Cepis: ®isuko-maTtemaTnyHi Hayku. Bunyck 18

condition is fulfilled if the use of a simplified model instead of a complete
does not require the relaxation of the specified limits on the accuracy of es-
timates of the quality indices of the system being studied.

The principle of simplification of models is proposed, which consists
in neglecting parameters, factors or fragments of the model, insignificant
for the given indicators of quality. On this principle, a method for simplify-
ing (reduction) of mathematical models is developed, differing from the
known additional motion and the harmonization of the accuracy of the ini-
tial data and perturbations of the parameters with the required accuracy of
estimates of the quality indices of the systems under study.

Key words: reduction methods of mathematical models, estimation
accuracy requirements, dynamic systems.
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KONOKALIAHO-ITEPATUBHUA METO[l PO3B’A3YBAHHS
IHTEMPO-®YHKUIOHAINBbHUX PIBHAHb 3 OBMEXEHHAMU

[aTerpo-gyHKIioHanpHI PIBHAHHSA MAaIOTh IIHUPOKE 3aCTOCY-
BaHHS B Pi3HUX 00IaCcTSAX HAyKH Ta MPHUPOJO3HABCTBA (30KpeMa, 10
TaKWX PIBHSIHB 3 BIIXWICHHSAM apryMEHTY SIK HEHTPAIBHOTO THITY
TaK i 3 3aIi3HCHHSM).

V mesKux BHIIaIKax PO PO3B’SI3KH IUX PIiBHSAHE OyBae BioMa
nmonatkoBa iHdopmaiis. ToMy BaXIMBUM € HE TUTBKH MUTAHHSA 10~
Oy/10BH PO3B’SI3KYy TAKOTO PiBHSHHS, a i BCTAHOBJICHHSI YMOB CyMi-
CHOCTI BiINOBiZHOI 3a1adi, TOOTO MOTPiOHO BHACHHUTH, YH Y3rO-
JOKY€ETBCS ITyKaHUH PO3B’SI30K 3a4adi 3 10JaTKOBUMU YMOBAMH.

BcranosneHHio yMOB CyMiCHOCTI 3a1a4 TAKOTO THITY CTOCOBHO
PI3HUX BUIB ONEPATOPHUX PIBHAHB Ta PO3poOIi MeTOAIB MO0y I0-
BU 1X pO3B’A3KIB IPUCBAYCHO HU3KY HAYKOBHX Mpanp [1-4].

VY cTaTTi PO3MIIAAAETHCS OMUH THI iHTErPO-(QYHKIIOHAIEHOTO
PIBHSHHS 3 YMOBOIO Ta OOMEXCHHSIMHU Ha IIyKaHy (YHKIIIO, sIKi
HOCATH iHTerpanbHuii xapakrep. CHopMyIbOBaHO yMOBH CyMiCHO-
cTi BuxigHOT 3ama4i. CTOCOBHO BEIMYHH, 1110 BXOSTh y 3a/aHy 3a-
Jady BHMAaraeTbCs, IO BOHHU 3aJ0BOJBHSIOTH PsJ HEOOXiTHUX
ymoB. Iloka3aHo, mo mpu BUKOHAHHI IUX YMOB BHXiJHA 3amada
Oyzne piIBHOCHJIBHOKO NIESIKOMY iHTErpaibHOMY piBHsHHIO Dpenro-
JBMA JIPYTOTo PoAy 3 LIKOM HENEepepBHUM ONEpaToOpoOM Ta JIOAAT-
KOBMMH YMOBaMH Ha LIyKaHUH pPO3B’SI30K.
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KpiM ocHOBHOI 3ajaui pO3IIISTHYTO TaKOX JONOMDKHY 3a/a-
4y — 3a/ia4y 3 KepyBaHHSAM, KOJIM y BUNAJKy CyMiCHOCTI BBOAUTh-
cs1 10JlaTKOBa, Koperyroun BennuuHa. CopMysiboBaHO Ta 00TPYH-
TOBaHO YMOBH CYMICHOCTI BUXIHOT 3a/1adi.

VY poboTi TakoX MPHUBEAEHO Ta OOIPYHTOBAHO iTepaliiiHUi Ta
KOJIOKalifHO-ITepaTUBHUN MeToau MoOynoBH HAaOMMKEHUX pPO3-
B’SI3KiB BUXIJHOT 3aJ1a4i 3 OOMEXCHHIMH. Bka3zaHO anroput™ Imx
METO/IIB Ta IOCTaTHI YMOBH iX 301HOCTI. [IpH 1IbOMY, BUKOPHCTO-
BY€EMO TOM (haKT, 1110 BUXiZHA 3a/1a4a IIPY BUKOHAHHI [ICBHUX YMOB
€ PIBHOCWJIBHOIO IHTErpaibHOMY PIBHSHHIO 3 0OMexeHHsMH. [Ipu-
BEICHI MeToAu MOoOYJOBHM HAOMMKEHUX pO3B’S3KIB IHTErpo-
(YHKIIOHAIBHOTO PIiBHSIHHS 3 JOAATKOBHUMH yMOBAaMH MOXKHA yC-
minrHo peanizyBatd Ha EOM, CTBOpHBIIHM BiAIOBITHI TPOTPaMHu.

KuouoBi ciioBa: nabnusicenutl po3g’a3ox, 000amrosi ymosu,
obmedicents, YMOGU CYMICHOCMI, OONOMIJICHA 3a0ayd, iHmezpo-
@yHKYIOHANbHI pi6HAHHSA, [HMeSpalbHe DIGHAHHA, iMepamueHull
Memoo, KONOKAYIUHO-IMepamueruLl Memoo, 0OepHenull onepamop.

Beryn. Posrmsaemo B mpocropi L, [a,b] iHTerpO-QyHKITIOHATEHE

PIBHSHHS
y(x)=f(x)+ jK(x,t)y(t)dt+ ]ZH(x,t)y(h(t))dt,x ela,b] (1)

3 YMOBOIO
y(x)=w(x),x ¢[a,b] 2)
Ta OOMEXEHHIMU

b
[@,(x)y(dx = 3,1 =1,m, 3)

ne f(x),w(x) — sazmani BixnosinHo Ha [a,b] Ta 3a fioro Mexamu QyHKi,
a y(x) — mykaHa ¢yHkmis. JliHifiHO-He3anme)xHa cucTeMa (PYHKITIH
{(Dl-(x)} Ta YMCIIOBA MHOXKHHA {}/[},i =1,m — Binomi. Jlo piBusHHs (1)
3BOJIUTHCS KpaloBa 3aaya it uepeHiaIbHOro PiBHSHHS 3 BIIXHJICHHIM
apryMeHTY i3 3aIi3HeHHsIM, Y BHIIAIKY CTaJIoro 3ami3HeHAs A, A(x) =x—A .

3anauy (1)—(3) OymemMo BBaKaTH CyMiCHOIO, SIKIIIO iCHY€E Taka (yHK-
mist y(x), sika € po3B’si3koM piBHSHHSA (1), 110 3a10BONIBHSIE YMOBY (2) Ta
obmexenHs (3).

OcHoBHa yacTuHa. PosrisiHeMo Bunanok, koimu ¢yHkmii K (x,?),

. 2
H(x,t) B xBagpari [a,b] 3a/I0BOJILHSIIOTh YMOBH:
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bb
”K2 (x,t)dxdt=K2 < o, 4)

aa

bb

”HZ (x,1)dxdt = H? < oo, 5)
dyHKUis /4(X) € HemepepBHOK pasoM i3 CBOEIO MOXinHOW Ha [a,b] i

CIPaBDKYIOTHCS HEPIBHOCTI
x—h(x)=A>0, (6)
h'(x)=1>0. @)
[Moxaxxemo, 1o piBHAHHES (1) 3 yMOBOIO (2) Ipu BUKOHAHHI yMOB (7)
3BOIUTKCA [0 iHTerpansHoro piBHsAHHA Dpenronsma apyroro poxy. Ile-

penuIeMo Ipyruid iHTerpai mpapoi YacTUHH PiBHAHHA (1) 3 ypaxyBaHHAM
yMOBH (2) Tak

b h'(a) b
[H (o) y(h@)de= [ H(x,6)y(h@)dt+ [ H(x,t)y(h())dt =
a a h'(a)

h'(a)
j (x,0 )y (h()) dt+j x,1) y(h(t))dt =

h'(a)
=p(x)+ [ H(xt)y(h(t))dt

ne @(x) — MOXKHA 3HANTH.
B cuny ymoBu (7) HenepepBHa GyHKIsI s = A(f) Oyae 3p0oCcTardoro i

wu1st Hei icHyBatHMe obepHeHa (yHKuis £ =h"'(s),dt = L (Ho-

h’(h_l(s))

BUMH MEXaMH IHTerpyBaHHsl OyIayTh uncia.) Toai octaHHiil iHTerpan Oy-
Jie MaTu BUTJISI

b h(b) h
j H(x,)y(h(t))d j (x (S)) — Jys)ds = j H(x,s)y(s)ds,
h'(a) a ( )
H(x,h_l(s))
s = i) O ®

0,s € (h(b),b],x € [a,b].
Crig BiIMITHTH IO OTIepaTop H , AKW BU3HAYAETHCS PIBHICTIO

57



MatematuyHe Ta KOMI'I'POTepHe MozentoBaHHA

(Fv)(x j H(x,0)W(0)dt,vv(x) € Ly [a,b], )

3 BUKOHAHHSIM yMOB (5)— (7) K 1 omeparop K , AKWA Ma€ BUTIISL

(Kv)(x j K(x,)v(t)dtyv(x) € Ly [a,b],
oyne ®pearorsMoBHUM.
HiticHo,
bb bb H ( _](s)) bez(xh (s))

”Hz (x,s)dxds = Ij—dxds < _”—dxds =

:hizjsz2 (x,hil(s) Ixds SIZ—ZZ < 0.
aa

3 ypaxyBaHHSM IIPUBEICHUX MipKyBaHb piBHSHHSA (1) 3 ymoBotO (2)
3aIUIIEThCS] TAKUM YHHOM

y(x) =f(x)+.[iK(x,t)y(t)dt+(p(x)+

a

(x,s)y(s)ds,

[ —

abo
b
Y(x) = fi(0)+ [Ty, (10)

e
W (a)
f](x):f(x)+(p(t):f(t)+ j H(x,t)l//(h(t))dt, (11)

T(x,0) = K(x,0)+ H(x,0),(x,0) €[a,b] . (12)

Teopema 1. PiBasiaus (1) 3 yMoBotO (2) ipu BukoHaHHI yMOB (4)—(7)
3BOJIUTHCS JI0 iHTerpajgbHOro piBHAHHA (10) 3 IITKOM HenepepBHUM OIe-
paropom T .

e oznauae, mo 3amaga (1)—~(3), B cBOIO 4epry, 3BOMUTHCS IO aHAIOTIY-
Hoi 3anayi (10), (3) ms iHTerpabHOTro piBHAHHS PpearonsMa Apyroro poy i
3 1i CyMICHOCTI BUILIMBAE CYMICHICTh BUXIJHOI 3a/1a4i 1 HaBmaku. J{ociipKeH-
HIO yMOB cymicHOCTi 3amadi (10), (3) mpucBsUeHa HU3KA HAyKOBHUX MPallb,
30kpema [2, 3]. BeranoBienuit dakt exBiBaneHTHocTi 3a1a4 (1)~3) ta (10),
(3) om0 X CyMICHOCTI JTa€ MOXKITABICTD TIPOBOJNTH TOMAIIBIII JTOCITIIKESHHS
CTOCOBHO (hOpMYJIFOBaHHSI YMOB CYMIiCHOCTI, Oe3mocepennro, st 3amadqi (1)
(3) Ta po3rIIAMY MUTaHHS 3aCTOCYBAHHS JIO ITi€1 3a/1a9i HAOMMKEHNX METOIIB.
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3anaua 3 kepyBanusiM. Po3riissHeMo B ipoctopi L, [a,b] 3aaqy

}(x) = f(x)+jZK(x,t))7(t)dt+jZH(x,t)j/(h(t))dt,x € [a,b], (13)

J(x)=y(x),x¢[a,b], (14)
jiCDi @)y(x)dx =y; + j-CI)i(x)u(x)dx,i = I,_m, (15)
ne y(x) 1 u(x) “_ IIyKaHi GyHKIIIT, aHpI/I‘lOMy
u(x) = ﬁﬂ,@ ), (16)
=
{cf f (x)} ,j= Im, — geska IiHifHO-He3aNeXKHA CHCTeMa ¢byHKLIi i

& (x)=0,xomn x ¢[a;h].

[Mokaxemo, mo 3amada (13)—(15) exBiBajieHTHA NEesIKOMY DPiBHSHHIO
0e3 oOMexeHb. BBegemo 3aminy

7(x)= z(x)+jJ.K(x;t)u(t)dt—i—jH(x;t)u(h(t))dt,x ela;b], (17)

Ky OyIeMo po3TisiaTH, K IOTMOMDKHY 3a/ady, BBOKAIOYH B Hill (yHK-
it z(x) samanoro, a pynkuii y(x) ta u(x) Tpeba smaiitn. I[lixcrasmns-

toun (16) B (17), a morim (16) Ta (17) B piBHicTh (15), oTpumaemo

b m b b
jcb,. (x) {z(x) +3 4, UK(x, D& (O)dt + jH(x,t)gj (h(t))dtJ}dx =
a Jj=1

b m _
a J=1
[Nepenuiiemo 1o piBHICTB TaK

b m b b
j CDi(x){z/ij [5 () - j K(x,0)&;(t)dt —jH(x,t)gj (h(t))dtj}dx =
a ]:l a a

b
= I@i (X)z(x)dx—y;,i=1m.
Hexaint

b b
(0= &)= [Kné;di~[Houn & (ho)dr.— (18)
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H03Han/IBHH/I
J@ ()7, () = a. b, = ICD (WMz()dx i j=Lm.  (19)

OCTaHHIO plBHlCTL 3alMMIeMo TakKk

Za/t =b.,i=Lm. (20)

/M)

OTpumanu cucteMy JNiHIHHUX anredpaldHuX piBHAHB. Po3ristHEMO
BUIAJI0K, KOJIM MaTPHLS Ii€] CHCTEMH, SIKY TO3HAYMMO 4epe3 A , HeBUPO-

joKeHa i Hexait A7 = (¢;),1,j =1,m — obepuena marpurist. Toxni

A; Zcu INE (21)

1 pO3B’sI3KM TOTTOMIXKHOT 3a1a4i (17) (15) 3amumyThes Tak

u(x) = ZZM (x) = ZZ ¢;ib&;(x) = ZZc,,[IfD (0)z(t)dt - 7,](: (x) =

J=li=l J=li=l j=li=1 a

b m m m m
= [ 22D eibi; (o, ()20t = 3" Y ;7 ().

a j=li=1 j=li=1

Tob6To
b
u(x)= IR(x,t)z(t)dt —w(x), (22)
R =3 ¢, (), (1), (23)
j=li=l
w(x) = 0,6,(x)0; Zc,,y,, = (24)
Jj=1

P(x) = u(x) + z(x) - er}l(x)—u(x)+z(x) chﬂ bn;(x) =
Jj=1 j=1i=1

m

m b
=u(x)+z(x)— z z Cji [J. D, (H)z(t)dt —y; ] n;(x)=
i /

b m m m m
=u(x)+2(0) = [ DD e @ (g ()t =3 Y ey (x) =

a j=li=1 j=li=l1

b
= u(x)+b(x)+ j G(x,0)z(t)dt,
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Gx0) = 6(x=0)= Y Y e, (D1, (25)
j=li=1
b(x):zzcji%ﬁj(x):Zzgﬁj(x)- (26)
j=1i=1 j=li=1

TaxuM 9uHOM, Ma€ MiCIle HAaCTyITHa TEOpeMa.

Teopema 2. €auHUN po3B’s30K JomoMixkHOI 3amadi (17), (15) mae
BUTJISIT

b b
u(x) = jR(x,t)z(t)dt —w(x), ¥(x) = u(x) + b(x) + j G(x,1)z(t)dL.

3anaua (1)—~(3) cymicHa nuIIe TOMi, KOTH PO3B’SI30K z (x) PiBHAHHS

b
2(x) = g(x)+ J.M(x,t)z(t)dt, (27)
3a/10BOJIBHSIE YMOBY ’
b
jG(x, 0z (t)dt = w(x), (28)
IS
b b
g(x) = () + [ K(x,0)z(t)dt + [ H (x,0)b(h())dt, (29)
b ’ b ’
M(x,0) = [K(x,E)G(E,0dé+ [ H(x, £)G(h(), ). (30)
MokHa TaKoX r:oxasaTH, o ymoBa (28) Oy/e piBHOCHIIBHOIO YMOBI
b
[T @0dt =0y, =1m, 31)
aec
L) = c; @, (0). (32)
i=1

ITepaniiinuii Meton. Ines iTepamiifiHOr0O MeTOIy CTOCOBHO 3ajadi
(1)~(3) monsrae B TOMYy, LIO MOCJIJOBHI HAOJIDKEHHS 10 IIyKaHOTO
PO3B’sI3Ky 3HAXOAMMO Ha TicTaBi popMy

z(x)= f(x)+j-]§'(x;t)yk_1 (t)dt-i—jiH(x;t)yk_l (h(t))dt,x €[a;b], (33)

Vit (x)=w(x),x & [a;b], (34)
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b b
Fe (%)= 2 (%) + [K (s )ug (¢)de + [H (x:0)uy (h(0)) e, x €[ asb], (35)

u, (x) = Z;Lj’fg,. (x),x € [a,b],u; (x) = 0,x ¢[a,b], (36)
Jj=1

b
jq)i(x)yk (X)dx = 7,0 = 1,m, yy (%) = Fy (%) = 4y (). (37

JIJis BU3HAYEHHS HEBIIOMHUX MapaMeTpiB /1;‘ ,j=1,m, orpumaemo

CUCTEeMY JIHIHHUX anreOpaidHuX piBHAHB. J[iMCHO, HA MiZCTaBi HABEICHIX
BuImIe (HOpMyT MATUMEMO

(%) = 2, (1) = D A7, (%), (38)
j=1
Skmio migcTaBuTH M0 QYHKITIO B mepiny 3 dopmyn (37) i ckopucTa-
TUCH no3HaueHHsM (19), TO OTpI/IMaeMO

Zalj i =b"i=1m, 39)

e

b
= [@,(0)z, () dx—y,.i = Lm. (40)

30Kkpema, IPUXOIUMO JI0 BUCHOBKY, 1[0 Ma€ MiCLie HACTyIIHA TEOpeMa.
Teopema 3. Meton (33)—(37) Oynme 30DKHMM, SKIIO MaTpUIlst A He-
BUpOKeHa, 3anaua (1)—(3) cymicaa i p(M) <1, npuyoMy MOCHIIOBHICTh
{yx(x)} sbiratumersest 10 exuHOro pose’ssky y*(x) samaui (1)-(3), a

MOCIIZIOBHICTh {uk (x)} 30iraTUMeThCs 10 HYJIS.

KonokauiiiHo-iTepatuBHuii Metoa. IlocmigoBHi HaOMIKEHHS IO
IIyKaHOTO Po3B’s13Ky 3aaadi (1)—(2) 3HaxoauMo Ha mijcTaBi GopMydT:

zi (x) = f(x)+ .?K (x;l)(ykfl (1) +w (t))dl +
a (41)

b
+'[H (x;t)(yk_l (h(®))+ w; (h(t))dt,x ela;b],

Vi (x) =y (x),x ¢ [a;b], (42)
b b
Ji (x) =z (x)+ _[K(x;t)uk (¢)adr +.[H(x;t)uk (h(t))dt,x €[a;b], (43)

a
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u, (x) = i/ij.‘;. (x),x €[a,b],u; (x) = 0,x ¢[a,b], (44)
Jj=1

W) = b, (). (45)
s=1

e {gos (x)}::l — &esiKa 3aJaHa Ta JIiHIHO-He3aJe)kHa Ha [a,b] cucTeMa

¢ynkmi. [ns BU3HAYEHHS HEBIIOMHX TapaMeTpiB /111-‘ , SK 1 panime,
OTPUMYEMO CHCTEMY JIIHIHHUX anreOpaidyHuX piBHIHB, a HEBimoMi Koedi-
LIEHTH af y hopmyui (45) 3HaX0IMMO 3 YMOBH

Wi (%) = 2, (%) = 24 (%) = 0, (46)
ne x; €[a,b],i= 1,n — By3/IM KOJIOKALLi.

BucnoBku. Mo)kHa mokazaTy, 110 CIIPaBEAJIUBUM € HACTYIHE TBEP-
JDKEHHS.

Teopema 4. YV Bumaaky cymicHocTi 3amadi (1)—(3) mocmizoBHi Ha-
OmKeHHS { Vi (x)} , moOymoBaHi 3rimHO MeTony (41)—(46), OymyTh mpu

JIesIKOMy # 30iraTucs 10 TOYHOTO PO3B’SI3Ky Wi€l 3a/adi, IPUYOMY LIBH/I-
KICTh 301KHOCTI 3pocTaTiMe i3 30inbmeHHaM 7 . [lpu wy, (x) =0, gk 4ac-
TKOBHUI BHUIIAJ0K, OTPUMAEMO iTepaTuBHUHN MeTo (33)—(40).
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THE CLOCATION-ITERATIVE METHOD OF SOLVING INTEGRO-
FUNCTIONAL EQUATIONS WITH RESTRICTIONS

Integro-functional equations are widely used in various fields of sci-
ence and science (in particular, to such equations with a deviation of the
argument as a neutral type and with a delay).

In some cases, solving these equations is known additional infor-
mation. Therefore, it is important not only the solution of this equation but
also the establishment of compatibility conditions of the corresponding
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problem, that is, one needs to find out if the desired solution of the problem
with the additional conditions is consistent.

A set of scientific papers is devoted to the establishment of compatibil-
ity conditions of problems of this type with respect to different types of
operator equations and the development of methods for constructing their
solutions [1-4].

The article deals with one type of integro-functional equation with
condition and restrictions on the desired function, which are integral in na-
ture. The terms of the compatibility of the original problem are formulated.
With regard to the values included in the given task, it is required that they
satisfy a number of necessary conditions. It is shown that under these con-
ditions the initial problem will be equivalent to some Fredholm integral
equation of a second kind with a completely continuous operator and addi-
tional conditions on the desired solution.

In addition to the main task also considered ancillary task — a task
with management, when in the case of compatibility, an additional, adjust-
ing value is introduced. The terms of compatibility of the original problem
are formulated and substantiated.

In the paper, the iterative and colocation-iterative methods of con-
structing approximate solutions of the original problem with constraints are
also presented and grounded. The algorithm of these methods and suffi-
cient conditions of their convergence are indicated. At the same time, we
use the fact that the initial problem in the fulfillment of certain conditions
is equivalent to an integral equation with constraints. The presented meth-
ods of constructing approximate solutions of the integro-functional equa-
tion with additional conditions can be successfully implemented on the
computer by creating the corresponding programs.

Key words: approximate solution, additional conditions, restrictions,
compatibility conditions, auxiliary problem, integro-functional equations,
integral equation, iterative method, collocation-iterative method, inverse
operator.
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