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PaccmoTpeHa akTyanbHas npo6ne-
Ma COBPEMEHHOW  3BOMIOLMOHHOA
Teopunm U pasHble Noaxodbl K ee
peweHnto. MpegnaraeTcs Mogenm-
poBaTb AMHAMUKY CTpaTernii anb-
TPYUCTUYECKOTO NOBEAEHNS1 0CO6ei
B NOMyNAUMKN C NOMOLLbIO AUCKPET-
HbIX UHAMBWLYaNbHO-OpPUEH TUPOBAH-
HbIX MPOCTPAHCTBEHHbLIX MOJenei
Ha OCHOBE KNeTOYHO-aBTOMaTHOro
nogxoga. MpuBoanTCS onucaHue an-
ropuTMa Ans MOAENMPOBaHUS 3BO-
MIOLUMM anbTPYUCTMUYECKOrO NoBese-
HUs, 06YCNOBNEHHOrO pacno3HaBa-
HVEeM MeTOK.
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PASPABOTKA AUCKPETHbIX
NMPOCTPAHCTBEHHbBIX MOAEJIEN
9BOJIIOLUUN AJIbTPYUCTUYECKOIO
NOBEAEHUA, OBYCJIOBJIEHHOIO
PACNO3HABAHUEM METOK

BeegeHue. MOUCK MPUYKH LLIMPOKOrO pacnpo-
CTpaHeHUst B MPUPOLe CNy4aeB anbTpyucTuye-
CKOTrO NoBefieHUs ABMSETCA OAHON U3 6a30BbIX
TeopeTnYeCcKnX npobsem COBPEMEHHOI 3BOSIHO-
LIMOHHON Teopuu. oyeMy 0CO6U-aNbTPYUCTI
He BbITECHAIOTCA W3 MONyNAUMM B pe3ynbTare
eCTeCTBEHHOro 0T6opa MpW HaMuun B Hel
0C006eli-3roncToB, KOTOpPble MOMYYaloT Mpenmy-
LLlecTBa OT NOMOLLM, UCXOAALLER OT ApYrnx oco-
6eil, HO caMn HUKOMY He OKa3blBaloT MOMOLLb?
Mounckam OTBeTa Ha 3TOT BOMPOC MO MPeXHeMy
MOCBALLEHbI MHOTVE Hay4Hble WCCNeL0BaHUA
[1-7].

ANbTPYUCTUYECKUMUN  Ha3bIBAKOTCA  Takme
NPOU3BOAMMbIE OCOObLIO AEMCTBUS, KOTOPbIE MO-
HUKalOT ee COBCTBEHHbIN PenpoAyKTUBHBIN YyC-
Mex, HO NPy 3TOM MOBLILIAKT PENPOAYKTUBHBIV
ycrnex [Apyroin ocobu. PenpofyKTVBHbIM YC-
nexom (NPMCcNoco6/eHHOCTbI) 0Co6M  Hasbl-
BaeTCA BENMYMHA, MPOMNOpLMOHanbHas Hambo-
nee BEPOATHOMY YWCNY BbDKMBLUMX W [OXMB-
lWKMX [0 3PenocT MOTOMKOB 3TOM  0Co6W.
Ocobb-anbTPYWUCT, YMEHbLLAsA CBOK NPUCMOCO6-
NEeHHOCTb Ha BennumHy C, YBeNMuuBaeT Tem
cambIM  MpUCMOCOB/IEHHOCTb  APYToi  0co6w,
Mo/lyyaroLLein 0T Hee NOMOLLb, Ha BeNMYKHY B.
3roncToM HasblBaeTca Ta 0c0bb, KOTOpas YK/o-
HAETCA OT a/IbTPYMUCTUYECKUNX JENCTBUA.

Ecnm B TeyeHMe >XU3HM 0COOb-3rOWCT B3a-
MMOLENCTBYET C 0CO6AMM-aNbTpyncTamu, To ee
MpMCcrnoco61eHHOCTb OKa3blBaeTcs 60/ee BbICO-
KOWA, YeM Y OKPYXXaloLLMX a/lbTPYWCTOB, TaK Kak
y Hee pOXAaeTcs, BbDKMBAET U LOXMBAET A0
3penocTun 6onbLUe NOTOMCTBA.

KomnbloTepHas MaTemaTuka. 2015, No 2



PA3PABOTKA AVICKPETHbLIX MPOCTPAHCTBEHHbLIX MOLENEW ...

B B3 C 3TMM B MpOLECCe 3BOMOLMM NOJ, AENCTBUEM eCTECTBEHHOr0 0T6opa
[O/MKHbI GbINN 6bl BbIXKMBATL HanMbONEe 3roMCTUYHbIE MHOTOK/ETOUHbIE OpPraHn3Mbl,
KNETKN W AaXKe TeHbl 33 CUET BbIMMPAHUS CBOMX PEMPOAYKTUBHO MEHee YCMeLIHbIX,
HO 60Niee CKMOHHbIX K anbTPyuamMy KOHKYpPeHTOB. OfHaKO albTPyUCTUUYECKOE
noBeAeHMe HabMtoAaeTcs B GUONOTMUYECKUX CUCTEMAX PasHbIX YPOBHEW CNOXHOCTY,
1 OYEBMAHO, MMEHHO OHO CbIFPasio K/UEBYH PO/ib MPU MEpexofe ¢ 6oNee HU3KUX
YPOBHeli Ha 6onee BbICOKMe. [M03TOMY BONPOC O TOM, KakMM 06pa3oM eCTECTBEHHbII
0T6Op CMOCOBCTBYET NOAAEPXKAHMIO B MPUPOAE (heHOMEHa anlbTPyM3Ma W CBS3aHHOTO
C HMM KOOMEpPaTVWBHOIO MOBEAEHMsl, BOT Y)KE MOMBEKAa 3aHUMAeT YMbl TEOPETUKOB
3BOMHOLUMN.

OGbIYHO MPU U3yuyeHUM (EeHOMEHa anbTpyuM3Ma B KauyecTBe TEOPETMUYECKOM
OCHOBbI BblGMpPAETCA TaK HasblBaeMasl «4U1eMMa 3aK/IHUYEHHOro», NPeAcTaBAoLLas
co6oli 0AHYy M3 Knaccuuyeckux 3afad Teopum urp. Ecnm 06a Mrpoka oKasblBaroT

MoMOLLb APYr APYry, TO Kax[blii U3 HWUX nonyyaeT Bbimrpeil By,. Ecin opuH
YK/IOHW/ICA OT MOMOLLW, & JPYroi nMomor emy, TO Mep.blii NOMyYaeT BuIrpbil By,
a BTopont — B,. Ecnu o6a He cTanm nomoratb Apyr ApYry, TO KaXAbliA nonydaet

BoMrpbil By, 3HaveHna nepemeHHblx B, Byn, Bhy, Byy MoOryt 6bimb  Kak
MONOXUTENbHBIMY, TaK W OTpULATENbHLIMU. Vrpa NpeAcTaBnaeT coboii «aunemmy
3aK/IOYEHHOro», ecnm  cobnofaetca  HepaseHctso By, > B, > B,, > B, .

MomoLLb B 3TOI MUrpe ABNAETCA aKTOM a/lbTPyM3ma 13-3a TOro, YTO UHAVBUAYa/IbHbIN
BbIMIPbILL OT OKa3aHWs NMOMOLLM BCErga MeHbLUe, YeM OT HeokasaHus. HecMoTps Ha
TO, YTO MaKCUMa/bHbIi CyMMapHbIA OOLUMIA BbIUIPbILL JOCTUrAeTCcs B TOM Chydyae,
Korga oba urpoka SIBAKOTCA aNbTPyucTamu, Camblii BbICOKWIA WHAMBUAYa/IbHbIN
BbIMIPbILL NOTYYaET UIPOK-3rOUCT, €CN BTOPOI UIPOK OKa3ascs albTPYMUCTOM.

B Tex BapuaHTax Urpbl «Aunemma 3akii4eHHOro», riae KO/IM4YeCcTBO WUIPOKOB
6onblue ABYX, CaMast BbICOKas CPeAHsAs NpMcnocob/ieHHOCTb ByaeT LOCTUraTLCS, eCn
BCE UIPOKM ABNAIOTCA aNlbTPYMCTaMK, a Camas HU3Kas — B TOM C/lyyae, KOrja OHW Bce
OKa3bIBAlOTCA 3roncTaMu. B cMeLLaHHON e Nonynauymn, B KOTOPOW CYLLECTBYIOT Kak
aNbTPYWCTbI, TaK W 3roucTbl, nocnegHue 6yayT UMeTb G0niee BbICOKYK CPeHIO
NPUCNOCO6/1EHHOCTb MO CPABHEHUIO C MEPBbIMU. B Takoi nonynsuum ecTeCTBEHHbIN
oT60p OyfeT AelicTBOBaThb B MOJb3Y YBENMYEHUS 4OMM 3rOMCTOB, U OCOOU-aNbTPyU-
CTbl Yepe3 HEKOTOPOe BpeMsi MCYE3HYT M3 Hee. B CBA3WM C 3TUM HanpalumBaeTcs
BbIBOJ, YTO B TeX HabnoaeMbiX B NPUPOAEe Cy4asx, KOrja anbTpPyMCTbl BbITECHSAIOT
3roNCTOB W3 MONYNAUUKW, [EVCTBYHOT Kakue-TO AOMOMHUTE/bHbIE MeXaHWU3Mbl, Cro-
COGCTBYHOLLME 3BOMFOLMOHHOMY BbIXXMBaHWIO 0CO6Ei-a/IbTPYMCTOB.

3a nocnefHve [ecaTUNETVS OblI0 NPeS/IOKEHO HECKONbKO TakMX MeXaHV3MOB.
Bce OHY CcBA3aHbI C NPeANONoXeHNEM O TOM, YTO CYLLECTBYET «HaKasaHue» 3a HeoKa-
3aHue nomowy [2, 3], 60 0 TOM, YTO anbTPYMCThI OKa3blBaIOT MOMOLLb Yalle Apy-
MM anbTpyuctam, yem arouctam [7]. OfHWM M3 MexaHW3MOB, MO [AeACTBMEM
KOTOPbIX MOMOLLb MOXET OKa3blBaTbCA MPEUMYLLECTBEHHO anbTpyWUCTaMm, ABSETCH
Ha/nuMe y 0COBU TOr0 WM MHOTO BMAa «MamMsiTU» O MpeAplayLmnx KOHTaKTax C
ApYruMmn ocobsamu.
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Bce ocTanbHble MexaHU3Mbl XOTA 6bl 0THACTU CBA3aHbI C TEM, YTO a/lbTpyncTamu,
KOTOPbIM OKa3blBAtOT MOMOLLb ApYyrue anbTPyWuCTbl, ABMAKOTCA WX COOCTBEHHbIE
POACTBEHHUKW. BEpOATHOCTb TOrO, YTO Y POLCTBEHHbLIX 0CO6el ByeT OAMH 1 TOT Xe
annieNlb, HAMHOIO BblILLE, YeM B CpPefHEM MO MOonynaumMu, n Tem 6osbLue, Yem Gmxe
poAcTBO. Hanpumep, BEpPOATHOCTb HaWTW OMpPeAeneHHbI annenb [LaHHOW 0cobtm
TakXe W y ee poOAHOro 6pata wnu Cectpbl paBHa 1/2, 3ata e BepoATHOCTb ANf
[BOIOpPOAHOro 6pata wnm cectpbl paBHa 1/8. Mpwu atom, N06GON annenb, KOTOPbINA
06yCnoBnvBaeT MOMOLWb POACTBEHHbIM 0c06sM, OyaeT crnocob6CcTBOBaTL  pas-
MHOXEHWIO 3TUX POACTBEHHbIX 0CO6ei, a 3a0flHO U CBOWMX COOGCTBEHHbIX KOMWA,
HaxofAWwwmxea B MX reHomax [5, 8]. Takum 06pa3om, eCTECTBEHHbIA O0T60pP MOXeT
61aronpuATCTBOBaTb YBEIMYEHUIO YMC/A a/lbTPYUCTOB B MOMNY/NALMK, €CAK MoMyYa-
Te/lb U JOHOP aNbTPYUCTUHECKO MOMOLLM COCTOST B POLACTBEHHOM CBS3MN.

OfHMM 13 MexaHM3MOB, CMOCOOCTBYIOLLMX OKa3aHWIO MOMOLLM POLCTBEHHMKAM,
AB/ISETCA Mas1as MOABVXKHOCTb 0CObeil, B TOM CMbIC/IE, YTO 0COOb MOXET KOHTaK-
TUPOBaTb /Wb C OrpaHWYeHHbIM HEOOMbLUMM YMC/IOM APYruX 0coben — wunu, B
TEPMUHAX WUIPbl «AuneMma 3akMiOUYEHHOr0», WIPOK Kax[plii payHZ C BbICOKOWA
BEPOATHOCTHIO BCTPEYAETCA C OAHUM W TEM XKe UrpoKom. B Takom cryyae 6/1m3Koe
pacnosioXXeHve POLCTBEHHWKOB B MPOCTPAHCTBE MO3BOMAET OTOOPY (Mpv onpeje-
NEHHOM COYeTaHWUW PajuycoB OKPECTHOCTEN, Ha KOTOPbIX MPOMCXOANT KOHKYPEHLMA
1 OKa3blBaeTcs NoMoLLp [6, 9]) AeiicTBOBATb B NO/Mb3Y YBENYEHWA KNAaCTePOB C a/lbT-
pynctamu [4]. STOT aghpeKT ByaeT yCUnmMBaTbCs C yBEIMYEHNEM NPOCTPAHCTBEHHBIX
OKPECTHOCTEN, BHYTPY KOTOPbIX 0COOb KOHKYPUPYET C APYTrMMM 0CO6AMU, U C YMEHb-
LUEHVeM OKPECTHOCTEN, BHYTPU KOTOPbIX MOCENSAETCA ee NOTOMCTBO M OTbICKMBAETCS
ee 6payHbIi NapTHep.

ApyruMm  mexaHvu3mamu, Croco6CTBYIOLLMMY OKa3aHWI0 MOMOLLM POACTBEH-
HUKaM, ABNAKOTCA pacro3HaBaHWe 0COObI0 CBOMX POACTBEHHWKOB, a TakXke [Ae/eHue
MonynauMM Ha rpynnbl, YeHbl KOTOPbIX CMNOCO6GHbI pacrno3HaBaTb 0CO6Gei CBOei
rpynmoil.

Kak BapvaHT nocfefjHero MexaHusmMa MOXHO paccmaTpuBaTb pacro3HasaHuie
0COObI0 OMpefesieHHbIX METOK (MPU3HAKOB WAV CUTHAN0B), UMEIOLLMXCA Y APpYruxX
ocobeli [8]. Takas MeTKa MOXeT MNpeLCcTaBnfATb COO0M NOOYH0 OMO3HaBaeMyo W
nepesatoLLytocs MO HaCMefCcTBY YepTy, Hanpumep, BblAeneHVe OnpeaeneHHoro
XUMUYECKOrO  BELLeCTBa WU OMpeferieHHbIi  OKpac  HEKOTOPbIX — Y4acTKOB
MOBEPXHOCTW Tena, WM [axe 3e/eHyr0 60pofy, NPUAYMaHHYK Kak Kypbe3Hblil
npvmep, 4ToObI NPOAEMOHCTPUPOBATL, YTO BaXKHA He CyTb NPU3HAaKa, ABMAIOLLErocs
METKOM, & MWLWb TO, YTOObl OH YEM-TO OT/IMYa/ICA OT [PYruX MNPU3HaKoB W Obin
0Mo3HaBaeMbIM.

PaHee npegnonaranock [10], 4TO HEOOXOAWMMbLIM YCNOBMEM A1 TOFO, YTOObI
MEXaHW3M METOK MOr MOAAEPXMBATb YMCMEHHOCTb aNbTPYMCTOB B MOMYNALUK,
AIB/IAETCA KOAMPOBAaHWE afibTPYMCTUYECKOrO MOBEAEHWA W pacrno3HaBaHWA METOK C
MOMOLLbIO OAHOr0 W TOFO € reHa WM ABYX OYeHb M/IOTHO CLEMIEHHbIX TEeHOB.
CuenneHHble mMeXxay C060i reHbl pacronaratoTcsa Ha OAHOW W TOW >e XPOMOCOME.
Xpomocoma MOXKeT 06MeHUBATLCS ONpefieNleHHbIMU 0TPe3Kamy C KOMI/IEMEHTapHOA
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el XpOMOCOMOIA, 1, Yem 6/1Ke ApYr K ApYry Ha O4HON XpOMOCOMe PacrofioXeHbl Ba
reHa, TemM CUIbHEe OHU «CLEMeHbI», T. €. TEM MeHbLUE BEPOATHOCTb TOrO, YTO OHMU,
MoABepriunc, 06MeHy (pPeKoMOuHaLUMK), B UTOre OKaXXYTCA B PasHbIX XPOMOCOMaX.
Cwna cuenneHus AByx reHoB OnpenenseTcs BepOATHOCTAMM KOMOUHALMIA, B KOTOPbIX
[o4yepHVe 0coby HacnefyroT OT CBOEro POAMTENs afenin 3TUX reHoB. Eciu reHsbl
MJOTHO CLENeHbl, TO fiBeé U3 YeTblpex KOMOWHauuin 6yayT VMMeTb BEPOSTHOCTW,
pasHble 0,5, a ABe Apyrue — BEpOATHOCTM, paBHble 0. Ecnu reHbl He cLenseHsbl, TO BCe
yeTbipe KOMOGUHaUMM OyayT MMeTb BEepOATHOCTWM, paBHble 0,25. MpoMeXyTouHble
3HaueHWs BePOSTHOCTEW COOTBETCTBYIOT CaboMy CLENNEHNIO.

OTcyTcTBME CUEMMIEHNA N cnaboe CLEMIeHne MexXay reHoM, KOAMPYHOLLMM
METKY, U FeHOM, KOAMPYIOLWMM cTpaTerno (T. e. CKNOHHOCTb K anbTpyusmy nn6o K
arousmy), 6yayT NpUBOAUTL K TMOSIB/IEHWIO HOBbIX KOMOWHaUMn 3TUX  [ABYX
npu3HakoB. B AaHHOM cny4yae BCKOpPE NOC/e MOABMEHUA METOK Y a/lbTPyUCTOB, 3TU
METKM B pe3y/ibTaTe PeKOMOMHALMN FeHOB OKaXYTCA U Y 3rouMcToB. B cBA3N € 3TuM
paHee OTpULANacb BO3MOXHOCTb 3BOMOLMM anbTpyu3ma npy Cnabom CLenieHnm
reHoB, KOAMPYHOLMX METKW, C reHaMKn, KOAUPYHOLLMMUK cTpaTernn. YTo e KacaeTcs
CUNBHOTO CLIEN/IEHMA, TO NOAB/IEHWE OAHOIO reHa WM napbl NAOTHO CLENIEHHbIX
reHoB, KOTopble Obl KOAMPOBa/IN Cpa3y 06a paccmMaTpyBaeMbIX MpU3HaKa, cumTaeTcs
CNIMLLKOM MaJIOBEPOSITHBIM, YTOObI C 3aMETHOI 4acTOTOIN BCTpeyaTbea B npupoge [8,
10]. TMoatomy, HecMOTps Ha paf MNOATBEPXAEHWUA CyLUECTBOBaHWS B NPUPOAe
mexaHu3ama MeTok [11 — 14], OHO 4acTO CuMTa10Ch MaslonpaBAonoLO6HbIM MK
paccMaTprBaioCch Kak KpaiHe peaKoe sBfieHue.

B nocnefHee BpemMs NPOBOAMIOCH MOLENMPOBaHKE MexaH3ma MeTok [9, 15, 16].
OHO NPOAEMOHCTPUPOBASIO BO3MOXHOCTb MOAJEPXaHUA anbTpymsma B Monynauuu,
ec/n B Hell 0JHOBPEMEHHO NPUCYTCTBYET Cpa3y HeCKO/IbKO METOK.

B mogenu, onucaHHoii B paboTe [16], npegnonaraeTcs, YTo Kaxaas 0cobb MmeeT
[Ba reHa, OAVH W3 KOTOPbIX OMNpefesnisieT Haauume y 0cobu TOW UM UHON METKU W
CMOCOBHOCTM K ee pacrno3HaBaHWO y [pyrnx 0cobeil, a [Apyron reH Koaupyet
cTpateruto. AnbTPYyWUCTUYECKME AeCTBUSA MPOU3BOLAATCA 0CODbIO, €CNW ee CTpaTeruei
SBNAETCA aNbTPYW3M, NPUYEM TONIbKO MO OTHOLLEHWIO K 0CO6AM, 0611a4at0LLIMM TaKoi
Xe MeTKoi. [1oTOMCTBO 0CO6M MNOCenseTcs B MNYCTbIX COCEAHUX Yy4yacTKax C
BEPOATHOCTbHIO, MPOMOPLMOHATIbHOW CyMMapHOMY BbIUTPbILLY 0CO6W. PacCMOTPEHb!
ABa cnydas: 1) MeTka Bcerfia Hacnefyetcs CLEMNIEHHO CO cTpaTervieid; 2) meTka u
CTpaTervs KoAMpYyrTCa OTAeNbHbIMU, €1abo CLeneHHbIMM reHaMu.

Ecnu gons anbTpyyucToB B MONYNALMN ABISETCA HA3KOW, TO B HEW MOTYT YCMeLLHO
pasMHOXaTbCA afbTPYWUCThI, 06NnajatoLLe MeTKaMu, KOTopble PefKo BCTpevatoTcs B
nonynauuun. Mo Mepe pasMHOXEHUA TakuX albTPYMCTOB B MOMynauuu Bce 6onee
YCMELWHO MOrny 6bl pasMHOXaTbCA W 3rOWCTbl, HeCyluue Te Xe camble MeTKu. B
cnyyae 1, Korga MeTKa Hacneflyetcs CUEMJeHHO CO CTpaTervieid, Takue 3roucTbl
MOSBAAKOTCA B MONYNAUMM YXKe MOcne TOro, Kak B Helk Hayanu npeobnagatb
aNbTPYUCTbI C AAHHON METKOW. ITO CBA3AHO C HU3KOW BEPOSTHOCTHLIO TOrO, YTO B
nonynsauumn 3a [0BO/ILHO KOPOTKOE BPeMs NOSBUTCA 0C06b, Y KOTOPOI JaHHas MeTka
CMOXET 00ObeMHUTLCA C 3rOMCTUYECKOW CTpaTerneil. Takas HW3Kas BEPOSTHOCTb
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006yCnoB/eHa HU3KOW YacTOTOM PEKOMOMHALMIN MEXAY CUIbHO CLEMNIEHHbIMU FreHamm
Y HW3KOM YaCTOTOWN MyTaLmid, B pe3y/ibTaTe KOTOPbIX HOCUTENN JaHHON METKMN Takxke
MOrnu Gbl NPUOBPECTM ArOMCTUYECKYHO CTpaTeruto. Mocne nosBieHns B NOMyNALMA
3rouMcToB C [aHHOW METKOM OHM ObICTPO BbLITECHAKOT MNpeobnafgaBwnX Tam
albTPYUCTOB C TaKOM >Xe MEeTKOW W HabntofaBLUeecs NMpu 3TOM BbICOKOE 3HauveHue
CYMMapHOT0 BbIIPbILLA CHVKAETCH, XOTA [aHHas MeTKa 0CTaeTcs npeobnafjatoLLeit.
B pesynbTaTe B NOMynsumy OnsTb CO3L4AOTCS YCNOBUA AN YCNELUHOTO Pa3MHOXEHMS
albTPYUCTOB C KaKOW-HWOYAb [PYron MeTKOW. Takoh UMK, B KOTOPOM CHadvana
npeobnafaloT anbTPyWUCTbl C MepBOHAYa/IbHO PefKO BCTpeyaBLUeNCs METKON, 3aTem
3rOUCTbI C TAKOM Xe METKOIA, MOC/Ne Yero NpPOMCXOAWUT CMeHa NpeobnajaroLLein MeTKK,
MOXXET MOBTOPATLCSH HECKOHEUHO.

B oT/Muve OT BbilepacCMOTPEHHOW CUTyauun B Cllydae 2, Korja MeTka
cTpaTerus KOAMPYHTCS OTAeNbHbIMU CNabo CLENIEHHbIMU TeHaMu, arOUCTbl NOSAB/S-
I0TCA B MOMYNALMM He NOc/e, a elle [0 TOro, Kak B Hell HauMHatoT npeobnagatb
aNlbTPYUCTbI C TOM XKe METKOW. DTO BbI3BAHO TEM, YTO 13-3a CNabOro CUenieHns reHoB
METKW W CTpaTeruv npyu crnapvBaHUM abTPYWUCTOB C OKPYXAHOLMMK 3romctamu
OTHOCWTENIbHO 4acTo MOSIBNAIOTCA 0CO6M C HOBbIMWA KOMOMHAUMAMU METOK W
cTpaterunii. B pesynbTate OCTa/lbHble METKW, MPUCYTCTBYIOLLME B MOMyNsauuM, [0
KOHL@A M3 Hee He BbITECHSAIOTCA, TaK KaK MPOCTPaHCTBEHHbIE KACTepbl, 3ace/eHHble
aNbTPYUCTaMK, 3acCensoTcs 3IroucTaMm € TOM Ke MeTKOW 1K npekpawaroT
YBENNUMBATLCA B pa3Mepax €lg [0 CBOEro pacluMpeHvst Ha BeCb 3aHUMaeMblil
nonynauuei apean. MNocne «3axeaTa» KiacTepa aroMcTamm MX HauMHaKT BbITECHATb
aNbTPYWUCTbl C HOBbIMW METKaMM, HO W CO3faHHble MOC/EeAHUMU HOBble K/1acTepbl
TOXe He 3aliMyT BCero apeana monynsauum. 3TO NPUBOAMT K OLHOBPEMEHHOMY
CYLLECTBOBaHWIO B MOMYNALMU HECKOMbKUX Pa3fIMYHbIX METOK, PacrofidKeHHbIX B
COOTBETCTBYHOLLMX NPOCTPAHCTBEHHDBIX KlacTepax.

Uem cnabee cuenneHvie reHoB MeTKM W CTpaTeruu, TemM MeHblue pasMmep 3TWUX
KNnacTepoB, 1 TeM cnabee Koneb6aHWs [OMM anbTPYUCTOB M CyMMapHOrO BbIUIPbILLA B
nonynauym. OfHAKO MpU CAULWIKOM €flaboM CLEnieHnn 3BONILUUA anbTpyn3ma Ha
OCHOBe pacrno3HaBaHWs METOK CTaHOBUTCSH HEBO3MOXHOM.

KonnuecTBO pasHbIX METOK, KOTOpble OJHOBPEMEHHO MPUCYTCTBYIOT B
nonynauumM, MoCTeneHHO BO3pacTaeT cO BpemeHeM. OfHakKo C OMpeAeneHHOro
MOMEHTA HOBble METKW, KOTOpble BO3HWKAOT B pe3y/ibTaTe MyTauuid, yXe He
COXPaHATCA B NOMynsuMu, M pasHoobpasve METOK TakuMm 06pasom focTuraet
«TOYKM HaCbileHNs». [NepBOHavanbHOe BO3pacTaHuWe OOBACHAETCA TeM, YTO, YeM
60/bLLe KONMYECTBO PasHbIX METOK B NOMYNALMKU, TEM C MEHbLUUM YMAC/IOM 3rOUCTOB
C TakoW e MeTKOM OyfAyT CTa/iKuBaTbCH albTPYWUCTbl, U MO3TOMY TeM MeHbLUe
nocnegHue 6yayT TepATb B CBOEM BbIrpbiLe. C yBennyeHnemM pa3Hoobpas3ns MeTOK B
nonynALuMM pacTeT U CPeLHWIA MO NOMYNALMA BbIUIPbILL.

CyLLEeCTBOBaHME «TOYKMN HACBILLEHMS» B Pa3HO06pPa3n MeTOK CBA3aHO C TeM, YTO
nobble 0co6M C PeaKO BCTPeYaloLMMMCA MeTKamu, MMEHT OAMHAKOBYK NpKUCHOo-
cobnieHHOCTb. M3-3a 3TOro, Korfa pasHoobpasvie MEeTOK BO3pacTaeT, W BCe METKU
CTaHOBATCA PeLKUMU, HOBbIM MeTKaM BCe TPY/Hee pacnpoCTPaHATLCA U COXPaHATLCS
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B nonynaumn. B pesynbTtarte [eiCTBUSA 3TUX [BYX MeXaHW3MOB pa3Hoo6pasvne MeToK
rnocrne SOCTVXKEHWS «TOYKMN HaCbILLEHWS» NMOALEPXKMBAETCA Ha ONpese/ieHHOM YPOBHE.
O6Hapy»XeHa ero 3aBMCMMOCTb OT CTPYKTYPUPOBAHHOCTW NONY/ALMN U NOABVKHOCTH
B Heil ocobeld. MpocTpaHCTBO, B KOTOPOM >XUBYT 0CO6M, MOAENMPYETCS C MOMOLLbO
rpacha, B BepLUMHAX KOTOPOr0 HaxoAsTcs 0cobu, a Nobble B3aMMOAENCTBUA MeXay
[BYMS 0CO6SMU, 1 B YACTHOCTU, OKasaHve MOMOLLM, BOSMOXHbI IMLLb B CNy4ae, ecim
COOTBETCTBYIOLLME BEPLUMHbI COeAMHEHbI pebpoM. CpefHUM KOMMYecTBOM pebep,
NCXOAALMX U3 OLHOW BepLUMHbI rpada, onpefenseTcs CTeneHb CTPYKTYPUPOBaHHO-
CTU NONYNALUUM W MOABMKHOCTL 0co6eit. CyllecTByeT OTpuUaTelbHas KOppenauus
MEXZY KOMMYECTBOM TUMOB METOK U NMOABMXHOCTBIO: YEM MeHbLLE CTPYKTYprpoBaHa
nonynsaums 1 60sbLUe NOABMXHOCTL ee 0c06eid, TeM BbiLe pa3HOOOpasne MeTOK.

Crabunusaumsa KonebaHuin Lonm ocobein-anbTpyncToB CPean BCex 0Co6el n cym-
MapHOro BbIMIPbIlla 0cobeli B MONYMALUMM NPOUCXOAWT 6Gnarogaps 4acTomy
NOK&/IbHOMY MOSIB/IEHUIO HOBbIX KOMOMHAUMIA METKM 1 cTpaTermu. ABTOPbI paboThl
[16] oTmeuatoT, YTO 3TV KOMOMHALMM MOTYT CO3LaBaThCs HE TO/IbKO MyTeM PEKOMOU-
HaLUuMM reHoB, Kak Mpeanosnaranocb B MX B MOZENW, HO U B pe3ynbTaTe AeiCTBUA
MOBbIX APYTUX MEXaHM3MOB, CMOCOOHbIX BHEAPUTb B SIOKa/IbHbIE MPOCTPAHCTBEHHbIE
KnacTepbl HOBble KOMOMHAUUM MeTKa-cTpaterusi. K Takum MexaHn3maM OTHOCWTCS
BbICOKas 4yacToTa MyTauui, pefkue nepecefieHnss 0cobeil Ha Bonbluvie PacCToAHMA
WM pefKMe CKpeLimBaHus C  [aneko D>KUBYLUMMU 0Co6aMM. [lepeuncneHHble
MeXaHW13Mbl MO/ Gbl NPOM3BOAUTL TAKOW XXe CTabunuavpyrowmii athgekT [9, 15].

HecmoTps Ha BbILLIEPACCMOTPEHHbIE 0OBACHEHUS 3BOIIOLUM a/IbTPYMCTUYECKOTO
MnoBefeHNs, 00YCNOBNEHHOIO Pacrno3HaBaHNEM METOK, MPefCcTaBnseTcs aKTyaslbHbIM
Ja/lbHelilee yTOUYHeHVe paboTbl MeXaHW3Ma MEeTOK Ha OCHOBE MaTeMaTU4ecKoro u
KOMMbIOTEPHOTO MOZENNPOBaHUS.

Mpepnaraetca paspabartbiBaTb MOZENM U3MEHEHUS MPOLEHTHOrO COAEpXaHus B
nonynauusx ocobeld, MCNoMb3yOLWMX pPas/IyHble CTpaTeruy anbTPyUCTUHECKOro
MOBEfEHNs, Ha OCHOBE K/IETOYHO-aBTOMaTHOro nogxopa. Mpegnaraemble Mogenu,
OTHOCALLMECS K K/lAaCCy MPOCTPAHCTBEHHbIX WHAMBMAYaANbHO-OPUEHTUPOBAHHbIX
MoJeneid, MO3BONSKOT WCCMeoBaTb AVMHAMMKY FEHOB, OMPeAenstoLnx CTpaTeryo
MOBeZEeHNs 0COOUN 1 ee METKY C YYETOM MapameTpoB MyTaLMOHHbIX COObITUIA, MOMOBOI0
PasMHOXeHWS, NepeceneHns 1 oTéopa 0co6ei.

PaspaboTaH anroputm A1 MOLENNPOBaHUA AVHAMMKW YKa3aHHbIX NapameTpos,
XapakTepum3yloLWwumx nonynaumio. Mpreeaem KUeBble MOMEHTbI B OMWCAHWN 3TOrO
anroputma. MpocTpaHCTBO, AOCTYMHOE A/19 XKU3HWU 0CO6el, NpeAcTaBMM PeLLeTKOM
A(i, J), roe i=1..,N; j=1..,M, cy3namu (i, j) 1 pacCTOSHUEM MEXAY Yy3namu,
paBHbIM MWUHUMANLHOMY PAcCTOSHUIO MeXAy OTAEeNbHbIMW B3POC/bIMUA 0COGAMU B
MPUPOLHBIX NOMynAumMax (pelueTka MOXET ObiTb CBEpHyTa B TOp AN TOro, YTOObI
n36exxaTb rpaHnYHbIX 3heKToB). B KaxkgoMm y3ne pewweTku (i, j) B 060 MOMEHT
BPEMEHWN MOXET HaXxoauTbea He 6osee ogHOM ocobu. Onsa kaxgoro y3na (i, j) Bblge-
NSIETCA MHOXECTBO COCeAHUX y3n0B S(i, j), KOTOpOe COCTOMT M3 BCeX Y30B
PELLETKMN, PacCTOSHME [0 KOTOPbIX (M3MepseMoe MUHUMabHbIM YMcioM pebep pe-
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LUETKM, KOTOPbIE COEAMHAIOT AaHHbIA y3en ¢ y310oM (i, j) ), MeHbLUE UK PaBHO HEKO-
Topomy uucny L.

Kaxgas ocobb 06nafaeT HEKOTOpPbIM MHOXECTBOM TreHoB. Kaxablil reH
MPUHMMAET OLHO W3 KOHEYHOro umcna r 3HaveHuin, X €{l,...,r}, n 3To 3HaueHwue

nepesaeTcs Mo Hac/neacTBy NOTOMKaM 37Ol 0Co6M.

[nsa MoAenupoBaHMS CLEMNNEHNS TEHOB BBOAWUTCA BEPOSITHOCTb P, npuHu-
matowias 3HaveHus ot 0,25 go 0,5. YeTbipe KOMOMHALMK NO fBa annens u3 YeTbipex
POAVTENbCKNX anneneil aByx reHoB HacneaytoTcs A0YepHUMU OCOGSMU C BEposT-
HOCTbIO P ans Kaxaoi 13 AByxX KOMOMHaUMA, 06pa3oBaBLUMXCA 6e3 peKoMbuHaumK,
N C BepOATHOCTbIO, paBHo 0,5— P, ana kaxpoii u3 aByx KOMOWHaLMiA, 06pa3o-
BaBLLMXCA C NOMOLLbKO PEKOMOMHALMN.

B Mogenn HocuTenn Kakaol M3 MeTOK, a Takke 0cobu, Yy KOTOpbIX MeTKa
OTCYTCTBYET, MOTYT NPUAEPXKMBATLCSH OAHOM 13 TPEX BO3MOXHbIX CTPaTErvii: anbTpym3Mm
MO OTHOLLEHUIO TOMbKO K OCOBSIM, HECYLLMM TaKyto e MeTKY; a/lbTPyM3M MO OTHOLLe-
HUIO K N10ObLIM LPYrM 0COBSIM; 3rOMCTUYECKOE OTHOLLIEHME K /IH06bIM 0CO6SM.

MpeanoXeHHbIV NOAXO0A K MOAENMPOBAHUIO M3MEHEHUS B NOMYNALMAX YMCNEH-
HOCTe 0CO6ei, NPUMEHSIOWMX Pa3INYHbIe CTPATErMn anbTPYMCTUYECKOro noBeje-
HWA, OCHOBaH Ha MPUMEHEHUW AWUCKPETHbIX WHAMBUAYaIbHO-OPUEHTUPOBAHHBIX MO-
Jenei, NOCTPOEHHbIX Ha OCHOBE K/IETOYHbIX aBTOMATOB. JTOT MOAXOL MO3BONSAET
nccnefoBaTb AMHAMUKY TEHOB, OMpPefenatoLmMX CTpaTernto noBedeHWs ocobu v ee
METKY, C Y4eTOM MapamMeTpoB MyTaLMOHHbIX COObITWIA, NONOBOIO Pa3MHOXEHUS, nepe-
ceneHuss n otbopa ocobeli. PaspaboTaHHas MOfeNb MOXET ObiTb B Aa/lbHELIeM
YCOBEPLLUEHCTBOBAHA C Y4eTOM 60/bLUEro KoimyecTBa OCOOEHHOCTE B3anmMOAeit-
CTBUI MeXAy 0CO6AMM B NONYNALMUAX U BAUAHWUS CTPYKTYPbI MNONYNALMN HA CKOPOCTb
3aMeHbl OJHWX CTpaTerunii NoBeAeHWs 0cobeli ApyruMm ctpaterusmu.

0O.B. buup, O.C. anees

PO3POBKA IMCKPETHX NMPOCTOPOBKX MO!Q,E}'IEI7I EBOTHOLLIT
ANbTPYICTUYHOI MOBEAIHKW, 3YMOB/IEHOI PO3MISHABAHHAM MITOK

Po3rasiHYTO aKTyanbHy Mpo6sieMy CydyacHOT eBOMIOLIAHOI Teopii Ta pisHi nigxoan go ii po3s’s-
3aHHs. [pOMOHYETLCA MOZENOBATH AMHAMIKY CTpaTeriii anbTpyiCTUYHOT NOBEAIHKM 0COBUH Yy Mo-
nynauii 3a 4ONOMOroK AMCKPETHMX iHAWBILYabHO-0PIEHTOBAHMX NPOCTOPOBUX MOAENEel Ha OCHO-
Bi KNiTMHHO-aBTOMATHOro nigxofy. HaBoAMTLCA ONMC anropuTMy [/ MOAEMOBAHHS €BOMOLT
anbTPYICTUYHOT NOBeSiHKM, 00YMOBNEHOr0 PO3ni3HaBaHHAM MIiTOK.

0.V. Byts, O.S. Hapieiev

DEVELOPMENT OF DISCRETE SPATIAL MODELS OF THE EVOLUTION
OF ALTRUISTIC BEHAVIOR BASED ON RECOGNITION OF TAGS

Actual problem of modern evolutionary theory is considered and different approaches to its solution
are observed. It is proposed to simulate the dynamics of altruistic behavior strategies of individuals
in the population using the discrete individual-oriented spatial models based on cellular automata
approach. The description of the algorithm for the simulation of the evolution of altruistic behavior
based on tag recognition is given.
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