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Rezyume. Maqgolada matematik modellari ikkinchi tartibli chizigli bo‘Imagan differensial tenglamalar bilan
ifodalanuvchi tizimlar holatni analiz gilishda, analitik usullardan samarali foydalanish masalasi garalgan. Fizika, mexanika,
elektrotexnika va biologiya kabi ko‘plab sohalarda uchraydigan murakkab jarayonlarni matematik modellari, chizigli
bo‘lmagan differensial tenglamalar bilan ifodalanib, yechimni analitik usulda olish muhim ahamiyatga ega.

KiroueBble cjioBa: Z[I/I(I)(I)epeHHI/IaJ'ILHoe YPaBHCHUC, AHAJIUTHYCCKOC PCHICHUC, MCETOA MAJIbIX MMAapaMETpPOB, METOJ
PA3I0KCHUA A,Z[OMI/IaHa, MCTOA T'OMOTOIIMYCCKOI'0O aHaIn3a, YpaBHCHUC Ban ACp HOJ‘I?I, MaTeMaTu4eCKOC MOACIMPOBAHUC,
KoJie0aTeIbHbIE IpoHeCChI.

Pe3tome. B crathe paccmarpuBaeTcs BOMPOC PPEKTHBHOTO HCIOJB30BAHMS aHATUTHYCCKHX METO/OB NMPU AHATH3EC
COCTOSIHHSI CHUCTEM, MaTeMaTHYecKHe MOJIENIM KOTOPBIX HPEICTAaBICHbl HENWHEWHBIMH Ju(QepeHIaIbHBIMU
YPaBHCHUSAMHU BTOPOI'0 MOpsaKa. Maremarudeckue MOJECJIN CIOXKHBIX MPOLECCOB, BCTPEUYAIOINXCA BO MHOTHUX 06J'IaCT${X,
TaKUX Kak (U3MKa, MEXaHHKa, DJIEKTPOTEXHHWKAa M OHOJIOTHS, MPEJCTABISIOTCS HENUHEHHbIMU AnddepeHInaIbHBIMU
YPaBHCHUSAMU, U BAXKHO MOJYYUTH PEIICHUEC aHATUTUICCKUM METOAOM.

Key words: differential equation, analytical solution, small parameter method, Adomian series expansion method,
homotopy analysis method, Van der Pol equation, mathematical modeling, oscillatory processes.

Summary. The article examines the effective use of analytical methods in case analysis of systems whose mathematical
models are represented by second-order nonlinear differential equations. Mathematical models of complex processes
encountered in many fields, such as physics, mechanics, electrical engineering, and biology, are represented by nonlinear
differential equations, and it is important to obtain solutions analytically.

Kirish. Ayrim determinirli jarayonlar, jumladan bo‘yicha o‘zgarish gonuniyatlarini, jarayon holatlarining
fizikaning gazlar, suyuqgliklar mexanikasi, issiglik sifatli o‘zgarishini aniglash hamda turli parametrlarning
konveksiyasi, elektrotexnika, radioelektronika kabi,  tizim dinamikasiga ta’sirini baholash mumkin bo‘ladi.
konsentratsiya, diffuziya, yadroviy parchalanish singari Chizigli  bo‘lmagan differensial tenglamalarning
kimyoviy  jarayonlar,  “Yirtqich-o‘lja”,  bir  jinsli  yechimlarini tagribiy topish magsadida turli matematik
populyatsiya, inson organlari dinamik holatini o‘ganish  usullar ishlab chigilgan bo‘lib, ular kichik parametrlar usuli,
bilan bogliq bo‘lgan biologik jarayonlar matematik  Adomian qgatorga yoyish usuli, Homotopiya tahlil usuli,
modellari ko‘pgina hollarda chizigli bo‘lmagan oddiy  variatsion usullar, iteratsion yondashuvlar va boshqa
yoki xususiy hosilali differensial tenglamalar bilan  analitik yaginlashish usullaridir. Ushbu usullar yordamida
ifodalanadi. o ) _ murakkab tenglamalarni soddalashtirilgan ko‘rinishda tahlil

Matematik fizika tenglamalari bilan ifodalanadigan  gijish ularning yechimlarini gatorlar ko‘rinishida ifodalash
yugoridagi dinamik jarayonlarda energiya almashinuvi va hamda amaliy hisoblashlarda foydalanish mumkin.
jarayqnlarning.holat o_‘zgaruvi_ hamda hargkat_t_ezligi _bi_laq Magolada chizigli bo‘lmagan oddiy differensial
bog'liq gonuniyatlami o‘rganish va tadqiq gilish chiziqli tenglamalarning analitik yechimini taqribiy topish masalasi

bo‘lmagan differensial tenglamalar bilan beriladigan qaralib, bunda metodning ganday gollanilishi quyidagi
chegaraviy masalalarni yechishni talab giladi. Bu singari Ketma-ketlikda Keltirildi:

chizigli bo‘lmagan chegaraviy masalalar yechimlarini
d N d g y y e kichik parametrlar usuli — kichik parametr orqali

analitik usulda topish juda murakkab yoki umuman Rt ) ) e gt
yechimni ketma-ket yaginlashuvchi gator sifatida ifodalash;

imkonsiz  bo‘lishi mumkin. Shu sababli bunday ’ : . S asth
tenglamalarni o‘rganishda ularning analitik yechimlarini * Adomian qatorga yoyish usuli — noma’lum funksiyani

tagribiy aniglash muhim ilmiy va amaliy ahamiyat kasb V@ chizigli bo‘Imagan gismni Adomian polinomlari orqali
etadi. Natijada tenglamalarning yechimlari, ularning vaqt  @iratib yechim olish;
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e homotopiya tahlil usuli - chizigli va chizigli
bo‘Imagan ifodalar o‘rtasida uzluksiz bog‘lanish asosida
yechim topish.

Bu  usullar  chizigli bo‘Imagan  differensial
tenglamalarning dinamik holati va turg‘unligini tadgiq etish
imkonini beradi.

Amaliy masala sifatida VVan der Pol tenglamasi tadbigini

garaymiz. Bu tenglama radiofizika va elektrotexnika
sohalarida uchraydigan chizigli bo‘lmagan dinamik
tebranish jarayonlarini tavsiflovchi muhim matematik

model hisoblanadi va quyidagi differensial tenglama bilan
ifodalanadi [1]:

d%x

A -x)Z4x=0, 1)
bu yerda x = x(t) — signal amplitudasi, u = u(t)
chizigsizlik parametri.
Boshlang‘ich shartlar:
x(0)=1, x'(0)=0
Kichik parametrlar usulidan foydalanganda, O<u<«1
bo‘lsa, yechim quyidagi gator ko‘rinishida yoziladi [2]:

x(t) = xo + puxy + 0(u?) (2)
x) +x,=0 3)
Xy = cost (@)
Natijada:

x(t) = cost +§(sin3t — 3sint) (5)
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1-rasm. Kichik parametrlar usulida olingan natija.
Adomian qatorga yoyish usulidan foydalanganda

yechim  quyidagi  funksional  gator  ko‘rinishida
keltiriladi [3]:
x(t) = Xn=o Xn (t) (6)
Xo = cost @)
X, = g(sint — sin3t). (8)
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2-rasm. Adomian gatorga yoyish usulida olingan natija.
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Homotopiya tahlil usulida yechim quyidagicha olinadi
[4]:
Tenglamani quyidagi operatorlar orgali ifodalaymiz:
L(x) =x"+x 9)
N(x) = —u(1 —x?)x’ (10)
Homotopiya quyidagicha quriladi:
(1 =p)IL(x) = L(xo)] + p[L(x) + N(x)] =0 (11)
bu yerda p € [0,1] — deformatsiya parametri, x, —
boshlang‘ich yaginlashuv bo‘lib,

Xy = cost (12)
ko‘rinishda olinadi.
Yechim quyidagi gator ko‘rinishida izlanadi:

X =xg+px, +pixy + oo (13)

p bo‘yicha hadlarni tenglashtirib, birinchi yaginlashuv
uchun quyidagi tenglama hosil bo‘ladi:

x4 3y = p(l = x3)x) (14)
X, = cost ni hisobga olib, quyidagini topamiz

xy = —sint (15)
Hisoblashlar natijasida

X, = %sint — 2—145in3t (16)
Natijada p — 1 da umumiy yechim quyidagi

ko‘rinishga ega bo‘ladi:
x(t) = cost + u (% sint — isin3t) a7
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3-rasm. Homotopiya tahlil usulida olingan natija.

Xulosa. Olib borilgan hisoblash tajribasi natijasida
ma’lum bo‘ldiki, ikkinchi darajali chizigsiz differensial
tenglamalar bilan ifodalanadigan amaliy masalalarni
matematik  modellari, chizigsiz chegaraviy masala
ko‘rinishida bo‘lib, analitik usullar yordamida olingan
yechim yuqori aniglikda tahlil gilish imkoniyatini yaratdi.
Holati Van der Pol tenglamasi bilan ifodalanadigan amaliy
masala sifatida, tebranishlarning amplituda—faza holatlarini
o‘rganish masalasi garaldi va hisoblash tajribasi o‘tkazilib,
olingan yechimlar tahlil gilindi. Turli usullar gqo‘llanilib,
olingan yechimlar grafiklar usulida keltirilib, ularning
o‘zaro yaqinligi grafiklarda o‘z aksini topdi. Olingan
natijalar  tabiatda uchraydigan biologik, sanoatda
uchraydigan fizik, mexanik jarayonlarni aks ettiruvchi
tizimlarni  matematik modellashtirish yordamida tahlil
gilishda, maqgolada qgo‘llanilgan analitik usullardan
foydalanish, sifatli va samarali vosita ekanligidan dalolat
beradi.
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