
MO,ll;EJih MHOFOKOMIIOHEHTHOH CPE,ll;bl* 

B.<l>. KYPOIIATEHKO 

B pa6oTe H3JiaraeTC.H HOflaH MO)J.eJib HepaBHOBeCH00 MHOroKOMilOHeHTHOA cpe)J.bl. B 3a

KOHax coxpaHeHHH KOMTTOHeHTOB Y~-IHTbIBaeTCH HX B3aHMO)J.eiicTBHe APYI' C )J.pyroM B BH,l].e 

CHJI H IlO'l'OKOB 3HeprHH, CO).l;ep:>KaUJ,HX pa3HOCTH CKOpOCTeii:, )J.aBJiem10 H TeMnepaTyp KOM

notteHTOB. Pac~aTpHBaeTCH TaK)Ke cpopMa o6MeHa HMilYJibCOM H 9HeprHeii Me)K)J.y Ka)K,Ll.bIM 

KOMilOHeHTOM H CilJIOlllH00 cpe,Ll.00, Bblpa)KaJOm.efi KOJIJieKTHBHble CB00CTBa aHCaM6JJH KOM

IlOHeHTOB. IloKa3aHO, 'ITO 3TH IIOTOKH HMilYJibCa H 3HeprHH OTJIH'lHbI OT ttym1 TOJlbKO B 

HepaBHOBeCHbIX no CKOpOCTRM COCTORHHRX MHOrOKOMilOHeHTHOH cpe,Ll.bI. IlpHBO,LJ:JfTCH IIOJI

HaH CHCTeMa ypaBHeHHA, OilHCbIBaIOUJ,HX IIOBe,n:eHHe Krui<,ll.OI'O KOMIIOHeHTa CMeCH. 

1. MHoroKOMIIOHeHTHag cpe,n;a 

'YHCTbIX BeIII,eCTB B rrpHpo,n.e qpe3DbI'laiiHO MaJIO. B OCHOBHOM 9TO MHOrOKOMIIOHeHT

Hbie cpe,LI,bl. Cmrnnrnyro cpe,rry a MaJIOM o6'beMe d0 Ha3hIBaIOT MHOrOKOMIIOHeHTHOil, ec

JJH B 9TOM ofrheMe rrepeMeIUaHbl HeCKOJibKO ( N - l) BeIII,eCTB. Tio,LI, TaKoe onpe,n,eJie1rne 

rro,rr,rra,n,aIOT nee H3BeCTHbie THIIbt MHOrOKOMIIOHeHTHbIX cpe,u,: rOMOreHHbie ( KOMIIOHeH

TbI nepeMeIIIaHbI Ha MOJieKyJI.51pHOM ypOBHe)' reTeporeHI-Ibie ( XOT51 6hr O,ll.HH KOMIIOHeHT 

rrpHCYTCTByeT B BH,LI,e MaKpO'laCTHIJ.), KOJIJIOH,ll,Hbie pacTBOpbl, KOTOpbie 3aHHMaIOT rrpoMe

)KYTO'lHOe COCT051HHe. 

Ka)K,LI,biii KOMIIOH€HT MO)KeT HaXO,Ll;HTbC51 B O,ll,HOM H3 H3BeCTHbIX arperaTHblX COCT051.

HHU: T -- TBep,u,oe TeJIO, )K - )KH,ll,KOCTb, f - ra3, TI - IIJia3Ma. B CMeCH B03MO)KHbI KOM6H

HaU,HH KOMIIOHeHTOB B JII06bIX arperaTHbIX COCT0.51HH.HX. HanpHMep, B ,ll,BYXKOMTIOHeHTHOH 

CMeCH B03M0)KHhl CJie,ll.yIOIII,He THIIbl CMeCeii: f + )K - - a9p030Jih, f + T - a9pOB3BeCb, 

)K + r - ny3hiphKOBa51. cpe,n,a, )K + )K - 9MYJihCH51, )K + T - cycnett3H51., T + T -
CKaJJbHhie rropO,Ll;hI, rpyHThI, KOMII03Hl\HOHHhle MaTepHaJibI, CIIJiaBbI H T. ,u,. KoHKpeTHhie 

arperaTHbie COCTO.HHH.51, B KOTOpbIX HaXO,ll,51TC5I KOMIIOHeHTbI, onpe,LI,eJI51IOT xapaKTep HX 

B3aHMO,LI,eHCTBH5I. B3aHMO,LI,eif cTBHe KOMilOHeHTOB 3aBHCHT eIII,e OT pH,n;a ,u,pyr.0:x xapaKTe

pHCTHK: OT pa3Mep~ H q>OpMbI -.:iaCTHII,, B3aHMHblX a,u,re3HOHHbIX CBOttCTB, TennoeMKOCTH, 

CKOpOCTII 3ByKa H T. ,u,. <l>H3H'leCKHe rrpou,eccbI, rrpOHCXO,Ll;HIII,He B MHOrOKOMIIOHeHTHOit 

cpe,n,e, MOryT rrpHBeCTH K H3MeHeHHIO arperaTHOro COCTOHHIHI 0,11.HOrO HJIH HeCKOJibKHX 

KOMilOHeHTOB. 9TO HBJieHHe Ha3hmaeTC.H THKCOTpOnHett. TipH 3TOM H3MeH51eTCH xapaKTep 

B3aHMO,LI,eitCTBH.H KOMTIOHeHTOB. B TeXHHKe BCTpeqaeTC51 HaCTOJibKO 60JibillOe KOJIH'leCTBO 

MHOrOKOMIIOHeHTHhIX cpe,n,, 'ITO ,n,aTb HX IlOJIHYIO KJiaCCH(pHKaII,HIO O'-IeHb Tpy,u,HO. 

ITpou,ecCbI BHYTPH MHOrOKOMIIOHeHTHbIX cpe,rr, B03HHKaIOT npH JII06hIX BH,n.ax B03,LI,e~

CTBHii:: MexaHH'leCKHX, TeIIJIOBbIX, pa,n.HaIJ,HOHHhlX, XHMH'-IeCKHX, KOM6HirnpoaaHHbIX. Bo3-

.n,eii:CTBH.H rrpHBO,ll,5IT K B3aHMHbIM nepeMeIII,~HH.HM KOMTIOHeHTOB ( rrepeMeillHBaHHIO HJIH 

cenapan,mr), K HarpeBaHHIO H .n;e¢opMaU,H5IM KOMTIOHeHTOB, K (pa30BbIM nepexo.n,aM H, 

TaKMM o6pa30M, K CMeHe THila MHOrOKOMTIOHeHTHOtt cpe,LI,hI, K XHMH'l€CKHM peaKU,IUIM B 

KOMilOHeHTax. 

EcJIH ,n.an.JieHH.H pi (i - HOMep KOMTIOHeHTa), TeMnepaTypbI Ti H CKOpOCTH ui ,Il;JI5I ncex 

KOMilOHeHTOB O,ll,HHaKOBhI, TO CM€Cb Ha3bIBaeTC5I paBHOBeCHOil. B rrpOTHBHOM CJiyqae MHO

rOKOMTIOHeHTHa.H cpe,n.a HepaBHOBeCHa. Ka)K,11.blif BH,11. HepaBHOBeCHOCTH (MexaHH'leCKOe 

*Pa6oTa BbIIlOJIHeHa npH IlO,II,lJ;ep)KKe P(J>t.1>11 (rpaHT X9 04-01-00050). 
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npH ~ -/: Pi, TenJioBoe npH Ti -:/- Tj, KirneMaTH'lecKoe rrpH Ui -:/- Ui) rropo)K,ll,aeT cooT

BeTCTBy10m.1dt peJiaKCaII,HOHHblit npou;ecc, rrp1rno,n:.S1m.1dt K yMeHbUieimlO pa3HHlI,bl Me)K,lly 

HepaBH0BeCHbIMH BeJUl'IJrnaMH. BpeM,Ema peJiaKCalI,HH Tp, TT, Tu 3aBHC51T OT CB0iiCTB B3a

HMO,n:eiiCTBYlOIIIJ1X KOMIIOHeHTOB. 

2. MexaHHKa MiiorocKopocTHbIX KOHTHHYYMOB 

PaccMoTpHM :=meMeHT cMecH, HMe10m.1dt o6'heM d0 H Macey dM. no orrpe,n:eneHHlO nnoT-

H0CTb CMeCH paaHa 
dM 

p= d0. (1) 

CMec1, B o6'heMe d0 cocT0HT H3 K0MnoHeHT0B. Ka>K,n.brii H3 HHX 3aHHMaeT ofrheM dBi HMeeT 

Macey dMi. no onpe,n:eJieHIUO q>H3HqecKa.8 IIJI0TH0CTb i-ro K0Mil0HeHTa paBHa 

dMi 
Pi= d0i . 

O6'heM H Macca CMeCH CKJia,LJ:bIBalOTC.8 H3 o6'beMOB H Mace K0Mil0HeHT0B 

N 

dM= LdMi, 
i = l 

i=I 

( (2) 

(3) 

(4) 

YpaBHeHHR (3), ( 4) onpe,n:eJI51lOT o6'beMHYlO H MaCC0BYIO K0Hu,e1ITpau,1rn i-ro K0Mil0HeHTa 

dBi dMi 
ai = d0 ' 'TJi = dM . (5) 

J,fa (3) - (5) c.rre,llyeT, 'IT0 

(6) 
i=l i=l 

By,n:eM cqHTaTb, 'ITO Ka>K,LJ:blit K0Mil0HeHT B CB0eM o6'heMe d0i xapaKTepH3yeTCH q>H3H

qecKHMH aeJIH'IHHaMH Pi, ~' Ui, Pi, Ei - y,n:eJihHaH BHyTpeHHH51 3Hepr:aH, Si - 3HTponmr, 

sikl - K0Mil0HeHTbl ,n:eBHaTopa TeH30pa HanpH>KefiHit H T. ,n:. TepMO,LJ:HHaMH"t{eCKHe BeJIH

'IHHbI ~' Ti, Pi, Ei, Si CB513aHbI ypaattemrnM cocT0HHmI. B o6'heMe CMecH d0 Ka>K,n:brit 

K0MIT0HeHT xapaKTepH3yeTC5I napII,HaJibHbIMH BeJIH'IHHaMH aiPi, O:iPi, 'TJiui, 'f}iEi H ,n:p., 

K0T0pbre Il0Jiy'lalOTCH H3 q>H3H'IeCKHX BeJIH'IHH YMH0>KemreM Ha O:i HJIH T/i· fl C00TBeT

CTBHH C npHH.HTbIM onpe,n:eJieHHeM rrapI.J,HaJibHblX BeJIH'IHH 0HH HenpepbIBHbI B 06'beMe 

CMeCH d0. HenpepbIBHOCTb rrapll,HaJibHbIX BeJIH'IHH II03B0JISieT Ham1caTb ,LJ:JUI HHX 3aK0-

Hbl coxpattemrn B 'laCTHbIX np0H3B0,LJ:HbIX. TaKoii rro,n:xo,n: 03Ha'!aeT, '-lT0 B Ka>K,n:oit T0~Ke 

npocTpaHCTBa 0,LI:H0BpeMeHH0 HaX0,LJ:5ITCH Bee N K0Mil0HeHT0B. 11,n:en, Jie>Kam,He B 0CH0Be 

MO,n.ene~ MH0r0CK0p0CTHbIX K0HTHHHYM0B, H3JI0>KeHbI B p.H,n:e pa6oT [1-7]. 
flony'IMM ypaBHem1e, Bblpa>Ka10m,ee IlJI0TH0CTb CMeCH p qepe3 napu,HaJibHbie IlJI0THO

CTH K0Mil0HeHT0B O:iPi· ,il,JIH 3T0ro no,n:cTaBHM (1) H (2) B (3). B pesyJibTaTe Il0JIY'-lHM 

N 

pd0 = ·L Pid0i. (7) 
i=l 
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IlocJie rro,11.cTaHoBKli a (7) dBi M3 (5) H coKpau~eHHH na dB -;:f O rroJiyqaeM, t.JTO nJIOTHOCTb 

CMeCH paBHa cyMMe rrapll,HaJlbHbIX IIJIOTHOCTeH KOMIIOHeHTOB 

N 

P = L aiPi. 
i=l 

(8) 

vb ypanHeHHH (1), (2) H (5) CJie,11.YeT ypaBHeHlie, Bbipa)KaIOlll,ee napn_HaJibHYIO IIJIOTHOCTb 

i-ro KOMIIOHeHTa qepe3 IIJIOTHOCTb CMeCH 

(9) 

IlpH t = Const KpOMe 3aKOHOB co~aHeHHH Mace (3) H o6'beMOB (4) HaIIHllleM 3aKOHbl 

coxpaHemrn: KOJIWieCTBa ,11.BH)KeHHH K H 9Heprmr 

N 

dK= LdKi, 
i=l 

N 

dQ= LdQi, 
i=l 

Ilo onpe,rr.eJiemno 

dK = UdM, 

1'13 (5), (10) n (12) CJle,11.YeT Bbrpa)KeHlie ,11.JIH CKOpOCTH CMeCH 

N 

u = L1JiUi , 
i=l 

(11) 

(12) 

(13) 

CKOpOCTb CMeCH, onpe,n;eJrneMaH ypaaHeHHeM (13), Ha3bIBaeTCH 6apHu;eHTpH'leCKOH. Ilo

CKOJibKY speMH t 3aMOpO)KeHo, TO rrepexO,lI.bl 9HeprHH H3 O,lI.HOI'O BH,n;a B ,11.pyrott OTCYTCTBY

IOT. Ilo9TOMY ypaBHeHHe (11) MO)KHO npHMeHHTb KaK K Y,1I.eJibHOii: BHyTpeHHefi: 9HeprHH 

E, TaK H K y,lI.eJibHOH IIOJIHOH 9HeprJrn c: 

N 

C = L 1Ji€i, 
i=l 

i=l 

(14) 

(15) 

Ka)K,11,bli-r KOMIIOHeHT H_MeeT ypaBHemi:e COCTOHHHH [8], a CMeCb He HMeeT ypaBHeHHH 

cocTOHHHH. TeM He MeHee, y,n;eJihHYIO BHyTpeHHIOIO 9Hepruro E(V, S), KaK H Ei('\~, Si), 
MO)KHO paccMaTpHBaTb KaK TepMO,1I.HHaMH'JeCKHe IlOTeHU.HaJibl 

(16) 

{17) 
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P = -(8E) av ' s 
p. = -(8Ei) , av. . 
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(18) 

Ilo aHa.JIOI'HH C TepMO,lI,HHaMHKOtt 6y,n,eM paccMaTpHBaTb H33HTpOIUP'IeCKHfi: npou.ecc rrpH 

IIOCTO51.HHbIX MaCCOBbIX H ofrheMHbIX KOHlI,eHTpa1i;i;u1x. Tor,n,a (16), (17) rrpHMYT BH,!I, 

dE = -PdV, dEi = -Pd½. (19) 

ITpo,n,mp<pepeHu;HpyeM (15) rrpH rJi = const H B rroJir1eHHOe ypaBHeHHe IIO,ll.CTaBHM (19). 
B pesynhTaTe nony'IHM 

N 

PdV = L7li~d½. (20) 
i=l 

Ho rrpH 7li = const, ai = const H3 (9) cne,n,yeT ypaBHeHHe 

(21) 

TTo,n,cTaBHB (21) a (20) H COKpaTHB Ha dV =/=- 0, IIOJIJ'IHM, 'ITO ,n,aanemrn CMeCH paBHO 

cyMMe napu;HaJibHbIX ,ll.aBJieHHii KOMIIOHeHTOB 

N 

P= LaiPi. (22) 
i=l 

9TO ypaBHeHHe 6bIJIO rrony'leHO ,Il,aJibTOHOM ,!I,JI51 CMeCH H,II,ea.JibHhIX rasoa, HaXO,lI,51IlI,HXCH 

B TeIIJIOBOM paBHOBec1m, H H3BeCTHO, KaK 3aKOH ,II,a.rrbTOHa. 

,II,anee )I.JUI npOCTOTbI H3JIO)KeHH51 6y,n,eM paccMaTpHBaTh a,n,Ha6aTH1-IeCKOe 51,!I,pO CHCTe

Mbl 3aKOHOB coxpaHeHH51 i-ro KOMIIOHeHTa C uyJieBhIM ,n,eBliaTOpOM TeH3Opa HaIIpH)KeHJd!, 

6e3 TelIJIOIIpOBO,ll.HOCTH, 6e3 XHMH'leCKHX peaKu;Htt H 6e3 BO3,II,ei1CTBH51 IIOJieii H3Jiy'leHHH. 

TipH He06XO,ll.HMOCTH q>H3H'leCKHe npou;eccbI (B513KOCTh, yrrpyroCTh, TIJiaCTH"IHOCTb, cy

xoe TpeHHe, TennonpOBO,lI,HOCTb H ,n,p.) ,u.o6aBJI51IOTCH B 3aKOHbl coxpaHeHlrn - ypaaHeHmI 

a,ll.Ha6aTH"IeCKOI'O H,n,pa. 

C yqeTOM CKa3aHHOro BbIIIIe, 3aKOHhI coxpaHemrn: ~CCbI, KOJIH"IeCTBa ,lI,BH:>KeHHH H 

3HeprHH i-ro KOMIIOHeHTa 3aIIHIIIeM B BH,U.e 

(23) 

(24) 

(25) 

(26) 

BeKTOp Rsi OIIHCbIBaeT cyMMY napHbIX o6MeHOB KOJIH"IeCTBOM ,lI,BH)KeHHH i-ro KOMIIO

HeHTa co BCeMH ocTaJihHhIMH KOMITOHeHTaMH, Asi - pa6oTa aeKT_opa Rsi, <pyHKU.HH 4>si 
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OIIHChIBaeT cyMMY rrapHblX o6MeHOB 3Hepmett i - ro KOMilOHeHTa co BCeMH OCTaJibHbIMH 

KOMllOHeHTaMH CMeCH, TeH30p Fsi OIIHCbIBaeT B03,rr,ettCTBHe CMeCH Ha i-H KOMilOHeHT B pe-

3YJibTaTe KJiaCTepHOI'O B3aHMO,rr,ettCTBHH (BeKTOp FkSi o6pa30BaH 3JieMeHTaMH k-tt CTpOKH 

(k = 1, 2, 3) TeH30pa Fsi), QSi OIIHCbIBaeT IIOTOK 3HepmH co CTOpOHbI CMeCH Ki-My KOM

IIOHeHTY B p e3yJibTaTe KJiaCTepHOI'O B3aHMO,rr,ettCTBHH. CHCTeMa ypaBHeHHH (23) - (26) He 

5IBJI5IeTC5I 3aMKHYTOH, ITOCKOJibKY K qm3HqeCKHM Bemrq:r-rnaM Pi, Pi, Ei, Ci, ui ,II,06aBHJiaCb 

em,e o6'beMHaH KOHI.J;eHTpau,HH ai . 

3. IlapHoe B3aHMO~eiiCTBHe KOMIIOHeHTOB 

ITpe,l],IlOJiaI'aeTCH, 'tJTO ,n;Ba KOMilOHeHTa C HOMepaMH i H j B3aHMO,ll,ei1CTBYIOT ,n;pyr C 

,n;pyroM He3aBHCHMO OT OCTaJibHbIX KOMIIOHeHTOB. HHTeHCHBHOCTb IIOTOKa KOJIH'tJeCTBa 

,l];BH)KeHH5I orrpe,rr,eJIHIOTC5i BeKTOpOM Rij' KOTOpbitt, KaK rrpaBHJIO, HMeeT BH,ll; 

(27) 

ITop.a,n;oK HH,ll;eKCOB yKa3brnaeT HanpaaJiemi:e ,n;ettcTBHH. BeKTOp Rji )],eiicTayeT co cTopottbI 

j - ro KOMIIOHeHTa Ha i-tt. <l>yHKU,H.H aij y,II:OBJieTBOpHeT YCJIOBHHM 0H3~repa aij = aji [9]. 
HHTeHCHBHOCTb o6MeHa 3Hepmett orrpe,n;emieTCH <PYHKI.I,Hett 

(28) 

r,n;e bij' Cij TaK)Ke y,n;OBJieTBOp.HIOT ycJIOBHHM B3aHMHOCTH 0H3arepa 

(29) 

BeKTOp Rji H <PYHKU,HH <Pji OTJIH'-1.Hbl OT HYJIH TOJibKO B CJiyqae OTCJTCTBHH paBHOBeCHH 

npH U i =I= U j, Pi =I=· Pi HJIH ~ =I= Ti. B paattoaecHott cMecu Rji = 0, <I? ji = 0. CJie,rr,cTBH

eM ycJIOBJdt Ott3arepa HBJUl:eTCH paBeHCTBO HJJIIO cyMMbI qJieHOB C pa3HblM nopH,II,KOM 

HH)I,eKCOB 

(30) 

YcJIOBHH (30) HBJI5IIOTC.H Ba)KHW! oco6eHHOCTblO napHblX B3aHMO,D;eHCTBlfH. I1oJIHOe ,n;ett

CTBHe BCex KOMilOHeHTOB Ha i-H KOMilOHeHT noJiyqaeTC5I cyMMHpoaamreM no j. 

N 

Rs;= L ajRji, 
j=l 

N 

<Psi = L ai<I?ii· 
j=l 

. H3 (31) CJie,eyeT e:rn;e O,Il,HO CBOi1CTBO rrapHblX B3aHMO,II,ei1CTBHi1 

N N 

LL aiajRji = 0, 
i=l j=l 

N N 

LL aiaj<I?ji = 0. 
i=l j=l 

(31) 

(32) 

HeCKOJlbKO CJIOB CJie,IJ,yeT CKa3aTb O BbI6ope <PYHKlI,Hii aij' bij, Ci,j. HepaBHOBeCHOCTb no u, 
P H T rropO)K,ll;aeT COOTBeTCTBYIO.IIJ;HH peJiaKCall,HOHHbii:t npou,ecc [9]. BpeM.H peJiaKCalI,HH 

3aBHCHT OT MHOI'HX cpaKTOpOB. TaK, HarrpHMep, BpeM.H peJiaKCaU,HH CKOpOCTeH rg 3aBHCHT 

OT pa3MepOB H cpopMbI tJaCTHlI, B3aHMO,n;ettCTBYIO.IIJ;HX KOMIIOHeHTOB, HX a,II,re3HOHHbIX xa

paKTepHCTHK, mepoxoaaTOCTH 'IaCTHlI, H T. ,II,, TeopeTHqeCKH o6oCHOBaTb 3TH 3aBHCHMOCTH 
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Tpy,n:Ho (10-13]. KaK npaBHJIO, ,ll;JISI Bh16opa TH np1rnJieKa10Tcsi: pe3yJibTaTbI 3KCnepHMeH

TOB. ITocKOJibKY pa3MepHOCTh dimaij :- p /t , TO c yt:IeT0M ycnoBH:fi Ott3arepa HaH6onee 

np0CTOe Bblpa)KeHJ-le ,n:m1 a i j M0)KH0 npHHSITb TaKHM 

(33) 

AHaJTOrJPIHble paccy)K,n;eHlUI rrpHBO,lI,?T K CJie,n;yIO~HM Bbipa)KeHH.HM ,ll;JI.H bij H Cif 

(34) 

r,n.e Cv - TeITJIOeMKOCTh IlpH IlOCTOSIHHOM V. )J,.JISI onpe,n;eJiemrn BpeMeH peJiaKCall,HH Te, rJ 
'laJ1'e Bcero CTpOSIT H30mrpoBaHHYIO SI'leHKY H3 KOMilOHeHTOB i H j, B KOTOp0H rrpOHCXO,ll;HT 

ycTaHOBJieHHe paBHOBeCH.H. 

4. KJiacTepttoe B3aHMo,n;ettcTBHe 

O,n_HOBpeMeUHO C napHbIM B3aHMO,n_eitCTBHeM B 3aKOHbl coxpaHemrn BBO,ll;SITCH ~meHbI, 

Bbipa)KalOJ1'He KJiacTepHoe B3aHMO,n.eitcTBHe i-ro K0MII0HeIITa co CMeCblO. 9TH 'IJieHbl OT

JIH'IHbl OT HYJIH TOJibKO B CJiy<Iae OTCJTCTBHH paBHOBecm1 no CKOpOCTSIM. ITocKOJlbKY CK0-

pOCTH K0MII{)HeHTOB HanpaBJieHbI rrp0H3B0JibH0 , TO CHJJa HX B3al:IMO,!I.eHCTBHH ,lI,OJl)KHa 3a

BHCeTb OT OpHeHTaIJ,HH BbI6paHHO°tt IlJIOII.I,a,n:KR, T.e. 6bITb TeH30pOM. -YcJIOBHH KJiacTepHoro 

B3aHMO,n;eitcTBHH HMeIOT Bll,ll; 

N N 

Fs = L aiFis = - L aiF Si, (35) 
i= l i= l 

N N 

Qs = I:aiQis = - LaiQSi· (36) 
i= l i= l 

. )J,JIH paHee BBe,n;eHHbIX xapaKTepHCTl:IK CMeCH P, p, E , u, c 3aK0Hbl coxpaHemrn 

Cl1JIOIIIHOH cpe,n;hI HMeIOT BH,ll; 
op -
&t + \l(pU) = 0, (37) 

3 a - °"a- -
&t (pU ) + '1 P +~ax (Fks + pUUk) = 0, 

k= l k 

(38) 

3 a - °" a --
at (pc:)+ \l(U(P + pc)) + {;: axk (U Fks ) + '1Qs = 0. (39) 

8 paMKax rrpHHHTblX paHee rHIIOTe3 ypaBHemrn COCTO.HHH.H CMeCH He cyII.I,eCTByeT. TeH30p 

F s H 110TOK 3Heprmr Q s ,n;eitCTBYIOT Ha CMeCb co CT0p0Hhl BCex KOMilOHeHTOB. )J,m:I BbI6o

pa HX <PYHKI.I,HOHaJTbHOH 3aBHCHMOCTH OT 0CTaJihHhIX <PYHKI.I,Hit, BX0,II,HII.I,HX B ypaBHemrn 

(37) - (39), c¢opMynupyeM ,n:aa Tpe6oaamrn: 

1. -YpaBHeHHH (37) - (39) ,ll;0JI)KHbl IIOJiy'laTbCH rryTeM cyMMHp0Bamrn no i CO0TBeT

CTBYIOII.I,HX 3aKOH0B coxpaHeHH.H i-ro K0MII0HeHTa (23) - (25) . 
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2. YpaBHemrn: (23) - (25) H (37) - (39) ,D;OJI:>KHbI 6bITb HHBapHaHTHbI K npeo6pa30Ba

HHIO famuie.H. 

I1ocne BbIIIOJIHeHH.SI npHBe,LJ,eHHblX BbIIIIe Tpe6oaamrii IIOJiy'iaIOTC.H CJie,IzyIOIIJ,l-le Bbipa

)KeHH.SI AJI51 F kSi H Q Si: 

FkSi = -0, 5pi(Ui - U)(Uki - Uk), 

Qsi = 0, 5pi(U - Ui)(~ + pEi)-

5. Y paBHeHHe ,IJ;JiSI o6'beMHOH KOHD;eHTpa:a;HH 

(40) 

(41) 

113 3aKOHOB coxpaHeHH.SI i-ro KOMIIOHeHTa (23) - (25) c IIOMOIIJ,bIO TO:>K,LJ,eCTBeHHhIX 

rrpeo6pa30BaHHH IlOJIY'iHM ypaBHeHHe ,ll,JI.SI rrpOH3B0,IJ,CTBa 3HTp0IlHH i-ro KOMilOHeHTa 

9To ypaBHeHHe CO,IJ,ep:>KHT cy6cTaHI.\JIOI-laJibHYIO rrpOH3B0,IJ,HYIO i-ro KOMilOHeHTa, KOTo

pa.H ,IJ,JI5l rrpOH3BOJibHOii <pyHKU,HH j HMeeT BH,IJ, 

dd = of U-Vf 
dt at + i . 

(43) 

CoBepIIIeHHO aHa.r.rOrH'iHO ypaBHeirne rrpOH3B0,ll;CTBa 3HTpOI1HH CMeCH IlOJIY'UiM H3 (37) -
(39) B BH,n;e 

3 -
dS 8pH - """ (- au) -pTdt + &t + V (pHU) + {;t Fks oxk + '7Q8 = 0, (44) 

r,IJ,e 
N 

pH = 0, 5 L O:iPi(Ui - U)2
. (45) 

i=l 

Cy6cTaHU,HOHaJibHa.SI npOH3B0,IJ,Ha.SI B,lI,OJlb TpaeKTOplrn CMeCH CB.SI3aHa C cy6cTaHU,HOHaJib

HOH rrpOH3B0,LJ,HOt:i i -ro KOMIIOHeHTa ypaBHeHHeM 

df = dd + ( U - U ·) V f 
dt dt i • 

(46) 

I1oTpe6yeM, qT06bI npOH3B0,II,CTBO 3HTpOIIHH CMeCH 6hIJIO paBHO cyMMapHOMY npOH3B0,LJ,

CTBY 3HTpomrn KOMIIOHeHTOB 

dS N dSi 
pTdt = LaiPi~-d. 

i=l t 
. (47) 

Ilo,rr,CTaBHB CIO,ll.a Bbipa)Kemrn ,LJ,JI.SI npOH3B0,ll.CTBa 3HTPOIIHH ( 42) H ( 44) C J'IeTOM CB.H3H 

cy6cTaHII,HOHa.JlbHbIX npOH3BO,IJ,HblX ( 46), IlOJIY'iHM ypaBHeHHe ,II,JI.SI o6'beMHOi:i KOHII,eHTpa-

U:,HH 

(48) 

9TO ypaBHeHHe BMeCTe C ypaBHeHHeM COCTO.HHH.SI i-ro KOMilOHeHTa 3aMbIKaeT CHCTeMy 

3aKOHOB coxpaHeHH.SI i-ro KOMIIOHeHTa. Ka)K,IJ,blit KOMIIOHeHT HMeeT CBOe ypaaHeHHe co

CTOHHHH, KOTOpoe MO)KeT 6hITb CKOJib yro,IJ,HO CJIO)KHbIM (8]. 
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6. CHcTeMa ypaBueuHA i-ro KOMnoueuTa 

I1peo6pa3yeM ypaBHemrn: (23) - (25) H 3anmneM CHCTeMy ypaBHe1mtt i-ro KOMnoHeH

Ta ,ll,JHI napn;HaJibH0tt IIJI0TH0CTH, CK0p0CTH, y,n;eJibH0tt BHyTpeHHett 3Hepnrn .H o6'heMHOtt 

K0HU,eHTpau,HH. TaKHM o6pa30M, Il0JIHaH CHCTeMa ypaBHemdt i-ro K0Mil0HeHTa C0CT0HT 

H3 ypaBHeHHSI Hepa3pbIBH0CTH (23), ypaBHeHH.8 ,ll.BH)KeHH.8 . 

(49) 

ypaaueHHH ,ll,TUI BHyTpeHHett 3HeprHH 

H ypaBHeHHH ,ll.Jl.51 o6'heMHOfl: K0HU,eHTpau,1rn 

(51) 

O6MeHHbie '9:JleHbl, xapaKTepH3yIOw;He rrapHbie B3aHM0,n.ettCTBHH, HCilOJlb3YIOTC.sI B BH,n.e 

N 

N 

Rsi = L aiaii(Ui - Ui), 
j=l 

4>si = L ai(bii(Pi - Pi) - Cii(Ti - ~), 
j=l 

O6MeHHble 'iJieHbl, xapaKTepH3yIOw;He KJiacTepHbie B3aHM0,n.ettcTBHH, HMeIOT BH,ll. (40), 
(41). CKopOCTb H IlJI0TH0C'l'b CMeCH onpe,n.eJISIIOTCH ypaBHeHHHMH (8), (13). 

TaKHM o6pa30M, Il0JIHaH CHCTeMa ypaBHeHHtt CMeCH co,n.ep)KHT 0)1,HHaK0B0e K0JIH'ie

CTB0 ypaaHeHHA H <PYHKI~Htt H HBJIHeTCH 3aMKHyTott 6e3 ,ll;0il0JIHHTe.JlbHbIX rHil0Te3, K0H

KpeTH3Hpy10w;Hx CMeCb. 
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