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PA3JAEJIEHUA I[BI/DKEI-!I/Iﬁ CHHI'YJISAPHO-BO3MYIIEHHOK
JUCKPETHOU CUCTEMBI YIIPABJIEHUA

Hmaname 3ammpoex Kupemeesuy, k.1.H.,mpodeccop KI'TY mm. U.Pa3zakosa, Keiprescran, 720044, r.
Bumkek, np. Mupa, 66, e-mail: imanaliev.51(@mail.ru

Ammpoaer beiimemoexk blopmmesny, k.@-m.H., qouneHtr KI'TY wm. M. Pa3zaxosa, Keipremcran, 720044, r.
Bumkek, mp. Mupa, 66, e-mail: ashirbaev-58@mail.ru

AnremvbimeBa Keipraa Ansmoexorna, cr.apen. KTYVCTA wmm. H Hcanosa, Keiprescran, . bumikek, y
Mannpibaesa, 34-0, e-mail: ajirgal@mail. ru

B mamHO# craTthe pa3paboTaH Cmoco0 pasACICHHS ABIKCHHI CHHTYJIPHO-BO3MYIICHHON IHCKPETHOH
YIPABIEMON CHCTEMBI, KOTOPAs MO3BOJACT PA3ACINTh HCXOJHYIO CHCTEMY HA ABE MOACHCTEMBI MCHBIICTO MOPAIKA,
TMPHICM OHH CBSI3aHBI TOJIBKO YIPABIFOMICH (PYHKITHCH.

[lpu pasmencHUM PACcCCMOTPEHHOW CHCTEMBI VKA3aHbl YCIOBHS, TAPAHTHUPYIOMINE OTICIMMOCTh OBICTPBIX
JBIKCHAH OT MCIJICHHBIX WM HA000poT. Bo — mepBhIX, HEOOXOAMMO HAWTH PEIICHHUS aNrcOpamyeCKUX YPaBHCHUH
Puxkatn u JIstmyHOBa, KOTOPBIE MOTYT OBITH HPEACTABICHBI B BHAC PABHOMEPHO CXOSIIMXCS CTCTICHHBIX PAA0B. Bo —
BTOPBIX, TIPY BHIMOJHCHUY YCIOBHUS B JAHHOH PaboTe M MPH JOCTATOYHO MANBIX 3HAYCHIIX MapaMeTpa i, HEOOX0IHMO
MPOBCPHTH YCIIOBHA 0 OTH30CTH COOCTBCHHBIX 3HAUCHII MATPHIIBI HCXOTHOH H PA3ACICHHON CHCTCMBL

B pabore Takke NPHBEACH ANTOPHTM MOCTPOCHHSA TCPCXOTHOH MATPHIBI CTAI[HOHAPHOW JIHHCHHOH
JUCKPETHON YNPAaBIICMON CHCTEMBI, KOTOpas OIPEIACIACTCS KAaK pPEHICHHE MATPHYHOTO Ju(depeHImatbHOTo
ypasHeHu: [1].

KaroueBble ¢/i0Ba: CHHTYJAPHO-BO3MYIICHHAS CHCTEMA, NMEPEXOMHAA MATPHIA, JUCKPETHAA YIpaBiieMas
CHCTEMA, MEIICHHAS OACHCTEMA, OBICTpas MOACHCTEMA, MAJIBIH MApaMeTp.
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Altymysheva Jyrgal Alymbekovna, teacher of KGUSTA named after N.Isanov, Kyrgyzstan, Bishkek,
Maldybaev, 34-b, e-mail: ajirgal@mail.ru

This article provides a method for separation of motions singularly perturbed discrete control system that
allows you to split the initial system into two subsystems of lower order, and they involve only the control function. In
the separation of the system under consideration are listed separability conditions guaranteeing fast movements with
slow or vice versa. First you must find the solution of algebraic Riccati equations and Lyapunov, which can be
represented as a uniformly convergent power series. Secondly, when the condition in this work and for sufficiently
small values of the parameter |, it is necessary to check the terms of the proximity of the eigenvalues of the original and
the split system.

In this paper we also present an algorithm for the construction of stationary transition matrix linear discrete
control system, which is defined as the solution of the matrix differential equation [1].

Keywords: singularly perturbed system transition matrix, discrete control systems, slow subsystem, the fast
subsystem, a small parameter.

Brenenne. [TpOCKTHPOBAHUE ANTOPHTMHYCCKOTO OOCCIICUCHHA CHCTCM aBTOMATHUCCKOTO ymnpasiacHuI (CAY)
OOBCKTAMH C HCCKOJBKHMH BXOJAMH MPSACTABIACT COOOM CJIOKHYKO 3amady. OT0 OOYCIOBICHO OOJBIIHM YHCIIOM
BO3MOJKHBIX BHAOB (DYHKIMH onTuManbHOTO ynpasiaeHusd (OY), CIOKXHOCTBIO MOCTPOCHHUS 007aCTEH CYINECCTBOBAHUS
pasnu4HBIX BHAOB (yHKumit OY B mpocTpaHCTBE KOMIIOHCHTOB MACCHBA HCXOJHBIX JAHHBIX 3aJa4Yd YIIPABICHHI
BCJICACTB €T0 BBICOKOH PAa3MEPHOCTH, HEOOXOAUMOCTH pa3paboTkH OOJBIIOTO YHCIA ANTOPUTMOB I pacucTa
nmapameTpos pyrknud OY m.T.1.

Lenp cratem — pazpaboTaTh CrmocoO pa3acNCHHS JBIKCHHI CHHIYIIPHO-BO3MYIICHHOH JHCKPETHOM
YIpaBIICMOH CHCTCMBI M YKA3aTh YCIOBHSA, TAPAHTHPYIOIIHC OTACTMMOCTD OBICTPHIX ABH)KCHHH OT MCHJICHHBIX HTH
HA00OPOT.

PaccMmoTpumM cucteMy BHIA
x(t+1) =Ax@)+A,z() + Bju(t), x(ty)=x5 x(N)=x,, (1)
uz(t+1) = Azx(t) + A, z(t) + Bou(t), z(ty) =z4 z(N) =z, 2)
rmed, —(nxn), A,—(nxm), A; — (m xn), A, — (m xm),
B, — (n xn), B, — (M X n) — nocTosHHbIe MATPHLKL, X € R", z € R™ — BeKTOPBI NEPEMEHHBIX COCTOSHH,
U € R” — BekTOp ynpaeieHus, ({4 > 0 — manbnif napametp, ¢ = 0,1, ..., N.
[MpeanonokuM, 9T0 COOCTBCHHBIC 3HAYCHUS A; MATPHILI A4 YAOBICTBOPAIOT YCIOBHEO

|2 < g0 < 1. 3)
Beenem 3amMeHEI:

x =X —uNz, C)]

z =27+ ux, &)

rae MaTpHuusl [/ 1 N HMEIOT Pa3MEPHOCTH M X N, 1 X M COOTBETCTBEHHO.
[Ipeobpasy4 ypaBHCHHA (4) | (5) MOYKHO TIOIYYHTH CJICAYIOMIAC COOTHOIIICHHUS:

X E —uN %
()= (117 E, — uHN) (z) ©)

X E,—uNH puN\ rx
G =" 5)C) g

Hcnoas3ys 3amensl (5) ¢ yuetom (4) u3 cucremsl (1) u (2) noayuaem:
x(t+ 1) = Ajx(£) + Az2(t) + Byu(e), x(ty) = x40, x(N) = x; ®)
pz(t +1) = 420 + Bu(©®),  2(t) =2,  Z(N) =z,

rne A, = A, +A,H, A,=A,— uHA,, B,=B,— uHB,, )

Z=Zi—Hxi, i=0,1,
pH YCIOBUH

uHA, + uHA,H = A; + A,H. (10)
Teneps, uCNOab3y s COOTHOIICHHUS (4) U (5) U3 cUCcTEMBI (8), MOIYUUM:
it +1) =4, %@ + Bu®), %(t,) =%, ¥(N) =%, (11)

uz(t+1) =4, %@) + Bu), 2t,)=2,  Z(N)=32,.
rne A, .A,, B,, % onpenensorcs us (9),
B, =B, +NB,, X =x;+uNZ, i=01, 12)
IIPH YCIOBHH
uA N —NA, — A,=0. (13)
VYpasuenus (10) u (13) sBmsmrorcst anreOpamdecKuMH ypaBHEHISIMH Pukkatu uw JISITyHOBA COOTBETCTBEHHO.
Hcnonpsys TeopeMy O HESIBHON (DYHKIMH, MOKHO MOKA3aTh, YTO 3TH YPABHCHHUSI MMCIOT PEHICHHS, KOTOPHIE MOTYT
OBITH PEICTABIICHBI B BHAC PABHOMEPHO CXOSIINXCS CTEIICHHBIX PsAoB [2, 3]:

H@ = E2oHp', N@) = Xl Nent®. a4
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Martpuust H; v N (i,k = 0,1,...) 0JHO3HAYHO BBIMHCISIOTCS IYTEM MPUPABHUBAHUS KO3(DPHIMCHTOB mpU
OJMHAKOBBIX CTENEHAX | B ypaBHeHISIX (10) u (13). B pesynbrare umeem:
Hy = —A3'A;, H, = A7 Hy (A, + Ay Hy), ... 15
i-1
Hy = A7 (HyAy + ) iAo H, ),
j=0
i=12,.., v=i, i—1, i—2,..,
Ny = —A,A7Y, Ny = (ANy + A,HgNy + NoHyA5) ALY, ...,

k-1 k-1
Nk = AlNk—l + AZ Z I‘I] NS—I + Z IVsz_l AZ Azl’
j=0 j=0

k=12,.., s=1i, i—1, i—2,...

Takum oOpa3oMm, B pesymprare mmeeMm cucteMy (11), v KOTOpo#l MCIICHHBIC W OBICTPBIC MOACHCTCMBI
pasacncHbl. OHE OOBCIUHAIOTCA YCPe3 YIPABJAIOMY ()YHKIHEO #(?), HO HMCIOT PA3IHYHBIC COOCTBCHHBIC 3HAUCHHSL.
CpolicTBa yIpaBIHICMOCTH CHCTCMEI (1) T 5ke, UTO My cHCTEMEI (11).

Hapsay ¢ cucremoit (11) paccMoTpuM e1ie CUCTEMY

X(t+1) =A%) + Byu(e), x(ty) =x,, x(N) =%y, (16)
uz(t+1) = A4,2(t) + But), () =2%2,, 2(N)=2,
rac AO = A1 + A2A21A3, BO = Bl + AzAlez, (17)

X —BEKTOP MEPEMEHHON COCTOSHUA CHCTEMBL, kKoTOopast mony4daercs u3 (1) mpu pu = 0.

CornacHO TeopeMe, JOKA3AHHON B [4] MPH BRIMOTHCHHH YCIOBHH (3) W MPH JOCTATOYHO MAJBIX 3HAUCHHUAX
napamMeTpa [, COBCTBEHHBIC 3HAYCHHUS MATpuIbl A, u A, 6yAyT GIH3KHME K COOCTBCHHBIM 3HAYCHHAM MATPHIBI A, H
A, cooteercTBeHHO. [losToMy cucrema (17) ammpokcumupyer cucteMy (11) ¢ TOUHOCTBEO MOPSIAKA MANOCTH U H
SIBJIETCS ACUMITOTUYECKOM CHCTEMOM MO OTHOIIEHUIO K cucteme (11).

Pemenus cuctemsl (16) MOKHO MPEACTABUTD B BUIE

() = A% + izs Ay T Boul (), (18)

¢ t—1

rae ®(t) = AL, u W) = Af: — TICPEXO/THBIC MATPHIIBI MEUICHHOM U OBICTPOH moACHCTEMBI cHcTeM (16).

Jl1s mocTpoeHus nepexoanoi marpumpl P (¢) = AL MOMKHO BBIMHCITHTH, HEMOCPEICTBEHHO YMHOYKASA MATPHILY
A, Ha A, HCOOXOAMMOE YACTO pa3. OXHAKO TAaKOH Ny Th 3()(CKTHBCH JTHING TMPH HCOOIBIMUX 3HAUCHUAX t. Ecmi xe t
MOKET TIPHHHMATH OOIBINHE 3HAYCHHS, MOXKHO BOCIOJIB30BAaThCA TeopeMmoit Kemu-I'ammiabroHa O TOM, 4TO
XAPAKTEPUCTHICCKUHA MHOTOUICH MATPHUIIBI ABIACTCA €€ AHHY TUPYIOIIAM MHOTOUICHOM [5].

Pasnerms 1A' ma xapaxtepucTHueckmii MEorowieH P(1) = det(4, — AE) marpuus A,, mony4yaem

A=PA)QWA) + R(A). (19)

rae Q(A)-dacTaoe, R(4) — OCTATOK, MPHYCM OCTATOK — 3TO MHOTOWICH CTCIICHH MCHBIIC, YCM PA3MCPHOCTH /1

MaTpHubl Ay, IMEIOIIEH BUA

R(/‘l) = T'n_l/ln_l + rn_zl‘ln_z + -+ T'1/1 + ro (20)
IMoacrasus B (19) BMecTO A MaTpuiy A, MOIy4IacM
A5 =R, @1

Tak Kak no teopeme Kemu-I'ammnsroHa P(A()=0.
B caydac mpoCTBIX pasmMYHBIX KOPHCH XapakTCPHUCTHUCCKOTO YPaBHCHHA, MOACTABA kopHu A; B (19), ¢
yuerom P(A;) = 0 momy4uaem
M=RA) =1, A T+ A 2+t 471, i=1,..,n (22)
Ecmu A; - BeHCTBUTCABHBIN KOPESHb XaPAKTCPUCTHUCCKOTO YPABHCHHSA KPATHOCTH ¢, TO, YIUTHIBAS, UTO
P()=0, P@A)=0,.,PeD@R)=0,
u3 (19), mocneoBatensHO AU HepeHIUPY S, TTOIyIaeM
d/ a/ .
ﬁﬂa:ai = (mR(A))h:li, i=0,1,....q-1. 23)
2T0 cHCTEMA (| IMHCHHBIX YPABHECHUI OTHOCHTCIIBHO KO3(PPHIHCHTOB 7,77, ..., 7;,_1 MHOTOWICHA R(R).
Ecmm A, , = a + fi — mapa KOMIUIEKCHBIX CONPAKEHHBIX KOPHEH KPATHOCTH (, TO M3 (23) moiyvacM CHCTEMY
2(] ypaBHCHHH, MPUPABHUBAA ACHCTBUTEIBHBIC H MHUMBIC YACTH.
Takum obpazom, u3 (20) chemyer, uro mepexoaHas Marpuuma @(t) = A, uHEHHOM CTaMOHAPHOM,
MEJJICHHOM moacucTeMbl cucteM (18) umeer Bua
AL =7, AT+ .+ Ay + 1,E, 24
rae ko3ppumueHTEL 79,7y, ..., 7;,_; MHOTOWICHA, 3aBHCAMIAC OT TUCKPECTHOTO BPEMCHH t, Haxoaarcsa u3 (22),
(23).
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INocTpoeHue mepexoaHOH MaTPHUIIBI OBICTPOI MoACHCTEMBI cHCTEM (18) IPOBOIUTCS AHANOTHYIHO.

BoiBoasl [lonyucHHBIC B JAHHOH PaboOTe Pe3yibTaThl OyAyT NMPHMEHCHBI B Pa3paboTKE aarOpPHTMHYCCKOTO
oOecrieyeHHsI B JAWCKPETHBIX 337a4aX ONTHMAIBHOTO VIPABJICHHS C CHHIYJIIPHO-BO3MYIICHHON JHUCKPETHOH
yopaBaieMoH cucTeMmbl. I103ToMy JanbHEHINME HMCCACAOBAHHA C HCMOJIB30BAHHEM 3THX PE3yJbTaTOB, OE3yCIOBHO,
ABJLIFOTCS AKTYAJIbHBIMH.
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YAK 517.968

OB OJHOM KJIIACCE JUHEHHBIX HHTET'PAJIBHBIX
YPABHEHHUU ®PEJATI'OJJBMA TPETBEI'O POJA C
BbIPOXJAEHHBIM SI/IPOM

AcanoB Pyxuann ABbIToBHY, K.(0.-M.H., cTapmmii npenoxasarenb, KI'TY mmenn M .Pazzakosa, Keiprerscras,
720044, r. bummkex, mp. Mupa, 66, e-mail: ruhidin_asanov@yahoo.com

Lenp cratbm - HaWTH HEOOXOAMMBIE W JOCTATOYHBIC YCIIOBHA CIMHCTBCHHOCTH M HECIMHCTBCHHOCTH
CYIICCTBOBAHUS W HECYINCCTBOBAHUS PEIICHUS JHHCHHBIX WHTCTPANBHBIX YPaBHCHHH (Dpenronsma TPEThETO poja C
BBIPOXKICHHBIM SIIPOM. ABTOP IIPEAJIOKIIT HOBBII ITOIXO0/ A1 PEIICHIS JAHHOTO HHTETPAILHOTO YPABHEHHUS TPETHETO
poaa. OcoOEHHOCTBIO HCCIIEAYEMOI 3a0a4u ABIAETCA TO, YTO JAHHOE HHTETPAILHOE YPABHEHUE TPETHETO POAA MOJKET
HMETh MH000€ KOHYCHOE YHCJIO 0COOBIX ToueK. Ha 0CHOBE IpeIoKEHHOTO METOAA aBTOP YCTAHOBIII HEOOXOAMMBIC H
JOCTAaTOYHbIC YCJIOBHA CIUHCTBCHHOCTH H CYILGCTBOBAHUA PEIICHHA NI HccaeayeMol szagaum. Kpome Toro,
VCTAHOBJICHBI HEOOXOIMMBIC M JIOCTaTOYHBIC YCJOBHSA HECYHICCTBOBAHWS W HCCIWHCTBCHHOCTH PEIICHHS JAHHOTO
HHTCTPAIBHOTO YPaBHEHHS TpeThero poia. C MOMOINBIO JAHHOTO METOJA 337ava CBOJHUTCS K CHCTEME JIMHEHHBIX
anreOdpamyeckux ypaBHeHHH. [10ka3aH KOHKPETHBI MPUMED, WILIFOCTPHPYIOIIHHA PE3yIbTaThl JAHHOW padOTHL IJTOT
NPUMED PELCH Ha OCHOBE MPEI0KCHHOTO METOA.

KioueBnbie ciioBa: IHHCHHBIC, WHTCTPANbHBIC YpPaBHEHHMI PpearoiabMa TPETHETO POJA C BBIPOXKICHHBIM
SAIPOM, CYIIECTBOBAHKE, CAUHCTBEHHOCTD, HOBBIN MOAXO.

A CLASS OF LINEAR FREDHOLM INTEGRAL EQUATIONS OF THE THIRD KIND WITH A
DEGENERATE KERNEL
Asanov Ruhidin Avytovich, PhD (Mathematics), senior lecturer of KSTU named after 1. Razzakov, Bishkek,
720044 , Kyrgyzstan, e-mail: ruhidin_asanov(@yahoo.com

The purpose of the article is to find necessary and sufficient conditions for the uniqueness and non-uniqueness,
existence and non-existence of solutions of linear Fredholm integral equations of the third kind with a degenerate
kernel. The author proposed a new approach for the solution of the integral equation of the third kind. The peculiarity of
the problem is the fact that the integral equation of the third kind can be done for any number of singular points. On the
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basis of the proposed method the author has established the necessary and sufficient conditions for the existence and
uniqueness of solutions of the problem. In addition we establish necessary and sufficient conditions for nonexistence
and nonuniqueness of the solution of the integral equation of the third kind. Using this method, the problem is reduced
to a system of linear algebraic equations. Author shows a specific example illustrating the results of this work. This
example is solved on the basis of the proposed method.

Keywords: linecar, integral equations of Fredholm, of the third kind, with a degenerate kernel, existence,
uniqueness, a new approach.

PaccMOTpuM TMHEHHOE MHTEIPAIBHOE YPABHEHUE TPETHETO POAA.

p(OP©) = [P T, a;(Ob(s) p(s)ds + f(©), ¢ € [a,b], (1)

rae p(a)=0, p(t),a;(t),b;(t) u f(t) — u3BecTHBIE HempepbiBHble HA [a,b] ¢ymxumu, @(t) - UCKOMas
HenpepbiBHAA HA [a, b] PyHkps, —0 < a <b < +oo, p(t) =0,i=12,...ma<t; <t, <--<t, <bh

Pa3muvHBIC BONPOCH! AT HHTETPATBHBIX YPABHCHUU MEPBOTO U TPETHETO PoAa HccaeaoBamuch B [1-6]. Ho
OCHOBOTIOJIATAIOIINE PE3YIBTATHI JUI1 HHTCTPATIBHBIX YPaBHCHUN DpenroasMa NepBoro poja moaydeHsl B [3], rae ama
pelIcHU JWHEHHBIX HMHTCTPAIbHBIX YpaBHEHHUH OpearonbMa NEPBOrO poJa NOCTPOCHBI  PEryJISPU3UPYIOIINE
omepaTopsl mo M.M. JlaBpenTseBy. B maHHOH paboTe MOCTPOCHBI PEHICHUS A1 THHCHHBIX HHTCTPAIBHBIX YPABHCHUH
®pearoasmMa TPETHETO Poaa.

Bcroxy 6yaeM mpeamonarath, 4to

p(®) = [T, TS i (©), 6)
rae p; ;(t;) = 0,p; ;(t) € Cla,b], p; j(t) # OmpuBcex t # t;,i = 1,2,..,m; j = 1,...,5(0).
Ilycts
C, = f; b, (s)p(s)ds, k =1,2,..,n 3)
Toraa u3 (1) momyuum
pO¢(6) = Li=s cran(©) + f(O), ¢ € [a,b], )

TAC ¢, - HCM3BECTHBIC MOCTOSHHBIS, k = 1,2, ..., 1.
Tonaras t = t;, u3 (4) umeeM

Y=t k() + (&) = 0. %)
Bseruurasd (5) u3 (4), noayuum
PO (t) = Yk cila, (@) — ar (€] + [f(©) — f ()], ¢ € [a,b]. (©)

[TpeAno0KUM BBITIOTHCHUS CJICAY FOIMUX YCIOBHUIL:
a)dmaecexk=12,...ni=12,..,muj=s_,+1,..,5;,
ay; ;(t) € Cla,b], b (t) € Cla,b],
rae so= 0,5, = Z;‘=15(]')' Ap1,0(t) =, (8),t € [a, D],
k,1,j1—1(t) - ak,1,j1—1(t1)

a
a1, (L) = L, =1,...,81),
k,1,]1( ) P1,j1(t) (]1 1)
A2, (0 - A 2,j _1(8)
ak,Z,Sl (t) = ak,l,sl (t)' ak,Z,jZ (t) = 2 p (t) 2 y
2,j2—51

(jZ =51 + 1' ---'52)' 'ak,m,sm_l (t) = ak,m—l,sm_l(t);
A i -1 (&) — Ay i 1 ()
ak,m,jm(t) — km,jm—1 k,m, jim—1\'m , (jm =5n-4t 1, ""Sm)-
pm,jm—sm_l (t)
0) Tmascexi=12,...m j=s;_;+1,..,5uF;(t) € Cla,b].
rac

i

S0=0,50= ) 5(), Fyo(®) = £, € [,b],

j=1
F1,‘ —1(t) - F1,‘ —1(t1) ,
R (© = A G = 150, s O = Py O,
21
Fy -1 (6) = Fyj,1(E3)
F,;,@t) = ,
pZ,jz—sl (t)
Go=s1+1,0,8) .0, Fysp () = Fpp_qs, (),
Fojn—1(®) = Frnjo1 (81)
Fm,}'m(t) == = yUm = Sm—1 + 1, 0, S

m,jm—Sm—1 (t)

Iycrs u(t) € [a, b] aenserca pemenuem ypasuenus (1). Torna cipasenmuss (3), (4), (5) u (6). YuuThiBas (2)
ycaoBus a) u 0), u3 (6) oIy M

(5%, 21, O) (TP T pi (©) () = iy k11 (©) + Fiy (0, ¢ € [a,B]. (7)
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ECJ—H/I p(t) = pl,l (t)' te [a' b]; TO

<1_Ei1=)2 Pij (t)> (ﬁ Hjil’i,]‘(t)) =1,t € [a, b].

Bemns; = s(1) = 1up(ty) = 0,10
s(1)
H, p1;,(©) =1,¢ € [a,b].

J1=2
Ecmu s; > 1, 1o, momaras ¢ = t,, u3 (7) umMeeM
Yh=1 Ok (&) + Fri(8) = 0. ®)
Boruwmras (8) u3 (7) v yuutsiBas yCaoBus (2), a) U 0), MOIydIHM
s(1) = s(@ -
<1_[ pl,,-l(t)> [T 7©®)e® = aae,.@ +Fa@.ce
1=3 =z~ =1 =1
[a, b]. ®)

Ecm s, = 2, 10

s(1)
H, p1;,(©) =1,¢ € [a,b].
J1=3
TIponomKkas 3TOT MPOLECC ¢ ypaBHEHUEM (9), yOeIUMCs, YTO

P(6) = Xh=1 ke, jpy (8 + Fipj,, (), € € [a, b]. (10)
Jance Bcry (3), (5), (8), ycroswit ) 11 6), Iy ONPSACTICHAA HSH3BECTHBIX C1 , Cy, -.. , Cpp, TIOJIVUHM CIICAYFOIIYEO CHCTEMY
Cp = fab b, (s)ep(s)ds, k=1.2,..,n,
Yh=1 ke j—1 (&) + Frj 1 (t) = 0,j; = 1,..., 54,
Yk=1 Ckak,z,j2—1(t2) + Fz,j2—1(tz) =0,j,=5+1,..,5, (1D
Yh=1 Ck Qe jy—1CEm) + Foyj 1) = 0, = Sppeq + 1,00, Spy.
Tloacrasmaa (10) B (3), moayyum
b ,
¢ =[ b () [Zhes ckWm,j, () + Fj (9)]ds,i = 1,2, (12)
Bremem cneayromue 0003HAYCHHUS
b b ,
ke = [, bi(S) e j,, (8)ds, I = [ Fpp s ($)bi(s)ds, i,k =1,2,..,n.  (13)
Yunrsisad (13), u3 (12) noxyuum

C; _Z?zlkikck = li,i = 1,2,...,n. (14)
Breaem cneayromue 0003HAYCHHUS
1- k11 _k12 _kln l1
K, = —ky 1—ky, v —kop ,Ly = l ,
_knl _knz o 1= knn ln
a1,1,0(t1) a3,1,0 () an,l,O(tl) —Fi (t)
K, = a1,1,1(t1) a2,1,1(t1) an,l,l(tl) L, = _F1,1(t1)
Ay 15,-1(&1)  Aprg—1(t) - A 15,1 (1) —F, 5, _1(t1)
Q12,5 (t2) 22,5, &) - An2,s4 (t2) —Fy (&)
K, = a1,2,sl+1(t2) a2,2,51+1(t2) an,2,51+1(t2) L, = _Fz,sl+1(t2) ,
a1,2,sz—1(t2) a2,2,52—1(t2) an,2,52—1(t2) _Fz,sz—1(t2)
al,m,sm_l (tm) aZ,m,sm_l (tm) an,m,sm_l (tm)
K, = al,m,sm_1+1(tm) aZ,m,sm_1+1(tm) an,m,sm_1+1(tm) ,
al,m,sm—l (tm) aZ,m,sm— 1 (tm) an,m,sm—l (tm)
_Fm,sm_l (tm)
Lm = _Fm,sm_1+1(tm) ,
_Fm,sm—l(tm)
Ky Ly
c
K Ci Ly
K=| K, |,C= L= Ly |. (15)
c
K " Ly,
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YuursBag (14) u 06o3HaucHU: (15), 3ammmem cucreMy ypasHewuid (11) B caeayromeit hopme
KC=1L. (16)

Teopema. Ilycts v = rang K,r, = rang (K, L) rae marpuusl K u L onpenenenst uepes (15). Torza:

1) Ecmar # 1, To uHTErpanbHoe ypasueHue (1) He umeer peruenuii B mpocrpanctee Cla, b];

2) Ecm r =71, =n, TO UHTEIPATbHOE ypaBHCHHE (1) UMEET €IUHCTBEHHOE PEIICHUE B IPOCTPAHCTBE
Cla, b]. Oro pemenue onpenensercs popmynoii (10), rae ¢, ¢,, ..., €, - EAUHCTBEHHOE PEIIEHHE CHCTEMBI (16);

3) Ecmm r =1, < n, T0 MHTErpaibHOe ypaBHeHue (1) mMmeer pemicHue B mpocrpanctse Cla,b], xoTopoe
3aBHCHT OT 1-r TIAPAMETPOB. ITH pemeHus onpeacisnorcs popmynoi (10), tae ¢, ¢y, ..., ¢, - pemeHus cucteMsl (16).
W3 HUX n — 7 — IPOM3BOJIBHBIC IOCTOSHHBIC, 4 OCTABIIHECS 7* 3aBUCST OT HUX.

Jokaszare/nLCcrBo.

1) Ilycrs r # 1. Torma mo teopeme Kponekepa-Kanmemmm cuctema (16) He mmeer pemenuil. Taxkum
00pasoM, HHTETpaIbHOE ypaBHeHHE (1) He HMeeT peruenuit B mpocTpancTse Cla, b).

2) Ilycrs r = ry = n. Toraa no teopeme Kponekepa-Kanenmu cuctema (16) nmeeT eITHHCTBEHHOE PEIICHUE.
Takum 00pa3oM, HHTErpajbHOE ypasHEHHE (1) HMEET eIMHCTBEHHOE peleHre B npocTpanctse Cla, b]. D10 penicHue
ompenengercs mo gpopmyie (10), tae ¢4, ¢y, ..., €, - CIUHCTBCHHOC PCIICHHE CHCTEMEI (16).

3) Ilycts r =7, <n. Toraa mo teopeme Kponekepa-Kamemmu cuctema (16) mMmeeT pemieHHe, KOTOpPOe
3ABHCHT OT N —7 mapameTpoB. 1103TOMY HHTETPAJbHBIC VPABHCHHS HMMCIOT pemicHHs B Tpoctpanctse Cla,b],
3aBHCSINNE OT /-7 MAPAMETPOB. ITH pemicHus onpenessorcs no ¢opmyne (10), tae ¢, ¢y, ..., €, - PEHIICHHUS CHCTEMBI
(16). Y3 HUX n — r IpOU3BOJIbHBIC IOCTOAHHBIC, 4 OCTABHBIE 7" 3ABUCAT OT HUX.

Teopema mokasaHa.

IIpumep. PaccMOTpHM ypaBHEHHUE
tt— Do) = fol(l +VE+ t25)p(s)ds + ag(1 +VE) + ast + a,t3,te[0,1], (17)
rae g, a4, @, — napameTpol B atom cnyuae & = 0,8, =1,n=2,m = 2,
s(1)=2,5Q2) =1, =2,5, = 3,p;,(t) = p1.(t) = Ve,
p2,1(t) =t—1,a@)= a1,1,0(t) =1+, bi(t) = 1,a,(t) = a2,1,0(t) =t?,
by () =6, f(t) = FLo(®) = ap(1 +VO) + ayt + a,t%,a, 1, (1) = 1,
a2,1,1(t) = Ve, A1,1,2 ® = A12,2 ® =0, az1,2 ® = A32,2 ® =t
a1,3() =0,a,,3() =1,F ;1 (t) = ap + aVE+ ayt?Ve,
F1,2(t) = Fz,z(t) =a + a’ztz'Fzs(t) = a’z(t + 1)'t € [0'1]~
Torna B cuny (10) u (16) pyHKUHS
p)=c, +a,(t+1),t€[01] (18)
SBIACTCA peleHueM ypaBHeHust (17) Torza W TOMBKO TOTJA, KOTAQ HEM3BECTHBIC MOCTOSHHBIE Cq,C,
VIOBICTBOPAIOT CICAYIOIICH CHCTCME

Cl = _ao,
€ = —a; — ay,
3
c1=cta, (19)
¢, =2q
2 = 7 %

BoiBoabl: [lonyueHHBIH Pe3yabTaT MOKA3BIBACT, YTO JIUHCHHBIC HHTEIPaJbHBIC YpaBHEHUs ®Opearomsma
TPETHETO POJA C BHIPOKACHHBIM SIPOM IKBHBAJICHTHBI CHCTEME THHCHHBIX alITCOPAUICCKHX YPABHCHHH.
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KOMEI/IHI/‘IJPOBAHHIDIVI MeTofa perynspusauuuv ans
PELLEHNA HENMTMHEWHOI O OMNMEPATOPHOIO YPABHEHWA MEPBOIO POOA

YCeHOB 133aT AOBABIPAEBUY, « u prw scwui  waumononsnu i yuwsepcnrer wu Kk sanscarsua. x4 -

MW ., AOuewT, T .BAw Kek, Kus preusctan, iausen@ m ail.ru

M Worwe npuknapHHuwe sapgaun G uWIuKU W reod Mu3IUKMH CBOAATCA K HEARABHSL M 0N eEpaTopHebe M ypasHhHeHUWSM N0 epsoro
poaa K Takwum ypasHwHewWwwsam CBOAATCA TakxXe 06paTHe e 3afayu MaTewmarwmueckolh G ns3ukn B Tex cnys4asnx Korgaa
BM paX eHUE ANA O YyHKUYUWUMW T DUHE HENSIBEECTHDO

O 6GpaTwWas 3afava 3n0eKTpPoOKAapoOTaxX a CKBAaX WH, onpegensio W aa M ecTopoX feHwa W no0ACHEeT 3aNacos N 0nesHEB X
WeKkonaembw X, ABASETCA NDUMUMEDPOM TakuXx 3sapgady

B o w enepeuymucneH ML e N pUKNAAHLE 3a4a4mu #B0NAK TCA akKTyanbshue M U 324au4amu COBPEMEHHOIFR HayKknw, pew enue
WX M OX T OTKPSH Th HOGBGH E [paH¥# COBDEM EHHOIO COCTOSHMUS PaiemTnsg yenoseyecTsa. B CBA3IM C 3TWM nofguepkmusaercs
BaX HOCTSbL WCCNEAOBAaH WA HeEKOPPEKTHO NO0CTAaBAECHHS L X 3a4ady

B pawwHold pa6oTe npepnaraeTcs KOMGMWHMMUDPOBAHHSEL A M eToq HOBOTMO TuNAG, 06befgmuhsai w wi uwapeun meroga M .M
N aspewThesa, meToApaa H bl ToHAa-KaWwTopoBs#MYa ANA perynapusaumuu pew eHUA HeEABHOINO 0NepaTopHOoOro ypasHeEeHUS?
nepsoro poga

KHOUEBBIE CITOBA: « ¢ ne v w i oneparos. perynnpnsaunn, npocrpancroo I wnsoepra, ano o cpenunan o peu s

MM Med W A OnepaTop, OrpaMMuEHHOCTL ONpPpAaTOpa, ycnoBwus N unw uuya

COMBINED REGULARIZATION METHOD FOR SOLUTION OF NONLINEAR OPERATOR
EQUATIONS OF FIRST KIND

LLA. USBNOV. ¢ v .6 .. associate professor, K yrayz N ational U niversity nam ed after 3. 8 alasagyn

. B ishkek,

K yrgyzstan, iausen@ m ail.ru

M any applied problem s of physics and biophysics reduced to im plicit operator equations of the first kind
These equations are reduced and inverse problem s of m athem atical physics in cases w here the expression for the
G reen‘s function is unknown

The inverse problem of determ ining the electric logging w ells field and calculation of reserves of m ineral

resources is an exam ple of such problem s

The above application tasks are urgent tasks of m odern science, these tasks can discover new facets of the
current state of hum an developm ent. In this regard, the study underlines the im portance of ill-posed problem s

In this paper, we propose a combined method of a new type, combining ideas of the method of M Y
Lavrentiev, N ew ton-K antorovich m ethod for regularizing the solution of im plicitoperator equations of the firstkind

KEYWOITS: im 5 1icic operator. reguiarization, H ilbert space, the Forechet oifferential, 1inear operator bounaod

opratora, Lipschitz condition

.. [NMocTaHoBKa 3a4auy:

P accm oTp A M HesB W oOe onepaTopaoe ypaowenwue nepsoro poaa orwocurensno L owoga

0czu =.. (1)
we P HXH N H OH  ooiseriovo nsocrnanciso

Npeanonaraem, 4urto
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