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PO3B'A3YBAHHSA HEYITKOT AHTATOHICTUYHOI 2 x 2-T'PU

IpencTaBleHo KOHITRINTIIO PO3B SI3yBaHHS aHTATOHICTUYHOI 2 X 2-TPH, eIeMEHTU MaTpPHIl SIKOI
3a/IaI0Thesl Y (HOPMI HEOJHOCTEMEHTHUX MHOXHH. [loKazaHo, IO pO3B’SI3KOM Takol HEWITKOI Ipu
MOKe OyTH CIICIialIbHUM TIEPETUH PO3B’SI3KIB yCiX 3BHUAMHHMX 2 X Z2-irop, eIeMEHTH MaTpHIlb SKHUX
YTBOPIOIOTh 111 MHOKUHH. J[TS BUITAJKIB, KOTIM TaKUI TIEPETHH BUSIBUTHCS MOPOIKHIM, ITPOTIOHY €THCS
BUKOPHUCTAHHS. HEYITKOTO PO3B’SI3KYy HEUITKOI 2 X Z2-TpU. 3a YMOBHM HETPHHMHATHOCTI TIOJIGHOTO
po3B’si3ky GymyeThest GeskoalimiiiHa MeTarpa, posB’ s30K SIKOT MICTHTHME ONTHMAaIbHI MOBEIIHKA

000X T'paBIliB Y BUXiHIl HeuiTkiit 2 X 2-rpi.

KirouoBi c/ioBa: MOJICTIOBAHHS B YMOBAaX HEBH3HAUCHOCT, IPUMHATTS PIIlCHh B YMOBaX HEBU3-
HAa4YEHOCTI, HeWiTKa 2 X 2-Tpa, Oe3koariniiiHa MeTarpa, onTHMATBHA TIOBEIIHKA.

BCTYII

[TpuiHATTS pilIeHb 1| MOJCTIOBAHHI B YMOBAX HCBH3-
HAYCHOCTI [1, 2] € 3BHMHOIO CIPABOIO, SIKINO CTABHTHCS
3aa4a OTMHCATH i JOCTIAHTH MCBHE ABHINC a00 MPOLEC 3
JOCTATHBOIO I MPAKTHKH TOYHICTIO W aJCKBATHICTIO.
Tam, A¢ TOBOAWTHCSA OINHIOBATH MAPAMCTPH JOCIIIKYBA-
HOTO 00 €KTa, KOTPi HE 3aJICHKATH OAMH BiJ OTHOTO i 3a-
maHi v (opMi iHTCPBAB HCHYIBOBOI MIipH, 3aCTOCOBaHI
OPHHUUIH IHTEpPBAIBHOTO aHamsy [3, 4]. Ipore v Bu-
MAAKAX, KoM Xo4a O ABa MapaMeTpH JOCIIHKYBaHOTO
00’'€KTa € B3aEMO3ANCKHUMH (HE y CTPOro (hyHKIHO-
HAJIBHOMY CEHCi), TpeOa amanTOBYBATH METOAM IHTEP-
BAJPHOTO AHANI3Y [0 BIAMOBITHHX HECTPOTO (PyHKI-
OHANBHUX 3anckHOCTEeH. [lomiOHI mpoOieMH BUHHKA-
FOTh 1 B 337a4aX ONTHMAJBHOTO KCPYBAHHS, YACTHHHHM
BHUIIAZKOM SIKHX € iTPOBi aHTATOHICTHYHI Momem [5], ma-
paMETPH AKMX 3aJAF0ThCA HEWIiTKO (a00 JK, IHIIMMHM CJIO-
BAMH, Il NMAPAMETPH HE MOXYTHh OyTH HiTKO, V (opmi
TOYKOBOTO 3HAYCHHS, OL[IHCHI).

AHAJII3 OCTAHHIX JOCTIAKEHb
I IYBJIKAIIIN

[TuTaHHS HEWITKOTO MOJCTFOBAHHS 1 MPHHHATTA Pi-
[ICHb B YMOBAX IOBHOI a00 YacCTKOBOI HEBH3HAYCHOCTL
JOCHTBH TPYHTOBHO PO3MIAmaroTecs B [1, 2, 6, 7]. Vrim,
PO3B’A3yBaHHA IrPOBHX AHTATOHICTHYHHX MOJCICH, Y
SKHX 3aJaHI HA IHTCPBAJIAX TAPAMCTPH HC MAKOTh
BIMIOBITHUX iMOBIPHICHHX Mip, € HCBHPIIICHOK 337a-
yero. OgamM 31 cmocobis nokamizarii ado TOYKOBOTO
OIIHFOBAHHS TAKHX IHTCPBAJGHUX MAPAMCTPIB € 3aCTO-
CYBAHHA PO3B 3Ky BiAMOBITHOI AHTATOHICTHYHOI TpH,
SIAPO SIKOT 3a7AETHCS HA KBAAPaTI MOMKIMBUX TAp 3HA-
YEeHb MAPAMETPA, JC MIHIMIZYIOTbCS BTPATH BiX HEKOPEK-
THOI TOuKOBOi oninkm [8, 9]. Ta melt cmocid € 3aHAATO
MECUMICTHYHUM. BijblI TOTO, NPH PO3B sI3YBaHHI Clic-
MEHTapHHUX AHTaTOHICTHYHHX Iirop, T00TO Z X 2-irop, 1e
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TIPUHAWMHI OJMH 3 YOTHPHOX CICMEHTIB MaTPHI T'PH 3a-
Jdauuid y opmi inTeppany (abo cerMeHTa), BApTO BPaxo-
BYBATH, INO PO3B 30K MATPHYHOI TPH HCTPHBIAIBHAM
YHHOM 3QJICKHUTH BiJ IHTCPBAILHHUX CJICMCHTIB MaTpHIH
rpu [5, 8, 10]. Bce 1e crumymoe 10 (OpMyITFOBAHHS
Ourpmr mpocTux ab0 10 BHPOOICHHA MEHII HESBHHUX
MPUHIHUIIB PO3B’A3YBAHHA MATPUYHHX irop 3 iHTepBasb-
HUMH (HEYiTKAMH) eneMeHTaMd (HediTkux irop). 1 crix
MOYATH, OYCBHAHO, 3 PO3B A3YBAHHA HCUITKHX AaHTa-
TOHICTHYHHX 2 X 2-1rop.

OOPMYJIIOBAHHA METHU TA 3ABJJAHDb
CTATTI

Posp’a30k 2 x 2-TpH  mo3HawaTHMeMO K S =

= (Pgpe Qop) 3 ONTHMATBHAMHE CTPATCTiSIME TICPILOTO

Popi = [P 1 Py ©

e{P=[p 1-pleR*|pel0:1]} 1)

Ta APyTOTO

(2013t - I:QDpt 1- QDp;I €
e{Q=[g 1-qleR’|ge[0:1}} ()

TpaBLiB BiAMOBITHO. BBakarmMemo, 0 MOPAIOK CIIIY-
BaHHs CICMCHTIB MHOKHHE S = (P, Q) MiHaTH HE
MOKHA, 4 YCi Omepanii HAX TAKUMH MHOKHHAMH (KOpTE-
JKAMH) MAIOTb 3NIMCHIOBATHCH OKPEMO LI KOYKHOTO 3
JIBOX X €JXeMEHTiB. B pesymbrari mpoBeAcHHS onepaii
Haj MHOXuHAaMH Buay S = (P, Q) 3"saBmsiTuMyThCs
JIBOCTICMCHTHI KOPTCHKi, TIEPIIMM EIEMEHTOM SAKHX Oyne
MHO’KHHA 3 YaCTHH ONTHMAJBHHX CTPATETiHl MEpImoro
TpaBud, a APYTEM — MHOKHHA 3 YACTHH ONTHMAJBHHUX
cTpareriii apyroro rpasus. [locraBumo 3a mery ¢op-
MAaJi3yBaTH BHIAIOK, KOJMH MPHUHANMHI OHH 3 YOTHPHOX
€JIEMCHTIB Marpuui 2 X 2-Tpu 3amaHui y Gopmi HEOTHO-
CIICMCHTHOI MHOKHHH (3QJAaHHM HCEUITKO, ajle HE Ha
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HewiTkiil MHOuHi). CIi 3ampONOHYBATH KOHICIIIEO
PO3B’S3yBaHHS TAKHX CICMCHTAPHUX AHTATOHICTHYHHX
irop, A¢ TMPWHAWMHI OAWH 3 YOTHPHOX CJICMEHTIB Mar-
pumi 2 X Z2-TPH 33aTa€THCS HEYITKO.

OCHOBHA YACTHHA
Osznavennst 1. Marpuany 2 X 2-Tpy 3 SApoM

ap 4y
[ j ®)
dy) Ay
HA3BEMO HEUiTKOKO, akmo Jdie {1,2} ta dje {1, 2}
TaKi, Mo a; € Ajj pu |Ajj| > 1.

Zaypaxkennsi 1. SIkmo yci 9YOTHPH MHOXKHHH 13
2

{{Aij}f 1 } € CKIHYCHHHMH, TO HEYITKY Z X Z2-Ipy
j=1

MOKHA HA3HBATH JUCKPETHO HEUiTKOXO.
Saypakenns 2. [To aHAnOTii 3 BH3HAYCHHAM LLTKOM
3MiMaHoi Tpu (a00 LITKOM 3MIMIAHOT CTpATerii rpaBLs)

HewiTky 2X 2-Tpy, y kit |4,/ >1 Buxonyerscs

Vi=1,2Ta Vj= 1,2, HazsuBaTHMEMO MiJIKOM HCHUIT-
KOIO.

Saypackenna 3. Y BHOAIKY,
2

KOTH V CHCTEMi

2 o
{{Aij}jl} 3HAUJEThCA Xoua O O7HA OJHOEICMEH-
j=1

THA MHO>KHHA, BIJIOBITHY HEWITKY 2 X 2-TPy MOXKHA Ha-
3MBATH  JOKAJBHO HEUITKOIO. [IOHATTI TI06ambHO
HCYITKOI 2 X 2-TPH, 3PO3YMLI0, CIIBHATAE 3 HOHATTAM
IITKOM HEYITKOI 2 X Z-TpH.
3ayBakenns 4. TpuBiasbHa JTOKATBHO HEYIiTKA 2 X 2-
rpa € HAMIPOCTIIIOK (EJEMEHTAPHOI) HEYITKOI 2 X 2-
2
Ipo0, [¢ JHIIe OJHA MHOXKHHA 13 {{Alj}f 1}
j=1
MICTHTH JIMIIC JBA CJICMCHTH, a PEIITa MHOKHH € OTHO-
€JIEMCHTHHAMH.

Osnavenns 2. fxmo A, = [ajl;a(?] i pisHuma
aj<jz>faj<jl> ¢ mocriitHor Vi = 1,2 Ta Vj = 1,2, 10
2 X 2-Tpy Ha3BEMO HCYITKOO 3 PaAiyCOM HEYITKOCTi
aj<jz> _ aj<j 1)

2
3aysaxkennst 5. Y BHOAAKy, KOMH 2 X 2-Tpa € IHC-

r =

KPETHO HEMITKOK H A = {alﬁjb, aj<j.2>} pu aj<J1> - alﬁjz>
Vi=1,2 1a Vj=12 3
ag? —agl), Tem MOKHA BECTH MOBY NPO 3aCTOCYBAHHS

MOCTIHHOK) — PI3HUILCIO

osHaueHHs 2. Kpim TOro, koykHa MHOXKHHA Ay Oymyuu
CKIHYEHHOIO, MOJKE MICTHTH OLUIbINE OBOX EJIIEMEHTIB,

ame Tak, Mo min Ajj = aj<J1> Ta maxAjj = aj<jz>. Tomi #

TYT HIMO HEC TNCPCHIKOKATHME OMCPYBATH PAIlyCcoM
2
aip —agb

HEYITKOCTI I' = 5

, IPHYOMY HABITH TaM, A€ IIO-

2

TYKHOCTI MHOKHH Yy CHCTEMi {{AU}j2 1} OyayTh
j=1
pizHEMH.
Temep wac O3HAYMTH TC, IO HANATI BBAKATHUMECMO
POB3B’SI3KOM HEHITKOI 2 X 2-TPH.
Osaavennst 3. Axmo S(a;;, ajy, ay;, a,;) € Po3B’A3-
KOM 2 X 2-TpH 3 Marpuuero (3), TO po3B’I3KOM HEYITKOL

2 X 2-TPH HA3BEMO MHOXHHY (KOPTEXK)

S(Aps Az Agp Agy) =
- M M M M Sas ap, a, ag) =

aj € Ajjap € Apay € Ay aze Ay
- <P0pt7 Qopt>- (4)

3ayBakenns 6. 3po3yMigo, IO JANCKO HE KOKHA
HCUITKA 2 X 2-Tpa Ma€ HETMOPOXKHIH po3B’a30K. Posrms-
HCMO X04a O JTOKANBGHO HCUITKY TPy 3 AApOM

[3114) (5)
35

y sxoMy a;; = {aj{’, a{{’} (mpuxmax rpu 3 TpuBiamb-
HOO HEuiTKicTro). TyT

5.3 2
Popt ay+5-3-4 a2

npu a;; 24, mpu a;; € (3:4) iMOBIpHICTD p, = 1, IpH
a;; = 3 imosipuicte py, € {1,0}, a mpm a;; <3
imoBipHicTE p,, = 0. Takoxk

5.4
Topt = ay+5-3-4 a2

npu a;; 24, a mpu a;; <4 iMoBipHicTe p, = 1. I, oue-
BHIHO, IO, CKAKIMO, mma a; € {3.5,4.5} po3p’msok
HEUiTKOI 2 X 2-TpH 3 Marpuuero (5)

A San 435 = (1o [1opn

ay € {35, 45}
2 2 1 1
N _ , _ -
<[4.521 4.52} [4.521 4.52}>

= (10 [1 0]>ﬁ<[;1 ﬂ E 2} -

RIS

= (D, 9). ©)

O3HauMBIOIM PO3B’A30K HEUITKOI 2 X 2-TpH, JAaMoO
TBEPKCHHS IPO HEOOXIAHY YMOBY TOTO, OO BiH OyB
HCTIOPO’KHIM.
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Teopema 1. JIns Toro, mo6 poss’s3ok (4) HewiTKoi
2X 2-rpu OyB HEHOPOKHIM, HEOOXITHO, MO0 KOKEH
po3B’ 30K S(a;;, a4, ay;, ayy) OYB Y YHCTHX CTPATETifAX.

Hoseaennsi. Hexait marpuiero 2 x 2-rpu € (3), ne
HEMAE CIANMOBHUX TOUOK Y UHMCTHX CTPArerifix, a OITH-
MaJbHAMH CTPATCTiAMH TICPIIOTO Ta APYTOTO TPABIIB €
(1) i (2) BiONOBIIHO, IPUYOMY IS BH3HAYEHOCTI BBAYKA-
THMEMO, IO ONTHMAIbHA iIMOBIPHICTH

dyp — Ay
ap tay—da;-—ap

popt =

BHOOPY TCPIIAM TPaBLEM HOTO mepmoi umcToi cTparerii
HajexuTh iHTepBany (0;1). BnacHe, e o3Ha4ae, mo om-
THMAJIBHA CTPATETIS MEPIIOTO TPABLM € 3MimaHo (ado,
IO XapakTepHE A7 ITOp 3 ABOMA YHCTHMH CTPATCTiIMHU
JAHOTO TPABIS, € LIIKOM 3MIlIaHO). [1pu 3MiHi OJHOTO
2
31 3HA4YEHb {ajj}f: | IMOBIPHICTB p,, OyZ¢ 3MiHIO-
j=1
BaTUCh TAKO)K. BUKJIFOUCHHS CTAHOBUTHME BHIANOK, KO-
IM a;; = a;, 1 3MIHIOBATUMEThCS &y abo a,y. Aze Toal
Pop = 1 (BuOip mepIIoi YUCTOI CTpaTerii MepIUM TPaB-

uem) abo p,y = 0, a

g = 4y~ 4y _8p - Aap
opt -
ayj) +ap - a; - ap

dyp — dyy

3MIHFOBATHMETBCS TPH &), # &,; (0e3 BIpaTH 3arais-
HOCTI). SIKINO K aj; = ap, TO g,y = 11 rpa micTHTHME
CIIUTOBY TOYKY Y YHCTHX Crparerisx. Omke, Akmo 2 X 2-
rpa po3B’sS3YBATUMETHCS Y 3MIMIAHUX CTPATETisX, TO KO-
JKeH pa3 Oyzne HOBa MHOXHHA 13 MHOXKHH ONITHMAJBbHHUX
crpareriii rpaBUiB. [IepeTHH TaKWX MHOKHH, OYCBHIHO,
Oyac mopokHiM. TeopeMy AOBSACHO.

JlaMo Temep Take O3HAUCHHA, IO MA€ BITHOIICHHS 10
HEMOPOKHBOTO PO3B A3KY HEUITKOI 2 X 2-TPH.

Osuauenns 4. Po3s's30k 2 X 2-rpu 3 marpuuewo (3)
HA3BCMO CTIHKHM 3 pagiycoM 7, KO BiAMOBiTHA
HCUITKA 2 X 2-Tpa 3 CIACMCHTAMH a; e [éjj - I éjj +r]
MAa€ HEMOPOXKHIN PO3B’A30K.

Biamosigp HA MATAHHA TPO ICHYBAHHA PO3B A3KIB Y
YUCTUX CTPATETLAX MEBHOTO KIACY HEYITKHX 2 X Z-irop
JIA€ HACTYTIHE TBECPHKCHHI.

Teopema 2. [lnt noBimbHOI 2 X 2-TPH, CIECMCHTH
2
{ajj}f:1 = {a, b, ¢, d} marpumi fKOi € pi3HHMH,
Jj=1
3 PO3B’SI3KOM Y YHCTHX CTpaTerisix sHaiaetscs r> 0 Ta-
Ke, MO BiAMOBITHA HEYITKA 2 X 2-Tpa PO3B’ A3yBaTHME-
TBCSL ¥ UMCTHX CTpareriax. [Ipm mpoMy, SIKINO A BH3-
HAUYCHOCT] MOKJIANATH

a<b<c<d, (7

76

sHavenHA r e (0;r,,,) npu

®8)

r — min b-ac-bd-c
max 27 27 2

JMosenenns. Hexali a< b< c< d i Bigmosigna 2 x 2-

Tpa Ma€ CiaIOBYy TOUKY V YHCTHX CTPATCTLX. 3PO3YyMLIO,

L0 NpH 3aMiHi a Ha a;, b Ha by, c HA ¢}, d HA d| TakiH,

10
a; < b <c¢<d, )

cimIoBa ToO4Yka He 3MIHHTHCA. Bizpmemo nesxe r> 0 1 BU-
MAaraTHMEMoO, 100

a+r<b-r, b+r<c-r, c+r<d-r.

Tomi
a =a+r, bjelb-r;b+r],

c€lc—ric+rl, d =d-r

i Oyze BukoHyBaTHCH (9). Maemo

b-a

r< 5 (10
c—-b

r< 5 (11)
d-c

r< 5 (12)

OCKiTBKH  yCi CNCMCHTH MHOXWHH {a, b, ¢, d} €
pisHEMHE i, B3aram, mae micue (7), TO mpaBi YACTHHH y
(10)-(12) € momarHHMH, i PO3B’I3KOM CHCTEMH HEPIB-
Hocreit (10)-(12) pasom i3 ymoBow r> 0 € MHOKHHA

. |b-ac-bd-c
0; min e

2 2 (13)
TeopeMmy AOBEICHO.
3BiCHO, TOIi, KOMH HEYITKA 2 X 2-Tpa HE MA€ PO3B s3-
Ky, CJil BH3HAYATH ii po3B’ 430K B iHIIH (opmi.
O3HaveHHs 5. HewiTkuM po3B’ sA3KOM HEWIiTKOT 2 X 2-
TPH HA3BEMO MHOKHHY (KOPTEK)

S(AH’ AIZ’ AZI’ AZZ) =
= U U U U Napsap ay, ay) =

aj € Apap € Apay € Ayazne Ay
= <P0pt7 Qopt>- (14)

aysaxkennsi 7. JIo Takoro THIy PO3B A3KY AOBOIH-
THMETBCA  3BEPTATHCh, AKIWO  S(a;, @y, @y, ay) €
posB'sa3koM 22X Z2-rpd 3 Marpuuero  (3)  #
S(A1, Ay, Ay, Ayy) = (D, D). TIpote mpo mpakTHIHY
«CYMICHICTb» HEUIiTKOTO Po3B s3ky (14) mMoke WrH MOBA
JMIIC V BHOANKAX 3B SA3HOCTI MHOMKWH ONTHMAIBHUX
IMOBIDHOCTEH P, Ta G, AK CICMCHTIB KOPTEKY
S(A;1, Ay Ay, Ayy) 3 YMOBOIO TOTO, IO iX JTeOCTiBCHKA
Mipa HAa 4YHCHOBIH mnpsMiH Oyze HAbAarato MCEHIIOIO
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32 ONMHHIO. Y BHIAAKY HC3B SI3HOCTI ONHOTO 3 elle-
MCHTIB KOpTesky S(Aj;, Ajp, Ay, Ayy)  BHKOpHCTAHHS
KOHLCNMIil HEYITKOTO PO3B’A3KY HEUITKOI 2 X 2-TpH
HOPCACTABIIETHCS CKPYTHHM. [10BEpTArOMICh A0 MPHUKIA-
Oy JOKAJNBHO HEwiTkoi Tpu 3 supom (5), min sxoi

HE3B 3HICTh MHOKHH Y KOPTEKi

S(Ayy. Ay Agy, Agy) =
= Qra Lo

=Ghdpoy s g pild e E g

OYCBH/IHA,

[Sa11 N

[Sa1EN]
~
Il

TOOTO Tepmmi TpaBeOb Mae Oparh

4 1 5 6 2 1
Pop € 151 @ Apyruit — mae Opath qo, € |5 1,

MOXHA TOBOPHTH NP0 HEHPHUHHATHO BEIUKY BiJCTaHB

MIK CJICMCHTAMH MHOKHHH < —, 1 (HaBlTB BIOZHOCHO 11

57
4
NEPUIOTO eJIeMENHTa). JId MHOKHHH 5,1

TpaBOd BIZHOCHA BiACTAHB MiXK ii CICMCHTAMH € 3HAYHO

MEePIIOTO

MCHIIOK), TOMY HCUITKHH PO3B 30K TYT € OimbIn
MPUHHATHHM IS TIEPIIOTO TPABIISL.

Baaram kakyuw, NPHUAHATHICTH HEUITKOI MHOKHHH
ONTHMAJIBHUX CTparteriii (v (opMi ONTHMATBHHX iMO-
BIPHOCTCH BHOOPY MepmOi YMCTOI CTparterii) rpasis
BH3HAYAETHCA PISHHUICK) MK ii MAKCHMATGHHM 1 MiHi-
MaJbHUM 3HAUCHHSIMH. 30KpPEMa, UMM MCHINA Pi3HHIL

sup Pope — inf P, THM OLTbII IPHAHATHOK AN MEPIIO-

pt’
rO IpaBlsl € HEYITKA MHOKUHA Fy. AHAIOTYHO 1 3
pI3HHLCIO Sup @Dpt— inf @Dpt I JPYTOTO TPaBILL 3po-
3YMIJIO, IO I 3B A3HHUX ENEMEHTIB Koprexky (14)
3aMICTh TAKHX PI3HHIb, CTPOTO KAKYUM, CINJ BHKOPHC-
TOBYBAaTH JICOCTIBCBKY MIPY BLATIOBIJHHX MHOKHH.
Tinmpku TOAI MOKHA BECTH MOBY PO NPHHUHATHICTH HE
TiBKH CaMOi KOHLCHLii HEUiTKUX PO3B’A3KiB Y HEUITKHX
2 X 2-irpax, a ¥ PO BHKOPHUCTAHHSA Li€i KOHIICTIIIII.
[Ipote, 3 iHImMOTO OOKY, BUKOPUCTAHHS I'PABLSIMH €JIc-
MCHTIB HCUITKUX MHOKHH Popt Ta @Dpt y xoprexi (14)
MOPOKYBATHME CBOIO TPy, PO3B A3ABINH AKY, BKES MOXK-
Ha Oyzxe He TypOyBaTHCH MPO CTYMiHb MPUHHATHOCTI BH-
ptr Gopt)- HHCTORO

CTPATETI€I0 KO)KHOTO TPABIA V TaKiil Ipi, KOTpa, y IEB-

KOPHCTaHHS HCUITKOTO PO3B 3Ky ( Py

HOMY CMMCJI, CTAaHE BKC METarpol0 MO BIAHOIICHHIO 0
BHXITHOI HCHITKOI 2 X 2-TpH, OyAe MPHUNYIICHHSA MPO TC,
10 MATPULIEIO0 2 X 2-TPH € CIEMEHT MHOKHHU

a a
11 <12 (15)
a1 A2 aj € Ay
ap € A
az € Ay

azp e Ay

3 BiOMOBITHAMH PO3B’ A3KOM

S(ayy, ay, a, az) =
= (Pop(an, ag, ag), ag), Quplary, arg, az, ag)). (16)

[Tpu upoMy, OUCBHAHO, MICPIIHI TPABCIH POOHTHME CBOL
TIPUIYIIEHHS HE3AJCXKHO BLI APYTOTO 1 HAaBmakW. SIKOIo
0o0maBa TPaBIi OTHOYACHO «IOAYyMAH» HPO OTHY H TY
caMy MATPHIO

ab c

cd
a a

€ 11 “12 , (17)
a1 A2 aj € Ay
ap € Ap
ay € Ay
azp e Ay

TO II¢ INE O3HAYAE, INO IEPIIMH IPABElb OTPHMAE BHUI-
pant
Vopr(@ b, ¢, d) =

ab

| Qup(a b el 18

= [Popt(a, b c d)]-
a JpyrTui TpaBenps CTUIBKH K mporpae. B omucysaHii
MeTarpi 3’SBUTHCS IIE OJUH TPABCHb — «IPHPOAa» abo
HCTICPSIOAYyBAHI «BHIIAAKOBI OOCTABHHH», SKi 3YMOB-
JITh Y MOMCHT 4acy OOHMpPAaHHSI TPABIFIMH IX YHCTHX
crpareriii (mpo OOHMpPAHHA 3MIIIAHUX CTPATETiH y TEB-
HUH MOMCHT YaCy TOBOPHUTH CKIAXHO) TOW YH iHIIHI
eneMenT MHOkMHH (15) sax Mmarpuiro (3 (ikcoBaHUMH
cmeMeHTaMH) 2 X 2-Tpu. Hampukimax, y  OKANBHO
HewiTkilt tpi 3 sapom (5), y sxomy ay; € {3.5, 4.5}, xo-
JKCH 3 JBOX TPABIIB i «IMPHUPOAA» Y TICBHHH MOMCHT Ya-
CY MOXKYTb BUOWPATH TITbKH OTHY 3 ABOX MATPHIh

354
3 5

4514
3 5

Ty, K McTarpa MO BiTHOIICHHIO A0 BHXITHOI HCUITKOI
2 X 2-TpH, TOPOIKY BATUMETBCS miamuyra rpa [8, 11, 12]
TPBOX 0CiO.

Baarami kaKydH, TOPOHKCHOK) MCTATPOX0 MO BiTHOMICH-
HIO 70 BHXIJHOI HewiTKOi 2 X Z2-rpu Oyae OesroammimiiHa
(An] - [Aral - [Azi] - Aze]) X ([An] - [Ara] - |[Aza] - [Aze]) %
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MATEMATHUYHE TA KOMIT'IOTEPHE MOJIEJITOBAHHSI

Sximo
yepes M, O3HAYATH YHCTY CTPArTerird A-To TpaBUs K

X (|A11| . |A12| . |A21| . |A22|)—rpa TPBOX  0CiO.

enement Muokunn (15), P (M) ta Q. (M) — sx
omruManbHi crparerii B M;-tpi Ta M,-rpi BianosigHo,
TO V Takiif Metarpi (JyHKI[iSI BUTpamIy MEpINOTO I'PaBIid

K (M, M, M) =
= Popt(Ml) : M3 : [Qopt(MZ)]Tv (19)

(PyHKIIIA BErpanIy APyroro rpaslist
K,(My, My, M) =
= 7P0pt(M1) ) Mg : [Qopt(Mz)]T =
- 7K1(M1, Mz: Ms)v (20)

a (YHKI{0 BUTPAIIY TPETHOTO TPaBUS («IPHPOIH>»)
MOJKHA MOKJIACTH TOTOKHOIO HYJIFO:

KS(er M27 MS) - Or

YM, e [ an a12]

aZI azz
aj € AjpJaj,e Ay
a1 € A
21 21 A
agy €
22 22

h=1,3. (21)

OucBHAHO, MO AT CKIHUYCHHHX MHOXKHH A, Aj,,
Ay, Ay, GyHxuii Burpamis (19)-(21) mMoxHa mpeacTasu-
TH Y (OpMi TPUBHMIPHHUX

(|Ayy| - |Avg| - | Az - |Az2]) X (|Av1| - |Ava] - | A2 - |Aza]) %
X (|Ay1] - |Arz] - | Az - |Aze|)-marpre,

ane, 3pakaroum Ha (20) i (21), mMoxkHA OOMEKHMTHCEH
OJTHI€IO

(A - [Ara] [ Az - |Aze]) X (| Ani] - [ Av] - [Aza] - [Aze]) >
x (|An| - |41 - |Azi| - |Aze])-varprmero

K = [y mym ] oy ox ¢ 3 CTCMCHTAME
pmymy = Popr(M{™7) - My™ - [Q (M ™),
m, = 1,G Vh=1,3, (22)
ac
G = |An| - Ag] - |Az] - |4z
it

G
M, =
my=1
{[ ap 4y j}
B a,, a
a2 )], o

ap € Ap
az € Ay

aype Ay
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Tak camM0 MOKHA OOMEKHTHCH muine (yukuicro (19) y

BHIAAKY, KOJIH TPHHAHMHI OTHA 3 MHOXHH CHCTCMH
2

{A }2 € HCCKiHUCHHOKO
yli=1 :
j=1

Orke, HewiTKa 2 X 2-rpa 3 MHOXuHOK (15) ycix
MOXIIHBHX <«UITKHX» 2 X 2-MaTpHIlb 32 YMOBH IOPOK-
HBOTO KOPTEKY (4) i HENPUHHATHOCTI HEYITKOTO PO3-
B’ 3y (14) mopomkysatuve Oeskoamimiiiny G X Gx G-
rpy (Metarpy) 3 sapom (19) mpu mTyYHOMY MOKJA-
nansi (21). Po3B’a30K i€l MeTarpM MIiCTHTHME OIITH-
MaJbHy NOBEIIHKY OOOX TpaBIIB B YMOBAX BCIACHHS
BHXITHOT HCUITKOI 2 X 2-TpH.

BHCHOBOK TA TIEPCIIEKTHBA
MOJAJBLIIOTO NOCILKEHHSA

3BHYAHO, MATAHHA MPO BIPOBAIKYBAHICTH PO3B A3-
Ky OeskoanminiitHoi G X G'x G-MeTarpu € BiJKPUTHM i
Janeko He TpuBiamsHuM [8, 11, 12]. Moskiueo, y AeIKux
CUTyaUisfX NPAKTHYHC BHKOPHCTAHHSA LBOTO PO3B’ A3KY
[13, 14] BHABHMTBCH HACTIIBKM HE3PO3yMIIHM (QIKE MO-
Ba HTHME SIK TPO IMOBIPHOCTI BHOOPY HWHCTHX CTpare-
Tiif — MaTpuIp, TaK i MPO BIAOMY HEOTHOZHAUHICTH CHTY-
auiif pisHOBark y Oeskoaminiinux irpax), mwo Oyme Bap-
TO IMYKATH CMOCOOH YCYHCHHS «HEUITKOCTI» ¥ 2 X 2-Tpi
(mpsIMOTO, «HEITPOBOTO» TMEPETBOPEHHS HEYITKOI 2 X 2-
TPH ¥ «HMITKY»). Alle 3aIpOMOHOBAHA KOHIEIIIIS PO3B’SI3-
Ky (4) HediTkoi 2 X 2-TpH Ta ii HeuiTkOrO PO3B 53Ky (14) 3
MOKTHBEM PO3B’si3yBaHHAM Oe3koamiuiitnoi Gx G x G-
MeTarpu Mae (pyHAAMEHTANbHE 3HAUCHHSI A IrpoBHX
METOiB MOJCIIOBAHHSI B YMOBaX HCBH3HAUCHOCTI.
VY mepcnexTusi, 3BICHO, CiiA 3aifHATHCA (OPMYIFOBAH-
HIM BIJNOBIAHUX TIOJNOXCEHb I MATPHYHUX irop
OLIPIINX 1, B3arali KXy, TOBLIBHEX ()OPMATIB.
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Pomartok B. B.

PEMNEHAE ~ HEUETKOU
2 x 2-I'PbI

IIpescTapieHa KOHIIEIIMSI PEIEHHST AHTAarOHUCTHIECKOH
2 X 2-MI'pBl, SIEMEHTHI MATPHUIlBl KOTOPOH 3ajarorcst B opme
HEOTHOXIEMEHTHBIX MHOXeECTB. [[oKazaHo, UTo peltieHreM Takoi
HEUETKOM UIPhl MOKET OBITh CIIEIMAIBPHOE IIepeceueHue pelre-
HUI BceX OOBMMHBIX 2 X 2-HI'p, 3II€MEHTHI MaTpUIl KOTOPBIX 00-
PasyroT 3Tu MHOXecTBa. [iIsl cloydaeB, KoIjja Takoe HepeceueHre
OKakeTcs ITyCTBIM, IIPeyIaraeTcsl UCIIONb30BaHIe HEUETKOTO pe-
IMEHUS. HEHUETKOH 2 X 2-urphl. [lpu yclioBUM HelpUeMIIEMOCTH
I0/I0CHOTO PEIISHHUSI CTPOUTCS GECKOATMIOHHAS METaurpa, pe-
IeHHe KoTopoit OyJeT cojepKarb OITUMATIbHBIE ITOBEICHUS
00OMX UTPOKOB B HCXO/IHOM HEUETKOU 2 X 2-urpe.

KiroueBble ci10Ba: MOJETHPOBAHUE B YCIOBUSIX HEOIIPE/Ie-
JIEHHOCTY, TIPUHSTHE PEIICHUN B YCIIOBUSAX HEOIIpe/IeNeHHOC-
TH, HeueTkas 2 X 2-urpa, OecKOaTMIIMOHHAs MeTaurpa, OIITH-
MalIbHOE IIOBEJICHHUE.

Romanuke V. V.
SOLVING THE FUZZY ANTAGONISTIC 2 x 2-GAME
There has been represented a concept of solving the antago-

AHTAT'OHUCTHUYECKON

nistic 2 X 2-game, whose matrix elements are defined in the
form of non-one-element sets. It has been revealed that the solu-
tion of such fuzzy game may be a special intersection of soluti-
ons of all ordinary 2 X 2-games, whose matrices elements consti-
tute those sets. For cases when such intersection appears to be
empty, it is suggested to use a fuzzy solution of a fuzzy 2 x 2-
game. If this solution is unacceptable, a noncooperative metaga-
me is constructed, the solution of which will contain the optimal
behavior of both players in the initial fuzzy 2 x 2-game.

Key words: modeling within uncertainty, decision making
within uncertainty, fuzzy 2 X 2-game, noncooperative metaga-
me, optimal behavior.
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