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IMPUMEHEHUE METOJA «MYPABBUHBIX KOJTOHUW» IS
IMPOTHO3UPOBAHHUSA XAOTHYECKUX BPEMEHHBIX PSIJIOB

Po3riisiHyTo HOBUII MeTOJ NPOrHO3yBaHHA YacOBUX PAMIB, 0 0a3y€TbCHA HA METOAI «MypPAIIMHUX KOJOHIi». 1 nboro
copMOBaHO MyJbTUIPAd MOUIYKY XapaKTePHHUX NOCJIII0BHOCTEH Y 4aCOBOMY Psili Ta po3p00JIeHO AJIrOPUTM PYXy «MYpax».
IIpeacrapieni pe3yabTaTi podoTH ANropuTMY Ta fioro Moaudikauii Ha yacoBomy psiai cucremu Jlopenna.

PaccMoOTpeH HOBBIIi METO MPOrHO3MPOBAHHSI BPEMEHHBIX PSI/IOB, KOTOPbI OCHOBBIBAETCS HA MeTO/le «MYPaBbUHHBIX
KoJLIoHMI». 151 3TOro chopmMupoBaH MyabTHIpad NMOMCKA XapaKTePHUX IOCJeI0BATEJbHOCTel BO BPEeMEHHOM psijie H
pa3padoTaH aJIrOPUTM JBH:KeHHS] «MypaBbeB». IIpeacTaBieHbl pe3y/IbTaThbl POOOTHI AJrOPHUTMA H €ro MOAM(PUKALUM HA
BpeMeHHOM psijie cucteMbl JlopeHua.

New prediction algorithm based on the Ant colony optimization routines is considered in the paper. The multigraph of
typical consequences for a given time series is constructed in order to concentrate information. The algorithm to establish
“ant” movement is proposed. The basical algorithm and modified one are applied to Lorenz system time series.

Ki1roueBble cj10Ba: IPOrHO3UPOBAHUE, BPEMEHHOI psifi, MyJabTHIpad, «MypaBeiD».

Beenenne. IlInpokoe mpuMeHeHHE METOOB MPOTHO3UPOBAHUS BPEMECHHBIX PSIOB B PA3IMIHBIX OTPACIAX HAYKH U
TEXHUKHA OOYCIIOBIIEHO HEOOXOIMMOCTHIO TPEACKAa3aHUs MOBEICHUS CHCTEM Pa3IMYHON HPUPOABI — OHOIOTHYECKOH,
SKOHOMHYECKON, TEXHHYECKOH. BONBIIMHCTBO CYIIECTBYIOIINX METOMOB MPOTHO3UPOBAHUSA OasupyroTcs Ha
MIPEIONI0KEHNH O CTAIlMOHAPHOCTH BPEMEHHOTO psfa MO0 O BeChMa MPOCTONW CTPYKTYpE TPEHIA HCCIECAYEMOTO
BPEMEHHOI0 psia. 31ech NPUMEHSIOTCS TaKue METOAbl Kak ckoib3siee cpeaHee, APMA u APUMA wmonenu [1].
OpmHako JUIi aHajM3a BPEMEHHBIX DSIOB, MOPOXKIEHHBIX CYIMICCTBEHHO HEIHMHEWHBIMH CHCTEMaMH, STH METOMBI
3a4acTyl0 TOKa3bIBalOT HEYJOBJIETBOPHUTEIbHBIC PE3yJIbTaThl. SIPKUM TPUMEPOM BPEMEHHBIX PSIOB, IS KOTOPBIX
HEBO3MOXKEH IMPOTHO3 C MOMOIIBI0 KIACCHYECKUX METOJOB MaTEMaTHUYEeCKOW CTATHCTUKH, SIBISIOTCS XaOTHUECKHE
BpEMEHHBIE PSIJIBI.

JUis TpOTHO3MPOBAaHMS BPEMEHHBIX PAIOB TAHHOTO KJlacca OOBIYHO MCIOJB3YIOTCS Pa3iIMYHBIE METOJBI
MIPOTHO3UPOBAHKSA, OCHOBAaHHBIE Ha HEWPOCETEeBON aNNpOKCHMMAlWU Hambonee XapaKTepHBIX  TEHICHIMN
NPOTHO3UPYEMOro BpeMeHHOro psina. Tak, Hanpumep, B [9] IporHo3 ocyniecTBisUIcsS Ha OCHOBE IepLenTpoHa, B [3] —
Ha OCHOBE PajiMabHO-0a3UCHBIX cereil, B [11] — Ha OCHOBE alanTUBHBIX HEWPOHHBIX ceteil ¢ Y I1 Heliponamu, B [5] —
Ha OCHOBE IIOJIMHOMHAJIBHBIX HEHPOHHBIX ceTeil. Bce 3Tm Meronasl mNoOKaszaiy, YTO MOTYT MNpPHUMEHSThCS (M
MIPUMEHSIOTCS) TPH TPOTHO3MPOBAHWN XAOTHYECKHUX PSJIOB, OAHAKO JUIS WX YCIEIIHOTO NPHMEHEHUs HEOOXOANMBI
arpuOpHBIE IPEJCTABICHUS O CTPYKType ceTH [1].

JpyruM KiaaccoM METOJO0B, MPUMEHSEMBIX AN MPOTHO3a BPEMEHHBIX PSAJOB, SBISIOTCS HEMPOHEUETKUE METOMBL.
OHM OCHOBBIBAIOTCA Ha IOCTPOCHUM HAOOpa JIOKATBHBIX JIMHEWHBIX ypaBHEHUH I  ONpeeNieHHs II00aIbHOM
(GYHKIMM annpoKCHMAllMM, OCHOBAaHHON Ha HEYE€TKUX MpaBwiax. [Ipy NpUMEHEHWM  HEHPOHEUETKHX METOJIOB
Ipeciielyt0TCsl IBe IeJH. Bo-nepBbIX, MOCTpOeHHE OBICTPO PabOTAIOIIEro HEYETKOIO METO/Ia C IPOCTOM CTPYKTYypol U
YIAYYIICHHON pOOACTHOCTHIO, BO-BTOPBIX — 0oOJiee MpocTas WHTEPIPETaIis MOJIydeHHbIX pe3ynsTatoB [8]. B [4;8]
paccMOTpEeHBI HEHPOHEUETKIE METO B! ATl TPOTHO3UPOBAHUS XaOTHYECKUX BPEMEHHBIX PSJIOB.

HecMoTpss Ha OO0JIBIIIOE KOJIMYECTBO METOJOB JJII MPOTHO3HPOBAHMS XAOTHUECKHX PSAJIOB, MPOTHO3ZUPOBAHUE
pEaBHOTO XaOTHYECKOTO psa OCTaéTcs CIIOKHOW 3amadeii. B maHHON paboTe mnpemiaraercss HOBBIA METOJ
MIPOTHO3UPOBAHUSI BPEMEHHOTO psiia C MOMOIIbIO BBIAEJIEHUS! XapaKTEPHBIX IMOCIEOBAaTEIbHOCTEH M3 BPEMEHHOrO
psma. Jias 3TOH WLENW HWCIOJB30BajlCS METOJ «MYPAaBBHHBIX KOJIOHHI» (METOJ OTHOCHUTCS K KIAcCy METOJIOB
pacrpeenéHHOr0 HCKYCCTBEHHOTO HHTeIUIeKTa). OnmucaHne MeTo1a MOXHO HailTH B [6].

Crnemyer OTMETHTb, 4YTO METOJ «MYpPaBbUHBIX KOJOHHUI» paHee MPUMEHSUICS B pa3lIMYHBIX METoJax
MPOTHO3UPOBAHMUS TSI OITHMH3AIMH CTPYKTYPBI HEHPOHHBIX CeTel U craTucTHaeckux moxeneit [5;10].

IMocranoBka 3aaaun. PaccMaTpuBaeTcs 3aada IIPOTHO3MPOBAHUS OJHOMEPHOTO BPEMEHHOIO PSd C XA0THIECKOM
JMHAMUKOM, a MIMEHHO HEOOXOAMMO MO NpeblAyluM 3HaueHusM Bpemennoro psaaa: ¥[0].....¥[t] cupornosuposars
3HAYEHUs BPEMEHHOTO PAa B mocneayromue MoMenTsl Bpemenn ¥ [E+ 1] v[t + 2], .. v [t + k].

Bynem mnpenmnonaraTh, 4YTO IPOTHO3UPYEMBIH BPEMEHHOHW ps OTpakaeT IOBEJCHHE HEKOTOPOM CI0XKHOM
JUHAMUYECKOH CHUCTEMBI, MEPEeXOAHBbIE MPOIECChl B KOTOPOH 3aBEpPIIMIMCH: ABIKCHHE B CHUCTEME INPOUCXOAUT B
OKPECTHOCTH HEKOTOPOTO CTPAHHOTO aTTpakTopa. TeM caMbIM, MOXKHO YTBEPXKAATh, YTO TPACKTOPHS OyJeT MPOXOAHUTH
Yyepe3 OTHHM W T€ e 00JacTH aTTpakTopa 3HAYWTENFHOE YHCIIO pa3 3a BpeMms HabOmromeHus cucteMmsl. [Ipm 3ToM B
KaX/T0#1 0071aCcTH aTTpaKTOpa MOXKHO BBACIHUTH XapaKTEPHBIE ITOCIIEI0BATEIHPHOCTH 3HAYCHN BPEMEHHOTO psijia.
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[Ipennonaras, 970 MBI HaXOOWUMCA B YCIOBHAX NIEHCTBHA TeopeMbl TakkeHca [2], MOXXHO 3aKIIOYHTH, YTO B
HCCIIEAyeMOM BPEMEHHOM psific OyIOyT BCTpedaThCs MOAOOHBIE yYaCTKH, BBIJCIICHHE W aHAIH3 KOTOPBIX ITO3BOJIIET
OCYIIECTBIISITH POTHO3 BPEMEHHOTO psxa. Takum oOpa3om, 3ajada IPOTHO3MPOBAHWS 3HAYCHUS BPEMEHHOTO psia B
KaXIbII MOMEHT BPEMEHH IIPEICTaBMMa B BHJE BBIOOpa MOCIEIOBATENBHOCTH, IEPBasi 4acTh KOTOPOI ONMHCHIBAaET
MIPEALIECTBYIOINE HAOIIOAEHU BPEMEHHOTO psijia, a BTOpas 4acTh BBICTYIAET B KayecTBE NMporHo3a. J[is BblaeneHus
XapaKTepHBIX A1 BPEMEHHOI'O psijia IOCIE0BaTENIBHOCTE TOYeK MpeansaraeTcss UCHOIb30BaTh METOM «MYypPaBbUHBIX
KOJIOHHIA».

Onucanne ajaropurma. HpeﬂﬂO)KeHHLIﬁ AJIrOPUTM  TIPOTrHO3UPOBAHUA COCTOUT U3 JABYX YacTeil: aHaju3a
BPEMCHHOT'O pdAa € HEJbIO BBIACICHUA XapaKTCPHBIX MOCIEA0BATEILHOCTEH TOUYEK U cOoOCTBEHHO MMPOTHO3UPOBAHUA
AVMHAMHUKH BPEMCHHOT'O psAJa Ha OCHOBE BbIACJICHHBIX MOCJIeI0BaTEILHOCTEH.

JAnst BBIOETICHHUS TIOCIIE0BATENILHOCTEH TOYEK BO BPEMEHHOM PAIE MCIONB3YETCS METOM «MYPaBbUHBIX KOJIOHHUI»;
JUISL €TO pealn3aliiil He0OXOIUMO TIPEICTABUTh IIPOCTPAHCTBO MOMCKa B BHE rpada. CoOCTBEHHO rOBOPS, caM METOJ
MIPEACTaBIIET COOOH CIIEeIMaNbHBIN METOJI IIOMCKAa B MPOCTPAHCTBE COCTOSHUI HEKOTOPOI CHCTEMBI M 3aKJIIOYACTCS B
(hOopMHPOBaHNH KOJIOHUH HCKYCCTBEHHBIX «MYypaBbEBY», KOTOPBIE IBIXKYTCS B IIPOCTPAHCTBE COCTOSTHUN 3aaaun. [Tocie
OKOHYAaHHMS JIBIKCHHS «MypaBeil» yBemHMUMBaeT Bec pEOep, MpUHAMICKANINX TPOHICHHOMY MapumpyTy (OTKIaAbIBacT
«(hepoMOH» - B TEPMHHAX METOAA «MYpPaBBHHBIX KOJIOHHWI»). BeposTHOCTH BbIOOpa «MypaBbBEMY OIPENEICHHOTO
MapuIpyTa IponopUHuOHalIbHa KOJHYECTBY «(pepoMoHay Ha pEOpax 3TOro Mapipyra.

IpocTpancTBO Moncka. [IpeanonoxuM, 4to UccaeayeMblid psia HopMupoBaH oT 0 10 1, pa3o0beM MPOMEKYTOK
[0,1] Ha moAnMpOMEXYTKH BO3MOXHBIX 3HaYeHHH BpeMeHHOro psma L. ¥..l.i =1, M. Take 1a HaxokKIeHUS
XapaKTepHBIX IOCIIEIOBATEIBHOCTEH TOYEK BBeleM BenmuunHy D — MakcnMmanbHOE JOMYCTHMOE PACCTOSHHE MEKIY
COCETHIMHU DJICMEHTaMH IIOCJICIOBATEILHOCTH (IO PACCTOSHHEM MOHHMACTCA pPa3HHULA MEXKOY HOPSIIKOBHIMHU
HOMEpaMH HaOJIOICHUH, COOTBETCTBYIOIIMX AIIEMEHTOB TAHHOW ITOCIEIOBAaTENBHOCTH). B Merome mpenmonaraercs
OTBICKaHHE KOPPEJSIIHN JIUIIb MEXY JOCTaTOYHO OJIM3KO PACIIONOKEHHBIMHU HAOIIOICHUSIMHU.

B kauecTBe mpocTpaHcTBa MOMCKA OBIIO MPEATIOKEHO BHIOPATh MYIBTUrpad), YUCIIO BEPIINH KOTOPOTO M, mpruiem
Jro0ble JIBE BEpIIMHBI MyJbTHrpada cBsi3aHbl ¢ nomolnsto D pébep. Takoit MynbTHrpad KOAUpYeT BCe BO3MOXKHBIC
MOCTIEIOBATENbHOCTH TOUYEK BPEMEHHOIO psia C 3aJaHHBIMM 3HaueHHsIMM D u M, mpudéM mocienoBaTeIbHOCTh HE
IIPUBs3aHa K HOPSIKOBBIM HOMEPaM CBOUX JIEMEHTOB BO BPEMEHHOM psifie, HO JIUIIb K PACCTOSHUIO MEXy HUMH.

Jlanee 0TOXECTBIISIETCS MOHATHE IBIDKSHUS «MYPaBbEBR)» M0 MYJbTHrpady NOMCKA U BPEMEHHOMY psy: HEpeXoj
«MypaBbs» C i-il BepIMHBI MyIbTHUTpada COCTOSHHN B j-F0 MO K-My peOpy TOXIECTBEHEH MEpPEexXoay MEXIy
Habmonennem ¥[n] u ¥[n + k] Bo BpemeHHOM psifie, 3HAYEHHUS KOTOPBIX INPUHAJIEKAT i-My U j-My HPOMEXYTKAM
BO3MOJKHBIX 3HAYEHUI COOTBETCTBEHHO.

AHaJU3 BpeMeHHOT0 psiga. [Ipenmnonoxim, 9To0 «MypaBbi» IBUTAIOTCS TI0 BPEMEHHOMY PSY, B pe3yiabTaTe 4ero
BEIJICIISIIOT HEKOTOPHIE XapaKTepHBIE MOCICIOBATEIFHOCTH IIEPEX00B, OTKIAABIBAS «(PEpOMOH» HA COOTBETCTBYIOIIHE
pébpa mynbTHrpada noucka. Toraa, yepes onpeaeeHHbII MPOMEKYTOK BPEMEHH KOJIMYECTBO «(HEPOMOHAY Ha KaI0U
MOCTIeI0BaTeNbHOCTH pédep OyaeT MPOMOPUMOHATBHO YaCTOTE MOSIBICHHS ITOH MOCIEeI0BAaTEIbHOCTH BO BPEMEHHOM
psze.

Jlns OoNMCaHWS W CPABHEHMS TAaKMX IIOCIIEJOBATENLHOCTEN BBOAUTCA IIOHATHE LEMOUYKM IIepexonoB. llemouxa
HEPEXOIOB — 3TO TOCIEN0BATENLHOCT IIEPEXOI0B «MypaBbs» M0 MynbTurpady. B manbHeiimmeM, GymeM 0003Ha4aTh
uenouky nepexonos kaxk L{d;(8,).d;(8,). ... .d,_ (&, ,).d, ), rae d; — HoMep BepuIMHBI i-TO 3BeHa LEMOYUKH (T. €.
HOMED IPOMEXKYTKA BO3MOXKHBIX 3HAYEHHIL, OTBEUaromeMy i-My 3BeHy), 4; — Homep pebpa i-ro nepexopa B Lemnovxe (T.
€. PacCTOSTHHEM MEXIY i-M H i+1-M dIeMeHTaMH IIENOYKHA PaBHO ).

JlmnHO# 1emovku OyaeM Ha3bIBaTh KOJIWYECTBO MIEPEXOJIOB HEM.

Bynem cuuTaTh, 94TO EMOYKA OTBEYAET YACTH BPEMEHHOTO Psifla, HaYMHas OT HaOmogenus ¥ [1], ecmu:
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re € — MapaMeTp alropurMa (B pacyérax UCIONb30BANCA & = ;);

k — nnuna nenouku.

IlonsTue LCIOYKU TEPEX0J0B 0606HIEIGT YacCTOTy MOSBJICHUS TOM WM WHOM XapaKTepHOﬁ OCJICA0BATCIIbHOCTHU
TOYCK BO BpEMCHHOM pAA€: COOTBETCTBEHHO, YEM 0oJIbIIIEE YHCIIO Ppa3 nmocjaea0BaTCIIbHOCTh JAaHHOI'O BU/Jia NOABJIAIACH
B UCCIIEAYEMOM BPEMEHHOM pAAC, TEM OoJIbIIe ((q)epOMOHa)) 6yz(eT OTJIOXKCHO Ha COOTBCTCTByIOHIeﬁ LCIIOYKCE.

Jnst moctpoeHuss Myibturpada rmoucka ObUI HCIIONB30BAH BCIOMOIATENbHBIN CHHMCOK Lernodek. Ecmu ¢parment
BPEMEHHOI'0 Psifia, 10 KOTOPOMY ceifdac ABIKETCS «MypaBeil», COOTBETCTBYET LIETIOUKEe YK€ CYLIECTBYIOIIEH B CIIUCKE
LIEMIOYEK, TO Ha COOTBETCTBYIOLIME 3TOW Lernouke péOpa mynbrurpada nodapisiercss «(pepoMOH», ecld HET — OHa
nobaBinseTcs B COUCOK. [Ipidem, BepoATHOCTE BEIOOPA OJTHON M3 BOSMOXKHBIX IIEMOYEK M3 parMeHTa BPEMEHHOTO psijia
MPSIMO  TIPOTIOPITMOHAIbHA KOJHMYECTBY «(pepoMoHa» Ha COOTBEeTCTBYyMOHmMX pEOpax Mmynbrurpada. Ecim memouka,



MIPUCYTCTBYIONIasi B CHHCKE IIEMOYeK, He OblIa HaWIeHa HU pa3y 3a ONPEACICHHOE KOJIMYECTBO IIATOB IBIKEHHS
«MYypaBBEBY, TETIOUKA yIAISETCS U3 CIHCKA.

B KauecTBe mapaMeTpoB aIrOPUTMa BHICTYIAIOT: KOIMYECTBO IPOMEKYTKOB BO3MOXKHBIX 3HAYEHHH HAOIIOICHUM
BPEMEHHOTO psAna — M; MUHMMAJILHOE ¥ MaKCHUMAJIbHOE PACCTOAHUE MEXKIY OBYMS COCEIHUMH TOUKAMH LETIOUKH —
COOTBETCTBEHHO Upin, Gpmax (8; IUI4 KaXKIOro 3BeHAa KaKIOM LEMOYKH NPUHAIIEKUT NPOMEKYTKY [Gmin: Gmax]);
MMHHMMaJbHAsS U MaKCHMaJbHas IJIMHA LIENOYKH — COOTBETCTBEHHO Kpmin, Kmax; «(DEPOMOHHAS» XapaKTEPUCTHKA
Henouku — P (T. €. MAKCUMAJIbHO IOMYCTUMOE YUCIIOM LIAr0B IBMKEHUS «MYPaBbEB» 110 BPEMEHHOMY Py I IIOUCKa
[IETIOYKH).

Kamz[aﬂ LCIMOYKaA XapaKTCPU3yCTCA TeKymeﬁ (((bepOMOHHOﬁ)) XapaKTepI/ICTI/IKOI‘/‘I — PL , T. € HUCJIOM IIaroB JABHUXXCHUS
«MYpaBbs» 10 BPEMECHHOMY pAAy, MPOU3OIICANINX C TOrO MOMCHTA, KaK JaHHasA ICIOYKa ObLIa 3aq)1/u<cnp0BaHa BO
BPEMCHHOM pAaC MOCICIHUI pas.

Takum 06pa3oM, ajJropuT™M MOUCKA XapaKTEPHBIX MOCIEA0BATEILHOCTEW BO BPEMEHHOM Psijie MOKHO MPEACTABUTH
CIIEIYFOIIUM 00pa3oM:

1. Crpourcs mynsTHrpad) TOWCKa IS 3aJaHHBIX 3HAYCHWH MapaMeTpoB anropuTMma. Bce péOpa mymbTurpada
MHULAATM3HPYIOTCS Ha4aIbHBIM KOJINYeCTBOM «(hepoMoHay. Co3aeTcs IMyCTOMH CIHUCOK LETIOYEK.

2. «MypaBbn» cilydaiiHBIM 00pa30M pa3MeEIaloTCs B TOYKH BPEeMEHHOTO psga. Kakmeiii «MypaBei» meITacTcs HAWTH
LETIOYKY B CIIACKE, KOTOpas OTBEUACT €ro IOJIOKEHHIO BO BpeMEHHOM psme. Ecim Takas memouka HaiiieHa, TO
MEPEXOIUM K II. 5.

3. U3 ¢parmenTa BPEMEHHOIo psma, IOe HAXOAUTCS «MypaBel», T'eHEpHPYETCs HOBas LEMOYKa. BeposTHOCTH
nonaganus (i,j,K)-ro pebpa B 1eMOUKy MPOMOPHHOHANIbHA KOJIHYECTBY «(HepOMOHa» HA COOTBETCTBYIOIIEM pedpe
MyJbTUrpada.

4. CreHepupoBaHHas IeTI0YKa J0OABIAETCA B CIIMCOK IIEMOYEK.

5. Ha pé6pa mynsTurpada, COOTBETCTBYIOIINE IICTIOUKE, T00ABIICTCS «HEPOMOH».

6. Tekymas «pepoMOHHAs» XapaKTEPUCTHKA P [, AJId JAHHOM LIETIOYKU YBEJINIUBACTCS

7. TCKyH.[I/IC ((q)epOMOHHbIe» XapaKTCPUCTUKH I BCEX LEHOYCK M3 CITMCKA HaﬁﬂGHHBIX LCMOYCK YMCHBIIAKOTCA. Ecmn
JJIA TOW WM HHOH HOCIOYKHU TEKYyIIas (((I)epOMOHHaFI» XapaKTCPUCTHKA paBHA HYJIO0, TO HEHNOYKaA YAAJIACTCA U3
CIIMCKa.

8. «Mcnapsetcs» «pepomMon» Ha Bcex p&opax mynbrurpada. [lepexoaum k m.2.

B kadecTBe KpuTEepHEB 3aBEpIUICHHUsI MPOIIECCa MOTYT OBITh BEIOPAHBI CIIEAYIOTHE:

1. KommuecTBo «depoMona» Ha pédpax MynsTUrpada u3MeHseTcs He Gonbine yeM Ha BenuunHy P- 3a mocmenuune K
HUTEPALUH.

2. 3amnocnenuue K ureparnuii He OBUIO CTEHEPUPOBAHO HU OJHOW HOBOH LIEMOYKH.

3. KomnuectBo urepanuit N IPEBBILIAET HEKOTOPBIH IOpor Nmﬂx-

AJITOPUTM NPOTHO3UPOBAHUSI 3HAYEHHIi BpeMeHHOro psina. Ha ocHOBe TpOBEAEHHOTO aHAIM3a CTPOUTCS
MIPOTHO3 3HAYCHUH BPEMEHHOTO Psijia:

1. PaccmarpuBaroTcs nocieHue 5max * kmax HaOIII0JICHUH BPEMEHHOr0 pAja.

2. JInsi KaKAOro W3 3THX HAOJIIOACHHH HAXOIAITCS BCE LEMOYKH, Ui KOTOPBIX dl (IpOMeXXyTOK BO3MOXKHBIX

3HAYCHUH I TEepBOM TOYKHM IIETIOYKH) COOTBETCTBYET IPOMEXKYTKY BO3MOXKHBIX 3HAYEHHH IS TEKYIIEro
HaOmonieHus {, ¥ epBbIe N 3BEHBEB IIENIOYKH COOTBETCTBYIOT (PparMeHTy BPEMEHHOTO psijia, KOTOPBII HAaUMHASTCS C
TEKYIIEero HaOJII0ICHHUSI.

3. PaccmarpuBatotes cnenyronme K-n mepexonos (K — manuHa BeIOpaHHO# 1ienoukn). Eciu COOTBETCTBYIOIIUE TOYKH
HAXOJATCS Ha YK€ U3BECTHOW YaCTH Ps/ia, YBEIMIHBAEM N U IIEPEXOIUM K I1.2.

4. U3 IICIIOYCK, OTO6paHHI)IX B1.3 BBI6I/IpaIOT Ty, AJid KOTOpOﬁ 3HA4YCHUE BEINYNHBI [ MUHHUMAJIbHO:

d-‘l' 5
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OrHomrenue 1 XapaKTCpU3yCeT MEpPYy YKIIOHCHUA peajibHO Ha6J'I}O,HaeMLIX BCJIMYHMH IJIA 9TOM YacTH pdaaa OT UCIOYKHU.



5. Tlo ocraBmmMcs TOYKaM BEIOPAHHOW IETIOUKH CTPOUTCS MPOTHO3:

] djyys
yit+EL, 61="L2 -

j — HOMep Tiepexo/a, KOTOPbIH MPHUBEI B 3Ty TOUKY;

nk

K — mMHa Henoyky.

Jns pa®oTel ¢ OombIIUMH (IYKTYalUsIMH B HAONIOJCHUSX METOJ MOXET OBITh MOIU(DHUIMPOBAH CICAYIOIINM

o0OpazoM:

— Ha pé06pa memouex, ¢ 60IBIION aMITIHTYIOH OTKIIaABIBacTCs OoibIre «pepomoHay. Llenouka cunTaeTcs ENOYKON C
OOJBLION aMIUTUTYIOW, €CIIH BBIIOIHACTCS CIIEAYIOIIee COOTHOLICHHE:

- M
Ji: |d|_ - d[+j_| =

re M — KOJIMYeCTBO POMEKYTKOB BOIMOKHBIX 3HAUEHUH HAG/IOICHU BPEMEHHOTO PAIa;
d; — HoMep IPOMEXyTKA BO3MOIKHBIX 3HAYEHHUM 1714 i-} TOUKH LEMOUKH.

— Ilpu HaXOXIECHUHN LETIOYKH Ha 0UepeIHOM (parMeHTe BPEMEHHOTO PAMA, MUl BCEX HAbIIIOICHUN BPEMEHHOTO psia
BHYTPH KaXKIOTO 3BEHA LIEMOYKM PACCUMTHIBAIACH M 3allOMHHAINACH MAKCHMAJIBHBIM M MHHMMAIbHBEIA HOMEpa
HPOMEXYTKOB BO3MOYKHBIX 3HAYCHMI JTUX HAOIIOACHMI — MR MM i =Tk rae k — qmHa nenodku. IIpu
NIPOTHO3€, I HAOMIOAEHUH BHYTPU KaXKJOr0 3BE€HA HAMICHHOW YacTH IETIOYKH TaKuM ke 00pa3oM OINpeAessiIiCh

BCIIMYUHBI —

R NIE¥ =1,k , roe kK — KOMMYECTBO 3BEHBEB B HAWIEHHOW uYacTh Hemnouku. [lo memouke
CTPOMJICA TPOTHO3 TOJNBKO TOT/IA, KOT/a:

[NFH, NI e[ MR, MOE), i = 1k,

AHa/IM3 MOJIYYeHHBIX Ppe3yabTaToB. PaboTa mNpemIoKeHHOTO anropuTMa MPOTECTHPOBaHA HA KIIACCHYECKOM
BPEMECHHOM psiie, TOJYYeHHOM m3 cHUCTeMHbl JlopeHIa. AHanm3 ocymecTBIsUIcsS Ha mepBbix 5000 HaOmromeHwid,
IIPOBEpPKa KadyecTBa MPOrHO3WMpOBaHMSA — Ha mocnexytomux 2000. MakcnmanbHash JUIMHA TPOTHOZHPYEMOTO

poMexKyTKa cocTasisiia 40.

OnTuManbHeIMU (1715 psga JIopeHia) MOXKHO CUUTaTh cieayroue napamerpbl: M = 20, G

5, Kmgx = 8.

=2, Gmar =10, ki =

Ha puc.1 npencraBiaensl pe3yiapTaTshl NpuMeHeHHs anropurMa mnpu 1000 maroB aBwkeHust «mypaBb€B» u 1000
«MypaBbsix», Ha puc. 2 — npu 5000 maroB aBuxeHus: «MypaBb€B» U 1000 «MmypaBbix». 30eCh U Ha MOCIAEAYIOLIUX
pPHCYHKaxX CIUIONIHOW JMHUEH OTMEUYEHBI peajbHble 3HAUCHUS HAOJIOAEHWH, a JTMHUEH ¢ KPY)KOUYKAaMH — IPOTHO3HbIE
3HaueHus. Habmromaercsi cymiecTBEHHOE YIIydllleHHE KadecTBa IPOTHO3a NP YBEIMUYCHWH YHCIA IIAroB JBIKCHUS
«MypaBbEB) Ha IIEPBOM 3Talle aIropuTMa.
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Puc. 1. Pe3yabTaTsl pagoTsl agroputMa npu 1000 maros aBuxeHus

«mypaBbéB» H 1000 «MypaBbsIx»
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Puc. 2. Pe3yabTaTsl pa6oTsl aaroputma npu S000 maros ABuKeHHs

«mypaBbéB» 1 1000 «MypaBbax»

Ha pwuc.3 mnpencraieHsl pe3ynbTaThl HpUMeHeHHs Mojudukamuu anropurMa npu 1000 maroB aBKeHUs
«mypaBbéB» 1 1000 «mypaBbsix», Ha puc.4d — npu 5000 maroB aBkeHust «MypaBbEB» U 1000 «vypaBbsix». Habmonaercs
CYILIECTBEHHOE YJTy4IICHHE KadyecTBa IPOrHO3a 110 CPABHEHHIO C OOBIYHON BEpCHEH ajropuTMa.
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Puc. 3. Pe3yabTaThl padoThl
Moau¢uIUpoBaHHOI Bepcuuu aaroputma npu 1000 maros aABm:keHust «MmypaBbéB» u 1000 «MmypaBbsx»
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Puc. 4. PesysabTarsl pa6oTbl MoauguuupoBaHHO Bepcuuu aaroputMa npu 1000 maros aBu:xkenusi «Mmypasbés» u 5000
«MYPaBBSIX»

Ha puc. 5u6 peACTaBJICHBI Fpa(l)I/IKI/I 3aBUCHUMOCTH IMPOLCHTA YHUCJIa TOYCK I KOTOPBIX BO3MOKHO IMMOCTPOUTH
IIPOTHO3 U CpeIlHCI(BaZ[paTPI‘ICCKOfI OIIMOKH B 3aBHCHMOCTH OT KOJHYCCTBA IIAroB JABHOKXCHUA «MypaBLéB». C pocTOM
quclia I/ITepa].[I/Iﬁ KOJIMYECTBO NPOTrHO30B pACTET, CPCAHCKBAAPATUICCKAA OIIHOKA YMCHBIIIACTCH.
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Puc. 5. 3aBucuMOCTh NPOLEHTA YHCJIA TOYEK JJIS1 KOTOPBIX BO3MOKHO MOCTPOUTH MPOTHO3 OT YK cJa IAroB
JABHMKEHHSI «<MYPaBEB»
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Puc. 6. 3aBucumocrthb cpenHeKBaupaTuqecxoﬁ OIIMOKH OT YHCJIA IAroB ABUKCHUSA «MypaBéB»
BLIBO[H)I. B pa60Te npeajiaracrces HOBBII METOA NPOTrHO3UPOBAHUA XA0TUICCKUX BPEMCHHBIX PAJ0B, OCHOBAHHBIA
Ha UCIIOJIb30BaHUU aJITOPUTMA «MYPABbUHBIX KOJIOHHII».
AHaHI/I3I/Ipy€TC${ Ka4yCCTBO pa6OTBI MeToAa, OIpEACIACTCA Ha6op OINTUMAJIbHBIX TTAPaMETPOB.

O¢ddexTuBHOCT, PabOTHI METOIA MPOBEPSICTCS HA KIACCHYECKOM XaOTHYECKOM BPEMEHHOM pSJC CHUCTEMBI
Jlopernna. AIropuTM IIPOAEMOHCTPUPOBA YIOBICTBOPUTEIBHBIC PE3YIbTATHl IIPOTHO3A.
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