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Ojecckuii HaIMOHANBHBIN yHUBepcuTeT uM. . 1. MeunukoBa

HEOBXO/IHNMBLIE YCJIOBUA OIITUMAJIBHOCTH
JJAA CHCTEM YIIPABJIEHUA
C YACTHBIMH ITPON3BO/JHbIMH

JlomoBip 3po6iieHo Ha 3acilaHHI HayKOBOTO CeMiHapy
kadepu ONTUMAaIBHOTO KepyBaHHS Ta eKoHoMiuHOI KibepHetukyt OHY 19.04.2002 p.

PosrnsaaroThest HeMiHIMHI HecTaIiOHAPHI CHCTEMH ONTUMAaIbHOTO KepyBaHHSI 3 HYaCTUHHVIMH
moxiTHIMA. ONTUMAaTBHICTh PO3YMIETHCS B CEHCI MIHIMYMY T€PMIHATHHOTO (QYHKITIOHATIA, TIPHIOMY
SIK TIOYaTKOBHH, TaK 1 KiHIIEBUIM MOMEHTH HYacy Iepea0adaroThess GpikcoBaHUMH. [T TaKUX CHCTEM
aBTOP, IIPOJIOBKYIOUH JIOCTIPKEHHSI, 3aIlouaTKoBaHi B poGoTi [8], ofiepikye, I BU3HAUEHOTO KIIacy
HEIHIHIX CHCTeM KePYBaHHS 3 YaCTHHHUMH TTOXITHUMU 1 IIPU BU3HAUCHUX IIPUITYITICHHSIX, HOBI
HeoOXi/THI YMOBH ONITUMATIHHOCTI JIOBUTLHOTO TIOPSIKY JUTSI BUITAJIKY CKATIPHOTO KEePYBaHHS.

PaccmaTpuBaroTcsl HelTMHEHHBIE HECTAIMOHAPHBIE CUCTEMBI OITUMAIIBHOTO YIIPABICHUS C YacT-
HBIMH IIPOU3BOJHBIMU. ONTHMAIBHOCTh ITOHUMAETCS B CMPICIIE MHHMMyMa T€PMHUHAIBHOTO (YHK-
IIHOHAJIA, TIPUYEM KaK HavdalbHbINA, TaK U KOHEUHBIM MOMEHTHI BPEMEHH IIPEIIoNaratoTcs: GUKCUpo-
BaHHBIMU. J[JI51 TAKUX CHUCTEM aBTOP, MPOJIOIKAs UCCIEJ0BaHUS, HayaTble B paboTe (8], momydaer,
JUISL OIIPEJIETIEHHOTO Kilacca JTUHEWHBIX CHUCTEM YIIPABIICHUSI ¢ YAacTHBIMU IIPOM3BOJHBIMU U IIPH
OIIpe/ICTIEHHBIX TIPE/IIONOXKEHUAX, HOBBIE HEOOXOJUMBIE YCIOBHS OINTHMAIBHOCTH IIPOU3BOIBHOTO
TIOpSI/IKA JUTS CITydasi CKaISIPHOTO YIIPaBIEHHUSI.

The nonlinear nonstationary systems of optimal control with partial derivatives are considered.
The optimality is perceived in sense of a minimum of a terminal functional, and both initial, and the
final instants are guessed by fixed. For such systems the author, prolonging researches started in
paper [8], receives, for the class of nonlinear control systems with partial derivatives and at the
definite suppositions new necessary optimality conditions of an arbitrary order for a scalar control
case.

Beeaenne. B macrosmielt paboTe paccMaTpPHBAFOTCS HEIMHCHHBIC HECTAIIMOHAPHBIC
CHCTEMBI ONITUMAJIBHOTO YIPABJICHUA C YaCTHBIMH IMPOU3BOIHBIMH. OnTuMaIbHOCTD ITOHH-
MAETCsl B CMBICIIC MHHUMYMA TEPMHUHAIBHOTO (D)YHKIMOHATA ((PYHKIMH KOHEYHOTO COCTOSI-
HHUA CHCTCMBI ynpaBneHmI), TPUICM KaK Ha‘{aHBHBIfl, TaK W KOHCYHBIH MOMCHTBI BPCMCHHA
IpeanoIarar0TCa (I)I/IKCI/IPOBaHHBIMI/I. Z[JI}I TAKUX CUCTCM HM3BCCTCH PAX PE3yIbTAaTOB OTHO-
CHTCIIBHO H606X0£[I/IMI>IX yCJ'IOBI/Iﬁ ONTUMAJIBHOCTH 77€p8020 U 61110p0o20 MOPIIKOB. Hcnons-
3yS TOAXOM, pa3BUTHIM B padotax [4-8], W ammapaT XpOHOIOTHUCCKOTO HCUHUCICHHSA
A. A, Arpaucsa — P. B. lNamxpenmase [1-3], aBTop mosydacrt, A1 OMPEICICHHOTO KiIacca
HCJIHHCHHBIX CHCTEM YOpasJjCHUA C YaCTHBIMH HPOU3BOAHBIMH W IIPH ONPCACICHHBIX
IPEANOIOKCHUAAX, HGO6XOZ[I/IMI>I€ YCIOBHUA ONTHMAJBHOCTH /1pOU360J1bHOCO TIOPAAKA AJIA
CIIy4as CKaJLIPHOTO YIPABJICHHUS.

© A. U. Tperssx, 2003
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1. Inddepenmporanust B aaredpax. [Iycte ¥ — mpomw3BoabHAs ACHCTBHTCIBHAS
anredpa, TO eCTh ACHCTBUTEIPHOE BEKTOPHOE NMPOCTPAHCTBO, B KOTOPOM ONPEACICHO yM-
HOJKCHHE, YAOBICTBOPSIOLICE CAMHCTBEHHOMY YCIOBHIO OMaMHEHHOCTH. Taxkum oOpasoM,
anre6pa V' MoskeT GbITh HEACCOLMATHBHOM 1 He HMeTh exuuuubL. Uepes A(V) o6o3Haumm
ACCOIMATHBHYIO aareOphl BCEX JTHHEHHBIX OTOOPAKCHHH BEKTOPHOTO mpocTpaHcTsa YV B
cebs. Vmmomenme smementos 75,7, € A(P) onpememseTcs Kak HX  KOMTIO3HIS:
T, =T, °T, VT,.T, € A(¥). JTunciinoe otobpaxerne d € A(¥) masemacrcss muddepen-
nupoBaHueM anredpsl W, ecam OHO yIOBJIETBOPSET (popMaTBHOMY TpaBHIy IU(QepeHIn-
posanus mpomssenenus: d(ab)=(3a)b+a(db) Va,be¥. MuowectBo Der(¥) Beex
mappepeHumposanmit anreOpsl 'V od0pasyer aarcOpy JIu ¢ yMHOKCHHEM

[61>62]:61 28, =8, °8;.

2, OaaomapaMeTpu4eckne cemeiictea Gpynxmmii, O003HAYNMM Uepe3 CD(G) anreopy
BCeX OcckoHeuHO auppepeHmupyeMbix (yHKIMIA, onmpenenéHubix B obmacth G < R”.
Uepes @Y (G) OymeM 0003HAYATH ACKAPTOBO MPOMBBCACHHC N IK3CMIUIAPOB CD(G).
[Iycts h = (hl, s h")e R”. Obo3Hauum uepes h TMHeHHBIH Ju(p(epeCHIHATEHBIA Omepa-

TOP MEPBOTO HOPSIKA h= z:h“@Oc , 0y =0/0x%, x= (xl, s x")e R” ., 1 monoxum

a=1

S 1 N
[oll, ,, =max ;k—!gg‘hk@(x)( Vo e d(G).
hu.

3aece M « G — KOMIIAKT, ,a 520 — nemoe. OYEBHUAHO, YTO C IMOMOIIBIO

h | = max
1<a<n

cemeticTsa monyropm | -|| , - Mer mpesparmaem ®(G) B mpocTparcTBO Pperme (MOTHOE

METPH3YEMOE JTOKATBHO BBIMYKIOC MMPOCTPAHCTEO).

Himxe mbr YBHOUM, YTO B TCX YPABHCHHAX C YACTHBIMH IMPOU3BOAHBIMHU, KOTOPBIC MBI
paccMaTpHBacM B 3TOH CTAaThE, IEPEMCHHBIC [ H X HIPAKOT COBCPIICHHO PA3IHYHYO POIb.
INosromy Hac OydayT ocobo HHTEpEcOBaTh OJHOINAPAMETPHYECKHE ceMelcrBa ¢,, f€R
37IEMCHTOB CD(G), HAa KOTOpBIC CTaHAAPTHBIM 00pa3oM HEPEHOCATCS BCE OCHOBHBIC
KOHCTPYKIHH aHanu3a. VIMGHHO: HenpepvigHoCmb U Oughghepenyupyemocniv
ceMencTBa ¢, , f € R 3meMeHTOB CD(G) OIIPEACIICTCS OUCBUIAHBIM 00pa30M, B CHIIY TOTO
yro ®(G) — MHEHHOE TOMONOTMYECKOE MPOCTPAHCTEO.

CraxeM, 4ITO CeMEHCTBO ¢, , € R wuamepumo, ecnm m3MepuMa CKasIpHAsT (yHKIHA
tH(pl(x) vxeG.

ToBopAT, 4YTO H3MEPHMOE CeMEHCTBO ¢,, [ € R JokambHO unmezpupyemo, €CId
5]
J.”(Pr”s Md'c <o V., eR, s=0,1,.. n V xommakra M c G.
L

Humezpanom JOKANBHO HHTETPHPYEMOTO CEMEHCTBA ¢, , € R B 3aJaHHBIX mpeaenax
L)
OT #; 10 [, HA3BIBACTCH (PYHKIHA X > J.(pT (x)dr , npumagekamas O(G).
!
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CemetictBo @, , t € R Ha3BIBACTCA abConiomHo HenpepeigbiM, CCIIH CYIIECTBYCT TAKOS
t
JMIOKANBHO MHTCTPHPYEMOC CeMCHCTBO ;. [€ R, ut0 ¢, =@, +J.\yrd’l?. Oxa3zbIBaerct,
to
do,
YTO B 3TOM CIy4ac i =\y, mpu moyTH Bcex € R.
t
Bce BBCIEHHBIC BHIIIC MOHATHA (3a HCKIFOUCHHCM aOCOOTHOH HCMPSPHIBHOCTH) CCTC-
CTBECHHO NIEPEHOCATCA U HA CEMEHCTBA Py, > T € R, j=1,2,.., m 316MEHTOB CD(G),

3aBHUCAINMUX OT /7 MApaMeTpoB T,,..., T, . KpoMe Toro, o4eBHIHBIM 00pPa30M ONpPEACILAIOT-
CA COOTBETCTBYIOIIHC TIOHATHS TS CeMEHCTB @, , t € R snementop @Y (G) Tak, Hanpu-
Mep, CEMEUCTBO ¢, , € R 31eMeHTOB oV (G) HA3BIBACTCA JIOKAIBHO HHTETPHPYEMBIM,
€CIIH JTOKAJIbHO HHTETPUPYEMO CEMEHCTBO (p{', teR, j=1,2,.., N 31eMEHTOB CD(G),

a HHTETrpaioM JTOKAJIbHO HHTETPHPYEMOTO CEMEHCTBA ¢, , € R 31eMeHTOB ok (G) HA3bI-
BAETCA 3JICMEHT

5] 5]

J‘(prd'c: J‘(plrd'c,...,lf(p]rvd'c e(DN(G).
b

3. ®opmannnoe pemenne 3agaqun Komm. OTMeTHM, mpeXxnae BCEro, 4TO J0CTa-
TOYHO PAcCMaTPHBATh CHCTEMBI I (epeHInanTbHBIX YPABHCHHUN C YaCTHBIMH IPOM3-
BOJHBIMH IIEPBOTO MOPAAKA, MPABAs YaCTh KOTOPBIX HE COACPKHUT MPOCTPAHCTBEHHOTO
MEPEMEHHOTO X , TO €CTh CHCTEMBI BHA

@ fltv, 6_\/1, ...,—6V
Ox ox”

ot
CeeacHue 00meH CHCTEMBI TU(DPCPCHIHANEHBIX YPABHCHUH C YACTHBIMH MPOHU3BOTHBIMH K
TAKOMY BHIY MPOHU3BOAHUTCA OOBIMHBIM MYTEM — BBCACHHCM TOTIOTHHTCTHHBIX HCH3BCCTHBIX
¢yermui w mocnaeayromuM auddepermupoarnem. C cucremoit Buaa (1) Mber u Oyaem
HMETh Aemo Aanee. [IpaByro yacTs [ ypaBHeHHA (1) OymeMm paccMaTpuBaTh KaK CCMCHCTBO

, v(to,x):(n(x), xeGcR". €))

/= { /i ite R} IIaJKHX OTOOpaskeHHH f, = f (t, . ): RN RV INosromy MBI OyaeM
3amUChIBaTh ypaBHEHHE (1) B BUIE
dz
Ttl:fl(zl,élzl,...,@nzl), Zy =0 3]
W TOBOPHTbH, YTO A0COIIOTHO HEIPEPBIBHOE CEMEHCTBO z,, f €./ ABIsIeTCA perucHueM (2),

d.
€CIH %:fl(zl,élzl,...,@nzl) TPH MOYTH BCCX f€J H Z, =0 B CDN(G’). 3nece J —

HHTCPBAI BCINCCTBCHHON OCH, COACPKAIIMi TOUKY f,, a G' — momobmacts obmactu G,
BO3MOKHO, COBMAArOMAs ¢ HeH. Hamm OCHOBHBIC MPEANMOIOMKCHHS 3AKIIOYAKOTCS B TOM,
uro o e OV (G) a ceMeiicTBo f;, t € R paszmaraercs B psx Makiopena

£@oz . 0,2) = Y a0 0 (0,2 =12, N,
(0)

o

pagHyc CXOAUMOCTH KOTOporo R, > R >0 . 3aech
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) =( §">, ...,ocg\’ﬁ)), (sz)“(k) = (szl)ugk)...(ékz]v)u%) .

IMocrponm [1] ¢opmamproe pemicHune 3agauu Komm (2). C 3T0i HETBIO0 pacCMOTPHM

JCHCTBHTCTHHYFO aarcOpy V', ameMeHTAMH KOTOPOH ABILTFOTCH (POPMATBHBIC CTCIICHHEIC
1

o ey

pAABI ¢ ACHCTBHTCIFHBIMH KOX((HIHCHTAMH OT HC3ABHCHMBIX NMCPCMCHHBIX €, Z
Y Y s o%z* , ....TIe o= (ocl, ocn) — MPOU3BOJIbHBIN MYJIbTHHHACKC C HEOTPULATEIb-
HBIMH KOMITIOHCHTaMH, k =1, 2, ..., N . Hampumep,

. .
a= a[vl, ...,vq]: Z ay i, (vl)1 ---(vq)q ev,
i, ... iq20

1 N o_k
Tae v; e is,z sz 9% } CIIOKEHHE U YMHOKEHHE PAIOB ONPEIEIAETCA OOBIMHBIM
o0paszom. [Tpom3BOIBHOC THHCHHOS TpeoOpa3oBanue [ amrcOpsr V' Ha3pIBacTCA HEmpe-

PBIBHBIM, €CJTH €I'0 MOKHO BHOCHUTD ITOJ 3HAK OCCKOHCYHOM CYMMBI, HATIPUMED,

L(a[vla"'bvq]): Z ail,..., iqL((vl)ll .”(vq)Iq)'
i, iq =0

Hac Oyayr murepecoBath HenpepbiBHbIE AupepeHimposannsa atredpsr V', coBokym-

HOCTb KOTOPBIX 0OO3HaumMm uepe3 Der, (‘P) . Huddepernuuposanue D € Der, (‘P) OZIHO-

3HAYHO ONPEIC/SCTCS CBOMMHM 3HAUCHHAME HA 0Opasyrommx &, 0%z¥ . B cuay mpasmia
JletiOrnna u ycaosusa HenpepsIBHOCTH. C APYTOH CTOPOHBI, 3HAYCHHSA [ Ha 00pa3yrOIIuX
MOTYT OBITh TPOU3BOJIbHBIMH.

B anredpe ¥ umerorcs ectecTBeHHbIe nupdepenumposanud 0, ..., 0, € Der, (‘P) KO-

TOpBIC 3a7ar0TCA Ha oOpasyrommx (opmymamm: S,e=0, &, (6“2" ):6(0‘1""’ 4t o o)
TS TFOOBIX oL = (ocl, ...,ocn), k=12,..N,i=12,..n.

Hanee, KaXayr0 KOMIIOHEHTY MPABOM YaCTH YPaBHEHUS (2) MOXKHO pacCMATpHUBATh KAK
3meMeHT anreopsr

1(2.0,2.....6,2) = Za{"“(o)’ ""“(n)(z)“(o)(Glz)u(l)...(énz)a(n) eV, vteR, j=12,.,N.

Beeném omHomapameTpuyeckoe ceMencTso audepeHuuposanuit f, € Der, (‘P) 3a4aB
€ro ACHCTBUE HAa 0OPA3YIOIMNX P MOMOIIH (POPMYT

fe=0. fiz* = fF(2.0,2....8,2). f.0%z" =" fF(z.0,z.....0,72).
teR, k=12,..,N, ocz(ocl,...,ocn).
Baxuetimmm 111 Hac coiicTBoM au()(hepeHIMPOBAHAH fl, te R, ABIACTCA TO, YTO
BCE OHHM KOMMYTHPYIOT C O, ..., 0,
bo.i]=0.0f-fioo, vieR =12 ...

OmnpeznenénHoe HaMu cemelicTBo mudepeHuuposanuii f,, f € R aelicTByer Ha 37¢-

MCHTHI anreOper VW creayromm 00pa3oM.
ITycTs, HampHUMED,

1 N 1 1 N
a:a[s,z s 20,012,052 ,...,0,2 ]e‘P.

Toraa, oueBUIHO,
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- _Ga[s,z,...,énz] Ga[s,z,...,énz]

f‘la_—az fl(Z,GIZ,...,GnZ)-i-— 6(612) Glf‘l(zaalza"'aénz)—‘r
Ga[s,z,...,énz] Ga[s,z,...,énz]

+ 50.1) 62fl(z,612,...,6n2)+...+—a(anz) 0,/1(2.0,2,....0,2).

Hmke MBI MOCTOSHHO OyACM MMETH JCIO ¢ OTHOTAPAMCTPHICCKAMH CCMCHCTBAMH 3JIC-
MeHTOB anreOpsr V. Mbl TOBOPHM, YTO TAKOE CEMEHCTBO @, H3MEPHMO, aDCONIOTHO He-
TIPEPHIBHO | T. J., €CIIU BCE KOAP(HIMEHTHI COOTBETCTBYIOIIETO (POPMATBHOTO psia H3Me-
puMBL, a0COMFOTHO HEMPCPHIBHBI W T.A. MO ! . MHTerpupoBanue u auepeHImMpPoBaHUE
(hOpMaNBHBIX PSIIOB MO [ BCETAA MPOU3BOJUTCS MOYICHHO.

[Iycts b = b[vl, s vq]e VY. Ecmm ap,..., a, — HCKOTOPBIC JICMCHTBI U3 YV, npuuém co-

OTBETCTBYIOIIHE CTEIICHHBIC PSIIBI HE MMEIOT CBOOOTHOTO YJICHA, TO ONMPEACICHa KOMIO3H-
st b= b[al, aq]e V. B manpHCHImEM BO BCEX (POpMymIax, TS BCTPEHACTCS KOMITO3H-

st (POPMATIBHBIX PSIZIOB, CICAYET CUUTATh, UTO «BHYTPEHHUC» PAIBI HE HMCIOT CBOOOTHOTO
YICHA.

®opmanpHbIM pemenueM 3aaaun Komm (2) Ha3piBaeTCs Takoe aOCONIOTHO HETPEPHIB-
HOE OJHONIAPAMETPHUICCKOES CEMEHCTBO g, 3IEeMEHTOB aiareOpel WV, uTo amst mouTtw BCEX

BBITNOJIHACTCS PABEHCTBO
d
—a, zsfl(al,élal,...,@nal) Ha, =0.
dt
Ecim B CTENIEHHOH Psizt, COOTBETCTBYIOIIMIT HEKOTOPOMY (POPMATBHOMY PEIICHHIO 33Ja491
Komm, moacTaBuTe BMECTO IEPEMEHHBIX z! yeees zV yeees Guzk, ... THaaKue (PyHKIHA

1 N o k
® (x),...,(D (x),...,ﬁm (x),...

W TIOTOKUTH € =1, TO MONYYUTCS HEKOTOPBIN PSI M3 TAAJKUX (PyHKIMH. SICHO, 4TO B TOM
CIIy4ae, KOTJa TaKOH Psi pABHOMEPHO CXOTHUTCS, €T0 CYMMA SIBIICTCS pemeHueM (He ¢op-
MasbHbIM) 3a1a4u Komm (2). Psan

on,z(z): Z+ZS'”
m=1

t Tm-l
[ [ 1y, oo oy 1y 2R,y Q)
fh fo
sprstercs [ 1] gpopmamsabM penreHneM 3axaun Komm (2).
Pan £ ,(z) COZCPIKUT JIMIIb KOHEYHOE YHCIIO0 YICHOB KAXIOH CTCICHHU, IOITOMY €T0

«CYMMa» SIBJIICTCS BIIOJHE OMPEACAEHHBIM IeMEHTOM anreOpsl V' . Aramormdaso, pag

N 1
Pl:Z =1d+ > e” J. J.j;.cm °..0 frld’l?m...d’tl = exgj.sﬁdt )
h N )
3a1aéT HCMPCPHIBHOC THHCHHOC MpeoOpa3oBaHue aarcOpsr V.

OrMeTHM, YTO IO CaMOMY ONPEACICHUIO Pl:)l 00, =0 © Pl:)l . Kpome Toro,
PZZ)ZZZF;O)Z(Z). Baxubrif (akT cOCTOMT B TOM, UTO DA Pl:)l 001a1aeT Cle YoM

MYJIBTHIIIIHKATHBHBIM CBOMCTBOM:
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Pz:,z(ab): Pz:,z(a)Pz:,z(b) Vabe¥.

W3 510ro MyJIbTHIIMKATHBHOTO CBOHCTBA H BBITCKACT, YTO PAX f] ,(z) sBrsieTcst op-
MaJIbHBIM pEIICHHEM 3aJa4n Ko,

1 N 8% Zk

Ecnu B popManbHBIH pag on, ,(z) MOJACTABUTh BMECTO Z ,...,Z ..., , ... TTIAJKHC

[03
(yHKIDH ml(x), s o (x), s 66 = ok (x), ... W TIOJIOKUTh € =1, TO MOJy4yuM psiA, COCTOS-
x

Wi U3 TJIAAKAX BEKTOP-(QyHKIMH

Tm—1

FZO)Z(®)=®+ZJ.... J.j;.cm °~~~OJ;rzfrl (@,Gm)dtm...dtl . 4)

m=1 to

Taxol pAa HA3bIBACTCA XPOHOIOTHUYCCKUM psiaoM 3aaaud Komm (2). Pax (5) cxoaurcs
B CIIy4ac, KOTAA ® SBJIACTCA aHAMMTHYUCCKOH (yukumeii [1]. B sTom ciaydac permeHue 3a-
maun Kommw (2) 3amuchiBacTCA B BHIC

z2(x)=Fy () = exp [ frdm(x). ©)

Hcnoms3ys mMeTomuky padoTsl [2], momy4aeM CIeAyIOIyo BasKHEHIIyro (opMyny Ba-
pHALUHU TOCTOSHHOM:

— L, — L — T — k.
exp J‘(fT +g. )d’l? = exp J‘ Adexp J‘fede g.dtoexp J‘frd’t =
% % % %
Y S Lt
=exp [| exp [ad fyd0 |g.dveexp [ fdt, )
% % %
re (AdP" =" o0" o P ad F)G = |FLGl= FeG-GeF
4. IIpocreiinme Heo0X0TUMbIE YCJOBHS ONTHMAJLHOCTH. PaccMorpuMm cucremy
YIIPABICHUA BHAA

d.
%zfl(zl,ﬁlzl,...,anl)-i-u(t)gl(zl,@lzl,...,anl),
Zlozoa,tostST,xe[a,b]cR", ®)

IOC g, VAOBICTBOPACT TEM KE YCIOBHAM, UTO H f; .

JONyCTUMBIMH ~ YTIPABACHUAMH ~ ABISIOTCA H3MCDHMBIC OTPAHHYCHHBIC —(DYHKIHH
u= u(t), te [to ,T], CO 3HAYCHHUAMH BO MHOKECTBE U = [— L 1] .

3amaya ONTHMATBHOTO YOPABICHHA 3AKIIOYACTCA B MMHHUMH3AIMH TCPMHHATHLHOTO
KPHTEPHA KA4ECTBA

K- (e 0) = X6,

Iac ¢ = (c1 e o )e RY - 3aJaHHBIN BEKTOP.
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3auKcCHpPyeM HECKOTOPBIH MPOIESCC
u:ﬁ(t),z:?l(x), te[tO,T],xe[a,b]. )
CHavama pacCMOTPHM JOMYCTHMOC BO3MYIIEHHOC YIIPABICHHC BUIA

u(t,s): LNl(f)-i-Au(f,S), te [tO,T] ,

rae Au(t, 8): €V, vV — CKaJsIp, HE 3aBUCAINUH 0T /, € >0 — MaJbli mapaMeTp, U COOTBET-
CTBYIOILYIO BO3MYIIEHHYIO TPACKTOPHIO

zZ x; 8 ;:ij.(f +u gr)d'um te[to T] xe[a b] (10)

Hcnonb3ys (7), noaydaem u3 (10) nmpeacrasiacHue

Y
2z, (bie)=exp J.svhldfz“T ().
Iy
rae

fp

;:;(BJ.(f +u g)ltoa = [exp J‘adfrdthl

Torma 6yaemM mMeTh
AK[LT] = K[u;s]—K[LT] = <c,ZT (b;s)—?T (b)> =

—T
= <c, [exp jsvhldt - IdJET (b)> gy’ <c, Dzr (b)> + o(sk)> e—>0,
to j=l

Il
.Mw

rae
Tl ~
D, ={[- ffz oo fudt .ty
hip
Hpe;[nonom/IM Teneps, uto (9) — onTuManbHbIi npouecc. Torna AK [17 ] >0 mpu gocra-
TOYHO MadbXx €>0. CrnegoBaTenbHO, €CIH <c,D iZr (b)> =0Vj<k-1, T0O HCPaBEHCTBO

ehvk <c,DkET (b)> +0(8k )2 0 cmpaBeqHBO MPH BCEX AOCTATOMHO ManbX € > 0. ITosTomy

vE <c,DkET (b)> >0VveR. Takum 00pa3oM, MPUXOIUM K CICAYIOIIEMY HEOOXOAMMOMY
YCJIOBHIO OITUMAJIbHOCTH IPOU3BOIBHOIO MOPSIKA.

Teopema 1. [lycms (9) — onmumansnveiii npoyecc. Ecau npu nexomopom ke N evi-
NOJHeHbL pageHcmsa

<c,D]ET (b)> =0Vj<k-1,
mo

vE <c,Dk5T (b)> >0vveR.
Ecmm & 4éTHO, TO YTBEpXKICHHE TECOPEMBI 1 MOMKHO 3aIHCATh B CICAYIOIIEM 3KBHBA-
nenTHOM BuzC: (¢, D, Z; (b)> 0.
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Janee, mycTe TEmepp ONTHMAIBHOC YIPABICHHMC ABIACTCA KOHCTAHTOM, TO €CTh
LT(t):uo Vie [tO,T]. PaccMOTpHM OTACIBHO ABA CIIYYAs: |u0| =lm |u0| <1. B nepsom
ciydae mpu u#, =1 MbI mMeeM v <0, a mpu #, =—1 gomxHO ObITH v >0 . Bo BTOpOoM

CIIy4ae BEIMYMHA V MOKET MPUHUMATh 3HAYUCHI 000X 3HAKOB. [Toatomy Teopema 1 mpu-
BOJHUT K CICIYIONIMM ABYM PE3yIbTaTaM:

Teopema 2. [Iycms (9) — onmumaisHblii npoyecc, npu4ém OnmuManbHoe ynpasienue
6J19emecs KOHCMAaHmot U, , maxoti, 4mo |u0| =1. Ecau npu nexomopom k € N gvmnonne-

Hbl pageHcmea <C,D]-?T (b)> =0Vj<k-1,mo (~u,)f <c,Dk5T (b)> 20.

Teopema 3. [Iycms (9) — onmumaisHblii npoyecc, npu4ém ONMUManbHoe ynpasienue
A6IAEMCA KOHCMAHMOT U, , Maxoil, 4mo |u0| <1. Feau npu nexomopom k € N gvinosnne-

Hbl paseHcmea <c,Dj?T (b)> =0Vj<2k-2,mo <c, Dy 477 (b)> =0, <c,D2kET (b)> 20.

3akaouenne, TakuM 00pa3oM, B padOTC YCTAHOBJICHBI HOBBIC HCOOXOIMMEIC YCIOBHSA
ONITHMAJTHHOCTH TIPOM3BOJIHOTO MOPSAKA CKAJBIPHOTO YIPABICHHUS I 33JaYd TEPMHU-
HAJBHOTO YIPABICHUSA, ONMUCHIBACMON CHCTEMON HETMHECHHBIX HECTAMOHAPHBIX YPABHCHUH
C YaCTHBIMH IPOM3BOAHBIMU. OOImHMH Ciydali BEKTOPHOTO YNPABICHHA B TAKHX 33a49aX
aBTOP HAMEPEH PACCMOTPETH B JANBHCHIINX ITyOIMKATIAIX.
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