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I. BBe~emte 

B psml3 aezaaaax llKcIIepm.'8HTOB 6WIO nORa3aHO, "ITO MSOl'ne M8.r1mT

!me MaTep1ia..7m 0Jl6AVe'f pacC!!8'1'plma'l'I> RaK CMaClI ,KoHl<Ypn.PYDJt1!X epas o 

HaIlPmA9P, II0JIS!P1I3azurommft aaazaa JlBTepMe TaJ1JJlrtIeCROl'O coa.mmomm 
' Pd 1 , 4cu O, 6, IIORallaJI, qTO aTO ~e,e CTBO HBJISlOTCSI 4Ja.ppoMarmrr ~ 
o OC'f8'i'OIDmM aH'l1I/Il9PPOMal'H6'l'il.13MOll.I Hlm60Jloe WIo,ItOnopmnm 1J,M 

paonoaaaaaaaa pa3.nntmwc was B !ml'mrrmoc Ij61110qTBax ORB.9aJI1IO:n I Ji.lt6pHf>Gt 
z:Sa.rmi'nDll! pa30HaBO li ll~eKT Méco6ayapa/Z,3/. Ttm, II1C0JI6,ItOBaHlIJl o IlÓ-

MOIqDID OO-coe,mmeImfi CoT1 .n B CoTi Ga SICRO nosaeean, "ITO . 1 -X--x 1 -x x
 
11 H1IX oymaC'l'BYeor Co c ~ppoMa1'mrrmu.m II napaMEU'mITmwn CBO!tC'l'BaMII;
 

npa aTOM Ro~nTptmM 'laR HasHBa6MOro q,sppoM8I'HllTROrO Co ~~T

OH npm llSMGR0BliSIX TOUlIO.P8'l'y'IJli B IlpmroneHHoro MlU'HHTJloro nOJIJt.~/ 
Mécc6ayapoBcRoe lICCJIEl,ItOlJamIO 6wxo KCn0ll1>90lJaHO 1J,M onpe,Ite.n:e~ 00

,It9pmumJI IIElPauarJmTROf,} ~SH Ra1t lItY~ T6MI1epaTYJIli B K1'e5 /, sm
JIstllmtID(OH a.MO~ ~'l'BÍOppoMal'KeTmtOtl6/ o Me'lO.ttH, OBHSamnI8 

2 
o pacca

mm8M Heil'l'poHoB{ '( ,8 'l'axxe BeC1>W1 IIOJIe3HN lJ,7U! onpenezeaaa M8l'JIJl'I'Hoft 
OTPYRTY~ IIOJllIlI8SBI:lX B8lltl!O'lB . HalIpmt;e p ~ s:eftTpoHo-,ItlIIflpaK'lO~Tp8lJO

I 
De Ia:.repolmJl 11JUJ. IIOJIlIItpl!lO'l'8i!JIOII Ni5 2_xSex :lI N15 IIpa,ItCKa31:D18D'l'2 
oocYIlteOT!lOBmm9 B 8TIa: ooe.mmelDlBX caaõoro ~ppoMa1'SeTB:SM8 li M'm
q,eJPIJOJmrSO'nIsr.aa/9/ Mouoo IIp1i03eon liÍ ,IUlYl'J<te npmselll auaooft 1mI'DE

RHX lP8s. ' 
. , O~ IIOlCÇO,It ,ltU OImoamm re'lElpoqasHWt anOTeM 6WI IIpe,IUI0&8S D 

pa60'l'ea/II- 1b/ . ~T noró,n c:1WI npmIBReH R CMaOsm pasJIFIRHX ~B: 
RpKC'lattlI-JitJ'I.ItltOcn 6-18,' OBEl~~~rn-HOIJM81II>mdl IIPOBO,ItKllIt" J.9/ 
11 q,ePPOMal'B8'1'J[K - napaM8l'Beonml~ o 

B 8'l'OA padOi'G UH paCOMOTpmII ouec:!> aH~ppOMEll'mrrHOrO B uapa

Mal'1DI'i'HOrO oOCTOmmft, B'f1l COO'rOmIJUIMOryT cooYllteonDBllI'.rIo B R8!tOTo

pux BelllecTB8X. YII.POlllemma: MO.zte,lIL .nM OIIJllOaBJISI TaROft Cr.mOII 6wra ,Dpe,n

JIO&8!I8 paueel23/ , lJ sd ytIJI'lHllaRoc :!> TOJIl>RO B38ll:MO,nellc'l'BIm ~ 
no,IlpOJIe'm8D, a B8UMO,Uellcm ml IIISJ!AY qacTmuua B ,1l!UUloft IIO~meT

X& lIpaB96peI'aJmo 3,noc:!> W )tOT8.lI&BO l'ICOJIe,D;yOM 60Jlee 06_ CJlY'I8A, 
n:pmrmsaH DO BIDIIIflRtm Doe BSam.ro.nano'rllJlIJlo 

(j)b1>t.a i-l ij e- lj; j~ íl HUCruTvi~ 
tU1"': fr~I í:U llf".~ ~ J!03atmt1 

6~I SJt~ ~ ,-;TEKA 



2. Odmafl Mo,neJffi
 

raMBn:DTOHEaH Mo,ne~ Mo~eT 6UT:D SallRCaH CHe.nyromRM odpasoM:
 

2 i [Ã1 ( 2 + A. w(1) 2 AW(1)w(1)] _as N w 1) ~ + 
i=1 '2" 1 z 2 1 2 

H = 

_ w(i)2 2 J (f_/)s(1)'S(i) _ w(i)2 L J (g_g.)-;(ir;(~) + 
1 f ,t' 1 .:r -r 2 g,gl 2 g g 

+	 2w~i)w~i) 2 J(f_g)-;(1)-;(i) l (1) 
. f ,g f g J ' 

rne i=1 cOOTBeTcTByeT ynopSI,IW'leHHOfi <Pase «;~1 ),7 = O ,IL7I.fI aaaxe-

HnM TeMnepaTypu H~e RpRTnqeCKOfi TO'lKR, h= f,g ), 1=2 - HeynopH

,nO'tIeHHOfi ~se « S~2);:. = O ,IT.JIíI ncex resmepaTyp ); W~ 1) - W8S0Blle 

BepOHTHoCTH ( r ,e, rpaSOBHe KO~eHTp~ ); mI,IJ;eKc j fwMepyeT nonpe
illeT~, Y3nH nepBOn nO,np~meTKn 060SHaQeHH 6YKBOfi f , BTOpofi - dYKBofi 

g: Sf - BeRTOp cITKHa, ~ORarrR30BaHHOrO B y~e 1- fi no,npemeTKn 

~ aaanorasao , Sg - aexrop cnnaa, ~OKa7IHSOBaHHOro B y~e 2- fi 
nonpenerxa ), 3HaQemUI cmma PaB:m COOTEe}CTBeHHO S1 FI s2 II ae oca-
TeJffiHO paBHH Me~ COdOM; J 1( f - f ) , J J(f-g) - odMeHHHe

2(g-g), 
HHTerpanu ~ B3aHMOAeRCTBlIfi B nO,npemeTKaX H Me~ HnMI'I, BCe J(-) 

nO~OJltHTeJlDHH .ImJI ncex SHaqeHlIH apryMeHToB; Â,1' .&.2' Â, - ROHCTa,HTll, 

cOOTBeTCTB.Y~e ~OH nO,ItpemeTRe li B3aRMü,IteficTBRID Me~ nO.npemeTRa

Mil li CBS13aHHHe C S<IxlJeRTJmIlliM np~ li OÓMeHHHM !l3aBMO,Iteí1:cTBRRMRMe

.JJYI<IIUIM OÓpa30M: 

1A. = t+._.:t cp. = N 2 I < h,hl cp ( .) í h', h ~ J 't'j 2 ; J h,h 

I 
J c	 ~ L <:: h,hl çp (.) h,h ~j h,h 

3,IteC:D Ih ,h'/" - npoasaezeaae cflYHK.nKi\: Baaase Ih7 Ih? li h,h'=f ,fi; 
g,l ; ':wm:: f .s ; t:p (.) - nOTeRnKaJI ,IUJyXtIaCTHtlHOrO B3aHMO.ueHCTBH.ff; N 

'lRMO YSJIOB B R8JK,UOfi no.npemeTIte ( li 9TOM CMllMe ode nonpenerxa SKBH

BaJIeHTllli ). 

PaCCMOTpBM Tenep:D TePMQ,ItHHaMH'tIeCKHe CBOHCTB8 ClICTeMH, OITHCHB8

eMoi! ra.MHJIDTOHHaHOM (I), B llpzdmmemm MOJIeKYJISIPHoro nOJISI. TaRoe 

2 

paCOMOTpeHH6 nOàBOJmT HaM BH,IteJUIT:D OCHOBHHe CBOHCTlla CHCT6Mbl. Y,Ite~ 

H8SI oBOdo,IUl8SI 8Hepnm CHCTeMl':i BaTOM npnÓJIIDKemm MOJite.T dHT:D sarracana 

cxe~ odpaSOM: 

F _. .11 2 1 Â,2 2 1
 
f a 2i •. ~ (W1 - W1 + 2 ) + ~ (W2 - W2 + 2 ) +
 

~ W2 1 1 2 2 
+ A(W1W2 - 2 - ~ + 2 .> + 2 (J1W, + Jw,w2 )0 , + 

, 2 2 2 _ 
+ 2 (J2w2 + JW,w2 ) C2 - 12 Jw , w 0

2

2S,+1 2S~+1 X 
Bh~ :1:1 sb 2 2 2 

1 - ~ f) ln(---.:"1....-  - J. Bln( h 1 ) -

Bh~, x, ~ B ~ X
 

2 

1 1 ll.'l- 2' Bln(2S,+1) - "2 vln(2S2+1 ) ,	 (2 ) 

I',Ite 

W = W( 1 ) ( w(2) a 1_w(1) ) 
j j j j , 

1 ~ - I , '5 I 

J 1 i( L I J 1( f -r) , J
2 

c i L ,J2 (g-g ) , J a 1 .2 J (f-g) ,
CI 

f,f	 g,g N f',g 

. 2 I 2"'" . - .... 
~ a 6 Sk JkwkO k + ~.1W20 - 111,w2C , 

01 ,°2 ' O - BapHaUHOHBb1e napaMeT,pH. 
AnH nOJJYlleIDm YPaBHeumi OaMOCOrJIaCOBaImH, onpeJIeJI.fDCIIUtK 0, , C2, 

C ir ~30BHe Bepo.HTHOCTR W, 'W2 ' Ml:I ,IJ;0JDlt' Mmlli!MJ!I31q)OBaT:D caocon
J:IYID asepran (2) O yqeToM npmm;u:na Mmim.wtca 24/. B peSYJlDTaTe no.ny

tmM ,u.n.a nBpaMeTpoB nopg.mta CJIe,IIylOlJ.tl1e ypmIHeIDISI: 

- - ...c = 01 + 02' , 

O1 =	 S1BS (%, ) , O, = "'0, I , ,	 (3) 

,3 



- -

II I 

C2 = S2BS (x2), C2 = Iê21 
2
 

rne BS(x) - gJyHI\.Wlf.[ EpK7IJII03Ha ,IJ;IDI cnaaa S
 

2S+1 2S+1 1 1

BS(X) = 2S cth "'='2Sx - 2S cth 2S x 

....... 
BeKTOpH C1 H C2 aHTIDIapaJIJIeJIJ,Hhl:,II,7UI Toro, 'CITo6hl rrO,I(tIepKHyTl:> 

3TOT <PaRT, 3aMeHIIM B (3) c2 Ha -c ' CtrnTaJI T8.IGIM o6pa30M B .naJIl:>2
 
HeHffieM c2 oTpRUaTe~HhlM. OKOHqaTe~HO HMeeM:
 

A1 2 1 A2 2 1 ~ W'2 1 
f = ~(wl - w1 + 2 ) + ~(w2 - w2 + 2) + A(w1w2 - 2 - ~ + 2) + 

122 1 2 2 
+ 2J l wl C1 + 2J 2w2C2 - Jw1w2C1C2 

2S1+1 2S
2+1ah~xl Sh"""'2S:""""x2
- 1 B ln( 1 ) _ .lSln( 2 )_


2 . 1 2. 1 
a,h~xl sh'2SX2 

1 2 

-t B l n ( 2S1 + 1) -~e1n(2S2 + 1), (4) 

2 2C1 '" Sl BS,(Xl) , Xl = 8 Sl(J1w1C1 - ,Jw1w2C2) 

(5) 

2 2C2 '"' S2BS (x2) , x2 =6 S2(J2w2C2 - •
2 

Jw1w2C1) 

llapaMeTpH nopaaxa C1 H C2 JIBJImOTCH cpe.zu:un,m 3HaQeHlUlMH cmma 

.B yanax COOTEeTCTBYmmRX rro.npemeTOK H CBR3aHH c COOTBeTCTBY~ Ha

Mar~eHHOCTRMn COOTHOmeHRHMH 

Mj a WjC (j=l ,2) . (6)j 

4 

Op~eHTarum B8KTOpa aHT*ppOMarHeTR3Ma 'M' :: M -M B OTCYTCTBMe1 2 
BHeillHero MarHRTHOrO rrOJifl npoH3BOJIl:>Ha. 

B paCCMaTpZBaeMOM npH6~eHKK ~ ~30Bax BepOHTHOCTeH rr~~ 

CJIe.ny:BlIlRe ypaBHeHRR:: 

2 2:: 1 (A1Â 2-A ) - - _J 2(A1+A.)02 J(A2+A)C1C2 
W 1 2 2 2 2 2 2 2 ' ) - + 2JAC J + (J )C(A1Â 2-A (J1Â2C1 1C2 + 2Â1C2) 1J2-J 1C2 

(7) 

_ 1 (A1A2-A
2 

) - J 1(A2+A)C
2
1 - J(A1+A)C1C2 __ ----.., 

VI2-2 2 2 2 22) - 2JAC1C2 + J + Co)C(A1Â2-A (J1A2C1 + 2A1C2) (J1J2-J 1C2 

B cnyqae W830BOrO rrepexo,na 2- ro po~~ rrpH rrpH~eHHH K Toqxe 

Heens ( $- &N ) C1- 0, C2- O a, COOTBeTCTBeHHO, w • t, w2- ~
1{cnOJI1:>3YH pa3JIOJKeHHe. <!JY.HKWUi Ep:w.r.7l103Ha B TOtIRe x==O, 

1
nOJIylmM: 

SlBS (Xl) (J C -JC ,C1 z 1 1CO 2)1 

S2(S2+ 1 )
C2 :: S2BS (X2) z 

2 6e 
(J2C2-JC1) 

N 

KaK nO,ltllepxmlMOCI> BJ:mIe, 01 .,. o, C
2 
< O _ BBe.neM CJIe,nyxJlU'Ie 0603

H8tIeHM: 

r 8-1(S-l+1) 
ja~ ( j=l, 2 ) , 

°2o • 11m...) e",s ~1N 

Tor,lIB. ;II.JlH orrpe,IteJIeHIDI e N ,! MH IDdeeM CJIe~ ClICTeMY ypaB

Hem: 

e N - 2 "1 J 1 + 2 ! 1:1 J '" o , 

r.- r-
I eN - 2 S ' 2J 2 + 2 ct J :: o ,
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OTRY~a nO~trnM ypnBH0HMe ,unE y 

2 c-: ) o.f 1J 1 - ('l1 J1- l.2 J2 $ c:J = - "2 

Ha ,UE,yX RopHefi 8Toro ypaBHeHHIT MU, eCTeOTneHHO, ~~HH BHdpaTL 
OTpIDJ;aTeJI.:bHhI11:, nOCIWJILltY BeRTopH ê1 H 02 aHTmrap8JLlIeJI.:b.HbI ( nOJIOJKH
TeJII>Hbi:fi ROpeUI> COOTBeTCTBOBaJI Cíhl MaRClIMYMy CBOOO,IUIOH 8HeprIDI ). ItIMe
eM 

- 2 1 
'i1J 

1- r2
J

2- L( 'l1 J1- 'ÇJ2 ) + 4 ~ f"2J 2J '2 s 2 'r1J 

n, cOOTBeTCTBeHHo, BHpruKeHMe ~H RpMTHqeCROfi TeMnepaTypbI: 

r-: rr: c- 2 r.- ~[c- 211BN = L1J 1 + L2J 2 + (L 1J 1- (2 J2) + 4 l1 'l2 J J ~ (8) 

PaCCMOTpHM TenepL cBoficTna nepexo~oB, peaJIR3yromnxcfl B cncTeMe. 

BHpaBID3 .JJ.lliI 8TOíl: IJ;eJIM MB ypanaeaaã (5) TeMnepaTypy RaK <I!YHIU:J;illOC 
1 

H. 

c2 , MH MO.2KeM no.n:yQMTI> paBJIOJKeHHe 8Toro BbIpalKeHIDI BdJ.m3U RpRTHtIeCROli 
Totnrn: 

e ~ eN [1 + KC~ + or ct) ] &N [1 + ;l.KC~ + O(C~) J ;(9) 

Mbl HCnOJI.:bsyeM anecs CJIe.nyKIlUIe Od03HatIeHID!: 

T-1 
r.- [ 2 .L 2K = l1 ,g C2-G1- 10( ~ J. (1+-:1) - ~oL1L2-L1) 1 .f ' 

rr: r;- -1 
J J 1 .L 2 1.<2 2 

= (2A1J2 - .1,-õ + 2A- -AJ1- - .A.J2~ - ~ )(A )G2 2 Ã2 J
.;) S S 1A2-A 

L 1 S 18 

2 2 7 1 :3 1'"'1 
G1 = (2.A.2 J 1- .A.2J S + 2A.J ~ - AJ2 ~ - AJ 1 :s ~2 - .A.1J.f --z=;»( 

+ 1 2S 2j+2S j
 
x (.A.1A2-A) 

; L j 8 2(S +1)2 j=1,2.
 
2 -1 

= ,
j j. 

6 

!erRO BHÃeTI>, qTO B BaBHCHMOCTR OT 3HaqeHHH KB cncTeM8 MoryT 

CíbITb peanH30BaHH CJIe~~8 CJIYqaH: 
I) K <'. o ,RMeeM <I>a30BHH nepexon 2-oro pozra c RpRTHtIeCRliM 

HH,IteRCOM ,It1IH HaMarIDItIeHHOCTH p = ~ 
2) K "7 o ,IDJIeeM qasoBldi nspexon 1- ro pozta; 
3) K = o ,nopR",UOR nepexona onpenenaeeca BHaROM R08@l~eHTa 

nepe,n; c~ , eCJm OH OT'pID$.TeJIeH, HMeeM nepexo,lJ, 2- ro p:>.na c 
1 .JJr= '4' ecaa &8 OH IIOJIOJltHTeJI8H, EMeeM nepexon 1- ro poza, 
TaKHM oCípasoM, SHaqeHRe K = o flBJIfl8TCR BHaq8HU8M, pas,n;anRromRM 

pasJ!li!tIH1:le noPH.ItKH IIepeXO,UOB • AHBJm3 YCJIOBIDI 3) B OCí11l8M eJI:YTIae ,lJ,O:BOJIL
HO rpOMos,n;OK, Tal< qTO MU OrpaHHqHMCa ~aeM 3 (COOTB8TCTBeH1=32=3 
HO, f'1 =t;= 'l, L ). Tor.n:a Mll HMeeM:1=L 2=L 

2 2 :3 3 4
2(A2J1-~2J.f + AJ! - AJ2 .f. - AJ1 ! - A1J.!f + AJ! + A 1J2 S' )x 

2 -1 2. 4
)(.(Â 

1
A

2
- A ) - 1ÕL( S +1) ... o • (10) 

YnpOC'l'má li ,uaJIee Hamy sa,naqy, sawmtcHpOBaB J 1 ,J2 ,J li RsMe
HSI.H TOJIbRO npRMbIe BSaIDJ10,neitCTBM. Tor.rr.a YCJIOBRe (10) onpe,n;eJIllIT no
nepxacczs 2- ro nopH,ItKa B OC.llX Â 1 ,Â2 ' Â ( nOCRo.iThFY ~ ,1l0BOJIbHO 
CJIOJKHasI <pyHKIJ;WI J l' J 2 ,J ,Mbl ae 6y,n;eM paccaarpaaars aTOT CJIY'tIait 
B OCSIX J l' J 2' J ). ITpOJiISBe,n:eM CJIe.n;yIllllYlO SaM8HY IIepeMeHHHX: 

i JA llll A+Ao, AO ... 1õ L(!4+ ) (J2f+J1S-J-Jj'2)1 

3/ Â, = 2 .1A,1 ... Â 1+ Â 1° , 'tõ L(j' 4+ 1) (J2S -J) , 

~ o AO = 2: 2 4 lJ J ).12 ... A.2+A2 ' 2 10L(S+1) 1-S . 

Tor,lla npu ycnOBBH - A2~.O rro~ B HOBHX rrepeM8mDIXÂ1Â2 
ypaBHeHHe ROHYca: 

/2 ~ ~ 
A - A ... O • ( 11 ) 

1A2 
B ceapsx nepeMeHHIiX ero rteHTp HaxO,1WTCa B TOtUte P =[A, . Á2,A1 

7 



Ha nOBepxHOCTM ~pyroro KOflYca 

- A2 
= O • (12 ) A1A2 

OtIeBn,IUIO, tITO peá7m3YKlI\IDl:cR B CllCTeMe ne pexon Cíy.neT 1- ro pena 
B c.rrytrae, Kor.na II tIllCJIllTeJI:D, M 3HaMeHaTeJID B BhlpWKeHID! ,If)I.ff K 6YlJY.T 
llMeTb O~I II TOT ~e 3Hillt, T.e. Kor~a 

, ) . 2
1 A A - A '7 O (A_AO)2 - (A -Ao)(A -Ao) ~ O

1 2 1 1 2 2 ' 

11) Â A - À 
2 .( O: , (A_AO)2 _ (A -Ao)(A -Ao) < O •

1 2 1 1 2 2 

, TIyCT:D R1 R R2 OYlJY.T OCíJIaCTRMR BHYTpR ROHYCOB, onpe~eJIRe~~x co
OTBeTcTBeHHO ypaBHeHRHMR (11) M (12). Tor.na nepexo,n 1- ro po.na 6y
,neT COOTBeTcTDOBaTb OCíJIaCTH R , ónpe~eJIReMOll CJIelJY.IDmRM oCípaioM: 

R = R U R R n R •
1 2/ 1 2 

B TIpOTHDHOM ~ae llepexo,n 6y,neT 2- ro po.na ( CM. pRC. I ). 
HMeR napaxeaae ,J1JIR y~eJI:DHo:1il: CBOOO,LJ,HOfi aaeprza, noJIytIHM Bhlp8.iite

Hne ,If)I.ff y.neJI:DHOH BHYTpeHHeR.SHeprllM: 

1\..1 2 1 .12 2 1 ·1 w2 1 
u = ~ (w1-w1+ 2 ) + ~ (w 2-w2+ 2 ) + A(w1w2 - ~ - ~ + 2 ) 

122 1 2 2- J J 1w1C1 - 2 J 2w2C2 + JW1W2C1c2 ' 

y.neJI:DHOM SRTPO~~+l 2S2+1 
sh~ xl sh""'2S:""""" x22 1 

s ~ t In ( ----1-1 ) + t In + 2 In(2S +1 1+1)
sh~ xl sh~ x21 2 

1 12 2 2 2 .
+ 2 In ( 2S2+ 1) - ã (J1W1C1 + J 2w2C2 - 2Jwlw2C1C2 ) ;' 

n, CJIe~OBaTeJILHO, CJIe~ee BhlpWKeHHe ~ y~arr:oHOH TenrrOeMKOCTH
 
CnCTeMliI B HYJIeBOM MarHHTHOM nOJIe:
 

8 

A PRC. I. ~a30Bafl ~arpaMMa ~ 

06meH Mo,neJIH: 
Al o6JIaCT:D I COOTBeTcTB,YeT illaaoBOMy 

nepexo~ 1- ro po.na, 06JIaCT:D TI 
COOTBeTCTB,yeT ~30BOMY nepexó.ny 
2- ro poza, 

....
 
2 dC, 2 dC2"a liI 9 gd9· (J-1w20 2 J 1w101 ) d1r + (Jw1w2C1 - J 2W2C2 ) ã1r 

OTClQlIS BlUlHO, qTO TeMOBM HeYCTO~OCT:D ( .oH< O ) R:BJISreTCJI 
CJIe.nCTIHiIeM <Pa30BOro nepexona 1- ro poza li aaooopor, Iíanporza, :B c;ry
lIse qlaaOBoro nepexona 2- ro pO,ItS' 'l'eIlJIOeMKOCT:D nOJIOXHTeJI1lHa, II ClICTe
.Ma YCToAtnma npJI J1JJ6ol TeMIIepsTYpe. MCllOJi:b3YH paaaoxeaae (9), .neI'KO 
ollpe~anHT:D nOBe~eHRe TeIlJIOeMKOCTH B~aH RpHTnqeCKOA TO'tIRE. ECXH 
K..( o , HMeeM: 

OH ... ~ (2J ~ -J1-J2 !2) + O(t) , t-~ 
8N ' 

H RpHTlAeCKJl! HH,IteItC ;zI,7IJ{ TeIIJIOeMKOCTR ,l.. pa1lHHeTCH BYJID: ti. - o ( so
HetlHldt CRaqOK ). Ee.rm &-0 , lt8K H8 nOBepxHOCTH R01fYCS (11) (CM. pzc, 
I ), II eCJIH Koa~eBT nepe,1l ct :B (9) oTpIlUSTeJIeH, TeMOenOCT:D 

pSCXO,1lHTCH c RpBTJItIeCRJ[M HH,1l8KCOM fli. - i : 
-1 

oH f"'J (-~)2 • 

3,1lec:D Heo6xo.IGJ,Mo c~eJIS T:D CJIe.zxylll{ee a8Mellsoe. Olle:BJI,llRO, q'rO 
2

p8SJIOXe!D'le (9) li ace ero CJIe~CT:BBSI Cnpa:Be,MBIUi npa YCJIO:B1Ill A f I.2-A
 
~ o • ECHR aTO YCJIOBHe se BHn0JIRa8TCH, TO, KaR CJIe.1lYeT lIa (7), :B
 

aTOM CJIYlI8e qsaO:BHe BépoJI'lHOCTl'I se CTpewrrCH R ~ npH ° 1 , °2'" O, S
 
BMeJ?l npe,IleJThHHe 3Hsqemm: . 

1 Jg(Âj+Â).! 2 + J(A.+A.2) $ 
-1 -p. ! 2 ' 

J 1Â 2+ 2A.J! + J2A1 3 

9 



w -' 1 Jt(A!+A) - + J(A+A1) 

2 2 J 1A2 + 2J..Jg -7 J z11 S' 2 

TaImM odpaaoa, 8N 6Y,IIeT Onpe,IIeJUIT:DCH ae cI>oP~JIOH (8), a 60JIee 

CJIOiKHHM BHproKeHH~M, 3aJIHCRIItHM Tenepli 0'1 .4. 1 ' .4.2 ' A (BHp82KeHHe MH 

,g TaK1Ke 6y,neT 60JIee CJIOJKHHM ). CJIe,IIOBaTeJI])HO, npa nepexone OT 
2 2

À1Â2- A ~ O R Â1Â2-A =0 ~30BHe BepOHTHOCTR m TeMITepaT,ypa nepexo

za 6YlIJ!T HMeTli czasxa, COOTBeTCTBeHHO 6Y]JyT HMeT:& CRatnrn m ,1WYI'He 

xa~aRTepHHe BeJI1IqHHI:l CHCTeMU. TaIwe peSlweRSMeHeIDIe CBOttCT:S MO,IIeJIR 

npH lilliqmHBT8SJ4MaJI])HOM HSMeHemm: napaMeT.PQB raMRJ!bTOHHaH8 COOTBeTCTBy

eT HeYCTO~OCTR CHC~eMH. B paMRaX HaCTo~e~ MO,n6JIH 3Ta HeYCTO~

BOCT:D, cy~ no BceMy, HBJIHeTCH apT~TOM, ROTOputt ~erRo M~eT 6HTh 

YCTpaHeH onpe.neJIeHHeM COOTBeTCTBY~ npe,n;eJIOB c Ka7K,Itotl OTOpoHH: . 

nOBepocHocTH (12). Taxan HeycTo~OCT:D Mo~eT 6HT:D CBRSaHa c HeycTofi

qnaOCTbD perneTRR: O~aRO ~ ,IIeTanbHOrO UOCJIe,n;OBaHHH 3Toro Bonpoca 

He06xo,ID/lMo paCCMB.TpID38T:D raM.WIbTOmmH 00 exurMaeMofi pemeTRoft, .uodaB

.IIJm ll>oHoHHHe tLlIelm. Ho paccMoTpemre cnaa-õoaoaasx BS8mo;ue11:cTBd B 

reTepo~9HoM aHTHqeppoMarH6TKKe HBnHeTc.a: OT,nex:DHOH H ;UOCTaTOqgO 

MOUO! IrpoOJIeMott, KOTOpyID CJIe,nyeT npoaaaaaaapoaazs B OT;ue.nhHott pa

dOTe. 

PaCCMOTpHM reneps OrpaHlItIeHHJI, HaKJIa;mmaeMlle YCJIOBID:lMR YCToi\

tmBOCTJI H HOpPmpoBRH qiaSOBllX aepoaraocreã, HMeHHo, Mt:l ,nOJDltffil ~eCT:D 

TO 06CTOHTe~CTBO, qTO cnCTeMe MOa8T ORaSaTDCH TePMO~QMBqeCKH 6~~ 
JIee BHrO.nHaM OCT~aT:DCH B "06HqaOM", "Hern6PnnHOM" COCTOHHHK, Ro~,na 

w1- w2- 1 H reTepoqiaSHHe ~TY8UHH OTCYTCTByIDTi{ B.STOM cnyqae MH 

:HMeeM "06HtUJHan re13eH6eproBcKHA aHT.PpoMarHeTER B npn6.nmteP.mI 

cpezaero nOJIH ). llTo6H peIlJlIT:D, KaEoft eJIj"laft peBJmSY8TCH HEi Cr.iMOM 

,IIMe, MI:f. ,II0JDltHl:l CpaBHllT:D 1,IIeJIDwe cBo60,ItHHe lmepro CJIe.nymt'a CJIC

TeM: 

I) rH6PH,IOIaJI onc TeMa, aHTl$3ppOMal'HHTHaH ([asa - Y,IteJI1lRBH C1l0ÓO,ItHaJI 

8HepI'IDI ~ 1( /} )a~( 6) S8,1I8.eTCH BHp8JItemeM (4): 
2) OCSll'tHaJI CIICTeMa, aHT.PPOMarHJITH8H qasa, 

1 2 2 1Â1+Â2+2A 
!2( B). 4 + 2' (J1C1 + - 2J01C2) - "2 9 ln( 2S1+ 1)J 2C2 

-t 9 1n ( 2S2+1) 

10 I 

23 x1+1 23 2+1 
h.-..l.-- Xl8- 25

1 Sh~2).
 
- ! 81n( hJ- Xl leln( h 1 :1:
 

- 2 B ~ 2 s 2,;)1 2 

2 2
Xl • ã Sl(J1C1-JC2) :1:2 a 8 S2(JC,-J2C2) 

3) rHÓpH,IUlaH ozcreaa, napaMBI'HHTHM (Pasa, 

J. +Ã +2A.
 
!3(8). 1 fi - 81n ( 2S 1+1 ) - 81n(2S2+ ' ) ;
 

4) 06HqUBJI cacreaa, napaMarJmTRM <f?aS8, 

(B) J.. +Ã +2:A
!4 • 1 i - e ln(2S1+1) - e ln(2S2+') • 

llO,lItlepRHeM, QTO TeM11eparrypa qiasoBoro nepexo.aa 1- ro poza onpe

,IteJIH.e TCH 118 YCJI01UlSI 

! 1( etr) • ! 3( 6 tr) • 

aanacaaaoro ;u.JIiI CJ1YtlaR: rR6PlfJtHoil cRCTeltm ). 

llOCKOJ1DK.y cpanaeaae paSJmqJlli,X oaoconasx :3Heprd: npa npOJlI91l0JI})

HH.X TewepaTypax ;UOCT8TOtIRO CJlO2lUlo, Ml:l npoBe,IteM TaROe paccMoTpeHKe 

,1tJIJI c.n:ytlaH 8 ...0. Tor,Ita JIerRO :BlI,IteTll,' qTO ,ItOCTaTOtnn:.IM YCJIOBileM :BH

nOJlHeIDUI HepaBes:aY.B 

!2(0) < !1(O) , !2(O) < !4(0) < !3(0) , !1(0) < !3(O) 

~TCH Hepan6HCTBO 

(.13) 
Ã 1 + Ã 2 + 2A. < O : 

TaItm! OÓpaSOM, eCJm lUm0JIBJr8TCH (13), 06HtIHOe peaeane TepMe>;mnIaMH

qeCKH 6anee :Baro~o. a rH6p~oe psmeRRe MOJKeT 6HT:D peaxR30BaRO 

T~RO 11 RaQeCT:Be M9T8cTaCSKXDHoro COCTOHHRH. YpallHeHDe Ã1+Â2+ 2A=O 

onpe,IteJLfIeT IIJIOCROC'J$, Ra08Te.ns:yíJ KOHYCY (12). Hue sToi nnOCKoOTB 

pem8liWi (npa l} :; O) 3aBEm0l40 MBTBCTa6WI:DHH. 

\ 11 



2B CJIYtl:ae, zorna TeMIlepaTYpa dJmSKa K KpHTneCKOMY SHaqSHIDO, MH	 o(, lIll ~ OJ+J
2 

)S2 o< 1 (J+2J
1

)S2 0(2 = J 2f3C1 

Mo~eM RcnO~D30BaTD .~' Hccne~oBaH~ YCTO~HBOCTH CHCTeMH YC~OBKff BH- • 
nyKnOCTH no OTHomeHHID K qaSOBHM BepoHTHOCTRM. ~ YCTO~OCTK rnd

2	 2p~oro pemeHHH Heodxo~o BHnORReHHe cne~ COOTHOmeHRR:	 .fi = ~ (J-J2)S2 , J31 = _JS , J12 = J 2S • 

YcnOllHe HOpMHpOBKH ~ ~30BOI BepOHTHOCTH '11 2 npn Tex ~e yano
~ 2:r o 2 t 1 BHRX ,naCT COOTBeTCTBeHHO1
~~O ~ QO.
~ '111 ' 

(;7 -2 
(J.._1)2
 

l1MeeM:
 

.\,
(J..1- 1f1 )(.12 - 12 ) ~ ~ *(J+J1 )2s41
 

( 15) 
d 2	 . 2 2S~ dBS (x1 ) t'2 r ~ 1·24
t (A-o) - (J.1-01)(.12-o2)~~ '4 (J+J1) S ,
-=-------.:.i = J.. - J - - (2J ." C -Jw C)2 -1 
~ 1 1C1 e 111 22 ~
 

i!J '111
 r,ne 

2s2 dRS (x )	 i t OJ+J1 )S2 (J+2J rs2 J S2t:ll _ ~ (Jw C)2 2 2 ~ 2 12 1 e 2 1 dx2 

ó. t (J-J
1

)S2 , Õ
1 

= _JS2 , b2 • J 1S
2 

• 
~ 2t 1. 2 2S 2 dBS (x,) 
~ = ..J..2 - J'2C2 - _1 (Jw C)2 1. O~01lpeMeHH6e paBeHCTBO npallHX II ReBHX qaCTeft 11 cOOTHomeHHHX a W	 a 1 2 dX12	 (14), (15) l:!CRJIlI)qeHO. PaCCMOTpl:!M reneps reOMeTplIllecKYD IDITepnpeTa

UIDJYCROBd (14), (I5) • .IUm aroro c~e~aeMcnemrImtY1J 3aMeHY nepeaen

-e25 2 dBS (x2 ) HHX:
 
2 ( )2 2
~2J2w2C2-Jw'C 1
 

J..1 • 8 1 + 8 2 ' J..2 =o 8.1 - 8 2 '
 
2 f)2 t
 

npH e- 8 li a:r1 .,..A. d __ J. • Tarow 06pa30M, 11 ORpeCTHOC1 2	 KOTOpaH COOTBeTCTBYeT noaopory sa 45° B IlJIOCKOCTH .l.1J.2 • B p8sYJID~ ' C>w 
TE: KpHTKqeCKOi To~'MeTacTa6HXDfiue COCTORHRff 6Y~T COOTBeTCTBOB8TD TaTe nOJIYtmM: 
OTp~aTeR»HHM 3HaqeHRHM J.1 H J.~ • 

--2 -2 ""'2
YcnoBue HOpMHpoBKH <{laSOBOit lIepoH'rHOCTH o.:! W ~ 1 nplt 6.0 H.	 (.1-0') - (81- ' ol1) + (8.2- ~ ) 9 ~ 1 (J+J )2S41 4 2 • 

S1=S2·S (,Il,JIJi npOCTOTlí MhI paCCMOTpHM 3-rOT CJIyl!a~ B ocax .1 ' J.
1 2,J.) ...... 2 '-2 '-2 124

npHBO~ K HepaBeHCTBaM	 (.-1) - (81- 11) + (82-/2) ;:,.. ~ '4 (J+J2) S , 
(16) 

2 ,. 1 )2 4 -- 2 .,.... 2 ,..... 2 124(A-oi) - (J. 1 - o{1 )(J.2- oi ) ~4 (J+J S	 (J.- l) -,8. - 1") + (8 - ]';) '» < 4' (J+J1) S ,2 2 1 1 22

( 14) -2 -2 -2 1	 24 
(.1- r) - (8.1- !'1) + (8.2- Ó2) ~ ~ 4' (J+J1) s 

(J._p)2 - (J. 1- !1)'(J.2- .P2)"> ~ *(J+J2)2S4 ~ 

nne 11 RaJit,ltoit CTpotIRe Me~eT B3HTD BepxlU'lii wm Hmmd 9H8R HepaBeHCT- \} 
sa, 

~,
 
! 
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r,ne 

r- 1 ~ 1 2
cL • '2 OJ+J2 )S2 ot = 2" (J+2J,+J2)S ~2 ... t{J+2J,-J2)S~1 

r-' ~ 1 2 r- 1 22~ • 2 (J-J2 )S , ~, ... 2 (Jz-J)S , ~2 ... - '2 (J+J2 ) S , 

~ , /\J", 2 
~ ..- ~ (3J+J , )S2 ~1 =2 (J+J,+2J2)S2 ~2 = 2(J+2J2-J,)S 

,....."I"'-',..." 1 2 
~ - '2 (J-~,}S D, = t. (J,-J)S2 , ~ 2 ... - t (J+J,)S2. 

IIOJIOilmM Teuep!:l a 
1 

... const • Mu noJxyqID4 cexeaze B WIOCROCTR l 
.A.,a 2 • YCJI013IDI HOpMHpOBIW npl'IBe.nyT K HeKO'1'OpoMY MHOJlteCTBY OKPYJKHOC

TeR. BoJree ,neTa.JI:DHO, ecna Qt>i ' ~ , Q"(, ~.ffBJI.mOTCH BayTpeHHOCTJIMJII OK

~ocTeit, onpe,ne~eMHX paBeHCTBaMR B YC~OBRffX (16) npH a, ... const , 
Tor.na YCJIOBKH HOpMHpOBKH He BHrroXHHIDTCR B 06~aCTRX 

Q, = ~ U ~ / ~n Qj1 , Q2 ... Q~ U Q,r / Ql n Q b • 

B aTHX 06~acTRX MU ,n~HU npHpaBH.ffT!:l cOOTBeTcTBYromRe wj (j=1,2) 
e.mmBné .npa fi) =0 • TaK trTO B o6~acTH Q, (l Q2 OCHOBHoe cocróaaae' .fIB-. 

~eTCH nO~OCTDID ynopR,llOtIeHHUM. .A. +Â 

KaqeCTBe rrpRMepa anyqal a,a::: ~ ã 0, J,=J?co,PaC 1MOTPnM B 

S1·S2- ~ • H306pa3RM COOTBeTcTBYmmne KpHBHe B OCHX ~ , ~ l CM. 

pzc, 2 ). Yp8.BHeHIDI (11), (12) ,na.DyT TO~KQ 0.JUiY OKWJKHOCT!:l C n;eH

TpoM B Totnte :B ... {o, i i C pa,D;ByCOM R= t . TotIlOI BayTpn aTO! OK

py2KROCTK 6YlIYT COOTBeTQTBOB8T!:l <PaSOBOMy nepexo.n;y 1- ro pona, aae 
q>aSOBOr.ry nepsxony 2- 1'0 pona, IIpm._ ~ aO , onpeneaeaaaa. YCJlOBReM 

(13), 6y,neT rpaaaneã YCTOiÍlIKBOCn: - Hmlte .ee reTepoqasHUe pememm npa 
HYJIeBol T6MIlepaTYpe OYlIYT SaBe,1(OMO MeTaCT80:w.r:omn.m. YMOBne (16) B 

BTOM ~ae .naCT napy OKpy.RHOCTeit, orrnCHBaeMUX ypaBHeH~m 

Ã.. 1 2 a2 , 2 l' 
( ~ ~) + ( ~ - ã) • 32' 

.A. , 2 a 2 , 2 1

( ~ - ã) + ( ~ + ~) • 32 o
 

SamTpllXOBaJlHHe 06~aCTn: BHYTpR BTKX ORPYJKHOCTe:li ( CM. pRC. 2 ) , I 
.

COOTBeTcTB,YDT HapymeliHID YCJlOBRft HOPMHPOBKH ~ ~SOBHX BepoHTHOCTei, 

11 TaM M1l nOJI<»KnM w,l:Iw2 , • TaIWM 00p8S0M, B aTlIX OOJIaCTHX BOSMOJKHqu 

T~KO rOMO~SHoe OCHOEHoe COCTOHHHe. CaMH OKpyEHOCTH COOTBeTcTB,1IDT 

14 

li 4 A!:J 

Pnc.2. IDa30B8R .rwarpaMMa ,lti'IR 
1

C~qM a~=O, J,=J =0 , S,=32= 2 .2

~I.! ..... 
Ti 

I'4~TacT~ll.LAbIHaR odA. 

3HaqeHRHM rrapaMeTpOB, ~ KOTOpUX CHCTeMa CTaHOBlITCH CMeC!:lID npm 8 = 
aO ( TOtIKaM HyK1Iean;mr ). PaCCMOTpHM K8'QeCTBeHHO cFl'Yanmo npa 8 I- o. 
B aTOM cny~8e no~~eHHe ~eHTpo~ n Be~qHHH p~COB OKpyxHOCTeft, 

COOTBeTCTBym\XX ·HOp.MHpOBRe qiaSOBHX BepORTHOCTeH; R3MeHHIOTCH. YCJIO

BRe Toro, qTO OKPYJKHOCT!:l, COOTBeTCTBYRII(aH 8.;. ° , OCTaHeTCJI BHYTpH 

OKpyxHOCTH, COOTBeTCTBYmmeft 8 ai o , SallEilleTCR B B~e 

R(&) + L1 (6) ~ R(O) , 

l',I(e R( 8 ), R(O) - Pa.ImYCH OKpyxHOCTeft, onpenenaesax paBeHCTBaME B 

(16) npH a,.oo~1: n 8 ~ O II 6 - O COOTBeTCTBeHHO, ..1 ( f]) - CMeme-

HHe n;eHTpa OKpyxHOCTeií npz H3MeHeHEH TeMnepaTypH OT HYJIR,no e 
~ paCCMaTpHBaeMoro anyq8R aTO YCHOBne CBe,neTCR R HepaBeHCTBY 

q 0 2 + fi (82_02) s ~ S2 , 

ROTopee SaBe~OMO lie BHnoxaaeTcH ( HanOMHHM, tITO paCCMaTpHBaeMHií 

ax.yqal COOTBeTCTB,1eT &,-0& J 1- J2- O ). CHe,nOBaTe~HO, BOSMOEHH 

aaaxeaaa napalleTpOB. ,IUIJI ROTO,PlDC npa 9 • ° BepoSíTflocTn y.noBJIeTBo

pmJT YCJIOBBJDI HOpampoBItJI O~.j ~1 ( ;1=.',2 ),. a npH HeKOTOpOa TeM

nepairype C'l'aHO})HTCH puHmDI .8,ltHHl11l;e, T.e •. sapo,ItHIIIH llapaMarHHTHoit 
W8SH BCtIeS8Jl'1'. Bo~o. l{TO npB ,UaJI!:lHeihneM YBeJIHt!eIDm TeMIlepaTY.PH 

nyRJIeaItWI npoJlCXOJO[T BBO})D~ 
J

~.3 COOTBe'l'CTB,18T ~ a,.~, J,=J2=0 , S1-S2-0 '. ~ He-

I 
I 
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k"" 

I 

B 06JIaC'l'SIX c nepexoztasar l<aR 1- r o , Tal< 11 2- ro porra, a TaICi:e D OÓJlaC
Ãj.r TSIX, rne re-repoéaanue COCTOm UIR Me TaCTa6l1JThlill . EOJIee Toro , MIl BU,TIlIM 

]( 
l1S pRC. 3, 'lTO <Pasomü i: nepexon 1- r o porta MQ}" eT nponCXO,IU1T:b 11 B Me

TaCTa611JI:blIOU o6JIaCTI1. 
PRC. 3. <liasOIlaJI ,IOl8I'pmala ,1WI
 

J
 
~aJI 8,. 2' J,·J2· o , 3,.S2·'·	 3. 8RDIDJaJIeHTHHe nonpeuierxa 

I IycT:b reneps 6YlIYT BhlnOJIHeHH YCJIODlIR ,A,1c A2 , J 1=J 2 ' S1=S2 =S 

HO B TO ~e Bp eMfl A J J • TalcruM 06p aSOM, ~lli l weeM nOJIHO C T:b~ 
1=A, 1= 

3KBHBaJIeHTHLle nonpeme nor , B 3TOM cJIy'lae 

C1	 
2S 

1 
2c = '" - C2 = SBS( X ) , x = ~ (J+J )w c ,

Qljs	 & 
~ 

22	 2 
, ,A,1 -,A, ~ (,A,1 +,A,)(J1-J)Cw a W = W '" ~![	 1 2 ~ A2 _ ,A,2 _ 2(A J -AJ)C2 + (J2_ J 2 )C4 

1 1 1 ,
J1'Tat'T~b"AbHa' oJ,4,. 

Tet.mepaTYpa Heena onpenenaarca cIJoPMYJIOU 8 n = t S(S+1 )( J 1+J ) • YpaB-

HeHlUI (II), (1 2) TpaHCqJüPM1tiJY1OTCSI n CJIe,IJYKlI\H~ ypanaenna B llJIOCKOCT11a 
ro MbI lIMeeM 4 OKPYUOCTR aa DJIOOKOO'rJI f, ~ OKPYJlHOCTII Á ,A,:

1, 

( ~ )2 + ( ;& )2 • i ' J+J1 2 J+J1 2 
A- l- . ) - ( ,A,1 - l- ) = O, 

10L 'OL 
.A. 8)2 (82 ) 2 ~ ( :r-J + T -Jb 

2 2 
no.ry'UIHli nepe08QeHJI8Y KOHyCOB (lI), (12) n:lOOKOCT:&1l 8,. :~ . AlUI ,A, 1 -,A, = O • 

8Haq8D1 IUlpaueTpoB, JIeJl8IltHX lIay'l'pll t'rJIX OKpyxKOC'l'8ft, JDRI811 lfa80lJHft 
~n8p8XO,lt 1- ro po,ItB, IlH8 ORpyuOOTeft ....111 nepexo,lt 2- ro po.zta. 3a

06JIaCT11 C paSJIH'lHHMll TlmaMH ro~jXO,nOB ~ 3TOrO CJIy'laSI npe ,nc-

mT'pIIXOB8HIIHI OÓJI8CTlil BHyTPH o1't~OO'l'e:ll, onpe,lte.lUl8)IiX pueHCTB8JD(
 

TaBJ!eHH Ha puc. 4 ( 3alllTpRXOBaHHaSI 06~aC T:b c ooTBeTc T:BYeT nepex o,naM 
(16) npJl paoolla'l'pJlllaew:x: qmxCJlpoll&JDIHX 8Ha'leun napaMeTpoB 1- ro po,na ). Heo6x O,UllMoe YCJIOBUe YCTOH'lHBOCT11 sannweTcSI B lJll,Ue 

Á+Á 7 O , tITO RBJISIeTCSI T~e O,UHOH us rpaHKU 06JIaCT11 nepexo,noB 1- ro 
1 

po.na ( CM. p11C. 4 ) • 
( ~ - ~ )2 + ( ~ _ i )2 • i 

.A. , 2 8 2 ' )2 2 4. Mo,neJU> Heena 
PaCCMOTpllM rene p:o 60JIee ,neTa1II>HO c;ry'laíi , x orna BsallMo,neíi cTIlne 

( :r - ~) + ( ~ + ! ·4' 
JIJIJIJIIlTCSI o6JIaO'l'JDOl. li KOTOpliX lIe DHnOJDUDl'l'CSI YC.llOIlD HO,PMl!poBD lla


I BHYTpH no,npemeToK OTcYT cT:BYeT, a c~ecT:BYeT TOJIDRO B3aHMo,nellcTBne
SOllHX Bep0Sl'l'HOOT8il. rpaJUtnH Sam'l'pIlXOBamua: o6JIacTel	 OOO'l'llfl'le'l'llYJO'l' ' I 
MelK,IJY no.npemeTKaMH ( MO,neJI:b HeeJIJI ). HMellHo, Mil 1IM8eM A1",,A,2=J 1=J2=O,'l'O'IR8M HylUle~ npa HYJI8BOit TeMll8pa~. )lu o6JIac'rJI, JlU8llle1! lIDe 

npmlo! ~ • - ~, onpe.n8JISleMo! R8 (13), 1'lIclpJWIU8 pemeHIlll: 8Bllfl,ltOIlO "t- . 1 S,,:,S2=S H 

' Ta CTaclM:&Hli . KaR R 11 npe~ell 0JIY'I88, HyKJIe~ 1IOJIt8T npoIIOXo.mrr1> I 

I

I 
I 17 

16 



AJe .11-.11) 
PRC. 4. <llasollaa:.lllml'paMl\4a ,lJ,1IH 

MO,neJIH C SKBlma.neHTIni.MJ! no.npe
weTKaMR. 

C .. c
1 -C2 SBs(X) ::z: so 2Jw2

CS 

e 

.A. 
"--2 •w ..., & w2 2{A-JC) 

e .B(S+l)J 
N 6' 

Yc~ollKe c~eCTBOllaHHH qa.solloro nepexo,na 1- ro po.na sarraweTcH B D~e
i J 710 :L • BePOHTROCTlf 6YllYT HOPMllPOBaJni npH BI:lIIOJIHeHKK Me.llYJllll4X 

YMOlld: 

A At- 2JC2 • A ~ 0 • 

TeMITepaTypa. npH KOTOpol npoZCXO,lJ;HT HyKXe~. onpe,ne~eTOH 
qoPMJ~Oa 

(1' 8W 
.. Bsl (!%) · 

r,ne liS 1(x) - 06paTHa.fI llffHKUWI Ep&1fJIlleHa. IIpz A < 0 pemeKKH 6y11YT 
U6'1'8C'1'86I1Ll1li1HWm. 

PaOCMOTp& TenepI>. RalOre q)HSK'l80ltHe pemeHZH 6ylJY'l' peaJl][SOllll
lIQnOJI 11 OBOT8ue 1I SaBHClIIMOOTK 0'1' SH8'leH1!i! napaye'1'poB • .ItltR: 1IO;rteJD! 
H6eJLII MH 6y,neM U6HJiTl> ~ OT + C'O,nO - 00 • Taxoe HSMeH8JUl8 
~ S. ~ COOT»eTCTlIYeT nepeMem8HftE B,lJ;04D OOH ~ Ha pzo. 2. 

18 

a) Kor,na j~ '" ; .( + <>c:> • B Cl1:CTeMe npOlfCXO,lJ;l1:T ~aso.B!dl rrepe
XO,n; 2- ro po,na ( Tell4IIepaTypHaH SaBl1ClUvIOCTl> napaMeTpa rrops:r.m:a d l1:S0
6paJiteHa HB pHC. 5a ). IIpl1 ~ = -¥r; ICpHTH'l:eCIUre l1H,lJ;eKCII l1SMeHHlOT 
CBOH SHsqeHHH C 04 ..0 • .p" "2 HS cl '" -} • ..f -t ,lJ,1IH qa.soBoro rrepexo,na 
2- I'O po.na; nepexo,n 6y,neT 2 ro po.na. eCJrn KoaqxpHI.l',ReHT rrepe,n c4 .B 
pa3Jl.OJKeRID'l (9) 6y,neT OTPlmaTeJIl>HHM. 

:~ 
~ 

: , 
... ~ A 

B I e;iH t 

.sf ~, ~I ~!~,

141-1 W"'! i) ,---r- .... I 
,~ I

eM "It 
PRC. 5. TeMIIepSTypHaH SaBHClUvIOCTl> ITapaMeTpa nops:r.m:a C .B Mo

,nemr HeeJIH: a) qaSOBHil: nepexo,n 2- ro pa.na npH -¥r;.!~. ~ ~ 0 : 6) ne
pexo,n 1- ro po.na • 28

2
< ~<~ : B) nepexo,n 1- ro po.na B CJIytl:ae. 

Kor.na ~<!~~232. 9tr 7' e' ; r) nepexo,n 1- ro po.na. O.:!~:!ff. 

6) C~e,I!y1ill1e:ii: oMacTLD 3HaqeHK:ii: ITapaMeTpOB 6y,neT 232.( ~ .( 3~ ( Ha
nOMHllM. "'TO 06.naOTl> Hapy1IR!HHH H0.PMll:POBKH BepoHTHocTe:ii: Ha pHC. 2 co
oTBeTcT~eT HY~eBOH TeMIIepaType; ,lJ,1IH ® ~o HepaBeHcTBo 3armmeTOH B B11
,ne 2C 

2
.( 'J'.(~ ). 3,neCL MhI l1MeeM nepexo,n 1- .:'0 po.na ( CM. pHC. 56 ). 

IIpl1 ~ • 23
2 

B CHCTeMe pe~syeTcH nepexo,n 1- ro po.na C ayKneaune:ii: 
rrpl1 HY~eBOH Tell4IIepsTYpe. 

B) B 06.naCTliI ~.( ~ "282 B CHCTeMe 6y,neT npoHcxO,lJ;l1:TL ayKneaUWI 
npK HeKOTopoil TeMIIep8Type (91 K3 KHTepBaJIa 0 " ®' .t: 9tr ' npH aTOM .A.' 

onpe,ne~eTOH ypaBHeHKeM 

ah{26+1 :a-1(1 r;:;-'»
Wl~U (26 B s~~· 

•• IFA) In 8h(t:sBS1(~ J~;» ). 
TeMllepaTYPHRff SaBHOHMOOTl> napaMeTpa nops:r.m:a ~ aToro C~8H H306pa
~eHa Ha pRO. 5i. IIepexo,n 6y,neT OnaTl> 1- ro po.na. 

r) Ecn ~ ~eJltRT B KHTepBaJIe 0.6~.6~ , YMoBKe HOpMlIpOBKR <Paso
BOK BepoHTHOCTX HapymaeoroH npx JllIX5oil: TeMllepaType I1J .{8tr ' K MIi ,n0JDlt
HH nOJIOlKllTL ...1 • TaKiIlrI 06P8S0M, B aTOM CJIytl:ae ITapayarHlITHHe sapo
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~ B CMCTeMe OTCYTCTnyIDT. rrap~~eTp nop~a OllHTb HMeeT CKatIOR, T8R 
tITO nepexoz Cíy,ueT 1- .. ro poza, 

OU) Ilpn ~ <O CHCTeMa Cíy,ueT MeTacTaCÍH.1ThHoH. JI.JJ.R I'RCípnmmro peme
HRl1 acerna llMeeM W ~; , II napaaarnaraae 33pO,IJJ:nIlli Cíy;rr;yT .nommnpoBaT:b 
B cnCTeMe ( e~n TaKoe pemeHHe pearrH30BaHO ). B ,uaRROM c~qae Cíy,ueT 
rrepexo,u 2- ro po~ (CM. pnc. 5a ). 

B oCí~acTH B), ~ KOTOpOH cYmecTnyeT ~e~, TeMnepaTypHaH 
saBHCMMOCT:b TennoeMROCTll 

dBS(x)
4S 2J2w4C2 --ux-

CH :: 2 ,IB~) 
e[8 - 2S2Jw2(1+~) ---ix-1 

~8eT lIaM nna cxasxa ( ozraa :PIS HHX COOTBeTCT.BY.eT HyKJIe8qID!, ~PYl'OH _ 
<Pa30BOMy rrepexo.ny ). TaRoe nOBe~eHHe H8XO,IW:TCH B jatIeCTBeHHOM corJIa
CHM c HeKOTOpuMlI 3KCrreplIMeHTaJIbHHMH ,u8HHRMH/25,26 • 

5. Oóc~eHlle pesYXDTaToB 
M3 npencraaxeaaoro paccxorpeaaa BH,IUIO, qTO, npe.n:rrOJIOJKHB üYme

CTBOBaIDIe r~Te'powasIDlX COCTO.fiHlrti: B cnCTeMe :ir npHHRB BO BImMaRlle ROH
KYpe~ MeJK,IJy np.aMllM II OCíMeHRl:lM BS8IDJIo,ueltcTBHJIMH, MIl npn,neM R p83
JIKtIHUM (pHSHtieCKlIM ClITyarnr,aM. MMeHHO, B S8BnCHMOCTll OT SHaqeHllÍi napa
MeTpOB À 1, À 2 , A, J l' J 2' J BOSMOJItHH 8 CJIe,IJ;y'ICIItHX c.n:yqaeB: 

I) \l>asoBldi nepexozt 2- ro PO.It8; 
2) <DasoBHH nepexon 2- ro pozta c HyR.7Ie8UHefi; 
3) \l>8S0BHR nepexo,u 2- 1'0 pO,It8 B M8TaCTaCíRHDHOa OÓJI8CTR: 
4) ~a30BHH rrepexo~ 2- ro po,ua c HyKJIe8UHe~ B MeT8CT8ÓHJIbHOH OÓ

JI8CTR: 
5) -8) '1'e ae CJIY'IaH, HO ,IT)IH wasoBoro nepexona I- ro pena. 
SaMeTHM Tenep:b, tITO npH paccMOTpeHRH OÓHqHOH reHseHóeproncKoR 

MO,ueJIlÍ B np:aÓJnDlteHnn MOJIeRYn~ioro nOJm MU EMeeM ({lasoBHa nepexo,It 
2- 1'0 po.It8 ( eM., HanpHMep, 2 ) •. TaRRM 06PSSOM, o~ H3 ,ItOCTOHHCTB 
rrpe~OJiteHHOrO no~o.ua HBXHeTCH EXIDtIeHHe B MO~eHD B03MOXHOcTH H3MeHe
HHJl pona nepexona, B sToii CBR3H ynOMflHeM pg,1l pa60T, paccM8TpJrm8XJIUDC 
B03MOXHOCTD cMeHH po,Ita nepexo~a c nOMO~ID MeTO,na ~aHJPMrpynDH/28-33~ 
B 3TiIX paCíoTax HCII0JI:ó30BaHa liI,IIeR BK1IOOH8 H <l)HIIIepa 34 , COrJIBOHO !tO

TOpOR npa onpeneaeuaax COOTIlOmeHHJ!X MeJK,IIy napaMeTpaMH MO,I{eJU'I nepexoz 
2- ro po,Ita CTaHOBlITCfl HeBOSMOJKHHM II TpaHcWoPMHpyeTcH B nepexo,u 1- 1'0 
pona BCJIe,uCTBRe pesxoro B03paCT8HllR· ~TyaIJ;H:n. B ynoWIHyToit cepaa 
paoor ÓI::lJI nocT808H 1'a.MK1InTOHlIffiH JIa1UI8Y-I'mísCíyprlJ-BwrcoHa ,IUISl RSOTpo
nnoro ~qan!2 ,29/1I ~ ClICTeMH c aHH30TpollHerv 30-33/ c p8sMepHOCTnID 

napaaerpa rrOpR,IU\B n ~ 4 • CyInecTBoBaHlIe B CHCTeMe eJ)a30Boro nepexo.ua 
2- ro POAi\ aCCOIJ;llIrrpOBaJIOC:b c cyTI.lecTBoBaHHeM neno,IUHllK.HOH TOtIllli B pe
HOpMI'pynnOBLIX ypaBHeHIDIX .1JJIR paaaepnocm d=4 • OTcYTcTBrre nenon
B~OH TO~H CBH3HBanOCn c cymecTBoBaHlIeM ~30Boro rrepexo~ 1- ro 
pona, Ilpennonaraxocs , tITO CTPYKTY"pa peaoparpynnosax ypaBHeHHiÍ ae 1I3
MeHHeTCH nplI BaprraUHlI pa3MepHocTlI OT d=4 K d=3 • YMeHnmeHHe pa3Mep
HOCTlI napaMeTpa nopR,IU\a ,uo n=4 II HIDKe KaK c~e,uCTBlle YMeH:bllIeHHfl Cl1M
MeTpnE B üRny HeKoTopux nplI~, HanplIMep, npRnO~eHllH MexaH~ecKoro 

Hanp~eHRl1 B,uanD ~arOHaITH LIII] B RYCÍHqeCKOH pellIeTKe MnO 28/, npn
BO~T K no~eHHID Heno~llXHHX TOtIeK; TeM CaMRM ~30BHH nepexo,u I- to 
po,ua, npOlIcxO~H B ClICTeMe rrplI OCíHtIHHX YC~OBHRX, TpaHC~OPMRPY9TCR 

B ~30BUH nepexo,u 2- ro po,ua. llo,uqePKHeM, qTO B HallIeM c~qae H3MeHe
HHe cooTHorneHlIH Me~ rrapaMeTpaMH ClICTeMH, Harrp}~ep, B CRrrY Toro ~e 

Harrp~eHRff, MOEeT Takme rrplIBeCTlI K 1I3MeHeHMID nopfl.llKa nepexo,ua (npe,u
no~araeTCH, tITO MH YMeeM YtIlITHBaTn 3aBlICIDAOCTn napaM8TpOB ClICTeMH 
OT raxoro HarrpIDKeHHH ). ApryMeHToM B nOJffi3Y raxoro OÓ'hHCHeHIDr CJry
~HT TO OCíCTOHTe~nCTBO, qTO ~ 113MeHeHIDr po,ua nepexo,ua HeoúxO~o 

xoaesaoe ( a ae llli1?lIHHTe3ItMMnHOe ) aanpaseaae , !VIu MO.lKeM npe,lUIOJIO
~lITn Ta~e, qTO COOTBeTcTBy~e napaMeTpU ~ xpOMa, ~ KOTOpHX 
rrplI OCíUtIHHX YCJIOBHRX peaJIH3yeTcH rrepexo~ 1- ro pona, HaXO,llHTCH BCíxu
3lI rpaHlIW:l Me)K,Dy nepexonaaa 1- 1'0 II 2- ro pona, rrOCKOJInKY nooaaxerrae 
onpe,ueJIeHHOrO KOJIlIqeCTBa npllMeCeH ( rrpeBUillarami§ no~roBYID ROnneHTpa
rr.mo ) nplIB'o,IlliT K rPa30BOMy" nepexony 2- ro pena 35, 3 /. 

lloxo~aH clITyaUHH cyTI.lecTnyer D W8PpOMarHeTHKax/37/ ( r,ue B03MO~
HO 3HaJIOrlItIHOe paccaorpenae ) rnna R CO b ' rne R - penxne 3eMJIlI :wm a 
lITTpnH. SneCn ~ HeKOTOpHX 3ReM8HTOB nplI onpe,ueJIeHHHX cooTHomeHRHX 
MeJK,J:Jy a lIb ne.p.exj.ll 1- ro pena MOiKeT CMeHlIT:b nepexon 2- I'O pena, 

B paóoTe738 CíUJIa paccMoTpeH8 Mo,ueJID MSlIHra C KOHRYPlIpyromHMH 
B3aEMo,ueficTBERMH ~ OCí'heMO~eHTpllp09aHHOH KYCíHtIeCKOH pemeTKR. Bsa
HMo,ue:í:icTBlIe CíJllDKai1mmc coce,ueti: npe,uHOJIararrOCn <PeppOMarHlITHUM, a eJIe
~ sa ÓJIIDKaiímm.m - aHTW!JeppoMaI'HHTlillM. B 3TOM paoore c nOMOutDID 
'napanneJInHOrO HcnO~SOBaHRff MeTO~OB peHOpMrpynnH II MOHTe-Kapno ÓHJIO 
'nOKa3aHO, tITO wa30BUH nepexo~ napaMaI'HeTHK - aHT~ppOMarHeTlIK 
1- ro pona ( aonpexn npencxasaaasa reopan MOJIeKYJLHpHOrO noJIJI ). 

AHanHS ,upyrme BOSMO~ MexaHHSMOB 1I3MeHeHRH po,ua ~30Boro ne
pexona ( MeX8UH3M OÓ'heMHOH CTpllli~, paccaorpeaze áHKBa,upaTHoro q,ne
Ha B HSOTPOnuOM KocBeHHOM OÓMeHe H T.,u. ) MOryT ÓHTn HaRneHH B 06
30pé39/ ( CM. TaKXe/40/ ) . 

npe~eCTBO HameH Mo,ueJIn reTepoW8sHoro aHTR~ppOMarHeTlIKa COC
TORT B TOM, qTO ORa He T~KO onRCHBaeT B03MO~HYID CMeHY po,ua nepe
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XO.nB. HO T8lOKe .nyqme OOOT.BeTOT.ByeT TeM ~KOIlepHMeHTaM /4.5/. B KOTOplU: 
B M8rHeTRKaX Ha~oo» o~eoTBoBaHHe llBpaMarHHTHo! qaOTK. 
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TEMA'IWIECKME KATErOPHH I1YBJIHKAl1HA 
OB'bE,l\HHEHHOrO HHC'Ilfi'YTA ft,lf:PHUX 

HCCJIE,nOBAHMA 

Haaeac TeMa'I'IID 

1. 3KcnepHMeHT&nbH8R ~SHK8 BWCOKHX 3HeprMA 

2. TeopeTH~CKaR ~SHKa BWCOKHX 3HeprMA 

3. 3KcnepHMeHT8nbHaR HeATpoHH8R ~3HK8 

~. TeopeTH~CK8R ~SHK8 HHSKHX 3HeprHA 

5. MaTeMaTHKa 

6. RAePH8R cneKTpoCKOnHR H paAHOXHMHA 

7, lhtSHK8 TAllleJIWX HOHOe 

8. KPHoreHHKa 

9. YcKopHTenH 

I U. AeTOMaTHS811HA OOP800TKH :JKCnepMMeHT&nbHWX 
A8HHWX 

11. Bw~cnMTenbHaA MaTeMaTHKa M TeXHHKa 

12. XHMHA 

13. TexHMKa $MSM~cKOro 3KCnepMMeHTa 

14. MccneAQe8HMA Teep-'x Ten H liiMAKOCTeA 
AA8PHWMH MeTOA8MM 

15. 3KcnepMMeHT&nbH8A ... SMK8 AAePHWX pea~eq*! 
npM HHSKHX 3HePrHAX 

16. ,lloSMMeTPMA M $MSMKa S .. TM 

17. TeopHA KOHAeHCHpoNHMOrO COCTOAHMA 

18. McnonbsoeaHHe peaynbTaToe " MeTOAO• 
tWHA8MeHT&nbHWX .... M ... CKHX MCcn8AONHMA 
a CMeliiHWX o6naCTAX HayKH M T8XHMKH 

19. 6MOCIIH3HKa 

DOKHH M.A. H AP· 
Mogenh aHTHclleppoMarHeTHKa c reTepoclla3HhiMH 
$nYKTyai.J;HHMH 

PI7-87-149 

PaccMoTpeHa Mogenb aHTHclleppoMarHeTHKa c rrapaMarHHTHhlMH 
3apO,IJ;biiDaMH. flpoananH3HpOBaHO ITOBep;eHHe clla30BhlX BepOHTHOC
TeH; 6onee geTanhHoe paccMOTpeHHe rrpoaegeHo a6nH3H HyneaoP. 
TeMrrepaTyphi H TeMrrepaTYPhi Heemr. YcnOBHH ycTOHtrHBOCTH rro
Ka3biBaJOT, tl:TO TaKOH aHTH!lJeppOMarHeTHK C rrapaMarHHTHbiMH 
$nyKTyau;HOHHbiMH 3apO,IJ;biiDaMH MO)KeT 6b!Tb CTa6HnbHhiM, MeTaCTa-
6HnbHhlM HnH HeCTa6HnbHbiM. flpoaHanH3HpOBaHO TaK)Ke ITOBep;eHH€ 
TerrnoeMKOCTH a6nH3H KpHTHtreCKOH TOtrKH. HanHtrHe reTepocllag
HhiX $nyKTyau;HH ITpHBO,IJ;HT K CMeHe poga !lJa30BOro rrepexop;a CO 
BTOporo Ha rrepBbiH; HaH,IJ;eHbi H 06Cy)K,IJ;eHbl KpHTepHH TaKOH CMe 
Hbl. 

Pa6oTa BbiiTOnHeHa B ITa6opaTOpHH TeopeTHtreCKOH cllH3HKH 
OIDUI. 

flpenpHHT 06'be,llHHeHHOrO HHCTHTyra .R,IlepHbiX HCCJie,llOBaHHH. ,lly6aa 1987 

flepeaog aaTopoa 

Boky M.A. et al. 
Model of Antiferromagnet with Heterophase 
Fluctuations 

Pl7-87-149 

The model of an antiferromagnet with paramagnetic nuc
lei is considered. The behaviour of phase probabilities is 
analysed especially near zero temperature and Neel tempe
rature. Stability conditions show when such an antiferro
magnet with paramagnetic fluctuational nuclei is stable, 
metastable or unstable. The specific heat in the vicinity 
of the critical point is also analysed. The presence of 
heterophase fluctuations can lead to the change of phase 
transition order from second to first; the criteria for 
this change are found and discussed. 

The investigation has been performed at the Laboratory 
of Theoretical Physics~ JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1987 


