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NGHI£M DUNG CUA BAI TOAN . 
TRUYEN NHIET - CHAT TRONG MOl TRUONG XOP 

BJ NUNG NONG BOl ~GUON NHI~T KHOI 

Dt)'ONG NG()C HAl 

Xet bai loan tHm va nung n6ng chgt long c6 d¢ nh&l cao (thanh phAn th(r nh§t) 
tr<>ng mi)i trlfil'Dg·x6p (thAnh pblin th(r hai),boi nguon nhi~t kh6i do bapth~ nang ltrqng 
clia s6ng di~n tti' cao tan (SDf CT). Tti3nh phlln thU nh3.! duqc g1ii !hit't lU:c fl3.u n!1m 
0 tr~ng th::ii lOng (r6 lh~ t·huyen d:c}1Jg dugc khi c6 chfnh B.p) ho~c ran (kt16ng t hC <.!hu~ en 

. dOng -dcrqc_ dtr0i- tac· d-1}ng cua thay dCli ap. suat). Nghi~n . cfrn S1J t<Jn t~i. duy 1lhAt va 
tinh C'h:lt nhftng nghi<;m dUng ella b8i toa·u trong mien khOng gian hfru h~n hv~c 
V6 h<J, n .• 

KtH quit b~-i tmln tt~n 'c6 th~ si'r d\).Il·g trong· vi~c sliy khO Urn s~ch m6i tnr6n~ 
. x6p, trong vi~c khai thac, lam tang Moo ra via cu2 d!u thO c6 d¢ nhtlrt cao [1, 2, 8, 9, 10] 
··a· V~v~::.- :Vflrl d~-.tFuyen nhi~t. ..-;., ch~t C6 .xet den qua trinh i16ng cbay ho~c dOrig .dtc 
cua moi truung m¢t thanh pban (Mi loan Stephan) c6 the xem, vi d~, trong (7,11] 

Nhi~~. tbUy d~ng lqc hqc qua trinh neu tren duqc; xem xet trong khu6n khb 
nhilng ph~ong phap ella ca hgc m6i truOng nh.ieu pha [3} c(J x~t d~n kh3 nang chuy~n 
pha logi 1 kieu IH)ng cb3.y ho~c d6ng d~t· Qua trlnh n(mg chily ho~c dOng di;ic v~t chit 
g1lt thi~t xUy ra trim m~t blnh h9c ....... fron chuy{?n pha cO be day b.1i:ng kh6ng (quan 
ni~m Stephan ve qua trlnh ll!)llg chfiy VA. dGng di:j.c). Ngoai fron chuy'Cn pha (m~t gitm 
do~n m~nh) k_lw_Ung. dtcb_..tr€-n ,d6 tharn.s6. cli;'l. v~t chfi) thn:r O(H t1{tng ke 14m bon nhiCu 
lin dt') dai (Ej_{-lnni'g CU.l~ ·cac Ib x6p v3: khoitug each g:U:a t:hlmg,· troi-ig ktli dO drn llrqt 
mlph chinh nhfrng d9 da~ nay h';d llfr11 han nhieu Hln kich thu&c d¢ng hQc 1 h:.'ln ttl, 

Kh-i tl\S<tr6n'~ kh1i~n :k_h.\ nhti'dg -ghl thi~i a:UqC chfip nh~n ngo~d ri-1i:'ti gi3n do:,~n 
m~_nh--'--fvon w;'mg ~;h y __ x;rn(t)~ nhli:·: g phu·!Jng tr,ltl_b ca blln.ciia cbuy€n dQn~ m¢l _ch1i:!u 
(v = 0~1 v:\ 1 phlr h?p nfti tru6ng hqp d6i -s:.Ung rnD-1, c16i x(rng ln_1,· vil d6i x:[rn~ diu) 
trong h~ tQa dQ Euler (x, t) cO th'e viH drr&i d:;:mg sau [3-6]: 

ap, 1 a - - + - - (xvp;vi) = 0; 
Dt x"" Dx 

i = L 2~ 3; v:1Y1 = 
k (jp 

(P = P1) ; V2 = V3 = 0; pC -- + •1P1C1v1-- =- - A"' --ar ar 1 a ( a l' )~ 
Ot Ox. x'~ Ox Ox 

+A+ Q; 

etl + 17.2 + «3 = 1; Gtl + et2 = m ; (Q:3 = 1 - m) ; 

3 3 

oa. ~2 = 0; pc = E r.qpi Ci ; "A= E Ai~ (I. I) 

i=l i=l 
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a dli.y chi S(J cluOi i = 1, :J va 3 tuang ling dUng ae chl tham s6 cUa pha tl:(r nl~ii,l 
(pha long cua thimh phan lhli: nhatl pha thli: hai (pha r~n ciia. thimh phan thu ni:tal) 
va ph a tb t1 ba d<lng thai I a thanh phAn tht'r hai (xuang x6p cU:ng); 1Xi9 Ph Pi, VI, tJ.~· Ci va 
Ai tuong tfllg Ia th~ tich, m~t d\1., a:p :suat, v:tn tO a, dQ nb&t, nhi~l dung ri~ng va _h~ s6 
truy~n nhi~t cua pha thu· ;. T !A nhi¢t d(>; m Ia d(> x6p; k Ia h~ s6 thiim; A lil. cOng 
Jvc ·ngi ; Q 1a ctrOng d¢ ella nguUn nhi~t- kh6i; x lit tQa dQ k~Ong gian-; t Ja t~Cd .g~~n~ 
Chi s6 du&i m va b dUng de chl cac tham s6 tr~n fron chuyen pha_ va tr~n b11~n gteng 
(bi~n lrong). · · 

Xel tnrong hqp khi c6 tH M qua U.c d!Jng ctia lvc· n(>i trong phtrang trinh nang 
ltrqng: A((Q. Bg uhat cua chat long ph!J thu(>c vao nl\i~t d¢ f' = f'l = 1-'l(T). 

c· B~ 116ng kfn h~ phrrang trlnh -(1.1) ta srr·q1p;tg qb,frng> phucrng trinb lr~ng 

'.· 

thtli sau : 

P1 = PlO [1 + ~P(P - Po) - ~T(T - T 0 )]; pz = canst; P3 = canst (1.2) 

a dAy ~p va ~T Ia M s6 nen vl h~ s6 n& nhi$l cua cMl long.' 

B6i v6i SBT don tan c6 xet den kba n~ng .pMu x~ s6ng bbi frou chuy~u pha 
va sv· kh:lc nhau ve tinh .. -chill di~n ll'r ciia cac pha sll- dQng. phuoug trinh Umov -
Poynting va d!nh lu*t Bouguer - Lamb(;rt philn b6 nguOn nhi¢t kh6i Q xuM hi¢n do 
hap thy nling h:rqng cim SBT CT c6 th~ viH du<fyi d~ng san : 

~b < x < xm(t): Qn = Rb (~~)' [exp (-.X - Xb .) + 
Ln X .. L.n 

. (' Xm - Xb Xm - X )] + Hexp ,,- - .. 
1 

; 
, Ln Ln 

Xm- Xh ,; .r 
• !-< ' · x > xm(t); , Rb (' Xb)v ( Q, = \1- H.)-.-•. :~ exp - X- Xm ). '• • 

Rh 

· , _Ls X ' · Ln 

3 

Ljl = L C<JL\ 1 > 0; j = u, s. 
i=1 

L~ I • 
I." ; 

(1.3) 

(; dily Hb 13 cuOng dO btrc xq. tren bien xn, xac djnh bbi cbng sn:\t N va di~n tich 
mal phil! x~ Sb = x(v)x]; (D6i v&i v = o, 1 va 2 pbu hgp x(v) = 1, 27th vit 4"; h lit d¢ 
dby ella via d6i xUng tn-.11:) ; .L la d¢ dai hl'ip thv. dkJ.c trung cho khil nang hap thg i13.ng 
lugng SD'f CT eli a m6i tmimg; thc,m s6 II (0 ~ H ~ 1) d~c Ieung cho 6\< pb~n .X3 SBT 
1.Uc djnh b&i tj sO gjfra nfing lU'Q'ng ella s6ng pbS.n x~ vi! d~i- ltt·i;rng tliang-· frng cUa 
st)ng l&i. De kj hi~u c8c

1 
tham s6 cOa hbu hqp trong vtmg pha- n6ng chlty _.-(xb < x < 

< xm(t)) va chua n6ng ch3y ( x > xm(t)) ella thilnh phUn thtr nh3.l sir dyng die chi s6 
du&i 11 Y3 S• 

Trong lf'UOilg hgp t6ng quat d¢"clai lt&p th9 L ph\L thu¢c viw t~n s6 SilT w, ap 
,u~t p va nhi$1 d¢: L = L (w. p, T). Khi d6 ngay d. doi, v&i tru:ong hgp t~n 80 Si:>T 
0) c6 dinh nhfrng phuang trinh uhi~t - ihUy deng h.rc hQc (1.1) va nhfrug phcrang trinh 
di~n ttr d€ xftc djnh Q li~n kl!t, r$ng bu¢c l§.n nbau va chlmg din phai duqc gilli d~n~ 
th&i. Trong nhieu t:fuCrng hqp cO r4e hO qu.l iirth -lnrOng c'Ua- ftp suat p va nhi~H dQ T 
len L[5, o]. Kbi d6 d6i v&i m6i tan s6 w d¢' dili hap th\i L tr& n~n xac dinh Ya c6 tU 
tinh du:qc cuOng d¢ nguOn nhi~t kh6i Q_ kh6ng phg thu¢c v:lo nghi~m cUa nhii'ng phuang. 
trinh nhi¢t - thtiy d(lng. __ <:· 

H~ phtroog trluh (t.t) - (1.3) dong kin. N6 c6 th~ du·gc sir d\!ng db ngbi&n" c,:;u 
n.hfrng quy lu~t chong ctia qua .trJnh nung ,nong d,o !J•uy~n nbi$1 (ngulln nhltt m"t qb) 
va do Mp lh!J nang 1ugng SBT CT (ngu5n nhi$1 kh6i Q) v.i{ tUm en• chU long trong 
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tn&i tnr&ng cho lruJJc. Vtln de lol1h hQc ltrcrng \tng dOi hOi gHil h~ phuang trinh 1r~n v&i 
dtc d-i·~u ki~n ban d3.u va di€u ki~n biCn. sau : 

t = 0:. T ==-To< Tm. 

bT I :x = xb: Ab Sb-- ='= -qb, hay 
_ - ~x x=xb 

Ia:T=T11; 

»T j .. 
X =-.xe: f..eSe-, = qe-• hay ·U T = To• 

8x x=xe 
(1·4) 

va cac dilu ki~n lretl fran chuy~n pha xm(l): 

dxm F 
; --·-- --; 

dt ml'2 

T = -Tm = con·st; 1<'1 == qn + q~; 

!'tl =An -- ; qs =-A,-·- . BTl ftl . 
' Bx X"' Xm(l)- 0 OX X "' xm(t) + 0 

(1.5} ) 

! 

i!J .Uy lb !It dong kh6i loan phln cua pha long; F, !.lA cuiYng d¢ vi nhl~t dung ri~ng 
ebuy~n pha ~qn va q. hi dong nhi~tt<ri m~t pMn dtch pha tir pbia eha long v~ pha rln; 
<jb = q(xb, t) Ia doug nhi~l toil.n pblin qua bien xb; qo Ia dong nhi~l totn phlin '!Ua 
bian xo (b!•en ngoat), Ph11crn~ trinh (1•5) nh~n dugc lir dieu ki~n dn b~ng v~l cblt vil 
:d.p xl tva tinb (xilp xi tMm) cua di~u ki~n cAn b~ng nang luqng tren m~t pbln eicb 
pha xm(t). Nhi~t dung rieng chuy~n pha 1 bang bi~u entalpi cua cac pha c6 Uc dyng "' 
l3.m thay d~i 11¢i nang ella v~t ch3.t va sinh cOng do thay tl(Ji m~t d¢ v~t ch:lt khi 
chU)'~n pha~ 

Trong tru&ng hqp tCJng quat, lh6ng sO' ella ch3.t lOng tr~n fmn chuy~u phu cln 
duqc xac d\nh tt'r dl~u ki~n cAn tang pba cl.~;>c theo duOng chuyen pha tren ca sO phuvrcg 
trinh Cbpeyron - Clau•ius. iJ dAy gia thiM Tm = con•l [ ·, 6]. · 1· 

§2. NtlUNG BI:ftN SO VA TRAM SO KHONG TBU NGUY:£N, 

D.~NG CHUNG CUA NGHI$M. TIIW CHUAN HliNG D~NG 

D~ nghien cfrn ngbi¢rn clUng ella h?·- phuailg trinh ( 1.1) - (1.5) slY Gh.tng c3c LUn 
s6 y.l\ tham s6 kMng thtr nguy~n : 

X 
X ~:o: -, 

Ln 
X 

Xm 
m "'-, 

Ln 

kbi d6 dt:tng chung ciia- nghi~m dUng : 

Ln 
L=-, 

L, 
T e = -. 

Tm 

& -· - = 0; XlXl- = const; (xb < x,. < x~~) 
~t 

(2·1) 



'' 
c6 d~ng sau: 

-Trang rnieil Xb <X < Xm; 

" = 0 : B(x) "' - Ko lexp[- ( ~ - X b) 1 + llexp[ -(Xm - Xb) - (Xm - X) J I + ex + D : 

Xm 

v- 1: G(X) = Kn) cxp(Xb)E;(-X) + Hexp[-(Xm- Xb)- Xm] J ex~~ d!; ~ + CinX + D; 

X 

.. \ [•xp(-X) ] [ J v = 2: O(x) =- Kn/ exp(Xb) X + E;(-:-xl - Hexp -(xm- Xb)- x .. X 

Xm 

X f ex~~ ct; ~- ~. +D. 

X 

- Trong miCn Xm <X< Xe: 

v = 0: g(X)- -(l- H).!_:exp[- IXm- Xb)- L(X- Xm)]+ CX + 0; 
I. 

v = I : 8(X) = (I -:H) K, exp[ -(Xm- Xb) + LXm] E;( -LX) + ClnX + ll; 

' . [ exp(-LX) 
v = 3: O(X) = -(1 -H) K, eJ<p[ -(Xm- Xb) + LXm] X + 

+ LE;( -LX) -- +D. (:J.4) 
1 

c 
X 

0 day hitm tich phAn chi so : 
+.., 

E;( -;) = - J du ~ > 0; 
u exp(u) ; ' 

1\i = Pei N:" Xb Ia tham s6 kh6n~ thli n~uy~n d~c I rung quan h~ gifrn c~p nhift n) din 
nh1~l (s6 Pekle Pei = uoLnp0CJ/Ai; N*' = NfuopaClShTm ; __ Uo = KPa/"[J .. mLu· J i = 11, S. 

COng v&i eaG di€q .ki¢n trCn bien, cac 't.ieu chuin dOng d:;wg tr ng truCrng hgp 
(2.3) bao g~m : 

- 6 ti~u chu3.n th~ hi~ll tile dQng, nbi¢L va cite linh chi! V$:1 1.)· nhi~L...,.. di~n t!r 
cl1a m6i trua~g: 

* q eln (hay 8b), qe = --''-="-
/,eSeTm 

- 3 ti@u chua.n d~c lrung hinh hqc kh6ng ginn : V, Xb, Xe .. So v6i 20 tieu cbu~n 
dl'>ng dQ-ng ft·ong Uai to<in kh6ng dlrng, trtrOng bqp bfd io:l.n dt'tng th!Jc S\r da dLrqc dan 
~iian h6a di r~l ohieu.-

t 3. NGHIE;M DlJNG TRONG MitN KHONG GIAN HUU H.:\N 1 x. "'· +=) 

Xet lru0ng hryp nghi¢m dt'rng (2.2) v&i cflt diEu ki¢n sau: 

d8 I X= Xb: --
dX X= Xb + 0 

= - qb = co·1s! 

X= Xe: --· <16 I 
. ' d)( X = x, - o 
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Khi do cac Mng so t!cb pMn C va D trong (2,3) "?a (2.4) bo~n I oan uuqo 
xl<c dinh : 

-Trang mien Xb <X < Xm : 

v = 0: C = -K~! 1 - H exp [ -2(Xm - Xb)) + q~/K~ j ; 

D = 1 + Kn(1 + H) exp [-(Xm - Xb)] - C Xm ; 

v = 1: C = -Kn!1- H e>p [-2(X~- Xb)] + q!Xb/lh j; 

D = 1- Knexp(Xb)Ei(-Xm)- C lnXm; 

v = 2: C = -Kn! 1- H exp [-2(Xm- Xb)] + qt X~/Kn j 

·•· [ exp( -Xm) . J C D = 1 + Knexp(Xb) + Ei( -Xm) + -. -·. 
Xm . Xm 

- Trong mi~n Xm <X< Xe: 

v == 0: C = - K,\ (l -:- H)cxp(- (Xm - X;) - L(Xe- Xm)] + q!/K, j : 

K, p = 1 + (1- H)-exp[:-(Xm- Xb)]- CXm; 
L . 

v = l: C = - K,\ (t- H)exp{-(x~ - Xb) - L(Xe- Xm)] - q!Xe/K, I; 
· D = 1- (l- H)exp{- (Xm- Xb) + LXm]Ei(-:- LXm)- ClnXm; 

V = 2: C = -· K,\ (1 - H)exp[- (Xm- Xb) - L(Xe ·- Xm)J - q:X~/K• I ; . '; 

( ) l ( . · .. ) J{ exp(-LXm) 
D = 1 + 1-H K~exp.- X:m- l(b + LXm .... Xm + 

+ LEi(- LX~)J + C/Xm· 
. . . 

va phtrong lrinh d'e x{w rrlinh vf td ctia fron chuye-n· pba: 
:;..-' 

E(X.,) = 1 - Hexp[- 2(Xm -Xb}] ~ (1 - H)exp[ -(Xm- Xb)- L(Xe- Xm)] = 

· l'lb ... b qe 1 e .* . 
( 

*xv *xv ) 
= - - + -- = q ; v = o, 1 va 2· 

Kn · 1\.s 

(3.2) 

(3.3) 

(c.4) 

D6 dang cbi ra r~_o-g phU'ang trii1h ~(3.4) chinh 18. di~u ki~n -can bUng nang luqng 
loa:J pUn do v~t cha!' b'ap th11 qua ngubn nhi~t khoi QE(x) va nang luqng q* truyen 
qua '!cac bi€!n Xb va_ Xe. 

Tir drt.y cling de Uang nb~n thay khi q* "( 0 va q* > 1 nghi~m dt'rng d~ng' (2.2)_ 
kh6ng tbn tJJi· Trong lrubng hqp nay to~m b¢ v~t ch3.t cUa th8.nh ph9.n thU nhfit tOn 1.;;ti 
boac a d~ng long (q* < o) ho~e /j d~ng r~n (q* > 1)· 

Xet bam so: 

E(X) = 1- Hexp[- 2(X- Xb)] - (1- H)exp[·-(X- Xb) - L(Xe- X)] (3.oJ 

M~nh d~ l. EJ6i v&i L < 1 nghi~m dli:ng d~ng (2.2) cua bai toan (1.1)- (1.5), (3 1) ton 
t:Ji duy nhfl.t v<ffi dieu ki~n : · 

E(Xn) < q(*l < E(Xe) 

va kbi 1!6 tr1111mg nhi~l d<) xac i!jnh bl>i cae. cling thU:c (2.3), (2.4) v" (3.2), (3.3). 
Ch(rng minh. Thvc v~y, c!<li v&i L < 1 d~ dang cbl ra r~ng E(x) t;, hilm s6 liij dcrq 

14· 
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ilJ< 

l 
1 
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•lieu tiin"· Va khi d<'> d6i v<f,i X E [Xb, Xe]' mill E(X) "' !?(X b) ;> 0; max E{X) = E(X,~ <; t 
(hinh t}. BOi v~y dOi v0·i nwi q(>i<J, E(Xb) < ql'*'l < E(Xe) tOn t:Ji va duy nhai X~ 1h6& 
marl phuarL~ triob (3.4). M¢nh ae dU'Q'C chfrng minh. 

E{X) 
f(XJ l 

',. I 
£(~) ~~ L>f 0 tJ I 

xb Xm Xe Xb x ... .X 

j-!loh 1. D~ng cua ham so E(X) khi L,;;:; 1 Hlnb 2. D.,og cua hilm so E(X) khi L> J, 
Cac du<'n~g con~ 1, 2, 3, 4 vii 5 phU hgp 
voi H = 0', H = Hh, lib< 11 <J-I,. 

fl = He va 1-! = 1· 

D6i voi L ·= 1, H = 0 phtraog trinh (3.4) suy bi~n· Trong truong hc;rp nay t~n 
!~1 vO s6 nghi~m dirng cua bid loan dang xet khi: q'*' = I - exp[ -(Xe - Xb)]. 

D~ xac djoh duy nhH m!)t nghi~m o§n phlti cho tMrn di~u ki~n nbi~t dQ tr!n 
bien Xh ho~c x,. .-

!\hi L > 1 d6i vQii 0 < H < 1 ham s6 E(x) c6 m<)t gia trj C\fc dci a di~m x.: 

X*( H) ,;, \ Xb + LXe + In[· . . 2!-1 · ] 1/ (I + [;) I (t- H)(L -1) \, 

Cc'J th~ cblrflg minh duqc rAng d6i v(yi: 

(L- l)ex~[- L(X,- Xb)] 
Hb = --=--==~--'-:;:;____-=--'---

2 + (L - l)exp[- L(Xe - Xb)] 

(L- t)exp(X, - Xb) 
He = --'----'--'--'==:__:.:.::.;__ 

:2 + (L- l)exp(X, - Xb) 

Hb < H < He thi ~b <X*< Xe; kbi H = Hh 1 H = He tbi lll'ong lrng Xe:. = Xb, x .. = Xe· 
Ngo3i ra c<) tht ('ht'rng minit de tinh ch£it sau ella ham 86. E(S, L:~ H) k!ii' L > 1}·: 

+ EIX, L, H) Ia hntrl s6 lili theo X. 

+ E(Xb, L, H) va E(X, L, 1-1) la hilm s6 dan di$u gdm tl1co J-l. 

+ V&i H = 0 ham s6 E(X, L, 0) loi Clan di~ugiiim tbeo x. 

+ V&i H = l ham s6 E(X, L, 1) loi dan di~u tang theo x. 

{Hinh 2). Tt'r d6 suy ra; 
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M~nh ill! 2. !Mi v&i L > 1 nghi$m dung d~ng (2.2) ell• hoi to!m dang xet ton t~i duy 
nhfit viJi qt•l, E(X&) < q<*l < E(Xco) ho~c E(Xbl > q<•l > E(X,) 

ll6i v6i q<*l, E(X**).;;;; q<*l < E(X.), b d~y E(X.*) = max[E(Xb', E(X,) I 
phuong trinh (3.4) c6 hai nghi~rn· Tuy nbien trong lruang hgp nay tir di~u ki~n c~n 
bil.ng nang llrc;rng to~n phlln Va tir tinh cb[t cua ham so E(X) da xet & lren c6 tht chi 
ra r§ug m¢1 trons llai nghi~m 46 la kbOng hn djnll d6i v(ri cite nhi~u ~• nhi\ (Hinh 3). 

u 

/} 

£()() ern / 
t $ ~~i~ 'J" 

v /1[ 
I I 

I 
~--

. I .,._.._.. ....... 
.Xm X /} )(m )( 

£(.K) a> E(X). /;) 

' ~' L 
- . ~I' 1\'\ 

I 
I 
I 

-----·--~-···--. ·~ 

){ !! ,t~ '?;1 

C) .(?~} 

Hlnh 3. Cac dang ngbi~m khOng &n djnh (a, d) va 
~n djnh (b, c). 

X 

Ngoii.i ra, do che dl) dip thoAt nhi~t b cae_ bl~n, c6 th~ xu:lt hL~n_ nghiem cHrr1g 
d~ng (~.21 v6i hai fron chuy~n pha (6]. Trorg tnr&ng hqp kbong c6 phan x~ SilT bai 
fron chuy~n pha (H = 0), v(ri mQi L ham so E(X) dcrn di~u biri v~y n~u t&n l~i nghi<m 
thl nghi¢m d6 13 duy nhat. 

§ 4. NGBI~M DUNG TRONG Ml~N KBO.NG GIAN V() H.;.N (x; ~ +oo) 

Xet nghi$m dung (2·2) v&i dil!u ki~n nhi$t dQ cho tnx&e tai vo qxc: 

X-++co; T-J>T 0 =canst~ (4.1) 

M~nh de 3. lloi v&i v = 0 va 1 (chuy~n d~ng m\>t chi~u doi xling m~t ,.a d6i xirng 
tr~c) nghi¢m dt'rng d~ng (2.2) cua bii !nan (1.1)- (1.5) v&i di~u ki~n bien a v6 C\rC (1.1) 
khOng ton tal· 

Chirng minh. Tir (2.3), (2.4) va (4.1), do tinh chat luOn duong cua ham so cxp va 
lu6n Dm cU. bam s6 llcb phln chl s6 E,( -X) ouy ra rang doi v/Ji trtrlrng hqp v = 0 va I, 
C = 0 va D = 6o. Khi d6 d~ dang nh~n thiiy dng khOng Wn t~i Xm, Xb < Xm < Xe 
sao cho 8(x.,) => 1. M~nh de i!ul'c chqng mjnh, 

Hl 

-M 
',.f 

)!I 
:r 

'"'L 

:!' 



M$nh d~ 4. B6i viii v ~ 2 vii L <I {cbuy~n d<)ng m¢1 chieu doi xtrng e~u) nghitm 
dung d?ng (2.2) eiia bat loan (1.1) - (1.5) v<iJi dieu kien bien & vo eve (4.!) khi: 

Kn.>K.= ~[K•(!K~G.) -q';'xb]; B=-(t-H)exp(LXb)Ei(-LXb) (4·2) 

tbn t~i· 

Chtrng minb. Trong truirng hqp nay cac Mng s6 tich phln xac djnh: 

- Trong miell X• < X < x .. : 

C • -Knit- Hn:p[-2(X,.- Xb)] I - q'b''x~; 

D = 1 + - + Kneip Xb) --"-'"---'- + Et( -Xm) . C ( [ exp(-x .. ) ] 
Xm Xm 

' - Trong mi~n Xm <X<+=: 

C = -(1 - 6,)Xm- (1 - H)KsXmexp[- (X,. - X b) + LX.,] X 

[ 
oxp( -L Xm) . ( ] n 

X . + LEi -L Xm) ; D = Qo 
x.. ' 

va phucrng trlnh d~ de djnh Xm co d?ng sau : 

z(X) = V(X)- Y(X) = 0 ; 

V(X) = 1 - H exp [- 2(X - Xb)) - (1 - Hl exp [-(X- Xb)) ; 

Y(X) =X (1- H) L exp [-(X- X b)+ LX] Ei( -LX)+ -'l 1 - 6' 
Ks 

(4.3) 

D~. '<lang ehl ra V(X) la hil.m .~ !bi dqn. di~u tang· tll: .. 0 .db ·1 lrong mi~n 
Xb <X< +oo oon ham ao Y(x) c6 tinh chat sau: Y(Xb) > 0; X- +oo Y(x)- +""'• 
Tli d6 ouy ra phucrng trlnh (1•3) c.6 it nhAt m¢t nghi~m. M~nh d~. duqc chling rninh. 

Boi v<Yi pHn l<r.n cllc lo~i v•t chat dieu ki~n rang ',bu(lc L < 1 phu bc;rp '"i tinh 
chH v~l ly ctia cbUng. Vi v~y. tuy day Ia m<)t rang hu<)c trong chling minh nhung li 
m<)l rang bu¢c v~t 1:)· phtl hgp. 

§ 5, NGBI$M 2 FRON CHUY:itN PHA 

Ph~ lhu(>c v!o ch~ d<) nhi~t, bai loan tren co th~ nay sinh trm\·ng hgp trong 
mbi truOng tb;n tqi nhi~u fron cbuy~n pha ct~ng th&i tacb bitt nbaU. fJ d:iy ta chi xCt 
mQI trtrCrng hqp dan gi3.n vii cO -s~ nghia v$.t 1y~ rO r3.ng d:6 19. ngbi~m coiling 2·fron 

h ' h X
1
m
11 

' x"' X ...- X
11

' < x121 < + c uyen p a va " m , " b ~ m m =· 

D~ don gian xet tnr&ng hgp H = 0 vl nghi~m oiling ciia bAi loan M ol~ng sau: 

.- Tl'ong mien 1- mi~n pha rln cii• thanh pMn thir nMt Xb <X<: X~1 ': 

6(x) = - K, exp (L Xb) [ exp( -LX) 
X 

+ L E1(-L x)J - __£ + D; 
D· 

(5.!) 
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-Trang mien 2 -mien pha long cua !hilnh phan tht'r nhU xl:l <X< xf:1 : 

6(XJ = ~ Kn e~p ,--;L(X,0 - Xb) +X,] . · . +E; -X --+ D; r r1J {lJ f exp(-X) ( )] C 

l X )!; 

x\,/lx\!1 c11 u1 [ exp(. - X/Jl) 1 
C= -Kn- ,

2 
, exp (-L(Xm -Xb}+Xm J . ,1 .. +E;(-.X~

1 )-
· x Jx '1 , IIi , _,_ .m. m , m 

_:_ exp (-X~2l) _ E;(-X~l)l; 
. x'm2) . 

(2 _, 
cl . c1l [ exp( -X l) 

D = 1 + Kn exp[-L(Xm 1 - Xh) + Xm ] . 
2

m . . . - . , - x' J 
• " m 

(2) ] c + E1(- x, ) + x~21 • 

-Trang mien 3- .mien. pha rh cua 'thanh pban tbir nUl x:.'1 <X< +oo: 

. . . ·• . ' 

8(X) = - K, exp (-'- L(X~ l- Xb)- (x;;-1 - X~ 1) + LX~2'J[ exp(:_ LX) + 
. X 

.+LEi(~- LX)J 
c 

--+D; 
X 

;f- L E i (- L X ;,;n) + -----,-,--;-·,---.-'.:.t _----=ce'C...,.,.--:-.--,-,-, --.""=,.,.,. } , · 
K, exp [- L(X~1 l-: b)- (X;,t1 - X\!l)+ LX~'] 

D = 8, 

( 
[1) 

ft Xm ~ 
[ ( ;(1) '')1 exp - L Xm - Xb , + 

+ [ ( .rtJ ) ( r21 Cil) c2l] ( .. r21) L exp- L Xm - Xb - Xm - Xm + LXm Ei - LXIll 

- exp [- L(X!i
1 

- X•) + x~11 ] Et(- x;,;'') ! = o ; 

(5.3) 

,'.'·. 

~· 



[ ( '" · ) < "' n'> "'l < '2' I + Lexp - L Xm - Xb - Xm - Xm + LXm E; - LXm ) \ = Q, 

H~ phuang lrinh (5.1) dugc giai s6, k~l qua linh loan lh\ hi~n lren binh {. 

I 

x'" m 

... 
D 0~--~~~---::2:--:,~.,, X"' 

m1 m 

Hinb 4 

§ 6. NGHI~M DUNG CUA BAI TOA.N KHONG C6 CHUY:i'!:N PIU J 

I 
(Xm, Xo- +co) 

Xet bll.i loin nung n6ng chill long c6 It¢ nhal cao trong cllc 13 x5p. Tuong IV 
hili loan (1.1)- (t.5), (4.1) c6 lh~ chtrng minh drrgc ring doi v&i v = 0 va 1 nghlem 
drrng cua bili loan dang .xet khOng !on l~i· B6i vld cbuy~n d¢ng aoi xtrng dn (v = 2) 
_[lg:bi~m d'lrng tbn t:;tj, va prof in nhi~t d~ ciing nhu flp suiit trong chAt lOng c6 d:p1g t,hu 
tr~n hinh 5. 

Hlnh 5. Profin nhi~t d¢ (a) va itp suiH (b) trong cMt long. 

KH qua s6 eho thiiy lrong m~t s6 lrtrirng hgp dong kh6i loan phan gb c6 tH d""! {0 Hn 
trong 1 ngay v6j mfrc ti~u baa nan~ Itrgng <!~ duy trl btrc x~ DT bn dinh Ia 0,25- 0,5 
1~11/ngay. 
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Da ch1'rng mlnh dinh l.Y tOn l::Ji, duy nhB.t va nghi~n dru tinb cb~t nhfrng nghj~m 
lirug cUa bili toan trnyCn nhi~~- ehl1t trong rn6j truCmg- xOp hi nung n6ng bOi nguOn 
1hl~t m~t vt'l nguOn nbi$t kh6i ph1J. ~huQc vao d~c thli binh hQc ella kh6ng gian, liw dt,t lg 
1go:J.i va tinh ch.H v~t l:f nh ~t - di~n h} ella v?-l chilL Qua trinh tr~n c6 th~ sir d~Jng 
rong vj~c sfiy khU, Ham sqch m6i truCrng: x6rs trong vi¢e kbai tbac. 18m tiug hf sO ra via 
:Ua d~u th.O c6 d(J 11h6t cao v2. V•V·~· 
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SUMMARY 

SrATIO:\MtY SQLUT!O'I OF HEAT-~!ASS THANSl'ER PHOBLEM 

IN !'OflOUS ~lEOlA WITH VOLU\IETRlCAL HEAT SOUHCE 

Process of ele,.~tromagneti-c heating and filtration of fluids in porous media wi! h 
regard to m:~ss tl'ansra (melling or induration) 1s investigated. Theorem about exis!enee 
!lnd only sta.t1onary solution in Clependeoce on geomelrical characteristics ol' space, cxter­
llal heat action and thermalphysical and t'dectromagnetic characteristics of media has been 
pro\red. Regarded pr(lcess is possibly used for drying aniil cleaning a porous medja, for 
~ecovery and increas0d production of oils and etc. 
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