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Anotatsiya : Mazkur magolada noaniq va murakkab tenglamalar sistemalarini
yechish muammosi hamda ularni sonli usullar orqali yechish yo‘llari ko ‘rib
chigilgan. Jumladan, Nyuton metodi asosiy e’tiborga olingan bo ‘lib, uning
matematik asoslari, algoritmik tuzilishi va amaliy qo ‘llanish imkoniyatlari yoritilgan.
Metodning tez konvergentligi, anigligi va algoritmik soddaligi uni zamonaviy
hisoblash matematikasida muhim o ‘rin egallashiga sabab bo ‘ladi. Magolada,
shuningdek, Nyuton metodining afzalliklari va kamchiliklari tahlil gilinib, uning
samarali ishlashi uchun zarur bo ‘Igan shartlar ko ‘rsatilgan. Misollar orqali usulning
amaliy jihatlari yoritilib, sonli hisoblashda tutgan o ‘rni asoslab berilgan.

Kalit so’zlar: Yakobi matritsasi, vaktor funksiya, Teylor gator, Gorner sxemasi,
Nyuton usuli, determinant.

Annotation :This article explores the problem of solving nonlinear systems of
equations and the application of numerical methods for finding approximate
solutions. Special attention is given to the Newton method, including its
mathematical foundation, algorithmic structure, and practical applications. The
method’s rapid convergence, high accuracy, and algorithmic simplicity make it a key
tool in modern computational mathematics. The article also analyzes the advantages
and limitations of the method and outlines the necessary conditions for its effective
implementation. Practical examples are provided to demonstrate the application and
significance of the method in solving nonlinear systems.

Key words: Jacobi matrix, vector function, Taylor series, Gorner scheme,
Newton's method, determinant.

AHHOTAUMSI: B Oaumnoii cmamve paccmampueaemcs 3a0ayd — peuleHus
HeNIUHEUHbIX Ccucmem ypaenenud U npuUMeHeHue YUCJIEeHHblX Memoooe 0
Haxoxcoenuss npubaudicénHnvlx pewenu. Ocoboe GHUMAHUE YOeNeHO Memooy
HbIOMOHCl, GKJIIOYAas €20 MamemamuiyecKue OCHoebl, AdicopummudecKyro cmpyKnypy
u npakmuieckoe npumeHeHue. Eblcmpaﬂ CXO@MMOCI’I’Ib, 6bICOKAAl MOYHOCMb Uy -
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aneopummu4ecKkas npocmoma O0eiaronm dmom Memoo BaANCHbLIM UHCMPYMEHMOM
COBPEMEHHOU GbIYUCTUMENLHOU MamemamuKky. B cmamve makoce ananuzupyiomces
npeumywecmea U HeOOCMAmMKU Memood, d makdice NPUBOOIMcs YCao8us.,
Heobxooumble 0l e20 3hpexmusnoco ucnoavzosanus. llpakmuueckue npumepol
0eMOHCMPUPYIOM NPUMEHEHUE Memo0d 8 PeuleHUU HeIUHEUHbIX CUCTHEM.

KarwueBble cioBa: Mampuya Axobu, eexmopuas gynkyus, psao Teiinopa, cxema
T'opnepa, memoo Hviomona, onpedenumers.

Biz bu yerda Nta X,X,,.., X, noma’lumli N ta
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tenglamalar sistemasini yechish uchun Nyuton metodini ko‘rib chigamiz. Yozuvni
gisqaroq gilish magsadida XX orgali x=(x,X,,...x,) vektorniva f(x) orgali

FOX) = (FL (%0 Xarees X ) oees £ (X0 X100 X))

Vektor funksiyani belgilaymiz. U holda, (1) sistemani bitta

f(x)=0

vektor-tenglama shaklida yozish mumkin. (1) sistemani yechish uchun Nyuton
metodi, tabiiyki bitta sonli tenglama uchun yuqorida ko‘rib o‘tilgan metodning
umumlashganidir. Yuqoridagidek bu yerda ham metodining asosiy g‘oyasi chiziqli
bo'lmagan sistemani ketma-ket chizigli sistemaga keltirishdan iboratdir. Agar aniq
yechim bilan taqribiy yechim orasidagi xato yetarlicha kichik bo‘lsa, ajratib olingan
chizigli qism tenglamalar sistemasining bosh qismi bo‘ladi.
Faraz gilaylik, bizga (1) sistemaning tagribiy yechimi x =(x©,x,9,...x.®) ma’lum
bo'lsin, e=(s.6,.me,) Orgqali 2-x" =(&-x®&-x,...& —x ). vector-xatoni
belgilaymiz. (1) sistemada x o’rniga X +¢ ni qo’yib, hosil bo‘lgan sistemaning
chap tomonini ¢,¢,,..,&, larning darajalariga nisbatan Teylor qatoriga yoyib,
&,&,..,& @Qa nisbatan chizigli gismini saglab, quyidagi tarkibiy sistemaga ega

bo‘lamiz:
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afl(x ) + +af1(x )8 ~—f ()_(0)

o o,
........................................... 2)
61:n (;0) -+ n()_( ) _fn()_(o)

X n

(0)

Bu sistemani yechib, xatoning tagribiy giymati s = (5,2, ..e.") ni topamiz.

£ ni X ga qo‘shib, navbatdagi yaqinlashish vektorini hosil qilamiz:

X =X 420 2 (x4 20,1, 4 20,

n n

O‘z navbatida X" anShI|aShImIZ uchun buning uchun X" o* rniga X qo‘yib, (2)

ko‘rinishidagi sistemani tuzish kerak. Shunday qilib, agar (2) ko‘rinishidagi
sistemalar yechimga ega bo'lsa biz ketma-ket yaginlashishlar vektorlarini topamiz .
Qulaylik uchun Yakobi matritsani kiritamiz:

o (x) of(x) |
Yy
T — . (3)
of,(x)  af,(x)
o oax, |
Bu matritsa il?l(cg)|f'(z)|=m1>0, SU|(o)|f"(z)|=|\/|2 yordamida  sistemani
Zelr zeU, (¢

quyidagi bitta vector-sistema shaklidamyozishimiz mumkin:

f—x(;(o))g(o) _ —T(i(o)).

Faraz gilaylik, x=¢ nuqtada f (£) maxsusmas matritsa bo’lsin. Determinant oz
elementlarining uzluksiz funksiyalari bo’lganligi uchun x=¢ nugtaning biror G
atrofida (2) maxsusmas matritsa bo’lib, uning teskarisi 1(X) mavjud bo’ladi.

Faraz qilaylik, X" eG y vaqtda (3) ning har ikkala tomonini f(x) ga
ko‘paytirib,
E(O) n _?;1 (;(0))?(;(0))

yoki

X X =1 TE).

ni hosil qilamiz. Agar X ,XZ, " lar G atrofda yotsa uholda x"“™ ni
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tenglikni topamiz. Bu X ketma ket yaqlnlashlshlarnl topish uchun Nyuton
goidasidir. Bu qoidaning amalga oshishi uchun X (k:0,1,2,...) lar f(x) ning
aniglanish sohasida yotishi va f_x(i(k)) matritsalar maxsusmas bo’lishi kerak.
Biz hozir L.V.Kantarovichning |z, —¢|<q**|z,—¢|- Nyuton jarayonining
yaginlashishi hagidagi teoremasini isbotsiz keltiramiz.

Teorema. Agar f(x) vektor- funksiya va dastlabki yaginlashish vektori X"

quyidagi shartlarni ganoatlantirsa:
1) X% nugtada T.(x”) Yakobi matritsasining determinanti A =aA(T,(x”)(x"))

noldan fargli va gf—' elementning algebraik to‘ldiruvchisi A, bo’lib va
Xk

1 _
— »|A|<B (k= :
|A|JZ_1:| Jk| (k=1,n);
baho o‘rinli bo’lsa;
2) |16 =n (=L
3) X" ning
‘x—x ‘<2877 (i= 1,_n);

atrofidagi nugtalar uchun
yu@
DI
tengsuhklar bajarilsa;
4) B,n,L migdorlar

<L (i=1n);

1
h=B*nL<=
T==3

shartni ganoatlantirsa, u holda X nugtaning
‘x. —x(o)‘gl_— “1h_2hB¢7 (i Zﬁ);

atrofida (1) Sistema yagona &=(&,5,,...¢&,) yechimga ega bo‘lib, (4) bilan

aniglangan X" —(X1 3L xM) Nyuton ketma- ketligi yaginlashadi va shu bilan
birga, yaqlnlashlsh tezllgl
m 5‘ L (an? ey

. t'/.
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tengsizlik bilan baholanadi. Shunga o’xshash teoremani Nyutonning
modifikatsiyalangan metodi uchun ta’riflash va isbot qilish mumkin. Shuni ham
ta’kidlab o’tish kerakki, (2) sistemadatenglamalar soni ikkita bo‘lganda bu sistemani
determinantlar yordamida yechish kerak. Tenglamalarning soni ikkitadan ko‘p bo’lsa,
bunday sistemalarni keytingi bobda keltiriladigan metodlarning birortasi bilan
yechish ma’quldur. Agar bizga ikkita

{f(x, y) =0,
g(x,y)=0

tenglamalar sistemasi berilgan bo‘lsa, u holda (4) qoida quyidagicha yoziladi:

g,f-f9
Xe,g = X — gy ¥Y
fxgy_fygx

X=X,
Y=Y

(k=0,1,2...)

Misol:
Berilgan: {

fg—g. f
v |y y
Y = Yk (fxgy_ fng]

X=X,
Y=Y

x +31gx — x> =0
27 — XX, —5% +1=0

Yakobi matritsasi

3
W(X)=| 2

+1

2%, —

—2X,

X, =9 —X

Datlabki baholash

34
X0)= )

X0 =

1)

o X(0) =

2)

FX(0) =

3)

"3 47
X()=122]

va hokazo

Takrorlash natijalarini jadvalga umumlashtitramiz.
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max(|Ax,|,|Ax,|) < & aniqlikda hisoblashni to’xtatamiz.

0 3.4 0.097 2.2 0.076
1 3.497 2.276
Misol:

P(x) Kophadni (x—a) ga bo’lganingizda (bu Gorner sxemasi orqali amalga
oshiriladi) quyidagi shartlar bajarilsin:

b,=28,>0b >0 (i=1n)

Talab gilinadi: P(x) ning barcha ildizlari « dan kichik ekanligini ko’rsating.

-Teoremaning mazmuni: Agar P(x) ko’phadni x— « ga bo‘lganda Gorner
sxemasidagi barcha koefitsientlar musbat bo’lsa, u holda:

» Ko’phadning barcha haqiqiy ildizlari « dan kichik bo’ladi.

Bu- Shturm yoki Rouce-Descartes teoremalarining xos shaklidir.

Gorner sxemasi hagida aytaylik:

P(x)=x*+3x*+3x-1 P(a) >0 ni hisoblashda:

by =2y

b =ba+a

b, =ba+a,

b,=b, ,a+a,

Shart: Hamma b, >0 bo‘lsin

Isboti: Faraz gilaylik , P(x) ning hech bo‘lmaganda bitta ildizi bo‘lsin, s>«
bo‘lsin,

Lekin x=¢ nuqgtasida Gorener sxemasi orgali har bir oraliq giymat b >0
bo‘Imoqgda. Bu esa shuni anglatadiki: P(«) >0, Bundan tashqgari, ko‘phadning giymati

va hosilalari hasm musbat bo‘lishi mumkin.

Bu esa shuni ko‘rsatadi: x=« va undan kata nuqgtalarda ko‘phad O bo‘lmaydi.
Shuning uchun , barcha ildizlar « dan kichik bo‘lishi kerak.

Aytaylik : P(x) =x>+3x* +3x-1

Bu ko‘phadning ildizlari aslida x=1 bo’yicha uch karrali ildizga ega( ya’ni) (x-1)°

Tekshirib ko‘ramiz, masalan « =2 deb olaylik va Gorner sxemasi gilamiz:

o, =la,=-3a,=3a,=-1

a =2
Hisoblaymiz: o
N3
/2>
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b, =1
b =ba+a =1*2+(-3)=1  -Bu manfiy, demak bu «=1qiymati mos emas.
Endi o =0.5deb olaylik:

b, =1
b =1*1+(-3)=-2 - hamon manfiy

Fagat o« =1da:

b, =1

b =1*1+(-3)=-2 -Bu ham manfiy. Shunday qilib, Bu ko’phadda

Gorner sxemasi orqali barcha bo’ladigan b >0 bo’ladigan « yo’q, bu esa uning

ildizi o dan kichik emasligini bildiradi. Xulosa qiladigan bo’lsak agar « >0 topilib,
Gorner sxemasida barcha b >0 bo’lsa, demak:

P(x) ning barcha ildizlari dan « kichik.

Xulosa

Tenglamalar sistemasini yechishda Nyuton usuli — yuqori aniglikka ega, tez
konvergent hisoblash usuli sifatida keng qo‘llaniladi. Bu usul iteratsion jarayon
orgali har bir gadamda yechimga yaqinlashib boradi va, aynigsa, boshlang‘ich nuqta
yetarlicha aniq tanlanganda, tezda natijaga erishiladi. Metod asosida funksiyaning
Taylor gatoridan foydalanish yotadi va har bir iteratsiyada Jakobi matritsasining
hisoblanishi talab etiladi. Bu esa Nyuton usulini kuchli va noaniglikni kamaytiruvchi
vosita sifatida tavsiflaydi. Shu bilan birga, usulning konvergentsiyasi har doim ham
kafolatlanmaganligi sababli, boshlang‘ich taxmin va funksiyaning xossalariga
alohida e’tibor qaratish zarur bo‘ladi. Umuman olganda, Nyuton metodi — murakkab
va noaniq tenglamalar sistemasining sonli yechimini topishda samarali, matematik
asoslangan va amaliy jihatdan qulay yechimlardan biri bo‘lib, ilmiy va texnik
sohalarda keng tatbiq etiladi.
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