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MATHEMATICS

UO“K 519.63, 536.21

BIR O‘LCHOVLI HOLDA CHEGARADA RADIATSIYA ORQALI ISSIQLIK UZATISH
MASALASINI YECHISH

Jumayev Jura,

Buxoro davlat universiteti dotsenti
j.jJumaev@buxdu.uz

Qobilova Dildora Odilboyevna,
Buxoro davlat universiteti magistranti

Annotatsiya. Ushbu magolada bir o‘lchovli holda issiglik targalishida plastina chegaralarida
konveksiya va nurlanishning temperatura o zgarishiga ta’siri o ‘rganilgan. Issiglik uzatilishi Stefan-
Boltsman nazariyasi asosida deb garalgan. Buning uchun issiglik targalish masalasi va unga qo ‘yilgan 11l
tur chegaraviy shartlar chekli ayirmalar ko ‘rinishida yozilib, chegaraviy shartlardagi chizigsiz
tenglamalarda chegara giymatini topish ifodalari keltirib chigarilgan. Olingan natijalar grafiklar
ko ‘rinishida keltirilib, tegishli xulosalar chigarilgan.

Kalit se‘zlar: modellashtirish, issiglik ogimi, issiglik targalish tenglamasi, radiatsiya, chegaraviy
shartlar, chekli ayirmalar, haydash usuli, nostasionar masala, matematik model, xususiy hosilali differensial
tenglama.

PEHIEHUE 3AJJAYU PAANMAITIMOHHOI'O TEIIVIOIIEPEHOCA HA TPAHUIIE B
OJHOMEPHOM CJIYYHAE

Annomayua. B oannoll cmamve uUCC1e008AHO GIUAHUE KOHBEKYUU U U3LYHYEHUS HA U3MEHeHue
memnepamypvl HA ZpaAHUyax NIACMUHbL NPU OOHOMEPHOM pacnpedeneHuu menid. Tennoobmen
paccmampugaemcs Ha ochose meopuu Cmegana-bonvymana. [ns smozo 3adaua o pacnpedenenuu menia u
Hanodxcennvle Ha neé epanuunvie ycnosus |l pooa 3anuceiearomcs 6 eude romeunwvix pasmocmeil u
8bIBOOAMCA GLIPANCEHUS OISl HAXONCOCHUS SPAHUYHO20 3HAYEHUS 6 HEUHEUHbIX VPABHEHUSAX 2PAHUYHbIX
yenosui. ITlonyyennvie pezynvmamsl npeocmasienvl 8 6uoe pagukos U cOenanvl COOMEemcmesyiouue
6616000L.

Kniouesvie cnosa: mooenuposanue, menniogol  NOMOK,  YpPAGHEHUe  MENnIonpPO8OOHOCMU,
KO puyuenm menioomoauu, paouayus, CpaHuyHwvle YCI08US, KOHEUHble PA3HOCMU, MemooO HPO2OHKU,
HecmayuoHapnas 3aoaua, mamemamudeckas Mmooens, OuggepenyuanvHoe ypasHenue 6 UYACMHBIX
NPOU3BOOHBIX.

SOLUTION OF THE PROBLEM OF RADIATIVE HEAT TRANSFER AT THE BOUNDARY
IN THE ONE-DIMENSIONAL CASE

Abstract. This article investigates the influence of convection and radiation on the temperature change
at the boundaries of the plate with a one-dimensional heat distribution. Heat transfer is considered based on
the Stefan-Boltzmann theory. To do this, the problem of heat distribution and the boundary conditions of the
third kind imposed on it are written in the form of finite differences and expressions are derived for finding
the boundary value in the nonlinear equations of the boundary conditions. The results obtained are
presented in the form of graphs and corresponding conclusions are drawn.

Keywords: modeling, heat flow, heat equation, heat transfer coefficient, radiation, boundary
conditions, finite differences, sweep method, unsteady problem, mathematical model, partial differential
equation.

Kirish. Texnikaning turli sohalarida issiglk ajralib chigishi bilan bog‘lig jarayonlar uchraydi. Agar
issiqlik tashuvchi chegarasi, issiglik ajralib chiggan sohalarni gattiq jism sifatida tasavvur gilsak, gizigan
gattiq jism o‘zidan nur ham ajratib chigaradi. Ana shunday issiglik ajralib chiquvchi ish joylarida
ishlovchilarni issiglik nurlaridan himoya qilish kerak bo‘ladi [1-2]. Shuning bilan birga, issiglik nuri bilan
ishlov berish gishlog xo‘jalik mahsulotlarining mahsuldorligiga ham ta’sir qgilar ekan [4]. Shuning uchun
bunday jarayonlarni nazariy jihatdan o‘rganish ham nazariy, amaliy ahamiyat kasb etadi.
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Bunday jarayonlarni o‘rganishga bag‘ishlangan bir necha ishlar mavjud. Ayrim adabiyotlar [3]da
tadgiqot maydonining konstruktsiyasidagi o‘zgarishlar tufayli tashqi radiatsion issiglik uzatishning
kuchayishi, shuningdek, gaz-g‘isht-metall tizimi uchun pasaytirilgan emissiyaning issiglik almashinuvida
ishtirok etuvchi metall yuzasiga nisbati bilan bog‘ligligi ko‘rib chigilgan. Isitish maydoni yuzasining metall
yuzasiga nisbati ortib borishi bilan pasaytirilgan emissiyaning o°zgarishi hisoblab chigilgan. Mis plitalarini
isitish uchun yuradigan o‘chogli haqgigiy pechning misolidan foydalanib, sillig tomni arra tishli tomga
almashtirish ko‘rib chilgan.

Ushbu adabiyot [4]da bodring urug‘ini ekishdan oldin yugori chastotali ogimlar bilan ishlov berish
unib chigish energiyasiga va unib chigishiga ijobiy ta'sir ko‘rsatishi aniglangan. Yuqori chastotali
elektromagnit maydonning sezilarli ta'siri nihol energiyasi quyidagi rejimlarda gayd etilgan: 0,5A - 40 s;
0,5A - 30 s; 0,4A — 40 s. Ta’sir rejimining davomiyligini 30 s gacha qisqartirish va 0,6 A da 40 s gacha
oshirish unib chigish energiyasiga salbiy ta'sir gilishi aniglangan.

Shu kabi ayrim masalalarda chegaraviy shartlar chizigsiz holga kelib goladi. Ushbu tadgiqotda
chizigsiz chegaraaviy chartli bir o‘lchovli cheksiz plastinkada issiglik uzatishni ko‘rib chigiladi.

Plastina chegaralarida konveksiya va radiatsiya tufayli issiglik uzatish modeli tadgiq gilinadi. Bunda
radiatsiya orgali issiglik uzatishni Stefan-Boltsman gonuni asosida deb hisoblanadi.

Metodika. Yuqoridagi keltirilgan farazlarga asoslangan fizik jarayon formulasini matematik jihatdan
guyidagicha yozish mumkin[5]:

pc—t=}LT 0=<x=<1; @
t =0: T=To, 0=<x<L;
X=0 : —xz—i = & (T*1 — T) + ,0((T1)* — T4),
t>0, k1 >0; 2
x=L : xZ—i = i (T*1 = T) + £,0((T2)* — T4),
t>0, k2 >0;
bu yerda &, €2 — keltirilgan goralik darajasi, c = 5.669 -10® Br/(m? - k*) — Stefan-Boltsman o‘zgarmas
soni, kl, k2 —issiglik uzatish koeffisiyentlari.

Yugorida shakllantirilgan chegaraviy masalada asosan chizigsiz chegaraviy shartlar gizigish
tug‘diradi.

Avval ushbu shakllantirilgan Il tur chizigsiz chegaraviy shartlarni O(h) aniglikda approksimatsiya
gilamiz.

Bunda chegaradagi ikki nugta ishtirok etgani uchun ularni

T =al,+p 3)
ko‘rinishda yozib olamiz.
Shunday qilib, (2) dagi ikkinchi ifodadan olamiz:
| Ly =T = Thmo) + 00 () = (Tlez)

-x% = ko (T*1 = Ty) + 50((T51)* — (T,)).
ki_'

“2=Bi;, belgilash kiritamiz. U holda

T, — T, =Biy - T*1— Biy - Ty + 22 (7o) - 225 (7;)+
1

Bu yerda

= . Bly el 2R cemaiys 4
Ti B 1+Biy 2t 1+Bi, ="+ 1.:14.3-[;,((?- } (Tij j
1
M= ey
_ Biy . gl Eq7h glv4 a
A= 1+Bi, T +;..:1+3-L,_-;.((T ) =(1)*)
yoki
— }l -
M= e .
B = RE el g ﬂ{(jr-al}-#_ {T}.;}' (4)
17 Athem AthoEs 1

Oxirgi ifodadan ko‘ramizki, [5; progonka koeffisiyenti chap chegarada temperaturaga chizigsiz
bo‘g‘lig bo‘lyapti. Bunday hollarda temperatura maydonini hisoblash uchun masalan, oddiy iteratsiya
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usulidan foydalanish kerak bo‘ladi. Bu yerda asosiy g‘oya shundan iboratki, har bir vaqt gatlamida
temperatura maydoni |T-"’+1 Tf| = & shart bajarilmaguncha gayta-gayta hisoblanadi, bu yerda s —
iteratsiya nomeri, £ — hisoblash anigligi.

Xuddi shunday usul o‘ng tomondagi chegaraviy shart Ty giymatini aniglash uchun foydalaniladi:

a3
a_T . K (T2 — Tlmp ) + £20((T%2)* — (Tle=)®);
x—
WIS (192~ Ty) + £20((T*2)* — (Ty);

Ty =y 1Ty + By, bo‘lgani uchun quyidagini olamiz

((T=2)* = (Ty)*)

Egﬂ'

Ty — ty-1-Ty — By-1 = Bi(T*2 —Ty) +

By—st Blz-TE'1+E""Tm|[I:TE"":I4—(T}; }":}

1+Big—ay_a

Ty =

yoki
P;-B,\;_,_+h-ec5-‘l"“+SEEh{IZTE5:I4—ET};}4:}
N = Remg i (1—ogpg_y) (5)

Bundan ko‘rinadiki, bu yerda o‘ng chegarada temperaturani topish uchun chizigsiz tenglamaga ega
bo‘linyapti. Ushbu tenglamani ham eng oddiy usulda — oddiy iteratsiya usulida yechish mumkin.

Endi chizigsiz yozilgan chegaraviy shartlarni O(h?) aniglikda approksimatsiya gilamiz. Deylik,
chegarada issiglik targalish tenglamasi bajariladi. T(x) funksiyani x = 0 nugta atrofida Teylor gatoriga h ga
nisbatan yoyamiz:

-n.-l-l 7 7 n+l
k 25T
T-n+1 Tﬂ--l-1+ h-— - — )
a.x: =0 2 dx =0
ar
peo = .1— nisbatdan foydalanib quyidagini olamiz:
-n-l-l pchz . E-'_T -n+1.

T'n'l'l T'n'l'l +h-= :
1 =0 A Bt le=p

ar ntl _ T{‘“—T{‘“ _ peh T n+l I Y _ peh T+iTh
8t lp=p R 2 Btle=g R 22 r
Oxirgi ifodadan olamiZ'
+1

TFl = T'n+1+h " peh? 8T

dxly—g | 2A Br
aT|™t _ ittt pek a7t _ _pek
8t lx=p h 24 delyg=g ] 2-3 T
Oxirgi ikki nisbatni tenglashtirib olamiz:
T+t R T —T’“
z 1 pe Ey (T1”+1 _ Tgl} _ %((Tﬂl}‘* _ (Tl-rz.+1}4}_

Y Y-
pchz 'T1ﬂ=h.[{1

ntl

.x:=IZI"
ntl _ LTI pop TR

h- K £ oh
2 . Jl g Tiﬂ'l'l 2 . “1 g A . Ti'?!--l-l _ A 1 . TE 1 ((T91}4 (T1ﬂ+1}4}

rh? h-E ch h-w £
T+ (1+ L 1) —rprry B e TR +—1,1 ((Tﬂl}“—(i‘"i”*l}“}

Tﬂ'l'l _ Tﬂ-'l'l _
2

2-4-T A 2-4-T A
I = Zedsr n+l,
pehi+ZeT{AthEs) 2
pech? n 2eTeh-Ey al 2eT5 7R glva _ ¥l 4
pch""+2-1(ﬂ+h-x,}T1 +pch5+2&r[ﬂ+h-x,}T pohi+2eri A+h) ((T=)* = ("))
(6)
Ushbu ifodani (3) bilan solishtirganda olamiz:
2edet
N = ehitzer Atk
_ prh® n 2eTxh By al 2sxTE.0h glyd 4
B _pch1+2-T(A+h-x,}T1 +pch1+2m(ﬂ+h-x,j:r +pch1+2m(ﬂ+h-x,}((T )y = (1%
Endi Tnni o‘ng chegaraviy shartdan foydalanib topamiz.
n+l ntl n+l ntl
ar h? 8T ar r:.Pi',2 ar
e R TR S e R +p
dxl,=p 2 dx o : dxl, 2- ,1 ﬂt
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. z fl+i_om
Tt = T =232 - i) Z2 (o)t - (%) + 2 R )
Shunday qilib, Tyy_1 = axy_1 - Ty + fx—1 bo‘lganligidan

gﬁ_l.gjw 14 By 1—5"""”1 h¥apez 4 h“:‘-Tﬂ.+1+'P5h Tn.+1 Pch Tw ﬂzﬂh((Th}e; (T t1)4),

A A 2-Ast
h -k, pch? R Ky pc h‘ £q Gh
vt 1- +— +—T + T + ((T=2)* — (T30 1)%);
N N-r bt = fin-1 2 2 1.p N N
Tt _ , 2- AT By e " , 2-T-hEg T 4 , *,:Jr:i'tz T.,?
TAtll—apy_)+2vhugtpch?  ZAt(l-ay_)+2vhugtoch?  ZAt(l-ay_)+2-Thegtoch? !
Z'T'Szﬁh 24 ntly4
- Tres)*— (T, .
At 1—apy_. ) +2-1-hEgtpch? (( } ( N } }
8

Shunday qilib, chap chegara giymatini (6) ifoda bilan, o‘ng chegara giymatini (8) ifoda bilan, ichki
parametrlarni [6] da keltirilgan progonka usulidan foydalanib topamiz. Dasturiy mahsulot sifatida MathCAD
dasturidan foydalanildi[7].

Ushbu algoritm asosida tuzilgan dastur yordamida materiali beton bo‘lgan plastinada 600, 1800, 3600
va 7200 sekundlardan keying temperatura maydonini hisoblaymiz. Beton plastina kattaliklarini quyidagicha
olamiz:

Plastina galinligi L =0,3m. Plastina boshlang‘ich temperaturasi T, =50°C .

A=0,9Bm/(m*° C), p=2000xz/nm>, c =920 [ouc/ (xe-° C).

Plastinaning X =0va X = L chegaralarida quyidagi kattaliklar go‘yilgan:

k, =1000Bm / (m*° C) , k, =500Bm [ (m*° C), T* =30°C, T** =70°C, ¢ =0,5, ¢=0,5

1-chizmada yuqoridagi Kattaliklar asosida plastinkada temperatura tarqgalishi jarayoni aks ettirilgan.
Rasmdan ko‘rinadiki, radiatsiya va chegaradagi issiqllik uzatish koeffisiyentlari jarayonga ta’sir etadi. Agar
plastinkaning chap yarmiga e’tibor bersak, temperaturaning oraliq bo‘ylab baravarlashishi kamayish orgali
bo‘lyapti. Bu esa chap chegarada issiqlik uzatish koeffisiyentining katta go‘yilgani ogibatida bo*lyapti.

T

0 0.03 0.1 0.15 02 025 X 03
1-chizma. Plastinka bo‘ylab issiglik targalishi vaqtning turli giymatlarida ko‘rinishi. 1-600c, 2-
1800c, 3-3600c, 4-7200c
2-chizmada chap chegarada katta temperatura go‘yilgan holda issiglik uzatish koeffisiyenti katta
bo‘lganda temperatura targalish jarayoni keltirilgan. Chizmadan ko‘rinadiki, jarayon avvalida nurlanish va
issiqlik uzatish koeffisiyentining kattaligi hisobidan chegarada issiglik kamaygani, vaqgt o‘tis’i bilan esa
baravarlashgani ko‘rinadi.
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MATHEMATICS

0 0.05 0.1 0.15 0.2 025 X 03

2-chizma. Chap chegarada k, = 2000Bm / (m® -° C) bo‘lganda temperatura tarqalish jarayoni

3-chizmada chap chegarada radiatsiya koeffisiyenti katta k; =5,2 bo‘lganda temperatura tarqalish

jarayoni keltirilgan. Chizmadan ko‘rinadiki, agar chegarada radiatsiya ogimi katta bo‘lsa, temperaturaning
tashgariga targalishiga sababchi bo‘lar ekan.

-
i

T

67.5

trace 1

trace 2
trace 3

trace 4

! ' " = —— |
0 0.03 01 0.15 02 023 x 03

3-chizma. Chap chegarada radiatsiya koeffisiyenti katta k; =5,2 bo‘lganda temperatura
targalish jarayoni
Xulosa. Magolada chizigsiz holda berilgan 3 — turdagi chegaraviy shartlarni 0(h?) aniglikda
approksimatsiya gilindi va oshkormas usulni go‘llagan holda progonka(haydash) usulidan foydalangan holda
yechimlar olindi. Olingan natijalardan xulosa gilish mumkinki, chegaradagi radiatsiya chegara sohadagi
temperaturaga sezilarli ta’sir gilar ekan. Agar nurlanish koeffisiyenti ortib borsa, vaqt o‘tishi bilan
chegaradan chiquvchi temperatura ogimi oshib borar ekan.
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