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KHUPUII

Marematuk aHanu3, aud@epeHnuas Ba HUHTETpal TEHIJIaMaJapHUHT
KYMMUUIMK MacalaJlapuHM €UUIll YM3UKIN anredpa MacalaCUHM €UHIlra, acocaH
YM3UKIN anreOpank TeHrinamanap cuctemanapunn (YATC) euwmmra onud
kenmuHaau. YATC

apnXi+tapXe+..+anXn=b

dx1 Xy Faxn Xo+ ...+ ay Xy = b2

KYpUHUIIAA EKU
Ax=b
Matpulia Kypunuiia oepunanu. by epna

X=(X1,...%), b=(b1,..b), A=(a;)i,j=12,..,n

Arap det(A) # 0 Oyica, TeHIIamManap CHCTEMacH aHUK OWUp edymMra sra
oynagu. YATC euuinn MeTo[iapu TYFPU Ba UTEpaAlMsl METOAJApU OYIUO MKKHU
TANra OYIuHaIH.

Arap Meton 4ekiM coHAaru amajiapHud Oaxkapranga YATCHUHT aHHK
eumMuHu Oepca, y TYFpu MeToa Aed atunanu. TYFpu MeToUIapHH KOMIIbIOTEp 1A
KYJUIaHTaHJa XaKUKUW COHJIAPHU KOMIBIOTEP SAUJa YEKIM YHIIW Kacp IIaKjInaa
TaCBUPJIAHUIIK OWUsiaH OOFIIMK OYJIraH XUcoOJIalll XaTOJUKIApH 103ara Keiaaau.

Arap metogq YATC HUHT aHUK €4MMTIa KeTMa-KeT SIKHHJIAIyBYM TaXMUHUN
euuMIIapUHU OMp XM cxema Oyinda xucoOnamn ycinyOuHHM Oepca, y UTeparus
MeTonu fAe0 aiTuinaad. byHma aHMK €4uM  TaxXMUHMH edumiap KeTMa-
KETJIMTUHUHT JTUMUATH cU(aTh]1a aHUKJIAHAH.

Kynuunuk TeXHUK Macajlajap MaTpullack HOJUIMK BJEMEHTIIapra ira,
HOJIIaH (DapKJIM DJIEMEHTIApU 3Ca Maxcyc KYpUHHUIIAA >KOWIalrad, MacallaH
neHTanu, kBazuyuOypuakiu marpunanu YATCnapunu euuiira onud KeJIUHAIH.
butupuin manakaBuil umiga TYFpU METOJJAp KaTOpUra KUPYBUM Y4 JUOTAHAILIA

marpunara sra YATC ydyH nporonka MeToJlapy ypraHuiau.



1-8. Ilporonka MeToAJapH

Nkxkunun  taptubnu  guddepeHnyan TeHrjiamMa y4YyH 4erapajiuk
MacajaJapHUA COHJIM €4YHIl, y4 JuoraHaiiy matpunanu YATCnapunu euumira
0JIM0 KenuHaau. Arap MaTpUUAHUHI aCOCUIl AMOraHalIM Ba yHIa KYIIHU OYyiraH
JUOTaHaJIapJar dJIeMeHTIap/iad Oolika Oapua 3JIeMEeHTIapu HOJra TeHr OYica,
y xonza Oy marpuua y4 JMOTaHauiM Marpuna ae0 adtunaau. IIporonka
METOMJIapu acocaH yd auoroHaum wmarpunanmu YATCnapunm euwmira
KYJUIaHUJIAH.

Arap Ax =d YATC yu auoranaymm MaTpuiara sra Oynca, yHU Kydumarua

KYpUHUILIA OYIaau:

b, X, +C,X, =d,
a,X, +b,X, +C,X%, =d,
a,X, +b,X; +C,X, =d, (1)

€KH
ax_,+bx +cx,,=d, i=Ln, a =0, c, =0

Cucrema MaTpuniacu Kyiuaaru KypuHUIIra 3ra:

b ¢,¢ 0 0 .. 0 O
a, b, c, 0 .. 0 O
0O a, b, ¢c; .. 0 O

o 0 0 0 .. a, b

n n

By cuctemanu eunira ['aycc METOIUHHUHT OOII SJIEMEHTHU TaHJIA0 OJIMIII
cxeMacuHu Kymianuo oynmaiinu. Cababu cucteMajaru TeHrjiaMalapHu YpHUHU
alMalTUpranjia MaTpuia TY3WIHIIH Oy3uiaau. Y4 JUOTaHHAUIM MaTpulialiv
TEHIJIaMajlap CUCTEMaJlapuHM euuiia ['aycc MEeTOMHUHT XyCyCUid X0au Oyiran
MPOroOHKa MeTojuapu Kyiananuwinanu. [Iporonka meromnapuaa xam I'ayce meronu
Oynranu kaOu TYFu Ba TecKapu ropuluiapra sra Oynaau. I[lporonka meromniapu
VHT, 4Yal, ydpaulyB4d, OKHMJIM, IUKJUIM Ba MaTpUIAIM MpPOroHka OYyiud

OynuHanu



2-8. YHI POroHKa MeTOIH

by oymuvpa (1) TeHramangap CUCTEMACHHHM CYMINHUHT YHI TMPOTOHKA

METOJMHHM KYpUO YMKaMU3. YHI MPOTOHKAa METOAMIA X, HOMAabIyM Yy3uAaH VHT

TaMOHJIA YKOMJIaIraH X

i+l

HOMAabJIYM OpKaJIn

X =aiXp + fy, i=Ln-1 (2)

kypununa uponanananau. by epaa «,, B, i=1n-1 aHUKJIAHUIIK Kepak OYyiaraH
nporonka koddounueHtiapu. (2) upoma i=1 ga X, =X, + B, KYpUHHIITA
kenaan. Mkkuaun TamonaaH (1) TeHriamanap CHCTeMacHHUHT 1- TeHIIaMacuIaH

C d
bx, +¢,x, =d, = x, =—-1x, +—=+
b, b,

TEHIJIMKra sra 0ynamu3. by MKKM TEHTTIMKHU TaKKOCIacak

o = _%v B =%
KeJno YuKagu.
(1) TeHrnamayiiap CHCTEMacCHHUHT 2- TEHTJIAMacUIard X, HU YpHHWra YHUHT
(2) nbonmacunu xyiicak Kyiumarura sra 0yaamMus:
aX, +b,x, +¢,x, =d, = a, (X, + ;) +b,X, +C,X; =d,
€KH
X,(a,0y +b,) =—C,X; +d, —a,5

By TenrnukHu x, Kaparta eun0, D, =a,q, +b, OenrunamHu KUpruTcak, y Xouaa

_C_z dz _aZﬁl
Dz Dz

TEHIJIUTH Kenub YuKaau. by TeHruKHU X, = a,X, + B, UQoaa Ouiian TakKocao,

. d, —a,8.
@=p, Pe=Tp,
2 2

D, =a,a, +b,
OYIUILIMHU KYpaMu3.
[ynra yxmani, (1) TeHrIamanap CHCTeMacHHUHT 3- TEHTJIaMacHIaH

Kylujaarunaapra sra 0yinamus:



azX, +b,X; +C,x, =d; = as(a,X; + f,) +byX; +C.x, =d,
€Kn
X; (a0, +b;) =—C;x, +d; —a,8,
X, Kapara euu0, D, =a,a, +b, OenrwiamHm KUPruTcak, y Xoiaaa

X, = _&X4 + ds _asﬁz
DS D3
by tenrmknau (2) ndoma 6man Takkociad

%. 183 - ds _Dasﬁz
3 3

OynuIIMHYN KypaMu3. By epaaru KOHYHUATHH XucoOra oaud yMyMui xoiaaa

C d. —ap
D=aa .+b, a=—1 B =—1 1L
A the e = B D,

i=2,n-1

TCHIJIMKJIAPpHHU €3UIII MYMKUWH.

By Tenrnuk a, =0 Oynrannukaad, i =1 Oynaranga xam Tyrpu Oynaau.

(1) TeHmIaMajap CUCTEMACHHHUHT OXMPT'H TCHTJIAMaCHIaH

b d
a,X,, +b.x, =d, =X, =—a—”xn +a—”

n n

By HOManymMHu ONIMHTY aHUKJIAHTAH X, , = a, X, + B,, udoaara KysiMu3

b d
o, 4 X, +ﬁn—1 = —a—an +a_n

n n

By TeHIIIMKHU X, HOMabIyMHU AaHUKJIANMU3

d, b,
X, :(an_ﬁnlj/(anl +anj

Ouau (2) ¢opmyna EpmamMuiga KOJraH X, HOMAabIyMJIAPDHH aHHUKJIAII

MYMKHH.



(1) Tenrimamamap cUCTEMacH MATPHIIACHHHUHT JUAroHaNb JJIEMEHTIApU
Moaylu Oyiimya OOIIKa 3JEMEHTIapUJaH aHya Karra Oyica, S’lbHU JHAroHalb
AIEMEHTIapU

by > |a;|+c;], i=1n
mapTJIapuHU KaHoaTiaaHTupca, D, = 0 Oynaau. Xakuiikatad XaMm i =1 na

[ou] > e + Je.| = e
Oynuinu kenub yukaau. Y xomnaa

C,
by

b, =D, =0 Ba |A|=2<1

Kenuob 4uKaau. i =1 6yiranna D, =0 Ba |A|<1 6yaumm ncbornangu. MaremMaTnk
UHAYKIUS Oyitnmua i=k-1, 2<i<n yudyH, Oy MyHocabaTmap Oaxapuiagu 1eo
¢dapa3 kunamu3 Ba i=k Oy TacOUKHM TYFPWIMIMHU HcOOTHaiimu3. by ydyH
TEHICU3JIUKIApHU KyHH1aru KeTMa-KeTJIUTUHU €3aMU3:

D] = [acecs + b 2 o | =[eafa] = o] - [a] > [e]

ID,| >|c,| 6ynrammmknan, D, #0 kennb 4nKaay Ba

o =2 <1

k

oynanu. UcOoTnanumm Tanad STUITaHU XaM M1y D]IH.
[Tporonka ko3 PuMeHTIapuHA AaHUKJIAIT METOJHUHT TYFPU I0pUILU €0

avtunagu. Tyrpu ropuin Kyinaara popmynanap €paaMuaa amaira OuupuiIaan:

c d
O‘l:__lv :31:_1
b, b, 3)
D, =a,a,, +b,, «a; :—C—i, B =m, i=1n-1
D D.

i i
X; HOMAabJIYMJIAPHU aHUKJIAII IMPOTrOHKa MCTOJWHUHIT TCCKAapU HOPUIIN I[C6
aitunagu. IIporoHKO METOAMHUHI TeCcKapu IOpUIIM Kydunaru Gdopmynanap

€épaaMuia aMaJra OLMpUIIaIn.

d, b,
& (aﬁ j/ (“aj (4)

Xi =a; X, + 06, 1=4,n-1




(2) Ba (4) dopmynamap YHr NPOTOHKA METOJUHHHI aJTOPUTUMHUHH
Oepaau. YHr TPOrOHKA METOIM AJITOPUTMHHU CXEMATHK Tap3/a KyWHaarmda

tacBupian MymMkuH (1-pacm):

(o d,
1 :_b_li ﬂl :E
D _ai a4,
aﬁﬂu—l 1n 1
= =1n-1
D A D

X, = =B || Gt

X =0y +A, i=1ln-1

1-pacm. Yue npoconka memoou ancopummu

Mmucon. Tenrnamanap CHCTEMAaCHHU YHT MPOTOHKA METOAU OUJIaH €YMHT

2,05x, +1,07x, =178
183x, +2,42x, —1,02x, = 2,45
—-3,49x%, +151x, = 3,26

Eunmr:

[Iporonka ko3 buMeHTIapUHN XUCOOTaiMuU3!



¢ 107

a =——2= =-0522
b, 205
p =178 _,g68
b, 205

D, = a,a, +b, =183-(=0,522) + 2,42 = 1,465

a,=—S2 - _T102_ 4606
D, 1465

_d; -2, _245-183.0868 _ oo

D, 1,465

B2

HobMmanym X; 1apHu XucoOmaiMu3

X, %_’BZ o, +g _ d, —a,p, _ 3,26—3,49* 0,588 _ 577
a, a, a,a, +b;  1,51-3,49*0,696

X, = a,X; + 3, = 0,696* (=5,77) + 0,588 = —3,431
X, = a,X, + B, = —0522*(~3,431) + 0,868 = 2,659
CucremMa e4yuMHU.

2,659
X =|-3431
—5,772

3-8. Yan nporoHka

by Oynmumaa (1) TeHrnamanap CHCTEMAaCHHU CUWIIHHHT Yall MPOrOHKa

METOJMHU KYpuO unKamu3. Yan nporoHka MeToausia X, HOMabJIyM Y3HJaH yarl

TaMOHAa J)KOMJIAIIraH X; HOMabJIyM OpPKaJu

Xig =& X+, 1=1n-1 (5)

K}”/pHHHmz[a H(boz[anaﬂaﬂn. by epnma &,,n,, i=1n-1 aHUKJIAHUIIU KEPAK 6}”/J1raH
nporonka kodddummentinapu. (5) udona i=n-1 ga x, =& X, +n, KYpUHHIITA

kenaan. Mkkuaun TamonaaH (1) TeHrmamanap CHCTeMAacHHUHT N- TeHTJIaMacuIaH

an dn
a,X,, +b.x, =d, =X, =_b_X”’1 +b—

n n

TEHIJIMKTa 3ra 0ynamu3. by MKKM TEHITIMKHU TaKKOCJIacak

9



KeaInO YUKaIu.

(1) TeHrnmamayap CHCTEMacHHUHI N-1- TEHIJIaMacuJaru X, HH YpHHTa
yauHT (5) ndogacuam Kyricak Kylnaarura sra OyiaMmus:

a, X,,+b, X ,+c ,x,=d, =a X ,+b X ,+c (& X, ,+n,)=d,
€K1

X, 1(CoaSy +b,y) =-a,, %, , +d, —C,41,

By Tenrnukau x, Kapara euu0, D, , =c, &, +b, , OEATUIAIIHN KUPUTCAK, Y XOJaa

+ d n —Cnaly

d -c._n
gni — _ “n1 N, = n n-1"/n
' anl ' anl

OynuIIMHM KypaMu3. By epaaru KOHYHUATHH XucoOra oaud yMyMui xoiaaa

a d.,—cn .
D.=cé& . +b, & =——-, _=M’ i=2,n
i |§|+1 i gl D 77. D

i i
TEHIVIMKJIApHU €3MII MYMKHH. c, =0 Oynramnukaad Oy TEHIJIMKIAp i=n
Oynranma xam TYFpu Oymanau.
i=1 na (5) udboman x, =&,Xx, +1, HE OSpUITAH TEHIJIaMaiap CUCTEMACHHUHT 1-
TEHTJIamara KysiMH3:
b,X, +C,X, =d; = b,X; +¢,(5,%, +n) =d,
€K1
X = (dl —Ci17, )/(bl + C1§2)
9HIIU KeTMa- KeT (5) ¢popmyna OYiinda KoJraH X, HOMabJIyMJIAPHH aHUKJIAII
MYMKHH.
Yan nporoHKaHUHT TYFPU OPUIIA | =n,n—1,....,1 KETMa-KETINK]A

a d.,—cn .
D.=cé .+b, & =—1 p =—tL 0 j_n_1n-2,.. 6
i |§|+1 i gl D 77. D ’l ( )

dbopmyna Ounan aHukIaHagu. Teckapu opuil 6yica

10



(7)

{X (d —sz)/(b +C1§2)

X §|+1X + s i=1’n_1

dbopmyna OwiaH aHWKIaHaAU. Yam MPOrOHKAa METOJM aJIrOPUTMHHU CXEMATUK

Tap3aa Kyhdujaarnda TacCBHpJIall MyMKHH (2-pacm):

X = ( Ci11, )/(bl + C1‘52)

!

=& % iy, 1=1n-1

X

i+1

2-pacm. Yan npoconxa memoou aneopummu
Mucon. Tenrmamanap CHCTEMAaCHHH Yall MPOrOHKA METOIW OWUJIaH CYMHT

2,05x, +1,07x, =178
183x, +2,42x, —1,02x, = 2,45
—-3,49x, +1,51x, = 3,26

Euum: Ilporonka ko3¢ dunirieHTIapuHu XucooOaaiMus:

. 738 o n, = g, _326_ 2,159
b, 151 b, 151

D, =¢,&, +b, =—1,02*2,311+ 2,42 = 0,063

52 = —i = ——1’83 = —29,272
D, 0,063

11



_ _(_ *
g~ GGl 326-(-102)*2189 )0,

2 D, 0,063

HobMmanym X; 1apHu XucoOmaimus

x, = (1,78 -1,07*74,414)/(2,05 +1,07*(-29,272)) = 2,659
X, = E,X, +1, =—29,272* 2,659 + 74,414 = —3,431

Xy = &X, +15 = 2,311*(-3,431) + 2,159 = 5,772
Cucrema eqyumu:

2,659
X =|-3431
—5,772

4-8. YupanryBum NporoHkKa

VYypamyBun NporoHka METOJIM VHI Ba 4all IPOrOHKa METOIJApHHU Y3uaa
Oupukthpagu. i=12,...k, Jnap ydyH o, B, JNapHM VYHT TOrOHKa OWJIaH,
i=k,,k, =1,...,n Jap y4yH yai nporoHka épaamunaa &, n, Jap aHUKJIaHAIU.

X, =%, + B, (1=1K,)

Xiyy =&aX + 15,0, (1=Kkg,n)

(8)

By epaa VHr Ba yar IporoHkaja IporoHka KodQpGUIHEeHTIapHHN aHUKJIALIl
YUYMH KeITUpUO YMKaprad GpopMysaaaapuMu3 3 Kyduaa KoJaam. K, HyKTajaa YHT
Ba 4aIll IIpOroHkKa yqpama,[[I/I
X, =X K, T :Bko
X, 41 = Sk 41Xk, T Tk 41
By CHCTeMaHMHI WKKHHYH TEHITIAMacHmaru X, ., HGogacHHu OUPUHYIH
TeHrjamara Kyinuno
X, = Oy (G i1 Xy + 1y 1) + By

X, HH aHUKJIaNMH3
0

12



O M, T By,

ke —
1_ak0§k0+1

By HucOaT MabHOTra 3ra OYIMIIN YYyH KACPHUHT Maxpa)ku HOJJIaH (papKiu
OynuIIM Kepak:

1-o & 20 KU o &y 1 #1

Kosran x, HOMabIyMIapHUHT KHWMaTIapu KetMma-keT Typaa (8) ¢popmya
€éplaMHIa AaHUKJIAHAIH.

VYupamyBuu NporoHka ajaropuTMu KEATUPAMU3!

c d
1l o =-2, =1
1=y, By b,
DO, =a,a,, +b;,
2. C; d-a8, .
. =——I, i 2#, |=1,
“="po P po 0
a d
3.£ =—n g =0
S b, n b,
DC, =c¢&, Dy,
4. a, A —Cmy -
_=__" c=—1 1 j=nk
gl DCI 77. DCI 0
_ Oy My 11+ By,
5 X, = 1
_akogkoﬂ
6. X, =a;X;,, + B, i =Ky k, 1.1
7. Xiyy = &0 X+, 1=Ko, Ky +1,...,0

VYupamyBun NOPOrOHKaHM CXEMAaTHUK TypJa KyWduaaruya TacBUpJAIl

MyMKHH (3-pacm):

13



c d a d
12__11 ﬂlz_l =——" =—=1
%=y 1 Sn b’ ™
DQ=a0;,+0, DG =c&,, +h,
G d-af, . a d,—cn, . ——
= ,ﬁlz . 1=1 = O p = i+~ M |+1’ —n,
“="po DO K §=poc "= pc ="
>y = akonk0+1+ﬁko <
ko —
1_O‘k0§k0+1

Xi =X, + B,
i=k,,k,-1....0

-

Xi1 = & Xi T Mg
i=k,,k, +1...,n

A

3-pacm. Yupawysuu npoconxa memoou aneopummu

Mmucoa. Tenrnamanap CHCTEMAaCHHH YUpallyBYH POTOHKA METOIU OMJIaH

CUMHT.
3%, + X, =1
X, +3X, + X, =2
X, +3X; + X, =3
Xg +3X, +X; =4
X, +3X; =5
Buum:  k,=[5/2]=2  ne6
XACOOIaNMU3:
g =--_1_ 333
b, 3
d, 1
=—=-=0,333
By b, 3

D, =a,a, +b, =1-(-0,333) + 3 = 2,667

0JIi0

MpPOroHKa KO3 UIIMEeHTIapUHU



a,=—So -1 _ g315
D, 2667

_d-af 2-10333 oo
D, 2,667

B2

D, = a,a, +b, =1-(-0,375) + 3= 2,625

a1 _ g3
D, 2,625

_d-af, _2-1-0333 o0
D, 2,625

Bs

R —% — 0,333

ne =35 =2 _1667
b, 3

D', =c,&, +b, =1%(-0,333) + 3 = 2,667

go=-20 L __ga15
D, 2667
I e R Ly
D', 2,667

D',=C.&, +b, =1*(-0,375) +3=2,625

goo-fa o1 ga3g
D, 2625

g, = G2 =Gl _3-1%0875 o)
D, 2,625

HobMmanym X; 1apHu XucoOmaiMu3

O M T By,

Ky —
1- Oy, ‘gko +1

dbopmynanan

« — %M+ B, _ —0375*0,81+0905
> l-a,é, 1-(-0,375)*(-0,381)

=0,375

X, = a,X, + B, =—0,333*0,375+ 0,333 = 0,208
X, = E;X, +17, =—0,381*0,375+ 0,81 = 0,666667
X, = E,X; +1, =—0,375*0,667 + 0,875 = 0,625

Xg =&:X, +1. =—-0,333*0,625+1,667 =1,458

15



CucremMa e4yuMmu.

[0,208]
0,375
X =(0,667
0,625
1,458

5-8. IIporonka MeTOAMHUHT KYJAHHIITAa MUCOJLJIAP

Hudbdepennman TeHrnamanap Yy4yyH 4Yerapajiuk MacajajlapHu YeKJIH
aliupmanap Merojjapu €paamuaa euuimn yd auoraHaui mMarpunanu YATC Hu
€UUIIra 010 KeTUHAH.

1- wmumcon. 1-tum wdwerapanMk mapTra dra Kydugard 2-TapTHOIH

muddepeHian TeHriama Oepuiran:
y'+p(x)y'+a(x)y=f(x), 0<x<l
y(0)=0, y@)=1
Juddepennnan TeHrIaManu COHJIM €YMMUHU aHUKIam ydyH [0,1] kecManu
X, =1ih,i =0,n HyKTajap €pJaMujia TEHI n KecMara axparamus. by epma h=1/n.
Mynna veranmuk mapmiapaan  y(x,)=Yy(0)=0, y(x,)=y@l)=1 xenuld 4YuKaaH.
y(x,)=vy,, 1=012,..,n OenrunanuiapHu Kuputuo, nuddepenunan TeHriamaaaru

XOCHWJIAJIApHU KyWHIaru YeKJIN ailupman HucOatiaap OuiiaH aliMaliTHpaMu3:

yu _ Yia _Z{i +VYiu +O(h2)

y'= % +0(h) - VHr aliupma
y'= % +0(h) - yamn aiiupma
r_ yi+1 B yi—l 2 _ v v
y = T on +0(h%) MapKasuu anupma

p(x)=p;, q(x;)=q,, f(x)=f ned Oenrunacak, Kyiinjaarura sra 0yiamus:

Yia — ZYi +VYiu +p. Yiia —Yia

+q,y,=f, i=Ln-1
h? 2h Wi =T
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EKU TCHIIMKHUHT UKKaJla TAMOHHMHHU 2h® KYMaWTupuO, YXImamn XajiapHi HHFcaK

(2—p.h)y., +(2h*q. —4)y. + (2+ p.h)y., =2h*f, i=1n-1
i i-1 i i i i+1

Yo=0, vy, =1
VY4 auoraHanau MaTpullaiy TEHramaiap cucteMacura sra 6ynamus. by

epaa
a,=¢C,=0d,=0, b,=1
a =2-ph, b =2h’q -4, ¢, =2+ph, d =2h*f, i=1n-1
a,=¢,=0, b =1 d =1

n

Ba YHU IIPOrOHKa MCTOJIapun épI[aMI/II[a ¢uuiI MYMKHH.

2-MHCOJI. Bup Teknu TOpHUHT TeOpaHWII TEHIIaMacH KyhWuaarmda
&mnanu [13]:
o’u _o%u

atz_axz+f(x,t), O<x<l, 0<t<T. (1)

TopHUHT OOULTAHFUY OFHUILIU UO(X) Ba gacmabky Tebpanmm Ttesmuru U (x)

épramMuia

ou(x,0)

U(x,0) = (x), —

=U,(x) (2

KYpUHHUIIJArTK OoNuIarFuy mapmiap OwnaH Oepunaau. TopHUHT dYerapa

HYKTaQJIApUHUHT TeOpaHUIIN KyWH1aru yerapajivuk mapTiap OuinaH Oepuiiran:
0.0 = (1), U@Lt =) @)

(1) Top TeOpanwmm TeHrmamacuHu (2) Oomniaruy mrapmiap Ba (3) derapaiauk

maptiaap OaxapwiaauraHgai 3Tud D= {0 <x<1, 0<t< T} oOJlacTia COHJIU

€UUII Tanad STUIAIN.

Macananu €YUl  y4yH D= {0 <x<1, 0<t< T} oOactaa

@, = {Xi =ih, t=jr, i=0,N;, ]=0, Nz} TYPHH  KHpHUTaMu3.

TopHuHr TEHIIIaMacuja t y3rapyBuu OYyilM4a MKKHUHYMA TapTUONM XOcuia
KATHALUTaHJINTY cababiM Karjaamiap COHM yyTajaH kaM Oynmaiinu. Kyiuparu

OenrunanuiapHl KUPUTAMU3:
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y=y', =y, y=y* yt=ﬁ_y, yt=¥, AY =Y,

yo = Yo _ £-2y+y y = DY £-Y
t T T’ B 2 21
Top TeHrnamacugaru XocuianapHu
o°u o°u
—Zzuﬂ, —ZzAU, fz§0
ot OX
dbopmynanap 6yitnua yekiau aiupManu HucOaTiap OuiiaH aaMamTupuo, Kyuuiran

MacajaHu €YUIIHUHT allpMalii cCXeMacura ara 0yiamus:

(4)

{ytt=/\(0ﬁ+(l—20)y+oy)+co, o= f(xt)),
Yo=t(), Yy=u(), Y(X0)=uy(x), yt(x,O)=GO(x)

ou(x,0)
ot

6y epma Ay =Y, Ba Ug(X) mn To(X)- = Uy (X) — T, (X)  Taxmummit

2 o
tenrauk apukaurd O(7°) Gymaguran >tu6 omamus. Yerapaiuk Ba OMpHHYU

OOIITaHFUY MIApPT u(x,0) = U, (X) anuk xpcoOnanam.

Kyiinnaru TeHrinukra 3Tu0op KapaTaliuk:
u, (x,0) = i(x,0) + 0,52ti(x,0) + O(r) = U, (X) + 0,5z(u” (x,0) + f (x,0))+0(z?) =
= U, (x) +0,57(u, () + F(%,0))+0(r?)
Arap

U, (X) = U, (X) + O,5r(u0"(x) + f (x,O)) (5)
neb oJicak, y xoiaa
u, (x,0) -0, (x) =0(z?)

oynanu.

[lynnaii KuauO TOpHUHT TeOpaHum TeHriamacu yayH (4)-(5) adipumanu
cxemara sramu3. ¥ HH aHUKIAW yayH (4) —1aH KyHnard derapaiik Macanara

sra Oynamus:
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j+l

‘77/2( i T Yij_zl)_(l"' 2‘77/2)Yij+1 =-F, O<i<N, y,=p, Yy=4,,
y=t/h, F =2y -yl)+t(l-20)Ay' +or’Ay'™" +7% (©)
By i nHaekc 6yiinya y4 TMOTOHAUIM alredpavk TeHIJaMaliap cucreMacu Oynanu
Ba YHHU IMPOTOHKa METOAu &paaMuia eyumumu3 MymkuH. [Iporonka o >0 ga
MapHOTa 3ra Oyiaau.
Aitnpmanu cxemazaa
A =oy’; B =oy’; C =1+20y?;
F =2y —vyl)+t(1-20)Ay’ +or’Ay’™ +1%;

yg :lLtl(tj)’ yﬁ, :luz(tj)’yzf/h

j Yij+ _ZYij +yij— .
Ay' === h? 1’(D:f(xi’tj)
OenrunalIapHi KUPUTCAK Y X0J1a Y4 HyKTallu
AYia—CYi + By, =-F, i=12,..,N-1 (7)

alimpMmanu Macasara sra oynamu3. Yerapaiauk mapTuMu3
Vo=t Yy =t (8)
KYpUHUILA OY1aau.
(7) macamanu (8) dyerapaquk IIapTiiapra KaparaHja MYypakKKaOpokK OyiraH

KyWuJaru mapriapaa e4aMu3:
Yo =K1YtV YN =KYnatVe (9)

By epna A,C,,B;,x;,v;,K,,V, nap Gepuiran cannap.

[Tporonka metonu Oyiinya (7) adupmaiy TCHIIIAMAaHUHT CUUMUHU

Yi =&iaYin + By 1=01.,N-1 (10)

KYpUHUIIOA u3naiimms. By epma O, i, 7ap aHUKIAHWMIIM Kepak OYyiraH
nporonka koddpdurmentiapu. (10) udonana i Hu YpHUTA | —1 HU OJIICAK

Yia =Y + B =i (g Yia + Bin) + Bi = iy Yin @i By + B
ra sra O0ymamu3. (10) Ba CYHIrM aHWKJIAHTaH TCHIVIMKJIAPHW alMpMaTd TCHIIama

(7) re Kylicak KyWuaaru TCHIIIMKHU €3UIITa OY1aIm:
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Alaiai,Yig + By + Bi) = Cit,Yia + Bii) + BV, =—F
KU
(@i (Aa; =C)+ By, + (A, —C)) B, +AB +F)=0
CyHru TEHTNIMK TYFpU OYIUIIN YUyH Yi.1 ommmmaru K03 DUIIMEHT Ba 0301 XaJl

HOJITA TEHT OYJINIIN KepakK:

a1 (Aa; —C)+B; =0
(Aa; =C)B+ AP +F =0

By cucremanan ., fi,; napHu xpucobnanl ydyH KyHHAard pekKypeHT udojara

sra Oynmamus:

o = B, B, . ﬂi+l=_Aiﬂi+Fi _ ABi +F, i=12.. N-1
Ao, -C, C - Ag

" _Aiai_Ci :Ci_'Aﬁai 1

oy, B, nmap (9) uerapamuk maprTnapaaH aHUKIaHagu. i=0 Oymramma (10)
udoaanan Ba OMPUHYM YerapaivK apTAaH

Yo=ouYi+ B, Yo=K tVi= o=k, =V,
Oynuim keaub unkaau. VIKKMHYM yerapaink MapTaaH

Yn — Vo
Yn =KoY TV, = Y =

K
i=N -1 0ynranna

Yn V2

Yna =0y + By = =ayyy + By = Q-—r,ay)Yy =V, +K,8,

EKU1

Vot K, By

N =

Myanait xkuu6d (7),(9) derapanuk MacaldajaHUHT aHUK CYUMH KyWHIard

aJTOPUTM EpAaMuia aHUKJIAHA
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i1 Bi ;ﬂi+l_ Alﬂi+Fi ! =1’2’ N -1
Ci — Aa; Ci — Aa;
<al ZKl’ﬂl =V
Yi = QiaYia +ﬂi+1; | = 0111'"! N-1 (11)
_V,+ K,y
N
| 1-xK,ay

By VHr nporosnka, yan nporoHka aJirOpUTMH IIyHTa YXIIAall aHUKJIaHAU

== DI N
Ci _Ai§i+1 Ci _Ai§i+l
<‘§N =K1y =Va,
Yia =&Y+, 1=01..,N-1 (12)
_ Vit K
L ’ 1_’(1‘51

Hommuk KaTnamaard kuitmMatiap, ssean j =0 6ymranma Y(i,0) =y =Uy(X;)
TEHIIUK pAaMuja aHUKIaHAIW. BUpUHYM KaTnamjard KuiimaTiaap, seHM | =1

OynraHjaru e4uM KuitmaTiapu
Y, (%,0) = T, (X) = Uy () + 0,5z (u, (x) + F(x,0))
1 0
TeHrIuKaan  (oiinananuo, Y, (x,0) = D I OynummHu ~ xucoOra  onuod
T

Kylujgarnya aHuKJIaHAIu:

yi1 =Uy(X)+7-Uy(x)+ 0,5T2(u0 () - ZUE(ZXi) L LS + f(x ’O)j

Kelinaru kaTiiamaaru kuiimatiap yHr nporonka (11) €ku yan nporonka (12) iap
€épllaMHuia KETMa-KET AaHUKJIAHAIN.
[lynnali KwinO TOPHHHT TEOpAaHWI TEHIJIAMACH YYYH IOKOPHIATH

yerapajivk MacajaHH edril alrOpUTMH Kyiuaaruda Oyiaau:
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x,=ih, i=012..N;, h=IN,
t;=jr, j=012..,N,, z=T/N,

yoj =:u1(tj)1 yrij =:u2(tj)1yi0=u0(xi)

y|1 = Uo(Xi) +7 -Uo(xi)+ O,STZ[UO(XP&) — ZU?IEXi) h (Xiil) + f (Xi ao)j

A =oy’; B=oy’; C=1+20y"y=1/h

_ _ _ i _oyigyl !
F' =2y -yl)+10-20) Yia Zhyzl Vi +
1 _pyil, it
+or? Yiug 2?:'2 Yin +72f(Xi,tj)
) ! ) i 3|
ait=— B g ABYR 1, N-1

i1 = 1P = =
Ci —AiOli Ci _Aiai

O‘lj :Ovﬁlj :nul(tj)’

YijJr1 :aiﬂyiﬁl +,Bj+l i=01..,N-1

i+1 !

6-8. [Iporonka MeToAJapu YYyH porpaMmma

[TIporonka merommapu €paamuaa YATCrmapuHu euuin TyFpu Ba TECKapu
opuliapra sra 0ynu0, ynap pekyppeHT Qopmynanap Epaamuiaa amaira
OIIUPUIIUIIMHUA  KYypAUK. DBy mporoHka MeTOIMHM  IporpamMMaialliHu
oconnamrtupagu. by 6ynumaa nporonka meromniapunu Kymianuo YATCnapunu
CUMIIHUHI KYJJIJAaHYBYM YYyH KyJaid rpaguk wuHTepdeiicra s3ra Oynran
IporpaMMacuHu  SpaTHIl Macajacu Kapamagu. by Macananu oObekTra
nynantupunran Excel yayn VBA nporpammanam Tiimaa e4amus.

N dopma sipatumigan O6ouvnaiimMu3. YATC napamerpnapu Oyaran
MaTpulia »JIEMEHTIapu Ba 030/ XaJJapHU MpOorpMMara KHUPHUTHUII YYYH
«Progonka» Homsi hopMa sipaTammus.

VYHra TeHrinamanap CHUCTEMAaCHHM YJIYaMUHU KUpUTUII yuyyH [extBoxl
OOBEKTHHHU KOiTamTupamMu3. TeHrIamManap cucTeMacu yiI4aMH HaTypasl COHJIAp
Oynramnmukaan, Oy YldaMHHM TaHJIall MMKOHUATHHHU spatumn yayH SpinButtonl
oObexkTHHU 0s1M0, y Ounan TextBox1 oobekTu ypracuaa

Private Sub SpinButtonl_Change()

Kvkoren.TextBox1.Text = Kvkoren.SpinButtonl.Value
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End Sub
ko Epaamua 6ornanum ypHatamus. [llyrna SpinButtonl o6bexTn épaamua
TextBox1l maiimoHuna TeHriamanap CUCTEMAcH YIYaMHUHU TaHJIAIl UMKOHUSTH
spaTiiaad. TeHriamanap CHCTeMacHHUHT Marpuia sieMmeHtiaapu VSFlexArrayl
o0bekTH Epmamuaa, o301 xamiap VSFlexArray2 o0bwekTr €paraMuma mporpaMmara
KupuTwiaad. by OOBEKTIapHUHT KaToOp Ba  YCTyHJapu COHU OepuiiraH
TEHIJIaMajap CHCTeMacH Yymyamiapura moc Oymumm yayn CommandButtonl
Oomkapuimn TyrmadacuHu ¢oiinanann6, yauar Caption mapamerpura «Matritsa
yasash» kwitmMmatnau Oepamu3 Ba Oy Tyrmaua OOCWITaHaa KyHUaard mporpamma
KOJIM UIITa TYIIaJuraH KUiaMu3:

Private Sub CommandButtonl_Click()

Dim n As Integer

n = Val(Kvkoren.TextBox1.Text)

Kvkoren.vsFlexArrayl.Rows = n

Kvkoren.vsFlexArrayl.Cols = n

Kvkoren.vsFlexArray2.Rows = n

Kvkoren.vsFlexArray2.Cols = 1

Kvkoren.vsFlexArrayl.Visible = True

Kvkoren.vsFlexArray2.Visible = True

End Sub

by kox  Oaxapuiaranma — TEHIVIaMajlap  CHUCTEMAacH  MaTpULAcu
AJIEMEHTJIAPUHU Ba 030]] XA/UIAPHU KHPUTHIN y9yH Kepakiu conmard (N =

Val(Kvkoren.TextBox1.Text)) napuanap ounnanu (4-pacm) .
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Progonka metodi

Tenglamalar sistemasi o'lchamini tanlang - = Matritsa yasash
w
Ong progonka Chap progonka uUchrashuvchi progonka Progonka metodlarini qo'llalishi

Excel da ko'rish

Echim: Hatolik:

Excel ni yashirish

Dasturdan chigish

4-pacm. YATCnapunu evuwinune npo2ouKka mMemoou yuyH hopma.

MaTpumaHuHT HOJUTUK 3JIEMEHTIAPUHN KUPTU3HIN 1apT dMac. [Iporpamma
Oyl KoJITaH Jlapyanap/iard KuiMatiapHyd HOJITa TEHT Je0 oaau. Y4 AUOoraHallIn
MaTpUIlAId TEHTJaManaap CHCTEeMACHHHM YHT, 4am E€KH ydpalryBud MPOTOHKA
MeToutapu €paamunaa eanin MmyMKuH. [y ca6abam nmporonka METOIWHU TaHJIAII
makcaauaa Caption mapamerpura Meron Homu Oepwiran yurta CommandButton
OomIKapuI TyrMadaJlapyHe xoinamtupamus. CommandButton2 tyrmagacu yHr
nporonka meroaunu, CommandButton3 wam mporonka Ba CommandButton3
ydpanryBud MPOTOHKAa METOJAWHH HWINTa TyMUpaad. by mporpamma Koajapw
OWTHpPYB MaJlaKaBUi WITHUHT KyIMIUMYanapuja KeaTupwirad. [IporpamMmMaHuHT

acocuil Kucmiapu OWJIaH TAHUIINO YUKAMU3.

Fori=0Ton-1

Forj=0Ton-1
With vsFlexArrayl

Row =i

.Col =}

a(i, j) = vsFlexArrayl.Value
End With
Next
With vsFlexArray2

Row =i

d(i) = vsFlexArray2.Value
End With
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Next i
by mporpamma komu Qopmana kupuTHiaraH Matpuna sneMeHTIapuHH a(i, )

MaccuBra, o3on xamiapau 3ca d(i) maccuBra skoimamTupamud. by epma
vsFlexArrayl Ba vsFlexArray2 &3yBinapHu KaiTa-KaiiTa KYJJIJAHMAclIWK YYIyH
With...End With konctpykumsicu kymmanwnaum. VSFlexArray.Value mukmopu
VsFlexArray oObeKTHHHI aKTHUB KaTaK4acH/Ia JKOMIalrad KuAMaTHU OWIIIUpaIH.
Martpuna yu nuoranamuiu. llly cababnu yHuHT HONmaH apKiau 3JIeMEHTIapUHU
IOKOpHIa TTPOTOHKA METO TapUHU OaéHIaraHaard Oenrwiansiapra MOC paBHIIIa

A(i),B(i),C(i)) MaccuBnapyga Cakjalml Y4YyH KyHugara nporpamMmma KOAu

Oaxapuiaau:

Fori=0Ton-1
B(i) = al(i, i)

Next i

A(0)=0

Fori=1Ton-1
A(l)=al(i,i1-1)

Next i

Fori=0Ton-2
C@i)=al(i,i+1)

Next i

Cin-1)=0

Keitunru xucobnanuiap 1y MaccuBiap ycTuaa amanira omvpuiaan. Macanan YHT

MPOTrOHKAa METOJAMHUHT TYFPH IOPUIIN KyHuAaruia XxucooiaHaau:

AIFA(0) =-C(0) / B(0)
Betta(0) = d(0) / B(0)
Fori=1Ton-2
dd(i) = A(i) * AIFA(i - 1) + B(i)
AIFA(1) = -C(i) / dd(i)
Betta(i) = (d(i) - A(i) * Betta(i - 1)) / dd(i)
Next i
SJ,HF HpOFOHKa METOAUHUHI TeCKapI/IIOpI/IHII/I Kyﬁnnamqa

MPOrpaMMAIAIITUPUIIAIN:

X(n-1)=((n-1)-A(n-1)*Betta(n - 2)) / (A(n- 1) * AIFA(n - 2) + B(n - 1))
Fori=n-2ToO0 Step -1
X(1) = AIFA() * x(i + 1) + Betta(i)
Next i
Yanm nporoHka METOAM Y4YyH TYFpHM Ba TECKapu IOpULUIAp KyHuaaruda

Oynanu:
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'tog'ri yurish
ksiln-1) =-A(n-1)/B(n-1)
eta(n-1)=d(n-1)/B(n-1)
Fori=n-2ToO0 Step -1
dd(i) = C(i) * ksi(i + 1) + B(i)
ksi(i) = -A(i) / dd(i)
eta(i) = (d(i) - C(i) * eta(i + 1)) / dd(i)
Next i
‘teskari yurish
X(0) = (d(0) - C(0) * eta(1)) / (B(0) + C(0) * ksi(2))
Fori=1Ton-1
x(1) = ksi(i) * x(i - 1) + eta(i)
Next i
VYupamyBun MNOporoHka METOAM YYyH TYFpPU Ba TECKApH IOpHUILIAP

KyWugaruda Oymaau.

'tog'ri yurish
AIFA(0) = -C(0) / B(0)
Betta(0) = d(0) / B(0)
Fori=1Tok
dd(i) = A(i) * AIFA(i - 1) + B(i)
AIFA(1) = -C(i) / dd(i)
Betta(i) = (d(i) - A(i) * Betta(i - 1)) / dd(i)
Next i

ksiln-1) =-A(n-1)/B(n-1)
eta(n-1)=d(n-1)/B(n-1)
Fori=n-2TokO Step -1

de(i) = C(i) * ksi(i + 1) + B(i)

ksi(i) = -A(i) / dc(i)

eta(i) = (d(i) - C(i) * eta(i + 1)) / dc(i)
Next i

'teskari yurish
X(k) = (AIFA(K) * eta(k + 1) * Betta(k)) / (1 - AIFA(k) * ksi(k + 1))

Fori=k-1ToO Step -1
X(i) = AIFA(i) * x(i + 1) + Betta(i)
Next i

Fori=kTon-1

X(i +1) =ksi(i + 1) * x(i) + eta(i + 1)
Next i
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HpOFOHKa MCTOAU épI[aMI/II[a AHUKJIaHI'aH CYUMHHMHI' XaTOCHUHH 6ax0nam

Y4yH €l=maxe; Ba e2= /Zef MHUKIOpsIapyu oJlHUHIU. by epna
i=L,n -1

& :‘aile +a,X, +. A X,

in“'n

_bi‘,

i=12..n

Oy epra x = (X;,X,,...,X,) BEKTOpH OepuiraH Ax =b TeHIJamMaiap CHCTEMaCHHUHT

IIPOroHka MCcToau ép;[aMI/ma AHUKJIaHI'aH CYUM.

By 6axonap

Fori=0Ton-1
e(i)=0

Next i
Fori=0Ton-1
Forj=0Ton-1

e(i) = e(i) + al(i, j) * x()

Next j

e(i) =e(i) - d(i)
Next i
maxe = e(0)

Fori=1Ton-1

If maxe < e(i) Then maxe = e(i)

Next i

el= maxe

=0

Fori=0Ton-1
I=1+e()"2

Next i

e2= Sqr(l)

porpamMma Koy €pJaMuaa XucoOaaHaau.

OsHTaH HaTWKajap e4nM Ba yHHHT Xatoiurm ListBox oOwektimapuma

Oepwramu. by HaTwkamap kupuTwiIMacaaH oiauH ListBox

MabJIIyMOTJIapAaH TO3aJIaHAaU.

Progonka.ListBox1.Clear
Progonka.ListBox2.Clear
Fori=0Ton-1

map4yacd 3CKH

Progonka.ListBox1.AddItem "X(*" + Str(i + 1) + ")=" + Str(x(i))

Next i
Fori=0Ton-1

Progonka.ListBox2.Addltem "e(" + Str(i + 1) + ")=" + Str(e(i))
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Next i

Progonka.ListBox2.AddItem "el=" + Str(el)

Progonka.ListBox2.AddItem "e2=" + Str(e2)

Oununaran HaTkagapuu Excel 6eruna Gepum Kynai 0ynu0, Oy yuyn Excel

HuHr "Progonka" OeTWHW aKTHBIAIITHPUO YHIATH MabIyMOTIApHU YIUPHO
TalUIANMU3!

Worksheets("Progonka™).Activate
Cells.Select
Selection.ClearContents
Ba Oy OETHMHI KaTakyajapura OJIMHTaH HaTWXajdapHu uukapamui. Jlacnab

TCHIJIaMallap CHCTCMAaCHMHKM C4Yuil MCTOAWMHHHIT HOMH , KeWuH 6y CHUCTEMA

MaTpPHIIACH Ba 0307 XaJIapy MOC KaTakJayiapaa Oepammus:

Cells(1, 1) = "Ax=Db"
Cells(1, 2) = "chizigli algebraik tenglamalar sistemasini o'ng progonka metodi
yordamida echish"
Cells(2, 1) = "Berilgan tenglamalar sistemasining matritsasi va ozod hadi"
Cells(3, 1) ="A"
Fori=0Ton-1
Forj=0Ton-1
Cells(3 +1i, 2 +j) = al(i, j)
Next j
Next i
Cells(3, n + 2) ="d"
Fori=0Ton-1
Cells(3 + i, n + 3) = d(i)
Next i
CVHr OJIMHTaH €4UM Ba YHUHT XaTOJIUTH Oepuiiajiu:
Forj=0Ton-1
Cells®6+2*n,1+)) ="e("+Str(+1)+")"
Cells(7+2*n,1+]))=¢()
Next
Forj=0Ton-1
Cells@+2*n,1+j))="x("+Strg +1) +")"
Cells(10+2*n, 1 +)) = x(j)
Next
Cells(12 +2*n, 1) ="el="
Cells(12+2*n,2)=¢el
Cells(13 +2*n, 1) ="e2="
Cells(13+2*n, 2)=¢e2
by masaymormapam Excelma xypum yuayn dopmana «Excel da ko'rish»

TyrMaudacu xomnamrupuirad. by tyrmaua
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Application.Visible = True

KoaHM wumra TymupuO, Excel Hm kypuimn umkoHuwsTHHEH spatanu. Excel Hu
smupuin uMKoHusTH «Excel ni yashirish» tyrmagacura 6exutwiran. By Tyrmaua
Application.Visible = False
KoaHM wira TymupuO, Excel mum smmpamu. «Dasturdan chigish» tyrmagacu
Oapua y3rapunuiapHu cakjiad, JacTypHU €Naau:
ActiveWorkbook.Save
ActiveWorkbook.Close

Mucoa. Kyiinnaru TeHriamanap CUCTEeMAacMHU MPOTOHKA METOAU OWIiaH

CUMHT .
4x, + X, =5,
X, +4X, + X, =72
X, +4X; + X, =78

X; +4X, + X, =8,4
X, +4X, =7,4

Eunm.  IIporpammanu wumra Tymupud cucTeMa MapamMeTpilapuHu

KHpPrU3aMy3 Ba MPOroHKa METOJIAPUHUHT OMPUHM TaHJIAHMU3!

Progonka metodi .

Chap progonka Uchrashuvchi progonka Progonka metodlarini qo‘llalishi
T g Excel da ko'rish
W =12 ; el Z)=1
Echim: W B=1.3 Hatolilc: | e 3=-8.88178419700125E-1¢
s 4= 1.4 Bl 4)=-1,776356553940025E-15 Excel ni yashirish
(8= 15 el =10
el=0
e2= 1.98602732259762E-15 Dasturdan chigish

S-pacm. I[Ipoconka memoounu KyiiaHuuea Mucoi.
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7-8. YerapaJuk MacajajJapHu NPOroHKAa MeTOIH €PAaMHU/Ia edn

nporpamMmacu

Acocuii ¢popmana ssHa Oup OOIIKapull TyrmMadacu spatuiral Oyiauo, Oy
tyrmada «Progonka metodlarini qo'llalishi» ne6 Hommanran. by Tyrmaua
MPOTrOHKAa METOIHU 4 -OYynuMia KypuO YMKWITaH Yerapajuk MacajlajapHu €UMuIil
MpOrpaMMacHUHU WINTa TYIIUPHUII WMKOHUSTHHU spaTagd Ba Ba EpaaMuu

«diftengl» dpopmacunu ouamu (6-pacm):

& Mu
—=——+ f(x4), D<x<l, 0<t=T
':'br.. M

x0)=u,(x), ———=n,(x)
ar

w(0.0) = w(r), w(lt)= n,lr)

Tenglama parametrlarm kirting:

o= | r=[

e (2,0
uts, ) =| 1 a0y =|
e hx = |
Dasturdan chigish ‘ Tozalash ‘ Hisoblash

6-pacm. Topnune mebpanuw meneramacu yuyH 4e2apaiux macaia
napamempaapunu Kupumuus gpopmacu

by ¢dopmara TopHMHT TeOpaHUII TEHIVIAMACUHU KYPUHHUIIH Y YYyH
OOLITaHFUY Ba 4YerapajuK IapTiap KYPUHUIIM SKOWJIAITUpUiIrad. by
TEHIJIAMAHUHT KANCH MapaMETPHHU KalCu OWHAara >KOWJIAIITHPUIN KEPaKJIUTHHU
TylIyHuIIra épaam oepau.

®opmanmaru «Dasturdan chiqgish» tyrmadacu ¢dopmanu smupu® acocwuii
MeHIO (opmacura VTUIIHM TaMuHIaiaud. «Tozalash» Tyrmadacu TOpHUHT

TeOpaHUIll TEHTJIAaMacH MapaMeTpiIapuHu KUPTU3UII JapyaJapyuHu TO3alanu:
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Private Sub CommandButton2_Click()
diftengl.TextBox1.Text = ""
diftengl.TextBox2.Text = ""
diftengl.TextBox3.Text = ""
diftengl.TextBox4.Text = ""
diftengl.TextBox5.Text = ""
diftengl.TextBox6.Text = ""
diftengl.TextBox7.Text = ""
diftengl.TextBox8.Text = ""

End Sub

Tenrnama mnapameTpiap MoOC OHHamapra kuputwiaaud. DOyHKOHS

udonanapu VBA Tunura Mmoc paBuiiia KHpUTUIUIIN 3apyp:

- alupuIl,

+ KYIIHIL,

* KynauTupu,;

[ 6y

sqr(X) —uaau3 YHMKAPHIIL;

N Jlapaxara KyTapuIll Ba XaKo3a.

JluddepeHnnan  TEHIIaMa mapaMeTpiiapuHu  Kuprusn0O, «Hisoblash»
tyrmayacu Oocunamgu. Illynna Oepwiran derapanuk Macana 4-O0ynumaa
KEeJITUPUINO YMKApWIraH cxema Oyiinua Xop OMp Karjiamjia MpOoroHKa METOIu

épaaMujia TEHrjaMa €YMMIapUHUHT KHMMAaTUHA aHUKJIANIH.

Macanan
2 2
a—;J:a—lzj+xt, O<x<l1l, O0<t<T
ot OX
u(x,0) = x?, ux0) _ . _
ot

u(0,t) =sin(t), u(Lt)=cos(t)
yerpaqvk  Macaina  Oepwiral  OYJIcMH. YHM  €UUMUHHM  KUWMaTUHU

@ = {(xi, tj): x; =ih, t; = jh, j=01.., 10} TYp/la COHJIM aHUKJIAIl Tajlad dTUIAIN.

By Macananu euuin yuyyH TeHIJIaMa MmapaMmeTpiiapuHu (popMara KUpUTaMH3

(7-pacm):
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& Mu
—=—q f(x.1), 0
a’ o’

wix,0)

w01} = uy (1),

t"l
tig(x}),

ar

Tenglama parametrlarm kirting:

TIRR L]

v<]l., 0O+«

o lx)

w(l.t) = n,(r)

t=T

feg= | =]
" o (7,0 z :
u(ﬁc,ﬂ) S e g ':at :' | [ u{ﬂ,ﬂ - sinft)
w(l,g) = cos(t) O R S ‘ a,1
Dasturdan chigish ‘ Tozalash ‘ Hisoblash

[-pacm. Yezcapanuk macana napamempiapuny KUpumuuiea MucoJ.

«Hisoblash» tyrmawacuuan 60cu6, Hatmxkanu Excel 6etuma onamus:

Torning tebranish tenglamasi uchun chegaralik

masala
2 2
gt—l;:%+f(x,t), O<x<l1l, O<t<T
6u(x,0) f(x,t)=x*t
U(X,O) = uo (X) ' — = utO (X) u(X’O):XAZ
ot u'(x,0)=x-1
— — u(0,t)=sin(t)
uo,t)=u,(t), u(Lt)=u,(t) L(LD=005(0)
T=2
u(x,t)funktsiya giymatlari:
j 0 1 2 3 4 5 6
xi o\
i ] 0 0,1 0,2 0,3 0,4 0,5 0,6
0 0 0 0,099833 0,198669 0,29552 0,389418 0,479426 0,564642
1 0,1 0,01 -0,07 -0,05964 -0,00528 0,083889 0,198093 0,328104
2 0,2 0,04 -0,03 0,022224 0,109047 0,217507 0,340308 0,4741
3 0,3 0,09 0,03 0,10814 0,212484 0,334148 0,470173 0,618232
4 0,4 0,16 0,11 0,209735 0,331576 0,469767 0,62075 0,776774
5 0,5 0,25 0,21 0,33 0,469561 0,622512 0,779964 0,925085
6 0,6 0,36 0,33 0,469265 0,624136 0,783191 0,928 1,032275
7 0,7 0,49 0,47 0,625862 0,787521 0,931899 1,030687 1,057915
8 0,8 0,64 0,63 0,792781 0,938234 1,028066 1,040608 0,978178
9 0,9 0,81 0,81 0,943662 1,022815 1,013711 0,943011 0,856261
10 1 1 0,995004 0,980067 0,955336 0,921061 0,877583 0,825336
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XVYJIOCA

butupum mamakaBuil UM NMPOrOHKAa METOJIAPUHMU YPraHUIl Ba YHU y4
muoraHain Martpunand YATCnapau euwmmira, auddepeHnuan TeHIIamanap
YU4yH Yerapajiik MacajajapHu aiupManu cxemanap €pJaMujia COHJU €4HuIaa
MPOTOHKa METOJUIapUHM KyJulaHumira Oorunuianrad. l[loronka wmeromniapu
V3UHUHT TYFpU Ba TECKapH IOpUIIIapura sra 0ynu0, ynap pekyppeHT udoaanap
OwiaH aHuKJIaHaau. by ynapHu nmporpaMMalalliTUPUIIHUA aCOHTIAIITUPAIH.

butupyB ManakaBuii uilijja yura mporoHKa METOAJIApU YpraHuiraH. Yap
VHT, Yan Ba yypalllyBuUd MPOTOHKAa MeTojasiapu. by MeTomsIapHUHT Oa)kapUiIuil
mapTtiapu ucootinanrad. Mkkunuu taptubiau auddepeHiuman TeHriaManap yuyH
yerapajiik MacajllaJlapHd COHJIM €UMIAA, YHAArd XOoCWiajlap alupmaiiu
HucOatnap Ownan anmamtupuiaau. Hatwxkana auddepeHnuan TeHriama y4dyH
yerapanuk Macana yd jguoroHad wmatpunaiu YATC Hu euumra onub
kenmuHaau. Ly caGabnu ynapHU euuilnra MporoHKa METOJIMHM KYJUIaHUII KyJan
Oynamu. butupuimn wmamakaBuil uNAa NIyHJAW Yerepaivk MacallalapHUHT
alipumiapu, atad alTranna oaui MKKUHYM TapTHUOIU YM3UKIN TuddepeHunan
TEHrjJaMa y4yyH, OJJMI yerapajJiMiKk macajga Ba TOPHUHI Te€OpaHUII TEHrJIaMacH
y4yH YMYMHUH XOjja KyWWiIraH derapaiuk macainaigap yayH Excel yayn VBA
TUNUJA KYJUIaHYBYM IpOrpaMMacH sipaTHIIraH.

Jlactyp KymmMmya YpHaTUIDiapHu Tanad stMaiam. Microsoft Excel
JacTypu YpHatwiran Oapya KOMIbIOTEpiapaa wumnuiaiian. by ydyH Makpoc
XaB(CU3NUTU MappaMeTpUHHU YypTaua €KU macT Kuiaub onwuin etapiau. Jlactyp
KYJUlaHyBra Kyjai Oynuilyd yuyyH OOLIKapuIl JIeMEeHTIapu OWilaH >KUXO3JIaHTaH
O0ynuO, KyIIaHyBUMIaH Ky OMJIMMHU Tajlad dTMalau. YHH SHTU FOSUIap acocua
AXIIUIa MyMKUH. J[acTypia KyulaHwiran siHa Oup SHTWIMK IyHAaH uOopaTKu
TextBox nmapuacura KUpUTWUITAH CHUMBOJJIAp KATOPUHM, arap aMmaijap TYFpu
doiinananuaran Oyica, QyHKOusIra TypiaHTHpuin ycyiau. by ycymma  Excel

UMKOHUSITIUPH (oNanaHUIraH.
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NJIOBAJIAP



1-unoBa (YHr nporonka)

Private Sub CommandButton2_Click()
Dim n As Integer
Dim al(20, 20), d(20), A(20), B(20), C(20) As Double
Dim AIFA(20), Betta(20), dd(20), x(20), e(20) As Double
n = Val(Progonka.TextBox1.Text)
Worksheets("Progonka™).Activate
Cells.Select
Selection.ClearContents
Cells(1, 1) = "Ax=Db"
Cells(1, 2) = "chizigli algebraik tenglamalar sistemasini 0'ng progonka metodi
yordamida echish"
Cells(2, 1) = "Berilgan tenglamalar sistemasining matritsasi va ozod hadi"
Fori=0Ton-1
Forj=0Ton-1
With vsFlexArrayl
Row =i
.Col =}
al(i, j) = vsFlexArrayl.Value
End With
Next j
With vsFlexArray2
Row =i
d(i) = vsFlexArray2.Value
End With
Next i
'‘Berilganlarni listga yozish
Cells(3, 1) ="A"
Fori=0Ton-1
Forj=0Ton-1
Cells(3 +1i, 2 +j) = al(i, j)
Next
Next i
Cells(3,n + 2) ="d"
Fori=0Ton-1
Cells(3 + i, n + 3) = d(i)
Next i
'Progonka metodini qo'llash
Fori=0Ton-1

B(i) = al(i, i)
Next i
A(0)=0
Fori=1Ton-1
A(i) =al(i,i-1)
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Next i
Fori=0Ton-2
C@i)=al(i,1+1)
Next i
Cin-1)=0
'tog'ri yurish
AIFA(0) = -C(0) / B(0)
Betta(0) = d(0) / B(0)
Fori=1Ton-2
dd(i) = A(i) * AIFA(i - 1) + B(i)
AIFA(1) = -C(i) / dd(i)
Betta(i) = (d(i) - A(i) * Betta(i - 1)) / dd(i)
Next i
‘teskari yurish
X(n-1)=((n-1)-A(n-1)*Betta(n - 2)) / (A(n - 1) * AIFA(n - 2) + B(n - 1))
Fori=n-2ToO0 Step -1
x(1) = AIFA(1) * x(i + 1) + Betta(i)
Next i

Fori=0Ton-1
e(i)=0
Next i
Fori=0Ton-1
Forj=0Ton-1
e(i) = e(i) + al(i, j) * x()
Next j
e(i) = e(i) - d(i)
Next i
Forj=0Ton-1
Cells@6+2*n,1+)) ="e("+Str(+1)+")"
Cells(7+2*n,1+)) =¢e()
Next
Forj=0Ton-1
Cells@+2*n,1+j) ="x("+StrG+1)+")"
Cells(10+2*n, 1 +)) =x()
Next
maxe = e(0)
Fori=1Ton-1
If maxe < e(i) Then maxe = e(i)
Next i
el = maxe
Cells(12 +2*n, 1) ="el="
Cells(12+2*n,2)=¢el
=0
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Fori=0Ton-1

I=1+e@)"2
Next i
e2 = Sqr(l)
Cells(13 +2*n, 1) = "e2="
Cells(13+2*n,2) =¢e2
Progonka.ListBox1.Clear
Progonka.ListBox2.Clear
Fori=0Ton-1
Progonka.ListBox1.AddItem "X(*" + Str(i + 1) + ")=" + Str(x(i))
Next i
Fori=0Ton-1
Progonka.ListBox2.Addltem "e(" + Str(i + 1) + ")="+ Str(e(i))
Next i
Progonka.ListBox2.Addltem "el=" + Str(el)
Progonka.ListBox2.AddItem "e2=" + Str(e2)
End Sub

2-ujoBa (Yam nporonka)

Private Sub CommandButton3_Click()
Dim n As Integer
Dim al(20, 20), A(20), B(20), C(20), d(20), x(20), e(20) As Double
Dim dd(20), ksi(20), eta(20) As Double
n = Val(Progonka.TextBox1.Text)
Worksheets("Progonka™).Activate
Cells.Select
Selection.ClearContents
Cells(1, 1) = "Ax=Db"
Cells(1, 2) = "chizigli algebraik tenglamalar sistemasini 0'ng progonka metodi
yordamida echish"
Cells(2, 1) = "Berilgan tenglamalar sistemasining matritsasi va ozod hadi"
Fori=0Ton-1
Forj=0Ton-1
With vsFlexArrayl
Row =i
.Col =]
al(i, j) = vsFlexArrayl.Value
End With
Next
With vsFlexArray2
Row =i
d(i) = vsFlexArray2.Value
End With
Next i
'kengaytirilgan matritsani listda berish
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Cells(3, 1) ="A"

Fori=0Ton-1
Forj=0Ton-1
Cells(3 +1, 2 +j) =al(i, j)
Next j

Next i

Cells(3,n + 2) ="b"

Fori=0Ton-1

Cells(3 + i, n + 3) = d(i)
Next i

'Progonka metodini go'llash
Fori=0Ton-1

B(i) = al(i, i)
Next i
A(0)=0
Fori=1Ton-1
A(l)=al(i,i1-1)
Next i
Fori=0Ton-2
C@i)=al(i, 1 +1)
Next i
Cin-1)=0
'tog'ri yurish

ksiln-1) =-A(n-1)/B(n-1)
eta(n-1)=d(n-1)/B(n-1)
Fori=n-2ToO0 Step -1

dd(i) = C(i) * ksi(i + 1) + B(i)

ksi(i) = -A(i) / dd(i)

eta(i) = (d(i) - C(i) * eta(i + 1)) / dd(i)
Next i
'teskari yurish
X(0) = (d(0) - C(0) * eta(1)) / (B(0) + C(0) * ksi(1))
Fori=1Ton-1

X(i) = ksi(i) * x(i - 1) + eta(i)
Next i

Fori=0Ton-1
e(i)=0
Next i
Fori=0Ton-1
Forj=0Ton-1
e(i) = e(i) + al(i, j) * x()
Next
e(i) = e(i) - d(i)
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Next i
Forj=0Ton-1
Cells6+2*n,1+)) ="e("+Str( +1)+")"
Cells(7+2*n,1+j) =¢e()
Next j
Forj=0Ton-1
Cells@+2*n,1+))="x("+StrG+1)+™)"
Cells(10 + 2 *n, 1 +j) = x(j)
Next j
maxe = e(0)
Fori=1Ton-1
If maxe < e(i) Then maxe = e(i)
Next i
el = maxe
Cells(12 + 2 * n, 1) = "el="
Cells(12+2*n,2)=el
s=0
Fori=0Ton-1
s=s+e()"2
Next i
e2 = Sqr(s)
Cells(13 +2*n, 1) = "e2="
Cells(13+2*n, 2) =e2

End Sub

3-usioBa (YupanryBuu IpoTroHKa)

Private Sub CommandButton7_Click()
Dim n, k, i, j As Integer
Dim al(20, 20), A(20), B(20), C(20), d(20) As Double
Dim dd(20), AIFA(20), Betta(20), x(20), e(20) As Double
Dim dc(20), ksi(20), eta(20) As Double
n = Val(Progonka.TextBox1.Text)
k=Int(n/2)+1
Worksheets("Progonka™).Activate
Cells.Select
Selection.ClearContents
Cells(1, 1) = "Ax=b"
Cells(1, 2) = "chiziqgli algebraik tenglamalar sistemasini uchrasuvchi progonka
metodi yordamida echish"
Cells(2, 1) = "Berilgan tenglamalar sistemasining matritsasi va ozod hadi"
Fori=0Ton-1
Forj=0Ton-1
With vsFlexArrayl
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Row =i
.Col =}
al(i, j) = vsFlexArrayl.Value
End With
Next j
With vsFlexArray2
Row =i
d(i) = vsFlexArray2.Value
End With
Next i
'‘Berilganlarni listga yozish
Cells(3, 1) ="A"
Fori=0Ton-1
Forj=0Ton-1
Cells(3 +1i, 2 +j) = al(i, j)
Next j
Next i
Cells(3, n + 2) ="d"
Fori=0Ton-1
Cells(3 + i, n + 3) = d(i)
Next i
'Progonka metodini go'llash
Fori=0Ton-1

B(i) = al(i, i)
Next i
A(0)=0
Fori=1Ton-1
A(l)=al(i,i1-1)
Next i

Fori=0Ton-2
C@i)=al(i,i+1)

Next i

Cin-1)=0

'tog'ri yurish
AIFA(0) = -C(0) / B(0)
Betta(0) = d(0) / B(0)
Fori=1Tok
dd(i) = A(i) * AIFA(i - 1) + B(i)
AIFA(i) =-C(i) / dd(i)
Betta(i) = (d(i) - A(i) * Betta(i - 1)) / dd(i)
Next i

ksiln-1)=-A(n-1)/B(n-1)
eta(n-1)=d(n-1)/B(n-1)
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Fori=n-2TokO Step -1

de(i) = C(i) * ksi(i + 1) + B(i)

ksi(i) = -A(i) / dc(i)

eta(i) = (d(i) - C(i) * eta(i + 1)) / dc(i)
Next i

‘teskari yurish
X(k) = (AIFA(K) * eta(k + 1) * Betta(k)) / (1 - AIFA(k) * ksi(k + 1))
Fori=k-1ToO Step -1
x(1) = AIFA(1) * x(i + 1) + Betta(i)
Next i

Fori=kTon-1
X(i + 1) =ksi(i +1) *x(i) + eta(i + 1)
Next i

Fori=0Ton-1
e(i)=0
Next i
Fori=0Ton-1
Forj=0Ton-1
e(i) = e(i) + al(i, j) * x()
Next j
e(i) = e(i) - d(i)
Next i
Forj=0Ton-1
Cells@6+2*n,1+)) ="e("+Str+1)+")"
Cells(7+2*n,1+j) =¢e()
Next
Forj=0Ton-1
Cells@+2*n,1+))="x("+StrG+1)+")"
Cells(10 + 2 *n, 1 +j) = x(j)
Next
maxe = e(0)
Fori=1Ton-1
If maxe < e(i) Then maxe = e(i)
Next i
el = maxe
Cells(12 +2*n, 1) ="el="
Cells(12+2*n,2)=¢el
=0
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Fori=0Ton-1
I=1+e@)"2
Next i
e2 = Sqr(l)
Cells(13 +2*n, 1) = "e2="
Cells(13+2*n,2) =¢e2
Progonka.ListBox1.Clear
Progonka.ListBox2.Clear
Fori=0Ton-1
Progonka.ListBox1.AddItem "X(*" + Str(i + 1) + ")=" + Str(x(i))
Next i
Fori=0Ton-1
Progonka.ListBox2.Addltem "e(" + Str(i + 1) + ")="+ Str(e(i))
Next i
Progonka.ListBox2.Addltem "el=" + Str(el)
Progonka.ListBox2.AddItem "e2=" + Str(e2)

End Sub

4-unoBa (Yerapamuk macaa)

Private Sub CommandButton3_Click()
If diftengl.TextBox1.Text = " Then
MsgBox (""Hato:f(x,t) funktsiya kirgizilmadi')
Else
If diftengl.TextBox2.Text = """ Then
MsgBox (""Hato: 7 ning giymati kirgizilmadi ")
Else
If diftengl.TextBox3.Text = """ Then
MsgBox (""Hato:1-boshlang'ich shart kirgizilmadi ")
Else
If diftengl.TextBox4.Text = """ Then
MsgBox (""Hato:2-boshlang'ich shart kirgizilmadi'')
Else
If diftengl.TextBox5.Text = """ Then
MsgBox ("Hato:1-chegaralik shart kirgizilmadi")
Else
If diftengl.TextBox6.Text = " Then
MsgBox (“Hato:1-chegaralik shart kirgizilmadi®)
Else
If diftengl.TextBox7.Text = " Then
MsgBox (""Hato:x o'zgaruvchi bo'icha hx gadam kirgizilmadi')
Else
If diftengl.TextBox8.Text = " Then
MsgBox ("Hato:y o'zgaruvchi bo'icha hy gadam kirgizilmadi™)
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Else
Dim F(100, 100), Y(100, 100) As Double
Dim ux0(100), uxt0(100), ut1(100), ut2(100) As Double
Dim A(100, 100), B(100, 100), C(100, 100), F1(100, 100), AIFA(100, 100),
Betta(100, 100) As Double
sigma = 0.5
Worksheets("diftengl™).Activate
Cells.Select
Selection.ClearContents
Range("Al").Select
Range("Al1").Value = "Torning tebranish tenglamasi uchun chegaralik masala™
FTB = diftengl.TextBox1.Text
ttb = diftengl.TextBox2.Text
uxOtb = diftengl.TextBox3.Text
uxtOtb = diftengl.TextBox4.Text
utltb = diftengl.TextBox5.Text
ut2tb = diftengl.TextBox6.Text
hx = diftengl.TextBox7.Text
ht = diftengl.TextBox8.Text
N1 = Int(1/ hx)
N2 = Int(ttb / ht)
Cells(4, 6).FormulaR1C1 = "f(x,t)="+ FTB
Cells(5, 6).FormulaR1C1 = "u(x,0)=" + uxOtb
Cells(6, 6).FormulaR1C1 = "u'(x,0)=" + uxtOtb
Cells(7, 6).FormulaR1C1 = "u(0,t)=" + utltb
Cells(8, 6).FormulaR1C1 = "u(1,t)=" + ut2tb
Cells(9, 6).FormulaR1C1 = "T=" + ttb
Columns("B:B").Select
ActiveWorkbook.Names.Add Name:="x", RefersToR1C1:="=diftengl1!C2"
Rows("12:12").Select
ActiveWorkbook.Names.Add Name:="t", RefersToR1C1:="=diftengl!R12"
Range('A10").Select
Range(""A10").Value = "u(x,t)funktsiya giymatlari:"

Cells(11, 2) ="j"
Cells(12, 1) ="i"
Cells(12,2)="xi \ }"
Forj=0To N2

Cells(11,3 +j) =j
Cells(12,3 +j)=j* ht
Next
Fori=0ToN1
Cells(13 +1i,1) =i
Cells(13 +1,2) =1 * hx
Next i
'f(x,t)
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Fori=0ToN1
Forj=0To N2
Cells(13 + i, 3 +j).Select
ActiveCell.FormulaR1C1 = "=" + FTB
F(i, j) = Cells(13 + i, 3 +j)
Next j
Next i

Fori=0ToN1
Cells(13 + 1, 3).Select
ActiveCell.FormulaR1C1 = "=" + ux0tb
Cells(13 + 1, 4).Select
ActiveCell.FormulaR1C1 = "=" + uxtOtb
ux0(i) = Cells(13 + i, 3)
Y(i, 0) = Cells(13 + i, 3)
uxt0(i) = Cells(13 + i, 4)

Next i

Forj=1ToN2
Cells(13, 3 +j).Select
ActiveCell.FormulaR1C1 = "=" + utltb
Cells(N1 + 13, 3 + j).Select
ActiveCell.FormulaR1C1 = "=" + ut2tb
utl(j) = Cells(13, 3 +))
Y(0, j) =Cells(13,3 +))
ut2(j) = Cells(13 + N1, 3 +j)
Y(N1,j) = Cells(13 + N1, 3 +))

Next

Fori=1ToN1-1
Y(i, 1) = ux0(i) + ht * uxtO(i) + 0.5 * ht * ht * ((ux0(i + 1) - 2 * ux0(i) + uxO(i -

1)) / (hx * hx) + F(i, 0))
Cells(13 +1i,4) = Y(i, 1)

Next i

g =ht/ hx

Forj=1ToN2-1
AIFA(L,j))=0
Betta(1, J) = utl(j)

Next |

Forj=1ToN2-1
Fori=1ToN1-1
A(l,j+1)=sigma*g"2
B(i,j+1)=sigma*g"2
Ci,j+1)=1+2*sigma*g"2
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F1(,j+1)=2*Y(,))-Y@{-1,j))+ht*(1-2*sigma)*(Y(i+1,j)-2*Y(,
DHYG-1,))/ (hx*hx)+sigma* (ht*ht)* (Y@ +1,j-1)-2*Y(@,j-1)+ Y(i
-1,j-1))/ (hx * hx) + ht * ht * F(i, )

AIFAGI+1,j+1)=B@,j+1)/(C(,j+ 1) -AG, ]+ 1) *AIFA(G, j + 1))

Betta(i + 1, j + 1) = (A(, j + 1) * Betta(i, j + 1) + F1(i,j + 1))/ (C(i,j + 1) -
A, j+ 1) *AIFAG, j+ 1))

Next i

Fori=N1-1To1l Step-1

Yi,j+ 1) =AIFAGI+1,j+1)*Y(i+1,j+1)+Bettai +1,j+ 1)

Next i
Next j
Fori=1ToN1-1

Forj=1ToN2

Cells(13 + 1,3 +)) =Y(i, j)

Next j
Next i
diftengl.Hide

End If

End If

End If

End If

End If

End If

End If

End If

Worksheets("diftengl™).Activate
End Sub
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