IIpenuciioBue

B name Bpemst uckycctBeHHbie HelipoHHble cetn (MHC) BBI3BIBaIOT OOMNBINONW WHTEpEC Y
CIEIMAIMCTOB Pa3HbIX HampaBieHuil. Tex, KTo He 3HaKOM C HUMH, UHTPUTYET CaMO Ha3BaHUE
«HEUPOHHBIE CETHW», B KOTOPOM CIBIIIUTCS HAMEK Ha MCKYCCTBEHHBIE WHTEUICKTYaJIbHbIC
cuctemsbl. buonoru umyt B MHC ananoruu co cBOMCTBaMH KUBOW HEPBHOM CHUCTEMBI, HO, KaK
IpaBUJIO, OCTAIOTCS pa3oyapoBaHHBIMH. TeX, KTO CBsi3aH ¢ pacmo3HaBaHuem obOpaszoB, MHC
MPUBIIEKAIOT BO3MOXKHOCTBIO MOCTPOCHHSI CUCTEMbI pacliO3HaBaHUs, MUHYS TPYIAOEMKHE STarbl
MOCTPOEHUsI MATEMaTUYECKOM MOJENTU 3TOM cHUCTeMbl M ee ontumuzauuu. CrenuanucTsl,
3aauMaromuecs cooctsenno MHC, Bcerma 03ab604eHbl MOMCKOM BBIXO/A U3 MPOOJIeM, KOTOPBIMU
COBPEMEHHBIC HEHPOHHBIE CETU 00JIaIAl0T B U30BITKE.

HacTosmuii cOOpHUK COIEPKUT CTaThU, OTpa)karollle HEKOTOpbIE pe3yibTaTbl paboThI
Otnena  umurtanmoHHbix cucreM HWCII PAH B obmactu HeipoceTeBbIX TexHonoruil. B
OCHOBHOM, UCCIIEJJOBaHMsI OTIela BEAyTCd B pyclie pa3BUTUS HOBOTO HaIlpaBIICHUS,
WHUIIUHPOBAHHOTO COTPYJIHUKAMH OTJENa, U CBS3aHHOTO C MOCTPOSCHHUEM HOBOW KOHIICTIIIUU
aJanTUBHOTO yIpaBjieHUS (METOJl «aBTOHOMHOTO aJanTUBHOrO yrpaBieHus» (AAY)).
HefipononogoOuast peammszanusi cucteM AAY onmpaeTcs Ha CHOEMUATBHO JUIsI  ATOTO
pa3paboTaHHBIE MOJIETTH HEUPOHOB M HelpoceTel. UToObI uMTaTesnto ObUIO Jierde MOHATh, 3a4eM
aBTopaM TMOHAIOOMIOCH pa3pabaThiBaTh HOBBIE MOJEIM HEUPOHHBIX CeTeld, W UYeM He
yctpauBatotr yxke umerommuecss MHC, KOpoTKO HAanmOMHUM M NPOKOMMEHTHPYEM OCHOBHBIE
nonoxkenuss MHC, a 3aremM ykaxkeM Ha T€ MX HEIOCTATKHU, KOTOpPHIE aBTOPHI M MBITAIOTCS
UCIIPaBUTb.

HckyccTBeHHBIE HEHPOHHBIE CETH, KaK HalpaBiICHHUE KUOEPHETHKH, MOSBHIOCH B 40-x
rogax XX BeKa B pe3yJbTaTe IONBITOK IOHATh M CMOJEIUPOBATH (DYHKIUH, CTPOCHHE U
NPUHIMI 1eHCTBUA OMOJIOTMYECKUX HEPBHBIX CUCTEM, MO3Ta, HHTEJUIEKTA. 3a 3a7auy B3sUIHCh C
pa3HBIX CTOPOH, U BCKOpE OBUIM BBIABIEHBI, COOTBETCTBEHHO, PAa3HbIE ACHEKTHI H3y4aeMOro
00beKkTa. BO3HMK OuYeHb HIMPOKHI CHEKTp IMOCTAaHOBOK 3aJad M DPAa3IUYHBIX HAIpaBICHUN
UCcleIoBaHUH. ODTO ObUIO «BpeMsl pa30pachiBaTh KaMHM» - BpPEeMs, KOIJa WAEU U TUIOTE3bl
poxpaanuck OypHO, OHM OBUIM IJIOXO C(HOPMYJIUpPOBAaHbI, pelIeHUil He ObLI0, WIM OHHM OBLIH
(GparmMeHTapHbl ¥ IUI0X0 (popManu3oBaHbl. OJHAKO, IMOXO0XKE, YTO IPHUBEPIKEHIbI Pa3HBIX
HalpaBJICHUI BCKOpE COBCEM IME€pecTalyd IOHMMAaTh APYr Jpyra, 4emy CrocoOCTBOBAJIO
NOSBJICHUE CJIOKHBIX M DPA3JIMYHbIX (OPMATU30BAHHBIX OINUCAHUN 3a7ay M MOJYYEHHBIX
pemeHnii. Bo3HMKIM Takue HampaBlieHHs, KakK paclo3HaBaHHWE 00pa3oB, HEHPOHHBIE CETH,
CHCTEMBI, paboTaloIIME CO 3HAHAMU, IPUHATHE PELICHUH, MAIIMHHBIIN epeBo/], pOOOTOTEXHHUKA,
MalIMHHbIE Urpbl. Kpome TOro, KakJoe HaIpaBlIEHUE pa3[eNIMIOCh Ha IOJHAIPABIICHUS,
CTPEMHTENBHO yJalsABLIMECS APYT OT Apyra. Hanmpumep, pacno3HaBaHue o0Opa3oB pa3aeianiioch
Ha TOJHANpABJICHUS, 3aHUMAaBIIMECS pa3pabOTKOM CHUCTEM pacro3HAaBaHUS BEPOSTHOCTHBIX,
JNETEPMUHUPOBAHHBIX, JIOTUYECKUX, CTPYKTYPHBIX U JIPYTHX.

B Te xe roasl Hauano pa3BuBaThcsd W HampasineHune MHC, mocraBuBiiee ceOe Iebio
MOJIEJTUPOBAHUE MPOIIECCOB, MPOUCXOASIINX B HEPBHOU KJIETKE-HEHPOHE U B HEPBHOM TKaHU —
ceTd, 00Opa3oBaHHON M3 HeHpoHOB. HelpoH, Kak YCTpOHCTBO, KOHBEPTHpYIOIIEE BXOJIHBIC
BO3JICHCTBUSI — HEPBHBIE HWMITYJIbChl, IIPOU3BOAAIINECE pPE3YyIbTAaT TOXKE B BHJIE HEPBHBIX
MMITYJIbCOB, U IUBEPTUPYIOIIErO €ro Mo APYruM HEHpoHaM, cTaj MPeAMETOM H3Y4EeHMs, Kak
Helpodu3nonoros, Tak U kuOepHETHKOB. [locieHre CTPOMIIN pa3InYHbIE MOJIENIA HEHpOHa, HEe
JOXKHJIAsICh TOTO MOMEHTa, KOorjga Helpo(u3MoJIorn NpefoCcTaBsIT HCUEPIBIBAIOIIECE ONMHMCAHUE
(YHKIMOHAIBPHOCTH HEPBHOM KiIETKM. W Takoe HeTeprneHne oKa3ajioch OIpaBAaHHbIM,
IOCKOJIBKY JIOJITOK/IQHHOTO OIHUCAHUsl OWOJIOTMYECKOM HEpBHOM KIETKH HE CYILECTBYET HU
noHslHe. Tomy wmMmeercst naBe npuuuHbl. IlepBag W3 HHMX CBA3aHA C MHUHHATIOPHOCTBIO



OMOJOrMYECKOro HEHpoHa. Y 3TOr0 «4YEpHOro SIMMKa» (PU3MYECKH TPYAHO HU3MEPUTH U
3aMpOTOKOJIMPOBATh BXOJHBIE U BBIXOJAHBIE cuUTHaNbl. Eme Oonee TpyAaHo pa3zoOpaThcs B
CTPYKTYpE HEPBHOM CETH B HEPBHOM CHCTEME M MO3re, B KOTOPBIX KOJIMYECTBO HEMPOHOB U
CBSI3€M MEXJy HUMH HM3MEpSETCs ACTPOHOMHYECKMMH uuciaMu. BTopas npuumHa, Ha Haul
B3I, COCTOMT B TOM, 4TO (D)YHKIMSI HEHpOHA JOCTaTOYHO CIIOKHA, JJISI TOTO, YTOOBI B HEU
MO>KHO OBLIIO pa300paTbcs BHE CUCTEMHOTO MOAX0/a, T.€. 0€3 MOHUMAaHUS JTIOTUKHU paboThl Beer
HEepBHOM cucTeMbl. Helipodu3nomnoru, B MpUHITUIIE, MOTYT HE 3HATh, KAKHE U3 MHOTOYHMCIICHHBIX
CBOICTB HEMpOHA SIBIAIOTCS KJIIOUEBBIMHU, Ha YTO MMEHHO cliefyeT oOpaliaTe BHUMaHUE s
TOTO, 4TOOBI MOCTPOUTH €r0 AJCKBATHYIO MOAENb. KakoB KpUTEpHil MPaBHIBLHOCTH MOJICIH
HeilipoHa? OTBeTa Ha 3TH BOIPOCHl ceduyac HeT. OueBHUIHO, YTO MOJEIb HEMpOHA IOJDKHA
obecrieunBaTh TMPaBUJIBHYIO pabOTy MOJEIM HEpPBHOW cuctembl, Mosra. Ho sToit moxenu
ceroans HeT. OTCYTCTBYeT moHMMaHue (yHKIMN MO3ra Ja’ke B caMOM OOIlleM BHJIE, KaK 3TO HU
CTPaHHO 3BYYHUT. YBEPEHHO HAa3bIBaIOTCS TOJBKO HEKOTOpBIE M3 3a/ad, KOTOpbIE peIlaeT
HEpBHas cucTeMa (HampuMep, pacro3HaBaHUE 00pa30B, MPHUHITHE PEIICHUN), HO KOMIUIEKCHOE
NIOHUMaHHEe ee PadOTHl B IIEJIOM OTCYTCTBYeT. Jlake Takue O4YeBHIHBIE, KaK TeIeph KaKeTCs,
MOHSATHSA, KaK oOpaTHas CBSI3b, HEOOXOAUMas HJsl YINpaBieHHs, ObUIM BBEACHBI B MOJEIb
HepBHOU cucteMbl coBceM HenaBHO (H.Bunep, I1.K.Anoxun). CyuiecTByIOT pa3Hble BapuaHThI
KOHIENIMI paboThl MO3ra, HO JO KOHCEHCyCa Cpeld CIENHaIUCTOB ellle JajeKo W B Halle
BpeMsl.

B ycnoBusix 40-x TT., KOrma OMOJOrMYECKUX JAaHHBIX ObLIO Majo, aJieKBaTHBIE MOJENU
HeWpoHa MpeUIoKNUTh OBUIO erie TpyaHee. Tem He MeHee, B 1943 r. oqHa U3 Moenell HelpoHa,
a UMEHHO, MOJieNb, mpeanoxkeHHas MakkanokoM u Ilutrcom [I11], BmocnencTBuu Ha3zBaHHas
Gopmanvubiv  HelponoM, OKa3anach CPABHUTEIBHO YJAYHOW B CIEAYIOIIMX OTHOLICHMSX.
Mopnens OblTa JOTHYECKOH, YTO MPUONMKAIO €€ K CBONCTBAM JIOTHYECKHX JJIEMEHTOB
BBIUMCIUTEIbHON TEXHHUKH, T.€. JIEJAJI0 €€ JIETKO BhlYMCIMMOW. Mojenb Oblia CpaBHUTEIBHO
npocToii. BriocneacTBuu 3Ta Mozenb HeiipoHa MmpeTepriena emie 0ojbliiee YIpOoIeHUEe U Terepb
OHA TPEACTaBIIICT COOON B3BEHICHHBI CyMMATOp BXOIHBIX CHTHAJOB, BBIXOJHOW CHTHAI
KOTOPOTO ONpPENENseTCS TaK Ha3bIBAEMON axkmueayuoHHou ¢yHKyuel, 3HaY€HHUE KOTOPOU
3aBUCHUT OT YKa3aHHOW CyMMBbL. AKTUBallMOHHAs (YHKIMSI MOXET HMETh, HampuMmep,
SKCIIOHEHIMANBHBIA BHUJ, MO0 NPEACTaBISATH COOOW MOPOTrOBYI0 (YHKIHIO C JByMs
3HayeHussMu 0 u 1. Ecim n BXonoB HelipoHa ¢ moporoBod (yHKIMEH MOHMMATh Kak #
M3MEpPEHHI B MPU3HAKOBOM MPOCTPAHCTBE, TO MPUCBOECHHBIE 3TUM BXOJaM geca OIPEAECTSIOT B
IPU3HAKOBOM IIPOCTPAHCTBE TUIEPILNIOCKOCTh, NENSIIYI0 €€ Ha JBa IOANPOCTPAHCTBA, AJIS
OJIHOTO W3 KOTOPBIX BBIXOJHOW CHTHaln HelpoHa Oymer paBeH 1, a s npyroro 0. Oty
TUINEPIUIOCKOCTh MOXKHO MHTEPIPETUPOBATH KaK PEIIAIONIYI0 TPAHUILY 3JIEMEHTAPHON CUCTEMBI
pacro3HaBaHusl, B KOTOPYIO MpeBpamiaeTcs (GopManbHbIA HEHPOH, CTOCOOHOM pacro3HaBaTh J1Ba
kjacca (o0pa3a) OOBEKTOB, MPEICTABISAEMBIX BO3MOXHBIMH 3HAUYEHUSIMH BXOJHBIX BEKTOPOB.
Teneps mpoOiieMa COCTOMT B TOM, YTOOBI MOAOOpaTh TAaKWE 3HAYCHUS BECOB I BXOJIOB
HEHPOHOB, KOTOPHIE MO3BOJIMIM OBl paclo3HaBaTh HEOOXOJMMbIE 00pa3bl, NMPEACTABICHHBIC B
oOyuaromieir BeiOOpke. Ecnu ns 3aaHHOTO MHOXECTBAa HMCTOYHUKOB BXOJHBIX  CHTHAJIOB
(TaTYMKOB) CO3JaThb OOHOCIOUHbIU NEpCenmpoH, T.€. JIMHEHKY HEHWPOHOB, Ha KaXAbIi H3
KOTOPBIX MOJAIOTCS CHUTHAjJbl OT BCEX MaTUYMKOB, HO C PA3IUYHBIMH BECaMH, TO MOJIYyYUM
CHCTEMY pAaCIO3HaBaHUs, CHOCOOHYIO pPAacHO3HAaBaTh KIACCHI, paslelisieMble B MPU3HAKOBOM
IIPOCTPAHCTBE THUIEPIUIOCKOCTAMHU BCeX HEHpOHOB. Eciu MBI XOTUM MOMYYUTHh KIIACCHI,
MPEJICTABICHHBIE B MPU3HAKOBOM MPOCTPAHCTBE OTPAHUYCHHBIMHU BBIMTYKIBIMUA OONACTSIMH, TO
CJIeyeT MCIOIb30BaTh 2-CJIOWHBINA MEPCENTPOH, TJe HEHPOHBI 2-TO €0 OYIyT OCYIIECTBISATH
JIOTHYECKYI0 KOMIIO3HMIIMIO OTKPBITBIX O0JIacTei. A eciaM KJacc OOJDKEH ObITh MpeJCTaBIICH
OTPAaHWYCHHOW HEBBIMYKJIONW 00JIACThIO, TO HEOOXOUM 3-CIIOMHBIN MEPCENTPOH, TIe HEHPOHBI 3-
rO CJ10s1 OYIyT KOHCTPYHUPOBATh HEBBIMYKITYIO 0071aCTh U3 HECKOIBKUX BBITYKIIBIX.

beimn  paspaboranbl pasznuyHbie arcopummuvl oOyuenus MHC nius aBTOMAaTHYECKOTO
nox0opa BECOB HEHPOHOB BCEX CIOEB MHOTOCIOWHOTO TMEPCENTPOHA. DTHU aITOPUTMBI MOTYT



ObITh JI€TEPMUHHUPOBAHHBIMH, a MOTYT OBITh CTOXAaCTUYECKHMMH. DBONBIIMHCTBO U3 3THUX
QITOPUTMOB OOYyUYEHHUSI PEaNu3yIoT MPHUHLUI OOy4YeHHS C yduTedeM. AJTOPUTM IMOJIb3YeTCs
oOy4aroriell BEIOOPKOM, T.€. 3apaHee M3BECTHO, KaKWe 3HAUCHUS JOJDKHBI mMeTh Bbixoasl MHC
IpU TMPEABIBICHUU €l TOTO WM WHOTO 00BbEeKTa M3 00ydaromiel BHIOOPKU. AJNTOPUTM AOKEH
MMETh BO3MOXXHOCTh Habmoaarh Bce paktuueckue Boixoasl MHC, 3HaTh xemaembie (yenesvie)
BBIXO/BI JJIsi JAHHOTO MpuMepa oOydaromiel BHIOOPKM W CpaBHMBATh UX APYT ¢ Apyrom. Ilo
pe3yJiibTaTaM CpaBHEHHUsI airOpUTM KOppekTpyeT Beca Bcex HerpoHoB MHC. Hactpoiika NHC
MPOBOAMUTCA MMl KaKJIOro mpumMepa U3 olyuaromiedl BbIOOpKH U 10 Tex mop, nmoka MHC He
HAYHET PACIO3HaBaTh BCE ATH MPUMEPHI C TpebyemMon TouHOCThIO. Tompko mocie storo MHC
CUMTAeTCs TOTOBOM K WCIIOJNIb30BAHUIO JUIS PACIIO3HABAHUS PEAJbHBIX MPEABABIIEMBIX
o0wvekToB. Hactpoennas, ooyuennass THC cnocoOHa pacnio3HaBaTh NpeabsABiIseMble €l HOBbIE
O00BEKTHI, OTHOCA MX K OJHOMY M3 KJIaCCOB, PACIO3HABAHUIO KOTOPHIX €€ YJalOCh OOYYHTb.
[Ipobnemsr UHC coctosT B TOM, 4TO aJropuTMbl OOy4€HHsS BECbMa TPYJOEMKH, U HEIb3s
YBEPEHHO yTBEPkKAaTh, 4TO Mpu 00yueHun MHC B kKoHKpeTHOM ciydyae OyJeT NJOCTUTHYT YyCIieX,
HampuMep, B MpueMieMoe BpeMs (IpobieMbl obyuaemocmu U npedcmasumocmu). Eme omgna
npobiieMa CBsi3aHa C TE€M, YTO €CIM BO3HUKHET HeoO0XoauMocTh noo0yuuts MHC eme ans
OJTHOTO TIpUMEpa, TO €€ MOXKET MOCTUTHYTh Kamacmpoguueckoe 3abvieanue — NHC ytpaTut
paHee mNpUOOpPETEHHbIE HAaBBIKM M OO0yuYeHWE TpUIETCS HAuMHATH CHadajga A HOBOU
pacmmpeHHoN 00y4JaroIell BEIOOPKH.

Opnako B cinydae ycnexa, korna MHC ypamocs oOyuuTh pacno3HaBaTh HMPUMEPHI U3
oOyuarorield BEIOOPKH, €¢ MOKHO MCIIOJIb30BaTh JIJIsl aBTOMAaTHYECKOTO PAcIiO3HABaHUS 00pa30B.
OueBUIHO, 4YTO pacro3HaBaHuWe oOOpa30B — JTO HUHTEIUIEKTyalbHas 3afgada. K 3ajmaude
pacno3HaBaHUsI MOXHO CBECTM MHOKECTBO 3a/ay YIpaBieHHUs. OJTO TaKHe ciydyau, Korja
3apaHee M3BECTHO, YTO MMEHHO CHUCTeMa YNpaBJICHUs AOJDKHA JelaTh B TOM WIM JpyTroi
CUTYyaIlH, U OCTAETCSl TOJIBKO OJHA MpoOJjeMa — MPaBHIBHO PACIO3HATh TEKYLIYIO CHTYaIlHIO
(kyacc, obpas, cueHy). Hampumep, B mpomyckHO# cucTeMe NpeanpusTHs 3apaHee HU3BECTHbI
COTPYAHUKH, KOTOPBIX CJIEAYET MPOMYCKAaTh HAa TEPPUTOPHUIO MPEANIPHUATHS, U IPOOIEMa TOIBKO
B TOM, YTOOBI IIPAaBUJIBHO PAclO3HaBaTh ITHUX JIIOJCH.

Bropoe ucnonszoBanne MHC Takxke BOCXOIUT K paclo3HaBaHUIO, 3TO ciocooHocts MHC
anpoKCUMUPOBaTh (QyHKIMH. [Ipr 3TOM HCIOIB3YIOTCSI HEHPOHBI € INIAAKUMH aKTUBALIMOHHBIMU
¢ysukuusamu, 1 MHC MoxHO 00ydYuTh ampOKCUMHPOBATH 33/JaHHYI0 (YHKIHMIO C 3aJaHHON
TOYHOCTBIO. 37eCh TaKkke cTOUT 3amada ooyuenus MHC, T.e. mogdbopa onTUManbHBIX BECOB IS
BXOJI0OB HEHPOHOB.

OTUMH  JByMs OCHOBHBIMH criocoOHocTssiMu MHC, mo3BossiomuyMu pemarth 3a1adu
pacro3HaBaHMsl M anmpoKCUManuy 0e3 MPOM3BOJCTBA CIOXKHBIX AHAIUTHUYECKUX PacyeToB, a
mumib 3a cuer oOyuenus MHC na mpumepax oOydvaromiedl BBIOOPKH, M OOYCIIOBJICH BBICOKHIA
uHTEpec K IpakTudyeckoMy wucnoib3zoBanuto MHC. MHC Hamum mmpokoe NpUMEHEHHE B
pPa3HBIX TEXHHUYECKUX CUCTeMaxX. MaTeMaTWKu W MH)KEHEpHI, CTApasCh MOJIYYUTh MAKCUMYM
noJb3bl U3 3THX cnocodHocteit MHC, pa3Bunu marematnueckuil anmapar takux MHC, nokazanu
ciocoonoctu MHC x 00yueHHIO W CXOAUMOCTH, H300peIr MHOXKECTBO Pas3IMYHBIX
AKTUBAIIMOHHBIX (PYHKIUI, MHOXXECTBO THIIOBBIX CXEM COCAMHEHHS HEWPOHOB B CETH
(TocToitHbIe, TTOJTHOCBSI3HBIC, MMPOPEKECHHBIE, MOTIYJIbHBIC, C OOPATHBIMU CBS3SIMU U 0€3 HUX), a
TaKXKe MHOXXeCTBO airoputmoB oOyudenuss MHC. 3ameTHo omrymiaercss TO, 4TO B HBIHEIIHEM
cBoeM Bapuante MHC mpubnmkaroTcss K mpeneny CBOMX Bo3MokHocTed. [Ipu sTom, mHOTHE
cneuuanmuctel 1o MHC naBHO 3a0bUTH Mpo OMOIOTMYECKUN MPOTOTUII CBOETO HANPABJICHUS —
OuoJ0rnuecKre HeUPOHbI U HEPBHBIE CUCTEMBI. ITO OTPA3HUIIOCH B CIIEAYIOLIEM:

a) MHC B ux coBpeMEHHOM BHJI€ MAJIO TIOX0XH Ha OMOJIOTMYECKUE HEPBHBIE CUCTEMBI, Ha
YTO MOCTOSHHO YKa3bIBAIOT HEWPO(DU3NOIIOTH;

b) MHC pematoT He Te 3aa4u, KOTOPBIE PELIAIOT OMOJIOTUYECKHE HEPBHBIE CUCTEMBI, MO3T,
a JIILb YaCTHBIE MCKYCCTBEHHBIE CIIy4au THX 3a]1a4;



¢) ¢opmanbrbie Heliporsl B UHC paboTaroT He Tak, Kak OMOJIOTHICCKUE HEUPOHBI, H

BBINIOJIHAKOT UHBIC (I)YHKI_[I/II/I;

d) MHC nocTuriau cBouMX yINOMSIHYTBIX BbIIIE€ OTPaHUYEHUN U HEOOXOAUM CYIIECTBEHHBIH

IMOBOPOT B UX PA3BUTHU.

B Hacrosimiee BpemMs B HEHpoMH(OpPMAaTHKE BCE 3aMETHEE TPOSIBIISCTCS CMEIICHUE

aKILEHTOB OT MoKcka 6osiee 3pPEeKTUBHBIX aNropuTMoB 00ydeHus TpagunuoHHsix MHC k 6onee
yTIyOJICHHOMY W3YYEHHIO CBONCTB OHOJOTHYECKHMX HEPBHBIX CHUCTEM W HEWPOHOB, U K
IIOTIBITKAM BOCIIPOM3BEACHHUS 3TUX CBOMCTB B MCKYCCTBEHHBIX HEMPOHHBIX cucTteMax. Kakue xe
cBoiictBa coBpemeHHbIX NHC BBI3BIBaIOT HEy0BIETBOpEeHNE? BOT OCHOBHBIE U3 HUX B MOPSIKE
OT MUKPO- K MaKpOOIIHCAHHUIO.

1.

B Ouonornueckom HeWpoHE OONBIIYIO PO UTPAIOT BPEMEHHBIEC 3a/ICP’KKH, HAIpUMeEp,
CHHAaINTH4ecKue. BpeMs B cucteme ynpaBieHUs, Ha HAII B3IVISA, UTPAaeT MPUHIMUITHAIBHO
BaXHYIO pOJIb, TaK KaK OHO 3a/aeT IPUYMHHO-CJIEICTBEHHYIO IIOCJIEI0BaTEIbHOCTh
coObITHi. B (hopmanibHBIX HEHlpOHAX BPEMEHHBIE 3a/I€P’KKU HE YUUTBIBAIOTCS.

buonoruueckuii HEHpoOH, MO-BUAMMOMY, MOXKET PACCMaTpPUBATHCS Kak camooOyuaemasi
CUCTeMa pacrno3HaBaHMs. Bo BCAKOM cilydae, MEXaHHU3M, ONPEACIAIOIUNA POCT
CHHAIICOB, CBA3aH, CKOpEE, C JIOKAIbHBIMM YCJIOBUSIMH B CaMOM CHHAIICE U B €ro
OnmyKaiilieM OKpY)KeHUH (HampuMep, 3TO XHMHUYECKUH MeXaHu3M). MasloBeposTHO,
YTOOBI pa3MepaMy CHHAIICOB YIpaBisiyia Obl HeKas cucTema (Yy4uTesb), HaOmromatoniast
BBIXO/Bl BCEX MWUIMApIOB HEWPOHOB M 3HAIOLIAs «LEJNEBOM BEKTOp», KaK 3TO
ocymectsisiercs B MTHC.

Baxnass wuH(popmanMs B BBIXOJHOM CHTHaJeé HEMpOHAa COAEPKUTCS B YACTOTE
TEHEpUPYEMOI UM TOCJIE0BATENIbHOCTH UMITYJIbCOB (craiikoB). @opMasibHbIE HEUPOHBI
HE YUYUTBIBAIOT 3TOT0 MEXaHU3MA.

[To nHamemy yOexxaeHut0, HEHPOH SBISETCA CaMOOOyYaeMOM CUCTEMON aBTOMATHUECKOM
KJaccu(UKaUM BXOIHBIX NMPOCTPAHCTBEHHO-BPEMEHHBIX CUTHAJIOB, CIIOCOOHOM peraTh
TPU 3a7ayd: OOHAPYXKHUTH HECIydailHbIE MPOCTPAHCTBEHHO-BPEMEHHbIE KOMOWHAIUMH
BXOJHBIX CUTHAJIOB (00pa3bl), €CJIM TaKOBbIE MMEIOTCS, 3aIIOMHUTh UX, U Paclo3HaBaTh
3TH KOMOMHAIIMH B JTAJbHEHIIIEM Ja)Ke B YCJOBHUSAX HEMOJIHOTO BXOIHOTO BEKTOpA, YeM
o0ecreunBaeTcsi aCCOLUATUBHOCTD U IPOTHO3UPOBAHKE, HEOOXOIUMBIE /IS YIIPABICHHUSL.
CoBpeMmenHble (hopMalIbHBIEe HEUPOHBI TPEICTABISAIOT OO0 TOJIBKO O0ydaeMble C
YUUTEJIEM CUCTEMBI PACIIO3HAaBaHUS.

HepBHag cucremMa M MO3r HMMEIOT CJIOXKHYK HEOJHOPOIHYIO CTPYKTYPY C SPKO
BBIPQXEHHBIMU TOJCUCTEMAMU, UMEIOIIUMH pa3indyHoe (PYHKIHOHAIBHOE Ha3HAuYEHUE.
Hanpotus, coBpemennsie WHC ornuyaiorcs OAHOPOJHOCTBIO U PETYISIPHOU
CTPYKTYpOH, B HHMX HE BBIICISIIOTCS 4YacTH, HMMEIOIIHME pa3Hoe (yHKIMOHAIBHOE
Ha3HAYCHHUE.

buonoruueckas HepBHas cucTeMa W MO3T PELIAIOT, MO HaleMy YOEXKIEHHUIO, MPEkKIe
BCEro 3aJayy aBTOHOMHOTO aJalTUBHOTO ymopaBieHus. Takas 3amada TpeOyeT
COTJIJACOBAHHOTO pEHICHUsl IEJIOr0 KOMIUIEKCA OIpPEAENICHHbIX M0/33Aad, K YHUCIY
KOTOPBIX OTHOCSTCS 3aJaud: aBTOMATHUYECKON KIacCHU(UKAIMU, HAKOIUICHUS 3HAHUH,
BBIBOJIa HOBBIX 3HAHUH, MIPUHATHUS PELICHUI U IpyruX. 3ajaya pacro3HaBaHus 00pa3oB ¢
NpeIBapUTEILHBIM OOYYCHHEM C YYHUTelleM, K KOTOpOH, IO CYyIIECTBY, TOJBKO U
criocoOusl MHC B WX TpaaWIIMOHHOM BapHaHTE, SIBIICTCS TOJBKO OJHOM W3 TOA3ajad,
pemaemMbIx OMOJOTHMYECKOW HEpBHOHM cuctemoil. Bmecte ¢ TeMm, Mbl yOEKICHBI, YTO
OomnpeAeieHue W TOHMMAHHWE 3a/laud, PElIaeMOd HEPBHOM CHCTEMOW W MO3rOM, Kak
I[EJIBIM, CHCTEMHBIM 00pa30M OTPa3UTCs Ha MOHUMAHUM (PYHKIIMH OTAETLHOTO HEHPOHa.



Bor stor cnucok nemoctatkoB MHC u mBITalOTCS TPEONIONIETh aBTOPHI HACTOSIIETO
cOOpHHKA.

Tak, crates n.¢p.-m.H. B.B. KpsikanoBckoro u akagemuka A.Jl. Mukasnsaa (MHCTHTYT
ONTUKO-HEHpOHHBIX TexHoioruii PAH) «buonorumueckuii anropuT™M pacro3HaBaHHs CHUIBHO
CKOppENMPOBaHHBIX 00pa30B» IMOCBSIIEHA YKa3aHHOW BbIIIE MpoOIeMe CO3JaHUsl MOJesen
HEMpOHOB, mepefalouX HHPOPMALMIO TOCPEICTBOM YaCTOThl CJIEAOBAaHMS BBIXOJHBIX
uMIyJbcoB. VIMEHHO, aBTOpaMu MPOBEAEH aHaIW3 PACIO3HAIOLIEH CIIOCOOHOCTH HEMpOCeTH,
CHOCOOHOW XpaHUTh M 00palaThiBaTh MH(POPMALMIO, 3aKOJAWPOBAHHYIO B BHJIE YaCTOTHO-
dazoBoii Moxynsanuu. MHGOpMAaTUBHBIE CUTHAIBI B PAacCMATPUBACMOM CETH TMEPENAIOTCS IO
MEXHEUPOHHBIM CBSA35IM B BUJIE KBA3UMOHOXPOMATHYECKUX UMILYJILCOB HA 7 Pa3HBIX 4acTOTaX.
3a OCHOBY TaKOW CETH MPUHAT ''mapamMeTpudeckuil" HEHpoH — obnagaromuii KyOudecKou
HEJIMHEHHOCTBIO 3JIEMEHT, CIOCOOHBIM K MpeoOpa3oBaHUIO M IeHepalMM 4acToT B Ipoleccax
[IapaMeTPUYECKOr0 4eTHIPEXBOJHOBOTO cMemeHus. [lokazaHo, 4TO C pOCTOM 4HCIa HECYIIMX
4acTOT NOMEXO3ALIUIIEHHOCTh PACCMATPUBAEMON aCCOLMATUBHOM IaMATH PE3KO BO3pPACTacT.
OJHOBPEMEHHO PE3KO BO3PACTACT M 0OBEM HEHPOCETEBOI MAMSTH, KOTOPAs B /1° pa3 OOJIbIIe
aHAJIOTUYHOW BENMYMHBI B CTaHAApTHOH cetn Xomduuaa. Yucno oOpa3oB, KOTOPbIE CIIOCOOHA
COXpaHsATh TaKasi HEUPOCETh, MOKET BO MHOI'O pa3 MPEBHIIIATh YACIO HEMPOHOB.

[Tocnenyromue craTh COOpPHHMKA TECHO CBs3aHbl ¢ paspadateiBaembiM B MCII PAH
METOJIOM «aBTOHOMHOI'O aJanTuBHOro ympasieHus» (AAY) [II1], ero HelipoHONOAOOHOM
peanu3anuel, ero mpoOieMaMHu U TMPaKTUYECKUMH NpuioxeHusMu. llepen cOopHukoM He
CTaBWJIaCh LI€Jb JaTh IOJIHOE M3l0XkeHHe meroaa AAY, HO uTOoObl uuTaTeN0 ObUIO Jierde
MOHUMAaTh MOCTAHOBKHU 3a/Jad, KOPOTKO mpenactaBuMm Meron AAY 3aneck. Meron poauscs u3
NOMBITOK  JIOTHYECKA W pAIlMOHAIFHO BBIBECTH CIIOCOO JEHCTBUS HEPBHBIX CHUCTEM,
OTTAJIKMBAsACh OT TE€X YCIOBUM, B KOTOPHIX OHM HAXOAATCS B NPUPOJAE: HAJUYUE alpUOpHU
HEU3BECTHBIX CBOWMCTB OKPY’KAIOWIEH Cpelpl HApsALy € ONPENEICHHON NOJy4YEHHOW OT MPEAKOB
HAYaJbHOM MPHUCTOCOOJICHHOCTHI0O OOBEKTAa YNpaBICHUS W  YNPABJISIONIEH  CHUCTEMBI,
ABTOHOMHOCTB - HEOOXOAMMOCTb K CaMOO0OyUEHUI0, TUCKPETHOCTh CTPOSHHSI HEPBHOM CHCTEMBI,.
MpbI counu MHTEpPECHBIM TpPEACTaBUTh B cOopHuKe cTaThio A.A JKmanoma., I'.5l. Kantopa u
A.b. Dppona «Jlornyeckuii aJanTHUBHBIN YHPABISAIOIIMNA aBTOMAT C KOHEYHBIM YHUCIIOM
BXOJIOBY», HAITMCAHHYIO TI0 MaTepuajiaM 3aJenoHupoBaHHON B 1984 romy pabotsl [A.A. XKm1aHOoB,
I's. Kanrop, A.b. O¢pon, N.I'. HoBukoBa «IlocTpoeHne TroMEOCTa3UCHOTO aBTOMaTa C
KOHEYHBIM KOJIMYECTBOM BXOJHBIX mnepemeHHbx», BUHUWUTU "JlenonupoBaHble Hay4YHbIE
paboter", 1984, N2, ctp.108, 336. 17 ctp.]. CraThs MHTEpECHA HE TOJIBKO TEM, YTO ATO TepBas
nyonukamus mo Metoaxy AAY, HO M TeM, YTO OHA JO CHX TOp OCTAeTCs CBOETO Pojia TIAHOM
paboThI O TaHHOMY HarpaBieHHI0. HekoTophlie n3 Tor/a eiie TOIbKO BhIBEICHHBIX MOJI0XKEHUH,
BIIOCJICACTBUU ObLIM OoJiee yA00HO (GOpMalM30BaHbl M TMOJYYWJIM CBOIO peaJu3allhio B
IPOrPaMMHBIX MOJENAX M NPUKIATHBIX IPOrpaMMax, B KOTOPBIX IOJATBEPAUIN CBOIO
MPaBUIBHOCTb. A HEKOTOPBIE TOJOKEHHS €HIe N0 CUX NOp HE PEAJN30BaHbl U HAXOIATCS B
pabore. Hambomee BakHbIE MOMEHTHI OSTOW CTaTbU ONMWCBHIBAIOT HUACH AJITOPUTMOB,
OCYIIECTBIIAIONIUX «IO3HAHKWE» YIPABIISIIONIECH CHCTEMOM CBOMCTB OKPYKAIOIIEH €€ Cpelbl, T.€.
NOJY4YCHHUE IMIIUPUUECKUX 3HAHUIM. DTH alrOpUTMBI OEpYyT CBOE Hadaio B GHIOCOPCKON TeOpun
MIO3HAaHUSI — THOCEOJIOTUH.

[To3xe B pabotax Haa MeTooM AAY omnpenenuiuch Takue MOHSATHS, KaK BBIHYXICHHBIC
neneBble (QYHKIMU YINPaBICHUs - BBDKMBAHUE M HAKOIJIGHWE HOBBIX 3HaHUH. Onpenenwuics
COCTaB U CTPYKTYpa MOACUCTEM YIIPABISIOMIEH CUCTEMBI, PEIIAIOINX 3a7auu: (POPMUPOBAHUS U
pacno3HaBaHMsl 00pa30B, HAKOIUICHHs 3HAHUM, BBIBOJI HOBBIX 3HAHUM, MOAEIMPOBAHUE SMOLIUH,
npuHaATHe pemieHud. [lonmelTku  gatk MHUKpoonucaHue cucreMbl AAY  mpuBenn K
MpEACTABICHUSIM O HeoOxoaumo ¢yHKIMH HEHpoHa, Kak 0a30BOro dJJIEMEHTa s
HelpoceTeBol KOHHEKIIMOHUCTCKON pean3aliy yrpaBisonei cuctemol. PazpaboTannbie HaMu
Mozaenu HelpoHoB omwmcadbl B [[12, [13]. OGmamarommii BRICOKON YHHUBEPCATBLHOCTHIO METO
AAY 103BOJS€T CTPOUTH AJANTHBHBIC CHUCTEMbI YINPABIICHUS Ui CaMBIX Pa3HBIX OOBEKTOB,
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HEKOTOpbIe U3 KOTOpHIX mpencrtaBieHbl B [[14-I17]. Meronx AAY umeer cBou MTpOOJIEMBI,
PEIICHUI0 KOTOPBIX U MOCBAIIEHBI CIIEyIONINe CTaThu COOpPHUKA.

Crates M.B. Kapasaesa (ICI1 PAH) «lIpuMeHeHne He4eTKON JOTMKUA B UMUTALMOHHOMN
CHUCTEME aBTOHOMHOIO QJalNTHBHOTO YMpaBJICHHs» TOCBSAIIEHA TpoblieMe TOCTPOCHUs
KOMOWHHPOBAHHBIX CHCTEM YIpaBJICHUS HAa OCHOBE MeTojaa AAY u Apyrux ajabTEepHATHBHBIX
XOpOIIO pa3pabOTaHHBIX W U3BECTHBIX METOJOB. B 1MaHHOM ciydae paccMaTpUBaIOTCS
BO3MOKHOCTH 00BenuHeHnss Merona AAY ¥ HEYeTKOW JIOTHKH. V3BECTHO, YTO CHCTEMBI
HEYETKOW JIOTHMKU POAMIUCH B pe3yjbTaTe MOMBITKA NPOrpaMMHO (popMann3oBaTh 3HAHUS
YeJIOBEKa-IKCIepTa IO YMPaBICHUIO OOBEKTaMH, C TOCIEAYIOMICH peanu3aieil 3Toro
aIropuTMa yYINpaBlieHHs Ha KommbioTepe. OCHOBOW HEUYETKHX CHUCTEM YIPABICHHS SIBISETCS
3alUCh  OTbBITA YEJOBEKA-dKCIIepTa B BHJE TaK HA3bIBAEMBIX HeuemKux QyHKyuul
npunaonexchocmu. Hampumep, yka3plBaeTcs, Kakue 3HA4YCHHsS YIia M HACKOJIbKO HMEHHO
AKCHEPT CBS3BIBAET C MOHATHEM «CUJIbHBIA KPEH BIPaBO», MPHU PACIO3HABAHUHM KOTOPOTO OH
HAYHET BBINOJIHATh COOTBETCTBYIOIINI MaHeBp. HeueTkre cucTteMbl ynpaBlIeHHs] COCTOAT B TOM,
YTO HEYETKHE MpaBWiia 3alMCHIBAIOTCS B MAaMSATh CHUCTEMbI YIIPABICHUS 3apaHee, a 3aTeM, B
Mpoliecce YIpaBiI€HUsI OHU TOJBKO UCIOJIb3YIOTCA YIPABISIIONIEH CUCTEMOW. ABTOMaTUYECKOTO
MOCTPOEHUS WJIM KOPPEKIMU TAKWX MPABUJI HEMOCPEACTBEHHO B MPOLIECCE YIPABICHUS B
TUMHAYHBIX HEYETKUX CHUCTEMaxX He MpeaycmaTpuBaeTcsi. TeM caMbIM, HEUETKHE CHUCTEMbI HE
ABJISIFIOTCS. CUCTEMAaMM aJAlTUBHOTO YIIPABJICHUS B TOM CMBICIE, KOTOPBIA MBI HCHOJIb3YEM B
cuctemax AAY. B nannoit pabore M.B. KapaBaeB mokaspiBaeT, Kak MOXHO OOBEAMHUTH
TexHosoru AAY © HEUeTKYI0 JIOTHKY, YTOObl B aJalTHUBHON CHCTEME YIpPaBICHUS
ABTOMATUYECKU (POPMHUPOBATH U KOPPEKTHUPOBATH 0a3y 3HAHUU, MPEACTABICHHYIO C MOMOIIBIO
HEUYETKUX IPaBUIL.

TeMy nprMeHEHUs HEUETKOH JIOTMKH JJI MOCTPOEHUS CUCTEM YIIPABJICHUS IPOAOJIKAET
craths B.b.HoBocenbuea u E.A.Pomanuyk u3 ToMckoro rocyiapcTBeHHOro yHUBepcuteTa «O
MaHMITyJIMPOBAaHUM 3HAHUSIMH C HCIIOJIb30BAaHHMEM HEYETKUX MHOXecTB». B pabote
npeziaraercsi yJo0HbIH (GOopMaIu3M AJs ONMUCAHUS HEUETKUX CUCTEM U MOJU(HUKAINA MaIluHBI
JIOTUYECKOr0 BBIBOJA, YTO IIO3BOJISET HCIOJIB30BATH HEYETKYIO JIOTUKY IIPH pealu3alun
"CEMaHTUYECKU-OPUEHTUPOBAHHBIX" KOMIJIEKCOB MaHUITYJIMPOBAHUS 3HAHUSMU.

Cratest C. A. bonmapenko, A. A. Xganosa (MCIT PAH) u b.M. Maromenosa (MOHT
PAH) «lIpunsatue pemeHnii B aBTOHOMHBIX aJaITUBHBIX CUCTEMAX yIPaBJIEHUS, OCHOBAHHOE Ha
BBISIBICHUN 3aKOHOMEPHBIX IOCIEAOBATEIBHOCTEN JCHUCTBUI» MNPEICTABISAECT PE3yIbTaThl
NEePBBIX MOIBITOK pelIieHus: B cucreMe AAY 3amaud aBTOMaTHYECKOT0 OOHApYXEHUS MOJeen
noBejieHus, onucanHoil B cratbe A.A JKmanoma., I'.fl. Kantopa u A.b. Ddpona. Ycnemmnoe
pellieHre 3TOW 3aJadu OTKPBIBAET IyTh JUIsl pealnu3aluu 2-T0 U 3-T0 MEXaHU3MOB IMPHUHSITHS
pelLICHUH.

Kak 6bu10 ckazaHo BbIie, 00bryHO coBpeMeHHble THC nMeoT HEKOTOPYIO TPUBHAIBHYIO
PETYJSIPHYIO CXE€MY, HalpUMEp, Ka)KIbld HEWPOH MOCBUIAET CBOM BBIXOJHOW CHTHAJI BCEM
HEMpOHaM MOCIEeAYIOMIEro cos. Takoe MpaBMJIO TOCTPOCHUSI CETH OYeHb YJOOHO, MOCKOJBKY
ABJISIETCSl MPOCTBIM. B mpuHINIE, OHO OPraHWYHO COOTBETCTBYET CYILIECTBY TPAJAUIIMOHHBIX
pacno3Haromux MHC, nockonpky B HUX pPOJb KaXKIOIO HEMpOHA COCTOMT B JIEJICHHUM
IIPU3HAKOBOIO IIPOCTPAHCTBA Ha JBE IMOJYIUNIOCKOCTH. OTO SABISETCS NPOMEKYTOUHOU
orepanyeil B CHCTEME paclo3HaBaHHUS Iepel] TeM, Kak o00JacTh, COOTBETCTBYIOIIAs
pacro3HaBaeMoMy o0Opasy, OyAeT OKOHYaTelbHO C(OpMUpOBaHA W3 TAKUX IMOJYIIOCKOCTEH
TOJIBKO B HelpoHax BbixogHoro ciosg MHC. Opnako, Takas TONOJIOTHS HE COOTBETCTBYET
HAOJIOJaeMBbIM CBOWCTBAM OHOJIOTHYECKOH HEPBHOW CHUCTEMBI. OJTO CBS3aHO, [0 HAIIEMY
IIPEANOJIOKEHHIO, C TEM, YTO B HEPBHON CUCTEME Ka)KIbI HEMPOH COOTBETCTBYET OTACIBHOMY
00pa3y (WM ero HeKOTOPOW pa3sHOBUAHOCTH). B ATOM cityuae ceTh CTAHOBUTCSI CEMaHTHYECKOM,
I[€ KaXIbli HEHPOH U MEXHEHUPOHHAS CBSA3b MMEIOT CONEPIKATECIBHBIA CMBICH, OTPAKAIOILIMMA
peanbHble B3aHMMOOTHOIIEHHsS] OOBEKTOB B pealbHOM Cpele, a Takas CeTh HE MOXKET ObITh
TPUBHUAIBHO PETYJISIPHON YK€ MOTOMY, YTO B peasIbHOW MPUPOJIE HE MOXKET OBITh BCE COEIMHEHO
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CO BCEM WJIM COEIMHEHO B HEKOTOPOM TpUBHAJIbHOM nopsake. OxaHako u B TpaaunnonHsix MTHC
HOJTHOCBSI3HOCTh (Ja)ke MEXCJIOHHAas) HEHPOHOB B HEKOTOPBIX CIIydasiX SIBJISETCS U3IMIIHEH U
HCCIJIEI0BATEIIN UILYT IIyTH YX0Ja OT Hee.

Meton AAY, B omiimune ot MHC, onupaercs Ha TO, 4TO KaKIblii HEHPOH COOTBETCTBYET
OIHOMY 00pa3y, a CeTb HEMpPOHOB MMEET COJEp)KaTelbHYyl0 ceMaHTHKy. IloaTromy B cucreme
AAY HeHpoHBI MOTyT OBITb COEJUHEHBl HETPUBHAIBHBIM M HEPETYJSAPHBIM CIOCOOOM,
HanmpuMep, HEMpOH MOXKET MOoJdy4yaThb Ha BXOAbl CUTHAJIbl OT HEMPOHOB, MPHUHAIEKAIIUX
pa3IMuYHBIM MpeabpAymM ypoBHAM. Ho B 3TOM ciydyae BO3HMKaeT HeENpocTas 3ajada
ornpezeieHus: He0OXOAMMON M ONTHUMAJIBLHOM Tomosoruu Heipocetn g cuctemsl AAY. Ilpu
IIOCTPOCHUU TNPUKIAIAHBIX cUcTeM AAY Tomosoruss HEMpoceTel OIpenessach, UCXOAs U3
anpuoOpHOH MHpopMaIUu 00 00beKTe yIpaBieHus. OgHaKo ObIIO OB KpaliHe JKeIaTelIbHO HMETh
00OCHOBAaHHBIM aBTOMATHUYECKUI MM aBTOMATH3UPOBAHHBIM CHOCOO OMpeneseHus] CTPYKTYphl
HelpoceTen Uil NpUKIagHbix cucreM AAY. McecnenoBaHuss HEKOTOPBIX aBTOPOB HACTOSLIETO
cOOpHHUKa MOCBSIIEHBI TTOUCKY CHOCOOOB aBTOMAaTHU3MPOBAHHOIO MOCTPOEHMs Heipocereil s
cucteM AAY. Ho, npexae Bcero, Mbl CUMTAEM IIEJIECOO0Pa3HBIM MPUBECTH OO30PHYIO CTAThIO
n.¢.-m.H. B.I'. Penpko (MOHT PAH) «AHnamu3 reomeTpudeckoro meroaa (HopMUpPOBaHHS
MOJIYJIBHOH CTPYKTYpBhI HEHPOHHBIX CETei», PacCKa3bIBAIOIIYI0 00 OJHOM U3 CYIIECTBYIOIIHX
MOJXOJ0B K PEIICHUI0 TaKOro poJa 3aladv, MMEHHO — «T€OMETPUUECKOMY METOLY», KOTOPBIN
OKa3bIBAETCS JIOCTATOYHO YHUBEPCAIBHBIM M MOXXET OBITh NPUMEHEH K IIMPOKOMY KIIACCy
HEHUPOCETEBBIX CUCTEM YIIPABIICHUS.

Cratps JI.B. 3emckux, E.K. CamapoBa, A.A. Xnanosa u B. babkoBoit «I[Ipumenenue
TeHETUYECKUX AITOPUTMOB IS ONTUMU3ALWU aJalTUBHONW CHCTEMBI YNPaBICHHUS MOOUIHHOTO
po0oTa Ha MapaiieNbHOM BBIYUCIUTEILHOM KOMIUIEKCE» COJEPKUT H3JI0KEHUE HEKOTOPBIX
HalJIEHHBIX aBTOPaMU PELICHU 3aja4l aBTOMaTHYECKOT0 ONpeeIeHUs] CTPYKTYpbl HelipoceTe
it cucteMbl AAY. 3pmeck aBTOpaMH TakKe NPUMEHEH OMOHHUYECKHH MOIXOM, COTJIACHO
KOTOPOMY, COCTaB U CTPYKTypa HEPBHOW CETH JKMBOTO OpraHM3Ma Ka)JO0Tro OHOJIOTHYeCcKOro
BUAa chopMupoBaiack B pe3yJbTaTe IUTEIBHOIO ECTECTBEHHOTO OTOOpa Ha MHOXECTBE
MOKOJICHHH ero mpenkoB. [IporpaMmHoi peanm3aiueil TaKoro eCTeCCTBEHHOTO 0TOOpa SIBISETCS
U3BECTHBIM METOJ| «TE€HETHMYECKUX aAJITOPUTMOBY», BOCHPOM3BOASIINN BCE OCHOBHBIE YEPTHI
JAHHOTO TPUHLHUIA ONTUMH3AalUMU — KOJUPOBAaHUE MPHU3HAKOB B TeHax, OTOOp Hauboiee
yAAa4HBIX OCO0€W, B3ATHE OT HHUX T€HETHYECKOro MaTepuana JJis MOCTPOCHHS ITOTOMKOB,
CKpELIMBaHHE W MYTHPOBAaHHE T€HOB, TI€HEpalMs HOBOIO INOKOJeHMs U T.a4. Ham
NpPEICTABISIETCSA, YTO TEHETUUCEKUE alTOPUTMBlI SBISIIOTCA Haubojiee IEpCreKTUBHBIM
MOJIXOJOM JUISl TIOCTPOEHHUS ONTUMAJBHBIX (WM CyOONTHMAaNbHBIX) HEHpPOCETEBBIX CHCTEM
ynpaBieHus, padboTaronmx no meroay AAY.

ITomumo 3TOTO, NAaHHAS CTaThs MIPEACTABIAET PE3YJIbTAaThl PELICHHUS U €1Ie OJHOM BaXXHOU
3a/a4y, CBA3aHHOM C paclapajeluBaHUEM BBIYMCICHUN B ymnpasisiomed cucremMe AAY.
OueBUIHO, YTO OJTHO M3 BOXKHEHIIMX OTIUYHI HEPBHOW CHCTEMBI, KaK MAIlTUHBI JUIsI 00pabOTKH
UH(POPMALIUU, OT COBPEMEHHOTO KOMIIBIOTEPA COCTOUT B TOM, YTO KOMIBIOTEp pean3yeT (HoH-
HEHMMaHOBCKHUI MPUHIUI OCIEI0BATEIBHOTO BBIIOIHEHU KOMaH]l IIPOIPaMMBI, B TO BPEMs KaK
HEepBHAsi CHUCTEMa MpeJAcTaBiseT co0oil ceTb HEHPOHOB, paboTarolmUMX MapauienabHo. JlaHHoe
OOCTOSATENILCTBO HAJAEIMJIO HEPBHYIO CHUCTEMY BO3MOXKHOCTSMH, MHOTME€ U3 KOTOPBIX ellle
HEJOCTYIHBI COBPEMEHHBIM BBIUMCIIUTEIBHBIM MallMHaM. B yacTHOCTH, HECMOTpPS Ha TO, YTO
OTIENbHBIA HEHpOH paboTaeT He Tak yX M OBICTPO, a CKOPOCTb NPOBOAMMOCTU HEPBHBIX
HMITYJIbCOB I10 HEPBHBIM BOJIOKHAM HE TaK YK M BEJIMKA, MO3I ¢ OTPOMHOM CKOPOCTBIO PEIAET
CIIOKHEWIINE 3a7a4d PACIO3HABAaHUsA, NPUHATUSA peuicHUM U apyrue. CeromHs CyIIeCTBYIOT
TEXHOJIOTUH, TO3BOJISIONIME TEM MM MHBIM CIOCOOOM OpraHU30BHIBATH IApajuIeIbHbIC
BbIUKCICHNUs. KOHEUHO, TOCTHYL TaKOM CTENEHH pacnapajuleIuBaHUs, KOTOpas UMEET MECTO B
OMOJIOTHYECKUX HEPBHBIX CHCTEMaX, yJNacTcs elle He CKOPO, MOCKOJBKY OTIENbHBIH HEHpOH
CJIMIIKOM MaJl, @ KOJIMYECTBO MX CIMILKOM BEJIHMKO Ui TOTrO, YTOOBI pabOTy Ka)J0ro HeHpoHa
peaNn30BbIBaTh OTAEIBHBIM IpoueccopoM. ONHAKO yXKE CErofHs MOXKHO INPENJIOKUTH pa3HbIe

7



crocoObl peanu3anuu cucteM AAY Ha mapajyieNbHBIX BBIYUCIUTEIBHBIX CHCTEMaxX, 4TO U
caenano B crathe JI.B. 3emckux, E.K. Camapona, A.A. XXnanosa, B.B. ba6kosoii (UCIT PAH).

Mopgenn HeHpoHOB © Heipocereit B cucteme AAY wHMeOT Majgo o0mero c¢
tpaguuuonHbiMu MHC, kak 310 crnenyer, HanmpuMmep, U3 CACIAHHOTO BBILIE ONMUCAHUS CUCTEMBI
AAY. Opnnako aBTOpbI COOpHUKA ITOCTOSIHHO NPEANPUHUMAIOT TOTBITKH HAWTH CHOCOOBI
oobenuHenus TexHoiaoruu AAY u MHC. B cioyuae ycmexa 3TO M03BOJIMIO OBl B3aUMHO
o0oratute 00€ TEXHOJOIMM, 3aWHTEPECOBaTh U NPUBJIEYb K HCCIECJOBAHMUSIM HOBBIX
cneuuanuctoB. HecMoTps Ha To, 4To ocHOBHBIE nojaxoabl B MHC TpebyroT npeaBapuTenbsHOro
00y4eHHUs CEeTH, YTO MPOTUBOPEUYUT UJAEE aJalTUBHOIO YIpaBJieHMs, a Takke Ha To, uro MHC
oOnagatoT mpoOneMoil KaTacTpopUuecKoro 3aObIBaHMs, MPOSBISIIOIIETOCS TMPU  IOIBITKE
YAaCTUYHOTO MEepeoOyUeHUs] WM JOOOyUEeHHsI CETH, ObIO Obl OYEHb IMOJE3HO HAWUTH CIOCOOBI
00xoza 3tux npobneM. OCHOBHBIE MOCBUIKH K MOMCKY YJauHOTO PEIIEHUs] COCTOAT, [0 HaLleMy
MHEHHUIO, B TOM, uTOo a) HekoTopsle Buabl MHC, Hanmpumep, ceTH, MOCTPOEHHBIE Ha OCHOBE
meopuu adanmueHo20 pe3oHancd, BCe e CIIOCOOHBI K caM000y4aeMOCTH, T.€. UMEIOT CBOHCTBO
aJaNTUBHOCTH, U 0) OCHOBHbBIE MOJCUCTEMBI CUCTEMBI AAY MOXHO, O-BUIUMOMY, TOCTPOUTH
Ha OCHOBE caM00OOyYaeMbIX CHUCTEM pacro3HaBaHMsA. K 1aHHOMY HampaBlieHHIO MCCIeI0BaHUN
otHocutcs craths A. B. Ceinko (MCII PAH) «Cucrema ynpaBieHHuss aBTOHOMHBIM MOOUJIbHBIM
poOOTOM Ha OCHOBE AaJalTHBHOIO PE30HAHCAa», KOTOpas MpPEICTaBISET MEepBble yIauyHbIE
HOMBITKY OCTpoeHus: cucteMbl AAY ¢ ncnonb3oBanueM Tpaauimonubix MHC.

Eme omaum HampaBiieHHEM, B KOTOPOM aBTOPbI COOpHHKA HINYT MyTH OOBEAUHEHUS
Metoga AAY ¢ NMOrpaHUYHBIMU TEXHOJIOTHSIMH, SBJISIETCS HMCHOJBb30BaHHE B cUcTEMax AAY
TEOPUU OemepMUHUPOBAHHO20 Xaoca. VIHTepec K STOMY HAIpaBICHUIO BbI3BaH TEM, YTO
JIeTEPMUHHAPOBAHHBIE XAa0TUYECKHE CUCTEMBI, Ha HaIll B3TJIs1, 00JIAaf0T OJTHUM BeCbMa BaYKHBIM
U yAOOHBIM JUIsl aNanTUBHOTO YMpABICHHS CBOMCTBOM, a MMEHHO - CIOCOOHOCTHIO B
KOMITAKTHOM UM B3aMMOCBSI3aHHOM BHJE, HMEIOIIEM, K TOMY K€, CBOWCTBA aTTpPakropa,
MPEACTABISATh OYEHb JJIMHHBIE CTPUHTU JaHHBIX, U PACIO3HABATh UX MO MPEABSIBICHUIO TOJIBKO
HeOOoNbIIOr0 ()parMeHTa JAaHHBIX, NMPHYEM HE 0053aTENbHO TOYHBIX, a JIUIIb MOMAJAIONINX B
M0JIE MPUTSDKEHUsl aTTpakTopa. Maes nmpuMeHeHus AETEPMHHMPOBAHHOIO Xaoca B CHCTEMAaX
AAY cBsizaHa C T€M, YTO B BHJE aTTPAKTOpa 3allOMUHAIOTCS OIPENEIEHHBIE 0 CMBICITY
INPOTSKEHHbIE ()parMeHThl HMCTOPUS SBONIONUM OOBbEKTa ympaBieHHs. TakuMm QparMeHTOM
MOXET OBbITh 3aKOHOMEpHAsl IOCIEI0BAaTEIbHOCTh COOBITHH, BBIHYKICHHO CIEyIOIas Mpu
ONPENIECTCHHBIX YCIOBUAX 3a TE€M WIA HMHBIM PELICHUEM, NPEANPUHATHIM YIIPaBISIOMIEH
cucremoii AAY. CnocoOHOCTh Pacmo3HATh TaKoW (pparMeHT NMpH MPEABSBICHUU TOJBKO €ro
HAYaJbHBIX [IAroB (ycJjaoBHs) M IUJIAHUPYEMOTO JEMCTBHSI BBI3bIBAET B CHCTEME IMPOTHO3
Oyaymmx COOBITHI (CIEACTBHsI), HA OCHOBAHMU KOTOPOTO M MOXXHO CTPOUTH NPOLEAYPY
NpUHATUS penleHud. Tekymme pe3ynbTaThl HAIIUX HCCIEAOBAaHUM B 3TOM HaIpaBJICHUU
npencrasieHsl B ctatbe A.E. YeTrokannHa « CoBMeLIEHNE OIX00B aAalTUBHOIO YIIPABJICHUS
U JETEPMUHUPOBAHHOTO Xaoca IJsi MOCTpoeHUs 3()(PEKTHUBHBIX aBTOHOMHBIX YMPABISIOLINX
CUCTEM.

Cratpsa J1.b. JIunkeBnua u A.A. dKnanoBa « AdCAS - cucTeMa aBTOHOMHOTO aIallTUBHOTO
yIOpaBJICHUS AKTUBHOW IMOJBECKOM aBTOMOOWJIS» TPEACTaBISAECT OIMH M3 PE3yJIbTaToB
MpaKTUYECKOro mnpuiioxkeHuss Merona AAY. IlpoToTun amanTUBHOW CHUCTEMBI yIpaBICHUS
aKTUBHOHM mozaBeckoil aBTomoOmis paspadotan B MCII B xone BeimonHenus npoekta AACAS ¢
kommanuet ATS Soft [I18]. Dta npuknagHas cucrema yrnpaBieHHUs MOCTPOEHA C COOMIOCHUEM
BCEX CIEIM(PHUUECKUX MOMEHTOB, ompeaenseMbix MerogoM AAY. OHa JeMOHCTpHUpYET
CIIOCOOHOCTh aJJaTUPOBATHCS B pEAJbHOM BpPEMEHHU YIIPAaBJICHHS K TEKYIIUM CBOWCTBaM
YyOpPaBISIEMOTO €10  aBTOMOOWJS, W  CHOCOOCTBOBATH  IOBBIIICHUIO YCTOWYMBOCTH H
YIOPaBIsIEMOCTH aBTOMOOWJIS, MOATBEPKAast TO, 4To MeTod AAY SBIsSETCS MHOTOLEIEBBIM U
MHOTOKpHUTEpHATIbHBIM. OOCYXJAEHHUE 3TOro pe3yibTara CcO CHEHHATMCTAMH I0Ka3ano, YTO
AQHAJIOTMYHOTO pPe3yJibTaTa MO YIPaBJICHUIO MOJBECKOM TPYIHO JOOUTHCS Ha OCHOBE JIPYIHX
METO/OB ynpaBieHus. IMeHHO, HEHPOCETH U HEYETKHE CUCTEMbI TPEOYIOT MpeIBapUTEILHOIO
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ux o0yueHus. DKCIEepTHasl CUCTEMa HE MPUMEHNMA B YCIOBUAX JAHHOI'O TPEOYEeMOro BbICOKOIO
ObICTpOJCHCTBUSA U HEOOXOAMMOCTH aBTOMaM4eCKOTo MepeydyuBaHus. YIIpaBleHHE HAa OCHOBE
MaTeMaTHYeCKUX MoJeield OOBbEeKTa YIpaBJICHUS 3aTPyJHUTEIBHO B CHIIy Ype3MepHOU
CJIO)KHOCTU TIOCTPOEHHUS MOJEIM aBTOMOOWISI € YYEeTOM BCEX €ro OCHWUIMPYIOUIMX U
HEJIMHEWHBIX JIEMEHTOB ¥ U3MEHUNBOCTH CBOWCTB B Ipolecce ABUKeHus1. CTaThs IpeACTaBIsET
u npuHuun ynpasiaeHus cucteMbl AACAS u pe3yabTaThl KOMIBIOTEPHBIX €€ UCIIBITAaHUH.

Hpyroe npunoxxenue merona AAY mpeacraBieHo B ctatbe A. AHTUnoBa «lIpumeHenue
Merona AAY K MNpPOTHO3UPOBAHHUIO BPEMEHHBIX PSAAOB». MHOrME MNpaKTHUYECKHE 3aJaduu
YIIpaBJICHUS CBA3aHBI C aHAJM30M U MPOTHO3UPOBAHUEM BPEMEHHBIX pANOB AaHHBIX. OMHOU U3
TAKOrO poja 3a7au sBISETCS aHAIW3 phIHKA IICHHBIX OyMar, Ha OCHOBaHUM pE3yJbTaTOB
pelieHus: KOTOpPOro MPUHUMAIOTCS T€ WJIM WHBIE ACHCTBUS WJIM CTPATETUU yMNpaBJICHH. 3agadya
aHalM3a BPEMEHHBIX PSAIOB HAHHBIX CYIIECTBEHHO YCIOXHSIETCSA, €CIU OOBEKT, KOTOPBIU
XapakTepu3yeTcsi HaOMI01aTeTbHBIMU JTAHHBIMU, HEMPEIACKa3yeMO M3MEHSET CBOM CBOiCTBa. B
3TOM Clly4yae pEIICHHE MOTYT JaTh aJanTUBHbIE METOAbl ynpaBieHus. OnHAa W3 TJIaBHBIX
TPYJIHOCTEN 3[€Ch COCTOUT B HAJIMYUU OYEHb OOJIBIIOTO YHUCIAa CTENEHEW CcBOOOJbI, KOTOpHIE
MOTYT OCTaBaThCsl B CHUCTEME Ja)ke MOCJe ydeTa BCel MMeIoIelcs anmpuopHoil nHbopManuu.
Takoro poma mpobiema cBsi3aHa, HAIPUMEpP, C OMpEeNICHHEM padoyero cjaoBapsi MPHU3HAKOB,
CBSI3aHHOTO C COCTaBOM M pabO4YMMH XapaKTepUCTHUKAMU HCIOJIb3YEMBIX JAaTYMKOB. B crarbe
MOKa3aHO, KaK MOKHO aBTOMATHYECKH HACTpauBaTh MPU3HAKOBOE MPOCTPAHCTBO JJISi CUCTEMBI
AAY ¢ moMoIpi0 MeTo/1a KOHEYHBIX aBTOMAaTOB, OCHOBaHHBIX Ha pabdotax Llernuna, Heiimapka
u Panonopra.

B HekoTOphIX CTaThsiX COOpPHHMKA B KauecTBE MpUMepa O0BEKTa YNPBICHHS HUCIIOJIb30BaHA
porpaMMHasi MOJICNTb MOOMIIEHOTO poOOTa. ITOT OOBEKT OBUT BBIOPAH HM3-3a €r0 HATJISTHOCTH U
BO3MOXKHOCTH Tepexoja B OyayIieM K pealbHON Qu3ndeckoil Moaenu. /laHHas KOMIbIOTepHas
MOJIeTTh po00Ta, KOTOPYIO aBTOphI Ha3Bau «I'HOM Ne8», oka3anach OYCHb YIaUYHBIM OOBEKTOM
IUIst OTpabOTKH cucteMbl AAY UM BapuaHTOB MOCTPOCHHsS €€ MojacucTeM. Mbl HajeeMmcs, 4To
paboThl, MOCBSIIEHHBIE 3TOMY POOOTY, COCTaBAT CIEAYIOMNN COOPHUK.

XOTUM TaKXe BBIPA3UTh CBOI OsarogapHocTs ui.-kopp. PAH B.II. HMBanaukony,
MOIJICPIKUBAIONIEMY BO3MOXKHOCTh MPOJOJKCHHSI MCCICIOBAaHUN B JaHHON O00JNAacTH, a Takke
BCEM COTpYJHUKAM OTJAelia, aclHpaHTaM M CTyJeHTaM, NMPUHUMAaBIIUM ydacThe B paboTax u
npoekTax otaena [[19].
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