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B pabote paccmarpuBaeTcsi NMpUMEHEHHE TEXHOJIOTMH POEBOTO HMHTEJUIEKTa JJIs MOCTPOEHHUs
areHTHBIX MMHUTALMOHHBIX Mojienell. B kauecTBe mpuMepa rmocTpoeHa MUHUMAaIbHAs MOJENb, WIIIO-
CTpUpYIOLIasl BIUsSHIEC HHOOPMALMOHHBIX BO3ACHCTBHUI Ha MpaBuiia TIOBEICHHUS areHTOB B TPOCTEeHIIeH
MOJIeNIN KOHKYPEHLIUU MEX]Ty AByMsI TIOMYJISIIUAMHU, ar€HThl KOTOPBIX BBIMOIHAIOT MPOCTENIIIYIO 3a/1a-
4y TiepeHoca pecypca U3 MOBUKHOIO HCTOYHHMKA Ha CBOIO TEPPUTOPHUIO. AJITOPUTM JBHKEHUS areHTOB
B NIPOCTPAHCTBE MOJIEIM PEAIN30BaH Ha OCHOBE KJIACCHUYECKOTO alrOPUTMa Posi 4acTUll. ATeHTHl HMe-
0T J)KU3HEHHBIN [IUKJI, TO €CTh YUYUTHIBAIOTCS MPOLIECCHI POXKICHHS U THOEIH. B Mozienn yuuTeIBaroTcst
MH(QOPMAIIMOHHbBIE TPOLECCHl, KOTOPBIE ONPENEISIOT LeleBble (YHKIHH MOBEACHUS BHOBB IOSBHB-
HIMXCSl areHTOB. JTH Mpouecchl (00ydeHHe W TepeMaHUBAaHUE) OIMPEICISIoTCs MHPOPMAIMOHHBIMU
BO3/ICHCTBUSAMH CO CTOPOHBI OMYJIAIMiA. [Ipy onpeneneHHbIX YCIOBUAX B CHCTEME areHTOB BO3ZHUKAET
TPEThs MOMYJSAIHA. ATSHTBI TAKOW MOMYISIHA HHOOPMALIMOHHO BO3JCHCTBYIOT Ha ar€HTOB OCTAJBHBIX
TOIYJISLUI B HEKOTOPOM pajiuyce BOKpYT ceOs, M3MEHS MX MpaBHUiia MOBEACHUS B COOTBETCTBHH CO
CBOMMH, YTO B OIPEJIEIIEHHBIX YCIOBHUAX BBITECHAET OCTAJIbHbIE MOMYIISINH.

B pesynbrare mpoBeIEeHHBIX MMHTALMOHHBIX IKCIIEPUMEHTOB OBUIO TOKa3aHO, YTO B CHUCTEME
peanu3yroTcs cienyoonye (puHanibHbIe COCTOSHUS: BHITECHEHHE HOBOM MOIYIALUEH OCTaJbHBIMHU, CO-
CYIIECTBOBAaHNE HOBOW MOIYJSUN U OCTAJBHBIX MOMYISIHNA U OTCYTCTBUE TaKOW MOMYIALNH. bbuTo
MOKa3aHO, YTO C YBEIMYEHUEM paJnyca BIMSHHA arcHTOB MOIMYJALUS C WU3MEHEHHBIMHU NpaBHIIAMHU
MIOBEJICHNSI BBITECHAET BCE OCTajbHbIE. Takke MOKa3aHO, YTO B Cllydae TPYIHOAOCTYIIHOIO pecypca
CTpaTerys nepeMaHuBaHMsl areHTOB KOHKYPHPYIOLIEH MOMyIsiuuy 0oJiee BHITOAHA.

KiroueBble ciioBa: areHTHOE MOJEIMPOBAHKUE, POEBOM MHTEIUIEKT, HHGOPMAIMOHHOE BO3ICHCTBHE,
KOHKYPEHILIMS

@ 2024 Huxonait Banumosuu benorenos, Jlanunn Anexcanaposud Cymko

Crarbs nocrynHa no junensuu Creative Commons Attribution-NoDerivs 3.0 Unported License.
Yto0b! MOMYYHTh TEKCT JHIECH3HUHU, TOCETUTE BeO-cailT http:/creativecommons.org/licenses/by-nd/3.0/
wi ornpassre nucbMo B Creative Commons, PO Box 1866, Mountain View, CA 94042, USA.



2024 VOL. 16 NO. 6 P. 1513-1527
DOI: 10.20537/2076-7633-2024-16-6-1513-1527

COMPUTER RESEARCH AND MODELING
N&

MODELS OF ECONOMIC AND SOCIAL SYSTEMS

UDC: 519.8

An agent-based model of social dynamics using swarm
intelligence approaches

N.V. Belotelov!-?, D. A. Sushko?

'Federal Research Center “Computer Science and Control” of the Russian Academy of Sciences,
44/2 Vavilova st., Moscow, 119333, Russia
2Bauman Moscow State Technical University,
5 2nd Baumanskaya st., Moscow, 105005, Russia

E-mail: ? belotel@mail.ru

Received 02.09.2024, after completion — 26.11.2024.
Accepted for publication 26.11.2024.

The paper considers the application of swarm intelligence technology to build agent-based
simulation models. As an example, a minimal model is constructed illustrating the influence of
information influences on the rules of behavior of agents in the simplest model of competition between
two populations, whose agents perform the simplest task of transferring a resource from a mobile
source to their territory. The algorithm for the movement of agents in the model space is implemented
on the basis of the classical particle swarm algorithm. Agents have a life cycle, that is, the processes
of birth and death are taken into account. The model takes into account information processes that
determine the target functions of the behavior of newly appeared agents. These processes (training and
poaching) are determined by information influences from populations. Under certain conditions, a third
population arises in the agent system. Agents of such a population informatively influence agents of
other populations in a certain radius around themselves, changing.

As a result of the conducted simulation experiments, it was shown that the following final states
are realized in the system: displacement of a new population by others, coexistence of a new population
and other populations and the absence of such a population. It has been shown that with an increase in
the radius of influence of agents, the population with changed rules of behavior displaces all others. It
is also shown that in the case of a hard-to-access resource, the strategy of luring agents of a competing
population is more profitable.
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1. BBenenue

Maremarn4eckoMy MOJICIMPOBAHUIO COLMAIBHOW TWHAMHKH B HACTOSIIEE BPEMs ITOCBSIIEHO
OTPOMHOE KOJIMYECTBO paboT (cM., Hampumep, [Muxaitnos, [lerpos, 2022]). Kak mpaBwmiio, aBTOpbI
MBITAIOTCS TIOHSATh, KaK Pa3IuuHbIe (PAKTOPBI BIUSIIOT HA H3MEHCHHE COCTOSIHUS U TIOBEICHUE COIUAIIb-
HoW cpenpl. [ py0Oo roBops, pakTopsl, BO3AEHCTBYIONINE HA COIIYM, MOXKHO Pa3JIelUTh HA PeCypCHBIC
(axoHOMUYECKHE) U uHbOopMaImoHHeie. [Ipu 3ToM Ha MOBeACHUE COIMYyMa OOJBIIOE BIUSHUE OKA3bI-
BAaIOT MOBE/ICHYECKHE TPAIUIINH, KOTOPBIE TIepeIaloTCs U3 TIOKOJICHUS B ITOKOJIEHHE, a TaKke 00pa3oBa-
TEJIBHBIC MPOIECCHI, KOTOPBIC ONPEACISIFOT YCTOMUUBOCTD TIepelauyd TPAJUIMOHHBIX (OPM TOBEICHUS
B ITOTOKE ITOKOJIEHHH. MHOTOMEPHOCTh U 00JIbIIIOe pazHOOOpasue (HakTOpOB, BIHSIONINX Ha MIOBEICHUE
COIMANILHBIX CHCTEM, 3aTPYOHSIOT MOHHMAaHUE Mpoucxosamiero. KoHcTpynpoBaHue W HCCICIOBaHUE
YIPOIIECHHBIX MaTeMaTHYeCKHX MOJEeNel TO3BOIISIOT, KaK XOUeTCs HAJIesThCs, ONpPENeINTh BeAyIlue
(haKTOPBI, BIHUSIONINE HA MIOBSICHUE CHCTEMBI.

Jlrobas maremarudeckas MOJENb CHIIBHO 3aBHCHT OT MareMaTW4eCKHX KOHCTPYKIIHH, KOTOpHIE
WCTIONB3YIOTCS TIPH MaTeMaTHYeCKoH (opMau3allii T'YMaHHTApHBIX NpeAcTaBieHui. TpaauinnoHHO
HIMPOKO MCIIOJIB3yeTcs anmnapar nudGepeHIMalbHbIX WIK PA3HOCTHBIX YPaBHEHUH.

OCHOBHBIM MareMaTH4ecKuM (OpMaIM3MOM B JIaHHOW padoTe SBISETCS areHTHOE MOJEITUpO-
BaHUE. ATEHTHOE MOJICIMPOBAHKE IIUPOKO HUCIIONB3YETCS ST MOACTUPOBAHUS TUHAMHUKN PA3IAIHBIX
CIIOKHBIX CHCTEM: TPAHCIIOPTHBIX M IEHIEXOJHBIX ITOTOKOB, SKOHOMUYECKUX, OMOIIOTHYECKHX U CO-
nuanbHbix cucteM [Lee et al., 2001; Gallegati, Kirman, 2012; Lawrynowicz, 2011; Benorenos, Ko-
HoBasieHKo, 2016]. KiroueBast uaes moaxoaa — ONMKCAHHE IPAaBHI M3MCHECHHsI COCTOSHHHA B (pa3oBoM
MPOCTPAHCTBE MOJAETH OTACIHHOTO areHTa W €ro OCHOBHBIX MOBEACHUYCCKHUX XapPAKTEPUCTHUK BMECTO
OIMCAHM TIOBEIEHH BCEl COBOKYITHOCTH areHTOB. Takod MeTol, B OTIIMYHE OT CUCTEMHOW IMHAMU-
KU, He TpeOyeT BBISBICHUS KOMILICKCHBIX CHCTEMHBIX CBsi3eil. B mporecce uccieoBaHusl MOICIUPY-
€TCsl CTOXacTUYECKasi CHCTEMa, COCTOSINAs U3 OOJBIIIOTO YMCIIa areHTOB, U M3YyYalOTCsl CBOMCTBA TaKOM
CUCTEMBI Ha MakpoypoBHe. Takoll Mmojxoj, CHU3Y BBEPX, MO3BOJIIET M3y4aTh MOSBICHUE Y CIOKHBIX
CUCTEM HOBBIX CBOWCTB, HE CBSI3aHHBIX C OTJICIIBHBIMH, COCTABJISIONIMME HX, 3neMeHTamu [Gallegati,
Kirman, 2012; benorenos u mp., 2018].

OTMeTHUM TaKKe, YTO B TEUCHHWE HECKOJIBKHX MOCICAHHUX ACCITHICTHI MIUPOKOE paclpocTpa-
HEHHE JUI pelieHHs 3a/ad MOMCKa II00aJbHOTO SKCTPEMyMa IONyYHIIM METONBI TaK Ha3bIBAEMOTO
poeBoro unTemekra [Kaprenko, 2016]. O mo3BonsioT 3p(EeKTHBHO HAXOIUTH MIOOABHBIE YKCTpE-
MYMBI CIIOXHBIX (DyHKIMHA, 3aJaHHBIX B MHOTOMEpHBIX TpocTpaHcTBaX. CyTh pOEBBIX HWHTEIUIEKTOB
CBOIUTCS K CIEAYIOMmEeH cxeMe. B MHOTOMEpPHOM MPOCTPAHCTBE 3aJ1a€TCSI MHOXKECTBO areHTOB, KOTO-
pBle B KOKIOH MOMEHT BPEMEHH XapaKTepU3YIOTCS COOTBETCTBYIOIIMM 3HAY€HHEM ONTHMH3HPYEeMOU
¢byHKIMH, 00BIYHO Ha3bIBaeMOHW (uTHec-QpyHKIMei. Ha kaxkaoM Takre areHTbl IepementatoTest no da-
30BOMY IpocTpaHCcTBY. CMeleHne B MPOCTPAHCTBE 3a TaKT KAKIOTO areHTa CKIAJIbIBaeTCs M3 Tpex
cllaraeMbIX: MEpBOe — ATO CllydaifHOe TMepeMelleHe, BTOPOe COOTBETCTBYET HAWIy4YIleMy 3HAYCHHIO
ONTUMU3UPYEMOI (UTHEC-PYHKIIMU JIAHHOTO arcHTa 3a BpeMsi paboThl ajropuTMma (3a Bpems TOUCKa
I00aJTbHOTO ONTUMAIIEHOTO 3HAYEHUSs ), a TPEThe CllaraeMoe 3a/1aeTcsi KOOpIUHATaMHU areHTa, COCe/l-
HETO C JIAaHHBIM arcHTOM W MMEIOIICTO Ha JAHHOM TaKTe HaWlydlliee 3HaueHHeM (UTHeC-QYHKIUU U3
MHOKECTBA areHTOB, MPUHAUICKAIINX HEKOTOPOH OKPECTHOCTH PAacCMaTPHUBAaEeMOro areHra. B poeBbIx
aJrOpUTMaX YHCIIO areHTOB HE MEHSACTCS, TAKXKE HE YUYUTBIBAIOTCS 3aTPaThl areHTOB Ha MEepPEeMEIICHUE
1o ¢$a3o0BOMY IIPOCTPAHCTBY.

Ecnu 1006aBUTh B BBIIICONUCAHHYIO CXeMY JleMOorpaduuecKue MpoIecchl, a MMEHHO MPOIECChI
POXKIICHHSI U CMEPTH areHTOB, a TaK)Ke yYeCTh DHEPreTHYEeCKHe 3aTpaTrhl JJISi COBEPIICHUS TOW HIIH
WHOM Omepanuu, TO MOMyYaeTCsl B KAKOM-TO CMBICJIE TOCTAaTOYHO YHUBEpCAlbHAs CXeMa Uil MOJe-
JMPOBAHUS COIMAIBFHON ITWHAMHKH, TTOCKOJIBKY COIHAIBHYIO CPElLy MOXKHO YCIOBHO PaccMaTpHBATh
KaK COBOKYITHOCTH ar¢HTOB, B3aUMOJICHCTBYIOIINX MEXKIY CO00i, IpecIeayIoNnX CBOU EIH, KOTOPEIe
(GOPMHPYIOTCST OKPYIKAIOIICH CPEeIoN M MOIYyUYEHHBIM 00pa30BaHUEM.
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B craree paccmarpuBaeTcsl areHTHasi IMATALMIOHHAsE MOZIENb, KOTOpas SIBJISETCS, TOBOPSI CIIOBa-
mu H. H. MounceeBa [Moucees, 1979], munumainbpHoi Moaeinpto. OHa omuchIBaeT BIUsHHE UH(OpMa-
[IMOHHBIX BO3AECHCTBUI Ha MPOCTEHIIYI0 KOHKYPEHIIMIO 32 OJUH PECypC MEXKIY ABYMs MOIYISILUAMU.
Lenbto MOAEIMPOBAHUS SIBISACTCS M3YYEHHS BO3MOKHOCTEH MH(MOPMAIIMOHHOTO BO3JCHCTBHS BIHSTH
Ha pe3ylbTaT KOHKYPEHIIUN.

B paccmarpruBaeMoil areHTHOM MMMTALMOHHOM MOJEIM CXEMATUYHO YYHUTBHIBAIUCH CIELYIOIINE
HPOLIECCHI, KOTOpPbIe HAOIIONAIOTCS B OKpYXaolleld Hac ACHCTBUTENBHOCTH. Bo-mepBbIX, ecTh 1Be
MOMYJISIIIMA CO CBOUMH JieMorpadu4ecKMMU MpoIleccaMi, OOWUTAIOIINE B OINPEAeIEHHOM MecTe (MbI
B JajbHeimeM OyeM Has3bIBaTh 3Ty 00JIaCTh T€OMETPHUYECKOrO IPOCTPAHCTBA 0a30ii). Bo-BTophIX, OHM
BBIMOJHSIOT OTPEISNICHHYIO MPOCTEHINYI0 (DYHKIUIO — JIOCTAaBISIOT pecypc Ha cBoro Oasy. [Ipu stom
OHH TPATST SHEPTUIO HA BBHITOJHEHNE PA3IMUHBIX JAeicTBHA. CUuTaeTcs, YTO NPU UCUEPIIAHNN SHEPTUU
ocoOu morubaroT. B-TpeTbrx, BHOBb MOSBISIOIMECS 0COOH JODKHBI OBITH «00ydeHb». To €cTh y HUX
JIOJDKHA TIOSIBUTHCS TTOBEIeHUECKas OMusa — cOop pecypca 1 JOCTaBKa ero Ha CBOIO 0azy. 1o «oldyue-
HHE» OCYILIECTBIAIOT COOTBETCTBYIOLINE 0a3bl, HA YTO TPATAT PECYpPC, KOTOPHIM OHM PACIoiaraiotr, HO
TaK)Ke MOTYT OBbITH JIpyTHe OTpaHUYEHUs], a MIMEHHO Ha KOJMYECTBO 00y4yaeMbIX 0a30i areHToB. B-uet-
BEPTHIX, 0a3bl MOT'YT OKa3bIBaThb MH()OPMALMOHHOE BO3ACHCTBHE 10 M3MEHEHUIO IIOBEIICHUS arcHTOB
JIpyTOii TIOMYJISIIMHY (TIepeMaHuBaHKe), Ha YTO TaK)Ke TPATUTCS pecypc. B-mAThIX, pecypc MOXKeT xapak-
TEPU30BATHCS CTEIICHBIO CBOEH NOCTYMHOCTH. UTOOBI y4ecTh 3TOT (PAKTOP B MOZEIIH, PECYpPC CUUTACTCS
MOABMKHBIM. CUUTaeTcs, 4TO 4eM OBICTpee HUCTOYHHK pecypca JABMIKETCS, TEM OH MEeHee JTOCTYTIEH.

3a OCHOBY MOJENMPOBaHMS B3STa KOHCTPYKIHS POEBOrO MHTENIEKTA, KOTOPas MUPOKO HCIIOIb-
3yeTcs MpU PEIEHNN 3a/1ad ONTHMHU3alUU TPAHCIIOPTHBIX MOTOKOB, KaK YIIOMHHAJIOCH BBIIIIE.

2. Onucanmne Moaejan

PaccmarpuBaeTcs npsiMoyrosbHas LienounciaeHHas pemerka G, (n=1, ..., Nym=1, ..., M).
Koopaunarel y3noB pemerku OynemM 0003Ha4aTh CUMBOIOM X, = (7, 1), TI€ YUCIA N U M ABJIAIOTCS
KOOpIWHATAMH Y374, & HUKHUE WHICKCH YKa3bIBAIOT HA THUI MOJCIBHOTO OOBEKTa, KOTOPHIN pacmoio-
JKEH B OTOH Touke (cM. puc. 1). B neil pacnonaratorcs ase noxpewerku By, k € {1, 2}, ¢ uenrpamu

B TOUYKax xzk ¥ CTOPOHaMH A, , Tak 4TO Pa3HOCTH U MEPBbIX, U BTOPHIX KOOPAHHAT HE TIPEBOCXOJIST %.
OHU OTHOCATCS, COOTBETCTBEHHO, K JBYM MOMYIISALIUASIM arcHTOB Stis kel{l, 2}, ie{l:|S, I}, tne|S, | —
YHCJIO areHTOB B k-ii momymsnuu (Besle Jajee HIDKHUM MHICKC kK OTHOCHUTCSL K COOTBETCTBYIOIINM
nonyssinuaM). Tekylnee MolokeHne areHra OyaeM 0003Ha4aTh CHMBOJIOM x,’w., I7ie BEpXHHUM HHIEKC
0003HayaeT HOMEp UTepaluu. B npsiMoyroipHOH LenodncieHHol pemwerke G, TakKe HAXOAUTCS I0-
JBIKHASL [IOJIPELIETKA R C LIEHTPOM B TOYKE Xj,, B KOTOPOW PACIOIAraeTCss HCTOYHUK PECYPCa.

3agauaMH arcHTOB SIBISICTCS JOCTaBKa pecypca, Haxopsulerocst B R, Ha cBou 0a3bl. ATECHTHI
poknaroress 1 ymuparor. IIpu 9T0oM, €CTeCTBEHHO, U3MEHsAETCs 00IIee KOJIMYECTBO areHToB ||, Tak-
JKe U3MEHseTcs HyMmepalus areHToB. B Mojenn HMcroib3yeTcst CIeAyIONMiA MOAX0A Ul COXpaHEHUs
B IIpo1iecce padoThl AITOPUTMA HENPEPHIBHOCTH HyMEPALUU areHTOB, & UMEHHO, BHOBb POIUBIIEMYCS
areHTy cpasy NPUCBAUBAETCs HOMED i = |S |+ 1, a mocye 3aBepuIeHUs KaKIOTO [UKIIA TPOMCXOIUT Ie-
peHyMepalys areHTOB KaX 101 NOMYJIIIUK U yOUparoTcs HOMepa areHTOB, KOTOPbIE UCYE3JIU B TCUCHHE
[UKJIa (YMEpIU WM MEepeluId B APYTYIO TMOMYIALHIO).

ba3pl BBINONHAIOT «0Opa3oBaTeNbHy0» (YHKLHIO, @ UMEHHO, OHM 3aJaloT LeieBble (purHec)
(GyHKIMY [TOBEACHUS areHToB. B Monenu 3ToT mporece Ha3biBaeTcs «MHPpopMannonHbii». Ha uadop-
MAaLMOHHBIN NpoLecCc TPAaTUTCSl pecype, NMPUHECCHHBIH areHTamMu Ha Oa3y. Tawoke Ha 0a3ax areHTbI
COOTBETCTBYIOIIMX MOMYJISIMN MMOIy4aloT pecypc, KOTOPHbIi 00ecrednBaeT nx IHEeprueil.

Ha puc. 1 ykazana cxema ONHCaHHOW BBIIIE MOJIEINH.

Onuiiem anroput™ ABikeHus arera B G,. Tpaekropus JBHKEHHA arcHTa s, ; B MOMCHT !
OTIpeJIeIieT BEKTOp X,’w. = (x,il., x,%’l., ces xjw.)T, I7ie BEpXHHUM HMHIEKC OIpenenseT HOMEp HMTepaluu.

KOMIIBIOTEPHBIE UCCIIEJOBAHUS U MOJAEJIUPOBAHUE
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Puc. 1. Cxema Momenun

0

HauansHbie KOOpAUHAThLI arcHTa Ski PaBHbBI xkl.

JICHHBIMU B THUIIEpIIapaJUICIICTIUIICC:

U NIPUHUMAIOTCS CIy4aiiHbIMU, PABHOMEPHO pacpeme-
H:{X|x;<xj<x;,je[1;|X|]}. (1)

Wteparnuu B aidropuTMe BBIIONHSIOTCS IO CICIYIOMICH YHHBEPCATbHOW CXEME POCBOTO HHTEIIICK-
ta [Kapnenko, 2016].
r .
B kauectse (urHEeC-QyHKIMU BHIOUpAETCS (DyHKIMs PACCTOSHUS areHTa JI0 ero Ueju X, (‘//k,i)'

¢ (xﬁc,i) =

e X, (;.//jC i) — KOOPJMHATHI TIENM HA3HAYEHHs areHTa, i/ . — TIePEMEHHas, ONpeeNIIonas TeKyIIyio
3a/ady, BBINONHAEMYIO areHToM. Ecmu ¢ . = 0, To Lembio areHTa sBIAETCA MCTOYHMK pecypca R;

Xpi— Xp (#”21)| (2

ecnu 1//;(’1. = (=), To Henblo arenTa sBIAETCS COOTBETCTBYHOIIAs 0asa B, .
Cwmernenue (CKOPOCTh) areHTa 3a TaKT OMPEICIIIeTCs BhIPaKCHHEM

t+1 t t
Xei = %t Vi (3)
1€ CMCIICHHUC ar€HTa 3a TaKT 3a4ac€TCA (bopMynoﬁ
T _ — . * ! . k% !
Vi = bV + U (0: be) - (xk’l. - x,w.) + U,y (0; bg) - (xk’l. - x,w.). (4)

3/1ech NCIOIB30BaHbI CIENYIONINE 0003HAYCHHUS. V,il. — BEKTOp NpUpalleHUusI KOOPAUHAT areHTa, KOTo-
PBIN Ha KaXKJOM TakTe ompenaessercs Tpems (axrtopamu. HieH Vk" ;= VIZI YUYUTBIBACT CMELICHUE HA
MpeApAyIIeM TakTe (HHePIMOHHAS KOMITOHEeHTa). ClleyIoIni YieH YYUTHIBAeT OTHOCUTEIBHYIO -
30CTh areHTa K MCKOMOH IIelM 3a IMOCJIeHNE { TAKTOB TOMCKA (KOTHUTHBHAS KOMIIOHEHTa). A TpeTHii
YJIeH YYHUTHIBAET OTHOCHUTENBHYIO OJM30CTh areHTOB K MCKOMOW MM, MPUHAUIeKAIIUX HEKOTOPO
OKPECTHOCTH PAacCMaTpUBAEMOTO arcHTa (COIMaibHasl KOMIIOHCHTA) N ;- b;, by, by — cBOGOHBIE Ma-
paMeTphl aJropuTMa; Ule(O; bo)n Ule(O; bg) — paBHOMEPHO PACIPE/ICIICHHBIC CIIyYaiiHbIC BEITUYHHBI
Ha npomexytkax (0; b.) u (0; bg) COOTBETCTBEHHO, x]’;i — BEKTOP KOOP/IMHAT areHTa s, ;, COOTBETCTRY-

IOIIMH HaWiIydlleMy 3Ha4eHUI0 GuTHeC-QyHKLIUH ¢ (x;( l.) 3a Bpems noucka [0 : 7] (7 unciaenHo paBHO
MATH TaKTaM), TO €CTh
o . t.
Xp; = argmin (xk’l.), ®)
te[0:1]

2024, T. 16, Ne 6, C. 1513-1527
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X;: — KOooOpJZuHara COCCAHETO C JaHHBIM arc¢HTa, MMCHOIICIO HAWJIy4IICC 3HAYCHUC (I)I/ITHCC—(I)YHKLII/II/I
B TEKYLICM TAKTE€, TO €CTh

eNkJ.

sk . t
Xp; = argmin ¢ (xk, i), (6)
j
rae N, , — MHOXKECTBO HOMEPOB arcHTOB, SBIISIOIIMXCS «COCENSIMI» JIAHHOTO areHTa S, ; Ha TEKYIEM
TaKTe.
ATEHT XapaKTepH3yeTCsi BO3PACTOM T; ;, KOTOPbIH YBE/IMYNBACTCS HA CAMHHILY 33 KakKIyI0 HTe-

A
panuio paboThl anropuT™Ma. ATeHT 00JalaeT 3Hepruen €, j» KOTOPYIO TPaTHT Ha MEPEIBIKCHUE H pe-

0

npoxykuuto. HadanbHas sHeprus e

KOHCTaHTE.

ITosiBieHne HOBOI 0cOOU OT 0COOHM-POTUTEIS 8} ; IPOMCXOUT ciydaiiHbIM 00pa3oM 110 pacripe-
nenenuto beprymm co cpennum 3HadeHueM A. [lpy pokaeHrH HOBOTO areHTa 0coOb-pOIUTENh TEPSET
4acTh CBOEU 3Hepruu. Pacxo 3HEpruu 3a TaKT PaCCUMTHIBAETCA KAaK pa3HULA TEKYIIEW SHEPTUM areH-
Ta M SHEPTHH, KOTOPYIO TpeOyeTcsl 3aTpaTuTh Ui TOAJepKaHUS CKOPOCTH V)i ¥ Ha IPOM3BOICTBO
IMOTOMCTBA:

3a/1aeTcsl OAMHAKOBOM [IJIsl BCEX areHTOB U PaBHOW HEKOTOPOM

2
V)
t+1 _ ot ki '
i TiT T, T g(ek,i)’ )
e
1
. E, ¢,>E,
£(e;) = ;
0, € < E,.,

— (yHKOMS 3aTpaT PHEPrHH Ha IOSBICHHE HOBOH ocobu; E, — (QUKCHpPOBaHHOE 3HAUCHHE YHEPTHH,
KOTOPOE areHTy HeoOXOIMMO 3aTpaTuTh JUISI IIPOU3BOJICTBA HOBOTO areHTa. lIpu JoCTHKeHUH Npeesb-
HOTO BO3pacTa 7, ; = T MIM KPUTHYECKOTO YPOBH: SHEPIUH ¢, ; = () areHT yMupaer.
basa B, k-ii momynsauum sBISETCS IEHTPOM MH(OPMALMOHHOIO BO3IEHCTBHS HA areHTOB CBOEH
WA KOHKYPEHTHOW MOIYJISILUY, a TaKXKe UCTOYHMKOM pecypca JUlsl areHTOB COOTBETCTBYIOIIHX ITOITY-
msiui. (CuuraeTcst, 4TO MpU TPAHCIOPTHPOBKE pecypca areHT ero He morpebisier. Oka3aBHIMCh Ha
Oaze xfc,i € B, areHT MTHOBEHHO IEPENAET PECYPC, KOTOPbIA OH HeceT u3 obmactu R u 3abmpaer
sHepruio E ¢ 6a3bl.) IlocraBnsgeMsblii areHTaMu Ha 6a3y pecypc TpaTHTCA Ha WH(GOPMALMOHHBIE BO3-
JEeWCTBHS, BOCIIOJHEHHE SHEPTUH arcHTOB, a TAKXKE HA caMOoIojepKaHue 0a3pl (CUUTACTCA, YTO YacTh
pecypca 6a3a TpaTuT Ha MOAAEPKaHUE CBOEH padorocmocobHOCTH). B Momenu paccMmaTpuBaeTcs nBa
TUIAa UH(GOPMALIMOHHOTO BO3ICHCTBUS: NEPBBIA THII — OOy4eHHE BHOBb HOSBUBILUXCS areHTOB CBO-
eil omyJIALuY, BTOPON — MepeMaHuBaHUE areHTOB KOHKYPEHTHOH MOMyNALUU. DTH BO3IEHCTBHS MbI
Ha3bIBaeM HH(OPMAMOHHBIMH U TIOPOOHO PACCMOTPHM B CIEIYIOLIEM pasfeie.
Torpa nuHamMuKa pecypca Ha 0a3e ONUCBHIBACTCS CJICAYIOLUIMM YPaBHEHUEM:
t
Pt+l _ PT Nt E t t P ! NB
=P —NpE-mgsw, —myw,— — + Zli’ ®)
Yoo
rae P — 3amac pecypca Ha 0ase, £ — TpaTa sHeprun 6a3bl Ha BOCCTAaHOBJIEHHE PECYPCOB OJHOTO areHTa,
Np — KOJIMYECTBO arcHTOB, JIOCTABMBIIMX PECYPC Ha a3y 3a TakT, [, — rpy3 i-ro areHTa (CYMTaercs,
4TO TPY30NOABEMHOCTb BCEX arcHTOB OIMHAKOBA), M . — YHUCIO OOYYCHHBIX 0COOCH 3a Takt, m, —
YKCIIO TIEPEMAHEHHBIX 0COOEH 32 TaKT, W, U w, — 3aTPaThl pecypca Ha O0ydYEHHE U MEPEMAHUBAHUE

COOTBETCTBEHHO OHOTO areHTa. YieH %t YUHTBIBAET 3aTpaThl pecypca 0a30il Ha MoAepKaHNUEe CBOETO
CYIIECTBOBAaHUSI.

s ydera IOCTYIMHOCTH pecypca B MOAenH oOnacTb R, TAe PacrolioKeH Pecypc, CYHTAeTCs
OBHKHOK. OHa OCYIIECTBIISET NEPUOAUMIECKUE IBHKEHUSA ¢ PUKCUPOBAHHOW CKOPOCTBIO VM C Ya-

CTOTOU KOJeOaHui v R
i )
2Vmax

YR
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Tpaekropust 1BrKeHHs 001aCTH pecypea R IepHeHIMKYIspHA NPSIMOH, coeMHstoNIel 6aspl B, , 1 pas-
HOyHaJleHa OT HUX (cM. puc. 1).

JIBUrasich B MpOCTPAHCTBE, areHT MOXKET JIOCTHYb OIHOW M3 CBOWX Iejel (0a3bl mim pecypca).
Hpu pocTrKeHHH 00IACTH pecypea areHT s, ; 3a0MpaeT KOJTMYECTBO pecypca [ ; W Ha4MHACT MOMCK
6aser. Ilpn pocTikennn o0macTi Gaskl areHT s, ; OTJAACT NEPCHOCHMBI pecypc 0ase M BOCIONHSCT
3amac cBoei PHepruu Ha (PUKCUPOBAHHOE 3HAYCHHE.

CuuTaercs, 9T0 pecypc B o0mMacTd R UCTOIIMM U MMEET CIIOCOOHOCTh BOCCTAHABIMBATHCA. 3a
KKJIbIH TaKT MPOrpaMMbl OH BOCCTAHABJIMBAETCA Ha A, emuHumI. VIcTomenue pecypca MpOMCXOIUT
MOCPEIICTBOM TOIVIOIICHHSI pecypca areHTaMu. JJnHaMuka pecypca OMUCBHIBACTCS CICAYIONINM ypaBHE-
HUEM:

NR
Q=0 +A- > 1, (10)
j=1

rie (), — 3HaYE€HUEe XPAHAIIErocs pecypca Ha 6a3e B MOMEHT BPEMEHH 7, & N — KOJIIMYECTBO areHTOB,
MONIOIIAOIIUX PECYPC B MOMEHT BPEMEHH 1.

3. Onucanme 0;J0ka MHPOPMALMOHHOTO BO3XEHCTBUSA

Ilox wH(pOpPMAIMOHHBIM BO3/IEHCTBHEM B MOJIENIM TIOHUMAETCs M3MEHEHHUE MPaBUJ MOBEICHUS
areHTOB, TO €CTh M3MEHCHHE IICJICBON (YHKI[UM areHTa lﬁz,i, KOTOPOE OMpEeNsIeT TEKYIIyI0 3aadqy,
BEBITIONTHSIEMYIO ar€HTOM.

WNudpopmannoHHOEe BO3IECHCTBHIE 3aKIIOUAETCS B CIEAYIOMIEM: 0a3a 3aTpadyuBaeT OINpeesICHHYIO
3aIaCEHHYI0 SHEPTHIO W, WM W, (B 3aBUCHMOCTH OT TUIIA BO3ICHCTBHU), 00yJaeT areHTa CBOEH Momy-
JSIAH TIEPEHOCUTh pecypc Ha cBoro 0Oa3y (oOydyeHue) au00 3acTaBiisieT areHTa APYTroil MOIMYJISIHA T1e-
PEHOCHUTH pecypc Ha CcBOIO 0a3y (mepemanuBanue). Bo3meicTBHE OKa3bIBACT BIUSHUE HA BCEX arcHTOB

CBOCH U UYXKOU MOMYJISIUK, HAXOMSAIIMXCS B PAUYCEe BO3IACUCTBUS p OT 0a3bl (ueHTpOM BO3JIECHUCTBUS

SIBIISICTCSI x;k). Cunraercsi, 4YTO 32 BpeMs >KH3HH areHTa OH MOXET OBITh OOydYeH W/WiHM NepeMaHeH
JUIIb OAWH Pa3.

CuuTtaercsi, 4TO €CTh BO3PACTHBIC OIPAHUYCHHUS, TUMUTHPYIOIIUE BOCIPUATUE areHTaMu UH(OP-
MAIHOHHBIX BO3/CHCTBUI cO cTopoHbl 6a3. Tak, mpu 7, < T, (;.//Z,i = O) areHT He CIocoOeH J0CTaB-
JSITH pecypc Ha 0a3y, a IIaBHOW €ro IeJIbI0 SIBIISICTCS BOCIIONHEHUE 3aacoB COOCTBEHHOH SHEPrHH,
KOTOPYIO OH moTpebmsier u3 obmactu R. [lpu 7, < T < T (;.//Z,i = (—1)") areHT MOXET OBITH 00Y-
yeH 0a30i MOCPEACTBOM HMH(DOPMAIMOHHOTO BO3ACHCTBHS M HAYMHACT TOCTABIATH pecypc Ha 0Oasy.
lpu 7, < T < T3 (%,i = (—1)k+1) MOKHO BO3JIEHCTBOBAaTh Ha areHTa 4Yy>KOH MOIMYJALMH C LEJbI0
CMEHBI €T0 MPUHAIEKHOCTH, TIPH yCIOBUH, YTO OH Obl panee 00yueH. [Ipu 7, < T,; < T, areHr 1mbo
JIOCTaBJISIET pecypc Ha 0a3y B COOTBETCTBHH CO 3HaYEHHUEM IEPEMEHHOM “/’ltc,i’ ecnu oH ObUT O0y4eH,
b0 CTAaHOBUTCS HEOOy4aeMbIM — B MPOTUBHOM Ciydae. Takue areHThl 00pa3yroT TPEThIO IMOMYIs-
IMIO C YUCIIEHHOCTBIO S 5, HE UMEOILYI0 cBOed 6asbl. [Ipu sTOM mapamerp %,i’ OTIPEJISIISAIONINHA Te-
KYIIyIO 3aja4y areHTa, IPUHUMAeTCsl PaBHBIM HYIIO U Jajiee He u3MeHsiercs. Bce areHTsl, o0y4eHHbIe
W TIepeMaHeHHbIe TP JJOCTH)KEHUH COOTBETCTBYIOLIEH 0a3bl, epeaaB pecype, OOHYISIOT 3HAaYEHUE
CBOCH TepeMEeHHOM 9/’2,1" MIPH ATOM 3allOMHUHAIOT MCXOJHOE 3HaueHHe STON repeMeHHOW. J[ocTurays
obyacTi R, OHM BOCCTAaHABJIMBAIOT 3alIOMHCHHOE 3HAuCHHE, IPU YCJIOBUH, YTO 3a BPEMsl JBHIKCHUS
K pecypcy WX He TepeMaHMUJIH.

Jlyis mo0oro TUMa BO3ICHUCTBUSL BHIOMPAIOTCS TE arcHThHI, IMOMABIIME B OKPECTHOCTh WHGOP-
MAaIMOHHOTO BJIMSHUS 0a3, KOTOpble HAXOAATCS Ha HaWMEHBIIEM PACCTOSHHH OT 0a3bl, HO TPH ATOM
B paamyce Bo3neicTBus p. ([Ipu 3TOM yYHUTHIBAIOTCS BO3PACTHBIC OTPAHUYCHHS, a TAKXKE CUMTACTCA,
9T0 00y4eHNE HAYMHACTCS C HAUMEHBIIINX HOMEPOB arcHTOB (i).)
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BakxHbIM (haKTOpOM. YHPaBIISIOIINM HCXOAOM B3aUMOACHCTBUS HNOMYJISILIUMN, SIBIISICTCS CTPATeTus
MH(QOPMALIMOHHOTO BO3ACHCTBHS 0a3bl HA areHTHYIO cpedy. bynem MmoHMMarh oA cTpaTerueld OTHO-
HIEHHE PAa3HOCTH MEXIY IOTEHLHAJIbHO MaKCUMAaJIbHO BO3MOXKHBIM KOJIMYECTBOM 00ydaeMbIX 0coOeit
3a TAKT ¥ MAaKCHMaJIbHO BO3MOKHBIM KOJIMUYECTBOM IEPEMaHUBAEMBIX 0COOCH 3a TakT K CyMME STHX
Benn4urH. CTpaTeruy 3a1aloTCcsl COOTHOIEHUEM

N - N
@k _ 00.,k .,k ‘ (1 1)
Noo it Ny i

Ecnu cTparerus 6asbl 3aKI04aeTCs TONBKO B 00yueHHH, TO ®, = 1, a eCili TONBKO B IlEpEMaHUBAHMH —
T0 O, = —1.

B 3aBHCHMOCTH OT COOTHOLIEHHI MEXy MapaMeTpaMH MOJIENIN PE3YNIbTaT MOBEINCHNSI areHTHOU
Cpellbl MOJKET UMETh OYEHb CIOXKHBIN Xapakrep. Mbl pacCMOTPHUM CIENYIOIIME BapUAHThI peanu3aluil
MMUTALUOHHBIX 3KCIIEPUMEHTOB.

Bo-riepBbIX, paccMOTpUM ciIy4aid, KOrja B MPOIecce SKCIEPUMEHTa BCE areHThl MOIyYaloT WH-
(dhopmarronHoe Bo3aeiicTBue. Torja BOSHUKAET BOIIPOC: KaK cTpareruu U (hakrop JOCTYIHOCTH pecyp-
ca BJIHSIOT Ha PE3yNbTaT KOHKYPEHTHOTO B3aMMOJICHCTBHS.

Bo-BTOpBIX, paccMOTpUM cilydaii, KOIJla HE BCE areHThl, CYIIECTBYIOIINUE B MOJEIH, MOJIy4aroT
MH(QOPMALMOHHOE BO3AeHcTBHE. Toraa B CHCTEME areHTOB BO3ZHHMKAET TPETbs momymsuus. B monenn
CUMUTAETCS, YTO TPEThsl MOMYJALMS OTIAMYAETCS MPAaBUIAMU IIOBEACHUS OT ABYX APYTUX TEM, UTO €€
areHThl HE 3aHMMAIOTCS JOCTABKOM pecypca BBUAY OTCYTCTBUS Y HUX Oa3bl. IIpu 3TOM areHTsl TpeTbeit
MOMYJISIUK TaK)Ke CHOCOOHBI Pa3MHOXAThCS, OJHAKO B OTIMYHME OT JIBYX APYTHX TOMYJAIUIl HOBbIE
areHTHl He HY)XKJAITCs B 00y4eHHH, TaK Kak HE UMEIOT 0a3bl, U OHU HE BBIMOJHSIOT 33734y JIOCTaBKH
pecypca. Takke cuuTaercs, 4YTO TAaKHUE areHThl HE IOABEPKEHbl MH()OPMALMOHHOMY BO3ACHCTBUIO CO
CTOPOHBI IPYrUX nomyssinuid. HarpoTus, 3T areHThl OKa3bIBalOT BIMSHUAE HA ar€HTOB IIEPBOM U BTOPOI
MOMYJISIAN, MEHSI UX MPUHAJUIEKHOCTh M U3MEHsS TapaMeTp TeKyllel 3aJa4n arcHTa: Wta,i()@,i) =3,
TO €CTh IpeBpallas B areHTOB TpeThel momynsaiuu. CuuTaercs, 4To Mepexoj areHTa U3 MepBOM HIIN
BTOPOM MOIY/SILUHU B TPETHIO MOMYIIALHUIO IPOUCXOANT CIIydaHbIM 00pa3oM IO pacipenesneHuo bep-
HYJUIA CO CPEAHHUM 3HAYECHUEM A IIpu ycnoBuu, 4TO COOTBETCTBYIOIUE ar€HThl HAXOAATCS HA PacCTOs-
HUE OT areHTa TPeThel MOMYJSILUU MEHBIIIE, YUeM XapaKTepHOE paccTosiHKUE, paBHOE (. BoccTaHoBneHMe
SHEPrUuu areHTa TPEeThel MOIMYJISLUU IPOUCXOJUT 3a CUET NMUTAaHUS HANPSIMYKO OT pecypcea.

4. Pe3yabrarsl

C omumcaHHOU BHINIE€ areHTHON MMHUTAIIMOHHOW MOJENBIO OBUT MPOBEICH PsJ IKCIIEPUMEHTOB,
B KOTOPBIX PacCMaTPHBAIOCH BIUSHUE PA3INIHBIX CTpaTeruii HH(GOPMAITMOHHOTO BO3ICHCTBUS IOIY-
TN HAa TUHAMUKY MOJCIH B IEIOM. MBI, BO-TICPBBIX, XOTEIH HCCICIOBATh BO3MOXKHBIC d(PQEKTHI,
CBSI3aHHBIC C UCTIOIH30BAHUEM MOMYISLUIMH Pa3HBIX WHOOPMAIIMOHHBIX CTPATETUN TP YCIOBHH, KO-
I7la BCC BHOBDH IMOSBILIOIINECS areHThI 00y4JaroTCs, a BO-BTOPBIX, UCCIICAOBATh CUTYAIIHIO, KOTIIA B CH-
CTEME TNOSIBIISIETCS TPEThsI MOMYJISALIHS.

B mepBoM ciydyae aHaNM3HPOBAIOCH BIMsHUE HH(DOPMAIIMOHHBIX CTPAaTeTHil Ha Pe3yJabTaT KOH-
KYPEHIIMU MEKTY JIBYMS TIOMYJIAIMAMY MIPH (PUKCHUPOBAHHBIX MAPAMETPAX W, W,, HEMOJABUKHOM H T10-
JIBIDKHOM pecypce (TOBHKHOCTh pecypca MBI OTOXJIECTBIISIIIM CO CTEIIEHBIO ero JocTymHocTh). Pac-
cMaTpHUBajach J0JA NCXOA0B UMUTAIIMOHHBIX SKCIIEPUMEHTOB, B KOTOPHIX OJIHA MOIYJISIINS BBHITECHAJIA
Ipyryro. B pamkax kaxaoro skcrnepumenTa nposoauiock 100 nmporono monenu. Ilapamerpsl Mmogenu
OBUTH MOJ0OpaHbl TAKUM 00pa30M, YTO BCE areHTHl 00EHX MOMYJSIUUNA 00ydauch, TO €CTh B CUCTEME
HE TIOSIBIISUIOCH HEOOYUEHHBIX areHTOB, KOTOPbIE MOTIIM COPMHUPOBATH TPETHIO MOIMYIISIIHIO.
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Pe3ynbrar oLeHUBANICS CIESAYIOIUM 00pa3oM. BhIumcisiiach BepOSITHOCTh BBITECHEHHS MEPBOM
HOMYJSIHH 10 ceyromeit popmye:

N
21 xn(®1, @2)
@, 0, = ”=—,
P( 1 2) N
e N — gucio IMIPOroHOB MOJCJIN B paMKax OHHOﬁ pcaimn3anmu,

(12)

0, ucue3HOBEHME TEPBOM MOMYISALHH,
x,(0,,0,) = .
1, BCcue3HOBEHUE BTOPOU MOMYISINH,
— pesynbrar n-ro nporoua, n = 1, N. To ectsb ciy4vaiinas Bennuuna x,(0,, ©,) umMeeT pacnpeeneHne
Bepryiu ¢ marematnyeckum oxunannem M(x,(0,, ©,)) = p(®,, ©,) u nucnepcueit D(x,(0,, ©,)) =
= p(G)l’ ®2) : (1 - P(®1, ®2))

Pesynbrare! mpencTaBieHsl B Tabaumax 1, 2 u Ha puc. 2, 3.

B rabnunax B mepBoM CTONONE yKa3aHbl CTPATErUH NEPBON MOMyYJsAUU ©, BO BTOPOM CTOJIONE
YKa3aHbl CTPATETMU BTOPOW MOIMYIsuu ©,, B TPEThEM CTONONE — BEPOATHOCTH BBITECHEHHUSI TIEPBOM
MOMYJIANHACH OCTAIBHBIX, B YCTBEPTOM — MaTEMAaTHYCCKOC OXKHIAHUE CIIYYaWHOH BEIHMYHMHBI, B IIs-
ToM — mucnepcus. Ha ocHOBe maHHBIX U3 Tabmuil 1, 2 ObUIM MOCTPOCHBI IIBETOBHIC TEIIOBBIC KAPTHI
(puc. 2, 3).

Crparerust mepBOil MOILYJISIIIII

0 0,2 0,4 0,6 0,8 1

Crparerust BTOpoil oIy isdnum

Puc. 2. Busyanusanus pe3yinbTaToB SKCIIEPUMEHTA MTPH HEMOABIKHOM HMCTOYHHKE pecypca

Ha puc. 2, npencrasistonieM co0Oi IBETOBYIO TEIUIOBYIO KapTy, B CTOJNOLAX yKa3aHbl YHC-
JICHHBIC 3HAYEHHWsl CTPATETHH MEPBOW MOMYISUMU © |, B psAgax — CTparerud BTOPOii nomyssiund ©,,
a B siueiikax rpaduuecku (IIBeToM) 0003HaUYCHBI BEPOSITHOCTH BBITECHEHHS BTOPOH MOIYIISIIIUH, TO €CTh
BBIKHBaHUS TIEPBOM.

Bunno (puc. 2), 4To BepOsATHOCTh BBITECHEHHs MEPBOW MOMYSAIMEN BCeraa MpeBbIlIaeT 3Haue-
Hue 0,5 1100 paBHA eMy, TO €CTh B HE3aBUCUMOCTH OT CTPAaTerHH BTOPOH IOMYISALUY II€pBas MOIMYJIs-
1yst ¢ OONBIICH BEPOSITHOCTBIO BBITECHSICT BTOPYIO. Takol pe3ylsTaT MOXKHO TPaKTOBaTh KaK MpPEBOC-
XOJCTBO CTPaTEruy, 3aKJIIOYaroleiics B OOJbIIEeM 3HAYCHUH Nis (xonMyecTBO 00y4aeMBIX areHTOB)
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Ta6n1/1ua 1. YucneHHble PE3YAbTAThI SKCICPUMCHTOB MTPU HEIIOABUKHOM peCypCe

®, | 0, | p®,,0,) [ M(x,©,,0,) | D(x,©,, 0,)
T | -1 0,97 0,97 0,03
1 [-08| 083 0,83 0,14
I [-06| 0,78 0,78 0,17
1 |04 | 0,74 0,74 0,19
1 [-02] 0,70 0,70 0,21
T [ 0 0,67 0,67 0,22

08 | -1 0,92 0,92 0,07

08 | —08 | 0,76 0,76 0,18

08 | -06| 0,72 0,72 0,20

08 | —04 | 068 0,68 0,22

08 | 02| 065 0,65 0.23

08| 0 0,62 0,62 0,24

06 | -1 0,85 0,85 0,13

06 | —08 | 0,72 0,72 0,20

06 | 06| 0068 0,68 0,22

06 | —04 | 064 0,64 0,23

06 | -02 | 060 0,60 0,24

06| 0 0,59 0,59 0,24

04 | -1 0,82 0,82 0,15

04 | —08 | 0,68 0,68 0,22

04 | 06| 063 0,63 0,23

04 | —04 | 0,59 0,59 0,24

04 | —02 | 057 0,57 0,25

04| 0 0,55 0,55 0,25

02 | -1 0,78 0,78 0,17

02| -08| 064 0,64 0,23

02 | 06| 059 0,59 0,24

02 | —04 | 057 0,57 0,25

02 | 02| 055 0,55 0,25

02| 0 0,54 0,54 0,25
0 | -1 0,74 0,74 0,19
0 | -08| 06l 0,61 0,24
0 | —06| 057 0,57 0,25
0 | 04| 054 0,54 0,25
0 | -02| 052 0,52 0,25
0] 0 0,50 0,50 0.25

0 CPAaBHEHHMIO CO 3HaYeHueM N (KOJTMYEeCTBO TIEpeMaHWBaEeMbIX areHToB). To ecTh oOpa3oBaHHE
npeobiagaeT HaJ CMEHON MPUHAIIC)KHOCTH.

B ciryuae moaBmkHOTO pecypea (puc. 3) BUIHO, YTO BEPOSITHOCTH BBHITECHEHUS MEPBOM MOITYIIs-
uuel npepbinaet 3HaveHue 0,5 b0 paBHa €My, TOJIBKO IIPU CTPAaTETHsX, B KOTOPHIX 3HadeHUe N, .
OMM3KO K CBOEMY MAaKCHUMyMY ISl TIEPBOM MOMYIAIMHA. B OCTaNbHBIX CITydasX MepBas MOMYIISIHS UC-
Yye3aer.

Takum 00pa3oM, IpH YMEHBIIEHUH JOCTYIIHOCTH pecypca CTpaTeruy, OPUEHTUPOBAHHBIE Ha Iie-
peMaHUBaHHE areHTOB YYXKOH TMOIYJSAIMH, OKa3bIBAIOTCA OoJiee BBHITOJHBIMHU 110 CPABHEHUIO C TEMH,
KOTOpbIE OPHEHTHPOBaHbI Ha oOpa3zoBaHue. CBA3aHO 3TO € TEM, YTO IEPEMaHMBAHHUE MO3BOJISIET MOA-
JIepKHUBATh OOJIBIIYIO YNCIEHHOCTh OMYJISALIUMH, YTO IPUBOAUT K OoJiee OBICTPOMY HAXOXKAESHUIO MapIll-
pyTa 70 pecypca areHTaMu B TaKHX HEOIaronpHUATHBIX yCIOBUSX.
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Tabnuna 2. YuciieHHbIe PE3YIbTAThI OKCIICPUMEHTOB IIPU MOJABUKHOM PECYpPCE

®, | 0, | p®,,0,) [ M(x,©,,0,) | D(x,©,, 0,)
T | -1 0,01 0,01 0,01
1 [-08| 003 0,03 0,03
T [-06| 007 0,07 0,07
1 | 04| 0,12 0,12 0,11
1 [ =02 013 0,13 0,11
T [ 0 0,19 0,19 0,15

08 | -1 0,03 0,03 0,03

08 | —08 | 0,06 0,06 0,06

08 | =06 | 0,11 0,11 0,10

08 | —04 | 0,14 0,14 0,12

08 | -02] 0,18 0,18 0.15

08| 0 0,23 0,23 0,18

06 | -1 0,06 0,06 0,06

06 | —08 | 0,09 0,09 0,08

06 | -06 | 0,13 0,13 0,11

06 | —04 | 0,18 0,18 0,15

06 | —02 | 023 0,23 0,18

06| 0 0,29 0,29 0,21

04 | -1 0,11 0,11 0,10

04 | -08 | 0,15 0,15 0,13

04 | 06| 0,17 0,17 0,14

04 | —04 | 023 0,23 0,18

04 | —02 | 028 0,28 0,20

04| 0 0,38 0,38 0,24

02 | -1 0,15 0,15 0,13

02 | -08 0,2 0,2 0,16

02 | 06| 022 0,22 0,17

02| 04| 026 0,26 0,19

02 | 02| 035 035 0,23

02| 0 0,46 0,46 0,25
0 | -1 0,19 0,19 0,15
0 | -08| 025 0,25 0,19
0 | —06| 028 0,28 0,20
0 | -04| 032 0,32 0,22
0 | -02| 042 0,42 0,24
0] 0 0,5 0,5 0,25

Llenbio cienyromell cepuu KCIEPUMEHTOB SIBISJIMCh U3YUCHUE YCIOBUH BO3HHUKHOBEHHS Tpe-
Thell MOMYISIMK U BIMSHUE €€ Ha JWHAMHKY MOJeNH. BBUTH NpOBEIeHB! SKCIEPHUMEHTHI, B KOTOPBIX
BapbUPOBAJICS XapaKTEPHbIH paanyc MH(YOPMALMOHHOTO BO3ACHCTBHS { CO CTOPOHBI areHTOB TPEThEH
MOMYJISIIMK Ha OcTajbHbIE. Bee aKcreprMeHTHs! 3Toi cepuy ObUIM OrpaHWYEeHBbI 10 JUIUTENbHOCTH, pe-
3yJIbTaTOM CUHMTAJIOCh COCTOSIHUE, B KOTOPOM HAXOIMJIACh CHCTEMa II0 MCTEYCHUH BPEMEHH, TPeOyro-
IIErocs U CMEHBI 5 MOKOJeHUH oco0eil B MOMyJsIHMU. DKCIEPUMEHTAIBHO OBIJI0 0OHAPYKEHO TPH
XapaKTEPHBIX COCTOSHMS, & UMEHHO: 1) BBITECHEHHME TPETbEH HOMYJSLMEH OCTalbHBIX HOIYIISLMMA;
2) coCyIecTBOBaHUE TPEThell MOMYIANNWU U OCTaJbHBIX; 3) OTCYTCTBHE TPEThel MOMyJSIUU. JKC-
HNEPUMEHTHI ObUIM IPOBEACHBI IPU PA3HBIX 3HAYCHHMSIX CKOPOCTH ABHXKEHHUS pecypca (ZOCTYITHOCTH).
Pe3ynbTaThl SKCIIEPUMEHTOB MPECTABICHBI Ha I[BETOBBIX TEIJIOBBIX KapTax, B CTONOIAX KOTOPHIX yKa-
3aHa CKOPOCTh pecypca, B pAgax — pajuyc BO3AEHCTBHUS CO CTOPOHBI areHTOB TPEThEH MOMyIAUN Ha
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Crparerust nepBoii MOIYJIAIIT
0 0,2 0,4 0,6 0,8 1

Crparerust BTOpOil MOIyJISIII

Puc. 3. BI/I3yaJ'II/I3aIII/I$[ PE3YIIbTATOB SKCIICPUMEHTA IPHU NOABUKHOM HCTOYHHUKE peCypca

Cxkopocth pecypca
o o1 02 03 04 05 06 07 08 09 1

5
6 1-
- 0,9 -
0,8 -
N b
= 8 0.7-
Q
= 9 0,6 -
=
§ 10 0,5‘
(9] 074-
> 11
5 0,3-
<
a, 12 0,2 -
13 0,1-
0-

14
15

Puc. 4. BeposTHOCTh BOSHHKHOBCHHSI PEXKUMa COCYIICCTBOBAHMS MOMYIISIIAIA MIPH PA3IMYHBIX pagiycax BO3JCi-
CTBHS U CKOPOCTH pecypca (JOCTYHHOCTB)

areHTOB OCTaJBHBIX MOMYJISALUH £, a B s4elikax rpaguyecku 0003HAYECHBI BEPOSTHOCTH BO3SHHKHOBEHUS
COOTBETCTBYIOIIETO XapaKTEPHOTO COCTOSIHHS B cucteMe (puc. 4-06).

Kax BugHO M3 puc. 3, pe)XUM COCYIIECTBOBAHMS MOIMYJSLUNA MPUCYTCTBYET BO BCEX IPOBEICH-
HBIX DKCTIepUMEeHTaX. [Ipruem rpaHuIbl TAaKoro pPeXHMa CBUTAIOTCS B CTOPOHY BO3pacTaHUs paauyca
BO3/IEHCTBHS { areHTOB TPeThel MOMYJISALUU PH YBEINYEHUH CKOPOCTH pecypca.
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CxopocTh pecypca
o o1 02 03 04 05 06 07 08 09 1

5
6 1-
; 0,9 -
w 0,8 -
=
£ 8 0,7 -
Q
= 9 0,6 -
& 05 -
2 10 0,4
=11 "
=4 0,3 -
12
A 0,2 -
13 0,1-
14 0-
15

Puc. 5. BeposATHOCTh OTCYTCTBUSI BOSHUKHOBCHUS TPEThCU MOMYISAIUH MPH PA3JIUYHBIX PAJUYCax BO3IACUCTBHS
1 CKOPOCTH pecypca (IOCTYITHOCTH)

CkopocTth pecypca
0 01 02 03 04 05 06 07 08 09 1

5
6 1-
7 0,9 -
§ . 0,8 -
g 0,7 -
= 9 0,6 -
=
3 10 0,5 -
0,4 -
=11
= 0,3 -
E 12
[al) 02 -
13 0,1-
0 -

—
~

15

Puc. 6. BeposSTHOCTD BBITECHEHHS TPEThEH MOMYIAIHEH OCTANBHBIX MPHU Pa3NUYHBIX pajycax BO3IeHCTBUA {
U CKOPOCTH pecypca (JOCTYIHOCTh)

PaccMmoTpuM HeckobKo cpe3oB puc. 4, 5 U 6, COBMEUICHHBIX Ha OTHOM rpaduke.

Ha rpadwukax (puc. 7, 8) HaOIrOmacTCs POCT BEPOSTHOCTH BBITCCHEHUS TPEThel MOMYIIAIueh
OCTaJIbHBIX C YBEIMYCHUEM pajinyca BO3JCHCTBUS { BO BCEX CEPUSX IKCIICPUMEHTOB, U, HA000POT, MPH
YMEHBIICHNU 3HAaYeHHs pajuyca { MIaHC BOSHUKHOBEHHS TPEThel MONmyisiuu yMmMeHbmaercs. OHako
B HE3aBHCHMOCTH OT MOABMKHOCTH pecypca BO BCEX IKCIIEPHUMEHTaX HaOJIIOfaeTCsl PeKUM COCyIie-
CTBOBAHMS BCEX TPEX IMOMYIISIIHA.
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Puc. 7. BepoaTHOCTh HCXOa MOZIENIY IPH MOABMKHOM PECYPCE B 3aBUCHMOCTH OT XapaKTEPHOIO paJuyca BO3-
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Pa,m/lyc BOSﬂefICTBI/IH areiToB TpeTbefI TOITYJIATTNIA

Puc. 8. BeposiTHOCTb MCXOJ@a MOJETH MPH HEMOJIBMKHOM PECypce B 3aBHCHUMOCTH OT XapaKTEpHOTO pajauyca
BO3zIEeUCTBUS {

5. 3akaouenue

Hcnonb30Banne MOIXO0B POCBOTO MHTEIUICKTA C T00aBICHUEM AeMOTpadUIeCKUX MPOIECCOB,
BIUSIONINX HAa KOJIMYECTBO areHTOB, YUACTBYIOIIUX B PEIICHUH OMPEACICHHON 3a7add, a TAKXKe MPHU
ydeTe 3aTpar areHTOB TP PEIIeHUH dTHX 3aa4 SBJSAEeTCS, KaKk HaM KaxeTcs, 3()()eKTHBHOW TEXHOIOTH-
eif ITIs1 CO3MIaHusl IMMPOKOTO KJIacCa COMMATFHO OPUEHTUPOBAHHBIX ar€HTHBIX UMUTAIIMOHHBIX MOJICIICH.

B paccMoTpeHHOI BbIIIE MOAEIM Ha OCHOBE TEXHOJOIMH POCBOTO MHTEIUIEKTa OblIa HOCTPOCHA
areHTHas UMUTALMOHHAs MOJIeINb, KOTOpasi MCIOIb30Balach ISl aHAIN3a BIMSIHUS MH(OPMAIIHOHHBIX
IIPOLECCOB HA JUHAMUKY CUCTEMBI ABYX KOHKYPHUPYIOIIHX ITOIMYIISIIUM 3a MOABUKHBII pecypc.

ITo pe3ynbraraM MMHUTALMOHHBIX SKCIEPHMEHTOB, NPOBEICHHBIX C MOJEIbIO, OBLIO MOKA3aHO,
YTO TMPU JIETKOJOCTYITHOM pPEecypce CTpaTerHH, OPUEHTUPOBAHHBIC Ha O0yYCHHE areHTOB CBOCH MOITy-
JSILMY, JAI0T TOIY/ISILNMH, IPUMEHSIOIIEH 3Ty CTPATerHio, O0Jbllee KOHKYPEHTHOE IPEUMYIIECTBO, YTO
MIPUBOIUT K BBITECHEHUIO MOIYJISIIIMY, UCTIONB3YIOIIeH cTpaTreruo nepemannBanus. OHako B ciydae,
KOTJIa pecypc CTaHOBWJICSA TPYAHOJOCTYITHBIM, HA00OPOT, CTpaTeruy, HalleJIeHHbIE Ha TIepeMaHBaHUe
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00y4YEHHBIX 0COOCH IPYTO¥ IMOIYJISIIHK, OKa3bIBAIOTCS 00JIee BHITOMHBIMH JUIS ITOMYJISAIIHHA, UCTIOTIb3Y-
IOLLEH ATy CTPATETHUIO.

[Ipu TPyIHOZOCTYITHOM PECypce W BCIEACTBHE HEIOCTATOYHOCTH OOpPa30BaTCIIbHBIX CTpaTeTHi
B MOJICJIH TPOUCXOIUT BO3HUKHOBCHHE TPETHEH MOMYJISINH, areHThl KOTOPOH HE MMEIOT LEHTpalu-
30BaHHOTO YIIpaBJICHUSA. Takas IOMyJAINsS BHOCHT HECTAOMIBHOCTh B OOIIYIO AMHAMHKY CHCTEMBI,
YTO B ONPEICIICHHBIX CIy4yasX MPUBOIUT K MOJTHOMY BBITECHEHHUIO MEPBOHAYAIBHO CYIIECCTBOBABIINX
OIS,

Kax nHam BuguTCS, A7 UCCICTOBAHMS BIMSIHIS MHGOPMAITMOHHBIX BO3JCHCTBHUI Ha COLMATbHBIC
MPOIIECChl areHTHBIC MHUTAMOHHBIC MOJICIIH, ITOCTPOSCHHBIC Ha 0a3e POEBOTO MHTEIICKTA, SBISTFOTCS
YAOOHBIM WHCTPYMEHTOM JijIsl (hOpMaTU3alliK U aHalln3a COLUATIbHON JMHAMUKY.

Cnucok gurteparypsbl (References)

benomenos H. B., Konosanenxo U. A. MonenupoBaHue BIUSHUS TOABIKHOCTH 0COOCH Ha MPOCTPAHCT-
BEHHO-BPEMEHHYIO JUHAMHUKY MOMYJISIUU Ha OCHOBE KOMIIbIOTEpHOU Mojenu // KommbroTepHbie
uccienoanus u monenuposanne. — 2016. — T. 8, Ne 2. — C. 298-305.
Belotelov N. V., Konovalenko 1. A. Modelirovaniye vliyaniya podvizhnosti osobei na prostranstvenno-vremennuyu
dinamiku populyatsii na osnove kompyuternoy modeli [Modeling the impact of individual mobility on spatial and
temporal population dynamics based on a computer model] // Computer Research and Modeling. — 2016. — Vol. 8§,
No. 2. — P. 298-305 (in Russian).

benomenos H. B., Konosanenxo U. A., Hazaposa B. M., 3aiiyes B. A. HekoTopble 0COOCHHOCTH TpyII-
MOBOI TMHAMHMKH B areHTHOW MOJICIIU «Pecypc —moTpedurenby // KOMIbIOTepHBIC HCCISI0BAHUS
u moxpenupoBanue. — 2018. — T. 10, Ne 6. — C. 833-850.
Belotelov N. V., Konovalenko I. A., Nazarova V. M., Zaycev V. A. Nekotoriye osobennosti gruppovoi dinamiki v agentnoi
modeli “resurs—potrebitel” [Some features of group dynamics in the agent-based resource—consumer model] //
Computer Research and Modeling. — 2018. — Vol. 10, No. 6. — P. 833-850 (in Russian).

Kapnenxo A.I1. CoBpeMEHHBIE aJTOPUTMBI TTOMCKOBON ONTHMH3AIMU. AJTOPUTMBI, BIOXHOBJIEHHBIE
npupoaon. — 2016. — C. 248.
Karpenko A. P. Sovremenniye algoritmy poiskovoi optimizacii. Algorithmy vdohnovlennie prirodoi [Modern search
engine optimization algorithms. Nature-inspired algorithms]. — 2016. — P. 248 (in Russian).

Muxaiinos A.I1., Ilempos A.Il. MaremaTudecKue MOJEIH CHCTEMbI «YEIOBEK —O00IIeCTBO». — M.:
dusmariut, 2022. — C. 456.
Michailov A. P, Petrov A. P Matematicheskie modeli sistemi “chelovek —obshestvo” [Mathematical models of the
“man —society” system]. — Moscow: Fizmatlit, 2022. — P. 456 (in Russian).

Moucees H. H. MaremaTrka cTaBUT 3KcriepuMeHT. — M.: Hayka, 1979. — C. 29.
Moiseev N.N. Matematika stavit eksperiment [Math sets up an experiment]. — Moscow: Nauka, 1979. — P. 29 (in
Russian).

Dahal K., Tan K. C., Cowling P.I. (eds.) Evolutionary scheduling. — Springer Science & Business
Media, 2007. — Vol. 49. — P. 1-5.

Eiben A. E., Smith J. E. Introduction to evolutionary computing. — Berlin Heidelberg: Springer-Verlag,
2015. — P. 1-3.

Gallegati M., Kirman A. Reconstructing economics: Agent based models and complexity / Complexity
Economics. — 2012. — Vol. 1. — P. 5-31.

Gallegosa A., Mazzagh B., Mogilnera A. Two continuum models for the spreading of myxobacteria
swarms // Bulletin of Mathematical Biology. — 2006. — P. 837-861.

Kramer O. Genetic algorithms. — Springer International Publishing, 2017. — P. 3-5.

Lawrynowicz A. A survey of evolutionary algorithms for production and logistics optimization //
Research in Logistics & Production. — 2011. — Vol. 1. — P. 58-59.

Lee C. T, Hoopse M. F, Diehl J., Gilliland W., Huxel G., Leaver E. V., Mccann K., Umbanhowar J.,
Moglner A. Non-local concepts and models in biology // J. Theor. Biol. — 2001. — Vol. 210. —
P. 201-219.

Mac Nally R. Modelling confinement experiments in community ecology: differential mobility among
competitors // Ecological Modelling. — 2000. — Vol. 129. — P. 65-85.

2024, T. 16, Ne 6, C. 1513-1527





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'RCD'] [Based on 'RCD'] [Based on 'RCD'] [Based on 'RCD'] [Based on 'RCD'] [Based on 'RCD'] [Based on 'RCD'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [595.276 841.890]
>> setpagedevice


