JIEKIISA 5
Tema: OcHOBM IUTYYHHUX HEHPOHHUX MEPEK

IIuTanusa Jdexkuoii

1. OcHOBHI NOHATTSA WITYYHUX HEHPOHHUX Mepex
2. JlesiKi THIIM Mepex NPSAMOro NOIIMpPEeHHsA

BCTVII

B ocTanH1 poku pa3om 3 HEUITKMMHU CUCTEMaMH BEJUKHUI IHTEpEC BUKIIMKAE
npoOjeMaTuka HEUPOHHUX MEPEX 1 TeHETHYHUX anroputmiB. [li HampsMmku
BITHOCATBCS JI0 HAyKOBOi 00JiacTi, OOyMOBJIEHOI B aHIJIOMOBHIM JiTeparypi
tepminom Computational Intelligence. Ha puc. 1. BuaHo, mo 3amadi HEHPOHHHX
MEpeX, TCHETHYHUX aJTOPUTMIB 1 HEUITKMX CHUCTEM MOXYTh PO3TJIAIATHUCS 1032
3B'I3KOM MDK CO0O00, OJIHAK iXHS B3a€EMO3AJICKHICTh BUSBIISIETHCS HAJI3BUYAMHO
BaXXJIMBOI. 30KpeMa, I'eHEeTUYHI aJrOPUTMH MOKHA 3aCTOCOBYBATH JyIs Mijgdopa
Bar i TOIOJOrii HEMPOHHOI Mepexi, a TakoX aii (popMyBaHHS 0a3u TpaBUI 1
GyHKIIH TPUHAIEKHOCTI HEYITKOT CUCTEMU

MEHETHSHI
ANFOPUTMA

HEVIPOHI

MEPEXKI

Puc. 1. B3aeMO3B'i3kM MDK HEWPOHUMHU MeEpeKamMH, TEHETUYHUMU
QITOPUTMAMH 1 HEUITKIMH CUCTEMaMHu

Y cBowo depry, HEHWpPOHI MeEpexi JO3BOJSIOTH BHOHMpATH BiIMOBiAHI
napamMeTpu Ui CaMHUX TEHETUYHHX aITOPUTMIB (TMapaMeTpu CXpPEIlyBaHHS 1
MyTarlii); camy Qirocodiro HEHPOHHUX MEpPEeK MOXKHA 3aKJIACTH y (PyHIAaMEHT
HEYITKUX CUCTEM, 1110 y PE3yIbTaTi 3HAXOIATh 3/IaTHICTH 10 HABYAHHS.

Kpim TOro, meromu Tteopii HEUITKMX MHOXKHH JIO3BOJISIOTH MIAOUPATH 5K
3rajlani BUIIE MapaMeTpU TEHETUYHHX AQJITOPUTMIB, TaK 1 KOEQILI€EHTH, IO
BU3HAYAIOTh MIBUAKICTh HABYaHHS HEHPOHHHX Mepex. OTHUM 3 TOMyJISIpPHHX
nanpsmMkiB Artificial Intelligence e teopis HefiporHuX Mepesx (neuron nets).



JIropeil 3aBxM 1IKaBUJIO iXHE BIacHE MUCIEHHs. Lle camonuTanHs, JyMaHHS
MO3KY camoro npo cede €, MOKJIMBO, BIIMITHOIO pHUCcOr0 JtoauHU. HelipoOionory 1
HEHpPOaHATOMU JIOCATIIM B 11l 00J1aCTI 3HAYHOrO Mporpecy. PerenbHO BHBUYaOUU
CTPYKTYpY 1 pyHKIIIi HEPBOBOT CUCTEMH JIFOJAMHU, BOHU 0araTo 4oro 3po3yMiid B
«EJIEKTPOIPOBOII» MO3KY, ajie Majo JOBIAAIUCS MpOo HMoro (GyHKIIOHYBaHHS. Y
Mpoleci HAarpoOMaJUKEHHs HHUMHM 3HaHb  3'ICyBajiocsi, IO MO30K  Mae
MPUTOJIOMINYIOYY CKIAAHICTh. COTHI MUIBbSIPJIB HEHPOHIB, KOXHHUUA 3 SKHX
3'eqHAHUN 13 COTHSAMHU a00 TUCAYAMHU IHIIHUX, YTBOPIOIOTH CHCTEMY, LIO AAJIEKO
NepeBepllye Halll caMi CMUIMBI Mpii po cynepkomm'torepu. Ha cboromHimHin
J€Hb ICHYIOTh JIBI B3a€MHO 30aradyiodi OJHA OJHY METU HEHPOHHOIO
MOJIEJIIOBAHHS: MepIla — 3p03yMITH (PYHKIIIOHYBAHHSI HEPBOBOI CUCTEMU JIOAUHU
Ha piBHI (1310J0Tii 1 MCHUXOJOTII 1 JIpyra — CTBOPUTH OOYUCIIOBAJIbHI CUCTEMU
(IWTy4dH1 HEMPOH1 MEPEXK1), IO BUKOHYIOTh QYHKIIIT, MOAI0HI 10 GYHKIIA MO3KY.

Ty4Hi HEHPOHHI Mepexkl € MOJEIIMU HEHPOHHOT CTPYKTYpU MO3KY, SIKUH
3laTeH chopuiiMatd, oOpoOisATH, 30epiraTy Ta MPOAYKYBaTH 1H(GOpPMAILiTO.
OcCoONMBICTIO MO3KY TaKOXK € HaBYAaHHS Ta CAMOHABYAaHHS Ha BJIACHOMY JOCBIII.
AJanTuUBHI CUCTEMH Ha OCHOBI IITYYHUX HEUPOHHUX MEPEX JTO3BOJISIIOTH 3
YCHIXOM BHUpIIIyBaTH MPOOJEMU pO3Mi3HaBaHHS 00pa3iB, BUKOHAHHS IMPOTHO3IB,
ONTHUMI3allii, aCOI[IaTUBHOI aM'ATi 1 KEpYBaHHS.

MexaHi3M NpPUPOIHOTO MHCIEHHS 0a3yeThcsl Ha 30epexeHH1 iH(opmarii y
BUrsAAl o0pa3ziB. LlITyuHi HEHPOHHI Mepexi JO3BOJSAIOTh CTBOPEHHS MapalieIbHUX
MepeX, 11X HaBUaHHS Ta BHUPIMIEHHSA IHTEJNEKTyaJlbHUX 3aBJaHb, HE
BUKOPUCTOBYIOUM TPAJAMIIMHOIO NporpaMmyBaHHs. B jekcukoHi po3poOHUKIB Ta
KOPUCTYBauiB HeHWpoMepek MPUCYTHI cyioBa '"moBomutu cebe", "pearyBatu",
"camoopranizoByBatH'", "HaBuatH", "y3arajgpHioBaTH'" Ta "3a0yBaTu".

1 OcHOBHI MOHATTSH WTYYHUX HEHPOHHUX MepPex

IITy4yHuii HelipoH € 0a30BUM MOJyJIeM HEHMPOHHUX Mepex. BiH monemntoe
OCHOBHI (DYHKIIIT TpUPOAHOTO HEMpoHa (puc. 2).

[Tpu dyHKIIIOHYBaHHI HEUPOH OJJHOYACHO OTPUMYE OAaraTto BXIIHUX CUTHAIIB.
Koxen BXig Mae CBOIO BIacCHy CHHANTHYHY Bary, sKa HaJa€ BXOJYy BILUIWB,
HeoOXimHUN 11 (PyHKIIT cymaTopa eineMeHTa oOpoOku. Barm € miporo cuim
BXITHUX 3B'SI3KIB 1 MOJIETIOIOTh PI3HOMAaHITHI CHHANTHYHI CHUJIM OI0JIOTTYHHX
HEHpOHIB. Barm cyTTeBOro BXOMy MIiJCHITIOIOTHCS 1, HABMAKHW, Bara HECYTTEBOTO
BXOJly IPUMYCOBO 3MEHIITYETHCSI, 110 BU3HAYAE IHTEHCUBHICTHh BXiTHOTO CHUTHAIY.
Baru MoXyTh 3MiHIOBAaTHCH BIJIIIOBIIHO /O HAaBYAIBHUX NPHUKIIAJIB, TOMOJOTi
MepeXi Ta HaBYaJIbHUX MPABUIL.

BximHi curHanm Xn 3BaKCeHI BaroBUMH KoedirieHTamMH 3'€THAHHS Wn
JIOIAI0ThCS, TMPOXOJATH uepe3 MepenarHy (yHKII0, TeHEPYIOTh pe3yibTaT 1
BUBOJISITHCAL.
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Puc. 2. ba3zoBuii IITy4HUI HEWPOH

B mporpamMHux peamizamisix MMTy4YyHI HEWPOHM HA3WBAIOTh «EJIEMEHTAMHU
00poOKu» abo «mpoiiecopaMmu» 1 BKJIQJal0Th B HUX OLUIbIIE MOKIMBOCTEH, HIXK B
0a30BOMY IMITYYHOMY HEHPOHI, IO OTIMCAHUI BUIIIE.

Ha puc. 3 300pakeHa feTajibHa cxema IITYYHOTrO HEUPOHY.
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Puc. 3. Mogens "enemenTy oOpoOku"

@OyHKIIIS cymMaTopa MoOKe OyTH CKIAAHINION, HANPUKIAJ, BUOIp MIHIMyMY,
MaKCUMyMY, CEpeIHBOTO apu(pMEeTUYHOTO, H00YTKy abo oOumcitoBaTHCS 3a
IHIIUM aJTOpPUTMOM. barato mporpaMHHMX peati3ailiii BUKOPHUCTOBYIOTh BIIACHI
GyHKIIIT cymaTopa, 1o 3amporpamMoBaHi Ha MoBi Bumoro piBas (C, C++).

ITepen Hamxo/KEHHSIM 10 TepeaaTHoi (QyHKINI BXigHI CHUTHAJIA Ta BaroBi
Koe(dimieHTH MOXYTh KOMOIHYBaTHUCh OaratbMa croco0aMu. AJNTOPUTMHU IS
KOMOIHYBaHHS BXOJIIB HEWPOHIB BH3HAYAIOTh BIATOBITHO JO MEPEKHOI
apXITEKTYpH Ta MapagurMH.

B nesxux HeiipoMepekax cymMaTOp BHKOHYE OJATKOBY O0OpOOKY, Tak 3BaHy
dbyHKITIF0 aKTHBAIlii, ska 3Minrye BuXin ¢yHKmii cymaropa B vaci. o dynkiito
HaliKpallle BUKOPUCTOBYBATH SIK KOMIIOHEHTY MeEpexi B UUIOMYy, HDIK S§K
KOMIIOHEHTY OKpeMoro HeipoHa. Hacrto, 11 PyHKIIs € BiICYTHBOIO.

PesynbTaT QyHKII cyMaropa MEpeTBOPIOETbCS Yy BUXITHUM CUTHAI 4epes
nepenatHy Qyskuiro. B nepegatHii QyHKIIT I BU3HAUEHHS BUXOJY HEWpOHa



3arajibHa cymMa MOPIBHIOETHCS 3 JIEIKUM IMOpOroM (3a3Buuaid, ne gianazox [0, 1]
a6o [-1,1] abo iHIIE) 32 JOTOMOTOIO IEBHOTO AJITOPUTMY.

[lepeBaxHO 3aCTOCOBYIOTh HEJNIHIAHY NepeaaTHy (yHKI1I0, OCKIIbKHU JIIHIMH1
(npsimoutiHiiiH1) GYHKIT € OOMEXKEHMMH 1 BHUXiJlT € MNPOMOPIIAHUM JI0 BXOIY.
3actocyBaHHsl JIHIMHUX nepeaaTHUX (yHKi Oyno mpobiemMor0 y paHHIX
MOJICNIAX MEPEX, 1 iX OOMEXKEHICTh Ta HEeJAOUUIBHICTh Oyja JOBEIEeHa B KHU3I
Mincki Ta [leiinepra "l[lepuentponu".

B icuHyrounmx HelpoMepexax SK TNepenaTHy (QYHKIII0 BUKOPUCTOBYIOTh
CUTMOIy, CHUHYC, TinepOosiyHui TaHreHc Toio. Ha puc. 4 300pakeHi THUIIOB1
nepenatHi QyHKII.

*KopeTra nOporoEa GiHEL Jlns mpocroi mepematHoi (yHKINT HeWpoMmepeka
v § moxke BuaaBath 0 ym 1, 1 um -1 abo iHIIT YKUCTIOBI
I'—— xomOinamii. IlepegaTtHa QyHKIIS B TaKUX BHUIAJKaX €

——®= OPOroBOI0 a00 «KOPCTKUM 0OMexKyBaueM» (puc. 4a).
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TTiFiHA 3 HACHMEHELTH [lepenatna  QyHKIisS JiHIAHA 3  HACHYEHHSIM
¥ BIJIJI3EPKAIIIOE BX1J] BCEPEAUHI 3aJIaHOTO Jialma3oHy 1 Ji€e
1 . )
K dKOPCTKUN 00OMEKyBau 103a MEXaMH IIbOTO Jliara3oHy.
e miniitHa QYHKIIISA, SKa BIICIKAETHCS 1O MIHIMAJIBHUX
x C g
1 Ta MaKCUMaJbHUX 3HAY€Hb, POOJISYM 11 HEIiHIIHOIO (pHcC.
x=0 =0 40).
O=x=1  w=x
=1 =1

Curmoina abo S-monmibHa KpuBa
HaOIMKye MiHIMaJdbHE Ta MaKCHUMajbHE
3HaU€HHA y  acumnTorax.  Bona
Ha3UBAETHCS CUTMOII010 (pUC. 4B), KOJIH
il miamazon [0, 1], ab6o rinepOoaiyHUM
TaHTeHCcOM (puc. 4r), mpu Aiama3oHi [-1,

f;ﬁ i:llfﬂfi} 1]. BaxnuBoro pucolw CHrMOin €
HEMEPEePBHICTh QYHKIIIA Ta IX MOXITHUX.
4 . 3actocyBaHHS ~ CUTMOITHMX  (DYHKITIH
1 Hagae qo0pl pe3ynbTaTH 1 Ma€ IIHUPOKE
.- 3aCTOCYBaHHS.
|
=11+ )

JIyist pi3sHEX HEHPOMEPEK MOXKYTh BUOMPATHUCH 1HIII mepeaaTHi ¢ yHKIIII.

[Ticns oOpoOkm curHamy, HEHPOH HA BUXOJI Ma€ pe3yidbTaT MepeNaTHOl
byHKINI, SKAW HAIXOAWUTh HA BXOJM IHIIUX HEUPOHIB ab0 /10 30BHINIHBOTO
3'€eIHaHHS, SIK 1€ IepeA0avYaeThCsi CTPYKTYPOIO HEMpoMepexKi.

ApxiTekTypa 3'€1HaHb IUTYYHUX HEHPOHIB



IITyyHi Helipomepe:ki KOHCTPYIOIOTbCS 3 0a30BOro OJIOKY - IITY4YHOIrO
HeHpoHy. [HIIIOIO0 BIACTHUBICTIO HEMPOMEPEXK € BeIMYE3HAa KUIBKICTh 3B'A3KIB, SIKI
MOB'I3YIOTh OKpeM1 HEHPOHHU. ['pynyBaHHSI HEMPOHIB Y MO3KY JIFOJAMHH 3a0e3Meuye
0o0poOKy 1H(popMalii AMHAMIYHUM, IHTEPAKTUBHUM Ta CaMOOPTaHI3yIOUUM
[UIXOM.

bionoriyHi HeWpoOHHI Mepexi 3 MIKPOCKOMIYHUX KOMIIOHEHTIB ICHYIOTh Y
TPUBUMIPHOMY MPOCTOPI 1 3aTHI JO PI3HOMAHITHUX 3'€IHaHb. AJle 1 peanizaiii
MTYYHUX MEPEeX NPUCYTHI (P13UUH1 OOMEKEHHS.

OO6'enHyounch y Mepexi, MTY4HI HEHPOHH YTBOPIOIOTH CUCTEMY OOPOOKH
iHopMmallii, sika 3a0e3neuye epeKTUBHY aJanTalilo MOJeNl 10 NOCTIMHUX 3MIH 3
OOKy 3OBHIIIHBOIO cepenoBuina. B  mpomeci (yHKIIOHYBaHHS — Mepexi
BiI0YBA€ThCS MEPETBOPEHHS BX1JIHOTO BEKTOPA CUTHAMIB y BUX1AHUN. KOHKpeTHUM
BU] TIePEeTBOPEHHS BU3HAYAETHCS apXITeKTYpOIO Helipomepexi,
XapaKTEepUCTUKAMH HEUPOHHUX €JIEMEHTIB, 3ac00aMH KEPyBaHHS Ta CHHXPOHI3aIi1
1HGOpMAIlIITHUX MOTOKIB MK HEHpOHAMU.

BaxauBum  (dakropom edeKTHBHOCTI Mepexi €  BCTaHOBJICHHS
ONTUMAJIBHOT KUJTBKOCT1 HEMPOHIB Ta TUIIB 3B'13KIB MK HUMHU.

Jlist onucy HelpoMepek BUKOPUCTOBYIOTh KUIbKa YCTaJICHUX TEPMIHIB, K1 B
PI3HUX JKepernax MOKYTh MAaTH pi3HE TPaKTyBaHHS, 30KpeMa:

CTpykTypa HeilipoMepe:ki - crioci0 3B'I3KiB HEUPOHIB Y HEUpOMEpEKi.

ApxiTeKkTypa HelpoMepexi - CTpyKTypa HEHpOMeEpeki Ta TUITH HEHPOHIB.

IMapagurma Helipomepexi - croci0 HaBYaHHA Ta BUKOPUCTAHHS, 1HOAI
MICTUTH TIOHSTTS apXiTEKTYpH.

Ha 6a3i onniei apxiTekTypu MoKe OyTH peai30BaHO PIi3HI MapaJurMu
HeHpoMeperki 1 HaBITaKH.

Cepen BiIOMHX apXITEKTypHHX PIllICHb BUAUISIOTH TPYNy €Ja003B'A3aHUX
HEHPOHHUX MEPEX, Y BUMAAKY, KOJIU KOXKHUNW HEUPOH MEpexi 3B'I3aHUM JIUIIE 13
cycimHiMU. B moBHO3B'AI3aHUX HelpoMepeskax BXOJW KOXKHOTO HEHpOHA 3B'A13aH1
3 BUXOJIaMH BCIX PEIITH HEHPOHIB.
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Puc. 5a. Cnabo3B's13aHi HepoMepexi Puc. 56. [loBHO3B's13aH1 HEHpOMeEpexKi

CamMuM TIOIIMPEHUM BapiaHTOM apXITEKTYypH € 0araTtomapoBi Mepexi.
He#iponn B nmanomy BuManky oO'€THYIOTHCS y TMPOMIAPKHA 3 €JUHUM BEKTOPOM
BXIJHUX CUTHAJTiIB. 3O0BHINIHIN BXITHUIA BEKTOP MOJAETHCS HA BXITHUN MPOIIAPOK
HEWpPOHHOT Mepexi (peuentopu). Buxogamu HEMpOHHOT Mepeki € BUXIAHI CUTHAU
ocTaHHLOTO Tpomapky (edexkropu). OKpiM BXIJHOIO Ta BUXIAHOTO MPOIIAPKIB,
Helipomepeka Mae oAuH a00 KiUIbKa MPUXOBAHUX MPOIIAPKIB HEHPOHIB, SKI HE
MarOTh KOHTAKTIB 13 30BHIIITHIM CEPEIOBUIIIEM.



Puc. 6. bararomapoBuii TN 3'€IHaHHS HEUPOHIB

3B'SI3KM MK HEHpOHAMU PI3HUX NPOLIAPKIB HA3UBAIOTh NPOEKMUBHUMU.

3B'I3kM  MDK HEWpOHaAaMU OJIHOTO TMPOIIAPKY HA3UBAIOTh  OiYHUMU
(namepanvHuMu).

Ha puc. 6 mnoka3zana THWmOBa CTPYyKTypa ITYYHHX Heilpomepex. Xoda
ICHYIOTh MEpEXI1, SIKI MICTATH JIUIIE OJUH MPOIIAPOK, a00 HABITH OJUH €JIEMEHT,
OUTBIIICTh 3aCTOCYBaHb BUMAraloTh MEpEeXi, SKI MICTATh K MIHIMyM TpH THIH
OpouIapkKiB - BXIIHUW, MPUXOBaHUW Ta BuximHuil. [Ipomapok BXiIHUX HEHpPOHIB
oTpuMYye jaaHi abo 3 BXimHUX (aiiiiB, a00 6e3MocepeIHhO 3 EICKTPOHHUX JaBayiB.
Buxignuii mpomapok nepecuinae iHpopmalio 0e3nocepeHbO 10 30BHIIIHHOTO
CepeZoBUIIA, 10 BTOPUHHOTO KOMIT'FOTEPHOTO Mpoliecy, ad0 0 1HIIUX MPHUCTPOIB.
Mix MMM IBOMa MpoliapkaMu Moxke OyTh 0araTo MpHUXOBAaHUX MPOILIAPKIB, SKI
MICTATh OaraTo HEHPOHIB B PI3HOMAHITHUX 3BSI3aHUX CTPyKTypax. Bxomu Ta
BUXOJH KOXXHOTO 3 TIPUXOBAHWX HEUPOHIB CIONTYYCHI 3 IHIIUMU HEHPOHAMH.

BaxmBuM acnekToM HEHpOMEpe)k € HampsAMOK 3B'SI3KY Bil OJHOTO
HEUPOHY /10 1HIIOTO:

3B'I3KM CKEpOBaH1 BiJ BXIIHUX MPOIIAPKIB 70 BUXITHUX HA3UBAIOTHCS
apepeHTHUMH,

3B’S13KM B 3BOPOTHOMY HAINPSMKY Ha3UBaIOThHCS epepeHTHUMMH.

B Ounpmocti Mepex KOXEH HEHPOH MPUXOBAHOTO MPOIIAPKY OTPUMYE
CUTHAJIM BiJl BCIX HEMPOHIB IMOIEPETHBOIO MPOIIAPKY YU BiJ HEUPOHIB BX1IHOTO
npomapky. Ilicis BUKOHAHHS omepalliii HaJl CUTHajdaMu, HEHpOH Iepenae CBId
BUXIJ O BCiX HEHMPOHIB HACTYITHUX IPOIIAPKIB, 3a0€3MeUyoun nepeaady BIepes
(feedforward) Ha Buxis.

[Ipu 3BOpOTHOMY 3B'A3KYy, BHUXIJ HEHPOHIB MPOIIAPKY CKEPOBYETHCS [0
HEHWPOHIB MOIEPETHHOTO MPOIIapKy (puc. 7).
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Puc.7
HanpsiMmok 3B’s3KiB HEHWpOHIB Ma€ 3HAYHUM BIUIMB Ha POOOTY MeEpexi.
Binpmiicth mporpaMHMX HEMpOMEpPEX J03BOJIAIOTH KOPHCTYyBaudy JI0JIaBaTH,



BWJIYYaTH Ta K€PyBaTH 3'€THAHHSAMMU K 3aBrogHo. Koperyrwouu nmapamerpu, MoxHa
HaJAIITyBaTH 3B'I3KU SIK HAa MIOCUJICHHSI TaK 1 HA MOCIA0JICHHS BEJIMUUHYU CUTHAIIB.

3a apxITeKTypoK 3B'SI3KIB, OUIBIIICTh BIIOMUX HEHpOMEpek MOXKHA
3rpyIyBaTH y JIBa BEJIMKUX KJIACH:

Mepexi mpsAMOro TOMMUPEHHS (3 OJHOCKEPOBAHUMH  MOCIIJOBHUMH
3B'SI3KAMH ).
Meperki 3BOPOTHOTO MOIIUPEHHS (3 PEKYPEHTHUMH 3B'SI3KaMH ).

Tunosi apXiTEKTypH HEUPOHHUX MEPEK

Mepexi mpsSMOTo MOITUPEHHS PexypeHTH1 Mepexi

[Tepuentponu Mepexa Xondinaa

Mepesxa Back Propagation Mepexa Xeminra

Mepexa 3yCTPI4HOTO Mepexka  aganTuBHOI  PE30HAHCHOI
MOIIUPEHHS Teopii

Kapra Koxonena JIBockepoBaHa acolliaTuBHa MaM'sTh

Mepexi npamozo nowiupeHHs BITHOCATH 10 CMAMUYHUX, TYT Ha BXOIHU
HEWPOHIB HAJIXOMATh BXIHI CHTHAJNH, K1 HE 3aJIeKaTh BiJl MONEPETHHOTO CTaHY
Mepexi.

Pexkypenmmni mepeci gsaricaromvcss OUHAMIYHUMU, OCKUIBKH 3a PaxyHOK
3BOPOTHHX 3B'A3KIB (TIETENb) BXOAM HEHUPOHIB MOAMQIKYIOTHCS B dYaci, IO
MIPU3BOJIUTH JIO 3MIHU CTaHIB MEPEXKI.

HaBuaHHSI IITY4HOI HEHPOHHOI Mepexi

OpuriHanpHICTh HEUPOMEPEXK, SIK aHajora Oi0JIOTTYHOTO MO3KY, MOJIATAE Y
3MI0HOCTI 0 HABYAHHS 3a MPHUKIAJaMH, IO CKJIAJAaI0Th HABYAIbHY MHOXXHHY.
[Iporiec HaBUaHHS HEHPOMEPEK PO3TIIANAETLCS K HAJANITYBaHHS apXITEKTYpH Ta
BaroBUX KOEQIII€HTIB CHHANTUYHUX 3B'SI3KIB BIAMOBIAHO O MaHUX HABYATBHOT
MHOXXHHH 7151 €hEKTUBHOTO BUPIICHHS TTOCTABICHOT 3a1a4i.

/lna naguanmus neupomepec MoHCIUuGo:

Hapuanns 3 BunTenem (KOHTPOJIbOBaHE HABYAHHS)



Hapuanns 6e3 BunTens (HEKOHTPOJIHLOBAHE HABYAHHS )

Konmponvosane nasuanus

binpmiicte  peanmizaniii  HEMpOMEPE)K BUKOPUCTOBYIOTh KOHTPOJIbOBAHE
HaBYaHHS, J€ BHXIiJ, II0 3MIHIOEThCS, IMOCTIMHO TOPIBHIOETHCS 3 OakaHUM
BUX0JI0M. BaroBi koedilieHTH 3B’s3KIB Ha MOYATKy BCTAHOBIIOIOTHCS BUIAIKOBO
(HIiamizamisgs Mepexi), aje IMiJ 4Yac HACTYMHHUX ITepalidi KOPEeKTYIOThCS, 100
JOCSTTH ONW3BKO1 BINMOBIAHOCTI Mk OakaHMM Ta ODKy4YuM Buxoaamu. Taki
METO/M HaBYAHHS HAUUIEHI HAa MiHIMI3amii OLKYyYMX MOXMOOK BCIX €JIEMEHTIB
00poOKH, 10 BIAOYBAETHCSA 3aBASKH HEMEPEPBHIM 3MIHI CHHANTHUYHUX Bar 0
TOCSITHEHHS PUHHSATHOT TOYHOCTI MEPEKi.

[lepen BHKOpHUCTAaHHSM, HEHpoMepeka 3 KOHTPOJIHOBAHMM HABYAHHIM
noBMHHa OyTu HaBueHorw. Da3za HaBuUaHHs 3aiimMae meBHUM yac. HaBuaHHA
BBAKAETHCSA 3aKiHYCHWM TIPU  JIOCATHCHHI HEUPOMEPEIKEI0  BH3HAYCHOTO
KOpHCTyBaueM piBHS €(EeKTHMBHOCTI 1 OakaHoi cTaTUCTUYHOI TouHOCTI. Ilicns
HAaBYaHHS BaroBi Koe(QilieHTH 3B’A3KIB  (IKCYIOThCS JUIS  MOJABIIOTO
3actocyBaHHA. Jleski THIM MeEpPEeX JIO3BOJSAIOTH I Yac BUKOPHUCTAHHS
NPOJOBKYBAaTH HaBYaHHS, 1 II€ JOMOMAara€ MEpeXi aJanTyBaTUCh JIO0 3MIHHUX
YMOB.

HapuanbHi MHOXWHM TTOBUHHI OyTH JOCTATHBO BEJIMKUMH, 1100 MICTUTH BCIO
HEOoOXiIHY 1HGOpMAIlI0 Ui BUSABJICHHS Ba)XJIMBUX OCOOJHMBOCTEH 1 3B'A3KIB.
HapuanbHi mpukiIagy TOBHHHI MICTHTH IIHPOKE PI3HOMAHITTS JaHuX. SKio
MepeXa HaBUYa€TbCs JIMINE JJIS OJHOTO TPHUKIATy, BaroBi KoeiIlieHTH, 10
CTapaHHO BCTAHOBJIICHO JUIS I[LOTO TMPUKIAAY, PaTUKATBHO 3MIHIOIOTBCS Y
HAaBUaHHI I HacTynmHoro mnpukiany. [lomepenHi mNpukiaad TpH HaBYaHHI
HACTYIHUX TIPOCTO 3a0yBaroThbcs. B pesynbTari cucteMa INOBHHHA HaBYATHCH
BCbOMY pPa3oM, 3HAXOASYM HaMKpalli BaroBi KoeilieHTH aJi 3arajJbHOi MHOKUHH
IPUKJIIAIB.

Hamnpukman, y HaB4aHHI CHCTEMH PO3Mi3HABaHHS IIKCEIBHUX 00pa3iB s
necatd mudp, AKI OPEICcTaBICH] ABAALUATbMA IMPUKIAIaMH KOXHOI Iudpu, BCi
npukiaad udpu "ciM" He IONUIBHO MPEACTABIATH THociimoBHO. Kpamie Hamatu
MepeXi CIoYaTKy OAMH THI MPEACTABICHHS BCIX 1UpP, MOTIM APYTHl THI 1 Tak
JTaJi.

['0710BHOIO KOMITOHEHTOIO ISl YCIIIMIHOT pOOOTH Mepexki € MpeacTaBIeHHS 1
KOJyBaHHS BXITHUX 1 BHXIIHMX JaHuX. LlTydHi Mepexi NpamroTh JIHIIC 3
YUCJIOBUMH BXIIHUMH JIAaHUMH, OT)KE, HEOOpOOJIeHI JaHi, MmO HAAXOIATH 13
30BHINTHBOTO CEPEIOBHINA TOBUHHI MEPETBOPIOBATUCH. BaXKTMBOIO € HOpMaizallis
JaHUX, TOOTO TIPUBEJICHHS BCIX 3HAYCHb JaHWX JO €JIWHOTO Jlialma3oHy.
Hopwmamizamiss BUKOHYETBCS MIIAXOM JiUICHHS KOXHOI KOMIIOHCHTH BXIJIHOTO
BEKTOpa Ha JOBKHHY BEKTOpA, IO IMEPETBOPIOE BXIJHHK BEKTOP B OJMHUYHHH.
[Tonepennss oOpoOka 30BHINIHIX JAHUX, OTPUMAHHUX 32 JIONMIOMOTOIO CEHCOPIB, Y
MalllMHHUM  (QopMar € CHUIbHOI 1 JIETKO JOCTYIMHOK JJisl CTaHJIapTHUX
KOMIT'FOTEPIB.

Skmo mcias  KOHTPOJIBOBAHOTO HABYaHHS HeWpoMmepexka e(PeKTHBHO
OMpallbOBY€E JlaH1 HABYAIbHOI MHOXHWHHU, BXKIUBUM CTa€ ii €(PEKTUBHICTH MPHU



poOOTI 3 JaHUMH, $KI HE BHUKOPHCTOBYBAJIMCH [IJIi HaBUaHHS. Y BHIAJKY
OTpUMaHHSI HE3aJ0BUIBHUX PE3YJNbTATIB JUIsl TECTOBOI MHOXXHHHM, HABYAHHS
MPOJIOBXKYETHCS. TecTyBaHHS ~ BUKOPUCTOBYETbCS g 3a0e3MeyeHHs
3amaM'sTOBYBaHHS HE JIMIIE JaHUX 3aJaHOl HaBYaJIbHOI MHOXHHH, aye 1
CTBOPEHHS 3arajibHuX o0pa3iB, 1[0 MOKYTh MICTUTUCH B JaHUX.

Hexoumponvosane naguamnmsi

HekoHTponboBaHEe HaBYaHHS MOXKe OyTH BEJIMKUM  Hag0aHHSIM Yy
MaiiOyTHbOMY. BOHO mporosomnye, mo KOMMO'IOTEPH MOXKYTh CAMOHABYAaTUCh Y
CIPaBXHbOMY POOOTH30BaHOMY ceHcl. Ha nanuit yac, HEeKOHTPOJIbOBaHE HABUAHHS
BUKOPUCTOBYETbCS B MEpEXax BIIOMHUX, SIK camoopraHizoBaHi kaptu (self
organizing maps). Mepexi He BHUKOPUCTOBYIOTH 3OBHIIIHIX BIUIUBIB IS
KOPEKTYBaHHS CBOiX Bar 1 BHYTPIIIHbO KOHTPOJIIOIOTH CBOI €(EKTUBHICTD,
IIYKAlOYM peryjsipHICTh a00 TEHJEHLIi y BXIJHUX CHUTHalax Ta 3/1HCHIOIOTh
aJlanTallilo BIAMOBIAHO JO HaBuaiabHOi (QyHKIII. HaBith 0e3 MOBIIOMIICHHS
NPaBWIBHOCTI YM HEMPaBUIBHOCTI i, Mepeka MOBHHHA MaTH 1H(OpMaIio
BITHOCHO BJIACHO1 OpraHi3allii, sKa 3akKjiaJleHa y TOMOJIOT1I0 MEpeXi Ta HaBYaJIbHI
paBuIa.

ANTOpUTM HEKOHTPOJHOBAHOTO HABYAHHS CKEPOBAHO HA 3HAXOKEHHS
OJIM3BKOCTI MK TpymnmamMu HEHPOHIB, SKI MPaIIOOTh pa3oM. SKIO 30BHIMIHIMN
CUTHaJ aKTUBY€E Oyab-SKUH BY30Jl B Tpymi HEHUPOHIB, i BCI€Ei TPyNHu B LLJIOMY
30UTBIIYETHCSA. AHAJIOTIYHO, SIKIIO 30BHINIHIM CUTHAJ B TPYI 3MEHIIYETHCS, 1€
IPUBOAMTH JI0 FAJIBMYIOYOI0 €()EeKTy Ha BCIO TPYILY.

OcHoBy s HaB4YaHHS (OpPMye KOHKYpeHLIss MDK HeilpoHamu. HaBuaHHs
KOHKYpPYIOUMX HEWPOHIB MIJCWIIOE BIATYKHM NEBHUX TPyl Ha NMEeBHI curHanu. lle
MOB'SI3y€ TPYNMH MK c00010 Ta BiATYKOM. [Ipu KOHKypeHIIii 3MIHIOIOTHCS Baru
JIAIIIE HEMPOHA-TIEPEMOKIIA.

OuiHKY HABYAHHA

Ominka e¢geKTUBHOCTI HABYaHHS HEUPOMEpPEkKi 3alleKUTh BIl KUIBKOX
KepoBaHUX (HaKTOPIB, BAKIUBUMH 3 SKUX €. €MHICTh, CKJIAIHICTh 3pa3KiB 1
00YHCITIOBAIbHA CKJIAIHICTD.

€MHICTh TIOKa3y€, CKUTBKH 3pa3KiB MOXE 3amam'sTaTH Mepeka, 1 sSKi Mexi
MPUIHATTS pillleHb MOKYTh OyTH Ha Hil chopMOBaHi.

CxkagHICTh 3pa3KiB BU3HAYA€ KUIBKICTh HABUAJIbHUX IMPHUKJIAIB, HEOOX1THUX
JUTSL JOCSITHEHHS 3IaTHOCT1 MEPEXKi JI0 y3arajabHEHHS.

OO6uncoBalibHA CKJIATHICTh HAMPSIMY TIOB'sI3aHA 3 TIOTY>KHICTIO KOMIT FOTEpa.

OcHOBHI eTanu po3B'sI3aHHA 327124 32 10IIOMOI0K0 HEHpoOMepeK
* 30ip JaHUX JJIT HABYAHHS;

e [TigroToBKa 1 HOpMaJi3allis JaHHX;

* BuGip Tonomnorii mepexi;

* ExcriepuMeHTaIbHUM MIA0IP XapaKTEPUCTUK MEPEKI;

* ExcriepuMeHTaIbHUM MiA01p NapaMeTpiB HAaBYaHHS;

* BracHe HaBuaHHS;



* [IepeBipka aIecKBaTHOCTI HABYAHHS;

» KopektyBaHHs mapaMeTpiB, OCTAaTOYHE HAaBYaHHS;

* Bepbanizaiiist Mepexi 3 METOIO MOIAJIbIIOT0 BUKOPUCTAHHS.
PosrnsiHemo nokiaHiiie esiki 3 IUX €TariB.

36ip oanux Onsa HABYAHHSA

Bulip mganux 1js HaBYaHHS Mepexi 1 ixHsS oOpoOka € caMuM CKJIaJHUM
eTanoM po3B’si3aHHs 3aAavi. Habip qaHux 171 HAaBYaHHS MOBUHHUN 3a/I0BOJTBHSATH
JEKUTBKOM KPUTEPISIM:

* Penpe3eHTaTUBHICTb — JaHI MOBHUHHI UIIOCTPYBaTH [IWCHE IOJOKEHHS
pedeil y npeaMeTHiii 061acTi;

* HecynepeuHicTh — cynepeuwInBi JaHl B HaBYaJIbHIM BUOIpIIl NPU3BEAYTH 10
MOTaHO1 IKOCT1 HAaBYaHHS MEPEexi;

* O0car — sK TpaBWIO, YMUCIO 3alUCIB y BUOIPI MOBUHHE Ha KUIbKa
NOPSAJKIB TIepeBEepUIyBAaTH KUIBKICTh 3B'SI3KIB MIX HEHpoHaMHU B Mepexi. Y
NPOTUBHOMY BHUIMAJIKy MEpeka MPOCTO «3alaM'aTae» ycro HaBYaJIbHY BUOIPKY 1 HE
3MOYK€ BUKOHATHU y3arajibHEHHS.

Iliocomoska i Hopmanizayis OarHux

BuxinHi qaHi IepeTBOPATHCS 0 BHIY, Y AKOMY iX MOYKHA IMOAATH HAa BXOIU
mepexi. Koxken 3amuc y ¢ailai JaHUX HA3WBAEThCS HABUYAJIbHOK IMapo0 abo
HaBYAJIBHUM BEKTOpOM. HaBuanbHMII BEKTOpP MICTUTH MO OJHOMY 3HAUYEHHIO Ha
KOXEH BX1J MEpexi 1, y 3aJIe)KHOCTI BiJ] TUITY HaBYaHHA (13 BUMTEneM abo 0e3), 1o
OJIHOMY 3HAYEHHIO JJIsl KOKHOTO BUXOJy Mepexi. HaBuanHs Mepexki Ha «CUpOMY»
HaOOp1, K MPABUIIO, HE Ja€ SIKICHUX Pe3yJIbTaTiB. ICHY€e psii crmoco6iB MOJIMIIUTH
CCTIPUHHSTTS» MEPEKI.

* HopMyBaHHSI BUKOHYETBHCS, KOJIM Ha Pi3HI BXOJM TOJAIOTHCA JIaHl Pi3HOI
po3MipHocTi. Hampuknan, Ha mnepmuid BXiJl MEpeXi MOMAIOThCS BEIUYUHU 31
3HAYCHHSMH BiJ HYJIsSI 10 OJWHHUIN, a HA APYrMd — Big cra 1m0 Tucsadi. [lpu
BIJICYTHOCTI HOPMYBaHHSI 3HAUCHHS Ha JIPYrOMY BXOJi OyAyThb 3aBXIU POOUTH
ICTOTHO OLTBIINK BIUTMB HA BHUXIJ MEPEXi, YMM 3HAYCHHS Ha nepiiomy Bxoxi. [lpu
HOPMYBaHHI PO3MIPHOCTI YCiX BXITHUX 1 BUXITHUX JJAHUX 3BOJSATHCS BOEJIUHO;

* KBanTyBaHHS BUKOHYETHhCS HaJa O€3MEPEPBHUMHU BEIMUMHAMHM, IS SKUX
BUJIUIAETHCS KIHIIEBMM HaAOIp JUCKPETHHUX 3HA4YCHb. Hampukiana, KBaHTYBaHHS
BUKOPUCTOBYIOTh I 3aBJAaHHS YacCTOT 3BYKOBHX CHUTHAIIIB MPHU PO3IMI3HABAHHI
MOBH;

» OinpTpallisi BAKOHYETHCS IS «3aITYMJICHUX) TaHHX.

KpiMm Toro, Benmky pojb Tpae came NPEACTABICHHA SIK BXITHUX, TaK 1
BUXITHUX naHuX. [Ipumyctrmo, Mepeka HaBUA€ThCS PO3MI3HABAaHHIO OYKB Ha
300paKEHHAX 1 Ma€ OJUH YHCIOBUN BHUXiJ — HOMep OykBH B andasiTi. Y mpoMy
BUTIAJIKy MEpeXa OJCPKUTh HEMpPaBUIbHE YSABICHHS TpPO Te, MO OYKBU 3
HoMepaMmu 1 12 Ounblll cX0XKi, YuM OYKBU 3 HOMepamu 1 1 3, 1110, 3aragom, HEBIPHO.
Jlnst Toro, mo0 YHUKHYTH TaKOi CUTYyallli, BAKOPUCTOBYIOTh TOIOJIOTI0 MEPEXI 3
BEJIMKUM YHCJIOM BHXOJIB, KOJIM KOXE€H BHXII Ma€ CBIM 3MIcT. UnM OLIbIIE



BUXOJIB y Mepexi, TUM OUIbIIa BIACTAaHb MDK KJacaMHM 1 THM CKJIQJHINIE iX
MOTUTYTATH.

Bubip mononoaii mepeorci

Bubupatu tun Mepexi He0OXiIHO BUXOASYH 3 MOCTAHOBKH 3a/1a4l 1 HAsBHUX
JaHWX JUIsi HaB4YaHHsS. /[ HaBUaHHS 3 ydYWMTeNeM NOTpiOHA HAsBHICTH IS
KOXHOTO €JIEMEHTa BUOIPKH «EKCIEPTHOI» OLIHKHU. [HOI oepKaHHs TaKOi OLIHKU
JUI BEJIMKOTO MAcUBY JAHHUX MPOCTO HEMOXKJIHMBO. Y IUX BUMAAKAX MPHUPOIHUM
BUOOpPOM € Mepexa, IO HaBYaeTbCcsl 0€3 yuyuTens, Halpukiad, Taka SK
camoopranizytoua kapra Koxonena abo Helpona wepexa Xonduina. Ilpu
pO3B’sI3aHHI IHIIMX 3a7a4, TAaKUX SK TMPOTHO3YBAHHS YaCOBUX PsIiB, €KCIIEPTHA
OILlIHKA BXX€ YTPUMYETbCA Y BHUXITHUX JTAHUX 1 MOXe OyTHM BHJILJIEHA MPHU IXHIH
o0poOui. Y 1bOMy BHNAJKy MOXHA BHKOPHUCTOBYBAaTH OaraToiiapoBUi
nepuenTpoH adbo mepexy Bopaa.

Excnepumenmanvnuti niobip xapaxmepucmux meperci

[Ticas BuOOpy 3arajibHOi CTPYKTYPH MOTPIOHO €KCIEPUMEHTAIBHO MiAiopaTu
napameTpu Mepexi. s Mepex, moaiOHUX MepuenTpony, e Oy/ie Yucio mapis,
4KciIo OJIOKIB y CXOBaHMX mapax (i mepexx Bopna), HasiBHICT 200 BIACYTHICTD
0OXiTHUX 3'€eIHaHb, TepenaTHi QpyHKIii HelipoHiB. [Ipu BUOOP1 KUIBKOCTI MIapiB i
HEHPOHIB Y HUX BapTO BUXOJAMTHU 3 TOTO, IO 3aTHOCTI MEPEX1 /10 y3arajJbHEHHS
TUM BUIIE, YUM OLIIIIE CYMapHE YUCIIO 3B'SI3KIB MK HeMpoHaMH. 3 1HIIIOTO OOKY,
YUCJIO 3B'A3KIB OOMEXEHE 3BEpXy KUIBKICTIO 3allMCiB Yy HaBYAJIbHUX JaHUX.
ExcnepumenTtansauii minOip mapamerpiB HaBuaHHs Ilicis BUOOpPY KOHKpPETHOL
TOTIOJIOT'1i, HEOOXI1HO BHOpATH MapaMeTpu HaBUYaHHS HEMpoHOi Mepexi. el eran
0COOJIMBO BKIIMBUH 1T MEPEXK, SKI HaBYAOTHCSA C yuuTejaeM. Bij mpaBUIBHOTO
BUOOPY MapaMeTpiB 3ajekaTh HE TUIBKH T€, HACKUIBKH IIBHUIKO BIIIMOBiAI MEpexi
OyIyTh CXOAWTHCS JIO0 TPaBWIBHUX BianoBine. Hampukmam, BuOIp HU3BKOI
IIBUIKOCT1 HABYaHHS 301IBIINTE Yac CXOJKCHHSI, OJTHAK 1HO1 J03BOJISIE€ YHUKHYTH
napaiigyy Mepexi. 30UTbIIEHHS MOMEHTY HaBYaHHS MOXKE IPUBECTH SIK [0
30UTBIIICHHS, TaK 1 JI0 3MEHIICHHS 4Yacy 30DLKHOCTI, y 3aJeXHOCTI Bia (opmu
MOBEPXHI MOXHOKH. BuXoasdym 3 Takoro CynepewinBOro BIUIMBY MapameTpiB,
MOXHa  3pOOMTHM  BHCHOBOK, IO iX 3Ha4eHHA TMOTpiIOHO  BHUOUpaATH
EKCIIEPUMEHTATBHO, KEPYIOUHUCh TPH I[bOMY KPHUTEPIEM 3aBEpIICHHS HABYAHHS
(HarpuKIIa I, MiHIMI3aIlisg MOXUOKK a00 0OMEKCHHS 32 YaCOM HaBYaHHS ).

Bracne naguanns mepesici

Y mpomeci HaBYAHHS MeEpeka Yy BHU3HAYCHOMY TIOPSAIKY TMEPETIisiiae
HaBUYaNbHY BUOIpKY. [lopsaok neperisay Moxke OyTH MOCTIJOBHIM, BUTIAIKOBUM 1
T.1. Mepexi, siki HaBYalOThCs 0€3 yuuTess, NeperiisalaloTh BUOIPKY TITbKU OAUH
pa3. [lpu HaByaHHI 3 yuynuTeneM Mepexa neperiisijiac BUOIpKy MHOKHUHY pa3iB, MpU
bOMY OJINH MOBHUU MPOXiJ MO BUOIPIIl HA3UBAETHCS €MOXOI0 HABYAHHS.

3a3Buyaii HaOlp BUXIIHUX JaHUX MOJUISAIOTH Ha JB1 YaCTUHM — BJIACHE
HaBYaJIbHY BHUOIPKY 1 TECTOB1 AaHl; MNPUHIMUII MOJAUTY MOXE€ OYyTH JOBUILHUM.



HaBuanbHl JaHli 1NOJAOThCS  MeEpexXi JUIsi HaBYaHHS, a MEpeBIPOYHI
BUKOPUCTOBYIOTHCS JJIsl pO3pPaxyHKY IMOXHUOKM Mepexi (IepeBIpOYHI JaHl HIKOJIH
JUIsT HaBYaHHS MeEpeXl HEe 3acCTOCOBYIOTbCA). TakuM UYMHOM, SIKOIO Ha
NEPEBIPOYHUX JIaHUX NOXMOKAa 3MEHIIYEThCA, TO MEpeka MAIIMCHO BHUKOHYE
y3araJibHEHHS.

SIkuro moxubKa Ha HaBYAJIBHUX JIAaHUX MPOJIOBKYE 3MEHIIYBATHUCS, a TOXHUOKA
Ha TECTOBUX JaHMUX 30UIBIIYETHCS, BUXOJUTh, MEpexka IepecTajia BUKOHYBATH
y3arajibHEHHsI 1 TIPOCTO «3amaM'aTOBye» HaByaibH1 AaHl. Lle siBuUIlle Ha3uBaeThHCs
NepeHaBYaHHsIM Mepexi abo oBep(dITTIHrOM. Y TakuMX BHIAJKaX HaBYaHHS
3a3BUYail MPUNUHAIOTH. Y TpoLEcl HaBYaHHS MOXYTb MPOSBUTHUCS IHII
npo0sieMH, Taki SIK mapajid ado BIy4YeHHs MEepexi B JOKAIbHUI MIHIMyM MOBEPXHI
noxu6ok. HemoxnuBo 3a3ganierip NpoOpoOYUTH MPOsB Ti€i abo0 1HIIOI mpobiemu,
TaK CaMo 5K 1 JaTH OJIHO3HAYH1 PEKOMEHAAI1 10 iX pO3B’SI3aHHIO.

llepesipra adekeamuocmi HA8YAHHS

HaBiTe y BUmajaky yCHIIIHOTO, HA TIEPIIUN TOTJISAM, HABYAHHS MEpeka He
3aBXKIM HABYAETHCS cCaMe TOMY, YOro Bia Hei XOTiB TBOpellb. Bimomwuii BUMajoxk,
KOJIM Mepeka HaByaslacs pPO3MI3HAaBaHHIO 300pa)kKeHb TaHKIB MO ¢oTorpadisx,
OJIHAK ITi3HIIIE 3'ICYBaJIOCs, 1110 BC1 TaHKU Oynu coTorpadoBaHi Ha TOMY CaMOMY
TI. Y pe3ynbTari Mepexa «HaBUMJAcs» pO3Mi3HABATU Lied Tumn daHamadry,
3aMICTh TOTO, II00 «HABYUTHUCS PO3IMI3HABATH TaHKHU.

Taxum yrHOM, Mepexa «po3yMie» He Te, 10 Bia Hei 0ysio moTpioHo, a Te, 110
HAWUTIPOCTIIIE y3arajJbHUTH.

2. Jlesiki TUIIM Mepe:K MPSIMOTr0 MOIIMPEHHS
Ilepuentpon Po3enodara

[Tepmoro MoneIr0 HEpOMepek BBaXKaIOTh neprientpoH Pozenbnara. Teopis
NEPIENTPOHIB € OCHOBOIO JJIsi 0araThOX THIIIB IITYYHHUX HEHPOMEPEK MPSIMOTO
MOIIUPEHHS 1 BOHU € KIIACHKOIO JJIsI BABYCHHS.

OpHomapoBuii MEPUENTPOH 3MaTHUW PO3IMI3HABATH HAWIPOCTIMmI 00pasu.
OxpemMuii HEHUPOH OOUYUCITIOE 3BAKEHY CyMY CHUTHAJIB BXIJIHUX €JIEMEHTIB,
Bi[HIMAa€ 3HAYEHHS 3CYBY 1 MPOIYCKAa€ pe3yjbTaT dYepe3 MKOPCTKY IMOPOTOBY
dbyHKITI0, BUXIiJ K01 opiBHIOE +1 un -1. B 3ameHOCTI Bix 3HAaYCHHST BUX1THOT'O
CUTHAITY PUUMAETHCS PIITICHHS

+1 - BXiTHUI CUTHAI HAJICKHUTH J0 Kiacy A,

-1 - BXigHUH cCUTHAJ HAJICKUTH 10 Kiacy B.

Ha puc. 5.1 mnokazaHo cxemMy OJHOIIAPOBOrO NEpUENTPOHa, rpadik
nepematHoi  QyHKIIi 1 cxemMy BHUpPIMIAIbHUX O00JAacTei, CTBOPEHUX Y
0araToBUMIPHOMY MPOCTOP1 BXIIHUX CUTHAIIB. BupimanbHi 00JaCcTi BU3HAYAIOTD,
K1 BXIJJHI 00pa3u OynyTh BIAHECEH1 10 Kiacy A, ski - 10 kiacy B. Ilepuentpos,
0 CKJIAJAa€ThCA 3 OJHOIO HeWpoHa, (opMye [BI BHUpilIaibHI 00JACTi, fAKI
PO3IUICHO T1IEPILIONINHOIO.
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Puc. 5. 1. Cxema HelipoHa, rpadik nepenatHoi QyHKINT 1 moauIsr0Ya
MOBEPXHS

Ha puc.5.1 nokazano BUNaJ0K 3 PO3MIPHICTIO BUXIHOTO CUTHATY - 2.
[Toxinsirtoua MOBEpXHS € MPSMOIO JIHIEIO HA TUIONTUHI. PiBHSIHHS, 1110 3a/1a€
NOAUIAI0YY MPSIMY, 3aJI€KUTh BiJl 3HAYECHb CHHANITUYHUX Bar 1 3CyBY.

AJITOPUTM HABYAHHS OJTHOLIAPOBOIO MEPUENTPOHA

1. [Himianizanis CHHANITUYHUX Bar 1 3CyBY: CHHANTUYHI Baru NpUMMaroTh Mai
BMITaJKOB1 3HAUEHHS.

2. Ilpen'aBineHHs: MepeKi HOBOT'O BX1THOTO 1 6a)kaHOTO BUXITHOTO CUTHAIB:
BXIIHUH cUrHai X=(X1, X2, ..., Xn) IPEASIBISIETHCSA HEHPOHY pa3oM 3 OaXKaHUM
BUXiHUM CUTrHAJIOM d.

3. O0OuuncneHHs BUX1THOTO CUTHATY HEMpOHa:

v - | Swi e - b
=1

4. HanmamryBaHHS 3HaY€Hb Bar:
wi(t+1)=w; (O)+r[d(t)-y(D)]xi (1), =1, ..., N
ae) - {+ 1, BMY ?ﬂ HHEKJ‘IEJC.-&\
-1, erxigHHK Nack
ne W;(t) - Bara 3B'I3Ky BiJ i-r0 €JI€MEHTa BX1JIHOTO CUTHATY J0 HEHpOHA B
MOMEHT 4acy {,
I' - MIBUJKICTh HaBYaHHS (MeHIe 1);
d(t) - GaxxaHuii BUXITHUN CUTHAI.
Sxmo Mepexa npuiiMae MpaBUIbHE PIICHHS, CHHAITUYHI Bard He
MOAU(IKYIOTHCS.
5. Ilepexin 10 KpoKy 2.

Tun eéxionux cuznanie: 6G1HAPHI YU aHAIOTOBI (JIHCHI).

Po3mipnocmi 6xo0y i euxody oOMeXeH1 NIpU MPOTrpaMHiN peamnizallli TUIbKU
MOXJIMBOCTSIMH OOYHUCIIOBAIIBHOT CUCTEMH, Ha SIKIM MOJIETIOEThCS HEUpPOHHA
MepeKa, Py anapaTHId peasizailii - TEXHOJIOTTYHUMHU MOXJITUBOCTAMM.

Ooénacmi 3acmocysanna: po3nizHaBaHHs 00pa3iB, Kiacu(pikallis.



Heooniku. TlpuMiTUBHI MOAUISAIOYl TOBEpXHi1 (TIMEPIUIONIMHU) JAIOTh
MO>KJIMBICTh BUPILIYBATH JIMILE HAUMIPOCTIII 3a/1a4l PO3MI3HaBaHHS.

Ilepesacu. IlporpamHi Ta amapaTHi peanizaiii mojeni npocti. [Ipoctuit i
HIBUAKAN aIrOPUTM HaBYAHHSL.

Mooudghikayii. baratomapoBi NEepUENTPOHU AAIOTh MOXJIMBICTH OyayBaTH
CKJIJH1 MOJUISAI0Y1 MOBEPXHI 1 € OUIBII MOMIHUPEHUMH.

Ha puc.5.2 noka3ana cxema nepienTpoHa 3 JeKiIbKkoMa BXOJaMu Ta
BUXOJaMHU.
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Puc. 5.2. IlepuienTtpoH 3 AeKiJIbKOMa BXOJaMHU Ta BUXOJaMU

HeiipoMepe:xa 3BOPOTHOI0 MOMIUPEHHS MOXUOKHU
(Back Propagation)

Apxitektypa FeedForward BackPropagation Oyma po3po0iieHa Ha HMOYaTKy
1970-x pokiB mekinbkoMa He3ane:xHuMmMHu aBropamu: Bepoop (Werbor); Ilapkep
(Parker); Pymensrapt (Rumelhart), Xiaton (Hinton) ta Bizesamc (Williams). Ha
naHui yac, mapagurma BackPropagation € nonmyisipHOI0, €(pEeKTUBHOIO Ta JIETKOIO
MOJCIII0O  HABYaHHS IS CKJIAQJHHUX, OararomapoBux  Mepex. Bona
BUKOPUCTOBYETHCS B PI3HUX THMAaX 3aCTOCYBaHb 1 MOPOJWIA BEIHUKUN Kiac
HEHpOMEpeX 3 PI3HUMHU CTPYKTYypaMHu Ta METOJaMHU HAaBYAHHSI.

TunoBa wmepexa BackPropagation ™Mae BXiIHUW TPOIIAPOK, BUXITHUHN
MPOIIAPOK Ta MPUHANMHI OJUH MPUXOBAHHUMA TpoIapok. TeopeTndHo, 0OMEKEHb
BITHOCHO YHMCJIa MPUXOBAHUX MPOIIAPKIB HE ICHYE, aje MPAKTUYHO 3aCTOCOBYIOTh
oauH abo aBa. Ha puc. 5.3 npeacrapiieHa cxema 0aratoiapoBoro nepienTpoHa



Puc. 5.3 Cxema 6araTomapoBoro neprenTpoHa

Heliponn opraHi3oBaHO B TOHIAPOBY CTPYKTYPY 3 TPSIMOIO Iepeaaycto
(Bnepen) curHany. KoHUN HEHpPOH MEpeki MPOAYKYE 3BAKEHY CYMYy CBOIX
BXO/IIB, MPOIYCKA€ I[I0 BEIUYMHY 4Yepe3 MnepefaTHy (YHKIIIO 1 BUAAE€ BUXIIHE
3HaueHHsA. Mepexxka MoOXe MojenoBaTH (YHKIII MpPakTUYHO Oyab SIKOT
CKJIQJHOCTI, IPUYOMY YHCJIO MPOIIAPKIB 1 YUCIIO HEHPOHIB Y KOXKHOMY TIPOIIApKy
BU3HAYAIOTh CKJIAIHICTh (PYHKIIII.

BaxauBHUM IpU MOJICTIOBaHHI MEPEKi € BU3HAYCHHS YHCIIa TPOMIDKHHAX
IpOIIApPKIB 1 YKCJIa HEUPOHIB B HUX. BUIBIIICTH TOCTIIHUKIB Ta IHXKEHEPIB
BUKOPHUCTOBYIOTH 3arajibHi MpaBuiia, 30KpeMa:

KinpkicTh BX0/IB Ta BUXO/1B MEPEK1 BUZHAYAIOTHCS KUTHKICTIO BX1THUX Ta
BUXIIHUX MTapaMeTpiB AOCTIIKYBaHOTO 00'€KTY, ABUIIIA, Mpoliecy, Tomo. Ha
BIZIMIHY B1Jl 30BHIIIHIX IPOIIAPKIB, YUCIO HEMPOHIB MPUXOBAHOTO MPOIIAPKY Nppux
00HMpa€EThCS EMITIPUYHUM HIIAXOM. B OLIBIIOCTI BUMTA/IKIB IOCTATHHOKO KUIBKICTh
HEHPOHIB OY/A€ Nupux <= Nex + Ngux, € Nax, Neux - KUIBKICTh HEHPOHIB Yy BXITHOMY 1,
BIJIMTOBIIHO, Y BUXITHOMY IIpOIIapKax.

SKII0 CKIIaIHICTh Y BITHOIICHHI MK OTpUMaHUMH Ta O)KaHUMU JaHUMH Ha
BUXOJI1 301TIBIITYETHCS, KUTBKICTh HEHPOHIB MMPHUXOBAHOTO MPOIIAPKY MOBUHHA
TaKOX 30 UTBIIIUTHUCH.

ko mporiec, Mo MOJETIOETHCS, MOYKE PO3IUIATHCH Ha OaraTo €Taris,
MOTPiOeH AOJATKOBUIA MPUXOBAHHUM MPONIAPOK (TIporapku). SAkio mporiec He
PO3AUIAETHCS HA €TaId, TOJI1 TOJAATKOBI MPOIIAPKH MOKYTh JTOMYCTHTH
nepe3anamM'aTOBYBaHHS 1, BIIMOBITHO, HEBIPHE 3araJibHE PIIICHHS.

[Ticas Toro, sSIKk BUBHAYEHO YUCIIO MPOIIAPKIB 1 YUCIO HEUPOHIB B KOXKHOMY 3
HUX, TOTPIOHO 3HAWTH 3HAYEHHS /IS CHHANTUYHUX Bar i MOPOTIB MEpexi, SKi
CIIPOMO>KH1 MiHIMI3yBaTH MOXUOKY CIIPOTYKOBAHOTO pe3yibTaTy. Came i 1Ihoro
ICHYIOTh aNTOPUTMH HaBUYaHHA, Ji€ BiAOYBAa€ThCS MIATOHKA MOJENI MEpexi 0
HAsBHUX HaBYAIbHMX JaHuX. [loxubka Uit KOHKPETHOI MOJenl Mepexi
BU3HAYAETHCA MIJISIXOM MPOXOHKCHHS Yepe3 MEPEKy BCiX HABUAIBHUX MPUKIIAIIB 1
MOPIBHAHHS CHPOJYKOBAHUX BHUXIIHUX 3HA4eHb 3 OaXaHUMU 3HAUYCHHSIMU.
MHoxuHa TOXHOOK CTBOPIOE (PYHKIIKO TMOXMOOK, 3HAYEHHS $KOI MOXHa
po3rsigaTH, SK MNOXUOKY Mepexi. B skocti ¢yHKIli moxubok HalyacTie
BUKOPHUCTOBYIOTh CyMY KBaJpaTiB MOXUOOK.



JIJis Kpamoro po3yMiHHS ajJropuTMy HaBuyaHHS Mepexi Back Propagation
NOTPIOHO  PO3'ICHUTH TOHATTS TMOBEpXHI cTaHiB. KOXXHOMY 3HayeHHIO
CHHANTHYHUX Bar i MOPOTiB Mepexi (BUIbHUX mapamerpiB moxaeni kiibkicTio N)
BIJIMOBIZA€ OJIMH BUMIp B OaratoBuMmipHoMy mpoctopi. N+1-uii Bumip Biamosinae
noxu6ui Mepexi. JlJig piI3HOMaHITHUX CIIOJIYYeHb Bar BIJINOBIIHY MOXUOKY Mepexi
MOKHa 300pa3utu Toukoro B N+1-BUMipHOMY IpOCTOpi, BC1 L1 TOYKH YTBOPIOIOTH
JesIKy TIOBEPXHIO - TOBEPXHIO CTaHiB. MeTa HaBYaHHS HEHPOMEPEXKi IMOJIATAE B
3HAXOJI’)KEHH1 Ha 0araTOBUMIpHIM MOBEPXH1 HATHM)KUOT TOUKH.

[loBepxHs cTaHIB Mae CKJIaJHy OyJOBY 1 JOCHUTh HENPUEMHI BIACTUBOCTI,
30KpeMa, HasgBHICTh JIOKAIbHUX MIHIMYMIB (TOUKH, HAHM)K4Yl B CBOEMY MEBHOMY
OKOJI1, aje BHUIIl BiJ INIOOAJIBHOTO MIHIMYMY), TUIacKl AUISHKH, CIIUIOB1 TOYKH 1
JOBI'l  BY3bKl sSIpM. AHQIITUYHHUMHU  3aco0aMH  HEMOXJMBO  BU3HAYUTHU
pO3TalllyBaHHsS TJIOOQJIBHOIO MIHIMyMY Ha IOBEpPXHI CTaHIB, TOMY HaBYaHHS
HeHpoMepeki Mo CYTi MOJSATae B JOCTKEHHI 111€1 MOBEPXHI.

BinmToBxyrounuch BiJ 1MOYaTKOBOI KOH(irypamii Bar 1 ToporiB (Bif
BUTIQJIKOBO 00paHOi TOYKM Ha TMOBEPXHi), ajlrOpPUTM HABYAHHS ITOCTYIIOBO
BIIIIYKY€e Ti00anbHUi MIHIMyM. OOYHUCIIOETBCS BEKTOP TPAIIEHTy MOBEPXHI
NOXHOOK, SIKUH BKa3ye HANMPSMOK HAWKOPOTIIOrO CITYyCKY IO TIOBEPXHi 3 3a/JaHOl
TOYKH. SIKIIO TPOIIKK MPOCYHYTUCH N0 HHOMY, TIOXHOKA 3MEHIIMTHCSA. 3PEIITOO
QITOPUTM 3YIUHIETHCS B HIDKHIN TOYIll, IO MOXE BUSBHUTUCH JIUIIC JIOKAJTHHUM
MIHIMYMOM (B i7icaIbHOMY BHUIIAJIKy - TJI00QJIBHUM MIiHIMYMOM).

CkagHICTh ToJsTae y BUOOP1 TOBKUHM KPOKiB. [Ipu Benukiit JOBXKUHI KPOKY
30DKHICTH Oyzie MIBUAIION, aje € HeOe3neKa nepecTpuOHyTH pillieHHs, abo MIiTH B
HENPAaBWIBLHOMY HarpsiMKy. [Ipu ManeHbKOMY KpOIli, MPaBUILHUN HaNpsIMOK Oyje
BUSIBJICHO, aJIe 3pOCTa€ KUIBKICTH iTepariii. Ha mpakTuii po3mip Kpoky OepeThcs
IPOTOPIIMHAM KPYTH3HI CXHIIY 3 JESIKOK KOHCTAHTOIO - IIBHUIKICTIO HaBYAHHS.
[IpaBunpHUIT BHUOIp MIBUJIKOCTI HABUYAHHS 3JICKHUTHh BiJ KOHKPETHOI 3amayi i
3MIMCHIOETHCS JOCHITHMM IIIAXOM. LI KOHCTaHTa MOXKE TaKOXX 3aJeKaTH Bil
9acy, 3MEHIIYIOUHCH 1O Mipi IPOCYBAHHS aJTOPUTMY.

AJNTOpPUTM Ji€ ITEpaTUBHO, HOTO KPOKM HA3WBAIOTHCA ernmoxaMu. Ha koxkHii
ernoci Ha BXIJ MEpeXi Mo 4ep3l MOJal0ThCs BCl HaBYAJIbHI NMPUKIAIN, BUXIIHI
3HAUEHHS MEPEXi TMOPIBHIOIOTHCA 3 OaXKaHUMHU 3HAYCHHSIMH 1 OOYHUCIIOETHCS
noxuOka. 3HAYeHHS TMOXMOKH, a TaKOX TpaJIEHTy TOBEPXHI CTaHIB
BUKOPUCTOBYIOTh JUIsI KOpEKINii Bar, 1 Aii moBTOprorOThcs. [Iporiec HaBuaHHS
MPUIHUHSIETHCS a00 KOJU MpOiiIeHa BU3HAYEHA KUTBKICTh €M0X, a00 KO MoXuOKa
J0CATa€E BU3HAYEHOTO PIBHS MajocCTi, a00 KOJIM MOXHOKa MepecTae 3MEHIIyBaTHCh
(koprCcTyBau IEpPEeBaXXKHO caM BUOWpAE MOTPIOHMUIN KPUTEPIiid 3yITUHKH ).

AJITOPUTM HABYAHHS Mepeki

1. Tmimiamizamist Mepesxi: BaroBi Koe(irieHTH 1 3CyBU MEPEXi MPUHMAIOTh
MaJil BUIIAIKOB1 3HAYEHHS.

2. BuzHaueHHs eleMeHTa HaBYaJbHOT MHOKUHM: (BX1]1 - BUX11). Bxoau (Xi,
X2... XN), TOBUHHI PO3PI3HATUCS AJISI BCIX MPUKJIIA/IB HABYAIbHOT MHOXKHUHHU.

3. O64uCIeHHS BUXITHOTO CUTHAITY:



M =1
S"-m N _Zw'{m-}:mﬁ—i F".m—l _b".m
fm-1
Yim= f(Sjm)
in=1, 2, ..., Nm,m=1,2, ..., L

ae S - BUXijJ cymaropa, W - Bara 3B'I3Ky, Y - BUX1J HepoHa, b - 3cys, I -
HOMep HelipoHa, N - UnciIo HEWpOHIB y MPOIIAapKy, M - HOMep Npomapky, L -
4KCII0 Tpomapkis, f- mepenatHa GyHKIis.

4. HanamTyBaHHs CHHANTUYHHUX Bar:

wij(t+1)=wii(t)+r gix'

7€ Wij - Bara BiJ He#poHa | a0o BiJ| €IeMEHTa BXiTHOT'O CUTHAIY | 10 HeHpoHa
J Y MOMEHT 4acy t, X;' - BUXiJ HeWipoHa I, I' - IBUAKICTh HABYAHHS, Jj - 3HAYCHHS
MOXUOKH JIJIs1 HEHpOHa |.

SIKII0 HEHPOH 3 HOMEPOM | HAJICKUTh OCTAHHBOMY MPOIIAPKY, TOII

gi=Yi(1-y)(di-y;)

ne dj - OaxxaHuii BUXij HEHpPOHA |, Yj - TOTOYHHI BUXI1] HEHPOHA |.
SIKIIO HEHPOH 3 HOMEPOM | HAJIEXKHUTh OJJHOMY 3 MPOIIAPKIB 3 MEPIIOTO MO
nepeaoCTaHHI#, Toi
g_}' = X_}'(l - X_});gkw_}k

ne k mpobirae Bci HEHpOHH MPOIIAPKY 3 HOMEPOM Ha OJUHHMIIIO OLTbINE, HIK Y
TOr0, KOTPOMY HAJICKUTh HEHPOH J.
30BHIIIHI 3CyBH HEHPOHIB D HAIAIITOBYIOTHCS aHAJIOTTYHIUM 00pa3oM.

Tun exionux cuznanie: U1l YA JTIACHI.

Tun suxionux cuznanie: AIVMCHI 3 IHTEpPBaIy, 3aJIaHOTO IEPEIATHOIO
byHKITI€I0 HEUPOHIB.

Tun nepedammnoi @ynkyii: curmoiganpHa. CurmoiganpHi (QyHKHOIT €
MOHOTOHHO 3POCTAalOYUMHM 1 MalOTh BIIMiHHI BiJl HYJS IOXiAHI 1O BCid 00JacTi
Bu3HaueHHs. [li XxapakTtepucTuku 3a0e3MeuyroTh NpaBWIbHE (PYHKI[IOHYBaHHS 1
HaBYaHHS MEPEXI.

Oéaacmi 3acmocyeanna. Po3nizHaBanHs 00pa3iB, knacudikaris,
MPOTHO3YBaHHH.

Heooniku. Huzbka MIBUIKICTh HABYAHHSL.

Ilepesazu. EdexktuBHUN Ta TMONYIAPHUNA aNTOPUTM JUISL  BUPIMICHHS
YHUCIICHHUX TPAKTUIHUX 3a/1a4.

Moougpixkayii. Monudikanii anroputMy 3BOPOTHOIO MOIIMPEHHS 3B'sI3aH1 3
BUKOPHUCTAHHSAM Pi3HUX (YHKIIH TOXHOKH, PIZHUX TMPOUEAYP BHU3HAUCHHS
HAIPSAMKY 1 BETUIHHHU KPOKY.

Mepe:xa Delta Bar Delta



Mepexa Delta bar Delta 0ymna po3pooiiena Podeprom [Ixekoocom (Robert
Jacobs), 54 nomdinieHHs OUiHKY HaBuaHHA ctaHnapTHux mepex Feed Forward i e
Moaudikauiero mepexi Back Propagation.

IIponienypa Back Propagation 0a3zyeTbcsi Ha MiIXOA1 KPYTOr'O CITYCKY, MIO
MIHIMI3y€ MOXMOKY MEpexi Mij yac Mpouecy 3MIHU CUHaNTUYHUX Bar. CTaHaapTHI
OLIIHKM HaBYaHHS 3aCTOCOBYIOTbCS Ha Oasuci "map 3a mapoM" 1 3HAYEHHS
MOMEHTY TPHU3HAYAIOTHCS TJIO0ATHHO. MOMEHTOM BBaXa€ThbCs (aKTOp, IO
BUKOPUCTOBYETHCS JUTSl 3TJIA)KyBaHHS OI[IHKM HaBYaHHS. MOMEHT JOJAETHCS [0
CTaHJAapTHOT 3MIHU Baru 1 NPOMOPLIHHUHI 10 MONEPEIHbOI 3MIHU Baru.

Xoya 1€l MeToj YCHIIIHWK Yy po3B’s3aHHI Oaratbox 3ajay, 301KHICTH
OpoUeypyu 3aHaATO TMOBUIbHA JJIsi BukopuctanHs. Delta bar Delta wmae

"HedopMaTbHHMI" MIAXi 10 HaBUAHHS IITYYHHX MEPEXK, MPHU SIKOMY KOKHa Bara

Ma€ CBI BIacCHUH camoaanToOBaHWUK (aKTOp HABYAHHA 1 MHHYJI 3HAYCHHSI
NOXUOKH BUKOPUCTOBYIOTHCS JIII OOYHMCICHHS MaWOyTHIX 3HAaYeHb. 3HAHHS
NMOBIPHUX MOXMOOK JO3BOJISIE MEpEXKl POOUTH 1HTENIEKTYyallbHI KPOKHU TMPHU 3MiHI
Bar, ajie MpoIeC YCKIAJHIOETHCS THM, IO KOKHA Bara MOXe MaTH 30BCIM Pi3HUMN
BIUIMB Ha 3arajbHy MmoxuOky. J[[ekoOc 3amporoHyBaB TOHATTSA '3I0POBOTO
riy3ay", KOJM KOXHa Bara 3'€JHAHHS MEpEKi MOBMHHA MAaTH BJAcHYy OIHKY
HaBYaHHSA, a pO3MIp KPOKy, IO NpPH3HAYCHUN OJHIN Ba3i 3'eqHAHHSA HE
3aCTOCOBYETHCS JIJIsl yCiX Bar y mapi.

Oninka HaBYaHHS OYJb-sIKOi Baru 3'€HAHHS 3MIHIOETHCI Ha OCHOBI
iHbopMaIlii mpo MOTOYHY MOXUOKY, 3HaMaAeHOi 31 cTaHaapTHOI Backpropagation.
Skuo nokanbHa MOXMOKAa Ma€ OJHAKOBHM 3HAK JUIsl JIEKUIBKOX MOCIIIOBHUX
JacOBUX KPOKIB, OIlIHKA HaBYaHHS JJIS I[bOTO 3'€HAHHS JIHIMHO 30UTBIIY€ETHCS.
SAxio JokaibHa MOXHOKa 4YacTO 3MIHIOE 3HAK, OIlIHKAa HaBYaHHS 3MEHIYETHCS
TCOMETPUYHO 1 I TapaHTye, IO OIIHKA HaBYaHHA 3'€AHAHHA OYyIyTh 3aBXKIU
nogatHUMH. OLIHKaM HaBYaHHS JO3BOJIEHO MIHATHUCS B Yacl.

[Ipu3HavyeHHsT OIIHKKM HABYAaHHS 10 KOXKHOTO 3'€THAHHS, JO3BLI Ii OIlIHII
HaBYaHHS HEMEPEepPBHO MIHATHCS 3 YacoM OOYMOBIIOIOTH 3MEHIICHHS Yacy
301KHOCTI.

3 po3pilllcHHSAM PI3HUX OIIHOK HaBYaHHS JJIs1 Oyab-siKO1 Bard 3'€THaHHS B
MepEexXi, MONTyK KPYTOrOo CIYyCKY MO)KE€ HE BUKOHYBAaTHCA. 3aMiCTh IIbOTO, Barw
3'€IHAHb 3MIHIOIOTHCS HAa OCHOBI YaCTOK MHOXITHHUX ITOXWUOOK I[OZO caMol Baru i
OI[IHKK "KPWUBHU3HU TOBEPXHI MOXUOKU" MOOJM3Yy MOTOYHOI TOYKH. 3MIHU Bar
BiJIMTOB1Tal0OTh OOMEKEHHIO MICIIEBOCTI 1 BUMAararmTh iH(QOpPMaIIio BiJl HEHPOHIB, 3
SIKAMH BOHH 3'€JHAHI.

IlepeBaru. ITapagurma Delta Bar Delta € cnpo0oro mpuckopuT Tporec
30DKHOCTI alNTOPUTMY 3BOPOTHOTO TOIIUPEHHS 32 PaxXyHOK BHKOPHUCTAHHS
70/1aTKOBOI iH(OpMaIlii mpo 3MiHy MapaMeTpiB 1 Bar Mij] 9ac HaBYaHHS.

Henoaiku

* Hapith HeBenuke JiHIMHE 301IbIIEHHA KOe(illlEHTa MOXE MPUBECTH 0
3HAQYHOT'0 POCTY IIBUIKOCTI HABYAHHS, 1[0 BUKIIUKAE CTPUOKU B IPOCTOPI Bar.

* 'eoMeTpuyHe 3MeHIIEHHS KoedilieHTa 1HOA1 OyBa€ HEIOCTATHBO IIBUIKHM.



Mepeska cipsiMOBaHOI0 BUIIA/JIKOBOTI'0 MOIIYKY

Mepexa cnpsimoBanoro umnajgkoBoro momyky (Directed Random Search),
BUKOPUCTOBY€E cTaHJapTHY apxiTektypy FeedForward, mo He 0a3yeTbcs Ha
anroputMi  BackProragation 1 KOpekTye Baru BUIIAJKOBUM YHHOM. Jlid
3a0€3IeUeHHs] TIOPSIAKY B TaKOMY IPOIIECI, O BHUMAJAKOBOTO KPOKY JI0JAETHCS
KOMIIOHEHT HalpsIMKYy, II0 TapaHTy€e HAMpsIMOK Bar J0 MONEPEAHBO YCIIIIHOTO
HaIpsMKYy TMOIIYKYy. BIUIUB Ha HEHpOHM 3MIMCHIOETHCS OKpeMo. Jlis 30epekeHHs
Bar ycepeanHi KOMITAKTHOI 00J1acTi, /e aJlTOPUTM Mpaltoe 100pe, YCTaHOBIIOIOTh
BEPXHIO T'PAHUIII0 BEJIMUUHM Bar. Y CTAaHOBJIFOIOUM TPAHUIIl Bar BEJIMKUMHU, MEPEXa
MOE TMPOJOBXKYBATH TMPAIFOBATH, OCKUIBKU JIMCHUN TJI00QJIBHUN ONTUMYM
3QJIMIIAETHCS] HEBIIOMUM.

[HmIoI0 0COONMMBICTIO TpaBWia HABYaHHS € TOYaTKOBAa BIAMIHHICTh Yy
BUIAJIKOBOMY pO3MOJAUIT Bar. Y OUIBIIOCTI KOMEPLIMHUX MaKeTiB ICHYeE
pPEKOMEHI0BaHEe PO3pOOJIFOBaYEM YMCIIO JIJIsl MapaMeTpa MOYaTKOBO1 BIAMIHHOCTI.
[Tapagurma BUIAIKOBOTO TOIIYKY Ma€ KijdbKa BaXJIMBUX puc. BoHa mBuaka i
JierKa y BUKOPHUCTAHHI, HaWKpalill pe3yJbTaTH BUXOASATh, KOJU TOYATKOBI Baru
3HAXOATHCS OJM3BKO J0 Hakpamux Bar. [IIBuakoro mapagurma € 3aBIsKd TOMY,
110 JIJIs MPOMDKHUX HEUPOHIB MOXUOKN HE OOUYUCITIOIOTHCS, @ O0UHCITIOETHCS JTUIIIE
BUX1IHA TOXMOKA. AJNITOPUTM J1a€ eeKT JIMIIE B HEBEIUKIA MEPEexkKi, OCKUIbKH MIPH
30UTBIIEHH] 4YHClIa 3'€lHaHb, MPOIEC HABYAHHS CTa€ JOBI'MM 1 BaXKuUM. IcHye
yomupu KIO408UX KOMHOHEHMU Mepexci 3 BUIMAIKOBUM TmomykoM. lle -
BUNAJKOBMI KPOK, KPOK peBepCyBaHHsSl, CHPAMOBAHHII KOMIOHEHT i
CAMOKOPUTIYBAJILHA BiIMiHHICTb.

Bunaoxosuit kpok. J1o Oynb-siK0oi Baru JOJa€ThCS BUIIAKOBA BEJIMUUHA. Y CA
HaBYaJIbHA MHOXKMHA TIPOIYCKAETbCA Yepe3 MEPEeXy, CTBOPIOIOYU "MOXHOKY
npopokyBaHHs". SIKIIO HOBa 3arajibHa MOXMWOKa HABYAJIbHOI MHOKWHU MEHIIIA HIX
NonepeiHsl HaMKpama MmoxuOka MPOPOKYBAHHS, TOTOYHI 3HAYEHHS Bar, IO
BKJIIOYAIOTh BUITQJIKOBUH KPOK, CTalOTh HOBOIO MHOKMHOIO "Halkpamux" Bar.

[ToTouna moxuOka MPOPOKYBaHHs 30€piraeThCs SK HOBA, HaMKpalia Mmoxuoka
MIPOPOKYBAHHS.

Kpok peeepcysanna. Slxumo pe3ynbTaTd BHUMNAJAKOBOTO KpPOKY TipIIi
MoNepeHbOT  HaWKpaloi IMOXMOKH, BHUIIAJKOBAa BEIWYMHA BITHIMAETBCA BIJ
MIOYaTKOBOI'O 3HA4YeHHs Baru. lle CTBOpIOE MHOXHHY Bar, 1[0 3HAXOJATHCS B
MPOTHUIIC)KHOMY HANPsIMKY 10 MOMEPEIHbOTO BUMIAJKOBOIO KPOKY. SKIIIO 3araibHa
" moxuOKa MPOPOKYBaHHA" MEHINE TOMEPEIHhOI HANKpaIioi MOXUOKH, TOTOYHE
3HAUEHHS Bar 1 MOTOYHA TOXMOKa MPOPOKYBAaHHS 30€piraroThCs SK HaWKparil.
Sxmo 1 mpsAMuil 1 3BOPOTHHUI KPOKW HE TMOMIMIIYIOTH PE3yNbTaT, A0 HaWKpammx
Bar JI0JIa€THCS MIJIKOM HOBAa MHOXKMHA BUTMAJKOBUX 3HAYCHB 1 IPOIIEC MTOYMHAETHCS
CIIOYATKY.

Cnpamosanuit komnonenm. J{ns 301)KHOCTI MEPEX1 CTBOPIOETHCSI MHOXKHHA
CIPSIMOBAHUX KOMIIOHEHTIB, OTPUMaHUX 3a pe3yJibTaTaMU MPSAMOTO 1 3BOPOTHOTO
KpokiB. CrpsIMOBaH1 KOMIIOHEHTH, LI0 BiIOOPAXKAIOTh JIAHIIIOT YCIiXiB a00 HEBIaY
MonepeAHIX BUMAJAKOBUX KPOKIB, JOJAIOTHCA 10 BUIMAJKOBUX KOMIIOHEHTIB Ha



KOXKHIM KpOIll Tpolueaypu 1 3a0e3meuyloTh €JIeMEHT "3A0pOBOro riay3ay" y
MOIIYKY.

JloBeneHo, 110 O0JaBaHHS CHPSMOBAaHUX KOMIIOHEHTIB 3a0e3leuye pi3ke
MIJBUILIECHHS €(DEKTUBHOCT1 AITOPUTMY.

Camoxopuzyeanvna 6iOMiHHicmb. BU3HaudaeTbcs MapaMeTp NOYaTKOBOI
BIIMIHHOCTI [JIsl KEPYBaHHS NOYAaTKOBUM PO3MIPOM BHUIAJAKOBUX KPOKIB, IO
JOMAE€ThCSl O Bar. AJAanTUBHUM MEXaHI3M 3MIHIOE TMapaMeTp BIAMIHHOCTI, IO
0a3yeTbcsi Ha TMOTOYHIM OWIHII ycmixy abo HeBaaui. IlpaBuiio HaByaHHS
MPUIYCKae, 110 MOTOYHUN PO3MIP KPOKIB JJIS Bar y MPaBUIBHOMY HAaNpSIMKY
30UTBIIY€EThCA JUISl BHUIAJKY JACKUIBKOX MOCHIIOBHUX ycmixiB. HaBmaku, sKIo
BiIOyBa€TbCsl KUIbKA TMOCHIOBHUX HEBAA4Y, BIIMIHHICTb 3MEHIIYEThCS IS
3MEHILIEHHS pO3MIPY KPOKY.

IlepeBarun. Jlis HEBENMKUX 1 CepeAHIX HEUpPOMEpPEeXkK, CHpSIMOBaAHUMN
BUIIAJKOBUNA TIOIMIYK Ja€ TapHl pe3yibTaTd 3a KOpoTkuil dyac. Hapuanus
aBTOMaTUYHE, BUMArae HEBEJIMKOI B3aEMO/IIi 3 KOPUCTYBAYEM.

Henoniku. KinbkicTh Bar 3'¢JHaHb HaKIaJa€ MPAKTUIHI OOMEXEHHS Ha
po3Mmip 3amadi. ko mepexa mae Outbie unMm 200 Bar 3'eHaHb, CIIPSIMOBAHUHN
BUTIAJKOBUN TIOMIYK MOXKE BUMaraTd 30UIBIIEHHS Yacy HaBYaHHS, aje
NPOJYKYBaTH MPUMHATHI PIILICHHS.
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