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Annotatsiya. Ushbu ishda birinchi tartibli hosila oldida kasr darajali parametr gatnashgan sekin
o zgaruvchili chizigli bo ‘Imagan integro-differensial tenglamalar sistemasi garalgan. Qaralayotgan
sistemaning xarakteristik tenglamasi nol karrali ildizga ega bo‘lib unga bitta elementar bo ‘luvchi mos
kelgan kritik hol uchun asimptotik ko ‘rinishdagi yechimni tuzish masalasi o ‘rganilgan.

Kalit so“zlar: asimptotik, sistema, xarakteristika, tenglama, koeffitsiyent, differensial, chizigli
bo ‘Imagan, umumlashgan teskari matrissa.

COCTABJIEHME ACUMIITOTUYECKOI O PEHIEHUSI CACTEMbI HHTETPO-
JTAPOEPEHIIUAJIBHBIX YPABHEHUH C IPOBHBIM CTEIIEHHBIM ITAPAMETPOM
MEPE/ IIPOU3BOJHOM

Annomauusn. B oannoil pabome paccmMampugaemcs cucmema MeoaeHHO MEHSIOWUXCS HeTUHEUHbIX
uHmezpo-ouppepeHyuanvbHbix YpasHeHuli ¢ OPOOHbIM NAPAMEmpPoOM neped NPoU3BO0HOU NEPeoco NOPIOKA.
Hccnedyemes 3a0aua nocmpoenus acCUMnmomu4ecko20 peuenus 0 KpUmuyecko2o ciyuas, 6 KOmopom
Xapaxkmepucmuieckoe ypasHeHue paccMampueaemMoll CUCmeMbl UMeem HyIesol Kpamuwili KOpeHb U
COOMBemcmeyen 0OHOMY 1EMEHMAPHOMY OeTUmenio.

Knwouesvie cnosa: acumnmomuueckuil, cucmemda, Xapaxmepucmuka, ypasHeHue, KoIpguyuenm,
oughghepenyuan, HenuneliHblil, 0600WEHHASL OOPAMHATL MAMPUYA.

CONSTRUCTING AN ASYMPTOTIC SOLUTION FOR A SYSTEM OF INTEGRO-
DIFFERENTIAL EQUATIONS WITH A FRACTIONAL PARAMETER BEFORE THE
DERIVATIVE

Abstract. This paper considers a system of slowly varying nonlinear integro-differential equations
containing a parameter with a fractional power before the first-order derivative. The problem of
constructing a solution in asymptotic form is studied for the critical case where the characteristic equation
of the system under consideration has a zero root of multiplicity one, corresponding to a single elementary
divisor.

Keywords: asymptotic, system, characteristic, equation, coefficient, differential, nonlinear,
generalized inverse matrix.

Kirish. Sekin o‘zgaruvchi koeffitsiyentli differensial tenglamalarni sistematik o‘rganish o‘tgan
asrning 50-yillarida boshlangan.
1948-1949 yillarda S.F.Fishenkoning [1,2] ishlarini paydo bo‘lishi shunday tenglamalarni o‘rganishni
boshlagan. Bu ishlarda avtor
d? d .
—5+ eP(1,8) -+ q(r &)y = ef (7,£)e 0

ko‘rinishdagi ikkinchi tartibli differensial tenglamani yechishning asimptotik metodini taklif etgan,

bunda P(z,¢),q(z,¢), f(1,¢€), defé'@

o‘zgaruvchi vaqt € > 0 —kichik parametr. Ishda k(7) = Z—f ( tashqi chastota) funksiya ba’zi 7 € [0, L]lar
uchun (1)-tenglamaning xarakteristik tenglamasining oddiy ildizlaridan bittasiga(xususiy chastotasi) teng
bo‘lgan hol qaralgan.

sekin o‘zgaruvchiga bog‘liq bo‘lgan funksiyalar, 7 = &t sekin
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Bu hol matematika-fizika masalalalarning tatbigida muhim nazariy va amaliy ahamiyatga ega.

Fishenkoning ilmiy xulosalari G.N.Sovin, V.N.Shevelo, A.l.Kuji, O.A.Goreshko [3,4] tomonidan
shaxtaning ko‘tarish kanatlarida yuzaga keladigan kuchayish orgali ifodalanuvchi differensial tenglamaning
yaqinlashuvchi yechimlarini aniglash uchun qo‘llanilgan. Bu tenglama ba’zi almashtirishlardan keyin sekin

o‘zgaruvchi koeffitsiyentli differensial tenglamaga keltirilgan :
2

e, ) 2l 4 0t )2 4 b )0 = £z, )
) de ) dt ) 7
2
bunda 7= €T, T =wt,w = ;—qc €= 3/Wi2q munosabatlardan aniglanadi Q, a, g, | —qaralayotgan

tenglamaga Kiruvchi berilgan parametrlar.

Integro-differensial tenglamalar nazariyasiga ko‘plab ishlar bag‘ishlangan [5,8]. Integro-differensial
tenglamalarga bag‘ishlangan kengroq ma’lumotlarni [7,8] ishlardan olish mumkin. Ikkita tenglamadan
tashkil topgan chiziqli bo‘lmagan integro-differensial tenglamalar sistemasi uchun chegaraviy funksiyalar
usulini A.B.Vasileva, B.F.Butuzov va ularning o‘quvchilari [9,10] ishlarida qo‘llaganlar. Kichik parametrga
bog‘liq bo‘lgan integro-differensial tenglamalar ustida [11,12,13] tadgigot ishlarni olib borishganligini
ko‘rish mumkin.

Yuqorida qayd etilgan ishlardan farqli ushbu ishda chiziqli bo‘lmagan integro-differensial tenglamalar
sistemasi uchun xarakteristik tenglamaning ildizlari nol karrali bo‘lgan kritik hol uchun umumlashgan teskari
matrissa usulini qo‘llab asimptotik yechimini tuzish, masalasini gqaraymiz.

Masalaning qo°‘yilishi.

Ushbu ishda

p
EE% = A(t,€)x + €2 fOL K(t,0,€)x(0,e)do + ef (t,x,e)  (3)
ko‘rinishidagi  chizigli bo‘lmagan integro-differensial tenglamalar sistemasini garaymiz,
x(t,€), f(z,x,&) —ntartibli vektorlar bo‘lib x(t,e) —noma’lum, A(t,e), K(t,0,¢) (3)- tenglamaning
yadrosi berilgan n —o‘lchovli kvadrat matrissalar, &€ > 0 kichik parametrning darajalari bo‘yicha
yaginlashuvchi darajali gatorga yoyiladi:
A(t,€) = Yo €°As(1)  K(1,0,8) = XsZo€°As(t,0) (4)
f(z,x, €) vektor (1, xy, 0) nugta atrofida Teylor gatoriga yoyiladi, T = €t, ¢ = st —sekin o‘zgaruvchi
vagt, p va q berilgan o‘zaro tub sonlar
det[Ay(t) —A(T)E] =0 (5)
(E-birlik matrissa) tenglamaga (3)-sistemaning Xarakteristik tenglamasi deyiladi. Uning ildizlarini
1;(1),i = 1,n orqali belgilaymiz.

Bu ishda (3)-sistemaning (5) tenglamasi yarim oddiy, ya’ni k —karrali nol ildizga ega bo‘lib,
unga bitta elementar bo‘luvchiga ega bo‘lgan hol uchun asimptotik yechimni tuzsin masalasini qaraymiz.
Qolgan n — k = m ildizlar [10] chiga asosan qanday bo‘lishi muhim emas.

Asosiy ilmiy natijalar.

(3)-sistemaning (5) tenglamasi yarim oddiy, ya’ni k —karrali nol ildizga ega bo‘lib unga bitta
elementar bo‘luvchi mos kelgan hol uchun asimptotik yechimini ko‘rsatuvchi quyidagi teorema o‘rinli.

Bu hol uchun (3) — sistemaning asimptotik yechimini ko‘rsatuvchi quyidagi teorema o‘rinli.

1 — Teorema. Faraz gilaylik quyidagi shartlar bajarilsin:

a) Ag(r) (s =0,1,2,...) matrissalar T € [0, L] oraliqda, f(z, x, €) vektor P(t,x,&) = P(t,x) X (0 <
€ < &, bunda P(7, x) — 7, x 0‘zgaruvchilar fazosining ba’zi soxasida cheksiz differensiallanuvchi;

b) Ks(tr,0) (s =0,1,2,..) barcha 7,0 € [0,L] lar uchun 7 o‘zgaruvchi bo‘yicha istalgan tartibli
xususiy xosilalarga ega bo‘Isin.

c) (5)-tenglamaning ildizlari

A;(t) =0,vtel0,L], (i = 1,2...,k),Rel;(r1) <0 (j =k + 1,..,n)
munosabatda bo‘Isin.
U holda (3)-sistema p > q xol uchun

x(t,8) = ) pwug@, u="Ye 6)
s=0

ko‘rinishdagi formal xususiy yechimga ega bo‘ladi.

Isbot. 1-teoremani isbot gilish uchun (6)-ifodani (3)-sistemaga qo‘yib xosil qilingan ifodadan
f(z, x, u?) vektorni (z,xy, 0) nugta atrofida Teylor gatoriga yoyilmasidan p parametrining bir xil darajalari
hadlarini yig‘ib
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pPu' (T, 1) = A(T, uu(z, lf) + pt fOLK(T» o,ut)dou(o, wdo + p{f (t,ue(7),0) + pfy(Du. () +
o+ W[ fu(Dus(T) + fo1 (1) + fs+1—q(T)] + -
(7
aft

ayniyatni hosil gilamiz, bunda f”(T):W matrissaning elementlari va f;(r) vektorning

koordinatalari (t,uq(t),0) nugtaga hisoblanadi. fs+1_q(r) (s =2,3,...) vektor u,(t) (s =0,12,..,s — 1)
vektorlar orgali ma’lum tartibda ifodalanadi.
(7)-ayniyatdan u parametrning bir xil darajalari oldidagi koeffitsiyentlari tenglashtirib (6)-
gatorning noma’lum hadlarini aniglash uchun rekurent tenglamalar sistemasini hosil gilamiz.
Ag(Du,(t) =0,v=0,1,...,q — 1, (8)
Ao (g (1) = —A; (D3 (2) — £ (T, 10(D)) (9)
Ao (Mup (1) = —A1(Du2 (1) — fu(Dua (1) — f2(1) + u'o(7) (10)

Ap(Dttg(0) = =4, (Dus (D) — f,(Dus (@) = fo(0) = [ Ko(Dug(o)do  (12)

AO (T)us (T) = _Al(T)us—q(T) - fu (T)us—q(T) - (T) (12)

bunda
a;(7) = — Z£E=]1 A (T)us—ip () - Z£2=_q1 Ks(t,0) us—Zq(T)dO- - fs—q(T) + u,s—p (r) s=
2q+1,2p+2,..
(8)-sistemadan [14] chiga asosan

uv(T) = Z?:l Qi (T)niv (T)) Yy = 01,.., q-— 1 (13)

yechimni hosil gilamiz, bunda n;,(t) keyingi qadamda aniglanadigan noma’lum funksiyalar ¢; —
Ay (t) matrissaning xos giymatiga mos keluvchi n — o‘Ichovli xos vektor ¢; € N(4y(7) ), bo‘lib i —chi
koordinatasi 1-ga golgan koordinatali 0-ga teng bo‘lgan ustunli vektor.

(9) — tenglamani (13) — ifodani ¢’tiborga olib

Aoy (D) = =4 (D T 0O (@)  f(@ T i(@nip(@))  (14)

ko‘rinishida yozamiz.

(14)-bir jinsli bo‘lmagan tenglama bo‘lib, u yechimga ega bo‘lishi yechim mavjud bo‘lish sharti
bajarilishi zarur va yetarlidir. Faraz gilaylik (14)-tenglama uchun 7 € [0, L] bo‘yicha yechim mavjud bo‘lish
sharti

@), (A1 (D) 2 @i (OMio (D) = f(. Tz @i (D) =0 (15)
bajarilsin. Bu shartdan
W, (A1 (D T 00 (@) — @), fF (T, T 0 (DN30(x)) = 0 (16)

tenglikni xosil gilamiz, bunda ¢ € N(AB(i)), @; va @; (i,j = 1,k), ortonormallangan vektorlar bo‘lib
V(t) € [0, L] oraligda L

W 0)=11i=j((¥j9:)=0i#ji,j=1k), (17)

W), (A1(0D) = fu(@@y) # 0

Ao (7) matrissaning qo‘shma matrissasi matrissaning xos qiymati ; — Ag (i), j —koordinatasi 1-ga
golgan koordinatali 0-ga teng bo‘lgan satrli vektor.

(16)-tenglama uchun oshkormas funksiya haqidagi teorema o‘rinli deb faraz qilib, [15] chiga
asosan 7;o(7) noma’lum funksiyani aniqlaymiz. Demak (14) tenglama uchun (16) shart o‘rinli, u holda bu
tenglamadan (6) qatorning noma’lum hadi u, (7) —vektorni

ug (1) = AF[=A1(D) iy 0iMio (D) — F(T. 211 9:(DMio(M)] + Ty 9imiq(7)

(18)

ko‘rinishda aniglaymiz, bunda 7;,(7)- keyingi qadamda aniglanadigan noma’lum funksiya, Ag (1),

A, (t) matrissaning umumlashgan teskari matrissasi
-1

AF@ =[4(D) — W @1 9)]  — Xi=1(0: ® ¥)) (19)

Q, @; va ; vektorlarning tenzor kopaytmasi belgisi.

(10)-tenglamaning (13) tenglamadagi vy = 0 va v = 2 bo‘lgandagi ifodasini e’tiborga olib

Aoy (D) = A (D[ T iz (D)) + fu(DI Zq @iz (1) — /(D) + + 2y @i’y (D)

(20)
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ko‘rinishda yozamiz. (20) tenglama uchun yechim mavjud bo‘lish sharti

k k
W) (4@ = fu®) ) 92 = Wy i) = @y, ) o',
i=1 i=1

j=1n. 1)
(21) tenglamadan 7n;, (t) —moma’lum funksiyani (17) — shartni etiborga olib

~ (a@)-wizh e’ @
m2(0) = O b=y, Lj=1n 22)
ko‘rinishga ega ekanligini aniqlaymiz.

(18)-tenglama uchun yechim mavjud bo‘lish sharti o‘rinli, u holda (6)-gatorning u, () noma’lum

hadi
Uy () = AF (@O [-(A1(D) + £ (D) Z1 @iz (1) — f1(D) + + Ty 01110 (D] + Ty 91 (7)
(23)
ga teng bo‘ladi, 1;,(7) —keyingi qadamda aniglanadigan noma’lum funksiya. (11)-tenglama (13)-
tenglamada v = 0,v = 3 bo‘lganda
L
Ag(Duzq(7) = —(41(0) + (D)) ZiLs @iniz (0 — £2(0) = [ Ko (T, 0) Ty pimio (D) do +
Y Pillizg (7) (24)
ko‘rinishga ega. Bu tenglama uchun yechim mavjud bo‘lish sharti
K
Wi (4D + /() ) 913 (D = Wy ()
i=1
L

k k
=y [ Ko(@0) Y 900 + (g Y @ig- (D)
i=1 i=1

0

(25)
ko‘rinishda bo‘ladi. Bu tenglamadan noma’lum 1;5(7) funksiya:
(1) = (V1) -y Ko(0) Ty 0100+ Ty 9i)izg—p (D)
MTistt) = (@A O+ )00
i=j, i,j=1n (26)

ko‘rinishida aniglanadi. Demak (24)-tenglama uchun yechim mavjud bo‘lish sharti o‘rinli. U holda
(6)-gatorning u,, () noma’lum hadi
L
u2q(T) = Ag(T)[_(A1(T) + fu(T)) Z;{=1 Piniz (@) — f2(1) — fo Ko(t,0) Z{'(=1 @inio(o)do +
Y, YiNizg—p(D] + P PiNizg-p+1(T), (27)
Ni2q—p —funksiya yuqoridagidek keyingi qadamda aniqlanadigan noma’lum funksiya
Shu jarayonni davom ettirib S —chi gadamda (12) tenglamani

Ao(@us(1) = =(A1(D) + £u (D) T ¥mis—q (D) — Q(0) (28)
ko‘rinishida yozamiz, bunda

Qx) =— Z£‘£1As(r)us—ip () — ZEZ;IJ KS(TU)us—quU - fs—q(T) - u’s—p(T) - s=2q+

1,2q+2, ..

(28)-tenglama uchun yechim mavjud bo‘lish sharti

W), (=A@ + £,@) 21 0)Nis—q (@ + QD) ¥;) = 0, (29)
ko‘rinishda bo‘ladi. Bu tenglamadan 7,_, (7) —noma’lum funksiyani aniqlasak

_ () _

T5-0(D) =~ ey Lo K (30)

ko‘rinishda bo‘ladi.
Bundan ko‘rinadiki (28)-tenglama uchun (29) shart bajariladi. U holda (6) gatorning ug(t)
noma’lum vektori
U (1) == AF@[~(4:(D) + £u(D) By 9inis—g (@) — QD] + T, imis (2
31)
ko‘rinishda bo‘ladi, bunda n;5(7) —keyingi qadamda aniglanadigan noma’lum funksiya.
(6)-formal qatorning koeffitsiyentlarini aniqlash usullarini ko‘rsatish orqali, biz 1-teoremani
isbotladik.
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Asimptotik yaqginlashishni isbotlash.

Yuqorida tanishib chigilgan algoritm yordamida (6)-formuladagi gatorning har ganday hadlarini
aniqlash mumkin. Amaliyotda hisoblashlarning kattalashib ketishini e’tiborga olib, qator yoyilmasining
dastlabki m ta hadini tuzish bilan chegaralanamiz. Shu munosabat bilan(3)-sistemaning m ta yaginlashuvchi
yechimi tushunchasi garaladi.

Qaralayotgan hol uchun m —yagqinlashuvchini

X (t, €) = X5z e us(T) (32)

ifoda orqgali aniglaymiz. Faraz gilaylik, x(t, &) (3)-sistemaning t = 0 shartni ganoatlantiruvchi aniq
yechimi bo‘lsin. Shu boshlang‘ich shartni x,,(t,¢) vektor ham qanoatlantirsin. U holda [16] chida
ko‘rsatilgandek x,,(t, €) yaginlashuvchi yechim x(t, ) yechimga asimptotik yaqinlashishni ko‘rsatishimiz
mumkin. Dastlab quyidagi Lemmani keltiramiz.

1. Lemma. Faraz qilaylik 1-teoremaning shartlari bajarilsin, u holda m —chi x,,(t, ¢)

yaginlashuvchi yechim
dxm

5 L
= = [Ao (@) + p1A0 (T, Wm + 1f (T, um, u9) + 4 [ K (7,0, 4 um (0, p9)do + p Ry (T, 1),
(33)
tenglamani ganoatlantiradi, bunda R,,, (z, 1) —vektor funksiya [0, L] oraligda chegaralangan.
Lemmani ishot gilish uchun (32) ifodani (3)-tenglamaga qo‘yib 1-teoremaga asosan (32)-vektor (31)
sistemani 0(¢™*1) aniglikda ganoatlantirishga ishonch hosil gilamiz.
Faraz qilaylik, boshlang‘ich

V(T,8)|r=0 = Vo (34)
shartni ganoatlantiruvchi

2= AV (35)
tenglama V (z, €) yechimga ega bo‘lsin. Bu yechim Vt € [0, L] uchun

Ve ll<M (36)

tenglikni ganoatlantirsin, bunda M, € —ga bog‘liq bo‘Imagan o‘zgarmas.

1-teoremada. Tuzilgan formal xususiy yechimni asimptotik xarakterga ega ekanligini quyidagi
teorema ko‘rsatadi.

2-teorema. Faraz gilaylik (3)-sistema uchun 1-teoremaning shartlari bajarilsin va

a) f(z,x,¢€) vektor funksiya o‘zgarmas [ soni uchun Lipshas shartini ganoatlantirsin,

If (7. x,€) = f (T, xm, )|l < Ulx — 2 l; (37)
b) (36) —shart bajarilib
x(t,&)lt=0 = Xm(t, &)l ¢=0 , (38)

tenglik o‘rinli bo‘lsin. U holda har qanday katta L > 0 va o‘zgarmas C uchun shunday & € (0, &y] —ni
mos qo‘yishi mumkinki, 0 < t < % oraliqda
lx(t, &) = xm (t, )l < u™+179C (39)
tengsizlik o‘rinli.

Isbot. (3)-sistemadan (33)-sistemani ayirib
% =Ag(t)z + A, (1,8)z + £ fOT M (K (1, 0) + X K (T, )ty (0, u9)do + pi[f (1, %, €) —
f(t,xpm,€)] + ™R, (1,8) (40)

tenglamani hosil gilamiz, bunda
m

z(t,e) = x(t, &) —xn(te), Ai(re)= Z S A, (1), L(t) =1 (41)
s=1

(40)-tenglama
z(t,e) = ¢ fOLV(T, VIt e)zA, (1, 8)z(ty, ) + VIt &) f(r,x,€) — [f (1, xm, €)] +
2 [V (T, V71t &) (K (1, 0) + Kis(T,0) Jumdo + e™HL [TV (L, )V "1 (ty, €)Rpy (t, €)dLy,
(42)
integral tenglamaga ekvivalent.
(42)-tenglamadan norma olib

lz(t, )l < & [JIV( IVt DNALz llllz(z ©)llde + &2 [ (f; || Ko (T, 0)||llz(o, &)||do +
| K1z, )I||zll (0, &)lldo + ™+~ IMLR, (43)
tengsizlikni hosil gilamiz.
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(43)-chi ifodaga Gronullo-bellman [17] tengsizligini qo‘llab
lz(t, &)l = llx(t, ) — xm(t, )l < w™+174C (44)
tengsizlikini hosil gilamiz, bunda
C = MLR, exp(N + IMM), [0,L] kesmada ||A;(7,)lIN, |IR.(z,€)|l <R.
tengsizlik o‘rinli. (44) munosabat tuzilgan formal Xususiy yechimni asimptotik xarakterga ega
ekanligini ko‘rsatadi.

Xulosa. Ushbu ish kichik parametrga bog‘liq bo‘lgan sekin o‘zgaruvchi koeffitsiyentli integral-
differensial tenglamalar sistemasining xarakteristik tenglamasi k —Kkarrali (k < n) nol ildizga ega bo‘lib
unga bitta elementar bo‘luvchi mos kelgan hol uchun (qolgan ildizlar noldan farqli) formal xususiy yechimi
tuzilgan. Shuningdek tuzilgan formal xususiy yechimni asimptotik xossaga ega ekanligi isbotlangan.

ADABIYOTLAR:

1. @ewenxo C.@. llxkune H.I]. Hukonenxo A.J]. Acumnmomuueckue memoo 6 meopuu MUHEUHbIX
oughghepenyuanvrvix ypasnenuil.-K.: Hayxkosa oymxa, 1966. 252 ¢

2. Qeuwenxo C.&. [Tumanus meopié 36udalinblX MHEUHbIX OUDDEPEHYUANBHBIX PUBHEHb OPY2020
nopsokys nosuibosmennumu koegppuyuenmamu. /I Hayx. zax. KAIIA ¢uz-mam. cep. 1948. N = 3,c.74-
112.

3. Quwenxo C.®D. Manu Korusannas cucmemu u3 CKUHYEHUM YUCIAM CMYNEHUE BUTbHOCTIU.
IHayx.3anio KIJITH. @usz-mam. 1949 N=4, ¢. 99-155

4. Casun I'M. lllegenno B.M. Kyoceii A.U. IIpo nog3008sceHy KOIUBAHHA NPYHCEHO-6A3KOU HUMKU
SMUHHOT O0BAHCUHU 3 6AHMAdICeM HA Kunau(onykanus eéanmodxcy). Il [lpukn. mexanuxa 1955. 1., N=3, c. 328-
338.

5. Bvikos. A.B. O mnexomopwix 3adauax meopuu unmeepo-oudpepenyuanvhvix ypaenenuil. |/
@pynze:U30-60 AH Kupuccp, 1957-326 c.

6. Bexya HII Cucmema nunelHvlx uHmMezpO-OUPPepenyuanvHblX YpasHeHul ¢ MAibiMu
napamempanm. [[AH I'CCP, 1962. 29. N=4. c. 385-391.

1. Umananues M.U. Acumnmomuyeckue meopus CUHIyIaApHO-Ou@depenyuavtoix cucmem. Opyuse:
Hum, 1972.-356 c.

8. Keanmunuuanu K.HU. Hnmeepo-ougpgepenyuanvhvie ypaenenus muna Banemeppa c manvim
napamempom npu cmapuwiux npousgoousix. [|Cooow.AH. TCCP. 1961. 26, N=3, c. 265-272.

9. Bacumvesa A.b. Bymysoe 3.@. Hexomopwvie 3a0auu Ha cobcmeeHHvle 3HaueHusi OJis UHmMeSpo-
OoughpepenyuanbHbIX ypasHeHuli ¢ MaibiM napamempom npu cmapuieti npousgooroil. Il Jug. ypasnenus,
1965, 1, N=9. c. 1190-203.

10. Bacunvesa A.b. bymyszoe B.D. Acumnmomuueckue pasioNCeHus peueHull CUHSYIAPHO
803MYWEHHBIX ypaeuenutli. -M.:Hayka. 1973.-272 c.

11.Bopouneii A.H. O6 acumnmomuueckom peuweHuu Cucmem JUHEUHbIX UHMe2po-0uddepeHyuaibHbIx
VpasHenui payuonanbrozo panea. Il Yep.mam.mypn. 1982. 34. N=3, ¢.274-290.

12.Boponoii A.H. O nocmpoenuss GopmanrbHulX pewlenull JUHEUHOU CUcmemvl UHmMezpo-
OughpepenyuanbHblX ypasHeHull ¢ MAaiblM Napamempom u nepemennvim 3anazoviganuem. Il Yip. mam.
arcypH., 1982., 34, N=6 c.744-749.

13. Quwenxo C.@. Comnuuenxo H.A. O6 acumnmomuueckom npedcmagieHuu peweHuli uHmezpo-
oughpepenyuanbHblX ypasHeHull 6 YaCmHbIX NPouU3BoOHbIX ¢ 3anasoosarouum apeymenmom. Il Hze. Byzos.
mamemamuxa, 1973. N=2. ¢.88-90

14. Alishev A. Alishev Sh.A. Oddiy differensial tenglamalar sistemasini asimptotik integrallash. -T.:
“Fan va texnologiya”, 2016. 260 b.

15. Quxmeneonvy I.M. Ochosvr mamemamuuecxkoeo ananuza. Tom 2. -M.: Hayka. 1968-463 c.

16. Anuwes A. Acumnmomuyeckoe uHMeEZPOGAHUE CUCMEM HETUHENHbIX OupghepeHyuanbHbix
ypaenenuil, cooepoicawux manvie napamempol. Il Co. “Ilpubnusicénnvlie memoovl aHaAIU3a HEAUHEUHbIX
xonebanuii”. K.: Unc. mam. AH YCCP. 1984 2.

17. benaman P. Beedenue ¢ meopuro mampuy. - M.: Hayxa. 1976, 351 c.

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2026/9 (138) 137



