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Cy~ecTeyeT HecKonbKO T~noe o6nacTe~ paaynoP~Ao4eH~~ 

B TBePAbiX Tenax. Hanp~Mep, np~ paA~a~~OHHOM B03Ae~CTB~~ o6pa-
3y~TC~ nop~ ~ MaKPOCKOn~4eCK~e CKOnneH~~ pa3n~4H~X Ae$eKTOB. 
np~ MeXaH~4eCKOM Hanp~~eH~~ B03H~Ka~T Tpe~~Hbl ~ CKonneH~~ 

A~cnoKa~~~. Bee 3T~ o6nacT~ paaynoP~A04eH~~ c T04K~ apeH~~ cTa
T~CT~4ecKo~ $~3~K~ MO~HO TpaKTOBaTb KaK 3apOA~W~ HeKOTOpO~ pa3-
pe~eHHO~ $a3~ a 6onee nnoTHO~ 111 . B cny4ae nop roeop~T o raao
eo~ $aae, e cny4ae cKonneH~~ Ae$eKToe - o6 aMop$~3~poeaHHo~ 
$aae. noAP06Hoe o6cy~AeH~e o6~~X CBO~CTB ~ ycnoB~~ B03H~KHOBe

H~~ TaK~x o6nacTe~ paaynop~Ao4eH~~. a TaK~e o6aop n~TepaTyp~ 
no 3T~M eonpocaM AaHbl e 121 • B 3To~ pa6oTe npeAno~eHa npocTa~ 
MOAenb,on~c~ea~~a~ cTaT~CT~4ecK~e xapaKTep~cT~K~ TBepAoro Tena 
co cny4a~Ho pacnpeAeneHH~M~ o6nacT~M~ paaynop~A04eH~~. B 4acT
HOCT~, 6~no B~~CHeHo, 4TO ecn~ 3$$eKT~BHOe B3a~MOAe~CTB~e Me~
AY 4aCT~~aM~ C~CTeM~ COOTBeTCTByeT np~T~~eH~~, TO ABYX$a3Ha~ 
C~CTeMa HeyCT0~4~Ba. 3TO 03Ha4aeT Hafi~4~e e'TeepAOM Tene TeH
AeH~~~ K aane4~BaH~~ nop. UAHaKo ~aeecTHo, 4TO HeKoTop~e Teep
A~e Tena c o6nacT~M~ paaynop~A04eH~~ MoryT cTa6~n~a~poeaTbC~ 
~ coxpaH~Tb ceo~ reTeporeHHY~ CTPYKTYPY AeC~TK~ neT. CneAo
eaTenbHO, AOn~H~ cy~ecTeoeaTb no Kpa~He~ Mepe MeTacTa6~nbH~e 
ABYX$a3H~e C~CTeM~, o6naAa~~~e TepM~4eCKO~ ~ MexaH~4eCKO~ 

YCT0~4~BOCTb~. C T04K~ apeH~~ TepMOA~HaM~K~, KaK OTMe4an~ 
Ya~AOM ~ Poyn~HcoH 131 , cocy~ecTeoeaH~e ABYX $aa c pa3H~M~ 
nnoTHocT~M~ B03MO~Ho np~ n~6biX TeMnepaTypax. KpoMe Taro, ~Me~T
c~ np~Mep~ APYr~x ycTo~4~e~x reTepo$a3H~x c~cTeM, TaK~x, KaK 
CMeC~ $eppo- ~ napaMarH~TH~X $aa 141 ~n~ KP~CTann~4eCKO~ ~ ~~
KOCTHO~ $aa 151 • B03H~KaeT Bonpoc, MO~eT n~ MOAenb pa6oT~ 12 

on~c~eaTb ~ TaK~e TeepA~e Tena c o6nacT~M~ paaynoP~Ao4eH~~. 
KOTOp~e C~n~ 6~ YCT0~4~B~ OTHOC~TenbHO TepM~4eCK~X ~ MeXaH~-

4eCK~X B03My~eH~~? 

0TeeT Ha 3TOT Bonpoc npeAnaraeTC~ B HaCTO~~e~ CTaTbe, rAe 
noKa3~BaeTC~, 4TO ecn~ B3a~MOAe~CTB~e Me~AY 4aCT~~aM~ ~MeeT 
xapaKTep OTTanK~BaH~~, To TBePAOe Teno c o6nacT~M~ paaynop~
A04eH~~ Ae~CTBHTenbHO CTa6~n~a~pyeTC~ B ~HTepeane TeMnepaTyp 
oT Hyn~ AO TeMnepaTyp~ pacnaAa, np~ KOTopo~ ec~ c~cTeMa nepexo
A~T B $a30BOe COCTO~H~e C MeHbWe~ nnOTHOCTb~. nn~ nOATBep~Ae
H~~ CKa3aHHOrO npoBOA~TC~ nOAP06Hbl~ aHan~3 OCHOBH~X TepMOA~Ha
M~4eCK~X $YHK~~~. 1 ltV' -- ··~-:;!-· 
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nocne ycpeAHeHHR no pacnpeAeneHH~ reTepQ$a3H~x o6nacTeH 151 

peHOPMHPOBaHH~H raMHnbTOHHaH TBepAoro Tena C o6naCTRMH paayno
PRA04eHHR HMeeT BHA /2/ 

H=Ht + H2 , 

1 1 1 1 H =-Lw (-w ¢-ll)+-W (-w ¢-ll) a 2 a4a 2a2a 

L 
~ a1 + 

1= 1 a 
/1/ 

L 

+ ..!.. wa2 I ¢ 1j a 1 a a j a ' 
8 1j 

rAe L - 4HCno yanos KPHCTannH4eCKOH peweTKH, ll- XHMH4eCKHH 
noTeH~Han, a

1 
= ± 1 , 3$$eKTHBHOe B3aHMOAeHCTBHe HOCHT OTTanKH-

v a 
saTenbH~H xapaKTep, 

1 L 
¢=- ~ ¢ >0. 

L 1J 1J 
/2/ 

wa o6oaHa4aeT sepoRTHOCTb $aa~ a, Aanee Hcnonbay~TCR o6o3Ha4e
HHR 

W.=W. • 
W-=1-w. ,:; . 

/~I 

nPH4eM w1 COOTBeTCTByeT TBepAOH, 6onee nnoTHOH $aae, w2 - paa
ynOPRA04eHHOH, MeHee nnOTHOH $a3e, 3Ha4eHHe W3aAaeTCR MHHHMH
aa~HeH TePMOAHHaMH4eCKoro noTeH~Hana/5/, CornacHo onpeAeneHH~ 
nnOTHOCTb TBePAOH $a3~ 

1 
8= -(1 +<a >) 

2 ilJ 

6onbwe nnoTHOCTH paaynoPRA04eHHOH $aa~ 

1 
b = - ( 1 + <a 

1 2 
>) 

2 

TO ecTb ycnosHe 

a > b 

/4/ 

/51 

/6/ 

RBnReTcR KPHTepHeM paanH4HR $a3. B AanbHeHweM YA06Ho Hcnonbao
saTb 6eapaaMepH~e TeMnepaTypy, XHMH4eCKHH noTeH~Han, 6onbwoH 
noTeH~Han H nnoTHOCTb: 

T: J!_ 
¢ . 

2 

ll 
ll* = ¢. 

n 
(L)w=L¢• n=-~ L' 

171 

AnR 6onbworo noTeH~Hana s npH6nH~eHHH cpeAHero nonR HMeeM 
2 2 (L) =2&(1-a)w +2b(1-b)(1-w)

w 

2 2 
a w - ll * w b ( 1-w) - ll* ( 1 - w) 

- T ln ch - T ln ch - --- • 
2T 2T 

!81 

XHMH4eCKHH noTeH~Han, KaK $yHK~HR TeMnepaTyp H nnoTHOCTH, Ha
XOAHTCR H3 HOPMHPOBKH 

1 n =- ~ w (1 + <a1 >) = w 1 a+ w 2 b • 
2 a a a 

/9/ 

MHHHMH3a~HR /8/ no nnoTHOCTRM $a3 AaeT 

(n-b)b[2ab-n (a+b)] 
2a .. 1-thl 3 I. 

2T(a-b) /10/ 

(n-a) a [2ab-n(a +b)] 
2b=1-th I I. 

2T(b-a)
3 

a MHHHMH3a~HR no sepORTHOCTH TBepAOH $a3~ npHBOAHT K paBeHCTBY 

w = n- b 
a-b 

I 1 1 I 

Ha ypasHeHHR /9/ cneAyeT 

a2 (n- b) + b2 (n-a) 

s~pa~eHHe AnR XHMH4ecKoro noTeH~Hana 

2 
(a- b) 

ll * = 
/12/ 

YpaBHeHHe COCTORHHR B 6e3paaMepH~X eAHHH~aX npHHHMaeT BHA 

p =..!. [ a2 w2 + b2 ( 1-w)2 ] - Tln [ (1-a) ( 1-b)] . 
2 

/13/ 

AnR BbiRCHeHHR ycTo~4HBOCTH cHcTeMbl Heo6xoAHMO Bbi4HCnHTb Tenno-

eMKOCTb 

Cv = T [ (.1.!_) 
aT o 

ln 1 - a + ( _2l_) ln ...L:..L ] 
a aT o b 

H K03$$H~HeHT C~HMaeMOCTH 

2 
K = (a-b) ta2 +b2 + (~) [ b2 (1-2w) - 2abw] + 

T 2 an T 
n 

+(~) [a2 (2w-1)-2ab(1-w)]l-l 
an T 

/14/ 

/15/ 
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C~cTeMa ycTOH4~Ba TepM~4eCK~, ecn~ TennoeMKOCTb nono~~Tenb
Ha ~ ycTaH4~Ba MexaH~4eCK~, ecn~ nono~~TeneH K03~~~4~eHT c~~

MaeMaCT~, 

Cv > 0, KT > 0. /16/ 

KpoMe Taro, AOn~Ho e~nonHRTbCR a4eB~AHOe ycnos~e 

0 < wa < 1, (a=1,2}, /17/ 

~3 KaToporo cneAyeT 

a>n, b<n. /18/ 

Ecn~ ycnos~e /17/ HecnpaBeAn~eo, TO pa3AeneH~e c~cTeM~ Ha o6-
nacT~ c pa3HbiM~ ~a3aM~ TepReT CMblcn, T. e. c~cTeMa reTepo~a3HO 

HeyCTOH4~Ba. B TOM cny4ae, KOrAa reTepo~a3HaR C~CTeMa C Tep
MOA~HaM~4eCKOH T04K~ 3peH~R 6onee BblrOAHa no cpaBHeH~~ C 4H
CTOH, 6anbWOH noTeH4Han /8/ AOil~eH 6b1Tb MeHbWe COOTBeTCTBY~~e
ro noTeH4Hana 4HCTOH TBePAOTeilbHOH ~a3bl: 

a -IJ.* 1 
w = 2 a ( 1 - a) - T 1n ch --- - T ln 2 - - IJ.* 

1 2T 2 
/19/ 

npH HyileBOH TeMnepaType eAHHCTBeHHOe peweHHe ypaBHeHHH /10/, 
YAOBileTeopR~~ee ycnoBHRM ycTOH4~eocTH /16/, /18/, onpeAenReTCR 
CHCTeMOH ypaeHeH~H 

.Gao-n(a+ D) =0, 

a (n- a) ln 1-a 1-b --+ b(n- b) ln ___ ,Q, 
a b 

( T ,Q) 

np~ cneAy~~eM orpaH~4eHH~ Ha cpeAH~~ nnoTHOCTb: 

0 <n <0,323 .. /20/ 

noeeAeHHe C~CTeM~ npH KOHe4HbiX TeMnepaTypax ~ccneAOBanOCb 
4~CileHHO. ~3 BCeX peweH~H Bb16~panHCb TOnbKO Te, AnR KOTOPbiX 
BblnanHR~TcR see ycnoBHR ycTaH4HBOCTH. nnoTHacT~ ~a3 KaK ~YHK-
4HH TeMnepaTYPbl np~ pa3n~4Hb1X cpeAHHX nnaTHOCTRX H3a6pa~eHbl 

Ha pHc. 1. BepaRTHOCTb TeepAoH ~a3bl npH ABYX 3Ha4eHHRX nnoTHo
cTeH a 3aBHCHMOCT~ aT TeMnepaTyp~ noKa3aHa Ha pHc.2. Ha APYrHx 
PHCYHKaX H306pa~eHbl cneAY~~He TepMOAHHaM~4eCK~e xapaKTepHCTHK~ 
KaK ~YHK4H~ TeMnepaTYPbl: XHM~4eCK~H noTeH4~an /12/ - Ha pHc.3, 
AaBneHHe /1/ - Ha p~c.4, TennoeMKOCTb /14/ - Ha PHC.5, K03~

~H4HeHT C~~MaeMOCT~ /15/ - Ha pHc.6, TepMOA~HaM~4eCK~e noTeH-
4Hail~ /8/ ~ /19/ ~ Ha pHc.7. KpHBble Ha scex PHCYHKax 3aKaH~ 
4~Ba~TCR B TeX T04KaX, rAe reTepo~a3HaR C~CTeMa TepReT yCTOH-
4HBOCTb H nepeXOAHT B 4~CTOe COCTORH~e, COOTBeTCTBY~~ee pa3yno
PRA04eHHOH ~a3e. 
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b -- ----= == === ::::. :::.;---- -----------0 3L n•QJl--:.-_-_-_-_-:_-:::----• ----::-=------:i;o,3--
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I 
_.n• 0,1 
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0 0,1 0,2 0,3 0,4 0.5 0,6 0.7 0.8 0,9 1 ll 1.2 T 
PHc.l. llnaTHOCTH TBepgoA ~a3bl lcnnomHwe nHHHHI H pag

ynOP.!IAO'IeHHOH ~a3bl lnyHKTHpHble nHHHHI npH pa3HbiX CpegHHX 

nnoTHOCT.!IX B 3aBHCHMOCTH aT TeMnepaTypw. PemeHH.!I 3agawT

C.!I ypaBHeHH.!IMH IIOI. KpHBbie 3aKaH'IHBawTC.!I B TO'IKax, rge 

CHCTeMa Tep.!leT ycTOH'IHBOCTb. 

J. .. 
vv 

0,4 

0,1 

0.1 0,2 0.3 0.4 0_.5 0,6 0,7 0,8 0,9 1 T 
PHc. 2. BepoHTHOCTh TBepgoti: ~a3bl I I I I KaK ~YHKIJ;H.!I TeM

nepaTypbi. 

npoBeAeHH~H aHan~3 noKa3~BaeT, 4TO ~MeeTCR ~HTepean TeMne
paTYP, B KOTOPOM Cocy~eCTBy~T ABe ~a3bl C pa3Hb1M~ nnaTHOCTRM~. 
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6onee nnoTHy~ ~a3y MOmHO HHTepnpeTHpOBaTb KaK TBepAOTenbHy~, 
MeHee nnOTHy~ - KaK HeKOTopy~ pa3ynOPRA04eHHY~ ~a3y /ra30BY~ 
HnH CHnbHOaMop~H3HpoeaHHy~/. PaCCMOTpeHHaR CHCTeMa OKa3~BaeTCR 
YCTOH4HBOH H TepMH4eCKH, H MeXaHH4eCKH. npH noB~WeHHH TeMnepa
Typ~ OT HynR nepBOH B03HHKaeT reTepo~a3HaR HeyCTOH4HBOCTb, 

0,3' }J· 

0,2 

0,1 
1 ....._____, 

T 
0,1 

0,2 

0,3 

0.4 

o.sl ~ 

PHc.3. XHMHqecKHH rroTeHQHan /12/ KaK <PYHKQHR TeMrrepaTypw. 

p 
I 

1,0 
0,9 
0,8 
0,7 
0,6 
0,5 
0,4 
0,3 
0,2 
0,1 

~ T 

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 
PHc.4. ,lJ,asneHHe I 13/ KaK <PYHKQHR TeMrrepaTypbi, 

6 

I 

I 

KOrAa nepecraeT e~nonHRTbCR ycnoeHe /17/. TorAa CHCTeMa nepe
XOAHT B 4HCTY~ pa3ynOPRA04eHHY~ ~a3y. 

B CHny CBOeH npoCTOT~ HccneAOBaHHaR MOAenb o6naAaeT AOCTa
T04HOH o6~HOCTb~ H AaeT Ka4eCTBeHHy~ KapTHHy noBeAeHHR pa3nH4-
H~X CMeWaHH~X CHCTeM, COCTOR~HX H3 ~a3 C cy~eCTBeHHO OTnH4a~
~HMHCR nnoTHOCTRMH. npeAnomeHH~H MeTOA, MOmHo, nO-BHAHMOMy, 
pacnpOCTpaHHTb H Ha CTa~HOHapH~e CHCTeMbl, B KOTOP~X nORBnR~TCR 
COCTORHHR C npoCTpaHCTBeHHO HeOAHOPOAHOH nnoTHOCTb~ TOKa/6-8/, 
TaKHe HeOAHOPOAHble TOKOB~e pacnpeAeneHHR B03HHKa~T B nonynpo
BOAHHKaX C OTPH~aTenbHOH AH~~epeH~HanbHOH npoBOAHMOCTb~/9-10( 

0,1 
0,09 
0,08 
0,07 

0,06 

1 Cv PHc.5. TerrnoeMKOCTb /14/ 

KaK <PYHKQHR TeMrrepaTYPhi. 

o,ost ~ 
0,04 / 

o.oJ '"~..:.;·C~J:..------------

:V:: .. ' ' ' ' . 
0.1 0.2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 T 

ZT 

07-102 

0,6·1o2 
0,5 -1Q2l n • 0,3 

0,4·102 

0,3·102 

0,2·102 

0,1-102 

n-0,2 

0,1 0.2 0.3 o;. o,s o,s o 7 o,a o,9 1 r 
PHc.6. Ko34J<PHQHeHT c~HMaeMOCTH /15/ KaK <PYHKQHR 
TeMrrepaTypbi. 
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0,5 
0,, 

G,3c::· ~-- n-0,3 
WI 

02 n:02 -------------
' , ------W 01 ~-n"'> ---w I 

0,1 
0,2 
0,3 

0,1. 
0.5 
0,6 

0,1 '--,0_;3 0,, 0,5 0,6 0,7 0,8 0,9 

------------~: 0,3 
................... 

-..,, 
'-.., 

........................ 

', 
', .... 

• 

T 

PHc. 7. TepMOAHHaMHqecKHe noTeHQHaJibl reTepo¢a3HOH cHcTeMbl 
/8/ H qHCTOH TBepAOTeJlbHOH CHCTeMbl /J9/ B 3aBHCHMOCTH 
OT TeMnepaTypbl npH ABYX 3HaqeHHHX cpeAHHX nJIOTHOCTeH. 
CnJIOIIIHbie JIHHHH AJIH n = 0, 2, nyHKTHpHbie AJIH n = 0, 3. 
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PyKonHcb nocTynHna B H3AaTenbCKH~ OTAen 
25 H~nR 1988 roAa. 

KaAaHQeBa E.IT., IDKarroB B.ll. 
TepMoAHHaMHKa TBepAb~ Ten c o6naCTHMH 
pa3yiTOPHAOqeHHH 

Pl7-88-559 

PaCCMOTpeHa MOAeJ1b TBePAOro Tena CO cnyqaHHO pacnpeAe
neHHhlMH 06J1aCTHMH pa3ynopHAQqeHHH, HarrpHMep rropaMH HJ1H 
Tpe~HaMH. ilOKa3aHo, qTQ B cnyqae 3~eKTHBHOrO OTTaJIKHBa
HHH Me~y qacTHQaMH TaKaH CHCTeMa yCTOHqHBa H TepMHqeCKH, 
H MeXaHHqecKH, llpoBeAeHO AeTaiTbHOe qHcneHHOe HCCJ1eAOBaHHe 
OCHOBHb~ TepMOAHHaMHqeCKHX BeJ1HqHH KaK «lJyHKQHH TeMITepaTy-
pbl rrpH pa3J1HqHblX ITJlOTHOCTHX, 

Pa6oTa BbiiTOnHeHa B Jla6opaTOPHH TeopeTHqecKOH ¢H3HKH 
mum:. 

flpenpiDIT 06 .. 8AHHeiDioro IDIC'IHT)'T& .RAepHhiX accne.lloB&HHii. ,!J;y6aa 1988 

lleDeBOll aBTODOB 

Kadantseva E.P., Yukalov V.I. 
Thermodynamics of Solids with Regions 
of Disorder 

PI7-88-559 

A model of a solid with randomly distributed regions 
of disorder is considered. In particular cases these re
gions of disorder can be pores or cracks. It is shown 
that in the case of an effective repulsion between par
ticles the system is stable thermally as well as mecha
nically. A detailed numerical investigation of main ther
modynamical quantities as functions of temperature at 
severql densities is presented. 

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