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B paa1U111HWC a~aqax rasoBo" ;ztHHWIHKK, uarHHTHoll raaoBoii .JtMHWIH
KM, p~M!iWIOHlfOH raaOBOil ;l{HHWIMKH npMXOJlMTim 'lCDOJJI>SOBaTI> TaKHe Be
JJM'IMHI>I1 KaK Koa!MJHUHeHTU nepeaoca. 9KcneptlueHTBJil>Hoe onpe;zteneHHe 
KO~eHTa TelJJIOnpC>B9,lU{OCTli CJIOlltHO H '!aCTO HeB03MO,!Jl~, a ei'O 

TeopeTJI1leCIGJii pactzeT CBiiSaH CO MHOI'HMH TpyJlHOCT.RMH /1, ;_J. 
PaCCUOTpi!U raSOBym CU6C:& 1 COCTOft~~ ~3 S KOUDOH6HT 1 KOTOpiie 

uoryT pearMpOBSTI> ~yr C .npyrou. Tor;zta B OTCYTCTBMe rpanMeHTOB ;ztaB
JleHWl H BHemHHX CHJI, ~7era.a: TepMO.zti$:.JY3llekt, MOlltHO 3amtCS.Tl> 

TenHOBO.a DOTOK B ~e 1,2 • 
l; 

q = - A f grad T + L H. W. 
j=l J J (I) 

r;zte ).. f- KOS!MJMUHeHT 11SWIOpOll!eHHOi.t 11 TeDJIOUpOBO,llHOCTH raaOBOit CUe-
CH1 KOTOpy~ OHa HUeJia 61>1 1" eCJJH 61>1 B Hell He npOHCXO,llHJIH XHUH11eCKH6 
p6aKUi!Hi H. - SHTaJII>DHH Ha llaCTHuYi W. - B6KTOp DOTOKa 118CTHU 

J J 
COpra j 1 KOTOpiilt UOEeT 61>1TI> ftBHO BfiPall!eH llepes rp~H6HTI>I KOHUeHT-
p8UiJit KOUDOH6HT H KOS!MJHUHeHTii J(H~YSHH UHOrOKOIIDOH6HTHOi CU6CH /3/: 

j 1, ... ,S • 

3.ztec:r, n - IIHCJIO llaCTHU CUeCH B 6J(HHMUe o671eua, p - nJIOTHOCT:D 
CU6CH 1 o1 j - KOS!MJHUHeHT .ltH~YSHH IIHOrOKOUDOH6HTHOK CUeCH / 4/, 

m1 - uacca qacTHUH copra 1 , x 1 - ee y.nen:r.HaH KOHUeHrpaUHH 
(x1=n1;n, n1 - 'IHCJIO llaCTMU COpTa i B 6,l(HHHU6 0071eUa). IlO;ztCTSBJJll' 
STO Biipa&eHI.16 B COOTHOW6HHe (I), UOJIY111.111 

q = -[..Af.-t, t, rl D1 jmjHi ~1 grad T = -L\+ AJgradT. (2) 

BeJJI.1111.1Ha B CKo6KSX UO~eT paCCU8TPHB8TI>Cft KaK a!MJeKTMBHiilt KQ
SW\I>HUM6HT T6DJJODpOBO;ltHOCTI.1 1 COCTOJllltiiA HS JlBYX 118CTelt: ).f 1 Y'IMTI>I
:saDlleii rennonpoBo.ztH ocn aa cqer coy;ztapeHHH qacTHlt, H ~ R , Y'IMTI>I

; ..... 
lJ · '~ t:HHf Hf-l~:>J+il ~~:iCT 

1 
''·-l'! 



~~ TennonpOBO~HOCTl> 38 cqeT XHWHqecKHX peaK~~. BORhWWe Tpy~oc

TH npH B~qwcneHHM K03~H~6HT8 TennonpOBO~HOCTW CBH3aHY C pacqeTOU 

ee .1tH~Y3WOHHOir1 COCTaBJUIIOI!I6lt ).R . 
VJ3 COOTHOW6HWH (2) Blti~H0 1 qTQ )tJIH BblqwC116HitiH "T6RRORpOBOJ,!HOCT14 

' dx· 
.A R cuecv. raaoB aeooxo~Huo aHan npowsBOJtH~e --~ 1 1=11 ••• 1 s. 

dT 

STill B6RH'lliHbl J,!OniKHbl Bblq!IJCRRTbCH npH ROCTOHHHOU .ztaBJI6H>lH B YC'JIOBHHX 

paBHOB6CI1H. i{powe T01'0 1 rpa.ztH6HTbl KOHU6HTpa~HH )tQJI;KHbl 6b1Tb T8KWH1 1 

qTo6bl B rase OTCYTCTBOBaJIH 06Jil>l6 ROTOK!tl .llJlil aTOYHbiX COCTaBJIHIOI!IHX. 

B HaCTOHI!Ie« pa6ote Benl1qHHbl :~1 BblqHcnHIOTCR Henocpe.ncTBeHHO 

H3 CHCT6W 6aJiaHCHbiX Ypa.BH6IniR COxpaHemtfl MB.CCOBI.-lX )tOJieM ~Q~BeTCT
By:IOlllHX 3JleMeHTOB H ypa.BHeHHli pa.BHOBeCHJI .xHMH'!eCKHX p~ 5 llPH yCJro

mm, 'lfi'O MaC COBble .llOJIH Ka.r.mOii a.TOMHOit COCTa.B1I.Rl0111eii O~CTEUO'rlCf! UOCTOJIHHbiMli • 
I 6 dxi 

Ta.KOH llO,ItXO.ll OTJilllUl.eTCH: OT M6TO,n8.,HCllOJib30BaHHOro ' , I',Il;e dT 
BblpalKaiOTca caaqana qepea w 1 Hs coo'rBeTCTBYIOI!Ie« cwc<rewbl ypaBHeHH:Ii 

.ztltl!pcpya>UI H ROJiyqeH!Ibl6 Bb!palK6H>IH RO.llC'l'aBJIHIOTCH 38'1'611 B ypaBH6HHH 

peaKL\Hla 1 KOTOpble paspewalOTCll OTHOCHT6Jll>HO Wi • B 3TOI.I CJiyqae o6'D-
6M BblqHcneawt.i :ztOCTaTOIIHO Benwi7 I, >I aa npaKT!tlKe BYec<ro cpopuyn pa-

6oT/I,6/ Rb1T810TCR HCllonb30BaTb ynpo~eHHble ~THBHble BHpaXeHKa 

.z~na pacqeTa .AR {cu., aanpwuep / 81). Kpoue Taro, yqeor HOBbiX peaKl\ltlla 

B llO;ltXO.ztefi 1
6/ llpllBO.ll>IT K pOCTY llOpR.ztKa COOTB6TCTBYIOlllltiX .ll6TepMI1H8H

TOB1 qepe3 KOTOpble Bblpa~aeTCH OTBeT. 

BupaliteHHe ;II.1UI KO~eHTa. T611JIOllpOBO,nHOCTH, Tpe6y:Killee MeHbW6I'O 

KOJ!WleCTBa. BWaiCJiemtil, y,na.eTCH llO.nytmTl>, HCllonb3YJi 6a.na.HCHble Ypa.BHe

HHJi, 

ilycn B CM6Citl 1 COCTOHI!Iela ltl3 S KONROH6HT 1 CO.ll6Jlllt8.TCf! 8.TOMb! 

HeCKOJU.KHX COpTOB,KOTOpble npo.HYMepyeM OT 1 .llO r ( r ~ S) ; OCT8JI:&Hl:l6 

S-r KOYROH6HT aam1Cl:IB810TCR C llOliOlli:&Kl XHM!tlqecK!tiX rpOpMyJI qepes nep-

Bl:l6 r KOYllOH6HT. T0r,11a COCTaB Cpe.ztbl 1 H8XO.l1Ri116~CR B JIOKaJihKOM TepMO

.lli1H8MHqecKOM paBHOB6Cillll 1 Ollp6.zt8RH6TCH ltl3 CI1CT6Mbl ypaBH6HI1ii Xli!J.IItlqe

CKOl'O paBHOBeC!tiH/5/ 

X, 
J 

,.. 

n ak.-1 ak. 
C j n J xk J 

k:1 

j=1, ••• 15 

ypa.BHeHHid coxpaaeH~lH uaccoBoll .nonw Ka~oro aJieM'"'Hra 
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j=1 

1. 
(3 1 B) 

3.zteC:& aij - qwcno 8'f0ll0ll i -TOI'O 3JleMeHT8., BXO.l(JDIIHX B MOJieKyJIY 

j -TOI'O copT8., ol1 - YaCCOBaH ,llOJIH 118C'fi;JI.{ COpTa i B CM8CI1i Cj 

KOHC'faH'fY peaK~M, fiBJlfllOI!Itl8CH QJYHKl.lltiRUll 'feuneparypy i1 aaBL1Cfl!llltl6 OT 

OTHOW8HiolH C'f8THCTllqecK14X cyUU COOTB6TCTBYillii11X 31181teHTOB. 

Ilpe,nnOJ103GI¥1 q~·o raa H8X0,1111TCH :S C'f8~0H8PHbiX YCJIOBI1RX oea 11C

TOqaltiKOB 11BH CTOKOB M8CCY. Tor,na o61!114M ROTOK qacTal.\1 C0,116plK8lliHX 

aTOM i -TOI'O COpTa. .l(OJlllteH pa.BH.IlT:&CJi HyJiil: 

s 
wi + L. a 1 j Wj = 0 1 

j=r+1 

BYpagafl OTcm.zta ROTOK qacT141\ 

ero B (I),nonyqw¥ 

1 =1, ... ,r. 

i. -TOI'O copTa. ( i=l1 ••• , r) 

s 
).R grad T = UH .w., 

j=r+l J J 

r 

>I RO,ZlCTaBJIHH 

r.ne ll Hj = f;i a 1 jHi- Hj- aaeprHH paapb!Ba xm.r;:qecKo~r CBRS!tl B j -Toit 

qacTMue, j = r+1 1 ••• ,s . 
Tenep:&1 yq)l'fYB8H COOTHOW6H~le (2), llOJiytmM 

n2 s s (}x.i 
JR = 0 L:AH. LD .. m. (~) 

. .J j= 1 J .:. :of 1 J ~ p 

i\aK yxe OTMellanoc:r, Bblwe, HaY noT~eoyercA Bblqlt!C.Ilf!Tb npoHaBO.ltKYe 
Ox• · 
(~) • 3aW6THW 1 KpOMe T01'0 1 qTO B .llaHHOa pa60T8 (B OTJlltlqHe OT 

vT P 

pa60T/I, 6~ BCe T6pYO.lli<IH8MHqecKI1e BenltlqltlrfY paccuaTpHB81lTCft KSK \PYKK-

~H napaueTpoB TeunepaTypbl T w nJIOTHOCTI1 5' • Tor.na .nna JII06oA 
T6pWO.ll.ltli811141l6CKO~ cpyHKL\>111 cnpaB6,llJI!tiBO Bblpallt8HHe 

~f 
TT>p 

elf ot 
Of-a)> 

n + on 
T 1fT 

on 
0,9 

SiBJIJM!l6eCJi CJ16.llCTBllleY COOTHOW6HMH p=nkT 1 r.z~e k - KOHCTaHTa 

liOHl>I.{YaHa • .B 118CTHOCT.I1 ,Hueeu 

on n 
VTlp=-'f (4) 
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0 Xi 
ilepew~eM Teneph K B~qHCH8HM~ BenHqMH (~)p. ~Hff STOrO BOC-

ll0Hh8Y8MCR CHCTCYOit (3,a-B). YqHT~Baff paBeHCTBO (4), a TaK~e~ qTo s 
n. =x. n 1 a ? = ) m. n. , llp0,2J;H!WiepeH~Mpyey yKa8aHH~e ypaBHeHI1ff • 
~ ~ jc:j J J ox 

ilp11 STOLl 118 COOlrHOWeHJ.11t! (3 1 a) J.l~ nonyqHJ.I Bblpa~eHHfi ( ~)p 
OXi .. 

j=r+1, .•• ,s KaK ni1HeittH~e KON611Ha~H < o;- J ,i=1, •• ,,r. Teneph, no.n-
. . .. . P. 

CTaBHB I1X B np0,2J;M~epeH~pOBaHH~e ypaBHBHJ.1fl (3 1 6 1 B),Y~ uonyqHJ.I CHC-
. OXi 

TBMY HHHeitHWC ypaBHeHHa (r+1) -ro UOpfi,2J;lta e r HBH8BeeTHW111: ( -) , 
(h p 

i=1, ••• ,r. YqHTbiBafl, qTO. nepBb18 r 1-18 HHX RBHfi~TeH HHHeitH0-3aBH-
CHMbiMH, HeKn~ql1y 0,21;HO 113 HHX (HanpHYep, UOCH8,21;Hee). 

OXi TaKHY o6pa8ou, .nnR aaxo~eHI1fi < ~J ,i=1, •. ,r,Hau aeo6xo.n:t-~-
a p 

YO peWI1TD HHH8.nHY~ e11eTeYy ll0pH,2J;Ka r (no qHcny aTOMOB
1 

118 KOTOpWC 
eOCTOfiT Bee KOYUOH6HT~ euec11): 

AZ = b ( 5) 

r.ne oxi n 1 
- Z ) Z = (--) - - - I Z= (Z1, ••. I r , i OT P ni T i=1, ... ,r; 

s '0 lnC. 
b=(b11 .••• ,br)' bi= L dim. 

- (a .-~ 
. iJ r )nj ~ 1 i=l 1 • • 1 t:-1; 
J=-r+1 '2:~m 

t=1 t 

b = - ~ . ~ 0 lnC. tol~mt l s ~ r OT n + L- n.T J 
J j=r+1 J 'i5 T • 

Ma'l'pi1Ua. A HBHR8TCH K~a,21;paTHOit, H ee KOSqJWl1U¥eH'l'bl Ollp8,2J;8Hfi~'l'Cff KaK 

.s ... 
. ~ ·""im. 

Ai' = (ai.- ,. J )n.at·• i=1, .. .,r-1; l=1, ••• ,r; 
.... J [;; JJ ' 

J=1 ~trot , 
=1 

Are=<><t , l.=1, ... ,r . 

TaK, ,21;Hfi euee11, eOC'l'Ofi~ea 113 aaOTa l1 Kl1enopo,2J;a 1 ll0pfi,21;0K Ya'l'
pl1~ A 6y,21;8T paBeH 21 XOTH BTa eN8Ch YOZ6T eo,21;ep~aTh ropaa,21;0 60Hh
me KOMIIOHElH'l'. 

C yqeTOY ,21;l1q,qJepeH~pOBaHl1fi COOTHOW6Hl1a (3a) OKOHqaT8HhHO no
ny~y; 

n S S { a lnC . r ·[ ~ !!.__ _!J} 
)R = fT L. ~Hj L Dijmini 1+T ~ + TLatj ( n )p ne T -(6) 

j=r+1 i=1 l=1 

OeHOBH~N ,21;0eTOl1HeTBON ,21;aHHOrO ll0,21;XO~a HBHfiBTCfi TO, qTo ,21;Hfi on
P8,21;8H8HI1fi peaKTl1BHoro Koaq,qJI1~l1eHTa TennonpoB0,21;HOCTI1 npi1X0,21;l1TeH pe-
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WBTh lli1HeidHy~ Cl1eTeuy 1 nopfi,2J;OK KOTOpoa paBeH q11eny aTONOB 1 llS KOTO-
•PiiX COCTOHT Bee OCT8nhHb16 KONUOH8HTbl cueel1 {a 11X M6HhW6 1 qey Heaa
Bl1el1YWC peaK~a/If). ilpl1 STOU 1 Hanpl1Yep, yqe'l' peaK~l1itt O,!UiOKpaTHOa 
l10HI1Sa~l1 BCe~. KONUOH8HT ep8,21;bl 1 e,21;8HaHH~ B paMKax Hawero ll0,21;XO~a, 

fiOTpe6yeT ,21;06aBH8Hl1fi K CHCTeue l!I1W» 0,21;HOrO ypaBH8Hl1fi 1 a KOH6qfibJa 
Bl1,21; KOSq,qJl1~11eHTa np11 S'l'OY,He 113Y6Hl1TCR. ~Hff Upi1B0,21;l1BW8itCR BbiWe 
830THO-Kl1CHOp0,2J;HOI CMeCI1 MaTpl1~a A C yqeTOY peaK~Ha 110Hl18a~l1 
6y,21;eT l1M8Th UOpfi,2J;OK,PaBH~ 3 1 a B P8YK8X pa60Tbi/I/ nopR~OK.COOT
BeTeTBy~el YaTpH~ 6y.neT, no KpaaHea uepe, ae ueHee 6 171. 
B s~eHHe npl1Be.neu aecKonhKO npl1uepoB •. 

I. PaccuoTpl1u peaKul1~ B~kA. ~na aee e yqeTou (5),(6) 11ueey 

· m~ A H f o ln c } • 
)R = ~ DA,B nnAnB t (k-1) - T "(} Tp B • (7) 

CpaBHl1BaR (7} C peayn»TBTOY pa60T~I/, nerKO Bl1,21;l1Y 1 qTo B8Hl1~Ha 
(1) 

)R I )R = AH 
~ ln CB ]· kT [(k-1) -T --~ 

B o6naeTl1 TeYnepaTyp, CYIII8CTB8HHO M8HhWI1X SHeprHit ,2J;l1CCO~a~l1 NOne
KYllbl . B • paBHB . 1. 

2. ~Hfi peaKUl1>1 ,21;l1CC0~8~H AB~A+B KOSqxp11~118HT peaKTI1BHOit Tenno-

npOBO::O::: :~eH f '3lnCAB l { : mAB 
.AR "' 2 nnAnAB 1 - T . 0 A AB ~ 

f' T ~T ' , B 

mAB } • 
+DB,AB 2mA 

Jll1TepaTfpa 
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