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Annotatsiya
Ushbu maqolada chizigli bo‘lmagan differensial tenglamalar nazariyasining
asosly tushunchalari, ularning matematik modellari hamda bargarorlik nazariyasining
nazariy asoslari yoritilgan. Chizigli bo‘lmagan differensial tenglamalar real hayotda
uchraydigan ko‘plab jarayonlarning — mexanik tebranishlar, biologik o‘sish modellar,
elektr zanjirlari va iqgtisodiy dinamik tizimlarning — matematik ifodasi sifatida
qaraladi. Magqgolada chiziqli bo‘lmagan tizimlarning yechimlarini tahlil qilishda
qo‘llaniladigan usullar, xususan, Lyapunov bargarorlik nazariyasi va fazoviy tahlil
metodlari hagida batafsil ma’lumot berilgan. Shuningdek, tizimlarning barqarorlik
shartlari, ularning trayektoriyalarining fazoviy tekislikdagi xatti-harakati hamda kichik
buzilishlarga nisbatan barqaror yoki beqaror holatga o‘tish jarayonlari tahlil gilinadi.
Tadgiqot natijalari chizigli bo‘lmagan differensial tenglamalar yordamida
modellashtiriladigan murakkab tizimlarning dinamikasini chuqurrog tushunishga
xizmat qgiladi
Kalit so‘zlar: chizigli bo‘lmagan differensial tenglama, bargarorlik nazariyasi,
Lyapunov funksiyasi, dinamik tizim, fazoviy tahlil, trayektoriya, bargaror yechim,
nolinear tizim, fazoviy fazo, matematik model, analitik yechim, Lyapunov mezoni,
chizigli bo‘lmagan hodisalar, differensial tizimlarning barqarorligi.
AHHOTALIUA
B nanHO# cTaThe paccMaTpUBAIOTCSI OCHOBHBIC MOHSTHUS TEOPUU HETUHEUHBIX
muddepeHManbHbIX  YpaBHEHUH, HX MaTeMaTHUYeCKHME MOJENIH, a  Takxke
TEOPETHUECKHE OCHOBBI TeOopuHu ycToiunBocTu. Henmuuelinbie nuddepeHnnanbuele
YpaBHEHUS CIIyaT MaTEMAaTHYECKUM OIMCAHMEM MHOTHUX TPOLIECCOB peabHOU
KU3HM — MEXaHWYECKMX KoJieOaHWH, Mojeneid OMOJOTHYECKOTO pOCTa,
AIEKTPUUECKUX IIETIeH N IKOHOMHYECKUX TUHAMUYECKHUX CUCTeM. B cTathe moapooHO
M3JIO’)KEHBl METOJIbl aHAJIM3a PEIICHUN HEJIWHEWHBIX CHUCTEM, B YaCTHOCTH, TeOpHs
ycroiiuuBocTH JlsimyHoBa u Meronbl (a3oBoro aHanusza. Takxke paccMaTpHBaIOTCS
YCIJIOBHSI yCTOMYMBOCTH CUCTEM, TOBEACHHUE UX TPAECKTOPHIL B (ha30BOM POCTPAHCTRBE,
a TaKXke IMPOLECChl MepexoJa CUCTEMbl K YCTOMYMBOMY WA HEYCTOMUYMBOMY
COCTOSIHUIO TIPU MaJIbIX BO3MYIICHHSX. Pe3ynbTaThl MCCIIENIOBAHUS CIOCOOCTBYIOT
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6onee FJ'Iy6OKOMy IMNOHMMAaHWNIO IWHAMHUKHU CJIOKHBIX CHUCTCM, MOJCIUPYCMBIX C
MOMOIIIBIO0 HEIMHEUHBIX U PepeHIInaTbHbIX YPaBHEHUH.

KiarwueBble cioBa: HenuHeiHoe auddepeHInaibHOe YypaBHEHUE, TEOPHs
yCTOMYMBOCTH, (QyHKUMS JIdmyHoBa, AuHaAMHuYecKas cucTtema, (a30BbI aHAIN3,
TPAeKTOpHs, YCTOWYMUBOE pEIICHHEe, HENIUHEHHass cuctema, (pa3oBoe MPOCTPaHCTBO,
MaTeMaTU4ecKass MOJEb, AHAIMUTUYECKOE pEIICHUEe, Kpurepuil JlamyHoBa,
HEJIMHEWHBIE SBJICHUS, YCTOMUNBOCTh AU PepeHIInaNbHBIX CUCTEM.

Annotation

This article examines the fundamental concepts of nonlinear differential
equations theory, their mathematical models, and the theoretical foundations of
stability analysis. Nonlinear differential equations serve as mathematical
representations of numerous real-world processes, including mechanical oscillations,
biological growth models, electrical circuits, and economic dynamic systems. The
article provides a detailed discussion of methods for analyzing solutions of nonlinear
systems, particularly Lyapunov stability theory and phase space analysis methods.
The conditions for system stability, behavior of trajectories in the phase space, and
transitions of systems to stable or unstable states under small perturbations are also
examined. The research results contribute to a deeper understanding of the dynamics
of complex systems modeled by nonlinear differential equations.

Keywords: nonlinear differential equation, stability theory, Lyapunov function,
dynamical system, phase space analysis, trajectory, stable solution, nonlinear system,
phase plane, mathematical model, analytical solution, Lyapunov criterion, nonlinear
phenomena, stability of differential systems.

Kirish.

Differensial tenglamalar matematikaning eng muhim bo‘limlaridan biri bo‘lib,
ular orgali tabiat va texnika jarayonlarining dinamikasini matematik tarzda ifodalash
mumkin. Hozirgi zamonda ko ‘plab tizimlar chiziqli bo‘lmagan xususiyatga ega bo‘lib,
ularni tahlil gilish uchun chiziqli bo‘lmagan differensial tenglamalar qo‘llaniladi.
Chizigli bo‘lmagan tenglamalar oddiy chizigli tenglamalardan farqli ravishda,
superpozitsiya prinsipi ishlamaydi va ularning yechimlarini topish murakkab bo‘ladi.
Shu sababli, chizigli bo‘lmagan tizimlarni o‘rganishda maxsus metodlar, jumladan
fazoviy tahlil va Lyapunov bargarorlik nazariyasi, keng qo‘llaniladi.

Chiziqgli bo‘lmagan differensial tenglamalar quyidagi umumiy ko‘rinishga ega bo‘lishi
mumkin:

dx _
2 =fxD
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buyerda x € R™ holat vektori, t— vaqt, f-esa chiziqsiz funksiya. Chiziqlilik yo‘qligi
shuni bildiradiki, agar x; () va X (t)  yechimlar bo‘lsa, ularning chiziqli
kombinatsiyasi a xi (t)+b X2 (tf) ham yechim bo‘lishi shart emas.
Chizigsiz tenglamalarning asosiy xususiyatlari:
1. Ko‘p yechimlilik — biror boshlang‘ich shart uchun ko‘p yechimlar mavjud
bo‘lishi mumkin.
2. Xonada xatti-harakatning murakkabligi — limit sikllar, bargaror nugtalar,
kaotik xatti-harakatlar yuzaga keladi.
3. Lineerizatsiya usullariga qaram bo‘lish — lokal barqarorlikni o‘rganishda
chizigli taxminlar ishlatiladi.
Bargarorlik nazariyasi
Chizigsiz tizimlarda barqarorlikni o‘rganish tizim nazariyasining eng muhim
yo‘nalishlaridan biridir. Barqarorlikni aniqlashda ko‘plab metodlar mavjud: Lyapunov
metodi, lineerizatsiya, invarians tekisliklar va boshqgalar.
Lyapunov metodi:
Lyapunovning bargarorlik nazariyasi eng keng qo‘llaniladigan metodlardan biridir.
Tizim:
Z=f(xt), xR
uchun Lyapunov funksiyasi V(x) topiladi, agar quyidagi shartlar bajarilsa:
1V(x)>0(x+#0) vaV(0) =0
2V(@) =22 f(x) <0
shu holatda tizimning nol nuqtasi barqgaror hisoblanadi. Agar bo‘lsa, .V (x) < 0 tizim
asymptotik barqgaror hisoblanadi.
Lineerizatsiya metodi.

Agar tizim x = f(x) ga ega bo‘lsa va x, nuqtada f(x,), tizimni lokal ravishda
quyidagicha chiziglashtirish mumkin:

d
~ A(x — x9),A = =—|x =
x (x — xg) 3| X = Xo

Bu yerda AAA — Jacobi matrisi. Agar barcha eigengiymatlar manfiy hagiqiy gismga
ega bo‘lsa, tizim lokal bargaror.
Amaliy misollar.

1.Populyatsiya modeli (Lotka-Volterra):

{dx =
The ax — Bxy
deg Xy —vy
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bu chizigsiz tenglama predator-prey tizimini ifodalaydi. Bargaror nuqgtalar va ularning
Lyapunov funksiyalari yordamida barqarorligi o‘rganiladi.
2.Mexanik tizim (Duffing osilator):
X+8x+ax+px3=0

Duffing osilatorining bargarorlik xususiyatlari «, 8, § parametrlariga bog‘liq.
Xulosa
Chizigsiz differensial tenglamalar zamonaviy matematik modellashtirishning
markaziy elementi hisoblanadi. Ularning bargarorlik nazariyasi tizim xatti-harakatini
tahlil qgilish va bashorat gilish imkonini beradi. Lyapunov metodlari va lineerizatsiya
usullari, shuningdek, amaliy masalalarda keng qo‘llaniladi. Kelajakda chizigsiz
tizimlarni chuqur tahlil gilish uchun numerik metodlar va kompyuter modellari ham
muhim rol o‘ynaydi.Amaliy misollar, masalan, Lotka-Volterra predator-prey modeli
yoki Duffing osilatorlari, chizigsiz tizimlarning real hayotdagi ahamiyatini ko‘rsatadi.
Ushbu modellarda bargaror nugtalarni aniglash, limit sikllarni tahlil gilish va
parametrlarning tizim xatti-harakatiga ta’sirini o‘rganish tizimni nazorat qilish va
optimallashtirish imkonini beradi.Kelajakda chizigsiz differensial tenglamalarni
o‘rganishda ragamli metodlar va kompyuter modellari muhim ahamiyat kasb etadi.
Ular nafagat yechimlarni topishda, balki murakkab tizimlarning barqgarorligini
oldindan baholash va nazorat gilishda ham qo‘llaniladi. Shu bilan birga, chizigsiz
tizimlarni tahlil gilish nazariy va amaliy jihatdan yangi bilimlarni, masalan, kaos
nazariyasi va bifurkatsiya tahlilini rivojlantirishga ham imkon yaratadi.Umuman
olganda, chizigsiz differensial tenglamalar va ularning bargarorlik nazariyasi
zamonaviy ilm-fanning ko‘plab yo‘nalishlarida fundamental ahamiyatga ega bo‘lib,
tizimlarning xatti-harakatini chuqur tushunish va nazorat gilishga imkon beradi. Bu
soha nafagat matematikani rivojlantiradi, balki real dunyo tizimlarini samarali
boshqgarish va optimallashtirish uchun zarur nazariy asos yaratadi.
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