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B pabore paccMmorpena 3ajava mepegaund TaHHBIX B IPOCTOI
6ecrpoBoanoit ceru. IIporece nepegativ JaHHBIX MOJIEJIUPYETCS C
MOMOIIBI) CTOXACTHYECKOH (MapkoBCKoii) urpel. B pabore npes-
Jlaraercst cucreMa mrpadoB W BOZHATPAXKICHUH TOTB30BATE/IAM
CeTu JyTsi PeryaIupPOBAHUS MPOIECCA MePeradn MaHHBIX. PaccMOT-
pPEH KOOTIEPATUBHBIN BaApUAHT UTPHI, B KAYECTBE KOOMEPATUBHOTO
pelenna KOoTopoii mpemyiaraerca sekrop Hlemmu. Ioaygerno ycro-
BHE IMO3HUIMOHHON COCTOSATENBHOCTH Haiimennoro sexkropa I[llem-
JIM ¥ IIPEICTaBJIeH METOJ IIOCTPOEHHUsI KOOIEPATUBHON IIpOIEeTy-
PBI pacIpeaeaeHns AeaeKa, MTO3BOJISIONIEH IepepaciIpesesiTh Bhl-
IJTATHl UTPOKAM (MOJB30BATENSIM CETH) HA KAXK/IOM TTPOMEXKYTKE
BPEMEHU, IIPEOI0JIEBAsi €CTECTBEHHYIO HECOCTOSATEIbHOCTL BEKTO-
pa lemmu. [IpuBenen wucjaeHHbIl TpUMEp, HA KOTOPOM JIEMOH-
CTPUPYIOTCS BCE MTOJYUIEHHBIE TEOPETUIECKUE PE3YIBTATHI.

Karouesvie caosa: KooniepaTuBHasi CTOXaCTUYECKAsT UTPa, MAPKOBCKAs UT'-
pa, MO3UIHUOHHAS COCTOATEJIbHOCTD, KOOIlepaTUBHASI IIPOIlelypa pacipe-
JleNIeHus JieseKa.

1. BBeneunune

B cTaThe paccMaTpuBaeTCs KOOIepaTHBHASI CTOXaCcTHIeCKast urpa (Ko-
OlepaTHBHAS MAPKOBCKAsl UTPA), U MOJYUYCHHBIE TEOPETHUECKHUE Pe3y.Ib-
TaThl TPUMEHSIOTCS JIJI MOJIEJIMPOBAHUS 1IPOIecca lepejiadn JJaHHbIX B
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OJIHOI TIpoCcTOil OecrpoBoaHOM ceTn. IIpeamonaraercs, 4To 6GecupoBoIHAaSs
CeTh Mepe/Iavu JAHHBIX COCTOUT U3 TPEX TOUEeK JOCTyHAa (BepIiuH).

B kaxkjiplii mpomMe:KyTOK BPEeMEHH B JIByX BEepPIIMHAX CETH I'€HEPUPY-
I0TCs TIAKETHI JAHHBIX ¢ HEKOTOPBIMU BEPOATHOCTSMU. Bpems 1ipe/iioia-
raeTcs JUCKpPeTHBIM. B TpeTbeil BeplimHe maKeThl TAHHBIX HE TeHEPUpPY-
ercs. Pabora ceTu cocTouT B mepejate MakeToB JTAHHBIX U3 MEPBHIX JIBYX
BepIIHH B TpeThio. [lepBhie Be BePIINHBI UMEIOT OTHOHAIIPABIEHHOE Oec-
IIPOBOJIHOE COE/IMHEHIE MeXK /1y c00O0il, TO ecTh HepBast BepiinHa (Mrpok 1)
B OJINH ITPOMEYKYTOK BPEMEHU MOYKET TOCJIaTh MaKeT JaHHBbIX MO0 B Bep-
muny 2 (urpoky 2), mubo HanpsiMyto B Bepiuny 3. [Ipesmosaraercs, 9to
3a MepechlIKY MaKeTa JAHHBIX U3 BEPIIUHBLI 1 B BepmuHy 2 UrpoK 1 mo-
JydaeT HeOTpUIaTebHOe Bo3HarpaxKkiaeHme. Cucrema BO3HATPAKICHUIT
U W37EePKEK IMO3BOJISET TO/JIEPKUBATH KOOIEPAINIO MEK/1y NTI'DOKAMHU
1 u 2. 3ajadya COCTOUT B HAXOXKIEHUU ONTHUMAJIHHOTO KOOTEPATHBHOTO
MOBeJIeHN s, TTO3BOJISIONIETO JJOCTUYb MAKCUMYyMa MAaTEMATHIECKOTO OXKHU-
JIAHWS CyMMapHOTO BBIUTPBIIIA HTPOKOB 1 u 2. Takoe moBegeHne HTpoKOB
MOJ/IE/IUPYETCH C LOMOLIBIO KOOLIEPATUBHON MapKOBCKOHN UI'DbLIL.

B pa6orax [2-4,9,10] paccMaTpuBaroTCsi TEOPETHKO-UTPOBBIE MOIE/IH
nepejgaun JanabiX B ad-hoc m multi-hop GecripoBojiHBIX ceTsix, MpuYeM,
JesaeTcs akIeHT Ha pa3BUTHE MeXaHU3MOB KOOIEepAIUU /I CTUMYJIHPO-
BaHUsI [lepeaJIpecanny Janubx. B crarbe |7| uccieayercs npocras crpyk-
TYypa CeTHU, U BBIUI'PLIIIAMUA UIPOKOB ABJIAIOTCA CPeJHUE OXKUJIAeMble Bbl-
UT'PBIIITU UTPOKOB 3a OJIMH BpeMeHHOI TpoMeKyToK. B nacrosiieit crarbe
3a BBIUTPBINIHA UT'POKOB IPUHUMAIOTCI MaTeMaTHIeCKe OXKU/IAHNS BbIUT-
phITITell ITPOKOB BO Bceil MapKoOBCKOil urpe. TeopeTudeckne pe3yabTaThl,
Ha KOTOPBIE ONUPAETCs TIOBECTBOBAHUE CTATHH, MOXKHO Haiitu B [1,5,8].
B pabore Bbrumciisiercss MaKCUMaJIbHBIN CyMMapHbIN BBIUTPBIIT UT'POKOB
U 3HaYeHUs Xapakrepuctudeckoil ¢ynknuu. B kaudecTBe genexka max-
CAMAaJIbHOI'O CYMMAPHOT'O BBIMI'PBIIIA UTPOKOB MOXKET OBITh PAaCCUUTaH
JII000H JesexK, U3BECTHBIN B KOOIEepaTUBHON Teopun urp. B Hacrosmei
pabore ucnoab3yerca Bektop [llemmm.

Kooneparusnasi MapkoBckasi urpa — JuHaMu4deckas urpa. B Jjioboit
JINHAMWYECKOIl MI'pe yCJIOBHE COXPAHEHWs] KOOMEPAINN HWMEeT BarKHOe
3Hauvenune. llepepacnpeenene BBIIJIAT UIPOKOB B KazKJIblil MPOMEKY-
TOK BpPeMEHHW B COOTBETCTBHH C KOOTEPATHBHOW TPOIEIyPOil pacmpese-
Jenust jresiexka, npejgioxkentoit JI.A. Ierpocsrom B 1977 (cm. |6]), mos-
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BOJIFET UTPOKAM B KazK/Iblii MOMEHT BpeMeHHU OKHU/IaTh B OCTaBIIeHCd da-
CTU WUTPHI MOJIYYeHue Jeneyka, KOTOPBIi OyaeT MpUHAIIeKATh TOMY 2Ke
HPUHIUILY ONTUMAJIbHOCTH, KOTOPbIH Obljl BbIOpaH UI'DOKAMU B HavaJie
urpol. Ecin gononureibHo norpeboBaTh HEOTPUIATEIHLHOCTH BCEX JJie-
MEHTOB KOOMEPATUBHOW TPOIEYPhl pacipeeeHus Jejexa, To Oyaer
BBITIOJIHATHCS YCJIOBHE TMO3UIUOHHOI COCTOATEIBHOCTU TOTO Jlesiexka. B
HACTOAIIEe BPeMs MHOXKeCTBO pabor [11,12] mocBsieHo uccyie0Banuio
HO3UIMOHHON COCTOATEJIbHOCTU UJIU JIMHAMUYECKONA yCTOMYUBOCTU LIPUH-

IMUIIOB ONITUMAJIBHOCTU B KOOIIEPATUBHBIX JUHAMUYICCKHUX UI'DAX.

2. IlocranoBka 3aga4n

Bepmunra 1 (Mrpox 1) Bepmmna 3

Bepumna 2 (Mrpok 2)

Pucynok 1. [Ipocras GecupoBoiHas ceThb

Paccmorpum crcreMy, B KOTOpOil TpueMHUKY (BepriuHbl 1 1 2) He3a-
BUCHMO I'eHepHPYIOT MAKeThl JAaHHBIX Ha KazKJIOM IIPOMEZKYTKE BpeMeHH
C BEpPOATHOCTAMH (1 U (s COOTBETCTBEHHO. IlakeT JAHHBIX MOXKeT IO-
SIBUTHCs B BepiuHe 1 (2) ¢ BeposSTHOCTBIO @1 (@2) TOJIBKO, €Cjid B KOHIIE
IIPeJIbILYIero BpEMEHHOT0 IPOMeZKyTKa odepesib B Bepinune 1 (2) mycra.
Cre1aeM HEKOTOPBIC TIPE/ITOIOKeHHA:

1. Beprmmnbl 1 1 2 (Mrpokw 1 1 2 COOTBETCTBEHHO) CTPEMSTCS TTOCTIATH
[AKeThl JAHHBIX, CKONUBIINXCS Y HAX, B KOHEUHBIH MyHKT HAa3HA-
YeHUs - BePIIuHY 3;

2. MakCHMaJbHas eMKOCTh Oydepa KazK/10ii BEPIINHBI paBHA € IMHUIIE.

Bepmiuna 3 He MoxKeT PUHATH OJTHOBPEMEHHO JIBa TAaKeTa JaHHbIX
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B OJMH IIPOME2KYTOK BpEMEHH. B ,Z[&HHOﬁ IIOCTAaHOBKE HCKJII0OYaeTCd
MHOT'OIIaKeTHadd Iepegada JaHHbIX, a TaK2Ke HCKJJII0YaeTCd OJHOBpe-
MEHHO€ OTIIpaBJICHUE U IIPUHATUE I1aKETOB HUKAKOI u3 BEpIIUH B

JIIOOO# IPOMEZKYTOK BPEMEHH;

€CJIM UTPOKH OJHOBPEMEHHO NEPEeChLIAIOT MaKeThl B BEPIIUHY 3, TO
9TH TAKeThl OTKJIOHSIOTCS W BO3BPAIAIOTCS B HaYaJIbHBIE BEPIU-
HBI, TAKUM 00pa30M, B CJIEYIONIUIl ITPOMEKYTOK BPEMEHU HU OJIMH
HOBBI TMAKeT He MOYKET MOsIBUTHCS B BEpIIUHAX 1 U 2;

BCe IlepechliaeMble TAKEThl JAaHHBIX MMET OJIMHAKOBBIII pa3Mep,
PaBHBIN eINHUIlE, W, €CJU BEPIIUHBI UMEIT TPIMOe COeJuHeHue
JIPYT C IPYTOM, TO JIOCTABKA OJIHOTO TaKeTa JAHHBIX W3 OHOU Bep-

IIMHBI B JPYTIyIO 3aHUMAET OJIMH IPOMEKYTOK BPEMEHH;

urpok 1 (Bepmmuua 1) BBIOMpaeT OXHY W3 JABYX CTpaTeruii: mepe-
CJIaTh MAKeT JAHHBIX HAPSAMYIO B BEPIIUHY 3 WJIN MEPeCJaTh ITOT
HaKeT B BEPIIUHY 2, YTOOBI TOT MOCJAJ ITOT MMaKeT B BEPIIUHY 3 B

CJIeIyIONIU ITPOMEKYTOK BPEMEHH;

ecaim UTpoK 1 (BepmiuHa 1) mepechliaer MakeT JAHHBIX WIPOKY 2,
KOTOPBIil y2Ke UMeeT B JIAHHBIH IPOMEXKYTOK BPEMEHH HAKeT B CBO-
eii ouepeau, UTPOK 2 OTKJIOHsET IepeJaHHblii eMy maker. B mpo-
THBHOM CJlyvae UIPOK 2 PeIlaeT UPHUHSTb WM OTKJIOHUTH HaKer,

nepelaHAbIil eMy UTrpoKom 1.

Hpe,ZI;HOI[O)KI/IM, 9YTO B BBIIIEONUCAHHOU CHCTEME nepegavim AdaHHbIX

BBeJleHa CJIEAYIONIasd CXeMa MOOIPEHNN 1 HAKA3aHWMN:

1. Bemuumna f > 0 — 3T0 mpemMus, KOTOPYIO IMOIy9IaeT Urpok 1 mwim 2

3a KazK/AyIO YCIENHYIO nepeaady OJHOTO MaKeTa JAHHBIX B BePIIn-
"y 3;

urpok 1 mosiydaer npemuio B pasmepe ¢ = (0 oT urpoka 2 3a 1e-
pe/lady OJIHOTO TaKeTa JAHHBIX WT'POKY 2, KOTOPHIA, B CBOIO Ove-
pejib, MOYKeT PACCUYUTHIBATD HA MPEMHIO Pa3MepoM f TOJBKO MOCIe
YCTIETITHOM TIepeiaun TOrO MAKeTa B KOHEUHBIN IIyHKT (Bepinuny 3)
B CJIEJIYIONIUI [IPOMEZKYTOK BpPeMEHU;
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3. 3aj/iepKKa MaKeTa JAaHHBIX B BepiinHe 1 wind 2 HA OJIMH IMPOMEKY-
TOK BpEeMEHU MPUHOCUT UT'POKY, HAXOIAIIEMYCS B 3TOIl BepIImHE,
u3JepkKd B paszmepe d > 0, HE3aBUCUMO OT TOIO, IO KaKO# IIpH-
YUHE TPON30ILIa 3aJePKKA;

4. Beamuuna D;; — 9T0 U3EPXKKH 110 IIePEeChlIKe OJHOIO IIaKeTa JaH-

HBIX U3 BEPIINHBI ¢ B BEPIIUHY J, KOTOPbIE HECET UTPOK %.

[Ipomnecc mepegadn JAHHBIX MOYKET OCTAHOBUTCS B JTIOOOH MPOMEZKY-
TOK BpeMenu ¢ BeposaTHOCTHIO 0 < ¢ < 1. BeposrHocts ¢, 1o cyru, siB-
JisieTcst TuckKoHT-paxkTopoM. Mosesnb rnepegadn JTaHHBIX B OECIIPOBOIHBIX
ceTsIX MOXKeT OBITH IIpeJicTaBIeHa MapKOBCKOil urpoii. VIrpoku, Haxoms-
muecsd B BepmimHAX 1 W 2, CTpeMdaTcd MaKCHMU3HPOBATH OYKHUIAEMbIH
CYMMAapHBIN BBIUTPHITT ¢ TOCTAEIYIONIIM PA3aeTOM 3TOTO BBIUTPHIIIA €
nomoinbio BekTopa [lerim.

O6o3raunMm uepes ((Qq,(Q2) cocTosnue B GeCpoBOAHOl ceTH, Tie Q;
— 3TO YHCJ0 HAKEeTOB JAHHBIX, HAXOJAIIeecs B ouepe i UTpoka ¢ = 1,2,
Yucso Q; Mmozxker npunuMarh 3Haderus 0 ujm 1, eciu HU OJIHOTO UJIU OJIUH
HaKeT JAHHBIX HAXOJAUTCS B JIAHHBINA MPOMEXKYTOK BPEMEHU B O4Y€pe/in
UTPOKA ¢ COOTBETCTBEHHO.

B mapkoBckoit urpe mepeadn JaHHBIX B OECIIPOBOIHBIX CETSIX BO3-

MOZKHO 4 CcOCTOAHUM:

T ={(0,0); (0,1); (1,0); (1, 1)}

[Tpearmooknum, 9T0 UTPOKKA UMEIOT WHAMOPMAIINIO O COCTOSTHUNA HE TOJIh-
KO CBOeii o4epey, HO U OYepen IPYTroro UrpokKa. JTO MPeInoJIoKeHne
pPa3zyMHO, MMOCKOJIBKY MBI TBITAEMCS HANTH KOOTePpATUBHOE pelleHune, KO-
TOpOE 110/Ipa3yMeBAET COBMECTHbIE JIeCTBUA, BK/IO4Yas 0OMeH nH(OopMa-
ueil 0 COCTOosIHUM ovepejieil 000UX UI'POKOB.

Onpenennm, UCXoad U3 YCIOBUS 33290 UT'POBBIE 3JIEMEHTH BO BCEX
COCTOSTHUSX CHCTEMBI.

1. Urposoii snement I'(0,0).

Y urpoka 1 umeercs ogna crparerust W (oxkugarh), y urpoka 2 —
onHa crparerust W (oxunmars). Berurpsimu urpokos oyayr (0, 0).

2. Urposoii snement I'(0, 1).
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Y urpoka 1 mmeercst oqaa crparerus W (0:KugaTh), y Urpoka 2
— OfIHA CTpATETHA —— (mocaTh nakeT B Bepinuy 3). Beiurpoinm
urpokos OyayT caeaytomumu: (0, f — Dag).

3. Urposoii snement I'(1,0).

Urpok 1 umeer aBe crparerun: 1) 3, (mocIaTh MaKeT B BEPIIHHY
3), 2) 2, (HocjaTh HAKET B BepIIUHY 2); HIPOK 2 HMeeT J[Be CTpa-
rerun: 1) Ac (npussith naker ot urpoka 1), 2) Rej (He npunsrh
makeT OT UTPoKa 1). BRIUTPBIIM HTPOKOB OyLyT CJIeIyOMNMHI:

((f_Dl?nO) (f_Dl?nO))
(C — D12, —C) (—d — D12, O) '

4. Urposoii saement I'(1,1).

Vrpok 1 mveer jse crparernu: 1) —— (IOCHATH IAKET B BEPIIMHY
3), 2) W (oxkumarth); UrpoK 2 mMeeT jBe cTpareruu: 1) =, (mo-
caarh naker B Bepumny 3), 2) W (oxugars). Bomrpeimn urpokos
OyIyT CJIeLyONIIMMT:

<(_d — D13, —d — Do) (f — Dus, —d))
(=d, [ — Do) (—d, —d) '

bes morepu obmrHoCTH MpHOABUM THUCIO
zZ = max{d + D13, d + D23, d + D12, —Cc + D12, C}

KO BCE€M BbIUT'PDbIIIIaM HUI'DOKOB BO BCE€X UI'PDOBbLIX JJIEMEHTAX, 9TOObI cae-

JIaTb BC€ BBIUI'DBIIIN HEOTPpUIlaTE/IbHBIMH.

3. MaTpuna BepodTHOCTEN 1mepexona

ByzeMm pemarh OnucanHyo BBIIIE MAPKOBCKYIO UTPY B KJIACCe CTAIH-
oHapHbIX crpareruii [1|. B pabore orpanmdmmcs paccMOTPEHHEM MHO-
JKECTBA YMCTHIX CTAIMOHAPHBIX CTPaTeruii, HO CHavas a JJsd ym00CTBa
ONpeIeIMM MaTPHILy BePOATHOCTE mepexoga MapKOBCKOW WIPhI mepe-
J@M JIAHHBIX B CMEIIAHHBIX CTPATErHAX JIJIsl TOrO, YTOOLI HE BBINUCHI-
BaTh 16 pa3IMIHBIX MATPHUIL BEPOITHOCTEH Mepexo/ia s KaxK 10 CuTya-
MM B YUCTHIX CTAIMOHAPHBIX CTparerusx. Jlajgee npu nojacTaHOBKe B 9Ty
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MATPUILY OIPEIETCHHBIX 3HAYCHUIT CTpaTernii MOXKHO IIOJIY YU Th MATPHILY
BePOATHOCTE Imepexoma s 000l CUTyallul B YACTBIX CTAIMOHAPHBIX
crparerusx.

O6o3uaunM depe3 X; MHOXKECTBO CMEIIAHHBIX CTAIMOHAPHLIX CTpPa-
Teruit urpoka ¢, ¢ = 1, 2.

B coorsercrsum co ¢rpyKTypoil MAPKOBCKOI UI'PbI Lepeladuu JIaHHbIX
B OECIPOBOJHOI CeTH CMeIIaHHasa CTalMOHAPHAsA CTpaTerus UIrpoka 1 Bo
BCeil MAPKOBCKOIT UTpe TPeANnCchBaeT eMy BeIOpaTh crpareruio W ¢ Be-
positHOCTBIO 1 B cocrostausx (0,0), (0, 1), crpareruto e BEPOATHOCTDHIO
p11 B cocrostanu (1,0), u crparTeruio e BEPOATHOCTBIO P1o B COCTOAHUI
(1,1). Cmemannas cranmoHapHas CTpaTerus Urpoka 2 BO BCeH MapKOB-
CKOIf Urpe mpeanuceBaeT eMy BeIOpaTh cTpareruio W ¢ BepoarHocThio 1
B cocrogausx (0,0), crpareruto 2, B cocrosnnn (0,1), crpareruto Ac ¢
BEPOSATHOCTBIO Po; B cocrostnu (1,0), u crpareruto —2, ¢ BepOATHOCTBIO
pa2 B cocrosinnum (1, 1).

O603HaunM vepes u; = (Pi1, Pi2) CMENIAHHYIO CTATIMOHAPHYIO CTPATe-
I'MIO UI'POKA 1 U MHOZKECTBO CMELIAHHbIX CTAllMOHAPHBIX CTPaTeruii urpo-
ka ¢ depe3 U;, © = 1,2. [lojiyuaem curyanuio B CMENMIAHHBIX CTAllMOHAD-
HBIX cTparerusx u = (uy, uz) = (P11, P12, P21, P22). MaTpuia nepexoHbx
BePOATHOCTEl B CHTyallud U B CMEIIAHHBIX CTAIMOHAPHBIX CTPATEIHSIX
OyaeT cyemayomneit:

a1 G2 Q3 (g
H(u) | Q21 rpg Qo3 (igg
Q31 Qi3 (Gigz (i34
Qg1 Qo Qyz  (Qiyy
rie
aq1 = (1 - &1)(1 - CEQ), Q2 = (1 - a1)02, Qi3 = al(l - Cl2), 14 = G109,
ag; = (1 —a1)(1 —ag), asg = (1 — ay)ag, asg = ay(1 — as), aog = ajas,
ag; = pui(l —a1)(1 —az), agy = p1i(l —ar)az + (1 — p1)pa (1 — ar),
ass = priar(l —az) + (1 —p11)(1 — par) (1 — az),
ags = priarag + (1 — pr1)parar + (1 = pi1) (1 — par)as,
ag =0, agp = p12(1 - p22)(1 - al), Qg3 = (1 —Plz)p2z(1 - a2),
yq = Prapaz + (1 — p12)(1 = pa2) + pra(l — paz)ar + (1 — p12)pazas.
Eciu B onncanHoil BbIIIe MAPKOBCKON UI'Pe PEATN3yeTcs CUTyaIlus B

CTAIMOHAPHBIX CTPATErUAX U, BBIUTPHIIHN UT'POKA 1 B COOTBETCTBYIONIUX
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COCTOSTHUSIX 6y;1yT CJICYIOIINMU:
Kl(u) = (911,912, Q137914)7

rae Q1 = Qo =2, Qg =pu(z+ f — Dig) + (1 — pu)pa(z + ¢ — Dia) +
(1—p11)(1—p21)(2—d—D12), Oy = P12p22(2—d—D13)+p12(1—p22)(2+
Y urpoka 2 OyIyT CJIeIyIONTAMHE:

Ks(u) = (Qa1, Qag, Qag, Qa4),

rae Qg = Z, Qog = 2 + f - D23, Q23 = (1 —p11)p21(2’ - C), Qyy =
p12p22(z —d — Da3) + (1 — p12)pea(z + f — Dag) + (1 — pa) (2 — d).

4. KoonepaTuBHasg cTOXacTHYecKas Wrpa rnepegadm JaHHBIX B
OecnpoBoaHOIT ceTu

Kooueparusuyro urpy nepejiaiu JIJaiHbIX B O€CHPOBOJIHOMN ceTu Oyjiem
paccMaTpuBaTh B KJIACCE YHCTHIX CTAIMOHAPHBIX cTparernii. O603HATUM
qepe3 =; MHOZKECTBO YUCTHIX CTAIMOHAPHBIX CTPATErnii Urpoka i, ¢ = 1, 2.
Hanpumep, uncras cramuonapuast crparerus 1, = (1,0) urpoka 1 npes-
NUCBIBACT eMY BBIOMPATH CTPATETUIO 2, B cocTosTMH (1,0) u crpareruto
W B cocrostanu (1, 1). Kaxkapiii urpok mmeer 4 9ucThIX CTAIMOHAPHBIX
cTpareruu, T.e. mojydaercs 16 curyaruii B 4MCTHIX CTAIlMOHAPHBIX CTPa-
rerusx. JIjig cuTyanuu B YUCTHIX CTAIMOHAPHBIX CTpaTerusx 1 = (1y,7s)
MOZKHO 3alUCATh B YIPOIIEHHOM BHJe MAaTPUILYy HEPeXOTHBIX BEPOATHO-
creii I1(n).

Hanpumep, ams curyanun 1t = (1,1,1,1) MaTrpuna nepexomHbix Be-
posiTHOCTelt OyaeT uMeTh BUIL:

(1—a))(1—az) (I1—ar)as ai1(l1—as) aiaz

(I1—a)(1—az) (1—aj)as a1(l—ay) aras

(1—a))(1—az) (1 —a)as ai1(l—az) aiaz
0 0 0 1

(n') =

JIns Kazk10it cUTyaluu B YHUCTHIX CTAIIMOHAPHBIX CTPATErusdx 1) € = =
2

[ Zi moxno mocunTaTs MaTemMaTHUECKOE OKHMIAHUE BHIMIPHINICH UTPO-
i=1

KOB JIJIsI TIOJBII'Pbl, HAUUHAOIIENCS C ONPEJIeIEHHOIO COCTOSIHUSI:

Ei(n) = (EXV(n), OV (), EMV (), BV (),

3 (2
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rie Ef(n) — MaTemMaTnveckoe 0xKUJAHAE BHIMTPHIIIA UTPOKA i B HOIBITPE
MAapKOBCKOIl UTPBI, HAUMHAIOMIASICA U3 cOCTOdHUA t € 1.

MaremaTndeckoe OKU/IaHUe BBIUTPHINIEH UTPOKA ¢ JJ1S TOIBITP MOZK-
HO pacCYUTaTh IO caemyiornieii (hopmyre:

Ei(n) = (B — (1 —q)(n) " Ki(n),

riae K;(n), I1(n) onpenenensr Boie.

MaremaTudeckoe 0KuIaHWe BBIUTPHINIA UTPOKA ¢ BO BCEHl MapKOB-
cKoii urpe, BKodast xof "caydasa' (T.e. BBIOOD HAYATIBHOTO COCTOSTHMS ),
MOZKeT OBITh PacCUYUTAHO 10 (popMmy.ie:

roge m = (7T(070), 7T(071), 7T(170), 7T(1,1)> — BEKTODp Ha4aJIbHBIX BepOﬂTHOCTeﬁ, u
7t — BEPOATHOCTDH TOT'O, YTO IEepBOE COCTOAHUE B MapKOBCKOfI urpe 6y,ILeT
tel.

st perieHnst KOONEPATHBHOIO BapWaHTa ONMUCAHHONW BHITIIE MAaPKOB-
CKOii HTPBI HEOOXOMMO HANTH KOOIEepaTHBHOE pelerue 7 = (7;,7,), T.e.
CATYAIIUIO B YACTBHIX CTAIIMOHAPHBIX CTPATETHAX TaKyIO, 9TO

SHavyeHne XapaKTepUCTHIECKUX (DYHKIUNA JIJId MOIBITD
V(S) = (V0(9), vO(5), V0 (5) v E(3))
MOXKHO paccuyurars 110 (popmyJie

VH(S) = maxminZEf(ns,nN\s). (4.1)

ns TIN\S
V9 ies

3HaveHrne XapaKTEePUCTUIECKON (DYHKIUU I BCeil MAPKOBCKON HIPHI
s Koaaunumii S # () onpenenserca dpopmytoit

V(S) = aV(S). (4.2)

s S = () 3snauenne xapakrepucruueckoii pynxmuun V (S) = 0.
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Onpenenenne 4.1. Koonepamusnot maprosckol uepot nepedayy, dar-
noz 6 becnposodnoti cemu nasweaemea napa ({1,2},V(S)), 2de V(0) =

0, V{1,2}) = X Ei®), 044 S # 0 u S # {1,2} snauenue dynryuu

1€{1,2}
V(S) onpedeasemes dopmynot (4.2).

B kagecTBe mesexka MaKCHMATbLHOTO CYMMapHOTO MAaTEeMAaTHIECKOTO
OKUJIQHWS BBIUTPHIIIA UTPOKOB paccmorpum BekTop e, Obo3nadnm

uepe3 Sh = (Shy, Shy), vae
Shi = (Sh™V, Sh*D ShMY ShitY)

sektop [lemmu, paccamranubiii jJyis noaeirp, u vepe3s Sh = (Shy, Shs)
Bektop [llemnn, paccanranubiit 115 Beeit MapKOBCKOit urper, T.e. Sh; =

7TSh7,

5. KooneparuBHag mporneaypa pacupeaejaeHnsd aejiexka

Urpoku mepeJ; Ha9aI0M UIPbI JOrOBAPUBAIOTCS O KOOIEPAIUH 1 OZKH-
JAI0T TOJYYHTH coBMecTHEIH Berurpuim V ({1,2}) m coorsercTByIomme
kommonentsr Shy u Shy BexTopa Ilemm.

BBLHO 6bI eCTeCTBEeHHO, €CJIM BbIIIJIATHI UT'POKaM B UI'PDOBBLIX 3JIEMEH-
TaxX, COOTBETCTBYIOIINX COCTOSTHUSIM MapKOBCKO# UTPHI, OBLIN ObI PABHBI
BBIMIDBIIIAM UTPOKOB B OJHOBPEMEHHBIX HIDAX, PEAJU3yeMbIX IPH KO-
OTEPATHBHOM DEIeHUH 7], YTO IKBUBAJEHTHO yCJIOBHIO:

Shi = Ki(m) + (1 = ¢)1L(7) Shi, (5.1)

riae K;(7) — BBIMIPBINI UIPOKA ¢ B OJHOBPEMEHHON WIpe IPH YCJIOBUH,
9TO peau3yercsd KoolepaTuBHoe pemnrerue 7], ciaraemoe (1 — ¢)I1(77)Sh;
— MaremMarudyeckoe oxkujanue -0t komunoneuTbl Bekropa Illensu npwu

YCJ0OBHUH, YTO UI'Da IlepeJadn JaHHbIX HE 3aKOHYUTCH.

Onpenenenune 5.1. Hazosem sexmop Ilensu Sh = (Shy,Shs), 2de
Sh; = wSh; ecmecmeenno cocmoamenviom, ecau Sh; ydosaemsopaem
yeaosuro (5.1) das ecex i =1,2.

K COZKaJIEHHUIO, PEAJIN3Yy4 BBIIIJIATBI UT'POKaM B COOTBETCTBUU C UX BbI-
HUTI'PbINIaMA B OJHOBPEMEHHBIX UI'PaX, HEBO3MOXKHO JOCTHUYb TOTI'O, ITOOBI

OCTABIIINEC BbIILJIATHI ObLJIN OBl PaBHbI COOTBETCTBYIOIIUM KOMIIOHEHTAM
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pekTopa Illemmm, paccunTaHHOrO JJIg NOABIIpLL. Hapymenue ecrecrsen-
HOil COCTOATEIHLHOCTH MOYKET H3MEHHTD ILJIAHBl UTPOKOB M PAa3PYIINTh UX
Koouepauuio. IIpeiaraercs nepepacupe/ie/isdTb BLIUIPbIIIE UIPOKOB Ha,
KazKJIOM IPOMEXKYTKe BPeMeHH, YTO0bI IIPe00/IeTh eCTeCTBEHHYI0 Heco-
CTOATEJIbHOCTH BEKTOPaA H_IeHJII/I.

[Tepepacmpe/iesieHHbIe BBIILIATHL UTPOKaM [3;, vae » . B = > K;(7),

ieN ieN
MOXKHO HaiiTu 1mo dopmy.ie
Sh; = p; + (1 — ¢)II(7)Sh; (5.2)
i
Bi=(Bi,....0) = (E — (1 - ¢)II(7))Shi. (5.3)

Ounpenenenne 5.2. Hasosem sexmop ' = (6%,...,0L), t € T, xoone-
pamuenoti npouedypoti pacnpedeaenus deaesica 6 cocmoanuu t, 2de 3 —
suinAGMaA UZPOKY 1 6 odHospemennoli uzpe I'(t) 6 cocmoanuu t, onpede-
aaemas Popmynot (5.3).

O0o3HAYNM MaTEeMATHIECKOE OKUJIAHWE CYMMBI BBIIJIAT UTPOKY ¢ B
KOOIIepAaTHBHOI MapKOBCKOil urpe depes B; = wB;, tiae B; = {B!}er 1
B! — mareMaTHYeCKOe OKHJAHHE CYMMBI BHIILTAT UTPOKY ¢ B KOONepa-
THUBHOI CTOXaCTHUYECKON MOABITPE, HAUMHAIOMIEHCS U3 COCTOIHUI L.

Jlemma 5.1. Umeem mecmo pasencmeo B; = Sh; das ecex i € N.
JlemMma 5.1 mokasnIBaeT, 9TO Imepepacipe/ie/ieHie BBIILIAT UTPOKOB He

BJIMSET HA UX OXKHUIAEMBIi IOCTeIY IO BHIUTPHIIIL.

6. Ilo3urmuonnasa cocrogareabHOCTh, BekTopa Illeman

MokHO norpeboBaTh, 4TOOBI BHIILIATHL i-My MI'POKY (3¢ Oblin HEOT-
punare/JibHbIME JijIs JII0O0oT0 coctosinust t € 1" u jiobdoro urpoka ¢ € N,
YTO SKBUBAJIEHTHO TOMY, 9TOOBI CUCTEMA YpPAaBHEHUN OTHOCUTEIbHO (3; —

Shi = (E — (1 - ¢)T1(7(-))) ™" 6
nMesa Obl HEOTPHUIATEIHLHOE pelleHHe.

Omnpegenenue 6.1. Bexmop Ienau Sh = (Shy,...,Shy), Sh; = nSh;
HA306EM NO3ULUOHHO cocmoamenvrom [1,5] 6 maproscrol uzpe, ecau
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ona Kaocdozo ueposozo anemenma I'(t), t € T u das ecex uzpokos i € N
CYUWECMBYEM HEOMPUUAMENLOHAA KOONEPAMUBHAA NPOUEIYpPa pacnpede-
s Mg ) )

3 ), Yy006AEMBOPAIOWLAH YPAG-

aerus deaeotca B; = (0 i

neruto (5.3).

B obmem ciiydae HEBO3MOXKHO TrapaHTHPOBATL HEOTPHUIATEIbHOCTH
9JIEMEHTOB BeKTopa (3; = (@(0,0)7@(0,1)’@'(1,0)’@(1,1))‘ Hecmorpa na 3to,
nepepacnpe/iesigd BBIUTPBIITN UTPOKOB B KazKJIOM UT'POBOM dJIEMEHTe, KO-
TOPBIA peanu3yercd Ipu KOOLEPATUBHOM PEILICHUU 7], B COOTBETCTBUU C
KOOIIEPATUBHOM TPOIEAypoil pacupeaenenust aenexka J;, ¢ € N, MOXKHO

JIOOUTHCA COXPAHEHUs KOOIepallui BO BCell MapKOBCKOW UIDe.

B HekoTophIx cilydasix UTPOKH MOTYT CYUTATh YCJIOBHE HEOTPHIA-
TEJIbHOCTH BBIILIAT BayKHBIM, OCOOCHHO €CJIM UX BBIUIPBLIIIN B OJHOBpE-
MEHHBIX HT'pax ObLIN HeoTpHuIaTeabHbIMU. Ho, BOBMOXKHO, HI'DOKH MOii-
JIYT Ha TO, 9TOOBI HA KAKHUX-TO MPOMEKYTKAX BPEeMEHH IOJydaTh OT-
pullaTeJbHBIE BBHIMJIATHI B COOTBETCTBUU C KOOIEPATUBHON mpOIeaypoit
pacIiipejieJieHus JieJieyka, yKejiasl IPU 3TOM COXPAaHUTh KOOIEPAIHIO.

7. Ilpumep

PacemorpuM duc/ieHHbII IpEMeD KOOIepATHBHOI HI'DbI II€peadu JaH-
HBIX B GECIIPOBOJHON CeTH, MOCKOJIBKY B ODIIEM BHJE MPEICTABATH MaT-
puny (E — (1 — ¢)II(7))~! B crarbe ne umeercss BozmozkHOCTH. [lycTh
ITapaMeTphbl UIPhl IPHHAMAIOT CJICIYIONIIe 3HAYCHNUS:

a; = 0.5, as = 0.1, 7= (0.25,0.25,0.25,0.25)
q = 0.01, f=1, d=0.1, c=0.3,
D12 - 01, D13 == 06, D23 = 02

B Ta6ﬂI/IHe IMOKa3aHbl paCCIUTaHHbIE SHAYECHUA MaTeMaTUICCKUX O2KH 1a-
HOI [T KayKI0i CUTyallid B YHCTBIX CTAMOHAPHBIX CTpaTerusx 7. B
TabJIUIE HCIOB3YIOTCS CJIeIYIONIHe 0003HATEHUA:

Ei(n) = (B (n), "V (n), " (1), E;"" () — vexrop mazesarn-
YeCKUX OXKUJAHWN BBIUTPBIIIEH urpoka i, ¢ = 1,2 B noasirpax; Ei(n) +

E3(n) — cymmapHOe MareMaTudecKoe OKUJIaHUE BBIUTPHIIEH UIPOKOB.
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U Ey(n) Es(n) Ey(n) + Es(n)
14.75966387 | 45.70756302 | 60.46722689
gl = (L11,1) | 179966387 | 46.50756302 | 6126722689
’ 15.15966387 | 45.70756302 | 60.86722689

0 40. 40.
89.80000000 | 76.24887286 | 166.0488729
Ji— (11,1,0) | 5980000000 | 77.04887286 | 1668488729
90.20000000 | 76.24887286 | 166.4488729
90.20000000 | 76.71127141 | 166.9112714
88.22724883 | 77.92000000 | 166.1472488
g (1,0,1,1) | S522724883 | 7872000000 | 1669472488
" 88.62724883 | 77.92000000 | 166.5472488
88.30952131 | 78.72000000 | 167.0295213
64.67563026 | 62.34621849 | 127.0218488
Ji— (1,0.1,0) | G+O7563026 | 63.14621849 | 1278218488
| 65.07563026 | 62.34621849 | 127.4218488

60. 60. 120.
14.75966387 | 45.70756302 | 60.46722689
= (11,0,1) | 179966387 | 46.50756302 | 6126722689
15.15966387 | 45.70756302 | 60.86722689

0. 40. 40.
89.80000000 | 76.24887286 | 166.0488729
J = (1,1,0,0) | 5980000000 | 77.04887286 | 1668488729
90.20000000 | 76.24887286 | 166.4488729
90.20000000 | 76.71127141 | 166.9112714
88.22724883 | 77.92000000 | 166.1472488
S (1,0.0,1) | 5522724883 | 7872000000 | 1669472488
88.62724883 | 77.92000000 | 166.5472488
88.30952131 | 78.72000000 | 167.0295213
64.67563026 | 62.34621849 | 127.0218488
S — (1,0.0,0) | G+67563026 | 63.14621849 | 1278218488
65.07563026 | 62.34621849 | 127.4218488

60. 60. 120.
3.870077599 | 41.81391498 | 45.68399258
= (0,1,1,1) | SSTOOTTS09 | 42.61891498 | 4648309258
' 2815688411 | 41.29388792 | 44.10957633

0. 40. 40.
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85.30045000 82.15225000 167.4527000
10 85.30045000 82.95225000 168.2527000
n'’ =(0,1,1,0)
85.58955000 82.29775000 167.8873000
85.78955000 82.49775000 168.2873000
75.28276807 93.56491025 168.8476783
1 75.28276807 94.36491025 169.6476783
nt =(0,0,1,1)
75.40659007 93.89870345 169.3052935
75.23559576 94.52135936 169.7569551
60.82133034 60.79766590 121.6189962
19 60.82133034 61.59766590 122.4189962
n'* =(0,0,1,0)
60.70655852 60.59084462 121.2974031
60. 60. 120.
5.432827686 43.10048870 48.53331639
- 5.432827686 43.90048870 49.33331639
n =(0,1,0,1)
4.587155964 42.75229358 47.33944954
0. 40. 40.
62.35393639 75.10793102 137.4618674
14 62.35393639 75.90793102 138.2618674
n'* =(0,1,0,0)
62.07747575 75.07981035 137.1572861
63.29742280 75.59292249 138.8903453
51.37623762 77.92000001 129.2962376
" 51.37623762 78.72000001 130.0962376
n° =(0,0,0,1)
50.99000000 77.92000000 128.9100000
51.09000000 78.72000000 129.8100000
59.38868199 61.08577346 120.4744554
16 — (0,0,0,0) 59.38868199 61.88577346 121.2744554
T 59.08256880 60.91743119 120.
60. 60. 120.

B jannoM 4ucjioBOM npuMepe KOOIEpATHUBHBIM PellleHrueM Oy/IeT Cu-

Tyanns

i1 = ((W7 W7 i? W)7 (W7 i>7 AC, i>))

MaKCI/IMyM MaTEMATHYIECKOIO O2KUJaHUA CYMMAapPHOI'O BBIATI'DLIIIa UI'PO-

KOB B 9TO¥ MapKOBCKOI UI'pe OY/IEeT CJIe/IyIONUM:

ne=

max Y F;(n) = 169.39.
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SHavyeHns XapaKTepUCTUUeCKUX (DYHKIUNA JIjI HOJBITD OYIyT CJIeIyro-
MM

V({1}) = (64.68,64.68,65.08,60), V({2}) = (61.09,61.89,60.92, 60),

V({1,2}) = (168.85,169.65, 169.31, 169.76),

7 JIJTd BCeid MapKOBCKOW HUI'PHI:
V({1}) =63.61, V({2}) =60.97,

V({1,2}) = 169.39.

Kowmmnonentor BekTopa Illemniu, paccautanHoro Jijisi moAbII'p MapKOBCKOM
UTPHI TIepeladn JaHHbIX, Oy/IyT CJIe/IyOIMIMU:

Shy = (86.22,86.22,86.73,84.88), Shy = (82.63,83.43,82.57, 84.88).

Kowmuonentor Bekropa e, paccanrannoro Jijisi Bceit MapKOBCKO#T UI-
pbI Hlepejladn JJaHHbIX, Oy/IyT UMETh 3HAYEHU s

Shy = 86.01, Shsy = 83.38.

KoomneparuBuble mpore1ypbl paciupeaeneHns JeiezKa A1 UIPOKOB OyIyT
UMETH CJIeIYIONINE 3HAYEHWS:

B = (0.7,0.7,2.04, —0.8), B = (0.7,1.5,—0.74, 2.9).

B cooTBeTcTBHE € STUMHU 3HAYEHUSIMU UTPOKAM HEOOXOIMMO Iepepac-
HpeJeIaTh BRIUTPBIIH CJIEAYVIONNAM 00pa30oM:

e B cocrostanm (1,0):
2.04 urpoky 1 Bmecto 0.9,
—0.74 urpoky 2 Bmecto 0.4,

e B cocrognnu (1,1):
—0.8 urpoky 1 Bmecto 0.6,
2.9 urpoky 2 Bmecto 1.5.

B uuciennom npumepe MapKOBCKO# UT'PHI Tiepegayun JanHubix BekTop [1le-
i Sh = (86.01,83.38) me ap/gercs HO3UIHOHHO COCTOATEIBLHBIM, IIO-
CKOJIBKY HMEIOTCSl OTPHIATeIbHbIe KOMIIOHEHTHl B BEKTOPE KOOIIE€pPATUB-
HOII 1pone/ypbl pacipejieienns JejezKa.
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8. 3akJiroueHue

B pabote paccmoTpen ciydait 9ucThIX CTalMOHAPHBIX CTPATEruil, 1m0-
CKOJIBKY CTpaTeruu padoThl B OECIIPOBOJIHOI CETH JIOJIZKHBI OBITH MPO-
CTBIMHU, OCOOEHHO IpH OOJBIIOM IOTOKe mHdopMaruu. /asg Toro, 4robs
JIOOUTHCA KOOTIepaln HeOOXOIUMO, YTOOBI YIOBIETBOPSLINCH HEKOTOPbIE
npuaiunbl. OJHUM U3 HUX SBJISIETCS €CTECTBEHHOE YKe/IaHhe UTIPOKOB B
TedeHue BCeil Urpbl NPUJIEPKUBATHCS OJHOTO M TOIO YK€ IPUHIUIA Oll-
tuMajbHOCTH. TOo ecTb, ecim B HadaJie MI'Pbl UIPOKAMH OBLJIO PEHIeHO
pas3J/ieIuTh UX MAaKCUMAJIbHBIM CYyMMAapHBIil BBIUTPBIIT B COOTBETCTBUU C
BekTOopoM Illeman, To U HA KaKI0M HOCIEIYIONEeM ITPOMEXKYTKe BpeMe-
HU ObLJIIO OBl €CTECTBEHHO, €Ciu Obl UX OCTABINMIICH CyMMAapHbIA BbIUI-
PBITT TOXKe OBbLT OBl pa3/ie/ieH B COOTBETCTBUU C TE€M K€ IIPUHIUIIOM OTI-
TUMAJbHOCTH. Jlenex saBjsgeTcs eCTeCTBEHHO COCTOATEIbHBIM, €CIU eIé
IPU 9TOM Ha KazKJIOM ITPOMEKYTKe BpeMEeHHU UT'POKH TOJIYIal0T BHIILIATHI
B COOTBETCTBUU CO CBOMMH BBIUTPBHIIIAMHI B OJHOBpPeMeHHBIX urpax. Ho
9TO YCJIOBUE B PEAJILHBIX MI'PAX MPAKTUUYECKU HUKOT/IA HE BBIIIOJIHACTCH.
[TosTomMy mpe/iytaraeTcst mporeypa rnepepacipeie/ieHns BhIILIAT Ha KarK-
JIOM MPOMEXKYTKe BPEMEHH TaKHM 00pa3oM, YTOObI CyMMa STHX BBIILIAT
coBIa Ia1a OB ¢ CyYMMapHBIM BBIUTPBINIEM HT'POKOB Ha 9TOM MPOMEKYTKE
BpEMEHH, U 0XKUJIAeMblil BBIUI'DBIII JIIOOOIO0 UI'DOKA B OCTaBIIEHCS HUIDe
HpUHAJJIEZKAT Obl TOMY K€ IPUHIIUAIY ONTUMAJIbHOCTH, YTO ObLI BHIOpaH
UIPOKAMU B Ha4YaJ/Ie UI'PbI. YCJIOBUE MO3UIUOHHON COCTOATETHLHOCTH BEK-
topa lllemmn HaKIaIbIBAET JOMOJTHUTEILHO YCJIOBHE HEOTPHUIATEIbHOCTH
HA BBIILIATHI UT'POKAM Ha KaxKIOM IIPOMEKYTKe BPEMEHH.

KoonepatuBuyio mporeaypy pacipeieeHus AeaezkKa MOKHO CINTATh
YHUBEPCAJIbHOM, MOCKOJIbKY €€ MOYKHO HOCTPOUTH B JIIOOOW MapKOBCKOI
urpe, UCIOJIb3ys YpPaBHEHHS, MOJyYeHHbIE B paboTe, HO rapaHTHPOBATH
IPU 9TOM MO3UIMUOHHYIO COCTOATEILHOCTD JieJieyKa B 00IIeM CIydae HeJlb-
3.

Koonepatusnoe perrerne, mojydeHHoe B paboTe s UI'PHI Iepea-
YU JIAHHBIX [IO3BOJISET HAJIQJUTh PA0OTY OE€CIPOBO/HOM CETU U 11OJIYYUTh
OT 3TOil paboThl MAKCUMAJILHBIN OKHjlaeMblii pe3ysbrar. K coxasenuio,
PU U3MEHEHHUH CTPYKTYPHI CETH HEOOXOINMO 3aHOBO OMPEJIE/ISATH MaTPH-
Iy BEPOSATHOCTEH Mepexo/ia U BHIUTPHIIIHA HT'POKOB B HT'POBBIX 3JIEMEHTAX.
Tax>ke UMEIOTCSA BBIYHCJIUTETbHBIE TPYIHOCTU IIPU HAXOXKIECHUU 0OpaT-
HOM MaTpUIbl B YPABHEHUSX, ONPEJIE/SIONUX MaTeMaTudecKue O¥Ku/ia-
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HUS BBIUTPBIIIEH UTPOKOB.
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COOPERATIVE DATA TRANSMISSION GAME IN
WIRELESS NETWORK

Elena M. Parilina, Faculty of Applied Mathematics and Control
Processes, Saint-Petersburg State University, Saint-Peterburg, Cand.Sc.
(barlena@gmail.com).

Abstract: The paper considers the problem of data transmission in a
simple wireless network. The process of data transmission is modelled
with the help of a stochastic game. The paper proposes the system of
rewards and costs to the network users to regulate the process of data
transmission. The cooperative version of the game is considered. For
this purpose the characteristic function is found. The Shapley value is
proposed as a cooperative decision of the game. The condition of subgame
consistency of the Shapley value and the method of construction of the
cooperative payoff distribution procedure are taken. The cooperative
payoff distribution procedure allows to redistribute payoffs to the players
(network users) at each time slot to overcome the natural inconsistency
of the Shapley value. The paper considers the numerical example which
demonstrates all obtained theoretical results.

Keywords: cooperative stochastic game, Markov game, subgame consis-
tency, cooperative payoff distribution procedure.



