Jlexyis 18 1
OCOBJIUBI OIITUMAJILHI KEPYBAHHA

I.Bcmyn. Sk Bimomo, imes 3acTOCYBaHHS NPUHIUILY MaKCUMyMy s OOpaxyHKY
ONTHMAIBHUX KEpPyBaHb IIOJIITa€ B HACTYMHOMY. 3 yYMOBH MakcumMyMmy ¢yskmii ['aminbrona-
[ToHTpsiriHa 3HAXOAUTHCS KepYBaHHS K (QYHKIS BiJ ()a30BUX KOOPAMHAT Ta CHPSHKEHUX 3MIHHHUX.
Jlami pe3ynbTaT MiJCTABIAETHCA B BUXITHY AWHAMIYHY CHCTEMY Ta CHpsDKEHY cucTeMy. Takum
YMHOM, OTPUMYEMO CHCTEMY 3 2N mudepeHIiaTbHuX piBHSAHB 3 2N KpalloBUMH yMOBaMH, Jie N —
po3MipHicTh (azoBoro mpoctopy. Cepen po3B’S3KiB TaKOi CHCTEMH 3HAXOJUTHCS 1 ONTHMalbHA
TpaekTopis. Onucana npoueaypa Moxe OyTH peali3oBaHa, SKII0 MakcuMyM ¢yHkii ['aminpToHa-
[TonTpsrina gocsraeTbcs B €UHINA To4ni. Moxke, IpoTe, BAHUKHYTH TaKa CUTYyalis, [0 MaKCUMYM
¢bynkuii I'aminerona-IloHTpsarina gocsraeThCcst B IEKUIBKOX TOYKax abo x ¢yHkuis ['aminbroHa-
[TonTpsriHa HA ONTHMAIBHIA TPAEKTOPIl Ta ONTUMAIBHUX CIPSDKCHUX 3MIHHUX HE 3aJICKHThH BiJ
KepyBaHHs. Taki BUNAJKM HA3MBAIOTHCA 0COOAUSUMU, 1 BIIMOBIIHI KEpyBaHHS TAKOXX HA3MBAIOThH
ocobausumu. 3 O0COOJIMBUMHU ONTHMAJILHUMH KEPyBaHHSMH TICHO TIOB’S3aHI ONTHMAJbHI KOB3HI
pexxumu. HasiBHICTE OCOOJIMBOTO KEPYBAaHHS € O3HAKOI CKJIAJHOCTI 3a/a4i, OCKUIbKH Ha HbOMY
NPUHIMI MaKCUMyMY € BUPO/DKEHHM. OCOOIHBI ONTHMAbHI KEpYBaHHS HE MOYKHA JIOCIIDKYBAaTH
JWIIE 32 JONMOMOTOI NPUHIMITY MAaKCHMyMYy, SIKMHA 3a CBOEIO CYTTIO € HEOOXIJHOI0 YMOBOIO
ONTHMAJIBHOCTI MepIoro mopsaky. Ilpore Taki pe)kMMU BUHHMKAIOTH B LIJIOMY PSIi MPHUKIIATHUX
3ajad, MOB’SI3aHUX 3 EJEKTPOTEXHIKOI, METaTypri€ro, KOCMIYHOIO HaBIrami€ro, 10 MiATBEPIKYE
HEeOOXI1IHICTh JOCIIIKEHHS 0COOIMBUX BUIIAJIKIB.

2. Ilpuxnao. PosrnsgHeMO 3amady ONTHUMAalIbHOTO KepyBaHHsA. [loTpiOHO MiHIMiIZyBaTH
dbyHKIiOHAN

J(U) =%/ (T)+x;(T) 1)
IpHu yMOBaX
dx, (t) dx, () . ~
S ), o =sin X, (£) = A%, () +u(t), (2)

ne te[0,T], x(0)=x, — o¢ikcopana Touka, U(t)eV ={ueR':|u|<L}. 3anumemo QyHKIi0O
Iaminerona-IlonaTpsrina

H (X, X,, U, 3, ,,1) =@, X, + 7, (=sinx, — X, +U)
i CIpsDKEHy CHCTEMY

dy, (t)

=Y, 008, dwd—zt(t)z—Wﬁﬂw (3)
3 yMOBaMH
wi(T) =2wX (T), w,(T) =2y%,(T) (4)

Binmitumo, mo y,=-1, Tak sk npu w,=0 3 (3), (4) BuumBae y,(t)=w,(t)=0. A ne
MPOTUPIUNTE YMOBI |, |+ 2 (t) +w2Z(t) #0,t €[0,T], sixa 3aknaneHa B GOpPMY/TIOBAHHI TIPUHIUITY

MaKCHUMyMy. 3 yMOBH rlnlzilx H (%, X,,U,¥;,,,t) BumumBae U, (t) =signy, (t).

KepyBanus U, (t) € migo3pianm Ha onTuMaibHe. SKmio 1 neskoro kepyBanus V(t) €V po3s’s30k
3amadi (2) e takum, mo X (T)=x,(T)=0, To mivn Ju)=J(v)=0. Omuak B cuny (3), (4)

yi () =y, (t,V) =0, w,(t) =y, (t,v)=0 i
H (% (6V), %, (6V), Uy, (6V), 7, (6,1), 1) = O

s Beix te[0,T], ueV . Orxke, kepyBaHHa VeV € 0COOIUBHM ONTHMAIBHUM KEPYBaHHSM, TaK
K Ha ONTHUMAJbHIA TpaekTopii cucreMu (2) 1 Ha ONTUMAIBHUX CHPSIKEHUX 3MIHHUX (QYHKIIIS
I'aminbrona-IloHTpsArina He 3anexuTh BiJ mapameTpa U. TakuM 4YMHOM, KE€pyBaHHS V HE MOXKHA
OTPHUMATH 3 IPUHLIUITY MAaKCUMYMY.

3. OcHoeni o3Hayennsa. Po3riisHEMO 3agady OINTHMAIbHOTO KEpyBAaHHS, SKa IIOJIATAE B
MiHiMi3alil GyHKIIOHATY

J(U) =o(x(T)) (%)
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Ha pO3B’sI3KaxX JUHAMIYHOT CHCTEMHU

dx
—=f(x,u,t), 6
el G (6)
ne X — N-BuMipHUH BekTOp (asoBux koopauHat, X(t,) =X,, t €[t,,T], momentu t,, T — ¢ikcosani,
¢bynkmii @(x) Tta f(X,u,t) € HemepepBHUMHU pa3oM 3 MOXITHUMH 2—(/), w, i=12,..,n,
X. X.

u(t) — GyHKuis KepyBaHHs, KA HAIEKUTH KJIACY KYCKOBO HENIEPEPBHUX I-BUMIpHUX QYHKIIiH, 10
npuiitmMae 3HadeHHs 3 MHOXkuHH U < R". SIkimo u,(t) — ontumansae kepyBaHHs 3a1adi (5), (6), a
X, (t) — BinmoBigHa HoMy TpaekTopist cucTeMH (6), TO 3riHO NPUHIHUITY MakcuMyMy [ToHTpsriHa

H (X, (t), U (1), 1 (1), 1) = H (X, (1), U, 1 (1), 1) (7
s dikcosanux telt, T], ueU. Tyr H(X Uy, t)=y' (t)f(x,u,t) — dynxuis aminsrona-

[Tontpsarina, y,(t) — N-BUMIPHUX BEKTOp CHPSHKEHHX KOOPIMHAT, IO 3aJ0BOJIBHSE CIPSDKCHIH

cucTemi
d_w:_aH(x,u,w,t) (®)
dt ox ’
y(1)=- 2200 ©

OX
npu X =X,(t), u=u,(t). Ane ymoBa (7) MOXe BHKOHYBaTHCS HE TUIbKHM IS ONTUMAIbHHX

KCpYyBaHb, OCKIJIBKH MNpUHIIUIT MAKCUMYMY € HeO6XiI[HOIO YMOBOIO onTHUMaJIbHOCTI. Mae MiCI_Ie
HAaCTyITHC O3HAYCHHA.

Osnauenna. Jlonmyctume xepyBanus U(t), te[t,, T], HasuBatots excmpemannto [lonmpseina
sKkio kepyBanHs U(t) ta po3s’s3ok w(t) crnpspkenoi cucremu (8), (9), ski otpumano mpu X = X(t),
U =u(t) 3a10BOJIBHSIOTH YMOBI

H (x(1), u(t), y (1), t) = max H (x(t), u(t), y (1), t) . (10)

AHani3yrouu nonepeHii npukiaj, MPpUXoAUMO 10 HACTYITHOTO MOHSTTSL.

Osnauenns. Exctpemans [loHTpsArina u(f) Ha3WBae€TbCAd 0co6aU6010, SKIIO I KOXKHOTO
t €[t,,T] icanye MHOXHHA (X(¢) c U, Taka, 1o

H(x(0),u,y(2),1) = H(x(2),u(?),y (), 1)

s Beix u € Q(t),t €[¢,,T].

Bpaxaemo, mo MHOxHuHa (X(f) mpu Bcix fe€[f,,T] cknanaerbcd MIOHAHMEHIIE 3 JBOX
€JIEMEHTIB.

[Ipunyctumo, mo Bexkrtop-GyHKUiA f(x,u,t) € nudepeHmiiioBaHoro 3a u, a MHOXkUHA U €
omnykior. Tosi 3 ymoBH (7) BUILIMBAE, 10

aHT(xo(t)auo(t)a‘//o(t)at)

ou
TyrueU, t€lt,,T] - pikcoBaHa Touka. 3BIICH OTPUMYEMO
OH " (2x, (1), 1ty (1), (1), 1) N OH " (x, (1), o (1), (1), 1) y

ou (=102 ou

Tomy, sikmo exctpeManb [loHTpsiriHa € 0COOIMBOIO, TO OCTAaHHS PIBHICTh Oyae JOCATAaTUCh HE
auie npu u = u,(t). OTxke, Ma€e MICLIE HACTYITHE O3HAYEHHS.

(u—uy())<0.

Osnauenns. Jlomyctume kepyBaHHs u(t), te€([t,,T], Ha3UBaeTbca K6A3I0COONUBOIO
excmpemannio, SIKIO Ha BIAPI3KY ¢ €[f,,1"] Bu3HaueHa MHOxkHHA (X(¢f) c U, Taka, mo Auas BCIX
u € )(t) BUKOHYETHCSI yMOBa
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aHT (XO (t)auo (t)a WO (t)a t) u= aHT (XO (f),l/lo (t)a Wo (t)a t) l/l(t) . (11)
ou ou
Tyt x(2),w(¢t) - po3B‘s30k (6), Ta (8),(9) BignoBigHO B cuiny kepyBaHHs u(f). Skmo MmuoxxkuHa U €
BIIKPHUTOIO ( He 000B SA3KOBO OIMYKJIOKO ), TO yMOBa (7) Moke OyTH 3alicaHa HaCTYITHUM YHHOM:
OH " (2, (1), 1y (1), (1), 1)
ou

KpiM 1mporo, Ha ONTHMaJbHOMY pO3B‘S3KY, 3TiIHO YMOB €KCTPEMyMY JAPYrOro HOPSIKY,
BUKOHYETHCS HEPIBHICTh

2
T a H(XO (t)auo (t)a l/jo (t)a t)
v 2
ou
IUTSL TOBUIBHOIO ve R .
Osnauenns. Jlomyctume kepyBaHHs u(t), t €[t,,T] Ha3UBAETbCS 0COONUBOIO eKCMPEMAIIO,

=0, re[t,,T].

v<0,

SAKIIO
OH (x, (1), o (1), (0),1) _ (12)
ou 1
S OHE, <r>,a u W00 | o (13)
u
de{am(xo (z>,a 0N W)J o, (14)
u

ne te(t,,T), ve R"- noBinbHUI BekTOp. YMOBa (14) roBOpUTH MPO BUPOIKEHICTH ONTHMAIIBHOT

TOYKH. 3pO3yMiio, MO OcoONMMBa eKcTpeManb [IOHTpsATiHA € KBa3ioCOOIMBOIO Ta OCOOJIMBOIO B
cerci (12)-(14). 3 inmmoi croponn, ocobnubi B ceHci (12)-(14) ta kBa3iocoOIMBI eKCTpeMati MOXYTh
He OyTu ocobnmBuMHU excTpeMansmu [lonTpsrina. Asne ymoBy (11) a6o ymoBu (12)-(14) nermre
MePeBIpUTH, YUM O3HAYEHHS, 110 BU3HAYAeThcsi yMOBOMO (10). 3 iHmoro 6oky ymoBu (12)-(14) ne
MOJKHA 3aCTOCOBYBATH JIJIS TOCIIKEHHS 3a/1a9 BUTISAY (5),(6) 3 MHOXKWHAMH THITY

U={ueR":|u|<Li=12,.,rf

BBeneHHs 10TaTKOBHUX THITIB OCOOJIMBUX KEPYBaHb MOSICHIOETHCS 1€ W TUM, IO IS CUCTEMHU
(6) 3 mpaBoto wactuHOW f(x,u,t) = f,(x)+u’ g(x), ne f,(x) i g(x)- HenepepBHi BeKTOP-PYHKILIi,
3rajlaHi O3Ha4YeHHs JAyXe OJU3bKI.

HHooamox A. Teopema (Kapameooopi)[5]. Hexait 4 — R". Bynp-aka Touka x € co A MoOKke
OyTH nojaHa y BUIJISAI ONYyKJIOI KOMOIHauli He Outbll HK n+1 Toukn x;, € 4, i =1,2,...,n+1.
To0OTo,

n+l n+l
coA={xeR" :x:Zaix,., Zai =L a 20,i=12,...,n+1}.
i=1

i=1
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