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Heo6XO,llHMOCTb MO,lleJJHpOBaHHH. noae.neHHH. MHO

rOKOMilOHeHTHblX cpe.n (MKC) B03HHKaeT BO MHornx 

o6JiaCTH.X '-leJJOBe'-leCKOH .neueJibHOCTH [ l ]. 3TO no

pO)K,llaeT B03HHKHOBeHBe pa3JIH'-IHblX Mo,neneii MKC, 

npe,llHa3Ha'-leHHblX ,llIDI MO,lleJIHpOBaHHH. ee noee,lleHHH. 

npH BHeWHHX B03,lleHCTBHH.X. Boo6me roeop11., pa3Hble 

KOMUOHeHTbI MKC paJJJH'-laJOTCH. TennoeMKOCTH.MH, 

CKOpOCTJIMH 3ByKa, C)l(HM8eMOCTH.MH H .npyrHMH q>H-

3H'-leCKHMH xapaKTepHCTHKaMH. [lo3TOMY npH BHellI

KHX eoJ.neiiCTBHHX MKC, KaK npaeHno, npHXO,llHT e 

HCpallHOBCCHOe COCTOH.HHC, xapaKTepH3YIOl!leecll pa3-

HblMH ,llaBJJCHHH.MH, TeMnepaTypaMH H CKOpOCTH.MH. 

C-rpeMJICHHe K OOBhlllieHHIO TOqHOCTH nporH03HpOBa

HHH. npoueccoe e MKC c noMOlllblO yqen 3THx He

paettoeecHocTeii H OITHCaHH:ll peJJat<CaUHOHHblX npo

ueccoe npKBO.llHT K pe3KOMY ycJIO)l(Hemuo Mo,neneii. 

IlpH 4Ja30Bb!X n epexo,nax B OT,lleJlbHblX KOMilOHeHTax 

cywecreeHHO MCHllCTCJI xapaKTep HX B3aHMO,llCHCTBl'Jl 

,npyr C Jlpyr oM, '-ITO BblHy)K,llaCT paccMaTPHBaTb MHO

)KCCTBO CBOHCTB, IlpOJIBJIH.IOlllHXCJI npH napHblX B3aH

MO,lleHCTBHJIX. 

B HaCTOJIWee epeMJI .llIDI MO.lleJIHPOBaHHH. nose,ne

HHll MKC npm.1eHJ110TCJ1 pa3mt'lHble MO.lleJJH OT oqeHL 

npOCTblX .no oqeHb cno:lKHLIX. qawe ecero npoCToTa 

MO,llCJJH ,llOCTHraeTCH. 6naro,nap11. ynpomaiomHM rHITOTe-

3aM. TaK, HanpHMep, B03.zlYX (CMCCb a30Ta, KHCJIOpo,na 

H .npyrHX raJoe) qame ecero paccMaTPHBaCTCll KaK o,n

HO scmecTBO co CBOHM ypaBHem,eM COCTOJIHHJI (YPC). 
B 3TOM cnyqae Mo.nenL MKC JIBJIJICTCH Ha116onee npo

crou - 3TO KJJaCCH'lCCKHe ypaBHCHHJI raJOBOH }lHHaMH

KH. Cne.zzylOll.lHMH no CJJO)l(HOCTH H.BJUllOTCH. MO,lleJrn, B 

KOTOpbIX B MKC BbI,llCJIH.lOTCH. 0,llHH HJJH HeCKOJlbKO 

KOMilOHCHTOB, ,llBH~IJU{XCH. C O,llHOH H TOR )Ke CKOpo

CTblO H HMCIOII(HX O,llHHaKOBble TeMneparypbl H .naene

HHJI. IlpH 3TOM .llIDI OnHCaHJUI nepeMellIHBaHHH. KOMDO

HeHTOB HCil0Jlb3YeTCJl ypaeHeHHe .llH4J<l>Y3HH (MO,lleJJH 

,LJ;apcn:, EaKJJe11.- Jleeeperra H .np. [2]). IlpHMeHeHHe 

ypaeHeHH.H .llH4J<l>YJHH .llIDI OITHCaHHH. ,llBH)KeHHH. KOM

noHeHTOB OTHOCHTeJibHO .npyr .npyra nporneopel!HT 

npe.nnoJJO)KeHH:10 0 paeeHCTBe HX CKOpOCTeii. 

HaH6onee IlOJJHblMH H nepcneKTHBHblMH JIBJIJIIOTCJI 

MO,lleJJH, OCHOBaHHble Ha rn:nore3e B3aHMOnpOHHKal0-

1.UHX B3aHMo.neHCTBy10mmc KOHTHffYYMOB [1-6). B 

KJJacce 3THX Mo.neneii eCTL 6onee npoCThle H 6onee 

CJJO:lKHble. CnmtCHOCTh MO,lleJJ.H 33BHCHT OT C,llCJJaHHblX 

ynpomemtii. Cne.zzyeT o6pal!l8Tb BHHM8HHe, '-ITOObl npH 

nepexo.ne OT o6meii Mo.nem1 K 'laCTHOH He B03HHKaJJO 

q>H3H'ieCKHX npoTHBopeqmi, Kat< B ,llHq>q>Y3HOHHbIX MO

,lleJDIX. Ka)K,llhlH i -ii KOMnoHeHT xapaKTepH3YeTCH Ha-

6opoM q>H3H'-lecKHX eeJIH'IHH P; , P; , E1 , U; , S; H .np. 

11 Ha6opoM napUHaJJbHblX BeJJH'-IHH a/~, <X;P; , TJ;E;, 

TJ;U; , TJ;S; 11 .np., r.ne a; H TJ; 061,eMHaH. H Maccoerui: 

KOHUempaUHH. Ka)K,llb!H KOMOOHeHT coxpaHH.eT CBOH 

<l>HJH'-leCKHe CBOHCTB8 H HMeeT ypaBHCHHe COCTOJIHHJI. 

IlpH OTCyrCTBHH XHMH'ICCKHX peaKI.{HH 33K0Hbl coxpa

HeHIDI MaCCbl, KOJIH'leCTBa ,llBH)KeHHH. H 3HeprHH i -ro 

KOMOOHCHTa HMelOT BH,ll 

a -
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,ca;p;)+V(a;p;U;)=O, (1) 

a - a ( ( - - - )) a, (a;p;U;)+ axk a; PPPki +Fki +Ski + 

+Va1P; -a1R1 = Va;P;m, (2) 

a - - -at (<X;P;&;)+ v'a;(P;U; + P;&;U; + Q; -K;VT;)+ 

a (- - - - ) a + oxk <X; FkPi +S1aU; -a;</J;-U;4 = at ( aip;Q;o) - (3) 

ITo HH,11;eKcy k = 1,2,3 npe.nnonaraeTCll cyMMHpO

BaHHe. K JaKOHaM coxpaHeHHJI (1)-(3) .no6aemnoTCJ1.: 

-ypaBHCHHH. COCTOJI.HHH. P; (Pi,Ei), T; (Pi,Ei), (4) 

- q>yHKl.l,HH napHoro B3aHMO,ll;eHCTBHH. 

- i aij (- - ) Rt= L..,aj-;; U j -Ui , 
j =l "ij 

(5) 

- «pyHKUHH KJiacTepuoro B3aHMO,L(eHCTBHJI 

Fki = -0.5pi(Uk - Uki)(U -U;), 

Q1 =0,5(U-Ui)(P;+piE;). (6) 

- .neeaarop ski = Sk};ni + Sn/i2 + Sk3in3 TeH30pa Ha

rrpJOl<eHHH, r,11;e skli (I = 1,2) 3aBHCHT OT ,11;eq>opMaumi 

HJIH cKopocreH .neq>opMall,HH, 

- OOTOKH renna q; = K; VT; , 
- MarHHTHoe ,11;aBJJeHHe Pm H ,LJ;)Koyneeo renno QiD . 

B cnyqae H,lleaJJbHOH CilJJOllIHOH cpe,llbl ( ski = 0, 

P;m = 0, QiD = 0, K;VT; = 0) ypaBHeHHe .llIDI o6beM

HblX KOHUeH'Ipa.uHH O.; HMeeT BH,ll 

P: - 1 +U.Va - - -1-+E- Va -p - U-U- + (
00 · - ) (P: ) (- -) 

1 01 1 , P; , , , , 

+a; ( <1'; + A; -R;U;) = o, (7) 

<l>yHKUHH napHbIX B3aHMo,11;eiiCTBHH .nocTaroqHo 

xopomo HJyqeHbl 1:opetipiec [7.J. <l?yJu<UHH KJJa-.. 

CTepHbIX B3aHMO,ll;eHCTB~ H.BJUIIOTCH. CJIC,ll;CTBl:J'WH 

,11;eyx mnore3: 
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- KIDl<W,IH 3aKOH coxpaHeHIDI CMeCH .D.OJDKeH norry

qaThC.11. cyMMHpOBaHHeM COOTBeTCTBy10mHx 3aKOHOB 

coxpaHeHffj{ KOMnOHeHTOB (1, 6]. 
- Bee 3aKOHhl coxpaHeHHJI KOMnoHeHTOB H CMeCH 

.D.OJDKHhl 6b1Th HHBap1taHTHhl K npeo6pa30BaHffj{M fa

JIHJie.11. [I, 6]. 
Ypaimeffffj{ (l}-{3) 3THM TPe6oBaHffj{M y.n.0BneTBO-

p.11.10T TOJihKO B cnyqae, Kor.n.a F; H Q;' HMelOT BH.D. (6). 

CHJThl Fki H noTOKH 3HeprHH Qki .11.BMIOTCM HOBhl

MH no cpaBHeHH10 c .n.pyrHMH MO.D.eMMH MKC H He Ja

BHCMT OT ~HB~aJlhHhl.X CBOHCTB KOMnOHeHTOB, Ta

KHX KaK CKOpOCTb 3ByKa, TeIIJIOeMKOCTb, pa3Mep, q>op

Ma H mepoxoBaT0CTb noaepxHOCTH qaCTHU H T . .lJ.. ECJIH 

cKopocrn: KOMH0HeHTOB 0.D.HHaK0BhI, TO F1a H Qk; 06-

pama10Tc,i B H0Jib. 3THM KJiaCTepHoe B3aHMO.D.eHCTBHe 

OTJIH'laeTCM OT napHoro, npH KOTOp0M <PYHKIUtH Qij ' 

b U P T (5) ij , cij , 'tij , 'tij , 'tij B 3aBHCHT OT KOHKpeTHbl.X 

CBOHCTB B3aHMO.D.eHCTByJOmHX KOMilOHeHT0B. 

Bhlpa)((eHHe CHJI Fki nonyqa10TC,i TaJOl<e nyTeM 

paCCMQTPeHHjl B33.HMO.D.eHCTBHM KOMilOHeHTOB CO CTeH

KaMH cocy.na, B KOTOpOM co.nep)((HTCH CMeCb . .nJU{ rrepe

xo,n;a C ypOBIDI KOMilOHeHThl Ha ypoBeHh CMeCH ,n;enae-r

c,i HeCKOJihKO y npoma10mHX npe,unoJio)KeHHii : 

- · KOMnOHeHTa .11.BMeTCM 60JiblllOH qaCTHUeH. 

·- B3aHMo.neil:CTBHe KOMilOHeHThl co CTeHKaMH cocy.na 

Heynpyroe H, cne,n;oBaTem,Ho, qacTb KHHenNecKoH 

3Heprnu n epexo,n:HT BO BHJTPeHHIOlO 3HeprHJO. 

- H3MeHeHHe KOJJH'leCTBa ,D;BIDKeffffj{ npH B3fillMO,D;eH

CTBHH co CTeHKOH IlpH HOpMaJihHOM H KacaTeJJhHOM 

y.D.ape pa3JIH1IHhl. 

OrpaHHqffMCM rrpoCTeiim.HMH 3aKOHaMH 83aHMO,D;eH

CTBIDI npH OTPa:lKeHHH 

u£-ux =-y(Uix-Ux), 

H npH KacaHH.H 

ut-uy = -f3(U;y -Uy) , ufz -Uz = -f3(U;z -Uz) . 

3,n;ecb U; H O - cKopOCTH i -ro KOMilOHeHTa a 

CTeHKH ,D;O COy.D.apeHIDI, U( - CKOpOCTh i -ro KOMilO

HeHTa nocne coy.n.apeHffjl, 0 < y <I, 0 < f3 < 1. CKo

poCTb CTeHKH U .11.BMeTCM 6apuueHTpH1IeCKOH CKOpo

CTblO MKC. OHa onpe,n;en,ieTC.11. no ¢opMyne 

N 

o = r., ri;O; • 
i=l 

r.n:e N - qHcno KOMIIOHeHTOB. CHJIY, KOTOp~ ,11,eiicT

aye-r co CTOpoHhl CTeHKH Ha i -10 KOMnOHeHTY H H3Me

IDleT ee KOJI.HqeCTBO ,D;BH)((eHlfj{, HaH.D.eM no aHanOrHH C 

MOJieKyMpHO-KHHeTHqecKHMH MO,neJULl\fH H,D;eaJihHOro 

raJa. BpeMj{ .n.eHCTBIDI KacaTeJibHhlx cHJI cqHTaeM npo

rropUHOHaJibHhlM BpeMeHH .neHCTBWI HOpMaJlbHOH CHJihl 
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YroqHJITb 3HaqeHWI y , f3 H R(f3) C n0Momb10 

TeOpHH He y.n.ae-rc.11.. 

TeM He MeHee, aHaJIH3 nonyqeHHhlX Bhlpa:lKeHHH 

KOMil0HeHTOB TeH30pa B3aHMO.D.eHCTBffjl noKa3blBaeT, 

qro Kor.na y = 0, 5 ; R = 2(1 - f3)/3 Bhlpa:lKeHHe Fki 
CTPOro coana.n.ae-r C nonyqeHHblM Ha MaKpOypOBHe Bhl

pa)l(eHHeM (6). CoaepmeHHo pa3Hhle cnoco6b1 nonyqe

Hffjl KJiaCTepHoro B3fillMO.D.eHCTBM npHBeJIH K 0.D.HOM)' 

H TOMy )l(e pe3yJihTaTy. 3To orqacTH MO)l(HO o6'bMCH.HTb 

TeM, 'ITO B o6oHX pacCMQTPeH}fj{X CTPOro BhlllOJIIDIIOTCM 

3aKOHhl coxpaHeHffj{ MaCCbl, HMllYJibCa H 3HeprHH. 

Pacqe-rhl BOJIHbl pa3pe)l(eHffjl B CMeCH raJOB, npoae

,ueHHhle C npHMeHeHHeM 3TOH MO,D;eJIH, nOKa3blBalOT, 

'ITO nenrne KOMllOHeHThl ,D;BHralOTCM C 60Jibllli{MH yc

KopeHffj{MH, qeM 11DKeJible, CKOpOCTJ,{ KOl\,mOHeHTOB B 

TeJie BOJIHhl pa3pe)l(effffjl pa3JIH'lalOTCM, TeM caMhlM 

B03HHKa10T He paBHhle ttyJllO CHJihl Fk; H noToKH Q; . 
Ha IlOBepxHOCTH Bbl,D;BHra10meroc.11. nopwIDI CKOpoCTH 

K0MilOHeHTOB BblpaBHHBaIOTC.11., o,n:HaK0 MaCC0B~ KOH

ueHTPaUHM nencoro ra3a OKa3bmae-rc.11. Bhlme, qeM B HC

x o,n:H0M raJe. Mo,a.eJib 6bma np1fMetteHa TaK)l(e .D.JI.11. 

pacqe-roB cpHJibTPaUHH pa3HhIX ra30B qepe3 nopHCThlH 

HeilO.D.BJ,[)KHblH 6eTOH , Pe3yJibTilThJ pac'leTOB xoporno 

cornacy10Tc>1 C pe3yJihTaTaMH 3KCnepHMeHTOB. 

B cnyqae N = l ypaBHeHlfj{ (I }-(3) npeapamaioTcl! 

n KJlaCCJ1'ieCKHe y paBHeHIDI O.D.HOl<OMilOHeHTHOH 

CilJIOlIIHOH cpe,llhl. B CJiyqae .D.Byx KOMilO.HeHTOB MO

,n:eJib M0)t(eT 6hITb IIpHMeHeHa Ml! MO,nemtp0BaHIUI He

CTaUHOHapHhlX ,nBH)t(eHHH MKC 6e3 w11p0Ko npHMe

MeMhIX orpaH.Hqemm: (HeC>K.HMaeMOC1'b, npOCTeHlllHe 

YPC HT.,D;.). 

CJie;zyeT OTMeTHTb, •no ;:i:o nocne.n.Hero apeMeHH B 

JIHTepa-rype He BC1periaJ10Ch MO.D.eJteH MHOrDKOMilO

HeHTHhlX cpe).(, Y'IHTbIBaIOmax KJiaCTepHoe B3aHMO.D.eii

CTBHe. 6e3 yqera KJiaCTepHoro B3aJIMO,UeHCTBHJl BO BCex 

TaKJiX MO)J.eJIHX 3aKOHhl coxpaHCHHM CMeCH He MOryT 

6bITb nonyqeHhl CJMMHp<)BaHHeM COOTBeTCTBYJOUlHX 

3aK0HOB coxpaHeIDUI K0MilOHeHTOB [4, 5). 
Pa6o-ra BhlnoJIHeHa npH no.a..n.ep)l(J(e P<l><l>l1, 

rpaHT N!l 07-01-00378, rpaHT N!l07-0l-96011 
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