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BeTCTBY~m.en IlOJIHOii HOHJ13a~,rn aTOMOB yrnepo-

,n.a. . 
ITony-ciettHhJe,· 1'>acqihHhre pe3yJihTaTbI npaKTH'{,e

CKH He H3MeH.HIOTCH npH H3MCHeHHH 3JieKTPOlUIOl'O 

K03q>cpm~HeHTa I'plOHatbetta OT {(; = ½ ,IJ.0 ,e = i
ProyJibTaTbl TaKiKC He H3MeHHIOTC.H B CJiyqae npeHe-

6pe:>KCHHH TCMnepaT.YPHOtt 3aBHCHMOCTblO a =-0 a(T) 
a (4). To eCTb B CB.H3H c MaJIOCTbl() BeJIH'IHHbl 1/0 B 

paccMaTpHBaeMOM Attana30He TeMnepaTyp H ,Ll.aBJIC

HHtt B q>OpMyile (4) Ji COOTBCTCTBeHHO B (3) MO)K/10 

npHHHTh a = ao = const. 
TaKHM 06pa10M, a pa6oTe ,n;atta oIJ,ettKa 

K03q><pHIJ,HeHTa 3JJCKTpOHHOA TemroeMKOCTH 

,80 = 5.5±1.5 M,U>K/ (MOJib •K 2) ,n;n.H no;1Y3M1u1pn

•rncK01'0 OIIHCaHH.H Ten.noq)H3H!leCKHX CBOACTB 

npoao.n;.Hm.ero a.i1Ma1uoro pacrmaaa np:11 ~aa11emm 

~1350 rrra tt TeMnepaType ~11500 K. 
Pa6oTa BblilOJIHeHa npu 'laCTH'IHOtt IlOMCJ)>KKC 

nporpaMMhI rlpe3H,n;HyMa PAH •<l>H3HKa u Mexaim

xa CHJlbHO C>KaToro sem.eCTBa 11 npo6neMbl BHj'TJ)CH

Hero CTpOCHHff 3eMJIH u nnaHeT•. 

i'. Grumbach M. P., Martin R., // Phys. Rev . B. 1996, 
V.54 P. 15730 -15741. 

2. MoJJ011.e1~ A. M., 11 ,n:p. / / <l>H3HKa ropettHfl H B3Jn,rna. 

1999, T.35, No2 , C. 81- 87. 
3. Brygoo S. d al. // Nature Materials. 2007. V.6. 

P. 274- 27i. 
4. Bradley D. K. et al. / / Physical Review Letters. 

2004. V. 93, NolO. P. 2195506. . 
5. Correa A. A., Bonev S. A., Galli G. A., Carbon under 

extrf>Jne conditions: boundaries and electronic prop
erties from first-principles theory // PNAS. January 
31. 2006. V. l03, Xt 5. P. 1204- 1208. 

6. Correa A. A., Schwegler E., -Bent>dict L .. 
Galli G., . Gygi F. Toward a multiphase 
equation of state for Carbon from first 
principles // www.sandia.gov/ ASC / pubs
pres/ PIMeeting/ 2007 / schweglt>r / Carbou-
ASCl .pdf 

7. Am,Twynep ,TI. B., TTpm,t<'He1me y.D.apm.ix eo,111 n 
qm:.ntKe BhlCOKIIX ;\attJteHHlt / / Ycnex11 tpH3H'lerKux 
nayK. 1965, T. 85, Bi.m. 2. C. 197- 258. 

8. B_ywMaH A. B., J1oMottocoe 11:: B., <l>opTOe B. E. 
Ypan11emu1 C0CTOSIHHSI MeTa.JIJIOB npH BblCOKHX 
nnOTHOCTHX ,mepnm. '-lepnoronoeKa: npenpnHT, 
1992. .--

9. TTanno~CKHR M. H. Y,.u.apuoe C)KaTHe a.JIMa.'3a // '1>H-
3HKa Tnep;\oro -rena. 1971 . T . 13, 81,rn. 3. C . 893-895. 

10. Celliers P., Dynamic compression of diamond across 
the melt transition // Bulk>tin of the American 
Physical Society, 2007, V. 52. Xt 8, P. 15, APS. 

MOJIEKYJUIPHO-KHHETlifqECKOE OBOCHOBAHHE MO,[(EJIH 
. MHOrOKOMITOHEHTHOH CPE,[(hl 

K yponamemco B. tP. 

P<l>Hil,-BHJ111T<P, 0He:>1euuc'K 

v.fkuropatenko@vniitf.rn 

Bee,ll,eHne. B 11] H3JIOJ-KeHa MO,ll,eJih MHOI'OKOM

noue11T1wt\ cpe,11,1,1 (MKC), npmnvmmun,no OTJ1H•ia-

1011~aHCH OT cy111,ecrny1on1,Hx pm,ee MOl l,CJiefi 12], {3] 
Hc\.lUl'IHCM KJlaCTepnott cpopMhl B:Jc\llM0,'1,('t\CTB.IIH i
ro KOMilOHCH,Ta co CMCCh!O n I~CJIOM [4]. :::ha cpopMa 

,nawM0,.'.1.diCTill,Uf nne,i:1,ena He BMPCTO, a 8 ).\OTIOJH{e

IIHe K pa,we 06ocnona1111ol1 [2], [5] cpopMe napu1>1x 

rnawM0).1,elfCTBHfi KOMHOHCHTOB . Ona Bhrpa)l(at!TCH B 

BH,n;e CHJI H IIOTOKOB :~Hepnm, B pe:3yJibTaTe •tel'() Cli

CTeMa 3aKOHOB coxpaHeHHJ'f i-ro KOMIIOHeHTa HMeeT 

BH,ll, 

(1) 

aa.iPi€i ( - . _ ) -at + V a;Ui (P; + p;F.; + a.Q;)+ 

3 

+ L ,/1 (aJ'kif\) - a;Ai - n ; <I>; = 0, 
k = I c :tk . 

(3) 

r,n;e Ai ······· pa6oTa aeKTopa R;, p;, It E,, l.\ - cp11-

:Jtt'ieCKHe xapaKTCpHCTHKH i -ro KOMJlOHf'HTa (nn OT

IIOCTb, ,r~aBJIHHm!, y ,ri.em,naH BHj'Tpemurn 'mep£:ll51 
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H CKopOCTb), n:; o6beMmrn Komi.e11Tpmi.11H, k -=, 
.r , y , z. Bb1pa;+<emrn /J.JUI cmr Fk; 11 noTOKOB 3Hepn111 

q ,, onpe)i.e1u1JOTCH 1n cJre;wioui.nx Tpe6oaanm1 : 

... IJocne cyMMHponamrn no i ::iaK01100 coxpmwmrn 
KOMllOIICIITOB no OT,;.'J.eJihHOCTII ,1.0a1>KHhl 110.il_V'IaTl,C}I 

3aKOIU,I coxpaH('lll1H CMCCH 

iJp -
.:__ t- VpU "'· o. at (4) 

'" 3aKOHl,l coxpanemrn KOMIIOIIellTOB (1) -(3) ll CMl'Cll 

(4)- (6) )l.OJnKHl,I 61,ITI, mmapH:HITl!hl K npeo6pa30-

narrn J() faJIHJieH. 

B p e:iy11hTa-rc f;;,i II Q; HM<HOT n11; l 

F'ki = -0.5p.;(U~-i - lh)(l.l., - 0), (7) 

(8) 



C1-1,1b1 II noT0K11 311epnrn (7), (8) ytt1rnepcaJ11,11b1. 

0HH He :lc\Blll'HT OT 11H,.Ll.11BH~•,_va.ribHblX CBOikTB K0M

ll(JHPI-IT0B TaKIIX. Kc\K CK0pOCTI:, :m _vKa, Irn3K0CTb, re

TeporemI0('TI,, pa:3Mep1,1 ,,acn11.t, u.wpoxosaT0CTb no

nepxHOCT11 '-1/H'Tlllt II T.,'J,. H He C0,'1,Cp>KaT :➔ ~lllH))ll

'-l('CKIIX KOHCTaHT. Bee :,nH pa~:lJ111'-l lrn KOMIT0HCHT0B 

y•rnT1,ma10TcS1 12], [51 Bem1•-nmaM1-1 Ri, <l>i, onHc1,rna-

1011tH~rn napm,1e B'.lallM0,'J,CflCTBHH K0MTIOIWHT0B . 

Hp1rne,rr.e11uoe n 111, 141 06ocuona1me Fki, Q, 01111-

paeTCH Ha <PII311K)' MaKpoypomrn, 'l'.K. CJie/~e'r 113 

ypaBHN111.H , cnpane,!tJJIIBblX /t}U! CrIJfOUJH0i.\ cpe,[l.hl. 

<l>u111•1eCKIH! xapaKT€JHICTIIKll CIIJI0UIHOlt cpe,!J,bl 

110:1r1a10TC» lll)ll 11epexo,1ie C: M1IKpoyp0BH51 Ha MaK

poyp0BCHI, KaK ))C1)'JlhTaT ('.()()Tf!e'l'C'i'H)'IOI.I.\HX ycpe;J,

HCHHH. TToKa>KeM , '·ITO ,11,'151 HJ)0CTei'iwe~, M0,.Ll.eJIH CMe

C-11 o; .\II0aT0MIIhlX u ; wa.nhHblX ra:.JOn fl)HI 11epexo;w C 

~!HKpoypoatrn Ha ~IaKpnyp0B('Hh 110,r1,riaeTCH Bhipa-

iKCIBII' ;v1n nv11,1 Fi.; . · 
H;1,caJ1bHh1ii ra:-1. ll:.1,ea.;11,HhlfI ra:3 · 3TO MaTeMa

Tll'teCKaH a6cTpaKl llHI , 0CII0BaHHc\Sl Ha XO))OUJO 1n

BeCTHblX ynpou~alOutHX nm0Te:)ax 16] , [71, llyCTh B 

·3a~IKH)'TOM 061,eMe dB na.X0/tllTCH n HeB3aJ1MO,.L1.et\

('TBy1ontHX M0JieK}'Jl, /\Bll>K)'lltHXCH co CKO))0CTHMH 

0,,. B mo6oA M0MeHT apeMeHn ra.3 HMeeT Macey dM, 
K0JHl'tecToo l\1311>1..emrn dR: 11 ::meprmo dQ. KOT0pbre 

onpe~'l,eJJm0TCH ypanne1mHM11 

n .,,. 

dM = L lllv, ill( :::c: L m,,O,,, (9) 

N 

dq ...,., L 0.5111,,(r,:, (10) 
v ~ J 

r;\t~ mv - Mar.ca v-i\ :-10.ner,;y,ni.1. YpanHem1Jo1 (9) 
ll0"3B0: 1>110T onpe,!l.eJJIITb ll,10THOCTb /J H CKO))0CTb 0 
('(ljJOWH0l'I C))C',.Ll.bl 

(11) 

r .1c ,..,,, -c. 111 ,, / d:\J .. - !\Ic:ICC0BaSl K0H!tel-lT))altHH 1/-H 

~I0.lCK,V:11,I. napm~CIITpH'-1CCKa5l 12] CK0p0C'fb {j. RB

,l ffl01Ha>'IC5l CKOpOCThl{) Ma<:Chl dtd, 0TIJ>C,.LI.CJJ HeT KH

Il('TH'-l('CK)' IO 111<:'J)rllI0 CnJI0IIIIHlt:\ C))O/J.1,1 

(12) 

lb (10) - (12) C. JeA_VC'l' 

r, 

dQ = tlQi f- 0.5 I: ·m,,(Ov - 0)2
. (l:J) 

v=l 

TTpu nepcxo,'J,e Ha MaKpoyponem, BT0p0<' c.narae

~10c B (1:J) npenpantaCTCH BO BHYTJ>CIIHI0.10 ::mepn-110. 

P ,n,1e .. 1nB (13) Ha dA/, 110J1y'-!11M 

( 14) 
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r,.u.e s -- y/J,e.TihHct}! llOJJHc'\.H 3HeprHH, 0.50 2 -· y,11,e.JJh

HaH KHHeTn 1 1ecKaH ::rneprm1, E - y,11,e.nbHM BHYT

peHHHH 3Hf)))l'HH 

E ·= L0.571.,(0,, - 0)'2 . (15) 
v= J 

ny,r1,eM c•rnTaTh o6•1,eM dO t-.:y6oM c /J,JJHnoA pe6-
pa d0 113 H IIJI0U~a;I.blO rpa1m Sx = Sy :== Sz = 
d0213 , nocKOJlhKY Macca dM / ~BH)KeTC}I co CK0pO

CTblO O. TO H (;'J'CHKa OO'beMa d.O /J,BH>Ke'!'C51 co CKO

))0CThlO O' Pa<:CMOTpHM /J,BH>Ke1me 11-ii M0JleKyJJbl 

B 11a11paaJ1emrn rpattH 8x, opTorottaJJhHOli OClf Ox. 
TTpa U.r.v - Ux > 0 MOJJeKyJ1a y,n,ap>1eTCH o rpaHh 

S x 11 OTp8.n<.aeTCH OT Hee. O60JHa•rnM CKOp0CTb V-1% 
M0Jll!KYJJhl nocne coy,,a.apemu, '·iepe3 lJ ! . Tor1ta KO

JJH'IPCTno ee ,ll;BJDKCHH51 U3MeHlfTCH 11a BeJJH'-l'HHy 

- - f -6.l<v = mAU., - U.,) . 

Hy;.teM c•rnTaTh nJaH1110,,1,et\cTBHe a6comonro ynpy

r11111 

U;., - U.x = -(U,,,., - U;,;), (16) 

l rf -- LT 
''JV - 'JV> (I 7) 

(hpa3UBWl1Cb, M0JTeKyJJa .TICTHT B o6paTHOM ua

npa,memrn, 0Tpa)l(aeTCH OT ITJ)OTHBOilOJJ0)KH0tt rpa

HH 11 •1epe1 apel\-IH 

2d0 113 

6.t,, = -----
(//, ,, - U,) 

BH0Bh y,TJ;apsieT rro rpa,m S:r:, Bne,ll;eM CHJJY <fJ:r.v, nM

nym,c K0T0pott 'PxvD.t., paBei-1 6.R.,. lb 1aK011a co

xpa11e1m51 K0JJH"lCC.Tna ,TJ.Bi-l>Kemrn 11 yc:11onnn (16) no

c.ne C:)'MI\-Hl]>0Ba11m1 110 BCCM M0JJCKYJiaM f'I0Jl,Y'IHM 

131:,1pa:.1<em1e CHJlhl, / \eikTBYIOUtef% Ha l"a."l co CT0p0-

llhl e;vmw-moA' llJl0UVVJ,KJr rpa,rn S" 

r, 

·h · = 0.5p L r1,,(0.{ - o,,)({ '~· ,, - Ux)- (18) 
J/ .::: 1 

AHa.i10rwrn1,w u1,1pa.>Kt!HH>l nony•mM )J;Jl51 CHJI, 

,11,et'icTBYIOutllX Ha e,II,HHH'iHblX llJJ0uta,ll.KaX rpatten 

S'y , Sz, 
lleK1'opa Y:,k,(k = x,y,z) o6pa:maam,1 si1eMem·a

MH CTpOK 'l'CH'.l0pa '-P, }IBJJ51l0uterocH CHJJ0'1, ,11,el\'CTBy

lOIU,eH Ha raJ co C'fOJ)0Hhl CTCHKlf. CornaCHO TpeThe

MY JaK0HY HbJ<>TOHa, CHJlhI. ,n,et\cTsy1◊m11e co CTO

J)OHhl ra:3a Ha CTCHKY, HMCIOT JHaK, fl)>0THBOITOJJ0>K

lll,llt :maKy 'Pk. CorJJaCHO npaBHJJaM MexamiKH 18), 
,JlaBJlCHUe panHO cy111111e ,ll.Har0HMbHI,IX '-l'JJCHOB C 00-
pantblM 3HaK0M )\eJlCHH0A Ha T))JI 

(19) 



C TTOMOl.l..l;b!O (15) 31'0 ypaBHeHJ,{e npHHHMaeT KJiaC

Cli'!eCKYIO <pOJJMY, He co.n;ep)Ka~yro BeJm'mH MHKpo

ypoa1rn 

(20) 

T.o., nepeX0)I; C MHKpoyp0BH51 11a MaKpoypoBeHI, 

3aBeprueu. YpaBHeHHH (14) 11 (20) He C0i];ep)KaT HH

¢opMal~HH o :r-,tHKpoypoaue. flp.1:1 nepexo)l;e 1-m MaK

poyponeHh 6hIJIH BhrIT0JIHeHhl ace 3aK0llhl coxpa

nemrn. O6pau~aeM aunMa1-nre, 'ITO )l;JI.51 nony'IeHHH 

ypanHeflHR C0CT0HIUUI He n<JTpe6onanOCh nepexo-

. )l;HTb B CHC'l'eMY K00J>,L(lrnaT, B K0T0p0H ofrheM dO 
ITOKOHTCfl. 

H,u.ea.stbHhIH ra3 B cMecH. Me3oypoeettb. 
Onpe,n.e1mM cu;rw, ,n:eitcTayK)1.1..1;ne 11a ra.1, RBJrn10-

1.1..1;11~CH K0MnoHCHTOM cMec11. IlycTb n o6'heMe dO Ha

xo,a,HTC>l N H).l.eaJTbHhIX ra30B. Ka)l(,Ll,bIH ra1 c H0-

MepoM i co,n:ep)KHT ni M0JICKYJI 11 o6na.n,aCT MaCC0H 

dMi, K0JIH'-ICCTB0M ,L(BH>KCHHR dKi 11 3uepr11ei\ dQi 

n-

dMi = f m.,,i, 

n.1 

dRi ::::.: L rn.,JJ.,i, 
v=l v= l 

n, 

dQ, = L0.5m .,ill,~i• (21) 
., ,,, 1 

Pa:3,n:e1111M 061,eM d0 MC)K,IJ,Y aceM11 M0J1CKYJiaM11. 

O6'beM, :3aHHMaCMblW i-M K0MTI0HCHT0M CMCCH, o6o-

3Ha•mM dBi. OT11owemie 

lla3b!Ba(:)TCH _[2) o61:1eMHO~ KOHT.~CHTpau,HeA i-ro K0M

II0HeHTa. Ero q:m3lI9eCKa>l H rrapa;llaJibHa51 TIJJ0TH0-

CTH onpe)l;emnoTC51 ypamremrnMH 

(22) 

Bae,n.e1111e napu,Ha.JlbH0ii IIJI0TH0CTH l~i/Ji 03Ha•taeT, 

'i'l'O ra3 C HOMCJ)0M i 3at'I0JIH51eT BCCb 06'be~ di) TaK, 

KaK 6y,n;To ,n;pyrn:x ra.30B HCT. C ytteToM ::)Toro, CJie

/J.YH npaBHJiaM, H3JIO)l{eHHbIM B n. l, ITOJJY'IHM Bbipa

,f(CHHe ,n..rrn xapaKTeJHICTHK i-ro ra3a 

n, 
Di = L 1/vi[!v·i, 

,,=1 

n; 

Ei ,, 0.5 ~ 17,,i(O.,i - 0i)2. (24) 
v=I 

Onpe)l.eJ1eH11e cnn, .n.eiicTBYIOW.HX Ha i -ti ra3 , pa.1-
iJ:e.TlliM Ha ,!],Ba 3Tana. Ha nepB0M 3Tcme paCCM0TJ)HM 

B3aYIM0)l;eAcTBHe vi-A MOJT.eKyJJhT c rpam,JO Sx, ; 1.1n1-

)Kyu~eAcH co cKopoCThlO i-ro ra3a Ui, T.e . 6e3 ytteTa 
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BJIH>lmrn CMecu. Ha BTOp0M ,nane paCCM0TpHM B3a

HM0,n:eflcTBne i-r'O ra:.la c rpaHhlO S'x, )J.BH.iKy1.1..1;elicH 

CO CK0))0CTb!O Cl\:\eCH [/ 

(25) 

l"lpO)l;e.JlaB TC )l{C paccy(l()l.CHlrn, '{TO H ,ll,Jlfl 0J].H0I'() 

ra3a a ofrheMe dO, nony'fHM s1,1pa;KeHHe NIH CYIJJhl, 

)J.CHCTBYJOW.eil. co CT0p0Hbl ra:.)a Ha e,IJ.HHH'-IHYI0 JIJI0-

1.1..1;a.n.Ky noBepxH0CTH o6·1,eMa d.O 

(26) 

J,fa (24) ll (26) CJJC/J.YCT 

(27) 

Ypaauem-te cocT0HHHH i-ro ra3a ne ,n:OJI>KH0 3am-1-

ceTh OT Toro, HBJJHeTCH ra.3 ye,'1,mlCl·IHhlM HJ1 H I-Ia
xo;w :r(;H 1:1 C0CTaBe CMCCH (T.('. OT ¥11-1}.\eKca i) J,f em 
<jm:3H'leCKHe BCJTH'tUHhl ?; ) /Ji, E, ,l.l.0 Jl)KIU,I 6h1Tb CUJl-

3a,111:,1 ypanHeHIWl\-1 C0CT051IHI51 

(28) 

lfa (27) 11 (28) CJIE\1.~eT, '!TO c,rna Il ; HB.rrne,ro1 nap-

1.\H/\.llbHbIM )J,aBJJeHHeM i -t'O 1·a::ia (Ili = o:J>, ). 
fa'.3 C HOMepoM i HBJJ}l€TCH 0,[(1-IIU·I lt:3 N K0MII0-

HeHT0B CMCCU, Macca H cpe.n,H>'IH CKO))0CTb K0T0pon 

(25) onpe.n,eJTHIOTCH 3ctK0Ha!'-:\H coxpattemrn . 

l>y,.u;eM Tenepb C'UITaTb KaiK)l;blli K0Mil0HCHT i -U 
qacTm~eA H paCCM0TJ)UM ce CT0JJKI-IOB('l-me C rpa

Hh!O Sx 061,eMa d.ll. )-ln11)Ke1-me KOMf1011ei-rTOB C'MCCH 

C pa3Hb!Mll CK0J)OC,"THMH npliB0/ l,HT K pe.J1aKcau.no11-

l-lhlM np0!.~{!CCaM H nop0)K,11.aCT /.l,HCC1ma1.v110 ::)l·!Cpl'HH, 

K0T0pasr onpe; ~eJUICTC51 .neynpyri1M xapaKTCJ)0M n:ia

HMO).l,et\cTllH51 . riyCTh CKOpOCTI, i- 11 ttaCTHl\hl IH)CJW 

y,n.apa paBHa O /. Tor,n;a ee K0J!ll'ICCTB0 ,IIBli)KeHlrn 

npH y,n.ape H3MelUITC>l Ha Be.TIH9HH.Y 

BpeMH, 11eo6xo,ll.HMOC i-n '-laCTJII.\e ,11.Jrn rrp('<>,10,1e1111H 

paCCTOHHHH 2J01f 3 , pa.BH0 

b.t,.,i = do1f3 (U;.; ~ Uxd . 
(Uxi - Ux)U-'.ri - lr,:) 

B c11r1ae aaK011a a3a1-1Mo;1.elkTBHH 

napu,.naJlhl·IaH CHJla a.;F.--c-i., ;.1,et\cTny101.1.\aR co CT0p0llhl 

C)l;HI-IJ1'{1{0l\ IlJIOIU,a,llKH rpa1rn Hx Ii J"l()HllO)l,Hl.l.\c\H K 

U:JMeHCIUIIO K0JU!'feCTBa J\BH>KCl·IHH i-A •ta.CTIH\hl 11a 

BCJili'UfHY b.l<.:i, JIMCCT Bli,'1. 



Tioci-::oJTbK.Y HanpaB; 1eH1u1 Ox, Oy, Oz paBHonpa.BHbI, 

TO IIOCJie C0Kpa.1.u.eHHH Ha Cti CHJ!bl ,LJ,el\CTBYH)IL(He Ha 

i-i\ K0MlIOHellT co CTOpOHbl CMeCH HMelOT BJl).I. (7) 
npn k = x , y , z. 

Ilocne .cyMMHpOBaIUrn CHJT f\i no BCeM KOMU()

HeHTallt onpe,11,e.TJHTCSI C11Jia, ,11,eACTBylOU(aSI Ha CTCHKH 

OO'beMa cl0. O11a ,I(OJDKIH\ 11Mf)Th ITJ)OTHBOII0JI0}Klll:,TA 

3Hc\K 

N 

A = - LlYif'>,i-
i = I 

3aKOII B3allM0,1PAC:TBHSI (29) npnBO,'l,HT K / (lfCCima

l(Hll 3Hcpnrn. Y ,ncm.,HaSl KlilleTJ•I'-leCKaSl 311t'flrHH -i
ro KOl\tnOllenTa npii :·ffOM H3MeHSleTCSI Ha neJlH'JH
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YPABHEHHE COCTO.HHH.SI 'CMECH 
Be.1&bxeeaa P.K. 
HI'Y, Hoaocu6upc,c 

rumia.@post.11su.ru 

Bue)J.eHHe. B cny•1ae, K0l',LI.a CMeCb HaX0,!I.HTCH 

B TI:~pM0,TJ.lillaMH'-IeCK0M paBH0BeCHH , ee ,/l,BH)KC}fl,fe 

1-IO>KHO omrcaTI, KaK ,/J.BH)KCIIHe 0,/l,HOro K0HTHHyy11,1a 

C: oco6hlM ypa.1memreM COCTOHHIHI, ji'IJITbIBa1omnM 
cnottc·rna KOMOOIWIITOB CMCC:H H HX K0Hl.l,CHTpa1u111 , 

'ITO np1mo;1,HT K :ma<mTl'JThH0MY COKpa.111.enmo 'fH{'.

_,a. ypanncrmi\. 

H paMKax TaKoro cnoco6a om1caHJrn c~1ec11 , pac

C:l\t0Tpe111101'0 B pa6oTaX [1 - :3) H ,n.p ., npHHM.T0, •no 
,vpaBH<m1rn COC'J'OHIIHM K0MII0l·Hm'l'0B 1:1 cpe).l.e TaKIW 

*e, i-::a-K s c1:1060;.1,110M coc-roHHHH. B [l] rtOJlOfitroe 

_vpaBHC~me HOJIY'WHO ,l].JIH TpCXKOMHOHeunroti CMe

('.1-f np11 yc;10s1m, •1ro o6'heMHhie co,n.ep)Kawrn i-::0111-

uotteHTOB ITOC:TOHHHhJ. Il [21 HaH,lll'ma :)aintCHMOC:Tb 

(·pe:vrero )V\BJ1e1111H TBPJlJlOH <}>a.3bl KaK <l>YHKU.HH no

pHC:TOCTII J1 BHYTPIIIIOJ)OBOl'O ,[(aa;1eH1HI UJ)H CTaTH

'l<.'CK0~1 11arpy,KeHIII! TBep,'l,0tt lI0J)HCT0fi CMec11. B 13] 
11p11Bf.';J.(!H0 ~1paB1-re1111e C0CT0SIHIHI pamronec1-1ol-\ CMe
Clf i-::,1..11op11'le<:KH conepwem,oro ra3a 11 m~C)KHMaeMo-

1'0 Tsep,n.oro nemecTBa. , B [4] npe,l1,JJO>Ke~10 ypam1e-
1rne COC:TOHIUIH TI0pH(:Toti C:MCCH KOH,!i;(!HCHponanm.,x 
KOMIIOIICIITOB B <pO))MC M!i-l'pJOHalbena. 

HcnoJ1h3yeMbIC ypaoHeHHSI cocTOSIHHSI, PaB-
11oaeo1oli C'-Ul'l'aeTC:Sl Cl1CTeMct il/lM K01'0J>0II BbTII0.11-

HHIOTC'Sl yc:J10B11H: P;. = P, Ti = T, u, ==~ u, r,1w Pi 
- ,u.aBJWHIW, 1~ - TC!\mepa-rypa, ?li - Mac:ccmaH CKO

p0CTb K0Mno11eHTa i; P, T, u. - .n.a1rnem1e, TeMnepa

-ryµa Ii Mac·coua·» CKOJ)OCTh CMCCH COOTBeTCTBCIIIIO . B 
,J,c\HIIOA pa6oTe ypaBHf.'HHe COCT0HHIIH CMCCH 1-1 ypaB

IIE'tlHH COCTOHHHH BC(~X KOMTIOHCHTOB IICHOJib3j'K>TCH 

B 0AH0i1 II ·roi1 )KC <pOpMe M11-fprottai:\:3eHa. flpHMe

HHM0CTh ypaBHl~llH.H C0CT0SIHHH n no.n_o6uon cpopMe 

,'l,.ml no:vwxa noKa:JaHa s 141, 
,.'.1anJTe.ime B('U(('CTBa B o6JTaCTH B:JJ)hlBHbIX 1-lal'py

J0K 06bl'-IH() npC)lCT8.f3JTSllOT B 1rn,'J,e cyMMbl )I.IIYX 

coc-rau.TJS11011rr,-1x P --- Px + Pr, r,n.e Px - -

29 

A [(p/piwt; - l] - wro ynpyr~,n.as;1eHHe, a Pr = 
'YPE'r, - TellJT0B0C. 3.n.ecb 'Y - K03cp<pHl.~HeHT fp!O
Halt3eHa, p ' -- llJI0TH0CTb ae·ll(eCTBa, {h, - TenJlo

BaH 3Hepnr.H. CooTBeTcTneHHo enyTpeHH.HH 3Hep

r11.H TaK>Ke npe,ii:c·rasm1eTCH B BH,ll,(' cyMMbI JJ.BYX co

CTaBJT.HIOU(HX E = Ex + Er, r,n.e Ex ······- ynpyra.H 
::meprHH (;)Kanrn, KOTOpa.H Olll-lChIBa<YrC.H cpopMyJTolt: 

E'x = J; Px p2dp, r)1.e po - nnoTnocTh n na.'laJJh
Hbili M0MeriT BpeMem,; a Er - TeHJI0Ba.H COCTaBJIH

IOIU.aH any-rpeHHPf:i 3Hl!prm1, ET ·= cT, c - y.L(eJ1hHa..H 
TerlJIOeMK0CTb. 

YpaoHemte COCTOSIHHSI ,U.JlSI nopHCTOro oe

w.ec'J'Ba, B Ta6JT. 1 II))HBC).I.CHbl napaMeTpbl ypaaHe

HJIA C0CT051HIHI se1.1.tec-rn, HCflO,TJh3YCMblX B pac'leTax. 

Ta6Jnn~a 1. llapaMe-rp1,1 ypa1rnem1l% C0CTOHHHH. 

ne11~ec1:so 1103,l(YX Me/ 1,b BOJib<.ppaM 

/Jiill,K1'/ M
3 1.3 8.9:l · 103 lY.2:15 · 103 

A;,lla 0.695 · 10- 3 a47.5 · Hf 774.8 · l.011 

n, 2.2 4.0 4.0 

c;, K/ t>t<IKl' · K 0.718 0.382 0.152 

"ti 2 2 2 

YpaBuemrn COCTOHHirn K0MH0HCHT0B H0pMHpyI0T

CH 'l'aK, 'IT06hI npH H0pMaJlbHbIX ycJTOBHSlX (P = 
l a'l'M n T = 300'' K) ,LJ,aa;1eHHH 11 ,rnepnrn <}>a..1 61,1Jrn 
paBHhl HJJllO, T.e. 

E = Exi + ci(T - 300), 

l').(C Pii , PiiO - HCTHHHAA IlJlOTHOC'l'b H l!CTHIIHasJ Ha

'-la.JH,llasl nJI0TIWCTh; Ci -y,n:eJThHafl -renJJoeMKOCTh, 
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