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Masalaning ge‘yilishi. Q :{(t,x): 0<t<T, xe Ri} sohada reaksiya-diffuziya
tenglamasi berilgan bo‘Isin[1]:
au:a(u“auj+k(x,t)u(l—uﬁ), (1)
ot ox\' ox
u =u,(x)>0, xeR:,
ul :|q;2t) ZOO,OStST. )
(1)-(2) masalada u,(x) funksiya chekli va quyidagi shartlar bajariladigan
funksiyalarni garaymiz:
0<k(x,t)<k(t)eC(Q), 0<ep(t)eC'(0,»)
u(t,x) yechimni chizigsiz ajratish usulidan foydalanib, quyidagi shaklda

gidiramiz:

u(t, x) = p(OW(z(t), x) (3)

¢(t) quyidagi tenglamaning yechimi:

d(D 5 —ﬂjt.k(y)dy K

1 =KOoll-9"). o) =| 1+e (4).

Darhagiqat, (4) va (3) ni hisobga olgan holda (1) ga invariant tenglamani hosil
gilamiz:

ow 0 ow

=W |+ ()Wl -w’),

P ax( 8xj @, (t)w )

bu yerda 7(t) yangi noma’lum funksiya va w(z(t), x) aniglanishi kerak bo‘lgan
funksiya.
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(3) ni (1) ga olib borib go‘ysak, unda quyidagi tenglamaga kelamiz va bundan
7(t) ni tanlaymiz:

d go avv di (a+l) g

af?W BB
Do) 35 =0 2w kot o'w),

K)ol ﬁ)mw(t)aWdT o &

7(t) ni Z(o‘“ =1 shart bajariladigan gilib tanlaymiz va tenglamani olamiz:
ow 0 oW

w* —— [+ k()" “w(l-w’ 5
2w 2k wl-w), ®)

bu yerda ?j: =9, ¢,(t) =k(t)p” ™ va ¢(t) funksiya (4) da keltirilgan.

Shubhasiz, (4) ga binoan, agar jk(y)dy mavjud bo‘lsa, u holda Itl—[g o(t)=1. Agar
0

B # a bo‘lsa, biz t yetarlicha katta deb ¢, (t) ~k(t) taxmin gilishimiz mumkin. Bundan
yana (1) ko‘rinishdagi tenglamani olamiz. Shu sababli ¢(t) funksiyani invariant deb
ataymiz, bu yerda u(t, x) = o(t)w(z(t), x) (1) tenglamaning yechimi, w(z(t), x) esa (5)
tenglamaning yechimi va (5) tenglama (1) tenglamaning invariantidir.

1-teorema. Faraz gilaylik, Q= {(t, X):t>0,xe Ri} sohada
X
0<u,(x)<1, xeR, &= — o‘rinli bo‘lsin. U holda manfiy bo‘lmagan
(T + ()
umumlashgan u(t,x) yechim aniglangan va yechim uchun quyidagi munosabat o‘rinli
bo‘ladi.
. jk( Yo’ (y)d .
1 y)e” ™ (y)dy 1 a
o0 +5(0) (0= 4| sunse T (Tan) e o-4e)
fﬁjk(y)dy K
bu yerda p(t)=|1+e ° ,(a), = max(0,a).

Teoremani isboti sifatida (1) masala uchun yechimlarni taggoslash teoremasi
bo‘yicha [2] yuqori bahoni va chizigsiz ajratish usulini [1-2] qo‘llash orgali quyidan
bahoni olamiz. Bundan yechimlarni solishtirish teoremasini [2] qo‘llash natijasida
umumiy yechim uchun ushbu tenglikka ega bo‘lamiz:
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u(t, x)=p(t)(T + r(t))‘zia(c - j‘e:j

+

ey
0

Buyerda z(t)=[e’ dzvaT>0,
0

Olingan yechim orqali chizigsiz reaksiya-diffuziyali epidemiya masalasi uchun
ayirmali sxema quramiz va sonli tahlilini amalga oshiramiz.

Q:{(t,x): 0<t<T, xe Ri} sohada quyidagi Koshi masalani uchun ayirmali
sxema ko‘rib chigaylik:

ou_ 0 ,0u 5

at_ax(u axj+k(x,t)u(1—u ) (6)

ul_, =Uy(x)20, xeRZ,

u,_ =e), te0T], (7)

{“h:xn =¢,(t)=0,t [0, T]

bu yerda, 0 <k(x,t) <k(t) eC(Q), 0<¢(t)eC'(0,).

¢(t):{l+eﬁ£k(me ,uo(x,t>=(p(t)(c-j§2j“,é= " =] ()dy.
+ (T(t))z 0

U holda boshlang‘ich va chegaraviy shartlar quyidagi ko‘rinishda bo‘ladi:

£ £ s o
u(O,x)=(1]ﬁ(c-a§2ja, u(t,O):[lJre ﬂl . J ,ut,h=0,1=2 /Er(t).
2 4° ). a

(6), (7) masalaning sonli yechimi uchun xeR! da X uchun h gadam bilan &,

teng o‘lchovli

@, ={x, =d +ih,h>0,i=02,...,n, d + hn="D}

va vaqt uchun

@, =i, = jh,h >0, j=0L2,...m, hm=T|

bo‘lgan to‘r quramiz.

(9), (10) masala uchun balans usulini qo‘llagan holda quyidagi oshkormas

ayirmali sxema bilan almashtiramiz va O(h2 +h1) hatolikka ega ayirmali masalani
hosil gilamiz.
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UIJ+1h_uIJ - }‘:]lz[a (ui+1j+l)(ui+1j+l - uij+1)_ a (uij+1)(uij+1 B ui—li”)]-'—

rku,,@-b(u,,))  i=12..,n-% j=01..,m-1,
$ )
u,=u,(x) i=01..n, 8)
%j:¢ﬁJ J=01...,m,
ym:@ﬁj j=01...,m,

ug +u’,; u, +u,, )
bu yerda a(Uij)ZUZHJ yoki a(uij):(lejj ,

b(u,.,) = (u;)” formulalar bilan hisoblanadi.

8) algebraik tenglamalar sistemasi U, ga nisbatan chizigsiz.
]

Chizigsiz tenglamalar sistemasini yechish uchun har xil iteratsiya usullaridan
foydalanamiz va quyidagini hosil gilamiz:

(s+1) _(_s+l)
u. uu = rilz [a (ui(ji j )(ui(jfle)rl o ui(j:l) )_ a (U i(jS) )(ui(jzl) o ui(—51+j111 )]"'

ij+1
)i=12...n-1 j=01..m-1

h, (9)

(s)
+ kuij+l

bunda s =0,1,2,....
1) b(u,,,)=(us,) - Pikar usuli,

@—b@

ij+1

s+ [, (s) YL
2) b(uij+1)_ uij+1 (uij+1y - maxsus usul,

3) b(u,..)=(u) + AU (U - uf) - Nyuton usui.
Yugorida berilgan usullardan birini go‘llash orgali chizigsizlikni yo‘qotish [3-4]
mumkin va har bir usul uchun (10) belgilashlarni kiritamiz

: : h h
1) Pikar usuli uchun: A ="-au®), B = 1-au® ), C =A+B +1,

s h?
Fo=ul? +h k-u-0-u®) ), s=042,... i=1..n-1.
2 M | hun: _h ) B — h ©)
) axsus  usu uchun: A —h—z-a(uij+l : i—ﬁ-a(ui+1j+1 :

C, =A+B +1+h -k-(u®), F=ul"+h k-u, s=012,.., i=1..,n-1.

3) Nyuton usuli uchun:
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s h1 s
A hl (u|5+)1 Bi = h a(u( 1]+1)

F u(s+1)+h k - u(s) +hlk(ﬂ—1) (u(s))g s=012,..., i=1,...,

ij+1 ij+1 ij+1

C,=A+B +1+h -k-z3- (u“’)ﬁ

ij+1

n-1.

Ayirmali tenglamani quyidagi ko‘rinishda yozib olish mumkin:
A-uf) -Cult?+Bul) =-F,s=012,.., i=1..,n-1, (11)

ij+1 i+1j+1

(11) tenglamalar sistemasini yechish uchun haydash (progonka) usulidan
foydalaniladi va hamma sonli hisoblashlarda £ =10"° deb garaladi.

Qaralayotgan chizigsiz reaksiya-diffuziyali epidemiya masalasini matematik
modellashtirish uchun Visual Studio C# 2013 muhitida hamda MathCad 2001 packeti
orgali dastur yaratildi va parametrlarning mos giymatlarida quyidagi natijalar 1-2
rasmlarda berilgan:

du ad ou
- a_ B
ot ~ ax (“ ax) +ku(1—uf)
Ulpmg = Up(x) = 0, x €ER,
u|x=0 = Gﬂ(t],

O0=t=T
{ulxzb =@, () =0,

Ho(x) = 2_%(1 — Egz)iﬁlﬂ @(t) _ (1 N e_kﬁr)—é-

ue) = o) (1-222)"" £ = =@ = ;e dy

-« -
(r(eyy/=”

100

=
=
ZE z o o

100

13
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1- du Au rasm.
- —_ & o g
at — ax (“ 6x) + ku(l —u)
Ulp—g = uglx) = 0, x € R,
u|x=0 = (a(th
O0=t=T
{u|x=b = ¢ (t) = Or

u @) =27 (1-56) 7 e = (e ) E

(=4 e E t
wt ) =@ (1-2¢2) " f=Smm T = (e dy

_.
=]

2 =z o U
o
g

1.5 .}
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[ Sonli natija ] [ Grafik ]

a =7, =5,k =10, hol uchun masalaning yechimi.
2-rasm. o =3, =5,k =10, hol uchun masalaning yechimi.
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