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Hnumezpanovix menoemenep unmezpo-oughgepernyuanovik meyoemenep OOIYMYHO He2us2u poaody OUHoUm. AHbIH sHcapOamsviHOa
3amanban mexmoro2uAnap OHy2yyoe. Arapea @usuxa, paouomexHuxda, KOMHbIOMEPOUK MexHOI0SUALapObl JiC.0. Kupem. AKbipKbl
JHCHLLIOAPOA UHMEP2ANObIK MeHOeMeNepOUH YCMYHOH OUp mon MamemMamuxmep usuiooo16poy ICypey3yuyyoe. Yuypoyn komnvio-
mepouK MexHOIOUANAPLL MEeHEH ap MypOyY CAHObIK YeuuMOepoUu Peanu3ayusanoo Heana mamaai npoyeccmepou MoOeideummupyy
MYMKYHUYny2y mysyayyoe. byn cvisaxkmyy kenmezon konmezon macenenep unmeepanovik mernoemenepee kenmupuiem. Anoa bupunyu
naanea macenenepoOur Heyumoepur canammyy usunoee xoionam. Quienmce 0a, npedenu 6010HYA UHMESPANOAHYYUY KU 0320PYIMONYY
KIACCUKATIBIK dMec meHoemenep asbipkvl Me3eunze veliun ome as usunoeneen. byn anvin pesonveenmacoii mypey3yyHyH mamaanobiebl
MeHeH 0.3. Katicbl Oup MOOenouK y4ypaapeliH 3cke anbazanoa dHcainvl munmeeyu aHAIUMAaKaiblk KOPYHYULY HCA3blibacaHbl MeHeH
myuyHOypynem. Ouio2o 4edumou yuyHoai usuiodeeaop akmyaioyy 0en scenmenuHen.

Hezuszu co300p: [lupuxie, [ poroyina, unmezpai, meHoeme, 6Cyyuy, Y3eyamyKcys, wapm, 6326pyimeaop, YCyi.

Humezpanvuvie ypasnenus uepaiom 6 8ajicHylo poib 8 pasoeie unmezpo-ougppepenyuanvno2o ypasnenus. Ilpu nomowju nux
Paszeusaiomcs cogpementbie Hayku u mexuoaocuu. K num omuocames gusuka, paouomexuuxa, KomnplomepHie mexnono2uu u m.o. B
meuenue NocAeOHUX Jiem HA0 UHMEeSPATbHbIMU YpasHeHuamu pabomatom muozue mamemamuxu. C nomouybio cospemerHbX KOMNbIO-
MePHbIX MEXHON02UL NOABTIAEMCA B03MOICHOCHb PEANU3AYUL PAZHOOOPAZHBIX YUCTOBIX MEOPULL U MOOENUP 08AHUE CTIOIHCHBIX NPOYeC-
cos. Takum dce 06pasom mHo2ue 3a0a4u NPUSOOAMCS K UHMeSPalbHbIM ypasHeHuam. M 6 makom ciyuae na nepaulil NIaH 8b108U2aAemcs
Kawecmsennoe uccreooganue pewenui 3aoay. OOHaxo, ypasHeHus ¢ 08yMs nepemMeHHbIMU npedeiamu UHMeSpUposanus, Komopbvle
HA3b18AIOM HEKAACCUYECKUMU, MAT0 U3YYeHbl. MO 00bACHAEMCA MPYOHOCIMAMU 8 NOCHPOEHUU PE30bEeHMbL U 8 COCHABIEHUL COOM -
HOweHus O Hee, M.K. euje He NOJYYeHO aHAlumuieckoe npeocmagienue 6 oowem 6uoe 3a UCKIIoUeHueM HeKOMOPbIX MOOCTbHbIX
cnyuaes. Tloomomy maxue uccnedo8anus pewerull AGIAIOMCs AKMyarbHbIMU.

Kniouesvie cnoesa: [upuxne, [ ponoyana, unmezpan, ypastenue, 03pacmaiowds, HenpepuigHvie, YCI08Us, nepemMeHHble, Memoo.

Integral equations play an important role in the section of an integro-differential equation. Modern sciences and technologies
are developing with the help of them. They include physics, radio engineering, computer technology, etc. In recent years, many mathe-
maticians have been working on integral equations. With the help of modern computer technology, it becomes possible to implement a
variety of numerical theories and simulate complex processes. In the same way, many problems are brought to integral equations. In
this case, a qualitative study of problem solving comes to the fore. However, equations with two variable limits of integration, which
are called non-classical, are poorly understood. This is due to difficulties in constructing a resolvent and in compiling a relation for
it, because an analytical representation in general has not yet been obtained, with the exception of some model cases. Therefore, such
research decisions are relevant.

Key words: Dirichlet, Gronoull, integral, equation, increasing, continuous, conditions, variables, method.
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PaccmoTpum
fot(t) K(ts,u(s))ds = f(t); te[ to;T] 1)

rae a(t) € Clty, t]; a(ty) =tg; a(t) <t.a(t), f(t) n K( t, s,u(s))f 3a/laHHble QDYHKIUKM Ha OTpe3Ke [to, t]
uBoomactu G = {(t,s): to <t<T, a(t) <s<t}1<ta(r) <a() [1-3],[8-9]
u(t)— uckomast pyHKIMA HA OTpe3Ke [y, t]
IIycts [6]
K(t, S, u(s)) = Ky (t, s)u(s) + K (t,s,u(s)) 2
Torga ypaBaenue (1) MOKHO MIpeICTaBUTh
f;(t) Ko (t, s)u(s)ds + f;(tKl(t, s,u(s))ds = f(¢); te[to;T] 3)
Hapsiny ¢ ypaBHeHueMm (2) paccMoTpuM

t t
ev(t, &) + [y Kot S)v(s, a)ds + [,

0 < & < 1-HeKOTOpBIN MaJbIi Mapamerp.

Ki(ts,v(s,€))ds = f(£) + eulty); te[to;T] (4)

Ero pemenne Oynem uckaTh B BUjie
v(t, &) = u(t) + (¢, &); ()
rae  u(t)— peurerue ypaBaenus (2), a &(t, €)— HeusBecTHas QyHKIUS
IMoacrasmnss (4) uz (3) momyuum [4-5]
t t
£6(t,€) + [y Kot )ECs, )ds = = [ [Ky (65,u(s) + §(s5,8)) =

—K; (t,s,u(s))]ds — e[u(t) — u(ty)]; te[ to; T} (6)

B pesynbpTaTe HECTOXKHBIX MPeoOpa3oBaHU MOCIECTHEE CBEACM K BUILY

E(te) + éfti) Ko (s,5)é(s,€)ds = —if:(t)[l(o(t, s) — Ky (5,5)]¢(s, €)ds +
+§ftj(t) Ko (s,5) &(s,€)ds — if;(t)[Kl(t, s,u(s) +é(s,€)) —
=Ky (t.s,u(s))lds — [u(t) — ulto)]; te[ to; T] ()

1 ) St Ky (t,t)dt

1 - 1
Hcnonb3ys pe3oabBenty R(t, s, &) = — - Ky(s,s)e ¢ spa — - Ky (s, s) v cunTas npaByro 4acTh

W3BECTHBIM, pemeHue (7) MOXHO MPEICTaBUTh B CIEAYIOIIEM Bue [6]

£(t,e) = =11 [Ko(ts) = Ko(s,9)IE(s, £)ds + 2 [ Ko(s,5) (s, €)ds —

_éf;(t)[Kl(t: S, u(s) + f(sn 5)) - K1(t, S, u(s))]ds — [u(t) — u(to)]—
LI P Kols,$)e e OTDT [ () — Ky (5,1)] £(r, )deds +
F L L Kos, $)e e Ko@09 [R 2, 7) — Ko (1, 1)]E (T, ) ds —

1t rals) _1t :
— < o S0 Ko(s,)e el Ko DU K (7, 1)¢ (x, e)d ds +
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1.t
+ 2 0o [ Kols,9)e el DU K, (6,1,u() + €(x, ) -
1.t
—K;(t v u(r))]drds — g%ftto f;(s) Ky (s, §)e ks Kor.DaT o
X [Kl(t. T,u(t) +&(1, s)) - Kl(s, T, u(t) + &(x, e))]dr ds +
P LIS LS Kols s)e ek o@D [k (¢ ~K drds+
2 e, Ja(s) Ko(s,s)e ¢ [ 1( , T, u(T)) 1(S,T,u(‘t))] Tds
1.t
+2J, Ko(s,$)e 7 0 DU u(s) —u(to)] ds; te to;T] ®)

Brruncnum BoMHBIE HHTETPAJIB, IPH ATOM BOCTIONB3yeMcst popmyiioit Jupuxie u OyneM uMeTh BBUY,
1t 1 -
uTO d (_Efs Ky (1, T)d‘[) =-K(s,8)ds, a(t) St,T€Ea L(t). Torna u3 (8) momyuurcs

£(t,8) = 2 Ho(t1, ¢ &)dr + [ Hy (6,7, ) (v, )dr +
+ Jyo Ha (67,08, )T + [2 Ny (e, u(2), £ (7, ©)e)dr +

+ft(z(t) Ny (t, 7, u(t),&(7, €), €)dt + f;(t) N,(t, 7, u(7),é(t,€),e)dr +U(t,€);te[ ty;T] 9)
rae

Hot,7,€) = 2Ko(a™1(2), m)e "elamic 0 )45 (10)
Hy(67,8) = —2e ek Ko OO (6,7 — Ko (7, 7)] —
— LT O Ky(s,9)e 7R TV R (1,7) — Ky (s, )]ds +
F LT O (5,9)e R R R (1)~ Ky Dlds + (D)
Hy(t,7,€) = —Le7e Ko SO K (1,7) — Koz, 7)] —
— L [*Ko(s,8)e 5 Ko DK (1,7) — Ky (5,)] ds; (12)
No(t, T, u(t), &(t, ), €) = %e‘%fof-lm Ko(s:)ds
X [K1(a™1(7), 7, u(r) + &(7,€)) — Ky (@71 (), v, u(m)]; (13)
1 1.
N, (t T, u(t), &(t, ), ) = Ee‘zfa-lm K5k (¢,7,u(r) + &(1,€)) —
—Ky (6,1, u() Ky (a7 (0), 1, u(@) + £(1,8)) + Ky (@2 (2), 1, u(®)] +
e IR, (1 u(@) + £, ) — Ky (17, u(0) -
Ky (1,7, u() + (5, 6)) + Ky (15,u(0)] — 2[5 P Ko(s, $)e el 10 D4
X [Ky (6,7, u(D) + (1, ) — Ky (5, 7,u(@) + £(1,8)) = Ky (bt u(®) + Ky (st u(®)] ds;  (14)

N, (t, T, u(1),i(t, €),€) = —%e_%thKO(S'S)ds[Kl(t, T,u(t) + &(1,€)) —
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—[K:(r, 7, u(®) + £(1,€)) — Ky (t, T,u(r)) —Ki(vtu(m)] -
1t
= 2 Ko (s,9)e ek RoTDU i, (67, u(0) + £, €)) -
—Kl(s T,u(t) + (1, s))— Kl(t, T,u(T)) + Kl(s, t,u(t))] ds; (15)
1t
Ut e) = [ u(t) — u(to)Je R D% Lt g (g )7 kKo DTy () —u(s)]ds; (16)
[ToTpebyem BBITTOTHEHHE CIIETYIOIINX YCIOBUI:
O a(t)eCt € [ty, 7], a’(t) > 0 npu te[ty; T;
20 ITpu duxcuposannoMm te[ty; T], K(t, s)eL[a(t); T] u K(t,t) > 0 npu nmoutu Beex t €[ty; T1;
3% vt; T (t > t) mpu Beex (t,5) u (1,5)€G, |Ko(t, 1) —Ko(s,7)| < Lo|t — 5|, 0 < Ly — const
49 ipu Beex(t, T, uu(t, ,u,) € [ty; T] X R,

|K1(t, T, uz) =K1 (s,7,uz) — Ky (8,7, ug) + Ko (s, 7, ug) | < Lylup —ug|lto-ty ], 0 <L —const,
K;(t,t,0) = 0 npu te[ty; T]

O603HaYNM C}; [to; T] (0 <y < 1) — nuneiiHoe pocTpancTBO GyHKIMIA U(t) ompeneeHHbIX B [ty; T]
¥ Y/IOBJIETBOPSIOIINX YCIOBHIO

t
[u(®) —u@I < Clo(®) — e@I rae (1) = [, Ko(s, s)ds;
C < 0— HekoTopas MoCTOsIHHAs, 3aBUcsmas or u(t), HO He oT t u 7. Emeé ycraHOBJIEHO, YTO OHO
sIBIsieTCsl baHaXxOBBIM MIPOCTPAHCTBOM C HOPMOU
[u(®) —u()

@l = sup WO+ S0P fo® = o@

Janee, ycTaHOBUM CIIPaBEAJIUBOCTD CIEAYIOMNX YTBEPKACHUSAM:
HekoTopsie yrBepxaeHnn OepéM Kak yiKe TOKa3aHHBIM [6].
Ko (a(),a(D))a'(7)

JEOMHo (6 T, e)ldr <70 > 0; vo = sup (17)
refaft)r]  Ko(@D
|H (t,T,€)| < ;(Ze'1 +1), (18)
L
|H2 (t! T, E)l S ;: (19)
a(t) Li(a()a(v)
N dt| < = —_— 20
[fXONo(ru(), 5 ), e)dt| < 71 7 S = wm (20)
Jlemma 1. Tlycts Bemomustorcs ycnosual®, 20 ud®dynknun N, (t, t,u(t),é(t,€),e) m

N, (t,t,u(t), (T, €),€) ompenenennl coorBercTBeHHO (hopmynamu (13), (14) u (15). Torma nmeroT Mecra
CIIeIyIOIIEe HEPABEHCTBA

INy (6 T u(D), §(n ), )] < 2 (2¢7 + -+ 2) [E(n 00 (21)
IN, (6 u(0), B ©), )] < 2 (&7 + 2o 1 Mo (e, o)) (22)
My = sup Ky(s,s)
te(to,T]

JHoxkazatenscTBo: Ecnu mepexonuts k orerke B (13), (14) u (15) COOTBETCTBEHHO C yYETOM YCIIOBHUI
nmemMmel, 3ameTuB Sup(ge~?) = 1 momydaem TpeOyeMble OLEHKH.
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Ny 6 00, B6r, 20,91 < e e O (- (@) e +
e LDl 4 e I - dslE o)l <

1 - — X
S%{o((t « W) (a1 w) +Me N g(r,e)| +
1(T) -1 x

+E[ Pemt-944) <

x YT

+ AL EE O - ) ]

S=T

< 2457 e, 6)) + S Ly ) (- a1 ()e @)
—ie‘E“'S)]S:a PR ) ) =5 (at)
Ly

<B (2 + <+ 1) o)l

o2

IN> (6, u(0), (. ©), ©)] < 2e e OL, (L~ DlE(x )] + & fMO L (t— s)ds[E(n, €)] <

< Lot D g, o)l + 52 {(t—s) e s S)] +Effemd9gs) <

o4 €
M0L1

L (g, g + Mol

Jlemma 2. Ilycts U(t, &) = — [u(t) —u(ty)]e =

_ -1
e D 4 el < (e'1 +R ) Rl

f Ko(s,s)ds

_;fto Ko(s, S)e_gfs KO(T'T)dT[u(t) —u(s)]ds;e>0

Torma 1). Ecu u(t) € Clty; T, Ko(t,t) € Ly[ty; T], mpu mouru Bcex Ky(t,t) >m >0, te[ty;T] u
p(t) = ftz K,y (s,s) ds, te[ty; T], To Ha [t, ; T]crpaBeminBa onenka

IU (ol < 3||U(t)||c€_51;"8 +wy(ef) = Cole); 0<p <1 (23)
@y (8) = Suplu(p™(x)) —u(@~t(v))|; 1 (x)- obparnas Gynxuus Gynxuun @(t);
2). Eenn u(t) € Chltg; T1,0 <y < LK(4 1) € Ly[to; TLK(L 1) = 0 mpn tefto; T]; o(t) = ftto K (s,5) ds:
TO
U (&, o)l < MCqeY (24)

_ [u@®-u@) . ~ _ L V.
rie My = Sup—|<p(t)—<p(s)|y’ C =y, e"t" ldy;

U Tak chopmymupyeM OCHOBHBIE TEOPEMEI.
Teopema. IlycTs BemonHsioTcs ycnosus 19 — 49

1) Eciu ypaBHenue (1) umeer penienne B npoctpanctse C[ty; T] HEnpepbIBHBIX (YHKIIMIA, TO PEIIEHHE
ypaBrenus (2) npu € — 0 cxomures o Hopme ([ty; T] k pemenuto u(t) u cripaBe/uIiBa OlCHKA

IVt ) —u@ll <222

rie 81(g) = Co(e)e(*+6¢™ )L 5 0 pu £ - 0, B = ebs(T- f°>(vo +vy)
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2) Ecnu ypaBHenue (1) mMmeeT pemieHne B IPOCTPAHCTBE C%[to ;T], 0 <y <1 To perienne ypaBHEHUS
(2) npu € - Ocxomurcs o Hopme C[ty; T k pemenuto U(t) U cipaBeaIMBa OLEHKA

8
V(& ©) —u(oll < 22;
— 4+6e" 1)L _ Iu(t) Ul ~ (P -t Y14
rae §,(€) = Moclsye( el 50 npu € - 0,M, = Supm, € = Vfo e "tV T
HokazatenscTtBo: B cuity nemm 1-4 u3 (7) umeem

1€, = [ O Ho (67, DN1E (@ T + [2O1Hy (6 7, 1€ (x, )l d7 +
+ [ 2 (T OlE @ ©)lde + [£F
+ [EOIN(E T u(), £ ), ldT + [ IN,(6,7,u(D), §(7,8),8) T + U, €)];
& o)l < YollECT)llc + fy [ (6, 7,8)] + |Hy (6,7, )11, ©)ld + v, 15T, )l +
+ [ [N (67, u(D), €z, ), )] + N, (6,7, u(2), €, ), )11 (7, )l + U (e, &)
5 o) < [ [IH (6,7, 0)] + [Ha(,7, )] + INy (6,7, u(@), £ (7, ), )] +

+IN; (¢, 7,u(7), § (7, 8), ) |]1§ (7, )|dT + (vo + YDIE(T Elc + U llc
5t )| < e {(yo + yDIE(T e + U &)l
I1E(T, )llc < e {(yo + yDIE(T e + U, &)l
It el < eLS(T‘tO)(Yo + Y1)IIE(T lic + e Ut ollc

I Ollc < =2 U )lle tel o T]

B = eLS(T tO)(Yo +v1)
Ls = |Hy(t, T, €)| + |Hy(t, 7, 8)| + N1 (¢, T, u(T), é(7,€), )| + [N, (¢, T, u(7),é(7, €), €)|
Teopema 1 nokazaHo.

[No(t, T, u(t),é(T, €)¢)|dT +
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