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MATHEMATICS
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CHIZIQLI ALGEBRAIK TENGLAMALAR SISTEMASINI ODDIY ITERATSIYA USULI
BILAN MATHCAD MUHITIDA SONLI YECHISH

Imomova Shafoat Mahmudovna,

Buxoro davlat universiteti Amaliy matematika va

dasturlash texnologiyalari kafedrasi dotsenti

s.m.imomova@buxdu.uz

Mardonova Maftunabonu Abrorovna,

Buxoro davlat universiteti Amaliy matematika (sohalar bo yicha) mutaxassisligi magistranti

Annotatsiya. Nazariy va tatbigiy matematikaning ko’pgina masalalari birinchi darajali chizigli
algebraik tenglamalar sistemasini yechishga olib kelinadi. Masalan, funksiyaning n-ta nugtada berilgan
giymatlari yordamida n-tartibli ko’phad bilan interpolyatsiyalash yoki funksiyani o’rta kvadratlar usuli
yordamida yaginlashtirish masalalari birinchi darajali chizigli tenglamalar sistemasini yechishga keltiriladi.
Maqolada chizigli algebraik tenglamalar sistemasini oddiy iteratsiya usuli bilan mathcad muhitida sonli
yechish haqgida ma’lumot berilgan.

Kalit so’zlar: chizigli algebraik tenglamalar sistemasi, iteratsiya, oddiy iteratsiya usuli, matritsa,
determinant, norma, vektor, yaginlashish.

YUCJEHHOE PEHIEHUE CUCTEMBbI JUHEWHBIX ATTEBPAUMYECKHAX
YPABHEHUU METOAOM ITPOCTOU UTEPALIUU B CPEJE MATHCAD.

Anomauus. Mnozcue 3a0auu meopemuyeckou U NPUKIAOHOU MAMEMAMUKU CEOOSIMCS K PeuleHuro
cucmembl JUHEUHbIX aneeOpaudeckux YPAasHeHUll nepeoco nopsoxa. Hanpumep, npu nomowu 3Hauenutl
@dyHKYUU, 300aHHbIX 8 MOUKe N, 3a0a4u UHMEPNONAYUU C MHOSOULEHOM N-20 NOPSAOKA UNU ANNPOKCUMAYUU
@YHKYUU MemoOoM CPeOHUX KEAOPAmos CGOOSAMCS K PEUleHUI0 CUCMEeMbl JUHEUHbIX YPAGHEeHULl Nepeo2o
nopsoka. B cmamve npedcmaesiena uHpopmMayus 0 YUCIeHHOM PEUEHUU CUCMEMbL TUHEUHbIX A12eOpauieckux
VpasHeHUll NPOCMbIM UMEPAYUOHHBIM Memooom 6 cpede Mathcad.

Knioueevie cnoea: Cucmema nunelnvix aneeOpauyeckux YpaeHeHutll, umepayus, mMemoo NpoCHmbIX
umepayuil, Mampuya, onpeoeumens, HOpMd, 6eKmop, annpoKCUMAayusl.

NUMERICAL SOLUTION OF A SYSTEM OF LINEAR ALGEBRAIC EQUATIONS BY
SIMPLE ITERATION METHOD IN THE MATHCAD ENVIRONMENT.

Abstract. Many problems in theoretical and applied mathematics are reduced to solving a system of
linear algebraic equations of the first order. For example, using the values of a function specified at point n,
problems of interpolation with an nth-order polynomial or approximation of a function by the mean squares
method are reduced to solving a system of first-order linear equations. The article provides information on the
numerical solution of a system of linear algebraic equations using a simple iterative method in the Mathcad
environment.

Keywords: System of linear algebraic equations, iteration, simple iteration method, matrix, determinant,
norm, vector, approximation.

Kirish. Chiziqli algebraik tenglamalar sistemalari chiziqli algebraning muhim matematik modeli bo’lib
hisoblanadi. Ular asosida quyidagi amaliy matematik masalalar hal gilinadi:

- chizigli algebraik tenglamalar sistemalarni to’g’ridan-to’g’ri yechish;

- matritsa determinantlarini hisoblash;

- teskari matritsa elementlarini hisoblash;

- matritsaning xos giymatlari va xos vektorlarini aniglash.

Chizigli algebraik tenglamalar sistemalarni yechish, hisoblash matematikasining keng targalgan muhim
muammolaridan biridir. Chunki ko’plab chizigsiz xarakterga ega bo’lgan amaliy masalalar, differensial
tenglamalar va yana bir gator masalalarning yechimlarini topishda masala chizigli algebraik tenglamalar
sistemalarni yechishga olib kelinadi.
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Asosiy gism. Chiziqli algebraik tenglamalar sistemalarni yechish ikki guruhga bo’linadi: to’g’ri (aniq)
usullar va iteratsion (yaginlashuvchi) usullar.

Iteratsion usullarning afzalligi ularni yomon shartlangan va yuqori tartibli sistemalarni yechishda
qo’llanilishidir. Iteratsion usullar masala yechimini topish uchun yechimga yaqinlashuvchi gandaydir
boshlang’ich yechimni berishni talab qiladi.

Oddiy iteratsiya usuli

Ay X + X, +a, X, :bl
Ay X +ApX, + 8y X, = b2

1)

a X +a, X, +a, x =b,

nn°'n
Iteratsiya usulini qo’llash uchun (1) sistemani quyidagi
X=0Gx+ f (2)
ko’rinishiga keltirish kerak, keyin iteratsiya jarayoni quyidagi takroriy formulalar bo’yicha amalga
oshiriladi:

x40 =Gx® + f, k=012,.... @)

Matritsa G va vektor T ni (1) sistemani o’zgartirish natijasida olinadi.
Teorema. Agar

IG] <1 (4)
bo’lsa, (2) tenglamalar sistemasi yagona yechimga ega va (3) iteratsion jarayon har qanday X ©

boshlang’ich yaqinlashish bilan yechimga yaginlashadi.
Isbot. (3) formulaga asosan quyidagini yozish mumkin:

x(H) g () G(Xk _ Xk—l)
Ayirmaning normasini baholaymiz:
||x(k+1) — x(k)” < |G|l - ||x(k) — x(k—l)” < |IG]|* - ”x(l) — x(O)”

Shunday qilib, (4) bajarilsa, {xx} ketma-ketligi yaginlashuvchi, ya’ni

x ) — x*
k—o0
bo’ladi.
U holda biz, iteratsiya jarayonida (3) tenglikdan
X =GX +f

ni olamiz. Odatda X vektor sifatida nol vektorni, birlik vektorni yoki (2) dan f vektorni
tanlaymiz. Teorema isbotlandi.

Natija. Zaijxj - bi sistema uchun, agar A matritsa elementlari uchun

n
|aii| > Z‘aij" | :1,2,..., n
j=i
shart bajarilsa, iteratsiya usuli yaginlashadi.

(®)
Darhagiqat, G matritsaning elementlari
ga teng bo’lganligi sababli, matritsa normasining ta'rifidan (4) ni olamiz va (3) jarayon yaqinlashadi.

Berilgan (1) sistemani (2) shaklga o’tkazish uchun ko’plab yondashuvlar mavjud.
Masalan,
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A=B+C , bu yerda det B 750,

bo’lsin, u holda (1) sistema
(B+C)x=Db
ko’rinishga ega bo’ladi.
Oxirgi tenglikni quyidagi ko’rinishda yozamiz:
Bx=-Cx+b
Bu tenglikni B~ ga ko’paytiramiz
B'Bx=-B'Cx+B™b

natijada X= —B_1CX + B_lb

ko’rinishdagi (2) sistemani olamiz, bu yerda

-B7'C=gG, B'o=f
Shu bilan birga A=B+C tenglik ixtiyoriy bo’lishi mumkin emas.
(1) sistemani boshqa yo’l bilan (3.2) ko’rinishga keltirilishi mumkin.

Ax =D
sistemani biz
Ax—b=0
ko’rinishida yozib olamiz.
Oxirgi tenglikning ikkala tomoniga X ni qo’shamiz:
X+ (Ax-b)=x

Va buni quyidagicha o’zgartiramiz:
X=X+a(AX—b) =X+ aAXx—ab = (E + adA)X— b =Gx+ f
Q' parametrini tanlab (4) shartining bajarilishiga erishish mumkin.

|Gl =]E+oA <1.

Agar A matritsa elementlari uchun (5) shart bajarilsa, u holda B matritsani quyi uchburchakli matritsa
sifatida quyidagicha ifodalaymiz:

a, O 0
a,, a 0

B=| * % . a; %0
anl anz ann

(5) shartni bajarilishi bilan (1) sistemani (2) sistemaga almashtirishning yana bir usuli mavjud. Quyidagi
rekurent formulalar yordamida (3.1) sistemaning har bir I -tenglamasida X; -ni ifodalash:
k 1 \ k-1 \ k-1
=L

Qi | j=1;j=1
bu yerda

Agar A matritsasi elementlari uchun (5) shart bajarilmasa, ularni chizigli almashtirish orqgali (1)
sistemaga teng kuchli sistemaga almashtirish kerak.

Natijalar. Quyidagi sistemani garaymiz:
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2x, —1,8x,+0,4x, =1,
3X, +2X, =11x, =0;
X — X, +7,3%, =0;

Ko’rinib turibdiki, birinchi va ikkinchi tenglamalar (5) shartni ganoatlantirmaydi. Uhinchi tenglama
esa (5) shartni qanoatlantiradi. Shuning uchun uchinchi tenglamani o’zgarishsiz qoldiramiz.

(5) shart bajarilishi uchun mirinchi tenglamani & ga, ikkinchi tenglamani IB ga ko’paytiramiz, ikkala
tenglamani qo’shamiz. Hosil bo’lgan tenglama

QCa+3p)x +(-18a+20)x, + (0,4 -11p8)X, =«
(5) shartni ganoatlantiradigan gilib & va B ni tanlaymiz.
Agar & = B =3 deb olsak, biz 29X +X, =35X; =5 tenglikka ega bo’lamiz.
Ikkinchi tenglamada (5) shart bajarilishi uchun quyidagi amallarni bajaramiz. Birinchi tenglamani 7/

ga ko’paytiramiz, ikkinchi tenglamani o ga ko’paytiramiz. So’ngra ikkinchi tenglamadan birinchi
tenglamani ayiramiz:

(B0 —29)% + (20 +18y)X, + (<110 -0,4y)X, =—y .
0 =2, ¥ =3 deb olsak
0-x,+94-X,-34-%,=-3

tenglikka ega bo’lamiz.
Natijada quyidagi sistemaga ega bo’lamiz:

25X, + X, —3,59%; =5;
9,4x, —3,4X, =-3; @)
X, =X, +7,3%, =0;
Endi (3.7) sistemani har bir tenglamasini dioganal elementga bo’lamiz. Natijada
X, +0,04x, —-0,14x, =0,2;
X, —0,36%; =-0,32;  yoki
0,14x, —0,14x, + X, =0;
X, =—0,04x, —0,14x, +0,2;
X, =0,36x; —0,32;
X, =—014x, +0,14X,;

sistemaga ega bo’lamiz.
Boshlang’ich yaqinlashish sifatida
x@ =(0,2,-0,32;0)"
vektorini olamiz.
Bu sistema uchun (2) iteratsion jarayon quyidagi ko’rinishda bo’ladi.

X1(k+l) _ _0'04)(5'0 + 0,14x§k) +0,2;
x5V =0,36x5 —0,32;
x{D = -014x% +0,14x9,

k=012,...
Hisoblash jarayoni ikkita ketma-ket yaginlashuvchi yechim vektorlari orasidagi farq berilgan
aniglikdan kichik bo’lganda to’xtaydi, ya'ni

‘X(k+1) —X(k)‘ < &
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Endi chizigli algebraik tenglamalar sistemasini oddiy iteratsiya usuli bilan Mathcad muhitida sonli
yechamiz.

6 1 -1 6
A=|1 7 2 f=| 10 o= 1072
-1 2 8 9

E = identity (rows (A))
r = 012

B=E-« A

p = max(|eigenvals (B)\))

uo

no = ceil| ——=—
1
In( j
p +e¢
no =7 o = 0486 ki=1.n0
0.5
(K (k-1)
X =B-Xx
O _ o5
0.5
0.99892608622592
N0 _ | 1 0100873068544
0.99916912173056
KN _ Sn0-D _ 1290 193

Xulosa. Birinchi darajali chizigli tenglamalar sistemasini hosil gilishning manbai uzluksiz
funksional tenglamalarni chekli ayirmali tenglamalar bilan yaginlashtirishdir. Birinchi darajali chizigli
tenglamalar sistemasini yechish asosan ikki usulga, ya’ni aniq va iteratsion usullarga bo’linadi. Iteratsion
usullarda chizigli tenglamalar sistemasining yechimi ketma-ket yaginlashishlarning limiti sifatida topiladi.
Magolada chizigli tenglamalar sistemasini yechishning oddiy iteratsiya usuli va yaginlashishi hagida batafsil
ma’lumot berildi. Chizigli tenglamalar sistemasi uchun Mathcad muhitida sonli yechim olindi.
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