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1. BBE,llEHME 

llpucyTcmue cso6o.n;HoH: nosepXHOCTH MO)KeT cyruecTBeHHo H3MeHHTL 
$830BYIO .n;uarpaMMY $H3H1lecKoH: cucreMhi. YcnoBHO 3TH H3MeHeHHR 6biBa
IOT ABYX THnOB. C O.IJ;HOH CTOpoHbl, B03MO)KHO B03HHKHOBeHHe HOBhlX, 
nosepXHOCTHblX $83, KOTOpbie B o6IUeM CJiyqae npocTpaHCTBeHHO JlOKaJIH-
30BaHhl BMH3H cso6o.n;HoH: nosepxHOCTH. llosepXHOCTHaR $83a B03HHKaeT 
TOr.IJ;a, KOr.IJ;a B omeMe ee o6p830BaHHe TepMO.IJ;HHaMHqeCKH erue He BhlrO.IJ;
HO, HO BMH3H nosepXHOCTH OHa CTaHOBHTCR YCTOHqHBOH 3a cqeT BhiHrpbl
Wa B nosepXHOCTHOH 3HeprHH. Ko BTOpoMy THny OTHOCRTCR see H3MeHeHHR 
o6'LeMHOH: $a3osoH: .n;uarpaMMhi, KoTophie CBR3aHhi co cso6o.n;HoH: nosepx
HOCTLIO. llpH 3TOM H3MeHeHHR THna CMeiUeHuH JIHHHH cpa30BOro nepexo.n;a, 
soo6rue rosopn, o6paTHo nponopuuoHaJILHhi L , r.n;e L - xapaKTepHaR .IJ;JIHHa 
cuCTeMhi, u npu 6oJILWHX L 3KcnepHMeHTanLHO HeHa6niO.n;aeMa. KaK 6y.n;eT 
nOK83aHO, O.IJ;HaKO B03MO)I{Hbl CyiUeCTBeHHbie C.IJ;BHrH JlHHHH Jia6HJILHOCTH 
MeTaCTa6HJILHhlX o6'LeMHblX $83, qTO npe.IJ;CTaBJIReT COOOH 3KCnepHMeHTaJIL
HO Ha6JIIO.n;aeMhm 3cpcpeKT. HcCJie.IJ;OBaHHe o6ruero su.n;a $yHKUHoHana 
CBOOO.IJ;HOH 3Hepmu, eCTeCTBeHHO, 3aTpy.n;HHTeJILHO: Bonpoc 0 cy)KeHHH om-
eMHOH OeTnH rHCTepe3HCB J:Ul~,lJbDli: n.:..:..;&~VDW~~;: !!~ ·:~C'!'!!!:!~:! !!p~~~~ 

nosepXHoCTHhiX nepeopueHTaQHOHHLIX nepexo.n;os B pa6oTe o.IJ;Horo H3 as
Topos111. 

B HacronrueH: pa6oTe ucCJie.n;oBaHO cMerueHue rpaHHU na6HJILHOCTH 
MeTacra6HJILHLIX $83 .IJ;JIR ABYX$83HOH CHCTeMLI, onHChmaeMOH cpyHKQHO
HaJIOM CBOOO.IJ;HOH 3HeprHH nrumay 121 c K03$$HUHE!HTOM nepeMeHHoro 
3HaKa npu KBa.n;paTHqHOM qneHe p83JIO)KeHHR no napaMeTpy nopn.n;Ka 1/1 • 

2.06bEMHAH MO,llEJib 

CaMLie npocrLie Mo.n;enu o6cy~aeMoro Tuna MoryT 6LITL npe.n;cras
neHLI B BH.IJ;e 

r 1 < 1/1 > = ~ 1/1 2_ ~ 1/1 a + ~ 1/14 , (1) 

r 2<¢ > = ; 1/12 _ ~ 1/14 + ~ 1/1 6. (2) 

B BLipa)KeHHRx MR DJIOTHocru o6'LeMHoH: qacru cpyHKUHOHaJia cso6o.n;HoH: 
3HeprHH (1) H (2) 1/J - napaMeTp nopR.IJ;Ka HeCHMMeTpHqHOH cp83LI, a = 

= a ( T - T c) , a , b, c > 0; T c - TeMnepaTypa nepexo.n;a BToporo po.n;a 
npu b = 0 MR Mo.IJ;eJIH (] > unu npu b < a "liJS MO.n;enu (2); no nopRAKY 

r a... ~: · __ .• ~.. ..,... . lf.;z!_!!rt~ 
.. Vu..:.d2·~~4~~-~ ~-f•~a.a.•J 

U~JI!iliwii !-!· .• ~~}.J31U&f~ 1 
_§ttSJtt10TEHA 



BeJIHIIHHbi T c COBn~aeT C 3HeprHeii B38.HMO,ZJ;eHCTBHJI npH pacqeTe Ha O,ZI;fiY 
qaCTHUy. 

3TH MO.ZJ;eJIH OnHCbiBaJOT nepexo.ZJ; nepsoro po.ZJ;a (THna "nop.II,D;oK-
6ecnop.II,D;oK"), 6JIH3KHH KO BTOpoMy ,ZJ;JI.R MO,ZJ;eJIH (1), HJIH K KpHT~eCKOH 
TOqKe ,ZJ;JI.R MO.ZJ;eJIH (2) npH ,ZI;OCTaToqso MaJibiX KOHCTaHTax b. BJIH30CTb 
K KpHTHqecKoMy nose.ZJ;eHmo onpaB.ZJ;bmaeT npeHe6pe)l(eHHe qneHaMH pa3-
JIO)I(eHHR no CTeneH.RM 1/1 6onee BbiCoKoro nop.II,D;Ka, qeM B (1) H (2). Mo
AMI> (1) ro,ZJ;HTC.R ,ZJ;JI.R !J>H3~eCKOH CHCTeMbi, CHMMeTpH.R KOTOpoH .ZJ;Ony
CKaeT HeqeTHble pa3JIO)I(eHHR no napaMeTpy nop.II,D;Ka 1/1 • K IIHCJIY 3Toro 
THna OTHOC.RTC.R, HanpHMep, MO,ZJ;eJIH llOTTca C q-COCTO.RHHRMH CnHHOB /SI, a 
TaK)I(e MO.ZJ;eJIH, OnHCbmaJOil.Ufe CMa~aHHe rpaHHUbi )I(H,ZI;KOCTH /4/. Mo.ZJ;eJib 
( 2(¢ ) HCnOJib3YeTC.R ,ZJ;JI.R onHCaHHJI CHCTeM B6JIH3H TpHKpHTHqecKOH ToqKH. 
KaK 6y.ZJ;eT BH.ZJ;Ho H3 AaJI~>Heiiwero, KaqecmeHHa.a CTOpoHa paccMaTpHBae-. 
MbiX 3.ZJ;ecb sonpocos Mano 3aBHCHT oT KOHKPeTHOH MO.ZJ;eJIH. Cymecmes
HO To, ~o CHCTeMa- .ZJ;Byx!J>a3Ha.R, c nepexo.ZJ;oM nepsoro po.ZJ;a THna "no
p.II,D;oK-6ecnop.II,D;oK". 

B Bblpa)l(eHHH (1) y.ZJ;o6Ho nepeiiTH K HOBbiM o6o3HaqeHHRM no npasHJiy 

f = (16c
3
/b

4
)r1 , ¢ = (2c/b)¢, t = (4c/b2)a. 

(3) 

B HOBbiX o6o3HaqeHHRX (1) 3anHCbiBaeTc.R B BH.ZJ;e: 

C( ¢) = (t/2)¢ 2 - (2/3)¢3 + (1/4)¢4. (4) 

J.la nu,.. 1 n't"\QnPY"annAtYn ~n..-.Y::..n,..., •• ,..,.._ ,...__e:.__ ....... - ........ ......... ------- -------- ,_., 
--- ..----· - -·r-----··-·- ---··-•• .. ··--·- "A.IVVV~v.r.a .Jn~~;;;;;}l.ann .LYI.VJ.Itfi;;JJ.n \~} Ul 

npHBe.ZJ;eHHOH TeMIIeparypbi t ,ZJ;JI.R CHMMeTpHIIHOH (np.RMa.R ( = 0) H HeCHM
MeTpHIIHOH (KpHBa.a ABC) !J>a3. B CHMMeTpHqsoii 4la3e ¢ = 0, a B HecHM
MeTPHIIHOH 

¢ = ¢B = 1 + ( 1 - t ) 'h 

!. 
ll. 

0 

2 

f(t) 

t. 

(5) 

<l»a3bi c napaMeTpaMH nop.II,D;Ka ¢ = 0 H 
¢ = ¢ B cocymecmyiOT B TeMIIepaTypHoM 

HHTepsane 0 .~ t ~ 1, npH 3TOM CHM· 
MeTpHIIHa.R !J>a3a CTa6HJibHa npH t > t *= 
=819, a 4la3a c ¢ = ¢B- npH t < t*. 
t *- TeMIIepaTypa pasHosecHR 4la3 (T.e. 

TeMIIepaTypa !J>a3osoro nepexo,ZJ;a nepsoro 

Puc. 1. 3aeucw.wcn ceo6oonou 3Hepzuu MOoe.rzu 
( = (t/2) cp2- ( 2/3 )cp 3+ (1/4) cp 4 OT npuee
OeHHOU TeMneparypr.z: CUMMeTpU'INQJI fPa3a -
npRMQJI f ( t ) = 0; HeCUMMeTpUIIHflJI :- KPU6flJI 
ABC; t * = 8/9 - TeMneparypa nepexooa nep
eozo pooa. 

po.ZJ;a; t = 0 - TOqKa na6HJibHOCTH CHMMeTpHqsoji !J>a3bi, a t = 1 - He
CHMMeTpHIIHOH) . 

3. MO,llEJih CO CBOBO,llHOA llOBEPXHOCTbiO 

llyCTb CHCTeMa 3anOJIH.ReT nonynpoCTpaHCTBO X > 0. <l»yHKIJ;HOHaJJ 
cso6o.ZJ;Hoii 3HeprHH Ha eAHHHUY nnOI.Q~H c yqeToM cso6oAHOH nosepXHOCTH 
3anHWeM B CJie.ZJ;yiOI.QeM BH,ZJ;e; 

F s I"' I = i [ ~ ( ¥x ) 2 
+ f("' ) - r ( 1/1 B) + ! as "'

2 
8 (x )] dx' (6) 

rAe {3- napaMeTp HeoAHOpo.ZJ;Hoii qacTH cso6oAHOH 3HeprHH, f3 >0. Mo.ZJ;en~o 
nosepXHOCTHOH qaCTH !J>yHKIJ;HOHana cso6o.ZJ;Hoii 3HeprHH (6) snepBbie 
6blna HcnoJib30BaHa .ZJ;JI.R onHCaHHR MarHeTHKOB co cso6oAHOH nosepXHo
CTbiO B6JIH3H TOqKH KJOpH B pa6oTax 151 , np~eM l(lj! B)- nJIOTHOCTb CBO
OOAHOH 3HeprHH rny6oKo B o6oeMe, rAe 1/1 = tPB. llepBbiH qneH noA 
HHTerpanoM B (6) yiiHTbiBaeT 3Heprmo HeoAHOpO.ZJ;HOCTH napaMeTpa nop.II,D;
Ka, a qneH C 8-!J>yHKQHeH onHCbiBaeT AOnOJIHHTeJibHYIO 3HeprHIO, CB.R3aHHYIO 
C "oco6biM" nOJIO)I(eHHeM qaCTHQ (HJIH cnHHOB) B6JIH3H nosepXHOCTH. 
KoHCTaHTa a.8 npe.ZJ;nonaraeTc.a He 3aBHC.RI.Qeii oT TeMnepaTypbi H B o6I.QeM 
cnyqae MO)I(eT npHHHMaTh ni06ble AeiicTBHTeJibHbie 3HaqeHH.R. 0Ha onpeAe
n.aeTc.a H3 MHKpoTeopHH ,ZJ;JI.R ~OH KOHKpeTHOH MOAeJIH. ,llJI.R 0630pa 
pa6oT, paCCMaTpHBaJOI.QHX pa3JIHqsbie MOAeJIH (6), CM_IS/. 0TMeTHM, ~0 
HCnOJib30BaHHe rp~HeHTHOrO npH6JIH)I(~HH.R AJI.R 3HeprHH Heo.ZJ;HOpO.ZJ;HQ
CTH napaMeTpa nop.RAKa B (6), KOr,ZJ;a f(I/J) OnHCbiBaeT !J>a30BbiH nepeXOA 
nepsoro po.ZJ;a, Tpe6yeT HeKoToporo yToqseHHR. PaccMoTpHM ypasHeHHe 
(6) AJI.R MOAMH (1): 

I I Fs -1 00 et d¢ 2 1 'h 
Fs ¢ = . 2 = e 1 I [ -2 (-d ) + f(¢ )-f(¢B·)]dx + -sign(a. )r ¢~ 

( 1a cp o X · 2 S S " 
c 0 (7) 

3.ZJ;eCb Tg = aiff3a c, ( 1 = ( {3/ac )'h ~ xapaKTepHa.R .ZJ;JIHHa B MOAMH, 
BbinOJIH.RIOI.Qa.R pOJib KOppeJ!.RQHOHHOH AJIHHbi B HeCHMMeTpHIIHOM COCTO.R· 
HHH, Kor.ZJ;a ¢ - 1 (a c = b2 I 4c - xapaKTepHoe 3HaqeHHe napaMeTpa a B 
ToqKe na6HJibHOCTH HeCHMMeTpHIIHOH !J>a3bi, 1/1 0 = b/ 2c ) . Koppen.R.QHoHHa.a 
AJIHHa B CHMMeTpHIIHOM COCTO.RHHH 3~aeTC.R, KaK o6biqso, Bbipa)l(eHHeM: 

'h -'h 
(=({J/a) =(0 r, r=(T-T

0
)/T

0
, ( 

0 
= ({3/a T c )'h, 

( 0 - MHKpOCKOnHqeCKa.R .ZJ;JIHHa, xapaKTepH3Y.IPI.Qa.R paCCTO.RHHe Me)I(Ay 
qaCTHUaMH. 
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YCJiosneM npuMeHHMOCTH rpa,IUfeHTHoro npa6JIIDKeHH.fl s (7) AJI.fl 

HecHMMeTpH'IHOH cpa3bl .FIB1I.fleTC.fl HepaseHCTBO ' 0 .<< ' 1, KOTOpoe MO>KeT 
6biTL 3anHCaHO B BH,IJ;e 

',.} 
'/', = (aTclac) « 1. (8) 

BenH'IHHa a Tc- Mepa 3HeprHH CB.fi3H qa~ B MHKpoMOAMH, a a c- Mepa 

6nH30CTH cpa30BOrO nepeXOAa KO BTOpoMy poAy. ECJIH BOC001IL30BaTLC.fl 

Bblpa>KeHHeM AJI.fl CKa'IKa TennoeMKOCTH npH t = 0, H b = O.l\C = a 2T c l2c, 
a TaK>Ke cpopMynoH: q = T c L\S = (819 )a T c a cl c AJI.fl TeMoTbl nepexoAa, 
TO sMecro (8) nonyqaeM 

- ',.} 
' 0 I' 1 - ( ql T c l\ C ) « 1 • (9) 

HepaseHCTBO (9) noKa3biBaeT, uo rpaAHeHTHoe npu6nH>KeHHe s (7) npu

MeHHMO B .Tex CJIY'Ia.RX, KorAa cpa30BLIH nepexoA nepsoro poAa 6nH3oK 

Ko sTopoMy poAy. BenaqHHa ( q IT c l\ C ) ':-1 CJIY)I(HT MepoH: cHII, oc~ecrs
nmomux cpa3oBbiH nepexoA nepsoro poAa. B6nH3H nosepXHOCTH xapaKTep
Ha.R AJIHHa H3MeHeHH.fl napaMeTpa nop.RAKa 1/J onpeAen.ReTc.fl rpaHH'IHbiMH 

ycnoBH.FIMH AJI.fl 1/J npu x = 0 a HMeeT BH,IJ; '·s = 't'~. TorM Hepa
seHCTBo (9) 3anHCbiB8eTC.fl TaK: 

( r s q IT c L\C ) ':-1 « 1. (9 ') 

BH,IJ;Ho, uo npu 6onLwnx r Q >> 1 noCJie.nHee HepaseaCTBo cHJJr.HP.P. ~9~ · 
eCJIH OHO BbiOOIIHeHO, (9) BbiOOIIHeHo aBTOMaTHllecKH. 

TepMOAHHaMHKa MOAMH (7) COAep)I(HT P.FIA HHTepecHLIX csoH:cm, 

OT1IH'IaJOinHX ee OT CJIY'Ia.R, KOrAa B o&J.eMe OpoHCXOAHT nepeXOA BToporo 

poAa. BnepBbie (7) paccMaTpHBanacL s pa6oTaX 13 • 7 ( HecMOTP.fl Ha To, 

uo o61oeMHa.R Koppen.RQHOHHa.R AJIHHa ' 1 = ( (3 I a c ) '>'1 KOH~, npu 
t = t* MOAMI> (7) OOHCbiBaeT KpHTaqecKoe OOBe,AeHHe, HaBeAeHHOe CBO

OOAHOH nosepXHoCTLIO. B qacTHOCTH, npu t = t * + 0 H a ·s < 0 A01I>KeH 
Ha6niOA8TbC.fl TaK Ha3biBaeMbiH 3KCTpaopAHHapHblii nepeXOA, OpH KOTOpoM 

napaMeTp OOp.RAKa cP "npoHHKaeT" B 06loeM B cpopMe AOMeHHOH CTeHKH 

c pacXOA.FIII.teH:c.R TOIIInHHOH nop.RAKa ' 1 n [ t* I ( t - t * ) ] . B Aaiii>HeHWeM Mbi 
He 6yAeM OCTaHaBIIHBaTI>C.fl Ha 3THX pe3y1II>TaTax, KOTOpbie OOHCaHbl B ynOM.fi

HyTbiX BbiWe pa6oTax. 0rMeTHM 1IHWL, 'ITO aHaiiOrH'IHa.R CHTylliUI.fl, KOrM 

KpHTH'IecKoe nose.AeHue CB.fl3aHO T01II>Ko c nosepXHOCTHOH 1faCTLIO cso6oA

HOH 3Hepruu, B03HHKaeT B MOAM.FIX, OOHCbiBaiOinHX nosepXHOCTHbie nepe
OpHeHTaQHOHHble nepeXOAbl, paCCMOTpeHHbie B pa6oTax/ V H /81. 

Cl»yHKUHOHaii (7) CTaH,D;apTHbiM OyTeM (CM., HanpHMep/ V) CBOAHT

C.fl K «PYHKUHH oT rpB a cbs = cb ( x ) I x = o , c ucnonb3oBaHHeM nonyqaJOmux
c.R ypaBHeHHH AJI.F1 rp{x) H ecTeCTBetiHbiX rpaHH'IHbiX YCJIOBHH, COOTBeTCTByiO

InHX MHHHMH3a.QHH Fsl rp I. llepeqaCJieam.Ie npeo6pa3oBaHH.R npHBO.D..fiT 
(7) K CJie.AyromeMy sH,IJ;y: 

4 

{ 

) 

( ) . rfB ',.} 1 . ',.} 
Fs cbs, rpB· =Sign( as> f [2f(rp ) - 2t(rp B)] d rp +2 Sign (as )r s rp s . 

~s 

(10) 

YpasHeHHe AII.fl napaMeTpa nop.RAKa Ha nosepXHOCTH rps nony'laeTC.fl H3 

paseHcrsa d Fsldrp.s = 0': 

',.} ',.} 
[2f(rp.S)-2f(rpB)) = r.SrpS. (11) 

YCJiosue ycroj{qasocm cpa3 d 2Fs I d rp§ > 0 s Haw eM cnyqae 3anHCLIBaeTC.fl 

TaK: 

d
2
Fs dtldrps ':-1 

-
2 

=-sign(as) ~~ + sign(as) rs > 0. 
d rps [ 2t (rp s > - 2f(rp B)] 

(12) 

PaccMoTpHM CHa'lana 6onee npocroH: cnyqaH: as > 0. Hawa 3aAa'la

HCCJie,AOBaHHe CMeUJeHH.FI TO'IeK 11a6H1ILHOCTH t = 0,1 o&J.eMHbiX cpa3, 

KOTopoe cB.fl3aHO co cso6oAHOH nosepXHOCTLIO. <l>opManLHO 3Ta 3aAa'la 

CBOAHTC.fl K HUO)I(JJ;eHHIO peweHHH ( t c• rp c) CHCTeMbl ypasHeHHH ( 11) H 

(12) npH d 2 Fsldrp.~ = .0. llpH as > 0 nosepXHOCTL He 6naronpH.FITCTBY

eT o6pa30BaHHIO HecHMMeTpH'IHOH cpa3bl H scerAa rpS < rp B",Zln.fl CHMMeTpaq

HOH cpa3LI c rpB = rps = 0 Hepaseacmo (12) asToMaTaqecKH BLmoiiHeHo, 

TaK KaK dfldrps < 0. CIIe,AOBaTMI>HO, TO'IKa na6H1IbHOCTH CHMMeTpHqaoj{ 

cpa3bi c rps = rpB = 0 He MeH.fleTC.fl, tc = 0. Pe3y1ILTaT ecrecmea, eCJIH HMeTI> 
B BH,IJ;y, 'ITO DOBepXHOCTL He 6naronpH.FITCTBYeT 38po)I(JJ;eHHIO HecHMMeTpaq. 

HOH cpa3b1. 

,Zln.fl HeCHMMeTpaqHOH cpa3bl C rpB = 1 + (1 - t )'>'1 H rpS < rpB Heo6-
XOAHMO peWHTb (11) H (12), KOTOpble nepeXOA.RT B CHCTeMy 

2f rpc ) - 2f(rp B)) = 's rpc { 
[ ( ',.} ',.} 

(13) 
rpc2-(8/3)rpc = rs-tc 

AJI.fl TeMnepaTypbl na6H1II>HOCTH HecHMMeTpH'IHOH cpa3bl tc H BeiiaqUHbl 

rpc = rp s I t = t c . rpacpaqecKoe peweHHe (13) AaeT C1Ie.AYJOmHe Ka'leCT
BeHHbie pe3y1ILT8Tbl: OpH r S < t * = 819 TO'IKa na6H1Ii>HOCTH t c HUOAHT

C.fl B TeMnepaTypHOM HHTepsane t * < t c < 1; OpH 3TOM t c = 1 OpH r·s = 0 
H t c = 8/9 npu r 8 = 8/9. CI>YHKUH.fl t c<r s> npu as > 0 npeAcTasneaa 

Ha puc. 2 KpHBoH: AB. llpH r 8 > 8/9 rpc = 0, a npu 0 ~ ,.
8 

< 8/9, 

rp c = 413 - [ ( 413 ) 2 
- t c ] ',.} • 

JiTaK, npH aS > 0 TO'IKa 11a6H1ILHOCTH CHMMeTpH'IHOH cpa3bl He CASHraeT
C.fl, a COOTBeTCTBYJOma.R TO'IKa HecHMMeTpH'IHOH cpa3bl CABHraeTC.fl B CTOpo

HY Cy>KeHH.fl DeT1IH rHCTepe3HCa. 0rMeTHM, UO npH Tg > 8/9 y CHMMeTpaq
HOH cpa3bi MeTacTa6HIILHbiX cocro.FIHHH HeT sosce. 
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I I 2 'It ¢ 8 =43+[(43) + 2r.8 -2t], 

Puc. 2. JlUHUU ll06U!lbHOC7U Tep.MO· 

iJuHa.MU'IeCKux rp03 Ha n~~ocKocro ( Ts, 

t ); 060UHQJI /IUHUJI - CU.M.MeTpUIIHQJI 

rp030," fi/IOTHQJI /IUHUJI - HeCU.M.MeTpUII· 

HOJI rp03a; wTpux-nyHKTUP - noaepx

HOCTHQJI rp03a. 

06paTuMCR Tenepb K cnyqaro 
as< 0. 3To 03HaqaeT, ~o a6nu-

3U noaepXHocru :=mepreTuqecKH 
BblrOAHO 3apo:>K,D;eHUe HeCUMMeT
p~OH <fla3bi. Tenepb KpoMe cuM
MeTpu~oii Qla3bi c ¢ s = ¢ v = 0 
("0"-<fla3a) U HecUMMeTp~

HOH c ¢ 8 > ¢B=1 + (1-t)'!t 
("B"-<Pa3a) no.RBJI.ReTC.R noaepx

HOCTHa.R <Pa3a ( "S" -<Pa3a) c napa
MeTpoM nop.RAKa 

¢B = 0. (14) 

HepaaeHCTBo (12) onpeAeJI.ReT o6nacTb ycroii~aocTu Tpex <fla3: "0" -
npu t > r.8 ; "B"- npu t .< 1; "8"- npu 0 < t .< t* + r 8 . 3aMeTUM, 
WO Tenepb rpaH~a Jia6HJibHOCTU HeCHMMeTpWHIOH <fla3bl "B" He MeH.ReT· 
r-c:r r.nAurgP"rt"'Q' nnu~vn Tnuvo naf\un"L'J.fnPT'U' I"'UMM,::lTnt.itnlnU ''()''-rha-,'t...T ---· -..----..----------, -.....-.------, ------ --------------- ---------c-------, - T----
( t c = 0 nepexoAHT a t c = r8 ) . CneAyeT OTMeTuTb, wo rpaH~a na6HJlb
HOCTU "0"-<fla3bl tc = rg B paMKax MOAeJieH flaHAay B onpeAeneHHOM 
CMbiCJie YHHBepcaJibHa. 3TO ymep:>K,D;eHHe CTaHOBHTC.II npo3pa~IM, eCJIU 
npo6neMy paccMaTpHBaTb KaK 3aAaqy o6 onpeAeneHuu o6nacm ycroii~
aocru CUMMeTpU~OrO COCTO.IIHH.II OTHOCHTeJibHO MaJibiX <flJIYKTYIIUHH na
paMeTpa nop.RAKa M.ll <flyHKU;UOHaJia (7). fiCHO, WO ToqKa Jia6HJibHOCTU 
onpeAeJI.ReTC.R qneHaMu HaHHU3wero nop.fl,ll;Ka no ¢ a (7), T.e. 6onee Bhi· 
COKUe CTeneHU, All)l(e eCJIU OHU ecTb, He MeH.fiiOT rpaH~y "0"·<fla3bl t c = t:S. 

ToT <PaKT, wo a HeKoTopoM TeMnepaTypHOM HHTepaane cocyiQeCT
ByiOT Tpu pa3Hbie TepMOAHHaMuqecKue $83hi, HecKOJibKO ycno)IQIReT aHaJIU3 
B03MO)I(HblX nyTeH, no KOTOpbiM CUCTeMa MOmeT npoHTU npu U3MeHeHHH 
TeMnepaTypbi. BocnoJih3yeMc.R puc. 3, Ha KoTopoM H3o6pll)l(eHbi o6nacru 
ycroiiqHSOCTH Tpex <Pa3 r 8 .< 8/9. llpu co6JIIOAeHHH nonHoro pasHoBecHR 
CUCTeMa npoiiAeT no nyTU 1-2-2-3-3-4. JlHHH.II 3-3 COOTBeTCTBYeT TeMnepa
Type paaHoaecH.R t* = 8/9 o6'beMHOH <l>a3hi "B" c <Pa3aMU "8" u "0". 
PaBHOBecue <fla3 "8" U "0" AOCTUraeTC.fl Ha JIUHHH 2-2, COOTBeTCTByiOIQeH 
TeMnepaType tg. WyHK1Uf.R t s< T·s) He..fiBHO 3aAaeTC.II YCJIOBUeM Fg(¢B= 
= 0, cpcf>s) = 0, KOTOpoe 3anHCbiBaeTC.II B BH,D;e 

'It s 'It 
2 I r <¢)d¢ = (tl2h8Yt ¢~, (15) 

0 
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Puc. 3. Bo3.MOJICHble nyro U3Me

HeHWI rp03060ZO COCTOJIHUJI cu

CTeMbl c Te.Mneparypou npu 

r 8 < B/9; a8 .< 0. 

rAe ¢ 8 ( t.g ) onpeAeJUieTC.R 
cornacHo (14). llpu r 8 = 

= (819) (2 1l 3 - 1), t* = 

= 8/9. llpu Bbi6paHHOM 
3HaqeHHH napaMeTpa r8 Ha · 

II 5 % i 

::t:±£1 I~ I I I~ 
,B ., J I t 

I • 
a ~5 81~ 1 ~+a/9 

puc. 3 B03MOmeH nyTb 1-2-2-7-4, npH KOTOpOM noaepXHOCTHa.ll <fla3a nepe
OXJiaQaeTC.II AO CBoeH ToqKH Jia6HJibHOCTH npH t = 0. B 3TOM CJiyqae TOqKa 
na6HJlbHOCTH CHMMeTpH~OH "0"-cl>a3hl He 6yAeT npo.IIBJI.IITbC.II. <l»a3oa:bm 
nepeXOA 3-3 npH t = 8/9 H3BeCTeH B JIHTepaType KaK 3KCTpaopAHHapHbiH 
nepexoA 131 . M3 CKa3aHHOro BhiWe ahiTeKaeT, wo o6cy:>K,D;aeMbiH nepexoA 
He 6yAeT HaMIOAaTbC.II B Tex CHCTeMax, AJI.II KOTOpbiX B03MO)IQI0 nepeox
Jia:>K,D;eHHe noaepXHOCTHOH' '8'' -$a3hl. B 3aBHCHMOCTH OT 3HaqeHH.R napaMeT
pa r8 B03MO)I(Hbl H ApyrHe CHTy~HH, aHaJIH3 KOTOpbiX nOA06eH npeACTaB· 
JleHHOM}' BbiWe. HTaK, B Tex cnyqa.Rx, KOrAa B03MO)I(Ha HOBaR, noaepXHOCT· 
Ha.R $a3a, Ha6JIIOAeHHe TOqeK Jia6HJibHOCTH OCHOBHbiX, o6'beMHbiX <fla3, KaK 
npaaHJio, 3aTPYAH.ReTCR. B CB.113H c B03MO)IQIOCTbiO AOCTH)I(eHHR ToqeK na-
6HJibHOCTH CHCTeMbi OTMeTHM, qro nepeXOAbl no nOJIIO IS! OOJiee HHTepec-
... .., ...... ,......,._ ~n ..,,..,.. •• ,...~,.--- M.., ... .,.. ...... _,. ....... _ ... ,..., ... "',.._ .......... IIOTT4'17T11n 'l"''ni"TTOTT'II'ft'f"'n. .... -.. ·- -- MJ--•·•-,•-•-•- --'OJ•-•"""',t'~•v•....,•-• - .-~ ....... _. .... ._. .............. - -•....,...,••-· - • 

HHTepecHo npocne,u;HTb 3a nepeASHmeHHeM ToqeK na6HJibHOCTH, KOrAa 
napaMeTp b CTpeMHTC.II K HyJIIO, T.e. KOrAa o6'beMHbiH nepexOA npH6JIH· 
maeTC.II K nepeXOAY BTOporo poAa. EcTecTBeHHO, TOqKa Jia6HJlbHOCTH "B"
<fla3bl tc = 1 cTpeMHTC.II K npeAeJibHOMy 3HaqeHHIO t = 0 ( T = Tc ) H 
CTaHOBHTC.R TeMnepaTypoii o6'beMHoro nepexoAa BToporo poAa. ToqKa 
Jia6HJlbHOCTH CHMMeTpH~OH <fla3bl He MeH.ReTC.II H nepeXOAHT B TeMnepaTy· 
py noaepmoCTHoro <Pa3oaoro nepexoAa aToporo poAa161 . Y noaepmocr
HOH <fla3bi ,u;ae TOqKH na6HJibHOCTH tc 1 = 0 H tc 2 = 8/9 + r-8 • BTOpa.R H3 
HHX CTpeMHTC.II K 3HaqeHHIO t~ 2 = r8 , T.e. K TeMnepaType noaepXHOCTHOrO 
nepexoAa aroporo poAa, a nepBa.R ( t c 1 - = 0) CTaHOBHTC.R TeMnepaTypoii 
3KCTpaopAHHapHoro nepexoAa npH T = T c, Ha cyiQeCTBOBaHHe KOTopo
ro anepahle yKa3aHO a pa6oTax I 51. H3 paccMoTpeHHoro npeAeJihHoro nepe
XOAa b -+ 0 .IICHO, UO B TeX CJiyqa.Rx, KOrAa B o6'beMe <fla30BhiH nepeXOA 
6JIH3oK KO BTOpoMy poAy, noaepXHOCTHbiH <fla3oBbiH nepexoA nepaoro 
poAa npH t "' tg Tome 6JIH3oK KO BTOpoMy po,u;y. 

.HTaK, Mbl nOKa3aJIH, WO B CHCTeMax, OnHCbiBaeMbiX MOAeJUIMH flaH· 
Aay, npHCyTCTBHe CB060AHOH noaepXHOCTU B 06IQeM CJiyqae npHBOAHT K 
cymeHHIO neTJIH mcrepe3HCa nepexoAa nepaoro poAa. 3To o6'b.RCH.ReTC.R TeM, 
wo noaepxHOCTHa.R 3HeprHR acerAa 6naronpHRTCTByeT o6pa30BaHHIO OAHOH 
H3 o6'beMHbiX $a3. 
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HBauos H.B., Karauos M.H. 
BniDIHHe CB06oAHOH OOBepXHOCTH 
Ha neTJIIO mcrepe3Hca 
o6"LeMHoro <Pa3osoro nepexoAa 

P17-88-359 

,[(JI.fl MOAeJieH JlaHAay, OnHCbiBaiOLUHX <l>a30Bble nepexOAbl 
nepsoro poAa THna "nopMOK-6ecnop.RAOK", noKa3aHO, qTo npH
CyTCTBHe CB06oAHOH noBepXHOCTH CABHraeT ToqKH Jia6HJibHOCTH 
MeTaCTa6HJibHblX <l>a3 B CTOpOHy yMeHbiiieHH.fl IIIHpHHbl o6"LeMHOH 
OeTJIH rHCTepe3HCa. 3TO .fiBJieHHe HMeeT 06LUHH xapaKTep H <I>H3H
qecKH o6"L.fiCH.fleTC.fl TeM, ~o nosepxaocTHWI 3HeprH.R acerAa 
6JiaronpH.RTCTByeT o6pa30BaHHIO O,li;HOH H3 ABYX <!>a3; TOqKa 
Jia6HJibHOCTH HMeHHO 3TOH <!>a3bl MeH.fleTC.fl. 

Pa6oTa Bhmonaeaa a Jia6opaTopHH TeopeTHqecKoH: <I>H3HKH 
Ol'HIH. 
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Ivanov N .B., Kaganov M.l. 
Influence of a Free Surface 
on the Bulk Hysteresis Loop 

P17-88-359 

It is shown that in Landau "order-disorder" models descri
bing the first-order phase transitions the free surface, in general, 
moves the phase metastability curve in a way leading to a narrow
ing of the bulk hysteresis loop. This phenomenum is explained by 
the observation that the free surface always favours the appearance 
of some concrete phase, which metastability point moves. 

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