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Busieneno ma posensnymo ocHoeni npode-
Mu docniddcenna eidmosocmiiikocmi CKAao-
HUX MEXHIMHUX CUCMeM Y 8ULIA0L MePeHCce8UX
cmpykmyp, siKe PYHMyYyemocs HA MONOJ0iu-
Hill n00idHOCMI MmexHiuHUX ma indopmayitinux
Mepedxcesux cmpyxmyp

Knrouoei cnoea: eiomosocmiiixicmo, mono-
1021410 no0ioHI HelipoHHi Mepedici

Buisignenvt u packpvimol 0CHO8HbLE NPodIe-
Mbl UCCNE008AHUSL OMKAZOYCMOUCMOUUUBO-
CMU CILOJHCHBIX MEXHUUECKUX cucmem 6 eude
cemesvlix CmMpyxmyp, Komopoe 0CHOBbLEBAEMC
HA MON0JI02UMeCKOM N0000UU MEXHUMECKUX U
UHPOPMAUUOHHBIX CemeBbIX CIMPYKMYP

Kntouesvte cnosa: omrxazoycmoiinusocmo,
monosozunecku no0oGHbLe HellpoHHbLe cemu

Identified and disclosed the main problems
of the study fault tolerance of complex techni-
cal systems in the form of network structures,
which is based on the topological similarity of
technical and information network structures

Key words: fault tolerance, topologically
similar neural networks
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Boapmuncrso cucrtem, KOoTopble M3y4aeT COBpPEMEH-
Hasi HAyKa, SBJSIOTCS CJOKHBIMU, 00Pa3y oMM MHOTO-
YPOBHEBbBIE KOHCTPYKIMHU, TIpudYeM (HYyHKIIMOHUPOBAHUE
UX HEJIb35 ONUCATh IPOCTOW CYMMOM B3auUMOeHCTBU I UX
asemeHTOB. [lon cioxuoit Texunueckoii cucremoii (CTC)
MOHUMAIOT CUCTEMY, B KOTOPOIl IPOSABIAETCS OJMH WU
HECKOJIbKO BHU/IOB €€ CJOKHOCTU: CTPYKTYpPHAs CJIOXK-
HOCTb, CJOKHOCTb (DYHKIITMOHUPOBAHNUS, CIOKHOCTD BbI-
60pa MOBejleHUsI B MHOTOAJIbTEPHATUBHBIX CUTYALUSIX U
CJIOKHOCTH PA3BUTHU S, OTIPe/ieisieMast XapaKTePUCTUKAMUT
COOTBETCTBYIONIMX 9BOJIONMOHHBIX U CKAauKOOOPa3HBIX
nporeccoB [1]. Cpean BO3BMOMKHBIX CJOKHBIX CTPYKTYP
CTC sBeigensiior Tak naspiBaembie CTC c perymaspHoit
crpykrypoit (CTC PC), kK KOTOPBIM OTHOCST OOBEKTHI,
€CTECTBEHHBIM WJIM WCKYCCTBEHHBIM 00Pa3oM IEKOMIIO-
3UPYIONIMECS] Ha OTHEJbHbIE, CBSI3aHHBIE MEKILY c00oil
noBropsioniuecss anemeHTs [2]. B kavectBe npumepa
CTC PC MoxHO TpUBECTU MeXaHUYECKNe KOHCTPYKIINHT
B Buje paMm: (epMbl, MOCTbI, PaMbl aBTOTPAHCIOPTHBIX
CPEJ/ICTB, <CKEJIETBI» 3/IaHUI 1 COOPY’KEHWIl, a TaKKe
pa3BeTBJIEHHbIE CeTH alapaToB HedTerazoXuMHYecKo-
ro Ha3HaYeHUs: HACOChl, (GUIBTPHI, BEHTUJIU, CBSI3aAHHbBIE
TPyOOIPOBOIHON apMaTypoil, pailOTEXHUYECKUE CXEMBI,
pasBeTBJEHHBIE CeTU 2JeKTPooOopyaoBaHus. Baxueil-
mumM kjaaccom CTC PC gaBasgioTcst KOMIbIOTEPHBIE CETH
— JIOKaJIbHbIE, PETUOHAJIbHbIE UK T100AJNbHbIE COEMHE-
nust DBM, cosnaBaembie ¢ 11€J1b10 COBMECTHOTO UCIIOJIH30-
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BaHus ux pecypcos [3]. Takue cetn mMmeroT, Kak TpaBuUJIO,
PasHOOOPA3HYI TOMOJOIMYECKYIO OPraHU3AIUI CTPYK-
TYPBL: APEBOBUAHYIO, 3B€31000pasHyt0, JUCTOOOPAZHYIO,
KOJIBIIEBYIO, TIOJIHOCBSI3HYIO 1 Ip. Tonosorus onpezesier
He TOJIBKO (DYHKIIMOHAJIbHBIE BOSMOKHOCTHU CETH, HO U MX
YCTOHYMBOCTD 110 OTHOLIEHWIO K PA3JIMYHOTO POJA CTPYK-
TYPHBIM TIOBPEKICHUSIM.

[Ipu MmogenupoBarnm moBpexaeHnit u oTkazoB B CTC
PC pemaiorcst, Kak MpaBuyIo, TPU 3a/1a41:

— TI0CTPOEHUE JAMHAMUYECKONH MOJIEJIN <«ITOBPEKIa-
eMOil» CHCTEeMBI, T.e. TAKOH MOJEJH, KOTOpas IO3BOJIs-
€T OTHOCUTEJbHO JIETKO M3MEHATbh CBOM CTPYKTYpPHBIE
1 TapaMeTpuyeckue XapaKTePUCTUKH B COOTBETCTBHUU
C TOBPEXKAEHUSIMU HA MPOTSIKEHUN KUHEHHOTO ITHKJIA
peasibHOTO 0OBEKTa;

— BBIOOP CTPATEruy BHECEHUSI <IIOBPEKIEHUN» B MO-
JIeJib, HAUJYYIIUM 00Pa3oM allpoOKCUMUPYOLICH peasib-
HBIE MTPOIECCHI, TTPOUCXO/SIINE C 00BEKTOM;

— INAaTHOCTUPOBAHNE OTKA3a B CUCTEME C IAHHDBIM «Ha-
60poM» TIOBpEKICHIT [4].

IIpu anajim3e MPOEKTUPYEMBIX CHCTEM JJIsT OIEHKHU
orkazoycroitunoctu (OY) HeoOXoanMa MOjeNb, OTpa-
JKAIOMIasl 3aBUCUMOCTD rokasareseii OY ot mapaMeTpos
CHUCTEMbI, XapaKTepuaymouux KoHdurypamuio, 1eib u
ycaoBus (DyHKIMOHUPOBAHMS, KJIACC PENIaeMbIX 3a/ad.
AJIeKBaTHOCTDH MOJIEJTU CYIIECTBEHHO BIUSIET HA TOUHOCTH
MOJTYYeHHON O[eHKH [5].



Jlro6bie (B TOM uncie U HeraTuBHbIe) npoiecchl B CTC
PC nporekaioT BO BpeMeHM M, CJIe/OBATEJIbHO, JOJIXK-
HbI ONMCHIBATHCS JAUHAMUYECKUMU Mojeassmu. Haubouee
MOAXOMSIIEH B 9TOM CJIydyae MOJIEJBI0O MOXKET CJIYKHUTb
neiiponnas cetb (HC).

Bompoc B ToMm, nHackonbko HC oTpaskaer mpoiieccnr,
MPOUCXOAIINe B peasbHoil (MeXaHM4eCcKOi, ruipaBiin-
yeckoii u T.11.) CTC PC, cBsizan ¢ o1leHKON COOTHOIIEHU ST
MEJK/ly KJIacCOM JiMHaMHu4eckux cucreMm u kjaaccom HC.
JluHaMu4ecKasi cCTeMa eCTh MaTeMaTU4YecKuil 0ObeKT,
COOTBETCTBYIONUI PeasibHbIM CHCTEMaM, 9BOJIOIHUS KO-
TOPBIX OJHO3HAYHO 0OYCIOBINBAETCS HAYAIbHBIM COCTO-
anueM. {unamMuueckas cucteMa olpesesseTcs CuCTeMOi
ypaBHEHWI, JOMYCKAIONUX CYIleCTBOBanue Ha GecKoHey-
HOM MHTEpBaJie BPEMEHU €JMHCTBEHHOrO PEHICHUS JJIs
KakJoro HadajabHOro ycuaoBusi. CocTosHMe AMHAMUYe-
CKOIl CHCTeMbl B JIAHHBIH MOMEHT OINUCBHIBAIOT HAOOPOM
nepeMeHHbIX. MHOKECTBO 39THX COCTOSHUII 0Opasyer
(asoBoe MpoCcTpaHCTBO, B KOTOPOM KaK/IOMY COCTOSHUIO
OTBEYAeT TOYKA, a HBOJIOIUS U300PaKAETCsT TPAEKTOPU-
amu [6].

ITockonbky HC Takike ecTh MaTeMaTHYeCKHiI 00b-
€KT, MOJICJIMPYIOMINI 9BOJIIOINIO PEaJbHON CUCTEMBI, TO
B aroM acnekte HC 06pasyor moakaace JuHaMUIeCKUX
cucreMm. Ho ortnunuurenpvroit ueproit HC asasercs ymo-
MUHaBIIAsCS BbIIIIE BOCIPUUMYUBOCTD K MHPOPMAIINH,
00yuaeMoCTb. A TpajUIMOHHBIE [TUHAMUYECKUE CUCTE-
MBI He TepefaioT creludrKn KOTHUTUBHBIX TPOIECCOB,
mozenupyembix HC. T.e. B oTHOmEHHU 0Oy4aeMOCTH
IVMHAMHUYECKUE CHCTEMBl COCTABJSIOT YaCTHBIM caydai
kmacca HC. 3mech nammnmo kiaaccuduKamoHHOE TMPO-
tusopeune. OHO TIPEOJOJNMO, €CJIU MOJEPHU3UPOBATD
arnmapar TeOpUU TUHAMUYECKUX CHCTEM W 00eCrneduTh
€ro MPUTOIHOCTD JIJIsi ONMCAHUSI MaTeEMATUYECKUX 00b-
exkrtoB Tuna HC [6].

Takum 06pa3zoM, IPOCMATPUBAETCS IBHOE COBIIAIEHIE
B tpakToBke HajgexxkHoctu HC u CTC PC, uro HaBoauT
Ha MBICJb O MOJIEJIMPOBAHUN MOBPEXKJICHUI U OTKA30B B
CTC PC Ha ocHOBe UX CTPYKTYPHOI'O UJIU, TOYHEE, TOIO-
jJoruvyeckoro exmacTBa ¢ HekoTopoil HC [4]. Unxenep-
Hble KOHCTPYKIIMHU IPEACTABISIOT cOO0I cBOeoOpasHbie
MCKYCCTBEHHO CO3/IaHHbIC ceTeBble cucTeMbl. [loTomy nx
CBS3b C HelpoceTeBLIMU CHCTEMaMM HAXOJUT J[OCTATOY-
HbIE OPTAHUYHbIE TOITBEPIKICHNU .

Onnaxo, Kak W3BecTHO [7], mepen MCMOJIb30BaHUEM
HC ee neobxonumo o6yuntsb. Ilponecc obyuenunss HC 3a-
KJIIOYAeTCS B TOJCTPOIKE ee BHYTPEHHUX IapaMeTpPOB
Mo/l KOHKpeTHYI0 3agavyy. OT kavecTBa ob6yuenuss HC 3a-
BUCHUT €€ CIIOCOOHOCTD PellaTh MOCTaBJICHHbBIE TIepe]] Heil
3a/1a4 1.

Anropurtm paborst HC siBjisieTcsi uTepaTuBHBIM, €T0
MIard Ha3bIBAIOT AMOXaMU UJIH IUKJIAMU. DTOXa — OJ[HA
uTepaiys B mpoiiecce 00ydeHusl, BKAYAIOIAs TPEbsIB-
JICHUE BCEX PUMEPOB M3 00yYaIiero MHOKECTBA U, BO3-
MOXKHO, TIPOBEPKY KayecTBa 00YYEHUsI HA KOHTPOJbHOM
MHOKECTBE.

[Iporecc obydeHust ocylecTBIAsieTcs Ha 00y vatoneii
BbiGopke. OGyuaroiast BboIOOPKA BKIOUYAET BXOJHbIE 3HA-
YeHUSI U COOTBETCTBYIONIME UM BBIXOJ/IHbIE 3HAUEHWS Ha-
6opa maHHbIX. B xo/me 06yueHusi HEPOHHAST CETh HAXO-
JIUT HEKHME 3aBUCHMOCTU BBIXOJHBIX MOJEH OT BXOIHBIX.
CJI0)KHOCTD BBI3BIBAET BOIPOC O KOJMYECTBE HAOIIO-
neHuit B Habope maHHbIX. U XOTS CyIIECTBYIOT HEKHUE
NpaBuja, ONKMCHIBAIONINE CBA3b MEXKAY HEOOXOAUMBIM

KOJIMYeCTBOM HabJIIOJEHUN U PasMepoOM CEeTH, UX Bep-
HOCTB He JJOKa3aHa.

KosnunuectBo HeoOXoauMbIX HaOMIOLCHUNA 3aBUCUT
OT CJIO)KHOCTU perraeMoil 3ajpauun. Ilpu yBenrnueHuun
KOJIMYECTBA IPU3HAKOB KOJUYECTBO HAGIIOMEHUIT BO3-
pacraer HeawHeliHO, 3Ta NpobjeMa HOCUT Ha3BaHUE
<IPOKJISATHE Pa3dMepHOCTU». IIpy HeJOCTATOYHOM KOJTH-
YecTBEe MaHHBIX PEKOMEHIYETCs MCMOJb30BATh JUHEH-
HYIO MOJIEJTb.

IIpu TpuBmanbuom wucnoabzoBanuu HC mosab3o-
BaTeJ b JIOJKEH CaM OIPENEJUTh apXUTEKTypy CEeTH,
KOJINYECTBO CJO€B U KOJUYECTBO HEHPOHOB B KaXKIOM
cioe. Ilpu MCIONB30BAHUU TONOJOTUYECKHU MOLOOHBIX
HEHPOHHBIX ceTeil 9TU mapamMeTpsl B OOJBIION CTeeHH
IUKTYeT MOJEJUPYeMbIii 00beKT. B a9TUX yCa0BUAX B
HC w™mosxeT oxasaThca HeomTHMaJbHOE (Walie BCETO
n306BITOYHOE) KOJIMYECTBO 3JIEMEHTOB — HEUPOHOB U
cBsi3edl MexAy HuMu. Takass U30BITOUHOCTb MOJKET, B
nepBYIO OYepe/b, OTPUIIATETBHO OTPA3UThCs Ha 00y de-
Huu HC, T.k. n1pu 06ydyeHUr 4acTO BOSHUKAET CEPbe3-
Hasi TPYAHOCTD, HadbIBaeMast TPoOIeMOi mepeobydeH st
(overfitting): usnumue Tounoe coorsercrsue HC KoH-
KpeTHOMY Habopy 00y daIuxX IPUMEPOB, IPU KOTOPOM
ceTh TepsieT cnocobHocTh K 0606mennio. Ilepeobyuenne
BO3HUKAET B CJyYae CIUIIKOM JOJITOTO 0OyUueHus, He-
JOCTATOYHOTO YKCcJIa 00y UYAIONUX MPUMEPOB UJIH, KaK B
HalleM cJiydae, Ipu rnepeyciaokHeHHoil crpykrype HC
[7].

ITepeobyuenue cBsI3aHO € TeM, 4TO BbIGOp 0Oyua-
I0IIEr0 MHOMKeCTBa sBJsieTcs caydaitHbiM. C 1epBbIX
maroB o0y4eHUs] IIPOUCXOJAUT yMeHbBIIEeHMe OMNUOKH.
Ha nocseayomux marax ¢ eJibi0 yMeHbUIeHU st O UOK U
(meseBoil GYHKINM) TTapaMeTPhl TOACTPANBAIOTCS O
ocobennoctu obyuawomero mMuoxecrsa. OaHaKO Tpu
3TOM IIPOUCXOJUT <IOJACTPOIKa» He 1Mo obuue 3aK0-
HOMEPHOCTH Psijia, a T0ji 0COOEHHOCTHU ero YyacTu — 00y-
YaoIero mogMHoKecTBa. [Ipu 3TOM TOYHOCTD ITPOTHO3a
YMEHBIIIaeTcsl.

OnuH u3 BapuaHToB 60pbOLI ¢ IepeobyYeHneM ceTn
— nenenue obyuaroueil BHIOOPKM Ha JBa MHOKeCTBa
(obyuatoniee u TectoBoe). Ha obyuaionemM MHOKECTBE
npoucxoaut obyuenune HC. Ha tectoBoM MHOXecCTBe
OCYIIECTBJISIETCS MPOBEPKA MOCTPOEHHOM MoeN . DTU
MHOJKECTBA He JIOJKHBI TEPECEKATHCS.

[Ipu o6ydyeHnN ¢ KaskKIbIM MATOM HapameTpbl (HO He
cTpykrypal) Mozenn U3MEHSIOTCS, OXHAKO MOCTOSHHOE
yYMEHbIICHUE 3HAYCHUS 11eJeBON (yHKIuKM oumnbKu 006-
YUeHUsI IPOUCXOAUT UMEHHO Ha 00yJaloleM MHOXKeCTBe.
IIpu pasbueHun MHOXecTBa Ha JABa HabJIOLAeTCs W3-
Menenue omubku B pabore HC Ha TeCTOBOM MHOXKECTBE
napaJsjiejbHo ¢ HabIIoAeHUAMU HaJl 00y YaloIMM MHOXKE-
crBoM. Kakoe-To KoimuecTBO maroB OmMOKU yMeHbIla-
ercst Ha 06oux MHOXxecTBax. OfHAKO HA OIPEIENEHHOM
mare omubOKa Ha TECTOBOM MHOKECTBE HAUMHACT BO3-
pacrtarb, Ipu 9TOM OmIKOKA Ha OOyUaloNleM MHOKECTBE
MPOJOJIKAET YMEHDBITATHCS. ITOT MOMEHT CIUTAETCS IPa-
HUIEeH (KOHIOM) PeabHOTO UM HACTOSIIEro 00y YeH s, ¢
Hero u HauynHaeTcs nepeobyuenne (puc. 1).

IIpu TomoJsiornyeckoM MOJEJMPOBAHUU MeXaHUYe-
CKUX Pa3BeTBJEHHBIX KOHCTPYKIUU ¢ momombio HC
IpejrnojaraeTcs, 4TO HCXOJAHAS <HEHMOBPEXK/IeHHAs»
HelipoHHast ceTh 00yUYeHa BBITTOJTHEHUIO HEKOTOPOH Mpo-
ey Pbl, HAIPUMED PACIO3HABAHUI 00PA30B UJIK MPO-
ruHosupoBannio. [Ipu takom Buae mcmoabszoBanusa HC



uMewIascsd M3HavyajabHO B HemoBpexaeHuoit HC us-
GBITOYHOCTH ycTpaHsieTcst mo Mepe Buecenust B HC no-
BpEXKICHUIL.

3ech HEOOXOAMMO pPa3iuyarh JABE CUTYAI[UU, B KO-
TOPBIX MOTYT OKa3aThCsl TOMOJOTHYECKH MOJOOHBIE IPYT
apyry HC:

Owmnbka

|
:‘/ I'pannna oOyueHus

Urepanuu o0ydeHus

Puc. 1. K onpenenenuio MomeHTa nepexoga ot 0byueHus
K nepeobyueHmio: 1 — ownbka Ha TECTOBOM MHOXKeCTBe
obyuaroLen BbIGOpkH; 2 — ownbka Ha obyuaroLem
MHOyecTBe obydatoLei BbIGOpKH

— HC o6yuena (BO3MOXHO, ¢ miepeobyUueHeM) paHee,
[pUYEM CTPYKTYPa €e ¢ MOMEHTAa OKOHUAHU I 00y YeHU S J10
JIAHHOTO MOMEHTA HE MEHSIJIACh;

— HC o6yuena (Bo3MOXKHO, ¢ 1iepeobyueHreM) paHee,
HO CTPYKTYpPa ee ¢ MOMEHTa OKOHYAHUsT 00yYeHUst 10 JaH-
HOIO MOMEHTA U3MEHUJIACh B PE3YJIbTATE «IIOBPEKIACHU».

B npunuune, Habaogas texyuee cocrosuue HC, T.e.
ee CTPYKTYpPY ¥ 3HAUEHUsI BECOBBIX K03 (dUIIMEHTOB HA
BXO/I€ BCEX HEIIPOHOB, Mbl HE MOKEM CJIeJIaTh KaKoe-11u00
3aKJIIOYEHNUE O €€ <UCTOPHUI». VI3 3TOr0 BBITEKAET CJIeAYI0-
Iee yTBEPIKAEHIE.

YrBepxkaeuune. Kozda peuv udem o <nospezcoaemou»
6 npoyecce modeauposanus HC, moivko no ee onucanuro
Ha mexkywu momenm (cmpyxmypa, napamempot) He603-
Mmoacrno onpedeaumn, 6viia au HC nospeicdena nocie ee
obyuenus.

Takum 00pazoM, HAJIHUIO HAPALOKCATbHAS CUTYAIIHSI:
nospexaenre HC cuuskaer ee uzborrounocts (1, puc. 2)
(TI0JIOKUTEIbHOE SIBJIEHUE), HO MPH ITOM TEPSIETCS CIIO-
cobHOCTH K paboTe u3-3a TOro, 4To 0OYUYEHUIO MOBEPra-
Jlach HEMOBpeXAeHHas1, T.e. (PaKTHYECKN COBCEM Apyrasi
HC (2, puc. 2).

Tax kax crpykrypa HC npu takom crocobe To1oJ10-
TMYECKOTO MOJIEJTINPOBAHUS KECTKO CBSI3aHA CO CTPYKTY-
poit CTC u ee BocCTaHOBUTH HEBO3MOJKHO, JIJIS PEIICHU S
9TOU npobiemMbl MOKHO T1oABepraTh HC HOBBIM IUKJIaM
00yueHUs 110 Mepe ee MOBPeXAeHMs. B ¢Bsi3u ¢ tem, 4yTo
TEPMUH «IIepPeoOyUeHIe> yiKe 3aHAT U HECET COBCEM JIPY-
I'YI0 CMBICJIOBYIO HATPY3KY, HA30BEM TAKOH MPOIECC «I10-
BTOPHBIM 00yY€eHUEM >,

@axruyecku, morepst paboToCIOCOOHOCTH HACTYyA-
€T He OT HOBPEKIEHHI1, a OT <yX0/a» OT TOH CTPYKTYPbI,
KoTopasi 6b11a 06yuena! Ecsiu Obl UBMEHEHUE CTPYKTY Pbl
Ha KajK/JOM Iare COMPOBOK/AAJI0Ch MOBTOPHBIM 00yue-
HUEM, TO YBeJIUYEHUEe IIOBPEKACHUI 32 CUET CHUKEHUSI
U30BITOYHOCTH TPUBOAUIO OBl K yJAydlmieHHIo paboTo-
CIIOCOGHOCTH, ECTECTBEHHO, /10 O PElEJEHHDBIX IPEIEIOB
(3, puc. 2).

M30bITOYHOCTE
PaboTocnocoOHOCTh

KonumyecTBo noBpexaeHuit

Puc. 2. BausiHue KonuuecTsa NoBpeXAeHWH Ha YMEHbLLEHWE
u3bbiTouHoctH (1) M nageHre paboTocnocobHOCTH He
noagepratomxcs (2) u noasepratoLmMxcsi NOBTOPHOMY
obyuenuto (3) HC

IToBTOpHOE 00yUeHME <«IIOBPEKAEHHOU» CETU JIeJIaeT
€€ BHOBb «I1eJI0§1», HO ¢ MEHBIITUM KOJTMIECTBOM HEHPOHOB
U CBsI3€l MeK/y HUMHU 110 CPABHEHUIO ¢ MCXOAHON. Takum
00pa3oM, peryJisipHoe MOBTOPHOe 00ydeHue 1o Mepe 11o-
BPEIKCHUS CIOCOOCTBYET /10 ONMPEJIEJEHHOTO IPejiesia co-
xpanenuio paborocnocobroctu HC 1pu Takux ypoBHIX
MOBPEXkKAEHUI, IPU KOTOPbIX He oOydyaemasi MOBTOPHO
ceTb yike HepaboTocmnocobHa.

ITycTh B pe3ysabTare 9KCTEPUMEHTA YCTAHOBIEHO, YTO
dbparment <«obmaka» Ttouek ais N = 40, BBHITJASAUT Ha
yudactke ot n = () 10 n = 20 Tak, KaK 3TO MpejCTaBIEHO HA
puc. 3.

MOKHO MPEAIIOIOKUTH, YTO TIOCIE TIOBTOPHOTO 00-
YUeHUs BEPOSTHOCTh OTKasza CHOBA CTAaHET HYJEBOIA.
[lanee, npu yBeJMYEeHUHM KOJUYECTBA MOBPEKIEHHDIX
HEHPOHOB CTATUCTHYECKAS OI€HKA BEPOSITHOCTU OTISTD
HauHeT Bo3pactath (2, puc. 3). [locme nmocmexyromniero
HOBTOPHOIO OOy4YeHUs OIlEHKA OISTh CTaHeT HYJEBOII,
BHOBB HauHeT pacTu (3, puc. 3) U T.A. 0 TeX MOp, MOKa
HEeHPOHOB He OCTAHEeTCs CTOJb MaJjio, YTO MOBTOPHOE
obOyueHue IepecTalHeT BOCCTaHaBJAUBaTh paboTocnocos-
HOCTb CETH.

ph
1 ot seePOe
0.9 } . 00 be
0,8
0,7 1 o*
056 | Nt
0,5 T
’ 3
0.4 e 12 1
0,3 PO - \A“
0,2 * &
4 | ]
0 4 8Y12 16 20 Y24 28Y 32 36 40 N
ny ny ns

Puc. 3. «O6naka» Touek npu ucnbitaHusx HC 6e3 nosTopHoro
06yueHus (1) U c noBTOpPHbIM 0ByueHHeM (2)

OueBuiHO, pacrosiokeHne Touek Ha ydacTkax 1, 2 mw 3

(puc. 3) 3aBUCHUT HE TOJBKO OT KOJUYECTBA <ITOBPEK/ICH-
HBIX» HEHPOHOB, HO M OT KOJMUYECTBA HEMIOBPEKIAEHHBIX,




OCTABIIUXCS TIOCJe O4YepeaHON uTepanuy MOBTOPHOTO
o6yuenus. [Toaromy obiiee BbIpakeHue JIJIsl AlPOKCH-
MUPYIONNX 3TU YYaCTKH QYHKIIUI nMeeT BUJL:

P = f1(n,N20); n=0,12..

P,=f,(n,N,); n=012..

(1)
P =f (n,NQ(H)); n=0,1,2..
Wi B 001ieM Bue:
P =f (0N, )i 0<i<h n=012., 2)

rie i — mocJjenoBaTeNbHbI HOMEP MOBTOPHOTO 00yYe-
HUST;

I — o61ee KOJAMYECTBO MOBTOPHBIX 00y Y€HMII;

N — ucxonHoe KOJNYECTBO HEMOBPEKIEHHBIX HEpo-
HOB BTOPOTO CJIOS;

Ny — KOIHYECTBO HETIOBPEKICHHBIX HEHPOHOB BTO-
poro cios Tpexcuoitnoit HC, octaBmuxcs nocie (i—1)-ro
MOBTOPHOTO 00y UEHUSI:

i

Ny =Ny = (n,-n,,) (3)

=1

[MopcTaBasas (3) B (2), moayunm:

P =f, n,NO—i(nj—nH); 0<i<L, n=012. (4)

=1

Cucrema ypaBHeHnuii (4) CONEPKUT JBe KOMIIOHEH-
THI: CTATHUCTUYECKYIO, ONPEAeJSAIONYI0 BUI (DYHKINN

1
f|n,N, - (nj—nH) , 1 HazHavaeMylo MPOEKTUPOBIN-
=1

KOM TIOCIe/[OBATETbHOCTD MOBTOPHBIX 00y YeHuii n; .

ITepBas xOMIIOHEHTa OIpeiesIgeTCsl B KaXKOM cIydae
9KCIEPUMEHTAIBHO TaK, KAK 9TO OMHMCAHO B MPEIBIY IHX
rraBax — myTeM annpokcuMaiun gyuknueit f[-] «obua-
Ka» TOYeK.

W3 cka3annoro MOXKHO CJIeJIaTh BBIBOJ O TOM, UTO IO-
BTOPHBIE 00YUYEHUS MOTYT CJIYKUTh UHCTPYMEHTOM TIOBBI-
meHust oTkazoycroitunBoctu HC.

BoiBoapl

BaskHbBIM 3TATIOM HCCIEI0OBAHUS OTKA30yCTONYNBOCTH
CJIOKHBIX TEXHUUECKUX CHCTEM B BUJIE CETEBBIX CTPYKTYP,
OCHOBBIBAIOIIETOCS HA TOMOJOTUYECKOM MOJOOUN TeXHU-
4eCKUX U MHPOPMAIMOHHBIX CETEBBIX CTPYKTYP, ABJIA-
eTCsl HeloCPpeACTBEHHOe obecneuere 3TOro TOmoJIoruye-
CKOTO Mog006us B TIpolecce MOCTPOEHUs HEHPOCEeTOUHON
Mozeau. 3ajadya MOJEJTMPOBAHUS CBOAUTCS K 1OAOOPY
TaKOU CTPYKTYPbI HEHPOHHOI ceTH, KOTOpast Gbija Obl 110-
N0OHOI MEXaHMYECKOIT crcTeMe.

[IpeuioxkeH mpreM MOCTPOeHUs TOL0OHBIX Hefipoce-
TOYHBIX MOJIJIeH, TO3BOIAIONUI YIIPOCTUTD 32124y IO/
6opa HelipOHHOI ceTu: IKBUBaJEHTHOE 1IPeodpazoBaHue
MOJIeJIM MEXaHUYECKOU KOHCTPYKITMK K HEHPOTIog06HOMY
BULLY.

IKCIepUMEHTATbHO 060CHOBAHO YTBEPIKICHUE O TOM,
4TO KOT/JIa Peub UET O «MOBPEKAAEMOii» B IIpoIecce Mo-
nenuposanust HC, TOJNIBKO 110 ee ONMUCAHUIO HA TeKYIIUi
MOMEHT (CTPYKTYPa, HapaMeTpbl) HEBO3MOXKHO OIpeje-
auth, 6eiia iu HC noBpeskieHa nociie ee o0yuenus. Yera-
HOBJIEHO, YTO MOBTOPHOE 00ydYeHue B Mpolecce MoBPesK-
JeHUsT CIOCOOCTBYET COXpaHeHu0 PaboTOCIOCOOHOCTH
HEWPOHHOI CeTH MPH TaKWX YPOBHSIX MOBPEKICHUN, TPU
KOTOPBIX MOBTOPHO HEOOyduBaeMasi ceTh yke HepaboTo-
crocoOHa.

BBIABUHYTO ¥ 9KCIEPUMEHTAJNBHO TOATBEPIKACHO
[PEJIOJIOKEHNE O TOM, YTO OT KOJUYECTBA MOBTOPHBIX
00yYeHUIl 3aBUCUT BEJUYMHA OTKA30yCTOHYMBOCTH CH-
CTEMBI.
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