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BCTYII

AKTyalIbHicTb. Bynb-fika JIOJMHA MPOTATOM YCHOTO KHUTTS «IPHUPEUCHAN»
MpUHAMATH PIICHHS 3 PI3HUX MUTaHb Yy pi3HUX obOnacTax. [[puiHATTS pillieHb 3aBXIH
OyJo 1 3aJMIIAETHCS HAWBAXUIMBIIIUM AacClEeKTOM PIZHOMAHITHHUX CTOPIH KUTTS Ta
nisTbHOCTI Jroaei. Hayka mpo BuOip HaWOLIBII CHPHUSATIMBOTO BaplaHTy PIIICHHS
CKJIajiacsl MOPiBHSHO HEJAaBHO, a MaTeMaTHYHA TEOPis MPUUHATTS pillieHb — OJIM3BKO
50 pokiB. BUBYEHHSAM ONTHUMAbHUX PIlICHh B KOHQIIKTHUX CUTYalliIX 3aiMa€ThCs
OJIMH 13 PO3/ILIIB MPUKJIAIHOI MATEMATHKH - TEOPis %

0YaToK 3 HC(@

Tta O l@l MoRreHmTepHOM B iXHIN mepIi
BehaV10 2 I/maH013 1944 pomi. Ile
KypHa % Oyna o 6 OBaHa C
"IIpo Teop BHUX Ir0 % BH@}&% 3aCTOC no s "TeQPIS
irop". Bn@aﬂ b0 HATTS (@ i

Teopis irop Oepe cBiit HOI exkoHoMikH. Bona Oyma

3acHoBaHa J[>koHOM (oH
po6oti «The Theory of
1928 poui B Mare

IOE€THECA C O JIOT MHSITTS

pIlIEHb Yy TaKUX Irp, axn T ep. In epen opii irop
BBa)KA€THCS (18%56) Jeski
byHIaMeHTa 1 6yJ11/1 3ar1&)% ani A. M (1902-1950), mo

3aKJIaJiu OC BOBOTO, ;(0 CT 9HOT T€Q QHHH pIIIICHB.
Teopis npﬂﬁ% 1IeH aTRy 60-X pokiB, Tofl Oyia

BHCYHYTa OCHOBHA M€Ta IIi€1 TEQP 1 npouec MNPUUAHSTTS pillieHb. Y
HACTYMHI pOKH Oyna CT c@ MPUKJIA pisi CTAaTUCTUYHHUX PIIICHB, IO

JI03BOJISIE aHATI3yBaTH imyB% POKUH KJIaC YIPaBIIHCHKUX 3aBIaHb,
MOB'sI3aHUX 3 OOMEXEHUM PHU3H pobsieMu BUOOPY, PO3MIIIEHHS, PO3MOILITY
tomo. Huni teopis anﬁH 1IIIEHb 3aCTOCOBYETHCS MEPEBAXHO aHANI3y THUX
npoOieM, SKI MOXH 1 OAHO3HA4YHO (QopMalizyBaTH, a pe3yJibTaTu

JOCITIJIDKEHHS aJIeKBaTHO 1 epnpeTyBaTH

MaremMatiyHa TeEOpisl 1rop Ha CHOTOJIHI AaKTUBHO pO3BUBAEThCSI. He
JTUBJISIYMCh HA TE, M0 e PO3Mii MPHUKIATHOI MATEMATHKH Ma€ N0 HeCephHo3Hy
Ha3By, BIH Ma€ NIUPOKHH CIEKTp 3acTtocyBaHb. Came Teopis irop H03BOJISIE

pO3TISAATH 1 3 JIETKICTIO pO3B'A3YBATH 3aJaul NPUUHATTS PIlIEHb B CUTYyaIlsX 3
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JEeK1IbKOMa YYaCHUKAaMHU, HaBITh B CUTYaIliIX YaCTKOBOI 00 MOBHOI HEBU3HAYEHOCTI,
PHU3HKY.

O0’€eKT I0CiIZKEHHST — TEOPId 1rop.

IIpenmer pocaixkeHHs1 — KpUTEpil MPUMHATTSA PIllIEHb B yMOBaX KOH(DIIKTY,
PHU3HKY Ta MMOBHOT HEBU3HAYECHOCTI.

Meta nociigskeHHsi — PO3MVISTHYTU PI3HI KpUTEpli NPUMHATTS pIillieHb B
yMOBaX KOH(IIKTy, pU3UKy Ta TOBHOI HEBU3HAYEHOCTI 1 TPOJAEMOHCTPYBATH iX
3aCTOCYBaHHSI JIJIsl pI3HUX MPUKIIATHUX 3a]1a4.

BianosinHo 10 metu, Oy C(bopMyJILOB@ yIHI 3aBJAAHHSA:

iTepar EMOIQ JTOCITIIKEHHS,
.
1110 , QEITACUYHI), wa TEoRii irop;
puitmaro PIIICHHS Bax Ko@y, pn3%®
TMOBHO1 HEBU e 1
¢ o
4) |\ Haj@THXApaKT UKy OC W KpHTE@@ 3acTo A TIpH

1) omnparroBaTu H

2)  PpO3IIISHYT

3) rmoka3

pO3B’A3yBaHHI 3a]a4;

5) po3p 1 NCHUCTE %f{maz[ilsé) UTIOCT YI@ 3aCTOCYBaHHS
KPHUTEPIiB. O > 6‘

Crtp a Ta, 00 p060T0060Ta CK

1K AdHUX K

QIAgThCS 31 BCTYIY, JIBOX

pO31JIiB, BUCHOBKIB Ky
VY Bcryni oOrpyHTOBaHQ @

BKa3aHO METY, BIANOBIIHO @'1‘ IOCT, JAHHS JOCIIKEHHS.

VY nepuiomy po3a eope 1%9CHOBU TEOpIi Irop» PO3MIIIHYTO OCHOBHI
. H

MOHATTS Teopli irop, kinacudikaifii 4 aBEJICHO TPUKIAAM KIACHYHUX 3a1ay 13

PO3B’SI3yBaHHSAM Ta aHAII30 "3xiB. Hamano xapakTepuCTUKy MaTpUYHHUX 1rop,
.

K1 PO3B’A3YIOTHCS B Ta 3MIIIaHUX CTpaTerisix. PO3TsHyTO alroputm

yWIBHAC em#, BU3HAUCHO 00’€KT, MPEaAMET,

MePETBOPEHHS MATPUYHUX "IrOp B 3ajayl JIHIMHOTO MpOTrpaMyBaHHS Ta METOJIM iX
pO3B’A3yBaHHS.

Y napyromy posain «Kpurepii onTUMalbHOCTI B 3agadax Teopii 1rop»
PO3TIIIHYTO TIOHSTTS MaTPUYHUX ITOP 3 MPUPOJIO0, HABEACHO KPUTEPIi MPUHHSTTS

pillIeHb B yMOBaX PU3HUKY Ta MOBHOI HEBU3HAYEHOCTI, IPOLTIOCTPOBAHO 3aCTOCYBAHHS



KOKHOT'O KpUTEPII0 KOHKPETHUM NpUKiIagoM. CTBOPEHO HU3KY 3aj]1ad, K1 pO3B’sA3aHO
PO3TIISAYBAaHUMU KPUTEPISIMU, TPOBEJCHO aHANI3 PO3B’S3KIB.

Amnpobanis pe3dyabratiB. OCHOBHI TIOJIO)KEHHsI jJomoBigamucs Ha Il
Bceykpaincpkoi HayKOBO-METOJIMYHOI 1HTEPHET-KOH(MEPEHIIT CTYEHTIB, aCIipaHTIB
Ta MOJIOJUX BYCHHUX «PO3BUTOK 1HTENEKTyaIbHUX YMiHb 1 TBOPUHX 3/110HOCTEH yUHIB
Ta CTYACHTIB y IPOLECI HaBYaHHS JUCLMIUIIH MPUPOJHUYO-MATEMATUYHOTO LUKITY
«ITM*mmoc-2021» ®opym monogux gochiaaukiB» (Cymu, 2021 pik) Ha Temy
«Kpurepii npuliHATTS pillleHb B yMOBax IMOBHOI HEBU3HAUYEHOCT1». 3a pe3yibTaTaMu
JOCTIPKEHHsT OyJIo HamMcaHQ_ Te3U J10 36& Bceykpaincbkoi HaykoBO-
@ Mongzu/lx yueHux «Kpok y Hayky:

JTHIY aT aTUYHU Ncunrmu; Ta METOIUK

JTOCITIDKCHHSL Y Taly3i
BKIH @)-npam 1
ymu, 2021) gra crarts « 15

HAaBYAHHS» (‘—IepH 0 pix BITHIA C
KOH(epeHIIii aTeMaTH 0 YpaKyik
¢

1rop: OCHOBHI TIQHATTS, TH p, IPUK » 'y 30ipH JEHTC HAYKOBUX

POGT. &Q 0 @

PaKTHYHOT KOH(pepeHIii ¢




PO3/ILJI 1. TEOPETUYHI OCHOBH TEOPII ITOP

1.1 OcHoBHi NOHATTH Teopii irop.

Posrnsnemo Bi cutyaiiii, IKi MOXYTb TPAIIUTUCS B PEATbHOMY >KHTTI.

Curyauis 1. Iloxymeup nOpuUHIIOB Ha PUHOK 1 XO4e€ MPUAOATH M SCO.
[TigxoauTh 10 MpOJABIA, 3aMUTYE IIHY 1 MOYMHAE 3 HUM TOpryBatuca. | TyT 3amaua
HOKYTILS KYITUTH SIK MOKHA JCIIEBIIE, a IPOAaBLsl TH SIKOMOTa JI0pOKUe.

Curyania 2. OpranizoBaHO ayKIlioH 1o ({ip y piaKicHOi Ba3u. [[Boe um

OubIIe MOKYMIIB O€pyTh @naqa OJIHOYACHO TMOCTaBUTH IIiHY,

61J1Lul IIH Nro HOKynuﬂ 1 HanouIb
BUT1HOIO JUIS KO)K 6

ﬁ 1 IHX A FOIMHA C@Tb nepe Q@
IMUTAHHS: JIOB1IHI BUHU NlaHoro p. L@I? Ha HJIHHe

npu 1bOMy, 1100 BOH

NPUIHATE PIILICHHS? BHJ’II/IH MeHe? OTpH KOKHOMY
KOHKPETHOMY BI/I\'&' KI/II/I B outun? Béi PO3B’sI3aHHS
TaKUX CUTya am KO aCH K €KUTH He, TI 121/1 BIJ HHUX, a H BIJX
OTIOHEHTA, B €THC HS[ np HI/IX 1H yTBOPEHHS KOH(DITIKTY,
TaKl CUTYalli 1 po3r CQ

MomeHTOoM HapOI[)KeHHb HSITO BBAXKATU MOHOTpadiro
JIx. Hetimana 1 O. Mopre A "Te ekoHoMiuHa roBemiaka". Ilicms ii
nyOmikarii B 1944 p, Bue eBopOT B €KOHOMIYHUX HayKaX 3aBJISIKU
BUKOPUCTAaHHIO HOBOTO Hinxony. 151 pO3KpHUBaJia paliOHAJIbHICTh MOBEIIHKH Y

OPUIHATTI PIlICHb y Bsae BIHOCHUX CHUTYyaIlisiX, sIKa Joromarajia BHPINTyBaTH
0arato akTyaabHUX HK Pi3HHX Tamy3sX HisuibHOCTI. [Ipamst HarosmomryBaia,
[0 CTpaTerivyHa IMOBEIIHKA, KOOIepallis, KOHKYpEHIlis, HeBU3HAYEHICTh 1 PU3HK, €
0a30BUMU €JIeMEHTaMH B TEOPIi irop.

Teopis irop sk HayKOBa JIMCIMIUIIHA BHUBYAE BIJHOCMHU MDK JIIOJIBMH, SKi
KepYyIOTbCcsl He30DKHMUMH (a 1HOAI 1 MpOTWIeKHMMH) MoTuBamu. I[lopsn 3

TpaIUuLIHHUMU ITpaMU, TAKUMH SIK TIOKep, I1axu, pyTdos 1 6arato iHIIMX, TEOPis irop



BUBYAE 1 TaKl CEPHO3HI BIJHOCHHU SK PUHKOBA KOHKYPEHIlisS, TOHKa O030pO€EHbD,
3a0pyJHEHHs] HABKOJIMIITHBOTO cepeloBuIla. B Teopii irop Bei 11l cepiio3Hi BITHOCUHU
Ha3UBaIOTh I'paMH, OCKUIBKHM B HHMX, SIK 1 B Irpax, pe3yabTaT 3ajeKUTh BiJ PIIICHb
(cTpateriit) BciX ydYacHUKIB. Teopis ieop - 1le MaTeMaTH4Ha JIUCLUUIUIIHA, sKa
3aCTOCOBYETHCSI B 0aratbox 00JIACTSX JIFOACHKOT MISITBHOCTI (€KOHOMIKa, BIMChKOBA
crpaBa, OioJioris 1 iu.) [2].

I'pa — 1ue wmaremaTMdyHa MoOjAeNb KOHQIIKTHOI cutyamii. L1 momens €
171eaTi30BaHOI0,  OCKUIBKM pealibHI CHUTYyallli HaiygacTiie OOTSKEHl BEITUKOIO

KIJBKICTIO HCCYTTEBUX (I)aKTOpl SKHUMHU MOKHa 3H Batu. B Fpl OIIUCYIOTBCA BCl

MO>KJIUBI BaplaHTI/I I[II/I 1 @-)HSI I‘O)KHI/IM 13 y‘-IaCHI/IKlB TOOTO
3a4ar0TbCA IIpaBHIa F bl 3 HIO i &(I)J’IIKTOM pOSYMlGTBCﬂ
TIIBKH aHTaFOHIC aCMOI[IH 1H. Fpa )KYTB TCpCCI/I

MOBHICTIO a F 0JI - ue T 0 i
B3aeM0no@M y [6]. 3
Oco0nmmBOCTAM % 6
o No-TI QBHE

' HKI/IX Ha3 Th 2pasysIMu;
. C * :
o e, O X n& TIB A1 e2ill) y4aCHUKIB,;

o eTe, 170'¢ p TaTlB TTLjd oro rtpaBus (@yukyii
suepauty) [6]. %%

I'paBii € paHIOHaHLH 3aIlikaBjeHl B Xoai TpH 1
MepeciiIyloTh CBOT L, UB Ha Pe3yJbTaT Tpu. MHOKHUHY
TPaBIiB MO3HAYAETHCS O €THUH Tpl rpaBili MOXYTh MaTH 1MEHa,
OJIHAK B 3arajJbHOTCOPETHUYHO 1 TPaBIliB 3a3BUYail HYMEpYIOTh (TIEepIIHii
rpaBellb, APYTUi rpaBeLg) OTxe, eneMeHTaMu MHOKMHU N MOXHa BBa)KaTu
Yucjia - HOMEPHU TPaB pUKJIaf, SKIO0 B T'pl O€pyTh ydacTb TPW TpPaBIl, TO

N = {1,2,3}. IIlpu BuUKOHaHHI BCiMa TPaBIIMH CBOiX Jii, peai3yeThCsl TEBHHMA
pe3yabTar rpu. Pe3ynbratd MarwTh ISl TPaBIiB pPi3HY MLiHHICTH. ParioHanbHUN
TpaBelb TOBUHEH MPArHyTH JOCSITHEHHS] HAMCTIPUATIUBINIOTO I ce0e pe3ysbTaTy.
Opnnak HISKWNA TpaBellb HE B 3MO31 3a0€3MeUnTH HaWKpamui s cede pe3ybTar

TUIBKH 3a paxyHOK BJIacHUX Jii. [IpuitmMaroun pimieHHs po BUOIp i, BiH MOBUHEH



BpPaxOBYBaTHU 1HTEPECH 1 MOXJIMBI JIIi 1HIIMX TPABIIB, 110 BIUIMBAIOTh HA Pe3yJIbTaT
TpH.

Bubip onHi€i 3 MOXIMBUX NI Ha3UBA€ThCsl xodom. CyKYIHICTh MpaBWJ, fKi
OJIHO3HAYHO BH3HAYAIOTh BUOIpP XOMy TpaBIlsl, B 3aJIEKHOCTI BiJl CHUTyalld, sKi
CKJIJIMCS TIiJ 4Yac TpH, Ha3uBawTh cmpameeieio tpaBus [20]. Koxxna crpateris
BHU3HAYA€ TOBEAIHKY I'PaBIlsi B MOMEHTH, KOJIM BiH MOBUHEH 3poOuUTH BUOIp. Y Teopii

ITOp IPHUITYCKAETHCS, 1110 TpaBellb MPUIIMae BC1 PillIEHHs Hanepea, TOOTO BiH 3HA€ BCl

MOXJIMBI CHUTYaIlli 1 Tepeadadae CBOE PIMICHHS T JKHOI 3 HUX. OnmumanbHor
HA3MBAETHCS TaKa CTpATeETisl, sIKa [Ipu 6aratopa3dBo OBTOPEHHI J]Ja€ MAaKCUMAaJIbHO
MO>KJIUBUI CEpEeNIHId BUTP b TEOpi @ Honﬂgae B TOMY, 100 pOo3poOHUTH
pEeKOMEeH/Ia1lli po3yMHOL 1B} 06To &TH OHWMaHBHy CTparerii
TUTST KOSKHOTO 3 HU 6

Dyuk e% auty Ha3MBAETHCS rw 3a HK@(O)KHOM H y
cTpareriii \cTaBiirbcd y Bl HICTb K NII/I ix ed CT1[2 ] 0 "irop

BUXOJUTH 13 33,3]1 BHU3HA4C 3Haqe 0" 4Hu KpI/ITCpiIO

e(beKTI/IBHOCTl PETHQ I[HaHH eru/I 000XE ppaBIiB, TOOTO

MIPUMNMAETHC yHKHl 3az[@ UM 49U epaw - II€ OI[IHKa
OYIKYBaHUX BT&T]E% MOKIJIN oeJ:[Ha Q rii OHOTrO TpaBIs 31
CTpaTerisMu IHHIOF@ 0 M>I<yTb 3aCTOCOBYBATHCS

w@ TaKUX
METOAM Teopii KMOBIPHOCTEH, @ OByBaHHH, Teopii ynpaBIiHHS

3armacamMu, Teopii MoIryKy a@l eKOH% oKazuukw [2].

pHIA (cTpareriuniii) ¢opmi. IcHye

Benemo noHATT B (&'
Hal3arajpHia Qopmanizailis rpf, y BOUCYIOTBCS BCl MOXJIMBI KOH(IIKTH 31
CKIHYEHOIO KIJTbKICTIO yq‘ac 1 11 (hopmaizariii rpa mpeacTaBIsSeThCS K HAOIp
00’€KTIB: 3alliKaBJICHI N , MOXJIMB1 Al KOXHOi 31 CTOpIH, IHTEPECH CTOpIH,
TOMY I'POIO B HOpMaJbHIN (JopMi Ha3UBarOTh HAOIp 00’ €KTIB BULY

Gy =(N; Xy, .., X; ... Xy Ky, oo K o Ky).

Tyt Gy —no3nauenns rpu. N = {1, ..., , ..., n} — MHOXuHa TpaBuiB; X; = {x;}

— MHOKHMHA cTpateriii rpaBiis [ € N; K; — pyHkiis Burpanty rpasis i € N. 3HaueHHs



¢GyHKIIT BUrpamry siBisie coOOOK0 BUTpalll, SIKHH OTPUMYE TpaBellb [, SKIIO TpaBlil
BUKOPUCTOBYIOTH CTPATETIi X, ... Xj, -.e Xy

I'pa BinOyBaeThCs HACTYITHUM YMHOM. ['paBIll OJHOYACHO 1 HE3AIECKHO OIUH
BiJl OJTHOTO BHUOMPAIOTH CBOi CTparerii X; € X; 13 MHOXHWHHU BCIX CBOIX MOMJIMBHUX
cTparteriu X;. B pe3ynbTari bopmyeThes HaOIp cTparerii
Xy = (xl, e Xj) ...xn),xN € Xy, KUl B Teopii irop Ha3uBaeThcs cutyarieto. [licns
BOTO Tpa 3aBEPUIYETHCA, 1 KOXKEH 3 TpaBIIB [,i € N OTpUMye BUTpall, SKHUM

00YHCITIOETHCS SIK 3HAUCHHS (QYHKIIIT HOTO Bnrpam)@O].

Q- @cﬂﬁ irop

2 Kn&
O J\y \
[Tutanus @auii’ ITOp,€ MOCHUTH aKT , TOMY @(CH KJIac

BUKOPHUCTO i M&TCM&@ apar..€ i cudikargl irg HE
ICHY€, TOMWITPU/ TPYITYIO a’pi3HUM x(aMnl K

1. Ha mepio)

amuyHi Ta

ounamiuui. Y ¢ HJIX dTpa MIYHUX) CTPATCTrii TpaBIliB HE
3aJIeKaTh Bl
2. Ko KJ1ac osniﬂHTe3K0aﬂ%Q KoonepamueHi irpu. Y
KOOTIEpaTUBHUX irp@Bi@ﬁ&zKoaﬂ@ JOMYCKAIOThCS CIUTBHI il
C

TpaBIIiB Ta MEPEPO3NOILT BH

3. 3anexHo Bix Ki TpaTeR BLIIB Ta BJIACTUBOCTEU 1X (YHKIIIH
BUTpally T'pU MOXKHA p@?ﬂd H&éﬁﬁm’ (3 CKIHUEHUM YHCIIOM CTpaTeriil y
KO>KHOT'O TPaBIIsl) Ta HeCKIHUEHHJ

4. 3anexHo Bl 3HafARA BPaBUAMU caMoi IPU y HOpPMalbHIA (opmi rpu
MOAUISIOTHCS Ha ITPH 3 Ta HenoeHolo THhopMaIliero BianoBiaHo [4].

I'pa Gy HA3UBAETHCS 2por0 3 NOBHOIO IHGOpMayieio, SIKIO0 KOKEH E€JIEMEHT Y

MOJaHHI TpH 3arajbHOBIIOMHI yciM rpaBisM. B inmomy Bumaaky rpa Gy

HA3UBAETHCS TPOIO 3 HENOBHOIO IHHOpMAYicro.
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5. bes3koaniiiitHi irpy MOXHa TOAUIMTH HA ITPU 3 HOCMILHONW Ta 3MIHHOWO

cymoro. J1ns irop 13 MOCTIHHOIO CYMOIO JIJIsl KOXKHOI CUTYaIlli X BUKOHYETHCS YMOBA!

n
z K;(x,) = const.
i=1

OcoO0aMBICTh IrOp 3 MOCTIHHOIO CYMOIO TOJISITAE B TOMY, IO MPHU OYIb-SIKOMY
pe3ynbTaTi rpy CyMapHHUI BUTpall yCiX TPaBIliB € BETUYMHOIO MOCTIHHOIO. SIKIIO 115
KOHCTaHTa JopiBHIOE (), TO TOBOPSITH MPO ITPH 3 HYI6OBOIO CYMOIO.

6. CHeHIaJ'IBHO BI/IILIJBI€TBC5I HII[KJ'IaC ll"Op I[B 3aYBa)KI/IMO, 1o 6YI[B-$IK3

rpa G, 1BOX 0Ci0 BU3HAYAETHC I[aHHHM H 1(94 'exTiB: G, = (X, Y, K, K>),
ne X — MHOXHHA CTpaTer] ;{ 1; Y, @kﬂﬂg@TpaTerm rpaBus 2; Kq, K, —
(GyHKIIIT BUTpanny rpas @ 1 '

CyMom@OTb(}H @m’cmu H
OcobmuBic OHICTHYH@L omr My, (Q' 111
BUTpaIl 0 rpa PIBHIOE pamry

aHTaroHiCTHYHA F a, &

3 Ha‘-IaCT AHHSAM IB BUOY

X — MHOXHHA C

MHO)K aTerifI aBL:

BUTpaILy ( rpaB 1)1110131 6

8. Ha bIII p03 KJ1ac CHUX I, 0ci0, SIK1 Ha3UBAOTHCS

oimMampuuHuMU (;1 @mcmqﬂ mampuynumy  (IKII0 Tpa
aHTaroHICTUYHA) BiMOBITHO

IHTEpeC TPENCTaBIsie€ MOALT Ha

9. Cepen HeckiH irop

, K — dynkis

Henepeperi (Irpy 3 HeTlepePEHIUMHU @@MI/I BUTpAIIy i KOMITAKTHUMU MHOXHHAMU
CTpaTerii) i po3pusHi irpy.
10. Cepen nHenepepBHMX MTOp BHIUISIOTH MIAKIAC VGieHYMuUXx 1rop, KOJU

(GyHKIIiS BUTpAIy KOKHOLOBPABIIS YBITHYTA 3a CTPATETisIMU 1IbOTO TPABIIAL.
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1.2 Kaacuuni 3agadi Teopii irop

PosrissHeMo npukiagn OCHOBHHUX KJIACHYHUX 3a/1a4 Teopii irop.

Ipukaan 1.1 «/lunema B’s13HIBY

ABTopamu «aunemu B’3HIBY Oynu Mepin @nyx (Merill Flood) Ta Mensin
Hpemiep (Melvin Drescher). Bonu Bnepiie npeacraswiu i y 1950 poii. Ane cBoro
Ha3By Tpa orpumana Bim AnwsOepra Takepa (Albert W. Tucker) — amepukaHcbKkoro

MaTeMaTuKa, SKUH 3acCTOCYBaB II0 HAa3By Ha CEMIHApl 3 Teopli irop, SKud BiH

npoBoguB 'y 1950 pori Ha__IICUXOJOTIYHOMY KyiabTeTi  CTeHadopachbkoro
yHiBepcuteTy. Hikue Ha 3@)121HT1§ bopMyIIIOBaHHS  <«JIJIEMHU
B’SI3HIBY. .

«[Tomimist 3a aia JIeH, IIi AHUX & aOyBaHHi 0
BOWBCTBI. % 151 BH@D{HH/I CTi, nepe@mnx 110 a3§
npea‘xme@ BOHA Mae B 000 pIOBa B }z{HJ'II/I
HE3apeECTPOBAHY BOT Opol1o. CTBY X C}I KHaii aKiHYUTH
II0 CIIPaBYy, 1 TOM Qyno 3 OBaHO CJ'IlI[CTBy. CT MIPOTIO3UITIT

ci4yoro OyB,T
- HKHI< ;%H «po BCH» omzm, hi| TTS 3J10qHHy, a 1HIIAN
BIJIMOBJISIETHCS CIIIB a BOM TO eraiiHO 3BUIbHSETHCS, a
npyruit orpumye 10 pokiB yB' H@
, T

\
(¢} 0 YIOTh 11O IIICTh pOKlB YBH3HCHH$I

- AKIIO0 o0MaBa 313 \ «
OCKUIbKH IIHHICTh BU3HA pmor BHH)KyCTBCH
- gKmo oOuaBa BIJIMOB CHlBHpaI_[IOBaTI/I 31 CIIJICTBOM, TO 000€

OTPUMYIOTh TPH POKH 32 :ICS ORE e BOJIOAIHHS 30pOEIO.

Koxxnomy 13 3at N MOBIJIOMUJIH, 1110 MPOIO3UIlis 3po0JieHa 000M 1 i€
10 10 ronvHU paHKy HACTYITHOTO JIHS. 3aTpMMaHl YTPUMYBAJIKUCS B YMOBAX, y SIKHX
BOHU HE MOTJHU CHUIKYyBaTUCS. BimoMo Takox, 10 Oyab-sIKHX 3000B'si3aHb OJHH
repe/ OJJHUM Y 3aTPUMaHKUX Hemae.» [25].

[IpencraBneHHs rpu, y BUTIISIAI MAaTPUIll HaBeICHO B Tabmii 1.



12

Tabmus 1. Matpuns 1o rpu «/[unema B’ s13HIBY

310unHens b 3aounnens b
Crparerisi «<MOBYATH» Crparerist «3pagurTm»

10 PoxkiB 3;mounHIIEB] A
Biamyctutu 3mounnis b

3j0unHenb A

. 3 pOKH KOKHOMY
Crparerisi «<MOBYATH»

30unHenb A 10 PoxiB 3im0ounnLeBi b

. . 6 POKiB KOKHOMY
Crparerisi «3paauTm» BignyctuTu 3mounHsg A

JIOMiHaHTHOIO cTpaTerieo st 000X € CHIBIpals 31 CJiJICTBOM, OCKUIBKH BOHA
MOKE TPU3BECTH 10 HETAWHOTO 3BIILHEHHS. IBIIpAITIOE JIUIIIE OJIUH, TO
JPYTUHN TEX Ma€ CeHC cmBnpa ATH, OCKI 1H BCE€ K TaKW Ha YOTUPU POKU

*
SMCHIIYETBLCA. HaueOTo ameue IIlJ'IKOM JIOTIYHO. AJie

SIKIIIO 0o0OuaBa mﬁTI/IM@ 061/1;[1321 @ ThCH), VI/I Ta IHHJ%
OTPUMAIOTh O1JIb MIHH, ﬂK6H oonepa (T06T0 @a
MOBYAaJIN @ 1HTUBI HlCTB @ o @HBHOI
HepallioH 1 IK HAC/MIOK’, 10 IIIK: caMo .

Ki 3130,[[@ JI0 «TUICMH

HpO TC, A HUMHU ITOBOAUTHUCH.

VY cycninbHQMY Ta ci BI/IHa 1B

ardTh Ma OH1 peaJibHI CaHKIII],

o6 xparme ?%/IITI/I «I1 3H1B» TOTIUTPHO TIPOBECTH i
aHaJ3 13 MO3UIIIH (bopMam)

Otxe, oOuaBa na He € #X Koomepallis CyTo BUIAJIKOBa, BOHU

HE MalOTh MOPAJIbHUX 3000B'A3aH O OJIMH OJIHOTO. SIKIIIO CTaTH Ha MO3UIII0

OJIHOTO 3 YB'I3HEHUX, MOXH CTeXXKUTU Tepebir MOro JOTrIYHUX MIPKYBaHb:

«Slkmo Mid HanmapHUK €Tbes, 1 MOXKY a00 TeX 313HaTUCA 1 OTpUMaTH 6 POKIB,

abo Hi, 1 TOAl 1 OTpUMa pokiB. ToOTO, SKIIO Mili HaMmapHUK 313HAETHCS, MEHI

Kpailie 313HaTucs. Ko * Ml HamapHUK HE 313HAETHCS, Y MEHE 3HOBY JIBa BUOOPU: 5
313HAIOCS, 1 3aBTpa BUIBHUMN, a00 s HE 313HAIOCA, 1 OTPUMYIO TPU POKU. TOOTO SKIIO
Mili HallapHUK HE 313HAETHCS, MEHI Kparle 313HaTuCs. TaKuM YMHOM, HE3aJIeKHO BiJl

TOTO, IKUW BUOIp 3poOUTH apTHEP, MEH1 Kpallle 313HaTUCs». JIorika IUKTy€e IpyroMy
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napTHepoBi Te came. BoHu o0ujBa 313HAIOTHCS Ta OTPUMYKOTH MO 6 POKIB, XO4a
MOTJI O OOIUTHCS TphOMa POKaMU, IKOM 00MIBa MOBYAIU. BHHUKAIOTh TUTAHHS: Y1
JUKTY€ JIOTIKAa TIIbKM TakKy IIOBEIIHKY 1 4YM JIOTiKa BHUKIIIOYAE KOOIEPATHUBHY
noBeninKy? HacTynmHuil naHIIO)KOK MIpKyBaHb HACTUIBKM K JIOTIYHHUH, $K 1
nornepeaHiin: «5 He 0coOMMBO MPUB'A3aHUI O CBOTO HAMapHHKA, aje i 3HAI0, II0
HOro 1HTEJIEKT Ha MOEMY PiBHI 1 BiH 3JaTHUN TaK caMmo JIOTIYHO MIPKYBaTH, 1HAKIIIE S
0 3 HUM 1 He 3B's3aBcs. S 3HAI0, IO BIH Yy TAKOMY K CKJIaJJHOMY CTaHOBHIIII, SIK 1 1.
Bin Texx MeHi HIYUM HE 3000B'I3aHUI 1 OTPUMAB TY C MIPOTIO3UIIIO BiJ] CII1YOTO,
mo 5. Bin npuiiMatume pimeHHs, Buxoas4u 3{ cBQIX IHTEpeCiB Ta JIOTIKH, 5K 1 .

Orxe, Mid HamapHHUK [1i caMHuXx BKiB., ToMy, sSKIIO s TpuiLy 10

BIH &‘o xK BI/I‘ Ny, 1 MK, OTPUMAEMO T10
BHUCHO € 313HaB BIH Tey@z[e 0 1I

BHUCHOBKY, 1 ﬂ aeEMO @o : ’A.ue &KI/I Kpa@im 6, TOM}&

3i3HaBaTHY@ HUKAE aAHHS: ‘

MIPKYBaHHSI TTPU3BO pi3HOTQ pTary? pqu/I JAM JIOTIKH.

BHUCHOBKY, 110 CIIiJT 313

pokiB. SKmo g np

My piu? 0XKYTE

YBaKHUI MOKPOKOBWL TYHUY JBOX X MIpKYB

: : . * .
JIpyroMy Mip 1 BHeceﬁ JaTKO yBaHHsMCaMe: MIpKyBaHHS 000X

YB'I3HEHUX yue r% b 1X JI0 @KOBOFO B % HE3aJICKHO BiJ IIHOTO,
XTO HOTO poouTh. Afle BOEJD

, O3Hauge, HIOAINIEMHU B SI3HIBY» HE MOXKE
OyTu. 3BMYaiiHa JOTriKa HE MIC @u a@i KOBOi yMOBHU. ToX y cutyanii

OKa3zye, 10 Y

'I3HEHUX BUKJIIOYAETHCS.
&Baﬂbca 1 «cnipanv 20HKU 030POEHBY.
PiBHOBara 1BoX CynpOTHUBHUKIB TH 3a0€3MeYeHO SIK Y BUIMAJKY, KOJIU OOUBI
CTOPOHU 030pO€EHI 10 3y§iB, ZHZ ICTOTHO OLITBIIT HU3bKOMY PiBHI, III0 €KOHOMIYHO
BUT1IHO. ToMy Takuii BAPIAHT @/717151 000X CTOPIH HAWBUT1IHILLIUM.

«/lunemy B’si3HIB» 3*0araThMa y4aCHUKaMU Ha3UBaIOTh Takox «lIpobiemoro
2pomadceko2o eunacyy. Ii MoKHa IIPOiTIOCTPYBaTH TaK.

«/lecarp censH TpUMalOTh IO OJIHIM KOpPOBI 1 MacyTh iX Ha 3arajlbHOMY
nacoButli. KopoBu yrogoa#i i 3q0poBi. CensiHu CTalOTh OaraTmmMH, 1 JesKi 3 HUX

MOXYTh €001 JO3BOJUTH mNpuadaTu mo apyrid koposi. Komm mepmmii censHuH
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BUTAHsI€ HA MACOBUINE J[BI KOPOBHU, OCOOJUBUX 3MIH HE BUJIHO. Moxke OyTH, KOpOBU
TPOXHW MEHII yrojaoBaHi. Konu Kinbka censiH 3aBOJATH MO JIPYTiil KOPOBI, TO KOPMY
B)K€ HE BHUCTayae, 1 KOPOBU CTAIOTh XyJAUMH. LIIHHICTE BCIX KOPIB, Pa30M Y35THX, CTAE
MEHIIOIO IIHHOCTI MOYaTKOBUX JAecATd KopiB. Komu Bci necsaTh censiH 3aBOASTH MO
JIBI KOPOBH, BCE CTAJI0 CTa€ JIyke Xyaum» [17].

Hpuxnan 1.2 «/lonapoBuii ayKIiioH»

Y 1971 poui Maprtin UlyGik (Martin Shubik) 3anpononyBaB rpy, sika Moxe
CIY’)KUTH MOJEIUII0 0araTbOX pEaJbHUX CUTYallile CYTHICTP TpU IHOJSATae B
HacTynmHoMYy. I[IpoBoauThCS ayklioH, Ha SIKOMY IPOIOHYETHCS OAMH JA0Jap, 3
MiIHIMaJbHOIO CTaBKOIO B @nbca 3a 3BHYAWHUMHU TIPaBHJIAMHU

aYKHiOHiB, 3a BHHIAT OTO HHSI. Th HC ’TIHBKI/I TON XT

MY€ 1071 1 TOH, n TUTh H@
oTo {1% 1 UAyTh B@)My
3arajabHUM Becen

MEHTH.
il 3am Hatin y lea YaTh T
. A JBKH 3 IBI T on 1i, rpa TpHUBae
aBTOMAaTHUYH O

Hpyr UTUY % % aHI/II/I 3 @eHHHM npono3utii 50
, % o o

3aIIpOIIOHYBAaB MaK

HUM CyMY,
Fpa@

[lepmmn HOB

nenTiB. Temep 1o arp A OUIb TiB, 1 BIAIMOBIZHO CTac
3pO3yMijio, MO0 BEAYYHH aykK J'Ie JUISL TOTO XTO TIPOTIOHYE
IIIBUIIICHHS CTaBKH BCE IUE (1)1Ha . Komu rpaBiii nepednim KopaoH

50 1eHTiB, Tpa MPaKTUIH JIN| 6 pI/IBaG 710 99 11eHTIB.

Tpetiii KpUTUYHUN MOMeE €TBC$I KOJIM XTOCh roToBuM 3amtatutu 100

1eHTiB 3a gosap. [lpu 11 MOJKJIMBO, CITOJIBAETHCS 3aBEPIIUTH TPy Oe3
nporparry. Ajie Horo n%?f 3Ha€, 110 BiH BTPATUTh 99 LIEHTIB, SKIIO 3aBEPIIUTH
rpy, a sAkmo 3amnpornonye Y01 1EHT, TO, MOXKJIIMBO, MPOTPAE JIUIIE OAUH IEHT. BiH
po3yMie, 110 TOBOJUTRLCS HEPAIlIOHAIBHO, aJie 3a3BUYail Tpa TPUBAE.

VY O1IbIIOCTI BUIAJIKIB B MOYATKOBIN cTajli rpu Oepe ydacTh OUIbIIE YHUCIIO
TPaBIliB, a JO KIHIIA 3aJUIIAETHCS 3aBXKIU ABOE. JIOCHIHKEHHS TOKa3ald, M0 TPH

nepetuHi kopAaoHy B 100 1eHTIB XapakTep TpH 3MIHIOETbCA, 1 y TpaBIiB
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NPOSIBIISIIOTECA CHIIBHI eMOIlil. Y HHUX, HampuKiIald, SK y TapanlyTUCTIB Mepen
CTPUOKOM, PanTOBO CITOBUILHIOETHCS IMyJIbC [25].

Curyanii, BIANOBIAHI MOJENl JOJAPOBOrO AayKI[IOHY, 3YCTpIYaloThbCs Ha
KOKHOMY KpOIIi 1 B TOBCSKACHHOMY >KUTTi. UMM JTOBIIE MM Y€KaeEMO aBTOOYC, TUM
Ba)KU€ HaM CICTH Ha TaKcCl, HaBITh AKIIO CIIOYATKy MU OyJIM TOTOBI MMOIXaTH HA TAKCI.
YuM noBIIIe MU TUBUMOCS MOTaHUM (P1JIbM, TUM IMOBIPHIIIIE MU JOJIUBUMOCS HOTO J10
KIiHI[S, X04a WMOBIPHICTH TOTO, IO B HHOMY III€ Oy/Ie IMIOCh ITIKaBe, CTAaE BCE MEHIIIE.
I1i oO6cTaBUHM BUKOPUCTOBYIOTh Ha TeJE€KaHaJax,, BKAIOYAIOUM OLbIIe peKjIaMu B

KIHI (1IbMY, OCKUIBKM MMOBIPHICTH TOTO, IIO{ I 1 TIEPEeKII0YaThCs Ha 1HIIHMA

@ “
HACTYII % 011071 @aa nap x CBapUT @
BE

IPUBOJLY TOT % TIPOBEJT p. o\n& pOHOHye 1T Ha (in
3 OOKCY, 6 K Ha TIpo e miTH H “somu
&é\.pm

KaHaJ, Oyjie HEBEJIUKOIO.

Hpukaan 1.3 «Cj

[IpobGnema n

MOCTIIIAIOTh Ha po6o U HE BCT MOBH HUX TEX
HE OYyJI0 MOXJIMB MOEIIKY O6Hﬂﬂé)<ymn) po HE3aJ0BT0O [0
MOYaTKy 3M a@ KOHIIC % Hi He3 I[I/IH BiJl OJTHOTO
BHU3HAYUTHC nme

[lo6 1 Hpo% np06ne pii irop, oOuaBa rpaBIl
MOBUHHI MaTH YiTKi ITEPEBarH. m 3a BCE€, BOHU XOTLJIH O BeUip
npoBectd pazoM. lle M @a miHHicTh. Ha apyromy wmicimi 3a
BYIUBICTIO JIJISl HUX € Hrlpmnn BapiaHT JUIS HUX, SKIIO BOHU
BEUip MPOBEAYTh PO3IIILHO, II IpyXuHa OyJe Ha 3MaraHHsix 3 OOKCy, a
YOJIOBIK Ha KOHIIEPTI. ale BOHM OIIIHIOIOTH BapiaHT PO3ILILHOIO

MPOBEJICHHA BEYOpPA, K\u ne Ha OOKC, a BOHA - Ha KOHIIEPT. 3 HAUOUIBIINM
3aJIOBOJICHHSM JIpY’KHMHA TITIa O 3 90JIOBIKOM Ha KOHIEPT (BapiaHT OIIHIOETHCS B 4
Oanu), memo TIpImUM JIJis Hel € BiABIAyBaHHS 3MaraHHs 3 Ookcy (3 Oamm). s
YOJIOBIKA CHUTYyaIlisi HpsIMO MPOTWICKHA [6]. Marpuus pimieHb IpeacTaBicHa B

TadmI 2
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Tabmuis 2. Marpuune npencrasieHss rpu «CiMeliHa cyniepeukay

Hpyxuna
] Ha 0oxkc Ha xonuepr
YoJ10BIK
Ha 6oxc 4,3 2,2
Ha xoHuepr 1,1 3,4

PosrasineMo pillieHHs 11€1 JUIEMH MPY 3aCTOCYBaHHI MPABUJT €THKHU.

CnoyaTky pO3IVISIHEMO PO3B’SI30K B pasl 3 BaHHS «30J0TOTO MpaBHIia
MOPaIbHOCTI» B (hOPMYITIOBAaHHI 0H(1)yu151 «Heypo@u 1HIUM TOTO, YOro He Oakaell
co01». B iboMy BUMAIKyY 1T l'IOBI/I Ha 6QKC OCKUIBKH 11€ Jo0pe /s 1l

mapTHepa. i mapTHep JTHO % OHIIEP \pe3ynw< peam:syeTB%

HaPlrlpHII/II/I BaplaH

cTocye %er pUJHUH @paTﬂB H . «Po Tl
BIJIMTOBITHG, 10 fa (npaBu KEPYIo4 IO TH € yac

MO>KEIL no6a>1<aTH JIbHUM UaemMo 1o
HACTYIHUX pesy ¥ BUIa 3 BU3HAYCHHS.
3anuuarTh O)KJII/IB 060X HeY ( s OJIOBlKa TaK 1 s
JPY>KUHU) KPaie cmz[y ICTI/I‘{H aTerti. TErOPUYHUHN IMIIEPATUB
HaKazye ‘—IOJ'IOBIKOBI KUHI - pT. Lle niiicHo kpamie, Hix
pe3ynbTaT, OTpUMaHUi 3a pa @ac 0C OJIOTOFO paBuiay, ajue JajaeKo

BiJl ONITUMAJIHFHOTO Bapia
aTpU4Hi irpm

VY Teopii irop x YVIOTBCSL MOJIENl 1 METOAM NPUHHATTS pIlIEHb B
KOHQIIKTHUX CUTyallisX. ¥ MeXax Teopii 1rop po3risiialoTbes MapHi irpu adbo irpu
0aratrox 0ci0. OOMeXUMOCs pO3rIsAoM NapHux irop. HaliepexTupHilie B moaioHUX
BUMAJKaX KOPUCTYBATUCA MATPUYHUMH IrpaMH, SIKI JIOMOMararoTh CIPOCTUTHU

CUTYaIlII0, 1110 CKJIaJIacs 1 TOBHICTIO OI[IHUTH BaXJIMBICTh KOKHOTO (haKTopa.
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Osnavenns 1.1. Aumoconicmuuni icpu 6 aAxkux o060€ 2pasyi, w08 Maromo
CKIHYEeHY MHOMCUHY cmpameziil, Haszusaioms mampuunumu [21].

MatpuyHa rpa - 0JHOXOAO0BA CKIHYEHHA I'pa 3 HYJIBOBOK CyMOI0. MarpuuHa
rpa € TEOPETUKO-ITPOBOIO MOJEIUTIO KOH(IIKTHOI CUTYaIlll, B SIKIH IPOTUBHUKU JIs
JOCATHEHHS MPOTWJICKHUX LN poOJIATh MO OJHOMY BHOOpPY 31 CKIHUEHOTO YHMCIa
MOJIMBHX CIOCOOIB ni. BigmoBigHO 10 0oOpaHuX crnocoOiB Al BU3HAYAETHCS
JOCATHEHHS pe3ynbrary. Cmpameeis - 1ie Hablp TpaBwWi, 110 BU3HAYA€E TMOBEIIHKY
rpaBis. OnmumanbHolo cmpameziclo Ha3WBAIOTh _IAKy CTpaTerito, MNpu SKii
JOCATAETHCSI MAaKCUMAaJbHUN C eI[HII/I Burpauf npi¥oaraTopazoBoMy IMOBTOPEHHI

Ipu. Koxna (I)IKCOBaHa CTIQ K@)&TK IJ)aBCI_IB Ha3uBaA€TbCA YUCmMOIO

cmpameeicio [7].

Martpuuny T a r[pe@ 1y BUTIL HLIi 0@

YyacHuki 03Haq Q’TI/IHCL eraMH A ta
abo HyMepy paBellb BEIlb 2 ) Mae M MOXJITUBUX
ctpareriii A\45, " b B (2 OKJINB Qerm B4, B,, ...B,. Taka

I'pa Ha3UBAETHCA m ST mampuyero euepamle abo

MJIATIKHOIO MaTpuilero. B 1 pulii SJIOK BIJMOBIA€ OAHOMY 3 M

MOJKJIMBUX XOMIB I'PaBIIs KEH B1/IMTOBIA€ OJJHOMY 3 N MOKJIUBHUX
xoaiB rpasus B. EnementyMartpuiri rpaimi rpaBisg A B TOMY BUIAJKY, SKIIIO
BiH BUOUpae xia A;, a rpaBelb OMbIKe uac Bubmpae xin B;.
[Tpu uboMy SKIIO 4B a;; BiJI’€MHA, TO BUTpAIIl JIICTAETHCS TPaBIEBi B.
Sxmo a;; = 0, T0 BU &HOBiz{HI/IX cTparteriii 4;, B; npu3BoauTh 10 HIYUHHOTO
pe3ysbTary. 3ayBakKMMO, IO SIKIIO BUTpAIlll MPEJCTaBJICHI y BIJCOTKaX, TO BOHU
3aBXKIU HeBiA'eMHI, a;; = 50% o3Havae Hiumo, a a;; <50% - mepemory rpasus B.

VY Teopii irop nependayaeTbes, 1Mo oOKUIBa TPaBIll AiFOTh pallioHAIBHO, TOOTO

IparHyTh 10 OTPUMAaHHA MAaKCHMAaJIbHOTO BUTpAIly, BBaXalO4H, L0 CYNEPHHK i€
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Halkpamum i cede ynHoM. B OCHOBY BHUPOOJICHHSI MOHSTTS ONTHUMAIBLHOCTI JJIS
MaTPUYHOI IPU MOKHA TIOKJIACTH TaKi MipKyBaHHS.

PosrissHeMo naHy rpy 3 TOYKHM 30py nepiuoro rpasus. BiH oOuparoun cBOIO
crpareriio A;, po3ymie, 110 rpaBenb 2 BiANOBICTh HOMY Takor cTpaTeriero B;, moo
Burpam rpasisd | OyB MiHIMambHUM. ToMy 13 YCIX HaWTripmIdX BapiaHTIB
(MiHIMAJIBHUX EJIEMEHTIB KOXHOTO DAJAKY IUIATDKHOI Marpuui) —a; = min;(a;;),

rpaBmio 1 BHUTiTHO BUOpATH CTpaTeriio, sika BiAMOBIAA€ MAaKCUMAaJIbHOMY 13 IUX

CJIICMCHTIB: v
aani(ai) = m@ n;(a;;).
BennunHa a HasuB UDICHD 10 2@91 MAKCUMANbHUM BHUTPAIIIOM
abo0 Mmakcuminom. I_[e r aHu rpaBu CTpaT is TpaBis 1, »‘a.

BIJINIOB1/1a€ MaKcH H%HB&% AKCUMIHH amezz 0 rpase
IPUTPUMY CUMIHH 11, oI1 -SIK17 i Tpa %
OTpHUMAE TAPAHTOBAHUI € MEH Ie Tou BaHPI@ , AKAN

rpaBenb | Moxke cQO e3neqHT PUMYIO BO€1 Ha 00epexHOi

CTparTerii.
0
3 im Ky rpa% BUOU @CBOIO 10 B; posymie, mpo

rpaBenib 1 BiAfIOBICTH

o6 1Qfo anr OyB MaKCUMAaJIbHUM.
Tomy Halikpanum BafigHTOM BIISI M@ BHUX BapIaHTIB 13 KOXKHOTO

CTOBITYMKA), TPaBLIO 2 paiy CBOIO CTpaTerito, sika BIJIOBIIAE

ﬁ. = mi@\: min; max;(a;;).

Benmuuuna [ Ha3uBaeRHCIN, 6epXHLOI YiHON 2pu, 1HAKIIE MIHIMAKCHUM

MIHIMaJbHOMY 13 TaKUX

BUTpamoM abo  MiH [le MakcumalbHUW  mporpam rpaBus 2.
[IpuTpuMyrounucCh CBOET 1IbII 00EpPEKHOI MIHIMAKCHOI CTpaTerii, rpaBLio 2
rapaHTOBaHO, 1110 B Oy/1b-IKOMY BUMAJKY BiH MIporpae He Ouibie f3.

[Tpunumn o0OGepekHOCTI, SIKUN TUKTY€E TpaBILsIM BUOIp BIAMOBIIHUX CTpaTerii
(MakcUMIHHOI 200 MIHIMAKCHOI1), € B T€Opli Irop OJHUM 13 OCHOBHHUX 1 Ha3UBAEThCS

NPUHYUNOM MIHIMAKCA.
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Teopema 1.1 [5] [na 6y0v-sxoi mampuyi A cnpasednusa nepienicmo
max mjin(al-j) < mjin miax(aij)

HoBenenns. 3adikcyeMo Oyab-sikuii ] — Ml ctoBOenb, Hanmpukiax j = 1. Toxai
Maemo: a;; < max;(a;;), Vi=1,m.

Jlana ymoBa cropaBemyiuBa 1 Juisi OyIap-SKuX 1HIMX j = 2,...,n. Tomy a; i<
max; (a;;), NpH BCix i, V],

OcCKibKH 3 TPaBOi CTOPOHHM CTOITh KOHCTAHTA 1 MPHU BCIX «i» JIBUH BHpa3

OOMEXEHMI I11€I0 KOHCTAHTOIO, TO MAaEMO G@mnj(au) < min; max;(a;;).

JloBesieHoO. O

Peanpuunit pe3ym>Ta sA3a lKTHO? vauu Ha3MBA€TbCA L;ZHOIO

2pu v, IKa 0OMEKYeE 10 @1 IHOIO! v<p. &\ 0@

:% 1.3.1 Hlﬂpl yMaT I/Il"plE 0
OntuManbH QHZ’;OK a ociArae 1 KOJIN II/I CTOpOHl HEC
BI/ITII[HO 3M1HIO CTpaT eri KU IIC&BHI/IK M@&I{HOBII{B BI/I6paTI/I

IHIIY CTpa Ka 3a6 b 1OM H_II/II/I pe3yi

Sxmo & = To6 n (a;; ax;(a;;) =v, 1O Tpa

HA3UBAETBhCS YIIKOM GU3HAYEH T, 1 Burpam rpasig 1 (mporpari

IpaBIs 2) HA3UBAETHCA 3H q@w epu 1 eleMeHTy Marpuii a; j . koM
BU3HAYCHI ITPU HA3UBAIO j ;6‘0}0 MOYKOI0.

Osnauenns 1.2 Cionoeoro

mampuyi A naszueaemovca maxa napa (i, j)

HoMepie psoKie i cmosdyie
.

Hepisricmo a;j, < Q;_ ;. . 4]

Ob-skux 1 =1,...,mii =1,..,n suxonyemocs

Enement a; ; € CIANOBOK TOYKOK Marpu4Hoi rpu. B cimioid Toumi nei
€JIEMEHT € OJTHOYaCHO MIHIMyMOM B CBOEMY PSIIKY 1 MAKCUMyMOM B cTomill. B 1miif
CUTyallli ONTUMAIbHUM pIMICHHS TPU Uid 000X CTOpPIH € BHOIp JHIle OAHIET 3
MOKJIMBUX, TaK 3BaHUX YHUCTHX CTpaTerii — MakCUMIHHOI [y TpaBusg | Ta

MIHIMAaKCHOI i1 TpaBlsd 2, TOOTO SKIIO OJWH 13 TPaBIIB MNPUTPUMYETHCS
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ONTUMAJIBHOI CTpATerii, TO JJIsl IPYroro BiAXWICHHS BiJ HOTO ONTUMAJIbHOI CTpaTerii
He Moxe OyTu BurigauM. CiajioBa TOYKa ICHY€E HE 3aBXK/IU.

Teopema 1.2 /J[na icuysanus 6 mampuuuiii 2pi ciON08UX MOYOK (cumyayii
pienosacu)  HeoOXiOHO i oocmamuvbo,  Wob  BUKOHYBANACS — PIBHICMb:
max; min;(a;;) = min; max;(a;;) [5].

HoBenenns. OCKIIbKM MHOXHHA CTpaTerid KOXKHOTO TpaBlis CKiHYE€HA, TOOTO,

EKCTPEMYMH Ha HHUX JOCSITAIOTHCS, 1 111 MIHIMAKCH ICHYIOTb.

HeoOximnicte. Hexait xy, = (ig,jo) — cizm%mqlca, TO 3aJI0BOJIbHSAETHCS

mivj=1n

.@"

YMOBa aijo < aiojo < al'oj,Vl =

Toni 3 mpaBoi yacTu

a < miax ,
I3 niBoi: Q 0
@T‘(ﬁﬂ& ax( a;; aquH®ojo = _00
3BigcH Maemo a;, ~ 3 TGO@ BHILL 0 3aBXKIM
a < . Toxi otp ow =, @ @
Hocra @Hexaﬁ €ThCS @ n;(a;; Qj‘maxi(aij), TOOTO

f. I3 teopemu 1. Ba€ I

a = ; < Qijj; = m

Ockinpku ¢ = f§, TO 3

S}
Il

a) aiiji = Qai.j.
6) Qijj; = Qigjj =

TakumM YMHOM, Maem

.
JloBeeHO. \

Ha ocHoBi Teopemu 1.2 oTprMaeMO HACTYIHY BJIACTUBICTH CIIJIOBUX TOYOK —
NPAMOKYMHICMb MHOMCUHU CION0BUX MOYOK, TOOTO 3HaueHHsI (YHKII BUTpally y
BCIX 11 C1IJIOBUX TOYKaX JTOPIBHIOIOTH OJIUH OJTHOMY.

Cxema 3HaxOKEHHS CIJIJIOBUX TOYOK JIJIsi MaTpuill A:

1. Jlna xoxnoi crparerii { rpaBus 1 (1o psmoukax) sHaxoqumo min;(a;;).
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2. Cepen oTpuMaHMX BENMYMH Min;(a;;) — BU3HAYAETHCA HAKOLIbING,
T00TO Max; min;(a;;).

3. Jlns xoxHOI cTparerii j rpaBis 2 (10 CTOBIIIAX) 3HAXOMMMO max; (a;;).

4. Cepen OTpUMaHMX BEIMYMH Min;(a;;) — BU3HAYAE€THCA HaHOiIbIIA,

T00TO Min; max;(a;;).

5. @HKO% piBHIC ax; min; 2

(&
ICHYE€ C1JJIOBa TOYKa (Q), pH 4O €HHS a;,j @
Ipuxna NeGitop H 3 4QIUpHOX yYMOB IO3UKH:
L 4

A Ay A, TOp M MOBICTH BapiaHTOM

min; Mgy, To
.0

HaJlaHHS Kpelfty By, BS . i ebiTopa npu Oy/b-

SKOMY BapiaHTI er

03B’sI3aHHA:
O1iHUMO eJIEMEHTH 1.
*

B, B, B, Bs | min(a;) | maxmin(a;;)
A 6 1 8 4 4 1
A, 9 6 7 5 8 5
As 3 7 6 2 8 2 °
A, 2 6 7 3 3 2
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max(a;;) 9 7 8 5 8

min max(a;;) 5

Bunno, mo HmWKHS 1 BepXHA MIHM Tpu 30irawtbca, a =f =v =15
MakcuminHOlO — cTpaTeriero  jaebitopa € crparerii A, (cucreMatuyHo i
3aCTOCOBYIOUHM, MOYKHA T'apaHTYBaTH, L0 A€OITOpP OTpUMA€e BHUIpall HE MEHUIE 5).
MinimakcHa cTpareris kpeauTopa - B, (3acTocoByrouH ii CHCTEMaTUYHO, KPETUTOPY

rapaHTy€eThCs, 10 BiH MPOrpae He OUTbINe HiX 5). 3 IIbOr0 BUIUIMBAE, IO ST 000X

rpaBmiB BuriaHi crpaterii (A,; B,) 1 mpoueHTH ml JOpIBHIOE 5. SIKIIO rpasii

OpUIMYTh 1HIII CTpaTertii, Bi;@i Bi}l on 01, TO BOHU MOXYTb IPOTPaTH.
Tak, BiACTYIIUBIINCH Bi am,}yl TET], z[e ‘ BHGepe cTparerito A;, TO
KpPEAUTOp MOXE B 010 110 I]II/ITL Nnrpam @
PiBHOMIHHO 1 Bix eau BOEI M @01 CTp o>1<e 301 &
mporpari § 0
1.3.2 3MIIIAHUX\CTPATErifAX

CkiH rpH & %IJIJIOB" 1, TOOTO MaKCUMIHHO-
MIHIMaKCHI CTpaTerii l'ITI/I e 03@ KOKHA 13 CTOpPIH MOXeE
MOKpAIINTH CBil pe3yAbTar, ginxin. BusBnseTscs, TpaBIsM
JOITBHO BHOWpATH CBO1 Teru B TOOTO BU3HAYATH PO3MOMALI
HMOBIpHOCTEH Ha 6e3ni PIX c , A TOTIM HajaBaTH BUOIp KOHKPETHOT
YUCTOI CTpaTerii BUMAJAKOBOMY y, KWW BIJIMOBIIAE 3aJIaHOMY PO3MOJILITY
HMOBIPHOCTEH.

UCTUX CTpaTerid 3 JAeIKUMHU Harepes] 3aJaHuMu

Bubip rpabism
UMOBIPHOCTSIMHU - 1IE, TT &1 OJIMH 3 TUIaHIB MPOBEACHHS TPU 1, TAKUM YHHOM, TEX €
nesikolo  crpareriero. ONTUMajabHUM PO3B’S30K TAaKOi I'PU 3HAXOIUTHCS IUIAXOM
3aCTOCYBaHHSI 3MIIIAaHUX CTpaTerid, sKi € TNEeBHUMH KOMOIHAIISIMHA TMOYaTKOBUX

«YUCTHUX» CTpATETIM.
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Osnavenns 1.3 3miwanorw cmpamezieio epasys HA3UBAEMbCA PO3NOOLT
UMOBIpHOCMEU HA MHONCUHI 1020 YUCMUX Cmpame2ii. 3SMIuany cmpamezito 2pasysl
MOJICHA NPeoOCcmasumu y 8ueisdi 6eKmopa-psaoouKa

X = (xq, %5 . X)),
de X; — UMogipHicmb 6ubopy epasyem ioeo i —1 cmpameeii, x; = 0,1 =

1..m. XT —mpancnonosanuii éexmop X. Jle:

m

Z —1[21]

i=1

3ayeascennsn 1.1 1) 3an 3MilIaH r11/1 rpaBlis MOJISITa€ B TOMY, 110
@;{

YKa3yIOThCS TI HMOBIPHOCTI u BI/I6 I/IOIO YHCTI CTpaTerii.

2) Koxna ‘II/ICT rist 0 rn;ma 3MIII B SIKIH ‘{I/I
CTpaTeris Bn6npa HMOBIp aBCi i MOBl }&

%mx BCK@ ann@ eTii BOPIO

CHUMITIIEKC Ui MHO UK XI/II/I Ha Op TUX CT, ﬁ

MMoBipHicTh BAG KOKHO1 mnom@ KTOpaMHU:

I Tpa — YBeK Q @n , Je =1 %i 1, ne x; —
HMOBIPHICT, Qr rpaBu i—1

I TPABLA Top ) =1Yi=1 ne y; -
UMOBIpHiCMb 8UOOPY yem [ %t cmp e@

OueBugHO, IO X; =

3MilllaHa cTparteri eKTop TEH, 31CTaBICHUX KOXKHIN 13 YUCTUX
cTpareriii rpaBis. Koxxen £paserp e oz[Hy 13 CTpaTerii y 4eprosiil maprii rpu
BIJIMOBIHO 0 MMOBIPHOCTI, B eHo1 Jy1sl Hel Moro 3MIIIaHOK CTpaTeriero. Ko
MO3HAYUTH Yepe3 X 1 y IMi 1,CTpaTerii TpaBIliB, TO MaTeMaTUYHE CIIO/IBaHHS Ha
BUIAl NEPIIOTo rpasiis Wopisnosatume M (4, x,y) = YT, Xioq aijx;y;.

Crparerii x° i y° HasuBaroTbes onmumanvhumu smiwanumu cmpameziamu
IPaBLiB, SKIIO BUKOHYeThCd HacTynHa yMmoBa M(A,x,y%) < M(4,x°, y°) <
M(A,x°, y).JliBa yactuna nanoi HepiHocTi M(4,x,v°) < M(4,x°, y°) o3nauae,

0 SKIIO TpaBellb | BIAXWUIUTBHCSA BiJ CBOEI ONTHUMAIBHOI CTpaTerii x°, To fioro
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BUTpAIll MOXE TUIbKM 3MEHIIUTHCS, 32 YMOBH, IO T'paBellb 2 JOTUPMYETHCS CBOET
ontumanbHoi crparerii y°. Amanoriuno Hepisricte M(4,x°, y°) < M(4,x°y)
03Hayae, 10 KOJM TpaBelb 2 BiAXMIAEThCA Bij onTHManbHoi crpaTerii y°, To ioro
Iporpami MOXxe TUTbKU 301IbIITYBaTHUCS.

Osznauenns 1.4 Poszg’izamu mampuuny 2py o3nauac 3uaumu ONMUMATLHI
cmpameeii epasyis i yiny epu (3Havenns, SKi susHadaroms euepaui epasyis) [4].

BusiBnsieTnes, 110 KOJIUM BUKOPUCTOBYIOTHCS 3MIIIAH1 CTpATErii, TO JUIsl KOKHOT
CKIHYEHOI TpU MOXXHA 3HAUTH Mapy CTIMKUX on BHUX cTpaTeriii. IcHyBaHHs

TAKOI'0 pO3B }ISKy BHU3HaA4aec TCO

Teopema 1.3. (OcH opeMa lrop) Koowcna ckinuena epa mae,
NPUHAUMHI, OOUH p036

8 3Mil meameau [21]. @

(be3 moBene
Hexaij c% M&T@l’p 33/1aHO 1>I(HOIO M eIO
1 , % . i Qqp

Onrtu 3Mila €MOIO0 TL BEKTOpH X =

(X1,%X5, e X V£ NI T Y = (yg }’m) 1 2.

SIxmo rpasen KOp OHTI/IM b maH1 CTpaTerii, TO BiH Mae
3a0€3MeYnTH BUTpall Ha P1BHI iHI/I IpH, TIPU YMOBI, IO TpaBelb 2
BUOHMpae OyAb-sKi CTpaT l v (j =1,n).

3 iHmoro 60Ky, Q aBeu%MKopHCTae CBOI ONTHMAaJIbHI CTpaTerii, 3a
YMOBH BUKOPUCTAHHS TPABIEM TB*SIKUX CTpaTerid, TO BiH 3a0€3MeYHTh MPOorpalll,
10 HE MEPEBUIILYE u1Hy Bp L1a;y; >v (= 1,m). Lli cniBBigHOmEHHS
BUKOPHCTOBYIOTBCS I[JI ,ZI)KCHH}I PO3B’SI3KY TPH.

VY naHoMy BHUIIQJIKy pO3paxOBaHi ONTUMAaJIbHI CTpaTerii 3aBXAU € CTIMKUMH,
TOOTO SIKIIO OJIMH 13 TPABIIB MPUTPUMYETHCS CBOET ONMTUMATILHOT 3MIIIaHOT CTpaTeTii,
TO MOro BUTpAIl 3aJHINAETHCS HE3MIHHUM 1 JOPIBHIOE IIHI TPU VU HE3AJEKHO BiA

TOT0, AKY 13 MOXKJIMBUX CTpaTerii BUOpaB 1HIIUI rpaBelb.
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BnactuBocTi 3Ha4YeHb TpU:
1. V mampuuniii epi 3 mampuyero suepawie A

v(4) = max min X agjy = min max a®Yy
XESy J= YES, i=1,m

(0e v(A) — yina epu 3adanoi mampuyeio A, agjy - j — i cmosneyb mampuyi,
a®) — i — it padox mampuyi, S,, — mnoxcuna cmpameeiii epasys 1, S, -mHodxCUHA
cmpameeiii  epasys 2), NPUYOMY BHYMPIWHI eKcmpemymu O00CA2aiomvCs Ha

ONMUMATIbHUX CIMPAmMeziiax 2pasyls.

(be3 noBeneHHs) v
ONTH C)

Taxkum YUHOM M CTpaTeri'l' VIS IpaBIIiB

v(4) = min;_t; X7 a axl T
2°. s 6y0 mpu HYI0 /‘ZGHOCWI & i min; %’
v(4) < min; w% é 6
A o
3°. Cnpaseonu ‘ % 6
1) ka&% yucmy @aﬂmy cr@eeuo ip, mo

U(A)= m 'Q(aij) @ 10]) &
2) ep mae y on

Q cmpamezio  j,, mo
v(A) = min; maxlwz m@S 10, 2%%
(be3 noBeneHHs) l@
[Tepeniunmo YMOB%QyBaHH& X CTpaTerii:
KU; @v

2. TpaBIli BUKOPUCTOBY UI¥aJIKOBY CYMIIIl YUCTUX CTpaTeriil 13 3aJJaHUMH

1. rpa 6e3 cianoBoi

I/IMOBlpHOCTSIMI/I

3.Ipa 6aFaTOpaB&\BTOp}O€TBC}I y IOAI0OHUX YMOBaXx;
4. 3a OyAb-IKOTO XOJY >KOJEH 3 TpaBLiB HE MPOIH(POPMOBAHUN MPO CTPATETIIO
1HIIIOTO TPaBIIS;

5. TOMyCKA€EThCS YCEPEIHEHHS PE3ybTaTiB 1rop.
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Jlns  po3B’sA3yBaHHS  MAaTPUYHHUX  IOp Yy  3MIMIAHUX  CTpaTerisx
BUKOPHUCTOBYIOTHCSI HACTYITHI METOIH:

- pO3B’A3yBaHHS Yepe3 CUCTEMY PIBHSHbD;

- pO3B’s13yBaHHS TpadiYHIM METOI0M;

- CUMILIEKC-METO/I.

Jlani geTanpHiIIe PO KOKEH 13 METO/IIB.

1.3.3 I'pagiunmnii cnocié po3B’sA3yBaHHI MATPUYHHUX 33124

1.33 H3yBaK pu4HOI rpu 2 X 2
3
J \ 'S
Ipukaan U PO3B' pu 3 HQ@ nnaﬁy@a

R o
O >

N,

NN
xmjn(aij)
j
A .
1 2
A
max(a;;
l
min max(a;;)
] l
[TepeBipsieMo, UM ic vl BrzHauyaeMO rapaHTOBaHHI BHIPAIIL,

SIKWW BU3HAYAETHCS HU sIKa BKa3y€ Ha MaKCUMAJIbHY YUCTY

@HBKI/I a # b, MOXHa CTBEP/KYBaTH, IO

CIJIJTIOBA TOYKA BiJICYTHS, II€ 03 , MO I1iHA IPU 3HAXOAUTHCA B iHTEpBal 3 <y <

5. 3naiinemo posB'ﬂ:«sog M% of TpM B 3MIIIAHUX CTpaTerisix (depe3 Te, IO

cTparerito. Bepxus mina

IpaBUsAM JTOBOJUTHCS B BUM YMHOM 3MIIIyBaTH CBOi YKCTI CTpATerii, BUTpaIl
rpaBus Oyjie BUITAIKOBOIO BEJIMYHHOIO).

3HaxoauMO PO3B'A30K I'pu (B 3MIIIAaHUX cTpaTterisx). [ns uporo 3amuiiemo
CUCTEMY PIBHSHb.

Jlig mepiioro rpaBus
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Sp1 +2p; =y
3p1+8p; =Yy
p1tp=1
J{nst mpyroro rpaBLst
5¢+3q; =y
241 +8q; =y
q1t+q;=1
Po3B'si3ytoun 111 1B CHUCTEMH, 3HAXOJIUMO: Yy = 4 , P1 =< (I/IMOBlpHICTB

. 1, . .
3acTocyBaHHA 1-i cTparerii), p, = " (MIMOBIPHICTh %CYB'&HHH 2-1 ctpatertii). [l

. . : . 3 1
NEPILIOro IPaBIlsd HalloNMTUMA 10 3MiIIa aTeT1€r0 € CTpaTeris P(Z; Z)'
.

5 . 'S
Jlnst mpyroro 41 =4 BIPHICTh ocyBaHH;I 1-i crparerii),
Q= (I/IMOBlpH CTOC CT ) ﬂn&\‘oro p
HaI‘/’IonTI/IM 3M1H_IaH TGFIH Q Q
P03r HIH cno 3B ’S3YB anHqH@@ X2 3
MaTpuIer A = ) ) I1 T MO, 110 WYHIN Fpl eMae cimioBoi
touku. OTx 3yBar 3amay 3MILII T TeFISIX

33)_'[3‘-1 paB %Z{ quc X3, IIIO HAIOTH HeplBHOCTl

x2—1

x& X V.
@QHMMLHy cTparerito rpaBusg 1 B gaHii

u v(A) = maxv.

3HAWTH Taki X}, X

Ha6ip X° =(x?, x) ) Buzna

maTpuyuHiil rpi. [Ipu HBOMy 3Hagde

Y rpi 2 X 2 obu 1 cTparterii rpaBIliB € ICTOTHUMU ( B 1HILIOMY BUIAJKY
rpa Mana 0 CiJJioBy TO&XI/ICTI/IX cTpaterisx). Y 3aaadi s rpaBis 1 1€ o3Hayae,
o x; > 0,x, > 0. Toai MaeMo JB1 PIBHOCTI JI ONITUMAJIBHUX CTPATET1i

{allxl + a12x2 =7
a21x1 + azzxz =7V

Po3B’s13y104u cCUCTEMY OTPUMAEMO
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0 _ Az2—021 . L0 _ a;1—aqz
X{ = y Xy =
A11+t0az2—A12—Azq ay11+0az2—A12— 034
A
V= ,Ae A= a11a22 - a12a21 * 0

ay1 t az; — Qg2 — Ay
Tenep posmiHemo 3amauy 1 rpasust 2. Cepen ducen yq,Y,, IO
3a/10BOJIBHSIIOTH HEPIBHICTh

a11Y1 + 12y, <V
Az1Y1 + Ay, <V
y1=20y,20,y;,+y,=1

3HAMTHU TaKl yl f y2 ) K1 3aJOBOJIBHAIOTH mi

OCKUIBKH YHCTI CTpaTer BIIIB € iC , 0 y1 >0,y, > 0, npuuomy
JUISL TIOILYKY OHTHMMBHH@TGFII/I rp €M TeMy plBHOCTeI/I
a1q 12Y2 = U @
az 223’2 & 0
Pozp’ SIKY OTpUMAGMQ: .
3 1

Hepeﬁz[e 0 po ?qHI/IM CIIOCOOOM.
Posrigaem @ HO‘-IHGMQP&BHH 2. Cepen uucen
V1, Y2, O 331 BOJ'IB '

v
Y. =1

3HaiiTH Taki yo, vy, 1d g v.

Hexaii rpaBens 2 BuOGe cTpaterito j = 1 3 UMOBIPHICTIO yV; = Y 1

CTpareritoo j = 2 3 AMORBIp , =1 —y. Sxmo npu 1mpomy rpaBerb 1 Bubepe
CBOIO CTpaTeriio [ = aTeMaTH4YHE CIIOJIBaHHS Mporpairy TpaBis 2 Oyne

nopiBHIoBatH M ¢, = vz(l) = a1y — a12(1 —y).

Sxio npu poMy rpaBelib | BuGepe CBOIO cTpaTerito [ = 2, TO MaTeMaTU4He

CIOJIIBHHSA MpOrpalry rpasus 2 nopiBHioe ME, = vz( ) = a1y — ay (1 —y).
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Qi

B (»)
f s
(5% !
0 \ 1
Puc.1 Fpa(l)qua IJI}OCTpaIJ,'ISI pPO3B HSYBa s1 Yl ISt I'paBLA 2.

B1AIIOB1AOTh YHMCTHUM

Ha pucynky 1 mae cTi y €[ @BlﬂplSKI/I npsimux B B; i BB, sxi
1 1 Qﬂ pu I[aHO Ha ppg:yHKy 4 nokazaH
1Bl Touku By (y) 1 a uu \—% AK1 I[aIOTB & HIO BI/I@
@ (2) % i

V, 2 MOXKE O

CTparTerii.

BUXOJISTh, SKIIO I'pa BUKOpH
OTrxe, M& UTY.

TOYOK MIXK U npst

JlamaHafMiH1A 32

|
Habopax y, ToOTO 131 ae ['paBery
HIDKHBOT TOUKH (OTpI/IMa IMyM TIpal \

11 B,B3

@ 1Iagi
i MIIlIaH

Belb | B op CTOBY€

lI[HI/IX 1)1p131< 2 (y)

TETis I[a€ MHOX>XHHa

JICTaBJIS @ OUTBIINE I TPpaBIls 2 TPU PI3HUX

pae y Tak, o0 IOCTUTHYTH

: i
TOOTO MiNg<y<q Max; 172( )). Otxe,

oTpuMaemo Yy = )?k y°, : i
Q(y%v° wmaemo piBHi®TH 21—y =ayy° +a,,(1—y%, 710

Az2—012 A

orpumaemo y° = o W =
11

yd =1-1v°, pOSB'ﬂSK%

3amava g rpaBus 1.

. Sk Gaummo g yP = y°,

A11+ta22—A12—A2q
bCS 3 PO3B’SI3KOM OTPUMaHUM aHATITUYHO.

€pea 4ucCei X1, X,, 110 3aJ0BOJIbHAIOTH HeplBHOCTl

Ay1X1 + AppXy =V
O,xz > O,xl +x2 =1

3HAWTY Taki X7, X5, IJd AKMX OTPMMAEMO Max v.

C
{ A11X1 + A1Xp =2V
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Hexaii rpaBeus 1 BubGepe cBow crparerito i = 1 3 HMOBIpHICTD X; = X 1
cTparteriio [ = 2 3 WMOBIPHICTIO X, = 1 — x. SIKII0 mpu 1IbOMY TpaBellb 2 BUOEpe

CBOIO cTpaterito j = 1, To mMaTeMaTH4YHE OYIKyBaHHS BUTpamry TpaBms 1 Oyne

nopiBHIoBaTH M¢&; = vl(l) = ay1X — ay;(1 —x).

Sxuo npu nbOMy rpaBellb 2 BUOEpe CBOIO CTpaTerito j = 2, TO MaTeMaTHYHe

CIOJIIBaHHs BUTpallly Tpasis 1 qopiBHioBatumMe M¢&; = vl(z) = ay,X — Ay (1 — x).

A\ ('
S O

3 1 s r@ !
; @]plBKI/I TIPS 147 1 A, A5, sxi

Puc 2. FPK
Ha pucy
UTYyalli 1IIaHUX CTpaTerisx

BIJIITOB1A (ﬁI/IM

BiﬂHOBiﬂa&Oﬁ( 1 KaMH @ . Jlamana minis A,PA,

MpPEACTABIISIE H@IM%A B BIISI 1@ pizHuXx Habopax Xx, TOOTO
uo

BIJIMOBIAA€E MinN ; vl(] ) I'pa upa ). 1100 JTocsiraTé HaWBUIOI TOYKK P

(OTpEMaTH MaKCHMYM Ys T®p 0sx<1 MiN; V1(]))- Omxe, OTPUMAEMO

x=x%x2=1-x%vA) = . Ockinbkn qs Toukn P(x%;v%) maemo

piBHiCTB allxo + a21( = a12x0 + a22(1 - xo), TO OTpUMAEMO

L 2
0 _ Az2—A21 .
X - )
A11+taz2—A12—A2q

PO3B'SI3KM CHIBIAIAI0Th 3 AaHATITHYHUM po3B's3anusam [20, 21].

A

. SIx Gauumo A x{) = x0, xg =1—-x0,
1t+022—012—02q

Mpuxnan 1.6 3uaiiTi po3B'A30K IPH 3 HACTYMHOIO MIATIKHOK MaTPHUIIEIO.
_(4 7
H= (9 3)

Po3B’si3aHHS:
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B, B, min(a;;) max min(a;;)
A, 4 7 4 .
A, 9 3 3
mlaX(ai j) 9
min max(a;;) 7
j i

Busnayaemo rapaHTOBaHUN BUTpAlll, SIKUM BU3HAYAETHCS HUKHBOIO I[IHOIO
rpu ¢ = 4, sika BKa3ye Ha MaKCUMaJIbHy YHCTY cTparterito. Bepxus uina rpu
Ockibku @ # [3,11e 03Ha4ae, Mo CiIJI0OBa TOYKA BiI[CYiH)I 1 I[iHA TPU 3HAXOJIUTHCS B

PO3B'A30K Ma'r@
BYBATH
0

iHTepBani 4 <y < 5. 3Hailnemo U B 3MIIIAHUX CTPATETIfX.

st po3B's3aHHS BUK rpadiuauii  Merod, IO

CKJIQIa€ThCA 3 )IeKiJIBKO

) Vv z[e ‘ psIMO il CHUCT op):u/IHa oc1 ab @
i é’

BIJIKJIaJTA€EMO BI OB)KI/IH p13Ka I[I I/ITB B TOMII

oyne mp@ KIHEITh WBKa mo

ctpareriero A,. Tou JICKATh OMIKKa BiIpI3 &mmmmu
@71' pZ) é

Jjaaac J'IlBlI/I OCROP HaT A Ha HpﬂMlI/I

MOXXJIUBOCTAM A€

2) 30 q@ CTpaTer

0 Tapane ci 0‘%

crparerii A,. Po3 H @npomn o3ulii rpaBus A, AKuii

JOTPUMYETHCS MAKCHMIHHOI c@ el He Mac Hi AyOmrordy, Hi
Ky

1 181010):¢ qepe3 BII[KJIaI[aGMO BHFpaIHl

JOMIHYIOYY CTpATETiio. p@u purpamy A;PA,. Touka P
BIJIIIOB11a€ MAaKCUMIHHIN alTbH erii rpaBis A, sika JIEKUTh Ha MEPETUHI

MO>KHA 3aIIUCaTH CUCTEMY PIBHSIHb:

=4+ 09 —-4)p;
=7+ @B —-7)p,

BiApi3KiB A; A7 1 Ay AS. Jlist ux

: 2 1
3BIAKU OTPUMYEMO®D; = S P2 =3
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-
(=)
II\) Iw 1&- Il.ll IO~ l\l IDC IG

Pu .0.

| N e

3anumemMo 1H®I/I: y = %ep 3Ha u@o MaKc%{y cmamr%,
rpasug B 3a gomno Q cnc@m: :% 0

MaTpPHLEIO.

Po3B’s3anns;  ,*

L B, min(a;;) max min(a;;)
A, 10 30 10 i
A, 40 20 20
max(a;;) 40 30
min max(a;;) 30
j i
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Jlana maTpu4Ha TIpa HEMa€ CHUTyallli pIBHOBark B YHCTHUX CTpaTerisix,
npuuomy @ = 20 < £ = 30. Takum unnom 20 < v(4) < 30.

3amaya g rpaBng 1. CrodaTky pO3TJISHEMO aHAMTHYHHN  CIOCiO
pO3B’s3yBaHHSA. Y BIAMOBIAHOCTI 10 GOPMYIT OTPHUMAEMO:

A=10-20—-40-30=—-1000% 0

. ~1000 1000
VT 10+20-30—-40  —40
. 20-40 20 10 ~30 —20
x1 = == 0 5 xz = 0 5

40 - ~ a0
TakuM YHHOM MaeEMO O albHYy C @Q@rp&mm 1: X° = (0,5;0,5).

Poss"micemo 3anaq:Qe BN N ‘N
@40 *% ‘2\0 0@'
C) \ - 030 60

Puc. 4 qu p03@ﬂs{ rpH A rpaBug 1.

Jltst Touku P (x°; » ~ I/IMa BHOCTl vl = vlz) 10x +40(1 —x) =

30x +20(1 —x) = x == @ =0,5; v, = v(A) = 25. 3Bizcu Maemo
x0=x0=05x)=1 ;x)b 0,5 =0,5;v(A4) = 25.
3amava IS N . Po3p’s3ytoun 3ajady aHamiTUYHO - OTPHUMAEMO

0 _ 20-30 _ -10 _ 10-40 _ =30 _
Y1 = oo _—40_025 y2 —40 _—40_0’75'

TakuM 4YMHOM MaeMO ONTUMANBHY  CTpaTerito ajas  TpaBus  2:
(0,25;0,75).

3HaiiieMo po3B’s30K rpu rpadivyHo (PUCYHOK 4).

YO
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» V

0 It \O 1

Puc. 5 FHe po3B’ Y JJI TpaBLs 2.

Jlnst Touku Q 3HaQ:y J’ & €MO Qvocn v = = v, 10y +
TO

@.
30(1—y) = 40y +

0 =0, 2 v(A)Q@'

- 0 _

3Biacu M&E@ x =0, 2 0,25 = O@J(A) —65.’
1. 3

'3y @anq & Xn T&
0
H$I r MO)K 0

Ana 10 p ’A3aTH TPy 2 X1,
TOOTO KOJ’II/I@_\ )1131 CT 1i, a rpa Q N cTparerid. Y Takomy

pasi Ha rpadiky cmu%a n nps BIJIMOBIAIOTH N CTPATETIsIM
rpaBms 2. MiHIMaJIbHI BUTP JamMaHa JiiHisI, MaKCHUMaJbHe
3HAYEHHS SIKOT 1 BI/IBHa‘{aT I/IMaJ'I 10 11 rpaBs 1.

MoskHa TaKOX p yBaT 2 3 TIEIO PI3HUIEI, 0 HEOOXI1IHO

BH3HAYaTU HE HMIXKHIO BCJII/I‘IPII@IH}G a BEPXHIO, 1 3HAXOAUTH HE MaKCUMAJIbHE,

a MIHIMaJIbHE 3 MO>KITHBUX ;j(
Hpuxnan 1.8 P&X U TPy, 3aJIaHy MaTPULIECIO
a=(7 1o o)
1 10 9

Po3B’s13anHS

B, B, B; min(a;;) | maxmin(a;;)

A 11 3 8 3 3
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A, 1 10 9 1
ml.aX(ai,-) 11 10
min max(a;;) 9

Jlana rpa HeMae CUTYyallii pIBHOBaru B YUCTUX CTpaTErisx, npuyomy 3 < v < 9.
I'paBenib 1 Mae aB1 YMCTI CTpATeETii, BIATOBIIHO, YMCIO 3MIHHHUX JOPIBHIOE 2:

X1; X5. ToMy 3acTocyeMo Tpadiunuii METO ] pO3B’A3yBaHHs 3a/1a4l Juist rpaBus 1.
Hexaii rpaBens 1 BubGepe cBorwo crparerito [ = 1 3 HMOBIpHICTD X; = X 1

cTparteriio [ = 2 3 WUMOBIPHICTh X, = 1 — x. fk IbOMY TpaBellb 2 BHOepe

CBOIO cTpaterito j = 1, To mat TI/I‘IHe O‘IIKYB@;

Mé, = (1) =11x—(1 Q x+ o mpu UbOMy rpasenb 2 BuOepe

MaT

CBOIO CTpATeriio j = 2

ME = vP = x)* + 10. @ BH6OQ arerii @
M&TGM&TH@B&H &uy rpa 1 6yIle R &1 —Bx —

9(1 — x) 6
['padiunmij K IIi€] r@) axe ®I®CYHKY 6. @

O

urpaiy rpasig 1 Oyjae piBHO

g1 yBaHH 1y rpﬁ 1 6yne p1

A>(3)

- > Y
0 .\‘O |

Puc. 6 I'padiune po3s’s3anns 3aga4di 1.8 ayist rpaBis 1.
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Jlamana minis A;PA5(8) siBusie co00I0 HalMeHIIWi Burpami rpasis 1 y

pisaux BuOopax 0 < x < 1 (Bianosigae min; v; U )) [Ipu upomy BIPI30K MPSMOT U ( )

CTPOTO PpO3MIIEHUI BHIE Ii€l mpsAMoOi (rapaHntoBaHuii Burpam rpasus 1). Le
O3HayYae, 1o rpaBelb 2 CBiOMO He Oy/e BUOMpaTH CBOIO CTpaterito 3.
I'paBents 1 BuOMpae x Tak, moO MOCATHYTH HaWBHINOI TOuku P (oTpumatw

MaKCUMyM BHIpally, TOOTO MaXg<y<i MiN; vlj )) Touka P — TOYKa MEpPETHUHY

IPSIMUX vl( ) vl( ). 10610 ctpaterii j = 11j = 2 rpaBus 2 € akTUBHUMHU.

. 2
Jnst Touxu P (x%; v°) OTpI/IMaEMO 3 plBHW = vl( ).
07

10x+1 =—-7x+ TO Jg —,V —vl(xo)_117 =

107 _
6— 3BifcH MaeMO: x1 X) = 0’— —

Otxe WMBHY @paTerl &FpaBHH 0
G %o O
O3IJISTHE aqy zm 11;[ :® yucea 2, V3, 110

33,I[OBOJ'IBH5{IOTB H H1

<v
1t
3HANTH Taki y;, y2 ) Th m1n

Ockinbku cTparerii - HeaKTnBHa 10 y2 =0; y? >0,

y2 > 0, Toxi MaeMo pis

2 =V
Oyz—v
3aymoBu y; = 0,7y, >O y = 1.

Toni OTpI/IMa€M&¥ £ yd == v(A) =’ = %.

7 10
OTxe, MacMO ONITHMAaNbHY 3MilllaHy cTparerii aus rpasus 2: YO0 = (5 ey O)

. 0 15
3 IHOKW TPU V" = 65.

1.3.4 3anuc MaTPUYHOI I'PH Y BUTJISAAI 32/1a4i JIHITHOTO MPOrpaMyBaHHS
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Sxmo rpa 2 x N abo M x 2 Moxke OyTH pO3B’si3aHa TEOMETPUYHO, TO Y BUIAJKY
Koy Tpa € 3 x N (M x 3) reoMeTpUYHa IHTEpPIPETAIlisl IEPEXOIUTh Y MPOCTIp, IO
YCKJIAAHIOE SIK 11 Mo0yI0By, Tak 1 crpuitHATTA. Konu »x N > 3, m > 3, reomeTpruyHa
1HTepIIpeTalis B3arai HeMoJuBa. [lJis po3B’a3yBaHHA TPU M X N BUKOPUCTOBYIOTH
puiioM 3BEJIEHHS 1i 0 3a/1a4l JIHIHHOTO MPOrpaMyBaHHsL.

Hexait po3rismaeTscss MaTpuyHa rpa m X n 3 MaTpuIeio A, Ipu 4oMy Oy1eMo

BBaKaTH, Mo Bciq;; > 0,i=1.m;j=1..n. TOW‘IGHH?I pu v(A) > 0.

3HaliieMo CroYaTKy anLHy rpaBiug 1. 3a OCHOBHOIO
TEOPEMOI0 Teopii 1rop T, erl Q&mpﬂmm rpaBIeBl BUTpall, HE
MEHIINA 32 IIHY FpI/I ( HeBl 0 I/I‘II/IHy , 34 6yﬁ‘<01 HOBGI[IH%
rpaBis 2. ﬂ % 0

0 rpan@ Cm@ Ol O HY C ergo a
rpaeenp 2 0I0 «4UH cTpaTeNIoy B;, Tomi 11 BH BHH A
JIOPIBHIOBATUME:
Tene ﬂ}w

3a 11 aBUH B ac 0 CHIIN iHa rpu. OTXe, s

OyIb-sKOTO 3HaYCHH Ben Mae Oy, @ EHIIIOI0, HIXK V-

0 > v
0
mnXm =V
Posminmmo Bci 0OM
amlxm 1
v
amzxm 1
» =
0
amnxm 1
v v v

0
_l

[Toznaunmo — = t; maeMo:
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alltl + a21t2 + e + amltm 2 1
a12t1 + azztz + + amztm 2 1

Aty + aopty + -+ apptyy, =1
>0(i=1m.
BpaxoByrouu Te, o xy + x9+...+x3 = 1, orpumyemo t; + to+... +t,, =
Heo6XigHo 3po0MTH BUrpam MaKCHMAalbHHM. 1[bOTO MOKHA JOCATTH, KOJH

1 . .
BUpas ty +t,+...+t,, = - HaOyBaTMMe MiHIMAJIbHOTO 3HadyeHHs. OTXke, BpeITi

Ma€eMO 3BHYAlHY 3374y J1HIHHOTO HpOTpaMYBaHHw

LinpoBa QyHKIIIS:

maxv = memn 0’
32 YMOB: @.
+ a gt Amqt 0
i “@ ‘”53\ Qgﬁ RS

2n tz

O,Z[I/IMO 3HaueHHs t; (i Jmn), a Takox

Po3p’ 5[3}’}0‘{& agaqgy
BEJIMYMHY ~ 1 eHHH %0 C&QJ]BHI/IM ’f3K0M 10MATKOBOT

samagi. Ot 3Haq aHy 0 LHy C%Q X0 =(xP,x2,...,x2)
Ju1s TpaBis 1. Q
3a aHanorleIo MOKHA HlI/IHOFO IPOrpaMyBaHHS  JUIs

BHU3HAYCHHS ONTHMAIbHOL 11 Irpa . €10 MCTOIO ITO3HAYHMO.

0 R
w=2(=Tn). Jox

Maemo Taky JiHIHHY MOAEJIBNga a4i:
C m n
&\ max f = Z U;
j=1

a11u1 + a12u2+. . +a1nun < 1,
a21u1 + a22u2+. - +a2nun < 1,

3a YMOB:

AmiUy + Qs +.. . +apu, < 1.
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u; =0 (j = 1,_n) .

OdeBuaHO, MO 337a4a JIHIHHOTO TPOTrpaMyBaHHS ISl TPABIS 2 € TBOICTOIO 10
3a/1ayl rpaBusid A, a TOMY ONTUMAJIbHUNA PO3B’SI30K OJHIET 3 HUX BU3HAYAE TAKOX
ONTHUMAJIBHUI PO3B’A30K CIPSHKEHOI.

BnactuBicTh (mpuHIMI JBOICTOCTI). SKIIO OHA 13 MABOICTHX 3a7ady Mae

pPO3B’A30K, TO 1 1HIIA 3a/ladya TAKOXX Ma€ PO3B’S30K, 1 MPU I[bOMY MJIs BEIUYUHU

fmax = maxyeg f)i fr;in = minyer f*(y), CipaBenIMBa PIBHICTD frngy = fr*nin'

Ipukaaa 1.9 Po3s’s3atu rpy 3 miIaTiKHOIO M:@em
( 6 —2 <8?
—4
Posrnsiuemo cr aTerm ane Mar 3 8) IT
P P 10 9
IILOMY BCi eJeMe anI/II_Il @ , TOMY 3 rpn g;! aH1 piBHI
v(A) =v
ILEMO y ISt &\x ;@ ué 1iHOTO
porpamMyBaHHS. ?
3agaua &B

ucel x@ SIKI 3aI0BQJIBHSIOTH HEPIBHOCTI
11x; + x @ 6
3x; + 10 Q
8x; +9x, = 6

x;=0,x, = 0
3HalTH Taki po3B’si3 I[OBO = x; + x, = min.

Po3B’siskemo nan J'IlHlI/I aMyBaHH$ TpadigHUM CTIOCOOOM.

A

.
\ * xl

X, +x, =1 3x, +10x, = 1

Puc. 7 3apava niis rpasug 1.
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Jlomyctuma ~ MHOXKMHAa T,  BHU3HAQYa€ThCS  CHUCTEMOIO  OOMEXEHb
T = {x = (x4,%x,) ER*:Ax > c,x = O} MOKa3aHO Ha pucC./ 3alTPUXOBAHOIO
O0aratokyTHOIO HeoOMexeHow obnactio. JliHii  piBHS  UUIbOBOT  (PyHKIIIT
Xy + x, = a,a = const. Ilpu mnapanenbHOMy 3MilIEHHI JiHII pPIBHA B3JOBX

HampsiMy AaHTHIPAJi€HTa BEJIMYMHA « 3MEHIIYyeThCs. TOMi 3HAYCHHSA f ;.
. 0 .0 e 11 X1 + Xy = 1
nocsiraetbess B Touni A(xq,x;) — Touka mepeTuHy JiHil . Takum
3x1 + 10x2 == 1
YUHOM KOOPJAMHATH TOYKH A BHU3HAYAIOTh p033’513 HS JaHOl 3ajadl JIHIHHOTO
107

0 — —
IPOrpaMyBaHHs: X; = 0 fmin = =

3BiCH MAEMO: .

=10 '\p o
1 Q?\ x\ 7>\§z>

v(A ’
meMo 1[0 3aj1aul uﬂ 1 — 34 I rpa
Cepez[ qnc , V3, K1 o LHSIIOTB BHOCTI
3)’2 0
7+ 10 9 1
> 0,y30

0

3HalTH TaK1 3, Kl BOJTEHSIO T ; > F Y3 = max.

Po3B’s13aB1mn nany cuc athiu 8, oTpuMaEeMo:

3y, — 5y, = —29/107

/ v, + v, = 17/107

Puc.8 3amaua nyis rpasus 2
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7 10 - 107
0= y9=—— y9=0v(4) =——
Vi =17:Y: = 17273 = 0v(A) =33
Ontumanena crpareris Q% = (q),qY,..q0) TpaBus 2 3HaxXOmUThCA i3
0
BigHomens q; = v0yP = %,Aﬂﬂj =1,2,3. 3 poro maemo Q° = (%,%, O) :

1.3.5 Po3B’A3yBaHHS MATPUYHHX iIr0p CHMILJIEKC METOA0M

AJTOPUTM OTPUMAHHS ONTUMAIBHOTO 3Ky B 3ajadl JIHIHHOTO

MIPOTpaMyBaHHS TIPEICTABICHHRCHMILICKC- e@i peaTizoByEThCS 32 JOTIOMOTOIO
CUMILIEKC-TAa0JIHIIb. &é ‘0
CI/IMHJ‘IGKC-MGTQ ae B‘)w BOMY Xﬂi BiI Qﬁro onopm%
TUIaHy J0 1HIIIOTO 3Ha4e 1160BO1 uIIe 3wl&y
Hexaii 0 3anaqy®ﬂ HI1M (@ 0 R
C1X1 + CZG' + cpx l \ O 6
allxl + -t a 1 0
a21x1 + -+ @=b2
Qs NS
a m2X2 ‘@ mnXn %
>2 0; \t‘ 2EX0)
Bektop x @, ., 38) %I/IB&IOT% oM  3ajadi  JIHIAHOTO
porpamMyBaHHS, SIKILIO BIH 3 A€°C €XKeHb I11€1 3aa4i.

JIOCH.

a

O3nauennsn [lna _éﬂ JIHI rpaMyBaHHSI Ha3UBaIOTh OMOPHUM,
SKIO BEKTOPH CTOBIII cAgfeMu o0 Aj(al jr A2, ...,amj), 10 BIAIMOBIIAIOTH
JOAATHIM KOMIIOHEHTaM BEKT YTBOPIOIOThH JIIHIMHO HE3aJICKHY HEB1JI €MHY
cuctemy [1]. .

OCK1UIbKH onop& HIB Oy/b-siKa 3aJja4a Ma€ CKIHYEHHY KUIbKICTh, TO 3a
CKIHYEHHE YMCJIO KPOKIB MOXHA TTOKA3aTH, 10 ICHYE ONTUMANILHUN TIJ1aH, a00 Te, 110
IIJIbOBa (PYHKIIIS HE 0OMEXeHa Ha MHOYKHHI IJIaHIB.

Hexait 3amano 3amady B xaHoHiuHid ¢dopwmi (1). [Ipumyctumo, mo cucrema
oOMeXeHb HE MICTUTh HYJBOBHUX Ta CYNEPEUWIMBUX PIBHAHb 1 BCl BOHHU JIHINHO

He3anexHl. BukopucroByrounm wmeton [ayca 3poOumo Tak, mobd cucrema Oyna
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PO3B’SI3HOIO BIIHOCHO Jieakoro 0azucy. To0To 6a30Bi HEB11oMI OyiIu BUPaKEH1 Yepe3
BUTBHI.

He mopymryroun 3aranpHOCTI Oy/neMo BBaXKaTH, IIO0 0a30BUMHU € TEpII m
HEBIIMUX:

1 1} RN
(X1 + et A1, m+1X¥m+1 +ot AnXn = bl
l; 1} N
Xy + o+ Ay mi1Xmer o Ao Xy = by
S, 4
/ ’ —
Xm + Amm+1X¥m+1 + et AmnXn = bm
\ x;=20,i=1+n

Bupazumo gepe3 BinbHI HeBlI[OMl IiTHOB 110:

cm+1x @ + c;, 2%n
0
Mi nQpi ™5 0, TO 1\1—xm+2—xn—0
X(b;, b}, ... H{Al,AQﬂm}—ﬂi @'

7.0) —om 1%}
HEe3aJIeKH n% oynyT §0p 4> 1O N HHOBiﬂal@
L 2
CT@I aKI/I@ or®1maﬂ 1 S I Vi HKIT
QOHTI/I B}@ Jst  uporo

Hexaii Bci Bijib

I1J1aH,

Ha3WBarOTh 0A30BUM
annue eHH;I

MPOBEIEMO 13 Koe i 6111;1me HE BI/IpaBI wisr Z 1

KoedimieHTH CTeMI/I S

[Topsimok po OZIOM:
1) 3BenmeHHs 3a1aui aHOH] OpMI/I 1 70 BUIY PO3B’SI3aHOIO
BIJTHOCHO JISSIKOTO 0a3uc

2) 3HaxO0JKCHH aueHb XX HEBIJJOMUX ONTUMAJLHOTO IUIAHY Ta

0a30BOr0 3HAYEHHS IIJILOBOI 1 Z (uepe3 mpupiBHIOBaHHA 10 0 BiTBHHX
HEB1JIOMUX). .
3) Ilepesipka AHOTO 3HAYCHHS Z HA ONTUMAJBHICTh. AHam3

Koe]ilieHTiB 017151 BUTbHUX HEBIIOMUX Y BUpa31 s Z:
3.1) Ak BCi BOHU J0JATHI, TO 3HAYCHHS Z MiHIMAJIbHE;
3.2) sKIIO iCHye MOAaTHUIM KOeQIIiEHT, TO aHAMi3yIOTh KoedilmieHTH Oist

BIJIMTOBITHOT HEBIIOMOI B IEPETBOPEHI CUCTEMI OOMEKEHbB:
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3.2.1) sxmio Bci KOEILIEHTH - B’ €MHI, TO Zyi — —0;

3.2.2) AKIIO iCHY€ MOAATHINW, TO POOJSATH MEpepaxyHOK 1 3HOBY aHAI3yIOTh
koedirientu [16].

3anavy AiHIHHOTO MPOTpaMyBaHHS 3pYyUHille PO3B’SI3yBaTH BUKOPHUCTOBYIOUH
CUMILIEKC-TA0IHII.

Posrmaremo cucremy :

+ a; + -+ a; = by

(X1 T A1 m+1%m+1 A1n,Xn = D1

/ ’ N
Xy + Ay mi1Xmer + 00+ Ao Xy = by

xp+

\ X

Bas

B ocrannbomy psio N atoTh C; > 0 1 BUALIAIOTH CTOBIMYMK. SIKIIO 1MX
KOe(]iIli€HTIB z:exdnma%‘ﬁ HANOUIBIIINHA.

PosrimsgnaroTe BIOH®INIEHHS CTOBOYMKA BUIBHMX WWIEHIB [0 BIAMOBIIHUX
€JIEMEHTIB BUIUICHOTO CTOBIILS, CEpPel LIUX BiTHOIIECHB 3alUCYIOTh JIUIIE HEB1A €MHI
1 00MparOTh HaMEHIIIE.

Komu HeBimomy X, BUKIIOUEHY 3 0asucy, a X; BKIKOYHM, TO OTPUMAIH

cuctemy Ss, Ky 3alUCYIOTh Y APYTY CUMILIEKC TaOJIHUIIIO.
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144 r r — 144
X1+ A mi1Xmer o0 F agpxp + o+ Ay = by
144 r r — 144
S, Xp+ Qi1 Xmer T F QX + o+ appxy, = b;
144 144 144 — 144
kxm + QGpmt1Xmar o AmpXp o A Xy = by
z=cy —(Cmy1t Xm41 — " — CpXxp — - —Cp) > min

Jlpyra cumIuiekc Tabauis

Tabmnis 4
Bas | ... |BY X, | 0
Xy |- | bf A1n

X1 bl”

Xm b
zZ

[I{o6 nmepelT

1) ToninuTu BUming ; B’A3KOBUH ay,;. ToOTO Ha Micwi ay,
ytBoputhes 1. I 3anucar . noqox& 2 mepummM.

2) 3a metomoM BUJIIJIEHOMY CTOBITUYHKY, KPIM MICIIS az',l.

B pesynbrati orpumaemo Tabdm

b

Otrxe,  mpoIr 0 3yBaHHS 3aJa4yl CHUMIUICKC-METOJIOM TIOJSTaeE Y

nepexo/i BiJ] OJTHIET CUM -Ta0OJuIll 10 1HIOT 32 BKa3aHWMU MTPaBUJIAMHU.
Lle# i mporiec TpuBa€ NOTH MOKH B OCTAHHBOMY PSJIOYKY CHUMILICKC-TAOJIHII],
KpIM CTOBITYMKA BUIbHHMX YJIEHIB, HE OyJie OAep)KaHO HENOJaTHI yuciia abo He Oyje

MOKa3aHo, 1110 LJIboBa (PYHKIIS HE 0OMeKeHa Ha MHOXKHHI TUIaHIB, TOOTO Zy,;y; — ©O.
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PosrnsHyTHI MigXin MOXKHA 3aCTOCOBYBATH IS PO3B’S3yBaHHS MaTPUUHUX
irop 3 Marpurero A mnopsaaky m X n. OnTuManbHl 3MilIaHi cTpaTerii x =

(X1, X2, s Xm)y, ¥ = (Y1, V2, o, V) Om0 TpaBmiB 1 1 2 Ta IiiHa TP IOBHHHA

3aJI0BOJIHATH CITIBBIIHOKEHHS:

i) ajjxi = v = 1;_71) Z?:l aijy; < v (i=1,m)
(2) =1 ; (3) Y=y =1
=>0(=1m) y;=0(G=1n)

Po3ninmuMo BCl piBHSIHHS 1 HEPIBHOCTI Y JIaHUX CIIBBIIHOIIECHHSX Ha v (1€

MOJKHa 3pO6I/ITH OCKIJIBKH 3a sz:iimeHHﬂM v >® CACMO ITO3HAYCHHAA:

Al i G21 n)
Toni Cl'IlBBlI[HO )i ( BiJIHO n YTBC &%ﬂﬂm @

Qg
\}1 Y @x\_l "

Ocki @pmﬂn L amee%a TaKi xl 1 B CBOIO Uepry

p;, o0 111 6le MaJIBHO 3B 30 1 3amaul 3BOOUTHCS 10
MOIIYKY TaKUX nona@a %Q D@

— min,

X

Bignosigno npyrui rpaBe L%e 3HAWTH TaKi 3HAYEHHS Y;, & OTKE 1 ¢,

mo6 miHa rpu Oyna HailmMeH B'SI30K JIpyroi 3a/ayi 3BOAUTHCA JO TMOIIYKY

TaKAX JOJATHIX 3HAYEHE® % ,n),
m

q; » max, zaijqj >1

Hani ¢dopMynu ONHUCYIOTH [BOICTI OAHAa JIO OHOI 3ajadi JIHIHHOTO

nporpamyBaHHs. Po3e’sa3aBIuM i 3a1a4i, OTPMMAEMO 3HAYEHHS P;, q; 1 V. 3Mimani

cTparerii OTpUMAEMO 3 BUPA3IB X; = UP;, Yj = Vq; .
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Hpuxaan 1.10 Po3B’sA3aTu CUMILIEKC METOAOM TPy 3aJaHy MATPUIICIO
1 1 3
A=(1 3 2
3 2 2

CkrnageMo napy JBOiCTHX 3a7a4

Po3B’s13aHHS

Z=p+p+p3—

» 42, C13

Po3r,

ml

p1 Q
2

I3 Ps = 1
P1r

-
)

3arunmemMo CUMILT Ta6ﬂf®
BK BY » Do

Bas Ps Pa Ps Pe
= Pa 0 Lo 4 1 3) | -1 0 0
pe 0 1 1 3 2 0 1 0
Pe 0 1 3 2 2 0 0 1
Z i 0 1 1 1 0 0 0
Dy 1 173 173 173 1 173 0 0
> D 0 1/3 1/3 713 0 23 | 11 0
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De 0 1/3 713 413 0 2/3 0 -1
Z - 1/3 213 | -213 0 -1/3 0 0
Da 1 217 217 0 1 -3/7 17 0
Do 1 1/7 1/7 1 0 217 -3/7 0
- Dg 0 17 | A5/7) 0 0 217 417 -1!
Z - 317 47 0 0 7 | 217 0
Da 1 4/15 0 0 1 7115 | 115 | 2115
Dy 1 2/15 0 1 so 4115 | -7115 | 1115
P3 0 Q
Z

OTtxe, @ 3 ILIATI
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PO3/ILJ 2. KPUTEPII ONTUMAJIBHOCTI B 3AJIAYAX TEOPII
IT'OP.

2.1MarpuyHi irpu 3 npupoaoio

MareMatuyHa TeOpisl 1rop MICTUTh HAyKOBI Ta OOIPYHTOBaHI MPOMO3MUIIIi
MIOJI0 TOBEMIHKH Yy KOHQIIKTHUX CHUTyallisX, IEMOHCTPYIOUM «SIK TpaTu 0e3
nopazkuy». o6 3actocyBaTu 110 TEOpit0, MOTPIOHO BMITH BUpaXaTH KOH(OIIKT Y

dbopmi rpu. XapakTepHUMH pUCAMH 1Jid Oyab-sfkor@ KOH(MIIKTY € Te, 110 *KOJHA 31

CTOpIH 3a3JalieTib HE Ma X 1 IO E@HaHB JIpo BCl MOJKJIMBI IUIIXHA iX
BUPIIICHHS, a TaKOX Qi CT & Maﬁ6y‘ \nosez{im(y, OTXKE, KOXKE
3MYIICHUN JISTH Y YEHUX % Hesu écm pe@y MOXE @yT
BUKJIMKaHA B% MTOBEIIRRQIO aKIm{{% cynpOTnB@ Ta HCCBi}:&O
nacmmow@«ic , Ha 1l TIpUp MU CUJIaM @oan: hit I:HGM,

BITPOM, JIaBUHOIO TO
pe3ynbTaTiB npo&r HAL. %(I/IX K X OIIOHE CBIJIOMHM 1
IIJISCIIPSIMOB @KTHBHH” %‘r, 3ar I h@i‘iﬂmoro rpaBus 1

f&y i 6@

ObOMY €THCA MO, b TOYHHX

HaBMHCHO KOIXK

KOH(IIIKTaX TaKHX % ux

OPUPOAN»: TOTOJHI YMOBH,

nepemoru. B iHmmx
aK 3BaHI «CJIIN CHJIH

aJHaHHA KOMIIaHii, XBOpPOOHU

MpaIiBHUKIB, €KOHOMIYH OUIBHIC OBl yMOBH, JAWHaMika OOMIHHOTO
Kypcy, 1HQUIALis, noaat ITUKI, CHOKHBYOTO MOMUTY TOIIO. Y LBOMY
BUMAJKY MIPUPOJIA TIATUME Tac Il 11€ MO>Ke 3ryOHO BIUIMBATH Ha JIIOJIEH, a

1HO/I TI€ BUT1IHO JIFOJSIM, aJigfil @LaHu 3HAYHO BIUIMBAIOTH HA PE3YyJIbTATH JISIIBHOCTI.

(v 3

.
[HmuMu  ciioBamu, 'y % mi npoOjeM BUOIp PINIECHHS 3aJeXKUTh BiJ CTaHY
00’ €EKTUBHOI pEANTbHOCTI, IRUI Y MOJIEII Ha3UBAETHCS KIIPUPOIA».

I'pa 3 npupoodoro 11e mapHa MaTpuvHa Tpa, B K CBIIOMUI TPaBEIh BUCTYIIAE
NpOTH y4YacHUKa Oaimyxoro mo pesynbraty rpu [9]. Takoro yvyacHuka Ha3WBarOTh

PUPOIOIO.
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VY noaiOHUX irpax pillleHHS MOJSAra€e B 3HAXOKEHHI ONTUMAlbHOI CTpaTterii
nepiroro rpasiid. CTaHy MPUPOIN PeaTi3yIOThCs il BILIMBOM 0aratbOX BHUITAIKOBHX
1 HEBUMAJIKOBHUX (DaKTOPIB 1 B peKOMEH IaLlISIX MPUPOJIa HE MOTPeOye.

B irpax 3 npupozoro miati>kHa MaTpuilsl GOPMY€ETHCS 3 BUTPAIIIIB CBIJIOMOTO
rpaBus. [Ipupoga B gaHMX irpax HE HpOrpae, BOHA J03BOJIAE a0O HE I03BOJIAE
OTPUMATHU B PE3YJIbTATI BUZHAUEHOI CTpaTerii B O13HEC], IHBECTYBaHHI 1 TOIIO SAKUNCH
BUTAIIl CBIZIOMOMY TPaBIIEBi.

Yucti crpaTerii  cBiloMOTO TpaBls Oy nosHauatu A, A4,, ..., A,

%H&‘—IMMO Ny, N, ..., N,,. Il

[Ipupona x Mae He CTpaTern pi3HI CTaHH @

cmauamu npupoou po3yMi y cyK 3OBH‘H_IH1X YMOB, B AKUX CTaTUCTY
par Tpater HOTMEREAHBOIO JIOCBI
MOJKJIUB %1 npp@ 1HOI &\pHOCTI@
SIKUMU TIp edIn3ye. Bl Hong H I0Th an l@\/l
n@ HLW PHUPOL e BUTJIA 6 60
QICHE
& A= @ au @

(1-my rpaBmpo) motpi

CTaTUCTY 3a3BUYa

Jie a;j — BUT CB1JI0 OpHCT cTpaterito A; 3a yMOBH,
10 MPUPOJIA peaizy CBIit
Kpim miarixkHoi ma ax 3@0}0 PO3TIIAIAI0Th TAKOXK MATPHUIIIO
pusuKiB. Puzuxom tpa TaTUCT any mpupomu N; 1 BUKOPUCTaHOT
cTparerii A; Ha3UBaIOTh PISHUILIIO CI/IMaJ]BHI/IM BUTPAILIOM, SIKUW TpaBellb MiT
Ou OTpUMAaTH, 3HAIOUM HaTepe MpoJia peaiisye CBii ctan N; 1 TUM BUIDAILOM,
SIKUW peaJIbHO BiH OTP ’a\rl max; a;; — a;;.
m& i1 - Tj-— Tin
R=|riw T
Tmi - Tmj- Tmn

Marpuiisi pu3uKiB € A0JIaTHOI. B OUIBIIIOCTI BUITAJIKIB BOHA XapaKTEPHU3YeE

BUTpall, sIKHH He oTpuMmaB rpaseub 1. Ciin 3ayBaKuTH, IO BUXIJHA IJIaTDKHA
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MaTpulsl (MaTpUIlsl BUTPAIIiB) MOXXE OJHO3HAYHO OYTH TMEPETBOPEHA B MATPHIIIO
PU3MKIB, aJic HE HAaBIaKH.
Mpukaan 2.1 [lepeTBopuTH MIATIKHY MAaTPHUIIO B MATPHUIIIO PU3UKIB.
1 4 5 9
A=[3 8 4 3
4 6 6 2
3HaX0MMO MacCHUMAJIbHI €JIEMEHTH JUIl KOXKHOTO CTOBIUSA Max; d;j, 1
00JIMCIIMMO PI3HUILIO JUISA 3HAXO/DKEHHS EIEMEHTA 7} = max; d;j — a;;.
4—1 8-—4 6—-5 9-9 34 1 0
R=14-3 8- 6 4 9 1 2 2 6
4 —4 8 0 2 0 7
*

[Tpu p033’513aHHi : quEJro 010K \TaTHBO 3HAWTH HaWKparli

pexomeHanii TiJ'II)I(I/I :

BIISL @pen TH nepe@ 10 BI/I6
ONTUMAILHUX , HEOO nopiBH WHIO 1 HIHI/I
BUIAJKY, Q 18Tb CIIpo, naTi Q@Hum
(3MEHLIUTH 3MipH] KHU 11 a3MBAERbC 1HyBa aTerii.
Tax, axmo k — T YOK )10 csl SIK @TB IHHII/H@ M PSIOYKOM,
TOOTO BI/IKOHy HCplBHlCTB Agj ,\1&@ =1. @tTpaTeriIo A, AKa

JIOMIHYETBC To k pi[I[O‘{(QO)KHa BU 3 MaTpull, TOMY IO
paHile BiJIOMO, @ a cTpar s. Mlpy IbOMy HE MOXHa
BIJIKUJATH CTOBMII, OCKUIbKH @) M %yBaTH Oyab-sIKI CBOi CTaHH,
HE3aJIE)KHO B1J TOTO BT o@paBum 1

xpn B I'p1 3 IPUPOJAOIO

HMpuxaan 2.2 Jlo HHS c%' M 1 .
Hexait MaTpHU4YH 3 MIPUPOOI0 3a7aHa MIJIAT1KHOIO

3 5 3 1
8 5°* 3
Marpunero A = | 4 1
39 0 2
4 7 4 8 1

B nanomy npuxnani ctparerisi As nominye ctparerii A; i Az, TOMy psiI0UKH,

K1 BIAMIOBIAIOTH ITUM CTpPATErisIM MOKHA BUITYUUTH.
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8 5 6 1 3
A=1(3 9 3 0 2
4 7 4 8 1

VY pe3ynbpTaTi 4MCIO PSAAOYKIB B OTPUMAaHIA MaTpHIll Ha 2 MEHIIe, YUM Y
BUX1JHIN MaTpuill. OTKe, SMEHIIUIIACS KUIbKICTh KPOKIB PO3B’SI3aHHS.

[Ticast crmpoiieHHs TUTaTDKHOI MAaTpHIll, 1HOAI Kpalle MepedTH Bif Hel 10
MaTpUlll PU3MKIB, SKa JO3BOJUTH OUIBII YITKO BHUABHUTU IEpeBaru OJHIEI cTparterii
HaJ[ 1HIIOO TIPH TAHOMY CTaH1 Ipupoar. Tak, sIKIO B TUIATDKHIN MaTpui iy < Ag,

TO II€ I1I€ HE O3HAYae, 0 cTpaTeris Ay Kparie cTp i) A. OCKUTBKH MOKIIUBO, IO

cTaH npupoau N; OUIbII CIIpUs € I TpaB ﬂG’M N¢.
Mertoay npUMHSATT, by M @x ier( 3 IPUPOACIO 3AJIEkKATh BIJ
TOTO BIJIOM1 YH HI MO

!@C craHi omu N. ¢

Posrnsane (@L\mﬁ BU . "Hexali o Ql CKJIa >5I 3 TOLO, 0
1 1CHI 1 a/[Al0Th

u - §T06T0

w),1 B bCS YMOBH

npupoja 1 B OJIHO

MIOBHY TP 11. Hp@/l HMOBI X CTaHIB
BIIOM1 3HAYEHHS Q vy qn
q;>0,j=1. ; ; . oMy BI/II@' Ma€e MiGHe QUTYallis pusuxy i
' pusu %IVI‘/JIHSITT B YMOBax pPH3UKY
% @ponn @ angkoBuil xapakrtep. lle

IIPOSIBIISIETHCS] B TOMY ICHY! OBl 'c%p%ynmaﬂ AKO1 BiJOYBaIOThCS
TI 4d 1HON ToAll (BUHMKA 1 cTa onu). [Ipu npoMy, rpaBenb KU

plIeHHS

XapaKTepU3yedbCs

npuiiMae pilIeHHs, Ma 1HDopMAIL PO HMOBIPHOCTI BUHUKHEHHS LHUX
nomii. CraTucTUYHA MOJIH TIPHUH pillieHb B JaHii cuTyallii TpencTaBiisie
cobotro Tpy aBox oci0 (mroguHy 1 PO/IN) 3 BUKOPUCTAHHSAM JIFOAUHH JIO0JIATKOBOI

CTaTUCTUYHOI 1H(POpMa ﬁ@x Y IPUPOJIN.
PosrnsHemo apyrwil Bumanok. SIKimo WMOBIPHOCTI, 3 SKUMHU MPUPOJA MOXKE

nepeOdyBaTu B TOMY YM IHILIOMY CTaHl, HEBIJIOMI 1 BIICYTHS MOIJIMBICTh OTPUMATH
po HUX OyAb-sAKYy 1H(POpPMAIlI0, TO MAa€ MICIE CUTYaIlisl NOBHOI HeBU3HAUEHOCHI 1
pIlIeHHS MPUIMAIOTHCSI B yMOBaX MOBHOI HEBU3HAUEHOCTI.

PosrisaaeMo aeTanpHIIIe KOKEH 13 BUITAAKIB.
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2.2 KpwuTepii npuHHSATTS pillleHb B YMOBAaX PU3HKY

PosrisiueMo rpy B sIKiM TpaBIiO BIJIOMO HWMOBIPHOCTI HACTaHHS TOTO YU
THIIIOTO CTaHy IPUPOIH.

3amady TPUAHATTS ONTUMAIBLHUX PIMICHh B YMOBAaX PU3HKY (DOPMYITIOIOTH
TakuM 4YuHOM. Hexail Bijomi MMOBIPHOCTI CTaHIB cepeAoBHIna Toai sl KOXKHOTO
psAKa MIATIKHOI MaTPHULIl MOKHA BU3HAYUTH OYIKYBaHMN BUTpAII NI (PIKCOBAHOTO
pILIEHHS y BUTJISII MATEMAaTUYHOTO CIO/IIBaHHS.

OntumanbHOIO CTpaTerifS Oyne Ta crtpareRl¥, sxa 3a0e3MeYnTh HAWOUIBII

< ..
.
Hexait Taka rpa a6nw&$. :\

OUIKYBaHUW BUTpAII.

A; )

A, %

A; , g .

A, @ Amn am
qi n

Jie a,- cepeJHE 3Ha4YeH i = 1, m, 9Ke BU3HaA4Ya€EThCS

JUIs KO>XXHOI A; rpaBL 1;
q; - anipiopHi KMOBIpHOCTI
*
Jlns po3B’3aH a/1a4y 3aCTOCOBYIOTH TaKi KpUTEOil:

- KpuTepiu bauneca;

- KpuTepiu Jlaniaca;

- KpuTepiu Xomka-J/lemaHa;
- Kpurtepiu 'erimeepa.

PosrnsHeMo neranbHilie KOXKEH 13 KpUTEPIiB.
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2.2.1 Kpwurepiii baiieca

[Tpumnyctumo, 1o rpaBuo 1 13 MHUHYJIOrO JOCBIAY BioMi HE TUIBKH CTaHU

npupoad Ny, Ny, ..., Ny, aje # BIANOBIAHI WKMOBIPHOCTI ¢;,j = 1,71 3 AKMMH NpUpO/a
peaizye 111 CTaHHu.

[Toxasnuk edexkTuBHOCTI cTparerii A; 3a kputepieM baileca BigHOCHO
BUTPAIIIB Ha3UBAETLCS CEPEIHE 3HAYCHHS, a00 MAaTeMAaTHYHE CIIOJIBaHHS BHUTpAITy

[ —TO pSAAOYKY 3 BpaxyBaHHSIM HMOBipHOCTEU Bvommm/lx CTaHIB TPUPOJIH.

[To3HaunMMo 1€ 3HAYEHHS q a, = q,a + ot Quain = X1 44595
= <G .
OnmuManbHoro 2 ucm eaitl epiem”®, ueca BimHOC
BUIPAIIiB BBaXa TGFIH% Kcnw@ TIOKa3 q)exm&
@a max Orxe, BuOpanuii

TOOTO Ma M cepe
PO3B’SI30K ICJTCI)IEM @ € ONTH M HE B K y OKp TajKy,
a B 3araJibHOMY. g

POSFJDI pOIOIO0 @qn BIJI0

ﬁMOBipHOCTi CTaHIB

IPUPOIN n Hp STTI MO)KHa YBAaTUCA HE TITbKH
cepeaHIMU B cepeaHi I/IKaMI/I JIJT CTBOPUTH MATPHUITIO
pHU3HKIB R. %

[TokaznukoM Heede 1 CTp VA; 3a KpI/ITepiCM Baiieca BigHOCHO
PU3MKIB HA3UMBAIOTH CE ‘ HE CIOJIBaHHS pPHU3UKIB [ — IO
PSAI0YKY, HMOBIPHOCTI SIK CHIB 31 ctanamu npupoau. [lozHaunmo cepemHi
pusuk mpu crpaterii A; uepes«k, WU T, = q1731 + GoTiz + -+ QnTin = Xj=1 7159

i =1,m[24]
OntumanbHOKO ¢ X YUCTUX CTpaTeriii 3a kpurepieM baiteca BiTHOCHO

PU3MKIB HA3UBAETHCS CEPEJIHE 3HAUCHHS € CTPATeris (J; MOKa3HUK HEeCHEKTHBHOCTI

SAKO1 MIHIMAJIbHUN, TOOTO MIHIMAJILHUM CEPEIHIN PU3UK Typ = MiNy<j<m T;-
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Kputepii balieca BiTHOCHO BUTrpaliiB 1 BIIHOCHO PU3UKIB € €KBIBaJICHTHUMH,
TOOTO SIKIIO cTpaterist A; € ONTUMaBLHOIO 3a KputepieM baiieca BiJIHOCHO BUTpAIlIiB,
TO BOHA € ONTUMAJBHOIO 1 32 KpuTepieMm balieca BITHOCHO PU3UKIB 1 HABMAKHU.

Ipukaag 2.3 CinbChbKOTOCIOAAPCHKE MIAMPUEMCTBO MOXKE peaizyBaTh
JESKY TPOIYKIIIF0 HACTYITHUM YHHOM:

A, — Bigpa3y micis 360py;

A, — B 3UMOBI MICSII1;

A3 — y BecHsHI MicSII.

[TpuOyTOK 3alIeKUTh Bif lliHN peamizanfi B§IaHUI Mepio] dacy, BUTpaT Ha

30epiranHsl 1 MOXJIMBHUX B 3Mip )@ po3p3x0BaHI/II/I JUIA PI3HUX CTaHIB

BIJIHOLIIEHb an/I6yTI<y 1 po % oro mnepi aBeILem y MaTpHLl 2
Bu aqﬁﬂan i E UT1IHY eriro 3 epieM @ AKIIIO
HMOBIPHOCTI CTaHIB

Po3p’ 513 @
3a K Baiie \%

a, = 2 + ( 5+ 7 ¥ 1 =1.

a_2=—1*0 _—06 +1,2 = 3,5.

a; =—-7x0,2+13% @ 4+6,5—09 =42

Cepen otpuman p aKCUMAJIbHE @, = MaXq<j<m A; =
as. Omxe cTpareris Az — OI[aBaTPI%BeCHHHi MICSIIl € ONITUMAJIBHOIO 34 JaHUM
KpUTEPIEM.

. /\/
\\ 2.2.2 Kpurepiii JIanuiaca

Jlns  3actocyBaHHs KpuTepis baiteca mnoTpiOHO, mo0 Oynau BigoMi

MMOBIPHOCTI ¢,j = 1,m 3 AKUMHU NPUPOJA peanisye TOW YM IHIIMK CBii cTaH. Aje

JIOBOJII 4YacTO CKJIAJa€ThCA TaKa CHUTyallis, KOJU TpaBellb HE Ma€ MOMKJIMBOCTI
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BU3HAUYUTH WMOBIPHOCTI CTaHIB MPHUPOJU, TOMY BiIOYBAa€ThCs CyO’€KTHBHA OIIHKA
Takux UMOBIpHOCTeH. OUH 13 TaKMX METOJIB MOJSITa€ B TOMY, III0 MH HE MOXEMO
BIJIJaTH TIEpeBary TOMY 4YM I1HIIOMY CTaHy HPHUPOIH, 1 MPOCTO BBAXKAEMO iX BCl

P1BHOMMOBIpHUMHU, TOOTO
1 . . :
GL=""=qn= Ieit mpuHIMII 1 € OCHOBOIO KpuTepiro Jlamaca.

[ToxazHukoM egeKTUBHOCTI cTparterii A; 3a kputepieM Jlammaca BiTHOCHO

BUTPAIIIIB HA3UBAETHCS CEpeIHE apUPMETHUHE BHrpamiB [ — IO pAIOYKY:
— 1 n - -
L= ;Zj=1 a;j,i =1,m[18].

Onmumanshoro cepeo X cmpa ; Kpumepzem Jlannaca BITHOCTHO

BI/Il"paIIIlB BBAXXA€THCsA C s Al I/IMaJ'II)H OKaBHHKOM e(beKTI/IBHOCTl

TOOTO MaKCI/IMaJ'IBH BI/Il"p o’=ma
cae€o BI/IHa I/ITeplﬂ c 3a YMOIQ

O3I'JId K BiH 3 OBy€TB

Hpmc.ﬂan Ba MpO 1T1X,, @TB 0 QBOB&HI 3a
y 1

YIOTB pi3HMIA

TpbOMa MO)KJ'I C Hap 3BI/ITI(y

IPUOYTOK. npn % GHCHO%} :

HeoOx1aH0 BUOpaTu Hp

Po3B’si3aHHS.

3acToCy€eEMO KpHu armac &g YU, 10
1 @
i1 =92=43= 7-
3HaleMo HOKasHHm BHOCTI JJI1 KOKHOTO TIPOCKTY:
a_1=—(45+2 §*120=40.

a; ==(20 4 60 + 25) = 2« 105 = 35.
3 3

Cepen oTpuMaHUX 3HAaY€Hb BHOEPEMO MaKCHUMAalbHE Q0 = MaXi<j<m A; =

a;. Orxe, 3a kputepiem Jlamnaca onTUMalIbHUM € peani3amis MPoeKkTy Xi,y SIKOTO

HaWOUTBIINKA cepenHii mpuodyTok (40).
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: 1

3p0O3yM1iJIO0, 110 NPUIYHIEHHS G = *** = (, = — HE 3aB/H € O0OTPYHTOBAHUB.
B upomy 1 monsirae Hemonmik kpurtepito Jlamnaca. PosrnsHeMo 1e Ha KOHKPETHOMY
TIPUKIIAII.

Hpuxnan 2.5 ['pa 3a1aHa HACTYTHOIO MATPHUILICIO

Qu | Q2 | @3 | Qs | Qs | Q6 | Q7 | @s | Qo | Qo

A |1 0 0 0 0 0 0 0 0 100

A, 199 10 10 10 10 10 10 10 10 10,1

3Haii1eM0 MOKa3HUK €PeKTUBHOCTI JIsI KeraTerﬁ:
a; = 101 O
a, = 100
i | Q J \
3a KpuTepieM a oIt @a BB&)@‘L CTpa%Al, ocmnb%
E 'H

MOKa3HUK e(eKT % 1 mak 110 B C
A, Bkpai §p1:1330 HO PO i cﬁ@om/l I p1 gaHo1eTpaTerii
rpaBelb M 3araui u . Ha BinMigV”Bin CT@ A,, sKe

rapaHTye€ BPIFpElI]I B

3aysa X Ba ariaca aeiina mpo BHOIp
T

OITUMAJIb erii ¢ O)KI/IH UCTUX CTparterid. Y
Teopii irop 1OBOIUTH % KIIIO Bl p10pH1 OCTl CTaH1B MPUPOJIU, TO
CTaTUCTUKY HEMA€ c CTpaTeFISIMI/I OCKUIbKH TIpH
IOMY MOTO cepeaHii BI/IFpa Jn,my

é epm Xomxa-Jlemana

[eit kputepiit bCsl OJTHOYACHO Ha KpuTepiit Banbna, kil po3isHyTO
y nyHKIi 2.3.1 1 xputep fieca. Hexat W; = min,¢j<, a;5,1 = 1,m — nokasHuk
edekTuBHOCTI cTpaterii A; 3a kpurepiem Bampma, 1 Hexail B; — moOKa3HUK

edexkTuBHOCTI cTparerii A; 3a kpurepiem baiieca. IlokazHuk egpeKTUBHOCTI 3a
KpUTEPIEM Xomxa-Jlemana 3HAXOJIUThCS 3a dhopmyIior

HLL' = (1 — h) minlSan aij + hZ;'l:lpjaij,i = 1,771,0 < h < 1.
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B mpasiit yactuni popMynu KoedilieHT h — 11e KUTbKICHUN MOKa3HUK CTYTEHS

JIOBIPY  CBIJOMOTO TpaBIisd JAaHOMY pO3MOJIUTy WMOBIpHOCTEH ¢;,j =1,n, a
KoedilieHT  BIANOBIMHO 1 — h XxapakTepusye KIUIbKICHUHA CTYNEHb IECUMI3MY
CBiIOMOTrO TpaBilsi. Uum Oibliie TOBIpH IpaBIsl JAHOMY PO3MOJLITY CTaHIB MPUPOAH,
TUM MEHIIE MEeCUMI3M 1 HaBMaku. YuM OuibIlle MOKa3HUK JOBIpH, TUM OlIblle BUOIp
CXWISAETHCS 10 KpuTepiro baiieca, B iHIITOMY BUTIAJKY — TOMiHYy€e KpuTepi Bampaa. 3
IIOTO CIIAYE, M0 KpuTepit Xompka-Jlemana € mpoMi>KHUM MK KpuTepisimu Banbna 1
baiteca.
Bubip mnapamerpy h cy6’eKTHBH@ﬁ< AK BU3HAYUTU CTEMiHb

JIOCTOBIPHOCTI SIKOi-HEOYTh 1 po3n BOJII 1 $KI1aTHO.

Ol'ITI/IMaJ'IBHO}O 1€}o epleM & HeMan cTpareri ‘b
HAWOUTBIIAM OCTI X((l 1n1< i <®

] 1p] m,0 TIPUKJIA,
2 6 H@MCTBO @ UITyCKaT pu Tp@, pH
IIOMY TIOTIMT Ha ITiA 3aJIeK LOX iB. Hna@ TPUIIS Ma€
e°
15 \% 0
A=
5 6Q
3HanTH OHT ycC omka-Jlemana npu h = 0,6Ta

WMOBIPHHUX CTaHIB npnponu .3,
Po3B’s13aHH4.

I(O)I(HOI 3 CTpaTeFII/I

3HailieMo MOKa3H (beK
HL; =(1-10,6) * 10 06+(20%0,2+15%x0,3+10%0,5) =0,4+ 10+
S5=4+81=121

0,6 *(4+45+5)= ﬂx = ,1=12,1.
HL, =(1-0,6) +0,6*(16%0,2+12%03+14%0,5) =0,4*12+

06+(32+36+7)=48+0,6%+138=4,8+8,28=13,08.
HL; =(1-06)*13+0,6*(13%0,24+18%0,34+15%0,5)=0,4* 13 +
06*(26+54+75)=524+0,6+155=5,2+9,3 = 14,5.
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3HaiiieMo CTpaTterito 3 HaAMOUThITUM MOKa3HUKOM edekTuBHOCTI. [le HL; =

14,5.0Txe, cTpaTerisa Az — BUIYCKAaTH MPOAYKIIIO 3-T0 TUIY € ONTUMAJILHOIO.
2.2.4 Kpwurepiii I'elimeepa

Jlanuit KkpuTepiii OpiEHTYEThCS HA BeMMYuHy BTpaT. [lokazHuK epexkTUBHOCTI
cTparerii  A; 3a  kputepieM ['eiimeepa 3HaxomuThcs 3a  QOPMYIIOIO:

GVVl = minlstn qjaij,i = 1,m.

Axwmo rpasens 1 gotp ThCSI CBOEL C'@'li A;, TO IMOBIPHICTb BUTpAIILY

@;; TpHM WiH crparerii i CTaH JiNs | PﬂBHa HMOBIPHOCTI @ CTaHy
IIPUPOJIH. OHTI/IMaJ'IB % pHTGpl@\a)KaCTB CTpaTeris ®'
MaKCUMaJIbHUM % 3HUKON ? (beKTURHO

GW = ma 1<l<%/ @ <]121 OCYBa%HBOFO

KpUTEpito NOTPIOHO 1T aTu MaT eHMee HBOFO DTPIQHO KOXKEH

€JIEeMEHT ManI/I HOCTI %B IPUPOJH.
g1 * P 1]' * pj

; E 2 ‘
(lml * 01 -

Ockisibku GW mln o kputepit ['elimeepa MokHA
IHTEepPIPETYBATH, IK KPUTGPI Lz[a, JITHYTO y MyHKT1 2.3.1, 3a ymMoBHU
MOro 3aCTOCOBAHHS 0 M o1 Ip 0010 3 Marpurero ['elimeepa.

Kpurepiit I'eitmeepa utepiii Bampna € kputepieM KpalHBOTO

G =

MEeCUMI3MY CB1JIOMOTO Ip 0 Ha BiAMIHY Bijg KpuTepito Banpga rpaseilb
NpUiMarO4y PillleHHS 3&& QJIbHOIO0 00AYJIMBICTIO BPaxoOBY€e MMOBIPHOCTI CTaHIB
HOPUPOAH.

Axuo QyHKIIS po3MoAlTy BiioMa HE HaAlMHO, a yMcia peajizauii Maii, To,
BIJMOBIAHO 10 KpuTepito ['epmeiiepa, oTpUMyIOTh, B3araial KaKydd, HEBUIIPABIAHO

BEJIMKUW PU3HK.
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3aysasicennsn 2.2 Y BUNAAKY PIBHOMIPHOTO PO3IMOJALTY WMOBIPHOCTEH CTaHIB

1 . L
MPUPO/M  P; = —, TIOKA3HUK edekTuBHOCTI  cTparerii ~ A; Oyne  piBHHUIA

1. . NV :
GW; = —MiNygjcp Qj, L= 1,m. Tobro kputepiii I'eliMmeepa cTaHe €KBIBaJICHTHUM

Kkputepito Banpaa.
Hpukaag 2.7 € 100 ypH, y koxHid 1o 10 kynb. IIpu 1npomy CKpUHBKH
OyBarOTh JBOX THUIMIB: B CKpUHBLI TUITY | 3HAXOAUTHCS 5 HOpHUX Ta S OUTUX KyJib, a B

ypHi Tuny Il — 8 yopHHUX Ta 2 61MKX Ky7i.

Bigomo, mo ypH tuny I — 70 mTyk, a@ny IT — 30 mryk. I'paBenp
MiAXOANUTH JI0 BUMIAJKOBO 00 ’KpI/IHBKI/I €H CKa3aTH, SSIKOTO BOHA TUITY UM
BIIMOBUTHCS Bif TpH. QiH Ha un I i &)’Vnpalam [BOTO THIY, BiH
surpae $500, sxio @ i @0 rparo Msmsae @
ypHa JIIHACHO 11 1 Ha TI/I nporpaeé
Sxe pune@a ,’ ipHOCTI mo rg@ﬁ&pe

L .

CKPUHBKY UITy 11

Posp’ 513aH

2 00
JIaTl)KH o A 0 10

HIDKHIN pSITOK Bum 1 I B1J] TpU
3aCTocyeMo Kpmepm :

%HBOI‘O CKJIaACMO MAaTpPHIIIO

500 * 0 200 * 0, 350 -60
['epmeiiepa G = 150 1000 * —105 300
0 0
3HaleMO MTOKA3HUKH € OCTi KOKHOT CTpaTerii.
GW, = —60; ,
GW, = — 150

3HaiiiemMo onTUManbHy crpaterito GW = max; <<, GW; = GW5 .
OT1xe, ONTUMANIBHOIO CTpaTeriero 3a kputepieM ['epmeliepa € ctpareris Az —

B1JIMOBUTHCS BiJ TPH.
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2.3 Kpurepii npuiiHATTA pilieHb B YMOBAX IIOBHOI HEBU3HAYEHOCTI

PosriisiHeMO TPy 3 NPUPOJIOO, B AKIA WMOBIPHOCTI q; cTaHiB npupoau N;
HEBIJIOM1 1 OTpUMAaTH OyAb-SIKy CTATUCTHYHY 1H(GOpPMAII0 MPO HUX HEMOXKIHUBO.
TobTo TrpaBens mnepebyBae B CTaHI ITOBHOI vaﬂaqeﬂocﬁ, OB ’SI3aHOT 3

BIJICYTHICTIO 1H(QOPMAI] TPQu AIMOBIPHI CT pupoau. Taky WMOBIPHICTb

HA3MBAIOTh «0e3HAIIHHOTO), 150. BK JUIL BUOOpY HAaWKpalux pilleHb B
.

ThCSI @Hi Kpugepii, sKi MO}KPb‘
1/16op MaJIBHI/IX B ;131<113 GZ(Q

suzpauiise. o migi % 0
Ui Kp anbaa; %
&Te (KpI/I I/IHBOF on 3My)

I/ITepl 1B'B yM&% HOI HE HOCTl
KpUTEPIA HM13My.nM13My % BIJIHOCHO BHUIpAILIB 3

MaTpUYHHUX Irpax 3 saed

MOJIIJTUTH HA TPy

Ilep

MIOKa3HUKO Q(
[pyra rpyma Kkpute p11 p opy ONTUMAJILHUX PO3B’SI3KIB
BIJIHOCHO pU3HKiB. /[0 HH }ITB

- KpHTEp 1M3K® 3uky CeBujKa.
Jlami geTanpHiIIe mpo Ko pUTEPIiB.
G

\& aKCHMIHHHUI KpuTepiit Baabaa

[Ipu 3acTocyBaHHI IBOTO KPUTEPIIO MPUPOAA PO3IIIATAETHCS SIK arpeCUBHO
HaJIAIITOBAHUM 1 CBIIOMO JIIOYMI CYNMPOTUBHUKOM, SIK B 3BUYAWHIM MaTpUUHIN Ipi.
Tomy BUOHMpaEeThCs cTpaTerisd, sSika rapaHTy€e BUTPAII HE MEHIINH 3a HIKHIO LIHY TPH.

VY BIANOBIAHOCTI 3 LIMM KPUTEPIEM 13 BCIX HAWTIPIIMX pPe3yJbTAaTiB BUOUPAETHCA
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Halkpammii. 3aCTOCOBYBaTH TaKy CTpAaTEeril0 MOXKHA, KOJW TpaBellb HE CTUIbKU
3alliKaBJICHUN y BIACHOMY BHrpalli, a Oa)xae 3acTpaxyBaTHCS BiJ Mporpairy.
Bubpani TakuM 4MHOM pIIIEHHS MOBHICTIO BUKJIIOYAlOTh pu3uK. Lle o3Hauae, mio
CBIJJOMMIA TPaBellb HE MOKE 3ITKHYTHUCS 3 TIPLUINM PE3yIbTaTOM, YUM TOW Ha SIKUW BiH
opieHTyeThcsl. Ll BmacTUBICTH 103BOJsIE BBaXaTw KpuTepid Bambna ognum 13
byHIaMEHTAIBHUX Y TEOPii irop.

[To3HaunMo moka3HuK e(hEeKTUBHOCTI cTpaTerii A; 3a kpurepiem Banbaa sik

W;. Ina mokasuuka epexruBHocTi W; Maemo qopmyny: W; = minicjc, a;j,0 =

1, m. TakuM YHMHOM, MOKA3HUK GCKTUBHOCTI W/, erii A; 3a kputepieM Banpna €
MiHIMaJIbHUI BUrpam 1 U 3aCT @{ HIM i€l crparerii. Llina rpu 3a
YUM KPUTEPIEM 3HAXO]T (bopw& mlnlg al ; [10].

Chopmyn paBI/IHO% ONTH 0 p03 a KpUTe
Bamnpna. I0HO 3Ha ; OKa3H TI/IBHO

l n .
cTparerii Qpe BC X CTpa A, Ay, 6\10Tp16 aTu Ti

cTparerii Ay, y HK& HUK e(b CT1 Wk UTBIINM k=W =

max<j<m Min
KpI/ITepICM Banbna
% rpaml € MakCUMaJIbHUM

eriii. BuOip onTumanbHOro

MaJ'IBH
BBaXXa€TbhCA qucCT

cepen ycix MiHIMam

PO3B’SI3Ky HE € OJHO3HAYHU Yy Kp HTI/IMaJIBHOCTi MO€ BIAMOBIAATH
JeKiJIbKa YUCTUX CTpaT paHl OM BapiaHTH PO3B’SI3KH MOBHICTIO
BUKJIIOUYAIOTh PU3HK.

MakcuMIHHUN KpUTEp] Lz[a € KpUTEpIEM KpalHbOrO MECUMI3MY,
OCKUIbKM TpaBelb | &1 alduM pilIeHHS Jll€ 3a MPUHLIMUIIOM HaWOUIbIIO]
00€pEKHOCTI. K

VY npakTUYHUX CUTYalisX 3aCTOCYBaHHS KpuTepito Banmpaa Moxe BUSBUTHCS
HEBUT1IHUM. 3aCTOCYBaHHS I[bOTO KPUTEPII0 MOXKe OyTH BUIIpaBAaHE HACTYyIHUMHU
YMOBaMHu:

- Tpo UMOBIPHOCTI CTaH1B MPHUPOIX HIYOTO HEBIZOMO;
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- peali3yeThCs JUllle Majia KUIbKICTh PO3B’SI3KIB;

- HE JIOMTYCKA€EThCS HISIKUN PU3HK.

Hpukaaxg 2.8 IlignpueMcTBO TOTYEThCA 10 TMEPEXOy HA BUTOTOBIEHHS
HOBUX BUIIB mpoaykuii. I[Ipy 1bOMy MOXIWBI 4OTHpU BapiaHTu Aq,A,, Az, A,.
KoxHoMy 13 BapiaHTIB BiAMNOBiJla€ KOHKPETHUW BUJ BUTOTOBIICHHS MPOAYKIII 1 iX
noeaHaHHA. EKkoHOMIYHA cUTYallisl 3aJIeKUTh BiJl MOMUTY HA HOBY IIPOAYKIIIIO 1 MOXKE
oytu Tpbox tumiB N;, N,, N;. Burpamni xapakTepu3yiTb BIJHOCHY BEIUYHHY

pesynbTaty. ['py 3a71aHO MIATIKHOIO MaTPUIICIO

Q>
3HaANTH ONT @ cTpare S TP
Po3B’s Q% é
MiHI1 wﬂm cma:el@
=0, 5
2. Buxopu Q Banp HO 3HAUTH MaKCUMaJbHe
3HAYEHHS cepe]] MOKA3HUKIB E 0 T@

W = max;<j<;; M

Takum 4yuHOM, 3a epie a ONTUMAJLHUM DPIIICHHSIM € CTpaTeris
A,. Bubupatoun crparerito A I[b HE3aJeKHO BiJ BapIaHTIB E€KOHOMIYHOI
CUTYyalli OTpUMae BHrpagI ense 0,5

N

2.3.2 Kpurtepii MakcuMakca (KpUTepiil KpailHbLOro onNTUMi3My)

3Ha

[Ipu 3acTocyBaHHI AaHOTO KPUTEPIIO TpaBellb | OpPIEHTYETbCA HA Te, IO
yMOBU (DYHKIIIOHYBaHHSI CUCTeM OyayTh JJIS HHOTO CHPHUATIWBI. BHaAcHigok 1boro

OIITUMAaJIbHUM BBAXXA€TLCA  PO3B ’HBOK, SIKAM IIPUBOAUTDH a0 OTPpUMAHHA
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MaKCHMAJIbHOTO 3HAYEHHSI KPUTEPIsl ONTUMAIBHOCTI B TUIATLkHIN MaTpuill. Kpurtepiit
MaKCHMaKca MaKCHUMi3y€ MaKCHMajbHI BUTpaIll Ui KOKHOTO CTaHy HPUPOIH.
CaigoMuii TpaBellb, IPU 3aCTOCYBaHHI IILOTO KPUTEPIIO BBaXKae, 110 MpHUpoaa Oyne
3HAaXOJUTHUCS B HAMCTIPUATIUBIIIOMY I HHOTO CTaHI.

B exoHoMiIll HEpiIKO BHHUKAIOTh CHUTYyallli Ui 3aCTOCYBaHHS I[bOTO
kputepito. Hampukinan, xonu rpaBenps nepeOyBae mepea BuOOpoMm abo oTpuMatu
HaNOUTBIINI BUrparl, a00o cTaTh GAaHKPOTOM.

[Toxa3HuK epEeKTHBHOCTI cTpaterii A; 3a KPUTEPieEM MaKCMMaKca MO3HAYNMO

uepe3 M 1 3HaXOAMThCA BiH 3g, hopmysow: M =gNax;<;<y, MaX <j<n ;. Takum
YUHOM, TIOKa3HUK €QeKT YUCTOL @[erﬁ‘fli PIBHHI MaKCUMAaJIbHOMY
BUTpAIIly I'paBLs [IPH B M ITi€ &‘ii’ [3]. .

[TpaBwmito @ OITH cTpaT 'Qa Kppm@ MaKCHUM @
(kpaitHpOTrQ 13My) TOJLAT acTylH v KO)KH@pHI[O‘{K B&
4pcio, SAKe, JopiBHIOE BHOMY Mamy p Q\axlsjﬁ )= 1,m.
Cepen ycix 4YHCT aTerii patu W %erﬁ @ MOKA3HUK

e(eKTHUBHOCTI € b 1<i<m n@ j<n Qij- .

Ip 9 Jle BHPI 30yny Telb B OJHOMY 3
KypoptHux Mi€ue. Heo H aioue HY KUIBKICTh KIMHAT Yy
bOMY TOTeNl: A —@O Ki Q— Ha 30 ki T,A; — Ha 40 kiMmHaT. [ns
BUPIIICHHS MPOOJIEMH CTBO KOIIIT, UTpaT Ha OYIIBHUIITBO TOTENIO 3

PI3HUM YHCIIOM

KIMHAT, a TaKOX PO3paxoBYIOTh npﬁ%osanemﬂo BIJl KIJTBKOCTI MICIb, SIKI OyAYyTh

3HATI. §
Po3paxynkoBi gaHi HaBe.uec% JIULI
2 —3&
A=|—-1 5 .
3

-7 13 -

BuzHauumMo max;cj<n ;5,1 = 1,m

Busnaunmo M = maxi<i<m MaX;<j<py Ajj = 13.
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OTtxe, ONTUMAJIBHOIO 3a JaHUM KpUTEpiEM € cTpaTeris

Az — 6yayBaTu rotesib Ha 40 KiMHaT.

2.3.3 Kpurepiii 100yTkiB B yMOBaxX T1IOBHOI HEBH3HAYEHOCTI

(P —xpwuTepiii)

3 caMoro moyaTKy 1el KpUTepiil Opi€eHTYBaBCS BEIMYMHHU BUTPaIlliB, TOOTO HA

JIOJIaTHI 3HAYEHHAM a;;. JlaHui KpuTepiid MOKHA 33%)By3am y BUIAJIKY, KOJIU BCi

al-j>0,i=1,m,,j=1,n. O

[ToxazaukoMm ede 1 cTp @i y‘BiJIHOBi)IHOCTi JI0 KpUTEPito
JTO00YTKIB IMO3HAYNMO U BU3HAYANIMEMO 32 010 wﬂ/l: @
Q Qv [ ey ('} O
* \x >
OTXe, nPKa3HUK x cTparerty KpUTEPI OyTKiB

JTaHO1 @ 1. [{ina rpu
| 0‘
J
OnTuMasbrHO amaQLpraTeriﬂ@ KCUMAJbHUM ITOKa3HUKOM

epexkTuBHOCTI P; = P = max;

Jlns 3acTocyBaHH KpI/Ifo OHO 3HAWTH TOOYTKHU MO PAAOYKAX

P; = [1; a;j, cepen mmx 10@YTKiB BF%,

[bOMY MOKa3HUKY €(hEeKTUBHOC MaJbHOIO JJIs TPABIIS.

aitoumpmmii. Ctparterie, sika BIANOBiIa€e

3acTocyBaHHs LLOT@’KPUTePit0 3yMOBJICHO HACTYITHUMH YMOBAMHU, I110:
- MO peatizailii TOro 4v 1HIIOrO CTaHy MPUPOIN HEBIJIOMI,
- TOSIBY KO’KHOTO CTaHy MPUPOJIU MOTPIOHO BpaXxOBYBaTH;
- el KpuTepiil MOKHA 3aCTOCOBYBAaTHM 1 MPU MajloOMy YHCII
peanizaliii po3B’s3Ky;

- JIONYCKA€ThCS JACIKUI PU3HK.
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Skmo ymoBa a;; >0, i=1,m,,j=1n, He BHUKOHYETbCA, TO I
3aCTOCYBaHHsA P — KpUTeEpilo, OTPIOHO BUKOHATH JEIKUH 3CYB @;; + b KOXKHOTO
eJIEMEHTY MaTpulll, ie b > |min a; j|. Ha npakruui 3a3suuaii b = |min a; j| + 1.

Bubip po3B’si3Ky  BIANOBIAHO P — KpUTepil0  BUABISETbCS  MEHII
NECUMICTHYHUM 3a KpuTepid Banbna. B pesymbrarti 3actocyBanHsi P — KpUTepito
BiI0YBAa€ThCS BUPIBHIOBAHHS MIXK 3HAYEHHSMHU BUTPAILIIB @;;, TOMY MOKHA OTPUMATH
Kpallli pe3yJbTaTH, ajie Py I[bOMY CJIiJl BpaXOBYBATH 1 MOSIBY TIPIIUX PE3YIbTaTIB.

Hpuxnax 2.10 CigbchbKorocrnoaapchke €MCTBO Ma€ TpPH JUISHKU

3€MJII: BOJIOTY, CEPEIHbOI BO Ti, CyXy. UX JUISTHOK PEKOMEHYEThCSA
3aCTOCOBYBAaTH IS BI/Ip HHS Ka TUTSL nociBy 3epHa. lIpu
HAJUIALIKY BOJIOTH noc apTo qu THU U HE Il aTHIN KUTBKO
BOJIOTH OyJie mor BI/IBaTI/I ﬁn BEJIE 11 07Karo. MIPEEMCTBO MAE

crparerii \) O 0.
TH Ka Ha BOJIQT1 \mui; % b

— Ha m&l €THBO1 g) CTI; Q @
UJTSTHITL.

L 2

Cr OI[I/I — I(lJ'I aI[I(iB, MeHIe Hopmu, N, —

HopMma, N3 — e 6

250 200 100
200 230 120
100 240 260

3HaWTU ONITUMAaJI amen@ KOT'OCIIOIapChKOTO MiAMPUEMCTBA.

Po3B’si3aHHS.

Vpon(aHchn, KapTo 0 aT,

3acTocyeMo KpUTepiil
1. % iPIMO YMOBY 3aCTOCYBaHHsI KpUTepito 100yTKiB. Bcei
a;j > 0,i=1,m,,j =1,n, TOMy MOXHAa BHUKOPHUCTOBYBAaTH JIaHUU

KpUTEPIil.

2. 3uaitnemo n100yTku no psagoukax P; = [[; a;;:
P; = 250 % 200 * 100 = 5000000
P, =200%230%120 = 5520000
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P; =100 * 240 x 260 = 6240000.
3. 3HaiiieMo onTuUMaibHy cTparerito 3a Gopmynow P =
max; PB. ¥V posrisaysaniii 3anaui max; P, = Ps.

Otxe, onTUMaNbHOIO € cTparerii A ; — CaJUTH KapTOIUIIO Ha CyXid

JUJTSHITL.
2.3.4 Kpurepiii necumizmy-ontumizmy I'ypBiua BiiHOCHO BUTpawiiB 3
NMOKA3HUKOM OTI/IMi3%
O

Jloriyaum, Tpu BH TUMAJ @paTe‘rji 3aMICTh JBOX KpalHOCTEH
(mecumi3zMy-onTHMI3MY; i ¢ \e
sKa BPaXOBYE H@ pmit : ﬁ?b.
KOMITPOMIC ”% T OyB 3a i 0
3Haxoz[HTb@ K TOU KpailiHb . Hen
KpUTEpI pEeKOMEH BATHC Kpurepiit
['ypsina 1[03301151&[1 oMy ' b IECUMI3MY-

OTNTUMI3MY 3 OT OO0 \% .
Bus o e(l)eKTle:aTi CTp% Oo)kHa 3a (HOpPMYJIOI0
H; = Amax; a;; + (@1 m (pop@ eIMuMHa A  Ha3MBA€ThCA

MOKa3HUKOM ONTHUMI3MY, B1J 1-— OKa3HHUK NECUMI3MY IPaBIL.

Bubip ontumann Terin HHSIM PO3TJISTyBaHOTO KPUTEPIIO Y
BIIITIOBITHOCTI 3 MaKCUMaTHANM ITOK M e(PEeKTUBHOCTI:
H, = max {/1 max; a;; A) min; aij} = max H;.

1<ism 1<ism

Takum 4nHOM, m@@ JI0 KpUTEpito necumizmy-ontumizmy ['ypBina st
KOXKHOI cTpaterii A; & 1THO BU3HAUMUTH ONYKJIY JIIHIMHY KoMmOiHamito H;
MIHIMAJBHOTO 1 MAaKCHMAaJbHOTO BWTpAIlliB JUIS J@HOi CTparterii, 1 BUOpaTH Ty
CTpaTeriro A K01 BenmnunHa Hy makcuManbHa. YnM OvKYe 10 OAUMHUIN TOKa3HUK

ONTHMI3MY A, THM OJIMXK4Ye A0 HYJIS MOKa3HUK mecuMmizmy 1 — A 1 HaBmaku. Ilpwu

A = 0 xpurepiii I'ypBina 306iraetscs 3 kpurepiem Banbaa, a mpu A = 1 oTpumaemo
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KpUTEpI KpalHBOTO ONTUMI3MY (MakcMMakca). Y BHUMNAAKy KOJM [OKAa3HUK
ONTHUMI3MY 1 TIECUMI3My OmHakoBi, T00To A= 0,5, 1 — A = 0,5, ne o3nauae, mo
rpaBelp Beae cebe HeWTpanbHO. Ha mpakTuini mT0oBOJI CKIIAMHO BUOpPATH MOKAa3HUK
3HaueHHs ~ A. KoedimieHT onTumisMy BUOUpaEeThCs IHTYiITMBHO, Ha OCHOBI
MOMNEPETHHOTO JOCBIAY, B 3aJIEKHOCTI BiJ] CEpHO3HOCTI CUTYAIIil B SIK1i MpUIMAarOThCA
pIIIICHHS.

Ipukaan 2.11 I[aBectop o00uMpae cTparerito IHBECTYBaHHS Ha MIBPOKY.

cee

HasiBH1 rpomioBi KOIITH BIH MOXE BKJIACTH B aKil Ta crpareris A;), obmirarii

HOS@! cta crtpareris A;). Kpurepiit
<.
3

&T}IUHI/IV Nz[ .

ontumizmy A = 0,6.

(uucrta crparerisi A,) abo HOBTH Ha Jie

[TnaTixxHa MaTp

q ) )
THIII TBPIEYS M MKJIMB1 HACTYTIHI

1, PHUH aBaTHUMC HC3HA4YHHX

BisHec-gim
cuTyauii 3 M pHH%
KOJIMBaHb 3pOCTaHHA OK IIa N3. 3H MMaJlbH1 CTpaTerii s

IuBecTopa.

Po3B’sa3anns. Q
3acTocyemMO KpH UMI3MYEO Bmy ['ypBina.

3Hal1IeEMO TOKa3H e(peKTv%ﬂ JUISl KOYKHOI cTpaTerii

H, = 0,6 * 50 + 0,4 * = 30 — 16 = 14.
H, = 0,6 % 25 'Q<\7 )=15-2=13.
H, = 0,6*10&*10=6+4=10.

MakcuManabHUM TOKa3HUKOM e(eKTuBHOCTI € H;, omTke crpateria A; -

BKJIACTH B aKIIli, € ONTUMAJILHOIO 3a KpuTepieM ['ypBima.

2.3.5. Kpurepiii minimakcHoro pusuky CeBimxxka
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Ha mpakrtuni, BuOMpaoud OAHE 13 MOXIIMBHX pIlIeHb, JTOCHTh YacToO
3YNMUHSAIOTHCSA HA THX, SIKI TPUBEAYTh JO HAaWMEHIN TSHKKHUX HACIIJKIB, SKIIO BUOIP
BUSBUTBbCA TMOMUJIKOBUM. Takuii miaxin g0 BuOOpy pimeHHs OyB chopmMoBaHUM
amepukancbkuM ctatuctoM Cesimkem (1917-1971) 1 oTpumaB Ha3By «IIPHUHIIHUII
Cesimxa». OcoOnMBO 3pyYyHUM LE€W NPUHLHUI € JUIS PO3B’SI3aHHS E€KOHOMIYHMX
3agad. Sk 1 kputepiit Banbaa, BiH € KpuTepieM KpaltHBOTO MECUMI3MY, OCKIIBKH 1 TYT
rpaBenb | BBaxae, 10 NpUpOJA peanidye HaWOUIbUL HECHPUSTINBI CBOi CTaHM.
Kpurepiii CeBimka peKkoMeHAY€E BUOUpATH K OlITUMEIBHY Ty YHCTY CTpaTeriio A;,

Opu SKIi BeJIMYMHA Ma HOTO &3 Oyge HaiimMeHIIOW. Po3B’s130K

e

iSHHTBCH UM PQ3yMl

3HAXOJIUTHCS 32 (bopMy

CyTHICTh IIBOTO K nomrae %mnaui
KpUTepii '
HAUTIPIIONCUTY A y

B
MaKCHuMaJIbHa BTpaTa YBII 13 TH O MOJXXHAa J0CATTH Y

UX YMOBaX.
M : o
12 Bi Ha OAYKIIFD B MICTI
IJIAHYEThCS BATH €MCTBO@ BUPOO [TonuT Ha OPOAYKIIIIO
TOYHO HE BU3HAYEHO A %

HuIiaa € MIHIM BHI'pa OMy -

@ MICST YHC 20, 30, 40 THCSAY ONUHUIID,

IpPUYOMY WMOBIPHICTH TOTO, IIOMIOTINT BCT. Ha OJTHOMY 13 Ha3BaHMX PiBHIB,
HeBigomi. PoboTta mozid Hpuen& ye, MO0 OpuOyTOK BiJ peasizamii

OJIMHHUIII BUPOOJIEHOT TIp i cT

15 r.0., a 30UTKM Bix HEpeaTi30BaHOI
OJIMHUII MPOIYKIIii, MOB'A3aHI 3 ] aHHSM Ta YIIIHKOIO, JOPIBHIOIOTH 5 T.0. SIka

Mae OyTtu HOTY)I(HICTI) i CTBa, 00 MHOro odyikyBaHWil mpuOyTOK OYB

MaKCHUMaJbHUM? \\

Po3B’s3anHs.

OcCKUIbKY WMOBIPHOCTI PI3HUX PIBHIB MOMUTY HEBIIOMI, JaHE 3aBJIaHHS SBIISIE
co00I0 CcHUTYyallll0 MPUUHATTSA pillleHb B yMOBaX HEBHU3HA4YeHOCTI. PimeHHs Mae
oOpaTu OAHY 3 YOTUPbOX albTEepHATHB: A; — mOOyIyBaTH MiIMPUEMCTBO

notyxHictio 10 Tucsu oguHuUIb, A, — NOOYayBaTH MIAIPUEMCTBO MOTYXHICTIO 20
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TUCSY OJUHHUIIb, A 3- MTOOYAyBaTH MIAIPUEMCTBO MOTYKHICTIO 30 TUCAY OTUHUILB, Ay

— o0y IyBaTH MiAIPUEMCTBO MOTYKHICTIO 40 THCSIY OJIUHUIIG.

150 150 150 150

100 300 300 300
50 250 450 450 )

0 200 400 600
3actrocyeMo kputepiit CeBipka, A7 HHOTO MOOYIYEMO MATPHUIIIO PU3HKIB.

150 — 150 300-150 450—-150 600— 150

R = 150 — 100 300 —300 450-300 600—300 |_
150 -50 300 —250 450 — 45%00 — 450
150—-0 300-200 450 —@ 00— 600

0 150 200 450 O

50 0 150 300
100 50 0

150 100 50 ¢ (bo
rmnaxijﬂ 450 * 0

[TnaTi>kHa MaTpHIlT Ma€ BUTTISI A =

MaX;<j<n 13 ]

’* @Q
150

m max; &
3a 1€M ONTH @ UMHU & U € A3 noOyiyBaTH

M1IPUEMCTBO l'IOTy VHULL a noOy1yBaTH MiANPUEMCTBO
NOTYXHICTIO 40 THCSY OMHH

Jliist oOpaHHs OnT ro pO\ 11 32CTOCYBATH 1HIIUA KpUTEPIH.

2.4 P03B’ﬂ®ﬂ 3a/1a4 3a I0MIOMOTI 010 KpUTepiiB
*
Posrmsaemo }IK&N

Hpuxnax 2.13 Ilicas aekinbKOX POKIB eKCIUTyaTalii oOJaJHaHHS MOXKe

aHHs PI3HUX KPUTEPIi BIUIMBAE HA PO3B’ 30K 3a7aui.

ONMHUTHUCS B OTHOMY 3 TPHOX CTaHIB: MOTPIOHO MPOPIIAKTUYHUN PEMOHT; MOTPiOHA
3aMIHa OKpEMUX JIeTaJIel 1 By3/1iB; MOTPIOCH KaIiTaJIbHUM PEMOHT.
3aneXHO BiJ CHUTYyallli KEpPIBHUIITBO IMIJNPUEMCTBA MOXXE MPUUHATH Taki

pimeHHs: 1) BimpeMOHTYBaTH OOJaJHAHHS CBOIMH CHJIAMH, IO MOTPEOYIOTh BUTPAT
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4,6,9; 2) BUKIIMKATU CHeLIaJbHy OpUraay peMOHTHHUKIB, BUTPATH B IIbOMY BHUIIAJIKy

ckIanyth 5, 3, 7; 3)3amMiHUTH OOJaJHAaHHS HOBHUM, pEali3yBaBIIM 3acTapiie 3a

3aJTMIITKOBOIO BapTicTio. CyKyImHI BUTpATH HA e 3axin ckiaanyts 20,15, 6.

[ToTpiGHO 3HAWTH ONTHMAaJbHE PO3B’A30K JAaHOI MPOOJIIEMHU 3 ypaxyBaHHSIM

HACTYITHUX MPUITYLIEHB:

MIPUEMCTBA 1 «

YWHHHKIB, S

Ha OCHOBI Yy3arajbHEHHS JOCBIIYy EKCIUTyaTalii aHajJoriyHOro O00JiagHaHHS
BU3HauYCHI IMOBIPHOCTI HACTaHHS BiJMOBIAHUX cTaHiB - 0,4; 0,45;0,15

HasIBHUI I[OCBII[ CBlI[‘II/ITB IIpo plBHy I/IM(WCTI HaCTaHHA BlI[l'[OBlI[HI/IX

CTaHiB; O

IIOKAa3HHUK CTYIICHSA O

po MO)I(J'II/IBOCT &ux cra Noro nesﬂoro CKa3aTu
MOXHA, * 2

KPHT
@ epyTh 6% rp@pmm/mmo
JI0I0» ?ﬁ% BU yMie HHICTB 30BHIIITHIX

A, - BIIpEeMOHTYBaTH ' %‘IaMI/I
A, - BUKJIUKaTH g daxiBui
As - 3aMIHHTH O aHHS ﬂg?

X CTaHy 00JIaTHAHHS.

Crparerist npupou

Po3B’s3amH

I'pa mapna,

ITig

Crpareris kepi TBA:

N; - notpibHO npo MaKNgIHUN PEMOHT;

N, - cmin 3amiH €M1 JieTaui 1 By3JIu;

N3 - noTpibeH KamiTalbHUNH PEMOHT.

Po3paxyHOoK mIaTi>kKHOT1 MaTPHIL 1 MAaTPUIIl PU3UKIB

OCKiTbKH €IEMEHTH MaTPUIll - BUTPATH, TO OyZAEMO BBaXXKATH 1X BUTPALTHUMHU

aJie 31 3HaKOM MiHyC. TOMy IUTaTi>KHA MaTpuUIlsd Oye MaTu BU:
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N; N, N3 min a;;

Ay -4 -6 -9 -9

A, -5 -3 -7 -7

Ay -20 -15 -6 -20

qi 0.4 0.45 0.15

CxitalaeMo MaTpPHITIO PU3UKIB:
N, N, N3 max ryj

4 |[(4)-(-4=0 (-3)-(-6)=3 ‘@-(-9)=3 3
A; |(4)-(-9)=1 5 Q-G)-(-7)=1 1
A; |(-4)-(-20)=16 qgm ' (€)(-6)=0 16

Bukopucraem

Wi Baijecd '\ (b,
Busnau o’@ Hi BU % & 0
E;Le* §*1® 0,19,65, 0 00
x 0,4 — = 4-,4-, 6
= o 15 % 0, 15 = @

Cepezl a UX pe3 BHOE KCUMaJIbHe, —¢,4 = @,.
KpHTep
Opuramy (b

(@ i1 A, - BHUKIUKATH
BI/IKOPI/ICT&GI\@ I(pI/I QH HpHI/IMeMO PL =D =p3 = -

BusHaunmo nokasHuk ede )CTI ﬂﬂx 1 £Tparerii:
a; = —4 * - — 6@9 @
3
_ 1
F—zm—&& x= = —15,65.
3 3
Cepen oTpuMaHuX 3Ha4eHb BUOEPEMO MaKCUMaJbHE: —5 = @5.

Otxe, kpurepieM Jlamiaca onTUManbHOIO € cTpaterisa A, - BUKIMKATH

:
O

Opurany ¢axiBIliB.
Buxopucraemo  kpurtepiii  Xomka-Jlemana.  3HaiinieMo — MOKa3HHKH

e(pEKTUBHOCTI JIJIsl KOYKHOI CTpaTerii:
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HL; = (1 —h) min a;; + th]aU,

1<js<n

HL,=(1-06)*(-9)+ 0,6 *(—4%0,4—6%0,45—-9%0,15) = 0,4 *
(=9) + 0,6 * (—1,6 — 2,7 — 1,35) = —3,6 + 0,6 * (=5,65) = —3,6 — 3,39 =
—6,99;

HL, = (1-0,6)*(—7) + 0,6 * (=5 * 0,4 — 3 % 0,45 — 7 % 0,15) = 0,4 *
(=7) + 0,6 % (=2 — 1,35 — 1,05) = —2,8 + 0,6 * (—4,4) = —2,8 — 2,64 = —5,44;

HL; = (1—-0,6) *x (—20) + 0,6 = (—20 = 5%0,45—6%0,15) =
0,4 (—20)+ 0,6 *(—8—16,7 09) =— &1565)=—8—9,39=
—17,39. @
3HaigemMo OHT@Q CTp@ 3a Kp X XOI%CM&Ha H L

max HL;

QKJAOIGM % Q@JLHOIO i1 A, @IiKaTI/I
opurany ¢ 6

s 33@ " Fe CKII MaTPULIIO
45 * 0, 1 6 —2% 41 35
G = ( — * 0,1 -2 = 1 05) —
-2 —15 Y6« -8 Q ~0,9

Matpuns [eiMee 6
3HaNIeEMO NOKASHUKHA e@ CTi %‘paTerii':

GW, = m1n1<]<n a, j

GW, = min; ¢j<y -2 @\'¢

GW5 = min; <<, aszj = 4

OnTumaneHy czpa)& BIJIMOBIAa€ TMOKa3HUK edexTuBHOCTI GW =
,

max GW; = GW, = — N

cTparteris A, - BUKJIUKaTH Opurany ¢axiBIliB

3a KkputepieM ['eiiMeepa ONTHUMAIBHOIO €

I 3actocysanus kputepiii Bampaa obuuciumo W = max; min; a;; =

max(—9,—7,—20) = —
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3a kpurepiem Banpna ontumanbHOIO € cTparteris A, - BUKIUKATH Opuramy
GaxiBIIiB.

Jlns  3acTocyBaHHs KpUTEpid MaKCMMakca OOYMCIMMO Mmax; max; a;; =
max(—4; —3; —6) = —3. 3a KpuTEpieM MaKCHMaKca ONTUMAJILHOIO € cTpaTteris A, -
BUKIIMKATU Opurany (axiBIliB.

Kpurepiit 100yTKiB B yMOBax MOBHOI HEBU3HAYEHOCTI.

Jl7is 3acTOCyBaHHS JAHOTO KPUTEPIIO CJiJI MEPETBOPUTH MATPHULIIO TaK, 1100

a;; > 0, i bOro NOTpPiOHO BUKOHATH 3CYB Ha b W a; j| + 1 =21.

79 15 12
[Tari>xHa MaTpuIlsd M ‘I/IFJ‘ISII[ A %8 14

3Haiinemo 100

- ,moqﬁ\ O (b’
RN

6 15 — \ga\ b
3HaI/I)16MO BHY CT 3a Kp hi(0]0)% max P; =
P, = 3456. a KpH@ 100y @ﬂTHMaﬂ @.e cTpateris A, -
BUKJIMKATU % &
T
4 *

Q o0umc A3HUKA

J151 38CTOCYB piit

=—9*

H,=-7%0,9— 9)
Hy = —20%0,9 ~0,9 ’& :
3a kpurepiem ['yp 010 € crtparterisi A, - BUKIIUKATH Opuramy

(haxiBIIiB.

Kpurepiit Cesi ﬁ& aTpulli PU3UKIB 3HAXOAMMO S = min; max;r;; =
min(3,1,16) = 1. 3a &pleM CeBimKa ONTUMAIBHOIO € cTparterist A,-BUKIMKATH
Opurany ¢axiBIliB.

OTxe, ONTUMANBHOIO CTPATETi€l0 3a PISHUMU KPUTEPISIMU € cTpaterisi A,-

BUKJIMKATH Opuraay ¢haxiBIliB.
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Hpuxnax 2.14 depmep MOXKe MOCIATH HAa AUISHII OAHY 3 TPbOX KYJIBTYD
A4, Ay, A3. YpOKaliHICTh KOKHOI 3 KYJIBTYp 0arato B YoMy 3aJIeXKUTh BiJl TOTOAH, SIKa
MOKe OyTH MOCYILIMBOIO, HOPMAJIbHOIO YW JOLIOBOIO (BIUIMB 1HIIMX (DaKTOPIB HE
BpaxoByeThcs). Bimoma miHa ¢; = 3; ¢; = 5; ¢3 = 4 0HOT0 LIEHTHEpa KYJIbTYpH, a
TaKOX YpOXKaWHOCTI (1/Ta) KOXKHOI KYJIbTYpH @;; — BPOXKAMHICTh 32 MOCYIUIMBOL
MOTOH, A;» — YPOXKANUHICTh 32 HOPMAJILHOT TIOTOM, A;3 — BPOXKANHICT 3a JTOMIOBOL
noronu. baratopiuHi crocTepekeHHs 3a MOroJ0I0 JTAaHOTO pailoHy MOKa3yIoThb, IO

WMOBIPHOCTI MOCYIUIUBOI, HOPMAJIBHOI Ta JOIIOBQL 0JId CTAHOBJISITH BIJIIOBITHO
4= 03 g, = 04 g3 = 08 O
O :
Marpuus Bpoxan A= ¢

A= 08; @ %O &\ 0@
Ilo }&HCHM i@x y.e %Morom 1B BI/IS@% SAKY
KyJIbTYpY QJHO CiHT@ 3a6esn@xﬁ6inb@won 6
Po3B’s3aHH Q @
I'pa na &rpnqﬂa pOJI010 @unﬁ rpaBelb o~ (epmep. Woro
MOXJIUBI C Q @ \% @
O
s
i

A, — Hocisth Lg JBTYPY, 6Q

A, — nociatu KyJ Q 6

Az — nociatu 3-Tio .

Hpyruii rpasen 1a, ;1& CYKYITHICTh YMOB, SIKI BU3Ha4yalOTh
by

N, — norona O6yne 3acysUTABOTO;

N, — norozna 6 X\ BHOIO;
N; — moroza Oyn oBa.

CxiazieMo TUIaTiKHY MaTpPHIIHO,

0
BpOkKalHICTh. MOXJIMBI CTAHU TIP

Ny N, N3

Ay 3*2=6 3*3=9 3*1=3

A, 9*1=5 5*2=10 5*6=30
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As 4*2=8 4*3=12 4*1=4

6 9 3
[TnaTixaa MaTpuist Mae BuaI: A = (5 10 30).
8 12 4

3HailIeMo MaTPUITIO PU3UKIB:

8—6 12—-9 30-3 2 3 27
=<8—5 12 -10 30—30>=(2 2 0).
8—8 12-12 30-4 0 0 26
Kpurepiit baiieca:

Busnauaemo cepenHi Burpamii: a; = 6 * 0 04+3%x03=6,3,
a, =503+ 10 0@0*03
‘0

az; =8x%0,3 + 12 * 0,3

Cepen OTpI/IMa BTaT epeMo M BHe 14,5. @

OTtxe, 1€M bajj HTnManb% CTpaTe - nocim@r
Kan,Typy IS

Kp pI/II/IMe BH3Ha IIOKa3HUK

e(EeKTHBHOCTI )IH}I& L CTpat =6 * é’.p 3 %= @
: 15

10*—
o @
Cepen otpuma xma@e Y

Otxe, KpuTepieMm I@ca OTNITHMA

KyJIBTYpY
Kpurepiii Xomxa-J[emana @If[o MOKa3HUKH €(hEeKTUBHOCTI:

ane a, = 15.

0 € crpareris A, - MOCISITH 2-Ty

min a h a;
)1<]<n U+ Zp] DK

HL, = (1—-0,7) = +07*(6*03+9*04+3 03)=03%*3+0,7*
(1,8+36+09)=09+0,7%63 =09+ 4,41 =5,31;

HL,=(1-07)*5+07%(5%034+10%0,4+30%0,3)=0,3%7+
0,7+ (L,5+4+9)=21+07x145 = 2,1+ 10,15 = 12,25;
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HL; =(1-0,7)*440,7%*(8%+03+12%x04+4%03)=03%44+0,7 *
(24+48+12)=12+0,7+84=1,2+ 5,88 =7,08.
3HaiiieMO ONTHMaNIbHY CTparterito, 3a kpurepiem Xomka Jlemana: HL =
max HL; = 12,25.
Otxe, kputepiem Xomxa-JIemana OoNTUMAIBHOIO € cTpaterist A, - mociaru 2-

Iy KyJbTypy.

Kpurepiit I'eiimeepa: Cknagemo MAaTPULO I'erimeepa

6«03 9%x04 3x0,3 1,8 3,6
=<5*0,3 10«x0,4 30x0,3 =(

80,3 12%x0,4 4=

3HalaeMO OKa3H KTI/IBHO& oic an

on-05 Q)
P @“\

KpUTEpieEM FeHMee aJILHO Teris no@

& ¥
o @\}:m, .

-Ty KyJI

KpHTep

@‘“‘“‘f (e S N
3a 1€EM B 1@ cTpareri CISITH 2-TY KYJBTYpY.
% , 30,12 )=30. 3a

@ HOCISITU 2-TYy KYJBTYpY.

HA4YE€HOCTI.

Kpur

KpI/ITep1€M MaKCI/IMaK IITUM C

Kpurepiit no0yTKiB ]@B
s 3aCTocyBaH@goro K %
3a71a4l YMOBa BUKOHY€EThHCS. %
3HaitemMo 100yTKHU 11 @x:
P,=6%9%3 % {\/
P, =5 %10 * 3&500;

P; =8+12+4 =384

epesipumo, o6 a;; > 0. Jlnsa manoi

3HaiiIeMO ONTUMAaNbHY CTpaTerito 3a KpurepieM no0yTKiB, P = max P; =
P, = 1500. Ot1xe, 3a KpuTepieM 100yTKiB ONTUMAIBHOIO € cTpaTeris A, - mociiaru 2-

Iy KyJbTYpY.
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Kpurepiii I'ypsina. H; =08%*9+3%(1-08)=78, H,=0,8%30+
(1-08)*5=25H;=08%12+(1-0,8)*4 =104

3a kpurepieM ['ypBilla onTHUMambHOIO € cTpateria A, - mociatu 2-ry
KYJIBTYPY.

Kpurepiit Cesigxa: S = min; max; r;; = min(27, 3, 26) = 3. 3a kpurepiem
CeBixa ONTUMANBHOI € cTpaterisi A, - mociaTu 2-Ty KyJbTypy.

OTtxe, 32 TaHUMU KPUTEPISIMU ONTHUMAIBHOIO € CTparteria A, - mocisiti 2-ry

KYJIbTYpY.

Po3B’s13ytoun gani mp

aad, MU oz@i M0 ONTUMAJBHOK € OJIHa

aK BigOyBaeThcs. Cimijl mam’ATaTu,

CHH Mip yo’ €K HUM, TOMY
epiit ogT HOCTI @CMO np J1 TaKoil 3a11a %
% @ s 1rplBy
KIHBKICTB@ ome OTSTO OJTHOTO éHlCTfO
BUTPAYCHO. KynyBa 6y115 gac, n 1T1<y BOHO
HOHH

JICIIEBIIE, HIK

CTpaTeris, B MPaKTUIHUX
o BUOIp ONTUMAaJIbH

3aJIE)KUThH B1JI BUO

HeB 0, SIKOIO Oynie

3UMa: CyBO hi(0): 8 Kyno KOIO TOJIl YacTHUHA
BYTLJLIS MO AT I(OpI/ICT
€ Taxi nam@ Q L[IHU He06x1z[H0ro B3UMKY ISt
OTIaJICHHS: %
3uma J'II)I(IC T Cepenns 1iHa
M’sika 7
Cepenns 7,5
XoomHa 8

i minu BigHOC MOKYTOK BYT1JUTSI B3UMKY. BiTKy 1iHa Byriyuig 6 3a

1T. € micue nys 30epiraHHs 3amacy BYTUUIS 10 6 T., 3arOTOBAHOIO BIITKY. SIKIIO
NOTPIOHO B3UMKY JOKYIIUTH BYTULIS, SIKOTO Opakye, AOKymka Oyae 3a 3UMOBHUMU
minamu. [lepenbagaeThes, Mo BCe BYTUUIS, K€ 30€PEXKEThCs 10 KIHIS 3UMH, BIIITKY

CTa€ HE SIKICHUM.
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[ToTpiOHO omucaTH IrPOBYy CXEMy, 3a JOMOMOTOI KPUTEPIiB BU3HAYUTH
CKUTBKHA BYTUUIS BIITKY NOTPIOHO 3aKyNMUTH HA 3UMY 3 YpaxXyBaHHSIM HAaCTYIHHX
MPUITYIICHB:

e BIJIOMI HMOBIPHOCTI HACTaHHS KOXKHOI 3uMHU: i M'skoi 3umu — 0,35; mos

cepennpoi 3umu — 0,5; xomoanoi — 0,15

e HAsSBHHUHI JOCBiJ CBITYUTH PO PIBHY HMOBIPHOCTI HACTaHHS BIATOBITHUX

CTaHiB;

o TIOKAa3HUK cTymneHs aoBipu h = 0,4;

e TMPO MOXJIMBOCTI HACTaHHS BIiATOBITHUX ®§ HIYOrO0 MEBHOI'O CKAa3aTyh HE

MOXHA; @ .

AY -
e KpHUTEpii recumi 0,7% 3
POBB’?BEIHH% O &\ :@
I'pa Tpﬂqqe &p 0J010. 10805071 a<eu’ — JIIOGUHA, wfKa
. L 4
3aKyTIOBY€BYTLIIS. Mow Tparerii \ 6 $
A; — Kynatu I, & @
Sri

N, — 3uma Oyne cepe
N; — 3uma Oyze QO \'
Ckianemo nnaﬁn%mnu%,
—-24 =315 -
A=1-30 =30
—-36 —
3HaiiieMo Matp 3UKIB:
—24+24 -30+315 -36+40 0 15 4
R=|-24+30 -30+30 -36+38|=|6 0 2]
—24+36 -30+36 -—-36+36 12 6 0

Kpurepiii baiieca:

Busnauaemo cepe/iHi BUTpaliii:
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a; =—24%035-31,5%x0,5-40+0,15 = —30,15,
a, =—-30%x0,35-30%0,5—-38%0,15=—-31,2,
a; =—-36%0,35—-36+0,5—-36+0,15 = —36.
Cepen oTpuMaHuX pe3yibTaTiB BuOepeMo MakcuManbhe: a; = —30,15.
Otxe, 3a kpurepiem baiieca onmTtumansHOIO € cTpateris A; - Kynuta 4 T

BYTLILJIS.

Kpurepiit Jlammaca. IlpuiiMemo p; = py, = p3 = % BusznaunMo noka3zHHK

. . N 1 1 95,5
€(EKTUBHOCTI JUIs1 KOKHOI CIpaTern' a; = —24 % O 5 * 3 40 * S= -0

=—30*§—30 @ 3
a_3=—36*§®@ 36% O

Cepen X 3Ha4 epemMo M JIbHE: _&\ 0
%@(m a 0HTH®}0 € CI AlE W4 T

BYTLJLJIS.

Kpmepm eMaHa eMo e(beKTH

HL, = O 4) ( 4

HL@\— 0,4) Q

HL; =51 — %

3HaiigeMo on aJIbH %pleM Xomxka Jlemana: HL =
max HL; = — 35,28.

Orxe, Kpmeple I/IMEIJIBHOIO € crparerist A, - KynuTa 5 T

BYTLJLISL.
Kpurepiit Ieit @ Cxianemo MATPHUIIO ['elimeepa
—84 —1575(
G = <—10,5 —15 7 |.
—-12,6 —-18 —54
3HaiiieMo MoKa3HUKU e(PEeKTUBHOCTI KOXKHOI CTpaTerii:
GW; = —15,75
GW, = —15
GW; = —18
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3uaiineMo ontuMainbHy crpaterito GW = max GW; = GW, = —15. Otxe, 3a
Kputepiem ['eliMeepa onTUMANIBHOIO € cTparteris A, - KYIUTH S5 T BYTULIA.

Kpurepiit Banbaa: W = max; min; a;; = max(—40,—38,-36) = —36

3a kputepieM Banibsia onTUMaNbHOIO € cTpaTerist Az - KynuTu 6 T BYT1JUIS.

Kpurepill Makcumakca: max; max; a;; = max(—24, —30,—36) = —24. 3a
KpUTEPiEM MaKCHMaKca ONTUMAJIBHOIO € cTpaterist A; - Kynutu 4 T ByTruuis.

KpuTtepiii 100yTkiB B yMOBax MOBHOI HEBM3HAauYeHOCTI. /[ 3acTocyBaHHA

JTAHOTO KPUTEPII0 CIiJl TEPETBOPUTHU ManHqu@ o6 a;; >0, mis 1poro

NOTPiOHO BUKOHATH 3CYB Ha b in a;; | +

17 .95 1
[TaTixHa Matp M€ B ) @
IS '
* 10 *

rises Qz é 02
3Ha1me l'ITI/IMaJ'ILH %en}o epieM Jo MB P =maxP; =
P, = 300. 3a KpI/I TK THMMLHOVLQ)aTerm A, - Kynutu 5 T

3HanIeMo U 10 P

BYTLILJIS.
Kpurepiii pr H1 1 —0,6) = —30/4,
H, = 0,6 x (—30) — 1—06
H; =0,6 (=3
3a xputepieM ['ypBi a 10 € cTpateris A; - KynuTHu 4 T BYT1JUIS.
Kpurepiii CCBI,ZDKa max] 1;; = min(4, 6, 12) = 4. 3a xpurepiem

CeBika ONTUMAIBHOT x’n 11 Aq - Kynutu 4 T ByT1JUIA.

OTxe, 3a JAaHUMU KPUTEPISIMU:
- A, - KynuTH 4 T BYTUIJIS € ONTUMAJIbHOIO 4 pasy;
- A, - KyIUTH 5 T BYT1JUIS € ONITUMANIBHOO 3 pasu;

- A3 - KynuTH 6 T BYTULIsl € ONTUMAaNIbHOIO 1 pas.
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BUCHOBKHA

Teopis irop - Teopis MaTeMaTUYHUX MOJIEIEH MPUUHATTS PIlIEHb B YMOBax
HEBU3HAYEHOCTI, B YMOBaxX pH3UKY, KOH(DIIKTHUX CHUTyalisiX, KOJU CYyO'€KT
(rpaBerib), 0 IpUiMae pilieHHs, Ma€ 1H(OPMALIiIO JUIIE PO MOXKIIUBI CUTYyaIllli, B
OJIHIM 3 SIKUX BIH HACHpaBil 3HAXOAMUTHCS, MPO MOXKJIUBI KPOKH, SIKI BIH MOXKE
BUKOHATH, 1 KUIbKICHY XapaKTEepHUCTUKY HOro BHrpairy. Teopis irop HaMaraerbcs

MATEMAaTHU4YHO ITOJACHHUTH SABHINA, IO BUHUKAIOTh Y @J’IiKTHI/IX CI/ITyaI_[iHX, 3da YMOB

o @O

eopi a, Tpa WI/I CTpaTeru ONTUMAJIb
TOUKAa); $ b

OBAaHO M 1rp oIN X p B yBaHHs{ B q
(3HaxXOmKCEHHS ©11H0BOI Q Ta 3 &HI/IX CTp ' eTOI[,
AHATITUYHUNA METOJI, peHHsI bi () 3 JIAIHHOT MYyBaHHS,

CHUMILICKC- MGTOI[)
- o oc % epii \n% TTS p1 e YMOBax pPHU3UKY

(xpuTepiii Hanﬂ KpUTEP xa-Jlemana, kpurepii
ﬁ ;pn

['elimeepa) Ta HOBH 1 3HAYEH MaKCI/IM epii Banbna, xputepiii
MaKCUMaKca, KpUTepin 1106 01 HEBHU3HAYEHOCTI, KpUTEpid

['ypsina, kputepiit CeBia

- TPOLTIOCTPO 3acn3%1&;1 KO)KHOTO ~ KPUTEPII0 KOHKPETHUM

31TKHEHHS CTOPIH.

VY xoxai po6oTu OyIo,
- OCHOBHI 1T

CTparerii, BUrpalll,

MIPUKIIAIOM;
- CTBOPEHO HI/ISK 3 , SIKI PO3B’SI3aHO PO3TIISYBAaHUMH KPUTEPISIMH,
MPOBEJICHO aHai3 PO3B
Jlana xBamidikarii a pobota Oyne IikaBa BHKJIajgadaM Ta CTYJEHTaM, IO

BHBYAIOTh MaTeMaTHUYHE MPOTpaMyBaHHsI, TEOPIIO 1rop.
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