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Annomayua. Ycmanasnuearomcs 00Cmamounvle YCi08Us ACUMIMOMUYECKOU YCMOUYUBOCMU pe-
weHUll TUHelH020 UHmMezpo-ouddepeHyualbHo20 ypasHenus mpemove2o nopsaoxka muna Borsmeppa na
noayocu. /[ns amozo cuavana 3a0anHoe ypasHeHue ¢ NOMOWbI0 HeCMAaHOAPMHOU 3aMeHbl C8OOUMCS K
9K8UBANEHMHOU cucmeme, cocmosiueli U3 00H020 OuppepeHyUarbHo20 YpasHe s 8mopo2o nopsaoka u
00HO020 80IbMEPPOBA UHMEZPO-0UPPepenyuanrbHo20 YPasHeHUs nepeoco nopsaoka. 3amem K 3mou cu-
cmeme passusaromcst Memoo 8038e0eHUsl YPAGHEHULL 8 Kaopam U Memoo Cpe3vlearouux GyHKyui, u @
omau4ue om paHee NPOBEOEHHLIX UCCIe008aAHUU, 0elalomcs makue npeobpazosanus, Komopule oxea-
Mulearom Cay4ail, Ko20a cpe3amuvle ciazaembvie 10ep U C60OOOHIX UIeHO8 Mo2ym Oblmb Hedughghepen-
yupyemvl 8 OUCKpemuvlx moukax noayocu. Ilocne npumenenus memooa 06 unmezpaibHOM HEPABEHCHEe
ucnonvzyemcs remma Jlrocmepuuxa-Cobonesa. Cmpoumces uniocmpamueuslii npumep.

Knrouegwie cnosa: unmezpo-ougpepenyuanivroe ypagnenue mpemve20 NOpsaoKd, HeCmanoapmHoe
ceedeHue K cucmeme, 806836e0eHue YPasHeHull 6 Keaopam, cpesviearoujue GyHKyuu, He2iaokocms cpe-
3AHHBIX PYHKYUU, CpemaeHue K HYII0 peueHull, CmpemieHue K Hya0 NPou3B00HbIX peuleHull, acumn-
momuueckas ycmouuusocms, niemma Jlrocmepnuxa-Cobonesa.

Bce durypupyromme (QYHKIMU — SBISIOTCH ITocTanoBKA 3a1a4H
HCIIPCPBIBHBIMM M COOTHOIICHHA HMCIOT MECTO HYCTB [1] 0<W(t)- HEKOTOpasi BecoBas

npu t>t,,t=272>t,, NJ1Y-unterpo- Fu—e (t,7) =(W (t))_le (t, 7)W (7),
nuddepeHanbHOoe YpaBHEHHE,; TOJ] aCUMIITO- _1

THUYECKOW YCTOMYHMBOCTBIO PELICHUH JIMHEHHOIO FU)=fO W)™

NJY Ttperbero mnopsiika MOHUMAETCS CTpeMJie- Taxoke mpeamnonoxum [2]:

HUE K HYJII0 mpu t —>00 Bcex peleHudl U ux

IMEPBBIX 1 BTOPBIX IMTPOU3BOAHBIX.
n

K(t7)=) K,(t.2) (K)

v, (t) (i=1...n)- HEeKOTOpBIE Cpe3bIBaIOIIKE (PYHKIINH,

R(t.7) =K t.2)(w; Oy ()" E® =R 1) (i=1...n).

Oynkmun R (t,7), E;(t) (i=1....n) Ha3bIBa- 3agauya. YCTaHOBUTH JOCTAaTOYHBIC YCIIOBUS
IOTCSI CPE3aHHBIMH. ACUMIITOTUYCCKON YCTOMYHUBOCTHU PCHICHUU JIU-
HeiiHoro MJIY tpetbero nopsiaka tuna Bosbrep-

pa Buaa
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+Z[ak )+ [0t e |- 10,21, 0
B Cly4ae, KOIJa cpe3aHHble (YHKIUU OTmeTHM, 4TO Takas 3agava pemaeTcsi BIep-
R (t,7), E (t) (i=1...n)moryr ObiTh Hexudde- BbIE.
PEHIUPYEMBIMH B HEKOTOPBIX TOYKAX ITOJYOCH Pemenne 3aiauu
t>t Cuavana B /1Y (1) ananoruyno [1] cnenaem
>t,.

CIICAYIONIYIO HECTAHIaPTHYIO 3aMEHY:
X'(t)+ px'(t)+ ax(®) =W (t)y(t), (2)

rjic P,g-HEKOTOphIC BCTIOMOTraTEeNbHbIE MapameTphl, y(t) - HoBas HeusBecTHas (Qynkuus. Torma

NAY (1) cBoauTe K ciaeayrouieil 5KBUBaJIEHTHOMN cucTeMe:

X"(t)+ px'(t)+ax(t) =W (t) y(t),
y'(t)+h, (t)y(t)+bl(t)x'(t)+bo(t)x(t)Jrjtto[P0 (to)x(z)+ Pt )X (@) +K (t,7)y(r)]dr=F(t), (3)

1

b, (t) =2, (t)- p+W (t)(W (1)),
by (1) =(W (1)) [ (1)~ pa, () + p* -],
by (t) = (W (t)) [ a (t) - ga, )+ pa].,
1) "[Q(t7)-aQ: (t7)],
t))il[Ql (tff)_ PQ, (t’f)]'

Crnenys unee merona w3 ctaThu [3], mepBoe t, mpu STOM aHAJIOTUYHO [2] BBOJUM YCIOBHS
ypaBHeHHE cucTeMbl (3) BO3BOJUM B KBajpaT [2, (K),( f ), dyHKLHK

28], - :
c.28], a BTOpoe ypaBHEHHE — yMHOXkaeM Ha Y (t) v (t), R (t,r), E (t)(l :1...n). B pesymstate

nmoJjrydacm CJICAYIOUICC TOXIACCTBO:

[4, c.194-217], 3aTeM CIOXHUM TMOJYyYEHHBIE CO-
OTHOIIIEHHUS, UHTErpupyeM B mpenenax or f, no

L§[<X"<s>>2+<p2—2q><x'<s>>2+q2<x<s>>1ds+p<X'<t>>2+2qx<t>x-<t>+pq(x(t)>2+<y<t>>2+
+2L:b2(s)(y(s))2ds+2§j J,R(s )z,(s)dzds =c, +j W(s)2(y(s)) ds+
2Y [ E(s)2 (s)ds—zf;y(s){ta(s)x'(swbo<s>x<s>+Lj[Po(s,r>x<r>+a(s,ﬂx'(r)]dr}ds, @rae
7, (t) =i (1) Y (1), e = p(x'(t)) +2ax(t)X"(t,)+ pa(x (%)) +(¥ (1)) -

Tenepb i ToxaecTBa (4) Oyaem JenaTh CISAyIOIIUE MPeoOpa3oBaHsl, aHAIOTUYHBIC TPeodpa3o-
BaHusM 3) — 5) u3 [5].

IlycTh
()=, 0), (%)

i<l
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R (t.7) =Ry (to)R,(t7) (i=L.0), (R)
E(t)=E,(t)E,(1) (i=L.n) (E)

Torna ananoruydo cootHorneHuto (3) [S] umeeM:

ZLsz(s) ) ds = 2j Zb )i (8) % (v, (9)y(5)) ds = zsz(s)(z(s)) ds, (5)

e A =b, O, )7 (=1...n)
Iyers A,(t)>0 (i=1..n). Hcnons3ys MmHPOKO M3BECTHOE HEPABEHCTBO 203 < a’+ %, BBos

ynkuum A, (t) ® Jenas MHTErPUPOBAHUE MO YacTAM, aHanoruyHo (4) u3 [5], momydaem
COOTHOIIICHHE:

Jlanee anaorunyHo cootHomienuto (5) us [5] umeem:
t t t .
2[ Ey(S)E.(s)z(s)ds< ) O(Eiz(s))z(zi (s)) ds+]| O(Eil(s))z ds (i=1.n). (7)
C yuetoMm cootHomeHu# (5) - (7) u3 ToxxaecTsa (4) MpUXOIUM K CIICIYIOIIEMY HEPABEHTCBY:

u(t)zjt:[(x"(s))2 +(p? —2q)(x'(s:))2 +0? (x(s)ﬂds+ p(x'(t))2 +
L2x(E)X'(1) + PA(X(E®)’ +(y ())%i[; D,(s)(z(s)) ds+

=1

+ZJ' ) ds<c, +Z_[ A 2ds+_|.;(W(s))2(y(s))2 ds +
ZJ{ A(S(SS) (L,Ai (m)(2 (n))zdn)_ﬁ%{(RuA(is(f))) ](L:Ai ()2 (”))Zd”)dr}ds_
2y s){q $)+ [ [R(s7) l(s,r)x'(r)]dr}ds, (8)
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rac

D,(t)=4,(t)-, (Ro(t.7) dr=(E, ()" (i=1.n).

Ilepexons u3 HepaBeHCTBa (8) K MHTErpajlbHOMY HEPAaBEHTCBY NpHMEHss jeMMy 1 [6] 00 uHTe-
rpajJbHOM HEPABEHCTBE, aHAJIOIMYHO TeopeMe U3 [3] AoKa3bIBaeTCA Cielyromast
Teopema. Ilycte 1) p>0,q>0, W(t) >0, semonnsrores  ycnosus  (K),(F),(b,),(R),(E); 2)

p’-2q>0; 3) D, (t)ZO,Ai (t) >0 (i =1...n);

B WOY + (@) + QO

A, (t)

+(bk(t))2+U;( (t7)) dr} c'(J.R

o [Rueay ], .
or| A7)

(i=1.n; k=0.).

Torma anst mo6oro permenns (X(t), y(t)) cucremst (3) CIpaBe/UIHBbI yTBEPKICHHS:

x“(t)e*(3,R) (k=0,1,2), ©)

y(®) =0().

ITycTs, kpome Toro, 5) W(t) >0 mpu t — .
Torpa mo0oe perieHre JUHEHHOTO BOJIbTEPPOBA
NY Ttperbero mopsiaka (1) acUMITOTHYECKH

YCTOWYHBO.
Hoka3zareancTBo. B cuny ycmoBuii 1), 2)
TEOPEMBI MOJTyyaeM, qTO

P(X'(1))? +2gx(t)x'(t) + pa(x(t))* >0, Tak  kak
9TO HEPAaBEHCTBO BBIMOJIHACTCS
X,X', eclH JUCKpUMHUHAHT (° —p-pq<0, gro

pu  JTIOOBIX

2, by($)x(s)y(5)ds = 2] 4z x(s) %

2] b, (5)X'(s) y(s)ds = 2[ VP2 =204/, X' (5) —t—

< (5" 20, (s

(10)

paBHOCHIBHO P°—(0>0. B cuny p>0,q>0 u3

p® —q> 0. Cnenosa-

TEJBLHO, TP BBITIOJIHEHUH YycioBui 1)-3) Teope-
mbl U(t) > 0.

Hanee nns moobix uucen ¢, € (0,1), T.e. mpu

p>—209>0 umeeM , 4TO

O<g <1 (k = O,l) , aHajoruyHo [3] umMmeem

cileayromue 2 COOTHOIIICHHUS:

b, () y(s)ds <

P’ -20e

=2/ (59 )’ 12)

[Tpumenss vepaBercTBa Kommn-byHsikoBckoro, aHamoruuHo takxe u3 [3], moiaydaem, 4yTo

2] |y(s)|“ XS T)X(k)(r)‘df] ds <2’ U (R.(s,7)) d } Ut:(x(k)(r))zdr}z|y(s)|ds (k =0,1). (13)
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Tax KaK

u() > [ [0 +(p - 20X G +4° () Jds+ (YOF + 3 [ A(G)2 ()05, 7o ofio-

3Ha4asd:
U = [ [0 +-5)(P* - 20X S +A- &) Jds + (YO) + X[ A, () (507

yuutbiBas (11)-(14), Takxe ycnoBue 4), u3 HepaBeHCTBA (8), OyZeM UMETh CIIEYIOlIee HHTErpalbHOE

HEPaBCHCTBO:
t (Ru(s, s))° 1 2 1 2, 1| [° 2 %
U(t)Sc*ﬁjto{ O + 35 o e B s o) INGICELE
+(p2—2q)2“2(3(5,7))2(11} }U(s)ds+z INNF {(RA(S(T)» }}J(r)drds, (15)

I'ne
c.=c, +2Lw(Ei1(s))2ds<oo.
i=1 0

[Tpumenss Kk MHTErpaibHOMY HepaBeHCTBY (15) nemMmy 1 u3 [6] U ¢ yyeToM yclioBHs 4) TEOPEMBI ,
II0JIy4aeM OLICHKY:

U(t)<c.., (16)

rac

i=1

_ * 2. N\ (Ri1(313))2 Si (Ril(s'z'))2 L 2
C***C**eXPLL {(w(s» +Z{ R ar{‘ NN }‘df}%qz (o (5))+

1(p _2 )(bl(S)) |:_|:(Po(5,2'))2d7:|2+(p2—2C1)_ U (P(s, 7)) dr} }ds <o,

N3 onenku (16) ¢ yuetom o603HaueHus (14) BeiTekarot yrBepxkacHus (9), (10) Teopemsl.

[Mpumenss k (9) nemmy Jlrocrepauka-Cobosnesa [7, ¢. 393-394;3]:

«Eemm x¥(t)el’(J,R) (k=0,1), to X(t)—>0 mpm t—>o », ycranoum, uro X" (t) >0 mpu
t —>o00 (k=0,1). Yuer ycnosus 5), u (10) gaer X"(t) >0 mpu t — oo. CriemoBarensHo, A8 1000r0
pemenus X(t) MUY (1) Boimonusores yreepxaenus: XX (t) >0 (k=0,1,2) npu t — o, 4To 03Ha-
YaeT aCUMITOTUYECKYI0 YCTOHYMBOCTH Jitoboro pemenus MY tpetsero nmopsiaka (1). Teopema noka-
3aHa.

[IpuBeneM npocTenInii HILTFOCTPAaTUBHBIN

1
Ipumep. Huist nay TPETHETO nopsijika (1) c a,(t)=3e" + |Sin t|5 +5,

o 19 ok 31sin 2t
t) =9e™ +3lsint[s +8——, t) = 6e* +2|sint[s + 4 — ,
Al | | t+1 %O | | t+5
1
2sinz e (cost)®e*
t,r)=2Q,(t, —, t,7) =30, (t,7) - —— { )= coshe
Qy(t,7) =2Q,(t,7) + (t+o+ )4 Q (t,7) =3Q,(t,7) - ('[+2‘[+10)3 rae Q,(t,7) (t+2'+7)3
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1

)= (sin9t)7

f(t)= ,t,=0 BHIMONHAIOTCA Bce ycmoBHMs TeopeMbl mpu P=3,4=2,W(t)=e™?, 3mech

l -
b, (t) =3e* +[sint[s, b (t)= b (t) = 31tsm52t |
+

1 1

i 2t+27 5 2t fx 7
P(tr)=—T pl(t,r)z_;s, K(t 7)o (eost’ e (sinanT
(t+7+3) (t+27+10) (t+7+7) t+3

1 1 1

_ _ _ (cost)® (3m9t)7 _ (cost)’
n=1 w,(t)=e”, R(t7)= —( e E) =" ,Rll(t,r)_—(t+z_+7)2,

Raltr)=——, Es0=—, En()= (sin9t) D027, A, =3+¢ " fsintf-
t+7+7 7

3akirouenune

Taxkum o6pazom, Hamu HaijeH kiaace /1Y Tpersero nopsiaka tuna Boasreppa Buga (1), ans koto-
poro periaema Bbliie chopMyIHpOBaHHASI HAMHU 3a]ay4a.
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ON THE ASYMPTOTIC STABILITY OF SOLUTIONS OF A LINEAR VOLTERRA
INTEGRO-DIFFERENTIAL EQUATION OF THE THIRD ORDER WITH NONSMOOTH
CUT FUNCTIONS

A.M. Baigesekov, Candidate of Physical and Mathematical Sciences, Acting Associate Professor
Sulukta Humanitarian and Economic Institute of Batken State University
(Kyrgyzstan, Sulukta)

Abstract. Sufficient conditions for the asymptotic stability of solutions to a third-order linear integro-
differential equation of Volterra type on the half-axis are established. To do this, first the given equa-
tion, using a non-standard substitution, is reduced to an equivalent system consisting of one second-
order differential equation and one first-order Volterra integro-differential equation. Then the method
of squaring equations and the method of cutting functions are developed for this system, and in contrast
to previous studies, transformations are made that cover the case when the cut terms of the kernels and
free terms can be non-differentiable at discrete points of the semi-axis. After applying the integral ine-
quality method, the Lyusternik-Sobolev lemma is used. An illustrative example is constructed.

Keywords: third order integro-differential equation, non-standard reduction to the system, squaring
equations, cutting functions, non-smoothness of truncated functions, the desire for zero solutions, the
desire for zero derivative solutions, asymptotic stability, Lyusternik-Sobolev lemma.
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