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MHuorue npuKJIaHbIe 33390 MOTYT OBIThH PEIIEHBI C UCTIOIb30BAHUEM METOIOB TEOPUH
urp. OmHUM U3 BOIPOCOB, MCCIEIYEMBIX B TEOPUU WUTD, SBIAETCS HAXOXKJIEHHE CHTYAIWii
PABHOBECHSI, KOTOPBIE MPETONIAraloT IPeIBAPUTENBHOE OMPeIeIeHIe 3HAYEHNUH BhIUTPBIIIA
UT'POKOB.

Cpeny pa3auyHbIX BAPUAHTOB UTD BBLIESIOTCS UTPHI C HEPAPXUIECKUM BEKTOPOM WH-
TepecoB. B Takux Urpax mpernosiaraeTcs, 9T0 MHOXKECTBO HI'DOKOB PACITPEIeNIEHO 110 uepap-
XUIECKU OPTaHW30BAHHBIM TpymmnaM. KaKabrii urpok BXOAWT B HECKOJIBKO T'PYII U BBLIE-
JISIeT JIJTsT KayKJ0H TPYTIBL OMPEIETIEHHYI0 YaCTh CBOETO PECYPCa, 9TO MO3BOJILET TOIyIaTh
eMy OIpe/eSIeHHbIN BBIMTPHINT. B 3ToM ciydae curyaiua paBHoBecusi mo Hamry — 910 Ta-
KO€ pacrhpeesieHne PecypcoB BCEX UT'POKOB, MPU KOTOPOM KayKBIH UTPOK OyIeT moIydaTh
MAaKCAMAaJIbHBIN BBHIUTPBINT B UTDPE.

Sajaua HAXOXKIeHWs paBHOBecusi 110 Hammy B urpax ¢ nepapXxudecKuM BEKTOPOM WHTE-
pecos perera Iepmeiiepom n Barenem. g ncnoabp3oBannsa JaHHON TeOPEeMbI HEOOXOINMO
olpejiesieHue HEKOTOPBIX YCIOBHN U TAPAMETPOB, K KOTOPBIM, B YACTHOCTH, OTHOCHTCST PAC-
[peJieJIeHIe UI'POKOB TI0 HEPAPXUIECKHU YIOPSIOUCHHBIM TPYIIIAM, OUEHKH BayKHOCTH IPYIIIL
JUJIST UTPOKOB U 3HAYEHWS BBIUTPHIIIY, I UTPOKOB.

B pabore perienbl yka3aHHBIE 33a9d B IPEIIIOJOXKEHUU, YTO DPACIPEIEIEHNe UTPO-
KOB TI0 TPYIIIIAM OCYIIECTB/ISETCS HA OCHOBE COBIaJeHus ux neseit. [lpu sTom misa onenku
BaKHOCTH T'PYIII MCIOJb30BAH METOJ, aHAJIN3A MEePAPXUil, TIO3BOILIONINN TABATh KOJIUYIe-
CTBEHHBIE OIEHKM Ha OCHOBE KAYECTBEHHBIX CpaBHEHHil 1eseil urpokos. [y mocTpoeHus
HEPAPXUIECKON CTPYKTYPBI TPYIIT UTPOKOB UCIOJIB30BAHBI PACKPAIIIEHHBIE TPadBI, BEPIIH-
HBI KOTOPBIX COOTBETCTBOBAJIA UT'POKAM, PeOpa OTParKaIu COBIAIEHUS IeJIeil v UTPOKOB, &
1BeTa pedep Mo3BOJISIIN PAa3IndaTh HeJH. [ pynibl UrPOKOB B 3TOM CJIydae COOTBETCTBOBAJIN
MaKCUMATbHBIM OIHOIBETHBIM KJIMKAM.

Katoueevte ca06a: uzpol ¢ UEPAPTUMECKUM BEKMOPOM URIMEPECO8; Pacnpedesenue uzpo-

K08 N0 2PYNNAM; OUEHKU 8AHCHOCTNU 2PYNN; UEAlU U2POKOS.

Beenenmne. B nrpax ¢ mepapxmaeckuM BeKTOpoM nHTepecoB |1, 2| npeanosaraercs, aro n
UI'POKOB 00OPa3yloT cOODINEeCTBO, KOTOpoe pas3buBaercd Ha rpymibl. CuuTaeTcs, 9TO caMo
co06MmecTBO — rpymma Hyaesoro yposaa S°. Ona pasémBaeTcsa Ha TPYIIH IEPBOTO YPOBHS,
KazKJ1as U3 KOTOPBIX, B CBOIO OYepe/ib, pa30UBaeTCs Ha TPYINBI BTOPOTO YPOBHS U T.II. SJ’-€ -
MHOZKECTBO HOMEPOB UI'POKOB, BXOJSIKUX B rpytuiy j yposus k. [locieauuit m-it yposens,
00pazyIoT I'PyIIibl, KayK/as U3 KOTOPBIX COCTOUT TOJHKO M3 OJIHOTO UT'POKA.

B wurpax storo Tumna mpuHSTO, YTO BBIUTPHININ KayKJIOTO -I'0 UTPOKA W; 3aBUCAT OT
BEJIMUNHBI BBIUTPBIIIA wf KazK/10il I'PYIIIIBI S;-“, B KOTOPYIO OH BXOJHT H BarKHOCTH A}
JIAHHOM T'PYIIIBI /IS HEro.

k

B cBow ouepeap wj 3aBUCHT OT BEJMYUHBL PECYPCOB Ty, BBIJEJSEMBIX BCEMH HIDO-

KaM¥, BXOJIAIIUMHU B TPYIIILY Sj’-“. [Ipejmnosiaraercs, 4To w;? MOHOTOHHO BO3pacTaeT IpH
VBEJIMYEHUN X 7 KayKI0T0 urpoka [. fABHBIH Bua dyHKINN w;? OTIPE/IeJISIeTCsT OTAE/IhHO
JTsT KazKI0ii IpUKIaHoN 3aaaqu [3)].
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Takum obpasom, dem 00JIbIIUM pecypcoM 00J1a/ilaeT rpyliiia, TeM 00JIbIlle BbIUIDbIIIT
JJid BXOJAIINUX B HEEe UT'DOKOB.

O tHaKO BOMIPOCH! O pa30MeHnN MHOYKECTBA HTPOKOB HA MePAPXUIECKNA OPTraHN30BAHHBIE
IPYIIbI U OINEHKA Ba)KHOCTU TPYII J/Is UTPOKOB paHee He PACCMATpHUBAINCH. Perenne
STUX 3a/1a4 ABJIFETCS TETbIO JTAHHON paboTHI.

I'pacdoBasa mogensb. OveBnHO, 9TO 0O0HEINHEHNE HTPOKOB B IPYTIILY MOKET OBITH BhI3Ba~
HO TOJIbKO HaJIMYueM y HEUX obmieit meu. Takum oOpa3oM, KazK/Iblii HTPOK MOYKET HMETb
HECKOJIBKO TeJIeii, a eI OT/IeTbHBIX UIPOKOB MOI'YT KaK COBIIQIaTh, TAK M Pa3JIAIATHCS
|4]. Tannast curyanusi MozkeT ObITh OlMCAHA HA si3bIKE Teopur IpadoB.

Ob6o3naunM depes Zj, — MHOMKECTBO LeJieil urpoka k; Z = Up_; Z, — MHOXKeCTBO IeJIeil
BCex urpokos. [Tocrpoum HeopuenTUpoOBaHHbIN packpamennbiii rpad G = (I, E, p), tae [
— MHOZKECTBO BepIIHH, KOTOpbie cOOTBETCTBYIOT urpokaM (|I| = n); E — MHOZKecTBO pebep,
COEJIMHSIIONIUX Te BEPIINHbI, KOTOPble UMEIOT o0IIue 1esn; i @ B — Z — dyHKnug Takoi
pacKkpacku pebep, ITO KaKI0il e i COOTBETCTBYET CBOI IBET pedpa.

B ormume or KIacCHYeCKOro ONpejesieHnst KJIUKU |5 BBeIeM aHAJOrHIHOEe OIpejie-
JIeHUe Jiisi packpaieHHoro rpada. Bymem Ha3piBaTh OJHONBETHON KJIMKOI MHOZKECTBO
MOIAPHO CMEXKHBIX BEPIIUH, HPUYEM CMEKHOCTDL OIpejie/igeTcd pedOpaMu OJIHOIO IBETA.
OHONBEeTHAS KJIMKA HA3bIBAETCS MaKCHMAJIBLHOM, €C/IM OHA HEe COJIEPXKHUTCS B JIPYTON KJIH-
Ke ¢ OOJIBIITIM KOJIMIECTBOM BEPIIIHH.

[Toaianme UTPOKOB B OJIHY I'PYIIILY OIpejiesercs HajmaneM y aux obmeit nesu. Cie-
JIOBAaTEIbHO, YKa3aHHBIE UTPOKN COOTBETCTBYIOT BepiinHaMm rpada, 00beIeHHBIM B KJIUKH,
KOTOpBIe 00pa3yioT pedpa, nMeroIne BT, COOTBEeTCTBYIONIN JaHHOi mean. Becom Kanku
Oy/J1eM Ha3bIBATh BBIUTI'PBIII COOTBETCTBYIOMIEH TPYIIIILI.

BoIurpseiin Kazk1oro urpoka TeM 60Jblie, 1eM 00JIbIe BHIUTPHINT TPYII, B KOTOPbIE OH
BX0UT. ECTECTBEHHO NPEIIOJI0KUT, 9TO 4eM 0OJIbIe BaXKHOCTH HEJIU JIJIsi UI'POKA, TeM
00JIbIIIe Pecypc, KOTOPbIi OH TOTOB BbIJICJIUTh JIJIsl TPYIIIIbI, OIIPeIe/1eMoil 3TOH 1eJIbIo, |,
CJIe/IOBATE/IHHO, BHINTPHITIT CAMOTO UT'POKA.

Ob6paTtuMcs K pa3paboTKe MeTo/ia OIeHKU BaKHOCTell 1eJieil 1 BeCOB KJIMK, OIPeIe/Is-
€MBIX UMH.

OueHKu Ba>XHOCTH IeJieil 1 BecoB KJINK. [[onsaTne «BaykKHOCTL> ABJISICTCH KQUeCTBEeH-
HBIM MOHATHEM. /I moTydeHns KOJIMIeCTBeHHBIX OIEHOK Ka4eCTBEHHBIX IMoKa3aTe el Mo-
JKeT UCHOJIb30BATHCS METOJ] aHAJIM3a nepapxun, npeanokenusiii Tomacom Caaru [6].
CyTb MeTOda COCTOUT B CJIEAYIOLIEM. Ha OCHOBE 1I1011aPpHOI'O CpaBHEHH IKCIIEPTHbLIX
OIEHOK BayKHOCTH IeJieil MI'POKa CTPOUTCS MaTPHUIA 1O CJIeLYIONeMY ITPABUILY.
[lar 1. Cocrasuts Marpuny A = (a;;) caemyiommm 06pa3oMm:

(

1, ecnaw neyw ¢ u j OIMHAKOBO BayKHBI,
3, ecJH IeJdb ¢ HeCKOJbKO BarkKHee IeJH 7;
G;; = § 9, €cJH LeJb ¢ CyIecTBeHHO BakKHee IeJH J;
7, ecJid LeJIb ¢ 3HAYUTE/IbHO BaKHee 1eJiu J;
(9, ecom nesib ¢ abCOMIIOTHO BazKHEee LN J;
aij = a]-_il.
[lar 2. Haiitu cobcrBenusiit BekTop @ Marpuipl A = (a;;), COOTBETCTBYOMHI ee

MaKCHUMaJIbHOMY CO6CTB€HHOMy 3HAYCHHUIO.
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m
[Tar 3. HopMupoBaTh BeKTOp T = (&g, ..., T,) (TO €cTb momyunts y | z; = 1).
i=0
KoopauHaThl BeKTOpa & MOYKHO pacCMaTpUBATh B KadecTBe KO3(hMUIIMEHTOB BazKHO-
CTHU 1eJeil 14 JJAHHOIO UTI'POKA.
Takum obpazom, onucan MeTo/I, MO3BOJISIONINI KOJNIYECTBEHHO OIEHUTH BaYKHOCTH 116~
Jeil nyid KazKaoro urpoka.
B cooTBeTcTBUE ¢ paHee c/ieIaHHBIM TPEIOI0KEHTEM KazK/Iblii UI'POK 7 BBIJICJIUT JIIsT
IPYIIBL S Jk pecype A¥ -z, tie x; — obmmit pecype urpoka i. CremoBaTelbHO BeC OIHOMBET-
HOW KJIMKH, COOTBETCTBYIOIIEH Irpynie Sj’? MOKeT ObITh OlLIPEJIe/IeH, KaK w;?()\f "L, 1 € S]k)

ITocTpoenune mepapxmyecKu OPraHM30BAHHBIX IPYMI. ['DyNmbl UTPOKOB, COOTBET-
CTBYONIUX MAKCAMATBHBIM KJIHKAM, IMEIOIINM HAKOOIBINNN BEC,COCTABIAIOT EPBHIH yPo-
BEHb HEPAPXUH.

Onwumem nponeaypy bopMUPOBAHUS NEPAPXUUYECKON CTPYKTYPBI Py I urpokos. Haii-
JIeM MaKCHMAJIbHYIO OJHONBETHYIO KJINKY ¢ HAMOOJIBITAM 9UCIOM BEPIIMH, KOTOpas OyaeT
COOTBETCTBOBATDL IIepBOil IPyIIIe MepBoro yposHsa S;. DTy mporeaypy GyleM HPHMeHATh
K OCTABIIMMCSI BEPIIHHAM 0 UX HCUYeplaHus. Takum oOpa3oM, OyIyT HaiieHbl TPYIIIbI
1IEPBOr0 YPOBHA ME€PAPXUHU.

3 Kaxka0i KJIMKH, COOTBETCTBYIOIIEH TpyNmaM MepBOro ypPOBHS, UCKJIIOYUM OIPe-
jgensiomme ux pedpa. K kaxkmoih m3 HUX B OTAEJBHOCTH NPUMEHHM ONUCAHHYIO BHIIIE
nporeaypy. Tem caMbiM OyIyT OIpe/iesieHbl TPYIIIBI BTOPOro YpOBHSA mepapxuu. IIpomecc
IPOJIOJIZKAETCS JIO TeX TOP, MOKA BCE KJIUKH HE CTAHYT OJHOBEPIIMHHBIMU, YTO COOTBET-
CTBYET I110CJIEJIHEMY YPOBHIO 1.

Yucaennstii npumep. [IycTh MHOXKECTBO UT'PDOKOB U UX I€JIM ONUCAHBI IT'PadOM, IIpuU-
BEJIHHOM Ha puc. 1 (pazimame neseii (1BeToB pebep) MOKa3aHO pa3IndueM THIIOB JHHUI).

Puc. 1. HeopuentupoBauHbIii rpad ¢ MBeTHBIMU peOpaMu, OMUCHIBAIOIINN MHOYKECTBO HUI-
POKOB
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B pesysibrare ucrosib30BaHus METO/Ia HOJIYyYEHO CJiejyoliee pasduenue coodIecTBa

UIPOKOB HA MEPAPXUYECKH YHOPsiIoYeHHbIe TPy bl (puc. 2):

s = {1,2,3,4,5}

St =4{,2,4,5} S1 =13}
Si={1,2,5} $3=1{4} §3=1{3)

A\

83 =13}

Puc. 2. llepapxudeckoe mpeacTaBaeHne TPyl cyObeKTOB

3akaouenne. OnucaHHble MeTOJBI TO3BOJISIOT HAXOIUTH HEPAPXUUECKYIO CTPYKTYDPY
I'PYII UT'POKOB, HO3BOJIAIONLY IO MAKCUMU3UPOBATH UX BbIUIPbIIK. Kpome Toro, HailieHHbIe
napameTpbl O3BOJISIOT UCIIOIb30BaThL Teopemy l'epmeitepa u Baresis, chopmysimpoBannyio
U JoKa3aHHyo B |1, 1yst Haxoxqenust papHoBecusi o Hamry.
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ESTIMATION OF PARAMETERS OF GAMES
WITH A HIERARCHICAL VECTOR OF INTERESTS

T.V. Menshikh, Voronezh State University, Voronezh, Russian Federation,
tasay94@rambler.ru

Many applied problems can be solved using the methods of the game theory. One of
the issues studied in the game theory is finding of equilibrium situations, which presuppose
a preliminary determination of the values of players’ winnings.

Among the various games there are games with a hierarchical interest vector. In such
games it is assumed that a lot of players are distributed in hierarchically organized groups.
Each player enters into several groups and allocates for each group a certain part of his
resource, which allows him to receive a certain prize. In this case, the Nash equilibrium
situation is a distribution of the resources of all players, in which each player will receive
the maximum winnings in the game.

The problem of finding the Nash equilibrium in games with a hierarchical vector of
interests was solved by Germeyer and Vatel. To use this theorem, it is necessary to define
certain conditions and parameters, which include, in particular, distribution of players in
hierarchically ordered groups, the evaluation of the importance of groups for players, and
the value of gains for players.

In the work these problems are solved under the assumption that the distribution of
players into groups is carried out on the basis of the coincidence of their goals. At the
same time, to assess the importance of groups, the hierarchy analysis method was used,
which makes it possible to give quantitative estimates based on qualitative comparisons of
the players’ goals. For the construction of the hierarchical structure of groups of players,
coloured graphs were used, the vertices of which corresponded to the players, the edges
reflected the coincidence of the goals of the players, and the colours of the ribs made
it possible to distinguish goals. The groups of players in this case corresponded to the
maximum single-colour clicks.

Keywords: games with a hierarchical interest vector; distribution of players into groups;
assessing the importance of groups; goals of players.
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