I'maBa 1

Heiliponnnie ceTn

Hammas riaBa HOCUT OO30PHBIN XapaKTep W UMEET CBOEH Ie/TbIo
JINITH 3aMHTEPECOBATH IUTATEJIS.

B nacrosiee BpeMs «...MCKyCCTBEHHBIE HelpoHHble Cemu TIPU-
MEHSIIOTCSI JIJIsI PEIleHnsl OYeHb MHOIUX 3aa4 00paboTKN M300pa-
JKEHUH, yIpaB/eHns poOOTaMU U HENPEPLIBHBIMU TPOU3BOICTBA~
MM, JJjis MOHMMAHUS M CHHTE3a Pedd, JJis JIUArHOCTUKU 3a00Jie-
BaHUI JTIOIE M TEXHUYIECKNX HEIOIaJ0K B MAIMHAX U IpHOOpax,
JIUTS TIPEJICKA3aHNsT KYPCOB BAJIOT U PE3YJIbTATOB CKaveK...» [1].

HWckyccTBennble HEHPOHHBIE CETH — ITO €I11e OTHA MOJIEh JTUC-
KPEeTHON JauHaMU4IecKoil cucreMbl. KatvuecTBeHHO# ocobeHHOCTEMH
ITOIl MOJIEJIU SIBJISIETCS CIIOCOOHOCTh K «ODYYEeHUI0», MHBIMU CJIO-
BaMU, HEHPOCETH MOXKET <«IIPUCIIOCADINBATHCI» K OKPYKAIOMIEH
cpezel.

I Heitponubie ceTn MO3BOMSAIOT, K TPUMEPY, C OGO TOYHOCTHIO BBITHC-
JIATH IPOU3BOJILHYIO Henpepvishyto dbyHKIM0. Boobiie rogops, 0TBET Ha BO-
MIPOC «9TO MOTYT HeffpoHHble ceTu?» BeChbMa ONTUMHUCTHYEH — <«HEHPOHHBIE
cern MoryT Beel». OCTaeTcst OTKPBITBIM APYTOil BOIPOC — «KaK MX 3TOMY Ha-
yaurs?» [1].
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1.1. Mozaeiab Heiipona Xebba

B ocHOBe HCKyCTBEHHBIX HEHPOHHBIX CETE JIEXKUT UJest O TOM,
YTO HEMPOHBI MOYKHO MOJIEJIUPOBATH JOBOJIBHO IIPOCTBIMU ABTOMa-
TaMU, a BCsl CJIOKHOCTBH (DYHKITHOHUPOBAHUST CETH OIIPEIE/ISIeTCS
CBA3SIMU MEXKJ[y HEPOHAMM: «CTPYKTYpa CBsi3eil - BCe, CBONUCTBA
9JIEMEHTOB - HU4YTO» |[1].

Kanaackuit pusmostor /1. Xe66 B koure 40-x romos XX Beka
B IIPOIIECCE MCCJIEJOBAHUsI HEPBHBIX KJIETOK 3aMETHJI, YTO CBSI3b
MeXKJly JIByMsI KJIeTKAMU YCUJINBAETCsI, eC/Id 00e KJIETKY IIPO0Y K-
JAIOTCs (CTAHOBATCSI AKTUBHBIMK) B OJIMH U TOT YK€ MOMEHT Bpe-
MeHH. Ecnm j-g KJeTKa ¢ BBIXOTHBIM CHTHAJIOM X; CBA3aHA C i-i
KJIETKOM, UMEIOIIEHl BBIXOIHOM CUIHAJ T;, CBI3BIO C BECOM (jj, TO
Ha CUJIy CBSI3M 3THX KJIETOK BJIUSIIOT 00a 3HAYEHUS BHIXOJIHBIX CHUI-
Has10B x; u xj. . Xeb0 npeayioxun ¢popMaibHOe IPABUIO, B KO-
TOPOM OTPA3UJIUCh PE3YJIbTAThI er0 HabJroAeHnii. B coorBercTBUM
¢ npasusom Xebba, sec o;; cunanca (CBA3M), BELYINEro OT Heii-
pOHA j K HEHPOHY ¢ M3MEHSIETCST TTPOTOPITHOHATILHO TPOU3BEICHUIO
BXOJIHOT'O M BBIXOJHOI'O CUI'HAJIOB HEHPOHA 1:

AO&U = NT;T;. (91)

SaNIeTI/Il\l, YTO JJIgd TOPMO3ANINX CUHAIICOB MOXKHO BBECTU aHMU-~
xrebbosckroe NPasuno:

Aaij = —NT;Tj. (92)

35ech 1 — 310 KoaPPuyuenm obyuerHus, 3HaTCHHE KOTOPOTO
Bolbupaercss B unrepsase (0,1). IIpasmio Xe66a Moxer npume-
HSIThCS JIJIsT HEUPOHHVIT cemet, Pa3INYHbIX TUIIOB C PasHo0Opas-
HbIMU (DYHKIUSIMU aKTUBAIUKA OTJIEJIbHBIX HEITPOHOB.
CrpykrypHas cxema Helipona Xebba TipeiCcTaB/ieHa Ha PU-
cyake 1.1. CBa3pb ¢ BecoMm, crocob mombopa 3HAYEHHUS KOTOPOIO
3a71aeTca npaBuiaoM Xebba, coeTnHAeT BXOTHON CUTHAI Xj C CYM-
MAMOPOM i-TO HEHPOHA, BHIPAOATHIBAIOIIETO BHIXOIHON CUTHAJ ;.

Heodnopodruiti addanmuerbiti cymmamop (cm. puc. 1.1)
BBITUC/IACT CKaJIAPHOE IIPU3BEACHHNE BCEKTOpPa BECOB Ha BEKTOP
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Puc. 1.1. CrpykrypHas cxema HeiipoHa Xebba

BXOJIHBIX CUTHAJIOB COTJIACHO popMyJie:
N
Yi = Qo + E Q5. (93)
Jj=1

Craraemoe vy MOYXKET OTCYTCTBOBATb, B 3TOM CJIydae CYMMAaTOP
Gyaer opnoponubiM. Pyuknus F (cm. puc. 1.1) nasbiBaerca Heau-
HEUHBLM NPeobpasosamenem CUTHAIA.

Obyuerue HetpoHa 3aKJII0IAETCS B IIPeodpa30BaHUU BECOB
COIVIACHO TpaBmiIy Xebba. ITO MPABHIIO XapaKTEpU3yeTcs TeM,
9TO B pe3yJibTaTe ero MPUMEHEHHUsl Beca, MOI'YT IPUHUMATH IIPO-
W3BOJIBHO OOJIbIIIME 3HAYEHUs], TIOCKOIbKY B KaXKJOM ITUKJIE 00y-
9eHUsi IPOUCXOIUT CyMMUPOBAHNE TEKYIIETO 3HAUEHUS BECA U €r0
MPUPAIIEHUS.

OjiuH u3 cocoboB CTAOMIIN3AIUH TIPOIEcca 0Oy IeHns 0 Ipa-
By Xe60a COCTOUT B yHeTe JjIsl yTOUHEHUsI Beca OCJIEIHEro 3Ha-
YeHUSA (v, yMEHBIIEHHOTo Ha KoaddunuenT 3abpiBanus y. Ilpu
9TOM IPABUJIO Xe0ba IMpe/ICTABISIETCS B BHUJE:

Oéij(t + 1) = Ozij(t)(l - ’)/) + AOéij. (94)

Suauenue kodhdurinenTa 3a0bIBAHNS 7y BEIONPAETCS, KAK IPa-
BuII0, n3 uHTepBasia (0,1), 1 Jale BCEro cocTaBisieT HEKOTOPHII
IpoIeHT OT Ko3durmenta obyderus 7). [Ipumenenne GoJbITX
3HAYEHUH 7y TIPUBOJUT K TOMY, YTO HEHAPOH 3a0bIBACT 3HAYUTE -
HYIO 9aCTh TOTO, Y€MYy OH OOyYHJICS B MPONLIOM. PeKoMeH 1yeMbie
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3unadenus Koaddunuenra 3abpiBanus v < 0, 1. [Ipu rakom BbIO6OpE
~ HEHPOH COXpaHSIET OOJBINYIO YacTh NHMOOPMAITUN, HAKOTLIIEHHOH
B IIpoOIlecce OOyYeHUs, U IMOJIYIaeT BO3MOXKHOCTH CTAOHIM3UPO-
BaTh 3HAYEHUsI BECOB HA OIPEJIEJIEHHOM YPOBHE.

1.2. ApxurekTypa HEiPOHHBIX ceTeii

ByneMm paccMarpuBaTh TOIBKO CUNHIPOHHO PYHKUUOHUPYIOULUE
HEIPOHHBIE CeTH, B KOTPBIX B JUCKPETHBIE MOMEHTHI BDEMEHU BCe
HEHPOHBI CPAOATHIBAIOT OJITHOBPEMEHHO.

B Teopun mHeitpoceTeil BBIIENSIOT ABe OA30BBIX APTUMEKMYDPDL
- CJIOUCTBIE U IIOJIHOCBA3HBIE CETU.

B caoucmubixr mefipOHHBIX CeTsIX HEWPOHBI PACIIOJIOXKEHBI B
HECKOJIBKO cJIoeB. HelrpoHBI IEpBOTO CJIOS TTOTY YaIOT BXOJIHBIE CHUT-
HaJIbI, IPEOOPA3YIOT X U YePe3 TOYKM BETBJICHUS MEPEIAIOT Hell-
ponam BTOpOrO cios. lamee cpabaTbiBaeT BTOPOI €10 U T.JI. J10
k-ro cJ10s1, KOTOPBIi BBLIAET BBIXOIHBbIE CUI'HAJBI. Eciu He oroBo-
PEHO IPOTUBHOE, TO KaXKJ Il BBIXOJHON CUTHAJI ¢-I'0 CJIOSI I10JIaeT-
sl Ha BXOJ| BCeX HEHPOHOB (i + 1)-ro. Yncio HEPOHOB B KaXK/IOM
CJI0€ MOYKeT OBITH JIIOOBIM W HUKAK 3apaHee He CBI3aHO C KOJIM-
Y€CTBOM HEHPOHOB B APYIUX CJIOsAX. Bce BXO/HbBIE CUTHAJIBI TIOJA~
I0TCSI BCceM HeltpoHaM 11epBoro cJiosi. Ocoboe pacupocTpaHeHue mo-
JIyYWJIM TPEXCJIOWHBIE CETU, B KOTOPBIX KAXKJIBIN CJION UMEET CBOE
HauMEHOBaHUe: ePBLIA — BXOAHOM, BTOPOI — CKPLITLIA, TpeTuil —
BBIXOJTHOIA.

B noanocesasHwvixr HeHpOHHBIX CeTsIX KayK bl HEMPOH Iepe-
JaeT CBOU BBIXOJAHOM CUIHAJI OCTAJILHBIM HedpoHaM, BKJ/IIOYad Ca-
MOro cedsi. BBIXOTHBLIMEM CHUTHAJAMH CETH MOTYT OBITH BCE WJIN
HEKOTOPBIE BBIXO/IHBIE CUT'HAJIBI HEIPOHOB I10CJIe HECKOJIBKUX TaK-
TOB (DYHKIIMOHUPOBAHUS ceTU. Bce BXO/HBIE CHTHAJIBI MIOJIAIOTCS
BCEM HelpoHaM.

HeszaBucumo ot apxuTekTypbl, npouecc obyueHus cemu
CTPOUTCS TaK: «...CYIIECTBYeT 3aJadHUK — HAOOp HPUMEDPOB C
3a/]AHHBIMU OTBETAMU. DTU MPUMEPHI MPEIbSABJISIOTCI CUCTEME.
Heitponb! o/1y9aloT Mo BXOTHBIM CBI3IM CUT'HAJIBI — CJIOBUS IIPU-
Mepa mpeodpa3yoT WX, HECKOJIHKO pPa3 OOMEHUBAIOTCS Mpeodpa-
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30BAHHBIME CUTHAJIAMHU ¥, HAKOHEII, BBIIAIOT OTBET — TAKXKE Ha-
6op curnasos. OTKIOHEHWE OT NPABUJILHOTO OTBETa ITpadyer-
cst. OByuenne cocrout B MuHMMM3anuu mrpada Kak (HesiBHOI)
dbyukmu ceszei...» [1].

1.3. Pemmenue 3a7a4 1Ipm mMOMOINMN Heli-
POHHBIX ceTel

B srom maparpade paccMOTpUM HpPOCTENIIe TPUJIOKEHHS T0JI-
HOCBSI3HBIX HEHPOHHBIX cereii. [IpescraBuM HEPOHHYIO CETh KaK
noanocea3uul epag ¢ Becamu. Kak u mpexsie, Bec CBsI31, Beay e
OT j-TO HeHPOHA K i-My, PaBeH «;; (ele pa3 oOpaTuTe BHIMAHIE HA
HOPSIZIOK MHJEKCOB). Jljisl MOJHOCBA3HBIX ceTell OlpesesieHbl 3Ha-
YeHHd (¢;; UPHU BeeX ¢ U j. OTMeTHM, 4To JyId IPYTUX apXUTEKTYD
CBSI3U, BeJyIlIe OT j-ro HeHpOHa K ¢-My, JJIsl HEKOTOPBIX ¢ U j He
OTIpeJieIeHbl. B aTOM cirydae MOXKHO TIOJIOXKATE o;; = 0. B obrmem
CIydae «CHJIa CBS3W» OT 1 K j HEOOsA3aTeJbHO PABHA 3HAYECHUIO
«CHJIBI CBSA3U» OT j K 4.

IIycTs Ha BBIXOZAX BCEX HEHPOHOB IOJIY<EHBI CHTHAMBL Z; (J
— HOMep HelipoHa). OGO3HAYMM Uepe3 X BEKTOD THX BBIXOJHBIX
currajioB. Ternepb, ecjiu MPOILYCTUTh BEKTOPA CUTHAJIOB X depe3
CeTb CBsA3€il, TO Pe3yJIbTUPYIOMINI BEKTOP Y BXOJHBIX CHTHAJIOB
HEJINHEHHBIX 3JIEMEHTOB HEHPOHOB MOYKHO IIOJIyYUTHh KAK IIPOU3-
BeJleHNe MATPUIBL [(v;;| Ha BEKTOD CUTHAJIOB L: Y = » ;0T

«...COOTBETCTBHUE: «NPOTOHCICHUE CEMU = YMHOHCEHUE MAT-
PUYDL c8A3€ET HG BEKMOP CULHAAO6», SABJISIETCS OCHOBOM I Iie-
peBojia OOBIYHBIX YMCJIEHHBIX METOIOB Ha HEHpOCeTeBON sI3bIK U
obpatno. [IpakTraecku BCIOMy, Ile OCHOBHOI omeparueil siBjser-
Cs YMHOXKEHIE MaTPHUIIBI HA BEKTOP, IPUMEHUMBI HEfIPDOHHBIE Ce-
. C Apyroit CTOpoHBI, JI0O0E YCTPOWCTBO, TO3BOJISIONEE OBLICTPO
OCYIIECTBJIATH TAKOE YMHOXKEHHUE, MOXKET HCIIOJIb30BATHCS JIJIs Pe-
aJM3aniy HeHPOHHBIX ceTelt...» [1].

B uwacrHOCTH, IIyCcTh HaM TPEOYETCS BLIMUCAUMDL 2PGIUEHIT
xeadpamuunoti popmu. H = %(x,Qx). st 3TOro MOXKHO HC-
MIOJTB30BATH MTOTHOCBA3HYIO HEHPOCETD C CUMMEMPUYHOT MATPHU-
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meit cBsazeit Q (gi; = ¢ji), Tak Kax grad(H) = Q.

YMeHne BLIYUCIATHL TPaJUeHT KBaJIpaTHIHON (DOPMBI JaeT
HaM BO3MOXKHOCTH DEIIaTh MHOTHE IPUKJIIHbIE 3a7aan. [Ipuse-
JIeM HEKOTOpBIC U3 HHX.

HaiiieM mowky MUHUMYME MHO2044€HA 8MOPO20 NO-
pAdKa, NCIOIL3ys memod hauckopeltwezo cnycka. Ilycrs 3amam
rtakoii Muorowten: P(z) = 1(z,Qxz) + (b, x). Ero rpaauent pasen
grad(P(z)) = Qz + .

Ucxong u3 Boimeckazannoro, sekrop grad(P(x)) moxer 6bITh
HOJIydeH IPHU IIPOXOXKJICHUN BEKTOpa T depe3 HEfpPOCeTh ¢ Beca-
MU CBsI3€il v;j = ¢jj = ¢j; UPH YCJIOBUH, YTO Ha BXOJHOI CyMMa-
TOP KaxKJI0ro HelPOHa 110 JONOJIHATEIBHON CBsA3M Beca b nojaercst
CTAHJIAPTHBINA e€MHIIHBIN curHas [1].

B coorBeTcTBUE ¢ METOIOM HAUCKOPEHIEro ciuycka, pyHKIm-
OHMPOBaHUE TaKOIl HelpoceTn 3313 UM (POPMYJIOi

’

x =z —7 grad(P) = — 7(Qx + b). (9.5)

Bxojmbie Beca KaxkJI0ro j-ro HEHpOHA OIPENENSIOTCS 110 CJIey-
IONUM TIpaBIIIAM: «;; = —hq;; (i # j) st cBsseil ¢ apyruMu
HelfpoHaMu, BeC —b; 71t IOCTOSTHHOTO €JIMHITTHOT'O BXOJIHOTO CHT-
HaJia, U BeC (vj; = 1 — hg;; ns cBs3u Heltpona ¢ caMuM coboit (To
€CTh, IS TIepeJladu Ha HEfPOH ero Ke CUTHAJA C IPEJIbIIYIIEero
mara).

Bei6op mmara 7 (7 > 0) cTporo He oroBapusaercst (OH 3aBHCHT
or K03bdUIMEHTOB MUHUMHU3UPYEMOro MHOrowiena). Tem He me-
Hee, JIOCTATOYHO, YTOOBI AT CTPEMUJICS CO BPEMEHEM K HYJIIO, a

CyMMa I1aros — K 6ecKoHeYHOCTH (HAIIPUMED, T = %

wim 7, = %,
rje t — mar 1o BpeMeHH ).

«...FImax, npocmas cumMmempurnas NOANOCEAIHAA CEMb 03
HENUHETIHDLT IACMEHNOE MOIHCETN, MEMOJOM HAUCKOPETIULE20 CTIYC-
K@ UCKAMD TOYKY MUHUMYME KEAOPAMUYHO20 MHO20UAENRA. .. » [1].
BameTuM, 94TO B JAHHOM CJIydae OOydeHHe CeTH He IPOMCXOIUT —

Beca HEMPOHOB HE U3MEHAIOTCH.

Heboubmmiast Mmoguduraiys cetu mo3BoJisieT BMECTO Oe3yCjI0B-
HOT'O MHHUMYMa, MHOTOUJIEHa BTOPOTO MOpAIKa P ncKaTh mowky
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YCAOBHO20 MUHUMYMA C YCIAOBUAMU LT; = Cijy & = U1, ...,0k.
Hast sroro dopmymny (9.5) HEOGXOAUMO JOTOTHUTD CJIELYFOIM
obpazom:

/ Ciy IDA & = 01, ...,0k,
i o —THE =z, - (> QT + b;), unaue.

(9.6)

YeTpoiicTBO, CIOCOOHOE HAXOIUTH TOYKY YCIAOBHOIO MUHUMY-
Ma MHOTOYJIEHa BTOPOTO MOPSIKA, MOXKET OBITH IPeodpPa30BAHO
JJIsT PeleHusT BaXKHOH 3a71a4uu — npobaembvt 3aN0AHEHUS NPO-
b6eno8 8 daHHbLL (I/I, B 4aCTHOCTH, JJIS IIOCTPOCHUS JIMHEHHON
perpeccun). Ho B 3TOM ciydae yke morpebyercst obydeHne cetu
— IOMIAroBOe yTOUYHeHHme MaTpuilbl BecoB. [lomapobHoe ommcanue
TaKoii Heiipoceru MOXKHO HaiiTu B [1].

Obpartum BHUMaHUE Ha TOT (PAKT, 9TO «...BO BCEX 3aJa9aX OI-
TAMU3AINAN CYIIECTBEHHYIO POJIb UT'PAET BOIIPOC O NPAGUAAL OCTNA-
HOBKU: KOIJa CJIeJIyeT IMPEKPaTUTh IUKJINYECKOe (DYHKIIMOHUPO-
BaHME CeTU, OCTAHOBUTHCS U CUUTATH IIOJIyUCHHBIA Pe3yJIbTaT OT-
Berom?! IIpocreiimmit BBIOOP — OCTAHOBKA 110 MAJIOCTH M3MEHEHUIA:
€CJIN I3MEHEHNUs CUTHAJIOB CETH 3 IIUKJI MEHBIIE HEKOTOPOro (hUK-
CHPOBAHHOIO MaJIoro § (IpU UCIIOJIB30BAHUY IIEPEMEHHOIO Iara
d Moxer ObITh ero (yHKIWel), TO ONTUMU3AIMS 3aKAHINBAET-
cst..» [1].

Mpur paceMoTpenn 3a/1a9u, KOTOPbIe CBOJSTCS K MUHUMUBAIINT
ITOJIOZKUTEJIbHO OIIPEICJIEHHBIX KBa/JIPATUIHBIX q)OpM ()ﬁLHa,KO7 ca-
MOe 3HAMEHWTOe IPUJIOKEHHUE II0JIHOCBSI3HBIX Helipocereil — cu-
cmMembvl accouuamMueHol NaMAMU.

IIycTtp 3amaHO HECKOJNBKO I9MAAOHHHLIT BEKTOPOB JTAHHBIX
21, ..., 2™ Ilpu o6paboTKe IOCTYIMBIIErO HA BXOJ, CUCTEMbI BEK-
TOpa x TPeOyeTCsl MOJIYyIUTh HA BBIXOJIE OJIMKANIINIT K HEMY dTa-
JIOHHBI BeKTOp. Mepoil cxojicrBa OyJeM CUUTaTh KOCHUHYC YIJIa
MeKJIy BEKTOPaMU — JjIsi BEKTOPOB (PUKCHPOBAHHOM JJINHBI 3TO
MIPOCTO CKAJITPHOE IIPOU3BE/IEHUE.

HecoxkH0 1M0Ka3aTh, 9T0 U3MEHEHUE BEKTOPA T M0 3aKOHY

z :$+szk(l'k,$), (9.7
k
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rjie T — MAJIBIA II1ar, NpuBeJeT K YBEJUYEHUIO [TPOEKINH T Ha Te
9TAJIOHBI, CKaJIIPHOE TIPOM3Bejienne Ha KoTopsie (¥, ) GosbIme.

st mpocTOTHI OyIeM paccMaTpPUBATD 3TAJIOHBI U OKUIAEMbIE
pesyabraThl ¢ KoopauHatamu +1. Tak kax cymma B dopmysie
(9.7) 3azaer HanpasJjeHnue aHTUPAJUEHTA, TO OYEBUIHBIM 0Opa-
30M IPUXOIUM K MM PEPEHITHATHHOMY YPAaBHEHUIO

d
d—:t” = —grad(H), H = Hy+~H,, (9.8)

Ho(r) = —3 S0 Hi@)= 2 3@ 17 (99)
k

grad(Hy) = — Zxk(mk,x), (grad(Hy)); = (23 — 1)z;. (9.10)
k

3/ech BepXHUMHU HHIEKCAMU ODO3HAYAIOTCS HOMEPA BEKTOPOB-
9TAJIOHOB, HU2KHUME — KOODJIMHATHI BEKTOPOB.

«...Oyuknua H Ha3piBaeTCs «3HEPrueil» ceT, OHA MIHIMU3HU-
pyercsi B xoe pyHknnonuposanusi. Ciaraemoe Hgy BBOIUTCS J1Jist
TOro, YTOOBI CO BPEMEHEM BO3PaCTaJIa MPOEKINs BEKTOPa & Ha Te
STAJIOHBI, KOTOPbIe K HeMmy OJmke, ciaaraemoe Hp obecreunBaer
cTpemyienne KoopanuaT BekTopa x K +£1. ITapamerp v onpemesns-
€T COOTHOIIIEHUE MEK/Iy NMHTEHCUBHOCTSMU ITUX JIBYX IIPOIECCOB.
[Testecoobpa3HO TOCTEIIEHHO MEHSTH Y CO BPEMEHEM, HAYMHAS C
MaJIbIX 7y < 1, ¥ IPUXO/i B KOHIE KOHIOB K 7 > 1...» [1].

Obcymum mostyuaromuecst Beca cBsizeit. Marpuia cBsizeit mo-
CTPOEHHOI HelipoceTu ompenessiercs rpaaueHToM yukmun Hy,
Tak Kak (grad(H1)); Beraucisiercs: «6e3 yuacTusi ceTu». Bec cBs-
31 MEXJLY ¢-M U j-M HeDOHAMU He 3aBUCHT OT HAIIPABJIEHUS CBI3U
U paBeH

Q4 = fomf (9.11)
&

3aMeTuM, 9TO BKJIAJ k-TO 9TAJIOHA B CBSI3b MEXK/Ly i-M U j-M Heli-
poHaMu (xfxf) paBeH +1, eciint i-51 U j-s1 KOOPJUHATHI TOT'O TAJIO-

Ha UMEIOT OILI/IH&KOBI)II;'I 3HaK, 1 paBEH —1, €CJIN 3HaKU KOOp/JnHaT
pasnuaHbl. B pesynbrare, BO30yKIEHIE i-T'O HEHPOHA IIepeIaeT-
csl j-My (M CHMMETPHYHO, OT j-IO K i-My), €CJd y GOJILIINHCTBA
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9TAJIOHOB 3HAK -1 U J-f KOOPAWHAT COBIAIAIOT. B MPpOTHUBHOM CJTy-
Yae 9TU HEHPOHBI TOPMO3AT JPYT IpyTa: BO3OYKIEHUE i-I'0 BEJIET
K TOPMOYKEHUIO j-TO, TOPMOXKEHUE i-T0 — K BO3OYKJIEHHIO j-TO
(Bo3meiicTBue j-ro Ha i-ii cummerpuuno). Popmymna (9.11) zama-
eT NPasuaso 06pa3oeaHus aACCOUUAGMUBHBLL C87A3ell, KOTPoe
ABJIIETCsT 0000IeHneM TpaBmiIa Xebba.

MpbI paccMOTpeIN HECKOJIBKO MPUJIOKEHHUI TOJTHOCBI3HBIX Ce-
Teit. BmecTe ¢ TeM citoncThie CETH TAKKE MUCIOJIB3YIOTCS MIPU Pe-
IIEHUY MHOTUX 3aJa4. B dacTHOCTH — 3TO mpbaema corcamusi
ur@opmavuu. s namocTpamn MOXKHO UCIIOJIb30BaTh JIMHEI-
HYIO CeThb C OJIHUM CKPBITBIM CJIOEM, U300PaKeHHYI0 Ha PUCYH-
ke 1.2. KosmmuecTBO HEPOHOB BBIXO/IHOTO CJIOSI PABHO YHCJLY CHI-

X1j

Xj

Xnj

BxogHovt  CkpbiTbii  BbixogHow
cnown cnomn crow

Puc. 1.2. CrpykTypa HEpOHHOM ceTH JJIsl CXKATUST JAHHBIX

HAJIOB BXOHOTO CJ10si. CKPBITBIi CJI0 COAEPKUT ¢ HEHPOHOB, IIPH-
qeM ¢ < n. BXOmHON U CKPBITBIA CJIOM BBITOJIHIIOT COOCTBEHHO
KOMITPECCHIO JTAHHBIX, TOTIA KAK CKPBITBIM U BBHIXOIHON CJIOU OCY-
MECTBJIISIOT JieKoMIpeccuio. IToapobioe onmcanne mpemoKeHHO
HefipoceTn MOXKHO Hafitu B [7?].
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