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MCCJIETOBAHME ®JIYKTYAILMI B
KUHETWYECKOI MOJEJIM TIJIA3MBI

Hocmimxeri GaykTyallifiHi moyis B ia3mi, 30y/pKeHI BUITAJKOBUMH €JICKTPHIHUMU
Tokamu. Po3polOiieHa KiHETUYHA MOJIETh KBa3iHEHTPAIBHOI TUIa3MH, sIKa JTO3BOJISIE
3pOOUTH CTATUCTHYHHUA PO3PAXYHOK PO3IOMITY CIEKTPOMArHITHOrO moist. Jlis
PO3PaxyHKY KOPENAIIHHIX (PYHKIINA eIEKTPOMArHITHOTO MOJIs OYyJIM BUKOPUCTAHI
(GIyKTYyariiHO- TUCCUITATUBHA TEOpEeMa Ta JTAaH)KEBEHOBCHKUH. ITiJIXi]I.

HccnenoBanbl (iykTyalMoHHBIE TIONIST B IIa3Me, BO30yXJaeMble CIy4ailHBIMU
AJIEKTPUUYECKUMH ToKaMH. PazpaboraHa KMHETHYECKass MOAEIbh KBa3UHEHTpaIbHON
IU1a3MBbl, KOTOpasi MO3BOJSET CHENaTh CTATUCTHUECKHM pacdeT paclpeneaeHus
AJIEKTPOMArHUTHBIX Iosed. J{Jst pacyera KOppesIIMOHHBIX (PYHKIMHA 3IeKTpoMar-
HHUTHOT'O ITOJIs1 OBUTH WCIIONIb30BaHBI (DIYKTYyallMOHHO-TUCCUIIATUBHASL TEOpeMa U
JIAH)KEBEHOBCKUH MOAX O],

Ilpy W3yveHHH IUIA3MEHHBIX CHCTEM BAXXKHOE MECTO HMMEET HCCIEIO0BaHHE
SNIEKTPOMATrHUTHBIX M TEPMOJMHAMHYECKHX CBOMCTB. CTaTHCTHYECKas TEOpHsI
(CT) TepMOIMHAMHYECKOTO PABHOBECHS OA3UPYETCs HA UCIONL30BaHUM (DIyKTya-
[MOHHO-/IUCCUTIATUBHOMN TeopeMbl. Takum 00pa3oMm, 3aa4a 0 HAXOXKACHHU Koppe-
JSIMUOHHBIX (YHKIMI 3JEKTPOMATHUTHOTO TIOJSI CBOMUTCSI K ONpeNeTeH 0 QyHK-
[IMM OTKJIMKA CHCTEMbI Ha BHelIHee Bo3MymieHue. Oquum u3 moaxomnos CT sBs-
eTCs METOJ JIAH)KCBEHOBCKUX HCTOYHUKOB. [IpH 3TOM, HEOOXOMUMO MONYYHThH
KOPPETAUOHHbIE QYHKIIMK U YPaBHEHUs pacrpeeneHus QIyKTyalHOHHOrO dJeK-
TPOMAarHUTHOT'O MOJISA, CO3/[ABAEMOr0 JTAH)KeBEHOBCKUMHU HCTOYHUKAMH.

Pabora mocBsmeHa pa3paboTke CTaTHCTHYECKOH MOJEIH IOTyOeCKOHEUHOH
IUIa3Mbl, TPAaHUYAICH C JUAJICKTPUKOM. 3apsDKCHHBIC YaCTHUIIBI 3€pKAbHO OTpa-
KAIOTCS OT TPAHMIBI JUANIEKTpHKA. Takas MOJENb HCHOIb3yeTcsl B acTpOdU3HKe,
MPU TEPMOSIICPHOM CHHTE3€, TBEPIOTENbHOI MIa3Me MONTYNPOBOJHUKOB U IIa3Me
ra30BOro paspsija, FpaHuYallei ¢ AMdIEKTPUKOM. B repBoM pasnene paccMoTpeHa
3aja4a 0 BO3OYKICHUM DIICKTPOMATHUTHBIX BOJH B JUAJICKTPUKE Ha OCHOBAHHH
ypaBHeHHI MakcBenIa U JMHEAPU30BaHHOIO KHHETHYECKOTO YPABHEHUS C HHTe-
rpajioM CTOJKHOBEHHI B r -MpUONMKeHNH. PellieHne 3TUX ypaBHEHHI MpencTaB-
JIeHO B BHJE pazioxennst @ypoe. Bo Bropom paszene ncronb3oBana (GiyKryamu-
OHHO-JIUCCUIIATHBHAS TeopeMa JUIsl HAaXOKACHHUS KOPPEJAIMOHHBIX (YHKIHUIT
3JIEKTPOMArHUTHOIO TOJIs, KOTOPBIE BBIPAXKAIOTCS Yepe3 GpYHKIMU JTUHEHHOrO OT-
KJIMKa U CPEIHIOI0 SHEPIUI0 TapMOHUYECKOro ocuuiuisiTopa. Halineno pacrpene-
nenue GyHKIMH ['puHa 1o Z-koopauHaTe. DTOT MOJXO] MCHOJIB30BaH JUIsl CIydast
TEPMOJMHAMHUYECKOTO PAaBHOBECHs. B TpeTheM pasfesie HCIONb30BaH JIaHKEBe-
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HOBCKHI TOAXOJ] JUI HAXOXKJCHHUS KOPPEISAIMOHHBIX (YHKIUH pacrpeneieHus
ANIEKTPOMATrHUTHOTO TMOJsA. [IJIst 3TOro ciiydas MOITYYeHbI KOPPEIAIUOHHbIE (QYHK-
UM 3JCKTPOMATHUTHOTO TOJNS C HCIONB30BAHUEM KOPPEISIIIMOHHBIX (DYHKITUI
pacrpeneNieHus INIOTHOCTH TOKA JIAH)KEBEHOBCKUX MCTOYHHKOB C YYETOM JIOKAJh-
HOT'0 PAaBHOBECHSI B TUIA3MEHHOM U JIUJICKTPUICCKOM IpocTpaHcTBe. Takum obOpa-
30M, Ha OCHOBaHWH (DIYKTYaIlMOHHO-TUCCHIIATHBHON TEOPEMbI M METOJa JIAHXKE-
BEHOBCKHMX HCTOYHUKOB TIOJYYEHBI YPABHEHUS JUIS KOPPEISAIMOHHBIX (DYHKITUI
pacrpenelieHus AIEKTPOMArHUTHOTO MOJIS M MOKa3aHa SKBUBAJICHTHOCTh 3TUX Pe-
3yJIETAaTOB. B ueTBepTOM pasene MpUBEICHBI YPaBHEHUS NI pacueTa TeIIOBOTO
U3IYyYCHUS C CIMHUIBI MOBEPXHOCTH IDIa3MbI BO BHEIIHEE MPOCTPAHCTBO, JTaHBI
yKa3aHus 110 PEelIeHUI0 YpaBHEHHUs OanaHca Telula OT KOTOPOro 3aBHCHUT pacipe-
JIeTIeHNE DJIEKTPOMAarHUTHOTO MoJjist. PaccMoTpeHa 3aaua o HaXOXKJICHUH YHEPTHH
TEIUIOBOT'O U3JIYUCHUSI C SIUHUIIBI TOBEPXHOCTH TUIA3MEI.

1. PacyeT 3JI€eKTPOMATHUTHOTO MOJIsi B IUIa3Me MPH 3aJaHHBIX UCTOYHH-
Kax.

PaccMoTpuM OHOPONHYIO KBa3HEUTpaNbHYIO IUIa3MEHHYIO CHUCTEMY, 3aHU-
MAIOIIyI0 II0JyOECKOHEYHOE IPOCTPAHCTBO ( ¥ <x,y<¥,z> O). Brenusis

obnactb (z< 0) 3aI0JIHEHA JUDJIEKTPHUKOM C MPOHHUIAEMOCTHIO E(W)o €. IMony-

YUM YpaBHCHUA JIA pacu€Ta pacipeACICHUA q)HyKTyaHI/IOHHOFO QJICKTPOMArHuT-
HOro I10JIsA, CO3/1aBa€MOro IMpOM3BOJIBHO pacHpeACJICHHBIMU HWHAYHUPOBAHHBIMHU

T ol
HCTOYHUKAMHU J(r;t) uJ (r ,t). HckoMble pacrnpeneneHust 3J1eKTPOMarHUTHOIO

MOJIsl MOTYT OBITH HAJIEHBI B PE3YJAbTATE COBMECTHOI'O PEIICHUS CHCTEMBI YpaB-
HeHMt MakcBeta Juis BHEIIHEH O0JIaCTH U JIMHEapU30BaHHOW CHUCTEMBI YpaBHe-
HUH MaKCBeJ‘IJ‘Ia-BOJ'IBHMaHa ISt 00JIACTH 3aHSATON IUIA3MON (z > O)
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31ech J(r W) — MHIYIMPOBAHHBIA TOK YaCTHI[ S , UMEIOIINX 3apsi € , Maccy
M ® CPeIHIO IUIOTHOCTE Ng;€° & W) — AMdIeKTpudeckas NPOHHIAEMOCTb
mnasMer, of (; ,\V,W) — oTK/IOHEHHE (YHKIMU PACTpeNe/IeHHus] YaCTUl[ S OT He-
BO3MyIIleHHOrO pacnpenenenus f(v); L — nuHeapu30BaHHBIN OMEpaTop CTONK-
HOBEHMI. BennunHel BHENIHEH 001acTu “~
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PaccMoTpuM MojIeNb 3epKaJ‘II>H01“O O’[‘pa)KeHI/IH 3apsHKEHHBIX yacThll. Jlys rap-
MOHHYECKOTO aHaM3a MCTOYHHUKOB .J(r W), J (r W) cz[enaeM npeobpa3oBaHue

®ypee. I[locie nepexoaa OT MEPEMEHHBIX K MepeMEeHHBIM k ¢ OMOIIBIO TIpe-
obpasoBanus Oypbe noayunm [1]

r _ 1 %
A= oy

(DypI)e-KOMHOHeHTI)I QJICKTPUYCCKOI'O OJIA MOKHO IMPEACTABUTL B BUIC

2

éui W) =- |4—pL 1(kw)|J(kw)+2—psl(kw)Ee(kw)[V)

i
ey - g 3)
iE(k,w) = P 1(k,w)i Je(k,w)- z—ps 1(k,w)Ee(k,w)§.

\IL(kW) E(IEW) & EQC L(IEW) & 4£0[ (IEW)
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1 éd K% § s

r1e : r - r (4)
fSIkw——— cd<|- Ykw).

1
3neck € K,W) — TeH30p IUIIEKTPUUECKON TPOHUIIAEMOCTH.

2. TepMoTUHAMUYECKH PABHOBECHASI CHCTEMA.

Ecnn nnasmeHHas cucTeMa HaXOAWTCS B COCTOSHUM TE€PMOAMHAMHYECKOIO
paBHOBECHS, TO B COOTBETCTBUHM C (DIYKTYyallMOHHO-IHUCCHIIATUBHON TeopeMoun
koppessiuonHas ¢pyHknus CT Moxker ObITh pencTapieHa B Bue [2]

robr
gé(r)@(&)— =-gwT) (G(r,&,w)+é(&,r,w)) (5)

rae Cpeansasd SHEPrus KBAHTOBOI'O FrapMOHUYECKOI'0 OCHUIIIIATOPA

awT)="0

rt -
G(r ,k,W) — QpyHKIHUS TUHEHHOTO OTKIIUKA CHCTEMBI HA BHEIIHEE BO3MYIIEHHE,

rr ¥r rrorr
E(r,w)= gdﬁG(r,&,w)J(&,w). (7

TaK KaK CUCTEMaA OAHOPOAHA MO KOOpAUHATAM I! , TO r[epef/'lz[eM K ICPEMCHHBIM k
r. o r
géz)@( &)gk =-qwT) (G(k,z, tw)+&k,z, &,w)), ®)

1
rne G(k,z,&w) — ¢pyukius ['puna cuctemsl MakcBemna-Bonbimana.
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Pacnpez[eneHHe (’pyHKupm FpHHa nonyqaeM HOI[CTaHOBKOI/I (10) B (11)
G(k zﬂw)—( ) odk odl&exp(u(kz l&ﬁ))e(kl&w)
| r (11)
= A Sk bw).
2p)2-¥ w0
HonyqaeM ypa?HeHI/IH JJIA (DypI)e-KOrMHOHeHT SHEKTpOMaFHI/ITHOFO T10JI51
N r ..
'IE(IE)@(I@): q(w,T) g%;(& véw)+c&(|£v%w)°-
! (12)

ir

'E(k)é(v%)_ qw.T) §€(k v%w)+é(k v%w)o

3. .JIaH?KeBeHOBCKI/II/I nmoaxon aJjas pacqua 3ﬂeKTp0MarHHTHOr0 oI
Hcnone3ys cucremy ypasHeHuil (3) monmydaeM ciemyrolnve ypaBHEHHS s
KOppeJ'IHHI/IOHHI)IX byHKIuit pacnpez[eneHI/m 3NIEKTPOMArHUTHOTO oISt [4, 6]
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3aHyneHHe KOPPENSAIUOHHOW (YHKIIMH JIAHKEBEHOBCKUX HCTOYHHKOB BO
BHEIIHEH OONACTH MOXET MPUBECTH K OMMOOYHBIM pe3ynbTaTaM. [lomcraBisis
¢byukuun (12) B ypaBaenus (13), (14) MOXKHO 3aMETHTh, YTO 3JIEKTPOMATHUTHbIC

TMOJISL OMPEACNSAOTCS TeMmepatypamu obeux cpen. [lpu T =T ypaeuenus (13) u
(14) cBomsTcsl K ypaBHEHUSIM JUTs KOPPETALUHOHHON QyHKIHH Dypbe-KOMIOHEHT
9JIEKTPOMAarHUTHOTO MOJIs. BBeneHWe AOMONHHUTENBHBIX HCTOYHHUKOB TO3BOJISET
paccunuTaTh paclpeeneHue MIEKTPOMAarHUTHOrO 10 B IIa3Me.

4. TenioBoe M3TyYeHHE MJIA3MEHHOT0 MPOCTPAHCTBA

PaccmoTpum 3a7a4y 0 HAXOXKIAECHWUH SHEPTHU TEIJIOBOI'O M3JTyYEHHS C €IUHHU-
IIbl TTIOBEPXHOCTH IUTa3Mbl BO BHEIIHIOIO 00yacTh. Ee BhIpaskeHWe sIBIIsieTCS HOP-
MaJIbHOH KOMITOHEHTOH BekTopa Y MoBa-IloiHTHHra [7]

P(w)dw=gdWcosgl (w,q,T,T )dw, (15)

4Eps
[(w,q,T,T)=1(w,q,T)- I(W,q,T ) — HHTEHCUBHOCTh TEIUIOBOTO H3JIy4EHUS OT
w 10 W+ dwW B equnmmy Tenecnoro yraa dW=sinqdqdj ; q — nonspmsiii yron
OT BHEIIIHEH HOpMally K TPaHMIIC IUIa3Mbl; | — a3uMYyTallbHBINA YTO.

Bripaxkenne (15) oTBeyaeT CyMMapHOMY IIOTOKY TEIUIOBOTO H3JIy4EHHS.
CrexTpanabHy0 IUIOTHOCTh 3HEPTHH TEMJIOBOIO M3JIYUEHHs IPEACTaBUM B BHJE
CYIEpPIO3HUIINH JIBYX HANPABICHHBIX HABCTPEUY MOTOKOB [9]

P(W,T,T)=P(W,T,T)- P(wW,T). (16)
BrIpaskeHust UIst HUX MOTYT OBITh MONYYEHE], YYUTHIBAsK TOTOK TEIMIOBOTO U3JTyde-
HHS BO BHEIIHEH o0nacTu

1P(w,T,T )dw=¢dwWeosgl (w,q,T,T )dw;
: o£p
1i ~ v2 ~ an
7T P(w, T )dw=¢dl cosqgl (w,q,T )dw.
t %05

Jst pacuera TeMIiepaTyphbl UCHOIB3YETCS METOJ KOHCUHBIX PA3HOCTEU U BEI-
Oupaercs mapabomudueckoe pacnpenernenue. [lomydeHHOE pacnpeieicHue SBIIsIeT-
Cs OCHOBAHHEM ISl KAXKJIOTO MOCIICAYIOIIETO MPUOIbKEHUs. PerieHne cXonuTes
MOCJIe HECKOJIBKUX TPUOMIKeHU. PaboTa BEIMONHSUIACH TIpU (DUHAHCOBOH ITOJI-
nepxke MOH Vkpaunst, Tema Ne0107U002295 MOH VYkpauHsr.

3axuouenne. B pabore paccMoTpeHa 3a1ada BO30OYKICHUS TEPMOIHAMMYC-
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CKU PABHOBECHOH IJIa3Mbl HA OCHOBAHUU MOJIETH 3€PKAJIBHOIO OTPAKEHUS 3aps-
xeHHbIX yactull. [Ipemnoxxen meron nocrpoenus CT mia3Mel, y4UTBIBAIOLIEH H3-
JIydeHHE BHEIIHEW cpeabl. DTOT METOJ OCHOBAaH Ha HMCIOJIb30BAHUU JIAH)KEBEHOB-
CKOT'O TTOJIX0/1a, KOTAa CIy4aliHble HCTOYHHUKH (DIIYKTyalllii BBOJATCS B IIa3MEH-
HOU W BHENIHEH oOnactax. /s pacyera pacnpeneieH|ss KOMIIOHEHT 3JIEKTpOoMar-
HUTHOTO TMOJs HaWaeHs! (yHkuuu ['puHa cHcTeMbl ypaBHeHHMH MakcBeia-
BonpMaHa u cenaH nx rapMOHUYECKHH aHAU3. Y CTaHOBJIEHO, UYTO (PIyKTyalu-
OHHO-JMICCUIIATUBHAs TEOpEMa U JIAaH)KEBEHOBCKUN MOAXOJ SKBHUBAJIEHTHHI. [lpu

T =T ypaeuenus (13) u (14) cBomsITcs K YpaBHEHUSM Uil KOPPEIAIHOHHOM
byakmun Oypbe-KOMIIOHEHT 3JEKTPOMAarHUTHOrO mojsi. PaccMoTpeHa 3agada o
HAXOXKJACHUU SHEPTUH TEIUIOBOrO M3JIYYCHHUS C CAMHHUIIBI MOBEPXHOCTH IUIA3MbI U
HPEIIOKEH METOJ KOHEUHBIX Pa3HOCTell UL pacuera paclpenesieHHs TeMIIepaTy-

PHI.
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