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VJIOCKOHAJIEHHSI HEUPOMEPEKEBOI METOJUKH
PO3III3BHABAHHS OCHOBHHUX TEKCTYP ITIOBEPXHI 3EMJII

Pa3spaboTana MeTOHKa pacHO3HABAHHS H300paKeHHH C HCIIOIb30BAaHUEM HCKYCCTBEHHBIX HEHPOHHBIX
ceTeif, MO3BOJAIOMAs pemarh NPOOJIEMBI ONMPENENCHNS MapaMeTPoB pa3INdYHBIX MOBEpXHOCTEH. B
pa3paboTaHHOM IIOJXOZ€ TIOIyYEHBI CYIIECTBEHHBIE YIY4IIEHHS HPOM3BOJUTENBLHOCTH 3a CYET
HCTIONB30BAHMS CPEAbl pa3paboTku HelipoHHSIH ceteit MATLAB, ucnons3oBanus Metona JleBenOepra-
MapkBapaTra ONTHMH3AIMU LIEJIeBOW (DYHKLMHM, HCIIONB30BAHWS 3allyMJICHHBIX H300paKeHHil IpH
00y4eHuu.

A method of image recognition using artificial neural networks, which allows us to solve the problem of
determining the parameters of different surfaces. The approach which was developed has great
performance improvements due to using the MATLAB neural networks development environment,
using Levenberg-Marquardt learning algorithm, using noisy examples for neural network learning.

IMocranoBka 3aaaui. Cepeq METO/IB, SKi 3aCTOCOBYIOTh Y BUpIIIEHHI 3a7a4
00poOkM Ta po3mi3HaBaHHS 300paxkeHb, € 0araro pi3HUX METOMIB, sKi
BUKOPHCTOBYIOTh Pi3HI MaTeMaTtnyHi migxoau. OJIHUM 3 TakuxX METOJIB € METOJ
HEWPOHHUX MEpEeX, 3aCHOBaHUW Ha MPHHIMIIAX (YHKIIOHYBaHHSI MO3KY JIIOJMHH.
[Noennyroun 3HaHHS B 001aCTI METUIIMHY Ta Heipodizioorii 30kpema 3 HassBHUMHA
po3poOkaMu Ta inesiMH B ranmy3i IHQOPMATHKH, BYEHI BHJIUIMIM OCHOBHI
(hYHKIIOHATBHI Ta CTPYKTYPHI OJUHHMI, SKi 320€3MeUyI0Th PO3YMOBY JiSUTBHICTH
mroauHU (OyI0Ba KIIITHH, SIKi IEpeIaloTh HEPBOBI IMITYJIECH, IPHHIUIN YTBOPCHHS
[UX IMIYJIBCIB, CIIOCOOM X Iepenadi o HepBOBUM BoJIOKHaM). I1i 3HaHHS cTamn
OCHOBOIO JUISI CTBOPEHHS TAKOTO IOTYXHOTO iHCTPYMEHTY, K LITY4Hi HEHpOHHI
Mepexi. Ha manuii MOMEHT HEHpOHHI Mepexi 3a/isiHi B JOCUTh MTUPOKOMY CITEKTPi
rajxy3eid HAyKOBOi JiSUTBHOCTI, BOHH 3aCTOCOBYIOTbCS Tpu 0OO0OpoOImi Ta
po3mi3HaBaHHI 00pa3iB, y CTATHCTHUIIl Ta YHUCENBHUX METOJAax, Oiojorii. PimeHHs
3aJ]a4y po3Ii3HaBaHHS Ta KiacH(ikalii TEKCTyp € Jyke BaXJIMBOIO 3a/1auelo, SIKY
HEOOXiTHO BUPIIIYBAaTH MPH PO3poOLi pi3HMX POOOTOTEXHIYHMX KOMILIEKCIB,
30KpeMa MOOIIbHUX poOOoTIB. PimeHHs 1iei 3anaui 103BoJIsiE BUPIMIUTH TPOOIEeMy
BH3HAUCHHS MapaMeTpiB Pi3HUX MOBEPXOHb 3 METOI0 BH3HAYEHHS MOXKIMBOCTI
pPyXy 1O HHMM MOOITBHOrO po0oTa; MOXKHA BHPIMIMTH 3a/ady aBTOMaTH3alii
KOHTPOITIO SKOCTI MaTepialiB; 3ajadyy aBTOMAaTH3allil COPTYBaHHS Pi3HUX BHPOOIB
HAa OCHOBI MapaMeTpiB iX TOBepxHi; B 3amadax OOpoOKM Ta BeEKTOpH3AIlil
aepo(OTO3HIMKIB.

Ha 6a3i iux 3HaHB MOKIJIMBO PO3POOHUTH METOAMKY, sika Oyze 3abe3rmedyBaTi
BHCOKY AKICTh Ta MaJlMil Yac po3Mi3HaBaHHA OCHOBHUX TEKCTYp IOBEPXHI 3eMili,
Ta aJIropuTM pPO3Mi3HaBaHHSA 300pakKeHb 32 BHUKOPWCTAHHSIM METOJIB HEHPOHHHX
MEpeXX M BUPIMICHHS MpOoOJeMH BH3HAYCHHS IMapaMeTpiB Pi3HOMAaHITHHX
MIOBEPXOHb.
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aHAJIN3 JINTEPATYPHI

Mera ctatTi. 711 TOCTiIKSHHS yIOCKOHAJICHHS HEHPOMEpekeBOi METOMKHI
pO3Mi3HaBaHHS OCHOBHHMX TEKCTYp ITOBEPXHI HEOOXIJHO pO3B'SA3aTH HACTYIHI
3ajaui:

— YAOCKOHAJIMTH  METOAWKY  pPO3Mi3HaBaHHS 300pakeHb  TEKCTyp 3
BHUKOPHCTaHHSIM METO/IB HEHPOHHHUX MEPEX Ta pO3POOUTH MPOTrpaMHy peajti3alito
METOJy, SIKHi 103BOJIsIE €PEKTHBHO KIacu(iKyBaTH 00pa3y TEKCTYp;

— pO3pOOHMTH  TEXHOJIOTII0  pO3Mi3HaBaHHS  300pakeHb  TEKCTYp 3
BHKOPHCTaHHSAM METOMIB HEHPOHHUX MEpeX, sika Oyzae 3a0e3nedyBaTH BHCOKY
SIKICTB PO3ITi3HABAHHS,

— IPOBECTH TECTYBAaHHA alTrOPUTMY, HEpPEBIPUTH HOrO MOMIIMBOCTI 3
BUKOPHCTaHHAM 300paKEHb PEabHUX TEKCTYP.

Pimlennsi 3agay Ta pe3yibTaTH AocHiIlxkeHb. llporec posmi3HaBaHHA
CKJIaMa€ThCs 3 HACTYIHHX OCHOBHUX €TalliB: CETMEHTAIlis, HOpMai3allis
BUJIUICHUX 00'€KTIB, pO3ITi3HABAHHS.

Cepen METOMIB PO3Mi3HABaHHS 300pa)KCHb, TAKHMX, SK MIAOJOHHI METO.H,
CTAaTHCTHYHI, HEHpPOMepeKeBi, HOpMalizallis, KOpEJNSIiHHO-03HAKOBUI MeETOs,
KOpETAIIHHNE, HAWHOLIBII  3pyYHUM  METOJOM JUIsl  BHpINICHHA  3amadi
pO3Mi3HaBaHHS TEKCTYpP € METOJ HEHPOHHUX MEPEX, OCKUIbKH, BUKOPHCTOBYIOUH
Horo, MOXIIMBO 1TOOYTyBaTH HaBYaJbHY CHCTEMY, sika Oyle HaBYaTHCS Ha OCHOBI
3a7aHoro Habopy TEKCTyp, a HOTIM 3AIHCHIOBATH PO3MI3HABAHHS Ta IIOJANBIIE
HaBYaHHA. TakuM YMHOM, MOXKJIMBO PO3POOHTH JOCHUTH YHIBEpPCAIbHY CHUCTEMY
pO3Mi3HaBaHHS TEKCTYP.

Sk BimoMo, 3aaya HaBYaHHSA HEHPOHHOI Mepexi MoXke OyTH IpeAcTaBiIeHa
sIK 3a1a4a 0araToBUMipHOI ontumizamii Gyskiii F (1).

Panime npu po3mi3HaBaHHI TEKCTYp JUIS ONTHMI3alii BHKOPUCTOBYBAIUCS
rpajgieHTHUH MeToxa Ta MeToja HelotoHa. Ili MeToam XapakTepu3yrOThCS HU3KOIO
HMIBUAKICTIO 301KHOCTI, TOMY 3pOOJICHO MPHITYIIEHHS, 110 MOXKHA OTPUMATH Kpalili
pe3ysbTaTy 3a JI0TIOMOTOI0 METO/IIB, SIKI XapaKTepU3yIOThCS BUCOKOIO IIBHKICTIO
30bkHOCTI. B sKOCTI onmHOro i3 1mmx MeroxmiB OyB oOpan meron JleBenOGepra-
Mapxksapara.

Merton JleBenbepra-Mapksapara (2-5) — MeTo onTHUMI3allii, CIIpSIMOBaHUI
Ha BHUPILICHHS 33734 [P0 HalMEHII KBaJpaTy.

Ilet meton € anprepHatuBor wmetony ['ayca-HeroToHa, TOMy MoOXxe
posrmagaTucs SIK KOMOIHAIisi OCTaHHBOTO 3 METOIOM TPaJi€HTHOTO CITyCKY.
Anroputm 6yB chopmyniboBanuii Jlesenoeprom (1944) ra Mapksaparom (1963).

Hexaii € 3agaga npo HafiMeHII KBagpaTH BUIY:

ro-li@f - r@-L@-f smn.

s 3amaya Bipi3HSIETHCS OCOOIMBUM BHIIOM TpaieHTy Ta Matpui ['ecce:
VF(¥) =2J" (®)f (%), 2
H(Z)=J (3)J(F)+0(), (3)
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0F) = fl f(H,(F), @)

I @I =T D), )
ne J(X) — marpunst SIko6i BeKTop-QyHKIT ]7()?) ; H;(¥) — matpuns 'ecce
1714 i KOMIIOHEHTH f; (X) .
Tonmi 3rimHo Mertomy ['aycca-HproToHa y mpumylieHHI JOMiHYIOHOi podi

JomaHoro J T()?)J (¥) Hax Q(X) (a came, sikiio HOpMa ||f(x) |l 3HAYHO MeHIa

. T ,— - v
MaKCHMAaJIbHOTO BJIACHOTO 3Ha4eHHS MaTpumi J (X)J(X), HACTYIHHHA HAIpPSIMOK
P BHU3HAYAETHCH 3a popmyioro (5).

Takum urHOM, KOJTd HOpMa  |1Q(x) || OJM3bKa 110 HyJIs, @ MaTpuis J(Xx) Mae
HAMPSAMOK P, METOJT MaJIO BIJIPi3HIETHCS Bl HHIOTOHCHKOTO (3 ypaxyBaHHIM (X)),
Ta METOJ MOXe JA0CITaTH KBaJIpaTHYHOI IBHUKOCTI 301KHOCTI, X04a JpyTi MOXiaHi
HE BPaxOBYIOTBCH.

[Monimuenusm Merony € anroput™ JleBenOepra-MapkBap/Ta, 3aCHOBaHUH Ha
eBPUCTHYHUX MIpKyBaHHSX.

Hanpsmmox momryky JleBenbepra-MapkBapaTa BU3HAYAETHCS 32 (OPMYIIOIO:

[T E)I G+ 4B == (F) (), (©)
nae A, — Jeska BiJ'€MHAa KOHCTAaHTA, $IKAa JI KOXHOTO KPOKy BIIAcHa;
[ — oiuHUYHA MaTpULA.
Xpog =X T Dy (7
Bubip A, MOXIHMBO 3IiHCHIOBaTH, pPOONIYM KHOro JOOCTaTHIM I
MOHOTOHHOTO CIycKy 1o (yHKIIT HeB'si3ku F'(X), TOOTO 30UIbIIyBaTH Mapamerp
JIO TOTO MOMEHTY, ITOKH He Oy/ie IOCATHYTa YMOBA, KOJIH:
F(X, ) )<F(X,). (®)

Taxox napameTp ﬂk MOXXJIMBO BCTAaHOBJIFOBATH, BHUXOJAYHU 3 BiI[HOIHeHHSI

MK (pakTHIHUMHA 3MiHamu QyHKIT f(X), ZOCATHYTHMH y Pe3yJbTaTi MpoOHHUX

KPOKiB, Ta OYiKyBaHMMHU BEJIMYMHAMHM IMX 3MiH rpu iHTepnomnsuii. [TomiGHy
npouenypy nodynaysas dnetuep.

Taxosx MOXIUBO TIOKa3aTH, IO P, 3aJ0BOJIBHSIE YMOBI:

TGP+ G| ©)

‘Ek =arg i
| pla

ne 4 — napamerp, sSIKHi 3B’ sI3aHUi 3 Ay.
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Merton JleBenOepra-MapkBapara — METOJ HENIHIAHOI ONTHUMI3aIil, SKUi
BUKOPHUCTOBY€E JUIS TIOIIYKY MiHIMyMy KOMOIHOBaHy CTpaTeriro — JiHIHHY
arNpOKCUMAIIIIO Ta TPAJAIEHTHHUH CITyCK.

IepekitodueHHsT 3 OJJHOrO METO/Y Ha IHIINH BiOYBAa€ThCS B 3aJICKHOCTI Bif
TOrO0, Yu OyJia yCIIIIHOO JiHIHA arpOKCUMAaIlisl.

Jns  HaBUaHHA Mepexi Ta BUMIPIOBaHHS  SKOCTI  pO3IMi3HaBaHHS
BHKOPHCTOBYIOTh HAaWNOMIMpEHIIy B Teopii HEHPOHHHX Mepex (yHKIito
cepenubokBaaparinyHoi mommiku (CKO, MSE) [4]:

E’ = %(DP —ou”w)) . (10)

V dopmymni (10) E” — ne mommika posmisHABaHHS IS MApH, KA HABYAE,
D? — 6axannit Buxin Mepexi; O(I”,W) — Buxim Mmepexi, mo 3aTeXuTh Bix

BXOJly Ta BaroBux koeirieHTiB ¥, Kyi BXOASATS sIIpa 3TOPTKH, 3MIIIEHHSI, BArOBI
koedimieHT S- Ta F-.

Jns 3menmenns ¢yskuii mommnku  EP jo  mimiMymy 3actocyemo
TpaZieHTHUNA METOJ.

Bary, npu sikiii  3HayeHHS (QYHKIIT MOMUIIKK Oy/ie MiHIMAJIBHUM, MOKJIUBO
00YHCIIMTH 3 HACTYITHOTO BUPA3Y:

-1
d*EW. dE(W.

W =W, (26) ( C), (11)
aw aw

IS E — taxx cama (byHKHiH IIOMHUIJIKH,; VVC — JCAKC IIOYaTKOBC 3HAYCHHS Baru.

OntumainbHa Bara OOYMCIIIOETHCS, SIK TIOTOYHA MIHYC IOXinHa QYHKIIT
MIOMHJIKH 32 Barolo, 1oJiijieHa Ha JAPpYTy MOXiJHy (YHKIT TOMHUIIKH.

Jist GaraToBMMIipHOTO BHUMNaJAKY (TOOTO JJIsi MaTpUI Bar) BCe TaKOXK, TUTBKU
repIa IoXiJHa MEePEeTBOPIOETHCS Ha TPAJi€HT (BEKTOp NPHUBATHHUX MOXiJHHX), a
Jpyra TMOXinHa IepeTBOpIoeThesl Ha [ecciaH (MaTpPHUIO JPYTHX IPUBATHUX
MOX1THUX).

SIKIO OMYCTUTH APYTY MOXiJAHY, TO BUXOAWTH AJTOPUTM HANIIBHAIIOTO
IPajieHTHOTO CIHYCKy. SIKIIO BCe X Takd BpaxoOBYBaTH JAPYry MOXiIHY, TO
HEMOXUIMBO Oyne mnopaxyBard mnoBHuid ['eccian. Tomy 3a3Buuaii ['eccian
3aMIHIOIOTh YUMOCH OLIBIII IPOCTHM.

Meton JlesenOepra-MapkBapara 3amiHioe I'ecciaH, TOOTO 3aMiHIOE HOTO
arpOKCUMAIII€I0 32 JIOTIOMOTOI0 KBaipaTHoro SIkodiana.

Ane came BaxJIMBE, 110 MOTPIOHO 3HATH IPO IIi 1Ba METOMH, TaK II€ TeE, IO
anroput™ JleBenOepra-MapkBapaTa BuMarae oOpoOKu BCiel HaBYaIbHOI BUOIPKH,
TOJi SIK aJrOPUTM TPaJIEHTHOTO CITyCKy MOXE IIPalOBaTH 3 KOXXHOIO OKPEMO
B3SITOI0 HABYAJILHOIO BHOIPKOIO.
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IMlpu nporpamuiii  peamizamii CHCTEMH pO3II3HABAHHS TEKCTYyp 3
BUKOPUCTaHHSIM HEHPOHHHX MEpeX BHUKOPUCTOBYBAIIMCSA HACTYIIHI TEXHOJOTI]
NpOrpaMyBaHHS:

—texHonoris COM 3 MeTor 3acToCcyBaHHS KOMIIOHEHTHOI METOZOJIOTil
pO3pO0KH;

— MoBa nporpamyBanHs C# juis peasnizauii rpadiunoro inrepdeiicy;

— iHcTpyMeHTapiii  po3pooku Matlab Neural Toolbox s mobOynosn
HEHPOHHHUX MEPEX Ta HEHPOMO/IEITIOBaHHSI.

[Iporpama 3po06ieHa, sSIK CaMOCTIHHWN BUKOHYIOUHN MOJIYJH Ta IPAIIOE it
kepyBaHHsAM Windows 2000 Ta O61TbIII HOBHX ONepaIiifHuX cucteM. s KOpeKTHOT
po0OTH Ha KOMITIOTEpi MOTPIOCH BCTAHOBIECHWH NporpaMHuii maker Matlab
Bepcii 7.0 abo Bumie. [Taker Matlab dipmu “The MathWorks” Hanae MoxnuBicTh
MIPAIfOBATH 3 HEMPOHHUMH MEpPEKaMH BCIX THIIIB.

Neural Networks Toolbox-nakeT npukIagHUX MPOrpaM, siKi MICTITh 3aco00u
JUIsl IOOY/IOBH HEHPOHHHUX MEpEeXk, IO 0a3yIThCs Ha TOBENIHIII MaTeMaTHYHOTO
aHayiora HeifpoHa.

ITakeT MoOXxe OyTH BHUKOPUCTAHUH I JTOCTIKCHHS Ta W 3aCTOCYBaHHS
HEHPOHHHX MEpPEeX JI0 TaKMX 33/1ad, Ik 00poOKa CHrHaiB, HelliHiHEe KepyBaHHS 1
(hiHaHCOBE MOJICITIOBaHHSI.

€ MOXIHUBICTh reHeparlii nepeHocHoro C-komy 3a momomororo Real Time
Workshop. [Ins kepoBaHMX MepeXk MOXKIHBO BHOpAaTH TMpsAMy a00 pEeKypeHTHY
apXITEKTypy, BUKOPUCTOBYIOUH BEJIWKY KUTbKICTh HABUAIOYUHX IIPABHI Ta METOMIB
NPOEKTYBaHHA, TAaKUX 5K, IIEPCENTPOH, 3BOPOTHE PO3IOBCIOKEHHS, 3BOPOTHE
posmnoBcrokeHHs1 JleBenOepra, mMepexi 3 pajiajJbHUM 0a3icoM Ta PEKYpeHTHI
Mepexi.

Came 3aBnsxu nakery “‘Neural Networks Toolbox”, B sikoMy 103BISIETBCS
JIETKO 3MIHIOBAaTH OyIb-SKi apXiTEeKTypH, 1[0 HAaBYAIOTh, IpaBmiIa ad0 MepexiiaHi
¢yHKUil, [g0AaBaTH HOBI, MOXHA pO3IJISIHYTH MOXJIMBICTh ITOKa3yBaTh
MO/IETIFOBaHHS HaBUAHHS CHCTEMH pO3ITizHaBaHHs 3acobamu Matlab.

Hamu Oyio po3risHyTO MOCHTH IliKaBe JOCHIDKEHHS 301KHOCTI METOIIB
onTuMizamii [5] mpM HaBYaHHI HEHPOHHMX MeEpEeX PpO3IMi3HaBaHHS TIpadidHUX
CHUTHAJIB.

Omnc MmMBUAKOCTI HABYaHHS JUIA  JOCATHEHHS  3a4aHOl  TOYHOCTI
PO3Mi3HABAHHS IS OCHOBHHX airopuTMiB (pu moTpiGHiit & = 107, napeneni y
tabmummi 1.

Tabmuns 1
HIBuAKICTh HABYAHHS JJI51 OCHOBHHX JITOPUTMIB ONTHMI3aIlii

AJdroput™m ITommika KimpkicTs emox

ANTOpUTM  3BOPOTHOIO
MIOIIUPEHHS TIOMHIKA 3
ONTUMI3ALEI0 KBa3i-
HrroTona

0.0944526 12
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Anroput™ [omuika KisibkicTh enox

N

"Knacnunmii"  anroputm
3BOPOTHOTO  ITOIIUPEHHS 0.0997834 674
TIOMMJIKH

AJTOpUTM  3BOPOTHOTO
NOLINPEHHS TOMMIKU 3 0.0993434 1005
MOMEHTOM

AJTOpuTM  3BOPOTHOTO
nommpenHs JleBenOepra- 0.0034274 4
MapkBapara

AHFOpI/ITM €JIaCTUYHOI'O
3BOPOTHOI'O MOIIUPCHHA

0.0504801 17

3 Tabmmmi 1 GauymMmo, MmO HAWOUTBEII WIBHIKAM alrOPUTMOM HaBYAHHSI
HEHPOHHOT MepeXKi € alNrOpUTM 3BOPOTHOTO momupeHHs JlesenOepra-MapkBapara.

[Ipu HaBYaHHI HEHPOHHOI MEpEXi IO TaHOMY aJTOPUTMY TOYHICTH HOCATIIA
3HadeHHsA ¢~ (0.003 (mpm nHeoOximmiii 0.1) MeHm, HiDK 3a 4 emoxu (UHKIY)
HaBuaHHs. [lOBiNBHIIIE BCHOrO HABYaHHS HEWPOHHOT Mepexi MpPOXOAMIO 3a
ITOPUTMOM TPAJIEHTHOTO CIYCKY MO MOBEPXHI MOMHIKU 3 MOMeHTOoM — 1005
enox (uukiiB HaB4anHs). lle BigmoBimae pe3ynbTartam, OTPUMaHMM Y HaIliid
mornepeHii poooTi [6].

Takum YUHOM, MH JO0CATIM 3HAYHOI'O l'[OJ'lil'[H_leHHﬂ LHBI/I,Z[KOCTi HaB4YaHHS
CHCTEMH 3a JIOIIOMOTOIO 3aCTOCYBaHHS OUIBII JJOCKOHAJIOTO  aJITOPUTMY
3BOPOTHOTO MOILIUPEHHS TOMIJIKH.

Po3pobumo rpadik, Ha sikomy 3acobamm Matlab mokazane MojemOBaHHS
HaBYaHHS CHCTEMH pO3Mi3HaBaHHA (puc. 1).

Flo Edi View Insert Took Deshiop Window hel

Performance is 3.12248e-008, Goal is 12000

Trating Elae GoshBlack

10 " L .
o 10 1) £l 0 &0 L) 0 1) 0 1m
S2op Toining 100 Epochs

Puc. 1. I'padiunnii inTepdeiic cucteMu posnizHaBaHHsA. HaBuaHHs HEHpPOHHOT Mepexi

Lleii rpadik MOBHICTIO MOKa3ye, HACKUILKU MIBUJIKO MPOXOJUTh HABYAHHS 13
3acTocyBaHHsM anroputMy JleBenbepra-MapksapaTa.
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Jljist HAOYHOCTI TIOPIBHSEMO AITOPUTM HABYAHHS 3 IHIIUM JIOCUTH IIBUIKAM
aNTOPUTMOM HaBUYaHHS — KBa3i-HBIOTOHCHKHM METOIOM.

3MiHa CyMapHOI KBaJpaTWYHOI TMOMHJIKMA B TPOIECI HaBUAHHS HEHPOHHOT
Mepexi I JOCHKYBaHMX anropuTmiB trainbfg (dyHkuis, mo pearnisye
JITOPUTM 3BOPOTHBOTO MOIIMPEHHS MOMUJIKY 3 ONTHMI3alli€lo KBasi-HploToHa) Ta
trainlm (yHKOis, Mo peanizye alropuT™M 3BOPOTHBROTO MommpeHHs JleBenOepra-
MapxkBapaTra, MOXHa IIPOCTEXKUTH Ha PHC. 2).

Owmdka

—e—trainbfy
—e—trainlm

] T T T 8 T T T T T T T

0 1 2 3 4 G 4 7 8 9 10 11 123nmm
Puc. 2. 3miHa cymMapHOi KBaIpaTHYHOT MOMHJIKH B ITPOLIECi HABYAHHS HEHPOHHOI Mepexi

Takox y xofi poboTH OyB MOCTABICHUH LIKaBUil €KCIIEPUMEHT [0 HABYAHHIO
CHCTEMH PO3Ii3HABaHH: MONEPEIHBO 3alIyMICHUMH 300paKeHHIMH.

[Hdopmaris Mpo HaBYaHHS MEPEXK 3a JOTIOMOTOI0 3aIIyMJICHHX 300pakeHb €
y Takux podotax, sk D. Angluin. Ta P. Laird «HaBuanHs 3 BHUKOpHCTaHHSIM
3amymienux npukiaaiey [7], M. Kearns ta M. Li. «HaBuaHHs 3a HasBHOCTI
mKigmuBux nomMutok» [8], M. Kearns ta U. Vizirani. «BBenensst B 004rcIrOBaHi
Teopii HaByaHHs» [9], L. G. Valiant. «HaBuanns nu3'tonkuii koH'toHKIH» [10].

OTtpumMaHi pe3ysIbTaTH MoKaszaHo Ha rpadikax (puc. 3, puc. 4).
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Puc. 3. 3aexHICTh AKOCTI HABYAHHS BiJl HABYATIBHOT BUOIPKU [T TEKCTYp 64%64 3
HOPMAaJIbHOIO HaBYAIBHOIO BUOIPKOIO Ta 3allyMJICHOIO HaBUaJIbHOT BUOIPKOIO (piBHOMIpHE
3aIyMJICHHS)
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Puc. 4. 3aexHICTh IKOCTI HABYaHHS BiJl HABYAIBHOT BUOIPKH YIS TEKCTYp 64%64 3
HOPMaJIbHOIO HaBYAILHOIO BUOIPKOIO Ta 3aLIyMJICHOIO HaBYaJIbHOI BHOIPKOIO (HOpMabHE
3alIyMJICHHS)

Sk 6auuMo, Mpu NeBHOMY MiZ0OP1 PIBHS 3alIyMIICHHS, SKICTh PO3ITi3HABAHHSI
Moxke OyTH nomnimnieHo. Leii ¢pakT BUMarae mojanpIioro BUBYSHHs, OCKUJIBKH BiH €
JIOCHTB IIiIKaBUM.

BucnoBku. Y pesynbrari npopoObieHoi poOOTH NpH BHpILIEHHI 3aj1adi
ontuMizanii HeWpoHHoi Mepexi OyB 3acrocoBaHuii Meron JleBeHOepra-
MapxkBapara, KOTpHii BUMarae 0OpoOKH Bci€l HaBUaJIbHOT BUOIpKH.

1. Byno nopiBHsHO iHIII MeToau 3 MeTojoM JleBenOepra-MapkBapaTom, Ta
JOBEJICHO, 1[0 HAWOIIBII MIBUAKAM aJrOPUTMOM HaBYaHHS HEUPOHHOT MEpexi €
ANTOPHUTM 3BOPOTHOTO TomupeHHs JleBenOepra-MapkBapaTa.

2. Bussneno, mo maket npukimagaux mnporpam “‘Neural Networks Toolbox”,
mo OyB 3aIisHUIA MPH POTpaMHIM peaiizallii CHCTEMH pO3Mi3HABAaHHS TEKCTYp 3
BUKOPHCTAHHSM HEHPOHHHUX MEPEX, SIBJISIE COOOIO YK€ BUTITHUN THCTpyMEHTapin
JUT TOOYJOBU HEMPOHHUX MEpeX Ta HEHPOMOICTIOBAHHS.

3. 3 METoW eKCIIepUMEHTaIbHOI MEepPEeBIPKH Mpale3JaTHOCTI TEeXHOJOTIT
HaBYaHHS 3alllyMJICHUMH 300paKeHHsIMH OyJo B3ATO BHUOIPKY 3alIyMJICHHUX
300paX€Hb TEKCTYyp Ta NMPOBEJCHO HaBYaHHS cucreMu. Jlami HaB4YeHa cucTema
OTpUMYyBaJIa Pi3HI 300paKCHHS HE 3 KOHTPOJBHOI BHMOIpKM Ta 3IilicHIOBaJa
posmizHaBaHHS. SIKicTh po3Mi3HaBaHHS 30UTBIIWIIACE B cepeaHboMy Ha 5%.
HapuyaHHs HEWpOHHOT Mepexi 3aBiIOMO 3alIyMICHHUMH 3pa3KaMH TEKCTYp
MIBHUINY€E SAKICTh PO3IMi3HABaHHS (HANPHUKIAA, TMPH HYIBOBIH 3alTyMIIEHOCTI
TekcTyp «3emis» — 3 89% mo 92%, «lopm» — 3 77 mo 92%). 3a paxyHOK IBOTO
METOIY JTOAaTKOBO 301IBIIYETHCS IMBUAKICTh HABYAHHSI MEPEXKi.

Cnucok girepatypu. 1. Caiimon Xaiikun. HelipoHHBIE ceTH: MONHBIA Kypc, 2-¢ u3naHue. — M. :
Wznarenbckuit oM «Bumbsimey, 2006. — 1104 c. 2. Xaean M.T., Menxati M. OOyueHue ceteil ¢ npsamoit
nepenayeil curxainoB anroputMom Mapksapaa. 1994. Tom 5. N 6. I1. 989-993. 3. Tpoencen 3. C# u
miarpopma .NET. Bubnuoreka nporpammucta. — CII6.: ITutep, 2004 — 796c¢. 4. Y. LeCun, L. Bottou,

155



G. Orr and K. Muller: Efficient BackProp, in Orr, G. and Muller K. (Eds), Neural Networks: Tricks of
the trade, Springer, 1998. 5. Casenkosa O.A. oxnan «VcciaenoBanue anropuTMOB OOyUEHHUS] MOJETH
HEHPOHHOM CeTH TP PAclO3HABAaHHH PEYEBBIX CHTHANOB» // COOpHMK JOKIaJ0B MeXIyHapOIHbIX
Hay4HbIX KOH(pepeHiuit «HelipoceTeBble TEXHOJIOTHH U HX pHMeHeHHe», r.Kpamartopck. YK 519.65.
2003r. 6. Jlunanos A.B., Muxaiinos A.FO. Hayunas CraTbsi «AJITOpPUTM PAacHO3HABAHUS W300paKEHUI
TEKCTYp C HCIIOJNB30BaHHEM MOMEHTHBIX IIPU3HAKOB W METOJOB HEHpOHHBIX cerei» // Cucremsl
obpaboTtkn uHpopmanmu.-X.: XHYP YK 681.007.05. —Bpm.3(61)-C.49-52. 7. D. Angluin and
P. Laird. Learning from noisy examples. Machine Learning, 2(4):343-370, 1988. 8. M. Kearns and
M. Li. Learning in the presence of malicious errors. (Technical Report TR-03-87). Cambridge, MA:
Haxvaxd University, Center for Research, in Computing Technology. 9. M. Kearns and U. Vazirani. An
Introduction to Computational Learning Theory. MIT Press, 1994. 10.L.G. Valiant. Learning
disjunctions of conjunctions. Proceedings of the Ninth International Joint Conference of Artificial
Intelligence (pp. 560-566). Los Angeles, CA: Morgan Kaufmann.

156



