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CTATUCTNYECKAA MA2KOPUTAPHAA
MOAEJIb ®VTHAHCOBOI'O PBIHKA
C UCIIOJIb3OBAHUNEM AYKIINMOHA IIO HEHE

T.P. Illaxmypamos

AnaHOoTan s

TIpoBeneno maremaTuydeckoe MojenupoBanue (HbUHAHCOBBIX PBIHKOB, OCHOBHBIE ITPOIIECCHI
B KOTOPBIX OMHUCAHBI Ha 6a3e Teopun urp. MccaemoBaHo cOCTOsTHME PHIHKOB, OJTU3KUX K KPaxXy,
KOI'/Ia BO3HUKAIOT CHJIbHBIE KOPPEJIAIUU B MOBE/IEHUN YYACTHUKOB PBIHKA U, KaK CJIE/ICTBUE,
CUJIbHBIE OTKJIOHEHUs 1eH 0T 06braHbixX. VccaemoBana 3aBUCUMOCTD CTATUCTUYECKUX XapaKTe-
PUCTUK MOJENHHOTO PHIHKA OT MapaMeTpoB MpUHATON Moenu. C Me/IbIo Oy YeHus 00 heKTUB-
HOM OIEHKU a/IeKBATHOCTU U IPAHMUIL IPUMEHEHHUs] TIOCTPOEHHON MO/IEIU TPOBEJIEHO CPABHEHUE
PACCYUTAHHBIX XAPAKTEPUCTUK CO CTATUCTUYECKUMU XAPAKTEPUCTUKAMHU PEAJTbHBIX PHIHKOB.
Ha ocHoBanum moy9YeHHBIX pe3yJIbTATOB MPEIIATalOTC MYTH COBEPINEHCTBOBAHUS MOIEJIENH
(UHAHCOBBIX PBHIHKOB.

KnrodeBble cjIoBa: MaTeMaTHIeCKNE MOJIE/I PHIHKOB, CTATUCTUIECKNE XaPAKTEPUCTUKHA
PBIHKOB, TEOPUA HUTP.

BBenenue

Mopesu urp, y4acTHUKaMU KOTOPBIX #ABJSIOTCA UIPOKU (AreHThl), IPUHUMAIOIINE
DEINeHNst, UCIOJIB3YIOTCS B PA3INIHBIX obsacTsax Hayku (cM., Hampumep, [1]). Ha ce-
FONHAIIHUH eHb pa3paloTaHO JOCTATOYHO MHOTO (DPUHAHCOBBIX MOJEJIEH ¢ areHTaMu,
KaKJasg M3 KOTOPBIX CTPOUTCA HA OCHOBAHUM DA3IUYIHBIX PEINOIOKEHUH O DbIH-
ke [2-5]. B uesom 3tn momenu 061a7ar0T MHOIMMHU CTATHCTHYECKMMHU CBOHCTBAMU,
KOTOPBIE XapPAKTEPHBI /sl PEATHHBIX PBIHKOB, HAIIPUMED, TAKAMHA, KAK PACTIPEIETEHAE
U3MEHEHUI 1IeHbl AKTUBOB C «TsXKeJIbIMU XBOcTamuy [6], Tak Ha3biBaeMas KIacrepHas
BOJIATHIBHOCTH [7]. HecMoTpst Ha pasinausi, passuBaeMble (DMHAHCOBBIE MOJIEJTH OCHOBA~
HBI HA OJHUX U TEX JKe UIEAX, COrJIACHO KOTOPBIM MOJE/h JOIKHA COAEPKATH 00PATHBIE
cB#3H [8], y4UTBIBATD IPUCIOCAOIUBAEMOCTD UIPOKOB K U3MEHSIOIIMMCH YCIOBUAM U U3-
MEHEHUZ B CTPYKTYPE yYaCTHUKOB PbIHKA (Ar€HTOB) CO BPEMEHEM.

s onmcanusa KpaxoB GUHAHCOBBIX PHIHKOB MBI BBIOPAJIN 33 OCHOBY KAHOHHUIECKYTO
muHOpuTapHyto Mozensb (Grand Canonical Minority Game) [9], nanee — OKMM, nam
COKDAIIEHHO «MUHOpHUTapHas Mozeiby. OHa 06/1a1aeT BceMu CBORCTBAME, IEPEIUCICH-
HBIMHU BBIE, W Da3UpyeTcs HAa OYEHB TPOCTHIX MPEANONIOKEHnaX. MexXIy TeMm Bhlauc-
JINTEIBHBIE 3KCIIEPAMEHTHI, IPOBEJIEHABIE HA OCHOBE 3TOH MOJEH, MOKA3aIH, ITO OHA
HE BCErJa MOXKET aJIeKBATHO OIUCATH KPaxXu (DUHAHCOBBIX PHIHKOB (CyIIECTBEHHBIE OT-
KJIOHEHUS TI€HbBI, BBIXOJSIIUE 33 MPEIe/Ibl HOPMAJIbHOIO PACIPEIE/ICHUS) U TIPUBOIUT
B HEKOTOPBIX CIyYasdx K HEOTPAHUYEHHOCTH PECYPCA, YTO HE COOTBETCTBYET PEATHLHOMY
PBIHKY aKTHUBOB.

B macrosmieii paboTe MBI IPEIAraéM BBECTH B 3Ty MOJIETHh BAKHBINH 3JIEMEHT PHIH-
Ka — ayKIMOH, 9ePe3 KOTOPBIH OCYIIECTBAAIOTCSA BCE CAEJNKHN HA PeaTbHbIX (PHHAHCOBBIX
perakax. Orcyrersue sroro uncrpymenta B8 OKMM orpanngauBaio o6J1acTh ee mpuMe-
HEHUs ¥, [0 HAIIEMY MHEHHUIO, SBJsIIOCh MCTOYHUKOM HA3BAHHBIX HEJOCTATKOB ITOI
Mozenu. B craThbe mokas3aHo, 9TO UCHOJIb30BAHUE AYKIMOHA MPUBHOCUT B MOJE/b JIBA
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HOBBIX dJIeMeHTa: (hDOPMUDYIONIYIOCS HA AyKIMOHE IEeHY W PA3JUYNue B CTEIeHW BJIHS-
HHUS ar€HTOB HA PBIHOK, MPUYEM CHJIA 9TOTO BIUAHUS 3aBUCAT OT KOJUYECTBA AKTUBOB,
UMEIOIINXCS Y UTPOKOB. TeM caMbIM yCTaHOBJIEHO, YTO MOJIETh ¢ AyKIMOHOM IO TIeHEe
00J1a1aeT CTATHCTUIECKUME TAPAMETPAMHU, CYIIIECTBEHHO DoJiee OU3KUMHU K PeabHOMY
poiaky, vem OKMM.

MunoputapHasi MOJE/b TOJYYUJIA CBOE HA3BAHWE OT CIOCO0a OIEHKH YCIEITHO-
cTH cTparerwii areHToB. B 3TOH Momenn KaxKAbIi areHT dYalle HCIOIb3yeT Ty CTpa-
Teruto, Gaarogaps KOTOPOH Ha MPEBIIYIIAX IaraX OH OKA3bIBAJICSI B MEHBIIUHCTBE
(minority). Aprymenramu B 10Jib3y YCIEIIHOCTH TAKOHW CTPATErWU SBJSIIOTCA ODAHU-
YEeHHOCTh CPECTB y KayKIOr0 UTPOKA U er0 YKeJIaHue KYIUTh JelleBje, a MPOJATh 0-
poxe. [ToaTomy cumraercsi, 9T0 €C/IM ATEHT TMOKYTIAJI, KOTIA BCE TTPOIABAJIN, TO OH UMEJ
OOoJIbINKE MAHCH KYIUTH MO XOporieil rere. Mexay TeM, KaK OTMeJaT HEKOTOPhIE WC-
caenoBarenu [10], Takag crparerus He BCEr/a IMPUBOAUT K TI0JOKUTEIbHBIM PE3yJibTa-
TaMm. B meficrBurenbHOCTH HA (PUHAHCOBOM PBHIHKE areHTaM ropasao 00Jee CBOWCTBEHHO
MO/IparKaTe/IbHOE MMOBEIEHNE, TO €CTh CTPEMJIEHHE TIOCTYIATh AHAJOTUIHO OOJIBIITHHCTBY
y4JacTHUKOB (majority). M3BecTHO HeckonbKO pabor (HanpuMep, [9]), aBTOPBI KOTOPHIX
OBITAMCH COBMECTUTH HAJIMYNE MUHOPUTAPHBIX U MAYKOPUTAPHBIX (HOAPAYKATEIHHDIX)
areaToB. OJIHAKO HA CETONHSIIHUN JEHb MOJENeH, CTATUCTUYECKN OJIN3KUX K Peaib-
HOMY PBIHKY, TaK M He ObLIO OCTpoeHo. B HacrosImeit paboTe MbI MpeaaaraeM HOBYIO
MOJI€JIb, B KOTOPO# DPBIHKOM YIIPaBJsgeT GOJIBIIMHCTBO (majority), — MayKOpUTapHyio
MOj1esib. MBI mOKaXkeM, 9TO OHA TOJKHA OBITH TOPA3/0 OJIMZKEe K PeabHBIM PhIHKAM,
HEYKeJIM MUHOpUTapHas Momeab. Ocoboe BHUMAHME YIENSeTCsl «KPaXaMy PBIHKOB KakK
K OJIHOMY U3 HamDOJee MHTEPECHBIX €ro COCTOSHUM.

1. Omnmucaame OKMM

IIycts cymecrByer N areHToB, KaXK/blii U3 KOTOPHIX TIOMHUT TIPEABIIYIIHE M OUT
uradopMaImu 0 peiaKe. Hanpumep, npu m = 3 KaxKAplil areHT MOMHUT 3 6uTa WHMOP-
Malmu O peiEKe W nHpopmarmsa suga 011 o3HavaeT, YTO PHIHOK 3 IMara Ha3aJl 1MaIall,
2 mrara Ha3a s poc u 1 mar Hazaj Toxke poc. KaxKablii areHT nMmeeT s cTpaTteruil mose-
JIEHUSA, BXOAAMMUX B 00Iee 9ucao mocTynHbix crpareruit. Crparerust — 910 ByHKIHUA,
KOTOPAs [0 COCTOSAHUIO PHIHKA B MIPOIILIIOM HA 17 MIATOB BbIIAET IPOTHO3 HA CJIE Iy IOt
mar: 1, eci MpOTHO3UPYET POCT, U — 1, ec/iu TPOTHO3UPYET TaIEHUE.

Nrak, arenTsl HAOIIOJAIOT 32 COCTOSHUEM PBIHKA, HO MOMHST TOJBKO TOCTETHUE
m OuT uHGOPMAIUH. JTOT MPOIECC MOKHO OMUCATH KaK HAOJIIOICHNE areHTaMu B MO-
MEHT BPEeMEeHHU ¢ HEKOTOPOro ABOMYHOIO MCTOYHUKA mHMOpMaluu. Bymem canrars, 410
t € N. Torna nndopmanmsa u3 UCTOYHUKA HA I1are ¢ mpeacTaBiger coOOi HEKOe YUCII0
w[t] B mBOMYHOl cucTeMe, KOTOPOe COCTOUT W3 HyJiell W eIMHUI] U OIUCHIBAET COCTOs-
HUE PBIHKA OT MOMEHTA BpeMeHu ¢ — m 10 t. B mecarwanom Bume 3ta wHMOpPMAIUs
npuHnMaer 3Hadenns plt] € {0,...,P — 1}, rme P = 2™. Kaxjas crparerus a;p,
rae R — HOMep CTpATerny i-TO areHTa, CONEPKHUT B KAUeCTBE 3J€MEHTOB a,p , TO €CTh
aigp = {alh,al?, ... al'F}. D1 snementsr onpenensor pemenune arenra, KOTOpoe OH
npuHEMaeT B orBer Ha nocrynusmiyo uhdopmanuio u(t). Nadopmanus siauser Ha
CTpaTErui0 areHTa CJEMYIONUM 00Pa30M.

ODJEeMEHTBl al TPUHAMAIOT TOIBKO JBA BO3MOXKHBIX 3HAYCHHS W3 MHOKECTBA
{=1,1} nas kazkmoro 3 P 3naveHnii rodanbHOl nHbOpMaImy (i[t], mosToMy MHOMKe-
cTBO cTpaTeruit nmeer pasmep 2° . I3Ha4aabHO ATEHTHI CIyIaHHEIM 06PA30M BHIGHPAIOT
[MOIMHOXKECTBO S CTPATErWil U3 3TOrO MHOXKECTBA, W BIIOCJIEICTBUU UM HE PA3PEIIEHO
U3MEHSITh BBIOPAHHOE TOIMHOKECTBO. ATEHTHI TaKyKe MOMHST OYKH CBOWX CTPATErui
SR, OTPaXKAIOIINE TPEABIIYINUI yCIexX CTpaTeruii, B TOM YUCJIe U BUPTYAJbHBIN yCIIex,
TO €CTh JaKe eCJIU CTPATErusi He UCIOJIb3YeTCs, areHT KAXKIbIl Pa3 ee OIEHUBAET.
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Ob1miee nmeiicTBHE BCeX areHTOB HA PBIHKE TOACIUTHIBACTCS IO (GOpMyJIe

N
A[t] _ a#[t]

iR[IlaX ’
i=1

t . . .. ..
rae a%}nax — neiicTBUE ¢-TO areHTa, UTPABINEro TO CBOEH JIydreil crpaterun Riax,

upu ycsuosuu, 4ro umeercd undopmanms plt]. Ipennonaraercs, 4ro arenrbl Beeria
UCPAIOT 110 CAMO# Pe3yJIbTATHBHON CTPATErHH, TO €CTh 0 CTPATErHU ¢ MAKCUMAJIbHBIM
KOJIMYIECTBOM OYKOB Sp. Ouku crpareruit 0GHOBISAIOTCA IO (HOPMYyIIe

SiR[t + 1] = SiR[t] + giR[t + 1],

riae gip[t] — dyHKIus, MOKa3bIBAIOMIAs, HACKOIBKO XOPOINO WK TIJIOXO ChITPAJa CTPa-
rerns. COracHO MUHOPHTADHON MOJEIN YCIEX CTPATETHH ONEHWBACTCS MTPOKOM TI0
TOMY, HACKOJILKO OH OBLI OJIM30K K MEHBITAHCTRY. [103TOMY ecTecTBeHHO 3aaTh (PyHK-
o g;p[t] caeayomum obpasom:

girlt + 1] = x[~a"P A[t]), (1)

rae x[z] — neyObiBatoman dyukps. OObr4HO B KadecTBe X|[x] BbIONpaoT x[x] = sign [z]
wm x[z] = z. Bamgune npomsioro B MUHOPUTAPHBIX UTPAX MPOABJIAETCA Garogaps
rnobanbHol nHbopMaIuy [t], B KOTOPOH caMast HeTaBHss HHGOPMALUS OIPe/IeIIsSeTCsI
3HakoM ofmmero geficrsus Aft]:

plt +1] = 2p[t)%P + H[A]], 2)

roe %P — ocrarok or menenust Ha P, a Hx] — dyuknus Xesucaitna.

MpbI onpemenuan NOBEJEHHE OTIEJbLHOIO areHTa. Temepb paccMOTPEM MOZIEIb HA
MaKPOYPOBHE, YIUTBIBAIONIEM BKIa/ Beex urpokos. Obmee neiicreue Alt] dbopmmpyer
HPEBBIIIAINIMIA (HeI0CTaTOUHbIH) ClIPOC, BbI3biBalouii poct (najenue) uenbl. [losromy
JIOTHYHO, UTO TIeHa akTHBa p[t] dopMupyeTcs cremayomuM 00pa3oMm:

Alt — 1)
t|—plt—1 = ——,
plt] — plt — 1] \
MHOTIA UCIOJIb3YeTCs Apyras (GopMyna ¢ JTorapudMuIecKoi 3aBUCHMOCTHIO:

Alt -1
tnpft] ~ nplt — 1) = A=,
rme A — JUKBHIHOCTH PBIHKA (TIOKA3aTe b, XapaKTePU3Y IO, HACKOJIHKO PHIHOK TyB-
CTBUTEJIEH K IUCOAIAHCY MEXKIY 3agBKAMM HA TIOKYIKY U MPOJANKY ).

B orsmume or 06branbix munopurapubix urp [11] OKKM umeer apa ponosnnuTesis-
HBIX mapamerpa: 1T — BpeMms, 3a KOTOPOE MPeAbLIYIIHe OYKU CTPATErHd 3a0bIBAIOTCH,
TO €CTh

Siplt +1] = (1 = 1/T)Sir[t] + gir[t + 1], (3)
u r — noporopoe 3uadenue S;r (IpU nepexozie 4epe3 Hero areHThbl He OyIyT yUaCTBOBATH
B UTpe, TO eCTb af}[g] =0 VR).

2. Mosiedib ¢ ayKIIMOHOM IIO I€HEe

HobaBuM B 6a30BYIO MOAECTHL BO3MOXKHOCTD JIJIsT aU€HTA, M3MEHSITh CTPATErHI0 B CIIy-
gae, ecin ee S;p CTAHOBUTCS MEHBINE Tp,i, . Ha MepBOM Iare UTeparyii JIjist IpOCTOTHI
pacrpenennM «aeabruy ((bUHAHCOBBINA pecypce) u «Oymarus (IpogaBaeMblii WU TIOKY-
naeMblii aKTUB) 110 BCEM areHTam paBHOMepHO. Takum 06pa3oMm, y KazKIO0ro arenra
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ecTb ; «meHers u cash; «Oymars. st mepBOro Mara NTPOKOB PBIHKA YCTAHOBUM IIEHY

AKTUBOB, PABHYIO
cash;
P} =2 —

Pi

K3
Ha xaxk1oM Imare areHT B COOTBETCTBHUM CO CBOeil HamboJiee yCIeNHoi cTparerueii
BLIOMPAET NPOJATH WM KYIINTh AKTHB. Tenephb OIpeneNnM yPOBEeHb arpeCCHBHOCTH 4-
r0 yYaCTHHKA ayKIMOHA, UCIOMB3YIOMEro R-10 CTpaTeruio, Kak A;p. DTa BEeINYHHA
OyJer onpenessaTh, HACKOJILKO IeHA 3adBKU areHTa HA ayKIMOHe OyJeT OTIUYaThCsA OT
noc/ieHell U3BECTHOM MEHbI, TO €CTh IEHA B €r0 3asgBKe OyIeT paBHa
ordi[t] = plt — 1] (1 TN afg}m) . (4)
ITepronagaIpHO PABHOMEPHO pacnpeneanM A;r BHYTPH SMIUPUYECKA BLIOPAHHOTO OT-
peska A;r = [—5%;5%)]. VIrpoKM ¢ TIOJIOXKUTEIbHBIMY 3HAYEHUSAMN A;r YBEINUIHBAIOT
(yMEHBIIAIOT) 1IEHY aKTHBOB IIPU IOKYIKe (IPOJarKe) Ha COOTBETCTBYIONIEE ITUM UI'PO-
KaM 3Hadenne npouenta A;g . Irpoku ¢ oTpunaTebHbIMEA 3HAYCHIAMEA AR JEHCTBYIOT
MPOTUBOMIOJIOKHBIM 00pa30M.
[TpumeM cIey oIy 0 CTPATETHIO sl ATeHTOB. B clydae eciu areHT Pentui mpojaTh
akTuB (TO €CTh KOTIA af}g}nax = —1), oH BBICTABIZET BECh 00beM «Oymar» Mo IeHe

¢
ord;[t]. B ciyuae ecim areHT pemmi KymuTh akKTUB (TO €CTh KOLAa al) 1[%] = 1), obbem
max

3agBJsgeMOil UM NOKYIKHU paBed cash;[t]/ord;, rae cash;[t] — 06bem neHEKHBIX CPENCTB
1-TO UT'POKA B MOMEHT BpeMeHu t. Ilpm Takoii cTpaTernu areHT MOJHOCTBIO OOHOBJIAET
CBOW AKTHBBI, KOTOPLIMH OH TOPTYET, TO €CTh MPOJACT BCE MWW TOKYMAeT aKTUBLI HA
BCe UMEIOIINEeCs Y Hero «JIeHbIH».

Tenepb paccMOTpUM caM ayKHIuoH. Bynem cumrarh, 4TO ayKIMOH OpraHU30BaH Clie-
nyromuM obpazom. Ha nepsom 1iare ocyiecrsiiseTcss COPTUPOBKA MOKyIaTeseil 1 1po-
JIABIIOB M0 TIEHAM TIDEJICTABIEeHHBIX MU 3asiBOK (ord;[t]): B mopsinike yObIBaHWs EHBI
IIST TIOKYTATeICH M BO3PACTAHWSA TeHbI JJI TPOJABIOB. 3aTeM BBIOMPAIOTCS JIyHITHiA
MPOJAReI U JyUIIAi TOKYTATeTh: TPOJABEI 0 CAMOI HU3KOH IMeHe W TOKYNATeTh 110
caMoil BBICOKOi 1ene. MexKly HUMHU coBeplIaeTcs cAellKa B cjydae, ecjd IeHa, Ipeji-
JIOJKeHHasl IIPOAABIOM, HUKE WJIM paBHa IleHe, HpejJioxKeHHo# nokynarenem. Qobem
CIEKH OLPeesseTcs 0 MeHbIIeMy 00beMy (0003HAYMHNM ero v;;[t]) u3 o0beMa 3asaBKu
HnoKynare/is u obbeMa 3agBKHU TPOJABIA, 10 cpeaneii apudmMernueckoii nene (0603Ha-
quM ee p;j[t]) MeXIy meHo# NpomaBIa U IEHOH moKymaTend. Takum oOpasoM, 00beMm
clieKy onpejesisercs 1o popMyJe

cash;
Vg |[t] = min —_— 5
lf] = min 5)
rae k — HOMep Npojapna, | — HOMep MOKymaTess, a [.| — OKpyIJeHwe 10 1eJIoro BHU3.

ITocnie aToro u3 ovyepean yaaasdOTCa TOKYTIATEIN U MIPOJABIII, Y KOTOPBIX B PE3Yilb-
TaTe CAEJI0K OKA3AIKNCh HYJIEBbIE 00bEMBI PECYPCOB. 3aTeM OepyTCa CJIeAYIONIIUHA JIy dIuit
TIPOJABETT U CAeAYIONuil Jydmuit mokynaresnb. [Ipormece mpogomkaeTes 10 TeX mop, mo-
Ka JudO BCE 3asBKU YAOBJIETBOPSATCS, JUOO MOKA Y JIYUIIErO MPOIABIA [IeHa He CTaHeT
BBIITIE TEHBI Y JIydInero mokymnaress. Ilocie storo mrorosasi neHa plt] dopmupyercs
KaK CpeJIHAsS U3 IEeH BCeX CJEJIOK, COBEPIIEHHBIX HA JAHHOM IlIare, TO €CTh

plt] =" szvkz/ > vk (6)
ol

k.l

Takoii cocob moacYdeTa UCKJAI0YIaEeT BO3MOXKHOCTL TOIO, 9TO OAWMH YYIAaCTHHUK MCKA3UT
O6H_[I/Ie JaHHbIE TyTEeM TTOJa9U 3adBKU C CUJILHBIM OTKJIOHEHUEM TIO TIeHE.
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B KoHIE ayKImona pu OACYeTe OUKOB CTPATErHil TAKYKe IEePEeCINTHIBACTCA U AR .
B cayuae eciu nena ord; xyxke (B JAHHOM Cilydae MOHATHUE «XYXKe» JJisd IPOJIABLOB
U nokynareseii pasuoe), yeMm plt], To A;p yMeHbIIaercd, a B IPOTUBHOM CJly4ae yBe-
muuusaerca Ha 1%. Cymecrsyer takxke orpammuenue —20% < A;r < 20%. Takoe
OTpAHWYEHNE CYIIECTBYET W HA PEATBLHBIX OMprKaxX, OHO HE TTO3BOJIAET TOJATH 3asBKY C
HEeHON HUZKE OTNPEe/IEHHOTO YPOBHSA OT TIOCTCIHEH CIETKN.

[TocTpoennbr#t ayKIMOH OYeHb OJN30K K ayKIIMOHAM HA PEATbHBIX OMprKax, HAIPH-
mep Ha MMBB (cm. onmcanue peanbhoro aykimona B [12]). Eauncrsennbiv orsimaunem
apngerca dhopmupoBanue nenbl 10 (opmyie (6) B Buie CPeIHEB3BEIIEHHBIX LHEH Ha
JAHHOM JMCKPETHOM Iare, TOTJa KAK Ha PEATLHOM PLIHKE TTPU aHAIU3E UCTIOIb3YIOTCS
[EHBI HA PABHOYJIAJEHHBIX IPOMEKYTKAX BpeMeHu (HarnpuMep, Kaxk bl uac). [losromy,
BOOOIIE TOBOPA, (POPMUPOBAHNE IIEHBI B HAINEH MOIEIHN, KOTOPOe OMUCHIBaeTest (hopMy-
Ji0it (6), 0 mpUYMHE TUCKPETHOCTU BPEMEHU ¢ BIIOJIHE eCTECTBEHHO.

Takum 06pa3oM, aaIropuT™M MOJETN BBITIASUT CACTYIONINM 00Pa30M:

0) Mozmeab HAYMHAET PAbOTATh CO CIACAYIONMMHU MAPAMETPAMU: KOJUYECTBO HIATOB
t = 20000, N =1001, T'= 10, m = 4, s = 4; 3a7a10TCs CAYIANHO ¢ PABHOMEDHBIMU
pacnpenenennamu: cash; — B uaTepnane or 20 1o 200; ¢; — B uaTepBase or 0 mo 10;
S;r — B unrepsase or 5 1o 10; A;g — B unrepsase or —0.05 1o 0.05;

1) kaxzplil areHT BbIOMpPAET CTPATErui0 Ryax C MAKCUMAIBHBIM S;R U, UCIOIb3Ys
ee, onpeesgeT CBoil a%ﬂmx :

2) KaxKIblil areHT Oonpenesier MeHy cBoeil 3assku ord; o dopmyie (4);

3) 3agBKYU pa3bUBAIOTCA HA MOKYNKH U NPOJAXKUA U COPTUPYIOTCH TI0 BO3PACTAHUIO
HEeHD;

4) 6epercs 3adBKa HA HOKYIKY 10 CAMOIl BBICOKOH 1IEHE U 3a54BKa HA IPOJAXKY 110 Ca-
MO# HM3KOIl 1eHe, k — HOMEp BBIOPAHHOIO MPOJABIA, & [ — HOMED BBLIOPAHHOTO TOKY-
naTess;

5) ecau niena |- 3ag9BKU HUKE, 9eM 1eHa k-i 3agBKH, TO MepexoauM K n. 13, B npo-
TUBHOM CJly4ae — K II. 6;

6) BbruuciasgeM pg[t] Kak cpeanee apudpmernyueckoe Mexay uenamu k-ii u [-ii 3a-
SIBOK;

7) onpeaensem o0beMm vy [t] mannoit caenkn no dopmyne (5);

8) BeJIUYUHBL (p; JJisI MPOJABIA U MOKYMATEIs] COOTBETCTBEHHO YMEHBIIAEM U yBE-
JIMIMBaeM Ha Vg [t];

9) Benumuuny cash; Js OposaBUA U MOKyHATENs COOTBETCTBEHHO yBEJIUYUBAEM U
yMeHbIaeM Ha Vg [t]pr[t];

10) eciiu ¢ = vg[t], TO yaangem u3 cnucka k-ro nponaBua;

) ecu cash; < ord;, To ygazsgem u3 crmucka [-ro NOKyIaTesIs;

) mepexomuMm K 1. 4;

13) perancasiem plt] no dopmyse (6);
) nepecuurbiBaeM ouku crpareruii no dpopmyaam (3), (1), rme y(z) = sign (x);
) nepecuurbiBaeM riobasbhyo uadopmaiuio u(t) mo dopmyie (2);

16) nnst mokynareneii: ecim ord; > p[t], To Ajg = A;r — 0.01, ecam ord; < plt]
T0 Ajr = Ajr +0.01;

17) mas mpomasror: ecan ord; > p[t], o A;g = A;r + 0.01, ec;im ord; < plt]
TO AiR = AiR - 001

18) momaraem ¢t = ¢+ 1;

19) mepexoaum K 1. 1.

3. MaxopurapHble UTPBI

B nestom npu m3ydeHun MUHOPUTAPHBIX UT'P BCTAET BIIOJIHE 3aAKOHOMEDHBIN BOIPOC:
modemMy Oa30BbIfl MPUHIUIT UMEHHO MHUHOpPUTAPHBIH! Mbl cauTaem, 910 GOTBITUHCTBY
Jrofe#t CBOMCTBEHHO CTaaHOe moBeaeHne uan 3hdexT momgpaxKkannsa. IMEHHO TO3TOMY,
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Ha HAII B3MJISI)T, KJIIOUEBBIM MTPENOIOKEHUEM TPU MOCTPOSHUHN JTIOOBIX MOIEIEH KOJIJIEK-
THUBHOTO JIEAICTBYS TOJIZKHBI CTATH MMEHHO MOJAPAKATETBHBIE JEHCTBHUS, 8 HE CTPEMIIEHUE
CTaTh MAKCUMAJIBHO OTJIMIHBIM OT JAPYTUX. ECIu ’Ke MOAEIMPOBATH MMEHHO MOIParKa-
TeTBHBIC JCHCTBUS, TO KJIIOYEBBIM MPHUHIUIIOM JIOJDKEH CTAThH MasKOPUTADPHBINA, a He
MUHODPUTAPHBII.

OTnrune MaKOpUTAPHBIX WI'P OT MAHOPUTAPHBIX COCTOMT B OIEHKE CTPATETWi Ha
ycnemnocrs. Ecau dopmyny (1) 3amenutsb Ha

girlt + 1] = x[alF (plt + 1] - p[t])], (7)

TO TOJYYUM MMEHHO MarKOpUTapHbe Urpbl. MexkIy TeM Hesib3s mpeobpasoBaTh CTaH-
MapTHYI MWUHOPHUTAPHYIO MOIETb B MajXKOPUTAPHYIO MPOCTHIM W3MEHEHUEM CTPATETHU
(to ecThb 3uaKa B BhIpazkenuu (1)). /Iejio B TOM, 9T0 B OOBIYHBIX MUHOPUTAPHBIX UIDAX
OTCYTCTBYIOT KaKWe-TuOO OTPAHUYEHUS HA IEHY U areHThl OYeHb OBICTPO HAYWHAIOT HA,
100% noppaskaTk aApyr ApyTry, & NeHa Jub0 yXOAUT PABHOMEPHO B GECKOHEYHOCTH, MO0
HAYUHACT TEPUOINIECKH KOJIeOaThCsl OT 09eHb OOBINOrO 3HAYEHUS 10 OYeHb MAaJeHb-
KOrO C MHTEPBAJIOM B OJWH IIIar.

Yrobwr 000iiTH 3TN TpPObIEeMbI, HAMK OBLIA TMPEANPUHSTA MOMBITKA MOTU(DUKAIIH
MoJiesn, npeoxkenHoit B [13]. B MuHOpnTAapHY0 MOmenh Oblia JoGaBIeHa aIarTh-
pyemas ceTb B3aMMOJEHCTBHIT areHToB. IIpw MOCTPOEHWM TOrO B3AUMOIEHCTBUS MC-
MOJIB30BAJICS MAYKOPUTAPHBIH IPUHITNIL, TOITOMY B JEHCTBUAX ar€HTOB MPUCYTCTBOBA-
na «bopbbay Mexky MUHOPUTAPHBIMU MPUHIUIAMHU B CAMOCTOATENLHBIX JTeHCTBUAX W
MaYKOPUTAPHBIMY MPUHIMIIAMU B MOMBITKAX MOIPAXKATH CBOUM COCEISIM TI0 CETH B3am-
MozeiicTeuii. B Takoit Mmomenn B mefiCTBUAX KayKIOTO areHTa KOHKYPUPOBATU CTPEMJIe-
Hue OBITh MUHOPUTAPHBIM IO OTHOIMEHUIO KO BCEM areHTaM W CTPEMJIEHWE TTO/IPAYKATH
TeM KOJIJIeraM, ¢ KOTOPbIMU OH obmiasics (B3aumoseiicTBoBad). Mexay rem mnosyuen-
HbIE PE3yJIbTATHI TIOKAZAIN OTJIMIHNE CTATUCTHIECKUX TAPAMETPOB MOJETH OT PEATbHO-
ro phIHKA. B 9acTHOCTH, B IJIOTHOCTH DPACIPEIe/IeHNs] U3MEHEHUs [€H OTCYTCTBOBAJIU
«TSIPKEJbIe XBOCTBI». JTO CBHUIETEILCTBYET O TOM, UTO B MpeJIoKeHHON B [13] cucre-
M€ OTCYTCTBYET TAKOe BAXKHOE U B TO YK€ BPeMsl WHTEDPECHOE Il W3YUeHUs CBOMCTBO
peasbHOTO PBIHKA, KaK KPax.

Takum 00pa3oM, Tepes] UCCIeTOBATEISIMI PHIHKA BCTAET 331249 MOCTPOUTh TaKYIO
MOzI€sIb, 4TOOBI OHA 6a3uMpoBasach HA MayKOPUTAPHBIX UIPAX, HE 3alUKJIUBAIACH (TO
€CThb HE NePeXOIN/Ia B IUKINIECKUN PEsKUM ¢ ObICTPBIMY OCHUJLISIIIUAMHE ), & TAKIKE UMe-
JIa, «TSIYKEJIBIE XBOCTBI» ¥ IJIOTHOCTY PACIPEIe/IeHNsT U3MEHEHUS TIeH, 9TO0BI OITUCHIBATH
kpaxu. OnTUMaNbHBIM, HA HAI B3DJIA/, PEIIEHUEM SBIAETCS MOJENb MayKOPUTAPHBIX
U € AyKIMOHOM IO TeHE aKTHBOB. AYKIIMOH BBOJUT €CTECTBEHHBIE OIPDAHUYEHUs HA
nefictBus urpokoB. [1o3ToMy JaHHAs MOMIETh HE 3AIUKJIUBAETCH, TAK KAK MPU TTOBbI-
[IIeHWH TIeHBI JI0 ONPENEEHHOTO YPOBHsT HE OyIeT CIpoca Ha aKTHB W3-33 TOTO, UTO
y areHToB He OyIeT JIeHer Ha ero MOKYIKY, YTO MBI YBUAUM majee. Mbl yBUIUM TaK¥Ke,
YTO B JAHHOW MOIEN TPUCYTCTBYIOT «TsI?KEJIbIe XBOCTBI».

AnropuTM ayKIpoHa WICHTHYEH TOMY, KOTOPBIH OMHMCAH B MPEIBIIYIIEM Maparpa-
de. EquHCTBEHHBIM OTINYREM HOBOTO AJTOPUTMAa OT CTApOro Oyaer 1. 14, B KOTOpOM
Beiparkenne (1) 3amensiercst BeIpazkenueM (7).

4. Amnajgus Mmozejn

MpbI mpoBeM BBIYHUCIUTETBHBIE SKCTIEPUMEHTHI ¢ UCTIOTh30BAHUEM MOJIETN MazKOPH-
TApHBIX UTP C AYKIIMOHOM TIO IeHe. B pe3yibrare mosyydeHa nI0THOCTD PACIIPEeIeTIeHus
W3MEHeHUs TeH, KOTopasd MoKa3aHa Ha puc. 1.

[Ipu BBeneHWM AYKIIMOHOB B MOJIEH IOSIBJISETCH TAKOE MOHATHE, KAK BHYTPEHHSA
mena. OHa ompesenisieTcss KaK CyMMa BCEX aKTUBOB B WIDe, JIEJIEHHAS HA CYMMY BCEX
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Puc. 1. l'ucrorpaMmma pacmpeseeHns OTHOCUTETbHBIX H3MEHEHUN TI€H B MasKOPUTAPHBIX UT'PAX
C ayKIIMOHOM IIO IIeHe

nener. Ecam p(t) Gyner paBHa 3T0¥ BHYTpeHHEH IIeHe, TO CHCTeMa HAXOANTCS B Hanbo-
Jiee cTaOUIBHOM COCTOSIHHHU, TaK KaK IPU TAKOW IeHe CTOMMOCTb BCEX AKTHUBOB OyIeT
paBHA KOJIMYECTBY AeHer B cucreme. Ha puc. 2 moka3ano n3MeHeHne IeHbl CO BPEMEHEM.
Buzano, 9ro 1eHa B MasKOPUTAPHBIX UTPAX MOXKET YXOIUTD [TOCTATOYHO JIAJIEKO OT CBOEi
BHYTPEHHEN 1I€HbI.

Paccemorpum craTtucTrKy MOy 9eHHBIX W3MeHeHul 1eH. BeibopouHoe cpemnee Koseh-
JleTcst OKOJIO HyJisi. Beibopounasi mucnepcus noaydunack pasaoii 0.001. Dkcmecc pasex
12.806. Panee srcrepnMeHTaIbHBIM TiyTeM [14, 15] GBIIO yCTAHOBIEHO, YTO FKCIECC Tie-
HBI 15 PEAJILHOTO PBhIHKA HaX0oauTcs B mHTEPBaje or 2 10 50. Takum ob6paszom, MOKHO
YTBEPK/IaTh, 9TO TOJYYE€HHAA MOIEIb OJIU3KA K PEAJbHOMY PBIHKY, TAK KAK IOy YeH-
HBIH B MOJIE/TA 9KCIIECC HAXOAUTCA B TIpe/iesiaxX 3HAYeHUH, XapaKTepPHBIX /s PeaTbHO-
ro phiHKa. VICmomb3yst mMponenypy aHajin3a JaHHBIX, TPeJIoXKeHHyo B [16], mo Tecty
Konmoroposa— CMUpHOBA ¢ ypOBHEM 3HATUMOCTH 5% /IS HAIAX JAHHBIX OTBEPTaeTCs
IUIOTE3a O HOPMAJTBHOCTH PACIPENETEHUs, TO €CTh ¢ BEPOATHOCTHIO 95% m3menenns
IIeH B MOJIEJIA He PACIpeeseH0 M0 HOPMAJIbHOMY 3aKOHY.

[posenem ananoruuno [17] recr rucrorpammbl (puc. 1) HA NPUHAJIEKHOCTH Pac-
MpeJieIeHUsT OTHOCUTETLHOTO U3MEHEHHUs TIeHbI & K KJIACCY CTETEeHHBIX, UMEIOTTUX BUI,

fo =2t () ®)

Tmin Tmin

DTOT TECT COCTOUT B IOKUCKE METOAOM MAKCUMAJIBHOIO IPaBAononodusa Ko3dpduupenra
Q' U TOCTEAYIOMEM MOI00PE Tyyiy . LlOoCsie TPOBeIeHnsT TAKOTO aHAJIN3A HAIIUX JAHHBIX
ko3 dunment « nomyunsica pasabiM 2.9177, a Tymin = 0.0071. Panee B crarne [17]
TaK¥Ke MPUBOIUJICA METOJ BhIYUC/IeHUs Hekoero P-3nauenus (P-value), xapakrepusy-
IOINEro CTEMeHb COTJIACHS THIIOTETUYEeCKOTO PACTIPEIC/IEHUS CAYIailHON BeJTUUMHBI BUIA
(8) ¢ amanusupyembiMK HaHHBIME. B ciyuae korga P-suauenue Gosbiie 0.1, tunoresy
0 pacupejieseHun ciaydaiiHoii Besnaunbl B Buie (8) MoxkuO npundaTh. g paccmarpu-
BAEMO MayKOPUTAPHON MOJIeNn cTeneHb cornacusg P nosyuniaacsk pasuoit 0.135. Takum
00pa3oM, Ha OCHOBAHWW MPOBEIEHHBIX TECTOB MbI MOYKEM MPUHSITH TUIIOTE3y O CTEleH-
HOM 3aKOHE PACIpeIeIeHus OTHOCUTETLHONO U3MEHEHUS TIeHBI.

ITo ompesenennto npemnokeHHomy B [18], ecam « seskur B wHTepBase [1;3], To
«Ts2KEeJIbIe XBOCTBI» Y PACIPEIETIeHUs MTPUCYTCTBYIOT. TOYHOCTD ONEHKN BEJIUYUHBI (v
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Puc. 2. I'paduk n3Menenus menpl (BEPTUKAILHAA OCh) B MaKOPHTAPHBIX UTPAX € AYKITHOHOM
O TI€HE B 3aBUCUMOCTH OT BPeMeHM (Iara aarOpuTMa — TOPU30HTATHHAA OCh)

npornoprwonambia O(n~t), rae n — KommaecTso Habmoaerwii. C yH9eToM TOTO 9TO TeCThI
[IPOBOIAIIACH TIPU N, & KOI(PDUIHEHT (v oIy 9mnicd paBHbIM 2.9177, MOXKHO C yBEPEHHO-
CTHIO 3AK/IIOYUTH, YTO OTHOCATEIbHBIE N3MEHEHNS TIeHbI PACIIPEIETIEHBI 10 CTEIIEHHOMY
3aKOHY C «TAKeJBIMU XBOCTAMHU», TaK KaK o < 3.

PaccMoTrpum, d9TO Ke TPOWCXOMUT HEMOCPEJICTBEHHO TPU HACTYIJIEHUN Kpaxa.
B kaxkabrii KOHKPETHBIE MOMEHT BPEMEHHW y BCeX yYYACTHUKOB PBIHKA B CYMME €CTh
[MOCTOSHHOE KOJIMYECTBO «JeHer» u «Oymars. Mexiy TeM TekyIee COCTOsSHUE KAaZKI0T0
Y9IACTHUKA PHIHKA PA3JIMYHO 3& CYET PA3JIUIHON OMEHKHN CTOMMOCTHU e€ro «Oymary u Toit
CYMMBI «JeHer», KOTOPOii OH pacrnosaraer. Tak Kak urpa — MakKOpUTapHasd, TO UTPOKHU
CTapaTCs MOApaXKarh Apyr Apyry. OMHAKO B HAIEl MOIE/N TPUCYTCTBYET eCTECTBEH-
HOE TTPEMSITCTBUE 7 HEOTPAHUYEHHOTO POCTA IeH WJIN WX nayienns. /lomycTtrm, 9To BCe
are’Thbl HAYWHAIOT OJHOBPEMEHHO MOKYyMaTh. Torjaa B OMpeIe/leHHBI MOMEHT BpeMe-
HU, HAIPUMEDP KOIJa KOJIMIECTBO MOKYIAIONINX BEIPACTALT 10 KOJIUIECTBA, ITPO/IAIOIINX,
[JIATEKECIIOCODHBIN Crpoc OyIeT BCe PABHO OTPAHUYEH, TAK KAK y TMOKYIIATeIel yKe He
OymeT JOCTATOYHO CPEICTB, YTOOBI MEPEKPHITH MPEIOKEHNE.

Takum obpazoMm, peJyIoKeHa HOBasi MOJIEh, DA3UPYIOMASCS Ha Ma’KOPUTAPHBIX
urpax. Mozens uMeeT «TszKeJble XBOCThI» V (DYHKIIUU PACIPeIe/IeHnsT W3MEeHEHNs 11eH
U 0 CTATUCTUYECKHUM MMapaMerpaM JI0CTATOYHO OJN3KA K PEAJTHHOMY PBIHKY.

Summary
T.R. Shahmuratov. Statistical Majority Model of Financial Market with Price Auction.

Mathematical modeling of financial markets has been carried out, their main processes
being described on the basis of game theory. The condition of markets on the verge of
collapse has been investigated, when strong correlations occur in the market participants’
behaviour and, consequently, prices greatly deviate from the usual state. The dependence of
statistical characteristics of model market on the parameters of the adopted model has been
researched. With a view to getting an objective estimate of adequacy and applicability limits
of the constructed model,the calculated characteristics have been compared with statistical
characteristics of the real markets. On the basis of the results obtained, ways of improving the
models of financial markets are suggested.

Key words: mathematical market models, statistical market characteristics, game theory.
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