MaTemaTmnyeckoe mogenmpoBaHue

Jlekuus 6.
CTauuoHapHbIi pexkum TensioobmeHa ¢
$a30BbIM NepexoAom.



PacyeTHaa cxemMa




MaTemaTnyeckaa MoAesib KOHAeHCATopa

de(x)—I—Nkv (TO—T(x))—O x € [0..x,]

d
. — —h(x) + Kj, - (TO — ph) = 0,x € (xy..% + Xpp)

d
i —T¢(x) + Ny - (TO — Tf(x)) = 0,x € [x}, + xpp..1]




YCNOBHbIV MHTErpasibHbIN KOIDPULNEHT
Tensonepesaym




[ pPaHWNYHbIE YCN0BUA
T,(0) =T,

Tv(xv) — Tph
Ty (xv + 2xpn) = Tyn

h(x,) — h(x,, + xph) =r



PelwieHus:
T,(x) =C,-e New* 4+ T,
h(x) = Cp + Kp, - (To — Tpp) - X

Tr(x) = Cr- e "K* + T,



q:
PelueHwu

— T,
C, =T iy 7;30)
1 .ln(Tph —
Xy = Ny, : .
h
Xph = K, - (Tp

)
+xph
Nkf'(xv

- e

—To)

= (Tph

Cr =



PeweHna:

T,(x),x € [0..x,]
T =< Tpon, X € (Xp.. Xy + Xpp)
Tr(x), x € [x, + xpp.. 1]




[ pagneHT TemnepaTyp




EEVIER]Y

*OnpegeneHne HeobXo4MMOU A/IMHbI KOHAEHCATOPA
(ucnapuTens) Npu 3agaHHOM TemnepaType
XnaaareHTa Ha Bbixoge n3 TOA

*OnpegeneHne COCTOAHUA U TeMNepaTypbl
XJ1aZlareHTa Ha BbIX0e N3 KOHAEHCAaTopPa
(ucnapuTens) 3a4aHHOM AJINHbI.



OnpeaeneHue A/1IMHbI.

f1onosIHUTEIbHOE rPaHNYHOE YC/I0BUE: Tr(1) =T,
HoBbie HensBecTHble: Ny, Ny

ANrOPUTM peLleHuns:

1. N3T¢(1) = T, suipaxaem N¢(N,,)
ki-Il;-L

2. [logctaBnaem umncna N; =
3. Haxogum L



OnpegeneHve TemnepaTypbl Ha BbIXoAe

AJICOPUTM peLleHuns:

1. PaccumTbiBaem 3Ha4YeHMe Xx,,, €CIM OHO bosiblle 1,
TO TemnepaTypa Ha Bbixoae paBHa T, (1), nHaue
MYyHKT 2.

2. PaccunTbiBaeM 3HaYEHUE Xpp, €CN Xy + Xpp

Oosiblie 1, TO TeMMepaTypa Ha BbixoAe pasHa Ty, ,
mHave Tr(1) .



MM Bo34yLWLIHOro ncnaputens

d

dx

d

dx

d

dx

a1 (X)

Nkaph ; (

NPAMOTOYHOE TeYeHume

d
- h(x) + K, - (Tal(x) — Tph) =0,x € [O..xph]

ot = Tal(x)) =0,x E [0..xph]

Ty (x) + Niy - (T2 (x) — Tv(x)) =0,x € [xph. . 1]

aZ(x) T Nkav : (Tv(x) — Taz(X)) =0,x € [xph- : 1]



[ pPaHMYHbIE YCNOBUA
h(xph) —h(0)=a-r

Ta(o) = Tqo
TV(xph) = Tpn

Tqs (xph) = Tq> (xph)



30Ha Ga30BOro nNepexoaa

Kp (TaO — ph)

Ky (TaO — ph) i a'r'Nkaph




TemnepaTtypa Bo3gyxa

Tal(X) — (Ta() — ph) y e_Nkaph'x bE Tph,x (S [O 'xph]

T,(x) = N
a( ) Taz(x) = I\Ilcav
kv

. Cl . e_(Nkav+Nkv)'x 1+ CZ,X = [xph' . 1]



[1OCTOAHHbIE MHTErpUPOBaHUA

’ Niy
C, = (T .~ — . e_(Nkaph_Nkav_Nkv)'xph
1 Nkav i Nkv ( a0 ph)
N
(2 = Tpn - + (Tao — Tpp) + €\ kaph*ph

Nkav Nkv



TemnepaTypa xnajareHTa

Tyn, x € [0..xpp]

T —
(X) Tv(x) - Cl . e—(Nav+Nv)’x -+ Cz,x = [xph- . 1]



[ pagneHT TemnepaTyp




MM Bo34yLWLIHOro ncnaputens
NMPOTUBOTOYHOE TeYeHue

d

- —h(x) + Kp, + (Tg1(x) = Tpp) = 0, x € [0.. x|
d

E al(x) r Nkaph ; (Tph _ Tal(x)) =0,x € [O--xph]

d
de (x) + Ny, - (Taz(x) T (x)) =0,x € [xph 1]

——Taz (1) + Niaw * (To(6) = Ta2 () = 0, € [xp.. 1]



[ pPaHMYHbIE YCNOBUA
h(xph) —h(0)=a-r

Ta(l) = Ty
Tv(xph) = Tpn

T (xph) = Tq> (xph)



30Ha Ga30BOro nNepexoaa

Echn Ny, = Nigo

Nkaph . (Nkv + 1 - Xph * Nkv)

1 — e NkaphXph = g . 1 -
Kh TaO — Iph

Ecawnm Nkv F Nkav

1 — oe~NkaphXph — a-r: Nkaph : (Nkv +1 - Xph * Nkv)

I\ .
Kp (uor=1 a0



T (x)

\

TemnepaTtypa xnasareHTa

Ton, x € [0..x,]
B ph} ph
IIpH Nkv — Nkav {(:10 - X + CZO'x = [xph' : 1]

IIPH Nkv + Nkav {Cl : e—(Nkv—Nkav)‘x + CZ)x - [xph' . 1]



[1OCTOAHHbIE MHTErpUpPOBaHUA

T,o—T
C1 a0 ph

NM . e_(Nkv_Nkav) —_— e_(Nkv_NkaV).xph
Nkv

C, = Tph — (4
TaO Il Tph
ClO = 1
== =0k
N, ph



TemnepaTtypa Bo3gyxa

r CllO . eNkaph.x -+ Tph,x (S [O .xph]
npu N,,, = N C
p v av C].O - X + L Sl Czo,x (S [xph. , 1]
Nkv
Ta(x) =5

Cll . eNkaph.x + Tph,x = [0 .xph]
IIpH Nkv + Nkav Nav
Ny

. Cl . e_(Nkv_Nkav)°x + CZ,X = [xph' . 1]

X



[ pagneHT TemnepaTyp




MM Bo3ayLWHOro KoOHAEeHCcaTopa
[lpaMOTOYHOE TeueHUne
—iTv(X) -+ Nkv : (Tal(X) - Tv(x)) =S O,x S [O -xv]

dx
) + Mgy (00 = Tor () = 0, € [0..3]
—ih(x) + Kp + (Ta2(x) — Tph) =0,x € [xv--xph + x, |

dx

d
_ETaz(x) + Nkaph ° (Tph — Taz (X)) =0x & [x"' Fpn T xv]

d
_ETf(x) 4 Nkf : (TaS(x) — Tf(x)) =0,x € [xph + xv..l]

d
\—ETa?)(x) + Nl (Tf(x) = Tas(x)) = 0,x € [xpn + xy.. 1]




[ pPaHWYHbIE YCN0BUA

Ty (O) =T
Tal(o) = Tao
Ty (xv) — Tph

Taq (xv) = Tq2 (xv)
h(x, + xph) —h(x,) =7
T,o (xv + xph) = T43 (xv + xph)

Tf(xv + xph) — Tph



TemnepaTtypa xnagareHTa

( Cl . e_(Nkv'HVkav)'x -+ CZ' X S xv
T(x) =« Ton» Xy S X <X, + Xpp
kC4 . 8_(Nkf+Nkaf)°x ar Cs, Xy e xph < X




TemnepaTtypa Bo3gyxa

.
Nkav Cl . e_(Nkv'HVkav)‘x 4 CZ’ x < X,
Nkv
T,(x) =4 Cy - e Nkaph'* 4 Ton» Xy <X < Xy + Xpp
N
I C, - e~ WNirtNiag)x 4 ¢ Xy + Xpp < X
N
\ kaf




[loCTOAHHbIE MHTErpnpoBaHUA

T —
G == Nki(:;
1+
Nkv
C, =T, —(;
N _ ;
ol 1\2}” . Cl . e (Ngy+Ngav) Xy + CZ -~ Tph

C3:

e_Nkaph'xv



[loCTOAHHbIE MHTErpnpoBaHUA

. e_(Nkaph_Nkf_Nkaf)'(xph+xv)




ZlNnHa yyacTka napa

r 1
Nkv + Nkav

C1
Tph i C2

- In( )

Xy




A NHa y4yacTka Ga30BOro Nepexoa

1 1 ( Kh ¥ C3
Xph = - In
g Nkapn 1 * Niaph * e VkaphXv Kp - C3

)






MM BO34YLLUHOMO KOHAEHCATOPA
[1pOTMBOTOYHOE TeyeHue

—%Tv(x) + Ni, - (Tal(x) — Tv(x)) = 0,x € [0..x,]

d
dx a1(X) + Nigy - (Tv(x) B Tal(x)) =0,x €10..x,]

d
_ah(x) + K, - (Taz(x) — Tph) =0,x € [xv--xph T xv]

d
ETCLZ(X) + Nkaph ; (Tph - TaZ (X)) =0,x€ [xv' - Xph n xv]

d
_ETf(x) 4 Nkf : (TaS(x) — Tf(x)) =0,x € [xph + xv..l]

d
\ETag(x) + N (Tf(x) = Ta3(x)) = 0,x € [xpy + x,..1]

.




[ pPaHWYHbIE YCN0BUA

Ty (O) =T
Ta3(1) = Tao
Ty (xv) — Tph

Taq (xv) = Tq2 (xv)
h(x, + xph) —h(x,) =7
T,o (xv + xph) = T43 (xv + xph)

Tf(xv + xph) — Tph



TemnepaTtypa xnagareHTa

T,(x),x € [0..x,]
T(x) =< Tpon, X € [Xp.. Xy + Xpp ]
Tr(x), x € [x, + xpp.. 1]



TemnepaTtypa napa xs1agareHTa

e e~ WNiky—Ngav)x | C,, Niy # Nigy

T,(x) =
v () C10 * X + Cyp, Niy = Nigo



TemnepaTtypa XNAKOCTU X/1aAareHTa

C, - e~ WNkr=Nkag)x 4 Ny # Niar

Tr(x) =
4 C40 * x + Csp, Nis = Ngar



TemnepaTtypa Bo3gyxa

T,1(x),x € [0..x,]
T,(x) = Ta2(x), X € [Xp.. Xy, + Xpp]
Ta3(x),x € [x, + xpp.. 1]



TemnepaTtypa BO3A4yXxa

N
kav : Cl : e—(Nkv—Nkav)'x —+ Cz;Nkv + Nkav
Nkv
Tq1(x) = 1
C10 (x + N ) + C20, Niw = Niav
kv



TemnepaTtypa Bo3gyxa

Taz(x) = Cs - eVkaphX + T



TemnepaTtypa Bo3gyxa

N
9L Gy e~ N Near) ™ 4 Co, Ny 2 Ny
Ta3(x) = s
a3 1
C40‘ X N I CSO)Nkf =Nkaf
kf



[loCTOAHHbIE MHTErpnpoBaHUA

Tph i TaO
C4_ — N
e~ Nkf—Ngaf) (Xp+Xph) kaf | e~ (Nkgf—Nkaf)
Nkf
T, —T
ph a0
C4O - 1

Xy + Xpp — 1 Nkf



[loCTOAHHbIE MHTErpnpoBaHUA

N
Cs — TaO I\I;af . C4 . e_(Nkf_Nkaf)
kf

1
Csg =Tgo — Cyo - (1 + N
kf



[loCTOAHHbIE MHTErpnpoBaHUA

(N
1\;‘” . Cy - e~ Wir=Niar)- (5o*xpn) 4 ¢ — T,
- Ny # N
< eNkaph'(xv+xph) P kS kaf
1
C40 . (Xv + xph i Nf) I CSO — Tph
g eNkaph'(xv+xph) ’ Nkf & Nkaf



[loCTOAHHbIE MHTErpnpoBaHUA

CB . eNkaph‘xv + Tph _ Tl

C1 —_
Niav —(Ny—Ngyp)-x
. e v Nav)Xy — 1]
Nkv
C3 . eNkaph'xv + Tph . T1
Cio0 =

|
xlekv




[loCTOAHHbIE MHTErpnpoBaHUA

C, =T, — (;

CZO o Tl



30HbI OXN1AXAEHUSA Napa U KOHAEHCALMN.

1ok Nkaph
C3 N Kh

— eNkaph’xv . (1 = eNkaph'xph)

Ty (xy) = Tph



[pagneHT TemnepaTyp




Cnacubo 3a BHUMaHue!



