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Annomayusn: Kapanein scamran scymywma Borvmeppa 6upunqu munmezu Col36lKmyy
UHMe2SPanobiK MeHOeMeCUH YeuuMu YUyH pe2yapu3ayusioo Napamempu maHoaI2aH.

Konmeczon smeexmepoe unmezpanovik meyoemenep yuyH ap Kanoai macenenep u3ui0eH2en.
Bonemeppa dupunuu munmezu menoemecu max 4blebluika 33 60120H npedeiu 60HYA
UHMeSPAN0anyyyy UuHmezpanobik meyoeme 60120H00 0d, CbI3bIKMYY HCAHA OVl AlapObIH YeUUMOePUHUH
AHCANCHIZ0bICHL PUYH HCAHBL IKMATAPObL ULUMEN YbleYY 3aPbLIYbLIbICLL MEHeH Wapmmanean. 1-mypoecy
Boavmeppa menyoemecu max namuitizcacst 6ap unmezpaniodvik meyoeme 60120H00 0d, KIACCUKATBIK
amec, npedeil 60IHYA UHMe2PAIOATyVHy meHoemenep coizbikmyy borom. bByn kiaccukanvik amec
menoemenepOUH YeuuMOepUHUH YHUKATOYVIY2YHYH HCAHbL bIKMALAPLIH ULUMEN Y4bleYY 3apbLIYbLIbICb]
Menen wapmmaneat. bupox 6yn ameexme Bonvmeppanvin Gupunuu munmeau UHmMepaiobiK
menoemenepu yuyH Oelcunyy Hamoliidcanap arblHeaH, aHoa Bonbsmeppanvit col3bIKmyy UHmMezpaiobik
menoemenepun weuyy yuyn M.M. Jlaspenmoee 6otonua pe2yisapuszayusiooyy onepamopiop Kypyiean.

Auxwtu co300p: ocyy, y3eyimykcys, wiapmmap, ezeopmensep, Hupuxue, I ponoynina, unmezpar,
meHoeme, Y32YyAMYKCy3, pe30ab8anm, 6apadbapcobl30blk.
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Annomauusn: B paccmampusaemoii pabome 8vlOpan napamemp pezyaspusayuu 0Jis peuleHus
JIUHEUHO020 UHMe2palbHo20 ypasrueHus Bonomeppa nepsoco pooa.

Bo mnozux pabomax 6vinu uccreoosamnsi paziuyHvle 0NPOCHL KACAMENbHO UHMESPAbHbIX
ypasnenuii. [laxce kozoa ypasHenue Bonomeppa 1-20 pooa sensiemcs unmezpanbHulM YPAGHEHUEM C
MOYHBIM Pe3VIbMAMOM, HEKIACCUYeCKUe YPAGHEeHUs, UHMeZPUpyemble NPeoeiom, A6NAI0MCs
JIUHENUHBIMU U DO CEA3AHO C HEOOXO0OUMOCMbIO PA3PADOMKU HOBbIX MEMOO08 eOUHCIMEEHHOCMU UX
pewenuti. Ho 6 oannou pabome nonyuenst OCHOBONON02aIOuUe pe3yabmamyl 05l UHMESPAlbHbIX
ypasuenuii Bonbmeppa nepeozo pooa, 20e 015 pewienus IUHeUHbIX UHMEeSPATbHbIX YPAGHEHULL
Bonvmeppa nocmpoenut pecynapuzupyrowue onepamoput no M.M. Jlagpenmuesy.

Kniouegwie cnosa: éospacmaiowas, HenpepulgHuie, yClosus, nepemennvie, Jupuxne, I ponoyiia,
uHme2pa, ypasHeHue, HenpepvleHvle, pe30abe8anma, HepageHCcmao.

SELECTION OF THE REGULARIZATION PARAMETER FOR SOLUTIONS OF THE
VOLTERRA INTEGRAL EQUATION OF THE FIRST TYPE
Avyt Asanov, Ph.D., Professor. KTU "*Manas"", Bishkek,
avyt.asanov@manas.edu.rg
Choybekov Saparbek, St. Rev. Osh State University, Osh,
choybekov.25.04.70@gmail.com
Abstract: In this paper, we have chosen a regularization parameter for solving the linear Volterra
integral equation of the first kind.
Various questions for integral equations have been investigated in many papers. Even when the
Volterra equation of the first kind is an integral equation with an exact output, non-classical equations
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integrable by the limit are linear and this is due to the need to develop new methods for the uniqueness
of their solutions. But in this paper, fundamental results are obtained for Volterra integral equations of
the first kind, where regularizing operators are constructed according to M.M. Lavrentiev to solve
Volterra linear integral equations.
Keywords: increasing, continuous, conditions, variables, Dirichlet, Gronoull, integral, equation,
continuous, resolvent, inequality.
Kupumyy
WnTerpanapik TeHAEMENEpINH TEOPHSUIBIK OOJIYTY ap KaHJai SMreKTepae U3MWIAeHreH. Atarl
aitrkana, [1] smrexre @pearoabMayH OUPUHYIHM THIITETH CHI3BIKTYY HHTETPAIIBIK TEHISMEICPH
U3WIICHTeH, anap YIyH JIaBpeHTheB O0F0HYA PEryspU3alisIooqy OrepaTopiop Typry3yiras. [2]
OMI'CKTC TCOPHA KCITUPUIIT'CH XKaHa BOJIBTeppaHBIH 61/IpI/IH‘II/I TUIITCTHU KIIACCUKAJIBIK OMCC MHTCTPAJIABIK
TeHJCMEJICPHUH JUaroHajIa HeJre YeinH nudepeHIusuIanTal KaHa HOJIIeH aibIpMasiaHraH sSapoiopy
MEHEH Ye4YYHYH CaH/IbIK bIKMaJIapbl KOJIOHYAT. [3, 4] sMrekrep/ie YeunMaepIuH JKalrbI3IbITbIHBIHH
JKETHINTYY IIapTTaphl ajbIHTaH kaHa BonbTeppauH OMpUHYY jkaHA YIYHUY THUIITETH CBI3BIKTYY JKaHa
CBI3BIKTYY OMEC UHTErpaIAbIK TEHAEMEIIEPUHUH CUCTEMAIaPbIHBIH Y€YUMAEPHUH PETYIIAPU3ALUSLIO0
MaceJsenepy U3WIAeHreH. [5, 7] amrektepe JIMIMIIMIITHH [IAPTTaPhl MEHEH KJIACCHKAJIBIK AMEC
HHTETpaAJIAbIK TEHAEMEHHU Y€UYY YUYH PEryIsipu3auusiiooqy onepaTop KypyiraH jKaHa yKaJarbI3JIbIK
TeopeMaJIapbl JajlUJIICHIE€H.
ByJI OMI'€KTC BOJIbLTCPPANH 6I/IpI/IH‘II/I TUIITCTU KJIACCUKAJIBIK OSMEC CBI3BbIKTYY MHTCIPAJIABIK
TCHJIEMECHH YeUYY YUYH PETYIsIpU3alus IMapaMeTpy TaHdalIraH.
Mace/ieHHMH KOIOJIYIIY:
TGMOHKY HHTCrpajlblK TCHACMCHU Kapaﬁf[bl:

[K@.sus)ds = £r). teft,.T] (1)
(1)

memna OA7) € C[rﬂ-ﬂ., m:-"n) =y, a(h=r1, ff[fg-r] #aHa K(7.s5), Jf(r)— dyEKImMATaps
G={(t.s): t,<t<T. o(t)<s<I} aivarsmaa xasa [l;.1] xecHEmHcHEIe Gepmirer QyEKIELIAD,
omornoit ane [fy.1] xecmmmmcmmne [f;(f) yarymryxeys dymxmscsr f(1) yarymryxeys dymxmmscsma

KAKBIHIAIITEIPELTEIN OepHITeH QVHKIHT O0ICYH. AT 3MH u(f) — [Icu -T] KeCHHIHCHHIE H3OeayyIy (yHEIHS.

MaceTeHHH YeH/THIIN;
(1) TerOeMe MeHeH OHpIe TeMeHKY TeHIeMelepIH Ja Kapafiibl.

a(t.e)+ IK(I.S}»‘(S.E)Q’S = fly+au,) . f EU{J:H, (2)

a ()

v, (1.8)+ [K(t.5)W,(s.8)ds = f5 (1) +aus () [ € [£,. 7], (3)

w‘&:j
meieaa 0 < & <1- xaHmafinslp kHunHeked mapaMeTp,

lr@o- 7). = r;}l%‘ T = 0] <8, ulty) —us(ty)] < 48, (4)

0< O sxana 0 < § <1 xHIHHEKeH mapaMeTp.
Omu (2) TeHaeMeneH (3.3.3) TeHIeMeHH KeMHTHII,
E(te)=v(t.e)-v,(t.e) (5)

OeIIHIS6CVH KHPTH3HI TEMeHKY

£5,(t.8)+ [K(.5)2,(s.8)ds =[f ()~ £5(0]+ elulty) —u; (2] | <l T]
ar.&lj ’
TeHIeMeHH ATa0bI3.
AKBIPKEI TeHIeMeHH TOMOHKY KODPYHYIITS Kaipa A3 IbIradsI3:

Zi(r8) +1 rK{s_ 5):; (s, 8)ds = _1 f[K(r. 5)— K(s5.5)¥; (s, 8)ds +
L € 2w
ﬂ’g} 1 o
+ o [ K592, (5. £)ds +—[F (1) — f (O] + [uCry) — 1 (1)1 1 E[lo:T ] 6)
€ :n
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—1|' E(r.ndr

1 £
SMH —lK(_l;__s') aapocy y4yH R(I.S.6)=—EK(.S‘.S)€ : Pe30IbBAHTACEH KOMIOHYTL,  (6)
&
TeHIeMeHH e3TepTYII TY360Y3 [7-9].
r a(r)
5(t.8) = —— [[K@.5)~K(s.9)),(s.e)ds +— [ K(s.5)%,(s. £)dls +
Ea(r) = i
t 3 e,
1 1 . —EJL(r,r)dr .
OO ) -]+ | [Ke9)e ™ [K(s.) = K2 e)d s+
ty a(s)
1L Yrteode ‘
+—| [K(s.s)e = [K(t.7)— K(r.7))E; (7. 6)d wds —
i cx(s)
] Lol Lrendr
- [ [ KGs.9)e ™ K(r.0)4,(r.e)duds -
fy &
¥ _i]'L'(r__rjdr 1 _
K9 T O L@ ) ~us@)hds te[6.T] )

fy

TYPYHI® #a3a0bl3.
Kom wuETerpanmapmel »cenTedoms, Oya yuypaa JHPHXIeHHH SKANNBUIAHTAH  (OPMYIACEE

KOJIJOHOOY3 JKaHa d. (—liK(r. Ndr) = lK(s.s_‘st an=r, 1€ [fn,T]axermH acKe anadsrs. byra [7]
&5 &

Iy KOZOOHOOV3:

I N f] #ana [, TyH Hermsenze (7) TeHIeMe TeMOHKY KOPYHYIITY ATAT:

1 a(r) —% _[K(-T;-T}fif ali) —l_;.i_'(r_.rjdr
Ei(t.e)=— J {K(r.r)e =@ + J —K(s.5)e © [K(s.0)-K(t.0) s +
g 5 oIin €
= Jxendr Ygeoa

E A

tle 0 g [K(t.1)-K(r.0) )& (1. e)dT +

N i _.y' [(rr)dr
_i [[xt.n -k r}]+§j Ks.o)e K1)~ K(.0)ls
&) r

Lx@.nar _ 1 _ _ _
{1_9 }[K(tr}—K(r.r)]};T(r-S)dr S GO~ foO1+ Tt ~15,)T} -

14 Lkendr
—;l K(s.s)e = {E[f(-ﬂ—fs ($)]+ [u(ty) —u5(t)]}ds - €[ty T] (8

Iy
By ( 8) TeraeMenn
a(1) a(r)
E(t.8) = jHO(r_ r.e)5, (r.e)dr + _[Hl(r. r.8),(r. 8)dr +

0

+ sz(.tr.5)§5(r.£)dr+U5(!.£);fE[fmT] ©)
alid
TYpYHZe *xa3adsrs. Memga
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—1 J'.L{.r 5 )els

H,(1.7. 5)——K(af Y(7).D)e T : (10)
1 —[L(E.TGL —1 Jx( adr
Ht.r.6)=—e = [K(t.0) - K(r, r)]+ [K(r N—-K(at(@).0)e = +
£
a”(r) ——[R(rr Ydr
[ K(s.5)e © [K(s.0)-K(r.7)}ds - (11)

T

1 —ijx{ Vs

H,it.r.e)=——e ) K. n—-K(r.t)|- L r K(.s:.'sjle_“;”:{”Mr K(t.1)—K(s.0)lds: (12)
2 = i

U,(t.2) =l[f<r) — D1+ [ute) —us(t)] -

r it
e LCO R L ORIA B ISR (2 W)

TemeHKY ImapTTap opyf; AJICBIH JeHIH:
1° T33pank Gapasix fE[f T YIVH &'(f) > 0 xana O(f) € [Ig T]:
2° Bapmex § 'C[-fn-:ﬂ YIVH K(5.5) = m >0 KaHa K{r.r}cC-[r,:,.T};
30 Yireltn Tl (>0 yoym mama Gapmx (z.5).(r.5)=G yayH

L >0—const .
AHTaH KHHAAH, [7] 00 JATHINSHTeH TeMMATApIbl TOMeHKY IS KOLIOHOOYS:

K(t.1)—K(s.7)| < Lt —5),

Jemva 1. 1°-3° maprrapst opye ancem xama Ho(l.7.€), Hi(1.7.2) H,(1.7.€) gymamanaps

THememyy Typae (10), (11) xana (12) dopMyTazapsl MeHeH AHBIKTAICHIH JefinH, aHIAa TOMeHKY Daamoor1op
OPVH azar:
alt)

1) J.‘Hu(f- relir <y, tel.I]; (14)

MBIEZA )/, = SUP [k (r.a@)e (r)_
relry.T] K(r.7)

) |, Gre)| = E e 1, (1) G ={(tr): f<t<T. f<r<a()}; (15)
m
3) |H2(z,r,s)|1:£, (t.r)eG={tr): t,<t<T, al)st<t} (16)
m
Jdemva 2. Orepae 2° mapr opyH amca, U@ l:f L&) (13) dopMyIa MeHeH aHBIKTANCA >KaHA
f {f )J‘; [:fj = C[fg . T] oomco, aHaa [fu, T] KeCHHIHCHHIE TOMOHKY 0aatoo

72 2 <2 + a0 (7

Tyypa ©Gomor. MeIHIa Hf(f)—fd-{i‘)uc = sup |f(i‘)—f5(f)‘ <0, ‘u(rﬂ)—ys(roj‘ <e,8; 0<ay xama
ety T1
0 < 0 <1 xuvHHeKeii napaMeTp.
daanazee: By yaypaa ap karmait [ € [I(}: I yayH (13) cpophtynaﬂaﬂ TeMOHKYHY aTa0bI3:

—IF.( =)ds

U,(t. g)-::{_”f@ F@), + et —us @) de -

[K( ) —EJLI{r rhdr
5.5)e 7

Iy

{—||f O = L5 +ult) —us (1) 3=
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——m(r Tt ) - —l_EKE'r_.:J dr a ~
<(—+a’ oe = +(—+ao)e = S2{—+au0;
g g

¢ ]

1t
—IE(r,r)dr
E.T

MBIHIA € < | . Tamam sBUIBHTAH JAMUTISHTH.

Teopema 1. 1°-3° mapTrapst opya atchH xaHa f?obu <l IIapT OPVH ANCHIH JeHIH, MBIHIa

K
Vo= c:.]_ | (LJ Gf(u}ja (U) bu = E"KP[£(2£’_1 +D(T—Iﬂ}] -
m

He ue[:ﬂ T K(v.v)
Omonpoii 3me (4) MapTel aTKApBLICHH, V(7 £) (QYHEKIHACH (2) TeHIeMeHHH ShITaphLIBINEl OOICYH,

amsvm V; (I'- 5) (YHKIHICH (3) HHTerpalIblk TeHJeMeHHH ThTapELUIBINE! 00ICYH JelimH. AHAa

d
||1-(r. E)—m’J{I.g)HC < [—+ o]
1=veby €
Daaroocy Tyypa DOIoT.
Haanazee. by yaypza (5) OelrmwieeHyH HerHsHaAe (9) JaH TeMeHKY 0aaTooro 33 0omodys:
() (1)

vz, £)—v,(1.8)| < I

iy Ty

E(r.&)dr+

& (. oldr +|U, . o). €t T].

+ I|Hﬁ(r r.&)

Mpmnan TemMa 1 jxaHa TeMMa 2 HH 3CKe aIblll TOMOHKYHY ATa0bIs:
T

v(.i‘_aj—va{f_sj| < j%(Ze_l + 1j|v(r_£)—v§(r_£)|dr+ ;f0||v(:‘_£}—$'d(.f, E:I"C + 2((—:+ Cp) s JIFE[lft}::frr].

Iy

Eyn axelpie! OapadapasEabKEa [ poHoya-beavanIeH 0apadapchl3ABIBH KOIOHYIL, TeMOHKYHY
amaders:

] _
. 2) vt &) < 7ol &) v, @ )] + 285(S + a0 TELT].

Teopema 1 TamHIIeHIH.
Teopema 2. TeopeMa 1 IHH IDapTTaphl OPVH AICHH. AHIA:

1) srepme (1) TeHOeMe H(T) = C[TD-T ] deqHMHHE 33 007100, aHAa (3) HHTerpanislK TeHIeMecHHHH

Vs (f- £ } YBITAPEUIBIIEL & = V{C_S —0 YMTYATaHIA C[IQ,T] HOpMacH! O0FOHYA (1) UeTHMHHe YMTYIAT AKaHa
TeMSHKY Daamoo

|vs .5 )—u@H

”u(a‘}"c T +w, (57 )+”H'_+czoa} (18)

Tyypa donor. MetHIa W, (J) =

|e-sf<a
2) srepze (1) HHTerpamiblK TeHIeMe u(f) e C’?[fo.T], 0 = » =1 deunMHHe 3> Doico, aHza (3)

HHTeTpa/lIbIK TeHaeMeHHH V; (7, J(—;) usrapsLtbimel O — 0 ymTyaraEma C[Ig,ﬂ HOPMACEL DOROHTA 1(1)
HeqHMHHe YMTYIIAT XaHa TeMeHKY 0aamoo
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by

bt |

v, (2. ﬁ}—ﬂ(!}“c <G +2(J3 +ayd), (19)
0s0
Tyypa bomoT. MBIHIA C, = sup M C, = Ie‘”"r"‘ldr_
T psen, Tl |I— s/ 5
Jaannaee. byl yaypaa
v (t.A[8) - :{(r)”c < ”vﬁ, (t.\[8)—v(t. &) ot |vir. &) —uio)|

By axeIpKe! DapadapceI3mbIKKa TeopeMa 1 au kKomzoHoOy3. AHna 1) yaypoa £ = \XE oomronmo, (18)

0apadapCEI3IBIKTE ANA0EI3. AT 3MH 2) yaypaa , £ = O 6oxromzo, (19) DapabapCHI3ABIKTHL ATA0BI3.
TeopeMa 2 TamTHTICHIH.
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BonbTeppaHpiH OMpUHYN TUITETH KIIACCUKAIBIK SMEC ChI3BIKTYY WHTETPAJABIK TCHIEMECHH
4Yeuyy YUYH Perysiapu3aiusioo napaMmeTpy TaHJallIbl.
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