@”! \  OBPA30BAHHE HAYKA H HHHOBALIHOHHBIE HJEH B MUPE NN
2181-3187

TEKISLIKDA AYRIM DINAMIK SISTEMALAR LIMIT SIKLINI
TAQRIBIY HISOBLASHNING XE USULI

Toshkent davlat transport universiteti
Oliy matematika kafedra assistenti
Samsoqov Parviz Rustambek 0°g’li
samsoqovparviz97@gmail.com

Annotation

In the theory of smooth dynamical systems, finding the periodic trajectory of a
system is one of the important issues, and Gilbert's problem 16 is also precisely about
evaluating the number of limit cycles from above in polynomial dynamical systems.
This article explores the issue of calculating the limit cycle of certain quadratic
dynamical systems at high resolution using the variation method of he. This problem
corresponds to the intersection of algebraic geometry and the field of differential
equations.

The main purpose of the article is to study the variational method from a
mathematical point of view and extend the field of application of this method by
applying it to several dynamical systems.

AHHOTALUA

B TCOPHUHN TJIAAKHX JUHAMHUYCCKHUX CHCTCM HAXOXICHHC HGpHOI[HHGCKOﬁ
TPACKTOPHUKU CHCTEMBI ABJISICTCA OJHUM M3 Ba)XXHbIX BOIIPOCOB, H np06neMa 16
FI/IJIG cpTa TaK¥XeE KacacTcCsa OLCHKU KOJIMYECTBA NpCaciIbHbIX OUKIIOB B
ITIOJIMHOMHUAJIBHBIX JANHAMHUYECCKNX cucremMmax CBCPXY. B IIaHHOﬁ CTaThC
paccMaTpuBacTCiad BOIIPOC O BBIYUCICHUHW TPCACIIBHOIO IHIHUKJIIA HCKOTOPBIX
KBaAPAaTU4YHbIX AOUHAMHUYCCKHUX CHUCTEM C BBICOKOM TOYHOCTBIO C IIOMOIIBHO
BApUAIIMOHHOTO MeToAa Xe. JTa 3ajladya CBOJUTCS K MEePECeUEHUI0 aareOpandeckoiu
reoMeTpuu U oonact nudQepeHnaIbHbIX YpaBHEHUN.

OcHoBHas OCJIb CTAaTbU-U3YYCHHC BApUAIITHMOHHOI'O MCTOJAa C TOYKH 3PCHUA
MAaTCMAaTUKU MW Cro ImnoAaJACpKKa HCECKOJIbKHX JIWHAMHUYCCKUX CHCTCM, YTOOBI
pacMpuTh 00J1aCTh MPUMEHEHUS TOTO METOIA.

ANNOTATSIYASI

Sillig dinamik sistemalar nazariyasida sistemaning davriy traektoriyasini topish
muhim masalalardan biri hisoblanadi va Gilbertning 16-muammosi ham aynan
polinomial dinamik sistemalarda limit sikllari sonini yugoridan baholashni hagidadir.
Ushbu magolada ayrim kvadratik dinamik sistemalarning limit siklini Xening
variatsion usulidan foydalanib yuqori aniglikda hisoblash masalasi o rganiladi. Ushbu
masala algebraik geometriya va differensial tenglamalar sohasi kesishgan gismiga
to g ri keladi.

@ http://www.newjournal.org/ <4 32 ¥» Buinyck sicypnana Ne-47
Yacmo—1 Hionp —2024


http://www.newjournal.org/
mailto:samsoqovparviz97@gmail.com

s O q
g ?'! \ ObPA30OBAHHUE HAYKA H HHHOBAIIHOHHBIE H/IEU B MUPE I b\ !
2181-3187

Magolaning asosiy maqgsadi variatsion usulni matematika nugtai nazaridan
o rganish va uni bir nechda dinamik sistemalarga qo‘llab bu usulning go llanilish
sohasini kengaytirishdir.

Nochizigli model sistemaga misol sifatida bitta kvadrat hadli ushbu:

X=cx+dy+ex? y=fx+gy, (1)

differensial tenglamalar sistemasi garalgan. Shuni alohida ta'kidlash kerakki, (1)
sistema sodda ko'rinishga ega bo'lganiga garamay simmetriyaga ega emas va oshkor
ko'rinishda integrallanmaydi.

(1) sistemada o'zgaruvchilarni affin almashtirish orgali quyidagi

X=ax+Yy+x>, y=bx+y, (2)

kanonik shaklga keltirish mumkin, bu yerda, a=c/g, b= fd/g>.

Shuning uchun (2) sistema magola ishining tadgiqot ob'yekti gilib olingan.

Sistema a=b bo'lganda fagat bitta maxsus nugtaga ega va uning fazaviy
portretini o'rganish dinamik sistemalarning ma'lum usullari bilan sodda amalga
oshiriladi, hattoki maxsus nugtaning xarakteristik sektorlari tipigacha aniglash qiyin
emas. a=b bo'lgan holda esa (2) sistema ikkita O=(0,0) va P=(b—a, b(a—Db))
maxsus huqtaga ega bo'ladi. Bunda a=Db to'g'ri chiziq parametrlar tekisligini ikkita
gismlarga ajratadiro. @ >b va a<b bu gismlar fazaviy portret nugtai nazaridan o'zaro
izomorf bo'ladi, yani o'zgaruvchilarni affin almashtirish yordamida biryarim tekislikni
ikkinchisiga almashtirish mumkin. Bunda yana sistema (2) ko'rinishga ega bo'ladi. Shu
bois a>b bo'lgan holni garash kifoya. U holda egar tipidagi maxsus nugta, maxsus
nugta O=(0,0) esa antiegar (yani tugun yoki fokus) bo'ladi. Bundan tashqgari

a=-1, b<-1 nur Puankarye-Andronov-Xopf limit sikli chizig'i bo'ladi: (a, b)
nugta bu nurdan o'ng tomonda va unga juda yagin joylashsa, (2) sistema limit siklga
ega bo'ladi.

Aytaylik

=10y, 1), Y=9(Xy, 1) 3)

sistema berilgan bo'lsin, bu yerda f, g funksiyalar (0,0,0) nugtaning biror
atrofida uzluksiz-differensiallanuvchi funksiyalar bo'lib, f(0,0,0)=0, g(0,0,0)=0
o'rinli, u — kichik parametr bo'lsin. Faraz gilaylik

fOGy,)=0, g(x,y,4)=0

tenglamalar sistemasi | < &, bo'lganda uzluksiz-differensiallanuvchi x = x(4),
y = y(u) yechimga ega bo'lsin, u holda bu egri chizigning har bir nugtasi

(x,y) tekisligida (3) dinamik sistema uchun x masalaning har bir giymatida
(x(w), y(1)) maxsus nugtaga ega bo'ladi.
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Ta'rif. Ushbu:
2= 1(2)
dinamik sistemaning z(t) trayektoriyasi maxsus nugta va yopiq trayektoriyadan
farg qilsin.
Agar istalgan musbat & va T uchunshunday t;, t, mavjud bo'lib, t —t,>T;
|2(t,) — z(t,)| < & shartlar o'rinli bo'lsa, z(t) gomoklinik trayektoriya deb ataladi.

Boshga so'z bilan aytganda gomoklinik trayektoriya yetarlicha katta vaqtda o'z-
0'ziga istalgancha kichik yaginlashardi.

Gomoklinik trayektoriyalarning eng sodda turi — bu gomoklinik sikllardir.
Bunday trayektoriyalar uchun quyidagi munosabat o'rinli

tIim z(t) = lim z(t) = z,, bu

t—>+o0

yerda z, —maxsus nuqta.

Uchinchi bobning birinchi paragrafida (2) sistema hagigatdan ham gomoklinik
sikl limit siklisiga ega ekanligi isbotlangan.
1-Teorema Har bir be (-, —-1) uchun a.(b) e(-14, —1+¢&) mavjud bo'lib,
a=a.(b) bo'lganda (1) sistema egar tipidagi gomoklinik sirtmogqga ega bo'ladi.
Bu yerda ham tabiiy ravishda a.(b) giymatni baholash masalasi o'rtaga chigadi.
Bu masala §3.2 da qaralgan bo'lib, limit siklni taqribiy hisoblashning Xe usuli
yordamida parametrlarning a=-0.74, b=—-2.005 bo'lganda, ya'ni
. 2
{x =-0.74x+y+ X", )
y =-2.005x+ .

sistemaning yopig trayektoriyasi hagida masala garalgan.
Parametrlarning garalayotgan qiymatlarida (4) sistemaning chizigli qismi

A, =0.13+i+/1.2481 xos giymatlarga ega bo'ladi, shuning uchun muvozanat holati
noturg'un fokus bo'ladi.
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{D =P —egar tugun (a=—-2);
£ D — turg’un tugun (a=—1,94);

8D —turg’un ktitik tugun (a =—(5+2v15)/ 7) ;

4D — turg’un focus (a=-1,4);
% Andronov Xopf buferkatsiyasi (a =—1);
@ )Noturg’un fokus atrofida turg’un sikl (a = —0,92);
7 Gomoklinik sirtmoq buferktsiyasi (a = —0,825);
§ Fokusga o’raluvchi seperatrisa (a=0);
-5+ 2\/1_5 _
— 7
10 )0 - noturg’un tugun (2 =0,7);
@D O =P —egar tugun (a=1).
Quyidagi dinamik Sistema limit siklini Xe usuli orgali hisoblaymiz.
Be= —0,9X + Y + X° (5)
W= —2,005X + y (6)
Bu sistemaning limit siklining mavjudligi isbotlangan.

4O -no turg’un tugun [a =

@ http://www.newjournal.org/ ) (:3_5:; . Bovinyck sicypnana Ne-47
g Yacmv-1_ Hwono —2024



http://www.newjournal.org/

T CTaz, ‘
g ?,! \ ObPA30OBAHHE HAYKA U HHHOBALIHOHHBIE H/IEU B MUPE I b\ !
2181-3187

Masalan yechimni quyidagi ko’rinishda qidiramiz.
X =a+ bsin(wt) + ccos(awt), (7)
bu yerda a,b,c, ® hozircha noma’lum konstantalar. Quyidagi (6) dan (8)
kelamiz
y=x+09x —x? = (0.9b — cw — 2ab) sin(wt) +
+(bw + 0.9¢c — 2ac)cos(wt) — besin(2wt) +
b? —c? b2+c2)’ )

+ cos(wt) —a®+0.9a— (

(9) ifodadan hosila olamiz:
y = Qacw — bw? — 0.9cw) sin(wt) +

+(0.9bw — cw? — 2abw) cos(wt) —
2 _ 2

—2bcwcos(Qwt) — wsin(2wt),

(3)va (4)ifodani (4)ga oborib qo’yib R ni topamiz:

R=7v"+2005x +y = (2acw — bw?* — 0.9cw +
2.005b + 2ab + cw — 0.9b)sin(wt) + (—2abw — cw? + 0.9bw +
C2 _ bZ

2
+2.005.  (10)

+2.005¢ + 2ac — bw — 0.9c)cos(wt) + (2bcw + ) +

b? +¢?

2_n2
+cos(2wt) + (be + == w)sin(2wt +a’ +0.9a+

a,b,c va @ noma’lum konstantalar quyidagi sistemadan topiladi. (ortoganallik

sharti):
[ Rdt=0,
0
[ Rsin(et)dt =0,
J'OT Rcos(wt)dt =0, (11)
jOT Rsin(2wt)dt =0,
E Rcos(2wt)dt =0,
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Buyerda T _ 27 _ ikl davri.

w
Sikl davrini quyidagilardan foydalanib
topamiz:

06

b=+4/0.1055, a=-0.05,c =+/1.2131, = ++/1.005 .

Bu giymatlar bir xil taxminiy chegara

davrini.
belgilaydi. Bundan foydalanib sikl davrini
quyidagiga teng bo’ladi T = 27 63,
w
2-chizma. 3ta sikl yaginlashishi
Xulosa

Mazkur magola tekislikda ayrim dinamik sistemalar limit siklini hisoblashning
Xe usuli tadgiq gilingan. Sillig dinamik sistemalar nazariyasida sistemaning davriy
tayektoriyasini topish muhim masalalalardan biri edi. Biz mazkur dissertatsiyada
variatsion usulni matematik nuqtai nazaridan o’rgandik va uni bir nechta dinamik
sistemalarga qo’llab bu usulni qo’llanish sohasini kengaytirdik. Bunda limit sikli davri
uchun to’rtinchi yaqinlashish yetarlicha aniq natija berdi .

Model kvadratik dinamik sistema uchun limit siklini hisoblashning Xe usulini
qo’lladik va parametrlarning tayin giymatlarida yopiq trayektoriyasi mavjudligini
isbotladik va Mapple dasturida kartinasini chizishga muvaffaq bo’ldik.

Tadgiqotning asosiy natijalari quyidagilardan iborat.

1. Dinamik sistemaning limit siklini Xe usulida hisoblashda uchinchi yaginlashish
yetarlicha aniq natija berdi.

2. Model kvadratik dinamik sistemaning limit sikli xossalari o’rganildi va
kompyuter dasturida limit sikli yaginlashish chiziglari chizildi.

Magola tadgigot natijalari tekislikda dinamik sistema limit siklini anigroq
hisoblashga yordam beradi va shu sohadagi ilmiy tadgiqot ishlarini rivojlantirishga
yordam beradi.
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