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Ha np11Mepe MoneJm JI11nK11Ha 11ccnenosanh1 B03MO)KHOCTl1 pauee npenno)Ke1rnoro 
HaM11 Tennonoro o6o6meuuoro np116JIH)Kemrn cnyqafrnoif cpa3hI (TOTIC<l>) . .[Lrui :now Mone
JIH nonyqeua CHCTeMa HeJIHHeHHhlX ypaBHeHHH, CBH3hrna10m11x Me)l(Ily co6oi1 napaMeTp npe
o6pa30BaHl1H XapTpH - <l>oKa, :mepnm xapTp11-cpOKOBCKHX KBa31f'Jacrnu, ::mepm!O !pOHOH~ 
HOro B036y)KileHl1H, aMITJIHTYilhl ero BOJIHOBOH cpyHKU11H If cpenuee ql{CJIO TeITJIOBhlX KBa3H
qacnm B BaKyyMe TeITJIOBhlX !pOHOHOB (OCHOBHOM TeITJIOBOM COCTOHHHH Cl1CTeMhl). 
PaccqHTana 3aB.HCl1MOCTh OT. TeMnepaTyphl T BHYTpe1111ei1 311epmH CHCTeMhJ < H > If q!fcen 
3anon11e1111H on11oqacrnq11h1X yposneif. C cpopManhnoif TOqK11 3peHHH TOTIC<l> pa6orneT 
nyqll!e npymx npH6JIH)Ke1111i1 np11 scex T 11 n106oi1 cHJie B3aHMonei1cTBHH. On11aKo 11a116onee 
JaMeTHhl ero npenMymecrna B TOH o6nacTH T, rne npoHcxonHT nepecTpOHKa cpen11ero nonH 
(<paJOBhlH nepexon). B TOTIC<l> TeMnepaTypa <paJosoro nepexona oKa3hIBaeTCH H11)Ke, qeM B 
npyrnx npH6JIH)Ke1111Hx. KpoMe Toro, TOIIC<l> c xopoU1ei1 TO'IHOCThJO onnchrnaeT nosene1111e 
< H > 11 6e3 nepexona B «necpopM11posa1111yw» <paJy. IlpHq1111a 3Toro B cornacosaHHOM H3Me-
11e111m KOJIJieKTHBHhlX If xapTpH-!pOKOBCKIIX nepeMel!HhlX. 

Pa6orn BhmOJIHeHa B Jla6oparnp1m TeopeTw1ecKoH <pH3HKH HM.H.H.Eoromo-
6ona OH5IH. 
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An accuracy and a range of validity of the recently proposed generalized thermal ran
dom phase approximation (GTRPA) are studied by comparing with the exact grand canoni
cal calculations for the two-level Lipkin model. A system of nonlinear equations that couple 
a parameter of the Hartree - Fock (HF) transformation, energies of HF quasiparticles, ener
gy of collective phonon excitation, amplitudes of a phonon wave function and a number of 
thermal quasiparticles in a thermal vacuum state ( or a ground thermal state of the heated Lip
kin system) is evaluated. The dependence of the intrinsic energy < H > on the temperature T 
is calculated. At all temperatures and all values of a coupling strength GTRPA gives better 
results than other approximations (e.g. the thermal HF method or the thermal RPA or the 
thermal renormalized RPA). Advantages of GTRPA are most obvious at the values ofT near 
the phase transition point. In GTRPA the phase transition takes place at lower T than in oth
er approximations. Moreover, a statistical behavior of the Lipkin model is described within 
GTRPA with an appropriate accuracy even in,the case when the HF transformation parame
ter is fi~ed at a z~r~ value, thus correspond!_fa<to the ''.spherical» phase of a mean field. The 
reason 1s that w1thm GTRPA HF and collecu~e vanables of the system are coupled and 
change their values consistently. 

The investigation has been performed at the Bogoliubov Laboratory of 
Theoretical Physics, JINR. 
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1. BBe.n;eHHe 

HacTOll!Uall pa6oTa npencTjlBnlleT co6oii: nponomKemi:e ny6m1:Kau:irn [1], rne, :11:cnonb3Jll 

cjlopManll3M TepMononeaoii: n:11:HaMHKll [2], Mhl ccpopMyn:11:poaaJJll .o6o6meHHOe rennoaoe. 

rrp11:6mrn,e1rne cnyqaii:Hoii: q>a3hl (TIIC<I>). \:ha o6o6meH.Hall aepcmr TIIC<I>, OCHOBaHHall 

na TOM lKe Knacce aap:11:aunoHHblX cpyHKUllH c:11:creMbl B3a:11:Moneii:cTBJIOIIlllX N cpepM:11:oHoa, 
' . 

qTo ll CTaHnapTHOe TIIC<I>, yq:11:TblBaeT pm HOBblX MOMeHTOB, KOTOpble He paccMaTpllBa

nnch paHee nnll HarpeTblX c:11:creM. Cpen:11: H:11:x: HaJJ:11:q:11:e B rennoBoM BaKyyMe Harperoii: . ' . 
Cll:CTeMbl HeKoToporo Kon:11:qecTBa TennOBblX KBa3llqaCTllUj B3allMHOe Bnlll!Hlle KonneKTllB

llb!X ll xapTpll-q>OKOBCKllX nepeMeHHblX ll ll3MeHeHlle ll3-3a 3TOro B3allM0,1leHCTBllll Tenno

Bb!X q:11:cen 3anonHeHll:llj cnaraeMble Tllila j3+j3j3+j3 B TennoBOM raMllnbTOHllaHe CllCTeMbl. 

HeKoTOpb!e ll3 nepeq:11:cneHHb!X 3cpq;eKTOB B OT,llenbHOCTll ylKe paccMaTpllBaJlllCb B Ha

llillX npenhlnym:11:x pa6oTax [3-7], a ponb HOBblX KoppenJ1u:11:ii: B TennoBOM BaKyyMe, KOTo

pb!e B03HllKaIOT ll3-3a IlOJIBneHllJI B HeM rennOBblX KBa3llqacTllU, q:11:cneHHO :11:ccnenoaaJJaCb 

Ha np:11:Mepe Monen:11: JlllnKHHa. Uenb Hacrollmero :11:ccnenoaaH:11:ll - npoaHaJlll3llpOBaTb Ha 

rrpnMepe roil: lKe Monen:11: B03MOlKHOCTll o6o6menHoro TIIC<I>, B KoropoM J'ITeHbl Bee yKa-

3aHHble 3q>q>eKTbl. 

2. cI>opMyJihl o6o6w;eHHoro TIICcI> ,D;JIH Mo.n;eJIH IT1111-

KHHa 

Monenb JlllnKllHa [8] - 3TO CllCTeMa N cpepMllOHOB, pacnonolKeHHblX Ha nayx ypoBHJIX 

c Bb!pOlK,lleHlleM n = N. 3Heprllll HlllKHero :11: BepxHero ypomi:eii: paBHbl -c /2 :11: +c /2, 

COOTBeTCTBeHHO. Ilpll T = 0 HlllKHllli ypoBeHb 3anonHeH, BepXHllli - nycT. B3allMO

neii:cTBll:e cpepMllOHOB - npllTJlrllBaIOIUee, He 3aBllCllT OT COCTOJIHllJI ll xapaKTepll3JeTCJI 

napaMeTpOM V. raMllnbTOHllaH CllCTeMbl llMeeT Bll,ll: 

rne orrepaTopb! KOMnoHeHT KBaJ:11:cn:11:Ha J - J+ , J_ , lo onpeneneHbl cnenyrom:11:M o6pa30M: 

at,2p ll a1,2p - ohepaTOpbI pOlK,lleHllJI ll YHll'lTOlKeHllJI 'laCTllI(bl Ha HlllKHeM (1) :11:n:11: Bepx

HeM (2) ypoaHe. · lfHneKc p HJMepyeT nonypoBHll. Oneparopbl J+ , J_ , lo o6pa3JIOT 

SU(2)~anre6py. 

B cao:11:x rnaBHb!X qepTax cxeMa o6o6meHHoro TIIC<I> TaKoBa [1]: napaMeTpbI npe

o6pa3oBaHHJI XapTpll - <l>oKa ll Tennoaoro npeo6pa3oBaHllll Eoronro6oaa (T.e. TennoBble 



'IHCJia 3aIIOJIHeHH.II OIITHMam,Horo o.nHO'laCTH'IHOI'O 6a3HCa CHCTeMbI) orrpe.neJI.IIIOTC.11 o.n

HOBpeMeHHO MHHHMH3auneii 60JibIIIOro TepMO.nHHaMH'leCKoro IIOTeHUHaJia HarpeTOii CH

CTeMhl n. IlpH 3TOM BXO,n.llIUa.11 B n BHyTpeHH.11.11 3HeprH.II CHCTeMbI BbI'IHCJI.lleTC.11 KaK 

cpe.nHee 3Ha'leHHe raMHJibTOHHaHa no TemroBoMy cpouoHHOMy BaKyyMy jlll0 (T)), B Ko

TOpoM rrp.11:cyTCTByeT HeKoTOpoe KOJIH'leCTBO TeIIJIOBbIX KBa3H'laCTHll. IlapaMeTpbl lKe 

!pOHOHHbIX B036ylK.neHHH Haxo.n.llTC.11 .11:3 ypaBHeHHH .nBHlKeHH.11, B KOTOpbIX yqTeHO OTJIH

'IHe IIOCTpoeHHbIX H3 TeIIJIOBbIX KBa3H'laCTHll !pOHOHOB OT "HCTHHHblX 6o3oHoB"' a TaKlKe 

BKJia.n cnaraeMhlX TeIIJIOBOI'O raMHJibTOHHaHa THIIa f3t /31/Jt /32. 
MTaK, CHa'JaJia rrepeii.neM B raMHJibTOHHaHe (1) C IIOMOIUb!O yHHTapHoro rrpeo6pa30-

BaHH.II O OT orrepaTopoB qacTHll K orrepaTOpaM xapTpH-!pOKOBCKHX (X<f>) KBa3H'laCTHl{ 

a+,a: 

( 
alp ) :::: . ( Dn D12 ) ( °'Ip ) 
a2p D21 . D22 a2p 

(2) 

Ko3cpqmuneHTbI rrpeo6pa30BaHH.II D y.no6HO rrapaMeTpH3OBaTb cne,nyIOIUHM o6pa30M [9]: 

Dn = D22 = cos 0, D12 = -D21 =sine. 

reHepaTOpbI rpyrrrrhl l+ 'J_ 'lo CB.113aHbI C reHepaTopaMH B HOBOM 6a3HCe S+ 's_; So 

rrocpe.ncTBOM COOTHOIIIeHHH 

~ ~ 1 (~ ~ ) Jo = So cos 20 - 2 sin 20 S+ + S_ , J+ = Sosin20 - S:... sin 
20 + S+cos

20. 

B cooTBeTCTBHH c o6meii cxeMoii: TOIIC<f> BapHaUHOHHbiii: rrapaMeTp 0 6y.neT orrpe.neneH 

nO3lKe. 

Terrepb MbI ,nOJilKHbI BBecTH B paCCMOTpeHHe TeMnepaTypy CHCTeMbI H IlOCTpOHTb ee 

TeIIJIOBOH raMHJibTOHHaH. Iln.11 3TOro CHa'Jana cne.nyeT cpopMaJibHO y.nBOHTb 'IHCJIO CTe

rreHeii CB06o,nbI CHCTeMbl BBe,neHHeM THJib,na-COCTO.IIHHH ll THJib,na-onepaTopoB a+, a, a 

3aTeM C IIOMOIUb!O YHHTapHoro TeITJIOBoro rrpeo6pa30BaHH.II Boron1060Ba nepeHTH K orre

paTOpaM TeITJIOBbIX KBa3H'laCTHl{ !3+ JJ+ ,/3,'/J [2]. TenJIOBoe npeo6pa30BaHHe Eoron1060Ba 

HMeeT BH.n 

/31 = x1a1 - Y1cti, 

P1 = X1a1 + Y1at • (3) 

Ko3!p!pHIIHeHTbl Xi, Yi 3aBHC.IIT OT TeMrrepaTypbI ll .noJilKHbI y.noBJieTBOp.!!Tb ycJIOBHIO 

x; + y; = l. B TeilJIOBOM npH6JIHlKeHHH X<f> HJIH B TeilJIOBOM rrpH6JIHlKeHHH cnyqaii:

HOH !pa3hl (TIIC<f>) Yi cOBna.na10T c TerrnoBbIMH qncJiaMH 3anonHeHH.II <f>epMH - IlnpaKa 

o.nHOKBa3H'laCTH'IHbIX X<f>-cocTO.IIHHH. B HaCTO.IIIUHH lKe MOMeHT MbI He 6y.neM .nenaTb HH

KaKHX .nonoJIHHTeJibHbIX npe.nnoJiolKeHHH OTHOCHTeJibHO x;, Yi IIOMHMO YKa3aHHOH BbIIIIe 

HOpMllpOBKH. 

2 

B TepMHHaX onepaTOpOB polK.neHH.11 H YHH'ITOlKeHH.11 TeilJIOBbIX KBa3H'laCTHl{ H HX 

THJib.na-napT!IepoB raMHJibTOHHaH ( 1) Bbirm1.nHT cne.ny10mHM o6pa30M: 

H = cSocos20- vsisin 220 - V(l + ;os

2

2B) (s! + s.: )

Vsin 220 

4 

r.ne reuepaTOpbI So, S+ nMeIOT BH.n 

~ 1 [ 2 2 - 2 - 2 ( 2 2)] S0=2 X2B2-Y2B2+Y1B1-X1B1+N Y2-Y1 + 

(s+s- + s_s+) , 

n 
+ ~ L [x2Y2 (!3ip/3ip + f32iJ2~) - X1Y1 (!3t/JtP + l32p/32p)] 

p=I· 

~ - - n [ + . -+ - ] S+ - x2y1A+ + Y2X1A- + }:p=I X1X2/32p/31p - Y1Y2/31p/32p , 

a s_ = (S+)+. 3.necb MbI BBeJIH cne.ny10mne o6o3Ha'JeHH.II: 

n n n 

Bk= Lf3tp/3kp, (k = I, 2), A+= Lf3t,Jit,,, A_= (A+)+' A+= L.Btitp, 
p=I p=I p=I 

Tenepb uanHIIIeM Bb1palKeHHe .nn.11 Terrnosoro raMHJibTOHHaHa Mo.nenn 1-lLMG 

1-lLMG = HLMG - iiLMG = 
. 1 ( - -·) Vi [ 2. 2 -2 -2] = 
2 

B2 - B1 - B2 + B1 [c cos 20 + 2Vi NJ - 2 A+ + A_ - A+ - A_ -

Vi [ - - - - ] Vi [ 2 (- - )

2

] -
2 

A+A- + A_A+ - A+A- - A_A+ - 2 (B2 - Bi) - B2 - B1 

r.ne 

Vi = i V (y~ - yi) sin 
2
20 , Vi= iv (y~-yi) (1 + cos

2
20). 

(4) 

Cne.nyeT yKa3aTI,, 'ITO B BbipalKeHHH (4) onyme11b1 cnaraeMbie, co.neplKamne ue,ieTnoe 

tmcno onepaTOpOB polK.neHH.11 H yHH'ITOlKeHH.11 TeilJIOBbIX KBa3H'laCTHQ, T.K. B paccMaTpH

BaeMOM npH6JIHlKeHHH OH.II: He .naIOT BKJia.na .B ypaBHeHH.11 .nBHlKeHH.11. 0TMeTHM TaKlKC, 

'ITO cnaraeMhle (4), KBa.npaTH'IHbie no onepaTOpaM Bk, paHce B pacqcTaX ne J'IHTb!Ba-

JIHcb. 

lITo6bI HaHTH cneKTP · Bo36ylK.neHHH uarpeToii: CHCTeMbI, cne.nyeT .nnaronami°JOBiLTh 

raMHJibTOHHaH (4). Iln.11 3TOI'O MbI BOCilOJlb3YeMC.11 MCTo.noM ypaBHCHHii: ,nBHlKCIIHll [10] H 

cHa'lana onpe,neJIHM OCHOBHOe H B036ylK.neH!lbIC COCTO.lll!Hll CHCTeMbl nocpc.ncrBOM COOT-

HOIIIeHHii:: 

illlv(T)) = Qtlwo(T)) , Qvl'Vo(T)) = 0, (5) 

3 



a KJiacc rrpo6Hh!X cpyHKIUIH orpaHH'IHM TeM, 'ITO o6h!KHOBeHHo HCITOJib3yeTcl! B TIIC<t> 
[1, 5, 6] 

Qt = 1/i1A+ - 4>1A-, 

Qt 1/i2A+ -4>21-. (6) 

<t>oHOHHble BOJIHOBble cpyHKIIHH JlOJI)KHl,J 6blTb OpTOHOpMHpOBaHbl. 3ro ycJIOBHe Ha

KJia,llblBaeT orpaHH'IeHHJI Ha aMITJIHTYJtbI 1/,, q,. llMeHHO, 

N(l-2q)(1/ii-<1>0=1, k=l,2, (7) 

r,lle q - C-'IHCJIO, orrpe.ueneHHOe C IlOMOlllblO COOTHOIIIeHHJI 

('11o(T)1Bkl'11o(T)) (wo(T)IBklWo(T)) 
q = qk = N = N . 

BeJIH'IHHa q IlOJIBJIJleTCJI B YCJIOBHH HOpMHpOBKH JlJIJI aMITJIHTY.U 1/J, </, KaK pe3yJibTaT CJie

JlYIOIIIero rrpe,llnoJio)KeHHJI. TotJHblH KOMMyTaTop onepaTopoB A_ H A+ HMeeT BHJt 

n n 
[A_, A+J = N - L fft,JJ1p - L /3t;,/32p = N - B1 - B2. 

p=I p=I 
(8) 

B o6o6meHHOM TIIC<t> [1], KaK H B nepeHopMHpoBaHHOM TIIC<t> [3-6], npeJtnonaraeTcll, 

'ITO cpeJtHee 3HatJeHHe ('11o(T)1Bkl'11o(T)) MO)KeT 6blTh 3aMeHeHo_c-'IHCJIOM H_ Tor,lla 

[A-,A+J = N (1- 2q). (9) 

TaKoe npH6JIH)KeHHe 6bIJIO BrrepBble npe,llJIO)KeHO B pa6ore [11] J{JIJI XOJIO.UHbIX Jl,llep. Ero 

<pH3H'IeCKHH CMbICJI COCTOHT B OTKa3e OT npe,llITOJIO)KeHHJI O HH'ITO)KHO MaJIOM 'IHCJie KBa-

3H'IaCTHII (B HaIIIeM CJiy'Iae - TeITJIOBbIX KBa3H'IaCTHII) B <pOHOHHOM BaKyyMe. BBe,lleHHe 

OTJIH'IHOH OT HYJI.ll BeJIH'IHHbI q Il03BOJI.JleT 6onee TO'IHO y'IeCTb npHHIIHIT IlayJIH B CTpyK
Type <pOHOHHOro BaKyyMa. 

YpaBHeHHJI JlBH)KeHHll JlJI.ll BeKropoB 1'111 (T)) H l'112(T)) pa3JteJIJIIOTCJI. 0HH BblrJil!JlllT 
cne.uyromnM o6pa30M: 

· ( M1 M2 ) ( 1/11 ) ( 1/11 ) ( M1 M2 )· ( 1/12 ) ( 1/12 ) 
-M2 -Mi <Pi = W1. <Pi ; -M2 -Mi <P2 = -w2 <P2 . 

(10) 

PeIIIeHH_JI 3THX ypaBHeHH.il:, Y.UOBJieTBOp.llIOIIIHe YCJIOBHJIM HQpMHpOBKH (7), :µMeIOT BH.D; 

w=w1 =-w2 = ✓M2-M,2 · I, 2 , (11) 

2 2 - M1 + w = tf,2 , 
1P1 = V'2 - 2wN (1 - 2q) M1 -w = <P2. 

</J; = <P~ = 2wN (1 2q) - (12) 

4 ,' 

IlpH Bbl'IHCJieHHH K03<p<pHIIHeHTOB M1 H M2 Mbl CTaJIKHBaeMC.JI C MaTpH'IHbIMH 3JieMeH

TaMH 'IeTblpex THIIOB:_ (ll!o(T)IA+A-lll!o(T)), ('11o(T)IA-A+l'11o(T)), (ll!o(T)IA~lll!o(T)) 

H (wo(T)IB;Bkl'11o(T)). Tpn rrepBhIX nerKo BhI'IHCJI.llIOTC.ll [1] c rroMOIIIhIO rrpeo6p~oBa

HHll, o6paTHoro (6), H Bwpa)Karomero 6ncpepMHOHHble orreparopbI A+ H A_ qepe3 orrepa

Topw cpoHOHOB 

('11o(T)IA+A-l'11o(T)) = (ll!o(T)IA+A-l%(T)) = [Nef>(l-:-- 2q)]
2 

, 

('11o(T)IA-A+l'11o(T)) = ('11o(T)IA_A+l'11o(T)) = [Ntf, (1 - 2q)]
2 

; 

{wo(T)IA!lwo(T)) = (wo(T)IA:lwo(T)) = 

. = (ll!o(T)IA!llllo(T)) ~ (ll!o(T)IA:lll!o(T)) = [N (1 - 2q)]
2 t/J<P. 

4eTBepTbIH MaTpH'IHblH 3JieMeHT Bbl'IHCJIJleTCJI C IIOMOlllhlO pa3JIO)KeHHJI !IO IIOJIHOMY 6a-

3HCY <pOHOHOB [1, 12]. OrpaHH'IHBIIIHCb B TaKOM pa3JIO)KeHHH nepBbIMH .UBYM.ll CJiarae

MbIMH (cpoHOHHbIM BaKyyMOM H JtBYX<pOHOHHbIMH COCTOJIHHJIMH), ITOJIY'IHM 

(ll!o(T)IB1B2IWo(T)) = (ll!o(T)IB1B2IWo(T)) = 

= (ll!o(T)IB1B1IWo(T)) = (ll!o(T)IB2B2l'11a(T)) = N2q2, 

('11o(T)IB;l'11o(T)) = (ll!o(T)IB~lll!o(T)) = 

- - 2 2 4t/J24>2N2 (1 - 2q)2 
= (ll!o(T)IB1B2IWo(T)) = (ll!o(T)IB1B2l'11a(T)) = N q + R 

BeJIH'IHHa R B ITOCJie,l!He:il: cpopMyne - HOpMa JlBYX<pOHOHHOro COCTO.JIHH.JI 

R = ('11o(T)IQ1Q1QtQt jll!o(T)) = ('11o(T)IQ2Q2QfQf lll!o(T)), 

KOTOpal! B paMKax npHHJITOH HaMH TO'IHOCTH BbI'IHCJieHn::il: MaTpH'IHbIX 3JieMeHTOB onpe

,lleJIJleTCJI COOTHOIIIemieM 

R = 2 ( 1 _ 1/12 _ <P2 + 4t/J;</J
2

) 

C y'IeTOM BhIIIIeH3JIO)KeHHoro nonytJaeM JtJI.ll M1 n: M2 

r.ue 

M1 = ccos20+3Vi[N(l-2q)-1]-6Vit1+2½t2, 

M2 = -½[N(l-2q)-1]-6Vit2+2½t1, 

t1 = N (1 - 2q) <P2 [ 1 _ 8~
2

] , t2 = N(l -2q)t/J</J. 
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YpaBHeHHe ,1:1m1 q IIOJJy'laeTCJI C IIOMOIIU,IO MeTO,I:la "oIIepaTOpa 'IHCJJa qacTHU" [10) C 

TOH JJHIIIb oco6eHHOCTbI0..1, 'ITO BMecTO orrepaTOpa 'IHCJJa X<P-KBaJH'lacTHU N crre.nyeT 

HCIIOJJb30BaTb orrepaTOp N -. N (cM. [1)). Tor.z:1a HMeeM 

q = [¢,(1 - 2q))2 - !L + (\llo(T)IB;l\llo(T)) 
N N2 

(15) 

HTaK, MbI IIOJJY'IHJJH ypaBHeHHJI ,I:IBHlKeHHJI .z:IJJJI MO,I:leJJH JlHnKHHa npH HeHyJJeBOH TeM

rrepaType B o6o6meHHOM TIIC<t>: (11), (12), (13), (15). EcrrH B 3THX ypaBHeHHJIX OT-

6pocHTb 'IJJeHbI, rrponopUHOHaJJbHhle t1 H t2, Mhl IIOJJY'IHM ypaBHeHHlI TeIIJJOBOro nepe

HOpMHpOBaHHOro IIC<t> [4, 5), a B rrpH6JJHJKeHHH q = 0 Mhl norryqaeM ypaBHem1JI TIIC<t> 

B Mo.z:1errH JlHIIKHHa [13]. C ,1:1pyrofi CTOpOHhI, B npe.nerre HYJJeBofi TeMrrepaTypbI T ➔ 0 
HaIIIH ypaBHeHHlI rrepeXO.z:llIT B ypaBHeHHlI caMocorrracoBaHHOro IIC<t> [12). 

Ho Mhl rroKa He orrpe,1:1eJJHJJH napaMeTphI ITpeo6pa3oBamrn XapTpH - <PoKa 0 H Te

rrrroBoro ITpeo6pa3oBaHHlI Eoromo6oBa x;, Yi. IlrrJI 3TOro Mhl .z:IOJJlKHbI Haii.TH MHHHMYM 

MO,I:leJJbHOro 6oJJbIIIOro TepMO,I:IHHaMH'lecKoro ITOTeHUHaJJa [15), KOTOphlfi B HaweM CJJy'lae 

oITpe.nerrJieTCJI crre.z:1y10mHM o6pa3oM: 

nLMG = (\llo(T)IHLMGIWo(T)) - TS - >.N, (16) 

r.z:1e B oTJJH'IHe OT cTan.z:1apTHoro TeIIJJOBoro MeTO.z:1a XapTpH - <PoKa HJJH TIIC<t> BHy

TpeHHJIJI 3HeprHJI, 3HTpOIIHlI S H 'IHCJJO qacTHU N BhI'IHCJJlIIOTClI ycpe,1:1HeHHeM He ITO 

TeIIJJOBOMY BaKyyMy ITpH6JJHlKeHHlI XapTpH - <PoKa (T.e. BaKyyMy TeITJJOBbIX KBa3H'la

CTHU), a no BaKyyMy TeITJJOBbIX q>OHOHOB (6). 

3HTpOITHIO crre.nyeT BhI'IHCJJJITb C ITOMOmbIO o6mero TepMO,I:IHHaMH'leCKoro COOTHOIIIe

HHlI [I] 
T 

S -/ ! o(Wo(t)IHLMGIWo(t))d 
- t at t · 

0 

0THOCHTeJJbHO ITapaMeTpOB x;, Yi 6y.z:1eM ITpe.z:1rrorraraTb, 'ITO OHH 3aBHClIT OT xapTpH

q>OKOBCKHX 3HeprHfi Ek cTaH.z:1apTHhIM o6pa30M: 

yz = [ 1 + exp ( - ~)] , x; = 1 - y; , k = 1, 2 . 

B TO )Ke BpeMJI caMH X<P-3HeprHH 3aBHClIT He TOJJbKO OT 0, HOH OT q>OHOHHhIX aMnJJHTJ.z:1, 

BeJJH'IHHhI q H T.,1:1. Tor.z:1a ,I:IJJJI nLMG norryqaeM 

nLMa = N(\- 2
q) { t: M-YD cos20 + ½ (y~ -yD [N(l -2q)- l] + 

+
1

+<y~-yD

2 

(V:it2-½tt)}+NT(l-2q) L (xZinxz+yzlnyz). (17) 
Y1 - Y2 k=l,2 

6 

B pe3yJJbTaTe BapbHpOBaHHlI 60JJbIIIOro TepMO,I:IHHaMH'lecKoro ITOTeHUHaJJa (17) ITO ITapa

MeTpy 0, norryqaeM ypaBHeHHe 

- N (1 - 2q) sin 20 {-t: (y~ - YD+ V (y~ - Yi/ [N (1 - 2q) - l] cos20-

-V [1 + (y~-Yi/] (t1 +t2)co~20} = 0, 

KOTOpoe HMeeT J(Ba peweHHJI. IlepBoe peIIIeHHe, 0 = 0, COOTBeTCTByeT TaK Ha3bIBaeMOH 

"cqiep11qecKofi'' qia3e. BTOpoe 

1 { t: (y~ - YD } 0 = -arccos 
2 V (yf - yi}2 (N (1 - 2q) - l] - V ( 1 + (y: - yi)

2
) (t1 + t2) 

(18) 

COOTBeTCTByeT "JleqiopMHpoBaJIHOfi" qia3e. 

BapbHpoBaHHe nLMG no x;, Yi C ytJeTOM ycJJOBHlI HOpMHpOBKH .z:1aeT ypaBHeHHlI ,I:IJJJI 

O,I:IHOtJaCTH'IHhIX 3Heprnii: 

1 . ·. 
E1,2 = =F 2 {t:cos20+ V (y~ -yD [N(l - 2q)- l -tt)sin

2
20+ 

+V(y~-yi}t2 (l+cos
2
20)}. (19) 

YpaBHeHHlI (18) 11 (19) noKa3h!BaIOT, '!TO rrapaMeTpbl npeo6pa3oBaHHlI XapTpH - <t>oKa II 

TenrroBoro ITpeo6pa30BaHHlI Eororr1060Ba HeTpHBlfaJJbHhIM o6pa30M 3aBIIClIT OT aMnJJIITY.z:I 

KOJJJJeKTHBHoro ,I:IBHlKeHHlI 1P, ¢,. B TO )Ke BpeMJI 113 HHX crre,nyIOT ypaBHeHIIlI CTaHJlapnmro 

TIIX<t> ,1:1JJJI Mo,1:1err11 J111nKHHa. IlrrJI 3TOro noJJOlKHM B (18), (19) q = 0, 1/J = N- 1
, ¢, = 0 II 

norry'IHM ,I:IJJlI ".z:1eqiopM11poBaHHOtt" q>a3bl 

0HF = ~ arccos·[ V (y~ _ yi) (N _ l)] , 
1 [ ( 2 2) . 2 1 v M - yn ( N - 1) 

E1,2==F2 t:cos20+V y1 -y2 (N-l)sm 20 ==F . 2 , 

'ITO II coBna.z:1aeT c II3BeCTHhIMH pe3yJJhTaTaMH TIIX<t> (cM., nanp11Mep, (5]). 

~'paBIIeHHlI (11), (12), (15) (BMeCTe c BhlpalKeHHlIMH (13)) 11 ypaBHeHHlI (18), (19) co

CTaBJJlIIOT rrorr11y10 CHCTeMY ypaBneunfi o6o6meunoro TIIC<t> .z:IJJJI Mo,1:1emi J11mK1111a. 01111 

II03BOJJlIIOT onpe,neJJHTb corrracoBaHHhIM o6pa30M ceMb He3aBHCHMblX BeJJH'IHH: napaMeTp· 

o6o6meHHOro ITpeo6pa30BaHHlI XapTpn - <PoKa 0; 3Heprnn KBaJUqacT11ii B o6o611\CIIIIOM 
I 

noTeHUHarre XapTpH - <t>oKa E1,2 j 3HeprHIO q>OHOIIHOro B036ylKJlCHlflI w; aMIIJIIITYJlbl 

q>OHOHHOH BOJJHOBOH q>JHKUHH 1/J, ¢,; 'IHCJJO TCITJJOBb!X KBa3UtJaCTIIU B 3aBHClllllCM OT TC'M

nepaTypb! OCHOBHOM COCTOlllllflf CHCTeMb! ( BaKyyMe TenJJOBb!X q>OHOHOB) q. 
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3. Pe3yJILTaThl pacqeTOB 

B Ka'leCTBe npHMepa Mb! llCCJle.r{OBarm TeMnepaTypHyIO JaBHCHMOCTb BHyTpeuueii :mep

rllll CHCTeMbl. C TO'IHblM pac'leTOM cpaBHHBaJIHCb peJyJihTaTbl 'leTblpex npn6mlllceHUll: 

TelIJIOBOro npn6JilllKeHHJI XapTpll - <l>oKa, Te!IJIOBOro npu6JIH)KeUHJI cnyqauHOH cj>aJhI, 

TeITJIOBOro nepeHOpMnpoBaHHOro npn6JIH)KeHHJI cny'lattHOll cj>aJbl ll TenJIOBoro 0606meH

uoro npH6JIH)KeHHll cnyqauuoii cj>aJw. HanmneM Bb!pa)KeHHll .nnll (\Jlo(T)IHLMal\Jlo(T)) B 

nepe'IHCJieHHblX npn6JIH)KeHHJIX. 

TIIX<I>: 

(H)THFA = - ~ {c: (y:-yn cos20 + Vi (y:-yD (N -1)}; 

TIIC<I>: 

(H)TRPA = -~ { c (y: -yDcos20 + Vi (y: -yD (N-1) + 

N[l+(yr-y~)
2

] } 

+ 2 2 [Viip</>- Vi</>2
] 

Y1 -Y2 . 

TIIIIC<I>:. 

N (1 - 2q) { ( 2 2) ( 2 2) (H)TRRPA=~ 
2 

c Y1-Y2 cos20+Vi Y1-Y2 (N-1)(1.-2q)+. 

N [1 + (y; - yn
2

] (1 - 2q) . ~ } 

+ . y; _ Y? [Vi1P~ - Vi</> ] . , 
'• . . 

TOIIC<I>: 

N (1 - 2q) { ( 2 2) 
(H)TGRPA = . 2 C Y1 - Y2 cos 20+ 

+Vi (y:- YD [N c1 - 2q) -11 + 1 + ~r -;n2 
(Vit2 - 11it1)} 

. ·. ~-~ 

OrrncaHHe npoueuypbl TO'IHOro pac~eTa cpe.nHero 3Ha'leHHJI « HLMG » ITO 6on:~inoMy 

KaHOHH'leCKOMY aH~aM6JIIO M0)KHO Haiini B pa6oTax [4: 14]. < 

· qllCJieHHble pacqeTbl rrpOBe.r{eHbl ,nJIJI N ·~ ·20 ~ c: = l (T.e. pa:~cTOJIHHe Me)K_ny 

ypoBHJIMli QI}':lKHT e,nHHHUeH :meprnn). PaccMOTpeHbl ,nBii. JHa'l~Hllll KOHCTaHTbl B3aHMO-

.neiicTBllll V: ' ,. · 

1. V =0,05 (pnc.l) .. Ilpn T = 0 3TO JHa'leHne V OTBe'laeT CHTyaunn, Kor.na rn

CTeMa Haxo.nHTCJI B "ccj>epH'IeCKOH" cj>aJe, HO O'leHb 6JIH3Ka K TO'IKe cj>aJoBoro rrepe

xo.na B ".necj>OpMHpOBaHHy10" cj>aJy, KOTOpb!ft B rrpn6JIH)KeHHll X<I> HMeeT MeCTO IIpll 

'Vcr=0,052; 
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) 

\ 
·1 

2. V =0,1 (pnc.2). Ilpn T = 0 3TO JHa'leHne V cooTBeTCTByeT cHJibHOMY B3aHMo,nen

cTBHIO ll ".necj>opMHpOBaHHOii" cj>aJe. 

IloBblIIIeHue TeMnepaTypw .nnll Mo.nenn JlnnKHHa B uenoM 03Ha'laeT 3cpcj>eKTHBHoe 

o.cna6neHHe B3aHMo.neiicTBHll. Ilo3TOMY, Kor.na V =0,05 (pnc.l), c pocroM T peJynh

TaThl pa3Hb!X 1IpH6JIH)KeHHH CTaHOBJITCJI 6JIH)Ke .npyr K .npyry ll K TO'IHOMY 3Ha'leHHIO 

« H LMG ». Han6onhIIIHe paJJIH'IHll BH.llHbl rrpn T < 0, 2. Ilpn 3TOM peJyJihTaT TOIIC<I> 

I\ 
::I: 
V 

-4 

-6 

-8 

0.0 0.5 0.0 0.5 0.0 0.5 0.0 0.5 

T 

Pnc. 1 3aBHCHMOCTb BHyTpeHHeH 3HeprHH CllCTeMbl OT TeMrrepaTypbI T' paCC'lllTaHHaJI B 

pa3Hb!X rrpn6J~H)KeHHJIX C rrapaMeTpOM B3aHMO,neiicTBllll V = 0, 05. 

a) TO'IHbIH pe3yJihTaT H. pe3yJihTaT TIIX<I>; 

6) TO'IHblH pe3yJihTaT :ir peJyJihTaT TIIC<I>; 

B) TO'IHblH pe3yJihTaT :ir pe3yJihTaT TIIIIC<I>; 

r) TO'IHbIH pe3yJihTaT H PeJYJihTaT T,OIIC<I>. 

O6o3Ha'leHHJI: rrycTble Kpy)KKll - TO'I.Hb!H pac'leT; CIIJIOlilHaJI .JIHHHJI - rrpn6JIH)KeH

HblH pacqeT 

rrpaKTH'leCKH coBrra,naeT c TO'IHhlM, a TIIIIC<I> pa6oTaeT JIHlilh HeMHor:irM xy)Ke. lIBa .npy

rnx rrpH6JIH)KeHHll (TIIX<I> H TIIC<I>) 3aMe.THO ycTyrra10T TOIIC<I>. 3a.MeTHM TaK)Ke, 'ITO 
, . - •· .,- , . ; • l . -. . -

TIIX<I>, KaK 3TO H ,noJI)KHO 6b!Th .nnll BapnaunoHHoro Mero.na, rrpe.ncKaJhIBaeT JHa'leHne 

BHYTpe.Hiieii 3HeprHH IIO a6COJIIOTHOH BeJlll'lllHe MeHbmee, 'leM 'TO'IHOe. A BOT TIIC<I> 

ee riepeoueHHBaeT ,· trro' CBJl3aHo C llCIIOJlh30BaHHeM .ncirrOJIHHTe.rii.HOTI> npe.nrroJIO)KeHHJI 0 

6o30HHOM xapaKTepe cj>oHOHHoro B036y)K,neHHll [9]. Ilo3TOMY n TIIIIC<I> H TOIIC<I>, KOTD-
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pble 6onee II0CJielloBaTeJibH0 Y'IHTLIBaIOT rrpHHUHII Ilaynn H ero BJillllHHe Ha K0ppeJIJIUllll 

B TeIIJI0B0M BaKyyMe, ncrrpaBJIJIIOT 3TOT HCll0CTaTOK. 

Korlla B3aHMOlleHCTBHe Me:lKey 'IaCTHUaMn ll0cTaTO'IHo CHJihHo, B TIIX<t> rrptt T = 0 

CHCTeMa HaX0llHTC.ll B "lle<popMHpOBaHHOH" <pale, a no Mepe pocTa T H 3<p<peKTHBHOro 

ocna6JieHHll B3aHMOlleHCTBHJI B HeKOTOpbIH M0MeHT rrepeX0llHT B
0 

"c<peptt'IecKyIO" <pa3y. B 
paMKaX TIIX<t> H TIIC<t> 3TO rrponcXOllHT rrpn TeMIIepaType Tcr =0,5 (pttc.2). lkcJICllYll 

rrepeHopMnpoBaHHoe TIIC<t> Ha rrpHMepe MOllenn' JlnrrKHHa [5], Mb! o6Hapy:lKHJIH, 'ITO B 

3TOM rrpn6JIH:lKeHHH <pa30Bb!H rrepexoll rrpoHCX0llHT HeCK0JibK0 paHbIIIe, rrpH Tcr ~0,42. 

PacqeTbl B TOIIC<t> (pnc.2r) II0Ka3hlBaIOT, 'ITO Tcr yMeHbIIIaeTcll eme cHJibHee H <pa-

30BhlH rrepeX0ll HacTyrraeT y:lKe rrpn Tcr ..;:,o,35, T.e. HHTepBaJI TeMrrepaTyp, B K0T0p0M 

"c<pepH'IeCKaJI" <pa3a 0TBe'IaeT MHHHMYMY nLMG' 3aMeTH0 yBeJIH'IHBaeTCJI. 

-2 -4~a/1b /]' /]d / l 
0 

0 

I f.,., 
-6 

I\ 
::c: 
V 

-8 
I I • I JI 

-12 

0.0 0.5 1.0 0.0 0.5 

I /J 

1.0 0.0 

T 

0.5 

I 

1.0 0.0 

Jri I 

0.5 1.0 

Pttc. 2 3aBHCHMOCTb BHyTpeHHeH 3HeprHH CHCTeMbl OT TeMIIepaTypw T' pacc'IHTaHHall B 

pa3Hb!X IIpH6JIH:lKeHHJIX C rrapaMeTpoM B3aHMOlleHCTBHll V = 0, l. 

a) TO'IHLIH pe3yJihTaT n pe3yJihTaT TIIX<t>; 

6) TO'IHhlH pe3yJihTaT n pe3yJibTaT TIIC<t>; 

B) TO'IHLIH pe3YJibTaT H pe3yJihTaT TIIIIC<t>; 

r) TO'IHLIH pe3yJibTaT n pe3yJihTaT TOIIC<t>. 

O6o3Ha'IeHHJI: rrycTLie Kpy:lKKH - TO'IHhIH pacqeTj CIIJI0IIIHaJI JIHHllll - rrpn6JIH)KeH

HblH pacqeT B "c<peptt'IecKoii:" <pa3ej qepHwe KPY:lKKH - rrpn6nn:lKeHHhlH pac'IeT B 

"lle<popMHpoBaHHOH" <pale 
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I 

I 

1.0 

0.9 

. 

I 

2 

c= 0.8 

0.7 

0.6 -.--~--.---.-----r-~--....---.---
0.0 0.2 0.4 0.6 0.8 

T 
Pttc. 3 lfoc.m1. 3aII0JIHeHHJI Hll:lKHero ypoB!lll n1 npH pa3HblX TeMrrepaTypax T. 

O6o3Ha'IeHHJI: rrycTbie KPY:lKKH - TO'IHhlll pacqcT; TO'Ie'I11aJ1 JIHHHll - TIIX<I>; ,,cpHLIP 

Kpy:lKKH - pactJcT B TIIIIC<t>; crrnoIIIHal! JIHHHll 1 - Tennosal! cocTaBJIJ1K>11lall 'IIKCJJ 

3arron11e11HJ1 B TOIIC<t>; cnnonrnall nHHHll 2 - nonnall BenMq1111a n 1 , parr'mTa1111a11 

B TOIIC<t> 
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Eme O,!lHO o6CTOJITeJibCTBO npe.ncTaBJIJleTCJI HaM BalKHblM. HMeHIIO, B Tpex npH-

6JIHlKeHHJIX (TIIX<I>, TIIIIC<I> H TOIIC<I>) BeJIH'IHHY (H) qiopMaJihHO MOlKHO pacc'IH

TaTb BO BCeM HCCJie.nyeMOM HHTepBaJie TeMnepaTyp, OCTaBal!Cb B "cq>epH'leCKoii" q>a3e I. 

Pe3yJihTaTbl TaKoro pacqeTa npuae.nem,1 Ha puc.2a,6,r. KoHe'!Ho, npu T < Tcr 3Ha

qeHHll ( H), paCC'IHTaHHble ,!lJIJI O = 0, Bblllle TeX, 'ITO OTBe'lalOT ".neqiopMHpOBaH

HOtt" q>a3e, HO no Mepe ycJIOJKHeHHll HCilOJib3YeMoro npH6JIHlKeHHll, T.e. npH nepexo.nax 

TIIX<I>➔ TIIIIC<I>➔ TOIIC<I>, 3Ha'leHHll (H), pacc'IHTaHHble B TOtt H .npyroii 4>'a3ax, c6JIH

JKaIOTCll. B TOIIC<I> pa3Hm:ia MeJK.ny HHMH He npeBbllllaeT-10%. TaKHM o6pa3oM, MOlKHO 

roBopHTh, 'ITO B paMKax TOIIC<I> cTaTHCTH'leCKHe cBoiicTBa Mo.nenu JhmKHHa y.noane

TBopHTeJihHO OilHCblBalOTCJI H 6e3 nepexo.na B ".neq>opMHpOBaHHYIO" q>a3y. 3TO 03Ha'!aeT, 

'ITO 6oJiee nocJie.noBaTeJibHblll y'leT KOppeJIJIUHll B .llBHlKeHHH qacTHU B 3aMeTHOll creneHH 

KOMileHCHpyeT BJIHJIHHe q>JIYKTyauuii, CBl!3aHHblX C HCil0Jlh30BaHHeM 6oJibllIOro KaHOHH

'leCKOI'O aHCaM6JIJI. 

IlpeHMYll.leCTBa TOIIC<I> Btt.nHhI TaKJKe H3 pac'!eTOB 'IHCeJI 3anoJIHeHHJ1 ypoBHeii n 1,2 

H HX 3aBHCHMOCTH OT T. Bb!palKeHHe ,!lJIJI HOpMHpoBaHHOll Ha e,!lHHHUY BeJIH'IHHbl n, 
TaKOBO: 

1 « J, » 
n1 =-.+--2 N 

Pe3yJihTaTbl pac'l"'TOB, np:irne.neHHble Ha puc.3, noKa3b!BaIOT, 'ITO TIIX<I> (u TIIC<I>) ne

peoueHHBaeT 3aITOJIHeHHe HHlKHero ypoBHJI CHCTeMbl (xoTl! 'IHCJieHHO 3q>q>eKT HeBeJIHK -

nopl!,!lKa 2-3%). Oco6eHHO 3TO JaMeTHO npu He6oJibllIHX TeMnepaTypax (T < 0, 2). Y'leT 

KBaHTOBblX 3q>q>eKTOB (HeHyJieBoro 'IHCJia TeilJIOBblX KBa3H'laCTHU B TeilJIOBOM BaKyyMe) B 

paMKax nepeHopMnpoBaHHoro TIIC<I> yny'IIIIaeT cornacue c TO'IHhIM pac'!eTOM, HO Tenepb 

npu6JittlKeHHble JHa'leHHll n 1 OKa3bIBaIOTCll HecKOJihKO MeHbllle TO'IHblX, T.e. TIIIIC<I> ne

peoueHHBaeT 3q>q>eKT ocTaTO'!Horo BJaHMo.neiicTBHll. TOIIC<I> JKe o6ecne'IHBaeT npaKTH

qecKH IlOJIHOe COBna.neHHe TO'IHblX H nptt6JIHlKeHHblX 3Ha'leHHll 'IHCeJI 3aITOJIHeHHll. KpoMe 

TOro, Mb! OT,!leJihHO H306pa3HJIH Ha pHc.3 TenJIOBYIO COCTaBJlll!Oll.lYIO Y1 'IHCeJI 3aITOJIHe

HHll, pacc'IHTaHHblX B TOIIC<I>. Btt.nHbl pa3JIH'IHll c xapTpH-q>oKOBCKHMH 3Ha'leHHllMH y1 , 

KOTOpble B03HHKalOT H3-3a "no.ncTpoiiKH" O,!lHO'laCTH'IHblX 3Hepruii K H3MeHeHHJIM aMITJIH-

TY.ll KOJIJieKTHBHOro ,!lBHlKeHHll. 

4. 3aKrrro11eHHe 

B HaCTOllll.leii pa6oTe Ha npHMepe MO,!leJIH JlnnKHHa HCCJie,!lOBaHbl B03MOlKHOCTH paHee 

npe,!lJIOlKeHHOI'O HaMH [1) TeilJIOBOI'O o6o6meHHOro npH6JIHlKeHHJI c~yqattHOll <pa3bl. Ilo

Jiy'leHa.CHCTeMa IIIeCTH HeJIHHellHblX ypaBHeHHll MO,!leJIH (11), (12), (15) (18), (19), CBll3bl

Ba!Oll.lHX MeJK.ny co6oii napaMeTp npeo6pa30BaHHll Xcl>, 3HeprHH X<l>-KBa3H'laCTHU, 3Hep

rHIO q>OHOHHOI'O B036yJK.neHHll, aMITJIHTY.zibl KOJIJieKTHBHOro B036yJK,!leHHll H cpe.nnee 'IHCJIO 

TeilJIOBblX KBa3H'laCTHU B BaKyyMe TeilJIOBblX q>OHOHOB ( OCHOBHOM TeilJIOB0M COCTOJIHHH 

1
3ro HeB03MOlKHO B TIIC<I>, noroMy 'ITO B TO'IKe Tcr w o6pamaeTCll B Hynh, a npH T < Tcr, ecnH He 

nepeiiTH B "necj,opMHpOBaHHylC)" cj,a3y, OKa3blBaeTCll MHHMOH BenH'IHHOH. 
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CHCTeMbI). 3TH ypaBHeHHJI Y'IHTbIBaIOT CJie.nyIOll.lHe 3q>q>eKTbl: B3aHMHOe BJIHJIHHe KOJI

JieKTHBHblX H xapTpH-q>OKOBCKHX nepeMeHHblX H H3MeHeHHe H3-3a 3TOro B3aHMO,!lettCTBHll 

TeilJIOBblX 'IHCeJI 3aITOJIHeHHllj HaJIH'IHe B TeilJIOBOM BaKyyMe HarpeTOii CHCTeMbl HeKOTO

poro KOJIH'leCTBa TenJIOBblX KBa3H'laCTHUj BJIHJIHHe .llBYX'laCTH'IHblX KoppeJIJIUHll H3-3a 

CJiaraeMblX THila B1B2 TeilJIOBOI'O raMHJlhTOHHaHa (4). B Ka'leCTBe 'IaCTHblX CJiy'IaeB 

o6o6meHHoe TIIC<I> BKJIIO'IaeT paHee paccMoTpeHHhle TIIIIC<I> (3-5) H TeilJIOBoe caMoco

rnacoBaHHoe IIC<I> [6, 7). Mbi paCC'IHTaJIH 3aBHCHMOCTb OT TeMilepaTypbI BHyTpeHHeii 

3HeprHH CHCTeMbl H 'IHCeJI 3aITOJIHeHHll 0,!lHO'lac;rH'IHblX ypoBHeii. C q>OpMaJibHOll TO'IKH 

3peHHll TOIIC<I> pa6oTaeT JIY'Illle .npyrHx npH6JIHlKeHHii npH Bcex TeMnepaTypax H mo-

6oii CHJie B3aHMO,!lettCTBHJI V. O.nHaKo HaH6oJiee 3aMeTHbl ero npeHMymecTBa B TOH o6Jia

CTH TeMnepaTyp, r.ne npoHcxo.nnT nepecTpoiiKa cpe,nHero noJIJI (q>a30BblH nepexon). B 

TOIIC<I> TeMnepaTypa q>a30Boro nepexo.na OKa3b1BaeTcl! HHlKe, 'IeM B .npyrHx nptt6JIHJKe

HHllX, a JHa'leHHll < H > 6JIHJKe Bcero K TO'IHblM. HHrepecHo, 'ITO TOIIC<I> c xopoIIIeii 

TO'IHOCTblO OilHCbIBaeT IlOBe,!leHHe < H > KaK q>yHKUHH T H 6e3 nepexo.na B ,, .neq>opMH

poBaHHyIO" q>a3y (pHc.2r). QqeBHJ;lHO, 'ITO npH'IHHa 3TOI'O B corJiaCoBaHHOM H3MeHeHHH 

KOJIJieKTHBHhIX H xapTpn-q>oKOBCKHX nepeMeHHhlx, TaK KaK B TOIIC<I> cpe.nHee none ne 

"3aMopoJKeHo", KaK B .npyrHx npH6JIHJKeHHl!X. IlpenMymecTBa TOIIC<I> .neMoHcTpHpyroT 

H pac'IeTbl 'IHCeJI JanonHeHHll. B TO BpeMJI KaK TIIX<I> H TIIC<I> nepeouenHBaIOT BeJIH

'IHHY n1, a TIIIIC<I> ee ne.nooueHHBaeT, rrpe,ncKa3aHHll TOIIC<I> rrpaKTH'IeCKH coBrra.naroT 
C TO'IHhlMH 3Ha'leHHllMH. 

Pa6oTa BblIIOJIHeHa rrpu 'IaCTH'IHOH IIO.ll.lleplKKe CoBeTa no rpaHTaM IlpeJu.neHTa Pel> 

H rocy.napCTBeHHOH rro.n.neplKKe Be.nymHx Hay'IHblX IIIKOJI, a TaKJKe Pcl>cl>H (rpaHT Pcl>cl>H 
96-15-96729). 
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