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1. MOAenb e~Hye-rOPAOH lerl ~Bn~eTe~ OAHO~ ~3 Ha~6onee ~eene

AOBaHHblX MoAene~ «naccauecxoã Teop~~ nona, K onacaumo Ha ee oe
HOBe ~~3~4eeK~x ~BneH~~ np~XOA~T B eaM~X pa3H~X o6naeT~x ~~3~K~, 

oeo6eHHO B ~~3~Ke KoHAeHe~pOBaHHoro eoeTO~H~~ leM., Hanp~Mep, 

0630Pbl 11,21 ~ KH~ry/31 I. OAHaKO P~A sonpocoe , «acaouu-xcs B nep
BYIO o4epeAb nOeTpOeH~~ TepMOA~HaM~K~ ~ A~HaM~K~ 4aeT~4enOAo6H~X 

B036Y)\(AeH~~ B 3TO~ MOAen~, oc-raorca HepeWeHHbIM~. 

B HaeTO~~e~ 3aMeTKe 06eYA~M TonbKO HeKOTOp~e np06neMbl, eB~

3aHHble e ~X TepMOA~HaM~KO~. XOT~ cr-MOAenb nonuocrs o ~HTerp~
pyeMa /41 IHanoMH~M, 4TO MOAaM~ er-ypaBHeH~~ ~Bn~IOTe~ K~HK~ 
~ aHT~K~HK~, 6~OHbl ~ HenpepblBHble peweH~~ - II~OHOHbl"/,' TepMO
A~HaM~Ka MOAen~ B 3T~X nepeMeHH~x AO e~x nop He noeTpoeHa. Me
TOA 'rpaacoepaarpauu 15,61 noaaonaer HaxOA~Tb TepMOA~HaM~4eeK~e 
xapexrepac'raxa r ons xo 4~eneHHO, ~n~ B npenene T O. B paMKax4 

r eopaa B03My~eH~~ ~ee:neAOBaH ~ enY4a~ T 4 16/. Ha4~Ha~ e pa00 

60T~/7~ TepMOA~HaM~Ka Cr-e~eTeM eTpo~naeb TaK)\(e B paMKax ~eHO
MeHonor~~ ~AeanbHoro ra3a eon~ToHOB IK~HKOB ~ 6~oHOBI e eOOT
BeTeTBYIO~e~ MOA~~~Ka4~e~ Y4eTOM ~OHOHOB IB Ka4eeTBe noeneAH~x 

6epYT peureuue n~Heap~30BaHHoro er-ypaBHeH~~1 16,7 I. 3aMeT~M, 4TO 
TepMOA~HaM~Ka K~HKOB ~ 6~OHOB ~3Y4anaeb TonbKo B OTAenbHoeT~/2~ 
nplt14eM Aa)\(e B r axo» nOAxOAe pons 6~OHOB euie He suacaeaa Ic«, 
o6eY)\(AeH~e 3Toro Bonpoea B 18- 1°1. np~6n~)\(eH~e ~AeanbHoro ra3a 
An~ 6~OHOB HY)\(AaeTe~ B YT04HeH~~, ~ AOn)\(HO aHan~3~pOBaTbe~ 

B Ka)\(AOM enY4ae np~MeHeH~~ Cr-ypaBHeH~~ B KOHKpeTHo~ MOAen~. 

~eHOMeHonor~~ ~AeanbHoro ra3a K~HKOB pa60TaeT nY4we, B 4aeTHO
cra , OHa noworna Ka4eeTBeHHO 06D~eH~Tb HeKOTopble ocoõeuuocru 
TennoeMKoeT~, ~3Mep~eMo~ B onsrrax e MarHeT~KOM CsNiF 3 11l,8~ 
OAHaKO ~ OHa TaK)\(e HY)\(AaeTe~ B yTo4HeH~~. HaeKonbKO XOPOWO 3Ta 
~eHOMeHonor~~ np~MeH~Ma AJ1~ er-e~cTeM, KaK HaM Ka)\(eTe~, MO)\(eT 
.nOKa3aTb TonbKO AeTanbHoe epaBHeH~e He e 3Kenep~MeHTaM~ Ha 
peanbH~X e~tTeMax, a ~ pe3ynbTaTaM~ 4~eneHH~X 3Kenep~MeHTOB, 

KOTopoe AO e~x nop He 6~no oey~eeTBneHo. HeeMoTp~ Ha 3TO, ~eHo, 

4TO <t>eHoMeHonor~4eeK~~ noaxon ~Bn~eTe~ nepBblM np~6n~)\(eH~eM Ha 
nyT~ K noeTpoeH~1O TepMoA~HaM~K~ e9n~ToHoB B Cr-e~eTeMax. 

Corurrouu B Ae~eTB~TenbHoeT~ B3a~MoAe~eTBYIOT, 4TO npuaona r , 
B 4aeTHoeT~, K ~3MeHeH~1O <t>a3~, ~, B np~H4~ne, np~ B~4~eneH~~ 

eTaT~eT~4eeKo~ eYMM~ 3TO B3a~MoAe~eTB~e HY)\(HO y4~T~BaTb. Ha
cxons KO HaM B rurr eparype r ons KO onua nonsrr xa ~3BeeTHo, ~MeeTe~ 

noeTpoeH~~ TepMoA~HaM~K~ He~AeanbHoro ra3a eon~TOHOB An~ cr
e~eTeM/12~OeHOBHa~ npo6neMa 3Aeeb eB~3aHa e TeM, 4TO He~3BeeT
Ha nOTeH4~anbHa~ 3Hepr~~ B3a~MOAe~eTB~~ eon~TOHOB. B 112~He Ae
Tan~3~py~ T04H~~ B~A nOTeH4~anbHO~ 3Hepr~~, YAanO~b Ha~T~ no

~b"btjUii1eID1ba1l m~t:mr.ra' \ 
an~fM{ E!.,tc~.el:\Un3Ut!Q..' .. 

.........u··. f'1l~.,~~-iO;::~~ 1.).
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npaBK~ K XapaKT~p~CT~KaM ~Aeanb~oro rasa K~HKOB /nepB~~ B~p~a~b

Hbl~ K03<t><t>Ii1~~eHT/. B OCHOBY nOAXOAa /12/ 6blno nOnO>KeHO npocroe Ha

6n~AeHli1e: npo~ecc CTonKHOBeH~R KHHKOB B HepenRT~6~CTCKOM np~

6n~>KeH~~ COOTBeTcTByeT cOYAapeH~~ TBepA~X CTep>KHe~ c An~HaM~, 

aaB~CR~~M~ OT OTHOC~TenbHO~ CKOPOCT~ cTanK~Ba~~~xcR con~TOHOB. 

B AaHHO~ pa60Te, ~cnonbSYR 3TY op~r~HanbHY~ ~Ae~, M~ paSOBbeM 

TepMOA~HaM~KY He~AeanbHoro rasa /CMec~/ KIi1HKOB ~ aHT~K~HKOB 60

nee npoctua li1 KoppeKTH~M cnocoõox , np~ 3TOM Ii1CnOnbsyeM T04HY~ 

KOH<t>~rypa~~oHHY~ 4aCTb CTaT~CT~4eCKO~ CYMM~, 4TO AaeT BOSMO>K

HOCTb <t>opMaIlbHo san~caTb n~60e 4~cno 4neMOB B~p~anbHoro pasno

>KeH~R. HaM~ paCCMaTp~BaeTCR cnY4a~ nap~oro Bsa~MoAe~cTB~R, KO

ropoe Ii1MeeT MeCTO B Cr-C~CTeMax /13. 14/1i1 B RBHOM B~Ae Bbln~caHbl 
nepaue Tp~ -ineaa paSnO>KeHIt1R. B paõore nOKa3aHO, 4TO B nepBOM 

npIi16n~>KeHIt1It1 no He~AeanbHOCT~ raa con~TOHoB MO>KHO paCCMaTpli1BaTb 

KaK raa TBepA~x CTep>KHe~ c 3<t><t>eKT~BHO~ nOCTORHHO~ An~HO~. 3an~

caHO ypaBHeHli1e COCTORH~R C~CTeMW. YKasaH~ TaK>Ke HeAocTaTK~ ~C

XOAHO~ ~Ae~ pa60Tb/ 12 1. B. nocnenaea pasnene 06cY)l(AaIOTCR nonurxa 
nOCTpoeH~R nOTeH~~ana Bsa~MOAe~CTB~R AnR COnli1TOHOB B 60nee paH

H~X pa60Tax. 

2. HH<t>opMa~~R o Bsa~MoAe~CTBIi1~ K~HKOB /aHT~K~HKOB/ COAep

>K~TCR B MHorocon~TOHHblX peuieuaax cr-ypaBHeH~R. PesYJ1bTaT Bsa~MO

Ae~cTB~R ABYX con~ToHOB saKn~4aeTCR TonbKO B Ii1SMeHeH~~ ~x <t>as. 

3TO oSHa4aeT, 4TO nocne CTonKHoBeH~R COnli1TOHbl CMe~a~TCR B npOCT

paHCTBe no OTHoweH~~ K TOMY nonO>KeH~~, KOTopoe OHIi1 saH~ManH 6~ 

B OTCYTCTB~e Bsa~MoAe~cTB~R. Ecn~ con~TOHbl coxpaHR~T CBO~ ~HA~

B~AyanbHocTb nocne cOYAapeHIi1R, TO ~X CMe~eH~R HanpaBneHbl TaK~M 

06paSOM, 4TO Bsa~MOAe~CTB~e Me>KAY H~MIi1 RBnReTCR np~TR>KeH~eM 

/HeaaB~CIi1MO OT SHaKa con~TOHOB/. Ecn~ con~ToH Bsa~MOAe~cTByeT 

c ~eCKOnbK~MIi1 COnIi1TOHaM~ OAHOBpeMeHHO, TO ero <t>a308b1~ CAB~r 

RBnReTCR npOCTO CYMMO~ <t>aSOBbIX C1J.B~rOB B axrax CTonKHoBeH~R 

c ornens HbIM~ con~TOHaM~. 3TO OSHa4aeT, 4TO B C~CTeMe HeT Tpex
4aCT~4HbIX can /13.14/, 

HIt1>Ke Mbl 6YAeM none aoaar s ca 0603Ha4eHJ.1RMJ.1, 06~enpJ.1HRTbIMJ.1
 
B HaCTOR~ee BpeMR AnR cr-cltÍcTeM /2.5/. T. e. Ha60pOM KOHCTaHT
 

/B cK06Kax yxaaaua J.1X pasMepHocTb/: A /Macca· AnJ.1Ha/, Co /CKO


pOCTb/, cu o /4acToTa/, d = co/cuo /AnIi1Ha/. üoocrpaucr eeaaoe CMe


~eHJ.1e COnJ.1TOHa, ABIi1>Ky~erocR AO cTonKHOBeHIi1R co CKOpOCTb~ v1 

li1 cTonKHYBwerocR c COnIi1TOHOM, It1Me~~J.1M CKOpOCTb v2. nocne CTonK

HOBeHIi1R paBHo/ 13/ /AnR COnli1TOHOB ruoõux sHaKoB/: 

d Y1( 1 + v/c ) + Y. (1 + v/e )
6.	 sgn (v - v ) _ In [ l o 2 g O ] 2,


12
 1 2 Y1 Yl (1 + vlco) - Y2({ + v2/eO) 
/1/ 

(1 _ v2 -2) -IhYi i c o 

2 

npeACTaBIi1M, cneAYR /12:npo~ecc CTonKHOBeH~R HeCKOIlbKO nO-APY

rOMY. 6YAeM C4Ii1TaTb, 4TO COIlIi1TOHW He npOXOART APyr 4epea APyra, 

a RBIlR~liCR HenpOHIi1~aeMbIMIi1. Torna nocne CTOIlKHOBeHJ.1R OHIi1 06MeH\II

Ba~TCR CKOpOCTRMJ.1, li1 B HepeIlRTIi1BIi1CTCKOM npIi16IlIi1>KeHJ.11i1 I~ I «Co 
CTOIlKHOBeHli1e HanOMIi1HaeT cOYAapeHli1e TBepAwx CTep>KHe~ c OAIi1HaKO

BblMIi1 .AIlIi1HaMIi1, Ii1Me~~Ii1MIi1 CMblCIl "Ii1CKJ1~4e~li1~ AIlIi1Hbl" npn CTonKHoBe
HIi1Ii1: 

6.	 = d ln ] 2. 
12 /la/ 

3AeCb E o = 8. Acu.o C o - 3Heprli1R nOKOR COnIi1TOHa, ~2Ii1cnOnbaoB~2Ha 
CBRSb Me>KAY CKOPOCTb~ J.1 Ii1MnynbcoM Pi = EOYi vi Co :::: Eovi Co 
HenocpeACTBeHHO B 06naCTIi1 CTonKHOBeHIi1R TaKaR KapTIi1Ha, 04eBIi1AHO, 

aecnpaeennaae r npli16nli1>KaRCb APyr K APyry, corurrouu YCKOPR~TCR, 

a B 06naCTIi1 CTonKHOBeHIi1R BOSHIi1KaeT HoBoe 06paaOBaHli1e, B KOTOPOM 

Y>Ke HeBOSMO>KHO OTIlJ.14Ii1Tb OAIi1H COnli1TOH OT APyroro li1 onpeAenli1Tb 

Ii1X nOnO>KeHIi1R. 3AeCb MbI, OAHaKO, 6YAeM C4Ii1TaTb, 4TO COnli1TOHbl 

BSaIi1MOAe~CTBY~T, KaK r eepnae CTep>K1-l1i1 c Anli1HaMIi1 6. 12,,1i1 AO J.1 nocne 

CTonKHOBeHIi1R Ii1Me~T nOCTORHH~e CKOpoctli1. 

PaCCMOTpli1M TepMOAIi1HaMIi1KY CMeCIi1 TaKJ.1X 4aCTIi1~. YAo6HO Ii1CXOAIi1Tb 

Ii1S 60nbwo~ CTaTJ.1CTIi14eCKO~ CYMMbl: 

-f30	 N N)] N -(3E(Pi) 
e =.I. L exp[j3(flK ~,~, ~K' K f ner; e R(p,q),/2/
 

N =0 N..:;=O N· 'N-o' i=l
K' KK K 

rAe N K , fl K - 41i1CnO KIi1HKOB ~ Ii1X X~1MIi14eCKIi1~ noreauaan , N K ,fli 
Te >Ke Benli141i1Hbl AnR aHTIi1K~HKOB, N = NK + N K , f3 = T -1 , d ri 

= • qi - KOOpAIi1HaTa i-~ 4aCTIi1~bl, a E(Pi) - 3HeprJ.1Rdp idq/27T'h 
COnli1TOHa B OTCYTCTBli1e B3aIi1MOAe~CTBIi1R. Benli14J.1Ha R(p,q) = 

= R(P1,qÇ·,PN' qN) onpenenaer cn 06bl4HblM 06pa30M 4epes 3Heprli1~ 
BSaIi1MOAeIi1CTBIi1R. ~opMyna /2/ npeo6paayeTcR K 60nee npOCTOMY 

BIi1AY, ecnli1 BaaIi1MOAe~CTBli1e He SaBIi1CIi1T OT SHaKa COnIi1TOHOB: 

(N N -:J3E(p,) f3flK f3flK /3/O = - T In [-.I. -. f rr d [' e 1 R (p, q)] , ~ = e + e 
N =0 N! i=l 1 

B OKOH4aTenb HblX <t>opMynax cnenyer nOnO>KIi1Tb flK= fl"K = O. Me nenaa 

IB OTnli141i1e oT/ 
5 / 1 HIi1KaKJ.1X AOnOnHIi1TenbHblX npeAnOIlO>KeHIi1~, nony

4J.1M, 4TO nnOTHOCTIi1 41i1Cna KIi1H~OB li1 aHTIi1KIt1HKOB paBH~ 

j3 ao 
n = n_ =	 /4/K K	 I -L a( (= 2 

r Ae L - Anli1Ha CIi1CTeMbl. nOIlO>KIi1M O, :' q 1 < q 2< •..< q N< L li1 Y4TeM 

BOSMO>KH~e nepecTaHOBKIi1 (N!) B CIi1CTeMe. TorAa /3/ npli1MeT BIi1A 

3 



N N dP í -{3E(p,) Q N n	 e 1_ ] ,- TIn [ 1 + N~'l ç f i~l 2;f1 N! 

L qN q2 151 
QN= N!	 .fdqN fdqN-1"'~' f dqlR(P, q).
 

o o O
 

ECJlH <I> (~+ Cqí' 1Pí+1P í I) 03Ha4aeT nOTeH4J;1aJlbHYIO 3HeprJ;11O B3aJ;1MO

Ae~CTBJ;1~ ABYX COCeAHJ;1X COJlJ;1TOHOB, TO, nOCKOJlbKY B3aJ;1MOAe~CTBJ;1e 

napHoe, 

N-l 

R = exp [- {3 I, <I> (q. 1 -.q . , I P. + 1 - P í I)]

í=l 1+ 1 1
 

IM~ npeHe6peraeM rpaHJ;14H~MJ;1 YCJlOBJ;1~MJ;1, J;1Me~ B BJ;1AY nOCJleAYIO~ee 

CTpeMJleHJ;1e L -+00 I. .aJl~ nOTeH4J;1aJla <I> TJ;1na r aepnax CTep>KHe~ KOH

$J;1rypa4J;10HH~~ J;1HTerpaJl JlerKO B~4J;1CJl~eTC~ 

l,x>O
N-l N N-i 

Q = (L - I, /1.. 1) e(L - I, /1.. 1), e(x) :=l { O O 161 
N í=l 

1,1+ , X < .1,1+ í=! 

3aMeTJ;1M, 4TO B /12/ He Y4J;1TbIBaJlaCb ynop~A04eHHOCTb " CT e p>KHeW I Ha 

'np~MoC1. BeJlJ;14J;1Ha R noencraensnace B BJ;1Ae pa3JlO>KeHJ;1f1 Ha OAHO-, 

ABYX, ••• , -4aCTJ;14Hble BKJlaAbl IKa>KAbl~ J;13 KOTOPblX oõpauraerca B HOJlb 

npJ;1 YAaJleHJ;1J;1 XOTfI 6~ OAHO~ 4acTJ;14~1/15~Pe3YJlbTaTnOJlY4aeTc~ 
B BJ;1Ae n = - T ç j 1- TIo (1 + ç 2 j 2/ 2 ! + .. ~), rAe j 2 , ••• onpenensucr 
nOnpaBKJ;1 K HeJ;1AeaJlbHOCTJ;1. 3aTeM $opMaJlbHO pa3JlaraJlC~ ln(l+x)~x 
J;1 3anJ;1Cb1BaJlOCb BJ;1pJ;1aJlbHOe pa3JlO>KeHJ;1e no ni2l: j l/L. 60nee KOP

pel\THblt1 nonxoa , J;1CnOJlb30BaHHbl~ aaecs , OKa3bIBaeTC~ J;1 3Ha4J;1TeJlbHO 

õonee npOCT'bIM, ecnn J;1HTepeCoBaTbc~ J;1 BbICWJ;1MJ;1, 4eM nepsuã , BJ;1

pJ;1aJlbH~MJ;1 K03$$J;14J;1eHTaMJ;1. 

nOACTaB\IIM Q N J;13 161 B 151 J;1 pa3JlO>KJ;1M n no CTeneHflM ç. Oc

TaBJl~~ TOJlbKO 4JleHbl, He J;1C4e3alO~J;1e B TepMOAJ;1HaMJ;14eCKOM npeAeJle, 

nOJly4J;1M 

n (O) n / (n = - T L I, ç J n K ) n -:1) ! 171 
n=l n 

2 
J 1 = 1, J2 = f (-~ 1l~) n Po (p í) d pí' J 3 = f /112 (/1 12 + 2/1 23) x 

í =·1 
181• 

3 
Po (p) = exp (-{3 E ) / f d P exp (- (JE) ,x I1 Po (p í) d P í ' •.. ~
 

í = 1
 

c nJlOTHOCTblO KJ;1HKOB B J;1AeaJlbHOM ra3e: 

2Edp e-/3E(P)o (OL	 --JL K (/3E o) . 191 
K - f 2;i\f	 hc 1 

4 

B 181 3anJ;1CaHbI B flBHOM BJ;1Ae· nepaue TpJ;1 uneaa pa3JlO>KeHJ;1~, XOT~ 
B npJ;1H4J;1ne ero HeTpYAHO npOAOn>KJ;1Tb. OCTaJlOCb BbI4J;1CJlJ;1Tb BXOA~~J;1e 

B 171 J;1HTerpanbl. 3HeprJ;1ft KJ.1HKa. B HepeJl~TJ;1BJ;1CTCKOM npJ;16JlJ;1>KeHJ;1J;1 

J.1MeeT BJ;1A 

2 2E (p) E O + P Co /2 E o '	 1101 

a eCJlJ;1 Y4J;1T~BaeTCfI B3aJ;1MOAe~CTBJ;1e c ~OHOHaMJ;1, TO BMeCTO E(p) 

CJleAyeT J;1CnOJlb30BaTb BeJlJ;14J;1HY €(p~paBHYIO /5/ 

~(p) ... E(p) - Tln2/3'\í(U0' 110al 
(O) _ (O) 

3TO AaCT AJlR nJlOTHOCTJ;1 J;1AeaJlbHOrO r aaa KJ;1HKOB, o K J;1 AJl~ nK 

c Y4eTOM $OHOHOB, $OPMYJlbl: 

_(O) 
o 

K 

2/3Eo 112, -{J E o
(-) e , 

17d 2 

(O) 
n K 

íi (O) / ,2 Ril (U 

K fJ ~ 19a1 

(O) _ (O) 

B nOCJleAYIO~J;1e ~OPMYJlbl HaAO nOACTaBJl~Tb o K J;1JlJ;1 o K B 3aBJ;1CJ;1

MOCTJ;1 OT Toro, KaKYIO MOAeJlb paCCMaTpJ;1BaeM; J;1HTerpaJl~ J í OT B~

60pa 3HeprJ;1J;1 B BJ;1Ae 110/ J;1JlJ;1 110al He 3aBJ;1C~T. PaCCMOTpJ;1M J;1H

ierpaJl J í OH J;1MeeT CJleAYIO~J;1~ BJ;1A: 

221 
- 2/3 EO(x 1+ x 2)

J = - 2d/3Eo 1/'17 , 1 = f dx 1 dx 2 e In .i \ 2 • 11 1I2 x 1-:x2 

J.1HTerpJ;1PY~ B' õecxoaeuuux npeneriax , nonY4J;1M /16/ 

r;- -{3E 2 
17

1 = - 2 v-f!':::- f00

dxlnx e O. 
x 

[ln/3Eo 'li (1/2)] , 
/3Eo O 2/3E o 

111a/, 
'1'(1/2) - 1,9635 •• 

He06xOAJ;1MO, oAHaKo, CAenaTb cneAYIO~ee 3aMe4aHJ;1e. B peJl~TJ;1BJ;1CT
CKOM CJlY4ae "J;1CKJlI04eHHa~ 06JlaCTb" npJ;1 CTOJlKHOBeHJ;1J;1 BcerAa no

nO>KJ;1TeJlbHa. B HepeJl~TJ;1BJ;1CTCKOM npJ;16JlJ;1>KeHJ;1J;1, paCCMaTpJ;1BaeMOM
/12/ A • 

3AeCb /J;1 B I , li 12 MO>KeT np\llHJ;1MaTb J;1 OTpJ;14aTeJlb Hble 3Ha4eHJ;1~, 

eCJlJ;1lp -P2 ' 3TO - 3Ha4J;1TeJlbHbl~ HeAOCTaTOK, J;1 CBJ;1
1 

> 2Eo/c o 
AeTenbtTByeT o TOM, 4TO Cr-MOAeJlb - cy~ecTBeHHO peJl~TJ;1BJ;1CTCKa~.
 
MO>KHO O>KJ;1AaTb, 4TO B õonee T04HblX TeOpJ;1~X Ic õonee T04HblM no


TeH4J;1aJlOM B3aJ;1MOAe~cTBJ;1~1 3TO 06CTO~TenbCTBO npJ;1BeAeT K 3aTPYA


HeHJ;1~M. Pe3YJlbTaT 111 ai BbInOJlHfleTC~ TeM nyuuie , 4eM 6nJ;1>K.e T
 
K HYJ1IO. 4T06bl onpenenar s r exneparypaue nOnpaBKJ;1 K 111 ai, sep


HeMC~ K OrpaHJ;14eHJ;11O AJ1~ CKOPOCTJ;1 -co < v < co' TorAa /11 2 > O,
 
J;1HTerpJ;1pOBaHJ;1e B 111 I npoBoAJ;1TC~ B npenenax x!, 2E- (-1/2, 1/2) ,
 

J;1 Mbl nO~Y4J;1M
 

;.I
... I 
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x x 

r;-1/2. -f3 E Oz
2 

"	 21n2 -f3F(j/'i
""	 ""I - 2 y~ 

(3Eo 

npl1 HI131<I1X T 
B /9/, HaXOAI1M 

O ==	 0 0 + 0 1 

0 == 
0 

rAe YE 
113 /4/ 

n K == 

(1) 
n K = 

TL çn(O)•. n TL ~2(ri·(0) )2 d ln 4 f3E	 /12/
K	 1 . K oY E 

= 1,]810 ... - nOCTOflHHafl 3~nepa. Anfl nnOTHOCTI1 KI1HKOB
 
nonY411M
 

(O)	 (1) (2) 
+ .. ~ ..n K+ n K+ n K 

/13/(O) 2 
- 4 d (n K ) In 4 f3 Eo Y E ' 

f dz ln z e ------ {[ In f3E -W(1/2)]+-:e .•. l 
O 2f3E o o 

17 /115/ 

AOCTaT04HO nons aoaar s cs /11 a/. Iloncraenaa /11/ 

+ O 2 + ..... 

"" 

AHanOrl14HO nonY4a~TCfI 11 APyrl1e TepMOAI1HaMI14eCKI1e xapaKTepl1CTI1
KI1. nnOTHOCTb CB060AHO~ 3Heprl111 paBHa 

(O) (O)
F/L	 ==. - 2Tn K (1- 2dn K ln4f3EOYE + ... i . /14/ 

nasneaae onpenenserca no cpopMyne P =: -aFfaLo TaK l:HO p =: - F/L. 
YpaBHeHl1e COCTOflHI1f1 Cl1cTeM~ I1MeeT BI1A 

P 2 nKT (1 + nK 4 d In 4 f3 E YE + ... )	 /15/o 

T • e. TaKO~ xe , KaK ecnu 6bl KI1HKI1 lo1 aHTlo1Klo1HKlo1 6blnl1 CTep>KHflMI1 
c 3cp<tleKTlo1BHO~ Anlo1HO~ a = d In 4 f3EOYE' B /12/-/15/ Bblnlo1caHbl 4neHbl, 
B03HI1Ka~U4lo1e, xorna Y4lo1TblBalOTCfI rons KO OAHOBpeMeHHble CTonKHOBe
Hlo1f1 nap 4aCTlo1~. 4T06bl nonY4lo1Tb cnenyouiee nplo16nlo1>KeHlo1e, T. e. 
Benlo14lo1Hbl O 2 ,n.iZ) , .•. , rpeõyercs Ha~Tlo1 lo1HTerpanJ 3 /8/. Ta-ore 
OQeHKlo1 HeTpYAHO CAenaTb. OAHaKo OKa3~BaeTCfI; 4TO BKnaA B TepMO
AI1HaMlo1KY 4neHOB, B03Hlo1Ka~U4lo1X lo13-3a Y4eTa CTonKHOBeHI1~ TpoeK 
4aCTI1~ nplo1 f3~ 0-+ 00, y6blBaeT õucrpee , 4eM nonpaaxa , KOTOPbJe Mbl 
oT6poclo1nlo1 nplo1 Y4eTe B3alo1MoAe~CTBlo1f1 nap 4aCTI1~. n03TOMY B Hepe
nflTlo1BI1CTCKOM nplo16nlo1>KeHI1I1 lo1 npl1 f3Eo» l' HeT caucna Y411TblBaTb 
CTonKHOBeHlo1f1 TpoeK 4aCTlo1Q. 3TO CBfl3aHO c OTMe4eHH~M B~we He

w 112/
AOCTaTKOM lo1Aelo1 "CTep>KHelo1". Teopua MO>KeT 6blTb I1cnonb30BaHa 
TonbKO Anfl o~eHOK Bnlo1f1HI1f1 B3alo1MOAe~CTBlo1f1 Ha TepMO~lo1HaMlo1KY ra3a 
conlo1TOHOB. 4lo1cneHHble o~eHKlo1 Anfl cny-ras CsNiF3 nokaauaajor , 4TO 
3TO Bnlo1f1Hlo1e CYU4eCTBeHHo / 12 ( 

3, B AaHHOM pa3Aene M~ 06cYAlo1M APyrlo1e non~TKlo1 nOCTpOeHlo1f1 
nOTeH~lo1ana B3aI1MOAe~CTBlo1f1 Me>KAY conlo1TOHaMlo1 B Cr-CI1CTeMax. OHlo1 
6~nl1 npeAnpl1HflT~ 3aAonro AO B03HI1KHOBeHlo1f1 nOHflTlo1f1 conlo1TOHa . 
/CM., Hanplo1Mep'/17,181/. B 4aCTO ~lo1Tlo1PyeMo~ pa60Te / 17 /npl1BeAeHbl 

~e3 B~KnaAoB TonbKo oKOH4aTenbH~e pe3ynbTaT~, KOTop~e, oAHaKo, 

6 

;,. 

6~nl1 Y>Ke paHee nonY4eH~ B 60ne~ nonHo~ pa60Te/18(nOTeH~l1anbHafl 
3Heprl1f1 B3alo1MoAe~CTBI1f1 HaXOAl1naCb I1CXOAfI 113 KOH~enijl1l1 BBeAeHI1f1 
craravecxor-o nona Me}f{AY conaroaaxa • 4T06bl KOnl14eCTSeHHO npoaua
nlo13lo1pÓBaTb AaHHYIO clo1Tya~l1lO, paCCMOTplo1M napy nOKOflU4I1XCfI aHTlo1KI1H
Ka lo1 Klo1HKa /M~ paCCMOTplo1M 3TOT cnY4a~, nOCKonbKY pe3ynbTaT Anfl 
Hero He nplo1BeAeH B 117//. non~TaeMCfI Ha~TI1 p~WeHl1e CTaTI14eCKOro 
Cr-ypaBHeHlo1f1 Anfl nonfl B 3TOM cnY4ae. 04eBI1AHO, 4TO none u(x) 

l~
 
AOn>KHO 6blTb Clo1MMeTpI14HbIM, TaK 4TO HY>KHO peurar s 3aAal.IY u = sin u,
 
u'( O) = O /3AeCb Mbl lo13MepfleM AnlllHY B eAlo1HI1Qax d , '3Heprl1lO B eAlo1

Hlo1~ax ACJjc O /. YpaBHeHlo1e CBOAI1TCfI K ypaBHeHlo1lO nepaor'o nopanxa
 
u~ = 2[co~ u(O) - cos u ] • peuieaae «oropor-o 3anl1_~~BaeTCfI C_ nOM~U4blO 

f 

l' 

r	 
aMnnlo1TYAHO~ cpYHKQlo1lo1 S slo1Ae u(x) =: "-I- 2am [k (x - K(l/k)) ,k] , 
x .:;> O. 0"- k- \: cos [u(O)/2] ....: t , K(k) - 3nnl1nTl14eCKlo1~ lo1tiTerpan nepaor'o 
pona , Anfl x < o peuieaae npOAOn>KaeTCfI Clo1MMeTplo14HO /CM. PI1CYHOK/. 

x 
~ ::s 

:::s , , 

-... 
~ 

.~	 

-,
,
 
\ 

\ 
\ 

\ , 
" '--., 

. !. • ... 

- K(k) o K(k) 2K(k) x 

PemeHHe CTaTH~eCKoro Cr-ypaBHeHHH B ~CHMMeTp~HoM 

cn~ae. 

B/18paCCMaTplo1BanaCb 4aCTb peWeHI1f1, lo1306pa>KeHHafl Ha HaweM 
pl1CYHKe cnnowHO~ nI1Hlo1e~, 11 C4lo1TanOCb, 4TO TaKoe peweHlo1e nplo1
6nl1>KeHHO onHC~BaeT napy aHTlo1Klo1HK-KI1HK, nOnO>KeHI1f1 KOTOPblX onpe
AenfllOTCfI ycnoauea u (x) = 17. : PaCCTOflHlo1e Me>KAY COnl1TOHaMlo1 paBHO 

d = 2KU/k) ,d min = 17. :TorAa auepraa nona Me>KAY 4aCTlo1~aMI1 nerKO 
B~4HcnfleTCfI 11 AaeTCfI cpopMyno~ 

I 
K(k) 

2/2]H- = 2 f dx[l - cosu + u
KK -K(k) x 

3Aec~ E(k) - 3nnlo1nTlo14eCKI1~ ~ 
LI 

4TO nplo1BeAeHHoe peWeHl1e He 

2 
= 4[2E(k) - (l-k ) K(k)], k == l/k /16/ 

lo1HTerpan BToporo pOAa. OAHaKO Blo1AHO, 
MO>KeT onlo1CblBaTb napy KI1HK-aHTI1KI1HK. 

M~I B CTaTI14eCKOM cnyuae Bo06U4e He MO>KeM nonY4lo1Tb r axoe petueuae , 
EAHHCTBeHHoe peweH~e, npl1BeAeHHoe Ha pI1CYHKe, MO>K~O CKopee I1H

I 
I' 
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Tepnpen1pOBaTb KaK "KHHK-aHTHKHttKOBbli:1 !S.PHCTaIl.!111 14epeAYIO~aRCR
 

6eCKOHe4HaR hOCIleAOBaTeIlbHOCTb .•. -K -K -K - K - ... I. no 3TO~
 

npH4HHe npeACTaBIlReTCR BnOIlHe eCTeCTBeHH~M, 4TO B BapHaHTe Tep

MOAHHaMHKH B3aHMoAei:1cTBYIO~HX KHHKOB H aHTHKHHKOB / 231 c B3aHMO I
 
Aei:1cTBHeM 1161 BepORTHOCTb AIlR o6pa30BaHHR TaKoi:1 nocIleAoBaTeIlb

HOCTH W.••XK..-:- n K • J
 

3HeprHR HKX paaua cpeAHei:1 3HeprHH, npHxoAR~ei:1cR Ha OAHH d
KHHK laHTHKHHKI B TaKoi:1 
Aei:1cTBYIOT, ABa COIlHTOHa 
ypaBHeHHR, TOIlbKO eCIlH 
Ha OCHOBaHHH aCHMnTOTHK 

-:<1 

CHCTeMe. nOCKOIlbKY COIlHTOH~ B3aHMO ,'" 
MorYT 6~Tb peweHHRMH cTaTH4eCKoro cr 1 

OHH 6eCKoHe4HO YAaIleH~ APyr OT APyra. I 
!AIlR HKK 

"8(1 - 4e ). d -+ 

H- - I 
2d , d .... ,xx	 dmin 

1171 119/
B ICM. TaK>Ke I AeIlaeTCR BblBOA o TOM, 4TO KHHK H aHTHKHHK 
npHTRrHBaIOTCR. AHaIlorH4HO AIlR napu KHHK- KHHK MO>KHO Hai:1TH 

H	 _ ~ 8 ( -:<1 
K K -	 k [ 2 E ( k ) - (1 _ k2 ) K ( k )] _ I ',+ 4 e ) , ,d -+ 00 

O~k~l,	 27T/d, d-+O, 

4TO. cOOTBeTcTByeT oTTaIlKHBaHHIO. B/18~ 4T06bl onpenerurr s H KK 
H H XK,C4HTaIlOCb, 4TO T04Hoe peureuae cTaTH4e,fI<OrO Cr-ypaBHeHHR 
RBIlReTCR HYIleBblM npH6IlH>KeHHeM AIlR nOIlR nap K - K ,K - K. Peureuue , 
KOTo.Q.oe l'IMenO 6bl Tpe6yeMYlO' aCHMnTOTHKY Ha 6ecKoHe4HocTH IHanp., 
AIlR K-K u(:J;.oe)=·27T I, HCKaIlOCb B BHAe u(x) = uo(X) + U1(x ) , H ypaa
HeHHe IlHHea PH30BblBaIlOCb OTHOCHTeIlb HO u1(x) . 3TO naer AIlR H KX 
H HKX nonpaaxy P=-2(1-k2) 2E (k)/ k( 1 + 2E(k)),KOTopaR npHBOAHT 
K cIleAYlOll.\eMY npoTHBope4HIO: H KK npH d -+ O 6YAeT COOTBeTCTBOBaTb 
npHTR>KeHHIO, a HiK npH e -+ d rnin paCXOAHTCR. Ha 60IlbWHX paCCTOR
HHRX OcTaHeTCR OTTaIlKHBaHHe H npHTR>KeHHe COOTBeTCTBeHHO, HO 
c H3MeHeHHblMH K03<Pet>H~HeHTaMH npH uneue - exp (-d). 3aMeTHM, Ha
KOHe~, 4TO nOTeH~HaIlbHYIO 3HeprHIO, nOIlY4eHHYlO KaKHM-IlH60 o6pa
30M H3 CTaTH4eCKoro peweHHR, HHKaK HeIlb3R npHMeHHTb AIlR onHca
HHR CTOIlKHOBeHHR Cr-COIlHTOHOB: OHa He MO>Kei npHBeCTH K et>a30B~~ 

CABHraM, Ha6IllOAaeMblM B CTOIlKHOBeHHRX. 
~a}f(Hei:1wei:1 HepeweHHOH npo6IleMoi:1 oCTaeTCR 3aAa4a O nOCTpoeHHH 

nOTeH4HaIla BsaHMoAei:1cTB~R 6HOHOB. 
06XOAHMO SHaTb AByx6HoHHoe peureuae 
HOBeHHRX. nOCKOIlbKY 6HOH B OTIlH4He 
H BHYTpeHHei:1 CTeneHblO CBo6oAbl, OHH 

8 

1'lKaK	 H AIlR KHHKOB, SAeCb He
H oaaoeue CABHrH npa CTOIlK
OT KHHKa 06IlaAaeT ell.\e 
6YAYT ABYX THnOB. 

~ 

no CTOIlKHOBeHHRM 6HOHOB B IlHTepaType HMeeTCR 04eHb MaIlO 
AaHH~X. B /13/AByx6HoHH~e peweHHR He paCCMaTpHBaIlHCb. PRA pa
60T, nOCBRll.\eHHblX HaXO>KAeHHIO MHorOCOIlHTOHHblX peweHHi:1 cr-ypaaue
HHR, onyõnaxoaanu KOAPH H coaaropa I CM. ,Hanp. ~2o-22,14/ I. 3TH 
peureuaa nepaoaavàns ao aanacuaenacs KaK B/20~ 4TO AIlR 6HOH-6~OH
Horo CTOIlKHOBeHHR npHBOAHIlO K KOMnIleKCH~M B~pa>KeHI'1fiM. B/14, ai, 22/ 
AaeTCR APyraR et>opMa peweHHR, KOTopaR, KaK c0061l.\aeTCR B /21/, 

B/ 14/nPHBeAeHO 06ecne4HBaeT Aei:1cTBHTeIlbH~e MHoro6HOHH~e peweHHR. 
a~HMnTOTH4eCKoe Bblpa>KeHHe AIlR 6HOH-6HOHHoro CTOIlKHOBeHHR H et>a
SOB~e CABHrH. OAHaKO IlerKO npOBepHTb, 4TO nocIleAHHe oKaS~BaIOTCR 

KOMnIleKCHbIMH. 

B saKIl104eHHe saMeTHM, 4TO B CBRSH c MHor04HCIleHH~MH npHIlO
meHHRMH cr-MOAeIlH 04eHb Ba>KHO 6~IlO 6~ CAeIlaTb b4eHKH BIlHRHHR 
HeHAeaIl~HocTH B rase COIlHTOHOB He TOIlbKO Ha TepMOAHHaMHKY, HO 
H Ha paSIlH4H~e AHHaMH4eCKHe CTPYKTypH~e et>aKTOp~. nO-BHAHMOMY, 
H AIlR TaKHX o~eHOK HAeR "CTep>KHei:1" l-iO>KeT OKasaTbCR nIloAoTBOPHoi:1. 
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5 p.	 40 K. 

3 p. 80 K. 

1 p. 75 K. 

3 P. 30 K. 

5 p. 00 K. 

2 P. 50 K. 

6 p. 55 1<. 

2 p , ao K. 

4 p. 50 K. 

4 p , 30 K. 

5 p. 50 1<. 

7 p. 75 K. 

3 p. 50 K. 

13 p.50 K. 

3 p. 75 K. 

,1 3aKa3~ Ha ynoMHHYTNe KHHrH MorYT 6~Tb.HanpaBneH~ no anpecy:
PYKon~cb nocTyn~na B ~3AaTenbcK~H oTAen 101000 MocKBa. rnaBnOQTaMT. n/H 79 

3 MapTa 1986 rOAa. ~3naTenbcKHH OTnen OõõenHHeHHoro HHCTHTYTa RnepHblX HccnenoBaHHR 
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TEMATHqECKHE KATErOPHH llYBnHKAUHR 

OB»E~HHEHHOrO HHCTHTYTA ~EPHYX 

HCCJIE~OBAHHR 

Hu.neKc TeMaTHKa 

1. 3KcnepHMeHTanbHaR ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ~H3HKa BWCOKHX 3HeprH~ 

3. 3KcnepHMeHTanbHaR He~TpOHHaR ~H3HKa 

4. TeopeTH4eCKaR ~H3HKa HH3KHX 3HeprH~ 

5. MaTeMaTHKa 

6. ~AepHaR cneKTPOCKOnHR H paAHOXHMHR 

]. ~H3HKa TR*enwX HOHOB 

8. KpHoreHHKa 

q_ YCKODHTenH 

10. AeToMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHwx 

11. 8W4HCnHTenbHaR MaTeMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TBePAWX Ten H *HAKOCTe~ 
RAepHWMH "'eTOAaMH 

15. 3KcnepHMeHTanbHaR ~H3HKa RAePHWX peaK~H~ 
npH HH3KHX 3HeprHRX 

16. Ao3HMeTpHR H ~H3HKa 3a~HTW 

17. TeopHR KOHAeHCHPOBaHHOrO COCTORHHR 

18. Hcnonb30BaHHe pe3ynbTaTOB H MeTOAOB 
~YHAaMeHTanbHWX ~H3H4eCKHX HCcneAOBaHH~ 

B CMe*HWX o6naCTRX HayKH H TeXHHKH 

19. 6H~H3HKa 

nMcw B., $eA~HMH B.K. Pt7-86-t23 
0 TePMOAMHaMMKe HeMAeanbHOrO rasa COnMTOH08 An~ CMCTeM CMHyc-rOPAOH 

Pa38MT OAMH MS 80SMO*HWX 00AXOA08 K nOCTpOeHM~ TepMQAMHaMMKM HeMAeanb 
HOrO rasa COnMTOH08 /KMHK08 H aHTMKMHK08/ 8 Cr-cMCTeMe. 8 ero OCH08e ne*MT 
Ha6nQAeHMe, KOTOpOe MO*HO CAenaTb, aHanMSMPY~ A8YXCOnMTOHHOe peweHMe Cr
ypa8HeHM~ 0 TOM, 4TO CTOnKH08eHMe COnMTOH08 C ManYMM CKopOCT~MM MO*HO MOAe 
nMPOB8Tb COYAapeHMeM CTeP*He~, AnMHW KOTOpWX Sa8MC~T OT MX OTHOCMTenbHO~ 
CKOpocTM. 8 npeAnQ*eHHOM OOAXOAe YAaeTCR AOCTaT04HO npOCTO 8YnMCaTb AnR 
CT8TMCTM4eCKO~ CYMMW no6oe 4HCnQ 4neH08 paano*eHMR no nnoTHOCTM COnMTOH08 
/nony4eHO aMpManbHOe paano*eHHe/. 06cy*Aa~TCR HeAOCTaTKM MOAenM. 0cHo8HWMM 
Ran~~TC~ npeAOOno*eHMe 0 ManQCTH CKOpOCTe~ M onpeAeneHHWA npOMSBOn 8 8Y6o
pe noTeH~Mana BSaMMOAe~CT8Mft COnHTOH08. 06CY*AaDTCR TaK*e HeKOTOpwe 6onee 
paHHMe nonwTKM nocTpoeHMR 3Toro noTeH~Mana. 

Pa6oTa awnonHeHa a na6opaTopHH TeopeTH4ecKo~ ~HSHKM OHRH. 
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A possible approach to the thermodynamics of non-Ideal soliton (kink 
and antiklnk) gas in sine-Gordon (sG) systems Is developed. It Is based 
on the observation which can be made analysing two-soliton solutions of 
the sG equation that the collisions of solitons with small velocities may 
be modelled by collisions of rods with lengths depending on their relative 
velocities. In the approach proposed it is easy to write any number of 
terms of the virial expansion of the statistical sum. Some defects of the 
model are discussed. The principal one Is the assumption that soliton velo 
cities are small and some uncertainty In the choice of the potential of 
Interaction between solitons. Previous attempts of finding this potential 
are also discussed. 

The Investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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