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MokasaHo, 4To obwas Teopus cun Kasumupa n Ban gep Baanbca onucbisaeT obycnoeneHHble B3anMoneincr-
BMEM HaCTU TEPMOANHAMUYECKMX MOTEHLNANOB KBAaHTOBOIO rapMOHNYECKOrO OCLUIIATOpPa C 3aTyxaHuem, bu-
NuHeliHO cBsi3aHHOro ¢ TepmocTaToM. o aHanorum ¢ Wwnpokoii obnacTeo NpUMeHMMOCT obLieli Teopun cun
Kasnmupa v Ban gep Baanbca npoeegeHo paciumpeHne MoLenn 3aTyxatoLero OCLMASTOPa U NOJAYyHeHbl CO-
OTBETCTBYIOLLME TEPMOAVHAMUYECKNE BENNYMHBLI. B TO Bpemsi kak B UCXO4HOV Mogenn TensioBoli pesepsyap
conepXuT bonbLioe YNCno CBOBOAHBLIX OCUWUISITOPOB C UCHe3atoLwe MasbiM AemMndUupoBaHNEM, B pacLUNpPEH-
HOI MOAENN TEPMOCTAT COCTOUT M3 AUCCUNATUBHBIX COCTABSIIOLLNX, KOTOPbIE MOTYT UMETb J1tobble JOoNyCTUMble
3aBUCALLME OT HaCTOTbl 1 TeMMepaTypbl BOCMIPUUMHUBOCTY BCAEACTBME UX B3aUMOLENACTBUS B TEpMOCTaTe C
LOMONMHUTENbHBIMU AUCCUMNATUBHLIMU KaHasnaMu, HEMOCPEACTBEHHO He BAMSIIOLMMUN HA LEHTPasibHbIA ocLn-
natop. Takum obpasom, NonyHeHHbIe pe3y/bTaTbl OKa3blBAOTCA MPUMEHNMbI K C/yHato 3aBUCSLLEl OT 4acToThbl
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1. BBEAEHUE

[Tpumensist  GIIyKTYaAIMOHHO- IUCCUTIAIIMOHHBIE CO-
OTHOIIIEHUsI K 3JIEKTPOMATHATHOMY IIOJIF0 B KOHJIEHCHU-
posannoit cpese, E. M. Jludmmum permma 3agady 06
uMeroreM (JIYKTYAIMOHHOE 3JIEKTPOMATHUTHOE IIPO-
UCXOXKJICHUE B3aMMOJIEHCTBUN MEXKy DPa3/IeJeHHBIMI
IIyCTO# IEJIBI0 TOJICTBIMHU ILIACTUHAMU @:] Perernne
JIudrmmia mokazaao, Kak MOXKHO IOJYyIUTH €THHOE
onmcanue cun Kasmmupa n Ban nep Baasbca mexmy
MaKPOCKOIINYECKIMU TeJIaMU C 3aBUCAIIIMU OT YaCTO-
TBI IPOU3BOJIbHBIMU JINJIEKTPUIECKUMU ITPOHUTIAEMOC-
TSIMU.

C mosiBjieHrEM KBaHTOBO-IIOJIEBBIX METOJIOB TEOPUN
MHOTHX TeJI Toaxo JIndimmia 6611 06001IeH B padboTe
Hzsaormumnckoro u Ilutaesckoro [g], B KOTOpOit ObLn
[TOJIyYEeHBl MMEOINe IMHUPOKYI0 00JIACTh MPUMEHUMO-
cru obmme (pOPMYJIBI, OMUCHIBAIOIINE BKJIAJ JJIHHHO-
BOJIHOBOT'O (DJIYKTYAIIMOHHOTO JIEKTPOMArHUTHOTO 110~
Jid, B3aMMOJECHCTBYIONIEIO ¢ KOHJAEHCUPOBAHHON cCpe-

* E-mail: barash@issp.ac.ru
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JIOH, B TePMOJNHAMIYIECKHE BEJIMYNHBI HEOTHOPOIHBIX
JINCCUTIATUBHBIX CHCTEM B YCJOBHAX DABHOBECHS. DTO
[I03BOJIMJIO, B YACTHOCTHU, PACIPOCTPAHUTH DeNIeHue
JIudmmna i 3ajadu 0 JAByX IUIACTHHAX, Pa3/esIeH-
HBIX IIyCTOI INEJIbIO, Ha Cjydail B3anMOJeiCTBudA 4Je-
pes KuAKylo mienky [3]. C Tex mop ocHOBHBIE Hien
u pesyiabrarbl obmeit Teopun cuin Kasmmupa un Ban
aep Baanbsca F_l:—:éﬂ COCTABJISAIOT OA3KC JJIST COBPEMEHHO-
o ONMCAHUS TEPMOIUHAMUYECKNX BEJIUYINH, 00YCJIOB-
JIEHHBIX (DIIYKTYaIMOHHBIM JIEKTPOMATHUTHBIM B3au-
MoIeficTBIEM Eﬂ—:_l-l:]

IlozHee m BHE 3aBUCUMOCTH OT NMPUBEIEHHBIX BbI-
1€ UCCJIeIOBAHMUI 3HAYNTEIbHOE BHUMAHIE OBLIO y/ie-
JIEHO TEePMOJIMHAMUKE OCIULISITOPa, OWJINHEHHO CBsi-
3aHHOT'O C TEIJIOBBIM PE3EPBYyapOM [:_l-i_i—:_Z-t_";] Ksanrosas
U KJaccudecKasd JUHAMUKa OCHULIATOPa C 3aTyXaHH-
€M, B3aluMOJIEHCTBYIONIEr0 C TEIJIOBBIM Pe3epPByapoM U
HaXOJIAIIErOCs TMOJ, er0 (PJIYKTYAIIMOHHBIM BO3AeICTBI-
€M, U3y4aJIUCh B Te€YeHUe MHOI'UX JIeT [:_Z-Zzﬁ'fl-(_]l] Ocrun-
JIATOP C 3aTyXaHUEM SBJAETCA XapaKTepPHBIM IIpUMe-
POM JIMCCUIIATUBHBIX KBAHTOBBIX CUCTEM [:34-(;,:34-]_:], npe/i-
CTABJIAIONINM NHTEPEC B CBA3U C IIEJIBIM PSJIOM 3a/1a4 U
KAaCaIOIIMCs, B YJACTHOCTH, KBAHTOBOT'O OPOYHOBCKOI'O
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JTBUZKCHUS [S’E,gg], BJIMSIHUSL JMCCHIIAIINU Ha IIPOIEC-
Cbl KBAHTOBOT'O TYHHEJIMPOBAHUS [:_3-3', 'ﬁl-gl] U HEKOTOPBIX
OOIIUX ACIIEKTOB CTATUCTUYECKON MEXaHWKH U TePMO-
JUHAMUAKA [IPA HAJUYIUU CUJIBHOI CBSA3M C TEPMOCTa-
Tom [20].

B mpengaraemoii crarbe CpaBHUBAIOTCH OCHOBHBIE
ACIIEKTHI U PE3yJIbTaThl JIBYX TEOPUil, MACHTUDUIIUDY-
FOTCsl MX ODIMe 9epThl U O0JIACTH CYIIECTBEHHOI'O ITe-
peceuennus. [1o anasornu ¢ mmupoxoit 06,1aCTHIO IpIMe-
HuMocTn obrreit Teopun cun Kaszumupa n Ban mep Ba-
aJIbCa MOJIEJIb OCIIIISITOPA C 3aTyXaHueM OyJIeT jrajee
006001IeHa Ha CIydail TepMOCTATOB ¢ 60jIee CIIOXKHOM
CTPYKTYPOIi.

Ha mepsrrit B3I, /IBe YIOMAHYTHIE BBIIIEe 00Ja-
CTH WCCJIEIOBAHUI CYIIECTBEHHO OTIMIAIOTCS JIPYT OT
apyra. Monens IBanmura — Kanneitpor — Jlerrerra s
OCIIIJIIIATOPA € 3aTyXaHUEM [g(_j,'@-g] IIPEJICTABIISIET CO-
0oif TpuMep MaJiol KBAHTOBOHM CHUCTEMBI, KOTOpas Je-
MOHCTPUPYET JMCCUIATUBHOE ITOBEIEHUE, BO3ZHUKAIO-
1ee BCJIEJICTBUE €€ B3aUMOJEHCTBUS C TEPMOCTATOM.
Taxast MOIeJIb 1TO3BOJISIET N3YYUTH Ba’KHbBIE NI KBAaH-
TOBOI JUHAMUKN CUCTEMbI CBOHCTBA, JOITyCKas TOIHBIE
pellleHns B MPOCTBIX CJIydasx. e TakKe MOYXKHO pac-
CMaTpUBATH KaK YaCTh DOJIee CJIOKHBIX KBAHTOBOMEXa-
Hudeckux 3agad. [Ipocras crpykrypa Tepmocrara, co-
CTOSIIIEr0 U3 OOJIBIIOrO YUC/Ia CBOOOIHBIX OCIIUJLISITO-
POB, B3aUMOJIEICTBYOIIUX TOJIBKO € IIEHTPAJBHBIM (CH-
CTEMHBIM) OCHUJLIATOPOM, IIPUBOJUT K BO3MOXKHOCTH
OTHUCAHUSI INCCUTIATUBHOTO MTOBEJICHUS IIPU ITEPEX0Ie K
3a/1a4e ¢ OJHON UM IBYMSI CTEIEHsIMU CBOOOIBI.

B mporuBomo/10:KHOCTD MOIEIN OCIUJLISITOPA € 3a-
TyXaHneMm, oormas Teopus cu Kasumupa n Ban gep Ba-
aJIbCa PACCMATPUBAET (B PAMKAX MUKDPOCKOIHYECKOTO
KBAHTOBOIO MOJXO0/Q) B3aUMOJEHCTBUE JJIMHHOBOJIHO-
BBIX KOMITOHEHT JIEKTPOMATIHUTHOTO IIOJISI C PeasibHOM
KOHJICHCUPOBAHHOU CUCTEMOI, IIpA KOTOPOM HE BO3HU-
KaeT HeOOXOIMMOCTH HU B PA3JIEJIEHUN JIBYX HOJICUCTEM
Ha, MAJIYIO TMEHTPAJTBHYIO CUCTEMY U OOJIBIION TETLIOBOH
pe3epByap, HM B CYIIECTBEHHBIX YIIPOIIEHUAX OOIIeit
ITOCTAHOBKU 3aJ[a9d. 3aBUCSIINAE OT YACTOTHI JTUCCHUIIA~
TUBHBIE JUIJIEKTPUIECKIE ITPOHUIAEMOCTH KOHJIEHCHU-
POBaHHOMN cpebl GUTYPUPYIOT B TEOPUHU B OOITIEM BU/IE,
B coryiacuu ¢ (QIIyKTyalnOHHO- TUCCATTAITMOHHBIMA CO-
OTHOIIIEHUSIMU, 8 UX KOHKpeTHasi (popMa MOXKET ObITh
3a/laHa UCXO/Is U3 HE3aBUCUMBIX TEOPETUYECKUX WJIH
SKCIIEPUMEHTAJIBHBIX TaHHbIX. Pe3yabraTsl ob1ei Teo-
pUU IPUMEHUMBI K HEOTHOPOIHBIM KOHIEHCHPOBAHHBIM
CHCTEMaM C IIPOU3BOJIBHBIM IIPOCTPAHCTBEHHBIM IIPO-
dusem, B KOTOPBIX POABISIOTCS HEJIOKAJIbHBIE KOPPe-
JISAIAN  MUKPOCKOITMYIECKOTO KBAHTOBOT'O 3JICKTPOMAT-
HATHOTO TI0JIsI B CPeJax € 3aBUCAIIAMU OT KOOD/MUHAT
MaTPUYHBIMHA JIJIEKTPUIECKUMU IIPOHUIAEMOCTIMU.
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CB060OIHASI OT MOJIEIbHBIX [IPEJIII0JIOXKEHNI 00IIast Teo-
pusi 00J1aaeT CyIeCTBEHHO 00JIee TMMPOKUMU BO3MOZK-
HOCTSIMHU B paMKax 00/IacTu ee TPUMEHUMOCTH.

C pyroit CTOpOHBI, JIB€ CPABHUBAEMBIE TEOPUU MMe-
IOT PsIJT BayKHBIX OOINX XapaKTEepHBIX depT. [Tockob-
Ky cBoiicTBa u B3anmojieiicTBus Kasumupa u Ban nep
Baanbca n maxomsierocst moji BJWSIHUEM TEPMOCTATA
oCIIUIIATOpa (DOPMUPYIOTCS TIOJ] BO3/IEHCTBUEM DaB-
HOBECHBIX (DIIYKTYaIUil, CXO/IHbIE YePThI MEXKIY HUMHI
U3BECTHBI ['gl-?zl], XOTsI HEITOCPE/ICTBEHHOE CPABHEHUE OC-
HOBHBIX PE3YyJIbTATOB JIJI TEPMOIUHAMUIECKUX ITOTEH-
[MaJoB He IPOBOIMIOCH. Kpome TOro, JJIMHHOBOJIHO-
BO€ JIEKTPOMArHUTHOE (DJIYKTYAIIMOHHOE II0JI€ B TEO-
pun cuin Kaszmvmupa m Ban nep Baanbca okasbiBaeT-
Csd 3aTYXaloUM, UMEIONMM KOMIIJIEKCHBIE COOCTBEH-
HbI€ YaCTOTHI, BCJIEJCTBUE €r0 B3aUMOJIENCTBUSA C KOH-
JEHCUPOBAHHONI Cpesloi, U B 9TOM KOHTEKCTE HAaIlOMUHA-
€T OCIUJLIATOP, KOTOPBIA CTAHOBUTCS JTUCCUIATHBHBIM
13-3a B3AUMOJIEHICTBHUA C TEPMOCTATOM.

Ciejyer TakzKe OTMETHTD OOIILY0 OUIMHERHY O Olle-
PaTOPHYIO CTPYKTYPY OCHOBHBIX HJIEHOB B T'aMUJIBTO-
HUAHAX, ONUCHIBAIOIINX B3aMMOJIEHCTBHUE, C OMEPATO-
paMu MUKPOCKOIMYIECKONW KBAHTOBOM IIJIOTHOCTH TOKA
U 3JEKTPOMATHUTHOI'O ITOTEHIAJA B OJIHON M3 Teo-
puil 1 ¢ oneparopaMu IIOJIOXKEHUN NEHTPaJIbHOI'O OC-
MILISITOPA U KaXKJI0T0 U3 OCIUJIISTOPOB TEPMOCTATA B
Jpyroit. B oboux ciaydasx ycpeaHenne IjIeHOB B3anMO-
JEMCTBUsT MOYKHO ITPOBECTH, UCIOIb3Ysl (DIIyKTYaIlnOH-
HO-IMCCUTIAIIMOHHBIE COOTHOIIeHu:A. Eie omgHa cyiie-
CTBEHHas OO0Iasl YepTa JBYX TEOPHUil COCTOUT B TOM,
9TO B3AMMO/IENICTBHE C IEHTPAJIBHBIM OCIHJLIATOPOM
HE TPUBOJWT, B PAMKaX MOJE/N, K U3MEHEHHUIO BOC-
IPUUMYIHBOCTEN OCIIMJIIITOPOB T€PMOCTaTa. DTO aHA-
JIOTUYHO TOMY, 9TO B o0OIeit Teopun cun Kasmmu-
pa u Ban nep Baasbca BK/Ias OT B3aUMOJIEHCTBUS C
JTHHHOBOJTHOBBIM (DJTyKTYaIlMOHHBIM 3JIEKTPOMATHUAT-
HBIM IIOJIEM B JUJIEKTPUYECKHE ITPOHUIIAEMOCTH KOH-
JICHCUPOBAHHON CpEJbl MPEIIIO/IaraeTcs MpeHedpeKu-
MO MAJIBIM.

Cy1iecTBeHHOE TIE€pecedeHne JBYyX OOCYIKIaeMbIX
Teopuil CTAHOBUTCS OYEBUIHBIM B CJIyYae JIEKTPOMAr-
HATHOT'O B3aHUMO/IECTBUS IEHTPATIBLHOIO OCITUIIISITOPA
C TEPMOCTATOM. Y UUTHIBasi ITO OOCTOSATETHCTBO U IPO-
BOJIS AHAJIN3, B HEKOTOPOM CMbICJIE B OOPATHOM ITOPS/I-
Ke, BKaa)] cun Kasumupa u Ban nep Baanbca B cBo-
0O/THYIO SHEPTUIO JUCCUIIATUBHBIX CHCTEM ObLI WJIEH-
TUDUIUPOBAH UCXOMS 3 PACCMOTPEHUS IJIMHHOBOJITHO-
BBIX 9JIEKTPOMATHUTHBIX (DIIYKTyallnii B 9J1eMEHTaPHOM
RCL-koHTYpE, KOTOPBIIi, II0-CYIIECTBY, SIBJISETCS IIPU-
MEpOM OCITUJLIATOPA € 3aTyXaHUEeM [,2_1-4_:] Bupouem, B
TO BpeMs Kak 00Ilas Teopusi IPUMEHNMa K OOBITHOMY
RCL-koHTYDY, KOHTYpP YJIOBJIETBOPSIET HE BCEM YCJIO-
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BUSM MOJIEJIM, B KOTOPOH OCIMJLIATOPHI TEPMOCTATA
UMeroT OECKOHEYHO MaJible (DYHKIUHU JIeMII(UPOBAHUS
U, CJe0BATE/IbHO, BEIeCTBEHHbIE COOCTBEHHBIE JaCTO-
Te1. O0bIuHOE conporusyienne RCL-koHTypa, Hampo-
THUB, OIPEJIEJISIeTCsI U3BECTHBIMU PEAJIBHBIMU IIPOIIECCa-
MH B MeTaJljle, KOTOPbIE CJeAyeT PacCMaTPUBATH KakK
JIOIIOJTHUTEJIbHbIE BHYTPEHHHE KaHAJIbl JINCCUIAINNA B
TepMocTaTe, He BKJIIOUEHHBIE B UCXOIHYIO MOJIE/Ih. DTO
OTHOCHUTCS, KOHEYIHO, K OOJIbINel 9acTh CUCTEM, OOBIY-
HO mM3yvaeMbIX B 001eit Teopun cun Kasumupa u Ban
nep Baannbcal).

Moiesibto  3JIEKTPOMATHUTHOTO — [TPOUCXOXKICHIUS,
KOTOpas OHOBPEMEHHO Y/OBJIETBOPSET KaK YCIOBUSIM
MOJIeJIM OCIUJLISITOPA C 3aTyXaHUeM, TaK U TEOPUU CHUJI
Kasumupa n Ban nep Baasibea, siBisieTcs 3apsazKeHHbBIH
OCIIMJJIATOD B PABHOBECHOM I10JI€ U3JIyY€HUs] Y€PHOTO
Tena. B arToit momenmu yHKIES geMIipUpOBAHUS Y
OCIIUJIIATOPA BO3HUKAET OJIaromapst IPOIECCaM pe-
AKIUN U3y YCHUA [:_1-2:, :_1-53"] CBsi3b 3T0i1 KOHKPETHO#
3ajaqu ¢ Teopueit cun Kasuvmupa n Ban jgep Baasbca,
He sameuennas B paGorax [14,\3], obecyxmamach B
['_.ZIEJ'], HO TOJIBKO B IIPEJEIbHOM CJIy9ae BEIeCTBEHHBIX
COOCTBEHHBIX YaCTOT, KOTJIa PE3YJIbTAT CBOJUTCH K
CBODOOTHOM 9HEPTUHM CBOOOIHBIX OCITUIIATOPOB C COO-
CTBEHHBIMHU YACTOTAMHU B3aMMO/IEHCTBYIOIIEN CUCTEMBI,
KaK 9TO UMeeT MEeCTO /I B3amMoseicTBus Kasumupa
u Ban nep Baanbca B cucremax ¢ BeIECTBEHHBIME
COOCTBEHHBIMU IACTOTAMU [EI(;}—:{)-Q]

Kak Oymer mokazano Hm:ke, oOyCJIOBIEHHBIE B3a-
UMOEHCTBAEM YACTH TEPMOJIMHAMUIECKUX MTOTEHITHA-
JIOB, TOJIy9E€HHbIE B PpaMKaX MOJEJN OCIUJLISTOPA
C 3aTyxaHHEM U B paMKaxX CBOOOJHOI OT MOJEeJIb-
HBIX TPEIITOI0KeHn 001meit Teopun cui Kazumupa u
Ban nep Baasnbca, coBnaiaior, ecin mX BBIPA3UTDH te-
pe3 CXOHBIE BEJIMIUHDBI. DTO sABJISIETCS CJIEICTBUEM CY-
II[ECTBEHHOI'O II€pecedeHns JBYX MOAx00B. JIpyrmmu
CJIOBAME, TEPMOJIUHAMUKA OCIIUJLISITOPA C 3aTyXaHU-
eM, OMJIMHEHO CBS3aHHOTO C TEPMOCTATOM, HEIIOCPE/I-
CTBEHHO OIHUCHIBAETCH JABHO IIOJIyYEeHHBIMI Pe3YJIbTa-
TaMI o_61ne171 Teopun cu1 Kazumupa n Ban jiep Baasibca
M.50-54].

[Ipemyioxkennoe B 9T0i cTarThe pPaCIIUpPEHUE UCXO/I-
HOM MOJEeN OCIHWIISATOPA C 3aTyXaHHeM BKJIIOUAET
BJIUSTHIE JIOTIOJIHUTEJILHBIX BHYTPEHHUX KAHAJIOB JINC-
CHIIAIINM B TepMocTare. B pe3ysbrare, BMECTO MMEIO-

1) Crnemyst BBISIBICHHOH B 9TOI CTATHE AHAJIOTMH MEXKIY Pe-
3yJIbTaTaMH JIBYX TEOPWil, JUCCHIATUBHBIE CBONCTBa KOHIECHCH-
POBAHHOI CPE/IBI MBI CPABHUBAEM 3/1€CH C [IMCCUTIATUBHBIMU CBOM-
CTBaM¥ OJIHOTO TOJIBLKO TEPMOCTATa, HO HE CaMOI0 I[EHTPAJILHO-
ro OCHUJLIATOpA. PoJib MOC/IEIHErO B MOJIE/IN AHAJIOTMYHA POJIU
DIIyKTYaIMOHHOTO 3JIEKTPOMArHUTHOIO T0JIsi B Teopun cuil Ka-
sumupa u Bau gep Baasibca.
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IUXC B MCXOJHON MOJIEJIN BOCIIPUUMYUBOCTEN CBOOOI-
HBIX OCIIJLISITOPOB TEPMOCTATA, PACIIUPEHHAS] MOJIEIh
JIOIIYCKAET HAJIMIHE 3aBUCSIIUX OT YaCTOTHI U TEMITEPa-
TYPBI JUCCUNIATUBHBIX BOCIHPUUMYINBOCTEN OOIIEro BU-
fa. XOTsI MEeHTPAJIbHBIN OCIUJLIATOP, 10 IIPEJIIOJIONKe-
HUIO, HEIOCPEJICTBEHHO HE CBSI3aH C JIOMOJTHUTE/IbHBI-
MH KaHajJaMu, ero GyHKINA JIeMI(PUPOBAHIS TTPHOO-
peraeTr 3aBHCUMOCTH OT YaCTOTHI U TEMIIEPATYPHI He-
pe3 OwimHeliHOe B3aWMOIENCTBHAE C IUCCUTATUBHBIMUI
OCIIMJIIATOPAMU TEPMOCTATa WJIM AHAJOTHIHBIMHU UM
€ro COCTaBJIAIONIMHU. Pacinimpennas MoJeIb JT0IyCcKa-
€T TePMOIUHAMUIECKOE OMUCAHIE OCIIUJLIATOPA C 3aTY-
XaHUEM B PaBHOBECHOM COCTOSIHUU W, BOODIIE TOBODI,
He TpeJHa3HAYeHa I U3Y4YeHUs JMHAMUKA BCeil cu-
crembl. COOTBETCTBYIOMIUI PE3YIBTAT JjIst CBOOOIHOMN
SHEPI'UU, MOJyUYEHHBI C 3aBUCAIIEH OT TeMIepaTypbl
dbyuxmmeii 1eMndupoBaHus IEHTPATHHOIO OCIIHILIATO-
pa, Kak Oy/IeT IIOKa3aHo, COBIIAIAET C BhIPaYKEHUEM JIJIsd
CBODOJHOW SHEPTUM B UCXOMHON MOJIEIN, B TO BpEMs
KaK pe3ysIbTaT /I BHYTPEHHe! SHePIul N3MEHSIETCH.
CraTbsi OpraHmsoBaHa CJjeAylomuM obpa3om. B
pa3n. 2 IpuBeJIeHbI OCHOBHBIE PE3YJIBTATHI JJIsT OCIIUI-
JIITOPA € 3aTyXaHUEM, UCIIOIb3yeMble B ITOCJIEIYONINX
pasznenax. B paza. 3 mpejncraBiieH aJgbTePHATHUBHBIN
BBIBOJT OOYCJIOBJIEHHBIX B3aMMOJIEHICTBUEM YacTeil CBO-
00/IHOM W BHYTpPEHHEl SHepruil OCIUJIATOpa C 3aTy-
XaHUEM, YTO CJIYyZKUT OCHOBOH /JijId JaJIbHEHIIero pac-
cmorpenus. Pasnenst 4-6 MOKa3bIBAIOT CBA3L PE3YJIb-
TaTOB JJIs OCHUJIIATOPA C 3aTyXAaHUEM C pe3y/IbTrara-
mu obtreit Teopun cun Kazumupa u Bam gep Baasbca.
Pacmupennas Mojess /115t OCHIILIATOPA C 3aTyXaHUEM
pasBuTa B pasi. 7. Pazmen 8 zaBepiaer craTbhio.

2. OCHOBHBIE COOTHOIIIEHUSYA J1JISI
OCIIUJIIISITOPA C 3ATYXAHUEM,
B3AUMOJEVNCTBVYIOIIIETO C
TEPMOCTATOM

PaccvoTpum B KadecTBe MaJioif KBAHTOBOIl cHuCTe-
Mbl, B3aUMOAEHUCTBYIOLIEH ¢ TE€PMOCTATOM, LICHTPAJIb-
HBIM  OCIMJIISTOP, B3aUMOJEHCTBYIONINT CO CBODOJI-
HBIMU OCITMJIITOPAMHU OKPY?KeHUsi. BBejieM cooTBeT-
CTBYIOIIHE OIEPATOPHI TOJOXKEHUS Q u Go (@ =1,
2,...,N).

Eciu Buernmnee Bo3Mytnenne B raMUIbTOHIAHE TMe-
eT BU/I,

N
%a:t = _Qfewt,Q(t) - § qafewt,a(t) (1)
a=1
W JIMHEWHBII OTKJMK Ha BHENIHUE CUJIbI femt,Q n
fwt}a OIIUCBIBACTCH CJIC/LYIOIMUMU COOTHOIICHUAMU JIJIe
bypbe-KOMITIOHEHT YCPETHEHHDBIX BEJINIIH:
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Q(W):XQQ( feth )feat,a(w), (2)

+ZXQOL
+ZX&6

TO CcojieprKalliasi BXOJMAIIUE CIOJA BOCIPUUMUUBOCTH

bILyKTyaIlMOHHO- JUCCUNIAIIMOHHASL TeOpeMa, Kak H3-
-1

BECTHO, MOKET ObITH [IPEJICTABICHA B Bue [pI]

o (W) = XOLQ( feact Q fert,é(w)v (3)

(@), = neth (52 ) tm[xag ()], 0
(0:0), = 5 ot (57 ) [xaul®) ~ xaal)]. 6
(@), = neth 2 ) i )] ©)
(wots), = T etn (52) [66a0) ~xast@)]- @

3ech (AB)w 0003HAYAET CIIEKTPAJIBHYIO ILIOTHOCTH
CUMMETPHU30BAHHON KOPPEJISIIINOHHON (DYHKIINT B PaB-
HOBECHOM COCTOSIHUH,
1 - N N o
S (AMB() + B A1) =
oo

= /(AB)wexp[ iw(t —t)] -

— 0o

dw 8
5 (8)

JIJ11 KBAHTOBBIX COCTOSIHUIT, NHBAPUAHTHBIX IO OT-
HOIIEHUIO K ONEPAIN HHBEPCUU BPEMEHU, JOJKHDBI BbI-
HOJIHATBCA COOTHOIICHU X Qa (W) = Xa@ (W), Xas(w) =
= Xoa(w), 1, HAIDEMED, PABEHCTBO (5) CBOJIUTCS K CO-
OTHONICHHIO

(¢aQ),, = hcth (%) Im [XQQ(M)]

HpI/I HaJIM4YUH BHEITHEN CUJIbl U BbI3BaAHHBIX B3aUMO-
,D;efICTBI/IeM C TepMOCTAaTOM JUCCUITATUBHBIX ITPOIIECCOB
JIMHEAPU30BaHHOE JITUHAMUYIECKOEe ypaBHEHHE JIJId CTa-
TUCTUIECKU YCPEIHEHHOI'O OIIePATOPA [TOJI0KEHUS 11€H-
TPAJBLHOIO OCHUJLIATOpa ¢ Maccoit M um wacrtoroit 2
nMeeT BUJL

MQ(t) —|—M/dt (t — Q) + MQ*Q(t) =

= femt (t),

rue 7(t) — nuccunaruBHas GyHKIM TaAMATH.
CoOTBETCTBYIONIAS 3ABUCSIIAS OT 9ACTOTHI BOCIIPH-

9)

HIMYHUBOCTD, CIEIOBATEIBHO, eCTh X (W) = X (w),
1
= 10
v (5 D) M

e dysxuus gemidupoBanus y(w) sbisercs by-
pbe-o6pazom ().
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BocmpunMauBocTh a-r0 ¢BOOOIHOTO OCITUILISATOPA C
Maccoit m, 1 9aCTOTOU W, UMEET BUJ

1 1

Xolw) = — 5—F——, e—=+0.  (11)
Ma W5 — W* — wWE

st HAXOXKJEHWST  TEePEKPECTHBIX  KOMITOHEHT

XQa (W), Xay(w) MaTpuuHO# QYHKINM OTKINKA y100-
HO BBECTH TIOJIHBIH KBAHTOBBIA TaMUILTOHUAH MOJIEJIH
IIBanmura — Kanxneitpel — Jlerrerra s 3aTyxXaromero
ocasTopa [30,83] ¢ 106aBICHHBIMI K/IACCHIeCKIMM
BHEITHUME CHJIAMU:

H—E+1MQ2Q2—Qf +
= M ext,Q
N .9 2
pa l 2 ~ Ca A _
' ; dm, 2 (q“ oWl Q) 1

N
anfewta 12)

3ech Q, Pu Qoy Do — OILIEPATOPBHI TIOJIOXKEHUS] U UM-
IyJIbCA COOTBETCTBEHHO IIEHTPAJIBHOIO OCIUJLIATOPA 1
Q-TO OCHMILIATOPa TepMocTaTa. IleHTpaIbHbIH OCIHI-
JISTOP B3aUMOJEHCTBYET € (-M OCIUJLISTOPOM OKpY-
skeHust ¢ KoHcraHToil cBszu C,. Popma BXOJAMUX B
ravmasronnan (19) wienos szammoseiicTBrs MCKTIOTA-
eT 00yCJIOBIEHHYIO B3aNMO/IeHiCTBHEM IIEPEHOPMUAPOBKY
4acToThI ().

CpaBHUTE/IBHO IPOCTAs MOAE/b (19), KAk H3BecTHO,
JIOIYCKAET JIETAJIBHOE OIICAHNE CBOWCTB HAXOJISIIErO-
¢4l 1I0J1 BO3/IEHCTBHEM TEPMOCTATA OCIUJIIITOPA C 3aTY-
xannen [26,80,83,87,139,40]. B wactHocTH, KBanTOBBIE
YDABHEHHUs JIBUKEHUSI [I0CJIe UCKIIOUEHUsT (o U3 ypaB-
Herust Jurst (), KBAHTOBOIO CTATHCTHYECKOIO yCPEJIHe-
HUst 1 nipeobpasoBanus Pypbe CBOJATCS K BUILY

M [(€® — w?) — iwy(w)] Q(w)

- fea:t Q + Z Caxoz fea:t Ot(w)7 (13)
Me (W2 — w?) o (W) — CoaQW) = ferta(w).  (14)
U3 ypasuennii (13), (14) soirekaer
XQe (W) = xoW), (15)
XQa (@) = Xa@(w) = Cax@(w)Xa(w), (16)
Yoo @) = xa(@) (14 Ciro@ixa®@)),  (17)
Xas(w) = CaCix@(W)Xa(w)xs(w), a#d, (18)
rie xo(w) 1 Xa(w) onpenenenst 5 (10) n (I1).
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Kax o ns seipaskenmit (4)—(in), (15)—(18) u (10),
(:_11 ), paccMarpuBaeMble KoppeﬂHuHOHHble (byHKLu/H/I
COJIEPKAT €IAUHCTBEHHYTO BeJIMInHy 7y (w), KOHKPETHBIH
BIJL KOTOPOIi OlIpeessiercs: raMuibTonnanom (19):

-y

U OKa3bIBaeTCs CBS3aH C TaK Ha3bIBAeMON CIIEKTPaJlb-
HOII IIJIOTHOCTBIO B3aNMO/IefiCTBUS

N
w) Z C?
a=1

rie 0(w) — enuananas crynendaras GyHKIMs, & JIBOIi-

(19)

iwMry(w —Xa(0)],

[Xa(w

(20)

HOH TITPpUX y X 0003HAYAET B3ATHE MHUMOW TaCTH.

Ceasp mexy dynkuumeii jgemuduposanus y(w)
U CIEKTPAJBHOI INIOTHOCTHIO B3aMMOJIEHCTBUS MMeeT
BUJ

21w
7rM

J(§)dg

Y(w) =

Ompenenennnie B (19), (20) Benmuuub yaoBIeTBOPS-

=al Oa

I0T COOTHONICHHIO (2]) He TOJIBKO B Cilydae HCIOIb30-
b
BaHWs BeIparkeHust (L 1I1), HO TakyKe W I JIIOOBIX J10-

NYCTUMbIX 3aBUCAINNUX OT YaCTOTHI BOCHpI/II/IM‘{I/IBOCTeﬁ

L

xa( ). st ycranosienust CIPaBe/TMBOCTH CbOpMy.HbI
(21) B obmenm caryuae caeyer nogcrasurs (19) n (20) B
(21) 1 IPUMEHnTD K BHIPaXKeHHAM [Xq(w) — Xa(0)] /w?
[0/l 3HAKOM CyMMHPOBAHHsI B JIEBOH YaCTH MOJIYYUB-
IIErocsl PaBeHCTBa cyeylomiee coornomenne Kpamep-
ca— Kponwra:

€X”(§)d€

X/(LU) - 52 _ wg . (22)

3. TEPMOAVHAMMYECKUE ITOTEHIIMAJIBI
OCIMNJIJIATOPA C BATYXAHUNEM

OO0yC/IOBJIEHHBINT B3AUMOJIEHCTBIEM TIEHTPAJIHHOTO
OCIMJIIIITOPA C TEPMOCTATOM BKJIJT B CBODOHYIO SHEP-
TUIO0 MOXKHO CPaBHHUTEJILHO IPOCTO HAWTH, €CJIA IIPH-
PaBHATH, CJeysl OOIUM COOTHOIIEHUSAM CTATUCTHIe-
ckoit busnku [53-56], Tpon3BoAHYIO CBOGOIHOI SHED-
UM 110 IapaMeTPy B3aUMOACHCTBHUA COOTBETCTBYIONMICH
YCPEAHEHHON IPOU3BO/IHON OT IaMUJIBTOHUAHA C II0CJIe-
JYIOIUM MHTEI'PUPOBAHUEM IIOJIyYEeHHOI'O PaBeHCTBa
[0 IMapaMeTpy B3auMOJEHCTBUs. YMHOXKAas C ITOH Tie-
ap10 Bee KoHeTaHThl ¢Bsi3n Cp(a = 1,2, ..., N) B ra-
ymtsronnane ([4) ma ogmm m Tor xe mapamerp M,
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IIPUXOJIUM K YCPEJHEHHOH IIpOU3BOIHOI I'aMUJILTOHU-

aHa Mo A:
OH(N) N
TON - az::l Cq X
r dw ,
g / 5 (00205 = ACaxa(0) (@7),,,) - (23)
Baech (...)x u (...)wx O3HAYAIOT COOTBETCTBEHHO

YCDEJIHEHHE 10 PABHOBECHOMY COCTOSIHHIO CHCTEMBI C
ramuabToRnanoM H(\) U CHMMETPH3OBAHHYIO CIIEKT-
PaJIbHYIO TJIOTHOCTb.

Tak Kak BOCIHPUUMYHUBOCTH OCIMJIISTOPOB TE€PMO-
crata Yo(w) (F) me comepmar C,, oHu He 3aBH-
cAT OT lapaMerpa B3aUMOJEHCTBHS A, B TO Bpe-
Msl Kak d)yHKLU/Iﬂ nemndupoBanuga y(w, A), KaKk 310
caenyer u3 (19) POSABJISIET KBAJAPATHYHYIO 3aBUCH-
MocTh: Y(w,\) = My(w). Cremoparenbho, 3aBuCH-
MOCTB (DYHKINY OTKIIHKA X (W, A) OT 9TOro mapaMerpa
nosydaercs nocsie noictanosku 5 dopmyary (10) pesm-
aunbr A2y (w) BMecTo 7y (w).

ITpumensist Tenepb HIIyKTYAIMOHHO-IUCCUIIATIHOH-
upie coornomenust (4), (B) u yunremsas (13), (16), Bbi-
pakaeM KBaJIpaTUYHbIEe ¥ OMJIMHEHHbIE 110 [10JOXKEHHU-
SIM OIIEPATOPOB ClIeKTpabHble IIoTHOCTH B (23) Uepes
COOTBETCTBYIOIME (DYHKIMI OTKJIMKA U IIOJIYIaeM CBO-
00/IHYTO SHEPTUIO B BU/JIE

1 ~
AVF = F(A = 1)—F(A = 0) = /d/\ IHO) - _
)
0
d W [ ieAd\(w)
o _w W Y W _
a Im/ freth 2T/ (2—00?) —iwr27 (w)

— 00

—Im/ —h th—><

02— w2 — iwy(w)

x In 0z

. e—=+0. (24)

— w? — qwe

[Ipu yuere aHAJIMTUIECKUX CBONCTB (DYHKIMIT OTKJIMKA

B BEPXHEH MOJIYILIOCKOCTU KOMILJIEKCHOM 9acTOThI (hOp-
-

MyJIa (:_24_11) peobpas3yercst K CJIeIyIONEeMY BbIPAYKEHIIO

JI7IsT CBOOOTHOM SHEPTUN:

o /
=7> I
n=0
3aecs w, = 2mnT/h — maiybapoBckasg dacToTa, a

MTPUX Y 3HAKA CYMMHUPOBAHUs O3HAYAET, UTO UJEH C
n = 0 6epercs ¢ 110JI0BUHHBIM BecoM. [Ipu nosryuenun

02 +w2 4wy (iwn)

ANF = F-Fy or

(25)
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BBIPAYKCHUSA (:_2-§) yUUTHIBAJIOCH ycaoBue Y(w) — 0 npu
W — 00, KOTOPOE JIOJI?KHO BBIMIOJHSITHCST B PeabHBIX
cucreMax.

Xorg wren ¢ n = 0 B (2-5_;) obpaInaercs B HyJIb,
ero yJI00HO OCTaBUTH [IJIsi CPDABHEHUsI C aHAJIOTTIHBIM
BBIpaKEHUEM, KOTOPOe HUCIOJIb3yeTcsi B OoJsiee obIem
ciydae. PaBeHCTBO HYJIIO OOYC/IOBJIEHHBIX B3anMO/IEii-
crBreM 3(h@PEKTOB B KJIACCHIECKOM TIPEJIEe SIBJISET-
cs crienupuIecKnM cBoiicTBoM Mogeseit Tuna Isamim-
ra— Kaseiipor — JlerrerTa, OMUCHIBAIONIAX CUCTEMBI C
OJIHOI CTEIEHBIO CBOOOIBI. DTO MTPOUCXOJIUT, B TaCTHO-
CTH, W3-33 OTCYTCTBHUS B MOJIEJU BBI3BAHHON B3aMMO-
JeiiCTBUEM TTEPEHOPMUPOBKH IaCTOTHI OCIIILISITOPA §).

OO6yciioBiieHHast  B3auMojieiicrBueM 4actb Ay F
CBOGOIHOM SHEPIMH IEHTPAILHONO OCHIILIATOPa, (25)
[IPEJICTAB/ISIET COOOl Pa3HOCTH CBOOOJHBIX IHEPIHUil
[TOJTHOM CHUCTEMbI, B3ATHIX C YIeTOM U 0e3 ydera B3au-
MOJIEHCTBUSI OCIUIIIATOPA ¢ OKpyzkenneM. CBobOHAS
sHeprust F' OCIWLISTOPa C 3aTyXaHHeM KaK OTKPBITOM
CUCTEMBbI, B3aUMOJAEUCTBYIOIIEH ¢ TePMOCTATOM, II0JIy-
9AeTCsl M3 BHIPAZKEHUST (:_2-5) JI00ABJIEHUEM K €r0 MTPABOi
9aCTU WIEHOB, KOTOPBIE HE 3aBUCAT OT KOHCTAHT CBSI3U
U TpU OTCYTCTBUH B3aWMOIEHCTBUs O00ECIEUMBAIOT
COBIIaJIeHNE BeIUINHbBI F' co cBOOOHOM 3HEprueit
CBOOOTHOTO OCITUJIIISATOPA,

hQ RO 02
TIn (23hﬁ> =Tl ?H<1+E>

Takum 06pazom, UCXOJIs U3 (2%), [IPUXOJIUM K CJIEJLYIO-
el ¢BOOOIHOM SHEPTUH OCIIUIIATOPA € 3aTYXAHUEM:

(-522)

Wn
CBobosiHast 9HEpTrusi OTKPBITON CHCTEMBI MOXKET

QO
— 11

n=1

QQ
1+—+
w

n

F

T1In

(26)

6bIThb npescrasiena B uje F'= —T1nZ(T), rue Z —
NIPUBEJICHHAS CTATUCTUIECKAs! CyMMa, T.€. OTHOIIEHUE
CTATACTUIECKUX CyMM IOJHONH CHCTEMBI W HEBO3MY-
IIEHHOTO pe3epByapa. VexXoms u3 3Toro COOTHOIICHNS,
u3 (:_2-(3") MIPUXOJNM K XOPOIIO U3BECTHOMY BBIPAYKEHUIO
Il IPUBEAEHHON CTATUCTUYCCKON CyMMbI JIMHEHAHOIO
KBAHTOBOTO OCIHJLIATOPA ¢ 3aryxanuem [26, d0):

2
wn

+ Wn’)’(iwn) .

Z(T (27)

T oo
i |
n=1
Bripazkenne [is BHyTPEHHE(l SHEPIIH OCIHILTATO-
pa ¢ 3aTyXaHneM cieayer u3 (26) npu yuere cramiapt-
noro coornomenust E = —T29 (F(T)/T) /oT:
o dy(iwny)
" dwy,
02 + w2 + wyy(iwy)

e’} 2 ) _
, 292 + wpy(iw,) — w

E:TZ
n=0

(28)
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Popmynta (2@:) JI7IST CBOOOJIHOI 9HEPruu HE COJEpP-
JKUAT TPOU3BOIHON IO 9acTOTe OT (DYHKIUN JIeMITDUPO-
BaHNs, TIOCKOJILKY ITapaMerp B3anmmojieiicrsus B (23),
©4) cunrancs msMensomuMcst npu (BUKCHPOBAHHOI
TeMIepaType U, CJIeA0BATE/IbHO, TP (DPUKCUPOBAHHBIX
Mmaiy6aposckux dacrorax. C Apyroil ¢TOPOHBI, BbIpa-
JKEHUST JIJIST TAKAX TEPMOJIMHAMUYIECKUX TTOTEHIUAJIOB,
KOTOPBIM OTBEYAIOT IIPOIECCHI C U3MEHSTIOIIENCsT TeMITe-
paTypoil, ¢ Heu30EKHOCTBIO JIOJKHBI COIEPKATH [IPO-
M3BOJIHBIE [0 YACTOTE OT (DYHKIMHU JeMI(pPUPOBAHUSI,
B3sITbIé IIPU MaIlybapOBCKUX YACTOTAX, IPUMEPOM Ue-
My CITyKHT BhIpazkenne (28).

Buyrpennsist sneprust (28) COBIazaeT ¢ pesysibra-
TOM, M[OJIYYCHHBIM paHee Ha OCHOBE IIPEBAPUTE/Ib-
HO HaJeHHOW HPUBEACHHON CTATUCTUYECKON CyMMBbI
(6, {d]. Hammane mpomssosoit o qactore oT byHK-
i siemmicbuposanust B (28), KaK M3BECTHO, OTBEUAET
HAJIMIHIO TEMIIEPATYPHOM 3aBUCUMOCTHU Y TAMUJILTOHU-
ana cpeauedt cuinl [26].

4. CB43b C PE3VYJIbTATAMMUI
A3 AJIOIMIMHCKOT' O 11 IIMTAEBCKOT' O

B nesin sToro u cieyroriero pas iesioB BXOIUT CPAB-
HEHNE OCHOBHBIX (OPMYJ Ui TEPMOIUHAMUIECKUIX
MOTEHINAJIOB, IOJYYEHHBIX B JIBYX PacCMaTpPUBACMBIX
TEOPUsiX, U YCTAHOBJIEHNE UICHTUIHOCTH STUX (DOPMYII,
BO3HUKAIOIIEH IIPU UCIOJIb30BAHUUA CXOHBIX BEJIMYUH.
B arom pazgeire paccmaTpuBaeTcd OJUH U3 OCHOBHBIX,
CBODOIHBIX OT MOJE/IBHBIX [TPEJIIIOJIOXKEHUN, Pe3yIbTa-
TOB, nostyueHHbIX JI3sommacknM n [lnraesckum [:_2] B
paMKax pas3BuTOl mMu 001Ieit Teopun cuyt Kazumupa u
Ban nep Baasbca. Peub uzer o Bapuanuu obycioBjen-
HOI B3aMMOJIeiCTBIEM CBOOOTHON SHEPTUN JITHHHOBOJI-
HOBOT'O 3JIEKTPOMATrHUTHOIO (DJIyKTYAIIMOHHOIO TI0JIs B
HEOJHOPOIHON KOHJICHCUPOBAHHOI Ccpejie.

JIMHEHHbI 9JIEKTPOMArHUTHBIA OTKJIMK KOHJIEHCH-
POBaHHOU CpeJibl, (pUrypuUpyoOmuii B OOIIUX BbIPaXKe-
HUAX TEOPHUH, OIIMCBIBACTCA NOJIAPU3AIMOHHBIM Ollepa-
TOPOM P, 3aBUCSIIIIM OT MAILyOAPOBCKUX YaCTOT U CBsI-
3aHHBIM C JUIJIEKTPUIECKON (DyHKIHEH COOTHOIIIEHuEM

Pir(wWn,T1,T2) =
2

— n . y . —

= W[elk(zwn,rl,rg) — 8ikd(r1 —12)]. (29)
CooTBercrByiomast Bapualisa cBOOOJIHON SHEPrUK IpU
MaJIOM M3MEHEeHUU TOJIsSipU3alliOHHOro oneparopa 0P,
KaK GBLIO Haiizieno, mveet i [J)
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T
—— X
47

oF

> /
x> /dI‘ldI‘QDik(wn7r17r2)5pki(wn7r27rl)' (30)
n=0

3aecs Dk (wy,r1,T2) — TeMmiepaTypHasg TPUHOBCKAs
QYHKIHS JJTMHHOBOTHOBOTO 3JIEKTPOMATHUTHOTO TIOJIST
B cpese. COOTBETCTBYIOMASA 3alIa3/bIBAIONIAS IPUHOB-
ckag (PyHKIUS CBA3aHA ¢ PABHOBECHBIMU KOPPEJISATIHS-
MU KBAHTOBBIX MUKPOCKOITMIECKUX TIOTEHITHAIOR B CPe-
Jie TIpU KaJIMOPOBOYHOM YCJIOBUN PABEHCTBA HYJIIO CKa-
JIAPHOTO TIOTEHIIHAIA.

Paccmorpum  Tenepb  Bapuanuio  00yCJIOBJIEHHOM
B3anMoJieiicTBIeM cBoGoHOf sreprun (25) (mm (26))
[P MaJIOM H3MeHeHUH (DYHKIUN JIeMII(DUPOBAHUS:

SF = =TS xoliwn)[~Mwpdr(iwn)].  (31)
n=0

3/1eChb OBLIIO UCTIOTH30BAHO BHIPAZKEHIE (:_f(_i) it PYHK-
UM OTKJIMKA OCIAJIIATOPA C 3aTyXaHueM. Y paBHEHHe
('._3-1:) CIIPaBEJIUBO IIpU JII0OOH BO3MOXKHON 4aCTOTHOM
3aBUCUMOCTH (DYHKIUH JIEMIIUPOBAHUSI.

Bimskas anamnorns ey dopmynanm (30) n (31)
JIOILYCKAeT JeTaabHoe onucanue. B 1o Bpems Kak dyHK-
nust ['puna B (',_’;Q') CBSI3aHA C KOPPEJAIUIMU PIIYKTY-
UPYIOMIAX MUKPOCKOIMYECKUX SJIEKTPOMAIHUTHBIX T10-
TEHINAJIOB B cpene, QYHKINS OTKINKA X OMUCHIBACT
Koppesisiiun  BIJIYKTYAIUii I0JI0KEHHsT [EHTPAIBHOTO
ocimsiTopa Q (em. coorsomenus (4) n (15)). Crex-
paJibHasl TJIOTHOCTH JEKTPOMATrHUTHBIX cujt JlaHxKe-
BEHA B CPEJIe CBA3AHA, KAK U3BECTHO, C IIOJISIPU3AIIUOH-
HBIM OIIEPATOPOM, B TO BpeMsi Kak Bejnauna iwMy(w)
CBsI3aHa CO CIIEKTPAJIBHON IJIOTHOCTHIO cuil JIaHKeBe-
HA B CJIydae OCHUJLISATOPA C 3aTyXaHUEM.

Iasee, 7yist OCHUILIATOPA € 32Ty XaHUEM, KAK BUJIHO
u3 sorpazkenmit (13) u (10), bymkus y g (w) onuceaer
JINHEHHBIN OTKJINK KOOPIWHATHI () HA BHEIHIOK CUJTY
feat,0(w), B TO BpeMs KaK COOTHOIICHNE MEXKIY CHIIOL
TPEeHUsT U KOOPJAUHATOM () ecThb

ffriction(w) = ZWMPY((“))Q(O‘))

Amnayiornuno, B reopun cuy Kazumupa u Ban nep Ba-
anbca BesmanHa —(1/he)D, KaK M3BECTHO, UTPAET POJIb
000DIIEHHOW HEJTOKAJILHON MATPUYIHON (DYHKIINH OT-
KJTUKa JIJIsT JIEKTPOMATHUTHBIX MMOTEHITHAJIOB O] BO3-
JieficTBUEM BHEITHUX TOKOB, B TO BpeMst Kak — (cfi/4mw)P
BXOJIUT B COOTHOIIEHME MEXKJy IIOTHOCTBIO TOKa U
97IEKTPOMATHUTHBIME TIOTEHIIHAIAMA B cpenax. ['pym-
Upysl paccMaTpUBaeMble BEJIMYUHBI BMECTE C YKa3aH-
HBIMU KO3 dpurimeHTaMu, B 000UX BBIPAYKEHUTX (E-Q‘) n
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(B1) mosyaeM oMHAKOBbIE MHOKITENH TIepe/l 3HAKA-
MU CyMMHUDPOBaHUSI.

HaxkoHer, B3auMojeiicTBHe € JIJIMHHOBOJHOBBIM
9JIEKTPOMAIHATHBIM II0JIEM PACCMATPUBAETCH B 00IIei
TEOPUH KaK B3aNMOJIEHCTBHE CO CPABHUTEIILHO CIa0BIM
[OJIEM B TOM CMBICJIE, YTO BKJIAJ, OT TAKOIO II0JIsS B
JIISJIEKTPHYECKYTO IPOHUIIAEMOCTD KOH/IEHCHPOBAHHOI
cpenpl mpeHebpexkumo MaJs. llosromy mosstprsaiu-
ommbiii omeparop (29) BXOAMT B BBIpa<eHUs TEOpHUM
YMHOXKEHHBIM TOJIBKO Ha KBAJPAT COOTBETCTBYIOMIEHT
KOHCTAHTBI AHaJorndHO, BOCIHPHEMYHBOCTH
OT/IETIBHBIX OCIUJIISITOPOB B TE€PMOCTATE IIPEIIIoJIara-
H0TCsI He 3aBHUCSIIIMEI OT COOTBETCTBYIONIMX KOHCTAHT

CBA3U.

CBSI3M, 9YTO TIPUBOJUT K KBAJIPATUIHON 3aBUCUMO-
cru dyukuuu gemidupoBanus y(w) orT napamerpa
B3aNMOJICCTBAA.

5. CB4A3b C BKJIAJIOM CHJI KABVMUPA 1
BAH JEP BAAJIBCA B IIOJIHYIO
CBOBOJHVYIO SHEPT'MIO

Bosspamasach K BBIPasKEHHIIO (:_2-5) JUUIsT CBOOOTHO#
SHEPI'UH, PACCMOTPHUM JiBe (DYHKIINU,

D(w) = Q2 — w? —iwy(w),

Do(w) = Q* —w? —iwe (e = +0),

B3ATIE B (25) PH MHUMBIX MAIyGAapOBCKUX HACTOTAX
w — iwy,. Kopan nucnepcuonnoit dyukuun D(w), T. e.
PEIIeHNs JINCIEPCHOHHOTO yPaBHEHNUSI

D(w) = 9?2 — w? —iwy(w) =0, (32)
[PEJICTABISIOT COBO KOMILIEKCHBIE COOCTBEHHBIE Yac-
TOTBI OCIUJISITOPA € 3aTyXaHneM. B To ke BpeMsi ypas-
nerre Dj(w) 0 ompesesnsier coGCTBEHHbIE WACTO-
TBbI CBOGOAHOIO OCIUIIIATOPA, T. €. IIPU OTCYTCTBUH €r0
B3aMMOJIEHICTBHSI ¢ TEPMOCTATOM.

Takum obpazom, dopmyra (23) MIPUHUMAET BU]

D(iwy,)

Dol %)

AF=F-F=TY I
n=0

Ciiestyer OTMETUTD, ITO BBIPAZKEHIE (',_’;Zj') peJIcTaBIs-
eT coboit OCHOBHYIO (DOPMYITY /it CBOOOTHOM SHEPTHAN
B obmeit Teopun cun Kaszumupa n Ban nep Baaabca
[50]. D1y dopmyiy MOKHO HOTYUNT B paMKax ob1reit
TEOPHH, UCIIOJIb3Ys, B YACTHOCTH, METOJ HHTETPUPOBAa~
HUsI 10 TIApaAMeTPy B3aMMOJICHCTBUS [53,54] aHaJIOr Y-
HO TOMY, KaK 3TO ObLIO CJIEJIAHO B Pa3jl. 3 JJisl 3a/a9u
00 OCITUJIIISITOPE C 3aTYXaHUEM.
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ockomsky coornomenns ($0) u (1) Tecno cpssa-
HbI JIPYT C IPYTOM, a Bbipazkenue (25) cosmamaet ¢ (33),
IPUXOJIUM K 3aKJIOUEHHIO, 9TO 00mias Teopus cui Ka-
sumupa u Banm jep Baasbca ommcbiBaer o0yc/IOBJIEH-
HYIO B3aUMOJEHCTBUEM YacTh CBOOOHON SHEPTUU OC-
HULIATOPA € 3aTyXAHUEM.

BBumay Toro uro Ha 6€CKOHETHO TAJIEKHX PACCTOsI-
HUAX B3auMOjeiicTBre oOpaIaeTcs B HY/Ib, TPU U3Y-
geHun B3aumojeiicreust Kazumupa n Ban nep BaaJjib-
ca MEXKJIy TeJlaMU ITapaMeTp B3auMOEHCTBUS A MOXK-
HO B KOHEYHOM CUETE CBS3ATh C PACCTOSHUEM MEXKLY
muvu. B sTrom cirydae cBobojuble sHepruun F' u Fy u
nucriepenonmnie bynxmn D(w) u Do(w) B (B3) or-
BEYAIOT COOTBETCTBEHHO PACCTOSHUIO [ MEXKJTy TeJIaMu
U CJIydaro, KOrJa Teja HAXOISTCS OYEHb JIAJIEKO JIPYT
or apyra. CrnemoBarebHO, B mpefeire | — 00 UMeeM
D(w)/Dy(w) — 1. Ec;om dyrkuus D(w) ectb mpowns-
BeJIeHNEe HECKOJIbKUX JUCIEPCUOHHBIX (DYHKIIUNA, TO HE
3aBUCINNE OT | MHOXKUTEJIN COKPAIIAIOTCS U HE BHOCSIT
BKJIAJIa B (:_’;?_;) Ocraroleecst OTHOIIIEHUE JIBYX (DyHKITUI
OOBITHO PACCMATPHUBAIOT KAK HOPMUPOBAHHYIO JTUCIIED-
CHOHHYIO (DYHKIIUIO, KOTOpas 3aaeT 3aBUCAIIUN OT
PaCCTOSHUS CIIEKTP COOCTBEHHBIX MOJI B CHCTEME.

Hamee, cobCTBEHHBIE MOJIBI B CUCTEME MAKPOCKOITH-
YEeCKUX TeJT PA3JIUIHON MeOMETPUU MOTYT 3aBHUCETH OT
MIepEeMEHHBIX, UMEIONNX HEIPEPLIBHBIN W KBa3WHe-
HPEPbIBHBINA CHEKTP 3HAYEHUH, TaKUX KaK KOMIIOHEH-
TBI BOJTHOBOTO BEKTOpAa. BBIIENsIss 9T HempepbIBHBIE
rmepeMeHHble U 00O3HadYast X OYKBO (3, MPUXOIUM C
IIOMOIIBIO COOTHOIIEHUS ('._?;i_’;) K ciemymomeit dhopme 3a-
nmcu Jjist 00yCJI0BJIEHHO B3anMoeiicrBueM Kasumupa
un Ban nep Baanbca gactu ¢BoOOIHOI SHEpTHN:

dBIn D(B,iw,), (34)

AVF=F—F :TZ'/p(m
n=0

rze p(f8) — WIOTHOCTD COCTOAHMIA.

®opmyist (25) mm (26) s cBoGoamoii Smeprum
OCIJLIATOPA C 3aTyXaHUeM He 06CYKJAINCh B JINTe-
paType, HECMOTDPsI Ha UX OYEBUJIHYIO CBsI3b C XODOIIO
M3BECTHOM IPUBEICHHON CTATHCTIeCKOH cyMMOit (27).
BwmecTo 3T0T0 0O6BIMHO MCTIONB3YEeTCST MOTUMUITTPOBAH-
Hast HpOpMA ITOrO pe3ysIbTarTa, KOTopas IOJLYyIaeTCs U3
dbopmysr (25) ee mpeobpasoBaHmeM K HHTErpHpOBa-
HUIO BIOJb BEIIECTBEHHOM ocu dacTor (cp. (24)) ¢ mc-
nosb3oBanueM pasencrBa D(f, —w) = D*(ﬁ7 ) u 1o-
CJIEJLYOIIM HHTEIPUPOBAHUEM 10 YACTSIM. DTO IPUBO-
JIAT K CJIEIYIOMEMY SKBUBAJICHTHOMY (DOPMYJIE (:_2-5) (u
B33)) BeIpazkemmo:

ANF = /Tln (2 sh %) Axp(w) dw, (35)
0
B 1 0 . D(w)
AAP(W)—P—Po——;Imawl Do)’ (36)

TosByenue 31ech 4aCTHON IPOU3BOAHON 110 YacToTe
BMECTO IIOJIHOW HIPOMU3BOJHOI CBA3aHO € BO3MOXKHBIM
MOSABJICHUEM JIOTIOJHUTEIBHBIX EPEMEHHBIX, OT KOTO-
PBIX MOKET 3aBUCETD JAUCIIePCUOHHas dhyHKIms. Takas
BO3MOXKHOCTH OOCY2K/IAETCsl B KOHIIE JAHHOIO Pa3JIesia,
a TakxKe B pa3. 7.

B ortmmame ot teopun B3ammomeiicteus Kazumupa
u Ban nep Baasbca, B paMkax KOTOPOIi paccMarpuBa-
€TCsl, KaK IIPABUIIO, TOJBKO OOYCIIOBICHHAS B3AUMO/ICH-
CTBUEM 9aCTh CBOOOJHON SHEPIHUH, IPOCTASA MOJIENb OC-
MUJLIATOPA € 3aTyXaHUEM MO3BOJIAET OIUCATH CBODOII-
HYTO 9HEPIHUIO (:_Z-(j) B3aMMOJICHCTBYIOIIErO ¢ OKPYKEHU-
eM ocrLIaTOpa ¢ 3aryxanueM. Iepemucosas (26) B
dbopme, ananormamnoit (33), (36), m ncnoaL3ys ompesie-
nerne (33) ms byskuun D(w), morydaem

P [rn(e0f)wom @

0
plw) = —%Im%ln(MD(w)). (38)

Besenersue soitekaomtero n3 (10) u (32) pasen-
crBa MD(w) = x5 (w), u3 coornomenmuii B7), 59 v
paMKax MCXO/HON MOJIEJIM OCIIUJIATOPA C 3aTyXaHUeM
HaXOINM

1 T hw dlnxg(w)
F= - /Tln (2 sh QT) Im T dw,  (39)
0

9TO B TOYHOCTU COBIAJAET C PE3yJbTATOM JIJisi CBO-

0OHO SHEPIUH, UCIIOTIB3YEMBIM B TEOPUH OCIUJLIATO-

pa, OMINHEIHO B3AMMOJIEHCTBYIOIIETO C TEPMOCTATOM
=1 .=y ==

W3-15,11,26].

Anasnormano Bepazkenusam (39), (36), 06yCJIOBJIeH—
HYIO B3aMMOJIEHiCTBIEM CBOBOIHYIO SHEPruio (34) B 06-
meit reopun cuyt Kazuvupa n Ban mep Baambca Takxke
MOYKHO TIPEJICTABATD B BUJE

AN\F = /Tln <2sh %) Axp(w) dw, (40)
0

Baple) =~ [ (@) dpmD(Bw). (D

Boobmie rosopst, mobas us bopmy (26), (89) mo-
JKeT HCIOJIL30BATLCS JJIsl OLUCAHUS CBOOOLHOM 9HEp-
U OCHUJLIATOPA C 3aTyXaHuneM. 1J0CKOJIbKY BbIpazke-
mne (2G) mMeer Gosee HMPOCTO BU M He COICPAKHUT
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OcunnnsTopsl € 3aTyxaHuem B pamkax obuieii Teopun cun Kasnmupa. . .

MIPOU3BOJIHOM 110 YACTOTE OT BOCIPUUMIUBOCTH OCIIUJI-
nsrropa, opma sammucn cBoGOIHON dHepruu (26)
(33) kazercs Gostee MPEITOYTHTENLHOM TI0 CPABHEHHIO
¢ (39) mwm (37), (38). D10 Tem Gosee BEpHO B OTHOIIE-
HUM aHaJM3a 00J1ee CJIOKHBIX 3a/a4, BKIOYast THITNT-
Hble 3aa49u Teopun cuil Kazumupa u Ban nep BaaJjib-
ca, rjie 3amich cBoboHOl SHeprun B Buse (B4) mme-
€T psiJi 3HAYUTEJbHBIX [IPEUMYIIECTB 110 CPABHEHUIO C
(d0), ().

B/1osib BemmecTBeHHON 0CH 9aCcTOT TPOHUIAEMOCTH

NPUHAMAIOT, KaK W3BECTHO, KOMILIEKCHBIE 3HATEHUS
W MOTYy TPOSBISATH CJIOKHOE ToBegenue. Hamporwms,
OHM TPUHUMAIOT BEIECTBEHHBIC 3HAYECHUS W TOKA3bI-
BalOT CPABHUTEIHHO IPOCTOE MOHOTOHHOE TOBEJIEHUEe
Ha BepxHeil MHIMO# mosTyocn 9acToT. B aToM cocrosiia
aprymenTtanus Jludrmna [Q:] [IpU IPeOOPA3OBAHNAN €ro
OCHOBHOT'O PE3yJ/IbTaTa, Ha, HAUaJIbHOM TAalle BKIIYAI0-
I[ero MHTEIPUPOBAHUE 110 BEIECTBEHHBIM YaCTOTaM, K
dopme, BrIIOYAIOMIEH CyMMUpOBaHUE 0 MAaiybapoB-
CKHUM 4YacTOTaM BJIOJb BepXHEl MHUMON IIOJIyOCU Yac-
Tor?).
K Tomy 2Ke mpon3BoJiHbIE TPOHUIIAEMOCTEI 10 Jac-
TOTE, BO3HHKAONTHE TOCTe npuMenenns (§1) k meos-
HOPO/THBIM KOH/IEHCUPOBAHHBIM CHCTEMAaM, MOTYT Jpa-
MATHYECKHU YCJIOKHUTH BUJL PE3Y/IbTATA 110 CPABHEHUIO
c ero dopwmoit B (34). Bass B KavecTBe TpHMepa Xo-
POIIO M3BECTHBIE JIMCIIEPCUOHHBIE (DYHKIUH IS COO-
CTBEHHBIX MOJ, B 3ajate JIudrmuia, HeTPyaIHO IMMOJTy-
YUTH KOHKPETHBLIE TPOMO3/IKIE BBHIPAYKEHHs, COJIEPIKa-
e TPOU3BOJIHBIE OT MPOHUIIAEMOCTEH 10 IaCTOTE TIOT
3HAKOM WHTEIPUPOBAHUs BJIOJIb TIOJyOCH BeNeCTBEH-
HBIX 9acToT. V3 BCero ckasaHHOTO BUJHO, UTO TIPE-
cTaBJeHue cBo6O HOI sHeprun B Buse (34) mammoro 6o-
Jlee TIPETIOUTHTENHHO TI0 cpasHernio ¢ (H0), (1)

Bameru™, yro Beauunna p(w) urypupyer B (,'_3‘-?)
KakK 3hdeKTuBHaS ClIeKTpabHAs JIOTHOCTb BO30Y K-
nennit. s cBomgmeiicss B peiesie MpeHedpesknMo Ma-
JIOH JIccuianii K J1esbTra-pyHKINKE BeJnIuHbl p(w) u3
dopmyn! (:_?:Z:) [OJIy9aeTCs CBODOIHAS S9HEPIUs CBOOO/I-
HOrO ocruuIATOpa. B T0 Ke Bpemsa Beanunna Ay p(w)
B (36) u (A1) ecTb B JIyHIIEM CIyUae PABHOCTH MEHKILY
3 PEKTUBHBIMEI CIIEKTPAIBHBIMU [JIOTHOCTSIMUA CHCTE-
MBI IIPY HAJIMYUU U OTCYTCTBUU B3aUMOJCHCTBUSI.

Jlasnee, BHIpasKeHUsT JJIsT PA3IMIHBIX TEPMOITHAM-
YECKUX MOTEHINAJIOB Oy/IyT COJEPKATH OJIHY U Ty Ke
BesnanHy Ayp(w) TOJBKO IIPH OTCYTCTBUHM €€ TeMIle-
parypnoii 3aBucumoctu. CorjiacHo obmeit TEOPHH CHIT
Ka:mMHpa u Ban jiep Baasibca, dopmysist (34) (40)
(.fllu) I CBOOOIHON SHEPIUM COXPAHAIOT CBOM BUI B
CJIyvae 3aBUCAIINX OT TEeMIIEPaTyPbl TPOHUIIAEMOCTEI,

9TO IPUBOJUT K TEMIIEPATYDHOIl 3aBHCHMOCTH BEJIH-
anabt Ayp(w, T'). Ilpu 9TOM BBIpazkeHne Jyist BHYTPEH-
Hell SHEepPrun, aHAJIOTUIHOE TI0 POpMe CBODOIHOM SHEP-
run (40), (A1), Gymer comepKaTh APYryio BelmduHy

Axpe(w,T) # Axp(w, T):
ANE = /—cth —Ape(w,T) dw, (42)

—lI 8+T8
ow w 0T

x / p(8) A D(B,w,T).  (43)

AAPE(Wa T)

st GumMHeHON CBSI3U MEHTPATLHOTO OCIIAJLISTO-
pa ¢ TrepmocTaToM OYHKIHA AeMI(pUPOBAHIS OCIINILIIs-
Topa B Mojenn [Isannura —Kammgeipor —
W3BECTHO, HE 3aBUCHAT OT TeMmIeparypbl. Pacmimpenue
3TON MOJIeJIN, IPUBOJISIIEe K TeM ke hopMyiam (2-5),
26), (33) u (35)-(39), Ho npu HamEuME TemTepaTyp-
Hoit 3aBucumoctu dyukuuu gemidbuposanus y(w,T),
WHIYIUPOBAHHON OMJIMHENHOI CBSA3bIO C OKPYZKEHUEM,

Jlerrerra, Kak

Oy/1leT paccMOTPeHO B pa3d. 7.

6. IIAPHBIE 1 MHOT'OYACTHNYHBIE
B3AVMMOJIENCTBUS MEXK/IY YACTAMU
TEPMOCTATA

BrisiBiienne 0In3KOi aHAJIOTUN MEXKJTLy JBYMsI TE€O-
PHUSIME [T03BOJISIET PACCMOTPETH BOIIPOC O CYIIECTBOBA-
HUAU B MOJEJIM OCIIIJIATOPA C 3aTyXaHUEeM aHaJIora, KO-
TOPBIH OBl COOTBETCTBOBAJ, TIO KpaitHeil mepe ¢ ¢op-
MaJIbHON TOYKH 3peHus, B3ammojeiicTsuio Kaszumupa
u Ban nep Baaabca MexK 1y MAKpPOCKOTTMIECKUME TeJTa-
mu. B aToMm paszese OyeT mokaszaHo, 9To TaKUM aHAJIO-
TOM SIBJISIETCsI B3AUMOJENCTBAE MEXKJIy PA3HBIMU YaC-
TSMU TEPMOCTATA.

XOTsI COCTABIISIONIUE YACTH TEPMOCTATa HEIIOCPE/I-
CTBEHHO JIPYT Ha JIPyTra HE BO3JENCTBYIOT, MEXK Y HUMU
nmeercsi 3(pPEKTUBHOE HEIIPSIMOE B3anMOIEHCTBUE de-
pe3 u3 CBA3b C MEHTPAJbHBIM OCIULISTOPOM. Besres-
CTBUE MHOT'OYACTUYHOIO IIPOUCXOXKJIEHUs B3aUMOJIeli-
cTBUsi, CBOOO/IHAS IHEPIUS (2-5_:) U JIpyrue TepMOIuHA-
MUYECKUe MOTEHITUAJBl HEeQINTUBHBLI 110 OTHOIIEHUIO
K BKJIAJAM OTEIBbHBIX COCTABJIAIONIX TEPMOCTATA, B
TO BpeMs Kak (DYHKIN JeMIIUPOBAHUST (19) U CTIEKT-
paJibHAas IJIOTHOCTD B3ANMO/IEHCTBUS (20) [IpeJIcTaBIs-
10T co00#l 8/ ITUTUBHBIE BEJTUNINHBI.

Ilapuble M TpexvyacTUYIHBIE BKJIABI B CBODOIHYIO
9HEPrHI0 BHITEKAIOT U3 COOTHOmenus (25) B mpejese
cnaboii cBazu. PaccmorpuM TepMmocTaT, HO/pasieseH-

2) Dro 6bUIO caenano Jludinunem 10 nosiBienus crarbu Martybapa.

13 2KOTO®, Bbim. 4
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HBIII Ha HEKOTOPOE YUCJIO PA3JINYHBIX YacTell, yeMy OT-
Beuaer ynkius gemduposanus ¥ = y - _ 7y, Ecn
npubnkenne cy1aboil CBI3u MPUMEHUMO K B3anMOIeli-
CTBHIO IIEHTPAJILHOI'O OCIMJIIATOPA C TEPMOCTATOM B
TIeJIOM, TO MOYKHO DAsJIoNHTDL (23) TO CTemeHsM 7y
[IPEJICTaBUTH CBODO/HYIO SHEPIUIO B BUJIE

F = ZF +> Fam+ > Faomi+t...

nm n<m<l

3necy BeqmumHa F,, OmMCHIBAET WHIUBUYaJbHBII
BKJIQJI N-I YACTH TEPMOCTATa B CBOOOJHYIO SHEPIHIO,
cogepzKalliuii TOJAbKO IIapaMeTp Y, U €ro CTEIICHU.

[Taproe B3ammo/ieiicTBIE IPUBOIUT K ITAPHOMY tJIe-
HY B CBOOOJIHOII SHEPI UK, U OCHOBHO BKJIA/T OT KaXKJIOM
napbl OTBeYaeT HPUTAZKEHUIO MEZK/1y JaCTAMMU:

w1 (iwn )2 (iwn)
(22 4+ w?2)?

Fip = —TZ

AHaJIOrnYHO, OCHOBHOIl TpeX4YaCTUYHbBINA BKJI&J| B CBO-
GOJIHY IO SHEPTUIO OT KOMOWHAINMY TPEX PA3INIHBIX JaC-
Teil ecThb

(44)

n71 an)72 (an)73 (an)
@Ry

(45)

Fia3 = QTZ

Cymmibt 110 Marty6aposcknm dacrotam B (@4) u (45)
CXOAATCSA JIazKe B IPOCTERIIEM CJLydae OMUIECKOIO pe-
JKHMa, KOIJIa OHU MOTYT OBITh BBIParKeHBI COOTBETCT-
BEHHO 9epe3 3JieMeHTapHble U CleluabHble (DYHKIIH.
Tak, upemuosnaras ;o He 3aBHCAIUMU OT IaCTOTHI,
JUTSL IAPHOT'O BKJIAJIA HAXOJUM

2770/1’)/2

Fig = — 0

O6painenne B3anMOJIEHCTBYS B HYJIb B IIPEJejie BbICO-
KX TEMIIEPATYP, HEe UMEIOIee MecTa B O0IIeM CIydae,
CBSI3AHO 3JI€Ch C YK€ YIOMHUHABIINMCS B Pas3jl. 3 CIie-
muduaeckuM cBoiictBoM Mozeau Ipanmura — Kaseii-
poei—JlerrerTa.

7. OCIIMJIJISITOP C 3ATYXAHUEM,
JIMHEMHO B3AVMMOJENCTBVYIOIIIUN C
JINCCUIIATUBHBIM TEPMOCTATOM

Boabmoe 1nciio cBOOOAHBIX OCIUIISATOPOB ¢ Oec-
KOHEYIHO MAJBIMUA (DYHKIUAMUI JieMiipupoBanust, Gpop-
MUDYIOIINX CIEKTPAJBHYIO CTPYKTYPY TE€PMOCTATa B

770

MOJIETU OCIIJLISITOPA € 3aTYyXaHUEM, MOXKHO PacCMaT-
puBaTh Kak coOCTBEHHBbIE MO/bI TepMmocTaTa. CooTBeT-
CTByIOINME COOCTBEHHBIE YACTOTHI BEIIECTBEHHBI, II0O-
CKOJIBKY TPEJIIIoJIaraeTcsi, 9T0 Mpu OTCYTCTBUU BJIUs-
HUSl HEHTPAJBLHOTO OCIMJIISITOPA TEPMOCTAT SBJISETCS
3aMKHYTOH CUCTEMOIL.

CBsI3b NEHTPAJILHOIO OCIMJIISATOPA C OTJIEIHHON
MOJIOH TE€PMOCTAaTa CUUTAETCS CJAADON, ITO OObSICHS-
er odYeHb cjaaboe BO3MYIIEHNE COCTOSTHUS COCTABJIAIO-
[IX TEPMOCTAT MOJI, U COTJIACYETCs ¢ OMInHeiiHOi hop-
MO#i raMUJIBTOHMAHA B3aUMOJEHCTBUA. B TO Ke Bpems
[EHTPAJIBHBIN OCIIMJIJISITOP MOYKET HUCIBITHIBATH 3HAUN-
TeJIbHOE JINCCUITATUBHOE BJINSTHIE, KOJIIEKTHBHO CO3/1a-
BaeMoe OOJIBIINM KOJIMYECTBOM MOJI, TepMmocTara. [Ipn
sroM dyHKus JemibupoBanus y(w) IEHTPAILHOIO
OCIIMJIIISITOPA He 00s13aTeIhHO MaJa, a ee TacTOTHAST 38~
BUCUMOCTH MOYKET U3MEHSIThCsl B IIUPOKUX IPEJIEIax B
coorsercrsuu ¢ dopmynamu (L9)-(21), rae crexrpais-
Hasl IJIOTHOCTH B3aUMO/ICHCTBUS N3MEHSIETCST BMECTE CO
CHEKTPAJbHBIM PACIPE/IEJICHIEM BEIECTBEHHBIX CO0-
CTBEHHBIX YACTOT TEPMOCTATA [:_2-2',:_2-2;,53,322,:4@]

Taxoit oaxo MUPOKO u 3HHEKTUBHO UCIIOJIb3YeT-
51 JIJIsT M3y IeHMs 33144, KACAIOIINXCsl, B OCHOBHOM, BO3-
HUKHOBEHUs JINCCUTIAIINN U CBA3AHHBIX ¢ Helt addek-
TOB B KBaHTOBBIX jJuHaMuUeckux cucremax. C apyroii
CTOPOHBI, HEJIb3sl NCKJIIOYNTH BO3MOXKHOCTH TOT'O, YITO
B3aMMOJIEHCTBYIONHE C TEHTPAIbHBIM OCIMIISITOPOM
MOJIbI HE MCYEPIBIBAIOT BCE CTEIEHN CBOOOBI TE€PMO-
crara. JlomomHUTETbHBIE BHYTPEHHNE KAHAJBI T€PMO-
craTa, HAXOJAIINEeCs] B KOHTAKTe C er0 OCHOBHBIMU MO-
JIaMU, HO HElOCPEeJICTBEHHO HE CBA3AHHBIE C IIEHTPAJIb-
HBIM OCITUJLIATOPOM, MOTYT MPUBOJUTH K (POPMHUPOBa-
HUIO 3aBUCSIINX OT YACTOTHI M TEMIIEPATYPBI JIUCCHUITa~
TUBHBIX BOCIPHUUMYUBOCTEl X4 (w, ), 3aMEHAIONUX B
9TOM CJIydae PacCMaTPUBABINNECH B MCXOJIHON MO/JIEIIH
BEJINYUHBI ¢ OECKOHEYHO MaJjIbiMU (DYHKIUAMU JIEMII-
dbupoBanns. BimsHue 1meHTPaIbHOTO OCIUIISATOPA Ha
BOCIIPUUMYUBOCTH COCTABJISIIONINX 3JIEMEHTOB TEPMO-
craTa, MPEIIoaraeMoe Mo-IIPeXKHEMy [TPEHeOPEeKNMO
MaJIbIM, CJIEJYET B 9TOM CJIyUae CPaABHUBATDH C COOTBET-
CTBYIOIUME BKJIAQJIAMH OT JIOTIOJTHUTEHbHBIX KaHAJIOB,
KOTOPBIE MOT'YT JIOMUHUPOBATD.

Bes3 xonkpernsaruy 9acTu HOJHOIO FaMUJIbTOHHA-
Ha, CBA3aHHON C JONOJHUTEILHBIMHI KaHAJAME, Pac-
cMaTpuBaeMasi paclinpeHHast MoJIeJIh, BOOOIIE TOBOPSI,
He TpeIHA3HAYEeHA JIJIsT U3YIeHUsT KBAHTOBOW JTUHAMU-
K1 1oJiHO# cncrembl. OJIHAKO, KaK MOKA3aHO B ITOM
pasjiesie, 00yCJIOBIEHHBIE B3AUMO/ICHICTBUEM TEPMO/IU-
HAMIYECKIE BeJTMINHBI OCIIMJIISTOPA C 32Ty XaHIHEM MO-
ryT OBITH ONMHUCAHBI B PACIIUPEHHBIX PaMKaX AHAJIO-
TUYIHO PACCMOTPEHHOMY B pazjl. 3 ciaydaro. KirodueBbiM
3JIECH SIBJISIETCST TO OOCTOSITEHLCTBO, YTO TAMUILTOHNAH
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B3aUMO/IefICTBUS IEHTPAJBHOI'O OCITUIISITOPa C TEPMO-
CTaTOM, HEOOXOIUMBIN [IJIsi HAXOXKJIEHUsI COOTBETCTBY-
IOIUX TEePMOJUHAMUYECKUX BEJIMYNH, B PACIIUPEHHOI
MOJIEJIN OCTAeTCs] HEM3MEHHBIM U MOKeT OBITh BbIJIE-
JIEH U3 TIOJTHOI'O PACHIMPEHHOIO TaMUJIbTOHUAHA, B3 THU-
€M IIPOU3BOJHON 0 BHIOPAHHOMY IIapaMeTpy B3amMO-
JleficTBULA.
Takum 06pa3oM, MpeICTaBUM TTOJTHBIH TaMUIHBTOHN-
aH B BHU/JIE
. P2
H= o + =

Yo
3w

N
MQ2Q2_Qfewt,Q_ Z C]afea:t,a +
a=1

7)(%_ axa(o,T)Q)2+f{', (47)

e Bu ciaraemoro H me dpuUKCUpoOBaH, 38 UCKJIIOYCHHU-
€M TOrO, 9YTO OH He COJIEPKUT HU OTHOCSIIUXCH K LIEH-
TPaAJBLHOMY OCIUJIIATOPY ONEPaTOPOB Q, P, un komc-
Tant cessu Cl,

B coorBercrBuu ¢ 6uimaeitHOl (hopMoit B3amMO/Ieii-
CTBUS U OLPEJeICHIEM JIMHEAHBIX BOCIPUUMIUBOCTEIA,
JIMHAMUYIECKOEe YpaBHeHUe s (q (t), BbITEKAloNee u3
raMUILTOHUAHA ('ﬁf?) [IOCJIE UCIIO/IL30BAHNS IIPEodPas30-
Banusg Pypbe, CTATUCTUIECKOTO YCPEJHEHUS U UCKJITIO-
YEHU# JIONOJHATEIbHBIX CTeIICHe CBOOOIBI, NUMEeT BU

X;l(waT)Qa(w) = CoaQW) + feat,a(W)- (48)

Vpasuenne (48) ormaaerca or (14) Torbko Besect-
Bre pasimmans Mexty (I1) m gmccnmartusmoit Bocipn-
UMYUBOCTBIO (-if COCTABIISIONIEN TEPMOCTATa X o (w, T').

Ucnonmbsyst Beipaskerns (1), (A8) smecro (13),
('1-4) a B OCTAJBLHOM CJIeIys Pa3/l. 2, IPUXOIUM K TeM
e pasercrsanm (1)) u buyxryarmonto- -JICCHTIAI-
oHHBIM cooTHOmennsM (4)—(7), a Taxaxke k (B), (10) st

0o 202 + wpy(iw,) — w2

[EHTPAJBHOIO OCIUJIJISTOPA C 3aTyXaHHeM. TakrKe 3a-
wmouaent, wro pasencrsa (13), ([3), (10) u (f9)-(21)
OYyT B pACCMATPUBAEMOM CJIY9IA€ BBIOJHITHCS TOCTIE
[TO/ICTAHOBKH B HUX MO/U(PUIIMPOBAHHBIX BOCIPUUMIU-

BOCTeil TepMocTaTa X (w, T') BMecTo nexommpx (1)

IMepexoms pasiee K BBIBOLY Pa3fl. 3, yMHOXKAEM KOH-
cranTe csizu Cy, B TaMIIBTORIAHE (43) HA OJH 1 TOT
JKe MmapaMeTp B3auMOJeHCTBAs \. DTO He MPUBOIUT K
U3MEHEHUSIM BOCHPUUMYIUBOCTEl TepMocTara Yo (w,T),
HE TI0/IBEPKEHHBIX 3aMETHOMY BJIMSIHUIO IIEHTPAJIHBHOTO
OCITUJLIISITOPA |, CJIEJIOBATENBHO, HE 3aBUCANINX OT .
Beuy somosmenus pasencrsa (19), dynxmus genr-
dbupoBaHus IEHTPATHLHOTO OCIIUJLISITOPA MO-TIPEXKHEMY
ABJIeTcs KBajapaTudHoil dynkmmeir A: y(w, T, \) =
= A\2y(w, T). Takum 06pa3oM, TIOC/Ie MOMIYHeHNsT TaKO-
IO K€ BBIPAYKCHUS (23) JUTS TIPOU3BOIHON MOIUMDUIH-
POBAHHOTO TAMUILTOHUAHA, (47_:) 110 [TApaMeTpy A 1 uc-
IIOJIb30BAHM COOTHOIICHUI @), (_15. :16 ) MOZKHO
MIPOBECTH MHTETPUPOBAHUE TIO napaMepr B3aUMO/ICH-
CTBUSI 1 IOy 9nTh Te 7Ke canble Boipazkenns (24)—(26),
(B3) st oGycoBIEHHOM B3AMMOICHCTBHEM TACTH CBO-
GO/IHOIT SHEPTUY OCHUJLISATOPA C 3ATyXAHUEM, & TAKIKE U
dopmyty (E-Z:) IS IPUBEJIECHHON CTATUCTUYIECKON CyM-
MBI.

CBO60,ZLH&$I sHeprust B Jir000it m3 hopMm 3amucu
25), (26), (83), B1)-B9) cranosurcs B pamkax pac-
[TUPEHHOTO no/:(xoga MIPUMEHUMOIN K CJIyYai0, B KOTO-
pom dyukius gemuduposanud y(w,T) ocruuigTopa
C 3aTyXaHuneM 3aBUCUT, B JIIODOH JOMycTUMOM (hopme,
HE TOJIbKO OT YACTOTHI, HO TaKXKe U OT TeMIepary-
PbI, HECMOTPsI Ha OUIUHEHHYT0 (POPMY B3aUMOJICHCTBIS
TEHTPATLHONO OCHHJIIATOPA € TEPMOCTATOM. B srmx
YCIIOBUSX BBIPAYKEHHE (28) JUI BHYTpEHHEH SHepruu

JIOJIZKHO OBITH MOIUMUITTPOBAHO:

ETZ

Beipazkenne ('é@_j) MOYKHO TaKzKe IIPeJICTaBUThL B BU-

Je
[ho  hw
E:/Tcth ﬁpE(w7T) dw, (50)
0
o T 9
pE(w,T) = —;Im (8_0.) + a 8_T) X
x In(MD(w,T)), (51)
KoTOpBIi cormacyercs ¢ (§2), (43).

02 + w2 + wyy(iw,, T)

(49)
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[Ipe/icraBiiennast B 9T0M pas/iesie pacImpeHHas Mo-
JIeJIb TIOKA3bIBAET, YTO TEPMOJUHAMUKY KBAHTOBOIO
OCITIJIJIATOPA C 3aTyXaHueM, OMJIMHEHHO B3amMOJIeii-
CTBYIOIIETO C TEPMOCTATOM, MOYKHO TE€OPETUIECKH OIU-
caTh 06€3 UCIIOJIb30BAHMS MOJIEIbHBIX ITPEIII0N0KEHUII,
YIPOIAIOIIAX PeaTbHyI0 CTPYKTYPY TepMocTaTa. DTo
[TO3BOJISIET, B YACTHOCTH, PACCMATPUBATH B PAMKAX Ta-
koit Mojesin RCL-KOHTYD, MeTajljIm4ecKoe COlpOTUBIIe-
HIEe KOTOPOTO 00YCJIOBJIEHO 3JIEKTPOH-(DOHOHHBIM B3au-
MOJIEICTBAEM, PACCETHUEM JIEKTPOHOB Ha IPUMECSX U
ApyruMu U3NIeCKUMU IIPOIECCAME B MeTasLe. BKrro-

13*
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geHne CBOOO/IHBIX OT MOJIEJIbHBIX [IPEJICTABIECHUI BHY T-
PEHHEX IIPOIECCOB B TEPMOCTATE B MO/IEJIb OCITUJLIATO-
pa ¢ 3aryxaHueM ObLIO 3/eCh IIPOBEJIEHO 110 AHAJIOIMH
¢ obmeit Teopueit cun Kazumupa n Ban nep Baasbca,
MIPUMEHUMOI K peaibHbIM KOHJICHCUPOBAHHBIM CHCTE-
MaM C JAUJIEKTPUIECKUMU TPOHUIIAEMOCTSIMEI ODIIErO
BHUJIA.

[TpuBeneHHOE BBIIIE PACCMOTPEHNE TAKZKE ITOKA3bI-
BaeT BHYTPEHHIOIO HECOIVIACOBAHHOCTDH HEJABHEl Kpu-
Tukn obieit reopun cun Kasumupa n Ban nep Baan-
ca, KOTOpast OCHOBBIBAETCsI HA OTCYTCTBUU B TEOPUM SIB-
HOT'O BBIPAXKeHUs JIJIsl IIOJIHOTO TaMUJIBTOHUAHA CUCTe-
MBI KBAHTOBOI'O 3JIEKTPOMATHUTHOTO ITOJISI B KOHIEHCHU-
POBaHHBIX Cpe/ax ['_.5-2:—:(_3-1:] SakJrrouenne, ClIeIanHoe B
paborax [',_’:';ZL:@-]_;], COCTOUT B TOM, YTO TaKas TeOpUs He
MOXKeT IIPUBECTH K IOCJIEI0BATETHHOMY MHKDPOCKOIIU-
9eCKOMY KBAHTOBOMY OIUCAHWIO TEPMOIMHAMUIECKUX
BEJIMYMH KBAHTOBBIX CUCTEM C B3aUMOIEHCTBUAEM.

Paccmorpennas 3/1ech pacuimpennast MoO/JIe/b IPeJI-
CTaBJSIET COOOI CPABHUTEIBLHO TPOCTOM MIPUMeEp, TTOKa-
3BIBAIOIIHI OMMOOTHOCTD ITON KPUTUKHU. Y 2KE U3 ITOTO
[puMepa BUIHO, UTO JJTsI HAXOXKIEHNS 00YCIOBICHHON
B3aUMOJIEHCTBHEM YACTH TEPMOINHAMUIECKAX BeJIU-
9UH OUJINHENHO CBS3aHHONW C TEPMOCTATOM KBAHTOBOIT
CHCTEMBI HEeT HeOOXOIMMOCTH B 3HAHUU YACTH TIOJTHOTO
raMUJIBTOHUAHA, OIMUCHIBAIOINIEN TEPMOCTAT U HE COMIEP-
JKaleil COOTBETCTBYIOIIUX [apaMeTpPOB B3aUMOJICHCT-
Bus. Tak Kak (QJIyKTyaIllmOHHO-IMCCUATIAITMOHHBIE COOT-
HOTIIeHUsT UAeHTUDUIUPYIOT (PYHKIIUN OTKJIUKA UCXOIsT
73 UX MUKPOCKOIIMYECKIX BbIPAXKEHUI, IAHHBII 1T0/IX0/T
000CHOBAH C MUKPOCKOTNYIECKOW TOUKM 3peHus. llpn
9TOM JinHEHbIe (DYHKIIUN OTKJINKA TePMOCTATA MOXKHO
Jlajiee pacCMaTpPUBaATh KaK M3BECTHBIE U3 JIPYTHX TEO-
PETHYECKNX WJIA IKCIIEPUMEHTAIbHBIX HCCIIEI0BAHUIA.
DT0 MO3BOJISET OTIEIUTH PACCMATPUBAECMY IO 38129y OT
[TOJTHOTO JIMHAMUYIECKOTO OINUCAHWS KBAHTOBOH CHCTe-
MBI B I[EJIOM.

Criesryer Takzke yHOMSHYTH O Dsijie MOJeJeil 1mo-
IJIONMIAIOIMINX KOH/IEHCHPOBAHHBIX CPEJl, B3anMO/Ieii-
CTBYIOIIUX C KBAHTOBBIM 3JIEKTPOMATHUTHBIM IIOJIEM,
KOTOpBIE€ HWCIOJIb3YIOTCsI, B YACTHOCTH, IJIsI W3yde-
nus B3amMmoseiicteus Kasumupa n Ban nep Baasbca
[',_5-:(:,:_5-3, E-(j—,'_fz_i] OTU MOJEIU BKIIOYAIOT B PACCMOTPE-
HUE JIMTHEHHO NOJIAPU3yeMble OCHULIATOPDI (KU COCTO-
ANYI0 U3 MHUKPOCKOINYECKUX TapMOHUYECKUX I10JIeit
Cpejly), KOTOpble B3aUMOAEHCTBYIOT € 3JIEKTPOMATHUT-
HBIM II0JIEM, KAK B PAHHUX paboTax [:fﬁ,:_f(_;], U, B JIONOJI-
HEHIE K 9TOMy, ¢ OCIILIATOpaMi TepMocTara [§3,i74].
Tloceree TpUBOAUT K JIMCCUTIATHBHBIM b dpeKTaMm B
cucTeMe, aHAJIOTUIHBIM PACCMATPUBAEMBIM B 9TOM CTa-
The B paMKaX MOJEIN OCIHIJLIATOPA C 3aTyXaHUEM.
Kanonmyeckoe kBaHTOBaHME 37I€KTPOMATHUTHOIO IIO-
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q1s1, ipoBesienoe XarTHepoM 1 Bapuerrom [77], mocse
JMATOHAIM3AINN TOJTHOTO TaMUJIBTOHUAHA PACCMATPH-
BaeMoil Mozesin MeronoM Damno [:_7-8_:] [IPUBEJIO K KBaH-
TOBBIM (DIYKTyaIUusIM TOKa, TOJTHOCTHIO COBMECTUMBIM
co BceMu (DIIyKTYaAIMOHHO- IUCCUTTATTMOHHBIMI COOTHO-
merustMu. Kpome Toro, BeI6Op DYHKIMOHAJIBHBIX TIa-
paMeTpOB TaMUJIBTOHNAHA B3AMMOJEHCTBUSA TO3BOJINI
UMHUTUPOBATH IIPOU3BOJIBHYIO 3aBUCHAILYI0 OT YaCTOTHI
JIUCCUTIATABHY IO JIMJIEKTPUIECKYIO (DYHKITUIO, YIOBJIE-
TBOpsIoNTyio coorHomennsam Kpamepca— Kponura. [To-
JIyIUBINASICS B PE3yJIbTaTe MaKPOCKOINYECKasl KBaH-
TOBasl JIEKTPOIMHAMUKA ITOTJIOMIAIOIIIX JTUCIEPTUPY-
IOIUX CPEJl WCIIOJIb3YETCs Il M3YJeHUsI KBAHTOBBIX
3bHEKTOB B3aNMOIEHCTBUSA TEKTPOMATHUTHOTO IO~
Jisi B KOHJICHCHDOBAHHBIX TE€JaX W WX OKPECTHOCTSX
[09,65,77,79-94).

ITockosibKy TOJTyUeHHBIE B pAMKAaX MOJEIN PabOThI
[74] pesymbTAaTBI B MTOTE BBLIDAYKAIOTCS ePe3 HMelo-
YO IPOU3BOIBHYIO YaCTOTHYIO 3aBUCUMOCTD JIHIJIEK-
TPUIECKYIO (DYHKITHIO CUCTEMbI, MOYKHO OBLIO OBbI 0K~
JIATh, ITO ITH PE3YIbTATHI UMEIOT OoJIee OOIIuil Xapak-
Tep, YeM JIeXKalluii B OCHOBE MOJIEJIN TaMUJIHLTOHHUAH.
DT0 03HAYAJO ObI, OJHAKO, ITO KOHETHBIE PE3YIHTATHI
BBIPAKAIOTCS Yepe3 JINIEKTPUIeCKUe IPOHUIIAeMOCTH
cpeji B OOIIeM Cytae TPy HAJUIUN JTUCCUTIAINH. XO-
TS JAHHOE IIPEJIIIOJIOYKEHIE CIIPABE/JINBO B OTHONIEHUN
Teopun B3ammoyielicTBus Kaznvupa n Ban nep Baasn-
ca F_ﬂ], B 00IIeM cjIydae OHO He OBIIO TOTBEPIKJIEHO
[95] (cw. taxeke [96]). Kpome toro, B ommusme ot wa-
CTOTHOI 3aBUCAMOCTH, 3aBUCUMOCTD JINIJIEKTPUICCKUX
IIPOHUIAEMOCTEIl OT TEMIIEPATYPHI HE BOCIIPOM3BOJINT-
cd B paMKax 00CY’KJIaeMOr0 MUKPOCKOITMYECKOTO MO-
JIEJIBHOTO TAMUJIBTOHUAHA, COIAEPIKAIIErO TOJBKO KBAJI-
paTuyHbIe U OMIMHEHHbIE OIepATOPHBIE YJIEHBI [IPU OT-
CYTCTBUU 3aBUCAININX OT TeMIIEPATyPhI TapaMeTpoB.

Takum 06pa3om, pe3yabTaThl Il TUCTEPCHOHHBIX
B3aUMOJICHCTBUI, MOJIyIYeHHbIE B paMKaX MOJEJN IIO-
IJIOMIAIONINX CPEJI, MOT'YT OBITH BBIPAyKEHBbI Uepe3 -
3JIEKTPUYECKUE ITPOHUIIAEMOCTU MaTepUaJjoB U JI0JIK-
HBI HAXOIUTLCA B coryiacuu ¢ obreit Teopueit cumn Ka-
suvupa n Ban nep Baamsca [2,4] B pamkax obactu
ee mpumennmoctu. CKazaHHOE, OJIHAKO, HE MMEeT OTHO-
IIeHUd K pe3yabTraraM 3TOI cTaTbU, B KOTOPOR MOJe/Ib
OCITUJIIATOPA, C 3aTYXAHUEM IIPEJICTAB/IAET OTKPBITYIO
MaJIyio KBAaHTOBYIO CHCTEMY, a HE COCTABHYIO 9acTh MO-
JIeJIA JUCCUTIATUBHBIX JINJIEKTPUIECKUX ITPOHUIIAEMO-
creil KOHJIEHCUPOBAHHBIX cpell. B crarbe Oblia BbISB-
JIEHA aHAJIOTHS MEYKJy MOJIETIBIO OCIIMILIATOPA C 3aTy-
XaHUEeM B ee UCXO/HOW dopme, B KOTOPOIl IEeHTPaIb-
HBIIl OCHWLISITOP OWJIMHEITHO B3aMMOJIEHCTBYET C OC-
MUIASTOPAMU TepMOcTaTa, U O0IIeil Teopueit B3auMoO-
neticreus Kazumupa u Ban gep Baasbca, cBoboHOM OT
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MOJIeJIbHBIX IIPEJIII0JIOKEHNH B ee pacCCMOTPEHUN JIJIH-
HOBOJTHOBOT'O (DJIYKTYAIMOHHOTO KBAHTOBOTO JIEKTPO-
MarHUTHOI'O I10JIf, B3aUMO/JIEHCTBYIONIETO C KOH/IEHCH-
POBaHHBIMU TeJIaMU.

8. SAKJ/IFOYEHUE

B mannoit pabore mokazamo, ITO paBHOBECHAs TEP-
MOMHAMUKA OCIIUJLIATOPA C 3aTyXaHUEM, OUJIMHEHO
B3aUMOJIEHICTBYIOIIEr0 C TEPMOCTATOM, U3yUEHHAas pa-
Hee B pamkax mojenn I panmura—Kammetipsr — Jlerrer-
Ta, MOXKEeT ObITh OIMCAHA Pe3yJIbTaTaMu ODOIIell Teopun
cun Kaszumupa n Ban nep Baasnca. Haitnennoe 3na-
YUTEIbHOE [TEPEKPBITUE MEXKJy JBYMsI TEOPUSIMU JIe-
TajbHO m3ydeHo. llpercraBiena moaudunMpoOBaHHAS
MOJIeJIb, JIOIyCKAMAs YACTOTHYIO U TeMIIepaTypPHYIO
3aBUCUMOCTH (PYHKIIUU JIeMII(PUPOBAHNSA IIEHTPAJIBHO-
o OCHUJLISITOPA, U IOJIy9YeHbl COOTBETCTBYIOIIUE MO-
MUDUIIPOBAHHBIE TEPMOJIMHAMUIECKHUE TOTEHITHAJIBI.

dunancupoBaHue. Pabora BBHIIOJIHEHA B PAMKAX
Tocymapcreennoro 3ayanus UOTT PAH IIporpammbr
dbyHIaMeHTATBPHBIX HAyYHBIX HCCIEIOBAHUNI TOCYIap-
CTBEHHBIX akajeMmmit Hayk Ha 2013-2020 rr.
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