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PaBHOBeCHOe COCTOHHHe CHCTeMbi, COAep~~ee OAHY HnH HeCKOnbKO 
MaKpocxonHqecxH-roMoreHHhlX o6nacTeH, HaghlBaeTcH ~agoH. PaBHOBec
Hbie eoeTOHHHH OllHCbiBaiOTeH e llOMO~IO TepMOAHHaMHqeeKOH ~YHKI..\HH, 

gaBHeH~eH qacTHqHo OT KOHeqHoro qHcna napaMeTpOB. CHHrynHpHOeTb 
COOTBeTCTByeT HgMeHeHHIO B ~age eTpyKTypbl llpH ~agOBOM nepeXOAe 
/~ll/. qT06bi llOHHTb ~HgHqeeKyiO OeHOBY YHHBepeanbHOeTH ~ll, Heo6-
XOAHMO BblHBHTb HCTOqHHKH CHHrynHpHOeTH BenHqHH B KpHTHqecKOH o6-
naeTH. TorAa Bee HBneHHH, npoHeXOAH~e npH ~ll, MOryT 6biTb OnHeaHbi 
B OAHHX H TeX ~e TepMHHaX. ~ll 06b~HO conpOBO~aiOTeH HgMeHeHHeM 
CHMMeTpHH. llpH ~ll l POAa HHKaKHX Tpe6oBaHHH Ha eHMMeTpHH He Ha
KnaAbiBaeTeH, He06XOAHMO TOnbKO paBeHCTBO CB060AHbiX 3HeprHH o6eHX 
~ag B Toqxe T c . Bee ~n II poAa eBH3aHbi e HgMeHeHHeM eHMMeTpHH cH
cTeMbi. TaK KaK eHMMeTpHH HBnHeTCH KaqecTBeHHOH xapaKTepHeTHKOH, 
TO HOBbiH 3neMeHT eHMMeTpHH, BOgHHKaiO~H B Toqxe T c ~ll, MOlKeT 
nOHBHTbeH npH 6eeKOHeqHo ManOM HgMeHeHHH eHeTeMbi. il03TOMY ~ll 

II POAa BogHHKaiOT npH onpeAeneHHhlx gHaqeHHHX TepMOAHHaMHqecKHX 
napaMeTpoB. 

AnH MaTeMaTHqeeKoro OnHeaHHH H KOnHqeeTBeHHOrO HecneAOBaHHH 
~ll naHAay npeAnOlKHn BBeeTH napaMeTp nopHAKa /llll/, npHHHMaiO~H 
pa3J1H'iHbie ::~Ha'ieHHH H cuu'I'H~'I'c·n~ytow,t1X tiJa::~aA. Uli uu::~'.t>u•u•t:, '-Y~J.", o 

0 pagnH'iHH B KOH~Hrypal\HHX MeHee CHMMeTpHqHOH ~aghl no cpaBHeHHIO 
C KOH~Hrypal\HHMH B CHMMeTpHqHOH ~ase. B OTeyTCTBHe BHemHero no
nH llll T} B 6onee eHMMeTpHqHOH ~age npHHHMaeT HyneBble 3HaqeHHH, 
a B MeHee CHMMeTpH'iHO~'J ~age - nonOlKHT€nbHble HnH OTPHI..\aT€nbHble. 

HgMeHeHHe eHMMeTpHH npH ~ll conpOBO~aeTeH H3MeHeHHeM TepMOAH
HaMHqecxoro noTeHI..\Hana. B CHny HenpephlBHOCTH ~n II POAa nn T} 

AO~eH npHHHMaTb cxonb yroAHO Manbie gHaqeHHH B6nHgH T • PaccMaT-
c ' 

pHBaHOKpeCTHOCTbTc ~n II POAa, naHAay pagnolKHn TepMOAHHaMHqec-
KHH nOT€Hl\Han B PHA no CTeneHHM illl: 

~(P,T.T/) z$(P,T)+ A(P,T)T/2/2 + B(P,T)T/4/4. /1/ 

llpeAnonaraeTcH 111 ,qTo ~YHKI..\HH A(P,T) He HMeeT oco6eHHOCTH B 
Tc H no3TOMy B6nHgH Hee pagnolKHMa no 1..\enhlM cTeneHHM paccTOHHHH 

T-Tc: 

A (P,T) .. A(P ,Tc )(T -Tc ). 

Ko3~Hl\H€HT B(P,T) 
MY HMeeM 

gaMeHHeTcH na B(P). B (P, T c ) > 0. 

1
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PaBHOBeCHOe 3Ha~eHHe nn ~0 onp~enHeTCH H3 ycnOBHH 

B<I>(P,T, 7J) =O. 
8~ 

141 

.[(O CHX nop npeHe6per8JIH 3aBHCHMOCTbiO ITll ~ OT KOOpAJiHaTbl X. 
0~HaKO ITIT HBnHeTCH ~yKT~pYJO~eH BenH~HHOH H H3MeHHeTCH OT TO~
KH K TO~Ke. B6nH3H T c B03HHKaJOT MacTepbi o6'beMOM HaMHoro 6oni:>me 
pa3Mepa 3neMeHTapHOH H~eHKH, B KOTOpb!X ~(X) HMeeT pa3nH~HOe 
3Ha~eHHe. fi03TOMy BMeCTO 131 HMeeT MeCTO npe~CTaBneHHe fHH36yp
ra-J1a~ay 

- 2 . 
<I>(P,T.~)· ((<I>(P,T)+ :(T-Tc )~2 + ~ '14 + ~ <ff:>2J ~x. 151 

MHHHMYM TepMOAHHaMH~ecKoro noTe~Ha.na 151 o6ecne~HBaeTCH Ba
pHaQHOHHhlM ypaBHeHHeM 3ftnepa: 

8<l>(P,T,y}._K&la2~. 
8~ ax2 

161 

-BepoHTHOCTb W(~) s~aHHOH KOH~rypaQHH nonH ~(x) npH sa-
~aHHbiX p H T B 06~eH TeOpHH TepMOAJiHaMH~eCKHX ~YKTYaQHH ODH
ChlBaeTCH BhlpaEeHHeM 

- -1 <I>(~) 
W(~)=Z e:q>(- --). 171 

k0 T 

3~eCb <1>('1)- TepMOAJiHaMH~eCKHH DOTeHQHBJI ~yKTYHPYJO~ero nonH 
fill f~(X), a Z- CTaTHCTH~eCKaH C~a: 

Z = I exp(- <I>('~\ IBI 
'~ k 0T 

CornaCHO 171 HaH6onee BepOHTHOe 3Ha~eHHe rrrr no(x) onpe~enH-
eTCH ycnOBHeM <I>(P,T,flo)=min, T.e. paBeHCTBaMH 141 H 161. 
ITpe~nonaraeTCH' ~TO BOnH3H T c penaKcaQHH nn HBJIHeTCH CaMbiM Me~
neHHbiM npOQeCCOM. IT03TOMY BCe 6hlCTphle npoQeCChl npOXO~T H HX 
CTeDeHH CB060~I ycneBaJOT DPHHTH B paBHOBeCHe sa BpeMH, B Te~eHHe 
KOTOpOI'O ITll npaKTH~eCKH He H3MeHHeTCH. fi03TOMy HMeeT CMblcn ro

BOpHTb 0 3~aHHOM none ITIT, He sa60THCb 0 ~PYI'HX KOOpAJiHaTaX CH
CTeMbi, 3KcnepHMeHT8JibHO H3BeCTHO, ~TO ~H nepexo~a CHCTeMbi H3 

HepaBHOBeCHOI'O COCTOHHHH B paBHOBeCHOe, DPH DpH6n~eHHH K Tc 
Tpe6yeTCH Bee 6onbme H 6onbme BpeMeHH, B TepMOAHHaMH~eCKOH TeO

PHH KpHTH~eCKOI'O 3aTyXaHHH CODpH~eHHaH ITll n TepMOAJiHaMH~eCKaH 

cHna F(n)• npHBO~~aH K ero paBHOBeCHOMy sHa~eHHJO n0 • onpe~enHeT
CH paBeHCTBOM / 3-?/ 

F<'~> =- o<I>('~). 
8n 

191 

B TepMO~HHaMHKe He06paTHMblX npoQeCCOB CKOpOCTb H3MeHeHHH ITll 
'I CO BpeMeHeM ~aeTCH cPOpMynOH /7-9/ 

2 

i'.!!_ .. -L o 8<1>( ~), 
at 8 11 

1101 

r~e L o - KHHeTH~ecKHH K03cPcPHQHeHT 0Hsarepa. C noMo~bJO I 6 I H 

1101 HMeeM1101: 

;,.,., 2 ;'I - 3 
-=L0 Ka ~2 -L 0 A(T ... T )n- L 0 Bfl 1111 at a& c 

EcnH ~o6aBHM ~yKTYHPYIO~ CHny c;b(X,t) K npaBOH ~aCTH ypa:B
HeHHH ~BHXeHHH 1111, TO nony~HM ypaBHeHHe Jia~eHa ~H rrrr. Kor~a 
~YKTYHp~e CHnhl c;b(X,t) rayCCOBhl H MapKOBCKHe C paBHhlMH Hy

nJO cpe~HHMH sHa~eHHHMH <c;b(x,t)>, a 

<c;b(x,t)c;b(x',t')>=- Q8(x- x')o(t- t'), 1121 

TOI'~a ypaBHeHHe Jia~eHa 3KBHB8JieHTHO ypaBHeHHHM <l>oKepa-nnaHKa, 

HsBeCTH0/111, ~To npH naftepncoBCKOM cTpyKTYPHOM <I>IT IITC<I>ITI pe

meTKa HCKaEaeTCH lpHC.II. ITOHHXeHHe CHMMeTpHH KpHCTannH~eCKOI'O 
DOTeHQHBJia, B KOTOpOM ~B~TCH KB3, H3MeHHeT HX 3HepreTH~eCKHH 

wf") 

cneKTP lpHc.21. A H3MeHe-
HHe paCCTOHHHH H CHn B3aH

MO~eHCTBHH MeEAY 6nHXaHmH
MH coce~HMH H3MeHHeT 3Hep
reTH~eCKHH cneKTP cPoHOHOB 

lpHc.31 • .[(o cHx nop112- 201 

ITC<I>IT CBH3hlB8JICH c MHI'KOH 
Mo~oH npH q• 2 Kr·O~HaKo 
TaKaH TeOpeTH~eCKaH HHTep
npeTaQHH He Bcer~a y~oB

neTBOPHTenbHa. ITo::~ToMy 

HeOoXOAHMO DOHHTb, OTKy~a 
DOHBnHeTCH H KaK DpOHBnH

eTCH MHI'Kan Mo~a npH ITC<I>ll, 
~T06hl npaBHnbHO ODHCaTb 
cPH3HKY npOHCXO~~X DpH 
HeM HBneHHH, 

llpH HCKaEeHHH Y~BOeHHeM 
nepHO~a KpHCTBJinH~eCKOH 

pemeTKH DOTe~HBJI, B KO

TOpOM ~HXYTCH KB3, H HX 

PHc.l. HcKa.eHHe pemeTKH 
npH llC<I>IT. 
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a/ 

6/ 

PHc.2. HsMeHeHHe saepreTH
qecxoro cneKTpa KB3 npH 
nc~n. 

-::'"------,,__--~~:.._ _ __, __ __:~~}( ,PHc. 3. HsMeHeHHe SHepreTH
qecxoro cneKTpa ¢oHOHOB npu 
nc~n. 

~ 

SHepreTH'IleCKHH cneKTp f(k) HSMeHRIDTCR. HanpHMep, s ABYX30HHOM 
npH6n~eHHH BMeCTO f(k) HMeeM 

/13/ 

B cnyqae YABOeHHR nepHOAa pemeTKH caMoe 6onbmoe H3MeHeHHe 
sHepreTH'IJecxoro cneKTpa KB3 npoHCXOAHT B cepeAHHe 30Hhl npH 
K = q/2. B O,D;HoBaneHTHOM MeTanne soHa nposo,D;HMOCTH saHRTa KB3 
HanonoBHHY. TaK KaK nonymapHHhl sanpemeHHOH menH V = T)W HaMaoro 
MeHbme nonymHpHHbl 30Hbl npOBO,D;HMOCTH J , TO of5naCTb cymeCTBeHHOrO 

H3MeHeHHfl 3HepreTH'IleCKOI'O cneKTpa KB3 npH nc~n HaMHOI'O MeHbme 
30Hhl nposo,D;HMOCTH. llosTOMy c ,D;OCTaTO'IIHOH TO'IIHOCTbiD npH Bbi'IIHcne

HHH H3MeHeHHR TepMO,D;HHaMH'IlecKoro noTeH~Hana KB3 PaAH ynpomeHHR 
MaTeMaTH'IleCKHX BhlKna,D;OK MO~HO nonb30BaTbCfl pa3nO~eHHeM HX 3Hep
reTH'IJeCKOrO CneKTpa /13/ H npeHef5peraTb H3MeHeHHeM HX ilnOTHOCTH 
coCTORHHH N(c). TaKHM o6pasoM, nonyqaeM 

0 (TJ, T)-O(T) = 

/141 

a a = T/ WI k0 T llocne HHTerpHposaHHH no qac-

Ji!Q+a2 -/x2+a2-
1+e 1 o 

TflM HMeeM: 

O(TJ,T)-O(T),.-JN(fF)k0 T[ln( X )+ln(..!..ti'----)1 + 
l+e o l+e-Xo 

2 Xo x 2 Jx2+a2 x
2 

x 
+N(( )(k T) ( [--th(-)- -th(F)]dx. 

F o o v'x~ a2 2 x 

1151 

llocne,D;HHH 'llneH B 1151 MO~HO npeo6pa30BaTb C llOMOIIIbiD paBeHCT
Ba /221: 

B KpHTH'IleCKOH o6naCTH, rAe 
so a« rr . TIOSTOMY B I I 7 I 

a2 
neHRM 

MO~HO nony'IJHTbCOOTHOmeHHe 

1161 

paBeHCTBO 

1171 

k 0T >>11W, HMeeT MeCTO HepaBeHCT
MO~HO C,D;enaTb pasno~eHHe no cTe-

H3 IJ71 

I l8al 

5 



KOTOpOe nocrre HHTerpHpOBBHHH H CYMMHPOBBHHH npHHHMBeT BHA 

[17]= _a2- a2ln(2yXo)- L+ 7~(3)a4 
2 2 TT 8X~ 32 TT 

2 X~ 
3gecb lny,. C0 =0,5~72 - TIOCTOHHHBH 3fulepa, a ~ (3) = 

=1,202-g3eTa ~YHK~HH PHMaHa. llocrre TIO,IJ;CTBHOBKH 1181 B 1151 
norry'laeM: 

N (f ) w2 
.,2 2 y J 

fl(T,.,)--fl(T) =- --F ln(--)+ 
2 rrk 

0
T 

+ ~~~(3)W4 17 4 
32rr2J2 --. 

11861 

1191 

CornacHo I 19 I c TIOHHiKeHHeM TeMnepaTypbi 3HepreTH1IecKaH Bbn·oga 

HCKBA<ellHH y,IJ;BOeHHeM nepH0,[.\8 peiiieTKH B 0,[.\HOBaneUTI!ON MeTaJIITe 

w~-3a H3MeHeHHH 3HepreTntiecKoro cneKTpa KB3 yHenn•maaeTCH. Yae-

JIH'Iemw ynpyron 3Hepnm peiiieTKH npu ee CTBTH'IeCKOM HCKRiKCHHH 

!\E NM " 2 '2 
= "'o., I 1201 

)~OJliKHO KOM!!CI!CHpOBBTbCH yMCHbLUeHHCM TepHOI\liHCI~Ill 11Cl'KOf'O flOTCI!ll;Ha

na KBJ 1191. IT03TOMY TeMnepaTypa rrc~rr Tc ,[.\OITiKHa onpegenHTbCH 

paBeHCTBOM 

n Q. T 

NMu~ = N(, FJW- ln(_:-'--:-). 
rrk 0Tc 

I 21 I 

C: IIOMOII.\hlo I 21 I JIOrapH~MH'Il~CKHii •me11 u I I 9 I nplllll!Mae r c.ne,u;y10-

illllli f!H,[.\! 

2 :! 2y.J 2 2 
N ( , ) W r1 - ln ( ----- ) ~ N M r" 'I + 

F rrkoT o 

2 2 Tc 
t N ( , ~, ) W ., ln ( T-- ) . 

/221 

CyMr-.m llb!paiKeHmi I 19 I H I 201 6rraro,u;apH I 221 noKa3biBaeT, trTO 

IIOJ!lloe 113Meueune TepMoguHaMII'IecKoro rroTeH,u;Harra KB'J 11 yrrpyron 

:Hiepf'l!H pemeTKH npH HCKaiKCHHH YABOeHHeM ee nepitop;a onpegerrHeTCH 

IiJopNynoil 

!J(.,,T). \l(T) + ~E 

'> 4 4 
= ~~~j_W~ .,_2-ln( _!_) t 7 ~(3l._~~ )2W __ ., __ 

2 Tc 32rr J 

1231 

6 

I I Ulxl 1 

~~~~-~w~ 
+-+-+-·~-+-~-· 

0 
I ~~~2 371 

Z/a -3 -2 -1 ~ ~ 
PHc.4. Ueno'IKa rroKanbHb~ noTeH~anoB H HCK~eHHe pemeTKH 

B036YJK,JJ;eHHeM goMeHHOH cTeHKH IKHHKal npH T < T c • 

X/o 

-0.5 -O.l. 

I U(x) 

I 

I 

I 
I 

X/ a 

O.L. 0.5 

PHc.5. AByXRMHb!H rroKarrbHblli noTeH~Han np~HOK, cBR3MBaiO

Dn-!X K~ HOH C ero paBHOBeCHbiM TIOTIOJKeHHeM B CHMMeTpH'I

HOH ~a3e npH T < T c • 

I Ulxl 
I I I 1 I I 

~w_~w_',J.rWW 
+--+ -·+-- ~-4-- --+·-+ 

~ Z~a 
1 

z~ 
-3 -2 -1 0 1 2 3 

PHc.6. Ueno'IKa rroKanb~ noTe~anoB H HCKaJKeHHe pemeTKH 

KorroKorroo6pa3HbiM B036~eHHeM npH T > T c • 

7 



BbipruKeHHe 1231 MOJKHO HHTeprrpeTHpoBaTb KaK JIOKa.JlbHbiH I 3aKperr

JIHIO~H, 3aXBaTbiBaiO~H~ IIOTeHQHaJI, B KOTOpOM ,JJ;BHJKYTCH CBH3aHHbie 

MeJK,JJ;y C060H IIpyJKHHKaMH HOHbl lpHc.41. fig 1231 CJiep;yeT, 'l.TO IIpH 

T < Tc JlOKaJihHblii rroTeHQHaJI HMeeT ABYXMHHHMYMHbU! BH,JJ; I pHc. 5 I . 
A IIpH T>Tc CBH3aHHbie MeJKAY co6oH HOHbl ,JJ;BHJKYTCH B O,JJ;HO.fiMHbiX 

rroTeHQHanax lpHc.61. UByXHMHbi:H noKanhHbi:H rroTeHQHaJI oTpruKaeT 

HHBapHaHTHOCTb I 231 OTHOCHTeJlbHO CMeHbi 3HaKa rrn T/ Ha - T/. T. e. 

OTHOCHTeJlbHO B03MOJKHOCTH YMeHhWeHH.R paCCTOHHHH MeJK,JJ;y n-b~ H 

( ll+ 1) -biM HOHaMH H YBeJIH'l.e!ll!H paCCTO.fiHH.fi MeJK,JJ;y n -b~ H 

(n-1) -biM HOHaMH H,Ha060pOT, YMeHbWeHH.fi paCCTOHHHH MeJK,JJ;Y 

ll -biM H ( n -1) -biM HOHaMH H YBeJIH'l.eHH.fi paCCTO.fiHH.fi MeJKAY n -b~ 

H ( n +1) -hiM HOHaMH. Il03TOMY pHC. 5 MOJKHO IIOJlY'l.HTb H3 PHC. 7, OIIH-

CbiBaiOIIIero t'ln +1'1 E 1231 rrpH T<Tc, 3epKaJ+bHbiM oTo6p~eM. 
Mb1 co6HpaeMCH orrHcaTb HapymeHHe I ,o;elileKTbi HJIH 41JIYKTyaQHIOI 

T/, UJl.R 3TOH QeJIH Mbl ,JJ;OJIJKHbl y'l.eCTb yrrpyryiO 3HeprHIO CBH3biBaiO

~X COCe,JJ;HHX HOHOB IIpyJKHHOK: 

t'1E, = I Mw~ ( _ )2 
yrr. i=l 2 T/i+l T/i • 

1241 

HeJib3.fi 3a6bJBaTb H KHHeTH'l.eCKyiO 3HeprHIO 41JiyKTYHPyiO~X HOHOB: 

N M a11.2 
E =~-(--.....:J). 

KHH. i= 1 2 at 1251 

Torp;a IIOJlHOe H3MeHeHHe TepMO,JJ;HHaMH'l.eCKOrO IIOTeHQHaJia 11231+ 
+1241+12511 ,JJ;JlH 41JiyKTYHPyiOIIIero IITI T/ B O,JJ;HOBaJieHTHOM MeTaJIJie 

HMeeT BH,JJ; 
N , •• 2 • 

t'l<J> = ~ [.M.(~i~ + lVIWp (T/. -T/.)2 + ~)172 +~ 17 4], 
n i=l 2 at 2 I+ 1 I 2 I 4 I 

1261 

B I 261 rrpHHHTbi cne,o;y10~e o6o3Ha'l.eHHH: 
2 4 

A(T)=~-((p)~ln(l.); B= 7((3)N((F)W 
2 Tc 8772NJ2 

l27a,61 

Ilo OIIpep;eneHHIO IITI T/ .fiBJl.ReTC.fi MaKpOCKOIIH'l.eCKOH BeJIH'l.HHOH, H 

II03TOMY xapaKTepHbiH pa3Mep, Ha KOTOpOM OH H3MeHHeTCH CYIIIeCTBeH

HO, ,JJ;OJIJKeH 6biTb BeJIHK IIO CpaBHeHHIO C pace TOHHHeM MeJK,JJ;y COCep;

HHMH HOHaMH. TaK KaK rrepeMeHHaH T/i cna6o MeHHeTCH Ha IIpOTHJKeHHH 

O,JJ;HOrO 3BeHa (Xi+ 1 -Xi), TO B 1261 MOJKHO rrepeHTH K KOHTHHYaJib-

HOMY rrpep;eny, IIOJlOJKHB 

~ .. (~ H (T/i+1-71·)2-.a2(~;i)~ l28a,61 
Torp;a BMeCTO 1261 IIOJly'l.aeM: 

L 
1'1<1> = ( [M(k)

2 
+ Mw 2 a 2(ft)

2 

n 0 at 0 ax 
1291 

B 3TOM rrpe,o;ene ypaBHeHHe p;BHJKeHHH 3HJ1epa-narpaHJKa HMeeT BHA 

M a
2

71=Mw 2 a 2 i1.2!..- A(T)71-B713· /301 
at 2 0 ax 2 

8 

} 

PHc.7. 3aBHCHMOCTb rroJIHOH 3HeprHH 

KB3 H ~OHOHOB oT HCKruKeHHH pemeTKH. 

CpaBHeHHe paBeHCTB 151 H 

1291 o6HapyJKHBaeT rropa3HTenb

Hoe CXO,JJ;CTBO MeJKAY HHMH, ToJibKO 

B 151 OTCYTCTByeT 'l.JleH KHHeTH'l.e

CKOH 3HeprHH 1251. A cpaBHeHHe 

161 C 1301 IIOKa3biBaeT, 'l.TO B 

peJiaKCaQHOHHOH TeOpHH C JieBOH 

V c TOpOHbl ypaBHeHHH ,JJ;BID!<eHHH I 6 I 
~~~------~--~f-------~ III! T/ CTOHT ~epBaH IIpOH3BO,JJ;HaH 

aT/ 
IIO BpeMeHH - ... , a B HaCTOHIIIeH at 
TeOpHH MHrKOH MO,JJ;bl C JleBOH CTO

pOHbl ypaBHeHHH ,JJ;BHJKeHHH 1301 
CTOHT BTOpaH IIpOH3BO,JJ;HaH IIO Bpe-

a2T/ 
MeHH at2. 
TeopHH penaKCaQHH 41JiyKTyaQHH III! 11 3aTyxaeT, a B TeopHH MHrKoH 

MO,JJ;bl H3MeHeHHe III! T/ rrpOHCXO,JJ;HT B BH,JJ;e HeJIHHeHHbiX ye,JJ;HHeHHbiX 

BOJlH, fig 1271 BH,JJ;HO, 'l.TO B 3aBHCHMOCTH OT TeMJiepaTypHOll 06JlaCTH 

K03~HQHeHT A ( T) HMeeT pa3JI~Hble 3HaKH. Ilo3TOMy B pa3JIH'l.HbiX 

TeMrrepaTypHb~ 06JiaCTHX H3MeHeHHe IITI T/ B IIpOCTpaHCTBe H BpeMeHH 

IIPOHCXO,JJ;HT rro-pa3HOMY. 

Ha'l.HeM Hccnep;oBaHHH I 301 c o6nacTH T > T c , r,o;e oHo HMeeT BHA 

h"' !?-a~ - as 2T/- {3s 2 T/3· l3!al 
a t 2 ax2 

/23/ 
XOTH ypaBHeHHe I3Jal YJKe HCCJle,JJ;OBaJIOCb B pa60Te H B pa-

60TaX /24-31/ p;pyrHX aBTOpOB, Mbl rrpep;cTaBHM 3,JJ;eCb HeKOTOpble pe-

3YJlbTaTbl. Ha'l.HeM c rrpep;IIOJlOJKeHHH' 'l.TO 3aBHCHMOCTb rrn T/ OT X 

H t HMeeT BH,JJ; 6erYIIIeH BOJlHbi: 

71(x, t) = 71(x-vt) = 71 (z). 1321 
IlpH 3TOM rrpep;IIOJlOJKeHHH ,JJ;JlH T/(Z) ypaBHeHHe I3JalrrpHHHMaeT BH,JJ; 

a2T/ 
_ =a P2 11 + f3 P2 71 3, /33al 
az2 

Ilocne YMHOJKeHHH r,o;e p- 2 =(1-

1 33al Ha £!.L az H HHTerpHpOBaHHH IIOJlyqaeM O,JJ;HH rrepBbiH HHTerpan: 

(.!!:!_ )2 = C1 + ap2T/2+f3P2T/4/2. 
az 

l34al 

B o6nacTH T> T c aa 6ecKoHe'l.HOCTH 

/ T/ (±oo =01, TO YCJIOBHe ( i!!_) = Q Tpe6yeT az ±oo 

9 



rpaHHqHoro ycnoBHH C1=0. llo3TOMY nocne HHTerpupoBaHHH l34al 
nonyqaeTCH paBeHCTBO 

1/o d 
( 

11 
= J7i pZ. l35al 

11 y'l + 8%2 

3aMeHa nepeMeHHOii 11 ,;, I In .r~aeT HaM B03MOJKHOCTb nonyquTb pe
meHHe 

( dn = Arsh(..!!..)- Arsh(~) .. va pZ. l36al 
n0 Jn2 + fi 2 8 8 

B l35al H l36al ucnonbsoaanocb ofi03HaqeHHe 8 2=~/2a.C noMo~w 
cPOPMyJlbl 

r.--;;- Ji-Arsh(I)- Arsh(y)z Arsh(x v 1+y2 - y 1+ x2) 1371 
paBeHCTBO l36al npHHHMaeT cne,LIYID~H BH,LI: 

Ke 

n J""D~ + 82- n 0 Jn2 +82 "'82 sh(\/;;-pz ). I3Bal 
Ecnu BepHeMCH K CTapoH nepeMeHHOH 1}=1/n, TO nonyqHM: 

J 1 + 8211~ - Ji + 82112 ,., 11 1108 2 sh ( J-; p z ). l39al 
llocne HecnoJKHbJX npeo6pasoaaHHH H3 l39al nonyqaeTCH cllopMyna 

11 =7J0(ch(v'U pz)± v1+8211g sh(J-;pz)]-:- 1• l40al 
3HaKH ~ COOTBeTCTBYIDT 3HaKy Z, a 11

0
- 3TO 3HaqeHHe 1J B Toq

z=O. B~paJKeHHe l40al onpe~enHeT BnHHHHe a~rapMOHH3Ma. 

w22 ,2 
.[laneKo OT KpHTHt{eCKOH TOt{KH Tc, KOr,Lia ~112 «2a (~ «~ln(!_)) 

82
11 

2 ° J 2 7 ~3) Tc ' 
nocne pasnollteHHH J1 + 8211~ .. 1 + T nonyqaeM: 

1/ .. 21}0 ((eVa P\eVaP~ ± ( evapz_e -J(ipz ) ± 8 21/ g sh ( Va p z)]-1. 

10 

Hs 1411 

[2ey'iipz 

BH,LIH0 0 t{TO npH Z > 0 3HaMeHaTenb 

+ .tM.(evapz_e-vapz>l-
2 

llpHHHMaeT BH,LI 

A npu z < 0 H3 I 41 I nonyqaeTc.R AJI.R 3HaMeHaTen.R 

[ -Japz 82'1~ vapz 
2e -

2 
(e -vapz >l -e -

• 2e-Vapz[(1+(~)2)-(~)2e2\I'Qpz ]. 

1411 

l42al 

1426/ 

H3 1421 BH,LIHO, t{TO B,LianH OT KpHTHt{eCKOH o6naCTH aHrapMOHH3M 
oqeHh cna6o H3MeHHeT cPOPMY KonoKonoo6pasHoro pemeHHH B rapMOHH
qecKoM npu6nuJKeHHH 

- -va Plzl 
TJ = 11oe • 1431 

16"
2 T >> ---- ln (-)), H3 I 40al nony-qaeM: 

7 ~(:n_ Tc 1 - -1 
1/ ~ \ 2 [1 T) [\ira Ch ( \ -; J) Z) T \ {l 7) Q Sh ( v·a- p Z )] • 0 -

KaK BH,LIHO H3 I 441' B6Jill3ll Tc MaKCHMYM !}!.n:yKTYClJ..IHH nn T) oupep;e
JIRe TCH TOJKe 11 0 • C npH6JmJKeHHe~! T K T c ,IJ;nHHa 3 a TyxaHHH I pap;Hyc 
KOppemiJ..IHHI 

T -1/2 
In(-)} 

Tc 

/451 

CIIJJbHO yseJIH'IHB<leTCH. f!o3ToHy r·op6 KOJIOKonoo6pa3HOii Kpuaof"I I 431 
/pHC. 61 Bb!HpH~IDHeTCH II Ill[ TJ CJia6ee 33TyxaeT C paCCTOli!Il!eM. 
1\aJieKO oT J..leHrpa rP.nyKry,l!\IIH III!, rp;e DTJ 0 th(v<i-,,z) >'> 1, aM-

llJUITY.Lia TJ(Z) y~teHbnJaeTCH p;o :ma<IeHHll \) 2a/~ = 1/o, KOTOpoe TOJKe 

:.:..::::~::::~~:- c~ y~~...:..:~c;~~~~~;~ (~ Te~· 
BepHeNcR K paccr-10 rpe!!HKJ noaep;emiH III! TJ HHJKe TU4KH IIC<NI, T. e. 

!!pH T<Tc. ll3 /27/ cnep;yeT, '!TO D 3Toii o6JiaCTH K03cPcPIII\lteHT 
A(T) <'. 0, II llOTfONY BNCCTO /3Ja/ HHeeM: 

2 2 
rJ I) 2 <I 71 2 , 2 3 

S -- + a S 7) - {J S II 
il x2 rH 2 

/316/ 

JJ B 'lJ'Clii ll6JJilCTII OCTote fC>l B CHJJe rrpe,[.\IIOJIOlKelllll~, 'ITO 'liWI!Cll

t-illC rv III! 11 or x u t 11~1ee 1 Ul!l\ I 32/. Tor,[.\a B oGn:!CTI! T < T c 
DNCCTO ypilB!Ie!IHll ,IJ;BHlKei!WI /"3Ja/ l!HeeM: 

" -~!.3_ =-ap2TJ t f3p271:3. /336/ 
az 2 

a11 
nocJie yr-moJKei!IIH I 336/ Ha az H HHTerpHpOBa!IHH uony'!aeM: 

a11 2 2 2 13 2 4 12 (-) = c 2 -- <l p 1/ + p TJ • az 
/3461 

3p;eCb Db!60p KOHCTaHTbl HHTei'pHpOBaHHH C2 YJKe ,J:IpyroH • TaK KaK 
MHHHMYI-fbl JIOKanbHOrO llOTeHJ..IHana lpHC, 51 HaXO,LIHTCH YJKe He B J..leHT
pe, TO Ha 6eCKOHe'IHOCTH Till He aHHYJJHpyeTCH, a llPHHHMaeT CBOe 

MaKcmtanbHoe 3HaqeHHe 71( ± ~)= ± v ~ . 

; .. 11 



CpasHeHne'/456/ c /55/ AaeT HaM cneA~ cBH9b: 

/56/ 

TaKHM o6pasoM, ucnonb9YH /52/ H /54/, nonyqaeM, qTo sHeprHH 
/51 a/ OAHoro xonoxonoo6p'asHoro sos6YJK,IJ;eHHH Illi /40a/ pasHa sHep
run TeMnepaTYPHOH cPnYKTYal.UfH k0T. 0KaSbJBaeTCH, OAHaKO, qTO STO 
He HMeeT MeeT a B o6nacTH T < Tc, rAe 71~ =a/$ . ,l:leiiCTBHTenbHo, 
qucno sos6YJK,IJ;eHHH AOMeHHbiX CTeHOK npH T<Tc, xorAa 1iw{q)<<k0 T, 
onpeAenHeTCH paBeHCTBOM 

1 1 hw(q) k 0T 
(nq+-)=-cth(-),.-

2 2 2koT hw(q) 
/57/ 

3HeprHH BCex BOS6YJK,IJ;eHHH AOMeH~X CTeHOK pasHa npOHSBeAeHHID 
/57/ Ha /516/: 

E 
2v2 2 k0T 

n=--K'TI - =-
3 o hw0 

16J2 17
2 

21 ~(3) 

2 2 
K& k0TJ Tc 

_h_w_w.:,2,....a""'2-ln (T ). 
0 

/58/ 

~OpMyna /58/ UOKaShlBaeT, qTO XOTH qncno BOS6YJK,!J;eHHbiX AOMeH
HbiX CTeHOK cornaCHO /57/ pacTeT HeorpaHHqeHHO UPH T ... Tc, OAHaKO 
ManOCTb HX aMnnHTYAhl 7Jo KOMUeHCHpyeT STy paCXOAHMOCTb, ll09TOMy 
HX nonHaH SHeprHH /58/ CTpeMHTCH K Q, 3TO HBnHeTCH cneACTBHeM 
Toro, qTo SAeCb nepeXOA npOHCXOAHT M~Y ABYMH o~naCTHMH OAHOH 
~ashl, a He M~Y ABYMH ~asaMH. HMeHHO UOSTOMy aMnnHTYAa AOMeHHOH 
CTeHKH, CBHShlBaiD~~teH ABe o6naCTH OAHOH ~ashl, orpaHHqeHa paBHosec
HhlM sHaqeHHeM Illi 110 B STOH ~se: 

ri'1'tUI., Mb1 nonyqunu, qTo HSMeHeHHe Jlli 7] CO BpeMeHeM UpOHCXOAHT 
B BHAe pacnpocTpaHeHHH xonoxonoo~pasHoro B096YJKAeHHH HnH sos-
6YJKAeHHH AOMeHHOH CTeHKH. 3TO BUOnHe COOTBeTCTByeT CTapoH TeopHH, 
rAe Ba.HeAmeH xapaKTepHCTHKOH CTaTHCTHqeCKHX CBOHCTB nonH Illi 
HBnHeTCH KoppenH~OHHaH ~YHKUHH/ 10/ 

/59/ 

llOHHTHe 11KOppenH~OHHaH11 ~YHK~H OSHaqaeT, qTo ecnH B Toqxe 
X Jlli HMeeT SHaqeHHe 7]{X), TO B TOqKe X' OH MO.eT HMeTb TaKoe 
•e 9HaqeHHe 71(x') c sepoHTHOCTbiD <71 (x) 11 (x' )>/< 11 2 >. Ho sTO 
H ecTb xonoxonoo6pasHaH BOnHa. llosTOMY sxcnoHeHUHanbHaH sasn
CHMOCTb llll /43/ B nHHeHHOM npH~~eHHH COBn~aeT C 9KCUOHeHUHanb
~ saTyxaHHeM xoppenH~OHHOH ~YHK~H /59/. PaAUYC xoppenH~ 
~ MO.UO paCCM&TpHBaTb KaK IUHPHHY Az naxeTa MOCKHX BOnH 1\q 

xonoxonoo6pasHoro so36YJKAeHHH /43/ H /59/. Tax xax 1\x.l\q • I, 
TO 1\q ... 1/ 1\x 09HaqaeT' qTo npH T ... T c. KOrAa 1\x • e .... 

1 1\q- "'(' ... 0. llosToMy npu T ... T c HaquuaeT sos6YJKAaTbCH TOnbKO OAHa 

MOAa C q =Q, T, e, naxeT CTaHOBHTCH BCe mupe H mupe, KoppenH~OH
H3H AnHHa ( B TeOpHH naHAay COBU~aeT C KOppenH~OHHOH AnHHOH 
/45/ B nameA MOAenH. KpoMe Toro, cpeAHee snaqeHHe oT 112 

14 

•I 

< 11
2 > .. (k

0
Ta()(2Ka2 )- 1 , /60/ 

B&JqncneHHOe AJIH cTauuoHapHoro pacnpeAeneHHH, coBnaAaeT c (11~ ) 2 

HS ~opMynhl /56/ C TOqHOCTbiD AO MHO.UTenH J/2, KaK H A0n.80 6hlTb 
B rayccoBCKOM npu6nuxeHHH. ~ypbe-xoMnoHeHTY KoppenHUHOHHOH ~YHK-

~H 

I xl 2 
2 "" --r iqx 2<11 >( /62/ 

§(q)=<1l > (e c; e dx.. 2 • 
-oo 1+(q(} 

llOACTaHOBKa <112 > HS /60/ B /62/ AaeT HaM: 

@(q)=(k
0
Ta( 2)(Ka2 r 1

(1+((q) 2 )- 1• /63/ 

TorAa AJlH socnpnHMqnsocTH x(T) nonyqaeM cneA~ee BhlP~e

Hne: 
2 2 2 -1 

X (T)=k
0
T§(O)•(k 0T) (a() (Ka ) • /64/ 

HaxoHeu, nOACTaHOBKa e HS /45/ B /64/ AaeT: 

k 0T 2 N J a
8 

. 
X (T) • ( Vi'a) JN(l F) ln(T/Tc). 

/65/ 

HsseCTHO/S2~ qTO BO MHOrHX cnyqaHX BKn&Ahl pasnHqHb~ HenHHeHHbiX 
HOpManb~X MOA B raMHnbTOHHaH H B APYrHe HHTerpanhl ABHXeHHH 
nonHOCTbiD paSAenHIOTCH, ll09TOMy AJIH UOCTpOeHHH CTaTHCTHqe·cKOH 
MeXaHHKH B npucyTCTBHH nHHeHHbiX ~OHOHOB H HenHHeHHbiX BOS6YJK,IJ;eHHH 
Jlli 11 B nepBOM npH6nUXeHHH MOXHO nonbSOBaTbCH MOAenbiD HAeanbHOrO 
rasa npeHe6peraH sceMH BSaHMOAeHCTBHHMH. 0AHaKO B nenHHeHHOH 

' u 6 CHCTeMe cynepnOSHI.UfH HeBOSMOXHa, H UOSTOMy HenHHeHHhle BOS YJK,IJ;e-
HHH Jlli H nuneii~e ~OHO~ HenbSH cqHT3Tb HesaBHCHMbiMH • MOXHO 
TOnbKO AOUyCTHTb, qTO nenHHeH~e BOS6y.EAeHHH Jlli Hs-sa ManOCTH 
nnOTHOCTH H 3KCUOHeHUHanbHOrO saTyxaHHH He BSaHMOAeHCTBYIDT M~Y 
co6oH. 0AHaKO He06XOAHMO yqeCTb nonpaBKY K CB060AHOH 3HeprHH 
nHHeH~X ~HOHOB BcneACTBHe CABHra HX ~as B npHCYTCTBHH HenHHeii
~X BOS6y.EAeHHH Jlli. ,[leHCTBHTenbHO, TaK KaK KHHK AaeT qucTO 
6eSOTp~aTenbHhlH noTeHUHan BSaHMOAeHCTBHH C nHHeHHbiMH ~OHOHaMH, 
TO OH He MeHHeT HX AHCnepCHH. 0AHaKO 3TO BSaHMOAeHCTBHe npHBO
AHT K aCHMnTOTHqecKOMY CABHry ~aShl ~OHOHa, qTO, CO CBOeH CTOpo
~, BbiSbJBaeT HSMeHeHHe ITnOTHOCTH ~OHOHHbiX COCTOHHHH, He SaTpa
rHBaH UpH STOM ITnOTHOCTH CaMHX KHHKOB, Ho ITO Mepe npH6nHXeHHH 
T x T qucno u pasMephl HenHHeHHb~ Bos6y.EAeHHH Illi pacTyT, qTo 
npHBOAH~ K UOHBneHHID CHnbHOrO BSaHMOAeHCTBHH Me~y HHMH. HMeHHO 
STO numaeT TeopeTHKa BOSMOEHOCTH paCCMaTpHBaTb HenHHeHHbJe BOS-
6y.EAeHHH nn B ysxoii o6nacTH B6nusH Tc xaK HAeanb~ ras. 

IS 
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PyKOnHCb OOCTynHJia B H9AaTeJibCKHA OTAeJI 
3 asrycTa 1982 roAa. 

PaHrenoa A.M. Opo~aneHMe M~rKoA MOAW nPM naAepncoacKOM 
CTPYKTypHOM nepeXOA8 

P17-82-498 

PaCCMOTpe~ MOAen~, 8 KOTOpoM COCeAHMe MOHW C8~3aHW Me*AY co6oA ynpy
rMMM npy.MHKBMM, a 8nM~HMe KOnneKTMBM3Mpo8aHHWX aaneHTHWX 3neKTpoHOB npM 
naAepncoBCKOM CTpyKTypHOM nepeXOAe Y~MTWBaeTCA C no~~D noKan~HWX nPY*MHOK, 
C8~3W .. ~ K~ MOH C ero paBHOBeCHWM nono•eHMeM 8 CMMMeTPM~HOA .-ae. 
TaKMM otipaaOM, nony~HO ypaBHeHMe ABM*eHMA AnA napaMeTpa nop~AKa /00/ 'II TMna 
of>4, 0peA110118r8eTC~, ~TO KOnetiaHMe 00 8 otinaCTM atinM3M T c /KpMTM~eCKoA TO~KM/ 
eCT~ npQRan&HMe MRrKOA MOAW npM naAepncoBCKOM CTpyKTYPHOM nepeXOAe. 0o3TOMY 
MCcneAQBBHW peDeHMA ypaBHeHMM ABM*eHMA AnA 00 'II 8 OOeMX otinaCTAX. HaAAeHW 
3HepreTM~eCKMe cneKTpw 3neMeHTapHWX B03tiY*AeHMM M TeMnepaTypHwe 3aBMCMMOCTM 
MX napaMeTpoa /~MCna, aMnnMTYAW M rOnACTOYHCKHe ~acTOTW/. 0peACTaaneHW 
$M3M~eCKMe M MaTeMaTH~eCKMe CBA3H M COOTBeTCTBHA Me*AY npeAnO*eHHOM MOAen~D 
M KnaCCM~CKoA TepMOAHHBMM~ecKoA penaKca~MOHHOM MOAen~D. 

Pa6oTa awnonHeHa a natiopaTOPMH TeopeTM~ecKoM ~M3HKM OKAM. 

Rangelov J.M. Manifestation of the Soft Mode During 
the Pelerls Structural Transition 

P17-82-498 

The model Is considered, in which the neighbouring Ions are connected 
by springs. The Influence of the collectivized valence electrons during 
the peierls structural transition on the ion motion are considered by means 
of other springs, which connected every ion with equll lbrlum position In 
the symmetrical phase. Thus an equation of motion for order parameter 'II 
from type of> 4 is bbtained. It is presented that fluctuations of the order 
parameter ., in a region near the critical point Tc Is manifestation of the 
soft mode during the pelerls structural transition. For that reasons the 
solution •f the motion equation for order parameter ., Is Investigated in 
both regions. The energy spectrum and the temperature dependence of other 
parameters (number, amplitude and goldstoun frequence) of the elementary 
excitations are obtained. Physical and mathematical relations and corres
pondences between presented model and classical thermodynamical relaxation 
model are considered. 

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