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1 Heliponnbie cetu Xonduiaga U ONTUMHA3AIHAS

Heiiponnas cers Xondumima (pI/Ic. 1) mpeacTaBasgeT coboii cJIoil agalTUBHBIX CYyMMAaTO-
pPOB ¢ OOpATHBIMHU CBS3AMME, BBIXOIHBIE CUTHAJIBI KOTOPBIX, MOMBEPrasich HeJIUHERHOi 00-
paboTKe O 3aTaHHOMY 3aKOHY, TOCTYIAIOT ¢ HEKOTOPOH BpeMEHHON 3aIep:KKOoil Ha BXOIbI
HePOHOB, B pe3yIbTaTe Yero BBIXOIHON cUTHAI HeHpOHHOH ceTr GopMUpYeTCs JIUIIH TOCTIe
TOTO, KaK CeTh TOCTUTHET JUHAMUUIeCKOro paBHOBecusd. [loBenenne HelipoHHOI ceTn MOme -
pyer, TakKuM 00pa3oM, HEKOTOPBI CTOXaCTHIECKHil Ipoliecc, KOHEUHOE COCTOSTHIE KOTOPOTO
olnpenessieTcd BXOIHBIM BEKTOPOM HelipoceTw, ABJIAIONIMMCHA 10 CYTH BEKTOPOM BHEIIHUX
CMellleHUii.

[Iycth cocTosinme KazKIoro ¢-ro HelipoHa ONpenesiseTcs ero BbIXOIHbIM curHasioMm [, B
apXuTeKType HelipoceTn, peausyioleil OnHapuble omepamny, GyHKINSA [ MOKeT TpuUHU-
marh sHaderns FP = 0 mom F!' = 1. Kak BumHo u3 puc. 1, BXomHOfl cHTHAT KazKIoro
Helipona H; mpemcrassiger coboil cymeproswnuio IBYX CHTHAJIOB: BHEIIHEro curHasa [; u

CUT'HaJIa O6paTHOI7[ CBA3MW, B BUIE CYMMBbI BbIXOIHBIX CUTHAJIOB OPYIHUX HeﬁpOHOB. TOFILEL

J
Hy => wi;F;+ 1, (1)

j=1
Ile w;; — BeC CHHAITUYIeCcKoll cBA3N, coenHATOMNUil j-if HeitpoH ¢ :-M HeifpoHOM.

Kax nprit HelipoH m3MeHdeT CBOe COCTOsIHME B 3aBUCHMOCTHU OT 3aaHHOTO YPOBHS aKTH-
Baruu S;, TaK 9TO
0

B=v  momss. 2)

*MartepuraJi TIOATOTOBJIEH CIEMMAIBLHO Il YIaCTHUKOB 03HAKOMUTEJIBHOTO ceMUHapa KoHcymbTampmorHOTO [len-
Tpa MATLAB rommanun SoftLine, 29 nrons 2001 1. 1
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Puc. 1: Apxurekrypa pexyppenrnoit ceru Xomdmimga ¢ TpeMs HelipoHamu.

Ecou npenmnosnoxuTs, 4To BecoBble K03 (P MUINEHTB CHHAITUYECKUX CBA3EN w;; ABJIAIOTCS
UKCHPOBAHHBIMI IS BCEX ¢ W j, TO cucTeMa ypasHeHwuit (1)-(2) ompemesnsger croxacTude-
CKMil mpolecc, KOTOPbI JoCTUTaeT YCTORUYUBBIX MOJOXKEHUH paBHOBeCHs B 3aBUCUMOCTHU OT
BHeIIHUX 3Havdenuit [;. ubivMu crioBaMu, nanHad HellpocucTeMa ¢ PeKYPPEHTHBIMEI CBA3AMUI
GYHKIIMOHUPYET KaK «acColraTuBHAA» MaMsTh, IIOCKOJIBKY €€ YCTONYINBbIE COCTOSTHUS Ta-
KOBBI, UTO €CJIN CUCTEMa WHUINAJIN3UPOBaHa BOJIU3U OIHOTO W3 YCTONYIUBBIX COCTOSHUI, TO
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nocaenytounit ntnHaMuiecKuii pestakcallnoHHblil Tpoliece TPUBOAUT €€ UMEHHO B 3TO COCTO-
siHme: Jrobast Mpou3BOJIbHAdA TouKa Ha ($has30Boil nrmarpaMme XOmpuUITOBCKOH HEpOCHCTEMBI
AcCOLUMUPYeTCs ¢ ONHUM U3 Takux coctognuii. [lokasano [1], [2], uto cxomumocTsb rapanTu-
poBaHa, ecJin ee MaTpHUIla BeCOBBIX KoabdurmerTos W dABJIs€TCS CUMMETPUIHON 1 BCe Mua-
TOHAJIbHBIE PJIEMEHTBI PaBHBI HYJTFO. /l0oKa3aTesbcTBO CXOMMMOCTH MOMKET OBITH TOJIYIeHO
13 aHAJN3a «PHEPTETHIECKOi» QyHKIUN HeiipocmcTeMbl, a uMenHo, dyaknunm Jlsgmyrosa
[3], koTopas nus paccMarpuBaeMoil HeipOHHON ceTu ¢ OOPATHBIMU CBA3AMU UMEET B

I J
£=—

1 1

1 =1 =1

[N

K3

1y

1 IpeacTaB igeT coboll KBaIpaTuIHbIil (HYHKIIMOHA COCTOSHIS Helipornoil cetu. l3menenne
dbyEKIIT £ BCJIENCTBUE M3MEHEHNA COCTOsIHUSA ¢-To Heiipona Ha AF; BbIpaxkaercsd B BUIE

J

J=1

s ypasrenus (2) ciemyer, 9ro Benumanna AF; TpUHUMAET MOTOKATETbHbIE 3SHATECHU

J
TOJIBKO B TOM cJiydae, Korna . w;; Fy+1;+.5; > 0, u maobopor, npuHUMaeT OTpUIaTeIbHble
i=1

J
snavdenud, ecan y. wi; I+ 1 +.5; < 0. CiregoBaresbno, Ipon3BoIbHOE U3MEHEHNIE COCTOAHUA
i=1
HelipoHa B apxXuTeKType Helipocetn Xomdusima MPUBOAUT K YMEHBIIEHUIO SHEPTETHIECKO
GYHKIIIET BCell crcTeMb.

Ecan Bmecto 6I/IHapHOFO npencTaBjeHnA CUTHAJIOB BBI6paTb LCIIMHOBY1O» MOOeJIb, T.€.

PEOIOKITh, 9To PyHKIHMA F; Moxer nmpuanMmarhk sHadenust [0 = —1 wim F!' = 1, o

VPOBEHDb aKTWBALNN S; MOKHO MOJOKUTH paBHbIM Hy. 0. Torna cucrema (2) mepemnuirercs
B BUIE
-1, H; <0
=y 3T (5)
J 41, Hi>0,

s sreprerndeckoii byHKINM, OTBeYAONIEl TaHHON cHCTEME, Oy TIM

I
g = — Z wijFiFj - ZLFZ (6)

=1 7=1 =1

[N

[Tosenenwe meiiponnoit cetu Xonduima MOKHO aHAJIHM3UPOBATH, UCHOIb3yd TPadOBYIO
MOJIesTh OO peliasdg 3a1ady O COOCTBEHHBIX BEKTOpAX W COOCTBEHHBIX 3HATYEHUSAX paccMa-
TpUBaeMoil cucTembl.

C Toukm 3penus rpadoBoil Momesn, HelfipoHHAs CeTh MpeacTaBJiger coboil HapaBJIeH-
HBIIT Tpad, BEPIIMHBI KOTOPOTO 00pa3yioT HEHpPOHBI C MPUITOKEHHBIMU K HUM BHEITHIMUI
cMeleHnaMu, a pebpa 0bpa3soBaHbl CHHANTHIECKIME CBA3SIMU C BECOBBIMU KO3 ] duiimeH-
TaMu w;;. lIpmBenemM mpocToe moKaszaTesIbCTBO CXOIUMOCTH IMHAMHUYECKOTO IIpollecca CeTn
Xondunma. [Ipenmomoxum, ato k weliporoB cetn Xomduima pasmeseHbl Ha IBe TPYIIIbL:
mepBas pyMia BKJoUaer Hefiporbl ¢ F}' = 1, Bropas rpymma - ¢ F}! = —1. Hefipons! onnoii
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TPYIITIBI COETMHEHBI ¢ HelipoHaMu Ipyroii Tpymnsl pebpamu rpada. Beibepem mponsBoJIbHBIIH
HelipoH 1 OyIeM aHaJIM3UPOBATh «BJIUSHUE», KOTOPOMY OH MOJBEPKEH CO CTOPOHBI Helipo-
HOB CBO€ll TPYTIBI U HEIIPOHOB, MPUHAIJTEKAIIIX TPYIIIE ¢ WHBIM COCTOSHUEM. ITO BJIUSTHIE
MPOSABJIAETCA B BUIE CYMMBI BECOBBIX KO3(DPUIMEHTOB BCEX CHHANTUYIECKUX CBA3ell maH-
HOTO Helipora. Ecsm BosmeiicTBre mM3BHE OKa3bIBaeTCs OoJiee 3HATUTESTHHBIM, UEM BJIHSTHIE
HePOHOB COOCTBEHHOI IPYTIIBI, TO HEIIPOH M3MEHAET B COOTBETCTBUN € (5) CBOE COCTOSTHIE
1 TIepexoIuT TaKuM obOpa3oM B Ipyryio rpymmy. B mporuBHOM ciydae HelipoH ocTaeTcsd B
cOOCTBEHHOI TpyTIIe. DTa MPOIEeaypa MHOTOKPATHO MOBTOPAETCHA U MMEHHO OHA OMUCHIBAET
IMHAMUKY paccMaTpuBaemoii Hefipocetn. CeTh M0KHA B MTOTE TOCTUTHYTh CTaOMITBHOTO CO-
CTOSIHW#A, TaK KaK CyMMa BECOBBIX K03(DQUINEHTOB CHHANTHIECKNX CBA3ell (BecoB pebep),
COENTUHAIONINX HellpOHbI OHON IPYNIbI ¢ HElpOHAMU JAPYTOH TPYIITLI MOKET TOJBKO YMEHD-
marbesd. [JockobKy KOTMYecTBO COCTOAHMI HEPOHHON ceTn ABJIAeTCsl OTPAHUYEHHBIM, B
KOHIIe KOHIIOB ITOJIKHO OBITH JOCTUTHYTO TaKOe COCTOSHUE, TIPU KOTOPOM BO3IeiicTBIE Heli-
POHOB COOCTBEHHOII TPYMIIBI HE OYIET MPEBBIMATh BO3IECTBIE HEIPOHOB IPYTOW TPYIIIH.
Hannas nponenypa cBonutca B Teopuu TpadoB K 3alade HAXOXKIEHNs MIHIMAJIBHOTO pas-

pesa rpada [4], [5].

PaccvoTrpum Teneps cets Xotmduiima, HepoHbI KOTOPOIT 00JTaIa0T HETTPEPHIBHON MOHO-
tonnoii akTuBanueii, 1. e. F? < F; < F!. [lokaxem, uTo Takas HelipoHHas ceTh ob/amaer
cBoOficTBAMU Tpolleccopa, TPON3BOAAINIETO MIHIMI3AINIO KBAIPATHIHON Tes1eBoi (pyHKITIHT
BUIIA

1™
_ mo_ c\2
E(F) = 5 (07 — WP, (7)
i=1
riIe BCJIMYMHDLI \I};n, ] = 1,. .., M, COOTBETCTBYIOT MU3MEPUTEJIbHBIM HaHHBIM. BHELLIGHI/IH
C N p— (X} (Y}
\I}j, ] = 1,...,m, npeacTaBIdioT CO6OI/I AJaHHblEe MAcaJIbHBIX M3MEPEHUN, CBA3aHHBIX C

<<H6171p0HHO—C6T6BBIM pemeHMeM» C ITIOMOIIBIO HpeO6pa3OBaHI/IH
AF = U, (8)

rie A - matpurna pasMepaoct m X n. CoryracHo paHee BBeIeHHBIM 0003HaYeHUsAM, BeKTOp F
COOTBETCTBYET COCTOSHUIO N HEPOHOB; Torma BXoaHO# BekTOp I 1 MaTpuiia curanTmyecknx
ko3ddurimentos W ompenessorcsas cOOTHOIIEHTAMEI

I=AT0m,

W =—ATA. 9

Teneps mepenuuieM meseByfo GpYHKIWO I ONTHMI3ANNNA B GopMe, aHATOTHIHO (3):

E(F) = —%FTWF—ITF—F%{\I/M}T{\IIM}. (10)

Bocrnonbsyemest mapamerpudecknM mpenctaBienneM meseBoii dyakmmn E(F) ornocu-
TEJIBHO HEKOTOPOTO MapaMeTpa 1), XapaKTepU3YIOUIero TPAeKTOPUIO THHAMUYECKOTO MPO-
necca #a daszoBoil miockoctu. Torma usMenenue meseBoii GyHKIMA BIOIb TOM TpaeKTOpUN
MOXKHO [PEICTABUTH B BUIE

d€ . 0E dF;
dy = OF; dn~

(11)
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s ypasrerns (7) momyanm

o€ u
6F = — (Zwiij + ]2) . (12)

i=1

CrenoBaresnbHo,

£ (L), 1s)

7=1

Ecan HOTp66OBELTI)7 4TOOBI M3MEHEHNE COCTOAHUI HeﬁpOHOB YAOBJIETBOPAJIO COOTHOIIEHWTO

dF; i
d = )\ ( E wiij —|— ]2) 5 (14)
n

i=1

IIPU TOJTOKUTETBHBIX A 3HaUeHne mpou3Boaroil (13) Beerma Gymer orpuaTe/ibHbIM. BpiGop
dF;/dn B coorserctBun ¢ (14) obzA3aTeBHO TAPAHTUPYET YMEHBIICHAE DHEPTUE CHUCTEMBI.
[IpennonokmB, Kak 3T0 OBLIO CIeTAHO paHee, YTO MOPOroBoe 3HaudeHne S; (YpOBEHb aKTH-
BAIN) PaBHO HYJIfO, OyIeM MMeTh >KBUBAJIEHTHOCTH ypasheruii (12) u (4).

Hastee, cienys pabore [6], paccMorpum mucKpeTHblit coydaii. smenenne uenesoil GyHk-
[IIU TTOCJIe U3MEHEHUs COCTOAHNA k-TO HelfipoHa pUMET BUIT

1 n n
E+ANE = —522% (F; + AF8)(F; + AF;8) —
. =1 j5=1 ) - (15)
= Y L(F 4 ARSy) + 53 (1),
=1 =1
TaK 9YTO
1 n n
A& = ==Y Wiy (F AF; i+ F; AF;6 +
2 =1 j5=1
n (16)
=1
OHpeILeJH/IM YPaBHEHNA, OIMUChIBatOmIneE NTUHAMUKY CUCTEMBI, B BUIIE
Fi(t+1) = Fi(t)+ AFi(t), (17)

AFi(t) = \; (Z Wi Fi(t) + ]i) . (18)

[Moncrasus (18) B (16), momyanm
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n 1
Ag = — (Z Wi By + ]k) AF = S Wi AFAF,

7=1 (19)
I Wi

= —an (3.

Beibop mapamerpa ApobecmedmBaeT CXOMMMOCTH IWHAMUYECKOTO IPOIECca W €ro CKO-
pocthb mitst k-to asementa B F. [lesteBasi bynkums Oymer mMmeTs oTpuiiaresbHbIE MpUpaliie-
HUA

2
AESOD, ecmm A< —— m Wy <. (20)
[ Wik

Monotontoe ybpiBanue sHepreTndeckoit Gynakmun K sBIIgeTCA rapaHTUPOBAHHBIM, €CIIN A
OPUHUMAET JTOCTATOYHO MaJible MOJIOKUTeTbHbIe 3HAYCHU.
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