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ABSTRACT

The article presents a mathematical model of the process of freezing wet soil and
evaluates the approximation of this model.In modeling the freezing process of the soil,
we included and used various thermal and physical properties.It should be noted that
they are the same for the thawed and frozen ground zones. That is, the material
properties of solid and liquid phases were considered constant.The scheme of the heat
exchange process in the soil is described by the method of catching the front (Lovli
front) in the mesh node of the freezing of wet soil.The first phase is the molten phase,
and the second phase is the frozen phase.The grid step in X, where the grid is built, is
equal to the constant h. It was mentioned that the grid step in time is not constant.
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1. Introduction

Nam tuprog (1-rasm) erigan holatda va boshlang‘ich doimiy harorat T, ga ega.
Dastlabki vaqtda yer yuzasida birdaniga bir oz harorat T, o‘rnatilgan, T, T¢ (muzlash
harorati)dan pastdir. Natijada, o‘zgaruvchanning muzlatilgan qatlami hosil
bo‘ladi.(qalinligi £=s(t) ) Uning pastki harakatlanuvchi chegarasida har doim

muzlash harorati Ts mavjud. Bu chegarada bir agregatsiya holatidan ikkinchi holatga
o‘tish sodir bo‘ladi, bu Q(J/kg) o‘tish issigligini talab giladi. Shunday qilib, eritilgan
zonaning yugori chegarasi x =¢ doimiy muzlash haroratiga ega, x=L pastki chegarasi
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esa tuprogning katta chuqurlikdagi doimiy haroratga ega. Muzlatilgan va eritilgan
zonalarning transport koeffitsientlari har xil.[2]
Tuproqdagi issiqlik almashinuvi fagat issiglik o‘tkazuvchanligi tufayli sodir

bo‘ladi deb taxmin gilinadi.
—1—0

1-rasm (Yechim maydoni)
Yugorida aytilganlarga asoslanib, matematik bayonot vazifalar quyidagicha
ko‘rinadi:

2
ﬂ:ozla—-|;1,0<x<§(t),t>0
o (1)
oT, 62T
—= = L) <x<L,t>0
&% &(t)
t=0:T(x)=T0,0<x<L;
Xx=0:T(x)=T, ,t>0;x=L: Z—T—O t>0; (2)
X
T,=T,=T,
x=£(t) aT,
45122 - Qo-m)SE

Bu yerda ¢, = Ly %:@
4 4,

pC =(1-m)c,p, +mc, o,
P,C, =(1-m)c,p, + mc,p,
A =(1-m)A +mAa,
2, =(1-m) A +mA
p= % — bu yerda gattig va suyuq fazalarning zichligining o‘rta arifmetkidir.

Muammoni shakllantirishda ishtirok etadigan doimiy haroratlar: T, <T<T,

Tuzilgan muammo fazoviy to‘rning tugunida frontni ushlash usuli bilan hal
gilinadi.

Keling, x o‘zgaruvchiga nisbatan yagona to‘rni kiritamiz
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X =(i—h)hh=——i=LNx =0,x, =L (3)

va vaqtga nisbatan ham to‘rni kiritamiz
n=0,N _1’t0 = O’t 1:[ugatlsh’ el > 0 (4)

Keling, 7,,, gadamini shunday tanlaylikki, bu vaqt ichida fazaviy o‘tish chegarasi

t, =t +7

n+1?

fazoviy panjara bo‘ylab to‘lig bir gadam harakat giladi.

9 h (5)
at Tn+1

Keling, asl muammoni ikkita kichik vazifaga ajratamiz (erigan va muzlatilgan
tuproq zonalarida). Har bir sxemani hal gilish uchun biz progonka usulidan
foydalanamiz.

Tuprogning muzlatilgan gismida issiqlik o‘tkazuvchanligi muammosi (1) - (2)
ayirmali sxemasi bilan yaginlashtiriladi.

Tlf‘fl—Tl?j T" —2T”+1+Tn+1

= 1J+1 h2 1]li—2|_1

Z-n+1
T, |i:1:Tc’
Tl |i*:1:Tf
(6)
bu yerda i=i*-fazalar o‘tish chegarasi.
Olingan tizimni eng umumiy shaklga keltirish mumkin:

ATlf}ﬁ BTM1 +CT1r:+1 F 0
* Tn
A:Ci:%’Bizzhzal_i_i’Fi:_ Li
T T

Progonka koeffitsientlari (9) formulalar bo‘yicha topiladi.
Faraz qilaylik, &, va 8 (i=1,N —1) sonlar to‘plami borki, (7) tenglamani (6) ga
aylantiradi.
T =aTl + 4, (8

(3.1.6) ga nisbatan indeksni bittaga kamaytiramiz va natijada olingan
T" = T"™ + B, ifodasini (3.1.5) tenglamaga almashtiramiz:

AT —BT"™ +Ca T"'+CA_ =F (9)

i+1

(8) tenglamadan biz (10) ni olamiz.

oA s CAa-F 0
B —Ciai 4 B —-Ca
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Oxirgi tenglik (8) shaklga ega va agar barcha i=2, 3..., N-1 uchun (11)
munosabatlari bo‘lsa, unga to‘lig mos keladi.

ae A
B —Ciai 4 (11)

_ Ciﬂi—l — Fi

I B —Cia 4

(3.1.9) orqgali «; va B ni aniglash uchun chap chegara shartidan topilgan ¢, va
B, ni bilish kerak. Bundan tashqari, (8) formulalarga muvofiq T}, T 5. T,""

ketma-ket topiladi, T{™ to‘g‘ri chegara shartidan topilgan bo‘lsa.Shunday gilib,
progonka usuli deb ataladigan tavsiflangan usul bilan (7) ko‘rinishdagi tenglamalarni
hal qilish uchta formuladan foydalangan holda hisob-kitoblarga tushiriladi:(11)
formulalar bo‘yicha (i=2,N-1) (to‘g‘ri progonka) « va f progonka
koeffitsientlarini topish.keyin i=N-1, N-2, ..., 2 da (8) formula bo‘yicha noma’lum
T."™ ni olish (teskari progonka). Progonka usulini muvaffagiyatli qo‘llash uchun

quyidagilar zarur:Shunday qilib, hisob-kitoblar jarayonida nolga bo‘linadigan holatlar
mavjud emas va tizimlarning katta o‘lchamlari bilan yaxlitlash xatolarining tez o‘sishi
bo‘Imasligi kerak. Agar supurish koeffitsientlarining (11) maxrajlari yo‘qolmasa va

barcha (i=1,N-1) uchun |&;|<1 bo‘lsa progonka metodi to‘gri ishlayotgan

bo‘ladi.[2] da yetarli shartlar keltiruvchi teorema isbotlangan
Tenglamalarning to‘g‘riligi va barqarorligi (7):
B|>|A|+|C| Vi=2,N-1vale|<l = |o]<1 (12)
Tizimga (6) gaytib, biz progonkani aniglaymiz.Koeffitsientlar va natijada olingan
tizimni yechish uchun to‘liq algoritmni gayta yaratamiz.
Chunki x =0 T=T,,
Tanrl = Oll-l-szrl +p5 =T,
=06 =T,
Tuprogning ikkinchi qgismidagi ayirmali sxemasini ko‘rib chiqging.(1-2)
sistemaning ikkinchi tenglamasini diskretlash uchun biz to‘rt nugtali yashirin
sxemadan ham foydalanamiz.

oT, 82T2
—t=aq,—=, () <x<L,t>0
ot G s
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Tzr,]j+1 -T; _ T~ 2-:;22}1 +T2r,]j+il Goi ALN -1

n+1
Tl =T (13)
oT,
X

Progonka koeffitsientlari (11) formulalar bo‘yicha topiladi.Bundan tashqari,

noma’lum harorat maydoni ( 8) ifoda bilan aniglanadi.
Chegaraviy shartni diskretlashtiramiz x = &(t)

5‘T1_ ﬂ: B
%E 4 p Qpa(l-m)

T

| .=0.
1=l

a¢
dt
Bu chegaraviy shart vagt bosgichini har safar aniglash uchun zarur.O(h) xatosi

~Q- m)pw‘fj—f :

bilan diskretlashtiramiz.
oT,

oT,
] —
OX

Ao

T.-T. T .-T .
ﬂli Li hl,l 1]_( 2,i h 2,i 1j:Q,0(1—m)CUL
7’-n+1

Keyinchalik, biz indekslarni o‘tkazib yuboramiz, i<i* da-1-gism va i>i* da-
2-gism ekanligiga asoslanib, tuprogning ko‘rib chigilayotgan gismini tavsiflaydi.

T, -T. T. -T, h
ﬂl[ i 1]_12[ i+l ]:Qp(l_m)a)_

h h n+1

Va natijada

Lo Qp-mp
i ﬂ'l(Tf _Ti*,l) _j'z(Ti*H _Tf)

Vagt qadami haroratga bog‘ligligini ko‘ramiz.Keyinchalik, harorat maydonini

aniglash uchun oddiy iteratsiya usulini go‘llash kerak.Yugorida aytib o‘tilgan asosiy

g‘oya.
Nochizigli chegaraviy shartni (2) O(h?) xatosi bilan diskretlashtiramiz. [3] [1]

Teylor gatorida x =& nugtaga yaqgin joylashgan T(x) funksiyani h ga nisbatan

ikkinchi tartibli hadlargacha kengaytiramiz:

n+1

Tn+1=Tn+l+h-aT2 " h_2-82T2
i+ i" 2
! X | 2 OX e
n+ n+l
T*“+1:Tp+1+h.ﬂ 1 h_z.ale
Pt Xl 2 ox -
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(1-2) munosabatlaridan foydalanib, biz quyidagilarni olamiz:

62T1 n+l _i@Tl n+1l _TiP+1 _-I-ip
8)(2 x=& al at x=& a1z-n+1 ’
aZ-I-2 n+l _iaTZ n+l - Tif+1 —TIP
Xl @ Ol AT
Keyin
n+1
/qlﬂ — i(Ti,[‘*l _Ti*”jll) + —ﬂlh (Ti,f'+1 —Tif')
OX|.: N 2a,7, 4
aTZ " ﬂz n+1 n+1 ﬂv h n+1 n
—& ==(T."-T.7 )+ T =T
ﬂQaX e h(|+1 i ) 23Tn+1(| |)
O(h?) xatosi bilan chegaraviy shartning (2) yaginlashishi quyidagi
shaklni oladi:

N+ n+ h n+ n+ n+ h M h
%(T 1 T—ll) 2:117,1+1(' 1 T) }rL]Z(Ti*ﬂl_Ti* 1) Zaizrnu(-r 1 T) Q(l_m)pwa;

28,2,h°Q(L—m) pw(Aa, + A,a,)(T* -T1)
28,2,4 [(Ti’[wl T ) —4 (Tipjll T )]

|

n+1 =

2a,3,h*Q(L—m) pw(Aa, + A,a,) (T, = T.") (14)
28,4 | (T, =T = A (T77-T,) |

Tn+1 =
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