Nekuunsa 11
MHOrokoMnoHeHTHbIe cpeabl

1. Xumuueckue peakumm B romoreHHou cpepe. TTepeonpeaesneHue
CTeXUOMeTpU4eCKUX Ko3(PPULMeHToB. Bpems penakcaumu peakumu.

2. OcobeHHOCTU peakuuii B TBepAbIX cpeaax. TIpumep TepMOANHAMUUYECKOTO
OMUCAHUSA peaKuuu B TBepAOii AePOPMUPYeMOii Cpese

3. TTpocTeiilwme moaenu MHOrOKOMMOHEHTHLIX cped. M3oTepmuueckue ycnoeus:
«6e3AMPPY3IUOHHEIE» MOAeNU ASNA ra3a U TBepAoro Tena.

4. O6Wwuii BUA YpaBHeHUs 3Heprum B (POpMe YpasHeHUs TensnonpoBOAHOCTU AN
CpefibI C XUMUYECKUMU peaKLmamu. YacTHbIe BapUAHTLI ypaBHeHUs SHeprum.
TTepeonpeneneHue NOTOKOB U cUn

5. TTpocTeiilume HeusoTepmUYecKue MOAeNIU: a3 C eAUHCTBEHHOU XUMUYEeCKOoU
peakuueii; HU3KUE U BBICOKUE CKOPOCTU TeuyeHus. Baskas HbFOTOHOBKaA XUAKOCTL C
€AMHCTBEHHOM Xumuyeckoli peakuueii. MHOrOKOMMNOHEHTHAs AePopMUpyemas
CpeAa: BAPUAHTLI ypaBHeHUA 3Heprum U obobieHHerx YPC. TTpocTeliwme BapUaHTLI
U3OTPONHOU AeOpMUPYEMOii Cpeabt

1.XMMun4yeckue peakuum B roMOreHHom cpege

J1.2: BBENM KOHLEHTPaLMM 1 YCTAHOBUIIN COOTHOLLUEHUS MEXOY HUMMU:
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J1.2: Beenu onpegeneHne KOopanHaThbl peakunm 1 HaLnv NponsBOACTBO
3HTPOMUK, CBA3AHHOE C PeaKLUAMU:
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MepeonpeaeneHune crexmomeTpmyeckux koachdpuumeHToB
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Mpy COBMECTHOM NPOTEKAHWUMN I XMMUYECKUX PeaKLuii aHanormyHble
COOTHOLLEHVSI UMEIOT BUA,
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MOJIbHbIM KOHUEHTpaunaMm, NCnoJib3ya CBA3b:
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1 NOTOKOM [51s1 XMMUYECKON peaKLMn SIBIISIETCS ee CKOPOCTb, TO B
COOTBETCTBUW C 0BOLLEN TEPMOANHAMMYECKON TEOPUEN, MOXEM 3anuncaTtb

,
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MaTpuua peHoMeHOnornyeckmx Ko ULMEHTOB (ONATb Xe B COOTBETCTBUN C
obLen Teopmmn) ABNSAETCA CUMMETPUYHON U NONOXUTENBHO ONpeaeneHHoN.
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Mepeonpenenvm cTexMomMmeTpuyeckne koaULMEHTbI Tak, YTOObI BbIMOSHSANUCL

COOTHOLLIEHMS
et th L Y0

I=g;+1 i=1

q; — YUCNO peareHTos,

) n—¢; YUCNO NPOAYKTOB 3TOW peakLmu
y4acTeyHOLWUX B peakLmu i

HoBble cTexnomeTpuyeckme Vi = VkiMk k=1,2,013

KO3 ULMEHTBI CBSA3AHbI CO CTapbIMU ki 1 P12y
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MHTerpupya ypagHeHUs Mo BpemeHU, HaXoanM

a(t)zcl() Cio _ Gol0)- Czoz___:Cn(l)*Cno

Vi V2 Vi

CnepoeatenbHO, 3aAaHUE § B HeKOTOprl‘Z MOMEHT BpemMeHU 3KBUBAMEHTHO 3aA4AGHUHO B
3TOT MOMEHT BCeX MACCOBbIX KOHLlCHTpGLlVII?I (MJ‘IM MONbHBIX NPU MOJSTbBHOM OHMCGHMM).

TTpousBOACTBO SHTPONUU U ApYyrue BLIBOALL HE U3MEHSAOTCA.

Bpemsa penakcauum peakummn
MMycTb NpoTekaeT eanHCTBEHHAs peakL st

OCyLLl,eCTBVIMOCTb peakuunmn 3aBuCUT OT yCJ'IOBI/II?I, B KOTOPbIX OHa NPOTEKaeT.

Tak, u3 ypaBHeHus [mbbca ,qnﬂ MHOTOKOMMOHEHTHOM CUCTEMBI
ds_1ldu pdy gk dC, p de
©; 4;
ds_ldu pdv A de

dt Tdt Tdt pTdt
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Mcnonb3ya apyrue noteHumanst f =u—Ts, h=u+ py, g=u—Ts+ py, CMOXeM 3anuncath:
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o =1£ CPOACTBO peakumm A 3aBUCUT OT
T de § 14 KOOpAUHATLL peakLmmn § U aByx
== ~—~=—=— (3) APYrMX NepemeHHbIX COCTOAHUS,
-0 _POG _ . dtp pT COOTBETCTBYHOLUMX YCIOBUAM
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TO paBHOBECHOE 3Ha4YeHUe XuMmn4yeckoro cpoactea A=0

Tax kak, No onpeaeneHnto, A= T( j , 4 B YCNOBUAX paBHOBeCUs S = const,
Uy

Paznoxum xumuueckoe cpoactso 8 paa Telinopa s6nmsm A= o4 (i—i )
PABHOBECHOTO 3HAYEHWS, OTPAHUNYMUBASACH NEPBLIM YNIEHOM ok, eq e
pasnoxenns PeHomeHOoryecKuit

d§ o4 KO3(PPUUUEHT [ Ans BCeX

dt pT 6& (& - aeq) 4) UeTbIpeX ypasHeHWIi OAMHAKOB,

HO Npou3BOAHbIE - PA3STUYHBL

COOTBETCTBEHHO YeTbIpem YCMOoBUAM npmeKaHMsl peakumu, Umeem YeTbIpe YpaBHeHUs.
Hanpumep, B ycnioBus X NOCTOAHCTBA TeMMepaTypbl U 06bema:

(o) . & 1¥f B
A= (aa)y]. dt oT aa (i aT,y)




TTpouHTerpuposae (4) no BpemeHn, Haiaem
Bpems pefiakcalmm
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CooTBeTCTBEHHO YeTbIpem TUunam yCﬂOBM[/‘I NpOTEKAHUA XUMUYECKUx peaKuMﬁ B
npocroﬁ rOMOreHHOW Ccpene umeem YetbIpe passiyHbIX BpemMeHu penakcaumm
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Bce 371 BeNUUYUHBL NONOKUTENbHBI, TAK KAK TepmoauHammuyeckme noTeHuumansr 8
YCNOBUAX paBHOBECUS UMEFOT MUHUMYM.

PaznuyHbIe BpemeHa penakcauum XUMUYECKOW peaxkumm CBa3aHbI Mexay coboin
TEPMOANHAMUYECKUMU COOTHOWEHUAMU, KOTOPbIE N1erko nonyymTb, UCNOJSIb3yAa
TepMoAUnHAMUYeCKne CooTHoweHusa Makceenna.

2.0c06eHHOCTU XUMUYEeCKUX peaKLuii B TBepAoW cpase

1.6payH P., fonnumop 1., Tanseii A. Peakumu Teepabix Ten / M.: Mup, 1983. - 360 C.
2.BecT.A Xumus TBepaoro tena. Teopus m npunoxeHus, B 2-x yactax, M.: Mup, 1988

Honroe Bpemsa c4UTanocChb, YTO peakumnm (XVIMVI‘-ICCKVIC n gpasosbie npeBpameHm) B
TBCPAOVI gase BOO6LLe He nayT uam nayTt HPC.’!BbIHOVIHO MeAaneHHo, YTo Aenaet ux
6ecnonesHsIMU ANg NPAKTUYECKOro UCNOJIb30BAHUS. CucTtemaTuyeckoe UccnenosaHue
B 3TOM 06nacTn Havyanock Nuwb B 30-e roasr, YTO CBA3AHO HenocpeacTseHHo ¢
passBUTUEM HOBBIX TeXHOMNOrMMA.

Tloa T8epAo@asHLIMM ripespalleHHImm YacTO NOHUMAKOT Te, KOTOpbIe UAYT C
yvacTuem TBepAbIX BelleCTs, T.e. XOTb OAHO U3 BellieCTB ABSISeTCA TBepAbIM (peareHT,
NPOMEXYTOUHBIW MPOAYKT, KaTasmsaTop).

TTpumepsr:

TTonumepusaums B TBepfloi pase

CB-cuHTe3 B TBepaOi pase

TeepaogasHas AeToHaUms

Hervaparauma (cyLwka)

Peakumu Ha NOPUCTLIX KaTaIM3aTOpPaX

OkucrieHne meTannios

O6pasoBaHWe U pacnas TBepAbIX pacTBOpPOB

TTonmMmopeHsIe npespallieHUs, CBA3GHHBIE C U3MeHeHUeM COCTAaBa
PasnoxeHve B TBepaoit qase (BB, TTXA..)

Oco6eHHOCTU peaKkLUiA € ydacTuem TBepAbIX BelyecTs:

1.TTpocTpaHcTBeHHas pasfenieHHOCTb peareHToB, a TaKke peareHToB U MpOAYKTOB
peakuum, HanuuMe rpaHULLL pasaenia, NoKanM3aLms peakLiMi Ha rpaHuLie pasaesnia ¢as.

TTpoLiecc (OpMUPOBAHUS PeaKLIMOHHOM FPaHULILI pasaesia COCTOUT U3 Liesloro psaa
CO6LITUIA: 06pa3oBaHUE 3apoabIlelt, UX pocT, CNnaHUe

2.BaxHaa ponb npoueccoe nepeHoca. MacconepeHOC umeeT MecTo B 6OMbLUMHCTBE
peakLuii. MmeroTca aHanoru AUQEY3NOHHBIX MPOLIECCOB - MepeHOC AUCTIOKALMIA,
BAKAHCWU, Nop

3.Hanuuue u onpeaensolas ponb 06paTHLIX CBA3ed MexAy PasHEIMU PUUYECKUMU
npoLieccamu. TTpocTeIe TUNLI O6PATHBIX CBA3EA, U3BECTHEIE U3 MAKPOKUHETUKM,
DOBOSbHO penikoe ABneHUl
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BapuaHT TepMmoauHaAMUYECKOro ONUcaHUA peakuumn
B ogHopoaHou AedopMupyemon cpeae

AHQNOrUYHO rasam u
KUAKOCTAM

2
R
8& T,c a% T,c

Ecnu B ogHopoaHoi fedopmMrpyemMont cpefe NpoTekaloT XMMUYeckue peakuuu, To ypaBHeHue Mmb6ca (8,4) ( 82g J ( azg J (asj -3HTpONMS
MOXHO NpeAcTaBuTL B Buae Seh = =7 AAe =7 A A =\ A
e -1 n . r T Je & TOE, . o0&oT . 0 )p, Peakum
du=Tds+cy°p dey; + Y grdCye =Tds+0y°p deyy— Ady () 5 R
i), () ] Azs] e
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g=u-Ts—plofe;:  dg=—sdT—p le;do;" - ZA,dg, @ e %) 5903 )y )T
4 I=1 i ch _ .
4 = —Z(mkvk,gk) CPOACTBO XMMUYECKOW peakLum ¢ HoMepoM [ , & - KoopauHaTa aToi peakLmn B usotpontoit cpeae oy = aChBlJ
k=1 _ C -1.T
[lNA eaAUHCTBEHHOW peakuuu dg =—sdT - p 18ijd6ije - Ad& S,Sij ,A= S,Sij ,A(T, Ggﬁ . &) (3) YPC: ds= 70 ar+ p OLijdcije + Schda
T e
BbraeneHHbIe de;; = o dT + s;;4,3d0 +pa,d 7
cﬁuemue ds=[ %) ar+| % doy¢ |+ s dg 4) v japdoap TPl )
T )z 96, )1 &
:;u:r Ham YPC ¥ )T S dA=s,,dT + achdcije + AzdE
Tepmoynpyroii e, = (a‘gijj dT + Oejj dogg?| + (a‘gij j de . .
cpedst o 6,8 a(’(xﬁe T.E 8& T ®) Onpenensem UHLIM cnoco6om G =0-0
TTossunucb od oA Y Hanpumep, ans waposoli 4acT TeHsopa pV =V -v+ypd AHQNOrUYHO
HoBbIe dA= ( ) dT + GUe + (7j € ®) (8) rasam u
NepexpecTHsIe T s do; %1 o o =V s+s" = T KUAKOCTAM
3pgekter
3. TTpocTelilme moaenU MHOFOKOMMOHEHTHBIX Cpea,
TTonHbIRA do = oTdT 4 do € + paclde = deT + de + dech T=const
TeH30p . Eyj =y Sijap@Cap + PO AC= A% + atj; + dg; ) HonycTum, peakLma NpoTekaeT B U30TEpMUYECKUX YCIOBUAX, HO COMPOBOXAAETCS
AePopMaLmnii - —

AHANOTrUYHO npeabIAylieMy OnNpeAesIUM Bpems pesiakCauumn peakLium :

4
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B HeoOAHOPOAHLIX CpeAaX NOoABMAOTCA AONOMHUTENbHbIe ocobeHHOCTU

d LA L o4\ oa )" o4\
&_9_ L4 L Aeq+(—j T+ 2| doy® {7) de | =
dt p pT pT T ) e 0 )y )15

G,

:iT[sch(T—Teq)+ a;j?(c,-j —629) + Aé(g_geq)]

t
E—Eoy=Cexpl——|, o= >0, (11)
« 7o ° Llo%e/ee?)
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ANPPY3UIA MU KOHBEKLIME. B Takmx ycnoBuax moryT npoTekarb, Hanpumep, peakLimm
WOHU3ALIMU U peKoMBUHALMK. B 3Tom cnyyae Ham TpebyroTca ypasHeHUa 6anaHca Ans
KOMMOHEHTOB, YpaBHeHWe HepaspbIBHOCTU U ypaBHeHUe ABUXEeHUs

Ji=mwe=pi(vi—v)  wp=vi-v dCy
p7+V~Jk =O»
n n dt
ZJk:O’ P:Zpk P ovv=0 13)
k=1 k=1 dt
n r dV
PV=ZPka’ O =kavki<Pi p=Vo
k=1 i=1

LTTycTb CKOPOCTb V HACTOMBKO BESIUKA, YTO PasfiMuMem CKOPOCTeN KOMMOHEeHTOoB
MOXHO npeHebpeub V| =V, ~.. .
T.e., aup@ysuen

=v;,—-v=0 =0
370 BO3MOXHO, eCny NpUHATL Wi =V, —V wm  Jy MOXHO npeHebpeub

dC
HomHoxum ypasHeHWe HepaspbieHocTU Ha C; 1 Mpocymmupyem ¢ pitk =Op,

d

dp dCy dpy
Cr = +pCiV -v+p—Kk = k4 Vv = (14)
kdt pLrV-v+p dt Ok mnn dt PrV V=0p




TTycTb TeH30p HampsXeHWli - WAapOBOIA, T.e. YpaBHeHUE iBUXEHUS NpumeT BUZ,

av

R v
pdt p

2.TTycTb eAVUHCTBEHHAS U30TEpMUYECKas XUMUYECKAs peakuus npoTekaeT B
AeqopMUpyeMoii cpeae

dej =sjjapdSap’ +PUgdE oy —ad  =>  dof=2ude; + 8, [Mdey — Kdw)

TToCTynUM ¢ HUM GHANOTUYHO YPABHEHUAM AN KOMMOHeHTOB (4119 KaXA0M dA= occhdcl-je + Aedg dw=3o0..,d&
KOMMOHEHTLI BeKTOpa CKOPOCTU), T.e. CKNIaAbIBaeM C YPaBHEHWEM HepaspbIBHOCTH, 2 E
DNOMHOXeHHBIM Ha KOMMOHEHTY BEKTOpa CKOpOCTU: K=h+—p=———
v 37 3(1-2v)
P(il + VVVIJ =-V;p°, dp
ot ¢)) E+pV-v:0
p % +VVy; [+v; @ +vVp |+pV;V.v= fVipe, av v B cnyuae manerx azu e
ot ot il ynpyrux = P05 =V'0 (2)
Aepopmaumin ot
unm a(pvl) _ e (15)
2 +V-(vipv)=-V;p Bcreactsue pasnmuuHbIX mMacluTaboB pasHbIX PU3UNYECKUX dC
4 NpOLIECCOB MOXHO MPUHSTb, YTO AUPPY3NOHHBIE p—k -, 3)
dt
T.e., BCe YpABHEHUA UMEHOT eAUHBIN BUA, YTO YAOGHO ANS YUCNEHHOTO pelleHUs npouecgbI BANAFOT HA KMHETVMECKYLO PYHKUMFO (re.
Ocranocs ao6asuTs YPC «npeHebperaem» AUP@PY3meid No Apyroli NpuymHe)
o =mpvip,  ©=kepA  unm unHble moaenm
v 5 = d,
GQZ:TJ;‘;Hi:Iﬁ p=Ap° wmm dp® =—pBr ldY = HeupeanbHerii ras
ras pBT
3.Cpena ¢ ob6bemHOl BAIKOCTBHO " =p"8 P =y Veviypa Te:j_lglf”-’-l"“ BUA ypasHeHUs 3Heprun 8 Qopme ypasHeHUs
pOBOAHOCTU AN Cpelbl C XUMUYECKUMU PeakLinamm
¢= _YVV ‘V+ kchA [inA BbIBOAa ypaBHEHUsi 3Heprum B hopme ypaBHEHMUs TENONPOBOAHOCTY ANsi
MHOrFoKOMMNOHEHTHbIX cpea, Kak U AnA NpocCTbIX, BOCNOJ/ib3yeMCA ypaBHeHUeM Mob6ca n
pde v = MV ( 1V vk A) o) ypaBHeHueM 6anaHca BHYTPeHHel aHeprum ;
kVER = MEVETTY Y ch
dt du:Tds+Gl-jep_1dsl-j +ngde
TTpeobpasosaHue J =l
ypasHeHus l=V~[G€+GV]=V~[G€— VS]z —Vpl—v’ n —_—
ABukKeHus P P P P p%:A+c~Vv’ A:fV»JTJrZFk»Jk
t
TTocTynaem aov;) 193 k=1
aHanoruHo Tl +V-(vipy)==Vip’ = Vi[-xpVeovaypa] @ P55 B oblem cnyuge  ¢--Vv= —(pV +p° )V v (SV +8°¢ ) Vv
npeabIAyliemy: L
n
ds e -1 98 dCy, (pV e)v ( v e)
a5 5.6 10 k24— : ¥ 16
@+pV~v=0 (3) Hewusmenserca pTdt+0Up dt +ng dt 4 *p VS STV (16)
dt = —
1 dp de
+YPC ana u p° ——=-V.v, p—X5+V.J; =0,
ana 4 v p o di P, k =0k

n
ds e -1 4 dc; % % e e
p|T—-+0o;p + E gr—|=A-p " V-v+S§S" -Vv+[-pV.-v+8°..Vv
dt dt dt

—_— k=l

TToaYepkHyTbIe cnaraemble B3AUMHO YHUUTOXAROTCA (B MPUBIIMKEHUM MASTBIX AeqpopmaLmii)




dcC, 14
ocTaetcsa pT— Zg 7/( =4-p'v.vas" vy

YacTHeIe BApUAHTLI ypasHeHUs 3Heprum

1.MpeansHas npoctasa cpeaa, s =0 pTé =-V-Jr (17)

dt

2. MHorokomnoHeHTHas uaeansHas cpeaa sV _ ).

ds S dG
T==-v.J —z 18
pT T Hpgk ” (18)

HanbHelwas KOHKpeTu3auuga 3aBUCUT OT Toro, 4YTo «yﬂ.06HO» NPUHATb NOCTOAHHBLIM

TToactasum (19) 8 (18):

C,dr dp° ~o  dC dc
7|2 s play +Y sk l=—v.g k
T di P dt kﬂ?k dt Jr- Zpgk

nm dT - dc dp®
pCp-=-V-dr =D plag+sT) K -a7 % (20)
dt —_— dt dt
hy
AHGNOTUYHO MOXeM HalTU (ecsin B Ka4eCTBe OCHOBHOTO MOTeHLMANa BbI6paTh
cBO6OAHYHO 3Hepruro Fenbmronbua)
dy

Cf=—VJ h —ogTK— 21
P&y T- Zpk K- @Y

dCy,
Bocnonb3yemca Tenepb ypasHeHUAMM 6aniaHca AN KOMMOHEHTOB P +V Iy =0y,

TToacTtasum ux e (20)

n
g=u—Ts—py: dngsdeydpe+ngde —_— s:s(T, pe,Ck) T:;‘;::j;
T n @) |pC,T+arTp® Jev o, - thJk +ZQ,(p,, 0= thmml beakui 7
o o o ¢ = k=1 i=1
ds= a—;dTJra—qd +Za—€de unm ds:TPdT“'P ardp® +Zskdck CyMMapHbIil MOTOK Tenna
Pe C k=1
n
ds CpdT i  dpf n dc, TToTOK Tensia MOXem MnepeonpeaesiuTb, nNpy J :JT‘zthk
—=—F—+4p ar—— + ) sp—= (19) Tloactasum (19) & (18): q
5T 4P e, ; Ky (19) (19) & (18) 3TOM MPOU3BOACTBO 3HTPOMUM He U3MEHSeTCa —
ﬂe‘V‘ICTBMTeJ_leO: npOVl3BO,D,CTBO QHTpPONNK, CBA3AHHOE NpoLeccamMmu TennonpoBOAHOCTN, [———>1 Bce NOACTABIISIEM B ypaBHeHMe 60J'|0HCO 3HTPO”V|V|
,C\Vl(bcby:ll/ll/l N XUMNUYECKNMU peaKkunamn: n
n n
1 vT Ona angppysum Jr— g1d
o= JT.7+zg"—;”‘+ZJk.Tv(g7k) nompobHo sce s r kz; el vr & g0 & Ve vr
BbIBEleM No3xe —=-VJ.+o.,=-V.,|——4 |\ Jr—+ SRk "k 4 J. [ (V —h,—
P =v.3, ko, o Y Y | Gy

—_

[MoToK aHTponun

n
=|Jr *zngk =
k=1

BBesieM HOBOe onpeseneHue Ans NoToka Tenna Jy=dr- th‘]k’ hy =gp +Tsy

n k=l
) JT’Z(hk’Tsk)Jk
Toraa Hanaem HoBoe onpeaeneHne

k=1 Iy N '
noToka 3HTpoONuUK J, = = T = 7 + Zska =Js
k=1

=

ToxnecTseHHble npeobpasosaHusa: Vi =Vgp +TVsy +5;, VI =
ng Zth—TVSk—SkVT = (ng) Zth—TVSk
Cymma B TpeTbem 3TV Sk =3 Ve _8kyr|=
T T

cnaraemom GOy

— Jk~{(ng)T+skVTf%(hkfTsk)VT}:Jk{(ng)Tfhk%} (23)

Jr=J3,+ thJk, TToacTaBUM B 3TO ypaBHeHue:
k=1

n
J,+T > sid
gt ;91( k zgkck ZJ ng
—r

f=] m—

d:
p;;=7V~JS +03=-V-

P€3yJ'|bTGT He UsmeHuncs.

Ecnu umeetca BHellHaa maccoeaa cuna, To NpPOU3BOACTBO 3HTPONUU, CBA3AHHOE C
AUPEPY3IUNOHHBIMU NpoLeccamum, NpuHUMaeT sua

Zn:Jk (Ve ), -]
k=1




Tlpoaeﬁu.me Heusotepmuveckme moaesiu MHOrOKOMMNOHEHTHLIX cpeAa

1.Ta3 c eAUHCTBEHHOW XUMUYECKOU peakLueld B HeU3oTepMUUECKUX YCIIOBUAX

A—>B

I'IpOTeKaeT €NHCTBEHHaa peakuna peareHT —> npoaykT

®Lovv=0 O
dt

dCpg
— 24V Ip= . 2
P B=0p, (2

. dT .
W3 (21): |pC,T +Tpagky|—=prC p g oty =-V-Jg+0¢, (3
Q=~(hymyv 4+hgmgvg), o5 =mpvEo

dv
2T_o_v
P Pn (4)

HeussectHore:  p,Cp,T,v(1,V2,V3) 6+ Ph YpasHeHuii - 6

Tpebyerca 106aBUTL YpaBHeHUE COCTOSHUS.

Hanpumep, ras - uaeanbHbI: Ia3 - HenaeasbHeIA:

(m4C 4 +mpCpg)pyy=RT (5,) dpy, =Ky ((deT—y_ldy) (5.6; N.7)

e YacTtHbI BapuaHT 1.1:

Cpena Hecxumaemas: @z@+va:O — awTa Y
dt Ot
CKOpOCTb Mana v NOCTosHHA oCp
ra3 - MAeanbHLIN: P(W + VVCB) =-V-Jg+op, (6)  basoetre
YPaBHeHMs
oT Teopuu
pr(— + vVTj =-V-J,+00, (7) ropeHus
o rasos
H
ns:or,‘(?;e'(pecmblx Jp=—pDg(T)VCp, J,=-ApVT (camerit npocToit BapuaHT)
i A
Kﬂocl)"/.;:zi:e nonei Temn'echypr " Dp~2T = (g
pauuii B rasax: Gp

O =—(hymyv 4+hgmpvg), op=mgvpe
BBe,D,eM HOBbI€ CTeXMomeTpuveckmne KOS(*)q)VILI,VIeHTbI, (byHKLlVIK) CKOpOCTU U TennosblaeneHne

v v my ' vpmpg

v vp = s
v my+vVpmpg (9)

v my +vBmB’

(p':(vAmA+vBmB)(p, Q’Z—(VAhA +VBhB) Lhx/kr

.ElOMI—'IO)KVIM YpaBHeHUE AN9 KOMMNOHEHTa Ha Q’ , @ YpaBHeHUe TensionpoBOAHOCTU =
Ha Vg U BbIYTEM OAHO U3 Apyroro

, (6Cg . or
- —2+vVC;q |+vppC,| —+VVT |=
Qp( o Bj 5P V(at j (10)

=—Q'V-(DpVCp)+vyV-(17VT)-Q'cp + OVpq,s
H= CYV'BT + (hAV'A + hBV'B k‘B
p@—i[ + vVH) =V -(kVH),

T.e., Npy ycnosum nopobua noneit TennoAUPEY3NOHHAS 304a4a CBOAUTCS K
YPAaBHEHWUHO AN SHTAMb MUK

® YacTHbIN BapuaHT 1.2.

[Ins BbICOKOW CKOPOCTU TeveHusi npeHebperaem anddysuneir u TennonpoBOAHOCTLIO MO
CpaBHEHMIO C KOHBEKTMBHBIM NEPEHOCOM — BCE aHaNormyHo 130TEePMUYECKO MOAENN:

0Cp or
p(7+VVCB)=GB, pCp(EJerTj:Q(p,

dp op dv (6v j
——+pV-v=0 wwm|—+V-pv=0; (1 —==Vp;, v p| —+vVvVyv |=-V
g eV al P O R Ph Pl Ph

[oMHOoxaem YpaBHeHe Hepa3pblBHOCTU Ha TCp W1 CKnagbiBaeM ¢ ypaBHEHMEM TennonpoBoaHOCTU:

or op a(Tp)
pCp(E +vVTj+CpT(E+V»pvj =Qp, wm CP(T +V-(Tvp) | = Qo,| (12)
AHanorn4Ho nocTynaem C ypaBHEeHUEM ANA KOMNOHEeHTa:
p(aaLtBJerCBJJrCB(%JrV »pvj =op, wm @+V~(vp6’3):63, (12)
t

vV,
1 C ypaBHEHNEM [IBUXEHUS (AN KaXAON KOMMOHEHTbLI BEKTOpPA CKOPOCTH) p(afl + VVVI-) =-V;ppn,
t

a(git\]i)+V'(ViPV): Vi, =123 (13

Te., Bce YpasHeHua umerot eUHBIN BUA, YTO y,ClO6HO ANSa YUCNEHHOro peleHus

U3 KOTOpLIX nostyvyaem




2.Baskaa (HbHOTOHOBCKAGA) XUAKOCTb C AUHCTBEHHOU XUMUYECKOU peakLimen
B HEU3OTEPMUYECKUX YCNOBUAX

B oblem cnyuae ap +pV-v=0
KUAKOCTb - CKUMaemas dt
dCp +V-Jp=0
pP— dt B —=9B»
Ocrtaetca
pa6oTa BA3KUX c ﬂ——VJ —phvv+s” - Vv-Ka TV-v+0Q
= p Y dt = T~ Ph T%p P

HanpsaxeHUin

N _p_Lyp, Mgy By

dt P I P
vV
—ppdi + S Ph=Ph+ Phs Sij =2u1e;; +hiegd;;

14

pn =—MyV-v+yp 4 TTepekpecTHbIe

3CPEPEKTLI MeXAy

o=—yyV -v+k A4 X.p. v AasneHvem!

A=—(myv 484 +mpvpgp)

p;l,/ :p;l,/(CB,T,...), gk :gk(CB,T,...) - B kavecTee YPC

Hos YpaBHeHUU ABUXEHUSA OCTAHeTCA
FPAAUEHT BA3KOro ,ElClBﬂeHMﬂ!

Ecam xuakocTb - Hecxmmaemas,
BblAeneHHbIe cnaraemeie — 0

n
du=Tds+ cl-jep_ldsl-j + ngde

3.MHOrokomnoHeHTHas Aegopmupyemas (Tsepaas) cpeaa
T # const

€CInn BA3KMNX CUIN N BHELLHNX MacCoBbIX cun
HET N TEH30P HanpPs>KEHNN — CUMMETPUYEH

6--Vv=—p°V.v+S§°..Vy

ds S dG
%= v.J, - E k14
pT- T pk_lgk It (14)

2
Ay | fou-ts: s= (af) s s=slT,esCr) ds=odT+ 2 dey+-dCy | =

os 0s
aCy,

or" " oey

or .

de::
A5, Gl w(ﬁ] Cpry(a)
T Jem,c, 4t Ck eTm,C | 4 (i) €ij 7,Cpm !

v [pC, d—:—V Jr— chk ZBU

dt

YpaeHeHWe TenIonpoBoAHOCTH
(15) ans ynpyroii cpeast ¢
XUMUYECKUMU peakLmsmu, a)

ngT) = Cijklag) - TEH30p KO3 PULIMEHTOB TEPMOYNPYrocTU

6g) Os Os 0s
-1 e —_| X5 e

—u—Ts— Ce.. s 8= ss=s\T,06%,C ) ds=—dT+ + dG,
g=u—Is=p ojy ( o.C, § ?( i k) S=or oc; ol ac, *

do;;
pT(ﬁ) g__v - pz gk+T( as j dfk _pTZ[ Os j le
T Jom,c, 4t 9Ck Jo,rmic; | 4 (i,)) 90 T,Com !

do; YpagHeHwe TennonposoAHOCTY
(16) ana ynpyroti cpeatr ¢
XUMUYECKUMU peakLmsmu, 6)

TToAuepkHyTbIe criaraembie
W3BECTHBI U3 Teopun
TepMoynpyrocTu

B YCrOBUSIX
NoCTOSHCTBA
HanpsbkeHun

B YCIMOBUSIX
NOCTOSHCTBA
necopmauuii

1 T
ds=p ajdof + z s9dC, + Soyr

=p 'Blde; +Zskdck+—*dT
k=1 _

k=1

n
dg; = —ocl(-;f )p71d05- + ZBS-’“ dac - spdT dg; = fBSf )p’ldsl-j + Zﬁ(jk)dc ' —skdT
/ 1 j=1

n
do§; = Cyapde gy — O BAC, —BLdT

dej; = Yzjaﬁdﬁaﬁ + Z(xlj dCy + aTdT

k=1 k=1
— —
KoHLEeHTpaLoHHble KoHUEeHTpaLuoHHble
nedopmaumu HanpshKkeHust

BuraeneHHbrie YPC
NPUHUMAIOT BUA

UsoTponHasa cpena

n
do; = 2ude,; + 8;;[hdeyy, — Kdw), dW3|:(deT +Z(xkdck:|
k=1

dr d d
o, L vy, - thk Ch 31,

dt dt
dp
—+pV-v=0
a°
& _v.o
P dt
dc,
—===-V-J; +oy,
- L
Manbie gegopmaumm poCe Z VI - pOth 0Cy. 3TK0.T?
(nnoTHocTL nepectaeT !
6LITb UCKOMOA azu
BENIUYUHOI) PO ~—=V.0, o=¢°
ack
=-V-J; +oy,
Po— "~ o kT Ok

e
Gy =2ug; +8ij[}\8kk 7Kw], B atom cnyyae ot .
NpUpALLEHUIA MOXEM NepeinTu
K a6CONFOTHBIM BENUUUHAM

("TT To Z“k CkO




A—>B

EQMHCTBEHHas peakums peareHT — NpomykT

w=3ar(T—Ty)+a(Cy—Cyo)+ap(Cy—Cpo)l=
= 3oy (T = Ty)+(ap — a4 XC — Cpo)]
Cy+Cp=Cyg+Cpp=1

Bce «TOHKME» NpoLEecehi
Mcbcpyans MHOrO MeaneHHee 0Cp _
TennonposoaHocTU! P=5, ~OB ST enwsioT Ha KuHeTuky
or oC Oe
Co— ==V -Jp —polhg —hy )= -3TKay 1
Pote o r—polhg —hy) o T 5

OcTtanbHble YpaBHEHUA HE UBMEHATCA

MpocTehwnin BapmaHT.
He yunTbiBaeM Tennosoe paclumpeHne (HanpspkeHus u JedopmMaLun He BIUSIOT Ha CKOPOCTb peakLum):

basosbre Cy _
p OB
ypasHeHus o
Tennoeo or 9Cp
Co—=-V-Jp —pglhg —h ) —=2£
Teopum PoCe o 7 —Polhp —hy) o
ropeHus KC C,~Cy Tennosoii 3qgekT

peakumm

TpebytoTca onpeAenuTL NOTOKU Temnna U MAcChl,
CKOpOCTU peakumi,

KO3(PPULIMEHTEI KOHLIEHTPALIMOHHOTO paclumpeHus
uT.n.




