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Annotatsiya. Ushbu maqolada o’zgarmas koeffitsiyentli chiziqli differensial
tenglamalar sistemasini, xususan, o’ng tomoni maxsus ko’rinishga (eksponenta,
ko’phad, sinus va kosinuslar kombinatsiyasi) ega bo’lgan holatlarni yechish usullari
tahlil gilinadi. "Anigmas koeffitsiyentlar usuli"ning algoritmi va rezonans holatlari
batafsil yoritiladi.

Kalit so‘zlar: Differensial tenglamalar sistemasi, o‘ng tomoni maxsus
ko‘rinishdagi funksiyalar, anigmas koeffitsiyentlar usuli, xususiy yechim, rezonans,
xarakteristik tenglama.

Abstract: This article analyzes methods for solving systems of linear differential
equations with constant coefficients, particularly for cases where the non-
homogeneous term (right-hand side) has a special form (combinations of exponentials,
polynomials, sines, and cosines). The algorithm of the "method of undetermined
coefficients" and the conditions for resonance are discussed in detail.

Keywords: System of differential equations, functions of special form, method
of undetermined coefficients, particular solution, resonance, characteristic equation.

AHHOTauMs: B MaHHOW cTaThbe AHAIM3UPYIOTCS METOABl PELICHUS CHCTEM
JUHEHHBIX Au(depeHIUaNbHbIX YPaBHEHUN C MOCTOSIHHBIMH KO3(hduimeHTamu, B
YaCTHOCTH, JJIsI CJIy4aeB, KOrja paBas 4aCcTh UMEET CeIMaabHbIN BUJl (KOMOUHAIIMN
AKCIIOHEHT, MHOTOWICHOB, CHHYCOB U KOCMHYCOB). [Topo6HO OcBeIaeTcs aroputm
«MCTOJa HCOIIPCACICHHBIX KOB(I)(I)I/ILII/IGHTOB» " YyCJIOBUS BOSHUKHOBCHUS PC30HAHCA.

KaroueBbie ciaoBa: Cucrema guddepeHIMaTbHbIX YpaBHEHUM, (QYHKIIUU
CHEIUaIbHOTO BHUA, METOJ] HEOMPEJACICHHBIX KOI(P(MUIIMCHTOB, YaCTHOE PEIICHHE,
PE30HAHC, XapaKTEPUCTUYECKOE YPaBHEHHUE.

Kirish
Differensial tenglamalar sistemasi fizika, igtisodiyot va muhandislikning ko'plab
sohalarida jarayonlarni modellashtirish uchun xizmat giladi. Aynigsa, tashgi kuchlar
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(o'ng tomon) ma'lum bir matematik qonuniyatga bo'ysunganda, tizimning o'zini tutishi
"maxsus ko'rinishdagi" yechimlarni talab giladi.
Chizigli differensial tenglamalar sistemasi — noma’lum funksiyalar va ularning
hosilalari chizigli holda gatnashgan tenglamalar majmuasidir.
Umumiy ko‘rinishi:

X1 = Ay1%1 + Qg% + 0+ QX + f1(D)

xé = Qp1X1 + AppXp +  + AgpXp + f2(0)

Xp = AuXy + ApaXp + o+ AppXp + fr(8)
Y oki matritsa ko ‘rinishda:
X' =AX+F(t)
Bu yerda:
o X —noma’lum funksiyalar vektori
. A — koeffitsiyentlar matritsasi
o F(t) — tashqi ta’sir (erkin had)

Masalaning qo‘yilishi va dolzarbligi

Chiziqli differensial tenglamalar sistemalarini (DOTS) yechishda, agar o‘ng
tomon (erkin hadlar) ixtiyoriy ko‘rinishda bo‘lsa, ko‘pincha Lagranj usuli
(o‘zgarmaslarni variatsiyalash) qo‘llaniladi. Biroq, Lagranj usuli ko'p vaqt talab
giladigan integrallash jarayonlarini 0'z ichiga oladi.

Agar o‘ng tomon maxsus ko‘rinishda bo‘lsa, biz integrallashdan qochib,
masalani algebraik tenglamalar sistemasiga keltirishimiz mumkin. Bu jarayon
hisoblash samaradorligini 3-4 barobar oshiradi.

Bir jinsli va bir jinsli bo‘Imagan sistemalar
1) Bir jinsli sistema
Agar F(t) = 0 bo‘lsa:
X' =AX
Xususiyati:

« Doimo trivial yechim mavjud: X =0

« Yechimlar superpozitsiya prinsipiga bo‘ysunadi
2) Bir jinsli bo‘lmagan sistema
Agar F(t) # 0 bo‘lsa:

X' =AX+F(t)

Xususiyati:

« Umumiy yechim:

X = Xumumiy = Xpir jinsti T Xxususiy

O‘ng tomoni maxsus ko‘rinishda bo‘lgan sistemalarni yechish
Agar o‘ng tomon quyidagi ko‘rinishda bo‘lsa:
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e sint,cost

« ko‘phad (polinom)
unda xususiy yechimni topish uchun maxsus usul (aniglanmagan koeffitsiyentlar
usuli) qo‘llaniladi.

Misollar:
O’ng tomon Xususiy yechim shakli
et Aet
sint Asint + b cost
t? At> + Bt + C
« Chizigli differensial sistemalar — ko‘p o‘zgaruvchili differensial tenglamalar
majmuasi
« Ular:
o Dbir jinsli
o bir jinsli bo‘lmagan
ga bo‘linadi

« Maxsus o‘ng tomonlarda xususiy yechim o‘xshash shaklda olinadi
« Umumiy yechim = umumiy (bir jinsli) + xususiy yechim
1-MISOL
x'=x+y+et
Y=y
1-gadam: Umumiy yechim
Xumumiy = Cleﬁtvl + Czeﬁtvz
2-qadam: Xususiy yechim

—2et
Xxususiy (t) = l

et

Sistema: {

3-qadam: Qo‘shish
t
x(t) = Xymumiy = C,eV?ty, + CreV2ty, + ( _Zeet >

4-qadam: Komponent ko‘rinishda

x(t) = Xumumiy @ = 2

y(t) = Yumumiy (t) —et
4.6. Agar boshlang‘ich shart berilsa
Masalan:

x(0)=1, y(0)=0
Yakuniy yechimga qo‘yib:
C;, C, topiladi
2-misol
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. (x=x—y+cost B o
Misol: {y=2x—y+sint X=Xx—y y=2x—Yy
@KA—M)=P;A _;1A=(y—@@4—zy+2=f—1+2=zl+1

=0 AR=-1>,=+i
x = Cycost + Cysint  y = (C; — Cy)cost + (C; — C,)sint
x = t(Acost + Bsint)
{y = t(Ccost + Dsint)
x = (Acost + Bsint) + t(—Asint + Bcost)
y = (Ccost + Dsint) + t(—Csint + Dcost)
1. B=A—-C=>C=A—-B
22— A=B-D=>D=A+B
1LA=C+1=>1=A4+1=>A4=0
2C=A—-B=>C=0-1=>C=-1
D=A4+B=>1=A4+1=>A=0
C=A-B>(C=0—-1>C=-1
x =t(0-cost+1-sint) =tsint y =t(—1-cost+ 1-sint) = t(sint — cost)
x(t) = Cycost + C,sint + tsint
{y(t) = (C; — Cy)cost + (C; + C,)sint + t(sint — cost)

Xulosa
O'ng tomoni maxsus ko'rinishda bo'lgan differensial tenglamalar sistemasini
yechishda eng muhim bosgich — bu yechimning shaklini to'g'ri taxmin qilishdir.
Anigmas koeffitsiyentlar usuli murakkab integrallash jarayonlaridan gochishga va
masalani chiziqli algebraik tenglamalar sistemasiga keltirishga imkon beradi. Bu usul
muhandislik hisob-kitoblarida, ayniqsa tebranishlar nazariyasida fundamental
ahamiyatga ega.
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