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Anotatsiya: Ushbu maqolada chizigli algebraik tenglamalar sistemasini yechishda
qo ‘llaniladigan Eytken metodining nazariy va amaliy asoslari tahlil gilingan. Tadgiqotda
iteratsion yondashuvlar yordamida yechimgaéyezroq yaginlashishni ta'minlovchi Eytken
A? protsedurasining mohiyati yori,ti"ldi.'lnterpo yatsion tezlatuvchi sifatida bu metodning
hisoblash samaradorligi hamda yaq_i'hlashish' xususiyatlari bosgichma-bosgich
tushuntirib berildi. Amaliy misol sifatida’to ‘rt noma'lumli chiziqli tenglamalar sistemasi
Python dasturlash muhiti yordamida-yechilib, metodning-aniqligi va konvergentsiya
tezligi tahlil qilindi.- Natijalar- Eytken - metodining oddiy iteratsion usullarni
takomillashtirishda samarali vosita-bo-la olishini ko ‘rsatadi. - -~ _

Kalit so‘zlar: Eytken' metodi," 42 protsedura, iteratsion metéa,./interpolyatsiya,
yaginlashish, chizigli tenglamalar, kohVergentsiya, optimallashtirish, Python, algoritm.
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AHHOTAUMA: B omoil cmambe GHATUSUPYIOMCS MeOPemudecKue U NPaKmuiecKue
OCHOBbL  Memooda Sdmkeua,\ UCNONb3YEeMO20 015t peuternusl  cucmem JUHEUHbLX
aneebpauveckux ypaeweHuii. B ucciedosanuu Owvind oceeujeHa npupooa npoyeoypol
Duimkena A2, komopas obecneuusaem Oojee Ovicmpoe NpubaUNCeHUe K pPeueHuio ¢
nomowvbro umepayuoHHbLX n00x0006. Buiuuciumenvrnas 3‘(ﬁ¢€Kmu6HOCWlb amoeo
memooa 8 Kaqecmée ycKkopumeid unmepnojiiiyuu, a-makxoice ceoticmaea annpokcumayuu
OblIU 00BACHEHbL Wa2 3a wa2om. B kauecmee npakmuiyecKkoeo npumepa cucmema us
uyenmvlpex Heu3eeCcnHsvlx JUHEUHbIX ypaeﬂeﬂuﬁ oviaa peuteHa ¢ Uucnoib3oeaHuem cpeabz
npoepammuposanus Python ons anamuza mounocmu memooa u ckopocmu cxo0umocmu.
Pezynomamvl  nokasviearom, umo memod Dumrena Mmodxicem Obimb IPHeKMUEHbIM
UHCMPYMEHMOM OJISl YIIYYULEeHUSI NPOCMbLX UMePAYUOHHBIX MeMOo008.

KiwoueBble ciaoBa: memoo Oimkena, npoyedypa A2, umepayuouuwvlii Memoo,
UrmepnoJjAaAyusi, annpoKcumayus, JUHelHble YDABHEHUA, CXO@MMOCI’HI), onmumuzayus,
Python, arcopumm

Anotation: This article analyzes the theoretical and practical foundations of the
Eytken method used to solve a system of linear algebraic equations. The study
highlighted the essence of the Eytken A2 procedure, which provides afaster approach to
the solution using iterative approaches. As an interpolation accelerator, the
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computational efficiency and convergence properties of this method were explained
step by step. As a practical example, a system of linear equations with four unknowns
was solved using the Python programming environment, analyzing the accuracy of the
method and the speed of convergence. The results show that the Eytken method can be an
effective tool in improving simple iterative methods.

Keywords: Eytken method, 42 procedure, iteration method, interpolation,
approximation, linear equations, convergence, optimization, Python, algorithm.

Kirish: A. Eytken 1937-yilda xos son va xos vektorlarni topishdagi iteratsion
jarayonni yaxshilash metodini taklif gilgan edi. Umuman olganda Eytken metodini har
ganday iteratsion prosessga-ham qo‘llash mumkin. Biz hozir ana shu metodni ko‘rib
chigamiz. Faraz gilaylik,bizga x=¢ ga yaginlashuvchi p -tartibli jarayon

X, = (X, —1) @
berilgan bo’Isin. ¢(x) funksiydyordamida<

X-0(p(X)) — 0 (X
50 = X 2000 =9 (9
X=2¢(x) + p(p(x))
funksiyani tuzamiz.
Agar ¢'(&) #1vap=lbo’lsauholda

Xn+1 = ¢(Xn) LU T L Al 1 ‘/"/.

iteratsion jarayonning tartibi 2 dan kichik bofmaydi, p> 1 bo‘lganda esa 2p— 1 dan
kichik bo‘lmaydi. Bu tasdiqlarni is_;oot qilamiz.:Umu'mini‘kka zarar  yetkazmasdan,
E=0 deb olishimiz—mumkin. Agar &= 0, bo'lsa, x=&+2z,
o(X)—E=p(p+2)-& belgilashlarni kiritamiz. U Rolda x = ¢(x) tenglama

V]

@)

z = w(z) tenglamaga o’tadi, w(z) uchunqurilgan (1) funksiya

zw(W(z)) —W*(2) _ (X=EOW(@(X) = &) = (@()—=&)*
o z=2wW(Z2) +W(W(Z))  X—&—2(p(X— &) +w(e(X) — )
x@(p(X)) — @* (X) = S[x — 2¢(X) + @(@(X))] _ H(X)— £
X—2¢p(X) + p(e(X))

Q(z) =

ga o’tadi. Demak, E=0 deb olishimiz mumkin, X, :¢(Xn _1) p-
tartibli iterasiya bo’lganligi uchun ¢(x) ning x=0 nuqta atrofidagi yoyilmasi quyidagi
XP

¢(X) = Olpxp +ap+1

ko’rinishga ega bo’ladi. Bu yoyilmani (1) ga qo’ysak,
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hosil bo‘ladi. Bu ifodani p = 1 va p > 1 hollar uchun alohida-alohida tekshiramiz. Agar
p =1 bo‘lsa, u holda @(x) ning suratida x ning darajasi uchdan kichik emas (chunki

ikkinchi darajali hadlari o‘zaro bir-birlarini yo‘qotishadi), maxrajida esa x oldidagi
koeffitsient

1-2a, +o , =1- 20+, =(1-'(0))* 0.

Demak, maxrajda X ning birinchi dgraja maVJud va ¢(x) ning darajali qatordagi

yoyilmasi hech bo‘lmaganda x? dan boshl adi; Shunlng uchun ham ¢'(¢)=0 va
(2) iteratsiyaningtartibi 2 dan k|ch|k emas

Agar p > 1 bo‘lsa, (3) niyag suratida x ning eng kichik darajasi 2p ga teng bo‘lib,
maxrajda x ning 1- darajasi gqatnashadi.,Demak, @(x) ning darajali gatordagi yoyilmasi
hech bo‘lmaganda sz = dan bOShlanadl Ya’ n1 hech bo lmaganda i=12,...,2p-2 lar
uchun (&) =0. Bu esa (2) 1terats1yan1ng tartlbl hech bo* lmaganda p —1 ga teng

ekanligini ko ‘rsatadi. ——
1- izoh. Agar dastlabki yannIaShISh %o § ga har gancha yaqin bo‘lganda ham, 9 (x)

bilan aniglangan iteratsiya yaqlnlashmasa( masalan, lp'(&) =1 bo‘lganda) ham (2)
iteratsiya. X, & ga yetarliecha yaqin“bo‘lganda yaginlashadi. Chunki @'(&)=0
bo‘lganligi uchun x= ¢ ning shunday atrofi topiladiki, u yerda @"(&) < g <1 bo‘ladi.
Bu esa, X, shu atrofdan olingan bo‘lsa, X, = @(x, —1) iteratsiyaning yaqginlashishi
uchui yetarli shartdir.

2- izoh. (1)-bilan anlqlangach @(x) ning oshkor ko*rinishi ma lum bo‘lmasa ham (2)
formula bilan iteratsiyani qurish mumkin. Buni quyidagi usul bilan bajarish mumkin.
X, dan boshlabavvalo

X, = @(X,) va X, =¢(X)

ko’riladi, keyinesa x, ni

Xo X, — X7,

X —
2 X, — 2%, + X,

formula yordamida aniglaymiz.

Agar  0Ox =X, —X, 0°x =%, —2%,+x deb osak, x, ni quyidagicha ham

i+1

yozish mumkin:
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Ox,)?
07X,
Navbatdagi iterasiyalarni

Xy =Xy —

(1%,)°
1% x,

=@(X3), X = @(X,), X5 = X5 —

formulalar yordamida ko’ramiz.
Shunday qilib, biz quyidaagi iterasion jarayonga ega bo’lamiz:

3|+1 ¢(X3|)
X100 = P(% +1) (i=0,1,2,..)
(0%)?
Xsivz = X3i — D23 \

Oxirgi formulaning ko’ r1n15h1g2}/qarab odat a Eytken metodi Eytkenning  jarayoni
deyiladi. ;

A

HAYOTIY MASALA: RC zanjirda vagt konstantasini aniglash (EYTKEN
METODIGA ASOSLANGAN) .

Vaziyat: Bir elektronika muahandisi ' RC (re2|stor kondensator) zanjiri asosida
ishlaydigan signalni filtrlovchi qurllma loylhalamoqda U zanjlrnlng vagt konstantasi ¢
ni aniqlashi kerak, chunki bu parametr 51gnaln1ng,sek1n yoki tez o‘tishini belgilaydi.

Muayyan tizim uchun 7 ni quyldagl tenglama orqatli toplsh kerak:
T=e"
Bu tenglama analitik tarzda yechimi bo‘lmagan trafissendental tenglama hisoblanadi,
shuning uchun muhandis numerik yechim izlaydi; U quyidagi iteratsion formulani
tanlaydi:
X, =€’
Boshlang‘ichnuqta sifatida X, =0.5deb oladi.

Oddiy iteratsiya:

1. x,=05
2. % ~0.6065
3. Xx,~0.5452
4. X =~0.5675
Iteratsiyalar sekin yaqinlashmoqda, Eytken metodini qo’llasak bo’laveradi:
onr s~
—2X, 4+
Qiymatlarni qo’yamiz:
1. X% =05
2. X% ~0.6065
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3. x,~0.5452
4. x,~0.5796
_ 2 2
X" ~0,5-—(06065-0.5) =05— (0.1065) =0.5675
0.5452-2-0.6065+0.5 0.5452-1.213+0.5
Natija:

o Oddiy iteratsiya uch bosgichda: x, ~0.5796

e Eytkenusuldaesa: x" ~0.5675
Demak, Eytken usuli ancha tez va aniqroq yaqinlashuvni ta’minladi.

Muhandis uchun foyda:
Eytken metodi yordamida:

o Hisoblashtezlashdi.

« Qurilmaning vaqt konstantasi aniqg belgilandi.

e Qurilmaning signallarnito‘g‘ri fil\trlas}Zkafolatlandi.

Xulosa: A A ay

Eytken metodi, aynigsa, murakkab tizimlar va jarayonlar modellari uchun soddaligi va
samaradorligi bilan ajralib turadi. Bu metod.har bir iteratsiyada tizimning xulg-atvorini
tahlil qilib, maqgsad funksiyasining o‘zgarishiga qarab yechimga yaqinlashadi. Eytken
metodining afzalliklaridan biri, tizimlar va jarayonlarning vaqt o‘tishi bilan ganday
o‘zgarishini o‘rganish-imkonini -berishi;. bu-esa.uning-ilmiy-va amaliy tahlil uchun
qulayligini ta'minlaydi.  Simmetrik ' va | musbat  aniglangan tiz'rmla/rda metodning
konvergensiya xossalari kafolatlanganbu esa-uningigtisodiyot, ijtimoijfanlar va boshga
sohalarda muvaffaqiyatli qo‘llanilis}fi'ﬁi ta'minlaydi. Magolada keltirilgan amaliy misollar
va tasdiglovchi tahlillar orgali Eyt-'ken metodiﬁing samaradorligi, aniqligi va yuqori
darajadagi yaqinlashish tezliglko‘réatildi. Bu esa metodni yanada kengroq o‘rganish va
qo‘llash uchun qulay va samarali vosita ekanligini tasdiglaydi.
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