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Brenenne

OCoBEHHOCTD Pa3BUTHS HEHPOHAYK B IIOC/IEAHEE
TeCATHIETUE COCTOUT B ITONYYEHUM AETATU30BAHHBIX
JIAaHHBIX HA YDOBHE OTIEABHLIX HEUPOHOB. DTH JaH-
HBIE BKJIIOYAIOT IMHAMUKY MeMOPaHHOTO MOTeHIIUA-
72 B Pa3sNTUYHBIX COCTOSHUAX, CBOICTBA U BKJIan
CTDYKTYPHEIX KOMTIOHEHT HEeWpOoHa, MOHHBIE Mexa-
HU3MBI TeHepaLUMy UMITVIbCOB M TaK paiee. C npy-
ro#t CTOPOHBI, MEXAHU3MBI HHTETPALIMM aKTUBHOCTH
OTASNBHBIX HEWPOHOB SIBIAIOTCSA TIPEIMETOM PasHO-
00pasHBIX THITOTE3, MTPOBEPKA KOTOPBIX OTpaHHYeHA
BOSMOXHOCTSIMUA COBPEMEHHBIX HelpoGuoiornyec-
K¥X METOAOB. BaxHyio posib B IIPEOLOJSHUH ITUX
OrpaHWYeHH BBITIONHIIOT METOIR! MATEMATUYECKO-
ro MonemupoBanusd. CHHTE3 MaTeMaTHUECKUX METO-
JOB U IOAXONOB, 2 HMEHHO: MaTeMaTHYECKOTO MO-
JETAPOBAHM, TeopUU UHGOPMALIMK, QOPMATEHBIX
He#POHHBIX ceTelt U HelpoOHOIOrH MOPOAUT HO-
BO® Hay4YHOE HAITPARNICHHUE — BRIMNC/IUTENIbHBIC Heli-

poHayku, obiielf Haeeit KOTOPOTO SRISIETCH TE3UC

«H3ydeHue Yepes MoaeaupoBaHue» 1, 11].

Ilpu aTOM B MIMHUTALIMOHHBIX 3KCIEPHMEHTaX Ha
MOZENSX, AKKYMYJIHUDPYIOIMX TOT MIM MHON Habop
M3BECTHBIX MTapaMeTPOB U CBOMCTR PeabHBIX HEMpO-
HOB, BOCIIPOM3BOASTCS HEKOTOPHIC (PEHOMEHbBI MX
AKTUBHOCTH, AHAJTU3UPYIOTCS BO3MOXHEBIC MEXaHH3~
MBIl ¥ QOPMYIUDYICTCS IPEANIONOKEHNAS , FOCTYIHEBIE
IKCTIEPUMEHTATBHOU TTposepKe. OXHUM M3 Harpas-
JeHHH WCCASMOBAHMM B JAaHHOM 0OMacTH sBIsgeTcs
A3YYeHMe OPraHu3aliuyl HeHPOHHBIX CTPYKTYP Kak
MHOTOMEPHBIX PEKYPPEHTHBIX CeTel 1 OlpereieHue
BAMSHMSA CBOMACTB OTAENBHBIX KJIETOK Ha IMHAMHUKY
aKTUBHOCTH M CBoiicTBa Bcel cetu. CylecTByeT He-
CKOJIBKO NOIXON0B K MOCTPOSHKIO MOZIENIeH HEHPOH-
HBIX CETe# C pa3jIMYHOH CTENEHBIO AeTaNu3aluy
CBOMCTB 3JIEMEHTOB M CBA3CH, HEODOXOIUMBIX ¥ 1OC-
TATOYHBIX IS MCCIICAOBAHUS MEXaHU3MOB KOHKpET-
HBIX HEMPOOMOJOTHYECKUX TIPOLECCOB, KOTODhIE
MOXHO 00BEAMHKTE B TpH Tpymmbl. Ileppas rpynmna
(Monesu THINa XOmXKUHA-XaKcau) [2] ucrionpsyer-
¢l IPH BETATTHEHOM MOJETHPOBAHUY Y UCCIEAOBAHNY
BHYTPUKJIETOYHBIX ITpoLIeccoB. BTopas rpyrima BKIo-
YaeT MOJEIM UMITYJIbCHBIX HEMPOHOB U IIPUMEHSET-
¢l TIPY MCCNIEIOBAHUK MEXHEHPOHHEIX B3aUMOAEH -
creuii [3]. Tpetbo rpymny o6pasyioT NOMYISIHOH-
HBIE MOJIEJIN, KOTODBIC CIYKAT ISl U3YYEHUS CTaTh~
CTHYCCKH YCPCAHEHHBIX CRBONCTE MHOXECTBA HEHPO-
HoB [4]. OnpHako 3agaya MONENMPOBaHUS HEHRPOH-
HBIX ceTell cpeiHeH ¥ OONBIIOH Pa3MEPHOCTH C MHO-
XeCTBEHHBIMHM OOPATHBIMY CBSA3SMY, TTO3BOJISIOIIN -

MH OLICHUBATh BKJIA KPATKOBPEMEHHOM TMHAMUKA aK~-
THBHOCTH OTAENLHBIX HEHPOHOB B IIOBEACHUE LIEJIOCT-
HOH CeTH, 1O HACTOALILET0 BPeMEHM HE UMeeT adhdek-
TUBHOTO PELICHMS. ’

Lenvro mavHOM paboThI ABJsSCTCS pa3paboTka U He-
CJICIOBAHUE MATEMATUIECKOY MOTEM eNMHIYHOIM KIeT-
KU, UMUTHDYIOUIE ! KPATKOBPEMEHHYIO THHAMUKY MEM-~
6paHBOr0 NMOTEHIIMAIA PeabHOTO HEWPOHA, W CO3Ma-
HYE Ha OCHOBE T4KUX BJIEMEHTOB HEHDPOHHBIX CeTeH
CpeAHel ¥ GOMLIOMN PA3MEPHOCTH ¢ MHOKECTREHHBIMHU
00paTHBIMH CBA3SAMH.

Taxum 0OpaszoM, akTyanbHOM 3aadeh SBIsIeTCS pas-
pabotka >dheKTUBHON MOACTY SANHATHOIO HEHPOHa,
cnecobHo# anexsatHO HOPMANM30BATbL CBOMCTBA OT-
JENBbHBIX PEAIbHBIX KIIETOK U CTPYKTYPY CBA3EH MeXuy
HUMMU LTS UCCIICHOBAHUA BKIaIa 3THX CBOMCTB B MeXa-
HU3MbI MHTETDALIMY AKTUBHOCTH B JIOKAIBHBIX HEMPOH-
HBIX CeTSIX, MMEIOIIMX CPenHIown (60Jee COTHHU KIIETOK)
¥ bonpLzyio (bostee 1000 xneTOK) pa3MEPHOCTH,

1. mmamideckie MAaKpOXapaKTEPUCTHKH HelpOHHOH
ceTH

B namsHelimeM x OIHCAHMIO aKTUBHOCTH HEMPOH-
HOH CeTH OyIeM HUCXOIKUTh U3 MaKpONOAX0Aa. DTO 03-
HAYaeT, YTO OCHOBHBIMH M3YYaeMBIMU TIEPEMEHHEIMHI
SABJSIIOTCS BEIMUUHBI, KOTOPbIE OITHCHIBAIOT AKTUBHOCTD
HEWPOHHON! CEeTH B LIEJIOM HJIM X€ JIOCTATOYHO DOJb-
Io#i ee MOAIIOIMY STy, JJHHAMIIECKOE ITOREICHME Ta-
KUX HHTErpaJbHBIX MaKpOXapaKTepUCTHK UMEeT 60oTb-
1Ioe 3HaYeHUe uig snexrpodusunonoruu. B nocnentee
BpeMsI TTOKA3aHO, YTO B KAYECTBE CTPYKTYPHO~PYHKIM~
OHAIBHBIX CAVHUILL MOI'YT PACCMATPUBATECS HE OTHENb-
HbBIE HEMPOHDI, & UX OObeNUHEHN — HeMpOHHLIE aH-
cambiu [5]. PaccMOTpeHNe MakpoxapakTepUCTUK T10-
3BOJISIET U3YMUTh IUHAMMYECKOE ITOBCACHME TAKUX aH-
camMOye#i. B KauecTBEe 3KCIIEPUMEHTAIBHBIX aHANOIrOB
MaKpPOXapaKTePUCTUK MOTYT DACCMATPUBATECH YCDPE-
HECHHDBIA YPOBEHD aKTUBHOCTH 1P MUKPO3JICKTPOLHOM
OTBEJCHMH WIH d1eKTposHuedanorpamma (D31), npen-
cTaBisIoMas coboi CyMMapHBIl NOTEHNIMAT BCex Hell-
POHOB B OKPECTHOCTY MecTa perucrpaun. IIpu namem
PacCMOTPEHKH He GYOYT yYHTLIBATRCA IPOCTPAHCTBEH-
HBIE CBOMCTBA HEPBHOM TKaHU, Mbl OyIeM HMHTEpecO-
BaThCS TOUCUHBIMY MOACIISIMU HEUPOHHBIX TTOITYALINHA,
OITUCHIBAEMBIX OOBIKHOBEHHBIMU AU depeHIMATbHbI-
MH YpaBHEHUSIMH.

PaccMOTPHM BOTIPOC 00 M3MEHEHUH IHHAMUKY MaK-
POXapaKTePUCTHK CETH B VCIOBUAX U3MEHECHUS BelU-
YUH CBA3EH MeXAY JIeMeHTaMM (MaKpOXapakTepuc-
TUK). Ha MOZenpHBIX HelfpOHHBIX CETSX, B IIPEATIONO-
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XKEHNH UX OTHOPOLHOCTH, MBI MI3y4HM NVHAMUKY MaK-
POXaPaKTEPHUCTHK, COOTBETCTBYIOLIVIO OTIPENENCHHBIM
BENUYMHAM CBSI3H, a TAKXKE U3MEHEHHE 3TOi )IHHaMI/I-
K¥ B YCIOBHSX BADbUPOBAHMS CBA3CH.

Ilpu pewreHuy sToM 3ama4M Mbl OYJIeM UCXOHUTH
n3 teopuy A.M. MoayaroBa 0 POy KPUTHUECKHUX pe-
KUMOB 14 GYHKIMOHWPOBAHUA CHONOTHUSCKIX CH-
creM [5]. Takue KpUTUYECKHE PEXKUMEI BO3HUKAIOT,
Kax TIpaBHJIO, Ha IpaHulie, pasmessiolei obaacty ¢
PASNMUHBIM OUHAMWYECKUM NoseneHmeM. [lostomy
olnpeneeHHe KPUTHYECKHX JUHUH Ha TUIOCKOCTH Ia-
paMeTpoB (ITOCTPOeHHE CTPYKTYPHOTO IIOPTPETA B TEP-
muHONerud A.M. Moruanosa) 1103BONAET OTBETUTH
Ha MHOTUE HHTEPECHbIe BOMPOCHI, BOSHMKAIOMUE B
HEeUpOGU3HOAOTHH.

WI3BeCTHO, 4TO B HEMPOHHO CETH U3 BO3BYXKIAI0-

IHHMX 2TEMEHTOB CO CBSA3IMH THUIIA «BCE Ha BCEX» BO3-
MOXHO CYILECTBOBaHHUE JUIIb HECKONBKHX YCTOWIM-
BhIX CTalMOHApHBIX cocToanuit. B.W. Kpioxos pac-
CMOTPpeJI CeTb U3 BO3GYXIAOUIMX 3JIEMEHTOB, HO C JI0-
KAJTBHBIMH CBA3SIMH H ITO aHAJIOTHH ¢ MOJelbio M3uH-
Ta [IPeNCcKa3al CyIIeCTBOBAHUE HETPHBHATBEHOTO KPH-
THYECKOrO peXKMa B TakKoi cetu [6]. B nanpueiituem
3TOT pexyM ObL1 OGHAPYXEH Ha MMUTALHOHHO! MO-
gemu. Kputuueckuit pexXyM B CETH ¢ TOKAIbHBIME CBSI-
35IMH ABJISIETCS PE3YIBTATOM CIOXHOIO KOJUIEKTHBHO-
TO IIOBeNEHHS DIEMECHTOB M XapaKTEePHU3YyeTCs «MeTa-
CTa0MIIbHBIMS COCTOSHHEM CPEJHEr0 YPOBHSA aKTUB-
HOCTH. _

15 MATEMATHYECKOTO OITVCAHES BOSHUKHOBEHUA
KPUTHYECKOTO PEXMMa MBI PAaCCMOTPENH JIBE MaKpO-
XapakTePUCTHUKHU CETH — CPEIHUH YpOBEHD M TUCTIED-
CHI0 YpoBHS akTHBHOCTH. CpenHMil YPOBEHb aKTHB-
HOCTH HEIOCTATOYEH JUTS MOJCTHPOBAHMS KPUTHIEC-

KOTO pexumMa. [l 3THX XapaKTepUCTHK TTOJYYEeHa CH-
CTeMa YPABHEHWM, pe3yNbTAThl UCCIEIOBAHUSA KOTO-

POY XOPOILIO COIJIACYIOTCS ¢ HAHHBIMM UMUTALMOH-
HBIX 3KCIIEPYMEHTOB. '

W3ydeHne KPATUYECKOTO PEXMMA NPEICTABISET
coG0i GONBILOH MHTEPEC B CBA3M C MOIETUPOBAHUEM
KpaTKOBpeMEHHOM ramary [7]. B aToM pexume ceTh
CIIOCOBHA JI0JIIO XPaHUTh MH(DOPMAIIHIO 0 HAYATHHOM
YPOBHE AKTMBHOCTH ¥ HE BRIXOJUT Ha CTALlMOHAPHEIR
YpOoBeHb GOHOBOH aKTHBHOCTH. OOGRIYHO LTSI MOIENH -~
POBaHHA KPATKOBPEMEHHOM MAMSATH MCIONB3YIOTCH
IJTMTEIbHBIE peBepOepalii aKTUBHOCTH B CETH, CO-
nepxXauiei ¥ TOPMO3HBIE 3JIeMEHTBI. T1oaToMy KpuTH-
YeCKMIf peXXMM B CETH ¢ BO30YXIAIOLUINMHU JIOKATTBHEI -
MU CBSI3IMH OfecreurBaeT HAIUYHe HOBOTO, HETPH-
BuaeHoro 3dhdexra B mosepeHuy cetu. Ipencranisa-
eT 60JIbIION MHTEPEC FKCIIEPUMEHTATEHOE OOHAPYXe-
HHE ¥ U3yYEHHUE DTOTO PEXUMA.

ITonygeHHBIE PE3YNbTATHI 11O OITUCAHUIO KpI/ITPI-
YEeCKOro peXuMa MPUMEHSIOTCS LIS MOLETHPOBAHHSI
npoliecca BeIpabOTKM YCIOBHOTO peduiexca. [Tomyye-
HO XOpOllee COOTBETCTBHE C IKCIIEPHMEHTAIbHBIMU
naHHbMEA 3DT 3KCTIEPUMEHTOB.
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2. AMHaMHKA aKTUBHOCTH HEHPOHHO# ceTH n3
BO30YAKIAIMUX 3/1EMEHTOB IIPH PA3THIHON BeJIMYHHE
NAapaMeTpoB B3AUMOCBS3H 3JIEMEHTOR

PaccMOTpUM OIHOPOIHYIO HEHPOHHYIO CETh, CO-
CTOSLUYIO U3 BO30YXRIAOIIUX 3JIEMEHTOB — HEHPOHOB,
DeMeHT Ha3bIBaeTCs BO3GYXKIAIOUIMM, eCJIH €r0 BO3-
IEHCTBHE Ha COCENHUN C HUM JIEMEHT NPUBOIMT K
TEeIOAPH3ALIMY, K TODMO3HBIM, €CJTH €T0 BO3NEHCTBHE
TIPUBONOUT K THIIEPIIOASPHU3ALMUA MEMBDAHEI COCeIHE-
TO DJIEMEHTA. »

CdopMynnpyeM OCHOBHbBIE TIPEITIONOXKEHUS 00
aneMeHTax ceTH. HelipoHoM MbI OyaeM Ha3biBaTh Be-
DPOSITHOCTHBIM 3IEMEHT C TIOCTOSTHHBIM IIOPOTOM, KO-
TOPBIH MOXET JIN6O HAXONUTHCS B COCTOSHUM MTOKOS,
J1ubo cpabateisaeT («3aropaetrcss»). MoMeHT cpabaTh-
BaHM, KaK OOBIYHO, Mbl CYATAEM TOUKOH Ha OCH Bpe-
meHu. [Tocne cpabaTbiBanys HeHPOH HAXODUTCA B CO-
CTOSTHHH abCOMIOTHO pePpaKTEPHOCTH JUIUTENBHOC
Tbi0 r. HelipoH cyMMupyeT Bce NPUXOISIIE Ha HEero
BO3AEHCTBISA, KOTOPBIE CO BPEMEHEM IKCITOHESHIINATh-
HO 3aTyXa10T. BCe 271eMEHTBI COeIMHEeHB] C COCEIHUMH
3MEMEHTAMH TaK¥M 06pa3oMm, 4To o0pasyioT oXHOPOL-
HYI0 HEHPOHHYIO CETh, IIPUYEM KaXIbIl U3 9MeMeH-
TOB MOJIy4YaeT JOCTATOUHO OOJIBLIOE YUCIO CBS3eH 0T
cocenei. S »

[lepeitnem Temepp K OTIMCAHHIO TUHAMUKH Heu-
poHHo# ceTh. Ilycts ng(?, h) — 9uciao HelipoOHOB BO3-
OyXnarmoleil TONMyAsuny, cpaboTapmMX («3aropes-
IuXcsi») 3a BpeMs oT £ 1o #+h. Ilepexons k mpexeny
npu h4 O ¥ HOpMHUpys Ha oblIee YHUCIIO HEePOHOB
po30yxnarotie nonynsuun Ng, nonygaem SO0 Hell-
POHOB BO30OyXIarouleil IOMyasU1H, KOTOphIe ¢pabo-
TaJy B MOMEHT f. BTy BeJIMYMHY MBI 0003HaYuM e(7).

Urak:

) '

e(t) = N hJ.o h

Hnst GUKCHPOBAHHOIO MOMEHTA BpeMeHH f BeJH-
YKHA e(?) ABNseTCs Cly4yalHOi BeTHUMHOH. MaTeMa-
TUYECKOE OXUAAHME STOH BeIMIMHBI 0603HaunM E(1);

E(t)=M{e()}.

OTa BeNWUMHA, ONMPEEITIONas JMHAMUKY Cpell-
Hero ypoBHSI aKTHBHOCTH, SBIASTCA MaKpoxapaKre-
puctukoil. Ee u3aMeHeHME BO BpeMEHH XapaKTepusyer
HM3MEHEHHUE JOJIU FOpsIILMX HeipoHoB. Bennunna E(1)
YHOBNETBOPALT creayromeMy IuddepeHLranbHOMY
YPaBHEHUIO:

dE o
o == E)Sg(@E+P), . ()
dt , ,
rAe rp — BeJIMYMHA aBCONIOTHON pedpakTepHOCTH;
a — BEJIMYHHA, XapAKTEPH3YIOMIAd CUIY CBS3H BO3-
OyXmalolunX seMeHToB >0 ; P — BenuyuBa sHell-

HEro BO3JeHCTBUSI Ha ceTh; Sp(x) — curMounHas GpyH-
KM, MMEIoIast BUJ, U300paKeHHEIH Ha puc. 1.
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Puc. 1. Tpadux dysxuun Se(x)

B pabotax [8-10] npuBeieH BHIBOK CHCTEMBI NBYX
auddepeHUKATLHBIX YPaBHEHUH, ONMCHIBAIOUINX JH~
HaMHUKY CDEIHHX VPOBHEH aKTHBHOCTH BO36YXIai0-
e ¥ TOPMO3HOR MONYJIANMI HEHPOHOB B MOASTH
Buncona v KoBasa, 1 MOJIydeHb! aHATOTHYHBIE YDAB-
Herys. YToGsel nepeltity K ypaHeHuto (1) AN aKTHR-
HOCTH ONHOV oMYAV, A0CTATOYHO TIONOXWTS PaB-
HbIMH HYJII0 TIApaMeTPh B3aMMOASHCTRUS MEXKIY T10~
TYAALKSIMA.

TporexeM uccnenoraane ypapuenus (1). Crauu-
OHAPHBIE COCTOTHHMSA 3TOIC YPABHEHHS OIIPEHEIAIOTC
U3 COOTHOILICHUA

B ~E+(l-rgE)Sg(ak+ P)=0
I
_E_
l-rgE

Ha puc. 2 npusegens rpaduku GyHKUHHA, CTO-
WX B JIEBOR ¥ NPaBOR YACTH, TOUKK IEPECEUeHUs!
3TMX TpadUKOB SBISIOTCS CTAIMOHAPHBIMH COCTOS-
HUSIMY CHCTEMEI,

Ha pucyHKe BUIHO, YTO IIPH 60n1>umx no aco-
MOTHOW BENNYMHE 3HAYEHUSIX TlapameTpa P, ypaBHe-
HHe WMEET ¢IWHCTBEHHOE, rrpmeM YCTOHYMBOS, CTa-~
umoﬁapﬂoe peilieHUe. ]'Ipu HU3MEHEHMH 1(f — ) cpel-
HUH YPOBSHE AKTHBHOCTH CCTH CTPEMUTCH K ITOMY
CTaIII/IOHapHOMy gHaueHuto. [Ipuuem, ecau P>0 (to
eCTb BHELIHEE BOSIEHCTBIAE YBEINYMBALT BEPOATHOCTD
3a3TOPAHHUS SJIEMEHTOB); TO CTALIMOHAPHOE COCTOSHUE
XapaKTePU3YETCst BBICOKUM YPOBHEM (BY) akTuBHOC-
i, Ecin xe P< 0, To CTaunonapHoe COCTOSTHUE Xa-
pakTepH3yeTcs Hu3kuM yposHem (HY) akrtusHOCTH
ceryi. [Ipu oTCyTeTBMM BHEIHETO Bo3neiicTeus: (P=0)
cucTeMa BCeraa MMeeT YCTOMYMBOE CTaLHOHAPHOE CO-
crofHue F=0, cooTBeTCTBYIOLIEE (POHOBOH aKTHBHO-
¢y ceTd. IIpH HEKOTOPEIX COOTHOLLISHUAX MEXIY T1a-
pameTpamu ‘Pu a, B cucreme (1) MOTYT ONHOBPEMEHHO
CYLIECTBOBATH TPM CTALMOHApHbIX cocrosuus. [Ipu
3TOM J1Ba (KpaiiHHe) COCTOSIHUSI YCTOMYMBBL, 4 OOHO
neycTofiyuBo (puc. 2). Takoit pexuM QYHKIMOHHPO-
BAHMS CETH MHOTIA HA3BIBAYOT TPUITEPHBIM,

= S;s('aE +P). O

e

£{E)

o ] :
Egr ~
v
A
f_u(E}‘l'
f{E)
E¢r

LA >

<0

Puc. 2. Tpadwmxu dyHkumiA u3 ypassesus (2) —
CTALMOHAPHHIE COCTOSIHUS CPEIHET0 YPOBHA AKTHBHOCTY
CETM TIpY PaIAYHOM PETMYMHE BHENIHETO BO3ISHCTBISA

Ha puc. 3 npuBeneHa KpUBas Ha IJIOCKOCTH iapa-
MeTpoB {P, @), KOTOpas CIYXUT IpaHuliei obnactu
CYIECTBOBAHUS TPEX CTAUMOHAPHEIX COCTOSHUIH.
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Be  E

@-—a—<———«——>~<——
B Ee B

Puc. 3. O6nacru cyiieCTBOBaHHUS OTHOrO ¥ TPEX
CTAIOHAPHEIX COCTOAHUM Ha wiockoctH (£, a)

BTa xpuBas ABIgeTCA IUIOCKOM TIpOoeKIUeR KpH-
BOW B IipocTpandcTee { E, P, @), yIOBRETROPAIOLLE yDaB-
HEHUSIM: '

~E+(-r;E)S(@E+ P)=0;
~1+(1~r;E)aSy(aE + P)-rySy(aE + P)=0.

Tleproe ypaBHeHHe — YCIOBUE CYUIECTBOBAHYA
CTALMOHAPOB, BTOPOE YCIOBHME UX KPATHOCTH.

Wrax, B 3aBHCHMOCTH OT 3HAYEHMI [1APaMeTpoB a
u P ypasHeHue (1), onmuchiRaolIee IWHAMMKY CPEI-
HET0 YPOBHS AKTUBHOCTUCETH M3 BO36YXAAFOLIMX dJIe-
MEHTOB, MOXET UMeTh TG0 OHO CTALHOHAPHOE CO-
CTOSIHHE, KOTOPOE SIBIHETCS YCTOMYMBLIM, TUGO TpH
CTAIIMOHADHBIX COCTOSAHHS, U3 KOTOPRIX ABA YCTOMTH-
BBl H OJIHO HEYCTOHYWBO. AKTHBHOCTD CETH CTPEMHUT-
ca (Ipy ¢ —» o0 } 160 K 0XHOMY, Ju00 K IPYroMy CTa-
LAOHAPHOMY COCTOSIHHIO B 3aBHCHMOCTH OT HAYaIh-
HOT'O VPOBHS «TOPEHUS».

3aMeTHM, YTO IIpH APYTOM BRIGOpe (byHKnHH Sk
(x) ypaBueHue (1) MOXeT UMETE TINTh, CeMb, IEBATL U
TAK fajfee CTAMOHAPHEIX COCTOAHUM. [Is 9TOro Hy X~
HO, 9100 QYHKIMS Sk (X) UMea aBe, Tpn YEeThIPE U
Tak flayee TO4eK neperuda.
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Boisoast

Js pasiTuyHbIX OMHOPOAHBIX MONEelH HelpOH-
HBIX CeTeH IIPOBEICHO CCIegOBaHHe THHAMUKY MaK-
pOXapakTepucTHK HPH pPasiuyHbIX 3HAYCHUAX Jtapa-
METPOB B3aHMOACHCTRHA 971eMeHTOB H BHEINHKUX BO3-
Jgevicreuii. T1ocTpOSHE! rpaBuIp! B IPOCTPAHCTEE Na-
PaMeTpOB (MHUKPOXaPaKTEPUCTHK), Pa3nensioue o6-
JIACTHM PasiMYHOrO TUHAMWYECKOIO NOBENeHUA MakK-
poxapakrepucTyK. TeM caMbIM r10JIy4EHEI BCEBO3MOX-
HBIE PeXUMbI (PYHKUHOHUPOBAHAA HeHPOHHOH CETH
¥ OTIMCAaHBI MX B3AMMHBIE NTepexonbl. JJaHo MateMaTy-
JECKO0e OTMCAHME BOSHUKHOBEHUS KPUTHYECKOTO Pe-
X¥IMa B CETH 13 BO30OVXIAIOMMK 2AEMEHTOB C JOKATb-
HBIMY CBA3SIMM, [ 5TOT0 TToTyyeHO YPaBHEHHE, OTIH-
CHIBAOIECE NMHAMUKY CPEIHErO YPOBHS aKTHBHOCTH
ceTH. [TokaszaHo, 4TO KPUTUUECKHI PEXUM CyInecTRY-
&T B 11eN0H 061aCTY H3MEHe U 1aPAaMETPOB ¥ Xapak-
TEPU3YETCH «MeTACTAOUIILHOCTBIO» CPEHET0 ypOBHS
AKTVBHOCTH,

B nanbHeHeM NIpeATIoNaraeTCsa U3yYUTh ITOBeIe-
HHUE TAKHMX XapAKTEPHCTUK CeTH KaK MaTeMaTUyecKoe
OXUIAHVE ¥ JUCTIEPCHs YNCHa AKTUBHBIX HEAPOHOB
[IPOaHATU3UPOBATh Ha UMUTAUKMOHHON Mozeny Kaye-
CTBEHHBIE 0COOSHHOCTH IIORe KeHUA HERPOHHOHK CETH.

Cuucox mareparypht: 1. Dudpw A. VICKYCCTBEHHEIN MHTEN-
nexr. M., 1985. 2. Albertini F., Sontag E. For Neural Networks
Function Determines Form // Neural Networks. 1993. Vol.
6. P. 975-990. 3. Hopfield J.J. Neural networks and physical
systems with emergent collective computational abilities //
Proc. Nat. Acad. Sci. 1988. Vol. 79, P. 2554-2558. 4. @.Yoc-
cepmer HeBipoxoMnsiotepuas texuuka. M. Mup, 1992,
C. 340. 5. Moauanoe A. M. Kpuruueckue TOUXH 610NOTH-
YECKHX CHCTEM (MareMaTieckue Mofenu)// B ¢6, Marema-
THYECKOS MOoJenupoBaHue B Guonorud. M.: Hayka, 1975.
C. 142-153. 5. Jynun-Baproeckuii B.JI. NadopmaunonHse
NPOUeCCH B HeHPOHHHIX cTpykrypax. M.: Hayka, 1978.
166 ¢. 6. Kpwoxos B.H. Mapxorckue TIPOHECCH B3apMOeH-
CTBHsI M HeltpoHHAs aKTHBHOCTS //B ¢6. Baanmoueiscrayto-
[H¢ MAPKOBCKUE rpovecckl n 6uonorau. Iymuno, 1977.
C.127-145.7. Kosanenxo E. H., Kpwxoe B.H., Bopuciox P-M.,
bopucrox I' H., Kupuinos A.B. HelipoHHas mamsars; dMUTa-
LMOHHAS Monesnb nond CAj runmoxamrnia // B ¢6. B3anMo-
ACHCTBYIOWIHE MAPKOBCKHE ITPOLISCCHL X UX MPUMEHEHYE K
MATEMATHYECKOMY MOLETIMPOBAHUI0 GHOMOI HIECKIX CHCTEM,
Tlyiinno, 1982, C. 77-107. 8. Kaujenxo C.A., Maiiopos B.B,
06 oxHoM muddepeHUMNANBHO-PpA3HOCTHOM YPaBHEHUH,
MOIENHPYIOHIHM HMITYIBCHYIO aKTHBHOCTE Hepora // Ma-
TeMarTiuecKkoe Moxenposanpe. 1993. T, 5. Ne 12. C. 13-25,
9.Maiiopos B.B., Meuukun H. H). MaTeMaTHyecKoe MOXETH-
POBaHHUe HEUPOHOR CETH HA OCHOBE YPABHEHMUI ¢ 3ara3ibl-
BaHue™m // Marematryeckoe mogeauposanre. 1990. T. 2.
Ne 11. C. 64-76. 10. Kawerro C.A., Maiiopos B, B. BonHOBbIE
CTDYKTYDEI B KNETOUHOMN CeTH U3 POPMANBHEIX HeHPOHOB
XarunHcona // Paguorexnuka u 3/1eKrTponuxa. 1995
Beoin. 6. C. 925-936. 11. Humennexmyasbrsie ipoxeccst M ¥X
Monenuporanue. M.: Mup, 1987.

Hocmynuna g pedroanezur 25.04.2005



