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1. BBenenne

1.1." decatunerne Mosra"

Heliponayku B COBpPEeMEHHOU OMOJIOTHU MO KOJUYECTBY
paboTaromiux (U3MKOB M MATEMATHKOB 3aHUMAIOT OJHO
U3 BEAYIIUX MECT, CONEPHUYASI C MOJIEKYJISIPHON T€HEeTUKOM
1 OMOTEXHOJIOTUSAMH, a TO CJIOXHOCTH MAaTeMaTHYECKUX
3aja4, MoXajayi, omepexaroT ux. MHTepec (PU3UKOB K
HellpoHaykaM OOBsICHUM. B mociegHue TOIBI XKypHAI
V®H yxe ony0imkoBas HECKOJIBKO 0030pOB Ha 3Ty TeMY
[1-3]. I[Tybnukyemblit HUXe 0030p SBJISETCS UX MPOJIOJIKE-
HHUEM.

BricTpoe HaKOIJIGHHE SKCIIEPHMEHTAJBHBIX AAHHBIX B
nmocyieiHeit yeTBepTH XX BeKa MOATOTOBWIO (DyHITAMEHT,
€ClTM He IJIS CO3/IaHMsI OKOHYATEIbHOW BEpCHHM OTBETa Ha
Bonpoc: "Kax muicaum uenosex?", To, 0 KpaiiHeir mepe, s
TOTO YTOOBI MONBITATHCS MOCTPOUTH C YYETOM HOCIIECIHUX
JIOCTUXEHUH HU3UKY, ONO(PU3UKU K KOMITBIOTEPHON TEXHUKU
HOBYIO KOHIIENIINIO pabOTHI MO3ra, KOTOpasi He MPOTHBOPE-
ymyia Obl 3KCHEPUMEHTAJBLHBIM JaHHBIM. CYIECTBYIOT H
JIpyrue CTPEMJICHUSI K YCKOPEHHOMY Pa3BHUTHIO HEWpPOHAYK,
JIUKTyeMble PAKTHYECKUMHU 3aIPOCAMH MEIUIMHBI ¥ TIOUC-
KOM HETPAJMIMOHHBIX MyTed CO3MaHMs "MHTEIIEKTYallb-
HOI" TeXHMKH.

Hampumep, B Havane 1989 r. ceccus konrpecca CIIA
npursiaa "OObeIMHEHHYIO PE3OJIFOIMIO CEHATA M MAJIaThI
npejacTaBuTesieil mo oObsBiecHuto "ecstriieTuss mosra".
Tekct 3TOM Pe30JIFONIMU OXBATHIBACT pa3jIMYHbIC O0JIACTH
Heriponayk. [lomHoe ero m3moxeHwe MOXHO Haltu B [4].
3mech MpUBeIeM HAYaJI0 U KOHEIl 3TOW PE30JTFOIINN:
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"[ToCKOAbKY YCMAHO0BACHO, UMO eHCe200HO NAMbOCCANM
MUAAUOHO8 AMEPUKAHYEE CINAHOBAMCA HCePMEAMU 3a00.1e8d-
HUil U HempyooCnocoOHOCMU  CACOCMBUE  NOBPEINCOCHUA
MO3ed, GKAOUAIOWUX OCHOBHbIC NCUXUUECKUe, HACACOCTBEH-
Hble U OeeeHePamusHble 3a004e6aHUA, UHCYAbINbL, HADYUWEHUA 8
C8A3U ¢ HAPKOMAHUAMU, GAUAHUE NPEHAMAALHBIX (HAKIMOPOs,
HelPOMOKCUHO8 8 OKPYJcaroueil cpede u mpagm, a maxice
HapywieHuii  peuu, CcAyxXa u Opyeux KOZHUMUBHBIX pac-
cmpoticme;

— NOCKOAbKY YCMAHOBACHO, YN0 00Was CYMMA 3ampam
Ha JAeueHue, 80CCMAHOBUMEAbHYIO Mepanuio u opyue pac-
X00bl, C8A3AHHBIE C 3000AeBAHUAMU U HEMPYOOCNOCOOHO-
CMbIO, 3ABUCAWUMU OM NOPANCEHUSA MO32d, COCMABAAeN
305 mapo. 0oa1apos 6 200;

— NOCKOAbKY HaceAeHue 00ANCHO ObIMb UHPOPMUPOBAHO O
BOAHYIOWUX OOCUINCEHUAX 8 UCCACO08AHUU MO32d U O 803-
MONCHOCIU AeUeHUA 3A001e8AHULL, NOPAICAIOUWUX MO32,

— HOCKOAbKY MEeXHOAO2UYECKAA PeGOMOYUL, NPOUCX00 A~
was 6 ob.iacmu HayK o mosee, npueeid K pazpapomxe maxkux
MEMOA08, KAK NOZUMPOHHASL IMUCCUOHHAA TMOMO2PAPUL U
co30anue U300padceHuilt. NOCPeocmeomM MAHUMHO20 pe30-
HAHCA, 4mMo NO360AUA0 KAUHUYUCIAM HAOM00ams Mo32 6
MOHKUX 0eMAAAX HEUHBAZUBHBIMU MEmMooamu, Onpeoesind
cucmembl M0O32d, 3ampazusaemvle NPU CREYuPGUUecKuUx euUdax
HApyweHuil, uccaed08amy 3a8UCUMOCHTb NOBEOCHUL O HETPO-
nenmudog u NOQOUMU K NOHUMAHUIO CAONCHBIX CIPYKMYP,
obecneuusalowux Namams,;

— NOCKOAbKY HAYUHAA UHPOpMayus 0 Mo32e Hapacmaem ¢
KOAOCCAAbHOI CKOPOCMbIO, d 004ACMb KOMNbIOMEPHOU U
UHPOPMAYUOHHOT HAYKU 00CULAA YPOSHA PA3GUMUA, 00CA-
MOYHO20 045 MO20, YMOObl AHAAUUPOBANL OAHHbBIE HeUlpo-
HAYK ¢ MAKCUMAAbHOU NOAb30U KAK 048 UCCACO08AHUL 6
00.1acmu PyHOAMEHMAAHBIX HAVK, MAK U 049 KAUHUYUCINO0E,
UBYUAIOWUX MO32 8 HOPME U NAMOA02UU,

— HOCKO.bKY 00CHIUMNCCHUS MAMEMAMUKU, (PUUKU, GbILU-
CAUMEAbHOIl MEeXHUKU U MEMmOo006 U300paxscenus mo32a
HO3604UAN HAYAMb GAICHYIO DPAOOMY NO OMOOPAINCEHUIO
PyHKyuil Mo32a 6 HOpMe U RAMOAO2UU, MOOCAUPOBAHUIO
HElPOHHBIX Cemeil U UX OUHAMUYECKUX 63AUMO0elCMEUil;

— NOCKO.bKY NOHUMAHUE peaabHOil pabdomvl HepPEHOIL
cucmemul 6ce ewje mpedyem 66e0CHUS HOGBIX MEXHOA02UUe-
CKUX Memo006, NO3604A10WUX pacuu@posKy mozo, Kax
omoe.abHble HEUPOHBL NYyMeM KOAICKMUBHOZ0 Oelicmeus odec-
neuusarom unmeaiekm ueaogeka'... u T.11.

B KOHTEKCTE 3TOW CTATHU KJIFOUEBBIMU SIBJISIFOTCS BBIJIC-
JICHHBIE HAaMU KUPHBIM ipudToM ¢(passl "Peszosronuu".
3akanuuBaiach "Pe3omonus" cieayromuMe CIOBAMU:

"... NOCKOAbKY HAPOO Hawiell cmpambl 3AuHINEpPecosan €
UCCACOOBAHUAX NOPANCCHUI MO32d U  O0ANCEH NPUIHAND
npuopumemuoe 3HaveHue nPpedynpencoeHus u AeueHus 3a0o-
ACBAHUIL  MO32d, 6 C8A3U € U3AOINCEHHBIM 00bA8459eMOe
" Hecamuaemue moszea" Hanpasaeno Ha KOHYeHMPAayuro Heoo-
X0OUMO20 GHUMAHUS NPAGUMEALCNEA HA  UCCACOOBAHUAX,
AeUCHUU U 0CCIMAHOBUMEAbHOT Mepanuu 6 moil obaacmu, a
cenam u naiama npedcmasume.eti konepecca CoeouHeHHbX
LlImamos Amepuxku nOCMAHOBAAIOM, UMO Oecamuienmue,
nauunaroweecs ¢ 1 ansapa 1990 2., o6saeisemea " decamu-
aemuem mozea" u Ilpesudenm Coedunennvix Ilmamog 0643vo1-
saemcsa u30amy obpawjenue, Npu3bIBaroujee gce 2paicOAnCKue
saacmu u Hapoo Coedunennvix [lImamos npuname yuacmue 6
IMOM OecAMUACTIUU C COOMBEICINEVIOWUMU NPOPAMMAMU U
dopmamu Punancuposarnus".

AmepukaHckue kojuterd B koHre 1989 r. odpatuiauce B
poccHiicKie HayYHO-HUCCIIeTI0BATEILCKIEe HHCTUTYTHI C MPe/I-

JIOKEHUEM TaKXe IPUHATH yuactue B "'Jlecsirunernn mosra”.
IMpuunHa Takoro oOpaIeHUs COCTOSIA B TOM, YTO OOIIM-
HbIE KOMILJICKCHBIE KCCIICTIOBAHUS TPEOYIOT OOIBIIMX (PUHAH-
COBBIX 3aTpaT W OOPEMEHUTENbHBI [JIs1 OroKeTa JIFoOOMH
cTpaHsbl, gaxe takoi 6oratoit kak CIIIA. B pespasie 1990 r.
OJIHAM U3 aBTOPOB 3TOM CTaTbU COBMECTHO € mpodeccopom
O.C. BuHorpagoBoii (maMsTi KOTOPOW aBTOPBI TOCBSIIAIOT
HacTosmmii 0030p) ObLIa TOATOTOBJIEHA OTEUECTBCHHAS
nporpamMma HeiipouccienoBanuii. OJIHaKO COOBITHUS, pa3Bep-
HYBINHMECS B Haleil crpaHe B Havajie 90-X romoB (pacman
CCCP, pa3Bajg 3KOHOMHYECKON CHUCTEMBI, UHOIAIUS U
(dakTuyeckoe mpekpalleHue (QUHAHCUPOBAHUS HAYYHBIX
WCCJICJIOBAHUN), TIPUBEIM K TOMY, 4YTO POCCHUHCKasi Mpo-
rpamMMma He cocrostiack. OT NPOrpaMMBI OCTAJIUCh [IBE
KOJUIEKTUBHBIE 0030pHBIe MOHOTpaduu [5, 6], oTpaxaroiiue
Hay4HbIC 3aJIeJIbl Ha TOT MEPUOJ, U OpoIIopa, 0O00CHOBBI-
Baromas ee HeoOXoaUMOCTh [4]. MHOTHE U3 ee YIaCTHUKOB B
JaJIbHEHIIIEM HPOJOJDKIIM CBOM HCCJIEAOBAHMSI B paMKax
"ecstunerus mMo3ra', yexas B aMEpPUKAHCKHE U €BPOIICH-
CKHE YHUBEPCUTETHL. Tem He MeHee 4acTb paboT MPOBOIM-
Jach u B Poccuiickoil akagemMun HayK.

JaHHBIA 0030p MOCBSAIICH HATIPABJICHUIO, OTMEYEHHOMY
Hamu B "Pe3osrormu" sxupubeiM mipudrom. OH OXBATHIBAET B
OCHOBHOM PabOTHI IO MOJAEIMPOBAHUIO TUHAMUKU HEHPOH-
HOM aKTUBHOCTH MOCJIETHETO TECSTUIICTHSI.

1.2. Texun4yeckue cpeAcTBa HCCJIe0BAHHS MO3ra

U kjaaccnukanus HelPOHHBIX ceTeil

WN3ydenne nuHAMHUKA HEHPOHHOUW AKTHUBHOCTH BBI3BIBAET
0OJIBIIION MHTEPEC KaK Y HEMPOOUOJIOTOB, TAK U Y CIICIIUAJTUC-
TOB [0 MaTeMaTU4YecKoMy MoJeiupoBanuto. HecMoTps Ha
3HAYUTENIbHYIO CJIIOKHOCTh U U3MEHUYUBOCTD JIEKTPUYECKOU
AKTUBHOCTH B MO3T€, HMEETCS] OOJIBIIOE KOJIMYECTBO IKCIIE-
PUMEHTAJILHBIX JTaHHBIX, CBHIETEJIbCTBYIOIIUX O HAJIMYUU
YCTOMUYUBBIX MPOCTPAHCTBEHHO-BPEMEHHBIX COOTHOIIICHUMR
MEXy aKTHBHOCTSIMH OJMHOYHBIX HEWPOHOB, HEWPOHHBIX
ancamMbJieil u CTpyKTyp Mo3ra. be3 TeopeTnaeckoro oCMbI-
CJIEHUS 3TUX PE3YJIbTATOB HEBO3MOXHO LieJIEHAIIPABJICHHOE
JlaJIbHEMIIIee UCCIIeJOBAHUE.

Wmeromuecst JaHHBIE O XapakTepe HEHPOHHOU aKTHUBHO-
CTH ¥ IPUHIIUIIAX HEUPOHHBIX B3aUMOJCHCTBHI MOKA YTO HE
MIPUBEJIM K TOHUMAHHUIO MEXaHU3MOB 00paboTku uHpopma-
MU B MO3re, TaKHX, KaK KOJMpPOBAaHHE, 3allOMHUHAHUE,
BCIIOMHMHAHUE, PACIIO3HABAHUE, IPUHSATUE PELICHUM, MBbIIII-
Jerre ¥ T.1. OcTaroTcst HEICHBIMU U MEXaHU3MBbI (DyHKLIUO-
HUPOBAHMSI BHUMAHUS, pa3fcyieHHs OeCCO3HATENIbHBIX W
OCO3HABAEMBIX IICHXMYECKUX MPOIIECCOB, BJIUSHUS SMOIUIA.

CyuiecTByrOT Jin 0o01ue nTpuHIUIBE 00padoTku uHpOp-
manuun B Mo3re? Eciam ga, To kKakoBbl OCOOEHHOCTH HX
OpOSIBJIEHUSI B JJIEKTPHUYECKOH AaKTUBHOCTU PA3JIMYHBIX
ctpykTyp? CBsI3aHBI 11 OOHAPYXKEHHbIE 3AKOHOMEPHOCTHU B
OpraHu3alui HEWPOHHOW AKTUBHOCTH C 3TUMH OOIIMMU
MPUHIUIIAMYA WIA OHH SIBJISTIOTCS apTedaKTaMu, TOPOXKICH-
HBIMU CHENU(PUIECCKIMU IKCIIEPUMEHTAIBHBIMHA YCIOBUSIMU?
OT TEOpPETUIECKOT0 OCMBICIICHHSI IKCIIEPUMEHTAJIbHBIX JIaH-
HBIX B 3HAYUTEJIBLHOW Mepe 3aBHCHUT MOJIyY€HHE OTBETOB Ha
9THU BOIIPOCHI.

Teopust HeHpOHHBIX ceTell (B 3amajHON JHTEpaType
UCIIOJIB3YIOTCSL TaKkkKe TepMHUHBI "computational neuros-
cience" mimm "neural computations") sBiseTcs omHMM U3
NEPCIEKTUBHBIX HAIIPABJICHUI B TEOPETUYECKUX UCCIIEI0BA-
HUSIX MO3ra. MaTeMaTH4yecKine U KOMIbIOTEPHbIE MOJIEINH,
MoJIy4yaeMble B PaMKax 3TOH T€OpUH, MOTYT OBITh MOJIE3HBI
TIPU PELICHUH CJICAYFOIINX 3a/1a4:



T. 172, Ne 10]

MOJIEJIN AMHAMUKMU HEMPOHHOW AKTUBHOCTU

1191

— pa3paboTka oOLIUX KOHIIETIUN U TUIOTE3, IPOBEPKA
7X pabOTOCIIOCOOHOCTH ¥ COOTBETCTBUS MMEIOLITIMCS KCIIe-
pUMEHTAJIbHBIM JTAHHBIM;

— BBIJICJICHAE OCHOBHBIX (CYIIECTBEHHBIX) IEPEMEHHBIX U
napaMeTpoOB B HEHPOHHBIX CUCTEMAaX, BIMSIIOIINX HA HHPOP-
MAIIOHHBIE XapaKTEPUCTUKHU ITUX CUCTEM;

— aHaJM3 POJIM PA3JIMYHbIX MEXaHU3MOB (OMOXMMUYE-
CKUX U Onodusnyeckux) B (QYHKIIMOHUPOBAHUU HEHPOHHBIX
CTPYKTYP;

— TpeJIOKEHNEe HOBBIX IeJICHATPABICHHBIX JKCIIEPHU-
MEHTOB U TpeACKa3aHUue BO3MOXHBIX TPYIHOCTEH MpH UX
pean3anum.

HeiipoHHast ceTh npeacTaBiseT COOON CUCTEMY AMHAMU-
YeCKH B3aNMOIEHCTBYIOIINX 3JIEMEHTOB C HAOOPOM BXOIHBIX
W BBIXOJIHBIX CHUTHAJIOB. [Ipocreifmmii BapwaHt TakKxoro
JUICKPETHOTO 3JIeMEHTa IOKa3aH Ha puc. la, roe ¢; —
BXoAHble QyHKIUH, D (@1, @y, @3, ..., ¢,) — CEMEUCTBO
BXOJHBIX QYHKIHIA, {0y, , g, ULp,s - - - O, } — HAOOP UHCET
(BecoBbIX KO3 PHUIMEHTOB), § — moporoBasi GyHKIHMS, | —
BbIXOAHAS GyHKIHS. [TycTh X — HaOOp NPU3HAKOB BHEIITHIX
CTUMYJIOB, BO3JCUCTBYIOIIMX HA PEIEHTOPHI, TeHEPUPYIO-
e BXOIHbIE (GYHKIMHM ¢;. B NHCKpPEeTHOM IOPOroBOM
Bapuante Y(X)=1 Torma W TOJBKO TOI/a, KOT/Aa
2oy, ¢;(X) > 0. Ha uBTYUTHBHOM YpPOBHE SICHO, YTO KaikJ0€
@; U3 ceMeNCcTBa P CONEPXKUT ONPEHCIICHHBIE CBEICHHS O
TOM, OYJeT JIM UCTUHHOW WJIM JIOKHOW BBIXOJIHAS (DYHKITHS
W otst kaxaon BHemHed cutyauun X. Eciu B nenom (X)
HUMEET TOJIOKHUTEIBHYIO KOppesiuio ¢ cemeiictBoM ¢(X),
TO MOXHO OXHUAATh, YTO M Beca OynyT MOJIOXKUTEIbLHBIMH,
TOTJa Kak MpH OTPHUIATEIbHON KOPPENSIUN OTPUIATENb-
HBIMU Oy Iy T 1 Beca o,. OJJHAKO UJIEI0 KOPPEJISIUY B JAHHOM
ciIydae clielyeT BOCIPHHAMATDL He OYKBAJIBHO, a JIUIIb Kak
AHAJIOTUIO. B HEMPOHHBIX CETSAX, KaK OYAET SICHO U3 MaJIbHE-
LIETO U3JIOXKEHHUSI, BO3MOXHBI 00JIee CII0KHbIE 3ABUCMOCTH,
HEXEJN MPOCTO KOPPEJSIHOHHBIE COOTHOIIEHHsI. B 3aBucH-
MOCTH OT pEIIaeMON 3aJayudl 3JIEMEHTBI HEHPOHHOM CETH
MOTYT C Pa3JINYHON CTENEHBIO JIETAN3aUU UMUTUPOBATH
MPUHIAIBL  (PYHKIIMOHUPOBAHUS OTHACIbHBIX HEHPOHOB,
HEHPOHHBIX MOMYJISIIUH (HanpuMep, TOPMO3HBIX U BO30OYX-
JTAFOIINX ) UJIU HEHPOHHBIX CTPYKTYD (TIOIpOOHEE CM. 3aKJTIO-
YeHHE K CTaThe). B Kiraccmueckux Helpo(U3MOJIOrHUECKUX
9KCIIEPUMEHTAX IJTHM YPOBHSIM JEeTAIM3ali COOTBET-
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Puc. 1. IIpocreiimas Mozesib TOPOroBOro HeMpoHa: (a) cxema MOJEIH,
(6) MexaHUYECKHIA AHAJIOT, TIOSICHSIFOILMIA TIPUHITKI €€ PAOOTHI.

CTBYIOT MMILYJIbCHAsl aKTUBHOCTb OJMHOYHBIX HEHPOHOB,
JIOKQJIbHBINA TOJIEBOM MOTEHIMA HEWPOHHBIX aHCaMOJIel U
anekTposHnedanorpammel (I3I), mosryuaemMble METOIOM
MHOT03JIEKTPOJTHOTO OTBEJICHHS OT MO3Ta B IIEJIOM.

IIpocTeiiiieid MeXaHMYECKON aHAJIOTHEH BBIYUCIICHUNA B
HEHPOHHBIX CETSIX SIBJSIOTCS B OJHOMEPHOM  CIIydae
"Kaueau ¢ pacupeieieHHBIM pacloJiokeHueM rpys3a', B
JIBYMEPHOM "CKaTLIBAHUME LIAPHMKA IO MOBEPXHOCTH,
ucnewmpennoit opparamu". Ha pucynke 16 B KauecTBe
npumepa Tmokasadbl "kavenu". JIONMyCTUM, YTO BHEILHSS
cutyanusi X oTobOpaxkeHa B BUIC PACIOJIOKEHUS TPY30B B
HEKOTOPBIX 30HAX { p1, P2, - .., Pn}- IlycTh @;(X) = 1, xorma
rpy3 HAXOIUTC B i-i Touke. [{J1s cityuasi, ©”300paKeHHOTo Ha
puc. 16, umeem o; = (i — 4), 0 = 0, pe3ysbTaT BBIYUCICHUS
oymer: X(i—4) ¢;(X) >0, a joruyeckoe 3aKJIIOYCHHE O
cuTyanun — "ocKa HAKJIOHUTCS BIPaBo', T.e. IPU Pacios3-
HABaHUM [IBYyX CUTYyaluii, OyaeT BeIOpaHa oJHa.

CoBpeMeHHbIE METOIbI aHATIN3a AKTUBHOCTH HEMPOHHBIX
CTPYKTYp Hapsiay ¢ DI BKIIIOUAIOT TaKXkKe U TAaKue METOMbI,
KaK MO3UTPOHHO-dMHccHoHHAasi ToMorpadust (PET), marau-
Tope3oHaHCHbIe u300paxenus (MRI), dyHKIHOHATBHBIE
MaruuTope3oHancuble n3obpaxenus (FMRI) 1. Dt MeToabI
UMEIOT JJOCTATOYHO XOpOIlee MPOCTPAHCTBEHHOE pas3perie-
HHE, HO CPaBHHUTEJIbHO HHM3KOe (mopsiaka | ¢) BpeMeHHOe
paspelieHue, 4To MPEMmITCTBYET UX MPUMEHEHHUIO NP aHa-
J3e OBICTPBIX IPOIECCOB B MO3TE.

B xavecTBe mpmMmepa ONUINEM OJWH U3 CPABHHUTEILHO
HOBBIX METOJI0OB — MarHuTHyto 3HI1edantorpadpuro (MEG).
OTKpbITHE BBICOKOTEMIEPATYPHOIl  CBEPXIPOBOIUMOCTH
MO3BOJINJIO CO3[aTh MATYUKHU, PETUCTPHUPYIOIINE YPE3BbI-
YaifHO MaJible MarHUTHBIE TOJIA. DTO A0 BO3MOXHOCTH
HAOJIIOIaTh 3JICKTPOMATHATHBIE TIPOIECCH B BO30YIMMBIX U
COKpAILIAFOIIUXCS OpraHax (cepiue, XeJyJd0K, MBIIIIbI) U,
Ipex/e Bcero, B Mosre. [IpeuMyiecTBo MeToAa COCTOUT B
TOM, 4TO OH JaeT "MarHuTHoe wusobpaxenue" oprana
HEMHBA3UBHBIM METO/IOM, T.e. 0€3 IPUMEHEHUs] KaKNX-TTN00
30H/I0B, BBOJUMBIX B opraH (puc. 2). Peructpupys nsmene-
HUEC KOHTYPOB MATrHUTHBIX TOJIell BOJIM3M TMOBEPXHOCTH
T'OJIOBBI, MOXKHO CPABHUTEJILHO TOYHO JIOKAIU30BATh O4aru
3JICKTPUYECKON aKTUBHOCTH MO3Ta. DTOT METOH 0o0jagaeT
BBICOKO MTPOCTPAHCTBEHHO-BPEMEHHOMN pa3pelraroiei Cro-
COOHOCTBIO, HO €ro NPHUMEHEHHE CBSI3aHO C CEPbE3HBIMU
TPYIHOCTSIMU MIPH HHTEPIPETAINH ITOTYIaEMbIX JTAHHBIX.

BxoaHbiMu curHajzamMu (CTUMYJIamMu) Ui HEHPOHHBIX
ceTel CIIyXaT NMOCTOSIHHBIE WJIM NEPEMEHHbIC HePEephIBHbIC
CHTHAJIBI, & TaKkKe CIIyyallHble WU AeTEPMUHHPOBAHHBIC
MOCIIETIOBATEIbHOCTH HMITYJIBCOB. DTH CHUTHAIBI MOTYT
MO/IaBAThCS HA BCIO CETh MJIM HA BXOJIbI HEKOTOPBIX 3JIEMEH-
TOB CETH, IIPU 3TOM CHTHAJIBI MOTYT OBITh KaK HJICHTUYHBIMA
Il pasHbIX BXOAOB, TaK M PA3JIMYHBIMU. BBIXOIHBIMU
CUTHAJIAMHU CETH MOTYT OBITh UMIIYJIbCHBIE NTOCJIEA0BATEIb-
HOCTH, WJIM THHAMUKA YCPETHEHHOW aKTUBHOCTH 3JIEMEHTOB
ceTd, WM (pa3oBble COOTHOIICHUS MEXIy KOJIeOaHUSIMU B
PA3JIMYHBIX yY4acTKaxX CeTU. B mepBoM cilydae ajgeKBaTHBIM
MaTeMaTHYECKUM aMMapaToM JIJIsi OMHCAHUS JUHAMUKYI CETH
SIBJISIFOTCSL MHOTOMEPHBIE CTOXAaCTHYECKUE IPOLECCH], BO
BTOPOM M TPETbeM cillydae — ACTEPMUHHUPOBAHHBIE MPO-
necchl B AMHAMHUYECKUX cucteMax. OIMHOM U3 XapaKTepHBIX

! [T03UTPOHHO-3MUCCHOHHAS TOMOrpadusi OCHOBAHA HA PErMCTPALUU
pacrpeiesieH s caxapoB B CTPYKTYpax MO3ra, a MAarHUTOPE3OHAHCHBIE
METO/IbI CBSI3AHBI C PETHCTpPAMEll paclpeesieHnss KUCIOPOaa B ITHX

CTPYKTypax.
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BexTop MaruuTHOI
UHIYKIIUI

Hamnpasnene JIurun
TOKa B TKaHU MarHuTHOR
HHTYKIAI

Puc. 2. [Tpumep 0 JHOTO U3 CPABHUTEIILHO HOBBIX METO/IOB HCCJICTOBAHMSI
Mo3ra — MaruuTHas suiedpanorpadus (MEG). Perucrpupyercs usme-
HEeHHEe KOHTYPOB MATHUTHBIX IOJIeil BOJIM3H MOBEPXHOCTH T'OJIOBBL, YTO
TaeT BO3MOKHOCTD JIOKAJH30BATH OYATH TOBBIIICHHON JJIEKTPHIECKOM
AKTUBHOCTH MO3Ta.

0COOEHHOCTE HEHPOHHOW CEeTH SIBJISETCS CIIOCOOHOCTH K
00yueHNI0, MPOSIBISIIONIASICS B MOAU(DHUKAIINN TapaMeTPOB
3JIEMEHTOB WJIM CBSI3€i B OTBET HA BHEIITHIOIO CTUMYJISIIHIO.
DTa Moau(UKANNS MOXKET MPUBECTU K U3MEHEHHUIO TMHAMH-
4eCKOTI'0 MOBEICHUS CETH MO0 MePEe NMPEAbSIBICHIS PA3JIUIHBIX
BXOJHBIX CTUMYJIOB.

PaznuuaroT derwipe TWIa HEHPOHHBIX CEeTel, COOTBET-
CTBYIOIIMX UCHOJIb3YEMbIM THIIAM 3JIEMEHTOB [2, 7].

1. Cemu u3 mHetiponog, 6 KOMOPbIX OUHAMUKA KAINCOO20
9AeMEHMA  ONUCKIBACINCA  CUCEMOTE  OugphepenyuabHblX
YpasHeHuii. DTO MOTYT OBITh YPABHEHHUS /111 HOHHOTO TPaHC-
nmopTa yepe3 MeMOpaHy, Kak B MoJieJiu XOKKINHA — XaKCJIU
[8], mmum cermeHTHBIE MoOAenu (compartment models), B
KOTOPBIX Ha OCHOBe 3akoHOB Kwmpxroda oObeamHsIOTCS
ypaBHEHMSI, OKCBLIBAIOIINE TUHAMUKY TOKOB B CETMEHTAX
HelipoHa (meHnputax, come uiu akcone) [9]. K atomy xe
KJIACCY MOKHO OTHECTH YIPOUIEHHBIE ()eHOMEHOJIOTHUECKHE
MOJIENIH, 1IEJIbI0 KOTOPBIX SIBJISIETCS COXPAHUTD CYIIECTBEH-
HbIe OCOOEHHOCTH JMHAMUKH HefpoHa XOJIDKKIHA — XaKCIN

Npu ONMCAHUM ee¢ OoJice MPOCTHIMH YpPaBHEHUSIMHU. DTO
mozenu Xunamapiia —Poy3a [10], @utinXero — Harymo [11,
12], Moppuca—Jlekapa [13] u ap. CeTu U3 Takux HEHPOHOB
MO3BOJISIIOT HanOoJIee MOJHO YYUTHIBATH MHOTHE JIETATIN
(DYyHKIMOHUPOBAHMS peaibHBIX HEWPOHOB, OJHAKO aHAJIH3
UX JTUHAMHKHA OOBIYHO COTPSIKEH C TPYIHOCTSIMHU.

2. Cemu u3 umme2pamugHo-nopo2ogulx Heiiponos. Vnre-
IPATUBHO-TIOPOTOBAsl MOJEIb HEHpoOHA SIBJISETCS CPAaBHH-
TEJIbHO TPOCTBIM YCTPOWCTBOM, HAKAIUIMBAIOIIAM IOCTY-
MAFOIINE CUTHAJIBI M TEHEPUPYIOIINM UMITYJIbC (CIIAWK) Ipu
JIOCTIOKeHUU Topora. [Ipumep, mpuBeAeHHBI Ha pHC. la,
COOTBETCTBYET TAKON MOIEJH, (QYHKIMS B 3TOM CIIydae
€CTb craiik. B 3Toif Mo1esIu MOTYT TaK)Ke yUUTHIBATHCS TAKHE
acneKkThl (YHKIMOHMPOBAHUS pEabHOTO HEHpoHa, Kak
a0COJIIOTHASI M OTHOCHUTENbHAS pepakTepHOCTh, CHHAIITH-
Jeckasl 3aJiepKKa IpH repeaie CUruaia, TMHaMAKa TOCTCH-
HANTUYECKUAX TMOTEHIMAJIOB, IMYMOBasi KOMIIOHEHTa (MMH-
TUPYIOILLAsl, HAIPUMED, NaJIeKue JeHIPUTHI NI CUHATITHYE-
Ckuii myMm) u T.4. Jl0o HACTOSIIErO BPEMEHH 3TH CETHU
SIBJISIFOTCSL HanOoJIee pacHpOCTPaHEHHBIM OOBEKTOM Kak B
TEOPETUUECKHUX UCCIIECTOBAHUSX, TAK U MPU UMUTAIIMOHHOM
MO/JICTUPOBAHUH.

3. Cemu u3 83aumo0eiicmeyIowux HelpoOHHbIX OCYUALAMO-
p06. OcIMILIATOP OOBIYHO BKJIIOYAET B3AUMOJICHCTBYIOIINE
TOTYJISIIUAY BO30YKAAIOLINX M TOPMO3HBIX HEMpoHOB. JInHa-
MHKa OCIMJLTATOPA OMKUCHIBAETCS CPETHIM YPOBHEM aKTHB-
HOCTH 3THX TOMYJISNuiA. TUIMUYHBIM TPUMEPOM SIBIISIETCS
ocimuuisiTop Buiicona—Koysna [14, 15]. Cetn u3 HelpoH-
HBIX OCHIJIJIITOPOB UCCIIELYIOTCS METOAaMU Teopuu 6udyp-
Kalui, 4YTO MO3BOJISIET AHAJTUTUYECKU M YHCIICHHO OMHCATh
o0yacT mapamMeTpoB, IPHU KOTOPBIX HMEET MECTO TOT HJIU
WHO BHJT TUHAMUKY CETH. Pe3yIbTaThl HCCIIeTOBAHUS MOTYT
OBITH COOTHECEHBI C 3KCHEPUMEHTAJLHBIMU JTAHHBIMH IO
pPEerucTpanuy JoKajabHbIX MOTEHIUAJIOB, BEI3BAHHBIX OTEH-
nuanos, DOT u MmoBeIeHYECKUX peakiuii. BBeneHue 3aaep-
JKeK B Tepefadvy CUTHAJIAa MEXIY 9JeMEHTAMH CeTH 3HAuH-
TEILHO YCIIOKHSIET KaK JAWHAMHKY CETH, TaK W 3aJady ee
HCCIICIOBAHUS, ITOCKOJIbKY ONKCBHIBAIOMIASl JAHHYK CETh
CHCTEMA C 3ama3IbIBAIOIIIM apryYMEHTOM TPeOYeT paccMOT-
peHnst 6eCKOHEUHOMEPHOT O TPOCTPAHCTBA HAYAIbHBIX YCIIO-
BHIl.

4. Cemu uz gpasosvix ocyuaismopos. B cimydae, xorma
AKTHUBHOCTb HEMPOHHOTO aHCAMOJISI IMeET OCIMILISITOPHBIN
XapakTep, yI0OHO OMKCHIBATD 3Ty AKTUBHOCTD MMOCPECTBOM
(dazoBoro ocrmiusiTOpa [16], TMHAMHUKA KOTOPOTO XapakTe-
pHU3yeTCs JIMIIb OHOM MepeMeHHOW — (a3oil KosiebaHus.
Cetu u3 (Ha30BBIX OCIHIIISATOPOB MOJIE3HBI ISl aHAJIMTHYE-
CKOTO 1 YUCJICHHOT O UCCIIETOBAHUS YCIIOBHUI CHHXPOHU3 AN
B cucTeMe ocnmiuiaTopoB. OCHOBHasi 3ajada COCTOHT B
OTMCaHUM 00JIaCTel MPOCTPAHCTBA MAPAMETPOB, COOTBETCT-
BYIOLIMX Pa3JIMYHBIM PEKUMaM CHHXPOHU3AIMU (TIOJTHON
WJIA YACTUYIHOM ).

C TOYKH 3peHHs] apXUTEKTYPHI CBSI3EH HEHPOHHBIE CETH
MOJHO Pa3[IeJIUTh Ha CJICTYFOIIHNE THITBI.

1. Cemu ¢ aoxarvnvimu ceazamu, ceazamu "ece-na-6cex",
a makace CAyUaiHIMU U paspedcenHvimu cgAsamu. OgHo-
POAHOCTD APXUTEKTYPHI CBSI3EH U MAEHTUYHOCTD 3JIEMEHTOB
00YCIIOBIMBAIOT BO3MOKHOCTH aHAJIMTHYECKOT O UCCIIeTI0BA-
HUSl TaKuUX CeTel METOJaMHU CTATHCTHUYECKONH MEXaHHKH.
Hawubosiee M3BECTHBIM HPHUMEPOM SIBJISIETCSI MOJEIb aCCO-
NUATUBHOM maMsATH Xonpmiia ¢ CAMMETPUYHBIMHY CBS3SIMHA
"Bee-na-Beex" [17, 18] (cM. Takke BTOpPYrO 4acTh 0030pa [3]).

2. Mnoeocaoiinvie cemu ¢ npAMbIMU, OOPAMHBIMU U
DEKYPPEHMHBIMU  C8A3AMU Medcdy cAoamu. B dacTHOCTH,
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TaKyl0 apXUTEKTYpPy CBSI3€i UMEIOT MHOTOCJIOMHbBIE MIEPIE-
TPOHBI, IIMPOKO WCHOJIb3yeMble B PAa3JIMYHBIX 3aJadax
o0yuenus. OOydveHue ceTu (GopMysupyeTcs Kak 3ajada
MHUHUMUA3AIAA (PYHKIIMHA OIMMOOK. DTa 3ajjadya BO MHOTHX
CIIydasix peraeTcsi ¢ MOMOINIbI0 TaK HAa3hIBAEMOTO METOJa
obpaTtHoro pacnpocrpanenus ommook (backpropagation of
errors) [5, 19]. Takas apxutekTypa HamboJiee MOMyJIsipHA B
MIPIUIOKEHUSIX HEHPOHHBIX CETeH K pACIIO3HABAHUIO 00PA30B,
MPOTHO3Y, KOJUPOBAHUIO U QDUIHTPAIMH CUTHAJIOB, 3aTIOMH-
HAHUIO BPEMEHHBIX MOCJIEI0BATEILHOCTEH U T. /1.

3. Cemu ¢ yenmpaavHbim d4eMeHmMoM. DTH CETH 11O3BO-
JISIFOT N30€kKaTh OOJIBIIIOTO YUCIIA CBS3EH, XapaKTEPHOTO JJIs
TIOJTHOCBSI3HBIX CETeH, O1arogapst ToMy, 4TO 3JIEMEHTHI CETH
B3aUMOJICUCTBYIOT Uepe3 CHeNUaTbHBIN IEeHTPAIbHBIA 3JIe-
MEHT, UMEIOIIHI CBSI3U CO BCEMU OCTAJIbHBIMU JJIEMEHTAMU
ceTH. DTa apxXWUTEKTypa ObLIa TPEIOKEHA B CBSI3U C
MojenupoBanueM BHUMaHus [20]. JuHaMuKa M peKUMBI
CUHXPOHM3AIIMK B TAKMX CETSIX ONMUCAHBI B paboTax [21, 22].

4. Cemu co caoxcnoil apxumekmypoii. K 3Toit kateropuu
OTHOCSITCSI CETH C UEPAPXUIECKON CTPYKTYPOH, CTPOSIIIHECS
u3 OoJiee MPOCTHIX ceTedl pa3HbIX TuUmoB. [loTpeOHOCTH B
TaKHUX CETSAX BO3HUKAET MPU PELICHUH 33124 MHOTO3TAIIHON
00paboTku MHpOPMAIIUU U TIPH MOJICTTMPOBAHUY CJIOKHOTO
moBeaenus [23, 24].

1.3. ITocTanoBka 3agauu

B mocnenHee nmecsiTuiieTHe B TEOPUM HEUPOHHBIX CETEU
chopMHUPOBAIOCH OTHENbHOE HANPABJICHUE, OPHUEHTUPYIO-
Ieecsl Ha MCCJIeIOBaHUE AMHAMHYECKUX ACHEKTOB HEHPOH-
HOW aKTMBHOCTH. B OTeYeCTBEHHOU me4yaTu Hapsay ¢ 0030-
poM B Y@ H [2] 6611 omybsmkoBaH 0030p [25], 0XBaThIBato-
IMUHA Tepuos wucciieqoBanuid mo 1992 r. m BuepBbIie
AKIICHTUPOBABIIUN POJIb CHHXPOHU3AIUA B JTUHAMHYECKIX
MOJeJISIX HeHpPOHHBIX ceTeil. V3 3apyOeHbIX NyOIuKanui
0030pHOTO XapakTepa Ha 3Ty TEMY CleIyeT OTMETHUThb
MmoHorpaduu [26, 27] u cratbu [7, 28]. B mocnennee
JIECSITUIICTHE TOSBIJINCH MHOTOYUCJIEHHBIE HOBBIE PaOOTHI
MO 3TOUW TEMATHUKE, YTO CIYXKHUT CTUMYJIOM K HOBOMY
00CY>XAEHUIO TUHAMUYECKUX MOJEJIEN C TeM, YTOOBI ITOABE-
CTU UTOTH TOJIyYeHHBIM Pe3yJbTAaTaM U BBIIBUTH HOBBIE
TEHCHIMH 1 HATIPABJICHUS UCCIIETOBAHUI.

B manHOIT paboTe MBI pACCMOTPHM HECKOJIBKO THIIOTES,
KOTOpbIe ObUIH BBIABUHYTHI JJIsl OOBSICHEHUS] POJIH MPOCT-
PAHCTBEHHO-BPEMEHHOI CTPYKTYPBI HEHPOHHOM aK THBHOCTH
npu o0pabotke MHPOpPMAIIUU MO3TOM, U OINHMILEM HEHPOH-
HBbIE CETH, KOTOpbIE ObLIN pa3paboTaHbl JJI1 0OO0OCHOBAHUS
9TUX THMOTe3. AHAIM3 ITHX MOJEJEH MO3BOJSET CyIUTh O
TOM, KaKHe BapHaHTHI BHIOOPA JIEMEHTOB HEHPOHHBIX CeTel
(MO/IeTbHBIX HEHPOHOB WJIM HEHPOHHBIX aHCaMOJIel), apXu-
TEKTYpbI CBsSI3¢d B CETU M AJTOPUTMOB B3aUMOJCUCTBUS
MEXAY O5JIEMEHTAMM TO3BOJISIOT PEIIUTh IOCTABJICHHBIE
334241 MOJIEIUPOBAHMS. B COOTBETCTBMM C OCHOBHBIMHU
THIIAMH MoOJeJiell paboTa pa3/iesieHa Ha YacTH, B KOTOPBIX
OCBEIIAIOTCSI CIICTYIOIIME ACTEKThl TUHAMUKA HEWPOHHBIX
CeTel:

1) BpeMeHHASI CTPYKTYpa MMILYJIbCHBIX MOCICI0OBATEIb-
HOCTEN;

2) nMHAMHKA aKTUBHOCTH HEWPOHHBIX aHCaMOJiel, CHH-
XpoHM3anus 1 GazoBble COOTHOIIICHHSI B AaKTUBHOCTH HEHPO-
HOB M HEHPOHHBIX aHCAMOJICH;

3) cuHXpoHM3aIMs HEHPOHHON aKTUBHOCTU NPU MOJIEIIH-
POBAHUM NPEABHIMAHUS 1 BHUMAHUSI.

B pazgenie 2 Mbl paccMaTpuBaeM npoOJieMy KOOUpOBa-
HUST MH(POPMAIUU C MOMOIIBIO HUMITYJIbCHBIX IMOCIIEIOBa-
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TeJIbHOCTEH. B HacTosiiee Bpemst mMeeTcsl J1Ba MOJX0Ja K
3TOH mpobJIeMe: KOJIMPOBAHUE C TOMOIIBEO CPEJIHEN YaCTOTHI
CHailKoB B MOCJIEAOBATEILHOCTH U KOJUPOBAHNE HA OCHOBE
BPEMEHHOI CTPYKTYpPBhI B IOCJIEIOBATEILHOCTSIX CHANKOB,
TeHepUPYEMBIX pa3IMYHbIMU HeiipoHamu. s kpaTkocTu
MbI OyZeM TOBOPHUTH, COOTBETCTBEHHO, O YaCTOTHOM U
BPEMEHHOM (I IPOCTPAHCTBEHHO-BPEMEHHOM) KOANPOBa-
HUH.

B paszzgene 3 MbI onuIeM THINYHBIE ACTIEKTHI CCIIEI0BA-
HUS JUHAMUKHA HEHPOHHBIX CETEH, CAeJIaB aKIIEHT Ha CHHXPO-
HU3aIUU HEHPOHHOW aKTHUBHOCTH M (Da30BBIX COOTHOIIE-
HUSIX, KOTOpble MOIYT BO3HUKHYTH B 3aBHCUMOCTH OT
HCTOJIB3YEMOTO B3aUMOJCUCTBUSL MEXAY MOMYJISIUSIMU
HEUPOHOB U OT THUIA BHEIIHEH CTUMYJISILIUU.

Paznen 4 mocBsIEeH MPUIIOKEHUIO TPUHIAITA CHHXPOHU-
3aIUU K MOJCJINPOBAHUIO NIPEIBHUMAHUS (MHTET PAIIH TTPH-
3HAKOB B IIEJIOCTHBIN 00pa3) u BHUMaHus. BynyT npuBeaeHb!
MIPUMEPBI PA3JIMYHLIX MOAXOAO0B K MOACTUPOBAHUIO HHTE-
rpaluy MPU3HAKOB, OTIMYAOIIMECS KaK 1Mo crnoco0y ¢popma-
JIN3AIINY 3229, TaK ¥ TI0 APXUTEKTYPe CHHXPOHU3YIOIIUX U
JIECUHXPOHU3YIONINX cBsA3eld. [IpuMeHuTeIHO K MOAEIUPO-
BAHWIO BHUMAHMS MbI OIUIIIEM pPe3YJIbTAThI, TOJYyYeHHBIC B
MOJEJIY, B KOTOPO# uess CHHXPOHU3aIMs B CeTH (a30BbIX
OCHMJUISITOPOB COEMHEHA C HJeel IEHTPAJIbHOTO UCTIOIHHU-
TEJIBHOT O 9JIeMeHTa. MBI ToKaxeM, Kak 3a1a4a (POKyCHPOBKU
BHUMAHHUSI MOXET OBITh CHOPMYIHPOBAHA U MPOAHATH3UPO-
BaHA B TEPMUHAX CIIEIIMAIBHOTO peXUMa pabOTHI CETH, TaK
Ha3bIBAEMOT'O pPEXHMa YaCTHYHOW CHHXPOHHU3AIUH, KOTAa
LEHTPAJIbHBIA 3JIeMEHT paboTaeT CUHXPOHHO C HEKOTOPOM
JACTHIO IMEIOIINXCS B CETU OCHUIUISITOPOB.

B pasnmene 5 Mbl 00CyauM, HACKOJIBKO CYIIIECTBEHHO
TOBJIMSUTA TOCTHXKEHUSI B 00JIACTH HEUPOCETEBBIX MojIejei
Ha TOHMMAaHHE IPOLECCOB, MPOUCXOIAIIUX B MO3TY, U
IPEJIOKEHUS IO JAJIbHENIINM UCCIIETOBAHUSIM.

2. Koauposanne
HMITYJIbCHBIMH MOCJIeI0BATEIbHOCTIMH

2.1. HeiipoH u XapaKTepUCTHKH

HMIYJIbCHBIX NOC/Ie0BaTe/IbHOCTEl

B sTOoM pa3zmene MBI pacCMOTPHUM MOJETH OJAWHOYHOTO
HelpoHa W HEHPOHHBIX CeTell, KOTOPbIE UCHOJIB3YIOTCS IS
UCCJICIOBAHMS PA3JIMYHBIX BPEMCHHBIX XapaKTEPHUCTHUK
UMITYJIbCHBIX MIOCJIEI0BATEIBbHOCTEH, TeHEPUPYEMBIX HEHPO-
HaMH, ¢ TOYKH 3pEHHs] KOAUPOBAHUS U nepenayn nHpopma-
nuu. BrIsicHsIeTCSl Kak caMa BO3MOXHOCTb TaKOTO KOJHUPO-
BaHUs, TaK U YCIIOBHUs, OOECIEUNBAIOIINE ONTUMAJILHOCTh
KOJIUPOBAHUSI.

B cootBeTcTBUU C ycTOsBLIEWCS Tpaguluedl TpUHATO
paccMaTpuBaTh HEMPOH Kak yCTPOMCTBO, mpeoOpasyrolee
BXOJIHYIO TIOCJIEJOBATEIHHOCTh UMITYJILCOB B TUCKPETHBIE
MOTEHINAIBI IEUCTBUS HA BbIXOE (CHAlKU), KOTOPBIE TIepe-
JTAFOTCS Yepe3 aKCOHBI Ha CHHAIICHI IPYTUX HellpoHoB. Kaxue
XapaKTePUCTUKH TOCIEIOBATEILHOCTEH CIAKOB MOTYT MPU
3TOM 00J1aJ1aTh HHPOPMAIIMOHHOM 3HAYUUMOCTBIO?

Jo HemaBHEro BpeMeHH HamboJliee pacipoCTPaHEHHBIM
OBLTIO TpEACTABICHWE, 4YTO TaKOH XapaKTepUCTUKON
SBIIICTCS CPEHHSSI YacTOTa CHAfKOB B IOCIIETOBATEIBHO-
CTH. DTa TUMOTe3a Omupajgach Ha TOT (PaKT, YTO HEUPOHBI
MOT'YT MEHSTb 4aCTOTY T'€HEpUPOBAHUSI CIIAKOB NIPU U3Me-
HeHUH crumyisiiud. bosee Toro, ObLIO MOKa3aHO, YTO
4acTOTa TEHEepaluHd CIHAHKOB KOPPEIUpYeT C HHTEHCHB-
HOCTBIO BXOJIHOHM CTUMYJIALUY (CM., HAIpUMED, [29]).
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ComHeHus B 3(EKTUBHOCTH YACTOTHOT'O KOJIMPOBAHMS
W €ro YHUBEPCAJbHOCTU CBSI3aHBI C TeM (HaKkTOM, 4YTO
pa3JIMYHbIE BU/IbI CTUMYJISIIIAYA MOTYT MIPUBOIUTD K HJICHTHY-
HBIM 4YacCTOTaM TEHepallul HEWPOHHBIX MMITYJIbCOB. Bolee
TOT'0, OYEBHUTHO (M MOATBEPKIACTCS IKCIEPUMEHTATHHBIMA
JIAHHBIMH), YTO YaCTOTHOE KOJMPOBAHHE MOXET OBITh
3G GEKTUBHBIM B YCIOBUSX MEIJIEHHO MEHSIIOLIEHCS CTUMY-
JIAOUN, HO OHO HENPHUTOJHO MPH OBICTPOM HW3MEHEHHU
CTUMYJIOB. AJbTEpHATHBOW YACTOTHOMY KOJIWPOBAHHIO
SIBJISIETCSl TUTIOTE3a O KOJAMPOBAHUM MHPOPMAIMU MATTEP-
HOM PACIIOJIOKEHHS HMITYJIbCOB B IIOCICTOBATEILHOCTH.
IMoTeHumanbHOE HOTATCTBO U CJI0KHOCTh BPEMEHHBIX CTPYK-
Typ TapaHTHPYET BO3MOKHOCTh KOJAUPOBAHMS HHPOPMAIIMN
HE3aBHUCHMO OT ee o0beMa u pazHooopasus [30 - 32]. Mmero-
IIFecs] OKCIEPUMEHTAIbHbBIE JaHHBIE TIOKA3bIBAIOT, YTO TPU
OTIPE/ICJICHHBIX YCIIOBUSIX BPEMEHHOW MATTEPH aKTHBHOCTHU
HellpoHa, BO3HUKAIOIIMK B OTBET HA IOCJENOBATEIbHOCTH
AACHTUYHBIX CTUMYJIOB, BOCIIPOU3BOAMUTCS C TOYHOCTBIO 10
1 mc [30]. BaxHO MOIYePKHYTh, YTO B ITUX IKCIIEPUMEHTAX
MaTTepH aKTUBHOCTHU HEMpOHA aJieK OT PeryJIsIpPHOCTH.

ITockopky MHGOPMANMOHHASI 3HAYMMOCTh BPEMEHHBIX
NATTEPHOB HE MMeEET MPSIMOI0 IKCIEPUMEHTAIBHOIO MOJ-
TBEPXKICHUS, MPEACTABIISIET UHTEpEC HCCIEAOBAHUE Teope-
THYECKMX OCHOB JAHHOTO IMOAXOJa C HCIOJIb30BAHUEM
Ouosiornvecku 00OCHOBAHHBIX HelipoceTeBbIX Mojeeit. Kak
W3BECTHO, BPEMEHHBIE TMATTEPHBI AKTHBHOCTH Pa3JIMYHBIX
HEHPOHOB MOTYT OBITH pa3zHooOpasubiMu [33]. Hanpuwmep,
BO BPEMSI BBIIIOJIHEHHS )KUBOTHBIM OIPEIEIEHHOIO 3aJaHIS
AKTHUBHOCTb KOPTHKAJILHOH KJIETKM MOXET NOpPOXKIATh
MEXHUMITYJIbCHBIE HHTEPBaJbl, HUMeronme KodddummeHt
Bapuanuu (CV), Ooym3kmii k 1. DTo o3HAYaeT, YTO Takas
AKTHBHOCTb HMMECT CAVUAilHblil Xapakmep W MOXeT OBITh
aJIeKBATHO OTHCAaHA JIMIIb CTATHCTUYECKUA BEPOSITHOCTHBIM
MPOLIECCOM C MYACCOHOBCKMM pacmpeesieHneM. C apyroi
CTOPOHBI, AKTUBHOCTbH MOTOPHOTO HEHpOHAa MOXET OBbITh
peayaspnoii c CV B penenax ot 0,05 mo 0,1. B cBsizu ¢ atm
BO3HHKAIOT BOTPOCHI, KAKOH JOJDKHA OBITH MOJIETh OJTMHOY-
HOro HeiipoHa, YyTOObI OH ObLI CHOCOOEH BOCIHPOU3BECTH
pas3jIM4Hble BUABI aKTUBHOCTU? B yacTHOCTH, KaKOBBI yCJIO-
BHS IOJIyYEHUS! TIOCIIEI0BATEILHOCTEH CIAKOB, HEPETyIsIp-
HOCTb KOTOPBIX HE CBOIUTCS K BIMSIHUIO IPUCYTCTBYIOIIEH B
CHTHAJIC IITyMOBOI1 cocTasisiromneit? TeopeTnueckuii anamms
MOKAa3bIBACT, YTO CTAHAAPTHO UCHOJIb3yeMbIe B HepoceTe-
BOM MO/IEJIMPOBAHUM UHTETPATUBHO-IIOPOTOBBIC 3JIEMEHTHI
C yTEeUKOM MOTEHIUAJIA HE IPUTOAHBI JUIs1 9TOU LIEJIN: B OTBET
Ha CIIyYaiHYIO MOCIIeJOBATEIBLHOCTD BXOTHBIX CHTHAJIOB OHU
TMOPOXKAAIOT JINIIIb OYEHDb PETYJISIPHBIE TOCIIEI0BATETLHOCTH
cnaiikoB. Kak, TeM He MeHee, MOTYT MOSIBUThCS HEPETYJISIP-
Hble BPEMEHHBIC MATTEPHbI aKTHBHOCTH? [{Jjiss 0OBsSICHEHUS
atoro Coprku u Kox paccMaTpuBaroT akTUBHBIC JCHIPUTHI
¢ ObicTpoii mpoBomuMocThio it Na® m K* uoHOB.
Bnaromapst 3ToMy yCcKOpsieTCsl 3aTyXaHHE CHHAITHYECKOTO
MOTEHIIATIA, YTO B CBOIO OUepe/lb MPUBOIUT K TOIaBJICHUIO
YCPEeTHeHUsI 10 BPEMEHU BXOJHBIX CHTHAJIOB. [[OTOJHU-
TEJIbHO K 3TOMY aBTOPBI MPEINOJAraroT, YTO OJHOBpPE-
MEHHO aKTHBHPYETCS TOCTATOYHO OOJIBIIIOE YUCIIO CUHATITH-
YeCKHX BXOJOB, TaK YTO UMITYJIbC TeHEpUpyeTcs Oiarogaps
OBICTPOMY HOCTMKEHHIO Topora cpabarteiBanms. Hammume
Takux OBICTPBIX MPOBOAMMOCTEH IMOKa HE MOATBEPKIAETCS
9KCHEPHMEHTAJIBHO.

Hpyras ujest MOJyYeHUsT HEPETYIISIPHBIX MOCIEA0BATE b~
HOCTE# crailkoB ObLIa mpeajioxeHa B paborte [34]. B neit
TpeOyeMblid 3PQPEKT HEperyIIPHOCTH TOCTUTACTCS 3a CHET
CIeIMaJIbHO MOoJ0OpaHHOTO OajlaHca Mex1Ty Bo30yXkmaro-

MU ¥ TOPMO3HBIMU KOMIOHEHTAMHM HEHPOHHOW aKTHB-
HOCTH.

B paGore [35] moka3aHo, 4TO MpPHU ONPEACIICHHBIX YCJIO-
BUSIX JaXX€ CTaHAAPTHBIE HHTETPATHBHO-IIOPOTOBBIE HEW-
POHEBI C YTEUKOH MOTEHIMAIa MOTYT TeHEpUPOBATh HEepery-
JISPHBbIE BBICOKOYACTOTHBIC MOCJIEIOBATEILHOCTH HUMITYJIb-
COB. ABTODBI ITOJIYYAIOT 3TOT Pe3yJbTaT MyTEM BBEICHUS B
MOJIeJIb YaCTHYHOTO cOpoca MeMOpaHHOTO TOTEHIMAIA
mocjie TeHepalud HWMITYyJIbca HEHpPOHOM: MeMOpaHHBIN
noteniman U npuaumaet 3uavenue Uy, rae Uy, — mopor,
f—napameTtp copoca (0 < f < 1). IlokazaHo, uTo, MeHsis ff,
MO’HO IOJIy4aTh MOCJEIOBATEILHOCTH CIIAMKOB C Pa3iIny-
veiMu 3HaueHusmu CV. 3amerum, uyto Codtku u Kox
paccMaTpUBaI CIIydal MOJIHOTO cOpoca MOTEHIuAA, COOT-
BeTcTByrommid f = 0. B 3TOM cityuae MoJenbHBIN HEHpOH
TEHEPHUPYET MOYTH PETYJISIPHYIO TOCIeI0OBATEILHOCTD Craii-
KOB B OTBET Ha CJIy4aliHYIO IIOCJIEI0BATEIbHOCTh BXOIHBIX
CHUTHAJIOB, MO3TOMY B uX Mozenu BeiqmunHa CV Oim3ka K
nysto. C yBenuuenuem f 3HaueHune CV Takxke BO3pacTaeT
(mampumep, =091 maer CV =1, a =098 yxe maer
CV = 1,6).

B nmpunimne, umeetcs Apyrasi BO3MOXKHOCTD IOJIyYeHUS
HeperyJISIpHON MOCIeA0BATENILHOCTH CIIARKOB MPH MCHOJIb-
30BaHAM HMHTEIPATHUBHO-TIOPOTOBLIX HEHPOHOB C MEHSIO-
mUMcst BO BpeMeHH noporoM. Ho, kak mokazaHo B pabote
[35], aTa Mopdenb OJKBHBAJICHTHA MOJEIH C YaCTUYHBIM
cOpocoM noTeHnuaa.

2.2. CroxacTH4ecKHii HeiipoH

U HelipOH KaK /1eTeKTOp COBNA/IeHHUil

Pabora [36] mocBsIieHa H3YY€HUIO TOYHOCTHU IPECTABIICHUS
HEHPOHHBIX CUTHAJIOB BO BPeMEHU. B uacTHoCTH, M3yvascs
BONIPOC O NpeoOpa3oBaHUM MH(OpPMAIMU B HEHpPOHE U
HAJIS)KHOCTH CHHANTUYECKON Mepeavyn ¢ y94eTOM TOro, 4TO
BXOJHOW CHUTHAJ 3allyMJIeH, U Pa3JIUYHble KOMIIOHEHTHI
HelipoHa (CHHANC, ACHIPUT, COMa, aKCOH W T.O.) TaKxke
SIBJISIFOTCSL UICTOYHHKAMU ImymMa. PaccMaTpuBaroTcst nBa
ciIydast.

1. Oyenka cuenaaa. B 3ToM ciydae npeAmnosaraeTcsl, 4To
CUTHAJI KOAUPYETCS CpeaHed 4acTOTON MMITyJIbCAllMH IIpe-
CHUHANITUYECKOTO HEHpoHa. 3ajaya COCTOUT B TOM, 4TOOBI
OIICHUTH HENPEPBIBHBIA BXOTHOW CHTHAJT HA OCHOBE MOTEH-
nuaja MOCTCUHAITHYECKOI O HEUPOHA.

2. Pacnosnasanue cueHaia. B aToM ciryyae BXOJIHOM cHr-
HaJl IPeNoJIaraeTcsi OMHapHbIM, U HAJIMYKME UK OTCYTCTBHE
MIPECHHANITHYECKOTO CHaiiKa MOJDKHO OBITH ONpeneeHo Ha
OCHOBE MMOCTCUHANITHYECKOTO TOTEHIIAAIA.

CpaBHeHHE Pe3yJIbTATOB ONECHKH 3THX JBYX MOJXOJOB
MO3BOJISIET CIJIATH BHIBOABI 00 3 ek THBHOCTH cHHATITHYE-
CKOH mepeaauu 1 00CykAaTh ee ONTUMaJIbHOCTh. Ha ocHOBe
3HAYeHUH HapaMeTpoB, B3SATLIX U3 JKCIEPUMEHTAJIbHBIX
JAHHBIX 110 HOBOW KOpPE MO3Ta, JIEJIaeTCsl BEIBOI O TOM, YTO
OTHEJbHBI KOPTUKAJIBHBIA CHHAIIC HE MOXET INepedaBaTh
“HPOPMAIMIO HAJESXKHO, HO H3OBITOYHOCTH WHOOpPMAIHMU
MIPH PACCMOTPEHUN MHOXKECTBEHHBIX CHHATICOB MPUBOJUT K
3HAYUTEJbHOMY YJIYUIIEHUIO OHEHKH HH()OPManuOHHON
€MKOCTH TIpU CHHAINTHYeCKOW mepemaye. O4eBUAHO, 4TO 3a
CUET YCPEIHCHUSI MPH BPEMEHHOM WM MPOCTPAHCTBEHHOU
“30BITOYHOCTH MOXHO CO3/1aBaTh HHPOPMAIMOHHO HA/IEK-
HbIE CUCTEMBI U3 HEHAICHKHBIX IJIEMEHTOB.

PaboTa [37] nmocBsilieHa CpaBHEHUIO MIOBEJICHUS IETEPMHU-
HUCTCKOTO M CTOX4CTUYECKOTO BApUAHTOB MOJETH XOIXK-
kuHa — Xakciau. OTIpaBHOW TOYKOW 3TON pabOTHI CIIyXaT
3KCHEepUMEHTaJIbHble JaHHble paboTsl [30] u mocnemyromas
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pabora [38], rae moka3aHo, YTO MPHU MOCTOSIHHOM BXOJHOM
CHTHaJle BPEMEHA TeHEpaIlMd CHAHKOB B MOBTOPSIOIIMAXCS
9KCIEPUMEHTAX MOTYT CHJIbHO U3MEHSTHCS, HO TIPU CTUMY-
Juur  (GIYKTYMPYIOIIEM BXOJIOM HAJEKHOCTD Tepeavn
CUTHAJIa HEHPOHOM O4YEHb BBICOKA (TOYHOCTBH Iepeaauu
okoJio 1 Mc). ABTOpaMH TOKa3aHO, YTO JIETEPMHHUPOBAH-
Has MOJeNb HE BOCHPOU3BOJUT IKCIIEPUMEHTAJIbHBIE pe-
3yJIbTATHI, TOTJA KaK CTOXAaCTHYECKasi MOJEIb AEMOHCTPH-
pPYeT TpEeKpacHOe COOTBETCTBHE C IKCIEpUMEHTOM. Takoe
MPEUMYIIIECTBO CTOXACTUYECKON MOJENIN OOBSICHSETCS TEM
(axTOM, YTO NOBeACHNE MEMOPAHHOTIO NOTEHIUAJIA BOIU3U
nopora W TeHepalys MOTEHIHMaa-IeUCTBUSI KPUTUIECKUM
00pa3oM 3aBUCIT OT HEOOJIBIIOTO YUCIA MOHHBIX KAaHAJIOB
(KOTOpBIE OTKPBIBAFOTCS, YTOOBI CTEHEPUPOBATH CHATK), & HE
OT CPEIHETO COCTOSIHUSI MHOTHX MEMOpAHHBIX KaHAJIOB.
IIpencraBusroT uHTEpPEC 00CYXIaeMble CBOWCTBA HEWpOHa:
MOANOPOrOBEIE  KOJIEOaHUS MEMODPAHHOIO MOTEHIHAasIa
HEepoHa B OTBET Ha IIOCTOSIHHBIN BXO/I, CIIOHTAHHbIE CLIAHKU
B OTBET Ha IOANOPOIrOBOE BO3IEHCTBHE, 'mpomyckanue"
CHANKOB IIPU HAAOPOTrOBOM cTUMYyJIsiud. MeIJIeHHO U3Me-
HSFOIIUECS HEKOPPEIUPOBAHHBIE BXOIbl KOJIUPYIOTCS C HU3-
KOH HaJIe)KHOCTbIO U TOYHOCTBIO U, CJIEOBATENIbHO, HHDOP-
Malysi O TaKUX BXOJaX 3aBHCUT MOYTH UCKIIOUYUTEIBHO OT
cpegHero ypoBHsI akTuBHOCTU. C ApPyrou CTOPOHBI, KOppe-
JINPOBAHHBIE CHHANITUYECKHE BXOJBI MPUBOIST K CHJIBHBIM
(baykTyarusM TNpeCUHANTHYSCKON aKTHBHOCTH, KOTOpasi
3aTeM KOJIMPYETCs MOCTCUHANTHYECKMM HEHPOHOM TOCPE/-
CTBOM BPEMEHHOTI'O MATTEPHA C OYCHBb TOYHO ONPEACICHHBIM
PAacHoJIOKEHHEM CIIAKOB BO BPEMEHH.

B pabote [39] paccMaTpuBaeTCs MHTET PATUBHO-TIOPOTO-
Bas MOJIEJIb HEHPOHA U U3YYAFOTCS CBOMCTBA 3TOW MOAEIHU
KaK JeTeKTOpa COBIAJIEHMS BXOJHBIX CHTHAJIOB, Mpeobpa-
3YIOIIEr0 BPEMEHHON KOJ (BPEMEHHBIE MATTEPHBI UMITYJIb-
COB) B KOAMPOBAaHHE CPEIHUM YpPOBHEM AaKTHBHOCTH. B
KayecTBe BXOJa HCIOJb3YeTCss HEOJTHOPOIHBINA ITyacCOHOB-
cKUii coryyaitabiit mporecc. [Tomydena ¢popmyiia, onmceiBaro-
asi 3aBUCUMOCTb CBOMCTB [I€TEKTOpa COBHAJCHHHA OT
CBOWCTB M NapaMeTpOB MOJICJIbHOTO HEHPOHA.

2.3. AjanTanusi aKTHBHOCTH HelipoHa

Psn paGoT B mocienHee ecsATUIETUE ObLT MOCBSILEH 3a/1a-
YaM aJlalTHBHOTO (JOPMUPOBAHHS Y OJMHOYHOTO HEipoHa
omnpe/esIeHHON AuHAMUKU akTuBHOCTH. B pabote [40] Ha
OCHOBE Teopuu Oudypkanuil CHHIYISIPHO-BO3MYILEHHBIX
(6BICTPO-MEJIEHHBIX, ¢ MaJIbIM IapaMeTpOM IpPU YacTH
MIPOU3BOAHBIX) CUCTEM M3y4aeTCs MPOLIECC TeHePALIH ITayey-
HOM aKTUBHOCTHU U MPOIECC ATANTAIMN YaCTOTHI HMITYJIbCa-
U B Mojiesd HedipoHa Tuna Xo pkkuHa — Xakcad. [le-
TAJIBHO aHAJM3UPYIOTCS ABE OM(ypKAIWH, TPUBOIAIINAE K
CpBIBY KOJIeOATEJIbHOW Ma4YeYHON aKTUBHOCTH: CIIMSHUE
MpeAeSIbHOTO IMKJIa ¢ TOMOKJIMHUYECKOH opOuToii (neryen
cenmapaTpUChl ce/iyia) U Oudypkanus MOSBJICHHUS CeI0-y371a
Ha mpenesbHOM mukie. Kaxmas u3 atux Oudbypkanmii
MPUBOAUT K HMCUYC3HOBEHHWIO MpeAesIbHOTO Iukia (KoJseba-
HUIT), TPH 9TOM JJTsl K&KIOM U3 HUX UMEETCs CBOH crienudu-
YeCKUH MEXaHM3M HMCYe3HOBEHHS KoJjiebanuil. OTnuuue
Oudypxanuii COCTOUT B pa3JMYHOM ACHMITOTHYECKOM
MOBEJICHUH YaCTOTHl PUTMHUYECKON AKTHBHOCTH BOJIU3U
ncUYe3HOBeHMs KojieOaHuil. B obonx ciyuasix yactora KoJe-
OaHUU CTPEMHUTCS K HYJIIO, HO CKOPOCTb HPHUOIMKCHUS
pasyMYHa: B CJIy4yae FTOMOKJIMHUYECKOH Oudypranuu nepuos
[UKJIa BO3PACTAET MEJICHHO, KaK JJOTapu(pM OTKJIOHEHUS OT
KPUTHYECKOTO 3HAYEHUs Mapamerpa, AN CeaI0-y3JI0BOH
Gu(ypKAIII TepHo pacTeT OwIcTpo, kak ¢'/3. Ha ocHoBe

6*

OudypKalMOHHOTO aHaJIN3a MOJICJIUPYETCS ajanTalus
JaCTOTHI CMAKOB HEUpPOHA K BEJIMYMHE CTUMYJIUPYIOIIETO
TOKa, HabJIro1aeMast 9KCIePIMEHTAIBHO B HEHPOHAX CTOMA-
TOTACTPUYECKOTO TaHTJIMS OMapa.

B pabotax [41, 42] uzyvaercs amantanus aKTUBHOCTH B
MOJEIbHOM HeWpoHe THuma XOMXKKWHA—XAaKCIU, MO3BO-
JISIFOLLAsi BOCIPOU3BOIUTD CPEHEE 3HAUCHHUE U JUCIIEPCHUIO
BXOJHOTO curHajia. B paGote [42] nucnepcus MeKUM-
MyJIbCHBIX HHTEPBAJIOB YBEJIMYUBAETCS, €CIM JAUHAMUKA
TOKa, BBI3BAHHOTO IIOCJIECTIAMKOBOM THIIEPHOJIsipU3anueit
SIBJISIETCS MEJICHHOHN M, Ha000pOT, BapuabeIbHOCTh MeX-
UMITYJIbCHBIX MHTEPBAJIOB YMEHbIIAETCS IIpH OBbICTPOM
JIMHAMUKE TOCJIeCIaKOBOW runepnosipuzanuu. B padore
[41] anropuT™M ympaBieHHS TOTEHIIMAJIOM OCHOBAaH Ha
UCIOJIb30BAHNM KOHIIEHTPAIIMM Kajblusg B come. OJTa
MOJIeJIb HEHpOHa ObLIA peajn30BaHAa B BHJIE KPEMHUEBOH
MHUKPOCXEMBI.

3. /IluHaMuKa HellpOHHOH AKTHBHOCTH

3.1. OcuuaaATopHasi AKTHBHOCTH HEHPOHHBIX aHcaMOJIei
Heitponnoe koaupoBanue HHGpoOpManuu MoxeT ObITh peasu-
30BaHO HE TOJIHKO HA YPOBHE OTIEIbHBIX HEHPOHOB, HO M HA
YpOBHE HEWpOHHBIX aHcamoOuell. Mcrnoyib3yemble mpu 3TOM
MPUHIUTIBI KOTAPOBAHMS MOXKHO OTHECTH K OJTHOMY U3 IBYX
THITOB:

1) BpeMeHHOE KOTUPOBAHUE;

2) IpOCTPAHCTBEHHO-BPEMEHHOE KOAUPOBAHUE.

B mepBoM cityuae peub HOeT 00 3BOJIONUU AKTUBHOCTHU
HEWPOHHOTO aHCAMOJISI, TJe O] AKTHBHOCTHIO TIOHUMAETCS
YHCJIO UMITYJILCOB, CTCHEPUPOBAHHBIX HEHPOHHBIM aHCAMO-
JIEM 3a HEKOTOPBI NMPOMEXYTOK BpemeHH (i, t + At), uim
cpeTHUN MEeMOpPaHHbBIN OTEHIIMAJ HEMPOHOB B aHCaMOJIe.

Bo BTOpOM cityuae akIeHT AejaeTcs Ha XapaKTePUCTUKU
MaTTepHA POCTPAHCTBEHHO-BPEMEHHOTO DACIPE/IC/ICHUS
AKTHUBHOCTH HeifpoHHOTo ancamOuist. CyIIeCTBEHHO, YTO B
000uX cly4asix KOIUPOBAHUE OCYIIECTBISACTCS HE B TEPMH-
HaxX (UHAJIBHBIX COCTOSIHUIA CETH, & B TEPMHMHAX AMHAMUYE-
CKUX PEXKHMOB, BO3HUKAIOIIMX B KOAMPYIOIIEH ceTH B
pe3yJibTaTe MoAa4M ONPEIeTICHHBIX CTUMYJIOB [43].

MHoTHe HCClieToBATeNN 00paIatoT 0co00e BHUIMAaHUE Ha
OCHMJUISITOPHYIO AaKTHBHOCTH HEWPOHHBIX aHCaMOJieid. DTo
00yCIIOBJIEHO cielyroluME TpuurHaMmu. B 93T nesnoctHoro
MO3ra IPUCYTCTBYET PUTMHUYECKAsI AKTUBHOCTD B PA3JIMYHBIX
YaCTOTHBIX Juamna3oHax (ajbda-putm ot 8 mo 13 ', Gera-
put™ Hu3KHi oT 14 g0 20 I'm, 6eTa-puT™m BbIcOKuit oT 20 10
30 I'm, ramMma-put™m cBbite 30 ', nenpra-put™m ot 1 1o 3 I,
TeTa-put™ oT 4 o 7 't [44]). T1pm aToM XapakTep KoJieOaHmit
B 3HAYUTEJBHOW Mepe KOPPEIMPOBAH C MCUXOJOTUYECKUM
COCTOSIHUEM HCCIIEAYeMOro opranu3Ma. bouim oGHapyxeHbl
pa3JIMYHbIe BUABI PUTMUYECKON AaKTUBHOCTH U B OIIPE/ICIICH-
HBIX CTPYKTYpPax MO3ra Ha YPOBHE OTACJIbHBIX HEHPOHOB U
HEWPOHHBIX OMyJIsui. Takue skcriepuMeHTaTbHbIE TAHHbIC
MOJIYYCHBI B IEPBUYHBIX 30HAX 3PUTEIBHON 1 00OHATEILHON
KOPBI, BMOTOPHOM KOpE, B TaJJaMyCe, B THIIIIOKAMIIE U APYTUX
CcTpykTypax [45—50].

IMockonpky KosebaTedbHAsi AKTUBHOCTH  SIBJISIETCS
THITAYHOW I MHOTUX HEMPOHHBIX CTPYKTYP, MOXKHO TIpe/-
moJiaraTh, 4T0 WH(GOpPMANHUS O CTUMYJE KOIUPYETCS Kak
4acTOTON kosiebaHuil U (a30BBIMU COOTHOLIEHUSIMU (TIPU
3TOM ocobasi poJib mpuaaeTcs CHH(PA3HBIM KOJICOAHUSIM),
Tak ¥ TPOCTPAHCTBEHHBIM DPACIOJIOKEHUEM OCHUILIUPYIO-
mux HeiipoHnoB [51—53]. Ilpeanosiaraercs, 4To KOMILJIEKC-
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HBI MOAXOA K KOJUPOBAHUIO IO3BOJIMT, B YaCTHOCTH,
peruTh npobiaemMy oObeaUHEHUs (MHTETpAIlMK) MPU3HAKOB
CTUMYJIA B IIEJIbHBINA 00pas.

Ilpr oqHOKAHAIBHOM OTBEJICHUU JOMUHHUPYIOIIAM Me-
TOJOM OOpabOTKH IKCIEPUMEHTAJILHBIX TAHHBIX SBIISCTCS
cHeKkTpanbHblil aHamu3. C pacHpocTpaHEHHEM MHOTOKa-
HaJIbHOW peructpanuu nHhopMalyu Bce 00oJIbIlee 3HAUCHHUE
MOJIYYalOT METOJIbI, CBSI3aHHBIE C BBISBJIICHHEM (Ha30BBIX
COOTHONIEHU MEXJy CUTHAJIAMH B pPa3HBIX yJYacTKax
mo3ra. B kauecTBe mpumepa MOXHO TPUBECTH JIaHHBIC,
MOKA3bIBAIOIIHE CBS3b MEXKAY aKTUBHOCTBIO OMPEICICHHON
runnokamnansuoi "kiaerkn mecra" ("place cell") u dazoi
tera-putMa. "Kierka mecra" — 3TO HelipoH I'MIIIOKaMIIa,
HAIPUMED, Y KPBICHI, YIACTBYIOIINN B IPOIIECCE MPOXOXK/Ie-
HUS IO JJAOUPHUHTY U IMEFOITHIA BEICOKYIO aKTHBHOCTb, KOTJ[a
KpbICa HAxXOIUTCS B OMNpPEIEJICHHOM MeCcTe JaOupuHTA.
CorlacHO MOJIYYCHHBIM Pe3yJIbTaTaMm, [0 Mepe IepeMelrie-
HHS KpPBICBI 4epe3 "pelenTHBHOE MoJie KJIeTKH MecTa" 2
MOMEHTBI T€HEpalMd MMIIYJILCOB 3Tol "KieTkoit mecra"
CABHUTAIOTCSI B CTOPOHY 00Jiee paHHUX CIIAWKOB IO OTHOIIIE-
HUIO K MOMEHTAM HayaJia OYepeIHOTO MeprUoia TeTa-PUTMA.
OTOT (EHOMEH HOCUT Ha3BaHHE (PA30BOTO OINEPEKEHUS
(phase advance). Takum 0Opa3oM, ecTh OCHOBAaHHE IpPE/-
MOJIOXKHUTh, YTO B (a30BOM COOTHOIIEHHH MEXAY TeTa-
PUTMOM ¥ aKTUBHOCTBIO "KieTkum Mmecta' Qukcupyercs
“HPOPMAIHSI OTHOCUTEIILHO MOJI0KEHHU S )KUBOTHOTO B JTaOH-
pHHTE.

OcuuIsTopHas HEUpPOHHAS CeTh MMeEET OJUH U3 Clie-
NYIOIIMX TUHAMUYECKUX PEKUMOB: PEryJIsipHble KoJeOaHus,
KBa3HUIlepUOAMIEeCKUe (MHOTOYACTOTHBIE) KOJEOAHUS U Xa0-
trueckne kojiebanus. KommpoBanume mHpopManuu B ceTH
OOBIYHO OMHUCHIBAETCS B TEPMHUHAX PEKUMOB CHHXPOHH3A-
UM MEX]Ty 3JIEMEHTAMH CETH M BO3HUKAFOIIMX HPU ITOM
($a30BBIX COOTHOIIIEHUH. MHOTOYUCIICHHBbIC HCCIIETOBAHUS
MOKA3aJIM, YTO YCJIOBUS BO3HMKHOBEHHS PA3JIMYHBIX JMHA-
MHYECKUX PEXUMOB CYIIECTBEHHO 3aBUCST OT MCIOJIb3yeMOH
MoJeln 31eMenTa ceTh. K coxasennro, Hanbdosee feTaibHOe
OITMCAHME 3JIEMEHTA C TOMOIILIO CETMEHTHBIX MoIeJiel [54 —
56] mpuBOAUT K OOJBLIMM TPYAHOCTSIM TEOPETUYECKOTO
aHaJM3a U OYEeHb TPYAOEMKHM KOMIIBIOTEPHBIM BBIYHCIIE-
HIsIM. JlaXxe MoAeTMpoOBaHe CPABHUTEIILHO MPOCTHIX CeTel
TpebyeT UCIOJIb30BaHMS cymnepkoMibroTepa [57]. Kpome
TOTO, Cepbe3HbIe MPOOIEMBI BOZHUKAIOT M3-32 OTCYTCTBHS
9KCIIEPUMEHTAJIbHBIX [JAHHBIX OTHOCHUTEJILHO 3HAYCHUH
napaMeTpoB MOJENIU. B cBsi3u ¢ 3TUM MaTeMaTHYeCKue U
KOMIBIOTEPHBIE MOJIEIH OOBIYHO CTPOSITCSI C UCIOIb30Ba-
HHEM WHTETPATUBHO-TIOPOTOBLIX HEMPOHOB, a TaKxke
HEHMpOHHBIX WM (Pa3oBbIX ocmuiuIsiTOpoB [2, 7]. Takum
00pa3oM OCTHTACTCS OMPEICJICHHBII KOMIPOMHUCC MEXIY
TOYHOCTBIO ONHMCAHUSI M TPOCTOTOH MAaTEeMATUYECKOTO
HCCIIeIOBAHUSI.

3.2. Manble oCUMIIATOPHBIE CETH.

budypkannonnblii anams3

Haubosee n3yuen ciyyaid 1ByX CBS3aHHBIX OCIMILISTOPOB,
MOCKOJIBKY MPH 3TOM CPAaBHUTENBHO NPOCTO MOTYT OBITH
MOJTy4eHbI aHAIUTUYECKHE Pe3yIbTaThL. [IpeAnonoxum, 94To
KXKOBIH W3 IBYX MACHTHYHBIX OCIIUIISTOPOB ONHCHIBACTCS
cuctemMoil muddepeHnnaIbHBIX yPABHEHUH, a MapaMeTpsl
OCLUJUISITOPOB NOJO0OPaHbI Tak, 4TO B (pa30BOM NPOCTPAH-
CTBE OHM HAaXOJSTCS HA TPAEKTOPUM YCTOHYUBOIO MPEIEIIb-

2 B IaHHOM KOHTEKCTE PENENTHBHOE MOJIE — 3TO YIACTOK JIAOUPHHTA, B
KOTOPOM akTUBUpyeTcs "kieTka mecra'.

HOro IMKia. Tormga DUHAMHUKA OJUHOYHOTO OCHUJIISATOpPA
MOXeT ObITh ONIMCAHA OJTHOM IIepeMEeHHON — TekyIel (pa3oi
JIBUKEHHS MO MPeeIbHOMY IUKITY. JIMHAMUKA CUCTEMBI U3
JIByX CJIa0O CBSI3aHHBIX OCHUJUISITOPOB OIMMUCHIBAETCSI pas-
HOCTBIO (a3 A¢p:

e A¢ = 0 (cundasnbie kosebaHus);

e Ap = T/2, rne T — nepuon xonebanuii (mpoTuBodhas-
HbIE KOJIeOaHus);

e A¢ ne paBno uu 0, Hu T'/2 (CMHXPOHHBIE KOJIEOAHUS CO
caBurom ¢as).

HccnenoBanue yCTONYMBOCTH CTAIIMOHAPHBIX COCTOSTHUIMA
A¢ onupaeTcsl Ha TOCTPOEHUE TaK Ha3biBaeMoul H-QyHKIUU
[58, 59]. Eciiu H-QpyHKIMS CTPEMHTCS K HYJIFO B HEKOTOPOH
TOYKE, TO 9TO COOTBETCTBYET CTAIIMOHAPHOMY COCTOSHHIO,
YCTONYMBOCTL KOTOPOTO OMPEIEISIETCs 3HAKOM TPOU3BOI-
HOIt H-QyHKIMA B JTaHHOH Touke. THUIMUYHBINA IPUMED TAKOTO
HCCIICIOBAHUS JUHAMUKH CJIa00 CBS3aHHBIX OCIUJLISTOPOB
13 HEMPOHOB THNA XOKKUHA — XaKCIM MOXHO HalWTH B [60)].
OCHOBHOI1 pe3yIbTaT JaHHOU pabOThI COCTOUT B TOM, YTO B
ciydae BO30YXKMAIOMINX CBSI3€H MeXAy HeHpoHaAMW U TpU
OTpe/ICNICHHBIX 3HAUCHHSX MapaMeTPOB B CHCTEME MMEETCs
O6MCTaOUIBLHOCTD, T.€. B 3aBUCUMOCTH OT HAYaIbHOU TOYKHU
cucTeMa JIEMOHCTPHUPYET b0 crH(Da3HbIe, THOO MPOTUBO-
(ba3HbIe KOJICOAHUSI.

Mbr He OydemM paccMaTpuBaTh MOJIEIHM CO CJIA0OBIMU
CBSI3SIMH MEX]Ty HEWPOHHBIMHU OCIHIIIATOpaMH (HEOOXO M-
MYI0 UHQOPMAIMIO O TAaKUX MOJEISX MOXHO IOJIYYUTh,
HanpuMmep, B kaure [61]). Mbl orpaHuuuMcs cirydaem, Korja
CBSI3M MEX1y OCHUJUISITOPAMH JOCTATOYHO CUJIbHBIE.

OOBIYHO B CJIy4ae CHJIBHBIX CBSI3€ TPYIHO OIHUCATh
NUHAMHUKY CETH C TOMOIIBI0O MAaTEMAaTHYECKOH TeOopeMsbl,
TMO3TOMY OCHOBHBIMH WHCTPYMEHTAMH HCCIICIOBAHUSI CTa-
HOBSATCS OU(PYPKAIMOHHBIA aHATN3 U KOMIIBIOTEPHOE MO/Ie-
simpoBanue. B pabote [62] naHa kiaccudukanus pa3nuaHbIX
MEXaHU3MOB TeHepall pPUTMHYECKON aKTHMBHOCTH Ha
ocHOBe Teopum Oudypkammii. OTmeuaeTcs, 4YTO BOJIM3HU
pa3nuvHbIX Oudypkanuit Mojaelu HEHPOHHONW aKTUBHOCTHU
AMEIOT KAQYeCTBEHHO Pa3JIMYHOE TUHAMHUYECKOE MOBEICHHE.
Tak, HampuMep, UCYE3HOBEHHE PUTMHYECKON aKTHBHOCTH
BOJM3M Oudypkanuu AnApoHOBa—Xomnda XapaKTepH-
3yeTcsl YMEHbIIEHHEM aMIUIUTYIbl PUTMUYECKONH aKTHBHO-
CTHU TIPH MOCTOSIHHOM 4acTOTe KoJIe0aHMid (1acTOTa OIpee-
JISIETCSI MHIMOM 9aCThIO KPUTHYECKUX COOCTBEHHBIX 3HAUe-
Hull). Hanpotus, Bo3HMKHOBeHNE OudypKkanuu ceayio-ysia
Ha TPEACTLHOM IMKJIE XapaKTEepHU3yeTcsl CTPEeMJIICHUEM
4aCcTOTHI KOJIEOAHM K HYJIO IPU COXPAHEHUH AMILIATYIbI
koJiebanuii. Paznmuuust B IMHAMUYECKOM MOBEICHUH HCIIOIb-
3YIOTCS, B YACTHOCTH, ISl OOpa30BaHUs PA3JINYHBIX THUMOB
3aJIMOBOM aKTUBHOCTH MyTeM KOMOWHUPOBAHUS PA3JIAIHBIX
Oudypxanuii Tpu BOZHUKHOBEHUU M MCYE3HOBEHMM HAYKU.
Hanpumep, nauka MoXeT HOSIBUTBCS Kak pe3yabTaT oudyp-
Karuu AHIpOHOBA — Xom(}a U 3aKOHYUTBCS TAKXKE uepe3 Ty
ke Oudypkammto. [pyras BO3MOXHOCTH — Tavka
MOSIBIISIETCSL 4epe3 Omdypkanuio AHIpoHOBA— Xomda, a
3aKaHYMBACTCS B pE3yJIbTaTe IOSBICHUS CelIo-y3jia Ha
npeaesibHOM 1ukie. B pabore [62] paccmatpuBaercs 120
PA3JIMYHBIX TUIIOB MaYeK UMITYJIbCOB BO3MOXKHOM 3aJMOBOM
AKTHUBHOCTH.

IMomHpli OudypKkannOHHBIN AHAN3 CHCTEMBI U3 ABYX
CBSI3aHHBIX HEWPOHHBIX OCHMILIATOpOB Buicona—Koyasna
comepxutcs B pabore [63]. B sTolt pabore wuzyuaercs
BJIMSIHME THUIA U BEJMYMHBLI CBS3M MEXIY OCHUJUISITOPAMH
Ha IMHAMHKY HeHpoHHOMU ceTu. PaccMoTpeno yeTwhipe Tuma
cBs3eil: (a) MeXIy BO30YXXIAIOUIMMU MOMYJISIIASIMA HEUPO-
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HOB; (0) OoT BO30YXAaroiiel MOIMyJISIIMA OJHOTO OCIHUJLIS-
TOpa Ha TOPMO3HYIO MOMYJISIIAIO IPYTOro OCHIILIATOPA;
(B) OT TOPMO3HOW MOMYJISIUK OJHOTO OCHHJUISTOpA Ha
BO30YXKJAIOMIYIO MOMYJISIIIMIO  JIPYrOoro  OCHHJIISATOPA;
(r) MexIy TOPMO3HBIMH TOMYJISIUSMU HelpoHoB. [Toka-
3aHO, 4TO cyabble cBsi3u TunoB (0) u (B) (Mexay pasHo-
MMEHHBIMH TONYJISIUSIMU) MOPOXAAIOT cuH(pa3Hble KoJie-
OaHusl (CMHXpOHHU3YIOIIKE CBSI3U), B TO BpeMs Kak ciaObie
cBs3U THIOB (a) U (T) (MEXIy OJHOUMEHHBIMH MOILYJIs-
OUSMH) TOPOXJIAIOT MPOTUBO(A3HbIE KOJeOAHUS (IeCUH-
XPOHM3YIOIINE CBs3M). [IpH MPOMEXKYTOUYHBIX 3HAUYCHHSIX
CHJIBI CBSI3€i CeTb MOXET T'€HepUpOBATH KBA3UIEPHOIUYE-
CKHUE U XaOTUYecKHe KoyebaHusi. MOryT Take COCYIIECTBO-
BaTh HECKOJbKO PpAa3JIMYHBIX JIHHAMHYECKHX PEKUMOB.
IToxoxwuit pe3yiabTaT C pa3sHOOOpa3WeM TUHAMHUYECKUX
PEXUMOB OBLT MOJIyYEH MYyTEM UMHUTAIMOHHOTO MOJICIIUPO-
BaHUs B pabote [64].

JAuHamMuka CHCTeMBI M3 [BYX HACHTUYHBIX HEHPOHOB
Xunamapia —Poy3a ¢ 3JeKTpHYEeCKUMU CBSI3SIMU  U3yda-
Jacek B paborte [59]. Bruto moka3zaHo, 9TO B 3aBUCHMOCTH OT
BEJIMYHMHBI TIOJISIPU3YIOIETO TOKA CHCTEMA CITIOCOOHA JIEMOH-
CTPUPOBATD IATh PA3JIMYHBIX TUHAMUYECKUX PEKUMOB!

e cuH(a3HbIe KOJIEOAHUS;

e IpoTUBOQa3HbIC KOJeOAHUS;

e K0JIeOaHUsI C TPOU3BOJILHBIM (Da30BBIM CIIBUTOM, 3a-
BHUCSIIIIAM OT BEJIMUYMHBI TOKA;

® COCYIIECTBOBaHUE CHH(A3ZHBIX ¥ MPOTUBO(A3HBIX KOJIe-
OaHuii;

® COCYILECTBOBaHME CHH(DA3ZHBIX U KBA3HUIIEPUOAMIECCKIX
KOJIeOaHUH.

B mociemHux IByX ciydasix pexXHM KOJIEOAHHH 3aBHCUT OT
HavYaJIbHBIX YCIOBHUH.

AHAJIOTHYHBIE PE3yNbTAThI I OCIHHLIATOPOB PUTI-
Xb10 ObLIM TTOJTYUEHBI B paboTe [65], a 715 peslaKCallMOHHBIX
OCIIMJISITOPOB C BO30YXIAIOIIUMU CBSI3IMU B pabote [66]. B
00enx paboTax MpH ONpeIeICHHBIX 3HAUCHHUSIX TapaMeTPOB
ObUTH OOHApYXKEHBI MPOTHUBOGA3HBIE KOJIeOaHUs U OmcTa-
OWJIBHOCTB (COCYIIECTBOBaHUE CHH(DA3HBIX U MPOTUBO(A3-
HBIX KoJieOaHuii).

B paboTe [67] uccienoBajiachk cucreMa M3 JIByX IericMe-
KEPHBIX OCHUJUISITOPOB, CB3AHHBIX JIEKTPUUECKOHN CBSI3BIO.
J71st uicciie IOBaHUS UCTIOIB30BAJICS TAK HA3BIBAEMBI METO/T
cnaiikoporo otBeta [68—70], mpu KOTOpOM MeMOpaHHBIN
HNOTEHIMAI HEMpOHA MOXET OBbITh SBHO BBIYUCIEH C IIO-
MOLIBIO [BYX (YyHKUMH, 3aBUCSIIUX COOTBETCTBEHHO OT
mapamMeTpoB MeMOpaHbI (TapaMeTphl TeHEPAIUN UMITYJIbCa
u cOpoca MeMOpPAaHHOTO MOTEHIMAIa) U OT MapaMeTpOB
3JIEKTPUYECKOW CBSI3M. DTO a0 BO3MOXHOCTH OIHUCATH
YCJIOBHSI BOSHUKHOBEHHSI PEXKMUMOB CHHXPOHHU3AIMU C Pa3-
HbIMH (PAa30BBIMH COOTHOILIEHUsIMU. B wacTHOCTH, OBLIO
oOHapyxkeHO BimsHME (OpPMBI CrHalika Ha YCTaHOBJICHHE
OTPEACNICHHOTO PeKAMa CHHXPOHU3AIINH.

B pabote [71] paccmaTpuBaeTcss MOIENb IBYX UIECHTHY-
HBIX WHTETPATHBHO-TIOPOTOBBIX HEWPOHOB C AKTHBHBIMHU
nennpuTaMu. [Toka3aHo, YTO B OTJIMYUE OT CJIydyasl MacCUB-
HBIX JCHAPUTOB, e BO3MOXHA JUIIb (ha30Basi CHHXPOHH3A-
ousl akTUBHOCTEH ABYX HEHpPOHOB, B Ciyyae AKTHBHBIX
NIEHIPUTOB BO3MOXXKHA PE30HAHCHAST CHHXpOHH3ANus (Ha
4aCTOTE, COOTBETCTBYIOIICH MEMOpAHHON YaCTOTE HEii-
poHa), a TaKXkKe MOSIBJICHIE MAYeYHON aKTUBHOCTH. [10710K1-
TeJIbHOE (BO30YXIarolllee) B3aUMOBJIMSIHUE HEHPOHOB IpPU-
BOJUT K CHHXPOHHOH Ta4eYHON aKTUBHOCTH, B TO BpeMs KaK
OTpHUIIATEJIbHOE (TOPMO3HOE) BIIUSHUE AT IPOTUBO(a3HbIC
KoJIe0aHus.

Cucrema u3 ABYX BO30YXKIAFOIIMX HEHPOHOB, ONMCHIBAEC-
MBIX JBYXCETMEHTHOU MOAeNbIo Tuna X0 KKUHA — XaKCIIH,
n3yvajgacb B paborte [72]. B aroii cucreme mmeercs Ba
Pa3JIMYHBIX KOJeOATETbHBIX PEXUMA, 3aBUCAIINX OT BEJIH-
YHHBI KaJILIUEBOW MPOBOJAUMOCTH gc,. [IpH 3TOM MOTYT
BO3HUKAThH OBICTpBIE KOJICOAHUS C MOYTH HE MEHSIOIIEHCS
JaCTOTOM MpU HU3KUX 3HAYCHUSIX gc,. Kpome Toro Moryt
MOSIBIIATECS  KOJIEOAHUsI C YMEHBIIAIOMIEHCS YacTOTOU
(3amemsiromuecst KoJieOaHUsT) IPU BBLICOKUX 3HAUCHUSX gCa.
[TyTem cBeleHUs CHCTEMBI K (Da30BBIM YPaBHEHUSM M WX
O6udypKaIMOHHOT O aHAJIM3a IIOKA3aHO, YTO B IEPBOM CIIydae
yCTOWYMBBI TPOTHBOGA3HBIE KOJIeOaHUs, a BO BTOPOM
cilyyae — TOJIbKO cuH(pa3Hble kosebanus. [Ipu npomexy-
TOYHBIX 3HAUYCHHSIX g, BO3MOXKHBI KOJIEOAHHUSI C TPOU3BOJIb-
HBIM CIIBUTOM (ha3 MeX Iy HEHpOHAMU.

Pa6oTa [73] conepxut npumep 6udpypKanmoHHOT O HCCIIe-
JIOBaHUSl HEOOJIBIION OCHMJIIITOPHON CEeTU M3 HEHPOHOB
Tina XOoJDKKMHA — Xakcnu. PaccmartpuBaercs ceTh u3 4-x
HEHPOHOB, MPEICTABIISIONIAS ABA CBSI3AHHBIX OCHIIJLIATOPA,
KQX/IbII U3 KOTOPBIX COJIEPKHUT BO3OYKAAFOUIIIA U TOPMO3-
HBIA 2JIeMeHTBI. CBSI3M MEXJy OCHWIIATOPAaMU UAYT OT
BO30Y)XJAIOIUX HEHPOHOB Ha TOPMO3HbBIE, IIPU ITOM yUH-
TBIBAIOTCSl 3aJ€PXKKU B PACHPOCTpAaHEHUH curHaia. U3y-
4aeTCsl BO3MOKHOCTh T€HEpAllMi CHHXPOHHOTO PUTMAa IIPU
W3MEHEHNH BPEMEHH 3ama3fblBaHMsI B PACIPOCTPAHEHHU
CUTHajla OT OAHOIO ocuumiuisiTopa k apyromy. Iloxasaso,
YTO MPH KOPOTKHX BPEMEHAX PACIPOCTPAHCHUS OCIUJLIS-
TOPBI HE CUHXPOHHBI, & NP YBEJIWYECHUU 3aJCPKKH BO3HU-
KaeT CHHXpoHU3anus. TeXHHUKa, C TOMOIIbIO KOTOPO MoJTy-
YeH pe3yJIbTaT, SIBJISIETCS MPOCTONW W MHTEPECHO#. ABTOPBI
YHACJIEHHO HAXOMSIT OJHOMEPHOE OTOOpakeHHe, COOTBET-
CTBYIOIIIEe PAa3HOCTU BPEMEH TOSIBJICHUS CIIAHKOB B KaXKIOM
U3 OCHWLISTOPOB U OINPENEJISIOT YCJIOBUE, NPU KOTOPOM
HyJIeBasl HEMOJBIDKHAS TOYKa TepsieT ycTohumBocTb. Pac-
CMOTPEHHBII IPUMED SIBJISETCS YACTHBIM CIIy4yaeM ABYXIIa-
paMeTpuiueckoil OMQypKaIMOHHON KAPTHHBI, KOTJa BapbH-
pYyROTCS IBA TapaMeTpa — BEJIMUNHA CBSI3M MEX/Ty OCIHILISI-
TOpaMH W BeJMYMHA 3ama3jibiBanus. VcciaemoBaHus
MIOKa3bIBAIOT, YTO ABYyXHapaMeTpuyeckas oudypkannoHHas
marpamMMa UMeeT OUYeHb CJIOKHYIO CTPYKTYpY, Te 00nacTu
CHHXPOHM3AIIH IIEPEMEKAIOTCS 00IACTIMH HECHHXPOHHBIX
kosebanmii [74, 75].

3.3. boJabime oCHUISITOPHbIE CETH.

"Urpel" ¢ XxapakTepucTHKAMM CBSI3ei

JLJ1st OCHIMJIIATOPHBIX HEHPOHHBIX CETEH, coliepKaImx 6ojee
JIByX OCIHIJIJISITOPOB, HE CYIIECTBYET OOIIEH Teopuu, KOTO-
past ObI TaBajia ONMMCAHUE BO3ZMOXHBIX JUHAMIYECKUX PEXKHU-
MOB TIPH IIPOU3BOJILHON apXUTEKTYpe CBsi3eil. BOJIBIMHCTBO
MOJIYYEHHBIX PE3YJIbTATOB OTHOCUTCS K HEHPOHHBIM CETSIM C
GOJIBIIIM YUCIIOM 3JIEMEHTOB U OJTHOPOJHOM ApXUTEKTYpOr
cesseii (Tuna "Bee-na-Beex" mwi "nokanbHbIx").

Ciryyait JOKaJIbHBIX CBsI3eil HanOoJiee TOAPOOHO U3yUYeH
Ha IpUMepe EMOYKA OCHILIITOPOB, KOTAa KA IbIiH OCIIUII-
JISTOP B3aMMOJEHCTBYET CO CBOUMHM OJIDKANIIIAMM cOce-
nsimu [76]. B yactHOCTH, OBLIIO MOKA3aHO, YTO B TAKOM CETH
MOTYT BO3HHMKATBH OETryIIHe BOJHBI C TIOCTOSIHHBIM BPEMEH-
HEIM CABUTOM (3TOT pe3yJIbTAT BaXXeH, B YACTHOCTH, IS
MOJIEJTMPOBAHUS ILTABAHUSI MUHOTH).

JlokanbHbIe CBSI3W HA IUIOCKOCTH JTAIOT BO3MOXHOCTH
HOJIYYUTh B HEHPOHHBIX CETSAX (M HE TOJBKO) pa3JIMYHbIC
BUBI JUHAMUKH, TUIMYHBIE 151 BO3OYIUMBIX Cpell, TaKue,
KaK TIOJOCHl CHHXPOHHOM aKTHBHOCTH, Bpallaloluecs
BOJIHBI, PACIPOCTPAHSIOIINECS] KOHIIEHTpHYECKe Kpyru [1,
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6, 77, 78]. B gomoJyiHEHHE K 3TUM PEXUMAaM B TIOCIIEAHEN U3
IUTUPOBAHHBIX pabOT AaH HEHPOCETEBOW BAPHAHT yeMHEH-
HBIX BOJIH 9KCUnoHo8 (OCOOEHHOCTh YKCHTOHOB COCTOUT B
TOM, YTO B OTJIMYHE OT COJUTOHOB, OHH MPHU CTOJKHOBEHUU
HE TPOXOJAT APYr Uepe3 Ipyra, a B3aMMHO TacsATCs Kak
KJIACCHUYECKUE aBTOBOJIHBI).

JlokanbHbIe CBSI3M HAa TJIOCKOCTH MOTYT HPUBOIUTH K
CJIO)KHOW TPOCTPAHCTBEHHOW AMHAMHKE OCHUJLISTOPOB
axxe B cllydae ceTell C HIOSHTHYHBIMHU DJJIeMeHTaMH. B
pa6ote [79] mpoaeMOHCTpUPOBAHA BO3MOXHOCTH BOJIHO-
BOTO PacIpOCTPAHEHUSI AKTUBHOCTHU B CETSAX U3 TOPMO3HBIX
aneMeHTOB. Ha mepBbIit B3TIsiA Takoe pacnpocTpaHeHUe
KaXETCS HEBO3MOXHBIM. IIOCKOJIbKY TOPMO3HBIE CBSI3U
YMEHBIIAIOT IePBOHAYAILHO AKTUBUPOBAHHYIO TPYIIITY 3JIe-
MEHTOB, TO3TOMY, Ka3aJ10Ch Obl, AKTUBHOCTD JIOJIKHA JTOCTA-
TOYHO OBICTPO 3aTyXaTh, @ HE PACHPOCTPAHATLCSA. ABTOPbI
paccMaTpUBAIOT HEHpPOHBI, MUMEIOIINE CHENHAIbHOE CBOIi-
CTBO, Ha3bIBaeMoOE "MOCT-TOpMO3HBIH oTKaT" (post-inhibi-
tory rebound), yTO O3HAYaeT AEMOJSPUAINIO MEMOpAHBI
Helipona B Teuenne 30— 50 Mc 1ocsie CHIIbHOTO TOPMOXKEHUS.
HelipoHHble ceTH M3 TaKMX HEHPOHOB C JIOKAJLHBIMU CBSI-
35IMH, UMEIOIIMMU Beca, OPraHU30BaHHBIE IO THUILY raycco-
BOW (PYyHKIMH, 00JIAJAIOT CIIOCOOHOCTBIO PACIPOCTPAHSTH
BOJIHOBYIO aKTUBHOCTb. B paboTe moka3aHo, YTO MMeeTCs
JIBa THTA TAKOH aKTUBHOCTHU: HEMPEPHIBHAS BOJHA U TIpe-
PBIBHCTAsI, CKaYyIas BOJIHA. TeopeTHyeckoe HCCIieI0BaAHNE
MEXaHM3Ma BO3HHUKHOBEHUS W PACHPOCTPAHEHUS CKavyIen
BOJIHBI Ha YIPOIIEHHON HEHPOHHO-CETEBON MOJIENU BBINOJI-
HeHo B pabote [80].

Hdns cimyyast TI00ANBbHBIX CBSI3e DS aHAJMTHYECKUX
pe3yJIbTATOB MOJIYYEH [IJIs1 CeTel U3 WHTETPATUBHO-IIOPOTO-
BBIX HeWipoHOB. B pabote [§1] nokazana Teopema, B KOTOpo
chOPMYIMPOBAHO TPOCTOE YCJIOBUE YCTOMYUBOCTH CHHX-
poHHOTO (CMH(]A3HOTO) peXnMa B TaKUX ceTsax. PaccmaTpu-
BAIOTCS HEMPOHBI ¢ pepaKTEPHOCTBIO (I1AIaFOIIUN TOPOT),
ONHCBIBAEMOW  OJHOMOJANLHOW  (YHKIMEH W3MEHEHHS
MMOCTCHHATITHYECKOTO MOTEHITATIA ¥ BPEMEHHON 3a1ePKKOI
B cBs3siX. [Toka3aHo, YTO PEXUM CHHXPOHU3AIUH YCTONYNB,
ecJiu MEMOPaHHBIM NOTEHIAl HEMPOHOB JOCTUTAET IOpora
Ha yYacTKe CBOETrO BO3PACTAHMS, U HEYCTOWYMB, €CIIM MEM-
OpaHHBII TOTEHIMAT JOCTUTAET MOPOTra HA Y4acTKE CBOETO
yOBIBaHMUSI.

CeTH W3 MHTETPATUBHO-TIOPOTOBBIX HEHPOHOB C paspe-
KCHHBIMH CBSI3SIMH HCCJICJIOBAIMCH B paboTte [82] ¢ momo-
mpto ypaBHenus: tuna doxkepa—Ilnanka—Koamoroposa,
ONHCBHIBAIOILETO AMHAMUKY BEPOSITHOCTHOW (pyHKIMHU pac-
TpeiesIeHNs] MEMOPAHHOT O TIOTEHIIMAIa HelipoHa. B 3aBucu-
MOCTH OT 3HAYEHWH MapaMeTpOB BO3MOXHBI Pa3JINYHbIC
COCTOSIHUSI CETH: CHHXPOHHOE COCTOSIHAE, B KOTOPOM
HEWPOHBI 3aKUTAIOTCS PETYJISIPHO, U ACHHXPOHHOE COCTOS-
HUE CO CTAlMOHAPHOU I100a7TbHON aKTUBHOCTBEO M OYEHBb
HEPEeTYJISIPHBIMU ~ paspsiiaMd  OTAEIbHBIX  HEHPOHOB.
IMocTpoensr OUQyYpKAIMOHHBIE TUATPAMMBI, MOKA3BIBAIO-
e TPAHUIBI COOTBETCTBYIOIINX OOJACTell HA IIOCKOCTH
JIBYX mapamMeTpoB. MccieqoBaHa BO3MOXHOCTh BO3HUKHO-
BEHMsI KOJIeOATENbHON aKTHBHOCTH. B cilyyae MemsIeHHBIX
KOJIEOAHUI UX MEPHO/I 3aBUCUT B OCHOBHOM OT BPEMEHHBIX
XapakTepUCTHK MEMOPAHBI, HO B cllydae OBICTPBIX KoJeba-
HUIl TIEpHOJl B OCHOBHOM 3aBHUCHT OT XapaKTEPUCTHK
CHHAIICA.

NuTepecHblil moAX0 K aHATU3Y PUTMHYECKONH HEHPOH-
HOW aKTUBHOCTH B OCIIJLIATOPHBIX HEHPOHHBIX CETSAX M3
BO30YXXJAIOIIUX W TOPMO3HBIX HEHPOHHBIX MOMYJISAIUA C
pa3JMYHBIMU TUINIAMH CBSI3ed conepxutcs B paborte [83].

ABTOpPBI pACCMATPUBAIOT CUCTEMY C OBICTPBIMH U ME/IJICH-
HBIMHU TIEPEMEHHBIMU U UCHOJIb3YIOT HATJISIHBII T€OMETPH-
YeCKU! METOJ ISl aHAJIM3a MOMEHTOB CPbIBA M300paxkaro-
1Ied TOYKM HEHPOHHOM AKTHUBHOCTU C OJIHOM M3 BETBEH
MEJIEHHBIX JBUKCHUN Ha APYTYIO, a TaKXe BO3MOXHOCTH
VIPABJICHUS] 3TUM MPOIECCOM C TOMOIIBIO TOPMO3HBIX
BJIMSIHUM, YCKOPSIFOIIMX WUJIM 3a/IePKUBAFOIIMX CpBIB. [Toka-
3aHO, HANPHUMEpP, YTO TNPH OMNpPEACJICHHOW apXUTEKType
CBsI3eil OBICTPBIE TOPMO3HBIC CBSI3M MOTYT CHHXPOHHU30BATH
KoJIeOaHus. DTU pe3yIbTaThl UCTIOJIb3YKOTCS 111 MOJIETIUPO-
BaHUsI CJIOXKHBIX KOJIEOAHW (BepeTeH) B TaJlaMyce.

OOBIYHO OCHMJUIATOpPHAS AMHAMUKA B HEMPOCETEBBIX
MO/IEJISIX BOSHUKAET B PE3YJIbTAaTe B3AUMO/ICHCTBUS BO30Y K-
JTAFOIIUX ¥ TOPMO3HBIX HEMPOHOB HMJIM 34 CYET UCIOJIb30Ba-
HUSI TEHCMEKEPHBIX HEUPOHOB, 33aJAOIIUX 3HAOTCHHBIN
pPUTM. DKCHEPUMEHTAJIbHO M3BECTHBI CIIy4au OCIHUILISTOP-
HOTO TIOBE/ICHUsI HEHPOHHBIX aHCAMOJIeH, MOCTPOCHHBIX W3
OJHOTHUIHBIX BO30YXIAOIIUX HEHPOHOB. B0O3MOXHBIN
MeEXaHN3M BO3HHMKHOBEHHS KOJCOAHUI B TaKUX aHCAMOJIAX,
pacCMOTpeHHbIH B paboTe [84], OCHOBAH Ha MCIOJIHL30BAHUU
CHHAINITHYECKOW Jenpeccun. PaccmaTtpuBaeMasi ceTh (DyHK-
IUOHUPYET B JTUCKPETHOM BPEMEHM U COCTOMT U3 JIBYX
MONyJIAIUKA  BO3OYXKIAIOIIUX  HHTErPATUBHO-TIOPOTOBBIX
HEMPOHOB C pa3pekeHHbIMU CBs3siMU. CpeliHee YUCIIO CBSI-
3eid, TPUXOASIINX HA HEHPOH BHYTPH MOMYJISIIUU, PABHO L.
[Momynsinmuy B3aMMOJIEHCTBYIOT 4Yepe3 ciadble CciyvyaliHbIe
CUMMeETpHYHbIe CBs3U. llpeamosiaraercs, 4to B KaXKIbIi
MOMEHT BPEMEHH TOJIBKO 4acTh U3 (PU3NUECKU MUMEIOIITUXCS
CHHANTUYECKUX CBSI3EH sIBIJISIETCS aKTUBHOM. UMcCiO akTuB-
HBIX CBSI3€i, BBIXO/ISIIUX U3 MOMYJISIIIMK, TPOTIOPIUOHAILHO
BenmuuHe S, € [0, 1], 9TO TaK Ha3blBaeMas CpeaHss
HaJIeXKHOCTh CHHAIICOB B MOMEHT f. [[MHAMUKa S; ONHUCHI-
BaeTCs CJIEAYIOIIUM 00pa3oM:

Sep1 = d(o)d(1 —s,),

rme o, — CpeaHsis aKTUBHOCTH  HOMYJISIUH,
d(x) =1 — xexp(—1/7). navue rosops, Besm4uHa §; OyneT
Maja, ecJid oHa ObLTa Majia B MPEANIeCTBYIOIINA MOMEHT
BPEMEHU MJIM €CJIU B IPEALIECTBYIOIUIT MOMEHT BpPEMEHHU
cpenHsisi aKTUBHOCTb B HOMYJAIUHM Oblia BeICOKOM. IMapa-
METp T Ha3bIBAETCSl MAPAMETPOM BOCCTAHOBJICHHUS IOCIHE
CHHANITHYECKOM Jenpeccuu. B pabote ucciaenoBana 3aBUCH-
MOCTb JUHAMUKH CETH OT mapaMeTpoB u 1 1. C UCIIOIb30Ba-
HUEM TEOPHUM yCpeIHEHUs! M Ou(ypKalMOHHOTO aHajIu3a, a
TaKKe YMCJIEHHBIX 3KCIEPUMEHTOB MOJIYYEHbI YCIOBUS, IPU
KOTOPBIX B CETU MOTYT CYIIECTBOBATH PEXUMBI CHH(pA3ZHON
W TPOTUBOGA3HON aKTUBHOCTH TOITYJISINA, CHHXPOHHU3a-
WU C TJIaBarollei (Hampumep, OCHUJUIMpYIOIIei) pas-
HOCThIO (a3 (phase-trapped oscillations), a Takxe KBa3uIie-
puoanueckue KojaeOaHus.

Kpome Toro, Bompockl 00 YCIOBUSX BO3HHUKHOBEHUS
KoJieOaHU! M WX CHHXPOHHU3AIUM B CETH M3 TOPMO3HBIX
WHTEPHEHPOHOB B TOCIEIHHE TOIBI PACCMATPHUBAJINCH B
pab6oTtax [85-92].

B paGotax [93, 94] u3yueHa CUHXpOHU3AIMS B OOJIBIINX
HEMPOHHBIX CETSX M3 UACHTHUYHBIX HEMPOHOB (BO30OYyXOaro-
[IAX WK TOPMO3HBIX) C OJIMHAKOBBIME CBSI3sIMU THMA ""Bee-
Ha-Bcex" MpH CIIy4aiiHO paclpeieNieHHbIX BEJMYNHAX BHEIII-
HEro BXOJIa Ha KaXXJOM M3 3JIEMEHTOB. B mepBoii u3 3Tux
paboT HajMYMe CHHXPOHHOTO COCTOSIHUS OTPEAEIIACTCS 1O
KPUTUYECKOMY 3HAYEHMIO NapaMeTpa HOpsKa, IpU KOTO-
POM aCHHXPOHHBIN PEXUM CTAHOBUTCS JIMHEWHO HEYCTOWYH-
BbIM. [loka3zaHo, 4YTO MPU HU3KOW AKTUBHOCTU CETU CUHXPO-
HU3anus 60Jiee YyCTOWINBA TP BO30YKAATOIIUX CBSI3SIX, YEM
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B CETSX C TOPMO3HBIMHU CBSI3sIMU. [IpH BBICOKOIT aKTUBHOCTH
B CETH C BO30OYXXJAIOIIMMU CBSI3SIMU CHHXPOHH3AIMS CTAHO-
BHUTCS HEBO3MOXHOW. Bo BTOpoO# paboTe CHHXpOHU3AIUS
U3y4ajlach JJId cily4as ceTu ¢ peakumu cpsizsimu. [lokasaso,
YTO €CJIA CPeJHEE YMCJIO CHHANCOB Ha HEHPOHE HEBEJIMKO
(MeHbIIIe XapaKTEPHOT0 TOPOTrOBOT'0 3HAYCHUSI), TO CHHXPO-
HU3aIlMM B CETH JOCTHYb HE YJAeTcsi, W CeTb Bceraa
HaXOJUTCSl B COCTOSIHUM HECHHXPOHHOU akTuBHOCTH. Ecim
YHCJIO CHHATICOB MIPEBOCXOIUT MOPOT, CETh MOXET padboTaTh
cuHXpoHHO. [TosyueHbl TeopeTHyecKue OUEHKH (B Iperesie
c1a60i CBSI3M C Mepexo oM K (pa30BOMY OCHUIUISTOPY) s
KPUTHUYECKOTO0 YHCJIa CHHANCOB. Tak, HampuMmep, eciu
nepuoa pedpakTEepHOCTH HYJIEBOH, TO MOPOTOBOE YHUCIO
CHHAIICOB Ha OJHOM HelpoHe paBHO 364. IlokazaHo, uTO
TEOPETUYECKHE OIICHKH COBIAJAIOT C OIIEHKAMH, IOJIyYeH-
HBIMH U3 YACJICHHBIX IKCIIEPUMEHTOB. ABTOpaMHU H3y4aJIUCh
TaK)Xe PEKUMbl CHUHXPOHM3AIMU B CETSIX C TOPMO3HBIMU
cBs3siMH. UHCIIeHHbIE JKCIEPUMEHTHI MOKA3ajd, YTO MIpHU
YBEJIMYCHUH BEJIMYMHBI TOPMO3HOM CBSI3M YPOBEHb CHHXPOH-
HOCTH HEHPOHHOW aKTUBHOCTH YMEHBIIACTCSL.

3.4. O0y4eHune HeHPOHHBIX ceTel

Kaxk u B cyyae oquHOYHOTO HEWpPOHA, AJI1 HEHPOHHOU CeTH
MIPENICTaBIISIET HHTEPEC 3aa49a aJaNTUBHOT O (POPMHUPOBAHUS
OIpe/ICJICHHOW TUHAMHUKU CeTH U TpeOyeMbiXx (a30BBIX
COOTHONICHUH MexXy dyieMeHTaMu. OOBIYHO Takas aJlanTta-
UL peaTu3yeTcsl MyTeM MOIXOISIIETO0 M3MEHEHNS TapaMeT-
POB CBSI3U MEX]1y 3JIeMEHTaMu ceTu. Tak, B pabote [95] ObL
MIPEJIOKEH aJITOPUTM OOYYCHHUs, MO3BOJIIOMINN 3aTIOMHU-
HaTh (Ha30BBIA CHBUT B CHUCTEME M3 ABYX HACHTHYHBIX
ocimuuisiTopoB Busicona—Koysna. PaccmatpuBaercs ciy-
yall OJHOHAIPABJIEHHOTO BO3JIEHCTBUS MEPBOTO OCIMILIS-
TOpa Ha BTOPOW 4Yepe3 CBSI3b MEX/Y BO30YXIAFOIIUMU
NOMyJISIIUSIME. 17151 ONMCAaHUsl CHHXPOHU3AIMU ObLT BBEACH
(yHKIMOHAT, YHpaBISIOIMKA MoIU(pUKANUEH CUIIBI CBSI3U
MEX/Ty OCIWJLIITOPAMH TaK, YTOOBI MOBBICHUTH UX CHHXPOH-
HOCTh. OOyuaromiee MpaBmJIo cHOPMYIUPOBAHO B BHUIIE
U PepeHNNATLHOTO YPABHEHUS JIUIS1 CUJIbI CBSI3H, CTAINO-
HapHOE COCTOSIHUE KOTOPOr'O COBMAAAET C XKeJaeMol Besu-
yruHOU (pa30BOrO caBura. Takum oOpa3oM, HCIOJIb3yeMoe
oOyuaroliiee MPaBUIIO IPUBOIUT K MOCTETICHHOHN aJanTalun
CHIJIBI CBSI3M K TAKOMY €€ 3HAUCHHIO, IIPU KOTOPOM JIOCTH-
raetcs TpeOyeMblil pa3OBBIi CABHT.

Jpyroii anroputM o0yueHus 3aJaHHBIM (Pa30BBIM COOT-
HOIIEHMSIM JUUISl LEMOYKU U3 (a3oBBIX OCHUIUISITOPOB C
Pa3IMYHBIMU COOCTBEHHBIMH YaCTOTAMHM OINHUCAH B paboTax
[96, 97]. IlpennmonaraeTcs, 4TO CBS3U B IIEMOYKE OJHOHATIPA-
BJIEHHBIE (He 00s13aTesIbHO ¢ OymkaimM cocesioM). Kaxmas
CBSI3b XapaKTEPU3YETCsl ONPEICICHHON BEJIMUUHON 3a]IepiK-
ku. [IBa ocHMIIISITOpA MOTYT OBITh CBSI3aHBI HECKOJIbKHUMU
CBS3SIMU C pa3HbIMU 3ajepkkamu. OOyuarolasi 4actora
(oOmmiast st BCceX OCHMJLIATOPOB) M (pa3bl I KaXJIOro
OCHIJLIATOPA TMOCTYMAIOT OT BHEUIHErO0 HCTOYHHKA (y4Hd-
tens). OOyuwarolee TpPaBUIO NTPUBOJUT K HU3MCHEHHIO
(amanTamnmu) Kak BeCOB CBsI3el, TaK M COOCTBEHHBIX YacTOT
octyIATOpoB. CorjlacHO 00yYaroieMy MpaBuiy COOCTBEH-
Has YaCTOTa U3MEHSIETCS B HAITPABJICHUH TEKYILIET O 3HAYCHUS
9aCTOTHI OCHUJUISITOPA, & BEJIMYUHBI CBSI3€H MEHSFOTCS, KaK:

wilj = hF,«Rf/.7
rue wf/- — BeC [-ii CBSI3U OT OCIMJLISATOPA j K OCHUJLISATOPY I,
F; — BHemHui oOydvaroluii CUTHAJI, MOCTYMAIOUIUNA Ha
OCHUJLIIATOP i, Rl.’ j — CHUI'HAJI, TOCTYIAIOIIMI HA OCLUILISITOP

i OT OCIMILIATOpA j 1O CBsI3M / (3aBUCUT OT Pa3sHOCTH (a3
MEXy OCHMJUISTOPAMU i U j W 3amna3/blBaHUs B CBS3U [
MEXJy HUMH), i — mapamMeTp, peryJupyroluid CKOpOCTh
amantarmuu. B pabote [97] aHaTUTHYECKN U3yYEHBI YCIIOBUS
YCTOHYUBOCTH TPOIECca aTalTAIIMN W IPUBOISTCS PE3yJib-
TaThbl KOMIBIOTEPHBIX IKCIEPHUMEHTOB, MOATBEPKIAIOLINX
BO3MOXHOCTb 00YUEHHU S CETH 3aJaHHOH 4acToTe U (pa30BBIM
COOTHOIICHUSIM. 3aMETUM, YTO 3TH Pe3yJbTAThI HE Tepe-
HOCSITCS Ha [EMOYKH OCIHUJIISITOPOB C ABYCTOPOHHHM
(IpsSIMBIM ¥ OOPATHBIM) PACIPOCTPAHEHHEM CHTHAJIOB.

B pabore [98] ¢ ucmoab3oBaHuEM (Pa30BO-4aCTOTHOTO
KOJUPOBAHUSI BXOJHBIX CUIHAJIOB U afalTald COOCTBEH-
HBIX YaCTOT OCHMJIIITOPOB MPOAEMOHCTPUPOBAHA BO3ZMOX-
HOCTb ()OPMHUPOBAHUS MAMSITH B OCHUJUIATOPHON HEHPOH-
HOW CeTH NPU IMOCTOSIHHBIX CBSI3SIX MEXAY JJIEMEHTAMU.
ITocTynarorme CTUMYJIBI KOJUPYIOTCS TPYIMIAMH OCIILIS-
TOPOB, COOCTBEHHBIEC YACTOTHI KOTOPBIX HACTPAWBAIOTCS HA
ONpeeSIeHHOE 3HAYCHUE, 3JaBa€MOE BXOJHBIM CHUTHAJIOM.
"Bennomunanue" 3allOMHEHHOTO CTHMYJIA OCYLIECTBIISETCS
MyTeM PE30HAHCHOTO OTBETA COOTBETCTBYIOIIETO aHCAMOJIS
OCHMJUISITOPOB HA MPEIbSIBICHHBIA cTUMYJI. B paboTe mpu-
BEJICHbI OIICHKH TOJIyYaeMOW MaMSTH, MOKa3bIBAIOIIUE e
BBICOKYIO 3(D(DEeKTUBHOCTD MPH PEIICHUM 3a7a4d IETCKIIUU
HOBU3HBI CTUMYJIA.

3.5. Cunxponn3zanus u (pa3oBble COOTHOLIEHHS

B MOJIeJISIX JIbIXAHUS U IBHAKEHHsI

TpaAUIIMOHHO BOTIPOCHI CHHXPOHU3AIMHA U (ha30BBIC COOTHO-
LICHUS] HAXOIATCS B IEHTPE BHUMAaHHS CHCIHAJUCTOB,
MOJEJUPYOIINX [bIXaHHUE, JBUKCHUE W PA3JINYHBIC BHIBI
TTOXOIKH.

WccnenoBanus B obsiactu HEMpOPU3NOIOTUN TBIXAHUS
XapaKkTepU3yroTcs 00pbOOH MeXay IBYMs IJIaBHBIMHU KOH-
uenuusamu: "HeiipocereBoil” u "nelicMexepHon" (uiam, B ee
coBpeMeHHOU (opme, "rubpumnoii"/ "neiicMexepHO-ceTe-
Boii"). CorylacHO HEHpOCEeTEBON KOHIENIMH (OCHOBAHHOM,
TJIaBHBIM 00pa30oM, Ha TAHHBIX, MMOJYYEHHBIX N Vivo) JIbIXa-
TEJbHBIA PUTM TEHEPUPYETCS 3a CUCT CHHANTHYECKUX (B
OCHOBHOM, TOPMO3HBIX) B3aUMOJICUCTBHI MEK/TY IbIXaTCIIb-
HBIMH HefpoHamu pasHoro tuna ("MHCHUpaTOpHLIMH",
"nmocr-uncnupatopabiMu", "sxkcnupatopuasiMu’ ¥ T.1.), HO,
IJ1aBHOE, O3 yJacTus Crenu(puIecKuX HeHPOHOB-IIeHCMeKe-
POB, CITIOCOOHBIX TEHEPUPOBATH IHIOTCHHYIO PUTMHYECKYIO,
MAYEYHYIO aKTHBHOCTb 33 CYET BHYTPEHHUX CBOICTB 3THX
HEelpoHOB. MoJenupoBaHue AbIXaTeJIBHOIO IEHTpa Ha
OCHOBE HEIPOCETEeBOIl KOHIICIIIUA PACCMOTPEHO B paboTax
[99-106]. Beum pa3paboTaHbl W TPOAHATU3UPOBAHBI B
CPaBHEHUH JPYT C APYroM psI MoOJIeNed Takoro poma. B
pe3yJbTaTe aBTOPBI HCIMOJb30BATM HEHPOHBI THUMA XOJK-
KiHa — XaKCIu JJIs TMOCTPOEHHSI PEaTUCTUYHOM MOAEIHn
IBIXaTEeJIbHOIO HEHTPa, KOTOpas Obl COTJIaCOBBIBAJIACH C
IKCIEPUMEHTAJIBHBIMU JAHHBIME Ha HECKOJBKUX YPOBHSIX,
OT KJIETOYHOrO (IMATTePHBI AKTUBHOCTH OJUHOYHBIX [bIXA-
TEJIbHBIX HEHPOHOB) JO CHCTEMHOrO (JbIXaTeJbHbIC
peduiekchl 1 T.11.).

T'ubpuaHasi KOHLENIMsI OCHOBAaHA HA NAHHBIX, HOJYYCH-
HBIX in vitro. Kak ObLIO IOKA3aHO, CPE3bl U U30JIMPOBAHHBIC
npenapaThl CHUHHOTO MO3Ta CIOCOOHBI TeHEPUPOBATH KOJIe-
OaHusI HEPOHHON AaKTUBHOCTH B YCIIOBHSIX, KOTJIa CHHAIITHU-
4ecKoe TOPMOXKEHHE OJIOKHPOBAHO (YTO HE UMEET OOBsCHE-
HUSI B paMKaX HEWPOCETEBOW KOHIICIIIUY U JaXe HOJTHOCTHIO
eii mportuBopeunt). CorjacHo THOPUIHOW KOHIETIUU
HEUPOHHBIA TeHEPATOP IBIXAHUS BKIIFOYAET B CEOS MOMyJIsi-
U0 TiecMekepHbIX HelipoHoB ("'sapo"), TeHepUpyrOIIyIO
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pUTMOM, M B CBOIO oOuepedb (HOpMHUPYIOIIYyI0 MATTEPHBI
BBIXOJHON aKTHBHOCTH. CMHT M €ro COaBTODPBI pa3pado-
TaJlm MOJeNb nelicMekepHoro HelipoHa [107, 108] u cirox-
HYIO THOPHJIHYEO MOJIEJIb IbIXaTesibHoro nentpa [109, 110]. B
TO K€ BpeMsl, TrJIaBHas mpobjieMa TUOPUAHOW Teopuu
3aKJIIOYaeTcss B TOM, YTO OHA HE MOXET OOBSCHUTHL Ps
CHCTEMHBIX ()eHOMEHOB, HAIPUMED, BO3ZMOKHOCTL HE3aBH-
CUMOM PEryJIsH TIUTEIHbHOCTH PAa3HbIX (a3 IbIXaTeNb-
HOTO IUKJIA, JIbIXaTeJIbHbIe peduiekcel u T.4. Kpome Toro,
MATTEPH BBIXOHOM AKTUBHOCTH (PETUCTPUPYEMBIit in vitro n
PEaTMCTUYHO BOCIPOU3BENCHHBIX B TMEHCMEKEPHBIX MOJIe-
JISIX) OTJINYAETCSI OT HOPMAJIbHOTO IBIXaTEJIBbHOTO MaTTepHA
(perucTpupyeMoro in vivo) W HANIOMUHAET JIbIXaTeJIbHBIN
MATTEPH B YCIOBHSIX TUIIOKCHH.

HenasHo Pridax ¢ coaBropamu [111] caenanu nonsiTky
00beAMHUTL 00€ KOHKYPHUPYIOLIHUE IMIIOTE3bI, OCHOBBLIBASICh
Ha "mepeximouartesbHoi" kounennuu. CorjiacHoO 3TOM KOH-
LENIUN B 3aBUCHMOCTH OT COCTOSIHUSI CUCTEMBI JbIXATeNb-
HBI PUTM MOXET T€HePUPOBATHLCS JINOO YUCTO HeWpoceTe-
BBIM MEXaHU3MOM, JINOO TUOPUHBIM. ABTOPBI HOCTPOWIIN U
UCCIeIoBaI MOJeb "yCIIOBHBIX" HEHCMEKEpHBIX HEMpO-
HOB, KOTOPBIE MOTYT MEPEKJIIOYATBCS C PEXUMA HEMPEPbIB-
HOI aKTHBHOCTH Ha MEHCMEKEPHBII PEKIM MaYeIHON aKTHB-
HOCTH 32 CUET HapyIeHus OajaHca MeX Iy HOHHBIMHI TOKAMHA
yepe3 HeMHAKTUBHPOBAHHBIC HATPHEBBIE KAHATIBI, yIACTBYIO-
e B TEHEpalud NeWCMEKepHOW AaKTUBHOCTH, W Yepe3
KaJMeBble KaHaJbl, OJIOKUPYIOLIUE MEHCMEKEPHYIO AKTHB-
HOCTb. B cOOTBETCTBUU C 3TON MOZEIBIO B YCIOBUSIX il Vivo
"yeaoBuble"  meiicMeKephl  00ECIIEYMBAIOT — HEMPEPBLIBHOE
"horoBoe" BO30OYKIEHHE IS JILIXATEILHOW HEWPOHHOM
CeTH, KOTOpasi, TAKUM 00Pa30oM, TeHEPUPYET JbIXaTeIbHBIN
puTM Gs1arogapsi YUCTO HEPPOCETEBOMY MEXaHU3MY. Y BEJIH-
YeHHe BHEKJIETOYHOM KOHIEHTpALMd HOHOB Kajusi (YTO
OOBIYHO [1e1aeTCsl B 9KCIEPUMEHTAX i1 Vitro, YTOOBI BBI3BATh
pUTMHYECKHe KOJIeOaHusI, M YTO eCTECTBEHHO HAOJIIOTaeTCs B
YCIIOBUSIX THIIOKCUM i1 Vivo) YMEHBIIAET KaJINeBble TOKU U
nepesoaut "yeioBHbIE" meficMekepbl B HEHCMEKEPHBIH
pexxuM. JlpIxaTeabHas CEThb B 3THUX YCJIOBUSIX MOJIyYaeT Ha
BXOJl PUTMHYECKOE, TMayeyHoe BO3OYXIACHHWE M HAYMHAET
pabotaTh B pexXMMe BBIHYX/ICHHBIX KoJjieOaHuit (T.e. mepe-
KJIFOUAETCSl HA TUOPUIHBIA MexaHu3M). OnrcanHass MOJeIb
JaeT PsiJi MHTEPECHBIX MPEJCKa3aHUi, KOTOPbIE eIle OXH-
JTAIOT 3KCHEPUMEHTAIbHON IPOBEPKHU.

B paborax [112—119] u3yuanach 3aBUCUMOCTb MEXy
CBOMCTBAMU CHCTEMBI B3aMMOACHCTBYIOIINX OCIUILISITOPOB,
YIIPaBJISIOMIUX IBUKEHIEM KOHEYHOCTEH, M HAOIF0 JaeMbIMU
nmaTTepHaMu JBHKEHUs. KaXIplii THUI MOXOAKHA MOXHO
XapaKTepU30BaTh OINpEIeICHHBIMA (a30BbIMU COOTHOIIIE-
HUSIMUA MEXAY IBUKEHUSIMU KOHeyHocTel. I[Ipu aBmxeHunn
PpBIChIO, HATIPUMED, Y JIOIIAIU KOHEYHOCTH, PACTIOIOKEHHBIE
10 AMArOHAJH, ABIKYTCS B (aze, a KOHEYHOCTH, PACIIOJIO-
JKEHHBIE CIIpaBa WJIU CJIeBa, IBIKYTCS B mpoTuBodase. Kak
CJIEYET U3 Pe3yJIbTATOB PabOT, HEPeXod OT OAHOM MTOXOAKH
K Jpyroi MoxeT ObITh omnmcaH Oudypkanueir mnorepu
CUMMETPUH B CUCTEME CBSI3aHHBIX OCHMIUIATOPOB. ITpoBe-
JIEHHO€ UCCJIeJOBAaHUE AUHAMUKM HEHPOHHBIX CETel, Moje-
JIUPYIOIINX IBYHOTYIO, YETBIPEXHOTYIO M IIECTHHOTYIO
X0JIbOY, JaJI0 MOJHYIO KJIACCU(PHUKAIMIO OXOJIOK U ITO3BO-
JINJIO BBECTH €CTECTBEHHYIO UEPAPXUIO KaK ISl BO3MOXKHBIX
BUJOB IIOXOJIKU, TaK U OMdypKaiuid, BeAyIIUX K HEPEXOIY OT
OJTHOU TTOXOJIKHU K APYTOH.

B pabGote [120] mopmenupyeTcss cucTeMa KOOPIUHAIUH
JIBIKEHWIA IBYX PYK y 4yesioBeka. PaccMaTpuBaiach ceTh u3

JIBYX ocumJLIsiTopoB Diumaca — ['poccbepra [121] ¢ OvicTpoit
caMOBO30YyXk1aroleil 0OpaTHON CBSI3bEO HA KAX I OCIUJI-
natop. OCuuIUTSITOPHI B3aNMOAEHCTBYIOT Yepe3 MeIJICHHbIE
TOPMO3HBIE CBSI3M MEXIY TOPMO3HBIM HEWPOHOM OJHOTO
OCHUJUISITOPA ¥ BO30YKAAIOIIIM HEHPOHOM JIPYTOTO OCITHII-
ggropa. Yacrora KojieOaHUR peryjmMpyercs: BeJIMYUHON
MOCTOSIHHOTO BXOJHOT'O CUI'HAJIA, HOCTYNAIOIIEr0 Ha OCIHII-
ssitopel. Kak moka3eiBaeT OMpypKaIMOHHBIN M YMCIICHHBIN
aHajm3, cuH(pa3Hble U MPOTUBO(]A3HBIE KOJICOAHUS MOTYT
COCYIIECTBOBATh TPU HHU3KUX 3HAYCHUSAX 4YacTOTHL. [lpm
BBICOKHX 3HAYCHHSX YaCTOTHI MpOTUBO(DA3HBIE KOJIeOAHUS
CMEHSIFOTCS CUH(A3HBIMU, YTO COTIJIACYETCS C IKCIEPUMEH-
TaJdbHBIMU JaHHbIMU [122]. Tlpu QOCTATOYHO BBICOKOU
qacToTe KoJiebanus co casuroMm a3, oTamyHbIM OT 0 u
180°, oka3bIBAIOTCS HEYCTOMYNBBIMU.

MopenupoBaHue EHTPATLHOTO Ir'eHepaTopa MaTTepHOB,
YOPABJISIIOLIETO IJIaBAHUEM MHHOIH, paccMaTpHBAajIoOCh B
paborax [123—128], cm. Takxke o030p [129]. OcHoBHas
3aj1a4a — TOJIYYUTh IPH COOJIIOIEHUU OCOOEHHOCTEH LeTo-
YEUHON apXUTEKTYpbl CBs3ed MEXIY OCIHIISATOPAMH,
HAOJII0/TAEMYIO B 9KCIIEPUMEHTE TIOCTOSIHHYIO pa3HOCThb (a3
MEX]1y COCEJHUMHU OCHMIUISITOPAMU HE3ABUCUMO OT 4aCTOTHI
KoJiIeOaHUil (CKOPOCTU ABWXXEHUS MUHOTH). Mojelu oTjH-
YaroTCs APYT OT APYra ACTAIbHOCTBIO OMHCAHMS (DYHKIHO-
HUPOBAHHS OTIENBHOTO HEWpOHA (CIEKTp AeTau3allud
MPOCTUPAETCS] OT CETMEHTHBIX MoJiesiell THUma XOKKIHA —
Xakenn 10 Ga3oBBIX OCHWJLISATOPOB), apXUTEKTYpOU opra-
HU3AIUU B3aUMO/IEHCTBHSI HEHPOHOB B OJHOM OCHUJLISITOPE
U APXUTEKTYpOU CBSI3€H MEXIy OCIWLIATOpaMu (OIHO-
HAIpaBJICHHbIEC U IBYHAINIPABIICHHBIE CBSI3H C OJIMKAWIINM 1
0oJtee JaTLHUM COCEICTBOM).

3.6. OcuuasiTopHsie Mo/ie 00padoTkn nHGopMamun
B HINOKaMIle
MartemaTuyeckoe ucciaeqoBaHue (pa3oBBIX COOTHOIICHUN
MpU Pa3INYHBIX THHAMHYECKUX pPEXUMax B HEHPOHHBIX
CeTSIX MOCITYKUJIO OCHOBOMW IIJIsI pa3paboTKH psia Moaesen
06paboTku nHpopmanuu B runmokame. Cepust padoT ObL1a
MOCBSILIEHA MOJACJIUPOBAHUIO YK€ YIOMHUHABIIEHCS NpoO-
61embl (pazoBoro onepexenus [130—138]. Onuiiem B kave-
CTBE IpUMepa NOCIIeTHIOK0 U3 IEPEUNCIICHHBIX MOAEIIEeH. DTa
MOJIeJIb TPEACTABIseT COOON CHCTEMY U3 JIBYX HEHPOHOB
Moppuca —Jlekapa, TopMO3HOTO (MHTEPHEHPOH) U BO3OYX-
naromiero (nmupamuaaibHast "kiaetka Mecra"). Ha Bxon
TOPMO3HOTO HEHpOHA MPUXOAUT NMEeCMEKEepHBINH CUTHAJ
(Teta-put™m). MHQOpMAIMOHHBIA CUTHAJI, TIPUXOISIINANA Ha
"kieTky Mecta" u3 3y04aToi dacuuy B MOMEHT IIOIAdaHASL
BHEIIIHErO CTUMYJIA B PEIENTUBHOE MoJie "kieTku mecta", Ha
HEKOTOPOE BPEMs MEHSIECT TUHAMUKY pabOThI CETH TaK, YTO
NUpaMUAaIbHASL KJIETKA 3aCTaBisieT MHTEPHEHPOH I'eHepU-
pOBaThb KOJIeOaHUs C YaCTOTOM OOJIBIIIEH, YeM YacTOTa TeTa-
put™Ma. DTUM 00BsICHsETCS IPPEKT Ha30BOrO OMEPEKEHUSI.
DTOT TUN TUHAMUKY TPEKPAIIAETCS IPHU COBIAICHUU ABYX
cobObITHIL: (Da30BOE omepekeHue gocTuraet 360°, a meiicme-
KEepHBI CUTHAJl MPUXOJUT HA HHTepHeWpoH. I[lpu atom
CHCTEMAa BO3BPAILAETCS B UCXOAHBIN TMHAMUYECKUN PEXKIM.
Taxum o6pazom, GazoBoe ONEpPEKEHHE PACCMATPUBAETCS
KaK MpOIeCC, aBTOMATUYECKH Pa3BOPAYUBAIONIUICS BO
BPEMEHH IOCJIe MCXOJHOTO TOJYKA. DTUM JaHHAS MOJETh
OTJIMYAETCS OT OOJIBIIMHCTBA JPYTUX MOJIXOI0B, B KOTOPBIX
(azoBoe omepexeHne OOBSICHICTCS B TEPMUHAX IPOCTPaH-
CTBEHHOT'O TIOJIOKEHUSI KPBICHI.

CrieyeT OTMETHUTB, YTO HAPSAIY C KOPOU U HEHTPAIbHBIM
TeHEPATOPOM MATTEPHOB B CIMHHOM MO3Te THITOKAMIT
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SIBJISIETCS] OJTHMM M3 HanOoJiee NOMyJIIpPHBIX 0ObEKTOB MOJIe-
JIUPOBAHMS B TEPMHHAX AMHAMHIYECKUX CHUCTeM. [1puunHbBI
3TOTO CBSI3aHBI KAK C SIPKO BBIPAXKECHHON OCHUJUISTOPHOU
AKTHBHOCTBIO TUMIOKAMIIA B PA3HBIX PUTMHYECKUX JIAAIIA-
30HAaX, TaK ¥ ¢ Pa3HOOOpA3HBIMH (DYHKIIUSIMH, TPUTHChIBAC-
MBIMH THIIIIOKAMITy B 00paboTke MHPOPMALIUU MO3TOM.

PaGora [139] nocesillieHa MOJICJTUPOBAHUIO THIIOKAM-
MaJIbHOTO TeTa-puT™Ma. MexaHN3Mbl BOBHUKHOBEHHUS ITOTO
MEJJIEHHOTO puTMa (C 4acToToi B auamna3one 5-9 Im),
HAMEIOIIETO HHTEPECHBIE MOBEICHYECKHE KOPPEIATHI, 10 CUX
nop He NOHATHBI. OHA U3 TPYIHOCTEH COCTOUT B TOM, YTO
HEHUPOHBI TUIIOKAMIIA PabOTAOT C YaCTOTON HA MOPSIOK
MPEBBIIIAIONIEH YacTOTy TETa-puTMa, IMOITOMY BaKHOM
3a7a4ueil OKa3bIBACTCS MOJIyYCHHE MEJICHHOTO DHTMa Ha
OBICTPBIX dJ1eMeHTax. B pabote obOcyxkmaercst runoresa, 4To
TETa-PUTM T'€HEPUPYETCS B PE3yJIbTATE MPOXOXKICHUS AKTHUB-
HOCTU 4epe3 JUIMHHYIO METJII0, COCTOSIIYIO M3 OJHOH
Bo30yxpaaromieid monyysuund (nupamuabl nonss CAl) u
Heckoyibkux ['AMK-3pruveckux TOPMO3HBIX MOMYJISIUN
(urTepHeitponsl mosist CAl, MeAWAJILHOTO CenTyMa ¥ IMOJIs
CA3). Mopnenb MO3BOJISIET MOJYYUTh YCTOWYMBBIN TeTa-
PUTM B 0OJIBLION 00JIaCTU MapaMeTPOB, COIJIACYIOIINXCS C
9KCIIEPUMEHTAJILHBIMU BEJIMYMHAMU. PuTmuveckass akTHB-
HOCTb BO3HHUKAaeT B MOJeM 4epe3 Oudypkanuro AHIpO-
HOBa — Xomda. 3amevyaTenTbHBIM 00pPa3oM 4YacTOTa BO3HH-
KaroIux KojebaHu MOYTH TOCTOSIHHA (C MaJIOW BapuaIen
B TeTa-Mana30He) Kak Ha rpaHuie 00JacTH BOSHUKHOBEHUS,
Tax ¥ BHYTpHU 00JIACTH CYIIECTBOBAHUS. ABTOpaMH 00CYX-
JTaeTcsl TakXkKe BONPOoc 00 yIpaBJIeHUH YaCTOTOH TeTa-puTMa
HAa OCHOBE CUTHAJIOB, IIOCTYMAIOMINX OT CTBOJIOBBIX CTPYKTYP
Mo3ra. [lonyueHHBIE PE3yIbTATHI XOPOIIO COTJIACYIOTCS C
9KCIIEPUMEHTAIBHBIMA JTAHHBIMH M TEOPETUYCCKUMH KOH-
nenmusiMu O.C. Bunorpanosoii [48].

OnHa U3 mpeAnoJiaraeMbix (GYHKIUN THUMIOKAMIIA CBSI-
3aHa ¢ popmupoBanueMm namsatu. B pabote [140] dpazoBbie
COOTHOIIIEHHSI MEXJY BXOTHBIMH CHTHAJIAMH SIBJISIFOTCS
OCHOBOI JIJISI MOJIEJINPOBAHUS 3aIOMUHAHUS WHOOPMAIIUT
B THUMIOKamIie. B MOJeNu THUIIOKAMIT OTHCBIBACTCS Kak
OCLMJUISITOpHAs HEMPOHHAS CEeThb, NMPEICTABIISOIAsl CO00it
YIJIMHEHHYIO TPEXMEPHYIO CTPYKTYPY, Ha MPOTUBOIOJIONK-
Hble KOHIIBI KOTOPOW MOAAIOTCS ABA BXOJHBIX CHTHAJA,
AMHTHPYIOIINE CUTHAJIBI, MOCTYIAIOIIE HA THITIOKAMIT OT
SHTOPUHAIBLHONW KOPBI U centyMa. O0a BXOJTHBIX CHTHAJa
SIBJISIFOTCS.  TIEPUOJMYECKUMHU KOJICOAHUSIMU B [IMAIIa30HE
TeTa-pUTMa, UMEIOIUMHU OJAMHAKOBYIO 4aCTOTY M MIPHUXOJIS-
IIMMH Ha THIIOKAMIAJIBHBIE OCHUJUISITOPBI ¢ HEKOTOPBIM
casuroM ¢as. [MociaemHuii 3aBUCUT KaK OT MPEIbSIBICHHBIX
CTUMYJIOB, TaK M OT HPOCTPAHCTBEHHOTO DPACIOJIOKECHUS
ocmmutsiTopa. Kak ciemyer u3 pe3ysibTaTOB MOJIEIHPOBA-
HUS, 3TOT (Ha30BBIN CABUT SIBJISIETCS KPUTHYECKUM MTapaMeT-
POM, OOYCIIOBJIMBAIOIIMM MOSIBJICHUE ONPEAEJICHHOrO MaT-
TEPHA MPOCTPAHCTBEHHO-BPEMEHHON aKTHBHOCTH B CCTH W,
COOTBETCTBEHHO, JIOKAJIU3AIHIO (hopMUpyeMoil maMsITH.

MBI NPOWLTIOCTPUPYEM 3TOT (PaKT HA OCHUJUISTOPHOMN
HEWPOHHON CETH W3 MHTErPATHBHO-MIOPOTOBBIX HEHPOHOB.
MaremaTnveckoe ONMcaHue AKTUBHOCTH HEHpOHA NaHO B
pasnene 6.1. ApxuTekTypa ceTd nmoka3aHa Ha puc. 3. Kax-
IIBIIA OCIILTATOP GOPMHUPYETCS U3 IBYX HEHPOHOB: BO30YX-
JTAFOIIETO MIPAMUAATBHOTO HEHPOHA U TOPMO3HOT'O HHTEP-
HelipoHna (puc. 36). OcuuISATOpbl PACHOJIOKEHBI B Yy3J1aX
TpeXMepHOWl pemieTkn pazmepoM N X M x M (puc. 3a).
IlepBasi KOOpAMHATA COOTBETCTBYET MOJIOKEHUIO OCLUILIS-
TOpa OTHOCHUTENIBHO (BHOJIb) CENTO-TEMIIOPAJIbHOW OCH
TUIIIOKAMIIa, a JBE IPYrue KOOPIWHATHI ONMUCHIBAIOT ILJIO-

Puc 3. ApxutekTypa CBs3eil B MOJEJM TUNNOKamIa: (a) TpexmepHas
CTPYKTypa cBsi3eii; (0) KOHCTPYKIMS OCHMILISATOpa (B3aUMOJICHCTBYIO-
e TOPMO3HBIA M BO30YXKIAOUIMN HEWPOHBI); (B) BO30OYyxAaroIue
CBSI3W, TMOCTYMAIOIIHEe HA NHPAMUIAIBHBIN HEHpPOH, (T) TOPMO3HbBIE
CBSI3W, ITIOCTYMAIOIINE HAa NHUPAMHIAIBHBIA HEWPOH M HHTEPHEHPOH.
PackpbiTast cTpesika HMOKa3bIBaeT HANpaBJICHHE OTPHIATEIbHOW CBSI3H
(TOpMOXKEHHE), CXKATASI — MOJIOKUTEIHHON (AKTUBALIUSA).

CKOCTb (OpPTOTOHAJIBHYIO 3TOH OCH), B KOTOPOH pacIioiokeH
kBazpat u3 M x M ocuminaropoB. Kaxaelii Takoii kBaapaT
XapakTepusyeTcs —crnenuduyueckuM  (a3zoBbIM  CABUTOM
MEX/ly BXOAaMH OT 3HTOPUHAJBHOW KOpBI M CeNTyma u
HHTEPIPETHPYETCSl KaK CErMEHT TUNIOoKaMIa (JaMesuia).
Takum 06pa3oM, MOJIENTb THITIIOKAMITA TPEJCTABIISET COOOM
LEenovky u3 N B3auMOAEUCTBYIONINX CErMEHTOB. Ha kax apIii
MMpaMUJATIbHBIN HEUPOH NPUXOIUT 6 BO30YKIAFOIINX CBsI-
3eil OT MMPaMUIAIBHBIX HEHPOHOB U3 OJIMIKAMIIIETO OKPYIKe-
Hus (puc. 3B) U 7 TOPMO3HBIX CBSI3€il OT MHTEPHEHPOHOB U3
Oyrkaiiiero okpyxeHust (BKJIFoUast HHTEPHEHPOH, pacioJio-
JKEHHBI B TOM e y3Je pemetrku) (puc. 3r). Ha kaxnubiit
WHTEPHEWPOH MNPUXOIUT OJHA BO30YXKJArOIasi CBS3b OT
NUPaMHUAAJIBHOIO HEHPOHA, pAacCIOJIOXEHHOIO B TOM XK€
y3Jie, 1 6 TOPMO3HBIX CBSI3€i OT HHTEPHEHPOHOB U3 OJIMKaii-
mero okpyxenust (puc. 3r). BxoaHble curHajbl HONAIOTCS
TOJIbKO Ha NMHUpPaMUJAJIbHbIE HEUPOHBI M PACHPEIEIISIOTCS
BIIOJIb CENTO-TEMIOPAIBHONH OCH TakuM o0Opa3oM, 4YTO
nupaMuJajabHble HEHPOHBI, NMPUHAJIEKAIINAE OJHOMY Cer-
MEHTY, NOJIy4arOT UIEHTUYHbIE BXO/IHbIE CUTHAJIbI. BxoHOM
CUTHAJ Ic OT SHTOPUHAJILHOM KOPBI UMEET BUJT

Ic(n) = acsin (wot + (n— 1) At + ¢¢)

rae n — HoMep cerMeHTa (n = 1, ..., N). BxonHo# curnan Iy
OT CeNTyMa PacCHpPOCTPAHSETCS MO CETH B MPOTHUBOIOJIOK-
HOM HANpaBJIeHUH, MOITOMY [JIsl OCIHMJLISITOPOB U3 Cer-
MEHTA /1 OH HMEET BU/JI

Is(n) = assin (wor + (N — n) At + ¢g) .

Hapsiny c umMmy 1bCHOM aKTUBHOCTBIO OTAEJIBHBIX HEUPO-
HOB JTUHAMUKY QYHKIIMOHUPOBAHUS CETH YIOOHO ONHCHIBATH
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¢ moMolpto N-MEpPHOro MaTTepHA CpeaHEHd aKTUBHOCTH
HeipoHOB B cerMeHTax. OCHOBHAsl 3aJavya HCCIEIOBAHUS
COCTOUT B ONHMCAHUM 3aBUCHMOCTH JMHAMHUKHU 3TOTO MAT-
TEpHA OT BEJIMYUHBI A = P — ¢bg.

Ha pucynke 4 nmokazaHa JuHaM#Ka JJIsl IBYX 3HAUCHUH
A¢ (30 mc g5t puc. 4a u 130 mc s puc. 40). Kaxnas pamka
puc. 4 COOTBETCTBYET OJHOMY CEIMEHTY M IOKa3bIBAeT
MOMEHTHI T€Hepaluyu CHaikoB B KaxaoMm u3 100 mupamu-
JaJIbHBIX HEHUPOHOB (HIDKHSS moJioBuHa pamku) u 100
WHTEPHEUPOHOB (BEpXHss MOJIOBUHA paMku). Kpome Toro,
B paMKe Moka3aH rpaduk cpeHeil akTHBHOCTH B CEIMEHTE.

Puc. 4. Ilunamuika akTUBHOCTH B OCLMJLISTOPHON MOJIEJIM THIIIOKAMIIA,
cocrosiieit u3 10 cermenToB (N = 10), B 3aBUCUMOCTH OT BEJIMUMHBI
pa3HocTH (a3 CUTHAJIOB, HMOCTYHAIOUIMX OT IHTOPHHAJIBHOW KOPBI U
centyma: (a) A¢p =30 mc, (0) A¢p = 130 Mc. AKTHBHOCTb HEWPOHOB B
CerMeHTe M0Ka3aHa B paMKe, IOMEUYEHHO HOMEPOM cerMeHTa. B kaxxaom
cermeHTe comepxutcs 100 BO30yXIaromux (HIDKHSISL 4acThb PaMKH) H
100 TOpMO3HBIX (BEepXHsIsl YaCTh PAMKH) HEHPOHOB. PUTMIYeckast akTHB-
HOCTh C IEpUOAOM OkoJio 200 MC MMEET MECTO BO BCEX CEerMeHTax
npumepa (a) u B cermertax 1-3, 8—10 B upumepe (0), HO ciabo
MPOSIBJIICTCS B CEIMEHTAX 4, 7 M IPAKTUYECKH OTCYTCTBYET B CEIMEHTAX
S, 6 B mpumepe (0).

Kax Bugno u3 puc. 4a, Bce 10 cerMeHTOB JEMOHCTPUPYIOT
MEJIJICHHYIO TeTa-pUTMHYECKYIO aKTUBHOCTH, IPOSBIISIO-
IIyIOCS KaK HAa YPOBHE CIIAWKOB OT/ICJILHBIX HEHPOHOB, TaK
U Ha YpPOBHE CpeAHEl aKTHBHOCTH B CETMEHTE, KOJeOaHHs
KOTOPOW UMEIOT JOCTATOYHO OOJIbIIYIO aMIuTyay. OTme-
THM Hajuuue ($a3oBOrO CABHTAa MEXIY AKTHBHOCTBHIO B
pa3HBIX cerMeHTax. MexXay COCeJHHMH CETMEHTAMH 3TOT
CIBUI cocTaBJisieT okoJjo 120 c.

JAunamuka cetu, u3zoOpaxeHHass Ha puc. 40, umeer
npyroit xapaktep. CerMeHThl Ha MPABOM U JIEBOM KOHIIAX
ceTH (TI0 TPU CETMEHTA C KaXI0H CTOPOHbBI) IEMOHCTPUPYIOT
peryJisipHble KoJieOaHUs B TMANa30HEe TeTa-puTMa. B TO ke
BpeMsl, KOJIeOATEbHBI XapakTep AKTUBHOCTH B YETBIPEX
CeTMEHTAX, PACIOJIOKEHHBIX B CEpeAUHE LEMOYKH CerMEeH-
TOB, BBIPAXEH €100 (aMILUIUTY1a KoyiebaHuit Masa). Takum
00pa3oM, Ga30BbIil CIBAT MEXAY MPUXOISIIIMHI BXOTHBIMHA
CHTHAJIAMH PaJUKaJIbHBIM 00pa3oM IepecTpamBaeT Mpo-
CTPaHCTBEHHO-BPEMEHHO MaTTepH HEHPOHHO aKTUBHOCTH.

4. MojaeM BHUMAHHSA
M MHTErpanuy NpU3HAKOB B 00pa3e

4.1. Coxpanenue nHdopmammn

0 NPHHAUICKHOCTH NPH3HAKOB

CorJilacHO COBpeMEHHBIM TpeacTaByieHusM [141, 142] obpa-
00TKy MHbOpMANMKM B MO3Te MOXHO pa3JejuTh Ha JBa
OTHOCUTEJIbHO HE3aBUCHMBIX ypoBHs. Ha nuscnem ypoemne
(Ha3pIBAEMOM MpEeABHUMAHUEM) MPOUCXOJUT BbIJEICHUEC
IPU3HAKOB MMEIOIIMXCS CTUMYJIOB U PaclHo3HaBaHUE IPO-
CTBIX CTUMYJIOB, NIPEICTABJICHHBIX, KAK MPABUJIO, OJHOTHUII-
HBIMH TIpU3HaKaMH. XapaKTEePHOW OCOOEHHOCTHIO 3TOTO
YPOBHS SIBJISICTCS TapaJjijiesibHas oOpaboTka MHpOpMAUU
(6e3 BBIIENIEHUS] KAKOU-IMOO YacTH MH(DOPMAIUH, TTOJBEP-
rarouleiics crenuaiabHoil obpaborke). Ha sepxnem ypoemne
(peann3yeMoM ¢ UCIIOJIb30BAHUEM BHUMAaHMS) POopMUpyeTCs
ob1iee mpeacTaBieHue O peajbHOCTH. Ha sTom ypoBHe
(¢bparMeHThl MHPOpPMAIMH, MOCTYMAIOIIME OT OPraHOB
qyBCTB, MAMSTH W JIBUTATEJHHBIX KOMIIOHEHT, O0OBbeau-
HSIFOTCSI B OCMBICJICHHBIE 00pa3bl, KOTOPBIE PACIIO3HAOTCS,
AHAJIM3UPYIOTCS HA HOBHU3HY W MpPH HEOOXOJIUMOCTH 3aIo-
MUHAIOTC. XapaKTepHON OCOOEHHOCTBIO 3TOTO YPOBHS
SIBJIIETCS TIOC/ieoBaTebHAsl 00paboTka mHpopmanuu. B
KaXJIpIi MOMEHT BpeMeHH 00paboTka WH(MOPMAINH TJIAB-
HBIM 00pa3oM cOCpeOoTOYCHA Ha TOW ee YacTH, KoTopas
HAXOUTCs B pokyce BHUMAHUS. To, 4TO HAXOTUTCS B hOKyce
BHUMAaHUs, 00padaThIBaeTCsl C CYLIECTBEHHO OOJIbIIIEH 1eTa-
JU3anyei U TIATeIbHOCTBIO, YeM OCTaIbHASl HH)OpMALHSL.
doxyc BHUMAHHUS IMOCIEIOBATEIbHO MEPEMEIIaeTCs] OT
OHOTO OOBEKTAa K JIPYroMy C IMPEANOYTEHHEM K HOBBIM,
"CUIBHBIM" MJIM BaKHBIM CTUMYJIAM.

[TpusHaxy, UCTIoIb3yeMble IPU KOAUPOBaHUU HHPOpMa-
UM O CTUMYJIAX B MEPBUYHBIX 30HAX KOPBI, IMEIOT PA3JIMY-
Hyto npupoay. Hampumep, B ciIyuae 3pUTENbHBIX CTUMYJIOB
9TO MOTYT OBITh T€OMETPHUECKHE, CIEKTPAbHBIE UM JIHA-
MHYECKUE XapaKTepUCTUKH nu3o0paxenus. [Ipu3Haku MoryT
OTJIMYATBCSA TaKXKE MOJAJIBLHOCTHIO B 3aBHUCUMOCTH OT
CEHCOPHOT'0 MCTOYHUKA (HANpUMEp, 3PUTEIBLHOTO MU CIIy-
XOBOTO), OT KOTOpOro nocrynaet uHpopmanus. M3BecTHo,
YTO TEpBUYHAS 00paboTKa pa3JIMYHBIX MO CBOEH MpHUpPOJIE
WM MOJTAJIbHOCTH IPU3HAKOB HIIET B CHEUATIN3NPOBAHHBIX
HEWPOHHBIX CTPYKTYpax KOpbl MO3Ta. TOJBKO B aCCONUATHB-
HBIX 30HAaX KOPBbI BO3HUKAET MPEACTABJICHHE O IEIOCTHBIX
00DbeKTax, BBI3BABIIUX CTUMYJISIIMIO CEHCOPHBIX CUCTEM
[143, 144]. B cBsI3u ¢ 3TUM BO3HHMKAET BOMPOC: KAKOBBI
HEWPOHHBIE MEXaHM3MBI, TO3BOJISIFOIINE COXPAHUTH HHDOP-
MAIIO O TPHHAJIEKHOCTH TPU3HAKOB K OT/IETbHBIM O0BEK-
TaM, ¥ KaK OCYIIeCTBIISICTCS 0ObeIMHEHUE HYXXHBIX TIPU3HA-
KOB B LIEJIbHBIN 00pa3 o0bekTa? Ita mpobiieMa Ha3bIBAETCS
npo6semMoit o0 bequHeHus (MHTErpanun) npusHakos (binding
problem). O630p COBPEMEHHOTO COCTOSIHUS 3TOU MPOOJIEMBI
coaepxurcs B [145].
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st perieHuss 3TOH mpoOJieMbl €CTh JIBa TMOJAX0/4,
CBSI3aHHBIC COOTBETCTBEHHO C JIOKaJdbHbIM (grandmother
cells) uau pacnpesesieHHbIM MpeAcTaBiieHHeM 00bekToB. O
npoOJieMax, KOTOpble BO3HUKAIOT MPH JIOKAJIHLHOM TIpe/-
CTaBJICHUH WHQOpPMAIIMU B Cilydae, KOrJa, HApUMEp, 3pH-
TeJIbHAsl CLEHA BKJIIOYAET B ceOsl OJIM3KO PACIOIOKEHHBIE
WJIY TIepeceKaroImecs: 00BEKThI Ha CJIOKHOM (DOHE, THCaIoch
nmoctaTouyHo MHOTO [52, 145, 146]. Ucnonp3oBanme pacrpe-
JIEJIEHHOT'O TIPEACTABJICHUSI OOBEKTOB ISl peaIn3allii HHTe-
rpanuu MPU3HAKOB OBLIO MPEIJIokKeHO B pabote [146] u B
JTaJibHEeHIIEeM HAIIO MOAACPXKKY Kak B TeopeTnueckux [147],
TaK W B OKCIEPUMEHTAJbHBIX HCCenoBaHUsAX [45, 46].
CorJlacHO 3TOM THIOTE3¢ MPU3HAKU OOBEKTA KOAUPYIOTCS
cuH(pa3HOW (KOTEpPEHTHOH) AaKTHBHOCTHIO HEWPOHOB B
Pa3JIMYHBIX OOJACTSAX KOPBI MO3Ta. DTa KOTEPEHTHOCTh
CIIyX)HUT B KauecTBe "MeTku", momevaroreir HHGOpPMAIHIO,
OTHOCALIYIOCS K ofHOMY 00BekTy. [lo3aHee sTa rumoresa
MOJIyYIJIa HEKOTOPOE MOATBEPXKACHHE B IKCIIEPUMEHTAJIb-
HBIX UCCIIEOBAHMSX HA TIEPBUYHBIX 30HAX 3PUTEIBLHON KOPHI
KHUBOTHBIX [45, 46], B KOTOpBbIX ObLIa OOHApYXeHAa Kak
ctuMyJio-crienuduyeckasi  kKojiebaTelbHass — AKTHBHOCTH
HEHPOHOB M HEHPOHHBIX aHCaMOJIeH, TaK M KOTePEHTHOCTh
9TOM AKTUBHOCTH IIPH COOJIIOICHUHU OIIPEIeIEHHbIX YCIOBUI
CTUMYJISIIIAY.

IIpencraBieHne o TOM, YTO MPHHIWIBI TPYNIHPOBKA
rHbOpMAIMA Ha OOOHMX YPOBHSX €e OOpabOTKH JOJDKHBI
OBITH CXOJTHBIMU, TPUBEJIO K MOTMBITKE UCTIOIH30BATH MPHH-
UM CUHXPOHU3ALUKY HEHPOHHOM aKTUBHOCTH ISl OOBSICHE-
HUS MeXaHu3Ma (OPMUPOBAHUS M TEpeKIroUeHUs Pokyca
BHuMaHug [147, 20]. Ilpeanomnaraercsi, 4TO B peaju3aluu
9TOTO OOINEero NPUHIMIIA HA PA3HBIX YPOBHIX HMEETCS
cIIeyroliee pa3jiniyne: Ha HUXKHEM YPOBHE CHHXPOHHU3ALUS
SBJISICTCSL CJICNICTBUEM HEMOCPEICTBEHHOTO B3aUMO/ICHCT-
BUS MEX]y HEHPOHHBIMH aHCAMOJISIMU B MEPBUYHBIX 30HAX
KOpBbI, BO3MOXHO, HpPH YYacTUH MYJbBUHAPHOIO spa
TajamMyca W Me3eHIehamieckol peTHKyIsipHOi (opma-
nuu [148, 149]; Ha BepXHEM YpPOBHE CHHXPOHM3ALUS OCY-
IIECTBJISIETCS TOJ YNPABJICHUEM CIICIUATBHBIX CTPYKTYP
MoO3ra (TaKMX Kak CeNTO-TUNIOKaMIaJbHAs CHCTEMA U
JIOGHBIE [OJIM KOPBI), SBJISIFOIIMXCS "KOHEYHBIMH CTaH-
masma" mpu nmpoasmkennn uH(popmanmu 1o kKope. Ha
HIDKHEM YPOBHE CHHXPOHU3AIIHSI UCTIOTIB3YeTCs ISl POpMH-
pOBaHMSI TMPOCTHIX TPU3HAKOB (TaKWX, HAMPUMEp, Kak
HaJIMYMe B FeOMETPUM OOBEKTa MPSIMOJIMHEHHBIX OTPE3KOB
C ONIpEACJICHHBIM YIJIOM HAaKJOHAa), HAa BEPXHEM YDPOBHE
CHHXPOHM3AIMS MCHOJIb3YETCs Il MHTETPAIMU B IIEJIbHBIN
obpa3 Bcell mHpOpMAIMK, HAXOsIeiHcs B (POKyce BHUMA-
Husi. [Ipu mepeMeniennn Gpokyca BHUMAHUS B CHHXPOHH3a-
[IUFO BOBJICKAIOTCSI PA3JIMYHbIC 30HBI KOPBI, UTO OMPEACIACT
MOCJIeIOBATENIbHBIA XapakTep 00paboTku nHpOpMAIMKM HA
BTOPOM YPOBHE.

Hwwxe OyayT ommcaHbl MOJEIH, B KOTOPBIX MPHHIIHII
CHHXPOHM3AINH MCIOJIb3YETCs ISl PELIeHN ST 33141 HHTeTpa-
UK IPU3HAKOB B (POPMUPOBAHUS POKYCa BHUMAHUS.

4.2. Mojeu HHTerpanun Npu3HAKOB:

napaJjijie/bHble Mpoueaypbl

IIpennonoxum, 4TO CEHCOPHBIK BXOJ HEHPOHHOH ceTu
AKTUBUPOBAH HAOOPOM OJTHOBPEMEHHO MPEIbSIBICHHBIX
00bekTOB. OCHMILIATOPHAS HEWpPOHHAsh MOJEjb MHTErpa-
LMY IPU3HAKOB OOBIYHO YIOBJIETBOPSIET CIEAYIOLLEMY Tpe-
6oBanuto. ITpusHaxu 00H020 00seKMa NPedCcmagAeHbl AHCAMO-
AeM CUHXPOHHO padomarowjux ocyuitamopog. Ilpu smom me
004CHO ObIMb CUHXPOHUAYUU MENCOY AHCAMOAAMU OCYUALS-

mopog, KOOUpYIoWux nPU3HAKU pasHelx 00svexmos. Popmupo-
BaHUE CHHXPOHHO pa0OTalOIIMX HEHPOHHBIX aHcaMOJel
MOET POUCXOIUTH NapaJIIEIbHO (CHHXPOHHBIE aHCAMOJIN
(bopMUPYIOTCST OTHOBPEMEHHO ISl BCeX OOBEKTOB) WIIU
MOCJIEIOBATENLHO (CHHXPOHHBIE aHCAMOJIHM, KOIHUPYIOIIHe
pa3nvHbIe 00BEKTHI, BOSHUKAIOT B ONPEICIIEHHOM MOCIIEI0-
BaTEJbHOCTH). MOIeIMPOBAaHUE UHTET PALIIH 3JIEMEHTAPHBIX
OJHOTUIHBIX TPU3HAKOB B COOTBETCTBUH C IKCIIEPUMEHTAIIb-
HBIMH TaHHBIMU, TOJYYEeHHBIMU B J1abopaTopusix 3uHrepa u
OKXOpHA, JOCTATOYHO NOAPOOHO M3JI0KEHBI B 0030pe [2].
VuuteiBas 3T0, MBI COCPEJOTOYMMCS Ha cliydae, Korja
00DBEKTHI MPEACTABICHbI HECKOJILKUMU PA3JIMYHBIMU NPU3-
HaKaMu.

IIpr pa3paboTke MOIenW WHTETpAlMd MPU3HAKOB HA
OCHOBE CMHXPOHHU3AIUU JAOCTATOYHO OYECBHIHOW MPEICTAB-
JISIeTCSl UJIesl, COTJIACHO KOTOPOU 3JIEMEHTHI HEHPOHHOM CeTH
CHHXPOHU3YIOTCS C TOMOIIIBIO IMTOAXOISIIHAM 00pa3oM chop-
MUPOBAHHBIX JIOKaJIbHBIX cBsizell. K coxasieHutro, mombITKa
peau3anuu 3TON uaeu MPUBOJANUT K CIEAYIOIIEH TPy IHOCTH.
Ecnu cBsi3m MeXy 9JIeMEHTaMU CETU MaJjibl, TO UX CHHXPO-
HU3YIOIEH CHIIBI OKa3bIBAETCSl HETOCTATOYHO ISl OBICTPOM
7 HAJISKHOW CHHXPOHU3ANUH BCEX OCIMIIISITOPOB, KOJIUPYIO-
IUX TPU3HAKH OJHOTO 00bekTa. ECim e CBSI3U MEXIy
9JIEMEHTAMHU CETH CIEJIaTh CUJIbHBIMH, 9TO MOXET NPUBECTU
K CHHXPOHM3AIMHM TPYNI OCHUJUISITOPOB, KOIUPYIOLIUX
pa3Hble OOBEKTHI.

Jns mpeoosieHus] 3TOW TPYAHOCTH OBLIO BBIIBUHYTO
nBa mnpemioxeHus. COIJIaCHO TEPBOMY TMPEIJIOKECHUIO
HY)KHO WCIIOJIb30BaTh ajantupyrommuecs cpsizu [150], a
AMEHHO: cudd C8A3U MeNCOY OCYUAAAMOPAMU, PAOOMAI0-
WUMU CUHXPOHHO, 00ANCHA YBEAUUUBAINBC A, A MEIHCOY HECUHX-
POHHBIMU OCyuALAmopamu yovieams. Bropoe npensioxeHue
COCTOSIJIO B TOM, UTOOBI cOeaamy AOKAAbHbIE CBAZU MeNCOY
0AU3ZKO  PACHOAONCCHHBIMU  OCYUAAAMOPAMU  CUHXDOHUZYIO-
WUMU, A CB8A3U MeNCOY YOAACHHBIMU OpYe 0m Opy2d OCYUuLls-
mopamu uAu OCYUAALMOPAMU, KOOUPYIOWUMU KA4eCMEEeHHO
pasHvle npusnaxu, coeiams decunxponusyiowumu [151]. Oda
MPEIJIOKEHHST TPUBOASAT K CXOHOMY pe3yJbTaTy: ecau
CUHXPOHHbBIC AHCAMOAU OCYUAAANOPOE 00PA3YIOM U30AUPO-
BaHHbBIC KAACMEDbl, CUHXDOHUZAYUU MeIHCOY IMUMU AHCAMO-
ASAMU He Oydem.

Bomtomienne 3TuX wuae B HEHPOCETEBBIX MOJEISX
OTJIMYAETCS PA3JIMYHON CTENEeHbI0 MPHOJIDKEHHs K JKCIe-
PUMEHTATbHBIM JaHHBIM. MOJIeIb MHTErpalud TpU3HA-
KOB, onucaHHasi B paborax [150, 23, 152] xapakTepusyer-
Csl SIBHO BBIP@XXEHHBIM CTPEMJIEHHEM COOJIIOICHMSI JKCIIe-
pUMEHTaIbHBIX ycioBuit. Mogmenb [150] Obuta paccuntaHa
Ha PaboOTy ¢ MBUXKYIIUMHCS OOBEKTAMH, KOHTYPBI KOTO-
PBIX ANMPOKCHMHUPOBAHBI TNPSIMOJUHEWHBIMI OTPE3KaAMU.
VcoBepiiieHCTBOBaHHASI MO/1eJb [23] O3BOJINJIA BKJIFOUUTH B
paccMOTpEHHE TakXke LBETHble u3o0paxkeHus. B cetu uc-
MOJIB3YIOTCS. MHTETPATUBHO-IOPOTOBBIE HEHPOHBI, UyBCT-
BUTEJIbHBIE K HAJIMYMIO B UX PELENITUBHOM II0JI€ COOTBETCT-
BYIOIINX MPU3HAKOB H300pakeHus (1iBeTa, GOpMBI U TBHXKE-
HUS), & OCHUJUISTOPBI B CETH pEaM30BaHBI HA OCHOBE
B3aUMOJCHCTBUSL aHcaMOJiell BO30YXIAIOIIMX M TOPMO3-
HBIX HEHPOHOB. APXHUTEKTypa 3TOW MOJAEIM IOCTATOYHO
CJIO)KHA W BOCHPOU3BOJUT BO MHOTUX HM3BECTHBIX JETAJISX
CTPYKTYPY CBSI3eil MEXIy Pa3JIMYHBIMU OOJIACTSIMH MO3Ta,
YYACTBYIOIIUMH B 00pabOTKe 3pUTEIHHOU WHPOPMAIIWH,
BKJIFOYasl 00J1acTh (PPOHTAJIBLHOW KOPBI, YIPABJISIONIYIO
JIBUXKEHHEM IJ1a3.

Mopens unnena u Kenura [151] moxHO paccMmaTtpu-
BaTh Kak pa3BUTHE Hjed OoJyiee paHHMX pabOT MO Tak
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HA3BIBAEMOMY TOJIOHMYECKOMY KOMILIOTEPY 3 (CM., HATIPH-
mep, [153]). Lenbro MoaenupoBaHus SBJISIETCS IEMOHCTpA-
Ul TPUHIMITMATIBHON Peain3yeMOCTH UHTET PAIlN TPU3HA-
KOB B HEHPOHHOU ceTH (C BO3MOXHOCTBIO [aJIbHEHIINX
TEXHUYECKUX TNpuioxeHuil). CeTb COCTOUT M3 HECKOJIbKUX
B3aMMOACUCTBYIOMIMX MOyIel. Kaxxabiit Moy 1b KOAUpPYET
OJMH M3 MPHU3HAKOB (B Ka4YeCTBE MPU3HAKOB MOTYT HCHOJIb-
30BaThCs IPKOCTH, OPUEHTAINS, IIBET, CKOPOCTD IBHKECHUS U
np.). Moaynb mNpencTaBiseT co0OW TPEXMEPHYIO CeTb,
3JIEeMEHTAMHU KOTOPOHU SIBIISIFOTCS OCHUJUISTOPBI Thmna Bui-
cona—KoysHa. [IByMepHbIE TOpPU3OHTAJIBHBIC ILIOCKOCTH
COOTBETCTBYIOT TONOTpaduu 3pUTEIHHOIO MOJIS, & TIOCKO-
CTH, HaxOJfILIMecss Ha DPA3HBIX YPOBHSIX COOTBETCTBYIOT
Pa3JIMYHBIM TpaJanusM TpH3HaAKa. BHyTpH Momyms Oiu3-
KHE€ OCIHJUISITOPBI CBSI3BIBAIOTCS CHHXPOHU3YIOIIMMU CBSI-
35MH, a yJaJeHHBbIe JIPYr OT JIpyra OCHUJUISTOPHI CBS3bI-
BAIOTCSl JECHHXPOHHU3YIOIIMMU CBsI3IMU. [pyr ¢ apyrom
MOJIyJI CBSI3BIBAIOTCS C TIOMOIIBIO CHHXPOHU3YIOIINX CBSI-
3eil MeXAY OCHUILISTOPAMU, COOTBETCTBYIOIIMMH OAHOMY U
TOMY € MUKCEJIF0 3PUTEJIbHOrO MOoJist. Takast apXuTekTypa
CeTH TMO3BOJSIET pPaboTaTh € OOBEKTaMM, H300paKeHUS
KOTOPBIX HAJIOXEHBI OJHO Ha IPYroe B 3pUTEJIHLHOM IIOJIE.
Ecnu, Hanpumep, nepecekaromyecs n300paxeHusi 00BbEKTOB
UMEIOT DA3JUYHbIE 3HAYEHHsI SIPKOCTH, TO B 3TOM CJIydae
BO3MOXHO TPABHJIbHOE BBIMOJHEHUE MHTETPAIMU IPU3HA-
KOB 0O'BEKTOB, TOCKOJILKY B MOJIYJIE, KOJUPYIOILEM SIPKOCTb,
3TH OO0BEKTHI OYAYT MNpeACTaBJIEHbI HENEPECEKAIOIIUMUCS
KJIACTEPAMU OCHUJIISITOPOB C CHHXPOHU3YIOIIUMHU CBSI3SIMU
BHYTPU KJIACTepa U IECHUHXPOHU3YIOLIUMU CBSI3SIMH MEXIY
KJIACTEPaMHU.

Ony6anKoBaHHAS HECKOJIBKMIMH TOJAMH IM03Xe padoTa
[154] ormmuaercst or paborsr [151] juIIb HEKOTOPBIMU
HECYIIeCTBEHHbIMU jeTajisiMiu. OHa OpHEHTHpOBaHA Ha
paboTy ¢ KOHTYPHBIMHU M300PaXKEHUSIMU U B 3TOM OTHOIIIE-
HUWU ellle OJimke K TOJIOHHYECKOMY KoMIbtoTepy. OCHOBHbBIE
TIOCTHXKEHUsI pabOThI COCTOAT B JEMOHCTPAIH TOTO, YTO
TJIa/IK¥e JUTHHHBIE ¥ 3aMKHYThIe KOHTYPBI IPUBOJIAT K OoJiee
SIPKO BBIPA)XXEHHOI CHUHXPOHHOW aKTUBHOCTH KOJIUPYFOIIMX
OCLUJIISITOPOB.

B 1999 r. ®epiype u Kenur ony0mkoBaM 3HAYUTEIBHO
YCOBEPLICHCTBOBAHHBIN BApUAHT MIPEAIIECTBYIOIIEH MOIEIN
Mumnena um Kenura [155]. OcHOBHblE OTJIMYUST HOBOH
MOJIEJI COCTOSIT B CJIeAYyroIeM. BMecTo HEHPOHHBIX OCIHII-
JIATOPOB B KAaYeCTBE 3JIEMEHTOB CETU HCIIOJIb3YIOTCS UHTE-
IPATUBHO-NIOPOTOBbIe HEHPOHBI. CeTh MO-IIPEKHEMY UMEET
MO/TIyJIbHBIIA XapaKTep, HO TeNephb KaXIbIii MOAYJIb CHOpMHU-
pPOBaH M3 YeThIpeX MOCJIEIOBATEIHLHO COCTMHEHHBIX CIIOEB
HEHUPOHOB: cJIOW BO30YXIAIOIIUX HEUPOHOB, [BA CJOS
topmo3ubix [AMK-A u TAMK-B HelipoHOB U cJjI0ii ympa-
BJISIFOLLUX TJIFOKOMAT-9PTUYECKUX HEHPOHOB. BxomHble cur-
HaJIbl IPUXOSIT HA CJI0M ynpaBIIsitolnXx Heiponos. Hanuune
CJIOS1 YIIPABJISIOIIMX HEHPOHOB SIBJISIETCS OCHOBHO# 0COOCH-
HOCTBIO MOJIEJIN. DTU HEHPOHBI HE BO3ACHCTBYIOT HEIO-
CPEIICTBEHHO Ha MEMOpaHHBIA MOTEHIHUAJl IPYrux HeHpo-
HOB, HO CIIOCOOHBI BJIMSITh HAa CHHANTHYECKHE KOHTAKThI
9TUX HEHPOHOB, ONEPATUBHO MEHSSI TEM CAMBIM BEJINYUHY
cuHanTuieckol csizu. CeThb paccunTaHa Ha paboTy ¢ mpo-
M3BOJILHBIMU MHOTOTpaIalliOHHBIMU IIBETHBIMU H300paKe-
HUSIMH.

Kpome 0OBbIYHOM mJIst MOJIENM WHTErpanuy MpU3HAKOB
CIOCOOHOCTH K CHHXPOHM3ALUM AaKTUBHOCTU HEHPOHOB,

3 Tostonnueckunii KOMIbIOTEP — OT rped. holos (Bech), Koraa CBsI31 MeX 1y
snementamu "Bee-Ha-Beex".

KOJUPYIOUIMX pa3jInuHble 00BEKTHI, B paboTe HMPOJEMOH-
CTPUPOBAHBI, IO KpaifHel Mepe, ABe HOBLIE BO3ZMOXXHOCTH
00paboTku wu300paxkeHuid. Bo-TiepBbIX, AaHHAs MOJIENb
MO3BOJIIET pPaboOTaTh C MABWKYIIMMUCS OO0BeKTaMu 0Oe3
CHeNUaIbHBIX JIETEeKTOPOB ABIKeHUs. [Ipu 3TOM (B COOT-
BETCTBUM C 3KCIEPUMEHTAJbHBIMY TaHHBIMHI) CUHXPOHM3A-
LSl AKTUBHOCTH HACTYMAET cpa3y IpU MoNagaHuu 0ObeKTa B
pElenTUBHBIE TOJISI COOTBETCTBYIOIINX HEHPOHOB. Bo-BTO-
pPBIX, MOJENb YYyBCTBUTEJIbHA K KOHTEKCTY, B KOTOPOM
MOoKa3aHbl OOBEKTHI, MMEIOIIecss Ha W300paxeHud. s
WUTFOCTPAIIMHA 3TOW CHOCOOHOCTH pacCMATPUBAIOTCS JBa
puMepa.

B mepBom mpumepe Ha H300paXeHUHM HUMeETCsS [Ba
pa3HeCeHHBIX IO MPOCTPAHCTBY 00BEKTa, KaXIbIA U3 KOTO-
PBIX COCTOUT U3 4-X TOJIOCOK, B KOTOPBIX YePEIYIOTCS ABa
nBeta. L[Bera, cocraBistolue TEPBBIM OOBEKT, CBETJIbIC
(C1-C2—-C1-C2). LIera, cocTaBJIsiFOLLIUE BTOPON OOBEKT,
temHble (T1-T2-T1-T2). CeTb npaBUJIbHO JUCKPUMUHU-
pyeT Takue 1Ba 00bekTa. Bo BTOpoM mprumMepe uMeeTcst OAHO
n300paxeHne, COCTABIICHHOE U3 § CBETJIBIX MOJIOCOK, HMEIO-
mmx meera Cl-C2-C1-C2-C1-C2-C1-C2. B stom
ciaydae ceThb JaeT OTBeT (B TEPMHUHAX CHHXPOHU3AIMU
AKTHUBHOCTH), YTO Ha JAAaHHOM M300paKCHUM HMMEETCS JIBa
HECBSI3HBIX OOBEKTA, OJIUH U3 KOTOPLIX COCTOUT M3 MOJIOCOK
nBera Cl, a BTopoit — wu3 mosiocok 1sera C2. Takoe
(DYHKIIMOHUPOBAHME CETH COTJIACYETCSl C IKCIIEPUMEHTAIb-
HBIMH TICUXOJIOTHYECKIMU TAHHBIMU. 3aMETUM, YTO B CETH
UMeETCsl clielualbHas CHUCTEMa, KOTopasl YHPaBJISIET TeM,
Kak pacippoBbIBACTCS TOT UM HHONW KOHTEKCT.

Crenyetr oOpaTUTh BHUMAaHKUE HA TO, YTO B IUTUPOBAH-
HBIX paboOTax MHTErpaIys MPU3HAKOB peaM3yeTcs 3a CUeT
CHHXPOHU3ANUY B IMANA30HE YACTOT TaMMa-pUTMA HE3aBU-
CHUMO OT TOTO, SIBJISETCS JIU Mpoleaypa oopaboTku n3o0pa-
JKEHUsl OJTHOATAIHOM WM uepapxuyeckoil. Mepapxuueckue
cucTeMbl Oojiee aJeKBaTHO OTPakaroT PeasbHBIM mporecce
00paboTku MHPOPMAIIUU B MO3TE, MOCKOJIbKY B MEPBUYHBIX
30HaX 3PHUTEJIBHONW KOPBI peajM3yeTcsl MHTErpanus JIUIIb
MPOCTBIX OJHOTHIHBIX MPU3HAKOB (TaKUX, HANPUMED, KaK
HAJIMYMe JBWKYIIETOCS KOPOTKOrO  MPSMOJIMHEHHOTO
OTpe3Ka C ONpEe/IEJICHHBIM YIJIOM HaKJIOHA), a OoJiee CI0XK-
HbIe KOMOMHAIINY TPU3HAKOB PACIIO3HAIOTCS] BO BTOPUYHBIX
U aCCONMATUBHBIX 30HaX. I[TOCKOJBKY MO3T HCHOJIb3YeT
MIMPOKUI CHEKTP YACTOT, BKJIFOUAIOIINN HECKOJIbKO JIMAIa-
30HOB KoJiebaHMil (nenbTa, Tera, ajbpa, Oera, ramma)
MOXHO TpPEINoJiaraTh, 4TO HepapXUuecKash WHTETPAIs
OPU3HAKOB MOXET OCYHIECTBISATbCS C HCIOJIb30BAHUEM
MHOTOYACTOTHBIX KBa3HIEPHOINYECKUX Kosebanmit. Umes
peanm3aryy Takol nepapXxuueckoil cuCTeMbl ObLTa PeIo-
xkeHa B pabotax [156, 157]. B wacTtHOCTH, B TpoCTelIieM
cilyyae ABYXYPOBHEBOI CHCTEMBI ObLIIAa BBIIBUHYTA TUIOTE3A
0 TOM, YTO CHHXPOHM3AIMs KOJeOAaHUIl BBICOKOI 4acTOTHI
UCTIOJIb3YeTCs ISl WHTErpalyd MPOCTHIX MPHU3HAKOB, a
MHTETPAIMs CJIOXKHBIX MPU3HAKOB OCYIIECTBJIISIETCS IIyTeM
JOTIOJTHUTEIILHOM CHHXPOHHU3AIMH Ha HU3KOW YacTOTe.

OTa wmaes Oblla peajn3oBaHA B paMKax CICAYIOIICH
HelpoceTeBo Mopenu. HellpoHHast ceTb COCTOUT U3 JBYX
CJIO€B, KX bl U3 KOTOPBIX MPEJICTABIISET COOOM IEOYUKY U3
ociiaTopoB Buicona—Koysna. BHyTpm kaxmoro cios
UCTIOJIB3YIOTCS. CHHXPOHU3YIOIIHE JIOKAIBHBIE CBSI3U MEXIY
OCIUJLIATOPAMU. MEX Iy CIIOSIMH IMEFOTCS TAKXKE MPSIMbIE U
00paTHBIC CHHXPOHU3YIOIIHE CBS3M KOHBEPICHTHOrO THUIIA,
TaK YTO KaXIblil OCHMJUISTOP IMOJIyYaeT CHIHAJbl OT Cer-
MEHTA U3 HECKOJIKHX JIOKAJIHO CBSI3aHHBIX OCIIIIIIITOPOB B
apyroM cmoe. CTuMysSmuss MOJAENHpYeTcs momaveit
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MOCTOSIHHBIX ~BXOAHBIX CHUTHAJIOB Ha BO30YXIarolue
HEUPOHBI HEKOTOPBIX OCIMJUISTOPOB MEPBOro cios. B pe-
3yJbTATE 3TH OCHUJUISITOPHI MEPEXOIsT B PEXUM Kojeda-
TeJIbHOI akTHBHOCTH. [Ipenmosnaraercs, 4To MpU3HAKH IPO-
CTOTO CTHMYJIa BBI3BIBAIOT aKTHBHOCTH B CeTMEHTE W3
OCLMJUISITOPOB MEPBOrO CJIOS, & CJIOXHBIA CTUMYJ BBI3BI-
BAaeT AKTUBHOCTbL B HECKOJBKUX CETMEHTaX, pa3eSIeHHBIX
MIPOMEXYTKAMH U3 HEAKTHBHBIX OCIHJIISITOPOB.

CyIecTBEeHHOM 0COOEHHOCTBIO CETH SIBJISIETCS €€ CIIOC00-
HOCTb TC€HEPHPOBATh KBAa3UIICPHOANYECKUE KOJIeOaHUs
(xos1e0aHus BBICOKOM 4aCTOTHI TPOMO/TYJIMPOBAHbI KOJj1e0a-
HUSIMM HHU3KOH YacCTOTBI, YACTOTHI 9TUX KOJIEOAHMH OTJIM-
YarOTCs IPYT OT APYyra Ha MOPSAOK).

IMpumep HYyHKIMOHUPOBAHMSI CETH B CIIydae MpeIbsBIIe-
HUS CJIOXKHOTO CTHMYyJIa IpuBeIeH Ha puc. 5. Kak mokazano
Ha pHC. 5a, CTUMYJI P BBI3BIBACT aKTHBHOCTB OCHIJIISITOPOB C
HoMepamu 3, 4, 5 (rpynmia A) u 7, 8, 9 (rpynna B) B nepsom
cioe. O6GosHauuMm Ej(f) aKTHBHOCTh BO30YXIAIOLIETO
HEWpoHa C HOMEpoM j B mepBoM ciioe. Ha pucynke 50
MoKa3aHa IUHAMHKAa aKTHBHOCTH HEWpoHOB 3, 5 mw 7 B
nepBoM cioe. V3 pucyHKka BHIHO, YTO IMeeT MecTO cHH(pa3-
HOCTh Mexay FE3(1) u Es(f) (HOCKOJBKY 3TH OCHHJUISTOPI
HAXOJSTCS B OMHOM cermenre), a F;(f) komnebuercst B
npotuBodase (MOCKOJIbKY HAXOMAUTCS B IPYTOM CEIMEHTE).
B T0 3xe BpeMs IMeeT MeCTO CHHXPOHHU3AIM s KoJIeOaHMiT Bcex
yKa3aHHBIX OCIHMJUIITOPOB Ha HU3KOH wacroTe. CuHpas-
HOCTB KOJIeOaHMIT BHYTPH OTHOTO CEIMEHTA €CTh CJIC/ICTBHE
CBSI3€il BHYTPH CJIOS, & CHHXPOHU3AIMSI HA HU3KOU 4acToTe
MEXAY OCHMJUITOPAaMM Pa3HBIX CETMEHTOB IEPBOTO CJIOS
BO3HHUKAET 32 CUeT BO3ACHCTBHS Ha HUX cerMeHTa (rpynmsl C)
JIOKAJIbHO CBSI3aHHBIX OCIIJLIATOPOB BTOPOTO cliosl. Takyro
CHHXPOHHM3AIMIO TIPH3HAKOB CJIOXHOTO CTUMYJIAa MOXHO
MHTEPIPETUPOBATH KaK HePapXUICCKYFO.
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Puc. 5. ®yHKIIMOHUPOBaHNE HEPAPXUUECKON MOJIEJIM MHTETPAIUU TTPU3-
HAKOB C HCIIOJIb30BAHMEM KBA3UIEPHOAMYECKUX KOJIcOaHUl B cilydae
MPeIbsIBJICHHS CJIOKHOTO CTHMYJIA.

4.3. Moaenu HHTerpamiu MPU3HAKOB:

nocJ/ie10BaTe/IbHbIE MPoLeypbl

PaccmotpuMm Temeph apyroil kiacc Mojesed, B KOTOPBIX
WHTErpanusi Mpu3HAKOB OJTHOBPEMEHHO MPEIbsIBICHHBIX
00BEKTOB OCYIIECTBIISICTCS MOCJIETOBATENILHO, OJTUH OOBEKT
3a apyrum. Ilpu 3TOM mocie0BaTeIbHOCTh OOBEKTOB
MOXET OBbITh KaK JETEPMUHUPOBAHHOM, TaK W CIIyYalHOU.
Kax 3ameueno B pabore [158], mociaenoBaTeabHas 1eTEpPMHU-
HUPOBAHHAS IPOIIEAYPA MPOCMOTPA 00IaAaeT TEM MPEUMY-
IIECTBOM, YTO MO3BOJISIET aBTOMATUYECKHU MOTYIUTh HHPOP-
MAaIMI0 O YHCJIE CBSI3aHHBIX OOBEKTOB HA M300PaKCHUU U
JlaXke OTJIMIATH OJTHOCBSI3AHHBIM OOBEKT OT MHOTOCBSI3HOTO.

[Ipumep Monenn ¢ MOCIEAOBATEILHBIM HPOCMOTPOM
00BEKTOB cojepxkuTcs B paborax [159, 160]. DTy Momeb
MOXHO paccMaTpHBAThb KaK MepesiokKeHhe Wiei MoJenn
Xongunga acconmatuBHOM mnamstu [17, 18] Ha s3bIK
OCLUJUISITOPHBIX HEWPOHHBIX ceTedl. Kak oObIYHO, 3J1eMeEH-
TOM CETH SIBJIIETCS OCIMJUISITOP, COOPMHUPOBAHHBINA MAapOU
MHTETPATUBHO-TIOPOTOBBIX HEHPOHOB, COEAMHEHHBIX BO3-
Oyxmaronieil 1 TOPMO3HOU CBSI3SIMU. CBSI3U MEXIY OCITHII-
JIATOpAMHU CETH OPraHU30BaHBl MO TUly 'Bee-Ha-Beex'.
Benuuunbl cBsi3eil MeXIy OCIMILIATOPAMH (GUKCUPOBAHBI U
noaduparoTcs, UCX0Asl U3 HMerolerocss Habopa 0OBEKTOB
(maTTepHOB) Ha OCHOBe mpaBmia Xe00a, aHAJOTHYHOTO
TOMY, KOTOpOE HCIOJIb3yeTcs B ceTsax Xomduuma [17, 18]
(Ipu 3TOM CBSI3b MOXET OKA3aThCsl CHHXPOHH3YIOIIEH TN
JIECHHXPOHU3YIOIIEei). B pe3ysibTaTe Takoro moadopa ceszeit
peanu3yeTcsl clieayrouas TeHACHIMS: OCLHULISATOPHI, MpH-
HaJUIeXalye K OMTHOMY HaTTEPHY, CBA3BIBAIOTCS CHHXPOHU-
3YIOLIUMU CBSI3SIMH, & OCHUJUISTOPBI, IPpUHAJIeKAIINE Pa3-
HBIM TATTEPHAM, CBSI3BIBAOTCSI IECHHXPOHU3YIOIIUMH CBSI-
35IMU.

Ecim Ha BXOJ Takod CeTH MNONaTh OJHOBPEMEHHO
MATTEPHBI HEKOTOPBIX OOBEKTOB, KOTOPBIE OBLIM MCIOIb30-
BaHbI IpHU (POPMUPOBAHNMH CBSI3€H, TO B CETU YCTAHOBUTCS
cienyromas quHamuka. CHHXpOHHAS! aKTHBHOCTD OCIIUJLIISI-
TOPOB, TPEACTABISIFONIMX OJUH OOBEKT, Uepe3 HEKOTOPOe
BpPEMsI CMEHUTCS] CHHXPOHHOW aKTUBHOCTBIO OCIHJLIATOPOB,
IPEICTABISIOIUX APYroil 00bekT (MocjenoBaTENbHOCTD
00BEKTOB CiIyvaitHa). [Ies10 B TOM, YTO aKTUBHBIN B TAHHBIN
IPOMEXYTOK BpPEMEHH MATTEPH MOAABISET AKTUBHOCTb
OCHUJUISITOPOB B IPYTUX MAaTTepHAX, HO AKTHBHOCTH CAMOTO
9TOTO MATTEpHA Yepe3 HEKOTOPOe BpeMsl TOJABJISIETCS
BO3POCIIEl aKTUBHOCTBIO BXOISIIUX B HETO TOPMO3HBIX
HepoHOB. OTMETHM, YTO, B [OINOJIHEHHE K HHTEIpalud
MPU3HAKOB, MOZEIb CIIOCOOHA K ACCOMUATUBHOMY BOCIIPOU3-
BEJCHUIO 3allOMHEHHBIX NaTTepHOB. Ecim 0OBEKT OBLI
MPEIBSBICH C HEKOTOPBIMU HCKaXEHUSIMH, B TPOIECCe
paboThl ceTH OyIeT BOCCTAHOBJICH MPABUJIBHBIA MATTEPH
00BEKTA B TOM BH/IE, KAK OH OBLI 3aIIOMHEH IIpH (OPMHUPOBa-
HUMY CBSI3EH B CETH.

CxomHast MOJIeTh MHTET AU IIPU3HAKOB COIEPKUTCS B
pabote [161]. B aToit paboTe aBTOPBI TaKkXe UCIOIH30BAIN
CEeTh U3 OCLMJUIATOPOB CO CBA3AMHU THma "Bce-Ha-Bcex", HO
OTKAa3aJIUCh OT MOCTYJIUPOBaHus 00yueHus (popmMupoBaHus
cBs3el) B BujE mpaBwia Xeb0a, a MCIOJIB30BAJIA TPU
00y4yeHnn HMH(POPMAIMOHHBIA KpPUTEpUH KadyecTBa OOydve-
HUSI, B OCHOBE KOTOPOTO JICKHT MPHHIUI HAUITYYIIeH
JMUCKPUMHHAIIAN TPEIbSIBISEMBbIX MATTEPHOB TPH MUHH-
MajbHOM BpeMeHH oOyueHusl. OCOOEHHOCTb pean3aluu
KpUTEPUS B TOM, YTO OH PACCUUTBLIBAETCS HE IUISl BCEil ceTH
(4TO OBLIIO OBI BBIYUCIUTEILHO TPYAOEMKO), a J1J1sl (PUKCHUPO-
BaHHOTO Habopa M3 HeOOJBIIOro umcia HelpoHoB. CooT-
BETCTBYIOIIASl KPUTEPUIO ONTHUMHU3AIMS BEJIACh METOJIOM
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orxura (annealing) [162]. [TokazaHo, 4TO KPUTEPHIA TIPUBO-
IUT K CHHXPOHU3AIMU AKTHBHOCTH OCHWJLIATOPOB, KOIM-
pyronmx kaxapld matTepH. [Ipu omHOBpeMeHHOU mTomaue
HECKOJIbKUX MATTEPHOB UMEET MECTO MEPHOINIECKasi CMeHa
AKTHUBHOCTH OCHUJUISITOPOB, KOJUPYIOIMNX PA3JINYHbIE MAT-
TepHbI. BBIICHHIIOCH TakXe, 4TO Ppe3yJbTaThl OOy4YeHHS
OKa3bIBAIOTCS CXOOHBIMU C TE€MH, KOTOpBIE MOJIYYarOTCs
MpU HUCIOJIb30BAHUU TpaBmiia Xebba (Koppessiusi BeCcOB
CBSI3€ii, COOTBETCTBYIOIINX 3THM criocobaM oOydeHus: ObLia
nopsiaka 0,9).

JlecunxpoHusytolye CBsi3W B TOW WM HHOU QopMme
HCIOJIB3YIOTCSI BO MHOTHUX MOJEJSX MHTErpaluyl MpU3Ha-
K0B. B paccmaTpuBaBiielics Boiiie Mojienu Putna ¢ coaBTo-
pamu [160] ceTh COMEPXKUT MHOTOYUCIICHHBIE ITaJIbHUE
JIECHHXPOHUBYIOIINE CBSI3M, KOTOPBIE, B MPUHIUIE, MOTYT
CBSI3BIBATH JIFOOYIO Tapy OCHWJUISTOPOB B ceTH. Takoi
CIIO)KHOW (M OMOJIOTHYECKHM  MaJIONPaBIONOI00HON)
CHCTEMBI CBSI3€H MOXHO H30eXaTbh, €CJIM UCIOJIb30BAaTh B
KauecTBE UCTOYHHKA AECHHXPOHHU3AIMH HEOOIIBIIIOE YHCIIO (B
HEKOTOPBIX CIIYYasiX OIMH) TOPMO3HBIX HEHPOHOB, KaXKIIbIN
73 KOTOPBIX COCMHEH MPSIMBIMHU M OOPATHBIME CBSI3SIMH CO
CBOEH TPYNNoi BO30YXIAOIIUX HEHPOHOB. DTOT MOJIXOJ
peaju3oBaH B MOJENSAX, pa3padaThIBABIIMXCS XOPHOM C
coaBTopamu, GoH jep ManbcoOyprom u bymanom, Baurom
u Tepmanom [163—165].

Cratb [163] Oblia OJIHON U3 HNEPBBIX B 3TOM HallpaBJie-
Hud. Vcnonp3oBaBuiniicss B HEW MNPUHIWI HHTETPALHA
IPU3HAKOB yI0OHO MOSICHUTH HA MPUMEPE CETU U3 YETBhIPEX
BO30yKIArOIMX HEIPOHOB el, e}, €3, € u IBYX TOPMO3HBIX
Heiiporos i', i2. He#poHBI pa3OUTEI HA ABE TPYMIIBI, TPO-
HyMEpOBaHHBIE BEPXHUM WHIIEKCOM. BHYTpW rpynmsl
AMEIOTCS TPSIMbIE U OOpAaTHBIC CBSI3U MEXIY TOPMO3HBIM
HEHPOHOM U BO30YXIAIOIUMHU HEHpOoHAMH. MEXTpymnoBoe
B3aUMOJCUCTBUE OCYILECTBIISIETCSI Yepe3 CBSI3U MEXIY TOP-
MO3HBIMHM HelipoHamu. CBSI3U MeXIy BO30YXKIAFOIIMMU
HEHPOHAMH B CETH OTCYTCTBYIOT.

Bo30yxmaronue HEHpOHBI MEPBON TPYHIBI KOJIUPYIOT
npu3Hakd (HOpMbI OOBEKTOB (HAMPUMED, TPEYTOJbHUK U
KBaAparT), a Bo30OyxJarolue HEHPOHbI BTOPOH I'PYIMIIbI
KOJMPYIOT IIBeTa (HAalpuMep, KpacHbId U 3esieHblit). Eciu Ha
BXOJI CETU OJTHOBPEMEHHO TI0JIaHO JIBa 00BEKTa (HApuMmep,
KpPAacCHBIN TPEYTOJILHUK U 3eJIEHBIN KBAAPAT), TO 3TO MOJIEIIH-
pPYeTCsl BXOJHBIMHU CUTHAJIAMU Ha BO30YXKIAroIe HeWPOHbI
BUJA

npf = IF+ Ry, j=1,2 k=12,

riae Ij/‘ — CHTHAJI, KOJUPYIOUIUH k-if IpU3HAK j-r0 00beKTa, a
R; — 11ym, mapaMeTpbl KOTOPOro OJMHAKOBLI JIJIsl IPU3HA-
KOB OJIHOTO OOBEKTA.

JnHaMuKa aKTUBHOCTH 3JIEMEHTOB CETH UMeEeT KoJjieba-
TEJIbHBIA XapakTep M OpPraHM30BaHA TAKHUM 00pa3oM, YTO

HEMPOHBI ¢!, ¢? (COOTBETCTBYIOIIME KPACHOMY TpPEYTOJb-

HUKY) paboTaroT chH(}A3HO, aHAJOTUYHO HEUPOHBI eé, e%
(cooTBeTCTBYyIOIIME 3€JICHOMY KBaJpaTy) paboOTaroT CHH-
dasno. B To *e Bpems mapbl HEiipoHOB e}, €7 u e, €3
paboraroT B mpotuBodaze. CundpazHoCcTh oOecreunBaeTCs
OJMHAKOBBIMH apaMeTPaMH [IIyMa JIJTsI KaXKI0T0 00BEKTa, a
yepeloBaHNue aKTHBHOCTH HEWPOHOB, KOJUPYIOIINX PA3HBIE
OOBEKTHI, 00ECTICYMBACTCSI TOPMO3HBIMH HEHPOHAMU.
CXOHBII MEXaHU3M pean3alii aCHHXPOHHOU paboTHI
OCHUJUISITOPOB, KOAUPYIOIIMX pa3Hble OOBEKTHI, ObLIT ONIMCAH
B pabote [168]. [IpoBeaeHHOE HUCCIIEJOBAHNE TUHAMUKHU CETH

n3 IByX ocmmuisiTopoB Bmiicona—Koyana, coenmHeHHBIX

JIPYT C JAPYroM BO30OYXXTAFOIIUMHU CBSI3SIMA U B3aMMO/JICHi-
CTBYIOIIMX C OOIIUM TOPMO3HBIM HEPOHOM, ITOKA3aJI0, YTO
B TAKOH CETH MOTYT BO3HUKATH NPOTHUBO(DA3HBIE KOJIeOaHUS,
eclii cuja JEHCTBUSL TOPMO3HOTO HEWpPOHA JTOCTATOYHO
BeJMKa. DTOT (GakT ObUT 00OOIEH Ha ciiydail OOJBIIOR
TPEXMEPHON ceTH (pa3jIMvHble TOPU3OHTAJBLHBIE CIIOM B
CeTH KOJUPYIOT pas3jIM4Hble Ipu3Haku). B aToit cetu BXOA-
Hble OOBEKTHI MPEACTABICHbI AKTHBHOCTBIO HEIEPEeCceKaro-
LIUXCS TOMYJISIIA ocrIIIATOpoB. [lokazaHo, 4To B ciydae
JIBYX 00'bEKTOB TOPMO3HBIN HEHPOH 00ECIIeUNBAET IPOTUBO-
(ha3HyI0 aKTUBHOCTb TOMYJISAIUA, & CHHXPOHHU3AIMSI BHYTPU
HOMYJISIIUY  OCYLIECTBJISIETCS. 34 CY€T IOPU3OHTAJIBHBIX U
BEPTHUKAJIbHBIX BO3OYXIAIOMIUX CBSI3EH MEXIY OCHUILIATO-
pamu.

DTa Mozenb ObLIa yCOBEpIIEHCTBOBAHA B paboTe [165], B
KOTOpoil paccMaTpuBasiach naBymepHas cetb LEGION
(Locally Excitable, Globally Inhibitory Oscillator Network)
13 PeJIAKCALMOHHBIX OCHUJIISITOPOB € JIOKAJIbHBIMU CBSI3SIMU
¥ OOIIMM TOPMO3HBIM HEHPOHOM, B3aUMOICHCTBYIOIIMM CO
BCEMH OCIIJIIITOPAMU CETH M OKA3BIBAIOIINM JECHHXPOHH-
3yIolllee BJIMSIHUE HA AKTUBHOCTH JIOKAJTHHO HECBSI3aHHBIX
ancambOelr ocumiaTOpoB. OCOOEHHOCTBIO CETH SIBJISIETCS
3aBUCUMOCTD BEJIMYMHBI BO30YKIAIOIINX CBS3EH OT aKTUB-
HOCTH OCHMJUISITOPOB. Ecim akTHBHOCTL OCHMILISATOpPA
JIOCTATOYHO BBICOKA, TO €r0 BO3JEHCTBHE HA OKPYKAIOIIME
OCHMJUISITOPHI Bo3pacTaeT. biaromapst aToMy IocTuraeTcs
HAaJIe)KHAS CHHXPOHHU3AIUS OCIHUJLISITOPOB, MPEIACTABIISIO-
X OJTUH U TOT %€ OOBEKT.

PacemoTpum padoty cetu LEGION B ciiyuae GuHapHOTO
n300paXKeHus, HAa KOTOPOM OOBEKThI IIPE/ICTABJICHBI CBSI3aH-
HBIMH MHOXECTBAMH THKcesei. OCHUILISTOPHI, KOIUPYIO-
e 0ObEKT B CETU, CHHXPOHHU3YIOT CBOIO AKTHBHOCTD 32 CUET
BO30YXKJAIOIINX JIOKAJILHBIX CBsI3ed. AHCAMOIN OCIIUILIATO-
POB, KOIUPYIOLIUE Pa3Hble OOBEKTHI, KOHKYPUPYIOT APYT C
JIPYroM uepe3 oO1mii TOpMO3HbIH HellpoH. [TapameTpsl pa-
0OTHI ceTH OJ00paHBI TAKUM 00pa30M, YTO B 3TOU KOHKY-
pernuy "BookuBaeT" TOT aHCaMOJIb OCHUJUIATOPOB, AKTUB-
HOCTh KOTOPOTO pacTeT OBICTpee BCEro, B TO BpeMs Kak
AKTUBHOCTb NIpYyrux ancamoOeit Oyaer ObICTpO mojaBiicHA.
BopkuBaHue mMeeT BPEMEHHBIA XapakTep, yepe3 Kakoe-TO
BpeMsl aKTUBHOCTb BO BCel ceTu OyJeT MoJaBJieHa TOPMO3-
HbIM HEHPOHOM, TOCJIE Yero CeTh OKa3bIBAETCS TOTOBOM K
aAKTHBAIIMHA JIPYroro aHcaMOns ocmmwuisiTopoB. Kakoit
MMEHHO aHCaMOJIb OCIUJUISITOPOB aKTUBUPYETCS B TOT HJIH
WHOW MHTEPBAJI BPEMEHH, 3aBUCUT OT IITYMOBOMN COCTABJISIO-
el BXOJHBIX CUTHAJIOB HA CeTh. TaKkuM 00pa3oMm, MoCIIea0-
BaTEJIbHOCTb, B KOTOPOI aKTUBUPYIOTCS pa3IMYHbIe aHCAMO-
JIX OCIUJUISITOPOB, IMEET CITyUalHBbINA XapaKTep.

B pa6otax [166—167] cetb LEGION npumensiiach s
pellieHHsT 3aJaud CerMEHTAIMM OOBEKTOB Ha peasIbHbBIX
MEIUIMHCKUX M300paXeHusIX U Jaja OOHAIEeKUBAIOIINE
pe3yJIbTATHL.

3aMeTuM, 4TO CeTh, B KOTOPOH peasin3yeTcsl MOCIeI0Ba-
TEJBHBIA MPOCMOTP OOBEKTOB, MOXKHO PACCMATPHBATL HE
TOJILKO KaK MOJIeJIb MHTErpaliid MPU3HAKOB, HO W Kak
MOJE/b BHUMaHHsS. BO3MOXHOCTb Takoill IBOMCTBEHHOU
MHTEpIpeTanuy Obljla aKIEHTUPOBAHA B OJAHON M3 PAHHHUX
pabdot o MoenupoBaHuto BHUMaHus [168]. I3BecTHO, YTO
OJHOM M3 OCHOBHBIX 3a/1a4, PEIIaeMbIX C TOMOIIBIO CHCTEMBI
BHUMAaHUSs, SIBJIIETCS] BBIOOD M3 BCell ceHCOpHOU mH(pOpMA-
UM KaKOW-TO 4YacTH, KOTOpPasi COOTBETCTBYET OJHOMY
00BEKTY U3 IPEIbBICHHOTO Habopa 00BeKTOB [169]. DTOT
ACIeKT BHUMAHUS OKa3bIBAETCSl TOXAECTBEHHBIM HMHTEIpa-
UM TPU3HAKOB OOBEKTA, HAXOMSIIErocs B (okyce BHUMA-
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HUsl. TOPMO3HBIN 3JIEMEHT, B3aMMOACUCTBYIOLINI CO BCEMU
OCHMJUISITOPAMH B OIPEACIISIONINN PEXUM CHHXPOHU3AIINHY,
TI0 CYIIIECTBY, UTPAET POJIb IEHTPATBHOTO HCIIOJTHUTEILHOTO
9JIeMEHTa cUCTeMbl BHUMaHWs. OIHAKO HAJMYUE TaKOTO
HEHTPAJIBHOTO TOPMO3HOTO 3JIEMEHTA B CUCTEME BHUMAHUS
TPYAHO CUUTATH OMOJIOTUYECKH OOOCHOBAHHBIM.

4.4. Moaemu ¢popmupoBanusi poxkyca BHUMAHHUS
Monenb BHUIMAaHUS, OCHOBAHHAS HA WCIOJBb30BAHUN CETH C
LNEHTPATBHBIM 3JIEMEHTOM, IIpe/IokeHa B pabore Kprokosa
B 1991 r. [20]. OTa Mozenb oTiMyaeTcss OT MoJenu Banra—
Tepmana Tem, 4YTO HEHTPAJbHBIA 3JIEMEHT — 3TO HE
TOPMO3HBI HEWPOH, a OCHMJLIATOP (TaKk Ha3bIBACMBIH
neHTpasibHbil ociuisTop (LO)), B3anmopaencTByromuii ¢
JPYTUMU OCIJLISITOPAMU CeTH (TaK Ha3bIBAeMbIMU Tiepue-
puueckumu ocuuistitopamu (ITO)) ¢ moMolLbIO CHHXPOHU-
3YIOLLUX NPSIMBIX U 0OpaTHBIX CBsI3ed. B TepMuHax HelpoH-
HBIX CTPYKTYp MO3ra MOJeNb UHTEPIPETUPYETCS CIEdYIO-
UM 00pa3oM: HEHTPAJbHBIA OCHHILISITOP MOIEIUPYET
CeNTO-TUNIOKAMIAIbLHYIO CHCTEMY, a HepudepuyecKue
OCHUJUISITOPBI TIPEACTABISIIOT KOPTUKAJIbHBIE KOJOHKH,
COOTBETCTBYIOIIME OIIPEICIEHHBIM IPU3HAKAM OOBEKTOB.
®dokyc BHUMaHUs popMupyeTcs B ceTu B Hhopme CUHXPO-
Huszamuu 1{O ¢ HexkoTopbiM aHcamOyem [1O (3mech mon
cuHxpoHm3anueit nouumaercs padora LIO u IO ¢ npubiu-
3UTEJILHO OJMHAKOBBIMH 4YacToTamu). B mogmenmu [20] B
Ka4yecTBe 3JIEMEHTOB CETH UCIIOJIb3YIOTCS (ha30BBIE OCIIIIIS-
TOPBI, JUHAMHUKA KOTOPBIX OMHCHIBAETCS OJHOW HEepeMeH-
HOM, (pa3oii kos1e0aHusl, a B3aUMOICHCTBHE MEXTy OCIMILIS-
TOpaMH OCYIIECTBJISIETCS MO cxeMe (a30BOH aBTOMOI-
CTPOWKH 4acTOTBI (CM. ypaBHeHHs |1—2 B pasmene 6.2).
Takue OCHIILIATOPBI IMUPOKO MPUMEHSIOTCS B TOCIIETHES
BpeMs JIsl MOJeJIMpoBaHus B Helipodusuosorun [58, 61, 72,
96,97, 170, 171]. Ans mpOCTOTHI MPEANOIATAETCS, YTO CBSI3U
mexay [TO OTCYyTCTBYIOT, TaK YTO BCE B3AUMOICUCTBUE UJIET
yepe3 LO. [NapameTpamu ceTH, OnpenessrolMU, KaKue
OCIUJUISITOPBI BOUAYT B (DOKYC BHUMAHHS, SIBJISTFOTCS BEJIH-
YHHBI CBSI3eH M COOCTBEHHBIE YACTOThI OCIHJLISITOPOB (CO0-
CTBEHHAsl 4acTOTa — 3TO 4acTOTa, Ha KOTOpoil paboTaeT
OCHUJUTSITOP IPU OTKJIFOYEHHBIX CBSI3SIX).

VcnoBusi BO3HUKHOBEHMSI PEXUMOB CHHXPOHHM3ALUH B
MOJIeIM BHUMAaHWS W CIEHAPUHM TepexoJa OT OJHOTO
peXuMa K JIPYroMy HCCIeNoBaMch B paborax [22, 157].
PaccmoTpuM ciydaii, korja Habop OCHUILITOPOB pasiesieH
Ha JIBE TPYMIIBI TaK, YTO OCHMJLIATOPHI IPYNIbI K AKTUBU-
PYIOTCSL CTUMYJIOM Sy U UMEIOT COOCTBEHHBIE YaCTOTHI,
pacnpeneneHuble B uHTepBasie A, (k= 1, 2). Ipeanoia-
raeTcsi, 4To WHTepBaJlbl A; W A, He TepecekaroTcss u
OTJEJICHBI APYr OT APYra HEMyCThIM HHTEPBAJIOM Ha OCH
yactoT. Ob6a ctumyna S| u S, MOJAKOTCS HA BXOJI CUCTEMBI
BHUMaHUs OJHOBpeMEHHO. C TOUKHU 3pEHUS] MOICTUPOBAHUS
BHUMAHUS TPEACTABISIOT HWHTEPEC CIEAYIOIINE PEKUMBI
CHHXPOHU3AINY B CETH:

® 2.100a4bHAA CUNXPONU3AYUA BCEX OCLIUILIIITOPOB B CETU
(OHA COOTBETCTBYET CIIyyaro, KOrja 00a cTUMYJia BKJIFOUEHbI
B (hOKyC BHUMAHUA);

o yacmuunas cunxponuszayus 110 c ogHoit u3 rpynmn [1O
(OHA COOTBETCTBYET BKJIFOUECHHIO B ()OKYC BHUMAHUS OJTHOTO
W3 CTUMYJIOB);

o omcymcmeue cunxponuszayuu 110 ¢ xakoit-nubo rpymn-
noii ITO (3T0 cOOTBETCTBYET Cilyyaro, Koraa pokyc BHUMA-
HUs He CPOPMHUPOBAH).

Kax mokazano B pabotax [22, 157], mepekiroucHue
BHUMAHHUSI C OJHOTO CTUMYJIA HAa JAPYro#l JOJDKHO MPOXO-

JIUTh 4epe3 MPOMEXYTOYHOE COCTOSIHUE, KOTAa (POKyC BHU-
MaHHSI OTCYTCTBYET WJIM KOrJa 00a CTUMYJa BKJIIOYECHBI B
¢doxyc Baumanus. Kpome Toro, ommcaHbl ycloBHs, KOrAa
MOTBITKA UCKJIIOYUTH OJMH CTUMYJ U3 (OKyca BHUMAHUS,
COJIEpKaIllero J1Ba CTUMYJIA, MPUBOJUAT HE K (HOKYCHPOBKE
BHUMAaHHUS Ha JIPYIOM CTUMYJIE, a K pa3pylieHuio ¢poxyca
BHUMAHUSL.

BaxHbIM pexuMOM pabOTBHl CHCTEMBl BHUMAHHUS B
9KCIEPUMEHTATBHBIX M €CTECTBEHHBIX YCJIOBHSIX SIBJISIETCS
CIIOHTAHHOE TepeKroueHre (HoKyca BHUMAHHUS MEXIY He-
CKOJIBKFIMU CTUMYJIAMH, OJTHOBPEMEHHO MPHUCY TCTBYIOIIIMHI
B CEHCOPHOM BXxoje. MIMerorcs sKCnepUMEHTAJIbHBIE IaH-
HBIE, IOKA3bIBAIOIINE, YTO CIIOHTAHHOE NEPEKIIIOUCHUE BHU-
MaHHsI MEXTy CJIO)KHBIMH CTUMYJIAMHU, BO3MOYHO, SIBJISIETCS
MEXaHU3MOM TIOCJIEIOBATEILHOTO Iepedopa CTUMYJIOB B
sKcnepuMenTax tumna pop-out [172]. [Tox cioxHBIM cTUMY-
JIOM 371eCh TOHUMAETCsl CTHUMYJI, OMUCHIBAEMBIN OoJiee ueM
OJHMM IPHU3HAKOM, HANpUMep, UBETOM M (HOPMOil, a moxa
TEPMHHOM pOp-out MOHUMAETCS OOHapyX eHHe OOBeKTa,
00J1aTaroIIero 3aJaHHbIM HAOOPOM TPU3HAKOB, B 3PHTEIb-
HOM T10JI€, COJIEpXKAIIEM HECKOJIBKO 00BbEeKTOB. OmuIieM, Kax
MOJIeJIb CIOHTAHHOTO TEPEKJIIOUCHUST BHUMAHHUS MOXET
ObITH C(OPMYJIMPOBAHA B PAMKaX CETH OCLUJUISITOPOB C
LHEHTPAJIbHBIM 3JIEMEHTOM.

IIpexx e Bcero 3amMeTuM, YTO B OLIMCAHHOM BBILLIE MOJIEIU
BHUMAHHUS TPENOJIarajiocb, YTO MapaMeTpbl MOJENN
(BEJTMYMHEI CBSI3EH M COOCTBEHHBIE YaCTOTHI OCIIJLISITOPOB)
OCTAIOTCs HEM3MEHHBIMHU B Mpoiiecce GopMUpoBaHUS POoKyca
BHuMaHus. Tekymas uvacrora IO Bo BpeMsi 4acTUYHOU
CHHXPOHHM3AIMH 3aBHCUT OT J3THX HapaMeTpPOB U B CBOIO
ouyepenb OMpeaessieT aHCAaMOJIb OCHUJUISITOPOB, BKIJIIOYae-
MBIX B YAaCTHYHYIO CHHXPOHHU3aNuio. B kxadecTBe BO3MOX-
HBIX HCXOJI0B (hopMHUpoBaHUs (pokyca BHUMAHHUSI IPU (HPUKCH-
POBaHHBIX HapamMeTpax MOXeT ObITb, 4YTO YKa3aHHBII
aHCaMOJIb OKaXeTCsl IMYCTBbIM, WJIM B HEro BOWIET JIMIIb
4acTh OCHHJUISITOPOB, KOOUPYIOLINX HEKOTOPBIA CTUMYII,
WM Jaxe aHcaMOJib OyaeT oOpa3oBaH U3 HEKOTOPOM YacTh
OCHMJUISITOPOB, KOAUPYIOIIMX [IBa pa3HbIX CTUMYyJa (B
MocJieTHeM cliydae (OKyC BHUMAaHUSI OyJIeT COJEpXKaTh
"MoHcTpa", CKOMOMHMPOBAaHHOTO M3 HEMOJIHOrO Habopa
MPU3HAKOB pPa3HBIX CTUMYJIOB). Takoro ponaa edeKTbl
dbopmupoBanust Gokyca BHUMAHHS SBISIOTCS CIECICTBUEM
"neynaunoro" pacmnosioxkenus co6cTBenHol yactoTel L0 Ha
OCH YaCTOT ¥ MOTYT OBITh JINKBUAUPOBAHBI, €CJIH COOCTBEH-
Has wactota L[O He sBisieTCs MOCTOSIHHOW, & MEHSETCS
(amanTupyertcs) onpenesieHHbIM 00pa3oM B mporecce Gop-
MHpPOBaHUs (pOoKyca BHUMAHUSI.

Mpel onuireM OHONOTHYECKH OOOCHOBAHHBINA aJITOPUTM
amantanuu coOCcTBeHHOW vacToThl IO, KOTOpBIA aBTO-
MaTHYECKd MPHUBOIUT K CABUTY COOCTBEHHOW 4YacCTOTBI
IO x TakoMy 3HA4Y€HMIO, YTOOBI IPHUBEICHHBIE BBIILIE
nedexTol (GopMupoBaHus (PoKyca BHUMAHHS HE BO3HH-
KaJIH.

Bo3MOXHOCTD ajanTanyuu YacTOThl OUOJIOTHYECKOTO
HEWPOHHOTO OCHIULIATOPA K YaCTOTE BHEIIHETO CTUMYJa
ObliIa YCTAHOBJICHA €lle YXTOMCKUM U €ro COTPYAHUKAMU
[173]. VXTOMCKHMI cuMTaj, YTO ajJanTanus 4acToThl (Jia-
OMJILHOCTD OCIIMJLIISITOPA) SIBJISICTCSI OJHUM M3 OOIIMX MeXa-
HU3MOB 00paboTku mH(pOpManuu B Mo3re. B dacTHOCTH,
9TOT MEXaHU3M UCIOJIB3YeTCs 1T GOPMUPOBAHUS YCTONIH-
BOTO BO30YXcHUsS B HEHpOHHOM aHcamOiie. OH MOJTyqmI
Ha3BaHue "MoMUHAHTA YXTOMCKOro". AHAJIOTUYHBIE IKCIIe-
pUMEHTAJIbHBIE PE3YJIbTATHI MO aJaNTaldy YaCTOTHI MOJIY-
4yeHbl B pabore [174].
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HeiipocereBas peanu3anus aganTaluy YacTOT OCIUILISI-
TOPOB AJIsI 3aIOMUHAHHS HA0Opa CTUMYJIOB, O TJINYAFOIIHAXCS
10 YacToTe, npejioxeHa B padbote [175)]. [TpuHnumer aman-
TalMu aKTUBHOCTU HEHPOHA K BXOJAHOMY CHTHAJIY PAcCMAaT-
puBauCh B pasnese 2. aes, 4To HeHTpaIbHbIN OCIUILISTOD
MOET MEHSITh COOCTBEHHYIO YaCTOTY B IIpoiiecce popMupo-
BaHMs (oKyca BHUMaHHMS, ObLjIa BBIIBHHYTA B paboTe [20].

MatemaTtunueckast GOpMyIMPOBKA MOJIEIN CHOHTAHHOTO
TepexyroueHrsl BHUMaHus [176] npuBeneHa B paszgese 6.2.
Vpasuenue (1) onucwiBaer nunamuky L{O, ypaBHenue (2)
onuceiBaeT AuHamMuky I10, ypaBaenue (3) onucbiBaeT QUHA-
MUKy u3MeHeHus: coocrBeHHor yactoThl LIO. Kak BugHO M3
TOCJIeTHETO YpaBHEHUs1, coOcTBeHHas yactoTa L[O MeHseTcs
B HAIPaBJIEHUH TeKyIIero 3HaueHus yactoTel LLO (ocrmmis-
TOp mocTeneHHo "mpusbikaeT" K CBOEH TEKyLIEH 4acToTe U
"nenaet ee cobcTBenHOR").

IIpennonaraercs, 4o HA60p U3 r cTuMyJioB Sy (k = 1,

.., I') TOAaH OJHOBPEMEHHO HAa BXOJ CHCTEMbl BHHUMAHHUSI.
Crumyn S) konupyercs akTuBHOCTbhO Ipynnsl I10, conep-
XKamieid ¢ OCIMLIATOPOB, COOCTBEHHBIE YACTOTHI KOTOPBIX
PaBHOMEPHO paclpe/ieieHbl B HHTepBaje Ay, HA OCH 4acTOT.
JIJ1s1 IpOCTOTHI Bce MHTEPBAJIb UMEIOT JJIMHY | U OTAEJIeHbI
JIPYr OT Apyra IIycThIMU UHTEpBaJIaMHU JJIMHBI 1,

Ay =2k—1,2k), k=1,2,...,r
Takxum 00pa3oM, BeCh MHTEPBAJ paclupeiesieHus YacTOT
nepu(epuuecKux OCHHILIITOPOB (Wmin, Wmax) UMEET pazmMep
2r — 1. (3ameTuM, 4YTO CABHUI BCEX COOCTBEHHBIX YaCTOT
OCIMJLISTOPOB B ypaBHeHHsX (1)—(2) 5KBUBAJICHTEH 3aMCHE
($ha30BBIX TEPEMEHHBIX, TOITOMY 0e3 MoTepu OOUTHOCTH
MOJHO BBIOMPATH MIPOU3BOJIHHOE 3HAUCHHE JIJIS Dpin -)

Pazo0bem Bech mpomexyTok BpemeHu crumyJisiinu (0, 7)
Ha paBHbIE HHTEPBAJIBI {1, 17, . . ., ts. [Ipolle1ypa CHOHTAHHOT O
nepekroYeHrust pokyca BHUMaHUS pabOTaeT CIEAYIOIIMM
0o0pa3oM. B HavambHBIE MOMEHT BCE OCHMJLISITOPHI CTap-
TyIoT ¢ (aszamu, CilydyailHO W PaBHOMEPHO paCIpe/IesIeH-
HbiMu B uHTepBasie (0, 2n). HavanbHoe 3HaueHne coOCTBEH-
HOH yacTtoThl LIO paBHO Wy, — 1. B HavanbHBIE MOMEHT
KaXIO0T0 BPEMEHHOTO HHTepBaja ¢ (j =1, ..., s) coGCTBeH-
Has yactota L1O wq coBepliaeT ckayok B CIIy4ailHO BbIOpaH-
HOE 3HAYeHNe Ha UHTepBaJe (Wmin — 1, Wmax + 1). B ocTams-
Hble MOMEHTBI BPEMEHH CETh 3BOJIIONUOHUPYET COTJIACHO
ypaBHeHusiM (1)—(3) B paznene 6.2.

3aduxcupyem 3HaUCHUE BEJIMYMHBI CBSI3U MEXIY OCLHUJI-
ngropamu (w = 0,5). 9To 3Ha4YeHUE BBIOPAHO TaK, YTO OHO
JIOCTATOYHO BEJIMKO, YTOOBI IPU MOIXOSIIEM 3HAYECHIH ()
(BOJIM3M cepenuHbl MHTEpPBaja Ay) CHHXPOHU30BAThH OCITHII-
JISTOPBI TPYIIBI K, HO OHO CJIMIIIKOM MaJjo, YTOOBI CHHXPO-
HU30BAaTh OCLWJUISTOPbl U3 JPYIMX TIpyHH (TMOCKOJIbKY
00J1aCTh COOCTBEHHBIX YACTOT NepU(PEPUIECKUX OCIUILIISATO-
pPOB, KOTOPBIE MOTYT OBITH CHHXPOHH30BAHBI IEHTPAJIbHBIM
OCHUJUISITOPOM C COOCTBEHHOM YaCTOTOU g, 3a4aeTCs KaKk
|wo — ;] < w). Kak moKa3bIBAIOT Pe3yJIbTAThI YUCICHHOTO
MOJIEJIMPOBAHUS, B TeUeHUEe BPEMEHHOro uHTepBaia t; L1O
CUHXPOHHM3YETCS C OCUMJUIATOpaMu ojaHo# u3 rpymm [10.
Kaxkoii uMeHHO Tpymmbl, 3aBUCUT OT 3HAUYEHUN g B HAYAIIb-
HBI MOMEHT uHTepBajia 1. Hauunas ¢ 5Toro mMomeHnta,
cobctBernast wactora L[O a3BosronmoHNpyeT B HaIpaslie-
HAM cOOCTBeHHBIX yacTtoT [1O u3 Onmkaiimiedd (B CMBICTIE
pPACCTOSIHUS HA OCH YacTOT) Ipynnbl. PuHaIbLHOE HOJIOXKEHHE
cobctBeHHoi uactoThl L[O HaxomuTcs BOJM3U TEHTpa
TPYIIBLI OCHHJUISTOPOB, ¢ KoTopbiMu 1O paGoTaer cuHX-
POHHO B TEUEHUE BPEMEHH ;.

Yacrota

0 2000 4000 6000

Bpems

8000 10000

Yacrora

5800

6000 6200 6400

Bpems

6600 6800

Puc. 6. BpemenHAs1 3BOJIIOIMS TEKYIIUX YacTOT NepH(EpHIECKUX OC-
UTSITOPOB (TOHKHE KPHBBIE) U COOCTBEHHOW YacTOTHI HEHTPAJILHOIO
ocumiuIsTOpa (KUpHas KpuBast). YUUCJIo Ipyni r = 5, YUCIIO OCHUILIATO-
POB B Kaxoi rpymnmne ¢ = 20, mpoI0/KUTEIbHOCTh HHTepBaa t; = 500
€MHUII BpeMEHU. (2) DBOJIIOIMS B TEUEHHE BCErO NEPHOJIA CTUMYJISIIUN
T = 10000. (6) YBenmueHHBbII (parMeHT CHHXPOHU3AINHI OCIHUIUIITOPOB
73 Ipynnsl 2 (IMama3oH COOCTBEHHBIX YaCTOT OCHIJIISITOPOB B 3TOM
rpymre oT 3 10 4).

Pe3ynbraTel MOAENIMpPOBaHUS IPEICTABJICHBI HA puc. 6.
I'paduku mokaspIBarOT 3BOJIFOIHMIO TeKylux yactoT 1O u
cooctBenHoil wactorel L[O. B Teuenume Bcero mepmopaa
CTUMYJISIIUY TPYIIBl OCHUJUISITOPOB CHHXPOHH30BAJUCH C
LO B cnenyromem nopsiake: rpymma 1, rpymma 2, rpymnmna S,
rpymna 1, rpymna 2 u 1.4. Kak mokasbiBaeT pHUCYHOK, B
TeYeHHe MHTEPBAJIOB BPEMEHH ; CETh JIEMOHCTPHPYET CJie-
nyroiee nosenaeHue. CodcrBeHHast yactora L{O mensiercs
TaKuM 00pa3oM, YTOOBI JOCTUYH ONITUMAJIBLHOT O ITOJIOKEHUS
TS CHHXPOHU3ANNHA OCHUJUIISTOPOB omuoi n3 rpymm [10.
Texyme 4aCTOTHI OCHUJUISITOPOB TOW T'PYIIIBI CTPEMSITCS
cuHXpoHM30BaThest ¢ yactoToi L1O. B pesymbrate, mocie
HEKOTOPOT0 NEPEXOTHOTO MePUoa MOUYTH BCE OCIUAIIISATOPBI
W3 TPYIIIBI HAYUHAIOT paboTath cuHXpoHHO ¢ L{O.

5. 3akarouenue

5.1. 40-neTHnii cnop He 3aBepileH

JuHamudeckre MoJAe Il HEMPOHHOM AKTUBHOCTH, HCIIOJIb3Ye-
MBI€ JJIsl TIPOBEPKH THIIOTE3 PA3JIMYHBIX NPHUHIMIIOB 00pa-
60TKM MHOOPMAIIUH B MO3Te, IMEIOT OOJIBIIIOE 3HAUSHHUE TIPU
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BBISICHCHHM POJIM BPEMEHHOI CTPYKTYpBHI aKTHBHOCTU OT-
JIeJIbHBIX HEMPOHOB M BPEMEHHBIX COOTHOIICHUN MEXIy
AKTHBHOCTSIMH PA3JIMYHBIX HEHPOHOB M HEHPOHHBIX aHCAM-
oseii. B 0630pe mpencTaBiieHbl OCHOBHBIE HIIEH MOJIEIHPO-
BaHUsl OCIMJUIATOPHOW aKTHBHOCTH MO3Ta, MOJIYYCHHBbIC B
MOCJIeIHUE JIECATh JIET, ¥ IIOKa3aHOo, YTO MHOTHUE MPOOJIEMBI
MOTYT pelaTbcs B paMKax eIUHOr0 MOAX0/1a, OCHOBAHHOTO
Ha CHHXPOHHM3AIUN HEHPOHHON aKTUBHOCTH. B mepcrnekTuBe
MO’HO OKHUAATh, YTO Ha OCHOBAHHH 3TOTO MOIX0/Ia YIACTCS
JIOCTHYb ONTUMAJILHOTO COUETAHUS MAaPaJIIeIbHBIX U MOCIIe-
JIOBATEJILHBIX MPUHIUIOB 00pabOTKU MHPOPMAIIMH, COOT-
BETCTBYIOIIMX MEXaHU3MaM PabOTHI MO3Ta.

ITo cpaBHeHHIO C TPAAUIIMOHHON MAPATUTMOMN OCIVILISI-
TOPHBIE HEHPOHHBIE CETH HMEIOT CBOM IMPEUMYIIECTBA U
HeloCTaTKU. Bcsi Teopusi HEWPOHHBIX CeTeil BBIpOCHA W3
MOTBITOK OMUCATh B (POPMAILHO-MATEMATHYCCKUX U BBIYH-
CJIMTEJBHBIX TEPMUHAX CIHOCOOHOCTH MO3ra K PELICHHIO
CJIOXHBIX ~ MHTEJJIEKTYaJbHBIX 3adad. VICKycCTBEHHBIE
HEHUPOHHBIE CTPYKTYPbl M AJTOPUTMBI, pa3pabOTaHHBIE K
KOHIy 80-X TO0JIOB, JIMIIb OYEHb OTIAJEHHO IO CBOWM
MPUHIUIAM pabOThl HAOMUHAIOT peaJIbHbIe MPOIECCHI,
npoucxonsiue B Mo3re. OHM HE OTPaXAIOT CTPYKTYPHYIO
OPraHU3aNNI0 MO3Ta, HE YUYUTHIBAIOT MHOTHUE CYILIECTBEHHBIE
netanu (HyHKIUOHUPOBAHMS (PU3NOTIOTHYECKUX HEHPOHOB M
324aCTYIO ONIEPUPYIOT JIMIIbL YCPEAHEHHBIMA XapaKTePUCTH-
KaMd JIMHAMUKA aKTHBHOCTH HEWPOHHBIX aHcaMOJiel W
CTPYKTYp. B 3TX paMkax HEBO3MOXXHO HU MOJICIMPOBAHIE
METACTaOMJIBHBIX COCTOSHMM W (a30BBIX IMEPEXOJ0B, HU
U3YYCHHE MPOCTPAHCTBEHHO-BPEMEHHEIX  COOTHOILCHHUHN
HEHPOHHON aKTUBHOCTH, YTO 3HAYUTEILHO CYKAET BO3MOXK-
HOCTH KOJMPOBaHUs M 00padotkn nHpopmarmu. Kak npa-
BUJIO, 3TH MOJEJH HAIleJICHbI Ha peaM3alfio OJHOW KOH-
KpEeTHOM 3a7a4u (pacno3HaBaHus, pOPMHUPOBAHUS acCOIMA-
THBHOW MaMsTH, GOPMHUPOBAHMS YCIOBHOTO pedJiekca u
T.J1.), HO He CHOCOOHBI K YHHUBEPCAJIBHOUN ACSITEJIHLHOCTH C
ABTOMATHYECKHM BBIOOPOM W B3aMMOAEHCTBHEM DPAa3HBIX
MHTEJUICKTYaJIbHBIX (YHKIUA B 3aBUCHMOCTH OT YCJIOBHI
BHeITHeW cpeibl. [103TOMY He yIUBUTEIBHO, YTO UX HOSIBJIC-
HHE He MIPUBEJIO K CYLLIECTBEHHOMY IIPOrPecCY B IOHUMAHUU
OCHOBHBIX (pyHKIMH MoO3ra (TakuxX Kak MamsTh, BHIMAaHHE,
CO3HAHHE, YIpaBJIeHHE ABIKECHUSIMH, GOPMHUPOBAHUE TIETIe-
CcoO0pa3HOro MOBENCHHS, KOOPIUHAIMS B3aUMOJICUCTBUS
BOCXO/JISIIIUX Y HACXOSIIUX TOTOKOB MH(PpOPMAIINYU, HHTYH-
TUBHOE U JIOTMYECKOE MBILIIEHNE, SMOIMOHAJIBHOE MOJKPE-
MJICHUE HeWPO(U3NOJIOTHUECKUX MPOIeccoB U jp.). Cucrem-
HBIA TOAXOJ K TEOpUH HEUPOHHBIX CETEH W CBS3AHHBIA C
HUM HEHPOKOMIIBIOTUHT TOCJIE Iepruoaa OYyPHOTO pa3BUTHUS
B 80-¢ ro1pl ceifuac cTpajaeT OT OTCYTCTBUS MPUHITUIAATLHO
HOBBIX uAeH. LIeHTp TsokecTH B 3TOM 00J1aCTH UCCIIeTOBAHUA
NEPEMECTUJICSI Ha YCOBEPIIEHCTBOBAHHME YK€ M3BECTHBIX
MOJXOJ0B U pacimupenue chep ux npuMeHeHus. B mpuxnan-
HBIX 00JIACTSAX HEUPOKOMMIBIOTHHTA (OCOOEHHO CBSI3AHHBIX C
pacno3HaBaHUEM 3PUTEIBHBIX W 3BYKOBBIX 00Pa3oB, aBTO-
MaTHYECKOW KJIacCH(PUKAIMEl, TPOrHO30M H CHHTE30M
BPEMEHHBIX PSOB, ONTUMHU3AIMEH TEXHOJIOTHYECKUX MPO-
LIECCOB) B MOCJIEHEE ACCATUIETHE TOCTUTHYTHI 3HAUYUTEb-
Hele ycnexu. Ho ceifuac yxke MOCTaTOYHO OYEBUIHO, YTO
JaJIbHeliIee TpoIBIKEeHIE KaK B TEOPUN HEWPOHHBIX CETE,
TaK ¥ B PACIIUPEHUH 00JIACTH UX MPUIIOKEHUH JOJIKHO OBITh
CBSI3aHO C HOBBIM MPOPBIBOM B HCCJIEOBAHUSX Mo3ra. [1o
YHUBEPCAJIBLHOCTHU, CIIOCOOHOCTHU K aJalTali U 00y4eHHUIO,
ONTHUMAJIbHOMY TIOBEJACHUIO B peasibHOM OOCTaHOBKE, a
TaKXe 1O TOYHOCTH M HANIEKHOCTH PAOOTBHI B YCIOBHSIX
HEONPEAEJICHHOCTH WJIN CHJIBHOM 3aIIyMJIEHHOCTH BXOJHOU
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THPOPMAIIMA MO3T HAMHOTO MPEBOCXOJUT COBPEMEHHbBIC
CHCTEMbI HCKYCCTBCHHOI'O HHTEJLICKTA.

HccnenoBaHus AMHAMUYECKUX ACIEKTOB pabOThI MO3Ta
MOTYT CJIY’)KUTh OJTHIM M3 BO3MOXHBIX HCTOYHHKOB HOBBIX
MOJIXOJIOB U UJIEH U HEHPOKOMITLIOTUHTA. B CBSI3M ¢ 3THM
BO3HHUKAET BOMPOC, SBJSIOTCS JIM KOJICOAHWS TPUHIIM-
NHAJIbHO BaXXHBIM aTpUOYTOM aKTHBHOCTH MO3ra WU 3TO
BCErO JIMIIb IBOJIFONMOHHO CIIOXUBIIAsICS Gopma peasmsa-
U mporeccoB oOpabotku uHpopmanuu? Bpsa ou BO3-
MOJHO JIaTh cefiuac OTHO3HAYHBINA OTBET HA 3TOT BOIPOC.

Konebanust ecrectBeHHBIM 00pa3oM BO3HUKAIOT B IPO-
Heccax ympaBJICHHs NEPHOIMYCCKUMH IBHKCHHUSIMH, 311€Ch
MHEHHUsSI UCCIIeAOoBaTesIei Oojiee MIIM MEHee €IMHOJIYIIHBI.
Yro kacaeTcs Apyrux (QyHKIMA MO3ra, TO CIIEKTP MHEHUN U
HEWPO(DU3NOIIOTOB U CICIHUAIKCTOB MO MOJEIUPOBAHUIO
MPOCTUPAETCS OT MOJHOTO UTHOPUPOBAHHUS KOJIeOaTeIbHON
AKTUBHOCTH (HAIpUMeEp, OHA paccMaTpHBaeTCs Kak smude-
HOMCH, MNPOSIBJISIFOILUICS B IKCIEpUMeHTe, HO uH(popma-
IUOHHO HE UMCIOIIN#T 3HAYCHNS1) O IPUIAHUS Cif IEHTPAIIb-
HOI poJid B paboOTe MPakTHYECKH BCEX CTPYKTYp mo3ra. B
HACTOSIIIIee BpeMsl HAKOIUIEH JJOCTATOYHO OOJIBIION IKCIIEPH-
MeHTaJIbHbIN MaTepuad [44, 48, 50, 145, 177, 178], koTopsiid
MO3BOJIICT C OOJIBINIONW YBEPEHHOCTHIO YTBEPXKAATh, UTO
KOJICOAHHUSI TECHO CBSI3aHBI C PA3JIMYHBIMU MBICIUTEIbHBIMA
mporeccaMu. XOTs eIl MNPEeKIACBPEMEHHO CYUTATh, UYTO
CBSI3b CHHXPOHU3AIMU KOJICOAHWN C MHTETrpanueil mpu3Ha-
KOB M BHMMAaHHEM SIBIISIETCSI TBEPIO YCTAHOBJICHHBIM (hak-
TOM. B HacrosIiee BpeMsi 3TO JIUIIb MEPCHSKTUBHAST THUIIO-
Te3a, KOTOpasi HAaXOAUT Bce OOJIbIIee IKCIEPUMEHTAIBHOE
MOITBEPIXKICHHUE.

Kaxk moka3piBaeT Haur 0630p, MOJIYYCHHBIC B ITOCIIEIHES
BpeMsl pe3yJIbTaThl JAIOT JIOBOJHHO TIOJHYIO KapTUHY
YCIIOBHIA BO3HUKHOBEHHUSI KOJICOAHUI M X BO3ZMOXKHOW POJIH
B 00paboTke mHpopMaruum Mo3roM. [OCTAaTOYHO HAJIEKO
HOPOABUHYTO UCCICAOBAHUE CHHXPOHU3ALNH KOJIeOaHuil U ee
poJIM B peajM3alid HHTErPAIlMd IPU3HAKOB B IICJIbHBIMA
00pa3 W BHUMaHMH. B TO e BpeMs Ha/J0 MPHU3HATH, 4TO
YCHEXW, CBSI3AHHBIC C MPHUKJIAJHBIMU aCleKTAMH TEOPHU
OCHMJUISITOPHBIX HEUPOHHBIX CETE MOKa BeCbMa CKPOMHBIE.
Uucao NpUKIATHBIX 3a4a4, B KOTOPBIX OCHUJUISTOPHBIC
HEWPOHHBIC CETH MOIJIM OBl YCHCHIHO KOHKYPUPOBATH C
TPaJUIUOHHBIMA HEUPOHHBIMU CETSIMHU HJIH APYTHMHE CHCTE-
MaMH UCKYCCTBEHHOTO MHTEJUIEKTA, OUeHb HE BEJINKO. DTO
CBSI3aHO KakK C OOJIBIIEH CIOXKHOCTBIO CaMOro OOBEKTa
HCCIieNoBaHus (OMUCaHUEe TUHAMUYECKOTO TMOBEACHUS, KaK
MpaBUJIO, HAMHOIO CJIOXHEE OIMCAHHS CTAIlMOHAPHBIX
COCTOSIHUI), TAK M C HEIOCTATOYHO SICHBIM MOHUMAaHHEM
MHOTHX HEWPO(PHU3NOIOTHIECKIX MEXaHU3MOB, JIOKAIINX B
OCHOBE (DYHKIIMOHUPOBAHUS MO3Ta.

Kpome Toro ciienyet 3aMeTUThb, YTO OoJjiee COpPOKaA JIET
HIPOAOJDKACTCST CHOP MEXIY HPEACTABUTENISIMH (DU3HKO-
MaTeMaTHIECKUX W HEUPO(DU3UOIOTHYSCKUX HAYK O DPOJIH
MaTeMaTHIECKOIO MO/CIUPOBAHUSI B PAa3BUTHH HAYK O
Mo3re (cM. Tabimiy). APrymMeHTBHl KaXJOH W3 CTOPOH
B34Thl HaMu u3 pabot [179, 180]. IIpenmer pasHoryIacuit
BaXXCH ¥ MMEET NPUHIUIHAIBLHOE 3HAYCHHE, TaK KakK IoKa
OTCYTCTBYET OTBeT Ha Bompoc: "Kak meiciut uenosek?" C
9TOro BOMpOCAa U HavMHAJCS Haml 0630p. [Touck oTBera Ha
9TOT BAXHBIA BOIPOC CBA3aH ¢ ApyruM BompocoM: "Ilo3so-
JIUT JM KOMIIBIOTEPHOE MOJCIUPOBaHAE B OyIIylIemM
noHATh — "Kak MblcauT uenoBek?" — WM ¢ MOMOIIBIO
KOMITBFOTEPHOT'O MOJICIUPOBAHMS MHTEJUICKTYaIbHOM J1esi-
TEJBHOCTH MO3ra MOXHO JIUIIb CO3AaBaTh UHTEILICKTYa b
HYIO TEXHUKY, & JUIs HEeUPO(PU3UOJIOTHH OHO JaeT HeMHOTO" .
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Tabauna. ApryMeHTaIusi CTOPOH B COPOKAJIETHEM CIIOPE O POJIM MAaTEMATHIECKOTO MOJICJIMPOBAHUS B HEMpOHAyKax

Tesuc

AnTHuTe3uc

ITockonbky MaTepHuaj, Ha OCHOBE KOTOPOIO CHAEJIaH KOM-
MBIOTEP, HE UMEET OTHOIICHUS K BBIYMCIISIEMbIM UM (DYHK-
musM (TIpolielypa BBIYHMCIICHUS 3a(pUKCHpOBaHA JIMIIL B
MpOTrpamMme), TO MOJEJb-IPOrpaMMa B TPUHITUIEC MOXKET
BOCIIPOU3BOIUTH UHPOPMAIIMOHHYKO pabOTy MO3Ta ¢ Jito-
0ol 3aJaHHOUW MPOTPAMMUCTOM TOYHOCTBIO. Bce cyrecT-
BYIOIIIME OTPAHUYCHUS U Je(PEKThl MPOrpaMM — SIBJICHHUE
BpeMeHHOe, Oa3upyroleecss Ha HEJIOCTATOYHOCTH HAIlUX
3HAHUI U HEU30EKHBIX MTOKA YIPOIIECHUSIX.

ITporpamMma KoMIbrOTEpa MOXKET MAaHUIYJIMPOBATD JIMILD C
cuMBoOJIaMH. Mo3r ke paboTaer He ¢ CUMBOJIAMH, a CO
CMBICIIOBBIMY CHTYAIUSIMA. DJIEMEHTBI CO3HATEILHOTO pa-
3yMa 00JaJaloT CeMaHTHYECKHM (CMBICJIOBBIM) COJEpXKa-
HUEM, OOECIeYMBAIOIIMM BbDKHBaHUE opranm3ma. Hampu-
Mep, MO3T PACIO3HAET KOHTYPBI XUIIHUKA B 3aIIyMJIEHHOMN
cpelie U MTHOBEHHO BBIOUpAET MPAaBUIIbHYIO PEAKIIUIO HA €T0
MOSIBJICHUE; TMPOBOJMUT PA3JIMUYUS MEXIY CbeJOOHBIMH M
HECHETOOHBIMH OOBEKTAMHU MHUPA; MEXIY MOJIOBBIM MapT-
HEPOM W APYTHMHU XHBOTHBIMU; KOpOYe — BBIOMpAET
CMBICJIOBOE TIOBE/ICHUE B CJIOKHOM BHEIIHEW cpeie. Maru-
Ha JX€ ONepHpyeT C CUMBOJIAMH, IMEpEKJIabIBasi UX IO
ONpE/ICJICHHBIM TPaBUJIAM M3 SYCHKU B SUeiiKy. DTO ecTh
CHHTAKCHC 0€3 CEMaHTHKH.

VTBepKAEHHUE O TOM, 9TO CHCTEMA "MCKYCCTBEHHOT O UHTE-
sekTa" 10JDKHA HENPEMEHHO 00J1aJ1aTh BCEMHU CBOUCTBAMU
Hamrero mo3ra — abcypaua. TpeboBaTh moJIHOTO CoO-
OTBETCTBUS 110 BCEM MapaMeTPaM — BCE PABHO, YTO J100U-
BaThCs OT MCKYCCTBEHHOTO JIETATEJILHOIO anmnapara (Ha TOM
OCHOBAHUM, YTO OH JIOJDKEH JIETATh) HEOOXOIUMOCTH HECTU
aiina. HaM moka Mallo M3BECTHO O TOM, B 4€M HMEHHO
COCTOMT IPOLECC MBIIUIEHAS U CEMAHTHUKA, IIOITOMY BCS-
Kasl YBEPEHHOCTh IO IOBOJAY TOI'O, KAKHE CBOMCTBA 31€Ch
CYILIECTBEHHBI, IPEXICBPEMEHHA.

Mo3r — 3710 mpexzae Bcero "Gumoxummuyeckas MmainuHa',
MAaHUIYJIMPYIOIIAs ¢ MOJIEKyIaMu. MIMEHHO 0coOLIe CBOii-
CTBAa OMOXMMHYECKUX MOJIEKYJI 3aKJIAbIBAIOT OCHOBY 3(-
(eKkTa CO3HAHMS, ONMCAHHYIO B ONPEIEIEHHBIX Crieludnye-
CKMX MOJIEKYJISPHBIX TOPMOHAJbHO-PEIENTOPHBIX
TepMuHaXx. JeSTeIbHOCTh MO3ra CTPOUTCS Ha OCHOBE Ta-
KHMX TIOHSTUH, Kak 00Jib, Xaxaa, paaocTb, BO30OYXICHUE.
DTa AeATENbHOCTE GOPMUPYETCS B UEPAPXMIECKOM CUCTEME
"cumuzy BBepx" OT MOJIEKYJISSPHOTO YPOBHS O YPOBHS
nejioctHoro mosra (puc. 7). Hanpumep, 4yBCTBO Kakibl,
no KpaitHeil Mepe, B HEKOTOPBIX Cllydasix, 00yCIIOBJIEHO
cpabaThbIBAHUEM HEHPOHOB OIPEIC/ICHHBIX TUIIOB B TUIIOTA-
JlaMyce, KOTOPOE, B CBOIO OYEpElb, BLI3BAHO IEHCTBUEM
crenupUIecKoro nenTuaa anrnotensuna II.

" Buoxumuueckuii mo32" COBEPILIEHHO HE 00A3aTENBLHO H0JI-
KEH ObITh IUHCTBCHHON (PU3HUECKOM CUCTEMOM, CIIOCOOHOM
Ha MBICIUTEIbHYIO JesTeIbHOCTh. KOMIIbIOTEpHBIE MPO-
rPaMMBbI, MOJEIMPYIOIIAE MO3TOBbIE MPOIECCHI, TOKHBI
OTpaXkaTh JIMIITb WHOOPMAIUOHHBIM ACIEKT 3TUX TPOIIEC-
coB. MopenupoBannue He CJIE€AyeT CMEIINBATHL C IOJHBIM
pocnpousBeaeHrueM. CaMoOJIeT JIeTaeT He MOTOMY, 4YTO B
HEM CKONHUPOBAH MPHUHIHUI MOJIETA TTUI. XOTS MOXHO
(ecm HYXHO) TIPEJICTABUTH ceOe KOMITBFOTEPHYO MOJEIIb,
OTpaXAIOIIyI0 BO3JEHCTBUE TMENTHIOB HA THIIOTAIAMYC,
KoTopast OyJIeT TOYHA BILIOTH JIO KaXJOTO CHHATIICA.

C TakuM ke yCIeXOM MbI MOXEM MPEJCTaBUTh ce0e KOM-
IBIOTEPHOE MOJEIMPOBAHME IIPOIEcca OKHUCIICHUS YIJIeBO-
JOPOJOB B aBTOMOOMJIBHOM JBHUTATEJIC WM IHIIECBAPH-
TEJIBHOrO IpoIllecca B KeJyake. MoJeiab MPOLECCOB,
IPOTEKAIOIIMX B MO3TY, OyIeT HUYyTh HE peasibHee MO/Ie-
Jie#, ONMHCBHIBAIOIINAX IIPOIECCH CTOPAHUS TOIUIMBA HJIU
MUIIEBAPUTENIbHBIE Tpoliecchl. Heb3si mpuBecTH aBTOMO-
OWIb B JBIKEHHE, MOJICIIMPYsI HA KOMITLIOTEpE OKHCJICHHE
OCH3MHA, HElb3sl IePeBapUTh 00€I, BBIIOJIHSIS IIPOrPaMMY,
MOJICJHPYFOIIYIO NHIeBapeHUe. MoaeTnpOBaHUEe MBbIIILIC-
HUSI TAKKe HE POU3BEACT Heilpodu3nogornieckoro s¢dek-
Ta MBIIUICHUS.

"Uckycemeennviii mo3z2" MOXET U HE MOJIb30BATHCS GHOXH-
MHUYECKAMHU MOJIEKYJIAMU U JOCTHYb TOro xe 3ddexta.
Hanpumep, MOXKHO CO31aTh MUKPOIPOLIECCOPHI (M OHU yXKE
CO371aHbl), KOTOPBIE OYIYT 10 BXOAY U BBIXOY MOIEIUPO-
BaTh paboOTy CETYATKU WJIM, HATIPUMED, YIUTKH yXa. OHu B
pealbHOM BPEMEHH PEATUPYIOT HA pealibHblE CUTHAJIBI:
CBET, 3BYK. Takue cXeMbl OCHOBAHbI HA M3BECTHBIX AHATO-
MUYECKUX U (PM3HOJIOTHIECKUX CBOMCTBAX CETYATKU KOIIKU U
YIIHOM YJIMTKH CHIYXH, U MX BBIXOJ MO BLIOPAHHBIM Tapa-
METpaM CHIHAJIA YPE3BLIYANHO GJIM30K BBHIXOAaM OPraHoB,
KOTOPBIE OHM MOJEJUPYIOT. B MHKpocxemax He WCIOJIb-
3YIOTCS HUKAKHE HEMPOMEIUATOPBI, CIIEA0BATENBHO, HEAPO-
MEIMATOPBI MOT'YT M HE SABJIATHCS HEOOXOAUMBIMU 3JIEMEH-
TAMH JIJIsL IOCTHKEHUS KENAEMBIX PE3YJIbTATOB.

JoOuThbCSI KOHKPETHBIX, & He a0CTPAaKTHBIX CBOWCTB MO3Ta
TOJIBKO 34 CYET BBINOJHEHUS (POpPMAaJIbHOW MpPOTpaMMBbL
oIepalyy ¢ CHMBOJIaMHI HEBO3MOXXHO. UTOOBI Takoe cTaI0
BO3MOXHBIM, CTPYKTYypa JIOTHYECKHUX 3JIEMEHTOB JIOJDKHA
HAYMHATHCS C OMOJIOTMUECKH BaXKHBIX MOJIEKYJ1. OHI MOTJIH
3BOJIFOIIMOHHO BO3HUKHYTH CJIy4ailHO, HO, pa3 BO3HHUKHYB,
TENEeph OHU YXKE OMPEICIISIOT MBIIICHUE XKUBBIX CHUCTEM,
TaK KaK OHO OCHOBBIBAETCS HA CTPYKTYPHBIX M3MEHEHUSIX
HMMEHHO 3TUX MoJieKyJl. JIrobasi cuctema nApyroil mpuposl,
BO3MOJXHO, U CMOXET MBICIUTb, HO COBCEM HHAYe, 4eM
O6uosornueckas. Jleqo He B TOM, YTO COBPEMEHHBIE INPO-
rpaMMBbl JIeJIAIOT B BOCIIPOU3BENECHUH IPOIECCOB MBIIILIE-
HUS TEepBbIE IIATH, OHU MPOCTO HAXOJISTCS HA APYrou
Jopore.
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Puc. 7. CtpykTypHas OpraHu3anmysi HEPBHOW CHCTEMBI B Pa3JIMYHBIX
HepapXuYecKuX MacIradax.

ITogoOnble muckyccuu (Korja Ta WM HWHAsh OOJIACTh
3HAHUI JeJlaeT TepBbIe IIArd) MEXAY IpeACTaBUTEIISIMU
pa3HBIX CIENUAJbHOCTEH BeCbMa XapaKTEepHBbI, OCOOEHHO
st 6uogusmnueckoit Hayku. Ecim oOpaTUThCs K MCTOpUU
Ono(U3NKH, TO MOKHO HAWTH MHOXECTBO IPUMEPOB MOT00-
HBIX CIIOPOB HA 3ape TOTO WJIM HHOTO HAYYHOTO HATIPABJICHUS
(muackycens mexay U.B. T'ere uw Y. HprotoHOM O (usnke
usetHoro 3penus, mexnay JI. TanbBanu u A. Bosbra o
"xuBoTHOM 3tekTpuiecTBe", Mexay K.A. TUMHUpSA3EBLIM U
I1.IT. JTazapeBbIM O (HOTOXUMHUHM U MeXaHM3MaX (OTOCHH-
Te3a W T.1.). Kak mpaBmiio, B pe3yjbTaTe HCCIETOBAHUN
MOCJIEIOBATEJ el M YYCHUKOB IOTOM BBISICHSIJIOCH, YTO IIpa-
BBIMH OKa3bIBAJIMCh 00€ CIIOPIOIIUX CTOPOHHI [181].

C Halueil TOYKY 3peHusl, U3y4eHue JUHAMUKI AaKTUBHOCTHU
Mo3ra OyJaeT MATU MPH TECHOM B3aUMOIECHCTBUU MEXIY
9KCIEPUMEHTATBHBIMA HEHPODU3HOTIOTHUECKUMH UCCIIEI0-
BAHMSIMH ¥ TIOCTPOEHHEM MOJEeJIel, COTJIACYIOIIMXCS C
MOJTYYEHHBIME SKCIEPUMEHTATBHBIMA JaHHBIMA. HecMoTpst
Ha yKa3aHHBIE BBILLIE aPTYMEHTBI, Ha 3TOM ITyTH MbI OKUAAEM
HOBBIX OTKPBITHH, KOTOpPbIE CO BPEMEHEM NPUBEAYT K
pa3paboTke GoJjiee COBEPIICHHBIX CHCTEM HCKYCCTBEHHOTO
MHTEJIEKTA.

OTtMmeTnM, 4TO B KOHIle XX BeKa MPOM3OILIA TaKXkKe
CMEHa TapagurM W B HEHPOPHU3UOJIOTMYECKHX HAYKaX O
Mo3re. MHorue ¢yHAaMeHTaJIbHbIE OOIIECTPUHATBIE MPHH-
oUObl HepoOuosioruu ObuM TepecMOTpeHbl. OauH U3
nocnenaux 063opo O.C.BHHOTpamoBOl Tak M HA3BIBAJICS
"HeilipoHayku KOHIIA BTOPOTO TBICSMENIETHS: CMEHA Tapa-
qarm" [182].

JanpHeiiliee TpoayKTUBHOE NMPOIBUKEHUE HEHpoucciie-
JIOBAHWM CETOJIHS HEBO3MOXHO 0e3 HeHpOHHO-CETEeBOTO
MOJICJIMPOBAHHUS, XOTS, Kak ObLJIO MOKa3aHO B 0030pe, Ha
9TOM IIyTH OCTAETCS HEMAJIO CJIIOKHOCTEH.

5.2. HanpagsJieHusi 1ajbHEHINIMX HUCCJIE0BAHMIA

Teopusi OCHMIIIATOPHBIX HEUPOHHBIX CETEH 1O CPABHEHUIO C
TPaJIUIMOHHBIMU TOIXOJAaMH K UX ONHCAHUIO HA OCHOBE
TIOPOTOBBIX 3JIeMEHTOB [19] MMmeeT cBoM mpeumyInecTBa u
HeToCTaTKh. JlaHHAasi TeOpust 0OeCTIeynBaeT JIyUIliee COOTBET-
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CTBHUE IKCIIEPUMEHTAJIBLHBIM JTaHHBIM, HO MaTeMaTHYeCKHUI
aHAJIM3 OCHUJUIATOPHBIX MoJeel Oojiee TpyeH. JaabHeii-
WA TPOTPECcC TEOPUH OCIMJUISTOPHBIX HEUPOHHBIX CETel,
KaK MBI TIoJlaraeM, OyJIeT CBSI3aH CO CJICAYIOIIMMHU HAIpaB-
JICHASIMH UCCIICTOBAHUIA.

1. Hccaedosanue OuHaMuKu HeUpoOHHBIX cemell ¢ nepe-
MEHHBIM BHEWHUM CUeHAA0M. B MaTeMaTHUeCKUX TepMUHAX
9TO CBOJUTCS K M3YYECHHIO HEABTOHOMHBIX JAMHAMHYECKUX
cucreM. [Ipumep Takoro moaxoda COAEPKHUTCS B pabote
[61], Tie aBTOPBI OOPATWIIM BHUMAHHE HA TO, YTO HEKOTO-
pble achekThl 00pabOoTKU WHPOPMAIH B MO3TE CXOIHBI C
paboToil yNIbTPAKOPOTKOBOJHOBOIO NPUEMHHKA, HCHOJIb-
3YIOLLIETO YaCTOTHYIO MOIYJISLUIO JJIsI KOAUPOBAHUS BXOI-
HOW wuHpopMammu. [Ipyroii mnpumep — WHCCIIETOBAHKE
muHaMukd HelipoHa ®utnXwio—Harymo mon peilictBueM
MEPUOAMICCKOTO BXOJHOTO CHUTHAJIa — COJCPKHUTCS B
pabote [183].

M3MeHYnBOCTb BXOJAHBIX CUTHAJIOB CYILIECTBEHHO yBEJIH-
YUBAET CJIOXHOCTb aHaIM3a JUHAMHYECKUX PEXUMOB B
HEMpPOHHOU ceTh. [JOMOJIHUTENbHbIE TPYIHOCTH CO3AeT
TakXke HEOOXOAMMOCTh PACCMATPHUBATH ITy IWHAMHKY B
YCIIOBHSIX HM3MEHYMBOCTH BHYTPEHHHX MapaMeTpPOB CETH
(Takux Kak BeJIMUMHA CBsI3eH, BpEMEH 3ama3/(bIBaHUs CUTHA-
JIOB, U3MEHSIOIIMXCS IOPOTOB HEMPOHOB U T.1.), YTO CBSI3aHO
¢ mporneccamu oOyueHust u popmupoBanus namsatu. Cre-
JIYIOIIIHE 3TANbl MOTYT OBITH IMOJIE3HBIMHU NPHU pa3paboTke
9TOTO HAIPABJICHUS:

e M3yUeHNE TUHAMUKHA BO3MOKHBIX BXOTHBIX CUTHAJIOB U
uX (pa3oBbIX COOTHOLICHUIL;

e U3yuyeHHE AMHAMUKH CETH IPH MAaJol aMILIUTYJe
BapualUK BXOTHBIX CHTHAJIOB;

e U3YYCHUE JTUHAMHKH CETH IOCJIe KOPOTKOTO MEepruoaa
CTUMYJISIIIAY MTOCTOSIHHBIM BHENTHUM CUTHAJIOM.

2. Muoeocaoiinble 0CYUALAMOPHBIC HEUPOHHBIE Cemi ¢
DpasauyHoll apxumekmypoil ca3eil. B yacTHOCTH, IpencTaB-
JISFOT MHTEPEC CETH C JIOKAJbHBIMU CBSI3SIMU BHYTPH CJIOEB U
MPSIMBIMH B OOPATHBIMA KOHBEPTEHTHBIMH CBSI3SIMH MEXTY
ciosimu. Takast opraHu3anus CBsI3eil COOTBETCTBYET CTPYK-
Type CBsI3eil MEXTy KOJIOHKaMu KOpbl. Hasmure neHTpaib-
HOTO 3JIEMEHTA B TAKOW CeTH OO0JieryaeT rjio0aibHOe pery-
JIMpOBaHuE 00pabOTKM MHPOPMAIIUU NIPU COXPAHEHUH yMe-
PEHHOTO KOJIMYECTBAa CBs3el. B 4acTHOCTH, Takwe CEeTH C
[EHTPAJIBHBIM 3JIEMEHTOM MOTYT OBITH IOJIE3HBI TP MOJIe-
JINPOBAHHUHU B3aMMOJICHCTBHSI TUMITOKAMITA U KOPBI.

3. Ocyuanramopnvie meiiponnsvie cemu ¢ MHO20UACHON-
Holmu KoaeOanusamuy. YacTOTHBIA AMama3oH, B KOTOPOM B
CHITy HeHPO(U3MOIOTHIECKUX OTPAHUYEHUH TOJDKHBI (PyHK-
[IMOHUPOBATH HEWPOHHBIE CETH, CPABHUTENILHO Y30K, a H3-32
HU3KOT'O DAa3pellleHrs] CUTHAJIIOB B YAacTOTHOH o00JacTu
3(hPEKTUBHOCTh KOJUPOBAHUS CUTHAJIOB PAa3HBIMU YacTO-
TaMU HEBEJIKA.

Mmeetcss 1Be BO3MOXHOCTU MOBBICHTH 3Ty 3(dekTus-
HOCTb. [lepBasi COCTOUT B TOM, YTOOBI HCHOJIb30BATH MPO-
CTPaHCTBEHHO-YaCTOTHOE KOJIMPOBAHHE, 3aKTFOUAFOIIeeCs B
TOM, YTO CUTHAJIbI, 3aKOIUPOBAHHbBIE OJIM3KUMHU YACTOTAMH,
pacnpeaessitoTesl MO Pa3HbIM YacTsIM CeTH. DTOT MOAXO[
npuMeHeH B pabote [176] mpu moCTpOeHNH MO/IEIH ISTEKIIUN
HOBU3HBL. [Ipyras BO3MOXHOCTb COCTOHT B TOM, YTOOBI
WCIIONB30BATh [JIs KOAUPOBAHUS MHYOPMAIMU OJHOBpPE-
MEHHO HECKOJIbKO YaCTOT, YTO TMO3BOJISIET YBEJIMYHTH pa3-
MEpPHOCTh IPOCTPAHCTBA KOJIOB.

Kak ormeuanoch Bblllle, TeOpUs OCHUIIISATOPHBIX
HEHPOHHBIX CceTel, TOMUMO TPHUIIOKEHUH K Helpodu3noio-
TUH, UMEET elle OIHY BAXKHYIO 00JACTh MPHJIOKEHWA —
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CO3J]aHNE HEHPOHHO-CETEBBIX KOMIBIOTEPOB (neurocompu-
ting, artificial neural networks), npeaHa3HauYeHHBIX IS
peleHnst TeXHMYeCKNX 3a7a4. B HacTosiee BpeMs mMeeTcst
MPUHIUIHAIBHAS BO3MOXHOCTh TOCTPOEHHSI UCKYCCTBEH-
HBIX HEWPOHHBIX CHCTEM C IIAPOKUM CHEKTPOM HHTEJIJICK-
TyaJIbHBIX BO3MOXHOCTEH. CyIIECTBEHHBIM IIaTOM B 3TOM
HaIpaBJIeHUU OBLIO ObI CO3/aHNUE CUCTEMBI U3 B3aMO/IEHCT-
BYIOIIUX OCHWJLISTOPOB HEHPOHHOH ceTH, KOTOpasi ObL1a ObI
crocoOHa permaTh MpoOJieMbl HHTETPAINY TPU3HAKOB, BHU-
MaHUsl, PACMO3HABAHUS M 3allOMUHAHUS HOBOW WH(pOpMa-
nuu. Bee HEOOXOAMMBIE KOMIIOHEHTBI ISl TAKOW CHCTEMBbI
yke pazpaboTtanbl. Tekyiel 3a1aueii BsieTcst OTOOp cpeau
CYILLIECTBYIOIIIUX MOJEJIel TeX, KOoTopble Hambosiee 3dpdek-
THBHO MOTYT pellaTh yKa3aHHBbIE 3a/ayd, U pa3padboTka
MIPUHIIUTIOB B3aNMOJICHCTBHSI 9TUX KOMIIOHEHT B IIEJIOCTHON
cucteMe. MHOTHE AacCMeKThl TAKOTO B3aUMOJICUCTBUS YXKe
U3BECTHBI, APYTUE [OJDKHBI OBITH HAWAEHBI B IpOIEcce
JTaJIbHEUIIIUX COBMECTHBIX HCCJIEOBAHUN Heipoduznoso-
TOB, TICKXO0JIOTOB, MATEMATHKOB U APYTUX CIEIHAIUCTOB IO
KOMIIBIOTEPHOMY MOJCITUPOBAHHUIO.

AsTtopb! Onaronapusl M.A. Peibaky u I'.C. LipimMbaroky
3a NMOMOIIb B MOJArOTOBKE YacTU paszfesia 3, CBSI3aHHOI ¢
MOJENMPOBAHUEM  [bIXaHUsT M JBUXKeHHMs. Paborta
I'.H. Bopuctok, P.M. Bopucroka u S1.b. Kazanosuua 6bu1a
YaCTUYHO mojjaepxkaHa rpaHTtom PODOU  99-04-49112.
Pabora P.M. Bbopucroka u S.b. Kazanosuua Obuia mon-
nepxana rpantoM EPSRC (GR/N63888/01). Hactuuno 3Ta
pabota nomnepxkana Takxe rpantom POOU s Bemymmx
HayuHbIX ko (I".P. Banuukwuii, 00-15-97985).

6. IIpniosxenue

6.1. /IlunaMnKa HHTErpaTUBHO-NIOPOrOBOr0 HelipoHa
JuHaMyKka MHTErpaTUBHO-MIOPOTOBOrO HEMpoHa 3ajaeTcs
CJIETYFOIIAMHU COOTHOIIICHHUSIMH.

1. ITopor:

r(t4 1) = (Fmax — F'oo) €Xp[—oun (£ — tsp)] + I
TA€ I'max — MAaKCHMAaJbHOE 3HAYEHUE TTOPOTa; I'ng — ACHMII-
TOTHYECKOE 3HAYEHHUE Iopora NpH ! — oo; oy — CKOPOCTh
HaJieHUs] BEJIMYUHBI IOPOTa; fy, — MOMEHT TI'eHepaluu
MOCJIETHETO craiika 10 MOMEHTa /.

2. ITocTcuHanTHYECKUN MOTEHUHUAT [JIS1 BXOJHOTO CHUI-
HaJa HA HEUPOH:

PSPI(t+1) = PSP/ (1) exp(—othep) + @,

w/,
a =
0,

rae w/ — cuna cBs3u (IOJOXKMTENbHAS BeJIUYMHA JJIs
BO30YXalOIel CBA3M M OTpULIATEIbHAS Ul TOPMO3HOM);
7/ — BpeMeHHOe 3ama3/IbIBAHKE; pgp — CKOPOCTB 3aTyXa-
HHSI IOCTCUHANITHYECKOr0 MOTEHIUAA j-T0 HEHPOHA; tgp —
MOMEHT T'eHepalluy MOCJIeTHETO Craiika g0 MOMEHTa ! JJis
Jj-TO HelpoHa.

3. Mym:

N(t+1) = N(t) exp(—an) + ¢,

eciu t§p+r~f:t+1,

B IPOTUBHOM CIlydae,

£ eN(0,0),

TOe oy — CKOPOCTb 3aTyXaHus Inyma; { — HOPMAaJIbHO
pacmpe/iesieHHas ciydaiiHas BeJIMYUHA.

4. MeMOpaHHBIi MOTEHIIMAT COMBI:

V(l + 1) = Vanp exp [— OCV(I — lsp)} ,

rae Vaygp — BeJIMYWHA MMOCJIECIAaKOBON TUTIEPIIOJISIPA3 AT,

oy — CKOPOCTb 3aTyXaHUs MEMOpPaHHOTO IMOTCHIMAJa
COMBI; f, — MOMEHT T'€HEepalllu IOCIEAHEro craika 110
MOMEHTA 1.

5. CyMMapHbIil moTeHIAa:

P(t+1)=> PSP/(t+ 1)+ N(t+ 1)+
V(1) T+ 1),

e lex¢ — BHEIIHMI CUTHAJI.
6. I'enepanus craiika:
ect P(t+ 1) > r(t+1), 10t =t + 1.

6.2. OcuuaasTopHasi Mo/ieJib BHUMAHHS

Mopnenb BHUMaHHS (HOPMYJIHPYETCS B TEPMUHAX CETH W3
(a30BBIX OCHUIIATOPOB. MOJIENIb OMUCBIBACTCS CIIEIYIO-
IUMH YPABHEHUSIMU:

do, W .

— =y +— sin(6; — 0 1

G =0ty 20— 00, (1)

do; . .

dt’:coiersm(()o—(),-), i=1,2,...,n, (2)
rae 6y — ¢aza O, 6; — daszsr 1O, wy — cobcTBeHHAS
yactoTa L[O, w; — cobcTBennble yacToThl 110, n — 4ucio
nepru(epUIECKUX OCIHUIIATOPOB, W — CHJIA CBSI3U MEXIY
ocumiastopamu, dfy/dr — Ttexymas uacrora LO,

d0;/ dt — rexyume yacrorst I1O.
Momudukanusi cobctBennol yactorsl LIO onuceiBaercs
ypaBHEHHEM

dwo _ d90
F—*/(®O*w>, (3)

rJe napaMeTp y 3aAaeT CKOPOCTh aJallTallud coOCTBEHHON
gacToThl L{O k ero Tekyiei yacrore.
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activity as detected in different brain structures, and particularly to test hypotheses concerning the role of synchronization and time and
phase relations in the processing of information by the brain. Models of the temporal structure of impulse sequences, neuron dynamics
models, and oscillatory models of attention and feature-integration in the image are discussed.
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