERuMedl j, T. e. B KO-
HeyHOM cueTe ¢yHkuuei E.

Hckaoune # v3 Bhipaxenuit (85.5) u (85.6) u pemus
1oJyuamieecs KBajpaTHOe ypaBHEHHE, MOKHO HaHTH A7d
j cAelyromyn (opMyay:

" (ug +ug ) dAn,ri?
_ ) ‘/H__fza_:__, @5.7)

2rl (g +ug ) E

(BTOpoe pelleHHE OTPHUATEABHO H JOJKHO OLIT OTGpoO-
LIEHO KaK He uMenulee (PH3HUECKOrO CMBIC/IA).

PaccmorpeM cayuyak caAalbbHX M CHABHHIX [OJER.

1. B cayuae crabuix noJaeh naoTHOCTL TOKA ByaeT oueHn
Maja M caaraeMbuiM jfe’l B cootHowennu (85.5) moxHO npe-
HeGpeub o cpaBHenuio ¢ rn? (370 osnadaer, 410 yOLUIL
KROHOB H3 MEM3JeKTPO/JHOr0 MPOCTPAHCTBA MPOHCXCAHT B
DCHOBHOM 3a cyer pekomGuuanun !}). Toraa (85.5) mepexo-
Jjut B (85.2) M a5 paBHOBECHON KOHIEHTpPANUR MOHOB NO-
ayuaercs pupaxcenue (85.3). IlopcraBass sTo 3Hadenue n
B (85.6), nosyuaem

s An )

j=¢ ]/Ti (v +uy)E (85.8)
{312 dopMyaa monyuaerca H3 (85.7), ecau nperebpeus exu-

" 4An;r®
HHUeHl M0 CPABHEHHIO C .
(a5 +ug P E
Muoxurenrs npy E B dopmynre (85.8) mwe zamucur ot

HanpsUKeHHOCTH noas, CleloBaTenbio, B caydae ciadpix
fHoJell HecaMOCTOATENhHBIH Ta3oBHIH paspajl NOOUHHAETCSH
sagoRy Owma.

TlonBHXHOCTL HOHOB B razax ropaspo Gonblie, uem B

~4 M/LEK
SJAEKTPOJNMTAX — OHa HMeeT BeJHUMHY nopanka 10 1 _sfoen

6ln
CMICER
(l —ﬁ}é’;ﬂ—) Hekoropble HoOHB, HAa3HBaeMLle HOHaM¥u
JlanxkepeHa, obranaior B 100—1000 pas Menburef non-
erxuocTe0. OHH mpeacTaBaAsfioT coGoll oOLIYHEIN HOH, CO-
eAUHUBIUKACA ¢ NBIABHKOH, KAmenbpKoH BOZHL W T. I

) Takoe e COOTHOINGCHWe ME@NLY KOJHUECTBOM PEKOMOHHMPYIO-
[#X H KONHYECTBOM OTCACHBACHMEIX [OJEM HOHOB HMCET MECTO ¥y 3/IeK-
TPOAUTOR.
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Tlpu paproBecHol xonnentpauuun n = 10% u-2 = 0% caud
M nanpaxeHHocTd moas E = 1 8/m naotnocrs Toka cornac-
no ¢opmyne (85.6) cocrasnr

ji=1,6-107". 100107 + 107 . 1~ 10" " a/a’ = 107 afcs’

{HOHHK MBI CUMTAJH OZHO3APFALHBIMH).

2. B cayuae caawnuIx nojed caaraempim rn? B dopMmyne
(85.5) moxno npenebpeub no cpasHeruio ¢ j/e’f. 2To oana-
4der, 4TO NPAKTHUYECKH BCE BO3HAKAKILHE WOHBL JOCTUTAKT
3JeKTPOJOB, HE ycmeB pexoMOuuuposars, Ilpu atom ycjo-
BUH cooTHowrenue {85.5) npuuumaer Bux

i
Any = e'l?
OTKYZAa

j=¢An; -1 (85.9)

(3To BHpaXkeHHWe MOXHO NoAvuuTbh u3 (85.7), npeobpaso-
y f— 1
EaB. KOpeHh [0 PopMyie Vit~ 145 x, cnpasepns-

BOM IIpH ManAbiX X).

MnoTtHotTs Toka (85.9) co3paeTcd ECeMM HOHAMH, no-
POXAAEMBIMA HOHH3ATODOM B 3aK/OUCHHOM MEXIY 3JeK-
TPOAAMH €TOJ0E Tra3a ¢ eAHHHUHBEIM MONEPEUHLIM CEYEHHEM,
CaenosaresbHO, 3Ta IIOTHOCTL TOKA dijaserTcs HaHGoabmeil
HpH Ra#HOit HHTeHCHBHOCTH. MOHH3aTOpa K BeJMUHHE Mex-
3JeKTposnoro npomexytka !l Ee HaswBalwT NJAOTHOCTHIG
TOKAa HAaCHIULEeHBHA [iac.

BHMHCANM  frae OPH  CAEAVIOINMX  VCIOBHAX: AR =«
= 107" M3 =10 cu~® (nanomuwnm, uto B aTMocdepHoM BOZ-
Ayxe fipH oOLIYHDIX YCAOBHAX BO3HUKAET eMeCeKyHJHo B
KaxaoM KyOHuUeCKOM caHTHMeTpe HecKOJbKO Hap WOHOR),
I=01 s (10 cu). I1o dopmyne (85.9)

e =1,6-107".107- 107"~ 107" a/s’ = 1077 ofcad.

DTOT pacuer NOKa3biBaeT, 9TO0 NPOBOJMMOCTb BO3AYXa
B OOBIUHEIX YCJAOBMAX HHYTOXHO MaJja,

I'padur dynriuu (85.7) nzobpaxen na puc. 183 (cnaom-
nafa kpusaf). [Ipu pocraToudo OGONBIIHX 3HAUCHHAX Hid-
NPAKEHHOCTH TOJA TOK HAYHHAeT pe3Ke BO3pacTath (CM.
OYHKTHPHBI YuacTOK KpHBOR). D10 oODACHAETCA TEM, TTQ
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nOpOXJaeMule BHEUTHHM HOHH3ATOPOM 3JeKTPoHH !} 3a Bpe-
ma cBoBoAHOrG mpofera YCHEBAKT MNPUOOPECTH SHEPFHIO,
JAOCTATOMHYIO AJis TOTO, YTOOH, CTOMKHYBIIHCH C MOJEKY-
Jof, BHISBATH €€ MOHM3ALMK (MOHM3anua yaapoMm). Bos-
HAKHIHE IIDH 3TOM CBOGOJfible 3JeKTPOHbL, PA30THABIHCD,
B CBGI0 oOuepeflb BHI3WEBAIOT HOHM3auuio. Takum obpasom;
OPOHCXOJIHT JaBHHOGOGPA3HOe pa3sMHOMKEHHE NePBHYHLIX HO-
_ HOB, CO3/LAHHBIX BHELIHWM HOHH-
J ; 3aTOPOM, H yCHJIeHHe pa3pai-
! Hore toka. O@HaKo npoiecc He
/  yTpaudBaer xapakTepa HecaMo-
ey - CTOSTEABRHOTO pa3psja, TaK Kak

noche npekpallleHus geHCTBHS

BHEUIHEr0 MOHH33aTOpa paspif

NPOAOMXKAETCA TONBKO [0 TeX
7 Top, floKa BCe 3NEKTPOHB (mep-

BHYUHLIC H BTOPHUHEIE)HE NOCTHI-

Puc. 183, HyT anoma (3ajdHss rpaHuLa

NPOCTPAHCTBE, B KOTOPOM uMe-

10TCSL HOHM3HPYIOUIME YACTHIB — 3JIEKTPOHB], MepeMeLlaeTcs

K aHoay). Jlas Toro uroObl paspsap cTaj caMOCTOSTENBHEIM,

HEOGXOJHMO HaJMHuUAe [IBYX BCTPeUHHIX JIABKH HOHOB, UTO

BO3MOXHO TOJBKO B TOM CAyvae, KOrAa HOHH3aUMIO yAa-
poM cnocoGHLl BbI3BATL HOCHTENEH OOOHX 3HAKOB.

BeceMa BaxHO, uTO HecaMmMocTosfTeNbHble pa3pagHLe
TOKH, YCHJISHHBIE 3a CYeT PA3MHOXKEHHS HOCHTeJER, mpo-
GOPU¥OHANbHLI YHCJY NEPBHYHEIX HOHOB, CO3XABAEMBIX
BHEIUHHM HOHM3ATOPOM. JTO CBOACTBO pPaspaga HCMOAb-
3yeTc B NMpPONOPLHOHANBHBIX CYeTYHKaX (CM. CHASLYIOUIH#

naparpag).

§ 86. HonuzauuoHHbIE KaMepbl H CYSTIHKH

JefcTBHE HOHH3AUHOHHHIX KAMEQ H CUETUHKOB — NpH-
Gopos, npuMensieMbIX AA5 OGHAPYIKEHHS H CueTa sjepHbIX
YACTHL, a4 TaKKe JJf H3MepeHHA HHTEHCHBHOCTH peHTre-
HOBCKOTO H TaMMa-H3/1yyYeHHf, OCHOBAHO HA HCNOJIb30OBAHHU
HeCaMOCTOATCABHOID Ta30BOTQ paspﬂ,ma.

IlpuAnMnHaNbLHAS CXeMa HOHH3ANHOHHOH KaMepH H cyer-
uuKa oAuHakoBa (pHc. 184). Orauyaiorcs OHH JNHIIB pexH-

_ ') Boneacrsme Goabmofi KAuHE cBOGOXEOTC npodera saexTPOHH
panslie NpHOGpETaOT CnOcOGHOCTh BRIILIBATH HOHE3AUMIO, MEM ra3osBue
HOHH,
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MoM DPaBoTLl ¥ KOHCTPYKTHBHEIME ocofeunoctaMu. CueTunk
(puc. 184,6) cOCTOMT M3 LMAHHAPHUECKOTO Kopnyca, No
OCH KOTOPOTr0 YKpemJen Ha H30JATOPAX 3JMEKTPOL B BHAE
TOHKOM uuTH (amon). Bropuim asektpogom (xaTomoMm) cay-
XKHT Kopriyc cyerudka., Huorna cueryux saxiaiouaor B 060-
JAQUKY K3 CrTeknia. JIf BIOyCKa HOHH3MPYIOLIHX 4acTHIL B TOP-
Ile CYeTYHKA JAeNaeTcs OKOUWKO H3 aJOMHEHeBOH GOoaAbrd
HJIY H3 CIIOIBL. HEKOTOPHE YaCTHLURLI, a4 TAaXXKe PEHTICHOB-
CX0€ M TaMMa-H3Jy4YeHHe TPOHHKAIOT B CUETYHK HJIH HOHM-
3alHOHNIYI0 KaMepy HeNOCPeACTBEHHO uYepe3 HX CTeHKH.

1
2
.. WSS RS
& : g3 §§
= ! P §3
X

T

&

Puc, 184,

Honusaunonnas xamepa (puc. 184, a) MOXeT UMETL 3JeK-
TROAK pasuoit ¢opmbl. B wacTnocTH, onn Moryr GnTh Tas
KAMH e, KaK y CYeTuHKa, aubo uMers QopMy IMIOCKHX
napamjeibebiX IIACTHH W T. 1L

IlpeanosioskuM, 9TO B NPOCTPAHETBO MEMAY 3AEKTPO=
xaMn BARETRET GBICTPaA a3apaxedHana yacTuua (HafnpuMep,
o- a4 P-uactuna), Koropad coafaer Ny Hap nepBHUHBIX
HOHOB (3RERIPOHOB It NOJOXHTETbHHIX HOHOB). BosHmkuine
HOHBM YBACKAIOICH NOJAEM K 3IEKTPOJaM, BCASACTBHE Uero
uepes CONPOTHBIEHHe R MPOXOMHT HEKOTOPHI 3apsn g, Ko-
TOPHE MH GyAgM BA3LBATL HMOyascom Toka. [a piec. 185
npHBeReHa S3BRCHMOCTS HMIYABCA TOKAa § OF HanpsAxe-
rust U Mexay snexrporamH ARA JABYX DPASNHMHBIX KOJH-
YeCFS TEPBUYHEIX HOHOB N, OTJIHUANINMXCH RO BelJHUHHE
B 1pu pasa {Np = 3Ny). Ha rpaduxe MomHO BBHUIEAHTEH
ecTs 00OsHAYCHHEIX PHMEKRMH uudpaMu pasanuHox ob-
aacteit. OGqacr { u I Gpui moApoGHO [FACCMOTPEHB! B
npeabiiyiler maparpade, B uacriocrn, ofaactes /1 ects
ofnacTb TOKA HACHUIEHUS — BCE CO3JAHHBIE HOHH32TOPOM
HOHbl JOCTHIAIOT 3CKTPOAOB, He YCHEB pPeKOMOHHHDOBATDH.
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EcrecTBerHBo, 4TO NpH 3TOM YCHOBHH HMAOYJILC TOKa He 3a-
BUCHT QT HaNpPHAKEHHs.

Haunnaa co snauennn Hanpsxenus Uy noae jlocruraer
TAKOH BEJIHUMHLL, UTO 3JEKTPORM IOAYYAIOT BO3MOKHOCTDL
HOHH3HpOBaTh Mosekyanl yAapom. [lostoMy konmuecTro
1EKTPOHOB H MOJOXKHTENbHHX HOHOB JaBHHO0Opa3HO Ha-
pactaer. B pesynbTaTe Ha KaKAbfi H3 3JeKTPOJOB momna-
aaer AN, nonoB. Beanunna A HaspiBaercst KOs PHIHeE H-
TOM Tas3oBOTo yYcHJAeHHdA B obractu {/{ ator Ko-
3(OpULHCHT He 3aBHCHT OT KOJHYECTBA MEPBHYHBIX HOHOB Ng

4
i
! i
4
| ' :
! ]
N
! Lo
VRN AN/ SRV AR AN
) ] [ ' 1
E%g--: ’ 1 : i
oy o L
77 Yy lf
Puc. 185,

{(vo sasucur oT Hamnpsenusi}, [lostoMy, ecad noafepxu-
BEATb HanpaXKeHHe MOCTOAHHBIM, HMIYALC TOKa 6yaer mpo-
NOPIHOHAMNEH KO/MHYECTBY HEPBHYHLIX HOHOB, 00Pa30BAHHEIX
nounaaropom. Obaacte //] nasuBaercst 062aCTHIO KD O-
ROPUHOHAJABLHOCTH, a HanpskeHne Up —noporom
nponopuHouansuoil o6anacrtu Kospduunenr ra-
30BOI'0 YCHJEHHA H3MenfleTcsl B aToil obmacTtH or 1 B Ha-
yane go 10% < 10* B koune (puc. 185 Bmnonuen Ge3a coBuio-
seHHs MacwTaba mo OCH §; BHAEPMKAHO JIHLIL COOTHOIIE-
aue 1:3 Mexay opAMHaTaMH KpHBHX B obnactax {1 u I1]).

B ofmacte [V, nazmipaeMofi 06JACTBI0 WaCTHUYHOU
GPONOPUHOHAJBHOCTH,  KOSQQHIHEHNT  Tra3oBOro
ycusmenns A Bce CuAbHee 3aBHCHT oT Ny, B CBA3H ¢ ueM pas-
AHYHe B MMIYJbCax TOKA, HNOPOKAEHHBIX PA3JHYHBIM KO-
AHYECTBOM [MEPBHUHBIX HOHOB, BCe GoJaplife criaxHuBaercs.

Ilpn HanpsKeHHsX, COOTBeTCTBYIOWMX obnactd V (ee
HaspBalT 06aacThio 'efirepa, a Hanpaxenne Uy —
moporoM 3Toil ©oOxacTH), mpouecc npuoGperaeT xapakrep
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CaMOCTOATENBHCIO pa3zpsana. [lepBHuHElE HOHH JAHEIB CO-
8Jl410T NE€PBOHAYAMbHLIN TOMYOK [Afl €ro BO3HHKHOBEHHS:,
Bennupna uMnyabca TOKa B 3TOH 0GSACTH COBEPIUEHHO He
B3aBHCAT OT KOJHUYECTHBA NEPBHYHLIX HOHOB,

B o6aacrn VI nanpsKeHHe CTONL BEJHKO, 4TO Paapsf,
BO3HHMKHYB, GoJbllie He mpexpaulaercd, [TostoMy ee HA3M-
Bajor 06MacTbi0 BEeNpPepHIBHOTO pa3paga,

Houxzaunonunaa xamepa. HoxusaunoHHOR xaMepod Ra-
sbiBaeTca npubop, paforawmuil 6e3 ra20Baro ycuAeHUs,
T. & [pH HANpPAXKEeHHsx, coorseTcTByOmuMX obaactu /7. Cy-
LeCTBYIOT [BA THIIA HOHU3ALMOHHHEIX kKamep. Kamepw oz-
HOTO THIA TMPUMERAIOTCH AJ7 pelHCTPalMM HMNYJALCOB, CO-
3aBaeMbIX OTACIbLHBIMY YACTHLAMH (HMIYJALCHBIE KAMEDH) .
Breresias B KaMepy 4acTHHA CO3JAET B HEH HEKOTOPOE
YRC/JAQ MOHOB, B pe3yabTaTe Yero yepes CONPOTHBACHHE R
HAYWHAET Teub ToK {. DTO MPUEOLHUT K TOMY, 4TO TIOTEHIHAA
ToukH [ (cM. puc, 184, ) moBHIN4eTCH W CTAHOBUTCH pan-
HeiM (R (nepRoH#Ya/sbHO  DOTEHIHMAN
9TOl TOUKM GhlN TAKOH Ke, Kak U 333eM- ¢
JesHod TouKM 2}, ITor NOTeHNHUAA mo-
CTynaeT Ha YCHJHTEIb H MOCHAe YCHICHHR
NpHBOANT B JeficTBue cuetdoe yerpoir- 71
¢rBo. Ilocae Toro, Kak BCe DOHaBUIHe Ha A R
BHYTPEHHHH 3JAeKTPOL 3apsiini NpolayT <T7V
yepe3 CONpOTHBJACHHe R, TOK mnpekpa-
THTCA M MCTeHUHaa To4ykd [ cHoma cTa-
HeT pasuHnM Hymo. Xapaktep paforThl
KaAMepPH 3aBUCHT OT JJIHTENLHOCTH HMIY- Puc. 186.
Nbca TOXA, BLIZBAHHOTO OAHOW dacTHUed.

UtoObt BLISICHATB, OT Y€ro 3aBUCHT [NPOAOJKHTENLHOCTD
BMIYJabCa, PAcCMOTPHM Ienb, COCTORUIYI0 H3 KOHASHCATO-
pa C n conporusnenus R (puc. 186). Ecam coofimuTty of-
KAajxaM KOHIEHCATOPA pPA3HOMMEHHLIE 3apsajibl BeJHYHHEL
¢o, U€PE3 CONPOTUBJeHHE R TMOTEUST TOK, BC/JASICTBUE Yerg
BeJUYHHA 3apAjoB ¢ Ha OOKJAAJKax KoHieHcaTopa Oyaer
yOLIBaTb. MrHOoBeHHOe 3HaueHHe HANPSIKEHUS, NPHJOXKEH-
HOro K comnpotdapnenu, papuo U = g/C. CnemopaTenbHo,
Cu/Ia- TOKa

= ff]z:'- (86.1)

I
|

¥6uuib sapusa Ha oOxaagkax —dg papna idf. Taxum
ofipasoM, i B ypamHeHuu (86.1) MoXHO 3aMEHHTL depe3
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T - %-. B pesynsTaTe noayuaerca ciaeayloniee nuddepen:

nHaJabHOEe Y[paBHERHE:

_dq _ a9
dt ~RC®

Pasjleann nepeMmennbie, HMeeM
dg 1

== 5 dl.
dyq di
Cornacro (86.1) < = IMosToMy MOXKHO HanucaTh
a _ 1
T = e -‘R_C- dtt

HHTerpuposadre 3TOr0 ypaBREHHA AAeT

Ini= -~ t+Ini, (86.2)

rie uepes Ilniy oGo3HaueHa NOCTOSHHAA HHTErpPUPOBAHUT.
Hakonen, npomotenuuposas (86.2), nonyuum
' t
i==fpe XC, (86.3)

Tlpu ¢ =0 nonyuaerca { =i, Takum oGpasoM, ip npex-
crasnsier cofoll HauaJbioe 3HATEHHE CHJABL TOKA.
H3 puipaxkennsa (86.3) caedyer, 4To 3a BpeMsa

1=RC (86.4)

CHJIa TOK2 yMeHblIaeTcsl B € pa3. B COOTBeTCTBHM ¢ 3THM
pennunHa (86.4) HocMT Ha3BaHHE MOCTOAHHOH Bpe-
MenHn uend, Yem Goablue 3Ta BeJHYMHA, TeM MeAJeHHEE
CNaJaer TOK B UEMIL

CxeMa WOHH3AMHOHHOM KaMmephl-(prc. 184,a) cxoana co
cxeMoft, udobpakennoi na puc. 186, Poap C Hrpaer Mex-
SMEKTPOAHAA €MKOCTb, TOKA3aHHAS HA DPHCYHKE NYHKTH-
poM. Yem GoJabiie conporubienue. R, TeM crikHee Gyaer
NOBHINATLECA HAnpsxeHne TOuKH [ npu AaHHOH CHne TOKa
H TeM, CJAefOBATENLHO, Jjerue oOHapyMuTh umnyasc. Tlo-
3TOMY CONpOTHEJNeHHe R cTpeMsaTcd chenaTh KaK MOXKHO
Goasltie. BMecre ¢ rteM naad Toro, uToOH KaMepa MorJa
pasllelbHo PerHcTpHPOBATL MMIYJILCH -TOKA, NOPOXAAEMbLe
GLICTPO CAENYICIIEMH APYT 3@ LPYTOM %aCTHOAMH, ROCTOSH~
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Has BpeMeHH ZOJXKHAa GuiTb Heseanka, [losroMmy upn Bei-
Gope BelHyMHE R [ HMIYJBCHREIX KaMep TpPHXOAHTCA
uITH Ha gommpomuce, O6wiuno Gepyr K nopaaka 108 om.
Toraa upu € = 10! ¢ nocronnHas BpeMeHH COCTABHT
1072 cex.

Hpyram THOOM HOHH3AUHOHHBIX KaMep SBJAAIOTCH Tak
HA3BIBAEMbie HHTETPHpYyOIMHe Kamepu, B Hux Gepyr R no-
pagka 10'° ox. llpn C = 10-"! ¢ nocrosuras Bpemenu Gy-
ner pasHa 10* cex. B »TOM cayuae uMmyibchl TOKa, MO-
poxiaemple OTAGMBHLIME  HOKH3HDYIOIUHMH  HacTHLAMH,
CAMBAIOTCA M N0 CONDOTHEIEHHI) TEUET MOCTOAHHLI TOK,
BEJHYHHA KOTOPOTO XapaKTepH3yeT cyMMapHblfl 3apsm Ho-
HOB, BO3HHKAIOUWIHX B KaMepe B CAHHHIY BpPeMeHH.

Taxum obGpasoM, HOHH3AUHOHHLIE KaMephl OOOHX THIOB
PAsTHYAOTCA JHIWb BeJMYHHOR noctosnHoit Bpemenn RC.

MMponopunoHaibhble cueTYMKH. HMIy bChHi, BEI3HIBaeMble
OTACNALHBIMH YaCTHILAMM, MOTYT OBITh. 3HAUHTEILHO YCHJEHBI
{mo” 10%3+-10* pa3), ecnn HanpamKeHHEe MEXLY 3JEKTPO-
Jamu nonanaer 8 obaacts /I (puc. 185). Ilpubop, pabo-
TalOWKUl B TAKOM pexRHMe, Has3hBaerTcd NPOINOpPUHO-
HAJbHBEIM CHYETYHKOM. DBHYTpeHHWH 3/1eKTpof CueT~
YHKA IENAeTCA B BHAE HUTH JMaMeTPOM B HECKOJIBKO COTHIX
MHANHMETPA, 3TOT 3JEKTPOJ cAyxHT aHofom. Hanpsaxen-

|
HOCTDH TIONA MEKAY JEKTPOAAMH H3IMCHAETCH 110 3aKOony v

[em. dopmyny (8.8)]; mosTomy BOIH3M HHTH OHa JOCTHTAeT
ocobenno Goawmux sHaueHuit. [lpu pocrtartouno OGoabiioM
~HANPSDKEHHH MEXY 9JeKTPOMAMH /EKTPOHBI, BO3HHKAIO«
nige BOAHIN- HHTH, TPHOOPETAIOT MONX ACHCTBHEM IIOJS SHED=
rHio, JOCTATOUHYI® OAS TOTO, uTOOM BLI3BATh HOHH3AIHIO
MOneKyn yaapoM, B pesyavrare. MPOHCXOAUT <pasMHOXes
HHe» MoHOB. Paamepn ofweMa, B npefenax KoTOPOro npo-
HCXOAUT pa3MHOXeHHe, YBeJIMYMBAIOTCA € POCTOM Hanps-
JKeHHs. B cOOTBeTCTBRH ¢ 3THM pacTeT H Ko3adduuueur ra-
30BOTG YCHJACHHA:

KonnuecTBo NMepBHUHEIX HOHOB 3aBHCHT OT NPHPOAH H
SHePrHH UacTHIB, Bh3BaBileli #MyJasc. [losToMy mo Bejn-
YhHe HMIYJAbLCOB Ha BHIXOJE NPONOPIHOHALHOTO CYETYHKa
MOJKHO PaSAHUNTL YACTHUHE pa3HOH NMPHPOIH, a TAKXe Ipo-
H3BECTH COPTHPOBKY uacTHH OXHOH M TOi e NPHPOAH mo
HX 3HeprHaM.

Iponopunonansastie CHETHHKH MOTYT OPHMEHATHON H QM
cuera HedTpPoHos. B 9TOM cAy4Yae CHETYHK HANOIHAKT
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rasoobpasHeim TpexdTopueThiM Gopom (BF;). Heitporwn
BCTYMAIOT B SILEPHYI pPEaKUHKW ¢ H30TomoM Gopa ¢ Macco-
BoiM uncaom [0 (B'W), nmpuueM BO3HHKAIOT c-UaCTHILI, KO-
YOpBle H BBI3BIBAIOT MEPBHYHYI0 MOHH3ALHIO,

Cuetunxu Felirepa — Mioanepa. Ente Goawlitero ycuae-
HHsl uMnyabca (Ao 10%) MOMHO HOCTHIHYTH, 3aCTAaBUB pa-
GoTaTb cyerunk B o6nactd Fefirepa{oc6racts V Ha prc. 185).
CueTunk, paboT4OWIHA B TOM PeiKHMe, Ha3biBaeTcd cyeT-
unkoM Telirepa—Mioanepa (coxpauenso cuer-
ynkom Fefirepa). Kak yxe orMmeuanoch, paaspii B
5TOH oBMACTH NepexoauT B CAMOCTOSATENBHEIN, INepBHYHEIE
WOHBI, cO3JaBaeMble HOHH3UDYIOWIEH uacTuiel, JHIb «3a-
nyckat» paspsn, [losToMy BeJHUYHHAa MMAV/IECA He 34BH-
CHT OT INEepPBOHAYAJbHON Houusauud., nsa toro, utolul mo-
JAy4aTh OT OTAEABHBIX YacTHI[ pasfesbHble HMOYJAbCH, He-
06x0INMO BOSHHKIIHI pa3pAld GLICTPO npepBaTh(MOracHThb).
310 pocturaercA JAMG0 € NOMOILbX BHEIUHErO COMpO-
TuBdeHHss R (B HecaMOTACSOLHXCH CYeTYMKax),
AN00 3a CYET NPOUECCOB, BO3HHKAWUIMX B CAMOM CUYETUHKe.
B nocienHem caydae CYeTUHK Ha3HBaeTcst caMoracs-
mumcH,

lawenne paspsiia ¢ NOMOINIBKY BHENIHErD CONPOTHBAR-
HHSl ODBACHAETCH TeM, YTO [PH NMPOTEKaHHH 1O CONPOTHBJME-
HHIO Pa3psfHOTO TOKa HA HeM BO3HHKAET §oJblloe majeHHe
HanpsXKeHHa. B pesynbrate Ha MeX3IJIeKTPOAHBI NpoMe:
HYTOK NPUXOLNTCH TOABKO 4YacTh NPHAOXKeHHOTO Hanpd-
JKeHHA, KOTOpas OKa3WBACTCsS HELOCTAaTOYHOH ANA MoAAep-
JHaHHS pazpaAia.

Ilpekpaimienne paspaga B CaAMOTACALLHXCA CUETUMKAX
o0yCMOBJIEHO CIEAYIOLIMMHY NPHUHHAMH. 2DJeKTPoHb obJa-
Raior ropasgo Goubireli (npaMepHo B 1000 pas) nopBHK-
HOCTBIO, YeM TIOJIOZKHTeNbHble HOHHL. IloTOMY 32 To Bpems,
84 KOTOpOE 3MEKTPOHH [OCTHTAKT HHTH, NOJOKHTEJLHLIE
HOHE! IIOUTH HE CABHIAIOTCA CO CBOMX MeCT. DTH HOHLI CO-
3/1210T NOJOXKHTEABHEIH NPOCTPAHCTBEHHHY - 3apsy, ocaad-
NSIOMKE mosie BOAM3M HHTH, B pa3pai mpekpamaercd. [a-
WIEHHIO pa3psia B ITOM CAyYde HpPENATCTEVIOT AOMOJIHH-
TeJBHBIE MPOIECCHl, KOTOPHX Mel He GyleM PaccMaTPHBATE.
Jas ux nojaBneHHA K raldy, 3anoJHAKMIEMY cueTuHK (00n-
HO aprouy}, goGapasiercss MpHMech MHOFOATOMHOTQ OpraHH-
yecKoro rasa (Hanpumep, napos cnupra). Takofl cuerunx
paszfensieT UMNYJALCH OT YaCTHI, CJASAYIOWIHX IPYT 3a ApY-
roM C uUHTepBajaMu mopagka 10-* cex.
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§ 87. Tlpoueccsl, BpUBOAAIWHE K NORBJIEHHID HOCHTENEH
TOKA NMPH CAMOCTOATENRHOM. paspsie

Hocurtenn v1oxa — 3JAeKTPOHBI W MOHBEL — MOTYT BO3HHU-
KaTb TNPH CaMOCTOATENLHOM paspife 34 CUET PAIAMUHBIX
IpOUECCOB, HEKOTOPble H3  KOTOPHIX MBl  PACCMOTPUM
npexae, ued nepefiTH K ONHCAHWK OTA&IBHBIX BHLOB
paspsana.

CroaKHOBEeHUs 9ACKTROHOB ¢ Moaekynramu, CrogxkHoBe-
HHA 3JeKTPOHOB (4 TakKxe HOHOB) € MOJIEKYJIaMH MOryT
HMeTh YIOPYTHI M HeyupyrHii xapaxrep. Monekyna, kak »
4TOM, MOXET HAXOIHTbCA B AHCKDETHDLIX SHEPreTHYeCKHX
cocrosaustx. CocrosiHHe ¢ HaWMEHbLUeH 3Hepryell HashBaeTcs
OCHOBHBIM. JI1 TOro 4YTOOH IIePEBECTH MOJAEKYJIY M3 OCHOB-
HoTo B pasjuuHble BO3OykKJeHHLle COCTOSIHMS, TpefyloTed
onpefenennnie 3nauveHusa sHeprurn Wi, Wy m 1. n. Coobuus
moJsiexyJe gocrarouto Oogbwiyio sHepruio Wi MOXKHO Bhi-
3BaTb €€ HOHH3ALHIO.

[Mepeiing B Bo3OyXieHHOE COCTOAHME, MOJEKY/Ia OOLYHO
npefriBaer B HeM Bcero Juile 1078 cex, noche uerc nepexo-
IHT CHOBAa B OCHOBHOC COCTOAHME, H3ayuad H30OBITOK 3Hep-
r#¥ B BHAe KBaHTa cBera — orona. B HEKOTOpHIX Tak Ha-
3bIBAEMBIX MeTacTalWIbHBIX COCTOSIHUAX MOJEKYJId MOXeT
HaXOAHTbCS 3HAUMTENbHO AoJAblIe — ApuMepko 1073 cex,

{Tpu coyiaapeHdH 4acTHIl KOMAMHBI BHITOJNHATLCA 3aKOHH
COXpaHeHHd 9SHepruH M uMmnyasca. [losTomy Ha mepegavy
SHEPrHM [PH yjlape HaKAaAHBAlOTCH ONpefdeneHHbE orpa-
HMUEHWI — He BcA dHepPrud, KoTopol obaamaer yaapsawooulas
YacTulla, MoxKeT OBITh NepefaHa JAPYTrol uacTHIe.

Ecnu npu cTOAKHOBEHHE MOJIEKYJIe HE MOXKeT OBITh CO0B-
lleHa JHEPrHsl, JoCcTaToYHas LIS ee BO3OVIKIeHHA, cyMMap-
Has KHHeTHYeCKasl SHeprus YacTHI ocTaeTcA §e3 H3MEHeHui
W yRap Oyaer ynpyruM. I[lycTh yacTHia Macchl #1), HMe-
1aA CKOPOCTE Uyo, YAAPAETCA O HEMOABHKHYK (vep = 0) aa-
cruuy maccel #e. Ilpn pnentpanpHOM yAape AOAXKHEL BHIIQJ-
HATLCH YCIOBHA

2
M ”’1”1 €
2

110 g == 11 V) + Mgl

m202

FIe U M Uz — CKOPOCTM YaCTHI] 1ocJe yJiapa.
817



Pewas 3Ty CHCTEMY ypaBHeHHH OTHOCHTENDHO HEH3BeCT-
HEX U; B Uz (cM. T. 1, § 30), noayunm
204ty

Vo = .
27 my+ my

Takrm ofpasom, AAA SHepPrHH, KOTOpad Nepeaaercd npu
YNPYroM yiape BTOpOil YacTHIlE, NOJYYaeTca BLIpaxeHHe
’"2”3 mx’ﬁo 4mymy

AWy =—5—=—3 s Fmg)?

Ecau my € my, 3T0 BLIpamenHe MOXHO NPUOAHIKEHHO

3aNHCATh CJEAYIOIMHM 06pasoM:
mdly  4m Am,

AWY”P::___Q . "?n'g—=-" Wm ""52'2—, (871)

rae Wip— sBeprus yhapawiieics 9acTHUH nepes yAApoM.

Ha gopmynsr (87.1) ciaeayer, uto Jerkas uvactuia (/ek-

TPOH), YIapssAch YOPYro O TAMKEAYIO HACTHIY (MOJeKyay),

cooflaer eff KL Maaylo AOMK CBOETO 3anaca SHEPTHH

m .
(—m' < 1) . Jlerkas vacTHma <«OTCKaKHBAaeT» OT TAXKEJI0OH,
2 .

MOflOGHO MAYY OT CTEHKH, ¢ APaKTHYECKH He Hamensiomefica
0 BeAHYHHE CKOpoCThio. Kak [OKaspiBaeT COOTBETCTBYIO-
IMMH pacyeT, OpH HeUeHTpaNkHOM Yyjape A0AA nepelaHHo
SHEpPrHH OKa3kIBaeTcs elile MeHblIe.

[Ipn mocratouno GONbIIOH SHEPrHl YAAPAIOUIEH YaCTHIEL
(5/1€KTPOHA HAHW HOHA) MOJEKyJa MOXeT OLITh Bo3GyXKieHa
Han HOHH3HpoBaHa. B aToM clyuae cyMMapHas KHHeTHYE-
CKan SHeprHAd YacTHU He COXPAHALTCA — HacTe IJHEPTUU
3aTpayHBaeTCs Ha BO30YHIeHHe WJIH MOHH3ALMIO, T. €. Ha
yBeNMYEHHe BHYTPEHHEH SHEPrHH COYAAPAIOMHEXCT YacTHIL
Taxpue CoyAapeHusi HA3HIBAIOTCH HEYNPYTrHMH CTOJAK-
HOBEHHIMH UepPBOTOPOJ A

Modnexyna, naxonsuascs B Bo30YXACHHOM COCTOSIHHY,
NpH CTOJIKHOBEHHH C npyroﬁ vacranet (3JeKTPOHOM, HOHOM
uId HéATpanbHOR MOJIEKYJ/IOf) MoKeT mepefiTH B OCHOBHOE
COCTOSIHHE, He H3jayuad H20LITOK JHEPrHH, a Nepeias ero
eRTPOHY. B 3TOM cjyyae cyMMapHas KHHETHYeCKas 3Hep-
rHsl 4acTHI mocae yaapa 6yner Gouabite, 4eM go yaapa. Ta-
KHe COYHNADEHHA HAZLIBAIOTCA HEYNPYTHMHE CTOJNKHO-
BeHHY Mu BToporo poaa. {lTepexon MOneryn Ha mera-
cTAGHABLHOTO COCTOSIHHS B OCHORHOE BO3MOMNeH TOJALKO 3a
CueT CTOJKHOBEHHH BTOPOro poaa.
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TIpa neynpyrom €TOJNKHOBEHHH NePEOro PORA YpaBHEHHS
COXPZHEHUA JHEPTHH M HMIYJbCA -HMEOT BHA
2 2 2
Ml _ MW | Ml

m v = mye -+ My,

(87.2)

roe AWy, — ypennueHue BHYTpeHHel SHEPrHH MOAEKYJIH,
COOTBETCTBYIOLEE ee Mepexoly B BO3DyMIeHHOE COCTOsIHHE.
Hekmiouns vy u3 ypabaeHHH (87.2), MOMHO NOAYYHTE

my+my Moy
AW on = 11501403 — "l;;rl —5 (87.3)

Tpu onHOA # TOW Ke CKOPOCTH yAapsIOUIEHCs 4acTHIB
(vi0) TpHpallieHHe BHYTpeHHel 3HeprHH MoOdeRyJAnl AWy
3aBHCHT OT CKOPOCTH U2, C KOTOpOﬂ MOJACKY.1a ABHXEeTCA
nocie yaapa. Uro6s nafitn HanGonbllee BO3MOMKHOE 3HAYE~
HHe AWy, npomuddepenmupyed dyukuuw (87.3) mo vy n
npHpaBHsEM NOIYYHBIUEECH BhIpaXkeHHe HYJI!

d (AW gy) m +m
—'ﬁ = Myl — -—l—'r;]—“i MyUy == 0,
my -
Orciona v, = m vyo-Tloncrapana HafizenHoe 3nave-
HHE Uy B dopMyny (87.3), HaXOAKM, yTO
My ml"'%o
AWBH max = _—‘m_l T, —g (87.4)

Ecny yoapsiollas yacTHLA 3HAUHTENDbHO Jerue yjapse-
2
f m mvuv .
Moit (—n;;i-« 1), MHOKHTEb HpH 210 B Bolpaennu (87.4)
2

6ansck K enunane. TaguM o6pasoM, npu yAape Nerkoi ua-
CTHHE (3/1eKTPOHA) © TAXeaAyo (MOJMEKYJy) TOuTH BCA
SHEPTHA yAapsiowel 4acTHUM MOXeT OuTh saTpayeHa Ha

BO30yXK/eHHE HIK HOHH3AUHIO !) MomeKysbl.
OnHako Aaxe ecaH SHeprHfl ypapsaioilielt yacTHIB —
3JCKTPOHA — JIOCTATOYHG BEJNHMKA, CoyjapeHHe He o64-
3aTeNbHO NPHBOJAT K BOSOYAAEHHIO HJIH HOHH3&UHH

!} B cayuae wonnsauus ypasaenus (87.2) ycAQMHMOTCH, TR KaK
TIOCHE cOYAApeHHA OymeT He ABe YacTHuM, a TpH. Omaxo sakmovenne
O BOSMOMKHOCTH 3aTPATH MOYTH Beell SHEPrHH SMGKTPOHA Ha HOHH3ALHIO
OCTAETCH CHPABCATHBLIM,
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MoJeKysl. FiMeerca onpefeieHHas BepoOATHOCTL OOOHX 3THX
MpoOuUeCCOB, KOTOpAsk 3aBHCHT OT CKOPOCTH, T. €. 3HEPIHR
saexTpona. Ha puc. 187 nokaszam npHMepHHE X0 STHX Be-
poaTHocTelt. Uem. OHICTpee JNETHT 3JeKTPOH, TeM MeHbIIHi
NPOMEXYTOK BpeMeHH B3aHWMOAEHCTBYET OH C MOJIEKYJIOH,
npoteras BOansu Hee. IlostoMy ofe BeposTHOCTH OHLICTPO
' ROCTHralT MakcHMyMa, a 3aTeM C YBeJHYeHHEM 3HepTHH
3MeRTpona  yOupaioT. Kak BuAHO H3 PHCYHKa, 3JEKTPOH,
HMelouAi, HanpPHMEp,
snepruio W', ¢ Goapmed
Bosfywbenns  Hpwesagus BePOSTHOCTBIO GYEET BLI3HI-:
4 BaTh HOHH3AUMIO MOJEKY-
Jbi, ueM ee Bo30yXKIcHHe,
Bropuunas  anexkTpoH-
Has aMmuccua. Bropuuuoft
SJICKTPORHOR 3MuCCHER Ha-
! 3LIBAETCA HCNYCKAHHE 97EK-
g * TPOHOB NOBEPXHOCTHIO TBEP-
JACTro  HJAH HKHAKOMO TeJia
uph  GomOaplupoBKe ee
Puc. 187, 3ICKTPOHAMH HJIH HOHaMH.
OTHowenne uucaa BTOpPHY-
HuEX pjeKTpoHoB Ny kx uncny N, uacTuy, BHaBaBuiNx smMuC-
cHl0, HasbiBaercd Ko3QGdHIEHEHTOM BTODUYHORN
aMHCCUHY

Jepoamuacms nrogscce

THEPEUR FREKTTIIHE

=Y (87.5)

KoadduuHenT BTOpHYHON 3MHCCHE 3aBHCHT OT [IpHPOALL
HOBEPXHOCTH H DOMOapANpYIOIHX e€e YacTHI, 2 TaKkXe oOT
9Hepruy 3THX 4acTHL, CKOPOCTh BTOPHUHBIX 3JEKTPOHOR He-
‘BeJIMK2 H OT SHEeprHd MepBHUHLIX YACTHL[ HE 3aBUCHT.

B cayuae 6oMOapaHpOBKH MOBEPXHOCTH METANJOB 3JeK-
TPOHAMH KO3(pUIHEHT BTOPHYHOH IMHCCHH JOCTHTAE€T MaK-
CHMYMa OPH 5HePTMH MePBHUHHIX 3JEKTPOHOB MOpAAKa He-
CKOJIBKMX COTEH 3JeKTPOHBOLT (0T 200 mo 800 s8 naa pas-
JgAYHEEIX MeTa/noB). Hauboabmine snavenua koadiuiuenta
Smax 3aKA0OUEHH B npegenax ot 0,5 {ans Gepuanua) po 1,8
{naa naatuubl). Lag nonynpoBoAHHKOB Smax MOXKET JOCTH-
ratb ropasiao Goabliux sHauenu# (mopsigka 10). Takum 06-
pa30M, BTOPHUHYI) 3MHCCHIO OT COOTBETCTBYIOLIHM 06pa3oM
roAoGpaHHOA NOBEPXHOCTH MOXKHO UCMONB3OBATH A5 «YMHO-
FCHHTS KOJIHYECTBA SJCKTPOHOBBIYUKe. B 3 AeKTPOHHHX
YMHOXHTEAAX, Npeaokennslx suepssie JI A, Kybel-
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KHM, BTODHYHLIE 3/IKTPOHBl, HCOYLIEHHBIE KaXKALiM K3 RO«
CAEA0BATENbHO PACTIONOKEHHEX 3JEKTPOAOB, YCKOPAWTCA
SJIEKTPHYECKUM NOoneM H 6oMOapAHPYIOT CAenyIOINHE SJeK-
TpoA. C NOMOIIBIO TAKHX MPUGOPOB JOCTHIAETCA YCHIEHHSG
3JEKTPOHHBIX MYYKOB B COTHH pas.

ABrosnekrponnan smuccust. Ecau BGAH3N NOBEPXHOCTH
MeTaja Cco3faTh JEKTPHUECKOe Moje OueHb Gonbluoh Has
npsEeHHocTH (~ 10% 8/cm}, HaGaonaeTcs HCMycKanHe MeKs
TPOHOB, Ha3biBaeMoe ABTOIAEKTPOHHOA (UAH X0+
NOoAHOH) aMHUccHel Dro

ABJIEAMe HHOTIA HAa3HBAIKOT be3 rnosn
TAKXKe BHIPHBAHHEM  3JIEK- yﬂ"’g’gf;ﬁ"'ﬁf N
TPOHOB  BJAEKTPHUUECKHM  I10- SN %,
B HETRITE Jen

JeM. ABTO2JIEKTPOHBAS SMHC- ~
cuA Gplia oGBACHEHA KBAHTO-

poit reopueil. Tlpm wmHamuunuy ————==—f Lumsnoe
CHABLHOIO TMOJAsS NpeHATCTBYl- ———4 G

IME BHIXOAY 3JEKTPOHOB TMO-
TeHIuanbHHA Gaprep Ha I10-
BEPXHGCTH METANIA BHITISAHT Puc. 188,

TaK, Kak noKa3aHo Ha puc. 188.

CorylacHo KBaHTOBOH MeXaHHKe HMeeTcA OTVIHUHAA OT HyJsA
BepPOATHOCTb TOTO, YTO 3/€MeHTapHafd yacihna npohjier ve-
pe3 NOTeHNHANBHBIA Hapbep Aaxe B TOM chyyae, KOTA2 ea
SHEPrHs MeHblie, ueM BHCOTa Gaphepa. YacTuna xak 6ol
NPOXOAHT uepes TyHHeNAb B Gapbepe, B CBA3H C YeM 3TO AB-
JeHHe HA3HBAOT TYHHeJbHL M 3hderToM Bepoar-
HOCTE TyHHeNbHOro 3{deKta pacrer ¢ yMeHhIIEHHEM MM«
puHb Gapbepa. [losTomMy aBTO3/I€KTpOHHAS 3MHcCHA HabA0-
jlaerca Jubib B OYeHb CHABHBIX MMOJAX.

POTOHOHA3AUNA. DIEKTPOMarHATHOE H3TyHeHHE («CBeT»)
COCTOHT H3 3JEMEHTADHBLIX YacTHI — G OTOHOB., JHEprud
doToHa paBHa hv, rae h — nocroannas Il1anka, v — wacTo-
Ta Hanyuenus. POTOH MOxer GHTH NOLJOUIEH MOJEKYJIOH
(cM. cHocky Ha ctp. 306), mpHuYeM ero sHeprusa €ieT Ha BO3-
OyKIeHHe WIHW HOHH3ANMI. B 3TOM cayuae HOHH3ANMA MO~
JeKyJan HasunBaeres GoTtouoHusaxHed Henocpea-
CTBEHHYIO (IpAMYI) (OTOHOHH3AUMIO CNOcO6HO BH3BATh
yabTpaduoaeToBOoe uaaydeHHe. BumuMoe uanyuenue (o6iaa-
Jalollee MeHblIeH yacToTofi) MOXeT 00yc/JOBHTb TAK HA3bl-
BAEMYI) CTYNEHUATyX (QOTOHOHM3AIMIO. DHeprua ¢oToHA
BHIMMOrO CBETAa HeJOCTATOUHR IJIF OTIMEMJIGHHS 3/ieKTPOoHa
oT MoJekyaw. Q£HAKO ee XBaraeT AJA TOTO, YFOGHl
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nepeBeCcTH MOJCKYJAY B OOHO M3 BO3CGYIKAEHHLIX COCTOSHH,
Ja nonH3aUuK MoJeKyJbl, HaxoAauiefics B Bo36yKACHHOM
COCTOSIEHHE, TpeOGyeTcA MeHbIUe HEPTHH, ueM A HOHH3A-
IHY MOJEKYJ/L B HOpMasbHOM COCTOAHMU. [To3TOMY HOHH-
3aliisl MOJAeKyaul, Bo36yxaeHHO! (oToHOM, MOMeET GHTEL A0-
CTHTHYTa 3a CURT €€ COyMapeHus ¢ APYroH MONeKynoH.

B rasosoM pa3spfife BO3MOMHO BO3HHKHEOBeHHE KOPOTKO-
BOJIHOBOTO H3JyueHHs, cNocoBHOTO BBHI3BATE NpAMYl0 doTo-
vouusannio. JocraTtouHo GHICTPHIH SJIEKTPOH MOXKET npH
yiape He TONbKO HOHH3UDOBATD MOJEKYNY, HO H epeBecTH
afpazoBaBlIniicss HOH B Bo30yxAeHHOe cocToanue, Ilepexon
HOHA B OCHOBHOE COCTOSHHE COMPOROMIAETCA HCOYCKaHHeM
H3JyUeHHA MeHblUeH AAHHBL BOJIHE (T. e. Gogbllell 4acTo-
TBI), 4eM V ManyuyewHd HeHTPAIbHOH MOJERyabl. DHeprus
(}OTOHOB TAROrO H3/AYUEHHA [JOCTATOUHA A/ HENOCPEACTBEeH-
ol OTOHOHH3 AN,

Kpome mnepeyucicHHBIX OpONEccOB, B HEKOTOPHIX BHAAX
CaMOCTOATENLHOTO Ta30BOTO Pa3pdja UTpaer GoMblIYIO pob
fiBJIEHHe TEePMOYJIEKTPOHHOH = 3MHMCCHH, PAacCMOTpeHHoe R
§ 75. MMeer MecTo Takke OTO3/NeKTPOMHAN 3MHC-
cHa (UM BHEeWHHHA doT0o3 d dexT), sagmouaroniasncs
B HCTYCKAHUM 3JeKTPOHOB TOREPXHOCTBID METaJNa WAH f00-
NYHPOBOJNHUKA NPH OCBEIIEHHH €¢ CBETOM € JOCTATOUHO Ma-
Joll gauHo# BOMHBL OaHaKo poiu (OTOIMEKTPOHHOH IMHC-
CHH B Pa3/JHYHRIX BUIAX CAMOCTOATENIBHOTO Pa3psiia Mul Ka-
caThea He OyIeM.

§ 88. Fazopaspannas nirasma

TlpH HEKOTODLIX BHIAX CAMOCTOATENBHOrD paspsja cre-
TeHb MORH3aAlHY raia OwlBaerT ouenb OOJABLIWIOR, ['a3 B CUABHO
HOHH3KPOBAHHOM COCTOSHWHK NpH VCJAOBHH, YTO CYMMapHBIH
8apaf EKTPOHOB W WOHOB B Ka®JOM 3/1eMeHTapHOM 00b-
eMe paBeH (MAH IOYTH paBeH) HYJNIO, HasniBaercs! NOJIa3-
MoRl).

[Tnasma npencrasasier cofoli ocofoe COCTOSHHE Beuje-
cTBa. B TakoMm coCTOSIHMM HaXOJMTCA BELleCTBO B Hejpax
CoJtrnia ¥ Apyrax 3Be3l, o0iaZalomux TeMIepaTypolt B fe-
CATKH MHJIMOHOB rTpamycoB. Ilnasma, BOIHHKIIAS Bedel-

Y} [laasmy onpefedfdT KaK CHAbHO HOHHSHPOBAEHYIO XPasHHedi-
TpaibHYw (T. e. MOuTH HeATpanpHYW) CpeRy, B KOTOPO# XaOTHHECKDe
ABIGKEHHE UACTHIL NpeobaajaeT vaL HX HampasJeHHLM [TepeMElleHHeM
10A AeACTBHEM BHEITHETO HMCKTPHYLECKOrO MOJH,
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CTBHE BHICOKO!i TEMAEpaTyphl BEMECTBA, HA3LIBAGTCH B BIC O+
KOTeMOepaTypHOH (WIH wH3oTepMHUeCKOI).
[nasma, BO3HUKAWINAS NPU ra3oBoM paspsaje, HasblBaeTcs
rasopaspaaHoi,

Adnaa Toro 4rTo6H TMI3a3Ma HAXOAHAACh B CTAUHOHAPHOM
COCTOAHUH, HeOOXOAMMO HAJWYHE TPOLECCOB, BOCHOJHSIO-
IHX yOHJIE HOHOE B pe3ynbTaTe pexomOuHanud. B BuicoKO«
TeMIepaTypHOR IlasMe 5TO OCYIUECTBJSIETCSl 33 CueTr Teps
MHYECKON HOHH3al{H, B rasopas3pAjHOA njaisMe—3a cyeT
yAAPHOH HOHH3ALWH 3JEKTPOHAMH, YCKOPEHHBIMH 3/JeKTpH-
yeckuM nojaeM. Oco6yi0 pPasHOBHAHOCTL NJIA3Mbi [IPEACTAR-
Jasier coGofi nonocdepa (oaMR Ha ciioeB atmocdeph). Brico-
Kasl creneHb HOHM3auUHK Mosekya (~1%) nopnepxusaeres
B 3TOM cjyyae 3a cyeT (POTOHOHU3AUHM, OOYCJAOBICHHOH KO-
pOTKOBOMHOBHIM H3Ayuyennem CoJuna.

DJIeKTPOHLl B Fa3opaspamnoll Ma3Me NMPHHHMAIOT yyas
CTHE B JBYX ABHMKEHHAX — B X2aOTHUECKOM ABHIKEHHH C Hes
KOTOPOH Cpeauell CKOpOCTBbIO 7 M B YNOPANOYEHHOM JBilXKes
HHH B HalPaBJEHHH, MPOTHBOMNO-
noxnom E, co cpenmeft ckopos
CTBIO & (ropasjo MeHbinell, ueMm
7). YcaoBHst B NJa3Me TaKOBHY,
YTQ 3JIeKTPHYECKOE MNOJe HE TOJb-
Ko ofycnoBiMBaeT YHOPAAOUEH-
HOe JBH:eHHe 3JeKTPOHOB, HO H
YBEJHUYHBaeT CKOPOCTh # HX Xao- i
THUECKOTO JBHKCHHA.

Tlyers B MOMEHT BKAOUEHHSA Puc. 189,
noafl B rase HMEETCHd HeKo-

TOPOE YHCIO JMCKTPOHOB, CPEAHAT CKOPOCTh KOTOPHIX COOT¢
2

BETCTBYeT TeMmepaType rasa I (—n-;—u- =%kT,). 3a mpeMmsd

MEXJy ABYMA MOC/AEAOBATE/IbHHIMH COYAaPEHHAMH C MOJe-

Kynamp ra3a 9SJ€KTpoH MOPOXOAHT B cCpelHeM myth N

(puc. 189; rpaerTopns 3JeKTPOHA CAETKa HCKPHBJIEHA MO

ActficteHeM cuanl — ¢E). T1py 3TOM noJie coBepiiaer HaJl HUM

paGoty
A=eEl;, (88.1)

rae [; — MpOeKUHs MmepeMellleHHs J€KTPOHa Ha Ranpasie-
HHe CHJTHL.

Beneacrsue coyaapenuii ¢ MoJexyldaMy HaupabJeHne
JABHKeHHA 9AeKTPOHA BCe BpeMs H3IMEHAETCA C/IyUYalHbM
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obpasom. [Toaromy pabora (88.1) A1a OTASTBHBIX y4YacTKOB
TPACKTOPHE HMEeT pPasHylo BeIHYHHY W pa3Hbiit sHak. Ha
O/HUX YYACTKaX MoJie YBeJIHUMBAeT SHEPruio 3JeKTPOHA, HA
ApYruX — yMeHbmiaer. Eciu 6Bl ynopsioueHHOe ABMIKEHHE
JIEKTPOHOB OTCYTCTBOBAJIO, CpejMee 3Hadenue ly, a cJaeso-
BaTeabHo u paboTnt (88.1) Owvio paBHO Hymw, OnHaKo Ha-
nEYKE YOOPAMOUEHHOTO [ABHIKCHHS NPUBOAWT K TOMY, 4TO
cpedHee 3HaueH#e paloToi A OTMHYHO OT HYAA H TIPHTOM
RONOKUTENBHO. OHO paBHO

A=¢eFit=eFi~, {88.2)

Glip

TAe T— CPeAHAf NPOAOIKHUTEILHOCTE cBOGOAHOTO mpofera
anekTpoda {0 <K7). _

CnezosaTeabHO, N0Je B CPeAHEM YBeJNHUHBAET HEPTHIO
afekTpoHa. [IpaBja, 3MeKTPOH, CTOJKHYSILKCE ¢ MOJEKYIOR,
nepenaet efl yacTb coell 3Hepruy. Ho, Kak MHI-BLIICHHJIH B
apeabiayiueM naparpade, aoaa § mepegaHHO® OpH YOPYrom
yAdpe SHEpPTHH O4eHb MaJia —OHa B cpelHeM pAaBHA
8 =2m/M, rne m— Macca snekrpona, a M — Macca Moae-
KyJel '},

B paspewennom rase (h 06paTHO NPONGPUHOHAABHA
A4BJAEHHIO) ¥ IMPH LOCTATOYHO Oosbluoft HANPSKEHHOCTH

2
nois E paGora (88.2) MoKeT npeBOCXOANTE SHEPTHIO 6~m~20— '
NepeflaBaeMyy B CPedHEM MOJeKy/ae NPH KaXAOM CTOJKHO-
seHud. [loaToMy 3HeprHA XaOTHUECKOTO JBHMKEHUA 3JeK-
Tpona Gyier pacTH. B KoHIle KOHUOCB OHAa ROCTHTHET 3Haue-
YeHHs, JOCTATOUHOTO AAf TOre, 4ToOb BozGyAMTD HJAK HOHU-
3upoBaTb Mojekyay. Hauwmhas ¢ 3Toro MoOMeHTa 4acCTb
coylapenHii mepecraer OBITb YNPYroH H COIPOBOKAACTCA
Gonbitoll moTepeil sueprun. IlostoMmy cpeguss AoAf Tepe-
AasaeMoH sHepruy & ysenudHBaeTCH.

Takum ofpasoM, IHEPrHIO, HeoGXONUMYO ISl HOHH3a-
L4H, 3A€KTPOHH TIpHOOPETAIOT He 32 OAMH CBOGOABBIA Mpo-
Ger, a NOCTeNeHHO HAKANIHBAKOT e¢ Ha NPOTANKEHHH psiiaa
npoGeros, MoHM3auus NPHBOANT K BOIHHKHOBEHHK OO0Ab-
ILOro KOJHUEeCTBA 3JEKTPOHOB H NONOKHTEABHBIX HOHOB —
NOABJIAETCA MAasMa.

Y} Cornacke dopmyre {87.1) nupr newrpansHom yrzape § = dm/M.
B cayuae, Koria SJeKTPOH H MOAEKYAa MWL CJAEMKa «3aleBaloT» ApYyr
apyra, & = 0,
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.. DHepTHA 3JIEKTPOHOB NJIA3MHl CNpefeserca YCJIOBHEM,
UTO CpeAHsis BeNHYMHA DAaGOTH, coBepllaeMOil TmoJeM HajR
SJEKTPOHOM 3a ONWH CBOOOAHBIE npober, paBHa cpeaHel pe-
JHYHHE JHEPTHH, OTAABAEMO 2MEKTPOHOM HPH COYAAPEHUH
¢ MOJIeKynoit:

my?

eFq

A
@

(B 3TOM cOOTHOLIEHHH & eCThb CAOXKHasi (YHKUHS CKOpO-
CTH 7). &

OnbiT nokaswiBaeT, YTo AJS IIEKTPOHOE B rasopa3paatoi
1Ja3Me HMMeer MEecTO MaKCBeAJIOBCKOe pacHpefeseHHe 10
CKOpOCTAM. BeneacTeBHe cnaGoro B3aMMOAEHCTBHA 2J1GKTpO-
HOB ¢ MOJeKyldamH (8§ npd ynpyroM yaape oueHb Majo, a
OTHOCHTE/IbH0E KOJHYECTBO HeYNpYIHX COyNapeHHH HesHa-
YHTEIbHO) CpellHsis CKOPOTTE XaOTHUECKOI'D JBHIKEHUS /€K~
TPOHOB OKa3bIBaeTCA BO MHOFO pas OoJblle CKOPOCTH, COOT-
BeTcTByioWefi TeMnepatype raza Ir. Eciu BBecTn TeMmepa-
TYpY 37eKtpoHoB T, onpefenus ee i3 COOTHOLIEHHSA

2

T0 08 T, nosyuaercsa 3HaueHHe NMOPAIKA HECKOJbKHX je-
CATKOB TeicAY Tpaaycon, Otanune Tr u T, CBYAeTeALCTBYET
O TOM, YTO MeXIy VIEKTpOHAaMd H MOJEKYy/J1aMH B rasopas-
PANHON MIa3Me HeT TEPMOAMHAMHYECKOTO paBHOBecHs ').

KoHueHTpauusa HocHTesell TOKA B MJa3Me OYeHb BEAHKA.
TTosroMy nsia3Ma oGadnaer xopouled 3/eKTPONPOBOAHOCTDIO.
[HoABHXHOCTE 3MEKTPOHOB, KAK Y2e O0TMeualloch, NPHMEPHO
Ha TpR nopaika OoJbllle, yeM Yy HOHOB, BCHEACTBHE 4ero
TOK B IJ1a3M€ CO3JAETCA B OCHOBHOM 3J/1€KTPOHaMH,

§ 89. Taewomuii paspan

CaMoctoaTteqbHElfl paspal TPHHHMaeT pa3HooOpasHbie
GOpMBl B 3aBUCHMOCTH OT [HAaBJeHHH Fa3a, KOHQHLYpauuH
3JEeKTPOAOR M MapaMeTpos BHemHel nenu. Puauueckue sB-
JeHnd, KOTOPEIMH COMPOBOXKAZETCA Pa3paj, OUeHb CJAOKHbL
M3l orpaHnuEMCA KpPaTKHM pacCMOTPeHHEM OCHOBHBIX BHJOB
CAMOCTOATE/LHOTO Pa3psia, onyckas paj aerajed.

) B BuicoxoTeMmepaTypHofi nAasMe CPeANAA SHEPrHA  MOJEKYH,
3/KTPOHOB H HOHOB OJAHHAKOBA. DTHM O0bACHAETCH €. [QpYroe Haisa-
HHE — H30TepMHUIECHan,
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Taeomwuit pa3spal BO3HHKAET TPH HU3KHX AABJCHHAX.
Ero MoxHo RHaGawaaTh B CTEKAAHHOH TpyOKe ATHHOA OKO-
a0 0,5 M, ¢ BIasHHBIME Y KOHLOB IVIOCKHMH MEeTAJIHIECKHMHA
saextpofamu (puc. 190). Ha siextpoan nojaercs Hanpa-
xenue nopagka 1000 s, IIpy atmocdepHoM LaBJeHHH TOK
yepes TPYOKY He Teyer. Ecu NORHXKaTh AaBlcHHe B TPYOKe,
To npuMepHO npH 40 A pT. CT. BO3HHKaeT paspal B BUAE
CBETRUNEr0CH M3BHAMCTOTO TOHKOTO UIHYpa, COEAHHANMLIEro

=
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o

B = 1

*—Tﬁ-; .
HEmpdoe nademe ROTEMUaRT

Pue. 190,

aHoZ c KatoaoM. Tlo Mepe TOHMMKEHHUA NaBJCHHA LIHYP YTOI-
maerca H npuGIH3UTeILHO PH 5 Mar PT. CT. 3ANMOJNHAET BCe
ceyeHne TPYOKH — yCTaHABJIHBACTCH TA WM HH pa3pai.
Ero ocuoBgble YaCcTH nokasadkl Ha puc. 190. B6nusu xatona
pacnojaraercs TOHKHI cBeTAliuHics caoHf, BasbiBaeMbulit K a-
ToaNOH cpeTnmelca naedkof 3. Mexay Karonom
¥ cBeTAllelics NJISHKO HAXOAHMTCA ACTOHOBO TeMHOE
npocTtpaunctio 4 [Ilo zapyryio cTopoHy cperauefics
TUIEHKU NOMeltaeTcs ¢1abo CReTAIHACA CI0H, N0 KOHTpacTy
Ka¥yunfics TeMHBIM H HA3bIBAeMbifl KPYKCOBHM TeM-
HbHM NPOCTPAHCTBOM & 3TOT CJIOK NepexOpUT B CBe-
TAGLYI0ca 061aCTh, KOTOPYIO Ha3blBAlT TACKIIHM CBe-
gyendem 2. Bce nepeuHcsieHshle Bbllle <o o8pasylor
KAaTOAHY YacrtTh TJAGOUIEro paspapga.

C rtaerouiry CcBedeHHeM TIPAHHYMT TEMHBIA MpOMEXy-
TOK—papajeeBo TeMHOe mpocTpaHcTBo 6. I'pa-
HHUR MEHKAy HuUMHM pa3MuTa. Bea ocranbias uacTs TPyOku
3aUQJIHEHA CBETALIHMCA rasoM: €€ HasupalT 11040 XKH-
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TedbBHM ¢TonBowm I Tlpu NOHHMEHHU JAaBJACHHS Ka-
TOAHAaA 4acTb paspfAna # apajeeBO TEMHOe NPACTPaHCTBO
paclEpAKTCs, a NOJ0KHTeNbHMA CTOA6 yKOpaunpaercs.
Ipu papreHHn nopsAika | mm PT. CT. HOJOKHTENLHLIH cTONG
pacnafaercd Ha PSA YePeNYIOIHXCA TEMHBIX U CBETJHX
H30THYTHIX CJ0EB —CTPaT,

Hamepenns, nposefeHHble ¢ NOMOLLLI) 30HAOB (TOHEHR=
KHX DPOBOJIOYEK, BHASHHBIX B PA3HBIX TOUKAX BAOJB TpyOe
KH), a Tak¥e APYTHMH MeTOJAMH, NOKa3a/jH, uTO NOoTeHIHak
H3MeHAeTcA BAOAbL TPyGKH HepaBHOMepHo (cM. rpadwk Ha
prc. 190). Iloutn Bce mazeHue HOTeHUHAAa mpuxoawreda HA
NepBEBle TPH YYACTKA pPaspala N0 KPYKCOBp TeMHoe fpos
CTPAHCTBO BKJAIOYATENbHO (KaTOIHOe HDajeHHe MO+
TeHUKada). B ofmacTd Taelonmero cBeyenusa mnoTeRIUadA
He H3MeHdeTcsl — 3[ech HAMPAXKEHHOCTh TOJsi FaBHA HYJIO.
Hakonen, B ¢apaieeBoM TEMHOM MPOCTPEHCTBE H MOJOKH*
TelbHOM cTo/16e HOTEHUHAJ MeAJeHHO pacTeT. Takoe pacs
npejeseHne NOTeHUHA/a BhI3BaHO ofpas3oBanuem B obaa-
CTH KDYKCOBA TEMHOTO INPOCTPAHCTBA IQJI0¥HTEJABLHOTO
MPOCTPAHCTBEHHOTO 3apfAAa, ofyCTOBMEHHOTO MOBLILEHHOR
KOHIEHTpAalMell NONOMHTENLHLEX HOHOR,

OcHoBHble NpOUECCH, HEOOXOAMMble IJs TOLIEpHKaHHA
TJACWIIEre paspsfa, HPOHCXOUAT B ero KaTOOHOH 4acTH.
OcranbHble yacTH paspsfia He CYLIECTBEHHL, OHH MOPYT
Laxe OTCYTCTBOBATH {MPH MA&JAOM PACCTOSHHM MeXLY 3/eK+
TPOLAMH HJH NPH HH3KOM AaBieiH). OCHOBHBIX MPOLECCOB
ABa. 70 — BTOPHUHAA 3JIEKTPOHHAS SMHCCHA M3 KaTOAa,
obycrosienHas GoMOapAHPOBKOH €ro  MOMOMKHTEIhHBLIMH
HOHAMH, W YyAapHad HOHH3ALHA 3JNEeKTPOHAMH MOJCKYA
rasa.

TlonosxurtenbHble MOHB, YCKOPEHHBIE KATOIHHIM NaleHHeM
norennnana, GoMOGapAMPYIOT KaTol H BHIGHBAIOT H3 Hero
3AeKTPOHLl, BTOpHYHBIe 3JEKTPOHBl BHIJIETAIOT' #3 KaTola ¢
HeBOJIbINOH CKOPOCTBIO. B aCTOHOBOM TeMHOM [IPOCTPaHCTRe
OHH YCKOPAIOTCS! 3JeKTpHueckuM nogeM, [Ipuobpera moera-
TOYHYIO SHEPI#iQ, 5JAEKTPOHEl HaUHHAIOT BO30YyXAaTh MOJes
KYAbl I'a3a, B pe3yNLTaTe Yero BOIHHKAST KATOUHAA CBETAY
masca TUleHKa. DJeKTPOHH, TpoieTeBillne 6e3 CTOAKHOBE«
HWH B 0673cTh KpPYKCOBA TEMHOIO NPOCTPAHCTBA, UMEIOT
GOJ/BIIYIO 3HEpPrHIO, BCJACACTBHE Yero OHH yallle HOHH3HPYIOT
MoOJleRyabl, ueM BosOyxpamor (cM. puc. 187). Takum ofpa-
30M, HHTeHCHRHQCTE CBEYEHHMS ra3a yMeHBUIAeTcH, HO 3aT0
B KPYKCOBOM - TEMHOM TIpOCTpaHCTBe oO0pa3syeTci MHOro
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9MCKTPOHOB H NOJOKUTENbHLIX HOHOB. OB6pazopasuiHecs
HOHBI BHAYAJNEC WMEIOT ouYeHb Manayw ckopocrs. [losTomy B
KPYKCOBOM * TEMHOM NPOCTPAHCTBE CO3NAeTCH NMOJOKHTE/b-
Rblfl POCTPAHCTBEHHBIA 3apsj, 4WTO TPHBOAHT K mepepac-
[pefeJeHHIo NOTeHIHaNa BA0Jb TPYOKH H K BO3SHHKHOBEHHIO
KAaTOAHOTr0 NafeHHs TOTeHuHaa.

D/IeKTPOHB], BO3HHKILHME [IPH HOHHIAUMH B KPYKCOBOM
TeMHOM [IPOCTPRHCTBE, BMECTe C TepBOHAYAJbHBIMH 3JeK-
TPOHAMH NPOHHKAKT B O6/acTh TJEIOHIETO CBEYEHHSA, KOTO-
pas xapaxTepHayeTcs BHLICOKOH KOHLEHTpaiHeld 37eKTpOHOR
Y NOJOMHTEbHEX HOHOB H CYMMapHEIM NPOCTPAHCTBEHHEIM
3apaaoM, 6AHM3KHM K Hyalo (naasma). [TostoMy HanpsxeH-
HOCTb MONA 3[ech OUEeHb Mafja — {lofle He yCKopAeT 3jek-
TPOHL H HoHB, Bjarojapsa BLICOKOR KOHLIEHTpPAUMH 3A€K-
TPOHOB H MOHOB B 00/1acTW T/elOIero CBeYeHHs HAET HH-
TEHCHBHbIE mpollecc peKoMOHHAUMH, CONPOBOX/aioBACH
H3NydyeHHeM Bbiiendwomefica Npy sroM 3Heprud. Takum o006-
Pa3oM, T/CIOlUIee CBEYEHUE eCThb B OCHOBHOM -CBEUEHHE pe-
KOMOUHAIHH.

Hz obaactu Taewouero cBeyeHHda B (papajneeBo TeMHOe
MOCTPAHCTBO 3JCKTPOHBl H MOJOKHTEeNbHble HOHBI NPOHH-
KaloT 3a cuer AddPysHn (Ha rpaHHLe MeXAy STHMH ofia-
CTAMA TOJe OTCYTCTBYeT, HO 3ato HMeercs O0JblIOH rpa-
AuEHT KOHLUEHTPAUWH SJEKTPOHOB M WOHOB). BcneacTsHe
MenblIef; KOHUEHTPALHH 3apiKeHHBX UYaCTHI[ BepoOATHOCTH
pekoMGuHalky B apaseeBOM TEMHOM NPOCTPAHCTBE CHJb-
no nafaer. ITosTomy dapaseeBo HpoCTPAaHCTBO M ABJAAETCA
TEMHBIM.

B dapajseesoM TeMHOM IpPOCTPAHCTBE YXKe HMeeTCs NOJe.
VaaexaeMble 3THM NONeM 3JEKTPOHH MOCTeNEHHO HaKaldH-
BAIOT 3HEPTHiO, TAK YTO B KOHIE KOHIOB BO3HHMKAIT yClAO-
BHA, HeOOXOJHMbiE A8 CYIIeCTBOBaHHA maa3Mul. Tlonoxu-
TedbHBIH CTONG TpeiacTaBAsieT coGOH razopas’pajiHyw mias-
my. OH BLINONHAGT POTb NPOBOAHHKA, COEAHHAIOLIErO AHOJ
C KAaTONHBIMH YacTaAMH paspsina. CBeueHHe NOAOKUTEILHOTO
cTonba BHI3BAHO MepPexXoAoM BO3OYXKAEHHLIX MOJEKYa B OC-
HOBHoe cocTosiHMe. MoJeKyspl pa3dbiX Ta30B- HCOYCKaIOT
OPH 3TOM H3JYyueHue pasHofi AJHHW BOAHLL. IloaTomy cpe-
YeHHEe MNOJOXHTEeJAbHOro Croifa HMeeT XapakKTepHHH AR
KaXJ0ro ra3a user. 370 OGCTOATENbCTBO HCMOAb3YETCA B
ra3oCBeTHbHIX TPYOKaX IJ1A HSTOTOBJAECHHS CBETAIIMXCH Haj-
nHcell H pekjaM. 3TH HAANHCH TIPeACTABJSAIOT cobofi re uto
HiOe, KaK NONOMHTE/ILHBIE cToNO Taeclouiero paspsaa. Heo-
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HOBLIE ra3opa3psajsbie TPYOKH [Mal0T KpacHoe CBeuenue,
apProHOBbIE -— CHHEBATO-3€/€HOE H T. A,

Ecan nocreneHHO yMeHbllaTh PacCTOAHHE MCKAY 3JEK-
TPOAAMHU, KATOAHAA 4acTh paspafa ocraeTed Oes H3aMede-
Huil, AAHEa e DOJA0MHTENBHOrO cTOA6a yMeHblU AT A, fl0KA
3T0T CTONIG #He Hcuedaer coBceM, B aandbHeftiiesm HcuesaeT
thapajecBo TeMHOe NPOCTPAHCTBO M HAYHHAST COKPAMIATHCH
AJHHA TJEIOULero CBEYEeHHS, [IPHYEM [OJ0XKeH#e rpaHuisl
9TOr0 CBEUEHWss ¢ KDYKCOBLIM TeMHLIM [IPOCTPAHCTBOM
OCTaeTCs HeH3MeHHbIM., Korza paccrosiHHe aHOMa Ao 3ITOH
TPavHLEl [gaa€TCA OUEHb MAJEIM, pas-
PAA NpeKpaIaeTca.

B curnanpubix HeoOHOBLIX
damMnax (puc. 191) sjexTpons
CONMXKEHBl TaK, YTO TOMOKHTEJLHBIH
CTOI0 B HHX OTCYTCTBYET H M3JaydYeHue
csera OOYCHOBJIEHO THEIOUIHM CRede-
nrem, Ilytem crienuansuolt oGpaboTku
HOBEPXHOCTER 3JCKTPOAOB Hamnpslxe-
HHE 3aXKulaHH§ pa3psAla MOMKHO CHH-
3MTL MpHMepHO o 50 6. DTH Jamunb
IIDHMEHATCA NS CUTHANW3auHH
0 HaAHYHH HanpskeHHs B JIAHHOW
CeTH. =
TIpn mouMeHHH AaBleHHI KaTOX- Pue. 194,
Hafl 4YacTb paspAia 3aHHEMAaeT BCe
60abiuyi0 JOMI0 MEX3NeKTPOAHROrD mpocTpaHcTBa. [lpu mo-
CTATOYHO HU3KOM [AABJEHHH KPYKCOBO TEMHOE TMpocTpan-
CTBO pacnpocTpassieTcss NOYTH Ha Bech cocyd. Csevenune
rasa p 3TQM CJyuae nepectaer OplYb 3aMeTHBIM, 33TO CTCH-
KH TpYGKH HAYHHANT CBETUTHCH 3e/eHOBATHIM CBeUCHHEM,
BonbiHHCTRO 3A6KTPOHOB, BBIDHTBIX ¥3 KATOAd H YCKOPEH-
HBIX KaToJAHBIM nafieHHeM MOTeHHHana, foJetaer 6e3 cToNK-
HOBEHHII ¢ MOJEKYJAaMHU rasa A0 {TeHOK TPYOKH H, ylapsasch
0 HHX, Bbi3blBaeT CBeueHue. [lo WCTOpUUECKMM HpHUMHAM
IIOTOK 3JeKTPOHOB, HCNIyCKaeMblil KaToAOM ra3epas3psjiHOd
TpyOKH DpH OYeHb HH3IKHX JABJIEHHAX, NOJYUW/] Ha3BaHHe
KaTOAHB X JaAy4ei. Cpeuenue, spiazuipaeMoe Gombapau-
pOBKO{l OGLICTPHIMH B3JIeKTPOHAMH, HA3bBAETCH KaTOAO-
JIOMHHeCHeHU He R,

Ecnw B katome rasopaspsaaHoil TpyOKH caenath y3KHE
KaHaA, 4ACTb NOAOHKHTENBHBIX HOHOB TPOHHKAET B NPGCTPAR-
CTBO 23a KaTOAOM H OGpa3yer Pe3Ko OrpaHuueHHbIE my4ox
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HOHOB, HA3LIBACMLIl KaHAaJOBHIMH (HJIH HOJO0XYs
TenbHH MHA) Jdydamd. Takod cooco® monyyeHHs nyuka ngs
JOKHTSILHRX HOHOB HE VTPATH/ NPAaKTHUECKOTO 3HaMeHdd
O HAWHX AHed,

§ 90. Ryromci paspan

B 1802 r, B. B. IlerpoB o6napyiHa, uTo npH pa3beies
HHM MepBOHAYAJbHO CONPHKACABIIHXCH YIOJBHBIX 3JEKTPO-
0B, NOAXAICUEHHEIX K OoJablllofi rajJbBaHHUeCKOH GaTapee,
MEXAY JeKTPOSAMHK BCALIXHBAET OCAENHTENBLHOE CBEYeHMe.
Ipu ropuseHTaJbHOM PACNONOMKEHHH IEKTPOJCB HarpeThil
cBeTsAHLufics ras W3THGaeTcss B BUAe AYTH, B CBA3H C 4EM
oTkpuiToe B. B. TlerpoBeiM siBneHHe 6bl10 HA3BAHO B OJ b-
TOBOH (WIH 3AeKTPpHUYECKOH) A yTr o

Cwiia TOKa B Ayre MOXKeT JOCTHTATh OFPOMHBIX 3HAUEHHH
(ThicAYM W AECATKH THICAY aMNep) NPH HANPHAAKEHHH B He-
CKOALKO JIeCAITKOB BOJIBT,

Ilyroeoil paspsaa MOXer NPOTEKATh KAK NPH HH3KOM (mo-
PARKA HECKOJbKHX MU/JIKMETPOB PTYTHOTQ cronba), Tak W
npu Beicokom (10 1000 a7} aaBiaednn. OCHOBHBIMH NpPOLECs
caMu ABARKITCA TEPMO3I/IEKTPOHHASA IMHLCHS C packafieHHOR
NOBEPXHOCTH KaToda ©H TepMHYecKad
HOHH3AMHA MOJEKY., 00YCIOBICHHAA Bhl-
COKOH TeMmepaTypoid rasa. lIloutn Bce
MEM3IEKTPOSHOE IPOCTPAHCTEO  33N0J-
HCHO BRICOKOTEMNepatypHOH mnJjaamoil,
Ona CcayXHT NPOBOAHMKOM, DO KOTC-
POMY 3JEKTPOHEI, HCHVULeHHbIE KaTOAOM,
JAOCTHTA10T aHOMA.

Puc, 192, TemnepaTypa mnJgas3Mbpl COCTaBJAET

okoJgo 6000°K. B ayre cBepXBHICOKOFrO
nasiaeHus (mo 1000 ar) Temmeparypa naasMul MOXKET I0-
crurate 10000°K (HamoMHuM, uyTO TeMmneparypa mnosepx-
nocty Cosnua pasua 5800° K). Beaeactsne GoMGapauposkH
NOJOKHTE/IPHEIMHE HOHAMY KATOA pacKaJdeTcs APHMEPHO RO
3500° K. Aunox, GomOapaupyeMblit MOILFBIM TOTOKOM 3J€K-
TPOHOB, pa3oTpeBaeTcs ellle GoJblie. ITO NPHBOLHT K TOMY,
uTO AHCJ, HHTEHCHBHQ HCLIADPSAETCA U HA €ro MOBePXHOCTH
obpasyercs yrayOaenne -— kparep. KpaTtep AB/aserca caMbiM
APKHM MecToM IyIH.

Hdyrosofi paspan obnajaer nagaiowlell BOJbLT-aMNEPHOR
xapaxtepucrukoli (pHc. 192). 210 obbACHAETCA TeM, 4TO
NpH YBeJHUEHHH CHJIBL TOKA BO3PACTAIOT TePMO3/EKTPOHHAA
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MHCCHA ¢ KaTofa M CTeleHb HOHH3ALHM rasopa3pajHoro
npoMexKyTKa.

Kpome omucannofi Bhile TEPpMO3IEeKTPOHHOR
ayru (1. e. paspsia, oBycJOBIeHHOTO TepMO3ITeKTPOHHOI
aMHCCHeH ¢ pacKaneHHOH TNOBEPXHOCTH XarTojaa) OblBaeT
Eyra ¢ XOJMOAHMM KaToaoM. B kauecrBe kKaTona B
3T0M CAyYae CIYKHT OOBIYHO JKHIKAs pPTYTb, HAJHTAA B
6aJ/JIoH, H3 KOTOPOro yAaJeh BO3AyX. Pa3psjl NMpoOHCXOAHT B
napax pTyTH. DJIeKTPOHB! BEIIETAIOT U3 K4TO4A 33 C4eT aB-
TO31eKTpoHHOll smuceuu. Heobxogumoe nag
3TOTO CMJIbHOE NOJIe Y MOBEPXHOCTH KATOAA CO-
31aETC NMOJIOMHMTENBHBIM NPOCTPAHCTBEHHBIM
3apafoM, ofpa3oBaHHBIM KOHAMH, DJIEKTPOHEI
HCOYCKAKTCA He BCell IIOBEPXHOCTBIO KaToja,
a HeGOJBUIMM SIPKO CBETALIMMCA ¥ Henpe-
PHIBHO NEPEMELAONHMMe KATOLHBM I 8 T-
HoM, TemnepaTypa rasa g 3TOM CJAyuae He-
Benuka, MoHnsanud Monekya B naasMe npo-
HCXONHT, KAK H [IpH TJAeOleM paspsie, 3a
CueT 3JeKTPOHHLIX YA4DOB.

Hyroeofi paspsf HAXOAHT pasHooGpasuble
npumenenns. B 1882 r. pycckuBi uHMxeHep
H. H. DBenapgoc npelJoXHI HCIOAB3OBATE
INeKTPHYSCKYIO JYIY I/ CBAPKH METAaJIOB.
B 1888 r. H. I'. CnasAHOB yCcOBEPIIEHCTRORBAN
9JIEKTPOCBAPKY, 3aMeHHB YIOJLHEIE 31eKTPOLbl
MeTadJAHIeCKHMH.

DJekTpudecKas ayra NpHMeRsdercs B Kavye- '

CTRe MOUIHOTO HCTOUHMKa cBeTa. B EYTOBHIX Puc. 193,
JaMOoax CBepPXBHICOKOTQ jpaBJje-

Hus (namnax CBJl) paspfaj npoHCXOZHT MEXAY BOJbhpa«
MOBHMH JIeKTpoAaMH B aTMocdepe napoB pTYTH NpH fAaB-
genun 7o 100 ar uad B HHEpPTHOM rase (HeOHe, aproHe,
KPUNTOHe HJIH KCEHOHe) NpH AapaeHuu jo 20 ar. Jlamna
Tagoro Tmma #3o0pakeHa Ha pHc. 193. Boxosod 2.ek-
TPOX CHAYXKUT J15 . 3a3KHraHHs JIaMOBl OT HCTOYHHEA BL-
COKOTO Hamnpsikenus, B cbsisu ¢ TeM, uro samna CBIL cuiip-
Ho pasorpepaercs, ee OaJIOH H3TOTOBJSISTCH W3 KBapLa
{pasmsryzionierocss npu GoJee BHICOKO Temnmeparype, e
cTeka10). PTyTHad JaMna B XOAOIHOM COCTOSIHHH COAEpKHT
apros npH HeGOMBLIIOM HABIEHHH (TOPANKA HECKOJbKHX
MHJITHMETPOB PTYTHOTO cToa6a) M KanenbKy pTyTH. Ilepso-
HauajbHO AYrOBOH pa3psAl BO3HHKAET B aproe. Koraa
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JaMiia HarpeBaerca, Pryrb HcnapseTcs H B JaNbHeliieM
paspaj HAeT B dpax prTyTH.

Hyra, ropsiias B napax pTYTH, HCNYCKAeT MOLIHLIA 10-
TOK 'YALTpadUOIeTOBOrO H3NyIeHHsA. PryTanie maMnnl ¢ 6a-
JOHOM 13 XBAapua (KBApL NPOIYCKAeT YAbTPadHOIeroBhie
JYYH; 00bIUHOE CTeKNO WX TOIJICHAer) NPHMEeHsIoTCs B Ka-
yecTBe HCTOYHHKOB YAbTpadHoneTOBHIX fAyuell B MeAMIIHHE
W B HMAYUHBIX HccaefoBaHuAX. B namMnax gHeBHOTO
CBETA CTeHKH pa3pAgHoH TPyOKm no-
KPHBAKOTCS CIEUHAJNbHO NOA0GpaHHb-
MH BellecTBaAMK  (JXOMHHOGOpamH),
KOTOpHI€ MMOf, AeficTBHeM yJabTpadiic-
J€TOBOTO H3Jy4eHus NAPCB PTYTH Ha-
YHHAKT CRETUTECA B CBUIO OUEpelh, HO
yiKe u3nyuenHeM, OJM3IKHM TO CNek-
TPaJIbHOMY COCTABY K JHEBHOMY CBETY.
TakHe KHCTOUHHMKH CBeTa B HECKOJBKO
Pa3 3KOHOMHYUHee, YenM JaMIbl HAKa U-
R | |Hazgpsna | BaAUHIL .

HOyroeolt paspan B napax pryTd

NPH HH3KOM EARJEHHH C PTYTHHM Ka-

TOLOM HCIIOAL3YETCAB PTYTHB X B b

npaMuTendax Ha puc. 194 nana

1 ~ l CXeMa JBYXMOJYNEPHOAHOIO PTYTHOFO

BRIIpsiMATERd. TOK TeueT K Katoay K

Puc. 194. OT TOro W3 aHomos A; uwian A, Korto-

pulffi B J@aHHBIH MOMEHT HaXOdHTCHA

N0/, NOJOKHUTENLHLIM MOTEHLHANOM 7O OTHOLIEHHIO K KaTo-

ny. B pesyabraTte uepe3 HArpy3xy R TeyeT TOK OZHOTO Ha-

npasieHHd. PTyTabi# 3aeKrpos B OOKOBOM OTPOCTKE CJlyHHT

JJd saxuranusi paspsaga. UToObl BKAIOUHTE BHIIPSIMHTEAD,

KO0y HAKJIOHSIOT A0 TeX {OP, HOKA PTYTh KATOAA M OTPOCT-

Ka He coefnHutcA. [Ipd BO3BpallleHHH KOJAOW B BepPTHKAJb--

HOE NOJIOXKeHHEe B MecTe. pasphiBa PTYTH BO3HHKaeT Ayra,
NOCHE YETO Paspsl MEePeXoAHT Ha OMMH H3 aHOMIOB.

Ha' nyroeom paspsje ocHOBaHO AeHCTBHE NMPHOOPOB, Ha-
aLiBaeMbBIX Ta30TPOHOM M THpaTpoHoM. I asoTpoH Dpea-
crapaser cobofi A(uoR ¢ KaAslUIHMCS KaTOAOM, 3aNoaMHeHub
napaMM PTYTH WJH &ADPrOHOM TIPM HEBHICOKOM JABJeHHH,
DJIEKTPOHB!, HCIYUleHHBIE KATOLOM BCJIENCTBHE TEPMOINICK-
TPOHHON 5MHCCHH, HOHHSHPYIOT MOJIEKY/ILI ra3a, YTO HpHBO-
THT K oﬁpasoaaﬂmo rasopaspanaHoi mJaa3Mbl (s'm Apoueccst
THNHYHB A8 RYTOBOro paspaga). Xopolliad NpoBOAHMOCTD
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N1a3Mbl NPERATCTBYeT OOPa3ORaHHI0 BOMH3M KATOAR 3J1eK-
TPOHHOro 06/7aKa (KaK 3TO HMEET MECTO B BaKYYMHOM JIHO-
Ae). TNosToMy npa HeGOMDBLIOM HaNpAMKEHUH MEXKAY 3JeK-
Tpoaamu (15—20 8} rasoTpoH NpPONYCKAET CHJLHBIE TOKH
(mopsgka 10 @). Tak kak TOK TeueT uepes ra3oTpoH JHIb
UPH AOMOMMTENBHOM (IO OTHOWIEHHIO K KATOAY) HanpsaxKe-
HHM Ha 2HOJE, ero MCIOAB3YICT LS BhnpAMJeHus Toka. Ha
puc. 195 npuBenena cxema!) OAHOMOMYHEPHOJHOIO BHINPH-
MHTEIA Ha ra3oTpoHe (Ha cXeMme R — Harpyaxa, B KOTopoO#
HcroJsb3yeTes BunpamMaenuui Tok). Cobpas cxemy, uzobpa-
KEHHYI0 Ha pHe. 195, Ha ABYX ra3orpoHax MOXKHO OCYIIeCT-
BUTb EBYXMOJAYNEPHOLHOE BHIIpAMASHIE.

Puc, 185, Pue, 196,

Tuparpon oTyyaeTCd oOT Ta30TPOHA  HAJHYHEM
TPETbETO 3JEKTPOAA — CETKH. IDTOT NpPHGOP HCNOAL3YeTCd
B KadecTBe OBICTpOLeficTBYIOIero BKAruateds Toka. Coor-
BETCTBYIOmAA cxema H300paxena Ha puc. 196.' B ropmanb-
HOM COCTOAHHH CeTKa HMeeT 1m0 OTHOLIEHHIO K KaToAy Of-
puiaTeAbHniii norennuai. [l09TOMY 397eKTPOHSHI, BHLIETEB-
DiMe H3 KaTOJa, BO3BPAMIAOTCA N0JeM o06paTHO, B TOK uepes
THPaTpoH ne Teuet, [IpH nofaué ua cerky xora OH KpaTKo-
BPEMEHHOTO TIOJIOKHTENLHOTO UMNYJAbCa B THPATPOHE BO3-
HHKaeT JIYroBoft pa3psii W HaUHHAET TeYb CHJLHEIA TOK.
O6pasopasmasca nja3Ma, ofgafad BbLICOKOH NPOBOAK-
MOCTBIO, SKPAaHHPYET CETKY?), BCJEACTBHE UEro HU3MeHERHH
noTeHUHAasa HA CeTKe He MOTYT B jajbHefieMm podgefcr-
BOBaTh Ha paspai. Bkmioveside TOKa € MOMOU(BIO THpPA-
TPOHA OCYIIECTBJAAETCA BECEMa 6LICTPO (33 BPEMd TopaAaxa

1) Ha cxemaX ra3oHano/HeHubie Jdanns OTAMaloT OT aHaloTHURHK
Baxyymnux JNaMI TOUKOM.

} DKpaHHpODKa HKOCTHTaeTcH TeM, 4t BOMMIH CETKH HaKanii-
BAUICTCA HOHLE,
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107 cer). Taxum obpasom, THpaTpoH fABAserca Ge3blHep+
NHOHHLEM BKJIOUATEJNEM TOKA H NMO3TOMY HIHPOKO [puMe-
HseTCH B aBTOMATHKe H TejdeMexanuxe, Jlas npexpamenns
TOKa BYXHO Ha KODOTKOe Bpema (~ 10-% cex) cusatb anopn-
Hoe HampsMxeHue, 3a 3TO BpeMA IJIa3Ma HCuesaeT B pe-
$yJabTaTe peKOMOHHALHH, H CHOBA YCTaHABJIHBAeTCH COCTOS-
HHe, KoTopoe OLINO O 3aKUTAHUA.

§ 91, Hckpoeroit U KopoHHblt pa3pann

Hckporoit paspAn BO3HHKAeT, KOTAAa HaOpAKEHHOCTD
anempnqecxoro noas AOCTHTacCT HpOﬁHBHOl'O AN8 J4aBHOTO
rata suavesus Eyp Bennuunra Enp 3aBHCHT OT AaBjienus
rasa; IJsi Bo3oyXa NIpH’arMocepHOM ZaBJeHHH OHAa Co-
crapiger okodo 30000 s/cu. C yeeanyenuem papaenus Fyp
BOSp&CTaET. COI"J!E\CHO SKCIIEPHMECHTAIDHOMY 34aKOHY ITa-
INMeH& OTHOUICHHE HpOﬁHBHOfI HanpAxXKeHHOCTH 00NA K
JaBJIeHHIO IIpHﬁ.TIHBHTEJleO TIOCTOAHHO:

2= const, (91.1)

Eny

Mckpoeofi paspAl conpoBOXAAETC BO3HHKHOBELHEM
fIPKO CBETSLIerocsl H3BHJAUCTOrO, PA3BeTBJIEHHOTO KaHana,
no KOTOPOMY TPOXOAHT KPATKOBPeMeHHHH HMIIYJABC TOKa
Gonbmiolt cuael. [IpuMepoM MoxKeT ClyXKHTb MOAHHS, AJaH-
Ha ee OnBaer A0 10 xu, fuameTp KaHama — 2o 40 ca, cu-
na ToKa Moxer HocTHrate 100000 u 6onee ammep, mpo-
BOJUKHTEIBHOCTE MMNYJabCAa COCTaBafer okoso 1074 cex.
Kaxnas MONHEA COCTOHT M3 HeCKONAbKHX (o 50) uHMnynn-
€OB, CJICAYIOUIMX NO OAHOMY H TOMY JKe KaHany; HX o0ulas
AAUTEIbHOCTD MOXKET AOCTHIATh HECKONbKHX CEKyH.

TemmepaTypa rasa B HCKpPOBOM KaHajie OpiBa€T OdeHb
Beicoxoit — g0 10 000° K. BricTpmft cHibHblll HarpeB rasa
NPHBOAHT K PE3KOMY MNOBHIIICHHIO RAB/JAEHHA W BOIHHKHO-
BeHHI0 YAApHLIX W 3BYKOBBIX BoJH. [lostomy HCKpoBoi
paspAfA COUpPOBOXKAAETCH 3BYKOBBIMH SIBASHUSMHK «— OT CJa-
Goro Tpecka IIpH HCKpe MasoH MOUIHOCTH [0 pacKaToB
rpoMd, pa3faroliuxcs BCASH 3a MOJHUEN,

BO3HHKHOBEHHI0 HCKpBH [pelIiecTByeT 00pa3CBaHHe B
rase CcUNBHO HOHH3HPOBAHHOTO KaHaJa, HAa3blBaéMoOro
CTPEMEepoOM. 2TOT KaHasJ TOJYyYaeTcd NyTeM NePeKpbi+
Tusl OTASJNLHBIX 3JEKTPOHHBIX JAABHH, BOZHUKAIOILHX HA 11y-
TH HCKpnl. POAOHaYaNbHHKOM KaxkioH JIABHHBL CHYMHT
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snexTpoH, oGpasywouuiica nyreMm Qortoxonuzanun. Cxema
pasBHTHA CTpHMepa Nokasaxna na pHc. 197, Hanpaxen-
HOCTh TOJfA TaKOBa, YTO /IEKTPOH, BLLJIETeBINH{ 3a cuet
Kaxoro-1u8o npouecca H3 Karoia, npuobperaer Ha AJHHe
cooBoanoro npodera HEPruio, JOCTATOYHYIO IS HOHH3A-
hun. TloaToMy NPOHCXOAHT DPAa3MHOMKEHHE 3JEKTPOHOB ~=
BO3HHKaeT JaBHH& (oOpasylolimecs TPH 3TOM INOJNOMKH«
TeNbHLie HOHLl HE MIrpaloT CYLIECTBEHHOH DOJNH BC/eJCTBHE
ropasgoc MeHblleA TNOABMXKHOCTH; OHHM JHIIL OOYCJOB/IH-
BaOT NPOCTPAHCTBEHHKI 3apsj, BHI3MBAIONIHA mnepepac-
‘UpemeneHue moTeHuMana). Hanyuenwe, mcnyckaemoe aTo-
MOM, Y KOTOPOrO NpH HOHH3aLHH Obl1 BHIPDBAH OJHMH H3

Puc. 197,

BHYTPCHHHX 3JEKTPOHOB (3T0 M3Jyuelle MOKAa3aHO Ha cxe-
Me BOJIHHCTLIMH JIMHMSIMH), BH3LIBaeT (OTOHOHHIALHUIO
MOJIeKYJl, fipHYeM o0Opa30BaBIUIHECS  3IJEKTPOHL IOPONK-
AT Bce Hophle JjaBHHM. [locsie meperpHBaHMS JIaBMH
00pasyeTcss XOpowo NPOBOASIME KAHAN — CTPHMEp, IIo
KOTODOMY YCTPEMJAETCH OT KaToAa K aHoAy MOIUHBI No-
TOK 3/JEKTPOHOB — IPOHCXOAHUT Npoloi.

EcTe B3fiTh 3JEKTPOAL TAKOH (OPMEI, UPH KOTOpOi
ToNe B MEXK3JIEKTPOLHOM TPOCTPAHCTBE MPUOIHIHTENLHO
OMHOPOAHO (HANpPHMEpP, B BHAE UAPOB AOCTATOYHO OO0JIb-
HIOro AM4AMEeTpa), TO HCKpa OyNeT BO3HMKATD IPH BIOJHE
onpefenenom Hanpstenud Upp, Benrnynna xoToporo 3a-
BHCHT OT paccTosnua MexAy mapamu [ (Egy = Ugfl).
Ha sToM oCHOBAH MCKPORBROH BOABTMETp, C MNOMO-
b0 KOTOPOrO OOBLINHO M3MepAeTcs BHICOKOe HanpsKeHue
(nopsmka 10%— 10° 8). Ilpx u3mepenusax onpefensercs
HauGodbliee PACCTOSIHHE Imax, HMPH KOTOPOM BO3HHKAeT
HCKpa. YMHOXHB 3aTeM Epp Ha Ipax, TIOJAVYAKOT 3HAueHHe
H3MepAeMoro HanpsKeHus,

Bricokas TemIlepaTypa H [aBJeHHe raza B Hckpe obyc-
JIOBMHRAWT CHJABHOE MeXaHHYyecKoe BO3JeHCTBHE Ha 3JeK-
TPOAHM. ITO fABJEHHe JeXHT B OCHOBe pa3paboTaHHOTO
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E. P. u H. WM. Jlazapenko MeToga sXekTpouckpoBoil obpa-
forKi MeTannioB.

Ecld OfuH H3 3JeKTPOZOB (Hau o©00a) MMeeT OueHb
Gonpnlyio KpHBHSHY (HANpHUMEp, 3/EKTPOZOM CJAYKMT TOH-
Kasl npoBsoJIoKa WJAH OCTpHe}, BHavyalNe BO3HHUKAET T4K Ha-
ablBaeMLlil KOPOHHB A paapda A [Ipw nanpuefimeM yse-
JIMUEHHH HaNPAXKCHUA 3TOT Paspax HepexoJHT B HCKPOBOik
HAH ayrosod. IIpu KOpOHHOM paspsje HOHH3AIHA H BO3-
OyxaeHHe MOJeKya TPOHCXOAAT He BO BCEM MEXK3/IEKTPOX-
HOM TIPOCTPANHCTBE, @ JHWb BOJNH3H 3JeKTpoja C MalbiM
pamHycoOM KPHBH3HbI, rie HanpsKeHHOCTb NOJAH JOCTHIEET
3HAYeHHH, paBHBIX MM TUpeBbmawmux Eg, B aroh gactn
paspsana ras cBeturcsl. CBeUeHHe MMEET BHJ KOPOHBI, OKPY-
JKaICHIeH 3JeKTpod, YeM H BEI3BAHO HA3BaHHe 3TOr0 BHAA
paspsina. KopoHunblit paspsjl ¢ OCTpHsA HMeeT BHJ cBeTAIleNCs
KHCTH, ‘B CBSI3H € Y€M €0 HHOTAA Ha3bBalOT KHCTEBH M
paspAnoM. B 3aBHCHMOCTH OT 3HAKA KOPOHHPYIOILETO
3JEKTpOJa TOBODAT O TOJOXKHTENbHOR HIH OTPHLUATENb-
HOA Kopone, MexAy KOPOHHPYIOIIHM CJ0eM H HEKOPOHH-
PYIORIHM 3JIEKTPOIOM .uemm‘ BHemwHAd oBMAacCTh KO-
poru. Pexum npoGos (E 2 Eyp) cywecTsyer TOMBXQ B
npesenax Koponupyiouero caos. Ilosromy Moxuo ckasate,
4TO KODOHHBI paspsig HpeNcTapiser coGoH Hemosublil
npo6oil Ta30BOr0 MPOMEKYTKA,

B cayuae oTpuIaTeJqBHOH KOPOHHL ABJEHHA HAa KaToje
CXOAHB C HABJEHHAMH Ha KaTole TaAelOHlero paspsAja.
YcKopeHABe CHJABHBIM 1OJEM TOJOKHTeIbHEE HOHH Bhl-
6HMBAIOT K3 KaToAa 3MEKTPOHBI, KOTOPHIe BHI3BIBANOT HOHH-.
3a0MI0 M BO3GYXKJeHHE MOJEKY] B KOPOHHPYIOUIEM CJ0€.
Bo BuemHeli o6naeTy KOpPOHL MOJE HEJOCTATOUHO HJIf TO-
ro, 9Tolnl - coOOLILTL 2JEKTPOHAM SHEpruio, HeoOXOARMYIO
Last MoHH3aunu. TlosTomy mponukilde B 3Ty obaacts aaek-
Tpoubl Apefidyior nop JAeficTBHeM noas K aHoRy. HacTh
SJAeKTPOHOB 3aXBaThHIBAETCH MOJEKY/JaMu, BCIeJICTBHE Yero
06paszyiotcs OTpHHATeNbHBE HOHB. TaxuM oBpazoMm, TOX BO
pHeltRel 061acTH 06YCIOBIHBAETCH TONMBKO OTPHIATENBHEIMY
HOCHTEJNAMH — 3J€KTPOHAMH H OTPHUATENBHEIMH HOHAMM,

9T0f o6aacTH paspsl HMeeT HecaMoCrosTeabHuT xa-
pakrep.

B nonokuTelbHOR KOPOHe 3JeKTPOHHBIE JIABHHBI  3a-
POMJAIOTCA y BHeWIHed rpaHHibl KOPOHH H YCTPEMJASIOTCH
K KODOHHPYIOLUIEMY 3JeKTpoly — atioRy. (6pasoraHHe
3MCKTPOHOB, MNOPOKAAIOUIHX - IaBHHH, 0O6yCIOBAEHO -(dOTO-
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MOHM3aIHel, BBI3BAHHON H3JyYeHHEM KOPOHHPYIONIETO C/0dH,
HocureasiMg Toka po BHellHefi 00nacTH KOPOHH CAyKat
NMOJCKATE/IbHble HOHBL, KOTOpbie ApeddyioT moj AeHAcTaweM
noAf K KaToay.

Ecnn o6a saektposa nMewt Gonbllyls KpuBH3HY (mBa
KOPOHHPYIOINX 3JeKTPoAa), BOIH3R KamKiaora H3 HHX IO
TEKAKIOT UPOLECCH, NPHCYLIHE KOPOHHPYIOILEMY 3JeKTPORY
Rasgoro 3Haka, (J6a KoponMpyouMe cios pasgesorch
BHeluHel 06JacThio, B KOTOPOH ABHAKYTCA BETPEUHBIE IIOTO-
K NONOXKHTENBHEIX M OTPHUATENbHLIX HOCH- .
TeJiel ToK4. Takas KopoHa Ha3LIBAeTCA ABY-
NOJApPHOU,

Ynomunasummiica 8 § 86 npu paccMorpe-
HHH CHeTYHKOB CaMOCTONTebHbIH ra30Bbil pas-
psd npeacrapasier ¢oBofi KODOHHBINM pa3spsn.

Toamusa KOpOHMpPYICHIEI'O /IO H CHJA
paspafgHOrO TOKa pacTyT ¢ yBoIMYeHHEM Ha-
npsxenus. [Ipy neGosbIIOM RanpsKeHHH pas-
Mepbl KOPOHBI MaJbl ¥ ee CBeyeHHe He3aMeTHO.
Takas MHKpoCKOTHUeCcKad KOpOHa BO3HHKaeT
BOJIH3H OCTPHA, C KOTOPOro CTeKaer 3MeKTpH- Puc. 198,
yecKHR Betep (cM. § 21).

Kopona, nossiaawmasncs noj AefcTBHeM aTMocdepHOro
9NCKTPKYECTBA Ha BepxvIUKax KopabeabHblX MauT, AEpeBb-
€B W' T. 1., HOAYYHIA B CTapUHY Ha3pakHe OrHeH cBA-
TOro DNbMa.

B BBLICOKOBOJBTHMX YCTPOHCTBAX, B YaCTHOCTH B JH«
HHAX BHICOROBOJBTHHIX Nepeiau, KOPOHHHI paspal MpHBO«
AMT XK Bpe[HbiM yTeukaM Toka. [To3ToMy npHXoauTca npas<
HHMaThb MepHl Inst ero ycTpanedus. C 3TOH Le/bi0 NPOBCAA
BbICOKOBOJNLTHLIX JIHHHH OepyT RocTaTouHo OOIbLIOTO pua<
MeTpa, TeM GoJbliero, 4eM Bbillie HanpaMXeRne JHHHH.

[Tonesnoe npumenente B TeXHHKe KOPOHHBIA DPa3pAx Ha-
wen 8 saexTpodpuantpax. Ouumaemsit raz asu<
Xeress B TpyGe, no ocH KOTQPOH PACIOIQXKEH OTPHLATENAbL+
HBIA Kopenupyiowuit snaekrpop (puc. -198). Orpuuarenshble
HOHLI, KMewilueca B GOABIIOM KONMYECTBE BO BHEmHeN
00JacTH KOPOHBL, OCEAA0T Ha 3arps3HAONMX Ta3 TacTH-
Iax MM KameJbKax M YBICKAlOTCA BMeCTe C HHMH K BHelI-
HEMY HEKOPOHHDYIOLIEMY 3JeKTpoAy. JLOCTHIHYB 3T0IO
S/IEKTPOAA, YACTHUE HEHTPANM3YIOTCA M OCEJA0T Ha HeM.
BnocneacTBuu npy yhapax mo TpyGe ocajgox, ofpasopan-
MBIl yNOBJCHHBIMH MACTHIAMH, OCHNAeTc B cOOPHUK.

22 M. B. Capeaves, 1, 11 337



TJABA XV
fIEPEMEHHBIH TOK

§ 92, KsasucTanHOHAPHLIE TOKH

3agon Oma (35.2) # BHITEKAINHe H3 HEro paBHia
Kupxroda (36.1) u (36.2) Owum yeraHoBJeHsl AJR 110-
cToAHHOTr0 TOKa. OLHAKO OHM OCTATCH CHPABENATHBHIMH H
BAsi MPHOBEHHBIX 3HAUCHMil HM3MCHAOUINXCA TOKa H Ha-
OPSKEHHs, eC/MH TOJbKO WX H3MEHeHHA MpOHCXoddT He
capiikoM 6picTpo. DISKTpOMarHUTHolE BO3MYILEHHS pac-
OPOCTPAHATCA [0 UEDH C OFPOMHOM CKOPOCTBK), PABHOH
ckopoctd ceera ¢. Ecau 3a BpeMsa 1 = lfc, HeobxomHMOE
BJAf Tepefain BO3MYILEHHS B CAMYK OTIANEHHYI TOUKY
LeNH, CHJa TOKZ H3AMEHReTCHl He3HAYHTENBHO, TO MTHOBEH-
Hhi¢ 3HA4YeHHA CHJBI TOKa BO BCEX CEYEHHAX LEIH 6YJI}’T
IpAaKTHYECKH OLMHAKOBLIMK. TOKH, YAOBNETBOpAIMOIIHE Ta-
KOMYy YC/IOBHK), HA3BIBAOTCA  KBA3HCTANHOHAPHU-
MH. Jnd DepHoZMYEeCKH H3MEHSIOUIMXCA TOKOB YLJIOBHE
KBA3HCTAUHORADHOCTH 32MHINETCH caelypouluM obpazom:

i
'I.'_—"—c—<< T,

rae I — nepuoa H3MeHEHHM.

Ipn pasmepax uenn nopsagka 3 # 1t =10 cex, Tagum
obGpazoM, Briote mo I nopagka 10-¢ cex (uro coorsert-
cTByer wactoTe 105 24) TOKH B Taxkoft LenH MOXHO CHHTATh
KBA3HCTAUHOHaPHBIMH.  TOK  NPOMBIMJIEHHOH , HACTOTHI
{(v=>50 ey} Kpa3ucram¥oHapen And uUemcit JAHHOH JO
~ 100 &m.

MrHoBeHHbIE 3HAYEHHS KBA3UCTAUHOHAPHEIX TOKOB IOM-
ygnsiorca 3akoHy Oma. ChaefosartenpHo, JiA HHX cripa-
BeANHBH M IpaBuna Kupxroda,

338



[Mycte K 3axuMawm conpot#BaeHus R (puc. 199, a), ue
061aaI0IIero HHAYKTHBHOCTLIO U EMKOCTHIO ') (TaKoe co-
MPOTHBICHHE HAJKIBASTCH AKTHBHEBI M), NPHAOKEHO Ha«
NpsAXeHHe, H3MEeHALIcecd TO 3aKOHY

U=U,cos ot (92.1)

(Um — aMnnHTYROE SHAYeBHe Hanpsmenus), [IpH BmDoa«
HEHHH YCJAOBHA KBAa3HCTALMOHADHOCTH TOK uepe3 CONpO+
THBJIeHHe onpemensierca sakosom Oma

Y U cos ot = I, cos af. (92.2)

t=——-=

R R

TaknM 06pas3oM, MeXXAY aMIIHTYIHBIMH 3HaUCHHAMH CHs
Jibl TOKa U HAaOpAXeHUss HMeeTcA COOTHOLUICHHE
1=z, (92.3)
R
COOTHOI‘!IEHHH ME}I{ILY HEPEMQHHHMH TOKaAMU H Hal'[pﬂ*

MCHHAMHY JenamTcd ocoGeHHo HarMAZHLIMH, €can mniofpas<
XKaTh HX (Kag H rapMoHuue-

CKHe KoneOaHHs} ¢ NOMOLULIO __.‘:—_’1::_..
sBextopop {cM. T. I, § 68). g U
Bruifepem npowuasosvHoe Ha- 00—
npaBlieHHe, KOTOPOE HAa30BeM )

oCBl0  TOKOB (puc. 199, 6), & —Ta YRl

Or10%uM BHOMb 3TOTO  Ha-
npaB/jeHus BEKTOD TOKa. AJH-
noft /n. [lockoabky Hanpsxe- Puc. 199.

HHe H TOK B pacCMaTpPHBAEMOM

caydae H3IMEHATCA CHH(A3HO, BEKTOP HANDMAXKEHHT TaKXe
6yler nanpas/en BIOMb OCH TOKOB, HJHHA ero pasmna Rf..
CoBOKYNHOCTh BEKTOPOB HAUPsIKEHHH HJAH TOKOB ofpasyer
BeKTODHYIO IHarpaMMy XaHHOI UeNH.

Goo monas

§ 93. Iepemenuniif TOK, TEKYLIHH Yepe3 HHAYKTHBHOCTH

lMogapum mnepemennoe Hanpsmenue (92.1} Ha Konim
RHLYKTHBHOCTH L (HanmpHMEp, KaTyuwiki) ¢ npexebperxkHMO
MANLIMH COMPOTHBACHHEM H eMKOCThio (puc., 220, a). B uu-
AYKTHBHOCTH HAuYHeT Teyb TepeMeHHbldl TOK, BCJAERCTBHE

1} Besguft GPOBOZHMK (HanpuMep, NPHMONHHEAHLIA OTYPE30K Npo=
pola) ofgalaeT HEXOTOPOH eMKOCThI0 H HBAYKTHBHOCTblO. [Moaromy
«UHCTHIEY aKTUBHOE CONPOTHBJAEHHe R, HHAYKTHBHOCTE L M emkocts €
ABJSIOTCS afCTPAKHENMH,
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4er0  BO3HMKHET 3. J. C. CAMOHHAyKuWu [cM. dopmyay
(59.9)]

di
&=~L-gz
(nonaraem, uro L He 3aBucut ot {). ¥pasHesue (35.1) aa-

Koa OMa sanumrercs ciedyioulum obpasom (R =0, pas:
HOCTL noTeHuwanos pasua U, &= &,):

L Umcosmt—L—%=0,
& v I OTKYEa .
~ Lﬁi‘_': U, cos i, @3.1)
A=l :
: B- paccmarprBaeMoM clydae BCe
@ - BHELIHEE HANpfKeHye NPHIOKEHO K
2  In uiykrushoct L. CaepoeaTtensHo,
s g BEAHUHEA 4 02)
Puc. 200 Up=1L ra (33.

€CTh He 4TO HHOS, KaK NajeHHe HAMPSIMEHHT HA HHILYKTHB-
HOCTH,
Ilepenniiem ypasuenue (93.1) B BHAE

di = %’i‘- cos of di.

Huterpuposanue gaer

s Um N
= —sin wof -+ const,

MocTosiHHO#H cocTaBasOle#l TOKa, OUeBHAHO, HET; [0~
stomy const = 0. Takum ofpasom,

. Um .
l=?zf- sinof =1, cos (mt,—g—), (93.3)
rae v
L= 2. (93.4)

ConocraBnas cootHouwenus (92.3) u (934), Mo BH-
UM, UTO POJIb CONPOTHB/IEHHA B JMAHHOM CjAydae Hrpaer
BEAHYUHY

X, =ol, (93.5)
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KOTOpYI0 HAa3HIBAalOT PEAaKTHBHBLIM HHAYKTUBHLIM
COTNPOTHBJEHHEM HIM NPOCTO0 HHAYETHBHHM
conmpoTHBAeHHueM, Ecan L B3ATL B redpn, a o —
B cex”!, 7o Xr, Oyler BEIP2XKeHO B oMax.

Kax sugno w3 (93.5), Benuuwna HHAYKTHBHOrG COHPO-
THBJIEHHS pacTeT ¢ 4actoToil . [locTosnuomy TOKY
{® = 0) MHAYKTHBHOCTL He OKa3blBaer CONPOTRBJACHHS.
3amenns B (93.1) U, 4epes oLl,, nmomyuuMm And naaenus

"HanpsKEeHRd Ha HHAYKTHBHOCTM CJAeRVIOIlee BHpaxKenue:

U,= lem cos wl, (93.6)

M3 cpaenennsn euipaxenuit (93.3) u (93.6}) BuTekaer,
YTO NajeHHe HAMPSIKEHHS HA WHIYKTHBHOCTH ONEpexaer
no ¢ase TOK, TeKyumuil depes
HHAYKTHBROCTB, Ha /2. Ecau
HanpasuTb, Kak W Ha puc. 199, ra—
OCb  TOKOB. TOpPH30HTAJBHO, i P
nojyyaercd BeKTOpHasd JAWa- at
rpamMMa, uszoGpaxennas Ha
puc. 200, 6. /

Cneur no basze MeXay T0-
KOM W HAIpsXKeHHWeM Ha HH-
LYKTHBHOCTH JIET'KO HOHSITD,
€CAH Y4YecTh, YTO NPOH3BOAHAA Pre. 201
KOCHHYCa HMeeT HauGoJbliee
3HaUeHHe B TOT MOMEHT, KOIJa KOCHHYC DAaBeH HyJI0,
npuYeM MaKCHMYM TPOH3BOAHOW JOCTHraerca Ha '/
nepuofa paHblle, UYeM MAKCHMYM CaMoro KOCKHYCA
(puc. 201).

1 Maxcimpr §

Y

§ 94. MepeMeHHLI TOK, TEKYIWAR Yepes eMKOCTh

ITycrs  nanpamenwe (92.1) nogaro Ha emKocTs C
{puc. 202, a). WHAYKTUBHOCTRIO UEAH H CONDOTHBJAEHHEM
NOABOAALINX NpoBoios Oylem mnpeneGperats. EMKocTs ne-
NpepbIBHO Nepe3apsikacTcs, BCAEACTBHE YEro B LENH TeueT
nepeMexHb#l ToK. [TOCKOJIBKY CONMPOTHBACHHE HOJBOAANIHX
NPOBOAOB NpeHebpeKMMO Mano, HaNpAXKeHHe Ha KOHAEHIA-

TOpE UC=—g.— MOXHO CYUHTATh PARHHIM BHCIIHEMY Hanps-
kenpo U

Ue=+=Upcosaf. (S4.1)

oa
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ITpoussoaras or ¢ no f AacT CHJIY TOKa B lend i. ¥M-
RoxuM Bhipaxenue (94.1) na C u mnponudgepeHuupyem
0o {, 3aMeluB ¢ gepes i

i~ —@CU,sinof = I, cos (mt + -g-) (94.2)
Tae
U
: (94.3)
o=
Benuuuna
1
Xe=opr (94.4)

HA3LIBAETCY pPeaKTHBHEM EMKOCTHLIM COMpoO-
THBJEHHEM MIH NPOCTO €MKOCTHBIM COMNpPOTHB-
nenunem, Eciu C B3ate B da-

A
panax, a © B cex !, 10 Xo Gyner
BHIpaXeHo B OMax.

) Hnsa HOCTOSHHATO TOKA
v {0 =10) X¢= oo — nocroauunf
L W W e
i Flancunys mona
im
7,& Jen monos Manscapys
2 J80R02
f) / >
7
\ ey
Pue, 202. Pue. 203.

TOK uYepe3 KOHJeHcaTop Teub He MoxKeT. [lepeMeHHLIE TOR
{0 #+0) Moxer Teub uepes KOHAEHCATOP, HPHYEM OKA&3HI-
BaeMOe TOKY CONPOTHRAeHHE Gyner TeM MeHbile, YeM 60Jlb-
ile 4acToTa TOKA o W eMKOCTh KOHAeHcaTopa C.

[
3amenus B BIpaenun (94.1) U, tuepes -ﬁlm, oas
NAJCHHA HaNpAXCHHA HAa eMKOCTH HOJIYYHUM

Ue=—p I tos o, (94.5)

Cpasuup (94.2} u (94.5), HaxoauM, ur0 najenHe Ha-
NPSKEHUA: HA €MKOCTH OTCTAeT no (hpaze OT TeKyIero dve-
pes eMKOCTh TOKa Ha /2 (CM. BEKTOPHYK AMarpaMMy Ha
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puc. 202, 6), TlpuynHa OTCTAaRAHHA 3aKJI0YeHa B TOM, UTO
N0 Tex Nop, NoKa TOK TeYeT B OJHOM H TOM ¢ Hanparne-
HUM, 3apap Ha oOKkJajJKax KoHjeHcaTtopa pacrter. CHaa To-
Ka [POXOHNHT Yepes MAKCHMyM H HayHHaeT yOulBaTh
{puc. 203), a sapsa (a caegoBatenvho, W Ug) Bce eme
OPOAQIIKAET PACTH, HOCTHTas MaKCHMyMa B TOT MOMEHT,
Koria { obpamaercs B ByJak, Bcien sateM TOK H3MeHser
HanpaBJeHHe W HavyHHAaeTcd yOniBanne 3apsaoB Ha 00«
KAdaagax,

§ 95. Llene nepeMeHHOro TOKA, COLEPIKAINA EMKOCTh,
HHJJ,yKTHBHOCTb | 4 COI‘IpOTHBJleHHe

PaccmoTpuM nenb, COCTABNEHHYIO H3 AKTHBHOTO COUpPQe
THBJeRust R, uHAykruBHocTH L u emkoctH C (gnc. 204, a},
ITomannm Ha KoHNW sroft HenM Hampskenue (92.1) wyacroe
Tol . B HenH BO3HHKHET NMepeMeHHBIH TOK TOH Ke UacTos
THl, aMIanTyAa I, 1 ¢asa KOTOpPOro, OUEBHIAHO, OlpeAe<
AA0TCH napamerpaMu uend R, L u C. IT0oT TOK BHI30BER

A /

. . b

|
Y ) e lfp i b (o

e M\t Q]

¥/
@bl S| 4
4 i
&) = ;}@ o)t
O
7, P /A Tt monos
wl "
4%
Pue, 204,

HA aKTHBHOM COHPOTHBJCHHN nafende Hanpamenna Up,
aMmiuTya Kotoporo paBHa Rl,, a (asa coBnapaer ¢ da-
zoft Toka (cm. puc. 199, 6). Tlosromy Ha BesTOpHOB Nua«
rpamMme (puc, 204, 6) perrop, uzobGpawxalomuit Uy, HyxHa
OTJAOKHTE IO OCH TOKOB, Ha;zexme HanpshKenna na HHAyK-
TusrocTH Up (¢ ammantyiok olf,) onepexaer Tok 1o
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dase na n/2 (cMm. pme. 200, 6); nostoMy Bekrop, H3oGpa-
®awwsi Uy, RoaKeH ObITh MOBEPHYT OTHOCHTENBHO OCH
TOKOB Ha yroa /2 mpoTtus yacoBoil crpenkH. Haxowxen,

nafetdde HaUpAXKCHHA HA €MKOCTH UC {HM&IOUJ,&C aMILTH-

i
TYRY Efm) orctaet of Toka no ¢ase na m/2 (cwm.

puc. 202, 6); cnefosateqbHo, BeKTOp, H3oGpaxawuwmit Ug,
NOMKEed OwiTh MOBEPHYT OTHOCHTE/BHO OCH TOKOB HA Yrod
n/2 ™o uacoBo#t CTpesKe,

Tlagenna nanpaxenuit Ug, Up u Uc B cyMve noamab
OuTh paBHBI DpHAOMKEHHOMY K uend Hampaxenuwo U. Ilo-
STOMY, C0XHB BeKTOPh, Hi3obpakawomme Up, Ur u Ug,
Mu NOJYYMM BeKTop, M3oGpaxawmuii U (ero anuda pas-
nra Uy). Dror Bekrop obpa3yer ¢ OCHIO TOKOB YIONM @, TaH-
reHc KOToporo, Kak BHANO u3 puc. 204, 6, pasen

1
mL——-—mC

tg @ = —p2 (95.1)

¥ron ¢ naer paszxocts dras Mexay Hanpaxenuem U u
caaodi toka i. M3 npamMoyroapHOro Tpeyro/bHHKa, THNOTE-
Hysa xortoporo Uy, caenyet, uto

(RIpY + (oL — 7;.15) In| = U

l/R” L‘Tf)z

Htak, ecnu Hanpﬂxeﬂue H4 3aXKUMaX Lemd u3Me-
HHETCH N0 34KOHY

OTKYAA

(95.9)

U=1U,cos wf,
TO B lleNlH TeYyeT TOK
[=1,cos (of — ), (95.3)

rae ¢ u [, onpenensiorest dopMmyaamu (95.1) u (95.2),
Beaunuuna

z=Y R+ (oL — o) = VRF X ~XF (9549

HA3LBACTCHA MOJAHBIM COUPOTHBJEHHEM LCHH. Be-
AHYHHA

X=X, —X¢=ol——x (95.5)
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Ha3pBaeTCHd peaKTHBHMWM coODpoTHUBAeHHeM Ta-
KuM ofpasom,

Z=VR+X% (95.6)

Tok orcraer or nanpsimeHmst (p>0) uau onepexaer
ero (p < 0) B 32BHCHMOCTH OT COOTHOLIeHHS! MexAy Xp #

Xe. Ipu mL>c—0% TOK OTCTaeT OT Hanpsikenus, npu ol <&

: 1
TOK OfnepexaerT HanpfameHHE. Ecan oL = '.'Q—C“‘, H3MEeHeHHnd
TOKa H HalpaXeHHUS NPOHCXOIAT CHH(!)&S-

Ho (@ =0). [1pu yaoeaersopsiowed sromy A WLy
YCAOBHIO YacToTe
1
Opea = e (95.7)
TV Vo oo
e — — — — =

HOJMHOE CONPOTHBJAEHHE UenH Z uMeer Haum- | #f, monad
Melubilee, BOSMOMXHOE MpH JaHunx R, L u
C. 3nauenne, papHoe K. COOTBETCTBEHHO
CHJAa TOKa JOCTHPaeT Hauboabiero {eos-
MOXKHoro npu gaknoM U,) suavenmus, [Ipn 5’16,—1;,
3TOM mnafieH¥e HaNpsKEHHdA Ha aKTHBHOM
COMPOTHBIEHHH PABHO BHEITHEMY HAMpsKe- Prc. 205.
HHID, IPUTOMEHHOMY K uenu. [lafenus Ha-
npsoKeHns Ha eMkoctH Up ¥ muaykrusuocrn Uy, oauHakoBH
10 aMIAUTYZe H NPOTHUBOMOJOXKHH 1Mo ¢ase. 1o fABACHHE
Ha3bIBAETCS PEe3OHAHCOM HanpaxXeHui®t, a vyacroTa
(95.7) — pesoHaHcHOHW wacToTol Bekropnan aua-
rpaMMa a4 cJayuas De3soHaHca HaNpRMKEHHA NOKazaHa Ha
puc. 205,

lMogcTaBup B BHIpAXKEHHA A AMIUIATYAR HANPAXKEHHA

Ha MHaykTHesOCTH (Up = @lLl,) M eMXocTh (Uc=a—c—-1m
SHaueHHe pe3oHancHoN uyactoth (95.7), noavauM.

" \ /L
U[,pea"_" Utpes= V? {m =% 1/'(;" Un.

Ecan '|/-% > R, Hanpsxenie Ha HHAYKTHBHOCTH H Ha

€MKOCTH [IpeBbIIaeT HaNpsiKeHHe, NPHAOKEHHOE K UeNH.

SiBnenue pesoHaHCA HAUPAMEHHA XapakTepHo TeM, 4TO
MOJHOE CONMPOTHBJEHHWE LEMH OKA3LHIBAETCA UYHCTO AKTHB-
HBIM (TOK H HalpsXeHHe H3MEHATCH CHHGDA3HO) B HMeeT

5




HauMeHBIIYIO BO3MOXKHYW TiPH JIaHHHIX TapaMerpax uenit
BEJUYHHY.

Ecin eMKOCTH B TIeNMH OTCYTCTBYET, NPHIOKEHHOe Ha-
NpsXenue PaBHO CyMMe NajeHH) HAnpsiKEHHs] Ha COMpOo-
THBJIERHH H HHAYKTHBHOCTH: U/ = Up 4 Ur. Coorsercr-
ByIOLAfl BEKTOpHAasdA amarpaMma H3oOpaxkena Ha puc, 206.
B atom cayuae, KaK BHAHO u3 PHCYHKA,

wl U
=% VR

Dopmyan (953.1) u (95.2) coemagaiorT ¢ noayueHRAHIMH
1
HaMH BLHID&XKeHHAMH, eCH NOJOKHTL B HHX —= =0, T. e.

C = oo, TakuM obpasom, of-

CYTCTBHE eMKOCTH B leNH 03~

rayaer C=o00, a He C=0,

KaK Kasamoch OBl Ha HOepBHH

B3LJISIA, D10 MOXHO NOSICHHTH

caenyomnuM obpasom. [Tocre-

Oes NeHHbI epexo] OT LeMmH, Co-

o “Eowos AepKalled eMXOCTh, K LenH

6e3 eMKOCTH MOMHO oCylle-

Puc. 208, CTBHTB, cOJHKaA oOKmagka

KOHAEHCATOPa 10 HX MOJHOro

conpuKOcHOBeHHA. [Ipu $TOM 3asop Mexay ofxaankamu d

CTPEMETCH K HYJMIO, A BeAWUMHA eMKOCTH CTpeMHTCR K fec-
KOHeYyHOCTH [cM. dpopMyay (26.2)1

§ 96. MoHOCThL, BLINENAEMEA B LUENH NEPEMEHROr0 TCKi

MrHoBeHHO® 3HAYEHMe MOLUHOCTH, BLIle/IfeMOH B IETH,
PaBHo NPOH3BENEHHIO MPHOBEHHBIX 3HAUCHHH HaNpAXKeHHA
H CHJBL ToKa [cp. ¢ dpopmynoht (37.2)]:

P)=U{)i(t)=U,cos ot I, cos (of —¢).
Bocnonb3oBaBUIHCh GOPMYICH

1

oS & cos P =5 cos (a—[ﬁ)+%cos(a +8),

BLipa:KeHH nasa MCHOBEHHOH MOILHOCTH MOMKHO npuaatb
BHI

P ()= 5 Uply 008 9+ Ul cos (2ot —g). (96.1)
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TpaxTHueckull HHTEpec NpeiAcTaBisfeT CPefHee MO Bpe-
MeHd 3Hayende P (), kotopoe Mbl 0603HaunM mnpocro P,
Tak Kak cpennee smaue-

nue cos(20f-—¢) paswo {4

pe=tnln s (96.2)

Takum oGpasom, MrHO-
BeHHas MomuocTs (96.1) AHAA!
Koae6Jiercs OKOJIO cpefue- /\
ro sHayenus (962} ¢ ua- ; A A

>
>

CTOTOH 2@, B ABa pasa npe- \C
BB KOLLET! YacTOTY TOKa A% 1
W(puc. 207).

Ecma 10K B uenu He Puc. 207,

COBEpIIAET MeXaHHYecKoi
pafoThl, cpeauss MowHOCTs (96.2) BHAEMSCTCS B AKTHBHOM
COMpOTHEJEHHH B BHAe Temna. B coorsercreiu ¢ dopmy-

Jaoi (93.1)
=

[Toncrasue 370 3HaueHHe cos ¢ B dopmyay (962} u yu-
T4, YTo EZ£=I,“ [em. dopmyny (95.2)], monyunm
Rl

==, (96.4)

CosS =

R
=2, (9.3

Takyio e MOHIHOCTH Pa3BHBAET NOCTOAHHBIY TOK, CH-
J1a KOTOPOro paBHa

J =

In
A (96.5)

Benuuuna (96.5) masbiBaercst AEHCTBYWILHAM (MM
5 deKTHBHBIM) 3HaYeBHEeM CHJAM TOKAa, Asanoruy-
HO BeJIHYHHA

U= —}‘% (96.6)
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HA3LIBaeTC JAeHCTBYIOUHM 3HauYe€HHEeM Hanpi-
dKEHHA.

C HcroJb3oBaHHeM HeACTBYIOUIME 3HaueHHl dopmyie
(96.2) nns cpepHeR MOIIHOCTH MOKHO NPHAATH BRI

P=Ulcosp. (96.7)

B Buipacenue HA MOLIHOCTH BXOAHT MHOXKHTENDb COS O,
KOTOPLIH HA3RBAWT KO3QPHLHEHTOM MOIMHOCTH.

v 1
Ecnn  peakrnppoe compornsienue X =oL ——= pasHo

HyJio (310 Gyaer, B 4acteocTH, npu Xp = X¢ = (), 10 co-
raacdo (96.3) cose=1u P = Ul Tlpn uucto peakTus-
HOM conpotusmeddd nenu (R =0) cosg =0, nosTomy H
CpelHAs MOUIHOCTb, BHIAeNgeMasl B 1LeNH, paBHA HYJI.
B 3ToM ciyuae ofHY UeTBEPTh NEPHOLA TOKZ 3SHEPTHA Mo-
CTyhder H3 BHelIHel CeTH B uenb, a CAEAYIOMIYI0 YeTBEPTh
TiepHofla Bo3BpalllaercA o0GpaTHO (MIHOBEHHAS MOILIHOCTB
usMensercd ¢ udacroToii 2e). Takum o6pasom, npH
cos ¢ =0 H4 ApH Kakofi cH/Je TOKa HeBO3MOXHQ NOAYYHThb
B IeNH CPefHIOK MOIIHOCTH, OTIHYHYID OT Hyas. B TexHu-
Ke CTpeMATCA CAGAATh €OS ¢ Kak MoxHo Goabwe, [Tpu ma-
JIOM COS @ AAA BLIIeJIeHHA B UenH HeoOXonaMON MOILIHOCTH
HBYXRO NponmyckaTs TokK Gonbmwed cuau. Tipu 3ToM Bo3pa-
CTAlT MNOTePH B MNOABOASILIMX TNPOBOEAX M TPHXOULHTCH
YBEJIHUHBATE HX CEYeHHe,

§ 97. Cumoandeckuii merog,

PacueTn ueneii mepeMeHHOTO TOKa 3HAYHTENBLHO YIPO-
[1aIoTed, ecAd DPHMeHATh TAK HasbiBaeMHIH CHMBOJH-
YEeCKHH MeTo A IJTOr MeTol OCHO-
BHIBAGTCSI HA TOM, UTQ, KAK H3BECTHO
H3 Kypca MaTeMaTdKH, KaKJIOMY BeK-
TOpy A, PacnoNOXeHHOMY B KOODAH-
HaTHOM nJockoctH (puc. 208), Mo-
¥HO CONOCTaBHTh KOMTLJIEKCHOS
7 UHCJAO

Puc. 208, A=a+bj=Ae"  (97.1)

rie a B b — NMpOeKUKH BEKTOPA Ha KOOPHHHATHBIC OCH (Ha-
430 BeKTOpa MPEATOJaraeTcsi CoBMeUleHHHM € HA4ajoM
koopaupar), A — MOAyAb KOMHOJEKCHOro uucaa (coema-
LAIOIMA ¢ MOAYJdeM BEKTOpPa), o — apryMeHT KOMILJIEKC-
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HOro uyucja (COBHALAMIUME ¢ YIIOM MEXAY BEKTOPOM H
OCbI0 X), j— MHHMas ejHuHLa').
Mexny Bennunsamu @, b, 4 ¥ o HMEOTCA CAERYIOUHE

COOTHOUICHHH
A=Va+ 5, }

b (97.2)
tga = rE

HpH CNOKEeHHH KOMILIEKCHBIX 4YicCes CHJAALMBAIOTCH OT-
HeJbHO HX BellleCTBCHHLEIE H MHHMBIe YACTH:

A=A, = Ja,+j2 b

Jlerko BuAeTh, 4To A COOTBETCTBYET CYMME BEKTOPOB,
H3o06paXkaeMbX KOMILIEKCHBIMH yncaaMmu A, (puc. 209),

A Ag bter®)

/. .
a{fl-—aaa——-l 2y e

Puc, 209, Pre. 210,

%K) Npaepdia NePEeMHOKEHHT ABYX KOMIUICKCHEIX YHCEN
AEN . Beiﬂ — ABei (a4

BHITEKaeT, WUTO YMHOXKeHHe KOMIVIEKCHOH  BeAHUYMHH
A = Aeit, wuzcOpaxkawouweil pekrop A (pmc.  210),

1} B orarune ot GPHHATOTO B MaTeMaTHKE ofosHayeHus i, B MK+

TPOTeXHHKe ]/—1 oGoangdalor Gykeoll j. HcnommacBamie sTOrO  aOfio-
SHaueHus, a TAKXe OGQIHAYEHAe YINHOB H (a3 GYKBOA @ He cMoxer
BLISBATL HeAODasyMeHyh, Tak wak B raaax XV n XVI Mol ne Gy«
Hen HpHGEl‘aTb K I‘IOHﬂTHﬂM RJOTHOCTH TOKa H NOTENlRana.

B anexTpoTexnuke AJA 0G03HEYEHWA KOMIVIEKCHHX BEAHYHH BMECTO
«KDBILIEYKH» (Hanpﬂmep, U) npHMeHseTCA TOYKA (U) Mu HEe Momes
BOCHO/IL30BATbCH TaKHM 0OO3HaueHHeM, [OCKOMLKY TOUKA Haj CHMS0-
AOM BeJIHYHHE B (pH3HKe BCEria O3HauaeT NPOH3BOARYID NO BPEMCHH.
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KOMIJIEXCHO® UHCIO €/? paBHO3HAWHO TNOBOPOTY BeKTOpa A
o 14
Ha yroa @ NpOTHB YacoBOH cTpeaku. Ecan ¢= -, 10

el? =cos~°-;4-—}-jsin% =j, Takum o6pa3oM, yMHOXKeHie Ha |
PABHO3RAYHO NOBOPOTY BeKTOpa Ha Yroal mf2 mpoTus ua-
coBOfl cTpesKH. AHANOTHYHO. YMHOXeHHe Ha 1/j = —j pas-
HO3HAURO INOBOPOTY BEKTOpPa Ha Yroa /2 mo 4acoBoil
CTpeIIKe.

Uro6el NPoAeMOHCTPHPOBATL NpPEHMYLLECTBA CHMBOJMH-
YeCKOTO MeTOAa, IPOH3BEleM C €ro NOMOLIBI) BLYHCJAERHE
flafeHiil HampAMeHHs Ha HHAVKTHBHOCTH M eMkocTH. Dop-
Myaa (93.2) zanuuieTcs B CHMBOJHUECKOM BHIE CHeELYIO-
mHM obpasom:

~ di
U[. == L E .
Eciu yepes HHIYKTHBHOCTL TEUET TOK

i=1elt, {97.3)
TO

5 d . . 7
Up=1L—5 (Ine!) = joLl,el® = joLi, (97.4)
TaruM oGpasoM, A TOro uTo6R NOJYYHTb BEKTOp Ha<
npaxenun Uy, HYXKHO BEKTep CHJIE TOKA YMHOMHTL Ha
@l u moBepHYTL NPOTHB YacOBOH CTPeJKH Ha yron m/2.
Dto coraacyercss ¢ puc. 200, 6.

Cornacuo (94.1) Uc =4¢/C. 3apam Ha KoHZeHCcaTOpe
MOXKHO 3amiCaTh B BHIE

q=fidt.

IMoacTaBHB 310 BhIpameHue B hopMyny aaa Ug u me«
peliis K CHMBOJHUECKOHR 3anHCH, MOJYIHM

bc= [ 1at.
Ecnu B uenk Teuer Tok (97.3),
Uc=+ f Iel9* dt = <o I = — j—r 1 (97.5)

(mocToRHHAs COCTABAAUIAAS HAMPAKEHHA NPEATONATAeTCH
OTCYTCTRYIOWIeH; NO3TOMY NOCTOAHHAA HHTETPHPOBAHHA NpH«<
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HATa pasHOW nyao). TlosyueHumfi pesyaprar coraacyerca
¢ puc. 202, 6.

[Tagenwe HampAMeHHs HA AKTHBHOM CONPOTHBJEHHH,
OYeBHIHO, PaBHO

U= Ri. (97.6)
B cayuae muenu, m3oOpaxkennoit Ha puc. 204, a, cyMMa
pedvunn (97.4), (97.5) u (97.6) macr pmemHee HampsKe-
HHe U
Ri+joli—]—=i=T.
BuiHecs i sa ckoGKkd, HOJYUAM
ﬂR+j@L~E%jp=ﬁ. (97.7)
Besuunna
Z=R+j(oL~5z)=R+iX (97.8)

HA3bIBAETCH KOQMTJEKCHEHM COUpPOTHBJAGHHEM.
B coorsercTBun ¢ cdopmynamu (97.2) ero moAyap paBel
KoMHOMY compoTuBaenHio (95.4), a aprymenr onpeje-
aserca dopmyrnolt (95.1), 1. e. pasen ¢ — caBury das mex-
Ry HanpsukeHHeM W ToKoM. CiefoBaTeNkHO,

Z=2e" (97.9)

C BBeAGHHEM KOMIJIEKCHOTO CONPOTHBJIeHHS opMyaa
(97.7) npuuHMaer BHE

iZ-0, (97.10)

coBnajaloluil ¢ BeipaxeHnHeM 3axkoHa Owma anA noctosH-

HOTO TOKA.
M3 cooTtionienusa

U=ii=ize"

BEITEKAET, YTO BEKTOP HampsxkeHnuad U MOXHO NOJAYYHTE,
YMHOKHB BEKTOD CHJIEI TOKa { Ha Z W NOBepHYB MPOTHB Ya-
COBOH CTpPeNKH Ha yroJa ¢. IDTo cordacyercda c¢ puc. 204, 6.

[Ipeacrarum cele 10CneLOBATEJbHYIO UeMb, OTIeJdbHLIE
YYACTKH KOTOPOH XapakKTepH3YIOTCS KOMIVIEKCHBIMH COMpo-
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tapaeHuamMy Z, (puc. 211), Cornacho (97.10) mafeHMe Hae
NpAXeHAs Ha KaXJIOM H3 Y4YacTKOB paBHO
Uk = lzk
Cymma peex Uy -monxkna Guith paBHa Hanpsxenuio U,
HPWIOKEHHOMY K UEMNH:

U=217,=1X07,=iZ,

Takum 00pasom, KOMIIEKCHOE CONPOTHBIEHHE Z loC/Te-
AOBaTeRbHON LemH PaBHO CYMME KOMILJIEKCHEIX COTIPOTHB-
JE€RHH OTAENBHHX €€ YYaCTKOB:

7=X1Z,. (97.11)

Ilpn napannesbuom COENMHEHHH S7EMEHTOB LEMH, KaX-
At M3 KOTODHX XapaKTePH3YeTCHd KOMIUVICKCHBIM COTIPO-
TuBAenueM Z, (prc. 212), momumiit TOK paben

3
N)l L)

rie U — npuaoxenHoe HanpsiKeHHe, Z — KOMIIEKCHOE CO-
OpoTHBACHHe Henu. BMmecTe ¢ TeM TOK i A0MAKeH ObiTh

£ o
4 z’ t Zz I
Sy Ny il Ry
/4
Pue, 211, Puc. 2t2,

 paBeH CYMMe TOKOB nk, TEKYIMX MO OT/eNpHbIM JIeMeHTaM
HeNH H ONpelenseMBIX BbIpaxKeHHeM [ = U,’Zh,

-

i=VZ
- 7,

INpupaBuae ofa BHIpaxenHs ANA [, NOJAYUHM (popMyny
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INpapana Kupxroda B kKoMnaekcHod dopme sanuch-
BalOTCA caeldylomum obpasom:

Z ik = 0!
sz ik = ng:
rne &y = Epe’ T ®ects k- 5. A ¢., AeficTByOWan B
JIAHHOM KOHTYpe.
Bce nosayueHHBle B HacTonilieM naparpade  GopMyJaul
OCTAIOTCA CHOPaBeJJIHBbIMH, €CHH BMeCTQG AMIJAHTYIHLIX

B34Tb JJ\EI;'ICTB}HOIU.HE 3HAUCHHUA TOKOB, Haﬂpﬂ}KeHHl‘:‘I H
9. 1. ¢.

(97.13)

§ 98. Pe3zonaHc TOKOB

PaccmoTpuM nenb, o6pa3gBaHHyi0 BHAIOUCHHLIMH Ha-
pansie’bHO HHIAYKTHBHOCTBI0O M eMKocThio  (pue. 213).
IlpennosomuM, UTO AKTHBHOE CONDOTUBJeHHEe ofenx Ber-
Bell HACTOJBKO MaJo, 4T0 ‘HM
MOMHO npcHebpeub. B atoM cay-
yae coraacHo dopmyaam {97.4)

n (97.5)
ﬂ=jo)Cl7; ] ;
- 7 . b
12=j—03£=—l?f (98.1) o~ O
(Uc=U,=0U). Puc. 213.

Uz soipaxenuii (98.1}) cnepyer, uTo ToKH iy B iy Haxo-
narca B npotuBodase (Tok B MHIVETHBHOCTH orcraer or U
Ha 7/2, TOK B eMKocTh onepexaer U na a/2). Tox ® noaso-

NALIMX TPOBOAAX { paBed CyMMe TOKOB i) H iy

TIpn ycnoeuu, uto
oC — =0 (98.2)

TOK i B MOJBOJAILUUX TPOBOJAX GYAET OTCYTCTBOBATh, XOTA
TOKH {; M {; B OTAEJbHEHIX 1IeNAX MOryT OLITb OUeHb BEJNHKH.
3To ABJeHHe HA3bIBAeTCH PE3OHAHCOM TOKOB. Jlas
Pe30HAHCHOR 4acTOTHl M3  ycioBHA  (98.2) mnoayvaercs
TaKoe JKe 3HavyeHWe, KaK H IpH pe3oHaHCe HanpaIiKeHHWH

[em. dopmyay (95.7}].
23 H. B. Canenten, 1, 11 353



Tlpn pezonaHce TOKH i) H in OAMHAKOBH N0 AMITHTYIE
H, KAK YXe 0TMeuajoch, [PATHBONOJIOXKHH N0 ¢ase, Cre-
OoBaTeqbHo, B KOHType, 00DA30BAHHOM HHAYKTHBHOCTBIO
H eMKOCTblO, LHDKYJHpPYET TOK, HENPEPLIBHO Mepesapmman
00KAaJKY KOHAEHCATOpA. N .

CooTHomerne Mexay TOKaMH i ¥ I; MOXHO H306pa-
3UTL HAFIAJHO C NMOMOLIBIO BekTopHoH jmarpammu, Ha
dnarpaMMe Hanpameuuit (cm. puc. 204, 6) Bekropw U ot-
KNaAbBAMHCE OTHOCHTEIBHO oCM TOKOB. IIp# mocrpoeHHH
AnarpaMMisl TOKOB BeKTOPbl { HYMHO OTKAaJbBATH OTHO-
CHTENBHO OCH HanpsKeHnuit. Buibepem B kadecTBe 3TOR oCH

b

) |

z
Z Jeb
T MangRRENl
é l
gf-z- =0 e O
Puc. 214. Puc. 215,

ock x (pHuc. 214). Toxk B HHIYKTHEHOCTH OTCTaeT OT Hanps-
eHHa Ha 7/2 B noToMy H3006pa)KaeTCsd BEKTOPOM, NOBEp-
HYTHIM OTHOCHTEJBHO OCH Hanpaenul 1O 4acoBOH crTpe-
Ke Ha yroa nf2. Tox B eMKOCTH oneperxaerT HANpsixeHHe Ha
n/2, COOTBETCTBEHHO OH MOBEPHYT OTHOCHTEJALHO OCH Ha-
ppsAKEHUI MpPOTHB YacoBoll cTpeaxw Ha yroa =/2. Ilpu pe-
30HAHCE AJHMHBI BeKTOPOB OOOHX TOKOB OJHHAKOBEI, pe3ynb-
THPYIOWHA TOK paBeH HYJNIO.

Hpakriayeckn HHAYKTHBHOCTD  (HampuMep, KaTymikaj)
Bcerjla 0041afaeT HEKOTOPHIM AKTHBHLIM COTPOTHBJIEHHEM
RY (ma puc. 215 3to COMpOTHBJEHME H CaAM3 HHAYKTHR-
HOCTB H300paxenbl pasgensno). CaeAoBarteqbHO, OTCTaBa-
HHE TOKA OT HampsixeHus Gyner wmeHolle m/2 — oHO onpe-

henastercn dopMyoi [
w
tg Q= T .

1) Bro oTHOCHTCA TakMe H K KORZEHCATOPY; OJHAKO aKTHBHOE CO-
NpOTHBJAEHAE B UeNH KOHAGHCATUOpa MOMKeT OuTh C/ASNaHO 3NAYRTEABHO
MeHbllie, 4eM B [eNH HHAYKTHBHOCTH,
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B 3TOM cayuae BeKTOpH finip e KOMIHHEADHH W CYM-
M3 HX He MoXer OwiTh paBHOH HyJaio (puc. 216,a). Komms
JIeKCHblE CONPOTHBNIEHHA 06enx peTbBell pasHbi (cM. puc. 215)

- 1 5 .
L=+ Zi=R+jol.

ConpoTub/ieHue Beell HelTd GyeM BHIUHCAHTD NO (HOpMY~
ae (97.12)

L (1—a’LC)+ joCR
R+ joL R+ jaL

= joll -

msl —_

’

OTKY[2
R+ jwl

(1 —w?LC) + jolR *
YMHOXKHB WUHCAHTENb M 3HAMEHATedb HA BeJHURHY,

KOMIJIEKCHO CONPAMEHHY0 3HaMeHaredio, MOJAYYHM

R+ j[eL{l — ?LC) — aCR?Y)
(1—ofLC) - (0CRE  *

7=

7= (98.3)

Moayae £ pacT noaHoe ConpoTHBIeHHe NApaIeNbHON
1eny, a OTHOLIEHHE peaKTHBHQﬁ H aKTHBHOH COCTABASAIO-

ux Z — TaHreHe yria ¢, Olpefearollero CABHE a3 Mess
Ly HanpsKeHHeM H TOKOM.

Puc, 216.

MoxH0 10Ka3aTh, 4TO MaKCHMYM MNOJHOIO CONPOTHB=
aeund Z (T. e. pesoBalic TOKOB) AOCTHIaeTCA NPH YCaOBHH,

YTO peaKTHBHAs COCTaBAsfioWas Z ofpawmiaerca B uyas B,
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enefoBaTe/bHO, MOAHOE COMPOTHBAGHHE CTAHOBHTCH HHCTO
akTHBHBIM {puc. 216, 6). Pe30oHaHCHYI0 YacToTy MOXKHO
HafiTH, OpHpaBHAB HYJIO MHHMYIO 4acTh BbipaXKeHMA

(98.3)
oL (1l —e2LC)—~aCR2=0,

1 2
o=} 75— 5 - (98.4)

ITpu R = 0 sta $popmyna nepexopur B (95.7).

Hrax, pesoHanc TOKOB xapakTepeH TeM, YTO IOJHOE
CONPOTHB/ACHHE WeMH OKa3hiBaeTcd WYHCTO AKTHBHBIM #
HMeeT HauBboJLIIYI0, BO3MOMKHYIC NPH [aHHEIX napaMer-
pax uemy BeqUYMHY (B CAydyde pe3oHaHCa HanpaXenud Z
{MeeT HaHMeHbinyio BeanyuHy). IIpu aroM TokM ) u i3
3HAYHTENBHO TPEBHIUAIOT TEKYIHH uepe3. HCTOUHHK TOK [
Pa3spupaemMas HCTOUHHKOM MOL(HOCTbL BhijeasieTcd B ax-
THBAOM CONPOTHRAEHHH lend R.

Idna rtoka uwactote (98.4) kouryp ¢ manum E umeer
oueHb §0AkLIOe COMPOTHB/CHHE, TeM OoJ/bllee, YeM MeHblle
R (mpn R—0 couporuBiedse KOHTypa Z CTpeMHTCA K
GecKOHEUHOETH).

Orciona



THABA XVI
QNEKTPHYECKHE KOJIEBAHMHA

§ 99. Cpobonnsnie KoneGaHud B KOHTYpE
Ge3 AKTHRHOTO CONPOTHBAEHHA

SneKTpHUecKHe KoOAeGAHWA MOrYT BO3HHKATh B IIemH,
collepAallled HHAYKTHBHOCTL M eMKOCTb. Takaf Iielb Ha-
3LIBAETCA KonebaTeAabiuM KOHTYDOM. Ha
puc, 217, a w3ao6GpakedH MOCAefOBATEAbHBle CTALHH KoJe-
6aTesibROTO. IPOLECCa B MAEANH3UPOBAHHOM KOHTYpe C ak-
THEHBLIM COIPOTHBACHHEM, PaBHHM HYJIO.

Cmoden. 1 Z 3 4 F]
I [
+§ I - | +d
7 I i
-g] - (X -7
. . 4
Fie @ T dw g
W’x-zimrf -;:,-m‘.rl .;,r.z? L mpe _:,‘_,u-l
Pue. 217.

Ins tore 4roOnl BbLI3BaTb Konelanusd, MOKHO HpHCoOe-
JIHHHTb OTKJIOUEHHHRE OT HHAYKTHBHOCTH KOHJAEHCATOP K
HCTOYHHKY TOKA3, BCAGACTBHE yero Ha OOKMagkax BO3HHK-
HYT pa3HOHMEHHbIE 3apAib BEeJHUMHLE §n (Ctagus ).

Mentny oOxnaAxaME BO3HEKHeT 3JEKTPUUECKO® moje,

DHeprug KOTOpPOrc paBHa -E——é—qfn [cm. dopmyay (20.1)].
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Ecin 3aTeM OTKAIOUHTE HCTOUHHMK TOKA H 3AMKHYTH KOH/JeH-
€aTOp Ha HHAYKTHBHOCTB, €MKOCTb HAYHET DaspsKaTbes W
B KOHTYpe INOTeYeT TOK. B peaynapTaTé SHEPrus SJEKTpPH-
yeckore noad OyAeT YMeHBUIAThCH, HO 3aTO BO3HHKHET Bce
BO3pacTaloulas HePTHS MATHHTHOTO NOJAH, 06YCA0BJEHHO-
FO TOKOM, TEKYLIHM Yepe3 HHAYKTHBHOCTb, ITa SHEPrusl

pasta. 5 L2 [eu. dopmyay (614)]

Tax kax akgTHEHOE CONPOTHBJECHHE LIend PpaBHG HYJIIO,
noAHan 3JHEPrHAd, CJHarawllanacd H3 IJHEPrHH  AJICKTpHHe-

11 1
CKOTO MOJISl & —~ ¢ W 3HEPTHH MATHHTHOTO 104 -.—LEQ, He
2 C 2

pacxogyerca Ha narpeBanue M OyldeT QCTaBATLCS TNOCTOSIH-
noit. [TosToMy B MOMEHT, KOIZla HanpsRcHHe HAa KOHJeH-
catope, a CJCAOBATE/NLHO, M 3HEPTHA 3JEKTPHYECKOTo MOJIA
ofpammarTca b HyAb, 3HEPrHs MarHHTHOTC MOJSH, 4 3nd-
YHT, ¥ TOK LOCTHIEIOT HauGosibliero 3Haveuus (cragus 2,
HAa4YHHAA € 3TOTO MOMEHTA TOK TE4er 34 C4eT 3. J. ¢, CaMo-
HEAYKUAn). B pannnefiuleM TOK yMEHBIIAeTCs H, KOra 3a-
paAnt Ha oOxJafKax OOCTHTHYT NHepBOHAYANBLHOH BenuuyH-
HEl §,, CHJ4 TOKAa CTAHOBWTCH paBHOH Hymw (cramus J).
JareM Te e NPOUECCH MPOTEKAINT B o0paTHOM MopsKe
(cTamuu 4 °H 5), nocAe Uerg CHCTeMa MPRXGAMT B NEpBOHA-
uajbHOe COCTOAHHE. (cTafusl H) # Bech UK MOBTOPAETCH
CHOBAa M cHOBa. B XoXe omHcaHHOro mpouecca NepHojHYe-
CKH H3MeHsoTCsi (T. e. KoneG/MoTes) 3apsan ¢ Ha oDkaad-
Kax, Hanps:keune U Ha KosZeHcaTope H CH/IA TOKA £, TeKy-
1erg uepes MHAYKTHBHOCTL., Kosebawua conpoBokIaorcs
B3aHUMHLIMH TIDEBPAULCHHAMH 3HEpPrufi 3/MeKTPHUSCKOTO H
MAaTHHTHOFO MOOJAeH.

Ha puc. 217, 6 wvoneGauusM B KOHType CONOCTaB/EHH
Kosnefanua npyxunnoro MaaTHuka. CoofuUleHHI0 3apsnoB
o6KnajkaM KOHJEHCATOpA COOTBETCTBYET BLIBELEHHE Ma-
AITHHKA BHEIUHE CHAOH M3 MONONKEHHS PaBHOBECHS H CO06-
IeHHe eMY NePBOHAUaNBHOTO OTK/IOHEHHH Xn. Ilpn sToM
BO3HHKAET MOTEHLHANbHAA BHEprua ynpyrod medopmaiuu

NPYXKHHH, pasHadg by [em. 1. 1, dopuyay (62.3)]. Cra-
p 2 m

Iny 2 COOTBeTCTBYeT MNpPOXOMAEHHE MAasiTHHKA Hepes I0-
JoXeHne parHoBecusl. B 3TOT MOMEHT KeasMynpyras cHaa
PaBHa HYJIO U MAfATHHK NPONOJIKAeT ABHTATLCA N0 HHEP-
uHH. K 3TOMY BpeMeHH 9HEprHsl MasTHHKA NMOJHOCTHIO Me-
PEXOAHUT B KHACTHUECKYI0 H ONpefeasercd BhHPaKeHHeM
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| o -
5 mi%.  CornocraBiense ZaibHeflIHX CTafuil TpefocTaps
JsieM UHTATeo,

M3 comocTaBjieHHA 3I/JEKTPHYECKUX H MeXaHHUECKHX KO-
NeGauuil  caeflyeT, uTO SHEPTHs SJIEKTPHUECKOro noas

i1 . o
“2“5"32 aHaJOTHUHA TNOTEHLUHANbHON SHEPTHH YIPYyTrol ie-

1
Gopmaunu, a sHeprua MaTHHTHOro moas - Li¥  awmaro-

THYHA KHHeTHYecKol >SHeprun. HnayktueHocTh L mrpaer
poab Maccul M1, BeadynHa, ofpartaas eMmkoctn (1/C), —
posb Kosddunnenra xectkocTH k. Hakoneu, sapamy g cos
OTBETCTBYET CMellleEHe MASTRHKA W3 MOJONEeHHs paBHOBE-
CH X, a CHIe TOKAa = § — cKopocTh ¥, Kak MEl YBHAHM
HIZKE, AHAJOTHA MEXAY SJAEKTPHUECKHMHM H MeXaHHue-
CKHMH KojieGaHUSMH pAacpocTpaHaercs U HA ONHCHIBAIO-
mHe NX MaTeMaTHYeCKME YpaBHEHHS.

Bo mpeMa xonefaHuli pHelllHee HanpfiXKeHHe K KOHTYDY
He npuaoxeno. [lostoMy nameHus HanpaXeHHA Ha eMKo-

py
CTH Uc=% H Ha HHJIYKTHBHOCTH U,_=LE%- B CyMMe
IOAKHE JATB HYJb
di , g _
A TTS 0.
di
Pazjenns sto Boipawenue Ha L u 3amendB
§(i =¢), npuaeM K cAellylouleMy ypaBHeHHIO:

. 1
q+—L?qu. (99.1)

Ecau esecTd 00o3Havenne

yepea

1

Tl (99.2)
ypacHenke (99.1}) npuHEMaer BHA
G +eyg=0, (99.3)

XOPOINO 3HAKOMLIH HAM H3 YYeHHd O MexaHHYeCKMX KoJe-
G6apnax [cM. T. I, ypaBuenne (62.6)]. Peiuenuem 3roro ypap-
HeRHSI, KAK HIBECTHO, fABAsieTcd (yHKUUA

q == g cas (0 + a). (99.4)

Taxum obpasom, sapap Ha oOknaaxkax KoHJAeHcaTopa
H3MEHAIeTCA N0 TrapMOHHUECKOMY 3aKeHy ¢ uacToTod,
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onpefenseMod Buipaxenuem (99.2). Dra wacrora HazmBaer-
ca cobcTBeHHOl wacTOTON KOHTYpa {OHA COOTBET-
cTByeT coOCTBEHHOM 4acTOTE rapMOHHYECKOTOo OCLHANATOpA).
Hnqa mepnoja KodeGaHMA nONYJaeTCA TaK HasbiBaeMas
popmyra Tomcona:

T=2VIC. (99.5)

Hanpsxkenne Ha kolieHcartope OT/HYaercsl oT 3apsiia
MHOXHTEAEM 1/C:

U =2 cos (wof + a) = U, cos (o + o). (99.6)

Hponﬂq:q)epeﬂunposas ¢yskuuio  (994) 0o Bpemenn,
MONYYHM BRIDAXKEHHe AAS CHIB TOKA

i = — @y sin (0gf + @) = I, c08 ((o,,t +a+3). (99.7)

Conocrasass dopmyasl (99.4) u (99.7), 3akmouaem,
TG B MOMEHT, KOFJa TOK JOCTHrAeT MAaKCHMAaJdbHOTQ 3HA-
uenHd, 3apaa (a TaK:Ke HAnpsKeHue) obpawaerca B HYJb,
K HaobOpPOT. JT0 COOTHOUEHHe MEXKAY 3aPAKOM H TOKOM
Mhl YXe YCTAaHOBMJM PaHee, OCHOBHBAafiCh Ha 3JHepretyye-
CKHX cooOparKeHHsX,

Hz dopmya (99.6) u (99.7) Burtekaer, uto

Umﬂicﬁ: Ifn:m(ﬂm'

3amenans o9 no dopmyrae (99.2), nonyqrm

]/ L (99.8)

Ity dopMyay MOXKHO MOAYHHTL TAKHKE, HCXOJA H3 TOrO,
uto Haubo/ibliee 3HAYEHHE 3HEPrdH SJNEKTPHUECKOTO NOJMA

[31 CUL; om, (29.1)] 1oMXKHo OHTD paBHO HanboavmieMmy

1 2
3HAUEHHIO SHEPrHH MarHUTHOTO MOJIS (? Lin).

§ 100. Ceofioannie 3atyxaomne xoaeGanus

Beaguifi peanbinfi KOHTYp 06J1ajlaeT aKTHBHHIM CONpO-
THBJACHHEM. SHBpI‘HH, danacedHHas B KOHTYpe, NOCTENEHHO
pacxojflyetcs B 9TOM CODDOTHBAGHHM Ha HarpeBaHHe,
BCJIEACTBHE 4Yero cBo0oiHHe KoaeGauua 3sartyxaior, Ypas-
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HeHHe KoJefaHNH MOMXKHO NOAYYHTE, HCXOAA #H3 TOTQ, YTO
CyMMa najxeHni HANMPpAMeHHA Ha eMXOCUTH, MHAVKTHBHOCTH
H aKTHBHOM CONPOTHBACHHH NOJARAKHA ObITE pasHa HyJIo:

di . t .
Pasgenus 370 BhipaeHue Ha L u 3aMenuB { uepes ¢, 4
yepes §, NOAYUHM

., R 1
q+Tq+—L—C—q=O. (100.1)

4l
dt

1 ) -
Yurss, ut0 & PaBRO KBaApary coOcTBeHHON yYacToTl
KOHTYPA wo {cM. dopmyay (99.2)], 4 eeean oGoanaueHue

g= %, (100.2)
ypasuennio (100.1) MoMHO mpuAath BHA
G+ 2Bg + wig = 0. (100.3)

Tlocnensee ypaBHeHue coBmamaeT ¢ AHdpepeHIHaN b
HbHIM ypaBHeHHEM 3aryXalWHKX MeXaHHYeCKHx Kogebauuft
fem. 1. I, dopmyay (73.2}]. Npu ycaonun, uro F<ef, 7. e,
R? 1 ‘
57 <-[g» PellexHe ypapHenHs (100.3) umeer sug

q = § "% cos (ef + a), (100.4)

rie ©=Voi—p. [oacrasaas snavemne (99.2) aas o
u (100.2) nas B, naxoanm, 410

0= 1x- X5 (100.5)

Takum o6pasom, wacToTa 3aryxawwwux Koaebanuf
MeHblle coBeTBeHHOH 4acToTH wo. Flpy R =0 sulpaxenne
{100.5) nepexoautr 8 (99.2).

Pasgeaus (100.4) Ha emkocTn £, HOAYYHM HaIpsKes
Hde Ha KOHAEHTaTope:

U= qg" e~ cos (0t + a) = U e~ cos (of +a). (100.6)
Urobs wafttw  cuty  TOKa, mpofuddepenuupyem
(100.4) no BpeMeHH: '
i =g =gue %[~ Bcos (of +a)— asin(ef +a)].
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YMHOXKEM H pa3peJuM 3T0O BLIpaXKCHHE Ha l/OJ2+ﬁ2 =
= ch = mo:
i = oogmoe [—"—B" T
- Vit Ve

Breas yron ¢, onpefiensieMell YCAOBHAMH

cos{of+a)— sin (wt+a)]

B B e o
COSV=mYaEm T T w T Varim T e
MOXHO HanKCaThk
i= opgmee? cos (@f + o + ). (100.7)

[Tockonpky cos$p <0, a sinyp>0, %<\p<n TakuuM

oﬁpasom OpH HANHYHM B KOHTYpPe 4KTHBHOTO COMPOTHB-
p JeHHH TOK omepexaeT no gase
HAOPSAEHHe Ha KOHIeHcarope

i SRS G6otee uem Ha /2 (npu

/\ [\ N R =0 onepexenune cocrasas-
eT m/2).

\/ _,\/- s Fpadur ¢oyukuun (100.4)

usobpaxen na puc, 218. I'pa-
GUKH 1419 HanpsiKeHHs W CH-
Puc. 218. Jbl TOKa KMEIOT anaJorHuHBII
BHA.
3aTyxaHde koJeGaHHH NpUBATO XapakTepu3oBaTh J0-
rapudMHUYeCKHM [IeKpeMeHTOM 3aryxarusa [cMm. 1. I, dop-
myay (73.12)]

.-

a {t)
A=1In W = ﬁT,
rie a(f) —aMOARTYAA COOTBETCTRYHOIIeH Beqwunsel (g, U
ung i}. Jlerko MNpPOBEepPHTh, UYTC JOrapHOMHUUECKHI ITeKpe-
MeHT 3aTyxanus obGpaTed To Bennuuie uycay xonebaHui
N., cosepimaemMelx 3a BpeM#f, B TE€UeHHE KOTOPOIO aMilIiTy-
fa yMeHpHIdeTCd B € pa3s:

1) DTuM yCNOBHAM MOXKHO TAKKe NPHAATH BUL
tg1p=—%, cos < 0
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Kosebatenstnifi KOHTYp uacTO XapakTepH3YKT ero Jo-
6poTHOCTBbI0 (Q, KOoTOpada onpejensaercd Kak BeNMdHHA,
O0OpPATHO TMpOTNOPIHOHAABHAA JOrapHpMHUECKOMY OeKkpe-
MeHTY 3aryXaHuf

Q= =aN.. (100.8)

M3 (100.8) caengyer, uTo HOOPOTHOCTL KOHTIYpAa TEM BhI-
we, yeM GoJbliee YHCAO KOoAeOAHHA YCMEBAET COBEPHIHTHCH
npexje, yeM aMIANTYAa YMeHBUIMTCA B € pas. Baas pme-
CTO A ero sWaueHHe B7, MoOAyUHM

Q==L (2_ﬂ) -
TBr B\NT /T o
Ecng satyxause Hepedauxo (p° < mg), MOXKHO HOAQ-
WHTE ® =~ Oy =——= _ Joraa
0 ]-/.LC . A

Q% ~vVicr &V ¢
[cormacno (100.2) 2p = R/L]. Takum o6pasom, B cayuae He-

CHJIBHOTO 3aTyXaHHA _
1 L
-5V L. (100.9)

AMUJuTYAa CHibl TOKa B KOHType yOLIBAaeT MO 3aKOHY
e Bt Sueprua W, samacennasi B KOHType, HPCIOPIHOHAIb-
Ha KBajpary aMOJNHTYAb CHJIE TOKa (HAH KBaJpaTy amn-
JUTYALl HanpsKeHHS HA KOHIEHCATOPE); C/AeLOBATRMbHO,
W y6uiaer mo zaxoHy e—2Pf, OTHOCHTEAbHOE YMEHLIIEHHE
SHEPrUH 32 NepHOJ DPABHO

AW _WO-WE+T) 1-e®

|20 W () 1
[Tpu HesHawHTeNbEOM SaTyXaHWy (T. €. NPH YCROBHH,
yto A <€ 1) e~ wmoxHO TNpHOAMKCHHO 3aMCHHTH uepe3
1 — 2

AW
3aMeHHB B 3TOM BBIPaXKEHHH A vuepes noBpoTHOCTE

KoHTypa Q B cootBetctBuM ¢ (opmydoh (100.8) u pemus
NONAYYEHHOE ypaBHEHHEe OTHOCHTE/bHD Q, TMONyYHM

Q=217 (100.10)
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Hrar, npr c1abom 3aryxaruu  fo6poTHOCTL KOHTYpA
OKashlBaeTCsl MPONOPIHOHANBHON OTHOLIEHHIO 3HEPrHHM, 3a-
flaceHHol B KOHTYpe, K YOLIH 3TOH SHEpPIHH 34 ofuH [e-
pHoj KoJebaHRH. e

B aaxniouenne otMeTuM, uTo npu = e, T. e. TR

1 o
2 Tr » BMECTO KOMeGanuii NPOMCXOAUT anepHOAHUECKHE

paspan koHgencartopa. ConpoTusjieHHe KOHTYPA, IPH KOTO-
poM KoneGatenbHbill DpOlEcC NEPEXOANT B ANEPHOAKYCCRYH,
HageBaeTcl KPHTHUYUECKHM, 3HadyeHHe KPHTHYECKO-

RE
I LI
0 CONpOTHBAEHAA R, onpejeasercA YCIOBHEM TiF =T
OTKyAa
szz]/i. (100.11)

§ 101, BuHyXpaenunie ajeKTpHUECKHe KoseGanus

Y706H1 BHI3BATh BHIHYXK/eHHble KoaeGaHus, HYyXKHO OKa-
3bIBATE HA CHCIEMY BHCIIHCe MEPHOAHUECKH HaMeHdiulceca
pogieitctere. B caywae 3jeKTpHueCKHX KojebaHuH 3TO
MOKHO OCYIIECTBHTb, €CAH BRAKYHTL HOC/NELOBATEABHO C
BneMEHTaM¥ KOHTYpa NepeMeHHYI0 9. A. ¢. HJIH, pasopBas
KOHTYpP, Nogath Ha obpazoBaBiisecd KOHTAKTH NepeMeH-
noe nanmpsxenne U, Tlocneznwit cayuali paccmoTpen moj-
pofro B npenviiymiedt raase') (M. puc. 204, a). Onuaxo
IS TOrO, YToObl MPOBECTH RO KOHNA AaHAMNOCHIO MEXIY
SACKTPUUECKHMH H MEXaHWdecRHUMH KoJeOaRUIMH, MBl pac-
CMOTPHM  BHHYXKIAEHHLIE S3AC€KTPHUECKHE xonebauua euie
Pas, OPUIAB YPABHEHHSM HECKOJLKO HHOH BHI,

[IpupaBHsieM CYMMY MafieHHii HanpsiXeHHs Ha 3JeEMeH-
Tax KOHTYPa NPHJIOKEHHOMY HaMpsXKeHHIO

di | e, 1
L +Ri+ 7 ¢=Ugcosot.

ITepefiga or Toxa { K 3apaly ¢ 4 HCIOJAb3oBaB 0603Ha-
yerua (99.2) n (100.2), noayunM ypasueuse

&+ 2BG + o3g = S cos ot

1) B cayyae . /7.C. YPaBHEHHR CCTAOTCH TAKHMY JKe, HYXKHO JUHIb
dynxupe U= Uy cos of 3avenuts pymxunel & = &, cos at,
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Koropoe coBmagaer ¢ JuddepedunanbHeiM  ypaBHenHeM
BHHYXIeHKHX MeXanHuecKnx konaebawmit [cm. 1. I, dopmy-
ny (75.2)]. UacTHoe pelleHde 3TOr0 yYpaBHEHHA HMEET BHA

q = g cOS (0f — ¢), (101.1)

()

rae

V- e
= _ 2o
tgp= 0 — o

fem. 1. 1, dopmyasr (75.7) n (75.8)1.
lMoacranoska B 3Ty Bwpaxenna 3uaveHudl (99.2) w
(100.2) ans won B Maer

Un
G = ' (101.2)
m]/-Rz + (mL ——-%)2
tg§ =~—2—-. (101.3)
we ot

O6ee pellleHHe ROJYYHTCH, €C/IH K UACTHOMY DeLICHHIO
(101.1) npubaBATe o0O0llee pelleHHE COOTBETCTBYIOMETO
ONHOPOAHOrO ypaBHEHHs. JTo pelleHHe OBLIO TOJMYYeHO B
npenuayieM naparpade [cm. dopmyay (100.4)], ouo co-
JEDKHUT IKCHOHEHUHANBHEIN MHOXUTENE e, nosroMy no
NpPOIUECTBHH C Hayala Ko/eGaHHuil JOCTATOUHOIO BPEMEHH
CTAHOBHTCA OUYEHb MaibM W UM MOXKHO npeHeGpeun, Cne-
JOBATEAbHO, . YCTAHOBHBIUMECS BHIHYMKIEHHHE KoaeHaHHA
onuchBawTted ¢yuxumedn (101.1). 3ameTum, uTo B mMpenH-
IJymefl TnaBe paccMaTpHBAJHCh JIHWE YCTAHOBHBIUHECH
TOKH H HaRPSAXKeHHS. ‘

Pasgeaus sapsag ¢ Ha eMxocTh C, moAyuuM HanpsiKe-
HHe HA KOHIEHCaTope

Ue= %"cos (0f — ) = Uy cos (of — ),
e

Ucp =Tt = —=—.  (101.4)
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MMpoauddeperunposas dyakmuio (101.1) no #, nafizem
YCTaHOBHBIIHICA TOK B KOHType

i = — wg,, sin (of — ) :Imcos(o)t—tp+%). (101.5)

AMMTHTYRA TOKZ KMeeT 3HaueHHe

1)
m= Oy == i TRVIN
2 — rr————n
]/fR + al mc)

coBnajammiee ¢ BupakenHem (95.2}.

Bpeaa B (101.5) oGosunauenne ¢ = ¢ — /2, M npu-
AeM K BHIDAKEHHIO IJf i, COBNAZAIIEMY C (OPMYJIoi
(95.3). B coorsercreun ¢ (101.3)

- L2 DU TR
tgp= ww ) T

1
_2ee
B .
Takum o6pa3zoM, Mbl CHOBA IIpH-
g k opmyae (95.1).

PezonancHasa vactota Aad
aapsAfia ¢ H HANPAXKeHHs Ha
KoHpencatope Ug paBHa [cM.

1. I, dopmyny (75.11}]

@, @ 0, =0,= ]/m2 2 =

Pue, 219, “1/% *,_?L'z— Lo, (10L.7)

Pesonancubie Kpupeie aasi g maobpaxkensl Ha puc. 219
(peaoHaHCHHIe KDHBHIE OJA ¢ HMEOT TOYHO TakoH BHA).
Onp cXOmHHI ¢ pe3oHaHCHBIMH KPHBBIMH, TOMYYAIOUIEMHCH
A8 MexaHuuecKux koJeGaunit {cm. 1. I, puc. 189). Tipn
o —0 pesonancueie xpupHe cTpemarcd K Ugp = Up—
HanpsyKeHRHIo, BO3HHKAWONIEMY Ha KOHIEHCATOPE IPH MOL-
KJIOUEHHH ero X HMCTOYHHKY NMOCTOAHHOFC HAalpfAeHHA Be-
JuuHisl Uy, MakchiMyM nps pedoHauce NOJYYAETCH TeM
Bhille 1 ocTpee, yeM Meublle B = R/2L, 1. e. yem Menble
AKTHBHOE COLpPOTHBJIEHHe M O00JbLie HHAYKTHBHOCTL KOH-
Typa.

Pe3onaHcHble KPHBBIE ARl CHJB TOKa M306pa)keHnl Ha
puc. 220, OnH COOTBETCTBYIOT DPE3QHAHCHEIM KpPHUBHIM JJjIfl
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CKOPOCTH TIPH MexaHMuecKHX KoJeGaHuAX. AMNJHTYZa cH-
nel Toka (101.6) wuMeer wMaxkcuManbHOE 3HAYCHWE HPH
ol —1/oC =0. CnepoBare/bHO, pe3oHaHCHAs 4YacTOTa
JUIA cH/IBl TOKa COBMajaeT ¢ coSCTBeHHON ACTOTOH KOHTY-
pa wo. OTpe3oK, OTCeKaeMLIA Pe30HAHCHBIMH KPHBHIMH Ha
ocH [, paBed HYJIO — NPH TOCTOSHHOM  HaNPSKeHHH
VYCTAHOBHBIIMACA TOK B IEMH C KOMIEHCATOPOM Teub He
MOXeT.

Iy

! ._.!_ﬂ’_. ]

| Togs

j 7 frmmmemp

| 8

f 47 f—=-=- 4-

t L

| H

i

] L

{ N

| . 13 }

), Wy o

“ bt ~{ dwk
Puc. 220. Pne. 221,

Npu manom saryxawmn (i < of) pesoHaHCcHYlO yacroTy
(101.7) ans nanpsXeHua MOMCHO MOJIOKHTL PAaBHOH @q:

coUC

1 1
Wy = Oy = —F— oyl ——— =0,
44 0 ]/-LC t 74
Cornacuo $opmyne (101.4) oTHomeHwe aMIJIHTYABl Ha-
npAXeHHs Ha KOHAeHcaTope npu peaoHaHce Ugmpes K amir-
JHTYAe RHelHero Hanpsixenus U, Oyler B 310M cayuae

paBHoO
UCmpes__ 1 "—'—l"l/i _Q
- . — oy
Un — _1L_cym RV C
VIC
rie Q@ — no6poTHOCTE KOHTYpa [cm. topmyny (100.9)]
JoGpoTHOCTs KOHTYpa XapaKTepH3yeT TaKiKe oOCTpPOTy
pe30HaHCHBIX KPHBBIX. YUT08n yGegHTbCR B 9TOM, BHUHC-
JHM Tak H43blBaeMyl0 [MHPHHY pPe30HAHCHOH KPHBOR AJA
CHABLI TOKa [0 fNofoeuue momgectd. [lox sTofl senuumHo#
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DONpa3syMeBaloT Pas’HOCTh 4acToT Aw®, AAA KOTOPHX 1% co-
craBaser 0,5 or pesonancuoro snaueHus (Fn = 0,7 Fppes;
pic, 221},

Corsacno ¢opmyae (101.6} ksaipat aMnAHTYAL CHJALI
TOKa papBeH
U

R9+(wL——n:—C)2 .

=

2
2 o Un

Ilpr pesonance I paBHo [2, pes = -

2 2

TyA [ cocrasut 0,5 i pes 1P wacroTaX, YAOBASTROPNIO-

MHX YCHOBHIO

Keappar amnau-

2
(mL __l_) = Rz.
Packphis croORM, npHJeM nocize HecJOXHbiXx npeofpa-
30BaHHA K CHEIYIOIEMY YPaBHEHHIO:
w! o? g € o _
w2717 R T'(_1__+1“0
(=) () o)

B cootsetctiun ¢ dopmyaoir  (1009) R2m=

f
Qe
1
~& = ©% [NosToMy MoxHo Hanucars
ot 1\ o
—14——(2 +—2)—2—+1 =0
@y Q) wg
Peltim 3TO ypaBHeHHe OTHOCHTENbHO 02wy

ﬂ
Ll 1+——._ (1+-—H~) —~1 =
= V
=14+ — Ll/-].!.l_
2Q2‘Q 47

[lpu Goabmux ROGPOTHOCTAX BeMHUMHAMH, CoAepKa-
muMy QF B 3HaMeHaTesle, MOXHO npeHeOpeuyp NO cpas-
nenuio ¢ 1. Torga nonyunrca

w? | 132
—_—_—— ] — & = —
g 1“Q (l‘m)’
OTKYLA 1
W
—m—u‘-ﬂli'——QQ-
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Taxknum ofpa3’oM, HCKOMBle 3HAYEHHS YACTOTH PABHE

W, = 0)0(1 ——2%) H 032=u_)0(1 +%6)

B3fip pasnocTk wz — w), HalileM WHDHHY KPHEOA A .
- {0
OrHocurenbRas IWHpHEA KPHBOA —— oOKasbiBaeTcs o6part-
0
HO#l A0oGPOTHCCTH KoHTYpa Q:

A i
o 0" {101.8}
HanomuumM, uto ara ¢opMyna BepHa MWL BPH GOJib-
mHx Q, T. e. B cayuae, Kor/la 3aTyXaHHe CBOGOJHHX KoJe-
Ganuit B KOHTYpE MaJo.
© Mpl  paccMoTpensu BHHYKIEHHBE KoneGaHMA, BO3HH-
Kaollge NpK BKIIOUCHHH BHEIIHErQ HamNpsiKeHHs Nocjeno-
BATENbHO C 3JEMEHTaMH KoxeGaTedBHOr0 KOHTypa (cM.
puc. 204, a). OueBnlHO, UYTO BHHYXKJAeHHBHE KoJeGanKs
MOMXHO TaKmkKe OCYIIECTBHTh, HNOAKAIOVNHB HCTOYHHK Ha-
OpMXKeHUs mapajdlienbHo KOJgefaTedbHOMY KOHTYpY (CM.
puc. 215). Pe3sonancsan yacrotra B 3TOM cJyuae onpeze-
asierca dopMyaofi (98.4).
Asdienne pe3oHanca MCTOAB3YETCA AR BBHIZSAGHHA H3
CNOM(HOTO HAMpAXKeHHd HYMXHOA cocrasasiomed. ITyct
HanpAXKeHHe, NPUAOKEHHOE K KOHTYPY, PaBHO

U= Uy cos(af+a)+ Unpocos (af +a)+ ...

Hactpous konTYp #a OAHY H3 YacToT @), Wz H T. A
(1. e. mOnOGPAB COOTRETCTBYIOIIUM 06pa3oM ero mapamer-
pet C ® L), MOXHO MONYUHTR HA KOHJIEHCATOPe HanmpsiKe-
nie, B Q pa3 npesHmamilee BeTHYMHY RaHHOMW cocTaB-
JSIOUEH, B TO BpeMsl Kak HanpsikKeHue, co3jaBaeMoe Ha
KOHEHCATOPE NPYTHMH COCTABJAAWIIHMH, OyZer caaGbiM,
Takofi npouecc oOcyulecTBAsAeTcs, HampHMep, NPR Ra-
cTpefixe PAAMONpPUEMENKA HA HYKHYIO AJHHY BOJHHL.

§ 102, ﬂonyqenue He3aTyxaromux Koaelanui

Jas soz0y:KIEEHWUA He3aTyxalouinX SJEKTPHYECKHX KO-
nebGaHuAl  npHMeHsioTed  aBToKoJsefaTenbHbpie CHCTEMH ¢
NCKTPOHHNMH JJaMIaMH, HasblBaeMbie TAMNOBLIMK reHepa-
topaMy. OnHa ¥3 npocTeflilyX CXeM TaKoro -reHepaTopa
npuBedera Ha puc. 222, KoneGateablbifl KOHTYD, B KOTOPOM
BO30YXKAAWOTCA KOMeGaHHA, BRAIOYEH MEXIY KaToAOM H

244 H. B. Capennen, 1. 11 369



ceTKof Tpuoja. B aHOAHYIO Uenb BK/AYeHa KAaTYIIKA La,
MHIYKTHBHO CBf3aHHas ¢ KaTtymwko#dl L xontypa. Batapes
B caymxur pis TOro, ATOGE CMECTHTR pPaBouyl TOYKY
JIAMDE Ha CEPEAMHY NpPAMOJHHEHHOTQ YYaCTKa XapaKTepH-
ctukd (puc. 223), TIpn BO3HUKHOBEeHMH KoJeBaHHE B KoH-

Puc. 222, Puc. 223,

Garapeu 5, pashoro U, M HanpsikesHs Ha KOHAGHCATOPE
Uc =

Ue=Uy+ 2., (102.1)

Ha puc. 224 rpadur 31070 HaNpSKERHA CONOCTABJAEH ¢
rpadHKaMy RS sapAla § H CHAB TOKAa [ =4 B KouTtype.
Ecau -KosebaHus HeBeJdukM, Hanpfxeunwe U. Gyper ocra-
BaTbCA B npefenax NPAMOJHHEHHOTO yyacTKa XapakTepH-
cTHKY. B 3TOM caydae MeXIy aHOLHBM TOKOM ia H CETOU-

guiM Hanpsxennem Ug uMeer MecTo nuueflHas 3aBHCHMOCTB!
ia=i+ SU,,

rAe S — KpyTH3Ha XapaKTepPHCTHEH Ha NMPAMONHHEHHOM yua-
cTKe, T. € BeJHYMHA MoCcTOsiHRasa [cM. dopmyay (75.2)]
Tlopcrasus cioaa supamenue (102.1) maa Ue, nonyuum

h= iy + SUg+ S L =ioee + 4. (102.9)

TaxuM obpazom, npn CHHYCOHZANLHBIX H3MEHEHHAX 3a-
pana g B KaTymke L, XpoMe NMOCTORHHOIL cocTaBasioilel

30



. . S
TOKA inocr OYAET TeUb MePEMEHHAN COCTARNAIOMAN Inep == ¢,

H3MEHEHHs] KOTOpO# COBEPIIAIOTCH B TAKT C H3MEHEHHAMH ¢
(puc. 224,2), Dra cocraBadAomas GyneT HABOAWTL B Ka-
Tylike L nepeMeHnyl 3. A. C. B3aHMHOH HWHAYKIHH

di LS
'gt:“led—;=— (};9 q,

(102.3)

rie L, — B3auMuafd HHIYKTHBHOCTb KaTtyuwrek L u L,.

Ecan nepekmiounTh KoHHM KaTywkd L, (4To paeHo-
CHNBHO noBopoTy ee Ha 180°), manpassenne & M3mennted
Ha npotusonojoxuoe, Ha puc. 224,0 u & nokasauh
rpaduku &; Aas oGoux cno-
cobop mxawouerua L,. Kax ™~ TN

TeJbHO, OpPH  JOCTATOYHO
CHJDHOH CBH3H MeEXIy Ka-
TYHKAMH MOMET HOAAEDXKH- g U 4 P 4
BaTh  Konebamua  Hesary- -y -""%‘i‘
XaoEMH, YObab  3Hepriu P :

B KOHTYpe MOROJHAETCA 34 Pl \
cueT HCTOYHHMKA ToKa b,. [lpu . 3‘{_}_7[\
BRJWOYeHWH Kartywgku L, co- & &
OTRETCTBYIOMEM puHc. 224, e,

&; HaXxoBMTCA B IpOTHBROGA- 5 & ke _ 4
3¢ ¢ {, BCJEACTBHE 4ero npe- i |
ot
|
i

BHIHO M3 DHCYHKa, B ciyyae & 7 T ¢
d) &; cosmamaer no gase c ! o
TOKOM B KONType H, CiefioBa- g, sl | Ll

) T

]

!

nATCTBYeT KOJI,E&&HHHM B

KOHTYpE. £ &
CyIIecTBO  NPOTEKAWILHX ¢ N
B TeHepaTope TNpOLECCOB 3as Puc. 294,

KJIIOYaeTcd B TOM, YTD KOJle-

GaTenbHBA KOHTYp BO3MEHCTBYyeT Ha AHOAHYIO LENb JaMiibi,
KOTOpast B CBOK) quepenb OKa3hlBaeT JeficTBHe Ha KOHTYD.
Takoh cnoco6 nonyuenus kKosebaHufi nasnipaercsi o6par-
no# ceaapi. CooTBeTCTBEHHO KaTyliKy L RasmBaiotr
KaTyKo#t ofpaTHoil cBA3H.

Crporast Teopus JaMAQBOrO TeHEparopa (u sooblle Ji0-
6oil aBTOKOMeOATENLHON CHCTEMB, B TOM UYHCIE K MexiaHu=
4eCKOH) OuYeHb CJOXKHA, TAaK KaK IPHBOAHT K HENAHEHARLIM
M depenunanbHEIM ypaBReHUAM. HenuRelHocTs dgBasercs
XapakTepuhiM CBOACTBOM BCeX aBTOKONeGaTe/IbHEIX CHCTEM.
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FTIAABA XV
SNEKTPOMATHHTHOE HOJE

§ 103. Buxpepoe 3NeKTpHUECKOE MNOJE

PaccMoTpum cayuad 3neKTPOMATHATHOH MHAYKIHH, KO-
T2 KOHTYP, B KOTODOM HHAYUHPYETCA TOK, HEMOJBHIMKEH, 2
H3MEHEHHS I0TOKA MaTHHTHOR HHAYKUHMH OOYCAOBACHBEI H3-
MCHEeHHAAMH MATHHTHOTO TONs. BO3HUKHOBEHHE HHAYKHHOH-
HOTO TOKA CBHACTEALCTBYET 0 TOM, 4TO H3MEHEHHA MarHHT-
HOI'O TI0AH BHI3BIBANOT HOSABJCHHE B KOHTYPE CTOPOHHMX CHJI,
JeHCTBYIOIHX Ha HOCHTENH TOKa. JTH CTOPOHHUE CH/bI He
CBA3aHEl HH C XHMHUYCCKUMH, HH C TeIJIOBLIMH MpoLeccaMH
B KOHTYpe, OHH Taxkxe He Moryr OuiTh cujamu Jlopenna,
TaKk Kak cHiu Jlopenna paCoThl Hajl 3apdajoM He COBep-
mator, OcTaeTcs 3aK/MOYUTb, YTO HHAYKIHOHHBIA TOK. 06ye-
JIOBJICH BO3HHKAIOLIYM B KOHTYDE OSJIEKTPHYECKHM TOJEM.
O6osuaunM HanpsxeHHocTb 3Tore moaa Egl!). CornacHo
dopuyne (32.2) 9. A. c. HHAYKIHH paBHa LUUDKYISUHY BeK-
topa Ep no xourypy:

& =§ Bl (103.1)
B coctBerctanm ¢ dopmynoi (56.3)
a0 d
g,.=——dt—=—?8fa,,ds, (103.9)

rie upterpan GepeTcd MO NPOU3BOJIBHOH [OBEPXHOCTH, OIH-
paioineficst Ha KOHTYD. TIOCKOMIBKY KOHTYD HENOJBHIKEH, OTie-

1} Dro ofo3HaucHHe, paBHO Kak H MpHMEHAEMOe B AajbHehrmes
obvznavenne E,, spiserca penoMoratensHuM. Brocneactsnu  HHAEK-

CH 8 n ¢ un omycTHM.

are



panun AKQQepeHNHPOBAHUA N0 BPEMEHH H HHTETPHPOBAaHHA
[0 TOBEPXHOCTH MOXKHO NOMEHATh MeCTaMH:

%J BndS = J- (%_l:)n ds. (103.3)
8 8

Bexktrop B 3aBHCHT KaK OT BpPeMeHH, TaK H OT KOQODH-
Hat. B mpasoit wactn ypasuenua (103.3) HMeeTca B BHAY
npox3BoAHas no BpeMmeHd ot B B coorBeTcTByIOWed Heuz-
MepHoft Touke nosepxroctH, IlosToMy B HOABHTErpa’bHOM
BHpaXeHHH TpPHMEHeH CHMBOJ WYaCTHOH TMPOH3BOEHOA M0
BpeMeHH,

[lponapensa sameny (103.3) B dopmyae (103.2) u npu-
pasusB 3areM Buipaxenns (103.1) u (103.2) ana &, no-
JYUHM

gj;Em dl = — j (%’})n ds. (103.4)
5

_Maxkceens nNpeilONONKUI, UTO H3MeHRIOLIeeca €O Bpe-
MeHeM MarHHTHOE moJjie o0yCloBJAHBAeT NOABJEHHE. B Npo-
cTpancTBe nodsi Ep, He3aBMCHMO OT NPHCYTCTBHA B 3TOM
npocTpaHCTBe mposodsmere Kourypa. Haaumuwe KoHTypa
JIHLIL MO3BOJAET OGHAPYRHTb [0 BO3HHKHOBEHHIO B HEM HH-
JYKUACHHOIG TOKA CYHIeCTBOBAHHE B COOTBETCTBYIOILMX TOY-
Kax MPOCTPAHCTBA 3JMEKTPHUECKOTd NOJA.

HTak, cormacHo uiee Maxcpensa H3MeHsIOUIEECs CO Bpe-
MeHEM MAarHHTHOE noJe MOPOXKIAeT 3AeKTPHYECKoe HoJe,
310 noae Ep cyllectseHHO OT/AHYAETCA OT MOPOKAAEMOro
HeNMOABMKHEIME 3apANaMH 3JeKTpocTaTHueckoro noas E,.
SJNeKTPOCTATHUECKOE TOJE HOTEHUKAJNbHO, €ro JHHHH na-
NPSKEHHOCTH RAYMHAIOTCA W 3aKAHYMBAKTCA Ha 3apfiax.
Hupkyaaunua sekropa Eg no Jo0oMy KOHTYPY paBHa HYJIO
fem. dopmyny- (9.2)]

§> E,di=0, (102.5)

Cornaceo dopmyne (103.4) unupkyasunsa BerTopa Eg
oTaHuna ot Hyad. Caencsarensno, node Ep, Kak H Maraur«
Hoe noJe, OKA3BIBAETCs BHXPEBBIM. JIHHHM HanpAKeHHOCTH
noast Ep saMxHyTHL.

Takum o6pasom, sJaeKTpuUUecKoe NoJe MoxeT OHTh Kak
noresnuadbiniv  (E;), Tax u BuxpesniM (Ep). B o6wex
cayyae 3JEKTPHYECKOE TOJE MOXKeT cnarartbest 3 noad Eg,
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cosjlaBaeMoro 3apagamu, 0 nonad. Ep, ofyciopneHHoro ua-
MEHSIOUIUMCA CcO BpEMeHeM MarHHTHhIM 1oJeM, CJ10XKuB
BMecTe Buipaxenus (103.5) u (103.4), moayuum nas -ma-
npsKennoct# cymMapuoro noasl E = E, + Ep cneayiomee
COOTHOlleHYE:

$ £y = — f (%) as. (103.6)
8

Hurerpan s Jesofi vacry Gepercsa Nno MPON3BOJBHOMY
3aMKHYTOMY KOHTYDY, B NPapoli 4acTh-— N0 NPOH3BOJBHOU
NOBEPXHOCTH, ONHPAIOUIEHCA HA 5TOT KOHTYP.

Beipaxkenue (103.6) spasieTcsa OLHWM U3 OCHOBHBIX ypaB-
HEHHEH 9JEKTpOMArHuTHOM Teopun Makcsesna.

§ 104. Beratpos

BuxpeBoe 3meKTpHYECKOE NOJE HCNOb3YeTcsd B HHAYK-
LHOHHOM YCKOpHTeNe 3JCKTPOHOB, HasbiBaeMoMOeTaTpo-
HoM. ItoT npubop COCTONT M3 TOPOHAAJBLHOH 3BaKyHpo-
BaHHOR KaMepH, NOMeIUAKNUEACH MEN(IY NOJICcaMHu 3JeK-
TpoMarnura chneluagaekoii dopmer (puc. 225). O6Morka
MEKTPOMATHHTA2 THTAETCH TIEPEMEHHLIM TOKOM € YacTOTOH
nopaaka 100 ey, Bosmukaro-
Hiee fIPH 3TOM [EPEMEHHO?
MarHHTHOe NoJe BBINOJHSAET
ABe (YHKUMH:  BO-TICPBHIX,
CO31aET BHXPEBOE BJAEKTPH-
yecKoe [oJe, yCKopsoilee
9JeKTPOHH, M, BO-BTOPHIX,
YIEPKHBACT SJIEKTPOHH - Ha
opGuTe, coBMagaioleii c
OCHID KAMEpHL.

Urobel  yllepmxatb eK-
TPOH Ha opfnTe NOCTOSAHHOTO pajuyca, HeoOXOAHMO N0 Me+
pe BO3DACTAHWA €F0 CKOPOCTH YBEMMUMBATL MArHUTRYIO HH-
nyxumio noas [coraacho dopmyne (64.2) pamuyc opOutul
nponopunonates v/B)]. Ilosromy omasa yckopeHud MoryT
OLITh HCNOAB3ORAHLL JAHIIL 2-91 M 4-f1 YeTBePTH NEpPHOLA TO-
Ka, B Hauajie KOTOPLIX TOK B 06MOTKe MarHMTa papey HyJIio.
Taxum oGpa3zom, Geratpou paGoTaeT B HMIYJbCHOM DPEXH-
Mme. B Havasie UMOVJIbCA B KaMepy fMojaercl H3 3JCKTPOH-
HOHi NYWKH NYyOK S5/JEKTPOHOB, KOTOPHI NOAXBATLIBAEGTCS
BHXPEBRIM 3JIEKTPHYECKHM NOJNEM W HAYWHAeT CO BCe BO3-
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pacTailledl cKOpOCTBIO IBHTaTbCA TI0 KPYroBoH opbute. 3a
BpeMsl HapacTaHust MarHuTHOro noaa (-~ 103 cex) anex-
TPOHHL VCMeBAalOT cIAelaThk Jo0 MHJIIHOHa 0GOpOTOB W HpH-
00peTaoT 9Hepryio, KOTOpasA MOMET AOCTHIaTh HECKOILKHX
coten Mas. Ilpu raxofi sHepTHH Macca 3JEKTPOHa B COTHM
pas npesbiillaeT Maccy TOKOA, a CKOPOCTh [OYTH PABHA
CKOPDOCTH CBETa B MYCTOTE C.

Hnas toro utofbl ycKOpSieMEl 3AeKTPOH ABHrAJCH NO
OopOHTE TIOCTORHHOrO PafHyca fo, MEX/AY MardHurHOH HHAYyX-
UHell roJis Ha opBuUTE W BHYTPHM Hee MOJIKHO BHTOJIHATLCE
HpOCTOe COOTHOIIEHHE, KOTOpOe Mbi ceftuac Haigem. Buxe
peBoe 10JI¢ HAMPaBJIeHO 1O KACATRIbHON K OpdnTe, No Ko~
TOpo# ZABHMKeTcsi aiaerrTpon. ChegoBatenbHo, LHPKYNATHIO
pextopa E no sToit opOHTe MOXHO NpeacTasHTh B BHIE
2nrE. BMecTe ¢ Tem coraacuo dopmynam (103.1) u (103.2)

HHpKYAANHMs BekTopa E paBHa ———. 3nak «—» yxage-

Baer HanpassenHe E. Hac Oymer untepecoBaTs nHuIE Be<
JIMUKHA HATPSMEHHOCTH M0JS, NOITOMY 3HAK «—3» MH B
NanbHefilieM onycrum. [IpupaBusp o0a BelpamkeRHs AAR
UAPRYAANAN, HaljeMm, uTo

_ 1 g0

T 2mry dt "

VpaBHeHHS ABHKEHHA 3JAEKTPOHAZ 3aMHWYTCH CJAelyio-
wuM obpasom:

s _op 242, (104.1)
MO — e0Bops (104.2)

To

(mochefiHee YypaBHEHHe TONYYAETCA, eCaIM  TIDOM3BeAeHHe
Macesl 3/1eKTPOHA HA ero WEHTPOCTPEMHTENLHOE YCKOpeHHe
NPHEPABHATL JOPeHUEBOH cHie; Bops — MAarHuTHAsA HHAYK+
s moJs na opOure).

Hauap oTcueT BpeMeHH ¢ MOMeHTa, Korjaa v u (D paBHHN
HYJI0, ¥ NOpoHHTerpupopas ypaspenue (104.1) or 0 go ¢,
HOJYUUM

e
my = T Q.

Maruutioe noJe NePNeHANRYAAPHO K TIJIOCKOCTH OPGHTH..
- —
ITosroMy Moxuo moaoxuts @ =nroB, rae B —cpefinee
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no nAolagu OpOGHTLY 3HAYEHHE MACHHTHON HHAYKIIMH,
Torna umeem

= £
my =3 B.

Conocrasasa nocaeinee cootHowende ¢ (104.2), maxo-
JMM HCHOMOE YCJOBHE

| =
Bopﬁz'é_B‘

Takum obpasom, AAst TOFO UTOGHL AEKTPOH BCE BpPeMd
Apuraics no opbutTe panHyca rp, MarHUTHas HHAYKLIHS Ha
opS¥te NOJ/DKHA COCTABJAATb HOJNOBHHY CpelHerc 3HAYCHHA
MaTHUTHOH HHAYKLHH BHYTPH OPOMTHL. 3TO AOCTHrAeTcH 3a

CUeT HOIOTOBJIEHHS [OJIOCHBIX
f HAKOHEUHHKOB B BHIE YyCEUeH-
HEIX KOuycoB (cM. puc. 225).

Ons ycrofiudBoCTH 3ACKTPO-
Ha Ha opbure HeoBX0aHMO, UTO-
6ol npu  CcayyaliHBIX  paguaib-
! HEIX OTKJOHEHHSX = 9JeKTpoHa

P BO3HHKA/H CHAH, BO3Bpallian-
7 7y r; r e ero cHosa Ha opOHTY Da-
nuyca ro. s sroro marueTt-

Puc, 226. Hast HHAVKUHSA A0JKHa B OKpe-
craocry  opbuTtel  ybeIBaTE C
pacCTORHUEM f OT UEHTPa McAneHHee, dem ljr (puc. 226).
HedTpocTpeMuTensloe yckopetHe yvOuiBaeT no 3akouy [/r.
ChedosarenpHe, IPH Nepexoie JeKTpOHa Ha OpOHTY panu-
yca ry < rp ROpeHIEBA CHJa OKaXKeTcs HeAOCTATOYHON A
cooOLIeHUA 3NEKTPOHY HeoGXOOHMOTO LEHTPOCTPEMHTE b~
HOTO YCKOPEHHUH, BCJEACTBHE YEro OH YAAaJHTCA OT LEeHTpa
A BepHerca Ha oplury paamyca ro. [Ipu nepexoge saextpo-
Ha Ha OpOMTY panmyca ry > rp CHIa JlopeHna oxamertcs
Goabwe, uyeM HeoOxoaMMo AN cOOGileHHS YCKOPeHH:
v*fry, BCAGACTBHE Yero oHa BePHET 3JEKTPOH Ha ycToH4H-
ByI0 opOuTy paadyca ro.

Ocepas yeToffuRBOCThL 3JeKTpPOHA obecmeunBaerca «Gou-
KooOpasHOCTbIO» MarHHTHOTO nmoasa {cm. puc. 225). Cana
JlopeHa mepneHAZHKYAsPHA K JHHHESM HuRykuumn B. 'Che-
RBOBATEJNBHO, NPH OTKJIOHEHHH 3NE€KTPOHA OT [JIOCKOCTH Op-
6uTel (T. €. B OCeBOM HANPABACHHU) MOSBIACTCA COCTAB-
ASIOUIAA CHL, KOTOpas, Kak Jerko BumeTs u3 pac. 227,
BO3BpALIACT OPOHTY 3JEKTPOHA B MPEXHIOK MIOCKOCTb.
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B koHiue UHKIAa YCKOPEHHA BKNWOYAETCA IOMONHHTENb-
10e MarsHTHOe NoJe, KOTOpPOe OTKJIOHAET yCKOPEeHHble SJeK-
TPNHE OT CTAUHOHapHO# opGHTH KM HAMPABAfAeT HX Ka cne-
UBAJLHYI) MHUIEHb, pachnoiAoikKeH-
Hylo BHYTpH KaMepdl. llomagas Ha
MHUIEHDb, 3JeKTPOHbI HCNYCKAWT
JECTKOe 3ACKTPOMAarduTHOE H3JY-
uyeHHe (y-JlyUH, PEHITEHOBCKHE Jy-
).

[Tpumensdiorca GeTaTpolsl A4B8-
HeIM 0GpasoM B sifepHEIX HCCAeL0+
panuax. Hefoabwine yckopHTeIH
Ha asuepruw no 50 Msa wauwau
NpUMeHeHHe B IIPOMBILJISHHOCTH Puc. 227.

KaK HCTOYHMKH OYeHbh JKeCTKOro
PEHTTeHOBCKOIQ ‘H3AYUYCHHS, HCTONL3YEMOro aJs Ll&.']ﬁﬁ Jg-
(PEeKTOCKONHH MACCHBHLIX M3AenHi.

§ 105, Tok cmenleHus

Kak 6buto BeisicieHo B § 103, H3 ABieHus s/iektpoMar-
HATHOH HHAYKLOHH BHITEKAET, UTO HAJHYHe B NpOCTpaHCTBE
WaMeHAIOMEerocss MATHUTHOrO [OAS MPHUBOAHT K BO3HHKHO-
BEHHIO BHXPEBOTO 3JEKTpHUecKoro noJas. OcHoBHas ujaes
Maxkceesa 3aknouaeTcd B TOM, 4YTO MeXAY SJAeKTpHue-
CKHM M MAarHWTHEIM DOJAMH HMeerci H o6paTHoe COOTHO-
INEHHe, T. €. YTO H3MEHAIOUIeECA CO BPeMeHeM 3JeKTpHye-
CKoe noJe AOMKHO LPHBOAHTD K TNOABAEHHUI0 MATHATHOTO
noasi, 3ta KlAeA 0Ka3ajach HCKAKYHTENbHO TIGLOTBOPHOM.
Paspa6orarnas MakceenjoM Ha ee OCHOBe 3JeKTpoMar-
HHTHZs TEOPHS HoAyuyuja OJecTallee SKCMEepPUMEHTAJbHOEe
NOATBepKAEHHE.

Jlas ycTaHOBJIEHHA KOJHYECTBEHHHIX COOTHOLIEHHH Me-
KAy HIMCHTIOLIMMCA 3NCKTPHUCCKHM W BO3HHKAIOIIHM Mar-
HHTHBIM 10JAMH Makcsensn BBen B paccMoTpeHHe TaK
Ha3biBaeMMA TOK cMeleHH A, PaccMOTpPEM menb KBasH-
CTalHOHAPROTO NMEPeMEHHOTO TOKa, COAEPIKAMYIO KOHjieHCa-
Top (puc. 228). JlpHxeHue cBoGoaHbIX HOCHTeReHl sapsia,
T. €. TOK NPOBOJAUMOCTH, HMEeT MeCTO BO BCeH uenH, KpoMme
aasopa MeXIy ofk/JagkaMu KoHIeHcatopa. Chaemosareibso,
JIMHHHM TOKA NPOBOAMMOCTH TEPHAT HA rPaHHIAX OORIALOK
pa3phiB, 3aTO B MpPOCTPAHCTBE MeXKAy  OOKJAanKkaMu
HMeeTCA TepeMeHHOe JIeKTPHYSCKOE MOJE, KOTOPOe MONCHO
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oxapakrepHzoBars cMeniendem D. Makcsena npexanoso-
XKW/, YTO JHHHH TOKa NMPOBOJHMOCTH HelPepHBHO IHepexo-
AT Ba rpaHHue OOKJAafOK B JHAHH TOKA, HA3BAHHOTO MM
TOKOM CMellleHud ). N

Mruosennoe 3HaueHHe CWJIH TOKa paBHo = ¢. [l1oT-
HOCTB TOK4 DPOBOAMMOCTH B HeNOCpefcTBeHHOH OJH30CTH
OT TIOEEPXHOCTH OOKJAJOK ONpeleNAeTcs BbIparKeHHeM

. g d{qg\_,
!np=“3““'47(§)—0,

rlle S —naomans O6KJAAKH, ¢ — paclpeleNeHHbt Ha Hel
3apafl, ¢ --MOBePXHOCTHAA IJIOTHOCTL 3apsiia.

|

- y

D -7 +7 D ~gF
i - PaSmET? JlEEaET
3 = { i t hi
‘5’ A =] —. P
a )

Puc. 228. Puc, 229.

*?r""’“‘* -7

UTo0b JMHHH TOKZ CMEWIEHHA HMeld TaKylo e Iy-
CTOTY, KaK H JHMHHH TOKa HPOBOZHMOCTH, MJOTHOCTB TOKA
CMeIUeHHS joy TAKXe AOMKHA OLITh paBHA &. BuipasuM joy
Hepes pgapaMerphl IEKTPHUECKOTO TOAA, MMEIOHIEToCH B
sazope. Coraacno gopmynam (16.19) u (8.6) smexrpuue-
CKoe CMellleHHe B 3a3ope MexJy oOKaaiKamH paBro D =
= goky = @, oTkyaa ¢ = D.

Taxum o6pasoM, HYKHO NOJOKHTH

Jou =D, (105.1)

Puc. 229 noscssier, uTo HampaBjenKe BeKTOpa jop, A
CNeLOBATENbHO H BEKTOPA jcu, COBNAJAET ¢ HANpaBJIeHAEM

') Bo Bpemena MakcBesda cuMTAmoch, uTO 3EKTPHUSCKHe MO
BHIBAHEl MEXaHHYECKHMH HATAMEHHSMH B TCHNOTETHYECKOR ynpyrok
cpejle, HaselBaeMON MHPOBWM 3¢upoM. IIpeamomaranoce, wro s1u Bartd-

MEHUA TPHBOJAT K CMENIEHHIC YacTHI SHHPA H3 NOJOMKEHHS PaBHOs
BECHA,
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sexropa D. TIpu yKkasaHHbIX Ha pHC. 229, a 3HaxKax 3apsaaoB
H HANpaBJCHHH TOKA { BEKTOP jup HaNpaBJeCH cnesa Ha-
npaeo. Bextop D Takxe HanpasieH ¢jiesa Hanpaso W pace
Ter no Beauuune. CiegosarenbHo, upupauleHue sextopa D,
a 3HAY{T ¥ BekTop D, HMeeT TO Ke HampaBJeHHE, UTO M jup.
Ilpu HanpaB/iedHH TOKa, YKa3aHHOM Ha pHc. 229, 6, Bpmop

D y6bisaer nmo Beanrunue. CaefopareqbHo, Bertop D na-
OpaB/eH CnpaBa HAJEBO, T. €. ONATb TaK e, KaK H BeKTop
jup. Ha 37om ocHoBamuu Buipaxenne (105.1) moxno Ha-
IHCATh B BEKTOPHOM BH[IE

Jou = D. (105.2)

dopuyay (105.2), onpefensiouyo nNJIOTHOCTE TOKA CMe-
niedns, MakcBens pacrnpocTpaHHA Ha 3JAEKTPHUECKHE MO
mo6oro BHAa '), B TOM UHCAe U Ha BHXpeBble 110Jd. M3 Beex
GusnyecKux cBoficTs, NPHCYIMX TOKY MPOBOZMMOCTH, Mak-
CBeJIJI TNPHIOHCAT TOKY CMEUIeHHA JHLIb OIHO — Cnocol-
HOCTb CO31aBATh B OKPYXKaOUleM NPOCTPAHCTBe MarHHTHOE
none. Cornacio Makcseaay npH pacuderax MarBHTHHX TO-
Jeit B (GOpMYAB HYKAO NOACTABJASATb MOJHYIO IJIOTHOCTH
TOKa, CNATanIYIOcs M3 TJIOTHOCTH TOKAa TMPOBOAHMOCTH H
IJIOTHOCTH TOKa CMELUEeHHA:

jnom:jnp'l'jm:jnp"' ]j- (1053)

B uacTHocTH, LupKynsnua eekropa H mo nwoBomy KoH-
Typy {cM. dopmyny (44.7)] nomxua GeiTh paBHA

§ Hidl= [ GoondedS= [ o+ D)adS.  (105.4)
8 8

¥paruenne (105.4) mnpeacrasader cabofl BTOpoe OCHOB-
HOoe ypaBHeHHe TeopHHM MakcBenna.

Cornacuo dopmyae (105.2) ToK cMemenua umeercs
Besjle, rlle ecTe H3MeHsiionleecs Jdekrpuueckoe nome. Cre-
HOBATENLHO, OH CYILECTBYET H BHYTPH MPOBOIHHKE, MO KO-
TOPOMY TeueT TepeMeHHB#l anekTpuueckuil Tok. Ofnako
BHYTDH NPOBOAOB jcy 0OLIMHO OniBAacT mpeHebpexuMo Mad
No CPaBHEHHIO € fup.

. . . D
) Moax D 5 310M caysae clexnyer uoRMMaTth 57 TocKoabKy D
MOMET 3aBHCEeTh He TOALKO OT BPEMeHy, HO H OT KOGPAHHAT,
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B rayccoBoi cHcTeMe BHIpaXeHHe, ONpeiensiouiee TOK CMEIeHAs,
HMEeT BHA

. .
Jox = D. (135.5)

§ 106. daexTpoMarHuTHOE nNoJe

CornacHo naeaM MakcBeana nepeMenHoe MarnHTHOe
MoJie BCETHAa CBA3AHO € NOPOMKAAEMBIM HM IJMEKTPHUECKHM
HoJieM, B CBOI0 Ouepeflb MepeMeHHOE 3JEKTPHUECKOE moJie
Bcerja CBA33HO0 C NOPOXKIaeMbiM HM MAarHHTHHIM. TaxuMm
00pa3oM, JIEKTPHUECKOE M MATHHTHOE I0J5 OKA3WBAKTCA
HepaspblBHO CBA3AaHHHEIMH ApYr € IPYroM — oHH ofpasyior
eI¥HOe 3MEKTPOMATHHTHOE TQJE.

ABajua peaynsrTatoB (yHAaMeHTaABHOTO onuTa Maii-
KejbCcOHA ') ¥ JApyrux onulTHEIX akToB NpHBEA DiHIUTEH-
Ha K 3aKJIOYEHHIO, YTO NPHHIHI OTHOCHTENLHOCTH, YCTAHOB-
JeHunty TanuieeM AAS MexaHHYecKHX aAsdeduit (cm. T. I,
§ 17), nonxen OuiTe pacnpocTpanen W Ha Bce Apyrue ¢u-
auyeckue ABAEHEA. CoracHo MPHHLUIY OTHOCHTE I b-
HOCTH, CHOPMyJIHPOBAHHOMY IDHHIUTEHHOM, 3aKOMbL 8CEX
Quauneckux ABACHUL, 8 TOM HUCAE U IAEKTPOMQABHUTHbLX,
UMeIOT O0UHaKosbil 8u0 (T. €, ONUCHLIBANOTCS OOUHARKOBLIML
YPABHEHUAMY) 60 BCEX UHEPUUOALHBLX CUCTEMAX OTCHerd.

V3 npHENHNA OTHOCHTENBLHOCTH BEITEKAeT, YTO pasieib-
Hoe paccMOTpPeHHe 3NeKTPHUECKOT0 H MATHHTHOro moJAeld
HMeeT JNHIIL OTHOCHTeAbHBIR cMbica. HelicTBuTensHo, 3nek-
TPOCTaTHUECKOE NOJe CO3/aeTcH CHCTeMOR HeMOABHMKHBIX
sapafos. OnraKo, ecnn 3apsast HENMOABHKHBL OTHOCHTENBHO
HEKOTOpOH HHepUMANbHOH CHCTEMBI OTCUYETa, TO OTHOCHTRNL-
HO JApYrHX HEePLHAJBLHLEIX CHCTeM 3TH 3apAAH ABHIKYTCH
M, ClejoBaTedAbio, OYNYT NOPONIATL HE TOJNBKO IMEKTPH-
YecKoe, . HO H MarfHTHoe Togae (ABMXKYLIHICA 3apfl, 3KBH-
BasenTer TOKY). HenmoxsukHbf NnpoBoJ ¢ HOCTOAHHBIM TO-
KOM CO3[aeT B Ka#Oo} TOUKe NPOCTPAHCTBA TOCTOAHHOE
marHuTHoe nodae. OJHako OTHOCHTeNbHO APYTHX HHEPLHAJL-
HBIX CHCTEM 3TOT IPOBOL HAXOAHTCH B iBUxcennu. IlosTomy
€O3MaBaeMOE€ HM MarHuTHoe nojie B J00oH TOUKe € Rait-
HHMH KOOPAMHATAMH X, iy, 2 OYIOET MEHAThCA M, CIei0BA-
TeABHO, MOPOXKAATH BHXPEBOE 3JNEKTpHUecKoe mone, Takum

ofpa3oM, noAe, KOTOPOE OTHOCHTENLHO HEKOTOPOR CHCTEME
)

—

1) Sror onnr Gyzer nsncxker B OnThie.
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QTCUETE OKA3blBAETCA «UHCTO® JIEKTPHUECKHM HIH <UHCTO»
MardUTHLIM, OTHOCHTEAbHO HAPYIUX CHCTEM OTCuera OGyner
NpeACTaBAfATh cOO0H COBOKYMHOCTB 3JEKTPHYECKOTO H Mar-
HHTHOIO TIOJEH.

§ 107. Onucaune CBOHCTE BEeKTOPHBLIX noJeH

TloTok BeKTOpa uepe3 HEKOTOPYHO MOBEPXHOCTH M TIHP-
KyJAfUHS BeXTOpA Io 3aJaHHOMY. KOHTYPY NO3BOJAAIT cy-
INTE O XapakTepe BexTopHoro noJd. OZHAKO 5TH BeJHUYHUH
JNal0T CPeRHII XapaKTEePHCTHKY WOAA B mpefenax ofbema,
OXBATHIBAEMOr0 MOBEPXHOCTLIO, UEpe3 KOTOPYIO ONpEReNseT-
cA MOTOK, MM B OKPEeCTHOCTH KOHTYypa, 10 KoTopoMy Oe-
Percst UMPRYJSUNA. YMeHblIasi pa3Mephl NOBEPXHOCTH HAH
KOUTYpa (CTATHBAA HX B TOUKY), MOXK-
HO NPHATH K BeJTHIHHAM, KOTOphIe Oy-
AYT XapakKTepH30BaTh BEKTOPHOE NoJle
B IaHHO# Touke. as Toro 4tobLl BBE-
CTH 9TV BeAMUKHBl, HaM npugercs 0o-
Jiee riy0OKO BHHKHYTL B CMBICA [OHA-
THH NOTOKA H LHDXYJIALMH.

ITycTe HaM JaHO N0Je BEKTOPA CKO-
pOCTH  HecKHMaeMo#l  HepazpuBHOR
xuaKocTH. TloTox Bexropa ckopocTH
yepe3 HEKOTOPYIO IIOBEPXHOCTL Hader, Puc. 230.

KaK MH 3HaeM, 00heM XHAKOCTH, MPoO-

TexaloIiei uepe3 3Ty NOBEPXHOCTh B eAHHHILY BpeMeHH. Bo3b-
MeM B OKPECTHOCTH TOUKH P BoOOpaxaeMylo 3aMKHYTYIO MO-
BepxHocth S (puc. 230). Ecau B ofizeme V, orpaHuduennom
MOBEPXHOCTBIO, XHAKOCTh He BO3SHHKAaeT H HE HCYe3aeT, TO
MOTOK, BHITEKAIOUIHH HAPYXKYy UYE€pe3 IOBepXHOCTh, Oyier,
OYeBHIHO, paBed HyM©0. OTJuuMe NOTOKA OT HyJas Oyzer
YKa3blBaTh HA TO, YTO BHYTPH NOBEPXHOCTH HMERTCH HCTOY-
HUKH HJIH CTOKH JKHIKOCTH, T. € TOUKH, B. KOTOPbIX XHI-
KOCTb NOCTYNaeT B 06beM (HCTOUHHKH), JHGO yraaseTcs u3
obneMa (croku)}. BegwumHa 1ioToxa ompeienser cymMap-
HYI0 anreSpaHuecKyi0 MOIIHOCTH MCTOUHHKOB H CTOKOB '}.
Tlpu npeoOaajanuy HCTOUHHKOB HAJX CTOKAMH BeNHYMHA
notoka OyjieT NoJAOMUTebHON, TpH npeobiaajaHHn CTO~
'KOB — OTPHUATENbHOL,

) Iox momuceThio uorounvka (CTOKS) TOHUMaeTcsd O6BeM KHAKO-
CTH, DHgEAAeMBld (mornomacMuii) B emuduiy BpemeHd. CTOR MOXHO
paccMaTpHBATh K4K HCTOMHHK ¢ OTPHIATE/ALHOH MOULHOCTBI),
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YactHoe or AeneHifl ROTOKA Mupme HA BRIHMHHY 06b<
€Mad, U3 KOTOPOro NMOTOK BBITEKAET, T. €.

@.
— (107.1)
Ha3pBeM CcpenHeil YAeNbHOH MOILHOCTBIO HCTOUHHKOR, 3a-
KMmodeHHEX B o6neMe V. Uem Mensie o6weM V, BRANOU210-
M B cedq TouKy P, Tem GiaHXKe 3TO CpefHee K HCTHHHOMH
yIeAbHOR MOIIHOCTH 8 3TeH Todke. B npepene npm crpem-
Jgenud V x #yaio, T. e, npu craruBasnd ofnema V K Touke
P, Buipakenue (107.1) pact HCTHHHYIO VASJbHYID MOLL-
HOCTb HCTOYHHKOE B Touke P, KOTOPY® HAa3HIBAKT N HE£ -
refuueil (Mam pacxoxiaeHuem) Bekropa v (obo-
suavaerca div v). Mrak, no onpefeneduio

mJKHJJ.K

divv = lim .
vapr ¥

AHazOTHYHO ompefesneTcs JlnBepremmﬁ Ji06ore Bektopa A:

CD
demllfT},—V—_llfﬂ - §3A ds. (107.2)

[iuterpan Oecpercst No INPOHM3BOJALHOH 3aMKHYTOR HOBepx-
HocTH S, orpannuupaiouieit o6vem V. Ilockonbky cosep-
waetca nepexon V — P, npu koropoM S CTpeMUTCH K HYJIIO,
or dopMel nosepxnocTH Belpameiie (107.2) samucets ne
MOX(ET,

Jlerko coo6Gpa3nTh, YTO IOHBEPreHNHHA ONpPeleaseTcH [0-
BeleneM BeKTOpHOH ¢yHxuuH A{FP) B CKpecTHOCTH AaH-
HOM TOUKH, T. €. Te€M, KAaKOB XapaKrep H3MEHEHHS BeKTopa
A (u1u ero koMmnoseHt A,, Aﬂ, ;) OPH Nepexojie 0T OXHOM
TOUKH TPOCTPAHCTBA K APYIo.

Ha onpepenenus (107.2) caenyer, uTO ZHBepreHunus
ecTh cxanspuas (QYHKUHS KOOPAHMHAT, ONpelefflUulHx I0-
JOXEHHA TOYEK B MOPOCTPaHCTBe (KpAaTKO — QYHKIHA TOU-
ku). Onpepencuue (107.2) sABaserca camweiM 0oOWIEM, He
3aBHCALIMM OT BblGopa KOOPAMHATHOH CHCTEMBL.

Hahnem BoIpaKeHHe AJA AWBEpPTEHUHH . B JEKaPTOBOK
CHCTeMe KQOpAMWHAT, PaccMOTPMM B OKDOCTHOCTH TOUKH
P(x,y,2} Maanii o6beM B BHAe mapajjenenunesa ¢ ped-
pamu, napanielbHHMH KOOpIxHATHHIM ocaM (pue. 231}
[manomuuM, uro QopMa HOBEPXHOCTH, IO KOTOPGH Gepercd
uHTerpas B Beipaxenun (107.2), moxer OubTb HPOH3BOJB-
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mofi]. Bauay ManocTH oOnema [coriacuo (107.2) mel Gymem
€ro cTpeMuTh K Hyaw) suaueHnsa A., Ay, A, Bnpegenax xax-
Joll W3 IMeCTH TpaHel Mapandefenunela MOXKHO CUHTATh
HedaMeHHMH. [ToToK uepes Bcio 3aMKHYTYID MOBEPXHOCTh
obpasyercd H3 MOTOKOB, TEKYIIHX uepes Kamiayl0 H3 [HeCcTd
rpaHelt B OTAEJALHOCTH.

Hajigem moTox uepea mapy rpanefl, TepneHAMKYJAPHBIX
K ocH x (Ha pHc. 231 »TH rpaHd 34WUTPHXOBaHH Kocofi
LITPHXOBKOH K MOMEYEHEL
widpamr I u 2). Buem- £4
HAIsi HOpMaJb My K rpanu 2
COBMaZaeT C HallpapJe-
HHeM ock x. CheloBaTes-
HO, A.s=Ay, U m0OTOK
uepes rpadp 2 paseu
AyeAyAz (uujgexc 2 yka-
snBaer Ha TO, UYTC 3Haue-
uHe A, GepeTcs B ToM Mme- )
CTe, TAe PpachoJOXeHa
rpais 2). Hopmane ny x
rpann | umeer Hanpasme- <
HHE, IPOTHBONIOJOKHOE Pae. 231
ocu x. [losToMy mpoekuun
BEKTOPAa Ha OCb X H HA M; UMEOT NPOTHBONMIIOKHEIE 3HAKH.
Takum ofpasom, Ap; = —A,, a notox yepes rpaus I pa-
ped —AyAyAz (mugekc 1 yxkasniBaeT Ha TO, YTO 3JHaUeHHe
A, Gepercst B TOM MecTe, IJie pacnoJoxera rpass I). Cym-
MapHuf HOTOK uepe3 rpauu I m 2 onpepensieTcsa BuIpaXe-

HHUeM
(Ag— A Ay Az. (107.3)

PasHocth A — A,y npeacTaBaser cofolf npupalleHue
A, npd cMellleHHH BZOJb och X Ha Ax. Beuay manoctu Ax

A,
STO NPHpALIeHHEe MOXHO MPeICTABHTh B BHAE — - Ax. Tor-
ma (107.3) nepexomur B

dA, dAy
52 Ax Ay Az = — AV.

ITyTeM -aHAJOTHYHBIX pACCYXAEHHH MOMHO NOJAYYHTD
IAA TOTOKOB 4Yepes napel rIpaHed, NePneHAUKYAAPHBIX K
oCAM § W 2, BRIpAMEHNs

oAy a4,
'_("?y— AV az AV.



CaenopaTebHO, TONHHM TOTOK Yepe3 BCIO 3aMKHYTYW
NOBEPXHOCTb ONPENeNAeTCs BHIPa’kKeHHeM

0A, | Ay aA,)

Pazpenss 310 Boipaxenne Ha AV, nalirem anBepreninio
Bektopa A B touke P(x, y, 2):

a4 04 o4
divA ==+ 55+ (107.4)

(npefenpnuifi nepexog V — P MBI ApedBOCXHTHJH, r0aras
Ay, Ay 1 A, B Tpefesiax RKaXAOH H3 rpaHeil NOCTOAHHLIMA
BEeJHUYHHAMH),

3nas AMBEpPTeHIHMIO BEKTOpa A B KaXAOM TOYKe mpo-
CTPAHCTBA, MOXHO BBIYHCAHTH MOTOK STOTO BEKTOpa uepes
MoGyI0 NOBEPXHOCTh KoHeunbx pasmepos. Has storo paso-
OveM 06beM, OTpAaHHUEHHEIA NOBEPXHOCTRIO S, Ha Goapiloe
{B npenene GecKoHeuHo OOABIIOE) UHC-
JO MaJblXx (B npegeie OGecKoHEUHO Ma-
Jeix) oGpemunkoB (puc. 232). CoruacHo
dopmyse (107.2) norox smextopa A, Boi-
reKatomuil u3 Jwboro M3 3THX 06DEM-
YHKOB, MOMKeT GEITh 3aMHCAH B BUAE

. av
/]

} / noTox = div A AV,

N A
-.L_'/S

Ecsn mpocyMMHpPOBAaTbL 3TO BLIpaiKe-
H¥e no BeeM O0BeMUYHKAM, CIOpasa mno-

AyUHTCS Idiv AdV, B3atbiii no BceMmy

Y .
06beMy, OTPRHHUEHROMY HNOBEPXHOCTBIO S, a caeBa, Kak
Nerko yGeAHThCH, MOJYUIHTCHA HOTOK BeKropa A ueped 1o
BepxHoCTh S. B camoM jene, nMpH CYMMHPOBAHHH KabiH
U3 TIOTOKOB, TEKYLUIMX Yepe3 FpaHd, pasfendiolive JBa CO-
cefinnx 06 beMyHKA, BOWAET ABAMIL C NPOTHBOMNOJION HBIMH
spakaMy (8Hauenns A, AA9 cocefBHX OOBEMUHKOB OHHHA-
KOBB 10 a6COJIOTHOM "BeJHyYURe, HO OTJIHYATCA 3HAKOM).
TlosToMy HNOTOKH uepe3 BHYTPEHHHE TEPETOPONKH B3AHMHO
YHHUTOKAIOTCS!, HEKOMIERCHDOBAHHLIMH OCTAHYTCA TOJbKO
NOTOKH wepe3 BHEIUHHe TpaHH 00LeMUHKOB, KOTOPHE B CyM-
Me Ratyr NMOTOK uepes S.
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Takum ofpasoM, Mel HPHUIAK K COOTHOUIEHHIO
5{) A,dS= [ divAdv, (107.5)
S v

KoTOpoe HocHT HasBanme TeopeMb OcTporpaicko-
ro-I'aycca,

O6patumca cHOBA K TeYEHMIO HIea/bHOU HeCKUMaeMOoH
xupkoctH. [TpeactaBum cebe 3aMKHYTYIO JIMHHIO — KOHTYp
I. Tlpeanonoxim, YTO KakuM-TO ¢nocoG0M MBI 3aMOPO3HM
MFHOBEHHO KHIKOCTL BO BCeM ofbneMe, 3a HCKIIOUEHHeM
Ouedb TOHKOrO 34MKHYTOIG KaHa-
Jia MOCTOAHHOIO CEYeHHH, BKJIO-
uajomero B ce6a  KorTyp T
(puc. 233}. B 3aBHCHMOCTH OT Xa-
pakTepa TeueHuA {OT XapakTepa
oA BeXTopa CKOPOCTH)  KHA-
KocTe B ofpa3josapumiemcs Kauaje
oKaxkercs JMHOO HeNOABHIKHON, /M-
6o Gymer ABUTaTbCA BAONbL KOHTY-
pa (UMPKYAHPOBATL) B ONHOM H3 Puc. 233,
OBYX - BO3MOMHBIX  HanparJeHuil.

B kauecTBe Mephl 3TOro ABHKEHHA BO3bMeM BEJHUHHY, paB-
HYI0 TIPOH3BefeHHIO CKOPOCTH JKHAKOCTH B KaHAJe, YMHO-
JKEeHHON Ha AnuHy KoHTypa [ 2ty BenuuHHY HassaaM
LHEpEyAAauneh Bextopa v no Kourypy I'!). Hrax,

nupkysaanus v no I'= ol

(MOCKOMBKY KAHAM MO NPEANONOXKEHHIO HMEET NOCTOSHHOE
ceueH#e, MOAYJADb CKOPOCTH U = const),

B MOMEHT 3aTBepAeBaHMA CTEHOK y KaKIofl M3 YaCTHI|
KUAKOCTH B KaHasde GyfdeT NOramiéHa COCTaBAAIOMAS CKo-
poOCTH, MEepPneHAMKYJAApHAdA K CTEHKe, M OCTAHETCH JHIIDb
COCTABARIOUIAA CKOPOCTH U, KacaTenbHad K KoHTYpy. C atofi
cOCTaBAfIONIEH CBA3aH HMIVALC dp;, MOAY/AbL KOTOpPOTO AJs
YACTHIIEI XHUAKOCTH, 3aKMIOYEHHOH B OTpE3Ke¢ KaHana HaH-
Hu di, BMeeT BeJMuMHY povid! (p — NAOTHOCTE KHAKOCTH,
0 — IVIOWAAb TOMEpPeyHOro CeUeHHs1 KaHana). I[TOCKoabKy
KHOKOCTD HAeadsdbHA, JIEI‘&CTBH@ CTeHOK M(OKeT H3IMEeHHTD JIHIID
HanpasaeHne dp, HO He €ro BeJHYHHY. B3auMoneficrane

‘) Vimes rtaxoro ofnficHeHHA CMEICTR UHPKYNAUUR SaNMCTBOBARA
dengmana (cu. PefiiMaHOBTKAE NEKRHH N0 (H3HKE, BHM, 5, crp. 17,
«Mupe, 1966).
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MeXKAY YacTHUAMH XHAKOCTH BLISOBET TaKoe Iepepacrnpe-
AeleHHe MMAYABCA MeEXAy HHMH, KOTOpOe BLIPOBHAET CKO-
pocTH Bcex yacThy, [Ipuw sToM agdrebpanveckas cyMMa HM-
NYJI6COB He MOMeT H3MEHHTbCA: HMIyJabC, npuobperae-
MLIH OJHOH H3 B3aWMOAEHCTBYIOWIMX HACTHL, PaBeH HM-
OyJbCY, TepieMOMY BTOpoR uacTHued. JTo o3HayaeT, uTO

poyl = § pov; di,
r

Fie U-—CKOPOCTh MHHPKYNANHH, U;— KacaTenbHasi COCTaR-

JAIILAA CKOPOCTH XAAKOCTH B ofheMe odl B MoMenT Bpe-

MEHH, HPE,H,HIECTBOBHBIHHl':l 34TBepACBaAHHIO CTECHOK KaHaJa,
CokpaTHe Ha po, TOJYYHM, YTO

nupkyaaung v no I'=ol= § vy di,
r

AHaJIOTHYHG OMpelesqsieTcs HUPKyAAnls noforo BeKTo-
pa A no ripousBonbHOMY KoHTYpy I

nupkyssuust A mo I'= A = § Adl,  (107.6)
T

rie A;—cpeaee Mo KOHTYPY 3HaueHHe Kacate/bHOH co-
cTaBasionlell BekTopa A.

MoxHo noayMaTh, 4TO AJA OTJAHYHA LUHPKYJAAUHH OT
HY/Js BeKTOPHBIE JHHUH JOJMKHB OBITh 3aMKHYTHMH WJIH
X0T9 OB KAK-TO H3QrHYTHIMH B HanpapaeHHH o6xofa WO
KOHTYpY. Jlerko yDefMThCA B ONIHGOYHOCTH Taxoro mpef-
noJoXeHHsA, PaccMoTpuM JaMuHapHOe TeueHHe XKHIKOCTH
p peKke. CKOPOCTh KHIKOCTH HENMOCPEACTEBEHHO Yy JAHA paB-
Ha HYJI0 W BO3PAcTaeT mpu NMpHOAMXKEHHH K MOBEPXHOCTH
Bognt (puc. 234). Jlunnu Toka (munup BekTopa V) npAMO-
qunefin. Hecmorpa Ba 5To, IMPXYJIASUHA Bexkropa v IO
H300paXeHHOMY NYHKTHPOM KOHTYDY, OUYeBHAHOQ, OTJANYHE
OT HYAA.

Lluprynsuus xapagrepusyer cBoficTBa NHOJA, yCpelHeH-
HEte mo 00aacTd ¢ pasMepaMu IOPRAKA NONEpeufika KoH-
Typa I'. Yro6n nonydmTe XapaKkTepHCTHKY CBOACTB noas
B TOUKe P, HYXXHO YMeHbIIaTb pasMepn koutypa I', craru-
pan ero B Touky P, Oamako cama HHPRYJASNHA OPH 3TOM
obpaturcs B Byab. JefictButensHo, cpeiiee anauenne A;—
KOHeynas BeJHYHMA, a JJHHA KOHTYpa ! B npeaele pabHa
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Hymo. CrnefosatenpHo, W npou3seaenne A, oBpainaerca s
Hyab. [losToMy uesnecoofipasso B KayecTBe XapaKTePHCTHKH
" 1oJA BekTopa A B TOuKe P B3ATb Npeicd OTHOWEHH HHP-
KyJsLHH BeKTopa A N0 MIOCKOMY KOBTYpy [, cTArmpaole-
Mycda K Touyke P, K BeJHYHHe mijoliaju KoHTypa S!):

E_inp unpxyﬂzugn An?T . (107.7)

Oznnaxko mpu Haxomienuu npefeda (107.7) oBhapyxn-
BAETCA CAEAYIONee OCJNOXHEHHe: BE&AHUHHA 3TOTO npeiena

e 2o T
—

Paiaa —
7 S —
{ W\ —n
N -+ -
o '/ -
-
B TR LA T R I i e 57 47
Pue, 234

3aBUCHT He TONIBKO OT CROHCTR BOJA B TOUKe P, BO Takwe
H OT OPHEHTALMH KOHTYpa B IIPOCTPAHCTBE, KOTOPAS MOMeT
6LITh 3afdHa HAMpAaBJIeHHEM MNOJOXKHTENBHON HOPMAJKH n
K ITOCKOCTH KOHTYPa (MOJIOXKHKTENbHOH CYHTAETCH HOPMalb,
cBA3alHas ¢ HAlpaB/leHHeM 00X0La KOHTYpa IPH HHTErPH-
poBanuy npasuioM npasoro BuHTa). Onpemenss npenen
(107.7) B onnoft u TO Ke TouKe P AA% pasHKEIX Hampapje-
HHf n, Ml GyfeM MOJydaTh pasiHulble 3HAYeHHdA, NpHIeM
IJs1 NDOTHBONOJIOKHBEIX HanpaBieHuA 9TH 3HAYEHHS OTIAH-
yalTCA TOJLKO SHAKOM (M3MeHeHHe HanpaBieHHA N Ha
IPOTHBOMOMOKHOE SKBHBAJEHTHO H3MEHEHHIO HanpasJeHua
00X0/la Mo KOHTYpY BO BpeMs HHTErDHPOBAHHSA, YTO BHIZOBET
JHIIL #3MEHEHHE 3HAKa Y UHDKYJIAUHH). Jias Kakoro-1o Has
npapienns Hopmanw peamunna (107.7) B manmofi Touxe
OKaMeTtd MaKCHMa/bHOR,

1) B cayyae AHBepTeHNMA GepercAd OTHOLIEHHE HHTErpasga [0 MO«
BEPXHOCTH K O0BEMY, OXBATLIBAEMOMY 9TOR nNoBepxHOCTRO. B Aaniom
cAyuae GepeTcA OTHOWEHHE HHTETPANa MO KOHTYPY K MHOBEPXIIOCTH,
OXBATHEACMON ITHM KOATYPOM,
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Tarum oBpasowm, reanuuna (107.7) seger ceba Kax mnpo-
eKUusi HEKOTOPOro seKTopa Ha HANpAaBJeHHe HOPMaJH K
MJIOCKOCTH KOHTYpa, 10 KOTOpoMy OepeTcsa LHPKyAAUud.
MagkcumanpHoe 3Hauenwe pesuuAel {107.7) onpegensier
MOAYJAB 3TOr0 BEKTOpAa, a HampasJeHHe MOJOXKHTENLHOH
HOpPMAJH n, Np# KOTOPOM JOCTHTaeTcsl MaKCHMyM, LEaeT Ha-
npaBieHHe BeKTOpa, JTOT BEKTOP HA3HIBAGTCA POTOPOM
(man Buxpewm) Bekropa A. OOo3navaercs O CHMBOJOM
rot A. HMenonways aro o6o3naueHue, MOXKHO 3amHCaTh BHI-
pameHue (107.7) B sufe

lim MPYIEAI T o (rot A)y. (1078)

IMox (rot A), monpasymeraercs mnpoekuns Bextopa rotA
Ha MOJOXKHTENRHVIO HOpPMalb K MJIolLajxke S, OXRaThBae-
moii Kontypoem T,

Bupasente (107.8) MOMeT CIOYMKHTb ONpeseNeHHEM BeK-
topa rotA. H3s wero caelyer, uTo POTOpP €CTh BEKTOpHAaA
$yHKIHA TOYKU P,

Omnpenenenne (107.8) sapnserca camuim ofiuM, ne 3a-
BHCAIHM OT Bufopa cHCTeMEl Koopauuar. aa Toro yrobul

HailTy BHpamenHa AAA npo-
zh exnui Bextopa rot A Ha ocm
JAeKapToBOH CHCTEMBl  KOOp-
AWHAT, HYXKHO ONPeReAHTH
agauenust peanuuHw (107.8)
ANS TAKHX OPHEeHTAUHE Ano-
wagkn S, TPH KOTOPHIX HOp-
MaJe N K TIOMaAKe COBna-
llaeT ¢ ORHON HA ocCel X, y, 2.
_ Ecau, uwanpumep, Hanpaeuts
z 5 n no ocH x, 7o (107.8) mpe-

ppaturcst B (rot A),. Kouryp

Puc. 233. I' pacnoaoxen B otOM cCay-

yae B ILJIOCKOCTH, napaJienb-

HOH KOOPAWHATHOM NWJIOCKOCTH ¥2. BosbMeM 3TOT KOHTYD B
Bufe TPAMOYTOJbHAKA ¢O cTOpoHaMH Ay K Az (puc. 235;
OCb X HMeeT Ha 3TOM PHCYHKe HanpaBleHHe Ha Hac; yKa-
3aHHOE HE PHCYHKe HalpaBJjeHHe oOXofa CBA3aHO ¢ Ha-
npaBAcHHEM OCH X NPaBHIOM NpaBoro BHETa). HMen B Bu-
y np‘?enbnui& nepexof S -+ P, MOXMHC CUNTaTh 3HAleHHS
A, w A, na Kaxjol u3 ueThipex CTOPOH KOHTypa HeHW3MeH-
HHIMH, YyacTok ! KOHTypa NpPOTHBONOJNQKEH no Hampasae-
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BH10 och 2. [losToMy A; na 3TOM yuacTKe coBmagaer ¢ —A,
(nupexc 1 ykasuiBaeT Ha 10, uTO A, Oeperca B TOM MecTe,
rie pacnonoxen ywactox I)}. PaccyXaaa ananorsyso,
HaitaeM, wro A; Ha yyactkax 2, 3 H 4 paBHAa COOTBETCTBEH-
Ho Ay, A W—Ay,. B urore monyusm A4a UMPKYAAUAH

3HayeHHe
(Aps— Ay Az — (A, — AR Ay, (107.9)
Pasfocts A.s — A npeActasiser cobofl npHpalesie
A, npu cMellleHHH BAONL ocH y HA Ay. Beupy Manocts Ay
5TO MpHpaIeHHe MOXHO TIPeACTaBHTh B BHAE ay’ Ay. Ana-
JOTHYHO pasHocTe Ay — A,z MOXKHO MpPeACTAaBHTE B BHIe
,.3_':_"_ Az. TlopcTaBeB 3tTh EHpAXKEHHS B (107.9) u eoiHoCcH 06-

mMuA MHOXKHTEJNE 3a CKOOKH, MONYUHM

dA; _ aA”)Ay Az = (GA, _ a4,
dy o0z Oy 0z

rie AS —miollage koHTypa. Paznenus umpkysasiuyio Ha
AS, HafieM BhIpaXcenwe Ana npoekunn rot A na och x:

34, OAy

(rot A), = 5= ~ - (107.10)

nupryasuus A= ( ) AS,

(npefeneHbifi nepexox S — P. MBl NpefsoCXHTHAH, Npeano-
DOXHB, UTO Ha KaXKJOM H3 Y4acTKOB KoHTypa A, u A, He-
uaMeHkel). [TyTeM aHAMOHYBBIX paccyXAeHHH MOKHO Haf-
TH, YTO

(rot A), = 2z . 9= (107.11)
aA, 9,
(rot A), = T (107:12)

Jlerko yGemHThcsi B TOM, 4YTO N1060€ H3 BRIpaXeHHH
(107.10) —(107.12) moxer ObITE NOAYYeHO W3 TIpelmly-
wero [gna (107.10) npeguaymum caenyer equtats(107.12)]
nyTeM Tak Ha3LiBaeMON IHK/NHYeCKOH MepecTAHOBKH KOOp-
HAHHAT, T, €. 3aMeHH KOOpLHHAT, OCYIIECTRIAAEMON N0 CXeme:

\..”/



Wtak, porop Bektopa A ompegensercd B JeKapToBOH
cHCTEMe KOOPAHHAT CJEAYIOLLHM BHIDaxKeH#eM:
24, aA,,) 0Ax aA,,) (aAy an)
rOtA”i(dy T oz +j(az T Tox +k ox oy {*
{107.13)

Huxe bl ykaxeM Gonee H3ALMHBIR crocof samucH 3TOrO
BblIpaKeHHsd.

3nas potop BekTOpa A B KaXAOH TOUKE HEKOTOPOH Mo-
BepXHOCTH S, MOMHO BLIYHCAHTE UHPKYJAAUHIO 3TOTO BeK-
T0pa [0 KOHTYpy, orpanuudBaioulemy S. jflas 3toro paso-
6beM MOBEPXHOCTh Ha oveHb Maakie saementsl AS. Cornac-
#o (107.8) nupryIfuysd BEKTOpa A N0 KOHTYPY, OrPAHHUH-

o : BaiomeMy AS, MoxeT OLlTh TIPEACTAB-

4 B 48 JieHa B BHAE
) N\ uupkyasanus A = (rot A), AS,

M rle N — NOJOKHTeNbHAS HOPMadb K

\ ¥ asnementy noeepxuocta AS. Tlpocym-

4 MHpOBAB STH BHPAaXKeRHs N0 Bcell mo-

\-.J__,L/ BepXHOCTH S, cmpaBa  NOAY4YHM

PHe, 236. _{ (rot A), dS, caesa — pupkyaanH A

S
no KoHTypy TI. [JlefictBHTeabHO, TIPH CYMMHDOBAHHH
cnaraeMble A;Al, orBeualoline OTPE3KaM, PasmeIfiOLIHM
CMeXHBIE 9JIEMEHTHl TOBEPXHOCTH, B3AHMHO YHHYTOMXKATCSL
Hanpumep, nqaa AS, aexamen cinesa or MN (pue. 236),
3TOT Y4YaCTOK MPH ONpefie/ieHHH WHPKYJAAUHH RPOXOAHTCH
B HampaBneHun N—M, a naa AS, nexamel cnpasa ot
MN, ToT Xe yuacTOK NpOXOAMTCS B HanpaeieHun M — N.
Caenosateasio, orsedatomine MN cnaraempe AAl oTam-
YalTeH AMA CMEXKHLIX [MJOILAA0K JHIMb 3HAKOM M MpH CJo-
MKEHHH JalT HYJAb. [HeKOMNEHCHPOBAHHBIMH OCTAHYTCH
TOABKO claraemble AAl AnA BREHYMX (N0 OTHOMEHHIO XO
Bcel MOBEPXHOCTH S} YYacTKOB OTAEALHBIX KOHTYPOB, KO-

TOpHIE B CyMMe JAagyT §A,dl.

r
Takum ofpasom, Mbl TMPHILIN K COOTHOWIEHHIO

JJEALdl = [ (rot A), s, (107.14)
I S

KOTOPO€ HQCHT HA3BAHHE TCOPEME Croxca,
392



Hamucanne $opMyn BEKTOPHOFO aHAMH3A 3HAYHTENLHO
ynpoiaerca W ofneruaercs, ecJd BBeCTH B PaCCMOTPeHHe
BeKTOPHLIH AupbepenuualbHLfi onepaTop, o003HayaeMbii
cuMeojiom V (Ha6na) u HOCAIUMG HasBaHWe onepartopa
Habaa win oneparopa [Famunbrtona [log sthm
ogepargpom nofpasyMeBaeTCqd BEKTOp ¢ COCTaBAfIONIHMH

o o 2 a e CaeaoBareibHo,

0 2 a
V=i—a—;+ja—y+k—§~. (107.15)

Cam no ceGe 3TO0T BEKTOp CMEicAa He HMeeT. OH mpHOG-
peraer CMBIC/ B COUETAHUH CO CKa/AAPHOH HAM BeKTOPHOM
dyHKUHeH, HA KOTOPYIO OH CHMBOJHYecKd yMHOXKaercs. Tak,
EC/IH YMHOXHUTL BerTop V Ha CKajifp @, TO NOJY4HTCH
BEKTOD :

d d g

KOTOPBIA, Kak ME 3HaeM {cM.§11), HaspiBaeTcA rpagued-
Tom ObyHRUHR Q.

Ecin pexTop V yMHOMHTL CKAaNADHO Ha Bektop A, no-
JAYUHTCH CKaJgp
a4 A
VA=V, A, +V,A4,+V,4,=—= Y

ax +6y

04,
+55, (107.17)

KOTOPbll eCTb He 4YTG HHO®, KakK AHBEpreHuHs BekTopa A
fem. (107.4)1
IHaxouen, ecan ywmHOMKHTL V Ha A BeKTOPHO, NOJY-
uHTeA BeKTOp c cocrapasowmumu: [VA], =V, 4, —~ V. A4, =
0A,  BA,
=%, — 8 " T A, KOTOpHE COBOAAANOT C COCTABASIO-
uimn rot A fem. (107.10)—(107.12)]. Cnenosatensno, soc-
TIO/L30BABIIHCE 3ANHCLI0 BEKTOPHOTO NpOH3BENEHHA ¢ To-
MOUIBI ONpefennTeNs, MOMHO HanHCaTth:

i § k
rotA=[VA]=| -2 61!{ 2.1 org)
Ac A, A,

[Monsaysice BeKTOpOM V, HYKHO MOMHHTb, YTO OH fIB-
asercd AuddepéHuiialbHLM ONepaTOPOM, AeACTBYIOUIHM Ha
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Bce QyHKUKH, CTOAUIHe cnpaBa oT uero. Tlostomy npu npe-
-00pa30BaHHH BHIpANEHAl, B KOTOPble BXOAHT V, HYXHO
YYHTHIBATE K4K NIpaBHJa BEK'I‘OpHOI:'I a.ﬂi‘eﬁpbl, TaK H npa-
Buaa jAuddepennuansHoro HcuHcAeHHd. Tak, HanmpHMep,
NPOU3BOAEAA NPOM3BENECHHA (DYHKUHA @ ¥ § paBHa

(o) = ¢ + V.
B cooTseTcTBHH ¢ 3THM
grad(gy) =V (pp) = ¢Vo + oV =pgrado + pgrad .

Fpaanenr HexkoTopo# (YHKIMH ¢ npeacrasaser cobod
BeKTOpHYl0 ¢ynkuuio. [losroMy K Hemy Moryr OumTbh NpH-
MeHeHbl OTmepauMH H AWBEPrenlud, W poropa:

divgradp=V(Vg) =(W)p= (v3+v2 Vgp=

a2 3%
=S+ SE S =te (107.19)

{A —oneparop Jlannaca),
rot gradg ={V, Vg| = [VW] g =0, (107.20)

TaK KaK BeKTOPHOe MpOH3BEAeHHE BEKTOpa Ha camoro cefd
PEBHO HYMO.

Snexrpocratnueckoe noje E mMoxer Guth mpeicTasieHo
Kax rpajuedT noteHoMana ¢ {cm. gopmyay (i1.3)] Coraac-
Ho (9.2) uupxyaduus storo noas nis Ji06oro KoOHTYpA
paBHa HyJl0, uto corjacyerca c (107.20).

Porop Bekropa A sBasieTcsi BeKTOPHOR (yHKuMel ToY-
ki. CaenoBaTenbHo, K HeMY MOTYT OHITb TNPUMEHEHH Ofne-
paUMH JHBEPreHUMH W poTOpa:

divrot A=V [VA] =0 (107.21)

{u3 BekTOpHOA anreGpLl H3BECTHO, YTO CMeNlAHHOE MpOH3-
BelleHHe BeKTOpOB pasHo OObEMY napaJjenenwnens, mno-
CTPOEHHOrO HA TIEPEMHOMXKAEMEIX BEXTOpax, €cAH ABa H3
9THX BeKTOpPOB <COBOAZaIOT, TO ofLeM napaJsieenunena
paBen HyJwW),

rotrotA =[V, [VA]]=V (VA)— (W) A =
=graddivA—AA (107.22)

[mer  Bocnoabsosaduce dopmyaor {A, [BC]l= B(AC)—
— C(AB)].
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H3 dopmyns (10721} sBurekaer, uTo node poTopa. He
HMeeT HCTOYHHKOB, JHHHH TAKOTo NOAA 3aMKHYTH, Jubo
yxoasaT B GeckoneuHocth. IlomoGuuiM cBofictBoM ofaafalor
JHHHH MarHUTHOTO 71014, 3TO HO3BOJAET NPefCTABHTL NOJie
BEKTOpa MarunTHO! HEAyKuWH B kak noae poropa Heko-
TOpo# BeKTopHOH dyskuHH Al), KOTOPYIO Ha3LBAIOT BeK-
TOPDHHM NOTEHLHAJOM

B = rotA. (107.23)

Bxoaute B JanbHefiiiHe NMOAPOGHOCTH 1O MOBOAY BEKTOD-
HOr0 NOTEHIHanla Mbl He HMeeM BO3SMOXHOCTH.

§ 108. Ypapnenns Makceenna

OTkpbiTHE TOKAa CMeHleHHs NO3BOAHIO Makceenny cos-
ZaTh EAUHYI0 TEOPHIO 3JeKTPHYECKHX H MAarHHTHLIX SABJe«
HHi. DTa Teopusl OOBACHW/IA BCe H3BECTHHIE B TO BpeMA
3KCNepHMeHTaXbHble HaKThl 1 npejickasana psl HOBHX fAB+
JeHnfi, cyUleCTBOBaHHe KOTODHIX NOATBEPAHJOCE BNOCAEN-
crud. OCHOBHBIM c/IeACTBHEM TeOpHH Makcpeasa 6ol Bhis
BOJ O CYIECTBOBAHHK 3NEKTPOMarHHTHLIX BOJH, Paciipos
CTPaHAIOIUMXCA €O CKOpoCcThIO  cBeTa. . Teopetuueckoe
HceseloBaHKe CBOACTB 3THX BOJMH npuBeno MaKceenna K
CO3AAHKHI0 IEKTPOMATHHTHOR TeOpHH CBeTa.

OcHoBy reopun ofpasyior ypaBuenuda Makcsenna. B yve-
Hux o6 3ieKTpOMarHerHsMe STH YpaBHEHHS HIDAaioT TaKyio
Ke posb, Kak 3aKoHH HbioTOHa B MeXaHHKe HJIM OCHOBHbie
3aKoHbl {Hauana) B TepMOAWHAMHEKE.

[epeyio napy ypasnenuii Maxcpeiana ofpasyior ypas-
mepna (103.6) u (44.1). Mg yao6eTRa HINOKEHAS HanyIIem
HX ewle pas

$ £y = ~ f (%’—)nds, (108.1)
s
Jj B,dS=0. (108.2)
b

Tlepsoe ua 3THX ypasHeHuil ceszbtBaer sHauenns E ¢
BpeMeHHBIMH H3MEHCHHAMH BCKTOpa Bu ApAAeTCa Mo Cy-
HiecTBY BhIpaXeHNneM 3aKoua SJTEKTPOMaFHHTHOﬂ HH,ELYKIJ,HH.

1) Ba pcex npeamaymux dopMynax cuMBoaoM A Mbl 0Bo3HAYAMH
APLH3ROJbHE BEKTOp., BeKTOpHLH NOTeHIHatd MAarHHTHOTO MOJA [pH-
HRTO 0603H4uATE ITHM XKe CHMBOAOM A.
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Bropoe ypas#enne orTpaxkaer to ¢BOficTBO Bektopa B, uro
ero JHHAN 3aMKHYTH (AR yXoAsitT B GeCKOHEYHOCTb).

Bropyio napy ypasuenuit Magceeana o6pasyior ypaBHe-
uug (105.4) u (16.6):

$ 1,4 z=f;nds+sf(a°) gs, (108.3)
§D,ds=[pav (108.4)
S v

(mon § 3fech u B maibHelilleM MOHMMAETCA MAOTHOCTHL TOKA
[IpOBOJAMMOCTH) .

ITepBoe ypaBHeHHe yCTAHAB/JAMBAET CBsI3b MeXAY TOKaMH
NPOBOJUMOCTH H CMeLIeHHs H NOPOXKAaeMHIM HMH MaruuT-
BHM nonem. Bropoe nokaswiBaer, urto JHRHH BeKTOpa D mo-
FyT HQYHHATLCA H OKaHYKBATLCA Ha 3apsafax.

Vpasuenns (108.1)—(108.4) TpeACTanIAoT co6of ypan-~
weHus Makceensna B nurerpancuoi dopme. Oun cpasuBaior
suayerus E win H BROAb HEKOTOPOrO KOHTYPa €O 3HaYeHH:A-

mn B (cooTserctnenno D) B Toukax onuparomedca Ha KOH-
Typ noeepxHocTH. OT ypaBHenuii B uuTerpansHoit dopme
MOMKHO ¢ [OMOIILIO TeopeM BEKTOPHOro aHa/iu3a nepelit K
ypasHen#aM B AuddepeHUnaNbHOR (POpMe, KOTOpLie CBA3bI-
BaioT 3Hauyennd E wian H B Hekoropofi Touxke ¢ B (cooTser-

creen#o D) B 1odt Ke camoil TOUKe NpOCTPaHCTBA.

ITpumennm Teopemy Crokca {em. (107.14)] & neBoft gacti
dopmyast (108.1), B3aB B KauyecTse NOBEPXHOCTH, NO KOTO-
POH MpPOK3BORMTCH HHTerpupoBanue ¢yskuuu (tot E)., Ty
e TNOBEPXHOCTh, N0 KoTopo# Gepercd MHTErpad B ApaBoi
vact. Toraa ypasneuue (108.1} npumer sun

f(rotE)ndS=—f(%t
S S

O6a muterpasa OGepyTea no oAHOH H ToH Xe noBepx-
#ocrd. [lo3ToMy nosyueHHOe DPABEHCTBO MOXKHO HamHCaThb
caenywotiy obpasom:

J (rot E+ %‘})nds =0,

3ro PaBeHCcTBO JOJMKHO BBIMOJHATBHCA AJA NPOH3IBOJBHO
BLIGPAHHON NOBEPXHOCTH WHTETPHPOBZHHA S, UTO, OYEBHIHO,
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BO3MOXHO MHLIb B TOM c/Ayuae, eCH [OALIHTErpaibioe Bl
paxeHue B 060k TOYKe DpPOCTPAHCTBA AJS TIPOU3BOABLHO
OPHEHTHPOBAHHOH NMAOWIAAZKK dS Gyper paeHo HyJMO. TakuM
00pasoM, MH NPHXOAMM K BBIBOAY, YTO B KaXKJAOH TOUKe
HPOCTPAHCTBA BLITOJHAETCH PABEHCTRO

JaB
Tot B = — =,
ITpumenus Teopemy Crokea Kk dopmyne (108.3) u nosro-
PUB Te Xe caMble pacCyXAeHud, HafiaeM, UTo
oD
rotH=j4 T
Teneps npumenuMm Tteopemy Ocrporpaackoro— aycca
[em. (107.5)] k nepoit wacTh Qopmyan (108.4). B pesynbe
Tarte NOJYUYNM YpaBHEHHE

[divDav=[pav.
v v

Ipn nponasonbHOM BuiGOpe 06BEeMa, MO KOTOPOMY MpO-
H3BOAHTCS HMHTErPUPOBAHHE, NMOJIYYEHHOE COOTHOLIEHHE MO-
HeT BLITOAHATLCH JHWH NPH YCJIOBHH, UTO HOALIHTErpAJbe
Hble BRIpameHHs B O0eHX YacTaX HMEIOT B Kawaoh TOuKe
NpoCTPaHCTBA O[UHAKOBHE 3HAYECHHS, T. €,

divD =p,

Mpumenere teopemu OcTporpaickoro — [ayeca K dop-
myne (108.2) paer
: : divB =0.

Hrak, 8 Andpdepenunarsrod popme ypasHenus Maxc-
BEJAA BLIFAAAAT CACAYIOILHM o6pasoM.

oB

rot E = — —m, (108.5)
divB=0 (108.6)
(nepran mapa ypaBHeHHEH),
rotH=j+2", (108.7)
divD=p, (108.8)

(eTopas napa ypasHedui),
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Ilpy pelleHHr 3THX ypaBHEHHH HCTOMB3yeTesa To 06CTOR-

TEJLCTBO,
HMEIOTCH COOTHOLIEHHS

UTO Mex Ay BXCAAIIHMH B HHX BeJAHYHHaAMH

D =R, (108.9)
B =paH, (108.10)
j=g6E, (108.11)

CoBokynrocTh ceMu ypaprennlt (108.5)—(108.11) o6-
pPasyerT OCHOBY 3/IeKTPOAHMHAMHKH TOKOAILMXCH Cpel.

CnpoektupoBae ypaBHenus (108.5) u (108.7) Ha koop-
IMHATHHE OCH, NOJYUHM BMECTO KaXXIOro H3 BeKTOPHEIX
VpaBHeHHH TPH CcKaJspHuX. [IpHHAB BO BHHMaHHe HOPMY.IH
(107.10) —(107.12), noayuum

OE; OE;  8B: |
Eraat T
OE, OE aB,
R (108.12)
8E,  BE, 4B,
ax oy o
oH, oH, ap,
dy "oz =lx at
oH, OH, Dy,
& " T hita | (108.13)
oH,  9H, an,
% ey =t

¥papuenus (108.6) w (108.8) MoxHO HanmHcaTh B CKa-
JIAPHOM BHJE, HCIOJb30BaB cooTHowenue (107.4)

dB,

6x+6y

8D,

8B,
+ az = ol
oD,

6x+6y

aD
+ 621 =p-

(108.14)

(108.15)

B rayccosoft cHeTeMe ypaBHeHHs MakcBeasa HMeT BHA

MtE= - —

div B=0,

div D = 4np,

1 9B
e 9’

|

(108.16)

{108.17)



TJTABA XVIII
AJEKTPOMATHHTHLIE BOJIHBI

§ 109. BoanoBoe ypaBHeHHRe

B mpeaniaymiefi rnaBe MB BBIACHHAM, YTO NEépeMeHHOE
3NEKTPHYECKOe NOJle NOPOKJAeT MarHHTHOE, KOTOpOe, BO-
ofule roBops, TOXe OKa3biBaeTcs mepemenHsiM!). D710 me-
peMenHoe MAarHHTHOE 70/e [MOpPoXKiaer 3MeKTpHIECKoe none
H 1. A. Tarum o6pasom, ecan B03GYAHTE € NOMOIUBIO 3apss
JlOB HNepeMeHHOe 3JJIEeKTPHUECKOE HJAH MarHHTHOe moJe, B
OKpyKaIlleM npocrpaHeTBe BO3IHHEHET MOCJAEA0BATEN b~
"HOCTH B3aHMHBIX MpeBpallendil INEKTPHUECKOro it MAariHuT-
HOro noJeft, pacnpoCcTPAHAIOUIUACA OT TOUKH K TOYKe. JTOT
npoiecc GyXeT MePHOAMYECKHM BO BPeMeHH M B MPOCTpaH-
CTBE U, CJELOBaTeNnbHO, npeacrasiaser coboli rosiny. BrmBox
0 BO3MOXHOCTH CYIUECTBOBAHHA S/EKTPOMATHHTHEIX BOJH
BbiTeKaeT, Kak MH cefiuac noxaxeM, U3 ypaBReHHA Makc-
BEJdnAa.

Hanumem ypasneum Makceeana ans opHopoanofi Hefi-
TpaapHoll (p = 0) Henposoaamed (] = 0) cpezn ¢ NOCTOSH«
HEIMH NPOHHILAEMOCTAMH & H p. B atoM gnyqae

65 dH aD
== Ltlg ~57 = B8y ~5;~ 6! ’

divB=uuodivH i de=wodivB.

1) Ans toro utoSnl BOIHAKMIee MarmuTHOe KOJe Gu/i0 NOCTORHY
#LM, Heo0X0AMMO  COOJMIONEHHE BECbMAa  COENHAJBHOr0  YCHAOBHA:

D = const,
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CaepoBatensHo, ypaBuénus (108.5)-—(108.8) umeror Bux

rotE = — g -, (109.1)
. o oH 9H,
div H = —= 55+ 5 =0, (109.2)
rot H=eg, 5, {109.3)
) dE, OE, = OE
divE =+ 5=+ 5= 0. (109.4)

IMpumennm Kk ypasuenuio (109.1) onepawiio rot
rot (rot E) = — rot(%‘-). (109.5)

Cumeoa rot osmauaer AvddepenuHpoBaHHe MO KOOPAH-
HaTaM. Mensa nopaaok AH(p(epeHLHPOBAHHA MO KOOPAHHA-

TaM W BpeMeHH, MOXHO HamHcaTb rot(%—?)m Ea:" (rot H).

Ipouagens v ypapHenun (109.5) a1y sameHy u nojucTasus
B MOJyuyHBIIeccs BHIpa)kenHe sHauenHe (109.3) pna rol H,
HOMYYHM

&°E
rot (rot E) = — eejupy 37+ (109.6)

TIpumenup onepanuio rot kK ypasuennio (109.3) u npous-
Belsl aHAJOTHUHLIC Npeo6pasoBaHuA, MPHAEM K YPABHEHHIO

o2H
rot (rot H) = — eequpg Tl (109.7)

B cootsercteuu ¢ (107.22) rot rot E = grad div E— AE.
Ilpu ycnoenu, Boipa)kaeMoM ypasHenuem (109.4), nepseiii
y/jeH 3TOro paBeHcTBa 06pallaercs B Hyab. CiegoBatennuo,
aepaa 4actb dopmyns (109.6) Moxker ObTb 3anucana B
Bule —AE. Onyctur B noayuawomefica dopmysne snak MH-
HYC C¢JeBa K CIpaBa, NpHAEM K YDaBHEHHIO

0?E
AE = eggupg <57+
uan, pacnucas AE,

9°E i+ il fed 3
5}3"%——6? +W-"=880[.L}10W. (109.8)
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CxoxusiM ofpasom ypaeuente (109.7) momxuo npeofpas
30BaTh K BHAY

d*H a*H 8H 9?H
3t + Ee + 9z% 3880}1-!.1-0?. (109'9)

3amerum, uro ypapHenus (109.8) u (109.9) nepaspuisho
CBA3aHH ADYT C APYTOM, TaK KaK OHH MONyYeHLl H3 ypaBHes
nnit (109.1) u (109.3), Kaxkaoe 3 KOTOpHIX couepxuT ¥ E
u H

YparHeHHe BHAA

o 1o
ox? +T’;‘F+ ozt~ of 9%

npeacTaBaser coboil BoHOBoe ypaBHerue [cM. T. 1, § 80)].

Besikas (QYHKUMA, YAOBJETBOPAIOLIAN TAKOMY YDAaBHEHHIO,

ONHCHIBAET HEKOTOPYIO BOJIHY, NMPHYEM KOpEHb KBaApaTHEIH
2

H3- BeUYHHL], 06paTHOR KOQGhHIKEHTY npH S Aaer ba-
30BYI0 CKOpOCTb 3T0H BoOaHEL, TakiM ofpa3oM, ypaBHEHHsA
(109.8) w (109.9) yxaspiBalOT Ha TQ, YTO 3JEKTPOMATHHT+

HEIE N0/ MOTYT CYIIeCTBOBATh B BHAE 3J€KTPOMATHHTHBIX
BOJIH, ha30Bas CKOPOCTh KOTOPHIX paBHA

1 1
U= e ——,
Vems Ven (109.10)
Ias pakyyma mo aTofi gopMyse moaydaercs

1 1
| -l/ 4w 1077
4.9 109

{cu. ananennsa (4.2) u (38.3) anq ep H ol
Takum o6pasom, B Bakyyme (pa3oBas CKOPOCTL JEKTPO«
MargHTHEIX BOJH COBMNAZaeT cO CKOPOCTBLIO CBETA.

B rayccosofi cincreme

v = 3. 10° mfcex =¢

U= (109.11)

Ve’

.399



§ 110. Mlnockas 9JMeKTPOMATHATHAS BOJHA

Hcenenyem na0CKYIO 31eKTPOMarHHTHYIO BOJHY, pacnpo-
CTpaHAOIYIoCA B OLHOPOAHON HenpoBoasaueit cpeae (p =0,
j=0, D=eeE, B=ypupnH, e u p— nocrosnuse), Hanpa-
BHM OCb X TNEPNeHARKYARAPRO K BOJHOBLIM TIOBEPXHOCTAM.
Torpaa E u H, a snauut, ¥ Mx cocraBasiouiiie He Gyayr 3a-
BHCETh OT KOoopAuHAT ¥ 1 2. [lostomy ypaenehus (108.12) —
(108.15) ympoumarnTea CAEAYIOUHM 06pasoM:

lilrs
a =0
oF oH
5 = litlo —3 (110.1)
OE, oH,
F P ity T
dE,
3 =0
oH OE,
axz _ 880_6—;'“, (110.2)
Hy  OF
o g
e 0, (110.3)
2 =0, (110.4)

IMepsoe u3 %asﬂennﬁ (110:2) u ypasuenue (110.4) no-
Ka3wBawT, uro £, He MOXET 3aBHCETb HHU OT £, HH OT X, [Tep-
Boe w3 ypapnenuin (110.1) u ypawnenne (110.3) mawor rto7-
Ke peayavrat a1a H.. Takum o6pa3oM, OT/IHYHBIE OT Hy’As
E, u Hy moryT GBITb 0OYCJAOBJEHE! JNHIIL NOCTOSHHBIMH Of-
HOpPOAHBIMH TIONAMH, HAKI2ABIBAIOUINMHCA HA 3NEKTpoMar-
HHTHOe nole BoiHb. Camo moje BOJHB He HMeeT COCTaB-
JSIOLIMX BIOJL OCH X, T. e, BeKrops! E u H nepnenpnky-
JIAPHEL K HaDPaBJEHHIO PacnpoCTPaHEHHS BOJHLI — 3J€K-
TpOMaFHUTHBIE BOJIHHL monepeunel. B jpanbHefiineM Mu Gy-
JieM fpemanofaraTh NOCTOAHHBIE MOJS OTCYTCTBYIOMIKMH H
nosarate Ey = Hy, = 0. '

HABa nmocnensnx ypasrewus (110.1} # aBa nochexnux
ypasrnerna (110.2) MOXHO O0BefHRHTL B JiBE He3aBHCHMEbIE
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rpynnu:

3E, eH, 1}
% = =Wy ot t- !
aH, 3E, (110.5)
Pt
OF, Hy )
s
aH,, oE, (110.6)

ax %o g

INepsaa rpynnma ypasHeHH# cBA3bIBaeT cocTapaniowue £y
H H,, sTopas — E; u H,. [lpennonoxum, uto nepaonaqanbuo
OLlJIO CO3[0AHO MNepeMeHHOe JJeKTpuueckoe noae E,, Ha-
npaB/ieHHOe BAOJb ocH y. CorfacHo BTopoMy M3 ypaBHeHHR
(110.5) 210 moJje co3AacT MarHuTHOe noje H;, nanpasied-
HOE BROJb OCH 2. B COOTBETCTBHH ¢ MePBBIM ypaBHEHHEM
(110.5) moge H, cozmact saekTpuueckoe mnoiaz E, ¥ T. L
Hu nose E,, nu nose H, npe 3ToM He Bo3nukawTr. Anano-
rHYHO, €CAl| TepBOHAYANbHO OBLIO co3flaso none £, To co-
raacHo ypaeseHusiM (109.6) noseutca noae f,, kotopoe
B030yAHT noje E; 1 7. 1. B 3TOM cayuae He BO3UHKAIOT N0-
ag E, u A, Tagum o6pa3oM, 419 ONKCAHNA TIOCKOR 3JeK-
TPOMATHUTHOA BOJHB AOCTATOYHO B3ATH OJHY H3 CHCTEM
ypaBuenuti (110.5) m (110.6), nonoxkus cocrapasicLKe,
¢UrypHpyIOUINe B APYroH CHCTeMe, PABHLIMH HYJIO.

Bosbmem s onucanus Boaun ypaBuenus (110.5), go-
aoxus E, = Hy, = 0. Ilpoantddepenunpyem nepsoe ypasue-

. B oot O Ol -
HHe N0 X U NPOM3BELEM 3aMeny: - -5 = - —=. Tlox
H
CTABHB 3aTeM — = K3 BTOPOIO YPABHEHMS(, HOJYUHM BONHO-
BOe ypaBHeHHe Ana L
0°Ey OE,
S = el 5 (110.7)

I“Iponmbcbepeﬂunposas no x Bropoe ypaeHenue (110.5),
nafiieMm nocae aHaJdQrHYHBIX npeoﬁpaaoaanun BOJIHOBOE
ypaBHeHHe ans M

OtH
-3—‘3-=aaouuo at2 . (110.8)
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HanoMunM, uto ocraibhble coctapasiomiue E u H pasnut
Hya10, Tak ur0 £ = E, u = H,, Mbl coxpaHu/n B ypaBue-
uuax (110.7) u (110.8) unnexcet y u 2 npu £ u H pia roro,
4TO6H MOAYEPKHYTh TO OOCTOATEABCTBO, 4TO BeKTopul E uw H
HanpaB/ieHy [0 B3aHMHO NEePHEHAMKYJNAPHBIM OCSIM Y H 2.

¥papuenus (110.7) u (110.8) npexcrasasior coGoil yacT-
HBf caysaii ypaBaenud (109.8) ® (109.9). Ilpoctefiiuum
petuenuem ypasuenun (110.7) Gyner pyuknus |

E, = Eycos(of — kx +a). (110.9)
Pewenne ypapuenns (110.8) uMeeT aHANOTHUHLIA BUJ
H,=H_,cos(of — kx + a). (110.10)

B arux dopmynax o —4acToTa ROMHH, k— BOJHOBOE
YHCA0, paBHOE /U, o W o — HaualbHble dazn KoJeHauuf
B TOUKaX ¢ KOOpAHMHaTO# x = 0.

IMoacrasum ¢dyrkuan (110.9) u (110.10) B ypaBHeRHA
(110.5):

kE, sin (ot — kx + a,) = puyoH , sin (of — kx + a,),
kH , sin(of — kx + o) = eggel,, sin (of — kx +a)).
Jas Toro uTofbl ypaBHEHUS YAORIETBOPAJIHCH, HeOGXO-

MO D2BeHCTBO HayaAbHHX (a3 o H g Kpome toro, goa-
XKHB cOOMI00aTLCA COOTHOLICHHUA:

REp = W@ H
eg0F, = kH,,.
ITepeMHOXHE 5TH ABA paBeHCTBa, HAXOJHM, §TO
2 2
ee B2 = H2,
Takum oGpazom, KoneSGaHHA HMEKTPHUYECKOTO U MarHur-
HOTO 'BEKTOPOB B JEKTPOMArHHTHOH BOJIHE MPOHCXGIAT ¢

onuHaKoBOH (pazofl- (o == ¢g), @ AaMOAHTYAB 9THX BEeKTOPOB
CBA3AHB COOTHOIIEHHEM

EnVeey = Hy Vi (110.11)
Hs dopmyanr (110.11) BHTeKaer, uT0 MeXAYy 3HauYeHHH-

Mu En U Hy Ond BOAHB, pacmpocrpansiolteiicd s nycrore,
HMEEeTCH COOTHOUIERHE :

f{_zal/-g;‘?-a Van-107 409+ 10° =
— V@)T900 = 120 ~ 377, (110.12)
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B rayecopoli cucreme dopmysa (110.11) umeer mupy
Ep V_= HyV 1.

Chenonarenstio, B nycrove En = Hp (Ew uamepsercs 8 CI'C3-
enununax, i, — 8 CICM-epunnuax).

Ymuomus ypaenenne (110.9) na opr ocu y(E,j = E),
a ypasnesne (110.10) na opr ocu z (H,k= H), noayuum
YpaBHEHHA NMJIOCKOH SMEKTPOMATHHTHOH BOJIEL B BEKTODHOM
BHJe:

E =E,, cos (0! — kx), } (110.13)

H = H,, cos (af — kx)

(MBR MOJOXHAN o = ag = 0).

Ha puc. 237 nokazana «MomeHTannHasa Qotorpaduss
IIOCKORA snexTpOMaruuTHoll oK. Kak BHIHO H3 pUCYHKA,
pextoptl E n H oGpasyior
¢ HampaBJeHHEM paclpo-
CTPAHEHH$ BOJHBI IIPABO-
BHHTOBYI0  CHcTeMy. B
(MKCHPOBAHHOR TOUKe
npocTpancTsa  BekTopn E
B H H3MeHSIOTCA CO Bpe-
MeHeM N0 TapMOHHYECKO-
My 3akory. OHH ,0fHOBpe-
MEHHO VBEJHYHBAIOTCS OT
HyJds, 3aTeM uepes /4 me-
pHoma ROCTHralcT  Hau- Pac. 937
Gosnbmero amaveHud (GpH- '
ueM, ecam E nanpaBnaen
psepx, To H nanpapjen snpaso; CMOTPHM BAOJNB HANpaBje-
HHf, [0 KOTOPOMY DacmpocTpanserca BonHa). Eme uepes
1/, mepuosa ofGa BexTOpa OAHOBpEMEHRRO 00pallaloTcsa B
HyJb, 3aTeM ONATb JOCTHIAKT HAMOOMBLINETO 3HAYeHHA (HO
Ha 3ToT pas E nanpapiaen Bau3, a H-—Baeso). M, Hako-
Her, Mo 3aBepHieHHH Nepnofa Kose®aHHA BEKTOPHl CHOBa
ofpamaloTes B Byab, Tarue Rameneuma pektopos E w H
DNPOHEXOIAT BO BCEX TOYKAX MPOCTPHERCTEA, HO CO CABHIOM
no ¢ase, onpenesieMbM PACCTOREHEM MeMIY TOUKAMH, OT-
CUNTAHHEIM BIONL OCH X.
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§ 111, AxkcHepuMeHTaNbHOE HCCTENOBAKHE
NEKTPOMATHHTHLIX BOJIH

DxcnepuMedtalbuas MpOBEpKa BbhiBoja Teopuu Marc-
B O CYIIECTROBAHHMH 3MEKTPOMATHHTHHIX BOJR OLLIa OCY-
HiecTRJIeH A Tepuem B
1888 r. [as noayueHds
BOJH [epr, MPHMeHHJ H30-
OpereHHET MM BHOGpa-
TOD, cocToSlMA U3 HBYX

CTepxHERH, pasgeNeHHhx
HCKDOBLIM  TTPOMEXYTKOM
{puc. 238).

B xoJie6aTeJbHOM KOH-
Type, 0Gpa30BAHHOM KOH-
AencatopoM € w Karyw-
kol L (puc. 239, a), saek-
TPHYECKOR TOJME COCPeio-
TOUeHO B 3a30pe MexXAy
ofknagKkaMi, a MAarHuT-
HO® — BHYTH KaTyIUKH.
B oxkpyxawileM KoHZesH-
€aTop W KATYIIKY npocT-
paHcTBe MOJAA NPAKTHYEC-
KN paBHe HYJO, BOSTOMY
3aMETHOI'O H3JAYUEHUS BOJH

i

Hadyriman
2
%

v/l

U

Puc. 238, Puc. 239,

He TpOHCXOAMT. HTOGLI H3JgyueHHe HIpaNo SaMeTHYIo
PoJiib, HYXKHO CcAenaTh 00JacTH, B KOTOPHIX BO3HHKAIOT MO-
Jis, meHee 0BOCOGJIGHHBIMH OT OKPY!KAIOUIEro MpOCTPaH-
CTBa. STOFO MOXHO ILOCTHI‘HYTI:, yBEJMHYHBAA pacCcTosaHHe
MEXKAY OORJNaJKaMH KOHAEHcaTOpa M MeXAy BHTKAMH Ka-
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Tywkd (pne, 239,6 w 8). B mpeneae mul npnaem K sufpa-
Topy [epua (puc. 239,2). B npouecce sBHAOM3MencHMH,
n3obpaxeynblx Ha puc. 239,a-—e, CHABHO YMEHBIUASTCH
eMKOCTs M HHAYKTHBHOCTb KOHTYpA, UTO TaK:ée BHIFOLHO,
T4k Kak [PHBOAHT K YBENHUYGHHIO YACTOTH KogeBaHui
[em. dopmyny (99.2)], a cnexoBaTeldbHO K YMEHBIISHHIO
IAuHE BoAHbL C BONHAMU Ke MeHbUIEH ANUHBL Jerye sKcne-
pumeHTHpOBaTh. Tepu gocrur yacror nopaska 10° 24 u no-
JYYAJ BOJHHBL, IJIHHa KOTOpHWX coctaBaana ot 10 no 0,6 a.
[as Boslympeaun xosdebanuii BubpaToOp ROAKIIOYANCH
K HHAVKTOPY (puc. 238). Korpa HanpsikeHyue Ha HCKPOBOM
NpoMeKyTKe JOCTLIa.J0 NpoGHBHOTO 3HAUCHHR, BO3HMXana
HCKpa, KOTOpad 3akopayHBaja ofe nonoBHHKH Bubparopa
(B coOTBeTCTBHH ¢ 3TuM Ha puc. 239, 2 pasphB nocpeanHe
sulpaTtopa He moxkaaan). B pesynbTare Bo3nMKaau csobon-
Hple 3aTyxatollhe Ko/eBaHHA, KOTOpble NMPOAOIKAIHCH A0
Tex Mop, NOKa UcKpa He racaa. Jlas Toro 4TOGE! BO3HHKA0+
HH# 0OpH KOJ1eGaHHsIX BBEICOKOYACTOTHHI TOK He OTBETB-
JAa4csa B 06MOTKY HHAYKTOpa, MexXAy BUOPATOPOM H HHAYK-
TOPOM BKJAOYajuch apoccend Ap,T.e.
KaTymKH ¢ Goabuioll HHIYKTHBHOCTBIO /([ i
(conpoTHBJSHHe HHAYKTHBHOCTH lepe- Ve
MEHHOMY TOKY paBHO ®l). ITocae no-
racanyud HCKpH BHOpaTOp cHOBa 3apil-
Mancsd oT HHIAYKTOPA ¥ BeCh Ipouect
NOBTOPANCA BHOBb, TaKum ofpasow, \\
suGpaTtop Fepna sosby:xian pax wy- i
roB ci1abo 3aTyXaiouluX BOJH. 2) 5
B suOparope Bo BpeMa KoJaebasuh
yCTaHABNHBANACh CTOAYAsA BOAHA TO- Puc. 240.
Ka u Hampsxenusa. Cuna Toka |
(puc. 240, o) Gwra maKcHMma/db#a B cepeiuHe BuGpartopa
(nyuHocTh TOK4) #u o0paillaiack B RHY/JAb HA €rg KOoHUAX
(vanw Toka). Hanpsukenne U (puc. 240, 6) B cepenune
BHOpAaTOpa HMET0 y3e/, Ha KOHLAX — NY4YHOCTH. Takuum ob-
paszoM, BHOpaTop aHalOrHyed cTpyHe, Kojebwouwedica c
OCHOBHOH (7. €. HauMeHbllel) vactoToR, dauna A uznyuae-
MBIX BHODATOPOM BOJH NPHOJH3HTENLHO B JIBa Pa3a rpesul-
wana AanHy BuGpaTtopa. Flo aToit npuuHue mOA00HLIA BHG-
paTop Ra3LIBAIOT NOJAYBOJHOBH M. 3aMeTHM, YTO ecaH
kaxuM-au6o obpasom pBo3Bynnt, B BHOPATOPE BBHIHYMKIAEH<
gule Kkogefamns B ABa pasa Goaelef wacToTel, TO pacs
npefejeHde TOKOB H HanpsXKeHwd GyleT HMeTb BHA,
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uzo6pamenunii ga puc. 241. B aToM cayuae sn6parop anano-
rudeH CTpyHe, KoaeOmomefica ¢ yacToToi nepsoro ofepToHa.
HccnepoBanue uanyvyaemofi Bosiibl [epp otyulecTsiassn
TaKXe NPH AOMOLIH nOAYBOAHOBOrG BubGpaTopa ¢ HEGOMb-
IUHM HCKDOBHIM HDOMEMYTKOM nocpeanne. [pyu pasmeinenns
Takoro BuOpaTopa NapansieNbHe BEKTOPY HANDAKEHHOCTH
3AEKTPHUYECKOrO O BOJHL B HEM BO30YXAaJNuCh Koaebha-
HUA TOKAa H Hanpamenus. Tax Kak ATwua BubpaTopa Ouiia
paBHa Af2, xkoneGands B HeM BCAEHCT-
A v/ BHe pe3cHanca [JOCTHMAmHM  Takofl
R i/ HHTEHCHBHOCTH, YTO BbI3HIBAAH NpO-
\ CKAKABARHE B HCKDPOBOM NPOMEKYTKE
¢ wueGosbmmx HCKp ),
C nomoipo GOALIIUX MeTaNTHte-
. CKHX 3epkan # acaapTOBOH DPH3IMbI
I (pasmepom Gonee 1 m 1 Becom 1,2 m)
lepu ocyumiecTBHA OTpaXKeHue W mpe-
Puc. 241, AOMJEHHe 3JIEKTPOMATHUTHLIX BOJH H
nokasan, 9to 00a 5TH AB8/AeHHA 1I0/IUH-
HAIOTCA 3aKOHAM, YCTAHOBJEHHBIM B ONTHKE ANA CBETOBHIX
BosiH. TloMectus m3nydaomuii subpatop 8 GoKyce BOTHYTO-
ro 3epkajna, I'epn noayywsa HanpabB/eHHYH IVIOCKYIO BOJAHY.
[ia ee myTH OB DaACHONIONKMI MICCKOE 3€PKANO W NOJYUHA
TakiM o0O0pa3oM crofuyw RoJAHY. Flamepus paccroanHe
MEKAY Y3J4MM M NYTHOCTAMH BOJHBb, T'epu Haluea aauny
poanut A. ITpousbenentie A Ha vacrory koJebanuh nubpa-
TOpd v 0ajJ0 CKOPOCTH 3MeKTPOMAarAHTHLIX BOJIH, KOTOpas
oxasanace 64H3K0A K ¢ Paclienarast Ha myTH BOJH peller-
Ky M3 napajJienbHelx APYr Apyry Melubix npososiok, Tepy
00HAPYAUJ, 4TO UpH BpaLleHHH PENICTKH BOKPYT Jyya HH-
TEHCHBHOCTh BOJIH, MPOMENiiHX CKBO3bL pelieTKy, CHJbHO
u3MeHqerca. Korfla npososoky, ob6pasywinue petierry, 6nl-
AW MepneHZHKYASpHE K Bektopy E, Boapa npoxopuna
CKBO3b peiteTky Ge3 momex. [1pH pacnonoeHuH npoBOJOK
napaineasHe E Bosna cxBosb pelieTky He npoxoauna. Ta-
KHm ofpasoM Obliia JoKasana [ONEPEYHOCTE SMIEKTPOMaEr-
HHTHEIX BOJH.
Onutel [epua 6utim npopomxens I1. H. JleGenenim,
KoTopulil B 1894 1, nOAYYHUN 3j1eKTPOMATHUTHEIE BOJHBL JIH-

). B OBpEMCHHAIX MEMOHCYPENUAX B HCKPOBOR NPOMEHCYTOK BKJIO-
yaloT HeBoMbUIYyID KAMNOUKy, HPKOCTH @€ CBeUCHHA YKA3LIBaer HHTCH-
CHBHOCTL BOJHEL
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HOK 6 MM B HCCAeLOBan NMPOXOMAEHHE HX B KpHCTa/llax.
Tlpu arom Gbwo O0uHAPYXKeHo ABOKHOE NPeNOMJACHHE BONH
(cu. OnTHEY). _ .

B 1896 r. A. C. Ilonos BoepBule OCYMIECTBH ¢ NOMOLILIO
9]EKTPOMATHHTHEIX BOJH Nepefavy cooblleHHs Ha paccTof-
nue okono 250 u (Gwan nepepanu caosa «Feupux Tepuy),
Tem caMbiM GBLIO MOJOMKEHO OCHOBAHHE pAAHOTEXHHKE.

§ 112, Bueprua NEKTPOMATHHTHONO HOJAA

Bo3MOKHOCTE OOHAPYMEHHS SIEKTPOMATHHTHEIX BONH
(N0 NpOCKAKHMBAaHHIO HCKDH, CBEYEHHIO JAMIOUKH M T, IL)
YKa3blBaeT Ha TO, YTO 3TH BOJHLL NepeHocAT sHeprumo. [ax
TepeHoca JHepriM BoJHoi Obtna BBemesa (cm. 7. I, § 82)
BEXTOpHAS BeNHYWHA, Ha3HBaeMas IVIOTHOCTBIY NOTOKa
sHeprud. OHa UHC/JAEHHO PABHA KOJNHYECTBY 3HEPrHH, mepe-
HOCHMOK B ellMHNIY BPEMEHH 4epe3 eAHHHIHYI NAOLLAIKY,
NepneHIHKYAsiPpHYIO K HanpaBlieHnIo, B KOTOPOM TEYeT SHEp-
rus. Hanpapienne BekTOpa MJIOTHOCTH NOTOKA 3HEPIHH CO-
BNaJaeT ¢ HANpapJeHHeM NepeHoca 3Heprud. TaM e ObL10O
NOoKAa3aHo, 9TO MJIOTHOCTH HOTOKA JHEPrHH MOJKHO NOJYUHTD,
YMHOJKHB IVIOTHOCTh SHEpTHM Ha CKOPOCTR BOJHHI [cM. T. I,
thopmyny (82.8)].

[ln0oTHOCTL 3IHEPrHH 3JAEKTPOMATHHTHOMO NOJAR @ CcAa-
raercst ¥3 (JJOTHOCTH SHEPTHH 3MeKTPHYecKOTo noJas [ompe-

. Aeasenmolt ?opmynoﬁ (30.2)}] ¥ nnOTHOCTH SHEpPTrHY MATHHT-
Horo moas [oupenensemofi dopmynod (61.8)]:

T H?
w=w5+wﬁ=—g§—+"—"2°—.

B naunoil Touke mpocTpaHctBa BekTopnl E m H mame-
HAOTCA B oiuHakoBoit ¢ase!). Flosromy cooTHOWeHKe
(110.11) Mexay aMnanTyAunmu sraderuamMu E w H cnpa-
BENJIHBO H 15 ¥X MrHOBeHHBX snawewul. Orcioaa caenyer,
YTO MJIOTHOCTh SHEDTHH 3IJEKTPHUECKOIC' H MATHHTHOTO Io-
Jefl KaM{Ibl MOMEHT BPEMEHH ORHHAKOBA: @Wg = Wg. [lo-
9TOMY MOKHO HanHcarb, 970

w = 2wy = ety >

1) 310 capaBeIHBC TOALKO AAR Henpoeoaamedt cpead. B nposo-
Aamedt cpene hasn E'n H ne cobnapawr,
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Bocnonpsosaniivcs e, uTo £ YVeeg= H V iy, Bupaxe-
HHI0 AAfl IVIOTHOCTH SHEPIHH SJEKTPOMATHHTHOH BOJHLI
MOXHO BPHAATH BHI

w =V eeuu, EH. (112.1)

B cootBercreun ¢ ¢opuyacit (109.10) cropocts 3tek-

TPOMArHUTHOR BOJHL paBHA U = —r——==
¥ eeqbinis
HOCTb 3HEPTHH W Ha CKOPOCTER ¥, MOAYYHM NJOTHOCTH MO-

TOKa 3HeprHH

. ¥YMHO¥HB maQT-

S=wuv=FEH, (112.2)

Bektoput E u H B3auMBO nepneHAHKYAADHE! H 06Pa3yioT
¢ HanpapJCHMeM PACNpOCTPAHEHHS BOJHM TNPAaBOBHHTOBYIO
cucteMy. [lostomy wanpaeiaenne Bektopa {EH] cosmapaer
¢ HanpaBJeHHeM IIePEHOCA SHEPTHM, 8 MOJY]b 3TOrO BeKTOpa
pasen EA (sina = 1). Caepopatensio, BeKTOp MJIOTHOCTH
NOTOKA 3HEPrHH MOXHO MPEACTABHTL KaK BEKTOPHOE MPOH3-
Bexzenne Eu H

. =[EH]. . (112.3)

Berrop S nasniBaerca sextopowm IToituruara.

B I'B)’CCOBOﬁ CHCTeMe Bupa}xeﬂue A S uMeer BHA

S=3 [EH] ' (1124

otox aneprun @y, T. e. KOAHYECTEO 2HEPriy, NepeHOCH-
MOe BOJHOH B E,ELHHHIJ.Y BPEMECHH Uepe3 HCKOTOpYIO HOBEPX-
HOCTb S, pasen [cM. 1. [, dopmyay (82.14)]

= j S, dS (112.5)
5

(31ece S, — HopManbHas CoOCTaBAAIMAA Bekropa S;
dS — aneMeHT noBepxHOCTH S).

B xauecTse npuMepa Ha npumenenue Qopmyas (112.5)
pAcCMOTPHM YYacTOK ORHOPOAHOTO HWJIMHAPHUECKOTO Npo-
BOAHHKA, IO KOTOPOMY TEUeT CTAaLHOHADHLIA (T. €. He H3Me-
HAOMKIACH co BpeMeHeM) TOK (puc. 242). Buauaie Gylem
CUHTATh, YTO Ha 3TOM Y4aCTKE CTOPOHHHE CHABI OTCYTCTBYIOT,
Torna cornacuo gopmyae (33.4) B KaXKAOH TOUKe MPOBOLI-
HUKa BLINOJHACTCA COOTHOUIEHHE
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CranuonapHuift (DOCTORHHBIN) TOK pacnpeneasercs no
CeYeHMIO NpOBOAa € NMOCTOABHOH naoTHocTbio j. Chaenosa-
TeakHo, E B npenenax usobpaxkednoro va puc. 242 yyacrtka
NpoBofHHKA OyAeT OAHOPOAHBIM, BEIAGIHM MbICTeHHO BHY-
TPH DPOBOJHAHKA UHIUHAPHUECKHH o0beM paguyca r o AJH-
Bo I, B kaxjoil Touke OOKOBOH MOBEPXHOCTH 3TOTO LHJAHH-
npa sektop H nepnennuxkyaspen x sexropy E u Hanpasnen
no KacaTenbHo# k nosepxHoctH (cm. pHe. 242). Benuuuna H

paBH3 !jfr [cornacwo Teopeme (44.7)

2nrH = jnr?. Taxum ofpasom, BeKTOp
{112.3) B xaxnok TOYKe NOBEPXHOCTH
HanpapJieH K OCH npoBoia U HMEET Be-

audnpy S =EH = %Ejr. Yuuoxus S

Ha GOKOBYI0 IOBEPXHOCThL THJIHHAPA,
pasnyio 2nr/, HafiieM, UTO BHYTpPb pac-
CMATPUBALMOID RaMH o0beMa HTEKaeT
NOTOK 9J€KTPOMarHHTHOR sHepTHH (110-
TOK BekTOpa S)

Og=2mrl. §= 2nr!-§1Ejr=
=Ej.arfi=Ej-V, (112.6)

rae V— obseMm nuansapa.

Coraacro (34.8) Ej ecTh KOJHUECTBO TeNAa, BLASASIG-
fieecs B €AHHWLY BpeMeHH B elHHULe ofbheMa NPOBOAHHKA.
Caeposatencio, paBederso (112.6) ykasuiBaer Ha 1O, 41O
aHeprun, BHACTAWIIAACA B BHAC JEHI-AXKOy/JeBa Tena,
NOCTYHaeT B NPOBOAMHK uepe3d ero GOKOBYIO MOBEPXHOCTh B
BHJE SHEPTHH MIEKTPOMArHHTHOTO noas.

OrtMeThM, 4TO noTok sHepris Ds no Mepe NPOHHKHOBE-
HHA B Iiy6h NPOBOAHMKA NOCTENEHHO ocaabasercd [yMeHb-
maeted 1 S (oH nponopluoHaneH PaCCTOSIHHIO OT OCH NPo-
BOJA r), W NOBEPXHOCTbL, Yepe3 KOTOPYW TeyeT NOTOK] 3a
CUeT NOTROMENNS SHEPrIH U NPEBPALICHHS ee B Tenno.

Tenepr nonmycTuM, 4TO B [pejeiax paccMaTPHBREMOro
HAMH- YYacTKa [OpPOBOAHHKA [AeHCTBYIOT CTODOHHHE CHJIBI,
nojte koTopwx oxauoponuo (E* = const). B sTom ciyyae co-
raacao dopmyae (35.4) B KaxIoR TOUKe NPOBOAHHKA HMEET
MeCTQ COOFTHOLIEHHE :

S

Puc, 242,

j=0(E+E)=—(E +E,
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H3a KOTOPOTO BHITEKALT, YTO
E=pj—FE" (112.7)

Byaem cudrtaTh, 4TO CTOPOHHME CHAB Ha paccMarpusae-
MOM YUYaCTKe ilefld He IPOTHBATCA, a CHOCOGCTBYIOT fApO-
XOXKAEHHIO TOK4. DTO 03Hauaer, yto Hanpasaewse E* copnas
AaeT ¢ Hanpaprested j. JLOMyCTHM, 4T0 BHOOABAETCH COOT-
Houlenne pj = E*. Toraa okaxkeTcs, UYTO HaNpmKEHHOCTb
sneKTpocTathueckoro noad E B kaxnof Touxe pasHa Ryno,
H TMOTOK 3/1EKTPOMAarHUTHOH SHepriy veped GOKOBYIO NOBEPX-
HOCTh OTCYTCTBYeT. B 3rom caydae venno svpensercs sa
cueT paboTH CTOPOHAHX CHA.

Ecan e umeer MecTo cOOTHOWeHHMe E* > pf, T0, Kak
creayer u3 (112.7), pextop E 6yner nampabten npoTasono-
JIOXKHO BeKTopy j. B 3Tom chAydae mektopw E u°S umewt
HampaBleHAs, NPOTHBONAJOKKEE YRKa3&HMWM Ha puc. 242.
CnenoBaTeqnHo, 2NEKTPOMArHUTHRA 3REPLHA He BTeKaeT, a
1ao0opoT BbiTeKaeT Yepe3 GOKOBYIO NOBEPXHOCTE MPOBOJ-
HHKA B OKpyKalollee ero npoCTPaHCTBO.

PeaoMupya, MoXKHC cKasarb, YTO B 3aMKHYTOH uend
CTAlUMOHAPHOIO TOKA 3HeprdfA OT YUacTKOB, rhe AeHCTBYIOT
CTOPOHHHE CHUJbl, MepenaeTca K APYrHM y9acTKaM Lenn
He BAOAL NPOBOJAHHKOB, 4 Yepe3 OKpPYXKawuiee NPOBOAHHKH
NPOCTPAHCTBO B BUAe NOTOKA 3/JCKTPOMATHHTHOH IHePTHH,
XapaKTePH3IYEMOI'D BEKTDDOM S.

§ 113. HMRyanc SAEKTPOMArHHINOTO 10AA

Tlanas Ha kakoe-1u6o TeNO, SAEKTPOMATHHTHAA BOJIHA
NOJXHa OKasblBATb H4 Hero Jjasaenne, TIpomcxoxpedne
9TOrQ NasleHHS Jerko HOofACHETE Ha MPEMepe TPOBOASIUIETO
rena (o + 0). Tlycrs naockas BOAHA NafaeT yI0 HOPManw
na MJOCKYIO NOBEPXHOCTbL TeNa (pHe. 243). DaekTpHueckuii
.BEXTOp BOJHE 8030yKpaer B Tese TOK IAOTHOCTH j = oE.
MarsuTnOE TIONe BosiHEl OyAer NeHcTBOBATHL BA TOK C CHAOH,
ReMUHHY KOTOpoff B pacueTe Ha eAHHKBY O6bema Tela
MOMHO HaliTh no dopmyide (47.2):

fen 06 = UB] =i, ““]~

Hanpasnenue 3Tofl tHAH, KaK BHAHO M3 puc. 243, copna-
AaerT ¢ HANpaBJAEHHEM DACIPOCTPAHEHHA BOJIHEL
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Coraacko BhuHCAeHHI0 Maucpenna B cayyae, koraa Teno
NOAHOCTBIO TOTVIOILAET MAAZIOMIYI0 HA HEFO SHEPrio, nas-
JICHHE PABHO CpellHeMy (10 BpPeMeHH} 3HAUEHHID NJOTHOCTH
SHepPTUH B majaoulell BONIHE:

_ 2805 + npoH2
p=v =t TR | (113.1)

Ecan Teqio orpakaer BoJIHY, nochlias o oSpaTHoM Ha-
NpaBAeHHE BOJEY HETCHCHBROCTH S = &S, (S — unTencus-
HOCTB, T. €. IJIOTHOCTD TIOTOKA
3HePrHH Tajaioileff BOAHH, R —
kosthduImedT  oTpaxeHus), To
Aapjenie papHO’

p=(1+kw, (113.2)

rie @ —cpelHee 3HaueHHe ILIOT- - £
HOCTH 3HEPrHH najaloued BOJHbLL
A nleanblo OTPaxalouliero Te-
na k=1 n p=2%.

M3 Ttoro daxra, uro saexrpo-
MarHUTHAafA BOJIHA OKashiBAET NaB-
JedHe, BRITEKAET, YTO TOJA€ 3MeK- Puc. 243.
TPOMAFHUTHON . BOAHB  ofJaanaer
uMayabcoM. BoiuHcnesna AA0T A8 HMOYAbCA eIHHUL
obvemMa (NNOTHOCTH MMOYJAbCA) NOAA B NYCTOTE 3HaYeHHe

' ; 1
Ke.u.o& = ?lz" §e= w [EH]- (113-3)

Hansune uMnynbca 3aCTaBiseT NPRIHCATE 3JeKTpoMar-
HHTHOMY NOJI0 Maccy, CBA3AHHYIO C HMOY/AbLCOM COOTHOIIE-
aHeM K = mc (nose 8 BaxyyMe pacrpOCTPamfeTea co CKO-
poctsio ¢). Pasgenns monyap stipawesns (113.3) nma ¢,
MOAYUHM Maccy eAHHuibl ofbeMa noud

EH

Mex, o6 =* 5 ¢
EH
Bripaxenne —~ AaeT NAOTHOCTh 3HEPTHH NOJA W, Cne-
JROBATERbHO, MOXKHO HAlHCATD, YTO
w
Mep. 08 = 2"+

HOJI}”-ICHHOE HaMH COOTHOUIeH#e HABAAETCHA YACTHBIM
ciiynaeM  BbITERAIOMHIero H3 TEOpPHH OTHOCHTEAbLHOCTY
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COOTHOILEGHHA MexNy Maccolt u sHeprue:
W = mc?, (113.4)

COLIACKO KOTOPOMY BCAKOE H3MEHEHHe 3HeprHH CHCTEMH
{ron xoTopoli NOBEMaeTC COBOKYNUOCTL TEN ¥ NOJER) cBa-
3a3HO ¢ H3MeHeHHeM ee Macchl H, HacbopoT, H3IMEHEHHE Mace
Chi cHCTeMbl BaedeT 3a co0ofl MaMeHeHHe ee IJHEPTHH,

Ecaw ¢Ber npeactaBasieT cofofl, Kak OpeANOJoKH
Maxkceseas, seKTpOMATHUTHYIO ROJIHY, OH A0JKER 0KA3BBATH
Ha Teana paBdaedne. [IpaBja, seauuuna 3TOr0 AaBfeHUf, Bbl-
yucnedHas no dopmyae (1i3.1), oKkasmBaercs oyeHs maJoil,
Tax, HanpuMep, Ha PACCTOAHKME 1 M OT HCTOUHHKA CBeTa CH-
JIOH B MHMJHOM CBeuel XashaeHHe COCTABJHET BCEFO JAKUIb
okono 10-7 a/m? (104 dun/cm?), O6HapyXRATL ¥ HIMEPHTB
cseToBOe jaBfeHdae yaasocs I1. H. JleGeaesy. Ocywectaun
ONBITHL, moTpefoBasuine GoAbLIOH H30GPETATE/NLHOCTH B Ma-
crepcrBa, Jlebesep uamepun B 1900 r. napnense ceeta Ha
TBepible Tea 0 B 1910 r. —Ha rass, PeaynwraThl Hamepe-
HHB CKa3aJuchL B NOJHOM ColvlacHyu ¢ TeopHed Makeseana.

§ 114, Hsayyenne annons

Bo spema cosepmaroninxcs B BHGparope I'epua koneba-
Biil NPOHCXOAMT HEPHOAHYECKOE H3MECHEHHE ero ZUNQABHOTO
saeKTpHueckoro MoMenTa. TloaToMy maayvuarenn nogoGHoro
BHIA Ha3biBAOTCA Takke Aunonaamu. Bubpatop lepua
npeactapader cofoll NOAyBOJIHOBOH OHMNOAL (ero AnHBa [
paBHa A/2). PaccMoTpuM H3nydeHue AMNOAA, AIKHHA KOTO-
poro Maja MONCPABHEHHIO ¢ ANMHOH BOAHW ({<&A). Takolt
AMTIOAL HA3LIBARTCA 9N eMeRTapDHH M.

TMpocrefmil sjaemedTapHuit AHNOAL 00pasvioT ABa 70-
yeullblx 3apafia +g u —¢g, koaebiawouidecs g nporusodase
0K0J10 HekoTopolt Toukd O (puc. 244, a}. Hunonbhni snek-
TPUUECKU MOMEHT TakoR CHCTEMEl H3MeHseTcd €O BpeMe-
HeM M0 3aKOHY

p = gl cos of + n = p,, COS Bf, (114.1)

rae [ — yapoeHHas aMEJAHTYAa KoaeBaHHi Kax1oro H3 3a-
PHAOB, NI — eAHHUYHEII BEKTOP, HaUPaBACHHHA BLOJL OCH
LU, Pm = gin.

Takoi#i me snexTpudecknii MOMeHT HMEET cucTeMa, ofpa-
80BaHHasd HEOABHIKHBIM MOJOXKHTE/NbHBIM 3apAAOM +¢ H
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KOJeGAIOIHMCA OKOJIO HEro ¢ aMIVIMTYAOH [ OTPHUATEILHEIM
3apafoM — ¢ (puc. 244, 6). PaceMoTrpenne Takol na/lyuano-
el CHCTEMBl OCODCHHO BaXcHO BOTOMY, UTO K HEY. MOMET
ObITh CBE/IEHO H3JyueHHE 3/IEKTPGMATHUTHHIX BOJH 3/1€KTpO-
noM aroMa, COrIacHO KJacCHYECKHM NPEACTABISHHAM SJeK-
TPOH ABHXETCE B aTOMe BOKDPYT s/pa N0 3HOTHYECKOH Op-
Gute. [BuxenHe no INNCY MOXKHO pPa3fioKWTh Ha ABA
B3a2HMHO NEPIeHIHKY A PHEIX

xoneGanus (cm. 1. I, § 71). Ta- ! ‘

KiuM ofpasom, H3nyueHHe aToMa " |

MOKHO CBECTH K HSJIYYEHHIO 1 é-ﬂ? é'q
5N1€MEHTapHOrO AMNOAA [AJAHHA

BOJIHEL BUAUMOro CBETA | é

( ~ 1077 x) Ha MHOTO ROPAZKOB 7K +q
Goabme  guamerpa  opOHTLI | &
(~1071 w)]. . é_g il )

B menocpencTeennoll H1m30- 1
CTH OT JHMOJSA KapTHHA 3JEK- | [
TPOMAruNTHOTG ~ TNQAS  HOCHT
04eHb CAOXKHBIA xapakrep. Omna aj 6}
CHUNBHO YOPOIAercs B TaK Ha-
3LiBacMON BOJMHOBOW 30HE Pac. 24.
JHIIONA, KOTOpas HAYUHALTCH
Ha DACCTOAHMAX 7, 3HAUNTEIBHO [PEBLIIAWKX ATHHEY BOJ
el (r>» 3). Eciu Boana pacnpocTpaHdercsd B OJHOPOAUON
HIOTPORHOH cpejle, TO BONHOBGH GpOHT B BOTHOBOH 30HE
Oyaer cepuneckum {puc. 245). Bextopw E w H B Kaxnof
TOYKE B3AUMHO flePIEHAHKYIASPHB H
NEPHEHAHKYASPHE K Jy4y, T. € pa-
AMYCY-BEKTOPY NpOBeleHHOMY B JaH-
HYI TOUKY H3 JHNONA (N0 CPaBHEHMIO
C PaccTOIHEEM [0 TO4YeK BOJHOBOA
30HBL PasMepaMy JZHIOAS MOM(HO npe-
Hefipeub).

HazoseMm  ceuenus BOJHOBOTO
$poHTA NJOCKOCTHMH, TPOXOLALIHMH
uepes ocbk AHNONA, MepHAHAHAMH, 4

Puc. 245. [MIGCKOCTAME, NepIeHAHKYMAPHEIMUA K

ocn jAmnoad, - napaianenaMu. Toraa

MOMKHO CKasaTb, 4o sektop E B Kaxjofi Touke BOAHOBOH
30HB HANpaBjieH N0 KacaTelbHOH K MepHAMaHy, a Bek-
top H—n0 kacateapHOHl K mnapanjend. Ecin cMmoTpeTs
BAOJb, JIyua I, TO MTHOBEHHAS KapTHHa BOJHBL OyaeT Takofl

13




e, Kak Ha puc. 237, ¢ Tem oT/HUHeM, 9TO AMIAMTYRAA OpH
nepeMelleN My o Ayuy HocTereHno yOGnipaer.

B gaxnoit Touke pektop E u H koneGaioren no saxouy
cos (wf — kr). Amnautyas xoaebauna E, u H,, sasucar or
PACCTOAHHSA I O USIYUATENs H aT yria § Mexay Hanpapie-
HHeM paliRyca-BeXTopa I H oceio Auuoas (pec. 245). Dra
3aBHCHMOCTh LI BAKYYMA HMEeT CASAYIOUIHH BU:

Ep~Hp~ }sinﬁ.

CpegHee 3HaueHKHe TIOTHOCTH ROTOKA 3Heprud S npo«
NOPIMOKAJIBHO Npou3BeAeHuw E My, 1. e.
o 1 .
S~ ';3‘"8‘“12 &, (114.2)
M3 stoll GOPMYyABl BHITEKAET, YTO HHTEHCHBHOCTH BOJHH
H3MeHseTest BAOAb Nydya (npu €& = const) obpatHo mpomnop-
HHOHAJBHO KBaJpaTy PaccTOsHHst OT H3jayuateis. Kpome

TOrQ, OHA 3aBHCHT OT yIJa #. CuibHee BCero H3JIy4aeT ad-
NoJL B HalpaB/eHHdAX, MNepNeHIHKYAAPHLIX XK €ro ocH

(\ﬂ=—’21). B manpapJeHHAX, COBNANAWIHX ¢ OCLID (B =0

H ), 3JMeKTpHYecKuk n-
.-~ DOJL He H3Jgy4aeT. 3aBH-
X, CHMOCTh HHTeHCHBHOCTH
BoAnL OT yraa & oueHb
HarJiAHO H3obpaxaercd ¢
HOMOHIBID TaK HasLiBae-
Mofi pHarpaMMBl  H a-
NpaBJEeHHOCTH  OUH-
noxs (puc. 246). Ira
mnarpaMMa CTDOHTCA Ta-
KuM ofipazoM, uToOH JAAHA OTPeSKd, OTCEKAEMOr0 €10 Ha
Ny4e, TPOBSAEHHOM H3 IIEHTPa NuIIOAA, AaBala B H3BECTHOM
Maciuratie HHTEHCHBHOCTh HAJAYdeHHs noj yrioM O.

DHeprus, H3JgyyaeMas [0 BCeM HanpaBieHHAM B elH-
HHLY BpEMeHH, Ha3bBaeTCH HHTEHCUBHOCTHIO (WM
MOUHOCTEW) HadyueHHA. COOTBeTCTBYIOIWHE pacuer
JAeT 1A AETeHCHBROCTH H3JIYUeHMs JIeMEHTapHOro AHIOJg
CleAymollee BalDAKEHHE:

.
1=y e Lop (114.3)
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Cornacuo dopuyae (114.1) p? = g2Ry4 cos? wt. Hoacra-
B#B ITO 3HAYCHHE B (}mpmyny (114.3), moayyum

2[2@1

I= eu “emer

cos? af. (114.4)

Hockonbky cos’ o ==—;—, CPeAHsii MO BpeMeHH HHTEHCHD-
HOCTb M3JYUeHHs paBHa
IRV R
I= & Bxg ¥V ey Bnet
Takum o6pa3oM, cpelRsisi HHTEHCHBHOCTb M3JYUCHHS AY-
noia OPOMOPIHOHAMRHA KBanpaTy AaMIUIHTYABt HIEKTPH-
YECKOr0 MOMEHTa AHWROJA H UeTBEPTOH CTEneHH YacToThL 1lo-
3TOMY TpH Ma/jofi YacToTe H3JYHEHHE 3JCKTPHUECKAX CHOTEM
(Hanpumep, JHHUH Nepeflayl NePEMEHHOTO TOKA NPOMBIIM-
JICHHO# HaCTOTH) ObiBaeT He3HAUHTEJhHBIM. _
Ecng aunonb o6pasoBaH CHCTEMOH H3 HeNnoABHIKHOrO H
konebiowerocst 3apapos, { B dopmyae (114.4) oamauaer
aMIIUTYLY Konebauua, a Beauunna Po* cos® wf pasHa xeaj-
paTy ycKopenHs w KoneGJaioulerocsi 3apsana. B stoM cayuae

dopMyny Jids HHTEHCHBHOCTH H3/JYdeHH MOMKHO 3alHCaTh
cleyiounM o6pa3oMm:

2w
1=y b o, (114.5)

DTa ¢opmyaa coxpaHser cBOe SHawueHHe H IHpH NpPOH3-
BOJILHOM ABHKEHHH 3apsia. Beskui sapag, ABUKYIHECA C
yCKOpcHHeM, BO3GyXAaeT 37A€KTPOMArHMTHBIE BOJIHHL, MpH-
ueM MOILIHOCTL H3nyueHu#d paercd dopmyncii (114.5). Daek-
TPOHBI, YcKopseMbie B GeTarpoue (cM. § 104), raxxke Te-
PAIOT SHEPTHIO 33 CHeT U3JAYuSHud, oﬁycnomeﬂﬂoro TEHTPO-

02
CTPEMHTE/bHBIM yCKOpenHeM ®,=——. Coraacso gopmyie

(114.5) xonuuecTBO TepsieMOH Ha Ha.ny,qenne SHEPTHH CH/ib-
HO pacTeT ¢ yBeIHYeHHEM CKODOCTH 5/JeKTPOHOB B GeTaTpoHe
(mponopunoHansuo vt). Ilo3ToMy BO3MOXKHOE YCKOpeHHe
3/1eKTpOHOB B GeTaTpoHe OrpaHdueHo npeaeiom B 500 Mas
{npu cxopocTH, COOTBETCTBYIOWER STOMY 3HAUEHHIO, MOTEpH
HA H3JYyYeHHe CTAHOBATCH PABHEIMH SHEprHH, coobiiaeMol
AJICKTPOHaAM BHX[pEBHIM SJCKTPHYECKHM l'IOJleM).
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B oTanyue OT ¢Ayuas, KOTAa YCKOPEHHE H3MEHAeTCH 1o
rapMOHHYECKOMY 3aKOHY, NPH [POW3BOJILHOM W HajJy4yeHHe
upeictraniser co00f He MOROXPOMAaTHUECKYIO BOJHY, 4 CO-
CTOMT U3 Haopa BOMH PAINHUHBIX MACTOT.

Coraacuo dopmyae (114.5) unrencusuocrs obpamaercs
B gyas npu w = (. Cne10BaT&IbHO, 3MCKTPOH, ABHMYULRACS
¢ MOCTOAHHOH CKOPOCTBIO, HE H3AYUY4eT 3/1eKTPOMArHHTHLIX
BOJH. 3T0, OAHAKO, CNPaBeRiHBO JHIIb B TOM CAyuae, ecjiH

CKOPOCTb 3M€KTPOHA Uz He NpeBHIlaeT CKOPOCTH CBeTa
c o

Vep = T B TOM cpede, B KOTOPOH RBHUKETCA HTEKTPOH,
EN '

B caydae vy > ves ') mabiaionaercs nanyueHne, OTKPHTOE B
1934 r, C. M. Basuaoseim u I1. A, Uepenkosum. Bonee noa-
pofHo 06 3TOM H3Ayuesnu Oyaer uATH peub B Outuxe,

') Bror cayuafi HE MONET OCYILECTBUTHCH TPH JABHMKEHHH SAEK-
TpoHA B BakyyMe, TakK Kak ColdaCH0 TeOPHH OTHOCHTENLHOCTH CKOpOCTh
JIOBLIX acTyl HE MOKET DPEBICHTh ¢,



NMPHAOXEHHE 1

EAHHHUB U3IMEPEHHA 3NEKTPHYECKHX
W MAFHHTHLIX BEJIHY4HH B CH H B TAYCCOBOH

CHCTEME

B cucreme epupuy CH:
S.HEKTpPl'-IECKaH NoCTOAHAAA

gy =

1 1

T R0y 107 P~ g o P4

MaTHHTHAA MOCTOSHHAR po = 41+ 10-7 an/m,
B rayccoso#i cHCTEMe eLHHHIL
5/ eKTPOJAHHAMRYECKAs TOCTOSHHAnA

£=299776+10'° cafeex =~ 3-10'0 cm/cex.
COOTHOlﬂeHHﬂ Me}Kﬂy eIHHHNaMH IOAaHBI ﬂpHﬁJIH'IKEHHO.

Uro6Hl MOAYYHTR TOYHble 3HAYEHMS, HYXKIO B BeJHuHHAX,
NPHBEIEHHBIX B NocjaeaHeM ctoabie, 3aMEHHTD 3 na 2,99776

n9ma (2,99776)2

Ennnana namepexua a ce

0803HaYCHHG
Beanuuua R ee CooTnonmenne Memny
ofosnaueyne eqnHAAMUT
cH rayccoBa
CHCTEMA
Craa | HBIOTOR (4} | AnEa (Jum) [ w=10° Sun
Patora A u sneprea W {axoyan (Ow)t  spr (ape) 1 B =107 ape
3apaa g KYJA0R (X) CI'C3-en, 1 &=
Hanpaxenuoes = 3.10° C['C2-en,
saeKTpudeckoro no-| BoasT ma | CIC3-en 1 CI'C3-ep. =
an E meTp {8/} =3.10 g/n
TloTernuan ¢, pas-| Bost(8) | CI'C3-en. | CTC3-en. =
HOCTH MOTERIHAJNOE w 300 8
WIH  HanpAXKeHHe
Unos oo g
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Hpodoaxene

Eduuuna m3MepeHnd H ee
afo3nalerde

Benaunza u ee CooTHowmenne
o6oanadenue MENLY eABHALAMH
cH rayccosa
cCHCTeMa

DaekTpruecku  au- K-8 CrC3-en. P x-u=3.101
noabHEIfl MOMERT p CIC3-en.

Bexrop MOMAPHAAILHE K/t CIrca-en 1 kfm?=3.10°
P CI'C2-en,

JLHaaeKTPHYECKAR CH.en, CrC3-en. |t CI'C3-ep.=4n
BOCIIPHHMIHBOCTD K CH-en.

Duexrprueckoe  cme-| kynom wa | CTC3-en (1 fa?=4x 3.10°
medne (aneKTPHYe- | KBAADATHEIR CIrC3-ea.
ckag HEAYKUHE) D | metp (k/ud)

IMotok aaextpuyecko-| wymon (k) | CTCD-em | 1 x=4n-3.10°
o cmemeHns {no- Crca-en
TO¥ BAEKTPHYCCKOR
HeAYKOHH) O

BackTpHYEcKan  eM-| japana ()| canrumerp | 1 $=20. 108 cxe
roets € (ea)

Cuma ToKa | ammep (g) | CTCI-en la=3-10°

CrC3.ep,

[lnoTHOCTE TOKA | amnep Ha kp,| CI'C3-em 1 a/n?=3. 10

merp (afu?) ; CI'C3-en.

Daexrpryeckoe  co-| oM (om) CIrCa-en, 1 CTC3-en, =
npornpaene R =9.10" om

YaenpHO® CONPOTHB- - - SO, ==
Jeuue P oM - M Cres-ea. _—3 chig? oe.ﬁ.- M

MarnnTnas meaykuus | recna (ra) | rayec (ec) 1 ra=10" e
B .

[Torox marusrnol HE-| sefep (ef) | Mawcmenn 1 e0=10% axe
ayxune ® g noro- {mrc)
kacuendenue ¥

Marugramii  moMent| 4. 4? Cl'CM-en. Vg u?=10°
Pm CrCM-ex.

Bekrop uamaruuge-; amuep ma 7| CPCM-en 1CMCM-en. =
ung f metp (a/m) | (rayce) =10% a/n
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T1pofoamenue

EIRBALA H3IMepenHs H ce
0603HAYCHHS .
Benuunna | ee Cooryouren ue
obo3naaenne MERJY emHIaMY
cH rayccosa
CcHCTEME
Hanpsxennoets Ma-| amnep Ha | speren (3) | la/w=4m- 103 5
rautagro moaa M| wmerp (afw) 13=79,6 a/»
Maraursas  BocHpH- CH-en, CrCM-en, I CI'CM-en. =«
AMYHBOCTE % =4n CH-en.
Wnpycrunnoers L 1) respu {2#) | canTumerp 1 en=10° cu
DP3aHMHAT  HHIYK- {cm)
THBHOCTS L,

[TPUJOXEHHE U

OCHOBHBIE &OPMYJIbl 3JEKTPOMAIHETH3MA
B CH U B FAYCCOBOH CHCTEME

Haunuenopanne CH Tayceana cueTeMa
1 4192 VIV
- _— =
3axon Kyunona Ine, 12 f 72
'| Hanps:keRHOCTE  3JEKTpH- E= |
geckoro meas (ompefene- 7
HRe)
Hanpaxemnoers noms ro- | po 1 A Eee.d
YeyHOr0 3apsaia 4ng, er er?
Hanpamennocts moas Mex- o Fe 4nc
LY 3apAKEHHE MY IJ0CKO- -y P
CTAMH H BOJAASH HOBepx-
HOCTH SAPEMEHHOTO Npo-
BOJHHKA
Wy
Moreaunaa (onpefenenue) muT

2]*
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ITpodoascenue

HauMenosanHe CH I'avccopa cucTeMa
TMorenuuwan TOYeyHoro 3a- . 1 ¢ q
pana e, er =%r
Pafota ¢am nods Hap 3a- A=q g, ~ Q)
pazou
Cpass Mexay E u @ = —pgrad ¢
9
Cgazs Mexgy @ u E (p;—(p2=J Edt
1
Canan Mexny ¢ u E B ox- P — @y = Ed
HOPOZHOM 11OJe
Lnpkyasuna sektopa E ana Ei; Edl =0
SJEKTPOCTATHIECKOTO 110-
ag
DJAeKTPHYSCKEE MOMEHT JIu- p=ql
MoJst
Mexanuueckuii MoMent, aeii- M= [pE]
cTRYOHMIMA HA JMnoNL B
JIEKTPHYIECKOM ImoJe
Sneprag QHOONT B SJMEKTpH- W= —pE
YECKOM [OJe
IlumoanHeLfl MOMEHT «yTIpy- o = figsE l p=§BE
rof» MoJdekyau
Bexrop noaspusanum {onpe- S
Je/eHHe) =
P=3y
Ceain Memay P u E P =B P=xE
Cease mMexay P H nobepx- - N
HOCTHOH IJIGTHOCTBIO CBA- =Pp=ntobn | O'=Pp=xE,
32HHHX 3aPHIOB
DaeKTPHEUECKOE  CMelleHye D=¢E+P D=EFE-+4P
(sneKkTpuyeckads  HHAYK-
uus) (onpepenende)
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Hpodosmenue

Hanmencpasie CH Fayccosa cncrema

Caasb MEXLY OTHOCHTEN:- g=]4n e=1+ 4

HO# Nu3NeRTpRYecKoil

NPOHANAEMOCTBIC € H AH-

S/IeKTPHILCKOR BOCHIDHIIM-

YHBOCTRIO X
Cpass MexAy 3HaYEHHAMHA Moy = g

% 8 CH (xcy) u B raye-

conolt cucteMe (%)
Cpass Mexay D n E D =¢eg,B = gR
Cpsab Mexzy D u E B Ba- D =gE D=E

Kyyme
D nons Todednoro sapsaa D= e p=21

in rt 3

Teopema aycca maa D § DpdS = E g § DpdS = 4::2 g

Hanpaxende {onpeenenue)

Emxocts KOHJAeHKCATODa
{onpenenenne) ‘

EMKOCTS NJACCKOTO KOHASH-
caTopa

Snepruﬁ CHCTEMH 3apAlos

Oeprun 3apAKeHHOrO KOH-
AeHcaraopa

TlnotHocTe  sHepruu
TPHIECKOTO 10AA
Cara 7T0Ka (onpegzenenue}

HnotHoems  Toka  (onpefe-
FeHHe)

BJCK=

U=q — g+ ¥
C=—5
PN _ &8
¢ d l C"qnd
R &
Weg 300
2
W=t
e E? l efbs
2 &
. dq
I='*-;iT
di
=387
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Hpodoanceruz

Haumenopange

Cit

TayccoBa cucreMa

Jakoa OMa

3axont Om2 p Anddepenny-
ampnoit dopme

3axon Hxmoyan — Jlenna

3akon Hxmoyns — Jlenna B
Aubdepenunansuoit  Hop-
we

Cuaa B32HMOASECTBHA 18X
napadeNbHEY - TOKOR B
Bakyyme (B pacueTe Ha
ELAHMIY JHHE)

MarunTin MOMEHT KOHTY-
pa ¢ TOKOM

peneseHHe)

BexTtop mamarmuvenus {on-
peaSACHIR)

Hanpaxensocts MarauTuoro
gons {(onpegenenue)

Crmze smemay J u H

Caa3s MEKAY OTHOCUTE/b-
HOft Marauiucl mTponmia-
eMOCTBI0 (4 H MAarHuTHOR
BOCIPHAMYHBOCTBIO 7

CootHowenne MeXIy 3da-
wernamn 3 8 CH (You)

H B PEYCCOBOI:’I CHCTEeMEe
(xrc)

Canap mexxy B u H

Maruuthan anayxmas (o~

~Bo 20y - 2
f in b f

Pm = N

H=B - 4aJ
J=xH
w=1+44dny

Top =n%re

B=pupH

422




M podoamenue

Teopema Taycca ans B

3akor Amnepa

Cuaa Jlopenna

Mexannueckufi MoMeHT, pefi-
CTByIOmEH HA MArHWTHER
MOMEHT B MATHHTHOM NOJE

Duepras MAriHTHOTC MOMeH-
T4 B MarHHTHOM MOje

IMorox MarnuTHOA HAAYRIHA
{ocupcrencune)

PaBora, cosepmaeMas nap
KOHTYPOM € TOKOM IIpH
nepeMellieHHH ero B Mar-
BHTHOM nNoJe

Hazmedopanne CH Tayccosa créreMa
Coass Mexay B ¢« H B Ba- B=y,H B=H
KyyMe
1 ifdir] L 1i[dL)
3axou Buo — Capapa - ML LY Iy
on P a 4 aH ¢
HanpsaxennocTs MarHuTHOrO H I i 1 2i
noAA TPAMOro TOKA “%rh H N
HanpaxenHocrs MarHATHOrO H i o U 2xi
TOoJN B OEHTPE KPYroBoro =5 i
TOKA
) H 4n
HanpaxesHocTs noas cone- H=ni =
Honza
4z
Wupxyasuna sektopa H §)H;dl = i §H;dl =l

' § BndS=0
41 = f[dIB] df = %: [d1,B]
f=¢ [vB] f= % {vB]
M = [p;Bj
- _[ BadS
Y
AmiAD A c% IND




flpodoawentsz

é;f{;dtm f jadS+
S
D
+ '{ (W)n ds
S

Ei;DndS - I odV
N v

HaumeHoBanue Ci{ lFayccosa cucteMma
[orokocnenienne HIW noA- =D
HHH  MarHHTHHA NOTOK
{ompeaenenue)
'3, p ¢ MHAyKOHM g = dv 4 = _ 14y
! di ! ¢ di
HuaykruszocTs 7 = kY vr_ v
(onpenenenue) = =e =3
HunyxTHBHOCTS  COJIEHOH/A L=y nn3S L = 4xpn®lS
3. A, ¢. cAMORHAYKLHH (B OT- L di " 1 di
cyrcTBHe (eppoMarHeTs- &= dt L T
KOB)
JHepruA  MarHHTHOCQ noaA i | L
Toka -7 i
[MnotnocTs  sueprud  Mar- ol f? wH?
HHTHOTO MONA 5 w = o
Jueprud CBRIAHHHX KCH- ! , [ ¢
Typpma W= *52 Liniip | W= 5;@2 Ligisie
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