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B~EAEH~E 

Pa60Tbl Xyaar a , fJHra /1! 14 Xyaar a , fJHra, naTH1.HAli<epa 12 IOTKPbl
n~ HOB~~ 3Tan ~CCneAOBaH~R 603e-ra3a TBepA~X Wap08. Ypa8HeH~e 

WpeA~Hrepa AJlR 3TO~ MOAem1 / N -4~CJlO 4aCT~U/ 8 cocyne A C. LR v , 

V = I A I c nep~oA~4ecK~M~ rpaH~4HbIM~ YCJlOB~RM~ aanacuaae'rca 
8 8~Ae; 

t 2 2 -+ -+ -+. 
--(V 1 +'''+V N)'I' ( f'1 , ... ,rN ) = E'I'(r1 , ... ,rN),2m 

-+ -+ 

I li - f'j I > a. i I: j. i. j = 1. 2. .. . • N I ; /1 .1/ 

'I' (r1 ' . .. , rN ) = o , 1 ri - í\ ~ & Lj = 1.2 •...• N. (i :lj). 

B nep80M nopRAKe Teop~~ 803My~eH~R onepaTOp 83a~MOAe~CT8~R 

8 3TO~ C~CTeMe n p~H~MaeT B~A /8 paõorax :/1. 2,/ õsm ~CnOJlb 30BaH 
MeTOA nce8AonoTeH~~ano8/: 

H ' = T 4" a ti 2 (N 2 _ ~ ~ 2 )
A A + mV 2 k ui • 

/1.2/ 
aa «.1 · a « B S - ,_. _ •••• _ • a-X. Y.Z •I -+k I 1 (k -- ~ a - O +1 +2 +N - ) 

v Ih V 

rAe TA - caMOCOnpRli<eHHOe pacw~peH~e onepaTopa K~HeT~4eCKO~ 

3Hepr~~, n i - 4~CJlO 3anonHeH~R, V - YAeJlbH~~ 06DeM. nOAPo6Hoe 
o6cYli<AeH~e MOAen~ /1 .2/ np~ nOMO~~ MeTOAa 60JlbW~X YKJlOHeH~~ 

~3JlO>KeHO 8 /3".1 

ABTopaM~/2/' 6~JlO npeAnO>KeHO CJleAy~~ee ynpo~eH~e MOAeJl~ 
/1 .2/: 

H = T + 4 "att 2 
(N 2 _ ~ n 2 ) /1 .3/ 

. A A mV 2 o • 

TaK KaK np~ H~3K~X TeMnepaTypax OCHOBHO~ 8KJlaA B np~TRr~Ba~
~y~ 4acTb 83a~MOAe~CT8~R 6YAYT Aa8aTb HeB036Y)f(AeHH~e 4aCT~U~, 

HaxoAR~~eCR B OCHOBHOM COCTORH~~. B HaCTOR~e~ pa60Te paCCMaT
p~BaeTCR MOAeJlb He~AeaJlbHOrO 603e-ra3a, raM~JlbTOH~aH KOTOPO~ 

RBnReTCR 60nee 06~~M, 4eM /1.3/: 

~b\CRhiif:liij~~l ~mCTHTyT'"
 
gl1~.~!1"J.K ~[.'( "H~1I01Ul,UIlI of.
 

6MSJlv!8TEKA 
' ..... .:~.r' ~-... 

I 



-- NU nOli ~
HA-TA + --~ --L	 /1 .4/

2 V 2 V ' 

rAO R ~ h > O. 

SOMC4QH",e 1.1. Tpe60BBHHe s ~ h 06ycll0BJleHO H811DraeMb1M
 
Ha BsaHMoAe~cTBHe YCJlOBHeM YCTOH4HBOCT'" U D31H1~ - BN, rne B > O.
 

SaMC48HHe 1.2. B OTJlH4He OT MOAeIleti c raMHIlbTOHHaHaM'H /1.2/
 
H /1.3/ Ha KOHcTaHT~ g H A, KpoMe YCIlOBH~ YCTOti4HBocTH, HeT
 
HHK8KHX APyrHx orpaHH4eHHti. npeAIlomeHHa~ B~we MOAeIlb IlHWb npH
 
onpeAeJleHHWX g H h 6YAeT COBnaAaTb c annpoKcHMa~Heti MOAeIlH
 
603e-ra3a TBePAWX wapOB. MOTHBHPOBKOti paCCMOTpeHH~ MOAeIlH c ra

MHIlbTOHHaHOM /1.4/ RBHIlCR TOT $aKT, 4TO AIl~ HAeaIlbHoro 6ose-ra

.. N 2 
aa BKIl104eHHe OTTaIlKHBalO~ero BsaHMoAeticTBHR 1- V- (g > O,) BOC-

CTaHaBIlHBaIlO CHIlbHYIO 3KBHBaIleHTHoc1b KaHOHH4eCKoro /KA/ H 60Ilb
woro KaHOHH4eCKoro aHcaM6Ileti/6KA/ /4/. 

KaK nOBIlH~eT Ha 3KBHBaIleHTHOcTb aHcaM6neti BKIl104eHHe npH-

A n
2 

TRrH"BalO~erO BsaHMoAeticTBHR - -- _0_ (A > O,) - aon poc , HCCIle
2 V 

AOBaHHIO KOToporo H nOCBR~eHa HaCTOR~a~ pa60Ta. 

2. TEPMOAHHAMH4ECKHE CBO~CTBA 

V 
PaCCMOTpHM MOAeIlb õoae-r-aae B COCYAe A ç R ( IA I = V), v ~ 1, 

raMHIlbTOHHaH KOTOPOti HMeeT BHA: 

2
A À n /2.1/HA=TA - - _ o :, A>O. 

2 V 

3aMe4aHHe 2.1. MOAeIlb c raMHIlbTOHHaHOM 12.1/ HeycToti4HBa
 
B 6KA, pA(I3,p. )=+ oe /CM. r axxe /4/ /.
 

TeopeMa 2.1. B KA AIlR MOAeIlH c raMHIlb"TOHHaHOM /2.1/ HMe

eM 
A A -


f ({3,p') = Him.f A ({3,p.) = _.~ ·r2 p2 + f ({3, p (1 - ç .»,
o 
,	 A /2.2/

O; p s: p
c 

ç ~ 
{ ç* = max {ç 1 ' ç 2 I; p > p~ , 

2 

rAe f o ( {3, p ) - nIlOTHOCTb CBo6oAHOti 3Hepr~H ~AeaIlbHoro 6ose-ra
aa , a {ç l' Ç2 i - K-OpHH ypaBHeHlI1R 

af (u )o
Àçp + --I = O,	 /2.3/au. U=P(l-Ç) 

T.e. B 3TOti MOAeIlH HMeeTCR 6ose-KoHAeHca~HR c KPHTH4ecKH~ na
paMeTpOM: 

a2f o( p ) 
p ° npa v ~ 5, À ~ 2 I o 

À c d p P~Pc-o 

Pc ~ tP* < P~ B "ociallbHbIX cnyuaax , 

rAe. P~ - KpHTH4eCKaR nIlOTHOCTb, n-pH' KOTOpoti B	 VlAeallbHOM õoae
rase Ha4HHaeTCR 6ose-3~HwTet1HoBcKaR KOHAeHca~HR, a p* - pewe
HHe ypaBHeHi-1~ 

fo(p) + +ç*p~ - f o(p(1 - ç* ,)) O. /2.4/ 

/4/
tloKasaTeIlbCTBO. Hs CIleACTBHR /2.2/ nOIlY4aeM 

f A( f3 , p i , inf t- ~ ç 2 P2 + f (f3 , p ( 1 _ ç ))], 
2 o	 /2.5/ 

ç>o 

n	 . À 2 2 
r ne ç == t-lím <~ > ({3, p). HccIleAyeM. $YHK-4~1O F(~) == - 2'ç p + 

+	 f ° (p (1 - ç ));' HatiAeM Te ç, npa KOTOPblX F (ç) ~MeeT HaHMeHb'

d F(ç )
wee SHa4eHHe. tlIlR aror o paccMoTpHM ypaBHeHHe.. = O /T. e. 

.. -	 df; 

saAa4Y Hdxo~AeHHR MaKCHMYMa H MHHHMYMa/, 4TO paBHOCHIlbHO ypaB
HeHHIO /2.3/. 

3aMe4aHHe 2.2. npV1 P~P~ H 2 <1/ < 5 ypa~HeHHe /2.3/, Ha
4HHaR c HeKOToporo p MO>t{eT HMeTb ABa KOpHR ç1 ' ç 2 ' OTIlH4HblX , . 

OT HYflR,. TaK KaK AIlR 2 < 1/ < 5 npa ç---+ O a;f(u).1 -~ o. 
u=p(1-ç)

Cy~ecTBoBaHHe 3THX peweHHti nOKasaHO Ha pHc.l. 

til 3 
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6. 

,
t4 I .'

Tc'::~~; 
a. 

PHc.l. rpa~HqeCKOe peWeHHe ypaBHeHHH 
12.3/ npn p < p~, v < 5 a - nJIOTHOCTb 
p MaJIa H HeT tcopaeã ; 6 - P = P cyme c-r-: 
nyer oAHH xopeas ; B - P > P cym;ecTBYIOT 
ABa KOpHH, OTJIHqHhIX OT HYJIH. I1YHKTH
pOM noxas aa crryxaã 1 ~: v s: 2. tg~ = À, 

a2 fo(u )' 

a tg a2 = p au 2 j'u=p (l-ç) as -e a ne1 
a2f (u)

oB. peCeqeHHH À < I ;
au2 u=p(1-s) 

-i T	 r 
a.	 6. 

r PHc.2. rpa~HqeCKOé pemeHHe ypaBHeHHH /2.3/ npH p ~ p~ , 
li	 :2 5, nyHKTHpOM nsoõpaxea crryvaã 2 < li < 5
 

a2 a2 f
 a.	 À < fo(p) À > o (p ) 
- ap 2 Ip --.p CO -o ' 6• ap 2 1 p "P c0_ o, 

4 

a2 f ( p ) o	 o
3aMe4aHI-1e 2.3. [lPfll P ~ Pc 1-1 v 2 5	 AJlfl À ~ ~ P 2 f p --. p~ - o~, 

/AJlfl I-1AeanbHoro 603e-ra3a .BTopaR np0l-13BOAHafl no P nnOTHOCTI-1 
CBo6oAHO~ 3Heprl-11-1 f o( p ,) B T04Ke P'~ r epnnr paapus /5 /. Yp~BHe
Hwe /2.3/ He HMeeT OTJlH4HblX OT HYJlfl peweHHH /eM. pl-1c.2a/, a npl-1 

d2 f o(p) I	 /2 3/ ' .. ..o.,
À > o ypaBHeHl-1e • I-1MeeT TaKwe ~e peweHwfI, KaK s,» P--'Pc- o 

npa 2	 < li < 5 /CM pl-1c.26/. 

3aMe4aH\IIe 2.4. npV1 p > pg 1-1 li > 2 ypaBHeH\IIe /2.3/ \IIMeeT 
BcerAa 0A\IIH «opeus ç*, OTnl-14HblH OT HYI1f1 / c.Yl1.leCTBOBaHHe aror-o 
eAI-1HCTBeHHoro KOpHR 06YCJlOBJl~HO HaJl1ll4\11eM 603e-KoHAeHcaTa Y ~Ae
ans aoro 603e-ra3a AJlfl li >. 2 /. PeweHlIle nOKa3aHO rpa<!l1-14eCl<1-1 
Ha pl-1c.3. 

PeWeHI-1R ypaBHeHI-1f1 /2.3/ KaK <!lYHK4\11\11 p \11306pameH~ Ha p~c.4. 

1 
a.	 6. 

PHC. 3. rpa~HqeCKOe pemeaae ypaBHeHHH /2.3/ npa p > p~ , 
li > 2,. a. . 2 < li < 5; 6. li ~ 5; 

<l>YHKl..I\IIfI F(f )nplll 2 < li c 5 AlUi P ~ p, r .e • r orna , xor-na 
ypaBHeH\IIe /2.3/ He I-1MeeT KOpHeH- I-1Iíl-1 .I1MeeT Qj\\IIH xope as p = p, 
AOCT\IIraeT CBoero Hal-1MeHbWero 3Ha4eHI-1f1 np\ll ç = 0, 4TO B\IIAHO 
\113 p\llc.5 • .QJlfl p < p ~ P~ ,T.e. TorAa, KorAa MW MMeeM ABa pewe
H\IIfI ç1 ,ç 2 ypaBHeHI-1f1 /2.3/ ç* = max {Çl ' g2 1, 6YAeT COOTBeTCT
BOBaTb T04Ke, B KOTOpO~ F( ç) \IIMeeT MI-1HHMYM, TaK KaK aÇ F(ç r--. c.. 

ripa ç -+ 1. 3aMe4aeM, 4TO AJlfl P = p*, F(Ç*,) = F(O) /cM.ypaeHe
Hl-1e 2.4 \11 p\llc.66/, AJlR p < p*, F(ç* ) > F(O) /pl-1c.6a/; B_3T~X 
CJlY4aRX { = 0, a ripa p > p*, F(ç.*,) < F(O) /P\llC.6B/ 1-1 ç = f;*. 

a2 
f (p) 

.QJlfl li ~ 5 \11 À > ,o - \ o nOBeAeH\IIe F(ç,) npn p .$ poap2 P--'Pc- o, c 

iI'; 
5 
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T(fI'fi) 

~s 1 ~c	 ! 1:	 J 
a.	 6, 

PHc.4.	 PemeHHe ypaBHeHHH /2.3/. KaK ~YHK~HH p. 

a2fo (p ,) 
a. 1 ~ v < 5; v ~ 5, ,\ > -~- I ~ o BeTBb 

ap 2 p Pc - o. 

ç1 (p.) H306proKeHa nYHKTHpOM, ç 1 cooTBeTcTBYIOT max F (ç ). 
a2f (p.) 

o 
õ. v ~ 5, À s	 I o ap 2 P~Pc-o 

~ 

L..---	

T'1 

f.lt) 
6.~(" 

a. 

'.Ctl~(tI 

1 r 
PHC. 5. <I>YHKWIH F (ç ) H COOTBeTCTBYIOIIJ,He npona aonasre gnH ( 

a2 f (p) 
_0__ op s P: ' 1 ~ v < 5 H I' 2 5, ,\ > 1 • 

ap2 ' P ~ Pc -o 

a. p < p, ypaBHeHHe /2.3/ He HMeeT KopHeH TâK~e,~ 

a2 f (p') 
-H nns v ~ 5, ,\ s: o . I p ~ p ~ _ o' 6. p = p , yp aaueuae 

B 3TOH TOQKe HMeeT neperH6. 

6 

- ". 

1.. .. 
I :;A-

f1 q ,..:::r j 7'--

-k	 

1 

te,)f.(IJ 

jA.C,	 ,...(' 
1 

<, 
a. 

B. 

,. 

r==t:><k1I I I

f.c~ r---r-
I
I
I
I 

~ .. f PHc.6. <I>YHK~HH F(ç) H COOTBeTCTBYIO

IIJ,He npoH3BO~HbIe ,lJ,JUI p< p ~ p ~ npn 

a 2 f o (p ,) 
1 ~ v <5H v > 5, À > I o a 2 P~Pc -o pli' 

-
a, p <p*, F(ç*'» F(O) , 'I; = O, 

6. p = p*, F(r*·)= F(O) , ç = 0, 

B. p>p*,F(ç*)<F(O).{=ç*, 

1 6YAeT Ta 101M >t<e, KaK onacaao asuue , 
TaK KaK B' 3TOM cnY4ae Y ypaBHeHH~ 

12.31 cy~eCTBY~T ABa HeHyneB~X pewe

Hl-1~ ç 1 , ç 2 /CM. 3aMe4aHHe 2.3/.
 
B TO BpeM~ KaK An~ v ~ 5
 

a2 f ( p ·) o
~ À $. I o ypaBHet4101e /2.3/ H.e HMeeT xopueü , OTnH4

ap 2 P~Pc-Ol 

H~X OT Hyn~ npt.1 p < p~, _ t.1 n03ToMY F(ç .) AOCTHraeT ceoero Hat.1
MeHbwero 3Ha4eHt.1~ npt.1 ç = O. H3 3aMe4aHl-1~ 2.4 H Toro $aKTa, 
4TO a~ F(ç')npH ç ~ 1, crienye r , 4TO An~ p > P~ H v>'2,ç* 
peweH':>t.1e yPaBHeHt.1~ 12.31 coor ae r c r ayé r T04Ke MHHHMYMa 4>YHKI.\t.1H 
F (ç )H, KaK 1!.HAHO H3 PHC. 7, F (ç ) AOCTt.1rae r HaHMeHbwero 3Ha4e
Ht.1~ B T04Ke ç = ç*. 

(, 7 
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k:: Ir V ! .. f J 

6.a. 

PHC. 7. cI>YHKIJ;HH F( ç ,) 11 COOTBeTCTBYlOlI\He npoaasonaue 
p;nH p > Pco , v > 2. a. 2 < v < 5; 6. V ~ 5. 

3 a Me 4 a H101 e 2. 5. B OTJllll4111e OT IIIAeaJlbHOrO õoae-raaa , nplll 
1 ~ v _< 2 B paccMaTplIIsaeMoIII MOAem-i IIIMeeTCR 60ae-KOHAeHta~IIIR. 

B caMOM AeJle, AJlR 1 S. v ~ 2 ypaaueuae /2.3/ MO>KeT IIIMeTb· ABa 
KOpHR Çl' Ç2' OTJllll4HWX OT HYJlR./plllc.1s/ 11I, aHaJlOrlll4HO CJlY4a~ 
2 <v < 5 11I P .s;: po ,F(Ç'") nplll p > p* noc rvr ae r caoer'o HalllMeHb

• c c 
wero aHa4eHIIIR a T04Ke s = ç* = max {ç1 ' ç 2 1, r axoe noeeneune 
F (ç) lo1ao6pa>KeHO Ha puc . 5, 6. . 

)l.nR nOJlHOrO aaeepureaan AOKaaaTeJlbCTSa r eopexu OCTaJlOCb no
KaaaTb, 4TO p* < p~ . 3TO Ha caMOM AeJle TaK, nOTOMY 4TO CHTya
~IIIR, nplll KOTopoIII ypasHeH~e /2.3/ IIIMeeT Asa OTJlIll4H~X OT HYJlR 
peweHIIIR, BOaMO>KHa TOJlbKO nplll 

i ~ v < 5 

p < Pco 11I a2 f ( p ) o 
v ~ 5, À > I ° 

a p 2 , p~Pc-o. 

a2f (p )

B CJlY4ae, KorAa v ~ 5 11I À < o 2 I ° 6oae-3I11HwTeIllHoB

ap P~Pc - o, 
,. 

CKaR KOHAeHca~IIIR B MOAeJlIII c raMIIIJlbTOHlllaHOM /2.1/ Ha4111HaeTCR nplll 
KplllTIII4ecKoIII nJlOTHOCTIII P~ ,KaK 11I y IIIAeaJlbHOrO 6oae-raaa: f = ç* 
OTJllll4HO OT HYJlR TOJlbKO ripa p > P~ ,TaK KaK AJlR p ~ P~ ypaBHeHIII~ 

/2.3/ He IIIMeeT KopHelll. o 

8 
.~ 

fC~ f~) 

• ,..'" 
........... < usr
~
~ 

r /~ 

1: J~ J: ! 
6.a. 

PHc.8. C1>yHK~H ç(p), rrYHKTHpOM H306p~eHa ~YHK~HH 

-id id po

ç (p) P;J1H nne am.aor'o õo ae-ir-as a ç (p ,) =i i __c_:
 

p
a2 f (p)
 
, o 

a. 1.~ v < 5, H v ~ 5, À > ap 2 I p ~ p~ -o 

a2 f (p.)
o

6. v 2 
ap2 

UlY:l6,,- ~(~k . 
1: .. J .fe;. -1 

-a. 6. 

-
PHc.9. cI>YHKIJ;HH u(p') == p(i -ç (p.).), .a, i ~ v < 5, 

a2 f ( p ) a2 f (p ,)o 
H V 2' 5. À > a 2 ( p 4 PCO -o, 6. v 2. 5, À < ~0_1' ° 

p a p 2 P~Pc -o. 

3aMe4aHllle 2 • 6. <l>YHK~101111 "[ (p ) 11I U (p) == p (1 - ~(p )) uenpepua--.,;.----- 
a2 f (p )o 

Hbl B crryuae v 2 5, À ~ I ° 11I TepnRT paap~B B TO~Ke
()p2 p ~Pc -o 

À 
Pc B OCTaJlbHW~ CJlY4aRX. 

Iloaeneuae ç (p ) 11I U(p ,) lIIao6pa>KeHO Ha pac , 8 11I 9. 3aMe4aeM, 
4TO AJlR P > p~ 

IS. 9: 



au À 
--: = < O, 
ap 2f 

a (u)
o

À - IU=P(l-[)
aU 2 

a 2 f o ( U )
 
TaK KaK À < 2 Iu=p(1-{). 3TO BI-1AHO i-13 puc , 1B, 2 1-1 3
 

a u 

t.
IB T04Ke ç ypaBHeHl-1e 12.31 I-1MeeT KopHI-1/. npl-1 À .... o, ç (p ) 

lo 
-'d Pc 

.... çl =1'--, anpl-1p .... oeç(p) .... l,u(p)--+O. 
p 

CneAcTBl-1e 2.1. fÀ(p) - HeBblnYKIlafl ct>yHK~I-1f1 p npa p > p~ 
a2 f (u )
 

À À o I 
u=p(l-Ç)d2~.) 12.51 I 

d p 2 
< O.
 

a2 
fo(u) _
 

À - I u = P (1 - ç )
 
CIl e A c T B 1-1 e 2. 2. TepMOAI-1HaMI-14eCKaR I cnaõaa/ 3KBI-1BaIleHT


HOCTb aHcaM6Ile~ KA 1-1 6KA AIl~ MOAeIlI-1 c raMI-1IlbTOHl-1aHOM 12. li
 
HapywaeTcR, TaK KaK B 6KA p (f3, 11 .) = + oe , a B KA
 

À À 
t-lím f A (f3 ,p,) = f (f3, p ). 

BepHeMcR K MOAeIlI-1 Hel-1AeaIlbHoro 603e-ra3a B cocYAe Aç R1/
 

1/ ~ 1, I A I = V. npe.qIlO>KeHHO~ B nYHKTe 1
 
1 

22 
À noHX = T + JL N (g 2 À > O,). 12.61 

A 2 ~- 2 V 

B KA" TaK KaK N = const, 1-1 corIlacHq TeopeMe 2.1, I-1MeeM 

g g g À -  12.71t-lim f A (f3 , p ) = f (f3, p ) = 2 p 2 - 2 p 2 ç 2 + f o (f3 ,p (1 - ç .) ) . 

3aMe4aHI-1e 2.7. B 6KA, B OTIll-141-1e OT MOAeIlI-1 c raMI-1IlbTOHl-1aHOM
 
12.11, 1-13-3a YCTO~4I-1BOCTI-1 MOAeIlI-1 12.61 (g 2. À, CM. 3aMe4aHI-1e
 
1 .11 TepMOAI-1HaMI-14eCKI-1~ n penen AaBIleHI-1R PX (f3 'Il ,) cyuiec r aye r 1-1 KO tI 
He4eH t .., 

'g g g 12.81 ti)t-lím PA (f3 ,Il ) = p ({3, Il ) Su P[ Il P - f (f3, p )] • 

3aMe4aHI-1e 2.8. nIlOTHOCTb cBo6oAHO~ 3Heprl-11-1 f g ((3,p) B T04

Kax ~ 1-1 P2 MeHfleT B~nYKIlocTb. B caMOM AeIle, 

~ O; p :::; P1 
d 2 f g ( p ) 

g + < O; P1 < P < P2
dp 2
 

~ O;
 P ~ P2 • 

À 
r ne T04KI-1 neperaõ a P1 = Pc a P2 - peWeHl-1e ypaBHeHI-1f1 

gÀ a 2 f o ( u ) 
--~ 

2 I u=p(1-[) . g - À au 

3aMe4aHI-1e 2.9. B paCCMaTpI-1BaeMO~ MOAeIlI-1 603e-ra3a c raMI-1Ilb
TOHl-1aHOM 12.61 npl-1 p = P: Ha41-1HaeTCR MaKpOCKOnl-14eCKOe 3anOIlHe
Hl-1e OCHOBHoro COCTOflHI-1R - 603e-3~HWTe~HOBCKaR KOHAeHCa~I-1R, 

- n 
TaK KaK ç (p) = tlim <r}> (f3.,p) = e: ~ o ( f* 1-1 P À onpenerieHbI 

c 

B r eopexe 2. 1I. 

3. np06nEMA 3KB~BAnEHTHOCT~ AHCAM6nE~ 

TeopeMa 3.1. ,QIlR MOAeIlI-1 Hel-1AeaIlbHoro õoae -r-eaa c raMI-1Ilb-. 
TOHl-1aHOM 12.6/ HapyweHa cIla6afl ITepMoAI-1HaMI-14ecKaRI 3KBI-1BaIleHT
HOCTb aHcaM6Ile~ IKA 1-1 6KA/. 

,QoKa3aTeIlbcTBo: ~3 CBO~CTBa npeo6pa30BaHI-1R Jlexaanpa , 
a I-1MeHHO - npeo6pa30BaHI-1e ne>KaHApa Il~6o~ ct>YHK41-11-1 BblnYKIlO, 
1-1 1-13 3aMe4aHI-1f1 2.8 cIleAyeT YTBep>KAeHl-1e TeopeMbI 3.1. 

f g (f3, p ) I: fg (f3 , p ) = Sup [IlP - P g (f3 ,11 )} , 13. li 
. 11 

rAe p g (f3 , o ) onpeneneuo B 12.8/. 

3aMe4aHI-1e 3.1. B CI-1IlY CBO~CTB npeoõpaaoaauan ne>KaHApa 

12.81 1-1 13. 1I f'g (f3 , p ,) /' f * (f3 , p ), rne f * (f3 , p ,) ecr s Hal-1MeHb
'wafl aunyxnaa orl-16a~afl 6.7 ( T. e. nOCTpOeHl-1e Haxceerma 
f g (f3, o ) ICM. pac , 101; 3Aecb' AIlfl f * (f3, o ) I-1MeeM 

g g{c g 
( {3 , P , l p < PC1 ., P > PC2 

f*({3,p) = 13.21 
Ilc p - Pc 

p •I Pc~..$ P :::; P:2 
, 
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PHc.l0. TInOTHOCTb CBO
50P;HOH anepr-na f g ( f3 ~p ) 
H naaxensnraa asmyxnaa 
orn5awmaH /05maH KaCa
TenbHaH/.

L - - -, - -y .c O 
I i i ... , -> la J 

11 
j I 

-~ 

'fel'1 

PHC. Ll , ~aBneHHe P' fJ ,11 ,L }J"e.g g 
tg ~ = PCl' tga2 = Pc 2 • 

r g
rlpflMaR I1cP -Pc - oõuraa «acer ene aaa K ( {3 , p ,) , npOXOARLllaR
 

4ep-ea' T04KI.1 fg (p;) H f g (p; ,), Jl - T04Ka HaJlOMa p 
g (11 ,),
c1 2
 

Pc =pg(JLc) !pJ.1c.ll!t a T04KJ.1 pí H pí20npeAeJlJHOTCR CJleAYIO

1

Lllk1M 06paaOM: 

ap(JL )ap(1l ) J -opg /3.3/
c1 

-----I Jl--+/lc PC2 
g 

al1 11l--+l1 c + OafJ. 

3 aMe 4aH k1 e 3. 2. Ha-aa HaJlH4HR nJlOCKOl'"O Y4aCTKa Y f g( f3 , P ,) 

101 nOBeAeHlItR jJ. (f3 ,p ,) = aP f g ({3- ~ o ) /PJ.1c. 12/ ~ npennoxeuuoã MOAe

JlH õoae-r-aaa 12.6/ HMeeTCR <pa30Bbls:1 nepexon nepeoro pona , Ilpex I 
Ae 4eM nepe~TH K paCCMOTpeHJ.11O Bonpoca o CHJlbHO~ 3KBJ.1BaJleHTHO- Jl 

,) CTI1 aHcaM6rres:1 t AOKameM CJleAYIOLllYIO rreMMY. I; 
IleMMa 3.1. TepMOAl-1HaMJ.14eCKJ.1s:1 npenen < ~ >4( (J'I1) B 6KA CY-

I I 

LllecTByeT Iít HMeeT BHA=

'f 

12 

P.(,> 

jffr·'. 1 ! • I., 
I ,j,::::o:::r::' 

~(I) 

f .. _ ,... I 
j 

a. 5, 

PHc.12.~(p) XHMHqeCKHH nOTeH~Han KaK ~YHK~HHp. 

a2 f ( p ) o 
a. l~v < 5 H V L 5, À > 2 Ip--+po- oap C 

2 a f (p') I 0_O.5. v:25,À:S 0_ -- P--+Pc 

a p ( 11 ,); 11 < Il c ' 11 > 11 c ,l1 
N -

t lim <- > (f3"d = p (f3 ,11') = { /3.4/
V A 

r 'P g+ (1 - ri) p~ ; 11 = 11 c , 
1 2 

rne 0:s T :S 1 , 

,l\oKa3aTeJlbCTBO. B 0AHo<pa3Hblx 06JlaCTRX t r ;e • AJlR 11 < I1c 

J.1 11 > 11 c- T04Ka p(f3 ,11 ) = a
l1 

p (f3 ,11) cOOTBeTcTByeT MaKCJ.1MYMY 

<PYHK~J.1H F (p ,) == 11 P - f g (f3 , p .) J.1 BblnOJlHRIOTCR COOTHoweHHR /2.8/ 
J.1 /3.1/ t TorAa J.1MeeM /3.4a/. 

B 06JlaCTH <pa30Boro nepeXOAa t T.e. AJlR 11 = I1c' CJleAYR 0606

LlleH~os:1 KOH~en~HH KBaSJ.1CpeAHHx/S.9/. paCCMOTpHM CHCTeMY C raMJ.1Jlb

TOHHaHOM 

g' g N 2 À n 2 
HA (hA) TA + -- ----.... -' - _0_ + h N • /3.5/2 V 2 V A . 

rne h = ~ , a > O, o= const /npJ.1 V --+ 0Cl (f-lím ) 3Ta CJ.1CTeMa
A V

a 

6YAeT COOTBeTCTBOBaTb J.1CXOAHOs:1 C raMJ.1JlbTOHHaHOM /2.6/. TorAa 

AJlR p(f3 ,11 ) J.1MeeM 

.r. 13 



I 
_ ( ; ~ Jlv[<1<- h)-"- g N 

P fJ, I' ) ~ t-lím~V e A V - f A(V )] 
/3.6/ 

f3V[<p.-h )~-/(-~)] 
Le A-v A v 

N=o 

3aMeH~B B /3.6/ CYMM~ Ha COOTBeTcTBy~~~e ~HTerpan~ CT~nbTbeca, 

nonY4~M 

M fJ v{<1< - hA ) p - f X(P)] r (d p ) 
f pe 

~ '"__ op({3,Il) = MUIl ~-------------

M fJv[<1<- h A) p - f~ (P)] r (dp)
fe 

o 

rne F'( dp') - Het<afl Mepa, nepe~AeM K ~HTerpanaM P~MaHa
 

g
 
001 

1
.av[<p.-hA)p-rA(p)] 

fpe x dp+O(-)

p( (:3 , 11 ) = Him _o~_ 
VY /3,7/ 

g 
00 fjV[<p.-hA)P - rA(p)] 

r e x dp+o(~l_)
VY .o 

rne Y > O. KaK 1tt3BeCTHO ~3 /10/, ~HTerpanbl r axoro r ana MorYT 
6~Tb pa3nomeHbI B aC~MnTOTH4eCK~A PHA np~ nOMO~1tt MeTOAa nepeea
na; rnaBHbI~ 4neH aC~MnTOT~X~ Anfl IttHTerpanoB nannaca ~MeeT B~A 

OG 

G(O,) == f g(z)exp[OS(z')]dz 
o 

/3.8/ 
k v_ 2"L (l S"(z' ) (g(z i ) + o W-t » e (l S (z I ) 

i = 1 i ' 

rAe napaMeTp fi ~ 'zi - T04Ka nepeBana, BblpO~AeHHafl k pa3.00, 

TorAa np~MeHHM /3.8/ K ~HTerpanaM /3.7/ H Y4~TblBafl, 4TO T04Ke 
.) 

g 
nepeaana 6YAYT COOTBeTCTBOBaTb Pl (hA) ---+ P: lo1 P2(h -- pc

A)V-+oo 1 V-+oo 2
 
nplt1 11 = Jlc' IttMeeM
 

_ pV F1(hA ) f3 VF2 ( hA ) 1 , 
p({:3,ll ) = Him A1 (hA) e + Ag (hA.l! + O(yy-) /3 ~ 9/

c 
(:3vF (hA) f3VF (hA) , 

B 1 (hA ) e 1 + B (hA) e 2, + O( _1_,)2 VY
 
rAe BBeAeH~ cneAy~~~e o603Ha4eH~H:
 

g
 
F1 •2 ( hA ) == Il c P 1, 2 ( hA ) - f A { p 1, 2 ( h A ».
 

1 -Bv» (hA ). hA 
A1 •2( hA) == a1,2( hA )[P1,2 (h A) - O( V)] e L2 

, 1 -(3Vp1,2(hA)'hA , 
B1 .2 (hA) == ai. 2 (hA) [1 - O(V I)] e /3. 10/ 

a1 •2 (h A) 2 1-J 
d rl.e.J 

1 

2 P=P1,2 (hA )dp 

3aMe4aeM, 4TO 

l' 
a1,2 = t-lima1,2 (hA ) 

~ 13.11/J lp P;I.2 

Pa3nO~~M.~YHK~~1tt F L 2 (hA) B PHA Te~nopa no ManOMY napaMeTpy 
o 

= ~a-' r ornahA V 

g g g ~I
F1 , 2 (hA) Il C f -(p ,) + hAllc a /l=llc+'QhAPc1• 2 cl.2 11 

!!!-)
all 1l=llc + 1]hA' 

rne O ~ 1] ~ 1; TaK KaK T04K~ Pc
g 

B~6paH~ T~K, 4TO
 
1,2
 

P =11 pg -f(pg) 
g 

f(p~ ),c c c1 "i 11 cP c
2 2 

/CM. 3aMe4aH~e 3.1/, TO 

.. 
14 .: 15 



-------------------------- --

'l 

/3 o 12/~1_(~A) = ~2(hA), 

l-1 AIlH asrpaxe Hl-1R /3..9/ l-1MeeM 

p({3 ,11 c') == t-lim ~l (hA ) + A 2( h A} + O ( e-v) 13.13/
~1 (hA) + 8 2 (hA)~ (e-v) 

4T06~ B~nOIlHl-1Tb TepMOAl-1HaMl-14eCKl-1~ npeAenbH~~ nepexoA, paCCMOT

pl-1M 3 pa3JU1-4HbIX cnyuaa • 

o 
1. a > 10 Torna , YQl-1TbIBaR hA == -va-' M TO, 4TO 8blpa>KeHl-1R 

/3.10, 11, 13/ a npeaene V ~ DóI, l-1MeeM 

g g 
p(/3,/lc ') rI{> + (1'- dp /3. 141c c 

1 2 

rne 

a1 
r /3.15/a 1 + a 2 

2. a = 1 'o OnRTb-TaKl-1 'AIlR /3 013/ B nperiene V .... Ooe nOIlY4aeM
 

/3.14/, HO
 

g
 
-{38 PCI
 

ale
 
r = 13 o 16/

Ao g (38 g
fJ P C1 Pcz a1 e + a 2e 

3. O < a < 1 o PaCCMOT pl-1M cuauana Ô > O, r orAa Bblpa>KeHi-1e 

/3.13/ nepenl-1WeM B BHAe 

-vA 2(hA)

A I (hA)( i + ) + O (e )
 

AI (hA )

-
P (/3 ,p,) == t-lirn -----------. 

B 2(hA) 
Br (hA) (1 + ) + O(e

-v
) 

B (hA)
1 

16 

a (h)(' ( 1 A l-.aA(~)(l + 2 'A P2(hA) + O V)) -es» (P2(I>AH't (hA» v 

"t (h (h + O(~e ) + O(e- )
A)(Pl A)

& t-lim 

a (h )(1'+ O(1» ~ 1-a
B (h.)(1+ 2 A V' -fJ8v (P2(hA)-P(h»

1 A e I A -v 
ai (h + 0(_1_,» ) +O(e 

A)(1 V _J-fJ. -v 
A (hA)(1 + O(e »+O(e) g 

= t-lím I = P •J-a c-1
B

1 
(hA )(1 -+- O(é »+O( e~v) 

3AeCb cyw.eCTBeHHbIM RBIlReTCR TOT oaxr , 4TOP2(hA ) > P1ChA).
 
KorAa >Ke o < O, BbLpa>KeHl-1e /3. 13/ MO>KHO nepenacar s B Bl-1Ae
 

~ (hA) -v
 
A (h ) (1 + ) + O( e )
2 A 

A2 (hA )
 
p({3, 11 c I) = t-lim >

B (h A) -v 
B (h ) (1 + I ) -+ O'(e ) 

2 A B2'(h
A) 

lo1 aHaIlOrl-14HO cnyuao , xorrra Ô > O, Y4lo1TblBaR P2 (hA) > f1 (h A)'
 
nOIlY4aeM
 

-
P «(3, /lc) = P

g 
(o < 0),

C2 

T.e. onRTb l-1MeeM B~pa>KeH~e /3.14/, HO 

r
8 < O,
 

r, = /3. 17/
o > O. 

3aMe4aHlo1e 3.3. npl-1 AOKa3aTeIlbCTBe IleMMbl 3.1, a l-1MeHHO, 

B CIlY4aRX 1 l-1 2 õun l-1CnOIlb3o~aH HeCKOIlb KO l-1HO~ MeTOA 8BeAeHl-1R 

KBa3lo1CpeAHl-1X, KOTOP~~ OTIll-14aeTCR OT o6M4Horo cnoco6a OAHOBpe

MeHH~M CTpeMIleHlo1eM hA K HYIlIO l-1 B~nQIlHeHl-1e TepMOAlo1HaMlo14eCKoro 

npenena , B TO BpeMR KaK np~ 06bl4HOM cnoco6e B~nOIlHReTCR cnep

aa TepMOAlo1HaMl-14eCKl-1~ npeAeIlbHbl~ nepexon , a 3aTeM hA YCTpeMIlR"':" 

eTCR K HYIl~ /cIlY4a~ 3/. nOAPo6HO o606w.eHH~~ MeTOA KBa3l-1CpeA

Hlo1X vt3IlO>KeH B /9/ 
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2 
Teo p-eMa 3. 2 . ClI1IlbHafl /cTan1cn14ecKafl/ 3KBIt1BaIleHTHOCTb n

Ho	 B OTIllt141t1e OT It1AeaIlbHoro õoae.-r-aaa sa C4eT npIt1TR>KeHIt1R _..1.:~ 
aHcaM6ne~ /KA lt1 6KA/ HapyweHa B 06naCTIt1 $a30Boro nepeXOAa .I . 2 V 

Il = Ilc (P~l ::; P ~ P~2 ), lt1 <l>YHKI4It1f1 nIloTH'OC,TIt1 Kaua /4.5/ AIlR MO B MOAeIlIt1 /2.6/ HapywaeTcR He TOIlbKO CIt1IlbHaR /cTaTIt1CTIt14eCKaR/, 
AeIlV1 /2.6/ It1MeeT B'It1A HO lt1 cIla6aR /TepMOAIt1HaMIt14eCKaR/ 3KBIt1BaIleHTHOCTb KA lt1 6KA. 

o(x _:p (f3, Il') ~ Il > fl c' Il <Il c B aaKIl104eHIt1e R BblpamalO It1CKpeHHlO1O 6IlarOAapHOCTb B.A.3arpe6
KJQ (xjp)= HOBY aa nOCTaHOBKY 3aAa41t1 lt1 LteHH~e o6cY>KAeHIt1R. 

fJ .11 

TO(X-pg ) + (1'-T')o(X - pg .); Il 
C	 C 2 11 C 't 1
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<1>A(t) <e v >A(f3.Il') = N = o	 . /3~18/ 6.	 6aIlecKY P. PaBHOBeCHaR lt1 HepaBHOBeCHaR CTaTIt1CTIt14eCKaR Me~ N: g
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:= e	 /3.19/<1> ( t) =' t-lim <1>A,( t ) 

a AIlR Il = IL C
 
g g
 

i tpc i tpc

1 2	 /3.20/

<1>(t) = r e t-(l-r)e 

rAe T. onpeAenA~TCA B~pameHIt1f1MIt1 /3.15-17/. nepe~AeM OT xapaKTe

pIt1CTIt14eCKO~ r:PYHKLtIt1It1 K r:PYHKLtIt1RM nIlOTHOCTIt1 Ka4a, nOIlY4aeM YTBep

mAeHlt1e TeopeM~ 3.2.
 

C,Ile AC TB lt1 e 3. 1. Ilpenens Hble rlt166cOBCKIt1e COCTORHIt1R nplt1
 
= Il c 'flBIlfllOTCR IlIt1He~HO~ KOM6It1HaLtlt1e~ Kpa~HIt1X T04eK p; p;
(.111

•	 1 2 

3aMe48HIt1e 3.4. B paccMoTpeHHo~ MOAenlt1 ·~~It1AeaIlbHoro 603e

ra3a /2.6/: TaK me KaK lt1 Y lt1AeaIlbH~ro 603e~ra3a, V1MeeTCR r:Pa30 PYKOnlt1Cb nocTynlt1Ila B 1t13AaTeIlbCKIt1111 OTAeIl
 
B~~ nepexoA l-ro pOAa /nIlocKIIlIII Y4aCTOK Ha p - v Alo1arpaMMe/ . 16 It1~HR 1987 rOAa.
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TEMATHqECKHE KATErOPHH llYBnHKAUHR 

OB~E~HHEHHOrO HHCTHTYTA ~EPHYX 

HCCJIE~OBAHHR 

Ha,neKc TeMaTMKa 

1. 3KcnepHMeHTanbHaR ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH~ecKaR ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR ~H3HKa 

4. TeopeTH~ecKaR ~H3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. ~AepHaR cneKTPOCKOnHR H paAHOXHMHR 

]. ~H3HKa TR*enWX HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

1 n Aa .. nuS"PI~., ~ ..... a ""'""' ~"""''9''-'14 ""'"'""" ... --· .. ··-· ............. IV' . ·-. -· ·-. ··-- ........ --.---- ...... _, .. ._, --.. ··· ·-· .. -··-· ._ ...... 
AaHHWX 

11. Bw~HCnHTenbHaR MaTeMaTHKa H TeXHHKa 

12. XHMHA 

13. TexHHKa ~H3H~ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHA TBePAWX Ten H *HAKOCTeH 
RAePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaA ~H3HKa RAepHwx peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~H3HKa 3a~HTW 

17. TeOpHR KOHAeHCHPOBaHHOrO COCTORHHA 

18. Hcnonb30BaHHe peaynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ~H3H~eCKHX HCCneAOBaHHH 
B CMe*HWX o6naCTRX HayKH H TeXHHKH 

19. 6H~H3HKa 

IIanoHH Bn. B. Pl7-87-425 
IlpooneMa 3KBHBaneHTHOCTH aHCaM6neH 
gnH MogenH XyaHra - RHra - llaTTHHA$epa 

PaccMaTpHBaeTCH oooo~eHHaH Mogenb XyaHra - RHra - llaT
THHA$epa 6o3e-ra3a TBepgbiX wapoB. lbytieHbl TepMOAHHaMHtiec
KHe CBOHCTBa 3TOH MOgenH. IloKa3aHo, 'ITO B TO'IKe ~a30Boro 
nepexoga /nepBoro poga/ gnH 3TOH CHcTeMbJ HapyweHa He Tonb
Ko CTaTHCTH'IeCKaH /CHnbHaH/, HO H TepMOAHHaMHtieCKaH /cna
OaH/ 3KBHBaneHTHOCTb KaHOHH'IeCKOro H oonbmoro KaHOHH'IeCKO
ro aHCaM6neH, a npegenbHble paBHOBeCHbJe COCTOHHHH HBnHIOTCH 
BblllyKnbiMH KOMOHHau;HHMH AByx KpaHHHX TOtieK /tiHCTbiX ~a3/. 

PaooTa BbmonHeHa B llaoopaTOPHH TeopeTH'IeCKOH ~H3HKH 
OIDIH. 

Co06Ll.leHHe 06oeJ:UfHeHHOrO HHCTHTyTa R):JepHbiX HCCJie):JOBaHHH. ,[(y6Ha 1987 

IIepeBog T.ID.~yMopaHc 

Papoyn Vl.V. 
The Problem of Equivalence of Ensembles 
for the Huang - Yang - Lattinger Model 

Pl7-87-425 

A generalization of the Huang - Yang - Lattinger model 
of a Bose gas of hard spheres is considered; and therrmdy
namic properties of the model are studied. It is shown that 
at a phase-transition point (of the first order) in that 
system, statistical (strong) and thermodynamic (weak) equi
valences of canonical and grand canonical ensembles are 
both broken, and limit equlibrium states are linear convex 
combinations of two extreme points (pure phases). 

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