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TeopeTuKo-UrpoBbie Mmoagenu

fl(xl,xz, X )—) max,

xeX;

fn(xl,xz,. X )—) gng(x



3aZauv noaaepxKku nNPpUHATUA peLueHUun

3I1P B ycnosusax onpeneneHHoCTH

/i (xl,xz,...,xn) — max,

XIEXI

fn(xl,xz,...,xn) —> max.

x,€X,

3I'NP npn HEKOHTPONUPYEMbIX NapaMeTpax

fl.(x,w) —>max,Viel ,.welW cR"
X, eX;

w:(wl,...,wm), [ = {1,...,n}, X = (xl,...,xn)



3agaum nogaepXky NPUHATUA peLleHnn

[TpnHUMN ocpenHEHNS NapaMeTPOB

1 _
fi (Xpee00X, ) =M, [fl (x,w) | > max, Viel, (3)
MpYHLMN rapaHTUPOBAHHOIO pesyrbTaTa

S (XX, ) = [mmf(x w)} —max,Viel — (4)

welW X, €X;

Onpenenenue 1. MNMycTb X {Ag@x W—)X Torga
BapuaLMOHHbIM pacLLnpeHue ) 3agauu ( )6yneM

Ha3blBaTb CreayoLLyo 3agady

£ 5,) = M, £ (x(w)w)] > max,vie 1, (6)

x;eX; 4



[MTpumep

UNepa «[ocydapcmeo-llpedripuHumameru»
LleneBaa oyHKUMA LEeHTpa:

fu(k,x)zx-k—>max

0<k<I
LleneBaa doyHKUKMA npeanpuHUMaTeENen:

(k x) ( )x (p(x 5)—) max

0<x=<Xx,0x

);

x — NpeAnpuH1MaTenbckas npubbinb (0<x<x_

k — oons NpmbbInn, oTYMCNseMas B Ka4YeCTBE
HanoroB (0< k< 1);

¢(x,0) — NnpegnpuHUMaTENbCKNE PUCKM.



[MTpumep

BapuaynoHHOE pacLUnpeHUE:

7. (k,x(8)) =M, [ x(8) -k | - max

0<k<1

1.(kx(8)) = M, [ (1-5) - x(8) - 0(x(8).8) ] > max
o(x(8),8)=-5 ln[l - x(g)],

X

max

O<o<x,_,0 <0<o0,
0(0)=0;(x)=0;
0. 20,0, <1.



[MTpumep urpbl 2-x nuy
C coBnagarwLmMMmn UHTepecamMmu nNpwn
acuUMMeTpPUn NHPOPMUPOBAHHOCTH

LleneBasa dpyHKUMA

J(x()) = jF(w,x(w))@(w)dw, x=(x,x, ),w=(w,w)

W
jE(WYx(w))Cb(w)dw—) max. ,~X:~X1><~X2: 1( ,Rz)(6)

xleXl,x2€X2
w

Mpn yCrioBNAX [ ox; 0
(=) O .
xy(W)=xy(w ) o’

O, 7




Urpbil n nuy

Onpenenenue 2. Cutyaumsa x = (xl*,...,x:)FIBJ'IFIeTCFI
paBHOBECHOU No Hawy, ecnu onda BcexX x, € X,,iel,
crpaBeanvBo HEPaBEHCTBO:
* * * * * * * .
Jl.(x1 y Xy geey X )ZJZ.()C1 ,...,xl._l,xl.,xl.+1,...,xn),Vz el .

n

[1peanonoXxum

F = <A(x, w),(x, w)>, A=A" = (al.j )4)(4 W =[a,b]x[a,b].

Torpa 3apava (6), (/) npumeT BuUA;
b b

J(x()) = ”(auxf +2a,x,x, +2a,xw, +...+ a44w22)CD(w)dw — &rplb(la);ﬂ
te OX, 0 OX,

—— = =0.
ow, ow,




3aAauvm noanepxKkm nNpUHATUA peLueHUun
npy aCUMMeTPUUN MHOOPMUPOBAHHOCTW

W=(W,,W,,...,w ) — CIy4aiiHbI BEKTOP C (hyHKLIMEN
pacnpeaeneHuns ®(w)

mMHoxecTBo [ ={1,2,...,m} — NHOEKCbI KOMMNOHEHT BEKTOpa W

MHOX>XECTBO Sl. C ]m — COBOKYMHOCTb MHAOEKCOB, onpeaenatoLlmx

MHJOPMALMOHHYO CTPYKTYPY i- OU peLlaroen QyHKLUN,
i€l ={1,2,...,n}

xX=(Xx,X,,...,X ) — BEKTOP ynpaBneHus, rae x =x(d,), dl.z(wj),
JES.
Taknm obpa3om, 3agada npuMeT BUA:
J (X)=M[F, (x(w),w)]—max, i1 (3)

X, EX
yCITOBUE Pa3HOM VIHCbOpMVIpOBaHHogI'I/I NPUBOAUT K OTCYTCTBUIO

COOTBETCTBYIOLLEN NEPEMEHHOMN : =0,7& 58,

9
8wj




BapuaunoHHoe pacliupeHue

LleneBasa oyHKUMA LeHTpa:

fu(k,x):x-k

LleneBasa oyHKUMA npeanpuHMMaTesieu:

];(k,x):(l—k)-x—go(xﬁ)

Llenu uepokos

MakcummnsnpoBaTth LieneByto
doyHKUMIO NyTEM N3MEHEHUS
CTaBKW Hanora

MakcummnanpoBaTh LeneByro QYHKLMIO
nyTeM N3MEHEHUSA COBOKYMHOM
aKTUBHOCTU

VHgbopmauUoHHbIe auriome3bl

LleHTp 3HaeT BepoATHOCTHOE pacnpeaeneHe napamertpa o, a

npegnpuHNMartTesimi — ero To4Hoe 3Ha4veHune.

Komnpomuce LeHTpa 1 npegnpuHuMaTenei 4oCTUraeTcsa B CUTYyaLmusx

paBHoBecus no LUtakenbbepry.

PeuweHue npu

O <X=X__

5 e
@,%z(g +5)/2
X ]

> x*(5):f—

|-k 10




3agaum nogaepXXKm NPUHATUSA PeLLeHUN
npu acuMMeTprn NHPOPMNPOBAHHOCTM

x,eX;

J, (x()) = V_{Fl (x(w),w)CI)(w)dw—> max,i el ,

K0 jeS.

@Wj

X=||X.,xeX, XcC[W,R"], weW cR”"

I I
iel,

rpa B HopmansHou doopme:

I'= (] n?{X i }ieln a{'] i (x('))}ieln ) ®)
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Heobxoanmbie ycnoBmua onTMManbHOCTMU

PyHKumA Jlarpanxa:

L= [| F(x(w).w)@ (w)+ > 34,

Wl g i=1 jeS§;
YpaBHeHne dunepa:

GE.(x() ) (w)= Z_IE

Ox. jes, OW,

l

YcnoBue TpaHCcBepCcanbHOCTH: A(W)‘aw =0,

8x(d )

dw.

OF,
w axi

pi:(wf)jes,.’idn' 12

®(w)dp, =0, (10)




Urpa gByx nuy npy acuMmmMmeTpun
MHPOPMUNPOBAHHOCTH

M:E(wl,wz,xl(w), (w )}—)max,

X1

27
M:Fz(wl,wz,xl(w),xz(w )} —> max,
X _ 0%y, (11)
ow, ow,

F :<A(x1,x2,wl,w2),(xl,xz,wl,wz», i, =<B(X1,X2,W1,W2),(X19X29W1,W2)>9

=4 = (al] )4><4 B=b - (bij )4><4

A

J; = .[(auxl +2a,X%, + 205w, +...+ a W, ) (w)dw —> max,
W
W

xeX, (1 2)

S = ( (X0 4 2B, %%, + 2B W, + . +b4w2) (w)dw—)ilzlee}é.
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Urpa gByx nuy npy acuMMmeTpun
MHPOPMUNPOBAHHOCTH

YTBepxpeHue 1

[TyCTb KOMMNOHEHTbLI CNy4YanHOro BeKTopa w eCTb
He3aBUCUMbIE ClnyYanHble BENIMYMHBI, Torga
paBHoOBecwKe no Hawy 3agauun (12) npwu
ycnosusix (11), n a,, b,,< 0 pocturaercsa Ha
NIMHEUHBLIX NO CBOUM NEPEMEHHbLIM

DYHKLMSIX xl*(wz) " x;(wl), rne a, nb,
areMeHTbl MaTpuL, 4 U B COOTBETCTBEHHO.

14



Urpa gByx nuy npy acuMmmMmeTpun
MHPOPMUNPOBAHHOCTH

b

i b
a,x,(w,) (I)(w)dleralzJ‘xz(wl) (w)aw, +a13j D(w)dw, +a,,w, _[(I) )dw, =0,

QL——‘D“

b b

b22x2(w1)j;CD( )dw, +b12j (w,)®(w)aw, +b23wj (w)aw, +b24IwCI) )dw, =0.

@K(r S)x(t)@ (13)

D(t b,
K(t,s){Kl(t’S) ! },Kl(t,s)= bizq)(t’s) K, (t,5) = —n (0.5) 3 -9 %
O Kz(S’t) a b
b]qu)(t)S)dt alz‘[q)(t,S)dS
f(S) —I(a13t+a14s)q)(t,s)dt —I(b23t+b24s)(l)(t,s)dg (s
f(S):[ ! ,ﬂ(S)Z a ; ,]Z(S)Z a . ,X(S): 1( )
fZ(S) alqu)(tas)dt b22J®(t,s)ds X, (s)



Urpa gByx nuy npy acuMMmeTpun
MHPOPMUNPOBAHHOCTH

YTBepxaeHue 2

PelwleHne 3agaym (12) npu ycnosuax (11),
B KOHUeNLUWn paBHoBecua Hawa
CYLLECTBYET U €MHCTBEHHO, ecnu

BbIMOJIHAKOTCA YCJTOBUA.
( A

a,,,b,, <0,(b— a)max @, ®(13) b (L:5) <1

(1.5)

b b
a“jd)(t,s)dt bzszD(t,S)ds

16



3agaya CTUMYITINPOBaAHNA B aKTUBHDbIX
CUCTEMax

ObosHaunm y. € 4. — nencTBue i-ro A9, ic {1, 2n} — MHOXECTBO
aKTUBHbIX 311IEMEHTOB.

z = Q(y), rae z —pesyneraTt geatenbHOoCTU AD, BXOOALLUX B CUCTEMY.
[ycTb HAMBMAYanbHble 3aTpartbl i-ro AD ByAYT ¢ =c,(y)
DyYyHKUNIO CTUMYNUPoBaHNA ans i-ro AQ 0603Ha4YMMm

;1 Axdy = R,0,=0,(y,0(»))

Torga, uenesas yHKUmMA i-ro AD nNpuMeT BUA:
fi(y,0,)=0,(3,0»)—c;(y)iel
LleneBas dpyHKUMS LeHTpa OyOEeT BblpaXaTbCs Kak pa3HOCTb MexXay

pe3yribratomM AeATeribHOCTN CUCTEMblI U CYMMapHbIMA 3aTpaTaMn Ha
CTUMYITIMpOBaHUE.

D(3,0) = H(10(r) - X.0,(»0()



3agaya CTUMYIINPOBaAHNA B aKTUBHDbIX
CnUCTeEMax

OrpaHn4yeHus
l. Vield eR..

2. a) pyHKUusa c =c;(y) HenpepbiBHA NO BCEM
NepeMeEHHbIM;

0) ¢;(y) He yObiBaeT no y;
B) Vye A'c;(y)=0

") Vy €A, c(0y )= 0
3. ®YHKLUMU CTUMYNNPOBAHMSA KYCOYHO-HENPEPbIBHbIE U
NPVHUMAIOT HEOTPULLATESNbHBIE 3HAYEHUS.

4. LleneBasi dyHKUMS LieHTpa HeNpepbiBHa MO BCEM
nepeMeHHbIM 1 JOCTUraeT MakCMmyma npu He
HYNEBbIX AENCTBUAX areHTOB.



3agada CTUMYNUMPOBAHUS B aKTUBHbBIX CUCTEMAX C
pasHon MHOOPMUPOBAHHOCTbLIO AD

O603HaunM u,(x) € 4, — pencteue i-ro AQ,iefl,2,...,n}— MHOXecTBO AJ
z = Q(u), rae z —pesynerat gedarenibHoCcTh A3, BXOOSLLNX B CUCTEMY.
[lycTb HaMBMAyanbHble 3atpatbl i-ro A3 OyayT c (u(x))
[na oueHku 3aTtpaT Oyaem ucnosb3oBaTh yCpeaHEeHHOEe 3HaYeHue:
¢, = M{c,(u(x))]
"A€[.] — MaTeMaTN4ecKoe oxmaaHue.
DyHKUMIO cTUMynnpoBaHna ans i-ro AS ob6o3Haymm o (u(x),z)

&, = M[o, (u(x),)]
Torga, uenesast pyHKums i-ro AS NnpuMeT BuA;

f,(w,0,) = [&,(u(x), 2(u(x))) - ¢, (u(x))D(x)dx
LleneBasa dpyHKUMA LieHTPa ByaeT BbipaXaTbCs Kak pasHOCTb MeXay

pe3yrbratoM AeATeribHOCTU CUCTEMbI U CYMMapHbLIMU 3aTpaTaMn Ha
CTUMYInpoBaHUeE.

O(u(),0()) = [ H(u(x),0(u(x))) - 2;5 ((), 2(u(x))) D (x)dx



3anaqa CTUMYITNPOBaAHUA B aKTUBHbIX CNCTEMAaX C

pa3HOU MHAOOPMUPOBAHHOCTLIO AD

OrpaHnyeHuns

1.
2.

3.

Viel 4=[0,4"1cR. 4 =[0;4]cR

Wld) o yicrine d,=(x,),,

a)xc’byHKuMﬂ ¢, (u(x)), FIBNAETCA HeybbIBatoLLEeN MO u, (x), eCnu
¢, (14, (%),.ou, (x),u, (%) + h(x),u, ABRNQTHFHOHEPAFEHCTBO

: u,(x)+h(x) = u,(x)

6) 3atpathl i-ro A3 He ybbIBaOT Mo w(x) Viel

B) Vjielc,(u,(x))= 0

") Vy.e A c(0O;u_(x))= 0
CDyHKLI,I/IOHaJ'IbI CTUMYITMPOBaHUA KYCOYHO-HENpPEpPbIBHbIE U

NMPUHUMAKT HEOTPUMUATESIbHbIE 3HAYEHUA.

LleneBas dyHKUUS LieHTpa HeNpepbiBHA MO BCEM NEPEMEHHbBIM U
OOCTUraeT MakCumMyma Mpu He HYNeBbIX JENCTBUSIX areHTOoB.




[lycTb cuTyauusi paBHOBECUSA B UrPE

rf](u,v) — max,

ueUcR"

f2(u V) — max.

velV cR"

, 10rda ABIAETCH C|/|Tyau,|/|e|‘/'| paBHOBECUA OJ1A4 UTPbI

= j fi(u(x),v(x)@(x)dx > max,

ueU(x)cCl [X]

Ty = j £ ((x),v(x))®(x)dx > max,

veV(x)cC X]

\



3agadva CTUMYNMPOBaHUS B criyvae KBagpaTuyHom
CTPYKTYpbI

* Bbinuwem dyHKUmMK JlarpaHxa L, L,:
L, :”/l](((a” — A’ +2a,uv+a,v’ )O(x,y)-P a—u)dxafy

L, =[[A((b,u* +2b,uv+(b,, — B)v’ )d(x,y)- P—)dxdy
rae p,, p, — MHOXUTenu JlarpaHxa. A=p2=]
* YpaBHeHUe dunepa:

_i(pl) =0,

(pz) 0.
 Ycnosue TpaHcBepcan HOCTIXI: P|,=0P|,=0

« OrTcloga cuctema ypaBHEHU dunepa nyTem HECIOXKHbIX Npeobpa3oBaHUN
CBOOMTCS K MHTErpanbHoMy ypaBHeHU0 Opearonbma:

P(y)+ MK(x,J/)ﬁD(x)dx =0
rﬂe ( 2 _A)q)(x:y) !

0 K, (x,y) (b, —B)D(x,y) ( y)= a,

K,(x,y) 0 b, j ®d(x,y )dy a,[®(x,y)dy

= (u(y) _a, b,-B
¢(y)—(v(y)jul—aﬂ_A ;

K(x,y)z( ] K, (x,y)=

12



[Mpumep 3apaym CTMMyNMpPOBaHUA BTOPOro poaa

PaccmoTpum 3agady ctumynupoBaHus BToporo poda B AC ¢ aAByMs
AD, nmerowinmn yHKLUMKN 3aTpar:

o vy = BT

2n
2
v+a
&) (U,V) = Q)
5 2r,
rie o~ HEKOTOpbIN NapameTp, 7,7, — OLEeHKa kBanudpmkaumm AS.
[MycTb yHKUMS Aoxona UEeHTPA H (u,v)=u + v
doHAa 3apaboTHOM NnaTbl orpaHNYeH BenMUnHon R (rmobansHoe
orpaHuyeHue)

LleHTp ncnonb3yeTt cuctemy CTUMYINMPOBaHUS:

o c(u ,v),w ,v)=(u,v),
o,(u.,v,uv)= .

0,(u ,v)#(u,v)
38,5,8‘48 LHEHTPa CBOANTCA K I'IOI/ICKy onTnmMmarlibHbIX peanl/l3yeMb|x
NEencTBUN:

9

{CD(u,v) =H(u,v)—c(u,v)—c,(u,v) > max,

c,(u,v)+c,(u,v) <R



[Mpumep 3apayn CTMMyNMpPOBaHUA BTOPOro poaa

peLlrM C NOMOLLLI0 MeToga MHOXUTErNen JlarpaHxa.

3agady
. Boinnwem doyHKkuuio JlarpaHxa:
L(u,v,a,k):KoLu+v—(uJ;av) —("“;‘“) Jm((uzo“’) +(V+2‘f”) —Rj
rl ”’2 rl 7"2
rAe 4 >0 — MHOXUTENb Jlarpamxa, , =1
. Heobxogumble ycrnoBus:
AL _ooL_,
ou ov
1 (u+av) +(v+ocu) _rloo
2F 2F,
1. 4 —1 » peleHns He cyllecTByeT
2. 4 _( » PELeHNe CyLLecTBYET 1 MMeeT BUA:
u]* = 171 _Zafz 9
I+a)y(l-a)
y =T . 2R ¥ —ar
! é1+a2(l—a u, =———-1—2,
3. P Mlio,pemeHme bynet crnegyroLwmum: r+r 1-a
<V*_ \)2R 172_0,’71
R
A=1- L [itT
+a\ 2R




[Mpumep 3apaym CTMMyNMpPOBaHUA BTOPOro poaa

MaTtpuua BTOpbIX MPON3BOAHBIX:

A-D+L) (A-DE+)
e roT A
A-DC+2) (A-De+E

h 5 G5

Bbinuwem rnaBHble MMNHOPbI MaTpuubl .

M, =D&+ <0

I8 Y.

1 2

My = -1 =D 50

h,

B obounx Toukax gocturaetca MakcMmMym oyHKUMN, Hangem 3Ha4yeHus
OaHHOW (PYHKL MK B TOYKAX n N CpaBHUM UX:
ntrn
2(or +1)°
V2R R

(D(u;,V;)Z T
a+l 7r+r

ABCOSOTHBLIM MAaKCUMYM OOCTUraeTcs B NepBOU TOYKE.

(I)(u:7v:) -




[Mpmep 3agadn CTUMYNMpPOBaHUS BTOPOro poaa npu

pa3HON MHAPOPMUNPOBAHHOCTU aKTUBHbLIX 3JIEMEHTOB
PaccmoTpum 3agady ctumynupoBaHust BToporo poga B AC ¢ asymsi A3,

NMeLLUMU PYHKUUM 3aTpar: 2
& (u,v) = | )+ o))

v 2n(x)
¢, (u,v)= ;[ (v(x);; zz:)(x)) P(x)dx

, TOe ¢ — HEKOTOPbIN NapameTp, ﬁ(x),?z(x)— oLieHKa kBanudukaumm A3,

7(x) = [r(x)P(x)dx, 7, (x) = [r,(x)P(x)dx
[ycTb @YyHKUMA AOXOAA UEHTPA f7 (4, v) = u(x)+v(x)

®oHA 3apaboTHOM NaTbl OrpaHNYeH BeNNMYNHOM R (rnobanbHOe orpaHnvyeHue)

LleHTp ncnonb3yer cucteMy CTUMYNMPOBAHUS:

{:’(u* V), v =(u,v),

0,(u ,v)#(u,v) S
3ajava LeHTpa CBOOUTCS K NOUCKY ONTUMarnbHbIX peanu3yembiX AeNCTBUMN:

{CD(u,v) =H(u,v)—c, (u,v)—c,(u,v)—> max,

¢, (u,v)+c,(u,v)<R

o (u,v,uyv)=

PasHasa nHgpopmmupoBaHHocTb AD:  Ou ov




[Mpmep 3agadn CTUMYyNMpPOBaHUS BTOPOro poaa npu

pa3HON MHAOOPMMNPOBAHHOCTN aKTUBHbLIX 3NIEMEHTOB

[Ona peweHna 3agavm BOCNofib3yeMcd MeToAoM MHoXUTenen JlarpaHxa:
L(u,v,A) = [W(u,v, ) P(x)dx = [ (A, ((u(x) + v(x)) — ¢, (u,v) — &, (u,v)) +

+P[S—u + P, S—V + A(c,(u,v) + ¢, (u,v) — R))P(x)dx,
X

A€ 5o — MHOXWTEND J“IarpaH>|<a,/1 -1 .
Heobxogumeble ycnoBus: oy

I—dx =0,

Y Ou

| i, =0,

Y Ov

o’ 1
Kl(xlﬂxz)_[r(x + )P(x) @, (x,,x,) = I( ]()C)

0/

r (x)

]P(x)dxI
O60o3HauYnM:

K, (x,%,) =| ——+ = ] @ ex)=] P(x)dx,
£ | () 50 - ( )
Otctona cuctema () myTem HECHOXHbIX Npeobpaso AR CBOOMUTCS K
NHTErpanbHOMY YpaBHEHMUIO:

U(x) =8 [K(x, »)U(»)dy = f

. o Kow) (L
NN (760N IR 70N IO N RV e
U(X)—(V(x)j U(y)—[v(y)j K(x.y) K, (x,y) 0 b

@,(x) 1-4



[lpmep 3agadum CTUMynmMpoBaHUA BTOPOro poaa npu
pa3HON MHAOOPMUNPOBAHHOCTN aKTUBHbLIX 3NIEMEHTOB

[TpumeHnM meTo4 MOMEHTOB 4SS PeLUeHUd UHTEerpasibHoro ypaBHeHUs
dpegronbma: U(x) =8 [K(x, WU (p)dy = f
X
[TycTb B Ka4yecTBe NMMHENHO HE3aBUCUMOW CUCTEMbI BO3bMEM CNeayoLLyIo:

- @, (x) l, cos2mx, sin27mx
o, (x)=| , |=72

1xx

T vorpesox _ 1 1] .
2 2 2

PaccmoTpum cuctemy ZC (o, —6B,) =5y, (i=1,2,3),

BosbMeM_2 B_1 sm=n=oa-=

roe
a, = j 0,()p,(x)dx " B, f dxj K(x,8)0,(x)p,(s)ds 7,(x)= j dxj K (x,)p,(x) f (s)ds

OTKy,u,a peLleHue ypaBHeva () umeet BUA;

70-("0) Gl

vx) ﬁ + ;C @, (x)

- T [u(x)] _ {0.23 +4.43cos(2mx,) — 7.29sin(27x, )

v(x)) |-0.54+4.43x, —7.29x




