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93 PEKTUBHbBIN ITOTEHIIVAJI
KOJIEMAHA BEVHBEPTA B
TEOPUU CBEPXIIPOBOIMMOCTN

C nomomso a¢dexTrBHOrO noTeHnuana Komemana BelinGepra nsyuena KBasumByMep-
Has HEPEJATUBUCTCKAS YeTRIPEX(EPMUOHHAS TEOPNs IPU KOHEUHOI TEMIEPATYPE B CIIELdy-
IOIIEM 3a IIaBHBIM IIOPSOKE HpI/I6JII/I)KeHI/IH. HOHB.HeHI/Ie MHUMOI 4aCTu B OI[HOHeTJIeBOI';I Io-
npaBke 00CYKIA€TCI B PAMKAX TEOPUY TBEPIOrO TeJa, e OHO M3BECTHO KAK KPUTEPU
Tayneca mns ceepxapoBomumocTu. Vcnons3ys cOOTBETCTBY FOmuit MOMI()IIIPOBAHHEIHR 3 ¢)-
(peK TMBHEIN MOTEHIA U nepeopMynupys kpurepuit Taymeca, MOKHO PACCIATATD B ClI€E-
ZIYIOIEeM 32 [JIABHBIM HOPSAIKE MPUOINKEHNS KPUTUIECKYIO TeEMIEPATyPy, KOTOpas, B OT-
JITYMe OT CPENHENOJIEBOI TeMIEPATYPLI, CTPEMUATCA K HYJIIO B IBYMEPHOM IIPEIEJIE B COOT-
BercTBuu ¢ Teopemoit Konemana.

1. BBEIEHUE

B Hacrosiee BpeMs KBAaHTOBO-TIOJIEBBIE TEOPUM MAJION PA3MEPHOCTHU SIBJISAIOTCS 00hLEK-
TOM 3HAUUTESLHOTO BHUMAHUA. OTUYACTU 3TO CBA3AHO C TEM, UTO PA3BUTUE TEOPUM CBEPX-
[POBOAMMOCTH, IPUMEHUMOM K BeICOKOTEMIEepaTypHbuiM cBepxuposoarukam (BTCII) [1], no-
TpeboBaIo Pa3zpabOTKU TEOPETUUECKUX METOIOB, HE OMPAHUYEHHLIX PAMKAMU CTAHIAPTHOTO
cpenrenonesoro npubinokenus Bapmua—Kynepa—Ilpuddepa (BKII) [2]. B reoprn BKIII
(GIIYKTyanuu, uin, MHLIMUA CJIOBAMU, ONPABKY CJIEAYIOMIETO 33 OCHOBHBIM TOPS KA TPUOIIM-
JKEHUS, TPAKTYIOTCA KAK HEOOJILINME OTKJIOHEHVA OT CPEIHENOEBLIX 3HAYECHNH (T.€. Pe3yIih-
TATOB OCHOBHOI'O HOPSIAKA), KOTOPLIE CAMU 110 ce0e He IPUBOIAT K CYIIECTBEHHOMY U3MEHe-
HUIO TAKOrO BAXKHOIO NIAPAMETPa, KAK KPUTUUIECKas Temrneparypa T, nepexona K CBEpPXIpo-
BOIMMOCTH.

B HeTpamMuMOHHBIX CBEPXIPOBOIHUKAX BIIVSHUE (IIYKTYALMI MOXKET, HAIIPOTUB, IPUBO-
[ATH K 3HAUUTEILHOMY YMEHBIIEHUIO TeMIepaTypol 1e. PU3MUECKUE TPUYMHLL STOTO TOCTa-
TOYHO NPOCTLI. B cpaBrennu ¢ 0ObikHOBeHHbIMU cBepxnpoBomaukavu 1iisi BT CII xapakTep-
HA MEHDLIIAA MIOTHOCTL HOCUTEJNEH U UX IBUKEHUE MPOUCXOAUT B MPOCTPAHCTBE MEHLINEH
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pa3mepHOCTH. VI3BECTHO, YTO 3T (PAKTOPLI CHOCODCTBYIOT YBEAMIEHNIO BIMAHAS (IyKTya-
L.

COOTBETCTBEHHO IS CUCTEM MAJION PA3MEPHOCTH NPUOJIMIKEHNE TIIABHOIO HOPSAKA MO-
JKeT IPUBOIUTH K KAYECTBEHHO HEBEPHBIM PE3yJIbTATaM. ITO IPOMCXOANT, HAIPUMED, IIPU
paccmorpernu (2 + 1)-meproit monenn Hamby—ona—Jlazunuo [3] ¢ koreunoit remnepary-
POIi MK CBA3AHHLIX € Hef Mozesteli [4, 5], MMEeroImmx HenpepLIBHY IO [I0BAILHY 0 CUMMETPUIO.
Pacuers B rimaBHOM NOpsiaKe yKa3bIBAIOT HA TO, YTO CUMMETPUSI OCTAETCSI HAPYIIEHHO B He-
KOTOPOM MHTEPBAJIE HEHYJIEBLIX TeMreparTyp. Kaxk u3BeCcTHO, 9TOT pPe3ynbTaT HAXOOUTCS B
BUIMMOM TPOTUBOPEUNH ¢ BhiBomamu teopeMol Konemana—Mepmraa—Baraepa—Xoxeunoep-
ra [6]. JelicTBUTENLHO, B MEQPAKPACHOR 06IACTA CUCTEMBI IOMUHUDYET HyseBas Mona Ma-
nyOapst HO30HHOTO MOJIA, KOTOPOE, MO CyMmeCTBY, 3anaH0 B (1 + 1)-mepHOM npocTpaHcTBe.
Takum 00pazoM, 06PATHUBIIKCE K YIIOMSHY TOM TEOPEME, MOXKHO CIEJIATEH BLIBOI O HEBO3MOK-
HOCTY Hapymenns cuvmmerpun. OmHako, 4ToOLI TOKA3aTh 3TO SBHO, HEOOXOAMMO BLIYUCIATD
HOMPABKY CJEAYIOMIErO 33 IVIABHLIM NMOPANKA. B KBasuABYMEpHOM ciydae [5] cuTyamms He
CTOJIb CJIOYKHA, TIOCKOJILKY HAPYIIAIOMMIT CMMMETPUIO [IePexXo He 3anpeineH. Tem He meHee
BHECEHUE MOMPABKY CJIEAYIOMIEro NOPAAKA IPUBOIUT K PE3KOMY N3MEHEHUIO Pe3YILTATOB.

Takum 06pa30M, BOZHUKAET HEODXOIMMOCTE B PA3BUTUM TEOPETUYECKUX METOIOB ISl U3Y-
JEHIST MOJIEJIEH, HEe O DAHMYEHHBIX CPENHENOIeBbIM Tpubimkennem. Hauboustee mpoctoii my s
CBSI3aH C aaTAIMER METONOB KBAHTOBO Teopuu noJist, Hampumep Metona Konemana—Belin-
Gepra [7]. OcHOBHAA UL NpemIaraeMoi paboTHl  [MOKA3aTh, KAK MOAXOA, OCHOBAHHLIA HA
sdpexTnBHOM noreHimae Konemana—Beiinbepra, Moker OLITL NPUMEHEH K TEOPUM CBEPX-
[IPOBOIMMOCTH.

I/IHTepeCHO OTMETUTL, UYTO HO,Z[O6HO XOpOouIoO M3BECTHOMY ABJICHNUIO OVMHAMWYECKOI'O HAPY-
[IEHNST CUMMETPUY, BIIEPBBIE OOHAPYKEHHOMY B TEOPUM TBEPIOro Tena, meron Kosemana
Betinbepra On1a B HEKOTOPOM CMBICJIE TPEABOCXUINEH TOAX0A0M Tayeca B TeOpum CBEPXIIPO-
Bomumocti [8]. CymecTByer, omHako, BaxkHOe oranure Metona Komemana BelinGepra ot me-
rona Tayneca. Y Tayneca nossiienne MEHAMOI 4acTl 3) K TUBHOT'O MOTEHIIMANA, TIPOUCXO-
JfTIee TIPU TEMTIePATy Pe, MEeHDIIeH CpeHenosesoil Temmepatypet nepexona, T4 | pacemat-
PUBAETCS KAK IPU3HAK HAYAJILHON (a3l CBEPXIPOBOAMMOCTH. B 9TOM cocToMT Tak Ha3bIBa-
eMbIii KpuTepuil Tayireca CBEPXIPOBOMMMOCTY, KOTOPKIiA, IO CYIIECTBY, 9KBUBAJIEHTEH KPU-
repuro, npemnaraemomy teopueil GKII. Haobopot, bosee riybokuit anamms 3¢ ek TMBHOIO
norenimaia Kosemana Beinbepra [9] (cm. takxke [10, 11]) ykasemaer Ha TO, YTO HOABIICHUE
MHIMOH 9acTy 3(()EKTUBHOIO IOTEHIINAIA HEO0A3ATENLHO CBA3AHO ¢ HAPYIIEHIEM CUMMET-
pum, T.e. € IEpPexonoM K cBepxrnpoBomMocTi. CKOpee OHO MOKET yKa3bIBATL HA HECOCTOSI-
TEJILHOCTDH PEIIOJIOKEHNH, NCIOIb30BAHHBIX IIPU BLIBOIE STOr0 norenmmada. Ilpuvenenne
9THUX KOHHeHHI/Iﬁ B TEOpUMN CBEXIIPOBOOVMMOCTU MOXKET OKa3aTLCA MHTEPECHLIM U IMOJIE3HLIM.

B pa3znesne 2 MuI mpeacTaBiseM MOIEIIL ¥ BLIBOAMM MOTEHIIAAI B APEBECHOM MPUO INKEHIN
BMeCTe ¢ omHoneTsieBoi nonpaskoit Konemana BeinGepra. Q0 bsacHenue cBsa3u cpensenose-
BoIxX pe3yabTaToB Teopun BKIII ¢ mpeBecHbIM MOTEHIMAIOM IO3BOJISET JIETKO TOHATD, IOYe-
My OIHOMETJIEBAS] MONPABKA KOMILUIEKCHA B MHTEpeCyIomei nac rouke. Kak ussectHo, npoo-
JIEMa KOMILIEKCHOCTY BO3HIKAET B KBAHTOBO-IIOJIEBLIX TEOPUSAX CO CIIOHTAHHBIM HADYIIIEHIEM
CUMMEeTPUM HA IPEBECHOM yPOBHE, U IJISI €€ PEIIEHNS CIeLyeT 3AMEHUTEL OJHOMIETIIEBYO [0-
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NPABKY HA TAK HA3BLIBAEMBIN MOAM(UIMPOBAHHLIA 3¢ hex TmBHLI noTennuad [9]. B pasznemne 3
JAHO NPUOIIVIKEHHOE PEIIeHNE [IOJIHOTO Y PABHEHNSA 1A IeJH (BKIIOUAIOMEro (IIyKTyalu )
st coydas Te < TCMF [12] u Tem caMbIM BBIBEIEH COOTBETCTBY IO 5() ()€K TUBHLIA IOTEH-
nuaJi. Permrenye mosHOTO meseBoro ypaBHeHus B cayuae 1. < TCMF TIOJIYYeHOo B pa3nedie 4.
B paznene 5 nprBeneHb! BLIBOALL.

2. MOIEJIb 1 OPMAJIN3M

PaCCManI/IBaeTCH ciaenyromas JI0OTHOCTL MraMWJILTOHMAHA

Fo [ VA
H=—-¢l(z) | ——
wa(T) 2mJ_ + mde

cos(idV,) + 1| o (2) — Vol ()] (@), (201 (), (2.1)

KOTOPAas ONUCHIBAET CJIOUCTDLIN KBA3M ABY MEPHBIN CBEPXIIPOBOIHUK C KOTEPPEHTHLIM TYHHEJIV-
POBAHUEM MEXK Iy CIOAMU. 31echb & = (T,T ,7,) (o€ T MHUMOE BpeMsA, AT |  IBYMEDHLIA
BEKTOP); Yy () — pepMuonnoe none, o =7, | — comHOBast nepeMeHHasi; m | — >({ex TUBHAS
MAacca HOCUTEJIA B IIIOCKOCTAX (Hanpumep, mwiockocTax CuOs); m, s¢pexkTuBHAL Macca B
HAIPaBJEHUA z; d — PACCTOsHME MexK Iy cinosamu; V — 3((eKTrBHAA KOHCTAHTA JOKAJILHOIO
OPUTSAKCHAA; (4 XUMUYCCKUI HOTeHIMAN , pUKCUD YOI IJIOTHOCTL HOcuTese# n . Ilpen-
noJsiaraercs, uro h = kg = 1.

ITpumenenve ravunsTornasa (2.1) x onucanmo BT CII o6cyx naerca B pabotax [12, 13].

Moumnenn, Hanboaee 6M3KasA C TOUKY 3PEHUs TEOPUN TTOJISA K PACCMATPUBAEMON 310€Ch, U3y~
yanach B [5]. 910 kBazw-(2 + 1)-mepras mozeas HamGy Wowna JlasmHno, nMeromasn oueHsb
HOXOXKYIO U ZOCTATOYHO boraryio dgaszosyio muarpammy [5]. Ommaxo ceifuac B Hamry 3amady
HE BXOIUT OOCY 2K IEHME MOJHOA (ha30BO MarpaMMbl MOIEJIN, IPUBEIEHHOE B paborax [12,
13]. Mul orpaHrUMMCs PACCMOTPEHMEM TEOPETUKO-TIOJIEBLIX ACIEKTOB [EPEX0aa K (hase ¢ Ha-
pyuenHoi cuvmMerpureii. CymecTByeT BaKHOE OTJIMYME HAIIEH HePeJIATUBUCTCKON MOIEIN OT
Mozesn, paceMoTpersoit B [5]. Biaronaps HAIMUMIO XMMUUECKOrO IOTEHIMATA (4 B (JOPMY-
J1e (2.1) IIOTHOCTE YACTHIL B HAIIIEH MOZEJIN IEPEMEHHA 1 MOJKET OBITE BLICOKOH, a B paboTe [5]
IJIOTHOCTEL ()EPMHUOHOB He (UKCMPOBaHA. VI3BECTHO Tak»Ke, YTO B MPUCYTCTBUM IIOBEPXHOC-
1 PepMu mepexon K HAPYIIEHUIO CUMMET DU MOYKET IMIPOUCXOIATh [IPYU CKOJIb YTOIHO MAJIOM
NPUTSZKEHNN, TOr I3 Kak B monean Hamby—Mouna—Jlazuumo tpedbyercs, utoOnl npuTsaKeHne
[IPEBOCXOIIIO HEKOTOPOE KPUTIUECKOE 3HAUEHIIE.

HyxHO oTMeTuTh, uTo B [5] pacemarpusasics Tomnko cayuait Te < TMF (manomumm, aro

MF
Tc

CBEPXIIPOBOAMMOCTH). DTO CBA3AHO C TPEMIOJIOKEHNEM O TOM, YTO AHU30TPONUS KBA3UABY-

CPEeIHENOJIeBasa TEMIEPaTypa nepexona, a1, KpUTUUIeCKas TEMIIEPATypa Iepexona K

MEpHOM CHCTEMLI JOCTATOUHO BLICOKA. JlJIA HAIIEro cJIydas, OMHAKO, TAKOE IPEIIOI0KEHUE
HEOOIIyCTUMO, MMOCKOJILKY, €CJIN aHN30TPOINsA CUCTEMBI HE CJIMIIKOM BEJIMKA, CJICOAYET OXKIU-
natn, uto T, < TMF npu sricokoit moraoC T HOCUTE et [14, 15]. Takum 06pazom, HeoGxO-
mAMO paceMoTpeTs Kak cayuait Te < TMF [12], tax u cayaait T, < TMF.

st ucenenoBanus ravunbroHnana (2.1) Mbl ncnonn3yem cranmapTHbii Mmeron Xabbap-
na CrparonoBuua (cM., mampuMep, [16]). Ilpu »TOM mozxome CTaTUCTUUECKAS CyMMa

Z(v,u, T) (rme v — 06beM cucreMnl) GOPMAILHO 3AMUCLIBACTCS B BUAE ()yHKIMOHAJILHOIO
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MHTErpaJia mo BCIOMOraTebHEIM mosiam Xabbapna CrpartonoBuua ® u ¢*

Z(v,u,T) = /D<I> D™ exp [—BQ(U,M,T,‘:I)(.’IJ),(I)*(.’IJ))], (2.2)

rmoe
8
BQ(v, 1, T, ®(z), ®*(2)) = %/0 dr/dr|<I>(m)|2 —TrLn G ®(x), @ (x)]  (2.3)

MPEACTABJAET ONOMETNIEBOE >(PekTuBHOE neficTBre. BcemomoraTennbHLIE TOJA 3a0aHBI HA
KJTACCYIECKOM YPOBHE ypaBHEHUAMM MBIKeHNa ® = Vip i n @* = Vz/)}Lz/)I

Helicrsue (2.3) Boipaxaercs depes pyuxuuio I puna G, koropas B npencrasiernnv HamBy
(cM., HanpuMep, [2]) uMmeeT cienyommii OnepaTOPHLIA BUL:

2

G ®(z),*(2)] = =10, + 73 Vi,
2m | myd

5 cos(idVy) + p| +

+ 74 ®(z) + - 9% (), (2.4)

roe 73, T+ = (11 £ i72)/2 wMarpuust Haymu. Xorsa npencrasnerue (2.2), (2.3) aBaserca
TOYHBIM, B TIPAKTUYECKUX PACYETAX IPUXOAMTCA Or DAHUUNTLCS HEKOTOPLIM PO IMKEHNEM.
Jlna rammx mesel HanboIee yI0OHLIM ABJIACTCA OMHOIETIEBOE IPUOINKEHNE 3¢ PEK TUBHOTO
norennmana Konemana—BeiinGepra [7, 10, 11]. Tounoe Boipaxkenue (2.2) 3amensercs npu-
OJIKEHHBIM

Z(v, 1. T, |®[%) = exp[—BQpor (v, 1, T, [2*)], (2.5)

rae 3 eKTUBHLIN TePMOIMHAMUYECKUH TOTEHIA

Qpot (0, 1, T, [8[2) = QYE (v, 1, T, |92) + QO (v, 1, T, []2) (2.6)

BBIPAXKAETCS Yepe3 CPEIHEIONeBOi “ IpeBecHbIN moTeHma”

Dot (v, 1, T, |2[%) = Qv, 1, T, (@), D ()| 5,0+ —comst - (2.7)

KOTOPLII MOXKET OLITEL ABHO MPeOOPA30BAH K BULY

QMF(’U7IU,T,|¢|2):'U|:E—/ dk {2T1nch—v€2(k)+|¢|2—§(k)}], (2.8)

pot % (27)3 2T
rze
k2
ék) = 5 L _wceosk,d—p, w=(m.,d*)?!, (2.9)
my

" Yepe3 OOHONETJIEBY IO KBAHTOBYIO IIOIIPABKY

T
QW (v, u, T, |®%) = 5 TrInT7Y(7, )| & —const (2.10)
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B5%0Q B5%0Q
50*(r,1)0®(0,0) 0®(r,r)0®(0,0
Pl = (T[;;Q( ) ”;;29( al (2.11)

0®*(1,r)d®*(0,0) 0®(7,r)0®*(0,0)
3nech u Boime Tr u Ln TOHUMAIOTCA B )y HKIMOHAILHOM CMBICJIE.
Ucnombays “npesecuniii norenmman” (2.8), JIerko BOCHPOM3BECTH PE3YILTATLI TEOPUM

BKIII. B camoMm mesne, yciioBUe MUHAMYMA

OOME (y 1, T, |®|?
pot( 12 | | ) -0 (2-12)
o|®[? |3|=0)
3amaer cranmapTHoe mesesoe ypasuerne LK
0
1 _/ dk 1 g V&) + (i) (2.13)
v o) (27)3 5 (0) 1o 2T ' '
Ypasuenuve mwia menu (2.12) DOHONHAETCA YCIOBAEM
190ME (4 11, T, ||
_1OmEeRTID) o1
v 1

KOTOpoe (UKCUpYeT IMIOTHOCTL HocuTeseh n . IIocKoabKy pedn uaeT o KBa3uIaByMepHOM
cucTeMe ¢ KBAIPATUYHLIM IMCIEPCUOHHLIM 3aKOHOM, 9Heprus $epmu ep 3amaerca cOOTHO-

IEeHneM

d
p = Wn’i . (2.15)

B crarnmaprro#t Teopuu BKII naoTHOCTSL HOCHTENMEH CTOML BLICOKA, YTO MOYKHO MPEHED-
peun 3((HeKTOM 0OPATHON CBA3M MEKIY MAPAMETPOM MOpPAAKa ¢ M XUMUUECKUM [TOTEHI-
aJoM p, u ypasHerue (2.14) nMeer TpuBrAILHOE pelieHne [L = €p. [Ipu Manoi miortoCTH
HOocuTeseld ypasHenue (2.14) cTaHOBUATCA OUeHDL BAKHLIM [17], OIHAKO MBI PACCMOTPIUM 3I€ChL
TOJILKO TPENES BLICOKUX TIIIOTHOCTERH.

B srom npenene kBarroBas nompaska (2.10), 3amicanras ¢ nomomno maTprmt (2.11),
MOKeT OBITH MPUOJINKEHHO TIPEACTABIIEHA B BUIE CYMMEI

T T
O (v, p, T, |®?) = 5 Trln r—Y(r,r) + 5 TrLn r;'(r,r), (2.16)
rae ¢pyukmmu ['puna 'L marorcs paBeHCTBaMUI

F:T:I(T, r) = %5(7‘)6(1‘) + tr [G(T, r)7+G(-T, —I‘)T,}:l:

+ tr[G(r,r)7_G(—7, —1)7_] (2.17)

‘@:@*:const'
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Takoe npencTaBiIeHUe DOMYCTUMO, eCr (yHKIMY [ PUHA SBIISIOTCS Ye THHIMY () y HKLIASIMU VM-
IyJILCOB Y YACTOTHI B UMITYJILCHOM Mpencrasiedn. Kax nokaszano B [18], 910 npemmosoxe-
HUE OIPABIAHO, ecyu PyHKIMY OepyTCs B IPUOIMIKEHNM IPOU3BOIHLIX, T.€. B DA3JIOXKEHUN
0 MAJILIM UMITYJILCAM U SHEPruaM. VIMEHHO 3TOT CiyJyail paccMaTpUBaeTCa HAKE.

B npenene caaboit napHO CBA3M MIIS JIOKAJILHOTO IIPUTSKEHUA MEXK Iy HOCUTEJISIMU MOYK-~
HO 3aMEHUTDH KOHCTAHTY CBS3M V Ha SHEPIUIO ABYXYACTUYHOIO CBI3AHHOTO COCTOSIHUS B Ba-
kyywme [19, 20]

4
ep = —2Wexp | — md . (2.18)
m,V

3nece W mmpuHa MHTEpBAJA B IJIOCKOCTU U ToApasyMeBaercs npenen V. — 0, W — oc.
YTa 3aMeHa MO3BOJISET YCTPAHUTL YALTPA(YUOIETOBLIE PACXOMUMOCTH, IPUCY TCTBYOLIVE B
yeThIpex()epMUOHHON Teopru. HanoMurM, 4To B Ci1yyae HEJIOKAJILHOIO (JOHOHHOTO IPUTIKE-
HIs1 PACXOAMMOCTH OOLIMHO yCTPAHAIOTCSI BBeneHreM obpesanus Ha yacrore [ebas [2]. Do
YIPOLIAET HAILY 33124y, T.K. BCEra CYMECTBYeT eCTECTBEHHBIN MACIITAD I PEryIIApu3a-

.

MF

Nos (|®|?) 1 pemerme ypasaerna (2.12) saBucar or

Benmomunm, kax ¢popma norennmasna, {2
T. llpu 3HAYEHMAX CPEOHENIOIEBON TEMIIEPATY PLI BLIIIE KPUTUYECKOTO TCMF ypasrenue (2.12)

MMeeT TOJILKO TPUBMAJLHOE pemenne ® = ®* = (, 1.e. “mpesecHuiii morenmman” (2.7) sBis-

MF

. 52
eTCs BCIOAY BLIIyKJbIM: O (07 c¢

o* = 0.
CpemHenosieBas TemMepaTypa TCMF OIIpEeNeNAeTCS Yy PABHEHIEM

/0®OP* > 0, npuuem MuHEMYMy OTBeuaer 3HaudeHue ¢ =

OOME (v, 4, TV |0[)

pot AIE =0, (2.19)

S=3*=0

KOTOPOE IPMBOUT K CTaHAapTHOMY ypaBueHno bKIII

1 [ dk 1 ¢(k)
o= / 275 220 T (2.20)

YunreBas OmMcaHHYIO Boome nepeHopMupoBky (2.18) m  mcmosn3yss  COOTHOIEHWE
(m.d?)~! < TM¥F u3 (2.20) MOKHO MONYUUTL, UTO

TMF = 2 foleyles, (2.21)
m

rae Iny = 0.577 — koHCcTaHTa Ditsepa.
Taxum obpasom, npu TemmepaType 7MY kpusmusaa “ mpeBecHOro moTerrmana” OKOJIO TOU-
ku & = &* = ( mepexoanT OT BBITYKJIOIO K HEBLITYKJIOMY BULY, T.€.

0 Qpor (TeT)

0® OP* =0

P=0*=0

Hpu T < TMF ypasuenne (2.12) mveeT HeTPUBUAILHOE BHIPOK IEHHOE PENIEHAE, KOTOPOE
mpu T < TCMF VIOBJIETBOPSAET YCJIOBUIO

71_2 MF\2
(D) = 80,1 = 7(§C3) ) (1 - wa) : (2.22)
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MF

ot (|®]?) mveer Bripork-

rae ((3) — mera-pyHKImA. DTO, B CBOIO OUEPEdDh, O3HAYALT, 91O )
(0)

NeHHLIN MUHIMYM, 171 koToporo |®(T')| = @, (T') # 0, B To Bpemsa Kak Touka & = @* =0
CTAHOBUTCSA MAKCAMYMOM, TaK YTO “IPEBECHLINA TOTEHIMAJT SBJISAETCSA HEBLIMYKJILIM B OKPECT-
HOCTU TOU TOUKU,

82QMF

pot

2 <0.
0% 0™ | g_ge_g

[MIeneBoe ypasuerue (2.16), BKiroyaromee (IyKTyalMOHHY IO TIONPABKY, IMEET TY Ke (POp-
My, uTo 1 ypasrenue (2.12), Ho “apeBecHbI noTeHImAT” 3aMEHEH HA TOJTHBIA moTeHmmat (2.6):

6013017 (U, H, T: |¢|2)
o|ef?

=0. (2.23)

CoOoTBeTCTBEHHO KpUTUYECKas TeMneparypa 1, Onpenesnsercsa ypaBHEHUEM

8Qp0t (U: M, TC: |‘b|2)
a|(I)|2 S=%*=0

= 0. (2.24)

U3z toro, uto T, < TMF | cnenyer masrame BOray ToCTI y “IpeBeCHOr0 OTEHIATa” B OKPeCT-
HoCcTn TOUkM @ = @* = Ompu T' = T¢,. Tem He menee nonHBI noTeHIMAT ()0t HOTKEH OLITL
BBIMYKJIBIM, T.€.

9% Qpot

>0
0% 0T | 5_ge_,

B okpecTHOCTH TOUk ¢ = ®* = O mpu T' > T, maaue T, He ObL1a OLI KPUTUUECKOH TeMIie-
parypoii. U3 storo cnenyer, uro misi 1. < T < TCMF KBAHTOBasA HOMpaBka (2.16) mosmx-
Ha NPeoOPA30BLIBATE MAKCUMYMEL B TOUke ® = ®* = () B MMHMMYMBI [IOJIHOIO IOTEHIIMAJIA
Qper (|2[2).

K coxanenuo, onHonernesas nonpaska Q)| 3anannas ypasserven (2.16), mioxo onpe-
neJieHa (KOMILJIEKCHA) B MHTEPECYIoIel Hac Touke. KoMIUIeKCHAS YaCTh MOTEHIMAIIA TIOSB-
JISIETCS IPU TEMIIEPATY PE HIKe 3HaveHusa T = TCMF. Ha pamrux cramisx passuTtusa Teopun
BKIII [8] 5T0 cunTanoch 3HAKOM EPEXOA K CBEPXIIPOBOIMMOCTH (KPUTEPUIA CBEPXIIPOBOIM-
moctu Tayneca). llonoGras curyamms, OoHAKO, ZOCTATOYHO TUMIMYHA U1 KBAHTOBOU T€Oprn
IIOJIS, & UIMEHHO ISl KJIACCA TEOPUi C HAPYIUIEHNEM CHUMMETDHUU Ha apeBecHoM yposue. Cy-
wecTByeT o0mupHas tureparypa Ha oty temy [9, 10, 21, 22]. C Touku 3peHus Teopuu noJis
[OSIBJIEHVIE MHIIMOM YacTy 3((EK TUBHOIO TOTEHINAIIA JINIIb YKA3BIBAET HA HEIIPUMEHUMOCTE
OIHOIMETJIEBOTO MPUOIMIKEHNs OKOJIO TOUKM @ = &* = () u He o3HAUAET, YTO CUMMETPUS Ha-

pymaeTcsa B CJIEOYIOMEM 3a [NIaBHLIM IMOPAOKE HpI/I6J'II/I}KeHI/I.FI. MHunMaa 4acTh HOSBJISETCS

MF

pot (|®|?) B ®TO# TOUKE, UTO TPUBOIAT K OTPUIATETD-

B CBS3U C HEBBIIYKJIOCTBLIO QyHKImM 2
HOCTU apryMeHTa gorapuma B (2.16) B UMITy/ILCHOM IPOCTPAHCTBE. DTa HEBLITYKJIOCTD CBA-
3aHa C HAPYIIEHEM CUMMETPUN HA APEBECHOM ypOBHE. BaikHO oTMeTuTh, UTO 00CY XK NEHrE
B paborax [9, 10, 22] npuMeHrMO UL K CIIYYalo, KO3 KBAHTOBAA [ONPABKA 3alMCAHA B
IIArOHAJIM30BAHHON popMe (2.16), a He B HemraronanusoBanHoM Buze (2.10).

CymectByeT psan cnoco0OB M30€KATh NOABICHNA KOMILIEKCHOCTH 3 ()€K TUBHOIO IOTEH-
masa. Hanpumep, MOXKHO UCHOJIL30BATH TAK HA3LIBAEMLIH rayccos [21] unu Mmomuprmpo-

BaHHBIHA [9] 3(()eK TUBHDII IO TEHIMA, KOTOPLIA COBIALAET C (ot B 06IACTH, DIe NOCIIeTHII
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KOPPEKTHO OIPENesIEH K OCTAETCS XOPOIIO OLIPeNesIeHHLIM B 00J1aCTH, '€ MCXOIHLIA 3((ex-
TUBHBIM IOTEHINAJ KOPPEKTHO OMpPEIeseH ObITh HE MOXKET. DTOT MOAU(PUIMPOBAHHBINA [10-
TEHIMAJ MOKET OBLITh PACCYMTAH HEMOCPEACTBEHHO, HO MBI IIPUBENEM 31€CH DoJiee ICHOE (1o
HaIEeMy MHEHUIO ) PACCMOTPEHME, KOTOPOE HO3BOJINAT UCCJIEI0BATL OIHONETIIEBY IO TIONPABKY
K IIesieBoMy ypasaenunto ve npu ¢ = (), roe ona mroxo onpenesnena, a B 061acTu, rae OHa, ompe-
[IEJIeHA XOPOIIO. DTO OyAEeT CAEJIAHO B CJIEAYIOMEM pasiee, rae OyIeT NOIydeHO PEIIeHre

MOJTHOTO MEJIEBOrO ypaBHerus npu T, < TéVIF. Mpur Tak ke 00Cy MM CBs3L COOTBETCTBYIOIIE-

~

r0 MOIM(UIMPOBAHHOIO IOTEHIMAJA C IOTEHIMAJIOM, BBeneHHBM B [9]. [l71s1 mpocToTol najee
OyzneMm mosarath 0e3 orpannuenns obmHoOCTH, 9yTo noTeHimast @ neficteuresen.

3. PEIIIEHUE 1IPU T, < TMF

Hpezmonome uro T < TMF. 910 o3mauaer, uro nosmoxenne <I>I(m)n MUHHMYMa ()yHKIIAN
QMY (|®]?) Gmusko k mymo. B aToii Touke ¢yskma QN 3aBenomo BLIyK1a 1 OMHONETIeBAS
nonpaska (2.16) meficTeuTenmua 1 koppexTHO onpenesena. Hosromy npu T, < TMF ypas-

~

Henue (2.24) MokeT OLITh 3anKCaHO B IPUOIIMKEHHOM BUIE
1 aﬂpot (UaEFaTm(I)Q) 189(1)(’1)76];77—'(:;(1)2)
v 02 o_p U o2 oa®)

(0)

roe 3Havenue @ 7

=0, (3.1)

mpu revmepatype 1' < TME 3anaetca supaskenmen (2.22).
Takum 00pa3om, Is pemenns npUbIKEHHOTO meseBoro ypasaerus (3.1) neobxomimo
BLIUMCJIUTD BEJTUUMHY
109W) (v, e, T, 2)
v 092

=0

ar;l(mn,K)

32 Z /dKFi(z’QmK) 257

l\DI»—\

roe K = (K, K.). Ucxonsa uz (2.17) moxkHO nonyunts ¢ysakimu I'puna kak ¢yukimmm ot O

B MIMITYJILCHOM IIPEACTABJICEHNN B BUIE

_1,. 1 T < liwg — E_][iw; + iQp + &4] £+ B2
T3 (i, K) =+ + FhE lzz:oo/dk 7+ 1 O+ ) + & 4 B (3.3)

rze BBeneHnl cokpamenanie o0o3navenna {y = £(k £ K/2)uQ,, = 2anT, w; = 7 (21 + 1)T
— COOTBETCTBEHHO HEUYETHLIE 1 YETHLIE YA CTOTLI MauyGapLI.
ITockoanky F:l(O, 0) = 0 ectn He uTO MHOE, KaK meneBoe ypasHerne LKIII, permenuem

-1
9TOTO YPABHEHUS SIBJIAETCS 3HAUCHUE <b1(rn1)n reopru BKII. Uanmvium cnosavu, I'” 7 (0, K) npu

3 =" obpamaercsa B Hysb npu K = 0. 91o nopoxk naet nomtoc Gpyuxmmum ' (0, K) npu

K =0 emHCTBeHHOM CHHTYIApHOM uiere B (3.2) mpu @ = @fgi)n, T.€e.
199M (v, ep, T, 2)
v 092 o—a®
1 T or-0,K)
~ — dKT_(0,K — 3.4
2 (2m)3 / ©, )|‘1>—‘1>$3n 0P 5—3© (34)

min
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Y10o0LI BLIDOJIHNATL pacCyeTnhl aHAJIUTUYECKN, MBI ICIIOJIL3YEM BLICOKOTEMIIEPATY DHOE Pa3-

nomenve Gynxrmaii ['puna I [12]

3

T,
r;'(#%0,K) = mL {111 ( - > +aK3 +b(1 —cos K d) + ¢(28*> + )|,  (3.5)

27d TMF
o 7€(3) 7((3) w? 7€(3)
_ € _ w— _
e m e 'Tamrr °T sere (36)

- . 0
MoxHo y6emtnes, uro Besvansa, [ 1 (0,0) cranoBurcsi orpunaTensHoit npu ¢ < <I>£ni)n7
UTO IPUBOMUT K IOABJIEHUIO MHIMOH YacTU 3¢ (eKTUBHOIO MOTEHINAJIA, OMUCAHHOIO B IIpe-
IBIAYIIEM PA3esie.

Crpororosops, ogHonetsaesas nonpaska (2.10) moskHa OLITL IeACTBUTEILHOR B 061acTH

MF

Sos (|®]?) menser 3max.

0 .
DPeony < P < 3 rae ®.ony — TOUKA, B KOTOPOH BLIMYKJIOCTEL §)

min’
Omaxko BcaencTBre NpUOJIMKEHIIST, HESIBHO CONEPIKAIIEr0Cs B (JAKTOPU3AIMY, HEOOXOAMMONH

(0)

nnsnonydenns (2.16), omoneTeBas nonpaska KomriekcHampu & < @/ . VivenHo mo aToit

0
[IPUYMHE MBI UCIIOJIL30BAJIN TOUKY @fni)n (ase ®eony) Ipu pacyere 3HAUCHUS DPPEK TUBHOIO
HOTEHIMAJA B NPUOJIVIZKEHHOM IIeJIeBOM ypaBHeruu (3.1).

©) 34 namsmLM (2.22), B (3.4), MOXKHO HOJIYUUTDL CJIEAYIOLIEE [IPU-

min’ ’

Moncrasiss (3.5) ¢ @
OJMKeHue:

190M (v, e, T, 2 T
109 (v, e, T, %) ~ /dK _ ¢ . (3.7)
v 092 s—p©®  (2m)3 aK? + b[1 — cos K ,d]

Bummo, uto ypasaenue (3.7) He cOmEpKUT MHPPAKPACHBIX PACXOAMMOCTEHR M3-32 HAJIAUUA
tpernero Hanpasaenns (b # (). B mBymeprOM ciryuae Takme pacxommMOCTV MMEIOTCSA, KaK
910 TpebyeTcsa ByMepHLIMU TeopeMamu [6]. DTo ypaBHEeHrE CONEPKUT TAKIKE “UCKYCCTBEH-
HYI0” yJILTPA(HOIETOBYIO PACXOIMMOCTE, KOTOPAS MOSIBJISETCS B PE3YJILTATE 3AMEHEI (yHK-
mmm I'puna I' ee paznoxenueM 1o npousBomaniM. 1loaToMy ciaenyeT BBECTU OOCTATOYHO €C-
TECTBEHHOE yILTPa(QUOIeTOBOE ODpe3aHue

(I<TJY_16D‘)2 =2m (T =0) = 2mj_m

U BLIIOJIHUTL MHTEMPUPOBAHYE [0 UMIYJILCY K| 4TO IpUBOMUT K BLIPAXKEHUIO

199 (v, e, T, 32)
v 0P2

~ m T
s—a©  2md2ep

min

1 w? €p
=L | 3.9
Wi\l (39)

IMoncrasus (3.8) B (3.1), mosyurM OKOHYATEILHOE TPAHCIIEHAEHTHOE ypaBHerue mis 1,

nkl, (3.8)

rae

T. T,
TMF + 2€p

In

|Ink| =0, (3.10)
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KOTOPOE MOXKET OBLITh [EPENNCAHO B CIeAyIoLIel Ooiee ynoOHOM popme:

T.
TMF

[1n |

In

T, = 26 (3.11)

Bumso, uto T, — Ompum, — oo (w — 0), Kax 1 DOIKHO OBITS [6].
3amerum, uto ypasrenue (3.11) npumennvo tommko npu T, < TMEF. Tostomy moskmO

~

PA3JIOKUTE B HEM J0(papu(M 1 IOJIYyUNTEL yPaBHEHNE

—1
W) _ (3.12)

fe= TCMF <1 * 2e
F
Kak ynomuzasnocn Boime, IprbJInKeHne, UCIoaL30BaHHoe B (3.1), MOxkeT OLIThL mOHATO
B TEPMHUHAX MOIM(PUIMPOBAHHOIO 3(P(YEKTUBHOIO HOTeHIMAIA. MOoIn(uIrpoBaHHLII IOTEH-
[MaJI OmpeziesieH B pabore [7] Kak MUHAMAJLHOE 3HAYeHHe (), IpUYeM PACCMAaTPUBAECTCA O
HOPOIHOE COCTOSIHME ¢ OMHOPOMHBLIM pacnpenesenuem |®|2. IeficTurenmuas yacTs 3TOro
MOI[I/I(i]I/IL[[/IpOBaHHOFO IIOTEHIAJIa UMEET BN

~ T = _1,.
Q(l)(v,u,T,|¢|2):mZ > /DdK In03'(i9,,K), (3.13)

+ n=—oc

rae obaacts D MHTErPUPOBAHMS B MMITYJILCHOM IPOCTPAHCTBE BKJIIOYAET TOJLKO HOJIOKNU-
TesbEbIe MOmsL. MoKHO Bumets, uto (3.13) meficteuressro cosmamaet ¢ (2.16), ecm Q1)
KOPPEKTHO onpezened. Momduimposasssiii norerimadt (3.13) npuBOAMT K ENEBOMY ypaB-
Heruio (3.1), KOTOpOE BLIME PACCMATPUBAJIOCH KAK IPUOIIMKEHHOE.

B obnactn @ < @fr?i)n MOIM(PUIMPOBAHHLIN 3() ()€K TUBHLINA O TEHIIMAT OTJINIAETCS OT TPA-
IAIMOHHOTO 3(GeKTUBHOrO noTeHmana Qof(P), KOTOPLIA BBOMMTCA KAK TAKOE MAHMMAJIL-
HOe 3Havenue ), 1pu KOTOPOM npocrpancTeerHoe cpentee ® () pasao ®. MoxkHO moka3arTn,
YTO OOBIUHBIN 3() )eK TUBHBIN IO TEHIAJ SBJISIETCS BBILY K IO 000I0UKOM MOIMYUIIMPOBAHHO-

i 0 & <o
ro 3((eKTUBHOTO IOTEHNMAIA, BCIOMY HekicTBuTeneH u BLmmyka. Omaaxko mpu & < @/ v
OIUCBIBAETCS HEOMHOPOIHOE CMEIIAHHOE COCTOSIHIE C MPOCTPAHCTBEHHO HEOAHOPOIHBIM PAC-
npeneneaveM @ (x). Jlerko BuzeTh, 4TO MIMEHHO MOIM(YUIIMPOBAHHDIN, & HE MCXOAHDINA, TOTEH-
[UAJT IPUTONEH [JIS ONKUCAHUA CBEPXIIPOBOISAIIENO COCTOSHUA.

Ectn, omaako, ornmryne Hamieii mETEpIpeTAIIN MOIU(YIIMPOBAHHOIO IIOTEHIINAJIA OT TPAK-
TOBKU, NIPEMIOKEHHOHA B pabote [9]. B [9] ommopomtoe cocrosHue, omichBaeMoe ypABHEHN-
em (3.13), cumTaeTca pacnamHLIM, M CKOPOCTD PACHALA OMPENEIAETCA OTPUNATEILHBIMIA MO-
navu B (2.16), koTopeie He Bxomar B (3.13). ®usudecky 04eBUIHO (XOTA HAM HE YAAIOCH 9TO
[OKA3aTh), UTO B NEACTBUTEILHOCTY PACTIANA ONHOPOMHOTO CBEPXIIPOBOIAIIErO COCTOSHUA
cd < 3 mwia T < T, mer. OrcyTcTBrE pacnana Coryiacyercs ¢ UHTEPIPETAeil, IpuHs-

min c - y p y prp ; P
TO# B pabote [21], X0T4 ciemyeT NOAYepKHY Th, UTO OBCY 2K AAEMBI 31€CHL MOIM(UIIPOBAHHLIA
HOTEHIMAJ HE TOXK JECTBEH rayCCcoBy d((eKTUBHOMY HOTEHIMAILY, PACCMOTPEHHOMY B [21].
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4. PENIEHUE TIPU T, < TMF

B sT0M pazznene Mol Hatinem npubirzKeHHOe pemenne ypasaenus (2.24) ms cayvaa T <
TMF 1. npu Bricokoit anusorpormn (w/|ep| < 1).
Caienys [5], BLINOTHUM PA3JI0KEHUE OKOJIO MAHUMYMA, CPEIHENOIEBOro noteHmmana (2.7),

Te. oxono toukn %) | onpenencrmoit ypasnenem (2.12). Bxurouenue ¢uykryammii cme-
-€. min> OTPEX yp 12). yKTyam

0 0
maeT MAHUMYM OT <I>I(ni)n kK d = (I>£ni)n + &) TosTOoMY MOKHO HOIYUUTH TPUOIMIKEHHY O
dopmy (2.23), ucnosn3ys pa3IoKeHre B OKPECTHOCTH CPEAHENOIEBOI0 MAHUMYMa,

anpot(qﬂ) 0pot (o) 92 Dpot(0) = (0) (1)
~ 2¢ ) 'Y = 4.1
0P2 oo (00)? min 0, (4.1)

o

mm) DTO ypaBHEHME MOKHO YIPOCTUTH

rIe Wi KPATKOCTU BBeNeHO obo3Hauenue o = (P
npu nomonwm “apesecHoro” mesnesoro ypasaeaus (2.12). Tlonyunm

-1
0™ (o) POV (o) 9200 (o)
o) = — = 7 J 950 pot . 42
B0 min | @952 T (90)2 (42)
Temnepatypa 1. onpenenseTcsa U3 yCaIOBUS
&(T.) = o (T.) + () = 0. (4.3)

0
IMoncranoBka <I>£ni)n(TC) u3 (2.12) u @) u3 (4.2) B (4.3) npuBomr ¥ ypasuernio mwia Te B
ToM ke npubavkenuun, uto u B [5]. Jlerko nokasars, uro csoiicrso T, — 0 npu m, — 0o
ceazano ¢ noseneruem 0! () /0o (cm. mmxe). osToMy M GOLIMMAX M, MOMKHO 3aMe-

wrrn, 0 (Te,m;) u QME(T,., m,) sa x mByMepHBIC 3HAYEHNA TPU HYTEBOH TeMmepaType,

min pot
®ON(T =0,m, — o0)u Qg/f)l:( =0,m, — 00), a UMEHHO
0
) (T m.) ~ \/2lepep (4.4)

“ 2

00 1

Phule) jmr 1 (4.5)

(80 )2 dnd |ep|(2ep + |eb])

r1e BMeCTO V CHOBa KCIIOJIL3YEeTCs SHEPIUA IBY XUACTUUHOIO CBA3AHHOTO COCTOAHUA £ (2.18).
Mo2KHO BULeTE, uto Bropas nponssonHas (1) npereGpesxmnMo Maia B CpABHEHMM C COOTBET-
CTBYIOIIEHN IPOM3BOIHOM ont Taxum 06pazom, HEOHGXOAMMO BEIUNCIUTE IEPBY IO MPOU3BO/I-

uyo Q1)
Horerrman Q)| onpenesennnii ypasaerrem (2.16), BKaIrOUAET IBA WIEHA: OIUH CONEP-
xut Gpysknmio I'puna 'y, a npyroit — I'_. B obnacTy HU3KUX TeMneparyp u mpu <I>fm)n 3a-

naHHoM ypasHenueM (2.22), I' 4 -B030y K IeHns MaCcCUBHLL, B TO BpeMs Kak [ _-B0o30yx nenus
Beamaccossl (Moma [onncroyna) [18]. ITosTtomy menessle I' | -B030yK I€HU MOTYT HE pac-

CMaTPMBATLCA, U CJIEAYET YyUUTLIBATL JINMIL YJIEH C r_ , YTO IPUBOOUT K BLIDA2KEHUIO

N (g) 1 T ar_(iQy, K)
e = 2 () Z /dKF (10, K) ——5 = (4.6)

n=—oo
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rue ¢pyukuus 'puna ' (iQ,,, K) 6buia 3anana gopmyuoii (3.3).
0
IMockonnky mam uzsectro, uto I'_ (0,0) = 0 mpu ¢ = <I>I(ni)n (cM. Boime 06Cy K neHue, cie-
myromee 3a ypasaeruem (3.3)), OCHOBHOM BKJIAI B MHTErPaJ BHOCUTCA 06IACTLIO OKOJIO Hy IS
v unTerpad (4.6) nomyckaeT npubIU3UTENLHYIO OLEHKY

NV(e) 1 T S / ar_(0,0)
~ — dKT_(iQy,, K)——————= , (4.7)
Oo 2 (2m)3 n:Z_OO " Oo e 00, T=0
rIIe M, OCTAETCS KOHEUHbIM, a T’ # () TOJILKO TaM, Tae 3T0 HeoOXOAMMO.
Hupdepermmpys (3.3), MOKHO Oy IUTL
or_(0,0) = / dk 1
- ' 7 = T =
do m,—00,T=0 l;oo (271’)3 [wl2 + 52(1() + 0]2 m,—o0, T'=0
1 m 1
= —— 4.8
dr d (%) y2 (48)

Takum 06paszom, TpeGyercsa HatiTy iy Buipaxkenue i I (i€),, K). B npenese auzkux
remneparyp 3ta Qpyskmmsa ['puaa npu mansix Q, 1 K (npubmmkenue nponssomsHoil) nmeet

B
I 10, K) = dK2 + VK2 +d'Q%, Q,, % 5—2 < a0 (1 =), (4.9)
npudeM 1
= 87rd(:1>Ffr?3n)2’ W — %%% - Jbﬁ_ (4.10)

Yt06w1 mostyunts (4.9), HyKHO yCTPAHUTD yJILTPAPUOIETOBLIE pacxomMocTu B (3.3), mpu-
MEHUB IPOIELYPY PEryisipru3aliy C IOMOIILIO SHEPTUU ABYXYACTAYHOIO CB3aHHOIO COCTO-
SHUS, ONMCAHHYIO B pasnesie 2. 3amerum, uto B npenese T — () MOXKHO Pa3J10KUThL ! o
Q,,, HE prberas K AHAJIUTUYECKOMY [IPOIOJIKEHUIO NeHCTBUTEILHON YacTOTh (2. OT™MeTrnM
Tak¥Ke, YTO IPY TAKOM aHAJIUTUYECKOM ITPOIOIKEHNN TIOJIIOC 1—;1_ (Q,K,,K, =0)=0na-
€T IUCIEPCUOHHOE COOTHOIIeHre 01 Moanl boromaobosa

0= /F g =Yg, (4.11)
m \/5
U cnoun3oBanve npocroro Beipazkenus (4.9) NO3B0JSIET AHAINTUYECKN PACCUNTATE BEJIAYN-
ay 001 /9o, Bxomsmyro B (4.7).

Jlerko BUDETL, YTO B ABYMEPHOM Cayuae, kKorga b’ = 0, uien B unterpane (4.7) ¢ Q, =0
“MeeT MHOPAKPACHYIO PACXOAUMOCTL. DTO, B CBOIO OUEDEIhb, O3HAUAET, UTO IIEJIEBOE YPAB-
uerue (4.3) uMeer TOALKO TpuBUaJLHOE pemenue T, = 0. 10 eme pa3 NOKA3LIBAET, UTO
[AJLHAR IOPSIIOK B IBYMEDPHOM CIlydae OTCyTcTByer [6].

Ecau ucnionnsyercs paznoxenue (4.9), ypasuenue (4.7) npuobpeTaeTr TAKIKe UCKYCCTBEH-
HYIO YIALTPA(YUOJIETOBYIO pacXomMOCTh. [locientss cBA3aHa ¢ IPUMEHEHNEM PA3JIOKEHNS
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no npoussomabM (4.9), KoTOpoe momycTrMo ToLKO npu Manbx {2, u K. Ilnsa ycrpanenus
®TOI PACXOMMOCTY MOXKHO BOCIIOJIb30BATHCS TEM YK€ CAMBIM €CTECTBEHHBIM ODPE3aHUeM, UTO
U B IPEAbLAYIIEM caydae, a uMeHHO mesnesbiM b KIT-06pesanuem @fr?i)n(T =0).

[Tpu GOALIIMX 3HAYEHUSX 1M1, EMMHCTBEHHO BAYKHBIM UJIEHOM CyMMEI (4.7) sBisieTcs died
Q,, = 0, HOCKOJILKY OH PACXOINTCA B IByMepHOM ripenesie. [IpuMeHenne BLImeynoMsaHy Toro

obpe3anus NPUBOAUT K (hOopMyJie

0 (0) \2
1 ol , (®rin)
—— dKT_(iQy, K) ~ 0T —22|In§ 4.12
S O | AKT (2, K) = o7 2 ), (412
n=—oo
rue
72 |ep| w?
0= ——4|——5. 4.13
42\ €g e% ( )
Ioncrasus (4.12) B (4.7), a 3arem (4.7) B (4.2), monyuaem
T = | (2€ 3
(T ~ __|1n5|M_ (4.14)
r 200,

Haxonen, noncranoska (4.14) B (4.3) IpUBOIMT K BLIPAXKEHUIO UL KPUTUUECKOM TeMmepa-

TyPLI
2ep

[Ing|

DTOT pe3yILTAT IPUMEHUM TOJLKO IS caydas T, <K TCMF7 T.€. TOJMLKO Korma § < 1.

~
c =

(4.15)

MozxHO BuneTs, uto Boipaxkenud (3.11) u (4.15) nMeror sorapuMudeckye 0COOEHHOCTH B
npeznene m, — oo. B oboux ciydasx 3aBUCMMOCTE B IJIABHOM HOPAIKe OT 3Heprun Pepmu ep
JuHEeRHA, B oTauure o1 cpemrenosesoit BKII-3aucumoctu, KOTOpas uMeeT BUI KBAIPATHO-
ro kopHs [23]. Takum 06pazom, 06a pACCMOTPEHHBIX 346Ch IPUDJIMIKEHIS IPY 3HAUNTELHBIX
PA3IUUMAX MEXK Y CODOM MPUBOIAT K KAUECTBEHHO OAMHAKOBLIM PE3YJILTATAM.

5. BAKJIFOUEHUVE

IMomBomsa uTOr, MOXKHO CHENATH BHIBOL O TOM, UTO HMOSBJIEHNE MHUMOW YaCTU B OMHOIET-
JIEBOM 3()(PeK TUBHOM IIOTEHIIMAJIE HE SABJIAETCA CUIHAJIOM [IEPEX0aa K CBEPXIIPOBOIMMOCTH, &
O0TPaXkKaeT XOPOIIO N3BECTHYIO OrPAHUYEHHOCTH NPUMEHIMOCTY OJHOIETIEBOr0 IPUDIIIKe-
HUSA. C IIOMOIIL IO MOI[I/I(i]I/IL[[/IpOBaHHOFO a(i](i]eKTI/IBHOFO IIOTEHILIAJIA MOXKHO BLIBECTM HOBOE
NpUOIMIKeHre 171 KPUTHYIecKoi TemmepaTypot B penerte T < TMEF. Moxno Taxxe modty-
YT TPUOIVIKEHVE [IUIST KPUTUUECKON TEMIIEPATY PLI B Ipenese “HyneBoi temmepatypot” . B
OTJIMYVIE OT CPEIHEIOJIEBON KPUTUUECKON TEMIIEPATY PBL, 00a 3TU IPUOJINKEHIIS CTPEMATCS K
HYJIIO B IByMEPHOM Tpezesie B corsiacum ¢ Teopemoit Konemana—Mepmuna—Barmepa—Xoxen-
Gepra [6]. Kpome Toro, mis 06enx OLeHOK XapakTepHa MpUOIU3UTENLHO JIUHEHHASL 3aBUCH-
MOCTDL OT 3Heprun Pepmu, UTO COrNIACYETCS € SKCIEPUMEHTOM.

Baaromapuoctu. Mo 6naromapum H. /1. Issuncouna, E. B. 'opbapa, B.II. I'ycommna,
B.M. JlokreBa, B. A. Mupauckoro u U. A. IlloskoBu 3a mionotBopHoe obcyx aerue. Omn
n3 asropos (C.I.IIl.) Gaaromapen corpynHrkaM (r3MYeckoro GakyyabTera YHUBEPCUTETA
IIpeTopuum 3a rocrenpumnmMcTBo. PaboTa BumosHena npu ¢puHaHCOBOH noanepxkke Ponna pas-
Butus uccaenosanuii (Foundation for Research Development, Pretoria).



9®PEKTUBHbBIV IOTEHLMAJ KOJIEMAHA-BEfIHBEPTA 481

Caoucok aureparyphbl

[1] J. G. Bednorz, K. A. Miller. Z.Phys. B. 1986. V. 64. P. 189.

[2] J.R. Schrieffer. Theory of superconductivity. New-York: Benjamin, 1964.

[3] F.P. Esposito, I. A. Shovkovy, L. C. R. Wijewardhana. Phys. Rev.D. 1998. V. 58. P. 065003.
(4]

4] R. MacKenzie, P. K. Panigrahi, S. Sakhi. Phys. Rev. B. 1993. V. 48. P. 13892; Int. J. Mod.

Phys. A. 1994. V. 9. P. 3603.

[6] H. Yamamoto, I. Ichinose. Nucl. Phys. B. 1992. V. 370. P. 695.

[6] N.D. Mermim, H. Wagner. Phys. Rev. Lett. 1966. V. 17. P. 1113; P. C. Hohenberg. Phys.

Rev. 1967. V. 158. P. 383; S. Coleman. Commun. Math. Phys. 1973. V. 31. P. 259.

[7] S. Coleman, E. Weinberg. Phys. Rev.D. 1973. V. 7. P. 1888.

[8] D.J. Thouless. Ann.Phys. 1960. V. 10. P. 553.

[9] E.J. Weinberg, A. Wu. Phys. Rev. D. 1987. V. 36. P. 2474,

[10] V. A. Miransky. Dynamical Symmetry Breaking in Quantum Field Theory. Singapore: World
Scientific Co., 1993.

[11).4. B. Hepezyoos. TM®. 1997. T. 113. C. 149.

[12] V. M. Loktev, R. M. Quick, S. G. Sharapov. Superconducting condensate formation in quasi-2D
systems with arbitrary carrier density. cond-mat/9804026; Physica C. (B neuaTn).

[13]R. M. Quick, S. G. Sharapov. Physica C. 1998. V. 301. P. 262.

[14] 1. E. Isanowunckut, E. U. Kay. KI9T®. 1968. T. 55. C. 2373.

[15] K. B. Efemos, A. H. Jlapxun. 2K9T®. 1974. T. 66. C. 2290.

[16) H. Kleinert. Fortschr. Phys. 1978. V. 26. P. 565.

[

[

7

17] V. M. Loktev, S. G. Sharapov. Cond. Mat. Phys. (Lviv). 1997. Ne 11. P. 131; cond-mat/9706285.
18| B. H. Ilonos. ®yHKUMOHAJILHBIE MHTEIPAJIEL B KBAHTOBOI TEOPUH NONS U CTATACTAYECKOH (usmke.
M.: Arommsnar, 1976.

[19] K. Miyake. Progr. Theor. Phys. 1983. V. 69. P. 1794.

[20] 8. B. I'opbap, B.II. I'ycunun, B. M. Jloxkmes. ®HT. 1993. T. 19. Ne 11. C. 1171.

[21] P. M. Stevenson. Phys. Rev. D. 1984. V. 30. P. 1712; 1985. V. 32. P. 1389.
[22] M. Sher. Phys.Rep. 1989. V. 179. P. 273.
[23] Y. J. Uemura. Physica C. 1997. V. 282. P. 194.

Iocrynuna 8 penakumo 20.X1.1998 r.,
nociae nopadorku 1.1V.1999 r.



