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AKceHOB B.Jl,, lllpaii6ep 10, 
Pl7 - 11753 

Heycrofl'lHBOCTb pewerKH CBSI3aHIILIX nceanocnuH-IjloHoHnLIX 
cucre~t 

Pa3BHT caMocornacoaaHHLiii Meron OfiiiCaHHH nHHBMHKH f\.10ll€llli CBH.:Jau

ao.n nC€BllOCITHII-clJOHOHHOil CHCT8Mbl 1 B KOl'OpOil KCl/KJl.8H H3 IIOHCH:CT€M -

KBK flC€D.[l0CfiUHOBaH, TBK H rf:'oiiOHfiBSI, MUfi{CJ' 6b!Tb HeyCTOfttBtBOl'i OTHOCH

l'CilbiiO KollneKTI!BHOro ao36y"neHHSI coor!lercrayiOPlero rurra, llccnenyercSI 
BIIH!IIIIte C!lH31t Me>Kny rroncucre'I8MII Ha xapaKrep <!Ja3oaoro IIep,xona 
H llOBCll€Hif€ 4llf31I'·I€CKUX Be:llt4HH B MOtl€llH BhTlll€ H HHM€ T€~1f!CpllTypb1 
rrepexoaA. Pc3yllhTaTbi '-II!Cllt:!HHDIX pac·-Ieron llll51 ~toaeiiH, Koropa.H ~to*er 

6bil'b !lCnonL30llaHa rrpu n3y'leiii!It <jJa30llhiX nepexonoa B coenn IIGHIIHX 
pellK03Cl\t€llbHbiX Merannoo, ~eppoMarHeTHKOB, cernerosneKrpn~os, 

conocraansuorcg c 3KcnepuMeHTallbHhiMH .a.aHHbiMH nng cerneroJneKTpuKa 
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Pa6ora BLmonHeHa B Jla6oparopnu rcoperH'leCKoil ljlii311Ku OIHH1, 

npenpnnr 06bet:lHHeHH0£'0 nHcnnyra Rt:lepHbiX HCCneaOB81!IIB. Dy6na 1978 

Aksenov V.L., Schreiber J. P17 - 11753 
Lattice Instability of Coupled Pseudospin-Phonon Systems 

A self-consistent appronch is proposed to describe the dynEl
mics of n coupled pseudos}')in-phonon mcxlel system \vllc-t·e each 
of the subsystems, pseudospin and phonon ones, se>pc"lt\ttely can IJe 
unstable in t•espect to the corresponding collective excibtions. 
The influence of the coupling between subsystems on the character 
of phase transition and physical quo.ntities of the mcxlel nre inves
tigated both above and below the phose b·ansition temp•et·ature. The 
results of numerical calculntion!> for the mcxlel thnt can be used 
for the investigation of phase transitions in compounds of rare
earth metals, ferromac;netics, fen·oelectrics, etc., are compared 
with experimental data for the ferroelectric KH 
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1. BBEllEHI1E 

c:I>H3HK8 TBepaoro Tena H3Y'Ia8T uenhiH pHA C08t:lHH8HJiH. 

(cerHeT09neKTpHKH, CB8pXllpOBO,I:\HHKH 1 M8f'HHTHb!8 M8T8-

pH8nbi H ap.) 1 H8li60nee HHT8p8CHbl8 CBOHCTB8 KOTOpb!X 

CBSI38Hbl C npOHCXOASilliHMH B HHX CTpyKTypHbiMH npeBp8-

lli8HHSIMH. C TO'IKH 3p8HHSI t:\HH8MHKH peweTKH Haf'nHt:{HOH 

HHTepnpeTauaeil: TaKoro npeBpameHHH cny*HT npeacTaB

neHHe MHf'KOH MOAb! fHH36ypra-AHaepcoaa-KoKpeHa /l/. 
OaHaKo cymecTBOB8HHe MSII'Koii MOAb! - HeycToii<JHBOCTH 

KPHCTanna ilpii onpeaeneHHOH TeMnepaType OTHOCHTenbHO 

KpHTH'I8CKOH cpOHOHHOH MO,[\bl C H8KOTOpb!M BOnHOBbiM .... 
B8KTOpOM q O SIBnHeTCSI CKOpee pesynbTB.TOM cjJ830BOf'O 

nepexoaa, H He pacKphiBaeT MexaHH3Ma TaKoro npeBpa

meHHSI B KpHCTannax. ilnH ilOnHoro TIOHHM8HHSI 9KCTI8pH

M8HTanbHbiX pe3ynbT8TOB He06XOt:{HMO TIOCTpOHTb nocne

t:lOBaTenhHyiD t:\HH8MHKY pellieTKH, 'ITO npeacTaBnSieT co6oil: 

B8CbM8 TpyaHyiD 38t:l8'IY BBHt:lY cno*HOCTH KpHCTannH'I8C

KHX CTpyKTyp T8KHX C08t:{HH8HHH. B 9TOH CBH3H CT8HOBHT

CSI 8KTyanbHOH pa3pa60TK8 npOCTb!X MOAenefi, ll03BOnmo

lliHX H8 K8'I8CTB8HHOM ypOBH8 TIOHHTb M8X8HH3M B03HHKHD

B8HHSI HeyCTOH'IHBOCTH B p8lli8TK8. 

CpeaH coeaHHeHHii, npeTepneBaromHx npespameHHSI, 

HM88TCSI lliHpOKHH Knacc B8lli8CTB 1 B KOTOpb!X MO*HO 

Bbit:{enHTb H8KOTOpyro ll0t:{CHCT8MY C t:lHCKpeT~rH COCTOSI-

HHHMH, nOK8nH30B8HHb!MH H8 ysnaX peweTKH • 3TO 

MOf'yT 6b!Tb 9n8KTpOHHhi8, MOneKynSipHbi8, BH6pOHHbi8, 

9KCHTOHHhi8 H apyrHe cocTol!HHSI. B npocTeiiwHx cny<IaSIX 

HX MO*HO OTIHC8Tb B cpOpM8nH3Me llC8B,I:\0CllHHOBb!X 

nepeMeHHhiX. THTIH'IHhiMH npHMepaMH TaKHX coeaHHeHHfi 
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SIBJISIIOTCH CerHeT08J1eKTpiiKII C BO/lOpO/lHb!MII CBH3HMH 

TIIIIa KH 2P04 , pe/lK03eMenbHhre MeTannbr TIIna coeJliiHe-

HIIit Ha OCHOBe Dy II Pr, tjleppoMarHeTHKII TIIIIa Fe30 4 
II llPYPIIe 13 • 4 /. Ba>KHYIO ponb B B03HIIKHOBeHHH tjla3oBo-

ro nepeXO/l8 3/leCb HI'paeT CBH3b C perueTKOll IIJIII, llPYI'II

MII cnoBaMII, nceB/lOCTIIIH-tPOHOHHasr CBSI3b, Opii aToM 

MHI'K8H MO/l8 BCeit CIICTeMhl B03HIIK8eT K8K pe3yJ1bT8T 

f'II6pii/lH38UIIII tPOHOHHOll II TICeB]lOCTIIIHOBOll MOll, Dpii'IeM 

ee xapaKTep cywecTBeHHo 38BIICIIT oT CBH3H. B npocreit

WHX MO/leJIHX Y'IIIThlB8J10Cb B381IMO/lellCTBIIe C rapMOHII'IeC-

Kl!Mll tPOHOH8MH /2-5/, 0JlH8KO B o6rueM cnyqae tPOHOH-

H8H MO/l8 HBJ1HeTCH TeMnepaTypHG-38BIICHWeit, 'ITO OC06eH

HO B8)1{H0 Y'IIITb!B8Tb Tipii paCCMOTpeHIIII CTpyKTypHb!X 

npeBparueHHit. Eonee Taro, B03MO)I{Hbi cnyqaii, KOI'Jla 

rapMOHII'IeCKOe npii6JIII)I{eHHe He o6ecne'IIIB8eT yCTOll'IHBO

ro OCHOBHOI'O COCTOHHIIH, TOI'/l8 /lJIS! ero CT861IJIII38UHH 

Heo6xO/lHMo Y'~HThiBaTb aHrapMOHH'IecKoe B38HMO/leitcTBHe/6/. 

B HacTosrweit pa6oTe Mhi paccMoTpHM MO/lenb CBH3aH

HOit TICeBJlOCTIHH-tPOHOHHOll CHCTeMbi, B KOTOpoit MO)I{eT 

6h!Tb HeyCTOll'IHBOll OTHOCHTeJ1bHO KOJIJ1eKTHBHb!X B036y>K

]leHHit K8K TICeB]lOCTIHHOB8H, TaK H tPOHOHH8H TIO/lCHCTeMblo 

B oTnuque OT npe/lbi/lYWHX pa6oT 16 , 7 I, llHHaMHKa 

MOJlenu HCCJ1e]lyeTCH K8K BbiWe, T8K H HH)I{e TeMnepaTyp

HOf'O tjla3oBoro nepexoJla, a TaK)I{e 6onee JleTanbHO 

HCCJie]lyeTCH TIOBe]leHHe tPOHOHHOll MO/lbl H ponb CBH3H 

B MeXaHH3Me B03HHKHOBeHHH MHI'Koit MO/lhi. B pa3Jlene 2 
o6Cy)I{Jl810TCH f'8MHJ1bTOHH8H MO/lemf H YCJIOBHH paBHOBeCHH 

cucTeMhr. B pa3]lene 3 pa3BHBaeTcsr caMocornacoBaHHhrit 

TIO/lXO/l /lJlH 0TIHC8HHH JlHH8MHKH CBH38HH0ll TICeB]lOCTIIIH

tPOHOHHOll CIICTeMhl, OonyqeHa C8MOCOI'J18COB8HH8H CIICTeMa 

ypaBHeHHll B DpH6JIII)I{eHHH C8MOCOI'J18COB8HHOI'O tPOHOHHOf'O 

TIOJIH /lJIH tPOHOHHOll TIO/lCIICTeMhl II B Dpii6JIH)I{eHIIII X80TII

qeCKIIX tjla3 JlJIH nceBJlOCTIIIHOBoit. B paGnene 4 paccMoTpeH 

tjla30Bblll nepeXO/l B MO/leJIII II TipOBe]leH 8H8J11I3 8KCTiepii

MeHT8J1bHbiX naHHbiX Ha npiiMepe cerHeToaneKTpiiKa KH
2
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4
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2. fAMMnbTOHMAH MOnEnM M OAPAMETP 

OOPHnKA 

PaCCMOTpHM MO/leJib COe]liiHeHIIH, B KOTOpOM MO)I{HO 

Bbi]leJ1HTb ]lBe TIO/lCHCTeMbl B TOM CMbiCne, B K8KOM 3TO 

o6cy)l{nanocb BO BBe/leHIIII. CneKTp tjloHOHHoit TIO/lCHCTeMhi 

B o6rueM cnyqae MO>KeT CO/lep)I{8Tb MHI'KYIO MOllY • faMIIJ1b

TOHII8H ]lJIH TIOCJie]lHeit 38TIIIWeM B MO]leJ1bHOM BII/le /S.9/: 

p? X~ X~ 
H,1,= 2 [ - 1

- -A --1 +B --1 
] + 

'+' i 2m 2 4 

1 2 
+- 2 rt. .. (x· -x ·) I 2 2 ij 'P IJ I J ' 

( 1 a) 

f'Jle Xi - J10K8J1bH8H HOpMaJ1bH8S! KOOp/liiHaTa, KOTOpaH 

OTIIICbiBaeT CMerueHIIH aTOMOB B i -TOll 3J1eMeHTapHOll 

H'leiJ:Ke, yqaCTBy!OWHX B JlBHHOM HOpM8J1bHOM KOJie6aHJm; 

pi - conpsr)l{eHHbie IIMnynbchr, m- npiiBeJleHHaH Macca. 

napaMeTp A onpe]lenS!eT upeBbi!lleHIIe CIIli nanbHOJleitcT-

BIISl H8/l KOpOTKOJleitCTBYIOWIIM OTTBJ1KHB8HIIeM B gqeiJ:Ke 

II CBH3aH c aHeprueit HyneBbiX tjlnyKTyauiiit w6 = A I m . 
B3aHMonei1CTBIIe ¢ ij xapaKTepii3yeT ~cnepcHJO KPHTII-

qecKoit MO/lbl H oueHHBaeTCH '18CTOTOll n 0 = ¢o I m . 
¢o=! ¢if Benii'IIIHY aHrapMOHII'IecKoro B3aHMoneitcTBHH 

X8p8KTepii3yeT 6e3p83MepH8H KOHCT8HT8 CBH31I f O = 
2 4 ---nl 

= ¢o /A =¢oS 0 /BS 0 , rne 2S
0

(=2yA;B) - paccTosr-

HHH Me)I{JlY JlBYJ\"H MHHHMYM8MII B 0/lHO'IaCTII'IHOM TIOTeH

UH8J1e, KBaHTOBhle CBOllCTBa MOrtenii xapaKTepH3YIOTCH 

napaMeTpoM .\ =wo /2V0 , rile Vo=A2 /4B- BbrcoTa 

llOTeHUII8J1bHOf'O 6apbepa B O/lUO'I8CTII'IHOM llOTeHUH8J1e. 

0o]lCIICTeMa C /lHCKpeTHbiMH COCTOH!ffS!MII, J10K8J1H30B8H

HbiMH Ha yanax peweTKH, B npocTeitweM cnyqae onuchrBaeT

csr raMunbTOHIIaHoM Monenii M31IHra c nonepe'IHhiM no-

neM /3,10/: 
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X 

H11 =-r r si -1/2 i 
z z 

Jij si sj • ( 15) 

rae Six, S iz - onepaTophr ncesaocm-ruos, oonaaa!Oum:e 
CBOl!CTBaMII onepaTopa tni!Ha 8 ""1/2 . 3Ta OTHOCI!Tenb
HO npocTag Moaenb coaep~IIT B ceoe sechMa pn3HOo6pa3-
Hbre ¢H31!'-IeCKIIe CBOHCTBa, fl onepe'-!HOe none f' B ( 1 a) 

MO~eT npiiBOai!Tb K nOHBneHIIIO KOnneKTIIBHbiX B030y~aeHI!fi. 
flpu 8TOM < S( > I= 0 npu scex TeMnepaTypax; ynopHao-
'-IeHae ~e Cni!HOB no OCII Z , < 8 f > f= 0 IIII:tl<e 

HeKoTopofi TeMnepaTypbi T c ( ¢a30Bbifi nepexoa 3a C'-IeT 
o5Meuuoro B3auMoaeficTBIIH J ij ) B03MO~Ho numb npu 

[' ~~~II~!d:fi:~::~K:e:~;q~:~~HC~~~a~~ ~O~II·ill~~ '"1 J ij 
npocTefiwefr ¢opMe 121: 

H r1'"' l T .. x. S ~ 
ll~ ij IJ 1 J 

( 1 B) 

flpupoaa B3ai!MO.[lefiCTBIIH MO~eT 6hlTb C8MOll pa3HOH
1 

uanpnMep, ::meKrpocraTH'-IecKofi 151. 
flonHhlll raMIInbTOHII8H Moaenu !!MeeT BII.[l 

H = H¢ + H n + Hn¢ ( l ) 

flpu TeMnepaType ¢a3osoro nepexoaa B Moaenu (1) 
B03HI!Ka!OT paBHOBeCHb!e CMeWeHIIH 8TOMOB b = <Xi '-" , 

coorseTCTBYIOWIIe MIIHIIMYMY csoooauofi anepruu. Beni!'-III
Ha b HBnHeTCH na;>a:'VfeTpOM nopHaKa II MO~eT 6b!Tb 
onpeaeneHa 1!3 ycnOBIIll paBHOBeCIIH ang HOpManhHOfi 
KoopauHaTbi B y3ne perneTKII i : d < i pi (t) >I d t = 0. 
I1 cnonb3YH ( 1) 1 nonyqaeM ypaBH8HIIe 

( 
2 z 

77 77 - 1 +3y ) = t 0 <S > , (2) 

rae sseaeHhl 5e3pa3MepHhle senu'-IRH~ 

7J=bviBIA, 

6 

y -< u 2 > (BIA), 
I 

t
0 
=iT .. I(AyAIB) 

j IJ ' 

U. = X. - b - ,l:lHHaMI!'-IeCKHe CMeWeHIIH OTHOCI!TenhHO 
I I 

pasuosecHhlX nono~eHufi. Ypasnenue (2) nonyqeuo B 
npu6nu~eHIIII CaMOCOrnaCOBaHHOrO ¢oHOHHOrO nang, B KD
TOpOM He y'-IHTh!Ba!OTCg qneHbr 6onee BbiCOKoro nopgaKa 
< uP > . T aKae Koppenguua Hecyrnec TBeHHbi B cnyqae 
OTHOCI!TenhHO cna6oro aHrapMOHII3Mal91, 

B ypasueuue (2) sxoauT cpeaHHH "uaMarHu'-IeHHOCTb" 
< S z > - napaMeTp nopgaKa B ncesaocnuuosofi noacuc-
TeMe, B pa6oTe 1101 6bJno noKa3aHo, '-ITO B Moaenu 
( 1 a) ypasHeHae ang <S z> B npu6nu~eHIIII xaoTu'-IeCKIIX 
¢a3 !!MeeT TaKOfi ~e BIIa, KaK II B npu6nu~eHHII MOneKy
nHpHoro nang, 3aecb Mbr ang ynporneHIIH pacqeToB soc
nonh3yeMCH 8TIIM pe3ynhT8TOM, '-ITO ¢aKTII'-IeCKII 03Ha'-IaeT 
npu6nu~euae cna6ofi CBH31I, Toraa ypasueuug anH <S z> 
H <8 x > npHMYT BRa 

<S z> 

X 
<S > 

h h ,\ ) _z_ th(--- • 
2h T 

_L._ th (_!0_) 
2h T 

T _ e ---- ( 3) 
Vo 

z 
rae h - npoaonbnoe MoneKynHpHoe none hz=j o<S >+2to7JIA, 
. z 2 2 
J 0 ,., J g=o 1 w 0 ; h ,., v h + y • y = r 1 w 0 . 

Ypasuenug (2) a (3J caMocornacosaHHbiM o6pa3oM 
38BI!CgT OT CpeaHeKBaapaTII'-IHhiX CMeiUeHI!ll < U f >, KOTD
pb!e MO~HO Bbi"II!Cni!Tb MeToaoM llBYXBpeMeHHb!X ¢YHKUIIR 
fpRHa 1111. 
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3, CAMOCOfJIACOBAHHOE Bb!Y~ICJIEHHE 
KOPPEJIHW10HHb!X <t>YHKUHM CMEWEHHM 

PaCCMOTpHM KOMMyTaTOpHhle cpyHKUHH fpnqa (¢f) OT 

orrepaTopoB CMeiUeHn.ti 

"" dw iW(t-t') 
D .. ' (t-t')~«u.(t); u.-(t')>>=f -

2
-e D .. ·(cv),(4) 

II I I -ooTT 11 

lg 11 I 
rae rrpHHSITbi o6br'IHbre o6o3!ra'IeHHH 1 

• • CocTaBJISIH 

anSI ¢If ( 4) ypaBH8Hli8 aBIOKBHliH C raMHllbTOHHaHOM ( 1 ) , 
anSI cpypbe-KOMIIOH8HT ¢If B IIpU6JIH.>KeHUH C8MOCOriTElCOB8H

HOrO cpoH~HHOro IIOJISI /9/ << ui3 ; Ui >> = 3 < U~ > << U i ; U j >> =o 

= 3(A/B) y<<u i ;u j» nonyqaeM ypaBHeHne: 

D .. , (w)=P~?)(w)+ 2. d?>(w) P .. , (w) D\0),(w). 
11 11 j j ' IJ J J J I 

(5) 

B ypaBHeHHJI (5) <l:>f D~?) (w ) - <t>f HCCBH3aHHol1 

(npu Tij = 0 ) cpoHoHHoii rroacJicTeMbr, ypaBHeHJie anH 
rrpOCTpaHCTBeHHOI'O cpypbe-o6paaa KOTOpO.ti JIMeeT BUll 

--> --> ... 

D <_?) (w) = L ei q (Ri-Rj )D .<.O)(w)- ___ 1 __ 
q · · IJ - 2 2 -

IJ W - W ., 
(G) 

q 

~ac 3HeprliSI OIITH'.J8CKOA cpOHOHHOM MOllhl B 6e3pa3MepHbiX 

rrepeMeHHwx BhlpaMaaTCH cnenyJOmn~ o6pa3oM: 

2 2 2 2 ' w_, /w 0 :A.._, ""~+(f -f-.)=o3(77 +Y)-l+(f -f-.), ,_7) 
q q 0 q 0 q 

8 

;, 

' 

I 

rae !\ - 3cpcpeKTUBHbiM oaHO'!aCTlfliHblM IIOT811UHall, OIIpe

ll8ll5IIO!UliJI uenb 11 crreKTpe. 

"ITonHpn3aunoHHbi.ti orrepaTop" B (5) Dbrpa.>KaeTCSI 'Iepe3 
CIIHHOBbie ¢If: 

zz 
P .. , ( w ) = 2. To G n~, ( w ) T ", . , . ]] ee' Jr u [ J 

(8) 

CrruHOBhle ¢f naAaeM B rrpu6nuMeHan xaoTuqecKnx 
cpa3: 

«Sp gY 
I 

I~ s . >'> 
J 

=<Se:·«Si . S {3» +-
' J 

<S Y" <<"a ·s (3 + . / "". . I C .J 

B KOTOpOM ypaBHeHHe Llll.SI KOMMyTaTOpHOM CIIHHOBOM ¢f 

G a{i . s(J. ,(3 . 
pp' =<<. e ; L> C' '> rronyqaeM B BJI}.'~e 

n a{1 ( ) · s:o S Y . r G y{i ( ) 
uJ '"'ee' w =turf' (af3y < e ' -I fcuy H' w 

(9) 

. J z a yf1c ) . s Y "' - < . > a z f-3 < ) - l f h o nn • w - l f < • 0 > ?.. .J n cv n , cv • a z y c rr a z y t . r j jt 
J 

f';l''-! Mbl BB8Jlli 3cpcpeKTHBHOe none He H 3ci:lcp8KT!fBHOC 

B38HMOaeficTBH8 J~j (w) 

H ~ = L ( J 0 < 3 z > + T 0 b) "" .J < S z> + T b 
r tj j tj 0 0 ( 10) 

') ql 
- ( ) T ") T n< 0)( ) T J J ' Jn.\W=··~--- n . .,,w ·'·""n.-·n. tll) 

£] lJ [I II I J l.J t] 

~) qJ 
B OTJI!i•me oT o5brr.JHm,'J nonxona /2 ,5~ 8AeCh J Cj 

.3CJB!1CHT or Twvmepal'ypbr qepc3 rJJ ~ a. 6onee ror•o, 

MO.>Kel' HeurpaHII'WHHO B03pacran,, ecmr B 4JoHOHHOU 
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ITO.[lCBCTeMe B0311IH<HeT HeyCTOH'-IBBOCTb OTHOCBTeJlbHO 

MSIT'KOH MO.Clbi. TeM He MeHee, c ¢opManbHOH TO'iKB ape

HUH ypaBHeHBe (9) HMeeT T8KOH •e BB,n, K8K B ,nng 

o6bi'iHoii: Mo.nenu HsuHra c nonepe'iHbiM noneM /1°/. Pe

ruas ypasHeHue (9) oTHocuTenbHO G fl' (w) u ucnollh

sy s ( 8), ( 5), nonyqaeM Bbipa•eHue .nns ¢oHOHHOii: ct>f: 

D-+(w) 
q 

2 g 
~~_g_ 
2 2 2 2 

(w -w _.)(w -w .... ) 
q+ q 

(12) 

3 HeprBH CBH38HHb!X nceB.[lOCITBH-clJOHOHHb!X 

onpe.nenseTcs Bbipa•eHueM 

B036y•.neHBH 

2. 2 
2 2 2 0 q + Eq 

w .... + I w 0 = n .... + = ± q_ q_ 2 

±v< 
Q2->-E ~ 

q q 
-2-- ) 2 X 2 

+ y<S > t-+/A 
q 

( 13) 

2 2 2 
r.ne o-quMeeT BH.n (7), a Eq=fq/wo - 9HeprHH 

B036y•.neHHH B ITCeB,nOCllHHOBOii: ITO.[lCBCTeMe: 

2 2 2 X 
E q = h z +Y -y <S > j q . (14) 

KoppenHUHOHHaH ¢yHKUBH CMerueHHH y '"'< ur >I (A/B) 
Bbl'iHCJIHeTCH C ITOMOIUblO ( 12) H CITeKTpanbHbiX npe,ncTaB-

neHHH / 11 / H BMeeT BB.Cl 

+1 d v p ( v) A 
y --I 2 

- 2 -1 0 2 (v) -O_(v) 
+ 

Q2(v) -E2(v) ( [ _ _± ___ cth 

20 (v) 
+ 

2 ....2 2 
0-(v)-.1!.; (vbth ( il_(v)A ) ] . 

2 O_(v) - T 

B ( 15) Mbi neperunu oT cyMM K BHTerpanaM 

10 

0+ (v)A 
. )-

T 

(15) 

+1 
_1_ l ¢ ( r -• . j -., t -.) = f d v p 

0 
( v) ¢ (f 

0 
v • j

0 
v • t 

0
) 

N -+ q q q -1 
q 

C ITOMOI!lb~ MO.[l8JlbHOH ITJIOTHOCTB COCTOHHHH 

Po (v) = ~ V 1 -v2 . 
TT 

(16) 

3,neCb Mbl rrpe,nnonaraeM, 'iTO ITJIOTHOCTb COCTOHHUH B03-

6y•.neHHfi B ¢oHOHHOA u nces.nocnuHoBoii: rro.ncucTeMax 

O.[lHH8KOBa, HO pa3J1H'iHa lliHpHHa 30H. 

Vi TaK, Mbl nony'-IHJIH CaMOCOrnaCOB8HHyiO CHCTeMy ypaB

HeHHii: (13), (14), (7), (2), (3), (15) JlllH OITHC8HH51 

JlllH8MHKH H TepMOJllfH8MHKH CB5138HHOA CITHH-clJOHOHHOH 

CHCT8Mblo 

4, ct>A30Bb!H nEPEXOll B MOllEm1 

PaccMoTpHM caMocornacosaHHy~ cucTeMy ypaBHeHHH 

(13 ), (14), (7), (2), (3), (15). Kor)la ¢oHOHHast n 

ITC9BJlOCITHHOB851 ITOJlCHCTeMbl He CB5138Hbl (tO= 0), B 

Ka*JlOii: ll3 uux Mo•eT npousoATH ¢asoBbiA nepexo~. B 
TIC9BJlOCITHHOBOfi ITOJlCllCTeMe ( 16) 1 KBK 1:13B8CTHO a/, llpl:l 

onpe)lelleHHOA TeMnepaType T ~ B03HHKaeT CITOHTaHHOe 

ynop51Jl0'i8Hlfe CITHHOB npH ycnoBHH r < r~ = J 0/2. B ¢oHOH

HOA CHCTeMe B03MO*HOCTb B~3HfKHOB8Hl151 HeyCTOl!'-IHBOCTll 

onpeAenHeTcH napaMeTpoM A 12 . l1 cnonbsyg (2), ( 15), 

a TaK•e ( 7), nonyqaeM 

+1 YPo(v)dv 
3 A J - --

r/=1 -;r -1 ~r(+fo (f-y) 

-j2rl+tQ(1-r-'~). ( 17) cth(--
T 

0TC~Jla BHJlHO, '-ITO perueHHe 1J ~ 0 cyrueCTByeT TOJlbKO 

npH A < A . npH T = 0 . KOI"Jla cth ( •.• ) = 1 • 
c 
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2 - +1 -_ -- 2 vfo -
A c= -3 TT yf ol f v y'l+v dv = -- -- =v fo/0~56568.(18) 

-1 3 ~1 

TaKHM o6pa30M1 <jla30Bbri1: nepexoa B03MO)KeH TonbKO B 

TOM cnyqae1 KOI'AB peiiieTKa COCTOMT H3 OTHOCHTenbHO 
2 ,-~~ A -2 

TSI)KenbiX KOMITneKCOB HOHOB npM ID > ( "'3'" -~ -
8 

) 
~ 1 

4T06bJ OUeHHTb BnHSIHHe CB5I3M Ha llOBeAeHHe CHCTeMbl 0 

paCCMOTpHM CaMOCOrnaCOBBHHYW CHCTeMy ypaBHeHHH 

B naparpa<jle B npu6nw)KeHMH cna6oi1: CBSI3H H B rrpw6nH)Ke

HHH MOneKynSipHOI'O nonH. Pa3naraH cth B Bb!COKOTeMne

pa TypHOM rrpeaene 1 8Hepi'HW CB5I38HHbiX B036y)KAeHHH 

(13) npeACTBBHM B BMAe ABYX BeTBeH, <jlOHOHHOITOA06HOH 

H ITCeBAOCllHHITOA06HOH 

2 2 y 2 t~ 2 -n, =flo + ------ -~2 · 
41 T n 0 -~y 

(19) 

2 2 2 2 y to ----~ 0 n = y - ------ 2 2 
T 0 o -y 

KaK BHAH01 KapTHHa <jla3oBoro nepexoaa ( o6paiUeHwe 

~-~ HO;J.b f2 cp n ) 38BiiCHT OT COOTHOIII8HH5I fl 0 Ii )' • 

B l~apMOHHq'ecKOM npu6moKeHHH ( MOJlenb Ko6aSIWM / 2 • 5/ ) 1 

BCeraa n 0 > y • B 3TOM cnyqae MSII'KOH SIBnHeTCSI 

nceBAOCllHH-<jlOHOHHaSI MOAB n n npH T ~n) "' 

=t~/(0}/).Y! HTepeCHO OTMeTHTb 1 qTo ITpH )' > )' c , KOI'AB 

H ITCeBAOCllHHOBBSI ITOACHCTeMa ycToi1:qHB8 1 nonHaSI CMCTeMa 

npeTepneBaeT <jla30BbiH nepexoa. M oaenb ( 1 ) no3BOnSieT 

paCCMOTpeTb H T8KHe CHTyaUHH 1 KOI'Aa OITTaqecKaSI 

MOAB 38BHCHT OT TeMnepaTypbl H MO)KeT CTBTb MeHbiiie 

y. B aToM cnyqae MSII'KOH HBnSieTcSI <jloaoa-nceBaocnw-

12 

HOBBS! MOAa llpH T ~¢> == 4 fo /3 + t ~ ( 4 - 1/ f O ) . 

Pa3BMTbiH 3Aecb caMocornacoBaHHbrii: noaxoa no3BOnH

eT1 B OTnHqHe OT BCeX npeAbiAYIIIHX paCCMOTpeHHH MOAenH 

THna (1) 1 yqecTb <jlnyKTyauHH napaMerpa nopSIAKa qepe3 

KoppenHUHOHHym <jlyHKUHW CMeiUeHHH < u~ > · CneacTBHeM 

3TOI'O SIBnSieTCSI nHH8HHOe llOBeAeHHe MSII'KOH MOAb! B6nH3H 

Tc. TaKHM o6pa30M 1 <jloHOHHaSI CHCTeMa c yqeTOM aarap

MOHii3Ma cyiUeCTBeHHO MeHHeT XapaKTep llOBeAeHHSI CITHHD-

BOH CiiCTeMbi 1 rae rrpH t 0=0 E~,l-th(4-)/th(Yl_), 
T8 

nnSI 6onee .UeTanbHOI'O OITHC8HH5I CHCTeMbl1 a T8K)Ke 

.nnH nonyqeHHSI TeMnepaTypaoro xo.na napaMeTpoB nopSI.nKa 

KaK B napa-, TaK H B <jleppo<jla3e 6brnH npoBe.neHbi qHcnea

Hbre pacqeTbl llpH pa3nHqHbiX COOTHOWeHHSIX napaMeTpOB 

A , f o , y , j o , t o. B pe3ynbTaTe MO)KHO Bbi.UenHTb 

TpH <jlH3HqeCKH pa3nHqHbie CHTYBUHH, 

1, flpH t 0 == 0 B o6eHX ITO.llCHCTeMaX HMeeTCSI M5II'K85I 

Mo.na. B 3TOM cnyqae B ponH TpHrrepaoH: MO)KeT BhiCTy

naTb K8>KA85I H3 llO.llCHCTeM, B 38BHCHMOCTH OT TOI'O, 

KaKaSI H3 HHX SIBnSieTCSI 6onee "MSII'KOii: ". B o6owx cnyqaSIX 

TeMnepaTypa 1 llpH KOTOpOH o6paiUaeTC5I B HOnb CB5I38HH85I 

M5II"K85I MO.ll8 fl _, 6onbiiie1 qeM TeMnepaTypa o6paiUeHHSI 

B HOnb MSII"KHX MOil llO.llCHCTeMbl, 

2 • flpH tO== 0 B O.UHOH H3 llO.llCHCTeM HeT MSII'KOH 

MO.llhi, XapaKTep aeycToi1:qHBOCTH onpe.nenSieTcSI ToM: 

llO.UCHCTeMOH1 B KOTOpoii: HMeeTCSI M5II'K8SI MOAB. Ha pH C. 1 

npe.UCTaBneHa TeMrrepaTypHBSI 38BHCHMOCTb fl ± (q::O) llpH 

3HaqeHHHX napaMeTpoB A =7,5 1 fo =6, y=0,8, jo =2,0, 

t 0 =2. B aToM cnyqae B <jloHOHHOH noacwcTeMe <jla3oBoro 

nepexo.ua npH t 0 = 0 He npowcxo.nHT. CBSI3b c <jloHoHHOH 

cwcTeMoii: npHBO.UHT K yBenHqeawm T c nceB.nocnrrHoBoi1: 

ITOACHCTeMbl, 

3. flpH tO== 0 B o6eHX llO.llCHCTeMaX HeT <jla30BOI"O 

nepexo.na. Ha pH c. 2 npe.ncTaBneH pacqeT TaKoii: CHTyauHH 

npH 3HaqeaH SIX napaMerpoB A =715 1 fo =6 1 y = 1,21 

j 0 =2 10, t 0 =2. KaK BHAH01 rH6pH.UH3HpOB8HHaSI Mo.na 

CTaHOBHTCSI M5II'KOH1 llOK83b!B85I <jla30BbiH nepeXOA nepBOI'O 

poaa, 6nH3KHH KO BTOpOMy. 

06IU85I qepTa BCeX TpeX cnyqaeB COCTOHT B HanHqHH 

<jla3oBoro rrepexoaa nepBoro po.na, qro HBnHeTCSI cne.ncTBHeM 
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E+ 
3 

T 

0 2 6 10 14 1B 

PHc,l. TeMnepaTypHaH 38BHCHMOCTb 3HeprHH CBH38HHbiX 

nceBAOCITHH-¢oHOHHbiX ao36y)KABHHi1 rrpu q = 0 ( A =7,5, 

y =0,8, f 0 =6, j 0 =2,0, t 0 =2). Opu t 0 =0 ¢oHoHHaH 

ITOACHCTeMa ycToi1qHB8, B I1C8BAOCI1HHOBOM ITOACHCTeMe 

npoHcxoAHT c:t>n npH T = T ~. 

yqeTa ¢nyKTY8UHi1 napaMeTpa I10p5IAK8 B <iJoHOHHOM ITOA

CHCTeMe /9/. 3aMeTHM 1 qTO C yaenHqeHHeM CB5I3H 

yaenHquaaeTCH ponb 3THX ¢nyKryauHi1. 

MoAenh (1) rro3aongeT KaqecraeHHO noHHTh 3KcnepHMeH

TanhHbie A8HHbiB B CB5I38HHb!X CITHH-<}>OHOHHb!X CHCTeMaX. 

B KaqecTae npHMepa paccMoTpHM cerHeTo3neKTpHqecKI1i1 

¢a30Bbii1 nepexoA B KpBcTanne KH 2P04 . B rrocneAHee 

BpeMH AOCTHI'HYT cyUieCTBeHHbiM nporpecc B I10HHM8HHH 

AHH8MHKH MHI'KOM MOAhl B 3TOM C08AHH8HI1H 6naPOA8pH 

11CClleAOB8HHHM rrpH Bb!COKHX A8Bll8HHHX/ta/. 0K838ll0Ch 1 

qTo MOAenh Ko6aHrnH B o6mHx qeprax AaeT npaBHllhHoe 
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2t 
E+ 
""""""-

1 

0.6 

0.4 

0.2 r \ ./ 
T 

I I I I I I -~1 1 I I • 

0 2 4 6 8 10 

Puc.2. TeMrreparypHag 38BHCHMOCTh 3HepPHH CBH38HHhlX 

rrceBAOCITHH-¢oHOI!HbiX ao36y)KABHHi1 npuq = 0 (A =7,5, 

f 0 =6, y =1,2, J 0 =2,0, t 0 =2), OpH t 0 = 0 KaK 

¢oHOHH8H, T8K 11 I1C8BAOCI1HHOB85I ITOACHCTBMhl yCTOi1qHBhl, 

rrpeAcraaneHHe o MexaHH3Me ¢a3oaoro nepexoAa, XOTH 

He OITHChlBaeT rronyqeHHOM 3KCI18pHMeHT8llhHO lli1Hei1Hoi1 

38BHCI1MOCTH MHI'KOM MOAb! B naparpa<iJe, 

KaqecraeHHoe cornacHe pe3ynhTaTOB puc. 1 c TeM

neparypHoi1 38BHCHMOCThlO qaCTOT Q ± B pa6oTe /13/ 
I10K83bJB8BT, qTo He06XOAI1MO yqHTbiB8Th TeMrreparypHyiO 

38BHCHMOCTh ¢oHOHHoi1 MOAhl, OpH 3TOM ¢oHoHHaH noA-

CHCTeMa npu T.. = 0 AOll)KHa 6biTh ycroi1quaoi1. Eme 
IJ " " 

pa3 ITOAqepKHeM, qTo lli1H8HH8H 38BHCHMOCTh MHI'KOH 

MOAb! B naparpa¢e o6ycnoaneHa BKniOqeHHeM B cxeMy 

pacqeTa KOppenHUHOHHOM <iJyHKUHH < uf > · .il.nH KOllffqecT-

BeHHOI'O COI'll8Cii5I MOAenH C 3KCI18p!iM8HT8llhHbiMii A8H

Hb1Mii, K8K OTMeqanOCh B /13/, He06XOAI1MO eUie yqeCTb 
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38BHCHMOCTb OT TeMIIepaTypbl rrapaMeTpa CBSI3H t Q. 

TeMrrepaTypHoe rroaeaeHlie MOll n ± B cpeppocpa3e 
aMeeT IiHTeprronmmoHHbiM CMbiCn, rrocKonbKY rrpa T .... T c 
CT8HOBiiTCSI cymeCTB8HHb!M B38IiMOll8MCTBHe C U8HTpanh
HOM MOllOM /!S/. llnSI paCCMOTpeHliSI 9TOI'O BOIIpoca 
IlpHHSITb!8 B ll8HHOH pa6oTe rrpa5nmKeHiiSI SIBnSIIOTCSI y}Ke 
HeaocTa TO<rHbiMli. KpoMe Toro, Heo6xoll'!-IMO aorronHaTh 
MOUenh ( 1) y<reTOM BnliSIHliSI IIpHMecei:J: Ii 1 BlillliMO, 
CBSI3b~ C 8KYCTH'l:8CKOH MO/lOH, 
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