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Annotatsiya: Ushbu maqolada matritsaning moduli (absolyut giymati) bo ‘yicha
eng katta xos sonini (eigenvalue) aniglash va unga mos xos vektorlarni topish
masalasi yoritilgan. Xususan, bu giymatlarning chizigli algebra va amaliy
matematikadagi o ‘rni, dinamik tizimlarni tahlil qilish, differensial tenglamalarni
yechish hamda fizikaviy va muhandislik modellarida qo ‘llanilishi ko ‘rib chigilgan.
Matritsaning xos sonlarini topishda kuchaytirish (power method) usuli asosida
iteratsion yondashuvlar tahlil gilinadi va algoritmik yechimlar misollar orgali
ko ‘rsatib beriladi. Tadgiqot natijalari yordamida real va kompleks xos sonlar uchun
moduli bo ‘yicha eng katta giymatni aniglashning samarali usullari yoritilgan.
Magola talabalarga, tadgigotchilarga va muhandislarga matritsalar nazariyasini
amaliyotda qo ‘llashda yordam berishni maqgsad giladi.

Kalit so‘zlar: matritsa, xos son, xos vektor, eng katta modulli xos son,
kuchaytirish usuli, iteratsion yondashuv, chizigli algebra, sonli misollar, kompleks
sonlar, matritsalar nazariyasi

Abstract: This article addresses the problem of determining the eigenvalue of a
matrix with the largest absolute value (modulus) and its corresponding eigenvectors.
Special attention is given to the role of these quantities in linear algebra and applied
mathematics, including applications in dynamic system analysis, solving differential
equations, and modeling in physics and engineering. Iterative approaches such as
the power method are discussed, and algorithmic solutions are illustrated through
specific examples. The results highlight efficient techniques for finding the dominant
eigenvalue in both real and complex cases. The article aims to support students,
researchers, and engineers in applying matrix theory to practical problems.

Keywords: matrix, eigenvalue, eigenvector, dominant eigenvalue, power method,
iterative approach, linear algebra, numerical examples, complex numbers, matrix
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AHHOTAUUA: B Oaunoti cmamve paccmampusaemcs 3a0a4yd HAXOHCOEHUs.
COOCMBEHHO20 YUCIA MAMPUYLL C HAUOOTLUUUM MOOYIEM U COOMBENCINEYIOUUX EMY
coocmeennvlx eexkmopos. Ocoboe 6HuUMaHUue YOeniemcs poau SMux GeluduH 8
JIUHEUHOU aeebpe u NPUKIAOHOU Mamemamuke, a maKdice 8 aHaiuse OUHAMULECKUX
cucmem, peueHuu oughpepenyuanbHulx YpagHeHull U MOOeIUposaHuy Gu3uvecKux u
UHOICeHepHbIX npoyeccos. H3znodiceHvl umepayuonHvle NoOXo0bl K HAXONCOEHUIO
COOCMBEHHBIX HUCell, 8 YACMHOCMU, Memod cmeneneu. Aneopummsl npeocmagiensl
Ha KOHKDEMHbIX NpUMepax, OeMOHCMpUupyrowux 3¢ gdexmusnocms onpeoenenus
HaubonbLUie20 No Mooya0 COOCMEEHHO20 HYUCAA KAK OJisl OeliCm8UmenbHbIX, maK u
0151 KOMNIEKCHbIX cayuaes. Llenb cmamvu — cnocobcmeoéams npaKmuieckomy
NPUMEHEHUI0 MeopUU MAmpuy CIMy0eHmamu, UCCIe008AMeIAMU U UHHCEHEPAMU.

KiroueBble cioBa: mampuya, cobcmeenHoe 3HaveHue, coOOCMBEHHbI BeKMOp,
cobcmeeHHoe 3Havenue ¢ HauboaIbUUM MOOYIeM, Memoo cmenexetl, umepayuoHHbolil
noo0Xo00, nuHelHas aneedpa, 4YucleHHvle NPUMEPbl, KOMNIEKCHble YUCId, Meopus.
mampuy.

Faraz qilaylik matritsaning barcha xos vektorlari chiziqli erkli bo‘lsin. Bu holda
matritsa oddiy strukturaga ega deyiladi.

1-hol. A matritsaning xos giymatlari quyidagi tengsizlikni ganoatlantirsin

] > |Aa] = . = 1441 (1)

Biz 4 ning taqribiy qiymatini topish usulini ko‘rsatamiz. Ixtiyoriy noldan farqli

¥© vektor olib, uni A matritsaning xos vektorlari @ lar bo‘yicha yoyamiz:
y© = b x4 px@ 4+ + b, x"

bu yerda b; lar o‘zgarmas sonlar. ¥ vektor ustida 4* matritsa yordamida

almashtirish bajaramiz:
y®) = gky(0) = Z b, Akx0) = z b 24X,
=1 =1

Bundan 4x = 4X% |igini e'tiborga olsak,

n
y®) = Z b Akx0)
=1 (2)

bo‘ladi.
Endi n o‘lchovli vektorlar fazosida L, L, --» L. bazis olamiz. Bu bazisda x%’ vektorni
yoyib yozamiz:

n

X(]) = Z xijli.

= (3)
Endi (2) dan (3) ga asosan
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ni hosil qilamiz. Bunda yig‘ish tartibini o‘zgartlrlb
&) = Z Z b Ax,
i

ga ega bo‘lamiz. Ichki summa L ning koeffitsiyenti, demak u ¥® vektorning -
koordinatasidir. Bundan quyidagini yoza olamiz:

(k) Z b Ak

Xuddi shuningdek,

k
( +1) Z b ﬂ,k+1 i

(6) ni (5) ga nisbatini olib,
P h ey b, A 5k bR
VO DX AR+ DoXiphh + oo+ by XA (7)

ga ega bo‘lamiz.

Endi b.x:., # o deylik, bunga erishish uchun ¥ vektorni va L. L, ... I bazisni kerakli
ravishda tanlash kerak.
(7) ni quyidagicha

k
Vi T Zn bjx_f}' (ﬁ)
j=2 lxil A’l

kelib chigadi. Demak, yetarlicha katta lar uchun
(k+1)

}!

A~

(8)
deb olishimiz mumkin.
Aniglangan 4. ga mos xos vektor sifatida v* ni olish mumkin. Hagigatan, (2) ga

ko‘ra
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n k 7

b; (4
(k) = p 2% [ X (L) xO
y bAj [ + b1</11) X

j=2

]

bo‘ladi. Yetarlicha katta k lar uchun

yk) > p 2k x@

taqribiy tenglikka ega bo‘lamiz. y*) xos vektor x** dan sonli ko‘paytuvchiga farq
gilyapti, demak, ¥4, xos songa mos keladigan xos vektordir. U matritsaning 4. Xos
soniga mos keluvchi x® xos vektorining yo‘nalishiga yaqin bo‘ladi. (8) ning o‘ng
tomoni i=1,2....n lar uchun berilgan aniqlikda bir xil bo‘lishligi 4 va x* ga
yaginlashganlik darajasini anglatadi.

2-hol. A matritsa xos sonining moduli bo‘yicha eng kattasi karrali bo‘lsin, ya'ni
A=Az =143 = .= ks Quyidagi

124] > |21l = |A51] =+ = 12, (9)
téngsizlik bajarilsin. Bu holda (7) tenglik
yfk“) (DX B & e b B DA B R AR 4§ B AR
y® - (bxis ¥ Dsxis+ s+ Dxe XS b iiiash s + v Dyxi Al

ko‘rinishga ega bo‘ladi. Bunda b.x:, + boxi» + ... + bsxis # 0 deb faraz gilamiz va (10)

ni quyidagi ko‘rinishda yozamiz:

k+1
n A
IS 7 e e = ) b"”(j)
Y; 1 1Xip + DoXjo + 00 + DsXis j=s+1 j'1

NG — M
Vi

n 2Kk
1 J
bho.|=L
R X v — Zj:s-(-l szj(’h) (20)
Bundan -« da (9)ga ko‘ra

V(k +1)

%ug (k) =A,i=12, . .0

k
kelib chigadi. Demak, yetarlicha katta lar uchun

,(k+1)
I

deb olishimiz mumkin. Bu esa (8) taqribiy tenglikning o‘zginasi, 4. ga mos vektor
deb, 1-holdagidek ¥* ni olishimiz mumkin. Boshlang‘ich ¥ vektorni boshgacha
olsak, boshqa xos, vektorni topish mumkin.
3-hol. A matritsaning xos sonlari quyidagi shartlarni ganoatlantirsin:

M=A=2=.=A=—ky=—dipn=="ly (11)
va
M1| = |Ar+p| > IAr+p+1| = 2 Mﬂl (12)
\M/
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Bu holda yuqoridagi jarayondan foydalanilmaydi, chunki (5) quyidagi ko‘rinishga
ega bo‘lib,

r+p

o Z bpgMi+ Y bpy(— 0+ ) bl

jEr+1 JErip+1
birinchi va ikkinchi summada A ning tartibi bir xil, lekin k ning o‘zgarishi bilan

ikkinchi summa o0°z ishorasini o‘zgartiradi. Shuning uchun

yl(k +1)

Vi
nisbat ¥ — < da limitga ega bo‘lmaydi. Bu holda ¥:
dan foydalanib, 43 ni topish mumkin:
yoki

(2k) (2k+2)

va ). e

(2k+1)

yoki ¥ “vay:

yfzk +2)

¥

y(2k+1)
yl(zk 1)

A matritsaning 4 va — 4: xos sonlariga mos keladigan vektorlari esa mos ravishda
Y& + 2,y® ya y&+ — 2,y bo‘ladi. Hagigatan ham, misol uchun y** + 2,y® vektorni
(11) ni e'tiborga olgan holda (2) ga ko’ ra quyidagicha yozamiz:

N A,i=1,2,..,n

NA,i=1,2,..,Nn

r+p n
plk+) 4 3 y(R) = AI;HZ bjx(J) +(— 1)kakn Z bjx(l) + Z bj/l}‘ﬂx(i) +
= j—r+1 JErip+
r+p
+A"“Z b+ (— 12k Y b0 42, Z bAfx0) =
j=r+1 jEr+pH1

- 2,1’;+1Z b+ D by(4+2)2kx0
=1 J=r+p+1
Bundan esa, (12)ni nazarga olib

ylett) 4 7y 0 = gk Z 2h;x) + Z (22 +2,2 )( ) bx¥)
j=1 J=r+p+
k
ga ega bo‘lamiz. Demak, yetarlicha katta uchun

.
ylet) 4 2y o gk Z 2bx)
=

bo‘ladi. Xuddi shuningdek,

T+p
y(k+1) —Aly(") ~ (- Al)kﬂ Z 2b1x(j)
j=r+1
wal .
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ekanligi ko‘rsatiladi.
Agar r va p yoki ulaming birortasi birdan katta bo‘lsa, dastlabki vektor ¥ ni
o‘zgartirib boshqa xos vektorlarni topish mumkin.
4-hol. A matritsaning moduli bo‘yicha eng kotta sonlar kompleks yoki modullari
bilan o‘zaro yaqin bo‘lhan holni ko‘ramiz. Faraz qilaylik, 4 va 4, xos sonlar qo‘shma
kompleks sonlar bo‘lib, quyidagi shartlar o‘rinli bo‘lsin:
1240 = 125] = |25] = |4] = = |2l
Quyidagi tagribiy tengliklar
y® =~ p Ak 4 p2kx @
ylt) 2 pgktiy) o p qkvix(2)
{(y(k+2) ~ pak2x() 4 p_pk+2,(2) (13)
mavjudligiga ishonch hosil gilish giyin emas. Bular orasida
y&2) — (4, + 1,)y%) + 2,4,y® =0 (14)
chizigli bog‘lanish o‘rinlidir. Agar hisoblash jarayonida y®, y®,y%2) yektorlar
orasida
y&+2) 4 pyl) 4 gy =0 (15)
chizigli bog‘lanish borligini ko‘rsak, u holda 4, va 4 lar
U2 +pu+qg=0 (16)
kvadrat tenglamani ganoatlantiradi. (16) kvadrat tenglamaning koeffitsiyentlari
quyidagi determinantlardan aniglanadi:

‘ k
1 yf") }’,(- )
U J’gkﬂ) y}(k+1) =0, i ¢j, l,] =12, ..,1
= 32 g
(17)

Demak, (17) dan ’ va ! topiladi, (16)dan esa 4 va 4, aniqlanadi, so‘ngra (13) dan
foydalanib xos vektorlar quyidagicha topiladi:
y(k+1) - /11}’0() = b,A, k(/12 - /11))5(1),
y& D — 2,y® = b, ¥ (A, — 2,)x.
Eslatma. Birinchi va ikkinchi hollarda ¥ vektorning iteratsiyalarini topish lozim
edi. Shu jarayonni tezlashtirish uchun quyidagicha yo‘l tutiladi:
A, 42, A4 A% A%
matritsalar ketma-ketligini hosil gilamiz.

Ma'lumki,
n
i=1
Z 2, 2k = Spa?* e
i=1 . S P
) —
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Bundan foydalanib, misol uchun 1-holda
ZA,:SpA,

Z A, 2k =SpA?*.
i=1

lardan

ekanligi kelib chigadi.
Xulosa: Ushbu magolada matritsaning moduli bo‘yicha eng katta xos sonini va unga
mos keluvchi xos vektorlarni aniglash masalasi nazariy jihatdan tahlil gilindi.
Kuchaytirish usuli asosida iteratsion yondashuvlar yordamida bu giymatlarni topish
bosgichlari batafsil ko‘rib chigildi. Tadgiqgotlar shuni ko‘rsatdiki, moduli bo‘yicha
eng katta xos sonni aniglash ko‘plab amaliy sohalarda jumladan, fizika, muhandislik,
iqtisodiyot va kompyuter fanlarida muhim ahamiyatga ega. Berilgan algoritmlar va
misollar asosida bu metodning qulayligi va samaradorligi isbotlandi. Kelgusida
murakkab matritsalar, katta o‘lchamli tizimlar va parallel hisoblash muhitida ham
ushbu usullarni takomillashtirish mumkinligi ta’kidlab o‘tildi.
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