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Annomayus

B crathe paccMarpuBalOTCS OCHOBHBIC TOJIOXKEHUS METOJOJIOTHH TIOCTPOCHHUS YIPABIISIFOLIUX
CHUCTEM Ha HWMHTALMOHHBIX MPUHIMIAX, KOTOpas Ha3BaHA METOAOM dGMOHOMHO20 A0ANMUBHO20
ynpasaenus (AAY). VI3 o0mux i BceX HEPBHBIX CHCTEM CBOMCTB: TUCKPETHOCTH CTPOCHHUS M IMPUHIIMIIA
JIECTBHS, BBICOKOH HEONPENEICHHOCTH HA4YalbHBIX 3HAHUN M MPHUCHOCOOJCHHOCTH allapaTHo-
HpOI’paMMHOﬁ KOMIIOHCHTBI, a4 TaKXKC HeO6XO[lI/lMOCTl/I OCYIIECTBJICHHUA YIIPABJICHUA U O6y'~leHI/IH B OJHOM
IIpOLIECCE, BBIBOJUTCS IPUHUUI JEUCTBUS U CTPOEHUE YyIpaBiswolield cucrtemsl. lIpemnararorcs
KOHKPETHBIC PCHICHUSA, MO3BOJIAIOIINE CTPOUTH IMPAKTUYCCKU [leﬁCTBleLHMe yHapaBjiAronue CUCTEMBI,
paboTarme ¢ CPaBHUTEIFHO NPOCTHIMH 3HAHWSAMHU. PEMICHHS OMUCHIBAIOT CHOCOOBI TOCTPOCHUS
(hopMabHBIX HEHPOHOB, TIOACUCTEM (POPMHUPOBAHUS U PacliO3HABaHUs 00pa3oB, 0a3bl 3HAHWUM, TPHHATH
pelIeHuit 1 ammapara sMonuid. Ha3BaHBI TprMeEphI MPaKTHYSCKUX TPUIIOKECHHUIH.

BBenenue

Yenexu nparMaTHYECKOrO HANpaBICHHS HCCIENOBAHMHW II0 HMCKYCCTBEHHOMY
UHTEJJIEKTY OTOABUHYJIM B IIOCIEAHME JBa JECATWIETUS Ha BTOPOM IJIaH
IPEJCTaBIAOIIY0 (PyHIAMEHTAIbHBIH MHTEpeC NpoOjaeMy HCCIeI0BaHHs MPUHLMIIOB
YIPaBJIEHUS B KUBOM M MX UMHTALMU, [TOCTaBIEHHYIO B cBoe BpeMsa H. Bunepowm [1].
MMuTanMoHHOE HAmNpaBlICHUE, KOTOPOMY YIEJISJIM BHUMAHUE TaKUE HCCIENOBATElH,
kak Y. Kennon [2], I1. K. Anoxun [3], A. A. JlanynoB [4], M. MeccapoBuu [5] u
MHOTHE Jpyrue, BCErJa SBISUIOCh HCTOYHUKOM DPAJUKAIBHBIX HICH, KOTOPbIE
[IparMaTU4ECKOE HAMpaBICHHE JAOBOAWIO B 3BOJIIOLMOHHOM IOPSIKE A0 MPAKTUYECKU
MOJIE3HBIX peanu3anuii. O0paTHOe B3aMMOJICHCTBUE MPArMaTUKH Ha UMUTAIIUIO TaKKe
ABJIAETCS IUIOAOTBOPHBIM, IIOCKOJBKY IIPUBHOCUT HOBBIM MaTeMaTHUYECKMH U
TEXHUYECKUM  WMHCTPYMEHTapuii,  MO3BOJSIOMIMI  CTPOMTh W HCCIEAOBaTh
MaTEMaTUYECKUE MOJIETN CUCTEM.

Ha mam B3risang, B Hacrosmiee BpeMs IOCHE IISITHAECATWIETHErO Ppa3BUTHS B
IparMaTU4eckoM HampaBieHUH (OopMalbHBIX MoOJeNell HelipoHa u HeipoceTH,
npeaiokeHHbIx Y. Makkanokom u Y. [Turrcom B 1943 roay [6] u ®@. PozenbGiaTTom B
1953 roay [7] (mampaBieHuEe MOTYYMIIO Ha3BaHHE "MCKYCCTBEHHBIE HEHPOHHBIEC CETH
(MHH)") mHactynaer HeoOX0IMMOCTh Mepexoa K 0oyiee afeKBaTHBIM JIEHCTBUTEIIEHOCTH
MOJIETISIM HEWpOHAa, HEPBHOM cHUCTEMBbI U Mo3ra. C OAHON CTOPOHBI, HAKOMMIICS TPy3
npereH3uid Kk ucnonbdyemelM B MHH cwibHO ynpolieHHbIM MOAENsAM HEMpoHa U
HellpoceTH, MPEeTeHIYIOUIMM, B JIy4llleM Cilydae, Ha MPOCTYIO MOJAEIb HEOOJBIIOro
pPETYJSIPHOTO ydacTKa HEpBHOM cuctembl. C JApyroil CTOpPOHBI, CKJIAJbIBAETCS
BII€YATJIEHUE, YTO B HAYYHOM COOOIIECTBE YK€ HapaOOTaH U JOCTATOYHO Pa3BUT HOBBII
UJEUHBIM, MAaTEMAaTUYECKUN U NPOrPaMMHO-AIIIApaTHbI UHCTPYMEHTApUi, KOTOPBIA B



COBOKYITHOCTU MOJKET MpHAaTh MpolieMe MMUTALUU HOBbIM uMmynsc. He umes 3aech
BO3MOXXHOCTH  IIEPEUUCIUTh BCE COOTBETCTBYIOIIME  JOCTHIXKEHHS, BBICKAXKEM
yOexeHne, yTo Ha OCHOBE MJCH CHCTEMHOIO MOJX0/a, MaTeMaTHYECKOro armapara
TEOPUM PACIO3HABAHUS, TEOPUM HPUHATHS pPELICHUH, HH(OPMAIMOHHBIX CHCTEM
IIPEACTABJIICHUS 3HAHUH, HEUPOCETEBBIX TEXHOJIOIMH U COBPEMEHHBIX allapaTHO-
IIPOIrPaMMHBIX CPEACTB, MOXXHO ITOCTPOMTH HOBBIE MMHMTALIMA HEPBHBIX CUCTEM H
Pa3BUTh UX 10 MPAKTUYECKHU IIOJIE3HOIO YPOBHSI.

HNMuTanMOHHBIN METO ABTOHOMHOI'0 aJalITUBHOI0 YHpaBJI€HUA

31ech KOpPOTKO TMPEACTaBUM OCHOBHBIC IIOJIOKEHUS OJHOM KOHILENTYaJIbHOM
MOJIEIM HEPBHBIX CHUCTEM, Ha3BaHHOM METOJOM ‘‘aBTOHOMHOIO  aJalTUBHOIO
ympasieHus” (AAY) [8-21].

ITycts non obvexmom ynpaenenus (OY) NOHUMAETCS MOAEIUPYEMBI OpPraHU3M,
o ynpasasioweu cucmemou (YC) — momenupyemasi HEpBHasl CUCTEMa, TIOJT CUCMEMOU
— coBokynHocTh YC, OV u cpenpl.

[Ipumem crnenyrolye 4YeTblpe HCXOIHBIX YCIOBHS, XapaKTEPHBIX IJIi HEPBHBIX
CHUCTEM.

1. "YcnoBue aBTOHOMHOCTH” TIOA KOTOPHIM OyJeM TIOHUMATh TOJBKO TO
oOcTosTenscTBO, uTo YC sBnsercs noacucremoit OV, 1.e. YC nHaxoaurcs Ha 6opty OV
U OCYIIECTBISET YIpaBJICHWE HA OCHOBE 3HAHWM, JOOBIBAEMBIX CaMOCTOSTENBHO,
B3aMMOJICHICTBYS CO CBOHUM OKpPYXEHHEM TIOCPEICTBOM 6Oinoxa oOamuukos (BJl) u
ucnoansarowezo opeana (M0O). Tem cambim YC < OY < Cpena = Cucrema, YC U B[ U
NO = OV.

2. "YcnoBue IUCKPETHOCTH', KOTOPOE OTpakaeT IOUCKPETHOCTb CTPYKTypel YC
(KOHEYHOE€ MHOXKECTBO HEHPOHOB, CBSA3EH, JHATUYMKOB, UCIIOTHUTENICH) U MPUHIUIIA €€
(YHKIMOHMPOBAHUS (JIMCKPETHOCTh HEPBHBIX MMITYJIbCOB, 00pa30oB — Kak 3JIEMEHTOB
nH(popMaluu, MOMEHTOB BpeMeHH). OJHaKo NpU ATOM BO3MOXKEH HENPEPBIBHBIN
XapakTep M3MEHEHHUs HEKOTOpPbIX IapaMeTpoB, TaKUX Kak pa3Mepbl CHHAICOB,
YaCTOTHBIE XapaKTEPUCTUKH UMITYJIbCHBIX ITOCIIEJ0BATEIbHOCTEH.

3. "YcnoBue MakCUMaJIbHOW Ha4YaJlbHOM MPHUCIOCOOICHHOCTH OTpakaeT HAMIUe
npucnocobiernnocty OY u YC k ycpeTHeHHbIM yclIoBHIM )u3HU OY B 1aHHOM cpefe B
pe3yibTare IeHCTBUA MEXaHU3MOB THIIa €CTECTBEHHOTO 0TOOpa, YTO ONPEAEISAECT THIIbI
JAaTYNKOB W HMCIOJHUTENEH, KiIacchl NMOTEHIMAIbHO BO3MOXKHBIX B JIAHHOW cHCTEME
00pa3oB, olleHKHN KauecTBa BaxHeHmmx ajist OY o6pa3os, u T1.1. [Ipu cunreze OY u YC
IpoIlecC  €CTECTBEHHOro  oT0opa  JO/DKEH  ObITh  3aMEHEH  MaKCHMaJbHBIM
UCIOJIb30BAaHUEM ANTPUOPHON NH(POPMALIHH.

4. "VYcnoBre MUHUMYMa UCXOJHBIX 3HaHUI" OTpakaeT Hajluuue UH(OPMAIIMOHHbBIX
MIPOCTPAHCTB, KOTOpBIE JOJIKHBI OBITH 3alOJHEHbl 3HAHUSAMH, HailneHHbIMH YC B
nporecce (DyHKIHMOHUPOBAHUS B peEabHOW CUCTeME. JTO YCIOBHE COOTBETCTBYET
HAJIMYUIO HEOINpPEIEIEHHOCTU CBOMCTB cHUCTEMbl, MakcuMaiabHOW uis YC B MOMEHT
Hayasa ee QyHKLIHOHUPOBAHUS.

LeneBbivu ¢yakmmsmMu YC 1omkHbl ObITh @) BeDKMBaHME OY u 0) HakKoIUIeHHE
3HaHUM. OTH [Be wLeJneBble (QYHKIUMM B3aMMOCBS3aHbl B TOM OTHOIIEHUM, YTO
JOCTUKEHHE OJHOM U3 HUX MOBBILIAET BEPOSITHOCTh TOCTHKEHUS APYTOIL.

W3 cka3aHHOrO BBIHYKJIEHHO CIIEAyeT MpeJcTaBleHne o cucteme (puc.l), B KOTOpoM
MOKHO BUeTh OV, morpykeHHbIM B cpeny, Y C norpyxenHoi B OVY. Ilycts kaxasiii u3
3TUX MAaKpOOOBEKTOB OKa3bIBACT BO3JCHCTBUS Ha CUCTEMY Yepe3 cBOM BbIxoA. Kaxaplil u3
MaKpOOOBEKTOB IIyCTh BOCHPUHUMAET BO3/ICHCTBHSI CHCTEMBI Uepe3 CBOW BXO/I.



Kpome Toro, B cucreMe Ba)XHO HAJIMYUE MCTOYHHUKOB CIy4YailHBIX BO3JeWcTBUU (Oembie
KPY>KKH Ha PUCYHKE - "MCTOKU") U MECT MOIJIOIIEHUS BO3JIEHCTBUI (YEpHBIE KPYKKU Ha
pucynke - "ctoku”). Takasg cxeMa MO3BOJISIET YBUAETh BCE BO3MOXXHBIE MapIIPyThI
pacrpocTpaHeHHs BO3JCHCTBUI B cucTeMe (MOMEUYEHHbIE OYKBaMU CTPEJIKH Ha PUCYHKE)
[8].

OueBUAHO, YTO JUISL AOCTIOKEHHS CBOMX LeieBbIX (QyHKIMA YC MomKHA HAaWTH T
W3 BO3JIEUCTBUIM /1, KOTOpBIE 00pa3yIoT UK "yrpaBisieMoro B3aumoeicteus (YB)" h —
d »>i—>a —h — ..., 3apukcupoBaTh HHPOPMAIMOHHOE OTOOpakeHHe IUKiIa YB B
cBoell mamstu — 6aze snanuti (b3), oeHUTH
MOJIE3HOCTh TEX WJIM MHBIX JJEMEHTOB
3HAHUW M HCIONb30BAaTh ATH 3HAHUS MJIA

BBDKMBAHUA, OJTHOBPEMEHHO npuIaras
yCI/IJII/ISI JUISA nonyquI/m N HAKOILJICHUA
HOBEIX 3HAHUH. 3nech a 3TO

uHpopmanmoHuelii mporecc B YC, h —
mpoiiecc nmpeodpazoBaHusi HHOOPMAITMOHHBIX
KOMaHA B (QU3NYECKUE BO3IACHCTBUS, d ITO
pa3IUYHbIE MPOIIECCHI B OKPY KaIOIIEeH cpene,
i — TIpolLiecc mpeodpa3oBaHUs YaCTHU BXOTHBIX
BO3JICUCTBUI B MH(POPMAIIMOHHBIE BXO/HBIC
curHanel Jusi YC. Hanuume B cucreme
Puc. 1. UCTOKOB M CTOKOB BHOCMT B YB
MHOTOUYHWCJICHHBIE CITy4aliHble KOMITOHEHTBI
U TpUBOAUT K morepsMm wuHPopMmanmu. HakamnmmBas 3Hanus, YC cTpemMuTcs K
YMEHBILICHHUIO HEOIIPEICIIEHHOCTH B CBOeM 0ToOpakeHun Y B [9].

[Tonobnoe Makpoomnucanue MO3BOJISET MOHITH 3a7auy, KOTOPYIO OJDKHA peliaTh
VYC. B o6mem Buie MOXKHO BUAETH CIICAYIOUIYIO €€ MOCTaHOBKY. Ha 3a1aHHOE MHOXKECTBO
BXOAHBIX 1MOJt0coB YC v;, V2, ..., Vi, ..., V, (Hampumep, 3T0 n OMHApHBIX BBHIXOJI0B b/)
MOCTYMAaeT BXOIHOU MOTOK mHpopManuu. [IycTs, HanpuMep, 3TO OyAeT SKBUANCTAHTHAS
BO BPEMEHH IOCJIEI0BATEILHOCTh IBOUYHBIX BEKTOPOB V, (1)), Vi(ts),..., Ve(ti),..., Va(t),
rae { — TeKylmuil MOMEHT BpeMeHHu. Ecnu mocnenoBaTenbHOCTh HE SKBUIUCTAHTHAS, TO
JOJDKHBI  OBITH CpPEeJICTBA CHHXPOHM3AIlMM TOTOKOB pAaHHbBIX. CorjmacHo puc. |1,
CEMAHTHYECKU KaKIbIA BEKTOp V. (1) MOXeT coaepxkarh HHPOPMAIIHIO, MPUIIEIITYIO KO
Bxony YC mo mapmpyrtam i, b w/unm p. 3mech i 370 WHPOpMANMs, TMOCTYIMUBIIAS C
JIaT4ukoB, b — wuHpOpMalus, OTpakarolas JIeWCTBUs, coBeplueHHble YC, p 3TO
HE3aKOHOMEpHBIE TTOMEXH OT MCTOKOB B OY (mHpopManus OT i U b TakkKe CONEPKUT
Clly4aifHble KOMIOHEHTHI). MHpopMmaIus, nocTynaoias no MapupyTam i, b 1 p, MOXKeT
0TOOpaKaThCs Ha ONPECIICHHBIE TTOJMHOKECTBA KOMIIOHEHT BeKTOopa V (#1).

[lepBas 3amava, KOTOPYIO JOHKHA U MOXeT pemarh YC, COCTOMT B HaXOXKIECHUU
HECJTYYalHBIX PETYJSIPHBIX IMPOCTPAHCTBCHHO-BPEMEHHBIX KOMOWHAIIMA KOMITOHEHT B
MOTOKE BXOAHBIX BEKTOPOB V,(t;), Vi(ts),..., Ve(ti),..., Va(t). IlpousBonbHbIE TpUMEPHI
TpeX TaKux 00pa3oB MOKa3aHbl HA PUC. 2.

Ecniu YC oOHapyxuBaeT HajJuuyMe Takod perysispHocTd, To YC H0JKHa:
a) 3alMOMHUTH WH(OPMAIIMIO O HEH KaK CaMOCTOSATENbHBIH 00BEKT — obpa3 [9,10], 0)
yMETh PAclo3HaBaTh 1pooOpa3 3TOr0 00paza BO BXOAHOW MHOpManuu (peryispHOCTb,
KOTOpasi npuBeiia K GopMHUPOBAHUIO 00pasa) MpH €ro MOCIEIYIONIUX MOSBICHUSX, B)
MpPU HAKOIUICHUH JOCTATOYHOW CTAaTHCTUYECKOM HAIeKHOCTH — YMETh paclo3HaBaTh
00pa3 mpOTsHKEHHOTO BO BPEMEHH MPoo0pasa paHbllle, YeM 3aKOHYHUTCS €ro HaOIIoIeHIe
Ha BXOJHBIX TMOJIOCaX U MpPU HAIUYUHU TOMEX, T') OIEHUTh COOTBETCTBHE 3TOro oOpasa
neneBo (hyHKIUYU BeDKUBaHus OV,




V1) 4

Ilytu  x  peuieHuro
NOCIIEAHEH 3ala4yd Mbl BHJIUM
B opranmzauun B YC
CIIeIaIbHON MOJCUCTEMEL,

KOTOpas HKBUBAJICHTHA

npoobpasbl annapamy 3mMoyuti B >XABOM

CthOpPMUPOBAHHDBIX OpraHu3Me. 910
obpazos MHOTO(YHKITHOHATEHAS

Puc. 2. noJcucTemMa, OCHOBHAA

byHKUIMA KOTOPOH -

COOTHOCHUTDB OTBJICUCHHBIC

MH(GOPMALIMOHHBIE CHUTHANbBI, HalpUMep, CHUTHAIbBl O pacrno3HaBaHUM 00pa3oB,
oToOpaxaromux Tekymue coctossaus OV, ¢ 00beKTUBHON MOJIE3HOCTHIO MITH OMACHOCTHIO
ux mpooOpa3oB misi BepKkuBaHUS OVY. be3ycioBHO, Takas oOIleHKAa ISl BaKHEUITHX
cocrossuuii OV (TemmepaTypa cpelbl, KOJIMYECTBO IMOTJIONIEHHON MUIIM U T.I.) MOXET
OBITh HaWJCHA OIBITHBIM ITyTEM B JBOJIOIMOHHOW TpeapicTopun mipeakoB OV, a s
uckycctBeHHbIX OY — BbIBelieHa W3 anpuopHoi uHpopManuu. OUeHKH sl 00pasos,
KOTOpBIE CBSI3aHbI C KOHKPETHBIMU YCIIOBUSIMU CylllecTBOBaHUS JaHHOro OY, MOryT OBITH
Haliienpl YC ONBITHBIM TyTE€M MOCPEACTBOM KOPPEISIIMOHHOTO aHaimm3a (HaKkToB
pacro3HaBaHUsl dTUX 00pa30B M 3HAYCHHM TEKYIIEH WHTErPabHON OIEHKH COCTOSHHS
OV, koTopyio 0603Ha4nM S'. B cBOIO ouepenb, TEKyIlee 3HaUeHHe OLEHKH S 3aBUCHT OT
OLICHOK BCEX pACMO3HAHHBIX B TEKYIIUA MOMEHT o00pazoB. DopMaibHOE OIKCaHUE
CHIOCO0O0B TOTyYEHHUsI TAKUX OIEHOK ((paKkTUUeCKH — amnmapara 3mMoiui) naxo B [11]. 3nech
oOpaTuM BHUMaHHE Ha JBE BaXXHBIX (PYHKIMHU ammapaTta 3MOLUUN. OTO 3aKpersieHHOE B
VC cTpemieHne K HOJTy4eHHIO Bce 00jiee BHICOKHX OLEHOK S, UTO SBISETCS MPUUHHOMN
MOCTOSTHHOM akTUBHOCTH Y C, HaIpaBJICHHOW Ha JTIOCTH)KCHUE 00CMX YKA3aHHBIX IIEJIEBBIX
¢ynxmuit. Kpome Toro, Tekylee 3HaueHHe OLEHKH S ompejenseT LenecooOpasHyo
MIyOuHY MPOCMOTpa 0a3bl 3HAHUN MPU MPUHITHH PEUICHUN B TEKyIIEH CUTyaruu (s
OBICTPOTO MPUHSATHH PEIICHUS B YIPOXKAIOIIEH CHUTyallMd MOXHO HE aHAIU3HPOBATh
BTOPOCTETICHHBIC TIOCTEACTBUSL BBIOMPAEMOTO JEHUCTBUSI — OOpa3bl C MEHBIIMMH
OIICHKAMH ).

[Iycte YC cdopmupoBanza HEKOTOPBI 00pa3, 3alOMHWIA €Tr0 B AAMAMU
cpopmuposanubix 06pazoé B BUAe 00bEKTa, KOTOpbIH 0003HauuM O), U B HEKOTOPBIH
MOMEHT { PacIo3HaeT ero, 4to o6o3Haunm kak O =1 (ecau chopMupoBaHHEIT 06pa3 Oy
HE Pacro3HaH B MOMEHT £, To nonaraeM O, =0). IlycTs, HanpuMmep, MPOOGPa3OM JAHHOTO
oOpa3za SBISETCS HEKOTOPBIH MPOCTPAHCTBEHHO-BPEMEHHOW IMPOIECC UTMTEIBHOCTRIO 1
TakTor. HO Y nacrioruaama o6naz vixe uene3 7’ TakTOB IIOCHE €ro Havajga f, u 1< T.

MOMEHT NPUHATKUSA obpaza B Bektopax Vy(tis), Vi(tisti)s-.-s

ggggngaHHble peLueHus 0TOOpaKeHHe I/IH(i)OpMilI_II/II/I, npume e na

- CPaBHUTEJIBHO MPOCTOM CITy4yail, UHTEPECHBIN

3, B YaCTHOCTH, U3MEHEHHUS OIICHKH CBOETO
epmutcs HaOMIOJIEHHEe BCEro mpoodpasa.
) HEKOTOpPOE MHOXECTBO 00pa3oB. OgHaKO
>JM B TIpooOpa3e pacro3HaHHOTO 00pasza uMen
ot uHpopmanuto, npumeanyo Kk YC no

/ T BpeMS C o
BXOOHOM BEKTOP P ) HEKOTOpoe JeicTBHe, coBepmieHHoe YC
TEKYLUMA MOMEHT OM, 4TO ObllIa COKpallleHa TaKas-TO MBIIIIA B
)003HAYNM TaKoe JeficTBHE CUMBOJIOM Y, TeMm
Puc. 3. A TPU TOCIEJOBAaTCIbHBIX BO BPEMCHHU

LuLlabiaaia. 1) nnywuvpmanna v varyaundd d, 11) I/IH(l)OpMaHI/Ifl (0] HeﬁCTBI/II/I l, 111)



uHpopMmarus o cutyaruu b. [TocKoNbKy, IO ONpeaeneHuo, Mpoodpas chOpMHUPOBAHHOTO
o0Opa3a — sBJI€HHE He Cilyd4ailHoe, TO NaHHYI0 TPOWKY MOXKHO HHTEpIIPETHPOBATh Kak
MMILTUKALMI "yciaoBUe —> AeiicTBue — cieactBue”. OueBUIHO, YTO B JAHHOW CUTYyaIluu
MOTIJIO OBITh pacmo3HaHO JBa WM Oosiee 00pa3oB (puc. 3), MUMEIOIIMX OJMHAKOBOE
yclioBUE (CUTYaIuIo a), pa3Hble OeHCTBUS (AelicTBUE m) U, BO3SMOXKHO, Pa3HbIE CIEICTBUS
(cutyanuio c).

Utak, ecnmu B HEKOTOPHIE MOMEHT a) YC OJHOBpPEMEHHO PACIO3HAET HECKOJIBKO
BPEMEHHBIX 00pa30B, MpuU ATOM O) pacro3HaBaHUE HACTYMWIO PaHbIIE OKOHYAHMS
HaOmoIeHusT MpooOpazoB, B) B COCTaBe MPOOOPA30B OXKUAAIOTCS aAIbTEPHATUBHBIE
JCUCTBYSI, BEAYIIUE K AIbTEPHATHBHBIM ITOCIICJICTBUSAM, T') PACIIO3HAHHBIC 00pa3bl UMEIOT
CBOM OLEHKH, TO TOSBJISETCS BO3MOXXHOCTb TNPUHATHS pPEIIEHUs, Ha OCHOBAaHUU
CpaBHEHHUS OKMJAEMbIX IPUPAIEHUH MHTErpaabHON ONEHKU KadecTBa cocTosHus S s
anbTepHATUBHBIX AeiicTBui [10,11].

Ecnu Oynymmii pesynbrar aeiictBusi, npeauaumblii YC B TEKyIIMA MOMEHT,
BJICYET pacro3HaBaHHe OOpa3oB, KOTOpPbIE MOTYT OBITh pacro3HaHbl MO pe3yJibTaTaM
IJIAHUPYEMOTO JEHCTBUS, T.€. MPUYMHHO-CICIICTBEHHAS IIEMOYKa OOpa3oB W JIEUCTBHI
MPOJOIKAETCA Ha HECKONBKO IIaroB B Oyaymiee, a YC mpu 3ToM 007aAaeT sI3bIKOBBIMU
CpeICcTBaMu JUIsl MAaHUITYJIUPOBAHUS C STUMHU OOpa3zaMud W JCUCTBUSIMU M3 CBOEU Oa3bl
3HAHUU, TO TOSIBIIAIOTCSI OCHOBAHUS TOBOPUTH 00 nHTEeeKTe [13].

[Tockonbky TOCTOSIHHO uAET (OPMHPOBAHME HOBBIX O0pa3oB, TO BO3MOXKHA
CUTYyaIMs, KOI/1a albTepPHATUBHbBIC IEUCTBUS, TPUHOCSIINE PAHEE OJJMHAKOBBIA KOHEUHBIN
pe3yJIbTAT - PACIIO3HABAHWE OJMHAKOBBIX OOPa30B, HAYHYT Pa3IU4aThCS B OTHOIICHUU
HOBBIX C(OPMUPOBAHHBIX O0pa30B, T.e. — OoJiee TOHKUX TMOCIEACTBUN BBIOMPAEMOTO
nercTBUsL. YUeT 3Tux paznuuuid aenaet aeiictsust YC co BpeMeHeM Bce 00Jiee TOUHBIMH, a
WX TIOCJHENCTBUS — Bce Oomnee mpenckasyembiMu [9,11]. DTo omHa U3 BO3MOXKHOCTEH
camopaszsutus YC.

PaccMoTpenHass ~ MHTeIUIEKTyasjbHas  YIpaBismolmias  cuUcTeMa  o0iagaeT
CJIEIYIOIIMMU OCHOBHBIMU CBONCTBAMH.

o [loBenenue YC MOTHBUpPYETCS, ONPEIECISACTCS, HAMPABISACTCS U OIEHUBACTCS
anmapaToM SMOIMH, CyONIMMUPYIOIIMM B CBOeH (YHKUWMU UENH BBDKUBAHUS U
HAKOIUUIEHUS 3HAHMIA.

e VYC obmamaer BHyTpEeHHEH aKTHBHOCTBHIO, HANPABJICHHON Ha paclIupeHUe 3HAHUH,
MOBBIIIAIOIINX BEPOSTHOCTh BEIKMBAHUS.

e VYVC ofmagaer CcBOHCTBaMHM aJalTUBHOCTH M caMmopa3Butus. MmenHo,
(bOpMUPYIOTCS M OIICHUBAIOTCS HOBBIE 00pa3bl, (GOPMUPYIOTCS W YTOUHSIOTCS HOBBIC
NCHCTBYSI, YBEIMYMBACTCSA TNIyOMHAa MPOTHO3UPOBAHUS TOCIEACTBHIA albTePHATUBHBIX
BAPUAHTOB JEHUCTBUU U IP.

e 3Hanusa YC CWIBHO 3aBHUCSAT OT €€ HWHAMBUIYaJIbHOTO OMNbITa, B TOM YHUCIE OT
cirydaitHbIX coObITHH, T.e. YC 00sagaer cBoei MHIMBHULY aTbHOCTBIO.

Cucrema ¢ moJIo0OHBIMH CBOMCTBAMH HE COOTBETCTBYET OOLIEIPUHATOMY MTOHUMAHHUIO
Y Ha3HAYCHHIO CHUCTEM HMCKyccTBeHHOro mHTeluiekTa (M), K KOTOphIM CETro/HS OTHOCST
JKCIEPTHBIE CHUCTEMBI, PACHO3HAIOLINE CUCTEMBI, HEUPOCETH, JIMHIBUCTUYECKHE
MpoLeccopel U poOoToTexHUKY. [losTomMy mpemmaraeTcss BBIIEIUTH CHUCTEMBI C
MoAOOHBIMU  CBOWCTBAMH B  OTAENBHOE  HAaMpaBlieHWE 'CHUCTEeM aBTOHOMHOTO
nckyccrBeHHoro mHremwiekta” (AUUN) [13]. Eciu ocHoBHOe HazHaueHue cucrem UU -
OBITh WCIIOJTHUTEISIMU 33JaHH, TOCTYNHUBIINX M3BHE OT MOJL30BaTENsl, TO Ha3HAUYCHUE
cucteM AU — BBDKUTH ¥ HAKONIUTH 3HAHUS, TOTUUHSISICH O0Jiee CBOOOAHOMY OT BHEIIHUX
YIPaBJIAIOIUX BO3JCUCTBUM BHYTpPeHHEMY Lenenojaranuto. [IoMuMO TeopeTudeckoro
WHTEpeca, MparMarudyeckoe 3HadueHue cucreM AWW, uUMUTHPYIOMIMX €CTECTBEHHbBIC



OpPTraHU3MBI, MOXKET COCTOSTh B UX CIHOCOOHOCTH K BBDKHBAHHUIO, pabOTE W HAKOIUICHHIO
3HAaHUU B TNI0XO(OPMATTU3YyEMBIX YCIOBUSX, TPEOYIOIIMX aJalTallud U CaMOPa3BUTHS.

IIpo0iiembl co3ganus cucTteM AAY M IyTH MX peaju3auuu

Kak BUJHO U3 CIEIaHHOIO KayeCTBEHHOI'O OIMCAHHUS PAacCMAaTPUBAEMBIX CUCTEM,
UX peaju3alusi COnpsbKeHa ¢ HeOOXOIMMOCTBIO PEIlleHUs] HEMPOCThIX 3a/1ay, HEKOTOphIe
U3 KOTOPBIX 3/1€CH NEPEUUCIINM.

1. 3a0aua ¢gopmuposanus u pacnosnasanus oopazoe (OPPO) B MOTOKE BXOTHOU
MHOTOKaHanbHOU wuHpopMmaruu [10,11]. B obmem Buge Ha Bxoa OV moctynaroT
HEenpephIBHbIE BO3IEHCTBUS pa3IU4HON (pU3MuecKol MpupoAbl (3puTelibHas, 3ByKOBas U
T.1.). Anmapatr ®PO nmomkeH B mporecce caMooOydeHus chopMUpoOBaTH MHOMKECTBO
JTUCKPETHBIX 00pa3oB, COOTBETCTBYIOIIMX KJaccaM IPOCTPAHCTBEHHO-BPEMEHHBIX
peryisipHOCTeli M Jajiee pacrio3HaBaTh Takue oOpas3bl. Pacmo3naBaembie 00pa3bl
nmopoXxaarT ¢GopMupoBaHue oOpa3oB Haja oOpazamu, T.e. 00pa3oB 0o0Jjiee BBICOKOTO
nopsaka. Ilepexon OT KOHTMHYaJNbHBIX BEIMYHMH K JAUCKPETHBIM AOJDKEH NMPOMCXOIUTH
yxe B bJ[. B HeTpuBHanbHBIX Cllydasx MpH OTCYTCTBHH alpUOPHOTO andaBUTa KIAcCOB
Takoro poja 3ajgada sIBJIIETCS TPYIHOH. B HEKOTOPBIX yClOBUSAX Mg noctpoeHus bJ]
W/WYW HAYaJIbHBIX TpakToB ammapara ®PO BO3MOXXHO NMpUMEHEHHWE TEPCENTPOHOB M
TEHETHYECKOro TMOAX0/1a, JTUO0 UCIOJIIb30BAaHUE ammapara SMOLUN B KAa4eCTBE yUUTEIS.
Hanomuum, 4To 3amauda pacro3HaBaHusi 00Opa3oB JaXKe TAKUX MPOCTHIX PETyJSpHOCTEH,
KaK IepUOIUUECKHUEe KOMIIOHEHTHI BO BPEMEHHBIX psiiaX, TpeOyeT MPUMEHEHUS CI0KHOTO
MaTeMaTUYECKOro amnmapara aHajlu3a BPEMEHHBIX pAnoB. Mbl moslaraeéM, 4To IOMCK
HECIIy4alHbIX COCTABJIAIOIIMX BO BXOJHOM MHOI'OKaHAJBHOM IMOTOKE BXOIHBIX TAHHBIX
JIOJDKEH OCHOBBIBAThCS Ha ammapare KOPPEISLUUOHHOIO aHajiu3a, TOr[a pElIeHHE O
(dbopMHpOBaHUM HOBOIO 00pa3a MOXXET MPUHUMATHhCA TPU HAKOIUICHHH JIOCTATOYHBIX
CTATUCTUYECKUX OCHOBAHMII.

B ecrectBennbix cucremax anmnapat ®PO crpoutcs Ha ocHOBE HEMPOHOB. O4YEBUIHO,
YTO HEHpPOH MOXKET M JOKEH HaKalUIMBaTh CTATUCTHKY IO HAOIIOAA€MbIM BXOIHBIM
BEKTOpaM, H3MEHATh CBOH croco0 (GyHKIIMOHUPOBAHMSA MPU MOSBICHUM JOCTATOUHBIX
CTaTUCTUYECKUX OCHOBAHHWH, TOBOPAIIMX O HECIydYalHOW mpupoje mpoodpasa, T.e.
¢dopmupoBate 00pa3, W OBICTPO pacro3HaBaTh yke CPOpMHUpPOBaHHBIA 00pa3. Hamwu
pa3paboTaHO HECKOIBKO (pOopMabHBIX HEHPOHOB C TaKUMU cBowcTBamu [12,14,15,17,18].
Onucanrie OCHOBHOUM MoJienn HelpoHa (muna I) COCTOUT B CIIEAYIOIIEM.

Ha Bxon HeWipoHa n, B MOMEHT !

My

MOCTyTaeT JBOUYHBIA BekTop X' = (x|,

t
Xy, w.,X;, ..,x,)uncurHan S, . B

1

L2

MOMEHT  ¢+]/  HEWpPOH  MNPOU3BOAUT
BBIXOMHBIE curHanbl O u S'' cormacHo

JIOTUYCCKHUM BBIPAKCHUAM Oi:l = S;,
- &b &I')VO ' )u S = b &
wk

— I\, & g' . 3HayeHue curHama b B TOYKE

"b" ompenensieTcss 3aBUCUMOCTBIO b', = 1,
Puc. 4.
eci hy/m > =p(N'),u b’ = 0B npyrux
ciy4asix. 3/1ech /i, €CTh YHCIIO TaKUX KOMITOHEHT X, Bekropa X', KOTOPBIC HMEIOT

3HaueHne / B MOMeHT f; N' ecTb 4ucio coObiThii b = I B NPEABICTOPUH ITOTO



Heipona ot =0 10 t; p(N) ectb curmonnanbHas ¢pyHkuus. [locaennss onpenenena amns
3HayeHudd N = (), 1, ... , ¥ yMEHBIIIAETCsl OT HEKOTOpOro 3HadueHus p(0) =p ., p. . <=

100%, 1o 3HAYCHUA P(0) = P s P inin < P max - KPOME TOTO, (M) =P )ty P iy <Py
<P ax» THAE M ecTb KOHCTAaHTA. 3HAYECHUA P ., P 4y» P min 1 M 337a10TCS 7151 KAJKAOTO
Heiipona anpuopu. IlepeMenHast /!, MOKa3bIBA€T COCTOSIHUE 3JIEMEHTA [, B MOMECHT f U
MOJKET IPUHUMATh 3HaYeHHs ) wiu /, COTJIacHO yCIOBUIO:
I'v=0,ectu N'< M, ul, = I unaue.

OnemeHT 7 mog00eH TpUrTepy, KOTOPBIH NepeKII0YaeTCs] CUTHAIOM (b,
& I',)=1 (cM. Touky "c" Ha puc. 4) B COCTOSHHUE, IPH KOTOPOM BBIXOJHOMH CHIHAN

O"' cranoButcs paBHBIM I, W curHagoM S’ = I MepeKII0YaeTcsl B COCTOSHUE, MPH
KOTOpPOM BBIXOAHOH curHan O!"' mnpunumaer 3uausenume 0. Ilepemennas g’

ompenensercs ycaosueM: g, = 0, ecim Z ' < L, u g, = 1 uHaue, rae Z' ecTh 4uCIIO

n.n

€IMHUYHBIX CHUTHAJIOB, HAONIOJABIIMXCS B TOouke "c" B TeueHHE NPEIbICTOPUU.
KoncTtanTel L onpeneneHsl A KaXKJ10ro HEMpoHa.

Bektopst X', mis kotopeix bl = 1, ”00y4aror” HeWpoH (uucio N
yBennuuBaercs). Yucno M mig HelipoHa moao0paHo Tak, 4ToObl N He mpeBbIcHiIo M 3a

BpEMSl JKM3HHM HEHpOHA, €CJIM Takhe BEKTOphl X' eCTh ciyuaiinbie sBienus. C apyroi
CTOPOHBI, 4YUCIO N JOCTUTHET BEIWYMHBI M B clly4ae, €CIu OSTOT BEKTOP €CTh
HecIy4dailHOe sIBJICHHE B cHCTeME (C 3alaHHOM BEPOSATHOCTBIO JIOXKHOM TpeBoru). Eciam

coObitne N' = M ciyqurcsi ¢ HEHpOHOM 71, TO MBI TOBOPUM, YTO HEHUPOH 11, 00VueH H
obpa3 O, cgopmuposan HaunHas ¢ 3Toro MoMeHTa f. HeoOpaTumslii npouecc pocta N
oT 0 10 M B HelpoHe 1, €CTb MPOLECC 0OyYeHus HEUPOHA 1, U, TEM CaMbIM, IIPOLECC
@opmuposanus obpaza O, . Ecin o06pa3 chopMupOBaH, TO OH HE MOXKET yKe OBITh

"pachopmupoBan” (nepeyunBanue YC MpoucxoauT 3a cyeT AoyuuBaHus. Ilamsars o
MIPEKHUX 00pa3ax M 3HAHUSIX COXpaHseTcsl B 00yueHHbIX HelipoHax). CdopmupoBaHHbBIN

00pa3 MOXeT OBbITh pacrno3HaH B TeKylmii MoMeHT (O'''=1) uim MoxeT OBITH He
pacnosnan (O'" =0). HechopmupoBanHblii 06pa3 He MOXKET ObITH PACTIO3HAH.

Curnan  O'' =] MoxeT ObITh OTKIIOYEH cHUTHAIOM S’ = I TONBKO TOCIE TOTO,
Kak MH(pOpMalus 3TOro curuaiua oyzaer ucrnonab3osana YC.
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o01eM ciyyae HEHpOH MOXeET ObITh COCMHEH HE CO BCEMH HEHpPOHAMH MPEIbIAYIIETO
cnosg (puc. 6), TO TpooOpazom oOpa3a SBIAETCS MPOCTPAHCTBEHHO-BPEMEHHAs
IIOCJIEI0BATEIbHOCTh CUTHAJIOB HAa BXOJE HeMpoceTu. BXoasl TaHHOrO HEMpoHA MOTYT
HE MMETh BECOB, B 3TOM ClIy4a€ HEMpPOH pa3IMyaeT TOJbKO E€AMHUYHBIE BEKTOPHI C
yUeTOM IOJTHOTHI MX COCTaBa, 3ajaBaeMoil ¢yHkuuerd p(N). Heiipon obydaercs mojq
BO3JICCTBHEM €IMHHYHBIX (C ydeToM (yHKIUU p(N)) BXOIHBIX BEKTOPOB, IPYTHMHU
CJIOBaMH, HEUPOH CIIOCOOEH OOHAPYKUTh KOPPEIHUPYIOLINE SAMHUYHbIE CUTHAJIBI, €CIIH
OHM TIOJAIOTCSI Ha BXOnbl HeilipoHa. Ha puc.5 moka3zana MoauduKkanus JaHHOTO
HelipoHa (HeHpoH muna [I), ydnThIBaroIlas CUHANTHYECKUE U JPYrHMe BO3MOXKHBIE
3aJIepKKU A; Ha OT/IEIbHBIX CHHAINCAX, & TAK)KE aKTyalbHYIO IJIUTEIBbHOCTh 7; CUTHAJIA,
KOTOpasi MOXKET OBITh CBsI3aHa, HAMpUMeEp, C MIUPHUHONW U CKOPOCTBHIO MPOXOKICHUS
BOJIHBI JICTIOJIIPU3allMd B MECTE€ AKCOHHOIO XOJMHKA, M JPYIMMH IpPUYMHAMHU,
ONPENEIAOMMMHA  XapakKTepHYK  JUIMTEIIbHOCTh  HMIIYJIbCa, BOCHPHHHUMAEMOTO
2JIEMEHTOM R,, KaK eJUHWYHBIA CUTHAJI. byaem monaratb, 4YTO XapakTepHas
JUTUTETHHOCTh BO30YXKICHHSI, COOTBETCTBYIOIIAs E€IMHUYHOMY BBIXOJHOMY CHUTHAITY
y;=1 TpurrepHoro snemeHTa 7;, MOAJEPKUBAETCA HE JOJbIIE, YEM B TE€UCHUE BPEMEHU
7;. Benmumnel 3anepxkexk 4; u 7; 3amarotcs npu cuHTe3e YC. OOydarbest OyaeT TOT
HEHPOH, Y KOTOPOT'O BEJIMYMHBI 33J€PKEK COBMAJAIOT C XapaKTEPOM BXOJHOI'O CUTHAJIA.

Crnenyromas Moaudukanusi HEWpOHa CBsi3aHA C MOJEIMPOBAHHEM H3BECTHOTO
(akTa YCKOpEHHUs pOCTa T€X CHHAICOB, MO KOTOPBHIM HPUXOAST KOPPEIUPYIOILIHE
BXOJHbIE CcHUTHAJIBI [18]. DTO MO3BOJNSIET HEMPOHY pearupoBaTb HE TOJBKO Ha
€IMHUYHBIA BEKTOpP, HO Ha JIO0YI0 HEecly4yaiHyl0 KOMOWHAIMIO €IMHUYHBIX BXOJHBIX
CUTHAJIOB.

Hrak, cetb, coOpaHHas U3 paCCMOTPEHHBIX HEUPOHOB (HEOOMBINON (hparMeHT ceTu
Ha puc. 6), crmocobHa pemath 3amauy @DPO. Ilpu 3ToM ampuopHas wuHbOpMaIUs
OIpeNieNIAeT TOIOJIOTUIO CETH, a HEOIpPEIEeJIeHHOCTh TpeOyeT COOTBETCTBYIOIIETO
n30bITKa HEWpoHOB. B cetm oOydaTcsi Te HEHWPOHBI, Ha KOTOPBIE OTOOpaKArOTCS
MIPOCTPAHCTBEHHO-BPEMEHHBIE 3aKOHOMEPHOCTH BXOIHOTO MTOTOKA MH(OPMAITIH.

2. Ilocmpoenue 6asvi 3uanuti u annapama npuHamus peuienuu. IToCKOIbKY
pPacCMOTPEHHBIH HEHPOH (haKTHUECKH OOHAPYKUBAECT KOPPEITUPYIOIINE CUTHAJIBI, TO HA
€ro OCHOBE MOXXHO NOCTPOMTh b3, rie oTnenbHblid HEHPOH (GUKCUPYET paCCMOTPEHHYIO
BBIILIE TPOHKY "00pa3 ycnoBusi — obOpa3 neiictBus — obpas cineacrBus” [9,11,12,14-
17,20]. B snemenTapaom cirydae b3 mMokeT ObITh NIpeACTaBICHA TPEXMEPHON MaTpHUIleh
HEHPOHOB, U3MEPEHUSI U Pa3MEPHOCTH KOTOPOH COOTBETCTBYIOT 0oOpa3aM yKa3aHHOM
TpOMKU MHOXkeCTB. [IpuHsATHE peleHns OCyecTBIsAeTCs 00yYeHHBIMU HEHPOHAMHU, YTO
=0 01 e x-3 CTaHOBUTCSA BO3MOKHBIM

—_—— —_— —_—— — T TIOPAROK

HEMPOHOE Inpu yYMCHBIICHUHU IIOpOra
p(N).

3. llocmpoenue
annapama  >moyuui. Hnes

Rg

OIMpECACIICHUA OLICHOK
Ka4ycCTBa 06pa30B TaKXC
OCHOBaHa Ha

KOPPEISIMOHHOM  aHAJIN3e
CHUTHAJIOB OT PaCIO3HAHHBIX
00pa30B ¥ CUTHAJIOB OILICHKH
S" Texymero cocrosaus OY
K APY VM MOACHCTEmEM YC [11]. IToaromy 3Ty 3amauy
TaKKE€ MOXHO pemiath C

5 O Pg “in ©rz P13 Cr3
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MMOMOLIBIO CETH M3 YKAa3aHHBIX HEHMPOHOB. B nenom YC, mocrpoenHyio no meroxy AAY, B
VIIPOILEHHOM BHJIE

MOXHO
M300pa3uTh cienyromiei cxemoi (puc. 7).

3aMeTuM, 4TO MpeJIoKEHHasl cXema JIOMyCKaeT BecbMa IpocThle penieHus. Taxk,
B yKa3aHHOW TPOMKE MHOXKECTB "MHOKECTBO OOpa30B YCJIOBHS — MHOXKECTBO 00pa3oB
JEeUCTBUS — MHOKECTBO 00pa30B pe3ybTaTOB” KaXK10€ M3 PAaCIO3HABAEMbIX MHOXKECTB
MOXET OBITh TPEICTABICHO, HANpPUMEp, BCero omHuM obOpaszom [20]. axe Takoe
IIPOCTOE PELIeHHE MO3BOJISET CTPOUTh MPAKTUYECKHU IoJIe3Hble npuiiokeHus [16]. Kpyr
npuwiokeHuid cucreM AAY OynerT pacmiMpsATbCS IO MEpe HaxX0XKJIEHUs CHocoOoB
COKpallleH!s: Heo0X0AMMOro U30bITKa HelipoHOB. [lyTH pemenus npobaeMbl Mbl BUJIUM
B: a) pa3palOTKe METOAUKH 3aJaHUsl ONTHUMAJIHHON TOMOJOTUHM HEUPOHHBIX MOCETEH
YC Ha OCHOBE HCIIOJIb30BaHMs alpUOpHONW MHpOpManuu 00 oObeKTe ympaBieHHs, O)
UCIOJIb30BAaHUN TEHETUYECKUX aJIrOpUTMOB JUIsl BblpamiuBanus ceteit YC, B)
NPUMEHEHUN U3BECTHBIX METOJOB IMOMCKAa [UIl JUHAMUYECKOTO IIOCTPOCHUS U
nepectpoenus cerel YC, a TakKe HCHOJb30BAaHUS 3JIEMEHTOB JPYIMX TEXHOJOTIHH.

Ha3oBeM HECKOJIBKO NPHUMEPOB MPOTOTUIOB MPAKTUYECKUX MPHIOKEHHH,
pa3paboTaHHBIX HaMU Ha OcHOBE MeTosia AAY [16,19]. Oto amantuBHas cucrema "Pilot”
IUI CTaOMIIM3allMM YIJIOBOTO JBMD)KEHUS KOCMHMUYECKOro ammapara (IPOEKT BBINOJIHEH
g HITO um. C. A. JlaBoukuna u [THWUM Mammunoctpoenust). [Iporotun cuctemsl
MOJICP)KKH TIPUHSTHS pemieHnid "TakTuk” Mmpu yrnpaBleHHH COIHMAIbHBIMH 00bEKTaMHU
(mpoekT BbIMONMHEH Ais AHanutudeckoro Llentpa mpu Ilpesunenre P®). AnantuBHas
cucrema ynpasienus "Captain” ans ynpaBieHHs KIacCOM AMHAMHYECKUX OOBEKTOB C
HEJIMHEMHBIMU OCUWUTUPYIOIUMHA KOMIIOHEHTamMu [21].
Cpena B Kak cnenyer wu3
iy 0 CKa3aHHOT'O

BBIIIIE,  OTJIUYUE

S::f: B it npszmaraeMOIv/”I
CHtieE HENpOCEeTEBOU

Biii PopMHpPOBAHHE, OueHHBaHHE pcainnsanuunu
AATYHKOE DUEHHEAHHE H COCTOAHHA cucteM AAY or
pacno3HaBaHHE 0y
06pazoe TpaaUuIUOH-HBIX
l HeHpoce-Ten
COCTOMUT B
DopMHpoBaHHE "yrpaBistomen
Dazbl 3HAHUA "
rnapagurme
l OnpeneneHHe AHHOTO oA~
BPEMEHH X0Jla, B KOMII-

HMcnoanaw- q Bueop NPHHATHA JIeKce petato-

Cpepnas
WHPOKOM
CMHICAE

HH OpraH 7 ELUEHHA 3
m p NEACTBHS p IIIel BEChb CHEKTP

3ajad,
HEOOXOIUMBIX
JUTS aJlanTHB-
Puc. 7. HOTO  yIpaBiie-
HUsA, TOrJa Kak

TpaaUIMOHHbIE HEHPOCETH PEIIAIOT TOIBKO 33a]auy KJlacCH(pUKaLUK.

3HayeHHUe pacCMOTPEHHOTO noaxoaa AAY K MOCTPOEHUIO YIPABIAIONIUX CUCTEM
COCTOUT B TOM, YTO OH TO3BOJIACT CTPOHUTH HeﬁCTBYIOHlHe, X0Td U CO CPAaBHUTCIILHO
HeGompmuM  moka  umcaoM  (~10%-10°)  o6pasoB, HO mpaKTHYECKH TOIE3HBIC



10

OBICTPOACHUCTBYIONINE  AJANTUBHBIE  YOPABISIONUE CUCTEMBI IS yIpPaBICHUS
00BEKTaMH, TUIOXO TOAJAIOIUMHKCS (HOopMaIHM3allid, C JPYroil CTOPOHBI — TIO MEpe
YBEJIMYEHUSI BO3MOKHOTO YHUCJIA AMYJIHUPYEMBIX HEHUPOHOB, a TaKKe€ MO MEpE PEIICHHs
mpo0JeM nepexoaa OT KOHTHHYAJIbHBIX BEJIMYUH K AUCKPETHBIM, "MHTEIUIEKT” CUCTEMBI
AAY (c kakoro-to MomeHTa — u cucteM AWNW) moxer Bo3pacTarh B MOKa TPYIHO
MpeACKa3yeMbIX Mpeierax.
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