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SKCTPEMAJIbHbIE CTPATEIMA B UT'POBbLIX 3A0AYAX
AnA NTMHEWHbIX UHTEMPO-ON®®EPEHUUASIBHBIX CUCTEM
BOJILTEPPA, Il

B.J1. Macuxoe’

WN3ydeHsl 3aJa4a HaBeIeHHsI U UTPOBast 3a1a4va m JIML JJIsl CJIy4Yasi pABHOBe-
CHSI CHCTeMBI (PYHKLIMOHAJIOB (THIA PAcCTOSTHHUST) B cMbIciie Hama, Jljis perrenunst
JTHX 3a4a4 NPUMEHSIETCS U3BECTHASI SKCTPEMAJILHASI KOHCTPYKIHS aKaJeMHKa
H.H. KpacoBckoro, Mogu¢puupoBaHHas J/Isl paccMATpHBaeMbIX CHTYallHii,

Kniouesvie crosa: ucpoeas 3adaua, unmezpo-oudgepenyuanvuas cucmema,
ynpagnaioujee go30eucmeaue, NOUYUU UPLl, NPOSPAMMHBLI MAKCUMUH, DAGHOBECUE 8
cmeicne Hrwa.

Ipennaraemas paboTta TpuMbIKaeT K padotam [1-8] u geasiercs mpoaokeHreM ctathi [9]. Bee
MOHATUA U 0003HAUeHHS, HECOTIPOBOXKIaeMble CChUTKAMU U MOSCHEHUAMH, UMetoTed B [9]. Hymeparms
naparpacdoB 1 GopMyI MpoaoiiKaeT HyMepanuto [9].

3. UrpoBas 3aJa4a HaBeleHAd 15 JHHEAHBIX HATerpo-Iu¢PpepeHNHAILHLIX cHcTeM BoabTeppa
PaccmarpuBaeTcs KOHQUIUKTHO-YIpaBiseMas IJTHHelHas HHTeTpo-TuddepeHIanbpHas cHcTeMa
BoseTeppa

O =fO)+A0)x@)+ IK(I, $)x(s)ds +u(t)—v(r), x(0)=x, . 40)
0

Bcee noHATHA M OTpaHUUYCHUS AaHATTOTHYHEI [9].
Urpa paccMatpuBaeTtcs Ha 3a7anHOM oTpeske [0, £], TaTa 3a1aHa paBeHCTBOM

v[6]=|{x(e1},, | (41)

[lepBbliii UTpOK pacTiopspKaeTcs BEIOOPOM YIpaBieHUS # € P ¥ cTpeMUTCS MUHUMU3HPOBATh BENH-

yuHy }160] Ha TpaekTopuax x[f], 0<7< 6, cuctemsl (40), peaU3yIONIMXCS TIO]T ICHCTBHEM YIIpaBiie-

mid ut], 0<r< 6, ue P, B mape ¢ moOoi MHTETpUpyeMoit peammsanueii V[f], 0<r< 6@, ve O, BTO-
poro urpoxka. Llems BTOPOro urpoka IMpOTHBOTIONOKHA U COCTOUT B MAKCUMI3AIIMN BETHUMHBI (41).

t
[Iycts @(s) =D(s, 0)x, + f(s), rae D(t,s)= IK t, D)X(7,s)dr, X(t,5) — marpuna Ko cucte-

MBI X(¢) = A(f)x(?) .

Torna pemenue cuctemsl (40) 3amuchIBaeTCSA B BUAC
t

x(6) = X (¢, 00, + [ £(t. s)p(s)dls + [ £(¢. s)u(s)dls — [ #(2. s)v(s)ds (42)
0 0 0

£t 5)=X(t,5)+ j X(t.70)R(z,s)dT,

R(?,s) — pezonpBenta Marpuiisl (7, s) .

Ipennonaraem, uto 10 MOMeHTa f,, 0<¢, <@ Hauana Urpsl, 00a UrPOKA MIPUMCHSIIOT HEKOTOPHIC
JIOITyCTUMEBIE peai3alldl yrpaslieHui (1], vy[f], 0<¢<¢,. Ecmma u[f]=0, v[f]=0 mocrme momeHTa
t, ty <t< @, 10 coctosgnuue cucTeMsl (40) B MoMeHT @ cornacHo (42) 3ammchiBaeTcs Mo GopMyre

xX(60,1) =x,(6) + jo (6. $)uy[s]ds + j (0, s)uls)ds — ff(e, sWylslds — j (0, s)Vs]lds,  (43)
0

1) 0 1)

! TTacukop Bragumup JIeOHHIOBUY — KAHAAAT (QU3UKO-MATEMATHYECKIX HayK, TOLEHT, Kadeapa MaTeMaTHUeCKOTO aHATH3a i UH(OPMATUKY,
OpcKuii FyMaHUTAPHO-TEXHOTOTHIeCKHM HHCTHTYT ((unuan OpeHGYpreKoro rocy1apcTBeHHOTO YHHBEPCUTETA).
E-mail: pasikov fmfl@mail.ru
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g
rae x,(6) =X (6, 0)x0+j #(6,5)As)ds .
0

Onpenenenne 3.1. lapy p={r,x(0,r)} Gynem HasbIBaTh MO3MIMCH UrPE B MOMEHT /, (<7< 0,
Po ={ty, x(6.1,)} — HauanbHas no3uLWA, TIE
iy iy
x(0. 1g) =%y (0) + [ £(6. sy [s1ds — [ £(0. s)v[s]ds .
0 0
TOTJa cocTogHue cucteMbl (40) ¢ yuetom (43) B MOMEHT 6 uMeeT BHT

4 4
x(6) = (0. 1,) +[ (0. s)uls]ds + | £(6. s)v[s1ds . (44)
fo fo
VTo4HNM NOCTaHOBKH 3aaa4q A obonx HI'POKOB B pacCMaTpHUBacMOM CJTydac HAaBCICHUA.

3amaua 3.1. Cpemy JOMyCcTHMBIX cTpaTeruii U TiepBoro Mrpoka HaiTH ctparermto U°, xoTopas
IIpH TIO00M JOIYCTUMOM CIIOCO0E YIIPABICHUS BTOPOTO MIPOKa A/ M000H HAYAIBHOU MO3UIMU P, ,

0<t, <@, rapanTupyeT pe3yJIbTaT UIPHI:
(161 ] ty, x(0,1,)),U°,v) < e(t,, x(0,1,)) .
3agaua 3.2. Cpeau DOMYCTUMBIX CTPATCTHi J BTOPOTO WrpoOKa Haitu CTparteruio V¢, xotopas
TP JTEFO0OM IOMYCTUMOM CTIOCO0E YIIPABICHUS TISPBOTO UrPOKa T M000# HAYIbHOM NO3ULIHH P ,
0<t, <@, rapantupyet pe3yJIbTaT UIPBI:
(N01 | 1. x(0.1,).u, V) 2 £(ty, x(6. 1,)) .
3agaua 3.3. Cpean JOMycTUMBIX cTpaTeruii U, V' mepBoro m BTOPOro UTPOKOB COOTBETCTBEHHO
Haiitu cTparersd U, V¢, xotopsie 11 MoGoi HaualbHOM TO3HIHH p,, 0<7, <@, rapaHTHPYIOT pe-
3yabTaT Urpsl (16| ‘ ty, (6, 1)U, V) =¢£(t,, x(6,1,)) .
B paccmatpuBaeMoM ciTydae mporpaMMHBII MakCUMUH £(f,, x(6, 1)) AT HaUaJIbHOM MO3UIHH P, ,
0<t, <@ cormacHo (43), (44) 3anmceIBacTCS B BUIE

I ueP

€CITH IIpaBasl 4acTh 3TOr'0 paBEeHCTBA MOJIOKUTENbHA, Haue £(7,, x(6,1,))=0.

6 6
(ty. x(6.1,)) = max [max/{£(0. s)visl}, ds — [ maxt' {0, syuls]}, ds—I'{x(0.1,)}, |. (45)
a2y s

fo

371ech paccMaTpUBaeTCs JHIIb PEryJIAPHBIN cTydaid, Korja MaKCUMYM B IIpaBoii 9acTH (43) nocTH-
raeTcs Ha €IMHCTBEHHOM BekTope [ =1/, (1), x(0.1,)), 0<1, < 6.
Jamee 0Go3HaumM

6
@0} ={kx 0.0}, + [{X (0.0}, R@.0dr=x[1]. (46)

Omnpenenenne 3.2. [TycTb m-MepHBI BeKTOp /) B KasKABL MOMEHT #,, 0<1, <, n1ocTaBiIseT MaK-
CHUMYM IpaBoii yacTH (45). Toraa, eciu mo3uimsa p, TakoBa, 4to &(f,, x(6,%,)) >0, To ¢ 3Toil no3u-

IHeil OymeM COMoCTaBATh MHOkecTBO U°(fy, x(6,1,)) (V°(4,,x(6,%,))) Bcex BektopoB u‘e P

(v¢ € Q), nnsa kotopeix x°[f, |u’[t, | =maxx®[t, Ju (x°[£,V°[f,] =max x°[f,]v). B aToM cimydae cTpate-
ueP veQ

rust U° (V°) HasbIBaeTCs 9KCTpeMaTbHO# cTpaTer el Mepporo (BTOPOro) UrpoKa.

,
OrMmeTnM, uro 37ech {/, X(0,1)},, — TepBble M KOOpAMHAT pelneHns cucteMbl x(1) =—A'(1)x(f) ¢
KpaeBbIM yeioBueM [ [1, ¢. 117]. Y BekTopa [y mocsie m-ii KOOpAMHATHI PUNTUCAHBL HYJIH.
C WCTIONB30BaHMEM paHee TIPUBCASHHBIX (PParMCHTOB PACCYKACHUM IO TUIAHY JOKA3aTCIbCTBA
aHAIOTHYHBIX TeopeM u3 [ 1, ¢. 153] nokazpIBaeTcd crieytoliee YTBEp:KACHHE.
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Teopema 3.1. B perymapHoM ciiyuae urpsl w3 3agad 3.1 u 3.2 sKcTpeManbHBIe CTpaTeruu

U=U°(t,x(6,1) u V°=V*(t,x(0,1)) 0<1,<r<6 mOCTaBIAOT perueHnst STUX 3amad. OHU COCTaB-
JSTIOT TIapy ONTHMATBHEIX cTparterwii { U V¢ }, KoTopele paspemaroT 3a1a4y 3.3 1 JOCTaBISIOT CEIIO-
BYIO TOUKY paccMaTphBaeMoii Wrpbl, mpuaéM (1 0]|z,,x(6,t,)U°. V) =¢£(t,,x(6.t,)), TO ecTb ONTH-
ManbHas Toiata urpel (Y16]|7,,x(6,4,))U°, V) g Beskon ucxoHol nosummu (¢,,x(6.t,)) paBHIeTCS
IPOTPaMMHOMY MakcUMUHY £(f,,x(6,1,)) .

JoKa3aTeIbCTBO. 3aMHUIICM CIICAYIONTYIO (PYHKITHIO:

o
g[t] =€, x(0, 1) = Imax {5 (s, x(0, )%(0. 5))} vIslds —
; VeV

G t
- j max {/; (s, x(6,5)%(6,5))} ulslds+ j {1 (5.3(8,5)%(6,5))} v,[slds — (47)

; ueU fo

t
—I{Z(') (s, x(0, $)X(6, s))}m uy[s)ds {15 (t,, x(6.1,), %(6. t, ))}m .

lo
3aech uy[s], vyls], 1, s <t — DOMyCTHMBIC YIPABICHHUS, PEATM30BABIINCCI K MOMEHTY /. AHAJIOrH4-
HO [1] MOKHO moKa3zath, uto GyHKIMA £(7, x(0,1)), 1, <t< 0, 0<1, <O, abCOMOTHO HEMPEPBIBHA TIO /
B obnactu £(t, x(0,1)) >0 u Bextop /,(#, x(0,1)) npn auppepeHIIPOBAaHUN He 3aBUCHUT OT f, f, — Ha-
HaJI0 TIPOTIecca YIIPABICHUS.

IpoussomHas ot dhyHkIMH (47) CylecTBYeT MouTH BCtoay [1, ¢. 144] u nveet BUA

delt] _ max {152, x(6,0)%(0, r)}mu - maQX{l(') (t,x(0,0)%(0, r)}mv +

dt
+{I§ (¢, x(6, )%(0, t)}m v—{l5(t, x(8,1)%(0, t)}m u.
Ortciozia coriacho (46) moyuuM
delr]

=—max x°[¢]v+ max x°[¢]u + x°[1]V[¢] — x°[¢]u[t] . (48)
dt veQ ue P

Ecnu Tenephb mepBeIit HTPOK, HAYWHAS ¢ MOMEHTA f, , IPUMCHACT YKCTPEeMabHYO cTpareriio U° B

TeUeHHe BCceil UTpbl, a BTOPOM — TIPOU3BOIBHYIO JIOMYCTUMY10, To U3 (48) U onpenenenus 3.2 moiydaemM

delt

% =—max x°(r)v + x°(r)v £0 . Takum obpazoM, HonoxuTeTbHas GYHKIUA £[7] = (¢, x(6, 1)) nMmeeT
3 el

MOYTH BCIOAY Ha [f,, 0] HEMOJIOKHUTEIBHYIO MPoM3BoAHY 0. CienoBaTenbHo, GyHKIMA £[f] Ha 1), 0]

He Bo3pacTaeT, a 3Hauut, &(0,x(0,0))<e(t,,x(0.1))), HO w3 (47) BbITeKaeT, HUTO

£(6. x(6. 0)) = H{x[e]}mH .

JIoTycTHM, 4TO BTOPOii HTPOK B TeUeHHEe BCell UTPBI MPUMEHIET YKCTPEMATBHYIO cTpateruio V.

Torga u3 (48) umeem delr] _ max x°[¢]u — x°[¢]u[f] . Orcroma delr]
dt uelU dr

s £[f] MoToXKHUTeNTbHA, OHA UMeeT HeOTPHLATENbHY0 POU3BOHYO TIPH MTOYTH Beex f € [f,,0]. Cre-

20 . Takum obpazom, koraa QyHK-

JoBaTenbHO, pyHKIMA £[f] Ha [f,,0] He yObIBaeT. 3Hauut, £(0,x(6,0)) = £(1,, x(0,1,)).
[TycTs Temieph B peTY/IAPHOM CiTydae 00a UTPOKA MPUMEHSIOT CBOM SKCTPEMANTBHBIC CTPATCTHH, TO-
IMa, Kak 9TO CIICAYeT W3 TPCSHBIAYINEero, WM OyAeT TapaHTHPOBAH PE3YIbTaT  HIPHI

H{x 61}, H =e(ty, X(0,1,)) .

IIpumep. PaccmoTpuM MojienbHBIN TpuMep. [lyeTh 3amaHa crucTeMa U3 JIByX CKaJSIPHBIX ypaBHe-
HUI

Hoy=c + [x(s)ds +u(t) = v(@). (49)
0
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sneck f(1)=e',K(t,s)=1, omuoponnas muddeperanbias ciucteMa A (49) 3anuchIBaeTcs B BUTE

x=0. B kauectBe ¢yHnameHTanbpHol MaTpHibl BbIOMpaemM X (f)=1, Torma wmarpuua Komm
t t
X(t.5)=X()X ' (s)=1, X(1.0)=1: peraucnsem ®(t,s)=[K(.7)X(z.5)dr = [dr =15 pesonbpen-

t—s _ —(t—s)
Ta 3TOM MaTpHIIl onipeaensaeTesd dhopmyaoit [10, ¢. 22] R(z,s) =sh(t—s) = % , TOr1a

- L —;
x(r,s):1+Ich(T—s)dT:1+ch(T—s) ‘ =1+ch(t—s)—1=ch(r—s).
T=s

BeibupaeM kakoe-miOO HeHyJeBOe HadalbHOe YCIIOBHe, HampuMep x, =x(0)=3, mnomydaem
P(t) = (1) + O(t,0)x, = ¢’ +3t.
3anuceBaeM COCTOSHHAE CHCTEMEI B MOMENT /

x(1) = X (1, 0)x, + j;(r, $)(s)ds + j;(r)u(r)dr - j;c(r)v(r)dt -
0 0 0

=3+ [oh( = s)(e’ +3s)ds + [ ch( —s)uu(s)ds = [ ch(t = s)v(s)ds.
0 0 0

[IpoBenéM BHIUUCTEHNUS:
t

t t t
Ich(r —s)e’ds +3Ich(r —8)sds = lj(eH +e et ds + EI(eH +e ) sds.
0 0 25 25
JI71s TIepBOTO ClTaraeMoro mojrydaeM

2

JUTS BTOPOT'O CJIaracMoro HHTCTpHPpOBaHHUCM I10 TaCTsAM IIOTyHacM
t

3 3 ¢ 3 3
—etje_ssds+—e_t (€’sds==(—t=1+e")+=(t=1+e™").
2 o 2 0 2 2

t t
1
lj(et +e ) ds :lj(ets +le_t+zs) :lret +let —le_t;
2y 2y 2 0 4 4

TToactrarmm B (1)
t

t
x(1) = lret + Zet + ée_t + Ich(r — s)u(s)ds —I ch(t — s)v(s)ds ,
2 4 4 5 5
HeTPYIHO NIPpOBepUTH, uTo X(0) =3.
Bynewm Tenephb cuuTaTh, YTO Hayaso ympasieHus f, =0, HadaJdbHas TOUKa HaXOAUTCS B Touke (3,3)

KOOP/MHAT, U3 2JIeMEeHTapHBIX COOOpakeHHH 3aKiioyaeM, UTo ABIKeHUe B IuTockocTH Oxy OyaeT mpo-
XOIMTH TIO TIPSAMOH ¥ = X TIO HATIPABICHUIO K HaYaTy KOOpauHAT. [lomaraem, 4To yIpasIIsSioIie BO3ICH-

CTBHS cTecHeHbl orpanmuenusvu u € [0,1],ve [0,1]. CeanoByio TouKy ompeaensior crparerud U°, V¢,
COIJIACHO KOTOPBIM B KaKABIH MOMEHT f€ [0,4) ynpapisiounme BO3ICHCTBUSA MPUHUMAIOT 3HAUCHUS

1 1
———,——=, u coridacao (45
5 )

=32 , TO €CTh COMIKCHUI ¢ HAYaIoOM

u=1, v=1. Ilpu 3TUX 3HAYCHUIX HKCTPEMAJLHBIA BOKTOp !/ :{

L g 642
NN RN A

KOOpJMHAT HET, B APYTHX ciiydasx Touka (3,3) Oyaer nmubo mpubmmKkaThes K HA4aTy KOOpAHHAT, JTHOO
YOATATBCA.

£(0,x(6,0)) = max(—e'x(8,0)) =—(—
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4. Urposas 3a1a4a /1 HATerpo-Tu(pPpepeHIHATLHBIX CHCTEM B CJIydae /1 JIUI]
PaccmatpuBaeTtcs yripaBiisieMas CHCTeMa, SBOMIONHS KOTOPOH OIMCHIBAETCS BEKTOPHBIM HHTETPO-
mddepeHImaTbHEIM YpaBHeHHEeM BombTeppa

x(1)= f()+ A()x(t)+ IK(r,s)x(s)ds + iui ®), x(0)=x,, (50)
0 i=1

371ech X — 1 -MepHbIii (a3oBbIil BekTop, f(f) — 1 -MepHas uHTerpupyemas 1o JleGery ma [0,8] Bekrop-
dyxmms, € >0 — pukcHpoBaHHbLA MoMeHT, K (1,5) — HempepbisHast Ha [0,6] x [0,0] Marpuma nxn,
A(t) — nenpepsiBHast Ha [0,0] matpuua nxn, wu,(1),i =1,m — YIpaBIsIONHe BO3EHCTBYS, CTECHEH-
Hble OrpaHuyeRusaMH, #, € U, U, — BBINyKIble KOMIAKTHL B R”, a peaiu3aly YIIPaBIsSIONHX BO3EH-
ctBuit u,[t].1€ [0,0] — msmepumbie o Jlebery dynkimm. Bee unrerpansl nonumaiores B cMbicne Jle-
Ocra. Kak mokaszano B [9], ipH Takux orpaHuucHUIX cuctema (50) mMeeT ¢IUHCTBCHHOS a0COMIOTHO
HETpepBIBHOE pellieHre X[7], yoBIeTBopsioNiee HaYaNbHOMY YeIoBHIO X[0] =1, .
Petmmenne crctemsl (50) 3ammcsiBaeTes B BUae (42):

xX(£) = X (¢, 0)x, + j (1, $)(s)ds + i j (1, ), [s1ds . (51)
0

i=1 g

[Tycts, kak u B [8], 3amaHa cucteMa (pyHKIIHOHATOB

Q={¥| 1. ....u,) = @,(x[0]).i =1 m} (52)

3agaua 4.1. Haifitu takme ctparermu Uy ,...,U; . 1A KOTOPBIX BBIMTONHSIOTCS COOTHOIIEHHSA
o (“[O) < @, (x'[6]), i=Lm.

3neck x°[6] — Touka peanr3oBaBlleiics TpaekTopuH x[f| cucteMbl (50), KOTOopas OTBeYaeT cTpare-
ruam Uy ,...,US; x'[8] — Touka Tpaektopuu x[¢], 0<¢ <6, cuctemsl (50), cOOTBETCTBYIOIIAs YIIPaB-
nenusM uy [¢], .. uly[#] w[t), wiglel, .. up 0], roe wile], j#i, j=1m, GopMHpYyeTCs Ha OCHOBE
Uj.; u,; [t] — peanmmzanus MPOM3BOIBLHOTO W3MepuMoro no JleGery ynpaBneHHs, CTECHEHHOTO YCIOBH-
emu, e U,.

Ecnu 3amava 4.1 paspermma, To HaGop crpaTteruii U® :{Uf oo U ;} Ha3BIBAETCH PABHOBECHBIM

o Hoatmy amst urpst (50), (52) [8]. Kak u B [8], paccMoTpuM cirydai, korja
Y,.(ul,...,um):Hc"—x[e] , (53)

rjie ¢’ —3anaHHble ToukHU B R”, i=1m.
CuuTaem, 4TO 10 MOMEHTa Hadana Urpsl f,, 0<f, <@, BCC HIPOKU yKe PCATH30BATU HEKOTOPbIC

JOIYCTAMBIC YITPABJICHUSA ulo [r], 0<t<t,; namee OO MOMeEHTA #, f, <{ <, IPUMEHINCH HEKOTOPBIC

JIOTTyCTUMBIE YTIPABICHUS COTIIACHO T€M WJIH MHBIM COOOpasKEHUAM UIPOKOB, a TIociie MOMEHTa / Tipe/l-
mosaraeM, uro u[f]=0. Torma B M™MomeHT [ cocTtosHHe cucTeMbl (50) wWMeeT BUZ

m L L m o
x(0.1)=x(0.1) + Y [ £(0, ), [s1ds . vae x(6.1,) = X (6, 0)x, + [ (0. s)p(s)ds + Y | £(0, s)u'[s]dls .
=1 to 0 i=l o
CrenoBareinHO,

x(0.1)=x(6,1,) + i [0, sy [s1ds . (54)
i=1 to

Omnpenenenne 4.1. Jlns i-ro urpoka, i =1, m, Tpoliky p :{r, x(0,1),c' } OyaeM Ha3bIBaTh TIO3UITH-

eii BMoMeHT ¢, OS7,<r<@,a p, = {to, x(0,1,), c’} — HAYaJLHOMH ITO3HITHEH.
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Omnpenenenne 4.2. Ctpaterueii U; nns i-ro urpoka, i =1, m, 6yaeM Ha3pIBaTh MHOTO3HAYHOE OTO-

OpaskeHHEe, KOTOPOC KOKAOW Pear30BaBIICHCS TTOSUITN P ={t, x(0,1), ¢ } , h<t<8, 01, <8, cra-

BUT B COOTBETCTBHE HEKOTOPOE HEMYCTOE MHOMKECTBO U, (r, x(0,1),¢' ) +u, (r, x(0,1), ¢’ ) cU, [1,c.61].

MmuoxkectBa U, TpeAnonararoTcs BBIMYKIBIMH 3aMKHYTBIMH W TIOTyHETIPEPBIBHBIMU CBEPXY IO

1
BKJTIOUEHHUIO TIPU U3MEHEHUW MO3UIMH. Takue cTpaTerd U COOTBETCTBYIONME UM YIIpaBIeHUS Ha3bI-
BarOT momycTuMbiMu. llog mewkeHreM cucTeMbl (50) TIOHMMAIOT PEIICHUE JIMHCWHOTO HWHTETPO-
nmuddepeHmaTbHOTO ypaBHeHUS BombTeppa (54).

Byaem perats 3amauy 3a k-ro UTpoKa, £ = 1, m . Beemem B paccMOTpeHHe (hYHKIIHIO

6 m 0
&1y, ¥(0. ), ") =max{/'(c" (6. 1))~ J max (0. 5y (5)1)dls =3 [ min ({50, s)u,(5)})els . (53)
=1 touke & i=l ; #i€Yi

i#k
©CJIM IIpaBast 4acTh 3TOrO PABCHCTBA MMOJIOKUTEIbHA, MHAUe £, (1, x(0,1,), c* )=0.

AHAJOTUYHO TPeJBIYIIIeMy TOBOPAT, YTO UMEeT MECTO PeryiapHbINA clTydaii, eciTi i BceX Mo3U-
v {ro, x(0,1,), c* } , 1€k<m, 0<t, <@, KOTOpble MOTYT BCTPETUTHCS B PACCMATPUBAEMOU Urpe U
JUId  KOTOPBIX MakCHMyM B TipaBoli uactu (55) pgocTuraercs Ha COUHCTBCHHOM BEKTOPCS
I¥ =15, x(6.1,), ¢*) . MBI paccMaTprBaeM JTHIID PeTyISpHBIN cydaii. TIPeImonokuM, 4T0 B MOMEHT

0o =t g 0
t =1, U3BECTeH PKCTPEeMAIIbHBIH BEKTOp /, ¥ moctapmsionmmii MaKCHUMYyM TIpaBoii uactu (55).

Omnpenenenue 4.3. IIycts BekTOp Z(’f B KXl MOMEHT 7, 0<7, < @, JocTaBlsgeT MaKCUMYM IIpa-

Boii yacTu (55). Torma, eciii no3uuus p, :{ro, x(0,1,), c* } TakoBa, uTo & (f,, x(0,1,), >0, 10 ¢

3TOM TO3ULMeH OyaeM COMOCTaBIATE MHOKSCTBO UL (7, x(0,1,), cF ), 1<k<m, BCeX BEKTOPOB

u;elU,, KOTOpble  VJIOBIETBOPSIOT  yermoBHio X[ty |u[f,y]= meag; xp[t,]#,, TAe  BekTop-
UpEUg
cTpoKa X [f,]= {Zé{ %6, 1, )} . Torma ctpareruu U; Ha30BEM SKCTPEMATBHBIMH.

t
3ameuanume. Tak kax cormacHo (17), (18) x(f,s)=X (r,s)+IX (t,DR(t,s)dt, tme R(f,s) — pe-

s

3ombBeHTa MaTpHIBl D(£,5), To GYHKIMA X} (f) ABTAETCS pellleHHeM HHTETPabHOTO ypaBHeHHA Borb-

)
Teppa BTOPOro poxa x; (1) = {Zé{'X(B,t)} + Id)' (r.0)x; (7)dr [11].
t

AmnanoruvHo [1] Mo)kHO MOKa3aTh, YTO SKCTpeMalbHbIe CTPAaTerHu IOy CTHMBI.
Teopema 4.1. B perymnspHoM ciydae sKcTpeManbble ctpaterul U, 1<k < m, ypaBHOBEIIHBAIOT

B cMbIciie Homia cuctemy ¢dyHkinoHamos (53).
JokazaTeabcTBo. 3armmimeM GYHKIHO

£,.(1,%(0.1),¢") =1 (" = x(0. 1) = [ U576, )}y (s)dls —

T

- j maX{Z '%(6,5)}u, (s)ds — j Z{zk'x(e ), (s)ds — j me{zk (6, 5)u, (s)ds = (56)
= il;tll{ - l
, t g
=1§ (" =x(0.t5) = [ x (syu (s)dls — j xg ()it (5)ds — Z j x{ () (s)ds.

ty i=,izk ty
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lMacukoe B.J1. JkcmpemanbHbie cmpameauu 8 uepoebix 3adaqax
0ns1 nuHelHbIX UHMee2po-duhthepeHyuanbHbiX cucmemMm Bonbmeppa, Il

W3 oroii  dopmynsr  cornmacHo ompenencHuio 4.3 momydaem, uto  £.(0)=Y, (u,...u,,),
£ (to) =Y ol ooosuif iy, 0ul), Tee. €,(6) — 3HaYeHne (yHKLMOHANA Y, , KOTJA BCE MIPOKH

NPUMEHSIOT CBOM DKCTpeMalibHble YIpaBleHus, a &, (f,) — 3HaueHHe (pyHKIMoHana Y, , koraa k-il ur-

POK TIPUMCHSET TPOU3BOIBHOS TOIYCTHMOS YIIPABICHUE, & OCTAIBHBIC UTPOKH MPUMCHSIOT CBOU KC-
TpeMaJIbHbIe YIIPABICHUS.
BerumciseM Mpou3BOAHYO

dgdkt(f) = (Ol () + x5 (O (1) <0,

OTCIOJIA BBITEKACT, UTO TIPH 3aMeHe B (56) UTpoKoM F, MPOH3BOJILHOTO JOIMYCTUMOTO YIPABICHUS HA
JKCTpeManipHoe  ¢yHkmmss  (56)  He  Bo3pacTaeT, — CleAOBaTeNIbHO,  HOJy4yaeM,  YTO

e e e e e e
Yoy ,.ou, ) S Y (g iy U Uy sy,
Takum oOpazom, TeopeMa JoKa3aHa.
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MaTtemaTuka

EXTREME STRATEGIES IN GAME-THEORY PROBLEMS
FOR LINEAR INTEGRAL DIFFERENTIAL VOLTERRA SYSTEMS, I

V.L. Pasikov'

The problems of guidance as well as game situation of m individuals in case of composed functions
balance (a distance) in terms of Nash theory are studied. To solve these problems a familiar extreme
construction by an academician N.N. Krasovsky, modified for the considered situations, is used.

Keywords: game-theory problem, integral differential system, control action, game positions, pro-
gram maximin, balance in terms of Nash theory.
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