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Annomayusa. O6cyxxnaeTcs MOAX0 K UCCICAOBAHUIO TPOOJIEMBI TPOUCXOKICHHS
WHTEIUIEKTa HA OCHOBE MOCTPOEHUSA MOJEIEH 3BOIIOIUHU aJATUBHOTO MOBEICHUS.
XapaktepusyroTcs paboThl BEAyHIUX J1a00OpaTopuii B 00JACTH MOJETHUPOBAHUS
aganTUBHOro moBeneHus. Ocoboe BHUMaHHE YAETSIETCS METOLy OOydYeHHs c
MOJKPEIUVIEHUEM, B  YacTHOCTH, HEHPOCETEBBIM  aJalTHBHBIM  KPUTHKaM.
Wznaraercst mpoekt «Mo3r aHuMmaTa», HalleJIeHHBIH Ha (opMHpoBaHHE 0OIIeit
«maatGopMB)»  UIS  CHCTEMaTHYECKOTO IOCTPOCHUS MOJeNiell  aJanTHBHOTO
noBeneHus. IlpuBomsrca pe3ynbTaThl  HCCIENOBAaHHA KOHKPETHOW MOAETH
9BOJIIOIMU CaMOOOYYAIOIINXCS areHTOB Ha OCHOBE HEWPOCETEBBIX aJalTUBHBIX
KpUTUKOB. B rmopsiake oOCyXAEGHUS Tpeliaraercss Imporpamma OyIyIIuX
HCCIIEZIOBAaHUH 3BOJIOINY aJallTHBHOTO MOBEACHNUS.

Knrwueevie cnoea: aoanmusenoe nogedenue, Ouonocudeckue UHOOPMAyYuoHHble
cucmemvl, NpodIEMA NPOUCXONCOCHUS. UHMELIEKMd, KOSHUMUBHAS D60JI0YUs,
0OyueHue ¢ NOOKpenieHuem

1. BBEAEHHWE. BHOJIOI'US 1 UTH®POPMATHUKA - HAYKH 21-I'0O BEKA. YTO HA
CTBIKE?

Hacrosmas cTatbs mocBsieHa aHanusy npoosaeM, KOTopble CBsI3aHbl HHPOPMALMOHHBIMU
npoueccaMl B OHOJIOTMYECKHX OpraHu3Max, C TeM, Kak HH(OpMalMOHHbIE MPOIECCHI
o0ecreynBaroT MPHUCIIOCOOICHNE )KUBBIX OPTaHU3MOB K IIEPEeMEHHON BHEILIHEH cperie.

Ha creike Ouosormu u WHGOPMATHKHA €CTh PsAJ TIyOOKHMX MpoOJieM, HMEIOIINX
MHUPOBO33PEHUYECKOE 3HAUYEHUE, MCCIEIOBAHUIO KOTOPBIX [0 CHX I[Op YyAEIsAeTcs
HECOU3MEPHMO MaJloe BHUMAHUE MO CPABHEHUIO C UX 3HAYHMOCTBIO.

JIeWCTBUTENBHO, B Tpolecce OHOJOTMYECKOW HSBONIONMH BO3HUKIM YpPE3BBIYANHO
CIOXHBIE M BMECT€ C TE€M YIUBUTEIbHO JPGEKTUBHO (PYHKIIMOHUPYIOIIUE >KUBHIE
oprau3Mbl. DPPEKTUBHOCTh, TAPMOHUYHOCTh U COTJIACOBAHHOCTH PA0OTHI «KOMITOHEHT)»
JKUBBIX CYIIECTB 0OecIeuynBaeTCcsi OMOJOTHYECKUMH YIPaBISIONMME cucteMaMu. Ho kakoBbl
TH ympasisioue cuctembl? Kak M moueMy OHM 3BOJIIOLIMOHHO BO3HUKIU? Kaxue
HH()OPMAITMOHHBIE TIPOIECCH 00€CIeUnBAOT PadOTy ATUX ympaBispomux cucrem? Kax
KMBOTHBIC TO3HAIOT BHEIIHUN MHUP W HUCIOJB3YIOT 3TO MO3HAHUE JJS YIPABICHHS CBOUM
noBesneHreM? Kak 5BONIOIMOHHOE pa3BUTHE MO3HABATENIbHBIX CIOCOOHOCTEH >KUBOTHBIX
NpUBEIO K BO3HMKHOBEHHMIO HWHTEUIEKTa dYenoBeka? Jo Kakoil cTemeHW HccieloBaHus
IPUYUH BO3HUKHOBEHUS E€CTECTBEHHOI'O HWHTEIJIEKTa MOTYT CIIOCOOCTBOBATh Pa3BUTHIO
MCKYCCTBEHHOI'O MHTEIIJIEKTA?

" PaGora BhmonHena npu ¢$UHAHCOBOH momnepkke mporpammbl [Ipesmmuyma PAH «UHTemnekryanbHbIE
KOMIIBIOTEPHBIE CUCTEMBD» (TIPoeKT 2-45) 1 PODU (mpoekt Ne 07-01-00180).

 vgredko@gmail.com
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Cpenu cniekTpa noAgoOHBIX BOIIPOCOB 0COO0E MECTO 3aHMMAIOT JIBE KpYIHbIE IPOOJIEMBI,
UCCIIeJOBaHHE KOTOPBIX BAXKHO C TOYKH 3PEHHS PAa3BUTHS HAYYHOTO MHUPONOHUMAHHUS:
— mpolyieMa NPOUCXOXKICHHUS MOJEKYJISPHO-TeHETHUECKUX CUCTEM YIPABICHUS >KUBBIMH
KJIETKaMH B TIPOLIECCE TPOUCXOKICHHS )KU3HH,
— mpoOiemMa MPOUCXOXK/ICHNSI HHTEIUIEKTa YeIOBEKa.

B Hacrosimelt ctatbe 00CYXIalOTCS MOAXOMABI K aHAIM3Yy BTOPOM M3 3THUX MPOOIeM Ha
OCHOBE MOjIeJIeil aJlaTUBHOTO NoBeeHUsl. OTHOCUTENBHO MEPBON MPOOIEMBbI 3/1€Ch TOIBKO
OTMETHM, YTO €CTh PsiI MATEMATHUECKUX Mojelnel (Moaenu KBa3uBUIoB [1-3], runepuukiion
[2], caitzepoB [4]), XapaKTepHW3yIOIIUX TOCTENICHHOE YCIOXKHEHHE WH(OPMAIMOHHO-
KUOEPHETUYECKUX CHUCTEeM U TO3BOJISIOMIUX MPEICTAaBUTh TUIMOTETUYECKHE DTaIlbl
peI0UOTOTHIECKOM IBOIOIUH (CM. 0030p 3TUX Mojenel B [5, 6]).

Crpykrypa cTathu cienyrwomas. B pasgene 2 paccMaTpuBaercs THOCEOJIOTHMYECKast
npobiieMa, TOJYEpKHUBAIOIIAs BAXKHOCTb HCCIEAOBAHUSA MPOOJEMBbl POUCXOXKICHUS
MHTEJUIEKTa YeJIOBeKa MyTeM MOJEIMPOBAHMS KOTHUTHUBHOM 3Botonuu. Paznen 3 comepxur
KpaTKuii 0030p HampaBlIeHUsS HCCIECIOBAaHUA «ANIAITUBHOE TOBEJCHHE», KOTOPOE MOXKET
paccMaTpuBaThCS Kak 3ajesl pa3padoTOK Mofeneil KOTHUTHBHOW 3Boiouud. OCHOBHOM
MOJIXOJ] STOTO0 HANpPAaBJIEHUS — MOJEIMPOBAHNUE HCKYCCTBEHHBIX «OPraHU3MOB), CIIOCOOHBIX
pUCTIOCAabIUBATBCS K BHEIIHEH cpee. DTH OPraHU3MBbl YaCcTO HA3BIBAIOTCS «AHUMAMAMUY
(ot anrm. animal + robot = animat). B pa3aene 4 uznaraercss OlMH U3 OCHOBHBIX METOJOB
00y4YeHUs aHUMAaTOB — METOJI OOyUEHUS C TIOJKPETIEHHEM, B YaCTHOCTH, U3JIAralOTCsl CXEMBI
U IPUHLUIBI (YHKIIMOHUPOBAHUS HEMPOCETEBBIX alallTUBHBIX KPUTHUKOB (CXeMbI O0yUEHHs C
MOJKPETVICHUEM Ha OCHOBE HEHpPOHHBIX ceTeil). Paznen 5 onuckiBaeT Bepcuio mpoekTa «Mo3sr
aHMMaTay, UCIOJIb3YIOU[YI0 HEUPOCETEBBIE aJalTUBHBIE KPUTUKH. JTOT IMPOEKT HALEIEH Ha
¢opmupoBanue o00mell «maThopmMbDy Ui CUCTEMAaTHYECKOTO MMOCTPOSHHS MOJeIen
aJanTUBHOIO noBefeHus. lIpuBomsTcs pe3ynapTaThl HCCIEAOBAaHUS KOHKPETHOM MOJENN
HBOJTIONUN CaMOOOYUAIONINXCsl aJaNTUBHBIX ar€HTOB Ha OCHOBE HEHPOCETEBBIX aIallTUBHBIX
KpUTHKOB. B pasnmene 6 B mopsiake oOCYXIEHHUS MPENCTaBICHbl KOHTYPHI MPOTrpaMMbI
OyIyIIuX UCCIeNOBaHUIN MPOOIEMBI TPOUCXOKICHUS HHTEIICKTA.

2. MO’KHO JIM OBOCHOBATHb MATEMATHYECKYIO CTPOTI'OCTbB?

Kaxzaplii, KTO JOCTaTOYHO CEPHE3HO M3ydall KIACCUYECKUI MaTEMaTUYECKUN aHaJIU3, MOT
[0 JIOCTOMHCTBY OIIEHMTb KpacoTy MaTeMaThdeckoil ctporoctu. bnaromaps paboram O.
Komm, b. boneiano, K. Beitepmtpacca u apyrux matemaruko XIX Beka, ojHa U3 Haubomee
COJIepKATENbHBIX YacTel MaTeMaTuku — MU (HepeHIInaTIbHOe U MHTETPAITbHOE UCUUCIICHUE —
HOJy4Yujia CTOJNb CEpbe3HOE OOOCHOBAHME, YTO HEBOJBHO BO3HHMKAET IKEJIaHME
pacopoCTpaHuTh NOJJOOHYIO CTPOrOCTh HAa BO3MOKHO OOJBIIYIO YaCTh YEIOBEUECKUX 3HAHUM.
OpnHako ecny MOCMOTPETh IIMPOKO HA €CTECTBEHHBIE HAYKU B LIEJIOM, TO MOXKET BO3HUKHYTh
BOIIPOC: @ HACKOJIBKO BOOOIIE OOOCHOBaHAa IPUMEHMMOCTh MAaTEMAaTUKU K IO3HAHUIO
npuponbl? Beap Te mporecchl, KOTOpbIE MPOUCXOAAT B MBIIIJIEHUM MAaT€MaTHKa, COBCEM HE
MOXOKM Ha TE IMPOLECChl, KOTOpble TMPOUCXOMAT B MPUPOAE U  HU3YyHarOTCs
€CTECTBOUCIIBITATEISIMH.

JeiictButensHo,  paccMOTpuM  Qu3uKy,  HauOosee  (yHIAMEHTAIbHYIO U3
€CTeCTBEHHOHAYYHbIX AUCHUILIMH. Momb (u3nku cBsfizaHa ¢ 3QQPEKTUBHBIM MPUMEHECHHEM
maTemMaTukd. Ho maTeMaTuk CTpOUT CBOM TEOPHUM YMCTO JIOTHYECKMM IIyTEM, COBCEM
HE3aBUCHMO OT BHEIIHEr0 MHUPA, MCIONb3Yysl CBOE MbILUIEHHE (B THILM KaOWHeTa, Jie)ka Ha
JMBaHE, B M30JIMPOBaHHON Kamepe...). [louemy xe pe3ynbraThl, MOIy4aeMble MaTEMATUKOM,
IIPUMEHHUMBI K peaibHON npupoe?

Wrak, BO3HUKAET OIpeNeIeHHOE COMHEHUE B OOOCHOBAaHHOCTH CAaMOM MaTeMaTHYeCKOM
ctporoctu. B Oonee obuieit popmynupoBke mpodaeMy MOXKHO MOCTaBUTh TaK: nOUeMY J102UKA
Ye06eYeck020 MbIUNCHUS NPUMEHUMA K NO3HAHUIO npupoosi? JIeACTBUTENBHO, C OJHOU
CTOPOHBI, JIOTHYECKUE TIPOLIECCHI BEIBOJIA IPOUCXOAT B HAILLIEM, YEJIOBEUECKOM MBILUIEHHUH, C
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JPyTO CTOPOHBI, TPOLECCH, KOTOPHIE MBI TIO3HAEM MOCPEICTBOM JIOTHKH, OTHOCITCS K
U3yyaeMoOl HaMu Npupojae. OTH JABa THUMA HpoleccoB pa3nuyHbl. [losTomy nameko He
OYEBHUJIHO, YTO MBI MOKEM HCIIOJIBH30BATH MPOIECCHI IEPBOTO THUIA JJIsl TO3HAHUS MPOIIECCOB
BTOPOT'O THIIA.

MOXHO 1M KOHCTPYKTHUBHO MHOJOMTH K pEIIeHHI0 3TUX BompocoB? Ckopee Bcero, n1a.
YroObl MPOJEMOHCTPUPOBATh TaKyld BO3MOXHOCTb, OyAe€M paccyXIaTh CIEIYIOLUM
o0pazomM.

PaccmoTpuM OIHO W3 3JE€MEHTAapHBIX MpaBWJ, KOTOPOE HCIHOJIb3YyeT MaTeMaTHK B
JIOTHYECKUX BBIBOJIAX, MPaBMIIO modus ponens: «eciiu UMeeT MecTo A, u u3 A cienyer B, To
uMeet Mecto By, unn {4, A --> B} => B.

A Temepp meperizem or MaTtematuka K cobake W.II. IlaBnoBa. Ilycte y cobaku
BbIpabaThIBAIOT YCIOBHBIN pediiekc, B pe3yapTare B HaMsITH cO0aku (GOPMHUPYETCs CBA3b «3a
YC nomxen mocnenoBath bC» (YC - ycnoBubiii ctumyn, BC - Ge3ycnoBaelii ctumyn). 1
Korja mnocie BbIpaOOTKM pediekca cobake mnpenbssiasioT YC, TO OHa, «IOMHS» O
XpaHdaueiics B ee mnamatu «3amucu»: YC --> BC, nemaer sneMEHTApHBIA «BBIBO/»
{YC, YC --=> BC } => BC. U y cobaku, oxunaromeir bC (ckaxxeM, Kycok Msca), HAUUHAIOT
TEYb CITFOHKH.

KoneuHo, npumenenue npasumia modus ponens (4MCTO JI€AYKTUBHOE) MAaTeMaTHKOM M
WHIyKTHBHBIN «BBIBOJ», KOTOPBIA NemaeT cobaka, sBHO pasnuyatorcsi. Ho mMoxem Mbl Jn
IyMaTh 00 3BOJIOIIMOHHBIX KOPHSX JIOTMYECKHUX MPaBUJI, UCHOJIb3yeMbIX B MaTeMatuke? [la,
BIIOJTHE MOXKEM — YMO3aKIIOYEHHE MaTeMaThKa M «HWHIYKTUBHBIA BBIBOA» COOaKd
Ka4eCTBEHHO aHAJIOTHYHBI.

Wrak, MBI MOXEM JyMaThb HaJ SBOJIONMOHHBIMH KOPHSMH JIOTUKH, MBIIIICHHS,
uHTeiekra. VM Oonee Toro, Obul0 Obl OYEHb HHTEPECHO IMOMBITATHCS CTPOUTH MOJENHU
HBOJIIOIIIOHHOTO TTPOUCXOXKACHUS MbIUIeHUs. [lo-BuIuMoMy, Hanboiee YeTKUH MyTh TaKOTO
UCCIIEIOBaHUS  —  IIOCTPOCHME  MaTeMaTHYeCKUX U KOMIIBIOTEPHBIX  Mojejel
«MHTEIUICKTYQJIbHBIX HM300pETeHHiT» OWOIOTUYECKON SBOJIIOLNHU, TAaKUX Kak Oe3yCIOBHBIN
pediiexc, MpUBBIKAHUE, KIACCUUECKUH YCIOBHBIA pedekc, MHCTPYMEHTAIbHBIA YCIOBHBIM
pedekc, menu peduiekcos, ..., Joruka [7]. To ecth, 1enecoo0pa3Ho ¢ TMOMOIIBI0 MOJETICH
IpeACTaBUTh OOIIYI0 KapTUHY KOTHUTHUBHOW SBOJIIOLMM — HBOJIOLUM KOTHUTHBHBIX
CHOCOOHOCTEH KUBOTHBIX U ABOJIOIIMOHHOTO IPOUCXO0KICHHUS HHTEIICKTA YeTIOBEKa.

Ecte nm 3agen Takux wuccinenoBaHuii? OkxaszblBaeTcsi, 4To Ja, e€cTb. CpaBHHUTEIBHO
HEeIaBHO C(POPMHPOBAJIIOCH HANIPABJIICHUE MCCIIEOBAHUN «ATANITUBHOE TIOBEICHUE, NATBHSS
1eJIb KOTOPOTo O4€Hb OJIM3Ka K 33/1a4e MOJICIMPOBAHUS KOTHUTHBHOM BOJIIOIIUH.

3. HATIPABJIEHUE UCCJEJOBAHUM «AJIAIITUBHOE IMMOBEJIEHUE»

C nauvana 1990-x rogoB 3a pyOeKOM aKTUBHO Pa3BUBAETCS HalpaBJIEHUE MCCIEIOBAHUMN
«ApnantuBHoe noBeaeHue» (All) [8-10]. OcHOBHOM mMOAXOA ATOrO HAaNpaBICHUS —
KOHCTPYHPOBAaHUE U MCCIIEOBAHNE UCKYCCTBEHHBIX (B BUEC KOMIBIOTEPHOI MPOTpaMMBbl UITU
poboTa) «OpraHu3MoBY, CIIOCOOHBIX MPUCTIOCAOIUBATHCS K BHEIIHEH cpee. DTH OpraHu3MbI
Ha3BIBAIOTCS «anumamamuy (OT aHTI. animal + robot = animat) WiIu «areHTaMm.

[loBenenne aHMMAaTOB UMHUTHPYET MOBEJCHHUE KMBOTHBIX. VccienoBaTenu HampaBieHUs
AIl craparoTcsi CTpOMTH HMMEHHO TaKHE MOJIENH, KOTOpble MPUMEHUMBI K OIHCAHUIO
MOBEJICHUS KAK PeanbHO20 HCUBOMHO20, MAK U UCKYccmeenHo20 anumama [11, 12].

Ilpoepamma-munumym Hanpagnenus «Adanmuenoe nosedenuey — UCCIe008aAMb
apxumexmypol U NPUHYUNLL QYHKYUOHUPOBAHUS, KOMOPble NO3BOJAION HCUBOMHBIM UTU
pobomam Humo U 0eLicmeosams 8 nepemMeHHol eHellnell cpeoe.

Ilpocpamma-maxcumym 2mo20 HAnNpasneHuss — HONLIMAMbCA — NPOAHANUSUPOBAMNb
960IOYUI0  KOSHUMUBHBIX CHOCOOHOCMEL JHCUBOMHBIX U IBONIOYUOHHOE NPOUCXOAHCOEHUE
yenoseueckoeo unmeniexma [13].

[IporpamMmmMa-makcuMyM  OiHM3Ka K OUYEpPUEHHOM BbIIIE 3ajJade  MOJAETUPOBAHUS
KOTHUTHUBHOU 3BOJIFOLIUU.
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Jna uccnenoanuii All xapaktepeH cunmemuueckuii nooxoo: 371eCh KOHCTPYHUPYIOTCS
apXUTEKTYphl, 00eCIeUnBalOIINe «MHTEIIEKTyallbHOE» MOBeAeHue aHuMaToB. [Ipuyem 310
KOHCTPYHUPOBAaHUE IPOBOAMTCS KaK Obl C TOUKH 3pEHUS] HMHXKEHEpa: MCCIEeA0BaTelb caM
«M300peTaeT» apXUTEKTYphl, MOApa3yMeBas KOHEYHO, YTO KaKHe-TO MOJ0OHBIE CTPYKTYpBI,
oOecrnieunBaroIIye aJalTUBHOE MOBEEHHUE, TOJKHBI ObITh Y peaibHbIX )KMBOTHBIX. [Tpu 3TOM
HarnpasieHue uccienosanuit Al paccMaTpuBaeTcst kKak OMOHWYECKMH MOJIXOA K pa3paboTke
cucteM HcKyccTBeHHOro mHTeiviekra [14]. Xots «odunmansno» nHampasieHue AIl Obuto
npoBo3riiameno B 1990 roay, OblIM sIBHBIE POBO3BECTHUKY 3TOr0 HarpasieHus. [IpuBenem
IPUMEPHI U3 UCTOPUU OTEUECTBEHHON HAYKH.

B 1960-x rogax Onectsammii kubepHetuk u MaremaTuk M.JL. LleTnuH mpeanmoxxun u
UCCJIEIOBAJI MOJIENIM AaBTOMATOB, CIIOCOOHBIX a/IalITUBHO MPUCIIOCA0IMBATHCS K OKpY KaroLe
cpene. Pabotsr M.JI. LleTnnHa MHUIMMPOBAIM 1LI€J0€ HAYYHOE HAIpaBJiCHUE, MOJIyYuBIIEe
Ha3BaHUE «KOJUIGKTUBHOE TMOBeJaeHue apTomaroB» [15, 16]. B 1960-70-x romax moj
PYKOBOJICTBOM TaJIaHTJIMBOro kuOepHeTrka M.M. BoHrapaa Obu1 mpeniokeH HHTEpPECHBIH
npoekT <«OKuBOTHOE», HamnpaBleHHBIH Ha MOJEIMPOBAHUE AaJAlNTHUBHOIO TOBEICHUS
UCKYyCCTBEHHBIX OpPTaHM3MOB ¢ Hepapxuei neneil u moxaueneit [17, 18]. Xopommwmii 0630p
paHHUX paboT MO aJaNTUBHOMY MOBEAEHUIO, IpeacTaBieH B kHure M.I'. ["aaze-Panonopra,
J.A. ITocnienoBa «OT ameObI 10 poboTa: Moaenu noeneHus» [18].

[Moguepkuem, uto AIl — akTMBHO pa3BUBAIOIICECS HAMpaBlieHUE uccienaoBanuil. EcTh
HaygyHoe  oOmectBo  «The  International  Society for  Adaptive  Behavior»
(http://www.isab.org.uk).  PeryiasipHo  mpoBoAsSTCS ~ MEXIYHAapOJHbIE  KOH(EepeHIUU
«Simulation of Adaptive Behavior (From Animal to Animat)». U3naercs xypHan «Adaptive
Behavior» (http://www.isab.org.uk/journal).

B uccnenoBanmsax All ucnonb3yercs psJl HETPUBUAIBHBIX KOMITBIOTEPHBIX METO/I0B!

— HEHUpOHHBIE CETH,

— TEHETUYECKUU aJTrOpPUTM U JAPYTHe METOJbI 3BOJIOLMOHHON ontuMu3auuu [19-21],
— xnaccudumupyromme cuctemsr (Classifier Systems) [22],

— o0Oyuenue c noakpemnenueM (Reinforcement Learning) [23].

[Toguepkaem, uto B AIl B OCHOBHOM HCIOJB3YETCA (heHoMeHoI02udecKuli nooxoo X
UCCIIEIOBAHMSIM CHUCTEM YIpABJICHMs AJalTUBHBIM moBeaeHueM. [lpeamomaraercsi, 4ro
CYILLECTBYIOT (pOpMalIbHbIE MpaBUjIa alallTUBHOTO MOBECHUS, U 3TH MpaBUja He 00s13aTEIbHO
CBA3aHBl C KOHKPETHBIMM MHKPOCKOIIMYECKUMH HEHPOHHBIMH WM MOJIEKYJISIPHBIMU
CTPYKTypaMH, KOTOpble €CThb Yy JKMBBIX opranu3smoB. (Ckopee Bcero, Takoi
deHoMeHONMOTHYEeCKH ToaXoA Juis  ucciaepoBanuii  AIl  BmonHe wumeer mpaBo Ha
cymiecTBoBaHue. B monp3y 3TOro Tesuca mpuBeAEeM aHajoruio u3  ¢usuku. EcTh
TEpPMOJIMHAMMKA, M €CTh CTaTHCTHUYecKas (Qu3uka. TepMOoaMHAMUKa ONMHCHIBACT SIBICHUS Ha
(EeHOMEHOJIOrMYeCKOM YPOBHE, CTaTHCTUYecKas (U3MKa XapaKTepu3yeT Te Ke sSBJICHUS Ha
MHUKPOCKONIUYECKOM ypoBHE. B Qu3uke TepmMoauHaMudeckoe U CTaT-(pU3N4ecKoe ONMUCAHUS
OTHOCHUTEJIbHO HE3aBUCUMBI JPyr OT JIpyra M, BMECTE C TE€M, B3aUMOJOIMOJHUTENbHBI. [lo-
BUJMMOMY, U JUISI OTIMCAHMS KUBBIX OPraHU3MOB MOXET ObITh aHAJOTMYHOE COOTHOIICHHE
MeXay (EHOMEHOJIOTHYECKUM (Ha YpOBHE TMOBEICHMSI) M MHUKPOCKOIMMYECKUM (Ha YPOBHE
HENPOHOB M MOJIEKYJI) noaxonamu. IIpu 3ToM, ecTECTBEHHO 0KMJ1aTh, YTO AJIS UCCIIEIO0BAaHUS
CUCTEM YIIPaBJICHUS aJalTUBHBIM MOBEACHHEM (PEHOMEHOJIOTUYECKUI MOIX0/ HAa HAYaJIbHBIX
sTamax palboT JoukeH ObITh Oosee 3(pQEeKTHBEH, TaKk Kak OYeHb TPYIHO CHOPMHPOBATH
LEJOCTHYI0O KapTUHY IIOBEIEHHS Ha OCHOBE aHallu3a BCETo CII0KHOTO MHOT000pa3us
(YHKIMOHUPOBAHUS HEHPOHOB, CHHATICOB, MOJIEKYI.

B macrosimiee Bpems McclieIOBaHUS aIallTUBHOTO TOBEJCHUS BKIIOUYAIOT B ce0s pabOTHI
Mo ClIeyIoUUM TeMaM [24]:
— CEHCOpPHBIEC CUCTEMBI U YIPABIICHUE,
— oOyueHue U afanTaius,
— BBIOOp NCHCTBUIA, HABUTAIMS ¥ BHYTPCHHHUE MOJICITH MHPA,
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— aHTULMIIATOPHOE aJalITUBHOE MOBEJICHUE,

— HEWpOIBOJIONUS (HACTPOHKA HEMPOHHBIX CETEH aHUMATOB YBOIOIIMOHHBIMU METOJIAMH ),
— BO3HUKHOBEHHE SI3bIKa 1 KOMMYHHUKAIIUI TIPU aJalITUBHOM TTOBEJICHUH,

— KOJUIEKTUBHOE U COI[MAJIbHOE ITOBEJCHHE,

— OMOJOrMYecKH HHCIIUPUPOBAHHOE aIalITUBHOE MOBEEHIE pOOOTOB,

— TIOBEJIEHHUE U MBIIUICHUE KaK CIO0XHbIE aalTHBHBIE CUCTEMBI.

HccnenoBanust MO aJanTHUBHOMY IIOBEJIEHHIO BEIyTCS B psijie YHUBEPCUTETOB U
nabopaTopui, TAKUX KaK:

— AnimatLab (ITapmwx, pykoBoIUTETs — OJIMH U3 MHUIIMATOPOB JTAHHOTO HarpasieHus JKaH-
Apxkanuii Metiiep) [8, 13, 25].

— JlabopaTopusi MCKYCCTBEHHOTO MHTENIEKTa B yHuBepcurere lliopuxa (pykoBOIUTENH
Ponsd Ideitdep) [26, 27].

— JlaGopaTopust MCKYCCTBEHHOM JKM3HU M POOOTHKM B MHCTUTYTE KOTHUTHBHBIX HayK U
texnonoruit (Pum, pykosoaurens Credpano Hondu) [28, 29], Benymas uccienoBanus B
00J1aCTH  DBOJIIOIIMOHHOW POOOTUKHM ¥ TPHUHIMIOB (OPMHUPOBAHMS QAN THBHOTO
MIOBE/ICHUS.

— Jlabopatopust wWHOpPMATHKHM ¥ HMCKYCCTBEHHOTO WHTEIDIEKTa B MaccadyceTcKoM
TEXHOJOTHYeCKOM HWHCTHTYTe (pykoBomutens Pomnu Bbpyxkc) [30, 31], kotopas Benmet
UCCJIEIOBaHMSI IIMPOKOTO CHEKTPa MHTEUIEKTYaIbHBIX M a/allTUBHBIX CHCTEM, BKIIIOUas
CO3/1aHNE UHTEJUIEKTyalIbHbIX pOOOTOB.

— MHWHucruryT Heliponayk JIx. Dpenpmana, rie BeAayTcs pa3pabOTKH MOKOJIEHUH Mozeneit
pabotel Mo3ra (Darwin I, Darwin II, ...) u uccnenoBaHusi MOBEJEHUSI UCKYCCTBEHHOTO
opranuzMa NOMAD (Neurally Organized Mobile Adaptive Device), moctpoeHHOro Ha
0ase aTux moaenei [32-35].

B Poccun uccnenoBanus aganTUBHOIO MOBEACHUS MOKA BEAYTCS CKPOMHBIMH YCHUIMAMMU

YUEHBIX-PHTY3HaCTOB, CPEAM ITUX PabOT cleayeT OTMETHUTh:

— MOJENH TOWCKOBOTO anantuBHOro momexeHus [11, 12, 36, 37] (B.A. Henomsusmmx,
WuctutyTt 6uonoruu BHyTpeHHux Boa uMm. M. /1. [Tananuna PAH);

— KOHLENUMM U MOJEIM aBTOHOMHOI'O aJalTHUBHOIO YIpPaBIEHUS Ha OCHOBE arapara
smouuii [38, 39] (A.A. XKnanos, UncTutyT cucreMHoro nporpammupoBanus PAH);

— pa3paboTKy MpPHUHLMUIOB IIOCTPOEHUS CUCTEM YIPABICHHUS AaHTPONOMOPQHBIX U
rymaHouaHbix po6otoB [40] (JI.A. CrankeBuy, CankT-IleTepOyprckuit moMUTEXHUYECKUN
YHUBEPCHUTET);

— pa3paboTKy HeHWpoceTeBbIX MoOjeNed MOBEACHUS pPOOOTOB U POOOTOTEXHUYECKHUX
ycrpoiicT [41] (AWM. Camapun, HUU nelipokubepuetuxu um. A.b. Korana PI'Y);

— MOJIeNH aJANTHUBHOIO MOBEICHMSI HA OCHOBE 3BOJIOLMOHHBIX U HEHPOCETEBBIX METO/I0B
[42-46] (B.I'. Penpko, M.C. bypue, O.I1. MocaioB, HUM cuctemHbIX HCClieT0BaHUN
PAH, Unctutyt npuknagnoit marematuku uMm. M.B. Kennpiia PAH).

PaboThl OTEeUeCTBEHHBIX HCCIICAOBATEIICH aJalTUBHOTO ITOBEACHHUS IPEICTaBICHBI B
KOJUIEKTUBHON MOHOTpaduu [47].

OavH W3 KIIOYEBBIX METOJOB, HCIIOJIB3YEMBIX NMPHU pa3paboTke MOeNeH aaanTHBHOTO
MOBEICHUST — MeToJ] OOydeHuss C TOJKpEeIUIeHHeM. B cienmyiomem paszuene Mbl
OXapaKkTepu3yeM 3TO METOJ, a TaK)Ke KpaTKO OIUIIeM HHTEPECHOE HalpaBlieHHUE padoT,
pa3BHBaeMoOe B paMKaX TEOpHUU OOYUYEHHS C MOAKPEIUICHHEM, — HeHPOCETEBbIC a/IallTUBHBIC
KPUTHKH.
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4. OBYYEHHUE C IOJAKPEIIVIEHUEM

4.1. O6mas cxema o0y4eHus! ¢ NOJAKPeNIeHUeM

Teopust obyuenus ¢ moakpervicaneM (reinforcement learning) Obuta pa3BUTa B IHKIIC
pabot P. Cartona u 3. bapro (MaccauyceTckuii yHUBEPCUTET), KOTOPBINA MOJIPOOHO OTpaXKeH
B KHHUTe [23].

Obmass cxema o0y4yeHHS C TOJKpEIUICHMEeM IoKazaHa Ha puc. 1. PaccmartpuBaercs
aHMMaT, B3aMMOJICHCTBYIOIINI C BHEIIHEN cpeioi. Bpems mpeamnonaraercss AMCKPETHBIM: ¢ =
1,2,... B Texymeii cutyanuu S(f) aHUMaT BBIMONHSIET EHCTBUE a(f), TOTy4YaeT MOAKPETICHUE
r(f) w momamaer B creaywomy curyauuto S(#+1). Tlomkpernenue MOXeT OBITh
MOJIOKUTENBHBIM (Harpana), 7(¢) > 0, i oTpuuaTenbHbIM (HakazaHue), r(f) < 0.

NUEEN
| Annmar
r(t-1)
a(t)
V(t) A\ 4
pema [<
S(t+1)

Puc. 1. Cxema 00y4ueHHs C MOAKPETIICHUEM.

Llenp aHMMaTa — MAaKCUMU3UPOBaTh CYMMapHYIO0 Harpajay, KOTOPY0 MOXKHO MOJIYYHUTh B
OyayleM B T€UEHHUE JUIMTEIbHOro nepuoaa BpeMenu. IlogpasymeBaercs, 4To aHUMAT MOKET
UMETh CBOIO BHYTPEHHIOIO «CYOBEKTHBHYIO» OLIEHKY CyMMapHOW Harpajsl U B Ipolecce
00y4eHHUsI MOCTOSIHHO COBEPILIEHCTBYET 3Ty OLIEHKY. OTa OLIEHKA OINpPEAENseTcsl ¢ y4eTOM
JMCKOHTHOTO (hakTopa:

U(t)= i;/-"r(t + /), t =12.,..., (1)

rae U(f) — oreHka cyMMapHOW Harpajbl, OXHAACMOM IIOCI€ MOMEHTa BpPEMEHHU f, ) —
JTUCKOHTHBIN (akTop, 0 <y < 1. JIUCKOHTHBIA (paKTOp yUHUTHIBAET, YTO YeM JaJblle aHUMAT
«3arsplBaeTy B Oynaylee, TeEM MEHbIIE y HEro yBEpPEHHOCTh B OLIEHKE Harpaabl («pyOub
CEeroJiHs CTOMUT 0O0JIbIIe, YeM pyOIIb 3aBTPay).

Ecnn MHOKECTBO BO3MOXKHBIX CUTyalMi {S;} ¥ OeHcTBHH {a;} KOHEYHO, TO CYILECTBYET
npoctoit meron o0yueHust SARSA, Kaxplii 11ar KOTOPOTO COOTBETCTBYET IIETIOUKE COOBITUI
S(¢) — a(t) — r(t) — S(t+1) — a(t+1).

4.2. Meton SARSA

Kpatrko omumem metonq SARSA. B stom merone urepaTMBHO (GOPMUPYIOTCS OICHKU
BeIMYMHBI cymmapHoi Harpaabl Q(S(7), a(f)), KOTOpYyIO MONXYYUT aHUMAT, €CITU B CUTyalluu
S(¢) on BeIMONTHUT AekcTBUE a(f). MaremaTndeckoe 0XuAaHNE CYMMapHOW HarpaJibl paBHO:

O(S(0), a(t)) =E {r(t) + y r(t+1) + y* r(t+2) + ...} | S= S(¢), a = a(?). 2)

N3 (1) u (2) cnenyer Q(S(¢), a(t)) = E [r(¢) + y O(S(t+1), a(t+1))]. OmmbOKy ecTecTBEHHO
onpenenauTh Tak [23]:

o(1) =r(t) + y Q(S(t+1), a(t+1)) - Q(S(2), a(1)). 3)

Benuunna J(f) Ha3pIBaeTCs OMIMOKOM BPEMEHHOM Pa3HOCTH.
3neck d(f) — pa3HOCTh MEXIY TOW OIIEHKOH CyMMapHOW BEIMYUHBI HArpajbl, KOTOpas
dopMupyercs y aHummara JUII MOMEHTa BPEMEHHM ! 1ocie BblOopa naeiictBus a(f+1) B
ciaenyromen cutyauun S(z+1) B MOMEHT BpeMEHH f(+1, W MpeapiayIiel OIeHKON 3TOM xe
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BEJIMYMHBI, KOTOpasi Oblla Y aHMMara B MOMEHT BpeMmeHH f. [Ipempinymmas oneHKa paBHA

O(S(%), a(t)), noBas onenka paBna r(t) + y Q(S(t+1), a(¢+1)), uto u otpaxaet Gopmyna (3) mis

BEIMYMHEI J(¢). B coOOTBeTCTBHH ¢ 3THM J(¢) aHUMAT 1 o0ydaercs (cM. Huxe, hopmyiy (4)).
Kaxxaplif TakT BpeMEHH MPOMCXOIUT KaK BHIOOP AeWCTBUA, Tak M OOydeHHE aHUMaTa.

Bo160p neficTBUS IPOUCXOAUT TaK:

— B MOMEHT { C BEpOSTHOCThIO 1 - & BbIOMpaeTcs JeHCTBUE, COOTBETCTBYIOIIEE
MakcuManbHOMY 3HaueHuto Q(S(?), a;): a(t) = ai , k = arg max; {Q(S(¢), a;)}

— € BEPOSATHOCTBIO & BEIOMPAETCSI MPOU3BOJIBHOE JIEHCTBHE CIlydaitHBIM 00pazom, 0 <& << 1.
Takyto cxeMy BbIOOpa A€UCTBUS HA3bIBAIOT «E—KaAHBIM IIPABUIOM).

OOyuenwue, T.e. mepeoneHka BenwnuuH (S, @) MPOUCXOTUT B COOTBETCTBUHU C OICHKOM
ommOku O(¢) — k Benmmunne Q(S(?), a(f)) noGaBnseTcs BeaTudrHa, IPOTIOPITMOHAIbHAS OIIHOKE
BpEeMEHHO! pa3HoCTH O(f):

AQ(S(D), a(t)) = & o(1) = a [r(1) + y Q(S(#+1), a(t+1)) - Q(S(9), a(D))], “4)

IJie  — apaMeTp CKOPOCTU O0YUYCHHSI.

Tak Kak 4WCIO CUTyaluid W ACHCTBUH KOHEYHO, TO 3/IeCh MPOMCXOAUT (POPMUPOBAHHUE
matpuibl O(S), a;), COOTBETCTBYIOLIEH BCEM BO3MOKHBIM CHUTYalHsAM S; U BCEM BO3MOKHBIM
nevctBusM ;. OnieHka cymmapHoi Harpanbl Q(S(7), a(f)) MOXeT paccMaTpUBaThCS Kak
OIICHKa KauecTBa AeUCTBUS a(f) B TeKyllen cutyanuu S(1).

Meton o0y4yeHHs € TOJKpEIUIEHHEM HJEHHO CBS3aH C METOJAOM JIMHAMHUYECKOIrO
IpOrpaMMHUPOBAHUs, U B TOM M B JPYyroM ciydae OOIIas ONTHMH3ALUS MHOTOIIAroBOTO
mpolecca MPUHATHS — pPEUIeHHs] MPOUCXOAUT MYTEM  YHOPSAOYEHHON  MpOIerypbl
OJTHOLIArOBBIX ONTUMHU3UPYIOUIMX UTEpPAUi, IPUYeM OIEHKH 3((HEKTUBHOCTH TE€X HIIM UHBIX
pElIeHU, COOTBETCTBYIOIUE MPEABIAYLINM IIaraM Ipolecca, NepeoleHUBAIOTCS C yUYEeTOM
3HaHUM O BO3MOXHBIX Oynymux Imarax. Hanpumep, mnpu pemieHHMM 3ajadd  IMOHMCKa
ONTHUMAJIBLHOTO MapUIpyTa B JIAOUPHUHTE OT CTAPTOBOM TOUKU K ONpPEAETICHHON 11eJIeBOM TOUKe
CHauasia HaXOJIUTCS KOHEUHBI yYacTOK MapuIpyTa, HEIOCPEACTBEHHO PUBOISAIINNA K LIENH, a
3aTeM WIIYTCS MyTH, MPUBOJANINE K KOHEYHOMY Y4acTKy, U T.A. B pe3yinbTare mocreneHHo
NPOKJIaBIBAETCS Tpacca MaplLIpyTa OT €ro KoHIa K Hadary. OO0y4yeHue ¢ MOAKPEIUICHUEM,
QJanTUBHBIE KPUTUKA ¥ TMOJOOHBIE METOABI YacTO HA3bIBAlOT  NPUOIMKEHHBIM
JTUHAMHUYECKUM IPOrpaMMHUpPOBaHKEM [48].

BaxxHoe MOCTOMHCTBO MeTo/ma OOY4YEeHHs C MOJKPEIUICHHEM — €ro MpocToTa. AHUMAT
MOJTy4aeT OT YYMTENs WU U3 BHEIIHEH cpeabl TOJNBKO CHUTHAJbl MOJKperuieHus (). 3mech
YUUTEIb MOCTYyHAeT ¢ 00y4aeMbIM OOBEKTOM MPUMMTHUBHO: «ObET KHYTOM» (€CIM IEeHCTBUS
o0BekTa emy He HpaBsTcs, 7(f) < 0), Tn00 «J1aeT NPSHUKY» (B MPOTUBOIIOIOKHOM ciy4dae, r(f) >
0), He 00BsACHsS 00ydyaeMOMy OOBEKTY, KaK UMEHHO HYXXHO JIEHCTBOBAaTh. DTO paJMKAIBHO
OTIUYAeT ATOT METOJ OT TAaKuX TPAAULMOHHBIX B TEOPUHM HEHUPOHHBIX CEeTe METOII0B
00ydYeHHUs, KaK METOJ] 0OpaTHOTO PacHpOCTpaHEHUs OIMMUOOK [49], ISl KOTOPOTO YYHTETh
TOYHO OMpPEJENSIET, YTO JOJDKHO ObITh Ha BBIXO/I€ HEHPOHHOM CEeTH MPH 3aJJaHHOM BXO/IE.

MeTton oOy4eHHs ¢ MOAKPEILICHUEM OBLIT HCCIICIOBAH PSAIOM aBTOPOB (CM. TOIPOOHYIO
oubnuorpaduro B [23]) u OB UCMONB30BAaH MHOTOUYHMCICHHBIX NMpUIOkeHusX. [loguepkuem,
YTO METOJ[ OOYYEHUS C TIOAKPEIUICHHEM MOKET PacCMaTpUBAThCs KaK Pa3BUTHE aBTOMATHOM
TEOpUHU aJaNTUBHOTO TIOBeIEHUs, pa3paboraHHoi B padorax M.JIL. llernmHa u ero
nocaenoBarenei [15, 16].

B cBoro ouepenp, MmeToq 00ydeHHs C MOAKPEIUICHHEM MOTYYUII CBOE pa3BUTHE B paboTax
10 aIaNITUBHBIM KPUTHKAM, B KOTOPBIX PACCMATPUBAIOTCS METO/IbI O0YUYCHHS, UCTIONB3YIOIINE
HelpoceTeBbIe anmpOKCUMATOPhl (PYHKIIMI OLIEHKH KauecTBa (PYHKIIMOHWPOBAHUS aHMMATA.
IIpocreiimme cxembl aIaNTUBHBIX KPUTUKOB PACCMOTPHUM B CIIEYIOIIEM pa3/ee.

4.3. HeiipoceTeBble aganTuBHble KpUTHKH [SO]
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KoHCTpyKunMn amanTUBHBIX KPUTHKOB MOXXHO pPAacCMaTpHBATh KaK CXEMBl OOYyYEHHUS C
HNOJKPEIJICHUEM B Cilydae, KOTJa CUTYallud W/MIu AEHCTBHS 3a/al0TCsl BEeKTopaMHu S U A U
U3JI0KEHHAsl BBIIIE CXE€Ma MTEpaTUBHOro (opMmupoBaHus MaTpuisl ((S), a;)) He paboTaer.
[Tpu 3TOM XapaKTEpPUCTHKH CUCTEMBI YIIPABICHUS L€1eCO00pa3HO NPEACTaBUTh C MOMOILBIO
napaMeTPUYECKH 3a/1aBaeMbIX aIlMPOKCUMHUPYIONMX (GYHKIWUK (HAIpuUMep, C TMOMOIIBIO
UCKYCCTBEHHBIX HEHpPOHHBIX ceTed), a oO0ydeHHe NPOBOAUTH IyTEM HTEPATUBHOU
ONTHMHU3ALUU [TAPAMETPOB.

B KoHCTpyKIMU cHcTeM ynpaBieHHs aHUMaTOB HAa OCHOBE a/IalITUBHBIX KPUTUKOB BXOST
nBa BakHbIX Onoka: Kputuk u Kontposuiep (MHOT1a HCTIONB3YIOT TaK)Ke TEPMUH AKTOD).

Kpumuxk — 6110k cuCTeMbl yIIPaBJIeHHUs, OLIEHUBAIOIIUI KauecTBO ee paboThI.

Konmponnep — 6110k cucTeMbl yripaBieHus, GOPMHUPYIOMNI TEHCTBHUS STOH CHCTEMBI.

Hwuxe Mpl onuniem ABe IpOCTbIe KOHCTPYKLMM aJalTUBHBIX KPUTUKOB: Q-KpUTHK U V-
KpUTHK. O0€e KOHCTPYKIMH HCHOJIb3YIOT HEHPOCETEBYIO aNMpPOKCUMAIMIO XapaKTEPUCTHK
CUCTEMBI YIIPaBIICHUS.

Q-xpurnk. Cxema Q-kpuTHKa npeacTaBieHa Ha puc. 2. [Ipeanonaraem, uro kak Kpurtuk,
tak U KoHTpomnep mpenctaBisioT coOoill HEHPOHHBIE CETH, a WMEHHO, MHOTOCIOIHBIE
NEepCENTPOHBI (TaKWe jKe, KaKhue HCIONB3YIOTCS B METOJE OOpaTHOTO pacrpoCTpaHEHHUS
omnOku [49]) c Becamu cuHancoB We 1 Wy , COOTBETCTBEHHO.

Sy

A > Kpum Ly O(S() A®)

U 3(?)

\ 4
S(f) —| Kontpommep [—p A(?)

Puc. 2. Cxema Q-kputuka. BepTukanpHas IITpUXOBas CTpelKa WUTIOCTPUPYET TO, YTO TPH
00yueHun npousBoubiec 0Q(f)/0A(f), BEIYHCIsIEMbIC B HEHPOHHOH ceTn KpuTHKa, HCTIONIB3YIOTCS
npu HacTpoiike BecoB Konrpoiepa (cMm. popmyiy (7)).

OyHKIMOHUPOBAHUE ITON CXEMBI IPOUCXOAUT CIEAYIOUIMM 00pa3oM. B MoMeHT BpeMeHun
t Kontpomnep mo BeKTOpy BXOAHON cutyanuu S(f) ompenensier BeKTop AeicTBus A(f)
(xkomanabel Ha 3¢dexroper). Ha Bxoasl Kpurtuka momarorcst nBa Bekropa: S(f) u A(?). Ilo
3TOMY COCTaBHOMY BXOJHOMY BekTopy Kputuk genaet onenky kadectBa Q(f) = O(S(7),A(?))
nevctBust A(f) B Tekymend cutyaruu S(7). JelictBue A(f) BBITIOJHSETCS, aHUMAT MOJTydYaeT
Harpaay 7(t). Jlamee MpOUCXOOUT MEpexo] K CIEAyIoIeMy MOMEHTy BpemeHu f+1. Bce
OTIEpallMK TOBTOPSIOTCS, B TOM YHCIIE JenaeTcs orneHka 3Hauenust Q(¢+1). [locne atoro st
MOMEHTA ¢ OTIPEAEISETCS OINOKa BPEMEHHOM Pa3HOCTH:

() =r(®)+y Q1) - O (). )

OOyuenue HelipoceTel BBIMOIHAECTCS CIEAYIOUIMM 00pa3oM:
A W= o gradwe(Q (1)) 8(2), (6)
AWa=0 Z {[0Q (2) 10 AK(t)] gradwa Ai(?) }, (7)

IJie 0 U 0y — napaMeTpsl ckopocTu o0yuenus. [IponsBoaHble o Becam cuHancoB gradwce (.) 1
gradwa (.) B (6) u (7), a Taxke O0Q(t)/0Ai(t) B (7) paccCUMTHIBAIOTCS KaK TPOM3BOIHBIC
CIIOKHBIX (YHKIMH, aHAJIOTMYHO TOMY, Kak »JTO JeJaeTcsi B MeToJe OOpaTHOro
pactpoctpanenust ommbOku [49]. B ¢opmyne (7) yuuThIBaeTcs, 4TO HYXKXHO OpaTh
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IPOU3BOJHBIE II0 BCEM KOMIIOHEHTaM BeKTOpa A(f) MU CyMMHUpPOBaTb IO BCEM O3TUM
KOMITOHEHTaM.

CMBICIT W3MEHEHW BecOB cuHArcoB 1o ¢opmyiaMm (6), (7) cOCTOMT B TOM, YTO Beca
Kputuka n Konrposnepa MeHsOTCS TakuM 00pa3oM, 4TOObl YMEHBUIMTH OIIMOKY B OLIEHKE
OXXHJaeMol cyMMapHOW Harpaisl (oOyuenue Kpurtuka) M yBEIUUMTh 3HAUYEHHE CaMOU
Harpa/pl Ipy NONaJaHuyu aHuMara B 6mu3kue cutyauuu (ooydyenue Kontposiepa).

V-kputnk. Cxema V-KpuTHKa pecTaBiIeHa Ha puc. 3.

S(7)

—>
Monenb — Spe(tt])
A(1) I '

S —» Kputuk Ly V(S(?)

U o(?)

\ 4
S(t) —p| Kourpomnep |—p A(Y)

Puc. 3. Cxema V-kpuTuka.

B or1oit cxeme Omox Kputuk, B orTinmuue oT cxemMbl Q-KpUTHKA, OLEHHBAET KAadeCTBO
cutyauuu V(S(f)) HE3aBUCUMO OT BBIMIOJIHAEMOTO aAelicTBUA. OQHAKO 3Ta cXeMa COJEPXKUT
610k Mozens, B KOTOpOM IporHosupyercst Oyaymas cutyanust Spr(t+1) = Sy (S(2), A(?)) B
3aBUCHUMOCTH OT TeKyllei cuTyauuu S(f) U BbIMONHsIeMoro naeiicteus A(r). U ans stoi
IporHo3upyemMoit curyanuu Sp(#+1) 610k Kputuk MoXkeT cienarh OLEHKY ee KauecTBa Vi =
V(Spe(t+1)) = V (Spr (S(?), A(?))), uro ananorudno oneHke O(S(?),A(f)), koTopyro aenaer Q-
kputuk. [Ipenmomaraem, uro Kpurtuk, Kontpomiep m Mogens mNpencTaBisioT coOou
MHOTOCIIOMHBIE TIEPCENTPOHBI ¢ BecaMu cHHANCOB W¢ ,Wa 1 Wy, COOTBETCTBEHHO.

OyHKIMOHUPOBAHUE ITON CXEMBI IPOUCXOAUT CIEAYIOUIMM 00pa3oM. B MoMeHT BpeMeHun
¢t KoHTponnep mo BeKTOpy BXOIHOM cuTyauuu S(f) ompenenser BEKTOp IeHCTBUs A(?).
Kputuk nenmaer omenky xkadectBa FV(f) = V(S(f)) tekymeit curyauun S(f). Monenb
IPOTHO3UPYET cleaywouyo curyauuto Sp(t+l) = Sy (S(7), A(f)). Kputuk ouenusaer
Ka4eCTBO NPOrHO3MPYeMOH cutyatuu Vo = V(Sp(t+1)). JleiictBue A(f) BBIIONHAETCS, aHUMAT
nonydaeT Harpany #(f). OueHuBaeTcs omrOka BpeMEHHOM Pa3HOCTHU:

o(t) = r(2) +y V(Spe(tt1)) - V(S(2)). (8)
OO6yuatorcst Kputuk:
A W= oy grad we(V (1)) 8(2), 9)
u KonTtposnep:
A Wa= oo Z {[0 V(Spr(t+1))/ 0 A(f)] grad wa Ax(?)}, (10)
0 V(Spe(t+1)) 0 A(t) =% {[0 V/ OSprj 1 [0Sy 10 AB)]}. (11)

[TpousBoausie B (11) 6GepyTcst B coorBeTcTBUU ¢ (hOpMyIaMU HEMPOHHBIX ceTeil Kputuka
u Mogaenu.

Jlanee MPOUCXOOUT Tepexo] K cleAyloleMy MOMeHTy BpemeHu t+1. CpaBHUBaIOTCS
nporrosupyemMasi Sp(t+1) u peanbHas curyanus S(#+1). B coorBeTcTBUM € OIIMOKONM 3TOro
nporHo3a ooy4aercss Mozenb 00BIYHBIM METOJIOM OOPaTHOTO PACIIPOCTPAHECHUS OITHOKH.
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OOyuenne KpuTuka COCTOUT B TOM, YTOOBI MTEPATUBHO YTOYHSATH OIIGHKY KadecTBa
curyaimii  V(S(f)) B COOTBETCTBUM C MOCTYNAIOUIMMU HoAkpermaeHusMu. OOyueHue
KonTpomnnepa coctout B TOM, 4TOOBI MOCTENEHHO (OPMUPOBATH ACUCTBUS, MPUBOIAIINE K
CUTYyalMsIM C BBICOKMMHM 3Ha4eHUsIMU KadecTBa V(S). CMbicn 00yuenus Mojenu — yrouHeHue
MPOTHO30B OyAymux curyarnuii. OTMeTHM, 9T0 OreHKa (GyHKIMU KadecTBa curyaruu V(S(7))
B ATOI cXeMe aHaJIOTMYHa SMOLMOHAIBHOM OIIEHKE TEKYIEro COCTOSHUS CUCTEMBI B MOJEIISX
A.A. XKnanosa [38, 39]. bonee nmoiaHO Teopus aJanTUBHBIX KPUTHKOB XapaKTEpU3YyETCS B
pabotax [51, 52].

B crnenyromem paszziene uznaraercsi Mepapxudeckas apXUTEKTypa CHUCTEMbl YNpaBICHUS
aHMMaToM Ha 0a3e HeHpOCETeBBbIX aJalTHUBHBIX KPUTHUKOB. APXUTEKTypa pa3pabaThIBacTCs B
pamkax mpoekta «Mo3r anumara» [53, 54], KOTOpBIi OCHOBBIBAETCS Ha TEOPUH
¢yHkunonanbHbIX cucteM I1.K. AHoxuHa.

5. [MIPOEKT «MO3I' AHUMATA»'

Teopust (yHKIMOHATBHBIX CHUCTEM ObUTa mpemniokeHa u pasButa B 1930-70 romax
U3BECTHBIM coBeTCKUM Helpodusuonorom [1.K. AHoxunbM [55]. @yHKIMOHANBHAS CHCTEMA
no ILLK. AHoxuHy — cxema yIpaBlIeHHs, HalEJCHHas Ha JOCTH)KEHUE IIOJIE3HBIX JUISA
opraHusma pe3yJbTaToB. Jlajgee u3naraeTcsi OCHOBAaHHBIM Ha TEOpUHM (YHKIMOHAIBHBIX
CUCTEM NPOEKT «Mo3r aHumarTa.

5.1. O6man apxutexktypa «Mo3ra anumara»

[Ipennonaraercs, 4YTO cCHUCTEMa YIpaBlIEHHs aHUMAaTOM HMMEET MEpPapXUUYECKYIO
apXUTEKTypy. ba30oBbIM  3JEMEHTOM CHCTEMbl YINpAaBICHUS  SIBISETCA  OTAEIbHAs
¢dyHkunonanbHas cucrema (PC).

[lepssiit ypoens (PC1, ®C2, ...) COOTBETCTBYET OCHOBHBIM MOTPEOHOCTSIM OpraHu3Ma:
NUTaHUS, Pa3MHOXKEHHUs, O€30MaCHOCTH, HAKOIUIEHWs 3HaHWil. boiee Hu3kHe ypoBHHU
CUCTEMBI YIIPaBJICHHUS COOTBETCTBYIOT TAaKTUYECKUM LEIsM MoBeAcHUs. bioku Bcex 3Tux
ypOBHEW (BKJIIOYash NEpBbI) peanu3yloTcss C IOMOUIbIO (PYHKIMOHANBHBIX CHCTEM.
VYiopaBieHne ¢ BEpXHUX YpPOBHEH MOXKET IepefaBaTbCsi Ha HIKHHE YpPOBHU (OT
«CyHepcucTeM» K «CyOCHCTEMaM») U BO3BpAIAaThCs Ha3al.

[Ipenmnonaraercs, yTo cucTeMa yNpaBiICHUs aHUMATOM (PYHKIMOHHUPYET B JHUCKPETHOM
BPEMEHH; KaXX/IbIil TAKT BPEMEHU aKTHBHA TOJbKO oHa DC.

PaccmarpuBaercss mpocras Qopmanmzanus (QyHKIMOHAIBHOW CHCTEMBI Ha OCHOBE
HEMpOCeTeBBIX aJalTUBHBIX KPUTUKOB. DYHKIMOHATIbHAS CUCTEMa MOJAEIUPYET CIEAYIOIHe
Ba)XHbIE OCOOCHHOCTH €€ OMOJIOTMYECKOro MPOTOTUNA: 1) MpOrHo3 pe3yJibTaTa JeHCTBuUS, 2)
CpaBHEHHME NPOTHO3a W pe3ylbTaTa, 3) KOPPEKUUIO TMpPOrHo3a IMyTeM oOydyeHHs B
COOTBETCTBYIOIIMX HEHPOHHBIX CETAX, 4) npuHATHE pemieHus. [IpuHsaTHe pelieHus B JaHHON
cxeme OC cooTBETCTBYET BEIOOPY OHOTO U3 AJIbTEPHATUBHBIX ACHCTBUIA.

JUis pa3BUTUS TNPOEKTAa BAXKHO OLEHUTh BO3MOYKHOCTH QJAlTUBHBIX KPUTHUKOB H
IPOBEPUTH, KaK (PYHKLHMOHUPYIOT MPOCTHIE CXEMbl aJaNTHUBHBIX KPUTHUKOB B KOHKPETHBIX
MoJeIsIX. B cnenyromem paszaene n3nararoTcs pe3ybTaTbl HCCIIEJOBaHUS TAKOH MOAETH.

5.2. MojeJib 3BOJIIOIUM MOMYJISIIMUA CAMOOOYYAIONIUXCS ATEHTOB Ha 0a3e HelpoceTeBbIX
aJanTHBHBIX KPUTHKOB [46, 56]

5.2.1. Onucanue mooenu

Uccnenyercst MoAeNb 3BOIIOIUY TOMYJISIITUN CaMOOOYYAIOIIUXCSl aBTOHOMHBIX areHTOB U
aHAJM3UPYETCS B3aUMOJICHCTBUE MEXKTy 00yUeHHUEM M IBOJIIOIMEH. Mojaenb oTpabaThiBacTCs
Ha TpuMepe areHTa-Opokepa. DTOT MPUMEP HCIONB3YETCS TOJIBKO IJIsi OMPEICIIEHHOCTH,
COBEpPUICHHO aHAJOTMYHO MOXKHO paccMarpuBaTh (YHKIMOHUPOBAHHE MOJEIBHOTO

! Tepmun «Mosr anuMaTa» 6601 npeioxken K.B. AHOXHHBIM
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«opraHm3may, Oosiee MOJOOHOTO OHOJOTHYECKHUM MPOTOTHIIAM, HANPUMEP, «OPTaHH3May,
MOMEIIEHHOTO BO BHEILHIOKO CPedy, KOTopasl ONpeAeisieTcss 3aBUCUMOCTBIO TEMIIEpaTyphl OT
BPEMEHM, aHAJIOTMYHOM KypCy aKLMi JJis areHTa-opokepa.

Cxema arenrta. PaccMmaTpuBaeTcss Mojenb areHTa-Opokepa, KOTOpBI MMEET pecypchbl
JBYX THUIIOB: JIEHbIU U aKIHMH; CyMMa 3TUX PECYPCOB COCTaBIAeT KanuTan arenra C(f); nons
aKuii B KamuTaie paBHa u(f). BHemmHss cpema ompenensercs BpeMEHHBIM psimoM X(7);
t=0,1,2,...; X(¢) — kypc akiuii Ha OUpKe B MOMEHT BPEMEHH ¢ . ATEHT CTPEMHTCS yBEIUYUTh
cBoii kanutan C(f), u3MeHss 3HaueHue u(f). JluHaMuka KanuTana onpeaesiseTcs: BBIpaKeHHEM
[57]:

C(t+1) = C(®) [1 + u(t+1) AX(t+1) / X(1)], (12)
rae AX(t++1) = X(@+1) - X(r) — Ttexymee usMeHeHue Kypca akuui. Hcnonb3yercs
Jorapudmuueckas mkana s pecypca arenta, R(f) = log C(¢) [58]. Tekymee noakpemnieHue
arenra r(f) = R(++1) — R(¢) paBHo:

r(t) =log [1 + u(t+1) AX(t+1) / X(2)]. (13)

JUisi TIPOCTOTHI TIPEATIONIATAETCs, YTO TEepEeMEHHAas U MOXKET MPHHAMATh TOJBKO JIBa

3HaveHHs 1 = () (BeCh KamuTall B IcHbrax) Wiy u = 1 (BeCh KamuTall B aKIUIX ).

Aaroputm o0y4deHusi. Cucrema YIpaBJI€HHS areHTa NpeCTaBisieT coOOW MpocToit
aJIalITUBHBIN KPUTHK, cocToALMi u3 1ByX HelpoHHbIX cetelt (HC): Monens u Kpurtuk (puc.
4). Llenms amanTHBHOTO KPUTHKA — MAKCUMU3UPOBATh PYHKIUIO TIoe3HOCTH U(?):

U(t)=§,7’r(r+j), t =12,.., (14)

rae #(f) — TekyIiee MoAKperieHUe, ody4yaeMoe areHTOM, U y — TUCKOHTHBIN (akTop (0 <y <
1).

B mpeamonoxennn AX(f) << X(f) cumrtaem, uyto curyamms S(f), XapaKTepU3yroIIas
COCTOSIHME areHTa, 3aBUCHUT TOJBKO OT NBYX BeauunH, AX(¢) u u(f): S(¢) = {AX(¢), u(?)}.

{AX(), u(1)} "o
—_— Kputuk >
(AX(t-m+1),...,AX(£)} AXP(t+1)
> Mogens _:_’
L AX (1), u) (1)
¥ > Kputuk —
{AX(t+1), u(t+1)} Mttl)

Puc. 4. Cxema cucremsl ynpasnenus arenra. HC Kputuka nokasana ans 1ByX HOCIEI0BaTENbHBIX
TaKTOB BpeMeHU. Mozenb npenHa3HaueHa Ul IPOrHO3UPOBAHUS U3MEHEHUsl Kypca BPEMEHHOIO
psna. Kputnk npeaHasHadyeH 11 OLEHKH KauecTBa cutyauuit V(S) s Tekymei curyamun S(f) =
{AX(Y), u(?)}, i cuTyarm B CIEAYIOMWN TakT BpeMeHH S(#+1) m IS mpencka3bIBacMbIX
cuTyalMi 171 000UX BO3MOXKHBIX aerctBuil ST (¢+1) = {AX” (¢+1), u}, u =0 qubo u = 1.

Mogenp npenHasHayeHa i MPOTHO3UPOBAaHMS M3MEHEHHS Kypca BpeMeHHOro psjaa. Ha
BXx0J Mojenu nojaercs m MpeaplayIuX 3HaueHu u3MeHeHus kypca AX(+-m+1), ... , AX(¢),
Ha BBIXOJIe (DOPMHPYETCS POTHO3 U3MEHEHHS Kypca B CIIEAYIOIINiA TakT BpeMeHu AX” (#+1).
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Mogens npencrasisiet codoi aByxcnoitHyro HC, paboTta koTopoit onuckiBaeTcst hopMyaMu:
M_ M _ M M r N~ M M
X = {AX(t—m+1),...,AX(t)}, y j—th (Z,W i X i) A)(p(l+1)—Z/V JY s

e X" — BXOJIHO# BEKTOP, Y — BEKTOP BBIXO0B HEMPOHOB CKPBITOTO CIIOS, WM,'j U ij — Beca
cunaricoB HC.

Kputuk mnpennasHaueH s OIEHKM KaudecTBa curyauuid V(S), a HWMEHHO, OIICHKHU
¢ynkuun nonesHoctd  U(f) (cm. ¢opmyny (14)) ans  areHra, HaxoJsIIErocs B
paccmatpuBaemoir cutyaruu S. Kputuk npencrtasisier cobort asyxcnoitnyro HC, pabora
KOTOpPOIi onuchIBaeTcs GopMyaMu:

xC=8(1) = {AX(0), u(®)}, ¥5=th (CwGx%), VO =WMSO)=Y 5,

C . C N c c
I7e X — BXOJHOW BEKTOp, Y — BEKTOP BBIXOJOB HEHPOHOB CKPBITOTO CJIOS, W ;; U V ; — Beca
cunarcos HC.

Kaxxap1it MOMEHT BpEMEHH ¢ BBITIONHSAIOTCS CIIEIYIONINE ONepallnu:

1) Mojiens npeacKassiBacT CIeAyIoIee H3MEHEHHE BpeMEeHHOTo psiaa AXY (1+1).

2) Kputuk omnenuBaer BenuuuHy V 1 tekymed curyamuu V(f) = V(S(¢)) u s
TPEICKA3BIBAEMBIX CUTYAIMi Ul 000X BO3MOXHBIX aeiicteuii V7' (t+1) = V(SP",(++1)), rae
SPY(+1) = {AX”" (t+1), u}, u =0 aubo u = 1.

3) [Ipumensiercs e-xamHoe npaBmwiio [23]: melcTBHE, COOTBETCTBYIONIEE MAKCUMAIBHOMY
3HaueHuto V7, (t+1), BbIOMpaeTcs ¢ BEPOSTHOCTBIO | - & W albTEPHATUBHOE JEHCTBHE
BeIOMpaeTcst ¢ BeposTHOCTHIO € (0 < & << 1). Bb1bop neiicTBus ecTh BIOOP BeMWIHHBI u(/+1):
NepeBeCTH BeCh KanuTani B JeHbIH, u(t+1) = 0; nubo B akiuu, u(t+1) = 1.

4) BoiOpannoe nerictBue u(#+1) Boinonusercs. [Ilpoucxoaut nepexox kK MOMEHTY BPEMEHH
t+1. IMoncunteiBaercs moakperieHue 7(¢) cornacuo (13). Habmomaemoe 3nauenune AX(z+1)
cpaBHHMBaeTcs ¢ npejackazanneMm AXY (t++1). Beca HC Mogenu moacTpanBarTCs Tak, 4TOOBI
MUHUMH3UPOBATh OMIMOKY MpeAcKa3aHUsi METOIOM OOpaTHOTO pachpOCTPaHEHHUS OIIUOKH.
Ckopoctb 00yuenus Monenu paBHa ay > 0.

5) Kputuk mnoacumteiBaetr V(t+1) = V(S(#+1)); S(r+1) = {AX(t+1), wu(t+1)}.
PaccunThiBaeTcs ommbKa BpeMEHHOM pa3HOCTH:

5(t) = r(t) + y V(t+1) — V(). (15)

6) Beca HC Kputnka noacrpanBaroTcst Tak, 9T00BI MUHIMU3UPOBATh BETHYUHY O(f), 3TO
o0yueHHe OCYILIECTBISAETCS TIPAJAUEHTHBIM METOJOM, AaHAJIOTMYHO METOLy OOpaTHOro
pacnipoctpaneHust ommoOku. CkopocTh 00yuenus: Kpurtuka pasua oc> 0.

Cxema 3Boronnu. PaccMatpuBaeTcsi SBONIOIMOHUPYIOIIAS MTOMYJISIUS, COCTOAIIAs U3 1
areHToB. Kaxaplii areHT umeer pecypc R(f), KOTOpbI HM3MEHSETCSI B COOTBETCTBUHU C
nojkperuieHusmu arerra: R(++1) = R(¢) + r(t), tae r(¢) onpeneneno B (13).

OBOJIONMs NPOUCXOIUT B TEUEHHE PsAAa INOKOJIEHHH, ng,=1,2,... IIporomKxuTeaIbHOCTh
Ka)XJJOr0 MOKOJIEHUs 1, paBHa I TakToB BpeMeHU (7 — UINTEIBHOCTb KHM3HU areHra). B
HayaJie KaykI0ro IOKOJIEHHsI PEeCYPC KaKI0Iro areHTa paBeH HyIIo, T.€., R(7(ng-1)+1) = 0.

Havansueie Beca cunarncoB obenx HC (Moaenu u Kputuka) hopMupyroT reHoM areHTa
G={Wm0,Wco}. 'enoM G 3amaeTcsi B MOMEHT POXKIEHHUS areHTa M HE MEHSETCS B TCUCHHE
€ro JKM3HM. B mpoTHBOMONOXKHOCTH 3TOMY TeKymue Beca cuHancoB HC Wy n Wc
MOJICTPAUBAIOTCS B TEUCHHUE KU3HU areHTa MyTeM 00y4eHMsI, ONIMCAHHOTO BBILIE.

B KOHIle KaXJ0To MOKOJEHUS OMpEeNeNsieTcs areHT, UMM MaKCUMalIbHBIA pecypc
Rpax (ng) (IydIWi areHT MOKOJEHHUS Ng). DTOT JIyYIIWH areHT IOPOKIAET 7 MOTOMKOB,
KOTOpBIE COCTaBIIIIOT HOBOE (ngt1)-e mokoneHue. I'eHoMbl MOTOMKOB G OTIMYAIOTCA OT
reHoMa pPOAUTENs HEOOJBIIMMHU MYTalUsMH. bojee KOHKpETHO, Mpearnojiaraercs, 4To B
Hayajle HOBOIO (7,+1)-ro NOKOJNEHMs A KaXAOro areHra €ro reHoM (QOopMupyeTcs
cienyromuM obpasoM Gi(ngtl) = Gpes, i (ng) + rand;, Wo(ngtl) = G(ngtl), rae Guest(ng) —
TEHOM JIy4Iller0 areHTa NpPeAbIIYLIETr0 He-TO TOKOJeHMss M rand; — HOpPMallbHO
pacripeielieHHasi ciiydaiiHasi BEJIMYMHA C HYJEBBIM CPEHUM U CTaHAAPTHBIM OTKJIOHEHHUEM
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Py (AHTEHCUBHOCTB MYTAIHiA), KOTOpasi T0OABISAETCS K KaXKJJOMY BECY.

Takum oOpa3oM, reHoM G (HauyaJbHbIE Beca CHUHAICOB, IMOJIydyaeMble MPU POKIACHUU
areHra) M3MEHSETCS TOJIbKO IIOCPEICTBOM D3BOJIOLMHU, B TO BpEMsI Kak TEKyIUE Beca
cuHaricoB W JIOMOJHUTEIBHO K ATOMY MOJICTpauBaroTcs mocpeacTsoM oOyuenus. [Ipu stom B
MOMeHT poxaeHust areHta W = W, = G.

5.2.2. Pe3ynbmamul MOOeaUpPOBAHUS

OO0mme 0cO0EHHOCTH AJANITHBHOIO MOUCKA. V3JI0)KeHHAs: MOJIeNb ObLTa peaan3oBaHa B
BUJIC KOMITBIOTEPHOM MpOrpamMMbl. B KOMITBIOTEPHBIX KCIIEPUMEHTAaX HCIOJIh30BAIOCH JIBA
BapHaHTa BPEMEHHOTO Psjia:

1) cunycounna:

X(f) = 0.5(1 + sin(2n£/20)) +1, (16)

2) cToXacTHUYeCKHii BpeMeHHoM psia [57]:

X() = exp(p()/1200),  p(¢) =p(t-1) + ft-1) + LLAE), A1) = kA(t-1) + (1), (17)

rae A(¢) u u(t) — nBa HOPMAJIBHBIX TIPOLIECCA C HYJIEBBIM CPETHUM M €AMHUYHON TUCTIEPCUECH,
k1 =0.3; k=10.9.

Hekoropele mapaMeTpsl MOJICIM WMEIM OJHO W TO KE 3HAYCHUE JUISI BCEX
SKCTICPUMEHTOB: JUCKOHTHBIA (aktop » = 0.9; kommuectBo BX0og0B HC Monenu m = 10;
KOJIM4eCTBO HEHPOHOB B CKpHITHIX cnosix HC Moaenu u Kpuruka Ny = Ny = 10; ckopocTb
o0yuenuss Monenmu u Kputuka oy = ac = 0.01; napametp e-xamnoro npasuia & = 0.05;
UHTEHCUBHOCTh MyTanut P, = 0.1. OcranpHple mnapameTpsl (MPOAOKUTEIBHOCTH
nokoJieHUus: T W YHCICHHOCTh MOMYJISIUU #) TPHHUMAIU pPa3HbIE 3HAYCHUS B Pa3HBIX
9KCIIEPUMEHTAX, CM. HUXKE.

Beuti TpoaHaM3upOBaHbl CIISAYIONINE BAPUAHTHI PACCMATPUBAEMOM MOJICITH:

— cnydaii L (umcroe oOydeHme); B 3TOM Cllydae paccMaTPHBAJICS OTACIbHBIA areHr,

KOTOPBIN 00y4asncsi B COOTBETCTBUH C U3JI0KEHHBIM BBIIIE alTOPUTMOM;

— cuy4aii E (ducras sBonONMs), T.€. pacCCMATPUBACTCS IBOJIOLNUOHHUPYIOMIAS MTOMYJIISINS
0e3 00yueHus;
— cny4aii LE (3Bomonust + o0yueHue), T.€. MoJHask MOJIENb, U3JI0KEHHAs BhIIIIE.

Bbeuto mpoBeneHo cpaBHeHHME pecypca, npuodperaemoro areHTamu 3a 200 BpeMEHHBIX
TaKTOB JUIsl 3TUX Tpex cmocoOoB amanrtanuu. s ciayuaeB E u LE 6panoce T = 200 (T —
MPOJOKUTEIHLHOCTh MOKOJICHUSI) U PErUCTPUPOBATIOCh MAKCUMAIIbHOE 3HAYEHHE pecypca B
HNONyaAUUd  Rya(ng) B KOHILE Kaxaoro mnokoneHus. B ciywae L (uucroe oOydeHue)
paccMaTpuBaics TOJBKO OJWH areHT, Pecypc KOTOpOro i YAoOCTBa CpaBHEHHUS CO
ciyyasmu E u LE o6nymsuics xaxkabie 7 = 200 taktoB BpemeHu: R(1(ng-1)+1) = 0. B aTom
cllyyae WHJAEKC 7, YBEIMYMBAJCA HA CIUHMILY IOCIE KaXAbIX 7 BPEMEHHBIX TaKTOB, U
1onaranock Ryad(ng) = R(T ng).

I'padpuxn R,u(ng) nnst cunycouns! (16) mokazansl Ha puc. 5. UToObl HCKIIOUHUTH
YMEHBIICHUE 3HAUYEHHs R,q(ng) M3-3a CllydailHOro BbIOOpa ACHCTBUH NpPU HPUMEHEHHH
g-aaHoro npasuia ans ciydaeB LE u L, nonaranocs € = 0 nocne ngy = 100 gis cnydas LE u
nocie ng = 2000 quis ciryyast L (Ha puc. 5 BUAHO pe3koe yBelnudeHUe R,q(ng) nocne ng = 100
u n, = 2000 118 cooTBeTCTByIOIMX ciydaeB). Pesymprarel ycpeanensl mo 1000
skcniepumenTam; n = 10, 7= 200.

Puc. 5 noka3zbiBaet, 4yTo oOydeHue, o0beIuHEHHOE ¢ 3BOMIonMel (cnyyait LE), u uncras
sBotonus (ciaydaid E) maroT ogHO M TO K€ 3HAYEHHE KOHEYHOTo pecypca Ry.,(500)=6.5.
Opnako 3BoIOIUS U 00yYeHNE BMECTe 00€CIIeYNBAIOT HAX0XKACHUE OONBIINX 3HAUYCHUH R4y
ObICTpEe, YeM 3BOJIIOLUS OTAENIBHO — CYIIECTBYET CUMOMOTHYECKOE B3aUMOJICHCTBIE MEXIY
00y4eHHEeM U 3BOJIOIUEH.
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N3 (13) cnemyer, 4TO CyIIECTBYET ONTHMAajbHasi CTpaTervss IOBEIEHUs areHTa:
BKJIQJIbIBaTh Bech KamuTanl B akiuu (u(+1) = 1) nmpu mporrose pocra kypca (AX(#+1) > 0),
BKJIQJIbIBaTh BeCh KanuTai B AeHbru (u(7+1) = 0) npu nporHose najgenus kypea (AX(t+1) <0).
AHanu3 3KCIIepUMEHTOB, MPEICTaBICHHBIX Ha pHUC. 5, OKa3al, 4To B ciaydasx LE (oOyuenue
+ ospomouusi), U E (uncras sBosronMs) Takash ONTHMAajbHAsi CTPATErwsi HaXOAUTCS. OTO
COOTBETCTBYET aCUMIITOTUYECKOMY 3HAUYEHUIO pecypca R, (500) = 6.5.

n 4 (cayuaii L)

0 500 1000 1500 2000 2500

7 | | | | 7

6| LE e

5 E / +5
. 4 L 4
g g
3 +3 &

2 +2

1 + 1

0 T T T T 0

0 100 200 300 400 500

n 4 (cayvau LE and E)

Puc. 5. 3aBucumocty R, (ng). Kpupas LE cooTBeTCTBYeT cilyyaro 3BOJIOLNH, 00BEIMHEHHON €
oOyueHneM, KpuBass E — ciydaro 4uCTOHM 3BONIONWM, KpuBas L — ciy4ar0 4UCTOrO OOYYCHHUS.
Bpemennas 1mxana jis ciayyaes LE u E (Homep nokoseHus n,) MpejcTaBieHa CHU3Y, AJd Cllydas
L (unpexc n,) — cBepxy. MojenupoBaHHe NPOBENEHO JUIS CHHYCOWJIbI, KPMBBIE YCPEIHEHHI 110
1000 sxcriepumenTam; n = 10, 7= 200.

B cayuae L (uncroe oOydyeHne) acCHMOTOTHYECKOE 3HaUeHUE pecypca (R (2500) = 5.4)
CYIIECTBEHHO MEHbBIIE. AHAIN3 HKCHEPUMEHTOB ISl OTOTO Ciydas IOKas3all, 4TO OJHO
o0OyueHHe 00eCIeYrBaET HAXOXKIEHHE TOJBKO CIEAYIOIIEH «CyOONTHMAalIbHOI» CTpaTeruu
MOBEJICHUS: areHT JICPKUT KalUTal B aKIUAX MPU POCTEC W TPHU CIIA0OM TMAJACHHU Kypca U
NEPEBOJIUT KalUTaI B JICHI'M NPU CHJIBHOM TaJieHHH Kypca. Ta ke TeHACHIUS K SIBHOMY
MPEIIMOYTECHUIO BKJIQIBIBATh KAIMTAJ B AKIMH MPH YHCTOM OOYYCHHM HAOJI0anach W IS
IKCIEPUMEHTOB Ha cToXactuieckoMm psize (17).

B3aumoneiictBue mexkay oOyudeHuem M IBogawunueii. Ipdpexr boagymna. Puc. 5
JEMOHCTPHUPYET, YTO MOUCK ONTHUMAJIbHOW CTPaTEerM MOCPEACTBOM TOJIBKO 3BOIIOLUU
MPOUCXOAUT MEJJICHHEE, YEM TPHU IBOJIOIHNH, 00beIMHEHHON ¢ 00y4yeHueM (cM. kpuBbie E u
LE nHa »TOoM pucyske). XoTs 00ydeHrue B JaHHOW MOJAENHU caMo 1o ce0e He ONTUMAlIbHO, OHO
TIOMOTAET IBOJIIOIUHN HAXOAUTH JIyUIIHE CTPATCTHH.

Ecnu nnurensHOCTh mokonenuss 7 Obina goctatoyHo Oosbmioit (1000 u Gornee TakToOB
BpeMeHH), To ais ciaydass LE wacto HaGmiomanoch u Ooisiee sIBHOE BIUSHUE OOydeHHUs Ha
SBOJIIOIIMOHHBIN Tpoliecc. B mepBbIX MOKOIEHUSX YBOMIOIMOHHOTO MPOIEcca CYIIeCTBEHHBIN
pOCT pecypca areHToB HaOJIOJajlCs HE C caMOro Havaia mnokojeHus, a cmycts 200-300
TaKTOB, T.€. ar€HTHI SIBHO OOYyYaluCh B TEUCHHE CBOCH KU3HU HAXOIUThH Ooliee WU MEHee
NPUEMIIEMYIO CTPATETHIO MTOBENICHHS, ¥ TOJBKO ITOCIIE CMEHBI Psijia TIOKOJICHHH POCT pecypca
HAUYMHAJCS C CaMOr0 Haydaja MOKOJEHHS. DTO MOXXHO HMHTEPIPETHPOBATh KaK IMPOSBICHUE
u3BecTHOrO Hddexra bomaynHa: HCXOAHO TpHOOpEeTaeMbli HABBIK B TEUCHHE psaa

173
MATEMATUYECKAA BUOJIOTUA U BUOMHD®OPMATHUKA, 2007, m. 2, Nel, http://www.matbio.org/downloads/Redko2007(2_160).pdf



PEJILKO

NOKOJICHWH CTaHOBWICA HacienyeMbiM [59, 60]. Ortor sddexr HabOmromancs B psjae
9KCHEPUMEHTOB, OJIMH U3 KOTOPBIX MpeicTaBieH Ha puc. 6. [lng 3Toro skcnepumenTa ObLIO
IPOAHAIU3UPOBAHO, KaK M3MEHSIETCS 3HAUEHUE pecypca HAWIyulIero areHTa B MOMYJISLIUU
Ryax(f) B TeueHHE MEPBBIX IMATH MOKoJeHUH. Pacder ObUT MpoBeneH Ui CUHYCOUAAIbHOTO
psna (16). Puc. 6 nmokas3biBaeT, YTO B TEUEHUE MEPBBIX JIBYX MOKOJEHUIN 3HAUUTENbHBIN POCT
pecypca JIyqIliero B MOIMyJISUN areHTa HaunHaeTcs ToJabKo nociue 3aaepxkku 100-300 takroB
BPEMEHH; T.€., OYEBMJHO, UYTO areHT ONTUMU3HPYET CBOIO CTpPAaTErui0 IOBEIEHUS IpPHU
noMomy oOyuyeHus. OT NOKOJEHUS K TOKOJEHHMIO areHT HaxXOAMT XOPOUIYI0 CTPaTEruio
MOBE/ICHUS BCE paHbllle U paHblie. K NITOMy MOKOJIEHUIO JTyUIIUNA areHT «3HAeT» XOPOIIYIo
CTpATEeTUIO TOBEJECHUS C CAMOI0 POXKICHMSA, U OOy4YeHHE HE NMPHUBOJUT K CYIIECTBEHHOMY
yiydlieHuto crparerud. Mrak, puc. 6 TmOKa3pIBaeT, YTO CTpaTerus, H3HAYaIbHO
npuobpeTaemasi MOCpPeICTBOM 00yUueHusl, CTAaHOBUTCS HacneayeMoil (3¢ ekt bonayuna).

30

20
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10

0 1000 2000 3000 4000 5000

t

Puc. 6. 3aBucuMOCTb pecypca JTydIero B HOMYJISILMU areHTa R,,,, OT BpEMEHH ¢ JUIs NEPBbIX MATH
nokoniennit. Ciiyyaii LE (3Boutonus, oObeanHeHHast ¢ o0ydeHueM); pasmep nomyssinuu 7 = 10,
JurensHocTs nokosneHust 7' = 1000. MoMeHTsl CMEHBI MOKOJEHUH MOKa3aHbl BEPTHKAIbHBIMU
JUHUAMU. [[71 NepBIX ABYX NMOKOJEHHH ecThb siBHas 3aaepikka B 100-300 TakTOB BpeMeHU B pocTe
pecypca arenra. K IsiToMy MOKOJICHHIO JIyUIINH areHT «3HAET» XOPOLIYI0 CTPATErHIO IOBEICHHS C
CaMOro pOXKAEHHS, T.6. CTpaTerusi, W3HAYaJbHO MpHoOpeTaeMas MOCPEACTBOM OOydYeHHs,
CTAHOBUTCSI HACJIElyEMOHU.

beum IMpOaHAJIU3UPOBAHBI Pa3JIUYHBIC Ha60pI)I mapaMEeTpoB MOJCIN W BBIACHCHO, 4YTO
spdexr bomaynHa cTaOWIBHO TPOSBISETCSA, €CIU HPOJODKUTEIBHOCTh MOKOJNCHHS T
cocraBisier 1000 m Goslee TakKTOB BPEMEHH, YTO OOECIIEYMBAET JOCTATOYHO d((eKTHBHOE
o0y4eHHe B TCUCHUE KU3HH arcHTa.

OcoOennoctu mnpeackasanusi Mopenu. IIpakTnka He ecThb KpHUTepHid MCTHHBI.
Cuctema ynpaBiieHHUs areHTa BKIIIOYaeT B ce0sl HeHpoHHY0 ceTh Mozeny, peiHa3HaueHHY O
JUIsL TIpeficKa3aHusi W3MeHeHus 3HaueHuss AX(z+1) BpemMeHHOro psaa B CIEOYIOIIMNA TaKT
BpeMeHu f+1. AHanu3 pabotsl Monenu oOHapy Uil OYEHb HHTEPECHYIO OCOOEHHOCTD.
Heliponnas cerb Mojenu MOKET J1aBaTb HEBEPHBIE NPEICKa3aHUs, OJHAKO arcHT, TEM He
MEHEE, MOKET UCMOJIb30BaTh AT NMPEICKA3aHUA Ul IPUHATHS BEPHBIX PEILICHUN — IPAKTHKA
HEe ecTb Kputepuil uctunbel. Hampumep, puc. 7 mokasblBaeT MpelCKa3bIBa€Mble U3MEHEHUS
AX”"(t+1) u peanbHbie u3MeHeHHsT AX(f+1) cTOXacTHYECKOrO0 BPEMEHHOTO psijia B Clydae
ynctol 3Bostounu (ciyuail E). [Ipenckasanus HelipoHHol ceth Mojenu 10CTaTOYHO XOPOLIO
coBmamaroT 1o Qopme ¢ kpuBoil AX(f). Ommako, mpeackasaHubie 3HaueHUs AXY(1+1)
OTJIMYAIOTCS IPUMEPHO B 25 pa3 oT 3HaueHuit AX(#+1).

Ha puc. 8 mpuBenen apyroit mpumep ocoOeHHOCTEH MpelIcKa3aHHs HEHMPOHHON CETH
Mopnenu B ciayuyae LE (sBomronust, o0beqHEHHAs ¢ 00yuyeHHeM). DTOT MpUMEp MOKa3bIBAET,
YTO MpeAcKa3aHus HEMPOHHOM ceTM Mozenum MOryT OTJIMYaThCsl OT PEANbHBIX JAHHBIX HE
TOJILKO MacIITa00M, HO U 3HAKOM.

Xota mpenackazaHuss Mopaenu MOryT ObITh HEBEPHBIMH KOJUYECTBEHHO, MOXKHO
NPEIONI0KNATh, YTO MPAaBUIBHOCTh HMX (OPMBI WM TPABHIBHOCTh IMOCJTE JIMHEHHBIX
npeoOpa3oBaHuil (Hampumep, U3MEHEHHs 3HaKa) MPUBOJUT K TOMY, 4TO Mojenb sBseTcs
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MOJIE3HON Il aJalTUBHOTO TOBENEHUS. OTH Tpencka3aHusi 3PQPEKTUBHO HCIOIB3YIOTCS
CHUCTEMOW YyNpaBJE€HUs areHTOB MJIs HAXOXKICHHUsS ONTHMalIbHOM IOBEIECHHUS: CTpaTerus
MIOBEJICHHS ar€HTOB JUIsi 000MX MPUBEICHHBIX IPUMEPOB paboThl Mojenu Obl1a IpakTHIeCKA
ONTUMAJIbHA.

0.2 0.008

-0.1 A - -0.004
-0.2 ‘ ‘ -0.008
59850 59900 59950 60000

t

Puc. 7. TlpenckaspiBaecmbie AX”(¢+1) (IyHKTUpHas JHMHUS) W peanbHble n3meHenuss AX(¢+1)
(cruTonTHas MTMHUS) CTOXACTHYECKOTo BpeMeHHoro psana. Ciydai wuctod »omrormu. n = 10, T =
200. Xotst 06e KpuBBIE HMEIOT CXOMHYIO (GopMy, 1o Benrunne AX” (++1) u AX (++1) paaukansHo
pasIH4aroTCs.
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Puc. 8. IlpenckaseiBacMbie AXY'(++1) (myHKTUpHAs JWHUS) W peanbHble H3MeHeHus AX(r+1)
(crutomrHas JIMHUS) CTOXAaCTHMYECKOro BpeMeHHoro psaa. Ciywail sBoonnHM, OOBEIMHEHHOH C
obyuenuem. n = 10, 7= 200. Kpussie AX”" (t+1) u AX (#+1) pa3nu4arorcs KaK [0 BEIMIUHE, TAK U
3HAKOM.

[Mo-BuauMoMy, HaOIlrogaeMoe yBeaMdyeHue 3HadeHui AXY HelpoHHOH ceThio Mopenn
noJje3Ho s paboTsl HeilpoHHOHM cetm KpuTHka, Tak kak peanbHble 3HaueHus AX(#+1)
cmumkoM Manbl (opsinka 0.001). Takum oOpa3zom, HeHpoHHas ceTh Monaenu MOXKET He
TOJILKO MpEACKaspiBaTh 3HaueHus AX(t+1), HO TakKe OCYIIECTBIATH IOJE3HBIE
npeoOpa3oBaHMsl ATUX 3HAUYCHUM.

OTH 0coOeHHOCTH PabOTHl HEWpOHHOW ceTd Moaenu 00yClOBIEHBI JOMUHUPYIOIIEH
pOJIbIO 3BOJIIOLMK HaJ OOy4YeHHEM NpHU ONTHMHU3ALMK CHCTEMbI yrpaBieHHs areHToB. Ha
caMoM jelne, u3-3a Majol jautenbHoctd Tnokosnienni (77 = 200) B mpoBeIECHHOM
MOJICIMPOBAHUY, BECA CHMHAIICOB HEHMPOHHBIX CETEH M3MEHSIOTCS OOJBIINCH YacThIO 3a CUET
HBOJIIOIMOHHBIX MyTalid. Takoil mpouecc JenaeT MPeANOYTUTEIbHBIMU TaKUE CHUCTEMBI
yOpaBlieHUs, KOTOpbhle€ YCTOMUYMBBI B 53BOJIONUMOHHOM cMbiciie. Kpome Toro, BakHO
NOJUEPKHYTh, YTO 3ajlaya, KOTOPYIO «pEIIaeT» 3BOJIIOLUS B pPAacCMaTpPUBAEMOM MOEIH,
3HAYUTENILHO MPOoLIe, YeM Ta 3a/1aya, KOTOPYIO «pelaeT» o0yueHue. DBOJIOLUUN TIOCTATOYHO
oOecrieynTh BBIOOpP W3 JBYX JEHCTBUH, NPUBOAALIMM K Harpage. A cxema OOy4YeHHs
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IIPEyCMAaTPUBAET JOBOJIBHO CIIOKHYIO MPOLEAYPY NMPOTHO3a CUTyallud S, OLEHKU KayecTBa
MPOTHO3UPYEMBIX CUTYyaIlUil, H”TepaTUBHOTO (JOPMUPOBAHUS OIICHOK KaduecTBa cutyaruii V(S)
¥ BBIOOpA JICHCTBUS HA OCHOBE 3TUX OIIEHOK. TO €CTh SBOJIIONHS UIET K HYKHOMY PE3yJbTaTy
Oojee MpsSMBIM MyTEM, a TaK KakK 3ajada areHTOB IMPOCTa, TO ABOJIOLMS B OMpPEIEICHHON
CTETICHU «3aJaBJIMBACT» JIOBOJILHO CJIOXHBI MexaHW3M oOydeHus. TeM He MeHee, ecTb
orpezieNieHHas CUHEPIHsi BO B3aMMOJICHCTBUM OOYYECHHsI M HBOJIIOLMU: OOYYEHHE yCKOPSET
IPOLIECC MOMCKA ONTUMAJIbHON CTPATErHH MTOBEACHMUSL.

OmnbIT pabOTHI C UCCIEAOBAHHON MOJENbIO MOKa3bIBAET, YTO HEOOXOAMMA OMpe/eIeHHAs
OCTOPOKHOCTh B BbIOOpe 0a30BOil Mojenn (yHKIMOHAIBLHOW CHCTEMBI AJi MpoekTa «Mo3sr
aHuMmaTa». VMeeT CMBICT paccMOTpeTh M JAPYTHe BO3MOXKHOCTH A (PYHKIIMOHAJIBHOM
cuctembl. Hanipumep, B [61] Hauata npopaboTka HOBOM Bepcun «Mo3ra aHnMara) Ha OCHOBE
UCTIONb30BaHUs TOHATHUSL Xe000BCckUX aHcaMOueii [62]. OxHako nmpoBeAeHHbIH B [61] ananu3
MIOKa3bIBAET, YTO HEOOXOIMMOCTH COTJIACOBAHUS BCEX ODIJIEMEHTOB CHUCTEMBI YIPaBICHHUS
AHUMaTOM HAaKJIaJbIBACT OBOJBHO CEPhE3HBIC OTPAHHUCHUS HA €€ apXUTEKTYpy, U Ba)KHBI
JaIbHENIINE MCCIEAOBAHUS 0 JaHHOMY HEpPCIEKTUBHOMY IMPOEKTY, B TOM 4YHCIE€ U Ha
OCHOBE OTbITa pa3pabOTKU MPEACTABICHHON BHIINIE APXUTEKTYpbl Ha 0a3ze HEHPOCETEBBIX
aJaNTUBHBIX KPUTHUKOB.

6. KOHTYPBI TIPOT'PAMMBI BY 1Y IIIUX UCCJAEJOBAHUN

AHanu3 COBPEMEHHBIX MCCIICIOBAHUN aalTUBHOTO mMoBeneHus [24,47] moka3bIBaeT, 4To
XOTs MpoJienana Oonblnas paboTa U €CTh MHOTO MHTEPECHBIX OTIENBHBIX MOJENeH, yueHbIe
enie JaJIeKu OT TOHMMAaHHUS TOTO, KaK BO3HHUKAIUM W Pa3BUBAJIUCh CHUCTEMBI YIPABICHHS
JKUBBIX OPraHU3MOB, KaK Pa3BUTHE DTUX CHUCTEM CIIOCOOCTBOBAJIO ABOJIIOIMHU KOTHUTHUBHBIX
CIIOCOOHOCTEH JKMBOTHBIX, W KakK TPOIlECC KOTHUTHUBHON SBOJIONMH TPUBET K
BO3HUKHOBEHUIO MHTEJUIEKTA yenoBeka. OOpa3HO roBopsi, y HAC €CTh HEKOTOphIe HEOOIbIITNE
(dbparMeHThl KapTUHBI, HO MBI €lle BUIUM BCel KapTuHBI. ECTh ompenereHHbIE MOAXOIbI K
UCCJICIOBAHMUSIM, HO CaMO HCCJIEOBaHHE HWHTEIJICKTYyalbHOTO aJanTHBHOTO TMOBEACHUS,
MPUPOJIBI €CTECTBEHHOT'O WHTEJUIEKTA, SBOJIOMMOHHOTO MIPOUCXOXK/ICHNS WHTEUICKTA eIlle He
npoBeaeHo. [Ipenoum 3CKU3HBIN MIaH Oy yIuX UCCIeI0BaHUM, HAPaBICHHBIX Ha aHATHN3
pOOJIEMBI MPOUCXOKICHUS NHTEIIICKTA.

A) Pa3paboTka cxeM U Mojiesieil aJaITUBHOTO MOBeIEeHU AaHUMATAa HA 0a3e MpoeKTa
«Mo3r anumara». B paznene 5 u3noxeH npoekTt «Mo3r anumara», KOTOpbIN MPEUIOKEH KaK
oOmras «miargopmay i CUCTEMATU3UPOBAHHOTO MOCTPOCHHS IIMPOKOTO CHEKTpa Mojemnei
aJalTUBHOTO MOBeAcHUA. Peanuzamus B MOJENAX CXEM M KOHCTpYKUUd «Mo3ra aHumara
JUIsL aHWMaTta, OONAJaroller0 €CTeCTBEHHBIMH MOTPEOHOCTSIMH (MHUTaHUS, Pa3MHOXKEHUS,
0€301acHOCTH ) MOTJIa ObI CTaTh MEPBBIM U BaKHBIM IIarOM TJIAHUPYEMBIX HCCIICIOBAHUH.

b) UccaenoBanue mepexonga ot (Gpu3M4YeCKOro ypoBHsI 00padoTkum WHpOpMAUUU B
HEPBHOI cHUCTeMe KHBOTHBIX K YPOBHIO 00001eHHbIX 00pa3oB. Takoil nepexo] MOXHO
paccMaTpuBaTh, KakK IOSIBJIEHUE B «CO3HAHUM» JKMBOTHOI'O CBOMCTBA «IIOHATHEY.
O06o00mennbie 00pa3sl MOXKHO TPEICTABUTHh KaK MBICICHHBIC aHAJOTH HAIIWX CJIOB, HE
MPOU3HOCUMBIX >KMBOTHBIMHU, HO PEaTbHO HCIHONB3yeMbIX MMH. Hampumep, y coOaku sSiBHO
€CTh TOHATHUS «XO3SIMH», «CBOW», «UyXOi», «muma». M BaKHO OCMBICIUTH, KaK TaKOH
BECbMa HETPUBHAJIbHBIN MIEPEX0 MOT ITPOU3OMTH B IPOLIECCE IBOTIOLIUU.

B) HccaenoBanue mnpoueccoB (OPpMHUPOBAHWST TNPUYUHHBIX CBfi3ell B MaMATH
KMBOTHBIX. Ilo-BHOMMOMY, 3allOMHHaHWE TNPUYMHHO-CIEACTBCHHBIX CBA3CH MEXKIY
COOBITUSIMHM BO BHEIIHEH Cpeie M a/JIeKBaTHOE HCIIOJIB30BaHHE 3TUX CBS3Ci B MOBEICHUH —
OJIHO U3 KJIFOUEBBIX CBOWCTB AKTHUBHOTO IO3HAHMS >KMBOTHBIM 3aKOHOMEPHOCTEH BHEIIHETO
mupa. Takas cBs3p (opMmMupyercs, Hampumep, NIpU BbIPAOOTKE YCIOBHOTO peduiekca:
KMBOTHOE 3allOMUHAET CBS3b MEXAY YCIOBHBIM cTuMysoM (YC) M cienyromuM 3a HUM
6e3ycnoBHbIM cTUMYJIoM (BC), 4To mo3BONSET €My NpenBUICTh COOBITUS B OKpY’KaloIIeM
MHUpE M aJIEKBATHO HCIOJb30BaTh ATO MNpEABHACHUE. ECTECTBEHHBIN ClEayOmMi mar —
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NEepexXo]l OT OTAEIbHBIX IHPUUMHHBIX CBSI3€l K JIOTMUECKMM BBIBOJAM Ha OCHOBE YiKe
c(OpMHUPOBABIINXCS 3HAHUH.

I') UccnenoBanmne npoueccoB GopMHUPOBAHMS JTOTHYECKMX BBIBOJAOB B «CO3ZHAHMI)
JKUBOTHBIX. DaKkTHUYECKH, yXe Ha 0a3e KJIaCCHUYECKOro YCJIOBHOIO pediexca >KHBOTHBIE
crocoOHbI AenaTh «jorndeckuil BeiBoay» Buaa: {YC, YC --> BC} => BC unu «Ecnu nmeer
MECTO YCJIOBHBIH CTHMYJ, M 3a YCJIOBHBIM CTHUMYJIOM ClleAyeT O€3yCIOBHBIM, TO HY>KHO
OXUJaTh TMOSBICHHE OE€3yCIOBHOIO CTHMYJa». MOXHO TOBOPUTH, UTO TaKHE BBIBOJbI
noJOOHB! BBIBOJAM MaTeMaTHKa, JlO0Ka3blBarollero teopemsl (pasgen 2). W nenecoodpasHo
pa306paTI)csl B cHUCTEMaAX HOI[O6HI)IX BBIBOJAOB, IIOHATH, HACKOJBKO aJallTUBHA JIOIHKa
MOBEJICHUS KHUBOTHBIX U HACKOJIBKO OHA MOJ00HA Halllel, YeIOBEeUECKON JIOTHKE.

) UccnenoBanne KOMMYHUKAIUiI, BOSHUKHOBEHHs sI3bIKa. Halle MpIlUIeHHE TECHO
CBS3aHO C SI3BIKOM, C SI3BIKOBBIM OOIIEHHEM MeEXAy JroabMmu. [losTomy menecoobpazHo
MIPOAHATIM3UPOBATh: KAaK B MPOIIECCE OMOJOTUYECKOW SBOJIIOIMH BO3HHUKAJ SI3BIK OOIICHHS
JKUBOTHBIX, KaK pa3BUTHE KOMMYHHMKALUA MPHUBEIO K COBPEMEHHOMY SI3bIKY YEJIOBEKa, Kak
pa3BUTHE KOMMYHHUKAIIMM W S3bIKA CIOCOOCTBOBAJIO PA3BUTHIO JIOTUKH, MBIIUICHUS,
WHTEJUIEKTa YeJIOBEKa.

KoHewHo e, epeynclieHHbIe MyHKTH (DOPMHUPYIOT TOJBKO KOHTYPHI TUIAHA OYIyIIuX
uccienoBanuii. Tem He MeHee, yKe ceiluac BUHO, CKOJIb IIUPOK (PPOHT HccaeIoBaHU, U KaK
MHOTO HETPUBHAIBHON, HHTEPECHON M BaXKHON paOOTHI MPEJICTOUT ClIENATh.

AKTYaJabHOCTh HCCIEIOBAHUSA MPOOIEMBbl MPOUCXOKICHUS HHTEJUICKTa MOAYEPKUBACT
HEOOXOAUMOCTh  (DOPMUPOBAHUS  CEPHE3HOM  AKAAEMHUYECKONM HAyYHOM  MPOTrpaMMBbI
«OBomonusg, Mo3r, WHTemnekT», B paMKax KOTOpPOW BETUCh Obl pabOThl MO MOJETSAM
aJalITUBHOTO MMOBEACHUS.
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