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3AJAYA MAPAMETPUYECKOI'O ITIPOTPAMMMUPOBAHUA

OO01asi MOCTAHOBKA 33124 MapaMeTPHYECKOro MporpaMMHpPOBaAHUS

[Iycth x € E” — BEKTOp MepeMeHHBIX U 1 € E' — BEKTOp MapaMeTpoB SIBISIOTCS diIe-
MCHTAMU KOHCYHOMCPHLIX CBKIIMAOBLIX IMPOCTPAHCTB COOTBCTCTBCHHO C KOOPAWHATHLI-

F?l Vl
s V2

MU IpCACTABIICHUAMU H)CH— )41 HUH— R
(tvn Vl

PaccmoTpum crienyronnyro 3amaqy, KOTOPYO TIPUHATO Ha3bIBATh 3adauell napamempu-
4eCK020 NPOSPAMMUPOBAHUSL:
Haiitu max _ F(x,u) (1)
npu yenoBusix: f,(x,u)<0,s=[1,m], (2)
M mycth X, ecTh pemieHne 3amadd (1)—(2) w1t HEKOTOPOro (GHUKCHPOBAHHOTO
ueQckE'.
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*

JroOyro 3amauy, B GOpMYITHPOBKE KOTOPOHM MCTONB3yeTCs X, , OyJaeM Ha3bIBaTh 3ajla-

u?’
ueil 6 npocmpancmee napamempos Wi TapaMeTpUUECKOM 3a1aueit 6mopo2o yposHsi.
Hanpumep, 3amauy
max, F(x,,u) npu ycuoBuu u € Q. 3)

B ornmuume ot 3amau tmma (3), 3amauy (1)—(2) Oymem Ha3bIBaTh 3amaveil "nepsoco
VposHs".

Crnenyer oTMETUTH, 4TO, XOTs cuctema 3amad (1)—(2) u (3) cBoauTcs K 3amade mate-
MaTHYECKOTO MPOTPAaMMHUPOBaHUS BUIA

max F(x,u) (4-5)
TIPH YCIIOBHUSX
f.(x,u)<0,s=[l,m], (x,u) e E” ®E' ,

TaKO€ CBCACHUEC MOXKCT MPHUBOJUTH K HCIIPUCMIIEMOMY YPOBHIO YCJIOXKHCHUS 3a1avu.
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B xauecTBe miumrocTpaiiy TPUBEAEM CIEAYIOMINN TPUMEp TaKOM maphl.

1.  3amaua nepsoco yposms - 3a1a4a JMHEWHOTO MPOTPAMMHUPOBAHUS C HEJTMHEH-
y &

HO BXOJSUIMMHM B €€ YCJOBHE NapaMeTpaMmu, AJsi KOTOpOH HxH: : u
2

%
1
H u H = — KOOpJMHATHBIE TIPe/ICTABIEHHS BEKTOPOB X € E* n u € E*.
%

2

Haiitu max  2&, + 3¢, (6)
npu yenosusix: &, 20,8, 20,
éjl + Vlé:Z < 67 (7)
251 + 52 < V27

peleHne KOTopoil MpeIcTaBIIseTcs 3aBUCUMOCTsIMH &, 1 &)

Vi,V t

2. 3anmaua 6mopozo yposHsL:
max, 251"; , +3§;w2 (8)

[IpU YCIIOBUSAX:
0.1<v, <5, 0.1<v, <10. 9)
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Ha sTux pucyHkax npuBeaeHbl rpaduuecKre NpeaACcTaBICHUs 3aBUCMOCTEN

max 251:1,@ +3&,,,, # Ervw, OT VL Vy}

— KOMIIOHEHT BEKTOpa u € {2, KOTOPhIE MO3BOJISIOT 3aKIIIOUUTh, YTO JIaHHBIE 3aBUCUMO-
CTH HENpephIBHbIC, HEJIMHEHHbIE, HEBBIMYyKIble U HEe AuddepeHuupyeMble A BceX

u € (), a 3a1a4ya BTOPOrO YPOBHS UMEET HECAUHCTBEHHOE PEIICHHE.
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CaoiicTBa penieHMi 32124 MapaMeTPUYECKOr0 MPOrpaMMHUPOBAHUS

[Tycte x, ecth pemieHue 3agaun (1)—(2) mis GUKCHPOBAHHOTO U, a 3a7a4a BTOPOTO
YpOBHS c(OPMYITHPOBaHA B BHJIE

max, F(x, ,u) ueQ, (10)
rae F(x,u) —HekoTopas QyHKIHS, 3aBUCAIIAs Kak oT x € E”, Takn ot u € E'.

Kaxk mocranoBka, Tak u mporeaypa pemenus 3anayuu (10) mozym B 3HaUYNTEIBHOM CTe-
[IEHH OCJIOKHSTHCS CICAYIOIMMH CTICIU(PUICCKUMH CBOWCTBAMH 3aBHCHMOCTH X, .

1. TlpakTudeckoil HegozmodcHOCmbIO (32 UCKIIOYEHHEM, OBITh MOXET, HEKOTO-
PBIX TPUBUAIBHBIX CIY4YaeB) aHAIUTHUYECKOTO PEUICHHs 3a/1a4ll IEPBOrO YPOB-
Ha (1)—(2), a, 3HaUMT, TaKKe W MMOCTAHOBKH, MCCIICIOBAHUS M PCIICHUS B 5IB-
HOM BHJIE 3a71a4¥ BTOporo ypoBHs (10).

2. HecoBnageHuem B 00mIeM ciiydae 00JACTH OMpPEICICHUs 3aBHCHMOCTH X, U
MHOecTBa (2, MOCKOJIBbKY CUCTEMA YCJIOBUH 3a7auu nepBoro yposHs (1)—(2)
MOXET 0Ka3aThCs NPomusopeuusoll JUIsi HEKOTOpsIX u € Q c E' .

3. Hegynxyuonarvrnocmoio (HEOMHO3HAYHOCTHIO) 3aBUCHMOCTH X, [UISL TeX

ueQc E', npu xoTopsIx 3a1aua neporo yposHs (1)—(2) nMeer perueHue, HO
HE e/INHCTBEHHOE.
4.  Heznaokocmvio 3aBUCHMOCTH X, B CHILy TOTO, YTO YCIOBHS 3aJa4d IEPBOTO

ypoBH# (1)—(2) MoryT conepxarb OorpaHUUEHUs TUIIA HepaseHcmeo. bonee To-
ro, JJaXke CyIIeCTBOBaHHME HEMPEPHIBHBIX NMPOU3BOIAHBIX Yy QyHKIMHA f(x,u) U

¥,(X,u) IOCTaTOYHO BBICOKOIO MOPsIKA HE FapaHTUPyeT HEOOXOAUMOM Iaj-
KOCTH (2 MHOT/Ia Ia)Ke M HEMPEPHIBHOCTH) 3aBUCUMOCTH X, H, CJICIOBATEIBHO,

BXOJSIIUX B (POPMYIHPOBKY 33724l BTOPOTO YPOBHS yCIOBUI.

OTH CBOMCTBA pEIIEHUH 3a/ad NapaMeTpUYECKOTr0 MPOrpaMMUPOBAHUS MOTYT CyIIe-
CTBEHHO YCJIOKHUTB IPOLEAYPY UX IIOUCKA.
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[IpuunHbl, mOpoXaaromKe MOJO0OHBIE CBOWCTBA MOXKHO MPOWJUIIOCTPUPOBATH CIIEAYIO-
LM IPUMEPOM.

PaccmoTpum criemyromnyto 3a1aqy napaMeTprHuecKoro mporpaMMHPOBaHUS:

S

2
Vu € R MakCHMHU3HpOBATh M0 X = € £ pynxuuto F =&,

2

0<& <5  0<¢& <3,
IIPU YCIOBUSX:
981_982S_1a él"‘ézgu'

4

A\

0 1\ 9)
u=1

I'eomeTprueckas HHTEPIPETALNA 3a1a4 IAPAMETPUYECKOTO IPOrPaMMHUPOBAHUS.
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Pemenne stoi 3aaa4yu MpeaACTaBIACTCA TAKUMU 3aBUCUMOCTAMUA

u F, S S
(=0, 0) He cyuy. He cyuy He cyuy
[0,1) u 0 u
[1,5) u+1 u-—1 u+1
2 2 2
[5, 8] 3 VI[2,u-3] 3
(8, + ) 3 V[2, 5] 3
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Hcnoab3oBanue merona mrpagHbIX PyHKUUA IS MOCTPOEHHMS CIVIAYKEHHBIX all-
NMPOKCUMALMH pellleHnil 3a1a4 epBOro YpoBHs

Hnes 3TOr0 MOIX0/1a 3aKIII0YaeTCsl B 3aMEHe 3aBUCUMOCTH X, JIOCTATOYHO TIIAKOW U
onpenenaeHHoN st Bcex u € QC E " M MOOBIX TOIOKHUTENBHBIX T byakmet x(z,u),
TaKoi 4To lim X(7,u) = x, ,

7—+0

B kauecTBe anmpoKCUMUPYIOLIEH 3aBUCUMOCTH X(7,u4) IpPELIaraeTcsl UCIOJIb30BaTh
peleHne 3aJauu IIEPBOrO YPOBHS, MOIy4aeMOE METOJIOM 21A0KUX UMPADHBIX DYHKYUIL.
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Kaxk u3BecTHO, pemeHuem 3aaauu nepporo ypoBHs (1)—(2) npu UCcmoab30BaHUN METO-
na mrpadHbIX QYHKIAN SBISICTCS

X(r,u) =argmax A(7,x,u), (11)

r7ie BcrioMoraTelbHas (PyHKIUS MEeTo/a TAaAKuX mTpadHbIX QyHKIMI BRIOUpaeTCs clie-
IYIOIIEro BUA:

A(T,X,I/l):F(X,M)_ZP[T,J(;(X,M)] > (12)
i=1
uaec
. +00,5 >0,
lim P(z,s) =
7—+0 ()’ s<0

JOCTaTOYHO riazkas mrpadHas QyHKus P(zr,s) yIOBIETBOPSET TAK)KE M HEPABEHCTBAM

oP 0°P
—>0 u >
Os Os

>0 Vs (13)

Torma X(7,u) — TOYKy MakCUMyMa BCIIOMOTATeNIbHOW QYHKIIMU A MOXHO HaWTH U3
YCIIOBHSL CMAYUOHAPHOCHIU FTOW BCTIOMOTATENILHOW (DYHKIIUA

grad  A(7r,X,u)=o. (14)
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TeopeTnyeckoil OCHOBOM MpeiaraéMoro moaxo/1a siBIs€TCs UCIOJIb30BaHUE JIOKAIb-
HBIX TCHJIOPOBCKUX allPOKCUMAITUN 3aBUCUMOCTEN M TEOPEMBI O HESIBHBIX (DYHKIIHSIX.

Ecmm mrpadnas ¢ysknus P(r,s) CTporo BBINyKIA MO § s J00bIX 7 >0 wu, 1o

KpaiiHel Mepe, ABaKbl HEeMpephIBHO AU depeHIrpyeMa o BCeM CBOMM apryMeHTaMm, TO
OKa3bIBAIOTCS CIPABEVIUBBIMU CJIETYIOIUE CBOWCTBA.

1. Pemenue ypaBHeHuit (14), SBISIOMMXCS YCIOBUSMHU CTallMOHAPHOCTU (DYHK-
muu  (12), x(r,u), CyIecTBYeT W JIOKAJIbHO €IWHCTBEHHO MJIs JIIOOBIX
ueQc E' u r>0, ¥ HOTOMY 3aBUCHMOCTb X(7,u) ABIACTCS (DYHKIIMOHAIb-
HOM.

2. Jlns 3aBUCUMOCTH X(7,4) BEPHO PAaBEHCTBO 1111%) x(r,u)=x, .

T+

3. Ecau, HakoHen, QyHkuuu F(x,u) u f,(x,u) UMEIOT HENPEPHIBHBIE YACTHbIC

MIPOU3BOJIHBIC 10 BTOPOTO MOPSIKA BKIFOYUTEIHHO, TO H3 TEOPEMBI O HEsIGHbIX
¢ynKyusx, TIPUMEHEHHON K YCJIOBHSAM cTanmoHapHOCTH (14), ciemyer Hempe-
peiBHas qudpepeHnmpyeMocTb GYHKIIUU X(7,u) TIO0 BCEM €€ apryMEHTaM.
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[TpuHIMIIHATEHYIO TPUMEHUMOCTh PAacCMaTPUBAEMOr0 MOAX0Aa MPOJAEMOHCTPUPY-
€M Ha CJIeIyIoIleM IIpuMepe.

MakcumusupoBatb 3¢ npu yenoBusix 0<E<u VueR.

[TocTponM BcioMoraTeNbHyIO (PYHKITHIO, UCIIOJIB30BaB MTPadHYIO QYHKITHIO:
s o

A(r,Eu)=36—1e " —1e * (15)
Ycnoue cranmonapuoct GyHkiuu (15) mo & mist 3Tol BcmoMmoraTenbHON (PyHK-

1y Oyzer
¢ S-u 2

3 — (16)
V9+4e © -3

3+e"—e® =0 = E(r,u)=71-1In
HeTpyaHo Takxke MoKasarh, YTO UMEIOT MECTO MPE/EbHBIE PABEHCTBA:

limx(r,u)=u npuu>0 wu lim}(r,u)zg mpuu <0.

7—>+0 7—>+0
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I'paduk 3aBucumoctu &(7,u) (popmysnsl (16) mwis pasHBIX 3HAYEHUI 7 ) MMOKa3aH
Ha CJIeayIoneM pucyHke. 3aeck B(u) = limo A(r,u) u=0.

)
/7
2 7 /
B(v) /
A(0TI.W
Al39 /
AQ15.9 ' d
w9 /

: .
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CxeMma penieHus 3a71a4 NapaMeTPHYECKOro MpPOrpaMMHPOBAHUS

Kaxk n3BecTHO, OCHOBHOE CBOMCTBO MeTO/1a ITPpaHBIX (YHKIIHH COCTOUT B TOM, YTO

lim__ , A(z,x(z,u),u) = F(x,,u),
rae x, — pemenne 3aga4n (1)—(2). [ToaTomy B KauecTBe 1eIeBOro (HYHKIHOHAIA, UTEpa-

IIUOHHAS ONITUMH3AIHS KOTOPOTO MO3BOJISIET MOJTYYUTh OIICHKY PEIICHHSI 3a1a4d BTOPOTO
YPOBHSI, MOXXHO IPUHATh A(7, X(7,u),u).

Kak Obut0 OTMEYEHO paHee, OCHOBHBIM 3aTPyIHEHHEM IPH PEaTH3alUd MPOIEAYPHI
BUJIA

u,,,=u, +o,w,,k=0,1,2,... (17)

SABJIICTCA OLICHKA W, — HAIPaBJICHUS ynqua}omeﬁ Bapualniuu U O, — BCJIIMYUHBI IIara

10 JaHHOMY HAIIpaBJICHUIO, a I'NTaBHBIM IIPEUMYIUICCTBOM — BO3MOXXHOCTDH HCIIOJIb30BaHUA
YHCJICHHBIX METOJ0B, HE TpGGYIOIHI/IX SBHOT'O aHAJIUTHUYCCKOI'O NpEACTaBICHUSA I

E(t,u) = A(r,x(7,u),u).
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Jlanee, ecnu pelieHue 3aa4d BTOPOTO YPOBHS CBEACHO K ONTUMH3AIUHN (PYHKIIHOHATA
E(r,u), To npu ¢pukcupoBaHHoM 7 >0 I OmpenesieHus W, MOXHO IPHUMEHHTb, Ha-
npumep, meto Herotona.

JlaHHBI METOJ, KaK M3BECTHO, UCIIOJIB3YET KBAJAPATUUHYIO TEHIOPOBCKYIO allIPOKCHU-
Maluio, TpeOYIOIyI0 3HaUeHUH KaK ONTHUMHU3UpyeMoro (yHKIIMOHAJa, TaK U ero rpajau-
eHTa ¥ reccuana B Touke u, € Q  E'. [ockosbKy B aHHOM ciydae QyHKUUA X(7,u)

orpeziesieHa HESIBHO ypaBHEHUSIMU

8—A=O 1507051 8f+28P 0y, =0 Vi=[lLn], (18)
0¢; 0s, =0y, 0¢

TO JJI1 KOMIIOHEHT rpaaueHTa E(r,u) Mbl uMeeM

g = A% i,
7 0v, F0S 0v,

a B cuity (18) okoHUaTeIbHO MOTyyaeM

Vj

E’ =8—A(T,X(u),u) Vi =[L1]. (19)
ov,

J
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dopmyna 11t KOMIOHEHT MaTpuilbl ['ecce, OyeT HECKOIBKO 00JIee CIOKHOM:

2 n 2 87
E' = o4 +> 040, Vit =[11]. (20)
7t ov,0v, T 0&0v, ov,
o¢, . .
HeoOxonumeie nns ucnons3oBanus (20) sHauenuss —— Vi =[L,n], Vj =[1,/] moxHO
HaWTH, pEIINB CUCTEMY JTUHEUHBIX YPABHECHHUIA:
L 9°4 0OF 0°A _
2 = vt =[11], (21)

i 05,08, Ov, og;0v,
KOTOpas moiydaercs npu auddepentmpopanuu (18) mo BceM kommoHeHTaM u € E' .
Haxonen, olieHKM W, U G, HaXOAUM, HAIIpUMep, IO GopMyIam
4 -1 ! :
[wil ==l "&£ » o, =argmin

E(u, +ow,).

>0



