hamda,
t(u—a)? =v.
Demak, ®(X) quyvidagi algebraik tenglamalar bilan aniqlanadi:
{vz = 4ud — g,u — gs,
t(u—a)® = v.

Bu yerda, g, = 60 Z(n,m):e(o,o)ﬁu% = 140 X (nm)=(0,0) ﬁ Shunday gilib, ®: X - C3 xos golo-
morf joylashtirish bo‘lib, uning obrazi affin algebraik egri chiziq bo‘ladi. Teorema isbot bo ‘Idi.

Xulosa. Ishda ikki nuqta olib tashlangan kompleks torni C3ga algebraik joylashtirish qurildi. Ushbu
natijani tordan chekli sondagi nuqtalarni chigarib tashlangan ochiq Riman sirtlari uchun umumlashtirish
mumkin.
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Atajonov Dilshod Ozodovich (Abu Rayhon Beruniy nomidagi Urganch davlat universiteti katta o‘qituvchisi;
diwa_4848@mail.ru)
QO*‘SHIMCHA HADLI KAMASSA-HOLM TENGLAMASINI INTEGRALLASH

Annotatsiva. Ushbu ish qo ‘shimcha hadli Kamassa-Holm tenglamasini davriy funksiyalar sinfida
integrallashga bag ‘ishlangan. Avvalo, boshlang ‘ich shart sifatida berilgan funksiyani vaznli Shturm-

Liuvill tenglamasining koeffitsiventi deb qarab, to ‘g 'ri masala yechiladi va t = 0da spektral berilganlarni

hosil gilinadi. Keyin t > Qda vaznli Shturm-Liuvill tenglamasining spektral berilganlarining vaqt bo ‘yi-
cha o ‘zgarish dinamikasini ifodalovchi Dubrovin tenglamalari sistemasi hosil gilinadi va yechimning mav-
judligi va yagona ekanligi isbotlanadi. Oxirida teskari spektral masala yechish algoritmidan foydalanib,
hisoblangan spektral berilganlar asosida qo ‘shimcha hadli Kamassa-Holm tenglamasining yechimini gay-
ta tiklash algoritmi taqdim etiladi.
Kalit so‘zlar: vaznli Shturm-Liuvill tenglamasi, Kamassa-Holm tenglamasi, teskari masala, lakuna,
izlar formulasi.
Araxxonos Anmmon O3o0x08m4 (Crapmiii npenogaBaTe/ib YPreaucKoro rocyaapCcTBeHHOTO YHHBEPCHTETA
nvenn A0y Paiixana bepynn; diwa_4848@mail.ru)
HUHTEI'PUPOBAHUE YPABHEHUA KAMACCA-XOJIMA C JOINOJHUTEJBbHBIM
YJIEHOM
Anunomayus. Jlannas padoma noceswyena unmezpuposanuio ypasnenus Kamacca—Xonma ¢ donon-
HUMENbHBIM YIeHOM 8 Kidcce nepuoouyeckux Qyuxyui. Ilpedcoe ecezo, Npunumas 3000HHYI0 HAYATNBHYIO
Qyuryuio 6 kavecmee xo3gpPuyuenma ypasnenus Lmypma-Jluyeunns ¢ eecom, popmynupyemes u peuia-
emcsl nPaGUILHO NOCMAGIeHHAS NPAMAR 3a0a4d, no pesyivmamam komopoii 6 movenm t = O nonyuarom-

cs cnexmpanvhuvie oanuvie. 3amem npu t > 0 evigooumes cucmema ypaenenuii J[y6posuna, onucuieaouyux
OQUHAMUKY USMEHEHUs CNeKMPATbHBIX OAGHHBIX 60 8PEeMEHU, U OOKA3LIBAIOMCS CYUeCmE08anUe 1 eOUHCHI-
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6eHHOCMYb ee peuteHus. B 3axuiodenue, Ucnoav3ys areopumm peuterus 00pamuotl cnekmpanibHOl 3a0a4u,
HA OCHOBE GLINUCTICHHBIX CREKMPANbHBIX OAHHBIX NPUGOOUMCSL ANCOPUMM GOCCIIAHOGNCHUS DeULeH s YDAG-
nenus Kavacca-Xoama ¢ OonoaHumensHuiM Yi1eHOM.
Knrwueeswie cnosa: ypasnenus Llmypma-Jluysunns ¢ eecom, ypasnenue Kamacca-Xoama, obpam-
Has 3a0a4d, 1aKyHdA, hopmynda creo.
Atajonov Dilshod Ozodovich (Senior Lecturer at Urgench State University named after Abu Rayhan Biruni;
diwa_4848@mail.ru)
INTEGRATION OF THE CAMASSA-HOLM EQUATION WITH AN ADDITIONAL TERM
Annotation. This work is devoted to integrating the Camassa-Holm equation with an additional term
in the class of periodic functions. First, considering the given initial function as the coefficient of a weighted
Sturm-Liowville equation, we formulate and solve the well-posed direct problem and obtain the spectral

data at t =0. Then, for t >0, we derive the Dubrovin equations that describe the time evolution of the
spectral data and prove the existence and uniqueness of their solution. Finally, using the inverse spectral
problem algorithm, we present an algorithm for reconstructing the solution of the Camassa-Holm equation
with an additional term based on the computed spectral data.

Key words: weighted Sturm-Liouville equation, Camassa-Holm equation, inverse problem, lacunas,
trace formulas.

Kirish. Kamassa-Holm tenglamasi u  —u__ + 2ku_+3uu_=uu___ +2u u

birinchi marta [1] ishda sayoz suv to‘lginlarining targalishini tavsiflovchi matematik model sifatida
keltirib chiqarilgan bo‘lib, bu yerda u(x N3 ) gorizontal yo‘nalishdagi suyuqlik tezligini bildiradi, £ esa
kritik to‘lqin tezligiga bog‘liq bo‘lgan o‘zgarmas kattalikdir.

Ushbu ishda biz qo‘shimcha hadga ega bo‘lgan Kamassa-Holm tenglamasini o‘rganamiz, ya’ni quyi-

dagi
Uy = Uy = U+ 2u 2, = 3w+ f(O) (U, ~u,,) M
tenglamasining, ushbu
u(x,O)zuO(x), xeR ()
boshlang‘ich shartini qanoatlantiruvchi va quyidagi
ueCl(t>0)nC/(t>0)nC(r=0) (3)

sinfga tegishli bo‘lgan, X o‘zgaruvchi boyicha 77 davrli u# = u(x,t ) haqiqiy yvechimini mazkur

y”—%yzﬂq(x,t)y, xeR 4)
vaznli Shturm-Liuvill tenglamasi uchun qo‘yilgan to‘g‘ri va teskari masalalar usulidan foydalanib
topish algoritmini bayon gilamiz. Boshlang‘ich shartdagi u, (x) eC’? (R) funksiya oldindan berilgan
77 davrli funksiya bo‘lib, f(7)- berilgan uzluksiz chegaralangan funksiya.
Ushbu ishning asosiy magsadi (4) tenglama uchun to‘g‘ri va teskari masalalar usulidan foydalanib
(1)-(4) masalani u(x,t ) yechimini topishdan iborat.
Tadqgiqot metodologiyasi. Quyidagi

1
V' yide Aq(x)y, xeR Q)

vaznli Shturm-Liuvill tenglamasini garaylik. Bu yerda q(x) koeffitsivent 77 davrli haqiqiy uzluk-
siz funksiya bo‘lib, A € C - kompleks parametr. (5) differensial tenglamaning
c(O,/i) =1, c'(O,/i) =0 va S(O,/i) =0, s'(O,/i) =1
boshlang‘ich shartlarni ganoatlatiruvchi yechimlarini, mos ravishda, C(x,ﬂ,) va S(x,ﬂ,) orqali
belgilaymiz.
[2,3] ishlarda (5) vaznli Shturm-Liuvill masalasining koeffitsiyenti 77 davrli va q(x) < 0 bo‘lgan

holda to‘g‘ri va teksari spektral masala o‘rganilgan. Bu holda (5) vaznli Shturm-Liuvill masalasi absolyut
uzluksiz spektrga ega bo‘lib, uning quyidagi
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E={reR:-2<A(A)<2}=[4, 4][h. Ao 0[ A, Ay |-

to‘plamdan iborat bo‘lishi ko‘rsatilgan.
Ushbu (—oo,ﬂ,o), (ﬂzﬂ, /12,1), n>1  intervallarga  lakunalar  deyiladi.  Spektrning

A, k=0,1,2,... chetki nuqtalari A? (ﬂ) — 4 funksiyaning nollaridan iborat bo‘ladi va ular (1.1.1)
tenglamaga ~ qo‘yilgan  davriy ( y(0)=y(m), y'(0)=y'(x )) va  yarimdavriy
( yv(0)=—y(r), y'(0)=—y'(x )) chegaraviy masalalarning xos qiymatlari bilan ustma-ust tushadi.
Buyerda A(A)=c (72' , ﬁ,) + s'(7, A) bo‘lib, unga (5) tenglamaning Lyapunov funksiyasi deyiladi.

S(7Z ,ﬂ,) funksiyaning nollarini £ , n=1,2,... orqali belgilaymiz va ular (5) tenglamaga qo°-
yilgan ( y(O) =0, y( 7z) = O) Dirixle masalasining xos giymatlari bilan ustma-ust tushadi.

Ushbu & , n=1,2,... sonlar ketma-ketligi va

o, = sign{s’(ﬂ,fn)—c(ﬂ,fn)} =+1, n=1,2,...

ishoralar ketma-ketligiga (5) vaznli Shturm-Liuvill tenglamasining spektral parametrlari deyiladi.
Spektrning chetki nugtalari 4 _, n =0,1,2,... va spektral parametrlardan tashkil topgan ushbu

{2,..¢,.0,=%L, n>1}

n—-12
jamlanmaga (5) vaznli Shturm-Liuvill tenglamasining spektral berilganlari deyiladi.

4

Berilgan ¢ (x) koeffiysiyent bo‘yicha (5) vaznli Shturm-Liuvill tenglamasining spektral beril-
ganlarini topish va uning xossalarini o‘rganishga to‘g‘ri spektral masala, aksincha, vaznli Shturm-Liuvill
tenglamasining spektral berilganlari orqali g (x) koeffitsiventni tiklash masalasiga teskari spektral masala
deyiladi.

Tahlil va natijalar. Ushbu ishning asosiy natijasi quyidagi teoremadan iborat.

1-teorema. Agar u (x, { ) funksiya (1)-(4) masalaning yechimi bo‘lsa, u holda:

1) (4) tenglamaga qo‘yilgan davriy va yarimdavriy chegaraviy masalaning A, (l ), n=0,12,..
xos qiymatlari, ya'ni spektrning chetki nuqtalari / paramertga bog‘liq bo‘Imaydi;
2) fn = fn ([ ), o,=0, (t ), n >1 spektral parametrlari esa quyidagi differensial tenglamalar

sistemasini qanoatlantiradi:

dé (1) _ 1&1 1&1

1
i = 2§n—5;§—j+zkz;i—k h(<,). (6)

_é sl B fn _ gn
.0, [1 %]1:[[1 2211][1 21]

-5

Jj#n 6]‘
=1

bo‘lib, quyidagi boshlang‘ich shartlar bajariladi:

én (Z)‘Z:O = 57(1)7 Gn(t)‘lzo = G:I) 2 n= 17 27
Bu yerda &, o0, n=1,2,.. lar koeffitsiyenti ¢,(x)=u(x,0)—u, (x,0) bo‘lgan vaznli Shturm-

Bu yerda

N

Liuvill tenglamasining spektral parametrlari bo’lib, o, (l ) = *1 ishoralar cfn (t ) spektral parameter

o°zining [ A A, ] lakunasi chetiga kelganda qarama-qarshisiga o‘zgaradi.
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Isbot. Faraz qilayliz, u(x,l ) funksiya (1) tenglamaning X bo‘yicha 7z davrli yechimi bo‘lsin.
Ushbu

1
yZ—Zynzfn(t)q(x,t)yn, n=12,.. (7)

ayniyatni ! o‘zgaruvchi bo‘yicha differensiallaymiz va quyidagi tenglikka ega bo‘lamiz:
1 . )
y”n - Zyn = &nq(x, DY +Eq: (x, )y + Enq(x, Oy
Oxirgi tenglikni )V, ga, (7) tenglikni esa y,, ga ko ‘paytiramiz:

1 . .
y”nyn - ZYnyn =&q(x, t)yr%"fnqt (x, t)y,% + &g (%, Dy

y”nYn - %ann = fnq(x; t)}’nj’n
Oxirgi ikkita tengliklami o‘zaro solishtirsak, quyidagi
énq(x; t))’r% = yﬂnyn =¥V — &g (x, t))’r% ()
tenglik kelib chigadi. (8) tenglikni (0,7 ) oraliqda integrallasak, u holda

T

T T
¢, j q(x, )yldx = f 5" — 3", dx — f £.q0(x, Dy2dx
0 0

0 A A

- .7 12 . T

én f q e, Oyrdx = (V'vn =¥ )|, = f &n qr(x, YR dx
0 0

&0 fy a(x, DyRdx = — [ &, qe(x, O)ydx ©)
aynivat hosil bo‘ladi. (9) tenglikda

ij (x,1)q(x,1)dx=-1

0
ckanligini hisobga olsak,

&=l §n4cCx DyRdx (10)
tenglik hosil bo‘ladi.
Endi (1) Kamassa-Holm tenglamasini ushbu

q,=-uq, = 2uqg+ f(O)u, ~u,,) (11)
ko‘rinishda yozib olamiz. Bunda § =% — U, . Agar (11) ifodani (10) tenglikka qo‘ysak, u holda
én == fon $n (uqx + Zuxq)yrfdx + f: $n¥ () Uy — Uy) yr%dx (12)

ayniyat hosil bo‘ladi. Bu ayniyatning o‘ng tomonidagi birinchi integralga bo‘laklab integrallash qoi-
dasini qo‘llasak, quyidagi

I, ==[ & (ugq, +2uqg)yide=—[Euq,yide =2 [ & u qyide =
0 0 0
= —[Euyidq = 2| & u.qyide =2{Euy, v dq - [ £u gyl (13)
0 0 0 0

tenglikni hosil gilamiz. Agar (13) tenglikda, ushbu

1
V=gV +&q(x1)y,

aynivatdan foydalansak, quyidagi
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T 1 T
:2Iuy Vidx — J‘uy Vdx— J‘u v, y”dx+zj‘uxyjdx (14)
0
tenglik kelib chigadi. (14) tenglikdagi uch1nch1 1ntegralda ushbu

2
v=(n) -,
tenglikdan foydalansak, quyidagi

1, =2[uydy, —%juyndyn - fu (3,0,) de+ Tuxy,'fdx + %Tuxyidx =
0 0 0 0 0
=uy?|! —%Iud (yny;)%zuxyidx =
=uy)| + —jumyny;dx + ljuxyidx =
0 2 0

: 17 o 17
=y’ u__ydx+— 5 '(!‘u ypde =uyf| + El(ux —u, )yidx =
r2|” T !
=y +— Iq % [y a9
0

1
tenglikka ega bo‘lamiz. (15) tenglikda y;' = Z y,+ fnq(x N ) ), ekanligini ¢’tiborga olsak, quyi-

dagi
= 17 1
] =y 2 - "n_ - rdx

fy”y'dH—fy Vidx =

d 16
4§nfy , (16)

tenglikni hosil qilamiz. Endi 2(0,7) = u(7,t) tenglikdan foydalanib, (16) tenglikni ushbu

£ = <_?+ u(0, t)> [y'2@mt) — y'2(0,0)] (17

ko‘rinishda yozib olamiz.
Endi (11) tenglikning o°‘ng tomonidagi ikkinchi integralni hisoblaymiz:
T

1= [& f(Xu, —u)yids = F(O € y2du-u,) =
=f<r>{§nyi<u—um>:; 2 fn(u—uxx)yny;dx}:

==2f (t)f(yZ - %yn jy;dx ==Ly, (7,0~ ¥}(0,0)]. (18)
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(17) va (18) tengliklarni (12) tenglikka qo‘ysak, quyidagiga ega bo‘lamiz:

¢ = (—%+ u(x,t)-f (t)][y,’f(mt) - y2(0,0)]. (17)

n

Quyidagi

NN o o G
Vi (m,t)= 2 (0,0)=— -

J#n
J=1

[4] tenglikni (17) tenglikka qo‘yib, ushbu

£, = (é - u(O,t)j - \/(1 : il?l(l é/}inl j(l : i j (18)

I1

J#n

AN
j=1
differensial tenglamalar sistemasini hosil gilamiz. Quyidagi izlar formulasidan foydalanib,
-1 1T 31
W0 =33 1131
2i5¢ 434
(18) tenglikni quyidagi
- I 1&1D 181
E=l— N N (e (19)
2 — . 4 Z ﬂk ( )

yopiq ko‘rinishda yozish mumkin. Bunda

< ) e Y

i=1 i— i

h(E)= . 1 .
L

Endi davriy va yarimdavriy masalalaming A _(¢), 7 = 0,1,2,... xos qiymatlari / ga bog‘liq emas-

ligini isbotlaymiz. Davriy yoki yarimdavriy masalalarning normallangan xos funksiyalarini
v, (x,t ), n=0,1,2,... orqali belgilasak, yuqoridagi usul bilan quyidagi tenglikni hosil gilamiz:

At)= J‘/In (O (uu, +2uu  —3uu W (x,t)dx =
0

_ {_ Mnl 0 +u(0,t)}[v;2(7r,t) v (0.0)]

Bunda v; (x,t ) funksiyaning davriyligini hisobga olsak, quyidagi
A4,(1)=0
ayniyat kelib chigadi.
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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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