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Jlocniodceno  GUKOPUCMAHHA  WMYYHUX HEUPOHHUX Mepedc O  Kiacugikayii Oeghekmis
cminvHuKosux naweneil. Onucano aneopumm no6yoosu ma npunyun O0ii cucmemu Kiacugikayii
Odeghekmie Ha OCHOBI 2iOpuoHOi HelpouHoi Mmepedxci. Hasedeno pezyrbmamu ukopucmarHs
Po3pobaenoi cucmemu 071 OlA2HOCMUKU MEXHIYHO20 CIMAHY CIMITbHUKOBUX NAHeNell.

Use of artificial neural networks for classificatioof defects in cellular panels was introduced
and investigated. Algorithm of construction andhpiples of operation demerit rating system which
based on hybrid neural network is described. Resaft practical use developed system for
diagnostics of a cellular panels’ technical conditiwas represented.

Hcceneoosano ucnonv3osanue UCKyCCmeeHHbIX HeUPOHHbIX cemell 0Jis Kaaccupurayuu oeghexmos
comoguix nauene. Onucanvl aneopumm nocmpoenus U NPUHYUN OeUcmeus CUCmembl Kiaccugurayuu
Odeghekmos Ha ocHOBe 2UOPUOHOU HeupoHHou Cemu. Ilpusedenvl pe3yrbmamsl UCNONb30BAHUSL

pa3pa60maHHOﬁ cucmembl OJ151 OUACHOCMUKU MEXHUYECKO20 COCMOSIHUSL COMOBbIX NAHENell.

ITocTanoBka nmpoodJiemMu

Y MOpPOMHUCIIOBOCTI IIy’Ke 4YacTO JOBOJUTHCS
OILIIHIOBATH TEXHIYHUN CTaH TEXHOJIOTTYHOTO
00’exta. AHami3 iHGoOpMaIii TPO TEXHIYHHI
cran 00’ ekta kouTpomo (OK) mo3Bosise cimiaky-
BaTW 3a HEOOXIOHUM 3alacoM CTIHKOCTI Bciel
TEXHOJIOTIYHOT CHCTEMH, SKOCTI i1 (yHKIIOHY-
BaHHS Ta cBoeyacHoro pemoHty OK. IlinBu-
IICHHSI €EKTUBHOCTI PEMOHTY JOCATAETHCS 3a
HAasBHOCT1 JIOCTOBIpHOI 1 omepaTuBHOI iH(Op-
MaIlii mpo CTaH TeXHOJOTIYHOTO 00’ EKTA.

Peectpanis Ta momaHHs Takoi iH(opmarii
iHdopManiitHo-niarHocTnaHOO cucremoro (I1C)
3a0e31euyl0Th BUCOKY €(DEKTUBHICTh KOHTPOJIIO
1 MiHIMaJIbHI amaparHi Ta MarepiajbHI BUTPATH
Ha ii po3po0JIeHHS 1 eKCIUTyaTaIlio.

Meta pobGoTtu — oTpumManHs iHMOpMaIlii mpo
OK B HeoOX1HIN KIUIBKOCTI 1 IKOCT1 IS 3a0€e3-
MEYEHHSI BUCOKOI JIOCTOBIPHOCTI HOTO JiarHoc-
THKH.

© B.C. €pemenko, A.B. [lepeinenko, B.O. Poranskos, 2011

HunimHiii piBeHb pPO3BUTKY 3ac00iB BHUMI-
PIOBaHHS J03BOJISIE MPOBOJAUTH BUMIPIOBAHHS 1
KOHTPOJIb BEJIHMKOI KUIBKOCTI 1H(OpMaIiitHux
napameTpiB OK B mporieci #oro ekcruryaTartii.

[Ipore, 3Baxaroun Ha 3HAYHY CKJIAJHICTb
BCTAHOBJICHHS TPUYMHHO-HACTIIKOBOTO 3B’ I3KY
MDK CHIBBIJHOIICHHSIM 1HGOpMAIitHUX TMapa-
MeTpiB OK 1 HOro TeXHIYHUM CTaHOM, iICHYIOUI
METOJIMKH 1IeHTU(IKAIil TEXHIYHOTO CcTaHy Oa-
3YIOTCS Ha CHEIliali30BaHUX MaTEeMaTHYHUX
MOJIETISIX, IO BUKOPHUCTOBYIOTHCS IS BHPI-
IICHHS BY3bKOCIHELiaTi30BaHUX 337a4 1 KOHTPO-
JIFO0 TIEBHOT'O TUITY TEXHOJOTIYHOTO 00’ €KTa. 3a-
CTOCOBYBAaTH TaKl MOJEi IJisi AIarHOCTUKH 1H-
IIMX TUMIB 00’ €KTIB HEMOKJIHUBO.

Po3pobka cnemianpHOi [JIC, siapom sikoi €
MPOrpaMHUN KOMIUIEKC, JO3BOJUTH 3MIHIOBAaTH
CTPYKTypy 0a3u 3HaHb, IOTIOBHIOBATH ii HOBH-
MH 3HAHHAMHU JUIS JIarHOCTHKHA TEXHIYHOIO
CTaHy 3a MIHIMaJbHOI 30BHIIIHBOI Y4acTi JIO-
JIVHH.
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Bukopucransas cyyacHHX 3aco0iB 1 METOIIB
00pOOJIEHHS EKCIEepUMEHTAIbHUX JaHUX JUIs
OTpUMaHHS OUTBLIOI KUTBKOCTI iH(OPMATUBHUX
nmapameTpiB, BUKOHaHHsS niarHocTuku OK 3a
YMOBHU 0OMEXEHOT KiJIbKOCTI iH(popmallii, BUKO-
pUCTaHHS MEXaHI3MYy, SIKHI J1aB 3MOry 3a0e3Iie-
YUTH BHCOKY 3aBaJ0CTIHKICTh, HEOJMIHHO MPH-
3BOAMTH JIO 3aCTOCYBaHHS BXIJHHX JaHUX SIK
armapary oOpoOJeHHs, OTPUMaHUX Y pe3yJbTaTi
MIPOBEJICHHS €KCIIEPUMEHTY, IITYYHUX HEWPOH-
Hux Mepex (HM).

VY cucremax HEPYHHIBHOTO KOHTPOJIIO 3aCTO-
cyBanHs HM — nipoBe/ieHHs KJIaCTepHOTo aHaJi-
3y OTPHUMAaHUX eKCIIEPUMEHTAIBHUX JIaHUX,
po3mi3HaBaHHS Je(EKTIB 32 CUTHAJaMU JedeK-
TOCKOIIA, MPOTHO3YBaHHS PO3BHUTKY Je()EKTy B
4aci, a TaKOXK PO3IIMPEHHsI BIACHOI 0a3u 3HaHb
PO HOMEHKJIATYPy MOXJIMBUX Ae(EKTiB y mpo-
1eci poboTH.

Iett migxim mo3BoJige mepenTtu a0 OeseTa-
JIOHHUX METOJMK KOHTPOJIIO, a Y BHUITAJKY BiO-
MOI1 CTaTMCTUYHOI BHOIpKH, IIO MICTUThH JaHi
Ipo 3Ha4YeHHA iH(OpMAIiiHUX mapaMeTpiB i
BIJMOBIAHUX IM TEXHIYHMX CTAaHIB TEXHOJIOT1Y-
HOTO 00’ €KTa, BUSBIIATH 1 MOIIUPIOBATHA HA HOBI
BUMIpSIHI TapaMeTpH KOHTPOJIHOBAHOTO 00’ €KTa
MPUIMHHO-HACIIIKOB] 3B’ SI3KM MiX CITiBB1IHO-
IICHHSM 3Ha4YeHb 1HPOPMALIMHUX TapaMeTpiB
OK i #i0r0 TEXHIYHUM CTAaHOM.

3a BIJCYTHOCTI MOYATKOBOI iH(OpMarltii mpo
kiacu MoxauBux naedektiB OK  HeoOXximHO
3actocoByBatd HM, 1m0 camMoopraHi3oByrOThCS
[1]. Taka Mmepexa MOKe BHKOPHCTOBYBATHCS
JUTsl CTBOPEHHS BUOIPKM JaHUX JUIs HaBYAHHS
MEpeX MPSIMOT0 PO3MOBCIOKeHHs [1], Hanpu-
kiaa, OararomapoBoro mnepcentpona (BILIT),
0 B Pe3ynbTaTi J03BOJSE BUPIMIUTH 33134y
0e3eTaoHHOI 1e()eKTOCKOTiT 3 BUCOKOIO JOCTO-
BIPHICTIO.

Jlist opranizanii onucanoi [JIC knacudikarrii
TEXHIYHOTO CTaHy TEXHOJOTIYHOTO 00 €KTa
MPOMOHYETHCS BUKOPUCTOBYBATH Pa3oM i3 Ma-
TEMaTHYHUMH MeTojgaMM Kiacudikarii (6aecisi
METOAH, METO JUCKPUMIHAHTHUX (YHKIIIH, Mi-
HIMyMY BiICTaHi TOLIO) HEWPOMEPEIKHHU Kila-
cudikarop Ha ocHOBI riopugHoi HM, mo ckia-
naetbes 3 mapy Koxonena ta BIIII.

Taka opranizaiis poboTH cUcTeMH Hanae ik
YHIBepCaJIbHUI XapakTep 1 J03BOJISIE BUKOPHC-
TOBYBATH JIsl BUPIIIICHHS 0araThox 3ajad.

Bupimenns 3agayi

Jnst ¢opmyBaHHS 0a3M KJIAaciB MOMKIJIMBHUX
nedeKkTiB  HEOOXITHO BHUKOHATH KJIACTEPHHM
aHaui3, mo po3ouBae MmuoxkuHy OK Ha Kkacu.

Knactepuuii anami3, Ha BiAMIHY BiJ 3a1ad4
knacudikaiii, He MOTpedye anpiopHUX MPUILY-
IIeHb PO HabIp JaHWX, HE HAKJIaJae OOMEXeH-
HS Ha TMOJAHHS JOCTiIKyBaHUX 00’ €KTIB, JO-
3BOJISIE aHANI3yBaTH TOKA3HUKH PI3HUX THIIIB
nanux (iHTepBaibHI JaHi, 4YacTOTH, OiHapHi
JaHi).

PesynbpraToM KiacTepHOTO aHalizy € po3-
OUTTS 00’ €KTIB Ha TPYIH, IO 33JI0BOJHHSIOTH
NESKUI KPUTEPI ONTUMAIIBHOCTI.

Sk mpaBuiia moOyJOBU KJIACTEepiB BHCTYIIA-
I0Th KPUTEPIi, 110 BUKOPUCTOBYIOTHCS y TIPOIIe-
Cl BUPIIIECHHS MMUTAHHS PO CXOXKICTh 00’ €KTIB.

OnHuM 13 KpuTepiiB BH3HAYCHHS CXOXKOCTI
Ta BIJIMIHHOCTI KJIACTEPIB € BiJICTAaHb MIXK BEK-
TOpaMH Ha jiarpami po3ciroBadus [2].

Jlnst TpoBeNieHHsI KJIACTEPHOTO aHaji3y BHU-
kopuctanu map Koxonena [3; 4], mo ckiaaa-
€ThCS 3 IESAKOI KUJIBKOCTI N amanTUBHUX JIIHIN-
HUX CyMaTOpiB, SKi TIIOTh MapaieibHO (JTiHiH-
HUX (QOopMalbHUX HEHpoHiB). Bci BoHM MalTh
OJTHAKOBY KIJIBKICTh BXOJIB M i OTPUMYIOTH Ha
CBO1 BXOJI OJIMH 1 TOM K€ BEKTOP BXITHUX CHUT-
HaTiB X = (X;...Xn). Ha Buxomi j-ro JiHIHHOTO
eJIEMEeHTY (POPMYETHCSI CUTHAIL:

m
Y =Wj +iji X
—

e Wjp —IIOpOrOBHI KOEDILIEHT;

Wji — BaroBuil KoeQillieHT i-ro BXOAy |-TO
HEWpoHa.

[Ticns mpoXopKeHHs 1apy JIiHIKHUX ereMe-
HTIB CUTHAJM MOCHJIAIOTHCS Ha OOpOOJIeHHS 3a
npaBuiioM WTA [5]. Cepen BUXiAHUX CHUTHAIIB
Yj IIyKa€ThCs MAKCUMaJIbHHUM, 1Or0 HOMED

Jmax = argmax;{y;}.

Ha BuX0/1i CUTHAJ 13 HOMEPOM |max IOPIBHIOE
OJIMHHIII, 1HII — HYJIO. SIKIII0 MaKCUMyM OJTHO-
YaCHO JOCSTAETHCS IS JCKUIBKOX [max TO
MPUIMAOTh BCl BIAMOBIJHI CUTHATU PIBHUMH
OJMHMIII 200 TUTBKU MEPIINi Y CIIHUCKY.
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Bekropu BXimHUX CUTHAIIIB X 0OpOOJISIIOTHCS
MOCTYMOBO. /{151 KOKHOTO 3 HHUX 3HAaXOJHUTHCS
Halomokunii BekTop Wp. Ilicas mporo Bci
Bektopu W, st skux N, # 0, nepepaxosy-
I0THCS 32 POPMYIIOIO:

new _— oldfq _ p Id
W= WO (11, oy )+ 1 4y POXE W),
old new . . : < e
ne W™, W™" - BinnoBigHo Barosi koedirieH-
TH HEHWPOHA-TIEPEMOXKIII J0 1 micas moaudika-
i;

N(0,1) — nmokasHWK INBHIKOCTI HaBYAHHS

HM, mo Bu3Havae, 3a CKUIBKH ITepalliii aiaro-

pPUTMYy HaBYaHHS, apaMEeTPH BaroBUX Koedimi-
€HTIB MEPEXIi MPUIUMYTb CTiiKi 3HAUECHHS,

p(X p,V\{Old) — (yHKIis BigcTaHi MiX BXiz-
HUM BEKTOPOM Ta SJIPOM KJIacTepy.

Buxonsun 3 gocnipkeHHST pi3HUX (QYHKITINA
BificTaHi [2], y moOynoBaHiii Mepexi BUKOPHC-
TOBYIOThCS (DyHKIIT BigcTani YeOumesa, Maxa-
sanoOica ta EBxirifa.

Jani, 1o momarThes Ha Bxoau mapy Koxo-
HEHa, MAlOTh OYTH y BUTJISI BEKTOpA JiarHOC-
TUYHUX O3HaK y N-BUMIpHOMY €BKIIiJIOBOMY
MPOCTOPi, a TAaKOXK MPABUIBLHO IMpomaciiTado-
BaHI JJIs1 TOAAIBIIIOTO iX 0OPOOICHHS.

Buxigaum pesynprarom pobGotu mapy Ko-
XOHEHA € MHOXHMHA KJIaciB MOXKJIUBUX Je(eKT-
tiB OK. Bu3Haueni kjacu Ta ix HEHTPH MOXKYTh
BUKOPHUCTOBYBATHUCH SIK HAaBYAJIbHI BUOIPKHU IS
HacTporoBanHsa iHmmX HM, manmpuxman BIIII,
0 3aCTOCOBYIOTHCS ISl Kiacudikaiii ta po3-
ni3HaBanHs nedekri OK.

Posnonin knaciB nedextiB B iHGOpPMATHBHO-
My TIPOCTOpI MMOKa3aHo Ha puc. 1, e 300paxeH-
Hs copMoBaHux KiaciB y N-BUMipHOMY Mpoc-
TOp1 JIarHOCTUYHUX O3HAK IMOKa3aHO YMOBHO,
OCKIJTBKH 00’ €EKTH B 6araTOBUMIpHOMY MPOCTOPI
HEMOXJIMBO TPABWIBHO BiZ0OpasuTH Ha ILIO-
LIUHI.

Ha BigMminy Bif KacuuHOT peanizallii Mepexi
Koxonena a6o kapt KoxoHeHa, ne y 3B’ 3Ky 3
pI3HUMH pO3MipaMH KJaciB KOXEH Kjac OIu-
CYIOTh JICKIJIbKa HEUPOHIB MEPEkKi, B po3poodiie-
HIi CHUCTeM1 BUKOPUCTOBYETHCS 1HIIUM TT1JIX1]T.

Koxen kiac XapakTepu3yeTbCsi BIACHUM
LIEHTPOM Ta OpOITOIO, 110 BU3HAYAE JUCTICPCIEI0
00’ €KTIB y CepeIMHI KJacy Ta XapaKkTepu3ye Ho-
ro po3Mip.

Takum ynHOM, iH(MOpMaLis mpo kiac (LEHTP
KJIacy Ta HOro po3Mip) MICTUTBCS B OJHOMY
Heiponi mapy Koxonena, ne po3mip kiacy —1ie
JOAATKOBUH MapaMeTp HEMpoHa.

ITix gac pobotu map KoxoHeHa Bu3Hauae
BiJICTaHb BiJ 00’ €KTa JI0 IIEHTpa KJacy, 10 opoi-
TH KJIACy 1 BITHOIIEHHS IIUX JBOX BEIHYHH.

Takwuit anropuT™M poOOTH JT03BOJISIE OJTHO3HA-
YHO Kiacu(ikyBaTH TUN JIe(pEeKTy Ta BiAHECTH
HOTO 710 BIAMOBIAHOTO KJIacy.

3anmpomnoHOBaHUM MiAXiT A XapaKTepUCTH-
KM PO3MIpY KOKHOTO KJIacy 3HA4HO CIIPOIIYE
apxitektypy HM, minBuiiye mBuaKoio podo-
TH BCIET CHUCTEMH, a TaKOXX 3MEHIIY€E amaparHi
BUTpaTH Ha ii peamizamito. Lle no3Bosse 3011b-
ITyBaTH KUIBKICTh J1arHOCTHYHUX O3HAK, IO
XapaKTepU3yIoTh Kjac, O SKOTO BiJIHOCHTHCS
OK, a oTke i pO3MIpHICTh BXiIHOTO BEKTOPY
naHuxX, O0e3 30LIbIIEHHS KUIBKOCTI HEHWPOHIB
Mepexi, To0To 6e3 11 yckiiaqHeHH .

Hemomikom Takoi momeni € 3ocepemkeHa
nam’ ate HM. Tndopmartist mpo kinac 30epiraers-
Cs B OJHOMY HEWpOHI, 1 WOTO MOIIKOIKECHHS
BeZie 710 BTpaTH iH(opmallii mpo Bech Kiac.

[ToxiOHMIT HEMOMIK MOXKHA BUIIPABUTH ILISI-
XOM PE3epBHOTO 3aMKCy MOTOYHHUX MapaMeTpiB
Mepexxi. Takuii migxig mnoTpedye Habararo
MEHIIUX BUTpaTax (i3u4HOl mam’siTi, H’XK BUKO-
pUCTaHHS J0JIaTKOBMX HEHPOHIB 1 B pa3i MOII-
KOJ/DKEHHST MEpPEXki JT03BOJISIE TIOBHICTIO BiJHO-
BUTH i1 Mpane3aaTHiCTh.

3actocyBaHHs mapy KoxoHeHa 3ymMOBIEHO
MOXJIMBICTIO Y TIPOIIECI BHECEHHS BIIMOBITHOT
Momudikalii B apxiTeKTypy Ta alrOpUTM
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00’ €KTa KOHTPOJIIO
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poOOTH BUSBIATH HOBI JeeKTH, sIKi paHilie He
Ooynu Bimomi IJIC 1 He 3ycTpidanuch y mporieci
po6otu. Cucrema 3MOXe PO3IIMPIOBATH BIACHY
0a3zy 3HaHb MMPO MOXKJIUBY HOMEHKJIATYPY JedeK-
TiB y mporueci GpyHKIioHyBaHHA. OHAK HA BUKO-
HaHHs TIporiecy mepeHaBuandss HM 1 cucremu B
[TOMY HEOOXiTHI T0JaTKOBI BUTPATH Yacy Ta 3y-
MUHKA TPOLIECY N1arHOCTUKY Ha Yac HaBYaHHS.

Ha npakrtuni texniunuii cran OK xapakre-
pU3yeTbcs  CKIQJAHUMH  TPUYUHHO-HACIII-
KOBHUMH 3B’ I3KaMU MK BEJIMKOIO KIJIBKICTIO 1H-
dbopMaTUBHUX TapaMmeTpiB 1 HOTO TEXHIYHUM
CTaHOM.

Mesxa po3ainy B IbOMY BUIIAJKY OMUCYETHCS
CKJIQJTHOI0 KPHUBOIO a00 CYKYIHICTIO KPHBHUX
(mIOIMHOI0), IO HE JI03BOJISIE BUKOPUCTOBYBA-
TH (hopManbHU HEHPOH SIK HEHPOMEPEKHY MO-
nenb kiaacudikaiii rexaiggoro crany OK.

Bupimenns 3amadi B TakOMy BHIAAKY Hpu-
myckae 3acrocyBanas HM, mo opraHizoBaHa 3a
tunoM BIIIII.

Oco6nusictio BIII € HasBHICTH OLIBII HiX
OJTHOTO IIIapy, 10 HAaBYAE€ThCs. SIK mpaBmiio, 1Ba
a00 TpHW, 3acTOCYyBaHHA OUIBIIOT KUIBKOCTI
MPU3BOAUTH JI0 BTPATH LIBUIKOCTI.

[TpuxoBaHi 1mapu 3a0e3MedyloTh HPOMIKHE
00pOOICHHS BX1IHOTO CUTHAIY.

Kosxxen dhopmanbHuii HEHPOH, 0 BXOAUTH Y
1l TPYIH, peallizye oAHy KiIacu(iKyrdy Ipsamy
a00 TJIOUIMHY, BHACTIJIOK YOTO B CYKYIHOCTI
BUXOJIUTh JJOCUTh CKJIaJHA KpUBa a00 MOBEPXHS
(moBepxHi) po3AiICHHS TEXHIYHUX CTAHIB.

PeanizoBana riopunna HM MicTuTh y cBoeEMy
CKJIaJIi TpUIIApoBHid iepcenTpoH (puc. 2)i3 N Ta
M HeipoHaMH B JIBOX MpUXOBaHMX mmiapax i K
HEHpOHAMU y BUXITHOMY HIapi.

Puc. 2. Tpumaposwuii nepcenTpon

3a paxyHOK IOYEProBOTO PO3PAXYHKY JIHIH-
HUX KOMOIHAIlI{ 1 HEMHIMHUX MMepEeTBOPEHbB J10-
CATAETHCS AIPOKCUMAIlisl JTOBUIbHOI OaraToBH-
MipHOi1 (YHKIIII MpU BiANOBIIHOMY BHOOpI Ta-
pamMeTpiB Mepexi.

Kosxen map po3paxoBye HemiHiiiHEe epeTBoO-
pEHHS BiJ JHIHHOI KOMOIHAII1 BUXIJIHUX CHI-
HAJIIB TMOMNEpeNHboro mapy. Buxigni curxamm
NEepUIOro mapy HEHpoHIB OOMEXYIOTh y MOIIe-
perIHbOMY HAOJMKEHHI JUISHKY pO3Mi3HaBalIb-
HUX CHUTHATIB 1 MOTPAIUISIOTh HA JIPYTUd IIap
Mepexi. Heitponu apyroro mapy nomaroTh e
OJIHY TUIONIMHY, IO POo3AUIsIEe 1HPpOpMaIIHHII
npoctip. Hopmane momuHu € JTHIHHOI KOM-
O1HAIlI€}0 HOPMAJIEH MEpIIoro mapy HEUPOHiB.

Koxen HellpoH apyroro mapy BUIUISIE
¢parment iHdopmarniitnoro mpoctopy. Jami
CUTHAJM TOTPAIUISAIOTh HA TPETiH map, A€ BH-
KOHYETbCA 1€ OUTbII JeTajbHE pO3IIICHHS
MPOCTOPY MIarHOCTUYHHX O3HAK. 3a TaKo
CXEMOI0 TIOCITIZIOBHO BHUKOHYEThCS (parMeHTa-
1ist iHpOPMAIIITHOTO TPOCTOPY.

Buxinnuii HeiipoH 00’ €Hye BUALTICHI Ha MO-
nmepeAHix eramax ¢parMeHTH mpocTtopy. Heii-
POHHA Mepeka B Pe3yJIbTaTl YTBOPIOE MHOKUHY
TUTONIHH, 10 pO3/iisie iHGopMaLiifHuiA MPoCTip,
1 BUOKPEMJIIOE JIISTHKY MPOCTOPY 31 CKIIAIHOIO
KOH(]ITypalli€o, mo 3aJIeKUTh BiJ] B3a€EMHOTO
po3TallyBaHHS PO3AUISIOYMX IUIOMIMH Ta BiJ
MOCITITOBHOCTI HAKJIaJICHHS OOMEXEHb.

[Togana mepexxa BUKOHYE HEJiHIWHHE PO3i-
JIeHHs Ta Kiacudikario o0 €KTiB 3a HaOOpOM
TIarHOCTHYHUX O3HAK, IO JYXE€ YacTO MaloTh
BEJIMK1 PO3MIPHOCTI.

Knacudikarop na ocrori BIIII € yniBepca-
JHHUM 3ac000M ampokcuMalii QyHKIIiH, mo ao0-
3BOJIsIE BUKOPUCTOBYBATH ii JJIsi BUPILICHHS 3a-
nadv Kinacudikarii pi3HOTO CTYIEHS CKIaIHOCTI.

Hacrtpoiika BaroBux koedimientis BIIIT
MPOBOJUTHCS 31 3aCTOCYBAaHHAM METOIY 3BOpPO-
THOTO PO3MOBCIOKeHHsS momuiaku [1]. Heoo-
X1JIHOI0 YMOBOIO BUKOPUCTAHHSI IIbOT'O METONY €
HETepepBHICTh MOXiaHOI QyHKUii akTuBamii H.
[IBuaKkuii po3paxyHOK TMOXIJAHOI TPHCKOPIOE
nporec HaBuaHHs. Came TOMYy B PO3pOOJICHiH
HM sk QyHKIiI0 akTuBaiii BUKOPHUCTOBYIOThH
CUIMOiJaJIbHy (YHKIIIO Ta rinepOoiuHuil TaH-
redc. [loximHi 3a3HaueHUX QYHKIIA € Hemepe-
PBHUMH Ta BUPAXKAIOTHCS uepe3 cami PyHKIIII.
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Hns napuanHs BIIIT HeoOXimHi 3pa3koBi
BXIJIHI Ta BHXiJIHI BEKTOpH naHux. Lle o3Hauae,
o Mae OyTH 3a/J]aHa HaBUaJIbHA MHOXKMHA Tap
BEKTOPIB!

{xs,ds}, s=1..§
ne {x}={x...x} — dopmarnizosana ymosa 3a-
naui;

{dS} :{dl,,,ds} — BimoMe pimeHHs U i€l
YMOBH.

KinbpKicTh eleMeHTIB y HaBYaJIbHI MHOKHUHI1
S mae Oyt nmocTaTHIM JJIsi HaBYaHHS, TOOTO
copmyBaTH HaOip MmapaMeTpiB Mepexi, SKHii
nae moTpioHe BimoOpaxeHHs X—Y.

SIK HaBYaJIbHY BHUKOPUCTOBYIOTH BHOIPKY,
1o cTBopeHa mapom KoxoHeHa.

Po3pobrnennst mporpamMHOro 3a0e3reyeHHs
IIC 13 Buxopucransasm riopuaHoi HM Bix-
OyBajocsi B  CEPEIOBUINI  MPOTPaMyBaHHS
NI LabVIEW 2010.Bu6ip nporo nporpaMmHoro
MaKeTy 3yMOBJICHO THM, IO 1CHYIOUi TPOrpaMHi
3acobn  MopmemroBaHHa  HM,  T1aki, K
NeuroSolution, NeuroPro a6Go  maker
STATISTICA, peanizyroTs Jmmie 0a3oBi apxi-
TEKTYPU MEPEXK Ta AITOPUTMH 1X HAaBUAHHS.

Jlist po3poOIeHHsT BJIACHUX apXiTEKTyp ado
cTBOpeHHs riopuanux HM, mo cknamarorses 3
0a30BUX MOJIENEH, po3po0IeHHS Ta MOJIepHI3a-
il aJIrOpUTMIB HABYAaHHS IIi IPOTpaMHi 3aco0H
HE MOXYTb OyTH BUKOPHUCTAHI.

Cepenosuiie LabVIEW He naknamgae oOme-
K€Hb Ha BHUKOPHCTAHHS apXiTEKTyp MEpexi Ta
QITOPUTMHU HaBYaHHS. ICHye MOXIUBICTH pO3-
pOOJIEHHST BJIACHMX aJTOPUTMIB HaBYaHHS 1
¢ynkuionyBanHss HM, cTBopeHHS HOBUX apxi-
TEKTyp 1 TO€AHAHHS PI3HUX THUITIB MEPEX B
enuHy 6araTo(yHKIIOHAJIbHY CHCTEMY.

OCHOBHUI TIPOTPAaMHUM KOJI CUCTEMH BHKO-
HAHO 332 MOJYJILHOIO CTPYKTYPOIO, IO Ja€ 3MO-
ry:

— MIAKJIIOYaTH Ta 1HTErPyBaTH B OCHOBHHUU
KOJI TIpOTrpamMu paHillle CTBOPEHUX MIAIpOorpam
Ta JOAATKOBHX MOJYJiB Ha MOBaX BHCOKOTO
piBHS,

— MpAIoBaTH 3 JUHAMIYHUMHU 0i10J110TeKaMuU

DLL;

— PO3MIMPIOBATH CUCTEMY JOJATKOBUMH MPO-
TPaMHUMHU MOIYJsAMH Ta (QyHKIissMH Oe3 BHe-
CCHHSI 3HAYHUX 3MIiH B OCHOBHY CTPYKTYpPY IpO-
TPaMHOTO 3a0€3MeUeHHS TOIIIO.

CTpyKTypHY CXeMy pO3pOOJICHOI CHCTeMH
MOKa3aHo Ha pucC. 3.

OcHOBHHII KO/ MporpamMH MOJIIIEHO HA YO-
TUPHU OJIOKH.

bnok kepyBanus HM 3xiiicHIOe 3unTyBaHHS
BXIJTHUX JaHHWX, TEPEBIPKY HEOOXiITHOCTI Ha-
BYaHHSA Ta y BHUIAJAKY HEOOXITHOCTI BUKOHYE
reHeparlito Ta iHimianizaiito HoBoi HM.

bnok po6otu 3 mapom Koxonena Biamnosinae
3a opMmyBaHHs HaB4abHOI BUOipku st BILITT
Ta 6a3u KJIaciB.

Ha 610k po6otu 3 BIIIT noknaneno ¢gpyHKIii
kiacudikamii TexaigyHoro ctany OK ta moGymo-
BU PIIICHHS JIarHOCTHKH.

briok crnocTtepexeHHsI BiJICTIIKOBYE TOSBY
HOBHX 00’ €KTIB Ta aHOMAJIiii, 1[0 HE BIJHOCATH-
Csl 710 JKOAHOTO 3 ICHYIOUHX KJIaciB. Y BHITaJIKy
MOSIBM TAaKOro 00’ekTa 1ei 010k (opmye cur-
HaJ 3yMUHKA poOoTH Kiacudikaropa Ta 31ikic-
HIOE KOpeKIlito mapamerpis HM.

IaTepdeiic 1/1C, ne po3MimieHo OCHOBHI ere-
MEHTHU KEpYBaHHS, SIKi BUKOPUCTOBYIOTHCS JISI
B1IOOpaXEHHs pe3y/bTaTiB Ta KEPyBaHHS IPO-
recom knacudikanii rexniydoro crany OK, mo-
ka3zaHo Ha puc. 4. IcHye MOXJIHBICTH Gopmy-
BaHHs 0a3u KjaciB Ta 30epiranHs ii Ha HOcIi 1a-
HUX.

3a JI01IOMOT0I0 €JIEMEHTIB KepyBaHHS BHUKO-
HY€EThCS!

— BuOIp Ta THII MeTony Kiacudikaii (mare-
MaTu4Hi Mmetoau abo HM);

— BUOip TNy BiAMOBiAI Ki1acugikaropa, 4yT-
JUBICTH KJacu(ikaTopa,

— BuOIp mKepena nanux (¢paitn Ha Hocii abo
Oydep npunany 30UpaHHs TaHUX);

—39UTyBaHHs 200 30epekeHHs 06a3u KiIacis,

— 3yuTyBaHHs a00 30epekeHHs 1HPOPMATHB-
HOTO CUTHAIY,

— BHOIp (aiiny s 30epeKeHHs/3UnTyBaHHS
1H(pOPMATUBHOTO CUTHAITY,

— BHOIp (aiiny s 30epeKeHHs/3UnTyBaHHS
0asu KJIaciB;

—3ynuHKa poboTu Kiacudikaropa.
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Puc. 3. CtpykTypHa cxeMa IIporpaMHHX 3aco0iB CUCTEMM Ha OCHOBI riopuaHoi HM

VY mpoueci pobotu [JIC Bizyani3yroThcs:

— IpUHHATUHN 1HOOPMATUBHUI CUTHAT,

— €TAJIOHHUM CUTHAaJ, 110 XapaKTepHHUU IJIst
BiJIMTOBIAHOTO KJIacCy;,

— MacuB copMoBaHUX KiaciB (0a3a kiacis);

— KOOpAMHATH TOJIOKEHHS Ha Trpadiky Kyp-
COpIB;

— BIAMOBIAL MPO HAABHICTH a00 BIACYTHICTH
nedeKTy;

— TUn AeeKTy;

— BIANOBiAb PO MPUHAIEKHICTH 00’ €KTa 10
KJ1acy.

SIK excrepuMEHTaJIbHI JaHl Ui JOCIiIKEeH-
HSI BUKOPHCTOBYBAJIUCS JIaH1, OTPUMAaHI ITij1 4ac
MIPOBEACHHS KOHTPOJIIO 3pa3KiB CTUIBHUKOBUX
naHesne MeToJ0M HHU3bKOUIBUAKICHOTO YAapy
[6].

JlocnmipKkyBaHW 3pa30K MaB I SITh Xapak-
TEpPHUX 30H — Oe37eeKTHy i YOTHpPU 30HU 3
PI3HUM CTYyIIEHEM MOIIKOKEHOCTI. Pe3ynbraTtu
pobOTH cUCTEMH TTOKa3aHOo Ha puC. 5.

Po3po0Oiiena cuctema 03BOJISE€ IPOBECTH JIi-
arHOCTUKY TEXHIYHOI'O CTaHy CTIJILHUKOBUX IIa-
HeJIel Ta OTPUMATH BHUCOKY BIPOT1IHICTh KOHT-
posro (96%).

Y mpoBeneHMX €EKCIIEpUMEHTAx JOCTOBIp-
HICTb PO30OUTTI MHOXXHUHH BXIJIHHX BEKTOpPIB
nmaHux 1mapoM KoxoHeHa craHoBmia Big 88 mo
93%, ToOTO CTBOpEHAa TaKMM YMHOM HaBUallbHA
BUOIpKa MICTUTH MIEBHY KUIBKICTh HEBIPHUX Iap
BXIJIHUX Ta BUXIJHUX 3HAYEHD.

IMopganpine HaBUaHHS Ha c(HOpMOBaHIM BH-
oipii BIIIT Ta iioro 3acTocyBaHHS HJIsS KJIacH-
(ikamii OK npuszBoaunao [0 MiABHUILEHHS I0C-
TOBIPHOCTI KOHTPOITIO 10 96—99%.

TakuM 4YHHOM, ITOMHJIKA PO3OUTTS MIPOCTOPY
JTIarHOCTHYHUX O3HAK Ha kiacu mapom Koxo-
HeHa OyJia BHIpaBJICHA 3aBISKH BJIACTHBOCTSIM
BIIIT mo y3aranpHEeHHS BXIIHUX JAHUX.

Omxe, 3acTOCYBaHHs omucaHol riopuanoi HM
JIO3BOJISIE BUKOHYBAaTU O€3€TAJIOHHY IIarHOCTHKY
BUPOOIB 3 KOMIIO3ULIMHUX MAaTepiaaiB, a TaKOXK
3a0e3meuye MOXKIIMBICTH 10 PO3IIMPSHHS 0asu
3HaHb [JIC mig yac KOHTPOITIO 00’ €KTIB.
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2,30 2,81 3,24 5,11
,I[m;[HKa 3 €HEPTI€I0 TIOMKO/DKYIOUOro yaapy, Kk

Puc. 5. loctoBipHicTb kinacudikarii
Je(EeKTIB CTUIBHUKOBUX MaHeIeh

BucHoBku

Pospob6neno 1/IC xmacudikarii TeXHIYHOTO CTa-
HY BHUpPOOIB 3 KOMITO3ULIMHUX MaTepiaiiB, sKa J0-
3BOJISIE OTpUMATH OLIbile 1H(OPMAITi PO TEXHIY-
Huii crad OK, cipoltye nporec BU3HAYEHHs TOsIBU
AQHOMAJTIH 1 IMIABUIITYE IOCTOBIPHICTh KOHTPOJTIO.

3actocyBanHs mTydyHux HM sk sapa [1C,
JI03BOJISIE 3HAYHO MIJBUIIUTH METPOJIOTIYHI Xa-
PaKTEPUCTUKH CUCTEMH, 3a0€3MEYUTH 11 CTPYK-
TYpHY THYUKICTb 13 MiHIMAJIbHUMH BUMOTaMH 10
amapaTHUX BUTpAT HA peajlizallito BCi€l CHCTEMH.

[Togana cuctema J103BOJISIE 32 pe3yIbTaTaMU
HU3BKOIIBHUJIKICHOTO yIapy BHW3HAYUTU TEXHIY-
it cran OK Ta tun nedekry. Cucrema 3Haxo-
JUTHCS B TECTOBIHM eKCILTyaTaIlii.

IepeBaroro po3po0IIeHOT CUCTEMH € THYUKICTb il
apXITEeKTypH, BUCOKA IIBUIIKOMIS, IOCTOBIPHICTH
00poOsieHHs 1H(popMaIlii, a TAKOXK IHUPOKI MOKITH-
BOCTI 1 TIOIaHHS Ta PeECTpAIIii.
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