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I[NOXITIHA ®PEIIE B 3AJJIAYI OIITUMAJIBHOT'O KEPYBAHHA
CHUCTEMOIO 3 3AJAHOIO CTPYKTYPOIO

Posrnsinemo cucremy nudepeHIiiiHIX piBHSAHB 3 33JJaHOK0 CTPYKTYPOIO

‘:t( FO(x,ut), 1 €[ty,1,), )
‘;’: F@(xut), te(t,T], )
X(tl + 0) = g(X(tl _0)1t1) ) (3)

ae X — N-BuMipHHH BekTop (a3oBux koopauHart, U=U(t) — r-BumipHa (YHKIS KepyBaHHSI,
ut)eU, UcR", u(t) nazexurs kmacy KyckoBo nemepepuux ¢ynkmin, f®(x,u,t) —

. . . of O (x,u,t)  of V(x,u,t) .
HEeMepepBHi 3a CYKYIMHICTIO 3MIHHHX Pa3oM 3 p , 3 — BekTop dynkuii, 1 =12,
X, u

k=12..,n, m=12,..r, t €[t,,T) — dikcoBana Touka, X(t,)=X,, X, — PpikcoBanuii BeKTOp,

m

g(x,t) — HemepepBHO nudepeHuiioBana N-pumipHa ¢yHkiis. Ha po3p’szkax cuctemu (1) — (3)
3a/1aHo (PyHKITIOHAT

1 () = o(X(T)). (4)

Tyt @(x) — HenepepBHO audepeHiiiioBaHa GyHKIis. 3a1ada moysrae y 3HaX0/HKCHHI KepyBaHHSI
u”(t), Taxoro, mo I(u”) = max I (u)

Posrnsinemo Bapiaiito ¢pyHKIIOHATY

Al(u) =1({u+Au) — 1 (u) =(X(T,u + Au)) — @(x(T,u)) =

grad, @(x(T)) - AX(T) +o(|Ax(T)[))
ne AX(T) = X(T,u+ Au) — X(T,u) . Iosnauumo w(T)=—grad] o(x(T)). Toxi

AlU) =~y " (MAX(T) =y (t)AX(1,)), AX(t;) =0.

3Biacu

t+e

Al (u) = j d(y" ()Ax(®) = lim j d(y" ()Ax(D) + lim j d(y" ()Ax(D) + lim j d(y" (t)AX(1)).

g+£

3a(1)1KcyeM0 JOCTaTHBO Majle & > O . Posrnsiremo

3,0)= [dly" OM®)= [A7 Ody(O)+ [dy" Qdax(t) =

TAXT O dy(t) + 1jgyﬂ O(F D (x+ Ax,u + Au, t) — f O (x,u,t))dt

Bekrop w(t) BubGepemo 3 ymoBH

dy(t) _ oH(Xxuwt)
dt OX
mre HXuw, )=y ) fP(x,ut), telt,t). ToMmy, BHKOPHCTOBYIOUH TEOpEMy TIpO

HenepepBHICTh cucteM Tuny Kapareonopi Bin npaBo'l' YaCTUHU, OTPUMYEMO

Jl(u):—tlJ:gAxT (t)Mdt+ I[H(X+AX u+Au,w,t)—H(xu,p,t)]=

oH (x,u,y,

t—¢ -
AR D gt + J.[H(X+Ax,u+Au,z//,t)—H(x,u+Au,1//,t)]dt+
t t
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t—¢
j[H(x,u+Au,w,t)—H(x,u,n//,t)]dt=
IAX (t)c’)H(xuwt)dt _fo (t)aH(X’u;Au’W’t)dH
X

_[ aH (X,u,w,t)
ou

to to to

t—¢ T t—¢
J- oH " (x,u,w,t) Au(t)dt + J- AT (t)[aH(x,u +Au,p,t) oH (X’u'w't)]dt+
ou OX OX

to to

ti-¢ T
By NI P vy

to

Awnainoriyto

.
oH " (x,u,y,t
3, ()= [dy" ©ax) = j %Au(t)dtjto(”Au”),

L+e tL+e

ne B _OOUWAY by =y O F P (xu,), te(t,T].

dt OX
Posrnaaemo

ti+e

J5u)= [dlyT OA®D) =yt + AKX +&) ~ylt, — )AX(E — &)=

[ (t, + &) —w(t, — &) AX(t, + &) =y’ (4, — &)[AX(L, + &) — AX(t, - &)].

3Biacu
1im 3,(6) = ((t, +0) ~y/(t, ~0)" Ax(t, +0) — /" (, ~O)[AX(t, +0) ~ Ax(t, ~O)].
Tak sx

AX(t, +0) = g(x(t, —0,u+Au),t,) — g(x(t, —0,u),t,) =

(ag(x(tl a_XO’ U)’tl)j AX(t, - 0) + of|Ax(t, — 0)]), ®)

TO
AX(t, +0) —Ax(t, —0) =

(89(X(t1 a—XQU)’tl) _ h] AX(t, - 0) + of|Ax(t, - 0)]), ©)

ne |, - onuanuHa Nx N marpuud. 3 (5) Ta (6)
(w(t, +0) —w(t, ~0)) AX(t, +0) — /" (t, ~O)[AX(t, +0) — AX(t, —0)] =
(ag(x(tl —o,u),tl)jT

(w(t, +0)—w(t, - 0))T

AX(t, —0) —
P t, -0)

V/T (tl _ 0)( ag(x(tl - 07 u)'tl)

~ oy j AX(t, - 0) + of|Ax(t, —0)]) =

))_ (ag (X(tl a_xo’ U)’tl) _ J

—0,u),tl)( | v, —0)ij(t1 -0)+

OX
O(HAX(tl - O)”)-

w(t, +0)—w(t, -0

(ag(x(tl

B.B. Iiuxyp



Jlexyisn 16 3

ti+e

[ix6upaemo w(t, +0) ta w(t, —0) Tak, wo6 Iim0 J,(u)= J.d (w" ()AX(L)) = o(|Aul).

s nporo B
0 —01 4 0 1 _0’ et
g(x(tlax .t )(l//(tl +0)—w(t, —0))—( ot ax D) |njw(t1 -0)=0.
OTxe,
vt —0) =( , 29(x(t, (;Xo, u)t) lnj o9 (x(t, 8_x0’ W) e 40,

TakuM 4uHOM,

;
Al ) = - [ FEEUYD) £yt +ofa])
. ou
132 O3Ha4YeHHAM MOXigHOI Pperre
ol(u) _ oH(xu,p.t)
au au ’
me Hxuw,t)=w @©)fP(xut), telt,t), HXuUp )=y ©)fP(Xxut), tet,T], a
crpsbkeHa BeKTop GyHkiis y(t) 3a10BOIBHSIE CUCTEMI 3 IMITYJIbCHUM BILTHBOM
dy _ oH(x,u,p.t)
dt OX
og(x(t, —0,u),t ~ 8g(x(t, —0,u),t
W(tl_o): 2 g((l ) l)_ln g((l ) 1)[//
OX OX
y(T)=—grad; (x(T)).

Toni nmns 3HAXOMKEHHS ONTUMAIBHOTO KEPYBaHHS MOJXKHA 3aCTOCYBATH ITEPAIifHY IMPOILEIYpPY
THUITY TPAIIEHTHOTO CITYCKY
ol (u <k>)j

(k+1) _ (k)
u )=RP,|u™t)—p
() U( () k 6U

ne p, >0-kpok Metony, P, - omeparop npoekiii Ha MHOXHHY U .

telt,, T,

(t, +0),

3aoaua 27. 3naiiTi noxiany dpele, KO KPUTEPii AKOCTI Ma€e BUTIISAL

I (u) =:[ fo(x,u,t)dt + d(x(T)).

3aoaua 28. 3naiitu noxinny dpemre A 3a7a4i ONTUMAIBHOTO KepyBaHHS 3 (QyHKIIOHAIOM (4), 1110
PO3IIIAAAETHCS HAa PO3B’ 30K CHCTEMH 3 33JIJaHOI0 CTPYKTYPOIO
X
%: FO (U t), te(t,t,), k=12 N,
X(tk +0) = 9, (X(tk _0)'tk)
ne f®(x,u,t) - HemepepBHi pa3oM 3 YACTMHHHMH TIOXiZHMMHM 3a X Ta U Bektop Qymkmii, g, (X,t) -
HernepepBHO nudepenuiiioBani N-BumipHi BekTop pynkuii, K =12,...,N, t, <t <..<t  =T.

3aoaua 29. IlopaxyBaru noxinny @pere A1 331241 ONTUMAIBHOTO KEPYBaHHS CHCTEMOIO

d?x
prEl + o, x =u(t),
d?x
o +@,X =Uu(t),
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dx(t,+0) _ ox(t,=0)
dt dt

sIKa T0JIATa€e B MiHIMi3alii pyHKI[IOHATY

I(u) = (x(T) - »)*.
Tyr X(t) - ckanspua ¢yskmisg, U(t) - ckamsgpHa (QYHKIS KepyBaHHS, te[O,T |, t, e(O,T ), w, >0,
w, >0, keR", u[<1.
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