oo~ AzpapHblli eecmHuk Ypana Ne 8 (138), 2015 2. —« XX Z=—— ~

OKOHOMUKa &%

VIK 517.977.8

JNUHAMMUNYECKASA UTPA HA ®OHIOBbBIX BUPXKAX

A. H. KPACOBCKII,

ROKTOp PU3MKO-MaTeMaTMYeCKNX HayK, podeccop, 3aBepyomuii kagenpoii,
A. M. TAPACDBEB,

IOKTOp PU3NKO-MaTeMaTU4eCKUX HayK, mpodeccop,

H. A. KPACOBCKNMN,

KaHAuAaT GpU3NKo-MaTeMaTUYeCKUX HAYK, CTAPLINII IPEOJaBaTeNb,

Ypanbcknii rocygapCcTBEHHBIN arpapHbIil YHUBEPCUTET
(620075, r. Exatepun6ypr, yn. K. JInbxuexra, i. 42; Ten.: 8 (343) 221-40-29)

Knrouegvie cnosa: ounamuueckas uepa, cmpamezuil uUepoKos, hoHoosvle bupicu, «ObIKu» U «medseduy, pagrogecue no Hauiy.

PaccmarpuBaroTcst JuHaMHYECKUE UTPbI, MOAEIUPYIOUIUE CUTYallMM, BO3HUKAIOIIME B SKOHOMUUYECKHUX Ipoleccax U
B3aMMOJICHCTBUSAX (DOHIOBBIX OMpXK. J[J1s1 MOCTPOCHUS SBOMIOIUOHHOI UIPbl 00CYkKAAETCs OHATHE TUHAMUYECKOTO PaB-
HoBecust o Hamry. B ocHOBe muHAMHUYECKOrO paBHOBECHs JICKAT pelieHus AudQepeHnaIbHbIX HTP ¢ HYJICBOW CyMMOH.
PaBHOBeCHas TPACKTOPHUS UTPHI CTPOUTCS HA OCHOBE FApaHTHUPYIOIMINX CTPATETHH, KOTOPBIE MAKCUMHU3HUPYIOT COOCTBEHHBIE
(YHKIMOHAIBI BRIMTPHIMIA. [I[py 3TOM cTpareruu, KOTOpble MUHUMH3UPYIOT (PYHKITMOHAIBI BRIUTPHINIA IIPOTUBHUKA, CITY-
’KaT B KOHCTPYKIIMH THHAMHYECKOT0 paBHOBecHs 0 Hamry kak cTpaTernu Haka3zaHus. PaccMaTpuBaioTCst BCIIOMOTaTEIbHBIE
nug dhepeHITaTbHBIC UTPHI C TAPAMETPUUYCCKUM TSPMUHATBHBIM (DYHKIITHOHAJIOM ILIATHL. [IpeIoKeHbI allrOPUTMBI IIOCTPO-
€HUS PABHOBECHBIX TPACKTOPHUI B paccCMaTPHUBAEMBIX HTpaX, KOTOPHIE CABUTAIOT PEIICHUS OT KJIACCHYECKUX PABHOBECHI
o Hamry k pemeHusM ¢ JIyduMu 3HaueHUsIMEA (PYHKIIMOHAIOB. YCTaHOBIICHO, UTO IPEIaracMbie PABHOBECHBIC PEIICHHS
00aatoT Ny4IIMMH CBOMCTBAMHU MO 3HAUYEHHIO ()YHKIIMOHAJIOB, YeM KJIACCHYECKHE PEIISHHs 3BOJIIOLUOHHBIX UTp. Dd-
(DEKTHBHOCTH aATOPUTMOB MPOACMOHCTPUPOBAHA MPHIIOKCHUSMH TSI MOZICIICH HHBECTUINH B IICHHBIC OyMaru U MoJeJcH
MIPOM3BOACTBEHHBIX WHBECTHIINI. PaccMaTpuBaeTcss Mozieb, B KOTOPOI aHANNW3UPYETCS CUTYalUs ¢ OMHUM CTaTHYECKIM
paBHOBecueM 10 Hamry. XapakTepHOH KOHCTPYKIIMEH TaKOH CUTyalluu SIBISETCS UTPa HAa (PMHAHCOBBIX PBIHKAX aKIHHA U
obmurammii. 3a OCHOBY ITOBEICHUS UT'POKOB B35TO MOBEJCHIE TOPTOBIIEB, KOTOPHIC UTPAIOT HA TIOBBIIICHHE Kypca M Ha3bIBa-
I0TCS «OBIKaMI», ¥ TOPTOBIICB, KOTOPHIC UTPAIOT HA IMOHIKEHUE Kypca U Ha3BIBAKOTCS «MeaBeasiMuy. [lapaMeTpsl MaTpuil
B 9TOW MUTPE 03HAYAIOT JOXOJHOCTH aKIMi M 0OIUTAIHii, BRIPa)KEHHYIO B BUE MTPOLIEHTHHIX CTaBOK. [lokazaHo, 4TO paBHO-
BECHbIE TPAEKTOPUHU B ITOM MOJEIH CXOASATCS K TOUKE IEPeCeUeHUs] TUHUM NePeKITI0YeHHUsI TapaHTUPYIOLIUX CTpaTerui. DTa
TOYKA MePECeUeHNs CYIECTBEHHO OTINYACTCS OT TOUKH CTATHYECKOT0 paBHOBecHs 1o Homry, n 3HaueHne 060ux GpyHKIHO-
HaJIOB BBIMTPHIIIA B 3TOM TOUKE [IEPECEUCHUS JIYUIlle, YeM B TOUKE CTaTH4ecKoro paBHoBecus o Hamy. C ucnonb3oBanuemM
YUCIICHHBIX METOIOB IMPOBOAATCS KOMIIBIOTEPHOE MOJCIHPOBAHUE W CUMYJISIIUS PAacCMaTPUBAEMBIX HUTPOBBIX MPOIECCOB
[IpY Pa3JIMYHbIX TAPAMETPAX CUCTEM.
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Dynamic games that simulate situations arising in the economic processes and interactions stock exchanges is considered.
To construct evolutionary game discusses the concept of a dynamic Nash equilibrium. At the heart of the dynamic equilibrium
solutions of differential games are zero-sum. The equilibrium trajectory of the game is based on the guarantee of strategies
that maximize own win functional. At the same strategies that minimize the functional scoring opponent, serve in the design
of dynamic Nash equilibrium as a strategy of punishment. We consider the auxiliary differential game with a terminal payoff
functional parametric. An algorithm for constructing the equilibrium trajectories in these games, which are shifted from the
classical solution of Nash equilibrium for solutions with the best values of the functional is proposed. It was found that the
proposed equilibrium solutions have better functional properties by value than the classic solutions of evolutionary games.
The effectiveness of the algorithms is demonstrated by applications to models of investments in securities and mode%,s of pro-
ductive investment. The model, which analyzes the situation with a static Nash equilibrium, is considered. A characteristic
design such a situation is to play in the financial markets of stocks and bonds. The basis of the behavior of the players taken the
behavior of traders who play on the appreciation and are called “bulls”, and traders who bearish on the course and are called
“bears”. Options matrices in this game mean yield of stocks and bonds, expressed in the form of interest rates. It is shown
that the equilibrium trajectory in this model converge to the point of intersection of the lines ensure switching strategies. This
¥oint of intersection is significantly different from a static point of Nash equilibrium, and the importance of winning both
unctional at this point of intersection is better than at a static Nash equilibrium. The computer modeling and simulation of
considered processes with different parameters is conducted with the use of numerical methods.
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B pabote uccrnemyioTcsi MOIENU 3BOIIOLHOHHBIX
UTp C HEHyJNeBOH cymmoil. PaccMarpuBarorcs urpo-
BbI€ B3aMMOJEHCTBUS MEXKY IBYMsI FpyNIaMH y4acT-
HUKOB B paMKax Teopuu auddepeHunanbusix urp [4].
[Ipu omnpenenenun paBHOBecHBIX mo Homry perienunit
HCHOJIB3YIOTCA UEH U MOAXO0Abl HEAHTArOHUCTHYECKHUX
muddepenunansabix urp [1]. OcHOBHOe BHHUMaHHE B
HCCIIEZJIOBAHUH IBOJIIOLIMOHHBIX UTP yAEISAETCS OCTPO-
€HUIO IMHAMHUUYECKOT0 paBHOBecH 1o Hamry ¢ rapanTu-
PYIOIIMMH CTPATETUAMH UT'POKOB, KOTOPbIE MaKCUMHU-
3UPYIOT COOTBETCTBYIOIIME (YHKIUHU BBIUTpHILA [2].
OCHOBHBIM pe3yJIbTaTOM SIBJISIETCS MTOCTPOEHHUE paspe-
HIAOIIUX TPAEKTOPHI, KOTOpBIE NAIOT PE3yJbTar, Jyd-
IIUH TI0 CPABHEHHIO C KJIACCHUUYECKHMM MOJIENSIMU, Ha-
MPUMEP MOJEIISIMU C PETUIMKATOPHON THHAMHUKOM.

PaccmaTpuBaeTcs Mozaens, aHaNIM3UPYyIOLas CUTya-
LHIO C OTHUM CTaTHYeCKUM paBHOBecueM no Hamry. Xa-
paKkTepHON KOHCTPYKIMEN TaKOW CUTyallMl BBICTYHAET
urpa Ha (UHAHCOBBIX PbIHKAX aKUW{ W obmurauui. 3a
OCHOBY IOBEJIEHUS MIPOKOB B35TO NOBEICHHUE TOPIOB-
LIEB, KOTOPBIE UT'PAIOT HA MOBBILIEHNE Kypca U Ha3bIBa-
10TCSl «OBIKAMUY, U TOPTrOBLEB, KOTOPBIE UT'PAIOT Ha I10-
HIDKEHHUE Kypca ¥ Ha3bIBalOTCS «MEABENSIMI.

Cuctema nuddepeHunanbHbIX ypaBHEHUH, KOTOpast
OIMMCHIBAET TUHAMHUKY MOBEACHUS JIByX TPYMIl (KOATH-
nuii), umeeT BUA [3]: & = —x + 1

o=

-y + .

3mech mapameTpsl x,0 < x =1 u v,0=y =1
OTIPENEISIIOT BEPOATHOCTH TOT'O, KaK BHIOpAaHHBIE UTPO-
KM TPUACPKUBAIOTCS CBOUX BBIOPAHHBIX CTpaTErHil.
VYrpandmoomue napamMeTpsl ¥ U v yJOBIETBOPAIOT yc-
mousM 0 = u = 1,0 = v = 1 u SIBISAIOTCS CUTHAJIA-
MH, PEKOMEHIYIOUIUMU CMEHY CTPaTeruil MrpoKamH.
Hanpuwmep, 3nauenne uw = 0 (v = 0) coorBercTByeT
CHUTHAJIY: «CMEHUTBH MEPBYIO CTPATETHIO HAa BTOPYION.
3nauenue @ =1 (v =1) COOTBETCTBYET CHIHAIY:
«CMEHUTH BTODYIO CTpPATETHIO Ha MEPBYIO». 3HAUEHUE
u==x (1? = JJ:] COOTBETCTBYET CHUIHAJY: «COXPaHSTh
MPENBIAYIYIO CTPATETUION.

TepMmuHanpHble (QYHKIMU BBIMTPBIIIA KOATUIUHI
ONPEAETAIOTCS KaK MaTEeMaTH4eCKOEe OXKHJAHUE BBIM-
IPBILIEH, 3a/1aBaEMbIX COOTBETCTBYIOIIUMH MaTHLAMHU
A n B B OMMaTpuvHOM UTpe, U MOT'YT OBITh HHTEPIIpE-
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Puc. 1. PasHosecHvle mpaeKmopuu 6 ciyuae eOUHCBeHHO020
cmamuueckozo pasrosecust no Hauty

THPOBAHBI KaK «JIOKAJIbHBIC) HHTEPECHl KOATUIIHUH B 3a-
JNAHHBIA MOMEHT 7.

PaccmoTpuM [ mpuMepa MaTpUIlbl BBIUTPHIIICH
JIBYX MUTPOKOB Ha (DJMHAHCOBOM pPBIHKE, KOTOPBIC OTpa-
JKAIOT TAHHBIC TI0 UCCIICOBAHHBIM PhIHKAM aKIUH (CM.:
WWww.money.cnn.com) u oonuranui (cm.: www.fxstreet.
ru.com/charts/bondyield) B CIIIA. Marpunia A oTBeuaeT
MIOBEACHUIO «OBIKOBY. Matrpuiia B COOTBETCTBYET MOBE-
JneHnto «measeaei». [lapameTpsl MaTpull B 3TOW Urpe
03HAYaIOT JIOXOIHOCTh aKIMid U OOJUTAIUH, BbIpakeH-
HYIO B BUJIC TIPOIIEHTHBIX CTABOK:
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PaBHOBECHBIE TPAEKTOPUHU B 3TON MOJIENN CXOJATCS K
TOUKE IEPECEUCHUS JIMHUI NEPEKIIIOUEHHS FapAHTUPYIO-
mux crpareruit (puc. 1).

Ha puc. 1 nokazansl cutyarus pasHoBecus mo Hamry
NE, nunun nepekitoueHust K4 u KB, Touka ppIHOYHOTO
paBHOBecHs B UX nepecedeHun ME, HayalbHbIE TOUKU
I, I, I3 v Tpaekropuu anropurma Ty, T,, Ty, cxonsimu-
ecs K PbIHOYHOMY PaBHOBECHIO. BUJIHO, UTO HOBasl TOU-
Ka paBHOBecusl ME CylIECTBEHHO OTIMYAETCS OT TOYKU
crarudeckoro pasHoBecust no Homy NE, n 3HaueHue
000MX (QyHKIIMOHAJIOB BHIUTPHINIA B HOBOH TOYKE JTyd-
1€, YeM B CTapOM.

HccnenoBanus, nmpuBeAeHHbIE B paboTe, MOLAepKa-
Hbl PoccuiickuM (oHIOM QyHIAMEHTAIBHBIX HUCCIIENO-
Banuil (rpant Ne 14-01-00065) u Poccuiickum HayuyHBIM
¢donmom (rpant Ne 15-11-10018 «Pa3purtue Teopun u Me-
TOJIOB peIleHUs 33/1a4 JUHAMUYECKON ONTUMH3AIII).

Jluteparypa
1. KnefimenoB A. ®@. Heanraronuctuaeckne no3unuoHHse nuddepennuansasie urpsl. ExarepunOypr : Hayka,

1993. 185 c.

2. Kpacosckuit H. A., Kpsoxumcknii A. B., TapackeB A. M. YpaBHenus ['amuibToHa-SKOOM B DBOIIOIMOHHBIX
urpax // Tp. UMM VYpO PAH. 2014. T. 20. Ne 3. C. 114-131.
3. Kpsoxumckwii A. B., Ocumos 1O. C. O guddepeHImanbHO-3BOMONHOHHEIX urpax // Tp. Mar. ma-ta PAH. 1995.

T. 211. C. 257-287.

4. Krasovskii A. N., Krasovskii N. N. Control Under Lack of Information. Boston : Birkhauser, 1994. 319 p.
References

1. Kleymenov A. F. Nonantagonistic positional differential games. Ekaterinburg : Nauka, 1993. 185 p.

2. Krasovskii N. A., Kryazhimskii A. V., Tarasyev A. M. Hamilton-Jacobi equations in evolutionary games //

Proceedings of IMM Ural Branch of RAS. 2014. Vol. 20. Ne 3. P. 114-131.

3. Kryazhimskii A. V., Osipov Y. S. On a differential-evolutionary games // Proceedings of Math. Institute of RAS.

1995. Vol. 211. P. 257-287.

4. Krasovskii A. N., Krasovskii N. N. Control Under Lack of Information. Boston : Birkhauser, 1994. 319 p.

www.avu.usaca.ru

87



