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INs IJOTHOCTH TNOTOKA 3HEPTHH OCTaeTcsl CIpPAaBEeJJIMBON B JIOOBIX
HepeMeHHbIX 3JeKTPOMATHUTHBIX TNOJSX, B TOM 4HcJie W OPH HaJH-
YHH JUCNEPCHH. DTO BIOJHE OYeBHAHO M3 YKA3aHHBIX YXKe B KOHILLE
§ 30 coofpaskeHHii: BBULY HENPEPHLIBHOCTH TAHTEHUHAJNLHBIX COCTAB-
asiomx E u H dopmyna (80,1) oanosHauno ciaeiyer U3 yCJ0OBHS
HEeNpepheIBHOCTH HOPMaJsbHOH COCTaBAfwINell S Ha rpaHuue reja H
M3 TOTO, YTO OHA CHpABelJIHBA B NYyCTOTe BHE TeJja.

Wsmenenue (B 1 c) sHEpruu, cocpefoTOYEHHO!N B equHHUle 0OBEMAa
Tesia, Boluncasercd kak divS. C nomombio ypaBHesuil Makcensa
3TO BHIpaKE€HHe NPUBOAUTCS K BHAY

. 1 [3))] oB
—d1VS=E< E2 -+ H§> (80,2)

(cm. (75,15)). B ausnekTpuueckoil cpene B OTCYTCTBHE JHCIEPCHH,
KOT/a € U | SIBJIAIOTCH BElECTBEHHBIMH IOCTOSIHHBIMH BEJIMUHHAMH,
5Ty BeJHYHHY MOXKHO pAacCMaTpUBarTh KaK H3MeHEHHe 3/IeKTpoMar-
HUTHOH 3HEpPruH

= g (B +uH?), (80,3)

UMelell TOYHBIA TEPMOAMHAMUYECKHH CMBICJ: 3TO €CTb PAa3HOCTb
MEXKIy BHYTpeHHeH 3Heprueil 1 cm® BelllecTBa NpPH HAJMMYUH NOJS U
3Hepruefi B OTCYTCTBHE IO/ IPH TeX 2Ke IJIOTHOCTH H SHTPOMUH.

[Ipu Ha/MMUMKM JUCHEPCHH TAKOEe NPOCTOE TOJKOBAHHE YIKE HEBO3-
MoxkHO. Bosiee Toro, B ofiiemM ciayyae NPOM3BOJNBHOH JAHCHIEPCHU
OKa3blBaeTCsd HEBO3MOXKHBIM Kakoe-JIM00 pasyMHOe OrpefiesieHHe
3JEKTPOMATHUTHON 3SHEPTHH Kak TepMOJAMHAMHUYECKON BeJUYHHBL.
910 0OGYC/OBJNEHO TeM, YTO HaJjH4yue AUCIEPCHH CBSI3aHO, BOOGLIE
rOBOpSsi, C OJHOBPEMEHHBIM HAJHUHEM IUCCHNALUH SHEPTHU: Juchep-
TUpyIOUlas cpeja B TO K€ BPeMsi SBJSETCH NOTJIOMIAKIIE!.

Iasi onpenenenust 5TOH AHCCHIAUMH DPACCMOTPHM MOHOXPOMATH-
yecKoe 3JIEKTPOMarHHTHOe IoJie. YCpeAHHB 110 BPEMEHH BEJHYHUHY
(80,2), MBI TeM cambIM HafjieM CHCTEMATHUECKHIH NPHTOK 3HEPTHH
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(B eIMHHIY BpeMeHHM B eIMHHLY ofbemMa Cpeibl) OT BHEIUHHX HCTOY-
HHKOB, TOJNEPKHUBAIOINX NoJe. [ToCKOMBKY aMIINTyla MOHOXpOMa-
THYECKOrO I10JIsT NPEANoNaraeTcsl NOCTOSIHHOH, BCSI 3Ta 3HEPrust HJeT
Ha DNOKpPHITHe ee auccumauuu. Takum o6pasoM, B paccMaTpHBaeMbiX
YCJIOBHSAX ycpelHeHHas 1O BpeMeHH BeauuuHa (80,2) u naer cpen-
Hee KOJIHYecTBO TellJa @, Bujesstomerocss B 1 ¢ B 1 em® cpepsl.

Ilockonpky Bhipaxenwe (80,2) kBagpaTHYHO O IOJIO, TO TIPH
ero BbIUHCJEHUH BCE BEJHYMHBl JOJ/LKHBl OBITh HAMMCAHBLl B BelECT-
BeHHOM BHze. Ecuu xe monuMats nmox E u H, kak sto ynobuo s
MOHOX POMaTHYeCKOTO NOJS, KOMIJEKCHBIE MPEICTABJEHHS BeJIHUUH,
1o B (80,2) nago noxcrasuth Ans E u 0D/Of COOTBETCTBEHHO BHI-
paxeHHst

Y, (E-HE*) u 1/, (— ioeE -+ iwe*E*)

1 anajtorvuno ajs H u 0B/0¢. Tlpu ycpenHeHHH no BpeMeHH NPOH3-
pefennd EE m E*E*, cogepxkaliye MHOXHUTeNH et2i0!  ofpamatorcs
B HYJIb; OCTaercs:

Q=15 {(e*—&) EE*+ (w—p) HH*} = = (¢ |E 2 " [H [2). (80,4)
910 BbIPpAXKEHHE MO2KHO HaNUCaTb TaKxXke B BHJIE

Q = (YE*+'HY), (80,5)

rie E u H-—BemecTBennple HanpspKeHHOCTH [OJIsS, a 4epTa O3HauaeT
yCpeflHeHHe O BpeMeHH (Cp. NpuMeyaHHe Ha CTp. 284).

Jlerko TOJIyuHTh TakKXe GopMyJly, ONpefedISIOUIYI0 JUCCHNALHMIO
SHEPTMM B HEMOHOX POMATHYECKOM II0JIe, JOCTATOYHO OBICTPO oGpa-
IAIWEMCsT B HYJb Npu ¢ — =4=0o. B 5TOM cJiydae umeeT cMbica
paccMaTpuBaTh NUCCHIANMIO HE B €AMHHLY BPeMeHH, a 3a BCe BpeMs
CYIeCTBOBAHUS MOJIS.

Pasnoxus none E (f) B unrerpan @ypoe, numem

E()= | Eoe-o 32, 0= i (o (@) Eeior g2,

ipuuem E_, =E;. Hanucas npoussenenyie 3THX BeNMYHH B BHJE
IBOHHOrO MHTErpaJjia ¥ NPOHHTETPUPOBAB 3aTeM IO BPEMEHH, MMeeM

o] w .
1 ( pdD . i —i (p+w ¢ 40 do’
= g E%dt=—- 5 0t (0) Bo Eore~ 0+ (S50 dt.
- -

Auterpupopanne no ¢ OCyIlecTBAsAeTCss (hopMyJIoh

e~ df = n (w0 +0'),

t
8(/\_,8
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nocse yero O-pyHKUMA yCTpaHseTCsi UHTErpHpoBaHHeM o ®'. B pe-
3yJbTaTe MOJYYHM

®
i d
—in Sma(m)|Em|2§;—).

-
ITocne mopctanoBkH e=¢' 4 ie” uned ¢ &' (®) ofpalraeTcss B HyJb
NpY HHTEPUPOBAHUH BBHIY HEUETHOCTH IIOABIHTErpajibHOTO BbIpaxe-
HHSI KaK (YyHKUHH ©. BMmecTe ¢ aHalOTHYHBIM BBIpaXKEHHEM A/l Mar-
HUTHOTO I10JIs OKOHYATeJbHO HAaXONHM:

@®

{Qat=g; [ ol @B+ 1 @I H 15 ©0.6)

-®

(HHTETpPall OT — oo 10 0o MOXKeT ObITb 3aMEHEH YJBOCHHBIM HHTe-
rpajoM or O 10 oo).

[Mosyuenuble QOpMyJBl NOKA3bIBAIOT, YTO NOTJIOLICHHE (AHCCHIIA-
UHs1) 3SHEPrHH OmNpejetseTcsl MHHMBIMH YacTsIMH & H p; O ABYX 4je-
Hax B (80,5) roBOPAT COOTBETCTBEHHO KaK 00 3/EKTPHYECKHX H Mar-
HUTHBIX TOTepsAX. B cuJy 3aKoHa BO3PAaCTaHHsl 3HTPONMH 3TH NOTEPU
MMEIOT BIOJIHE ONpejeJeHHbld 3HAK: JMCCHNALHUS 3HEPrHd COMpo-
BOXKJAeTcs BHIAEJEHHEeM TenJa, T. e. Bcerfa Q > 0. Orciona caeayer,
YTO MHHMMBblEe YaCTH & H |1 BCeria IOJOXHTe/bHbI:

£ >0, p' >0 (80,7)

IV BCEX BeleCTB M TPH BCeX (NMOJIOXKHTEJNbHBIX) 4acToTax '). 3HaK
Xe BellleCTBeHHBIX 4acTedl € W  (IpH © = () He orpaHHyeH HHKAKHMHU
QHM3HYECKHMH YCJIOBHAMH, TakK 4To &' M p’ MOryT OblTh Kak IOJO-
JKHTEJbHBIMH, TaK H OTPHLATEJbHLIMH.

Besakuii HecTalHOHAPHHINA Tpouecc B peajbHOM BelLIECTBE BCerja
B TOll MJIM HHOH CTelleHH TepMOoAMHaMHuecKH Heo6paTuM. Ilostomy
3JIEKTPHUECKHE W MarHHTHBIE TOTePH B NePeMEeHHOM 3JIeKTPOMarHuT-
HOM TOJe Bceria B KakoH-TO (XOTs Gbl M MaJoil) CTeleHH HMeKTCs.
Jpyrumu cioBaMu, ¢yHKunn &’ (o) ¥ U’ (o) He ofpawlalTCs CTPOro
B HyJb HH ITPH KAaKOM OTJIHYHOM OT HYJS 3HAuUeHHH 4acToThl. Mbl
YBHAHM B cJefylolileM naparpade, 4TO 3TO yTBEPK/IEHHE HMeeT Cylile-
CTBEHHOE NpHHIMIKAJbHOE 3HAYeHHe, XOTSl MM HHM B KaKOH Mepe He
HCKJIIOYAeTCs] BO3MOXKHOCTb CYLIECTBOBAHHSI TaKHX o6JiacTeil 4acToT,
IpH KOTOPHIX NMOTEPH CTAHOBATCS OTHOCHTEJNbHO BechbMa MAasbIMH.

1) 310 yTBepXKIeHHe OTHOCHTCA K TeJlaM, HaXOAALIMMCS (B OTCYTCTBHe Iepe-
MEHHOTO 110JI1) B TePMOAHHAMHYECKH PaBHOBECHOM COCTOSHHH, YTO MBI Be3je H Noj-
pasymeBaeM. ECJH Teso yixe caMo mo cefe He HAXOAHTCH B TeNJIOBOM PaBHOBECHH .
To Q Morao 6bl, B MpHHLMNE, GLITH U OTPHIATENbHHIM. BTOpOH 3aKoH TepMOIMHa-
MHKH TpebyeT JHIIb CYMMapHOTO BO3pPacTaHHsl IHTPONHH KaK IOJ BJAUSHHEM Nepe-
MeHHOTrO 3JEeKTPOMArHHTHOrO MNOJS, TaK H OT TepMOJAMHAMHUECKOH HEPaBHOBECHOCTH,
He HMeIolIeH OTHOIIEHHS K HaJMUHIO NoJs. [IpuMepoM TaKOTO Tesla MOXKET SBJATbCS
BEIIECTBO, aTOMBI KOTOPOrO HMCKYCCTBEHHO (T. e. He MOJ BJHSHHEM CAMOINPOH3BOJIb-
HOTO TeNJOBOrO BO3OYKJIECHHS, a BHEUIHAM «IIOJIEM HaKauKu») HpPHBEIEHH B BO2-
Gy:kaeHHble COCTOSHHSA.
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O6nacTH 4acToT, B KOTOPLIX €' M W' OueHb MaJbl (10 CPaBHEHHIO
¢ ¢ u p'), Ha3BIBAOT obacmamu npodpaunocmu selectBa. Ilpe-
HeOperasi MNOIVIOUIEHHEM, B 3THX 00JacTX OKas3blBaeTcsd BO3MOXKHBIM
BBECTH MOHATHE O BHYTPeHHeH 3HepPrHH Tela B 3JeKTPOMATHHTHOM
IoJIe B TOM e CMBIC/Ie, Kakoil oHa HMeeT B IIOCTOSHHOM ToJe.

Hns onpeneseHHsl 5TOA BENHYHHBl HEJOCTATOYHO DPacCMaTPHBATh
YHCTO MOHOXpOMaTHUecKoe IoJie, TaK Kak OJsarojapsi ero CTporou
HEPUOJIMYHOCTH B HeM He IPOHCXOAHT HHKAKOTO CHCTEMAaTHYeCKOIo
HaKOMJIEHHUs] 3/JeKTPOMATHUTHOH 3Hepruu. [loaToMy MBI paccMOTpHM
noJe, NpeACTaB/sIoOUee COOGOA COBOKYMHOCTH MOHOXPOMaTHUECKHX
KOMIIOHEHT C 4aCTOTaMU B Y3KOM HHTEpBaJie BOKPYT HEKOTOPOTo cpej-
Hero 3HaueHusl ®,. HamnpsukeHHOCTH TaKOTO INOJIsi MOXKHO HallMCaTb
B BHJe

E=E,(f)e~iot H=H,(f)e i?, (80,8)
rie E, (¢), H, () —MenneHHO (10 cpaBHEHHIO C MHOXKHTEJIEM eXP (—iw,t))
MeHsollHecst (YHKUHH BpeMeHH. BeljecTBeHHBIE YacTH 3THX BbIpa-
JKeHUH JOo/MKHBI OBITH MOJCTABJEHBI B MpaByto ctopoHy (80,2), mocae
yero Mbl TPOU3BEJEM YCpelHeHHe [0 BpeMEHH N0 HepHony 2i1/o,
MajoMy 1[I0 CPaBHEHHIO CO BpeMeHeM H3MeHeHus muHoxurTesed E, u Hy.

[lepBriit unen B (80,2) nocse mepexoaa K KOMIVIEKCHOMY Mpex-
craBjeHdlo E npuHuMaer BuA

1 E4-E* D4D*
4 2 2
(v anasormuno aas Broporo usena). Ilpoussenennst ED u E*D* uc-
Ue3HYT HPU YKAa3aHHOM YCDPEJHEHHH IO BPEMEHH, H IOTOMY HX BOOGLIE
He HAJO pacCMaTpHBaTb. TakKuM 06pas3oM, OCTaeTCs JHLIb
1

oD* | ... dD
o (B +E ) - (80.9)
Hanumem npoussoiuyio 0D/t B Buge fE, rie f o6osHauaet one-
parop

=g
=—=F &
H BBISICHHM, K KaKOMy pe3yJabTaTy NPHBOAHT AEHCTBHE 3ITOrO Omepa-

Topa Ha ¢ynkuuio Buza (80,8). Ecau 6bi E, Obi1a nocrosiHHOM, TO
Mbl uMequ Gbl MPOCTO

FE=[(@)E, [(0)=—ioe(»).

B mawem ke cnyuae IpousBejeM pasiioxkeHHe ®ypbe DYHKUUH
E,(#), npeicTaBUB ee B BHJE HAJOXKEHHUS KOMIOHeHT Buia E,,e~i®f
¢ nocrosiHabIMH E.. Mepiesnocts u3menenus Eg(f) osmauaer, 4ro
B 3TO pa3jloXKeHHe BOHAYT JIHIIb KOMIOHEHTH ¢ o <L ,. KMes sto
B BUAY, NHIIEM

onae_i (@g+a) ¢ _—:f (o(,_*_(l)o) ane’i (G0 +0) | sy
df (wg)

<[00 4o 03] et






[image: image5.png]382 YPABHEHUSA 3JMEKTPOMATHHUTHbBIX BOJIH [TJ. IX

TpousBeist Ternepb o6GpaTHOe CYMMHpOBaHHe KoMmnoneHT ®@ypee, 1O-
Jy4UM

FE, (¢) e~ 9ot = f (0g) Epe~ @0 + dfd(a(;)O) agto

e—tm ot |

Onyckasi myxke uujekc 0 y o, UMeeM, TaKHM 00pa3OM:

oD d J0E .
- = —ioe (0) E+— (m) —5e e (80,10)

TogcraBuB 3710 BhIpaxenue B (80,9) n NOMHSA, YTO MHHMOH YacTbio
¢dyHKUHH €(w) MBI npeHeOperaeMm, IMOJYUHM

1 d(me)( *aE°+E0%§tﬂ>= 1 d(we) a 2 (EE¥

16n  do 0 ot 16n  de

(npomnseegenne E(E; cosnanaer c EE*). [lpuGaBus anajoruunoe Bbipa-
JKeHHe C MaTHUTHBIM T[OJIeM, TPUXOAHM K BBIBOAY, 4TO CKOpOCTh
CHCTEMATHYECKOTO H3MEHEHHA 3Hepruu 1 cM® cpeibl JaeTcsl Npou3-

Boguofi dU//dt, e
Tl [d(me, EE*—I-dgfo”)HH*] _ (80,11)

163

C nowvompto BeliecTBeHHbIX Hamps:keHHocTed E u H 310 BhHIpa-
JKeHHe HalHuumeTcst B BHIE

U= [H00) B 200 | (80,12)

(L. Brillouin, 1921).

AT0 U ecTh HCKOMHIH pe3yabrar: U ecTh cpelHee 3HaueHHeE 3JeK-
TPOMArHHTHOH YacTH BHYTPeHHeH 3SHepruH eluHUUHL o6bhema Ipo3pau-
Ho#t cpeabl. Ilpu OTCYTCTBMM aucnepcuu € M W nocTosiHHBEL 1 (80,12)
NepexofuT, KaK H JOJIKHO OBITb, B CpejHee 3HAu€HHE BbIpaKeHHA
(80,3).

Ecmu nojaBox 3JEeKTPOMarHUTHOH 3HEPrHH K Tesly H3BHe mpeKpa-
maercst, To (paKTHYECKH BCerja HMelonleecsi XOTsl Obl OuYeHb MaJioe
NoIJIOWeHHe IPHBEJET B KOHLE KOHLOB K Nepexoly Bceil sHeprun U
B Temno. ITOCKOMLKY, COMJIACHO 3aKOHY BO3DACTAHHA SHTPONHH, 3TO
TENJIO JOJIKHO MMEHHO BBIAEJNATHCS, @ He MOTJIOMAThCH, TO AOJKHO
6uiTe U > 0. CorJyacHo ¢opmyJie (80,11) s 3Toro JOJKHBL BBIIOJ-
HATHCS HepaBeHCTBa

d ((oa) d (cou)

>0, > 0. (80,13)
B J1eRCTBHUTENBHOCTH 3TH YCJOBHS aBTOMATHYECKU BBHIMOJHSIOTCS KaK
cneacTBHe Gosiee CHJIBHBIX HEPABEHCTB, KOTOPBIM BCErJa VIOBJETBO-
psoT PyHKUMH €(®) H W(®) B 06JacTAX IPO3PAYHOCTH (CM. NpHUMe-
yanue Ha crp. 398).
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Tloguepkuem JmMwHHE pas, uto Boipaxkenue (80,12) noayueno
B NIepBOM NPUOJIHKEHHH M0 yacToTaM & H3MeHeHHs aMnautTyasl E, (f).
TTo3TOMY OHO CHpaBeM/IMBO TOJLKO A MOJeH, aMIJIHTyJa KOTOpBIX
MEHSIeTCsl CO BpEeMeHeM JOCTaTOYHO MeJJIeHHO (3TO 3aMeuyaHHe OTHO-
CUTCS TaKXe W K BBbIYHCJICHHIO TEeH30Pa HANpsXKeHUH B CJAeAyIOHmEM
naparpacge).




