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Ykpaincokuti depocasnuii ynigepcumem 3ali3HUYHO20 MPAHCROPMY, XapKie

BOOCKOHAINEHI ANTOPUTMU HABYAHHSAA HEUPOMEPEXEBOI CUCTEMMU
IDEHTUDIKALIT BE3NEYHOIO CTAHY HEPYXOMUX OB’EKTIB
CUCTEM KPUTUYHOI'O 3ACTOCYBAHHA

B cmammi 0oeedeno HeoOXiOHiCmb KOMIAEKCHO20 BUKOPUCIMANHS HEUPOMEPENCHUX MEXHON02IL npu eupi-
WeHHI 3a80aHb MOHIMOPUH2Y ma idenmugikayii Oe3neyHo2o0 Cmany HepyXomux 00'ekmie 3abe3neyuenHs HCummeois-
JILHOCE CUCTEM KPUMUYHO20 3aCmOCy8ants. Po3pobieno 6i0n0GioHy cmpyKkmypHy cxemy Heupomepesicedoi cuc-
memu i0enmugixayii be3neunoeo cmany Hepyxomux 00 €xmie. Busnaueno HeoOXiOHicmb 600CKOHANICHHS AI20PUM-
Mi8 HABUAHHSA HEUPOHHUX MEPEHC, WO 6X005Mb 8 YILIOMY 6 PO3POOIEHY CIPYKMYPY. 3anponoHo8ano 600CKOHANEH]
AneopuMMU HAGUAHHS I3 3ACMOCYBAHHAM e8PUCIUYHOL npoyedypu Ol 6a2amoulaposo2o nepcenmpona, ol paoia-

JIbHO-0a3ucHoi hyHryii ma neuponnoi mepesici Enomana.

Knrwowuosi cnosa: 6esnexa cmamny nepyxomux oo ’exmis, ioenmugixayis cmamy, Heupomepedlcesa cucmemd, Cu-

cmema KpumuiHo2o 3acmocCy8arHAl.

NocTaHoBKa 3aBAaHHA

[TixBumieni Bumoru 1o 6e3nexu 00'exTiB 3a0e3re-
YEeHHS JKUTTEIISUIBHOCTI CUCTEM KPUTUYHOI'O 3aCTOCY-
BaHHs (OyIiBeNb 1 CHOPY), BUMAarae OUIBIIOI TOYHOCTI
pe3yNbTaTiB iX MOHITOPHHTY Ta ieHTH(]IKaLiT cTaHy.

MOoXJIMBOCTI BIOCKOHAJICHHsS JaHOI oOJyacti Jie-
KaTh B IUIONIMHI 00OpOOKM BelMKUX oOcsriB OaraTora-
pamMeTpuuHOi iH(pOpMaIlii, 0 HAIXOAUTh 3 IATYHKIB
(GI3MYHUX BEJIMYMH, B TOMY YHUCII IHTEIEKTyalbHUX
MOHITOPUHIOBUX JaTYUKIB, IO KOHTPOJIIOIOTH CTaH
CKJIaJIHUX O0'€KTIB.

Oco0uBicTh CKIIaqHUX OYIiBEJb 1 CIOPY/ CUCTEM
KPUTUYHOTO 3aCTOCYBaHHA Ta iX O€3IeKH IoJsrae B
TOMY, 10 BOHH MalOTh TPUBaJi TEPMiHU EKCIUTyaTallil,
IO BHUMIPIOIOTBCS OaraTbMa JecaTKaMH pOKiB. [lpu
IIOMY arperaTd CKIaJHUX 00'€KTiB HaHyacTillle MalOTh
BEJIMKOra0apuTHI KOHCTPYKIII 31 CKJIaJHUMH CXEMO-
KOHCTPYKTUBHHMHU PillICHHSIMH.

Besneuna excrutyarariis Takux 00'€KTIB mepenbayac,
3 OZIHOTO OOKY, HasiBHICTh 00'€KTUBHOI, OCTOBIpHOI iH]O-
pMalIii mpo TX KPUTHYHHI CTaH, a 3 IHIIOrO — HAsBHICTh
CHCTEMH MIATPUMKH MPUIHATTS pillicHb. BiamosiaHo cuc-
TeMa MOHITOPUHTY 1 KOHTPOJIFO CKJIQJHHUX O0'€KTIB IIOBHH-
Ha 3a0e3reuyBaTH HE TUIBKK TIpOLEecH 300py, 0OpoOKH,
30epiraHHs Ta aHamizy iH(pOpMaIllii MPo XapaKTepPUCTHKU
CKJIaJIHUX O0'€KTiB, a i TaKOX MPOIECH MiATOTOBKH 1 MpH-
WHSTTS YIPaBIIIHCHKUX PillleHb.

Amnani3z miteparypu [5, 6] mokasas, 10 Ha Ternepir-
HIlf Yac TpM BUIlICHHI 3a3Ha4Y€HUX 3aBIaHb OCHOBHHUM
aKIIEHT POOMTHCS Ha aBTOMATH3AIlil0 PoOdIT Mo 300py Ta
aHayi3y iH(opMalIii, PO3BUTOK METOIIB i 3aCO0IB HEpYIHi-
BHOT'O KOHTPOJTIO, IU(pPOBOi 00poOKH 1 mepenadi iHpop-
Mallii 1Mo kaHaiax 3B3Ky 1 T.iH. [Ipu 1IbOMY HETOCTATHHO
yBard NPUIUIIETHCSA THUTAHHSAM TPOTHO3YBAaHHS KPHTHY-
HOT'O CTaHy CKJIaJHHMX O0'€KTiB, MONEIIOBAHHA IX CTaHy i
(i3MYHMX MPOLIECIB 32 pPe3ybTaTaMy KOMIUIEKCHOTO aHa-

Ji3y iH(opMariii, 10 OePKAHO MO Pe3yabTaTax: MOHITO-
PHMHTY Ta KOHTPOJIO OE€3IIEYHOr0 CTaHy; iarHOCTYBaHHS
€JIEMEHTIB CKJIAJHUX OO'€KTIB METONaMH HepyHHIBHOTO
KOHTpOJIIO; eKCILTyaTaliiHoro BuMipy. IIpoBeneHni moci-
JOKEHHST TIOKa3aJiM, [0 OJHUM 3 HaHOUThII e(EeKTHBHUX
pillIeHb 3a3Ha4€HOT0 IPOTUPIYYSI € BUKOPUCTAHHS METO/IIB
HelpoMepexeBoi ieHTHdIKAIT IUISIXOM CTBOPEHHS 1 J0-
CITIIDKEHHS. MaTeMaTHYHUX Ta iH(OpMAaliifHO-CTPYKTYp-
THUYHUX CTaHIB y BUIISI/II CKIIaJJHUX 00'€KTIB.

Awnani3 mitepatypu psagy pooir [1 — 4, 7] Bigomux
aBTOPIB MIOKa3aB, 10 CUCTEMH MOHITOPUHTY Ta 1IE€HTH-
¢ikarii 6e3reyHoro crany HepyXOMHX 00 €KTIB CHCTEM
KPUTUYHOT'O 3aCTOCYBaHHS Ha OCHOBI HEWPOMEPEKEBO-
TO MiJXOAY MaloTh BJIACTHBOCTI aJalTHBHOCTI, Mapase-
Ji3My OOYHCIEHb, MOXJIMBOCTSIMUA HaByaHHs. OHaK,
pSI aNropuUTMIB, IO BHKOPUCTOBYIOTHCS B HAHOLNBII
BiJJOMHX HEHPOHHUX Mepexax, Ta 3aCTOCOBYIOThCS SIK
YHIBepCcaJIbHI METOAHM X MPUKIAIHOI HACTPOHKH, BUMa-
rafoTh BBEJCHHS €BPUCTHYHMX METOJIB JUIS ajanTarii
JI0 KOHKPETHUX 3aBaHb.

ToMmy B cTaTTi MIPONOHYETHCS BIIOCKOHAIHUTH aJro-
PUTMU HaBYaHHS HEHPOHHHMX MEpEeX, M0 BXOMASATH B
LIJIOMY B HEWPOMEPEKEBOMY CTPYKTYPY MOHITOPUHTY
Ta imeHTUdIKaIli 0e3MEYHOr0 CTaHy HEPYyXOMHUX 00'€K-
TiB 3a0€3IeUeHHS KU TTEMISUIBHOCTI CHCTEM KPUTHYHOTO
3aCTOCYBaHHS, BBEJCHHSM €BPUCTHYHUX MPOLEAYP.

PesynbTath gocnigxeHb

CTpyKkTypHa cxeMa HeiipoMepe:KeBOi cHCTeMH
inenTudikanii 6e3mMe4HOro CTaHy HEPYXOMHUX 00’€K-
TiB. 3a3HaYMMO, 110 OCHOBHHUH MiAXia JJIS BUPIIICHHS
Ba)XKO (hOpMaITi30BaHUX 3aBJaHb 0a3yeThCs Ha 3aCTOCY-
BaHHI MHOXXHHU HEHPOMEPEIKEBUX EKCIIEPTIB — CYKYII-
HOCTI HEMPOHHUX MEPEX Pi3HOI apXiTeKTypH 3 MeXaHi-
3MOM 00'€THaHHS pilllcHb (acoliaTuBHa MamuHa) [2, 3].
Buxonsguu 3 1poro po3poOieHo 3araibHa CTPYKTypHa
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cxema HelpoMmepekeBoi cucreMu ineHTtHdikamii 0Oes-
MIEYHOT 0 CTaHy HepyXxoMux 00’ €ekTiB (puc. 1.).
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Puc. 1. CtpykTypHa cxema
HeWpoMepexeBol cucTeMH ineHTHIKaIT
0€e31eYHOro CTaHy HEPYXOMHUX 00’ €KTIB

YaockoHaJIeHHsI AITOPUTMIB HABYAHHS eKcIe-
priB. [Ipu BUpilIeHH] CKJIaJHUX 3aBJlaHb MOXKE€ BHHUK-
HYTH CHUTyallis, KOJW CIpOoOW OTpHUMAaTH IpPUIHSATHE
pilIEHHS HAaBITh NPU BUKOPHCTAaHHI Pi3HUX aJITOPHTMIB,
IO MapayielbHO BHPIIIYIOTh OMHY 3ajady, HE JAI0Th
pe3ynbTartiB. Y 1[bOMY BHIIQJIKYy 00'€HAHHS JEKIJIBKOX
aITOPUTMIB B KOMIIO3UIIIIO J03BOJISIE 3HAWTH PillIEHHS
nocrasieHoro 3aaanss [ 1]. [Ipu BupinieHHi 3aBaans 3a
JIOTTOMOTOF0  HEWPOMEPEKEBUX METOMIB, MOOYIOBaHUX
Ha 3aCTOCyBaHHI MHOKHUHHM HEHPOHHHX Mepex-
aHcaMmOJIiB, BXiJHI JaHI OOpPOOJAIOTHCS 32 JOIOMOTO0
JIeKUTbKOX HeHpoHHUX Mepex [1 —4, 7].

VY cratTi GararomapoBuii epcenTpoH 00'eTHyETh-
csl B aHCaMOJTb HEHPOHHUX MEPEX CIIJIBHO 3 pajiiaibHo-
0a3MCHOI0 HEHPOHHOI0 MEPEXEI0 1 PEKYpPEHTHOIO Me-
pexero Enpbmana. HaBuaHHST KO)KHOT HEWPOHHOI Mepexi
MIPOBOJIMIIOCS 3 3aCTOCYBAHHSAM T'Pai€HTHUX METOIIB i3
3aCTOCYBaHHSIM KOMOIHOBaHUX €BPHCTHK. Y IOCKOHAJIe-
Hi QJITOPUTMHU HaBUaHHS 0araToIIapoBOro MEPCENTPOHA,
panianbHO-0a3MCHOI Mepexi 1 PEeKyppeHTHOH Mepexi
Enbmana npezcrasiieni Ha puc. 2 — 4 BiIIOBiTHO.

[lepen BUKOHAHHSAM MpPOIEAYPH HABYAHHS BCIX
HEWPOMEPEIKEBUX EKCHEPTIB HEOOXIJHO CIPOEKTYBaTH
iX apxiTekTypy, TOOTO 3IIHCHUTU TpaBHIbHUI BUOIp
KIUJIBKOCTI IIapiB 1 €l1eMeHTIB B KoKHOMY mapi. Kinb-
KiCTh HEHpOHIB y BXiJHOMY 1 BHXiIHOMY IIapax BCiX
HEWPOMEPENKEBUX EKCIEPTiB BH3HAYAETHCS YMOBAMHU
po3B's3yBaHol 3aaa4i [2, 3].

Uuncno npuxoBaHUX HIapiB HEOOXiTHO BHOpaTu B
3aJIeKHOCTI Bifl TOTO, HACKIJIBKH CKJIAIHY 3aJIEXKHICTh
Meperxa MOBUHHA BiITBOPHUTH.

Jlnst ekcriepTa, SIKM TPEACTABICHHI Oararolapo-
BUM II€PCENTPOHOM, IPYHTYIOUYHCh Ha CKJIQTHOCTI PO3B'S-
3yBaHOI 33/1a4i, Oy;10 BUOPaHO TPY MPHXOBaHI MPOIIAPKH.
VY pagianbHO-0a3MCHOT HEHPOHHOI MepeKi, SIK 1 B cTaHap-
THill Mozeni, OyB 3aCTOCOBaHMIT JIMIIIE OIMH MPUXOBAHHUN
11ap, M0 CKIANAEThCA 3 PaIialbHO-0a3UCHIX HEHPOHIB. Y
peKyppeHTHOT Mepexi EnbMana OyB BUKOPHUCTAHUH TUTBKH
OIMH IIap TPUXOBaHUX HeHpoHiB. [licis BU3HAYEHHS

KUIBKOCTI IapiB HEOOXITHO MPaBHIBLHO OOpPATH KiJib-
KiCTh HEHPOHIB B MPUXOBaHMX MIApax, YUCIO SKUX Oe3-
MocepeIHbO He BU3HAYAETHCS BUXITHUMH JaHUMH PO3-
B'sI3yBaHOI 3aja4i. MeTON CIpPOIIEHHS CTPYKTYpU Me-
pexi [2, 3] B maHiii poOOTi 3aCTOCOBYBATH HEIOIIBHO,
TOMY IO Mepexi (YHKLIOHYIOTh B CKJIali KOMITETY.
[Himiamizamiss 0OYMCITIOBAIbHUX HEHPOHHHUX CTPYKTYD,
110 BOJIOJIIOTH PeCypcaMu, KOTpi 3HAYHO MEPEBHUIIYIOTh
MoTpeOH OOYHUCITIOBAIBHOI 3aladi, MPU3BOAUTL IO
YCKJIaTHEHHSI €KCIIEPUMEHTIB.

MoyaTok

v
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Puc. 2. Aaroput™ HaBYaHHS
13 3aCTOCYBaHHSIM E€BPUCTUYHOI IPOLETYPH
UL 0araToIIapoBOro MEPCeNnTpoHa
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MovaTok
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v

[eHepyBaHHA
O0AaTKOBUX
AOMYCTUMUX TOHOK

STpUMaHi kpa
3Ha4eHHS LinsoBol
DYHKLIT?
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Puc. 3. Anroput™ HaBYaHHS
13 3aCTOCYBaHHSIM E€BPUCTUYHOI MPOLETYPH
JUTsl pafiaibHO-0a3uCcHOT (QyHKIIT

s BupimeHHs qaHoi nmpoOiieMH, KOXKeH Helpo-
CETEeBOM EKCIEepT Ha MOYAaTKOBOMY eTami poOOoTH Bciel
acoIiaTUBHOI MAalllMHU Ma€ MiHIMaJbHY KiIBbKICTh HEH-

POHIB B IPUXOBaHMX Iapax (ayst GaraTomapoBoro mep-
CEeNTpOHA ITOYATKOBE YHCIO HEHpOHIB B NPHUXOBaHUX
mapax - 5, Uil paaianbHo-0a31CHOI Mepexi BU3HAYATIO-
cs TMPOIENYpPOI0 KiacTepu3allii MeTOAOM K-cepeiHiX,
Ut HeHpoHHOI Mepexi Enbmana — 4 HeiipoHa).

[Ticns monepeqHHOr0 BHU3HAYEHHS apXiTEKTYpPH
BCIX MEpeX, BUKOHYBAJIOCh IOCTYIIOBE JOAaBaHHS HEH-
POHIB B NMPHUXOBaHI Mapu Mepexi 10 JOCITHEHHs HeoO-
XiIHOT MIHIMaJbHO CEPEAHBOKBAIPATHYHOI TTOMUJIKH
HaBYaHHSI.

Bu3HAYMBIIN TOIOJIOTII0 HEHPOHHHUX MEpPEX, 3a-
CTOCOBYIOTh METOJIM HaBUAHHSI.

AJITOpUTMH HaBYaHHSI MEPEX, 3aCHOBaHI Ha IpajlicH-
THOMY ITi/IXO]Ii, 32CTOCOBYIOTHCSI IO THX TIip, TOKH Pi3HULIS
TIOMUJIOK HaBYaHHS JUISl IBOX CYCIJHIX iTepariid Oyna Oi-
JIBLIE JIESKOTO TI0pOra, SIKIIO BEMYMHA 3MiHHM ITOMHIIKA
OImycKaJiacsl HIKYE 33/IaHOTO TIOpOTY, TO 3aCTOCOBYBAJIACs
€BPUCTHKA. MOXIIUBICTh BUKOPHUCTaHHS EBPICTIKI 3MeH-
LIyBajiacsi y Mipy PO3BUTKY TIpOLIECYy HABUaHHS MEpEexi,
00 Ha MOYaTKOBOMY €Talli HaBUaHHS MepelIKODKaTHMe
MOTPAIUISIHHIO B JIOKAJIBHUHA MIHIMYM 1 JJaTH MOXJIMBICTb
OLITBII JIETANIFHOTO HAJIAIITYBAaHHS MTApaMETpiB MEPEKi Ha
3aBepIIaJIbHUX eTanax [2, 3].

BucHoBKMu

TakuM 4MHOM, B CTAaTTi BJOCKOHAJEHI aJTOPUTMH
HaBYaHHS HEHPOMEPEeKeBOI CUCTEMH ileHTUdiKaii
0e31eYHOro CTaHy HEPYXOMHUX 00 €KTIB CHCTEM KPUTH-
YHOT'O 3aCTOCYBaHHSL.

AHcamOib A7 BUpILIEHHS 33jadi PO3ITi3HABaHHS
00pa3iB CKJIaIaBCs 3 TPhOX HEMPOHHUX MEPEK.

BararonrapoBuii nepcenTpoH HaBYaBCs 3 BUKOPHC-
TaHHSM JITOPUTMY 3BOPOTHOTO MOMIMPEHHS TOMHIIKH 3
MOIU(IKaIliEI0 HA OCHOBI aJITOPUTMY BHUITAIKOBOT'O IIO-
LIYKY 31 3MIHHUM KPOKOM.

[Ipy HaBYaHHI pamiaIbHO-0a3UCHOT HEUPOHHOL
Mepexi 3acTOCOBYBAaBCSl TPAJi€HTHUH aJrOPUTM Ha-
BYaHHS, aje MOIU(]IKOBaHUII EBPUCTUKOIO, B OCHOBI
SIKOT JISKUTH JIITOPUTM HA OCHOBI METOAY IONEPEIKy-
BaJILHOT'O ITOUTYKY.

HaBuanHus HelipoHHOi Mepexi Expmana npooau-
JIOCSI 3 BUKOPHCTAHHSIM T'PaJIiEHTHOTO METOIy HaWIIBH-
JIIIOTO CIYCKY 3 €BPUCTHKOI Ha OCHOBI METOIY KOM-
wiekciB. OCOOMUBICTIO pO3POOJICHUX aJITOPUTMIB € BHU-
KOpPHCTaHHSl E€BPUCTUYHUX MpOLEAyp B Mpoleci Ha-
BYaHHS HEHPOMEPEKEBUX CTPYKTYP.
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MoyaTtok
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YCOBEPLUEHCTBOBAHHbIE ANITOPUTMbl OBYYEHWUSA HEAPOCETEBOM CUCTEMbI
MWOAEHTUPUKALIMN BE3ONMACHOIO COCTOAHUA HENOABUXHBIX OB BEKTOB
CUCTEM KPUTUYECKOIO NMPUMEHEHUA

B.B. Kones

B cmamve 0okazana HeobXo0umMocms KOMRIEKCHO20 UCHONb308AHUS HEUPOCEMEBLIX MEXHOI0UT NPU peueHul 3a0ay Mo-
HUMopuHea u uoeHmupurayuy 6€30nacHo20 cOCMoAHUS HENOOBUICHBIX 00bLEKMOB 0becnedeHUs HCUZHEOESMENbHOCIIU CUCTEM
Kpumuuecko2o npunodicenus. Pazpabomana coomeemcmsyowas cmpyKmypHas cxeMa Helpocemesoll cucmemuvl UOeHmuguKa-
yuu 6e30nacHo20 coCMosiHus HenoOBUICHBIX 00vexmos. Onpedenena HeobX0OUMOCHb COBEPUIEHCIBOBAHUS AN2OPUMMOB YUeDbl
HeUpOHHbIX cemell, KOmopble 6X005m 8 Yelnom ¢ paspabomannyio cmpykmypy. Ilpeonodcenvl ycogepuencmeosantble anzopum-
Mbl Yuebbl ¢ npUMEHeHUeM I8PUCUYECKOU npoyedypbl Oisi MHO2OCIIOUHO20 NEPCenmpona, O paouanvHo 6a3ucHoll QyHkyuu u
HeUpOHHOU cemu INbMana.

Knrouesvie cnoea: 6ezonacnocmv cocmosinusi HENOOBUICHBIX 00bEKMOS, UOeHMUGUKayus coOCMosiHus, Helpocemegas
cucmema, cucmema Kpumu4ecko2o npuMeHeHus.

IMPROVED ALGORITHMS OF TEACHING OF NEURONET SYSTEM
OF AUTHENTICATION OF THE SAFE STATE OF IMMOBILE OBJECTS
OF SYSTEMS OF CRITICAL APPLICATION

V.V. Konev

In the article the necessity of the complex use of neuronet technologies is well-proven at the decision of tasks of monitoring
and authentication of the safe state of immobile objects of providing of vital functions of the systems of critical application. The
proper flow diagram of the neuronet system of authentication of the safe state of immobile objects is developed. The necessity of
perfection of algorithms of studies of neuron networks which are included on the whole in the developed structure is certain. The
improved algorithms of studies are offered with the use of heuristic procedure for multi-layered perceptron, for a radially base
function and El'man’s neuron network.

Keywords: safety of the state of immobile objects, authentication of the state, neuronet system, system of critical applica-
tion.
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