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XepcOHChKHIT HAaI[IOHAJIBHUN TeXHIYHHI yHIBEPCUTET

BUKOPUCTAHHS 3rOPTAJILHUX HEMPOHHUX MEPEXK JIJISI
IIEHTU®IKALIT OBJINYYS JJIOANHA

B oaniti pobomi pozensinyma nellponna mepedica, 3a80anHIM SAKOIL € i0enmugikayiss 0Oau4Ys 1oOUHU.
Ioenmudpixayiss ocobu n00uHU 3600UMbCL 00 PO36'SI3KY 3a60anHs Klacugixayii, a mooenb npeocmasiena y
BUIA0L  320pMANbHOI HEUPOHHOI Mepedici. YV sikocmi npomomuny e3sama Heliponna mepedxca Lenet-5, sxa
3acmocosysana 0ns 0enmuikayii pyxonucnux yugp. Bpaxosyiouu, wjo idenmupixayis ocodbu € 6Oinvud
CKIIAOHUM 3A80AHHAM, YUM [OeHMUDIKAYIS PYKONUCHUX Yyup, 6yna 3minena apximexmypa HeupoHHOT Mepedici.

Banpononosano mpu eapianmu mepedici pizHoi apximexmypu, 3pobiiene iXHe HA8YAHHA HA OOHIU [ mill
Jice ubipyi 306padicenb 0OIUYYS TOOUHL, KA OYa cmeopeHa Ons po3s'asky 3asoanus. Ilpu ypomy suxopucmani
pizni pyuryii axmusayii U memoou oyinku moyHocmi i0enmudpikayii. Minimizayis @ynxkyii nomuiku npu
i0enmuixayii BUKOHAHA Memooamu CMoXacmuyno2o padienmnozo cnycky (SGD) ma Adam. Y axocmi oyinku
HEUPOHHUX MepeXC PIZHOT apXimeKmypu GUKOPUCMAHL YAC HABYAHHS U MOYHICING [OeHMuU@iKkayii.

Iepwuii sapiaum micmumo 4 wapu 3eopmu, 2 wiapu 3HM niosubipku (cybouckpemuszayii), éxioHutl
wap ma 068a NOGHO36 SIZHUX WaApU, 00UH 3 AKUX € sUXiOHUM wapom. Hac nasuanns ma mounicme Kiacugixayii
06uYYs TOOUHU 6 YIll Mepedici 6i0nosioHo dopienioc 22,5 xeunun i 50%.

Jpyeuti eapianm micmumo 3 wapu 320pmKu, 3 wapu nioSuOipKu, MaxKoxic 6XIOHull wap ma 08d
NOBHO36 SIBHUX WaAPU, 0OUH 3 AKUX € GUXIOHUM wapom. dac nasuanHs ma moynicme Kiacugixayii 8 yiu mepesnci
6i0nosiono oopienioc 9,2 xeunun i 81,25%.

Hatixpaworo, 3 mouxu 30py mounocmi Kiacugikayii ma uacy HAGYAHHs, € mpemill eapianm
apximexmypu HeuponuHoi mepedci. Bona nobyoosana ma ochosi opyzo2o eapianma mepedici, ane KilbKicmb
HeUPOHI6 6 neputomy Hno6HO036 sA3HoMy wapi oopientoe 1024, zamicme 512. Yac nasuanmus ma mounicmo
Kaacugikayii ooauuya moouny 8 yiti mepexci 6ionogiono dopisnioc 9,1 xeunun i 93,75%.

Tooanvue niosuwenns akocmi modice Gymu docsienyme npu 30inbuleHHi Habopy 0aHux i, Hacamnepeo,
BUOIPKU HABUANHSL.

Kniouosi cnosa: knacugixayis, ioenmuixayis, HetpoHHa Mepedica, 320pmaibHa HeUponHA Mepedica,
mooentoganns, Lenet-5, wap cybouckpemusayii, noenose saznutl wap, uxioHutl wap.

A.B. BYBEHIIMKOB, E.B. JIEITA

XepcoHCKUi HallMOHANIbHBIN TEXHUYECKUI YHUBEPCUTET

MCIOJIb30BAHUE CBEPTOYHBIX HEMPOHHBIX CETEM J1JIs1
NJIEHTUOUKALUN JIMOA YEJIOBEKA

B 0annoti pabome paccmompena Heliponnas cemv, 3a0ayeii KOMOPOoU s8Isemcs u0eHmupurkayus uya
yenosexka. HMoenmupurayus IudHOCMU 4en08eKa C8OOUMCA K peuwleHuro 3a0ayu Kiaccugurkayuu, a mooedb
npedcmasnena 8 guoe ceepmoyHOU HelUpOHHOLL cemu. B kauecmee npomomuna 63ama HeupoHHas cems Lenet-5,
KOMOopas npumeHAemcs 018 UOeHmuguKayuy pyKonucHulx yugp. Yuumeisas, umo uoenmuguxayus auyHocmu
senslemcs, Ooniee CLOJCHOU 3a0ayel], YeM UOCHMUDUKAYUs PYKONUCHBIX Yugp, Oblia u3MeHeHa apxumekmypa
HeUPOHHOT cemu.

Ipeonodiceno mpu eapuanma cemu pasiuiHol ApXUMeKmypbl, pearu308ano ux obyueHue Ha 0OHOI U
moti Jce 8vl00pKe U300pasiceHull Yy model, Komopas 6vlia co30ana Ois peuierus 0aHHol 3a0ayu. Ilpu smom
UCNOL308AHBI PA3IUYHbIE DYHKYUU AKMUBAYUU U METNOObL OYeHKU moyHoCmU uoeHmuguxayuu. Munumusayus
QyHKryuu owubKU NPU UOSHMUDUKAYUU BLINOTIHEHA MEMOOAMU CIOXACMUYECK020 2paduenmnozo cnycka (SGD)
u Adam. B xauecmee oyenku HeUpOHHBIX cemell PA3IUHON apXUMeKmypbl UCNOTb308AHbL 6peMsl 00yUeHUs U
mouHoCcmb udenmupurkayuu.

Ilepsoviii sapuanm codepacum 4 cnos ceepmku, 2 cros CHC noogvlibopku (cybouckpemusayuu),
6XO0HOU CN0U U 084 NOJHOCEA3HBIX CH0s, OOUH U3 KOMOPBIX ABIAEMCS 8bIXOOHbIM cloeM. Bpems obyuenus u
MOYHOCMb KAACCUDUKAYUU TUYA YeNlo8eKa 8 IMOU cemu coomeemcmeento paena 22,5 murym u 50%.

Bmopou eapuanm coodepaxcum 3 cios ceepmku, 3 ci0s nOO8bIOOPKU, MAKdiCe 8XOOHOU CIOU U 08d
NONIHOCEA3HBIX C05, OOUH U3 KOMOPHIX AGIAEMCA BbIXOOHLIM CloeM. Bpewms obyuenus u mounocme
Kaaccuguxayuu 8 smou cemu coomgemcmsento pasna 9,2 munym u 81,25%.
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Jlyuwetl, ¢ mouku 3peHusi MOYHOCMU KAACCUQUKAyuu U BpemMeHU O0OYUeHUs, sGIAemcs mpemui
sapuanm apxumexmypuvl Hetiponnou cemu. OHa NOCMPOEHA HA OCHOBE 6MOPO2O 6APUAHMA CeMU, HO
KOJIU4eCme0 HelpoHO8 8 NepeoM NOIHOCEA3HOM cloe pasHa 1024, emecmo 512. Bpems obyuenus u moyHocmo
Kraccugurayuu muya weroeexa 6 3moi cemu coomseemcmeenno pasua 9,1 murnym u 93,75%.

JlanvbHetiuee nogvluieHie Kavecmea moxcem Oblmb OOCMUSHYMO NPU YEeIudYeHUuUd Habopa OaHHbIX U,
npedicoe 6ce2o, 8blOOPKU 0OVHEeHUS.

Kniouesvle cnosa: knaccughuxayus, uoenmugpurxayus, HeUpoHHAsE cemb, C8ePMOUHAS HEUPOHHAS CeMb,
Mmooenuposarnue, Lenet-5, cotl cybouckpemuszayuu, NOJHOCEA3HBIU CIOU, 8bIXOOHOU CJIOLL.

0.V. BUBENSHCHYKOV, E.V. LIEPA
Kherson National Technical University

USE OF CONVOLUTIONAL NEURAL NETWORKS FOR
HUMAN FACE IDENTIFICATION

In this work was considered a neural network, whose task is to identify a person's face. Identification of
a person's personality is reduced to the solution of the classification problem, and the model is represented as a
convolutional neural network. Lennet-5 neural network is used, as a prototype, to identify handwritten digits.
Considering that facial identification is a more complex task than identifying handwritten digits, the architecture
of the neural network has been changed.

Three variants of the network of different architecture was proposed, they trained on the same sample
of images of a person, which was created for solving the problem. In this case, lots of activation functions and
methods for assessing the accuracy of the identification was used. Minimization of the error function for
identification was performed using stochastic gradient descent (SGD) and Adam methods. As an estimation of
neural networks of different architecture, time of training and accuracy of identification was used.

The first variant contains 4 layers of convolution, 2 layers of CNN sub-sampling, an input layer and two
full layers, one of which is the output layer. Training time and classification accuracy of a person’s face in this
network are 22.5 minutes and 50%.

The second variant contains 3 layers of convolution, 3 layers of the sub-sample, an input layer and two
full layers, one of which is the output layer. The time of training and the accuracy of classification in this
network are 9.2 minutes and 81.25%.

The third variant is the best option for the architecture of the neural network because of the accuracy of
the classification and the training time. It is based on the second version of the network, but the number of
neurons in the first full layer is 1024, instead of 512. The training time and the accuracy of the classification of a
person's face in this network are 9.1 minutes and 93.75%.

Further quality improvement can be achieved by increasing the set of data and, the training sample.

Key words: classification, identification, neural network, convolutional neural network, modeling,
Lenet-5, sub-sampling layer, full layer, output layer.

IIocTaHoBKa npodaeMu

OcraHHIM YacoM CHCTeMHU iJeHTH(DIKAIIT JIOANHA HAOUPAIOTh BCE OLIBLIOI MOMYSIPHOCTI HAMIPUKIIA],
JUIsl JIOCTYIy 1O TIEPCOHAIBHUX KOMIT'IOTEpiB, cMapTQoHiB, B cdepi Oesneku pizHuX ycraHoB. OnHieo 3
OCHOBHHX € cucTeMa ineHTh(ikaiii mo 300paxeHHo noauad. Jlo mepeBar JaHOI CUCTEMH MOXKHA BiIHECTH
MPOCTOTY 1 MOOLIBHICTD OOJIAHAHHS, & TAKOXK MacoBiCTh ineHTuGikaii. [nenTudikairisi 300pakeHHs] 3BOUTHCS
JI0 pO3B'S3KY 3a/a4i OaratomMipHoOI Kiacugikarii.

Jis BupimieHHS 3a1adi po3Mi3HaBaHHS 0ci0 iCHye 0374 METOIIB i alrOpHUTMIB, Cepeld SKUX MOXKHA
BUJIUTMTH TiJIXOMW, 3aCHOBAaHI Ha HEHPOHHHMX Mepexax, Ha THYYKOMY MOpPIBHSHHI rpadiB, Ha MPUXOBAHUX
MapKOBCBKHX MOJETSX, Ha po3kinaganHi Kapxynena-JloeBa, TiHIsIX OJHAKOBOI IHTEHCUBHOCTI, 1 T.1 [1].

AHaJi3 ocTaHHIX TocaiKeHb i myQrikanii

Amnani3 MeToliB po0OTH 3 300paKEHHSIMH MOKA3aB, 110 JUIs BUPIIICHHS JaHOTO 3aBAaHHs e(eKTUBHIIIE
Oyne BHKOpHCTOBYBaTH WITy4HI HeWpoHHI Mepexi (ILIHM), B 3B'A3Ky 3 THM, IO BOHH 3a0€3MEUyIOTh
MOXIIUBICT OTPUMAaHHs Kiacuikartopa, 0 100pe MOJEIIOE CKIAAHYy (QYHKIIO PO3MOATY 300paKeHb
00mmy4ass. OCHOBHOIO TIEPEBAro0 BUKOPHUCTAaHHS HEMPOHHUX MEPEeX UL BUSBICHHS Ta iIeHTU]IKAIl ocodn, €
3/IaTHICTH JI0 HABYAHHS JAHOI CUCTEMH /IS BUALICHHS KIIFOUYOBUX XapaKTEPHCTUK 0COOW 3 HABUAIBHUX HaOOPiB
JaHHX.

D opMyJTIOBAHHSA METH JOCTiTKEHHS

Meroro pobotn Oyma moOymoBa Mopaeni 3HAHb Yy BUTISAI HEWPOHHOI Mepexi il imeHTHikarmii
00MYYs ITIOVHM, 3 ONITUMAIBHOI0 CTPYKTYPOIO, sika 3a0e3medyBana 0 MaKCUManbHY SKiCTh imeHTH(DiKamii. Sk
OCHOBa, Oylla BUKOPHCTaHa BiloMa apXiTeKTypa 3ropTanbHol HeliporHol Mepexi Lenet-5 [3].
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BukiaaeHHs1 0CHOBHOT0 MaTepiany q0C/TiIzKeHHs
3HM HaBuaeThCs 3po0ieHnX HabOpax JaHWX, IO MICTATH MO ITSITHECAT 300pa)KeHb JIECATH JIOMIEH,
skux Tpeba kimacudikyBatu. Lli 300pakeHHs 3a3manerims oOpoOieHi, Ta mpencraBieHHi y ¢opmati JPG, y
po3mipi 225x150. Kpim Toro, € m’'sitaecsat 300pa)keHb 1HIMX JItoAeH Just opMyBaHHS KJacy JIFOAWHH, 10 He
MicTUTBhCsl B 0a3i. 300paKeHHsS 3YMTYETHCS BXOJAaMHM HEHPOHHOI MepexXi, a OAWH 3 BHXOAIB NOTpiOeH st
BUBEICHHS Pe3yabTaTy (iM’S IFOIUHK).

B sixocti ocHoBu mias 3HM mist knacuikaiii oOmuuds groauHH Oyio obpaHo apxitektypy LeNet-5,
OCKIJIbKA BOHA € JOCHTH IIPOCTOI0 B peajizarii, i BUJA€ BHCOKHH BiJICOTOK TOYHOCTI MPH BHpIIICHI 3amad
knacudikauii 300pakens. [Ipukian Takoi apXiTekTypu uis Kiacudikamii pyKOMUCHUX IUQP, MPEACTaBICHO Ha
puc. 1.

C3: f. maps 16@10x10
C1: feature maps S4: f. maps 16 @5x5

INPUT
30y32 6@28x28

S2: f. maps
6@14x14

\
| FuIIconAection ‘ Gaussian connections

Convolutions Subsampling Convolutions  Subsampling Full connection

Puc. 1. Apxitektypa 3HM s kinacudikanii pykonucHux nugp

Iest wiei apxiTeKTypu mojsrae B uepryBanHi mapis 3roptkd (Convolutions) i mapis cy6auckpeTn3ariii
(Subsampling) asst BUSIBIIEHHS KITFOYOBUX XapaKTEPUCTHK Ha 300paKE€HHAX Ta HASBHOCTI MMOBHO3B'SI3HUX ILAPiB
(Full connection) na Buxomi st Kiacudikarii 300pakeHs.

SIKI10 pO3rIISaATH TIPOIEC ORI ASTATbHIIIE, TO MOKHA 3a3HAYUTH, IO IIap 3TOPTKU BKIIIOYAE B cebe
JUIST KOKHOT'O KaHaly CBiH (IAbTp Ta SAPO 3TOPTKH, sSKE 00poOjse momepenHiii map 3a (parMeHTaMH,
MICYMOBYIOUH PE3YJIBTATH MATPHUYHOI MOXIAHOI IS KOKHOro (parMenTa. Barosi koe(ilieHTH sAApa 3TOPTKH
HEBIIOMI 1 BCTAHOBIIIOIOTLCS B mpotieci HaBuanHs. [llap cyoauckperusaiii sBisie o000 HETiHIHHE YIIiTbHEHHS
KapTd O3HAK, MPH I[bOMY Tpyla MKCEmB (3a3Buuail po3Mipy 2X2) VIIIIBHIOETHCS OO OMHOIO IMKCENs,
MPOXOIMYM HENiHiMHe mepeTBopeHHs. Ilicas KiTbKOX MPOXOMKEHb 3TOPTKH 1 VINIIBHEHHS 3a JOIIOMOIOK0
cyOmuckperu3anii, JaHi 00'€THYIOThCS 1 EPear0ThCS BXKE HA 3BUYAKHY IOBHO3B'SI3HY HEMPOHHY MEpPEKY.

Ane ukopucranns uiei 3HM B modaTKoBOMY BHUIJISIII HE € JIOLUUIBHUM, OCKUIBKH apXiTEeKTypa Ii€i
3HM Hanpasnena Oinpiie Ha kinacudikamio nudp. 300pakeHHs O0IMYYS JIOAWHMU € OUTbIlle CKIAJHUM i
notpedye OMbII CKIaTHOI apXiTeKTypH HEMpPOHHOI Mepexi, 3a paXyHOK 3MIHHM KINBKOCTI IIapiB 3rOPTKH Ta
cyOmucKpeTn3alii uisl MiIBUIEHHs 3HAXO/DKEHHS KUTBKOCTI KITFOUOBHX XapaKTEPUCTUK Ha 300pakeHHi.

Tomy 6yno 3MideHO CTpyKTypy 3HM, HUIIXOM MOJaHHS IIapiB 3TOPTKH Ta cyOauckpermsamil. Kpim
TOro, OyJIO 3MiHEHO BXiOHHI IIap, 10 IIOB’A3aHO 3 PO3MIPOM 300paKE€HHs, IKUI B Pe3yNbTaTi €KCIIEPUMEHTIB
Oyiio BU3HaueHo piBHeM 225x150 y tprox rpagauisx RGB (uepBoHmii-3eneHuii-0nakutauii). SIkio BuOpatu
po3Mip 3aHAATO MalCHBKUI, TO MepeKa HE 3MOXKE BUSIBHTH KIIFOUOBI O3HAKH OCIO, SKIIO po3Mip Oyae 3aHAITO
BENUKUI, TO OOYMCIIOBANbHA CKIAAHICTE MEPEXI MiJABMIIUTHCA. 30IIBIIEHO TAKOXK KIIBKICTH HEHpOHIB Ha
ITOBHO3B'SI3HOMY IIIapi, OCKINBKHU 301IBIIYETHCA KiBKICTh KIFOUOBHX XapakTepUCTHK.. OCTaHHIN TOBHO3B SI3HUI
iap € mapoM-KinacudikatopoM, Ta BUAAE BIJCOTOK TOTO, siKa JIFOJMHA 300pakeHa Ha BXIHOMY 300pakeHHi. B
pe3ynbTati Oya0 OTPUMAHO HEpIIHi BapiaHT apXiTeKTypu MEpexi, sika mpescTaBlieHa Ha puc. 2.
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Puc. 2. Apxitektypa nepuioro Bapianry mepe:ki
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3. CurmoiganeHa (YHKINS - MOHOTOHHO 3pOCTaroya HENiHiMHA (QYHKINS 3 HacudeHHAM. CUrmoin
JIO3BOJISIE TTiICHUTFOBATH CJIA0KI CHTHAJIM i HE HACHUYBATHCH BiJl CHIIBHUX CUTHANIB. [IpukiagaMu curMoinaabHON
(G yHKITIT aKTUBAIIT MOXKE CITY>KHUTH JIOTicTHYHA (YHKIISA ab0 rinepOoiyHi TaHTeHC.

4. Rectified linear unit (ReLU) abo «Bumpsamiista» (rectifier, 3a aHaJOTi€r0 3 OMHOIIOMYIIEPIOTHUM
BUNPSIMIITIEM B €JIEKTPOTEXHIil) € HaHOINbIl YacTo BHKOPHCTOBYBAaHOI (YHKIi€IO akTuBamii. DyHKIiSA
BU3HAYAETHCS HACTYITHOKO (hopmyioro [9]

r@={ %30

Oynkiisn aktuBaiii ReLU akTHBHO BHKOPHCTOBYIOTHCSI B TITHOOKHX HEHPOHHUX MeEpekax JJIsl 3a1adu
KOMIT'IOTEPHOTO 30pY i PO3IMi3HABAHHI MOBH. Ii 3aCTOCYBAaHHSA iCTOTHO IIiJBHINYE WIBHIKICTb 361KHOCTI
CTOXAaCTUYHOrO T'PAJIEHTHOTO CIYCKY, B JCAKHX BUMamkax no 6 pasiB. Takox ¢yHkiis aktuBanii ReLU He
CXWJIbHA JI0 HACHMYCHHS 1| BUMAarae BUKOHAHHS MEHII PECYPCHOMICTKUX OIEpalliii B OPiBHSHHI 3 CUTMOIIO0 Ta
rinepOosiYHUM TaHreHCOM. Tomy OyIT0 B sIKOCTI (DYHKINT akTHBaILlii B mapax 3ropTku oopano dyukiiro RELU.

Ha BuximHomy mapi BuKopHcTaeThbcs (yHkiifo aktuBarii Softmax [11]. 1o ¢dyHKIO IOIEHO
BUKOPHCTOBYBAaTH B 3aJadyaX Kiacudikallii, OCKiIJIbKH BOHa MPEACTaBIs€ COOOK 3BakKeHYy i HOPMOBaHY Ha
ONMHHUINI0 CYMY €KCIIOHEHT. JSIKII0 BXiAHI JaHl MNPEeACTaBIAOTh CO00K BHOIPKY 3  OYyIb-AKOTO
€KCIIOHCHIIIaJIbHOTO PO3MOALTY, TO BUXOIU C€JICMCHTIB MOXHA TPAKTYBaTH SK HMOBIPHOCTI, IO MiIXOIUTh IS
PIIIIEHHS MOCTaBJICHOI 3ajaui.

Hasuanus weiiponnoi Mepexi Oyimo nposegeno Ha mporecopi Intel Core i7-4500 CPU @ 1.80 GHz.
Pe3ynbTaTi HaBUaHHS Mepexi repiioro Bapianty apxitekrypu 3HM (puc. 2), npencrasineni y tadm. 1.

@

Tabmuus 1
XapaKTepuCTHKH HABYAHHS
OyHkuis MiHIMI3aii KinbkicTh enox HIBuIKiCTh HABYAHHS Yac HaBUaHHA TouHicTh
TOMMJIKH HaBYaHHS (In (XBHIHH) Kiacudikartii,
%
SGD 25 0.1 14,6 25
Adam 25 0.1 16,6 35
SGD 30 0.01 20 37
Adam 30 0.01 22,5 50
SGD 35 0.02 23,4 34
Adam 35 0.02 26,3 45

B nporeci excriepuMenTiB Oyio 3HAIEHO ONTHMAbHY BEIMYMHY IJIs MIBUAKOCTI HaB4yaHHs 3HM =
0,01 Ir. KimpKkicTh €ImOX HaBUaHHS 3HAXOAWUTHLCS B miama3oHi Big 25 mo 35. Ilpu 3HauHOMY 301IbIIEH] KiTBKOCTI
eIoX IOYMHAEThCA mpolec nepeHaByands 3HM, mpu skoMy Mmepexa noOpe kinacubikye naHi 3 HaBYaIbHOI
BUOIpKH, aje noraHo knacudikye HOBI JaHi, siKi He Opasii y4acTi B HaBUaHHI. [Ipy HEJOCTATHIN KUJIBKOCTI €MOX,
TaKOK 3MEHIIYETHCS TOYHICTH Kilacrudikarii.

ITiit BapianT apxitektypu 3HM 3a6e3neuye TouHicTh Knacudikaiiii Ha pisai 45-50%. s miaBUILIEHHS
sikocTi knacugikarii Oysa 3MiHeHa apXiTeKTypa Mepexki (Ipyriii BapiaHT), sika HaBeJeHa Ha puc. 3.
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Puc. 3. ApxiTekTypa Apyroro Bapianty mepe:ki

B HelipoHHIN Mepexi OyJ0 BWIYYEHO TPETid Ta ITSATHH mapu 3ropTku. JlogaHo map 3ropTku 3 64
KapTaMH O3HaK Ta sSApoM 3X3, map CyOIucKpeTH3allii Takox 3 64 KapTamu O3HaK, aie 3 SApoM 2X2 mepen
MEPIIUM [TOBHO3B’ I3HUM IIAPOM.

XapakTepuCTUKY HABYAHHS HEUPOHHOI MEPEXi HOBOT apXiTEKTypH MPEICTABICHO y Tabu. 2.
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Tabmms 2
XapakTepucTUKH HABYAHHS
OyHKITisA MiHIMI3aMT KinekicTs emnox [IBuakicTs HABYAHHS Yac HaBUaHHA TouHicTh
TIOMMJIKH HaBYaHHS (In (XBHIIHH) Kacudikarii,

%
SGD 30 0.01 8,4 75
Adam 30 0.01 9,2 81,25
SGD 25 0.01 6,7 62,50
Adam 25 0.01 7,4 56,25
SGD 35 0.01 11,6 75
Adam 35 0.01 12,8 68,75

Tounicte knacudikamii 30iMpMMIACE NpakTHYHO BABOE N0 81%. Takok mpuOMM3HO y 1Ba pasu
3MEHILMBCS YaC HABYAHHS MEPEXi.

Jist moanpIIoro miaBHIIEHHS TOYHOCTI Kiacudikamii Oyna 3MiHeHa apXiTeKTypa HeHpOHHOI Mepexi B
Takuii croci6. 30iiblIeHa KUTBKICTh HEHpOHIB B MEpIIOMY IOBHO3B's3HOMY Iapi 3 512 Ha 1024. Lle B cBoro
4yepry 30UTBIIMTE KiTBKICTh MKHEHPOHHX 3B'A3KiB, 110 MOXKE IMO3UTHBHO BiOOPa3HTHCS Ha KJIACHU(iKaI[IHHUX
3Mi0HOCTAX i€l Mepexi. HacTymHy apXiTeKTypy Mepexi (TpeTiii BapiaHT), peacTaBieHo Ha puc. 4.
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Puc. 4. ApxiTeKkTypa TpeTHOro BapiaHTy Mepe:xi

XapakTepuCTUKN HaBYaHHs HEWPOHHOI MepexXi 3MIHEHOT apXiTeKTypH MpeICTaBIeHO y Tabu. 3.

Tabmums 3
XapaKTepuCTHKH HABYAHHS
OyHkuis MiHIMI3aii KinekicTs enox [IIBuakicTs HABYAHHSA Yac HaBYaHHS ToyHicTh
TOMUJIKH HAaBYaHHS (In (XBHIIHH) Kiacuikarii,

%
SGD 30 0.01 8,5 87,6
Adam 30 0.01 9,1 93,75
SGD 25 0.01 6,7 84
Adam 25 0.01 7,5 82
SGD 35 0.01 11,9 84
Adam 35 0.01 12,7 91,3

TounicTe Knacugikanii Bupocna 10 94%, a Bci iHIII XapaKTEPUCTUKHU MPAKTUIHO HE 3MIHUIIHACS, Y TOMY
ypcai ¥ 4ac HaBYaHHA. TakuM YWHOM, BHKOPHCTOBYIOYH JOCHTH IPOCTY apXiTEKTypy HEUPOHHOI MEepexi,
OTpUMaHa BUCOKA TOYHICTh Kiacuikalrii.

BucHoBkH

1. BukoHaHO CTBOpPEHHS i HABYAHHS 3TOPTAJIBFHIX HEHPOHHUX MEPEX, 3JaTHUX peani3yBaTH 3aBIaHHS
Kknacudikaiii 00IHYYs JTIOAUHH.

2. HaBeneHi OCHOBHI eTanu CTBOPEHHs Ta HAaBYaHHS PO3TNISHYTHX HEUPOHHUX Mepex. B pesynbrati
OyII0 OTPUMAHO TPH BapiaHTa apXiTEeKTypH HEHPOHHOI Mepexi, KOKHAHN 3 SIKAX CKIANa€Thes 3 9 mapis.

Ilepmmii BapiaHT MicTUTh 4 mapu 3ropTkH, 2 mapu 3HM migsubipku (CyOancKpeTH3alii), BXiIHui
map Ta ABa MOBHO3B SI3HUX IIAPH, OWH 3 SKUX € BUXiTHUM mIapoM. Yac HaBYaHHSA Ta TOYHICTH Kiacupikarii
OOJTUYYS JTFOMHH B I MEPEXi BiIMOBIHO JopiBHIOE 22,5 XBWIHH 1 50%.

Jpyruii BapiaHT MICTHTh 3 IHapy 3TOPTKH, 3 IIapyd MiABUOIPKH, TaKOXK BXIAHMHM IIap Ta [Ba
TTOBHO3B SI3HUX IIApH, OJWH 3 SKUX € BUXITHUM ImapoM. Yac HaBYaHHS Ta TOYHICTh KiIachdikarlii B miid Mepexi
BiANOBIHO HopiBHIOE 9,2 xBuauH 1 81,25%.

3. Haiikparoro, 3 TOUYKH 30py TOYHOCTI KiIacH]ikallil Ta 4aCcy HaBYaHHS, € TPETIH BapiaHT apXiTEeKTypH
HeWpoHHOI Mepesxi. BoHa moOynoBaHa Ha OCHOBI APYroro BapiaHTa MepeXi, ajne KUTbKICTh HEHPOHIB B MEPIIOMY
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MTOBHO3B’sI3HOMY Mmapi mopiBHIOE 1024, 3amicte 512. Yac HaBYaHHS Ta TOYHICTH KJIACH(IKaIlii oOIudds
JIIO/IMHY B IiH MepeXi BiAMOBiTHO nopiBHIOE 9,1 xBuiHH 1 93,75%.

4. Toxanpie miABUILEHHS SKOCTI MOXKe OyTH JOCSTHYTE IpH 301IbIIeHH] HA00pY aHKX 1, HAacaMIIepe],
BHOIpKY HaBYAHHSI.
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