Xulosa. Ushbu magqolada davriy koeffitsiyentlarga ega vaznli Shturm-Liuvil tenglamasi uchun to‘g*-
ri va teskari masalalar usuldan foydalanib, qo‘shimcha hadli Kamassa-Holm tenglamasi uchun Koshi ma-
salasi davriy funksiyalar sinfida yechildi. Differensial tenglamalaming Dubrovin sistemasiga o‘xshash ana-
logi hosil qilindi. Olingan yechim bir jinsli yaqginlashuvchi funksional gator ko‘rinishida ifodalandi.
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Islamova Mavluda Ikrambayevna (Abu Rayhon Beruniy nomidagi Urganch davlat universitetining
Matematik modellashtirish, sonli usullar va dasturlar majmuyi ixtisosligi bo‘yicha 2-bosqich tayanch
doktoranti)

DISKRET KVADRATIK AKSLANTIRISH UCHUN QO‘ZG‘ALMAS NUQTALAR,
BIFURKATSIYALAR

Annotatsiya. Ushbu magolada aholining igtisodiy faolligini diskret vaqtli dinamik tizimlar yordami-
da modellashtirish masalasi o ‘rganiladi. Igtisodiy faollik ko ‘rsatkichlari — faol aholi ulushi X, va iqtisodiy

passiv aholi ulushi 'Y, o'zaro bog ‘liq diskret tizim orqali tasvirlanadi. Asosiy o ‘rganish obyekti sifatida

tizimning invariant to ‘g ‘'ri chiziqdan hosil qgilingan bir o ‘Ichovii kvadratik akslantirish tanlangan. Maqo-
lada ushbu akslantirishning qo zg ‘almas nuqtalari, ularning barqarorligi, bifurkatsiya diagrammasi va
xaotik xulg-atvorga o ‘tish shartlari tahlil gilinadi. Asosiy natija sifatida teorema isbotlangan bo ‘lib, unda
parametrning ma lum giymatida tizimda davr-3 orbitasi paydo bo ‘lishi va Li-York teoremasi asosida xao-
sning yuzaga kelishi ko ‘rsatilgan. Natijalar igtisodiy tizimlarning uzoq muddatli xulg-atvorini bashorat
qgilishda muhim amaliy ahamiyatga ega.
Kalit so‘zlar: diskret dinamik tizim, kvadratik akslantirish, barqarorlik, bifurkatsiya, xaos, iqtisodiy

modellashtirish, invariant to ‘g ‘ri chiziq, Li-York teoremasi, Feigenbaum doimiysi, davr-3.

Hcaamora Masayna HrkpambaeBHA (TOKTOPAHT 2-T0 Kypca mo crenuairHocTn «Maremarmieckoe

MOACTUPOBAHNE, TNCJICHHLIC METOABI H KOMILJICKCHI IMIPOTPaMM» preH‘ICKOFO roCyIapCTBCHHOTO

yanBepcurera nmenn A0y Paiixana bepynm)

HEINNIOABUKHBIE TOYKHU U BU®YPKALIMN JUCKPETHOI'O KBAAPATHUYHOI'O
OTOBPAKEHHUA
Annomauus. B oannoli cmamve ucciedyemes 3a0a4d MOOeIUPOBAHUS IKOHOMUYECKOT AKMUBHOC-
MU HaceneHUs ¢ NOMOULLIO OUCKPEMHBIX OUHAMUYECKUX cucmeM 60 epemeru. [lokazamenu SKOHOMUYECKOT

QKMUBHOCINU — OO IKOHOMUHECKU AKINUBHO2O0 HACETeHUS xn U O0JIS1 HKOHOMUHECKIU HeAKMIUBHO20 HACETe-

HUA yni ONUCBIEAIOMCA C NOMOW IO B83AUMOCBAZAHHOTL OMCerl’}’IHOﬁ cucmembvl. B xauecmee ocnoenozco

00BeKMA UCCTEO08AHUS BbIOPAHO OOHOMEPHOE KEAOPAMUYHOE OMOOpadCeHue, NOLYYEeHHOE U3 UHBADUAH M-
HOT NPAMOTL cucmeMol. B cmamve ananuzupyomes HenoOGUICHbIe MOYKU OOHHO20 OMODPANCEHUS, UX YC-
mMoUYUE0CMb, OUDYPKAYUOHHAR OUAZPAMMA 1 YCI0GUA Nepexo0d K Xaomuueckomy nogedenuro. B kauvec-
mee OCHOBHO20 pe3YIbmama OOKA3AHA MeopeMd, 8 KOMOPOTi NOKA3AHO, YMO NPU ONPeOeEHHOM SHAYEeHUU
napamempa 6 cucmeme 603Huxaem opouma nepuoda 3, u na ocrnoee meopemvl Jlu-Hopra yemanaenuea-
emcs 603HUKHOGeHUe xaoca. [lonydennvie pe3yibmamsl UMEIOM 8AHCHOE NPAKMUYECKOe 3HaveHue O
NPOCHOZUPOBAHUS O0I20CPOYHO20 NOBEOCHUS IKOHOMUUECKUX CUCTNEM.

Knarwuessie cnosa: ouckpemuas OuHaMuyeckas cucmemd, KeaopamuiHoe omoopaxcenue, yCmouiu-
6ocmb, BUPYPKAYS, XAOC, IKOHOMUHECKOE MOOCIUPOBAHILE, UHEAPUAHMHAS npavas, meopema JTu-Hop-
xa, nocmoauuaa Deiicenbayma, nepuoo-3.
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Islamova Mavluda Ikrambayevna (2nd-year PhD student in the specialty Mathematical Modeling, Numerical
Methods, and Software Systems at Urgench State University named after Abu Rayhan Beruni)
FIXED POINTS AND BIFURCATIONS OF A DISCRETE QUADRATIC MAPPING

Annotation. This article studies the problem of modeling the economic activity of the population
using discrete-time dynamical systems. The indicators of economic activity — the share of economically

active population X, and the share of economically inactive population Y — are described by an inter-

connected discrete system. As the main object of study, a one-dimensional quadratic mapping obtained
from an invariant straight line of the system is considered. The paper analyzes the fixed points of this
mapping, their stability, the bifurcation diagram, and the conditions for transition to chaotic behavior. As
a main result, a theorem is proved showing that, for a certain parameter value, a period-3 orbit appears in
the system, and based on the Li—Yorke theorem, the emergence of chaos is established. The obtained results
have important practical significance for predicting the long-term behavior of economic systems.

Keywords: discrete dynamic system, quadratic mapping, stability, bifurcation, chaos, economic
modeling, invariant line, Lee-York theorem, Ieigenbaum constant, period-3.

Kirish. Iqtisodiy tizimlami dinamik modellar yordamida o‘rganish zamonaviy matematik iqtisodi-
yotning asosiy yo‘nalishlaridan biridir. Aholining mehnat bozoridagi faolligini, ya’ni faol va passiv ishchi
kuchining o°zaro ta’sirini — modellashtirish masalasi bir qator fundamental savollarga javob beradi: tizim
uzoq muddatda bargaror holatga keladimi? Qanday parametr qiymatlarida davriy davriy tebranishlar yoki
hatto xaotik xulg-atvor yuzaga keladi?

Mazkur maqolada biz quyidagi ikki o°lchovli diskret tizimni asos sifatida olamiz [1, 2]:

{an = xn(l + ayn)
yn+1 = yn(l+bxn)
buyerda X - iqtisodiy jihatdan faol bo°‘lgan aholining ulushi (masalan, ishlayanlar yoki faol ishchi

(D

kuchining ulushi), YV, - iqtisodiy jihatdan passiv aholining ulushi (ishsizlar, o‘quvchilar, nafagaxo‘rlar va
boshqalar), @,b € R — o°zaro ta’sir intensivligini ifodalovchi parametrlar.

Mavzuga oid adabiyotlar tahlili. Bunday tizimlar biologik populyatsiya dinamikasini [3, 6], epide-
a/ <1 va

miologik modellarni [6] va igtisodiy sikllarni [5] tasvirlashda keng qo‘llaniladi. Biroq 6 =—a,

X+ y =1 shartlaridan tashqarida tizimning global xulg-atvori hali to‘liq o‘rganilmagan.

Ushbu magolaning yangiligi shundaki, biz @ =1, b = —1 holda (1) tizimning invariant to‘g"ri chi-
zig‘idan bir o‘lchovli kvadratik akslantirish hosil gilamiz va ushbu akslantirishning barqarorlik, bifurkatsi-
va va xaos nazariyasini to‘liq o‘rganib chiqamiz. Olingan natijalar iqtisodiy faollik dinamikasini talqin qi-
lishda konkret igtisodiy ma’noga ega.

Tadqiqot metodologiyasi. Iqtisodiy faollik modelida X, —faol aholi ulushi (0<x<1)va Y, —passiv

aholi ulushi (0 <y £ 1) deb olib, biz @ =/, b = -1 qiymatlarini tanlaymiz. Bu holda (1) tizim quyidagi
ko‘rinishni oladi:

3
yn+1:yn(l_xn) ( )
Igtisodiy talgin: faol aholi ulushi keyingi davrda passiv aholining ta’siri ostida ortadi (passiv aholi
faol toifaga o‘tishi mumkin, masalan, ish topganda), passiv aholi ulushi esa faol aholi ta’sirida kamayadi
(ish joylari yaratilganda).
(3) tizimning invariant to‘g‘ri chizig‘i — bu f akslantirish ostida o‘z-0°ziga o‘tadigan chiziq. (3) tizim

{an = xn(l+yn)

uchun x_ +y, = p chizig'i invariant ekanligini ko ‘rsatamiz:
Darhagqiqat,
X ¥V =%, (Y )+ y,(I=x)=x +xy, +y,-xy, =x +y, =p.
Shu invariant to‘g‘ri chizigdan foydalanamiz: y, = p — X . Buni (3) tizimning birinchi tenglama-
siga o‘yib,
X,q=X%,(1+p-x,) “4)
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(4) bir o‘zgaruvchili kvadratik iterativ akslantirish bo‘lib, logistik akslantirishga o‘xshash ko‘rinish-
ga ega. Bu bizning asosiy o‘rganish obyektimiz bo‘ladi. Aholining faol ulushi X, evolutsiyasi endi ya-gona
parametr p (faol va passiv aholining umumiy ulushi yig‘indisi) orqali to‘la tavsiflanadi.

Tahlil va natijalar. (4) akslantirishning qo‘zg‘almas nuqtalarini topamiz. f ()C ) = x(l +p—X )
deb belgilasak, f (X) = X tenglama quyidagini beradi: x;, =0 x, = p

Igtisodiy ma’nosi: X, = O—aholining butunlay passiv bo°lib golishi holati; X, = P —faol va passiv
aholining muvozanat holati.

1-teorema (Asosiy barqarorlik teoremasi). x ., = x (1+ p—x, ) akslantirish uchun:

X, = 0 go‘zg‘almas nuqta JAS [—2;0) da asimptotik barqarorva p € (—OO;—Z) Y [0;+OO)
da begarordir.

2. X, = P qo'zg'almas nuqta p € (0;2] da asimptotik barqaror va p € (—OO;O] Y (2;+OO) da

beqarordir.
Isbot. (4) akslantirishning hosilasini hisoblaymiz:

f'(x)=1+ p-2x. 5)
1-gism (X, = 0 barqarorligi). f '(O) =1+ p. Barqarorlik mezoni | f '(O)| <1 shartidan:
-1<l+p<l =>-2<p<0.

Demak, X, = 0 nugta p € (—2;0)da asimptotik barqaror, p € (—00;—2) U (0;+00)da esa be-
qarordir.
Chegara nugtalarini alohida tekshiramiz. p =0 holda f'(0)=1: f'(x) =—2 # 0 bo‘Igani uchun
X, = 0 beqarordir.
p=-2 holda f'(0)=-1 : Shvarts hosilasini hisoblaymiz: [ "(x)=-2, f"(x)=0 bo‘lgani
uchun:
SF(0)=—6<0.

Shvarts hosila manfiy bo‘lgani uchun X, = O asimptotik bargarordir.

2-gism (X, = D barqarorligi). f'(p)=1+ p—-2p=1- p. Barqarorlik mezoni |f'(p)| <1

shartidan:
-1<l-p<I=>0<p<?2.

Demak, X, = p nuqta p € (0;2)da asimptotik barqaror, p € (—o0;0) (2;+oo) da esa be-
qarordir.

p=0holda X, = 0= X f"(0)=-2 #0 bo‘lgani uchun, X, = 0 beqarordir.

p=2holda f'(2)=—1:7(2) = —1I: Shvarts hosilasini hisoblaymiz:

Sf(2)=-6<0.

Shvarts hosila manfiy bo‘lgani uchun, X, = p = 2 asimptotik barqarordir. Teorema to‘liq isbot-
landi.

Bifurkatsiya va xaotik rejimga o‘tish. (4) akslantirishning 2-davrli nuqtalari f ( f (x)) = X teng-
lamadan aniqlanadi. Hisob-kitoblar natijasida bu kvadrat tenglamaning yechimlari:

. :p+2+\/p2—4 vax :p+2—\/p2—4
> .

1 2 2

(6)
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2. p =2 daglobal bifurkatsiya, p € [2,2\/5 ) da barqaror 2-davrli sikl mavjudligi ko*rsatildi.

3. p= 2\/5 da davr-3 orbitasi paydo bo‘ladi va Li-York teoremasi asosida tizim xaotik rejimga
o‘tadi.

Kelgusida tadgiqotni quyidagi yo‘nalishlarda davom ettirish kozda tutilgan: @ =1, b = —1 shart-
lari olib tashlangan umumiy holni o‘rganish; ko*p o‘lchovli iqtisodiy modellar uchun o*xshash tahlilni o°t-
kazish; xaosni boshqarish usullari — kichik ta’sirotlar yoki teskari aloga asosidagi barqarorlashtirish metod-
larini ishlab chiqish.

Foydalanilgan adabiyotlar ro‘yxati:

[1]. Mandelbrot B.B. The fractal geometry of nature. San Francisco, 1982, 460 p.

[2]. Falconer K.J. Julia sets and the Mandelbrot set. Oxford University Press, 2013, 132 p.

[3]. Devaney R L. The Mandelbrot and Julia Sets. A Toolkit of Dynamics Activities. Key Curriculum Press,
2000, 151 p.

[4]. Ganikhodzhaev R.N., Seytov Sh.J. Coexistence chaotic behavior on the evolution of populations of the
biological systems modeling by three dimensional quadratic mappings. Global and Stochastic Analysis, 2021, vol. 8,
Ne 3, p. 41-45.

[5]. Ganikhodzhaev R., Pirnapasov A. Dynamical systems generated by quadratic homeomorphisms of 2D
simplex. Journal of Physics: Conference Series 697, 2016, 012011.

[6]. Seytov Sh.J., Narziyev N.B., Eshniyozov A.IL., Nishonov S.N. The algorithms for developing computer
programs for the sets of Julia and Mandelbrot. AIP Conference Proceedings. 2023, vol. 2789, Ne 1, 050021.

Asnmvos Jonnep baxpom yrim (Ilpenogasarens kadeapst “IIpukaagHast MATEMATHKA H MATEMATHIECKAST
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CMEIIAHHASA 3AJIAYA 1JI1 OFbEJJMHEHHOT'O HEJTMHEHHOI'O YPABHEHUS
KOPTEBET'A-JIE ®PU3A U KOPTEBEI'A-JIE ®PU3A OTPULATEJIBHOI'O ITIOPAJIKA C
CAMOCOI'JTACOBAHHBIM UICTOYHUKOM B BUJIE CYMMbI

Annomauus. B oannoti pabome paccmampusaemcs 3a0a4a uHmepupoeanus 00veOuHEHHO20 ypae-
Henusa Kopmeseza-de @pusa (KoD) u eco ompuyamenbHo20 ananoea 6 kidcce nepuooudecKux QyHKyui.
Toxazano, umo ona pewenusa 3moti 3a0a4u 3¢hhekmuUeHo NPUMeHAEMCI MeMOO 0OPAMHOT CReKMPATbHOT
3a0auu. Hecnedoeana OuHamura cnekmpansHulx xapakmepucmux onepamopa LLImypma-Jluyeunna ¢ ne-
PUOOUHECKUM NOMEHYUATOM, CEA3AHHO20 C PACCMAMPUBaeMoil Mooenvio. [lonyuenHoie pe3yismamol noo-
MEePAHCOAOM 803MONCHOCHb UCNOTIL306AHUS MEMOO0E OOPAMHOT CNEKMPATbHOT MeOPUl NPU UHMESPU-
pOoBaHul 00veduHénno2o ypaguenus Ko® u Kod ompuyamenvnoco nopsaoxa € xidacce nepuooudeckux
QDyHryuilL.

Knrouesovie cnosa: 06veounennoe ypasnenue KoD-Kodon, obpamnas cnexkmpanibhas 3a0aud, cuc-
mema ypasnenuti J[yopoeuna, ¢popmynvt ciedos.

YIG‘INDI KO‘RINISHIDAGI MOSLANGAN MANBALI NOCHIZIQLI KORTEVEG-DE FRIZ
VA MANFIY TARTIBLI KORTEVEG-DE FRIZ TENGLAMALARI UCHUN ARALASH
MASALA

Annotatsiva. Ushbu ishda davriy funksiyalar sinfida Korteveg-de Friz (KdF) tenglamasi va uning
manfiy tartibli analogining umumlasghan tenglamasini integrallash masalasi ko ‘rib chiqiladi. Mazkur
masalani yechishda teskari spektral masala usuli samarali go ‘llanilishi ko ‘rsatilgan. Qaralayotgan model
bilan bog ‘liq bo ‘lgan, davriy potensialga ega Shturm-Liuvill operatorining spektral xarakteristikalari di-
namikasi tadqiq etilgan. Olingan natijalar davriy funksiyalar sinfida birlashtirilgan KdF tenglamasi va
manfiy tartibli KdF tenglamasini integrallashda teskari spektral nazariya usullaridan foydalanish mumkin-
ligini tasdiglaydi.

Kalit so‘zlar: umumlashgan Korteveg-de I'riz va manfiy tartibli Korteveg—de FI'riz tenglamasi, tes-
kari spektral masala, Dubrovin tenglamalari tizimi, izlar formulalari.

A MIXED PROBLEM FOR THE COMBINED NONLINEAR KORTEWEG-DE VRIES
EQUATION AND ITS NEGATIVE-ORDER COUNTERPART WITH A SELF-CONSISTENT
SOURCE IN THE FORM OF A SUM

Annotation. In this work, the problem of integrating the combined Korteweg-de Vries equation
(KdV) equation and its negative-order counterpart in the class of periodic functions is considered. It is
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