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C.10. JIEOHOB, xaup. Tex. Hayk, noi., HTY "XIIN"

K-3HAYHASI HEUPOHHAS CETb APT JIJISI AHAJIM3A
PABOTOCITIOCOBHOCTHY BHIYUCJIUTEJIBLHBIX
YCTPOWCTB

B crathe paccMaTpuBaeTCs HCIOIb30BaHHE paspaboTaHHOH K-3HauHOW HEHPOHHOW ceTH
alalTHBHOM pEe30HAHCHOW TeopuH M Kiaccupukanuy K-3HAUHBIX CHIHAJIOB HA BBIXOJAX
JIOTHYECKHX  DJIEMEHTOB M  YCTPOHCTB  BBIYMCIMTENBHOM  TEXHHKH. OTO  HO3BOJIIET
aBTOMATH3UPOBATh IIPOLECCHl ONpENENeHUs] CUTyallli, KOTOpPble MOTYT IPUBOJHUTH K cOOSAM B
¢ poBeIX yerpoiictBax. Win.: 5. bubmuorp.: 10 Ha3B.

KiroueBble ciioBa: K-3HauyHasi HEHpOHHAs CeTh, CETh aJalTHBHON PE30HAHCHOM TeopuH,
kinaccuduranyst K-3HauHBIX CHTHAJIOB, JIOTHYECKUE DIEMEHTH M yCTPOHCTBA, COOM B HU(POBEIX
YCTPOUCTBAX.

ITocTanoBKa nMpodJeMbl M aHAIU3 JUTepaTypbl. B HacTosmee Bpems
aHaIM3 paboTOCIOCOOHOCTH TPOEKTHPYEMBIX YCTPOMCTB HEBO3MOXKEH 0e3
MIPUMEHEHHUS PA3IMYHBIX CHCTEM MOJENUPOBAHM. JTO U IIHPOKO H3BECTHBIE
cucteMsl OyneBoro ¢yHknuoHaabHOTo Monemupoanus OrCAD [1] u PCAD
[2], cuctemsr aHanmoroBoro mojenupoBanus tuma MicroCAP [3]. Onnako
JBOMYHBIC CHCTEMBl MOJICITUPOBAHHS HE IIO3BOJSIIOT MONYYUTh IIOJIHOE
NPE/ACTaBICHHE O CIOXHOM XapakTepe IEpEeKIIOUeHHUs COBPEMEHHBIX
OBICTPOCHCTBYIOINX MHKPOCXEM TIOBBIIICHHOW CTENEHH WHTErpaluy, a
AHAJIOTOBBIE CUCTEMBbI HE TO3BOJISIOT BBHIIIOJIHUTE aHAIN3 CIIOXKHBIX YCTPOMCTB.
B cBm3u ¢ o3tum B [4] nmpemmaraercss  HMCHOJB30BaTh  CHCTEMY
ABTOMATH3MPOBAHHOTO  IPOCKTHPOBAHMS  HA  OCHOBE K-3HauHOTO
muddepeHINaTbHOT0 HCUUCIIEHHUS, KOTOpas IO3BOJsAeT Ooyee IOJHO, 0
CPaBHEHHIO C JBOMYHBIM MOJENHMPOBAHHEM, MPEACTaBUTh IIPOILECCHI
MEepeKITIoUeHUs] OYyJIeBBIX CHUTHAJIIOB W MOJEIHPOBATH JOCTATOYHO CIIOKHBIC
BBIYHMCIIUTENbHBIE ycTpoiicTBa. OJHAKO NPH NPAKTHYECKOM HCIOJIB30BAHUH
9TOIl CHCTEMBI MOJCIMPOBAHHUS OYEHb JKEJATEJFHO HMETh HH(OpPMALHIO,
KaKue 13 NOJIy4aeMbIX IIPOLECCOB MEPEKITIOUCHUS HECYT PHUCKU COOEB, a KaKue
— MPEJCTaBIIOT CO00I NMpaBUIIbHBIE NEPEKIIIOUEHHS M3 OJTHOTO YCTOWYHNBOTO
COCTOSIHHUS B JIpYyToe€.

B cBa3u ¢ stum B crathe [5] OBUT mpHBEneH mpuUMep pa3pabOTKH
IIPOrPaMMHOH pean3allud HEHPOHHOW CETH, KOTOPasl HCIOJIb30Bajach Ul
OIIPEZICTICHNUS] TUIIOB CUTHAJIOB MEPEKIIOYEHHS B JOTHYECKHX 3JEMEHTaX Ha
OCHOBE TpUHAANATH3HAYHOTO andasuta PanTo3u [6]. B kauecTBe HEHPOHHOI
CETH HWCIOJIb30BaNach ABYXCJIOWHHAs HEHpOHHAs ceThb Ha OcHOBe K-3HAa9YHBIX
HEeHpoHOB, oOydaemast Ha OCHOBe mpaBmita Xe00a misa K-3Ha4HBIX HEHPOHOB.
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OnmHako Ha TIPaKTHUKE [aHHBIC, MWCIOJNb3yeMbIe 1T OOy4YeHHS WIH
caMo00y4ueHHs1 CeTH, 4acTo HemojiHele. Hampumep, ecnm Oyaer mogaHo
n300pakeHne, OTHOCAIIeeCs K HOBOMY KlacCy M €ro  HeoOXOIuMOo
O00HapyXUTh, TO OOBIYHAS NBYXCJIOWHAas HEHPOHHAs CETh TAKyIO 3a4ady
BBITIOJTHUTH HEe cMOXeT [7, 8, 9]. HeliponHas cets Xe00a HE MOKET BBIICIATH
HOBBIE M300paXEHMs, a TaKKe He 00JIaJaeT BO3MOXHOCTBIO J000ydYCHHS,
MOCKOJIbKY 0OydeHHe HOBOMY 00pa3y IIPHUBOJMT K HMCKQKEHHIO YXKe
3aroMHeHHON  mHpopmanuu.  IlostoMy  mpu  oOydyeHMHM  JOJDKHA
UCIOJIb30BaThCsl  BCSA  3amoMuHaeMass wuH(popMmaims. TakuMm — oOpasom,
JIByXCJIOMHBIE MM MHOTOCIOWHBIE CETH, MWCIOJb3YyIOIUEe MAJS CBOEro
o0yueHus aaroputm Xe60a nim MetoJ] 00paTHOrO paclpoCTPaHEHUs! OLINOKH
He 00JafgaloT CBOMCTBOM CTAOMJIBHOCTH, T.€. CBOICTBOM COXPaHATh
M3BECTHYIO MH(POPMAIIHIO NP 3aIIOMUHAHIH HOBOH.

Ceru aganTuBHOU pe3oHaHcHO# Teopun (APT) Obutk pa3zpaboTaHbl st
paspemeHusi 3TOM NpoOJEeMBbl, a MMEHHO: 3allOMHHAHHWE HOBBIX KIJIACCOB
M300pakeHNH HEHPOHHOH CeThI0 0€3 MCKa)KEHHS MIIM MOTEPH yXKE XPaHUMOM
uHpopmanmu [10]. B cBa3m Cc OSTHUM TnpeanaraeTcs WCIONB30BaTh IS
pacro3HaBaHUsl TPaBWIBHBIX IEPEKIIOUCHUH W NEPEeKII0UYEeHUH, HEeCYIHX B
cebe pucku cOOeB TMpU TMepexoje JIOTHYECKUX CHUTHAIOB M3 OJHOTO
YCTOIUYUBOTO COCTOSHUSA B JIpyroe, HelipoHHble ceTu APT.

IIpu BBonEe M300paskeHust curHana cetb APT-1 mbITaeTcst comocTaBUThH
€My HEKOTOpBIH KJlacc M3 4Hcia yXe MMeIoIuxcs. B uacTHocTH, 3TO MOXeT
OBITH ONMH M3 BHUJOB MEPEKIIOUEHHS BbBIXOJA JIOTHYECKOTO 3JIEMEHTa M3
OJTHOTO YCTOHYMBOTO COCTOSIHMS B jpyroe. Eciu Takoil kiacc nmepeximodeHus
ylaeTcsi HaWTH, TO Kiaccu(uKalus CUTHaja Ha 5TOM 3akaHuuBaercs. [lpm
3TOM CHTHaJl MOKHO OTHECTH TO JIM K OJHOMY M3 KIJIaCCOB IIPaBHIILHOTO
MEePEeKIIOUeHNs, TO JU K OZHOMY M3 KJIACCOB CHTHAJOB, "HECYMHX" PHUCKH
c6oeB. Ecmu ke Takoi Kiacc HaWTH He ynmaeTcs, TO oOpa3yercs (BBOIUTCS)
HOBBIH Kiacc. IIpy 3TOM NpeabsSBICHHBIA CHTHAJ HCIIOIB3YETCS 3aTeM B
KadecTBE MPOTOTHINA (TUIIHYHOTO IPEACTaBUTEINs) Il HOBoro kmacca. Ilpu
9TOM M3BECTHBIE KIIACChl HE M3MEHSIOTCS.

Henblo craTbm sBIAETCS pa3pabOTKa Ha OCHOBE aJalTHBHOM
pe3oHaHcHO# Teopun K-3HauHOW HEHWpOHHOW ceTH Il  Kiaccudukauu
CHTHAJIOB, BO3HUKAIOUIUX TPH MOJEIUPOBAHUH LU(PPOBBIX BBIYUCIUTEIBHBIX
YCTPOWCTB B CHUCTEME  MOJCIMpOBaHMS Ha  OCHOBe K-3HayHOTrO
muddepeHInanTbsHOT0 NCUUCIICHUS.

Paccmorpum  cmyuaii, korma K-3HauHas HelipoHHas cetb APT
Ki1accuuIMpyeT TPUHAALATh BHUJIOB CHIHAJOB, NPEACTAaBICHHBIX B
K-3HauHOM BHJIE TIpH HCIIOJNB30BaHMM CeMU3HayHoro ajndasura. JlaHHBIE
MOJNy4YaroTcsi B  CHCTEME MOJENUpoBaHMs Ha ocHoBe K-3HauHOrO
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muddepeHnuanpHoro ucuncinerns. Ha puc. 1 mpuBeneHs! 13 THIHYIHBIX

CUTHAJIOB, NOJTY4Y€HHBIX B 3TOM CHUCTEME.
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Puc. 1. TpI/IHaI[IIaTI: BUJI0B CUTHAJIOB B K-3Haunom BUJEC ITPU UCITOJIb30BAHUN
CECMHU3HAYHOT' O aII(baBI/ITa, NOJYY€HHBIC B CUCTEME MOACIUPOBAHUA HA OCHOBE

K-3nagnoro nuddepeHnmanbHOro HCUHCISHUS
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B cooTBeTcTBMM C TPUBEICHHBIM DPHCYHKOM IIPH HCIIOJIB30BAHUH
CEeMH3HAYHOTO ai(aBuTa WUCHIOIB3YIOT CIEAYyIOIINE TPHUHAALATH BUOB
curHaioB [5]: mepBeri cBepxy cumrHan Buzma " 0" — coOTBETCTBYyeT
CTaTHYECKOMY OWHApHOMY CHTHAJIy HYJIEBOTO YPOBHS, CIEIYIOIIHH CHUTHANT
" 1" mpencraBnsier coboii 3HaueHue "K — 1", cOOTBETCTBYIOUIMIA 3HAYCHUIO
YpOBHS CcTaTWdeckoil OwmHapHOW "emmHWipBl', manee curHan " A"
COOTBETCTBYET IEpexoay u3 Hyjs B Heompeaenenuocts "(K — 1)/2", curnan
" B" — mepexoay u3 "(K — 1)" B meompenenennocts "(K — 1)/2", " E" —

nepexony u3 myast B "(K — 1)", " _F" — auHamudeckomy pucky cOosi mpu
nepexmoueHnd u3 Hyns B "(K — 1)", " _H" — HopmansHOMY mepexoay u3
(K=1) B myns, "_|" — mepexony u3 neonpenenernoctu "(K - 1)/2" B (K — 1),
" _L" — nquHammueckoMy pucky cOost npu nepexmoueHuu u3 (K — 1) B Hyns,
" P" — crarmueckomy pucky cbos B Hyme, " O" — mepexomy wu3
Heonpenenennoct "(K — 1)/2" B nynb, " V™" — craTudeckoMy prcKy cOos B
(K=1), curmam " X" COOTBETCTBYET 3HAYCHUIO HEONPEICICHHOCTH

"(K —=1)/2" npu OMHAPHOM MPEICTABICHUU CUTHAJIOB.

OTHU CHTHAJIBI TOJDKHBI XpaHUTHCSA B TaMATH K-3HauHOW HEMPOHHOM ceTn
APT-1K, apxurekrypa KOTOpO#l IpuBEAEHA HA pUC. 2.

ApXHTEKTypa CETH BKJIIOUAET TPU TPYIIBI HEHPOHOB: MoJie F; BXOTHBIX
00pabaThIBAIOLIMX HEHPOHOB, COCTOSIIEE U3 ABYX CJIOEB S- U Z- JJIEMEHTOB,
cioil pacmosHaromux Y-HEHPOHOB W ympasistomue Hewpousl R, Gi, G,
(puc. 2).

[Tone F; BxoaHBIX 00pabaThIBaIOIINX HEHPOHOB COCTOMT U3 JBYX CJIOCB
— BXOJIHOTO CJIOSI S-3JIEMEHTOB U HHTep(ericHOTO cos Z-311eMeHToB. BxoaHoH
CJIOI BOCTIPHHHUMAET IMPEIbsIBIIEMbIE H300paKeHUS U TIepeAacT IMOIyIYSHHYIO
HHPOPMALNIO HEHpOHAM MHTEPQPEHCHOTO Z-CIIOS U YIPABJISIOIUM HEeHpOHaM
R, Gi, G,. Kaxnpiit anement Z; (i = 1, ..., N) untepdeiicHOro cios CBsi3aH ¢
KaxaeiM dneMenToM Yj (j = 1, ..., M) pacnosHatomero cios Y AByMs BHIaMH

B3BEIICHHBIX cBsA3el. CUrHanbl 3 nHTEpdeiicHoro cos B ciiol Y mepenaroTcst
1

HAYIIMMHA CHHU3Y BBEPX CBA3IMU C BECaMU le .

a M3 PpAacCIIO3HAIOLICTO CJIOA B

HHTEeP(EHCHBIA — CBSI35IMH C BECaMU szi, G=1,...,mi=1,..n). Us33za
HaJn4us OOJIBIIIOTO YHCIIA CBSI3eH Ha pHC. 2 TMPUBEACHO 0003HAYCHHE TOIBKO

OIHOW TMaphl CBA3€H C BecaMu Wijl, szi,

MEXIy HWHTepQeiCHBIM H
PACIO3HAIONINM CJIOSMH JIEMEHTOB.

Cnoit Y sBisieTcs cJ0eM KOHKYPHUPYIOIIMX WJIH COPEBHYIOLIMXCS
HelipoHoB. B mo6oe Bpems kaxnpii anement Y (j = 1, ..., M) pacrnosHaromero
CJI0S1 HAXOJMUTCS B OTHOM U3 TPEX COCTOSIHUI:

— aKTHBeH (BbIXOnHOI curHan U, ., Helipona Yj pasen d: U =d;
]

BBIX BbIXY j

d = 6 g APT-1K, npu 3Haunoctu BxoaHoro andasurta K = 7;
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— mHeaktuBeH (U =0, HO HEHPOH MOXET YyJacTBOBAaTh B

BbIXY j

COpPEBHOBAHHH);

— 3aTopmoxkeH (U =—1 u HelipoH He NONyIIeH K COPEBHOBAaHUIM

BBIXY i

IPH MIPEABSABICHUN TEKYIIETO BXOJHOTO N300paXKeHHMS).
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Puc. 2. Apxutexrypa HeiponHoit cetn APT-1K

IMocne mnpexbsBICHHUS BXOAHOTO HW300paKCHMSI AKTHBHBIM OCTaeTCs
TOJBKO OJIMH PacIiO3HAIOIINN HEWPOH, BCE OCTaJIbHBIE Y-3JIEMEHTHI MMEIOT
HyJIEBbIE WJIM  OTPHLATEIbHBIC  BBIXOJHBIE CHUTHAIBL.  BBIIEIeHHbIH
pacno3HaomMi HEHpoH B pexume oOydeHHus JomyckaeTcs K OOydeHUIo
BXOJIHBIM H300pa)XEHHEM TOJBKO B TOM Cily4yae, KOIJa €ro BECOBOH BEKTOD
cBsize m3 cnost Y B ciodl Z mojo0eH BXOTHOMY BEKTOpPY. DTO peIIeHHE
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NpUHAMAeTCsl ¢ TIoMomplo R-HelfipoHa ®  cHenMambHOTO —Iapamerpa,
MOYYUBILETO HAa3BaHUE MapaMeTpa CXOJCTBA, U CHIHAJIOB, MOCTYAIOINX W3
BXOJHOTO M HWHTep(delcHOro cioeB 3meMeHTOB. Yepe3 BcrioMorarelibHbIC
3JIEMEHTHl TIPOM3BOAMTCS WM OOyYCHHE BBIICICHHOTO pPACIIO3HAIOLIETO
Y-aJieMeHTa, WU ero 3aTopMakuBaHue (cOpoc) ¢ TaNmbHEHITNM UCKITIOUCHIEM
U3 4YHCIa COPEBHYIOUIMXCA IPH TOBTOPHBIX MPEIBABICHUAX 3TOTO XKe
BXOJIHOTO M300pa)XeHUsI, KOraa U3 Y-CJI0sl BBIIEISIOTCS. HOBBIC KaHMAThI JJIS
00y4eHMs BXOJHBIM H300pakeHHEeM.

BosbIIMHCTBO ~ CBsI3eil,  NpPUBENEHHBIX  HAa  PHC.2,  SIBISIFOTCS
BO30YKIAIOIIUMH: OT BXOJHOTO CIOSI S-3JIeMEHTOB K HelipoHam R, Gy, G, u
Z-cnosi, ot HeiipooB G;, G, COOTBETCTBEHHO K HeWpoHam cioeB Z u Y.
Topmo3siuue curHajgel NEpeAaroT TOJbBKO  MHOXECTBAa  CBSi3eM  OT
HHTEP(EHCHBIX AJIEMEHTOB K R-HelipoHy 1 oT Y-HelpoHOB K 31eMeHTy Gj, oT
R-nelipona k HelipoHy moOeauTenio B paclo3HaromeM cioe. Bee cBs3u cetn
APT-1K nepenaror K-3naunsie curnanst u3 aadasura M = {0, 1,2, ..., K- 1}.

Kaxnprit snemenT B uaTepdeticHoM wm Y-cimoe ceta APT-1K nmeer tpu
MCTOYHMKA BXOJHBIX CHTHaJIOB. IIpon3BONBHBIN MHTEPEHCHBIN 31IeMEHT Z;
(i=1, ..., n) MOXeT HOMyYaTh CHUTHAIBI OT DJIEMEHTa Sij BXOIHOI'O CJIOS, OT
31eMEeHTOB Y-ciosi ¥ OoT HelipoHa G;. AHanoruuno snement Yj (j =1, ..., m)
MOXET IIOJIy4UTh CUTHAJIBI OT UHTEp(QEHCHBIX AJIEMEHTOB, HelpoHOB R u G,.
Jns mepeBoia HEWPOHOB HMHTEP(HEHCHOTO WM PACHO3HAIOIIET0 CJIOEB B
AaKTHBHOE COCTOSIHHME HEOOXOAMMO HaIW4he JBYX HCTOYHHKOB BXOJHBIX
BO30YXKIAIOIUX CHIHAIOB. [lOCKONBKY KaXIblii M3 paccMaTpuBaeMbIX
HEWPOHOB HMMEET TPH BO3MOXHBIX MCTOYHHUKA CHTHAJIOB, TO YCJIOBHE
BO30YKICHHS STHX HEHPOHOB MOJIYYHIIO Ha3BaHHE "MpaBHia [Ba U3 Tpex'.

B ucxomHOM cocrostHuu HelipoHBI R, G, G, ¥ BXOAHOTO CJlOS S UMEIOT
HyJIeBbIE BBIXOJHBbIE CHUTHaJIBL. [Ipy Tmojgade Ha BXOABI  S-2JIEMEHTOB
K-3HauHBIX KOMIIOHEHT MpPEABIBISIEMOTO H300paXEHUs 4YacTh M3 HUX,
MOJYYUBIINX HEHYJEBBIE BXOJHBIC CHUTHAJBI, NMEPEXOIUT B BO30YKACHHOE
cocrosinue (U,,x > 0). Bo30Oyxxaaromue CUrHaIbI ¢ BBIXOJOB 3TUX HEHPOHOB
nepeBoAT B cocrosinue "6" Heiipoubl Gi, Gy, a TakKe MOCTYMAIOT Ha BXOJIBI
COOTBETCTBYIOIIUX HEHPOHOB uHTEpdEHCcHOro CI1041. HelipoHsl
UHTEP(EHCHOTO CII0s, MOJYYUBIINE CUI'HAJbI OT HEHPOHOB BXOJIHOTO CIIOSI U
anemeHTa Gy, MO NMpaBUIly JiBa U3 TPeX IMEPEXOJAT B aKTUBHOE COCTOSIHUE U

NOCHIJIAOT CBOU Bo36y>1<)1a}0nme CHUT'HaAJIBbI 110 CBA3s4M C BECaMH W'Jl (I = 1, ey

n, j=1, ..., m) Ha BXoakl HeilpoHOB Y; pacmosHaromero cios. HeifpoHs
PACIIO3HAOIIETO CIIOS MEPEXOIT B aKTHBHOE COCTOSHHE I10 TPaBIIY J1Ba U3
Tpex, TMoiy4dass BO30YXJAOINMe CHTHAJIBI HE TOJBKO OT 3JEMEHTOB
UHTEp(EHCHOTO CITosl, HO M OT 3JeMeHTa G,. BEIXOMHBIE CHIHANBI aKTHBHBIX
Y-HEWpPOHOB ONPENENIAIOTCS COOTHOMICHHEM
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n
— — 1 P
UBLIXYJ- _UBij _Z WI] UBLIXZi' J—l, e M,
i=1
1 YIOBJIETBOPSIOT YCIOBUIO

0<U <6.

BBIXY i

3areMm B Y-cioe HEHPOHOB TIPOUCXOAWT JIATCPAIBHBIA IPOIECC
BBIICJICHUS €IMHCTBEHHOT'O 3JIEMEHTa J ¢ HAaHOOJIBIIMM BBIXOJHBIM CUTHAJIOM.
Bce weiiponsr Y-ciosi, kpome moOeamBiiero Y;, MepeBOAATCS B HEAKTHBHOE

cocrostnme "0" (U, . =0), a moGenmBmmi HEHPOH — B COCTOSHHE C

ennanyHbIM (K = 6) BbixoaubM curaanoM. Curhaan nooeausiuero Y-HelHpoHa
3aTOPMakKMBaeT yNMpaBisioluid HelipoH Gj, a Takke MOCTYMHaeT IO CBS3SIM C

Becamu W Jzi Ha BXO/JIbl HepoHOB UHTepdeiicHOTo ctos. [TocKONbKy AIeMEHTHI

MHTEP(EHCHOTO CII0s TIOAYMHAIOTCS PaBIILY ABA U3 TPEX, TO NIPHU OTCYTCTBUH
BO30YKIAIOIIETO CUTHala OT HelipoHa G; B aKTUBHOM COCTOSIHHM OCTAaHYTCS
TOJBKO TE€ HWHTEp(EHCHBIE >JIEMEHTHI, KOTOpPBIE MOIYyYalOT CHIHAIBI M OT
3]IEMEHTa BXOJHOIO CJIOS, U OT nobeamBuiero Yj-HeHpoHa pacrno3HaroLIEro
cios. Topmozsmue curHagbl aKTUBHBIX JJIEMEHTOB HMHTEPPEHCHOTO CIIOS
MOCTYMAlOT Ha BXOJABI R-3eMeHTa, KOTOpBIM MOJydaeT M BO30YyKAaroIine
CUTHAJIbl OT HEWPOHOB BXOJHOIO Cjl0A. B 3aBUCHUMOCTH OT COOTHOLICHMS
BEIMYMH BO30YKIAIOIIUX U TOPMO3SIIIX CUTHAJIOB OMpEeNsieTcs BbIXOIHON
CUTHaJ ympasisiomero sjaementa R. IIpum HyJeBOM BBIXOZHOM CHTHAle
R-anemMeHTa B ceTH HacTymaeT PE30HAHC M INPOUCXOAUT OOydYEHHE BECOB
cBs3ell moOexmBiiero Y-HEHpPOHA, a MPH CIUHUYHOM BBIXOJHOM CHUTHAIE —

nobenuBmMi  Y-HEHPOH 3aTOpMa)kXMBaeTCS (UBmeJ =-1) u daxrugecku

JMIacTCA BO3MOXHOCTH Y4aCTBOBATHb B COPCBHOBAHHUAX IIPU MPCABABICHHUU
TeKyLIero u300paxkeHHs. 3areM B Y-Clo€ NPOM3BOIUTCS BBIOOD HOBOTO
nobenuBniero Heipona. Ecian BxonHOe H300pakeHUEe HENOCTATOYHO MOAO0OHO
HHM OJHOMY W3 3allOMHEHHBIX, TO BCE PaclpeleieHHble Y-HEHPOHBI B KOHIE
KOHIIOB OKa3bIBAIOTCS 3aTOPMOXKCHHBIMH, a MOOCIUTENeM CTaHOBHUTCS
HEpaclpeACICHHBII Y-3JIEeMEHT, KOTOPBIH U 3alIOMHHAET B CBOMX Becax HOBOEC
n300paKeHHe.

Ha ocHoBe meToja OpicTporo obyuenus s HeiipoceTeit APT-1K moxer
HCIIOJIB30BAThCS OOYYAIONIMH aJIrOpUTM, B KOTOPOM IIPUHATHI CIIEAYIOIINE
0003HAYCHHS:

M — MaKCHMaJbHOE YHCIIO PACIIO3HAIOLIMX 3JIEMEHTOB B Y-ClIO€ WM
MaKCHMaJIbHOE YHCIIO0 PACIIO3HABAEMbIX 00pa30B;

N — YKCJIO KOMIIOHEHTOB BO BXOJHOM BEKTOPE MIIM H300paXKEHUH;

sk — n-mepubiii K-3HauHbIil BXOgHOM BekTop, K= 1, ..., ;

( — YHCIIO BXOJIHBIX BEKTOPOB;
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UBble = (U

CHUT'HaJIOB HHTep(bCﬁCHOFO CJI0A 3JICMCHTOB,

wizyr 1Yz, ) — N-MepHbIi K-3Ha4HbIH BEKTOP BBIXOAHBIX

||X|| — HOpMa BeKTopa X,

p — TapaMeTp CXOACTBAa MEXIy BXOIHBIM BEKTOPOM M BEKTOPOM,
XpaHslIeMCsT B Becax CBs3ed MMOOeIUBIIEr0 HEHpoHa Y-CIOs; IUana3oH
JIONYCTUMBIX 3HaueHui napamerpa: 0 <p <1;

Wijl — Bec cBA3M OT aneMenTa Z; (i=1, ..., n) kanementy Yj (j=1, ...,
. 1 1 .
M); OWama3oH AOMYCTHMBIX HayalbHBIX 3HaueHH# O <Wij < —
6(L -1+ n)
11
ij =%, B
6(1+n)

BBIITOJIHAKOTCA C y‘IeTOM HCIIOJIB30BaAHUA K-3Ha‘-IHbIX CHUT'HAJIOB,

L — koHCTaHTa, MPEBOCXOMAAIIAS CAUHHILY; PCKOMCHAYEMOE 3HAaYCHHUE:
L=2;

PCKOMCHAYEMOC HadYaJlbHOC 3HA4YCHHUC!: W CC€  BBIYUCJIICHUA

2
i~ BE€C CBA3M OT DJJICMCHTA Yj K DJICMCHTY Zi; PCKOMCHAYEMOC

2 _ .
HavanbHOe 3HaueHue: W i = 6, uto cooTBeTcTBYeT K-3HauHOH "equauIIE".

OOyuarommii ajaropuTm
Ilae 1. TlepBeIM IIAaroMm sBiseTCd MHULMANM3AIUSA MapaMeTpoB L, p u

BECOB CBs3ell W3 WHTEp(eHCHOro cjos B BBIXOTHOH Wijl U CBsI3eH OT

BBIXOJTHOTO CJIOSI K HHTep(pEeHCHOMY szi (i=1,...,n; j=1,...,m).

llaz 2. AHanmu3upyrloTCs YCIIOBHS OCTaHOBAa, W I[OKA OHU HE
BBINOJHSAIOTCS, pealu3yroTcs warn 3 — 14 anropurma.
Hlae 3. Jns xaxaoro o0y4aromiero BXoJHOr0 BEKTOpa sk k=1, ...,q
BBITTOTHSAIOTCS maru 4 — 13.
Illaz 4. 3agaroTcs HYJICBBIC CHTHAIIBI BCEX PACIO3HAIOIIMX 3JICMCHTOB
BBIXOJIHOIO Y-CIIOS:
U =0, j=1..m

BBIXY j
BXOHBIM BEKTOPOM S° yCTAaHABIMBAaeTCS AKTHBALMSA S-3IEMEHTOB
BXOJIHOTO CJIOSI:
k -
U S, 1=L..,n

gz 5. Beraucisercss HOpMa BEKTOpPa BBIXOJHBIX CUTHAJIOB HEHPOHOB
BXOHOTO CJIOS:

BBIXS;
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||ums||=usku=i st

lae 6. [Ins snemeHTOB HHTEP(EUCHOTO CI0s1 POPMHUPYIOTCS BXOIHBIE U
BBIXOJJHBIC CHUTHAJIBL:
Uz =U i=1..,n,

UBLIXZI :UBXZ,' i=1..,n

BBIXS; !

Illae 7. PaccuuThIBaeTCs  BBIXOAHOW  CHTHaAN OO  KaXKJIOro
HE3aTOPMOXKEHHOTO Y-HeHpoHa:

n
1 -
ec Uy # -1, 10 UB])IXY]- = z WUz, 1=1, ..., m.
i=1

llae 8. Tloka He HalifeH Y-HEWPOH BBIXOJAHOTO CJIOS, BECOBOW BEKTOP
KOTOPOTO B COOTBETCTBHMH C 3aJaHHBIM 3HAUCHHWEM IapaMeTpa CXOJCTBa p
COOTBETCTBYET BXOJHOMY BEKTOPY S¥, BBITIOMHSITOTCS 1mary 9 — 12,

lae 9. B Y-croe omnpenensiercst HEHpoH Y, yIOBICTBOPSIONINIA YCIOBHIO

UBLIXYJ ZUBLIXYj’ J =:L Ly M

Ecmn Takux saeMeHTOB HECKOJIBKO, TO BLI6I/Ipa€TCH 9JICMCHT C HAUMCHBIINM

ungekcom. Ecmn U,y =-1, To Bce oieMeHTBI 3aTOPMOXKCHBI M BXOJHOE

M300paKeHNEe HE MOXKET OBbITh KIIACCU(UIIUPOBAHO WIIU 3aII0OMHEHO.
llaz 10. PaccuuThIBAIOTCS BBIXOJHBIE CHUTHAajJbl  Z-3JIEMEHTOB
UHTEP(EHCHOTO CII0SI ¢ UCTOJIb30BaHUEeM K-3HauHOM JTIOTHYECKON OmepaIum:

U :UBBIXSi <m>K WJZix i :1, N

BBIXZ

Hlae 11. Beluucnsercs HOpMa BEKTOpa BBIXOJHBIX CHTHAJIOB
uHTEpGEHCHOTO CIIOS:

n
"U BBIXZ " = Z u BBIXZ; *
i=1

laz 12. TIpoBepsieTcst yCIOBHE BO3MOXHOCTH OOYYEHUs BBIJICICHHOTO
Helipona Y.

Ecin ||Um,1xz ||/ “Sk“< P, TO YCIIOBUE HE BBINOJHAETCS M 3JEMEHT Y,

3aTOPMaAKMBACTCA, T.C. U =-1. ITocne sToro OCYHICCTBJIACTCA NEPEXO] K

BBIXY

mrary 8 anropurma.
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Ecmn ||UBHX2 ||/ ” Sk” > p, TO yCIOBHE BO3MOKHOCTH 00y4YeHMs HeHpoHa

Y; BBINOJHAETCS W OCYIICCTBIIACTCS TEPEXON K CICAYIOIIEMY IHary
aNropuT™Ma.

[laz 13. Apantupyrootrcs Beca cBsized djeMeHTa Y; € y4eToM
UCToNb30BaHusl K-3HaYHBIX CUTHAJIOB:

W_l — LUBLIXZi i=1 0
Y 6('— -1+ "UBbIXZ ") ’ e
WJZi:UBBIXZi’ izl,,,,, n.

Llaz 14. TIpoBepsroTCs YCIOBUS OCTaHOBA.
YcnoBusiMM OCTaHOBa MOTYT OBITh: OTCYTCTBHE H3MEHEHHH BECOB

Wijl, Wij2 CeTH B TCUCHHE IOXH, TOCTIKEHUE 3aJaHHOTO YKCIIa SMOX H T.1I.

Illae 15. OcTaHOB.

PaboTy mpuUBEICHHOTO aaropuT™Ma MOXKHO I[OKa3aTh Ha CIIEAYIOIIEM
npuMepe.

Paccmotpum  pabGoty K-3Haunoii HelponHoit cetu APT-1K s
JMUAarHOCTHKHU CUTHAJIOB MHOTOPa3psAHOTO cymMMaTopa. Cxema oHOTO paspsia
TAKOTO CyMMaTOpa UMeeT CIIeAyIomuii BU (puc. 3).

Ha Bxox Takoro cymmaTopa moctymnarot K-3HauHbIC CUTHAIBI CIIAaraeMBbIX
A[1,t] u B[1,t] u curnan nepenoca u3 mpeasaymiero paspsga P[1, t]. Kpome
TOTO, HAa BXOAEC HMEIOTCS YIPABISAIOMIHE CHUTHAIBI cOpoca BBIXOIHBIX
TpurrepoB B Houb NS u curnan mx ycranoBku B eaununy NR. Bwixomamu
TAKOro ycTpoiicTBa siBisiercsi K-3HAYHBIAH CHrHAJN pe3yjbTara CYMMbI IS
nepsoro paspsaa SU[L, t] u curnan nepenoca B cinexyroruii paspsa PE[1, t].
Bce BXOomHbIE W BHYTPSHHHE CHTHAJIBI TOCTYHNAIOT HA BXOJBl OJIOKOB
ABTOMATH3HPOBAHHOW IMAarHOCTHKH, BBIMOJHCHHBIX Ha pa3pabOTaHHBIX
HelpoHHBIX ceTax APT-1K.

OTH CHUTHaJdbl MOTYT HMETh (OpPMY TMPOLECCOB MEPEKIFOUCHHUS,
NMPUBEICHHBIX Ha puC. 1, Tme mokazaHo 13 BHIOB CHUTHANOB W3 andaBura
®aHTO3M, KaXIBIA W3 KOTOPBIX MOXET OBITh Ha KaXIOM BXOJHE
MHOTOPa3psSAHOTO CyMMaTopa B KadecTBe WH(POPMAIMOHHOTO ¥ OHH
COOTBEeTCTBYIOT K-3HAUHBIM CHTHajaM CHUCTEMBI MOJCIMPOBAHUS HA OCHOBE
K-3Haunoro nuddepeHnnanbHOro McYUcieHus. OTh K-3HauHBIE CHUTHAIEBI
(K =7), paccMaTpUBarOTCs B paMKaX OKHA JUIMTEIBHOCTBIO 17 TakToB (pHc. 4).
Ha Bxone K-3naunoit HeiiponHoii cet APT-1K oHun npeoOpa3yroTcst B BEKTOP,
pasMepHocThio 17X7 =119 s1eMeHTOB.
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Puc. 3. Cxema oiHOTO pa3psaaa MHOTOpa3psagHOTO CymMMaropa

Ha puc. 4 mnoka3zaH BU K-3HauHBIX CHIHAJIOB Ha BXO0A¢C O10Ka

ABTOMATU3UPOBAHHOT'O PACIIO3HABAHUA CUT'HAJIOB.

B peanpHBIX yCTpoHCTBaxX BHA TEPEKITIOYECHUS MOXKET OBITh OJHM30K K
NPUBEJICHHOMY, HO HE TIOJIHOCTBIO COBIAJaTh C TAKUM M3MEHEHHEM. B cBsizu ¢
9TUM 00y4eHue HeifpoHHoW cetd APT-1K BBINONHAJIOCH Ha CUTHANAX, THAE
KaX[bIil U3 HUX HAXOJMJICS B T10JIE, UMEIOIINM TPHU JMara3oHa B COOTBETCTBUH
¢ cemmsHaunbM andasurom: [0 — 1], [2 — 4], [5, 6], kak 3T0 mOKa3aHO Ha

puc. 5.
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Puc. 4. K-3HauHble curHansl Ha Bxoje HeifpoHHoi cetn APT-1K

l'IpI/IBeIIGHHLII\/'I Juaria3oH JCBUalluH.

B pesynbrare 3KCNEPUMEHTOB YCTAHOBIIEHO,
HeHpoHHas npaBwibHO Kimaccudumupyer 95 %

CHUT'HAJIOB.

CCTh
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DG W=
NEWS K RAUDEL [B[0B|nD
1 9 3
5 10 15 5 10 15 5 10 15 I
4 5 6
5 10 15 5 10 15 5 10 15 n
7 8 9
5 10 15 5 10 15 5 10 15
10 11 12
5 10 15 5 10 15 5 10 15
13
5 10 15

Puc. 5. [Tons K-3HauHBIX cCHTHATIOB Ha BXoJe HeifponHoH cetnt APT-1K B pexnme
oOyueHus

BeiBoabl. Takum 06pa3oM, Ha OCHOBE aJalTUBHON PE30HAHCHOM Teopuu
U IUCKpeTHOW HeipoHHoW cetn APT-1 paspabGorana K-3HauHas HeiipoHHas
CeTh U KJIACCU(HUKAIMK CHUTHAJIOB, BO3HHUKAIOIIUX HPH MOJCTUPOBAHUU
IU(QPOBBIX BBIYUCIUTENBHBIX YCTPOHCTB B CHCTEME MOJCIHPOBAHUS Ha
ocHoBe K-3HauHOTO MudHepeHInaaT,HOTO HCIUCIISHUS.

Pa3paborana metonuka mnpuMeHeHHs HeWpoHHOW cetn APT-1K s
aHaiM3a paboTOCIIOCOOHOCTH BBHIUMCIUTENLHBIX YCTPOHCTB.

ITpoBeneno tecTupoBaHue pazpaboOTaHHOI HEHPOHHOHN CeTH, IOKa3aBIlee
ee  paboTOCIIOCOOHOCTP W BO3MOXKHOCTH ~IPUMEHEHHUSI B CHUCTEME
MOJIETIMpOBaHus Ha ocHOBe K-3HauHOTO AH(depeHInanbHOr0 HCUHCICHHS.
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YK 004.94; 004.89

K-3HayHa HeiipoHHa Mepe:ka APT s ananusy npaue3gioHocTi 004MCIIOBAIBHHX
npucrpois / Jleono C.1O. // Bicuux HTY "XIII". Cepis: [ndopmaTuka Ta MOJETIOBAHHS. —
Xapkis: HTY "XIII". — 2013. — Ne 39 (1012). — C. 115 — 128.

VYV crarti posrimaeThest 3acTocyBaHHS po3pobneHol K-3HawHOI HeifpoHHOI Mepesi
aJanTUBHOI pe30HaHCHOI Teopul aa kinaccudukanii K-3HaYHUX CHTHANIB Ha BUXOJAX JIOTIYHUX
€JIEMEHTIB 1 TPHCTPOIB OOYMCIIOBaNbHOI TexHikH. lle m03BONsie aBTOMATMU3yBaTH MPOLECH
BIUTyYeHHSI CUTYalil, sSIKi MOXYTb IIPUBOIUTH O c00iB B IM(PPOBHX mpUcTposix. [m.: 5. bibumiorp.:
10 Hass.

Kurouosi ciioBa: K-3HauHa HEHpOHHA Mepeka, Mepexa aJanTUBHOI PEe30HAHCHOI Teopwu,
knacuduranus K-3HaUHMX CHTHANIB, JIOTIYHI €TeMEHTH Ta NpHUCTPoi, 3001 B IHU(PPOBUX
HOPHUCTPOSIX.

UDC 004.94; 004.89

K-Valued neural network adaptive resonance theory for analyze the health state of the
art of computing devices / Leonov S.Yu. // Herald of the National Technical University "KhPI".
Subject issue: Information Science and Modelling. — Kharkov: NTU "KhPI". — 2013. — Ne. 39
(1012). - P. 115-128.

This article discusses how to use the K-Valued neural network Adaptive resonance theory
for classification K-Valued output signal of logic elements and devices of computer engineering.
This allows to automate the processes of identifying situations that may cause crashes in digital
devices. Figs.: 5. Refs.: 10 titles.

Keywords: K-digit network neural network, adaptive resonance theory, the classification of
K-valued logic gates, signals and devices, failures in digital devices.
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