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!OKanoB B.H. Pl7-87-127 
<I>asOBbie BepOHTHOCTH KaK napaMeTpbl IIOpHp;Ka 

IlpH paCCMOTpeHHH CMeCeH HeCKOnbKHX ~as Heo6xop;HMO BBO
AHTb p;ononHHTenbHble xapaKTepHCTHKH - KOHu;eHTpau;HH HnH Be
pOHTHOCTH COOTBeTCTBYIO~X ~as. 3TH xapaKTepHCTHKH, nop;qH
HHHCb ycnOBHIO p;eTanbHOro 6anattca, HBnHIOTC.H ~HKll;HHMH Tep
MOAHHaMHqeCKHX nepeMeHHblX H HrpaIDT ponb HOBblX napaMeTpOB 
IIOpHp;Ka . .[laHHaH KOJtu;enu;HH IIPOHnnlOCTpHpOBaHa ABYMH IIpHMe
paMH: cMeCblO ~eppo- H napaMarttttTHOH ~as H·Jip;epHOH MaTepH
eH, COCTOHll\eH H3 MYnbTHKBapKOBblX KnacTepoB. 

Pa6oTa BbIIIOnHeHa B na6opaTOpHH TeopeTHqecKOH ~HSHKH 
omrn. 

IlpenpHHT 06'be,llHHellHOro HHCTHTyTa R:,llepHbIX HCcne,llOBaHHH • .[(y6ua 1987 

IlepeBOA T. 13 • .[lyM6paHC 

Yukalov V.I. P17-87-127 
Phase Probabilities as Order .Parameters 

When consjdering mixtures of several phases one has 
to introduce such additi'onal characteristics as probabi
lities or concentrations of corresponding phases. These 
characteristics, being subjected to the detailed - balan
ce condition, are functions of thermodynamic variables 
and play the role of new order parameters. This concept 
is illustrated by two examples: by a mixture of ferro
and paramagnetic phases and by ·the nuclear matter con
sisting.of multiquark clusters. 

The investigation has been performed at the Laborato
ry of Theoretical Physics, JINR. 
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B CJiyqae CRCTBM, npe~CTaBJimOiIUD{ 0060ft CM8CH pa3Jlli'lll!IX <p83,B03-
ImK88T Heo6xo~MOCTh BBe~erum ~onommTenhH!lX xapaKTBPHCT~K, ~MeIODUDC 
CMUCJI BepO.f!THOCTett RJm KOHUBHTpaIJ,Hft COOTBBTCTBYIODUDC !p83 /I,21. Jrn:are 
Ha·~yx npRMepax 6y~eT npoHJIJirocTpHpoBaHo, qTo 3TH ~onommTenDHHe 
xapaKT8pHCTRKR MOJKHO paccMaTpRB8Th KaK napaMeTphl nop.f!,Jl;Ka. 

IlepBllft npRMBp - 3TO CM8Ch weppo- H napaMar~RTHOft <p83. ~KTRB
Hltl!; ra~hTOHR8H T8KOft CMBCR MOlKHO npe~CT8BRTh /I, 2/ B CJIB,u;y!OllleM BR
~e/3,4/: 

- __., 

H.(. = 1 w;. V - w/ t 1q S,.,. Si.1- , (I) 

B KOTOPOM KOHCTaHTa KPRCT~qecKoro IlOM/5/ 

1l = 1.. I ( 'P.. - t J.) = er-ft 
N .. ~d ~~ 

~d 

(2) 

co~epimT IlP.f!M08 B38RMO~eftcTBRe ~i R o6M8HH08 Ji, 
qaroTc.f! no cBo:l'!M napaMeTpaM nop.f!,Jl;Ka d 

• 003ll p83Jlli-

f \ ~ - \ u.£ :: S < N t ("- ") ' (3) 

npnqeM cqnT88TC.f!, qTQ rJ. = I COOTB8TCTBY8T weppoMarHRTHOft, a o(: ~ 

napaM8I'HRTHOft !p838M : 

IDl.neKc ipa3ll y onepaTopa c7f2-ol noKaaHBaeT, qTo cpe~e aHaqerum 

< /J ol. "> = < c'tt- ">o<. 

(4) 

Bll'mCJllIIOTC.f! c llOMOmhIO MBTO~a orpaHRqnBaromero CJie~a / 6/ npn BllIIOnHe
HRR YCJIOBRit (4). 

~830Bll8 Bepo.f!THOCTH,RJlli KOHUBHTpaIJ,HR, onpe~en.f!IOTC.f! MIDIRMR38UH-
ett TepMO~aMRqecKoro IlOT8HUHM8. Ha ~yx BeJrnqnH w, R "':i. , BCJI8~
CTBR8 YCJIOBWI HOpMRpoBKH 

[.· C.Mn,ci:;i;;?tiill~i\ 11mcnrryt I I mv:1.1m,rn uu ."l,\ilOBiUl•llil 
i 6tt&Jl!,,JCTEKA 

--..,--""' -- -

(5) 



TOJlbKO O,IUia JillJiileTC.ff He38B11CHMOH, ITOBTOI\W MOlKHO BBeCT11 yrrpo~eHRe 

o6oaHa'IeHRft: 

W::w,, wa.=: 1-w. 

BeJI111IRHa w 11rpaeT poJib .JJ:OITOJIHRTeJibHOro rrapaMeTpa ITOplI,I(Ka, ITOKa-
3!:ffi8Kl!lero, B KaKOH rrporroprurn: cMemam,1 qiaau. 

ECJIR o6MeHHHll mITerpaJI 'i· rrpRHa,n;,re.lmT K Macey ITOTeHil;ll:aJIOB 
Karr.a, TO 38,JJ;a'!a pemaeTC.fI TO'IH'J41, B TepMO,ll;RH8MFI'!eCKOM rrpe.n:eJie, 11 
H8XO,ll;JITC.ff .fIBHHe ypaBHeHRJI ,ll;JI.fI BepoJITHOCT11 cpeppoMarHRTHOH q>83H 

u. 
w = ~(U- (5" ll) (6) 

11 y.n:eJibHOM .HaMarH111IeHHOCTII' 

I,:::: BS (:i. w°'er/T) ' (7) 

r.n:e Bs ( • ) - cpyHKI.lliff lp11JI.,110aHa 11 

V T- ~ IL=T' = 1 
B paCCMaTp11BaeMofi C11CTeMe MOXeT rrpo11CXO,ll;I1Tb rrepexoj 113 'IRCTOH 

cpeppoMarHRTHOll (l)831,I B CMemaHHoe COCTORH11e / 7 ,81; COOTBeTCTBYID~M 

TO'!Ka rrepexo.n:a H83!:ffiaeTC.fI TO'IKOH HyKJiearurn: 11 orrpe.n:eJIJieTC.ff YCJIOB11eM 

VI-=- 1 ( 1= T,,). 

KOTopoe .n:aeT 
') 

U= ~(U-6";,) 1 
c;-;_ = BS ( :l On / Tn ) , 

McCJie,D;y.ff rroBe,D;eH11e c11cTer.ru B6JI11s11 TeumepaTypu HyKJiearurn:, y.n:o6Ho 
BBeCT11 OTHOC11TeJibHYJO TeMIIepaTypy 

c;;-- _ T- '" 
l,, = T,, 

Tor.n:a Bepo.ffTHOCTb cpeppoMarH11THOH cpa3H MOlKHO rrpe,D;CT8Bl1Tb B B11,ll;8 

{

1 , T < Tn , 

w~ 
. E 

1 'L n - -- /1n n > I ') In , 

(8) 

(9) 

(IO) 

xapaKTepHOM ,ll;JI.fI T8PMO,ll;RH8MI1'!8C.EtllX BeJIII'IRH B6JII1311 KP11TI1'!eC.EtllX TO'I8K. 
lIOKa3aTeJib E." CJie.n:yeT H83B8Tb KP11Tl1'IeCKI1M 11H,D;eKCOM HYKJiearurn:. 11JII1 
HYKJieaIJ;lrnHHilM nH,ll;8KCOM. B ,ll;8HHOM CJIY'Iae e..., = :f. , 

2 

ClrcTeMa Bcer.n:a OCTaeTC.ff 'IRCTOM cpeppoMarH11THOH, TO 8CTb W::.f , 

eCJII1 T
11 

= T,, , r.n:e 

T:: .1. S (s+1) 
0 3 

(II) 

ECJII1 xe T < Ta , TO C11CT8Ma rrepeXO,ll;I1T B CM8IIl8HH08 COCTO.ffH118 paHb-

me, 'IeM ,ll;OCT11raeTC.ff KP11Tl1'!eCKa.ff TO'!Ka, B KOTO poil G"" = 0 

'ti= ; ( T =Tc) , (I2) 

r.n:e 

~ =- ; S (SH) . (!3) 

~eppoMarH11THaJI BepO.ffTHOCTb BM11311 KPI1TI1'!8CKOM TO'IKI1 rrpe,D;cTaBJIJieTC.ff 

acHMITTOTI1'IeCKI1M BHpaxeHReM 

f:
.!. + A (.--r/- T <. T ~ - , c, 

w ::! 
E.+ ·-

L - fl T' 'T) le., 
.;i. + ' 

B KOTOpoM 

t= 
T-Tc. 

Tc 
,llJm .n:aHHott aa,na'!R 

{

1, 

E._ = 1 
:;_--) 

/.,( * t(t- ) 

u = ut: ' 
E =O ; 
+ 

CKa'IOK KPllTll'I8CKOro :imn;e1<ca·rrpo11cxo,D;I1T B TpllKp11TI1'!8CKOH TO'!Ke 

A{ :t 

(:10) j S+t) 
ll t = ~ s,. + ( .S+O ~ 

-, ~T 
) c:. t 

{I4) 

(I5) 

TaKRM o6pa30M, CBOHCTBa CllCTeMbl CMbHO 38BllC.fIT OT rrapaMeTpa 
KpliCTaJLIIB'I8CKOrO ITOJIR U .,lllm 0~8HKll B8JIH'l.lllili ITOCJI8,D;H8ro B MO.D:EIJIR X8JI8 

11M88M 

3 



Ge~ ( 'P = --S lfii.fl_) 
1
/3 

.3 ) 
l: 3:11 

( ~J') l/3 ' 

e 
.naeT 

-38Pff.II, J - ITJIOTHOCTb SJieKTpoHHOli lKM,I{KOCTll. 3TO 

~ :..1.. ( ~;;2)· f/3 
I s 9 -= ~. c :, 

u = :Z,, I. 

. EoJiee rro,npo6HO CBOliCTBa CllCTeM!i B 38BllCllMOCTll OT Be.7IlI'llllill U 

rrepe~CJieHH B Ta6JIHue. 
Tao~nua 

XapaKTepHCTllKll @30BlDC rrepexonoB B CllCTeMe rrpn pa3HlDC 
3H8.'{e~RliX ~OHCTaHTILKpHCTa~~llqecKOro ITOJIB U 

u. 

(-cio,Q) 

0 

(0,2S~ 

2s" 
t. 

(2 S , "1) 

Llt 

(ut • oo) 

TeMIIepaTypa 
HyRJiealll'!ll 

To 
0 < T,...: T0 

0 

TeMIIepaTypa 
qiasoBoro 
rrepexo.na 

To 

To 

Tc<Tr~To 

Tc <Tr<To 

Tc< Tr <To 

T+: 

Tc 

IlopimoK 
qla30BOro 
rrepexo.na 

2 

2-1 

I 

I 

I 

I ➔ 2 

2 

B KaqecTBe BToporo rrpHMepa paccMOTpllM a,nepHyro MaTepmo, RB

mm:nyroca CMeCbID h - KB8pKOBlDC MersoB ~ll t'1 = 3;6;9;12 , TO ecTb 
TaK H83UB8e.l,\j'ID )ly6HeHceyro MO,ne~b 9,ro. IlapaMeTpoM ITOPff,IIKa s.necb 
C~lltHT qnCJio fl • 

I'ru.m.7IbTOHll8H 3TOli MO,neJIH llMeeT BH,ll; 

H== © Hh ( n=3,6,s,10.), 
h 

Hn = ~ ( Jl ~+ Mh
21 -1,.)a: (ts) a,. {k, ,q ~ 

k.?. 

(I6) 

k - BOJIHoBott BeKTop, M11 -Macca n - KBapKoBoro MelllKa c Ha6opoM 
cITHHa R ll30CITllHa !> n rro~eBHM orrepaTopoM ct 11 ( k, -& ) , _)An - Xll-

4 

·~ 

} 

·¢ 

I 
. :1 . ' ·,' 

I 

i 
' ! 

Ml{qecKHfi ITOTeHIJl'[aJI. MelllKll: ~RJKYTCR B CBOOO,IUIOM rrpocTpaHCTBe c 00'.be- . 
MOM 

# V, == V - ~ \</11 n v-n , 
r.ne V-n - o6'.beM MelllKa, N - rro~oe qnCJio KBapKOB B cncTeMe, a 
KOHl{eHTpalll'!R n - KB8pKOBOli qiasu orrpe,neMeTCR paBeHCTBOM 

w,.=; I < a,.+(k,a)a
11
(~8)). 

ks 

(I7) 

. (IB) 

Me.lK,llY MeillKaMll rrpollCXO,!UlT peaKIJl'[ll B38llMHOro rrpeBp8111eHHR rrpll YCJIOBJm 
,neTaJll,Horo 6a.n:aHca. R coxpaHeHllll 6apnoHHoro saPff,Ila, qTo .naeT ,wm 
XllM!{qecKHX ITOTeHIJl'[aJIOB CQOTHomeime 

/111/ n • 

KBapKOBll:li_XRMHqecKHii ITOTeHIJl'[aJI ,f< H8XO,nllTCR ll3 HOPMllPDBKll 

'vi + w
6 

+ 'Wa + W :: 1.. 
~ : .. 12 

(I9) 

(20) 

HaKoHeU, rro~araeTCR, KaK 3TO IlpllHRTO B TeopJm MeIIIR:OB, qTo Mel!OJY llX 
MaccaMH n 06'.beMaMR cymecTByeT rrporropIJ;l'tlI 

Min _ 'ttrn - -. --
M., i,-" 

Ha:li,neriue ypaBHeHHR, 38,naKX!llle KOHUeHTpalJl'[ll w,. , .nocTaTO~O 
rpoM03,nKll I□/, IT03TO.l,\j' s.necb rrpllBOMTCR pesy~bT8Tli qnCJieHHoro peme-
HIDI rrpn pa3HUX TeMITepaTypax ® lI,JIJI W1, , "'6 ll Ws KaK i;ro'HK-
IJl'[:li rrpHBe,neHHo:li ITJIOTHOCTll 

S/!0 = N/VJ 0 , 

r.ne .f'o - HOpMaJibHaR KBapKOBaR ITJIOTHOCTb a,nepHOli MaTepllll. BeJIH'ilUia 
OKa3aJI8Cb ITpeHe6pelltHMO MaJIOil:, ITOPff,IIKa I0-2 . \vi, 

IlpHBe,neHHUe rrpHMepu rroKasHBam, qTo B ~qae cMecett qiasoBue Be
poRTHOCTll .nefiCTBllTe~bHO nrparoT ~D .norro~Te~bHllX rrapaMeTpoB ITOPff,IIKa. 
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