
99-(g4 
P17-99-184 

B.,U.Kapa1rnaHoB* 

,UBYXKOMI10HEHTHhlll PEillETQqHhlll fA3 

*CocpHHCKHH yHHBeprnTeT, cpmHtJeCKHH cpaKyJibTeT, 1164 Cocpm1, 
Eonrapm1 
E-mail: vdkaraiv@phys.uni-sofia.bg 



© 06beAit1HeHHblill \IIHCT\IITyT SlAepHblX YICCileAOBaHit1L7i. ,[l,y6Ha, 1999 

J. raMHJihTOHHaH 

Ey.neM paccMaTbiBaTh H30TIJOTIHJ'10 H O)lHopo,UH)'IO pemency. B Ka:IK.!I;OM yJJie 

HJIH Haxo.nHTCsr ttacniua nma 1 , mm Haxo.nnTcsr ttacTHua rnna 2, rum )'3e.JI nycTofi. 

3Ta cHCTeMa Ha3hiBaeTCsr .u.syxKOMTioHeHTHhiH pemerO't!Hbrli: fa3. B npH6niDKeHHH 

6nmKaifillH:X coce.neii B3aHMO)leiiCTBHe ttaCTHU OIIHCbiBaeTCSI -rpeMJI KOHCTilHTilM"IJ: 

£11- :meprllil B33llMO)leiicrsiUI napbi 1,1; 

£22- :mepnrn B3ai:IMO)le:iiCTBIDI napb! 2,2; 

£12 = £z1 - JHeprna: B3anMo.neHcTBH.R IIapbi 1,2 = 2, I. 

KpoMe JTHX 3HeprernqecKHx semrttHH, )lJUl .llByxKOMTIOHeHTHoro pemero'!

Horo rroa HMeiDTCSI eme .use JHepremqecKHe KOHCTaHTbi: 

fl1 - 3HepriDI '!aCTHD;bl nma 1 B TepMOCTaTe, T.e. XHMKtteCKHii IIOTeHIJ.HaJI 

qacTHU THna 1. Ilpe,lUionaraerc.s~, lfiO qacmua nma 1 s pemen<:e HMeeT eynesyro 

JHepnuo. 

flz - :mepnrn qaCTHUbi THna 2 B TepMOCTaTe, onpe.ueneHHWI no.no6HbiM 

o6pa30M. 
Bso.rmM CIIHHOBbie nepeMeHHbie S,. i- HoMep )'3Jia, i = 1,2, ... ,N: 

S, = +I, ec;m s )'3Jie i HaxO)lHTC.si qacn~ua THrra 1; 
S, = -1, ecnH s y:me i Haxo;nrrc.s~ YfaCTHua mna 2; 

S, = 0, ecJIFI s YJen i- nycToH. 

Tor.na raMHJibTOHHa.H .uayx.KoMrroHeHTHOro ra3a npH HCIIOJib30BaHHH 6ollb

moro CTaTHCTHt:IeCKOfO aHCaM6IDI HMeeT Bli.ll 

H =-KLs.Zs/ -DL(s,Zs1 +s,s/ )-J 2:s,s1 
(t.j) (t.i) (<.i) 

(1) 

-J.LLs/ -hLs,. 

r~e 

1 
K = -4(811 +822 +28J2}. 

1 
D = -4!811 -822}. 

1 
J =-4!811 +822 -2e,2J. 

1 1 
J.l=2(!J., +!J.2}. h=2(!J.,-!J.2}. 

C)'MMHposrume no i, j sKJnOqaer see rrapbl 6JIHJKa.i:bm!x coce.neH, a no i - see 

}'3Jlbi pemenrn. 

raMHJibTOHHaH H OIDIChiBaeT MO.UeJib, KOTOPYID 6yJJ:eM Ha3biBaTb E(HHapH)'IO)

MO,!l;e.Jlb. 5-Mo,D;eJib, KpOMe orrn:caaoH peanH3ar.tHH, HMeeT eme .llBe. IlepBIDI H3 HHX -

CHCTeMa ManrnTHbiX MOMeHTOB. T Of)la J-l eCTb XHMH'ieCKiill: IIOTeHUHaJI '9:aCTI:IU C 



MarHHTHbiMH MOMCHTa.\Uf ±1, a h OIIHCh!BaeT BHCUIHCC MarHHTHOC IIOJIC. BTOpaJI 

pea.JIH3auHX- TpCXKOMITOHCHTHbill CIIJiaB. fa.J\.fHJihTOHHaH {J) BIICpBhiC npC.!I.CTaBJICH B 

pa6ore [J), f)le MeTO)lOM ljJ)'HKUHii fpHHa Bbl'lliCRJ!JOTCH KOppenHUHOHHb!e ljJyHKUHH 

BCJilRHH S, H npi1:BC,llCHl>I Bl>IpiDKCHIDI, CB513hlBaJ011UfC :mepreTHtJCCKHC KOHCTaHThi 

TpCXKOMIIOHCHTHoro ciiJiasa c KOJcl>cfm!UfCHTa.MH K, D, J, Jl, h. B CB.si3H c TeopeH 

CIIJiaBOB, o5o6[UCHHC fa.MHJibTOHHaHa (1), BKJilOlJaJOIUCC 6oJiee BhiCOKHC CTCIICHH S, 
)laHO B [2). B [3) K Bb!paJKeHHIO (J) )l06aBJJeH 'IJIOH, KOTOpb!M )laeT B03MOJKHOCTb 

Hccne.uoBaT.h cno:>.KH.hie CHCTCM.hi THIIa aMIIH<l>Hmma, JII>.Ua H T . .ll. Kor.ua D = 0, E
MOJlOJih COBlla)laeT c T.Ha3. E3f(BJume-Emery-Griffits)-MOJlOJib [4]. C 3TOM pa60Tb! 

HatJHHaeTC51 HHTCHCHBHOC paCCMOTpCHMC CHCTCMbi THTia CIIHH -1. Kor.ua H K = 0, 
E3f-MoJleJih CBOJlHTCH K EK(Blume-Capel)-MOJleJih [5, 6]. ,[\mi E3f-Mo)leJIH 

B3a.HMo.ueHcTBHe naphll,l prumo B3aHMo.ueHcTBHJO napbi 2,2; £11 = £22. 

TotfliOe pemeHHe ,lJ,.T.UI E3f-Mo,lleJIH B oTcyrcTBHe BHemHero nomr nonyqeHo 

M.S n:erroliKH [7]. T ai\JKe npH h = 0 H3BCCTHbi TOtJHhle pemeHHX ,ll,JUI IIICCTHyroJihHofi 

[8] H KBa.upamoii [9] pel.Ilen<H, Kor.ua BhiDOJIIDieTcx T.Ha3. ycnoaHe Xopmym 

K J 
-=-lncosh-
9 9' 

r.ue e - TCMilepazypa B JHepreTHtieCKHX C,llHHHUax, e = kaT, kB - KOHCTaHTa 

Eom"I{MaHa, T- TeMnepazypa B KCJI:&BHHax. 

,[{mi pemeTKH EeTe rrpH ycnoBHH Xopmym nonyqeHnr napaMeTpH't!ecKHe 

ypaBHOHHH JlnH OllpCJlCJICHHH KpHTHTHqeCKHX BCJIHqHH [JQ], [11], a B [12] 3TO 

ycnoane crurro. CornacHo H3BCCTHOH rHIIOTe3e TOl.JH.hie pemeHJUI .DJI.H pemeTKH EeTe 

.aamnoTca H npH6JIIDKCHHhiMH pemeHIDIMH EeTe-Tia.Hepnca .JJ.J.UI npoH3BOJibHOH 

peiDCTKif COOTBCTCTBYJOIUCii pa3MCpHOCTH. 

IlpH6mi:>.KCHHe cpe,ll,Hero no.T.UJ .lliDI E3f-Mo.uenH pa3BHTO B [4], a o63op 

pe3yJibTaros npeJlCTaBJieH B [14]. B [15] nOKa3aHo, qro om npH6JimKeHHe 

TIOTBCpJK.U.aCT H,UCIO 0 E3f-MO,lleJIH KaK pa36aBJICHHOii MO,UCJIH l13HHra [7). ,[(.rul6onee 

o6meii E-Mo.ueJIH napaM:erp:r:.I cprooBbiX nepeXO.IlOB, KpHrn"<IeCKHe TO't!KH H T • .ll. 

HCCJIC,llOBaJIHCb TO.JII,KQ B IIpH6JIH:>.KCHHH CpC,llHCfO IIOJUI, 11 ,llJI51 pa3HbiX pea..rrH3auHi:J: 

6hlJIH Haiiz:leHhl pa3H006pa3Hble $a30BhiC .llHaTpa.MMhi. fiO.llp06HOC H3JIOJKCHHC 

CO,ll,Cp)KIITC.H B pa6oTax [16 -20], HO B 6oJiee JI03,ll,HHX pa60Tax OTC)lTCTBYCT cpaBHCHHC 

c pe3ynnTaTaMH 6onee paHHHX pa6oT. KpoMe :noro, KaK CJ1e.uyeT H3 .llaJibHeHmero 

H3JIO)Kemrn, IIpH6JIH)KCHHC cpei(HCfO IIO.T.UJ Cylll.eCTBCHHO Bli.!I.OH3MemiCT KapTHHY 

COCT051HH:if CHTCM:bl. 

,lJ;a.JibillC BMCCTO HH,llCKCa } ,llJUJ 't!aCTH~ 6y,UCM TIHC3Tb HH}leKC IIJIJOC "+", a 

BMCCTO HH)lCKCa2- MHHYC "-". 

IlpH h = 0 'lJ.JICH C MHQ}KHTCllCM D CHHMaeT BblpOJK,UCHHe OTHOCHTCJibHO 

-rpa.HccpopMauHH S; ---+ - S;, i = 1,2, ... ,N Ha "MarHHTHOM 513.hiKe" JTOT tmeH onHChlaaer 

B03MO:>KH)'l0 p33ID.Uzy B p3CTIOJIO)KCHHH MaTHHTHhiX MOMCHTOB B HanpaBJICHHH BBCpX 

( +) H HaiipaBJICHHH BHH3 (-). 
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2. 0CHOBHOe COCTOSIHHe 

MeXaHHl.JCCKOe COCTO.HHHC CHCTCMbl BIIOJIHC onpe,ll,CIDICTCH N-MepHOH 

nepeMeHHOH 

S = (S1 .S2 .... ,SN }, 

r.ne N- nonHoe 't!HCJIO Y3JIOB B pemCTKe. B .uam.HeiimeM npe,llnonaraercx, no 

N »1. 
a TaJOKe HaJIHtiHC UHKJIHl.JCCIGIX rpa.HHT.!HbiX ycJIOBHfi. 

.[{nx OllHCa.HH51 3HeprnH CHCTeMbl Y.U05HO BBeCTH lfl:ICJia 
N+. N_, N 0 

H l.JHCJia 

N++· N __ , N 00 , N+-· N+D• N_0. 
CHCTeMa o603Ha't!eHHH .s~cHa. N ... ecn. tJHCJIO YJliOB, a KOTOpbiX S, = + 1, N. -

wcno Y3JIOB, r.ue S, = -1, No - 't!HCJIO rryCTbrx Y3JIOB, T.e. }'3JIOB, r.ue S, = 0. N++ ecn. 

't!HCJIO nap 6nHJKaiinmx coce)leii, r.ue S, = ~ = + 1, N+. ecn. 't!HCJIO nap 5JIIDKaiiiiiHX 

coce,lleH, r.Ile S, = +1, S; = -1, HJIH S, = -1, ~ = +1. IlpH 3TOM N+. = N-+- Ilo,llo5HhlM 

o6prooM onpe.ue.JUIJOTCH 't!Hcna N_, Noo. N+o, N.o. 
,Ues.Hn 't!HCen N+ , ... , N.0 - He He3aBHCMMhle. OHH CB5133HH.bi 

COOTHOIIlCHIDIMH: 

N+ +N_ +No= N. 
zN+ = 2N++ +N+- +N+D. 
zN_ = 2N __ +N+- +N_0 , 

zN0 = 2N00 +N+o +N_0 • 

r.ne z- qf!CJIO 6nHJKaib:Irnx coce.ueii KCDK,Uoro y:3na. 

C)'MMa nocne.UHHX -rpex paseHCTB .uaeT 
zN 

N++ +N __ +Noo +N+- +N+o +N_0 = 2· 
OrMernM, no zN/2 - 't!HCJIO rrap 6nmKaiiniHX coce,lleii a pemeTKe. 
I13 .n;ea.s~TI~ tiHCeJI N+,-··· N.0 HC3aBHCHMhlMH XBIDIIOTC.H TOJihKO ruiTh. 

qHCJia N+ •... , N.0 y.uoBJieTBopmoT HepaseHCTBa.M: 

05,N+. N_, N 0 5,N, 

zN 
O:s;N++• N __ , Noo, N+-· N+o• N_o :;;2. 

flpH H3XO)K.JlCHHH BhlpiDKCHIDI .1liDI 3HCpr11H yqHThiB3CTC.H, no 

LS/Sj2 =N++ +N __ +N+-• 
(t.J) 

_L.(s,2sJ + s,s/ J = 2IN++ -N __ J. 
(<.J) 

.L,s,SJ =N++ +N __ -N+-• 
(t.J) 
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LS~2 =N++N_, L:s, =N+ -N_. 

' ,nJm Onpe.neneHIDI B03Mo:JKffbiX OCHOBHhiX COCT051Hlii-f ra~mJib TOHH3H CHCTeMbi 

rrpe.UCTa.BHM B cne.uyromeM BH.lle, KOTOpbiM nenco IIOJiyti3eTC.H H3 BepXHHX paseHCTB H 

cooTHomeHHH MeJK.UY ~cna.MH N + , ••• , N.o : 

(2) 
H = -(K +2D+J + 2 Jl+h)N++ -(K -2D+J +2 J.L-h)N __ 

z z 

( J.L) Jl+h J.L-h - K-J+2- N _---N 0 ---N_0 • z + z + z 
CocTomme cHCTeMbi, Kor.ua see Y3JILI- JIYCTbie, T.e. 

S, = 0, i = 1,2, ... ,N, 

N 0 =N, N+ =N_ =0, 

zN 
N 00 =2· N++ =N __ =N+- =N+0 =N_0 =0, 

He 6y.lleM paCCM3TpHBan., Ka.K OCHOBHOe COCTOIDIHe. B 3TOM COCTOHHHH 3Heprua 

CHCTeMbi pa.BH3 H)'JIIO. llo:HOM)' BCe OCHOBHble COCTOSIHH.II 6y.uyr C OT'pHU3TeJibHhiMH 

3HepriDIMH. 

B 6-MepHOM npocrpaacrse rrepeMeHHhiX 
H, N++· N __ , N+-· N+D• N_0 

BhipiDKeHHe JlJUI ra.MH.JThTOHHa.Ha onHChmaeT pasmnzy. 3Ta paBHHHa rrepeceKaeTca 

p3BHHHa.'\1H 

N++ =0, 

N __ =0. 

N+- =0. 

N+o =0. 

N_0 = 0, 

N _zN 
++--2' 

N __ = zN 
2' 

N+- = zN 
2' 

N zN +0=-2' 

N zN -0 = -2' 
B03HHKaiOI!J;HMH H3 orpaaWieHIDi JlJUI yxroaHHbiX nepeMeHHLIX. CooTBeTCTBeHHO 

MHHHM)'M 3HeprnH, KOTOpbrli: OITpe,neiDieT OCHOBHOe COCTOXHHe, Hax:O,UHTC51 B 

seplllliHax nepeceqeHIDI paBHHHhl ,ll.IUI H c OffifCaHHbiMH I 0 paBHHHaMH. llpH 3TOM 

Ha.uo ytmThlBaTb H orpaHHl.J:eHHe Ha C)'MMY nepeMeHHbiX N++., N_ H T . .n •. 3ro 

OrpaHWieHHe CBO,ZUIT see B03MO)KHble TO'lJKH, r.ne H}')KHO HeKaTb MHHHM)'Mbl 3Hepnm, 

KaK TOq}(}f, AJU1 KOTOpbiX O,[VfO H3 l.J:HeeJI 

N++· N __ , N+-• N+D· N_0 

paBHO zN/2, a see .upyn~e paBHhi eymo. TaK nonyq:aeM cne.ll)'JOillHe OCHOBH:&Ie 

eOCTOXHIDI. 
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II 

l 
I , 

I 

r 

1. CocT0$1HHe (++). Ha "MarHHTHOM $13biKe" 3TO cocT0$1HHe- q,eppoMarHHTHoe 

COCT0$1HHe, r.ne BO scex )'3Jl3X S, = +], COOTBeTCTBeHHO 

zN 
N+ =N. N++ =2· 

a see .npyrne t.J:Hcna paBHhi HY.TIID. B pecu1H3auHH .usyxKoMnoHeHTHoro raJa 3TO 

03Hat.Jaer, 1-ITO see )"3Jibl JaHsrrbl t.JaCTHUaMH THna I. '4ro6ni cocT0$1HHe (++) 6hino 

OCHOBHbiM, H)')KHO BhiTIO.TIHHTb CJie.nylOIU)'lO CHCTeMy HepaBeHCTB: 

-(K +2D+J +2 Jl+h)< 0. 
z 

( J.L+h) ( J.L-h) - K+2D+J+2-- <- K-2D+J+2--
z z 

( J.L+h) ( 2J.L) - K+2D+J+2-- <- K-J+-
z z 

-(K +2D+J + Jl+h)<- Jl+h. 
z z 

-(K +2D+J + Jl+h)<- J.L-h. 
z z 

Depsoe H3 3THX HepaseHCTB ytiHThiBaeT TO, l.JTO 3HeprnSI OCHOBHOrD 

COCTOS!HHS! .UOmKHa 6hiTh 01JH1U3TeJibHOH, a CJie.ll)'lOIIIHe 'llf!Tbipe - TO, 'lfTO 3HepruSI 

6hiJia MHHHMa.ribHOfi. 

Docne 3JieMeHTapHbiX npeo6pa30BaHHfi BepXIDIS! CHCTeMa HepaBeHCTB 

CBOLUfTCS! K cnenyrom;efi: 

(3) 

z(K + 2D+J)+2(J.L+h) > 0. 
zD+h>O. 

z(D+J)+h>O. 
z(K +2D+J)+ Jl+h >0. 
z(K +2D+J)+ J.L+3h > 0. 

2. CoCTOSIHHe (--). 3To coCTO.siHHe - TOJKe $eppoMarHHTHOe, r.ue so scex y3nax 

S, = -1, a ,U.JUI .usyx.KoMnoHeHTHoro raJa- coCTO.siHHe, s KoropoM see Y3Jihi 3a.H.siTbi 

t.IaCTHUaMH THITa 2. 0HO OC)"lUeCTBJUieTCS! Ka.K OCHOBHOe, KOr}la BhiTIOJIHS!eTC51: 

CJie.ll)101Uasi CHCTeMa HepaBeHCTB: 

z(K- 2D + J) + 2(J.L- h)> 0. 
zD+h<O. 

(4) z(J-D)-h>O. 
z(K -2D+J)+ J.L-3h > 0, 
z(K -2D+J)+J.L-h > 0. 

3. CocroxHHe (+-). 3To cocroSIHHe - aHTHilJeppoMarHHTHoe, a .lliDI .llByx

KoMnoHeHrHoro raJa - COCTOS!HHe, B KOTOpOM y:mhi IIOOt.Iepe,!I,HO 3a.HS!Tbl "ll3CTHU3MH 

THIIa } H THIIa 2, T.e. 

N+ =N = N - 2. N+- = zN 
2" 

Bee .upyrne ~mcna paBHhi Hymo. CoCTOXHHe ( +-) ocyw.ecTBJI$1eTC.si KaK oc

HOBHoe, KOr)la BhiDOJIHXeTC.H CJie.1l)'lOlllrui CHCTeMa HepaBeHCTB: 
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z{K-J)+2fl.>O. 
(*) z(D+J)+h<O. 
(*) z(J-D)-h<O. 

z(K -J)+ fl.- h > 0. 
z(K -J)+ fl.+ h > 0. 

C)'MMHpy.SI HepaBeHCTBa, o6o3Ha't!eHHbie (*), no.rryqaeM 

J<O. 
0rMeTHM, ~0 :no HepaBeHCTBO - He06XO,UHMOe, HO He.llOCTaTOlJHOe ycnOBHe 

.ltJll[ OcyiileCTBJieHIDI aHTH<fJeppOMarHHTHOrO COCTOHHHSI. B HeM co.uep)f{HTC51 MeHbllie 

HH<f>OpMauHH, lJeM B HepaseHCTBax (*). 
B MO..U:eJJH l13HHra BepXHee HepaseHCTBO ,llJI.SI J TO:>Ke HBJUieTCSI He06XO.UHMbiM 

ycJIOBHeM .nrur cyruecTBosrum.si aHru:$eppoMarHHTHoro coCTO.siHHS!. CB5l3h E-MO.UeJIH c 
MO.UeJILIO H3HHra npoHBIDleTc.s~ H .nam.me. 

4. CoCTosun:re CO+). 3To coCTO.SIHHe MO)KHO Ha:man. nonyrrycToii perneTKOii 
THIIa ( + ) . .!{rrs! MarHliTHOii CHCTeMbl - 3TO ¢teppOMarHHTHOe COCTORHHe, B KOTOpOM 

"'epe.zzyJOTC.SI rrycThle )'3Jibi H )'3m.I c S, = + 1, a .!lJlH .llBJXKOMIIOHeHmoro ra3a - nycn.te 
)'3Jihi H }'3Jibl, 3aHSITble 'l!aCTHUaMH ru:na 1. CocTo.RHHe (0 +) ocymecTBIDieTCH KaK 

·OCHOBHOe, KOr,!la BbillOJUUieTCH CJieJI)'K>lllCUI CHCTeMa HepaBeHCTB: 

fl.+h>O. 
z(K +2D+J)+ fl.+h < 0. 
z(K -2D+J}+fl.-3h < 0, 

z(K-J)+fl.-h<O, 

h>O. 
5. CocrmiHHe CO-). 3To cocroaHHe MO)KHO HaJBan. no.rrynycroH pemencoH 

THIIa (-). ,.[{rr.sl MarHHTHO:i.f CHCTCM:bl - 3TO I}JeppoMarHHTHOC COCTORHHC, B KOTOpOM 

tJepe.ll)'lOTCR nyCThie }'3Jihl H }'3Jihl c S, = -1, a )l1l5l .UB)'XKOMTIOHCHTHoro raJa - nycrne 

)'3Jlhl H J31Ibi, 3aiU£TIJC tJacnru;aMH rnna 2. Cocro.s~HHe (0-) ocyrn;ecrs.JI.Slerca Ka.K 

OCHOBHOC, KOr)la B.biDOJIH.SieTCX CJIC)l)'K>UlaJr CHCTCMa HCpa.BCHCTB: 

fl.-h>O. 
z(K +2D+J}+f1+3h <0, 
z(K -2D+J)+ fl.-h < 0, 

z(K-J)+fi+h<O. 

h<O. 
ITpH onpe,neJieHHOM z B IUITHMepHOM npocrpaacrae rrap;werpoa K, D, J, J.L, h 

IIpHBC,UCHHblC CHCTCMbi HCpaBCHCTB OIIpC,lle.IDIIOT 06JiaCTII C)'IIlCCTBOBaHHSI KIDK.l(OfO 

H3 OIIHCaHH:biX COCTOSIHHif, KaK OCHOBHE.IX. ,.I:{rul HCCJIC)lOBaHIDI 3THX 06JiaCTeif IICpBOC 

H cru.we rrpocToe .ueHCTBHe - Haiirn HX rrepece'l!eHHe c oca:MH K, D, J, J.L, h. 
PaccMOTpl!M CJI)"Jail 

K "0, D = J =fl.= h = 0. 
Tor.z:r;a B CHCTCMC HCpa.BCHCTB ,llJUI COCTOHHIDI (++) HC BbiDOJIH.SIK>TCH BTOpOe H 

TJ'eTbC. C .upyrofi CTOpOHbl, B 3TOM c.nyqae raMHJibTOHHaH CHCTCMbl HMCCT BH)l 

H=-KLS/sf 
(i.j) 
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} 

H O'tJCBH.UHO IIpH K > 0 3Heprna: HMCCT MHHHM)'M. B03HHKlill:IH: napa,uOKC p83'hliC

H51CTC51 IIpOCTO. TipH K > 0 TO JKC 3Ha'l!CHHC 3ffeprHH rrponyqaCTCX H ,U.lUI COCTO.s!HHH 

(-) H (+-), a CTpOrHC HCpaBCHCTBa B CHCTCMC HCKmO'tJ3lOT B03MOJKHOCTL TaKOrO 

BblpOJK.!lCHH51. Bee .UpyrHe COCTO.siHIDI TOJKC HCB03MOJKHbl Ka.K OCHOBHhlC. 

Pe3yn& rani B .upyrHx cnyqaxx CJIC.ll)'lOIIlHC: 

D ;tO. K =J = fl.=h=O. 
CoCTOSIHHC (++) B03MOJKH0 Ka.K OCHOBHOC, KOr.lla D > 0, COCTO.llliHC (-) 

B03MOJKHO KaK OCHOBHOC, KOf)la D < 0, BCC OCTaJILHLIC COCTOSIHHX He OC)'IIlCCTB

JUUOTCH KaK OCHOBHLIC. 

J ;t 0. K = D =fl.= h = 0. 
CocTOHHHC (+-) B03MO)KH0 KaK OCHOBHOC, KOf,lla J > 0, BCe OCTaJibHLIC 

COCT051HIDI He OCYIUCCTBIDIIOTCSI KaK OCHOBHblC. 

fl.#O, K=D=J=h=O. 
Bee OIIHCaHHLIC COCTOSIHIDI He OC)'llleCTBIDllOTC.si KaK OCHOBHLie. 

h "0. K = D = J = fl.= 0. 
CoCTOHHHC (++) B03MOJKH0 KaK OCHOBHOe, KOr.Ua h > 0, COCTOKHHC (-) 

B03MQ)KHQ Ka.K OCHOBHOC, KOf)la h < 0, BCC OCTaJILHble· COCTOHHIDI He OC)'I.nCCTB

JUHOTC.sl Ka.K OCHOBHLIC. 

CJieJl)llOliJllii mar B HCCJIC,llOBaHHH o6JiaCTH cyiilCCTBOBa.HHH OCHOBHbiX 

COCTOSIHH:i:f - HaxOJK,llCHHC HX rrepece'l!CHHSI C 10 )lBJ'MCpHLIMH paBHHHaM:H 
(K.D). (K,JJ. (K,fl.), (K,h], {D,J], {D,fl.}, {D,h}. 

(J ,fl.}, (J .h). (fl.. h). 
flOJIHOe OIIHCaiUIC HC 6y~CM npe,nCTaamrn., TilK KaK BCC pe3yJI:O TaTLI JICKrO 

rro.rryqruorcx. PaccMOTpHM KaK npHMepLI TOJILKO ,UBa cnyq:rur • .[(.rui pa:sHHH:OI (K,D) 
COCTO.HHHC ( ++) B03MOJKHO Ka.K OCHOBHOC COCTOIDIHC B 06JiaCTH 

D>O, K>-2D. 
COCTOl!HHe ( --) B03MOJ!(H0 KaK OCHOBHOe COCTOl!HIIe B 06JiaCTl! 

D<O. K>2D. 
QqeBH.llHO, 3m o6JiaCTH HC HMClOT 061IlHX TO'tJCK. Bee ".upyrn:e COCTOXHIDI HC 

ocymecTBJUilOTCH KaK OCHOBHbie COCTO.RHIDI. 

,[(rui EK-Mo.nem.f, Kor..ua BHeiiiHee noJie h paaso eymo, nonyqaeM, no 

COCTO.HHHC ( +-) .HBJUICTCH OCHOBHLIM COCTOKHHCM B 06JiaCTH 

J<O. 
z 

fl.>-D 2 . 

a BCe ilj)yrne COCTOl!HHJI B paBHHHe (J, Jl) He cymeCTByroT KaK OCHOBHb!e. 

TipH orrpe.neJieHHLIX coomomeHIDIX MC)KJl)' 3HaqeHIDIMH napa.MCTpOB K, D, J, 
J.l, h MHO:lKCCTBO OCHOBHLIX COCTOHHHfi H3MCH.SICTC.51. flepabrli BapHaHT 

a.HayJIHpOBa.HHC O.u;HOfO HJIH HCCKOJILIGIX K03q,qn.fUHCHTOB B fa.MHJILTOHHa.He (2), a 

BTOpO:if - pa:BCHCTBO K031}JI}Jill.(HCHTOB. tfuCJIO B03MOJKHLIX C.rrytiaeB - .UOBOJILHO 

06peMCHHTCJILHO, HO TaK KaK BCC paCCMa-rpHBaiOTC.sl O)lHOTHTIHO, OTMCTHM TOJILKO 

HCKOTOpble npHMepLI. 

Kor.ua O.llHH H3 Ko3q,$HUHCHTOB B ra.MlLIIbTOHHaHe (2) paaea eymo, 

COCTO.SUUie, OnpC,llemJCMOe HCliC3HYBWCii: nepCMCHHOfi, Bbiiia!laeT H3 MHOJKeCTBa 

OCHOBHLIX COCTO.RHHif:. ,[{orryCTHM, 'tJTO 
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~+h K+2D+J+2--=0. 
z 

Tormt ntMRJThTOHHaH (2) rrpHHHMaer BH.n; 

( h) ( h) ~+h ~-h H=4 D+- N--+2 D+J+- N+----N+0 ---N- 0 z z z z 
H B03MOJKHble OCHOBHble COCTOSIHIUI C)'Tb (-), (+-), (+0), (-0). )Lri$1 KIDK.llOrO H3 HHX 
B03HHKaeT COOTBeTCTBYJOlUrui CHCTeMa Hepa.BeHCTB. HanpHMep, .WUI COCTO$IHHH (-) 
HMeeM: 

h r/ h) h D+- <0. .o.._D+- < D+J +-, z z z 
( 

h) ~+h ( h) ~-h 4 D+- <---, 4 D+- <---. z z z z 
Y >Ke OTMel!aJIOCb, liTO eCJIIi B CHCTeMbi HepaBeHCTB ,llJll[ OCHOBHhiX COCTO.SIHHii 
BKJllO'lJHTh H paBeHCTBa, TO IIOXBJI.SieTCX BbipO)K)leHHe. .[{onyCTHM, lfTO B 
raMHJibTOHHaHe (2) K031jJ<jJHuHeHn.r nepe.n N++ H N_ panHIJ. Tor.ua 

zD+h=O, 
H COOTBeTCTBeHHO 

H = -(K +J +2~)cN++ +N __ )-(K -J +2*)N+-
-~+hN -~-hN . z +0 z -0 

llpn :ITOM ra.MHJibTOHHaHe, KaK B03MOiKHhie OCHOBHbie COCTOXHHX, 
l!O>IBJllllOTCX )'JKe H3BeCTHhle COCTOl!Hl!J! (+-), (+0), (-0) H COCTOXHHe, 1\llil KOTOpOrO 

zN 
N+++N_ =2· 

3To cocrmnme - MHOrOI<paTHo BbipmK.ueHHoe. 't!acTHbie C.JIY'li8.H ero 
peam!3auHH - COCTOXHl!J! ( ++) H (-). 

0rMeTHM, lfTO B npe.UCTaBJieHHOM MeXa.HJ.flieCKOM TIO,llXO.Ue He cymeCTBYeT 
3aBHCHMOCTH Me)K.ll)' XHMWJeCKHM TIOTeHUHaJIOM H t.UICJIOM 3aHXTbiX )'3JIOB. 
CTaTHCTH'tJeCKOe HCCJie.UOBaHHe, OCHOBa.HHOe Ha B3a.HMO.UeiicTBHH Me):K,!l)' CHCTeMOH H 
TepMOCTaTOM, YCTa.HaBJIHBaeT Tm<yiO CBSI3b, H CJie,UOBaTeJihHO, B TipHHUHTie 
CTaTHCTH'lJeCKOe QCHOBHQe COCTO.SIHHe, KOTOpOe onpe.nelUieTCX npe.neJibHbiMH nepe
XO,llaMH T-+ 0, N-> 0, .RBJLSieTCJI O.UHHM H3 B03MOiKHblX MeXa.H:HtieCKHX COCTO.SIHHH. 

3. Ilpn6JIIDKenne cpe11nero IIOJI!I 

CraTHCTH"'eCKasi C)'MM:a 1l1I.SI paBHoaecHoro cra.THCTIIt.IecKoro aHCa\f6nx c 
,rt;a.HHbiM ra:MHJibTOHaHOM HMeeT BH.U 

zN = .L;exp[-iHisJ]. 
s 
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BbiliHcneHHe 3TOH c)'MMbi .uaeT TOlJHOe pemeHHe 3aLI:a~m o panHoBeCHbiX 
repMO,UHHa.MH'9eCKHX CBOiiCTBax CHCTeMbl, KOTOpasi HaxO,llHTC$1 B TepMOCT3Te C 
TeMneparypoH 9 H rrpH XHMIP:IeCKOM IIOTeHUHa.rJe ffi )liDi MafHHTHOif CHCTeMhl 
coorsercTBeHHO .6... H .6.- .n;m1 nsyxKoMIIOHeHTHoro pemerot.tHoro raJa. ECJIH 
CT3TI'ICTH'ieCKa.H C)'MM3 Z.v npH 3a.rlaHHOM t.H:ICJie 6JIHJKaifiDHX COCe)lefi: Z H3BeCTH3 KaK 
cPYHKUHH BeJIHlJHH e. K, D, J, Jl, h, B mecTHMepHOM npocrpaHCTBe 3THX BeJIH'tJ:HH 
MOiKHO onpe,lleJIHTh 06;13CTH CymeCTBOBaHIDI pa3HbiX $33, a rpaHHUbi 3THX o6nacreii 
OIJpe.n;en.snQT BH..U H napaMeTJ)bi <I>330BbiX nepeXO.UOB. ilpH 8 = 0 :no IIIeCTHMepHOe 
rrpocrpancrso nepexo.zun s )')Ke 3HaKOMOe npocrpaH.crso napaMerpos K, D, J, Jl, h, 
r.ue B03HHKaeT oqepTa.Hlle 06JI3CTeif OCHOBHbiX COCTOXHHH. ilpH6JIH:IKeHHOe 
HaxO)f(.UeHHe CT3THCTWieCKOii C)'MMLI H3MeHJteT :ny KapTHHy, TipH 3TOM He BCer.na 
XCHLIM 06pa30M, Oll,HaKO B px,u:e CJiyl.J3eB 3TO e.UHHCTBeHHa51 B03M0JKHOCTL 
H3XOiK,!leHHX onpe)le.JieHHOii: HH<I>OpMauHH. 

)Lrlx HaxOJK.UeHHX craTHCTH1J:eCKOii C)'MMLI BOCllOJIL3yeMC» npH6JIIfiKeHHeM 
cpe,UHero TIOJIH, cyn. KOToporo CBO.!lHTCX K TOM)'~ 1J:TO 6JIHiKHHif ITOpXllOK, T.e. 
KOHCTpyKUHX nap 6nHJKaiiiiiHX coce.ueii onpeneJUJercx .n:arr&HHM nopnJlKOM. B 
KOHKpeTHOM CJI)'liae pellaKUHX Ep3ITa-BHJibXMCa ..lliDI npH6JIHiKeHHX cpe.uHero TIOJLSI 
03H3'lJaeT npHJUITHe CJie.ll)'lOIUHX COOTHOIIIeHHii: 

:;~ ~(;). ~;; ~(;). ~~ ~(; r =(N-N;-N ). 
CooTBeTCTBeHHO, H3 BbipiDKeHHSI (2) no.!I)'l.JaeM raMHJII>TOHHa.H a 

npH6JI:uJKeHHH cpe.n:Hero no.llll 

z 2 z 2 H(N+.N_) = 2K(N+ +N_} - zD(N+ +N_)(N+ -N_)-2J(N+ -N_) 

-p.{N+ +N_}-h(N+ -N_). 
,.QruJ: OCHOBHOrO COCTO.SIHH.SI (++) N+ = N, N. = 0 H3 3TOrO BblpiDKeHH.H H (2) 

HaxOJUIM, ~o 3Ha'lJeHHe JHeprnH coana.uaeT. ToT JKe pe3yJihTaT no.rryqaeTcx H .!lJIH 
COCTO.SIHH.SI (--). 0;J;HaKO 1l1I.SI COCTOXHHif (+-), (+0) H (-0) TOqHOe 3HaqeHHe 3HeprHH He 
coana.uaeT c no.rryqeHHhiM H3 H(N+. NJ. 3To 03HaqaeT, lfTO npH6JI:uJKeHne cpe.n:Hero 
TIOJLSI B 3TOM B3pHa.HTe llaeT ,!J;OCTOBepHble pe3Ylii>TaTbl, TOJihKO KOr)la CHCTeMa 
BLIXO,lUIT H3 OCHOBHbiX COCTO.SIHHH (++) H (--). B .U3nhHeH:llieM 3TOT BbiBOll H3XO)lHT H 
.n:pyroe nomaep)KJleHHe. 

B np:u5JlliJKeHHH cpe,UHero nomt CTaTHCTWieCKasi cyMMa npe.n:cTaBJI.SieTca B 
BIUte 

" [ H(N+.N I] ZN = .£... PN{N+,N_)exp- e , 
N+.N-

r.ue MHOJKHTeJI& PN(N+ , NJ ~TbiBaeT BhipOiK,lleHHe COCTO.SIHH.sl C 3HeprneH 
H(N+,NJ. 

N! 
PN N +! N _ !(N- N + - N _]!. 
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TaK I<aK N >>1, CTaTHCTH'<ieCKrut C)'MMa onpe}lerurercH Han60JihlliHM t.IJieHOM 
CJ'MMhi. }1,mi BhitJHcneHHH y.1lo6Ho sseCTH cJie.nyromHM o6pa3oM napaMeTphi L H M: 

N+ 1 I N_ 1 -=- L+1) -=-(M+1) -1<LM<1 N 2 ' N 2 ' -' -· 
Tor.lla ypaa:aeHHH 

azN = o. 
aL 

azN =O 
aM 

Onpe.IJ.eJUIIOT Te 3HatiCHHSI: napaMeTpOB, KOTOpbiC, IIOCTa.BJICHHhiMH B BhlpiDKCHHe WUI 
ZN, .n:aKIT HCKOMhm pe3ynhrar. 

Pe3y.JThTaThl BhitiH:cneHHH y.n:o6Ho 3anHcan. HCIIOJI&3ya cne.u)'lOw;He BeJIHtiHHhl: 
N+ N_ N++N_ 

c+ =N· c_ =N· c= N c+ +c_, o::;;c, c+. c_ ::;;], 

y= ~(L;-s,) N+-N 
N 

= c+ -c_, -1sysl. 

OtieBH.UHO, c aBIDierc.s:r 6e3pa3MepHoH KOHUCHTpauHeH 3aHXThiX }'3JIOB, a y 
onpe.o:eiDICT cpemuow 6e3p33MepH)'lO HaMarHHtieHHoCTh Jl.iUI omroro Y3Jia. 

flle 

CHCTCMa ypaBHCHHii )l1UI y H C HMCCT BH,ll 

y = c tanh(zD'c + zJy + h'}, 

y 2 =c2 -4(1-c2)exp(2zK'c+zD'y+2~L'}, 

K'=K 
9' 

D'= D 
9' 

J'= J 
9 . 

~ 
~·=a· 

h 
h'=e· 

Ilepaoe ypaBHCHHe IIOK33biBaCT, tiTO paCCMaTpHBaeMrui Ma.I'HHTHrui CHCTCMa B 
OTHOIDCHHH KpiiTHtiCCKOJi TCMrreparypi:.l 3KBHBaJICHTHa MO,UeJIH lhmrra B 
npH6JIIDKeHHH cpe)lHero no.JUI. Bao.nHM HOBYIO nepeMeHH)'IO 

u = zD'c + zJy + h' 
H IIO.JIY'9:3CM ypaBHCHHC .1liDI KpHTHtiCCKOif TCMIIeparypbi 8k B BH,!l;C 

1 
- (9u- zDc- h) = tanhu. 
zcJ 

rpa!l>HtiCCKOe npe)lCTaBJlCHHC 3TOrO ypaBHCHJUI ,SiCHO. IlpXMrui, C JICBOii 
CTOpOHI:.I, nepeceKaeT KpHB)'IO, OIIHCaHH)'lO B rrpaao:if tiaCTH. Kor,na IIpH H3MCHCHHH 
TCMnepaTYIJI:.I TOIJKH, COOTBeTCTByrol.UHe JIOKaJibHOMY MHHHM)'MY H JIOKaJibHOM}' 
Ma.KCHM)'MY, CJIHBa.IOTCSI, IIpaMa.si CTaHOBHTC,Si KaCaTCJThHOif, H B 3TOM IIOJIQ)I{CHHH 

TCMIIepaTYIJa paaHa TeMTiepazype 4>330BOrO IIepexo,na 8k. 
IlpH c = 1 H D = 0 aepxHee ypaaaeHHe nepexo.nHT a ypaaHeHHe, 

onpe.ne.mnomee KpHTWICCK)'lO TeMnepaTypy .1liDI Mo,neJIH I13HHra npH HaJIHtiiDI 
BHeWHero llOJIJ[ h. 

HcnoJII:.3yx CHCTCMY )l1UI y H c, paccMOTpHM npe.uem.HLlli nepexo.u 9 -) 0. 
CooTBCTCTBCHHO no.nyqaeM: 

1) C-->1, y->1, C=c.=l. 
3ror Cn)"laH OCYIIleCTBaeTCJI npH BbiDOJIHeHI!ll HepaseHCTBa (J) H 

HCpaBCHCTBa 
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2) C-->1, 
3ror cn)"laii 

aepaseHcrsa 

2zK + zD + 2~ < 0. 
y-+ -1, c=c_ =1. 

ocymecrBIDierc.!l npH BbiTIOJlHeHHH aepaseHcrsa (4) 

2zK - zD + 2~ < 0. 

H 

0T..Jemumo. 3TH )lBa CJI)'l.IaJf 03HatiaiOT HaJIHl.JHe OCHOBHOfO COCT05IHIDI (++) 
HJ1H OCHOBHOfO COCTOJIHlHl ( --). Bee .UpyrHe B03MO:>KHhie 3HatJ:eHHX 2liDI y H C He 

corJiacyrorcx c ycnosHeM 9 ~ 0. Cne.llOBarenoao, npH6Jm:>KeHHe cpe.llHero IIOIDI 
yt-IHThiBaeT TOJibKO 3TH OCHOBHhie COCT05IHiHI. 

,[Ln.si BbiCOKHX TeMnepaTyp, KOf.lla BhliiOJIHHIOTCH BCe CJiellytOIUHe HepaBeHCTBa 

I~« 1' I~« 1' 1-¥1 « 1' m « 1' l%1 « 1· 
nepsoe npHfiJIHJKeHHe JlJIH MarHHTHOH CHCTeMhl HMeeT BHll 

c 
y=e(zD+h). 

2f 1 (2zK )J 
c=sl1+39 3+~~-

a 1IJI51 .llByxKOMIIOHeHTHOfO rroa: 

1 r 2z(K ) 1 1 
c.= sl1 + 39 3+D + 39c2il.· -il._)J 

1 r 2z(K ) 1 1 c =-l1+- --D +-(2il. -il. )IL - 3 39 3 39 - + J 
B HyJieBOM IIpH6JIIDKemm, KOf,Ua TeMneparypa TaK BblCOKa, '<ITO IIO)laBJIXCT 

BCC B3aHMO.lleifcTBIUI, WU1 MarHHTHOH: CHCTCMhi 

y=O, 
2 

C=-
3' 

a ,LlJUI .llByxKOMIIOHCHTHOfO I"a3a 
1 c+ =c_ =c0 =3 . 

3TH pe3yJihTaTbl onHChiBaiOT nonHLIH xaoc. Cne.n:oaaTeJihHO, npH BhiCOKHX 
TeMIIeparypax ilpH6JII:DKeHHC CpC.!lHCro IIOJI.SI ,!laCT llpaBHJILHbJe peJynhTaTbi, H 3TOT 
BbiBO.U BITOJIHe COOTBCTCTBYeT $H3J.PiCCKOMY CO.Uep)l{aHHlO 3TOrO npH6JIHJKCHHX. 

Aarop BbipiDKaeT 6naro.uapHOCTh .n:HpeKTopy 0115111 npo$. 
B.f.KauOIIIIeBCKoMy, JlHpeKTopy JIT<Il npoljl. A.T.<Ilnnnnrrosy, rrpoljl. H.M.Ilrrrucnl(e, 
npo4>. B.E.ilpneJ)I{eBy, npo¢. M.,Il;.MaTeeay 3a npe.uocraaneHHYJO B03MO)f{HOCTL 
pa6oTaTL B OH.5U1 H 6naronpHSITHI:.Ie ycnoBHJI, a rrpo4>. B.E.ilpHe3:>Keay H 3a 
pa:JHoo6paJHOie cmMy,wpyll\lle o6c)'JKlleHn•. 
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KapaHBaHoB B . .U. 
.il.BJXKOMIIOHeHTHbiH perneTOl:IHbli.f raJ 

Pl7-99-184 

3HepriDI ,UByx.KOMIIOHeHTHOfO raJa Ha H301pOIIHOJi H OWiOpO.llHDii pernence 
3aiTHChiBaeTC5.1 KaK raMHJlbTOHHaH CriHH-1-CHCTeMbl. 0CHOBHbie COCTO.HHH51 OIIHCa

Hhl B 06IlleM CJiyqae, KOf,Ua 3HeprerH:tJeCKHe napa.MeTpbl He CB513aHbl ,llOIIOJIHHTeJlb

HhiMH ycnOBIDIMH, H pa3BHTa cxeMa HX Haxo)!(ll,eHIDI B qacrnbiX CJiyqru~x. B npH-

6JIH)KeHHH cpe,UHefO IIOJI51 IIOJiytieHa CHCTeMa ypa.BHeHHii ,Ullii KOHUeHTpauHH H Ha

MarHHl.J.eHHOCTH. 113 3TOfi: CHCTeMbl CJie.uyeT, l.JTO Kapnma OCHOBHhlX COCT0.51HH:H 

CynieCTBeHHO BH.llOH3MeiDieTCS!. ilOKa38.HO, qTO B llpH6JIHJKeHHH cpe.UHero llOJUI 

flO OTHOllleHHlO K KpHTJ1qecKOfi TeMnepaT)'Pe CllliHOBrul CHCTeMa 3KBHBaJieHTHa 

MO.UeJIH I13HHra. IIpe.ucra.BJieHLI pe3yJihTaThi .llJUI KOHUeliTpau:HH KOMnoHeHTOB 

B CJiyqae BhiCOKHX TeMneparyp. 

Pa6oTa B>monHeHa B J1a6opaTOpHH TeopemqecKoii <jJH3HKH HM. H.H.Eoro
mo6osa 0115!!1. 

Coo6weHHe Ofu.e.UifHeHHoro HHcnrryra 5l!lepHbiX HCCJlenosrumH. lly6Ha, 1999 

ITepeson asTOpa 

Karaivanov V.D. 
Two-Component Lattice Gas 

Pl7-99-!84 

The energy of the two-component gas on an isotropic homogeneous lattice is 
written as a Hamiltonian of a spin-1 system. The ground states are described 
in the general case of energy parameters not connected with additional conditions. 
A scheme is developed to construct them in all particular cases. A system of equa
tions for the concentration and the magnetization in the mean-field approximation 
is obtained. From this system it follows that the picture of the ground states is es
sentially modified in comparison with the exact case. It is demonstrated that 
in mean-field approximation the spin-! system is equavalent, with respect 
to the critical temperature, to the Ising model. In the high-temperature case results 
for the concentration of the components are presented. 

The investigation has been performed at the Bogoliubov Laboratory of Theo
retical Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna, 1999 
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