Cepis: ®ianko-maTemaTuuHi Hayku. Bunyck 6

e e — . U ——— %% - ———

22. Maucumon K. b. /lnckperusie cncremsl / K. b. Mancumos. — baky : U3a-o
bI'y, 2002, — 114 c.
23. I'abGacos P. Meroast ontumnszaumn / P. T'abacos, @. M. Kupuimnosa. — MH. :

Hzp-80 bI'Y. — 400 c.

24. Tlponoit A. M. DneMeHTbI TCOPHH ONTHUMAILHBIX JIMCKPETHBIX 1TPOLECCOB /
A. W. Tlponoit. — M. : Hayka, 1973. — 256 c.

25. Amenikos  JI. T. OntumaiibHOoe yupasliicHHE pa3spbiBHBIMM CHCTEMaMH /
JI. T. Amenkos. — Hoocubupck, 1987 — 272 c.

26. I'aGacos P. Ocobbie ontumanbHbie ynpasienus / P. I'abacos, @. M. Knpuiuto-
Ba. — M. : Hayka, 1973. — 256 ¢.

In this work there is considered an optimal control problem for
Volterra discrete systems. Necessary conditions of optimality are derived.

Key words: necessary optimality condition, system of Volterra differ-
ence equations, discrete maximum principle, singular control, increment
Jormula.

Otpumano: 02.03.2012

YIK 517.9

C. M. Bak*, kana. ¢i3.-mar. HaykK,
K. €. Pym’ssHueBa**, kaHa. nen. Hayk

*BIHHMUBKHA J1ep>XKaBHUHA NeAaroriyHui YHIBEpCUTET

iMeH1 Muxaitna KouroOHHCcEKOro, M. BiIHHHMLA,

**BIHHHUUbLKUH IHCTUTYT €KOHOMIKHA TEepHOMNMUILCHKOr0 HaLliOHAILHOTO
€KOHOMIYHOIO YHIBEpCHUTETY, M. BIHHMLA

KOPEKTHICTb 3AZAUYI KOLLI ANIA HECKIHYEHHOI
CUCTEMM HENIHIVHAX OCLIMNATOPIB 3 KYBIYHUM
MOTEHLIANIOM HA ABOBUMIPHIN IPATLI

CTaTTs MPUCBAYEHA BHBYCHHIO HECKIHYEHHOI CHCTEMH aHe-
PEHLIANbHUX PIBHSHB, AKA OMNUCY€ HECKIHYECHHMUI NIAHLIOT JIHIAHO
3B A3aHUX HENIHIHHUX ocUMNATOpiB. OTpAMAHO pe3ysibTaT npo Ic-
HYBaHHS Ta €HHICTb I00aILHOrO po3B 43Ky 3a1aul Koiui y Buna-
AKY KyO14HOro noreHigany.

KniouoBi cnoBa: weniniuni ocyuramopu, 0808uUMipHa rpamxa,
3a0ava Kowi, 2nodbansHuu po3e 30Kk, KyoivHuu nomenyian.

Beryn. Y uiii ctatTi BABHAIOTLCA PIBHAHHA, AKI OMUCYHOTH AMHAMIKY
HECKIHYEHHOT CHCTEMH JIIHIHHO 3B A3aHUX HEJIIHIHHUX OCLIHJIATOPIB, pO3-

MilLEHUX Ha UIMIOUMCIIOBIM NBOBMMIpHIi rparui. Hexait g, ,, (1) — y3a-

rajlbHeHa KOOpAWHaTa (n, m)-ro OCUMJIATOpa B MOMEHT uacy /. llepen-

DauaeTbes, 1O KOXKHHI OCUMAATOP JITHIHHO B3a€MO/IIE€ 3 YOTUPMa CBOIMH
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RAHOMMKUMMH cycinamu. Toli pIBHAHHA PYXY CHCTEMH, IO PO3IIIALACT)-
CA, MAKOTh BHTISN

.. e e
Qn.m = -U n.m (Qn, m )+ Aut.m ((In-—l, m = Dn. m ) Uy m (qn. m " Dn+1 m ) k3

+ bﬂ. m-| (qn. m-1"9n, m)_bn. m (qn, m ~ dn, m+ ) (ﬂ, m) € Zz-

PiBusinusg (1) npeacTaBnfioTs co6010 HECKIHUEHHY CHUCTEMY 3BUYaii-

HHX AUdepeHLiaNbHUX PIBHAHD.
Po3rnsalThes Taki po3s’a3ku cucteMu (1), wo
lim gq, ,()=0, (2)

n, m—teo

TOOTO OCUMNIATOPH 3HAXONATHLCA B CTaHI CMOKOI0 HA HECKIHYEHHOCTI.

[ToniOHi cHCTEMH € LiKaBUMH 3 OTJIAZY HA YHMCJIEHHI 3aCTOCYBAHHA Y
¢isuu [8; 10; 11]. B crarri [14] BuBuaUCH NepioanvHI po3B’A3KH /IS CHC-
TEMH OCLH/IATOPIB Ha OBOBUMIPHMWX IpaTkax, a B crarTax [2; 3; 12] 1a
[13] — Obkyui xsBuii. IluraHHs kopekTHocTi 3amaui Kowi s naHuioris
HEJIIHIHHUX OCLIWJIATOPIB (BHIAZOK OIHOBHMIPHOI IpaTk1) BUBYAIOCH B [5]
1 [9]. a ana cucTeM ocuMNATOpIB Ha ABOBHMIpHHX IpaTkax — B [3] 1 [4].
3ayBaxKumo, 1O B cTaTTaAX [3] 1 [4] oTpUMaHO YMOBM ICHYBaHHA Ta €OUHOCTI
rnobanbHOro po3B’A3Ky, AKi HE 3aJOBOJIbHAE KyOIUHUH MoTeHLia.

MeToro cTaTTi € OAepXaHHA YMOB ICHYBaHHS Ta €QWHOCTI TjioOab-
HOro po3B’sa3ky 3azaul Komi 1ans HeckiHYEHHOT CHCTEMM JIiHIHHO
3B’A3aHUX HEMIHIAHHUX OCUMJIATOPIB, pPO3MILIEHMX Ha ABOBUMIpHI# rparui
Yy BUNAAKy KyOI4yHOI NOTeHLIanbHOI QY HKLLIT.

(1

[locraHoBKa 3aaa4i Ta OCHOBHI npunyueHHs. [lorenuian U, ,, (r)

n,m 7_

3anuwemo y Burism U, (r)=-— +V, (r) 1 noxnagemo c,

=, -, —b,, ,,- Toni piBHsHHs (1) MaTHMe BAMIIAL

an—],m n,m n.m-)

qn‘m = an—l,m qn—l,m + an m qn+l m + bn‘m—l qn.m b: m qn m+l os

2
+Cn,m qn,m_ ", m(qnm (I‘l 'n)éZ

BpaxoBylouH rpaHH4Hi yMOBH (2), e piBHAHHA 3py4YHO PO3r/IANaTH
AK QH(epeHLiaTbHO-ONepaTOPHE PiBHAHHA

q=Aq-B(q) (4)

3)

ps (=
( 4q)n m ay,_ I,m q- Lm +an,m qn+l,m +bn,m——l Qn,m—l +bn,m qn.m+l +Cn,m qu,m’

(Taki onepartopH BUBHanMca B [6, c. 597]), a Heniniliuuii oneparop B
BH3HA4Ya€ThCA POPMYJI0H0

(B(®), ,, =V w(dn,m): (5)

('S}
<
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. g —— . A —— — SN R o — L —— ——

; o2 . . , )
B npoctopi /, =1, (12 ) IUICHUX NOCITIOBHOCTEH ‘l={qn. m} 31 CKasIp-
HHM 2100y TKOM

(qm. = 3 ¢\l

n, med,
CxanspHuit 106yToK i HOpMy B /, nosnavatmemo (-, ) i ||| sianosimwo.
BiamiTimo, wo pisusHns (3) y npocropi /, MOXHa NoaaTH y rami-
NBTOHOBOMY BMININI
I S 7
[p==H,(p, q),
: , ,
1‘{ - 1{;: (p‘ q)"
3 raMUILTOHIAHOM

H(;mt?)=-:,l:-(||102 (g, q))+ > V(@) (6)

n . med,

ne p=q.
3a 03HAUYCHHAM, PO3B A3KOM PIBHAHHA (4) BBAXAETLCA ABIYI HEnepe-
PBHO AH¢epeHUIHOBHA QPYHKLIA BIA / 31 3SHAYEHHAMH B [/ .

3anaua Kowi as piBHAHHA (4) MONsrac y 3HaXoIDKEHHI po3B s3Ky,
AKHH 32J10BOJIBHAE NOYATKOBI YMOBH:

q(0)= ¢, 4(0)=4q"". (7)
Po3rnsHeMo Tenep BUNaaoK KyOI1YHOro noTeHujiamy:
d

5 nm 3
VPV =27,

ne d,, — obMexeHa nocnifnoBHICTb. IlependavaeTkes, wo oneparop A
BiJl'€EMHO BH3HA4YE€HHH, TOOTO
2
(Aq, q) < -q "q" , @y >0, (8)
ma qel,.
[Toxnmanemo
l I l
J(q) = '-—( Aq. q)+= 2, dyy @y m =~.;a(q)+§b(q)-
3 n.me?, -
112

BiaMiTHMO, 0 a''“(q) — HOpMa Ha [, , eKBIBA/IEHTHA CTaHJApTHIN

HOpMi |- “!3 . Tomi raminsToHiaH (6) Habyne BUrIIsY

H(p. q) = %lelz +J(q).
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Ockinbkn |b(g)| < can;l <c"

/3
lb(q)|” < catq)®, qel,. (9)
Jani ¢ 3aBxaM no3Hayae KOHCTaHTY 3 (9).
JlonomixkHi nemu. [Toknagemo

=inf{supJ(lq):qelz,q¢0}. (10)
9 (220

Jlema 1. [paBunbHa HEPIBHICTBL

1
y2—
6¢°
22 PE
Nosenennsn. Maemo J(1g) = 7a(q) + Tb(q). SAxuwo b(g) =0, 1o

supJ(Aq) =

A20
Axmo b(g) <0, TO

3
supJ(Ag) = J( a4q) ) 1 a4

120 b(q) 6 b’(q)
ITinHocsun HepiBHICTL (9) 10 6-rO CTENEHs, OTPUMYEMO HEODXiaHE.
Jlemy noBeneno.
INoxnagemo
W,={geh:0<J(ig)<y,Vie[o,1]}. (11)

OueBuaHoO, WO W, 3ipKoBMii BiIHOCHO MOYAaTKy KOOPAMHAT, TOOTO
Ao g € W, , 1o Og €W, wis 6yms-axoro 6 €0, 1].

Jlema 2. MHoxuHa W}, MICTATL BIAKpUTHH elincoin B =

={qel,:a(q) < p}, s Gym-axoro p >0 , WO 3aTOBONEHSE YMOBAM:

PS—=;
4c
P .C 31
D <y.
7 3P ¥
JoBeaeHHs. 3rigHo (9)
22 33, 22 2303
a9 - a-”-(q)SJ(Aq)s—z—a(qH-}Lam(q).

9
[lpn a(q) 54—5- MaeMo
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3
1l  Ac

172
“(q) >
53 a “(q)=0,

VIS BCIX A € [0, l].
Omxe, J(Ag)20 ans Gynb-skoro A€ (0. 1].
ko a(g) < p, TO, 3riAHO APYrol YMOBH LU PO .

/-{2 /13 3 . 3 .
J(Aq) <=-p+ : p“’2=ﬂz[lp+—k—p3‘2}<r~

3 2 3
s Beix A €0, 1].

Otxe, J(Aq)<y.
JlemMy noBeaeHo.
[loknapgeMo

W, = {q el, :a(q)+b(q) >0, J(q) < ;/}.
3rigHo HenepepBHocTi pyHKuioHaniB a(q) i b(q). W., — BlOKpH-
Ta MHO>KHHA. |
Jlema 3. W, =W, ,UB.
Noseaenns. Jloctathso nokasath, mo W, =W. U {0}.
Hexah qgeW,,q#0. Sxmo b(g)20, TO a(g)+b(g)>0 1
J(q) <y. Axwo x b(q) <0, 10

supJ (Ag) = J(—-Z—%—;-q) > y.

a(q)

b(q)
Haenakn, Hexah g € W, . Sxwo b(q) 20,10

sup J(Ag)=J(q)<7

Tom - >1 1 J(q) <y .Lle nokasye, mo g€ W, ,.

A€f0, 1]
i w. .35 b(g) <0 IBHICTb _aq) > 1 nokazsye, o
q €W, . Slkuwo x b(g , TO HEP b(a) YE,
sup J(Aq)=J(q),

16[0. l]
o ¥ nae HeoOXxiaHe. Jlemy noBeaeHO.
B cuny Bigkputocti Wi

BIAKPUTA, TOOTO € OKONIOM HYNA B /; .

i B, nema 3 nokasye, 1o MHOXHHa W)

'y
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Jlema 4. W}, — oOMekeHa MHOXMHa.

1 :
JloBeaenns. Axkmo b(g) =0, TO J(q)ZEa(q) 1 a(q) <2y . Sxup

I
X b(g)<0, 1o 32 nemoto 3, b(q)>-a(q). 3HauNTS, J(q)>ga(q) i

a(q) <6y . Taxum umnom, W, MiCTHTLCS B OOMEKEHIH MHOXuH]

{q el,:a(g) < 6}/}. Jlemy aoBeaeHo.

OcHoBHHMH pe3ynbraT. HacTynHa TeopeMa € OCHOBHMM peE3YJibTa-
TOM UI€1 CTATTI.

d .

Teopema 1. Hexaii V), . (r) = ';'" r’, ne d,, — oGMexeHa noci-

OBHICTb, onepaTop A Bin’eMHo Bu3Hauenwii i ¢' € w,, gV el, Taxi,
L o) ©) : :

o 5 q +Jlg"’ }<y. Toai 3agaya Komi 3 mo4yaTkOBUMH HaHHUMH

qw), q“) Ma€ €AUHUH rnodanbHUA po3B’A30K.

JloBeaeHHs1. ICHYBaHHA Ta €QUHICTH JIOKAJIBHOIO PO3B A3 {) BH-
P q

rumBae i3 Teopemu 1 crarti [4]. [Jani, sik i B noBeaeHHi TeopeMH 3, BUNa-
IOK (@) (muB. [3]), mocTaTHBO MOKA3aTH, WO ¢(f) 3aTUILAETECA OOMEXEHHM.

[Mokaxemo, wo q(f) e W, . IlpunyctiMo, w0 ue He Tak i Hexai
f; >0 HalMeHIue 3HaveHHs (>0, na skoro q(4) ¢ W, . Toni g(4) Ha-

NeXHTE Mexi OW, mHoxuuu W, . Ockinbku W, 3ipkoBWH, TO
Oq(t,) €W, nna Oynp-akoro 6 €[0, 1). 3Ha4nTs, J(Qq(tl))<y. I[lepe-
XOO44YM 10 rpaHuul npu 6 — 1, oTpumyemo, wo J (q(t,))S}'. Axmio
J(q(t,)) <y, TO, 3riHO O3HauyeHHs W, i Toro, wWo J(6q1s, )) <y, OTpHU-
MyeMo g(f)) € W,. OcTaHHE NpOTHPIYUTL 3POOJIEHOMY MPHITY LIEHHI.

Takum untom, J (g(4,)) = 7.
Ockinpky ramisisToHian /H 36epiraetscs (aus. [3]), To

By 1 2
J (@) < Slaf +7(aw) = |a"[ +7(¢”) <.

OTtpumaHe nNpoTHpivus nokasye, wo g(t) eW}, s Beix (>0, and

AKX g BU3HaueHe. OTxke, po3B’A30K ICHY€ NpH BCIX £ > 0.
Ockinbky pIBHSHHA (1) 1HBapiaHTHe BIOHOCHO 3aMiHW [ Ha —f, TO
pO3B’A30K BU3HA4YE€HO MNpH BCix 7 € R. Teopemy 10BeaeHo.
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el L

JloBenena Teopema 1a¢ ICHY BAHHA T4 CAMHICTL [J100A/IHOIO O3B’ 43Ky
3aj1a41 Kowi y BUMajiKy, KOJIM No4arkoBi aHi 10CTarHLo Mati B [, -HOpMI,
OcCKIUIbKYM MHOKUHA 10YATKOBUX IaHUX 13 TeopeMn | crarTi [4] sij-
KPWTA | MICTUTb HYJILOBI [1aH1, TO OTPUMYEMO TAKUIK HACTIJIOK.
1

{n.m

Hacnigok. Hexait V, | (r) = r*, e d

. oOMexena nocni-

JAOBHICTb, onepatop A Bia’eMHO BU3HaueHui. Toal icHye Take o > 0, 1o

s Gym-nkux ¢, ¢V ely 3 "‘I(O)“f‘ﬂS i “q'” < ¢ zapava Kowi mae

€AMHUMN 1100aNbHUNA pO3B’ 430K,

BucHoBoOK. Y cTaTTi 0aepkaHo YMOBM ICHYBaHHA Ta €AUHOCTI 1100as1b-
HOro po3B’A3Ky 3anayi Kowl ais HECKIHYEHHOT CUCTEMM JIHIAHO 3B’ A3aHNX
HENIHIAHUX OCLWIATOPIB, PO3MILLEHUX HA JABOBUMIpPHINA rpatui (Teopema |),
Ki NOWMPIOKOTL pe3ybTaTy crareit [3—S5].
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B. 1. bBapaHeusKkuil, MOJIOJWIKHA HAYKOBHH CMIBPOOITHUK

Jporod1ubkuil AepKaBHMM NEAaroriuHui yHIBEpCUTET
iMeHi IBaHa ®panka, M. JIporobuy

ANUCMNEPCIA NPOrHO30BAHMX 3HAYEHb AK KPUTEPIM
ONTUMATBLHOCTI NOBEYQOBU KOMMNO3ULIIMHUX
EKCNEPUMEHTAJIbHUX NMNAHIB ANA
TPBbOXKOMIMOHEHTHUX CMONYK

Onucano BUKOPUCTAHHA AUCNEPCIT MPOrHO30RAHOTO 3HAYEHHA,
K KPHUTEPIIO ONTUMAILHOCTI TpU BHOOPE E€KCMEPUMEHTAIILHHX
nmnaxHiB. Haeegeno meton noOyIoBM KOMMO3MILWHHMX MATpPHILb
IaHYBaHHA EKCMEPUMEHTIB IS TPbOXKOMITIOHEHTHHUX CIIOJYK.
OTpumaHo 1eKiIbKa KOMTIO3ULLITHUX MAaTPUIbL A1 eKCIEpUMEHTa-
NILHUX TU1aHIB IPYFOro Ta TPEThOro MOPS/IKIB.

KiwuoBi ciioBa: xomnozuyitni excnepumenmansui niauu,
NAAHYBAHHS EKCREPUMEHMY, OUCNEPCIA NPOZHO308AHOZ0 3HAYEHHA.

I3 OypXJIMBUM PO3BUTKOM OOUMCTIOBIBHOI TEXHIKH MoOymoBa Ma-

TEMaTUYHUX MOJEJIEH Ul NOCTIDKEeHHS 3ada4 y &isuui, Ximii, 6ioaoril,
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