1. Определение  антагонистической  игры  и  ее  решения.

[image: image1.png]Tlyers dyuxuus F(z,y) onpeserena Ha 1eKAPTOBOM MPOM3BEICHIH
X %Y, e X, Y — MHOKECTBA NPOM3BOALHON NPHPOALL.
Onpedeaenue. Tlapa (2°,4°) € X x Y waswmaercs cedaogoii mowoii
Gynxun Fz,y) na X x Y, ccan
Fla,1%) < F(2°,4°) < Fa%y) Ve e X, YyeY

WM, SKBHBATCHTHO,

@1
0 (a0 0 o
max F(z,9") = Fa", ") = !ylél‘;AF(z L)



\[image: image2.png]Onumenr aHTArOHUCTIYECKYIO UIPY. B Heil npuxnMaor yuacrue asa ur-
poka 11 2 (nepuutit 1 Bropoit). Hrpok 1 swGupact crpateruio o u3 suowke-
crsa crparermii X, rpok 2 BHGHPACT CTPATEIHIO Y I3 MHOAKCCTBA CTpaTeriil
Y. Hopuastbias dhopya HIPE TOAPAZYMEBACT, 110 Kar bl HIPOK BHOUPA-
€1 CBOIO CTPATEIIIO HE3ABICINO, He 3Has BHOOPA napTHepa. 3ataua Gynx-
yun euuzpoina F(z, y) nepsoro urpoka, onpesesenas na X x Y. Burpri
F(2,y) 1epsoro rpoka smsercs npourpsiien it sroporo. Les nepsoro
HEDOKA COCTONT B yBe:titenii croero phmrpsima F(z,y), a 1eih BToporo —
B ymenuenm F(z,y). Takint 06pasoM, auTarouucTieckas urpa 3ajactcs

HADOPOM ' — (X Y, F(z,y)).





[image: image3.png]Onpedeaenue. Tosopsr, uro antaronucTideckas urpa I' uveer pewenue,
ecan ynkuua F(z,y) wveer na X x Y ceptonyio touxy. Hyers (2%,47) —
ceonas touka dynkum F(z,y). Tora tpofika
(2%,4°,0 = F(2°,3")) nassiactcs pemenient urpsi, 2, y° — onmumaivivi-
MU CTPATETHANIL HEPOKOB, & U — SHANENUCA UTPHL.

TlokazKeM, 'TO 3HAteHIe HIPhI e 3ABHCHT OT BLGOPA CeLIOBOI TOUKIL

Jemma 2.1. Eenu (2%,4), (2*,y") — age ceatopsie Touxu dyuum
F(z,y) ma X x Y, 10 F(2%,4°) = F(z*,y*).




[image: image4.png]Onpedeaenue. Antaromneriieckas nrpa I' nassisaerca sampuunori, ecn
\oKecTBa crpaternii urpokos komewnst: X — {1,..,m}, ¥ = {1,..,n}.
Tpi 5T0M MPHAATO 0GO3HAUATI CTDATENHIO TIEPBOTO HIPOKA 1epe3 i, CTpa-
Teriio BTOporo tepes j, a pumrpsim nepsoro F(i, j) uepes ay;. Marpuia
A = (a4 ) HASHIBACTCS MATUIEH L. [lepBbtli NTpOK BLGHpACT B Heil
HOMED CTPOKH i, & BTOOii — HOMep cTonbua j.

B ofosmassenas siaxpuofl mpst (1%, 1%) — cennonas 10a Marpiet

A, ecin 50 < g < a0 1L.m, j=1,..,n





2. Теоpема  о необходимом  и  достаточном  условии  существования

   седловой  точки. Метод  поиска  седловых  точек.

[image: image5.png]Paccsorpiy urpy I ¢ Touxi 3perist nepsoro nrpoka. [lyers on shiGpast
erpaterino z. Sfeno, *rro cro puwTpHI Gyser e wemme, e inf Flz,y).

Beawrtnay inf Pz, y) uasoest capuumuposannis pesyavmamon (swep-

wem) st anBnm urpoka. Hamryummii rapantuposanuslii pesyasrar s

HepBOro Hrpoka £ = sup inf F(7, ) HASHBACICH 1CHIM SHGNEIICA TP,
zeX UE

Onpedeacnue. Crpaterns 2° IEPBOTO HTPOKA HASHBACTCH MAKCUMUNHOT,

ecan inf F(2°,y) = v.
o)

Pacesorpu mrpy T' ¢ TouKm 3pemnisn BToporo urpoka. Ectu on sw6pat
CTPATETHIO ¥, TO /Il HETO eCTECTBeHHO CYHTATH TAPAHTHPOBAHHBIM Pe3y.b-
rarou sesmy sup F(z, ). TIpORIpHIN BTOpOro Hrpoka Gyier He Gobine,

zeX
en sTa Bewunna. Hamiyummmii rapaTHpoBatubiil pesy/IsTar 415 BIoporo
Hrpoka T = Inf sup P, ) masmacrcs oeprmu suatomieat wrp.
Y zeX

Onpedeaenue. Crpareris y° BTOPOro HIpOKa HA3MIBACTCS MpLMaRCHOT,

ecam sup F(z, %) = 7.
zeX

Jleawna 2.2. B moGoii antaromcrieckoii nrpe I cnpaseunieo nepaser-
cro v < .0





[image: image6.png]Teopema 2.1. 1) s roro urobsr dynkuus F(z,y) na X x Y umena
Ce/1II0BYI0 TOUKY, HEOBXOMO H JOCTATOUHO, YTOGH GHLIO BLIIOMIEHO PABEH-
crBo

sl F(z, ) = wipsup Fl,0) (2.3)
2) Tlycrs Brnoaneno pasencrso (2.3). Mapa (2°,3°) Torta u T01bK0 TorIA
SBIAETCS CeTIOBOMN TOUKOM, Korja #° — MakcmMmHRas, a y° — MEHIMAKCHAs
CTPATErHH HIPOKOB.




3. Условия  существования максиминных  и минимаксных стратегий.
[image: image7.png]Teopema 2.2. [yers dynxmns F(z,y) nenpepriia na X x Y, re
XY — koumarst Merputeckux npocrpatcts’. oo

Vi)Y Argmin F(z, ). Toraa
e

1) Oyukuns vummysa W (z) = min F(z, y) nenpepuisna na X.





[image: image8.png]2) TIpeAnonoxus J0NOIHUTEBHO, YTO NPH KaXIoM = € X MHOKECTBO
¥ (x) cocronr u3 exmmetsentoro sneventa (). Torta q)yumm y(x) nenpe-
phisHa Ha X.




[image: image9.png]Onpedeaenue. Auraronucriveckas urpa [ HaspiBaercs wenpepwenoli, ec-
XY — napasieleniumest esKLI0BLX npocTpancts, a gyukiuua F(z, y)
Henpepmisia ma X x Y . B wactrocTm, mpi
X =[a,b], Y = [c,d] Gyaem roBopuTE 0 HENPEPLIBHOI HIPe HA IPAMOYTO/Ib-
HIKe.

13 Teopemsr 2.2 cieyet, 4To B HenpephiBHOH urpe I' cymecTByior Mak-
CHMHHHBIE I MHHIMAKCHBI CTPATErHH HIPOKOB.




4. Теоpема существования седловой точки у вогнуто-выпуклой функции.

[image: image10.png]Onpedeaenue. MuoxectBo Z eBKIWIOBA IPOCTPAHCTEA HASBIBACTCH Gbi-
Dy, eca s oBHX Touek 2 # 2" w3 Z u moboro wmeta 0 < A < 1
rouka A2 + (1 — \)2 take npunasteant vuoxecrsy Z.

Onpedeaenue. Dynxims h(z), onpeeenuas na BLIYKION MHOKCCTBE

Z, nasmmaetcs gunywaot, ecin i 1oLx Touek 2 # 2" w3 Z u moGoro
aneaa 0 < A < 1 BHIIOTHEHO HEPABEHCTBO

ROV + (1= A)2") < AR(2') + (1= Ah(2"). (2.4)

i nocie tiiee HepaBeHCTEO BLIOTHERO KAK c1poroe, 1o dymkims h(z) Ha-
JuBacTCst cmpoeo eunyraot. Ecau mvecto nepasencrsa < B (2.4) urypu-
pyer Hepasenctso > (>), 10 dymKims h(z) nasusaetca soznymoi (cmpozo
coznymots).




[image: image11.png]Teopema 2.3. Ilycts X C E™ uY C E" — BblIyK/Ible KOMIAKTH €B-
KoL npoctpancts, a gynkuus F(z, y) nenpepusna a X x Y. Tlpeano-
s0uA, wto npi mobom y € Y dynkums F(z,y) soruyta 1o @ u npu aioGom
2 € X ona panykaa no y. Toraa ynkuus F(z, y) mveer na X x Y ceptonyio
TOUKY.




5. Смешанное  расширение  антагонистической  игры.

[image: image12.png]Onpedeaenue. Cyvemanuoii crparerueil nepsoro urpoka B urpe I' naspi-
BACTCA BEPOATHOCTHOE PACTPEACICHHE  HA MHOAeCTBe cTparermii X.




[image: image13.png]JLit1 TCLOXO HrpOKA MPHMCHITS CMCMNIYIO CTPATIINO ) — 9TO Bt~
Gpath crpaternio = € X Kak peann3aluio cIyualinofi BemTHEL, nMelomeit
3aKoH pacnpesgenenns . Jlanee paccMaTpHBAIOTCA TPH BHAA CMEITAHHBIX
crparermii.




[image: image14.png]1) Ilyers X = {1,...,m}, kax 510 nyeer Mecto B Marpuunoii urpe. To-
L1 BMECTO (¢ J151 0603Ha"MeHHs CMeIlaHHoi cTpaTerin Gy1eM HCIoIb30BaTh
"BePOATHOCTHBIH"BEKTOP P = (P1, .., Pm), YOBJICTEOPAIONIHIT OrPAHIYHHSIM





[image: image15.png]Spi=1 p=0i
=
DACTCS ¢ BEPOATHOCTDIO

~.,m. Ecau npusersietcs p, o crpaterns i phibi-




[image: image16.png]2) Myers X = [a,b], KaK 5T0 HMEeT MECTO B HeNPepHIBHOI Urpe Ha Ipsi-
NoyroabiiKe. ech cMemanas crpateris — GyHKIUG pacnpejeeni ¢
a opesxe [a, b].




[image: image17.png]3) Iyers X — BHITYKIBIT KOMIAKT eBK/IH/0BA TPOCTPAHCTEA. 3/1ech NpH-
MEpOM CMEIIAHHOH CTPATErIH MOKET CIYKHTh BEPOATHOCTHAS MEpA, COCpe-



[image: image18.png]AOTOYCHHAA B KOHE'HOM HC/Ie TOYeK:

elx) =Y Lo ().

e





[image: image19.png]{(p} — MHOKeCTBO BCEX CMElIaHHBIX CTpaTernii epBoro Hrpoka Ha MHozkecTe X.





[image: image20.png]Muozkectso X Gyjem Ha3bIBATE MHOKECTBOM UCTbLT CTPaTernii nepsoro
HrpOKa (B IPOTHBOBEC CMEMARKBIM).

BaiiMeMes IOCTPOCHHEM CMEULANHOZ0 PACUUPEHLA AHTATOHHCTHIECKOIT HT-
pu I' = (X, Y, Flz,y)). Ananoruuno, mycrs {1
HBIX CTPATernii BTOPOro HIPOKA, T.

— MHOKECTBO CMeIIaH-

BEPOSTHOCTHBIX acipe/ie/ieniii 1 na
MHoxeetse Y ero uncrhix crpaternit. [ 3ajauibix crpaterusax ¢ u o
MATEMATHUCCKO® OIIANHE BLIIPLIIA HEPBOTO HTPOKA onpeeitserc (op-

Myzoft Fle, ://F(z,y)dp(z)dw(y). JBOIHOI HHTErpATT CYIIECTBYeT.
X Y





[image: image21.png]Onpedeaenue. AuTaronucriieckas urpa T — e}, (¥}, Fle,v

HASHIBACTCA CMETIARNIM pacHIHperen nrpbi [




[image: image22.png]Onpedenenue. Pemenne (¢°, ¢, v = F(¢°,4°)) nrpn T nasuisaercs p
menmen nexomnofi urpst I B ememannpix crparernsx. [pn stom ¢°, 40 na-
SHBAIOTCA OTIMUMAALHUALL CMEULAHHUAU CTPATETHAMI UIPOKOB, & U — 3Ha-
wenuem urpe T





[image: image23.png]Jlasniee GyayT NOCTPOGHEI CMEIIAHHEIE DACIINPEHHs] MATPHYHBIX I HElpe-
DHIBHEIX HID 1 GYJT HOKA3AHO, IO TH HIPE BCOIJA HMCIOT peletie b
CMEIIAHHEIX CTPATErHsX




6. Основная  теорема  матричных  игр.

[image: image24.png]Hanomuuy, uro marpuunas urpa I' sagaerca marpuueit A = (aij)mxn-
MHOAKCCTBO CMENAHNBIX CTpATEriii IePBOro POk —

P={p=(p:.

MHOYKECTBO CMLIARNBIX CTATeriii BTOPOro HIpoKa —

Q={a=(a a0 | D=

& MATeMATIIECKO® OXKIANNC BHNTPHIIA NePBOro HIPOKA —
A(p.q) E E PittigG.
=1 j=1

Tarin o6pason, T = (P, Q, A(p,q)) — cuemanioe pacumpenie Marpuiofi
urpnt T

4 >0, j=1,..,n}




[image: image25.png]Teopena 3.1 (OCHOBHAS TeopeMa MATPHMHEIX Hrp). Besikas Mat-
PHMHASL HTPA HMEET PIICHIe B CMIIAHEIX CTPATEISX.




[image: image26.png]Orverum THIHMHBIE CIy4al, KODJa NPHMEHSIOTCA CMellaHHble CTpaTe-
—




[image: image27.png]1) Urpa nosropsiercst Muoro pas. B s1oM ciyuae 3a Goabloe 4ueI0 10~
BTOpEHHil HIPBI Cpe/Huii BHIITPII TePBOrO HIPOKA, HCMOML3YIOMIEro ONTH-
MAJIBHYIO CMEHIANIYIO CTPATErINo, GyAeT GAIBOK K 3HAMCHHIO HIPLL I Gy-
JIeT TPEeBHIIATE ero.

2) Crvemannas crpaterus peausyercs s pie "usieckoli cyecn meTby
crpateruit. Uro 510 03HANACT, HOACHIN HA IPIHMEPAX.





[image: image28.png]3) CMemaHbie CTPATer i MOYKHO IPHMEHSITE H IIPH OJHOKPATHOM HOBTO-
PEHHI HIPBI, KODIA HIPOK JeficTByeT B yeaopusx pucka. [Ipn stom neobxo-
JIMO BBUITDBIIII 3aMEHITD Ha HX "H0Me3H0CTH", Y IHTHBAIONIE OTHOWICHIE
UIPOKA K PHCK!





7. Основная  теорема  непрерывных  игр.
[image: image29.png]BaliMeMes CMENIAHHBIM ACHIperuen Henpephiziofi urper . Orpati-




[image: image30.png]YUMCS UTPOil HA NPAMOVIOIbHUKe X X Y

a,b] x [c.d]. [Ipn 3ananHbix




[image: image31.png]CTPATerusX ¢ i ¥ — (YHKIUAX pacupee/enus Ha orpeskax X n'Y — oxu-
TaeMbIi BHUTPBIIT TIEPBOrO HIPOKA PABEH

F(p, j/dF(L y)dip(z)dy(y).




[image: image32.png]Teopema 3.2. Muozkecrso evemannbx crparernit {p} na orpeske [a, b]
ABJIACTCS CTAOBIM KOMIAKTOM. DTO 03HAYACT, UTO U3 J0GOH Moce10BaTe b
HOCTH CMemAHHBIX crpatermii {0} MOKHO BBLICINTH HOANOCIEAOBATEb-
nocrs {p*t}, c1abo cxosmyiocs K nekotopoii crparerun ¢





[image: image33.png]Jlesmama 3.1. B nenpepriguoii urpe I' Ha NpsMOyrobHIKe CyHIECTBYIOT
MAKCHMURNAS H MIHIMAKCHAS CMEIIARHBIC CTPATETHH HEPOKOB.




[image: image34.png]Teopema 3.3 (OcHOBHAs TeopeMa HENMPePHIBHBIX HTp). Beixas
nenpepbipias urpa T Ha NPAMOYTOABHIKS UMECT DEIICHHE B CMOIIANIbIX
crparernsix





8. Свойства  решений  антагонистических игр в смешанных стратегиях.

[image: image35.png]Tu cBOfiCTBA B YACTHBIX
IAHHBIE CTPATErHH.

CIYHAsX MO3BOIAIOT HAXOAUTH ONTHMATIBHEIE CMe-

Teopenma 4.1. st toro wrofst tpoitka (p°, 10, v) Guita pemenien B
CMHANNLIX CTpATErisX HenpepbisHoit urphi I, HEoGXOMIMO i J0CTATOMHO,
TGk GbL10 BLIIOANCHO YCTOBHE

Flz,d®) <v< F(¢’y) Yz X, YycY. (%)




[image: image36.png]Teopema 4.1'. [List Toro uroGer tpoiika (p°,¢°, v) Ghita pemennem B
CMEIIAHHBIX CTPATernsX Urpbl ¢ Marpuueii A, HeoOXOAMMO H 10CTATOMHO,
4TO6Hl GHLIO BHNOMHEHO Yel0BHE

Ali,") < v < AP, J),

Lom, j=1, *)





[image: image37.png]Tlyers T — cymemanHoe pacumpenue NpOH3BOILHON AHTATOHHCTHYECKOT
urpnt T

Onpedeaenue. Criemannas crpaterns ° BTOPOro HIPOKa HASHBACTCH 6bi-
pasnueaouet, ecn F(z,¥°) = const na muokecrse X.
AHAJIOPH'HO OIpeie1AeTCA BHPABHNBAIONAs CTPATETHS TePBOrO HIPOKA.

Vmeepowdenue 4.1. Ecn B urpe T y 060HX HIPOKOB CYIIECTBYIOT BHIPAB-
nupaome crparern ¢°, 1", To O ONTHMAILHEL




[image: image38.png]Teopema 4.2. [lts nenpepsisuoii nrpsi ' cipase e cieyionme sa
yrBepatenus:
i Fl.v) =min F(p.y) ¥ ¢ < ok

Ve {u)





[image: image39.png]Caedemeue. 3navenne v HenpepblBHOI Hrpsl I' Mozker ObITh npecTasie-
10 B Bie creyonux ByX Gopy:

v = max min F(p,y) = min max F(z,1).
wele} yey (e9) ve{$} zeX (





[image: image40.png]Teopema 4.2". /Lt urpsi ¢ Marpueli A cipasesiuss cleayiome
YTBEPIKICHUS:
1) min Ap.g) = min A(p.j) ¥ pe P;
_ v
2) !;15544(?4) gix Ali,g) ¥V g€ Q.
Jloka)ITe CAMOCTORTeIIbHO.

Caedemaue. Buatiene v urpsi ¢ Marpuueii A Moxker GhiTh IpeCTaBIeHO
B BUte CleAyIomX ABYX hopMy.T:

max min A(p, j) = min max A(i,q).
peP 1<j<n . q€Q 1<ism ()




[image: image41.png]Tenepn o6cy MM TaK HA3BIBACMOE CBOHCTBO donoamsiouieti nescecmyo-
emu. Onpeemmy vimosectso Sp(p) C X — cnieKTp cvemanmofi crparerii
©, 3a1auH0ll Ha oTpeske X.

Onpedeaenue. Bysem roropits, wto Touka @ € X = [a, b] npunaaexir
CHEKTPY CTPATErHH @, eCH JUIs BCKoro & > () cyliecTByer Takoii oTpesok
[/, b], conepammuii ', wro b — a’ < = w p(H) — p(a’) > 0. Muoectso Beex
ToueK ciekrpa oGosHatmM tepes Sp(p).




[image: image42.png]Teopema 4.3 (CsoiicTso monosnusiomeii HesxecTkoctn). Iycrs
(£, v) — petentie B exemaNLIX CTpaternsx nenpepusnofi urps T. To-
raa

1)

z € Sp(¢°)
2) ¥

Sp(f

m m




[image: image43.png]Caedemeue. Tlycrs (07,9
pusioit mrpst T. Torta

1) Fz,0°) < v=x ¢ Sp(¢");

2) F(¢%y) >v=1y¢ Sp(v

“,v) — peenne B CMEIIAHHBIX CTPATEIHAX Henpe-





[image: image44.png]Teopema 4.3’ (CsoiicrBo mononmsomeii Hexxectkoctn). I[lycrs
(p°.¢°,v) — pelllenne B cMelAHHBIX cTpaTerusx urphl ¢ Marpueit A. To-
raa

1) pf>0= AGi.¢") =v;

2) ¢% > 0= A j)





[image: image45.png]Caedemeue. Tlyers (p°,¢°, v) — pelnenue B cMeIIAHHBIX CTPATErHSIX HIPB
¢ marpuneit A. Torga

1) Ali¢") <v=p?=0;

2) AP j) >v=q)=0.




9. Теоремы  о доминировании  строк и столбцов в матричных играх.

[image: image46.png]Ect s/1eMenThl HEKOTOPOIE CTPOKH iy MaTPHIBL A MEHbIIIe COOTBETCTBY-
10U S/1EMEHTOB APYTOli CIPOKH iy, T0 HITYWIUBHO 5ICHO, 41O CTPOKY it
1ePBOMY HIPOKY MOKHO He HCIObI0BATE.




[image: image47.png]Onpedeacnue. Byiem roBOpUTH, UT0 BeKTOp @ = (a1, .., a;) caabo dosu-
wupyem vexrop b = (by, ..., by), ecn a; > by, i = 1,..., 1. Byjem rosoputs o
Cmpo20M, JOMUNUPOGAHIUL, CTH BCe HECTDOTHE HEPABCHCTEA > 3AMeHeHb! Ha
crporue >. 3aMeTnn, 4T c1aboe JOMHHHPOBAHHE BO3MOMKHO JazKe B CIydae
PABEHCTEA BeKTOPOB @ 1 b,

Onpedeaenue. s vexropon a®), i
1

, M, CBKILIOBA IPOCTPAHCTBA

w amcen p; > 0,

sm, S pr = 1, mmetinas xovGumamu 3 pia®)
= =

HazpiBaeTca eunykaoil ombunayuet sexropos at ¢ kosdpunmentan p;.

Teopena 5.1 (O gomuzmpoBanmI cTPoK). [IycTh HeKOTOpast CTpoKa
Marpiist A 1260 JOMHRIDYeTCs BIYKI0f KOMOHHAILel 0CTATBHBIX CTPOK.
Tora 9Ta cTPOKa BXOANT ¢ HYJICBOH BEPOSTHOCTBIO B HEKOMOPYIO ONTHMAITb-
HYIO CMeIIAHHYIO CTPATErHIo NePBOro Hrpoka. Ecin yKasannoe JoMIHIpOBa-
HIle CTPOTOE, TO 3Ta CTPOKA BXOJHT C HYJICBOH BePOATHOCTBIO B 4106Y10 ONTH-
MAIBHYIO CMIIAHIYIO CTPATErHio NepBoro Hrpoka. JIoMIHHpyeMbie CTPOKIt
MOYKHO BEITCPKHYTh 13 MATPHIBI HIPEL.




[image: image48.png]Teopema 5.1’ (O mommumpoBarmn ctoabuos). Ilycrs mekoTopbri
cronGen Marpiis A €160 AOMUHHPYET BHIYKIYI0 KOMOHHAIIIO OCTATBHHX
c1onb1on 310t Marpui. Torta ITOT CTONGEN BXONT ¢ HYIeBOi BePOATHO-
CTBIO B HEKOMOPYI0 ONTHMAIBIYIO CMEIAHHYI0 CTPATETHIO BTOPOTO HIPOKA.
Ecin ykasanHoe JOMHHHDOBAHHE CTPOrOE, TO 3TOT CTOXGEI BXOAUT € HY.I
BOfl BePOATHOCTHIO B 4106}/10 ONTHMAILHYIO CMEIIAHHYI0 CTPATETHIO BTOPOro
urpoka. JToNHHIDYIONHIe CTONBIE MOYKHO BEIMCPKIYTh W3 MATPHIIE HIDHL.





10. Графический метод решения матричных игр  вида 2*n  и m*2 .

[image: image49.png]Pacemorpum urpy ¢ 2 x n-marpuneii A. Cvemannas crparerus nepBoro
urpoka p = (py, 1 — py) onpesessiercs permiofi py € [0, 1] Buatene urper,

cormacio : _
mas win A(p,j) = max wmin foyp +az;(1 = py)].

JI1st HAXOKIeHHs! 3HAMEHHS] MIPBI W ONTHMAIBHON CMENAHHOM cTpaTerun
epBOro HPoKA J0CTATOHO Ha oTpeske [0,1] mocrponts rpadyuki cenelicra
munefinbix dynxumii [i(py) = ayypy + ag;(1 — p1) ¢ yraossmm Kn’a(bd)uunﬂ-l-
TaMit kj = ay; — az;, j = 1,..,n, u Hafiri TouKy Makcmvynma p§ dynkimn

min [ (p]) — mwKeli oruGatomei cexeficrsa
1<j<n





[image: image50.png]Haiijem onTiyasibiyio cMeIIaHHYIO CTPATeruio BToporo urpoka. Paste-
PeM CIIeYIONIHe BO3MOKHOCTH.

a) 0 <pf <1 Bosbmenm ape npsvbie L, u 1,
npoxozame epes Touxy (p, v) n wveiome yrosbie Kosbummenter ky, >
0, kj, < 0. Pacemorpiy ypasuenue J; g* + k(1 — g*) = 0. (5.2)

Ono meer pementte g*, npunaiexamee otpesky [0,1]. Is (5.2) crenyer,

uto yraosoit kosdumment npsavoit 1, (p1)g" + L, (p1)(1 — ¢*) pasen nymo.
Cvellanmas CTpaTerns BIOporo urpoka

q, J=iu
§=q1-q¢, j=j
0, J # J1:J2

onTHMATBHA, TOCKOILKY npH Beex py € [0,1]

Alp,¢°) = Ly (p1)d" + L (p)(1 = ¢) = 0.




[image: image51.png]6) p? =

6) pi =0.

B 10M C1yuae dicTas crparerus 2 HepEOro HIpoKa SBISCTCS ONTHMAL-
Hoii. TIOKA3KeM, 410 y BTOPOIO HIDOKA TAKIKe HMeeTCS MHCTAS ONTHMATbHAS
crpaterus. [elictpirenio, naitiercs npasas L, Npoxoaslias tepes Touky
(0,v) n veiomas yriaosoit koscument kj, < 0. Bubupas uueryio crpa-
TErmIo jy, BTOpOIl NPOK He MO3BOTHT MePBOMY BHHTPATH GOTHIIe, ten
nockonbky A(p, j1) = U, (p1) < v npu Beex py € [0, 1]. Hrak, Marpuna urpst
HMeRT COAN0BYI0 TOUKY (2, J1).

0_

B)pi =1
B 5ToM cIytiae, aHATONIHON 6), MATPHIA HIPH TAKKE HMEET CeLTOBYI0
TOUKY.





[image: image52.png]Tenepb pacemorpum urpy ¢ m x 2-varpuueit A. Cyvemannas crparernst
g = (q1,1— q) Broporo urpoka onpesessercs sermnoii g € [0, 1]. Snate-
HIC UTPHI, COLIACHO CAGACTBIIO Teopentbl 4.2, IPEICTaBING B BijIe

s, A 0) = i, g foaon 4 el = )

[0510My 1COBXOAIO MOCTPONTS BepsHIoNo oruGaiomyio max i(g;) coveli-

crsa npsvbix i(q1) = anqrtaip(1—q), i = 1,...,m, u naiirn na orpeske [0,1]
TouKy ¢f ee MummMyMma. Ona Gy/1eT COOTBETCTBOBATL ONTHMAIBHON CMellati-
HOll CTpaTerii BToOporo urpoka. ONTHMATBHAS CTPATEIHs NEPBOrO HIPOKA.
CTPONTCS € HCHOMB30BANEN YDABHCHIS, AHATOTHIHOLO (5.2).





11. Сведение решения  матричной  игры  к  паре  двойственных  задач

   линейного  прогpаммирования.


[image: image53.png]Bes notepi ofmHoCTH Gy1eM TPeNOIATATE, MT0 3HAUCHHE MATPHUHOM
urpst v nooxuTetLI0. COMACHo CeACTBII0 Teopeybt 4.2, 0HO npejcTABI-
MO B BHJIe

max min A(p, j) = max min i
PEP 1<j<n (p.4) peP 1ggn§p 7

BBeeM BCIOMOTATEIBIYIO ICPEMCHIYIO U I AMIIIEM 31a1y HAXOHIe-
HILSE MAKCHMUHA KAK 3212y JHHCHHOTO IPOrpaMMUpOBARIs

U= max u, rje
(up)EB

B={(wp)| Spay >u j=Lom Sp=L p >0, i=1.
&

=
TlelicTBuTe:ns o, npi GUKCHPOBAMHOM p & P MAKCHMATLHO SHATCHHE U TpH
orpansernax (u,p) € B paso min A(p, ).

2

Tlockombky © > 0, MOXKHO CUHTATB, 9TO U NPHHHMAET MOJOKHTETHHBIC
snavenis. Clenaes 3aMeny HepeMHHBIX % = pi/u, = = (1,..., 7). Toraa,
yunThiBas orpannvennst (u,p) € B, noayuus

Yu, Yagz=1,j n %20,
1

e =

o ,
Z

e 20 — oNTHMAJIBHOE PelIeHte 3a1aun JHHEHHOro MPOrPAMMUPOBAHHS




[image: image54.png]ZmN: SJ=1
Py

Mo = HAXOUM SHANEHHE DI H ONTHMATHHYIO CMEIIAHIYIO CTDATETTHO TIep-
S0, p

AHATOTHYHO MOYKHO HOMYHHTS, 4TO

(1)

BOTO HIPOKa: v

1

=0
P

e A0





[image: image55.png]rae w® — ONTHMA/ILHOE PelleHHe 32111 THHeiHOr0 IPOrpaMMIpOBAHHIST

S
=
Sagwy<1i=1,
=

Bgech ¢ = vu® — ONIMMATBHAS CMENIANNAS CTDATETUS BTOPOTO HIPOKA.
Bagaun (1) u (IT) ABoHCTBEHHB O/IHA 110 OTHOWEHHIO K JAPYTOH.

OTMeTIM CBOMCTBO JI0MOMHAOMIEH HEKECTKOCTH JUTs ONTHMATBHBIX De-
wenmti 20w w® sazas (1) u (1) :

m, wy >0, j=1 (11

>0 = 3 aguf

i=

Quf>0 = zaﬁ:le

OHO HEIOCPEICTBOHHO BLTEKACT 3 YTBePHK 1N Teopenst 4.3 ' mocie 3ave
1t nepemennbix p® = v2°, g0 = vw’.





12. Необходимые  условия  для  пары  крайних  оптимальных

   стратегий  матричной  игры.

[image: image56.png]3ech paceMaTpiBaeTcs KOMGHHATOPHOTO THIIA AJITOPHTM DEIICHHs HI-
DL, OCHOBAHHEL Ha TepeGOpe TOIMATPHI MATPHIEL A.

Onpedeaenue. Tyt Z — BHIIYKI06 MEOKCCTEO eBKALIOBA NDOCTpAl-
crna. Touka =° € Z massiaercs wpadinedi mownoti Muoxectsa Z, ecau e

cymecTByer Takux touek 2 # 2 € Z u makoro uncaa 0 < A < 1, urto
= A 4 (1= A)"




[image: image57.png]JIpyruMu c10BaMH, KpaiiHsisi TOYKa BBIILYKJIOrO MHOXKeCTBA Z He SBJIseT-
sl BHYTPenHeli TOUKOfl HHKAKOTO OTPE3KA, COCMHSIONIEr0 Be TOYKH 3TOr0
muozkecTsa. HeTpyano Buers, 910 Kpaiinss TOYKa He MOKET GbITh BHY-
Tpenneii TouKoii MuoKecTBa Z. OHAKO He BCAKAS TPAHHTHAS TOTKA MHOKe-
crBa Z smasercs kpaiineii Toukofl 31oro Muozkectsa. Hanpuvep, y ksagpata
KpAiiHIMI TOUKAME SIBISIOTCS TONBKO €r0 BepIIMHEL




[image: image58.png]Ecymn MuozkecTBo Z — MHOTOIDaHHHK, TO €ro Kpaiiiie TOUKH Ha3bIBAIOTCS
6epusunasu. Bepenca K urpe ¢ MaTpuueli A  DACCMOTDUM MHOKECTEO
ONTHMATBHBIX CMEIIARHBIX CTPATErHil TePBOTO HrPOKa
P= [P e P[> pay = v, j=1,.,n}
=

rje v — 3navenue Marpuunoi urpsl. Herpyano sugers, uro P° — amoro-
IPAHHNK CBKIIIOBA IPOCTPAHCTEA.

Onpedeaenue.  Kpadineti ontusasioit cvemaniofi crpaterieli epsoro
HIpOKa GyIeM HAIBIBATH BEpIINHY MEOrorpammika PP.




[image: image59.png]MHOKeCTBO ONTHMAIBHBIX CMEIIAHHBIX CTPATErHil BIOPOro HIpoKa
0 _ [0 e 0y
Q={"cQ| Xay@<v, i=1,..,m}
=

TAKKC ABJISICTCS MHOTOTPAIIIKOM I €X0 BePUINHBL — Kpaliiiiie ONTHMAILHbIE
CMeIIAIIbIC CTpATeriL.

Teopema 5.2. Tlycts B urpe ¢ Marpumeit (a55)msn 3HAUCHHE U 0.
Tora ans moGoit mapst p°, ¢° KpaiiHiX ONTHMAIBHEIX CMEIIAHHBIX CTpaTe:
THIT HTPOKOB HAliZIETCA Takas HEBLIPOYKICHHAA MOAMATPHIA A = (i, )kxk
MaTpHuBL A, T0 BBINOJHENB! yCIOBIS

k
> Phas





[image: image60.png]Pacemorpum reneps anroputy pemtennst MaTpuinoit urpet. [lepeGupaen
Bee HewposKenHEe k % k-noamarpuis A sarpunp A, nammas ¢ k = 2.





[image: image61.png]s kazk 1ol noamarpunsl A pemaem cucremsl ypasuenii (5.3) u (5.4). Ecomn
PELICHISE He CYUIECTBYET 1L HEKOTOPBIC KOMIOHCHTEI

k,oqf. t

.l




[image: image62.png]OTPHLATE/ILHDL, TO IEPeXoANM K cireayiomedi noamarpuue A. Ilyers ykasan-
HbIe KOMIOHERTE DelIeHH HeoTpHIATebHbL. TONIA ONDEICTIM CMENIAHHC




[image: image63.png]cTparerun

i

- @ =1

0.0 P £
! 0, J#je

PUERTN0 it

Teneps s Tpoiikn (p°,¢°,v) HeoGXoaMMO NpoBepUTEL yciloBHE () Teope-
et 4.17. Ecan ono Beimonseno, To nekomoe pemenne (p%,¢°,v) naiizeno. B
HPOTHBHOM CIyHae MePexXoIuM K cieyiomedi noavarpume A.





13. Метод  Брауна  решения  матричных  игр.

[image: image64.png]B s1oM naparpade Mbl PACCMOTPHM HTEAIHOHHBL MeTO1 IpHG/uzKen-
Horo petenus urph ¢ Matpuuedi A. Tlyers satano uncio = > 0. Tpebyercs
HallTH 3HAYCHHE HIPBI ¢ TOTHOCTHIO /10 BEJIHTHHEL £, & TAKAKE £-MAKCHMUHHYIO
It E-MUIIMAKCHYIO CMEHIAIEIC CTPATETHH HTPOKOB.

Mero1 BpayHa cocTomT B MEOTOKPATHOM (DHKTHBHOM PA3birpLIBAHNI MAT-
PIMHOI HEDBL, TPH KOTOPOM HIPOKH 110 ONPEICICHILIM TPABILIAM BLIGHpa-
10T cBom meThie cTpaterni. TIycTh 3a k MOBTOpeRNii HIPH MePBHL HIPOK 75




[image: image65.png]pa3 peOpan crparernio i, ¢ = 1,...,m, a BIopoil [; pa3 BEOpa crpaTeruio
Jo 5 =1,..,n. BeKropel 4actot BhGopa MHCTBIX CTpaTernii

plh) = <? r;) alhy = (— %)

SBIAOTCS CMETIAHIBIMIL CTPATETHANH HIPOKOB.
Onpesesny wrepamonnit nponece Bpayna.

[Mlar 1. Hrpoxi BHOHPAIOT NPOH3BOILO CTPATETHH iy U ji.

Iycrs 5a k HOBTOpeHHT HIDH TIePBHII HIPOK BHOPAT CTPATETH i1, .., i,
a Bropoii — crpateriu ji, ..., jx. [ srom p(k) 1 q(k) — coorsercrayiome
BeKTOPEI HACTOT.

lar &+ 1. Frpokin BuGHPAIOT CTPATErui igyy U jeyr H3 ye1osuit

Aliner,a(k)) = max A(i q(k)) = vn(k),

1icm

A(p(k), jier) = Jmin Alp(k), 7) = va(k).




[image: image66.png]Kazcpiit HrpoK BRIGHDAET CBOIO YHCTYIO CTPATEIHIO KAK HAWIY i oTBET
Ha COOTBETCTBY IO BEKTOp MACTOT Naprhepa. Eei HaIIy I oTseron
HECKOJTBKO, TO BHIGHpacTCs T0GOf 13 HIIX.




[image: image67.png]Tokazkenm, aro vy (k) 1 v2(k) — OLEHKH /7151 3HAMEHHS ¥ MATPHTHOI HIDhI:

wa(k) <v<u(k), k=12 5.7





[image: image68.png]Bepuencst k meroay Bpayna. Chopumyupyenm npasusio ocranoskn. Ilycrs
satano wneto £ > 0. Byjem octanapiuparhes Ha mare ko, Koria piepsbie
BHUIOHEHO HePABEHCTEO

vy(ko) = valho) < =. (5.17)

U3 (5.7) u (5.17) cneayer, uro penmsmss v (ko), va(ko) MpHGMMKaIOT 3a-
“eHte v MaTpHUHON HPPH ¢ TouRocTHIO Ao . Hokaem, uto p(ko) — -
VAKCHMHHHASA CTPATErIs! HepBOro urpoka. JlelCTBiTe b0,

in A(p(ko).j) = valke) 2 v — =
Anazormmo, (ko) —
€-MHHHMAKCHASI CTDATETHS BTOPOTO HIPOKA.




[image: image69.png]Teopema 5.3. B veroze Bpayna im vi(k) = lim vy(k) a mobsie

peaeaiic Tori 5°, ¢° noctetonaressiocreit {p(k)). (q(k)} Anamore on-
PHMATBHBIMH CMIIARHBIMH CTPATEIHSMI HIPOKOB.




14. Решение антагонистических  игр  с  вогнутыми  функциями  выигрыша.

[image: image70.png]Onpedeaenue. Autaronncriieckas urpa I = (X, Y, F(z,y)) nassisactcs
urpoit ¢ coznymoii Gynwyued euuepua, ecn X C E™ Y C B — whinyk-
b1e KOMIAKTE CBKILIOBLX npoctpancts, dynkius F(z,y) nenpephisia na
X % Y u npu mobou y € Y ona sornyra 1o =.

Urpa T nasusaeres urpoit ¢ gunyraoti dymaued cwuzpuua, ecin (sye-
¢10 TpeGosanns soriyTocti) npu mobom = € X bynkmus F(z,y) shnykia
o y.




[image: image71.png]Teopema 6.1 (Xemmu). B eximgosom npocrpancree E™ umeercst ce-

mefictBo Dy, a € {a} BBIIYKJIBIX KOMIAKTOB, 00/1aJQI0LIee CIe/LyOHM
mil

st () Day 0. Toria () Da 0.

j=1 ae{a}

CBOMCTBOM: JUTsl JIOOBIX (vy, ..





[image: image72.png]Teopema 6.2. [lis urper I' ¢ BoruyToil (hyHKIHElH BRIHIPBIIIA ClIpaBe/-

JMBO PABCHCTEO  y — o min F(z,y) = min max min F(z,y).

zeX ey wev  zeX 1jsmtl
=t





[image: image73.png]Teopewma 6.3. lrpa I' ¢ sornyToit dyukimeli BbIUIpBIIIa HMeeT pellenne
B CMemanbIx crpaterusx piia (20

), e 2° — MAKCHMIRIAS CTpATCrH:I
MEPBOTO HIPOKA, mtl

>, o
5

Lm+1) € Arg

) €Q.
@i

min  max min
sev  zeX 1<jmil
=S

F(z,y),
a ¢° — MHHIMAKCHAs CTDATErHs B 3ajave

i1
min max &(z, q),

min s B(r,q) =Y F(,7)g;

1





[image: image74.png]Teopema 5.4. Irpa I' ¢ Buinyk.10ii hyHKIHE BLIUIPBIIIA HMEET pelleHne
B evemanubix crparernsx Biaa (¢°, 4%, 7), rae y° — MEHUMAKCHAS CTpATerHs

1epBOro HrpoKa, et
O = W, =0

n+1)eP,

T i=1.,n+1)€Arg max min max F(a',y),
(T i n 1) €A mas min max F(e',y)
i

a p” — MaKCHMHHHASL CTPATerns B 3aj1ate

i 1
maxmin & (p,y).  2(py)





15. Исследование модели "оборона-нападение " в чистых стратегиях.

[image: image75.png]Imeercst n 060poHAEMBIX NYHKTOB ¢ HOMepaMi i = 1,...,n BO3MOKHOIO
npoprisa cpesters nanajenis. Tyers A i B — Kolmdectsa cpejcts nara-
JeHIs 1 0GOpORbL DTH CPEICTBA NPEIOIATAIOTCS GECKOEHO-IC MBI,
Crpateris nepporo Hrpoka (HANAJCHIA) COCTOMT B PACHPEICICHIH CBOHX
CPOJICTB 10 TYHKTAM B COOTBETCTBUI ¢ BEKTOPOM

= (z, 220,

Bropoit rpok (060poita) HCIOML3YET AHATOTIIHYIO CTPATErHIO

eV =Y

B, >0,i=1,.

y= (v,





[image: image76.png][TycTh jt; — KOJHMYECTBO CPEACTB HAMAJCHHS, KOTOPOE MOKET YHHUTOKHTH
OJIHA eMHUIA CPeJCTE 0DOPOHBI Ha i-0M myHKTe. Eeaum z; > fi;y;, T0 4epe3
i-{i IYHKT NPOpHIBACTCH T; — jLiy; CPEACTB Hanaenns. Bean z; < jiy;, 10 ve-
Pe3 5TOT MYHKT HANAZCHHe He mpopeercs. OGbe M s 062 CIy¥asi, HAXOTIM




[image: image77.png]opmyty ist KOIHYECTBA CPEJACTB HANAJeHus, NPOPBABIIErocs 4epes i-it
nysKT: max[z; — 4y, 0] Onpegemnny yHKIIO BEUIPHIIA TEPBOIO HIPOKA

Fla,y) = > max]z; — s, 0]

_ Bl KOMHUECTBO CPEJICTH HATIAIeHNS, POPBABIICECH epe3 BCE MYHKTHL.




[image: image78.png]SaMeTuM, YTo (PYHKIuS £z, y) BeillyKIa 110 y. 1lo Teopeme 6.4 3navenne
HIPBI v =T I MHHIMAKCHAs cTpaterns y° 0GOpOHBI onTHMATbHA. Saiiventcs
HCCI1e10BATIeM STOl HIBI B MHCTHIX I CMEMANHELX cTpaTernsx. Bes morepu
obmHoCTH e ook, 410 KosbdHIIEnTE SddeKTuBHOCTH 0BOPOHEI 11
VIOPSATOUCHBL: [i1 > flz = ... = fl, W N-ii MYHKT 0GOPOHKI ABIsteTCs Ciabeli-
.

) = maxmin F(z,y) = max(A — 1, 3,0, 2 = (0,..,0, 4)

a) Tlokazex, uro
z€X ye¥





[image: image79.png]6) Il B F A-B Ly g
6) Hosasen, w0 7 = mig mis F(,y) = mas{A - (;E) L,

cy :B(uiii)il

k=1 I3

17, — MUHIMAKCHAA CTPATErI 0G0pOIH.





[image: image80.png]Korja B urpe cylectsyer pelienie B 4HCTBIX CTPATErHst:
Bem B> AY L 105 =02>
k=

> 0 u, cregoBarenbto, T

m

11 nama/eni T00as CTpATerHA ONTIMATbHA. B 9TOM cytae 060poa TaK
MOYKT PACTPEICHTS CBOM CILTH, ITO0H He TIO3BOMHTY HATA/CHIIO, HCHOh-
3yI0MeMy KOHIEHTPHPOBAHHBI Y/1ap, TPOPBAThCS Ha KAKOM-THGO0 MyHKTE.

Eema B < AY. L, 0 dynxums F(z, y) cotopoli ToIKH He myeer.




16. Исследование модели "оборона-нападение " в смешанных стратегиях.
[image: image81.png]B) Tlokazken, 9T0 B HIpe CYHIECTBYET PEIICHHE B CMEIIAHHBIX CTPATErH-
ax suta (©°,9°,7), nae y° — unCTAsm MEHHMAKCHAS CTpaTernsi oGOPOHBI, a
ONTHMATBHAS CMONIARNAS CTPATEHs LT HANAICHIS HMeeT BILL

. "
;Pffzzmpf (=) i

I
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17. Исследование модели шумной  дуэли.

[image: image82.png]B ays/1 IpHHIMAIOT yuacTHe JBa Ay>isHTa ( IepBEIi 1 BTOpoil HrpoKit)
B HAUAJLHEI MOMEHT BpeMEHH Jy31AHTH HAXOATCA Ha paccTomnmi dy i
10 KOMAHJIe HAMHHAIOT COMMKATLCA. B DACHODSIKOHHH KAKIONO Ay3IsHTA
HMEETCsl OJHH BBICTPE/I, KOTOPBIi OH MOMKET NPOM3BECTH B NPOTHBHUKA C
0GOTO paccTostius (KOHEHHO, DI YCIOBHH, YTO JAYSIAHT JKHB), OH JazKe
MOYKOT TIOJOHTH K NPOTHBHHKY BILIOTHYIO.




[image: image83.png]Tlyers pi(d) — bynKImA MeTKOCTH k-ro JAyIsHTa, PABHAS BEPOATHOCTH
NOPaKeHHs MPOTHBHIKA, eCIH BEICTpe GUI NPOM3BEJCH ¢ paccroamus  d.
Tpenonokmy, wro byskun py(d) HeTpepHBIL 1 YOHBAIOT HA OTPE3Ke
0, do] u Ge3 norepu obumoctn py(0) = 1, pr(do) =0, k = 1,2,

Onpe ey antaronuerieckyio urpy. Hyers = € X = [0,dg] — pacero-
stHIe, ¢ KOTOPOTO MepBbill HIPOK HAMEHACT NPOH3BECTH CBOH BLICTpE. Ana-
sormano, y € Y = [0, dy] — paccTosmme, ¢ KOTOPOro HavewaeT coii BHCTpe:
Bropoit nrpok. Onpeemm dynxmmo somrpsma F(z, y) nepsoro nrpoka.

PaccMOTpHM CHAMATA UyMHyI0 JYo4b, KOIAA NPOTHEHUKH CAHIIAT Bhi-
crpetst apyr apyra. Toraa

(), 0<y<a<d,

F(z,y) =
(=9) 1=pa(y), 0<z<y<do

o cxpicay F(z,y) ecTh BePOATHOCTD NOPAZKEHI TEPBHM HTPOKOM BTOPO-
ro. Ecmn o < y u BTOpOii HIPOK MPOMAXHETCsI, TO MEPBBIH, YCIBIIAB BbI-
CTPE IPOTHBHIKA, CTPEAACT B HEro ¢ paccroamis 0 Byecto 2. OTMETHM, 410
F(z,y) apasetcs ocpeanenmen dbynKuu, npranvaoneii snaternie 1 i 0
B 3ABHCIMOCTI OT TOrO, YOIT BTOpoft AyssnT wi ner. Vrak, mysiuas ayib
onpesesena kax urpa b nopyaibioli dopye I = (X, Y, F(z,y)).

TloKkazen, 9T WIyMHAsi JAy>Th HMEET PElICHHE B ‘HCTHIX CTPATEIHAX
(d*,d*,v = pi(d*)), tae d* — enmucrsennbili Kopenb ypasnenust py(d) =
1— pa(d).





[image: image84.png]B Gecuwyanoil dysau nrpoKu He CIBIIAT BBICTPeIIBL APYT ApyTa 1

_ m(@), 0<y<z<d,
Flaw) = {m(szmw» 0<z<y<d




[image: image85.png]GecryMuas Ty3/Th He MMEeT PelIeHHs B GHCTBIX CTPATETHSX.




18. Определение многошаговой антагонистической игры с полной информацией.

[image: image86.png]Onpeie/ M MHOTOWATOBYI0 AHTATOHHCTHYCCKYIO HIDY ¢ noanot ungdop-
mayueti. Urpa npoucxozut e tevenne T maros ¢ momepawn t = 1, ..., 7. Ha





[image: image87.png]Kazk/10M mare t urpoki BeIOHPAIOT 10 OYepeal ajlbTePHATHBBI — 3HAYCHHs
ePeMEHHBIX T, Yt.

Illaz 1. Cuaviaia nepusilt irpok BHGHpacT ansrepnatupy @ € Uy, 3ates
BTOPOIl HIPOK, 3Has BHIGOP IIEPBOTro, BEIGUpaeT albrepHaTuBy yy € Vi(r1)
V().

TIycTh MPPOK B Tedenie £ — 1 MATOB BHGPAIN ATHTOPHATHES
Ty oo Tty Y1y ey Yoot TTOTORKIN Ty = (21, 000, ), T = (Y1, 00y W)

ez t. Ciavana nepsbiii NTPOK, 3Hast in,:(bl(‘Tnpmo Ty—1,Ts—1, BHIOHpACT
anstepraruny 2, € Uy(Te_1,To_) = U(-). 3arem BTopoll HrpoK BhGHpaeT
anprepHaTuny y; € Vi(Ty, Jp—y) = Vi(+), 3031 NPEABICTOPHIO Ty, Ty, BKIOYAS
BHGOD T, MEPEOrO MFPOKA HA AARKOM mare.

Tocne sasepuennst mara T nosnukaer napa (Fr, Jy), HasHBaeMast nap-
muedi urpr. Tlo CMBICTY MADTHS HIPH — 9TO FAMNCH BCEX ATBTOPHATHE, Bhi-
6Gpannrix nrpoka. s moboii naprun (Tr, Jr) 3a1aetcs spurpeim F(Tr, )
MEPBOro HrpoKa.





19. Теоpема Цермело о pешении многошаговой игpы с полной информацией.
[image: image88.png]Onpesesny tenepb urpy B nopmasbhoit popme. Ha mare ¢ nepeprit ur-
POK MOKCT BEIGPATD AILTCPHATHBY T, KK suatenme gymkwmi &, : o, =
4(T4—1,7,_1), KOTOpas JOIKHA OBITH ONpEIe/IeHA TP BCCBO3MOKHEIX 3Ha-
HISIX APIYMEHTOB Ty_1,J,_;. OGO3HAMIM MHOKECTBO BeeX TaKix ynKiumii
7, uepes U Bavern, uto F; = 1, NOCKOTbKY Ha NEPBOM Mare nepeuii
HIpOK HUKAKOH HuopMateil e pacnonaraer.

Crpateris nepEoro Hrpoka mpeJicTaBser coboit nadop dyHKiuit





[image: image89.png]



[image: image90.png]AHAJIOTH'THO, Ha 11ATe £ BTOPOHi HIPOK MOAKCT BLIGHPATH ATHTCPHATHEY Yy KAK
smavienne Gynkuun ; © Y, = (Te. T, ), KOTOpast 10:1Ha GhiTh ONpeesena
1PH BCCBO3MOAHBIX SHANCHIAX APLYMEHTOB T, 7,_;. OGO3MATIN MHOKCCTEO
scex Takux yukiuii § epes V;. CTpaterisi BIoporo Hrpoka npejicTasisier
coGoit naGop ynKmii





[image: image91.png]



[image: image92.png]Trpoku MOryT BRIGPATh CTPATErHI &,  HE3ABHCHMO JAPYT OT JAPYTA JIO HIPHI,
& BO BpeMs HEpLL — MpuensTh X "apTomaritiecki."/Tioofi nape crpaternii
(#, ) OAHOBHAHO COOTBETCTBYET MADTHS HIPHL:




[image: image93.png]1 =2y, Y1 = Gi(2), 22 = T2, y) HrA

Tasnee F(#,5)Y P@r, ), tae (Tr.7r) — naprus, coorsercrayiouas
crparerisin & u j. Tirak, Muoromarosas nrpa ¢ noamofi mdopyateli onpe-
sestena b nopyabiolt gopye T = (X, Y, F(3,§)).

B janbreiinens Gy1en paccMaTpHBATE JBa KJIacca HIp:

urpa I, 1 Koropofi nee sosectsa Uy(+), Vi(+) Komeut;

urpa T, 5 kotopoii Bee mosectsa Uy(-) = Uy, Vi(-) = Vi e sasucar ot
e IICTOPII I SIBISIOTCA KOMIAKTAMH METDHUCCKHX POCTDAHCTE, A dyHK-
nust F(Tp, Jp) HONpepHEHA Ha TpOM3BECHI

Uy x - -xUpxVyx--x
Onpetenmy mapy crparermi

O=(@t=1

7), =@ 1,..,T),

HCHOML3YA MeTOA dunaMECK020 NpoepaMMuposanuA. Toonperemun dymk-
o F na Beex OTpesKax maptui mita (Tp,Tp_y) wiH (T, ;) U HAsOBeM
ce dymmyueii Beaamana. Kosmonentit ctpareruit 79, 0 Gy1em 3aiasath 5
HOPALIKE, 0BPATHOM BEIBOPAM HIPOKOB.





[image: image94.png]OnpeeiuM BeTHIHHY




[image: image95.png]def F(z1)

& = max F(zy)"? =™ max min F(ay,5) =
216Uy w1€U1 yreVa()
— max min .. max min F(Tr7r).

2160y 1€V () wrelr() yreVe()




[image: image96.png]Teopema 8.1 (Llepnmeso). Besikas MHOMOmArOBas aHTArOHHCTHICCKAS
nrpa ¢ nosmoit nudopmanueit I' (i T”) mveer pemenne (7%, 7°, 7).




20. Ситуация равновесия игры многих лиц и ее недостатки
[image: image97.png]TlonaTne anTaroHHCTHYECKONH HIPBI MOKHO 3HAMHTEILHO PACHMPHTH. B
WEpe JBYX S HHTEPECH HIPOKOB HEOGA3ATEALHO GhIBAIOT HPOTHBONONON-
Hpivi. Pacesarpupaior 1 nrpet Muornx i, VM mocBsmena TpeThs riapa.




[image: image98.png]Omnpenemim urpy asyx . Ilyerh nepeeiii HIpoK HMeeT B CBOeM pa
HOPSKHHH CTPATErHH T W3 MHOMKeCTBa crpatermii X, a BIOpOfl HIPOK —





[image: image99.png]CTpaTernu y U3 MHOKeCTBA CTpaTeruii Y. byjiem paccMaTpHBaTh HIDY B HOp-
MaavHotl Fopme. DTO 0IHAUAST, UTO KAXILH H3 HCPOKOB BHGHDAET CTpa-




[image: image100.png]Ternio, ne 3uas BbIbopa mapruepa. Ilapy crparernii (z,y) Gyzem HasbiBaTh
cumyayueii. Y nepsoro urpoxa myeerca dynxmua somrpema F(z,y), a y
BTOPOrO — pyHKINS BRETpHIIA G(z, y), ONpEJeTeHHEe Ha MEOKECTEE BCEX
cnryauuli X x Y. Kaapll HIPOK CTPEMIETCS, 10 BOIMOKHOCTH, MAKCHMI-
3upoBaTh CBOI0 YHKIMO BEIrphma, TAKIM 06pasoM, Hrpa JABYX JHI B
nopabioit gopye saaere nadopon T = (X, Y, F(z,y), Gz, y)).

B anTaroHHCTHICCKoll HTpe MOHATHE PENICHI Mbl CBA3HIBATH ¢ CeIOBOI
TOUKOH (DYHKIHH BRIATPHIIA TEPBOrO HIpoKa. B MpoH3BOILHOI HIpe ABYX
JIIL AHATIOTOM Ce/LI0BOI TOKH ABIACTCS MOHATHE CUMYGUUL PAGHOGCCUA.




[image: image101.png]Onpedeaenue. Curyauus (2%, y°) naspizaercs cutyanueii pasnosecus (pap-
nosecuent 1o Honty) nrps T, ecn

Flz,1°) = F(a°,3"), maxG(a®,y) = G(" ).
max F,3°) = F(2°,0°), maxG(a®,y) = G




[image: image102.png]Crparernn 2 n y°, coctap/sionine cHTyannio pagosecus, 6yjem HasblBaTh
pagnosecnmm. Ectit ofa IpoKa HPUACPAKHBAIOTCS CHTYAUHH DABHOBECH:,
TO OHOMY HIPOKY OT Hee HeBBITOAHO OTK/IOHATLCH.




[image: image103.png]OBCy M, Kak MOJKHO HCTIOTB30BATh NOHATHE paBHOBecHs 1o Hamy ¢ Tou-
Kil 3peHis NpHHATHA pemei. B Teopmm Hrp, KAK M BO MHOMMX ADYIHX
TEOPHUAX, MOKHO BBLIETHTH JBA TOIXOAA: HOPMAMUGHVT 1 No3umueHuli.
HopMaTHBHbI TOTX0 COCTONT B TOM, 9TO TP AT PEKOMEH AT, KAK
caeyer geficTOBATh B TOH 1 HHOM KOHUIMKTHOM cHTyamuim. A npu no3u-
THBHOM II0JIX0/Ie TEOPHsl ILITACTCS OIUCATH, KAK HA CAMOM JeJ1e ITPOMCXOIIT




[image: image104.png]B3auMojeficTBie MexKay Hrpokaiu. IsnauaibHO Teopus MIp pasBHBAIACH
Kax nopvatusnas. U1 cefiuac Mbi ofcy s nonstue pasnosecis no Homry
HMCHHO ¢ TAKOI TOUKH 3penitst. B STOM ¢1ytiae IPABIIO NPHHATHS peitieH i
MOZKHO chOpMYIPOBATE CleAyIONII 00pasoN: B KoHMKTHON cirryarm,
omHCBIBACMOl POl B HOPMATLHON (BOPME, KasIOMY YUACTHHKY CIeIyer
HCTIONBA0BATE CTPATEIHIO, KOTOpAs BXOAUT B papHozecie no Haury. Iosu-




[image: image105.png]Onpedeaenue. Urpa apyx mm T nassiaetest GHMATPHYHON, ecin MHOKe-
CTBA CTpATeriil HIPOKOB KOHCUHDL:

X={l,.m}, ¥ ={1.,n}

Bpech i € X, j €Y — crpaTerun nepBoro u BTOPOro HrpoOKOB. Beiirphimmi
UTPOKOB 3a1AI0TCA ABYMS MATPHIAMH

A= (F(i,7)mxn = (@i)mxn, B =(G(i,5))mxn = (bij)mxn-




[image: image106.png]Onpedeaenue. Curyauus (i, j°) Gumarpuanoit urpst I' nassiBaercs cury-
witeli pastonecust (pasiosecien o Hay), ecan

ago < apjo, i =1,...,m, bioj < biejo, j=1,...,n.





[image: image107.png]S7eMeHT (ifj0 ABIETCA MakCHMATBHBIM B jO cTOGIe MatpHust A, a bjojo

MAKCHMATBHBIM B {7 CTPOKe MatpHIs! B




[image: image108.png]Beera s B urpe JByX Jimi cymecTsyer cutyanus paprosecus? B obuem
cllyuae OTBET — OTPUUATEIIBHBLH, IOCKOIBKY, HAIDHMED, B AHTATOHHCTHC-
CKOit HI'pe He Beerja CyMecTByeT ce0Bas TOUKa.



\[image: image109.png]Henonpzopanne curyamuii papHOBecHsl Ha NPAKTHKE YacTO CBA3BIBACTCH
€O CICYIONIIN CIIEHAPE TIOBE eI HPPOKOB. OHIl CHAMATA JA0KIbL 1070~
BODHTLCS O CHTYAINH PABHOBCCH, 3ATeM BCAKIE HEPEroBophi 3AIPeNaoTcs
1 UFDOKI HE3ABHCHMO BHIGHDAIOT CBON CTPATETHH, BOIMOKHO HADYIIAS Npi-
HsToe corTamenie. BAMETHM, UTO OHOMY UFPOKY Gy/1eT HEBBINOHO OTKIO-
HATHCsL 0T cBOCH paBHOBeCHOM cTpaterii. Eeii HIPoKH NpHipKHBAIOTCS B
JIPe TAKOTO cleHAHS IOBeeHHs, To urpa I HaswBaetcs feckoaauuuonnot.




[image: image110.png]Onpedeaenue. Curyamna (2°,y°) urps T naseipaercs onruvasibuoii no
Tapero, eciu He cymecTByeT TaKoil cHTyamun (,y) WTO BHITOTHEHE Hepa-
benctea

Flz,y) = F@a'y°), Gla,y) = G y")

11 I 5TOM XOTs Gbl OLHO 3 HUX — CTPOroe.




[image: image111.png]MbI OTMETHIIN TPH HeJ0CTATKA NOHATHsA paBHOBecus 1m0 Hamry:
1) pasmoseciit o H3Iy B HIpe MOKeT He CYIIeCTROBATE,
2) pasronecie o Hatmy MoseT GHITh He e umnCTRenHo;
3) pasmonecue o Hamy moset Gbrh neadxbextusio.
Ho, mecMoTpst Ha 9TH HEJIOCTATKH, YKA3AHHOE MOHATHE HIPACT HEHTPATb-
HYIO DOJTb B TEOPIH TPHHATHS PEMIeHiti B KO IHKTHBIX CHTYALIX.





21. Теоpема существования ситуаций pавновесия для игpы многих лиц.

[image: image112.png]TIpuBe/en TeopeMy CyIIECTBOBAHHS CHTYALMH DABHOBECHS B HIPe IABYX
s, KoTopas AeTcs oboBientex Teopenst 2.3. Tpeasaputesio cdop-
MYJHPYEN TOHOIOTHNCCKYIO TeopeMy 0 nenodgusienoii moure.

Teopena 9.1 (Bpaysp). [lycts f: Z — Z — nenpepeisnoe oToGpas
Hite B Ce6st BHITYKIIOr0 KOMIAKTA Z KOHCUHOMEDHOO eBKAI0BA POCTpati-
crea. Tora y Hero cylmecTayer HemomBwKHas Touka 2° : f(2%) = 29





[image: image113.png]Teopema 9.2. Tlycrs B urpe asyx un I muoxecrea X u'Y — phinykisie
KOMHAKTH eBKII0BLX npoctpatcrs B u B, Tipeanonoxin, 410 dymk-
wun F(z, y) u G(x, y) nenpepsust na X x Y, dynxuus F(z,y) sornyra o =
npi moBom ukenposantom y, a dyukuus G(z,y) BoruyTa 1o y npu mo6om
ukcnporannos . Toraa b urpe I’ cyIecTByeT CHTYAIS PABHOBCCHS.




22.  Метод поиска ситуаций pавновесия с использованием функций

   наилучших ответов.

[image: image114.png]PaccMOTPHM METO;| OHCKA CHTYALITH PABHOBECHS! C HCTIONB30BAHHEM MHO-
seern mamaymns otweron X (y) = Avgmax F(z, y) n Y () = Argmas Gz, ).
TE. ye!

O CoCTONT B pemmeII CHETeA b BKIOTCHI
20 X(y°), o € V(a0 ©.1)

B cityuae, Kora y UFPOKOB CyICCTBYIOT Henpepuibibie hyKI a1y -
mero otseta z(y) 1 y(x) (M. NEPBYIO YACTL TOKASATEHCTBA TeOpeAH 9.2),

crcrema prmotennii (9.1) SKBUBATCRTHA CHCTEMe ypaBHERH
0) — 20 (a0 — o
2(y°) = 2°, y(=°) = ¢".




[image: image115.png]JI1s MHCICHHOTO ENIeHNs cHCTeME! BKmodenmii (9.1) wacto mprvens-
etes npouedypa nawynwoanus no Kypwo. Ona 5aK10MA€TCA B TOCTpOCHHN
noce0BATEbOCT CTpATE

e X, gt e Y(aY), 2% € X(g), P € V(2®) nna

Tyers nocieaosarensiocrn crparernti {a#}, {g*} exomrren coorser-
crwenio k 20 1 4. Toraa (2°,3°) — CHIyaNA PABHOBECHSL, HOCKOTBKY A1

(2°,4°) cnpaseamiBa crcTena BKTouennii (9.1) (CM. 10KA3ATETBCTEO TeOpe-
bt 2.2). Oamako nocaesosarensuoctn {2}, {y*} exomsres ne veeria.




23. Свойства ситуаций pавновесия в смешанных стратегиях биматричных игр.

[image: image116.png]Tepeiizem K cymemannbiM pacuupennaym Guvarpuunex urp I, 3azasae-
MBIX MATHIANE
A= (aij)mxn, B = (bij)mxn-

CMellanible CTPATEruH HIPOKOB 316Ch TAKIE JKe, KAK U B MATPUUHO Hrpe:
p € P, q& Q. Oxugaemple BHIHIPBIIIT HIPOKOB —

Pty Bp,a) =Y pibyds.

=





[image: image117.png]B pesy/ibTaTe IOy CMENIAHHOE PACIIMPeHHe GHMATPHUHOI HrDhI

T=(P.Q.Alp.q), B(p,q))-

Crryanm pasnosecus urpsi T Gyer HASHBATH CHTYAIINI DABHOBCCH B
CMeIARHEIX CTpATernAX (1M CMeNAHRL papoBecusy 10 Hay) nexon-
woii urper T.




[image: image118.png]Jlesmsa 10.1. st toro arobe curyamust (p°,¢°) Gbiia curyanueti pas-
HOBECHS! B CMEIIAHHBIX CTPATErHAX GuMarpuinofl mrphi T, HeoGXommo
JIOCTATOYHO, UTOGHI BBLIO BHITIOTHEHO YCIOBHE

A(i,0%) < AG°, "), .
B(p,j) < B0 ¢"), j=1..,n





[image: image119.png]Teopema 10.1 (cBoiictBo JomonHsomeli Hexecrkoctn). Ilycrs

(p°.¢°) — cnTyanust paBHOBeCHS B CMENIAHHBIX CTPATErHAX OHMATPHIHON
urpst . Torga
p >0 = Al ¢°) = A’ ¢);

2)¢) >0 = B(p°j)= B ¢").




[image: image120.png]Caedemeue. Hyers (p°,¢") — cnryauns pagnopecus B CMeIIAHHBIX CTpa-
rerwsx Guvarpusioit urpst I Toria
1) A(i.q°) < Ap°,q°) = p{ =0;
o 3o o0 _
2) B, j) < BGP.q®) = ¢¢ =0.




24. Решение биматричных игр в смешанных стратегиях.
[image: image121.png]Teopema 10.2. Lz toro urotet curyauus (p°, q°) Guina curyauneii pas-
HOBCIHS B CMOIIARKBIX CTPATrHsX GUMATPIIHOM urpbl I, H00X0/1MO 1 10~

cratouno, wrodt namcs auoxectsa X0 C X, Y0 C Y uucaa vy, vy, st
KOTOPBIX BHIIOIHEHEL YCIOBI

3 ayg) =n Vie X, S b= Vjeve,

jeye €X0

> aygd <o Vi X, (10.1) Exnpfbu < Vi ¢ Y°,(10.2)

=0 i€

01 o Vieyo P=1,p0>0 VieXO.
T =1¢=0 VjeY" Copi=1p= i

jere iexe




положим

[image: image122.png]v = A(p° %), va = B(p°,¢°), X°

PeX|p!>0}, YO ={jcY|q >0}




[image: image123.png]Teopema 10.3". B moGoii Gumarpuunoii urpe I' s nexomopoii curya-
i pasuosecns (p°,¢”) B CMEIIAHHLIX CTPATEIHAX HAMIYTCS TAKHE MHOMKe-
crea X C X, Y C Y u takue uncia vy, vy, 4to Bhinosnenst yeaosus (10.1),
(10.2) m | X°| = [Y°|.




[image: image124.png]PaceyoTpin aIropuTM NOHCKA CHTYAIHil PABHOBECHST B CMEITAHHEIX CTPa-
Terusx. [lepeGupaem KBaJpaTHbie TOIMATPHIIBI

A= (ay)iexejeve, B = (by)iexojern

1t peraen cucrensr ypasteruit i3 (10.1),(10.2). Ecan pemenis stix cucrenm
poie X0 v g, j €Y, v yaoBAeTBOPAIOT HepaBeHCTBAM 3 YCAOBHiT
10.1 u 10.2, To, nobarasia kommonentsl p; = 0, i ¢ X° ¢; =0, j ¢ Y°,
noyumy cnryaumo pasrosecns (p°, ¢%). 1s reopemsr 10.3” Bhitekaer, uro

yepes KOHeUHOe YHCI0 MAr0B AJATOPHTM MPHBOIHT K CHTYAIMH PABHOBECHS.




25.  Решение игры Г1. Равновесие по Штакельбергу.

[image: image125.png]3J1ech MBI PACCMATPHBACM HIPBI JBYX JIHI, B KOTOPBIX HIPOKH TPEZK /I
deM Beibparh crparerni r € X, y € Y, npeasapuTelbHO 0GMEHHBAIOTCS
uncpopyanueli o cEoux BHGopax. TAKOIO Pojia HEPH ONHCHEBAIOT B3AMMOeii-
CTBHE Me2K/Iy BePXHUM H HIZKHHM 3BeHbSIMH yIDaBJIeHHs (HAYAILHHKOM I
TOIYMHEHHBIM, IEHTPOM H TIPOM3BOJNTE/IEM NPOAYKIMH H TIL) U Ha3blBa-
10TCs uepapruteckum. BYeM CulTaTh, U0 nepBbiii HIPOK OCYIIECTBIET
VIpABJIeHHe BIOPEIM HIPOKOM i Je1aeT CoGIIeHIe TepBLIM.





[image: image126.png]PaceMOTPHM HCXOIHYIO UIDY ABYX JIHIL B HOPMaIbHOfl opme

T = (XY, F(z,y),G(z,y)), na ocrose koTopofi 6y 1en CTpoNTH Hepapxiic-
ckue urpel. [Ipi 510M Hac GyaeT HHTEPECOBATL HAIIY NI TAPAHTHPOBAH-
HBIii Pe3y/ILTAT (BRIUIPBIIT), KOTODKI MOMKET NOYUHTE B UIPe TepBhiii Hr-
pox. B anmon maparpacbe npemonaraetca, uto dbynkuan F(z,y) u Gz, y)
HeNpepLIBHEL HA NPOH3BECHIH X XY KOMIAKTOB MOTPHYCCKHX IPOCTPAHCTE.




[image: image127.png]Urpa I'y. Tleperiit nrpok eeiGupaer crpaternio x € X u coobmaer ee BTo-
posy. Batem Bropoit nrpok prGupact crpatermo y € Y, 3uas . Tpu srow
Gy /oM HCHOTB30BATE CXEMATHUHYIO 3AMICE T—y. CMBICT 1006HEX coobme-
HItll OUEBILICH B TeX CYMAsX, KOLIA HiTepeck Hrpokos Gk, Hanpisep,
CCI BB POMIITIL ¢ KeM-HUGY1h BCTPETHTHCA, TO COOIIACTe, Ky 1 pijie-
re. Urpa Ty aBIsIOTCS HeAHTATOHUCTHUCCKOH 0HOMATOBOM HIPOH ¢ NOMHO
undopmanueit.




[image: image128.png]DKOHOMHUYeCKAsl HHTePIpPeTalus: Nepeelii Hrpok (menTp) coobmaer Bro-
POMY HIPOKY (IPOH3BOIHTENIO MPOAYKIMN) [eHy T Ha NpoAyKimio. Bropoit
UIPOK BBIIYCKAET MPOAVKIMIO B KOJIHYECTBE 1, 3HAS ICHY T.




[image: image129.png]Tosesno samucars urpy Ty B nopmansnoii dopnme. Bropoit urpok ue-
nomayer crpatermu pita g+ X — V. MHOKeCTBO Beex TaKiX cTpateruii
oBosmatm wepes {g}. Tora

Ty = (X, {g}, F(2,9),G(z,9)),

def def,
tie Flz,9) 2L F(z,g(2)), Glz,9) LG, g(2)).

Hatisiem namty il rapantuposanmbiii pesyasrar Fy nepsoro urpoka B
urpe T'y. TIpeamotosin, T0 BTopoit HrpOK, 3Has 7, BHGHpACT

y € Y(z) = Argmax G(z,y),

vey
. MAKCHMU3HDYeT RO yHKWHIO BHErpsma G(z, y). Tlepraft Hrpok 3na-
T YHKINIIO BEIDHIIIA BTOPOTO HrPOKA, €My TAKHKE M3BECTHO, 9T0 BTOpOH
6y/1eT BHOHDATS CTpaTerNIo N3 MHOKecTBa Y (2), HO OH He 3HACT KOHKpET-
Horo BeGopa y € Y ().

Beawsmma IV (z) = win F(z,y) masswactcs ouewsoil sfexmuerocs
yEY (z)

(FApANTHPOBAHHLIN De3yIHTATOM) CTpATEr I .
Bameriy, w10 Mmowectso ¥ (x) — Henyctoe u anseTcs Kosmakrom. Cire-

AOBATELIO, IR OCTHIACICA Il NANLY Il rapANTHpoBANILl pesyititar
¥EV (@)
HMeer BiL




[image: image130.png]Fy =sup min F(z,y).

zeX ¥EY (@)
Onpedeacnue. Tlyers saano = > 0. CTpaTerns nepsoro mrpoka ° Hasni-
Bactes e-ontmvansHol B urpe Ty, ecan W(2°) > F — e
B 1atbieiimen MEl IPHBe/eM TPHMED, B KOTOPOM SUP He J0CTHIACTCA.

zeX
Peutut, urpy Ty — 510 suaunt naitru peammy Fy i s-onTmmatbuyio crpa-

Ternio ° npu 3aganHoM £ > 0.




[image: image131.png]Onpezenny reneps pasrosecue no HImareavbepey urps T'y. Tonoxm

V() =Atg mass Flz,y) - MHOACCTRO NALIYIIIX OTBOTO BTODOFO UIDOKS,
yeY (z)

G1AT0KEATE ILHBIX 110 OTHOLICHIIO K TICPEOMY.





[image: image132.png]Onpedeaenue. Curyanus (z°,y") HaspiBaercs pasnosecuesm no lmaxeav-

Gepey, ecm
2% € Argmax max F(z,y), y° € V*(«°).
zeX yeY(z)





[image: image133.png]Bjiech npenonaraeTes, 4T0 BTOPoii HIPOK, MOTYIHB HHDOPMAIIIO O =, He-
no/B3yeT CBofl HaIy il OTBeT, GIAr0AKeIATE BB 110 OTHOMICHHIO K P~
BOMY HIDOKY.




26. Теорема Гермейера о решении игры Г2.

[image: image134.png]Hrpa Ty. [eppiii nrpok nepe/i BHGOPOM T HMeeT no/Hyio uubopMario
06 y. On XOUT TepBEITi 1 COOGUIACT BTOPOMY HFPOKY CTpATerTio Buia f :
Y — X. Muoxectso neex Taxix crpateruii obosuamm wepes {f}. Cxena
coobmennti B urpe Iy : f =y 2 2 = f(y).

DonoMmtecKas mTepnperans: f(y) — BeANINHA HpeNMI, oGemac A
LEHTPOM 32 NPOW3BECIHIYIO TPOYKIO Y.

Haiijtent BHpa)eiie AT HAIIYHIICro rapaNTHPOBAIIOro pesyibtata Fy
nepBoro urpoka 1 urpe Ty, TIPEANOOAKIN, 14T0 BTOPOfl HIPOK, 3Hast f, BHGH-
pact y 13 smoectsa ¥(f) =Argmx G(f(v). ). Muowecrso Y(f) soser

oxasaThes myeThi, ecan bynkmms f paspwisna. B cryuae nycroro Y(f) 6y-
JIeM CHHTATE, 4TO BTOpOIi HFPOK MOKeT BHOpATH 06y10 cTpateriio y € Y.
Onpeenn MHOKECTBO

vy = {X 01 YU #0

Y, Y(f)=10.

B GeAANNbIX HPEANoI0MKeHIX BIopofi HEPOK BrGHpact y € Y (f) u onenka
sdbexrupioctu crpatermn f 3aaercs dopuyoit
W(f)= inf F(f(y),9)-
(f) = dnf F(f(w).v)
Hamy il rapanTpoBannbiil Pe3yIbTaT IepPBOro HIPOKA HMECT BHJ
F=sup inf F(f(y),y).
fel{fyveY () ( ( ) )
Onpedeaenue. Tlyers sazano & > 0. Crpaterns f* nasusaercs
-ontumambuoit 5 urpe T, e W(f<) > Fy —c.

Touck permib Fy 10 yKasaunoft opaysie BechMa cIoken, TaK Kak
CBA3AN ¢ pelIeHIeN ONTUAIBAIIONHON 3a1atn Ha Muozkectse yukuii {f}.
Mt sautee ypoctint dopyy s Fy Takin ofpasom, 1ol ontususas
Besach 10 HexoAHLM MHoKecTBaM X 1 Y.




[image: image135.png]Gy = max mi)!() G(r,y) — HAMIYUIINH TAPAHTHPOBAHHEL Pe3y/ILTAT BTO-
vV xe

POrO HIPOKA MPU YCIOBHH, 4TO IePBLIl IPHMEHseT 0 OTHOMICHHIO K HeMy
crpareruio "naxasanna’ {1+ f(y) €Argmin Glz.y) Yy € Vs
b

E —Argmaxmip G(z,) — MIOKCCTB0 MAKCHMIIILX CTPaTer i B10poro
HIpOKa; v N
D={(z,9) € X x Y | Glz,y) > Go};

sup Flz,y), D#D,
K = { @yeD
—o0, D=1

M = mip ma F(z ).




[image: image136.png]Teopema 11.1 (Tepmeiiep). B cieianubix npeAnosioKeHIsX HALLY -
il rapARTHPOBAHHKI PE3YJIBTAT TEPBOTO Hrpoka B Hrpe [y pasen
Fy = max[K, M].





27. Задача многокритериальной оптимизации и условия существования

      парето-оптимальных стратегий.

[image: image137.png]B sanmoil riase npenosaraeTcs, 4To HMEeeTCs OjIHe
Ao, npunusaousee pewsenue (JITIP), piGupatoniee crpatermio @ € X. Tps
STOM BO3MOKHO HANMIHE HEONDEIeIeHHOCTe].



[image: image138.png]SJeCh Y [IepBOro HIrpoka HMeercsa OJMH KpH-
TepHil OLEHKH HCXOI0B — ero (hVHKIMS BBIMIDBIILIA.



 [image: image139.png]umeerca oauo JIIIP, no crparerns = € X oueHupaerca He CKaIADHBIM, a 6€K-
moprviar xpumepuest W(z) = (Wi (2), ..., W (). Tpu 910M Kascawiii wacmmni
Kkputepuit W, () Keareino MakcuMusuposath. Eem 1o evpiey 9101 Kpute-
puii JKeJIaTeIbHO MHHHMI3HPOBAT, TO €I0 MOYKHO 3amenuth Ha — W, (z). Urak,
HEOUPEIEICHHOCTH 3/16Ch BHIPAKACTCH HeACHOCTHIo et JITTP (HecKoIbKo Kpit-
repies).

Bajiaua MHOLOKPHTEPHALHOM ONTHMIALIN 3AKTI0aCTCH B BhIGOpe = € X
npu Hamaun sextopHoro kpurepus W(z). Kakyio crparermo z € X cieiy-
er suGupars JITP ? Otser ua 3101 Bonpoc He npoct. Jeiio B TOM, 410, Kak

npaniio, e cyuiectayer erpaterii 20 € Argmax Wi(z), i = 1,
ma




 [image: image140.png]IIpu pertenny MHOrOKpUTEPHATILHBIX 33/1a4 UCIONB3YIOT CTPATErHH, ONmu-
manvue no Hapemo.



[image: image141.png]Onpedenenue. Crparernss x° € X maswiBaerca onrumaibhoii no Ilapero,
eci He cylmecTeyer Takoit crpatermn x € X, uto Wi(z) = Wi(2®), i =1,..,s,
11 X015 bl 0JHO HEPABEHCTBO BHIIOMHEHO Kak cTporoe, T.e. W (z) # W(a?)




[image: image142.png]Mruoxecrso Beex ontumanbubix 1o Ilapero crparernii ofosnauny uepes
TI(X,W). B pacemorpenton npuvepe II(X, W) = {a!,2%}. Orserny npocroit
cnoco6 nposepki ontuvaabHocTH 1o Hapero crpaternn . Hyers Y = W(X)
— MHOKECTBO BeKTOPHBIX OLCHOK, OTBEHAIONINX BCEBOMOAKHBIM CTPATETHAN
2 € X. Capuraen neorpunaressusiii oprant B = {y € B, |y; >0, i=1,...,s}
epkan0Ba npoctpanctea E° B touxy W (z). Ecan capmyhiii oprant (Bkmodas
€0 TpAHHLEL) HE COACPAKHT APYTHX BeKTOPOB, kpose W (z), To € TI(X,W).
Boaee opyatbo yeaosie ontuvabHocti 1o [lapero s crpaternu @ 3ami-
cumaercs B puge (W(z) + B)NY = {W(z)}.




[image: image143.png]Teopema 3.1. ITych X — KOMIAKT METPHUECKOIO NPOCTPAHCTEA, A HaCT-
sbie kpurepun W (2),i = 1, ..., s, nenpepnisip na X . Tora vuosecrso (X, W)
He mycTo.





[image: image144.png]Hokazarenbcrso. PaceMOTpuM ClieAyI01y0 c6€pmKy BEKTOPHOI'O KPUTePHs:
Fi(\x)= 3 AWi(),

4
=(A1,..0A) €

DY N=1,A>0,i=1,.,s}

—t




[image: image145.png]Takum obpaszom, MakcuMu3upys cBeprKy F1(A.x), MOXKHO HOIy4aTh ONTH-
sastbibie 10 Hapero crpatermt. Ho s seskoro m z € (X, W) IN€ Ao &
X1(\)? Oreer B oBieM CIyyae OTPHIATEHHEH.





28. Представление множества оптимальных по Слейтеру стратегий с

   использованием свертки типа "минимум".

[image: image146.png]Pacesorpuy apyryio ceeprky Fa(A,x) = min A;W;(x), rae A € A. IIpu ue-

nosb30BaI Y10l CBepTKU By/eM npeanonaraty, wro Wi(z) > 0, Vo € X, i =
1,....5. D70 He ABIAETCH OrPAHIMEHHEM OGLIHOCTI.





[image: image147.png]Teopema 3.2.(F0.B.Tepueiiep). ITycrs Bee uactubie kpurepun W, () nenpe-
PHIBHBL i HOJOKUTE bHbE Ha KOMIaKTe X MeTpHteckoro npoctpatcrsa. Tora

S(X.W) = reaXa(N). )




[image: image148.png]K coxanenuo, ne scerga Xo(\) C I(X, W




29. Hеобходимые и достаточные условия для оптимальных  по Слейтеру      

   стратегий в выпуклой многокритериальной задаче.

[image: image149.png]Jpyroii MOAXO COCTOMT B aHATHTHYECKOM METO/e MOCTPOCHUS MHOKECTBA
[I(X, W), KOTOpOe MBITAIOTCA 32/1aTh OrPAHHYSHHANH BILTA PABCHCTS HIIH Hepa-



[image: image150.png]BeHCTB. Takoii moaxo1 OCHOBaH HA UCHOJIL30BAHHE YCIOBHIl, KOTOPBIM JOZKHbL
yoBeBopsTh onTiMabHbe 10 Tlapero win Celirepy crpaterun. Tpusesies
NpHMEp TAKIX YCIOBHH A1 CIIyUas BODHYTHX KPHTEPHEB Ha BBIIYKIOM KOM-
nakre esK:I0Ba npoctpancrsa £,

Onpedeaenue. Tlyers 29 € X. Tosopsr, 410 Bekrop o € E™ 3a1aer B 1ouke
2 nanpasienue, gonycrumoe st MHOXKecTBa X, ecin Haiigercs takoe g > 0,
uro 20 4+ c2 € X s Beex ¢ € [0,29).

Tlo cublcty, ABUrasCh 13 T0UKH £° B HANDABICHIH @', MBI HEKOTOPOE BPEM:
6yem octaBarhest B MuoKectse X. MHOMKECTBO BCeX JOMYCTHMBIX B Touke 0
HanpasJenuii oGosnatny depes L(z).

Jlast 2°, Bryrpenneli Toukn MHOKectBa X, m060e HANpPABJCHHE ABIACTCS
sonycruybn. J1a IpaHIMHON TOUKH KPYTa Ha IVIOCKOCTH AOIYCTHMO J11060e
HanpaBJIeHIe, BeAylee BHYTph Kpyra. KacaTelbioe HAIDABICHIe J0TYCTHMBIM
He ABIAETCH.

0



[image: image151.png]Teopema 3.3. Ilycrs Bee uacrubie kpurepuu Wi(z), i = 1,...,s BoruyTsl
i enpeprizio Auepentupyessi 1a phnyKIoM KoutaKre X enkuiiona upo-
crpancrsa. Toraa s 1oro, arobst 2° ¢ S(X, W) Heobxommmo u joctarouno,
wroBht HalLIOCh Takoe AonyCTHMOe Hanpasente a € £(20), wro

(W!(2%),a) >0,





[image: image152.png]Tosromy Az crporo Boruy-
THIX KpUTEpHEB Teopeva 3.3 JaeT HeOGXOMUMbIE H AOCTATOMHBIE YCAOBH 1
onTHMATBHBIX 110 Tapero crpaTerii.




30. Задача принятия решения при наличии бинарного отношения.

[image: image153.png]Onpedeaenue. Bunapubiv orromenuer R na muoxectse X Ha3bIBAeTCH MO/
wimoxecrso R © X x X.




[image: image154.png]Bunapuoe ornomenue R 3j1ecb HHTEPIPETHPYETCs CIEAYIOLIIM 00GPa3oM: €
it (z,2') € R, 1o pas JIIP crparerns o yuie crparernu @/ (wi ne xyxe,
wen 2'). Buecro (2,2') € R 0Bbitno uenois3yior Gosee npoctyio samich @ Ra'.
Ecm (z,2') ¢ R, o Gysem micars zRz'.





[image: image155.png]BunapHoe OTHOIeHHE HA3IBACTCH:
a) pedekcupnbi, ec wRe ¥z € X3

6) antupedpexcusnbiv, ecin wRr Vr € X;

B) cierpumbid, ecmt 2Ry = yRe Va,y € X
1) acuwerpimbiy, ecu Ry = yRe e,y € X;

1) Tpamsntensn, ecan 2Ry, yRz = xRz Va,y,z € X
r) aumkauass, ectn Azl .., 2% € X : 2 R2?R...R2* Ra!.






[image: image156.png]Pacemorpum npumepel. 2 — GuHapHOe OTHOLICHHe CPABHEHHsl CTpaTeruit
110 BEKTODHOMY KDHTEPHIO B HeCTOrom cabicie (1o Tlapero) mwim B cTporox
cubice (1o Cielirepy). DTO TPAHIUTHBHEE, ACHMMETPHUHbIE OTHOMICHHSL.




[image: image157.png]Onpedeaenue. Muoxkecrso
C(X,R) = {2/ € X | 2Ra’ = 2/ Ra} (1)

nasbmaeres adpos Gunapuoro orHowenis R.
Tlo cumicay ecn 2/ € C(X, R) u 2 ne xye, dew 2, 10 1 2/ e xyxe, dem .
Ecaii Gunaphoe otnowenie R aCHMMETDHIHO, TO 5ADY MOKHO JaTh IKBH-

Bastentioe, Gostee y/106H0e Onpestestene:

C(X,R)={2 € X | BzcX:aRa'}. 2)




[image: image158.png]B kauecrse npuioxennus o0uieii 3a1a4u NPUHATHS DENICHHE T0CTABUM 3312~
Uy COKpAIIIeHIs MHOKECTBA ONTIMATbHbIX 10 Tlapero crparermit TI(X, W) na
ocHoBe sKcnepTHO# Hidopmarn. Momxon 6eut npemoxen B.B.IloguHoBcKHM.




31. Метод сужения множества парето-оптимальных стратегий на основе

   информации о сравнительной важности или равноценности критериев.

[image: image159.png]leneps nposejieM HEOOXOAUMYIO (POPMATH3AINIO. DY/1eM NOBOPUTh, UTO 4acT-
ke kputepin W () w W; (@) otnoponss, ecmn max Wi(x) = max W, () n
P ze

2) u Wj(z) nmeior o1unakossie

(@) = min W; (), 0 ectn kpurepim W;
se

min 1
zeX
Jlianazons wiNienenus.
Eca kputepun Wi (x) u W, (2) He ABIsIOTCH OIHOPOIHBIMI 1 He ABIAIOTCH
KOHCTAHNTAMIL, TO 1X MOXKHO CACIATS OHOPOHbINI, 3axenis kputepuit W (z)
na kputepuit aW; (2)+ B, te a > 0 u 3 coorsercryionm o5pazom no106pat-

Hble KOHCTAHTBL.





[image: image160.png]Tlycrs I = {1,...,s} — muOxecTBO HOMepoB Kpurepuen. Mudopmanus or
JITIP 0 cpasuite:tbHOli BAXKHOCTH Wl PABHOLEHHOCTH KPHTEPHCB 3A1aHA MHO-
aectani Ay, Ay © Ix I Baech Ay — MHOAeCTBO Hap (r, t) HOMEPOB PABHOLEH-
HbIX KpTepien, Ay — MHOKECTBO TakiX map (1 t), 4o Kpurepuit W, (x) saxnee
kpurepus Wi (z). Ay u Ay MOKHO PACCMATPHEATE KAK GHHADHbIC OTHOMICHHH HA





[image: image161.png]I : Ay — orHOMIeHHE DABHOLEHHOCTH KPHTEpPHEB, a Ay — OTHOLIEHHE HX CTPOrOro
npenoutenus. ECTeCTBORRO HPEATIONORITD, UTO oTHOLIeHIE Aj CHMAMETPIUHO
I TpAHBHTIBHO, OTHOUIeHHE Ay ACUMMETPUHO i TpansuTBHO. Midopyats,
BLIpakKennas B Guuapubix orHomenusx Aj u Az, I0IKHA GbITh HENPOTHBODE-
\IBOI B TOM CMBICII, UTO HEb33 HOCTPOHTH LENOuKy Bita rBitBy...Byr, tae
B, = Ay uan As u ne aan seex i B; = Ay. Hanpuvep, ecan undopmanus
HENpOTHBOPEUHBA, TO HEJlb3s HOCTPONTH Lenouky sua 14124534, 1.

Henpotusopeuusocts skcreprhofi uidopMsatiii MOKHO 3a1aTh CIeAYIONIz
cnocoBom. Onpesestnyt na Muoectse I Gunapioe ornouenie: rdt BHOANCHO
TOIBKO B TOM Clyuae, KOIA CYIECTBYeT uenouka ioByiiBa....Byiy, tie iy =
P, ik = t, a kaxaoe Guuapuoe otnoueme By, | = 1,..,k, pasno mbo Ay,
60 Ag 1 cpea HIX ecth 10 Kpaiiteit oo oromenue Az, Herpyano susers,
wro Gunapuoe orHomenue d Tpansurusio. Henporusopeunsocts undopyatun
coctont B T0M, T GunapHoe orHoenue O antupedyeKcHBHO.

B enkiin o8 npoctpanctse B BeKTopHBIX oueHok y = 11
caesyolIe GHHAPHBIE OTHOMICHHS,

Otnowene Tlapero —

(z) onpesemi

P={(yy) e B°x E" |y, 2yl i=1,.s, y # 4}

Jlnst mapst (r,t),7 # ¢ 1 BeKTOpa Y BBEAEM BeKTOp y'*, MOyUeHHbI U3 Y nepe-
CTanOBKOI 7-ii 1 t-1i KOMIOHeHT.

Tlycrs rAt. Onpesiesiny Gunaproe oTHowenue Sy a B : yS,z & z = yt.
Ecan kpurepuu W, u Wy pasuouennst s JIIP, 10 1 BeKTOpHbIE OLEHKU y i
 PABHOLEHHBL /151 HETO U Y Syez.





[image: image162.png]Tycrs rAst. Onpeaemn Gunapnoe ornowenne Ty : yThz < 2 =y, y, >
e Tlo enbicity ecnut r-fi Kputepuii npenouTHTebHE] (-0, TO OLEHKA Y Hpe-
nourirensredi g JIIP OUEHKH 2, HOCKOIbKY 110 Go/Iee NPEIOUTHTENHOMY
KpuTepuIo 3nateHie GobILe B OlEHKe Y.

Onpeesn, nakonen, pesysrupyiotee Gunapoe orrowenie R : yRy', e
I cymecTByer Takas nociegosarenbnocts 20zl 2k o y = 20, ¢ =z
w 2P Hoz'Hy .. Hy_17*, tie Gunapusie otuowenus H, € (P, Sy, : rAt, Th :
At} 1 npu 51oM e Bee Hy = S,¢. B 910M cityuae Gy/1eM rOBOPHTS, 410 HOCIe-
sosareasrocts 20,21, .., 2F caspiBaer BekTOpHBIe OueHKH Y 1 Y

Jlemma 1. Bunapuoe orHomenue R — TPAHIHTHBHOR M AIMKIHYHOE.




[image: image163.png]Tycrs IX, W) = {2!, 2™} n I(Y) = {y' = W(2'), i = 1,...m} —
cootBercIByIONEe BeKTOpHbIe onenKu. 3aady cysenns roxecrsa (X, 1)
MO0 chopuypoBaTh TaK: Tpebyetca maiirn apo C(I(Y), R) Gumaproro
ornomennn R ua woxecrse TI(Y). Tockombky otHomenie R atukimaso i
Tpam3nTHERO, A MHoAKecteo 11(Y) Korewro, To sapo C(II(Y), R) me mycro.




[image: image164.png]UcHOBHas#A 3aja4a 3/1eCb COCTOMT B CIeaylomeM. [Jid JBYX BeKTOPHBIX OLe-
HOK 1y TPeBYETCs BLUICHHTD, CBA3ANLL I OHH oTHOUeHEM R. B uactibix
CVHAAX 9TA 3A1a4a PELIACTCS HECIOKHO. PACCMOTPHM TPHMEpDL.




[image: image165.png]1. ITycrs Bee vacTHble KpuTepun papHoueHHsl, T.e. Ay =1 x I, a Ay = |
10661 CPABHITL BEKTODHbIE OUCHKH Y 1 Y/, HYXKHO CHAUAA YIODHIOUMTD HX
KOMIIOHEHTBL, & HOTOM cpaBiTh 11X 110 [Tapero. Boitee (hopumatbio, onpe e
Bextop 0(y) € B¥, 06pasoBanibiil 3 KOMIOHEHT BEKTODA Y, PACHOIOKEHHBIX 1
HopsiKe yObBanus:

O1(y) = b2(y) = ... = O.(y).




[image: image166.png]Bneck 61 (y) = i — HANGOMBINAS KOMIOHEHTA BeKTOpa Y, a 0, (y) =

mi

— HAMMEHBLIAs.

Jemma 2. Ecom yPy', 1o 0(y)PO(y').




[image: image167.png]Ymeepoicdenue. Ecmm Ay = I x I, 10 yRy' BLIIONHEHO TOTA I TONBKO TOLIA,
oraa 0(y)P(y').




32. Задача сравнения управляемых динамических объектов
[image: image168.png]HMunamuueckuii 06beKT 3a1aercs cucTeMoil obbikHOBeHHbIX uddepenii-
aIbHLIX ypaBHeHuii

2= f(z,u,2), z(to) = 2°, O]
e z € Z(z) = {z € B™ | gj(2) < wj(2), j = 1,..,1} — pexrop dazosbix
nepemenbix, © € X — BeKTOp KOHCTPYKTHBHBIX napamerpos (crpaterus JIIIP)
uu € U — ynpasienne.





[image: image169.png]K rakomy Kiaccy 06beKTOB OTHOCATCS JIeTATe IbHbi alllapat, poGoT-MaHHIYIATOP,
seKTputteckas ern 1 1.1, BOMHKACT BONPOC, KAK CPABHITH ABA BAPHANTA T 1
2/ KoHCTpyKiil AHAMIHECKOH CHCTeMbI?

Tyers H — snoxectso 8 ™. Obosnaunm uepes convH Bhitykiyio o6o-
Jsouky MuHokectsa H, T. €. nepeceueniie Beex BRUIYKIbX Muoxects w3 B,

comeprantix moxkectso H. Boimykias obonotxa convH npeicrasiser cooit
k
COBOKYIIHOCTH BCRBOIMOAKHBIX BLUIYK/IBIX KoMGHHALMI Bita 3 A7, r1e
=1




[image: image170.png]



[image: image171.png]Crnpase/iBo ciejyioniee yTeepz/ienne: BbllyK/las 06010uKa KoMnakta & E™
ABISCTCH BBITYKIIBIM KOMIAKTOM.




[image: image172.png]Pacemorpum MEOKeCTBO

Gla, = V8 conv(F € B | £ = f(zu

convf(z,

,ueU}




[image: image173.png]— BBIIYK/IYI0 0001104Ky 6exmopozpammui f(z, U, x) npapoit yactu cucremst (1).
B pambuelinien npemonaraetcs, wro dynkuus f(z, u, ¢) nenpepbisia, a U —
KoMmaKT epKmoBa mpoctpacta. Torta sextoporpania f(z,U,z) — Kou-
naxr, a G(z, 7) — BeyKBd KosmakT B ™.

Onpeemnt Gunapioe oTiomeIe
2Rt & G(z,2) 5 G(¥/,2), ¥ 2 € Z(2) € Z(x). ©)

Uity urusio scHo, 4o ofbet = 01ajaet GOAbIMMH AMHAMUHECKIMH BO3-
MOAHOCTSMIL, e 00BeKT o', DTO 03HAMACT, UTO YHPABIIHH OGLEKTOM T, MOAK-

HO HOMTY T BOIEe HIHPOKOE MHOKECTBO TPACKTOPHI, UeM yIpatsts 05LeKTOM
‘1
2.




33. Математическая модель операции.
[image: image174.png]B srom u cenyiomen naparpacdax nznaraercs noaxon F0.B. Tepmetiepa k
HOCTPOEHIIO 1 HCCIIEOBAMINO MATEMATIHECKIX MOsieIeli onepayui, 3iiect co-
xpasienst ofosnatenus, ucnotssosammsie 5 kiire 10.5. Tepuefiepa.

Oliepalius — 510 COBOKYIHOCTI MepONPHITHI, HAIDABICHHBIX Ha JOCTH-
JKenite HekoTopoit e, CoBOKYIHOCTH Ut (I OJIHO IO, CTPEMSIIXC B
olepaIIIH K HOCTABICHHON e/ Ha3LBACTCs onepupylowet. cmoponoti. B onepa-
LU MOTYT yUACTBOBATI APYTHE JIHIla, HATIHME] TIPOTHBHUKIL, HPeCIeiyIolie
coBCTenibIe e/, He COBIAAIONI ¢ Iebio onepupyomel croporst. BuyTpu
orepHpYIOIelt CTOPOHbI BHUIEISTCs IO, Ha3biBaeMOe uccaedosameert one-
pavuu. TesieoBate 1 Oepalluil HPece/yer Ty e I1ejTh, To i olepupy omas
cropona. OjiiaKo, Of He HPUHIMAET OKOHUATETHHBIX perennt. Ero saaua co-
CTOT 1 OPMHPOBANIII I 13y TCHIH MATEMATHUCCKOl MOTE/H OePAINII 1 Bbi-
paGorke pexomenamif 110 BeIGOPY criocoGom feficTeuit (crparernit).

Otiepupy 0I1as CTOPOHA 15 JIOCTIDKEHI eI ONePAIUI HCIOTh3YeT ax-
muenwe cpedemea (pecypent). B KauecTse pecypcos MOTYT BHCTYIATE JeHbIIL,
CHIpbe, 3AIIACK! IPOYKIUII I TIL




[image: image175.png]Konmpoaupyesmwvie @axmop. — 5710 BeIMUHb], BHIGOD 3HAYCHHH KOTOPBIX
onpeelsier IeficTBHe OnepUpyIOIeli CTOPOHBL B PACCMATPHBAEMOl OIePAIHIL.
OBbrumo mveetest BekTop Komtpompyembix dakropos = € Mo. 3necs Mo —
MHOJKECTBO BCEBO3MOKHBIX 3HAUEHIH, KOTOPBIe BeKTOP 2 MOJKeT IPHHIMATH B
Ipottecce nposestenust oneparis, ByiGop onepipyoriteli cropoHoft KOHTpoIpY-
entbix dakTopos oBbIO ocymecTBeTes Bo Bpenen. TTpu 510 Hoctynalomasn
incpopmanust 06 0BCTAROBKE, B KOTOpOH POHCXOIIT ONEPAIII, MOKET Cylile-
CIBEHHO ACHINPATE BOSMOXKHOCTH BhiBopa KonTpospyembix axtopos. Ecim
BooBinie miKakofi HHOPMAIIII He HoCTyHAeT I HocTynalomas HHdopMaNst
He yUUTBIBACTCH, TO ONEDUPYIONIasi CTOPOHA MOKET BHODATH 1 Peali30BATH
suoboit pextop = € Mo. Bekropsi @ € Mo Gytem Hasmpars crparermsini-
KoHcTARTAMIL PACCMOTPIM TIPIMEDEL





[image: image176.png]Heronwmpoaupyesvie $axmops. 510 BeJIMTHEBL, BIHSIONHE HA HCXOJ Olepa~
1, 1O BHIGOp 3HAUCHIN KOTODIX He HAXOIHTCH B PACTIODAKCHIH OePUpY-
fomelt croport. Hekonrpomipyensie dbaxtopsi sesites 1 neonpedeacnnsie i
cayuaiinoe. Heonpesiesiennbie baktophi 310 Takie HekonTpompyenbie dbaxro-
DBI, LT KOTOPIX IBBECTHA I 0BIACTH HX BO3MOAKHBIX 3HaueHni. TIycts y —
Bexrop neonpeesenibix daxtopos, y € No, nie No — MHOKECTBO Beex BOMOK-
b1 3atenmit g y. OJHAKO, OIepHPYIOAN CTOPOHA OBBITHO HPEATOTATaet,
IO BeKTOp Y NPHHANIEKNT HeKoTopolt oGaacmu neonpedeaennocmu N C No.
Hanpimep, Ipu anajiise MaxMaTHO NAPTIH MOKHO HCKJTIOMWITH 3ABEIOMO Lily-
Itbte xopbt poTuBHuKa. PucK, casamibii ¢ npeonoxenen y € N iomkia
B3sTh Ha ceGst onepupyiomas cropona. Heonpeeenibie baktopsi jemires na
caenytomue:

&) KoHTpoHpyeMsie haKTOpH NPOTHBHIKA (ero crpateriir),

O s —

B) bAKTOPEI, XAPAKTEPH3YIOIIIe HEsICHOCTD LeJH ONePHPYIOmetl CTOPOHBL.




[image: image177.png]Cayuatinvie gaxmops. 310 cIyvaiiHble BeJIIHHBL, BIHSIONIIE HA HCXOJ Olle-
pawus. Bexrop cayuaitusix dakTopos oGosnaum wepes » € Z. Iyers 0 — sakon
pacnpesenenis st z. O MoKeT GHITh TOYHO He W3BECTeH, A W3BECTHO JINIIb,
10 f € ©. MiozecTBa © BCTPeUAIOTCs JBYX OCHOBHBIX BILIOB:

1) © = {6, a € L}. 3uecs Tt 3aKona pacnpesiesienis isBecTen (HOpMah-
HBIHf, 9KCIIOHEHIMAJILHEL 1 T.I1.), HO HAPAMET (v, OIpe e IO KOHKPeTHHL
3AKOH, TOUHO He H3BECTEH.

2)0 = {0, |a; < fa 2)d6(z) < @,
FeHUs HENSBECTeN, HO H3BeCTHbI OPAHIMEHIIT Ha, ero HATErPATBHbIE XAPAKTe-
pucruki. Hanpunep, ecnn 2 € E1, a;(2) = 2, 10 © 3azaer orpanmuenus na
MOMEHTHI Iy UaifHOH BeJIHIHHDL 2.

.1}, Tun saxoma pacnpese-





[image: image178.png]Kpumepuii aipexmuenocmu. Vexon oneparin 6y 1em OTOAIECTRIATH € TPOTi-
kol (,y,z) € Mg x N x Z. Crenenb cOOTBETCTBHSI HCXOJa ONEPAIUH IIOCTAB-
JeHHOM TMeJTH 331AI10T ¢ MoMOTTBIO KprTepust cbdextusrocT F(x, y, 2) — bymK-
1, onpeesenmoit ma Mo x N x Z. Kparepuit sdbexTHBROCTH MaTeMATHTeCKT
3aMaeT TIeTn omepamH, ByJieM CUNTATS, UTO OMePHPYIOMAN SANHTEPECOBANA B
yemmaenmn snaverna F(z, y, z). lpavep kpirepus sddexTnsroctn — dynk-
st semTpEmA F (7, 7/) TepBOro HTPOKA B ARTArORWCTIIECKOH TTpe.
Cmpamezua. Mogens onepammm mceeyercs o ee mposerenms. Bygen
VCIIOBHO TOBODHT O MOMeNme uccaedo6aHA, TPEAIECTEYIOeM HAATY Olle-





[image: image179.png]pam:

i i l ;)ﬁopnau.ﬂﬁ o nexonTpomMpyembD:
Topax
T T ~t
necnenonamz omepatin onepatiun

Bo Bpemst IpoBe/ et onepaiiit Hoctyaer michopMAIIs 0 HEKOHTPOUPY-
entbix dpaxropax. Hugopsaruonnasn zunomesa — 510 TouHoe oNICaNHe HOCTYIl-
stenust stolt uncpopan.

Crpaterust 570 BLGOp 3HAUCHI KOHTPOTIYeMbX BAKTOPOB B 3ABHCHMOCTIL
ot noctynaiomelt midopmar o HekonTpoipyebx daxropax. Maremarie-
cxut erpateri sagaercs ynxiedt & : N x Z — M. Tyers M — mnoxecrso
crparernit, orseuaiomx uudopsatmonnolt runorese. Crpaterus ByGupactcs
110 HAUATA ONEDAIIII B MOMEHT HCCIIEOBAMIL.





[image: image180.png]OKOHUATe/TBHO MOJIe)Ih OTIePAITH 3a/1aeTcsi HAGOPOM 0GBHEeKTOB:

m
=

e

F(z,y,2), re Mo, ye NCNo, z€ Z, 0 €




34. Оценка эффективности стратегии /в том числе смешанной/ в операции.
[image: image181.png]Kax cpasrnpars crparernn? Kakue crparernu 5 onepaiun ciejyer CauTars
ontuvasusinn? Toxon F0.B.Tepuetiepa coctonr 5 ceayiomen. Crataa s
Kkauuoft crparernn & € M onpenensietcs oyena afexmuenocmu 1
ocHoBe puHIIIA 2apanmuposannozo pesyavmama. To cwbicry T
Topast TAPANTHPOBANNAsL BeIIHHA KPUTepI,





[image: image182.png]Onpedeacruue. Crpazeruz 3 (@)
def

FL(M). Tociens pemuma HASBIBACTCS HAUAY WM 2aparmu-
PobanHmM peayavmamont.

€ M naspiBaetcs onmumanvoil, ecyn VW





[image: image183.png]Buisesiem dopmyay juis onenku sddexrusnoctu crparerun. Cruemaenm cie-
ytome npenosioxent. Tyers y — 6o NPUPOHAs HEONPE/IeIeHHOCTS, -
6O CTpaTeris NPOTHEHMKA, He 3HAIIIEr0 PeaI3AI CIIyYaliHON BeJIITHHEL 2.
litepect! npoTiBiiia 160 NpOTHBONONOAKIb HHTEPECaM OllepHpYolieli ¢1o-
potbt, 1160 He u3BecTHbL, OHePUPYIOMAs CTOPOHA PA3PEIIaeT 0Cpe/IHenIe Kpii-
TepHust 1O CJIyYalHOCTSIM, T.e. ICHO/Ib30BAHNE OCDEIHEHHOTO KPHTepHs




[image: image184.png]F(i,y,g)dif/F(f(y,z),y,z]dg(z).
z

Torsa ouenka spbextuprocTH meet B

¥:2).y,2)d0(:) = inf dnf F(3,0.0). (1)

lrax, cnatasia npousso utes ocpesienue kpitepis sbdexrusuoctn F(i(y, 2),y, )
110 0, & 1I0TOM GepeTcst HIDKHsS TPaith 0 OCTABIIIMC HEONpEIC]eHHOCTAM § 1

6. IT0 IPUMED HCNO/L30BAMI IPUHINIIA TAPAHTHPOBAHOIO peaybTata. O1-
MeTIHM, UTO ec/u 65l HIPOTHBHUK 3HAJ PeaJII3alNIo C/IyIaiHON BeJIHIHEL 2, TO
opmyata st onenkit sbbexTiBROCTH Bbita GBI APYTOl:

W (i) :gigé/y;gp(i(y,z),y,z)da(z).
z

TleftcTBITe 15HO, B Xy e ¢y ae IPOTHBHIK SHACT CTPATETIHO & I 1 COCTOHII
matitu inf F(#(y, =), y, %) npn wmection euy =.
VN

Tlokaxem, aro





[image: image185.png]llepefinem Kk mcnosnpsoBanmio cMemanuex crpareruii. Ilpeamonoxum, aro
He oxIyIaeTes HuKaKOM HChOpMAIII 0 HeKOHTPOIHpYeMBIX akTopax. B arom
CJ1ytae oNepHpyIOII{as CTOPOHA HCHOJIH3yeT CTPATErII-KORCTaTH & = ¢ & M =
Mo, Ect sawty it rapantuposanbiii pesysbtar F(Mo) ee me yerpausaer,
0 MOXHO HCNOJB30BaTH CMemaHbie crparerui. Hanowmin, uro cyemanmas
crpateri ¢ ecti, BeposTHOCTHOE pacnpenesenite Ha Mo. Oupesiein yeiosis
npumenenus cvemanoft crparerii, K cdopy mposanpiv sbie npemofio-
JKeHIsAM J10BABUM ellie OfIHO; TPOTHBHIIK He J0JuKeH 3HaTh peazaiumt @ & M.
Tora otenka 5hbeKTHBROCTI CMEIIAHOHN CTPATErWI { HAMeeT BiLT

yeN oc0

W(g) = inf inf//F(I,y,z)d,;(r)de(z). @)

Ecuit 651 IPOTHBHIK 3HAT Peauzaiuto =, 1o hopya Gbuta Gbr apyroft
W(g) = inf / inf
CEC)

Besmumma F. = sup W (p) siisiercs Hwly dIliuM apanTupoBaHHbIM pesyiib-

welel
TATOM B CMENIAHHBIX CTPATErHaX.

/F(.r,y,z]d,a(.r)dg(z).





35. Вид наилучшего гарантированного результата в случае, когда во
   множестве стратегий существуют абсолютно-оптимальные стратегии.

[image: image186.png]3anaua noncka seuausr Fr()M ) HenpocTast, HOCKOIBKY OHA COCTONT B MaK-
ezt W(#) na snoskecrse dynkiuit M. Dra sataua ynpolmaeres, ecimi 5o
MHONKecTBe erpateriit M comepIKATes a6COMOMNO ORMUMAtbHYE CTIpamezi,

Tlo konna storo maparpaca GyjieM IPeIONIATATS HSBECTHBIM 3AKOH PACHpesie-
stenus cnyvatiun paxtopos 6.

Onpedenenue. Crparerns i, € M nassisactes aBeooro onTuMAIBHOR,
ecm

Teopema 3.4. Tlycrs cyimectsyer afColOTHO ONTUMAIbHA CTPATErHs T, €
M. Torpa #, — ontumansnas crpaterus i

Fr(M) = inf maxF(#,y,0).
Ze.

yeD




36.Вывод неравества F0г  ?Fc ?Fи ? .Достаточные условия равенств F0г  =Fc  и Fc =Fи .

[image: image187.png]Teopema 3.5. CupaBe/|JIiBbl HEPABEHCTBA
F<F.<Fa<F.

TIpeanosoxin, uto ciyualinsit dakrop = orcyrernyer, Mo u N — napasuiese-
ITIe 151 eBKIILIOBIX TPoCTpancTs, a kputeputt F(x, y) nenpepbiser na Mo x N,
Tora, ecan F soruyt o , 10 FY = F,, a ecan F snisercs: Bhity KIbM 10 y,
10 F, = Fy.





[image: image188.png]Ilycrs ciy4alinbii gakxrop z orcyrersyer. PaccMorpuM HenpephIBHYO HIDY
r= <MD,

F(.r,y)>, B KoTOpOt

Ja

g mig F (), Fo = ma iy / F(a,y)dp(x) =
xeMo yeN we{p} ye!
Mo

— snauenue nrper, Fy

nip max F(z, y). Tereps sce yroepscemms pure-
T

4
Karor u3 Teopen 1.14. 1.15.




[image: image189.png]Peaysbraran J0Ka3aHHOM TEOPEMBI MOXKHO IIPHIATH HHDOPMAIHOHHBIH CMBIC.
Besumiy 1T, = F, — FY Moo pacemaTpusats kax uenocts undopmaiti

npotusHmiKa 0 auatenin . TIoKAKeM, 410 eqlil NPOTHBHIK 3HACT T, T0 Ofle-

pupy ontas cropona ofecreunsaer cebe pesystar FY. Onenka sdxbextusnocti
Jo6oif cMemanHol cTpaTerun ¢




[image: image190.png]min F(x,y)dp(x)
ve

He IPeBOCXOJUT

max min F(z,y) = FY.
zeMq yE.

TlooToMy B 5TOM Cilytae NPUMEHEHIe CMEIIAHHBIX CTPATErnlt He HMeeT CMBICIA,
& ncnoiL3oBaNue UHCTLIX cTpaterit nossonsier noywirs FY. Ee, naobopor,
pealBANs SHANEHNS T HPOTUBHIKY HeH3BECTHA, TO ONEPHPYIONAs CTOPOHA
Mosker oty unts pesyiurar F. Bt kputepuit F(x, y) soruyt 1o , 1o Il = 0
11 IPOTHBHIKY He HMeeT CMBICIA JOGHBATECS HHDOPMAINH O .




[image: image191.png]Anaormuno sequriny I, = Fyy — F, MOXKHO paceMarpipath KAK HeHHOCTh
incpopmanu oltepupyotelt cTopoibi o suaten y. JeficTsire o, eci -
opmai 0 Heonpeseientom GaKrope y OKIIACTC, TO ONEPUPYIONIAH CTO-
pona notyuaer pesymstar Fyy, a B nporusion ciyuae — F,. Ecan kputepuit
F(a,y) smaseres seiykisne mo y, 1o I, = 0 u omepupyiomeli ctopore e
HMeeT eMEICTa Ko6HBaTHCS HEbOPMAIHH 06 Y.





37. Теорема о производной по  направлению  функции  минимума и 

   вытекающее из нее необходимое условие для максиминной стратегии. 

[image: image192.png]Paccmorpinm oneparinio 6es citydaiinbx GpakTopoB i MHOKECTBOM cTpaTeruii
M = M. B srom cityuae ontumaibnas crpaterns 2° € Mo assiercs Maxei-
MHHHOI:

W(2®) = max W(x), rae W(x) = min F(x,y).

zeMo yE.





[image: image193.png]Haitnem neobxoumble ycioBust Ui MAKCHMHHHBIX CTpaTeruii 1 obcyaum
Metox ux noncka. HeoBxomumbie yestonust GyayT nemojs3osarh dbopyyiy st
npousBoHolt Mo Hanpanenmo gynkuu MuHmMyMa W (x).

Hanommig onpeieieniie NpoH3BOAHON 10 HANDABIEHIO by HKIIH MHOTIX
nepesennbix. Iyers 5 epiosom npoctpancrse E™ sanana bynkuus h(x).
Bosnyent sextop o € E™, sanaionmit nanpasenie s ™.

Onpedenenue. Bemruuna

Rz + ) = h(x) def dh(z)
da

lim
e—+0

HasnBaetes mpomssoolt dyukiun hi(x) N0 HAIpaBeHIIO O B ToUKe 7.
Kax ussectio 13 Kypea MaTemaritieckoro anammsa, ecin dynki h(z)
nudpcbepenmupyena & E™, 10




[image: image194.png]— CKaIApHOE NPOH3BEIEHIe BeKTOpa (v Ha rpauent i/ (¢) B Touke .

Dymics h(z) moer He Gbrrn dxbepentupyenolt B Touke 10, 1o HMeTH

B 9TOM TOUKe NPOH3EOHYIO 110 HAIPAE.ICHIIO.




[image: image195.png]Teopema 3.6. Ilycrs © € D C E™, rae D — orkphitoe Muoxecteo B E™,
& y npunasexit Merpudeckomy kommaxty N. Tpemonoxum, uro dynkimm
F(a,y).F) (2.y), i = 1,...m onpeaenenst u nenpepiint na D x N. Torxa &

smoboit Touke = € D no mobomy Hanpapenmnio o € E™ cymecTByer npoussoi-
mast dynxiun munmvyma W (2), Koropas umeer i

@ min 3" Pl (2,y), 1)

do veN(=)

e N(z) = Argmin F (2, y).
yeN




[image: image196.png]Caedemaue meopesmn. 3.6. Tyers Mo — semyxiisiit komnaxr 8 E™, a £(z7)
— MHOXKECTBO JIOTyCTHMBIX Hanpasjienmit 8 Touke 0 € Mo,
e 2’ ¢ Mo — makemvmmmas crparerns. Torna B yeopmsx teopemst 3.6

BHITIOHENO CleyIoNtee HEOBXOIIMOE YeitoBie:

sup  min E o F,

ael(z0) ¥EN(2°)

(4).





38. Необходимые условия оптимальности для максиминной стратегии из

   отрезка и следствия.

[image: image197.png]Teopema 3.7. [lycrs dynkmm F(x, y), FL(x, y) HenpepbIBHbI Ha MuOKecTEe
D x N, tae D — untepsan, conepamyuit orpesok Mo = [a,], a N — kommakr
Metpirdeckoro mpocrpancrsa. Torga s Makcmvmmmofi crparermn 20 € My
BLINOMIHEHO XOTst GBI OJHO 13 CICYIONIIX TPEX YCIOBHi:

a) 20 = a mm 20 = b;

6) natimyres y! # y2 € N(20)

8) N(2%) = {y'} u F} (2%, y")

Bameuanue. Teopema oBobiaeT HOBXOMIMbIE YCTIOBUS sl TOUKI MAKCH-

myma o0 sucbdepentupyemolt ynKiun Ha orpeske: mbo rouxa 2¥ ansercs

KOHIIOM OTpe3Ka, Ju60 npon3BoHast dyHKIH B Touke ¢ pama HyIo.




[image: image198.png]“aedemeue. Tlyers B ycnoBusx Teopemst 3.7

N

c

{ye B

<y <dj j=

— mapaJlellenie s eBKIA0BA npoctpancTsa ™, B 1060l TOUKe KOTOPOTo cy-

mecrnyior nponssomuste Fy (v,y), j = 1,...,n. Tora At MaxcmusHoft crpa-

termn 20 € Mo = [a, b] Bhnoyeno Xorst GbI OIHO I3 CIE/IYIOMIIX ABYX YCIOBILH:
1) Jyl e N(20):

Fl(2%y")(" —a)(e® —b) =





39. Принцип уравнивания Гермейера.

[image: image199.png]B srom naparpadye Mbl pACCMOTDHM HEKOTODHIE 38,1441 ONTHMAILHONO Pac-
npesiesientist pecypeos. ByiyT copMy MpOBAHEL yCTOBIS ONTHMATLHOCTH, &
TAKJKe YKA3AHBI aJIPOPUTMBI IOHCKA ONTHMA/IbHBIX PAcIpeJielleHuii pecypeos.

Tycts i = 1, ..., n, — HOMEpA 1 IHKTOB, 110 KOTOBIM OllepUPY I01Iast CTOPOHa
pactipesieaier pecype. epes fi(t) obosuauimn ynKimo, onpejessiontyio ad-
et ot BioKenus pecypea B Komectse ¢ B i-f nyHKT. Bektop @ = (21, ...\ 70)
3a1aet crpateriio pacipeesienits pecypea. TIpi 51oM Ha i-f nysKT Hanpamsi-
ercst pecype B KojuecTse ;.

ByleM paCCMATPHBATS JIBA BILIA 381a%; HEIIPEPLIBHbI, e pecype HPeirio-
JaraeTCs GeCKOHEUHO-ICUMEIM, 1t JUICKDTHELe, [ie Pecype — Ty, a A
u x; — nexse anca. st HENPEPLIBHOM 33,1a4Il MHOYKECTBO CTpATermif Hmeer
Biu

My={z €E"| Y @i = A, ; >0,

n}





[image: image200.png]a JUIsd JIACKPeTHOH —

My={zcB"| Y wi=A 0,20, 02, i
i=1

e Z — MHOXKeCTBO HeJIbIX YHCel.




[image: image201.png]PaccMOTPHM eIy 10 HEPePLIBHYIO 3a/1aTy

B 0
myx min fi(z) = min fi(@?). 1

e Mg 1< f ) 1;1;71f( ) Q)
Tlo cMbicity ONepHpYIONast CTOPOHA CTPEMUTCH MAKCHMUSHPOBATS CBEPTKY Bil-
s min fi(x;), Te. smmianpmst sbcpet ot mioaceria pecypea. Iro oneta-

er compaeTieckoMy npuHIuIy: "uToGH He Ghuio Gemnix". Makcumunyio
crpareritio 2 Gylem HABBIBATE ONMUMAALHM pacnpedeaenties pecypea.

Banauy (1) 6yem paceMarpuBats 5 HpenojioskKeni, wro see dymxim fi(f)
HenpephisHbI 1 Bospactaior a otpeske [0, A]. Kpome toro, Ges notepu obmmo-
cru Gysem cuntars, uto

f1(0) < £2(0) < ... < £a(0).

By 1eM yCI0BHO FOBOPHTS, 10 TP HyHKT ABJIeTes cabelIin: e/ 1y K-
TAM He BHLIeIETCH pecype, To 3heKT Ha epBOM MyHKTe Gy 1eT HAMMEHbIINM.




[image: image202.png]Teopema 3.8. (npusun ypaprmpanms F0.B. Tepuetiepa). B caemanmbix
npeonozxenusx mycrs ¥ — ONTHMAJBHOE PACHpejelleHie pecypea B 3ajate
(I). Toraa must 2° BBITONHEHO ClIeTyIOMICe HEOGXOMHMOE  JIOCTATOMHOE YCIOBHE:




[image: image203.png]Hailgercs takoe ueqoe k, 1 < k < n, uro

fi@?) = fi(a}) < frn(0), i =
=0 i=k+1, .. n

(1)

Ecmu f1(0) = f2(0) = ... = f.(0), 10 k = n. Bo Bcex ciiyuasx ontumajbHOe
pacnipesieserie pecypea ¥ eIHCTECHHO.

Bameuanue. OlTHMATbROe pacipejieleniie pecypea MPeIONIANAeT ero Bhi-
Jle/leHne HOCKOIBKIM CilaBLiM MyHKTAM ¢ BhpaBHmBaiien sddexra 1o ST
Iy mKran,




[image: image204.png]PaccMoTpiM anropiT™ NOHCKa ONTHMAJILHONO pacnpeie/ienus pecypca. Be-
pe nocesoparesio k = n,n — 1, .., | i pemaen cucteny ypasenuit

k41, Z x?

0. Ecym 1101y ueHHoe perienue umeeT Heot-
pUIATETBHEE KOMIIOHEHTH 2§ W OpH k < 7 BHIIOTHeHO HepapeHCTBO C' <
fis1(0), 10 2° — omTHMATEROe pacnperenenie pecypea. B mpotmson cityuae
YMeHbIIAeM 3HAUEHHe k 1 BHOBb DemaeM CHCTeMy.

fiad)y=Ci=1,.k 20 =0,

omocHTensro Hemspectxbrx C, o,
0




40. Условия оптимальности и алгоритм для задачи дискретного максимина.
[image: image205.png]lepeiinem renepb K 3ajave JUCKPETHOrO MAKCHMUHA:

max min fi(x;
;5315151571“ )

Jmin fi(af). (1

Bnecs f;(t) — vospactaiomyte dyHKIUI HeI0T0 ApryMeHTa.
Tonosun T = {1,....n} 1 g @ € My onpesenun Muoxectso

I(z) = Argmin fi(2).
el

Obosnatum wepes |1 (x)] unesto snementos muoskectsa I(x).

Teopema 3.9. Tycrs 2* — Takoe ONTHMATBHOE PACHPE/eIIeHlie PecyPCoB
sanau (1), npu koropon sestiimia | I(2*)| MIHIMATLHA CPe BeeX OTHMATL-
sbix pacnpestestenuit. Tora HeoBXOUMO BLIIOIHEHO yeIOBIe:

ccmn ) >0, 10 min fi(af) > f(a] —1). 3)

Vertonne (3) SIBIISETCH NOCTATOUHEIM YCTOBHEM ONTHMATLHOCTH.




[image: image206.png]Banevanue. Yeopue (3) MOKABIBACT, 4TO IIPH HOIOKHTETBHOH KOMIIOHEHTE
o} memwmna. f, (v7) Gamaca k. min fi(@). Iro ackpernsif anaor npmma

YDABHUBAHMUSL.




[image: image207.png]Paccmorpum anropuTM noHcKa ONTHMAILHOIO pacnpejenenns 3agaan (1)
Tyers o) — npoussossioe pacnpesesenite pecypea. Jomyerun, 1ro ajropury
npopaloras j0 k-ro mara i Mbt nojtyum pacrpenetenue ). Eem i 2%
BHIIOMHEHO yesioBIie (3), TO 10 Teopene 3.9 OHO H GyIeT HCKOMBIM ONTHMATHHBIM
pacnpeneacrmens. Tonyorm, w10 sta 2 yexosue (3) me sumosmeno, Tora
mafizeres Taxoft wovep j, uro #{ > 0w (x5 —1) > min fi(a7). Onpenemmnt

Horoe pactpesenerue =*+1) = 2| KaK 570 CIEAHO B IOKAIATENECTEE TEOPEMEL
3.9. Ipu srom mysxuo savennts o wa 2(¥). MoryT osnukuyTs Apa ctyuast:
1) I(z®)) = {1}. Toraa

Lk+17 (k)
win f; win fi
1<1<v1f )> 1<1<v1f( )




[image: image208.png]2) [I(z®)] > 1. Torma

min fi(@™*) = min fi(2{7), no [I*D)] < 1@®)].




[image: image209.png]lakum 0bpasom, Ha KazKJIOM mare ajiropuT™Ma Jinho yBeJHYHBaeTCHd 3Haqe-
nne ynKIm MuHEMYMa, 160 cokpamaercst Muozkectso I (z(*)). Orciona ce-
JIyeT, 110 ANTOPUTM 3aKOHUNT PAGOTY Uepe3 KOHEHOe THCIIO MATOE, IOCKOTBKY
MHOXKecTBO M}, CONEeP:KIT KOHEIHOE THCIO SIEMEHTOB.




41. Лемма Гиббса. Задача поиска объекта.

[image: image210.png]PaccMoTpuM ele oJIHy HeNPepbIBHY IO 3aJady

zeMo

max 3" fi(w;) = fila?). un
i=1 i=1

TIpunep mirepnperarn saaun, Misecrop pacnpesessier kanmuta A 1o n 1po-
excran, rte fi(t) — NpHOLLID, HOJTy dACMAS OT BIOKEHIS KAIITANA ¢ B -1t IPOCKT.
B onmrune ot aagaun (I), bynuun f;(t) neobssaresno sospactatomue. Tpea-
ooz, uro ot suchdepentmpyemst na orpeske [0, A].

Teopema 3.10. (JIemna Tu66ca). Iyers 20 — onrumainshoe pacnpenenenie

pecypea B sanaue (I1). Torsia Hallere: TaKoe THCIO A, UTO BHIIOHEHO Cilejty-
loliee HeoBxoMIMOe yeiToBHE:

flady=x a? >0, )
M(2f) <\ 2l =0.
Ecamn dymum f;(t) sormytsi, 10 (1) SBIseTcss AOCTATOUHBIM yCIOBHEM

ontuvasroctn, Ecru gonommirenso uspectno, uro gynxuun f;(t) apanie
udcbepentmpyenst

f0) = f50) = ... =

To HafifeTes Takolt Homep [, uto

I?>0,i





[image: image211.png]Ilpusep. 3anaua noucka o6bekTa.

OBbext mpsuetcst B 1 BOIMOKIbIX 0B1acTIX ¢ HoMepami § = 1, ...,n. Ec-
JUI OH HAXOTHTCS B i-0ff OGJIACTH W TONCK B Helf BEJIeTCS B TEUEHIe BPEMeHH
f, 10 ycloBHAs BepoATHOCTH ero ofmapysKenis papia 1 — e, tae ;> 0.
OBO3HANIM Hepe3 p; H3BECTHYIO ANPUOPHYIO BEPONTHOCTE HAXOKICHIL 0BLeK-
ta B i-it obactu. Tyers A — ofimiee Bpenst Hotcka o6bekta. CTpaTeris Honcka
7,) € My oamauaer, 4to oBLeKT B O6IACTH § HIIETC B TeteNHe Bpe-

z = (1.

wemit ;. Tora 3 ps(1—e ™) — nojmas BeposTHOCTI OBHAPY KeHNs 05 LeKTa,
=
KOTOPYIO HEOGXOAUMO MUHHMHASHPOBATS.




42. Критеpий Гросса и алгоритм для задачи выпуклого целочисленного 

   прогpаммирования.

[image: image212.png]Pacemorpum muckperssiit anajor sanaun (I7) :

;ggé;fxm =2 s (.

=1

Bnecs f;(t) — sospactaome dynKiumt nesioro aprysmenta, Iycrs, Kpose oro,
BHUOJIHEHO CejlyIOlee YeIOBHe BOTHY TOCTIL:
eam ;> 0, 10 fila;) > 0.5(fi(ws + 1) — filws — 1)) wm

filws) = filws = 1) = filei + 1) = filwa). 1)

Hepasencro (1) osnauaer, uro pasnocts Mexcty suauenusivu dymkuun f; s
COCOHIX TOUKAX He BoSpACTACT.

Teopema 3.10. (Kpurepuit Tpocca). B e amibix MpemoioeHiisix mycts
2% — omrnmanbhoe pacnpesenenue pecypea s saade (7). Torna s 2* Bbi-
HOJIHEHO HEOBXO/MOE Il JOCTATOUHOE YCIOBite:

5> 0= fi(a5) ~ file) - 1) = max [filal +1) - fi(e])]: 2)




