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METO/, PEIITEHU A 3A/TAYN OIITUMAJIBHOTO VIIPABJIEHU A
MHOTO3HAYHON TPAEKTOPUEN C TEPMUHAJIBHBIM
KPUTEPUEM KAYECTBA

Apcipiii A. B. MeTroa po3B’si3aHHs 3a7a4i ONTHMAaJIbHOIO KepyBaHHs Gara-
TO3HAYHOIO TPAEKTOPI€I0 3 TEPMIHAJIBHUM KPUTEpPieM fAKOCTi. VY JaHiii crarri po3-
TJISITAETHCS 331394 ONITHMAJILHOTO KePYBAHHsT 0araTO3HAYHOIO TPAEKTOPIEIO 3 TePMIHAIBHNM
KpuTepieM gKocTi. [IpOmOHYEThCS YMCeTbHO-ACUMIITOTUYIHUN METO PO3B’s3aHHs, 10 6a3y-
€ThC Ha 3BeJeHHI JaHol 3a/atdi 10 3a/1a49i MAaTeMaTUIHOrO IPOTPAMYBAHHS.

Kirouosi cioBa: 3amadi kepyBaHHsI, 6araTo3HadHi BigoOpazkeHHs, nudepeHIiaabai pis-
HAHHS 3 TOXiTHOI XyKyXapH, KYCKOBO-CTaJli KEPOBAaHI CUCTEMU.

Apcupuit A. B. Meton pelneHusi 3aja4u ONTUMAJbHOIO yIPaBJI€HUS MHOIO-
3HAYHOIM TpaeKTOpHel ¢ TepMUHAJbHBIM KPUTEpHUEM KadecTBa. B janHoil craTbe
paccMaTpuBaeTCs 3aa9a ONMTUMAJILHOTO YITPABIEHNUST MHOTO3HAYHONW TPaeKTOPUeit ¢ TepMu-
HAJBHBIM KPUTEpHEeM KadecTBa. lIpesmaraercs 9uC/IeHHO-aCCHMITOTUYECKUA METOJ, pele-
HUs, OCHOBAHHBIN HA CBEJIEHUU JITAHHOM 3a/1a4M K 3a/aYe MHOTOMEPHOM ONTUMHU3AIINHU.
KurroueBble ciioBa: 3a7a4M yIpaB/Ie€HUs, MHOTO3HAYHBIe 0TOOpaskerwst, anddepeHimalin-

HbIe YPABHEHHS C MIPOU3BOTHON XyKyXapbl, KYCOUHO-TIOCTOSHHBIE YIPABIIEMble CUCTEMBI.

Arsirii A. V. Method of solving the optimal control problem of the setval-
ued trajectory with terminal criteria of quality. In the given article we consider
the optimal control problem of the setvalued trajectory with the terminal criteria of quality.
The approximated (numerical) method of control problem decision is offered. This method
is based on leading the initial control problem to the mathematical programming problem.
Key words: control problem, set-valued map, differential equation with the Hukuhara
derivative, piecewise constant control systems.

BBEJEHUE.

C worma 60-x TozoB 20 Beka HaYaJIOCh OYpHOE PAa3BUTHE TEOPWH MHOTO3HATHBIX
orobpaxenwuii u B [10] M. Hukuhara sses1 npousBoaHyto 1 uHTErpas 0T MHOrO3HAUHBIX
OoTOOpaskeHMit M WMCCIEIOBAJ WX CBsA3b MeXKay coboit. Brocnencrsunm, B pabore F.
S. de Blasi u F. Iervolino [7] 611 paccmorpens! auddepeHnnaabHble YPABHEHNUS C
npom3BoAHON XyKyXapbl, BBEJEHBI PA3JIUYHbIE ONPEIE/ICHUS PEICHUH u JT0KA3aHbI
Teopembl ux cymecrsopanus [8, 9], a M. Kisielewicz [13] m A. B. ILnoraukos [5]
paccMOTpesnt BO3MOKHOCTh TTPUMEHEHWsT HEKOTOPBIX CXeM YCDeTHEHWS I HUX.

VpaBHeHnsa ¢ TPOM3BOIHON XyKyxXaphl O6bLmu ucmonb3oBanbl A. A. Toncromoro-
BbIM [6] IpM M3y4YeHUN HEKOTOPBIX CBOHCTB “MHTErpanbHOl Boporkn” muddepenim-
anpHOTO BKIIOYeHWst B Banaxosom mpocrpanctee, a . Kaleva [11, 12] ncnonp3zosan
WX TIPU UCCJICIOBAHUN YPABHEHUN C HEYETKUMHU HAYATHHBIMU YCIOBUIMHU.

(© A. B. Apcupwii, 2013



8 A. B. Apcupudi

B mammoii cTathe paccMaTpuBaeTCsd 3a7a4a YIIPABJIEHUS CUCTEMOMN, COCTOSHIE KO-
TOPOit onmchbiBaeTcss audGEpPeHNMATHEHBIM YPABHEHUEM € TPOM3BOAHON XyKyXapbl.
B crarbax [1, 14] 060CHOBBIBAETCST BO3MOKHOCTH 3aMEHBI MCXOIHOTO JOTYCTHMOTO
yIpaBJyieHusd Ha TPUOINKEHHOEe KYCOTHO-TIOCTOSHHOe. B 1amHoil cTaTbhe MpuBOAUTCS
ANrOPUTM YUCTIEHHO-ACCUMITOTHYIECKOTO MEeTO/1a PEeIIeHnsl paccMaTPUBaeMoil 3a1a4n
Juid citydas R?, OCHOBAHHBIH Ha CBEJICHUHI 331241 YIIPABICHIS K 33184 MHOIOMEPHOH
OTITUMW3AIIN.

[Iycte R™ — n-MepHOE BEIECTBEHHOE €BKJINIOBO MPOCTPAHCTBO BEKTOPOB & =

n
= (21,...,2,)T ¢ HOpMOIL ||z]| = z?.
\ =1

[Tycrs Conv(R™) npoCTPAaHCTBO HEMYCTHIX KOMIAKTHBIX M BBILYKJIbIX TTOJAMHOKECTB
eBKJIMIOBOrO mpocTpancTBa R™ ¢ merpukoii Xaycaopda

h(A, B) = min{r > 0|A C S,(B),B C S,(A)},
rae A, B € Conv(R"™), S,(a) — wap paauyca r ¢ IEHTPOM B TOUKE G.

Onpenesienne 1. [4] ITycmo A, B € Conv(R™). Ecau cywecmeyem mmuodice-
cmeo C € Conv(R™) maxoe, wmno A = B+ C, mo C nasweaemcs pasrnocmvio XyKy-
zapw muoscecns A u B u obosnanaemea AL B.

Ounpenenenne 2. [4] Mwnozosnaunoe omobpasicenue F(-) : R* — Conv(R™)
dupdepenyupyemo no Xyryrape 6 mouxke t € R, ecau cywecmeyem DpF(t) €
€ Conv(R"™) maxoe, wmo npedev

1 h

. 1 h .
Jim P+ A0TF@),  lim o (FO7F( = AY)

cywecmeyrom u pasuo. Dy F(t).

OCHOBHBIE PE3VJIbTATHI.
Paccmorpum ynpasiisiemoe auddepeHimanbHoe ypaBHEHRE ¢ IPOU3BOHON XyKy-
Xapbl BUIA:

DX (t,u) = A()X (t,u) + F(t,u), X(0,u) = Xo, (1)

rae t € [0, T); w(t) € R™ — ynpasasioniee Bozaeiicrsue; X (-, u) : [0, 7] x R™ —
— Conv(R™) — MHOTO3HAYHOE OTOOPAKEHNE, ONPEIENSIONIEe COCTOSTHNE CUCTEMBI;
DypX(t,u) mnpoussognas Xykyxapsl; A(t) Mmarpwuna c snementamu a,;(t) mopsaxa
(nxn); F(-,u):[0,7] x R™ — Conv(R") — MHOro3Ha4HOE OTOOPAZKEHHME.

Brenem caemytomnmit Kpurepnii KauecTna

I(u) = ®(X(T'u)), (2)
e ®(+) : Conv(R™) — R

Onpenesienne 3. [3] Muoowcecmeo usmepumulr Gynkyut maxuz, wmo u(t) €

€ U dan scex t € [0,T], bydem 1asvi6amv mMHOHCECTIEOM OOTYCTRUMbBE YNPABACHUT
u o6oznavams LU[0,T| (usu LU ).
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Jlamee B KadecTBEe MHOXKECTBA JIOMYCTHUMBIX ynpaBJIeHI/H‘/’I OylIeM paccMaTpuBaTh

[IPOU3BOJIbHBIE IPAMOYTObHbIEe obmactu LU = H (! . ud ]
=1
Ecnu nposecru 3aMeny HCXOIHOIO H3MEpUMOro yupasienust u(t) B 3aja4e yupas-
aenns (1), (2) KycouHO-TIOCTOSIHHOM QyHKIME, TO PelIeHne 33,1a49n CTaHeT HAMHO-
ro 6omee mpocThiM. PaspaboTan anropuTM TOCTPOEHUsT MPHUOIUKEHHOTO KYCOTHO-

TTOCTOAHHOI'O yIIPDaBJICHUA.

mzn’

Teopema 1. [2, 14] ITycmo u(t) = (u*(t),u*(t),...,u"(t))  usmepuman Pymx-
wus na ompesxe [0, T) maxas, wmo v (t) € [u!,, ul .1, j=1,n dasecext € [0,T).
Pasobvem ompesox [0, T na k wacmed [(i — 1)AiA], i =1,k A= % Tozda cywe-
cmeyem Kycowno-nocmoannan dynryus u(t), ydosaemeopaowas credyouum Yeao-

BUAM.

1) u(t) — nocmoannas na mwfcﬁom us ompesxos [(i — 1)A,iA]i =1, k;
) (1) = (T (1), TP )T < T1) € oty s} = TR = T} dak ocea
te[0,7);

3) das moboeo t € [0,T] cnpasedauso nepasencmeo

t t

/ u(s)ds — / u(s)ds|| < %Humax — Uminl|A. (3)

1 n

— _ 1 n
ede Umin = (umin’ "'7U’min)7 Umaz = (umaaw He) umaw)'

B caemytomeit reopeve mokazana 61m30cTh pemennii ypasaenus (1), coorBercTry-
FOIUX UCXOIHOMY M3MEPUMOMY YIIPABJIEHUIO U MTOCTPOCHHOMY KYCOYHO-TIOCTOSTHHOMY.

Teopema 2. [14] ITycmv ypasnenue (1) ydosaemeopaem ciedyiousum Ycio8uim:
1) mampuya A(t) — usmepuma na [0, T];

n n

2) eywecmeyem koncmanma a > 0 maxas, wmo [[AQt)|| = [ 3 af;(t) < a daa
i=1j=1

nouwmu ecex t € [0,T7;

3) mmozoznaunoe omobpascenue F(t,u) usmepumo no t u menpepueno no u;

4) cywecmeyem usmepumasn dynryua f(t) > 0 maxas, wmo h(F(t,u),{0}) < f(t)

daa nowmu ecex t € [0,T] uYu € LU;

5) Odas ecexr uy(-),uz(-) € LU ut € [0,T] cywecmeyem koncmanma [ maxas, 4mo

t t t

h /F(S,u1(8))d57jF(S,UQ(S))dS <u /ul(s)dsf/m(s)ds
0

0 0 0

Taxorce nycmv u(-)  npouseoavroe donycmumoe ynpasaenue, o X (t,u)  coom-
6EMCMEYIOUWEE EMY MHOZOZHAMHOE PeUlenue Ypashenus (1) ¢ HanasbHbm Yeaosuem
X(0,u) = Xo. Pasobsem ompesox [0,T] na k wacmeti u ckoncmpyupyem ynpasierue
u(+), coenacno meopeme 1, u nycmv X (t,u) COOMBEMCMEYIOULEE MHOZOZHAUHOE
pewenue ypasnenus (1) ¢ navasvnwm yeaosuem X (0,u) = Xo. Tozda das ecex
t €10, T] swnoanaemea nepasencmeo

A
h(X(t,u), X(t,u)) < 015||umax — Umin s (4)



10 A. B. Apcupuii

1 n

_ T _ T _ 1 —
2de Cl - ‘uJea ) A= %o Umax = (umarv ""u?nax)v Umin = (umin7 7umzn)

Takzke moKazaHa 6IM30CTH 3HAYMEHNN KPUTEPUEB KATECTBA, COOTBETCTBYIONINX HC-
XOZHOMY MU3MEPUMOMY YIPABJICHUIO U TOCTPOECHHOMY KYCOYHO-TIOCTOAHHOMY.

Teopema 3. [1] IIycmwv 3adawa (1), (2) ydosaemsopaem caedyrousum Ycao8uam:
1) mampuya A(t) — usmepuma na [0,T);

Ms

n
2) eywecmeyem koncmanma a > 0 maxas, wmo [[AQ®)|| = [0 3 af;(t) < a daa

=17

1
noumu ecex t € [0,T7;

3) mmozoznaumnoe omobpascenue F(t,u) usmepumo no t u Henpepueno no u;

4) cywecmeyem usmepumasn dynryus f(t) > 0 makas, wmo h(F(t,u),{0}) < f(t)
daa nowmu ecex t € [0,T] uVu € LU;

5) das 6cex ui(-),uz(-) € LU u t € [0,T] cywecmeyem xoncmanma ji Maxas, 4mo

t t

h /tF(s,ul(s))ds,/F(s,uz(s))ds <pu /tul(s)ds/w(s)ds
0

0 0 0

6) omobpasicerue D(-) nenpepueno na Conv(R™) u ydosaemesopaem ycrosuro Jlun-
WUYA € NOCTNOANHOT \.

u(t) — npouseoavnoe donycmumoe ynpasienue 0ax ypasuenus (1) na npome-
orcymre epemenu [0,T]. Pazobsem ompesok [0,T] na k wacmeds u ckoncmpyupyem
ynpasaenue u(t), cozaacno meopeme 1. Tozda dan ecex t € [0,T] evnoansemes nepa-
6€HCME0

_ A
I(u) = I(u)| < CQEHUmaE — Umin|, (5)

— aT _ T — (1 — (y1 n
2de CZ - )\M@ ’ A= % Umaz = (umamﬂ maw) Umin = (umin’ "'7umin)'

[Ipusesem ajiropuTM MeTOJA PEIIeHUsl JAaHHOM 3a/[a4u ONTHMAJIBHOIO YIPAaBJIe-
mua (1), (2) zas R2. JIas mpoctoTht 6yaeM camTaTh mMarpumy A m oTkmonenwe F
MOCTOSTHHBIMH..

Bamaaum ¢ > 0. Haiizem A u3 BbIpaKeHwust:

0<A< c

B o )\MeaT”umax - umzn” '

[Tonyuaem paszbuenne TpoMerKyTKa BpeMeHn Ha k = % Jacreii:

to=0,tp, =T, t; =tg+iA, i =1,..., k. (6)

[Tycrs w*(-) — onTuManpHOE AOMyCTHMOE ynpasiaeraune. Ecam mocrponTs npubim-
YEHHOe KYCOTHO-TIOCTOSTHHOE yTparyienwe ' (-) cormacho Teopeme 1, To

_ A €
[ (u") — I(uk)‘ < AN€GT§‘|umaz — Umin|| < 9
Ho wmbl He 3HaeM yuparsenue u*(-) U 109TOMY He MOYKEM TOCTPOUTH YIPABJIEHNE
" (-). BHaunT HaiieM oNTEMATBHOE YTpaBTeHue U (-) mo mamHOMY pasbuenmio A.



Memod pewenus 3a0a4u ONMUMANDHO20 YNPABAECHUA 11

Ouesmmro, uto I(uk) > I(u"). (Tax xak paséuenme MPOMEIKYTKA BPEMEHH OCTa-
€TCs HEM3MEHHBIM. )
Crenosaremsro, I(u*) > I(@h) > I(@*), e.

_ A €
[ (u") — I(uf)| < )‘NeaTEHUmaw — Umin|| < 9
Tak KaK Ha KaxK/J0M U3 MPOMEXKYTKOB [t;_1,1;] yIpaBjieHue nocTosHHO, TO

w1, te [to,tl]
wa, tE [tl,tg]

ﬂk(t) = ,w; € U. (7)

wg, t € [th_1,ts]

Banmmrem ypasnenne (1) B Bue nnrerpanboro ypasnenns mpu u(t) = " (t).

t

X(t,7%) :X0+/ [AX (5,*) + F(s,0"(s))] ds.

0

Bocnosib3yemesi BO3MOXKHOCTBIO ALIPOKCUMALMK ~JIOMaHbiMu Ditiepa’
X(t“ Wy eeny wz) = X(ti—h WLy eeny wi_l) + A[AX(tl_h Wy enny w,-_l) + F(ti—la U),L)],
X (to, @) = Xo.

IIpumenum anmnapar onopHbIx yHKIUT
C(X(ti, w1, ., wi), ) = C(X (tim1, w1, ey wim1), )+
A[C(X(tifl, Wiy -eny wifl), ATQZJ) + C(F(tifl, wi), 1/))] (8)

Takum 06pazom oy duiu pacieryo GOpMyILy JJisi HOCTPOEHUs AINTPOKCUM ALK
“nomanubiMu Dittepa”’ auddepernnaapHOr0 ypaBHEHN ¢ MTPOW3BOAHON XyKyXaphl.
Bnaverne C(X (t;_1, w1, ..., w;_1), AT9) Gynem nckarh ciegyronmm o6pasom:

C(X(ti_l,'lUl, "'7wi—1)7AT’¢)) =

ATy
:C(X(ti_l,wl,...,wi_l) HAT’(/)H (9)
||AT¢H

BexTop 9 Mensiercs, mosTomy Haiiaenroe snauerne C(X (t;_1, w1, ..., w;_1), ATY)
cnepyer cymmuposars co 3uavennsivu C'(X (61, wi, ..., wi—1),%) n C(F( im1, W;), 1),
KOTOPhIM COOTBETCTBYET TaKoe ¥Ke 3HaueHue ).

Taxkum o0pazom, pemarh ypasHenue (1) B sIBHOM BHJIE JOBOJBHO TPYIHO, T.K.
PElLIEHUEM SBJIAETCH MHOIO3HAUYHOE OTOOPAsKEHHE, HO 9TO OKA3LIBAETCS BIIOJIHE Bbi-
MOJIHUMBIM, €CJIM UMeTh JIeJI0 He C CaMUM MHOYKeCTBOM, a C ero onopHoii dbyHKImeil.

Pazobnem cerment [0, 27] Ha m gacreit u noJayunm m 3Hadennit yria . Odesnno,
YTO TOYHOCTH HARJEHHOIO yupas/eHus 3asucut or m. To ecrb Mbl GyueM B jiBa pasa
yBEIMYMBATh YUCIO TOYEK pa3bUeHust m, 1MoKa He JOCTUIHEM HYHOH HaM TOYHOCTH
HAXOKICHU ST OTITUMAJIHHOTO yIIpaB/AeHus. BeKTop 1) onpeseum CeyomumM o0pa3om

_( Y1 = cos,
V= < (> > Py = sin~y. (10)
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Barabynupyem s KaxKI0ro 3HAUEHHS yIja <y 3HAUEHHe OMOPHON (DYHKINM Ha-
gansroro MEOKecTBa XV, Te. C(X0,9)), a Taxxe 3HAYCHUS OMOPHOMN (DYHKIIN MHO-
xecrBa F, 1e. C(F,v). B KaKaprii MOMEHT BpeMeHW f; MBI TIOJy9aeM I 3HAYEHMUIT
OTMOpHOIT (DYHKITUU W M 3HAYEHUI OMOPHOTO BEKTOPA 1), KOTOPBIE OINPEIEITI0T M
TO4YeK Ha rpaHune MHOKeCTBa X (t;, w1, ...,w;). OJHAKO CAMM TOYKH MbI MOJIY4UTh
HE CMOYKEM, T.K. OMOpHAast (DYHKIMS OMPEIENSeT Meayi0 OTOPHYI0 TUIEPTIIOCKOCTh 1
HEM3BECTHO, KaKast MMEHHO TOYKA JTOI THMEPIIIOCKOCTH SIBJISETCS TOYKOW TDAHWIIHI
muoxKecTBa X (t;, w1, ..., w;). HO MBI CMOXKEM OCTPOUTH NPUOIMKEHUE MHOKECTBA
X (t;, w1, ..., w;) B BUIE ONMMUCAHHOTO MHOTOYTOJIbHUKA, BEPITMHAMU KOTOPOTO SIBJISIFOT-
CS1 TOUKW TIEPECeIeHNsT THTIEPIIIOCKOCTEN, OTIPEIeTSIeMbIMI OTIOPHBIMIA (DYHKITHIMY T
ONOPHBIMK BeKTOpaMu. JIisi HAXOXK/IEHUs] KaXKJAOW j-il BEpPIIMHBI MHOIOYTOJIbHUKA
JITsl MHOKECTBA, 00pasyemoro orobpaxkernem X (t;, wi, ..., w;) B KOHKPETHDBIH MOMEHT
BpeMeHn, OyJIeM permaTh CHCTEMY YpaBHEHMH

{ ‘qubj +»T%¢2 = C(X( ) P ) (11)
el ™ + 2l = O(X (1), 971,

[Tocre mepBOTO Tara MBI MOJTY UM BBIPAYKEHUST JITsT 3HAUEHUIT OTOPHON hyHKITHN
C(X(t1,w1),1) u Touexk rpaHumbl MHOKecTBA X (f1,w1), 3aBHUCSIINE OT W1,

C(X(tl, wl)

):

Pt

C(X (ty,w1),v) : C(X(t1,w1),9?)
(A

é(.X(fhwl) )

X(ll)(tl,wl),le)(tl,wl) ...X(nl)(tl,’wl)
X (ty,wy) : Xty wn), Xy (b1, wi) - X (t1, 1)
X(lm)(tl,wl),X(Zm)(tl,wl) "'Xgn)(tl’wl)
ITocne BTOPOrO 1mara — 3aBUCdliye 0T Wi U Wy

C(X(t27 wi, U)Q)
C(X(t2a wi, w2)

)
)

P!

C(X(t27wlvw2)’¢) : w
C(X (t2, w1, wa), ™)

. X

X7

(1)(t2aw17w2) (21)(t2aw17w2)

X (1)(t2,7.U1,’LU2)
X(g)(t27w17w2) X(Qg)(t27w17w2)
X

(2) (t27 wy, w?)

X(t27 wiy, w2) :
(m)(tszl,wz) X(m)(tz,whwz) X (t2, w1, w2)
u T,
U1, nmakomem, wmbr momyaum Bbipaxenus gnsa C(X(T,wi,...,wg),¥) w mnsa
X(T,w1,...,wy), 3aBAUCAIINE COOTBETCTBEHHO OT W1, . .. Wk:

C(X(T; Wiy 7wk)71/)1)

CX(Tywn,..ywn) ) s § CET w0 ) L

C(X(T,wr,...,wg), ™)
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X(ll)(T,wh...,wk),...X("l)(T,wl,...,wk)
1 n
X(Town, .. wy) : X(Q)(T,wl,...,wk),...X(z)(T,wl,...7wk)
X(lm)(T,wl,...,wk),...X("m)(T,wl,...7wk)

U renepk, 9100l HARTH yIIpaBIEHUE, ONTUMAIBLHOE JJIsT TAHHOTO m (ONTUMaIbHOE
Oy/1eM NOHMMATH KAK MAKCUMHHHOE WM KAK MAKCUMAKCHOE), KOTOpOe OyJeT rapaH-
TUPOBATH HAM MAKCUMyM KPHUTEPHUA Ka4eCTBa, HAM CJIeyeT PElIUuTb 33/1a4y MareMma-
TUYECKOTO MPOrPAMMUPOBAHUS:

I(wy,wa,...,wg) = 2(X(T,w1,ws,...,wg)) — maz, (12)

W A{wy, .. wilwy €U, ...,wy, € U} (13)

Cragana TpeOyercs pemmTb m 3a7a9 yCIOBHONH Makcumusannn GbyHKuil k X n
TepeMeHHbBIX (TaK KaK CAMU BEKTOPBI Wi, W3 . .., W, PA3MEPHOCTH N) HA 3aMKHYTOM
MHOXKecTRe W

(D(X(l)(T, w1, W, ... ,wk)) — max,

wy € U, wy € U, wy € U;
(X (o) (T, wy,wa, ..., w)) — max,

wy € U, wo € U, wy € U;
O(X (1) (T, w1, w2, ..., wy)) — max,

wy € U, wy € U, wy € U.

ITocne @wero Mbr mMOMyYIuM M 3HAYEHUH TeeBoil (hYHKINU U 1M 3HAYEHNN yIpas-
nennst (wy, Wa, ..., Wk).

Terepp MBI HAXOAUM MAKCHMATBLHOE 3HAYCHWE U3 MOJIYIE€HHBIX 3HAYCHUN IEsIe-
BBIX (DyHKINiI, U yIpaBjeHne, COOTBETCTBYIOIIEE STOMY MAKCHMAJIBHOMY 3HAYEHUIO
nesieroil pyHKIIMKM, M OyIeT MCKOMBIM ONTUMAIBHBIM JIJIT JTAHHOTO 1M yTTPABIEHUEM
U

Byaem cunrtars, 9TO ONTHMAIBHOE YIpaBJIeHWE HAUJEHO C TOYHOCTBIO £ U Ipe-
KpalllaeM CYeT, eCIn
rne k  pasbmenne MPOMYIKETKa BPEMEHHW, OHO He MeHseTcsd, a m u 2m  pa3buenne
cermenTa [0, 27] HA MOC/IEAHEH M PEANOCIEIHEN NTEPAIMU ANTOPUTMA.

Temepb, Tak Kak 711 HAXOXKIEHAA X (1) (T, w1, ws, ..., Wg) MBI HCTIOJTH30BAIH Mé-
o1 "noManbIx Diisepa” (8), MBI MTPOBEPUM BO3MOKHOCThH YTOUHUTH 3HAYEHWE KPH-
Tepus KadecTsa. 1103TOMY IPH HOJIYYEHHOM YHDABJICHHH Uy, DA3IETHM OTPE3OK
[0, 7] na 2k wacreit u naiinem X2*(T,uk,, ), a zsarem ®(X2*(T,u",,,)). Tenepn, eciiu
BBITTOJTHSIETCST HEPABEHCTRO

(@) = (@ )| < (14)

2k — —k €
|(D(X (Tv u*Qm)) - I(U*Qm)‘ > 57 (15)
10 pazzesum orpesok [0, T] yxe na 4k, naitnem X ** (T, wF,y, ) u 1.1., a unage npexpa-
maeM cueT n OyIeM CIUTaTh, 9TO KPUTEPUil KA9eCTRA PABCH TIOCICIHEMY HAliIeHHOMY
3HAYCHUIO.
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Haxoner, MbI cMOXKeM TOJYYIUTb YUCIECHHOE BBIpayKeHUe s pernenus audde-
PEHIIMAIBHOIO YPABHEHUS € IPOU3BOIAHON XyKyXapbl, 0JICTABUB B HAMJEHHbIE BbIIIE
BhIpazkenus qius X (¢;), 3aBUCSIIAE OT Wy, . . . , W;, TOJyIEHHBIE ONTUMAIbHBIE 3HAUE-
HU4 yIpaBJIeHUS.

Wcxost w3 puBeIEHHOTO BBIIIE, MBI MOZKEM TIPUBECTH (DOPMATMIOBAHHYTO 3AITUCH
anmroputma. WTax, aszopumm pewenus 360a4u onmMuMaibHO20 YNPABAEHUA NPOUEC-
com, onucvieaemoim Juddeperyuarbuvim ypasrenuem ¢ npouseodnot Xyryzapo, (1),

(2):

ITTAT 1. 3amaem € > 0 w maxogum A > 0. Tlomywuaem pasbmenne MpOMeKyTKa
BpeMenu ¢ nomompbio (6) ma k gacreif. Bygem uckarh onTmmanbHOE 115 JAHHOTO
A > 0 ynpasJjeHue .

IITAT 2. O6o3ravaem Tepes w; ympaBaeHue Ha KaXKJIOM W3 TPOMEKYTKOB BPEMEHN
[ti—1,t;] no dopmyne (7).

IIIAT 3. Pemaem npubsmxenno 3anaqy Komm (1) mpu momomn pacaerroii dhop-
MyJIbI (8), MCMOIR3YsT anmapaT OMOpHBIX GYHKIWH JI71sT m 3HAYEHU T OTTOPHOTO BEKTOPA
1, m o dhopmyre (11) BoccTaHABIUBAEM 1 3HAYEHU TOUEK TPAHUIIBI MHOTO3HATHOTO
oroGpaxkenus: Y B Kaxaplili u3 momenTos Bpemenn. (TowrocTh HaliaeHHOrO ynpase-
HWsT OyJIeT 3aBUCETh OT M.)

IIIAT 4. Tloncrapnsem HalijgeHHOE 3HAYeHHEe X B BBIPpAXKEHUE JIJIT KPUTEPHUs Kade-
cTBa (2) M mOoIyunM 33/1a9y MaTeMaTuaeckoro nporpammuposanus (12), (13). Bepree
MBI TIOJTYIUM M 33/1a9 MaTEMATHIECKOTO MPOTPAMMHUPOBAHNS, KOTOPhIE MOTYT OBIThH
PEIIeHbI JIIOOBIM U3 CYMIECTBYIOMNX MeTOA0B. Ecan Mbl TOHIMaeM ONTUMATbHOE 1T
JIAHHOTO M yIPABIEHUE KAK JOCTABJIAIONIEE MAKCUMYM KPHUTEPHUIO KAYEeCTBA, TO 9TO
OyayT m 3a7ad YCJIOBHON MaKCHMU3AInu (DYHKIWH HA 3aMKHYTOM MHOKecTBe W,
€CIM KaK JIOCTABJLIONIee MUHUMYM KPHUTEPHUIO KadeCcTBa  TO 3TO OyAyT m 3a7ad
YCIOBHON MuHEMU3AUN DYHKINH HA 3aMKHYTOM MHOKecTBe W.

ITTAT 5. Haxoamm onTuManbHOE [JI8 JAHHOTO 771 YyIPABJICHUE — 3TO TO YIPAB-
JIeHHe, KOTOPOe MPUBEI0 K MAKCUMATBHONW U3 MOJTYYEHHBIX M TeseBbix dhyHKImi (B
C/lydae MAKCUMH3AIUKM KPUTEPHsl KAYeCTBA) UM K MUHUMAIBHON M3 10/IyYeHHBIX M
nenesbrx (pyHKIMIA (B CyYae MUHUMHU3AINA KPUTEPUST KAIECTBA).

ITTAT 6. Ecam 3710 mepBasi wreparws, TO TOBTOPSEM TMarn ¢ 3 7O H W 3aTem
nepexoauM K mary 7. B mporuBHOM ciydae cpasdy ke MepexoauM K Imary 7.

OIAT 7. Ecau Bbmonnsiercst HepaseHcTso (14), To cunraeM, 9T0 ONTHMAJIbLHOE
yTpaBJIeHne HalfIEHO ¢ TOYHOCTHIO £, TTPEKPAIIAEM CUeT 1 TlepexoinM K Trary 8. Muradve
Mbl LEPEXOJUM K 1ary 3 u 3ajaem pasbuenue cermenta [0, 27| na 2m vacreii.

IITAT 8. B cBsi3u ¢ TeMm, 9TO HA 11are 3 UCroJib30BajIach alllPOKCUMAIIUS ~JIOMaHbI-
Mu Diistepa’, HeOOXOINMO TTPOBEPUTH BO3MOKHOCTH YTOUHEHWST 3HATEHUST KPUTEPUsT
KadecTBa. IIpH MOTyYeHHOM Ha MOCTeIHeil HTePAIMH YHPABICHUH U, —PasIesuM
orpesok [0,T] na 2k uacreii.

IITAT 9. Haxommm X2F(T,@k,,,), a sarem ®(X25(T,uk,,,)).

[ITAT 10. Ecnu He BbIMOMHAETCS HepaBeHCTBO (15), TO cumTaem, 9TO KpUTEpHUii
Ka41eCcTBa PABeH MOCTEHEMY HaliieHHOMY 3Hauenno. Urave pasbusaem cerment [0, 7]
Ha 4k "acTeil 1 nepexoauM K mary 9.
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3AKJIFOUYEHUE. B crarhe paccmarpuBaiach 3ajada ONTUMAJBHOTO YIIPaBJe-

HUSI MHOTO3HAYHON TPAEKTOpHEl ¢ TepMUHAIBHBIM Kpurepuem Kadecrsa. Cocrosinue
CUCTEMBI B 3aJatie OMUChIBAeTCs muddepeHnmaabHbIM ypaBHEHUEM C TTPOM3BOTHOI
Xykyxapbl. PazpaboTran 4HCIEHHO-aCUMITOTUYECKUN METOJ PEIeHusI, OCHOBAHHBIN
HA CBEJICHUN JIAHHOW 3a/la4d K 33/1a9€ MaTeMaTHIeCKOr0 MPOTrPAMMUPOBAHNS TPA 3a-
MeHE MCXOTHOW (DYHKITMY yIIPABICHUS HA MTPUOJNIKEHHYIO KYCOTHO—TIOCTOSTHHYTO.
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