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BCTYII

Ha monepenHix jdekUisiX MM BUBYWIM LIO TAaKe MalIMHHE HaBYaHHS, HOro
CKJIaJIOB1, MPOBEIU KiIacU(]PIKAIlil0 METOJIB MAIIMHHOTO HAaBUAHHS Ta PO3TJISHYIN
METO/IM KJIACHYHOT'O HAaBYaHHS.

MeTa MAIIMHHOT0 HABYAHHSA - MEpeI0aYUTH PE3yJIbTaT 33 BXIAHUMHU JAHUMHU.
YuM pi3HOMAHITHILI BXIJHI JIaHl, TUM MPOCTIIIE MAIINHI 3HANTH 3aKOHOMIPHOCTI 1
TUM TOYHIIIHUNA PE3YNbTAT.

3ragyiite, SKIIO MU XOYEMO HABUMTH MAIIMHY, HAM MOTPIOHI TpU pedi: AaHi,
03HAKH, AJITOPUTMH.
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Neural Networks

«Y Hac € Mepexa 3 TUCSYl IIapiB, JECATKH BICOKapT, aje MU BCe IIE HE
npuIyMaiu e e Moxe 0yTu kopucHuM. Hexait mamoe KOTHKIB! »
CpOroiHi BUKOPUCTOBYIOTD JJISL:
3amiCTh BCIX NEPENIIYEHUX BUIIE AJITOPUTMIB
Buznauenns 00'exTiB Ha (GOTO 1 BiJIEO
Po3nizHaBaHHS 1 CHHTE3 MOBU
O6po0Oka 300pakeHb, IEPEHECEHHS CTUITIO
MamHHuM epeKIIan
[Momynsapui apxitexktypu: Ileprientpon, 3roptkoBi Mepexi (CNN), PekypeHTHi
Mepexi(RNN), ABToeHkoaepu
bynp-sika Helipomepexa - 11e HaOlp HEHPOHIB 1 3B'S3KIB Mk HUMH. HelpoH
HaWKpale ysBISITH co0l MPOCTO K (PYHKIIIO 3 KYyMOK BXOJMIB 1 OJIHUM BHUXOJOM.
3aBaaHHs HEHpPOHA - B3SATH IUGPH 31 CBOIX BXO/IIB, BUKOHATH HAJl HUMU (DYHKIIIIO 1
BIJIIaTH pe3ysbTaT Ha BuxiA. [IpocTuil mpukiag KOpUCHOrO HEMpoHa: 3HAUTH CyMy
BCIX LUMp 31 BXOAIB, 1 SIKIIO iX cyMa Outblie N - BUJATH HA BUXIJ OAUHUIIO, 1HAKIIIE
- HYJIb.
3B'I3KM - 1€ KaHalM, Yepe3 sIKl HeMPOHM 1UTI0Th OJUH oJHOMY Hubpu. Koxen
3B'I30K Ma€ CBOKO Bary - ii €QUHUN IapaMeTp, KU MOKHAa YMOBHO YSBUTH SIK
MilHICTh 3B's3Ky. Konu uyepes 3B'si30k 3 Baroro 0,5 mpoxoauts uucino 10, BOHO
nepeTBoproeThes B 5. Cam HEMpPOH HE PO30OUPAETHCS, 10 JO HHOTO MPUHIIIO 1 CyMy€e
BCE TIPS - OCh Bard i moTpiOHI, 100 KepyBaTH Ha sIKI BXOJM HEHWPOH MOBHUHEH
pearyBaTH, a Ha fIKi - Hi.

10%0.5 + #x1.0 + 3%x0.1

[I1o6 mepeska He TTepeTBOPUIIACS B aHAPX1I0, HEWPOHH BUPIIIWIIN TTOB'SI3yBaTH HE
K 3aX0YEThCs, a 1o mmapax. Bcepenuni oqHOTO 1I1apy HEWPOHH HISK HE TOB'S3aHi,
asie 3'€JlHaHl 3 HEMPOHAMU HACTYITHOIO 1 oNepeaHboro 1mapy. /lani B Takiii Mepexi


https://en.wikipedia.org/wiki/Perceptron
https://en.wikipedia.org/wiki/Convolutional_neural_network
https://en.wikipedia.org/wiki/Recurrent_neural_network
https://en.wikipedia.org/wiki/Recurrent_neural_network
https://en.wikipedia.org/wiki/Autoencoder

WAyTh CTPOrOo B OAHOMY HAmNpsSIMKY - BiJ BXOJIB MEPIIOrO MIapy 10 BUXOJIIB
OCTaHHBOTO.

SIKIO CTBOPUTH JOCTATHIO KUIBKICTH IMapiB 1 MPaBWJIBHO PO3CTABUTH Bard B
Takii MepeXi, BUXOIUTh HACTYIIHE - TOJABIIM Ha BXiJ, CKaXiMO, 300pakKeHHs
HaInucaHoi Bi pyku mudpu 4, YOpHI MIKCEI aKTUBYIOTh MOB'I3aH1 3 HUIMU HEHPOHH,
T1 aKTUBYIOTh HACTYIIHI IIAPH, 1 TaK Jaji 1 Jaji, MOKH B Pe3yJIbTaTli HE BUCBITIIMTHCS
TOW caMMi BUXI1J, IKMI BIJIIOBIJIa€ 3a YETBIPKY. Pe3ynbraT nocaruyro.
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‘Bam&omro'euﬁ. Th.rlbwn’.ron (mCP)

VY peanbHOMY MNporpaMmyBaHHI, OYEBHJIHO, >KOJHUX HEUPOHIB 1 3B'A3KIB HE
NUIIYTh, BCE 300paXat0Th MATPUISIMU, TOMY 110 MOTPiOHA MIBUIKICTb.

Taka Mepexa, e € JAEKUIbKa MIApiB 1 MDK HHUMH TMOB'S3aHI BCl HEUPOHH,
Ha3uBaeThes nepientponoM (MLP) 1 BBakaeTbest HAUTIPOCTIIION APXITEKTYPOIO JJIs
HOBAYKiB. Y OOMOBHX 3a/1a4aXx 0COOUCTO 51 HIKOJIM 11 HE 3yCTpivuaB.

Konu mu noOynyBanu mMepexy, Halla 3ajjadya Tak MPaBUJIbBHO PO3CTaBUTH Barw,
00 HEMPOHM pearyBaiu Ha moTpiOH1 curHamu. TyT moTpiOHO 3rajarty, 1o y HAC kKe
€ JaHl - TPUKIATU «BXOJIB» 1 MPaBWIBHUX «BUXOMIB». bynaemo mnokaszyBatu
HeHpoMepeKi MaIOHOK Ti€l kK 1udpu 4 1 TOBOPUTH «1OOyAy#H CBOi Barv Tak, o0
IIPU TAKOMY BXOJ1 Ha TBOEMY BUXO/I1 3aBXK/IH CliajlaXyBaJjia YETBIPKay.

CnoyaTky BCl Baru MpOCTO PO3CTaBJIEHI BHUIIAJKOBO, MU IOKa3yeEMO MEpPExi
uu@dpy, BOHA BUAAE IKYCh BUIIAJIKOBY BIAIMOBIIb (Bar kK€ HEMae), a MU MOPIBHIOEMO,
HACKUIbKU pe3yibTaT BIAPIZHAETHCS Bl NOoTpiOHOTO HaMm. [loTiMm Higemo mo Mepexi B
3BOPOTHOMY HAIPSIMKY, BiJl BUXOIB JIO BXO/IIB, 1 TOBOPUMO KOXXHOMY HEMPOHY - TaK,
TH OCh TYyT YOTOCh aKTHBYBAaBCs, uepe3 TeOe Bce MINLIO He Tak, jJaBail TH Oyzell
TPOXHU MEHIIE pearyBaTH Ha OCh LIeW 3B'A30K 1 TPOXH OLIbIIE HA OTOM, OK?

Uepes THUCSY CTO TaKWX IUKIIIB «IPOTHAIHU-TIEPEBIPUITU-TIOKAPATIA» € HAis, 1110
Bard B MEPEXl BIJIKOPUTYIOThCS Tak, SK OM MU XOoTutd. HaykoBo 1iedt miaxin
HasuBaeThess Backpropagation abo «Metoa 3BOPOTHOrO MOUIHUPEHHS TTOMUIIKID.



https://en.wikipedia.org/wiki/Multilayer_perceptron
https://en.wikipedia.org/wiki/Backpropagation

[{ikaBo Te, 1m0 MO0 BIIKPUTH LEH METOJA 3HAAOOMIOCS OBAIIATh POKiB. Jlo HHOTO
HelipoMepeski HaBYaIM K MOTJIH.

JloOpe HaBYeHa HeWpoMepeka MOTja MPUKUIATHCS OyIb-SKHUM aJTOPHUTMOM 3
BMBUCHUX HaMH, a YacTO TpallloBaTH HaBiTh TouHime. Taka yHiBepcalabHICTH
3pobuiaa HeWpoMepexl ayxke MNomyasipHuMH. HapemTi y Hac € apXiTekTypa
JIIOJICBKOTO MO3KY, TOBOPHJIM BOHH, IOTPIOHO MPOCTO 310paTu Oarato mapiB 1
HABUYUTH iX Ha OyIb-SKHX JAaHUX, CIOJiBaIucs BoHU. [loTiM modanacs mepiia 3uma
LI, moTim BijyIHTa, TOTIM IPyTa XBUJISI pO3YapyBaHHS.

BusBunocs, mo sl HaBYaHHS MEpEXi 3 BEJIMKOK KUIBKICTIO IMapiB Oynim
nOTpiOHI HEMOXJIMBI Ha Ti YacH TMOTYXKHOCTI. 3apa3 OyIb-sKe IrpoBe BIIpO 3
xupopcaMu MEPEBUILYE MOTYKHICTh TOAIMIHBOTO JaTalleHTpy. To/i HaBiTh HAfIl Ha
e He 0yJio, 1 B HeMpoMepekax BCi IyKe CUIILHO PO34apyBaJIUCS.

VY cepenuni 2000-x pokiB, y MalllMHHOMY HaBYaHHI PO3MoYaiacs peBOIoNis. Y
2005-2006 pokax rpymu JOCHIIHUKIB mijg kepiBHULTBOM [Ixeddpi XinToHa
(Geoffrey Hinton) B yHiBepcuteri Toponto ta Momya Benmxi (Yoshua Bengio) B
yHiBepcuTeTi MoOHpeanss HaBUYWJIMCA HaBYaTH TIMOOKI HeMpoHHI Mepexi. [ 1e
MEepPEeBEPHYJO0 BECh CBIT MAIIMHHOrO HaBuaHHa! Temep y Halpi3HOMaHITHIMIMX
MPEIMETHUX O0JacTsAX HaWKpallll pe3yabTaTH BUXOJATH 3a JIOMOMOTOI TIUOOKHX
HEHpOHHUX MepexX. OIHUM 13 NepIIUX TyYHHUX [POMHUCIOBHX YCHIXIB CTajlo
pO3Ii3HaBaHHSI MOBHU: pO3po0JeHl rpynor XiHTOHA TITUOOKI MEPEeXi TyKe HIBUIKO
paJMKaIbHO MOKPAIIWJIA PE3yJbTaTH PO3MI3HABAHHS B MOPIBHSIHHI 3 KJIACUYHUMHU
MIJX0/IaMH, 10 BIITOYYBAIHUCS JECITIIITTSAMU, 1 ChOTOJIHI OyJb-sIKUM pO3Mi3HaBady,
BKJIIOUAIOYM T0JIOCOBI MoMiuyHUKK Ha kmtant Apple Siri 1 Google Now, mpaitoe
BUKJTFOYHO Ha TJIMOOKWX HEHPOHHHMX Mepekax. A 3apas, JIOAW HABUMJIUCS HaBYATH
pi3HI apXITEKTypH TITUOOKHX HEHPOHHHUX MEPEXk, 1 TI BUPIMIYIOTH aOCOJIOTHO Pi3HI
3aBJaHHS: BIJ PO3Mi3HABaHHSA 00JMY A0 BOJIIHHSA aBTOMOOLTIB Ta rpu B [ 0.

Ane imei Oumbmocti Takux Mozenei 3'spwimca me y 80-90-x pokax XX
CTOJITTS, @ TO ¥ panime. [IITy4Hi HEHPOHHI Mepexki CTaau MPEeIMETOM JIOCHII>KEHb
Jy’K€ JaBHO; BOHM OyiM OAHIEIO 3 Mepmux Ao0pe ohopMIICHHX i€l MITy4HOTrO
IHTEJIEKTY, KOJIU W CJIB TaKMX — IITYYHUN IHTEJIEKT» — IIIe HIXTO HE 4yB. AJe 3
nodatky 90-x pokiB XX CTOJNITTS 10 CEPEAMHHN HYJIbOBHUX IIHOTO HEHPOHHI MEpPExKi
Oynu, M'AKO KaXy4du, HE B MOJI. Bigomuii AOCHiIHUK HEUpOHHUX Mepex JIKOoH
Henkep (John Denker) B 1994 pomi ckasaB: «HelpoHHI Mepexi - e APYrHid
HalKpamuii crnocid 3poOUTH MPAKTUYHO IO 3aBrojHO». | crpapiai, Ha TOM MOMEHT
BXK€ OyJiO0 BIJOMO, II0 HEWpPOHHA MEpEeka TEOPETUYHO MOXKE HAOIM3UTU OYyIb-IKYy
(GyHKIIIIO 1 HABYUTHUCS BUPILITYBATH Oy/b-sIKe 3aBJIaHHs, a INMO0Ka HEMPOHHA MEpEeka
3MaTHa 1€ ¥ e(exTUBHIIIEe BUPIIIMTH HabaraTto OUIbIIE 3aaad.. AJe HaBYaTH
rIMOOKI Mepeki HIKOMY HE BAABaJOCS, 1HII METOAM Ha KOHKPETHHX MPHUKJIaJIax
MpaIffoBalid Kpare.

Pimenns, 3ampomnonoBane rpynoto XiHTtoHa B cepeauti 2000-X pokiB, MPUHATILIIO
Y 8U2A0I HABYAHHS De3 GuuUmelsl, KOAU Mepexca CROYamKky HA8UAEMbCs HA ENUKOMY
Habopi OaHux 6e3 po3MImKU, a NOMIM 68dce OOHABUAECMbCA HA PO3MIYEHUX OAHUX,
suKopucmogyouu ye nabauxcenns. Hampukian, SKIIO MH XOYEMO pO3Mi3HABaTH


https://en.wikipedia.org/wiki/AI_winter
https://en.wikipedia.org/wiki/AI_winter

JIOJCHKI OOMMYYs, TO JJdaBaiiTe CIOYATKy TIOHABYAEMO HEUPOHHY MEPEKY Ha
dbotorpadisx 3 groapMu B3arajii, 0e3 po3MiTku (Takux ¢oTtorpadiii MOKHA JIETKO
HaOpaTU CKUIbKU 3aBroJIHO 0araTo), a B¥K€ MOTIM, KOJIM MEpEkKa «HAIUBUTHCS» Ha
Hepo3MideH1 ¢oTorpadii, T0HaBUMMO ii Ha HAsIBHOMY pO3MIY€HOMY HAOOp1 JaHUX.
BusiBuiocs, 1o npu oMy KiHIIEBUH pe3yJbTaT cTa€ HabaraTo KpaiiuM, a rapHi Ta
I[IKaBl O3HAKM Mepeka MOYMHAE BUAUIATHU 1€ HA eTarll HaB4YaHHsA Oe3 BYUTEIs.
3BUYAiHO, TYT MOKH 110 30BCIM HE3pO3yM1JIO, III0 MEPEXa, BIacHE, IOBUHHA POOUTH
3 IUMH Hepo3MmiueHuMHu (otorpadissiMu, i B IbOMY 1 no/sgeas npopus cepeounu
HYbOBUX poKie. MU TPOXHU MOTOBOPHUMO TIPO IIi METOAM TpoTe 0e3 MoApOOHIlh, TOMY
10 CHOTOJTHI 111 METOIH MPAKTHYHO HE BUKOPUCTOBYIOTHCS.

Yomy? Tomy mio Bce moOpe mpairoe 1 6e3 Hux! BusiBuiocs, mo 3apa3 Mu
MOKEMO YCHIIIHO HAaBYaTH HEMPOHHI MEpEXi, y TOMY 4YHUCI TIUOOKi, (aKTUIHO
TUMH CaMUMU METOJIaMM, SKUMH paHillle 11e 3pOOUTH HIAK HE BAaBajiocs. Meroau
HaBUYaHHs 03 BUWTENS BUSBWINHCS JIMIIE «CITYCKOBUM TauyKOM» JJI PEBOJIOIT
rJIMOOKOTO HaBUaHHs. J[pyroro HallBaXxJIHMBIIIOK MPUYUHOIO CTaB, BIACHE, IIPOTPEC Yy
OOYHMCITIOBANIbHIN TEXHIIIl Ta Y Po3Mipax JHOCTYIMHUX JJIsi HAaBYaHHS HAOOpIB JaHUX. 3
pO3BUTKOM [HTEpHETY MaHMX CTaBajo Bce OuIbIe: HANpUKIad, KIACUYHHN Hallp
nanux MNIST, nHa sxomy m0Opuii JECATOK POKIB TECTyBaJIUCA MOJEII
KOMIT'FOTEPHOTO 30py — 11 70 THCSY 300pakeHb PyKOMUCHUX 1U(pp po3mipom 28 x
28 mikceniB, cymapHo Oim3bko 10 MOailT nanux; a cydacHUM CTaHIAapTHUM Jaracer
I Mojene komm'totrepHoro 30py ImageNet wictuts Onuszsko 1,2 ToOauT
300paxeHb.

KpiMm po3BUTKY TEXHIKH, pPO3BUBAIKCS 1 3arajibHl METOIM HaBYaAHHS HEMPOHHUX
MEpEX, 1 KIIACHYHI apXITEeKTYpU HEUPOHHUX MEPEXK, PEKYPEHTHI Mepexkl. 3'IBIsIIUCA
1 a0OCOJIOTHO HOBI apXITEKTYPHU: HOPOONCYBANbHI 3MA2ANbHI Mepedci 3yMUIH
NEPETBOPUTH HEUPOHHI MEpeXi Ha MOPOIKYBaJbHI MOJENI, HEUpOHHI Mepedci
HaguawHi 3 NIOKpinjeHHaAM TIPU3BENIM 10 HeOAuyeHUX paHilie MPOPHUBIB,
HelpobaleciBcbKi Memoou NOEOHANU HEeUPOHHI Mepedxci Ta KIACUYHUN BHUBII 3a
JIOTIOMOTOI0 BapialliiHUX HaOJMXKEeHb, a TOTPeOU KOHKPETHUX JIOJATKIB MPUBEIH JI0
PO3pOOKH TaKUX HOBUX apXITEKTYP, SIK Mepedci 3 Y8a2ow ma Mepexci 3 nam'asmmio,
SIK1 BJK€ 3HAXOJISITh ¥ 1HII 3aCTOCYBaHHS.
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1. I'nuOoki Mepe:Ki: mepeBaru Ta TPyIHOUILI

A 3apa3 mepeligemMo 0 MUTaHHS, TaKk OM MOBHTH, TEJICOJOTIYHOTO XapaKTepy:
HaBIIO B3arajii notpiOHI ruboki Mepexi? Knacuuna teopema XopHUKA, 3aCHOBaHA
Ha paHHIX poOoTrax Koiamoroposa, cTBepKye, 110 Oyib-sIKy Oe3nepepBHY (PYHKIIIIO
MOJKHA SIK 3aBTOJIHO TOYHO HAOIHM3UTH HEHPOHHOIO MEPEKEIO 3 OJHUM MPUXOBAHUM
piBHeM. 3maBajocs O, IIbOro Mae OyTH J0CTaTHbO. Hapimio moauTu 3aiBy
CKJIQJHICTh Ha PIBHOMY MicCIIi?

Cnpasa 6 momy, wo 21uboKi apximeKmypu 4acmo 003801A10Mb SUCTOBUMU e
came, Habauzumu mi e PynKyii Habazamo egpekmusHiule, HidC He2IUOOKI.

3 piBHAMH HEHPOHHOI MepeKi BUHUKAE TOW caMuil epeKkT: Ty camy (PyHKIIiO
4acTO MOKHA HabaraTo Kpaie HaOJM3UTH TIUOII00 MEpekero, HiX ApIOHO0, HABITH
SKIIO 3arajbHa KUIbKICTh HEMPOHIB Y MEPEK1 3AIHMILUTH MOCTIIHOIO.

A iHwui Oix cunu enubOKuUX mepexc — Te, MO TIMOOKAa HEHPOHHA Mepexa
CTBOPIOE HEIMPOCTO IIIMOOKe, a W po3mnojuieHe ysaBiaeHHsA. TyT WIeTbea mpo Te, 110
KOXXEH pIBeHb TNIMOOKOT MEpPEekl CKIAJAEThCsl HE 3 OJIHOTO HEMpoHa, a BIapazy 3
Oaratbox, 1 KOMOIHaIlli 3HAYEHb IUX HEUPOHIB CIPABJISIOTH CIPABXKHICIHBKUN
EKCIIOHEHIIHHUI BUOYX Y IPOCTOP1 BXO/IIB!

[TpoimtocTpyemo 11e TIpuKIaioM Ha puc. 1. YABIMO, IO MU MOKEMO PO3AUIATH
TOYKM Ha TUIOIIMHI 3a JOMOMOTOI0 TPHOX MOKIIMBHUX O3HAK, KOXKHA 3 SIKUX - II€

JiHIAHA QYHKIIIS: f 1y f 2 f 3 Ha puc. 3.8 a 300paxeHa po3JUIsiioYa MOBEPXHS MO
OJIHOMY 3 HHMX, TOOTO IMpsiMa Ha TUIOIINHI, 1 pO3MIY€H1 YACTUHU, Ha SIK1 MMpsSMa AT
IJIOIMMHY. YacTHH 1UX, 3p03yMLIO, JIBI.
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Puc. 1. Cuna po3nopinieHOro TMOJaHHS: a — TOBEPXHS, M0 PO3IAUISLE, OMHIET

O3HaKH; O - pO3/IIyIstoUa MOBEPXHS JIepeBa INMOWHU 2 Ha TPHOX O3HAKAX;
B - PO3IUISAIOYA MOBEPXHSI TPHOX O3HAK BIIpa3y



Ak ciipg moeaHyBaTH Il O3HAKU y Hamomy kiacudikatopi? Ilo-mepiie, MoxxHa
cnpoOyBaTH J0oAaTH TJIMOWHU Ta 3pOOUTH JEPEBO MHPUMHSATTS pPIlICHb; MPUKIA
TaKOTO JiepeBa 1 BIAMOBIIHA MMOBEPXHS, IO PO3AUIIE MOKa3aHi Ha puc. 16. 3BEpHITH
yBary, 1o JAEPeBO AUIUTH IJIOMIKUHY HA CTUIbKHM ) YaCTHH, CKUIBKHM B HHOTO JIMCTS:
o6 po3i0paT YOTHPH PI3HI MOXKJIMBI BUIAJIKH, HAM NOTPiOHO Oysio moOyayBaTu
JIEPEeBO 3 YOTHpPMa JIUCTKaMH. A Ha puC. 1B, 300paxeHO PO3MOJIJICHE YSBIICHHS:
JaBaiiTe ysBIMO, 110 HAIl IPYTHH IIap MOXe CKIAJaTHUCS 3 TPhOX HEUPOHIB BiJpasy.
Toni BeisAki KOMOiHali IMX TPHOX HEMPOHIB MOXKYTh PO3Ii3HATH OxHO4YacHO 23 = 8
pI3HUX BHUMAAKIB (Ha MAaJIOHKY iX peaji3yerbcs 7), 1 IIe YHMCIO PI3HUX BapiaHTIB
3pOcTa€e eKCIMOHEHIIMHO MPHU 3pOCTaHH] Ynciia HEUPOHIB.

A Ttemep ysaBITH (HaMamoBaTH I1e Oysio O BXKE CKIIATHO — 3aHAJTO 3aruTyTaHa
NOBEpPXHA BUMNUIAa 0), MO 3a JPYrMM pIBHEM € WI€ TPETik, TOOTO MU MOXKEMO
CKJIaJaTH pi3H1 KOMOIHAI] 3 TaKUX MOBEPXOHb, IO PO3AUISIIOTH, MO TPU MPAMI B
KOXHIH...

Hy no6pe. Ilpunyctumo, Mu Bac MEpeKOHANH, IO IIHMOOKI HEMPOHHI Mepexi
JUHACHO MOTPiOHI. AJle TOJI MOCTAa€e Apyre MUTAHHS: a B 4OMY, BJacHe, mpobdiema?
Yomy enuboxi mepedxici, y AKUX HEMAE HIY020 MeopemuiHo CKIAOH020 1 AKI, K MU
goice  Oauunu, 3'A6UNUCA  MaAUdCe OOHOYACHO 3  QAN2OPUMMOM — 360POMHO20
PO3N0BCIOOHNCEHHS NOMUIKU, WO MAK 00820 GUKIUKAIU Maki ckiaonocmi? Yomy
peBoJtoLIis IIMOOKOro HaBuaHHs Bioynacs B cepeauni 2000-x, a e 1980-x?

Ha ne nutanus € nBi Bianosimi. Ilepwa — mamemamuyna. CrpaBa B TOMY, 110
rMOOKI HEHPOHHI MEpeKl HaBYaTH, 3BUYAMHO, MOXKHA THUM >KE€ aJIrOpUTMOM
IPAaIIEHTHOTO CIYCKy, aje B 0a30BOMYy BapiaHTi, 0e€3 J0JaTKOBUX XHUTPOIIIIB
nmpaioBaTd 1e He Oyae. YsBiTh, IO BU MOYaJd HaBYaTH TJIUOOKY MEpPEKY
aJITOPUTMOM 3BOPOTHOIO MOMIUPEHHS NOMWIKUA. OCcTaHH1M, HAUOIUKIUI 1O BUXO/IIB,
pPIBEHb HABYUTHCS JOCUTh IIBHUAKO 1 Iyke mo0pe. Ane mo Oyme mam? [Hami
BUSIBUTKCS, 1110 OLTBIIICT, HEMPOHIB OCTAHHBOTO PIBHA HA BCIX TECTOBUX MPHUKIAAAX
B)KE «BU3HAUMIIACS 31 CBOIM 3HAYEHHSM, TOOTO 1X BUXij OJIM3bKUi a00 10 HYJIs, a00
0 OJWHMIN. SIKIIO y HMX KJacHMYyHa CHUTMOijalibHa (YHKINS aKTHBaIlii, TO IIe
o3HayYae, M0 NoxigHa y mie€i GyHKIil akTuBalii 6M3bKa 10 HyJA 3 000X OOKIB... aje
K Ha IO MOXIAHY MU MOBHUHHI TMTOMHOXUTHU BCl TPAJIIEHTH aJTOPUTMY 3BOPOTHOTO
MOIIUPEHH!

TakuM YMHOM, BUXOJIUTh, III0 OCTAHHIN IIap HEHUPOHIB, 1[0 HABUUBCS, «OJIOKYE»
NOIIMPEHHS TPajJi€HTIB Jam Hazaj 3a rpadoM oOuMciieHb, 1 OUTbII paHHI PIBHI
rMOOKOI Mepeki B pe3yJsibTaTi HABUAKOThCS JIyKE MOBUIbHO, (PAKTUYHO CTOSAThH Ha
Mmici. Ileii egpekm Hazueaemvcs npobiemoro 3azacaruux epadicwmis (vanishing
gradients).

A 3 pPEKypeHTHHMMH MEpeKaMH, SKi (aKTHYHO 3a BHU3HAYCHHSAM € JIy)KE
rTMOOKMMHU, BUHUKAE TIIe U 0OepHeHa npobiema: iHo0i epadienmu MOXCyms nouamu
"eubyxamu", excnonenyivno 30invuiysamucs 6 mipy "pozeopmanusn” uetiponHoi
mepedici (exploding gradients). O6unBi MpoOJIEMU BUHUKAIOTH 9acTO, 1 IOCUTh JIOBIO
JIOCITITHAKY HE MOTJIM 33/I0BUIBHO 1X BUPIIIUTH.

Ha nurtanus npo te, YoMy riamboKi HEMpOHHI Mepeki OyJI0 CKIIaJHO HaBYATH, €
¥ iHma BianoBias. BoHa pyxe mpocta 1 Moxke Bac po3dapyBaru: CrpaBa B TOMY, 110



paHiiie KOMIT'tIoTepy Oysiy MOBUIBHIIIMMHU, a AOCTYIHUX AJI HaBYaHHS JAHUX OyJo
Habarato MeHIIe, HiX 3apa3.

VY cepenuni 2000-x pokiB Bce 31ANIIOCS BOEAUMHO: TEXHIYHO KOMIT'IOTEPU CTaIH
JOCUTh TMOTY)KHUMH, 1100 HABUaTU BEJIMKI HEHpPOHHI Mepexi (OlIblle TOro,
OOYHCIICHHSI B HEUPOHHUX MEpekKax HEBJIOB31 HABUMIIUCS JCIEryBaTH BilEOKapTaM,
110 MTPUCKOPHIIO MTPOIIEC HABYAHHS II€ UM TOPSAA0K), HAOOPH JaHUX CTAJIU JOCHUTh
BEJIMKMMHU, 100 HAaBUAHHS BEIUKHAX MEPEX Majo CEHC, a MaTeMaTHUIli HEHpOHHHUX
MepeX BiOyJocs ueproBe MpocyBaHHs. | modanacss Ta cama peBOMIONIS TIIMOOKOTO
HaBUYaHHSI.

2. ITousaTTs rIuO0OKOr0 (rNMIMOMHHOT0) HABYAHHS

I'nun6iiHHe HABYAHHSA (TaKOX BiJloMe K TJIMOMHHE CTPYKTypHE HaBUaHHS,
lepapxiuHe HaBYaHHs, TTMOMHHE MalllMHHE HaB4YaHHS, aHrI. deep learning, deep
structured learning, hierarchical learning, deep machine learning) — wye zanyso
MAUWUHHO20 HABYAHHS, WO TPYHMYEMbCA HA HAOOPI aneopummis, AKi HamMacarwmscs
MOOeno8amu 8UCOKOPIBHe8l AOCMpPaKyii 8 OaHUX, 3aCMOCO8YI0YU AUOUHHUL epa i3
O0eKiLIbKOMA 0OPOOHUMU Wapamu, Wo noOYO08AHO 3 KilbKOX TIHIUHUX A0 HeNTHIUHUX
nepemeopeHy.

JocmipkeHHs: B L1 001acTi HaMararThCsl 3pOOUTH Kpallll MPEACTaBICHHS Ta
CTBOPUTH MOJIENl JJIi HaBUYaHHS WX TNPEACTaBICHb 3 BEITUKOMACIITAOHHUX
HEpO3MIYEHUX AaHuX. JledKl 3 LHMX MpeacTaBieHb Oyso 3po0JeHO MiJ HaTXHEHHSIM
JIOCSITHEHb B HEMPOHAyIll Ta 3 MOTUBIB CXeM OOpOOKHM Ta mepenaBaHHs 1HPopMallii B
HEPBOBI CHCTEMi, TaKWX SIK HEPBOBE KOJYBAaHHS, IO HAMAra€ThCsl BU3HAYUTU
3B'SI30K MK PI3HOMaHITHUMH CTUMYJIaMU Ta MOB'SI3aHUMHU HEMPOHHUMU PEAKIIISIMU B
MO3KY.

Pi3H1 apXiTekTypu TMTMOMHHOTO HaBYaHHS, TaKl SK TJTMOMHHI HEMPOHHI MEpexi,
3rOPTKOBI TNIMOWHHI HEMPOHHI Mepexi, TIIMOMHHI MEPEeXkK1 NMePEeKOHaHb Ta PEeKYPEHTHI
HEHWPOHHI MEPEXKI 3aCTOCOBYBAJIUCS B TaKUX OOJACTSX, SIK KOMI'IOTEpHE OaudeHHs,
aBTOMATHUYHE PO3Mi3HABAaHHS MOBJICHHS, 00p0oOKa MPUPOIHOI MOBH, PO3Ii3HABAHHS
3BYKiB Ta OloiH(OpMaTHKa, i€ BOHU, AK OyJIO MOKa3aHO, MPEACTABISAIOTh MEPEI0OBI
pE3yNbTaTH B PI3HOMAHITHUX 3a/1a4ax.

Konuenuist rnmubokoro HaBuanHs (Deep Learning - DL) Bnepiuue 3'aBuiiacs B
2006 poui K HOBa Tajly3b JOCHIIKE€Hb Yy MallMHHOMY HaB4yaHHI. CroyaTky BOHO
OyJ0 BiloMe SK i€papxiyHe HaBYaHHS [2], 1 K MpaBUJIO BOHO BKJIIOYAIO B cebe
0e3niu o0ylacTeil JOCIHIPKeHb, TOB'A3aHUX 3 PO3Mi3HABaHHSAM o00pa3iB. [nmbOoke
HAaBYaHHS B OCHOBHOMY Oepe JI0 yBaru JBa KJIKOYOBI (akTopu: HediHINHA 00poOKa B
JNEKUTBbKOX Iapax abo CTajisx 1 HaBYaHHs TiJ HarjasgoM abo 0e3 Hboro [4].
Heniniiina 00poOka B KUIBKOX Iapax BIAHOCUTBCS JIO alTOPUTMY, B SKOMY
MOTOYHUH IIap MpUHMae sIK BX1IHI JaH1 BUX1IHI JaH1 MOMEpeaHbporo mapy. lepapxis
BCTAHOBIIOETHCA MIXK IIapamu, MO0 YHOPSAIKYBATH BaXKJIMBICTh JTaHUX, KOPUCHICTD
SKUX CJ1J] BCTAHOBUTH. 3 1HIIOTO OOKY, KOHTPOJHOBAaHE Ta HEKOHTPOJILOBAHE
HaBYaHHS TOB'I3aHE 3 MITKOIO KJAciB I[Iel: 11 NPUCYTHICTh Ma€ Ha YyBasl
KOHTPOJIbOBAHY CUCTEMY, a BIZICYTHICTh — HEKOHTPOJIbOBAHY.



BigMiHHicTh rIM00KOr0 HABYAHHSA BiJl KJIACHYHUX HEHPOMepex MoJsirajia B
HOBHX METOJaX HABYAHHS, SIKi CHPABJSJINCH 3 BEJUKHMH PO3MipaMH MepPex.
OpHak CbOTOJHI JMINE TEOPETHKU PO3JAUIAIOTH, SIKE HaBUaHHS MOXKHAa BBaXXKaTH
ITHOOKMM, a sKe He HanaTo. MM 3K, SIK NMPaKTUKH, BUKOPHUCTOBYEMO MOMYJISPHI
«rmboki» 010miorexku Ty Keras , TensorFlow i PyTorch HaBiTh ko HaMm Tpeda
310paTH MiHI-CITKY Ha I'ATh mapiB. [IpocTo TOMy 1110 BOHU 3py4YHIIlIl TOTroO, 110 Oyj0
panimnie. Mu Ha3uBaeMO 1€ MPOCTO HEUPOMEPEIKAMHU.

Machine Learning
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Budip riaudoxoi mepexi

Sk BuOpatu rmmboky Mepexxy? Mu noBUHHI BUPIIIKUTH, OyAyeMO KiacH(pikaTop
ab0 Hamaraemocs 3HaWTH IIA0JOHM B JAHMX, 1 YU Oy/eMO MU BHKOPHUCTOBYBATHU
HaBuaHHs 0e3 KoHTposto. [1{06 oTpumartu mabdaonu 3 HaOOPY HEMAPKOBAHUX JaHUX,
4acTO BUKOPUCTOBYEThCS oOMmedcena mawuny bonvymana abo asmomamuynuil
KOOYBAIbHUK.

Ilpu euoopi 2nuod0Koi mepeoici epaxogyiime maKki MOMEHmMU:
st 0OpoOKM TEKCTY, aHalli3y HACTpPOiB, aHaNi3y Ta PO3IMI3HABAHHSA IMEH MH
BUKOPHUCTOBYEMO PEKYPEHTHY MEpexky ab0 peKypCUBHY HEHPOHHY TCH30PHY MEPEKY

a0o RNTN;

Jlns  Oynb-siIkOi MOBHOI MOENi, sSKa Tpaloe Ha PiBHI CUMBOJIB, MH
BUKOPHUCTOBYEMO PEKYPEHTHY MEPEXKY.

JIyist po3mizHaBaHHSA 300pakeHh MM BHKOPHUCTOBYEMO TJIHOOKY BIPY B MEPEXKY
DBN a6o0 3ropTKoBYy MEpexy.

st posmizHaBaHHS 00'ekTiB Mu BUKOpucTOoByeMo RNTN abo 3ropTkoBy
MEPEKY.


https://keras.io/
https://github.com/tensorflow/tensorflow
https://pytorch.org/

J11st po3Mi3HaBaHHS MOBH MU BUKOPHUCTOBYEMO PEKYPEHTHY MEPEKY.

3arajsioM, Mepexi TJIMOOKOTO IEepeKOHaHHs Ta OaraToIlapoBl MEPCENTPOHH 3
BUNPSIMJIICHUMHU JIiHIMHUMU oauHulsaMu abo RELU € poOpumm BapiaHTamu
Kiacudikarii.

Jlnsg  aHamizy 4YacoBHX pSAIB 3aBXKIW PEKOMEHAYETbCS BHUKOPUCTOBYBATH
PEKYPEHTHY MEPEXKY.

To0T0 HalOIBLII MONMyIsIPHI rJIMO0KI MelpoMepe:Ki: 3rOpTKOBa, eHKOAepH,
PEKypPeHTHI.

3. 3ropTkosi Heiipomepe:ki (CNN)

JlaBaiiTe croyaTKy JamMoO BIJIOBIIbr Ha MHUTAHHS: A 10 X, BJIacHE, Take B
JAHOMY BHIIaJKy 320pmKa 1 SIK BOHA CTOCyeTbcad HelpoHHuX wepex? Lo6
BIJINOBICTU Ha I1I€ MUTaHHS, CMOYATKy BIJICTYNIMMO Ha KpOK Hazan. Hapidxchum
KameHeMm 6CIX HelpOHHUX mepedxc € ainHi nepemeopenus. (AdiHHE MEepeTBOPEHHS
(;mat. affinis, «moB'si3anmit 3») — B1AOOpaKEHHS TJIOMIMHU a00 MPOCTOPY B 001, Mpu
SKOMY IapaJielibHi MpsMI NePeX0IaTh Y apayieNbHI MPsiMI, IEPECIYHI — B MEPECIYHI,
MUMOODKHI — B MHUMOODKHI) VY KOXHOMY IIapl IIOBHO3B'SI3HOI Mepexi
MOBTOPIOETHCSI Ta cama ONepallisi: Ha BX1J MOJAETHCS BEKTOP, SIKMM MHOXXHTBCS Ha
MaTpUIIO Bar, a J0 pe3yJbTaTy J0JA€ThCSl BEKTOP BUIBHUX YJICHIB; TUIBKU MICHs
I[bOTO JI0 Pe3yJIbTaTy 3aCTOCOBYETHCA MEBHA HEJiHIMHA (yHKIlA akTuBallii. [ y Bcix
Mepexax, SKi MU Joci OyayBainu, TaKuW MiAXIJ BUKOPUCTOBYBAaBCS IOCTIIHO,
HE3aJIe)KHO BIJl CTPYKTYpU YU IMOXOJKEHHS JaHuX. Yu TO 300pa)KeHHs, TEKCT 4u
My3HUKa, MM 3HOBY 1 3HOBY 3aCTOCOBYEMO adiHHE MEPETBOPEHHS B KOKHOMY IIapi
HAIIOl MEepexi, MONepeHbO MPUBIBIIM JaHl A0 BEKTOpHOi gopmu. OnHak Oarato
THUIIIB JIaHUX MAlOTh CBOIO BJIACHY BHYTPIIIHIO CTPYKTYpY, SKa M00pe BigjoMa Ham
3a3paneriap. ['OMOBHUN MpUKIAL Takoi CTPYKTYpU - 300pa)K€HHA, sIKEe 3a3BUYAid
IPEJCTaBISIIOTh K MacUB BEKTOPIB YHUCEI: SIKIIO 300pa’keHHS 4OpHO-O1e, TO 1€
MPOCTO MACHUB IHTEHCHUBHOCTEW, a SIKIIO KOJHOPOBE, TO MACHB BEKTOPIB 13 TPHOX
Yyucen, 10 MO3HAYalTh IHTEHCHBHICTh TPbOX OCHOBHHMX KOJIBOPIB (YE€PBOHOIO,
3€JIEHOTO 1 CUHBOTO Yy cTanaapTHoMy RGB). Skio % y3araibHUTH TaKy BHYTPILIHIO
CTPYKTYPY TO OIIUC BUMJIE TAKUN:

1) BXiaH1 AaH1 € 6araTOBUMIPpHUM MAacCHUBOM («TEH30D»);

2) cepel pO3MIPHOCTEH ILOTO MacuBY € ofHa abo Oulblle Oced, MOpsI0K
B3/IOBXK SKUX BIAIrpa€ BAXKIUBY POJIb; HAMPHUKIAL, 1€ MOXE OyTH pO3TallyBaHHS
MIKCENB y 300pa)KeHHI, YacoBa IIKaja JJII MYy3UYHOTO TBOPY, MOPSIAOK CIIB YH
CHUMBOJIIB y TEKCTI;

3) iHmI OCi TO3HAYAIOTh «KAHAIU», IO OMHUCYIOTh BJIACTUBOCTI KOKHOTO
eJIEMEHTa 3a MOMNEPEIHBOI0 MIIMHOKHUHOIO OCEH; HANPHUKIAA, TP KOMIOHEHTH AJIs
300pakeHb, 1Ba KOMIIOHEHTH (TIpaBHil 1 JIIBUI) JIJIsT CTEPEO3BYKY 1 T.]I.



OcHOBHaA i€l 3rOPTKOBOI Mepexi MOojsIrae B TOMY, IO OOpoOKa AUISHKH
300paKeHHsSI Jy>K€ YacTO TOBMHHA BIJIOYBaTUCS HE3aJEKHO BIiJ] KOHKPETHOIO
po3ranryBaHHsl 1€l AUITHKA. [py0o0 Kakydw, SIKII0O BM XO4YeTe Ji3HATHUCS Ha
dbotorpadii cBoro npyra Bacro, 30BciM He BaxksmBo, Ha 100 abo nHa 200 mikceniB
Byxo Baci Big miBoro kpato dotorpadii. dizHatucsa mpo Bacito moxxHa Oyno 6 1 Ha
CHUJILHO 00pi3aHiii doTorpadii, 1e HEMae HIYOTrO, KpiM MOro o0IHMYYs; 1€ JIOKaJbHE
3aB/JIaHHS, SKE€ MOXHA BHUPINIYBaTH JIOKAJIbHUMM 3aco0amu. 3BUYANWHO, B3a€EMHE
po3TalryBaHHs 00'€KTIB Buurpae BAXTUBY POJIb, AJle CTIOHATKY ix HOTp16HO B 6yz[b-
SKOMY BHITaJIKY p03H13HaTI/I 1 Ile po3Mmi3HABaHHA JIOKAJIBHO 1 HE3aJeXKHO BIJ
KOHKPETHOTO MOJOXEHHS JUISTHKU 3 00'€KTOM yCepeauHl BETHKOI KapTHHKU. Tomy
MepeXa CITKH TPOCTO POOUTH II€ TPUITYIICHHS B SBHOMY BHIJISL: JlaBaiTe
MOKPUEMO BXiJ HEBEIUKHUMH BiKHAMHU (CKaxiMo, 5X5 TIKCENIB) 1 BUAUIITHMEMO
O3HaKH B KO)KHOMY TaKOMY BIKHI HEBEJIMKOIO HEMpOHHOIO Mepexkero. [Ipuuomy — 1
TYT KJIIOYOBE MIPKYBAHHS — O3HAKU GUOLIAMUMEMO Y KOHCHOMY GIKHI OOHI 1l cami,
T00TO HeBenuka HeilpoHHa Mepeka Oyjie Jiuiie 0/1Ha, BXOAIB B Hel Oyze BChOTo 5 X 5
= 25, a 3 KOXKHOT KapTUHKU HEl MOXe BUNTH JyxKe 0arato pi3HUX BXOJIIB.

[ToTiM pe3ynbTat i€l HEMPOHHOT MEPEXi 3HOBY MOKHA OyJie YSIBUTH Y BUTJISII
«KapTUHKW», 3aMIHIOIOYH BiKHA 5 X 5 Ha 1X LIEHTpasbHI MKCell, 1 Ha Hii MOXHa 0y/ie
3aCTOCYBaTH JPYTUM Iap 3rOpTaHHS, 3 BXKE IHIIOK MaJleHbKOI HEHPOHHOIO
Mepexero, 1 T. 1. Hezabapom Mu nmo6aunmo, 1o B KO)KHOMY 3ropTyBaHOMY Iiapi Oyje
30BCIM HEe0araTo BUIBHUX IMapaMeTpiB, 0COOJIMBO B MOPIBHSAHHI 3 MOBHO3B'SI3KOBUMU
aHaJIOTaMH.

[lepm HiX nepexoauTu 0e3nocepeHbO 10 (PopMaabHUX BHU3HAYEHb OMeEparlii
3TOPTKU, POo30epeMocss 3 TMOHATTAM Kauany B 300paxeHHI. 3a3BUYal KOJbOPOBI
KAPTUHKH, 110 MOJAIOTHCA Ha BX1JT HEMPOHHOI MEpPExki, MPEACTaBICHI y BUIJIAIL
JEKUTbKOX MPSMOKYTHMX MaTpHIlh, KOXKHA 3 SIKUX 3aJla€ PIBE€Hb OJHOTO 3 KaHalliB
KOJIbOPIB B KOXKHOMY MiKceni 300paxkenns. Kaprunka po3mipom 200 x 200 mikcesniB -
ne Hacmpasai 120 000 yucen, Tpu maTtpuill iHTEHCUBHOCTeH po3mipom 200 x 200
KOXHa. kim0 300pakeHHs 4opHO-Oe, sik, Hanpukiaa, MNIST, To taka maTtpuis
Oyzne omHa. A SKIO 11€ HE MPOCTa KapTUHKA, a, CKaKIMO, Pe3yJibTaT 300paxkae mac-
CHEKTPOMETPIi, KOJU B KOKHOMY MIKCENl 3HAXOAUTHCS UMM CIEKTP, TO MAaTPHUIIb
MOXe OyTH Iyxe 0arato. Aze 6 6y0b-KOMY 8UNAOKY MU NPUNYCKAMUMEMO, U0 8
KOJICHOMY NiKCeli 6XIOH020 300pansceHHs Cmoimb nesHuu meH30p (3a36uuail
OOHOMIpHUL, MOOMO 8eKMOp 4ducen), i U020 KOMNOHEHMU HA3UBAIOMbCS KAHANAMU
(channels).

Taki x maTpuii OynyTh BUXOIUTH 1 MICHS 3TOPTKOBOTO IIApy: y HHUX, SIK 1
paHiiie, OyJie mpocTopoBa CTPYKTypa, 110 BIJANOBIJA€ BUXIIHIA KapTHUHIII (ajie HE B
TOYHOCTI Taka camMa — He3abapoM Ipo 1€ MOrOBOPUMO), MPOTE KaHAIB TETEP MOKE
noOUIbIIATH. 3HAYEHHS KOXKHOI O3HAKH, SKI MU BHUJUIMIM 3 BIKOH Yy BUXIJHOMY
300pakeHHi, Tenep OyayTh MO0 MaTpuilero. KoHa Taka MaTpHIl Ha3UBAETHCS
Kapmoi 03HaK (feature map). Y TPUHIININ, KaHATW BUXITHOTO 300paXEHHS TaKOX
MO’KHA Ha3WBATH KapTaMH O3HAK; aHAJIIOT1YHO MM YacCTO HA3MBATUMEMO KapTHU O3HAaK
YEproBOTO MIapy KaHaJaMHu.

Tenep 3amummiocss TUTbKM (HOPMAIBHO BU3HAYUTH, IO K TaKe 3TOpTKa 1 SK
BJIAIITOBAHI MIApU MEPEXi 3TOPTKU. 3ropTKa — II€ JIMIIE JIHIMHE MepPETBOPECHHS
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BXIIHUX JaHUX 0COOaMBOro BHay. SIkmo € — kapTa 03HaK y MIapi i HOMEPOM L,

TO pe3yJbTaT ABOBMMIPHOI 3TOPTKHU 3 SJPOM PO3MIPY 2d + 1 1 matpunero Bar W

(2d +1) x (2d + 1)

2.

—d<=a,b<=d

po3Mipy Ha HAaCTYITHOMY I1api OyJie TaKuM:
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Yij = bTita,j+b

l

bW i BX1J[, TOOTO BMXI1J] BCHOT'O

t

ij ~laz
Ie - pe3yJbTaT 3rOPTKHA HA PIBHI

HOIEepeHbOro mapy. [Hakie kaxyuu, o0 OTpUMaT KOMIIOHEHT (,5) HACTYITHOTO
piBHA, MH 3aCTOCOBYEMO JIIHIMHE TEpPETBOPEHHS [0 KBaJpAaTHOTO BIKHA
HOTEPEAHBOI0 PiBHS, TOOTO CKAJISIPHO MHOKUMO IMIKCENI 13 BIKHAa HAa BEKTOP 3TOPTKH.
I1e moka3zaHo Ha puc. 2: MM 3aCTOCOBYEMO MAKyHOK 13 MaTpuueto Bar W po3mipy 3 X
3 mo marpuui X po3mipy 5x5. 3BepHITh yBary, 0 MHOKEHHS MIAMATPHUILIl BUXIIHOT
Matpuil X f BiIMoBigae BIKHY, 1 MaTpull Bar W - 11€ HE MHOXKEHHS MaTpHllb, a
IPOCTO CKAISIPHUIA AOOYTOK BIJAMOBIJHUX BEKTOPIB. A BChOTO BIKHO BMILIY€ETHCS B
MaTpuil X J€B'SITh pa3iB, 1 BUXOIUTh
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Puc. 2. lIpukian migpaxyHKy pe3yabTaTy 3rOpTKH: JIBa MPUKIIATU TiAMATPHII Ta
3araJlbHUM pe3yJsibTaT

Tyr Mu mo3HaumiIM 3ropTKy KapTH o3HaK X 3a JIOMOMOTo0 Matpuili Bar W
yepe3 X * W, aK IpUIHATO MO3HAYaTH 3rOPTKY B MATEMATHIII.



SIKImo po3Mip 3ropTku OyAe BHUpaXKaTUCA MApHUM YHUCIOM, TO OJHOMY 3
BUMAJKIB y MeXax I1JICYMOBYBaHHSI HEPIBHICTh CTaHE CYBOPOIO; TYT OUIbIIIE HEMAE
«IIPUPOHOTO» BUOOPY IS LIEHTPY BIKHA, 1 HOTO BUOIpP 13 YOTUPHOX BapiaHTIB MOXKE
3aJIe)KaTH BiJ] peai3allii y KOHKpeTHIi 010110Tell.

[le mepeTBOpEeHHS Mae caMe Ti BIACTUBOCTI, PO sIKi MU TOBOPHIIH BHIIIE:

* 3ropTKa 30epirae CTpykTypy Bxonay (MOpSIOK B OJHOBHMIPHOMY BHUTAIKY,
B3a€MHE PO3TaIllyBaHHS IMIKCEIIB Y JBOBUMIPHOMY TOIIO), OCKIJIBKH 3aCTOCOBYETHCS
JI0 KOKHOT JUTSTHKY BX1JTHUX TAHUX OKPEMO;

* omepaiis 3rOpTKH Ma€ BIACTHBICTh PO3PIIKEHOCTI, OCKUIbKH 3HAYCHHS
KOKHOT'O HEWPOHA YeproBOro IIapy 3aJeKUTh TIIBKU BiJ HEBEJIMKOI YACTKU BX1THUX
HEHpOHIB (a, HAMpPHKIAJ, y TOBHO3B'SI3KOBIM HEHpPOHHIN Mepexi KOXXeH HEWpOH
3anexaB O BiJ] yCIX HEMPOHIB MOMEPETHHOTO MIapPY);

* 3ropTka 0OaraTopa3oBO MEPEBUKOPUCTOBYE Ti CaMi Barv, OCKUIBKM BOHH
MOBTOPHO 3aCTOCOBYIOTBCS /10 P13HUX AUISTHOK BXOTY.

Maiixe 3aBXIM MICIsl 3TOPTKU B HEMPOHHINA MeEpexkl CIiye HETIHINHICTD, SKY
MU MO>KEMO 3aIiCcaTH TaK:

Eefj = hfﬂ%,jL

Sk dynkmito h gacto BukopuctoByoTh ReLU, 0c00MBO B JyXe TIIHOOKHX
Mepexax, aje i KiracudHi ¢ i tanh Tex 3yctpivaroThes. JJOKIagHO 3yMUHATHCS HA
TUTIAX HENIHIHHOCTEH, 1110 BUKOPUCTOBYIOTHCS B MEpEKax 3rOpTaHHSA, MH 3apa3 HE
OyaemMo; Hame NepluioYeproBe 3aBAaHHS - c(opMyBaTH IHTYIUli 3 TPUBOLY
3TOPTKOBUX MEPEK.

Oynkiis ReLU

Rectified Linear Unit — we ¢yHkiis akruBamii, 1m0 Haifyacrimie
BUKOPUCTOBYEThCSI TMpU TrauOokoMmy HaByaHHI. Ll ¢ynkuis nmoseprae 0, sgxmio
npuiiMae HETaTUBHUN apTryMeHT, y pa3i MO3UTUBHOIO apryMeHTy, (yHKI[I TOBEPTAE
came unciio. To6To, BoHa Moxke OyTu 3anucana sik f(z)=max(0,z). Ha nepmmii normsin



MO’K€e 37]aTUCS, 10 BOHA JIIHIWHA 1 Ma€ Ti K mMpoOJieMH, 1o 1 JTiHITHA QYHKITIS, alie 11e
HE Tak 1 ii MOXXHa BHUKOPHMCTOBYBAaTH B HEHPOHHUX Mepexkax 3 Oe3iyyro Iapis.
®yukuis ReLU mae kinbka nepesar rnepej; CUrMoiIoro Ta rinepOooiiyHUM TaHTE€HCOM:

- Jly’xe MIBUAKO 1 MPOCTO PO3PAXOBYEThCA MOXinHA. JJi1 HEraTUBHUX 3HAY€Hb
— 0, 111 1o3uTHBHUX — 1.

- PospimxenicTs aktuBariii. ¥ Mepexax 3 ayKe BEJIUKOIO KIJTbKICTIO HEMpPOHiB
BUKOPUCTAHHA CHUTMOIJHOT (yHKIII abo TrinepOoJIYHOrO TAHTEHCY SIK
aKkTUBaLIHHOI QYHKIIT TATHE 32 cOO0I0 aKTHBAIIIIO Mailke BCiX HEHPOHIB, LI0
MOXE TIO3HAYUTUCS HAa TPOAYKTUBHOCTI HaBYaHHSI Mojem. SKmo X
BUKOpHCTOBYBaTH RelLU, TO KUTBbKICTh HEHPOHIB, 110 BKJIIOYAIOTHCS, CTaHE
MEHIIOI0, B CHIIy XapaKTEepUCTUK (PYHKIIIT, 1 cama Mepeka CTaHe JIeTIIe.

s ¢yHKIIS Mae OAMH HEOOJIK, IO HA3UBAETHCS MPOOJIEMOIO BMHUPAIOUOTO
ReLUJ[2]. Tak six yacTuHa mMoXinHOI1 (YHKIIIT JOPIBHIOE HYNIO, TO TPATIEHT A Hel
OyJZie HyJIbOBHM, a II¢ O3Ha4ae, M0 Baru He OYIyTh 3MIHIOBATHCS IIiJ 4ac CITYCKY 1
HEHPOHHA Mepexka NEpPeCTaHe HaABYATUCS.

Oynkmito aktupaiili ReLU ciig BHKOPUCTOBYBATH, SKIIO HEMAa€e OCOOJIMBHUX
BUMOI JIJIi BUXIJHOTO 3HA4YeHHS HEHpOHa, Ha 3pa30K HEOOMEXeHOi 00JacTi
BU3HAYCHHS. AJie SKIIO MiCsg HaBYaHHS MOJIEN1 pe3yJIbTaTh BUMIILIU HE ONITUMAJIbHI,
BapTO MEPENTH A0 IHIUX PYHKI[IH, IKI MOXKYTh JIaTU Kpallluil pe3yJibTar.

3ropTKOBiI Mepexi 3apa3 Ha MKy MOMyIIpHOCTI. BOHU BUKOPHCTOBYIOTHCS AJIS
nomryky o0'exkTiB Ha (OTO 1 Bimeo, pO3Mi3HABaHHS OCI0, MEPEHECEHHS CTHUIIIO,
reHepanii 1 JOMaabOBYBaHHA 300pa)keHb, CTBOPEHHS €(EeKTIB THUIy CIOy-MO 1
nominmenHs sakocti ¢ororpadiii. Ceroromni CNN 3actocoByroTh Bcrloau, ne €
KapTHHKU abo Bijmeo. HaBiTh y Bamomy aioHi Kibka TaKMX MEPEXK AUBISATHCS HA
Baii gororpadii, mod po3mi3HaTH 00'EKTH HA HUX.
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Kaptunka Buie - pesyiabtaT pobOoTu OiomioTeku Detectron , sxy Facebook
HEJTaBHO 3a0TMICHCOPCHB


https://github.com/facebookresearch/Detectron

[Ipobnemu 3 300paskeHHAMHU 3aBXKAM OyJIM B TOMY, IO HE3PO3YMLIO, SIK
BUJUISITH Ha HUX O3HAKU. TEKCT MOXKHa pO30UTH 3a MO3MIIISIMHU, B3ATH BIACTHBOCTI
CIIB 31 CJIOBHUKIB. KapTHHKHU X JOBOAMIOCS MITUTH PyKaMmH, MOSICHIOIOUM MaIllMHI,
e y KoTuka Ha ¢otorpadii Bylika, a ae XBICT. Takui MmiaAXiJ HaBITh Ha3Bald
«handcrafting osuax» # paniiie Bce Tak i pOOHIIH.
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IIpobnem y pyunozo kpagpmuney b6azamo.

[To-nepie, sKmo KOTUK Ha (oTorpadii MPUTUCHYB BYIIKAa a0O BiBEpHYBCH -
BCE€, HEMpoMeperka HIY0ro He MOOAYUTh.

[To-gpyre, cipoOyiiTe cami 3apa3 Ha3BaTU Xo4da O JECATh XapaKTEPHUX O3HAK,
110 BIJAPI3HSIOTh KOTUKIB BiJ 1HIIMX TBapuH. S oT He 3Mmir. OHaK KOJIM BHOYI MOB3
MeHe Mpo0irae 4opHa MisAMa, HaBiTh KPAEM OKa S MOXKY CKa3aTH KOTHUK L€ YU WLIyp.
Tomy 1110 JrOJMHA HE TUBUTHCS TUIBKH Ha (DOPMY BYX 1 KUIBKICTh JIall - BOHA OIIHIOE
00'€KT 3a KyNOI PI3HUX O3HAK, MPO Kl HABITh CaMa HE 3aMUCIIOEThCI. A OTXKeE, HE
PO3YyMi€ 1 HE MOYKE MOSICHUTH MAIlIWHI.

Sk HacHiOK, CKIAAa€ThCsl BPOKEHHSI, 1110 MAIINHI TpeOa caMiif BUMTHUCS IIyKATH
Il O3HAKH, CKJIAJIal0ud 3 AKUXOCh 0a30BUX JiHIN. Bynemo poOuTtu Tak: juisi mo4aTKy
po3aiuMo 300paxkeHHsT Ha Onoku 8X8 mikceniB 1 BUOEpeMO sKa JIiHISA JIOMIHYE B
KO)KHOMY - TOpu30HTaidbHa [-], BepTukaibHa [|] abo omna 3 miaronambHHX [/].
Mo>yThb 1 ABI, 1 TpH, TaK T€XK OyBa€, MU HE 3aBXKIU TOYHO BIIEBHEHI.

Ha Buxoai MM OTpUMaeMoO KilbKa MACHBIB MAJIUYOK, fKi, MO-CYTl, € MPOCTUMHU
O3HAaKaMM HasBHOCTI OOpHUCiB 00'eKTiB Ha 300pakeHHI. [lo-cyTi, 11e TeX KapTUHKH,
IPOCTO 3 MATUYOK. 3HAYUTH MU MOXKEMO 3HOBY BHOpatu OJI0OK 8X8 1 mMOAMBUTHCS
BXKE, fK 11l MAJIMYKKU MOEIHYIOTHCS OJHA 3 OJHOI0. A MOTIM IIIE 1 1I1e, 1 IIE...

Taka onepailisi Ha3MBAETHCS 3rOPTKOIO, 3BIIKM 1 MIILIA Ha3Ba METOAY. 3TOPTKY
MO>KHA YSIBUTH SIK IIIap HEUPOMEPEKI, ajpke HEUPOH - aOCONIIOTHO Oyib-aKa (QyHKIIIS.
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Konu mu nporansiemo yepes Hairy Helipomepexy Kymy ¢ororpadiii KOoTiB, BOHa
ABTOMAaTUYHO PO3CTABJISAE BEJIUKI Bard TUM CITOJyYEHHSM 3 MAIWYOK, sIKi moOaymia
Haiuacrtime. [lpudyoMy HeBaxJIMBO, IIe¢ TIpsAMa JIHIA CIOUHM a00 CKJIagHUN
r€OMETPUYHUI O00'€EKT THUITy MOPIOYKH - IIOCh OOOB'I3KOBO Oyne SCKpaBo
AKTUBYBATHCS.

Ha Buxozi )k MM MOCTaBHUMO TPOCTHH MEPIENTPOH, KU Oyne AUBUTHCS SKi
MOETHAHHS aKTUBYBAJIKMCS 1 TOBOPUTH KOMY BOHHU OUIbIIE XapaKTepH1 - Kimii abo
cobari.
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Kpaca igei B ToMy, 110 y Hac BHIUIa HEMpoMepeka, sKa caMa 3HaXOJUTh
xapakTepHi o3Haku 00'ekTiB. Ham Ounbie He Tpeba BiaOMpatu ix pykamu. Mu
MO>KEMO CKUIbKU 3aBrOJHO FOAYBATH i1 300pa’keHHAMH OyAb-sIKUX 00'€KTIB, IPOCTO
HAT'yrJiTh MUIBMOH KapTUHOK 3 HUMU - MEPEeKa caMa CKJIaJle KapTh 03HaK 3 MaINYOK 1
HABYUTHCSI BU3HAYATHU 110 3aBTOJIHO.

[Ilom0 11bOTO ICHYE HABITh HECMIIITHUN XKaPT:

Hait Helipomepexi puly - BOHA 3MOKe BHU3HA4aTH puly 10 KiHIS KUTTS. [lai
HeHpoMepexKi BYJIKY - BOHA 3MOK€ BU3HAYATH 1 BYJKY J0 KIHIIS KUTTH ...

4. ABTOEHKOJEPHU

Komncr BoHM mounHanmuch sik: O0Memxeni mepexi boabumana ado mepuui
aBToeHkoaepu - RBN

Y 2006 pori O6ysi0 IOCATHYTO MPOPUBY Y BUPIMICHHI MPOOJIEMHU 3HHKAKOYUX
rpaaienTiB. Jbxkepd XiHTOH po3poOMB HOBY CTpaTerito, sika MpUBENa A0 PO3POOKU
Restricted Boltzman Machine - RBM, api6HOi ABOIIapOBOT CITKH.



RBM STRUCTURE

Visible Layer Hidden Layer

[lepmnii map — ue BUAMMUN IIap, a APYruid — L€ npuxoBaHuil map. Koxen
BYy30J1 Yy BHUIUMOMY IIIapl MOB'S3aHUN 3 KOXHUM BY3JIOM Yy MPUXOBAHOMY IIapi.
Mepexa Bijjoma sIK 0OMEXe€Ha, OCKUIBKHM KOJHHUM JIBOM PIBHSAM Yy ME€XaxX OJHOIO
PI1BHS HE J103BOJIEHO CIUIBHO BUKOPUCTOBYBATH 3'€THAHHS.

Jlani 3ssBuIMCs OUTBII Mi3HI BEpCii.

ABTOeHKOIepH (aBTOKOAYBAJbHHKHU, aHrJ. Autoencoders, AE) — moch
nomione FFNN, me mBumame inmuii cnoci6 Bukopuctanas FFNN, uuM mpuHITUIOBO
HOBa apxiTekTypa. OCHOBHA i/ies aBTOCHKOJIEPOB — aBTOMAaTUYHE KOTyBaHHS (SK
Ipu CTHCKYBaHHI, a HE MpH mm@pyBaHHi) iH(popMalii, 3BiacK 1 Ha3Ba. Haramye 3a
dbopMOI0 MICOYHMU TOAMHHMUK, TaK SK CKPUTUW IIap MEHIE, YUM BXIJHUNA Ta
BUXIJIHMM, O TOTO X BOHAa CHMMMETPHUYHA BIJTHOCHO cepeAHix mmapiB (ogHoro abdo
JIBOX, B 3aJIEKHOCTI B1JI MApHOCTI/HEMAPHOCTI 3arajibHOTT KUTHKOCTI miapiB). Camwuii
MaJICHBKUM IIap Maibke 3aBXKIU CepelHii, B HbOMY MaKCHUMAaJIbHO CXaTO BCE, IO
PO3MIIIIEHO /10 CEPEeIMHU — KOJyl04ya YacTHHA, BUIIE CEPEIMHU — JEKOylo4a, a B
cepenuHi (BU He MOBipuTe) — KoA. AE HaB4arOTh METOIOM 3BOPOTHOTO MOIIHUPEHHS
MOMWJIOK, TIOJIAl0Th BX1HI JaHi 1 337al0Th IIOMUJIKY PIBHOIO PI3HUIICIO MK BXOJIOM 1
Buxoa0M. AE MoxHa noOyAayBaT CUMMETPUYHUMH 1 3 TOYKH 30py Bar, BUKJIaJIal04H
KOAYI0Ui BaroBi Koe(ili€eHTH PiIBHUMH JIEKOAYIOUNUMHU.

OcHoBHa iesi aBTOKOAYBAJbHMKIB HACTUIbKM K NPOCTa, SIK 1 TEHiaJbHA:
oasatime nepemeopumMo 3a60aHHs HAGUAHH 0Oe3 euumens Ha 3A80AHHS HABUAHHS 3
yuumesnem, cami co01 MPUIYMAEMO TECTOBI MPHUKIAAA 3 BIAOMHMH MPABWILHUMHU
BiMOBiIsiMU. | 3p0oOMMO MU 11€ TaK: TMOMPOCHUMO MOJIE]h HABYMUTHUCS BHUJIABATH HA
BUXOJl TOW caMHuil TpUKIaN, SKUA mnojgaBanu i Ha Bxig! Ilpu yvomy eona



HABUAMUMEMbCsL CHOYAMK)Y CMBOPIOSAMU KeCb SHYMPIUWHE VABIEHHs, KoOysamu
6X10 AKUMUCH O3HAKAMU, a4 NOMIM 0eK00y8amu ix HA3ao, wjob 8iOHOBUMU GUXIOHULL
sekmop 6x00is. Mu 300pa3win 3arajlbHy CXEeMy aBTOKOJyBaJbHMKAa Ha puc. 3.
I'opopssun  Tpoxu  (opmanbHille, MM  XOYEMO  HABYUTH  (PYHKIIIO

f (.’1:‘, 8) ~ x, e 6 - 11€ MapaMeTpy HEUPOHHOT MEPEeKI.
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Puc.3. Sk npanroe aBTOKOTyBaJbHUK

[Ilo ©He BimOyBamoCs 3BHYAMHOTO KOMIIOBAaHHSA HEOOXIJHO HaKJIaJaHHS
JOMATKOBUX OOMEXKEHb Ha MOJaHHA. Mucmeymeo no6yoosu aemoxo0y8anibHUKIE,
noiseae 8 momy, wob npuoymamu, Ki 0OMedNHCeHHs Ma AKUM YUHOM HAKIACMU HA
HeUpOHHY MepedxCcy, wob O03HAKU, WO BUX00sMb HA HNPUXOBAHUX UWLAPAX, OIUCHO
BUABUTUCS «YIKABUMUY.

VY KJacM4YHOMY aBTOKOJYBaJbHUKY JIOJATKOBE OOMEKEHHS AYyX€ MpPOCTe: 1100
Ha MPUXOBAHOMY IIApl HE MOKHA OyJIO MPOCTO CKOIMIIOBATH BXIJ, 3MEHIIMMO HOro
PO3MIPHICTb MOPIBHSHO 3 PO3MIPHICTIO BXOJTY.

3a Takoro MIAXOQYy BHUXOAWTh, IO ABTOKOJUPOBUIMK (PAKTHUYHO BUPIIIYE
3aBIaHHS 3HIWKEHHS po3MipHOcTi (dimensionality reduction): sik BimoOpa3utu
BEJTUKHM MPOCTIP 31 CKJIIATHUMHU B3a€MO3B'sI3KaMU B MPOCTIP HIKYOT PO3MIPHOCTI, JI€,
CIIOJ1IBATUMEMOCS, CKJIa/IHI B3a€EMO3B'SI3KU MIEPEUTyTh Y IPOCTIITY 3aJIEKHICTb.

€ 0e3miy KJIACMYHMX METOMIB 3HUKEHHS PO3MIPHOCTI: aHaji3 OCHOBHUX
KoMIioHeHT (principal component analysis, PC A), cunHrynsipHe po3kiagaHHs
Matpuils (singular value decomposition, SVD), anami3 He3aleKHUX KOMIIOHEHT
(independent component analysis, I[CA) Ta 6araTo iHIITUX.

Baowcnusa 6iominnicme moeo, wo mu pobumo 3apas, 8i0 KIACUYHUX MemOoOi8
3HUJICEHHS PO3MIPHOCHI 8 MOMY, WO HEUPOHHI MePeduCi MONCYMb UCIO8UMU Oilblue
PI3HUX CKAAOHUX PI3HOMAHIMHOCME, IM He NOMPIOHI HACMINbKU CUTIbHI NPUNYUEHHS
npo cmMpyKmypy OAHUX, K KIACUYHUM Mooensim. I HydKiCTh MOJiesieH, 110 3a1al0ThCs
HEUPOHHUMH MEpPEKaMH, 4acTO J03BOJISIE€ BUILIUTU JYXKE «IlIKaBl» O3HAKH, 1 Xx0o4a
MOJIEN1 CTalOTh OUIBIN CKJIATHUMHU Ta KPUXKUMHU, OUEBUIHO, 1110 CaMe 11€ 1 TOTPiOHO y
pealbHOMY KHUTTI: CIIPOOYUTE YSIBUTH COO1, SIK BUTJISAE PI3SHOMAHITTS OCMHUCICHHUX
TEKCTIB YKPATHCHKOIO MOBOIO Y TIPOCTOPI MOCTITIOBHOCTEN OYKB.



Ha mpaxTurii aBTOK0IyBaIbHUKH HAWYaCTIIIE BUKOPUCTOBYIOTh /IS OTPUMAHHS
TaKUX O3HaK 3 JaHMWX, SKi B Pe3yJbTaTi TO3BOJISIIOTH 3MCHIIUTH TMOMWIKY TpH
MOJaJbIIIOMy HaBYaHHI 3 YyYHUTENeM. | BHABIAETHCSA, MO B I[BOMY BHITQJIKY
aBTOKOJIYBAJIbHUKHU, B NIPUXOBAHOMY Iapil SKUX HEUPOHIB OiJIbIIE, HDK Y BXITHOMY
(ix masuBaroTh Overcomplete autoencoders, a Ti 1o peasbHO 3HMKYIOTh PO3MIPHICTh
- undercomplete), Haituacriiie BUSBISIFOThCS BKpail KOPHCHUMHU.

3BUYAitHO, aBTOKOAYBAJLHHUKHU 32 JBAANATH POKIB CBOTO ICHYBAHHS OTPUMAIH
oJlpa3y KUIbKa CEPUO3HHMX alTpeuiB. «3BUYAHI» aBTOKOMYBAaJbHUKH, SKI MH
pO3IIIAlay  BUIE, HAMAralThCsS BITHOBUTH BXiJ] TO HBOMY CaMOMYy, TOOTO

. fl®) ==

HAMararoTbCsl HABYUTH TOTOXKHY (YHKIIIIO abo 3a J0MOMOroI0
3ac001B, HEJOCTATHIX, 100 II€ BHCJIOBHTH, a00 3 JOJATKOBHUMH OOMEKEHHSIMHU Ta
UMM, SIK1 3aBaXKAIOTh MPOCTO B3SITH Ta CKOIIIOBATH BX1Jl Y BUX1J. TUM HE MEHII, y
MIpY TOTO SIK PO3MIPHICTh MPUXOBAHUX IIAPIB 1 BUPA3HICTh MOJIENl OyayTh 3pOCTaTh
- aJK€ MM X04eMO, 11100 BOHU POCIH, - MU OyZ€MO BCE TOYHIIIE BIJHOBIIOBATH BXiJ
0 HBOMY X CaMOMy, 1 CHpaBIATUCA 3 TMOTEHUIMHUM OBEPPITTUHIOM Oyae Bce
CKJIQHIIIE 1 CKJIaHIIIIE.

Hllymonpuzniuyouuit asmokoodysanvnuk (denoising autoencoder) - 1€
OpUTIHAIBHUI 1 JIy’)K€ MPOCTUH CMOCIO Maike MOBHICTIO MO30aBUTHCS MpoOeM
oBepGiTTuHTY. /[aBaliTe BITHOBIIOBATUMEMO HE BXiJ] X IO HbOMY CaMOMYy, a BXiJ X 3a
JNEessKUM Moro 3amymieHuM BapianTtoMm X. Hanpuknan, nasaiite Bubepemo 10%
MIKCENB 300pa)K€HHs Ta 3aMIHUMO IX HyJIsIMU (YOpHUMHU TIIKCelaMH) abo
BUIIAJIKOBUMH 3HAYEHHSIMU 1HTEHCUBHOCTEH, aj€ BIAHOBUTH MPU LOMY MOIMPOCHMO
HE CIIOTBOPEHMI BapiaHT KapTUHKHU, & BUXIJHUW, Y SKOMY BCl IMIKCEIl CTOSTh Ha
CBOIX MiclsiX. TakuM YMHOM, aBTOKOJyBaJIbHUK MOBUHEH OyJi€ HE MPOCTO CTUCHYTH
OTpUMaHUW TPUKIAN, ajie M€ ¥ YacTKOBO BIJIHOBUTU BTPAu€HI B MPOIEC]

9) =Ly g mu poOumu B

IbOMY PO3AUI paHillle, a JOCUTh CKIAIHY (PYHKIIIIO f (m;ﬂ) = Ty gxa Bxe
HEMUHYYE OMMCyBaTUME 0araro I[ikaBuX BJIACTUBOCTEH MOJaHUX Ha BXIJl JaHUX.

[HImMI BaXXITMBUI BapiaHT — po3pioiceHi asmoKo0yeaibHUKU.

BusiBnsieTncs, 10 po3piaKeHICTh (sparsity) akThBalii - e 0a)kaHa BIACTHBICTh
HE TITBKH JJIS MO3KY, JJIS SIKOTO I1e¢ OYyJIO KUTTEBO BAXKJIMBUM, aje 1 IS IMTYIHUX
Mozenel. [Hol MM MOKEMO 1HTEepHpeTyBaT 3HAUYCHHS aKTHBAIlll HEWpOHa came SK
HOro akTUBHICTh, 1 TOJ1 3HAYEHHs, OJM3bKI JO OJIMHMII, O3HAYAIOTh, 110 HEHPOH
MOCWJIA€ IMITYJIbCH, 1 HaBMaKW, 3a OJM3BKUX A0 HYJS 3HAYeHb HEUPOH MOKHA
BBKATH «IIOTAIICHUM», HEAKTUBHUM. Y NESIKUX 3aBIaHHSIX MU XOTUIH O OTpUMaTH
HEHPOHHY MEPEXy, OUIBIIICTh HEUPOHIB SKOI HEAKTUBHI Y KOKHUI MOMEHT 4acy. 3
OJTHOTO OOKy, II€ JTO3BOJISIE CIOMIBATHCS, IO 3a Pi3HI «KOPHCHI» BIIACTUBOCTI,
BUTATHYTI 3 JaHWUX, BIJAMOBIAAIOTH OKpPEMi, MOOJMHOKI HEHpPOHHW; Ha BIAMIHY Bij
CUTYyaIlil, KOJIU Ofpa3y BelIMKa Tpyrna HEHPOHIB BIANOBIAAE 3a JCSKY BIACTHUBICTD,
HaM YK€ BaXKO IHTEPHpETyBaTH I1X 3HAYCHHS, 1 MOJEIb BUXOJIUTH 3aHAJITO
KPUXKOIO.

3alTyMJICHHS JIaH1, HABYMTH HE TOTOXHY (DYHKITIFO f (:L‘,



Ane sk 3poOMTH HEHPOHHY MEpexy po3pikeHoo Ha mnpakrtumi? s
30UIBIICHHS PO3PIKEHOCTI MPUXOBAHOTO APy HaM XOTUIOCsA O, mo0 WMOBIPHICTH
aKTHBaIlll KOXXKHOTO OKPEMO B34TOro HeWpoHa Oyna Hu3bKow. Hexail HelpoH €
BUIIAJIKOBOIO BETMYMHOIO 3 PO3MNOJITIOM bepHyIUIil; MpocCTilie KaxXydu, HEMpOH - 11e
3BMYailHA MOHETa, 1 Cepe/lHE 3HAYeHHs aKTHUBAIlli HEeWpOHa MPUXOBAHOTO IIAPY
BIJIMOBIIa€ TMOBIPHOCTI OTPUMAHHS OJMHMIN (HANPUKIIAJ, PEIIKH) Y BUMPOOYBaHHI
bepnymni. Hexali Temep Oaxkana WMOBIPHICTh aKTHBaIlll HEWpoOHa JOPIBHIOE P, a
OTpUMaHe 3 JaHUX eMIIIpHYHe cepeaHe nopiBHIOE p. Bincrans Kynpbaka —
Jleitbnepa M1k MOJEIBHUM PO3MOALIOM Ta PO3MOIIOM JaHUX JOPIBHIOE

KL (p]|p) = plogg.

I Tenep uro BijicTaHb, TOOTO MIpy HECXOXKOCTI Mk PO3MOLTIAMHU, MOKHA MPOCTO
JOJIaTU UIITLOBY (PYHKIIIIO SIK PETYJISIpU3aTOP.

OTtxe, B 3 Ta 4 NUTaHHI MU MO3HAHOMMIIMCSA 1 3 OCHOBHUMHM KOHIICTIIIISIMU MEPEX
3rOpTaHHs, 1 3 aBTOKOIyBaJIbHUKaMH. 3rOPTKOB1 MEpEeXI - 1€ OJJHa 3 HAalBaXKJIMBILLINX
apXITEKTYp HEHPOHHUX MEPEXK, IKa BUKOPUCTOBYE 3TOPTKOBI (PUIHTPHU 13 3arajJbHUMU
Baramu, 3aCTOCOBYIOUM THMM CaMUM OJHI ¥ Ti caMl NEPETBOPEHHS JI0 PI3HUX YaCTUH
Bxoqy. Taka ekcTpemalibHa peryispusaiis JJ03BOJSE 3TOPTKOBUM  MeEpexaM
HAaBYaTUCA AyXke e(PEeKTHBHO 1 OyTH TIJIMOOKMMHU HaBITh «3 KOpPOOKM», a Takl
CyyacHII 17el, SIK 3aJUIIKOBI 3B'SI3KM, [103BOJISIIOTH HABYATH HEWPOHHI MEpEexkl
NPaKTUYHO HEoOMexeHOoi rnmmOuHu. Tenep HaM MOTPIOHO MOTOBOPUTH MPO IHIIUN
CTOBII Cy4aCHUX HEHPOHHUX MEPEX — MEPEX PEKyPEHTHHX.

5. PexypentHi Heiipomepe:xki (RNN)

Jlpyra 3a TOMyJSIpHICTIO apXiTeKTypa Ha CBHOTOAHINIHINA JeHb. 3aBISKU
PEKYPEHTHUM MEpekaM Y Hac € Takl KOPUCHI pedl, SK MalTuHHUHN MepeKyaj] TeKCTIB 1
KOMITIOTEpHUI CUHTE3 MOBU. Ha HUX pO3B'A3yl0Th YCl 3aBlaHHs, TOB'S3aHl 3
MOCJTIJIOBHOCTSIMU - TOJIOCOBI, TEKCTOBI 200 MY3HYHI.

[Tam'siTaeTe ONACKYIBHI TOJIOCOBI cuHTe3aTopu Ty Microsoft Sam 3 Windows
XP, sxuii cMIIITHO BUMOBJISIB CJIOBAa MO OyKBaX, HAMAralouuch SIKOCh CKJICITH 1X MIXK
coboro? A Temep moauBiThes Ha Amazon Alexa abo Amicy Bia SIHaekca - BOHHU
ChOTOJIHI HE TIPOCTO BUMOBJISIOTH CJIOBa 0€3 MOMUJIOK, BOHU HaBITh PO3CTABISIOTH
aKLIEHTU B pEYCHHI!

[le BimOyBa€eThCS TOMY, IO Cy4acHI rOJIOCOBI MOMIYHHUKM HABYAaIOTh TOBOPUTH
He OykBamu, a ¢pazamu. Aje ojapa3y 3MYCHUTH HEHUpPOMEpEKy MOBHICTIO BHIABaTH
dbpasu He Buiize, ajke Toal il Tpeda Oy/e 3amam'sitatu Bei ¢pa3u B MOBI 1 iX po3mip
Oyzne BeneTeHChbKUM. TyT Ha JIOMOMOTY MPUXOIUTH TOH (PakT, M0 TEKCT, MOBa abo
My3HKa - 1€ mociaioBHOCTI. KoxHe c10B0O a0 3BYK - I1e, TaK OM MOBUTH, CAMOCTIHA
OJIMHULISA, aJie SKa 3aJekuTh Bl momepenHix. Komm 1el 3B'S30K BTpadaeThes -
BUXOJIUTH Ta0CTET.



MoskHa MOCTaTHBO JIETKO HABUUTH MEPEXKY BUMOBJISTH OKpeMi cjoBa abo
OykBu. bepemo kymy po3MiueHMX Ha cjioBa ayaiodaiiiB 1 HABYAEMO IO BXITHOMY
CIIOBY BHJaBaTH HaM IIOCIIJIOBHICTh CHTHAJIB, CXOXHX Ha WOro BHMOBY.
[TopiBHIOEMO 3 OPHTIHAJIOM BiJ JIMKTOpa 1 HAMAraeMocsi MaKCUMaJIbHO HaOJIM3UTHCS
1o igeamy. Jlyis Takoro migiiae HaBITh MEPIEITPOH.

Ochb TUIBKHY 3 TTOCTIAOBHICTIO 3HOBY 01/1a, aJI’Ke MEPILENTPOH HE 3alaM'siTOBYE Te,
10 BiH T€HEepyBaB padiiie. J[Jis HbOro KOKEH 3aIyCK SK NepIiui pas. 3'sBuiacs iaes
JOJIaTH JI0 KOXKHOTO HEHpoHa maM'saTh. Tak GYJII/I npUIyMaHi peKypeHTm Mepe>1<1 B
AKUX KOXEH HEWpOH 3amam'siTOByBaB BCl CBOI nonepez[Hl BIJIMIOBII 1 TIpH
HACTYITHOMY 3aITyCKy BHKOPHUCTOBYBAB iX SK JOJATKOBUU BXin. ToOTO HEHpOH MIr
CKa3aTH camMoMy €001 B MalOyTHhOMY - aroB, YyBaK, HACTYIHHH 3BYK ITOBHHCH
3By4YaTH BHUIIE, Y HAC TYT TrOJIOCHA OyJa (Iy>Ke CIPOIICHUIN MPUKIIAN).
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Pucgpramna Huipomepraca (BNN)

byna nuie ogHa mpo6iema - KoJIM KO>KEH HEMpOH 3aramM'siTOBYBaB BC1 MHHYJI1
pe3yabTaTH, B MEpEeKi BHHHUKAJIAa TaKa JHUKA KUIBKICTh BXOJIB, III0 HABYUTH TaKy
KUTBKICTh 3B'SI3KIB CTaBaJi0 HEPEAITbHO.

Konu neitpomepesica ne émie 3ad0yeamu - iv ne morcna Haguumu (y ar0oeii ma
e picns).

CnoyaTtky npo6sieMy BHPIIIMIN B JI0O - 00pyOain KO)KHOMY HEMpPOHY Mam'siTh.
AJe moTIM NpUAYMav B POJI L€l «IMaM'sIT» BUKOPUCTOBYBATH CIELIabHI KOMIPKH,
CXO1 Ha Mam'siTh KoMIT'toTepa abo perictpu npoiecopa. KoxHa koMmipka 103BOJIsIa
3anucaty B cede nudpy, mpountatd abo CKUHYTH - iX Ha3Balld KOMIPKHU (OCEPEaKH)
JIOBroi 1 KOpoTKOCTpoKoBOi mam'stti (LSTM).

Komnu Helipony Oyno moTpiOGHO MOCTaBUTH cOO1 HaraayBaHHS HAa MallOyTHE - BiH
MMCaB 1€ B KOMIPKY, KOJM HaBIAKW BCS ICTOPIS CTaBajia HEMOTPIOHOIO (pEUCHHS,
HAMpUKJIAd, 3aKIHUYWJIOCA) - KOMIPKM  BHUJQJSUIMCS, 3QIHINAI0YA  TITBKH
«JIOBTOCTPOKOBI» 3B'SI3KM, SK B KIACHYHOMY TMEpUENTPOHi. [HmmMMH croBamu,
Mepe)ka HaBdyajlacs HE TUIBKM BCTAHOBJIIOBATH IIOTOYHI 3B'SI3KM, a W CTaBHUTH
HaraJyBaHHS.

IIpocro, ane npaiitoe!



O3By4eHi TEKCTHU JIsl HAaBYaHHs Moyaiu OpaTu 3BiAKM 3aBrogHo. Hasite 6a3din
3MIT BHUBAHTAXXUTH Bifeo3anucu BUCTYIIB OO0aMu 1 BeIbMH HEMOTaHO HABYUTHU
HEHPOMEpEeKy pO3MOBIIATH MO0 rojiocoM. Ha 1ioMy npuKI1ajii BUAHO, IO iMITYyBaTH
roJIoC - IOCUTh MPOCTE 3aBJaHHS JIJI1 ChOTOHINIHIX MAIIMH. 3 BJIEO CKJIAIHIIIE, ajie
1I€ TTOKH IIIO.

Encoder € |—| e |—| e |—| e3 |—/2| ey |/ es |/ e

Decoder do — d - d: - - ds

6. IHui THNU MOMYJISIPHUX ITHOOKUX HelipOHHUX Mepek (KOPOTKO)

Mepe:xi riaiuookxoro nepexkonannsi (DBN)

Mepexi riaumbokoro mnepekoHanHs (DBN) dbopmyroThCcsi NUISXOM TMO€THAHHS
RBM Ta BrpoBagKeHHsI pO3yMHOTO METOAY HaBYaHHs. Mu MaeMO HOBY MOJEIb, KA
OCTAaTOYHO BHUPIIIYy€e MPOoOIeMy 3HUKaI04uoro rpagieHta. Jxedpd XiHTOH BHUHAMIIOB
RBM, a takox mepexi Deep Belief sik anpTepHaTHBY 3BOPOTHHOMY MOIIUPEHHIO.

DBN cxoxa crpykryporo Ha MLP (OaraTomapoBuii mepcenTpoH), aje Iyxe
BIJIPI3HSIETHCS, KOJIM CIIpaBa JOXOJUTHh N0 HaB4YaHHsS. lle ocoOnuBe HaBuYaHHS, SKE
no3BoJiie DBNs nepeBepinTu ¢cBoiX IpiOHUX KOJIET.

DBN Mmoxe 0ytu BizyanizoBanuii sik ctek RBM, ge nmpuxoBaHuil piBeHb OJJHOTO
RBM € Bumumum piBHemM RBM nHag num. Ilepmmiit RBM HaBuenwmii, 1106
PEKOHCTPYIOBATH CBili BHECOK SIKOMOTA TOYHIIIIE.

[IpuxoBanuii piBeHb nepmoro RBM OepeTbcsi Ik BUAMMHUN PIBEHb JIPYroro
RBM, 1 apyruii RBM HaBuaeTbcs 3 BUKOPHUCTAHHSM BHUXIJHUX JaHUX MEPIIOTO
RBM. Ileit mporiec MOBTOPIOETHCS A0 TUX Iip, MOKK KOXKEH Iap Mepexi He Oyne
HAaBYECHHU.

Y DBN koxxen RBM BuBuae BBech BXimuuii Habip. DBN mpaiitoe rino6anbHo,
TOYHO HAJIAINITOBYIOYM BECh BXIJ TMOCTIZIOBHO, OCKUIBKH MOJENbh MOBLIBHO
MOKPAIIYEThCS, IK 00'€KTUB KaMepH, 1110 OBLILHO GoKycye 300pakenns. Ctek RBM
nepesepirye onuH RBM, ockinbku Oararomaposuii nepcentpod MLP mepeepiiye
OJIUH TIEPCENTPOH.

Ha upomy etani RBM BusiBuIM XapakTepHi a0JIoHU JaHUX, aje 0e3 OyIb-sIKux
iMmeH abo wmitok. Illo0 3aBepmmTy HaBuanHs DBN, My MOBHMHHI BBECTH MITKU Y
11a0JIOHU Ta HANAIITYBaTH MEPEXKY 3a JOIMOMOTO KOHTPOJIHLOBAHOTO HABYAHHS.



Ham notpibumii gye ManeHbKHil HaOlp MO3HAYEHHUX 3pa3KiB (PO3MIYEHHX
JaHuX), mo0 (yHKIIT Ta madJ0HM MOTJIM OyTH MoB's3aHi 3 iM'saM. Llelt HeBenukuit
Ha0ip TaHUX BUKOPHUCTOBYETHCS NIl HaBuaHHs. Lleil HaOip mo3HaUYeHUX JaHUX MOXKE
OyTH Iy’ke MaJeHbKUM, IIOPIBHSHO 3 MOYaTKOBUM BXiTHUM Ha0OpOM JTaHUX.

Bara ta 3mimeHHs 37€TKa 3MIiHIOIOTBCA, 110 MPU3BOJUTH 10 HEBEIUKOI 3MiHU
CIPUUHATTS CITKOIO IA0JIOHIB 1 YacTO JO HEBEJIUKOrO 30UIBIIEHHS 3arajbHOi
TOYHOCTI.

HaBuanHs Takox Moxe OyTH 3aBEepLICHO 32 PO3YMHHIl 4ac 3 BHKOPUCTAHHSIM
rpadiuHuX TPOIECOpIB, K1 JAIOTh QYK€ TOYHI PE3ylbTaTd MOPIBHSHO 3 JIpIOHUMU
MepekaMu, 1 MH TaK0X 0a4MMO BUPIIIEHHS IPOOJIeMU 3HUKHEHHS TPaJlieHTA.

I'enepaTuBHi 3mMaraabHi Mepexi (GAN)

I'enepatuBHI mpoTHOOpPUYl Mepexkl - L& IIHMOOKI HEHPOHHI MEpPEexi, IIOo
CKJIAJAI0ThCA 3 JIBOX MEPEX, PO3TAlIOBAaHUX OJHA MPOTH OJHOI, TAKUM YUHOM, 1€
"3B's13Ha" Ha3Ba.

GAN Oynu mpenacraBieHl y CTarTi, OMNYOJIKOBaHIM JOCHITHUKAMUA 3
VYuisepcurery Monpeanto y 2014 poni. ExcriepT 13 mryudoro muctentsa Facebook
Ann JleKan, nocunarouncr Ha GAN, Ha3BaB 3MarajibHE HAaBUYAHHS «HAMIIIKABIIIOI
17eeto 3a octanHi 10 pokiB y MLy.

[Totenmian GAN Benuuye3HHM, OCKUIBKY CKaHYBaHHSI MEPEXK1 BUUTHCS IMITYBaTH
Oynb-axuii po3noain gaHux. GAN MokHa HaBYMTH CTBOPIOBATH IMapalielibHI CBITH,
HAIIpOUyJl CXOX1 Ha Halll, B OyJp-AKid rampysi: 300paxe€HHs, My3HKa, MOBa, IIpo3a.
BoHu 110 neBHOI Mipy XYJ0KHUKU-POOOTH, 1 iXHSI IPOIYKIIIS BPaXKae.

Y GAN ojgHa HeEHpOHHa Mepexa, BlIoOMa SIK T€HEepaTtop, T'eHEepye HOBI
EK3EMIUISIPU JAHUX, A 1HILIA JUCKPUMIHATOP OLIHIOE iX HA CIIPABXKHICTb.

E—) Discriminator Network - Predicted Labels
D-dimensional

noise vector

I - Generator Netwark — i

[IpunyctmMo, MM Hamaraemocs 3reHepyBaTH PYKOMHCHI Iudpu, MomiOHI 0
3HaineHnx y Habopi manux MNIST, skuit B3gatuii 3 peanpbHOro cBiTy. PoOota
JTUCKPUMIHATOPA, KOJM TOKa3aHWH EK3eMIULIp 31 CHpaBXHHOTO HAOOPY JaHUX
MNIST, nosisirae y po3mni3HaBaHHI iX SIK CIIPaBXKHIX.

Tenep posrisHemo HacTynHi1 Kpoku GAN :
Mepexxa reHeparopiB MpuiiMae BXIJHI JIaHl y BUIJIAJI BUINAIKOBUX YHUCEN Ta
NOBEPTA€E 300paKEHHS.



Ile 3reHepoBaHe 300pakeHHS IME€peNaeTbCs SK BXIAHI JaHI B MEPEXY
JUCKPUMIHATOPA Pa30M 3 IIOTOKOM 300paKeHb, B3ATHX 3 (AaKTUIHOTO HAOOPY JaHHX.

JluckpuMmiHaTop MpUKMae SK peajbHi, TaK 1 MiAPOOJeHI 300pakKeHHS Ta
noBepTae iMoBipHOCTI, uncna Big 0 mo 1, ae 1 mpeacTaBiise MPOrHO3 CIPaBKHOCTI, a
0 — miapoOKwu.

Takum 4MHOM, y Bac € MOABIMHUIN IUKII 3BOPOTHOTO 3B's3Ky — JlMCKpUMiHATOD
3HAaXOJUTHCS Y METI1 3BOPOTHOTO 3B'I3KY 3 OCHOBHOIO MPABIUBUX 300pakeHb, K1 MU
3HAEMO.

['enepaTop 3HAXOAUTHCA Y KOHTYP1 3BOPOTHOTO 3B'SA3KY 3 IUCKPUMIHATOPOM.

B3aram npo apxiTekTypu HEMpOMEpPEK MOXKHA FOBOPUTH HECKIHYEHHO OBIO.
JlonuTIMBUX BiAIpaBIsiio qUBHTUCS cxeMy i untatu ctartio Neural Network Zoo, ne
310paHi BC1 TUIM HEUPOHHUX Mepex (€ i pocBepcis).



http://www.asimovinstitute.org/neural-network-zoo/
https://habr.com/company/wunderfund/blog/313696/
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Generative Adversarial Network (GAN) Liquid State Machine (LSM) Extreme Learning Machine (ELM) Echo State Network (ESN)
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Deep Residual Network (DRN) Kohonen Network (KN)  Support Vector Machine (SVM)  Neural Turing Machine (NTM)
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BucHoBkn

['muboke HaBYaHHS - 3aCTOCYBaHHS MAIIMHHOTO HABYAHHS, IO JIIACHO MIBUAKO
3poctae. UMCIeHHI OAATKW, OMMCAaHI BUIIE, TOBOASITh HOr0 CTPIMKUN PO3BUTOK
JUIIE 3a KUTbKa pOKiB. BUKOpUCTaHHS IIMX aJTOPUTMIB y PI3HUX Taly3sX MOKa3ye
Horo yHiBepcaJIbHICTh. AHaJi3 MyOJIiKaIlii, BAKOHAHUKN Y 1IbOMY JOCIIIPKEHHI, SICHO
JIEMOHCTPYE aKTyaJIbHICTh II1€1 TEXHOJIOTI Ta Ja€ YiTKy UIIOCTpaIlil0 3pOCTaHHS
rMOOKOTO HaBUAHHS Ta TEHACHITIN 1010 MaOyTHIX MTOCHIKEHB Y MK ramysi.

lepapxis piBHIB Ta KOHTPOJb Yy HaBUaHHI € KIIOYOBUMH (HaKTOpaMu IJist
PO3pOOKH YCIINIHOTO 3aCTOCYBaHHSI MIOJ0 TIMOOKOTO HaBUYaHHSA. lepapxis BakinBa
BIZIMOBITHOT KyacudiKallii JaHWX, TOJI SIK KOHTPOJh BPAaxXOBYE BAKIMBICTH CaMmoi
0a3u maHuX SK yacTHHHU npoiiecy. OCHOBHA LIHHICTh MNTMOOKOTO HABUAHHS IMOJIATAE B
ONnTHUMi3alli ICHYIOUHX MpOorpaM y MallMHHOMY HaBYaHHI 3aBJASIKA 1HHOBALIMHOCTI
lepapxigyHoi 00poOkH. ['TnOoKe HaBUaHHS MOKE 3a0€3MeUnuTH e(PEKTUBHI pe3yIbTaTh
i yac nudpoBoi 00poOKM 300pakeHb Ta po3Mi3HABaHHS MOBH. 3HI)KEHHSI B1JICOTKA
nommiok (Big 10 1o 20%) sSIBHO MiATBEPIKYE MOKPAIICHHS MOPIBHAHO 3 1ICHYIOUUMHU
Ta MEePEeBIPEHUMHU METOIaMH.

VY HUHINIHIO €noXy Ta B MaiOyTHhOMY TIJIHMOOKE HaBYaHHS MOXKE CTaTH
KOPUCHUM I1HCTPYMEHTOM O€3MEKH 3aB/ASKMA TOEIHAHHIO PO3IMi3HaBaHHA OOJIWY Ta
MoBU. Kpim 1iboro, mudposa o0poOka 300pakeHb € 00JaCTIO JOCIIKEHbB, KA MOXKE
3aCTOCOBYBATHUCS B 0araTboX 1HMIMX 00acTAX. 3 L€l MPUUYMHM 1 JOBIBLIU CIIPABKHIO
ONTHUMI3allil0, TTMOOKE HABYAHHSA € Cy4aCHUM Ta LIKAaBUM MPEIMETOM PO3BUTKY
HITYYHOT'O 1HTEJEKTY.



