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Po3rasinyTo akTyajbHy npod/eMy caMoopraHiszauii crpareriii cTOXacTUH4HOI rpu 6araToareHTHOL
cuctemu. IIpossBoM camoopraHizauii € popMyBaHHSI CKOOPAMHOBAHUX MOBEAIHKOBMX NaTepHiB rpynu
MOOLIBHMX areHTiB, HAIVIEHUX 3AaTHICTIO NepeMillyBaTHCS B 00MeKeHOMY IMCKPEeTHOMY IPOCTOPi.

ATeHT — 1e aBTOHOMHHII 00 €KT, SIKHH MO’Ke B3a€EMOMIATH i3 HABKOJMIIHIM CepeIoBHINEM,
IHIIMMM areHTaMH i JIIOAUHOIO /15 BUOOpY BapiaHTiB pilleHb. BaraTtoareHTHa cucreMa cKJajaeTbes i3
TPyNHU areHTiB, fIKi BUKOHYIOThb CHiJIbHY po0oOTy, CHIBNPALIOIOYN MiK c000I0 y MeiKaX JOKaJbHHX
nmigMHOkHUH areHTiB. IloBeniHkoBHiIi maTepH (araToareHTHOi cucreMHM — Le BidyaaizoBana dgopma
BIIOPSIAKOBAHOI'0 TepeMillleHHsI areHTiB, IKA BHHHMKAE i3 IX MOYATKOBOr0 XaoTHYHOr0 pyXy HiA 4ac
HABYAHHSA CTOXACTHYHOI IPH.

IoBTOpIOBAIbHA CTOXACTMYHA IpPa MOJAra€c y pealizalii KepoBaHOr0 BHMIIAJKOBOr0 Hpouecy
BUOOpPY BapiaHTiB pilieHs. /[y HbOro irpoBi areHTH BMIAJIKOBO, OJHOYACHO i He3a/1e:KHO BUOMPAIOTH
OJHY i3 BJAaCHHMX YHCTHMX cTpaTeriii y 1ucKkpeTHi MoMeHTH 4Yacy. YucTi cTparerii rpaBuiB BU3HAYAIOTH
HANPSAMKH TepeMillleHHs] Y ABOBUMIPHOMY HpoCTOpi: BHepeld, Ha3aja, Hampapo, HajiBo. Ilicas
3aBepuleHHs1 BMOOPY ycix crpareriii 004ucC/aA0K0TH NOTOYHI mporpami rpaBuiB. [las ¢opmyBanHs
BIIOPAIKOBAHOI0 NepeMillleHHs1 KOKeH areHT NOBUHEH NMOBTOPIOBATH Jii cycinnix arenris. Toai moTouHi
nporpami BU3HA4YaI0ThCsl iIHIUKATOPHOIO (pyHKIi€EI0 moAiOHoCTI cTpaTerii cycigHix rpaBuiB. O04ucieHi
NMOTOYHi Mporpami BUKOPUCTOBYIOTH 1JIsl aJallTUBHOIO NepepaxyHKY 3MillaHUX cTpaTeriid rpaBuiB.
ImoBipHicTh BHOOpPY 4mcTOl cTpaTerii 30LIbIIYEThCSI, AKINO il peaJi3alis nmpusBeja 10 3MeHILIECHHS
noroyHoro mnporpamy. Ilix Yyac NOBTOPIOBAJBHOI I'PH areHTH c(OPMYIOTh BEKTOPH 3MilIaHMX
crparerii, siki MiHiMi3yloTh GyHKLii cepeaHix nporpamis rpaBuis.

Jast po3B'sisyBaHHs irpoBoi 3amadui moOyqoBH mNAaTepHIB camMoopraHizamii 6araToareHTHOI
CHCTEeMH BHKOPHUCTAHO AJANTHBHUI MapKiBchbKkHMii pekypeHTHHMii MeToA, mo0yaoBaHMii Ha OCHOBI
CTOXAaCTHYHOI anpokcuManii MoaM(piKoBaHOI YMOBH /IONOBHAVIBHOI HEXKOPCTKOCTI, AKa cpaBeluBa y
Toukax piBHoBaru 3a Hemewm. [l HOpMyBaHHS eJleMeHTIB BEKTOPiB 3MillIaHUX cTpAaTeriii 3acTOCOBaHO
onepauiio iX NMpoeKTYBaHHSA Ha OJMHWUYHMII PO3LIMPIOBAHMII enciloH-cuMIIekc. 30iXkHicTH irpoBoro
MeToay 3ale3nmevyyerbcsl JOTPUMAHHAM (yHIaMeHTATbHUX YMOB Ta oO0MeeHb CTOXaCTHYHOI
onTuMi3auii.

Komm' roTepHe MoIeTIOBaHHS MiATBEPIHIO MOKIUBICTH 32CTOCYBAHHS MO/IENi CTOXaCTHYHOI TPH
IJsl mo0ya1oBM maTepHiB camooprasizanii 0araroareHTHoi cucremu. ®@opMa OTpPHMMAaHHX NATEpHIB
3aJIeKATh Bil cmocody JI0KaJbHOrO opieHTyBaHHS MOOiNbHMX areHTiB. Ilim 4yac komm 0TepHOro
eKCIIepUMEHTY OTPUMAaHO BHMXPOBi Ta JiHiliHi nmarepHu mnepemimenns areHTiB. JlocroBipHicTb
eKCIePUMEHTATbHUX JOCTiAKeHb MiATBePIKYETHCA MOAIOHICTIO OTPUMAHMX Pe3yJbTATIB AJds Pi3HHUX
NMOC/IiI0BHOCTEl BUNAaAKOBUX BEJIHYHH.
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Pe3yabTaTh Hi€i po6oTH J0UIJIBHO 3aCTOCYBATH A/l BUBYEHHS NATEPHIB KOJEKTHUBHOI NOBEAiHKHU
areHTiB JJIsl TVIMOIIOro PO3yMiHHS NpoleciB camMoopraHizauii NpUPOAHUX CHCTEM Ta A NMOOyA0BM
PO3MOAiJIeHNX CUCTEM NPUIHATTS pillleHb.

KuamouoBi cjioBa: camoopraHizamisi, naTepH moBeliHKH, 0araToareHTHa CHCTeMa, CTOXaCTUYHA
rpa, MapKiBCbKHii peKypeHTHH MeTO/.

Beryn

3apomkeHas y cepeamHi XX CT. KiOEpHETHKM SIK HAyKH PO 3araibHi 3aKOHW YIPAaBIiHHS Ta
ompaioBaHHs iHQOpMAIl y CKIaJHUX CHCTEMaxX ICTOPUYHO OOYMOBIIEHO PO3BHUTKOM EJIEKTPOHIKH,
ABTOMATHKH, KOMIT FOTEPHOI TEXHIiKM, TeleKoMyHikamii Ta iHdopmMmarniiinux cucrem. IIporpec
KiOepHETUYHOT HAYKH y HAalll Yac IMOB’ sA3YIOTh 3 iH(OpMamiiHUMH MepeKaMHu 3 MOOUTBHUMH 3acOo0aMH
KOMYHIKaIlil Ta IHTEJIEKTyaJbHUM aHaJli30M JaHHX, POOOTOTEXHIKOK, HAHOTEXHOJIOTIAMH, KBAHTOBHUMH
O0YHCITIOBAIbHUMHU CHCTEMaMH. HaTXHEHHMKOM HAayKOBHUX TEOpid TpO 3arajibHi 3aKOHU YIPaBIiHHS,
30upanHsi, 30epiranHs, nepepoOIeHHs Ta nepenaBanHs iHGopMarlii B opraHi3oBaHUX cucTeMax Oyna i €
skuBa npupoja. Tak, me y 1948 porii amepukancbkuit MatemaTuk HopOepT Binep y po6oti , KibepHeTuka,
abo KepyBaHHS 1 3B'130K B )KMBUX OpraHi3Max 1 MamMHax" BKa3aB Ha MO/AIOHICTh MPOIIECiB KEpyBaHHS, 10
NPOXOJIATh Y KUBHUX OPraHi3Max Ta y CKIAJHUX TEXHIYHUX CUCTEMaX.

3amo3nyueHHsT METOMAIB JKUBOI MPHPOAM JUIi PO3POOTECHHS iH)XKEHEPHHX NPUCTPOIB Ta CHCTEM
NPU3BEJIO /10 CTAHOBJCHHS HOBOI Hayku 3a Ha3Bowo “Oionika” (1960 p.), sika BUHMKIA Ha CTUKY
kibepHeTrku, Oiodisuku, OioxiMii, iHKeHepHOI mcuxousorii Ta iHmUX Hayk [1]. 3amauyero OGioHIKH €
BUBYCHHS NIPUHIIMITIB Ta 3aKOHOMipHOCTEH (DYHKIIIOHYBaHHS KUBUX OPTaHi3MiB 3 METOIO 3aCTOCYBaHHS Y
HITyYHO OpPTraHi30BaHUX CHUCTEMaxX, HEOOXIIHICTh 4YOro 3yMOBJICHA HAJA3BHYANHOIO €(EKTHUBHICTIO Ta
JIOCKOHAIICTIO TPHPOIHUX (OpM, BIiauLIihOBaHMX y XOJI €BOJIOIII HAa KOCMIYHIN IIKam dacy.
BraskaeThcs, 110 TPEH]T €BOJIIOLIT YKUBUX OPraHi3MiB BU3HAYAETHCS aJallTUBHUM METOAOM P00 1 MOMHIIOK
3 CEJEKI[EI KpamuX, CTIMKImWX 10 BmwkuBaHHA (opm. HalicknmamHimowo mnpobdiemoro OioHIKH €
MOJEIIIOBAaHHS POOOTH JIFOACHKOTO MO3KY AJIsl MOOYJOBU CUCTEM IUTYYHOT'O iHTEJEKTY Ta BIOCKOHAJICHHS
3ac00iB 00UNCITIOBATIBHOT TEXHIKH.

BinpiicTs i3 NpakTHYHUX 3aCTOCYBaHb OIOHIKM OB’ SI3aHO 13 BUKOPUCTAHHIM (i3MKO-XIMIYHHX
BJIACTUBOCTEH a00 MOBENIHKOBUX MOJENEH OKpEeMHX JKHMBHUX OpraHismis. [lo ycmimiHOro 3actocyBaHHS
OlOHIYHMX METOHIB Yy TEXHIilll MOXXHAa BiTHECTH. YJIbTPa3BYKOBi, TEIUIOBI Ta paliojOKaTOPH, NPHIAAN
HiYHOro OauyeHHs, MPUCTPOi 3 €(YEKTOM KOTSYOrO OKa, MPHCTPOI CENeKTHBHOro (BHOIpKOBOTO) 30Dy,
3aco0u KaMy(JsDKy, €JIeKTpOHHMH Hic, OlOHIYHI IMIUIAaHTaTH, €K30CKENeTH, NependadeHHs MOroad i
3eMJIETPYCiB, PEaKTHBHI TiAPOJBUTYHHU, OOTIUHI (OPMH MJaBajJbHHUX Ta JIITAIBHUX anaparis, e(eKkTuBHe
BUKOPHUCTAHHs TOTOKIB MOBITPS y IUIAHEPHiH aBiamii, 3acTiOKMU-NUIYYKH, 3aCO0M 3 HPUCOCKAMH IS
nepecyBaHHA IO KOB3KHX IOBEpPXHAX, TiapodoOHI MaTepianu, KapkacHi KOHCTPYKLil B apXiTeKTypi,
BUTOTOBJICHHSI HAJAMILHUX MaTepiamiB, 3aco0u OypiHHS Ta IpEHaXKHI CHCTEMHM, CIeLialibHI piKydi Ta
KOJIFOYl 1HCTPYMEHTH, €HeproeQeKTHBHi TEXHOJOTii, CHCTeMH KOAyBaHHS iH(opMmauii, po3poOieHHs
IHTEJIEKTYaIbHUX CHUCTEM, JIFOJMHOMOMIOHI poboTH (aHmpoimu), GaraToHOri KOMaxomomiOHi poboTH,
OPOMHCIOBI poboTH Tomo. barato TaemMHHMIP NpUpoOAM IIe HE PO3KPHUTO 1, BIAMOBIAHO, ICHYE YHUMAJIO
MOYJIUBOCTEH y PO3BUTKY OiOHIKH.

BaxunBuM, ane 3HaYHO CKIIAAHIIINM, € BHBYCHHS ACHEKTIB CAMOOPraHi30BaHOI MOBENiHKH, SKa
BUHHMKA€E y TOMYJSLISX XXUBHX ICTOT Ta iX MEpPEHECEHHS A KepyBaHHSA ab0 NPUHHATTS pilleHb Y
PO3MOITEHUX TEXHIYHUX Ta iHPOPMALIHUX CUCTEMaX.

Camooprasizaiiisi — 11e [iJIeCpsIMOBaHHU MTPOCTOPOBO-YACOBHH MPOIEC CTBOPEHHS, YIOPSIKYBaHHS
abo BIIOCKOHAJICHHSI CTPYKTYpH Ta (YHKIiHM CKIQJHOI BiJKPUTOI JWHAMIYHOI CHCTEMH 32 PaxyHOK ii
BHYTpilHIX (akTopiB (0e3 OpraHi3yro4oro 30BHIIIHBOTO BIUIMBY). KOHCTPYKTHBHMM MEXaHi3MOM
caMooprasizaifii CKJIaJHHUX CHCTeM € OaraToBapiaHTHICTb, aJIbTCPHATUBHICTh, BHUIIAJKOBICTh Ta
CEJIEKTUBHICTH MOXKJIMBHX [1i1 aKTUBHUX €JIEMEHTIB.

30BHIIIHIME TMPOSBAMH CaMOOpraHi3allii € YTBOPEHHS BIOPSIKOBAHUX CTPYKTYp Y BHUTIISI
NATEpPHIB, sIKi MPOSBISIFOTHECS HA MAKPOPIBHI Ta € HACKIIKOM JIOKAJTbHUX B3AEMOJIIN EIIEMEHTIB CUCTEMH Ha
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MikpopiBHi. O3Ha4eHHsI caMooprasizanii sk (GOpMyBaHHS MATEPHY 3a JOMOMOTOI0 MPOCTUX JIOKATBHUX
B3a€EMO/Iii KOMITIOHCHTIB CHCTEMHU, BUKOHAHO Yy po0oTi [2].

[aTepHu 3ycTpidaroThCs K Yy KHBIiM, TaK 1 HEXHBIH MPUPOAl. Y 3aralbkHOMY pO3YMiHHI MaTepHU
Bi3yalli3ylOTh PEryJIpHICTH (OpPM NpHUPOAHOrOo CBITY (cumerpii, nepeBa, (pakranu, cmipaii, XBHII,
BUXOPH, MEAHIPH, JIFOHHU, OyJILOAIIIKH, TTiHU, MO3aIKH, KPUCTAJIH, TUISIMH, CMY)KKH TOIIIO), SIKi BHHUKAIOTh Y
nporieci  eBomomii. Y pobori [3] BH3HAueHO, IO TMATepH caMOOpraHizamii — 1€ peryJsapHHi
(HeBHMIIAIKOBHI) PO3MOMALT KOHCTPYKTHBHUX EJIEMEHTIB CHCTEM Y 4aci abo MpoCTOopi, W0 A€ 3MOry
[LTICHO OIIMUCATH CUCTEMY, HE 3/IIHCHIOI0YN XapaKTEepPUCTUKY YCiX 11 elIeMEeHTIB.

KpiM BHOpSIIKOBAaHOTO pO3MOMAINY KOHCTPYKTHBHUX €JIEMEHTIB, Y MPUPOJI YacTO 3YCTPIYalOThCS
MaTePHU KOJICKTHBHOI IMOBEIIHKY JKMBHUX OPIraHI3MIB. CCaBIliB, NITaxiB, pud, koMax, Oakrepiit. KojgekTruBHa
caMmoopraHi3zailisi TpPyIH )KUBUX OPraHi3MiB, SIK MPAaBUJIO, (POPMYETHCS HA OCHOBI iX JIOKAJIBHOT B3a€MOJIIT 1
NPOSABISETECA Yy  BUMIAAI  CPOPMOBAHUX  INIOOAJIBHMX  TOBEAIHKOBMX TATCPHIB, HAMPHUKIA],
CKOOPJJMHOBAHOTO TIepPEeMIllIeHHs CTajia TBApWH, 3rpai NTaxiB, KOcsAKa puo, mepecitiyBaHHS KEPTB TPYIOI0
XIDKaKiB, CHHXPOHI30BaHOT'O CBITIHHSI KOJOHIT KOMax ToImo. [10BemiHKOBI maTepHH BHU3HAYAIOTh (QOpMY
BIIOPSIIKOBAHMX JIifl arcHTIB, fKa 3a NMEBHUX YMOB BHHHKA€ 13 Xaocy. Ha mpakTulli MoBeIiHKOBI MaTepHH
camMooprasizaifii 3HaXoJIATh 3aCTOCYBaHHS Yy TMOJITHYHHX CHCTEMaXx, COILIOJIOTIi, MCHUXOJOrii, CHCTeMax
KOJIEKTUBHOTO TIPUHHSATTS PillICHb.

VY [4] Bka3yerbCs, 1O MOBEMIHKOBI MAaTEPHH CaMOOpraHizailii Tako)X BHHHUKAIOTh Y MITYYHHUX
KOJICKTMBHHMX CHCTEMaXx, HAIlPUKJIaJ, BAHUKHEHHS COLIaJbHOI MOBEAIHKYM IPyIH pOOOTIB, Y AKIH MMiJ 4ac
B3a€EMOII BUSIBISIETBCS JIiJiep Ta BeAeHI poOoTH. He3Bakaounm Ha TyMaHHI 3aKOHH DPO3BUTKY
poboroTexHikh, chopmyaboBani A. AzimoBuM B onoBinauHi “ S, po6ot” (1941 p.), six 3a3naueno y [5, 6],
coliasbHa MOBEAiHKA areHTiB-po0O0TiB 3 PO3BUHEHUM ILITYYHHM IHTEJIEKTOM y MailOyTHROMY Moke OyTu
HeOe3MeuHO0 151 JIIOAUHH.

Jns moOynoBH MOBENIHKOBMX NAaTEPHIB CaMOOpraHi3auii BUKOPHUCTOBYIOTb TI'€HETHYHi, IMYHHI,
3rpaiiHi, poloBi Ta MypammHi anroputMu. Kpim Toro, mist JocmigpkeHHs MOBEAIHKOBUX MATEPHIB MOKHA
BUKOPUCTAaTH METOAM miacuieHoro Q-HaBUaHHsS, MeEpeX aBTOMATiB, WITyYHUX HEHPOHHHX MEpPEex,
NPUXOBAaHUX MAPKIBCHKUX MEPEXK, JeTEPMiHOBaHUX a00 CTOXaCTHYHHX irop.

Kowmr' toTepae  MonentoBaHHS MOOYIOBH IAaTEPHIB TMOBEIIHKU TMOIYJALII JKUBUX ICTOT MOXHA
BHKOHATH 32 JOTMOMOIO0 IITYYHHUX OaraToareHTHUX CHCTeM [7]. ATeHT — Iie aBTOHOMHa iH(popMmaiitHo-
NporpaMHa CyTHICTb, SIKa MOX€E ONpalbOBYBAaTH CUTHAIHM BiJl 30BHIIIHBOTO CEPEIOBHILA, IHIINX areHTIiB Ta
BiJl JIFOJTUHY U1 BUOOPY BapiaHTIB MOXKIMBUX il 200 NpUAHATTS pillleHb ISl JOCATHEHHS TOCTaBICHUX
1ijei. Y 0araroareHTHiM CUCTEMi areHTH He MOXKYTh JOCATHYTH METH MOOHHII, IS IIbOTO BOHH ITOBUHHI
BCTYIATH Y AiajJor MK co00Io.

AreHTH MOKYTh OyTH pealti3oBaHi y BUIIIsiAI MaluH (po6oTiB), a00 y BUTIISLAl mporpam. MoGinbHui
areHT — 1e. 1) po0ort, crpaTerii Aiifl SKOro BH3HAYAIOTh BEKTOPU MOXJIMBHUX IMEPEMIIICHb Y 3aIaHOMY
IpocTOpi; 2) mporpama, sSKa MOXE MEPEeMICTHTH CBO€ BHKOHAHHS Ha IHIN MPOLECOPH y MeEKax
KOMIT' I0TepHOI Mepexki. Y 1ii poOoTi po3risaaeTbes NepIluil BapianT peanizanii MOOiITbHUX areHTiB.

BpaxoBytoun, 1o y OpUpOJHMX MOMYJLISIX Mae€ Micue cmiBmpans ado KOHKYpeHLis Yy Xomi
BUPILICHHS CUCTEMHO] 3a/1a4i, BiAMOBIIHY 6araTroareHTHY MOJEb MOXKHA PO3TIILIATH 5K TPy, CIPSIMOBaHY
Ha BiJITBOPEHHS MATEPHIB KOJCKTUBHOI MOBEAIHKU areHTiB. s imMiTamii [iieCpsMOBaHOTO BUITaIKOBOTO
BUOOpPY BapiaHTIB Jiif B yMOBaxX HEBU3HAUYEHOCTI 3aCTOCOBYIOTh CTOXACTH4HI irpoBi Mozeni [8-11].

[MarepH MOBeIiHKK areHTa — Iie BiITBOPIOBAaHA pPeakilisi areHTa (3 TOUHICTIO 10 i30Mopdi3My miii) Ha
30BHIIIIHI MMOJPAa3HUKHA HABKOJHMIIHEOTO CEPENIOBHINA, CIIPSIMOBAHA HA JIOCATHEHHS KOHKPETHOT MeTH. J{ist
0araToareHTHOI CHCTEMH MaTepH — IIe CUCTEMHA, TI100albHO CKOOPJMHOBAHA IMOBEIHKA TPYIH arcHTIB,
sIKa BUHUKA€E Ha OCHOBI iX JIOKaJIBbHOT B3a€MOJIIT MiJ] yac 6araTOKPOKOBOTO aJalTHBHOTO HABYAHHS.

BuBueHHIO MexaHI3MIB aJalTHBHOI KOOpJMHAIII Ta caMoopraHizaiii OaraToarcHTHHX CHCTEM
NPUIUIAETHCS 3HaYHA yBara y (axoBiii HaykoBii miteparypi [9-16]. OnHak, y BiIOMHX HAYKOBHX IMPAISX
HEJOCTaTHbO BUCBITJIICHO NHUTaHHSA (DOpPMyBaHHS INOBEIIHKOBUX IMATEPHIB Y MPUPOJHHUX 1, 0COOJIHMBO, y
HITYYHO CTBOPEHUX PO3MOAIIEHHX cHcTeMax. ToMy akTyaJdbHUM € JIOCHIJPKEHHS YMOB Ta MEXaHi3MiB
3apOJKEHHS MaTepHIB caMOOpraHizallil IMTYYHUX OaraToareHTHUX CHUCTEM, IO BUHHKAIOTH SK PE3yJIbTaT
a/IaTITUBHOTO HABYAHHSI CTOXACTHYHOI TPH.
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BiaTBopeHHs mMaTepHIB caMOOpraHizaiii 3a JOMOMOIoK 0OaraToareHTHOI CTOXaCTHYHOI TI'pH
JIO3BOJIUTh BHSIBUTH INPHYMHU Ta MEXaHI3MH X YTBOPEHHS B NPUPOJII, TIHOIINE 3pO3yMITH 3aKOHH
MIPUPOJIHOT €BOJIIONIIT, 3aCTOCYBAaTH €BOJIIOLIMHI aJrOpUTMHM Ha MPAKTHLI i1 MOOYIOBH PI3HOMaHITHUX
CHCTEM Ha OCHOBI PO3MOIICHOTO MTYYHOTO iHTEIIEKTY .

Mera podoTu
Mertoto mi€i poOoTu € moOyaoBa MaTeMaTHYHOI MOJENi Ta METOLY PO3B’SI3yBaHHS CTOXaCTUYHOI

Ipu, fKa y XOJAi HAaBUYAHHA HAa OCHOBI JIOKaJbHOI KOOpAMHAWIi i areHTiB 3abe3neuye rinobaibHy
CaMOOPTraHi3allilo CUCTEMH Y BUTTISAL CTIMKUX MaTepHIB KOJCKTUBHUX CTPATEriil areHTiB.

MartemaTH4Ha MO/IeJIb CTOXACTHYHOI I'PH

Hexaii 3amano MHOXHHY areHTiB D #(J |, xoxeH 3 skux mae N, >2 crpareriii nepemilieHHs
U'=('[Q,u[2],...,u[N]) B obMexeniii obmacTi AuckpeTHOro (KITHHHOTO) mpocTopy. YMCTi cTparerii
ufk] , k=1.N, BM3HaualOTh HaNPSMKU (BEKTOPH) MOKJIMBHX DPYyXiB areHTIB — BIEpea, Ha3aj, HaliBo,
HApaBo TOMIO. 3a HAasSBHOCTI CTpaTeriil MpsMOTo 1 3BOPOTHOTO MEPEMIllIeHb y KOXHOMY HAaIlpsIMKY
KIiTUHHEUA npocTip Matume 2 max N. BUMIpIB.

c
[ToBTOpIOBaNIEHA TPa PO3TOPTAETHCS Yy AUCKPETHI MOMEHTH Yacy N=12,.... I’ IbOro KOXKEH areHT
i € D 3xilicHIOE He3aNIeKHUN BUITAIKOBHUH BUOip onHi€T 3 N, BIaCHMX YHCTHX CTpaTerii ui, =ueU'.

BapianTu nepemimenns {U} BMOMpaeMO Ha OCHOBi IMHAMIYHHX BEKTOpIiB 3MilIAHMX CTpaTeriif
P, =(p.@,p.(2),....p.(N.)) VieD, enementn p,(j), j=1.N, sKkux e yMOoBHMMH iMOBipHOCTSMH
BUOOpPY YHCTHX CTpaTeriif, AKi BU3HAYAIOTHCA MepeaicTopiero wucTux crpateriii {U; [t=12,..,n-1 Ta
OTPUMAHMMHM 3a Ii¢ BiamoBiaHuMu mporpamamu {¢| [t=12,..,n—1 . 3mimani crparerii HabGyBaroTh

3HA4YCHHA Ha Ni -BI/IMipHI/IX OIMHUYHUX CHUMIIJICKCaX:

S' =1 p>p(1)=1 p())20 (j=1.N)!.

j=1

3Ha4YeHHS YUCTUX CTpaTeriii BU3HAYAIOTh 32 YMOBH:
u, = u'(I)|I=arnginz pi[k] > (k1 =1.N,)¢, D
k=1

ne o €[0,1] — nilicHa BumagKoBa BeMMYUHA 3 PIBHOMIPHUM PO3IOIiIOM.
3a BuGip BapianTa U, KOXeH i-ii areHT OTPUMye BMMAAKOBHil mporpam ¢! =¢!(u), sxuit

BHM3HAYAETHCA KOMOIHOBAaHMMHM CTpaTerisMu cycimmix rpaBuis u” eU® = x U’ 3 muoxurn D, D,
jeb,

D, #< VieD. BBaxkaroTp, IO NOTOYHI MHpOrpamli MarTh NOCTIHHE MaTeMaTHYHE CIIOJIBaHHS Ta
oOMexeHHI APYTHid MOMEHT, sIKi He BiIOMi areHTaM anpiopi.

ATEHTH MarOTh MOXIIMBICTh OPI€HTYBAaTHCS B HABKOJIMIIIHBOMY CEPEIOBHII, BU3HAYAIOYH CTpaTerii
Iill cycimHiX areHTiB, po3MilllEHHX 31iBa, ClpaBa, MoIepeay, mos3axny, 3ropu, 3Hu3y. Cepea MOKIHMBUX
CMOCO0IB BU3HAYCHHS HAMPSIMKY PyXy KOXKHOTO | -T0 areHTa BUOEpeMO JIIBOCTOPOHHE ab0 MPaBOCTOPOHHE
Opi€HTYBaHHS, SIKE TOJNATAE Yy TOBTOPEHHI Jil CYCiIHBOI'O areHTa, po3MIlICHOTO BiIOBIIHO 3JiBa a0o
CIIpaBa Bijl BEKTOpa pyxy i -ro areHra. [Ipudomy, il CyCiiHIX areHTIiB € peKOMEHIAI[IHHIMH, KO)KEH areHT
Mae CBOOOY HE3aJIEKHOIO BUIAJKOBOTO BHOOPY BIIACHUX CTpPATETiid MOBENIHKH 3TiAHO i3 JUCKPETHHM
PO3IIONIIIOM, IIO 3aJa€THCS HOTO 3MIIIaHOI CTPATETIEl0.

Binxunenns BnacHoi cTparterii Bif cTpaTerii CyciqHbOTO areHTa OLiHIOITh ITpadoM

&l = 2(@ < Pg) 2 (U, # U™ V) + 1 (@ > Pg) 2 (U, = U7 ()
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ne x()€{0,} — ingukaropua ¢yHkuis nmoxii; P €[0,1] — iMOBIpHICTH JIIBOCTOPOHHBOI'O OPiEHTYBAHHS
(Pt + Pign =1); Left(i) ta Right(i) — onmeparopni QyHkuii Bu3Ha4eHHs ineHTH(piKaTOpa CYCinHBOrO

areHTa 3 MHOKHHH D, , pO3MiIlIeHOT0 BiIOBIHO 371iBa a00 CIIpaBa BiJ HANPSMKY U, PyXy | -TO arcHra.

ITix yac BUIAJAKOBOIO MEPEMIIICHHs areHTIB MOXJIMBI KOJII3ii X 3ITKHEHHS, KOJIM CYCiJHI areHTH
BUOpaIK 3yCTPIYHUE HANPsIM pyXy. Y BUIMAJIKY 3iTKHEHHS areHTiB HapaxoBYeThCs MITpad:

E12 = x(u, N uf™©), 3)

ne N — curyanis sitkmenns; Front(i) — omepatopra dbyHKIis BU3HAYCHHS iMeHTH(IKATOPA CYCiAHBOTO
areHTa, po3MiIlIeHOTr0 y HANPAMKY U pyXy i -ro arenTa.

[Micns 3aBepiieHHss BuOOpy BapianTiB U, VieD rpaBui OTpUMYIOTH MOTOYHHIN MPOTpAIL,

copmoBanuii 3i ckranoux (2) ta (3):
Co =250+ (1-21)5[2], 4

ne A €[0,1] —BaroBuii koeilli€HT, KKl 33]1a€ BKIUBICTh OHOTO i3 ITPadHUX KPUTEPIiB.

[1ig yac MOBTOPIOBAJILHOT I'PH 3 IIEPEMILIICHHS ar€HTIB Y MOMEHT Yacy N cepelHi mporpaiii rpaBLiB
JOCSATHYTH 3HAYCHHSI:

Z =13 ¢! vieD. )
n t=1

KoxkeH rpaBens 3MiHIOE cTparerii MOBEAIHKH Tak, 100 MiHIMI3yBaTh BIIACHY (QYHKIIIO CEepelHix
nporpariis (5):

limZ, —min VieD. (6)
n—o u‘n
OT)KQ, CTOXaCTH4Ha TIpa HepCMiIJ_ICHHSI areHTiB IIOJISITac Y TOMYy, IO Ha OCHOBI CIIOCTCPCIKCHHA

notoynux miporpantis {£!} (4) xoxen rpapenp | € D MOBMHEH HABYMTHCA BUOMPATH BAPIaHTH TIEPEMIIlICHHS
(amcri crparerii) {u,} (1) Tak, o6 3a0e3MeUNTH BUKOHAHHS CHCTEMH KpuTepiiB (6) y yaci N=1,2,....

3anexHo Bij crocoby hopMyBanHs mocimizoBHocTi ctpateriit {U}VieD (n=12,..) pos3s a3ku

I'pU 3aI0BOJIGHATHUMYTH OJHY 3 YMOB KOJIEKTHBHOI ONTHUMaJbHOCTI, Hampukian, Hema, [lapero abo inmry

[17].

EdexTuBHiCTS caMoopraHizalii cTOXacTUYHOI IT'PH OLIHIOETHCA:

1) cuctemMHO0 QYHKII€IO CEPEIHIX MPOTpPAILiB:
-1 i
Z,=D["Y Z,; )
ieD
2) koedilieHTOM KOOpIHHAIlii CTpaTerii rpaBiiB (BIAHOCHOIO KiJIbKICTIO CKOOPIHHOBAHHUX CTpATerii
rpaBIliB):

1 & i
K, =m§;x(a =0). (8)

3MmeHmieHHs 3HaueHHs ¢yHkuii Z, >0 Ta 3pocranus o¢yskuii K, €[0,1] cBiquuTHMYTH IO

caMOOPpraHi3alfifo CTpaTerii CTOXaCTUYHOI TPH.

MeToa po3B’ si3yBaHHSI CTOXACTUYHOL IPU
LinecnipsMoBaHWii BHIIAQJIKOBUIA BUOIp YUCTHUX CTpaTerii, 110 BH3HAYAETHCS IIILOBUMH YMOBaMH

(6), BUKOHAEMO 3aCTOCYBaHHSM aJaNTHBHUX MapKiBCbKUX METOJIB, sKi 3a0€3MeUyIOTh ONTHMAIbHUN Y
cepeIHLOMY BHOIp BapiaHTIB Jiif HA OCHOBI ONPAIFOBAHHS MMOTOYHOI iH(pOpMallii PO CHCTEMY.
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MapkiBChKUH PEKYpEeHTHHH METOJI PO3B’SI3yBaHHS CTOXAaCTHYHOI TpH TOOYAYEMO METOIIOM
CTOXaCTHYHOI alpoKCHUMaIlii YMOBH JOMOBHSIBHOI HexxopeTkocTi [9-11, 17, 18] BimmoBigHoi meTepMiHO-
BaHOI TPH, CIIPaBEUIMBOI JIs 3MIIIAHKX CTPATErii y ToUlli piBHOBaru 3a Hemem:

Pra =70 {Ph=7ia[ o) - b, ]} 9

€ni1

N; 9 N; N; . i N; . . e
Ie m NPOEKTOP Ha OJMHMYHMA ¢ -cummieke S < S [19]; p, €S’ - 3mimani crparerii i-ro

Ent1 -
arenra; y, >0 , &, >0— MOHOTOHHO CIaJHi TOCIIJIOBHOCTI JOJATHUX BeIU4MH; §| € R' — norounuii
nporpanr areHra; €(U;) — OJMHUYHUI BEKTOP-iHAUKaTOp BHOOpPY Bapianta U, eU'.

Ormeparop NPOSKTYyBaHHS HAa PO3IMIUPIOBAHHUHN &, -CHMILICKC S;nt1 3a0e3reuye BUKOHAHHS YMOB
plil=e,, Z p.[i]=1 1 € HeoOXimHUM [UISI TOBHOTH CTATUCTHYHOI iH(pOpMAaIii mpo BUOpaHi 4HCTI
j=1
CTpaTerii.
[Tapamerp y, pEryiio€ BEIWYMHY KPOKY PEKYPEHTHOrO METOAy, a IapaMerp &, — LIBHUIKICTH
PO3IIMPEHHS & -CUMIUICKCA. 3HAYEHHS [IUX MapaMeTpiB OOYHCITIOIOTH TaK:

v, =yne, g, =gn? (10)

e y>0; a>0;>0; B>0.

CniBinHomieHns: nmapamerpiB (10) BU3HAYATHMYyTh YMOBH 301KHOCTI CTOXaCTHYHOI IpH. 301KHICTh
crpareriii (9) 10 KOJEKTHBHO-ONTHMAIbHUX 3HAYCHb 3 IMOBiIpHICTIO 1 Ta y CepeqHbOKBaIPATUYHOMY
BU3HAYAETHCS 3 (DYHIaMEHTATbHUX YMOB CTOXaCTHYHOI anpokcumaitii [20].

Ha nowarky rpu 3mimani crparerii 3a0e3neuytoTh piBHOIMOBIpHUH BUOip BapiaHTIB MepeMilIeHHS
areHTiB: pg =@/N.,..,.1/N,) VieD. Ilorim 3 uwacom n=12,.. 3HAa4YeHHs 3MilllaHUX CTpaTerii

3MmiHweTbes 3rimHo 3 (9). Junamiuna mepeOymoBa 3mimanux crpateriii meromom (9) 3abesmeuye
aJlanTUBHUHM BUOIp YMCTUX CTpaTeriil y yaci. MeTox micruiiroe iMOBipHOCTI BUOOPY THX YHUCTUX CTpaTeriH,
SIKI y cepelHbOMY NMPHU3BOIATH 10 3MEHILICHHS BEIMYMHHU MITpadiB 3a BUOpaHi HAMPSIMKH MEPEMiIIeHHS
areHTiB.

OTsKe, Y MOMEHT yacy N KoskeH rpasenb i € D Ha ocHOBI 3mimaHoi cTpaterii p, BuGupae umcTy
crparerio U, 3riguo 3 (1), 3a mo orpumye morounuii nporpam &, (4), micas 40ro 0O0YUCIIOE 3MilIaHy

cTpaterito p,,, 3riaHo 3 (9).

Pe3yabTaT KOMI' IOTEPHOI0 MO/ €/IIOBAHHSA

Jns mpukiagy posrisiHeMo irpoBy 3agady nmoOyqoBHM MAaTEepHIB caMOOpraHizalii areHriB y
JIBOBUMIpHOMY KiiTuHHOMY mpoctopi: D ={(Xy)|x=1.my=1.m}, m=10. V KOXHY KIiTHHY
posmictuMo areta 3 N, =4 crpareriamu mnepemimenns: U'= (sneped=0, nanpaso=1, nazad=2,
Hanieo=3). AT€HTH, PO3MIIlIeHI Ha Kpasx KIITHHHOTO MPOCTOPY, MATUMYTh MEHIIY KiIbKICTh MOXKJIMBUX
CTpaTeriil mepeMileHHs.

Po3B’si3yBaHHs CTOXAaCTMYHOI TPHU TEPEMIILICHHS arcHTiB BUKOHAEMO irpoBuM meromoMm (9) i3
takumu napamerpamu: A =0,5, y =1, £€=0,999/N,, a =0,01, B =2. Ilepioq MOJEIIOBaHHS 33/1a€THCS

A .
Nrex =10 KpoKaMM CTOXaCTUYHOT I'PH.

B 0CHOBY CTOXacCTHYHOTO irpOBOTO METOYy MOKJIAIEHO aJalTHBHUN METOA Mpo0 i TOMUIIOK, SIKUH
IMITY€ MIPUPOHY EBOIIOIII0 CAMOHABYAHHS MPOCTOPOBiH KOOpAMHAIIT Jiif MHOKHHU areHTiB. [IpupoaHa
€BOJIIOLIISl PO3TOPTAETHCS HA KOCMIUHIH IIKaji yacy, TOMy 1 HABYaHHS CTOXaCTHYHOI TP BUMArae 3Ha4yHoi
KUJIBKOCTI BUNIPOOyBaHb, ane 3aBIsSKM KOMII IOTEpHIN peanizauii 3abe3nedyeThCsi 3HAUHE MPHUCKOPEHHS
4yacy MO/ISIFOBaHHS IIPOLIECIB CAaMOOPraHi3ailii KOJeKTHBHOI MOBEIIHKH areHTiB.
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o 1 =2 3 4 Ha puc. 1 y norapudgmiunomy macmtadi 300pa-

e 1 (#) XKeHO rpadiku QyHKIINA ceperHiX mporpaiiB rpaBuis Z,

o n .. ces o .

\ (7) Ta xoediuienta koopmunauii crpareriit K, (8), siki

-1 XapaKTepu3yloTh eEeKTHUBHICTh CaMOOpTraHi3amii croxac-
; TUYHOI T'PH MEePEMIllICHHsI areHTiB.

o ' N Cnananns rpadika QyHKIT cepelHiX MpoTrpalriB
Z\ Ta 3pocTaHHs KoedilieHTa KOOpAWHALii Aiii areHTiB y
n yaci BKa3ylTh Ha 30DKHICTH IrpoBoro merony. [is

3 33/IaHUX 3HAYeHb MapaMeTpiB CTOXAacTHYHOI TpH 3a

lg(7,) YMOBH JIETEPMiHOBAHOTO OPI€HTYBaHHs Ha i CYCiIHIX

IpaBIiB KOOPJAMHALlISI CTPATETill JOCATAETHCS, MOYUHA-

Puc. 1. Xapaxmepucmuxu camoopeanizayii > . .
toun 3 ~10° KpOKiB HAaBYAaHHS CTOXaCTUYHOI rpu. I3

3pOCTaHHSIM KiJBbKOCTI areHTiB Ta KUIBKOCTI YHCTHX

cTparerii  30iJbIIYETHCS KIJBKICTh MOIIYKOBHX KpPOKIB, HEOOXiZHMX HJs camoopraizamii
CTOXACTUYHOI I'PH.

Merton (9) 3abe3neuye po3B’ I3KM CTOXaCTHYHOI P y YUCTUX cTparerisx. Ha mouarky rpu crparerii

CMOXacmuyHoi epu

nepeMillleHHs TPaBLiB B OJHOMY i3 YOTHPHbOX HANpsMKiB € xaoTmdyHUMHU. OmHy i3 peamnizauniil marepHis
CKOOPJMHOBAHMUX CTpaTerid Al HaBYEHOI I'PH 300paKEHO HA PUC. 2 OKPEMO AJSl JIIBOCTOPOHHBOTO

(Pet =1, Prig =1~ P =0) Ta npaBocTOpPOHHBOTO ( P,y =1 ) OpiEHTYBAHHS areHTIB.

t=[=1=T=T=1=1~1=]=] [t]<[<[<]<[<[<[<[1]t
t=1=1=1=1=1--Tt! IR EE
=== ]=1=[=t] V] VIVttt
===~ ] v]1 IR ERERE
AEEREEEEEE R RN
IEEERERERRRRE IR RRE
Tttt e<[<[<[<]1 VIVTe e et
Tttt [<[<[<]1 LV e =T==~71]1
IR EEEEEE V==]=]=1=]~]~~]1
el I IR [N [ I D [ [ [N [N
Q) 1I60CMOPOHHE OPIEHMYBAHHS 0) NPABOCTNOPOHHE OPIEHMY8AHHS

Puc. 2. Buxpogi namepru camoopearizayii
CMOXACMUYHOI 2pU nepemiujeHHs A2eHmis

CTpinKy MMo3HAYAIOTh HANPSMKHU MEPEMIIICHHs areHTiB JJIsl HAaBUYEHOI cToxacTU4HOi rpu. OTpruMmani
BUXPOBI IAaTEPHU MEPEMIIICHHs areHTIiB MOAIOHI Ha TPAEKTOPil KPYXKIISHHS 3rpai NTaxiB 4 KOCSAKIB pHO.
Wnyun 3a HanpsMKaM# CTPiNOK, HOGAYMMO, IO JTiBOCTOPOHHE OPi€HTYBAHHS ArEHTIB IPU3BOMUTH IO
(dbopMyBaHHS TPABOCTOPOHHBOIO mMaTepHy (PyX 3a TOAMHHUKOBOIO CTPIIKOK), a MpPaBOCTOPOHHE
Opi€HTYBaHHS — /0 JIIBOCTOPOHHBOTO TMaTepHy (pyX MPOTH TOMMHHHKOBOI cTpinku). [lounHarounm 3
XaOTUYHOI'0 MEPEMIIICHHS, areHTH Y XOJi ITPY HABUMJIMCS JISATH 3JIar0DKEHO, 0 MPOSBUIIOCSA Y BUTIISAII
pETyJSIpHUX TATEPHIB KOJCKTHUBHOI MOBENIHKU. [IOBTOpEHHS EKCIEPUMEHTY 3 IHIIOK TOCIHiIOBHICTIO
BUIAJIKOBUX BEIUYMH IMpPHU3BEIEC 0 YTBOPCHHS 130MOP(HUX NOBEAIHKOBUX MAaTEpHIB caMoOOprasizamii
0araToareHTHOI CTOXaCTHYHOI TPH.

SIKmo areHTW 3AIMCHIOITH JIBOCTOPOHHE Ta IPABOCTOPOHHE OPIEHTYBaHHA 3 OJHAKOBOIO
IMOBIPHICTIO Py = Pyigry = 0,5, TO BOHM HABYATHCSA 3/1IHCHIOBATH CKOOPAMHOBAHE JHINHE TIEPEMIILICHHS B

OJTHOMY i3 YOTHPHOX HANPSMKIB, 1 MATEPHHU CaMOOPraHi3allii MaTUMYTh BHIJIS, SIK Ha pHc. 3.
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DRI DU |V DU DU DR DN N N N Tyttt
D | DU | DU DU DR DU N N N Tyttt
= === ===] T
DRI | DU | DU DU DR DU N N N Tyttt
QRN I DU DU DU DU NN RN N . VL3 e el
DRI DU |V | DU DR DU N N N VPdpLpdpd i pepddpd
QRN I DU DU DU DU NN RN N . VL3 e el
DRI DU | DU DU DR DN N N N VPdpLpdpd i pepddpd
DR [ DU DU U NN N RN N . VL3 e el
QRN I DU DU DU DU NN RN N . VL3 e el
@) pyx y 20pU30HMATLHOMY HANPAMKY 0) pyx y 6epmuKanbHOMy HANPAMKY

Puc. 3. Jliniini namepnu camoopeanizayii
CMOXACMUYHOI epu nepemilyeHHs aeeHmis

Slk BUIHO Ha puc. 3, MEPEMIllICHHS areHTIB CKOOPIMHOBAHI 3 areHTaMM, PO3MIIICHUMH SIK 371iBa, TaK
1 cmpaBa Bil HampsIMKIB IXHBOI'O pPyXy. YCi areHTH pyXarmTbCsi B OJHOMY TOPHU3OHTAIBHOMY a0o
BEPTUKAIBHOMY HampsMKy. YacTWHA areHTiB PyXaeThCs y MPOTHIIC)KHOMY HAMpPIMKY i3 30epeKeHHIM
OJTHOYACHOT'O JTIBOCTOPOHHBOTO 1 MPaBOCTOPOHHBOTO opieHTyBaHHs. L[[00 yci areHTH nepemiiryBaiucs
TiJIBKM B OJTHOMY HaIlpsMKY, HEOOX1JTHO JTOJATKOBO BBECTH KPHUTEPIi 1X Opi€HTYBaHHS Ha Jii pO3MIIECHUX
NOTIEpE/Ty areHTiB.

Jns iHIMX 3HAa4eHb IMOBIPHOCTEH JIIBOCTOPOHHBOTO Ta MPABOCTOPOHHLOI'O OPIEHTYBAaHHS OTpH-
MaeMO TPOMDKHI MATEpHH CaMOOpTaHizaIlii CTOXaCTUYHOI TPH, SIKi MICTUTUMYTh (parMEeHTH CKOOPIIH-
HOBaHOT'O JIIHIHHOTO Ta BUXPOBOTO PYXY.

3acTocyBaHHS IMOBIpPHICHOTO OpIEHTYBaHHsSI Ha il CYCiIHIX areHTiB NPU3BOJUTH 1O 3HAYHOTO
3pOCTaHHS Yacy HAaBYaHHS CTOXACTHUYHOI rpu. J[JIsl bOTO BUMAIKY 3pOCTaHHS KOoedillieHTa KOOpAHHAIT
nounHaerhes 3 ~10* kpokiB rpu.

Ha puc. 2 ta puc. 3 Ha04HO NMPOAEMOHCTPOBAHO CUHEPIETHUYHHUM e(eKT eMEepIHKEHTHOCTI — MOosBa
IHTEerpanbHOI BIACTUBOCTI CUCTEMH arcHTIB, SIKa He XapakTepHa [Uis ii CKIagoBuX. JIokanbHa KoopauHaLis
Il areHTiB IMiJ] YaC HaBYaHHS CTOXACTHYHOI I'PU MPHU3BOAUTH JI0 TII00ATBHOI caMOOpraHi3allii CHCTEMH Y
BUTIIAI COPMOBAHUX IATEPHIB MOBEIIHKH, KOJIU KOJEKTUB irPOBHX areHTIB MOBOAMWTHCS SK IIUTICHHIMA
OpraHi3Mm.

BucHoBknu

1. TlarepHu camooprasizamii MOXXYTh BUHHMKATH HE TUIBKH y TPHPOAHUX, ale 1 y MITy4HO
CTBOPEHUX PO3IMOJAIICHUX CUCTEMaX 31 3BOPOTHUMH 3B’ SI3KAMH 3aBJISKH MEXaHi3MaM CaMOperyIOBaHHS,
KOOpAMHaLii Aili, HABYaHHS Ta aJanTalii 10 HEBU3HAYECHOCTEH.

2. KonuentyanpHuil aHaji3 MpOLECiB caMOOpraHi3auii >KUBOI Ta HEKUBOI NPUPOIH IaB 3MOTY
3aMpONOHYBAaTH CTOXACTUYHHUNA irpOBHH METOJ Ul BUBUEHHS CaMOOpraHizamii IITy4yHUX OaraToareHTHHX
CHCTEM.

3. Burisang maTtepHiB camooprasizamii CTOXAacTHYHOI TpU y HPOCTOPi CTpaTerii BU3HAYAETHCA
croco06oM GopMyBaHHS IOTOYHUX IUIATEKIB Ta MEXaHI3MOM BHOOPY CTpaTerii areHTiB.

4. TloOymoBa mpaBWJ JIOKANFHOI B3a€MOMii MK areHTamH, fKa I Yac CTOXaCTUYHOI TpH
NPU3BOAUTH N0 MOSBHM MATEpHIB caMOOpraHizalii, Jae 3MOry Kpalle BHBYHMTH SBHINA KOJEKTUBHOI
NOBEIIHKH y MPUPOL 3 METOIO IX MPAKTHYHOI'O 3aCTOCYBaHHS.

5. IrpoBe MonemroBaHHS MPOLECIB KOJCKTHBHOI IOBEAIHKHM AarcHTIB MOXKHA BUKOPHCTATH MJIs
noOyZOBM PpO3MOAUICHUX TEXHIYHMX Ta I1HQOpPMALifiHMX CHUCTeM WIATPUMKH NPUHHATTS pillieHb,
CHHXPOHI3auii pyXy, yIpaBiIiHHA I'pynamMu poOOTiB, YIIPaBIiHHA CKIaJHUMH MPOEKTaMHU TOLIO.
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6. HoBi pe3ynbpraTH IOCHIDKEHHS Y IbOMY HAampsMKy MOXKHA OYIKYBaTH BiJI 3alpOBa/KCHHS
IHIIMX KPHUTEPIiB (pOpMyBaHHS JIOKAJIbHO-OOYMOBJICHHUX IUIATEXKIB I'PABIIIB Ta IHIIMX METO/AIB HAaBYaHHS
CTOXaCTUYHOI I'PH.
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In this research the actual problem of self-organizing of strategies of stochastic game of
multiagent systemsis consider ed. Self-organizing display ar e formations of the co-ordinated behavioural
patterns of group of the mobile agents endowed with the ability to move within a limited discrete space.

The agent is an independent object which can interact with environment, other agents and the
person for a choice of variants of decisions. The multiagent system consists of group of agents which
perform the general work, co-operating among themselves within local subsets of agents. The
behavioural pattern of multiagent systems is the visualised form of purposeful moving of agents which
arisesfrom their initial chaotic movement during training of stochastic game.

A repetitive stochastic game is to implement a controlled random process of selecting decision
options. To do this, game agents randomly, simultaneously and independently choose one of their own
pure strategies at discrete times. Pure player strategies deter mine the direction of movement in two-
dimensional space: forward, back, to the right, to the left. When all strategies have been selected, the
current player losses are calculated. To form an orderly move, each agent must repeat the actions of
neighboring agents. The current losers are then determined by theindicator function of the similarity of
the strategies of the neighboring players. The calculated current losses are used to adaptively recalculate
mixed player strategies. The probability of a pure strategy selection increases, if itsrealisation hasled to
reduction of current loss. In the course of arecurring game, agents will form vectors of mixed strategies
that will minimize the functions of the players' average losses.

To solve the game problem of constructing patterns of self-organization of a multiagent system it
is used the markovian adaptive recurrent method constructed on the basis of stochastic approximation
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of the modified complementary slackness condition which is correct in balance to Nash points. For a
normalization of elements of vectors of the mixed strategies operation of their projecting on a unit
expanded epsilon-simplex is applied. Convergence of a game method is provided with observance of
fundamental conditionsand restrictions of stochastic optimisation.

Computer simulation confirmed the possibility of using a stochastic game model to build patterns
of self-organization of a multi-agent system. The form of the received patterns depends on a way of local
orientation of mobile agents. During computer experiment vortical and linear patterns moving of agents
are received. The reliability of the experimental studies is confirmed by the similarity of the results
obtained for different sequences of random variables.

Theresults of thiswork are expedient for applying to studying of patterns of collective behaviour
of agents for deeper understanding of the processes of self-organizing of natural systems and for the
construction of distributed decision-making systems.

Key words: self-organization, behaviour pattern, multi-agent system, stochastic game, mar kovian
recurrent method.



