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Jucrumrina «MeTo Ta CUCTEMH IITYYHOTO 1HTEIEKTY» Haaae 3100yBadaM
3HaHHS B Tajy3l IITYYHOrO I1HTENEKTy. JucuuIuiiHa OpieHTOBaHA Ha BUBUYEHHS
ICHYIOYMX Ta TEPCIEKTUBHHUX TEXHOJIOTIM IITYy4HOro 1HTENEeKTy. [lpu BuBUYEHHI
JTUCITUIUTIHM OCOOJIMBY yBary NpPHUAUIAETHCS METOAAM MPAKTHYHOTO 3aCTOCYBaHHS
€JIEMEHTIB IITYYHOTO IHTEJEKTY B KOMIT IOTEPHUX TMPHUCTPOSAX Ta CHUCTEMax IiX
MporpaMHOMY 3a0e3MeueHH1 Ta 3aco0ax KibepOe3neKH.
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1 BBeneHHs1 B IMCHMILTIHY

VY cyyacHOMY CBiTi POrpec NPOAYKTHBHOCTI (axiBLs B Taiy3i iHPOpMaIITHUX TEXHOIOTIH
JOCSITAEThCS JIMIIE TOMI, KOJIM YacTHHY IHTEJICKTYaJbHOTO HaBaHTa)XCHHS OepyTh Ha cebe
KoM totepu. OHUM 13 €crOCOOIB JOCATTH MAaKCHUMAaJIbHOTO MPOTrpecy B I cdepi, € «UTydHul
IHTEJIEKT», KOJIM KOMII'FOTEP CIPOMOXXHHH BHUKOHYBAaTH HE TIUJIBKM OJHOTHIIHI omeparii 1o
(bikcoBaHOMY aNTOPUTMY, aje 1 MOXKEe caM HaByaTHCsA. TOMY rOJOBHA 3a/la4a IITYYHOTO 1HTEIEKTY
MOJISITae 'y TOMy, 1100 3poOUTH OOYMCITIOBAJIbHI MAITMHU I11€ KOPUCHIIIMMH 1 TIEPETBOPUTH iX HA
CTpaBXHIX MOMIYHHKIB JIIOJUHHU. AJle Ha bOMY (YHKIIS IITYYHOTO IHTEJIEKTY HE OOMEKY€EThCS.
Piu y Tomy, 110 HamMararO4rch CTBOPUTH MAIIMHU, IO 3[]aTHI MUCJIUTH, JIFOJIMHA TIOTPOXY TTOYHHAE
PO3YMITH SIK MPAITIOE 11 BIIACHUH MO30K, TOOTO IMOYMHAE Kpallle 3p03yMiTH cama ceoe.

HaBiwo noTpibeH WTYy4YHUN iHTENEKT?

[Mporpec NnpoAyKTUBHOCTI
daxisuAa B ranysi iHpopmauinHux
TEXHOMOTIN AOCAracTbCA NnLLe
TOZi, KO/ YaCTUHY
iHTeNeKTyaNbHOro
HaBaHTa)keHHA BepyTb Ha cebe
Komn'roTepu

CTBOPIOIOYM LUTYYHUM IHTEJEKT,
NIOAUHA NOYMHAE Kpalye
po3ymitu cama cebe!

ToMmy iCHye 1Ba TOJIOBHHUX HAMPSIMKY PO3BHTKY INTYYHOTO iHTeJ‘IeKTy‘ nparMaTHYHUN Ta
Oioniunmii. [{o TOW, 110 IHIMMI HAPSIMKK Hapa3i 3HAXOMSATHCS 1 CTaJii PO3BUTKY, TOMY Yy Bac €
VHIKaJbHAa MOJKJIMBICTh 3POOUTH CBifi BHECOK y PO3BHUTOK IITYYHOI'O IHTENEKTY 1 CTaTH
3arpedyBaHUM (axiBIeM, IO HIKOJIHM HE 3aJTUIIATHCS 0€3 pOOOTH.

Hanpamu po3BUTKY WUTYYHOTO iIHTENEKTY

* [lparmaTuyHum
* BiOHIYHUN

[Iparmatnyanii HAIPSMOK PO3BUTKY HITYYHOTO IHTEJNEKTY HE MOTpeOye CTBOPEHHS KOMil
JOACHKOTr0 MO3KY. TOOTO y IbOMY HAINPSIMKY PO3YMOBA AisUTBHICTD JFOJAMHU MPUIMAETHCS K AKach
«4OpHaA CKpUHBKa», 1 il HE MOTPIOHO AKOCH OKJIAJHO BUBYATH. ['0J0BHE 11100 pe3yibTaT pobOTH
IITYYHOTO 1HTENEeKTy OyB MOAIOHMI 10 pe3ynpTaTy poOOTH JIOAMHU. TOMY SKIIO KiHLIEBUH
pe3yabTaT (PYHKIIOHYBaHHS INTYYHOI CHCTEMH Xoda O TpHOIM3HO 30Ira€ThCs 3 PE3yabTaTOM
JISUTBHOCTI JIIOIMHU, TO TaKy CUCTEMY BXKE BH3HAIOTH IHTEJIEKTYaJIbHOIO HE3AJIIEKHO Bifl CIIOCOOIB
OTPUMAaHHS LBOTO PE3yJbTaTy. 3a TAKOro MiJXOJy HE CTaBUTHCS 3a/aya BIATBOPUTHU y LITYUHIHN
KOMIT IOTE€pHIN CUCTEMi CTPYKTYpPH Ta MPOLECH, Kl BiI0YBaIOThCS y MO3KY JIIOAMHU. ["0N10BHE, 11100
KIHIIEBUI pe3yNbTaT po3B’sA3aHHs 3a/1a4i OyB Takui ke, K 1 BUMAJKY PO3B’SI3aHHA ii JIOAUHOIO.



MparmaTUYHUN HAaNPSAMOK PO3BUTKY
LWITYYHOTO IHTENEKTY

PosymoBa Z1ifNIbHICTb NOAUHUN — K4OPHU ALLUK»

f Linbosi ranysi

*  CTBOPEHHS iHTe/IeKTya/IbHUX IHCTPYMEHTIB
(niHrBicTMYHI NpoLecopwm, cneLianizoBaHi MOBH,
6a3u 3HaTb, NPOTOTUMNM CUCTEM)

¢ po3pobKa MeToAiB NoAaHHA M 06po6KU 3HaHb

i * iHTe/sleKTyasibHe nporpamysaHHs (irposi

nporpamu, CUCTEMMU aBTOMaTUYHOTO NepeKaagy,
posnisHaBaibHi Nporpamm)

Hapasi MoxHa BUIUIMTH TPU LUTBOBI Taly3i 3aCTOCYBAaHHS MparMaTHYHOTO HanpsMKy. [1o-
nepiie, 1€ IHCTpyMEHTapii, HEOOXITHUW MJii CTBOPEHHS CaMOro IITYYHOTO I1HTEJIEKTY, TOOTO
IITYYHUH 1HTEIEKT 3apajiy ITYYHOTO iHTENIeKTY. be3 mboro He MoykHa 00IMTHUCH, OCKIIBKH CUCTEMHU
3 KO)KHAM POKOM CTalOTh yC€ CKJIQIHIIIUMHU, TOMY CTBOPEHHS iX O€3 BIJIOBIIHUX 1HCTPYMEHTIB
3aiiMae Oarato 4dacy. /[0 IbOTO HampsSMKY BiIHOCSTHCS MOBHU JJISI CUCTEM IMITYYHOTO IHTENEKTY,
METOJIM aBTOMAaTHMYHOTO CHUHTE3y MPOrpam, JIHIBICTHUYHI MPOLIECOPU, CUCTEMH aHali3y W CHHTE3Y
MOBH, 0a3u 3HaHb, OOOJOHKH Ta MPOTOTHUIIM CHUCTEM, CUCTEMH KOTHITHBHOI rpadiku Ta Oararo
HIIIHX.

Jlo npyroro HampsIMKY BiJIHOCHTBCSI CTBOPEHHS METOJIB MOJAaHHS i 00poOku 3HaHb. Lleii
HanpsIMOK, ()aKTUYHO € OCHOBOIO IITYYHOT'O 1HTEJIEKTY — HOTr0 TOJIOBHOIO TEOPETUUHOIO 0a3010, 5K
MiHIMYM Ha JJAHOMY €TaIli PO3BHUTKY L€l Tamys3i.

A OT TpeTiil HanpsIMOK PO3BUTKY Ma€ KOHKPETHY NMPUKIAAHY 3a/1adyy — CTBOPEHHS Mporpam
a00 TpUCTPOIB, 110 MAIOTh NIEBHUI piBEHb iHTENEKTY. Lle MOKyTh OyTH irpoBi Mporpamu, CHCTEMH
MalIMHHOTO TEPeKJIaay, CUCTEeMH aBTOMAaTHYHOTO pedepyBaHHs, MPOrpaMu, IO CHPOMOXKHI
aBTOMATHYHO T€HEPYBATH TEKCTY a00 CTBOPIOBATH 300pa’keHHs, MPOTPaMHu PO3Ii3HaBaHHS 00pa3iB
Ta 6araTo 1HIIMX.

MparmaTMYyHMn HANPAMOK PO3BUTKY
LWITYYHOrO iHTeNeKTy

MpuUcTpoi Ta cUCTEMM HE CXOXKi Ha
NIOAUHY

OcCHOBHI 3agaui

* Po3sni3HaBaHHA 0bpasis

* [lowyK oNTMMasnbHUX BapiaHTIB

* O6pobKa BENMNKOT KibKOCTI
iHpopmau,ii

['0J10BHOIO OCOOJMBICTIO MPAarMaTUYHOTO HANPSAMKY € Te, IO KIHIEBI IHTENEKTyasbHi
3aCTOCYHKH 30BCIM HE CXOXIi Ha JoauHy. Lle MoXyTh OyTH SKiCh aBTOMAaTH, HAIIPUKJIAJ aBTOMAT
JUIS TIPO/IaXKy KBUTKIB, a00 AKICh IHCTPYMEHTH, HalpUKJIaJ, aBTOMATH30BaHa IITYyKaTypHa CTAHIIs.
Ta gacrimie 3a Bce KiHIEBI 3aCTOCYHKHM — 1€ MPOrpaMu, Kl B3arajii He MaloTh SKOiCh KOHKPETHOT
bopMmu.

Yacrime 3a Bce 1HTENEKTyallbHI IPOTrpaMy, IO BiIHOCATHCSA A0 MPAarMaTHYHOTO HANPSMKY
PO3BUTKY IITYYHOTO IHTENEKTY, BHUPIIIYIOTh 3ajadi, IOB’s3aHl 13 pO3MI3HABaHHAM 00pa3is,
MOIITYKOM ONTHUMAJIbHUX BapiaHTiB, 0OpPOOKOI0 BEIMKHX MAacHBiB iH(opMalii Ta iHIIKUX MOAI0HMX
3a1ad. 3aja4, Ha sIK1 JIIOJIMHA 3aBKIM BUTpayae 6araTto CBOro 4acy.

[HIIMM HampsIMKOM PO3BUTKY IITYYHOTO iHTENEeKTy € OioHiuHuil. BioHiuHMI HampsMox
0a3yeThcsl HAa MPUITYIIEHH] PO Te, IO SKIIO B IITYYHIH CUCTEMI BIATBOPUTHU CTPYKTYpH M MpoLecu
JIOACBKOTO MO3KY, TO M pe3ynbTaTH pPO3B’SA3KYy 3a/ad TaKol CHCTEMOIO OyAyTh MOMAIOHI 10
pe3yibTaTiB, Kl OTPUMYE JIOJWHA. Y OIOHIYHUX CHUCTEMax BUIUISIOTH TPHU TOJOBHI HAMPSIMKH:
HEepoOiIOHIYHUM, CTPYKTYPHO-€BPICTUYHHIA Ta TOMEOCTAaTUYHHH.



BiOHIYHMI HaNPAMOK PO3BUTKY
LWITY4YHOrO IHTENEeKTY

BiaTrBOpeHHA CTPYKTYp i Nnpouecis
NIOACHKOro MO3KY

OcHoBHiI niaxoan

* HelipobioHiyHuMi

* CTPYKTYPHO-EBPUCTUYHUI
* [omeocTaTUYHUI

Cucremu, moOynoBaHi 3a HEHPOOIOHIYHUMH MPHHLIUIAMH, IMITYIOTh €JIE€MEHTH HEPBOBUX
CHUCTEM JKMBHMX ICTOT 1 3/1aTHI BIATBOPIOBATH JESKI 1HTEICKTyalbHI (QYHKIII, y TOMY 4YuCHi 1
pO3Mi3HABaHHS CHUTHAIIB, IO TEHEepPye MO30K IoauHu. lleil mNpuHIMN JeXUTh B OCHOBI
(GbyHKIIOHYBaHHS OIOHIYHUX TPOTE3iB, SIKi JO3BOJSIOTh KEPYBAaTH INTYYHOIO MEXaHIYHOIO
CHCTEMOIO TaK CaMo, SIK 1 IPUPOAHUM opraHoM. HailbinmpIn BiJOMUM MPHKIAIOM BHUKOPHUCTAHHS
€JIeMEHTIB, TOOY0BaHUX 3a IMM ITIX0J0M, € HEHPOHHI MEPEXi, SIKI MOXKYTh BUKOPHUCTOBYBATHCS
NpakTUYHO Yy BCiX cdepax mismipHOCTI JroguHM. Hapasi HEHpOHHI CHUCTEMH aKTHBHO
BUKOPHUCTOBYIOTHCSI B MEIUIINHI, €KOHOMIlIl, 3B 13Ky, OXOPOHHUX T4 BOEHHUX CHCTEMaX, a TAKOXK Y
cucreMax o0poOku iH(popmarrii.

HepobioHiuHi cnctemu

Hidden L] EKOHOMlKa

Nodes

Input

* MeguumnHa
* 3B’A30K

* OXOpOHHI cuctemm
cucTem

* ObpobKa iHpopmauii

JpyruM HampsIMKOM pO3BUTKY O10HIYHHMX IHTEJEKTYaJIbHUX CHCEM € CUCTEMHM, MOOYI0BaH1
Ha OCHOBI CTPYKTYpPHO-€BPUCTHYHOIO MiJXOAY. B OCHOBI 1IbOro HampsIMKy JieKaTh 3HAHHS IPO
MOBEAIHKY OfHOro ado rpynu 06’ ekTiB. 117 yac ciocTepexeHHs 3a IUMU 00’ €KTaMHU HaMararoThCs
BIATBOPHUTHU Ti CTPYKTYpH, 5KI O MOIJIM 3a0€3MEeUUTH TaKy K caMy peakililo Ha 30BHILIHI MOMIT K 1
npupoaHuil 00’exT. [Ipukianom cucreM nMoOyqOoBaHMX 3a JAHMUMU IPUHLHUIIOM € MYJIbTHAreHTHI
CHCTEMH, SIKI aKTUBHO BUKOPHCTOBYIOTBHCSI B CHCTEMax 0OOPOHM, B OHJIAHH-TOPTiBIIi, TPAHCHIOPTI a
TaKOX MPHU MOJIETIOBAHH1 COIIAJIBHUX CTPYKTYP.

CTPYKTYPHO-EBPUCTUYHI CUCTEMMU

Agent 1 e * OHnanH-Toprisng

. ﬂiKBiAaHiH HaA3BUYAMHUX
cuUTyaLin

¢ MogentoBaHHS coLianbHUX
CTPYKTYp

*  Cucremu obopoHu

¢ TpaHcnopTt

¢ JloricTuka

* [padika

* TeoiHpopmaLiHi cuctemu




B ocHoBI cucteM, moOyI0BaHUX 3a TOMEOCTAaTUYHUMH MPUHIMUIIAMH, JISKUTh BIATBOPEHHS
peanbHOCTI Y BHTJISAAI TOMYJAIIi BipTyalbHUX OPTaHi3MiB, IO MOCTIHHO €BOJIOIIIOHYE, TOOTO il
€JIEMEHTH HapOJUKYIOThCS, BOPOTYIOTb, B3a€MOJIIIOTH 1 HAapemTi MOMHpaoTh. Pe3ynbraTom
noAiOHOro (hYHKIIIOHYBAaHHSI € CTBOPEHHS IMEBHOI PiBHOBaru (CTIMKOCTi) YCi€i CUCTEMH B yMOBax
BIUIMBIB CEpPEIOBUINA, SIKE€ MOCTIHHO 3MiHIOEThCS. [IpuKiIagoM MmomiOHOro pillleHHS € TeHEeTHYHi
QITOPUTMH, SIKi aKTHBHO BUKOPUCTOBYIOTHCS ISl DIlIEHHS 3a1ay, M0 TNOTPEeOYIOTh MOUIYKY
HaAMOIBII ONTUMAIBHOTO DILICHHS Cepell BENUKOi KIJIbKOCTI MOXJIMBHX BapiaHTiB. [Ipuxmagom
MPAKTUYHOTO BUKOPUCTAHHS TCHETUYHUX aJTOPUTMIB € MpOorpamu Jjs GOopMyBaHHS PO3KIAJiB, a
TaKOX JIOTICTUYHI CHUCTEMH, Y SIKUX TCHETHYHI QJITOPUTMU BHUKOPUCTOBYIOTHCS JUIS MOLIYKY
HaWOLIBII ONTUMAJIEHUX MapIIPYTiB.

[OMeOoCTaTUYHI cucTtemm

*  Ontumisauis dyHKLIN

* OnTtumisauis sanuTie B 6asax gaHux

* PisHOMaHIiTHi 3agayi Ha rpadax (3agaua
KoMiBosXKepa, po3dapbysaHHA)

. HagaLU'ryBaHHﬂ i HaBYaHHS WTYYHOI
HEMPOHHOI MepexXi

* 3ajayi KOMMOHOBKM

* CrBOpEeHHS posKnagis

* IrposicTparerii

*  Anpokcumauia GyHKUil

e LUTy4yHe XutTa

* bBioiHpopmaTHKa (3ropTaHHAa 6inkis)

* CuHTes aHTeH

OTxe BU BXKE 3pO3YyMiJIM, MO OOJACTI MPAaKTUYHOTO 3aCTOCYBAHHS INTYYHOTO IHTEIIEKTY
IIPAKTUYHO OEe3MEXH1 1 TyXe CKJIaJHO 3HaWTu cdepy, e HOoro BUKOPUCTAHHS Hemoxiuse. o
HE/aBHBOT'O Yacy PO3BHTOK HITYYHOTO 1HTEJEKTY CTPUMYBABCS BiJICYTHICTIO HEOOXIHOI anmapaTHOl
OCHOBH, 30KpeMa IMOTY>KHUX KOMII'I0TepiB Ta MIKpOKOHTpoJiepiB. [Ipore 3apa3 Bke 10BOJII BEIMKa
KUIBKICTh BHMpPOOHUKIB €JIEKTPOHHUX KOMIIOHEHTIB BHMIOTOBJISIOTH €JIEMEHTHY 0a3y, Ha sKid
CTBOPEHHS IHTEJIEKTyaJIbHUX CHUCTEM B)K€ HE BU3MBA€E OCOOIMBHMX TEXHIYHUX MpoOieM. OTxe y Bac
€ pealbHUM IIAHC CTaTH YaCTUHOIO L[bOTO MPOIEeCy 1, po310paBIINCh Yy BCIX TOHKOILAX CTBOPEHHS
IHTENeKTyaIbHUX [IPOrpam, OTPUMATH I[IKaBy Ta BUCOKOOIIauyBaHy poOoTy.

IToHATTSA WITY4YHOTrO iHTEIEKTY

Tepmin iHTenekT (aHri. intelligence) moxoauTh BiJ JATHHCBKOrO intellectus, mo o3Hauae
po3ym abo po3yMoBI 3A10HOCTI JIOIWHU. Y paMKax TUCHUILTIHU «METoIu Ta CUCTEMH IITYYHOTO
IHTENeKTY» MiJ WTYYHUM IHTEIEKTOM MU OylIeMO PO3yMiTH 3JaTHICTh MO3KY BHpIIIYBaTH pi3HI
IHTEJIEKTYyaJIbHI 3aJadl — 3a/a4l sIKIi HE MAaloTh SIKOTOCh KOHKPETHOTO aJrOpUTMYy BHPIIICHHS 1
enuHoi Bignosiai. JlroquHa Taki 3amaui BUpINIye Ha OCHOBI OTPUMAHMX 3HaHb Ta BIACHOTO JIOCBiAY,
TOMY pe3yJIbTaT BUPILIEHHS OAHIET M TOT %k 3a7aul y OJHI€T i TOT X JIOAUHU MOXke OyTH pi3HUM. Ta
K cama BIAcTUBiCTh mpuTaManHa i mryunomy intenekty (Artificial Intelligence — Al) — Bonmn
TaKOX MpU PIlIeHH] OJHIET i TOi caMoi 3aAaul y pi3HUNA Yac MOXYTh OTPUMYBATH Pi3HI pILIEHHS.
Tomy moTpibHO po3ymiTu TonoBHe. Ha BigMiHYy Bil aBTOMAaTH30BaHHX CHUCTEM, MOBEIIHKA SIKHX
3aBXKJU JE€TePMIHOBAHA, IHTEIEKTYalbHI CUCTEMH BaXKKO MPOrHO3YBaTU. AJie TUIBKHM BOHU MOXYTh
BUPILIYBATH 33/1a4i, SIKI HE MOKHA BUPILIUTH 32 JOIIOMOTOI0 aBTOMATHKH.



LLUTYYHUN iHTeneKT

* IHTenekr (aHm. Intelligence, nar.
Intellectus) — po3ym abo po3ymosi
34i6HOCTI toanHU

*  |HTeneKT (y pamKax 4UCUMUNiIHM) —
34aTHICTb BMpiLLYBaTU iHTENIEKTYa bHi
3agavi

o LUTy4HMit iHTenekT (aHrn. Artificial
Intelligence — Al) — BnactusicTb
aBTOMaTUYHUX cucTem BpaTu Ha cebe
OKpeMi iHTeIeKTyabHi GYHKLi 1tognHM

3BEpHITH yBary, 10 Y BU3HAYCHHI IMOHSTTS IHTEJICKTY BUKOPUCTOBYETHCSI TEPMiH «3HAHHS,
miJ KM MaeThcs Ha yBa3i He jmmie iHpopMmalis, siKka HaJAXOJUTh Yepe3 MEepBUHHI maTdyuku. L{g
iHdopMallis Haa3BUYAMHO BaXKJIMBA, aje JUIS 1HTEICKTYaJIbHOI JiSIILHOCTI 1i HepocTaTHhO. Piu y
TOMY, IO O0’€KTaM HAaIIOro HAaBKOJHUIIHBOTO CEPEJOBHUINA IpPUTAMAaHHA BJIACTHBICTH HE JIUIIE
BIUIMBATH HAa OpraHH 4yTTs, aje i mepeOyBaTH OJMH i3 OJHUM Y IEBHHUX BiIHOCHHAX. ToMy 100
3MIACHIOBATH B HABKOJMIIHBOMY CEpPEJOBHINI, IO TOCTIHHO 3MIHIOETHCS, IHTEIEKTyalbHY
HisUTbHICTh, a00 Xo4ya © WPOCTO ICHYBaTH, HEOOXiHO MaTH CIHEpIly CTBOPUTH MOJAEIH
HAaBKOJIMIIHBEOTO CBITY.

Tomy mis TOoro, moO NPAaKTUYHO BUKOPUCTOBYBATH IHTEIICKTYalbHI CHCTEMH, B HHX
HEOOXiTHO CHOYaTKy CTBOPUTH i1H(OPMAIiiHY MOJeNb HAaBKOJHUIIHBOTO CEPEAOBHUINA, Yy SKIH
peanbHi 00’€KTH, 1X BJIACTUBOCTI M BIJHOCHMHM MK HUMH TOBHUHHI HE JIMIIE BigoOpakaTtwcs i
3amam’sITOBYBaTUCS, ajie INe 1 «IJIECIPsIMOBAHO IIEPETBOPIOBATUCS». TOMY iHTENEKTyallbHi
CUCTeMH MOTPIOHO YacTO HE TUILKU CTBOPIOBATH, a IIe i HaB4aTH, 00 iX moBediHKa (HOPMYETHCS
caMme «B IPOIECi HABYaHHS Ha JIOCBIJI 1 aganTariii 10 pi3HOMaHITHIUX 0OCTaBUHY.

3HaHHA

3HaHHA — He TiNbKK iHbopMaLin, AKa
HaZxoAuTb [0 Yepes opraHu 4yTTa (abo
[aT4MKK)

3HaHHA — MmoZe b LbOro CBiTy

Mogenb 30BHILIHbOrO cepefoBuLLa
dopmyeTbea B npoueci HaBYaHHA Ha AOCBigi
i aganTauii go pisHomaHiTHMX o6cTaBUH

[ITy4yHU IHTENEKT HE MA€ SIKOTOCh CTAJIOT0 KOHKPETHOro BU3HaueHHs. KoxeH ¢axisellp,
IO Mpaloe y i ramysi, HameBHO, CHPOMOXHUN C(OPMYIIOBATH BJIACHE TPAKTYBAaHHS OO
¢dbenomeny. | y nmpomMy Hemae HIYOTO JMUBHOTO, OCKUIBKM TYT € TI€BHA crenudika — BUPIIMICHHS
HEYITKMX 3a/1a4 IPUBOAMTS 1 10 MOSBU HEYITKUX BU3HAUEHb.

HaiiGinpim BiIOMUMHM € BU3HAYEHHS NpPEIMETy TEopii IITYYHOTO IHTENEKTy Oyjo aaHe
BUJATHUM JOCTIAHUKOM Y Iiii ramy3i MapsiHom MiHchki. BiH ka3aB, 110 «IITYYHHI 1HTENEKT €
JUCHUIUIIHOKO, 1[0 BHMBYA€E MOXJIIMBICTb CTBOPEHHS IporpaM Jajs BUPIIIEHHS 3a1ad, SKi IpH
BUpILLIEHH] IX JIIOJMHOI0 MOTPeOyIOTh MEBHUX 1HTEIEKTYAIbHUX 3ycuiby. Lle BU3HaueHHS 3ycTpiso
KpUTHKY, fKa TMoJjsiraja B TOMY, IO MiJl HOTO MOXHA MiJIBECTH L0 3aBrOJAHO, Y TOMY 4YMCHI 1
BUKOHAHHS MPOCTHX apupMeTHUYHHX omepauiil. Tomy 10 HBOTO AyXe HMIBUAKO TOJAJIN MOIPABKY:
«CIOJIM HE BXOJATH 3ajaul, A SKUX BiJOoMa mpoueaypa ix BupimeHHs». [Ipore, HaBITH 3 Ii€r0
MOTIPABKOIO TaKe BU3HAUCHHS TAKOXK BAKKO BBAXKATH 33/10BUIBHUM.



LLUTYYHUW iIHTENEKT

LUTYYHUI iIHTENEKT € AUCLUNANIHOLO, WO
BMBYAE MOXKNUBICTb CTBOPEHHA
nporpam Ana BUPIiWEeHHA 3a4a4, AKi npu
BUPILLEHHI iX NtoguHo NoTpebyoTb
NeBHUX iHTeNeKTyanbHUX 3ycunb. Ciogm
He BXO4ATb 3a4adi, ANA AKUX BigOMa
npoueaypa iX BUPIiLLEeHHA.

MapsiH Jli MiHcKi

Bimomi cBiToBi mochmigHWku B obOnacti mrydHoro iHtenekty Crroapt Paccen Ta IliTep
Hopgir, mo Hamucanu HalOUbmI BioMy KHIKKY «LLITydHHH 1HTENEKT: CydacHUW MiIXim»
(Artificial Intelligence: A Modern Approach), HaBoAsATH KiIacH}iKalilo O3HAYEHb MITYYHOTO
iHTeNeKTy y TabmuuHiii ¢opwmi. BiamoBigHo 10 iX BU3HAYEHHS TOJOBHOIO O3HAKOKO CHUCTEM 13
IITYYHUM IHTEJIEKTOM € MOXKIUBICTh MPUUHATTS PillleHh Ta BUKOHAHHS il a00 parioHaibHO, a00
TaK, sIK 116 pOOUTH JIt0IMHA. 3BEPHITH yBary, 1110 JIIOJMHA HE 3aBXIH Ji€ panioHaabHo. Tomy He ciij
IMBYBAaTHCh TOMY, IO CHCTEMa MiJ KEPYBaHHSIM INTYYHOTO IHTEIEKTY TaKOXX MOXKE NPUHHATH
pilieHHs, ke Oyze JajleKo Bl ONITUMAIBHOTO.

LLUTY4YHUN iHTENEKT

Artificial Intelligence Cuctemm, aki Cucremu, siKi

A Modern Approach

MucaaTte nogibHo ao MUCAATb
NIOAVHU pauioHanbHO

Cucremum, SKi aitoTb Cucremum, sKi aitotb
nogibHo Ao NtoauHU pauioHanbHO

Stuart Russell * Peter Norvig

Crioapt Pacen

€uHOT BIAMOBII HA TUTAHHS YUM 3aiiMa€ThCs MITYYHUIA IHTEIEKT, HE iICHye. 3a3BHYai, i
BHU3HAUEHHS 3BOJSTHCS 10 HACTYITHHUX:

1. lItyyHuit 1HTENEKT BUBYAE METOIU PO3B’SI3aHHS 3adad, SIKI MOTPEOYIOTH JIOJCHKOTO
po3yminHs. TyT MoBa izie po Te, 00 HABYUTH MITYYHUI 1HTETIEKT PO3B’SI3yBaTH TECTU IHTEJICKTY.
Ile mepembadae pPO3BUTOK CIOCOOIB PO3B’SI3aHHS 3a/Jad 3a aHAIOTIEI0, METOMIB ACHYKIli Ta
IHAYKII1, HAKONMYEHHs 0a30BUX 3HAHb 1 BMIHHS iX BUKOPHCTOBYBATH.

2. lITy4yawii 1HTEIEKT BHBYA€E METOIU PO3B’SI3aHHS 3a/ad, JJIs SKUX HE ICHYE CIOCOO0IB
po3B’sA3aHHA a00 BOHM HE KOpEKTHI (4epe3 oOMEeXKEeHHs B Yaci, maMm’sTi Touo). 3aBJSKU TaKOMYy
BH3HAYEHHIO 1HTEJEKTYaIbHI aJITOPUTMU YacTO BUKOPHUCTOBYIOTHCS I Po3B’sizaHHS NP-moBHHX
3a/1a4, HaPHUKIIAI, 3a7a4l KOMiBOsKepa.

3. llITygHwnii IHTEIEKT 3aiMA€THCS MOICITFOBAHHSM JIFOJICHKO1 BHIIIOT HEPBOBOI JTiSTTHHOCTI.

4. llITy4Huii IHTENEKT — II€ CUCTEMH, SIKI MOKYTh ONEPYBaTH 3 3HAHHSMU, 2 HAUTOJIOBHIIIIE —
HaBuatucs. B mepury gyepry MoBa BeeThCs Mpo Te, M0OM BU3HATH KJIAC €KCIIEPTHUX CUCTEM (Ha3Ba
MOXOAUTh BIJ TOrO, IO BOHKU CIPOMOXHI 3aMIHHUTH «Ha TOCTY» JIOJE-EKCIEPTiB)
IHTEJIEKTYaIbHUMHU CUCTEMaMHU.



Ynm 3aMMa€ETbCA WTYYHUMN IHTENEKT?

*  LUTY4YHWUM iHTENIEKT BUBYAE METOAM PO3B’A3aHHA 3a4ad, AKi NoTpebyioTb
JIIOACHKOrO PO3YMiHHSA

o LUTYYHWUM iHTENIEKT BUBYAE METOAM PO3B’A3aHHA 3a4a4, 418 AKMX HE iCHYE
cnocobis po3s’a3aHHA abo BOHU He KOPEKTHI

o LUTY4YHWUM IHTENIEKT 3aMMaETbCA MOAENOBAHHAM IOACbKOT BULLLOT HEPBOBOI
LifNbHOCTI

*  LUTY4HWUM iHTENIEKT — Lie CUCTEMMU, AIKI MOKYTb OMEpyBaTH 3 3HAHHAMM, a
HalroNoBHille — HaB4aTUCA

OcTanHe BU3HAYEHHS, 13 LBOTO MEpeiKy 110 3’ sBuiocs y 90-X pokax, KoJH moyaiu 6ypHO
PO3BHBATUCS areHTHI IHTEJNEKTyallbHI cucTeMu. Lle BH3HAuYCHHsS aKIEHTye yBary Ha MeEToAax i
QIropuTMax, SIKi JAIOTh MOKJIMBICTh 1HTENEKTyaJIbHOMY areHTy BH)KHBATH B CEPENOBHUII, SKE
MOCTIHHO 3MIHIOEThCS. TOMy y HBOMY HAampsIMKy OCOOJHMBY yBary HPHUIUISIOTH AITOPUTMaM
MOIIYKY Ta IPUUHSATTA PillICHb.

Jlxex Koyrmnenn y mpaii «lLITydauii iHTeNeKT» BiJ3HAYAE, IO HE3BAKAIOYU HA HASBHICTH
YUCIEHHUX MIAXOJIB Ta BU3HAYEHb SK JI0 PO3YMIHHS HBOTO (DEHOMEHY, TaK 1 /0 CTBOpPEHHS
IHTENEKTyaIbHUX 1HQOPMALIHHUX CHUCTEM, MOKHA BUAUIMTH JIMIIE BA OCHOBHI HiJAXOIH OO
PO3POOIIEHHS CUCTEM 13 IUTYYHUM 1HTEIEKTOM:

- Hmxigauid (Top-Down Al, cemioTH4HUI, CHUMBOJIbHUI) — CTBOPEHHS EKCHEPTHHX
cucteM, 0a3 3HaHb Ta CHUCTEM JIOTIYHOTO BUBEJIEHHS, 110 MOJEIIOIOTH Ta IMITYIOTh BUCOKOPIBHEBI
MICUXIYHI MIPOIECH: MUCIICHHSI, MipKYBaHHS:, MOBa, €MOIIii, TBOPYICTb 1 T.IL.;

- pucximamii (Bottom-Up Al, GionoriuHuii, KOHEKI[IOHICTCHKHI) — BUBYCHHS HEHPOHHHUX
MepeX 1 EBOJIOMIMHMX OOYHNCIIEHb, SKi MOJENIOIOTh IHTENEKTyaJlbHYy MOBEIIHKY Ha OCHOBI
010JIOTIYHUX ENIEMEHTIB, a TaKOXX CTBOPEHHS BIAMOBITHUX OOYHCIIOBAIILHUX CHUCTEM, TaKHUX SIK
HEHPOKOMIIT IOTEPH.

[1Ba OCHOBHI NiaxoAn Woa0 po3pobaeHHs
CUCTEM i3 LUTYYHUM IHTENEKTOM

*  HU3XigHu (Top-Down Al, cemioTUYHMNI,
CMMBOJIbHWMW) — CTBOPEHHSA EKCMEPTHUX CUCTEM,
6a3 3HaHb Ta CUCTEM JIOMYHOTO BUBEAEHHS, LLLO
MOZENIOITb Ta iMITYHOTb BUCOKOPIBHEBI MCUXIiYHI
npotiecy (MUCNEHHS, MiPKYBaHHA, MOBa, eMOLIi)

*  BUcXigHuii (Bottom-Up Al, GionoridHuni,
KOHEKLLiOHICTCbKMI) — BUBYEHHA HEMPOHHUX
MepeXx | eBOOLIMHUX 064YMCIEHD, AKI MOAENIOOTD

efee iHTEeNeKTyaIbHy MOBEAiHKY Ha OCHOBI 6i010rYHMX

AAAAA ©SOPHICAL INTRODUCTION €/1eEMEHTIB, a TaKOX CTBOPEHHA BigNOBIAHUX
Jack Copeland 064unCoBasIbHUX CUCTEM, TAKUX SK

HelpoKomm’toTepy

Uepe3 Te, 10 BU3HAYMTH, L0 TaKe INTYYHUN IHTENEKT OJHO3HAYHO HEMOKJIMBO, TO 1
BUHUKA€E Mpo0sieMa i3 OI[IHKOIO piBHS 1HTENEKTYalbHOCTI po3pobieHoi cucremMu. ToOTO MU IIOCh
CTBOPWJIM, @ OT K BM3HAQUYUTU YM JIMCHO PO3YMHHMM BHSBHMBCS Halll BUTBIP? Y LbOMY BUIAIKY
MO’KHa 3aCTOCYBAaTH 2 MiJXOH.

[lepmmit minxig orpuMmaB Ha3By «MeToja eKCIEepPTHUX OLIHOK». [Ipyu BUKOpHCTaHHI IIOTO
METOAY PIllIEHHS PO CTYMiHb IHTEIEKTYaJIbHOCTI NPHIIMae JOCUTH BEJIMKA Ipyla eKkcrepTiB. Bonu
MOXXYTh NPHUMMATH PIIICHHS HE3aJIEXHO OJWH BiJ OJHOTO, TaK 1 KOJEriaJbHO — OOIrOBOPIOIOYU
pe3yabTaT JOCHIJDKEHHS. 3pO3yMio, IO Taka OIIHKA 3aBXAM Oyae Cy0’€KTUBHOIO, TOMY IS
O11b1101 00’ €KTUBHOCTI €KCIIEPTHY IPYIy HEOOX1THO PETENbHO MiAOUPATH K 3a KUIBKICTIO, TaK 1 3a
AKICTIO.
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AK OLiHUTK piBEHb IHTENEKTY?

* MeTtopg, eKcnepTHUX OLIHOK
(cy6’ekTMBHA OUiHKa NtoanHU
abo rpynu nogein)

* MeTopa TecTyBaHHA (Ha OCHOBI
rpynu TUNOBUX TECTIB, AKI TAKOX
MOXYTb OyTM HEAOCKOHanNI)

Jpyruii migxig moysrae y MpOXOJDKEHHI 1HTENIEKTYaJlbHOK CHCTEMOIO TIEBHOTO Habopy
3a3maneriib po3poOjeHMX 3aBaaHb. Hapa3i iCHye [OBOJII BeNIHMKA KUIBKICTh TaK 3BaHHX
IHTEJIEKTyaIbHUX TecTiB. Jlesiki 3 HHUX € JOBOJII HOBMMH, a JIESIKI BXKE JaBHO ampoOoBaHi Ha
MPAKTHUL 1 IIMPOKO BUKOPUCTOBYIOTHCS JUISl OLIHKU PIBHS pO3yMOBHX 3/1I0HOCTEH JIIOJUHU, & TOMY
YUCIII B TICUXOJIOTIT Ta meuxiaTpii.

I MeTon eKCHepTHUX OLIHOK, 1 METOJ TECTyBaHHS MAalOTh CBOI HEIOJIKU. I OJIOBHMIA 3 HUX
MOJISITA€ y TOMY, IO OI[IHKA JA€ThCSI BUXOJSYH JIMIIE 3 BJIACHUX YSBJICHb EKCIIEPTIB a00 aBTOPIB
TECTiB. Mpo Te, AK Mae Oyru. ToMmy mi crmocobu He ayKe NpUIaTHI JUIS OIHKH OyIb-sSKOTO
IHTENIEeKTY, KpiM Jitojickkoro. Cepes mcuxiaTpiB MOXKHA TTOYYTH BHUCIIB: «BIH MIPKYE JIOT1YHO BIpHO,
aJie HeTIPaBHIILHOY.

AK OUiHUTK piBEHDb IHTENEKTY?

¢ TligKpecniTb CNOBO B HUXKHbOMY PAAKY, fiKe

nigxoauTb A0 BCiX CNiB Yy BEPXHbOMY PAAKY:
OAYA, OATYUK, TOHKA

XBWAS, BOAA, NaAULA, NTULA, CTpaX, MaKaka

* BcraBTe 4ucno, fIKe NponyLyeHe:
36302418

* BuKpecniTb 3aliBe C/l0BO:
neB nncunus xupad wyka cobak

JHagaiite posrasHemo npukian. Hexail cepen clliB «coloOBeH, yaruis, MeperniiKa, CTiIelb Ta
IITIaK» HeOOX1IHO BUJIUTUTH 3aiiBe. BulbIIicTh 10, HE 3alyMyIO4HCh, Aa€ BIAMOBIIL «CTIIEIbY,
TOMY IIIO BCI iHIII CIIOBa — 1€ Ha3BM NTaxiB. | pantom xTock Aae Bianoiap «lllmaky, moscHO0OYM
1€ TUM, IO 1€ €JMHE CIIOBO, B IKOMY BIJICYTHS JIITEpa «I».

OO6unBi knacugikanii € JIOTIYHO BIpHUMHU 1 ()OpMAIBHO PIBHONPaBHUMHU. AJle 4OMY XK
nepeBara BiJiJaeTbcs OAHIN 3 HUX? ToMy, 110 Tak MIpKye OUIBINICT JIIOJEH. A YoMy Tak MipKye
OuBIIICTh JItoJe? O4eBUIHO, TOMY, IO MepiIa KiIach(iKalis BBAKAETbCS OUIBII BaXJIMBOKO JUIS
JIFOJICBKOT IPAKTHUKH.

AK OLiHNTU piBEHb iIHTENEKTY?

Buaanitb 3aiiBe cnoBo:
CoNoBeu, 4anna, nepeninka, crineyb, Wnak

MpasunbHa BigNOBIAb:
Crineup (He nTax)

MpasunbHa BigNoBIAb:
LWnak (Hemae 6yksu «n»)

Ile momoskeHHs MPUHMAETHCA HA aKCIOMAaTHYHOMY piBHI, 0€3 JOBEIEHHs. Aje Te, 1o €
OLUITBII BKJIMBUM JIJIS JIFOJICHKOT MPAKTUKH, 30BCIM HE 00O0B’SI3KOBO OyJle TaK caMO BAKIMBUM JIJIS
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po3yMHOTO poboTa abo i iHOIUTaHeTsHWHA. HeoOXiMHO MiIKPECHUTH, MO MOHSTTS «IITYYHUN
IHTEJIEKT» HE MOKHA 3BOJUTH JIMINE JI0 CTBOPEHHS NPHUCTPOIB, SIKI IMITYIOTh JIIOAMHY B YCIi
MOBHOTI 1i maisbHOCTI. HacmpaBni ok, creniaiicTd sKi MPaLioloTh B Iii 06JacTi BUPIMIYIOTh iHITY
3a/1a4y: BUSIBUTH MEXaHI3MH, 5Kl JIe)KaTh B OCHOBI JISJIBHOCTI JIIOJIMHU, 100 3aCTOCYBATH iX IPH
BUpIIICHHI KOHKPETHUX HAYKOBO-TEXHIYHMX 3a/ad. | 11e uIie oiHa 3 MOXKIMBUX IpoOIeM.

AK OLiHUTU piBEHb iIHTENEKTY?

Lo npupogHo ana noguHn —
He3po3ymino ana
iHOM/lAaHeTAHMHA

«LLUTY4YHUM iHTENEKT» HE MOXKHA
3BOAUTU NIKLLIE [0 CTBOPEHHA
NPUCTPOIB, AKi iMITYIOTb NI0AUHY

b {
T
H H B YCili NOBHOTI ii AianbHocCTI

JaBaiiTe  po3riITHEMO TpPHKIAIM  3amad, Uil SKAX  HEOOXIJHO  3aCTOCYBAaHHS
IHTEJIEKTYaIbHUX MOXJIMBOCTEH mrofauHu abo mamuHu. Hacmpapai ix Habarato Oinblie, mpoTe
HAWMOMMPEHIIINMH € Ti, sIKi BU 3apa3 0aunTe Ha eKpaHi. YCi IeTaJbHO MM 3apa3 PO3TIIAIaTH HE
OyZeMo, OCKIJTbKH 3apa3 HeoOX1JHO 3pO3YMITH, IO TaKe IMITYYHUN 1HTENEKT Ta HaBIIIO BiH B3araii
MOTPiOCH.

M PpUKNagu iHTEJ’IEKTyafI bHUX 3a4a4

* Po3ni3HaBaHHA obpasis

* JloriyHe MUCNEHHA

* AHani3 cutyauii

* Po3ymiHHA HoBOI iHbOpMaUii
* HaB4aHHA | CaMOHaBYaHHA

* [MnaHyBaHHA LinecnpAmMoBaHUX
Aain

Haii6inb1 nommupeHoro 3a1a4eto, Ky HEMOXKIIMBO BUPIIIUTH 0€3 BUKOPUCTAHHS IITYYHOTO
IHTENeKTy € 3ajada po3Mi3HaBaHHS oOpas3iB. Ha iHTYITUBHOMY piBHI MOXXHa CQOpPMYIIOBaTH
NeK1JIbKa TUIOBHX 3aj]ad PO3Mi3HABaHHS:

- i1eHTU(IKyBaTH 00’€KT, IO CIIOCTEPIraeThcs JIIOJUHOK, TOOTO BUPI3HUTH HOro cepen
IHIIMX (HaNpHUKIaa, To0aYMBILIY 1HITY JIFOJIMHY, BIII3HATH Y Hill CBOIO JPYKUHY);

- 3MIACHUTU PpO3Mi3HABaHHS Yy KJIACHMYHIA MOCTaHOBLI, TOOTO BiJHECTH OO’€KT, IO
CIIOCTEPITAa€ThCS JIIOJMHOIO, 1O OJHOTO 3 3a3JaJIeTib BIIOMUX KJaciB 00’€KTIB (HampHKiIa,
BIJIPI3HUTH JIETKOBUI aBTOMOOILTB BiJl BAHTa)KHOTO);

- IPOBECTHU KJIACTEPHU3allit0, TOOTO pO30UTH OJTHUH CKJIaJHUNA 00’ €KT Ha CKJIaJ0B1 YaCTHHHU.

JlronuHa poOuTh Kiacugikamiro mpocto. YosIoBiK, MOBEPHYBIIUCH J0JOMY, BiApasy Xk
I13HA€ CBOIO TUTHHY, CO0aKy Ta iHIII 00’€KTH. AJie BiH P1IKO MOXE MOSCHUTH, K BiH 1€ pOOUTb.
SIx6u 1ie MokHa Oyn0 3pOOUTH, ANTOPUTMHU PO3Mi3HABAHHS MOXKHA Oyno O JIerko mporpamyBaty i
IIPOKO 3aCTOCOBYBATH.

Teopis po3mi3HaBaHHS, sIKa 3apa3 JyKe IHTEHCUBHO PO3BHMBAETHCS, HEOOXiJIHA JAJs TOTO,
00 HaBYUTH IITY4YHI 1HTENEKTyallbHI CHCTEMH BHPILIYBATH 3aAayl po3mizHaBaHHA. KirouoBum
MPUHIUIIOM TEOpii pO3IMi3HAaBaHHS € Te, 10 OyAb-KMHA 00’€KT y MPHUPOJI € YHIKAJIbHUM, 1 MpU
LIbOMY BCl YHIKaJIbHI 00 €KTHU — TUITI30BaHi.
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Po3ni3HaBaHHA 0bpa3iB

* |loeHTUdiKyBaTH
06’eKT

* BupisHuTK Noro
cepep, iHWKUX

* P036UTK 06’€KT Ha
CKnaposi (nposectu
Knacrepisauito)

VY BIAMOBIIHOCTI 10 BOTO MPHUHIUITY, PO3Mi3HABaHHS 3IHCHIOETHCS Ha OCHOBI aHaji3y
MEBHUX XapaKTepHUX O3HAK. BBakaeTbcs, MO0 B MPHUPOJI HE iCHye OBOX OO €KTIB, I SKHX
CHIBMAMa0Th aOCOIIOTHO BCi O3HAKH, 1 I1€ TECOPETUYHO J03BOJISE 3IMCHIOBATH 1ACHTHQIKAIIIO
TEOPETUYHO JII000TO 00’ EKTY.

SKmo k Ui JesikuxX 00’€KTIB CIIBMNAJAIOTh JEsKl 03HAKH, 1[I 00’ €KTH TEOPETUYHO MOXKHA
o0’emHyBaTH B TPynHu, ab0 KIAcH, 3a IIMMH CIIBIAJAI0YMMH O3HaKaMu. «bBJIM3BKiCTh» 3HAYCHBb
O3HaK Ja€ 3MOTY MPOBOJUTH PO3OUTTS MHOXXHUHU Ha kiactepu. [IpoGrnema momsrae y tomy, 110
pPI3HOMaHITHUX O3HaK ayke Oarato. He3Bakaroum Ha JIETKICTh, 3 SKOI JIIOJUHA TIPOBOJHUTH
pO3Mi3HaBaHHA, BOHA IyXK€ PIIKO B 3MO31 BUIUIMTH O3HaKH, CYTTEBI Mg 1boro. [[o Toro x,
00’€KTH, SIK TIPABUJIO, 3MIHIOIOTHCS 3 YaCOM.

Po3nisHaBaHHA 0b6pa3iB

* Bbyab-akuit 06’ekT y npupoai —
YHiKanbHUM
* VYHiKanbHi 06 €KTU — TUNi30BaHi

PisHOMaHITHUX O3HaK fy»Ke
6araro, Tomy cuctemu
pO3ni3HaBaHHA CKNAJHUX
06’€eKTiB NOKM WO 3HAXOA4ATLCA
Ha NOYATKOBIN cTagii po3BuUTKy!

PosnizHaBaHHS 00’€KTIB 1 CUTyalliii Mae BUHATKOBE 3HAUEHHS U1 Opi€HTAIlli JIOAMHU B
HABKOJIMIIIHBOMY CBITI 1 JUIS TPUHHSTTSA NpaBWIBHHUX pimieHb. PosmizHaBaHHS, SIK TMPaBHIIO,
3MIIACHIOETBCS JIFOAMHOIO Ha IHTYITMBHOMY, MIJCBIIOMOMY piBHI, JIOJAMHA HaBYMJIAcs I[bOMY 3a
MUTBHOHH POKiB eBoromii. Ha mpomMy (oHI cripoOM HaBYMTH PO3II3HABAHHIO CKIIAJHUX 00’ €KTIB
IITYYHI IHTEJIEKTyaJbHI CHCTEMHM, HaBITh HUISIXOM aBTOMAaTH30BAHOTO BH[UIEHHS XapaKTepHHUX
O3HaK, MalOTh JJOCHUTH CJIA0K1 JOCATHCHHS.

[Ie oaHi€l0 aKTyaJIbHOIO 33j[auelo, /e BUKOPUCTOBYIOTHCS CHUCTEMH IITYYHOTO 1HTENEKTY 1
3aCTOCYHKH, TIOB’5I3aH1 13 JIOTIYHUM MUCJICHHSM. JIOT19HEe MUCIEHHS — 11 TIePeXif] Bl MOYaTKOBUX
MOJIOKEHb 110 iX HACHIJKIB 3a JOMNOMOror0 (opmMani3oBaHUX 3aKOHIB JIOTIKM. I TyT mepeciuHa
JIOIMHA PIAKO B 3MO31 TOSICHUTH, 32 SIKUMH aJTOpUTMaMH BOHA 31HCHIOE JIOT1YHI MOOymoBU. AJie
METOJMKH, 32 IKUMHU MO>KHA aBTOMAaTU3yBaTH JIOT1YHE MUCJICHHS, JIOCUTh BiAOMI.
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JloriyHe mucneHHA

JloriyHe MUCNeHHA — nepexia, Big,
NOYATKOBMX MONOXKEHb A0 IX HACNIAKIB
3a $¢opManizoBaHMMM 3aKOHAMM NOTiKU

MepeciyHa NOAKHA PigKO KOMU MOXKe
NOACHUTU, 32 AKUMU aNrOPUTMAMM
BOHa 3A,iMCHIOE NoriuHi nobypoBu

ITepmr 3a Bce, e popmanbHa JIorika APUCTOTENI Ha OCHOBI KOHCTPYKIIH, SIKI OTpUMAIH
Ha3BY CHJIOTI3MiB. PO3risiHeMO KIIacCMYHMIA MPHUKIAM, SIKUI CKIaJaeThCs 13 IBOX MOJIOKEeHb. [lepie
MOJIOKEHHS 3BYYUTh HACTYIHUM YMHOM: «YCl JIIOOU CMEpPTHI». [pyruMm MONOXKEHHSIM € Te, 110
«Cokpar — 1e JTIOJUHa». 3B’3aBIIM Ii JBa IOJIOKEHHS BKYIy 3a JONOMOTOIO JIOTIKM MOKHA
3poOUTH Ha HACTYMHHM BUCHOBOK: «Cokpar cMepTHHiI». OTxe, KO Heplie Ta Apyre MOoI0KEHHS
y CHJIOTI3MI ICTHHHI Ta 3a/J0BOJIBHSIOTH IIEBHUM 3arajJiHUM (OpMaJbHUM BUMOTaM, TOJI 1
BHUCHOBOK Oy/i€ ICTHHHUM HE3aJIEKHO BiJl 3MICTY TBEP/KEHb, III0 BXOJISATH /10 CHIIOTI3MY.

dopmanbHa norika Apucrotens

* Yci ntogn cmepTHI
* Cokpart— ntogunHa
BucHoBoK: COKpaT cMepTHUM

BukonaHHs (opMaJbHUX BUMOI € BaXJIMBUM, IHAKIIE JIETKO HPUITYCTUTHUCS JIOTTYHHUX
MMOMUJIOK, MOAIOHUX JIO TakuX: BCl CTYJEHTH YHIBEPCUTETY 3HAIOTh aHINiCbKy MoOBY; IleTpeHko
3Ha€ aHIIiicbKy MOBY, oTXe, [leTpeHko € cTyneHToM yHiBepcuTery. AGo: IleTpeHko He roTyBaBcs
710 ICIIUTY 1 He 37aB oro; KoBanb He rotyerbes 10 1CUTY, OTXKe, 1 KoBaiib He 31aCTh 1CTIUT.

dopmanbHa norika Apucrorens

* Bci cTygeHTM yHiBEPCUTETY 3HAIOTb
aHrNiNCbKy MOBY

* [leTpeHKO 3Ha€ aHMNINCbKY MOBY
BUCHOBOK: NeTpeHKO HaBYa€ETbCA B YHiBEPCUTETI

* T[leTpeHKo He roTysascsi A0 icnuTy i He 34a8B
noro

* KoBanb He roTyeTbea o icnuty

BucHoBOK: KoBanb He 3gacTb icnut

ApucroreneM Oyino 3alpONOHOBAHO JAEKUIbKAa (HOpMaIbHUX KOHCTPYKIIH CHIIOTI3MIB, SIKi
BIH BB@XaB JIOCTaTHbO YHiBepcadbHUMH. Y XIX CTONMITTI mNoyana pO3BUBATUCSA CydacHa
MaTeMaTH4YHa JIOTiKa, fKa PO3IJILAae apUCTOTENEBChbKI CHIIOTI3MU JIMINE SK OJWH 13 YaCTKOBHX
BUIAKIB.
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OCHOBOIO OUNBIIOCTI CyYyaCHHX CHCTEM, NPU3HAYEHUX I aBTOMATU3aLli JIOTTYHUX
moOy0B, € MeToA pe3oiroliii PoGiHCcOHA, KUl J03BOMISE AJOBOIUTH PI3HI TEOPEMH dYepe3 TOIIYK
MPOTUPIY. AJie TpaKTUYHA aBTOMATH3AIlisl JIOTIYHOTO MUCIIEHHS 31TKHYJacs 3 JBOMa CEpUO3HUMHU
npobeMaMu.

MpaBuno pesontouin

Mpasuno pesoniouin — meTtop,
[0BefeHHA TeopeM Yepes
NoLwyK NpoTMpIy

3acTocyBaHHA
* JIOriKa BUCNOBNIOBAHb
* JIOriKa NepLoro nopaaKy

[xxoH AnaH Po6iHcoH

[lepma 3 HUX OTpuUMaja 3aBISKM Ha3By, skui Pivapn bBeliman Ha3uBaB NMPOKIATTAM
po3mipHOCTi. 30BHINIHIM CBIT sBIsiE COOOI BHHITKOBO CKJIQJAHE MEPEIUICTIHHS PI3HOMAaHITHUX
00’€KTiB Ta 3B’s3KiB MK HMUMH. J[J11 TOrO, 1100 TIIBKM BBECTH BCIO ITI0 1HGOpPMAIIIO JI0 TaM’sTi
IHTEJIEKTYAIbHOTO KOMIT FOTepa, MOXKE 3HAJ00UTHCS HE OJTHA THCSIYa POKIB.

[MpOKNATTA PO3MIPHOCTI

MpoknaTtTa posmipHocTi (aHrn. curse of
dimensionality) Bka3sye Ha pi3Hi beHOMeHM, sKi
BMHMKaIOTb Npu aHanisi Ta poboTi 3 gaHumm y
6araToBMMipHUX NpocTopax (4acTo Le CoTHI
abo Tucadi sBumipis)

[Ona Toro, wo6b TiAbKU BBECTU BCHO L0
iHbopmaLuito A0 nam’aTi iHTeneKTyanbHoro
Komn'ioTepa, Moe 3HagobuTuca He ogHa

TUCAYA POKiIB

Piuapg EpHect bennmau

[nma npobnema — anropuTMiyHa HEpO3B’sA3HICTh. BijoMo, 110 B pamKax Oyab-sIKOi TOCUTH
CKJIaIHO1 (hopMabHOT Teopii ICHYIOTh MOJIOKEHHS, K1 € ICTHHHUMHU, aJie AKi He MOKHA Hi JOBECTH,
HI crpoctyBaTH. ToOTO € BXiJHI AaHi, € IPaBWJIbHI BIANOBIJII HAa KOXXKHY KOMOIHAIIIIO BXIJHHX
JaHUX, IPOTE HEMAE HIIKOTo Croco0y MEepeTBOPEHHS LIMX BXIAHUX JaHUX Ha BIAMOBIII.

ANropuTMi4YHO HEPO3B’'A3Ha 3a43a4a

s

Teopemu legensn

*  fAkuwo dopmanbHa apudMeTMKa € HECYNEPEUNNBOIO, TO
B Hill icCHye HeBUBIAHa | HecnpocToBHa dopmyna

¢ fKwo dpopmanbHa apudPpmeTMKa € HecynepednBeoto, To
B Hili € HeBMBIAHOO AeaKa bopmyna, SKa 3MiCTOBHO
CTBEPAXKYE HECYNEPEYNUBICTD Liei apudmeTnkmn

ANITOPUTMIYHO HEPO3B'A3HOIO 3a[a4et0 Ha3MBaAETbCA
3apaya, Wo mae signosigb Tak um Hi ans KoxHoT
KombiHaLiiis obmexeHoro Habopy BXiAHWUX AaHUX, ane He
Mag€ anropuTMy OTPMMaHHS LMX Bignosigemn

Kypt lepens

Peanbni mporpamm, siKi 37IHCHIOIOTH JIOTIYHE BHBEACHHS (BOHU YacTO HAa3WBAIOTHCS
eKCIepTHUMH CHUCTEMaMH) MAalOTh JOCHTh OOMEXEHE 3acTOCyBaHHSA. BOHHM MaroThb OOMEXeHHH
HaOlp ¢akTiB Ta MpaBUi 3 MEBHOI, OUIBII-MEHII YITKO OKPECJIEHOi MpeIMETHOI rajiy3i 1 MOXYyTh
BUKOPHUCTOBYBATHCS JIMIIE Y LI Taly3i.
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[Ilo >k CTOCyeTbCS JIOAWHH, TO SKICTH ii JOTIYHOTO MHCIEHHS 4acTo OyBae JalleKUM BiJl
6e3moranHoro. JIrogu piako MPOBOIATH JIOTIYHI MOOYMOBH MO KIHIIS, 9acTO POOJISTH JIOT14HI
MIOMMUJIKH, @ 1HKOJIM B3araji KepylTbCs NPUHIUIIAMU, HEBIPHUMH 3 TOUKU 30py HOPMAJIbHOI JIOTIKH,
a pileHHs MPUUMAEThCS Ha IMiJICBIIOMOMY, 1HTYITHBHOMY PiBHI. 3pO3yMiJIO, IO TaKe PIlICHHS
MoKe OyTH MOMUIIKOBUM. AJte, IKOH 11e OyIo He Tak, JrouHa Oyiaa O MpakTUYHO HE 3/1aTHOIO Hi 10
SIKOT TISUTBHOCTI — Hi 0 (Di3UYHOT, Hi 10 MPOAYKTUBHOI PO3YMOBOI.

EKcnepTHa cuctema

EKkcnepTHa cuctema
InTepnperaTop - METO'E"'.P[IO”H
KoMaHa adanTaull aaropuTmy
MawmHa noriuxoro yCI'liUJHMX piLUEHb
BUBEACHHRA . e
opHiei coepm
— i HayKOBO-NPaKTUYHOI
AIANbHOCTI B IHWY

KOpHCTYBaya

%Eaaa 3uam,|-—

Kopucrysay

Jns 3amay, sKi poO3TJsSAanucs BUIE, XapaKTepHOw Oyna chijgpbHa puca: iX M[oraHa
(dhopMaTizoBaHICTh, BIJACYTHICTh a00 HEBHM3HAYCHICTh YITKUX aJTOPUTMIB BupimieHHs. Came Taki
3a/1a4i 1 ABJIAIOTH COOOI0 OCHOBHUM MPEIMET PO3IIISAAY B TEOPii IITYYHOTO 1HTEJIEKTY.

Jlo 30BciM IHIIOTO KJIACy BITHOCSTHCS OOUYMCITIOBAIBHI 3amadi. Bakko BIAMOBiCTH Ha
3alUTaHHs, SIK caMme JIIOJWHA 3MIMCHIOE Ti 4yu iHIIN oOuucieHHs. JloOpe BiZOMHMH € 1 HHM3bKa
IIBUKICTh, 1 HEBHCOKA HAIIWHICTh IIHOTO BUAY JIIOJCHKOT ISITBHOCTI. AJie y paMKaXxX JOCITIKEHHS
HITYYHOTO IHTEJEKTY OyJIM 3ampONOHOBaHI e(EeKTHBHI aJrOPUTMH, SIKI TO3BOJISUIM BUPINIYBAaTH
3ajadi, MO MAaOTh KUIBKICTh OOYHCIIEHB, SIKi (PI3UYHO HEMOJKJIMBO BHKOHATH HAaBITh Ha CAMOMY
MIPOYKTUBHOMY KOMIT FOTEPI.

OpnHi€r0 3 TaKKX 33714 € 33]ja49a KOMIBOS/DKEPa, KA MOJIATAE Y TOMY, 110 TOPrOBOMY areHTy
HeoOXiAHO 00’iXaTu MEeBHUI MepeiK MICT TaKUM YMHOM, 110 MOOYBaTH y KOKHOMY MICTi JIMIIIE
OJH pa3, TMOTIM MOBEPHYTHCS y TOYKY BHI3Ay, i MPH OMY AOBXHHA IUISIXYy TOBHHHA OYyTH
HaiikopoTia. AJITOPUTMY, IO JO3BOJISAB OW IIBHIKO BUPIMIUTH IO 3a7ady, y IPUPOAL HE iCHyE —
I}0 3a/lady MOKHa BUPIIIMTHU JIMILIE IUISXOM MOBHOrO repebopy BapiaHtiB. Ta piu y Tomy, IO
KUIBKICTh MOXJIMBUX BaplaHTIB pIlIEHHS Mae (akTopialbHY 3aJ€KHICTh BiJl KUIBKOCTI MICT.
CyuacHMi KOMIT'IOTEp HUISXOM MpsMOro mepedopy 3MOXKe BHU3HAYMTH MapHIpyT, Y SIKOMY
HamiuyeTbes 10 — 11 mict. st TOoro, 1m0 BU3HAYUTH HAUKOPOTIIIN MapmpyT, mo Mae 12 MicT, Bke
HEOOXITHO BUTPATHTH MNPUOIM3HO OAMH POOOUM JeHb. A s TOro, MO0 HUIIXOM MPSIMOTO
nepedopy BHU3HAYUTH MapuIpyT, MO MICTUTH 20 MiCT, TOTPIOHO KiJIbKa THUCAY POKIB. A JIOJHUHA
NoJII0HY 3a/1a4y MOK€ BUPIIIUTH 3a KiJIbKa XBUJIMH.

3a4a4a KomiBoAaaKepa

S

BapiaHTiB BapiaHTiB

2 11 39916800

6 12 479001600
24 13 6227020800

120 14 87178291200
720 15 1307674368000

5040 16 20922789888000
40320 17 355687428096000
362880 18 6402373705728000
3628800 19 121645100408832000

CZECH
REPUBLIC

L 0 N OB W N

[
o

Taxum YHUHOM, HaBIThb MHICIIS TAKOr0 CTHCJIOIO orjIAay MOXKHa 3pO6I/ITI/I BHUCHOBKH, IO
I_HTyLIHI/Iﬁ IHTEIEKT MA€E BCJIMKY KOPUCTD JIA JIFOJUHU. HpOTC BEJIMYMHA HOro I(OpI/ICTi TakKa X caMa,
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K BEJIMYMHA MOTO CKIAMHOCTI. AJnie y Oyap SKOMY BUMAJKY, Taly3b IITY4YHOTO IHTENEKTY Oyne
OypxJINBO pO3BUBATHCSA. TOMy, SKIIO BH 3MOXETE€ OCBOITH II€W HANpsMOK, TO BU HIKOJU HE
3aJUIuTeCh 6€3 poOOoTH.

BucHOBKU

*  LUTY4YHUM iHTENIeKTOM BBaXa€eTbCA BIAaCTMUBICTb aBTOMaTUYHUX CUCTEM
6paT Ha cebe oKpemi GYHKLi iHTeNeKTy NoaNHU

* ICHYE ABa HaNPAMM PO3BUTKY LUTY4YHOTO IHTENEKTY

o LUTY4YHWUM iHTENIEKT CIPAMOBAaHMI Ha BUpILLEHHS 3a4a4, AKi He MaloTb
anropuTmy po3s’asaHHA abo noTpebytoTb NpoBeAEHHSA BENMKOI KiIbKOCTI
obuyncneHb

* Tanysb WITYYHOrO iHTENEKTY NOKM Le 3HaXOA4UTLCA Y CaMOMY MOYaTKy
CBOTO PO3BUTKY {i
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2 IlpyHOMNIU NOOY10BM IITYYHUX HEHPOHHUX Mepe:k

51 meBeH, 110 BU BXKE MEPETJISHYNU MONepeIHI HaBYallbHI MaTepiany 1 3Ha€Te, 0 MTYYHUI
IHTEJIEKT Ma€ BENWKY KOPHCTh JUIS JIIOAWHHU. Tak caMo fK 1 3HAa€Te Te, IO PiBEHb CKJIAJHOCTI
MITYYHUX THTEJICKTYAIbHUX CUCTEM Ha0araTo MEpPEeBHILY€E PiBEHb CKIIQJIHOCTI OUTBIIOCTI iCHYIOUHX
TEXHIYHHX 3aC001B.

Ane sikumu 0 CKIagHUMM He OyliM CydacHi 1HTENEKTyalbHI HMPUCTPOI Ta CHCTEMH, iX yce
OJTHO CTBODIOIOTH JIOMU. A IIe O3HAyae, MO iX MOXKHA BUBYUTH, MOBTOPUTH Ta BJOCKOHAIUTH. |
caMme UM MU i OyzeMo 3aiiMaTUCs i 9ac BUBYCHHS AUCHUILIIHU «METOU Ta CHCTEMH ITYYHOTO
IHTENeKTy». A IUIAX BHBYCHHS INTYYHUX IHTENEKTYaJbHHX CHUCTEM Kpallle BChOrO IOYMHATH i3
BUBYCHHS HEMPOHHUX MEpEeX, OCKUIBKM CaMe€ BOHM CBOTO Hacy JajH IOIITOBX JUISI PO3BHUTKY
IITY4HOTO iHTeNnekTy. Came UM MU i OyzeMo 3aiiMaTuCs MPOTATOM HACTYITHUX KiJIbKOX THXKHIB. A
PO3MOYHEMO MU 3 HEBEJIMKOi ICTOPHYHOI EKCKypcli, SKa IOMOMOXKE HaM 3pO3yMiTH, 4OMYy IIi
CHCTEMHU HA3UBAIOTHCS HEHPOHHUMMY», 3BIIKM BOHHM 3 SBUIINCS 1 TOJIOBHE — YOMY JIFOAMHA JOCI HE
CTBOpWJIA IITYYHOT'O aHAJIOTa caMoro cebe.

IcTopisi po3BUTKY HelipOHHHMX Mepex

lNmoTesy mpo MOXJIHMBICTH MAIIMHHOTO MOJENIOBAHHS [ISUTBHOCTI JIFOJCBKOTO MO3KY
3allpOIIOHYBAaB aMEPUKAHChKUN MareMaTuk Ta kibepHetuk HopOeprt Binep, sikoro oOrpyHTOBaHO
BBAXXAIOTh OJHUM 13 «0aThKiB» IITY4HOTrO iHTENEKTy. Y 1942 pomi Ha oaHIN i3 KOH(pEpeHIi BiH
3poOUB JOMOBiL MPO MEXaHI3MH 3BOPOTHUX 3B'SI3KIB y Oloforii, Ha sKiif, 30Kpema, Oyio
BUCJIOBJICHE MPUITYIICHHS, [0 MisIIBHICTh JIOACHKOTO MO3KY MOXKHA MOJAENIOBATH mTy4yHO. Ha it
nomnoBiai OyB mpucytHiii Boppen Makkanok, sIKuii TakoX OyB 3aXOIUICHHH 11€IMU IITY4HOTO
MOJICITIOBAHHS TPOIIECIB, IO MPOTIKAIOTh Y HEPBOBUX CHUCTEMax, aje MaB IEBHI CyMHIBH IIOIO
MOXJIMBOCTI TIPaKTUYHOT peaizaltii 1iei Teopii. BneBHUBIINCH, 1110 HE TUIBKW BiH Mpi€ BiITBOPHUTH
010JI0TIYHI PO3YMOBI MPOLIECH B €JIEKTPOHHUX CHCTEMax, MakKajloK BHPIIIUB CIPOOYBATH SKOCH
dbopMaizyBaTH €IEeKTPOHHI CHCTEMH, SIKi 3MOKYTh BUKOHYBATH 1HTEJNEKTyalbHi QYyHKII. MeHie
HiX 3a pik Boppen Makkaiok 3i ¢cBoiM KoJieroro Yonrepom [IuaTTcom miaroTyBanu cTaTTio, y sKii
BIleplie OyB BHUKOPUCTAaHUH TEpMIH «HEMpOHHA MepeXka» Ta 3alpONOHOBAHUN aIrOPUTM il
¢dbyHakionyBanHs. [licis pOro aye MBUIKO 3’SIBIIIOCS KUTbKa pOOIT, MO CTAJIH CBOEPITHUM
¢byHgamenToM Ui HelpoHHUX Mepex. OnHiero 3 ux pobit Oymna pobora dpenka Pozenbnata, y
SK1i OyB 3allpOIIOHOBAHUN OJHOIIAPOBHM MEPCENTPOH — OJIHA 13 HAHOUIBILI MOMYJISIPHUX MOJEeH
HEHPOHHUX MEpEeX TOTo yacy.

[TOYaTOK HEMPOHHUX MepeXK

& 1942 — lonoBsigb CTOCOBHO MeXaHi3miB

3BOPOTHUX 3B'A3KiB y Bionorii (H. BiHep)

1943 — dyHaameHTabHa CTATTA NPO
noriyHe obYyMcneHHs iaei Ta HepBoBoOT
aKkTMBHOCTI (B. Makkanok, Y. MNutrc)

BoppeH Makkanox
1898-1969

1948 — KHura «Ki6epHeTuka» (H. BiHep)

1949 — MNepLunii aAropuTM HaBYaHHA
(4. re66)

1958 — OgHOWapoBUI NEPCENTPOH

HopGepT Binep Yonrep Murre (®. PoseH6nar)

1894-1964 1923-1969

Ta 10 cTBOpeHHs mepIioi HEWPOHHOT Mepeki e OYyJo ajeKo, OCKUIbKHM eleMeHTHa Oa3a
JUIL eNEeKTPOHHMX TPHCTPOIB TOro yacy Oyna JocuTh oOMexeHa. CrodyaTky HEHpOHHI Mepexi
HaMaraJimcsi CTBOPUTH Ha aHAJIOTOBUX EIEKTPOHHHX CXeMaX, Jie yCi €JEeMEHTH MEpexi Maiu
«OKOPCTKMID» (Pi3uuHuil 3B’430K Mk co0oro. [IpoTe myxe MIBHIKO CTano 3pO3yMijio, IO Ui iX
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peamizarii Kpaie MIXOTUTh ENEKTPOHIKA 13 «M’ SIKUMH» 3B’S3KaMH MiXK €JIeMEHTaMH, TOOTO
€JeKTPOHIKA, IO TpaIfoe€ I KEpPIBHUIITBOM TNIporpamMu. Ajie Ha TOH dYac eIeKTPOHHO-
00YHCITIOBANIbHI MAIIMHU TUTBKHM TOYMHAIM 3’ SIBISITUCS 1 Oynu JTy>ke J0pori Ta HeJockoHai. Tomy
MpakTUYHA NIEpPEeBIpKa Teopii HEHPOHHUX MEpex OyJia BiJIKJIaJIecHa Ha TIEBHHM Yac.

[MoYaTOK HEMPOHHUX MepeXx

LUITY4HMI HEMPOH Ta BaKyyMHiM namni Mepia EOM (ENIAC) (1946 p)

OpHi€ro0 13 TepMX NMPaKTUYHUX pealizaniii HeHpOHHUX Mepex craB nepcenTpon dpenka
Poszenbnara, peamizoBanwii Ha KoM OTepi «Mapk-1». lleit komm’roTep MAKIIOYWIA 0
YOTHUPHOXCOT CYIb(iA-KaaMieBUX (HOTOCIEMEHTIB, SKi YTBOPWIHM CBITJIOYYTJIMBY MATPHIO i3
po3ainbHO0 3maTHicTO 20 Ha 20 eneMeHTiB. 3B’S3KM BCEpeOUHI HEHPOHHOI Mepexi
HAJIAIITOBYBAJIMCH 32 JOTIOMOTOI0 TaT4-TIaHeNdi, a CHJIa 3B’S3KIB — 3a JIOTIOMOTOIO CIIEI[iaJIbHUX
nmoTeHIiomeTpiB. Taka cucTeMa Morjia po3Ii3HABAaTH ACAKI JITEPH, SKI MIJHOCHIA JO «OKay
KOMIT'IOT€pa Ha CHEMiaJbHUX KapTKax, 1 o0imsia TpakTUYHO Oe3MeXHi IMEepCIeKTUBU IS
MOJAJbIIOr0 PO3BUTKY. Ha Toil wac mrofsMm 37aBanocs, MO OO0 peai3alii MTYy4YHOTO MO3KY
3aJMIIAETHCS JIMIIE OJUH KPOK — TOTPIOHO JIMINE CTBOPUTH HEHPOHHY MEpeXy BiINOBITHHX
PO3MipiB.

®PpeHK Po3eHb6naT 3 NnepLuoto peanisavito HEMPOHHUX MepexX
Ha Komn’toTepi «Mapk-1» (1960 p.)

perceptron

A 0n

[Ipote nyxe MMIBUAKO BUSABUIOCS, IO peajbHI pe3yabTaTH, sKi IMOKa3ylOTh HEWPOHHI
Mepeki, M’SKO KaXyuu, Aajiekl BiJ ouikyBaHUX. | BUHHMKIM 1B1 mpobnemu. IlpaktuyHo onpasy
BUSIBUIOCH, IO TOTYXHOCTI €JEKTPOHHO-OOUMCIIIOBAIBHUX MAIIMH TOr0 4Yacy Oyjio SBHO
HEJ0CTaTHBhO ISl CTBOPEHHSI HAaBITh HEBENMKOI HelipoHHOI Mepexi. Lle, 3BicHO, Oyli0 HenmpueMHO,
ajle He KPUTUYHO — MOTpiOeH OyB nuIne 4Yac s TOro, mo0 BOHM BUHILIM HAa HEOOXiTHUN
TEXHIYHUHN piBEHb. A OT PO3B’sI3aTH APYry MpoOsIeMy 3aBajIocs MPUHIIUIIOBO HEMOKIUBO.
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Mepioa 3aHenaay HEMPOHHUX MEPEXK

OCHOBHI NPo61eMU HEUPOHHUX
mepex y 1969 — 1981 pokax

* TOTY>KHiCTb KOMN'tOTEPIB TOrO
yacy 6yna HegocTaTHA ANA
Eexeepirons CTBOPEHHA HEUPOHHUX MEpPEXK

* He Bci GYHKLUiT MOXYTb 6yTH
peanisoBaHi 3a 4onomoroo
OHOLIAPOBUX NepcenTpoHiB
(M. MiHcbki, 1969)

MapsiH Jli MiHcki KHura «IMepcentoHu»
1927-2016 (Perseptons) (1969)

[IpoGnema momsraza y TOMY, IO HEHPOHHI MEpPEXi, peanizoBaHi Ha OJHOIIAPOBHX
MEPCeNTPOHAX, BHUABHWINCS HE3JIaTHUMM BHpIIIyBaTH Jeski mpocti 3azavi. Hampukiag,
JIBOXBXOJIOBUI OJHOLIAPOBUN MEPCENTPOH MOXKHA JIETKO HANAIITYBAaTH ISl pOOOTH Yy pPEKUMI
3’ oK (Joriune ABO) abo kon toHKwii (storiyne I), ane HEMOXIIMBO HAJTAMTYBATH sl poOOTH
y peXuMi BUHATKOBOI AM3'TOHKLII — TOOTO peani3yBaTh Ha HOTO OCHOBI (DYHKI[IIO BHHSITKOBOTO
ABO. [loBruii yac iHXeHEpU BBaXKAIH, III0 BOHU MPOCTO HECIPOMOXKHI NPABWILHO HAJIAIITYBATH
Mo/i0Hy CUCTEMY 1 BIIEPTO MEPEBIPsUIN Pi3HI BapiaHTH, aje yci X crpoOu BUSBUIHMCS MapHUMH. |
e y 1969 poni Mapgin JIi MiHcbKi y cBoil kHU31 «IlepcenTpoHu» YiTKO AOBIB, IO IO 33129y
BUPIIIMUTH HEMOKITUBO.

JNiHinHa cenapabenbHicTb (po3ainaemicTn)

OR AND XOR

( OpHowaposun N\ [y | [xi[xz[ Y| [x1]xz] ¥

[BOXBXO40BUN ofo|o|[o|o|of|o|0]oO

nepcenTpoH 1 (o |1 | EENEOREON |1 | o] 1

o[1[1|Fofalo] [o1]1

x1 =5 : — 1

& Ly FEERNIEREENR |
x2l—®— TH

T J

1 X1

bnuck Ta cyBopicTk aprymenTanii MiHCBKOTO, a TaKOK HOro IPecTHK NOPOAUIIN BETUYE3HY
JIOBIpY 0 KHUTH — i BHCHOBKH OyJT HEBpa3IMBUMHU. Po3uapoBaHi TOCTITHUKHA TPUTTHHIIIN poOOTH
Ha/l CTBOPEHHSM UITYYHOTO IHTENEKTY 1 HepedIiM y OuIbll NepCHeKTHBHI Tamy3i. Ypsau
MPAaKTUYHO YCiX KpaiH 3HM3WIM (pIHAHCYBAaHHS JOCHIHKEHb I[HOTO HANPSAMKY, 1 IITYyYHI HEWPOHHI
Mepeski 3a0ynu Maibke nBa necaTumiTTa. [Ipote Kinbka HalOIIBIIT HAMOJIETIMBUX BUYCHUX, TAKUX SIK
Koxonen, I'poccOepr, AHIEPCOH BCE K TaKd HE 3aJUCS 1 MPOJIOBKUIN JTOCTIPKEHHS HEUPOHHUX
Mepex. Y TOH yac BU€HI, 110 MPAIfOBAIN 31 IITYYHUM IHTEJIEKTOM, MOCTIHHO CTHKaIUCS 13 OpakoM
(iHaHCYBaHHS, CKENTHULU3MOM 31 CTOPOHM KOJEr 1 TpPyAHOIIaMU y MyOJiKauisiX pe3yJabTaTiB
JOCHTiKeHb. TOMy JOCIIPKEHHS, OMyOIiKOBaHI B CIMJECSATHX 1 Ha MOYATKy BICIMJIECSATHX POKIB,
PO3MOPOIIEH] Y PI3HUX KypHAJaX, OUTBIIICTG 13 3 IKUX OYyJIU Ta 3aJTUINAIOTHCS MAJIOBITOMUMH.
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Deep Neural Network

Pretraini
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XOR Perceptron
AP (Backpropagation)
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Golden Age A Dark Age ("Al Winter")
lectronic Brain
1943 1987 1960 1960 1988 1695 2008
1940 1950 1960 1970 1980 1990 2000
ll’i B Bl i@ B2 P Afd il 3
ﬂ(\ﬂn O/mi

ulloch - W, Pitts F.Rosenblatt B Widrow - u Hoff M Minsky - S. Papert umethart = G. Hinton ~ R. Wikams V. Vaphl C Cortes G. Hinton - S, Rush

2 , |0 @O0 -

X

stie Weights + Lsamable Weights and Threshold + XOR Probler
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Leit mepio yacTo HA3UBAIOTh IIEPILIOIO 3UMOIO IITYYHOTO IHTENEKTY». BiH 3aKiHUMBCS ax
y 1982 pomi, komu B J[>koH ['onding HanucaB cTaTTiO, y SAKIH NpEICTaBUB HEUPOHHY MEPEXKY, sSKa
3apa3 Bimoma sik Mepexka [omdimma. 3’sicyBanocs, mo oriHka MIHCBKOTO BHSIBHJIACS 3aHAJTO
MECUMICTHYHOIO, 1 33/a4l, AKi HE MO>KHA BUPILIUTH 32 JOMOMOI'OI0 OJHOLIAPOBUX MEPCENTPOHIB,
MO’KHA BHPIIIMTH 3a JOMOMOIOI0 OLIBIN CKJIATHUX OaraToliapoBUX HEUPOHHHUX MeEpex. biibiime
TOTO, OKPIM PEKYPEHTHUX Mepex, SIKUMHU € Mepexi [ondinga, Ha Toi yac Bxke Oynu po3pobiieHi
HEHpPOHHI Mepexi 13 3BOPOTHUM DPO3IMOBCIODKCHHSAM iH(OpMAIii pa3oM i3 anropuTMamu ix
HaByaHHs. Kpim Toro, He ciia 3a0yBatu, 1110 00YUCITIOBaIbHA MOTYKHICTH KOMIT IOTEPIB TOTO 4Yacy,
noOyJOBaHUX B)K€ HA HAIMIBIPOBIIHUKOBHX MIKPOIPOIECOpaxX, a HE Ha EIEKTPOHHUX JIaMIlax,
HabaraTo IMepeBMIlyBala MOTYXHICTh €IEKTPOHHO-O0UUCTIOBAIbHUX MamnH 60-X pOKiB, a OTXKe
iI1Ie O/THE TEXHIYHE OOMEXKEHHS 0YyJI0 yCYHETE.

HenpoHHa mepexa londinga

Lowwe Hopfield Network \

OxxoH Qxkosed londing,
1933 pH

Yn

VYce mpuzseno o toro, mo y 1982 pomi SnoHis Ha OnxHIN 13 aMepHUKAaHO-SAMOHCHKUX
KOH(epeHIIil 0royiocuiia Npo MOHOBJIEHHS JOCIIPKEHb B 00yiacTi HEWpOHHUX Mepex. CronyueHi
Hltatn AMepukH, MoOOIOIYNCH, 1110 SMOHIS 3HAYHO BUIEPEIUTH iX y Il ramy3i Oyna 3MylieHa
TaKOXX TOHOBHUTH (DiHAHCYBaHHS JOCTIHKEHb, 1 3 I[OTO Yacy HEMPOHHI MEPEXi 3HOBY MOYAIH
OypxJsinBO po3BuBaTHcsa. OHaAK el epiof Bke 3HAUHO BiJpi3HsABCS Bix nepiony 60-x pokiB. Y Toi
yac JOCHIPKEHHS HEWPOHHUX MEpeX NPOBOJWINCH Ha piBHI IHTYilli 0€3 SKOro CHUCTEMHOIO
niaxonu. A y 80-x pokax Bxke Oyna roToBa JIOBOJII IPYHTOBHA TeOpeTHYHA 0a3a, sika 103BOJIsUIA HE
TUTBKU €(DeKTUBHO 00XOIUTH OOMEKEHHsI, BUsIBIeHI MIHCBhKHUM, a i BUpIIIyBaTH HOBI 3aaa4l. OTxe
MiHCBKI, 3 0HOTO OOKY, IITYYHO 3arajJisMyBaB PO3BHTOK HEHPOHHHMX MEpEeX, OMyOJiKyBaBIIU Y
1969 porti KHIKKY 13 XUOHUMH BHUCHOBKaMH, a 3 JPYroro — JIaB MOXJIMBICTB 111 00J1acTi JO3PITH
TEOPETUYHO, II0 3HAYHO 3MEHIIMWJIO KUIBKICTh MOMMJIOK MiJl 4yac cTBOpeHHS y 1980-x pokax
HEHPOHHUX MEPEX HOBOTO MOKOJIIHHS.
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TN HEMPOHHUX MepeXK

HactynHuii nepioj 3aTummis B icTOpii po3BUTKY HEHPOHHUX Mepek posmnoyaBcs y 1988
poIIi, KOJMU CTaJO 3pO3YMIJIO, IO INTYYHHUN IHTEICKT Ta HEHPOHHI MEpeki 3HOBY BHSBUIINCS
Ha0araTo CKJIAJHIIIMMHU, HDK L€ BBaXanocs TOro dacy. «Jlpyra 3uMma INTYYHOTO iHTEIEKTY»
posnouanacs y 1984 poui, komu [I>xoH MakkapTi BUCTYNIHB 13 KPUTUKOIO €KCIIEPTHUX CHCTEM — IO
Ha TOW Yac Oy/u MPIOPUTETHUM HATIPSIMKOM PO3BHUTKY HEHPOHHHX MEPEX.

IcTOpia PO3BUTKY HEMPOHHUX MepeXK
Ta WTYYHOTrO IHTENEKTY

Turing test invented First Al winter  Second Al winter
1980 2012
& i ® © e o
1950 1973 1988 2019

Boom times Deep learning
revolution

JxoH Makkapri
1927-2011

VY wiit po6OTI OCHOBHI akIEeHTH MakkapTi 3poOMB Ha Te, 10 €KCIIEPTHUM CHCTEMaM TOro
Jacy He BUCTAdYajo 370pPOBOTO TIy31y Ta 3HAHBL MPO BJIACHI OOMEXEHHs. 30KpeMa, BiH PO3IOBIB
npo ekcreptHy cucremy MYCIN, cTBOpeHy i JONOMOTH JiKapsM. Y SKOCTI MHpUKiany il
HEJOCKOHAIOCTI MaKKapTi MPUBIB PEaKIlif0 CUCTEMH HA BHITQJOK, KOJH Yy KHUIICUYHUKY TAIli€HTa
BUSIBJICHO XOJIepHMi BiOpioH. Ilporpama mpomucana namieHTy JBOTHXKHEBHM Kypc TETpaLUKIIiHY,
SIKUH, MOXJIMBO, 1 BHJIIKyBaB OHW #Oro, mpoTe MAIli€HT JO KiHIS JIIKYBaHHS, CKOpIIl 3a BCE, HE
N0XHUB OU. Y Horo 3BITI TakoXX Oyjn0 OaraTo 3ayBaKeHb BIJIHOCHO CKJIAJHOCTI 3aBJaHb, SKi
MOB’s13aHi 13 IMITYYHUM IHTEJIEKTOM Ta HEHPOHHMMH MepeXaMH, MPUYUHOK SIKMX € HEHMOBIpHO
BEJIMKA KUIBKICTh BapiaHTIB 1X PillICHHS.

[ToniOGHa cuTyarlis ckianacs 1 B IHIMUX Taly3sX 3aCTOCYBAaHHS HEMPOHHUX MEPEX — Maiike
yCIOM TIEpBUHHMN €HTy31a3M Ta HEWMOBIpHI OYIKYBaHHS BiJ iX 3aCTOCYBaHHS 3MIHUBCS Ha
po3uapyBaHHs. JUpeKTop AreHTCTBa MNEpPCHEKTHUBHUX OOOPOHHUX JOCHIJHHUIBKUX IPOEKTIB
VYnpasniaag iHdopMmatiiinux Hayk 1 TexHoznoriii CILIA (DARPA ISTO) IlIBapiy sikoch Hamucas, 110
JOCIII/DKEHHST B Taldy3l IITYYHOTO 1HTEJIEKTY 3aBXAH MalOTh «...00MEXEHHH YCHiX y TEBHHX
rajmy3sx, 3a sSIKHM HEraiHo HJe HeB/aya y TOCATHEHHI IUPIIOi METH, Ha SKY Il MOYaTKOBI YCHIXH,
HaIeBHO, HATSIKAIOTh. ..».
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EkcnepTtHa cuctema MYCIN gna oonomorun goKTopam

St RULE-BASED
e EXPERT SYSTEMS

EXPERT THE MYCIN EXPERIMENTS OF THE STANFORD
SYSTEMS HEURISTIC PROGRAMMING PROJECT

Bruce G. Buchanan
Edward H.Shortliffe

VYce 1e mpu3BeIo 10 MOCTYIOBOTO OXOJOIKEHHS IKaBOCTI 0 MUTaHb HEMPOHHUX MEPEX 1,
BIJIIIOBITHO, /IO LITYYHOTO 1HTEJEKTY, a 11, B CBOIO Yepry, MPU3BEJI0 O 3MEHUICHHs (iHAHCYBaHHS
i€l ramysi. MiHiMaJIbHUH piBEHb HAYKOBHUX CTATEH, OB S3aHUX 13 PO3BUTKOM INTYYHOTO 1HTEJIEKTY
OyB 3a¢ikcoBanuii y 1995 poui. [Ipore poOoTu y 11boMy HanpsMKY HOBHICTIO HE HMPUIMHSIIUCS 1
HEHPOHHI MepeXi MOCTIHHO BIOCKOHATIIOBAIUCS 1 MOCTYIIOBO JOCSATIIN PIBHA, 3@ SIKOTO iX CTaJlo
MO’KJIMBO BUKOPUCTOBYBATH Ha MpakTULli. BinOynocs 1e 3aBasku peaizanii TEXHOIOTi IMUOoKoro
HaBYaHHS, sika Oyna po3pobaeHa y 2006 porri.

ETanu po3BUTKY HEMPOHHUX MEpPEX

Social excitement
and concern

Success of
AlphaGo,
Libratus, etc...

Boom 1 Boom 2 Boom 3

2 Deep Learning
“GOFAI" “Expert Systems” “Machine Learning”

Autonomous
Vehicles

Winter 1 Winter 2

Autonomous
Weapons

knowledge
engineering
DENDRAL, MYCIN
AL ssa1 PROLOG Lisp

FGCS, SCI, MCC, Alvey, ESPRIT
Feigenbaum, Brooks
!

1960s 1970s 1980s 1990s 2000s 2010s

Al for Social Good"?

Newst,
Stanford  McCartty, Minsky

Il 1

Ha cporopHimHii 1neHh HEHPOHHI Mepeki 3HOBY 3HAXOIAThCA y CTaHi OypXJIHMBOTO
po3BuTKy. IloBHUI mepenik ramys3ei, e MOXHa BHUKOPUCTOBYBATH HEHPOHHI MeEpexi, € JO0BOJI
BEJIMKHM, TOMY MO>KHA TIPUBECTH JIMIIIE OCHOBHI HANPSMKH iX BUKOpHcTaHHS. Hapasi Hemae Takoro
HanpsMKY, KU, 3 OAHOTO 00Ky, MOTpeOye IHTENEeKTyaIbHOIO BTPYYaHHS JIIOJIUHH, a 3 JIPyroro, He
J03BOJISIE  BUKOPHCTOBYBAaTH HEWPOHHI Mepexki. [HImMMHU ciioBamH, HEHpPOHHI Mepei MOKHA
BUKOPHUCTOBYBATH BCIOJH, /1€ HEOOX1IHE 1HTEeKTyallbHe KepyBaHHs. [IpoTte He ciix 3a0yBary, 1110,
HE 3aBa)Kal04M HA MIPUTOJIOMIIIUBI JOCSITHEHHS, HEUPOHHI MEPEXKI 1€ He JOCKOHAII, 1 TOMY JI0 iX
MPAKTUYHOTO BUKOPUCTAHHS MOKH 1110 CJiJI CTABUTHUCS JIOBOJI 00EpEkKHO.
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Cy4YacHe BUKOPUCTAHHA HEMPOHHUX Mepex

* PosnisHaBaHHA obpasiB i
Knacudikauia

* [NpPUAHATTA pilleHb Ta KepyBaHHA

* KnactepHuit aHani3

* [lporHo3yBaHHA

* AnpoKcumauis

* CTUCHEHHA AaHWX Ta acouiaTMBHA
nam'atb

IIpuHuun podoTH 06i0JIOriYHNX HEHPOHHUX CHCTEM

SIK BHM BXKE 3pO3yMiIHM, HEMPOHHI MEPEXi € KOMI€I0 peaJbHUX Ol0JOTIYHUX CHUCTEM, Y TOMY
YHCITi 1 KOMI€I0 TOJOBHOIO MO3KY JIFOAMHHU, TOMY II€pe] THM SIK MEPeHTH 10 BUBYEHHS IITYYHUX
HEHPOHHUX MEpeX, MOUIIBHO CIOYaTKy CTHUCIO PO3MNIAHYTH SK NPAIIOTh iX OloJjoriudi
OpOTOTUNH. AJle TYT CiiJ O00OOB’SI3KOBO 3a3HAYMTH, L0 HABITh 3apa3, MONPH YCi JOCSITHEHHS
HeHpoOioJorii, Hamr 3HaHHSA MPO POOOTY MO3KY HACTIIBKM OOMEXKEHI, M0 ICHYE IyXKe Maio
SKHXOCh OPIEHTHUPIB, HA SIKI MOXKYTh CITUPATHCS PO3POOHHUKH MITyYHUX HEHPOHHHX CUCTEM. Tomy
JIOASIM, IO TMPALIOITh y Mi raimysi, y MOImyKax CTPYKTYp, 3laTHHX BUKOHYBaTH HEOOXimHI
(GyHKIII1, 10BOJII YaCTO JOBOAMTHCS BUXOAUTH 32 MEXK1 CydacHUX O10JIOTIYHHMX 3HAHB, BIIMOBISTHCA
BiJ OioJoriuHoi MpaBOMOMIOHOCTI 1 HaBITh CTBOPIOBATH CHUCTEMH, SIKI HE MOXYTh ICHYBAaTH Yy
KUBIH pupoi. Y 1[bOMY BUIaKy MO30K CTa€ MPOCTOI0 MeTadopolo, 1 MPOIecH, IO MPOTIKAIOTh Y
MITYYHUX CHUCTEMax, HE MAIOTh HIYOTO CIUIBHOTO 13 MpoIlecaMy, M0 MPOTIKAIOTh y CUCTEMaXx, IO
MaroTh O10JIOTIYHY IPUPOTY.

bionoriyHa vs. LUTy4yHa meperka

OCHOBHHMM €JIEMEHTOM HEPBOBOi CHCTEMH >KUBHMX ICTOT € HeWpoH. HelipoH € enekTpuyHO
30y/UIMBOIO KIIITUHOIO, LI0 00poOisie Ta mepenae iHGopMalilo y BUIJISAI €IEeKTPUYHOro abo
XIMIYHOTO CHUTHally. THUIMOBHMU HEHPOH CKIAMAEThCS 3 TUIA KIITUHH, JCHAPWUTIB Ta aKCOHY.
JIeHpUTH € BIIPOCTKAMH, 110 BUXOAATH 3 Ti1a KIITHHU. BOHM MOXYTh TATHYTHCS Ha COTHI MIKPOH
Ta 0araTopa3oBO pO3TAITYKYBATHUCS, YTBOPIOIOYM CKIIAJAHE <«ICHIAPUTHE JEpPeBO». AKCOH
noOyJOBaHUHM 13 OCOOJIMBOrO KIITUHHOTO BOJIOKHA, 10 BUXOJIUTHh 3 TUIAa 1 MPOCTATAETHCS Ha
BiJIcTaHb MpHOIN3HO 1 M, a y IeSKUX TBapUH HaBITh 1 OuIbIIe. 3 Tija HEHPOHY 3a3BUYall BUXOJIUTh
JIeKiIbKa IEHAPHUTIB, ajie He OUIbIIe OHOTO aKCOHY, X0Ua OCTaHHIM MOXe po3raiyKyBaTHUCh COTHI
pasis.
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bynosa 6i0/10r4YHOro HEMPOHY

Oexpput TepmiHanu
aKCOHY

MepexonneHHs
Mepukapion PaHs'e

LLIBaHHIBCbKa KNiTUHA

Anpo

3B’S130K MK HEWpoHaMH BiIOyBa€TbCA 3a JOMOMOTOI0 CHHAICIB — CIHeliali30BaHUuX
KOHTAKTiB MK JBOMa HeWpoHamH, a00 MK HEHpPOHOM Ta KIITHHaMHU iHmoro Tuiy. HepBoBa
cucTeMa JIIOIMHU, MICTUTh OJIM3bKO 86 MIIbSAPIIB (86-10% HEHPOHIB, SIKI MalOTh MPUOIU3ZHO OJUH
OUTBSIpIT (1015) 3B’s3kiB. KokeH HeHpoH Mae 0araTo BIACTHBOCTEH, NPUTAMAHHUM IHITUM
TKaHWHAM TUIa, aje Horo YyHIKaJIbHOIO 3JaTHICTIO € mpuiloM, o00poOka Ta mepegaya
EJIEKTPOXIMIYHMX CHTHAJIIB TO HEPBOBUX IIISAXaM, SKi BJIACHE 1 YTBOPIOIOTH KOMYHIKAIiiHY
CHCTEMY MO3KY.

Y ' - NoACbKMA MO3OK
LA * =86 000000000 HelpoHiB
. + =1000000 000000 000 ss’askis

bBionoriyHi HEUPOHHI MepeXi

MpubansHa KiNbKicTb HEMPOHIB Y PiSHUX TBaPUH
. PaBauk 11000

. Mypaxa 25000

. baxkona 960000

* TapraH 1000000

¢ Mwuwa 71000000

*  Kypka 220000000

«  WWnak 483 000000

¢ Kiwka 760000000

. BopoHa 2171000000

* Cobaka 2253000000

*  Beagmigb 9586000000

* JlroguHa 86000000000

* CnoH 257 000000 000

Jlenaputu HayTh BiX Tijda HEPBOBOI KIITHHM 1O IHIIMX HEHPOHIB, /¢ BOHH NPHIMAIOThH
CUTHAJIM 3 TOYOK 3'€/IHAHHS, SIKI HA3UBAIOTh CUHarcamMu. [IpuitHATI cMHancaMy CUTHAIM BiJ 1HIINX
KJIITHH TABOAATHCS J0 TUJIa HEUPOHA, Y IKOMY BOHH T1JCYMOBYIOTHCS. OCOOIMBICTIO IMi€l omepartii
€ Te, 10 OJIHI CUTHAJIM NPArHyTh MEPEeBECTH HEHUPOH y 30yMKeHUH cTaH, a iHIII HaBHOAKU —
HaMaraloThCsl TIEPEIIKOIUTH HOro 30y/mkeHHI0. Ko cyma BXITHHUX CHUTHAJIIB CTAa€ OLIBIIOID 3a
NEBHUI MOpIT, y TUII HeMpOHA MOYMHAETHCS MEBHA XIMIYHA peaKIisl 1 BiH NepexoauTh y 30y/DKeHU I
cTaH. Y IMBOMY CTaHI Ha HMOTO aKCOHI 3’SIBISETHCA TIEBHUM ENEKTPUYHHN TOTECHIAN, SKHUMA
NepeaaeThCs IHIINMM HeHpoHaM abo KIIITHHAM.
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3’eAHAHHA HEMPOHIB Y MEPEXKY

Tino HeWpoHa p J

NP’
- y ,

-~ AeHpgput v ”
AKCOCOMATUHHWIA | L AkcogeHapUHHUIA
cuHanc —— cuHanc
T
—— AKCOaKCOHaNbLHUIA
-
cuHanc Aiccois

&4& |
f

Takum 4yMHOM, OiOJIOTIYHUN HEWPOH MOXKHA MPEACTABUTH SK IEBHUI MMOPOTOBHI €JICMEHT,
(GYHKIIIO SKOTO BHKOHYE Oe3locepenHbO cama KiiThHa HedpoHa. Lleil ememMeHT Moxe MaTH
JIeKiJbKa BXO/iB, (PYHKIIIIO SKUX BUKOHYIOTH JACHIPHUTH, Ta OJUH BUXiJA, YTBOpEHUI akcoHOM. LIs
OCHOBHA (DYHKI[IOHaJIbHA CXE€Ma JyXe CIPOIICHA — peajbHi HEUPOHU MOXYTh MaTH 1 TPOILIKH iHIIY
OyZOBY, 1 TPIIKK 1HIIMKA TpUHLIUI poOoTH. [IpoTe OibIicTh HEHPOHIB, HAIPUKIIA/, Y TOJOBHOMY
MO3KY JIIOJIMHU, MAlOTh came Taky OynoBy. Tomy st po3yMiHHS poOOTH IITyYHHX HEHPOHHUX
MEpeXk TaKol MOJIENI LIJTKOM JOCTaTHBO.

bynoBa 6i0n0ri4YHOro HEMPOHY

[Moporosun
enemMeHT
(TiNIO HENPOHA)

)

AEeHAPITA

Bxoau

(

KoxeH 13 HEelipoHIB TOJIOBHOTO MO3KY 3B’SI3YETHCS 13 IHIIUMHU HeMpoHamu. Y O10JIOTTYHUX
cucTeMax OJIMH HeMpoH Moxe OyTH 3B’S3aHUM 13 KUIbKOMA THUCSYaMH 1HIIUX HEHpPOHIB. 3BEPHIThH
yBary Ha Te, II0 CHHAIICH MAarOTh MEBHUN E€JIEKTPUYHMI OMip 1 MEBHI YaCTOTHI XapaKTEPUCTUKH.
Tomy curnan, mo mnepenaeTbcsi yepe3 CHHAIC, HAIXOAUTh OCIA0JCHUM Ha IEBHY BEIWYHMHY 1
MOXJIMBO 13 TIEBHOIO 3aTPUMKOIO y 4aci. lle € myxe BaXXIMBUM MOMEHTOM, OCKUIBKH caMe Yy
XapaKTepUCTHKAaX CHHAICIB 30epiraerbcsa iH(GOpMalis Ta mam’ ATk JIOAWHU. | mpoliec HaBYaHHS
HITYYHOI HEMPOHHOI MEPEXi, TaK caMo, SIK 1 IpoIeC HaBYaHHs 11 010JIOTTYHOTO aHaJIOTa, 3BOJIUTHCS
JI0 BCTAHOBJIEHHS TAaKOTO KOeQiIlieHTy Nepeaayi CUHAICIB, 3a SKOTo 3a0e31neuyeThbcsl MiHIMaIbHUN
piBEHb TOMMJIOK.
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Buau cnHancis

CuHancu maloTb NeBHUM
EAEKTthIHMﬁ OI'Iip,
TOMY CUIrHaAn, Wwo
nepeanaeTbCA MO aKCOHY
A0 KOXHOoro AEHApiTa
HaAXo4AuTb ocnabneHmm
. 4 Ha NeBHY BEJ/IMMUHY, AKA
Axodendritic /\ ?;(ﬁ)l:l](g:()on Dendrite za:(;):](:a.rb BiA CTaHy

|

IpuHuMnu Mo0yA0BH IITYYHUX HEHPOHHUX CHCTEM

[TyuHi HEHPOHHI CUCTEMH, TAaK caMmo SIK 1 O10JIOT1UHI, CKJIAJAI0ThCS 13 OKPEMHUX HEHPOHIB,
3B’SI3aHUX MIXK COOOI0 eleKTpruHO abo mporpamuo. LlITydni HelipoHu, 3a3BUYail, TO3HAYAIOTHCS HA
cXeMax y BHUIJIIAI KpYKeuKiB. 3 JIiBOi CTOPOHM KpyXK€uKa, 3a3BUYaid, pO3TALIOBYIOTb BXOJH
HelipoHa, sKi € aHajoramMu JAeHAPHUTIB. KiTbKICTh BXOMIB IITYYHOTO HEWpOHA, TaKk caMo, SK
KUTBKICTh JICHJPHUTIB, TCOPETUIHO HEOOMEKEHA.

3 mpaBoi CTOPOHU KPYXKEUKa, 3a3BUYal, PO3TAIIOBYIOTH €IMHUI BUXIJ, SKUH € aHAIOroM
aKcoHa. BuUXiHUI cUrHaN MITYy4YHOro HEWpOHA, TEOPETUYHO, MOXKE NMPUIMAaTH 001 3HAUEHHS, aje
PO3pI3HIOIOTh JIMIIE JBa CTaHW: HOPMaJIbHUHA Ta 30y/KeHHH. Y HOpPMaJbHOMY CTaHi DPiBEHb
BUXIJHOTO CHUTHAJy HeHpoHa ONM3bKUN OO0 piBHA, LIO BIANOBIJAE JIOTIYHOMY HYNIIO, a Y
30y/DKEHOMY CTaHi MOTro BUXIHUI CHTHAJ 3pOCTa€E 10 PiBHS, M0 HAOIMKAETHCS 710 PiBHS JIOT1YHOT
OJIMHMULII.

[I1e pa3 3BepHITH yBary, 1o piBHi CUTHAIIB HAa BXOAAX 1 BUXO/I IITYYHOTO HEHPOHA MOXKYTh
npuiiMaTi Oynp ske 3HaueHHsA. ToOTo, He 3Baxalouum Ha Te, IO CHCTeMa CKJIAJaeTbes 13
JUCKPETHUX KOMIIOHEHTIB 1 ONUCY€EThCSA TUCKPETHUMHU PIBHSHHSAMH, BOHA (PaKTUYHO € aHAJIOTOBOIO
CHCTEMOI0, 1110 MpaIoe 13 6e3nepepBHUMHU CUTHATIAMHU.

LLITY4YHMI HENPOH

LLTy4HMi1 HelipoH mae

*  Kinbka Bxoais (Heo6meskeHa KibKicTb)
o (ananor aenapwris)

LUquHVM *  OpauH Buxig (aHanor akcoHa)

HENPOH * [loporoswuii enemeHT (aHanorTina

= X1 6ionoriuHoro HeiipoHa)

SSX2

o Sf | Y Mo>«e sHaxoauTUCA y ABOX CTaHaX

5 T | ; Hesbymueromy (Ha Buxopi piBeHb curHany
g | Buxig 6113bKWIT 10 PiBHA NOTIYHOTO HYNA)
st X (aKCOH) +  36ymweromy (Ha BUXOAI piBeHb CUrHaNy

-

6113bKMIA 40 PiBHA NOTIYHOT OAUHMLL)

CUrHanu Ha BXOZax Ha BUXOAI MOXKYTb
npuiimatn 6yab sKke 3HaueHHa!l!

KoxeHn mTyyHuil HEMpOH CKIIaZaeThes 13 IBOX OCHOBHHMX €JIEMEHTIB — BaroBoro cymaropa
Ta aKTUBAIlIHOTO eneMeHTa. BaroBuii cymatop apupMeTHyHO CKJIaJa€ piBeHb CUTHAJIIB HAa BXOJax
HITYYHOTO HelpoHa 1 nepenae o0UMCIeHy CyMy Ha BX1Jl aKTUBALIHHOTO ejleMeHTa. AKTUBALIHHUN
€JIEMEHT aHaJli3ye CUTHaJl Ha CBOEMY BXOJi 1 (popMye BHUXIZHUI CUTHAJ, BIAMOBIAHO 10 MpaBHIIa,
SIK€ HA3MBAETHCS aKTUBAIIIHHOIO (DYHKITIETO.
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3BepHITh yBary, mo BXiJHI CUTHAIU HAIXOIITh IO cyMaTopa He Oe3mocepeqHbo, a depes
MTOMHO>KYBaul, sIKi 00YUCITIOITh TOOYTOK BX1IHOTO CUTHAIIY Ha MIEBHUN CTaTHYHHMA KoedimieHT W.
Ili moMHOXyBayi € €KBiBaJICHTAMU CHHAIICIB y O1OJIOTIYHUX CHUCTEMaX, 1 BOHH MOXYTh CYTTEBO
3MIHUTH BIUIMB JIaHOTO BXOJly Ha CTaH HEHWpOHY. SKIIO BaroBwii KoediiieHT OiIbIIe HYIS, TO
CHTHAJI Ha BiINOBiIHOMY BXoai Oyne 30ymkyBaTu HelipoH. Ilpudomy, ynm Oinbine abCcoNtOTHE
3HA4YCHHsSI BaroBOro KoeQillieHTy, TUM CYTTEBIIIHIA BIUIMB IIbOTO BXOJy Ha CTaH HelpoHa. SKiio x
BaroBuil KOe(illieHT MEHIIe HYJs, TO IIeW BXiJ HaBIMaKH — Oyje ralbMyBaTH HEHPOH, 1 UUM OibIIe
aOCOJIIOTHE 3HAYEHHs OyJie MaTH BaroBHi Koe(illieHT, TUM CKJIaJHime Oyae 30yauTu HelipoH. Hy a
g SKIIO Led KoediieHT Oyae JOpIBHIOBAaTH HYINIO, TO L€ 03HAYAE, IO CUTHAI Ha BiAMOBIIHOMY
BXO/1 HiSIK He Oy/1e BIUTMBATH HAa CTaH HEUpOHa.

Bynosa WITY4YHOro HEMpPOHa

Barosuia
cymaTop

|

|

|

L&

; y=fs) —M
|

|

|
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dynukiis akTuBanii, abo nepenasaibHa Gynkiis (Activation Function, Excitation Function,
Squashing Function, Transfer Function) mTy4Horo HelipoHa BCTAHOBIIIOE 3aJICKHICTh BHXIJIHOTO
CHTHAJIy aKTHUBAI[IHHOTO €JIEMEHTa BiJl CUTHAJTy Ha WOTO BXOHi. Te€opeTHYHO, CUTHAlI Ha BUXOJI
HellpoHa Moxke npuiiMaTH OyJb sKe 3HAYCHHs, MPOTE YacTillleé 32 BCE BUKOPHUCTOBYIOTh TaKi
GbyHKIT, SKi 3a0€31eUyI0Th PIBEHb BUXIJIHOTO CUTHAY a00 B miama3oHi Big 0 mo 1, abo B miama3zoHi
Biml —1 mo 1. BubGip ¢yHkuii akTuBamii 3aj1eXdUTh BiJi KOHKPETHOTO IMPU3HAYEHHS HEHUpPOHHOI
Mepeski. YacTine 3a Bce BUKOPUCTOBYIOTh CUTMOTAHI (PYHKIIIT aKTUBALlli, IPOTE 1€ HE 000B’A3KOBO.
VY nesxkux BUIIAAKax, HANpHUKIAJ, KOJU CUTHAJI HAa BUXOJl HeWpoHa MOBMHEH MaTH YHIMOJSIPHI
3HAUeHHS, CJiJ] BUKOPUCTOBYBATH (YHKIIi HA OCHOBI TiNEepOOJIYHOIO TAaHTEHCAa, Yy MAESIKUX
BUMNAAKaX — (yHKIIT HA OCHOBI ICEBAOBUIPAMICHUX 3HAUY€Hb BXIJHOIO CUTHalTy. A OT Aus
peaiizalii JesKUX MPOCTUX HEMPOHHUX MEpEX I1HKOJIM JOCTaTHhO BUKOPUCTOBYBAaTH HEUPOHU 13
IIPOCTOIO IOPOTOBOIO (PYHKIIIEIO aKTUBALi, Tpadik sIKoi Haraaye CXOIUHKY.

[eaki PyHKUiT aKTUBaL,il
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HITy4yni HEHPOHU 3’ €THYIOTHCS MiIX CO000, YTBOPIOIOUM MEpEXky. Y 3arajJbHOMY BHUIMAJIKY,
MITy4YHa HEMPOHHA MEpEeKa MOXKE MAaTH OY/b-AKYy KUIbKICTh BXOIB Ta OYIb-sAKYy KIJTBKICTh BUXO/IB.
Kpim Toro, cami HEHpOHH BCEpeHHI MepeXi MOXYTh 3’€IHYBaTHCS MK COOOIO SIK 3aBTOJIHO,
YTBOPIOIOUM OE3KIHEYHO BEIMKY KUIBKICTh MOXJIMBUX KOMOiHAIiid. 3po3ymino, Io MomioHI
CHCTEMH — CHCTEMH 13 JIOBUIBbHOIO KOH(Iirypami€o — ayKe BaXXKKO K aHaTi3yBaTH, TaK 1
peamizoByBaTH. ToMy Ha NpakTHIl JIOIM, IIO MPAIIOTh y Wil ramysi, 3a3BUYail, MTY4HO
00MEXYIOTh ce0e 1 BHKOPUCTOBYIOTD JIMIIIE MIEBHY KIJIBKICTh CTAHAAPTHUX HEHPOHHUX MEPEXK.

HelpoHHa meperka (3aranbHUM BUNagoK)

LLITY4YHi HEMPOHU

Bxogu
Buxoan

VY 1npoMy BHUIMAIKy, yci HEHPOHHU IITYYHOI HEHPOHHOI MEpEeki pO3AUISIIOTHCS Ha OKpeMi
YACTHHH, K1 HA3UBAIOTh IIapamMu. PO3pi3HAIOTE BXIIHUN TIap, SIKUW 3’ €HYE MEPEXKY 13 JDKepeIaMu
BXIJHMX CHTHANIB, Ta BHUXIIHUN Iap, SKUA 3’€IHye CHUCTeMY 13 MpuiiMayaMu pe3yabTaTiB
00YHCIICHB.

Heiliponn BXigHOro miapy, 3a3BU4Yail, HE BHUKOHYIOTh SIKOTOCh IIE€BHOTO JIOTIYHOIO
HAaBaHTXEHHA 1 Yy JIOBOJI BENUKIA KIJBKOCTI TEOpii HEWPOHHUX MEpeX BUKOHYIOTh
y3rO/DKYBaldbHy (YHKIIIIO, IO TMOJSArae JMIIE y MepeAadi BXIAHOTO CHTHATY JI0 MOAANbIINX
HEHpPOHIB 0e3 AKMXO0Ch 3MiH. Y peaJbHUX CUCTEMaxX BOHH TaKOX JIMIIE MPHIMAIOTh Ta 30€piraioTh
CUTHAJIM 13 30BHINIHIX JKepen 06e3 Oylb-gKoi mepBUHHOT 0OpOOKH, X04a 1HKOJIU BXiAHI HEHPOHU
MOXKYTh BUKOHYBATH (DYHKIIIIO Y3rO/KEHHsI Ta HOpMali3alii BXiIHUX CUTHAJIB.

Heiiponn BuxinHoro mapy (QOpMYyIOTh BHUXIJHI CHTHQJIM 1 OCTATOYHO 1ACHTUQIKYIOTH
KOMOIHAIIT BXiJJHUX CUTHANIB. [XHi BUXO/H, 3a3BUYAM, ITiKIIOYAIOTHECS JO BUKOHABUHX €JICMEHTIB,
TakK caMo 5K 1 B 010JIOTIYHUX CHCTEMaX BOHU BiJl€IHYIOTHCS A0 M’5131B 200 /10 32103 30BHIIIHBOI YK
BHYTPILIHBOI CEKpeLii.

PeanbHa HEMPOHHA Meperka
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Came 11ikaBe BiJOyBaeThCsl y MPUXOBaHUX MIapax. Lli mapu He MaloTh 3B 3Ky 13 30BHIIIHIM
CBITOM, TOMY BOHH 1 HAa3WBAaIOThCS NMPUXOBAHUMHU. Y 3arallbHOMY BHUIAJIKY, MPUXOBAHHUX IIapiB
Moke OyTH Oyb-sKa KUIBKICTh, Yy TOMY YHCII 1 HYJIbOBa — Yy IIbOMY BHIIAQJKy HEHpOHHA Mepexa
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CKJIAJA€ThCS JIMIIE 13 OJHOIO aKTUBHOTO BHUXiJHOTO mapy. Ha mpaktuii oxHOro mapy HEHWpOHiB,
3a3BHYal, HEJIOCTATHRO, JIJIS1 BUPIMIEHHS OUTBIIOCTI 3a71a4, TOMY HEHPOHHA MEPEKa BCE K TaKU Mae
MIPUXOBaHI MIApH, KUTBKICTH SIKUX, 3a3BUYAii, HE TICPEBUIILYE JBOX.

KinpkicTh MpUXOBaHUX MIAPiB Ta KIUIBKICTh HEHPOHIB y KOXKHOMY 13 IPHXOBAaHUX IIApiB
3aJIeKUTHh BiJl KOHKpeTHOi 3amayi. Hapasi He iCHye SKMXOCh peKOMEeHAalid moj0 BHOOpY IHMX
rmapameTpiB, sIKIi 9acTO Ha3WBAIOTh TiNeprapaMerpaMd — TOOTO TIapamMeTpaMmH, sKi TOBHUHHA
BU3HAYaTH JIIOAMHA. 3a3BUYail HEHPOHHI MEpeXi MICTATh He OUIbIIe IBOX MPUXOBAHUX IIAPIB, aie
1€ TIPaBUJIO HE € A0COIIOTHUM.

VY OinbIIocTi HEMPOHHUX MeEpeX yci HEHpoHM y mmiapi 3B’s3aHi 31 BciMa HEWpoHAMH Y
MornepeHbOMY Ha HACTYMHOMY IIapax — TaKy CHCTEMY MPOCTillle MOJETIOBATH Ta OOYUCIIOBATH.
Takuif miaxixg 103BOJISE TAKOXK peai3yBaTd HEWPOHHI MEpexi 3a JTOMOMOIOI0 JIOBOJI MPOCTHX
aNropuTMiB. SIKIIO XK MOTpeOM y TOMY 4YM IHIIOMY 3B’SI3Ky HEMae€, TO HOro 3aBXAM MOXHA
BiJIKJTFOUMTH, BCTAHOBUBIIIH BiIMOBITHUI BaroBUil KOSPIIIEHT PIBHUM HYITIO.

Sk Gauute, MITy4HA HEHpOHHA Mepexka CHIbHO Haraaye ii O10JOTIYHOTO aHaliora, ImpoTe
Mpalioe BOHA TPIIKKA MO iHmoMy. JlaBaiiTe posrisHemo Iie Ha npukinani. Hexait y nHac Oyne
ITYyYHa HEMpOHHA Mepexa, MpU3HAueHa Uid po3Mi3HaBaHHS IUdp. BXimHumu nanumu ans
poO3mi3HaBaHHA € PparMeHT TEKCTY, 10 Mae po3mipu 8 x 6 mikceniB. OTke y Hac € 3araiom 8 X 6 =
48 BXIJHUX CUTHAIIB, a II€ O3HAYa€E, 0 BXIAHUHN 1mIap Hamoi HEHPOHHOI MepeKi TOBUHEH MaTH 48
HeiiponiB. KoxkeH 3 gkux miakimoyeHuid 10 (OTOeNeMeHTa, IO aHali3ye SICKPaBiCTh MEBHOTO
TiKCeTsl.
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MpuxoBaHuit MpuxosaHuin
BxigHui wap wap Ne1 wap Ne2 BuxigHuit wap
48 HenpoHiBs 12 HelpoHis 12 HenpoHis 10 HelpoHiB

He 6ynemo 3apa3 BaaBaTucs y TEXHIUHI MOJPOOMIII peastizallii CBITIOUYTIUBOI MAaTpHILl —
HaM JJOCTaTHHO BBaXKaTH, 110 KOXKEH 13 (hOTOETEMEHTIB ()OpPMYy€e CUTHAI, IPONOPLINHUNA SICKPaBOCTI
MpUYOMY, TaK, IO KOJH IeHd TiKcenb He 3acBIUY€HWI, TO BHUXITHUI CHUTHANl BiJMNOBIIHOTO
(dboToeneMeHnTa NOpiBHIOE HYMO. A skio 3acBiueHuit Ha 100%, To oguaUI. BinmoBigHo, 4acTKOBE
3acBIYeHHS (POTOETIEMEHTIB, 110 Oy BiINOBIIaTH T'pajlieHTaM Ciporo, MpU3BEAE 10 BCTAHOBJIECHHS
Ha BIJNIOBIIHOMY BUXO/Il CUTHANY, 1110 MOXe NMpuiiMaTH Oy/ib siKe 3HaueHHs y Aiana3oHi Big 0 1o 1.
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OCKUIBKY Hallla CUCTeMa MPU3HAYeHa Il po3Mi3HaBaHHs nudp, TO BOHA MOBHHHA MaTH 10
BUXOJIB — 10 OJIHOMY Ha KOXHY IH]py. TakuM 4MHOM, Iicis TOrO, K HEHpPOHHA Mepexa Oyne
HaJalToOBaHa, a00 SK KaXyTh (axiBIll — HABYEHA, BOHA 3MOKEe po3mizHaBaTu obpazu uudp. I sxiio
o0pa3 3acBiueHHX IKCeNiB Oyae CX0Xe Ha SKych HU(py, TO HA BIAMOBIAHOMY BUXOI HEHPOHHOT
Mepeski OyJie BCTAaHOBIIEHUH BUCOKHUH piBeHb curHany. Hy, a skio mikceni OyyTh 3aCBIYeH] TAKUM
9UHOM, MO o0pa3 He Oyae CXOXHWil Ha >KOAHY u(dpy, HANMPUKIAM, KOJU 3aMiCTh 300paskeHHS
uudpu chopMmyBaTH 300paXKe€HHS JITEPH, TO yCi BUXOIU HEHPOHHOI Mepeki OyayTh MaTH HU3BKUI
piBEHB.
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«A HaBIIIO TaK CKJIAagHO?» — ciuTaeTe BU — «Hexke He MOxHaA Oysi0 po3mi3HaTH HUdpHU 3a
JIOTIOMOTOI0  SIKUXOCh  JIETEPMIHOBAHUX alIropuTMiB?». S TMeBeH, M0 ICHYIOTh BIANOBIIHI
QJITOPUTMHU, SIKI JJO3BOJISATH LIBHJIKO Ta MPOCTO BUPIMIUTH MOAIOHY 3agady. Ta piy y Tomy, IO I
QITOPUTMHU J00pE CIPABIATHCS JIMILIE TOJI, KOJIM 300pakKeHHs, 110 HEOOXIJHO pO3MI3HATH, Mae
BITHOCHO BHCOKY SIKiCTb, TOOTO BUCOKY KOHTPACTHICTh, YiTKI KOHTYPU a HEoOXi1IHi mponopuii. Ane
K Ha TPaKTHIl Take OyBae JaJeKO HE 3aBXIW. | JIOMWHI 1HKOJIM JOBOAUTHCS TMpAIIOBaTH 13
300pakeHHSAMHU, 110 Aajieki Bif ineany. BoHM MOXyTh OyTH MOLIKOKEHUMH, BOHH MOXYTh MaTu
1HIII MPOTOPIIIi Ta HAaBITh HE MATH JIeIKUX (hparMeHTiB. JleTepMiHOBaHMM aJTOpPUTM LI 300paKEeHHS
HaBpAJ YU PO3Mi3HAE, a OT HEHpOHHA MepeXka, K 1 JIOAMHA, IIJIKOM MOXKE CIIPaBUTUCS 13 LI€I0
3ajauero.
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Ane mo > BigOyBaeTbcsi BcepenuHi HelpoHHOT Mepexi? HacmpaBai, 1mbOro HIXTO
JOCTEMEHHO HE 3HA€, OCKUIBKM HEHPOHHI MEpeXi MPAIfoI0Th TaK CaMO 3arafKoBo, SIK 1 JIFOACHKUI
Mo30K. Di3nyHO 1e BiIOYBaeThcs MPUOMU3HO TaK. BXigHi CUTHAIM 3 BUXOMAIB BXiIHUX HEHPOHIB
MOJIAIOTHCSl OJpa3y Ha BCl HEHpPOHM mepuioro npuxoBaHoro mapy. CTymiHb 3B’S3Ky MK [I€BHUM
MmiKcelneM Ta HEHPOHOM TMEpIIoro IIapy 3ajeXuTh B 3HAYEHHS BIANOBIAHOTO BaroBOTO
Koe(illieHTa Y KOHKPETHOMY HEHpOHi, TOMY OJMH 1 TOH K€ CUTHaJI Ji1 OJHOTO HEWpOHa MOXKe
OyTH 30y/KyBAIBHHM, a MOKe OyTH 1 ralbMiBHUM. 3a TIeBHIA KOMOIHAIlIi BX1IHUX CUTHAJIIB TICBHI
HEWpOHH Yy MEepHIOMY BXiZHOMY miapi 30ymKyroThcs. Ha 110 KOHKpPETHO BOHHM 30Y/UKYIOTHCS
JOCTEMEHHO HEBIZIOMO 1 HaBpsJ YM 1€ MOXHA OJJHO3HAYHO BCTAHOBUTH. binbiie Toro, oxHa i Ta X
HEHpOHHA Mepexka, ajle HaBueHa 1HIIUM CIIocoOoM, Oyze 30yIKyBaTUCS BXKE 0 1HILIOMY.
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ko 6patu aHaorio 13 poOOTOI MO3KY JIOAUHH, TO HEHPOHH Y MEpIIOMY IIapi MOXKYTh
30y/DKyBaTHCS, HAIPUKIIAA, [IPU BUSBJIECHHI NEBHUX IpadiyHUX NPUMITHBIB — NPSIMHUX JIHIN, KiJ,
IIOJIIFOHIB NIeBHOI opMmu Ta iHIIKX. Ha HacTymHOMY piBHI CTYIiHb a0CTpakilii 30UIbIIY€ETHCS, TOMY
HEHpOHU APYroro MpUXOBaHOTO LIAPY BXKE MOXKYTh 30Y/1KYBAaTUCS MPU BUSABJIECHH] OLIbII CKIIaJHUX
¢dopM. I Bxke HEMPOHU BUXITHOTO LIApy 30YKYIOThCSA MpPU BUSIBIEHI (Iryp, 110 MalOTh HaWBUIIII
piBeHb abcTpakiii — 6e3nocepesHbO U PP, 110 € MEBHOIO KOMOiIHAII€:0 a0CTPAKII HUKUOTO PiBHSL.
[Ipubmm3HO came Tak MpaIioe JIOJICHKUI MO30K — UMM JIajli 3HAXOIATHCS HEUPOHHU B JHKepen
CUTHAJIIB, TUM IIPU OUIBIIOMY pPiBHI abcTpakilii BOoHU 30ymxytoThes. [Ipore, He cnig 3a0yBartu, 1o y
BUIAJKY IITYYHOTO 1HTEJEKTY — L€ JIMIE MPUITYIIeHHs — 10 HAacHpaB/il BiI0OyBAa€ThCs BCEPEANHI
HaBYEHOI HEMPOHHOI Mepexi, TaKk camo, SIK 1 10 BiJOYBA€ThCS BCEPEIUHI TOJOBHOTO MO3KY HaBiTh
camoi MPUMITHUBHOI TBAPUHH — MOKH 1110 HIXTO JOCTEMEHHO HE 3HaE.

I HAOCTAaHOK, JaBaiiTe I pa3 yBa)KHO MOAMBHMOCA HA HAIIy Mepexy. li BXimHuil map
Mictuth 48 HelponiB. Ll HelipoHM nuIe TepenarTh CUTHAT BiJ BXITHUX (POTOEIEMEHTIB 0
HEHPOHHOT Mepexi 1 He MPUIMAIOTh Y4acTi y mpoleci NpuiHATTS pimeHHs. [lepmuii npuxoBaHuit
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map MicTuTh 12 HEHpPOHIB, KOXKEH 3 SAKHX 3B’SA3aHUH 13 KOKHUM BXITHUM HeilpoHoMm. OTxe Hama
HEWpOHHA Mepexa MICTUTh 576 3B’s3KiB, TOOTO CHHAICIB, MK BXITHUM 1 MEPUIUM MPUXOBAHUM
mapamu. J[pyruii mpuxoBaHUW TIap MICTHTH 12 HEHPOHIB, KOXKEH 3 SKUX 3B’SI3aHUH 13 KOKHUM
HEWPOHOM 13 MEPIIOTO MPUXOoBaHOro Imapy. OTKe mepimii 1 Jpyruil MPUXoBaHi Mapu 3B’ sA3aH1 MK
coboto 144 cunancamu. | HapemTi, Buxigauid map mMae 10 HEHpOHIB, KOXKEH 3 SKUX 3B’sI3aHHUA 13
KO)KHAM HEWPOHOM APYroro MmpuxoBaHoro miapy. OTxe MK BHUXIJHHM Ta JAPYTUM NPUXOBAHUM
mapoM po3aramoBano me 120 3B’s3kiB. Takum unHOM, 1151 HEHpOHHA Mepeka MiCTUTh 840 cHHArICIB,
SIK1 TTIOTPIOHO HAIAIITYBATH.

He cnig Takox 3a0yBaté 1 mpo (yHKIii akTHBalii, SKi BUKOPHUCTOBYIOTHCS B HeEWpOHaX
MPUXOBAHOTO Ta BUXigHOTO mapiB. L{i GyHKIIT 3a3BU4ail TaKOK MarOTh MEBHI MOPOTOBI 3HAYCHHSI,
SIKi, MOYJIMBO, TAaKOX HEOOXiqHO HanamTyBatu. OTXKe, 3arajoM Ui HaJalITyBaHHS Ii€] HEHPOHHOT
Mepeki HeOOX1JIHO NMPaBUILHO BCTAHOBHTH 874 B3aemo3anekHuX mapamerpa: 840 koedilieHTIB
nepeaayi CMHaNCiB Ta 34 MOpOroBUX 3HAUYEHHS HEHPOHIB.

3aranom

12 noporosux 12 noporosux 10 noporosux

34 noporoeux .\ 3HaYeHb 3HaYeHb 3HaYeHb
3HaYeHHA N

o

Undppa "1"
Undppa "2"
Undppa 3"
Undppa "4"

3aranom
840 cuHancis

12 x 48 = 576 12x12=144 10x12=120
cuHancis cuHancu cuHancy

XTO X04 pa3, mpoOyBaB HAJIAIMTOBYBATH amaparypy, 10 Mae B3aEMO3AIEKHI MapaMeTpH,
3Hae, 10 HAJAITYBaHHS HAaBITh KUIBKOX B3a€MO3AJICKHUX IapaMeTpiB MOXKe 3alHATH JI0BOJI
Oarato yacy. A IO TOBOPHTH PO HAJAIITYBaHHS Maike THCAYl B3a€EMO3AJICKHUX MapaMETpiB.
3BHuaiiHa J0MHA 3 IUM (13MYHO HE BIOPAETHCS HABITH 3a KiIbKa POKIB. A 1€ e JaJIeKO He caMa
CKJIa/JIHa HeWpoHHa Mepexka. Tomy BU po3ymiere, 10 MOOyAyBaTH HEHPOHHY MEpEXy — TO IIe HE
BelIMKa poOora. binbll ckiIagHMM 3aBAaHHAM € I HaJalITyBaTH Tak, 100 BOHA MPaBUIBHO
IpalioBaiga. A 11e MOXKJIMBO JIMIIE IPU BUKOPUCTAHHI CIeliali30BaHUX MPOTrPaMHUX 1HCTPYMEHTIB,
MoOyJOBAaHUX MO BIAMOBITHUM airoputMam. Ajie 1€ MUTaHHS MH PO3TJIIHEMO B OJHIA 13
HACTYIHHUX JISKIIiH.

BrcHOBKM

e LUTYYHi HEMPOHHI mepexKi cTann neplumm ob’ekTom
LUTYYHOTO iHTENEKTY

e LUTYYHi HEMPOHHI mepexKi icHYtOTb binblue 60 PokKiB i
MatloTb HalbiNblW rPYHTOBHY TEOPETUYHY Hasy

* B icTOpii p0o3BUTKY LUTYYHOTO iHTENEKTY Bynu nepiogu
6YypPXNMBOro PO3BUTKY Ta 3aCTOHO

* LUTYYHi HEMPOHHI MepesKi NpaLoTb aHANorYHO
HEpPBOBMM CUCTEMAM XKUBWUX iCTOT

* LUTYy4YHi HEMPOHHI MmepeXxi NoTPibHO HaBYaTH
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3 Oynknii akTUBanii MITYYHUX HellPpOHIB

I3 momepeaHix mMarepialliB BU BXKe 3HA€TE, 10 HEMPOHHI MEpexi 3a CBOEIO OyIOBOIO JyXKe
CHJILHO HaraJyloTb HEPBOBI CHUCTEMH XHUBHX icTOT. OCHOBOIO HEWPOHHUX MEPEK, TaK caMo SK i
OCHOBOIO JTIIOJICBKOTO MO3KY, € HEHpOHH, SKI MOXKHA 3B’S3aTH MK COOOI0 CaMHM 4yJIepHALbKUM
criocobom. IIpore pi3HOMAHITTS HEHPOHHMX MEPEXK IMOKH IO 3HAYHO BIJCTAE BiJ PI3HOMAHITTS
XKUBOI pupoan. JIFoIMHA MTOKHU 110 HE B 3MO31 OMAHYBAaTH HaBITh MaJOl YaCTHMHU YCIX MOXKIIHMBHX
BapiaHTIB MOOYJOBU IITYYHHX IHTEICKTYAIbHHX CHCTEM 1 TOMY BHUMYIIIEHA OOMEXKYBATHCS JIUIIEC
KUTbKOMAa THUIIAMHU HEHPOHIB Ta HEHPOHHUX MEPEX, SIKi MOJKHA TEXHIYHO peaji3yBaTd Ha MPaKTHIIL.
[IpoTte vac He CTOITh Ha MiCIIi, 13 KOKHUM JIHEM JIFOJAMHA HAKOIIUYYy€E BCE OLIbIIE 3HAHb PO POOOTY
CHCTEM IITYYHOT'O IHTENIEKTY, 1 XTO 3HA€E, MOXKE CaMe BU CTAaHETE THMH JIFOJAbMH, SIKi BUBEIYTh HOTO
Ha 30BCIM IHIIMKA SKICHHMH piBeHb. Ta MOKW IO MPOJOBKUMO pPO3OHMpATHUCSA 13 THM, IO YKE
CTBOPEHO, OCKIJIbKM CaMme 11l 3HaHHS IMOBUHHI CTAaTH Ti€I0 OCHOBOIO, HA SIKY BU OyJIeTe CIIUPATUCS Y
CBOIH MBI POOOTI.

TunM CUrHAJIIB Y HEHPOHHUX MepesKax

Mu Bxe po3IiIsaiy 3 BaMH MPUHIIMITKA TOOYA0BU Ta poOOTH IMITYYHOTO HEHPOHA, i TOMY BH
BXKE 3HAE€TE, 10 MITYYHUH HEHPOH MOKE MaTH HEOOMEKEHY KUTBKICTh BXOJIB 1 JIMIIE OJUH BHXIJI.
CurHainu, SKUMHU OIlepy€e MITYYHUH HEWPOH, Yy 3arajlbHOMY BHUIAIIKy, MOKYTh MpUAMATH OyIb sKE
3HAYEHHS, POTE PO3POOHUKH HEHPOHHHMX MEPEK HAMAraroThCs OyIyBaTH CBOI CHCTEMH TaKUM
YHHOM, 11100 1 BXi/Hi, 1 BUX1JHI CUTHAJIN OYyJIH OOMEXKeH1 y JesIKOMY Jiana3oHi.

LUTy4yHWUn HenpoH

X,

x

= : Buxig
Xn

Haiibinpi mommpeHnM Jiama3oHOM CHTHAJliB, MIO0 BHKOPHCTOBYETHCS Y HEHPOHHHX
Mepexkax, € miana3zoH Big 0 mo 1. Ileit miama3zon mae kigbka nepesar. [lo-mepie, BiH TMOBHICTIO
CHiBMaJa€ 13 JBIMKOBUMH CHUTHAJIAaMM Ta 1ACAIBHO MIAXOIUTH JIs OOYUCIEHh 3a OYJIeBOIO
anreOporo. Y 11bOMy BUIA/IKY, BX1JIHI Ta BUX1JHI CUTHAJIH € JETePMIHOBAaHUMHU 1 MOXKYTb NIPHUIMaTH
JUIIe JBa 3HaueHHs: abo Hynb, a0o omguHUI. OAUHUIIO MOXKHA IHTEPIPETYBAaTH SIK HAasBHICTb
AKOich ToJil a0o cuTyalii a Hylb, BIAMOBIAHO, SIK 11 BIACYTHICTh. Y BHIAAKY ) OOUYHMCIIEHb 3a
OyneBoi0 anreOporo, HAasBHICTh CUTHANY, IO JOPIBHIOE OJMHMII, CBIIYWATH MPO ICTUHHICTH
pe3yiabTaTiB 00YMCIIeHb, @ CUTHATY, 110 JOPIBHIOE HYJIIO — PO XUOHICTb.

Bukopucranust nuine ABOX 3HAYEHb BXIIHUX Ta BUXIJIHHMX CHUTHAJIB, TOOTO ab0 HyIsb, ab0
OJIMHMIIS, 3HAYHO CIIPOILye MOOYI0BY HEHPOHHUX MEpEXk, IPUUOMY SIK arapaTHy, Tak 1 IPOrpaMHy.
[IpoTe MOXIMBOCTI MOIOHOT CUCTEMH MajO YUM BIJIPI3HSIIOTHCS BiJl MOXKJIMBOCTEH TpaJMIIITHUX
KOMII I0T€piB, TOMY HEHPOHHI CUCTEMH, 110 MPALOIOTH JIUIIE 3 JUCKPETHUMHU CUTHAJIAMH, MOXKYTb 1
HE MaTh OCOOJMBHX IepeBar mnepej TPaAULIMHMMM MporpaMaMud Ha OCHOBI JETEPMIHOBaHHMX
AJITOPUTMIB.

MakcuManabHO PO3KPUTH YCIO MOTYXHICTH HEHPOHHUX MEpEeXK MOXKHA KOJM BXIJHI Ta
BUXI1/IHI CUTHAJIU € HETIEPEPBHUMHU, TOOTO KOJIM BOHU MOXYTh MpUHMaTH Oy/ab-sIKe 3HAU€HHSI, X0Y 1,
MOXJIMBO, 1 y TIEBHOMY OOMEXKEHOMY [iama3oHi. Y JaHOMYy BHWIIAJKy, Miama3oH Bi HYJIS 0
OJIMHMIII TAKOX € JTOBOJII 3pYYHHMM, OCKIUIBKU BiH /I03BOJISIE€ ONEpYyBaTH HOPMOBAaHMMHM CHUTHAIaMH,
TOOTO CUTHaJaMH, BU3HAYEHUMH y BIAHOCHIN (opMi. BinmosigHo 10 Takoro migxoxdy, 1 o3Hagae,
10 TMEBHUN MapaMeTp Hamnpukial, piBeHb MAIBHOTO y 0aky aBTOMOOULIS ab0 piBEHb T'yYHOCTI
pamionpuitmada, mae 100% 3nawenns, 0,5 — BignosigHo, 50%, HY a 0 — BIAMOBIAHO, TOBHIN
BIJICYTHOCTI NaJIbHOTO, 200 MOBHOMY BHMMKHEHHIO 3BYKY. T00TO, y JaHOMY BHIIAAKy, 30BCIM
HEBAXJIMBO CKUIHKU JIITPIB MAJIBHOTO MOXE MOMICTHTHCS 0ak aBTomMoO1Is — 10 ym 500, rosnoBHe,
o BiH Ha 3anoBHeHu# Ha 10%, 30% a6o 80%.
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[ianas3oH 0...1

CniBnapgaeis ABiiKOBUMU curHanamm Ta bynesoto
anrebpoto

A Cvrnanu Ha Bxopax e 0-Hemae, xuba
Ta BUXOAi HENpPOHa :
Al Hevp e 1-€, icTuHa

[fianasoH [o3BonAe nepeiTn A0 BiAHOCHOTO BUAY CUTHaNIB
MOXNUBUX 0,
3HauYeHb ° 00-0%
* 0,5-50%
* 1,0-100%

Yac
Mo»KHa iHTepnpeTyBaTU AK IMOBIPHICTb HAABHOCTI
nesHoi noaii

Kpim Toro, miama3oH BXiTHUX Ta BUXITHHX cuTHaIIB Big 0 10 1 H03BOJIsiE TPAKTYBAaTH HOTO
SIK IMOBIPHICTh BUSIBJICHHS Ti€i 4 iHIIOI moxaii. TyT TakoX MOXXHa ONEpyBaTH SK Oe3mocepeHIM
3HAYEHHSM BHUXIJHOTO CUTHATY, TaK 1 HOr0 3HaYEHHSM, BU3HAYEHUM Y BiJCOTKaX, IO AY>KE YacTO
CHIBIIQ/Ia€ 13 THM, SIK MU OIIIHIOEMO IMOBIPHICTb y peaIbHOMY YKHUTTI.

[IpoTe mist BUpilIeHHS NESKUX 3a/1a4 TaKUi Jliara30H MOXKe He MiAiATH. Aje o0 3p0o3yMiTH
e OTPiOHO 3rajaTu sK Mpalioe MTYYHUH HeiipoH. Bu Bxke 3HaeTe, M0 Lei By30J CKIIaJaeThCs i3
JIBOX OCHOBHHMX (DYHKI[IOHAIbHUX OJIOKIB: BaroBOr0 CyMaTopa Ta AaKTHBAIIHHOTO €JIEMEHTA.
Barosuii cymatop oOuucnioe anreOpaiuHy CyMy BXIJHMX CHUTHAJIB, MPUUYOMY KOXEH BXIJIHUN
CHUTHAJI TIEPEe] TUM SIK YBIMTH y LI0 CyMY CIIEPIY MHOKUTBHCSI Ha BiIMOBITHUI BaroBuii KOeQiIlieHT,
a0COJIOTHE 3HaYEHHS Ta 3HAK SKOTO iICTOTHO BIUIMBAIOTH Ha MOBEIHKY HEpoHa.

bynosa WTY4YHOro HEMPOHaA

Barosuit
cymarop

X4

Xz

Bxoan

AKTUBaUIiHUIA
enemeHT

Xn
W, > 0 - exid 36ydxye HelipoH

W, = 0 - 8xi0 He ennusae Ha cmaH HelpoHa
W; < 0 - 8xi0 2anbmye HelpoH

e e it

ko BaroBuil KoeilieHT OPIBHIOE HYJIO, TO BIANOBIAHMN BXiJ HEWpOHaA HISK He Oyne
BIUIMBATU Ha CTaH HelpoHa. [[ificHO, sike OM YMCIO0 MU HE MHOXWJIM Ha HYJb pe3yibTar Oyne
OJIHAaKOBUM — HyJb. LlMM 1HOZI KOPUCTYIOThCS AJIl TOTO, 1100 BIJKJIIOYUTH y HEHpoHaX MEBHI
3B’A3KH. SIKIIO BaroBUi KoegilieHT Oulblie HyNsd, TO MO3UTUBHHUIA CUTHAJ Ha I[bOMY BXOi Oyne
30y/[DKyBaTH HEHpPOH, a HEraTUBHUM — TaJlbMyBaTH, TOOTO MEPEHIKO/PKATH 30yKeHH0. | unMm
O a0CONIIOTHI 3HAYEHHS CUTHAJly Ta MOro BaroBoro kKoedimieHTa, TUM OUTBIINI BIJIMB 1IHOTO
BXOJly Ha 3arajbHUil cTaH HEWpOHY. SIKIIO K BaroBUi KOEQILIEHT MEHIIE HYJsA, HO CHUTyallis
3MIHIOEThCSI HaBMAaKM — IO3WTUBHMIA CHUTHAJl Ha BXOJl HelpoHa Oyne Horo raibMyBatu, a
HeraTuBHUM — 30y/kyBaTu. [, 3HOBY K Taku, yuM Oulblli aOCOJIIOTHI 3HAYEHHS BaroBOI'O
KOE(QiIiEHTY Ta BX1JHOTO CUTHATy, TUM OUIBIIMHI iX BIUIMB HA CTaH HEWpOHA.

Takum YWHOM, Tepexia A0 OIMOJAPHUX CHUTHANIB, TOOTO JO CHUTHAIIB, IO MOXYTh
3MIHIOBAaTH CBOIO TMOJSIPHICTh, 3HAYHO PO3IMIMPIOE MEXI 3aCTOCYBaHHS HEHPOHHUX MEpEexX.
Oco0OIMBO TI€ CTOCYETHCS BEIMKHX 0araTomapoBUX CHCTEM, Y SIKHX BUKOPHUCTOBYIOTHCS CKIIAIHI
AITOPUTMHU HaBUAHHSI, HANPUKJIAJ, HABYAHHS IO IPAJIEHTHOMY CIyCKY. Y LUX BHIAJKaX Mepexis
70 OIMOJIAPHUX CUTHAJIIB JTO3BOJIE€ OUIBII TOYHIIIE HABUYUTH HEHPOHHY MEpEXY 1 TOJl BOHA Oyxe
Kpallle BAKOHYBATH Ti PYHKUIT 3apajyl SKUX 1 CTBOPUIIH.
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[iana3soH —1...1

T —_" * binbwa obnactb

T MPAKTUYHOTIO 3aCTOCYBAHHA
ﬂ"‘" * binbwa po3ainbHa 34aTHICTb

¢ . Binblwe epeKkTnBHE HaBYaHHA

MOXNUBUX
3Ha4YeHb

3BEpHITH yBary, o 30BCIM HEOOOB’S3KOBO, 100 yC1 CUTHAJIM y HEHPOHHINA Mepexi Oyiau
oimonspauMu. [lyke d9acto, 0coOJIMBO y OararomapoBHX HEHPOHHUX Mepexax, OyBae Taka
CUTYyaIlis, [0 30BHIIIHI CHUTHAIHX, TOOTO CUTHAJIM Ha BXOJl Ta BUXOAl MEPEXi, € YHIMOJIIPHUMH,
TOOTO CHUTHAJaMH, IO MPUUMAIOTh JIMIIEC O3UTUBHI a00 JIMIIE HETaTHBHI 3HAYCHHS, a BHYTPIIIHI
CUTHaJHM, TOOTO CHUTHANHM, IIO PO3MOBCIOIKYIOTHCS MiXK HEHpoHaMH, € OiMOIIpHUMH, TOOTO
CHUTHAJIaMH, [0 MOXYTh NpUHAMaTH 1 MO3WMBHI, 1 HEraTHBHI 3Ha4YeHHA. Hampukman, B Mepexi,
MpU3HAYCHINM A pO3Mi3HABaHHS CUMBOIIIB, SIKy BU 3apa3 OauMTe Ha €KpaHi, BUXIAHI CHUTHAIU
HEHPOHIB BXIAHOTO IIapy MOXYThb NMpUAMaTH Oy/Ib-sKe 3HaUeHHs y miamas3oHi Big 0 mo 1, BuximHi
CUTHAJIM BUXITHUX HEUPOHIB MOXKYTh MpUMMATH TUIbKU curHanu abo 0 abo 1, a BUXiJHI CUTHAIH
HEHPOHIB MPUXOBAHUX LIAPIB MOXKYTh MPUIMaTH OyTh-sKe 3HAYECHHs y Aiana3zoHi Bix —1 go 1.

HelipoHHa meperka Ans po3nisHaBaHHA CUMBONIB

[ NS =0 ,’-.f, = = Liuchpa "1" (0 abo 1)
j [—1 R N N ‘@ Lvdpa2' (0abo 1)
& : : Uudppa "3" (0 abo 1)
Lincbpa "4" (0 abo 1)
Uudppa "5" (0 abo 1)
Uudppa "6" (0 abo 1)
Uudppa "7" (0 abo 1)
(
(
(

Uudpa "8" (0 abo 1)
Uudpa "9" (0 abo 1
Uucppa "0" (0 abo 1

) SN 7 )
8 o g )
Z

J.: ; N i

- . Mpuxoeanuin MpuxoeaHui
BxigHuit wap wap Ne1 wap Ne2 BuxigHwi wap

Omxe y wii cucremi NMPUCYTHI TPU BUAM CUTHAJIB: YHIMOJSIPHI HEMEPEpBHi, IO MOXYThb
npuiimMatu Oynp sike 3HaueHHs y fAiana3oHi Big 0 g0 1, yHINOMSpHI IMCKPETHI, MO0 MOXYTh
npuiiMaTH JIMIIE J1Ba 3HaUeHHs — abo 0 abo 1, 1 OimossipHi HEeNepepBHi, 110 MOXKYTh NPUIMaTH Oy1b
sIKe 3HAYCHHS y miama3oHi Bix —1 mo 1.

36



HelpoHHa mepeka ans po3ni3HaBaHHA CUMBONIB

Tunu curHanis:

Unbpat" (020 1) o YHIMONAPHUIMA

Ludpa "2" (0 abo 1) A
s HenepepsHui (0...1)

Ludpa "4" (0 abo 1)
Uudpa "5" (0 abo 1)
Luppa'e’ (0aco 1) ¢ YHIMONAPHUM

Uudppa "7" (0 abo 1) v
e S o AncKpeTHUM (0 abo 1)
Uudpa "9" (0 abo 1)

Ludppa "0" (0 abo 1)

* binonapHui

v
MpuxosaHuit Mpuxosanuit HenepepBHM 7 ( -1... 1)
BxigHuin wap wap Net wap Ne2 Buxignuit wap

3BEpHITH yBary, 1o BUJl BUKOPUCTAHUX CHTHAJIB: YHIMOJAPHI ab0 OIMOJIsApHI, HEeMepepBHi
abo JHMCKPETHI, Mae BEJWKE 3HAYCHHS JIMIIEC NJIs aHAJIOTOBOI TEXHIKH, OCKUIBKM TEXHIKa, IO
MPAIIOE i3 OIMOJIIPHUMHU CHTHAJIAMH, Maike 3aBK/IM, CKJIAJIHIIIA 32 TEXHIKY, 10 pO3paxoBaHa Ha
00poOKy CHTHAIIIB, III0 HE MOXKYTh 3MIHUTH CBOIO MOJISIPHICTh. Hanmpukiiaa, B TEXHII, II0 IPAIIoE 3
OIMOJSIPHUMHU CHUTHAJIaMU, HEOOXiTHO BUKOPHUCTOBYBATH OUIBII CKIAJHI Ta JOPOTi MIKPOCXEMHU Ta
BUKOPUCTOBYBATH JIBa JDKEpeJia KUBJICHHS — OJHE JUIS TIO3UTHBHOI, a JOpyre — Ui HETaTHBHOL

Hanpyru.

YHinonspHui vs. 6inonapHUmn curHan

Byson 06po6ku GinonspHUx curHanis Byson o6po6ku yHinonsipHux curHanis
+V, +V,,
[Xepeno xueneHHs + [Kepeno uBneHHs +
NO3NTUBHA Hanpyra) — . NO3NTUBHA Hanpyra) — ]
( pyra) —H Bxin ( pyra) -H Bxia
saadll

+ >Ei|ﬂxi,q Buxig

[xepeno XuBneHHs +
(HeraTuBHa Hanpyra) -

[IpoTte noBHICTIO aHAIOTOBI HEUPOHHI MEpeXi, K1 O MpaloBaIl MaKCUMaIbHO HAOIMKEHO
710 JIFOJICBKOTO MO3KY, TIOKH 1€ HE CTBOPIOIOTH — BOHM BUXOATh JY)K€ CKJIaJHUMH Ta JIOPOTUMH.
ToMy 3apa3 maibke ycli HEMpOHHI Mepexi, Tak 4u 1HaKuie, OyIyloThb Ha OCHOBI IIM(PPOBUX
MIKpOIIpOLleCOpiB. A y 1bOMY BHIAAKYy, THUIHM CHTHAIIB, SKI BHKOPHUCTOBYIOTHCS BCEpEAMHI
HEHPOHHOI Mepeki, Mail’ke He BIIMBAIOTh HAa CKJIAJHICTh Ta BAPTICTh CUCTEMH, OCKUIbKU IIU(PPOBI
MPOLIECOpH TPAIIOIOTh HE Oe3mocepelHbo 13 CUTHalaMHu, a 3 iX o0pazaMu — 4YHCIIaMH, SKi
30epiraroThbesl y perictpax Ta MaroTh (opMmarT, sIKHH MOKHA IHTEpIpPETyBaTH SIK 3aBrogHo. ToOTo,
OJTHE 1 Te caMe 3HAYEeHHs PEericTpa MOKHA IHTEPIPETYBaTH 1 K YMCIIO, [0 MOXE 3MIHIOBATH CBIiif
3HAK, 1 SIK YMCIIO, IKE MOJKE MPUIMATH JIUIIIE TIO3UTUBHI 3HAUCHHS.

Tunu akTuBaniiinux QyHKuin

OTxe curHaia, 110 MPHUCYTHI BCEPEAMHI Mepexi MOXyTbh OyTu Oe3nepepBHUMH abo
JMCKPETHUMH, a TAKOXK YHIMOJSPHUMH a00 OIMOISIPHUMH, 1 Y O1IIBIIOCTI BUMIA/IKIB 11€ IPOCTO YUCIIa
— TNEBHUN CTaH SKHUXOCh PEricTpiB BcepeAuHl IMGPOBOro MIKpOMNpolecopa, KUl Moxe OyTu
IHTepIpeTOBaHUH Pi3HUMHU criocoOaMu. I3 BXITHUMHU CUTHAJIaMM yCe 3pO3yMIIO — BOHH HPUXOASThH
13 30BHINIHBOTO CBITY 1 MW Ha HUX OCOOJIMBO HE MOXXEMO BIUIMBATH. A OT BUXIJAHI CUTHAIU
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HEHpOHIB MOBHHHI (opMyBaTHCA Oe3lMOcCepeHbO HEHpOHAaMH, 1 BIAMNOBIZAa€ 3a L€ BY30J], SKUH
Ha3UBAETHCS AKTUBALIMHUM €JIEMEHT. AKTHUBAIITHUHN €JIEMEHT aHajli3ye CUTHAJI Ha CBOEMY BXOJ1 Ta
dbopMye BUXIIHHUN CHTHAJI BIAMOBIIHO 1O TEBHOTO MpaBWia, SKE HA3WUBAETHCS AKTUBAIlIHHOIO
¢dbyHkiiero. Po3rissHeMo HaWOLIBII MOMIMPEHI aKTHUBAIiiHI (YHKII SIKI BHKOPHUCTOBYIOTHCS Y
HEHPOHHUX MEpeKax Ta iX BIUIMB Ha 3aralibHy IMOBEIHKY YCi€l CUCTEMH.

BynoBa WTY4YHOro HEMPOHaA

Baroswuit
cymatop

Y-
[ e — | 1 l 1
x; i | Q > =
| W i S 4 S
Rl ance
o A , YA %
oo AKTUBaUiHWA
£ | enement 1 1
KLy Og By s s
| —— -1

Haii6inp1m npocToro € ToroxkHa QyHKiis aktuBalii. [Ipu Bukopucransi uiei GpyHkuii curnan
Ha BHUXOJ aKTHUBAI[IITHOTO €JIEeMEHTa 3aBXKIM JIOPIBHIOE CHTHANy Ha Horo Bxoai. MakTU4HO, TpU
BUKOPHUCTaHHI Ii€l (QyHKIII aKTUBALIMHUN €leMEHT B3arajii He MOTPIOeH — y LIbOMY BHUIIAJKY,
BaroBUi CyMaTop MOKHA HIAKIIIOYUTH 0€3M0cepeIHhO 10 BUXOAY HEHpOHA 1 HIYOTr0 HE 3MiHUTHCS.
[Ipore, He3Ba)KalOUM HA CBOIO MPOCTOTY 1, MOXJIMBO, O€3TITy3/IICTh, MOAI0HA aKTHBAIliiiHA (QYHKITiS
BCE JK TAaKd MOXKE BHKOPHCTOBYBATHUCH Y HEMpOHAxX BXigHHMX ImapiB. Bu meBHO mam’sitaere, mio
HEHPOHM BXIJIHOTO IIApy Jy>KE€ YacTO BHUKOHYIOTH Jjuiie QopmaibHy ¢yHKmipo. [Ipore mpu
PO3po0IIi IporpamMHOro 3a0e3nedeHHs, 0COOJIMBO TP CTBOPCHHI BEIMKUX Ta CKIIATHUX HEHPOHHUX
MepeK, 1HKOJIM OyBae MpOCTille BUKOPUCTOBYBATH CTaHAAPTHI MPOTpaMHi MOAYNI — HaNpUKIA,
YHIBepCaJIbHUH MOZYNb MPOrPaMHOTO HEWpOHA, SIKUH JTO3BOJISIE HAIAIMTOBYBATH KIJIBKICTh BXOJIIB
Ta akTUBaliliHy (yHKuito. ToMmy moniOHa (QyHKIIS LIJIKOM Ma€ MpPaBO Ha ICHYBaHHS, Xod 11 1
BUKOPHUCTOBYIOTH 1 HE JTy’>K€ 4acTo.

ToTOXHa PYHKLUiA

¥e=:8
YA
Ocobnusocri:
* Haunbinblu npocra
e JliHiMHa

* HenepepBHWI BUXIAHWI CUTHaN

*  HeobmexeHut giana3oH BUXiAHUX
3Ha4YyeHb

BukopucraHHsa
* HelipoHu BXifHOro Wwapy

Binpin 3py4yHOIO A7 MPAaKTUYHOTO BHKOPHCTAHHS € TOTOKHA (DYHKIIS 13 HACHUYCHHSM.
['onoBHOIO BiAMIHHICTIO 1i€T QyHKIII € Te, MO ii BUXiJHE 3HAUYEHHS OOMEXYETHCS y NEBHOMY
niana3oHi. Y 3aralbHOMY BUMAAKY — SKHM BU 3apa3 0aunTe HA €KpaHi — BUXITHE 3HAYCHHS i€l
¢byHKIIT 0OMexXyeTbes y Alana3oHi Big —1 1o 1, Xoua 11e mpaBUiIo HE € aOCOTIOTHUM — OOMEXKEHHS
MOXY OYTH Ha SIKOMY 3aBrojHO piBHI. Taka (QyHKIiS Takoxk J0Ope MiAXOAUTH A HEHPOHIB
BX1IHOTO mapy. Y JaHOMY BUTIAJIKy BOHA, HE 1aCTh BXiTHHUM CHUTHAJIAM JIOCSTATH BEJMKUX 3HAYCHB,
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a e O3Hauae, 10, MOYMHAIOYH 13 MEBHOTO MOpora, abCONIOTHE 3HAYEHHS CUTHAY BKe He Oyne
BIUIMUBATH Ha PE3yJbTaT POOOTH Mepexki. Y peabHOMY XKUTTI BIIOYBAE€THCS IIOCH AHAJIOTIYHE.
SIkmo Mu i1eHTU(IKYEMO TIEBHUN MPEMET K «raps4Hii», To y 6araTrboxX BUMAIKAX 1€ 03HAYAE, 10
rioro TemriepaTtypa mpocto oubina Hixk 50 °C. | HeBaXJIMBO Ha CKUIbKM BOHA O1JIbIIIA — 1 IpeIMET 13
temneparyporo 51 °C , i mpeamer i3 Temneparyporo 151 °C Mu 01HaKOBO OyAeMO CHpUMATH SIK
rapsiuui.

TOoTOXHa PYHKL,iA i3 HACUYEHHAM

{—1. aKmo S < —1
YA Y=1S. sxmo —1<S5<1
l_l. SIKIIO S > 1
)| LS—
Oco6ausocri:
* [lpocta

* HenepepBHUN BUXiQHUI CUTHAN
*  ObmexeHui giana3oH BUXIAHUX 3Ha4YEHb

BuKopuctaHHsa
* He#poHu BXxigHOrO Wapy

3BepHITh yBary, 10 yci po3rIgHYTI nepea uuM QyHKLii OyiIu OKpeMUMHU BHUIMAJIKaMH 100pe
yciM BiIOMOT JTiHIHHOT (YHKIIT, sika OMUCYEThCs piBHSIHHAM Y = KX + b, ne y sikocti aprymenry x
BUKOPUCTOBYBABCS BX1JIHUW CUTHAJI aKTUBAI[IHHOTO eleMeHTa S. Y¢i MOKJIMBI PI3HOBUIH JiHINHOT
GbyHKIIT TaKOK MOXKHA BUKOPUCTOBYBATH Y SIKOCTI aKTHBALIWHOI (QYyHKIIIT HEHpOHA. A OT SIKy came
GbyHKIII0O 00paTh y TOMY YH IHIIOMY BHIMAJKY, BXK€ 3aJIE€KUTh BiJl KOHKPETHOIO MpU3HAYEHHS
HEHPOHHOT MEpexKi.

.

JNNiHiMHa PYHKUiA

v v { MIN. sKmo kS + b < MIN
Y =1 kS +b. sxmo MIN < kS +b < MAX
ll\IAX. Ko kS +b > MAX

MIN — HMXKHIV Nopir 0BMeKeHHA

(miHimanbHe 3HayeHHA GYHKLIT)

MAX — BepXHill Nopir 0BMeXeHHA

N 7 =i (MaKcMManbHe 3HaueHHA GYHKLT)
k — KyT Haxuny NiHiNHOI AiNAHKK

s ~ MIN s s p
// / b — 3MilLEHHA No BepTUKaNI

3BEepHITh yBary, IO CHUTHAIM 3 BHUXOJYy BaroBOro cyMaropa MOKHA IOCHJIUTH abo
nocadbuty. s bOro JOCTATHBO JIKIIE 3MIHUTH KoedilieHT npomnopiiiiaocti K. Yum GinbIie ioro
3HA4YeHHs, TUM OUIbIIMM Oyae KyT HaxXwily akTuBauliiiHoi (yHkuii BigHocHO Bici S. Iloporu
oOMexXeHHsI PYHKIIIT aKTUBallli, y 3araJlbHOMY BUIIAAKY, TAK0X MOXYTb BIJIPI3HATUCS BiJ OJUHULU 1
OyTM $K CHMETPUYHMMH, TaK 1 HECUMETpUYHMMH. Hampuknaza, A7 YHINONSPHUX CUTHANTIB
MIHIMQJIBHUN TOPIT OOMEXEHHS TOBWHEH JOpiBHIOBATH HYym0. OcoOiMBY yBary 3BEpHITH Ha
napametp b, sxwit 3Minnye QyHKIiIO akTUBalii O BEpTHKaIBHIN Bici. Bubopom 1poro mapamerpa
MO>KHa 3MICTUTU (QYHKI[IIO0 aKTHBallii B 00JacTh, /e BOHA Oyze MpaloBaTu HalOUIbII epeKTHUBHO.
JIOKJaiHO 11€ SIBUIIIE MU PO3TIITHEMO, KOJIU OyZeMO 3HaHOMUTHCS 13 HEMpOHAaMH 3MIIIEHHS, a IOKU
BaM IPOCTO HEOOXIJHO 3pO3yMITH, IO KUIBKICTh BapiaHTIB BUKOPHCTAHHS JHIMHUX (QYHKIIH
¢dakTuyHO Oe3MeXHa, 1 Hapasi He ICHye SKHXOCh CTAIMX MPaBWJI YU PEKOMEHJAIl IoAo iX
BUKOPHUCTAHHS. AJie, OKpIM PO3IJISTHYTUX Mepel UM JBOX BapiaHTIB BUKOPUCTAHHS JIHIMHHUX
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(GyHKILINA — TOTOXHOI (QYHKIIT Ta TOTOXKHOI (PYHKIIIT 13 HACHYEHHSM, € IIe JBa I[IKaBUX OKpeMHX il
BUTIAJIKH, SIK 3aCIIyTOBYIOTh Ha OCOOJIMBY yBary.

[Nepmmii BapiaHT yTBOPIOETHCS, SKIIO MapaMeTp K 301IbIIMTH 10 HECKIHYEHHOCTI. Y IIbOMY
BHIAJIKy, pe3yabTaT (PyHKIIT B 001acTi HYJA AyXKe IIBUIKO — MaiKe MHUTTEBO — MEPEXOIUTH BiJ
HEraTUBHOTO HECKIHUYEHHOTO 3HAYCHHS 0 IMMO3UTUBHOTO HECKIHYCHHOTO 3HaueHHS. OCKIIbKU
BHXIJIHE 3HAYCHHS (DYHKIIT aKTHBAIlli IITYy4HO OOMEXKYETHCS JBOMA MOPOTaMH — MIHIMQJIBHHM Ta
MaKCHMaJbHUM, TO BHXOJWThH, IO B OONAcCTi HyNs pe3ynabTaT Mi€i (yHKIT CTpUOKOMOIIOHO
MEPEXOANTh BiJ MiHIMAJIBHOTO 3HAYEHHS 0 MakcumaibHoro. Ilapamerp b Ha 30BHIMIHIM BUIIST
rpadika ocoOJIMBO HE BIUIMBAE, OCKUIBKH SKIO IO SKOTOCh YHCIA JOAATH HECKIHUYEHHO BEIMKE
3HAYCHHs, TO PE3YJbTAT yCce OJJHO Oy/Ie HECKIHYCHHHUM.

[1BiNKOBUIN KPOK

YA MIN. sxmo S < 0

|
| MAX. smxmo S > 0

MAX 1

Ocobnusocri:

* [lpocta

s * HeniHiltHa
e [nckpeTHa

r MIN
BuKopuctaHHsa

* OpHolwapoBsi NnepcenTpoHu
*  BuxigHi HelipoHu

VY pesynbTari y HaC BUXOAUTH (YHKIIIS, KA HA3MBAEThCA ABIMKOBUI KpoK abo moporoaa
¢bynkmiga. Taka (yHKIiS BUKOPHCTOBYETHCS Maif)Ke 13 €CaMOr0 IOYATKy PO3BUTKY HEHPOHHUX
Mepexk. SKio MiHiManbHe 3Ha4eHHs i€l (YHKIIT JOPIBHIOE HYJIIO a MaKCUMallbHEe — OJUHMUIIL, TO
BOHa cmiBmagae i3 kiacuuHoi (ynkmiero [esicaiima. [Ipote y HEHpOHHUX Mepexax (QYHKIIIO
I'eBicaiiia BUKOPUCTOBYIOTH y TpilIKM MoaudikoBaHoMy BuUrsai. Piu y Tomy, mepexim Bin
MIHIMaJBHOTO JJO MaKCUMAJIBHOTO 3HAYCHHS y OO0JIACTI HYJSI HE 3aBXIH € 3PYYHUM — OCOOJIMBO
KOJIU HEHPOHHA Mepeka MpaLIo€e 13 YHINOJISAPHUMH curHaiamu. Tomy ii TpilIKM 3MIIIYIOTH 10
TOPU3OHTANIBHIM BICI 3a JOMOMOTOI0 JESKOrO0 IOPOTOBOTO 3HAuYeHHsS [H, skuil m03BoJIsIE
MaKCUMaJIbHO €(EeKTUBHO IiIJIAIITOBYBATH HEUPOH il KOHKPETHY 3a/1a4y.

[1BiKOBMI KPOK i3 NOPOroBMm 3Ha4yeHHAM TH

. [MIN. sxmo S < TH

v A =
|MAX. sxmo § > TH

MAX - - - - -

OcobnusocrTi:
* [lpocTta

* HeniHiliHa
* [uckpeTHa

i\ TH

(7 |

MIN
BukopuctaHHsa

* OpaHowapoBi NnepcenTpoHn
*  BuxigHi HEMpPoOHU

Sxo nmoporosa QyHKISI BUKOPUCTOBYBAJIaCh Y HEHPOHHUX MEpeXax 13 caMoro Mmouarky,
TO HACTYNHHUI OKpeMHUil BUNANOK JiHIMHOT (QyHKIII 13 HaCHYEHHSAM, SKUH BM 3apa3 Oauurte Ha
€KpaHi, Moyajal BUKOPHCTOBYBAaTH B HEHPOHHUX Mepexkax He Tak JaBHO. L{g ¢yHkiis oTpumana
Ha3By BUNpPAMIICHOI JiHiMHOT QyHKHiI abo BunpsimieHoro niHiHOro moayns (Rectified Linear
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Unit, ReLU). i ocobmuBicTio € Te, 0 KOAM CHTHAT HA BXOJi AKTHBALMHOIO €IEMEHTA €
HETaTUBHUM, TO BUXITHHIA CUTHAT HEHPOHA HOPIBHIOE HYIIO, & SIKIIO MO3UTUBHUM — TO BXiTHOMY
curHainy. [loniGHI mepeaaBagbHI XapaKTEPUCTUKHM MalOTh HAIBINEPIOAHI BUIPSMIISNYI Ha OCHOBI
TIOJIB, 10 BUKOPUCTOBYIOTBCS Y PI3HUX EJICKTPOHHUX BY3JaX, 30KpeMa, y CHCTEMax
eJIEKTPOKMUBIICHHS, TOMY Ll (PYHKIIiS 1 OTpUMasia BinoBiHY Ha3By. [IpakThka BUKOPUCTAHHS ITi€]
¢byHKIIT TOKa3ana, 10 BOHA HAWKPAIIUM YHHOM IiJXOAUTh JUIsl HEHPOHIB, MO0 BUKOPUCTOBYIOTHCS
y CKJIQJHUX 0araromapoBUX HEHPOHHUX Mepekax, [0 HABYAIOTHCS 3a CKIAJHIUMHU aIrOPUTMAMHU, Y
TOMY YHCJ 1 3a aJropuTMaMy TPaAIEHTHOTO CIyCKy. BincyTHiCTh OOMEKEHHS MaKCHMaJIbHOTO
3HA4YEHHs J03BOJILE Kpalle BPaxOBYBATH MOMUJIKY POOOTH MEpexi MiJ yac HaBYAHHS, IO CIIPHE
KpaloMy HaJalITyBaHHI MEPEXi MPU po3Mi3HaBaHHI OJIM3bKMX KOMOIHAIIM BX1IHUX CUTHAIIB.

BunpsamneHa niHinHa pyHKLiA
(Rectified Linear Unit, ReLU)

[0, sKmo S <0
YA F=a ,
l_S. Ko S =0

Ocobausocri:

* [lpocta

* HeniHiHa

* HenepepBHa

(728 |

BukopuctaHHsa
* HelipOHHi Mepexi i3 MNBOoKMM HaBYaHHAM

OpHUM 13 HENOJNIKIB BUIPSIMIICHO! JIHIAHOI (YHKIIi € HAasBHICTH CTAJIOTO BHXIiJIHOTO
CUTHaJIy, KOJIM CUTHAJI Ha BXO/ll aKTUBALIIMHOI0 eJ1eMeHTa IpuilMae HeraTuBHe 3HaueHHs. [Ipuuomy
MaJio TOTO, 110 BUXIJHUN CHTHAI y Iiid 00JacTi HEe 3MIHIOETHCS, TaK BiH IIE i IOPIBHIOE HYIIO. Y
JesIKUX BUIMAJKaxX Taka IMOBEAIHKAa aKTUBAIIMHOT (YHKIT MPU3BOANUTH 10 MOTIPIICHHS HaBYaIbHOT
3/1aTHOCTI HEMPOHHOI MEpeXi, TOMY Y JESKHX 3aCTOCYHKaX L0 (YHKII0 MOAU(IKYIOTh TaKUM
YMHOM, 11100 B 00JacTi HETAaTUBHUX 3HAY€Hb BXIJJHOI'O CUTHAJIY CHTHAJI Ha BUXOJ1 HEWpoHa Bce X
Taku OyB HEHYJThOBUM. [IpocTimie 3a Bce 11e MOKHA 3pOOHMTH, TOMHOXKUBIIIM BUXITHUN CUTHAJ B
HeraTWBHIN oOnacTi Ha Aeskuil KoedimieHT K, sSKuWif, 3a3Bu4ail, HabaraTo MEHIIMHA OAWMHHIN. Y
NESKMX HEMPOHHUX Mepekax BXIJHUN CUTHAJI MHOXaTh Ha CTAaTUYHI KOEQIIIEHTH SIK B 00JacTi
HEraTUBHMX, TaK 1 B 00JIAaCTI MO3UTHBHUX 3HAYEHb BXIJHOIO CUTHANY, L0 € €KBIBAJIEHTOM HOro
TiJIcueHHsT a00 mociadaeHHs. SKIo BiAMOBIIHUN KOS(IIEHT MPOMOPLUIMHOCTI OUTHIIUN OJUHUIL,
TO CUTHAJI HEHaue IMiJICHIIIOETHCS, a SIKII0 MEHIINHA 32 OJUHMIIIO — TO, B1JIOBITHO, MOCIA0IIOETHCS.

OnHuM 13 TOJNOBHUX HENOJIKIB JIHIMHMX (QYHKIIT akTUBalli €, BJIacCHE KaxyuH, iX
JiHiMHICTE. JloKNIaaHI MaTeMaTU4Hi JOCTIJDKEHHS HEMpPOHHUX Mepex, siki Oyau BHKOHaHI IIe Ha
caMOMy TIOYaTKy iX PO3BUTKY, TMOKa3alid, IO BUKOPUCTAHHS JIHIKHUX (QYHKIIA aKTUBAIIIi,
HanpuKiIaJl TOTOXHOI (YHKIII, 3HAYHO 3MEHINYE pPO3JIUIbHY 3HATHICTh HEHPOHHUX MEpex.
3o0kpeMa, CBOro 4yacy Oysio MaTeMaTUYHO JI0BEAECHO, 110 JIt00y OaraTtomapoBy HEHPOHHY MEPEXY Y
AKii BUKOPUCTOBYIOTHCS HEHPOHH 13 TOTO)KHUMH (YHKIISIMUA aKTHBaIlli, MOYKHa MEPETBOPUTU HA
OJIHOIIAPOBY, TOOTO BUKOPHUCTAHHS JIHIAHUX (QYHKII] aKkTHUBalli 3HUIIYE YyCi TepeBaru
OaraTomapoBUX HEHPOHHUX MEPEX.
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BapiaHTu pyHKLiM aKTMBaALii Ha OCHOBI
BUNPAMAEHOI NiHINHOT PYHKLUi

(0. siKxmo S < 0 y— [kS.sxmo S < 0. (k <<1) 53 [k,S. sxmo S <0

S mmo s 20 |s.axmo s 20 " |k,S.axmo S =0

Y YA ¥

Omxe, 9uM OLTBIN HENIHIMHOK € (YHKIIiS aKTHBAIll, THM, TEOPETHYHO, Kpalle HEHWpPOHHA
Mepexka Oyne pOo3pi3HATH Ti, YW 1HIN KOMOIHAII BXIAHUX CHTHAJIIB, aje MpPH IbOMY HEUPOHHY
MepexKy Oyne CKJIaIHINE HaBYaTH, OCOOJHMBO KOJHM TMOTPIOHO HABYATH BEJIHMKI Oararomiaposi
Mepeki. A OT BUKOPUCTaHHS JNiHIAHUX (DyHKIII HABMAKU — CYTTEBO CIPOIIYE HaBYAHHI MEPExKi,
npoTe iX po3AiIbHA 3IaTHICTh, TOOTO CHPOMOXHICTH PO3PI3HATH CXOXKI KOMOIHAIlli BXITHHX
CUTHAJIIB, ICTOTHO MOTIpHIYeThCs. TOMy TOTOKHA (DYHKIIiSI SIKa, TEOPETUYHO, JO3BOJIUTH HAWKpaIle
HAaBYUTH HEHPOHHY MEPEXKY, y MEPBICHOMY BUTIISAJ Maike HE BUKOPHUCTOBYETHCS, a IOPOTrOBa
byHKIs, sAKa, TEOPeTUYHO, 3MOXKe 3a0e3MeyuTH  HaWOUIbLIy  pO3AUIBHY  3HATHICTH,
BUKOPHUCTOBYETHCS JIUIIIE Y CUCTEMAX 13 MPOCTHMHU AJITOPUTMAMH HaBYAHHS.

JIiHiMHa VS. HeniHinHa

Kpala cnpomoXKHicTb HaB4aTucsa lpLwa cnpomMoXHicTb HaB4aTUCA
lNpwa posginbHa 3gaTHiCTb Kpawa posginbHa 3aTHICTb

Tomy y OaratboX HEHpPOHHUX MepekaX aKTUBHO BUKOPHUCTOBYIOTH OLIbIII CKJIa/IHI HENIHINHHI
¢GyHKIIl, $SKI € TEeBHUMH KOMIPOMICHUMH PIIIEHHSIMH MDK pO3AUIBHOK 3JaTHICTIO Ta
CIPOMOJXKHICTIO HaByatucs. HailOinbin monmyssipHUMHM akTUBALiMHUMU QyHKOIIMH € (QyHKLIT 13
ciMelicTBa CUTMOITHUX, Tpadik SKUX Haraaye JaTUHCBKY Jitepy S. B HelpoHHHX Mepexax, o
MPALOIOTh 3 YHINOJSPHUMH CUTHAJlaMM, 4YacTillle 3a BCE€ BUKOPUCTOBYIOTH JIOTICTHUHY (DYHKIIiIO,
SKY 1€ 1HKOJIM Ha3UBalOTh «M’SIKUH KPOK», a B MEpeXKax, 1110 MOBUHHI MPAIIOBATH 13 OIMOISIPHUMU
CUTHaJIaMH — (DYHKIIIIO HAa OCHOBI rinepOosiuHoro TanreHcy. OcobnuBicTio nuX (GyHKIIHN € Te, 110
BOHH JIOBOJII MIBHJIKO 3POCTAIOTh B aKTUBHI 00J1aCT1, TOOTO B 00J1aCTi MPUUHSTTS pillleHb, TPOTE, HA
BIIMIHY BiJ moporoBoi (yHKIil, sika y Iiif obmacti Mae po3puB, CUTMOiNHI (QYHKIIIO €
HenepepBHUMHU. KpiM Toro, iX 3HaU€HHsS TaKOX 3MIHIOETbCA 1 B 00JACTAX JaJEKUX BiJ aKTHUBHOI,
TOOTO B 00JACTSAX Jie BXIITHUM CUTHAI 3HAXOIUTHLCS aJeKO BiJ 30HU MPUUHATTS pilieHsb. YoMy 11e
TaK BaxJIMBO? JlaBaiiTe po3ryissHEMO Ha MPHUKIIAII.
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CurmoigHi pyHKu,i

Ha ocHosi rinepboniyHoro
TaHreHcy

. 1 S _ -8

1 :1_,.955 Y:ranh(S):?S €

JloricTnyHa

=S

e +e

OCHOBOI HaBYAaHHS HEHUPOHHHX MEpEeX, Ta ¥ B3arami JIFOOOrO HaBUaHHS, € BH3HAYCHHS
HACKUTBKHM JIaJICKO OTPUMAaHHH pe3ysbTaT 3HAXOAWUTHCS BiJ ouikyBaHoro. lIpore aOconroTHe
3HA4YeHHs Ii€l pi3HUII HaM Mayo mo fae. [oTpiOHO mIe BU3HAYMTHCS y SIKOMY HAINpPsIMKY Ham
HeoOXimHo pyxarucsa. OTKe, HeXail y Hac € BaroBUW CyMarTop, SIKMi 3a MEeBHOI KOMOiHaIlil BX1THUX
CUTHAJIIB, TTIOMHOXXCHMX Ha BIJAIMOBITHI BaroBi KOE(IIiEHTH, BHIAE ACSIKUN curHaI Sl, sKoMmy
BI/IMOBI/Ia€ ACSIKUA BHUXITHUN cUrHaAN Y 1. SIKIo BHXIiIHWN CHUTHAJ HEHPOHA BIJPI3HAETHCS Bif
OYIKYBaHOTO CHTHAly, TO MEpeXy HeoOXiqHO HaBuaTH. Hexaii sKMMOCh YMHOM, HE OyZeMo 3apa3
po30upaTHCs IKMM caMe, MU 3MIHMJIM BaroBi KOe(illi€eHTH, 1 TErep MpH Tik ke camiid KomOiHarlil
BXIIHUX CHTHAJIIB Ha BXOJl aKTHUBAaIIfHOTO eJIeMEHTa MPUCYTHIA Be iHmUH curHan S2. Skmo
aKTUBALIHHOIO (PYHKIIIEIO € OfHA 13 CUTMOiTHUX (YHKIT, TO 3MiHA BXiTHOTO CUTHAIy S MpHU3BEe
70 3MiHHU 1 BuXimHOTO curHany Y. Hexail s pisHuis Oyne Maioro, IpoTe HaBiTh IMPU HEBEIUKIN
3MiHI BHXIJIHOTO CHTHAJy MH 3MOXXEMO BH3HAUUTH YW 3MCHIIMJIACH MMOXMOKA, YU HABIAKH —
30impmmnack. lle macTe HaM 3MoOry y Tpolleci HaBYaHHS BU3HAYUTH, YU PYXAEMOCh MU Y
NPaBUJIBLHOMY HAINPSIMKY, YU Hi, YM B3arajli HE PyXaeMoCh. TaKMM YHMHOM, JUISI CHUTMOIIHUX
(GYHKIIH MOYXHA CKa3aTH, MO0 Jt00a 3MiHa IX apryMEeHTY IPU3BOIUTH JI0 3MIHU PE3yJIbTary.

MOHOTOHHICTb QYHKLN

YA \y
AY = AY
AY =0 Y, AY |
Y

-

-

AY | S; | |S1 Sz S Sz Sy

'
f
:

AS = const

Onsa Toro, wo6 epeKTMBHO HAaBUUTU HEMPOHHY MepeXy HeobXigHo,
wo6 akTuBauiiHa ¢yHKLiA 3miHIoBanacb npu ntobiit 3miHi aprymeHTy

A Ttemnep cnpoOyeMo Te X caMe 3poOUTH JUIsl HelpoHa 13 TOPOroBOIO (PYHKIIIEIO aKTHBAIll,
Jie 3MiHa 3HaueHHs (QYHKIT BiAOYBA€eThCS JUIIE B OJHIN TOYIll, IPUYOMY OJpa3y Ha (pikcoBaHy
BenuuuHy. Lle o3Hayae, 110 miJ Yac HaBYaHHS MU MO>KEMO JIMIIIE BU3HAUUTH (aKT Mepexoay uepes
mopir. A OT y BUNAAKY, KOJIH BXIJHUN CHUTHAJT 3MIHIOETHCA B 00JIACTI, [0 HE MICTUTHh MOPOTOBOI
TOYKH, CHTHAJI Ha BUXOJ1 aKTUBAIIIIHOTO ereMeHTa He Oyje 3MiHioBaTucs 30BCiM. OTke MU HisIK
HE MOXXEMO BH3HAUUTH, YW MPHU3BEIM HAlll MAHIMYJSNIi 13 BaroBUMHU KoedilleHTaMH 0
3MEHIIEHHS TOXUOKH, YU HABIAKH — MPU3BEIH J10 301IbIIECHHS, Y1 MOKE B3arajl HisIKk He BIUTMHYIJIN
Ha poOOTYy Mepexi.
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ObuyuncntoBanbHa CKAAAHICTb GYHKLIN

He noTpebyoTb BUKOPUCTAHHSA
CKNagHUX anroputmis (npocri)
apudmeTnyHi onepadii
(momaBaHHs, BigHIMaHHS,
MHOXEHHS, AliNeHHs)

NorivyHi onepauii (an3'toHKLiA,

MoTpebyloTb BUKOPUCTAHHS

CKNagHux anl’OpMTMiB YUCE/IbHUX

meTogis (cknagHi)
TPUFOHOMETPUYHI
EeKCMOoHeHLianbHi
norapudmiyHi

KOH'IOHKLiA, iHBepCiA, BUK/IIOYHA
An3'1oHKLiA, TOLLO)

* B3ATTA MOAYNA

* obMmeXXeHHA 3a 3HaYEeHHAM

*  KYCKOBO-/iHillHa anpoKcMmalis

* 3BeeHHA Yy CTyMiHb

*  BW3HAYeHHA NOXiAHWUX Ta
iHTerpanis

Omxe 1 TOro, MO0 CKIAaHy HEHPOHHY MEpPEeKy MOXHa OyJIo HaBYMTH, HEOOXITHO 1100
¢bynkuii akTuBanii HEHPOHIB MOHOTOHHO 3pocTanu i B oOnacti 30yMKEeHHsS HEHpoHy, 1 3a ii
Mexxamu. Takux ¢yHKIIH € moBomi Oarato. Ase mpu iX BUKOPHCTAHHI CIIJ mam’sTaTH, IO
OOYMCIIeHHST Maibke BCIX MareMaTHYHUX (QYHKIiA, y TOMY 4YHCIi EeKCHOHEHIIaJbHHUX,
JorapuMIYHUX, TPUTOHOMETPUYHUX Ta IHIIMX, MOTPeOye BUKOPUCTAHHS YUCEIBHUX METOJIB, IO
3HAYHO 30UTBIITyEe HABAaHTAKEHHS HA TPOIECOpP HEUPOHHOI Mepexy. ToMy Ha MpakTHIll 3HOBY
IIYKaIOTh KOMIPOMIC: a00 30LIbIIYIOTh TOYHICTh HMUIIXOM BHKOPHCTaHHS JOPOTHUX Ta MOTYKHHUX
MPOLIECOPIB, 3JaHUX Yy peaJbHOMY dYaci OOYHCIIOBATH HEOOXiTHY KUIBKICTh MaTeMaTHIHHX
orepailiii, ab0o BUKOPUCTOBYIOTh OiNIbII MpocTi (YHKINT akTUBAIlil, X0U 1, MOXKIIUBO, 32 PaXyHOK
3MEHIIEHHS TOYHOCTI POOOTH MEPEKi.

BapiaHTW BUKOPUCTAHHA aHANOrIB CUTMOTAHUX
bYHKLiM
YA YA

Y2
Y1

Hampuknan, 3aMicTe akTHBaliiHOT (YHKIIT HA OCHOBI TiNEpOOIIYHOIO TAaHTEHCY, MOXKHA
BUKOPUCTATH MOJIOHY 10 Hel (YHKLII0 Ha OCHOBI MOJIyJs, fka OyJe oO4YMCIIOBAaTHCS HabaraTto
ckopimie 1 He Oyje moTpedyBaTu I0pOroro apuPpMETHIHOro corporecopa. Ko x 6e3 CKIagHuX
CUrMOiTHUX (YHKLIA HISK HEe OOIMTHCS, TO MOYKHA CKOPHCTaTHCS METOJOM KYCOYHO-JIiHIHHOI
anpokcuMallli Ha 3aMiHUTH Oe3nepepBHI TPUTOHOMETPUYHI a00 EeKCIOHEeHIlalbHI (QyHKIIT ix
KYCKOBO-JIIHIHHUMH €KBiBaJIeHTaMU — TOOTO po30UTH yBech poOOUMii Aiana3oH Ha KiibKa AUISHOK,
1 Ha KOKHINA JUISIHII BBaXkKaTu, M0 1 QYHKIIA € JiHiiHOO. JliHiliHa QyHKIIA, KA MICTUTh JIMILE
apupMeTHyHi onepariii, 00YHCIIOETHCS HabaraTo MBUALIE HI’K €KCIIOHEHIIaIbHI a00 JorapudmiuHi
¢GyHKII1, 0COOIMBO SKIIO MPOIECOP OCHAIEHUI MOAYISIMU anapaTHOrO MHOXKEHHS, TOJIOBHE, 11100
KUIBKICTh JUISTHOK HE BHSIBUJIACH 3aHAJTO BEJIUKOIO 1 TOMIYK HEOOX1AHOTO pobOYoro iHTepBany He
3aiimaB Ou 6arato Jacy.
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BapiaHTK curmoigHmnx pyHKLUIn

%]

3BEpHITH yBary, 1o CUIMOiAHI (PyHKIII1, TaK caMo fK 1 JIiHIIHI, MOXXYyTb OyTH MOU(iKOBaHi
1 MICTUTH JIOAATKOBI MapaMeTpH, SKi AO3BOJSIOTH 3MIHIOBATH iX KPYTU3HY Ha MEBHUX IUISTHKAX,
poOHUTH iX HECHMETPUYHMUMH Ta 3MIIyBaTH BIJHOCHO MOYATKy KOOPAMHAT. YCe 1€ pOOUThCS IS
TOTO0, IO IaHWW HEWPOH HaMKpalle BUKOHYBaB CBOIO (DYHKI[i}0, TOOTO HAWTOUHIIIE 1IeHTH(IKYBaB
HeoOX1THy KOMOIHAIIIfO BXiTHUX CUTHAJIIB.

Crig Tako 3ayBa)KUTH, 110 BUOIp pO3TIAHYTUX (QYHKIIIH, TOOTO MOCTIIHO 3pocTarounx abo
MOCTIHHO CIIaJarourX i3 POCTOM 3HAYEHHS BXiJIHOTO CHUTHAIY HE € a0CONIOTHUM MpPaBUIIOM. € psi
MPOEKTIB JIe s SKOCTI AKTUBALIMHUX (YHKIIH BHUKOPUCTOBYIOTHCS 1 OLIBII €K30TUYHI IS
HEHPOHHUX MepeX MaTeMaTudHi (QyHKHii, y ToMmy uucii i mepioguuni. Ilpore y 6a3oBuii kypc
JMCHUIUTIHU TI0 BABYCHHIO IITYYHOTO IHTEJIEKTY BOHU HE BXOISTh.

BapiaHTu PpyHKLIiN akTMBaULIi

v 1, sxmo S =0

Y=1sinS
1%.;{1{11105 0

Y4 Y=-sinS

1l

M, P

Otxe BU Oaunte, 1m0 BUOIp QyHKIIT aKTUBALI] JUIsl IITYYHOTO HEHPOHA HE € TPUBIAIBHOIO
3ajauero. 3 oJHOro OOKYy, ciijl 3a0€3MeUnTH HU3bKY BapTICTh Ta MPOCTOTY peani3alii cucteMu, oo
MPOIIECOP Y PEATbHOMY Yaci BCTUT BUKOHATH yCIO HEOOXIJHY KUIBKICTh MAaTEMATHUYHUX OTEpalliif.
A 3 iHmOro — HeoOXiJHO 3a0e3MeYUTH MAaKCHUMalbHY TOYHICTb 1 PO3JUIbHY 3JaTHICTH poOOTH
HEHpPOHHOI Mepexi, a TakoX ii epekTUBHE HaB4YaHHA. TOMy Hapas3l HEMae, 1, HalleBHO, HIKOJU He
Oyze, €eAMHOTO MiAXony A0 BHOOpY (yHKLII akTHBi3alii. Y KOXXHOMY BMIAJKy CIiJ oOMpaTH Ty
¢byHKII0, sfKa 3a0e3MeyuTh BaM HEOOX1IHUN KOMIPOMICHUM pe3ynbTar. A 1e, y OUIbIIOCTI
BUIA/IKIB, TOBEJETHCA POOUTH, MTOKH 1110, JIUIIE HIISTXOM MPOO 1 MOMMUJIOK.
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CDyHKu,u aKTMBaLl,II HEeMpoHa

Y

+ TH

MIN ;
........ A et MIN -

3MileHHs BAroBoOi CyMH

Ha crorognimHiii 1eHb, HEHPOHHUMHU MEpPEKaMU 3aiMaEThCS Y CBITI JOBOJII OaraTo JOACH,
KOXEH 13 SKMX Ma€ CBOIO JyMKy Ta MOTJSAA Ha Ti 4y iHII pedi. ToMy Jeski miaXoau A0
MIPOEKTYBaHHS HEUPOHHUX MEPEX Y JNEAKHX aBTOPIB MOXXYTh BiJIPI3HATHCS OJIWH BiJ OJHOTO, a
1HKOJIM, HAaBITh 1 CYNIEPEUUTH OJUH OAHOMY. TOMY IMOBMHHO 11I€ IPONTH OaraTo yacy AJs TOro oo
3 SIBIJTMCSL YCTAJICHI TPAIMINIT Ta IpaBWIIA y MM raxy3i, Xo4da BKe 3apa3 MOKHA CKa3aTH, [0 JesKi i3
HUX BXK€ ICHYIOTb.

VY uiii yacTUHi MOBa Mife NMPO MUTAHHSA, BHUPIMICHHS SKOTO Y PIi3HUX aBTOPIB 3HAYHO
BIJPI3HAETHCS OJUH BiJ OJHOrO, IO MOXE BUKJIMKATU NEBHY IulyTaHuHy. Jlani mMoBa mige mpo
3MilIeHHS BaroBoi cymu. MakTUYHO 1€ MUTAHHS BHPINIYETHCS YK€ MPOCTO — IIISIXOM 3MIICHHS
CUTHAJy HA BXOJI aKTUBALIMHHOTO €JeMEHTa Ha IEBHY BEIMUYMHY, 3aTe€ (OPMAIBHO MO LBOMY
MUTAHHIO Pi3HI JIFOJIM BXKE€ HABUTAIYBaJIU CTIJIBKH, 10 JIFOJANHA, sIKa TUTBKH TTOYMHAE PO3OUPATUCS Y
HEHPOHHUX Mepexax, MOXKe JAy>Ke IIBUIKO 3arIyTaTHCS.

JlaBaiiTe crnepiry moroBopuMo mpo npoOiemy. [3 Heto BU Bxke MOBHHHI OyJid MONEPETHBO
O3HAWOMMTHUCS Ha OJHOMY 13 MpPaKTMYHUX 3aHATh, KOJM HAJIAIITOBYBAIM HAWIPOCTIIIHUI
JIBOXBXOJIOBUI MEPCENTPOH sl poOOTH y SKOCTI JIOTIYHOTO cyMaTopa Ta MOMHOXYyBaua. /[aBaiiTe
3rajlaemMo 110 po0oTy. Y Bac OyB IBOXBXOJIOBHIH MEPCIETPOH, HA KOKHOMY 13 BXOJ(IB SIKOT'O CUTHAJI
MIT npuiiMaTi 3HaueHHs abo 0, abo 1. ToOTo 119 HelipoHHA Mepeska MpalioBala 13 YHINOISIPHUMU
JUCKPEeTHUMHU BXIJHUMH CHUTHaJaMM. BUXITHMI CUrHal nepcenTpoHa TakoXK OyB YHIMOJSPHUM
JUCKPETHUM 1 MIr npuiiMatu 3HadeHHs aumie 0, ado 1. OxHe 13 3aBAaHb MOJSTaIo y TOMY, [0 BaM
noTpiOHO Oyn0 Tak HalalmTyBaTH JiBa BaroBi KoedilieHTH, o0 Ieil mepcenTpoH BUKOHYBaB
¢yHk1ito soriyHoro I, ToOTO Tak, m00 CUTHAJI HAa BUXOAl aKTUBALIMHOIO eleMeHTa OyB PiIBHUM
OJIMHMIII JIMIIIE TOJIl, KOJM 0OMBa CUTHAIM HAa BXOJ1aX JOPIBHIOBAIN OJUHHULISM.
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[1BOXBXO40BUN OAHOLLAPOBUIKA NEepcenTpoH

Wil=1
. - W2=1
.X1—1 @ S=2 @ .Y=1
W1 =1 Z TH=1,1 .
oo JNloriuHe ABO
B AND TH=0,1...0,99
W2 =1 x1 Jo]1]o]1
X2 0 1
S =X1x W1+ X2 x W2 Y |ofo]o]1 Noriune |

TH=1,01...1,99

AKTHBAIIITHUIA €JIeMEHT I[bOTr0 HEeHpOoHa MaB MOPOTOBY (DYHKIIFO akTHBAIil. Y MEepBiCHOMY
BUTJISI, 111 (DYHKIIIS 3MIHIOE CBIM CTaH MPU HYJIHOBOMY 3HAUCHHsI apryMEHTY. A 1€ O3Hauae, 110
npu ii BUKOpPUCTaHHI, TOYHIIIE IPY BUKOPUCTAHHI ii MEPBICHOTO BUIJISLY — KOJIM BOHA 3MIHIOE CBIN
CTaH MpH HYJbOBOMY 3HAUCHHI, peajai3yBaTH HEHPOH, [0 BUKOHYBaB OW (QyHKIIIO0 | mpuHIMIIOBO
HEMOXJIMBO. | AiiicHO, BXifHI CHTHaIM, MOXYTh HpuitMatu 3HadeHHs jume 0 a6o smme 1. I mi
CUTHAJM TOTIM HAJIXOASTh JI0 BaroBOro cymaropa. SIKIo BaroBi KOegillieHTH 000X CHTHaIiB
OlIbIIIe HYJIS, TO HEHPOH Tepelae y 30y/DKeHUI CTaH MPH IMOsBI CUTHAITY. IO JOPIBHIOE JIOTIUHIN
OJIMHUIIl Ha JIOOOMY 13 BXOJIB, TOOTO 3amicTh (YHKIi JoriyHOro I BiH MOYHE MpaIloBaTd 3a
npaBuiioM Jiorigaoro ABO. | BumpaBUTH IO CHUTYaIlil0 HIISAXOM MiJ00py BaroBUX KOe(IIliE€HTIB
MIPUHIIMIIOBO HEMOXKIIMBO, 00 SIKIIO BaroBWil koedilieHT Oyae AOPIBHIOBATH HYIIO, TO 1€ BXif
Oyzme B3araii BiIKIIOYCHHH, a SKIIO BaroBuil KoedimieHT Oyne MEHIIUM 3a HYyJb, TO HEH BXif
3aMicThb 30ymIKeHHS Oy/ie JTullle ralbMyBaTH HEUPOH.

BuKopUCTaHHA akTUBALiINHOT QYHKLIiTi 6e3 3mileHHA

, YA
Barosuii
cymarop 1

| 1 AKTUBaUINHWUA

enemeHT X1=1,X2=1,8=2,Y=1

Y — @ @———————— P

x2 i Buxia 0 1\ 2 S
| W1=2 i X1=1,X2=0,8=1,Y=1
—————— X1=0,X2=1,8=1,Y=1

X1=0,X2=0,8=0,Y=0

Mpu BUKOpUCTAHHI akTUBaLiHOI PYHKLiI 6e3 3MileHHA
peanidysatu GyHKLiO NOriYHOro | HEMOXKINBO

VY npaxkTuuHii poOOTI 115 MpodemMa BUPILIyBaIach TOBOJI MPOCTO — aKTUBALIIHUM eleMeHT
HellpoHa MaB J101aTKOBUI napameTp — nopir aktusauii. [[ns Toro mo6 HelpoH Mo4yaB BUKOHYBAaTH
¢yHkito yoriyHoro [ 0yno AOCTaTHHO BCTAHOBUTH MOPIT aKTUBallli OUTBIIMM HIXK MakKCHUMallbHE
3HAa4YeHHs BaroBux koediuieHTiB. Hampukinan, sikimo Barosi koegilieHTH 000X BXOJIB BCTAHOBUTHU
piBHUMH 1, TO AJIs IEpPETBOPEHHS HEHPOHA Ha JIOTIYHHUIA TOMHOXXYBa4 JOCTATHHO OYJI0O BCTAHOBHTH
nopir akTuBaii y aianasoni Big 1,1 1o 2. YV upoMy BUNajKy, MOsBa OJMHMIIL JHMIIE HA OJHOMY i3
BXOJIIB HE MOTJIa TIEPEBECTH HEUPOH y 30Y/UKEHUH CTaH, OCKUTBKHM 3BaKeHA CyMa BXI1JHUX CHUTHAJIIB
y IbOMY BHUIMAJKy JOPiBHIOBAJA OJMHUIN, IO MEHIIE mopora ioro 30ymkeHHd. OTxe HeWpoH
30yKyBaBCsl TIJIBKU MPH MOSIBI OAMHMII Ha 000X BXOAAaX — Yy LbOMY BHUIAJKYy 3BaK€Ha CyMa Ha
BXO/Ii aKTHUBAIIIHOTO eleMeHTa TOpiBHIOBaNA 2, 110 Oy70 Oinbiie mopora 30yKeHHS.
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BUKOpUCTaHHA aKTUBALIMHOI QYHKLT 3i 3MiLLLEHHAM

L4 = - = -
Barosuit X1=1,X2=1,8S=2,Y=1

cymarop 1

| 1 AKTUBaUiAHUA
| enemMeHT

Bxoan

X1=0,X2=0,S=0,Y=0

Mpu BUKOPUCTAHHI aKTUBALiMHOI PYHKLIT 3i 3MiLLleHHAM
peanizyBatn pyHKUiO noriyHoro | moxxnmseo

A Temep naBaiiTe MOAMBUMOCS Ha CUTyalilo i3 iHmoro Ooky. OpwuriHampHa (QyHKIIiSA
aKTUBAILlll Mae MOPOTrOBE 3HAYCHHS, IO JOpiBHIOE HYIr0. CaMa (hYHKIIIS Ty)Ke IMPOCTa, Ha SI3MKaX
MporpaMyBaHHs BHUCOKOTO pIiBHS peai3yeThCs, (aKTHYHO, OJHIEI0 CTPOYKOI Komay. Tomy
MpoLIecOpy HEMae HISKOro 3HaueHHs, Oyle BiH MOPIBHIOBATH 3HAYEHHS BXIJHOTO CHUTHANY i3
KOHCTaHTOI — y JIAHOMY BHUIAAKY HyJIeM — a00 i3 SKOICh 3MIHHOIO, Y sIKiii 30epiraerbcs mopir
aktuBanii. OTKe, y IpOMY BUMAAKY MIIUIM MO NUISIXY HaWMEHIIOrO CHPOTUBY — MOAU(DIKyBaiu
(GYHKIIIO aKTUBAIlii, MOMABIIN JO HEl JOJATKOBUU MapaMmerp — IMOpPIr akTUBaIlii. AJie 3BEpHIThH
yBary, o Mopir akTusalii, (GakTU4YHO, 3Millye (QYHKI[IF0 aKTUBallii BIIBO YM BIPABO Ha BEIUUYUHY
I[LOTO TTapaMeTpa.

BUKOpUCTAHHA aKTMBALIMHOI QYHKLIT 3i 3MiLLEeHHAM

YA o YA
Peanisauis
1 Bl O — yHKUii akTuBaLji * 1
TH>0 | i . TH<O
— -
. ” if (S > TH) ' =
0 Y = 13 0
S else S

MNopir aktueauii TH 3miwye akTusauinHy pyHKLUilO BAiBO
(akwo TH < 0) a6o enpaso (akwo TH > 0)

A MorkHa OyIs10 3po0OHTH 1O iHIIOMY. MokHa OYJ0 3aIUIINTH (YHKIIIO0 aKTHUBaLlli 63 3MiH,
asie 3MICTUTH caM BXIJHHMI CUTHaJI Ha Ty X caMy BeNW4HHY. | IiHCHO, SIKIIO Ha BUXOJ1 BaroBoro
cymMaTopa BCTaHOBHUTH ILl€ OAMH JIOJATKOBMH cymarop, sKuil Oyae 10jaBaTH 10 BaroBoi CyMu
MEBHUN CTaTUYHUIN KOEQILIEHT, TO Pe3yIbTaT BUSBUTHCSA TUM CaMHUM. Y MEpPEIHbOMY NMPUKIIAAL s
TOro, 00 HeWpoH BUKOHYBaB ()YHKIIiIO JioridHoro I mpu BaroBux koedimieHTax 000X CHTHaJIIB
piBHUX 1, HEOOX1AHO 3MICTUTH BaroBy CyMy Ha BeJIW4YUHY BiJ —2 10 —1,1. ¥V npomy Bumnajaxy, npu
MosiBl Ha JFOOOMY 13 BXOJIIB HEHpOHA CUTHANY, IO JOPIBHIOE 1, MaKCUMaJbHUM CUTHAT HA BXOM1
aKTHBAIlIHHOTO eleMeHTa He Oyne mepesBumryBatd —0,1, mo Oyae HemTOCTaTHBO IS 30YIKEHHS
HeipoHa. A oT Ko Ha 000X BXoJax HelpoHa Oyze 1, Toal 3MilieHa Baropa cyma nepeBuIuTh 0 i
HENpOoH nepeie y 30yKeHH cTaH.
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3MiLLeHHA BaroBoi cymu

Barosuit YA
cymatop 1

| AKTUBaUIiHUA
enemeHT

X1=1,X2=1,8=09,Y=1

Y °-

X2 A Buxia 4 X 1 2 s
|W2=2 ] X4=1, X2:=10/8=<01, ¥:=0
______ X1=0,X2=1,8=01,Y=0

§=X1W1+X2W2 + B X1=0,X2=0,§=-1,1,¥=0

3miweHHA Barosoi cymu (Ha B = -1,1) no3BonnAe peanisysatu
dyHKuUi0 noriyHoro | gna nboi KinbkocTi Bxoais i 3 nwboto
dyHKuieo akTusauii

«A 'y yoMy pi3HUIA?» — criuTaeTe BH, — «HaBilo BUKOHYBaTH J0JaTKOBY OIEPaIlit0, SKIIO
MOXKHa TPOCTO 3MIHMTH MOpIir aktuamii?». JlilicHO, MpH BHUKOPHCTAaHHI MOPOTOBOi (QYHKIIT
MPOCTIII€ 3MIHUTH MOPIT aKTUBAIIi1, HI’)K BOBTY3UTHCH 13 3MIIIIEHHSAM BX1JIHOTO curHany. [Ipore npu
BUKOPHCTaHHI 1HIMX (QYHKIIi akTHUBaIii, 0COOIMBO CHUTMOIIHUX, 3MICTUTH iX aKTHBHY OOJIACTh
Oyzne Habarato CKJaJHIIIE, HIXK JOJATH J0 BXIAHOTO CUTHANY M0JaTKOBe 4yucio. OTxe 3MILIeHHS
CHTHAJIy Ha BXOJI aKTHBAIIITHOTO €JIeMEHTY NOoTpiOHO, 60 JajeKko He 3aBXKAM BaroBa cyma IpH
HeoOxiaHiM komOiHalli BXiTHUX CUTHaNIB Oyle 3HaXOAUTUCh B aKTHBHIM 00JacTi aKTHBAIIHOI
¢yskmii. Lle mpocTo 1 e 3po3yMiuIo — IS BOTO HEOOXIAHO Mmicisi OOYMCIICHHS BaroBOi CyMH
JOJaTH MEBHUN cTaTUYHHUK KoediuieHT. Lle po3ymioTh yci Jr0AM, 0 3aiiMaroThCs HEUPOHHUMU
MepekaMu. A OT Jajii MOYMHAETHCS CYNUTbHA TUTyTAaHWHA.

1feeeg MAX e MAKT: 2= em—

' TH

Mpu BuKopuctaHHi 6aratbox PyHKLiN aKTUBaLiT
NpOoCTille 3MICTUTU BaroBy Cymy HixK PyHKLU 10 akTUBaLil

Jlesiki aBTOpU HE AyX€ 3aMHUCTIOIOTHCS HaJA I[UM TMHTAHHSAM 1 BBOJSATH 3MIIIyBaJIbHUN
JOJIAHOK O/ipa3y Y XapaKTepUCTHKY HEeHpoHa 1 MUIIYTh, III0 BaroBa cyMa MOBHHHA 00YHMCIIOBATHCH
BXKE 3 YpaxyBaHHSM JI0JIaTKOBOTO JOJAaHKY. Y I[bOMY BUIAIKY, 3MIIYBaJIbHUH JI0JaHOK € OKPEMUM
napaMeTpoM IITYYHOTO HEHpPOHa, TAKUM K€ CaMMM sIK BaroBi koe(ilieHTH 1 (pyHKIIA akTUBaLii. A
OT /€Kl aBTOPH JI 3MILIEHHS BaroBoi CyMH BUAUISIOTH OKPEMHI BXiJ BaroBoro cymaropa, Ha
SAKUM 3aBXAM TOJAETHCS CHUTHAJN, L0 JOPIBHIOE OJUHMIL. Y TaKOMy BHIAJKy 3a BEIMYUHY
3MIIICHHS BaroBOoi CyMHU BIJANOBIZAE OKPEMH BaroBUi KOe(DIIIEHT, BETWYMHA SKOTO MOXE
3aJ]aBaTUCs BPYyYHY, OOUMCIIOBATUCS IO OKPEMHUM alropuTMaM abo OOUYMCIIIOBATUCS Ha 3arajlbHUX
3aca/iax y npoleci HaBYaHHs CUCTEMHU.
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BapiaHTV 3MilWeHHA BaroBoi Cymu y LUTYYHOMY HEMpPOHi

Barosuit
cymartop

AkTuBaUinHUn
enemeHT

Baroswit
cymarop

AKTUBaULiAHUA
enemeHT X1

X1

<
Bxoawu

Buxig X2

|
| B
| S=X1W1+ xzw
W2 ' x3 (D

I_ _____ | 3miwysansHuit 4OAAHOK

Bxoawm

X2

S = XIW1 + X2W2 +

3milyBansHWil 4OAAHOK

O060€ 3 MiAX0/1IB MPAKTUYHO PIBHO3HAYHI, POTE Y APYTOMY BUMAJKY 3’ SIBJISE€THCS MUTAHHS:
«a KyIu Terep MiIKIIOYUTH HOBHM BXiJ HEWpoHA?», 00 3ayIMIIaTH HOro HE MiTKIIOYCHUM SKOCh
HErapHO 1 HeJOTri4HO. | TyT 3’sBIs€ThCS HOBHM BHUJI aOCTpakilii, sSIKMM OTpUMaB Ha3BYy HEHpOHA
smimierns (Bias Neuron). Lleii Heiipon mae nieBHi BiracTiBOCTI. [lepina mossrae y ToMmy, 110 y HbOI0
HEMae BXO/IB, a € JUIIEe OJUH BUXiA. A JApyra BIACTHBICTh MOJIATA€ y TOMY, IO HOr0 BUXITHUN
CHTHAJI 3aBXKJH JOPiBHIOE ONWHUIN. TOOTO BUXOAUTH Taka co0i KOHCTaHTa BCEpeAWHI HEHPOHHOT
Mepexi.

HelpoH 3miweHHA (Bias neuron)

BxigHuit wap Mpuxosanwii MpuxoBaxui
wap Ne1 wap Ne2 BuxigHuit wap * Hemae Bxoais
* Hasuxoaizasxgu 1
*  Moske byTv OKPEMUM AR KOXKHOTO
Uudpa "1" HEenpoHa
Uudpa"2" *  Moske ByTv eANHMM Y KOXKHOMY WIAp
HeMpOHHOI cucTemu

Uudpa "3"

Lncbpa "4* *  Moske byTv eAUHUM Y BCit Mepeski
Undpa’s” Moske 6yTu BiaCyTHIi

Uudpa "6"

Unppa'7 HEWPOH SMilLleHHA — e nwe
unppa's”  pOPMaNbHICTb, HeobXigHa
Uappa's"  AeAKUM pospobHUKam ana
Uncbpa 0° ypaxyBaHHA HeobXigHocCTi
SMilL,eHHA Barosoi cymu
BCepeAU Hi HelipoHiB

e Heiipox
3MILEHHA

o >k, MOXJIHMBO, TaKWUH WiAXiA MO3BOJIE TPOCTINIE PEATi30BYBaTH IPOTpaMHE
3abe3neueHHs s HeMpoHHUX Mepex. [Ipore aeski aBTOpH MILUIK Jalli 1 MOYald CTBOPIOBATH SIKiH
HE3pO3yMiJIi JTOaTKOBI OOMEXKEHHsS Ha HEWpoHW 3MimeHHs. Hampukman, y KokHOMY mIapi
HEHpOHIB MOXKe OyTH TUIbKM HEHpPOH 3MillleHHs, abo y BCiil HeHpOHHIM Mepexi He MOXy OyTH
OutbIIe OMHOTO HelpoHa momaiOHoro Tumy. CaMme TpHUKpe, MO i PO3AYMU 1 OOMEXEHHS BHOCSTH
nuie rmiyTanuny. HacrpaBni HeWpoH 3MillleHHS — 1€ 3BHYaiiHa aOcTpakiis, CIpsMOBaHa Ha Te,
100 sKOCh (hopMalti3yBaTH HEOOXITHICTh 3MIMIEHHS BaroBOi CyMH BCEpEeANHI HEHPOHA B aKTUBHY
obnacTh akTHBaNiiHOI QyHKII. | Oe3 HelipoHa 3MileHHs MOXkHA 001iTHCH. [IpoTe mam’sTaiite, 110
6e3 (popmanbHOTO HEHPOHA 3MIIIEHHS MOYKHA OOIMTHUCH, a OT 06€3 3MIIIEHHS BaroBoi CyMH O01WTHCH
HaBPSAJ YU BACTbCA. AJie 1€ BITUYTTS BXKe Npuiife O0e3rnocepeiHbo 13 NPaKTUKOK — KOJIU BU CaMi
Oy/neTe CTBOPIOBATH Ta HAJIAIITOBYBATH HEUPOHHI MEPEXKI.
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BucnoBku

Takum 4MHOM, CHOTO/IHI BH B3HAJIM 6arato 4oro HoBoro. Hampukian, SKUMHU MOXYTb OyTH
CUTHQJIM BCEPEIMHI HEHMPOHHUX MEPEXkK, 1 SAKMMHU MOXYTh OyTH akTuBamiiHi ¢yHkiii. Haimo
noTpiOHO 3MillyBaTH BaroBy CyMmy 1 4YM MOXHa 00iMTHCH Oe3 mTyyHOro HelpoHa. | Temep, kKoim
CTaJIO0 3pO3YMIIO SIKUMU OyBarOTh INTY4YHI HEWPOHU, MOKHA TIEPEXOJAMTH JO HACTYITHOTO KPOKY —
po30uparucs i3 TUM SKUMH MOXYTh OyTH cami HeHpoHHI Mepexi. IIpore mro iHopmarmio s
IJIAaHYFO JIOBECTH JI0 BaIloi CBIOMOCTI TPIIIKHU Mi3HIIIE — HAPUKJIIAJ, HA HACTYITHIN JIEKIIi.

BUCHOBKM

* CurHanu BcepeamHi HEMPOHHOI Mepexi NOAINAIOTLCA Ha HernepepBHi Ta
OEeTepMiHOBaHi, a TaKOX Ha yHinonapHi Ta 6inonapHi

*  AKTMBALMHI QYHKLT UTYYHUX HEMPOHIB MOXYTb BYTU NiHiMHI (Kpalla
CMPOMOKHICTb HaBYaTUCA ane ripla po3ifbHa 34aTHICTb) abo cUrmoiaHi
(ripwa cnpoMOXKHICTb HaBYATMCA ane Kpalla po3ainbHa 34aTHICTb)

* BaroBsi cymu BcepeauHi HEMPOHIB HEOBXIAHO 3MilllyBaTU 338 BEIMYUHO
ONA NepeHocy «MpaBUabHOI» KOMBiHaLii BXIAHUX CUTHANIB B aKTUBHY
obnactb GyHKUii akTMBaLT

*  HelpoHM 3MilLEeHHA — OKPEMUI TUM HEMPOHIB, NPU3HAYEHUX A9
ypaxyBaHHA HEOOXiAHOCTI 3MiLLEHHA BaroBmx cym
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4 HeiipoHHi Mepesxi i3 npsiMUM nommpeHHsaM iH(opmanii

I3 momepenHix MaTepianiB BH B)XE 3HA€Te, 10 HEHPOHHI MEpeXi € JOBOJI IIKaBUMHU Ta
KOPHUCHHUMH CHCTEMaMH, SIKi MO’KHa BUKOPUCTOBYBATH Y BEJIMKIN KIJTBKOCTI 3aCTOCYHKIB, OUIBIIIICTh
13 SIKMX BiJHOCHTBCS 10 Kateropii «Hi-Techy», To0To 1m0 Tiei kareropii, IKy MU i3 3aBMUpPAHHIM
Cepis BHMOBIIIEMO SIK «BHCOKI TEXHOJIOTii». AJle HacmpaBni, SKIO A00pe po3iopartucs, TO
BUSIBUTHCSI, 1[0 HIYOTO HAJCKIAJHOTO B HEUPOHHHX CHUCTeMaxXx Hemae. | miiicHO, TpaKTH4HI
peanizaiii HEUPOHHUX MEPEX € JOBOJI NMPOCTUMH, MOKHA HaBITh CKa3aTH — NPUMITHBHUMH,
porpamMamu, siKi 3MOK€ CTBOPUTH 3a KiIbKa TOAWH HaBITh MpOrpamicT-noyaTkiBens. Toxdl mo x B
HEHPOHHUX MeEpeXax € TaKOro CKIAIHOTO, IO CTPUMYBAIO PO3BHTOK IITYYHOTO IHTEICKTY Ha
MPOTSI31 Yacy, M0 OXOIUTIOE BXKE OLIBIINE HIXK MIBCTOPIUUs?

TexHonorii HEMPOHHUX MEePEX € YaCTUHOIO
«BUCOKUX» TEXHONOTIN

JaBaiiTe 3ragaeMo Te, O MU BKe 3HaeMo. HeilpoHHa mepeka CKIIAaeThes 13 ITYYHHX
HEHpOHIB, K1 MPaIIOTh NPUOIU3HO TaK Camo, SIK 1 HEHPOHM HAIIOro rojIoBHOro Mo3ky. KoxkeH
IITYYHUH HEHPOH Ma€ KijbKa BXOIB, Y 3araJlbHOMY BUNAJKy — HEOOMEKEHY KUIbKICTh, Ta OJHMH
BUX1J. YCi IITy4YHI HEUPOHU, OKPIM HEHPOHIB 3MIIICHHS, MAIOTh OJHAKOBY OYJOBY 1 CKJIaJalOThCS
i3 ZIBOX OCHOBHHUX ()YHKIIOHAJFHUX OJIOKIB: BaroBOro cymaropa Ta aKTHBAaIliHHOTO eJIEMEHTa.
BaroBuii cymarop oOuYMCIIOE CyMy yCiX BXiJHHUX CHUTHaNiB, TOMHOKEHHUX Ha BIJINOBiJHI Barosi
Koe(iIieHTH, a aKTUBAIIHUI €JIEMEHT aHaJI3y€e pPe3yibTaT poOdOTH cymaTopa, Ta GOpMye CUTHAI
BIJIOBIAHOIO JIO TEBHOTO NpaBMJIA, SIKE HA3MBAETHCSA AaKTUBALIWHOK (QYyHKII€. ['0loBHUMU
napamMeTpamMHM IITY4YHOro HeHpoHa € BaroBi Koe(iumieHTH Ta (QyHKIsS akTuBamii. Barosi
Koe(ILI€HTH 1€ 3BUYaliHI 4HCla, sIKl 30epiratloTbes Jech y mam’aTi KOMIT I0Tepa, M0 OOYHCIIoE
HEHPOHHY Mepexy. 3MIHOI BaroBUx KOEQIIIEHTIB MOKHA MMOCHIUTH, MOCTa0UTH Ta HAaBITh
IHBEpPTYBaTU CHUTHAJIM, W0 NPUXOJATh Ha BXoAM HewpoHa. [linbip BaroBux KoeQilleHTIB
BiIOYBa€THCS MiJ Yac CHELabHOTO MPOLECY, IKUH HA3UBAEThCS «HABUAHHS HEMPOHHUX MEPEkK» —
MPOIIECOM, 13 SIKMM MH OOOB’SI3KOBO TO3HAHOMHUMCS, ajie HE ChOTOJHI, a B OJIHIM 13 HACTYITHHUX
JEeKIiH.

LLITY4YHMI HENPOH

Barosuit
cymatop

LTy4Huin HenpoH X DyHKUIR akTusauil

Bxogu
<
Bxoau

\ Buxig | S

| AKTMBaUiHWA
| enement
|

| Wy _! i
S T Barosi koedilieHTy
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AxTuBaniiiHi ¢QyHKUIi BHU3HAYaIOTh 3arajbHy pEaklil0o HEWpoHa Ha BXIJHI CHUTHATU 1
dbopmMyrOTh TIOBEAIHKY HeWpoHa miag dac 30ymkeHHs. Hapa3i B HEHUpOHHUX CHCTeMax
BUKOPHUCTOBYETHCS JIOBOJI BEJIMKAa KUIBKICTh aKTUBAIIMHMX (YHKIIIH, KOXKHA 13 SKHX Ma€ CBOI
nepeBaru Ta Hemodiku. Ha momepemHiil JIeKIii MU JOKJIQJHO PO3TIISIATN OCOOJMBOCTI PI3HUX
aKTUBAIMHUX (DYHKIII, TOMy BH 3Ha€Te, IO ICHYIOTh MOPOTOBI, JiHINHI Ta CHUrMOigHI (QYHKIII,
nepeBaru Ta HEJOMIKH SIKMX B3a€MHO KOMIICHCYIOTH OJMH OJHOTO. A Iie O3HA4Yae€, M0 IS OJHUX
3aCTOCYHKIB Kpalle BUKOPUCTOBYBATH JiHIMHI (yHKIil, A7 1HIIMX — CUTMOIAHI, a IESIKHX
BHIIA/IKaX, MOXJIMBO, HaBiTh NIEPIOINYHI.

PyHKUiT aKTUBALLIT HEMPOHA

Mu Takox BK€ 3HAEMO, 110 caM 10 COO0l MITyYHUH HEUPOH Ma€ HEBEIHMKY KOPHCTh. [IpoTe,
AKIIO 00’€HATH HEUpPOHH y HEHPOHHY MEpexXy, TOAI KOPHUCTh BiJl HUX 3pPOCTE HACTUIbKH, IO
MO>KHAa TOBOPHUTH BXKE HE TUIBKH, IPO MOXKIIUBICTD pealtizallii SKUXOCh IHTEISKTYaIbHUX (QYHKIIN —
GyHKIIN K1 HE MOXKHA peaji3yBaTH 3a JOMOMOTOI0 JETePMIHOBAHUX aNTOPUTMIB — a HaBITh MPO
MOJKJIMBICTh TOSIBU IITYYHO!I CBIIOMOCTiI — BJIAQCTHBOCTI, MPUTaMaHHOI, HACKUIBKM BiJOMO, JIUIIE
JOJISIM, 1110 MAaIOTh PO3YM.

Bu Bxke 3HaeTe, M0 HEHPOHU MiXK COOOI0 MOXKYTH 3’ €HYBATHUCS SIKUM 3aBTOJHO CIIOCOOOM,
0 YTBOPIOE HECKIHUEHHY KUIbKICTh BapiaHTIB MOOYIOBM HEHPOHHUX Mepex. Ta, OCKUIbKU
moanHa (HI3MYHO HECTIPOMOJKHA TIPOAaHaIi3yBaTH HECKIHUEHHY KiJIbKICTh BapiaHTiB, TO i ToBemoCs
HMTYYHO ce6e OOMEKUTH 1 3MEHILIUTH IX KUIBKICTh 10 MeBHOTO uncia. OTke 3apa3 TUIOBI HEMPOHHI
MepexXi CKIIaaroThes 13 HEWPOHIB, MO MOAUIIOTHCS Ha mapu. Y TUIOBIH HEHPOHHIA Mepexi, sK
MIPAaBUJIO, ICHYE OJMH BXIIHUH I1ap, HEUPOHU SIKOTO IMiJKIFOYAIOTHCS /10 JKEepell BXIJHUX CUTHAJIIB,
OJIMH BUXITHHUU IIap, HEHPOHU SIKOTO IMiJKITIOYAIOTHCS J0 MOJANBIINX BUKOHABYMX EJIEMEHTIB, Ta
NeBHA KIJIbKICTh MPUXOBAaHMX IIapiB, HEHPOHM SKUX HE MAalOTh 3’€lHaHb 13 OyAb-IKHUMHU
€JIEMEHTaMH 11033 MEKaMH CUCTEMHU.

BapiaHTK nobyaoBmn HEMPOHHUX Mepex

Bxiguwi wap Mpuxoeakmit Mpuxosamuin Buxiguni wap
wap Net wap Ns2

Bxianui BuxigHuh Bxin 1
wap wap

Bxig 2

@ Woint Bxia 3 ~—
S axins I 5 Bimia 1

Buxia 2

Bxig 1 .—Q - @ WMo ::: : Buxia 3
8xia 2 IO @ Wonins 4 Buxia 4
8xia 3 B—C) @ Wevias 00 ... iodn
8xin 4 B @ MWewins i

Buxin 7

Bxin 5 B—COS @ WMot BxiaN-5 Buxin 8
@ Wenins ::: : ; B 9
H Buxia 9 ein-2 [l—C Buxia 10
sxan-1 [l—C
sxan [l (@) Heitpon

@&
~ amiwienna

Takox y cucteMi MOKYTh OyTH NMPUCYTHI CIeliaibHl HEUPOHU 3MIIIEHHS — 1€ OKPEMUHN THI
HEHpOHIB, SIKI HE MalOTh BXOJIB, a MAalOTh TUIBKM OJWH BUXIJl, IPUYOMY Ha BUXOl IITYYHOT'O
HEWpOHA CUTHAJI 3aBXKIU JOPIBHIOE OJWHHMIN. Y TIOMEpPeIHIA JIeKIil MU BXKE PO3IIISTHYIH, MO0
HEHpOHM 3MiIlIEHHS € HEOOOB SI3KOBUMH, 1 (PI3MYHO 200 MPOTrpPaMHO BOHHU HE PEai3yloThbCs — 1€
nuie a0CcTpakilisi, HeoOX1aHa Il ypaxXyBaHHS MOJKJIMBOCTI 3MIMIEHHS 3BaXCHOI CyMH BXITHUX
CUTHAQJIIB HEWpOHA B aKTUBHY OOJIAaCTh aKTUBAILiiHOT (yHKIii, TOOTO B 00JacTh MaKCHUMaJlbHOT
YyTIUBOCTI 0 HEOOX1THOT KOMOIHAIII] BX1THUX CUTHAIIB.
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HelnpoH 3MmilleHHA

Barosuit e S
cymatop AxTuBaUifHUiA |

______ 1 enemeHT X1

X1

<
Bxoawn

Bxoavn

H B Buxia X2

x2 I S=x1wi+ xzw
| w2 !

______ | 3miwyBansHni AOAAHOK

s = x1w1 + xaw2 +fi-wa]

Hempox | w3 3 3miwysanbHuit A0AAHOK
IMILEHHR @~

[s@eows)<0] v |B(asows)=o|yI v
— B s i s

OT:xe, BU BKe JI0BOJII 0arato 3HaeTe npo HelpoHH1 Mepeski. Hactas uac po3iOpatucs i3 TUM,
SK 3’ €JHYIOTbCS HEUPOHHU Mik c00010, TOOTO KM YHHOM MOYXHA YTBOPHTH HEHPOHHY MEpEexy. A
TOYHIIIE, ChOTOJAHI MU MOYHEMO PO30MpATUCS 13 TUM, SIKI HEHPOHHI Mepeki Bxke OyJau CTBOPEHI
JIOABMH, 1 sIKi IX 0COOIMBOCTI ByKe OyNU BHUSIBIICHI i/l 4aC MPAKTUYHUX BUMIPOOYBaAHb.

f——
L s

Tunu HelipOHHUX Mepex

Hapasi po3pi3HstoTh 10BoJIi Oarato BapiaHTiB Kiacudikamii HeiipoHHnX Mepex. Hanpukmnarn,
ICHYIOTh TOMOT'€HH1 HEHPOHHI Mepexi — Mepexi, y IKUX BCl HEHPOHU MatOTh OJIHAKOB1 aKTUBALIINHI
¢byHKii, 1 TeTeporeHHi — y Akux (QyHKI1 akTUBAIl HEHPOHIB Pi3HUX MIAPIB MOXKYTh BiIAPI3HATUCS
oJHa Bia ofHOI. TakoXk iCHYIOTh OJTHOLIAPOBI Ta OararomapoBi HEMPOHHI Mepexki, IPUYOMY Hapasi
HEMa€e OJTHAKOBOI JYMKH PO T€ SK MPABUIBHO MiJPaX0BYBATH KiJIBKICTh MIAPiB, y TOMY YHCII, YH €
BX1/IHUH II1ap NOBHOLIIHHUM IIapOM, YH L€ € JIUIIE YeProBOK a0CTPaKIi€r0, IPUUYUHOO MOSBU SKOT
€ 0OMEeKEHICTh TEOPETHYHOI Oa3u.

Ta skuo BM 3HaOMI 13 OCHOBaMHM HAayKOBUX JOCHIKEHb, TO 3HAETE, L0 Kiacuikarlis
TEXHIYHUX 3ac00iB HE € BaroMMM HAyKOBUM JIOCSTHEHHSM, OCKUIBKH caMm mporec Kiacuikamii
YOroch, 1II0 CTBOPEHO JIIOJIUHOI0, HE MICTUTh HOBUX 3HaHb, a BAplaHTIB IPYIyBaHHs MOXKE ICHYBaTH
HECKIHYEHHA BEJIMKa KUIbKICTh. TOMY JUIsl TIEPBUHHOTO O3HAWOMIICHHS 13 THIIAaMH HEWPOHHHX
MEpEeX y SIKOCTI OCHOBH Bi3bMeMO KiacuiKallito, ki BH 3apa3 0aunte Ha ekpaHi, xoua O gepes Te,
10 BOHA MEH1, 0COOHMCTO, MPOCTO MO00AETHCS.

Knacmndikauia HEMPOHHUX MepeXx

BignoBigHo mo miei kimacudikaiii, yci HEHpPOHHI Mepexi TOMUISIOTHCS Ha JIBl BEJHKI
KaTeropii: Mepexi i3 NpsAMUM MOIIUPEHHAM 1H(opMallii Ta Mepexi i3 3BopoTHUMH 3B’ sa3kamu. 11lo
e Take? JaBaiite po3ouparucs.
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VY Mepexax 13 IpsAMUM MOUIMPEHHIM iHpopMarii iHpopMalis nepesaeTses JIUIIe B OTHOMY
HampsIMKy BiJl BXOJIB HEHWpPOHHOI Mepexi no ii BuxomiB. lle mpaBmio cmnpaBenauBe s BCiX
esleMeHTiB Mepexi. OTxe, y Mepexax IpsMOro MOIUPEHHS YC1 BXOAU HEUPOHIB 3B’ A3yIOTHCS JIUIIIE
13 BUXOJIJaM{ HEHPOHIB MOMEPEIHIX IIapiB, HY a BXOJIM HEHPOHIB BX1IHOTO MIAPY 3B’ A3YIOTHCS JIUIIIC
13 JoKepenaMHu BXiIHUX CHUTHAJIB 1 HE MOXYTb MaTH OyAb-sIKOTO 3B’SI3Ky 13 OyJIb-SIKHM 1HIIUM
eneMeHTOM Mepexi. Lle mpaBuiio € ToJIOBHOIO 03HAKOI MEPEX MPSIMOTO TOIIMPEHHS i MOBHHHO
BUKOBYBATHUCh JUISI BCIX 11 €JIeMEHTIB 0e3 BUHSATKY.

Mepexi i3 npAaMMm nowmpeHHAm iHpopmauii

OpHowaposa
HEeNpPOHHa Mepexa

Hanpam nepepasaHHs

baraTtowaposa
HENpPOHHa Mepexa

Hanpsam nepepasaHHs

iHchopmauii iHcbopmaLlii
Bxig 1 Buxig 1 Bxig 1 Buxig 1
Bxig 2 Buxig 2 Bxig 2 Buxig 2
Bxig 3 Buxig 3 Bxig 3 Buxig 3

HaBiTh komu Mepeka Mae HETUNOBY KOHQIrypalliio, HampuKiIal, KOJIH JAesKi HeWpOoHU
3B’S3YIOTHCSI HE JIMIIE 13 HEHpOHAMHU IMOMEPEIHBOTO Iapy, a i 3 HEWPOHAMH 1HIINX MOMEPEIHIX
IIapiB, yce OAHO, SKIIO iH(OpMaIlist pO3MOBCIOKYETHCS TUTBKU B OHOMY HANPSIMKY — Y HAPSAMKY
BiJl BUXO/iB HEWPOHIB MOMEPEIHIX MapiB 10 BXO/iB HEUPOHIB, PO3TAIIOBAHMX Y HACTYIHHUX HIapax
— TO TaKa Mepeska KJIaCH(]IiKyeThCs K Mepeska MPsIMOTO MOLUTHPEHHS.

Meperka npAamoro nowmpeHHa vs. Mepexa i3
3BOPOTHMMM 3B’A3KaMm

Mepexa npsamoro Mepexa i3 3BOpOTHUM
NOLUMPEHHSA 3B'A3KOM
Buxig 1 Bxia 1 Buxia 1
Buxin 2 Bxig 2 Buxig 2
Buxig 3 Bxia 3 Buxia 3

Buxig 4 Buxin 4

Hanpsam nepepasanHa
iHchopmauii

3BOpOTHUIA
Hanpam nepepasaHHs 3B'A30K

iHthopmauii

A OT AKII0 B Mepexi € xoua O OJMH 3B’SI30K, KU mepenae 1HGOPMAIlI0 y 3BOPOTHOMY
HanpsMKy — BiJl BUXO[IB €JEMEHTIB, PO3TAllOBAaHUX Y BUXIJHUX IIapax, O BXOJIB HEHpOHIB,
PO3MIIIEHUX Yy IIapax 13 MEHIIMM MOPSJIKOBUM HOMEPOM — TO TaKy MEpeKy BxkKe HEO0OXI1THO
PO3IIISIIATH K MEPEXY 13 3BOPOTHUMHM 3B’ A3KaMH. | HEBaXIJIMBO CKUIBKHM LUX 3BOPOTHHX 3B SI3KiB
ICHY€ — OJIMH YU JIeKUJIbKa, 1 HEBKJIMBO CKUIBKH PIBHIB OXOIUTIOE 1€ 3BOPOTHUH 3B’SI30K — JIUIIIE
OJMH €MHUIA HEHPOH, YW JEKUJbKa HEHpOHIB y pI3HUX MIapaXx — yce OJHO TaKa CHUCTEMa €
CHUCTEMOIO 13 3BOPOTHHMHM 3B’SI3KaMM, SKY HEOOX1HO pO3IJIAJAaTH BXKE TPILIKH 10 1HIIUM
MpaBUJIaM, HIK MEPEXy 13 MpsIMUM MouupeHHs iHpopmarii. OTxe BU BXKe, HAlleBHO, 3pO3yMiJH,
10 HasIBHICTh 3BOPOTHMX 3B’SI3KIB 3HAUHO 3MIHIOE MOBEIIHKY HEHPOHHOT MEPEXi, HACTUILKH — IO
BOHHM MEPEXOAATH 70 a0COTOTHOIO 1HIIOTO KIacy HEHPOHHUX MEPEX.
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Ilepcentponu Po3endiata

[lepcenTpoHnaMu Ha3UBaIOTh HEHPOHHI MEPEXi MPSIMOTO MOIMIMPEHHS, 1110 MAIOTh OAMH a00
Kiibka mapiB. CaMO CIIOBO «IEPCENTPOH» MOXOAUTHh Bl JAaTHMHCHKOIO CJIOBa «perception, 110
O3HaYa€ «CIPUHHATTSY. [10-yKpaiHChKHU CIIOBO «IIEPCENTPOHY 3BYyUANIO OU AK «CIPUIHMAIBHUK» 200
«B1A4YyBaluK». Ase ¢axisiii, 110 MPAIIOIOTh B Tally3i HEUPOHHUX MEPEXk, YOMYCh HE CTaJId HOTO
MEePEeKIaaTH 1 TPOCTO BUKOPUCTAIHA TPAHCKPHIIIIIIO IIHOTO CIIOBA. 3BEPHITH yBary, 1o iCHYIOTh JBa
BapiaHTH TPAHCKPHUIILIL: «[I€PCENTPOH», Ky MU BUKOPHUCTOBYBaJIMU 1 OyleMO BHKOPHUCTOBYBATU
Hajami, 1 «iepuentpoH». Pi3HMII MK LMMH JBOMa CJIOBAa HEMa€ HIisKOi — Hapa3i HE iCHYe
yCTaJIeHO1 TepMiHOJIOT1i, 3adikcoBanoi y JepxkaBHux cranmaptax Ykpainu (JICTY), Tomy Ko Bu
Jiech T00AYUTE CIOBO «IEPLENTPOH», TO 3HANTE, 110 LIE T€ K caMe, L0 1 «IIEPCEHTPOH.

Sk BUIHO 13 TOXO/KEHHS I[bOTO TEPMIHY — CJIOBO <«IIEPCENTPOH» O3HAYAE «IIOCh
cnpuiimatn» ab0 HaBiTh «BIAYYBAaTH» TaK camo sK 1 wuBi ictoTH. ToOTO, TeXHIUHMI mpuian,
OCHAIIICHWH TMEepPCENTPOHOM, 3JaTHUH CHOpHHUMaTH IIHCHICTh, NMPUOJM3HO TakK, sAK ii CHpUiiMae
JOACHKHIA MO30K. Lle myke cMinuBe TBEpIKEHHS, ajie He 3a0yBaeMo, 110 HOT0 3alpONOHYBAJH 111e
B 1957 porii, Koau 10CBiAy PO poOOTY HEUPOHHUX MEPEXK 1€ HE ICHYBAJIO.

MepcenTHoH (naT. Perceptio — cnpuitHaTTa) —
i e MaTemaTuyHa abo Komn'toTepHa Moaenb
Baz Biod2 cnpuitHaTTa iHdopMmaLii Mo3Kom
Bxin 3 Buxig 3
* KibepHeTu4yHa moaenb MO3Ky
i skt * 3anponoHosaHa ®peHKom PoszeHbnaTom B
Bxia 2 Buin 2 1957 poui
Bxi 3 Bmia 3 * lepla HellpoHHa MeperKa, peanisoBaHa Ha
npakTmuj
* HelipoHHa MepeKa i3 MPAMUM NOLIMPEHHAM

Bxia 1 .\v,“?‘\v,‘?‘\v, B 1 iHbopmaLii
Bxia2 Qi:i iw:i swa2 o OCHOBHa 3ajaya — NiHiliHe po3aineHHa
Bria s B-OE—BOEBOE Baxia 3 [LOBINbHUX HENIHIMHUX MHOMMH

@opMaIbHO TMEPCENTPOH € JIHMIIEe MAaTEeMAaTUYHOK a00 KOMITIOTEPHOI MOJEIUI. 3
MaTeMaTUYHOI TOYKHM 30pY HEpCENTpPOH MpHU3HAYEHMH Ui JIHIMHOTO PpO3AUICHHS OBUIBHUX
HENIHIHHUX MHOXHH, IO B TEpPeKiaji Ha MPOCTy MOBY O3HAYae, IO MEPCEeNTPOH 3IaTHHUN
i1eHTUdiKyBaTH EeBHY KOMOIHAIIIO CUTHAJIIB Ha HOro BXOJax.

[lepmnii nepcentpoH, a GakTUYHO — MEPIINA HEHpOKOMIT 10Tep, Oyio cTBopeHo dpeHkom
Pozen6marom y 1960 porti. AmapaTHOIO OCHOBOIO IIi€l CHCTEMH CTaB MEpIINA aMepUKaHCHKUH
MOBHOLIIHHUN KoMt toTep «Automatic Sequence Controlled Calculator», cTBopeHuii rappapAcbKuM
matemaTtukoM ['oBapnom ElikeHom Ta uotupma iHxeHepamu kommanii IBM wHa ocHoBi imeit
anrminsg Yapasza be66imka. s oOuucnroBanbHa mammHa Mana npubdauzHo 765 000 geranei,
OUTBIIY YAaCTHHY 3 SIKUX CKJIAZalii €JEeKTPOMEXaHI4yHl peie Ta MepeMuKadi, Jocsrajia y JOBKHHY
Maiike 17 M, y BUCOTY — TOHaJ 2,5 M 1 Bakuuia npuOiau3Ho 4,5 ToH. [l 3’ eTHaHHS yCiX €IEMEHTIB
1i€1 00UNCITIOBAIbHOI MAIIMHU Oyli0 BUTpaueHo Maibke 800 kM 3’eTHyBaIbHOIO npoBoy. OCHOBHI
00YMCITIOBAJIbBHI MOJYJIl CMHXPOHI3YBAaJIUCS MEXaHIYHO 3a JOMOMOroro 15-mMeTpoBoro Bania, IO
o0epTaBcsl eEeKTPUYHUM JIBUTYHOM, MOTYXHICTIO 4 KBT.

Automatic Sequence Controlled Calculator
(Mark ) (1941 p.)

JKEM=1BM AUTOMAT!IC

i — > cia

iy N . - ._“

765 000 petaneu, aoB¥xuHa — 17 m, BUcoTa — noHag 2,5 m,
Bara — 4,5 TOH, A0BXXUHa 3’eAHYyBaNbHUX npoBoais — 800 Km
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Jiss cTBOpeHHsI MEepCcenTpoHa Leld KOMI'IOTep MiAKIIOUWIN 10 YOTUPHOXCOT CYIb(ia-
KaaMi€BUX (DOTOCIIEMEHTIB, SIKi YTBOPHIN CBITJIOUYTIHWBY MATPHUINIO 13 PO3AUTHHOIO 3AaTHICTIO 20
Ha 20 enemeHTIB. 3B’A3KM BCepeAMHI HEHPOHHOI MEpeKi HANAIITOBYBAJIKMCH 3a JOMOMOTOIO IMaTd-
MaHesi, a cuia 3B’S3KIB — 3a JIONOMOTOI0 CHEIliadbHUX MOTeHIlioMeTpiB. He 3Bakaroum Ha CBOIO
MIPOCTOTY, TaKa CHCTEMa MOTJIa PO3Ii3HABATH JESKI JITEPH, SIKI MTHOCHIN J0 «OKa» KOMII I0Tepa
Ha CIeliaJIbHUX KapTKax.

®peHk Po3eHbnaT 3 nepwnm HeMpokomn'toTepom
«Mapk-» (1960 p.)

perceptronf [

BigmoBigHo 1m0 opuriHanbHHX poOiT Po3enOnara, eneMeHTapHUN MEPCENTPOH MOBUHEH
CKJIQJIaTUCS 13 €JIEMEHTIB TPbhOX THUIIB: S-€IEMEHTIB, Y AKOCTI SIKHUX BHUCTYMAlOTh AaT4YUKU abo
CeHCOpH, A-eleMeHTIB ab0 acoliaTUBHUX EJEMEHTIB, sIKi 30yIKYIOThCS TPH BHUSBJICHI NEBHHUX
KOMOiHAaIliil BXiIHUX CHTHANIB, Ta OAHOTO eJleMeHTa R-ememMeHTa — BHUXIJHOTO BHPIIIYBaJbHOTO
eJIEMEHTA, KWW MpUiiMae OCTaTouHe pileHHs 1o ineHTudikamii koMOiHamii BXiTHUX curHamiB. Sk
Oauute, opuriHanbHa kiacudikamis Po3enOnara nemo BiApi3HSAETbCS BiA cydacHOi kiacugikarii
HEHPOHHUX MEpEeX, 10 BHOCHTH NEBHY IUTyTaHWHY y TEXHIYHIH JiTepaTypi. KpiMm Toro, mpuHImmn
poboTu nepcentpona Po3enbiiata Takox ENo BiAPI3HIABCS BiJl MPUHIUITB POOOTH THX HEHPOHHUX
MEpEeXK, 10 MU BXKe po3rysinand. Tomy gaBaiiTe OUIBII IETATBHO 13 UM po30epeMocs.

EnemeHTapHMI nepcentpoH Po3eHbnaTa

S-enemeHTU (Sensors) — wap
ceHcopiB abo peuenTopis

S-enementn A-enementi Re-enement

A-enemeHTtu (Associative
Elements) — wap acouiaTuBHuUx

R, enemeHTig, AKi 36yp,>KleT.bC$|' Npn
B BUAB/IEHHI NEBHUX «acouiaLinm

curHan

R-enemeHT (Reacting elements)
— e/leMeHT, Lo NpuiMae
pilleHHA (pearye)

[Tounemo 13 BXigHoro mapy. Y mnepcentpoHi PozeHOnara BXigHui Imap, a TOuHilIe —
€KBIBaJCHT BXIJHOTO IIapy, YTBOPIOETHCS S-eIeMEHTaMH. Y JaHOMY BHIIAJKy S-elIEMEHTH €
GI3MYHMMHU 1aTYMKaMU, perentopamMu abo CEHCOopaMHM, IO MOXXYTh 3HaXOoJQuTHcs abo y cTaHi
CIOKOI0, abo y 30yMkKeHOMy cTaHl. Y peanbpHId CcHCTeMI BOHHM BIANOBIAAIOTh, HAINPHUKIA,
CBITJIOUYTJIMBHUM KJIITHHAM CITKIBKH OKa abo (oTopesucropam marpuii kamepu. Koxen S-enemeHT
MOXe TiepeOyBaTH B OAHOMY 3 JBOX CTaHIB — CIOKOK a00 30yMKeHHsS. Y TepIIOMY BUTAJIKY
BUXIJHHIA CUTHAII S-eJIeMEHTa JAOPIBHIOE HYIIO, Y ApYroMy — oauHuIi. OTXe BUXIJHI CUTHAIH S-
€JIEMEHTIB IO CBOil MPHUPO/Il MOBUHHI OYTH TUCKPETHUMH.
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MepcenTpoH Po3eHbnata vs. CyyacHa
HEMPOHHA Mepexa

[ S-enemeHT PoseHbnara ]

S-enemenT

D>

Nigcwniosay

MopisHanbHWA
enemenHt

OnopHa

Buxia
(0abo 1)

[ EkBiBaneHTHU BXiAHWIA HEVPOH ]

®

Heitpow

IMILYEHHA

Barosui

AKTMBAUIAHWA
enement

SY

Buxia
(0abo 1)

Hanpyra

W1 - koedilieHT NniacuneHHa BXiAHOro curHany
W2 - nopir akTusauii BXiQHOro HenpoHa

S=W1xX+W2

VY cydyacHHX cHcTeMax KOHKpeTHY (pi3muHy peasnizaiilo JaTYMKIB BXIJHUX CHTHAIIB, L0
00pOOIIOIOTECSI HEHPOHHUMHU MepeXkaMH, 3a3BUYaid, He BPaxoOBYIOTb. AHaji3 poOOTH HEHPOHHUX
MEpEK MOYMHAIOTH 13 BXIJIHMX HEWPOHIB, a TOYHINIE 13 HEHpPOHIB, HA SKi MOMAOTHCS IOBIIBHI
BXimHI curHamu. OTe CydYacHHMMH €KBIBaJCHTaAaMHU S-e€JIeMEHTIB mepcenTpoHiB PosenOnarta €
OJTHOBXOJIOBI HEHPOHHU, 13 TOPOTOBOIO (PYHKIII€I0 aKTUBAIlIl — caMe BOHM 3a0e3Iedarb AUCKPETHUI
BXIHUNA CUTHAI.

3BepHITH yBary Ha OCOOJMBOCTI BaroBuUX Koe(iIi€eHTIB Takoro HeWpoHa. Barosuii
koe¢inienT W1 Bu3Hauae koedilieHT MifCHIECHHS a00 mociabieHHs BXigHOro curHairy X. Skimo
aOCONIOTHE 3HAYCHHS LBOTO KoeQilieHTy Oulble 3a OAMHUINO, TO BXIJHHHA CHUTHAN Oyze
HiJCUIIOBATHCSA, a SIKIIO MEHIIUN — TO, BIANOBIAHO, ocialmoBarucsa. Kpim Toro, sKIo 3HaYeHHs
poro Koegimienty Oyne HeraTHBHHM, TO BXIJIHHUN CHTHaJ OyAe iHBEPTYBATHCS, IO JO3BOJIUTH
CUCTEeMi MpaIOBaTH, y TOMY YHWCHIi, 1 3 YHINOJSIPHUMHU BXIJHHUMH CHUTHaJIaMU. A OT BaroBUil
koedimienT W2 ¢dakTuduHO BH3HAUYAE TOPIr aKTUBAIIl HEHpOHA, TOOTO NpPHU SKOMY PiBHI BXiIHOTO
CUTHaJly BiH mepeije y 30ymkeHuil ctaH. OTxe, SIKIIO JOKJIAJHO MPOaHATII3yBaTH MOKIMBOCTI
3alpOMOHOBAHOTO BXIJHOTO HEHpPOHA, TO BUSBUTHCS, IO BiH MOXKE IpAlIOBaTH 13 JIOOMMH
CUTHaJaMH, TOOTO CUTHAJIaMU, 1110 MOXYTh MaTH Oy/Ab-SKY MOJIAPHICTh, Ta OYIb-sIKUN PIBEHb.

Barosi koedimieHTH HEHpPOHIB, IO € EKBIBAJICHTAMU S-€JIEMEHTIB IIEPCENTPOHIB
Po3enbnara, moBuHHI OyTH (PiKCOBaHUMM 1 He 3MIHIOBaTHCA y TNpolleci HAaBYaHHS HEHpOHHOT
Mepexi. Sl BBaxaro, 110 1€ € IUJIKOM 3pO3YMUIMM, OCKUIBKM BOHM 3ajJeXaTh BiJl XapaKTEPUCTHUK
MEPBUHHUX CUTHAJIB 1 1X 3MiHA y IPOLEC] HABYAHHS MOXKE IMPU3BECTH J0 TOT0, CUCTEMa MOBHICTIO
nepecTaHe NparoBaTH.

AcormiatuBHi eneMeHTH, abo «A-ememMeHTW», mepcenTpoHa PoseHOnara MarTh KUTbKa
BXO/IiB, SIK1 MiIKJIFOYAIOTHCS A0 S-eIeMEeHTiB. BimoBiAHO 10 OPUTIHAIEHOTO 33yMy aBTOpa, KOXKEH
acoLIaTUBHUN €JI€MEHT MOBHUHEH 30y/KyBaTHCs MPHU MOSBI MMEBHOT KOMOIHAIIl BX1IHUX CHUTHANIB,
TOOTO MpH MOsIBi MeBHOro obpaza. Hanpuknan, y cucremi, mpu3HayeHi A po3ni3HaBaHHS Ludp,
MOXXYTh OYTH acOIliaTUBHI €JIE€MEHTH, fKI 30YIKYIOThCS IpPHU MOSBI KOMOIHAII CUTHANIB, SKI
BUHUKAIOTh NpU TOsABI 300pakeHb MNeBHUX Ludp, Hanpukian, «4» abo «I». Ilpore ne He
000B’SI3KOBO — Y CHCTEMI IIUIKOM MOKYTh ICHYBaTH acOLIaTUBHI €JIEMEHTH, K1 30yIKYIOThCS IIPU
MOSIBl HaBITh OKPEMMX €JIEMEHTIB JIiTep, 4d LHU(p, HAOPUKIAM, JiHIH, KiJI, NPIMOKYTHHUKIB, AYT,
TPUKYTHUKIB, PO3TALIOBAHMUX SK y MEBHUX YAaCTHHAX CBITJIOWYTJIMBOI MaTpHIll, Tak 1 Ha BCIH ii
TUTOIIUHI.

KoxeH acoliaTuBHUN €IEMEHT Ma€ BaroBUl cyMaToOp Ta MOPOrOBHU eleMeHT. ACOLIaTUBHI
€JIEMEHTH HE MaloTh (PIKCOBAHOI KUIBKOCTI BXOJIB, OT)KE€ KOXEH acOI[laTUBHUN €JIEMEHT MOXKe
3’€IHYBATHCS JIMIIE i3 TEBHOIO KUTBKICTIO BXITHHUX S-eJeMeHTiB. BpaxoByrouw, 1o y mepuiomy
KOMIT'10Tepi 3B’A3KH MK HeHpoHamMH Oynu (i3MYHMMHU 1 BUKOHYBAJIHCh 30 JIOIIOMOTOI0 MPOBO/IIB,
TO TaKe PIlICHHS BHUIIISAE IIJIKOM 3PO3YMIUTNM, OCKUTBKH ISl 3’ €JHaHHS A-eJleMeHTa 31 Bcima S-
eleMeHTaMu, HeoOXxigHo Oyno miakmountu 400 mpoBoaiB. ToMmy LIJIKOM HPUPOAHO, IO JESKi
acolLllaTUBHI €JEeMEHTH MOXYTh HE MaTH 3B 3Ky 13 BXIIHUMU €JI€MEHTaMH, HalpuKIIa,
eJIEMEHTaMH, PO3TAILIOBAHUMH Y 30Hi, sIka HE BUKOPUCTOBYETHCS Y JaH1 acoriaiii.
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MepcenTpoH Po3eHbnaTa vs. CyyacHa
HEMPOHHA MepeXKa

[ A-enemeHT PoseHbnara ] [ Cy4yacHuii ekBiBaneHTHUIA HENpPOH J

Buxin
ra (0360 1)

£y
o

RO S-enemexTie
R

RO S-enemenTis

s b

Hedipor
IMilenHn

B mepcentponax PosenOnata CTymiHb 3B’A3Ky MIDK acOLIaTHBHUMH Ta BXIJHUMH
eleMeHTaMu € (PIKCOBaHOIO 1 HE MOXKE 3MIHIOBAaTHCA B IPOLEC] HABYaHHS HEHPOHHOI MEpexi.
Barosi koedimientu ycix A-eneMeHTIB € (piKCOBaHUMHU 1 MOXKYTh MpUAMaTH 3HaueHHs juiie —1, 0
abo 1. Sxmo BaroBmii KOCQIIiEHT IMEBHOTO BXOJY aCOI[IaTUBHOTO €JIEMEHTa Ma€ 3HAYCHHS, IO
nopiBHIOE 1, To 3acBiueHHs (OTOENEMEHTa, 3B’S3aHOT0 13 MM BXOJIOM, J0IOMarae 30yIKyBaTu
el eeMeHT, Ko —1 — To mepemkomKae 30y KEHHIO, TOOTO TaIbMye€, HY a SKIIO el KoedilieHT
JIOPIBHIOE HYIIO, TO 1€l BXiJ HISIK HE BIUIMBa€ Ha CTaH Iboro A-enemeHnTta. [lopir 30ymxenHs O
aCOIIIaTUBHOTO €JIEMEHTA I I0UPAETHCS SKCIIEPUMEHTAIBHO y MTPOLIeCi HAaBYAHHS CHCTEMHU.

OTxe, KOXKEH acolliaTUBHUI elleMeHT mepcentpoHa Po3enOiata mae MeBHY KUIbKICTb
BXOJIiB, (hiKCOBaHI BaroBi KOE(IIIEHTH 1 MOPOTOBY aKTUBAILIMHY (QYHKIIIO i3 3MIHHUM HOPOTOM
30ymxeHHs. B opurinanbHiil Bepcii cucteMu, A-eleMeHT MepexoAuTh y 30ymKeHUuN cTaH, SKIIO0
KUTBKICTh 3aCBIYCHHUX BXIIHUX (POTOEIEMEHTIB, 5IKi 30YIKYIOTh 1€l HEHPOH, EePEBUIIYE KiTBKICTh
€JIEMEHTIB, SKI HOro raabMyloTh. ChOrOJHI acolliaTUBHI €JIeMEeHTH mepcentpoHa PoszeHbnata
MOKHA 3aMIHUTH THIIOBUMHU INTYYHUMH HEHpOHAMH, IO TaKOXX MArOTh IOPOTOBY (YHKIIIIO
akTtuBalii 1 QikcoBaHi BaroBi koedimieHTH. €AMHOIO BIAMIHHICTIO CYYacHOi peami3aiii
acoOLIIaTUBHUX €JIEMEHTIB € HasBHICTb HEWPOHA 3MIILIEHHS, SKUH 103BOJISIE 3MIHUTH MOPIT aKTUBALI]
HUIXOM MiI00PY BiAMOBIAHOTO JOJATKOBOI'O BAroBOro KOe(ilieHTy.

MepcenTpoH Po3eHbnaTta vs. CyyacHa
HEMPOHHA MepexKa

[ R-enemeHT Po3seHbnarta ] [ Cy4acHuii eKBiBaneHTHUIA HENPOH ]

Buxig

Buxin (0 abo 1)

(0 a6o 1)

RO A-enemexTie
R

A0 A-enemexTis

w, - mcGe 3Ha-

uennu @

Heipox HYEHHA
IMiLEeHHS

W moSe 3Ha-

B enemenTapHOoMy mepcenTpoHi, mo OyB 3ampornoHoBaHHi Po3eHOmMaToMm, enemMeHT, o
npuiiMae pimeHHs, abo R-enemenT, iuiie oauH. 3a CBOEI CTPYKTYPOIO BiH HIYMM HE BIPI3HAECTHCS
BiJl aCOIIIATUBHUX E€JIEMEHTIB. CIMHOIO BIIMIHHICTIO BUPIIIYBAILHOTO €JIEMEHTa BiJl aCOILIaTUBHOTO
€ Te, II0 BaroBi KOEQIIIEHTH BUPILIYBAILHOTO €JI€MEHTa He € (PIKCOBAaHMMH 1 MOXKYTb NpUMMaTH
OyIb-sike 3HaYeHHS. BUXiIHUN CUTHANI BUPINTYBaJIbHOTO €IEMEHTa, TaK CaMo SIK 1 aCOIIaTUBHOTO, €
JTUCKPETHUM 1 Moke mpuiiMatu 3HadeHHs 0 abo 1. Hy i1 3po3ymiyio, 1o 4epe3 HasBHICTb JIMILE

59



OJTHOTO BHPIIIYBAJILHOTO €JEMEHTa E€JIEMEHTAPHHUN TMEpPCENTPOH CIPOMOXKHUN PO3PI3HUTH JIUIIIE
OJIHY KOMOIHAIIIF0 BX1JHUX CUTHAIIB.

OTtxe xiacuuHuil nepcenTpoH Po3enbiaTa € HEHPOHHOIO MEPEXKEr0, 1110 MA€ OJUH BX1IHUI
11ap, OAMH NPUXOBAHUH I1ap, Ta OJUH BUXITHUN map. EnemMeHTapHuil nepcenTpoH Mae JIuIle OJuH
BUDIIIYBAJHHUMA €JEMEHT 1 MOXE pO3Mi3HATH JIMIIe OJHY KOMOIHAII0 BXiJHHUX CHTHAIB.
3po3yMiJIo, 1110 KOPHUCTI Bl HEHPOHHOT MEpEXi, 110 Ma€ JIUIIEC OJIMH €IUHUN BUX1J, HeOarato, ToMy
KUTBKICTh BUPIIIYBaJbHUX €JEMEHTIB y BUXIJIHOMY mIapi, 3a3BHuaii, 301Ib1IyI0Th. | TYT BUHUKaE
TeBHA 0COOJIMBICTh, HA SIKY HEOOX1HO 3BEPHYTH yBary.

KnacuyHi nepcentpoHu

EnemeHTapHui nepcenTpoH [MepcenTpoH 3 KinbkomMa BUXOZ4aMu

Bxig 1 Buxig 1
Buxig Bxia 2 Buxig 2
Bxig 3 Buxig 3
BxigHuin MpuxoBaxuin BuxigHui BxigHui MpuxoBaxuin BuxigHui
wap wap wap wap wap wap
(S-enemeHTH) (A-enemeHTtn) (R-enemenT) (S-enemeHTU) (A-enemenTtun) (R-enemeHTwn)

EnemenTapumii nepcentpoH, TOOTO MiHIMajdbHa KOMIipKa, SKa MOXKE NMPHHHATH PIillICHHS,
Mae JINIIE OJUH BUPINIYBAIBHHUHA €IIEMEHT, SKUil 000B’SI3KOBO 3B’S3aHUU 13 yCiMa acolliaTHBHUMU
eneMmenTamu. Lle 3po3ymino, 60 iHakKiIe HABIIIO HaM y €IeMEHTapHOMY IEePCEeNTPOHI acoIliaTUBHI
€JIEMEHTH, 1110 TeHEPYIOTh acolliallii, ki He OepyThCs 10 YBaru MpH MPUUHATTI pillIeHHS. AJie SKIIO
MU OyaemMo 301IbIIYBaTH KUIBKICTh BUXO/IB, TO II€ MPABUIIO MOKE OYTH MOPYIIEHUM, OCKUIBKH Y
OaraToKkaHaJILHOMY TEPCENTPOHI BHPINIYBAJIbHI €EMEHTH MOXYTh HE MAaTH 3B’SA3KY 13 JESIKUMH
acoriaTUBHUMU elieMeHTamu. YoMy Tak? JlaBaiiTe po3TIsTHEMO MPUKIIA].

[NepcenTpoH i3 KiIbKOMa BUXO4AaMU

Bxig, 1 Buxig 1
Bxig 2 Buxig 2
Bxig 3 Buxig 3

BupilwyBanbHi enemeHTU NnepcenTpoHa i3 KinbKkoma BuMxogamum
MOXYTb HEe MaTu 3B’A3KiB i3 ycima acouiaTUBHUMKU eleMeHTaMMU

Hexaii y Hac € GaraTokaHaldbHUN MEPCENTPOH, MPU3HAUCHUH IS po3mi3HaBaHHA nudp. Bin
(baKTUYHO CKJIAA€EThCS 13 TEBHOI KITBKOCTI €JIeMEHTapHHX IMEPCENTPOHIB, IO MPAIIOIOTh
HE3aJIeXKHO OJIUH Bia oaHOro. [IpoTe MOoXke BUHUKHYTH Taka CUTYallis, KOJIM B aCOLIaTUBHOMY HIapi
MIEBHI €JIEMEHTH MPH MOsBI Pi3HUX HUPp OyayTh 30yaKyBaTHCs abCOIOTHO oiHakoBo. Hampukian,
npu mosiBi upp «5» Ta «b», AKl Ay)Ke CXO0XKi, MOXKYTh BUHUKATH /€Kl aOCOJIIOTHO OJHAKOBI
acorriarii, OB’ si3aHi 13 3aCBIYEHHSM a0COJIIOTHO OJHAKOBUX MIJITHOK CBITIOWYT/IMBOI Matpwuii. Lle
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O3Hayae, [0 MNpH OO0’€JHAHI JBOX EJNEMEHTAPHUX NEpPCENTPOHIB KUIBKICTh €JNEMEHTIB Y
MPOMIKHOMY acOI[iaTUBHOMY IIIapi MO>KHA 3MEHIITUTH.

[lepcenTpoH i3 KibKOMa BUXOAaMU

Biin 1 ._O Bxia 1 Bxia 2 Bxig 3

Bxia 2 O

Bxig 3 .—O * 4
NN NN

OpHakosi
acouiauir

Buxig 1 Buxig 2 Buxia 1 Buxia 2

OTxe BM BXe, HANEBHO, 3po3yMminu, IO 3 dYaciB Po3eHOnara TiymMadyeHHS TEpMiHY
«IIEPCEenTPOH» TPINIKKM 3MIHWIOCS, 1 3apa3 Juid TOro, 000 HEWPOHHY MeEpexy Ha3Balll
MePCEeNTPOHOM, HEOOX1THO BUKOHAHHS TIEBHUX YMOB, X04a >KOJIHA 3 HUX HE € 000B’A3KOBOIO.

[Mo-mepmre, mepcentponn  Po3eHOmata  BiMHOCATBCS O  MEPEXK 13 TIPSIMHM
PO3MOBCIOKEHHSAM 1H(OopMallii, TOOTO HISIKUX 3BOPOTHHX 3B’SA3KIB Y 11l Mepexki He OBUHHO OYTH.
AJe 1ie TIIBKH TEOPETHYHO. 3a BeCh 4ac iCHyBaHHS HEHPOHHHX Mepex Oyiu crpoOu modynyBaru
MePCeNnTPOHH 1 iHIoro tuny. OTke He AUBYWTECh, SKIIO B 3HAiieTe JAech OMHUC MEepPCenTpoHa i3
nepexpecHuMH ado 3BOPOTHUMH 3B’si3kaMmu. Lle Takoxx Moxke OyTH, 60 aBTOpHU ITUX MEPEXK KOJIUCH
TaKOX Ha3UBAJIH X MEepCenTPOHAMHU.

Cy4yacHi o3HaKu nepcenTtpoHa Po3eHbnaTa

Bxopu ; :
*  Mepexa i3 npaMUM nowmnpeHHam iHpopmauii
*  BuxigHi curHanm ycix HempoHis € AgucKpeTHUMM (abo 0
abo 1)
* EnemeHTM BXigHOrO Wapy (S-enemeHTH) He NpUMMaloTb
y4acTi B po3ni3HaBaHHI cUrHany
* [lepefaya curHany mixx HelpoHamu BiLbyBaeTbcA
MUTTEBO, abo Ha NpoTasi PpikcoBaHOro iHTepBany Yacy
Buxogu

Jlpyroto o3Hakoro nepcentpoHa Po3zeHOnaTa € NUCKPETHHH XapakTep BUXIAHUX CHUTHAJIB
ycix HelpoHiB. ToOTO, yci BUXi/IHI CUTHAJIA €JIEMEHTIB BX1JIHOTO, aCOI[IaTUBHOTO Ta BUPIIIAIHHOTO
1I1apiB NOBMHHI IpuiiMaTu 3Ha4YeHHA TiAbkH 0 ab6o 1. ¥V OUIBIIOCTI CydacHHX MEPCENTpPOHIB Iie
MIpaBWJIO, 3a3BUYall, BAKOHYETHCS IIPOTE 1 BOHO BXKE CTAJIO0 HE 00OB’SI3KOBUM.

B nepcentponax PozenOnara BUKOPUCTOBYBaJIMCh Moporosi ¢yHkuii aktuBarii. I xou me
MPAaBHUJIO TAKOXK HE € JOTMOIO, SIKIIO € TaKa MOXKIUBICTh, TO HOTO HAMararoThCs TOTPUMYBATHCE.
Takox He € 0OOB’S3KOBMM BHUKOPHUCTaHHAM (DIKCOBAaHMX BaroBUX KOE(QIIIEHTIB B HEHpOHAxX
acouiaTuBHOro mapy. Haramyro, mo B mepumiux Bepcisix NEpCenTpOHIB BaroBl KOEPIIIEHTH B
€JIEMEHTaX acoLIaTUBHOIO INApy MOTJIM MpuiiMaTH jume 3HadeHHd —1, 0 a6o 1. B cydacHux
MEPCENTPOHAX 111 BaroBi KOEQIIIEHTH MOXKYTh IPUHMATH TEOPETUYHO OYy/Ib SIKE 3HAYCHHSI.
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CyuyacHi Bepcii nepcenTpoHa

Buxig
(0abo 1)

x
[

RO S-enemenTis

Henpon W, =-1,0a60 1

sukiionin [IE=—— et

BukopuctaHHAa noporosoi yHKLiT aKTuBaLii Ta piKCoBaHUX
BaroBux KoeoilieHTiB B HEMPOHAX acOLiaTUBHOTO LIApPY BXKe
He € 060B’A3KOBOIO YMOBOIO 418 BUSHAUYEHHA HEUPOHHOI
MepeXi AK nepcenTpoHa

VY SKOCTi 101aTKOBHX O3HAK MEPCENTPOHA MOXKHA 3a3HAYUTH, 110 €JIEMEHTH BXIJHOTO Iapy
HE TIOBMHHI MPUKWMATH y4acTl y pO3Mi3HAaBaHHI BX1JIHUX CHTHAJIB, a TAKOX TE, [0 CUTHAIM MIX
HEHpOHaMU TIOBMHHI TepelaBaTUCS MHTTEBO, ab0 Ha MpoTsA3i meBHoro (ikcoBaHoro yacy. Lli
O3HAKH € MPUHIIUIIOBUMH ISl HBUPOHHHUX MEPEX, 10 MAOTh (Pi3UUHY peatizallito, HalpuKiIa, s
HEHPOKOMIT IOTEepiB. A SKIIO HEMPOHHA Mepeka pealizyeThesi IPOrPaMHO, TO, HAIIPUKJIIAI, MUTTEBE
PO3IOBCIOPKEHHS CUTHAJIIB 3a0€3MeYyEThCsl Maii>ke aBTOMATUYHO.

CyyacHi 03Haku nepcentpoHa Po3eHbnaTa

Bxoau 2 :
* Mepesa i3 TPAMUM NOLUMPEHHAM iHPOpPMaLLii

*  BuxigHi curHanm ycix HempoHis € guckpetHumu (abo 0
abo 1)

* EnemeHTV BXigHOro wWwapy (S-efieMeHTM) He NpuiimatoTb
y4acTi B po3nisHaBaHHi curHany

* T[lepepava cUrHany Mik HelpoHamu BiabysaeTbca
MuUTTEBO, abo Ha NpoTaAsi ¢pikcoBaHOro iHTepBany Yacy
Buxoawn

OTxe, KO BpaxyBaTH YCl Cy4acHI YTOUHEHHs Ta JONOBHEHHSI OPUTIHAJILHOTO TEPMIHY,
«TIePCEnTpPOH», 3aMpornoHoBaHoro Po3zeHb1aToM, TO 3aMUIIMTECS Jnile HacTynHe. [lepcenTpoHom
MO>KHa Ha3BaTU HEHPOHHY MEPEXY 13 MPSAMUM PO3MOBCIOJKEHHAM 1H(popMallii, yci HEHpPOHHU SKOi
CIPOMOJXKHI Jy’K€ IIBHJAKO 3MIHIOBAaTH CBifl craH craH. OTXe Bil OPUTIHAJIBHOIO BU3HAUEHHS
3aJIUIIWIINCH JIMIIE JIB1 KJIFOUOB1 O3HAKH, SIK1 1 JO3BOJISIOTh HA3UBATU Ty YM 1HIIY HEHPOHHY MEPEXKY
IIEPCENITPOHOM.

Cy4yacHi 03HaKK1 nepcenTpoHa

YA
’ . 1 pESS
Bxig 1 Buxig 1
Bxig 2 Buxig 2 s
Bxia 3 Buxig 3 Lf

MepcenTPOHOM MOHa Ha3BaTU HEMPOHHY MepeKy i3 NPAMUM
po3nosclogKeHHAM iHpopMalLii, yci HEMPOHU AKOT CMPOMOXKHI
WBUAKO 3MiHIOBAaTH CBilA cTaH
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[Ipore icHYIOTH Kilbka O3HAuYeHb SKI HE 3MiHWIHCS 13 yaciB PosenOmara. Hampukinan,
MPOCTUM MEPCENTPOHOM HA3MBAaIOTh HEHMPOHHY MEPEXKY, IO Mae€ I ATh HACTYymHUX o3HaK. [lo-
nepuie, B CUCTEMI € JIMIIe OJUH BHUPINIYBAJIbHUI €IEMEHT, SIKUMl NMPUPOIHO 3B’SA3aHUU i3 ycima
€JIEMEHTaMH, PO3TAalllOBAHUMH B IONEPEIHLOMY acolliaTuBHOMY Imnapi. [To-gpyre, mepexka mae
JIMILE TIOCHIIOBHI 3B’SI3KH MIXK IIapaMu, TOOTO, BUXOAM €JIEMEHTIB BX1IHOTO mIapy 3’ €IHaHI TUTBKU
i3 BXOJaMH €JIEMEHTAaMH [epIIOro AacOI[laTUBHOTO IIapy, BHXOIU E€JEMEHTIB IEPIIOro
acoI[laTMBHOTO Iapy 3’€HaHI JIMIIE i3 BXOAAMHU €JIEMEHTIB HACTYIHOTO acOLiaTHBHOIO IIapy i,
HapemiTi, yci €JIeMEHTH OCTaHHBOTO AacCOIIaTMBHOTO INapy 3’€IHaHI TUIBKUA 13 OJHUM €JIUHUM
€JIEMEHTOM, PO3TAIIOBAaHUM Yy MIapi NPUUHATTA pimeHb. [lo-Tpere, BaroBi KOe(ilieHTH YCixX
HEWPOHIB acoIiaTUBHUX IIApiB € HE3MIHHUMH B IPOIIECI HABYaHHS HEHPOHHOI MEPEXi, X0ua BOHU
MOXKYTh 3MIHIOBATUCS y TIpolieci 1i cTBOpeHHs. YeTBEPTOI 03HAKOIO € CTaJICTh PO3MOBCIOIKEHHS
CUTHAJIIB BCEPEIMHI HEHPOHHOI MEpexi, 1, HApPEIITi, OCTAHHBOIO — II'SITOK0 — O3HAKOIO € Te, IO
¢bynkuii aktuBanii € (QyHKOisIMH Big anreOpaidyHOl CyMH BXIJHMX CHTHAJIIB, IMOMHOXXEHHX Ha
BIJITTOB1/IHI BaroBi KOe(iIieHTH.

Bxoau

MpocTnii nepcenTpoH

B cuctemi € anwwe oguH R-enemeHT

S-enemeHTu

A-enemeHTu . s i
Cuctema mae auvwie NocnigosHi 3B'A3KMU MiXK wapamm

AEREEEHT * Barosi qud)Iu.ier_iTM _ycix 3B'A3KiB Big S-enemeHTiB g0 A-
€/1eMeHTiB He3MiHHi

S

*  Yac nepegaui KOXXHOTo 3B'A3Ky A0piBHIOE abo Hyto, abo
A-enemenTn CTanii BeNNYUHI

DyHKUiTaKTUBaLi yCiXx enemeHTiB € yHKLiaMM Big,
R-enemeHt anrebpaiyHoi cymu BXiAHUX CUTHANIB, TOMHOMXEHUX Ha
BignoBigHi Barosi KoediuieHTH

el

Buxig

[HIIMM O3HAYEeHHSM, TOB’S3aHUM 13 TEPMIHOM «IIEPCENTPOH», € TEPMIH «EIeMEHTapHHIi
nepcentpon». EneMeHTapHHMII TepcenTpoH — II€ MPOCTUI MEPCeNTpOH, IO MAa€ JIMIIe OJHH
acoriaTuBHMK map. BiamoBigHo no Touku 30py Po3eHOnara, eneMeHTapHU IMEpCENTPOH Iie
MiHIMaJIbHA CUCTEMa, 37]aTHA BUKOHYBATU (YHKIIT pO3Mi3HaBaHHS BXIJHUX CUTHAJIB.

EnemeHTapHUM nepcenTpoH

Bxogu o .
[MpocTK NepcenTPoOH i3 EAUHUM

Senewern  ACOLLIATUBHUM LLAPOM

EnemeHTapHMIA NnepcenTpoH €
MiHIMaZIbHOO CUCTEMOIO, 34aTHOIO
BMKOHYBATU QYHKUII

A— po3ni3HaBaHHA NOTPi6HOIT
KombiHauii BXigHUX curHanis
Bida (Ha aymky Po3eHbnaTa)

A-enemeHTn

[Ipote cyuachi ¢axiBii i3 Li€l0 AYMKOIO HE 3aBXKIM TOTOKYIOTbCSA, 1 Hapasi moaiOHi
CUCTEeMH BOHHU KJIACHU(IKYIOTh SK OJHOIIAPOBI Ta OaraToliapoBi mepcenTpoHu. B onHomapoBux
NEepCenTPOHaX HEHPOHH aCOILIaTUBHOTO Ta BUPILIYBAIBHOTO mapiB 06’ enHaHi. ToOTo Taka cucrema
(akTUYHO Mae JHIle OJUH — BUXITHUHN — mIap, y SKOMY IpUMMaroThes pimeHHs. Taka koMOiHAaIisa
CTa€ MOJIJIMBOIO, SKIIO y TPOCTOMY HEpPCENTPOHI 3aMicTh MOPOTroBHX (YHKIIH aKkTUBaLil
BUKOPHCTOBYBATH B aCOLIIaTHBHUX €JIEMEHTaX JIiHIHHI — y IbOMY BHUIMAJIKY BiJl aCOLIIaTUBHUX IapiB
MO>KHa ITOBHICTIO BIIMOBUTHUCH 1 MPUHMATH PillIEHHS JIUILE B OJHOMY BUPILTyBaJIbHOMY IIapi.
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Cy4yacHa Knacudikauia nepcenTpoHiB

OpHolwapoBui nepcenTpoH BaraTowaposi nepcenTpoHu
Bxia 1 Buxig 1
Bxig 2 Buxig 2
Bxig 1 Buxig 1 Bxia 3 Buxia 3
Bxig 2 Buxig 2
Bxia 3 Buxig 3 Bxia 1 Buxig 1
Bxig 2 Buxig 2
Bxig 3 Buxig 3

Crning 3ayBaxkuTd, 1m0 cam Po3eHOnar BBakaB, IO HASBHICTH aCOIIaTHBHOIO IIapy €
000B’s3KOBOIO IS PO3Mi3HABaHHS KOMOIHAIId BXIIHMX CHTHAJIB, TOMY BiH I/ OJHOIIAPOBUM
MEePCENITPOHOM MaB Ha YBa3i MEPCENTPOH i3 OAHUM TPUXOBAHHMM IIAPOM — MEPEeXy, sKa 3apa3s
MO3UIIOHYETHCS SIK OaraTomapoBa, a TOYHIIIE — JBOIIAPOBA.

OaHoLwWapoBUN NepcenTpoH

Cy4acHa TpakToBKa TpaktoBka Po3eHbnara

Bxig 1 Buxig 1 Bxig 1 Buxig 1
Bxig 2 Buxig 2 Bxig 2 Buxia 2
Bxia 3 Buxia 3 Bxia 3 Buxig 3

TakuM 4MHOM, HE3BaXKalOUM HAa NEBHY IUTYTAaHUHY B TEPMIHOJIOTIT MOYKHA BU3HAYUTH, ILO
3apa3 Ml MepPCeNTPOHAMHU 3apa3 PO3yMIIOTh JOBOJI TIPOCTI HEHPOHHI MeEpexi i3 MpsaMuM
PO3MOBCIOKEHHAM 1H(opMarlii, siki He MaloTh OyIb-SKUX 3BOPOTHUX 3B’S3KiB Hi BCEepeluHIi, Hi
330BHI. Kpim Toro, nepcentponu, 3a3puyaii, MaroTh JUCKPETHI BUXIJHI CUTHAIIU yCIX HEUPOHIB, SIK1
MOXYTb IpuitMaTy 3Ha4eHHs ado 0, a6o 1. HameBHO, 111 03HaKU € TOJIOBHUMHU IIPH BU3HAYEHHI TOTO,
YH € 1151 CUCTEMA MEePCenTPOHOM, 4H Hi. ToMy iX 0BeAeThbCs 3amam’siTaTu, OCKIIbKY HaJalll BOHHU Yy
OyIb-sIKUI Yac MOXKYTh 3HaIOOUTHUCS.

CyyacHi 03HaKM nepcenTpoHa

Bxoau 3 s
* Mepesa i3 npamum nowmpeHHam iHpopmauii

*  BuXigHi curHanu ycix HelMpoHiBs € guckpetHumu (abo 0
abo 1)

* EfnemeHTM BXigHOro Wwapy (S-enemeHTH) He NpuiimaloTb
y4acTi B po3nisHaBaHHi curHany

* Tepepaya cUrHaAy MiK HeMpoHamu BigbyBaeTbcA
MUTTEBO, abo Ha NpoTAasi ¢pikcoBaHOro iHTepBany Yacy
Buxoau

Hes3Bakarouun Ha CBOIO MIPOCTOTY, NMEPCENITPOHHN MAlOTh NIEBHE NMPAKTHYHE 3HAYCHHS. Bu Bke
3HaeTe, MO 1X MOXXKHAa BUKOPUCTOBYBATH JJIsi pO3Mi3HaBaHHS 00pasiB, 30kpema jitep abo mudp.
[Ipore o6macTe iX 3acToCyBaHHA IUM He o0OMexyeTbcs. Hapasl mnepcenTpoHU aKTHUBHO
BUKOPHUCTOBYIOTh ISl ampokKcuMauii (QyHKIIM, [ BHUpIIIEHHS 3aJad MPOrHO3yBAaHHSA, IS
KepyBaHHs areHTaMH, Ta y 6araTboX iHIIMX 3aCTOCYHKaX.
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BUKOpUCTAHHA NepcenTpoHiB

Bxoau

Buxoau

Po3nisHaBaHHA obpa3is

Knacunoikauis o6’ekTiB

Anpokcnmaluia GyHKL,iN

MpOrHo3yBaHHA NOBEAIHKN 06’ EKTIB i

cucTem
KepyBaHHA areHTamu

Ilepcentponu Pymenabxapra

[Tepcentponu, 3ampornoHoBani Po3eHOmaroM, s HEHPOHHUX MEpPEX CTaIM CBOEPIIHUM
JIOKOMOTHUBOM. TOMy HEMa€ HIYOTO AUBHOTO Y MOSABI BETMKOI KIIBKOCTI iX Moaudikamiin. OaHiero i3
HUX CTajgu OaraTomrapoBi MepcenTpoHW Pymenbxapra, ki 30BHI HIYMM HE BIIPI3HAIOTHCSA BiX
OpHUTiHANIBHUX OaraTomapoBHX MEpex, 3ampornoHoBaHuX PosenOmatom. Ilporte, He3Baxaroum Ha
30BHIIIHIO CXOXICTh, MEPCENTPOHU Pymenbxapra MaroTh KiJIbKa CYTTE€BUX BIAMIHHOCTEH, SIKi
PO3MUPIOIOTE Cepy iX MPaKTHIHOTO 3aCTOCYBAHHSI.

[lepcenTpoH PymenbxapTa

Bxoawn

S-enemeHT

A-enemeHTy

A-enemenTu

B

\S A-enemenTu

R-enemeHt

Buxia

BigmiHHOCTI Big nepcentpoHa Po3eHbnata
* BuKopucTaHHA cUrmoiaHOol GyHKUIT

aKTUBaU,il

* binblue 04HOro acouiaTMBHOrO Wapy

* BUWKOPWUCTaHHA HENepepBHUX BXigHUX Ta

BUXiAHUX CUTHANIB

* [loBinbHa apxiTeKTypa 3B'A3KiB

* BWKOPUCTAHHA iHWMX METOAIB HaBYAHHA

[To-nepmre, yci nepcentponn PymenbxapTa MarOTh OiIbIIE OJHOTO ACOIIATUBHOTO IIapy,
TOOTO BOHM MNPHHLUMIOBO € OaraTomiapoBuMu. Skmo mnepcenTpoHu PoseHOnara MOXyTh MaTu
TUIBKY OJIMH aCOL[IaTUBHUI 1Iap, TO y nepcentpoHax Pymenbxapra iX 000B’SI3KOBO MOBUHHO OyTH
nekinbka. [Ipore 1 o3HaKa He € MPHUHLUIIOBOIO, OCKUIBKM OaraTomapoBi HNEpCENTPOHHU, TOOTO
MEPCENTPOHU, II0 MAarTh OUIbLIE OJHOIO AaCOLIaTUBHOIO IIapy, BUKOPHCTOBYBAJIM Yy CBOiX
nocmipkeHHsax 1 Pozen6nar, 1 Pymenbxapr, 1 mie Benuka KiAbKICTh 1HIIMX JOCIIAHUKIB IITYYHOTO

IHTEJICKTY.

MepcenTpoHu Po3eHbnaTa vs. nepcenTpoHn PymenbxapTa

[ MepcenTpoHn Posexnbnata ]

Bxia 1 Buxia 1
Bxia 2 Bwia2 ICHye
Bxip 3 Buxig 3

Bxig 1 .v .v .v Buxia 1 Brig:1 .\v
A OSION 3

S
~<

Bxig 3

Bxia 2 O 5 .V“ S

[ MepcenTpoxn Pymenbxapta ]

N

Buxia 2

/X
/XD

Buxig 3

&
oW
£
O
q

Buxia 2

He icHye

Buxia 1
Buxia 2
Buxia 3

MepcenTpoHn PymenbxapTta npMHUUNOBO MalOTb

6inbwe ogHOro acouiaTUBHOrO Wapy
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Binbim icroTHOO BigMiHHICTIO epcenTpoHiB Po3enOnara Big nepcentpoHiB Pymensxapra €
T PyHKIIH akTuBarii. Po3eHOmar y cBoi cucremax, 3a3BUuaii, BUKOPHUCTOBYBAB IOPOTOBI
¢byHKuii akTUBaIii, II0 MPU3BOAMIIO A0 JUCKPETH3allii CUTHAJiB, 13 SIKUMH Ipalloe HEeWpoHHa
Mepeka. PymenbxapT y cBOIX cucTeMax IOpOroBi (QYHKINI akTuBamii HE BHKOPHUCTOBYBAB
MPUHIUIIOBO. Yci (pyHKIIT akTUBAIi] yCiX HEHPOHIB y epcenTtponax PymenbxapTa € CUrMOiTHUMH.
A BOHHM, SIK B TaM’STa€Te, MOXKYTh 3a0€3MEUUTH HEMEPEPBHI CHTHAIM, Y TOW Yac SK MOPOroBi
GyHKLIT — TIABKU TUCKPETHI.

MepcenTtpoHu Po3eHbnaTta vs. nepcenTpoHu PymenbxapTta

[ MepcenTpoHn PoseHbnarta ] [ MepcenTpoHu PymensxapTa ]

Y

R e — 14

Y

Ca— —

—_ —_

S

MepcenTpoHu Pymenbxaprta NPUHUMNOBO He
BMKOPUCTOTBYIOTb Noporosi PyHKUIi akTUBaLii

Buxopucrtanus curmMoigHux ¢yHKIIH akTUBaIii JAO3BOJIWIO 3HITH OOMEKEHHS Ha piBHI
CUTHAJIIB, III0 BUKOPHUCTOBYIOThCSI B Mepexi. Ilepcentponn PosenOiiata B opuriHanbHil Bepcii
MPALOIOTH JIUIIE 13 AUCKPETHUMU CUTHAJIAMU, 1110 MOXKYTh MpuiiMaTu 3HaueHHs abo 0, abo 1. A ot
nepcenTpoHn PymenbxapTa NpamiolTh TUIBKKA 13 HENEPEepPBHUMH CHUTHAJIAMH, IO MOXYTh
npuiimMatu Oynb-sKe 3HA4YeHHS, X04 1 B oOMexeHoMy miama3oHi. B opwuriHagpHuX poboTax
PymenbxapT BHKOpPHCTOBYBaB TO# ke camuii miama3oH Bix 0 mo 1, ToOTO TakoX MpaiioBaB i3
HOpMOBaHUMH curHanamu. lIpoTe, mie pa3 3BepHY yBary, L0 CHUTHAId B IEPCENTPOHAX
Pymenbxapra € Ge3nepepBHUMH 1 MOXKYTh TpUMaTH OyIb-sKe 3HaYeHHA y fiama3oHi Big 0 1o 1.

MepcenTtpoHu Po3eHbnata vs. nepcenTpoHu PymenbxapTa

[ [NepcenTtpoHn PoseHbnata [ MepcenTtpoHn PymenbxapTa

Bxig 1 Buxig 1 Bxig 1 Buxig 1

Bxia 2 Buxig 2 Bxia 2 Buxig 2

Bxia 3 Buxig 3 Bxig 3 Buxig 3

0 abo 1 0abo 1 0 abo 1 0abo 1 0.1 0.1 0.1 0.1

MepcenTpoHu Pymenbxapta npayiooTb iuwe 3
HenepepBHUMMU CUTHaANAMU

ITepexing n0 HemepepBHUX CUTHAIIB JO3BOJMB 3HITH OOMEXKEHHS Ha Jiana3oH 3HAYeHb
BaroBux KoeQilieHTIB y HeWpoHaxX acoliaTMBHMX mapiB. B mepcentponax PozenOnara Barosi
Koe(ilI€HTH LUX €JIEeMEHTIB MOIJIM IpuiiMatu juie ¢ikcoBaHi 3HaueHHs: —1, 0 abo 1. Kpim Toro,
i KoedilieHTH Oyl cTaluMH TOOTO HE 3MIHIOBAJUCH B TMpoOlleci HaBYaHHA Mepexi. Y
nepcenTpoHax Pymenpxapra BaroBi KOe(II[i€EHTH €JIEMEHTIB AacOIlaTUBHUX IIapiB MOXYTh
npuiiMaTH Oy/ib-sKe 3HAYCHHs, PH [[bOMY BOHHU 3MIHIOIOTBCS Yy Mpoleci HaB4aHHs Mepexi. TooTo
y HEHpOHHUX Mepexax Pymenbxapra, pakTHUHO, 3HUKAE PI3HUIIS MK €JI€MEHTaMH acolliaTUBHOIO
Ta BHUpIIIyBaJIbHOTO MIapiB. Y Mepexkax Pymenbxapra 1i HEMpPOHU € OJJHAKOBUMH, y TOH Hac AK Y
Mepexkax PoszenOnara HEHpoHM  acoliaTUBHOIO  IIapy, HE3BaKalOUW HA  CTPYKTYPHY
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eKBIBAJICHTHICTh 13 HEWpOHAMH IIApy, y SKOMY NPUIAMAETHCS OCTATOYHE PIIICHHS, MAlOTh HU3KY
BIZIMIHHOCTEH y 3Hau€H1 BaroBUX KOC(IIi€HTIB.

MepcenTpoHu Po3eHbnaTa vs. nepcenTpoHu PymenbxapTa

[ MepcenTtpoHun PoseHbnata ] [ MepcenTpoHn Pymenbxapta ]

X, I Hm Bwia

Buxia
il X, B (©a601)

(0 abo 1)

X, lH

RO S-enemexTis
A0 S-enemenTis
R

|
|
|
A |
1 I '

; | y

X X,

i | "' w =21, 08601 '~ lH | W - niobe aa-
1_Wn ! s | Wy | YeHHs

Y nepcentpoHax Pymesnbxapra Barosi Koe}ilieHTH
e/IeMEeHTIB acoLiaTUBHUX LIApiB MOXYTb NpuitmaTtu 6yab fike
3Ha4YeHHA | 3MIHIBATUCA Y NPoOLEeCi HABYaHHA Mepexi

PymenbxapT Takox 3HSB MPUHIMIIOBE OOMEKEHHS Ha CTYIIHb 3B S3KiB BCEpEINHI MEPEKi.
B nepcentponax PozenbnaTa 3B’S13KM MOXYTh OYTH TUIBKH MK CYCIJTHIMH IIapaMH, TOOTO BUXOIH
€JIEMEHTIB BXIJTHOTO MIapy 3’ €IHYIOTHCS TUIBKH 13 BXOJaMH €JIEMEHTaMH IEPIIOr0 aCOIiaTUBHOTO
11apy, BUXO/U €JIEMEHTIB MEPIIOro aCOLIaTHBHOTO IIapy 3’ €IHYIOTHCS JIUIIE 13 BXOJaMHU CIIEMECHTIB
HACTYITHOTO acOLIaTUBHOTO IIapy, Hy 1 TaKk Jaii — A0 [Iapy BUPINIYyBaJIbHHUX €JIEeMEHTIiB. B
nepcenTpoHax Pymenbxapra HEHPOHU MOXYTh 3B’ SI3yBaTUCS MK COOOIO SIKMM 3aBI'OJTHO CIIOCOOOM,
32 YMOBU MIATPUMAHHS OJHOTO HAINPSIMKY PO3IOBCIOKEHHs iH(popMarlii, ToOTO B mepcenTpoHax
Pymenbxapra gomyctumi at001 THIH 3B’ SI3KiB, OKPIM 3BOPOTHHX.

MepcenTtpoHu Po3eHbnaTa vs. nepcenTpoHn PymenbxapTa

MepcenTpoHu Po3eHbnaTa MepcenTpoHu Pymenbxapra
* HaByaHHA MeToAOM * Has4aHHA MeTogOM
KopeKLjii NOMUAKM 3BOPOTHOrO PO3MNOBCIOAMKEHHA
NMOMUNIKU

NepcentpoH Pymenbxapta 6yae matu pyHKUiOHaNbHI
nepesaramm, NOPiBHAHO i3 nepcenTpoHom Po3eHbnatra,
Nuwe B TOMY BUNAaAKYy, AKLWO byae He NpoCTo pearysaTtu Ha
nesHi KombiHauii BXigHUX curHanis, a AKWoO byae
CNPOMOXKHUIA CAMOCTIHHO CTBOPIOBATHU BiANOBiAHI peaKuii

AJle TOJOBHOIO OCOOJIMBICTIO MEPCENTPOHIB Pymenbxapra € MeToJl HaBYaHHS HEHpPOHHOL
Mepexi. ¥ nepcentponax PozeH61aTa BUKOPUCTOBYETHCS METO/ KOPEKIIil MOMUIIKH, y TOH Yac K y
nepcenTpoHax Pymenbxapra — METOJ 3BOPOTHOTO PO3MOBCIOJDKEHHS MOMWIKH. Lli mMeromu mum
OyzeMo JOKJIaJHO BUBYATH JIy’K€ CKOpPO, a 3apa3 MOTPIOHO JIMILIE 3araM’siTaTd, M0 LI HeWPOHHI
MepeKl Ay’kKe CXO0K1 30BHI, IPOTE AYKE PI3HI BCEPEINHI.

[Tepcentponu Pymenbxapra MOXKyTh MaTu MeBHI (DyHKIIIOHANIbHI ITepeBaramMu, MOPiBHSAHO 13
nepcentpoHaMu PosenOnarra. LI mepeBaru nposiBASIOTHCSA HE TUIBKU Y KpallOMy pO3Mi3HAaBaHHS
KOMOIHaIlll BXIJIHUX CHTHalliB — IepcenTpoHu Po3enOsata 1€ TakoX BMIIOTh J0Ope pOOHTH.
['0110BHOIO OCOONUBICTIO MEpCcenTpoHiB Pymenbxapra € TeopeTHyHa 3AaTHICTh 10 CAMOCTIHHOTO
HaBYaHH], y TOM yac K mnepcentpoHu PoszenOnara morpibHO mTydyHO HaBuaTu. I[Ipore Tema
CaMOCTIMHOTO HaBYAaHHS HEHPOHHUX MEPEK, HaBITh HE3BAKAIOUM HAa «IIPUCTOMHMNA BiK» MOIIOHUX
CHUCTEM, III€ ¥ J0C1 MOTpedye AJOKIaTHOTO BUBYCHHSI.

Heiiponni mepe:ki i3 pagianbHo-60a3ucHUMH QYyHKIIAMHI

Cepen HEWPOHHUX MEpEeX 13 MPSMUM MOLIUPEHHS 1H(pOpMaIlii OKpeMoi yBaru 3aciyroBylOTh
HEHpOHHI Mepexi 13 pafianbHO-0a3MCHUMH (QYHKLISMU. 3 TEpIIOro MOIJISAY i MEpexi TakoxX
MaJjio YUM BIJIPI3HAIOTHCA Bl PO3MISIHYTUX Mepes UM nepcenTpoHiB PosenOnara ta Pymensxapra.
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Bonu Tak camo MarOTh OJMH BXiJIHUH I1ap, OJUH MPUXOBAHUMN AP 1 OJMH BUXITHHUN mIap, HEHPOHU
SIKOTO TTPUIMAIOTh OCTATOYHE PIIICHHS 10 11eHTU(]IKaI] BX1THIX CUTHAIIB.

['010BHOI0 0COOMMBICTIO MEPEX IILOTO TUMY € (DYHKIIIT aKTUBAILil, IKI BAKOPUCTOBYIOTHCS B
HeHpoHax MPUXOBAHOTO Ta BUXIAHOIO IIapiB. Y LHUX Mepexkax 3aMiCTb MOHOTOHHO-3POCTalOUUX
curMoimHux (yHKIiH abo MmoporoBux (YHKLIN, IO TAaKOXK 30UTBIIYIOTHCS JHUIIE B OJHOMY
HampsIMKy, BHKOPUCTOBYETHCS CHEI[AJIbHUNA KJIac CHUMETPUYHUX (GYHKLINA, $KI Ha3UBaIOTHCA
panianbHO-0a3uCHUMHU. ['0JIOBHOIO OCOOJIMBICTIO LUX (YHKIIHA € Te, 0 BOHU MAlOTh YiTKUK
MakCHUMyM IpU TEBHOMY 3HAY€HHI BXIJHOIO apryMeHTy, y SIKOCTI $KOro, TaKk caMmoO SIK 1 B
PO3MIISIHYTHX BHILE nepcentpoHax Pozenbnara Ta PymenbxapTa BUKOPUCTOBYETHCS CyMa BXITHUX
CUTHAJIIB, TOMHOXXEHUX Ha BIAMOBIAHI BaroBi KOeQIi€HTH.

HelpoHHa meperka i3 pagianbHo-6a3nUCHUMMU
dYyHKUiAMNK

s
Bxig 1 g

@
Bxia 2 Buxia

Bxig 3 X ._

IMiLLEHHR

Hapasi BigoMa m0BoJi BenMKa KUIBKICTh padiaibHO-0a3ucHUX (YHKIIN — (GyHKIIH, 110
MalOTh NEBHUA MAaKCHMyM, 1 IIBUIKO 3MEHIIYIOTHCS Maibke 10 HyJs NP BiIXWICHHI BiJl HBOTO.
Haii6inbm nommpeHorw cepen Hux € ynkuis ['ayca, rpadik sikoi Haraaye a3BiH. BoHa mae Tpu
TOJIOBHI TIapaMeTpH — aMILTITYqy A, [0 BU3HAYAE 11 MaKCUMaIbHE 3HAYCHHSI, TIO3HIIII0 MAKCUMYMY
Ha TOPH3OHTAJIBHIN BICi, 3a Ky BiAmoBimae nmapamerp b, Ta mapamerp ¢, AKuil BU3HAYAE K [IBHIKO
3Ha4eHHs W€l QyHKIii Oyae 3MEHIIyBaTHCh NpPH BiIXWJCHHI apryMEHTY BiJ 3HAYCHHS, IO
BIJIMIOBIZJa€ MaKCUMyMy, TOOTO BIJAMOBiJa€ 3a LIMPUHY «I3BOHa». B HEHpoOHHHX Mepexax, WIOo,
3a3BUYaid, MPAIIOIOTh 13 HOPMOBAHUMH CHUTHAJIAMHU, MAaKCUMAJTbHE 3HAYCHHS aKTHBAIIMHOI (PYHKITIT,
K TpaBWIO, JOpiBHIOE oauHUII. [lo3umiss MakcuMyMy OCOOJMBOI pojii HE MAae€, OCKUIBKU
KOMOIHAIIIO0 BXIJIHUX CUTHAIIB 3aBXKIU MOXHA 3MICTUTH B MOTPIOHY 00JacTh 3a JOMOMOTOIO
BaroBoro koedimieHTa, MOB’sI3aHOTO 13 HEUPOHOM 3MillleHHS. TakuM YHHOM, MiJ] 4ac HaBYaHHS
HEWPOHHOI MEpEeXkKi TOJTOBHOIO 33/1a4€I0 € MOIIYK MOTPIOHOT0 3HAaUeHHS KoedillieHTa C.

dyHKUia Mayca

T

(x-b)’

y(x)=Ae 2

A —amnnityga
b — no3uuia ueHTpy

C — WMPUHA «aKTUBHOI
YACTUHU»

Ha Binminy Bin mepcentpoHiB Po3enOnarta Tta Pymenbxapra, ski MaloTh BEIHMKY KIJIbKICTb
PI3HOBHJIIB Ta MIMPOKY OOJIACTh 3aCTOCYBAHHS, HEHMPOHHI MepeXi Ha OCHOBI padialibHO-0a3UCHUX
¢yHKIIH MaroTh HabaraTo MeHIIYy KUIbKICTh BapiaHTiB MOOyAoBH. 3a3BUYail, BOHU
BUKOPHUCTOBYIOTBCS JIMIIE Y 0a30BOMY BapiaHTi — KOJIM Mepeka Mae JIMIIe TPU IIapH: BXiJHUM,
NpuxoBaHuil, Ta BuxinHui. KpiM Toro, y HeMpoHHMX Mepekax Ha OCHOBI pajiaibHO-0a3HMCHUX
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(GYHKII#t BUKOPUCTOBYETHCS JOBOJI crielin()i9HU allrOPUTM HaBUAHHS, SIKUW HE BUKOPUCTOBYETHCS
OUIBIIIE HIJIE.

Heiiponni Mepexi i3 paaianbHO-0a3uCHUMH (DYHKIISIMH Kpalle 3a BCe BHKOPHUCTOBYBATH
i anpokcumanii pyHkuid. BukopucranHa paniaibHO-0azucHuX (yHKIINH akTuBaiii HEHpOHIB
MPUXOBAHOTO Ha BUXITHHUX IIApiB J03BOJIAE HABUUTU MEPEXKy Kpaule 1 rojoBHE — HabaraTto
IIBU/IIIE, HDK TPH BHKOPUCTAHHI TpaAMIIHUX mepcenTpoHiB. Kpim Toro, momiOHI HEHpOHHI
Mepexi MO)KHAa BUKOPUCTOBYBATH 13 B IHIIMX 3aCTOCYHKAaX, y TOMY YHCII 1 JJIs BUPILICHHS 3a7a4
MIPOrHO3YBaHHs, KepyBaHHS Ta kiacudikamii. Ciia 3a3Ha4UTH, 10 HEHPOHHI MEpeki Ha OCHOBI
pamianbHO-0a3ucHUX (YHKIIH € BITHOCHO HOBUM KJacoM cHcTeM. Bonum Brepme Oynu
3anponoHoBaHi bpymxenom Tta [leimom Jloy y 1988 porui, ToMy Hapasi iX MOXIHUBOCTI Ta
0OMeKEeHHSI I JI0 KiHIIs HE BU3HAYCHI.

HeinoHHa meperKa i3 pagianbHo-6a3ncHMMum

Bxoaun d)YHKU.iﬂMM

OcobnusocrTi
* MeHLwwa KinbKicTb BapiaHTiB
*  BuKOpUCTaHHA crneyndiyHOro a/iropUTMy HaBYaHHSA

BuKkopuctaHHa

* Anpokcumauia yHKLUiN

* [lporHosyBaHHA 4acoBMX PALiB

*  Knacudikauia ob’ekris

* KepyBaHHA ob6’eKTamu Ta cuctemamu

Buxogu

OTxe CchOrojHI MU IMO3HAMOMWIIMCS JIMIIE i3 OJHUM KJIaCOM HEWPOHHUX MEpex — 13
MepexaMH 13 MPSIMUM PO3MOBCIO/DKEHHAM 1H(popManii. CiijJl 3ayBakuTH, 110 LEH KiIac €, HalleBHO,
Halikpamie 3a BCi iHINI KJIaCM BHUBYCHHMM Ta JOCIIDKEHHM, TOMY, HE3Ba)KalOUM Ha HEBEIIUKY
KUIBKICTh MPEACTaBHUKIB, MOXKIIMBA KUIBKICTh BapiaHTIB MOOYJ0BH HEHPOHHUX MEPEX i3 MPSIMUM
MOIIMPEHHSIM 1HpopMarltii Maiixe O0e3mMexxkHa. Tak camo, sIK 1 00JIaCTh IPAKTHYHOTO 3aCTOCYBAHHS
Mepex IbOro THUILY, HaleBHO, € Haimupmow. Kpim Toro, He ciij 3a0yBaTH, 110 caMe Mepexi i3
NPSIMAM  PO3MOBCIOJDKEHHST 1H(OpMaILii CBOrO 4Yacy Jajdll HE TUIbKM IIOIITOBX JJSI PO3BUTKY
HEHPOHHUX MepexX, a ¥ J03BOJIMIM MOYaTH poOOTY HAJl CTBOPEHHSIM IUTYYHHMX 1HTEJNEKTYaJIbHHUX
CHCTEM, 5Ki, MOKJIMBO, KOJIFICh 32 PIBHEM 1HTEIEKTY 3MOKYTh TIEPEBUIIUTH HABITh JIIOJTUHY.

Knacudikauia HEMPOHHUX MeperK

Hy a 3 HeiipoHHMMH MepekamMu 13 3BOPOTHUMH 3B’SI3KAaMU MH TTO3HAHOMHUMOCS, HAIEBHO,
BXKe Ha HacTymnHii nekuii. Hy a Ha cborozHi st BaM JIKyIO 3a yBary i Maro Hajiio, 110 BU 3pOOUTH
1€ OJIMH KPOK Y CTBOPEHHI SIK BIACHOTO MallOyTHHOTO, TaK 1 MaitOyTHHOT'O BCHOTO JIFOJICTBA.
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5 3BopoTHMIi 3B'130K B HEHPOHHUX MepeKax

Ha momepenniit nexuii MU 3 BaMU MO3HAMOMHTHUCS 13 KiIacu]ikali€o HEWPOHHUX MEPEK,
BIJIMOBIAHO JI0 SIKOT yCl HEHPOHHI Mepei MOIUIAIOTHCS Ha JB1 BEJNMKI TPYNH: Mepexi 13 MpIMUM
nomupeHHs M  iHpopmarii Ta Mepexi i3 3BOPOTHHMH 3B’s3KaMH. MM JIOKJIQAHO pO3iOpanu
NPUHLMIKA TMOOYAOBH MEpEeX MepIHIoi Ipynd 1 3°sacyBaid, OUIBINICTh 13 HHUX Ha3UBAIOThHCS
nepcenTpoHaMu. Mu ayxe IOKJIaJHO BHBUWIM TepcenTpoHH PosenOmara, 1 e HE BHIIaIKOBO,
OCKIJTBKHM 11l BOHM ICTOPUYHO CTajd MEPUIMMUA HEHPOHHHMMHM MEpeXaMH, sIKi JIIOJUHA 3MOIJIa
MPAKTUYHO peasli3yBaTH, 1 TOMY Ili CHCTEMH JyXKe J0Ope BUBUCHHI 1 TOCII/KEH].

Knacmndikauis HEMPOHHUX MeperK

binpme Toro, Garato ocobnuBocTeill mepcentpoHiB Po3eHOnara mpurtamaHHi 1 1HIIUM
HEHpOHHUM MepekaM. Hampukiaa, BU mam’siTaete, MO MepCenTpoHu PymepxanbTa qyKe CXO0XkKi Ha
nepcenTpoHu Pozen6nata, ajge B HUX 3aMICTh JUCKPETHUX CHUTHAJIB, II0 MOXYTb NpUIMAaTH
3Ha4yeHHs jmuie 0 abo 1, BUKOPUCTOBYIOTHCS HENIEPEPBHI CUTHAIH, 110 MOXKYTh MIPHIMAaTH Oy/Ib SIKE
3HAa4YeHHs, X04 1 B TOMY X camoMy Aiana3oHi: Bix 0 go 1. Bu Takox mam’sTaere, 110 10CATA€ThCS
1e, y nepury, 4epry, IUIIXOM 3aMiHH MOPOTOBHX (YHKIIIH aKTHBALii iX HeTIepepBHUMH aHAJIOTaMH,
HAMPUKIIA], CUTMOITHUMHU (YHKIISIMU.

MepcenTtpoHu Po3eHbnaTta vs. nepcenTpoHu PymenbxapTa

[ MepcenTtponun Posexbnara [ MepcenTpoHu Pymenbxapta

Bxia 1 Buxig 1 Bxig 1 Buxig 1
Bxig 2 Buxig 2 Bxig 2 Buxig 2
Bxia 3 Buxig 3 Bxig 3 Buxig 3

He € BuHATKOM 1 ME€peXi Ha OCHOBI pajlialibHO-0a3UCHUX (DYHKIIIH, y IKMX BUX1JTHI CUTHAIA
HeHpoHiB, HA BiAMIHY BiJ mepcentpoHiB Po3enOmara ta PymepxanbTa, cTaloTh MakCUMajJbHUMHU
JIUIIE TIPYW TIEBHOMY 3HAY€HH1 BaroBOi CyMH 1 MIBUIKO 3MEHIIYIOTHCS, SKIIO BOHA BIAPI3HAETHCS Bl
1i€1 BETMYMHU, IPUUOMY SK B OUIBIIY, TaK 1 B MEHIIY CTOPOHH.
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MepcentpoHn PozeHbnata vs. Mepexi pagianbHo-
6a3ncHUX PyHKLUIN

Mepexi pagianbHo-
6asncHUX yHKLIA

[ MepcenTtpoHn Po3eHbnarta

Bxig 1 Buxig 1 Bxig 1 Buxig 1
Bxig 2 Buxig 2 Bxia 2 Buxig 2
Bxia 3 Buxig 3 Bxia 3 Buxig 3
Y Y
14
S s

Ta rosoBHOIO 03HAKOIO YCIX PO3IISIHYTHX IEpea UM MEpexX € Te, M0 iHpopMallis B HUX
MOIIMPIOBAJIAcs TUTBKH B OIHOMY HAIlPSIMKY — BiJl BXOAY /10 BUXOJY, 1 BAHATKIB BiJl I[bOT'O IIPaBUIIA,
3a3Bu4ail, He Oyno. HactaB yac mo3HalOMHUTHCS i3 MepeXaMH, II0 MAalOTh 3BOPOTHI 3B’SI3KU MIX
HelipoHaMu, TOOTO 3B’SI3KH, MO SKUM iH(OpPMAIIisl TOUIMPIOETHCS Y 3BOPOTHOMY HANpSIMKY — BiJl
BUXOJly HEWpOHa, 10 HOro BXoay. Ajle mepea THM SK IMEePeUTH 1O pO3IIIALy HEHPOHHUX MEpex i3
3BOPOTHHMH 3B’SI3KaMH, CIIiJI CIIEpIIy 3rajaTd, U0 Take 3BOPOTHHI 3B’SI30K, SIKUM BiH OyBae, ne
BUKOPHCTOBYETHCS, 1 TOJIOBHE — HABIIIO HOTO MOTPiIOHO 3aCTOCOBYBATH Y HEHPOHHHUX MEPExkKax.

Mepea NpAMOoro nownpeHHa vs. Mepexa i3
3BOPOTHUMM 3B’A3KaMu

Mepexa npsimoro Mepexa i3 380OPOTHUM
NOLUVMPEHHSA 3B'A3KOM

Buxig 1 Bxia 1 Buxip 1

Buxig 2 Bxig 2 Buxig 2
Buxig 3 Bxig 3 Buxip 3

Buxig 4 Buxip 4

3BOpPOTHUIA

HEHDHM nepeaasaHHAa
iHchopmauii Hanpsam nepepasaHHa 3B'A30K
iHchopmauii

3BOpPOTHHIA 3B’S130K

[lin TtepmiHoM «3BOpoTHHH 3B's130Kk» (aHri. feedback) maeTbcs Ha yBasi 3a0e3nedeHHS
MO>KJIMBOCT] BIUTUBY Pe3y/bTaTy (DYHKIIOHYBaHHS Oy/Ab-KOi CUCTEMH Ha XapakTep ii MoAanbIoro
¢yHKIIOHYBaHHS. TepMiH «3BOPOTHUHM 3B'SI30K» BUKOPHCTOBYIOTH Y COLIAJbHUX, O10JIOT1YHUX,
TEeXHIYHUX, EKOHOMIYHUX Ta 1HIIMX CHCTEMax, a TaKOXX Yy KiOepHeTHIl Ta Teopii aBTOMaTHYHOI'O
perynoBaHHs. Y TEXHill, Yy TOMY YHCIi 1 B HEHPOHHUX Mepexkax, 3BOPOTHUH 3B’ SI130K POPMY€ETHCS
[UIIXOM TOJ[ayi CUTHAJIy 3 BUXOAY SIKOTOCh By3I1a, OJI0Ka, YU HaBiTh LIJIOi CUCTEMH, Ha BXia abo
TOTO K caMoro, ado 1HILIOro By3Jia YM OJI0KA — TOJIOBHE, 11100 11 By30J1 4 OJ0K OyB 4aCTHHOIO Ti€l
K caMOi CUCTEMH, a CUTHAJI 3 KOJIa 3BOPOTHOTO 3B’SI3KY MIT' BIUIMBATH Ha pe3yibTar ii poOoTH.
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3BopoTHUM 38’A30K (Feedback)

Inputs Outputs

—

Feedback

3BOPOTHMI 3B'A30K» — 3abe3neyeHHA MOXK/NBOCTI BNIUBY
pe3ynbTaTy GyHKLiOHYBaHHA Byab-AKOI CMUCTEMW Ha XapaKTep
il noganbworo ¢yHKUioHyBaHHA

B texHiuHii diTeparypi, 30KpeMa B TEOpii aBTOMAaTU30BaHOTO KEPYyBaHHS, CUCTEMH, SKI HE
MaloTh 3BOPOTHOTO 3B’SI3Ky, HA3WBAIOTHCS PO3IMKHYTHMMH CHUCTEMaMH, CHCTEMH, IO MAalOTh
3BOPOTHUH 3B’S30K, BIAMOBIAHO, 3aMKHYTHMH CHCTEMaMH. Y PO3IMKHYTHX CHCTEMax, TOOTO Y
CUCTEMaXx, 1[0 HE MAlOTh 3BOPOTHHX 3B’S3KiB, BUXIJHI CHUTHAJIM 3aJICKaTh JIMIIE BiJ KOMOIiHAIIi
BXIJIHUX CHUTHAQTIB 1, BIATMOBIAHO, BiJ] XapaKTEPUCTHK CaMOi CHCTEeMH. A OT y CHCTeMax I3
3BOPOTHUMHU 3B’s3KaMH, TOOTO Yy 3aMKHYTHX CHCTeMaxX, BHUXIJHI CHUTHAJIM IIe JOJaTKOBOTO
3aJIe’KaTh BiJl IOTOYHOI'O CTaHY CaMOi CUCTEMH.

PO3IMKHYTa VS. 3aMKHYTa CUCTEMA

[ PosimkHyTa cuctema [ 3amkHyTa cuctema

Bxig ;
Bxia Buxin — Buxin

= Cucrema Pl Cuctema
T&aopon—mm 3B'A30K

3anexHiCTb BUXIAHUX CUTHANIB:
¢  BxigHi curHanm

* [lapameTpu cuctemu

* CraH cuctemm

3anexHicTb BUXiAHUX CUTHANIB:
¢ BxigHi curHanm
* [lapameTpu cuctemm

JI100y po3IMKHYTY CHCTEMY MOKHA TIEPETBOPUTH HA 3aMKHYTY MOXHA LUISIXOM JIO/IaBaHHS
70 Hel JOJIaTKOBUX BY3JIB, MO OyayTh 3a0e3medyBaTH 3BOPOTHHM 3B’SI30K, a caMe — KOJIa, IO
nepefae CUrHajl 13 BUXOJAY Ha BXIJ 3 IMEBHUM Koe(illlEHTOM Iepenadi, Ta cymMaTopa, SKUH
PO3TalIOBY€ETHCSI HA BXOA1 1 00’ €IHY€ BXIIHUM CUTHAJ 13 CUTHAJIOM 3BOPOTHOTO 3B’53KYy. DYHKIIIS
CyMaTropa € 3p03yMIJIOI0 — BiH BUKOHYE MPOCTY apu(PMETHUHY OTEpallilo T0aBaHHS. A OT i3 KOJIOM
nepeaadi BUXiIHOTO CUTHAIY yCe€ HEMPOCTO.

HannpocTiwmni cnoci6 nepeTBopeHHs
PO3IMKHYTOI CUCTEMM Y 3aMKHYTY

3amkHyTa cuctema

) Cymartop .
Bxia o BXiA |  Pposimknyta |Buxia | Buxia
cuctema U -

BUX

UBX UEX cucTt

Kono nepepaadi BuxigHoro curHany

KoediuieHT nepenavi k

u = UgytkUpgyy

BX CUCT
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VY HaWMpOCTIIIOMY BHIAJKY, IIed By30J Ma€ OJWH TOJIOBHUN MapameTp, SKHi Ha3UBAEThCS
koeimieHT nepeaadi. Y 3aralbHOMY BHMAKY, KOSIIIEHT Mepenadi Moke OyTH CTaTHYHUM, TOOTO
HE3MIHHMM 1 HE3aJeKHUM HI BiJI 4Oro, a MOXE 3alieXaTH BiJl SIKUXOCh IHIIMX MHapaMeTpiB,
HaINpUKIaJ, Bil 4acTOTH. SIKIO KoedilieHT mepenadi OUIbIIMK 3a OJWHHMIO, TO CHUTHAJ, IO
MPOXO/AUTH Yepe3 KOJIO 3BOPOTHOTO 3B’S3KY, IMIJICHIIIOETHCS 1 HOro amIuIiTyAa CTae OUIBIION 3a
aMILTITYJly CUTHaTY, MPUCYTHROMY Ha BHUXOJI CUCTEMH 1, BIAMOBIAHO, Ha BXOJI KOJIa 3BOPOTHOTO
3B’s3Ky. AJie dacTime 3a Bce, Koe(illieHT mepefadi HbOro By3Jla MEHIIMK 3a OJUHMIIO. A 1Ie
O3Hayae, MO0 CUTHAI, IO MPOXOJIUTh Yepe3 KOJO 3BOPOTHOTO 3B’S3KY, MOCIAOIIOETHCS 1 HOTO
aMIUTITy/Ia CTa€ MEHIIIOK0 32 aMILTITYly IEPBUHHOTO CUTHATY. A OT BapiaHT, KOJH Il KoeQillieHT
JOPIBHIOE HYJIO MU HE PO3TJISIA€MO, OCKUIBKH, Y JAHOMY BUMAJKY, HISIKOTO 3BOPOTHOTO 3B’SI3KY
HEeMae, 1 cucreMa crae po3iMkHeHor. OTke, abCONOTHE 3HAYCHHS KOeilieHTy mepenadi Koia
3BOPOTHOTO 3B’SI3Ky MOXe OyTh abo OulbIuM, a00 MEHIIMM 3a OJWHUII0, IO BiIMOBIIAE,
BIJIMOBIAHO, TOCTA0ICHHIO 200 MOCUJICHHIO BUXITHOTO CUTHAITY.

Bnaus KoediuieHTy nepeaayi Ha BUXigHUN
CUIHaN Koaa 3BOPOTHOrO 3B’ A3KY

UBMX 33
<— Kono nepepaavi BUXiQHOro curHany fe—

anx 33= KUgux

BUX
BUX Ugix 33

=

Y,

t t

Uamxaa k|l <1
U, Kkl >1
o (R -

Ane TyT MOXyTb OyTH 1 1HIII BapiaHTU. 30KpeMa, KoedilieHT nepeaadi Moxe OyTu mie i
MMO3UTUBHUM a00 HETaTUBHUM, TOOTO MEHIIIUM a00 OuibimuM 3a HyJb. [0 11e 03Hauae? Lle o3nayae,
10 KOJIO 3BOPOTHOTO 3B 513Ky MOXKE 1HBEpTYBAaTH CUTHAJ, KU MOJAETHCS HA HOro BXiA. Y IbOMY
BUIAJKYy, SIKIIO Ha BXOJl KOJIa 3BOPOTHOIO 3B’S3KY 13 HETraTUBHUM KOe(ILIEHTOM TIepeaayi
IPUCYTHIN MO3UTHBHUN CUTHAJI, TO HAa MOTr0 BUXOJI CUTHall OyJe HeraTMBHHM, 1 HaBMaKH — IpU
10Jla4yi HEraTUBHOIO CHUTHAJY CUTHAlI Ha BHMXOJI CTaHE MO3UTUBHUM. | 3HOBY X TakM, SKIIO
aOCOJIIOTHE 3HAYEHHS, TOOTO MOAYNb, KoedilieHTa mepeaadl € OUIBIIUM 3a OJMHHUINIO, TO CUTHAI
Oyze MiICHIIIOBATUCS, a SIKIIO MEHIIMM 3a OAMHHUIO — TO mociabmoBarucs. To0To, abcomoTHe
3HaueHHs, abo MoJyJnb, KoedilleHTa Nepeaayl BIUIMBA€ HAa aMIUNTYAYy CHUTHANY, 10 MPOXOAUTH
gepe3 KOJI0 3BOPOTHOTO 3B’513KY, a Horo 3HaKk — Ha Qasy.

AOcooTHE 3HAUYeHHsI KOedIlieHTy Tepenayl Kojla 3BOPOTHOTO 3B’SI3Ky HAc Hapasi malio
L[IKaBUTh, OCKIJIbKM BOHO IOKAa3ye JIMIIE «CHIY» 3BOPOTHOTO 3B’SI3KY, TOOTO HACKIIBKU CHIBHO
BXIJl CHCTEMH 3B’SI3aHMUM 3 11 BUXOJAOM. A OT 3HAK KOE(]IIIEHTY Tepenayl Hac I[IKaBUTh HabaraTo
OlIbI1Ie, OCKIJIBKY BiH 3MIHIOE XapaKTep MOBEIIHKU yCI€T CHCTEMH.

3po3ymisio, 10 TYT MOXKYTh OyTHU JIMILE JIBa BapiaHTHU: BapiaHT, KOJIM KOoe(ILIEHT nepeaayl
OlnbIIIe HYJS, 1 BapiaHT, KOJIM MEHIIE HyJs. 3HOBY )K TaKM HaraJato, 10 BapiaHT, KOJU KOeQIiIieHT
nepeaadi JIOPIBHIOE HYJIO, MH B3araji HE PO3IMISIAEMO, OCKITBKH y IIbOMY BHUMAAKY HISKOTO
3BOPOTHOT'O 3B’SI3KY, 1 CHCTEMa CTa€ TUIIOBOIO PO3IMKHEHOIO cHcTeMoo. OTxe, SKII0 KOe(ilieHT
mepeaadi Kojia 3BOPOTHOTO 3B’sI3KYy OUIbIIE HYJS, TO TaKWW 3BOPOTHUM 3B’S30K HA3HBAIOTH
MO3UTHUBHUM, a SKIIO MEHIIE HYJIs, TO, BIINOBITHO, HETAaTUBHUM.
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BapiaHTK 3BOPOTHOrO 3B’A3KY

[ Mo3uTnBHWIA 3BOPOTHMI 3B'A30K (M133) ] [ HeraTueHwWi 3B0poTHMIA 3B'830K (H33) ]

A
A vl

VY TeXHIYHHUX CHCTEMax MO3UTHBHUN Ta HETaTHBHUU 3BOPOTHHH 3B’SI3KM BUKOPHUCTOBYIOTH
NpUOJIM3HO OJIHAKOBO. AJie NPaKTUYHE 3aCTOCYBAaHHS PI3HUX THIIIB 3BOPOTHOIO 3B’S3KYy Ppi3HE.
HeraTuBHMi1 3BOPOTHHI 3B’ 130K BUKOPHCTOBYIOTH, Y OUTBIIOCTI BUIMAJKIB, JJIs cTadii3amii MeBHIX
nporeciB. 30KpeMa HEeraTUBHUM 3BOPOTHHH 3B’A30K Mailke 3aBXkIU BUKOPUCTOBYIOTh Y CHCTEMAax
aBTOMATH30BaHOTO KEPYBaHHs, TOJIOBHOIO METOI0 SKMX € MIATPUMAHHS SKHXOCh IapamerTpiB y
3aJJaHUX MeKaX. A OT NO3UBHMI 3BOPOTHHM 3B’ 430K, HaBIaK{, BAKOPUCTOBYIOTh y BUIIAJKaX, KOJIU
CHCTEMYy HEOOXiTHO BHMBECTH i3 TMEBHOTO CTaHy — YacTillle 32 BCE CTaHy HEBH3HAYCHOCTI, TOMY
TIO3UTUBHUI 3BOPOTHHil 3B’S30K BHUKOPHCTOBYIOTh, HANpPHKIAl, B aBTOTeHepaTopax. Moro
BUKOPHCTOBYIOTh TaKOX Y MPHUCTPOSX, /i€ MOBUHHI MPOTIKATH JIAHIIOTOBI peakiii, HApHUKIAd, Y
nazepax abo sSAepHUX peakTopax, a TAaKOXK y CUCTeMaxX IMPUHHATTA PilleHb.

3acTocyBaHHA 3BOPOTHOrO 3B’A3KY B TEXHILl

Mo3UTUBHUIA 3BOPOTHUIA 3B'A30K  HeraTMBHMIA 3BOPOTHUI 3B'A30K

* ABTOreHepartopu * Crabinizatopu
* Cuctemu i3 naHUOroBuMMm * T[ligcuntoBadi
peakuiamu * ABTOMATUYHI perynatopu

* TicTepesuncHi cuctemmu
* CuCTeMU NPUMAHATTA pilleHb

OnHUM 13 SCKpaBMX MpPHUKJIAIIB BHUKOPUCTaHHS HETaTHMBHOTO 3BOPOTHOTO 3B’SI3KYy B
€JICKTPOHIIl € KOMIIEHCAIIiHI CTab1Ii3aTOpH HAMpyTu. Y 1UX BY3JIax CHJIOBA YaCTHHA, TOOTO KOJIO
nepeaayi eHeprii, opraHizoBaHa pEryJlIOBaJIbHUM €JIEMEHTOM, Y SKOCTI SIKOTO BHKOPHCTOBYIOTh
OimosisipHi a00 TOJBOBI TpaH3UCTOPH. KOO HEraTMBHOTO 3BOPOTHOTO 3B’S3KY, TOJIOBHUM
MPU3HAYEHHAM SKOT'O € MIATPUMAHHS HEoOXIJHOrO piBHS HANpyrd Ha BUXOAl cTabinlizaropa, Mae
TPH TOJIOBHI BY3JIM: NOJIUIBHUK BUXIJHOI HANpyTH, ONepaliiHui MiJCUIIOBay Ta JXKEPEIo OMOPHOI
Hanpyru. Konu Hanpyra Ha BuUxoJi cTa0iii3aTopa 3MEHUIYEThCS, TO 11€ MPU3BOAUTH O 3MEHIICHHS
PI3HUII HANPYT HAa BXOJaX ONEPAIiITHOTO MiICUIIIOBaYa, OCKUJIBKK HANpyra Ha HOTO 1HBEPTYIOUOMY
BXO/I1 € MPOIOPIIIHOI0 BUX1IHOT HAIIPY3i, @ OT HAMpyra Ha HEIHBEPTYIOUOMY BXOJIi MIATPUMYETHCS
MOCTIMHOIO JKEPEJIOM OIOPHOI Hampyru. 3MEHUISHHs pI3HMII Hallpyr Ha BXOAax oIepariifHoro
MiCUIIIOBaYa MPU3BOAUTS /10 301IbIIEHHS HAIIPYTH Ha Horo Buxoi. Lle mpu3BoANUTH 10 3MEHIICHHS
BHYTPIIITHBOTO OTIOPY PETYIIOBAIILHOTO EIEMEHTY, a I1€, Y CBOIO Yepry, MPU3BOINUTH JI0 301JIbIIICHHS
BUX1IHOI Hampyru. SIKIIo » Hampyra Ha BUXOAl craliiizaTopa crae OUIBLIOI 32 HOMIHAJIBHY
Hampyry, TO Bce BIJOYBa€ThCS HaBIaKM — Halpyra Ha IHBEPTYIOUOMY BXOJl oOIepaliitHoro
mificCUIoBada 30UIBIIYEThCS, HAmpyra Ha BHUXOJI OINEpPaLifHOrO MiJICHIIIOBaYa 3MEHIIYEThCS,
BHYTPILIHIN OMip peryJaloBajJbHOTO €JIeMEHTa 3OUIBIIYEThCS, 110, y KIHIIEBOMY pPaxyHKY,
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NPU3BOJUTH JO 3MEHIIEHHS BHXinHOI Hampyru. TakuM dYumHOM, MOAIOHA cHCTeMa J03BOJISIE
ABTOMATUYHO MMATPUMYBATH BHUXITHY HAMNpyry B 3aJaHUX MEXKax NpH JIOOMX ii BIAXUICHHSX.
[IpyyoMy HEBaXJIMBO, IO CTAJIO MPUYMHOIO BIOXWJICHHS HANpyrw Ha BHUXOHI crabimizaropa:
KOJIMBaHHS BXiJHOI Hamlpyry, KOJUBAHHS TEMIICPATypH, KOJMBAHHS CTPyMy HaBaHTaKCHHS abo
SKHXOCH 1HIINX MapaMeTpiB.

MpuHunn poboTu cTtabinizatopa Hanpyru
(cnctema 3 HEraTMBHUM 3BOPOTHMM 3B’ A3KOM

A BuxigHa

vT1 Cwunoge kono
o—1 o Hanpyra
PeryniosanbHui enemeHT
(6iNONSAPHWUIA TPaH3NUCTOP)
Oi iNHWIA Moai (LT bBes

HominaneHa 3BOPOTHOrO
Hanpyra 3B'A3KY

v
[Dbxepeno i []R2 ¢
©OnopHoi Hanpyru | ' 13 380pOTHUM
Kono ' ' 38'A3KOM

3BOPOTHOrO 3B'A3KY LA - *

'
nigcuniosay BUXIAHOT Hanpyry |
'

Bxig
Buxig

BxiaHa Hanpyra

SIckpaBUM MPUKJIIAIOM 3aCTOCYBaHHS MO3UTHBHOTO 3BOPOTHOTO 3B’s3KY € Tpurepu llIminra,
AKI IIUPOKO BHKOPUCTOBYIOTHCS B UUQPOBIA TEXHill, 30KpemMa, y BXiIHUX KOJax IOPTiB
BBOJy/BUBOJly MIKpOKOHTpoOJepiB. He3Baxkatoun Ha Te, 110 MIKPOKOHTPOJIEPH, MIKPOIIPOIIECOPH Ta
1HIII UQPOBI €TEMEHTH MPALOIOTh 13 JUCKPETHUMHU CHTHAJIAMH, HACTIpaB/i, YCi BOHU 0a3yrOThCS
Ha aHAJIOroBuX By31ax. OTXe, B OCHOBI YCIX AMCKPETHHUX CHUTHAJIIB JIeXaTb CHUTHANM, SKI
BITHOCSITHCSI /IO KaTeropii HermepepBHUX. TakuM YMHOM, B peabHUX IMU(PPOBHUX CHCTEMAxX 3aBXKIU
BUHHKAE 33/1a4a TIEPETBOPEHHS aHATIOTOBOTO CUTHAITY, TOOTO CHTHAJY, SIKHI MOXe NpuiiMaTi Oyab-
SIKe 3HAYCHHS, y AUCKPETHUN CHUTHAJ, TOOTO CHTHAJ, IO Ma€ MOKJIHMBICTh NMPHIMATH JIUIIE TICBHI
(hikcoBaH1 3HAYCHHS.

MpuHumn pobotn Tpurepa Lmiara
(cuctema 3 NO3UTUBHUM 3BOPOTHUM 3B’ A3KOM

BuxigHa

Hanpyra bea

380POTHOrO
3B'A3KY

|3 3BOpOTHUM
3B'A3KOM

R1 R2 Kono
et 3BOPOTHOrO 3B'A3KY

g
5 ~| 0
[

Migevniosay

TNorivHa oguHnus

MepexigHa 3oHa

Buxia

Toriynnit Hynb

Bxiana Hanpyra

3oHa HeuviTkoi pobotn

B 1nudposiil enekTpoHHIN TEXHIII BUKOPUCTOBYETHCS JIBIMKOBAa CHUCTEMa YHUCIIEHHS, SIKY
MPOCTilIe 3a BCE peaii3yBaTH Ha MPAKTUI Y IIbOMY BHIAJKY, 32 JIOTIYHY OJAMHUINIO MPUHMAIOThH
(dakT HasBHOCTI HAaNpyrd Ha IMEBHOMY BHUBOJI, a 3a JIOTIYHMHM HYJIb — BIANOBIAHO, (akT Iii
BicyTHOCTI. [IpoTe y peasbHUX €IeKTPOHHUX KOJIax, Yepe3 HelJeaNbHICTh €JEMEHTIB Ta
0CcOOJIMBOCTEH CXEMOTEXHIKM, HIKOJIM He OyBa€ CHTyalii, KOJM Hampyra Ha SIKOMYCh BHBOJII
MTOBHICTIO BiJICYTHSI — OTXe€, KOJIM €JIEKTPOHHA CXeMa IPaIlloe, TO Halpyra Ha KO)KHOMY 3 11 BUBOIIB
3aBkau Oyze Oinblia 3a HyJdb. A IIe Ha OJHOMY 3 BHBOJIB TAaKOX JY)K€ CKJIQJHO BCTAaHOBUTH
Hampyry OUIbIly 3a MakCHMajbHY HANpYTy SIKa MPUCYTHS y CHUCTEMI, TOOTO HANpyry >KUBJICHHS.
OTtxe, Hampyra B Jt00ild Toulli IM(POBOI CHUCTEMH, Maike 3aBXKAM 3aiiMae sSKech MPOMDKHE
3HAYEHHS Y Jiara3oHi Bl HYJS A0 HAPYTH KUBJICHHS.
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PeanbHi aHaNorosi CUrHann B 4UCKPETHUX
umMPppoBUX cMcTemax

A Hanpyra 8
He BnBonH |aeanbHuit curHan Hanpyra xvaneHHs

Ane Ham TOTPIOHO SIKOCH IHTEPIPETYBATH W0 HANpyry, 00 MOJaiblIe MPOrpaMHe
3a0e3neueHHs] MOBUHHO TIPAIfOBATH JIMINE 13 AWCKPETHHMH CHTHAJIAMHU. Y JaHOMY BUMAIKY
BBOJATH JBa Jllalla30HM HAmpyr. SIKIIO peanbHa HaAmNpyra 3HAXOAWUTHCS B OJHOMY Jiamas3oHi, TO
BB@)XAIOTh, 110 CHUTHAJI Ma€ PIiBEHb JIOTIYHOTO HYJSI, a SKIIO B 1HIIOMY — TO PiBE€Hb JIOTIYHOI
OMVHMII. AJie HaBiTh A caMoOi HaWKpalle CIHPOEKTOBAHOI CHCTEMH ICHY€ TEBHHUH Aiana3oH
HAIpYyT, JIe BOHA OyJie MpaIfoBaTH HEUiTKO. | Ko Hanpyra Oy/e 3HaXOAUTHCh Y IIbOMY Jliara3oHi,
TO CHUTHAJI MOXe OYTH 1HTEPIPETOBAHUMN SK 3aBTOJIHO, 1 K JIOTIYHUN HYJb, 1 SIK JIOTIYHA OWHHMIIS.
[Tpudomy pi3HI eK3eMIUIIPH OJHIET 1 Ti€l %K MOAeINi MiKpompoliecopa abo MiKpOKOHTpoJiepa uepe3
HEMHHYYi TEXHOJIOTIYHI BIAXUJICHHS OJHY 1 Ty X HaINpyry OyIyTb iHTEpIpPETYBaTH MO-Pi3HOMY.

PeanbHi aHanorosi CUrHann B AUCKPETHUX
uMPpOoBUX CUCTEMAX

A Hanpyra g
Ha BuBOAI |peanbHuin curkan Hanpyra XvenexHs

JloriuHa ognHuusa : PeanbHuit curian

MepexiaHa 3oHa

JlorivHui Hynb

binbi cknagHa cuTyallis BUHUKAE, KOJIM LUGPOBUI CUTHAN MOYMHAE 3MiHIOBaTHCS. Yepes
HasIBHICTb B peaJIbHIM €IEKTPOHHIM CXeMI Mapa3uTHHUX €MHOCTEW Ta 1HAYKTUBHOCTEH, Hampyra B
eJIEKTPUYHMX KOJIaX HiSK HE MOYKE€ MUTTEBO 3MIHUTH CBO€ 3HaueHHs. OTKe 3MiHa CUTHAIY 3 HYJIS B
OJIMHHMIIIO 1 HABIIaKHU BIIOYBAETHCS HE MUTTEBO, K B 17IcAIbHOMY BUIIAJIKY, a 3aiiMac MEeBHUH Yac, Ha
MPOTS31 IKOTO CUTHaJl 000B’3KOBO IMOMaJie Y IPOMDKHY 30HY /i€ BIH MOK€ BU3HAYATHCS 1 SIK HYJIb,
1 gk onuuuud. [IpuyomMy, yepe3 BHUCOKUH KOEPIIEHT MIACHIECHHS LU(PPOBUX EJIEMEHTIB, KOJHU
BXIIHUI CUTHAJ 3HAXOAWUTHCS Yy 30HI HEBU3HAYEHOCTI, Ul 3MiHM JMCKPETHOTO PIBHS CUTHAIY
JOCTaTHBO HaMEHIIOI0 IIyMYy.

I1s mpoGieMa € aHaNOTIYHOIO MpOoOIEeMi «OpA3KOTY KOHTAaKTiB». I3 OpSI3KOTOM KOHTaKTiB
CTHKAIOTbCA YCl PO3POOHUKM €JIEKTPOHHOI amapaTypu, y SKUX B 1HTepdelcHIi YacTHHI
BUKOPHUCTOBYIOTbCS KHOIIKM, TymOyiepu a0o iHIII MexaHiyHi mepemukaui. [Ipobrema mossrae y
TOMY, 1110 OIip MEXaHIYHUX KOHTAKTIB M1l Yac 3aMUKaHHS a00 PO3MHUKAHHS 3MI€THCS XaOTUYHO, 1110
MPU3BOJUTH JI0 TOTO, JIOTTYHUNA €JIeMEHT, MIIKII0YeHUH JJ0 TaKOTo NpuiiMaya, 3a 0JlHe HaTUCKaHHS
Ha KHONKY MO)X€ KUIbKa pa3iB 3MIHUTH PIBEHb JIOTIYHOTO CUTHAJIY 3 HYJA O OJAMHMUII 1 HABIAKHU,
TOMY, SIKIIO HE TpUIMAaTH BIAMOBIAHUX 3aXOMAiB, TO TaKa IHTEpHpeTalis BXIAHMX CHUTHAIIB
MpU3BEJE 10 HEMpaBUIbHOI poboTH yciei cuctemu. Hanpukiaz, BU €TMHOMY HaTUCKaHHI Ha SIKYCh
KHOIKY, @& MIKPOKOHTpOJIep, HE OOJIaHAHUN HEOOXITHUMHU eJIEMEHTaMH JJIsi YCYHEHHs Ops3KOTY
KOHTAKTIB, IPUMHSB PILIEHHS, [0 KHONKY HATUCHYJIN KUJIbKa pa3iB.
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Mpobnema 6pPA3KOTY KOHTAKTIB

Hanpyra
XXUBNEHHA

R1 f { i

BuxigHa |
Hanpyra ;
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LSRRI BESGn ! Byson
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H |

Noriyrni { |
{ |
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s 3an06iranHs bOMY 1 BUKOPHCTOBYIOTHCSI BY3JH 13 TIO3UTUBHUM 3BOPOTHHM 3B’SI3KOM,
3okpema Tpurepu Ilmiara. Tpurep IlImigra sBase co0OK HEIHBEPTYHOUHMH ITiICHIIOBAY,
OXOIUICHUH TO3UTHUBHUM 3BOPOTHHUM 3B’SI3KOM. 3BOPOTHH 3B’S30K PEANi3YEThCA Aa JOMOMOTOI0
PE3UCTOPHOTO TMOMAIIPHUKA HAIPYTH, SKU YacTUHY BUXIJHOTO CUTHaNy 0e3 OyIb-sikoi iHBepcii
MOJIa€ HAa WOTO BXiJ. SIKIIO piBE€Hb BXiJHOTO CUTHATY MEHIIWH 3a MEBHUHA MOPOTOBUI piBEHB, TO
MiJCHIIIOBa4Y (JOPMY€e CUTHAII, IO BiAMOBiJIa€ PIBHIO JIOTTYHOTO HYINS. SIK TUIBKM BXITHUH CUTHAT
cTae OLIBIIMM 3a TICBHE IOPOTOBE 3HAYCHHS, TO CUTHAJI HA BUXOJ MiJACHIIOBaYa IMOYUHAE
301BIIYBATHUCS, IO MPU3BEAE 1 10 301IbIICHHS CUTHATY 3BOPOTHOIO 3B S3KY, a 1€, Y CBOIO Yepry,
MpHU3BeIe 10 JOJATKOBOTO 30UTBIIEHHS BXIJHOTO CHUTHAITY 1, BIAMOBIMHO, 1 JO ime OUIBIIOrO
301bIIEHHS BUXIIHOTO. B pe3ynbrari 1mbOro IJaBUHOMOMIOHOTO MpOIECY CUTHAJI HAa BHUXOMII
MIJCHITIOBaYa JTy)Ke MIBUAKO — Mai’Ke MUTTEBO — 3MIHHUTHCS 3 PIBHS JIOTIYHOTO HYJS JO PIiBHSA
noriyHoi onuHumi. [Ipu nboMy 30LIBIIUTHCS 1 PIBEHb MMOPOrOBOTO 3HAYEHHS, 1 Temep, IJIs TOro,
mo6 nepeBectu Tpurep llIminra y momepenHiii cTaH — KOJIM piBeHb BHXIAHOTO CUTHATY JOPIBHIOE
HYJI0 — HEOOX1IHO 1100 Hampyra Ha BXOJ1 I[bOTO By3Ja CTajlia MEHIIOIO 3a HAIMpYTy, siKa MpU3Bea
JI0 TIEPEBOJIy TPUTEpa y CTaH 3 BHCOKMM pPIBHEM BUXIJIHOTO cUTHaIy. OTKEe NpU BHKOPUCTAHHI
MO3UTUBHOTO 3BOPOTHOTO 3B’A3KYy CHUCTEMa IMPUHLUIOBO HE MOXE 3aJHIIUTUCS Yy 30H1
HEBH3HAYEHOCT1 a00 y 30HI HEYITKOI POOOTH 1 MIBUJIKO MEPEXOIUTH 13 OJHOTO (PIKCOBAHOTO CTaHy
IO 1HIIIOTO.

MpuHumn poboTtn Tpurepa LLmiaTa
(cMcTema 3 NO3UTUBHUM 3BOPOTHUM 3B’ A3KOM

y Buxigna B
e3
RANPYTA 3BOPOTHOrO

R1 R2 Kono 3B'A3KY
o—{__F9—1 1 3soporHoro 3e's3Ky

13 3BOpOTHUM
38'A3KOM

NorivHa oavHMUA

Bxig
(o]

T MepexigHa 3oHa
Migcuniosay PeXA

Buxig

TNoriyHunin Hyns

BxiaHa Hanpyra

3oka HeviTtkoi pobotn

Lle siBuIIIEe y TEXHII HA3UBAETHCS TICTEPEIUCOM, SIKHI TTO3HAYAETHCS BIATIOBITHIM 3HAUYKOM.
Iicrepe3uc mpuTamMaHHU HE TUIBKM €NEKTPOHHMM CXeMaM — BiH MoO)ke OyTH NPHUCYTHIM 1 Ha
¢13uuHoMy piBHI. Hampuknaa, maiixe yci ¢epoMarHiTHi marepialu MaroTh TiCTEpe3Hc, MpoTe B
(depomMarHiTHUX Matepianax Juig Horo peanizanii HI4YOro He MOTPIOHO POOUTH, a Y TEXHIUYHHUX
cUCTeMax JIIs peai3allii rictepe3rncy HeoOX1HO 3aCTOCOBYBATH IMO3UTHUBHUN 3BOPOTHHH 3B’ S30K.
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TakuM YWHOM, MO3UTHUBHUUN 3BOPOTHUH 3B’A30K JO3BOJISIE YHHUKHYTH HEBH3HAUEHOCTI. Y
BHUIMAJKy OpS3KOTY KOHTakTiB, Tpurepu IlImiara, ToOTO cucTeMu i3 TMO3UTUBHUM 3BOPOTHUM
3B’SI3KOM, y KOMOIHAII{ i3 elleMeHTaMH, 110 He J03BOJISIOTH IIBUIKO 3MIHIOBATHCS HAmpy3i Ha
MEXaHIYHUX KOHTAaKTaX, JO3BOJSATh CPOPMYBATH HITKHIl JIOTIYHMI CUTHAN 3 SKUM cucTeMa Oyne
HOPMAaJILHO MPAIIOBATH.

YcyHeHHA bpA3KOTY KOHTAKTIB 32 4ONOMOroH
Tpurepa LLmigTa

Hanpyra u, Hanpyra U>o<
KUBNEHHS

BuxiaHa | BuxigHa |
Hanpyra |

' H U,

' Noriuxmi ! Hanpyra , o Tpurep BUX
' H enemeHt : ' WWmiaTa

H ! AHanorosuit H i AWanoroswit
Ssisslasrsasad A . e [t ! Byson

BpAskiT KoHTaKTiB Yac

BukopucTanHs 3BOPOTHOI0 3B’ SI3KY B HEHPOHHUX MepeKax
y

OTxe, BH HAEBHO B)K€ 3PO3YMIJIM, 30 3BOPOTHUN 3B’SI30K — II€ QYK€ XOpolla pid, sKa
AKTUBHO BUKOPHUCTOBYETHCS B TEXHIYHUX MPHUCTPOSX. Termep 3aMIIMIOCH 3’sICYyBaTH, HABIIIO
noTpiOHO Oylio HABOAWTU CTUTBKM TMPUKIAAIB BUKOPUCTAHHS 1 MO3UBHOTO, 1 HEraTUBHOTO
3BOPOTHOTO 3B’SI3KY, MPUYOMY y CHCTEMax, sKi, 3/Ia€ThCS, HE MAIOTh KOJHOTO BiTHOIICHHS JO
HEUPOHHUX MEPEXK.

BapiaHTM 3BOPOTHOrO 3B’A3KY

[ [Mo3unTVBHUIA 3BOPOTHWMIA 3B8'A30K (M33) ] [ HeratusHuii 3BOpoTHUY 3B'A30K (H33) ]

k>0 k<0

Usux Y,
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Ane piu y TOMy, IIO caMe€ MOHATTS 3BOPOTHHUH 3B 30K BUXOAMTH HAJEKO 3a MEXIi
€JICKTPOHIKY YM KOMIT I0TEPHOI TEXHIKH. 3BOPOTHHH 3B’ 30K ICHYE Y BEJUKIN KUTBKOCTI CUCTEM, SIKi
HE OOMEXYIOThCS TUIBKH TEXHIYHUMH 3aco0amu. HaBiTh y HaBUaHHI BUKOPUCTOBYETHCS 3BOPOTHUI
3B’S130K — KOJIM BH NPHUCHJIAETE CBOI poOOTH BHKIIAJady, TO BHKJIAJad MOYNHAE KOPUTYBATH CBIiH
Kypc 7Sl TOTO, 100 BpaxyBaTH Ballll iHAWBIAYaIbHI OCOOIMBOCTI i JIOBECTH Bac J0 MEBHOTO PiBHS.
VY naHOMy BHIIAJIKy IIeH 3B’SI30K € HETAaTHBHUM. AJie HETATUBHUM HE y CEHCI, 10 BiH € HEMPUEMHUM
JUI BUKJIQJa4a, a y CeHcl crabimizamii mporecy HaBYaHHS, OCKUIBKM HETaTWBHUN 3BOPOTHHUH
3B’S130K JI03BOJISIE OTPUMATH Oa)KaHWW Pe3yNIbTaT MPH OYAb-IKUX BIIXHICHHSX IMOYaTKOBHX JAHUX
— Y JaHOMY BUNAJIKy — BaIllOr0 MOTOYHOTO PiBHS 3HAHb Ta BMiHb. A Temep AaBalTe 3’jCYEMO SIK
3BOPOTHHIA 3B’ 30K JO3BOJIUTH MIOKPAIUTH Hallli HEHPOHHI MEPEXKi.

[le icHye 3BOPOTHUI 3B’A30K

* BionorivynHi cuctemm

* XimiyHi peakuii

* MartemaTtu4yHi cuctemu

e [IMHaMIiYHi cuctemm

* KnimaTuuHi npouecu

* Cuctemn aBTOMATU30BAHOIO KepyBaHHA
* HaBuaHHA

* [porpamHe 3abe3neyeHHs

PosrinsiHeMO KOHKpeTHW# mpukiaa. Mu CTOiTe Ha 3YNHHII TPOMAJICHKOTO TPAHCHOPTY i
YeKaeTe, HapuKiaa, Ha Tposeroyc. [1o miit 1opo3i 13141k TposieiOycH mo Mapmpyram Homep 1, 6
Ta 8, 1 BaM HeoOXigHuil Tponeitdyc Homep 6. 3o0pakenHs upu 1 10BOJI CHIIBHO BiAPI3HIETHCA
BiJ 300paxkenHs mudp 6 Ta §, ToMy ii MOKHa po3mi3HATH i3 OUIBIIOI BiICTaHI HK y IHIINX
Bumnagkax. A ot uudppu 6 Ta 8§ T0BOJII CXOXKi, TOMY iX PO3Mi3HATH Ba)kue, OCOOJMBO KOJIH YMOBHU
IUISL pO3ITi3HABaHHS HE JTy’KE CTIPUSTIUBI.

Po3nisHaBaHHA HOMepy Tponenbyca

o S
| o B

: gy

I ot Bu Oauwurte, 1m0 mia DKIKae TponeHOyc 1 6aunTe, 1110 HOro HOMEp HE CXOXKUN Ha HOMEp
1 a OunplIe cxoxuil Ha HOMep 6 abo 8. 3BepHITH yBary, 10 BiJ TOTO, IpHUiJle «BalD» Tpoienoyc, un
HE «Balll», 3aJEKUTh Ballla MOJajiblla MOBEAIHKAa — 4Yu OyneTe BM Jajli CTOSTH HAa 3YMUHINI 1
BiJlifIeTe B CTOPOHY, MO0 HE 3aBaKaTH 1HIIUM JIIOJSAM, IO MOYHETE TOTYBAaTUCS IO TMOCAIKHU.
To6t1o, Hapa3i Ball MO30K MPAIIOE K CUCTEMa NMPUHHATTS pillleHb, sIKE BaM JIOBEIEThCS NMPUIMATH
000B’s13k0B0. OTKe BU MOKH L0 MOraHo Oauute, sIKUK Tposelyc mia hKpkae: 13 HomepoM 6 abo
HoMepoM 8. Lle o3Havae, 110 Bamia BHYTPILIHS HEWPOHHA MEpeka 3HAXOAUTHCS y HECTaOUIbHOMY
CTaHl, X04a CUTHAJl HEHPOH, 110 BIANOBIAA€ 3a po3Mi3HaBaHHA LHU(pU 1, Mae HETaTUBHE 3HAUEHHS,
ToOTO BM TOYHO Oaunte He 1Upy l. A OT curHanu 3 HEHWPOHIB, L0 BiANOBIAAIOTH 3a
po3mizHaBaHHs 1udp 6 Ta §, MPUOIM3HO OAHAKOBI 1 BU BCE II[€ HE MOXKETE MPHUIHATH PIIIICHHS, 110
Jani poOuTH.
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Po3nisHaBaHHA HOMepy Tponenbyca

Barosi
cymu

/ Mopir akTneauii
Homep 6
Homep 8

Homep 1

Bxoaun

Homep 6 e

Homep 8 Hac
-------- 7 ~ Homep 1

Ta och, Ha SKYCh JOJIFO CEKYHIH BU YITKO MOOAYMIIM TAOIMYKYy TPOJICHOYCY 1 pO3Mi3HaH,
o BiH Mae HoMmep 6. OTke, BaM MOTPIOHO TOTYBATHCA 0 MTOCAKH 1, HATPHUKIIAM, JICTaTH TPOLIi 3a
Mpoi3/l. 3BEPHITH yBary, 0 BH YiTKO MOOAYHIIM HOMEP JIMIIIE HA SKYCh MUTD 1, MOXJIMBO, BU HaBITh
70 KIHIIS HE BIEBHEHI, 1m0 el Homep € HomepoMm 6. IIpoTe iMOBipHiCTh, IO ine came ekl
Tposeiidyc, HaitBuma. [1{o Oyae BinOyBaTucs nami? Y peaJbHOMY KHTT1 BU, HaBITh HE3BAXKAIOYH Ha
HEMOBHY BIIEBHEHICTh, MIEPECTAHETE JIUBUTHCS HAa TAOJHMUYKY TPOJIeHOyca 1 MOYHETEe TOTYBATHCS 10
nocaaku. ToOTO BU Bke MPUKHSIIN PIIICHHS 1 IECh Y TOJIOBI co01 Horo 3adikcyBaiu.

Po3ni3sHaBaHHA HOMepy Tponenbyca

Lle Homep 6!

Howmep 6
Howmep 8

Bxogu

Yac

Homep 1

Lie He Homep 1!

[Ipubnu3Ho Tak caMo MOBMHHA CHPALIOBATH 1 IITy4YHa HEWpOHHA Mepexa. [IpoTte HelipoHHa
Mepexa 0e3 3BOPOTHHUX 3B’A3KiB, HalpHUKiIaj, nepcentpoH Po3enOnara, Hikonu He chopMmye Taky
peakuito. Tak, y meBHI MOMEHTH 4Yacy BaroBl CyMHU MEBHUX HEHpPOHIB MEpEBHILATH MOPOTOBI

3Ha4YeHHs, MpoTe Iie Oyne Jullle Ha SKYyCh MUTh. A BaM HEOOXiJHO, L0 CUCTEMa 3HaXOJUJIaCh y
cTaOlIbHOMY CTaHI1 Ha IPOTS31 TPUBAJIOTO Yacy.

Po3nisHaBaHHA HOMepy Tponenbyca

[ Be3 3BopoTHOro 3B'A3KY ] [ |13 3BOPOTHUM 3B'I3KOM ]

Barosi
cymu

Barosi

Bnnue 380pOTHOrO 38'A3KY

Lie Homep 6! Lie Homep 6!

/ Mopir akTusauii Mopir akTneauji

Homep 6
Homep 8

Homep 6

Homep 8

Lle 1e Homep 1! Homep 1

Jlng 1poro y cucreMy BBOJSTBHCS 3BOPOTHI 3B’A3KHU. | Temep y po3paxyHKax BaroBUX CyM
MPUIMAIOTh y4acTh HE TITbKU BXIJHI CHUTHAIH, a e ¥ BUXiIHI. Y IIbOMY BUNAJKY, K TUIbKH BU
pO3Mi3HAIM HOMEDP 6 1 MPUWHSUIA PIIICHHS, MO € iJie Baml TpoJeidyc, TOJAl BU MOYMHAETE HAYe
MiJCUIIIOBATH Ballle PillIeHHd 1 rabMyBaTu yci iHmi. [ renep, mo0 nepekoHaTu Bac, 110 Iie ige He
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«Balm Tpojaeidyc i3 HoMepoM 6, a «He Bal Tpojieidyc i3 HomepoM 8, ab0 HaBiTh i3 HOMEpOM 1,
Tpeba, mo0 piBEHb BXIIHMX CHUTHAJIB, IO PO3Mi3HAIOTH HOMEpH | Ta §, Oyau 3HAYHO OIIBIITMMH,
OCKUTBKM 13 IXHIX BaroBUX CyM TeIlep BiJHIMA€ThCS pe3yibTaT CIpalbOBYBaHHS HEHWpOHa, IO
KOJIUCh PO3Mi3HaB Py 6.

A skuil 1€ 3B’SI30K MO3MBHUKA YW HETaTUBHUM? 3rajaeMo NPHUKIAAM 3aCTOCYBaHHS
MO3UTUBHOTO Ta HEraTMBHOTO 3B’s3KiB. HeraTMBHUII 3BOPOTHHII 3B’SI30K BHUKOPUCTOBYETHCS IS
ctabimizamnii MeBHOrO0 TapaMeTpy, a MO3UTUBHUN HAaBIMAaKW — Juis jaecradimizarii. Skmo 6 mu
BUKOPUCTOBYBAJIM HETAaTUBHUI 3BOPOTHHUIl 3B 530K, TO BIH HamaraBcs O HIATpUMATH CHCTEMY Y
NEBHOMY CTaOiTbHOMY CTaHi. A SKWUH CTaH JUIi CHUCTEMH pO3Mi3HaBaHHS OOpa3iB € caMum
cTabutbHUM? Y TaHOMY BHIAAKY, JJISI CHCTEMHU PO3Mi3HaBaHHS 00pa3iB caMUM CTaOUTbHHUM € CTaH,
KOJI HIiSIKOTO PIIICHHS HE MPUUMAETHCA, TOOTO KOJIM BUXIJHI CUTHAJIM HEHPOHIB MarOTh IEBHE
(dikcoBaHe 3Ha4YeHHs. 3rajaiiTe cTabiTi3aTop HANPYrd, IO MU PO3MVISAAIN TEpea UM — HOoro
3ajaua — MiITPUMYBATH BUXIJHY HANpyry y 3aJlaHUX Mexax y Oyab-sakiil cutyarii. Tomy, ko 0
MU BHKOPUCTOBYBaJIM HETaTUBHUN 3BOPOTHHUN 3B’SI30K, TO CHTHAJl Ha BHUXOJl HEHpOHA, IO
po3mizHae udpy 6, Ta i ycix iHIMX HEHPOHIB, HIKOIX O HE CTaB OLIbIIIE MOPOTa aKTHUBAIII].

Po3ni3HaBaHHA HOMepy Tponenbyca

[ Be3 380poTHOro 3B'A3KY ] [ 13 HeraTMBHUM 3BOPOTHUM 3B'I3KOM

A\ Barosi Barosi
cymu Cymun
Lle Homep 6!

Mopir akTueauii / Mopir akTusauii

Howep 6 fomee
Homep 8 W Homep 8

Yac Hac

Le He Homep 1!

3rajaiiTe cami — KOJIM BU HE X0o4eTe NPUHMATH SIKECh PILLICHHS, BU 3aBXAU OyneTe IIyKaTH
SKICh BUIIPAaBIyBaHHs, TOOTO NPUYHMHH, SKi OyAyTh TallbMyBaTH aKTHBalii HEMpPOHA, KU TIEpEBiB
Ou Bac y akTUBHUH cTaH. TOMy y BHIIQJKy OYIKyBaHHS, BU TaK 1 3aJIMIIATECh HA 3YMUHI 1 HE
csapere y xojeH Tponeidyc. Lls mpobnema Bimoma sk mpobnema BypumaHoBa BiciioKa, y SIKOTO
OyJ0 1Bl KOITHU CiHa, aje BiH IOMEp 3 TOJI0/1y, TOMY 10 Yepe3 Ha/UIMILIOK PO3yMY HE MIT BUPILLIUTH
3 SIKO1 KOTTHU CiHa HOMY pO3M0YaTH Tparesy — i3 JiBOi, 4d 3 IpaBoi.

bypuaaHis BicNtOK

\
A

Momep Big ronogy, TOMy L0 He 3MIr BUPILLUTY i3 AKOT KONHMU oMy iCTU CiHO

OTxe HeraTUBHUM 3BOPOTHUM 3B’SI30K Y BUIAJKY MPUMHSTTA pilIEeHb MOXKE CTaTH BaroMoro
3aBaJiOl0 70 OylIb-sKOro BHpilIeHHS. ToMy y HEHpOHHHMX MepeXaX, 110 BUKOPHUCTOBYIOTHCS IS
MPUMHATTA pilIeHb — OJHIEIO 13 TOJIOBHUX IHTENEKTyaJbHUX (QYHKIIM, MPUTAMaHHUX JIOAUHI —
YacTille BUKOPUCTOBYIOTh CaMe MO3UTUBHI 3BOPOTHI 3B’ SI3KH.
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Sk peasisyBaTu 3BOPOTHHI 3B’SI30K B HelipOHHIll Mepeki

A sK peanizyBaTH 3BOPOTHHMH 3B’A30K y HeMpoHHUX Mepexax? [laBaiiTe 3ragaemo, II0
HEOOXITHO JIs TOoro, Io0 pO3IMKHyTa CHCTeMa, TOOTO cucTeMa 0e3 3BOPOTHOTO 3B’SI3KY,
MePETBOPHIIACS HA 3aMKHYTY, TOOTO CHCTEMOIO 13 3BOPOTHUMH 3B’ sI3KaMU. A JIJIs IIbOTO MOTPiOHO Y
CUCTEMY JOJIaTH JBa BY3JIM — KOJO JUIsl epeadi CUTHAlIy 3BOPOTHOTO 3B’SI3KY, SIKE Ma€ MEBHUM
KoedillieHT mepenavi i BXiAHUN cymarop, sKuil Oyae noJaBaTH OO BXiIHOTO CUTHAIY CUTHAI
3BOPOTHOTO 3B SI3KY.

3BOPOTHUM 3B’A30K Y WITYYHOMY HEMPOHI
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s I o
|
Bxin BXa | posimkryra | Buxia Buxin
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|
|

akTusauii

Kono nepenaui BUXIAHOrO curHany : |
Xy
KoediuieHT nepegay k vCH |
/‘ |

Bxin 3sopotHoro 3s'asky Wy =k

A Temep 3rajaiite OyHOBY IITY4HOTrO HeipoHa. OIHUM 13 OCHOBHHUX BY3JIIB IITYYHOTO
HEHpOHA € BaroBU Ccymarop, SKHH OOYMCIIOE CyMy BXIJHUX CHUTHAJIB, KOXEH 3 SKHX
MEPEMHOXKYEThCS HAa CBOI BaroBi koedimieHTH. Sk Oauute, AN BBEACHHS y IITYYHUI HEHpPOH
CHTHAITy 3BOPOTHOTO 3B’SI3KYy AOCTATHBO 1O HBHOTO JOJATH ille OAWH BXiJ, KU HIYUM He Oyne
BIJIPI3HATUCS BiJ IHIIMX BXOMIB. SIKIIO0 HEHpoHHa Mepeka peani3yeTbcs MPOrpamMHO, TO NS
JOJaBaHHS 10 HEWPOHY IIe OJHOTO BXOY NMOTPiOHO 3MIHWTH JIUINIE KiTbKa KOHCTAHT y Iporpami,
10, PU TMPABUILHO CIPOCKTOBAHOMY IPOrPaMHOMY 3a0e3leueHHi, pOOUTHCS MEHIIE HIK 3a
XxBWIHHY. TOOTO MOXHA BBaXKaTH, IO JJIS BBEICHHS CHUTHAIY 3BOPOTHOTO 3B’S3KY y IITYyYHUH
HEWPOH Maihke HIY0ro poOUTH HE TOTPiOHO.

HanawTtyBaHHA 3BOPOTHOrO 3B’A3KY

Bxoaun e | s v Buxig
x, : X s T I 0 W33 < 0 - HEraTMBHWIA 3BOPOTHWIA 38'A30K
| w, | CDI_'—] W33 =0 - Hemae 3B0pOTHOrO 38'A3KY
| YHKUIS sl " o
X, BH | akTweaLyl Was >0 - NO3WTUBHMI 3BOPOTHUIA 3B'A30K
. S |
! : 2 | IWasl > 1 - nincunenns curnany
; | IWasl = 1 - curnan He aminioeTbea 3a amnnityaoto
Xss CH | :
| |W33| <1 - nocnabnexHs curHany
| Was |
______

Bxia 380POTHOrO 38'A3KY

3BEpHITH yBary, 10 MapaMeTpHu 3BOPOTHOIO 3B’SI3KY LIJIKOM Ta IMOBHICTIO 3aJieKaTh BiJ
3HAQYEHHS BaroBOTO Koe(iIlieHTa, 3B’S3aHOTO 13 BIAMOBIAHMUM BXOJOM 3BOPOTHOTO 3B’S3KY. SIKIO
el koeilieHT MEHIIUH HyJs, TO peai3yeThCsl HETaTUBHUN 3BOPOTHUH 3B SA30K. SIKIIO O1IbIINI
HYJSL — TO MO3UTUBHUNA. A SKIIO el Koe(dilieHT TOPIBHIOE HYJIIO, TO HISIKOTO 3BOPOTHOIO 3B’SI3KY
HEMae, OCKUIBKU fKe O YHMCII0 BU HE TIOMHOXKHIIM Ha HYJb, Pe3y/bTaT Oy/ie HyJbOBUM 1 L€l BXiJI HE
OyZe MaTd HISIKOro BIUIMBY Ha BEJIMYMHY BaroBoi CyMH 1, BIANOBIJIHO, HAa cTaH HeWpoHa. lliero
BJIACTUBICTIO YacTO KOPUCTYIOTHCS IIiJ] 4Yac HaJallITyBaHHS HEHPOHHHX Mepex, 00 y AesKux
BUIAJKaX HEHPOHHY MEpEXY CIOYaTKy MOTPIOHO HABUMTH O€3 3BOPOTHHX 3B’S3KIB, a BXKE MOTIM
aKTHUBYBATH 3BOPOTHI 3B SI3KH.
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Kpim TOro, 3BepHITH yBary, mo fKIO a0CONIOTHE 3HAYEHHS, TOOTO MOJIyNb, BaroBOTrO
koeirieHTy OULTBIIEe 3a OJAMHUINO, TO CUTHAI MiJACHIIOETHCSA. SIKIIO MEHIe 3a OJWHMIO — TO
ocHa0II0EThCS, a AKIIO TOPIBHIOE OJUHHMII — TO TIepeaeThest 0e3 3MiH. Lliero BIacTHBICTIO 1HKOIH
KOPUCTYIOTBCS ITJI 4Yac peanizaiii ocoONMBOI MOBEAIHKA HEHUPOHHOI MEPEXi, sika Ha3UBAETHCA
«3alllimKa.

DyHKIIIS 3alliIKAd 9aCTO BHKOPHUCTOBYETHCS KOJIM CHCTEMY MOTPIOHO UYITKO Ta HaIIHHO
3adikcyBaTH y MEBHOMY CTaHi, HANPHUKJIAA, y CTaHl aBapii. Y OUIBIIOCTI BHITAJKiB, BAHUKHCHHS
MOJIIOHOTO CTaHy € O3HAKOK TOTO, IO aBTOMAaTH30BaHA CHCTEMa KEePYBaHHS BXKE HE CIIPOMOXKHA
CaMOCTIHO TpUHAMATH pilIeHHS 1 MOTpedye BTpy4YaHHS JIIOJUHHU. Y TAHOMY BHIIAQAKY, OJIUH 13
HEHPOHIB CIeNiadbHO BUIUIAETHCS ISl TOTO, MO0 BUSBIATH 1el ctaH. Lleit HelipoH Mae moporoBy
(GYHKIII0 aKTHBaIlil, 1 HOro BUXIJHE 3HAYCHHS € JUCKPETHHUM 1 MOXe MpuiMaTH 3HavueHHs abo 0,
abo 1.

DyHKLiIA «3aLWinKkn»

Buxig A Barosa
Bxoaun e e e (0 abo 1) cyma
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s peanizanii ¢pyHKii 3aminku BaroBoMy KoeilieHTy BXOy, OB’ I3aHOMY i3 3BOPOTHUM
3B’A3KOM, IIPUCBOIOETHCS YK€ BEJIMKE IO3UTHBHE 3HAYEHHS, TOOTO HEWPOH OXOILIIETHCS
ITMOOKAM TIO3UTHBHUM 3BOPOTHHMM. YCI 1HINI BXOAM aBapiiHOTO HEHpOHA MiIKIIOYAIOTHCSA /10
KOHTPOJIbOBaHUX CUTHaIiB. KoJM yci KOHTPOJbOBaHI CUIHAIM 3HAXOIATHCA y MeEKaX HOPMH, TO
BaroBa cymMa MEHIII€ ITOpora aKTHBAIlil, 1 CUTHAJ Ha BUXOJII aBapiiHOTO HEHPOHA JOPIBHIOE HYIIIO.
3BepHITh yBary, o, SKIIO BUXIJHUHA CUTHAI HEHpOHa JIOPIBHIOE HYIIO, TO 3BOPOTHUH 3B’S30K
BUSIBJISIETHCS. HAUEOTO BIJKIIIOUEHHM 1 HISIK HE BIIMBA€ HA BaroBy cymy. Ta SIKIIO BaroBa cyma
CTaHe OUIBIIO MOPOrOBOTO 3HAUEHHS, TO HEWPOH AKTUBYETbCS 1 HA HOr0 BHUXOJI 3’ SBUTHCS
CUTHAJI, IO JOPIBHIOE PIBHIO JIOTIYHOI OJWHUIN. SIK TUIBKU II€ CTAHETHCS, LS OAUHHIIT aKTHUBYE
MO3UTHUBHUI 3BOPOTHUM 3B’SA30K 1 0 BaroBoi CyMu ojjpa3zy MOYHe JoJaBaTUCs OE3KIHEYHO BEJIUKE
3HaueHHs, sKke Oyne yTpuMyBaTH HEHWPOH B AKTUBHOMY CTaHI HaBiTh SIKIIO BXIJHI CUTHAIU
MOBEPHYTHCSI y HOPMaJbHI MeXi. AJie cucTeMa BxKe OyJie 3HaXOUTHCh y CTaHl aBapii 1 BUBECTH i 3
bOTO CTaHy MOJKHa OyJe JMile Bpy4yHy, HalpHUKiIad, [epe3aBaHTAKEHHSAM abo pydyHUM
PO3pUBAHHSIM KOJIa 3BOPOTHOTO 3B’SI3KY.

@yHKIIIA 3alliKK aKTHUBHO BUKOPUCTOBYETHCS Y PI3HUX TEXHIYHHUX CHCTEMax, 30KpeMa B
OXOpPOHHHUX cHCTeMax abo cucTeMax MOKeXHOi CUrHamizauii. Bu 3HaeTe, 1m0 y BUMaKy MOXKexi
JIOCTaTHBO OJMH pa3 HATUCHYTU Ha KHONKY MOXKE€XHOI CUTHaJII3allii, TO BOHA aKTUBYEThCS 1 Oyze
YTPUMYBATHCh Y LIbOMY CTaH1 HaBiTh MICJIA TOTO, SIK L}0 KHOIKY BIJIMYCTUTH. A OT 1100 BUMKHYTH
MOXKEKHY CHUTHAJI3allil0 BX€ NOTpIOHE BTpPY4YaHHS JIIOJMHU, sSKa BPYYHY — SKIIO MOXKEKY
JKBIIOBAHO — IE€PE3aBAHTAXUTh cHCTeMy. Taka X cama (YyHKIIS peani3oBaHa Yy OLIbIIOCTI
KOMIT IOTEPHUX OJIOKIB KUBJIEHHS. SIKIIO MOTYXHICTb, SKY CIIOXXHBAa€ OOJaJHAaHHS CHUCTEMHOIO
070Ky, cTae Oiiblle 3a MaKCUMaJbHO JOMYCTUME 3HAYEHHS, TO OJIOK KUBJIEHHS, 1100 YHUKHYTH
BUXOJy 13 J1aly, Mepeiiie y cTaH OJIOKYBaHHS 1 BUBECTH HOT0 3 I[LOTO CTAHY MOYKHA TUIbKH IIJISIXOM
MTOBHOTO BiIKJIFOUEHHS BiJl MEPEXKI.
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MpuKknagm cuctem i3 GyHKLIE 3aLLinKu
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MosKexHa curHanisauia OxopoHHa curHanisauis BNOK )MUBNEHHA KoMn loTepa

Omxe nis Toro, no0 peanizyBaTH 3BOPOTHUN 3B’SI30K y IMITYYHOMY HEHPOHI Maike HIYOTO
He oTpiOHO POOUTH — JOCTATHBHO JIMIIE BUAUIMTH Y HHOMY JOJATKOBHN BXiJ, SIKM HiYUM He Oyje
BIIPI3HATHUCS BiJl iHIMX BXOMIB. [IpoTe 1e TBep/KEHHS 30BCIM HE CTOCYETHCS HEHPOHHUX MEPEK,
10 MarOTh 3BOPOTHI 3B’s13KHU. | mporpamua peanizailiss HSHPOHHUX MEPEX 13 3BOPOTHUMH 3B’ SI3KaAMHU
Jy’K€ CUITLHO BIPI3HAETHCS BiJl HEUPOHHUX MEPEXK 13 MPSIMUM TOIUPEHHS iH(popMartii.

HanawTyBaHHA 3BOPOTHOrO 3B’A3KY

Bxogm | —————— | sy Buxig
X [ & | 5 T I O W33 <0 - HEraTueHumil 380pOTHUIA 38'A30K
| W | = Wa3 =0 - HeMae 380POTHOFO 38'A3Ky
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X, O [ | akTusaLjii W33 >0 - NO3UTMBHWIA 3BOPOTHUIA 3B'A30K
H W |
H { 2 | IWasl > 1 - nigcunenns curnany
X u_ | [Wagl = 1 - curnan e aminioeTses 3a amnnityaolo
33
| ! IWasl < 1 - nocnabnenns curnany
| W !

Bxin 3sopoTHOro 38'A3Ky

JlaBaiiTe pO3TISIHEMO SIK TPOTPAMHO pEATi3yeThbcs HEMpPOHHA Mepexa i3 NpSIMUM
nomupeHHsaM iHpopmanii. Hexail y Hac Oyne mepexa i3 AeB’siTbMa HEHpOHAMHM, IO MICTUTh TpU
HEHPOHU y BXIIHOMY Ilapi, TpM — B IPHUXOBAHOMY 1 TpU — B BHUXIJHOMY. SIKI0 y Hac Hemae
3BOPOTHHMX 3B’5I3KIB, TO /Ul OOUMCIIEHHS OI0HOT HEHPOHHOI MepeXi JOCTATHHO JIUIIE MOCTII0BHO
O0YMCINTU CTaH HEHpoHIB y ii mapax. ToOGTo, cnmoyarky OOYMCIHUTH CTaH BXIJHUX HEHPOHIB,
npuyoMy y Oyab sikoMy nopsaky. Ilicins Toro, sk oOuuclieHl BUXIJHI CUTHAIM BXiIHUX HEHPOHIB,
MO>KHa MEPEXOJUTH A0 OOUMCICHHS CTaHy HEWPOHIB y MPUXOBAHOMY LIapl — yci AaHi Ui I[bOTO y
Hac €. | 3HOBY K Taku, OOUMCIIIOBATH CTaH HEWPOHIB y MPUXOBAHOMY IIapi MOXKHA Yy Oylb-IKOMY
MOPSIIKY — Ha KIHIIEBUU pe3yJbTarT 1€ HisKk He BrumHe. Hy, a micis Toro, sk 00YUCIMIN CTaH yCixX
HEHpOHIB y NPUXOBAHOMY INIApi, MOXXKHA HEPEXOAUTH 1 O PO3paXyHKY CTaHIB HEHWpOHIB Yy
HACTYITHOMY — Y IaHOMY BHUIIaJIKy — BUX1JHOMY IIapi.

Mopsagok ob6uncNeHHs HEMPOHIB Y HEMPOHHIN mepexi i3
NPAMUM NOLWMpPEHHA iHdopMaLii

Buxig 1

Buxig 2

Buxig 3
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OTtxe, sk OauuTe, MpU OOYUCICHHI CTaHy HEHPOHHOI MEpeXi 13 NMPSAMUM MOIIUPEHHSIM
iH(opMmarIlii Hemae HIYOTO CKIJIATHOTO — JOCTATHBO JIMIIE IMOCTIAOBHO OOIMTH yCi Mapyu, MTOYNHAIOYH
BiJl BXIJTHOTO, 1 Y KO’)KHOMY IIapi MOCIiAOBHO OOYHMCIUTH yCi HEHPOHH, NPUYIOMY BCEpEAMHI IIapy
HEHpOHU MOXKHA O0YMCIUTH y OyAb AKOMY HOPSIKY.

A Tenep nonaimMo 3BOpOTHHMM 3B’s30K. Hampukiiag oxonmuMo 3BOPOTHUM 3B S3KOM JIMILIE
OJINH HEWPOH y BUXIAHOMY Iapi. Sk Temep 3MIHUTBCS HAIIl aJITOPUTM 00UMCIeHHA? 3po3yMiJIo, 10
cro4arky Tpeba OOYMCIUTH HEHPOHH BXIAHOTO IIapy, MOTIM HEWPOHU NPUXOBAHOTO, a IOTIM
HellpoHH BUX1AHOrO mapy. OTxe NOpsIoK OOYKMCICHHS HEWpOHIB, L0 HE OXOIUIEHI 3BOPOTHUMHU
3B’S3KaMH HIYUM HE 3MIHUBCS. AJle 110 BiOYZeTbCs 13 OCTaHHIM HEMpPOHOM Yy BHXIAHOMY wIapi,
SIKUM OXOIJIEHUI 3BOPOTHUM 3B’ A3KOM?

Mopaaok 0bUYNCIEeHHA HEMPOHIB Y HEMPOHHIA Mepexi i3
3BOPOTHMM 3B’SI3KOM

Bxia 1 il Buxia 1
Bxia 2 fll Buxia 2
9 10; 11,12:;
Bxig 3 »—ll Buxia 3
l 3BOPOTHUI 3B'A30K

[lepen oOumcieHHAM HOro craHy Ha BXOJax IIbOTO HEHpPOHA, Y TOMY 4YMCIi 1 Ha BXO.I,
BUJIIGHOMY JJIsl TOAa4i 3BOPOTHOTO 3B 53Ky, NMPHUCYTHI MeBHI piBHI curHamiB. Ilicims toro, sik
oOuKcieHuit ctaH HellpoHa, ToOTO, o0YKCIIeHa HOro BaroBa cyma Ta pe3yabTaT (GyHKIIIT aKTUBAIli,
piBEeHb CUTHAly Ha BUXOJAlI HEHpOHA 3MIHHUTHCSA. Y HEHPOHHI MEpexi i3 MPSAMUM HOUIMPEHHSIM
iH(popMalii 3MiHa BUXITHOTO CUTHAITY HEWPOHA HE BIUIMBAE HA CTAH HOr0 BXITHUX CUTHANIB. A OT y
Mepexi 13 3BOPOTHHMH 3B’S3KaMH 3MiHA BHXIJHOTO CHUTHAIy HEHpOHA, MPU3BEAE A0 3MIHH HOTrO
BXITHMX CHTHAJiB. Y MaHOMY BUIIQJKy CHUTHAIIU, IO NMPHUXOJATH i3 IHIINX HEHPOHIB 3aJIHMIIATHCS
HE3MIHHMMH, @ OT CHTHAJl 3BOPOTHOTO 3B’s3KYy 3MIHHTHCSA. OTKe CTaH HelpoHa Oy/ie HEKOPEKTHUM
1 ioro moTpiOHO OOUMCIIUTH 1IIe pa3, ajie BXKE 3 1HIIO0 KOMOIHAIIEI0 BXiTHIX CHTHAIIB.

O6umcneHHA HEMPOHHOT MepexKi i3 3BOPOTHMUM 3B'A3KOM

ITepauia 1 ITepauis 2 ITepauis 3 ITepauis 4 ITepauis 5
Bxig 1

I ] 1 1 1
. . . . L
f t t t t
| | | | |
Bxia 2 | | | | |
| | | | |
T T T T T

Bxin M
3BOPOTHOrO
38'A3KY
B _I_‘__‘_t_l_
| | |

Homep
iTepauii

Ane micas Ipyroro oOYHMCIIEHHS BUXIIHUN CUTHAJ HEHPOHY TaKOX MOXKE 3MIHUTHUCS, 10
noTpedye MPOBENCHHS HOBOI iTepallii OOYMCIIEHHs, alleé BXKE 3 TPEThOI0 KOMOIHAIIEI BXITHHX
curHaiiB. | Tak moTpiOHO pOOWUTH MOMOKM BHXIJHHI CHUTHAJI HE IEpecTaHe 3MIHIOBATHCS 1 HE
nepeiisie y sKuiich CTabiIbHUN CTaH.

Taki mporpaMu Ha3WMBAIOTHCS PEKYpPCUBHMMH. Pekypciss — 1e BHUKIMK Ti€l X camoi
HiANpOrpaMu BCEPeAMHI caMoi MiAnporpaMu. BukopucTanHs pekypcii € J0BOJII PU3UKOBAHUM
METOJIOM MPOrpaMyBaHHs, OCKUIBKH ITPOrpaMa MOXe MepeiTH y HECKIHUEHUH LMK, 1110 MPU3BEIe
abo 1o ii 3aBucaHHs, a00 10 BUHUKHEHHS IMEpPEpUBAHHS, MOB S3aHOTO i3 MEPENOBHEHHSAM CTEKY
BUKJIMKIB mignporpam. IIpore 6e3 BUKOpUCTaHHS peKypcii HEHpOHHY Mepexy 13 3BOPOTHUMHU
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3B’A3KaMH OOYMCIUTH TPOCTO HEMOXIIMBO, TOMY IIporpamicraM, mio OyayTh peasi3oByBaTh
HEUPOHH1 MEPEXKI 13 3BOPOTHUMH 3B’SI3KaMU JOBOJMTHCS BIPOBAKYBATH MEXaHI3MU 3ar00ITaHHs
Kpaxy MporpaMu, HANpUKIAJ], BBOJAUTH MEXaHI3MIB KOHTPOJIO KIUIBKOCTI BKIJIAJICHHX BHKJIUKIB
OJIHI€T 3K TOT MIAMPOTPaAMH.

ANropuTM pPeKYpPCUBHOI Nporpamm

J ¥

Mignporpama Nignporpama
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Hedpora N Heitpora N

S [ I )
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( Kineus )

Tomy mye 4YacTo y TEXHIYHIM JiTepaTypli HEMPOHHI MEpeki i3 3BOPOTHHMH 3B’sI3KaMHU
HA3WBAIOTh PEKYPCUBHUMH HEWPOHHUMH Mepekamu. L{i€ro Ha3BOIO MiAKpPECIOTh TOW (akT, mio
npu OOYMCICHHI HEWPOHHUX MEpPEeX 13 3BOPOTHUMH 3B’SI3KAMH BHKOPHCTOBYIOTH PEKYPCUBHI
ITOPUTMH, SIKi, MMO-TIepIIe, CKIAAHINI B peaiisalii, a mo-apyre, norpeOyroTh OO KiJIbKOCTI
apu(MeTUKO-JIOTIYHUX OMepalliif, MOPIBHIHO 13 MepekaMH, y AKHX 1H(OpMAallis MOMIMPIOETHCT
JIUIIIC B OJTHOMY HAIPSIMKY 1 3BOPOTHI 3B’ SI3KH HE BUKOPHCTOBYIOTHCS.

PeKypcuBHa HEMPOHHA MepeXKa

[ Mepexa i3 NpAMUM NOLIMPEHHSM iHdopmauii ] [ PekypcuBHa HelipoHHa mepexa ]

Buxia 1

Buxia 2

Buxia 3

HelipoHHi MepeXki i3 3SBOpOoTHUMM 3B’A3KamMU (PEKYPCUBHI HEMPOHHI
mepexi) maroTb 6i/bl cCKNagHY NporpamHy peanisaliio Ta noTpebyoTb
6inbLoi KinbKocTi o6uncneHb

[Tpu peamnizanii HEMPOHHUX MepeX 13 3BOPOTHUMHM 3B’SI3KaMH BUHHMKA€ Ipoliiema, sKa
Ha3UBAETHCA MPOOJIEMOI0 301KHOCTI. 30DKHICTh Y MaTeMaTuill O3Hayae Te, IO HECKIHYEHHa
MOCHII0BHICTh, CyMa HECKIHUEHHOT'O psAay a00o HEBIACHUH IHTErpajl MaloTh IPaHUIIO. Y BUIAJIKY
HEHPOHHUX Mepexk 30DKHICTh O3Hayae€, 110 NPU HECKIHYEHHIM KUIBKOCTI PEKYPCHUBHUX BMKJIMKIB
HiANPOrpaMu pe3yabTaT PO3paxyHKY BUSABUTHCS KiHLEBUM, TOOTO Oy/e HAaOIMKATUCS O MEBHOIO
yucna. Ase He BCIM HEMpOHHUM MepekaM IIpUTaMaHHa TaKa BIAaCTUBICTb.

36iXKHiCTb PYHKLLiM

Joo A

L —==-}2xg

Y

JlaBaiiTe pO3IIISIHEMO HEHPOHHY MEpeXky, 10 MICTHTh JIMIIE OJUH HEHpPOH, OXOIUICHUM
3BOPOTHUM 3B’s13koM. Hexail BaroBuii koeilieHT BXOAY 3BOPOTHOTO 3B’ 513Ky JOpiBHIOE —1. Takox
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Hexall y SIKOCTI aKTUBAIiHOT (yHKIII BHUKOPHCTOBYETHCS IOPOTroBa (YHKIIA 13 HOPOroM
cuparpoByBaHHs —0,5. [Ipubnu3HO Takuii HEHPOH BH CTBOPIOBAIM HA OJHOMY 13 TPAKTUYHHUX
3aHATh, KOJM HaMarajucs HalallTyBaTH HOTo 1 peanizanii 0a30BHUX JOT1YHUX (yHKLINH. Ase Toai
y Bac Oyria Mepeka i3 nMpsSMUM TOIIUPEHHIM 1HGOopMaIlii, a y TaHOMY BUIIAJKY Y Bac € Mepexka 13
3BOPOTHUM 3B’ SI3KOM.

HenpoH, AKKiM HeMoXK1nBo obuncanTm
(He36ixHa HEMPOHHa Mepexa)

ITepauia 1
ITepauis 2
O pau
ITepauis 3
ITepauin 4

Bxig

ITepauin

[Tpunyctrmo, 1m0 micis iHimiamizaiii HEHPOHHOI MepeXi Ha BHUXOJI HEUPOHY IITYYHO
BCTaHOBJICHUI CUTHAN, IO JOpiBHIOE HY’0. JlaBaiiTe o0unciuMo sSiKkuM OyJe CTaH HEWpoHa Ipu
TaKOMY BX1IHOMY curHajii. BaroBuii cymaTop oO6UMCINTh 100YTOK BXiJIHOTO CUTHATYy Ha BaroBUH
koe(imieHT. Y 1[bOMy BUNAJKY, BaroBa cyma Oy/e TOPIBHIOBATH HYIIO, OCKITBKYA BXIJIHHA CUTHAI
JIOPIBHIOE caMe€ 1IbOMY 3HAa4eHHIO. AJie Hy/lb € OUIBIIMM 3a MOpPIr aKTUBAIlii HEeHpoHa, SKHii
nopisaoe —0,5. OTxe HElpoH nepeiie y 30yKeHri cTaH, 1 Ha Horo BUXOAl OyJe CUTHAJ, PIBHUH
OJIMHMULII.

OTxe cTaH HeWpoHa 3MIHHUBCS, IO TOTPEOY€E MPOBEACHHS I1Ie OJHOT0 00unciIeHHs. JJoOyTok
BX1JJHOT'O CUTHAJTy Ha BaroBuii koe(ilieHT Oy/e TOpiBHIOBATH —1, 110 € MEHIINM 3a MOPIr aKTUBaLii
Heiipona. OTXe MpH TakKOMy 3HAYEHHI BaroBOi CyMH HEHpPOH mepeiife y He30y/KeHHW cTaH 1 Ha
fioro Buxo/i OyJe CTaHOBJIEHUM CUTHAJ, 110 I0PIBHIOE HYM0. OT)Ke CTaH HEHpOoHa 3HOBY 3MIHUBCH,
10 TOTPeOy€e MPOBEICHHS ITIE OHOTO OOYUCIICHHS.

Ta npu HacTymHOMY OOYMCIIEHHI BUSBMTBCS, 110 BUXIIHUI CUTHaJ HEHpOHa 3HOBY CTaHe
pIBHUM OJIMHIII, & TIPH HACTYIIHOMY — pIiBHUM Hym0. OTe Taka CUCTeMa € He30DKHOM 1 ii
00unCIUTH (PI3MYHO HEMOXKIINBO, OCKIIBKH IPOrpaMa 0Jipa3y «IpOBATUTHCS» Y HECKIHUCHUH LUK
1 3INIINATE TaM Ha3aBXIH.

Takum 4MHOM, Aajeko He BCl HEHPOHHI Mepexi 13 3BOPOTHUMHU 3B’SI3KaMU MOXXYTb OyTH
MPaKTUYHO peani3oBaHi. | 1e, 10 MeBHOro 4dacy, OyJi0 BaroMoro MpoOJIEeMOI0 i MPaKTUYHOTO
3aCTOCYBaHHS HEHPOHHMX MEpeX LbOTr0o THILY, OCKIJIBKM He Oyllo HisKOl rapasTii, 0 MmojiOHa
cUCTeMa y Ipoleci poOOoTH He cTaHe He301KHO 1 He nepecTaHe ¢pyHKIionyBaTH. [IpoTe yacTuny 3
po6seM Oylio YCHIIIHO BUPILIEHO, 1 3apa3 CUCTEMH 13 3BOPOTHHUMHU 3B’ s3KaMHU BUKOPHCTOBYIOThCS
TaKk caMo, K 1 TpaJWLifHI NMEPCEeNTPOHU, OCKUIbKM 3BOPOTHHI 3B’SI30K J03BOJISIE peani3yBaTH
Habararo Oiiblue GyHKILINH, HK METOJ MPpsIMOro nourpeHHs iHdopMmartii. | Ha HacTymHi#i nekuii Mu
3 BaMH 000B’SI3KOBO 13 HUMU MO3HaloMUMCS. A Ha ChOT'OJIHI BCe — JIKYIO 3a yBary!

Knacuoikauia HEMPOHHUX Mepex

3MaraHHs
mepexi

olwi\ﬁ

o=
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6 HeiipoHHi Mepe:xi i3 3BOPOTHUMH 3B’ A3KAMH

Ha nomnepennix nexmisix MU 3 BAMU MO3HAHOMMIIHCA 13 KIacu(iKallielo HEHPOHHUX MEpeK, 1
3’dcyBai, II0 YCiI HEHpPOHHI Mepexi MONUISIOTHCA Ha Bl BEIHMKI IPYNH: Mepexi 13 MNpsSsMUM
NoImMpeHHsIM iHopMarii Ta Mepexi i3 3BOPOTHHUMH 3B’s3KaMH. MU JIOKJIAQAHO po3iOpanu
MPUHLMIIN TOOYI0BU MEPEX MEepIIoi rpynu i 3°sCyBaliy, 1110 BOHU MalOTh MEBHI OCOOJIUBOCTI, SIKi
MO>KHA BiJHECTH JI0 KJIacy HENOJIKIB. A caMe, y Mepekax 0e3 3BOPOTHHUX 3B’SI3KiB MPUHIIUIIOBO HE
MO>KHa peajizyBaTu Jeaki QyHKIIiH, 30kpeMa GyHKIIH KOPOTKOYACHOT raM’ sITi.

Knacmndikauia HEMPOHHUX MepeXK

A OT BBeIEHHS 3BOPOTHHUX 3B’SI3KIB JONOMAarae HEMpOHHIN Mepeki MpUNHATH PILICHHS 1
NepeBecTH i y NMEeBHUN CTAOUTPHUI CTaH, y SIKOMY BOHA Oyle yTpUMYBATHCS MPOTSITOM TIEBHOTO
yacy. Y NpHUKIajl, sIKHH MM pO3IJIsfAaid Ha OAHINA 13 HONEpeAHiX JeKIii, Oyno moka3aHo, 10
BBEJICHHS TIO3UTHUBHOTO 3BOPOTHOTO 3B’SI3KYy JIOTIOMAra€ HaBiTh JIIOAWHI MIBUALIC HTPUHHATH
pilieHHs. Y BHINAJKy, KOJU JIIOAMHA Ha 3YNMHLI TpoJieii0yca HamaraeTbCsi pO3JAMBUTHCS HOTO
HOMEp, JOCTAaTHBO JIUIIIC MUTI HAaBITh HEUITKOTO PO3IMi3HABAaHHS JJIs TOTO, MO0 rmepeiTu y ctan abo
1 cigaro y uelt Tponeitdyc», abo «/loBeaeTbes 11e TpOXU MOYEeKaTH.

Po3nisHaBaHHA HOMepy Tponenbyca

Be3 3B0pOTHOro 3B'A3KY I3 MO3UTUBHUM 3BOPOTHUM 3B'SI3KOM

Barosi

A Barosi ,
cymu Bnnue 380poTHOro 38! A3KY

Lie Homep 6! Lie Homep 6!

Mopir akTusayil

Mopir akTusauii

Homep 6
Howmep 8

Yac Hac

------- = Homep 1

Lie He Homep 1!

Mu 3 BaMHM TaKOX MOKJIAQJHO PO3TJISHYIM YUM BiJIPI3HAETHCS TMO3UTUBHUN 3BOPOTHHIA
3B’S130K BiJl HeraTuBHOTO. | 3’sICyBasy, MO KON HEWPOHHA Mepeka MPU3HAYAETHCS IS TIPUIHHSTTS
pillieHb, TO Kpallle BUKOPUCTOBYBATH MO3UTUBHHI 3BOPOTHHUH 3B’ 30K, OCKUIBKM HETaTUBHUMA Oyze
yTPUMYyBaTH HEUPOHHY MEPEXY y CTaHl HEBHU3HAUEHOCTI, 1 Mepexi Oyae CKIaAHO TpHAMaTH
pileHHs.
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Po3nisHaBaHHA HOMepy Tponenbyca

[ Be3 3B0pOTHOrO 3B'A3KY ]

\ Barosi
cymun
Lle Homep 6!

Mopir akTusauii

Homep 6
Homep 8

Yac

[ I3 HEeraTUBHUM 3BOPOTHUM 3B'A3KOM

) Barosi
cymu

Homep 6

Homep 1
Homep 8

Yac

Homep 1

Le He Homep 1!

[Ile onHi€r0 OCOONMBICTIO HEHPOHHMX MEpPEX 13 3BOPOTHUMHU 3B’sI3KaMH, SIKy Tpeda
000B’s13KOBO 3rajiaTH, € mpooyiema 301kHOCTI. Bu mam’staere, mo s 0O0YMCICHHS HEUPOHHHUX
MepeX 13 3BOPOTHHMH 3B’SI3KAMH  HEOOXIHO BUKOPHUCTOBYBATH PEKYPCHUBHI  METOAU
nporpamyBaHHs. AJie PEKypCHBHI METOJM IMPOTrpaMyBaHHs, MO-MEpIle, MOTPeOyTh OLIBIIOT
KUTBKOCTI apu(METHKO-JIOTIYHUX OTepaliid, a TMo-Apyre, BHKOPHCTAHHS PEKypcii MoOXe cTaTtu
NPUYUHOK TIEPEXOAy TMPOrpaMHOro 3a0e3le4yeHHs y HECKIHYeHHWUH 1mKI. | 1 ocTtaHHs
OCOOJIMBICTh TPOTSTOM TPUBAJIOTO dacy Oyjla CEepHO3HOI MPOOJIEMOI0 ISl MPAKTUIHOTO
BUKOPUCTAHHS HCHPOHHUX MEPEK.

ANrOPUTM PEKYPCUBHOI Nporpamm

Mignporpama J Mignporpama Mignporpama X Mianporpama

obuucnexHn obuucnexHs obumucnenHs obuucneHHs

Hewpona 1 “ Hewpoxa 1 Hewpora 1 .- Hewpora 1

Mignporpama Mignporpama Nignporpama e Mignporpama
obuncnexns obuncnexns obumncnenHs obumncnenHs

HenpoHa N —I Henpora N HenpoHa N .. HenpoHa N

1 §
Kieus

1

1l
1l

]
[

Ha onHiii 13 monepeaHix JEKI[ii s Bke HAaBOJAUB BaM IPUKIIA]] HE301KHOT HEMPOHHOT Mepexi
— Mepexi, CTaH HEUpOHIB SIKOI HEMOXKJIMBO OOUMCIMTHU Yepe3 HasBHICTb 3BOPOTHOTO 3B’SI3KY. Y
HaBEe/IEHOMY NPUKJIal, SKMA B 3apa3 O0auuTe Ha €KpaHi, pe3yiabTaT OOYMCICHHS CTaHy €JMHOIO
HEHpPOHY NpU KOXKHIM HACTYNHIN iTepalii Oyde CYTTEBO BIAPIZHATUCS BiJ MOMNEPEAHBOTO, TOMY
nporpama, sika OyJie OOUHCIIIOBATH 1[I0 CUCTEMY HIKOJIM CaMOCTIHHO He MPUITUHUTHCS.

Ane 3 yacoMm mpoOieMy HE30DKHOCTI HEWPOHHHUX MepexX 13 3BOPOTHUMH 3B’SI3KaMU
YaCTKOBO BHPIIIMIM, 1 3apa3 ICHYIOTh TOBOJI 0arato THIIB HEMPOHHUX MEpEX 13 3BOPOTHUMHU
3B’SI3KaMU, 13 SIKUMU MU ¥ 03HAllOMHMOCS y IbOMY Matepiaii. A po3risg HEHPOHHUX MEpEX LbOTo
TUIy MU PO3MOYHEMO 13 Mepexi [ondinaa, sxa 6yna nomynspuszoBana /xonom [Nondinmom mie y
1982 pori.
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HenpoH, AKUN HEMOXKNNBO 0BYNCAUTHU
(He36iXKHa HeMpOHHa mepexKa)

x|s|y
| :
i Tepaufsm 0|01
0 Itepagia2 1 |-110
Bxia ITepayia3 0 |0 |1
ITepauind 1 |-1|0
Y
—
ITepauis

Mepe:xa IN'onginga
Ta mepen TUM SK JOKIAJAHO PO3TISHYTH L0 HEHPOHHY MEpEXY, CIiJl 3a3HAYUTH, LIO0

HeliponHi Mepexi ['onginma MaroTh aHalorH, SIK B JKWBIH, TaK i B HEXUBIH mpuponi. | ogauM i3
MPUPOIHUX aHAIOTIB Mepexi ['ondinga € crmHoBe CKIIO.

CniHoBe CKNo

Spin glass

g

etal alloy where iron

e \ @ ® ® )

CminoBe ckio (Spin glass) — e ayxe po30aBiieHUIl MarHiTHUH CIUIaB, y AKOMY Ha THUCSUY
aTOMIB HEMAarHiTHOrO Marepiany IpHMajae KulbKa IITYK Mar"iTHuX. Hampukiaz, crmiHoBe ckilo
YTBOPIOETHCS KOJIM aTOMH (DepOMarHiTHOTO 3aji3a, BUMAJAKOBUM YHHOM BCTABJISIIOTh Y KPUCTATIIUHY
pelIiTKy HEeMarHiTHUX aromiB Mifl. He3Bakarounm Ha Te, 10 aTOMIB 3aii3a HebaraTo, BOHH
paluKaIbHUM 1 Ay>Ke 3araJIKOBUM YUHHOM 3MIHIOIOTh MarHiTHI BIACTUBOCTI MaTepiany. KoxeHn atom
3aJ1i3a NOBOJUTHCS K MAJICHbKUI MarHiT, Opi€eHTallisd SKOro (CIiH) BIJIMBAE Ha 1HILI aTOMH 3ajli3a,
pO3TaIlloBaHi MOPyY 13 HUM, TaK CaMO SK OPIE€HTAIlis IHIIUX MAarHiTHUX aTOMIB BIUIMBAE Ha HOro
opieHTalil0. Y 3BHYAalHOMY MarHiTi OpIEHTAIllsl YCIX €JIEeMEHTapHUX MAarHiTiB CHpsSMOBaHa B
OJTHOMY HampsMKy. A OT y CIIHOBOMY CKJIi BiIOyBa€ThCsl Tak 3BaHa reoMeTpHuHa Qpycrpamis. Y
JAHOMY BHIMAJKY CJIOBO «(dpycTpaiis» O3Hadae, MO0 TEOMETPUYHI BIACTUBOCTI KPHUCTAIIYHOT
PELIITKA Yepe3 HasBHICTh NPOTHIIIOYMX MIKATOMHUX CHJI YHEMOKJIHMBIIOIOTH OJHOYACHY
OpIEHTAIIII0 YCIX eleMEHTapHUX MarHiTiB B OJJHOMY HamnpsMKy, TOMY y CIIIHOBOMY CKJII Opl€HTAIlis
yCIX €JIEMEHTAPHUX MAarHiTiB € Pe3yJIbTaToOM NEBHOTO «KOMIIPOMICY» MAarHiTHUX MoiiB. | 3miHa
Opi€eHTaIlil HaBITh OJTHOTO MarHiTy MpU3BE/E 10 3MIHU Opi€HTAIi] YCiX 1HIINX.
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[Ipubnu3Ho Te x came BiAOYBA€THCS y MPUMILICHHAX, y SKUX 3HAXOAATHCS JIIOIH, IO
B3aEMHO 3aBaXkaloTh OAWH onHOMy. [lomiOHa cucTemMa TOCTIHHO 3HAaXOAWUTHCS B OJHOMY 3
CTaOUIbHUX CTaHIB — KOJM JIIOJM 3aBaKAIOTh OJMH OJHOMY IIOoHaiiMeHIie. Ta BapTo TUIbKH OJHIHN
JIIOJIMHI TIEPEMICTUTHUCS Y 1HIIE MiCIle B KIMHATI, SIK 3pOCTA€ PIBEHb BHYTPIIIHLOI HAINPY>KEHOCTI,
10 TPU3BOAUTH JIO MEPEMIIICHHsI yCIX IHIIMX JIIOJCH y MiClisi e BOHM, 3HOBY X TakH, OyZyTh
SIKHalIMEHIIIe 3aBayKaTh OJMH OHOMY.

CniHoBe CK/10

Cuctemu, aHaNorivHi
CNiHOBOMY CKAYy,
NOCTIMHO 3HAX0AATbCA B
OHOMY i3 KiZIbKOX
cTabinbHUX cTaHiB Ana
BUBELEHHSA 3 AKOTO
noTtpibHo gopaTrose
30BHILUHE 3ycuans
(momaTkoBa «eHepria»)

TakuM 4MHOM, CUCTEMH, aHAJOTI4HI CIIIHOBOMY CKITy, IOCTIMHO 3HAXOAATHCA B OJHOMY i3
KUIBKOX CTaOUTbHUX CTaHIB, 1 JUII TOTO MO0 BHBECTH CHCTEMY i3 I[bOTO CTAOIIBLHOTO CTaHY
MOTPIOHO MEBHE 30BHINIHE 3YCUIUIS, SIKE y Teopii MOAIOHMX CHCTEM Ha3WBalOTh eHepriero. TolTo,
SKIIO JTFOJMHA Y TaKii KIMHATI HEAAJIEKO 3MICTUTHCS 13 CBOTO MICIlS, TO 1HIINI MPUCYTHI Y I[bOMY
MPUMIIIEHHI MOXYTh, 3aBJIIKH HasIBHOCTI BHYTPIIIHIX 3B’S3KiB, TOBEPHYTH Ii HA CBOE Miciie, TOOTO
MOBEPHYTHCS y TOIMEpeaHiil cTaOlipbHUN cTaH. AJe SKII0 30y/KyBad CHCTEMH Ma€ JIOCTaTHBO
BEJINKY «ECHEPTii0», TO BiH TaKW 3MIHUTh CBOE MiCIIe, 1110 MPHU3BEE A0 MPUMYCOBOTO MEPEeMIilIeHHS
yCiX 1HIIUX €JIeMEHTIB Y HOBUH CTaOUIbHUM CTaH.

HenpoHHa meperka londinaa

| Discrete Hopfield Netwovk |

Y

Y2
Y3

OxoH [xosed londing,
1933 pH

Yn

Came Ha Takiii Mozieni MOBEIIHKY 1 Oyia cipoekToBaHa Mepexa [ondinna, xoua Brepue ii
orucas Jlittn y 1974 poui. A cam JIiTTa CTBOPUB 1[I0 MEpEXY HAa OCHOBI cyMicHOi pobdotu EpHcTa
I3inra ta Binbrensma Jlenna. Ane po6otu [3inra, Jlenna ta JlitTia Bigomi juiie y By3bKOMY KOJIi
¢daxiBmiB, a ['onding y 1982 porti momynsipu3yBaB 10 MEPEKY, IO CTAJIO MPUYNHOIO 3aBEPIICHHS
MEPILIOT «3UMU» IITYYHOTO IHTENIEKTY Ta IOHOBJIEHHS poOIT B 007aCT1 ITYYHUX HEHPOHHUX MEPEK.
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Binnosinno cywacHoi kiacugikanii, mepexxa ['ondinga € peKypeHTHO0, TOBHO3B'SI3aHOIO,
MITYYHOIO HEUPOHHOIO MEPEXKEI0 3 CHMETPUYHOIO MaTpuIleio 3B's13kiB. Mepexa ['ondinma He mae
YITKO BUPKEHUX BXITHUX Ta BUXITHUX I1apiB. KoxkeH HEWPOH 1i€i Mepexi OHOYACHO € 1 BX1IHUM
1 BUXITHUM HEHMPOHOM, TOMY KUIBKICTh BXOJIB HEUpOHHOI Mepexi ['ondinga 3aBkau ITOPIBHIOE
KUTPKOCTI BHMXOJiB. 3BEpHITH yBary Ha Te€, K (POPMYIOTHCS 3BOPOTHI 3B’S3kHM. Buxim omHoro
HEWpOHa IMOJAETHCSA HA BXOAM IHIIUX HEUPOHIB MPHUUOMY YCiX, OKpIM camoro cebe. Takum dmHOM,
KUTBKICTh BXOMIB KOXKHOTO IITYYHOro HeHpoHa Mepexi ['omdinga Takoxk IOpIBHIOE KiIJIBKOCTI
HelipoHiB. OTXke, KO Y Hac € Mepeka [ondinga i3 TpboMa BUXOJIaMU, TO BOHA CKJIAJAETHCS 13
TPhOX HEUPOHIB, KOKEH 3 SKHX Ma€ TPU BXOIH, J[BA 3 SKUX MIJKIIOYCHI JO BUXOJIB IHIIHX
HEWPOHIB, a TPETii BUIBHHUI BX1/ MPU3HAYCHUN ISl BBEJICHHS BX1IHUX CUTHAJIIB.

Meperka londinaa (Hopfield network)

- ollo, - -
O +—{]

Bxoaun
Buxoaun

Meperka londinga € peKypeHTHO, MOBHO3B'A3HOIO LUTYYHOO
HEUPOHHOI MEepEeXeI i3 CUMETPUUYHOK MaTpULLElO 3B'A3KiB

VY BusHaueHHi Mepexi [omdinma 3°sBHIOCS ABa HOBHX CJIOBa — ITOBHO3B S3aHA Ta
pPEKypeHTHa, SKi HaM Hapa3i MOKH 1110 HeBigoMi. [IOBHO3B A3aHMUMH HAa3UBAaIOTh HEMPOHHI MEPExKi,
yci HEMpPOHU SIKUX MAaOTh 3B’SI3KM 13 yciMa IHITUMH HeWpoHamMH. Mepexi Uil SIKUX e MPaBUIIO0
BUKOHYETbCS YaCTKOBO Ha3UBaIOThCs c1a003B’s13aHUMU HEHpOHHMMHU Mepexxamu. Hy a mepexi, y
SKUX 3B 30K MIATPUMYETHCS TIIBKU MK IEBHUMH HEMpOHAMHU, SIKI MOXKHA BUAUINTH Y IIapH, a L€
BXKE 3HailloMi BaM Mepexi 13 NpsAMUM NOUIMPEHHAM iH(opMalii, Ha3UBarOThbCA, BiJNOBIJIHO,
OaraTromapoBUMH HEHPOHHIMHU MepeKaMu.

Knacn@ikauia HEMPOHHUX MepeXK

[ [MoBHO3B'A3aHa | [ Cnabo3ss'sizaHa ] [ Baratowaposa ]

Mepexa ['on¢inaa BIAHOCUTHCS A0 MOBHO3B SI3aHUX HEMPOHHHUX MEpEk, Xo4a (GopMalbHO
1€ He 30BCiM Tak. Piu y ToMy, 1110 y TOBHO3 s13aHiil Mepexi yci HeMpOHU NMOBUHHI MaTu 3B’SI3KHU 13
yciMa IHIIMMHA HEUpOHAMH, Y TOMY 4YHUCHi 1 3 caMuMu co0or0. ToOTo 1y1st TOro, MO0 MEepEeTBOPUTH
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Mepexy ['ondinga Ha TOBHOILIIHHY MOBHO3B’ SI3aHY MEPEXkKY /10 KO’KHOTO HEeHpoHa MOTPiOHO JoaaTh
iIe OAWH BXIiJ, KWW HEOOXIAHO 3’€AHATH 13 WOTro BUXOJAOM. Ajie xou y Mmepexi ['ondimma mi
3B’S3KH 1 BIJICYTHI, yC€ OJHO BOHA OLIbIIE BIAHOCHTBHCS IO MOBHO3 A3aHUX MEPEXK HIK MEpex i3
crnabumu 3B’ I3KaMHU.

MoBHO3B’A3aHa meperka vs. Mepexka londinaa

[ lMoBHO3B'A3aHa Mepexa [ Mepexa Nondinga

O W O O BC o
s q B s e X
S B —H ¢ S B )‘ W e
@ (s & @ e 3

JpyruM NOKM 10 HE3HAWOMHUM JJI HAac CIOBOM € CJIOBO «PEKypEeHTHa». PekypeHTHHUMH
HEHPOHHUMH MepeXaMu € Mepexi, y SAKHX 3'€HaHHS MDK BY3JlaMHd YTBOPIOIOTH rpad,
opieHTOBaHMI y yaci. Taka opraizaiis HEHPOHHOI Mepexi 103BOJIIE YTPUMYBATH ii y NEBHOMY

CTaHI MPOTATOM TPHUBAJOTO Yacy, JONOKH KOMOIHAIisl BXiHUX CUTHAJIB HE OyJe MaTu EHEeprilo,
JOCTaTHIO JJIs IEPEBOYy MEpeki y 1HIINN cTabiIbHUI cTaH. Po3risiHeMo 11e Ha MPUKIaIi.

PeKvpeHTHa HEMPOHHA MepeXKa

PekypeHTHUMH

. Cran 2 ) H w

'—. HEUPOHHUMMU

{_ome MepexamMmm € mepexi, y
AKNX 3'€QHAHHA MiX

BY3/laMW YTBOPIOOTb
rpad, opieHTOBaHUN Y
yaci

Hexail y Hac € cucrema, npu3HaueHa AJis po3Mi3HaBaHHA HUQD 8 Ta 6, K1 Ty’Ke CXOKI MIXK
co6oto. Lle HelipoHHA MepeXa Mae MEeBHY KIJIbKICTh BXOJIIB 1 JIMIIE JIBa BUXOAU. 3BEPHITH yBary, Mu
3apa3 He po3rIsiIaeMo KOHKpeTHO Mepexi ['ondinga. Mu 3apa3 po3risgaeMo 10BUIbHY PEKYPEHTHY
Mepexy — a 1€ JJOBOJII IIUPOKUI Kinac HelpoHHuX Mmepex. OTke, y HaC € peKypeHTHa HelpoHHa
Mepexka, 110 Ma€ JBa BUXOJH, SIKI BIJIMOBIAIOTh BUABJICHHIO IUpp 6 Ta 8. 3aBIAKu HAsIBHOCTI
BHYTPIIIHBOI MaM’siTi, pPeali30BaHOIO 3a JIOTIOMOIOI0 BHYTPILIHIX 3B’A3KIB, CHUCTEMa MOXeE
3HAXOUTHUCS JIUIIIE B OJHOMY 13 IBOX CTaHiB. ToOTO BOHA CHTHANI3YE, 110 y Hac € 1udpa 6 ado 8.

OTtxe Hexail Ha BXO/1 MEpexi 3’sBUacs KOMOIHAIlisS CHTHAMIB, [0 TiepeBena ii y cTaH, 110
BIJIMOBIZA€ pO3Mi3HaBaHHIO IUGpHU «bO». I3 yacoM BXiJIHI CUTHAIU MOYMHAIOTH CIIOTBOPIOBATHUCH,
HaNpuKJaJ] 4epe3 HasBHICTh IIyMy a0o0 MOTIpPIIEHHS YMOB OCBITICHHs. AJile HEHpOHHA Mepexa,
3aBJISIKM HAsSBHOCTI 3BOPOTHHX 3B’SI3KIB, 1[0 YTBOPHIIN KOPOTKOYACHY ITaM’SITh, T1aM’sSITa€ 110 TIepe.t
UM BOHa po3mizHana mudpy «6». I y takomy craHi BoHa Oyjae 3HaXOIUTHCh HaBITh TOl, KOJIU
300paK€HHS CTIOTBOPUTHCS /10 HEBMi3HAHHOCTI. TOOTO, HaBITH SKIIO 300paXkeHHS He Oyze B3araii
HISIKOTO, Mepeka OyJie mam’siTaTH CBiM MONepeaHii cTaH Ta 3HAXOAUTHUCH Y CTaHi «s po3Mi3Haia

uudpy 6».
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Ta ocb Ha 300pakeHHI MMOYMHAE MOCTYMOBO (GopMmyBaTHCA IUdpa «8». Aje cucrema yce
OJIHO OyJe 3HAXOAWTHCh y CTaHl «i po3mizHaia 1udpy 6» HaBITh KO0 300pakeHHs BKe Oyne
Oinbie cxoxe Ha UBPY «8» HDXK Ha «6». Ale paHO YM MI3HO HACTaHE TAKUH MOMEHT, KOJHU
3arajibHa «CHEPTis» BXIHUX CUTHAIIB JIOCATHE TAaKOl BEIIMYHMHH, IO CUCTEMa 3MOXKE TOJ0JaTh
BHYTpIIIHIN 6ap’ep 1 MBUAKO, Maii)ke MUTTEBO, MEpeiie y cTaH «sil posmizHana mudpy 8». Temep
CUCTEMa 3HAXOAUTHCS y IPYroMy CTablIbHOMY CTaH1 — «s po3mi3Haia udpy 8» 13 AKoro ii BUBECTH
Oyzne Tak caMO BaXKO, sIKi IPHU HAXO/KEHHI y CTaHi «i posmizHana uudpy 6». Tomy komm
300pa’keHHs 3HOBY ITOYHE CIIOTBOPIOBATHCS, 1 CTAHE TAKHM YK€ CAMUM SIK 1 IIPU CIIOTBOPECHHI IIUPpU
«6», TO cucTema yce 0JJHO Oy/e 3HaXOAUTUCH Y CTa0IIbHOMY CTaHi.

MpUHUMN POBOTU PEKYPEHTHOT HEMPOHHOT MepeXi

KombiHauii BxigHuX
5 curHanis, obsBeaeHUx
eKYpeHTHa —{ umq)pa 6
HENpPOHHa HYepBOHUMMMU
Mmepexa
—0O Uundpa 8 NMPAMOKYTHUKaMU
OAHaKoBI, ane iXHA
@ EE «eHepria» HegoOCTaTHA
ONA nepesefeHHA
Lvcbpa 8 MepeXi y iHLWKM CTaH,
. £ o 5 TOMYy Mepeska
i 3a/IMLLIAETbCA Y
nonepeAHbOMY CTaHi

Le no6pe BuaHO Ha 300paKEHHSX, IO 0OBECH] YePBOHUMH NMPSMOKYTHHKaMU. KomOiHatii
BXIJIHUX CHUTHaJIB JJs LMX MOMEHTIB Yacy OJHAaKOBi, aje y MepLIOMy BHIAJKy Mepeka
3HAXOAMTHCS Y CTaHi «i po3mizHana mudpy 6», a y Apyromy — «s posmizHana nudpy 8», OCKUTbKU
«EHEPrii» IUX CUTHAJIIB HEAOCTATHBO I BUBOY MEPEXKi 13 CTaOIIBHOTO CTaHy.

Ile siBHIe eKBiBaJIGHTHO ricTepe3ucy. [IpoTe KoM roBOPATH MPO TiCTEPE3UC, TO 3a3BUYAM
MaloTh Ha yBa3i (pyHKIIIO BiJ OJHI€I 3MIHHOI, 1[0 MOXXE MpUIMATHU ABa CTaHy. A Yy Halomy
BUIaJIKy HEHPOHHA Mepeka MOKE 3HaXOJIUTHUCh Y JEKUIbKOX CTaOLIbHUX CTaHax, JJS 3MIHU SKUX
NOTpiOHO JOKJIACTH MNEBHUX 3yCcWib. ToMy TMOAIOHI Mepexi, 3a3BuUYaid, pO3IJIANATh 3
€HepreTMYHOI TOYKM 30py. SIKiio eHeprii Bijg KOMOIHalIl BXIAHMX CHUTHAJIB JOCTaTHbO, 1100
MepeBecTd Mepexy y iHImMKA CcTabimbHHUI CTaH, TO BOHA JO HBOTO Mepeiie, sK SKIo Hi, TOO1
pe3yibTaTd OOYMCIIEHHs, Xal HaBiThb 4epe3 KulbKa ITepaliil po3paxyHKy, 301kKaTbcs 0
MOTIEPETHBOTO CTAHY.

MpUHUMN POBOTU PEKYPEHTHOI HEMPOHHOI MepeXKi

Cucrema 3 rictepesicom s EHepris curianis

Cran 1 Cran 3

CraH 2

CraH mepexi
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3BepHITH yBary, cTabiIbHI CTaHH PEKYpPEHTHOI HEHPOHHOI MEpexi, y 3araJlbHOMY BUIAJIKY,
MOXXYTb MaTH Pi3HI eHepreTu4H1 piBHI. e 03Ha4ae, BUBECTH MEpEXKY 13 OJHOTO CTAOLIHPHOTO CTaHy
MO’K€ BUSBHUTHCS HadaraTo mpocriiie, Hix 3 iHmoro. [IpoTe e Bxke 0ye KOHKPETHOIO CHEU(iKO0
camoi Mepexi 1 i1 HaB4aHHS.

Ha nomnepenniii nekuii Mu 3BepTanu yBary Ha Te, IO JJIsl OOUMCICHHS CTaHy HEHPOHHHUX
MepeX i3 3BOPOTHHMH 3B’SI3KaMU BHKOPHCTOBYIOTh PEKYPCHBHI METOAM MPOTPAMYBAHHS, TOMY
MOJIOHI CHCTEMH YacTO Ha3UBAIOTh PEKYPCUBHUMH. AJie pid y TOMY, IO caMe TOHATTS «PEeKypcCis»
BIIHOCUTBCS HE TUTBKH JIO TaTy31 IporpaMyBaHHS.

ANTOPUTM PEKYPCUBHOI Mporpamm

—

Nianporpama Mignporpama Mignporpama e Mignporpama
oBuMCneHHs obuucnexHs obumucneHHn obumMcneHHa
Hewpona 1

HewpoHa 1 4‘ HenpoHa 1 HenpoHa 1 .- “

MNignporpama Mignporpama NMignporpama . Mianporpama
oBumMCnEeHHA o6uMCneHHn obuncnerHs oBuncnexHs

HewpoHa N —[ Heipona N Heipona N ae- —I HeipoHa N
KiHeus ,

1

1l

]

Pekypcist (y1aT. recursio) — e MeTOJ BM3HA4YEHHS KJIacy 4Yd O0'€KTy dYepe3 IONepeaHe
3aJlaHHs OJIHOTO YM JICKUIBKOX, 3a3BHYail OUIBII MPOCTHX, HOTO 0A30BHX BUIIAJIKIB Y METOIIB, a
MOTIM 33JJaHHSIM Ha IXHIil OCHOBI IpaBwJIa MOOYIOBY KJIacy, SIKHii BU3HAYA€ThCs. [HIIUMH CIIOBaMH,
peKypcisi — Ile YacTKOBE BHM3Ha4deHHs 00'ekTa uepe3 camoro cebe, abo BU3HAueHHS 00'€kTa 3
BUKOPUCTAHHSM PaHillle BU3HAYCHHUX 00’ €KTIB. PeKypcCisi BAKOPUCTOBYETHCS, Y TUX BHITAKaX, KOJIU
MO>KHA BHIIJIUTH CaMOIIOII0HICTh 3a/1a4i.

PeKypcia

PeKypcia — Lie YyacTKoBe BU3HaueHHA 06'eKkTa uepes camoro cebe

Tomy, KoJIn MOBa 3aXOJIUTh PO HEHPOHHI MEPEXKI, TO MiJT CJIOBOM «PEKYpPCis» CIiJ MaTH Ha
yBa3l OUIbII MIMPOKE MOHSATTA, SKE€ BIAHOCHTH HE TUIBKU O TEXHOJOTiS MOOYAOBU MPOrPaMHOIO
3a0be3neueHHs. Y JaHOMY BHIIQJKY T TEPMIHOM «PEKypCHBHAa HEHpPOHHa Mepeka» MaeThcs Ha
yBa3l HEHpOHHA Mepeka, L0 Mae i€papXiuyHy CTPYKTYypy, ska mojiOHa aepeBy. EixemMeHTH 1bOro
JepeBa 1oi0H1 OJIMH OJIHOMY, 30KpeéMa MaroTh OJJTHAKOBI PO3MIPHOCTI MAaTpHIll BariB. | ToMy npu ix
O0YHCIIEHH] PEKYPCUBHI METOAU BUKOPUCTOBYIOTh HE TUIBKU JUIsI OOUMCIIEHHS CTaHy KOHKPETHOTO
HEWpOHa, a 1 JyIsl OOYMCIICHHS 3aTraJIbHOTO CTaHY yCIET MEPExKi.
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PeKkypcrMBHA HEMPOHHA MEpPEXKa

Parsing Natural Scene Images
h)wtl
llwlb OCWOO

Grass People Buildin, Tree
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- @899 embedding
.
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L )
. i ' Right Child (8 ®) ® @) Left Child
x -
EITTITT
‘ T80 Features t - 1 Features t
~ Semantic

e e ""i“r SEEY\  Representations
nninni TEEBSEEE ‘un‘nn amsab| Features

] %" 3 | Segments

[TpuknamomM peKypCUBHUX HEHPOHHUX MEPEXKi € CHCTEMH, MPU3HAUCHI IS PO3ITi3HaBaHHS
CKJIaJHUX 300pakeHb. Y JaHOMY BUNAJKYy OJlHA CKJIaJHA CIIeHa PO30MBAETHCA HA KiJbKa OIBII
MIPOCTHUX CIIeH, Jaji 3HOBY iijie po30MBKa Ha i€ ORI IPOCTI CLEHH, Aali ilie Ha OLIbII MPOCTI
B TaK JIOTIOKHM 300pa)KeHHS Ha PO3i0’€ThCS HA OKpEeMi MPUMITHUBH, SIKi JIETKO po3mi3HaTh. Sk Oaunte
cama HelpoHa MepeXxa y JaHOMY BHIIQJKy Ma€ JUHAMIYHY CTPYKTYPY — KOXKHA HEHpOHHA Mepeka
OUTBII BUCOKOTO PIBHS MICTUTH Yy OOl KiJIbKa BHYTPIIIHIX HEHPOHHHX MEPEX, KOXKHA 3 AKHX Y
CBOIO Uepry, TaKOXX MOXY MICTHUTH KilIbKa BIIACHUX HEHWPOHHUX Mepex 1 Tak naami. KinbkicTh
po3raiy:keHb Ta pIBHIB MOMIOHOI CHCTEMH MOXKE ITUHAMIYHO 3MIHIOBAaTHCA. 3pO3yMiJO, IO
MPAaKTUYHO TOOYJIyBaTH TMOMIOHY HEUPOHHY MEPEXkKY, BUKOPHUCTOBYIOUM JIMINE CTATUYHI METOIM
3B’3Ky HEHpPOHIB HEMOXJHMBO. TOMy y JaHOMY BHUIMAIKy 1 BHKOPHUCTOBYETHCS PEKypcCis, sKa,
TEOPETUYHO, JIOIYCKA€ BUKOPUCTAHHS OY/Ib SKOT KIIBKOCTI BKJIAJICHUX CJICMCHTIB.

PeKkypeHTHi vS. PEKYPCMBHI HEMPOHHI MepeXi

* PekypeHTHI HerpoHHi mepexi (PHM, Recurrent Neural Networks,
RNN) — ue Krac WTyYHUX HEMPOHHUX MEPEX, Y AKOMY 3'eIHaHHSA
MDXK By3riamun YTBOPIOKOTL rpad opieHTOBaHWiA y Yaci

* PekypcuBHi HelpoHHI mepexi (PHM, aHrn. Recursive Neural
Networks, RNN) — ue knac rmmbuHHUX HEMPOHHUX MepeX,
CTBOPIOBAHUX PEKYPCUBHUM 3aCTOCYBaHHAM O[JHOTO i TOTO X
Habopy Bar [10 Pi3HWUX eneMeHTIB CTPYKTYpK

PekypeHTHI HepOHHI MepeXi BIiQHOCATLCA A0 Knacy peKypCUBHUX
HeMPOHHUX Mepex

PexypcuBHI HEHpOHHI MepeXi € caMUM CKJIaJHUMH HEMPOHHUMM MepekaMH, sIKi ICHYIOTh
Ha JaHUH 4Yac, 1 BOHU TaKOX € HalilMeHIl BUBYeHUMH. [IpoTe came BOHM JT03BOJISIIOTH peajizyBaTu
caMi CKJIaJH1 (YHKIIi, IPpUTAMaHHI IITYYHOMY IHTEJIEKTy. TOMy MOKHa CKa3aTH, 1[0 caMe I TUIH
HEHPOHHUX MEpPEXkK, CKOpill 3a Bce OyAyTh OCHOBOIO MalOyTHIX IHTENEeKTyaldbHUX cucteM. Hy a
MOKH 1110, TOKJIaHOI 1H(opMaIlil mpo peKypcuBHI HEHPOHHI Mepexi J0BOJII MaJlo, a IX pI3HOBHUIIB,
TOOTO YaCHUX BUMAJAKIB € J0BOJII Oararo. Y mo0oMy BUNAAKY BaM CIiJl BIAPIZHATH PEKYypPCUBHI
HEHpOHHI MepeXi BiJl PEeKYPEeHTHUX HEHPOHHHX MepeX. 30Kpema mam’sSTaTd, IO PEeKYpeHTHi
HEHPOHHI Mepexl € MiAKIAcCOM PEeKYpPCHUBHHX HEHPOHHUX MeEpek, TOOTO pEeKypeHTHI HeHpOHHI
Mepexi € peKypCUBHUMH HEHPOHHUMHU MepEeXaMH ajie 3 0OMEXEHUMHU MOXKIUBOCTSIMHU.
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OTtxe Mepexe londinga, i3 K0T MU MOYAJIM HAIl OTJISI € PEKYPEHTHOIO, TTOBHO3B'SI3HOIO
MITYYHOIO HEHPOHHOIO MEPEKEI0 13 CUMETPUYHOI0 MATPHUIICIO 3B'A3KiB. Termep MU TOYHO 3HAEMO
CEHC YyCiX CIIB, 0 BXOAATh y 1€ 03HAUYEHHS, a OTXKE MOKEMO PyXaTHUCs TPOXH Jalli.

Meperka londinaa (Hopfield network)

=
(=g (=} } wa
e L1 —1 ¢ o e
m s _;(A) | e
O— — ‘ e
x lL';/:/‘\\I y

MepeKa londinga € peKypeHTHO, NOBHO3B'A3HOIO LUTYYHOIO
HEUPOHHOIO MEpEXKEID i3 CUMETPUYHOK MaTpULLEID 3B'A3KIB

B akTuBamiiiHux eneMeHTax HEWpoOHIB Mepexi [omdinga BHKOPHCTOBYIOTHCS MOPOTrOBa
¢dbyHKIis akTUBalii 13 OIMONSPHUM BUXIJIHUM CHUTHAJIOM, TOOTO CHUTHAJIOM, IO MOXE MpUMMAaTh
3Ha4eHHs abo —1, abo 1. {ns oOunciieHHs crany HEHpOHIB MOTPIOHO BUKOPUCTOBYBATH PEKYPCUBHI
MeTonu mporpamyBaHHS. Jlo HemomikiB HelipoHHoi Mmepexi [ondinga cmig BigHeCTH TOBOJII
oOMexxeHni o0car mam’sTi. JlaHa Mepeka CIpOMOXKHA 3armaM’siTaTd JIMIIE OOMEXKEHY KUTbKICTh
o0pa3ziB, Ky MOXHAa OOYMUCIUTH 3a (HOPMYIIOIO, SIKY BH 3apa3 O0auuTe Ha eKpaHi. SIKIO KiIbKICTh
o0pa3iB Oyze OUTBIIIOI, TO MEepeka TepecTaHe iX 3armaM’ITOBYBAaTH 1 HABYHUTH ii Oy/1e HEMOXKIIUBO.
Kpim toro, mepexa ['ondinga mae neBHi mpobiemMu i3 HaB4aHHAM. He 3Bakaroum Ha Te, 10 Mepexka
londginga 3aBxau Oyne 3HaXOAMCH B OMHOMY 13 CTaOUIBHHUX CTaHiB, HIXTO HE TapaHTY€E TOTO, IO
uel cran 6ixe mpaBwibHUM. Lle BinOyBaeTbesa yepes Te, M0 Mepeka MOXKe 31MTHCS MO TaK 3BaHUX
XHOHMX aTpaKTOpiB, SKi 1HOAI HA3WBAIOTh «XMMEpPaMU» — 300paKeHb, IO CKIATAIOTHCS 13
(dhparmMeHTiB pizHHX 00pa3iB.

Mepexa londinaa

OcobnusocTi
YA *  BuKopuCTaHHA NOporoBoi GyHKLIT akTMBaLi
*  BUMKOPMCTaHHA PEKYPCUBHUX METOAIB 0BUNCNEHHA CTaHy HEMPOHIB

S Heponiku
*  O6bmexxenui obcar nam’aTi (M), npu 6inblimx 3HaUeHHAX Mepeska
nepecrae npauoBaTu

*  HasBHicTb 06MeKeHOI KiNbKOCTi CTaHiB He rapaHTye NpaBUIbHUX
signosigei

2InN 3ac‘ro.cy5amm

= *  BigHOBneHHA nowkoaMKeHux 3o6pakeHb
*  Cucremum i3 acouiaTUBHOW Nam’aTTIO
*  KombiHaTtopHi 3agaui ontumisauii

Mepexi ['onginna 6ynu nomynsapauMu y 80-X pokax MUHYJIOTO cTopivus. Sk Oyno cka3zaHo
Ha TMOYaTKy JeKwii, nomynspuzanis Mmepex [ondinga no3Bonuia 3aKIHUUTU MEPIIY <«GHUMY»
IITYYHOTO 1HTENIEKTY Ta aKTHBI3yBaTH poOOTH Y Il raiysi, 0 MOTIM MPU3BEJIO A0 MOSBU OLIbII
nockoHanmux Mepex Hapasi 1o mepex ['odinma BUABIAIOTH JInIIe akaJeMiuyHUH 1HTepec, 304a 1€ He
O3Hauae, MO iX HE MOXKHA BHKOPHCTOBYBAaTH y NPAaKTHUYHHX CHUCTeMax. Hampukman, mepexi
londginga 10BOJI YCHIMIHO CIPaBISIOTHCS 13 PO3MI3HABAHHAM IMOHIKOHKEHUX 00pa3iB, TOOTO iX
MOXHa BHMKOPUCTOBYBATH JJI BIJIHOBJIEHHS IMOIIKOKEHUX 300paxeHb. KpiM Toro mepexi
longinga MokHA BHKOPHCTOBYBAaTH Ul CHCTEM, LIO0 NOTPeOYIOTh HAsSBHOCTI acOIiaTHBHOI
mmam’siTi, Ta TAaKOXK y 3aCTOCYHKaX, 7€ He0OX1JHO BUPIIIYBaTH MEBHUH Ki1ac KOMOIHATOPHUX 3ajau.
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Heiiponni mepexi I'emminra

Heiiponni Mepexi ['eMMiHra BUKOPUCTOBYIOTBCS ISl peati3allii acoliaTuBHOI maM'sTi B TUX
BHIIQJIKaX, KOJIM HEMa€e HEOOX1THOCTI, 00 Mepeka BUaaBajaa Ha BUXO/A1 o0pa3 y SBHOMY BHTJISII, a
nuie oro Homep (abo kox). Y mopiBHAHHI 3 Mepexeto ['ondinma mepexa 'emminra mae MeHmri
BHUTPATH HA TIaM'ATh Ta 00CIT HEOOX1THMX OOUNCIICHB.

Heiiponna mepexka ['eMMiHra CKiafaeTbcs 3 JABOX IIApiB, KOXKEH 3 SKUX MICTHUTh YHCIIO
HeHpoHiB M, 10 JOpIBHIOE KIIBKOCTI 00pa3iB, mo 30epiraroThcs. Heliponu mnepiioro mapy €
BXimHUMH. HelpoHm mpyroro mapy IMoB's3aHi MDK CO0OI0 3BOPOTHUMH 3B'si3kamu. [Ipuuomy
3BOPOTHHI 3B 530K MK BHXOJIOM OJHOT'O HEWpOHA Ta BXOJAMH IHIIMX HEHPOHIB € HETaTUBHUM LI

3B’SI3KM BUAICHI Ha PUCYHKY CHHIMH KOJBbOPaMH, a 3B’S30K MK BHXOJOM Ta BXOJIOM TOTO X
CaMoro HEeHpoHa € TTO3UTUBHUM 1 BiH BUAUICHUN HA PUCYHKY YEPBOHUM KOJIBOPOM.

HenpoHHa mepexa lemmiHra

=g
Piyapg Becni lfemminr

1915- 1998

Ile o3Hauae, 1m0 MMOsiBA TO3MBHOTO CHTHATY Ha BXOJI HEHpOHAa IMOYMHAE JOJATKOBO
30ymKyBaTH IIell HEeHpoH 1 rampMyBaTH yci iHm. Mepexa ['emmiHra gyxe cxoxa Ha MeEpEexy
lNonginga. €1uHOI0 TONOBHOIO BIAMIHHICTIO Mepexi ['eMMinra Big mepexi ['ondinga € HasBHICTH
J0JIATKOBOT'O MO3UTHBHOIO 3BOPOTHOIO 3B’S3KY Y KOKHOMY HEHpPOHi. 3BEpHITh yBary, I10 BH B¥Ke
0auniIM ChOTOJIHI TOYHO TaKe 300pa’KeHHS, KOJIM MU PO3IJISIai MUTAHHS L0 Take MOBHO3B s3aHa
Mepexa. Toxai Mu roBopwiH, 10 Mepexka ['ondinga BiTHOBUTHCS 710 MOBHO3B A3aHUX MEPEX, X0oua
BOHA 1 HE Mae€ JEKIIbKOX 3B’SI3KIB, 1 JJI1 NEpEeTBOpPEeHHs Mepexki ['ondinaa Ha MOBHO3B’ sA3aHY
Mepexy MOTPiOHO J0/1aTH 111e JOJATKOBI 3B’SI3KM MIXK BUXOJOM HelpoHa i Horo BxoaoM. Tenep mu
06auuMo, 1110 J0JaBaHHs TaKuX 3B’sA3KIB epeTBoproe Mepexy ['ondinaa na mepexy ['emminra. Ane
€ 1IIe 0/IHA BIIMIHHICTb, Ha SIKY HEOOX1JJHO 3BEPHYTH yBary.

Mepexa londinaa vs. Meperka lfemmiHra

[ Mepexa Nondinga ][ Mepexa N'emmiHra
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Piu y Tomy, mo y mepexax ['onginga sBHO He BKa3aHO SKUN THUIl 3BOPOTHUX 3B’S3KIB MIX
HEWpOHAMU BUKOPHUCTOBYETHCS: TIO3UTUBHHMM a00 HeratuBHUi. KiHIleBe 3HA4YCHHS BaroBHUX
KOe(iIIEHTIB HA IIUX BXOJaX MiJOMPAETHCS y MPOIECi HABUAHHS 1, TEOPETHYHO BOHO MOXE OyTH
mo0uM. A oT y Mepexi ['emMmiHra THNM 3BOPOTHUX 3B’S3KIB BKAa3y€TbCs SIBHO: HA PIBHI OJHOTO
HEpOoHa 3BOPOTHUH 3B’S30K MOBMHEH OYTH TMO3UTHUBHUM, a MK LUM HEHPOHOM Ta IHIIUMH —
HETaTHBHUM.

Mepexa londinaa vs. Meperka lfemmiHra

[ Mepexa Nondginga [ Mepexa N'emmiHra
=0+ = =@ .
2 s > r
= L o =3 g
S m — S c B — £
o ¢ 5 m .- o
[ | O O
3BOPOTHUIA 3B'A30K —— [Mo3nTUBHUIA 3BOPOTHUI 3B'A30K
(no3uTuBHUI abo HeraTUBHWIA) — HeratusHuiA 3BOPOTHWI 3B'A30K

I3 HelipoHHUMHU Mepexamu ['eMMiHTra TiCHO TIOB’SI3aHE TaKe MOHATTS K BiJIcTaHb | eMMiHra.
Bincrans 'emminra (Hamming distance) € 4uciioM TO3WIIHN, y SIKAX BiAMOBiIHI TU(GPH IBOX
NBIHKOBHUX CIIIB OJHAKOBOi JOBXKMHHU Pi3HI. Y 3arajpHIIIOMy BHIAAKy BiACTaHb [emmiHra
3aCTOCOBYETHCS JIJISL PSIKIB OJIHAKOBOI JIOBXKUHU OYIb-SKUX a0ETOK, IO CKJIAJAIOTHCSA 3 MEBHOI
KUIBKOCTI CHMBOJIB, 1 CIY’)KHTh METPUKOIO BiIMIHHOCTI OO0'€KTIB OJIHAKOBOI BHUMIPHOCTI, TOOTO
GyHKII€I0, 10 BH3HAYA€ BIJICTaHb B METPUYHOMY mpoctopi. Bincrane ['emMminra ¢akTtudHO
BUMIPIOE MIHIMQJIbHY KUIBKICTh 3aMiH, HEOOXIAHMX HJs 3MIHM OJHOTO psiAKa B IHIIMKA, abo
MiHIMaJIbHY KUIBKICTh TOMHJIOK, SIKI MOTJIM TIEPETBOPUTH OAHY CTPIUKY B iHIIY, a00 KaXy4du
MIPOCTUMU CIIOBaMH — HACKUIBKU OJIHA 1H(OpMAaIlis Bipi3HA€ThCA Bl iHIIOI. Hy a sikio roBoputu
PO 3arajibHi pedi, TO y OUIBII 3arajJbHOMY KOHTEKCTI BIJICTAaHb XEMMIHTA € OJHIEI0 3 METPHUK
PAAKIB JUISI BUMIPIOBAHHS BiICTaH1 MiX JIBOMA MOCIiIOBHOCTSIMH.

BiactaHb femmiHra (Hamming Distance)

010

BigctaHb lfemMmiHra — uMcno nosuuiii, y AKux eBignosigHi uudpu asox
LBIMIKOBUX CNiB O4HAKOBOI JOBXMWHMU Pi3Hi

Mepexi ['emminra GpakTMyHO € MOAANBIINM PO3BUTKOM Mepex [omdinna, cBoro poay ix
MoJINIeHow Bepciero. Tomy mozeni ['eMMiHra MoXyTh 3amam’siTaTd OUIbITY KiJIBKICTH 00pasis,
T0OTO KOMOIHAIlIi BXIJHUX CUTHAJIIB, HOPIBHAHO 13 Mepexero ['ondinga npu Tiel s camoi KUTbKOCTI
HeripoHiB. Cdepa 3acTocyBaHHS Mepex [ eMMiHTa TpuOIM3HO Ta K cama, o 1 y mepex [omdinma.
Mepexi ['emmiHra n0BOJI YCHIIIHO CHPAaBIAIOTHCSA 13 PO3MI3HABaHHAM 00pasiB, 1 MOXYTh iX
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BITHOBJIIOBAaTH Yy BHIIAJKY IOIIKO/MXKEHb. Mepexi ['eMMiHra Takok MOKHAa BUKOPHUCTOBYBATU Y
CUCTeMax, M0 MOTpeOyIOTh HASBHOCTI AacOIIaTHBHOI TaM’sATi, Ta TaKOX Y 3aCTOCYHKax, JI¢
HEOOXiTHO BUPILTyBaTH MEBHUH KJ1ac KOMOIHATOPHUX 3a1a4

Mepexi [emMmiHra

5 Mepexi FfemMmiHra € No4aNbLIMM POSBUTKOM MEpeXx
Xonq ronginaa

3acTtocyBaHHA

ot * BigHOBNEHHA NOLWKOAXEHUX 306parKeHb
e Cuctemu i3 acouiaTUBHOK Nam’aTTIO

* Komb6iHaTopHi 3agadi onTumisauii

Ocobnusocri
0 0 *  MoxXyTb 3anam’aTaTi 6inbLuy KinbKictb 38°a3Kis
NopiBHAHO i3 mepexxamu lfondinaa npm Toi XK

R KiNbKOCTi HeMpoHiB

Heiiponni mepexi Koxonena

Hetiponni mepexi TeyBo Koxonena Oynu mpencrarieHi y 1982 poili sk criemialibHUN BU
HEHPOHHUX Mepex sl 00poOKU 300pakeHb 1 3Byka. OCHOBHUM NpH3HaueHHSIM Mepex KoxoHeHa e
MEPETBOPEHHS CKJIAJHUX 0AaraTOMipHUX JaHUX B OUIBII MPOCTY CTPYKTYPY Maoi pO3MIpHOCTI, SIK
NPaBUJIO JIBOJIMIpHOi. AJie BHSBWIJIOCH, III0 BOHHM TapHO NPHCTOCOBAHI Uil KJIACTEPHOTO aHali3y,
Koy TpeOa BUSBUTH MPUXOBaHI 3aKOHOMIPHOCTI y BEIMKHX MacwBax JaHuX. Mepexa Koxonena
CKJIQJIA€ThCS 3 HEHpOHiB, sKi 00’ €AHYIOTBCS B KJIACTEPH. HaiiGinpm Onu3bKi  HEHpOHU
BIJITIOBIJTAIOTh CXOXKUM 00’€KTaM, a BiJJaJIeHI — HEe CXOKUM. B oCHOBI moOy10BH Mepexi JIeKHUTh
KOHKYPEHTHE HaBYaHHSA, KOJIM BUXI/IHI BY3JH (HEHPOHU) KOHKYPYIOTh MiXk COOOIO 33 «IIE€PEMOTY».
VY Xozi 3MaraHp B MpoLECi HaBYaHHS HEHPOHM BHOIPKOBO HAJIATOKYIOTHCS JUIS PI3HUX BXITHHX
MIPUKJIAJIIB

HenpoHHa mepexa KoxoHeHa

SizeX

TeyBo Kanesi KoxoHeH
1934 -2021

OcHoBy HelipoHHO1 Mepexi KoxoHeHa € Tak 3BaHui «map KoxoHeHa» — MeBHA KiJIBKICTh
BUXIJHUX HEHPOHIB, SKI 3B’SI3yIOThCsl MK cobOoro. Mepexa KoxoHeHa € onHOIIapoBoOio, aje Ha
BinMiHY Bix Mepexi ['ondinga, y skiii HeMae 4iTKOTO MOJUICHHS Ha BXIJHI Ta BUXIJIHI HEMPOHHU, B
Mepexki KoxoHeHa € okpemuii miap BX1IHMX HEMpOHIB, Ta OKpEMHUH IIap BUXIJHUX HeHpoHiB. B
0a30Biil Bepcii 1i€i Mepeki KOXKeH BX1IHUN HEHPOH 3B’ A3aHUM 13 KO)KHUM BUX1JHIUM HEUPOHOM, IO
IyXe HarajJye HEHpOHHI Mepexi 13 HpsSMUM HOLIMPEHHAM iHopMalii, 30KpeMa OJHOLIApOBi
nepcentponu Pozen6nara Ta PymepxanbTa.
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Meperka KoxoHeHa Ta KnacTepHUM aHani3

[licna HaB4YaHHA MmepeXi ogHOMIpHe
(4acTiwe — gBomipHe) BuxigHe none (wap
KoxoHeHa) 003B0/1A€ HAOYHO MOKasaTh
00 AKoro Knacy (Knactepy) BigHOCUTbCA
noTto4yHa KombiHalia BXiAHMX curHanis

BuxigHi HelMpoHU mepexi KoxoHeHa
npawpoTb 338 NPUHLMNOM
«nepemorkeub 3abupae sce». BuxigHui
CUTHaN HelpoHa i3 Hanbinbwmnm pisHem
cTae piBHUM 1, a ycix iHWKX HelpoHiB — 0.

BXinHI HEMpOHU YTBOPIOIOTH BXITHUHN AP, K1 MICTUTh IO OJHOMY HEHPOHY ISl KOXKHOTO
BXiHOTO ToJs. SIK 1 y 3BHUaiiHiil HEHPOHHINA MepexXi BXiAHI HEHpOHU He OepyTh ydacTi y mporeci
HABYaHHA. IX 3ajadelo € mepejaya 3HAYEHb BXiJAHUX IIOJIB I1OYATKOBOI BUOIPKM Ha HEHpPOHH
BuxinHoro mapy. KokeH 3B’S30K MiXK BXiJHUMHU Ta BUXiIHUMH HEHMpOHAMH Ma€ TIEBHY Bary, sika B
mporieci iHimiamszaiii BCTaHOBIIOEThCS BUIMAAKOBUM 4uHOM B iHTepBami [0;1]. IlotiMm 11i Barosi
Koe(illieHTH HAIAMITOBYIOThCS B Tpolieci HaB4aHHs. [licias HaBYaHHSA Mepexi (PopMyeThes
OJIHOMIpHE, aJie yacTille — ABOMIpHE, BUXiJIHE TOJIE, 1[0 Ma€ MPSMOKYTHY a00 MIECTUKYTHY (hopMmy.
Ile mo3BOJsiE HAOYHO IOKA3aTH 1O SIKOTO Kjacy (KjacTtepy) BiTHOCHUTHCS MOTOYHA KOMOiHAIis
BXIJIHUX cUTHaNIB. BuximHi Heliponn Mepexi KoxoHeHa MpairorTh 3a MPUHIIMIIOM «IIEPEMOXKEIb
3abupae Bce». BuximHuii curHaym HeWpoHa i3 HAOUIBIIMM piBHEM cTae piBHUM |, a ycix iHIIMX
ueiiponiB — 0. Lle mo3Bomisie mix yac poOOTH Mepexki Oyke MBUAKO Kiacu(iKyBaTH A0 SKOi
Kareropii, TOOTO /10 AKOTO KJIACTepy, BIAHOCUTHCS Ta UM iHIIA KOMOIHAIlis BX1THUX CHUTHAJIIB.

HenpoHHa mepexa KoxoHeHa

Teyso Kanesi KoxoHeH
1934-2021

[Ipouec HaBuanHs Mepexi KoxoHeHa moauisieTbes Ha Tpu eranu. Ha mepumomy erari, 1o
HA3UBAEThCA KOHKYPEHILIEI0, BUXIJHI HEHPOHM KOHKYPYIOTh MK CO000 3a Te, 100 BEKTOpH iX
BaroBUX KOEQIIEHTIB BUSABWINCH SK MOXHA OJIMKYe IO BEKTOpY O3HAK 00’ekTa. BuxigHwuii
HEHpOH, SIKUI BUSABISAETHCS HAHOMKYMM /0 00’€KTa, OroJIOIIyeThCs nepeMoskieM. Ha apyromy
eTari, 1110 Ha3UBAETHCS 00’ €JHAHHIM, HEHPOH-TIEPEMO’KEIb CTa€ LIEHTPOM JIEAKOI IPYMH CYCIIHIX
HelponiB. Y Mepexi KoxoneHa yci HelpoHM, po3TamioBaHi HOPsA i3 HEHPOHOM-TIEPEMOXKLEM,
Haropo/KYIOThCS MPaBOM IiJIaTyBaHHSAM BaroBuUx KoediuieHTiB. TomMy, HE AUBIAYUCH Ha Te, 110
HEHpOHM Yy BUXIHOMY IIapi He 3’€IHYIOThCS Oe3MocepesHbO, BOHM MalOTh CXOXi Habopu Bar
3aBJSKHU CYCIACTBY 3 HelipoHoM-niepemoxiieM. Hy a Ha Tperbomy eTami BiAOYyBaeThCsl 3aKIIOYHE
MiZCTPOIOBAHHS BAaroBUX Koe(illi€HTIB HEHpOHIB, IO pO3TALIOBaHI MOPSX 3 HEWPOHOM-
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nepemoxiem. Lleil mporec Ha3UBarOTh afanTalli€o. Y pe3ysiabTaTi TAKOro HaBYaHHS BUXIJIHE IOJIe
HelipoHHOT Mepexi KoxoHeHa moainsieThesl Ha TIeBHI 001aCTi — KJIACTEPH, K1 JO3BOJISIOTH IIBUIKO
kiacu(ikyBaTi 00’ €KT 3a MEBHOIO 03HAKOIO.

Mpouec HaBYaHHA Mmepexki KoxoHeHa

lNMouyaTKoBUiA CTaH Micna HaByaHHA

lonoBHOlO ocobnuBicTIO Mepexi KoxoHeHa € 37aTHICTH J0 CaMOHABYAHHA —Ta
camoopranizauii. [3 HaBYaHHSIM HEHPOHHUX MEPEK MU BXKE TPIIIKH 3HaWOMI. Aje yci MEeToau
HaBYAaHHS HEWPOHHUX MEpeX, SKIi MU paHille po3risaadd — TO OyTH METOAM HaBYaHHA i3
BunTeaeM. ToOTO KoM HEHPOHHIN MEPEKi HaTal0ThCs HaBYaIbHI KOMOIHAIlIT BX1IHUX CUTHAIB, Ha
SKi BOHA ITOBHHHA pPearyBaTH BiAMOBITHUM YHHOM. A OT Mepexi KoxoHeHa MOXyTh HaBuaTHcs 0e3
BunTeas. ToOTO Ha BXOAM MEpEXi MOXHA IOJaBaTH TECTOBI CHUTHAIHM, a Mepexa Bke Oyne
CaMOCTIIHO iX i1eHTH(]iKYBaTH Ta Ki1acu(iKyBaTH — 10 SKOTO KJacTepy iX BiAHECTH.

OcobnusocTi meperki KoxoHeHa

* CamoHaB4yaHHA — HaBYaHHA 6e3
BUMTENA, KON MepeXKa Mae
dikcoBaHy CTPYKTYpY, a
Ha/1aWTOBYOTLCA Ti/IbKWU Barosi
KoediliEHTM HEMPOHIB

* CamoopraHisayia — Konu
HEeMPOHHA MepeXKa CaMOCTIMHO
BCTAHOB/IOE CBOKO CTPYKTYpPY
(KinbKicTb HEMPOHIB)

Ane HeilpoHHa Mmepexa KoxoHeHa cmpomoskHa 1 1o camoopranizamii. o ne take? VYei
Mepexi, K MM BUBYAJIU 0 IUX Hip, HY, MOXJIUBO, OKPIM PEKYPCUBHUX HEHPOHHHUX MEpeX, AKI MU
napy XBWJIMH HazaJ po3risiaiu, Maidu (IKCOBaHY CTPYKTypy. ToOTO KUIbKICTH HEHpPOHIB Ta
3B’3KM MK HUMU 33/1aBajIMCs JIIOAMHOIO Y MPOLECI CTBOPEHHS Mepexi. Mu Bxke He pa3 TOBOPHIIH,
10 KOJIM BaroBUi Koe()illieHT MEBHOrO BXOY IITYYHOTO HEHPOHA JIOPIBHIOE HYJIIO, TO 1I€ O3HAYaE
PO3pUB 3B’53KYy. AJle 3B 30K — anapaTHU 4M MPOTrpaMHUN — yce OJHO 3anuiiaeThes. | mporecop
yCc€ OJIHO MHOXXWTh BXIJIHWHA CHUTHAJ IIbOTO HEWpOHA HA MOTO BaroBUi Koe(DIIiEHT, X04 BiH 1
JOpiBHIOE HYN0. OTXXKe MMiJ] 4ac CTBOPEHHS TUX HEMPOHHUX MEPEX, sIKi MU Mepes UM PO3TJIsIaly,
CTPYKTYpY Ta 3B’SI3KM MK HEHpOHaMH yce OJIHO CTBOpIOE JroanHa. A oT Mmepexxa KoxoneHa
CIPOMO’XKHA IO caMooprasizailii, ToOOTo BOHa cama MOXK€ BUPILIYBATH CKIJIbKM HEHPOHIB y HIapy
Koxonena it moTpiOHO 1 K1 BaroBi Koe(ili€HTH BOHU MOBUHHI MATH.
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CamoopraHi3auinHa KapTta KoxoHeHa
(Self-Organizing Map — SOM)

CamoopraHizauiiHa KapTa KoxoHeHa
— HEMPOHHA MepeXKa 3 HEKEePOBAHUM
HaBYaHHAM, AKa BUKOPUCTOBYETbCA
[O/17 KOHCTPYHOBaHHA
6araToBMMipHOro MNpPocTopy B NPOCTip
3 HUXKYOI PO3MIipHICTIO

CTBOpPIOE AUCKPETHE NpeacTaBNeHHA
BXigHUX NPOCTOPIB HaBYa/IbHUX
BUBIpPOK, AKi HasMBalOTbCA KapTolo

Camoopranizaniiina kapra Koxonena (anri. Self-organizing map — SOM) — ne HelipoHHa
Mepeka 3 HeKepOBaHMM HAaBYAaHHSM, SIKa BUKOPHCTOBYETHCS JISI IIEPETBOPEHHS 0AaraTOBUMIpHOTO
IPOCTOPY O3HaK B IMPOCTIp 3 MEHIIOK pPO3MIPHICTIO (YacTilmie 3a BCe — JABOBUMIPHHUN).
CamoopranizaniiiHa kapta KoxoHeHa CTBOpIOE JMCKPETHE IMPEICTABICHHS BXiJIHUX IPOCTOPIB
HaBYAJIbHUX BUOIPOK, SIKI HA3WMBAIOTHCS KapTaMH (aHTJ. map), TOMY BHUKOPUCTAHHS I[bOTO THITY
HEWPOHHOT MEpeXi € METOAOM JUIsl 3HIKEHHS PO3MiPHOCTI.

Kaptu Koxonena npusHaueHi A Bizyasizaiii 6araToBUMipHUX 00’€KTiB Ha JIBOBUMIPHUX
KapTax, Je BIACTaHI MDK O00’€KTaMH BiONOBIJAIOTh BIACTaHAM MDK IX BEKTOpaMH Y
0araToBUMIpHOMY TPOCTOpi, @ cami 3HAYEHHS O3HAK BiIOOpPAXAIOThCS PIZHUMHU KOJIbOpaMHU 1
BiATiHKaMu. TakuM 4YWHOM, MOJXKHA TMPOBECTH aHAIOTIF0 KapT KoxoHeHa 31 3BUYAWHOIO
reorpadiyHOI0 KapTOIO, sKa JIHIAMH BioOpakae KOPAOHM KpaiH (KjIacTepiB), a pi3HUMH
KOJIbOpaMH — pelibe() MOBEPXHi (3Ha4YCHHs mapameTpiB). [Ipu aHami3i NeBHUX 00’ €KTIB ISl KOXKHOI
O3HAKH, HAIIPUKIIAJ, IS ITUPUHU a00 JOBXKHHU IEITIOCTOK KBITIB CTBOPIOIOTHCS OKPEMi KapTH, IO
JIO3BOJISTIOTH JyKe IBHJIKO KIACH(IKyBaTH IMEBHI 00’ €KTH 332 IEBHUMH O3HAKAMHU.

BukopucrtaHHa KapT KoxoHeHa npu aHani3i

napameTpiB KBITIB
-

s Veesicolor JloBXXUHa NeNtoCTKU LLInpuHa nentocTeum

Otxe, HeillpoHHI Mepexi Ta KapTh KoxoHeHa 103BOJSIIOTH YK€ IIBHJKO, 1 TOJIOBHE —
HAOYHO, MPOBOJUTH aHalli3 0araroo3HauyHUX OO0 €KTIB Ta SIBHIL, 110 € KOPUCHUM IHCTPYMEHTOM Y
npoueci IpuiHATTA pimeHb. Mepexi KoxoHeHa akTMBHO BHKOPHCTOBYIOTHCS B METEOPOJIOTIT Ta
okeanorpadii. BoHr BUKOpHCTOBYIOTHCS TIPU BU3HAUEHHI MPIOPUTETIB IiJ] Yac BUOOPY, HANPUKJIAL,
HalKpalmmx NpoekTiB. BOHW BHKOPHCTOBYIOTHCS B IMPOLIECI OIIYKY KOPHUCHUX KOMAJIUH, Y TOMY
yucal HadhTu Ta ra3y. BoHM Tako)X BUKOPHUCTOBYIOTHCS Y PI3HMX BHJAAX aHAi3y, TOYMHAIOYHU Bij
MOIIYKY MPUYMH HECTIPABHOCTEW Yy TEXHIIll 1 3aKIHUYIO4H aHaji3oM (oHA0BUX pUHKIB. Hy a oqHuM
13 TOJIOBHUX HAlNpsIMKiB BUKOpPHCTaHHS Mepexx KoxoHeHa, sk BU BjkKe HAlleBHO caMi 3710TaJlallucs, €
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CTBOPEHHS PI3HHUX UTIOCTpaLild, OCKUIBKU TOJIOBHOIO IepeBaroio Mepex KoxoHeHa € came Hao4Ha
UTIOCTpAIlis TTOJIOXKEHHS TIEBHOTO 00’ €KTa cepell 00’ €KTiB, 110 TOA10H1 HoMy.

I'enepaTuBHIi 3MarajbHi Mepe:xi

I'eneparuBHi 3maranbHi Mepexi (Generative adversarial networks, GANs) — 1e kiac
QITOPUTMIB IITYYHOTO IHTEJEKTY, M0, TaK caMo sAK 1 Mepexi KoxoHeHa, BHKOPHCTOBYIOTh
MIPUHITAIIA HaBYaHHs 0e3 BUuTeIs. [ eHepaTUBHI 3MarajibHi MEPEkKi € CHCTEMOI0, 10 CKIAAa€ThC 13
JIBOX IITYYHUX HEHUPOHHHX MEPEXK, sIKI 3MararoThCs OJHA 3 OMHOIO y ¢dopmari rpu. Boru Oynu
Brepuie 3anposamkeni y 2014 poui Suom I'yadenoy, mo npaiosas y Takux Komnasisx sk Apple
ta Google. Taka mepeka, a TOYHilIE KOMOIHAISi HEHPOHHHX MEPEXK, JIO3BOJISIE CTBOPIOBATH
300pa)keHHS, K1 I TUIIOBOI JIIOJIMHUA MAIOTh 0arato peajliCTHYHUX €JIEMEHTIB, TOOTO BUTJISAIAIOThH
SK CIIPaBXKHI, 1 1HKOJIM HaBiTh MPOQECiifHI eKCIIepTH He MOXKYTh BiAPI3HUTH pealibHi 300paskeHHS
BiJI 3T€HEPOBAHUX.

[eHepaTMBHA 3MarasibHa Mepexa
Generative Adversarial Network (GAN)

Training set Discriminator

_L a
Random j’ @ 1 — Fake
noise

=l &

Fake image

Alu l'yadenoy Generator
1987 p.H.

I'enepatuBHa 3MaragbHa Mepeka CKIQNAETHCS 13 JBOX YaCTHH: TBOPLS Ta EKCIepTa.
TBopelp, sKOro 3a3Buyail Ha3UBAIOTh T'€HEPATOPOM, CTBOPIOE IEBHI 00 €KTH, a €KCHEpT, SAKUU B
OpUTiHAJIbHIN Bepcii TeHepaTUBHUX 3MarajlbHUX MEpEeX Ha3MBA€THCS AUCKPHUMIHATOPOM iX OLIIHIOE
Ta BUHOCUTH CBO€E DIIlIEHHS: MpaBAono/iOHe 1ie pimeHHs abo Hi. 'eHepaTHBHA HellpoHHA Mepexa
CTBOPIOE CBOi 300paK€HHS, SIK TPABHIIO, 3 MEBHOrO HAOOpPY TOTOBUX 300pakeHb, SIKUH YacTo
Ha3UBAIOTh JIATEHTHUM IPOCTOPOM MEBHOIO PO3MOALTY JAaHUX. A JUCKpUMIHALlliHA HEHpOHHA
Mepeka IMOBHHHA BIIPI3HATU MNPEACTABHHUKIB CIPABXKHBOTO PO3MOAUTY JAAHMX B KaHIWIATIB,
BUPOOJIEHUX TeHepaToOpoM. MeToro TpeHYBaHHS MEpEXKi € 30UIbIIEHHS YaCTOTH MOMHJIOK €KCIIepTa,
TOOTO y TIpOIeci TPEHYBaHHS HAMararoThCs «OOXYPUTH» JMCKPUMIHATOpPA IUISIXOM CTBOPEHHS
€K3EeMIUIAPIB, sIKi TOBUHHI TOXOIUTH Ha CIIPABKHI 300paXKeHHS.

TecTt TropiHra

Anax MarticoH TopiHr
1912 - 1954
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Iness cTBOpUTM KOHKYPEHTHE cepeaoBuIle (TeHepaTrop NpOTH AMCKpUMiHATOpa) Oyna
samporioHoBana JIi, Tayui Tta I'pocom B 2013 pomi. IXx MeTom BHKOPHUCTOBYETHCS IS
MIPOTHO3YBAaHHS MOBEIIHKU 1 Ha3UBAETHCS HABYAHHS MO TIOPIHTY, OCKUIBKU cama izest moJIiOHOro
HaBYaHHS JIy’Ke cX0xa Ha Biomuil Tect Tropinra. CtanaapTHa iHTepIpeTalis [bOTr0 TECTY 3BYUUTh
HAaCTYMHUM 4YHHOM: «JIrognHa (eKcrepT) B3aeMOJI€ 3 OJHUM KOMITIOTEPOM Ta OJIHIEIO JIIOJUHOIO.
Ha miacrasi BimOBii Ha 3alIUTaHHS BOHA IOBHHHA BU3HAYHMTH, 3 KUM BIiH PO3MOBIISE: 3 JIFOJMHOIO
Yy KOMIT'FOTEPHOIO IPOrpaMol0. 3aBJaHHS KOMIT'FOTEPHOI IIPOrpaMy — BBECTU JIIOAMHY B OMaHy,
3MYCHUBIIHM 3p0OUTH HENpaBUILHUI BUOIp». AJle y TaHOMY BUIQJKY y POJIi €KCIepTa BUCTYIae HE
JIOAMHA, a JUCKPUMIHATOp, SKOMY, O pedi, IO3BOJSETHCA BIUIMBATH HA IMPOLIEC OTPUMAHHS
HaOOPIB AaHUX, 110 POOUTH HOr0 TaKOXK AKTUBHUM YYaCHUKOM IMPOLIECY HABYAHHS.

[MpuHIHMT poOOTH TEHEPATUBHOI 3MarajibHOI MEPEKi HEPIJIKO OMUCYEThCS depe3 MeTtadopu.
Hanpuxman, reHepatMBHa 4YacTHHAa Mepexi  ymnoAiOHIOeTbes — (ajbIIMBOMOHETHHUKY YU
nigpoOroBady KapTHH, a OLIHIOBAJIbHA — €KCIEPTY, AKHM MparHe po3Mi3HATH MiapoOKy. [Hmmi
npukianx — obOpa3 ABOX OOKcepiB, OJMH 3 SKUX HaByYaBCsA y MaiicTpa, a Apyruil 3MylIeHun
HACIIIyBaTH Y4HS.

MpUHUMN HaBYaHHA reHepPaTMBHOT 3MarasibHOI MepeXKi

I'enepatuBHi 3MaraibHi MepeXi BUKOPUCTOBYIOTHCS JJISI CTBOPEHHS (DOTOpeamicTUIHHX
300pakeHb 3 METOI0 Bi3yallizallii HOBHX JAM3alHIB 1HTep'epy, B3YTTs, CYMOK, OJry abo CLEH Yy
KOMI'IOTepHUX irpax. Hampuxiian, y mOmynsspHOMY 3aCTOCYHKY, NMPHU3HAYEHOMY ISl TeHeparii
JOACBKHUX OOJIMYB, JXKEPEIOM MEPBICHUX JIaHUX BHUCTYIAIOTh peajbHi (oTorpadii, Ha OCHOBI SKHX
TeHepaTWBHA 3MarajlbHa Mepe)ka HaMaraeTbCs CTBOPHUTH IITYYHI 0COOM, BapiloOlO4YM KOMOiHAIil
TaKMX JIATEHTHUX MapaMeTpiB, K KOJip Boyioccs, mpornopuii obauyysi, po3pi3 odei, popma Hoca,
pO3Mip ByX, HasBHICTh OOPOJIH Ta 1HIIHUX.

Mpuknaan 306 parkeHb, 3reHepoBaHUX
HEMPOHHOI MepeXeto
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Binomo, mo reHepaTtuBHI 3MarajbHI Mepexi BUKOpUCTOBYIOThcs Facebook. Hemomasao
TEHEpAaTHBHI 3MarajJibHi MeEpeXi 3MOJIETIOBAIM 3aKOHOMIPDHOCTI pyxy y Bimeo. Bonnm
BUKOPHUCTOBYIOTbCS JUUIsl CTBOPEHHS 00’€MHHX MoOfeNeil 00'€KTiB, a TaKoX Uil IOKPALICHHS
300paxkeHb Ta 00’€MHOr0 MOJENIIOBaHHS B acTpoHoMmii. Y 2017 pori A CyTTEBOTO MOMIMIIEHHS
AKoCTi Qororpadiii BUKOPUCTOBYBAJacs YAOCKOHAJICHAa TEHEpaTMBHA 3MarajibHa Mepexka 3
aBTOMATHYHOIO T€HEePaIli€l0 TEKCTYp, IPUIOMY Bijl JAHOI CHCTEMH BUMarajuioch CKOpPIIIe CTBOPEHHS
peaicCTUYHHUX TEKCTYp HIXK IMIKCEJbHA AeTanizamis. Pe3yiaprarom Oyna BUCOKA SKICTh 300pa)KeHHS
MIPU BUCOKINW PO3AUIBbHIN 31aTHOCTI. TakuM YMHOM, Ha CHOTOJHIIIHIN JIeHb TeHEPATHBHI 3MaraljibHi
MEpeXi € OJIHUM 3 CaMHX MEPCIEKTUBHUX THIIB HEHPOHHUX MEPEX, SKi aKTHBHO 3aCTOCOBYIOTHCS
HE TUIBKH Y SIKOCTI 00’€KTa Ui aKaJeMIYHUX JTOCTIKEeHb a 1 Ha MPaKTUL Y BEJIUKIM KUTbKOCTI
PI3HOMAaHITHHUX 3aCTOCYHKIB.

3aCTOCVBaHHFI reHepaTuBHMUX
3MaraJibHUX Mmepex

* Bisyanizauis iHTep'epis

* [pomucnosun an3anH

* CTBOpEHHA HOBUX MoAeNnen ogary Ta
B3YyTTA

* CTBOpPEHHSA CLLEeH B KOMN IOTEPHUX irpax

* [oKpaleHHs 306paxkeHb

* O6’emHe moaentoBaHHA

* CTBOpEHHA TeKCTyp

BucuoBxku

OTxe sik 6auuTe, HAa CHOTOAHILIHIN JIEHb 1CHY€E JJ0BOJII BEIMKa KUIbKICTh HEHPOHHUX MEpEXK.
I kmacudikanis, sKy BU 3apa3 O0aunTe Ha €KpaHi, € JOBOJI YMOBHOIO 1 Jajeko He moBHO. Hapasi
HEMOXJIMBO SIKUMOCh YMHOM CTBOPUTH MOBHY KiacH(ikallilo, OCKUIbKH, MO-TepIle, HEMPOHHUX
MepexX JIIOIH B)KE HABUTATyBaJM TOBOJI Oarato, a 1mo-apyre, He BCi TUIH HEHPOHHUX MEPEK MAroTh
MPAaKTUYHE 3aCTOCYBAaHHS 1 MOJaNbIIMK po3BUTOK. KpiM Toro, He ciij 3a0yBaTH, 110 KOXHHUH 13
TUMIB HEWPOHHUX MEpPEeX Ma€ KiTbKa pPI3HOBHIIB, TPUYOMY JEAKi PI3HOBHUAM MArOTh Taki
KOMOIHaIlli O3HaK, sKi B KOpPHI 3MIHIOIOTb OpHUTIHANbHY 17€10, sika Oyja 3akiaZeHa MiJl yac
CTBOPEHHSI X OpUTIHAIBHUX BEPCIii.

Knacmndikauis HEMPOHHUX MepeXK

KoxoHeHa

Mepexapaqlaanuxl SON

6a3CHUX YHKLLIN
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Hanpuknan, TinbKM peKypCUBHUX HEHPOHHHMX Mepex Bxke icHye O6mu3bko 20 pi3HOBHIIB,
KOXKEH 3 SKHX Ma€ CBOI TEpeBarv, HEMOJIKM Ta 00JacTi MPaKTUYHOTO 3acTOCyBaHHA. [ 1ia
kiacu@ikaiisi TAaKoX HE € Hi TOBHOIO, Hi CTATUYHOIO, OCKUTBKU HaJ IIUM MUTAHHSM IMPAIIOBAJIO i
MIpalloe Ay>Ke BeJIMKa KUTbKICTh SIK HAYKOBIIIB, TaK 1 MPAKTUKIB. | XTO 3Hae, MOXke caMme 3apas, KOJIu
B JMBHUTECh L€ Marepiaj, XTOCh BHIraJla€ HOBUH TUI HEUPOHHOI Mepexi, KU CTBOPUTH
MEPEBOPOT B 00JIACTI IITYYHOTO 1HTEJICKTY.

PeKypeHTHI HeMpOHHl Mepexi

* [loBHOpeKypeHTHa Mmepexa lepapxi4Hi peKypeHTHi HEMPOHHI

¢« MepexiXonodinga mepexi

+  MepexilemmiHra * PeKypeHTHi gBOLIapOBi NepcenTpoHu
*  MepexiEnmaHa Ta [JpkopaaHa *  PeKypeHTHi HelipoHHI Mepexi

*  Mepexis BilyHHAM CTaHy APYroro nopagky

*  PeKypeHTHi HEMPOHHI Mepexi
KinbKox maclTabis yacy

* [locnigoBHi KackagHi mepexi
Monnaka

* HelpoHHI MmawmnHu TiopiHra

* HelpomepekeBi MarasuHHi
aBTOMaTU

* Mepexiis gsocnpsmoBaHoOo
acoujiaTUBHO Nam'aTTio

¢ HeMpoHHi cTucKayi icTopii

* Mepexii3 4OBroto KOPOTKOYaCHO
nam'arTio

*  BeHTUAbHI peKypeHTHI By31u

e [lBOHanpaB/aEeHi pEeKypPeHTHI
HEeMpPOHHI mepexi

*  PeKypeHTHi HelipOHHI mepeXxi
HenepepBHOro Yacy

[Ipore mmst Toro, moO TiNBKK MO3HAHOMHUTHUCH 13 HEHPOHHUMH MEPEkXaMH, 3pO3YMITH 1O 11e
Take, Uit 4Oro IIe mOoTpiOHO, /16 BOHO BUKOPHCTOBYETHCS a00 /1€ BOHO MOYKE€ BHKOPHCTOBYBATHCH,
HABEJCHOI0 MaTepialy ULIIKOM JI0CTaTHbo. OTxe [ami, fKIIO BH BHUPINIUTE IMpalfoBaTH i3
HEHPOHHMMH MepeXaMu, TO BaM MNOTpiOHO Oyae CcaMOCTiHHO BUBYHMTH 0arato J0AaTKOBOTO
MaTepiany. A IIi€r0 JICKII€0 MU, Ha Kajb, 3aKIHYyEMO O3HAHOMIICHHS 31 IITYYHUMU HEHPOHHUMU
MepexxaMmu 1 am OyaeMo 3HAHOMHUTHUCH 13 IHIIMMHU HANpsSMKaMH BUKOPUCTAHHS Ta 3aCTOCYBaHHS
HITYYHOTO 1HTEJNEKTY. A BaM s JSIKYIO 3a yBary i Mar HaJilo, IO 1i MaTepialyd MPUHECIH BaM
BEJIMKY KOPUCTH Ha NUIAXY MiIBUIEHHS BaIoi KBamidikarrii.
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7 I'eHeTHYHI aITOPUTMH

Ha momepenuiii nekmii My 3aKiHYMIM PO3TJSA JOBOJI BEIMKOI TEMH, sIKa Ha3MBAIACh
«Heiponni mepexi». Ha cporomnimHii aeHh HEHPOHHI MEpeXi €, HANEBHO, CaMHUM BEIMKUM
PO3IIJIOM IITYYHOTO IHTENEKTY, 1 BU MajHM Harojay HaO4YHO MEPEKOHATHCA, IO Yy Iii Taiy3i Bke
JIOBOJII 6araTo 4oro 3po0JeHo i, TOJOBHE, MOTPIOHO Il Oarato 4oro 3poOHMTH. A 11e 03HAYae M0
opieHTyBaHHS Ha poOOTY y Il ramy3i J03BONHUTH BaM 3abe3neuntu cede poOOTOIO 13 MPUCTOMHOIO
3apo0ITHOIO TIJIATOX0, IIOHAWMEHINE, Ha KUIbKa JNECATKIB pOKiB. IIpoTe MmITy4HHI 1HTEIEKT HE
00MEXKY€EThCS TUTHKH HEHPOHHUMHU MEpEeKaMU, X094 BOHH, CBOTO 4acy, 1 JaJId BEIUKUH MOIMITOBX Y
i ramysi. € me 6araTo HaNpsMiB PO3BUTKY ITi€l 00J1aCTi, 1 MU TIOCTYIIOBO OyZeMO TX BUBYATH.

A ChOTO/IHI MH 3 BaMH MMO3HAWOMHUMOCS 13 TEHETUYHHMHU aIrOPUTMaMHU — II€ CIeliaabHi
QITOPUTMH, 32 JOMOMOTOK SKUX MOXKHA HIBUIKO 3HAWUTH OUIBII-MEHIN ONTHUMAIbHE PIlICHHS
3ajad, MO0 MAlOTh BEJIUKY KUIBKICTh MOXJIMBUX BapiaHTiB. [IpoTe mepenu Tum sK meperTu
0e31mocepe/IHbO 10 BUBYCHHS TeHETUYHUX QJITOPUTMIB CIIiJI CIOYATKY 3raJlaTH caMmy epIry JICKIIO
JUCUUIUTIHA «MeTOAM Ta CHUCTEMH IITYYHOTO IHTENEKTY» IS TOro, MI00 3pOo3yMiTH A0 SKOT
KaTeropii 11i arOPUTMH BiTHOCATHCS.

HelpoHHi MepesKi He € EAUHUM HanPSMKOM
PO3BUTKY LUTYYHOTO iHTENEKTY

A Ha nepuriif siekuii 6ys0 cka3aHo, 110 ICHY€E J1Ba FOJOBHUX HAMPSIMKH PO3BUTKY IITYYHOTO
IHTENeKTy: IparMaTUYHui Ta OloHIYHMN. [IparMaTHYHUI HATPSIMOK PO3BUTKY IITYYHOTO 1HTEJIEKTY
He MoTpedye CTBOPEHHS KOIIii JIIOJCHKOT0 MO3KYy. TOOTO y IIbOMY HampsIMKy pO3yMOBa JisUTbHICTh
JIOAMHU NPURMAEThCS K SKUICh «YOPHUHM SAMIMK», KM He MOTPIOHO SKOCh JOKJIAJHO BHBUATH.
l'onoBHe 100 pe3ynbraT poOOTH IITYYHOrO IHTENEKTy OyB MOAIOHHMH 1O pe3ynbTarty podoTu
MoAUHU. ToMy SIKIIIO KiHIEBUH pe3ynbTaT (PyHKI[IOHYBaHHS IITYYHOI CUCTEMH X04a O MpUOIU3HO
30iraeThCsl 3 Pe3yNbTaTOM JiSUTBHOCTI JIFOJUHH, TO TaKy CHCTEMY B)XX€ BH3HAIOTh IHTEIEKTYaIbHOIO
HE3aJIeXKHO BiJ] CIIOCOOIB OTPUMAaHHS 1IOTO Pe3ysbTaTy. 3a Takoro MiAXO1y HE CTaBUThCA 3ajaua
BIJITBOPUTH Y LITYYHIN KOMIT IOTEPHIM CUCTEMI CTPYKTYpH Ta MPOLECH, Kl BiIOYyBatOTHCS Y MO3KY
moauHu. ['onoBHe, m00 KiHLIEBUN pe3ylbTaT po3B’s3aHHs 3a1adi OyB Takui Ke, K 1 BUIAAKY
PO3B’s3aHHA i JTFOIUHOIO.

Hanpsamu po3BUTKY LUTYYHOTO iHTENEKTY

* MparmaTtnyHumn
* BiOHiIYHUI

A ot GioHIYHMI HaPAMOK 0a3yeThbCs HA MPUITYILEHHI PO Te, 10 SKIIO B INTYYHIH cucTemi
BIITBOPUTH CTPYKTYPH # TPOIECH JIOJCHKOTO MO3KY, TO M pe3yiabTaTH PO3B’S3KYy 3a7ad TaKOIO
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crcTeMoro OynyTh Moai0Hi A0 pe3ysbTaTiB, Ki OTPUMYE JIOAMHA. Y IIbOMY HAIMPIMKY JOCIIIKECHb
BUJIUIAIOTBCS TP  TOJIOBHI  HANpPSIMKWA:  HEHUPOOIOHIYHHWH, CTPYKTYPHO-CBPICTHYHHH  Ta
rOMEOCTaTUYHHMN. [3 HEMPOOIOHIYHUM HAIPSIMKOM MH BXX€ TPOXU MO3HAMOMMITUCS — caMe 10 HbOT'O
BIIHOCATHCSI HEHPOHHI MeEpeki, 60 BOHM IMITYIOTh Oy/I0BY HEPBOBOI CHCTEMH XHUBHX 1CTOT, Y TOMY
YHCIi, 1 TOJIOBHOTO MO3KY JIIOJMHU. A OT F€HETUYHI aJITOPUTMH BIJHOCSATHCS 10 TOMEOCTATUYHOTO
HaNpsIMKy HITYYHOTO IHTEJEKTy, TOMY JaBaiiTe OibII JOKIaJHO po30epeMocs IO IIe 3a Take
I[IKaBe CJIOBO «IOMEOCTATHYHHI», 1 III0 BOHO O3HAYAE.

BiOHIYHMI HanNPAMOK PO3BUTKY
LUTYYHOTO iHTEeNEeKTY

BiaTBOpEHHA CTPYKTYp i npouecis
NIOACBKOro MO3KY

OcHoBHiI niaxogmn

* HelpobioHiuyHni

* CTPYKTYpPHO-EBPUCTUYHNIA
* [omeocTaTU4HWNI

CydacHe TiayMadeHHs CJIOBAa «rOMECTa3» O3HAYa€ CTaH PIBHOBArv JAESKOrO JTUHAMIYHOIO
CEpEIOBHINA, Y SIKOMY BiJOYBAlOThCS TEBHI MPOIECH. 3MeOUTBIIOr0 IeH TepMiH BKHBAETHCI B
MeuIMHI Ta Oiosiorii. Hanpukiaa, B MEIUIIMHI TEPMIHOM «TOMEOCTa3» MOSCHIOIOTHCS MEXaHI3MU
po0OOTH CHCTEM OpraHiB KpOBOOOIry, JHMXaHHsS, TPABJICHHS, BUIUICHHS TOMIO. 3a JOMOMOIO0
rOMEOCTa3y y KpOBI KHUBUX ICTOT HIATPUMYETHCS HEOOXITHUI pIBEHb KUCHIO, TJIIOKO3U Ta
010JIOTIYHO aKTHBHHUX XIMIYHHUX PEUYOBHH, sIKi 3a0e€3MedyroTh B3a€MOJiI0 KIITHH 1 opraHiB. Ha
O1IIBIII BUCOKOMY PiBHI roMeocTa3 popMye MaKpoMeXaHi3MH MOBEIIHKH KHUBUX icToT. Hanpuknan,
IIPU HU3BKUX TEMIEpATypax MTAIIKA MOXYTh TYJIHTHCS OJWH JI0 OJHOTO 33Ul 30€peKEeHHS Teria
1, BIINOBIAHO, eKOHOMI{ eHeprii. [[puyomy BiiomMo, 1110 BOHH HE MPOCTO TYIATHCSA OAUH J0 OJHOTO,
a 1e ¥ MOCTIHO MIHSIOTBCS Y TPYII — KpaiiHi NMTAIIKH, [0 BUTPAYalOTh OUIbIIE TEIUIa MePioAUnIHO
MOTPAIUISIOTh BCEPEIUHY — J€ BTPATH TEIla MEHINE, a Ti, M0 OyJiM BCepe/MHI, HAa JCSIKHHA Yac
MOTPAIUIATH HA MEXKi TPYIH, U100 JaTH 3irpiTUCS 1HIINM MTAIIKAM.

[omeocTas

* [omeocTas— CTaH piBHOBArM AMHaMi4HOro
cepefoBuLLa, Y AKOMY BifbyBatoTbCA
6ionori4Hi npouecu

* Tomeocras— BigHOCHa CTa/liCTb CKNaay Ta
B/IaCTUBOCTEW BHYTPILUHbOTO cepeaoBMLLa
6ionoriYHMX cUCTeM pi3HUX piBHIB

opraHisau,ii
Mpuknag romeocTaTuyHoOi
NoBeAiHKM — NTaLlLKKN * Tlomeocrtas— Le cMCTeMa y3rogeHux
TYNATbCA OAWH [0 OAHOTO peaku.ivu, CNPAMOBAHUX Ha 3a6e3r|e-4eHHﬂ,

niaATPUMaHHA abo BiAHOBNEHHA CTaNoCTi
BHYTPILUHbOTO CEPef0BULLA OpraHismy

3agna 368pE)KEHHﬂ Tenna
VY TexHili mijJ KaTeropii «roMeocTaTM4yHI» MONaJaloTh yCi CUCTEMHM, y SKHX peani30BaHi
ME€XaHI3MU aBTOMAaTU30BAHOIO KOHTPOJIO SIKUXOCh MapamerpiB. Hampuxman, no miei kareropii
BITHOCATBCS 3BHUaiiHMiA 00irpiBau moBiTpst abo p00pe yciM BijjoMa mpacka, 110 MaioTh BOYJIOBaHi
TEPMOPETYNIATOPH, SIKI aBTOMAaTUYHO MIATPUMYIOTH TeMIlepaTypy TMOBITpsS y KIMHaTi abo
TeMIepaTypy akTHBHOI MOBEpXHi y 3aaHux Mexax. Jlo miei kareropii TakoX BIJHOCSATH CUCTEMHU
aBTOIUIOTY TPAHCIOPTHHUX 3aC001B, Y TOMY UHCII 1 THX, 10 JITAlOTh a00 MJIaBal0Th, CUCTEMY KPYi3-
KOHTPOJIIO aBTOMOOUTIB Ta 0araTo IHIIMX CHUCTEM JI€ peajizoBaHi aBTOMATH30BaHI CHUCTEMHU
peryJroBaHHS Ha OCHOBI HETaTUBHOTO 3BOPOTHOTO 3B’SI3KY.
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MpuKnagm romeocTaTUYHOI NOBEAIHKM
TEXHIYHUX CUCTEM
* TepmocTaTu HarpiBanbHUX Npunagis (cuctemm
i3 HEraTUBHUM 3BOPOTHUM 3B’A3KOM)
* Kpyi3-KoHTponb aBTOMOGINA

* ABTOMINOTU NiTanbHUX 3acobiB Ta aBTOM0ObiNiB

* Cuctemun aBTOMaTM30BaHOrO peryatoBaHHA

Cuctemu, mo (QyHKIIOHYIOTh Ha OCHOBI T€HETHYHHX AJITOPHUTMIB, TAKOXX BIIHOCATHCS 10
TOMEOCTATUYHHUX CHCTEM, NMPOTE HETAaTHBHUN 3BOPOTHUH 3B 30K B HUX pEalTi30BaHUN HESBHO 1
pe3yabTaToM iX poOOTH € He MIATPUMAaHHS SKOTOCh MapaMeTpy y 3aJaHuX MeXax, a TOMIyK
HaWKpaIIoro BapiaHTy MOBEIIHKH CUCTEMH Y IIOMY. TOMY MOBEIIHKA CHCTEM, IO MPAIOOTH i
KEepYBaHHSIM T€HETHYHHX QITOPHUTMIB, JY)KE CXOKa Ha MEXaHi3M €BOJIOIII KUBUX ICTOT, a caM
MeXaHi3M CTBOPEHHS HOBHX €JIEMEHTIB T€HETHYHOI CUCTEMH YK€ CXOKUN Ha MEXaHi3M YTBOPEHHS
monekyn JIHK nHoBux icror. Came uepe3 Taky MOMIOHICTh LI aJIrOPUTMU 1 OTPUMAIU HA3BY
«reHetuuHi». OTXe ChOTOAHI MH 3 BaMH OyAeMO pO3IISAaTH CUCTEMH, IO MOMIOHI 10
010JIOTIYHOTO COLIlyMy, a TOMY Iepel THM fIK MEePeHTH N0 KOHKPETHOI MPaKTHYHOI peanizarlii
CHCTEM, IO MPALIOIOTh ITiJ] KEPIBHUITBOM I'€HETHYHUX AJITOPUTMIB, CIiJI CIOYATKY 3PO3YMITH K
MPAIIOIOTH 1X 010JI0TIYHI aHAIOTH, a TOYHIIIE X 010JIOTTYHI TPOTOTHITH.

feHeTUYHUI anropmutm (Genetic Algorithm)

4 0TS A+ TeHeTUHUI anropuTtm —

- T antt
g"-‘ PNy » 2 /*\ €BOJIIOUINHUN aATOPUTM NOLLYKY, WO
:-r"'a\' \ - BMKOPUCTOBYETbCA O1A BUPIWEHHA

- ™ - X “* 33434 ONTMMI3aLii i MogentoBaHHA

i AL = . wnaxom nocnigosHoro niadopy,
237 v+, KOMDiHyBaHHA i BapiaLii WyKaHUX
> 1e S 2e(=7"0)% napameTpiB 3 BUKOPUCTAHHAM
A D . . . .
PG o E 3 MexaHi3Mis, Lo HaraayioTb 6ionoriyny
=N 2 9ieiv.  esonoujio
N @ @ fyi:"L
AL E L5 e~ ¥
578 y 2 0’ ¥
ABTOpOM Teopli €BOJIOLIi — Teopii sKy, HaleBHO, HaWOUIbIIEe 3a BCl 1HINI Teopii

KPUTHUKYIOTh, € Yapnb3 [lapBiH, saxuil y 1859 poui BunyctuB kHUTY «I10XOMKEHHS BUAIB LUIIXOM
MPUPOHOTO 1000py abo 30epekeHHs 00paHuUX pac y OOpoThOi 3a KUTTA». Y Wi kHM31 J[apBiH
HABOJUTH JIOBTUH JIAHIIOXKOK apryMEHTIB Ui MiATBEPIPKEHHS TOro, IO TPYMH OpraHi3MiB, sKi
ChOT'OJIHI Ha3UBAIOTh MOMYJISILIISIMH, IIOCTYIIOBO PO3BUBAIOTHCS 3aBASKH IPUPOIHOMY Biioopy. [Ipu
I[bOMY OJIHOYaCHO BiH CIIPOCTOBYBAaB TEOPII0 «CTBOPEHMX BMJIIBY», 3TiJTHO SIKOI yce piI3HOMAHITTS
KHUBUX 1CTOT € IITYYHO CTBOPEHUM Ta HE3MIHHHUM Y 4aci.

BigmoBigHO 10 oOcHOBHHX monoxeHb Teopii esomtoiii Yapnp3a JlapBiHa, TOJOBHHUM
MEXaHI3MOM TPUCTOCYBaHHS KOHKPETHUX J>KUBUX ICTOT IO JTOBKOJHIIHBOTO CEPEIOBHINA, SKE
MOCTIHO 3MIHIOETHCS, € BHUIIAJKOBA 3MIHHICTh CAMUX YXUBHUX ICTOT, fIKa MEPEA€ThCs Y CIaJ0K iX
nitsM. [locTynoBo 1€ mpU3BOIWTH J0 3MIH WICHIB BCEPEIWHI MOMYJIAIIi, K1 3aBISKH HasBHOCTI
IPUPOJHOTO BIiIOOPY Ta CHAaJKOEMHOCTI, HalKpalle MpPUCTOCOBYIOTHCS A0 JOBKOJIHMIIHHOTO
cepenoBuma. [Ipudomy i3 9acoM HaKONMMYEHHS 3MiH CTAa€ HACTUIBKK BEJIMKWM, IO HAIIAIKH
CTAalOTh 30BCIM HE CXOKMMH Ha CBOiX 0aThKiB, IO KWJIM 3a 0arato MoKOJiHb JI0 HUX, 1 TOA1 MOXKHA
TOBOPUTH BKE MPO CTBOPEHHS HOBHUX BH/IIB, TOOTO ITPO CTBOPEHHST HOBUX TOITYJISIIiH.
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Teopia esontouii

Teopia esontoLii — HayKOBa TEOPIA, O NOACHIOE MEXaHi3mu 3miHu popm
JKMBUX OPraHi3miB, iXHiX CNiNbHOT Ta MPUUMHK yTBOPEHHA Biopi3HOMaHITTA
Ha 3emni y npoueci eBontouil

KoskHa nonynsuis cnpomosxHa 36inbLuyBaTii CBOK UMCebHICTb

*  YucenbHicTb nonynauii 3aAMIIaeTbcAa NPUGINM3HO OAHAKOBOIO.

*  Pecypcy, HeobxiaHi Ans KuUTTA nonynaAuii, obmeskeHi Ta BigHOCHO
cTabinbHiy vaci.
Ocobw y nonynauii NOBUHHI KOHKYPYBaTH 3a pecypcu.

*  Ocobu y nonynaujii icTOTHO BiAPI3HAIOTLCA OAWH Bif, OAHOTO.

¢ OcobamBOCTI KOXKHOI ICTOTH € CNaAKOBUMM.

*  Ocobu, MeHL NPUCTOCOBaHI A0 HABKONMLLIHBOTO CEPEOBULLA, MAIOTb
MeHLLE WaHCiB BUXMTU (NpupoaHuii 8iabip)

*  [lpupogHuii 8ia6ip NOCTYNOBO NPU3BOANTD 10 NOABK HOBUX BUAIB
(nonynAwii), aki Hait6inbL NPUCTOCOBAHUIA 1O HABKOIMLLHBOTO
cepeposula

Yapnb3 Pobept dapsiH
1809-1882

Came 3a Takol CXEMOIO 1 Mpamioe TEeHeTHYHUH anroputM. OCHOBHUM €JIEMEHTOM
TEHETUYHOTO aJITOPUTMY € 0c00a — MEBHUN MPOTPAMHHIA 00’ €KT, IKUH Ma€e TIEBHUA MEpeNiK O3HaK.
CykyIHICTh 0CI0 YTBOPIOE TOMYJIAIII0 — MEBHUM CIIMCOK MPOTPAMHUX 00’ €KTIB, IO MA€ MOCTIHHY
a00 3MiHHY KUIBKICTh. Y MNpPAaKTHUYHHX peali3alisx T€HETHYHOIO AITOPUTMY KUIBKICTH OCI0 y
MOy M Yac poOOTH T€HETHYHOTO alrOpUTMY, 3a3BUYail, € IMOCTIIHOIO, XOdYa INEpBHHHA
KUTBKICTh — KIJIBKICTb, SIKA 33JJa€THCS MEPe]] MOYaTKOM pOOOTH T€HETUYHOTO ATOPHTMY, 3aJIC)KHUTh
BiJI CKJIAJTHOCTI KOHKPETHOI 3a7a4i 1 Moke OyTu 3MiHHOIO. [ToTounwmii Habip ycix oci0, 110 BXOIATH
70 TOMYJIALii, HAa3WBAETHCS MOKOMIHHAM. Ili MOKONIHHSM MarOThcs Ha yBa3i yci OcoOH, sIKi
BXOJATH Y MOMYJIAIIIO Yy JaHUH Yac.

OCHOBHI NOHATTA reHETUYHOro aNroOPUTMY

* Ocoba — nporpamHuii 06’eKT, AKUMA Ma€e Nepenik o3HakK

* TonynAuia — CyKynHicTb ocib nocTiliHoi abo 3miHHOI
YyncenbHOCTI (CNUCOK NporpamHMx 06’eKTiB)

* TloKoniHHA — NOTOYHMI Habip YneHis nonynauii

Oco6u NOTOYHOrO NOKONIHHA CNOYATKY AAlOTb HAWAAKIB
(HoBe NoKoniHHA) a NOTIM 3HULLYIOTbCA (TMHYTD)

'eneTnyHMIT aNTOpPUTM TPAIIOE JOTIOKH KUIBKICTh MOKOJIHB HE JIOCATHE IMEBHOTO 3HAYEHHS.
ToOTo Ha MoOYaTKy poOOTH T€HETUYHOTO AITOPUTMY CTBOPIOETHCS Tepiie, ab0 HYIbOBE, TOKOIIHHS
SIKe Ma€ TEeBHY KUIBKICTh 0ci0. L{i ocobu cmoyaTky MarTh HaIaAKiB, TOOTO CTBOPIOIOTH HOBE
MOKOIIIHHSA, a MOTIM THHYTh, TOOTO MPOTPaMHO 3HUIIYIOTHCA. HOBE MOKOMIHHS TaKOX Ja€ CBOIX
HaIAKIB, K1 yTBOPIOIOTH HOBE TTOKOJIIHHS, 1 MICIS I[bOTO 3HOBY 3HUIIYIOTHCA. | Tak BiOyBaeThCs
JIOTIOKU HE MIPOM/Ie TeBHA KIJIbKICTh MOKOMiHb. [1icis 1[bOro reHeTHYHUN alTrOPUTM 3aBepIIye CBOIO
poborty.

Pe3ynbTaT pO60TU FEHETUYHOTO aNIrTOPUTMY

Mokoninua 0 Mokoninua 1 Mokoninua 2

[0co6a 000 | Osmaka=19 | [ 0co6a000 | Osmaxa=105 | [Oco6a 000 | Oswaxa =208 |

Ocoba 516 Osnaka = 27 Ocoba 212 Osnaka = 27 Ocoba 302 Osraxa = 27
Ocoba 517 Oznaka = 105 ’ Ocoba 213 Osuaka = 208 » Ocoba 303 Osnaka = 1045
Ocoba 518 Oanaka = 41 Ocoba 214 Osnaxa = 150 Ocoba 304 OsHaxa = 15

Ocoba 999 Oataxa = 44 Ocoba 999 Oanaxa = 42 Ocoba 999
Moxoninka N - 1 Moxoninka N
[ Oco6a000 [Oanaxa =2105 Ocoba 000 |Osnaxa = 50263

Ocoba 814 Oanaxa = 27 Ocoba 302 Oswaka = 27 Peaynstar
. Ocoba 815 [Oawaxa = 50263 . Ocoba 303__|Oswaxa = 72561 . Tiepenowews_|Osnara = 72561
Ocoba 816__|Osnaka = 11150 Ocoba 304 | Oawaxa =15

Ocoba 999 Ocoba 999 | Osnaka = 1621
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Orxe, gk 6aunTe, MaKPOITOPUTM TEHETUYHOTO aJITOPUTMY YK€ CXOXKHUUA Ha alrOpUTM
KUTTS )KUBUX 1CTOT. TaM Takok, 0COOH, 1110 KUBYTh y JaHUH Yac, TOOTO y MOTOYHOMY MOKOJIHHI,
CTMOYaTKy HApOKYIOTh IITEH, sIKi YTBOPIOIOTH HOBE IOKOJIHHS, a MOTIM BMHPAIOTh. €IMHOIO
PIZHHIICIO € Te, IO KUIBKICTh IMOKOJiHb Y PeaJbHOMY JKUTTI TEOPETHYHO HE OOMEKeHa 1 0cooH 13
PI3HHUX TMOKOJIiHb, TOOTO OaThKU 1 JITH, MOXYTh JKHTH OJHOYACHO. A y MporpamHiil peamizamii €
MEeBHI OOMEXKEHHS, SKi IMOJATAl0Th Y TOMY, IO OaTbKW 1 JITH HE MOXYTh JKUTH OJHOYACHO, a
KUTBKICTh TIOKOJIIHB IITYYHO OOMEXKYETHCSI, MICIISA IIHOTO yCs MOMYJISLIS 32 BAHATKOM OJHi€] — caMoi
HalKpamoi ocodu — 0OOB’SI3KOBO THHE. A Terep MepexoauMO J0 CaMOTO I[IKaBOTO — SIKUM JKe
YMHOM y T€HETUYHOMY aJITOPUTMI YTBOPIOIOTHCS JiTH, TOOTO HOBI 0COOH, 5IKi C(OPMYIOTH HOBE
MTOKOJIIHHS.

JamaiiTe cmowatky poszbepemocs, a XTO X 13 0Ci0 TOTOYHOI TOMYJNSIii 3MOXKE JaTh
MMOTOMCTBO, TOOTO 3MOXK€ CTBOPHTH JHiTei. BimmoBimHo o Teopii eBomrornii Yapnw3a JlapsiHa,
MIOTOMCTBO, TEOPETUYHO, MOXYTh JaTH yci 0coOW, mpoTe i3 pi3HOI0 iMOBipHicTIO. Ocolu, M0
HalKpalie MpPUCTOCOBaHI JI0 JOBKOJMIIIHBOTO CEPEOBHINA, TOOTO Ti 0COOH, IO MAIOTh Kpaliui
JOCTYI 10 OOMEXKEHHX PecypciB, AaayTh MOTOMCTBO i3 OUIBIIOI IMOBIPHICTIO, HIX OCOOH, IO
yepe3 Ti a00 1HII MPUYUHU HE MOXKYTh JIICTaTHCS JIO PECYPCIB 1 3a0€3MeYUTH MPOAOBKEHHS CBOTO
poxy. Came 1e 1 HA3WBAETHCS MPUPOIAHHMNA BIAOIp, sKkwWid 1 3a0e3meuye MOAAIBIINN PO3BUTOK
010JIOT1YHUX CUCTEM.

MpupoaHun BiAbip

[Ipote y mporpamuiii peamizaiii aHajora OI1OJIOTIYHOI CIUIBHOTA HEMAa€ MPUYUH IS
MOJICJIIOBAHHS TPUPOJHOTO CEepeloBHIA. Y TaHOMY BHUMAAKy (YHKIIO MPUPOJHOTO BiOOpY
BUKOHYE MPOTPaAMICT, IO CTBOPIOE TEHETUYHHUIN aJITOPUTM. 3TaIa€MO, 110 KOXKHA 0co0a Ma€e TIEBHUM
HaOlp O3HAaK, K BIAMOBIAAIOTH il MPUCTOCOBAHOCTI A0 JOBKOJMIIHBOTO cepenoBuina. Ha ocHOBI
bOro Habopy i1 KOXXHOI 0cOOM OOYMCIIOETHCS TNEBHUM CepeHbO3BAKEHUN KpUTepii, 3a
JIONIOMOT 010 SIKOTO 1 OyJie MPOBECHO BiZI0ip HaWKpaIuX MpeICTaBHUKIB MOTOYHOIO MOKOMIHHSA, SIK1
MOTIM 1 CTaHyTh OaTbKaMu /7151 0C10 HACTYITHOT'O MTOKOJIIHHS.

JaBaiiTe posrisHemMo 1e Ha npukiani. Hexail y Hac € momymsuia mo Hamigye 1000 oci6.
[lepiure MOKOIIHHSA 1i€] MOMyJNALIl CTBOPIOETHCS BUIIAKOBUM UYMHOM, HANPUKIIAL 3a JOIOMOTOIO
reHeparopa BunajakoBux ymcesn. KoxHa i3 oci6 Mae neBHUM KpUTepiii 3a sskuM OyJie mpoBeieHu 1X
B1101p. Hexait kputepiem Bibopy Oyne MakcUMalibHE 3HAUYCHHS 11i€i o3HaKkU. OTXe, MICIS TOTO 5K
OyaoyTh OOUYHMCIEHI O3HAKU ycix ocib, Oyme oOpaHO neska KiIbKiCTh OCI0 13 MaKCMMalbHUMHU
3HAYEHHSMU L[BOTO NapaMeTpy, Kl 1 JaAyTh MOTOMCTBO. J{iTH 3’ SIBISIFOTHCSI HE TPOCTO Tak. BoHu €
pe3yabTaTOM CHeliadbHOI MPOLEAYpPH, KA Ha3UBAE€ThCS CXpelleHHsAM OarbkiB. IIpo ocobmuBocTi
CXpEIIeHHS MU MOTOBOPUMO TPILIKU Mi3HIIIE, a OKH MOJAWBUMOCH JI0 YOO MPHU3BENYTh MOJI0HI
MaHimynanii i3 ocobamu. Otxe, micis TOro, sk copMoBaHa MOTOYHA MOMYJALIS 1 OOYMCIIEHI
03HAaKM yCiX 0Ci0, BHOKPEMITIOETHCS TIEBHA TpyIia 0ci0, 10 MaloTh HallKparle 3HauYeHHs O3HAKH, SK1
CTaHyTh OaThKaMH 1 JalyTh MOTOMCTBO. IHIN ocobwu, 10 He BBIMIUIM y Tpynmy OaTbKiB, OyAyTbh
MIPOCTO 3HHUIIEHI MOTOMCTBA HIIKOrO HE AaayTh. Y HaBEACHOMY NpHKIall, 13 TUCAYl 0ci0
MOTOMCTBO [JaayTh JMIIE II'SITh, XO4a Yy TNPAKTUYHUX peaTi3allisiX TEeHEeTHUYHHX aJTOpUTMIB
KUIBKICTh 0aThKIB MiAOUPAETHCS EKCIEPUMEHTANBHO 1 MOoxke focsratu 50% BiJ po3Mipy MOMYJIALii,
a 1HKOJIM 1 OiJIbIIIe.
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OCHOBHI NOHATTA reHeTUYHOro aaroputTmy

[ Oco6a000 T Osmarxa=15 ]
Oco6a 001 | Oswara = 105 |
Oco6a517 | Oswara=85 |

g|

g Oco6a 607 | Owmara=

£ Oco6a 608 | Ognaxa = 62

< Oco6a 609 | Osnaxa =97
Oco6a 610 | Oswaxa=4
Ocoba 818
Ocoba 819
Ocoba 820

[T] ©co6m, wo aamyms notomcreo (6ameim)
[[] 0cobn, wo ve aaayrs noromcrsa

BaTbKku — 0Cc0obM i3 NOTOYHOrO MOKO/IHHA,
LLLO MaloTb HaMKpalli O3HaKKM i faayTb

NoTOMCTBO (ajiTen)

* [litTn — 0cobUn HACTYNHOro NOKONIHHA,
YTBOPEHIi y pe3ynbTaTi cXpeLLeHHA

6aTbKiB

CxpelieHHA — NPOLEC YTBOPEHHA AjiTen

BiA ABOX 6aTbKiB

[Ticns Toro, sk OymyTh oOpaHI HaWKpaill MPEICTABHUKH IMOTOYHOTO IMOKOJIHHS, TOOTO
0aTbKH, TOYMHAETHCS MPOLIEC CTBOPEHHS AiTel. 1l CTBOPEHHS TUTHHU HEOOXiTHO, MIOHAMMEHIIIE,
IBOE OAaThKiB, SIKI OOMPAIOTHCA 13 0ATHKIBCHKOI I'PYIH BUITAJIKOBUM YHMHOM. baThbku 0OOB’SI3KOBO
MOBHHHI OYTH PI3HUMH, CTBOPEHHS JUTHUHH BiJl IBOX €K3EMIUISPIB OAHOTO 1 TOTO X OaThKa, Ik Oyae
MOKa3aHO IIi3HilIe, HE MPHU3BEAE O IIJBHINCHHS PIBHSA PI3HOMAHITTA y NOMYJsAlii, 1 ToMy
3a00pOHEHO Ha PiBHI aJITOPUTMY CTBOPCHHSI HOBOTO TIOKOJIIHHS.

CTBOpeHHﬂ HOBOrO MOKOJIIHHA

Moxoninwa N

MoxoninmA N + 1

Gcoba 000 | Oswara = 19 1| Ownaxa =105 Oco6a000 | Osvaxa =105
[ Oco6a 001 | Oamara =105 | Ocoba 002 H 0Oco6a 001 | Oswaxa =85
Ocoba 003 5 Ocoba 002__| Oswaxa =62
—————————————————————— Ocoba 004 @ 0c06a 003 | Oswaxa =97
Ocoba 516 | Oawaxa =27 Oco6a 005 | Oawaxa=74 Oco6a 005 | Oswaxa=74
Ocoasi7. [Owam=ss| ||| — —— —
[ Oco6as518 | Osmaxa=41 | o315 Cxpewenns [»{  Ocoba 006 [ Ocoba 103 | Oswaxa =27,
§ | soseaczazesrseersazaaresy anff @ [#  Ocoba 007 Ocoba 104 O3naxa = 207
g 0co6a 607 | Oswaxa= ‘ amn 2 | Ocoba 008 ‘ [ Ocoba10s [ Omaxa=2 |
3 Ohistase Mol > 0o6a000 | | | ooooooooommeeeeeeeeeeees
= Oco6a 609 | Oskasa=9 4> Cxpewenn [> _Ocoba 010 [ Ocobadte T Osmara=5 ]
Ocoba 610 Osnaxa = 4 gRut 5 | Ocoba417 | Oswaxa =304 |
,,,,,,,,,,,,,,,,,,,,,,,, 3415 Cxpewenns [# Ocoba 011 & Ocoba 418 | Oawaxa = 32
M C B | s
[ Oco6a8is | Oswara=74 | P I&] Cxpewenns [#  Ocoba 013 Ocoba 600 Oanara = 42
AAAAAAAAAAAAAAAAAAAAAAAAAAAAA Oco6a 601 | Ovara = 1005
""""""""""" -
Cwaa =44 o Cpewenm o] Ocobasse | 4 0 oo

Geota 559

3BepHITh yBary Ha OAMH MOMEHT. Y peaJlbHOMY JKUTTI OcoOM, HaBiTh cami HalKpaiii,
MIOMHPAIOTh, TOOTO 3HUILYIOTHCS, Y OyAb-SIKOMY BHUIAAKY. AJie, OCKUIBKHU MTPOLIEC CTBOPEHHS AITEH
Ma€ NEeBHUM eIeMEeHT BHUIAJKOBOCTI, TO MOXe€ CTAaTUCS TakK, L0 HaBiTh HaWKpalli MpeACTaBHUKU
HACTYIHOTO MOKOJIIHHSA OyIyTh Tiplli HDK iX MONEPEeIHUKH, 1 MOMYJALis 3aMicTh TOro, 100
PO3BHUBATHUCS, IOYHE BUPOJKYBATHUCS. Y pealbHOMY JKUTTI MU 3 UM HIYOIO HE MOXKEMO 3pOo0uTH, a
OT y TEXHIYHUX CHCTEMaxX HaM HIYOro He BapTo 30eperTv HaWKpalux MpelCTaBHUKIB OTOYHOIO
MOKOJIIHHA 1 NMEepeHecTH iX y MaiOyTHe. Y TakOMy BMIIAJKy MU HIKOJIM HE BTPATHUMO HANOLIbII
ONTUMAaJbHE PIIICHHS, SIKe KOJUCh Oylo 3HaiineHo. binpiie Toro, Takuil METoA Ja€ MOKIMBICTh
3HAaXOJMUTHU OUIBII ONITUMAJIbHE PIllIEHHS HABITh Yepe3 KUIbKA MOKOIHb.

Monynsuis

Moxoninua N
Ocoba 000 Osnaka = 19 |_ Barbko 001 OsHaka = 105
Ocoba 002 OsHaka =9 Barbko 003 OzHaka = 62
~~~~~~~~~~~~~~~~~~~~~~~~~~ [ Bareko004 [ Osnaxa=97
Baroko 005
4 2T Cxpewenna [ [utwna 000
-------------------------- il C f# [vtuxa 001
Ocoba 607 OsHaka = 5 ’ 1% C; teel  [uruna 002
Ocoba 608 Oz3naka = 62 o O bl furuna 003
Ocoba 609 Osnaxa = 97 ol o P e ——y
Ocoba 610 OsHaka = 49
__________________________ o T T3] Cxpewenns [  [Qutuna 005
Oco6a818 | Oswaxa =42 an<fS [ Awruna 006
| Ocoba819 | Osnaka=74 | an<ke f#  [utuna 007
Ocoba 820 Oswaka=27 | | ([ ||
H

}

Batbku

A

Mokoninka N + 1

Ocoba 000 Osnaka = 10
Ocoba 001 Osnaka = 85
Qcafia0l; Qauara =52
Ocoba 003 Osnaka = 92
OTO0T O ORI =75

-/

Geota 103
Gcoba 104 | Oonara=21 |
Ocoba 105 | Owaa=2 ]

Geaba 600
Goota 601
Ocata 602

Oco6a999 | Osmaxa=22 |

MoBHe sHULEeHHSA 6aTbKiB MOXXe NPUSBECTU 4,0 BUPOAIKEHHS nonynsauii

113



Takum 4rMHOM MOTPIOHO c(HOpMyBAaTH MEBHY KUIBKICTh MOKOMiIHb. Y KOXHOMY ITOKOJIIHHI
o0paroThCsl HalKparli IpeICTaBHUKH, SIK1 CTAalOTh OaThKaMH 1 aBTOMATHYHO NIEPEXOATh Y HACTYITHE
nokoJiHHA. Ha 0cHOBI uX OaThKiB CTBOPIOIOTHCS JITH, SKi MOXKYTh OyTH Kparii abo TipIii 3a CBOiX
OatpbkiB. Ta OCKIIbKHM HaiKpami O0aTbKu OOOB’S3KOBO MEPEXOIATh Yy HACTYIHE IOKOJIHHS, TO
HaKpauii BapiaHT PilICHHS HIKOJIHM HE 3aryOMTHCS 1 y KO)KHOMY HOBOMY ITOKOJIIHHI Oyzie 1aBaTu
MIOTOMCTBO, JIOTIOKH MOTOMCTBO HE CTaHE Kpaile 3a Iboro 0arbka. [licis mpoxo/KEeHHs MEBHOT
KUTIBKOCTI TTOKOJITiHB, SIKE 33/Ia€THCS IPOrPAMiCTOM, HAMKpaIa 0coda crae mepeMOoXKIeM Y il TOHIII
3a JKHTTS, 1 TOW BaplaHT BUPIIICHHS 3a/1adi, SKUW y HIA MICTHTHCS, 1 BBaKAETbCS HAHOUIBII
ONITUMAJIEHUM.

Pe3ynbTaT pob0OTU rEHETUYHOTO aITOPUTMY

Moxoninka O Moxoninng 1 Mokonika 2

[ Oco6a000 | Oswaka=19 | [ Oco6a000 [ Osnaxa =105 Oco6a 000 | Osaxa = 208

Oco6a 516 | Osmara=27 Ocoba212 | Owmaxa=27 Gooba 302

Ocoba 517 | Oswaka = 105 Ocoba 213 Ocoba 303

Oco6a 518 | Oawara = 41 Ocoba 214 | Osnaka = 150

Ocoba 999 Oanaka = 44 Oco6a 999 Oanara = 42 Oco6a999 | Osnaka =621

Moxonikma N - 1 Mokonixua N
[ Oco6a 000 [Oswara = 2105 [ Oco6a 000 [Oawaxa = 50263]
Oco6a302_| Oswara=27 | Fsynirds
. Ocoba 815 |Oawaxa = 50263 OcoGa 303__| Oanaxa = 72661 | . [_Mepevoxeus |Osnaxa = 72561
Ocoba 816

Ocota 559

Le#t MakpoaJrTOpUTM MOKH € JOBOJI MPOCTUM 1 3p0o3yMiianM. bisbiie Toro, BiH Mae aHAJIOTH
y pealbHOMY JKHTTi, TOMy HaM He BaXXKO Horo ysBuTH. IIpoTe mOKM 10 HE3pO3yMilIuM, SKHM
YMHOM TI0/i0Ha MOBEIiHKA MpHU3BeIe 10 301IbIIEHHS PiBHSA MPHUCTOCOBAHOCTI yCi€l CUCTEMH, TOOTO
SKMUM YHHOM [ITH CTarOTh, a00 MOXKYTh CTaTH, KpallUMH 3a OaTbKiB. AJie X MM IOKH IO HE
PO3TISIIANK TOJIOBHY TPOLEAYPY T€HETHYHOTO alTrOpUTMYy — MHpPOIeC YTBOPEHHS HOBHUX YJICHIB
HOMYJIsALii, TOOTO CXpelIeHHs1 0AaThKiB, pe3yIbTaTOM SIKOTO CTalOTh HiTH. He3Bakaroum Ha Te, 110
el mporec € HadaraTo MPOCTIIIUM HIX y JKMBUX ICTOT, X0o4a O 4epe3 Te, MO y Oci0 momymsiii
HEMae CTaTli 1 CKJIAJHUX AITOPUTMIB YTBOPEHHsS OaThbKIBCHKMX Map, YC€ OJHO BiH € JOBOII
CKJIaJTHHM.

AK cTBOPUTH AjiTEN?

* B reHeTu4HUx
anropuTmax y
«baTbKiB» Hemae cTaTi

* ANroputTm CXpeLLeHHs
€ YHIKaNbHUM ans
KOYXHOTO reHeTUYHOro
anroputmy

JUiss  Kpamoro po3yMIiHHS QITOPHUTMY CXPEUICHHS JaBaiTe pO3TIITHEMO KOHKPETHUH
MPUKIIA] 3aCTOCYBaHHS T€HETHUHUX alrOpUTMIB, a caMe — pillleHHs 3ajadyl KoMiBosbkepa. Y
KJIACUYHIM Bepcii LI€T 3ajaul KOMIBOSDKEPY, SIKOTO MOYKHA Ha3BaTH, HAPUKJIIAA, TOPTOBUM areHTOM,
HEOOXiTHO 00’1XaTH MEeBHUN MepeNiK MICT TaKUM YMHOM, II00 MOOYyBaTH y KOKHOMY MICTi JIMILE
OJTMH pa3, TOTIM TMOBEPHYTHCS y TOYKY BHi3dy, i MPH I[OMY JOBXHHA NUIIXY TOBUHHA OYTH
HaiikopoTmia. 3aaui KOMIBOsDKEpa y TOMY Y 1HIIOMY BUTJISIZII BAKOPHCTOBYIOTHCS JJIsl OpraHizarii
JIOTICTUKM Ta MNEPeBE3€Hb y BEIUKHUX KOMIAHISAX, Ui MOOYAOBH MapHIPyTiB ONTUMAIbHHUX 32
4acoM, 00CATOM BaHTaXXy a00 BUTpaTaMH NajuBa, y CUCTeMax MPUUHATTS pillieHb, KOJIN Ha BXOJI €
Oarato mapameTpiB i MOTPiOHO 3HAWTH ONTHUMAIIBFHY MOCIIIOBHICTb /i, TP OpraHi3aiii KOHBEEPIB
Ha BUPOOHMIITBI, IIPU CKJIAJIAHHI TYPUCTHYHUX MapIIPYTiB, IPU CKIJIQJAAaHHI PO3KJIA/IiB 1 HaBITh AJIS
aHaJi3y e(eKTUBHOCTI ()iIHAHCOBHUX IHCTPYMEHTIB B €KOHOMIIII.

114



MpaKTUuHe 3acToCyBaHHA:

* [lna opraHisaLii noricTuku Ta nepeseseHb y
BEJIMKMX KOMMaHiAx

*  [ns nobyaosu onTMManbHUX MapLUpPYTiB 3a
Yacom, obcarom BaHTaxy abo Butpatamu
nanuea

¢ Y cuctemax NPURHATTA pilleHb, KON Ha
Bxopaj € 6araTo napameTpisi NnoTpibHO
3HaMTM ONTUMA/IbHY TAHLIOMKOK AjM

* [lpu opraHisauii KoHBeE€EpPiB Ha BUPOBHULTBI

* [pu cknagaHHi TYPUCTUYHUX MapLUpYTiB

*  [na aHanisy epekTMBHOCTI PpiHaHCOBUX
iHCTPYMEHTIB B eKOHOMILLi

[IpoGnema pimieHHs 3a7a4l KOMIBOSDKEpA TOJIATAE Y TOMY, 110 aJlTOPUTMY, 10 JO3BOJISIB OU
MIBUJIKO 1 TOYHO BUPILIMTHU IO 3a]a4y, y IPUPOJI HE ICHYE — III0 3a/1a4y MOKHA BHUPIIIUTH JIUIIE
IIUISIXOM ITOBHOTO 1epe0opy BapiaHTiB. Ta pid y ToMy, 10 KUIBKICTh MOYKJIMBUX BapiaHTIB PIlICHHS
3aadi KOMIBOsDKEpa Mae€ (pakTopiajibHy 3aJeKHICTh BiJ KUTbKOCTI MicT. CydacHHI KOMIT IOTEp
[UIBIXOM TPSIMOTO Tepedopy 3MOKe BU3HAYUTH MapIIpyT, y sskomy HamuayeTbes 10 — 11 mict. Jlms
TOTO, IO BHU3HAYUTH HAMKOPOTINIM MapmpyT, o Mae 12 MICT, BXe HEOOXiIHO BUTPATUTH
NpUOJIM3HO OJWH POOOYMIA JIeHb. A JUIsi TOTO, HIO0 MUISXOM MPSIMOTO Mepedopy BH3HAYUTH
MapuipyT, mo Mictuth 20 MicT, MOTPIOHO KiJIbKAa THUCSY POKiB. A OT BHKOPHCTAaHHS T'€HETHYHHX
QITOPUTMIB TO3BOJISIE BUPIIIUTH 110 337ja4y HabaraTo MIBUJIIE, X0Y 1 TOUHICTH ii BUPIICHHS MOXKeE
OyTH HeE 3aBXXI1 MaKCHMAJIbHOIO.

3a/,a4a KoMmiBosIXKepa

a2 BapiaHTis BapiaHTis

h 2 11 39916800

6 12 479001600

24 13 6227020800

120 14 87178291200

720 15 1307674368000
5040 16 20922789888000
40320 17 355687428096000
362880 18 6402373705728000
3628800 19 121645100408832000

H
REPUBLIC

o ol ~ Eel o1 Rl W) iR

AUSTRIA
50 100 km
§%0 wokm
& % tom

=
o

Bxigaumu maHuMu Ui pillieHHS 3a/1a4di KOMIBOsDKEpa € MaTpHIls BiACTaHEeH MIX MICTaMH.
Ils maTpuusg MICTUTH HyJl Ha TOJOBHIN JlaroHali, OCKUIbKH JUIsl TOTO, 00 MOiXaTH y T€ came
MICTO, Y SIKOMY BHU 3apa3 3HaXOJAWUTECh, HE MOTPIOHO HIKyAW iXaTu. PO3pi3HIOIOTH CUMETPUUHY Ta
aCUMETpPUYHY MaTpHIlto BiacTaHel. [Ipu cuMeTpuyHiil MaTpulll BIACTaHb Bl MICTaMU HE 3aJI€KUTh
BiJl HANPSIMKY pyXy, TOOTO SKINO iXaTH, Hanmpukiaz i3 Micra 1 y Micto 5 To BifcTaHb Oyze Taka x
cama SIK y BUIAJIKY SKIIIO ixaTu 13 Micta 5 y Micro 1.

BiacTaHb MidXK MiCTamu, Km
(cumeTpuyHa maTpuus)

e [ e | s [ e [ 2 |
Micto 1 0 10 - 50 100
MicTo 2 10 0 30 - 70
Micto 3 - 30 0 75 1kl
Micto 4 50 - 75 0 15

Micto 5 100 70 11 15 0
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[Ipote Ha mpakTHii, 1€ AaJeKO HE 3aBXAM TaK. Pid TOMy, IO AOPOTH, MO SIKUM CIiJ
MPOTKIKATH MK MICTaMHU MOXYThb OyTH pi3Hi. Hanpukian, Ha JesKuX TPaHCTIOPTHUX PO3B’sI3Kax
JUISL TOTO TI00 MOBEPHYTH HAJIBO, CIIJl MPOIXaTH KiJbKa JOJATKOBHUX KUIOMETPIB, y TOU Hac, SIK
MOBOPOT HANPaBO HE BHKJIMKAE 30UTBIICHHS TOBXKWHU MapuipyTy. TOMy y 3aJbHOMY BHIIQJIKY,
MaTpHIIS BiICTAaHEH MiXK MICTAaMH € aCUMETpUYHOI0. TOOTO SAKIIO iXaTH 13 OJHOTO MICTa B 1HIIE TO
Tpeba MpoixaTH OJIHY BiJICTaHb, a SKIIO MOBEPTATUCS — TO 30BCIM IHIITY.

BiacTtaHb MiXK micTamun, Km
(acumeTpuyHa maTpuus)

| Mo W03 [ o2 | i3 | Wi ||
Micro1 0 10 - 50 100
> Micro2 10 0 30 - 70
', Micto 3 - 30 0 75 1
B Toro wo6 no.e;w Micro4 50 - 75 0 15
HaniBo Ha AEAKMX TPAHCTIOPTHUX

poss’askax noTpi6Ho npoixatn Micto 5 120 70 14 15 0
KinbKa A0AaTKOBUX KinomeTpis

Y naHomy BUNAQAKY, AJsS pIlIEHHS 3a4adyi KOMIBOsDKEpa 3a JOMOMOTOK TE€HETHYHUX
QITOPUTMIB CTBOPIOETHCS TOMYJISIIS 13 MEBHOI KUTBKOCTI 0Ci0, KOXKHA 3 SKHX € PIICHHSIM 3ajadi,
TOOTO MICTUTh MEBHUU MOPSAOK 00’137y, SKHM i1 MEepHIoro MOKOMIHHS 0ci0 3alOBHIOETHCA
BHITAIKOBUMU 3HAYCHHSMHU. Y HABEICHOMY MPHUKIIAIi, TOJIOBHOK 03HAKOIO, 32 KO MOTIM OYIyTh
obOuparu 6aThKIB JIJIsl HACTYITHOTO IMOKOJIIHHA 1, BIANOBIAHO, MEPEMOXKIIS, € JOBXKHWHA MapIIPYTY.
UuM MeHIIa TOBXKHHA MapuIpyTy, THM MEHIIE 9acy Oy/ie BUTPAYCHO KOMIBOSDKEPOM Ha IMOIOPOK i
TUM MCHIIE MaJlbHOTO OyJie BUTPAYCHO Ha PyX TPAHCIOPTHOIO 3aco0y, y SKOMY IOJIOPOXKYE
KOMIBOSDKEp. 3BEPHITH yBary, 10 y MPUKJIAJIi, 0 BH OaUnTe HA €KpaHi — KOJIM MOTPiOHO 00’ ixaTH
YChOTO I1’ATh MICT — 3aJlauy MOXHA BHPIIIUTH HUITXOM HPSMOTO 1epedopy, OCKUIBKH iICHYE YChOTO
120 BapianTiB 00’131y. Ane Tipu OUIBIIIA KUTBKOCTI MICT KUIBKICTh BapiaHTiB HabaraTo OiibIna HiX
KUIBKICTh 0ci0 y momynsauii. Y JaHOMYy BUIAIKY, MU, JUIS HAOYHOCTI, CTBOPHJIMA MOMYJSAIIIO, 1110
Hamiaye 50 0ci0, 0 TaKOK MEHIIIE HiX KIJTbKICTh MOXKJIMBUX BapiaHTIB PO3B’s3aHHS i€l 3aa4i.

CTBOpeHHA nepLuoi nonynauii

O3sHaka - JOBXVHAa MapLUTypy —\
Oco6a 00 | Micto 1 | Micto 2 | Micto 3 | Micto 4 | Micto 5 | 180 km

Ocob6a 01 | Micto 3 | Micto 2 | Micto 5 | Micto 1 | Micto 4 | 516 km
Oco6a 02 | Micto 4 | Micto 1 | Micto 2 | Micto 5 | Micto 3 | 302 km

Ocoba 49 | MicTo 2 | Micto 5 | Micto 3 | MicTo 4 | MicTo 1 I 150 km I

Ocobu ans nepLioi NnonynsALii CTBOPHOIOTLCA BUNAAKOBUM YMHOM
KpuTtepiii Bubopy 6aTbKiB — MiHiMa/ibHa [OBXUHA MapLipyTy

OTxe, MM BUIIQJKOBUM YMHOM CTBOPWJIM IEpIlIE MOKOJIHHS Hamoi Momyssiuii, o04ucIuim
KJIIOYOBY O3HAKy KOKHOI OCOOM — Yy JTaHOMY BHMMAJKy — JOBXHHY MapUIpyTy 1 oOpajin NesKy
KUIBKICTh, HAIPUKJIAM, I’ATh 0ci0, TOOTO BapiaHTIiB 00’i311y, 110 € HallkopoTmUMH. Ternep HacTaB
9Yac CTBOPUTH HOBE TOKOJIIHHS TOMYJIAIii. Y HEi aBTOMaTHYHO MONANaloTh yCi I SITh HalKpammx
MPEJCTaBHUKIB TOINEPEIHbOI MOMyJsALii, ane ime 45 mnpencTaBHUKIB HaM MOTPIOHO CTBOPHUTH
LUIAXOM CXpelLlyBaHHs 0aThKiB. Bi10yBaeThcs 11€ HACTYITHUM YHHOM.

VY kjmacMyHOMY BapiaHTi peaizallii FeHeTUYHOTO AITOPUTMY, 13 TpyNU OaThKiB BUIIAAKOBUM
YUHOM OOHWpArOThCs JIB1 pi3HI ocoOu, siki OyayTh cxperryBatucs. [lami Bim omHOTrO 13 OaThKiB
BUIIA/IKOBUM YMHOM OOHMPAEThCs (PparMeHT pillleHHs, SKUH KOMIIOETbCSA Y AUTUHY. Y MPUKIIAMIL, 110
BU 3apa3 OauuTe Ha €KpaHi, BiJ mepmoro Oarbka Oyjao B3sATO JuuIe ABa eleMeHTd. [[Ba — 1e
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BUIIA/IKOBE 3HAYCHHS, TOOTO B OJTHOMY CXPEIICHHI MOKHA B3ATH TPETiil Ta YETBEPTU €JIEMEHT, a y
JIPYTrOMY — BiJl TOTO ) caMOro 0aThbKa MOXKHA B3ATH €JIEMEHTH BiJl IPyroro 10 4YeTBEpTOro, abo Bij
MEPUIOTo JI0 TPETHOTro 1 Tak jaaii. ExemMenTH nopsaky o0’i3ay, M0 3aIUIIMINCH MIiCHsS KOMIIOBAaHHS,
OepyThCs, BIAMOBIIHO, Bif npyroro 6arbka. OTKe, reHepaTop BUIAIKOBHX YHCEN 3aCTOCOBYIOTH
HaBITh NP CXPEIIyBaHHI, TOMY Pe3yJbTaT CXPEIlyBaHHS OJHHUX 1 THX CaMUX OaTbKiB KOKHOTO pasy
Oyne pizauM. ToOTO, TEOPETUYHO, BiJ JBOX OJHAKOBUX OAaThKIB 3aBXKIW OyIYyTh YTBOPIOBATHCS
pi3Hi giTH.

MpUHUMN cXpeLLeHHA 6aTbKiB

Batbko 1 [ Micto 1 | Micto 2 | Micto 3 | Micto 4 | Micto 5 |

4

Outuna I Micto 2 ] Micto 5 I Micto 3 I Micto 4 ] MicTo 1 I

* *

Barbko 2 I MicTo 2 ] MicTo 5 ] MicTo 4 I MicTo 3 | MicTo 1 I

[AUTUHA MiCTUTb O3HaKM 060X 6aTbKiB, cOpMOBaHi BUNaAKOBUM YUHOM

3BiCHO, Ha MpaKTHIli, yce OyBae He Tak J00pe, K y HaBeACHOMY MpHKIani. Moxe OyTu
Take, 1o oOpani ¢parMeHTH OaTHKIBCHKUX OCI0 MOXKYTh MaTH OJHAKOBI MOCTIAOBHOCTI MICT IO
MPU3BEJIE 10 HEMPABWILHOTO (POpMYBaHHS AUTHHU. TOMY M 9ac CXpENryBaHHs CIIiJ] BAKOHYBAaTH
MEePEeBIPKY KOPEKTHOCTI TOCITIIOBHOCTI JIUTUHH Y CBOEYACHO KOPET'YBaTH, HAIPUKJIIAJI, BUMIAJKOBUM
YIHOM 3aIlOBHIOIOYH 11 MICTaMU, SIKHX II¢ HEMA€ Y TUTUHHU. 3BEPHIThH yBary, 10 1e € OCOOIHUBICTIO
KOHKPETHO CaMe IIi€i Bepcil aJfOpUTMy, TOOTO TEHETHYHOTO AITOPUTMY, MPHU3HAUYCHOMY JIJIs
pimeHHs 3a1a4i kKoMiBospkepa. Lle s Bemy 10 Toro, 1o allrOPUTM CXPEITYBAHHS € YHIKATBbHUM IS
KO>KHOTO T€HETUYHOTO aJITOPUTMY 1 3aJIC)KUTH BiJl KOHKPETHOT 3a/1adi.

Mpobnemun cxpelleHHA 6aTbKiB

Batbko 1 | MicTo 1 I MicTo 2 I MicTo 3 | MicTo 4 | MicTo 5 |

4

1
Autuna || Micto 2 | Micto 5 [[Micto 3 | Micto 4 | Micto 1 |

L) L)

Batbko 2 I MicTo 3 [ MicTo 4 I MicTo 1 | MicTo 5 [ MicTo 1 J

O6paHi ¢pparmeHTH 6aTbKIiBCbKMX OCI6 MOXKYTb MaTK OgHaKOBI MicTa

Toit anropuT™m cxpeuryBaHHs, 10 OyB TIOKa3aHUN paHille € YyHiBepcalbHUM, abo
KJIaCUYHUM, a00 CTaHJapTHUM — Ha3uBaiTe ioro sk xodere. CyTh MOro moiysdrae y ToMy, IO
BUIIAJKOBUM UYMHOM O€peThCsi YacTHHA BiJl OJHIET MOCIITOBHOCTI 1 00’€IHYETHCS 13 YaCTUHOIO
iHII01 mocaitoBHOCT. Came Tak BiOyBaeTbcs cTaTeBe PO3MHOXKEHHS y OioyoriyHux ictoT. KoxkeH
HAaIaJIOK >KMBHUX ICTOT MICTUTh y c00l MEBHY KUIbKICTH XpOMOCOM BiJl OaThbKa 1 IEBHY BiJ MarTepi,
K KOMOIHYIOTbCS BHITaJIKOBUM criocoOoM. Came 11e i 3abe3mneuye pisHOMaHITTS (GOpM BcepennHi
MOMYJIAI, 10 3HAYHO MIIBUINYE 11 pIBEHb aIanTailii 0 JOBKOJUIITHKOTO cepenoBuia. Came depes
CXO’KICTh TAKOTO MEXaHI3My CTBOPEHHS HOBHMX 0Ci0 13 MEXaHi3MOM PO3MHOKEHHS JKUBUX 1CTOT, 1110
B1/I0YBAa€ThCS Ha T€HHOMY piBHI, Il aJTOPUTMU 1 OTpUMAalld Ha3By «reHeThyHux». o peui, y
TEXHIYHIN JiTeparypi, IPUCBIUYEHIN T€HETHUYHUM aJrOpuTMaM, 0ci0 MOMYJIALil 1HKOJIM Ha3UBAIOTh
xpomocomami. IIpore, Ha MO0 OCOOHUCTY IYMKY, U PO3YMIHHSI MEXaHI3MH POOOTH T€HETHYHOTO
ITOPUTMY BUKOPUCTaHHS TEPMiHY «0C00a» 3aMICTh «XpOMOCOMa» J03BOJsIE€ OUIBII MPOCTIilIe
MOSICHUTH WOTO TMHAMIKY.
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ﬂpMHLI,MI'I CTaTeBOINo PO3IMHOXEHHA
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Meiosis

3poposuit
6aTbKko
Hocii

3poposa
matn
HoCif

®® (C]0]

3n0posa AUTHHA 3n0poBi AITH Hocil X80pa AMTHHA
iMoBipHicTL 174 iMoBipHicTL 172 iMoBipHicTh 1/4

[Ipote mpu BupimeHH] 3a1a4i KOMiBOsDKepa aA00pe cebe 3apeKOMEHyBaB TPILIKW 1HIIWH
QJITOPUTM CXpELIyBaHHs. Y JAAHOMY BMIIAJKY, 13 OJHIET 13 OaTbKIBCBKUX XPOMOCOM BHIIAJIKOBUM
YHHOM OEpeThCs MEeBHA MO3UILis, SIKA CTA€ MEPIINM €JIEeMEHTOM Y IMOCHTiIOBHOCTI quTHHH. [loTiM B
000X 0aTbKIBCBKMX 0C00axX 3HAXOAATHCA €JIEMEHTH, L0 BIJMOBIAAIOTH TOMY K CaMOMY MIiCTY.
[Ticns poro opMyeThCs CIIMCOK 13 MICT, IO PO3TAIIOBaHi 3JI1iBa 1 CIIpaBa MO BIHOIICHHIO JO i€l
no3uuii. Takux mo3uuii € 4oTupu. Y 3arajJlbHOMY BUIAJKY yCi MO3HLII MOXKYTh OyTH pi3Hi, IpOTE
HEMHHYYl 1 TOBTOpH. I3 1BOro mnepemiky OOMpaeTbcs MICTO, pO3TAlIOBaHE HAHOIIKYE 10
notoyHoro Mmicta. Came BOHO CTa€ HACTYIIHUM MICTOM Yy HOBoMYy Mapuipyti. Ha mepmiii cranii
CXpEIIyBaHHs, KOJH y IMOCIIIIOBHOCTI TUTUHH € JIUIIE OJTHE MIiCTO, HAMOIMKYE MICTO aBTOMATUYHO
Homnajie y nepenik, IpoTe Ha HAaCTYHMHMX CTaisX, MOXK€ BUHMKHYTH CHUTYallisl, KOJIU HalOImxKue
MICTO BXE € y Teperiky. Y IbOMY BHIIQJKy II€ MICTO BHUKPECIIOETHCS 13 MEPETiKy MOKIHBHX
HACTYITHUX MICT 1 OepeThcsi HalOIMkue MICTO, SIKOTO HOro Ie HeMae 1 MepeniKy MIiCT JUTHHH.
SIKII0 K BHSIBUTHCS, IO YCi MOXJIMBI MIiCTa i3 0aThKiBCHKOTO CHHCKY BXKE € B MEPEJiKy IUTHHH,
TOJIl CKJIAJIa€ThCSl OKPEMH MepesiK MICT, IKUX Yy LIbOMY MEpeliKy I1e HEMAE, 1 3 HbOTO BUIIAJKOBUM
YHMHOM OOHMpAEThCs JIF00e BUIbHE MicTO. B iHIIIi Bepcii cxpelryBaHHs, HACTYITHE MICTO 13 MEPEeiKy
BUIBHUX MICT, IIO HE BXOJATh N0 OAaThKIBCHKUX TMEPENiKiB CYCIAHIX MICT, OOHUpaeThcs HE
BUIIaJJKOBUM YMHOM a 10 KPUTEPit0 HAWOIMXK4YO0i BIJACTAaHI O MOTOYHOro Micta. Takuil anropurm,
SK MOKa3ye MpaKTHKa, J03BOJISE 13 OUIBIION BIPOTiAHICTIO 3HAMTH HAWKOPOTIINI MapuipyT, TOOTO
OUIbII €EeKTUBHO BUPIIIMTU MOCTABIEHY 3aJauy. 3BEPHITh yBary, 110 Yy JaHOMY BUIAJKy TUTHHA
MICTHUTD JIMILIE PO3PiI3HEH] (parMeHTH CBOiX OaThKiB, aje He NoTpiOHO 3a0yBaTtH, 110 1i (parMeHTH
€ HallKpalmHu.

ANroputm cxpeLLeHHa 6aTbKiB A4NA reHeTUYHOTO aNropUTMY,
npusHayeHOMYy ANA BUPILLEHHA 3a43a4i KomiBoAaxepa

Baruxo 1 [Micro 1 | MicTo2 | MicTo 3 | MicTod | Micro 5 6arexo 1 [Mico 1| Micro 2 | Miero 3] Micro 4 | Micro 5 Barexo 1 [Micro 1 | Micro 2 [ Micto 3 [Micto 4 | Wicto 5]
Bareso 2 [Micro 2 [ Micro 5 [Micto 4 TMicro 3 [Micro 1] 6anuxo 2 [Micro 2 [Micro 5 Micto 4 [ Micro 3 [Micto 1] Gareeo 2 NGO ANGTOS HNGTOMY] Wicro 3 [ icro 1] .
]
]
Aurwia [Micro3 | Micro2 | T I ] Aurwwa [Micro 3 | Micro 2 | Micro 8 | T ] Aurwna |um:1m.mzw.ms[mc‘m[ ]
Vicio 3 |-e{iciod] 10w | Wicio 2 }->{Wicio 1] 120 xu Micto 5 }-e{Microd ] 120 ku | riepewoneus
Micro 3 Micro 5,...|; Nepemoneus Micro 2 Micto ’“"I ! Nepemoxeus Micto 5 |-e~{ Micro 1| 180 xu
= e
Micto 3 Microd | 10xm Micro 2 Micro 1| 120 xu Micto 5 |-»| Micro2 | 18 xm |(:,n,°:f,:::,:‘;,°
H i
o2 Moz | o{Mems] swu | feieoimue e eros |-~ Meroa] 20
Barexo 1 [Micro 1 | Micto 2 | Micro 3 | Micro 4 | MicTo 5. Bareko 1 [ Micto 1 | Micto 2 | Micro 3 | Micto 4 | Micto 5 |
Barsxo 2 [Micro 2 M0 5 | Micio 4 [ Miero 3 | Micro 1 _
Barero 2 [ Micto 2 | Micto 5 | Micto 4 | Micto 3 | Micto 1 |
Awrwwa [Micto 3 | Micro 2 | Micro 5 | Micro 4] Micro 1] [ ] T ]
———
o
—— Aurwwa [ Micro 3 [ Micro 2 [ Micro 5 [ Micto 4 | Micto 1]
i———]
=
[Microd |- »{Microd] 10xu | (sxe ¢ 6 nepenicy) — =]

IIpote me me He Bce. ['eHeTHuH1 anropuTMu He Oynu O ePEeKTUBHUMH, SKOM diTH
dbopMmyBanHcs JMIIE 32 HABEJCHHUMH CTaTUYHUMH TpaBuiamu. OCTaHHIM KpPOKOM (GOpMyBaHHS
JUTUHU € MyTalisd, siKka 301Jbllye IMOBIPHICTh KpAal[Oro MPUCTOCYBAHHS IO JOBKOJIMIIHHOTO
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cepenoBuina. MyTamii, Tak camMo sK 1 CXpelleHHs OaThKiB, MOXYTb BiOyBaTHCS 3a DPi3HHUMHU
anroputMamu. Hampukian, MyTtaris Moxke OyTH TpoBeAeHa Oe3MOCePEeaHBO IICIS CXPEIIeHHS
6aTpKiB, TOOTO ofpa3y micis (opMyBaHHS IUTHHH, a0 BXKe MICIS CTBOPEHHS YCIX HiTeH y
nonyssnii. Ha xiHIeBUi pe3ysbTaT 1€ BIUIMBAE — BIUIMBAE JUIIE caM (DakT HasBHOCTI MyTarii
Opnpasy ciijg 3ayBakuTH, [0 MYTAaIlii MIJISATal0Th Ha yCi JiTH, a JIMIIe TIeBHA YaCTUHA, HAIIPUKIIA/,
10% Bix yciei KinbKOCTI HapoOLKEHUX JiTel. | mie, Myramii miajisraroTh JIMIIE AiTH — OaThbKU HE
MOBHHHI MJIATaTH MyTalii, OCKUIbBKM TpH MyTalisiX OAaThbKiB € PH3MK BTPAaTH HAHKPaIIoro
pillIeHHs, 10 ICHYE Ha TaHHWH Jac.

MyTau,ii

BunagKosi myTauii 36inblUyOTb iMOBIPHICTb Kpalyoro
NPUCTOCYBaHHA A0 AOBKOJIMLLHbOIO cepefoBuLLa

[Ipu pimenHs 3amadi KOMiBOSDKEpa MYyTallis MPOBOAWUTHCS HACTYIIHUM YHHOM. B auTuHi
BUIIAJKOBUM YHMHOM BHIUISETHCS (HPArMeHT, y SIKOMY 3MIHIOETHCS MOCIIOBHICTh 00’37y MiCT.
[TouaTkoBe Micle Ta KUTBKICTh €JIEMEHTIB, HaJl SKUMHU OyJe MpoBeneHa MyTaris, (OpMYIOThCS
BUII4/IKOBUM YHHOM, TOMY B OJJHOMY BUIIAJKy MOK€ OyTH 3aMiHEHO JIMLIE JBa €JIEMEHTH, a IHIIOMY
— TIOBHICTIO BECh MOPSAOK 00°13qy Moke OyTH 3aMiHEeHMH Ha TpPOTHJICKHUI. B ocranHbOMY
BUIIAJKy HE 3a0yBaeMo, IO BiJCTaHI MK MICTaMU MOXYTh 3aJIe)KaTH BiJl HAIPAMKY MPOi3ay, TOMY
3MiHa HampsMKy 00’130y y TOMY K CaMOMY KUIbLIEBOMY MapIIPYTi TaKOX MOXKE MPHU3BECTH IO
30UIbIIEHHS a00 3MEHIIIEHHS MOr0 JOBXUHU.

ANropuTm nposeaeHHA myTtauil

[ Micro 3 [ Micto 2 | Micto 5 | Micto 4| Micro 1]

[Micto 3 [ Micto 1 | Micto4 | Micto 5] Micto 2|

MyTauis
He NPOBOAUTLCS

Auvtnxa 01
MyTauis [AvTukHa 02
ﬁmmna gi Ao myTauii
UTUHA = - c - - .
Myravis [ AVTARAI0STN] [Micto 3 [ Micto2 | Micto 5 | Micro 4] Micto 1]
[utuHa 06 Micna myTauii
Myrauis [T futina 07. ‘Micro 2 [ Micto 3 | Micto 5 | Micto 4] Micto 1]

BrnacHe kaxyuu — ocb 1 BeCh IPUHILIUI pOOOTH T€HETUYHOTO alroputmy. Sk Oauurte, Maiixe
yBECh JITOPUTM 3aCHOBAHMH Ha TeHepallii BUNAJKOBUX 4Hced. BumaakoBumu € (opmyBaHHS,
MIEPIIIOTO TIOKOJIIHHSI TOIMYJIAIT, BUMTAJAKOBUM € BHOIp OaThKIB JUIsl CXpEIIECHHS, HAITIBBUIIAJKOBUM €
caM Tpollec CXpellyBaHHS 1, HapeuiTi, BUMAJKOBUM € mpouec myTamii. OTke Ha BCiX eramax
BUKOPHUCTOBYEThCS MaiKe OJlHA CYyILlJIbHA BUIAJKOBICTh. | TOMY came IiKaBe MOJIATaEe y TOMY, 1110
pe3yabTaT poOOTH T€HETUYHOTO JITOPUTMY 13 BHCOKOIO BIpPOTiIHICTIO, 3aBISKH BUKOPUCTAHHIO
came Li€i BUIAJAKOBOCTI, 3HAXOAUTh ONTHUMAaJbHE pIlIEHHS HaOarato MIBHUJIIE, HIX Yy BHUMAJKY
BUKOPHUCTaHHS METOAY MPSAMOro nepedopy.
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MpuHUMN PO6OTU rEHETUYHOTO a/IFOPUTMY

Tokonikus O Moxkonikua 1 TMokonikug 2

[ Oco6a000 | Oswaka=19 | [ Oco6a000 [ Osnaka=105 | Oco6a 000 | Osxaxa =208
Oco6a 516 | Oawaxa =27 Oco6a212__| Oawaxa=27
Ocoba 517 Ocoba 213 O
Oco6a518 | Osnaka =41 Oco6a 214 | Osmaka= 150 Ocoba 304
[Ocoba99s | Oswaxa=44 | [Oco6ases | Oswaxa=42 | Ocota 999
Mokoninma N - 1 Mokoninma N
Osviaxa = 2105
Ocoba 814 FesjneTat
Ocoba 815 Ocoba 303 |Oanaka = 72561 ’ Mepemoxeus [O3naka = 72561
Ocoba 816 Ocoba 304 Oswaka = 15
Gcoba 999 | Oaara = 42 Oco6a 999 | Osaxa = 1621

[IpakTU4YHE 3aCTOCYBaHHS T'€HETHYHUX AITOPUTMIB IMOKa3ye, MO OOYHMCICHHS MapuipyTy,
mo Haiiuye 30 MicT, i3 BUKOPUCTAHHSAM CyYaCHHX KOMII IOTEPIB MOTPIOHO JHINE KiJIbKA CEKYHI, Y
TOM Yac K MU BUPIIIEHHI IIi€] 3a/1a4l METOJOM IPSAMOTO Iepedopy MOTPiOHO Yacy TPIMIKH MEHIIIE
HiK BiuHICTB. [IpoTe MO NMpPakTUYHOTO pIilIeHHS 33734 KOMIBOSDKEpa LEH TeHeTHUYHHH alrOpHTM
MOTPIOHO TPIIKK JOPOOUTH.

3aga4va KomiBosiaXKepa

=, 8 iy y Kinbkicts Kinbkicts
'{,5&5 e | BapianTis BapianTis
2 11

2 39916800

3 6 12 479001600

4 24 SI2) 6227020800

5! 120 14 87178291200

6 720 15 1307674368000

7 5040 16 20922789888000

8 40320 17 355687428096000

9 362880 18 6402373705728000
10 3628800 19 121645100408832000

[Tounemo 3 TOro, M0 HA MPAKTUIII KOMIBOSKEp HE MOXKE IOYATH CBOIO MOJOPOXK i3 OyIIb-
SKOTO MICTa, OCKUJIBKM BIH 3apa3 (I3WYHO 3HAXOAMUTHCS B OAHOMY 13 MICT 1 HE MOXKe
TEJEeTNOPTYBAaTUCS Yy IHIIY TOYKY IHpocTopy. A MOpsnok 00’i3ay, sk Mu Oauutu (GOpMyeThes
BUMNAJAKOBUM 4MHOM. [IpoTe 111 3a7a4ya BUpIHIyeThCs JOBOJI MpOcTO. s Toro, mol KoMiBosKep
[I0YaB CBOIO MOJIOPOXK 13 KOHKPETHOTO MICTa, TOCTaTHBHO JIMIIE LUKIIYHO 3MIHUTH MOPAI0OK 00 1311y.
To6To MmocnioBHO 3MiIlyBaTH €EMEHTH MOPSJIKY 00’137y JOMOKM HE MEpIIOMY MICLli HE CTaHe
notpibHe Micro, Hamnpukian, Micto 1. Ile mMoxHa 3poOMTH OIWMH pa3 y caMOMy KiHIII POOOTH
JITOPUTMY, KOJM BXK€ OOYMCIIEHI yCl MOKOJIHHS MONyJsmii 1 BH3HaueHa ocoba MepeMOKellb.
3BEpHITH yBary, 110 LMKJIIYHA IEPECTAHOBKA MICT Y MOPSJIKY O0’i34y HE 3MIHIOE 3arajbHOI
JIOBXXMHM MapUIpyTy, OCKUIBKH BiH, Y KJIAaCHYHOMY BapiaHTI 3a/1aui KOMIBOSIKEPa, € KiJIbIIEBUM.

BcTaHOBEHHA KOHKPETHOT TOYKU BUI3AY

I—{ Micto 5 | MiCT04| MicTo 1 I Micto 3 | Micto 2 H—l

I—f Mic*ro4| MicTo 1 | MicTo 3 ] MicTo 2 | Micto 5 Id—l

I—{ Micto 1] Micto 3 | Micto 2 [ Micto 5 | MiCTO4'<—‘

LiMkniuHa nepectaHOBKa MICT He BIJIMBA€E Ha JOBXMUHY MapLupyTy
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binpmia ckimagHa cuTyallis, BUHUKA€E KOJM KOMIBOSDKEp MOBHMHEH MOYaTH CBi MapmipyT B
OJTHOMY MICIIi, a 3aKIHYUTH WOTO — B 1HIIOMY, 1 Il MICTa — IMMOYaTKOBE Ta KIHIIEBE — 3a3/1aJIeTi/Ib
BU3HAYCHI 1 HE MOXYTh 3MiHIOBaTtucs. Ha mpakTuimi Taka cuTyallisi BUHHKAE KOJH, HAaIpPUKIAL,
aBTOMOO1JIb BHUDKJKAE 13 OJHOTO MiCTa 1 MOBHMHEH NMPHUiXaTH Yy MYHKT MPU3HAYCHHS 1 3aiXaTu 1o
J0pO31 y MEBHI TOYKH, SIKI MOXKYTh PO3TAlIOBYBaTHUCS JOBOJII JTAJIEKO BiJl OCHOBHOI JOPOTH. Y
JTAHOMY BHIIAJKY, MOTPIOHO 3MIHUTH aJIrOpUTM (HOPMYBAaHHS MOPSAKY 00’34y SIK MpPU CTBOPEHHI
MEePUIOro MOKOJIHHSA MOIYJIALIl, TaK 1 MpU CXpelieHHi 0aThKiB. J{JIs bOTro MepIio i OCTaHHBOIO
TOYKAMHU TCHETUYHOTO AITOPHUTMY 3aBXIW € KOHKPETHI MiCTa, HANpPUKJIAJ IOYaTOK 1 KiHElb
MapImipyTy, a yci iHIII TOYKH BXe HE0OXimHO ¢opMyBaTH ab0 BUMAJAKOBHM CIIOCOOOM — IIpH
CTBOPEHHI MEPIIIOTO MOKOJIIHHS MOIMYJIALiil, a00 3a CHeliaJbHUM aJITOPUTMOM CXPEIIeHHS O0aThKIB —
[P CTBOPEHHI HACTYIHUX MOKOJIIHb.

O64YMCcNeHHs HEKINbLEBUX MAPLLPYTIB, WO
MatOTb KOHKPETHMM NOYATOK i KiHeupb

dikcoBaHi dikcosaHi
3HaYeHHs Bunagkosi 3HauyeHHs 3HaYeHHS

Moyatok [ Micto 2| Micto 1| Micto 3 | KiHeub

®dikcoBaHi PeaynbTaT CXpeLeHHst dikcoBaHi
3HAYEHHs! 6aTbkis 3HAYEHHS

II'quaTOK| Micto 3| MicTo 1 | MicTo 2 | KiHeub |

®DiKcoBaHi TOYKMU NPONUCYIOTLCA YXOPCTKO aNropuTmi

Tak camo KOPCTKO MOXYTh OyTH Ipomnucani i nmeBHI (pparmentu mapuipyty. Hampuknan,
IIpH JIOCTaBII TOBapiB BaHTaXiBKa, 3aBaHTa)KE€HA Ha CKJIAJi, MEped THM SK BHIXaTH Ha MapHIpyT
MOBUHHA CIIEpIY 3alpaBUTHCh Ha NEBHIN 3ampaBii. Y JaHOMY BHUMAJAKy HEPIIUM 1 OCTaHHIM
€JIEMEHTOM MAapIIpyTy € CKJIaJd, a JIPYrMM MICTOM Y MapHipyTi OOOB’S3KOBO IOBHHHA OyTH
3ampaBka. A OT yci IHII €NeMEHTH MapHIpyTy Bxke (OpMyrOTbcs BIANOBITHO 10 pPoOOTH
TEHETUYHOTO AITOPUTMY.

O6uymcneHHs MapLupyTiB, WO MatoTb GiKCOBaHiI
bparmeHTHn

DiKCOBaHi 3Ha4YEeHHS BunapgkoBi 3Ha4YeHHS

[ Cknap [3anpaexa| Micto 1] Micto 3 | Micto 2

PesynbTar cxpeLueHHs
DiKCOBaHi 3Ha4YeHHS baTbkiB

[ Cknag [3anpaska] Micto 3| Micto 1] Micto 2 |

®DiKcoBaHi TOYKMU NPONUCYIOTLCA XXOPCTKO aNropuUTmi

VY nesxkux Bumajakax (QikcoBaHi (parMeHTH 00’31y MOXYTb OyTH BCEpEIHHI MapLIpyTYy.
Hanpuxnan, B ofHIA KOMMaHii, 6 MEH1 JI0BEJIOCh KOJHUChH BIPOBAIKYBAaTU CHCTEMY PO3PAXYHKY
ONTUMAJIbHUX MapLIPyTiB HA OCHOBI TEHETUYHUX aITOPUTMIB, Oyi10 Kiibka VIP-Kkmi€eHTIB, sKi micnus
JOCTaBKH TOBApy Ta PO3BAHTAXECHHS aBTOMOOUISA JaBajll EKCIIEAUTOPY JOBOJI BEIUKY CyMy
rpoueif. OCKIJIbKY BECTH CaMOCTIHHO MOII0HY cyMy OyJio HeOe3MeuHo, TO Ha 1€ Miclie MPUDK/KaB
creliaJIbHUN Hapsa MO, SKUil CypOBOKYBaB aBTOMOO1Ib /10 OaHKy. Y JaHOMY BUIAJKY, JUIS
TOro 100 iXaTH JO IHIIKMX KITIE€HTIB Pa3oM i3 MOJILIEI0 BXE MOrJa iTH MOBA, TOMY IICJs TaKOTrO
VIP-knienTa y MapuipyTi 3aBX/14 MOBUHEH OyB OyTu OaHK. A OT micis 3ai3ay y 0aHK MokHa OyJo
3aDK/KaTH 1 A0 IHIIMX KJIEHTIB, ajie Bke 0e3 moiimii. €qMHUM OOMEXEHHSM TaKuX MapIIpyTiB,
X0Y 1 HE MPHUHIMIIOBUM, OyJo Te, IO y MapuipyTi MoBUHEH OyTu Tuibku oauH VIP-xmieHr i,
BIJIMOBIAHO, ofuH OaHK. Lle oOMekeHHsI He € MPUHIMIOBUM 1 oro MoxHa Oyino O 3HITH, MPOTE
HIXTO HIKOJIM HE CTAaBUB B OJTHOMY MapuipyTi 1BoX VIP-Kkii€eHTIB — 3arajbHa Bara BaHTa)XKy Ta 4ac
Ha pO3BaHTAXXEHHS aBTOMOOLIA (h13MYHO HE JO3BOJISUIN 11€ 3pOOHTH.
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Ob6yMcneHHA mapLlpyTiB, WO MatoTb QiKCOBaHI
nopsgku o6’izgy

dikcosaHi dikcoBaHum

3HAYEHHS BuUnaakoBi 3Ha4YeHHs nopsaok 06'isay BunapakoBi 3HaYeHHS

| Cknag | KnieHT 1 | KnieHT 3 | KnienT 2 VIP BaHk | KnieHT 5 | KnieHT 4 | KnieHT 6
dikcosaHi dikcoBaHum
3HAYEHHS PesynbTat cxpeleHHs 6aTbkis nopsiaok o6'isay

| Cknag | Knient 1 | KnieHT 6 |KnieHT 2 | KnieHT 5 | KnienT 4 | VIP | BaHk |KnieHT 3

®ikcoBaHi nopagku 06’34y NponuUcyoTbCA OPCTKO aNropuUTMi

IIle omHier0 OCOOIMBICTIO BUKOPUCTAHHS T'€HETHYHHMX AJTOPUTMIB NPU BHPIIIECHHI 3aaadi
KOMIBOSDKEpa € HEMOXJIMBICTh 30UTBIICHHS JTOBXKHHH BXKE ICHYFOUOTO MapuipyTy. A Take MOXKe
OyTu y BUIIAJIKY, KOJIM, HATIPUKJIAJ 3HAUTH ONTUMAJIbHE PIlIEHHs 3 MepLIoro pa3y He Baanocs. [lpu
BUKOPHCTaHHI TEHETHYHHX aJTOPUTMIB Take OyBae i JOBOJII YACTO, OCKIJIBKU KUIBKICTh MOKITUBUX
KoMOiHaIiil, ski OepyTh ydacTb y TEHETHUHUX alroputMax, Habararo MeHIIEe 3a KUIbKICTh
MOJKJIMBHX KOMOiHaMiH, sKi B3araii icHylTh. Lle mpu3BOaUTh 10 TOTO, IO IpU BUPILICHHI 3a7adi
KOMIBOSIKEpa PE3yNbTaTH POOOTH FEHETHYHUX AJTOPUTMIB JAOBOJI MIBUAKO MOXYTh 30iraTucs A0
MIEBHOTO JIOKAJILHOTO MIHIMYMY 13 SIKOTO BOHH 3MOXYTh BUOpATHCS JIUILIE Y BUIAIKY TOSBU BJIAJIOT
MyTallii, sKka MO>Ke 1 He BIIOYTHCS.

Pe3synbTaT pob0TM reHeTUYHOro
anropuTmy

LosxuHa
MapuwpyTty

Pesynbrar
pobotu
rEHETUYHOrO
anroputmy

/

TNokansHuia
MiHIMYM

NokansbHui
MiHiMyM

ABconioTHuin
MiHiMym

Mopano
ob'iapy
Jnst 3amo0iraHHs IbOMY BHUKOPUCTOBYIOTH KITbKapa30BHH TMEpe3anyCcK YCi€i MOIMyIIsIlii.
Kpim 11b0Oro, KoM CTBOPIOIOTH INEpIIE MOKOJIHHS, TO BHUIIQAKOBUM YMHOM (QOPMYIOTH yci ocoOu
OKpIM mepioi, Ky (OpMyIOTh BIAMOBIIHO 0 MapUIPyTy, KUl Bxke icHye. lle 3amobirae BTpaTi
BXE ICHYIOUOTO ONTHUMAJIBHOIO DILIEHHS, SKe, HANpHUKIaJ, MOXe c(HOpMyBaTH JIIOJUHA BPYUHY.
Konu BinOyBaeThcs mepesanyck MOMyJsLii, TOAl 3HHUILYIOTh YCIX ICHYIOUHMX OC10, OKpIM camoi
nepuioi, sfKa, 3a3BUYail MICTUTh HaWKpalluii BapiaHT PILLIEHHS, 110 Bxke Oyno 3HaijneHo. SIKmo x
TeHETUYHUI alrOpPUTM Ha 3MIr 3HAUTU pilleHHs OUIbII ONTUMAalbHE HIK Te, I[0 OyJl0 BBEIEHO B
HBOTO 13 CAaMOT0 MOYaTKy, HapUKJIaJl JIOANHOI0, TO BOHO TaK 1 3aJIMIIUTHCS HAHKpauym 1 He Oyjie
BTpadeHo Tij yac pobotu. OTKe, BUIMAIKOBICTh Ta IITYYHUM IHTEIEKT 1€ AyXKe a00pe, aie
MO>KJTUBICTh IITYYHOTO BTPYYaHHS JIOAWHHU 13 IPUPOIHUM IHTEJIEKTOM TAaKOX CJI1J epe10aunuTH.
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MepiognyHe NnepesaBaHTaXeHHA
reHeTUYHOro anropuUTMy

Mokoninus 0 Moxoninua N/3 Moxoninus 2N/3 Moxkoninka N

b e Haoaui [TGebRO00]  Heipausi [TowomaOODT]  Haneoust [ Geatat0 ]
wapUpyT wapuipyr | 00008 000 Wapupyt | 0008 000 WapLRyT 2000
Ocoba 001 Oco6a 001 Ocoba 001 Oco6a 001
Bunagxosi Ocoba 002 Bunaakosi Ocoba 002 Bunagkosi Ocoba 002 Ocoba 002
amavenna T aHavenns T sMavewns \ ... P = -
Ocoba 999 Ocoba 999 Ocoba 999 Ocoba 999

NepioguuHe nepesaBaHTa)KeHHA reHETUUYHOro anroputmy 36inbLuye
iMOBIpHICTb 3HaXo4KeHHA rMobanbHOro MiHimymy (Makcumymy)

Piznnx momudikarii 3agadi KomiBospKepa € moBoii Oararo. Hampukiam, iHKOIM MOTPiOHO
NpUiXaTh y MICTO y MEBHUI MPOMIKOK 4Yacy, 1HKOJU MOTPIOHO BpaxOBYBaTH 4Yac 3HAXOKEHHS Y
MICTI, 1HKOJIM 13 OJHOTO MicTa MOTpiOHO 00OB’S3KOBO MOIXaTH y JApyre KOHKpeTHe Micto. llpu
IbOMY HEOOXiZIHO O0O0OB’SI3KOBO BpPAaxOBYBATH OCOOJMBOCTI TPAHCIOPTHUX pPO3B'A30K Ta
MIHIMI3yBaTU KIJIBKICTh JIIBUX IOBOPOTIB HAa MapuipyTi. Yce y KIHIIEBOMY PaxyHKY IO3BOJIUTh
3MEHIINTH BUTPATH NaJIbHOTO 200 yac, mo Oyie mpoBeneH y JOpOo3i.

Moxnuei BapiaHTK 3a4a4i KOMiBOAXKepa

e TlpuixaTvy MiCTO Y NeBHMI NPOMIMKOK Yacy

* YpaxyBaTu 4ac Ha 3HaXOAXKEHHA Y MiCTi

* YpaxysaTtu ocobamsocTi VIP-micT (nicns
Lboro micta 0608’A3K0BO NOTPIBHO NpuixaTn
y iHLLIe KOHKpeTHe MicTO)

* YpaxyBaTtu yci 0cobAnBOCTi TPAHCMOPTHUX
po3B'A30K

*  MiHimi3yBaTy KibKiCTb 1iBUX MOBOPOTIB

*  3MEeHLUUTU BUTPaTK NasibHoro abo 4acy
poposi

BapianTiB mpakTUYHOrO 3acCTOCYBaHHS 3a/adi KOMIBOsSDKEpa, 1, BIAMOBIIHO, T'€HETHYHHUX
ATOpPUTMIB € JoBOMi Oararo. CaMuM SICKpaBUM TPUKIIAJOM iX 3aCTOCYBAaHHS € BUKOPHUCTAHHS iX
JUI pO3pAaxyHKY ONTHMAIbHUX MapLIpyTiB JOCTaBKU ToBapiB. Komum MM mpuxoauMo y MarasuH,
HaNpUKJIIAJ, y CylepMapKeT, ToO 0a4iMO Ha MOJUIISIX MEBHI TOBApH i 30BCIM HE 3aMHCIIOEMOCS HaJl
TUM, SIKUM YMHOM IIi TOBapu OynM JoCTaBieHl. A If0 3aJady KOKHOTO JIHS BUILIye IE€BHA
KaTeropis MiANMPHEMCTB, SKi HA3UBAIOTHCS AUCTPUO toTopamu. [IpairoroTe BOHH HACTYITHUM YHHOM.

[e noTpibHi NpaKTUYHO BUPiLLYyBaTM 3a4aui
KOMmiBosXKepa’?
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Bu 3Haete, 110 € BUpOOHUKH TOBAapy — 1€ BEIHKI MIAMPUEMCTBA, IO MAIOTh BEITUKI 00CATH
BUPOOHMIITBA, 1, BIJMOBITHO, BEIWKI 00CAT TpoJax. A MH KyIIyeEMO TOBap Y MICIX, IO
HA3UBAIOTHCS TOPTOBUMU TOYKAMHU.

Toprosi Toukr MOXKYTh OyTH caMUM pi3HUMU. Lle MOXKYTh OyTH BEIHKI TOPTiBeIbHI MEPEXKi,
HEBEJIMKI TeHJeNnukH, kade, 6apu, pectopaHu abo B3araiai KOHKPETHI JIIOJIM, 3apEeECTpOBaHi SK
¢G13uuHl  0COOHM-TiANPHEMIIT. 3pO3yMIJIO, IO KPYMHOMY BHUPOOHHMKY HE I[IKaBO MpalloBaTH 13
Maniumu peanizaropamu Ha Kmrant @OIT «Teotst CoHs», mo Toprye Ha onecbkomy IIpuBo3i i
CIPOMO’KHA 3a PIK MPOJATH TaKy KUIbKICTh TOBapy, SIKy KpyIHa TOPTriBelibHa Mepeka Mpojaae 3a
Kibka roguH. Came 7S bOTo iICHYIOTh TUCTPHUO FIOTOPH TOBApY.

Tunu TOproBmux TOYOK

KpynHa ToprisenbHa mepexa ®OIM «TooTta Coxa 3 Mpusosa»

BoHM € npoMIKHOIO JIAaHKOIO MI’)K BUPOOHUKOM 1 KOHKPETHUM Peai3aTopoM 1 MpU3HAYEHi, Yy
MepIry 4Yepry, JUIs 3a0e3MeYeHHs TOBapaMH IMPEACTABHUKIB MAJOro Ta CEpeIHbOro Oi3Hecy, sKi
yepe3 CBOI HEBEJIMKI 00CITU MPOoJaK, He MOKYTh B3a€EMOAIATH 0e3M0cepeHbO 13 BUPOOHUKaMU. Y
JAaHOMY BHWITQJKy JIUCTPUO’IOTOp KyIye y BHUPOOHHMKA BEJIMKY MapTiI0 TOBapy, SKUH MOTIM
PO3MOALIAE MATUMU YaCTUHAMU 110 KOHKPETHUM HEBEJIMKUM TOPIOBUM TOYKAM Yy CBOEMY paHOHI.

AK nonazae ToBap y TOProBUX TOUYOK?

company
Btriotors
(stvibutors i
= 4[|\ s '\\"E}\ -
Al LT T2
. T2

OTxe, omHI€IO 13 3a1a4 AUCTPHO’IOTOpPAa € JOCTaBKa TOBapy MO KOHKPETHUM TOPTOBUM
TOUYKaM, BIJIMOBIIHO A0 iX 3aMOBJieHb. OJipa3y HEOOX1IHO 3ayBa)KUTH, 11O TAaKUH CIOCiO TOCTaBKU
noTpedye MEHINOi KUIBKOCTI MaJIbHOTO 1 MEHIIOI KiJTBKOCTI Yacy, HIK y BHIQJIKy, KOJH MaJOMy
HiANPUEMIIO HEOOXITHO CaMOCTIMHO i3IUTH 32 TOBapOM, TOMY MaJji Ta CEpeHi MiANPHEMII 0X0ue
CHIBMPALIOIOTh 13 IUCTPUO OTOpaMu. Y IhOMY BHMAJAKYy, AUCTPUO’IOTOPY MOTPIOHO MIOJAEHHO
BUPIIIYBAaTH NEBHY KUIBKICTh 337a4 KOMiBOsDKepa JJIsl TOTO, 1100 JOCTaBUTH TOBAp y MEBHI TOPTOBi
TOYKH, KUTbKICTh SKHX Pa30M 13 KIJTbKICTIO TOBapY, 110 HUMHU 3aMOBIISIETHCSI, KOJKEH JIEHb Pi3HA.
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LLloaeHHa 3aaa4a ANCTpunb'toTopCcbKoi KoMnaHii

¢ TpaHcnopTHWi Nnapk— 80 aBToMO6iniB
BaHTaXkonigiomHictiosiga 1l Tao 15T

* KoxKeH i3 80 aBTomobiniB moxxe pobuTtn 4o 3 Xo40K
*  Baunsbko 20 TOProBUX TOHOK Yy OAHIM XoA4Li

3aranom 80:3-20 = 5 000 knieHTiB (KOXKEH AeHb pisHi
TOProBi TOUKM Ta pi3Ha Ki/NbKicTb ToBapy)

[Onsa BupiweHHn Liei 3agaui BpyuHy HeobxigHo 5 noricTis,
L0 nouunHarTb poboty 06 19.00
Ta 3aKiHuyloTb 61u3bKo 7.00

Hanpuknan, onmnHa i3 JOuCcTpuO’IOTOPCHKHX KOMIIAaHIM, J€ MEHI KOJHCh JIOBEIOCS
BIIPOBA/DKYBATH IpOrpaMHe 3a0e3MedYeHHs Ul CKOPOYEHHS BHTpAT TMalnBa, Y SKOMY
BUKOPHCTOBYBAJIMCh TEHETUYHI aJTOPUTMH, MaJia TpuOau3HOo 80 BaHTaXIBOK BaHTAXKOM1IHOMHICTIO
Bix 1 10 15 TOH, KOXHA 3 SKUX 32 PoOOYMIA JIeHb MOTJIa 3pOOUTH IO TPHOX XOJOK. B omHii xomrmi
moruo Oytu 10 20 Touok. OTxe 3a JeHb Mo1i0Ha KOMITaHis MorJia 3aBecT ToBap A0 S000 ToproBux
TOYOK, SIKi KOKEH JIeHb OyNU pi3sHUMH. J[0 BOPOBaKEHHS MPOrPaMHOTO 3a0€3MEeYeHHS LI0 3a/1a9y
BPYYHY BHPIIIyBaJIO 5 JIOTICTIB, 110 MOYMHAIH MPALIOBATH MPHUOIM3HO 13 CbOMOI TOIWHHU BEYOpa i
3aKiHYyBaJIu poOOTy OJU3BKO CHbOMOI TOAMHH PaHKy. 3BICHO, IO MpU pydyHOMY (hOpMyBaHHI Mpo
mo0OyJOBY ONTUMAIILHUX MapIIpyTiB MOBA HaBiTh HE WIIUIA — I[MM JIOTICTaM BHCTAYaJIo0 4acy TUIbKU
Ha (iznyne ¢popmyBanHs 240 mapmpyTiB. BcraHoBieHHs mporpaMHOro 3a0e3neyeHHs J03BOIHIIO0
HE TUTBKH PO3BAaHTAKUTH JIOTICTIB, SIKI TEMEp MOTJIM iXaTW 10J0My Habarato paHimie, a e u
ICTOTHO CKOPOTUTH BUTpATH NMaJHBY Ha JOCTABKY TOBApY, OCKUIBKU MpOrpamMHe 3a0e3NeueHHs Ha
OCHOBI T€HETUYHHX aJTOPUTMIB PO3B’A3ye MOAIOHI 33/1a4i MIBU/IIE TAa ONTHMAJIbHIIIE HIXK JIFOMHA.

HaflaLLITyBaHHH reHeETNYHOro aJiIrDpPUTMy

* [lpaBun/io 064YMCNEHHA KAHOYOBOI 03HaAKM

*  Po3smip nonynauii

3. Cenoxila

¢ KinbKicTb NOKONiHb

]
[ | * Anroputm cxpelueHHa baTbkiB

* PiBeHb myTauii

¢ KinbKicTb nepesaBaHTaXXeHb nonynauii

OTxe reHeTUYH1 aJITOPUTMHU € JJOBOJII KOPUCHUM HANpPSIMKOM IITYYHOT'O 1HTENIEKTY, SIKa Ma€e
MeBHY 00JacTh AJIs MPAKTUYHOTO 3acTocyBaHHSA. HaocTaHOK s 11e pa3 Xo4y 3BEpHYTH yBary Ha Te,
110 KO’KE€H T€HETUYHHUH aJrOpUTM € YHIKaJIbHUM, X04a 3arajlbHui alrOpUTM Horo (yHKIIOHYBaHHS
MpUOIN3HO OJHAKOBUM y BCIX BHUIMAJAKax. TOMY Takl KJIIOYOBI apaMeTpH SK MPaBHIO OOUMCICHHS
KIIIOYOBOI O3HAKH, YHCJIEHHICTh Ta TPUBAIICTh JKUTTS MOMYJIALIi, alTOPUTM CXpEIIeHHs OaTbKiB,
piBeHBb MyTaIlli AITe Ta KITBKICTh Mepe3aBaHTaXECHb 3AJICKUTH BiJl KOHKPETHOI 3a/1a4i, 1 TOMYy BaM
iX JOBeNeThCcA EKCIEPUMEHTYBATH CaMOCTIHHO. A 1€ 03Hauyae, 10 MEHI 3aJUIIAETbCS JIMIIE
noGa)kaT BaM TEpIIIHHSA Ta HacHaru y IbOMY CKJIAQJHOMY, aje BEIbMH KOPHCHOMY Ta JOBOJI
npUOYTKOBOMY HAaPSIMKY PO3BUTKY IITYYHOTO 1HTENEKTY. J[sKyto 3a yBary!
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8 BukopucraHHs IITY4YHOr0 iIHTEJEKTY B 3aco0ax ki0epOe3nexu Ta 3axucry ingopmauii

Ha croronuimHiit nenb noustTs "mryunuit iHTenekt" (LI) crano HeBig'€MHOIO YaCTHHOIO
HAIIIOTO MOBCSIKICHHOTO XUTTS. X04a CUCTEMaM 3 €JIeMEHTaMHU IITYYHOTO IHTEJICKTY IIe TAICKO J0
MOBHOTO PO3yMiHHSI IpoOJeMH Ta 3HAXOJUKEHHs ii pillleHb, y chepax ONepaTHBHUX 3aBJaHb Ta
BHSIBJICHHSI aHOMAJTIM y TMpoIlecaXx BOHU TEPEBEPIIYIOTH JIOJCHKI MOMXJIMBOCTI 1 KOMIIETCHTHICTb.
IITyynuii iHTENEKT BiAIrpae KIIOUOBY pOJIb y BHUSABICHHI W OLIHII TMOMHJIOK, SKI MOXYTb OyTH
JomymieHl JoapMu. B MailOyTHbOMY CHCTEMH Ha OCHOBI IITYYHOTO IHTENEKTY Yy cdepi
Ki0epOe3neKu 3MOKyTh 3aXUINATH OpraHi3allii BiJ iIHTepHET-3arpo3, BUABISATH ILIKIUIMBI IPOrPaMH,
3a0e3medyBaT BHCOKI CTaHIApTH O€3NeKH Ta CHPUATH PO3poOI ePEeKTHUBHUX CTpaTerii
3armo0OiranHs Ta BiAHOBIEHHS MicIis Kibeparak.

3a ominkoro Gartner, BATpaTH Ha cUCTeMH 1H(OpMaIliiHOT O€3MeKH 1 yIpaBIHHSI PU3HKAMU
y 2022-my poui 30inbmmrcs 10 $ 174 mupxa, 3 Hux npubiusso $ 50 mupa OyayTh CipsiMOBaHi Ha
3aXUCT KIEHTChKUX cucteM. [Ipomaxi XxmapHuX 1uiatdopM 1 J0JATKIB i 3a0e3nedyeHHs Oe3neKu
BupoctyTh a0 $ 1,63 mupn B 2023-My porri, a cucteM 3abe3nedeHHst Oe3neku noarkis 10 $ 4,5
MJIpA. 3pocTae 1 pUHOK MOCIYT B 001acTi iHGOpMaIiitHOT Oe31eKH, 3a OCTaHHIN PiK BiH 301JIBITUBCS
3 $ 62 muipn 10 $ 66,9 Miipa. OHak cami 1o coOi TPoII He MOXKYTh BUPIIIATH MUTaHHS. Bijbmicte
¢daxiBuiB 3 iHPOpMaIliiiHOI Oe3MeKH CbOrOHI MEPEeBAHTAXKEHI aHATI30M XKypHalliB, 3aro0iraHHsIM
Crpo0 370My, PO3CIiYBaHHSIM MOXIIMBHX BHITAJIKIB IIaxpaicTBa Tomo. [edinuT kaapiB BEeTUKUH,
TOMy B I1HAycTpil Oe3neku Bce 3 OUIBIIO HAIIEI0 JUBIATHCA Ha pilleHHs B 00JacTi
IITYYHOTO IHTENEKTY.

ButpaTtn Ha cuctemun iHpopmauinHoi be3neKku
i ynpaBniHHA pu3nkamu (2023 pik)

* 174 mnpa. USD — 3aranbHi ButpaTtn
* 50 mnpa. USD — 3axXUCT KIEHTCbKUX CUCTEM

* 1,63 mapa. USD — xmapHi nnatdopmu i aogatku ana 3abesneyeHHA
b6esneku

* 1,63 mapg. USD — cuctemu 3abesneyeHHn 6esnekun gogatkis
* 66,9 mapa. USD — puHoK nocayr B obnacti iHpopmauinHoi 6e3neku

Yepes Benukuit 6pak daxisuis B ranysi kibepbesneku ta 3axucry
iHpopMaLii OCTaHHbOI HAAIE0 3a/IMLLAIOTLCA /INLLE PilleHHA B
ranysi WTYYHOro iHTENEKTy

3a ouinkoro MarketsandMarkets, B 2019-2026 pp. 3poctanHs pusky 3aco0iB I mns
3abe3neveHHs KibepOesneku Oyzae poctu B cepenHboMy Ha 23,3% B pik, 3 $ 8,8 mupn 1o § 38,2
miapa. OnHak, HE3BaXAIOUM HA YABJICHHS MIOJI0 MOTEHIIMHUX MOXJIMBOCTEH 3aC00IB IITYYHOTO
IHTENeKTy X 3aCTOCYBAHHS 3aJMINAETHCS MEPEBAKHO €Mi30UYHUM Ta HecucTemMaru3oBaHuM. Ha
naHui yac y kibepOe3neni BIACYTHS 3arajibHa KOHIIEMIIis 3alIPOBAKEHHSI IITYYHOTO 1HTEJIEKTY, HE
BHU3HA4YEHI HaMBaXIMBILII METOAM IITYYHOI'O IHTENEKTYy, SKI MOXYTh OYTHM BHMKOPHUCTaHI Y
kibepOe3meri, Ta He BCTAaHOBJIEHO pOJIb, SIKY MOXYTh BiJIrpaBaTH Ii MeToau (OCOOIMBO, MIO
CTOCYEThCS MAIIMHHOTO HAaBYaHHS, JlaTa-MaiHIHTY, TJIMOOKOTr0 HaBYaHHS Ta €KCHEPTHUX CHUCTEM)
JUTS 3aXUCTY OpraHi3alliid y KioepmpocTopi.
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[InHamika puHKy 3acobis LI ans Kibepbesneku, S mapa,
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TyuyHuii IHTENEKT — II€ CYKYIHICTh TEOPETUYHUX Ta MPAKTUYHUX MIIXOJIB Yy Taiysi
iH(pOpMaLiHUX TEXHOJIOTIH, AKi mepeadavyaioTh CTBOPEHHS CHCTEM, IO MOXKYTh (DYHKIIOHYBaTH
PO3YMHO Ta HE3aJIEKHO, OJIOHO 10 MEXaHI3My NPUHHATTS pillieHb Y MO3KY JIIOAUHU. 3aBjasku L1
MalllMHa 3MOXe HaBYATUCS JIOCBiy 0OpOOIIIIOUN BeNMKi 00CSATH JaHUX Ta PO3MI3HAIOYN IIA0JIOHU y
nux. Hanpuknan, Apple Siri, po3mizHaBaHHsI 007114 Ta CaMOKEpOBaHUI aBTOMOOLIb 3aCHOBaHI Ha
MallMHHOMY HaBUYaHHI Ta 00poOIll MPUPOTHUX MOB, IO € oKpemoro ramys3to LI Kpim toro, I
BKJIIOUa€e 0araTo CyMDKHHMX oOJjacTeld Ta TEXHOJIOTiM, TaKUX SK MallMHHE HaBUYaHHS, TIHMOOKe
HaBYaHHS, HEHPOHHI Mepexi, 00poOKa MPUPOTHUX MOB Ta 1HIIII.

Jns 6inbln rIMOOKOro pO3yMiHHS, CHUCTEMATHU3YEMO OCHOBHI HAIPSIMKU JIOCHIIXKEHb Yy
rajy3i HITY9HOTO IHTEJIEKTY, SIKi peaixi30BaHi MPAKTUYHO 1 SKUMHA MU KOPHCTYEMOCS Maiike IIOIHS:

Mawunne naguanns — 1€ MHOXKMHA TEXHOJIOTIH, K1 I03BOJISIOTh KOMII ‘lI0Te€paM MHUCIHUTHU 3
JOTIOMOTOI0 MaTEMAaTUYHHUX aJTOPUTMIB Ha OCHOBI 310paHMX JaHWX Ta KOHKPETHUX IHCTPYKIIH Ta
paBuiI. 3aMiCTh IPOrpaMyBaHHs KOMII ‘F0Tepa Ha KOKHOMY KpOIli, el miaxiJ peasizye TeXHOJIOr1],
SIK1 JIO3BOJISIFOTh MOMY TOETAlHO BYMTHCS Ha JaHUX 0e3 IHCTPYKIN mporpamicta. [Ipukiamom
MAIIMHHOTO HAaBYaHHS € BIPTyaJbHI OCOOMCTI TOMIYHUKH, SKI JIONIOMAararoTh 3HAXOJUTH
iH(popMalLlil0 Ta Jal0Th BKa3iBKU 11010 KOHKPETHHUX 3aBJiaHb, KOJM IX 3alHUTYIOTh 4Yepe3 ToJioc.
[HIIMMKM TpUKTIazaMu € BiJIEOCHIOCTEPEKEHHS, AKe BIACTEXKYE HE3BUYHY IOBEIIHKY, IMOCIYTH
COIIAIbHUX Meia Ui 3B‘SI3KYy 3 —IIIOJIbMH, SIKMX BH MOXKeTe€ 3HaTHl Ha OCHOBI MOCTIHHOTO
caMOHaBYaHHS BIJMOBIIHO /10 YIO100aHb JTIOACH.

Hetipouni mepexci (I'nuboke nasuanms) sBisie cOOO0 MOMATBIINNA PO3BUTOK MAIIMHHOTO
HaBYaHHS 1 € KOMIH 'IOTEPHOI0 MOJEJUII0, sIKa BUKOHYE 3aBJaHHS Kiacudikalii 6e3nocepeqHbo i3
300pakeHb, TEKCTy 4M 3BYKY. Ll Mozenb peami3yeTbcs 3 BHKOPHCTAHHSM IHPOKOTO HAOOPY
0araToOBUMIpHUX JaHMX Ta OaraTolapoBOi apXiTEeKTypH HEWpOHHOI Mepexi. ['nmnboke HaB4YaHHs
JI0CSITa€ TOYHOCTI PO3Mi3HABaHHS TPU 3aCTOCYBaHHI OuUIbIN ckiamHux wmojeneit. [lpuxmanamu
3aCTOCYBaHHS Il€l MOJAENl Yy pealbHOMY JKHMTTI € aBTOMAaTHM30BaHE KEpPYBaHHS aBTOMOOLIEM,
po3mi3HaBaHHA 00JMY Ta 3HAKIB, IPOMUCIIOBA aBTOMATH3allis Ta 1H.

Ilpupoona obpobra mosu, CyKyImHICTh METOIIB, K1 JO3BOJSIOTH MAITUHI aHAII3yBaTH MOBY
JIOJUHYU, 30KpeMa y yaT-00Tax AJii IporpaM MiATPUMKH KII€HTIB, BUKOPUCTOBYIOTh MAalllMHHE
HaBYaHHS Ta 00pOOKY NPUPOIHOI MOBH.

I 3acTtocoBye TexHOJOTii, $KI MOXHa BHUKOPHUCTOBYBAaTM Yy Oararbox Tajy3six
MIPOMHCIIOBOCTI, TaKMX $IK (DIHAHCOBI YCTaHOBM, OCBITa Ta OXOpPOHA 3/I0pOB‘A. 3BakalouM Ha
BHINICBUKJIACHE IIJIKOM JOIUTHPHUM € TOTeHIIHe BUKOpUcTaHHS MeToAiB I mms 3abe3neuenus
Ki0epOe3neKu opraHizalliii Ta mImpueMCTB.
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OcHoBHI HanpAamku LLI

* MalwuHHEe HaBYaHHA — MHOXWHA TEXHO/OTIN, AKI
[03BO/IAKOTb KOMN‘IOTEPAM MUCAUTU 33 AONOMOroH0
MaTeMaTUYHUX a/IFTOPUTMIB HA OCHOBI 3iBpaHMX AaHUX Ta
KOHKPETHUX iHCTPYKLiM Ta npaBun

* HelipoHHi mepexi (Muboke HaBYAHHA) — NOAANbLLNINA
PO3BUTOK MALUMHHOMO HaBYaHHSA, LLLO € KOMNOTEPHOKD
MOAENNI0, AKA BUKOHYE 3aBAaHHA Knacudikauii
b6e3nocepeaHbO i3 300paXKeHb, TEKCTY UM 3BYKY

* MpupogHa 06pob6Ka MOBU — CYKYNHICTb METOAB, AKi
A03BONAKOTL MALLMHI aHaNi3yBaTU MOBY NHOAUHMU

be3 cymHiBY, BelIMUYEe3HWI TOTEHIIad TEXHOJOTIH IITYYHOTO IHTEJEKTY MOXe OyTH
BUKOPUCTAHUN JJIs MiABUIICHHS KiOepOesneku. KinbKicTh JaHUX, 10 T€HEPYIOTHCS B Cy4aCHOMY
CBITi, IOCTIHHO 30UTBIIYETHCS, MPH IbOMY iH(pOpMAIlisi 30epiracTbcsi Ta TMEepeNacTbes y Pi3Hil
dbopmi 3 BHKOpHUCTaHHSIM Mepexi [HTepHeT. binmpine Toro, GesmedHa rnepedada JaHUX BiJirpae
KHUTTEBO BAKIMBY POJIb Y OOpOTHOI 3 KiOep3I0YMHAMHM, IO JOCATAETHCS IIISIXOM JOTPUMAHHS
MPUHIMIIB KibepOe3neku. 3 pocToM Mporpecy B ramxysi iHQoOpMamiiiHIX TEeXHOJIOTiH KibepmpocTip
MIEPETBOPIOETHCS HA TONITOH JUIsi BYMHCHHSI PI3HUX KiOEp3JIOYMHIB a, 3TiIHO 3 TOIJISIIaMU
BiiiCbKOBHX (haxiBIliB, CTa€ YETBEPTUM (Pa3oM 3 CYIICI0, MOPEM, MOBITPSM) TEATPOM BOEHHUX JIiH.

HTyynnii iHTENeKT y KiOepOesmemi — Ii€ JOCTaTHBO INMPOKA OOJIACTh 3HAHb, SKa
MOTEHIIIHO MOXXE€ BUKOPHCTOBYBATHCH B OpraHi3allisix Uisi 3MEHIIEHHS PHU3UKIB Ta 301JIbIICHHS
TOXOJy, BHABICHHS KiOep3arpo3 Ta ImaxpaiictBa. BimcTexxyBarn HOBI BipyCHM Ta IIKiJIMBE
mporpaMHe 3a0e3MeYeHHs] CTae BCE CKJIAJHINIE 1 TOMY 3acO0M Ha OCHOBI TEXHOJOTIH IITYYHOTO
IHTENIeKTy 37aTHI TOJETIIMTH BUSBJICHHS Ta pearyBaHHs Ha 3arpo3d, BUKOPHUCTOBYIOUH
CTaTUCTUYHI JaHi Mpo Kideparaku, o0 BU3HAUYUTH HaWKpamuii mepemik Aiil momo mpotumii. I
MOke OyTu OunbIl e€()EeKTHMBHUM IPU BHUSBJICHHI HIKIUIMBOIO MPOrpaMHOro 3ale3leyeHHs, HIXK
moauHa. I BmpoBamKyeTbcs B OpraHizalisix 3 KUIbKOMa pIBHAMH O€3MeKH, TaKUMH SIK
[HpopmyBanHs mpo Oe3neky Ta YHpaBlliHHA HOJISAMU 1 1€ JOTIOMara€ MOJINIIUTH aHaJiTUKaM
0e3neKy BUABICHHS Oy/Ab-SKHUX 3arpo3 ycepeauHi Mepei opraHizarii.

YuM mBuALIE MOKHA BUSBUTH MOPYLIEHHS IUTICHOCTI JaHMX, TUM MEHIII BUTpAaTH Ha iX
BiIHOBJIEHHA. [locTiliHe 30UIbLIEHHS 4Yacy Ha YCYHEHHS MOPYLIEHb IOB‘si3aHE 31 30UIbLIEHHSIM
TSOKKOCTI 3JOBMHUCHHMX HaIagiB, sKi 3a3Haidd OLIBIIICTh KOMIIAHIH. ABToOMAaTH3allisl Oe3leKH Ta
IHTEJIEKTYyaJIbHI 3aco0M, 110 3a0e3MeuyloTh KOHTPOJb y CUTYyalllHHOMY LEHTpl O€3MeKH, MOXKYTh
JIOTIOMOTTH TOJIMIINTH 3AaTHICTh OpraHi3allii 3SMeHITUTH 30UTKH, CIPUYUHEH] TOPYIIICHHSIMH.

V pimeHHsx 3 kibepOe3neku BUKOPUCTOBYIOThCs Oarato tunis mporpam LI, 3okpema SIEM
CHCTEMH, PI3HOMaHITHI (UIBTpPU crmaMmy, 3aco0M 3aXMIIEHOI aBTEHTU(dIKallli KOPUCTYyBaudiB Ta
3aco0W MPOTHO3YBaHHSI THIUAEHTIB 3710My. L{i mporpamMu HaBUalOTHCS 3a JOMOMOTOI0 0a3u JaHUX
MOTIEePETHBOI MOBEIHKY Ta MOXKYTh 1I€HTU(DIKYBAaTH KOXKHY OKpeMY MOBEAIHKY K HIKIAJTUBY UM HI.
3a nanumu komnasii IBM, 30uTku Bia mopylieHHs JaHUX Yy BCbOMY CBITI OyAyTh 3HUKEHI, SIKILO
opraizamii 3acTOCOBYBAaTUMYTh aBTOMAaTH30BaHi pimeHHa Oe3neku. Opraxizamii, ski He
3aCTOCOBYBAJM aBTOMAaTH3aIlil0 O€3MeKkw, 3a3Hajidi BUTpAT Ha TOpYIIeHHS, ski Oynu Ha 95 %
BUIIMMH, HIXK TIOPYILEHHS B OpraHi3allisx 3 MOBHICTIO PO3TOPHYTOI0 aBTOMATH3ALIEO.
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MOTEHLINHI MOXKNMBOCTI METOAIB LUTYYHOTO IHTENEKTY
ANs 3acTocyBaHHA y chepi Kibepbesneku

* EKCnepTHi cuctemu

* MawwnHHe HaBYaHHA

* HelpoHHi mepexi (rnboke HaBYaHHA)
* [lata ManHiHr

* |HTeneKTyanbHi areHTu

ExcneptHi cucremu. ExcnepTHi cucreMH € OJHMM 3 HaWBIJOMIINIMX 1HCTPYMEHTIB
MITYYHOTO 1HTEJICKTY 1 SABJISIOTH COOOI0 MPOTPaMHI MAaKETH, SIKI AOIMOMaraloTh OTPUMATH BiAMOBIII
Ha 3allUTH, SKI Ha/Jae KIiEHT abo Hajgae iHIMUWK makeT mporpam. Lli cucTeMu BKIIOYAIOTh BMICT
3HaHb, B SIKOMY 3HAHHSI €KCIIEPTIB 30€piraroThCs B MIEBHIM raimy3i 3acTocyBaHHs. Lli cucremMu Takox
BKJIIOYAIOTh MEXaHi3M MipKyBaHb JJIsl JOCTYITY /10 BIAIOBIJEH 3 ypaXyBaHHSIM HalaHoi iH(opmarii
Ta 1HIIO01 J0JaTKOBOT iH(OpMAIIii CTOCOBHO YMOB HaBKOJHIIHBOTO CEPEIOBUIIIA.

ExcriepTHa crucrema mporpamyeThes JUIsl TIONTYKY BiJIIOBIZACH HA 3alMTH B MEBHIN o0macTi
3aCTOCYBaHHS, L0 BiAOOpa)KaloThCs a00 KOpUCTyBaueM, a0 1HIIUM MPOIYyKTOM. Y KibepOesmerri
BOHU 3aCTOCOBYIOTHCS JJIi BHOOpPY 3ax0JliB O€3MEKW Ta BH3HAUCHHS MUISIXIB BUKOPHCTAHHS
oOMexeHHX akTuBiB. EkcrepTHi cucTtemMu O€3MeKkH [IOIMOoMaraioTh IEePCOHANy OpraHizaiiil y
60poTr0i 3 KiGepatakamu. lle 3miiCHIOETHCS WIISIXOM 3BIPKM JIOTIB aTakd 3 0a30l0 3HAHb Yy
BUIAJKYy, SKIIO 1€ BIJOMUN mporec, abo ii irHOpyBaHHS, KOJU Mpolec HeBigoMmuid. Y pasi
BIJICYTHOCTI Takoi mpoueaypu B 0a3i 3HaHb, CEKCIEPTHA CHUCTEMa BHUKOPUCTOBYE aITOPUTMHU
MeXaHi3My BUBEJICHHS Ta 3HAXOAUTh HAOIMKEHE PIIICHHS] HA OCHOBI1 JJOCBiY.

EKCnepTHi cuctemu

* [lporpamHi nakeTu, AKi gonomaratoTb OTPUMaTH Bignosiai Ha
3anuTu, AKi HaZa€e KnieHT abo Hafda€e iHLWKUI NakeT Nporpam

* VY kibepbesneui ekcnepTHi cucTemu 3actocoBytoTbea Ansa subopy
3axogis 6e3neKkn Ta BU3HAYEHHSA LUIAXIB BUKOPUCTAHHA OBMeEKeHMX
aKTuBiB

* EKcnepTHi cuctemu b6esnekn gonomaratoTb NepcoHany opraHisawin
y 6opoTbbi 3 KibepaTakaMmu LWIAXOM 3BipKM /IOTiB aTaku 3 6asoko
3HaHb Yy BUNaZAKY, AKLLO e Bigomui npouec, abo ii irHopysaHHs,
KoMK npoLec HeBiZoMMiA

MammnHHe HaB4YaHHsA. MallluHHE HaBYaHHSA — 1€ O0JIACTh IITYYHOTO I1HTENEKTY, sKa
JI03BOJISIE KOMII ‘I0TEpY HAaBYaTHCh, BAKOPHUCTOBYIOUH JIaH1 3pa3KiB (IATTEPHIB), HE 3alporpaMoBaHi
nepeadauuTi KOXKHY MOXIIMBY CUTYallio. «J/{Ba HAMMOMUpPEHIII TUIIM MAIIMHHOTO HaBYaHHA — L€
HaBYaHHS 3 yuuTeneM Ta 0e3 yuntens. HapuaHHS 3 yuuTeneM BUKOPUCTOBYETHCS, KOJIH TOCTYITHUH
Habip JOCTOBIPHO BIAOMHUX €K3EMIUIIPIB aTak, 30Kpema, JUIsl BUPILIECHHS MpobiemM Kiacudikarii.
MeTta KOHTPOJBOBAHOTO HABYAaHHS — HABYATH KOMI'IOTEp Mependadatd 3HadeHHS ab0 TOYHO
kiacu(ikyBaTH BXiIHUH ek3eMIusip atraku. HaBuanHs 6e3 yuuTenss BUKOPUCTOBYETHCS, KO HA0Ip
JOCTOBIpHUX JaHUX HemocTymHuid. Kimactepu3zariisi — 1ie HEKOHTPOJIhOBaHA TEXHIKA HaBUAHHS, KA
MPUBOAMTH J0 MOJIOHMX BHIAJKIB IpyNyBaHHs B KiacTepu. Kiactepu3zaliisi BUKOPUCTOBY€ETHCS IS
BUSIBJICHHS 3aKOHOMIPHOCTEH y MaHWX. Y MAESIKHX BUMAJKAaX KIACTEPH3allisi BHUKOHYETBHCS IS
kiacudikamii HeMapKoOBaHOTO HAa0OpY NaHMX Ta BUKOPUCTAHHS OTPUMAHOTO KiacH(iKoBaHOTO
Ha0Opy MaHMX /711 KOHTPOJILOBAHOTO HaBYAHHSI.
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Ockinbku 3arpo3u KiOepOe3neKkH IOCTIHHO 3MIHIOIOTBCS Ta PO3BUBAIOTHCSA, HEOOXiTHA
aBTOMAaTH30BaHAa Ta HeraifHa peakuis. OTke, METOAM MAIIMHHOTO HAaBYaHHS, OCOOJHMBO TIHOOKE
HaBYaHHS, sK€ HE OOOB'A3KOBO BHUMAarae IMONEPEeIHbOr0 HaBYaHHS a00 OMOpH Ha MONepenHi
kiacudikamii, HaxaHi eKCIepTaMH, MOXYTh OyTH OCOOJHMBO KUTTEBO BAXKIUBUMHU TIPH
3actocyBanHi niaxoniB I no xibepOe3nexw.

MawwnHHe HaBYaHHA

* 0O6nacTb WTYYHOrO iHTENEKTY, AKa LLO3BO/IIE KOMM ' OTEPY
HaBYaTMCb, BUKOPUCTOBYHOUM AaHi 3paskis (naTTepHis), He
3anporpamoBaHi nepegbayunTi KOXKHY MOXIUBY CUTyaLito

* MerTa HaB4YaHHA — HaBYUTU Komn'toTep nepesbayaTv 3HaYeHHs abo
TOYHO KnacudikyBaTu BXiLAHWUM €K3eMNAAp aTaku

* MeToaM MalMHHOrO HaBYaHHA J03BONAIOTb ONEPaTUBHO
BM3Ha4aTu HOBI BMAM KibepaTak, 3pasKiB AKMX He byno B
nonepeaHix HaB4YaibHUX BUDBipKax

Heiiponni mepewxi (riméoke HaBYaHHs). BiACYTHICTH BeIMKHMX MAcHBIB JaHHUX MIOJO
KibepaTak € 3araJbHUM BHUKIMKOM Yy JIOCIIDKEHHSX 3 KiOepOesmeku. YacTo 1€ MOSCHIOETHCS
BHUMOTaMH 11010 KOHQIAEHIIIHHOCTI, KOJU KOMITaHi1 He 0a)aroTh JUIMTHCS JTOCBIJIOM IIOJO aTak,
SIKUX BOHU 3a3HAJIM, aJie, Pa30M 3 THM, 0a3a BiJIOMUX 3arpo3 MOCTYIIOBO BCE K TaKU HATIOBHIOETHCS,
10 /1a€ MOXJIMBICTh 3aCTOCOBYBAaTH METOAM INTMOOKOro HaB4aHHA. OCHOBOIO JIJI1 TAKUX METOIB €
BEIMKI 1 4YacTo He30aJlaHCOBaHI HA0OpW JaHWX, SKI 9acTO BHKOPUCTOBYIOTHCS MJIS PYYHOT
knactepusanii. Y cdepi kibepOe3nekun HEHWpPOHHA Mepeka MOKE PO3PI3HUTH, YH € JOKYMEHT
IIKIJUTMBAM YU 3aKOHHUM 0€3 Oy/b-SKOTO BTpYYaHHs Jitojged. LI TeXHOIIOTis 103BOJISE BUSBISATH
HIKIJUIMBl TPOrpamMu, AEMOHCTPYIOYM HpU IbOMY Kpallli pe3ylbTaTh y MOPIBHSIHHI 3 I1HIIUMHU
METOJIaMHU.

HelpoHHi mepexi (rnboKe HaBYaHHA)

* IHdopmauis woao kKibepatak moxke 6yt KoHdigeHUiNHOW,
OCKi/IbKM KOMNaHii He 6akaloTb AiAnMTMCA AOCBIAOM LOAO aTak,
AKMUX BOHW 3a3HaNn

* Y coepi kibepbesnekn HeMpPOHHA MeperKa MOXKe PO3PI3HUTU, UM €
AOKYMEHT LUKIAIMBUM Y1 3aKOHHUM Be3 byab-aKoro BTpy4aHHA
noaen

* HeWpoHHI Mepexi CNIPOMOXKHI BUABAATU LIKIANBI Nporpamm,
Kpalle 3a iHLWi meToam

Jarta maiininr. /lata MaiiHIHT — 1€ MOIIYK CYTTE€BUX 3aKOHOMIpHOCTEH Ta TEHIEHIH y
BEJIMKIiH 0a31 qaHuX. MeTo0JI0Tisl aHalli3y JaHWX CIpsIMOBaHA Ha OTPUMAaHHS IiHHOT iH(pOopMaIlii Ta
MOIITYK MPUXOBAHUX 3aKOHOMIPHOCTEW 3 BENMYE3HOi KUIBKOCTI 0a3 JaHUX, SKI HE MOXYTb OyTH
BUSIBJICHI CTATHCTUYHUMH MeTonamu. Lle mmpoxa oOmacTh JOCHTIKEHb, SIKa BKJIIOYAE MAIIMHHE
HaBYaHHS, 0a3d [aHMX, CTATUCTHKY, EKCIEpTHI CHUCTEeMHM, Bi3yasi3allilo, BHCOKONPOIYKTHUBHI
oOYMCIIeHHS, HEUPOHHI MEpEeXKi Ta METOJU MPEJCTaBICHHS 3HaHb. J[aTa MalHIHT MiATPUMYETHCS
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XOCTOM, SIKUH (PIKCYe AaHi pi3HUMHU criocobamMu (HaNpHKIaJ, KiIacTepu3alis, Kiacu}ikalis, aHami3
MOCHUJIaHb, y3arajJbHEHHS, PErpeciiiHi MOJIeN1 Ta aHalli3 TOCIiIOBHOCTEH ).

OCHOBHI NpUKJIaU POTpaM JJIsl aTa MalHIHTY 111 KibepOe3neKu:

— METOJY BUSBJICHHS aTHUIIOBUX BHIB MISITILHOCTI;

— aHaJi3 MOCWJIaHb JUIS BIICTEKEHHS BipYCiB;

— kyacuikarisi Ta rpynyBaHHS IEKUIBKOX KiOepaTak Ha OCHOBI iX mpodimiB;

— MPOTHO3YBaHHS MOKJIMBHX MaiOyTHIX aTak Ha OCHOBI OTpUMaHOI iH(pOpMaIii.

[laTa ManHIHr

* TlOLWYK CYyTTEBMX 3aKOHOMIPHOCTEM Ta TEHAEHLIN Y Be/IMKil 6a3i 4aHUX

*  OTPMMaHHA LLiHHOI iHpOopMaLLii Ta MOLYK NPUXOBAHUX 3aKOHOMIPHOCTEN 3
Be/IMYe3HOI KinbKoCTi 6a3 AaHMX, AKi He MOXYTb 6yTM BUABANEHI
CTaTUCTUHHUMU METOAaMM

OCHOBHi NpuKnagu nporpam A garta MaiHiHry gns Kibep6esneku:

*  MeToAM BUABNEHHA aTUNOBUX BUAIB AiANbHOCTI

* aHani3 nocuaHb ANA BiACTEXXEHHA BipyciB

* KnacudikauiaTa rpynyBaHHA AeKiNbKoX KibepaTak Ha ocHOBI ix npodinis

* MPOrHO3yBaHHA MOM/MBUX MalbyTHIX aTak Ha OCHOBI OTPMMAaHOI
iHbopmauiii

InTesniekTyaabHi areHTH. InTenekryanbHuii areHT (IA) — e aBTOHOMHA CYTHICTb, sKa
CKaHy€ JAaTYMKHU Ta CTSKUTH 33 JIOMEHAMH 32 JIOTIOMOT'OI0 BUKOHABYMX MEXaHI3MIB 1 KOOPIUHYE
CBOI Mii sl JOCATHEHHS wijel. [HTenekTyaqpHMI areHT TakoX MOKE BHUBYATH abo
BUKOPHUCTOBYBATH iH(GOPMALIIO Uil TOCSITHEHHS CBOIX LiJICH. ATEHTH MOXYTh aJanTyBaTHCS /0
pealbHOTO 4acy, IIBUJAKO IIi3HaBaTH HOBI pedi 3aBASKU CIIUJIKYBAaHHIO 3 HAaBKOJUIIHIM
CEepEIOBUILEM, a TAKOXK MATH MOJKJIMBICTh 30€piraHHs Ta BiJHOBJICHHS MOJEIEH Ha OCHOBI IaM'ATi.
[HTENeKTyabHI areHTH 3aCTOCOBYIOTHCS, SIK MPABWIIO, UIS 3aXUCTY Bix aTak Tunmy «BimmoBa B
obciyropyBanHi» (DoS/DDoS). Kpim Toro, BoHu € e(peKTHBHUMH NpH TOUIYKY HEOOXimaHOT
iH(popMalii y Mepexi, po3MoaiIeHOT 0OPOOKM JaHUX Ta iH.

IHTENEKTYaIbHi areHTU

* ABTOHOMHA CYTHICTb, IKa CKAHYE AATYUKM Ta CTEXKUTb
32 AJOMEHAMM 33 ONOMOrOH BUKOHABYUX MEXAHI3MIB i
KOOPAMHYE CBOI Ajii ANA AOCATHEHHA Linen

* |HTeneKTyanbHi areHTU MOXKYTb af4anTyBaTUCA 40
peanbHOro Yacy, WeMAKO Ni3HaBaTU HOBI peYi 3aBAAKM
CMiNKYBAHHIO 3 HABKOJIULLHIM cepefoBuLLEM

* |HTeNeKTyanbHi areHTM 3acTOCOBYIOTLCA, AK NPaBUIO,
[NA 3aXUCTY BiA aTak Tuny «Bigmosa B
obcnyrosysaHHi» (DoS/DDoS)

ITpaktuka 3acrocyBanHs IIII 'y kiGepOesmeri. CrymiHb 3alliKaBIEHOCTI  CIYkKO
iHpopManiiHOT Oe3nekr B IITYYHOMY IHTEJNEKTI 3aJeKUTh Bl Taly3l 3acTOCYyBaHHS.
Koncantunroa xommaniss Capgemini omyOiikyBajga pe3yibTaTd onuTyBaHHS 850 KepiBHHKIB
Bumoi nanku 3 10 kxpain (ABcrpamii, BenukoOpuranii, Himewumnu, Iunaii, Itanii, Icmanii,
Hinepnanais, CIIA, ®pannii, [semii). [Ipu mpomy 20% pecnonaentiB 3aiiManu moct IT-
nupektopa, 10% — kepiBauka cinyx0u [T-0e3nexu. Komnanii npeacrasnsinu cim cdep AisIBHOCTI —
BUPOOHMLTBO  CHOXHMBUMX  TOBapiB,  pUTEils,  OaHKIBCBKUH  CEKTOp,  CTpaxyBaHHI,
aBromo06ineOynyBanns, JKKI' Ta tenekomynikarii. 3a omiakoro Capgemini, sikito g0 2019 r. mumre
KO)KHa I'Ta OpraHi3allis BUKOPUCTOBYBaJa IITYYHUH i1HTENeKT /uid KibepoOesneku, To 2020 pori
TaKuX opranizariii Bxxe monan 60%. Maibxe nosoBuHa onutanux (48%) 3asBuia, MO OHOKETH HA
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I B o6macti kibepbe3neku 30umbmaThess B 2021 ¢inancoBoMy poli B cepenHbomMy Ha 29%.
[Ipiopurerni BapianTu Bukopuctanus LI mist xiGepOesnekn — 3abe3nedeHHsT OE3MEeKH MEPexi 1
3aXUCT JNaHuX. PillleHHS IHTEPHETY peyeil MOKM BiICTAIOTh, ajie 1 3'SBHIMCS BOHH JIUIIEC B OCTAHHI
POKH.

PiseHb piHaHCyBaHHA cdep 3acTocyBaHHA 3acobis
LWUTYYHOrO IHTENEKTY

Ne Coepa 3acrocyBanns 3acobis 111 C1.‘yn|H|.> BHKOpHCTaH:m

(hinaHciB Ha 3axucT, %
1. MepesxeBa Oe3neka 75
2. besneka jannx 71
3: be3nexa KIHIEBUX TOYOK 68
4. besneka cucrem igeHTugikauii 65
5. besneka f1o1aTkiB 64
6. XmapHa Oe3neka 59
7. besneka InTepHery peueii 53

Oraspg meroniB Ta crpareriii kidepOe3neku 3ac00aMu IITYYHOI0 iHTEJIEKTY

Memoou mawunnoeo HaguamHs.

MeToan MamIMHHOTO HABYaHHS BiTIrparoTh KPUTHYHY pOJb Yy KibepOesmeri, T03BOJISIOUN
aBTOMATH30BAaHO aHAJII3yBaTH BEJIHKI OOCATH JaHUX Ta BUSBISATU 3aKOHOMIPHOCTI M aHOMAaIii, 10
MOXYTh CBIITYMTH IIPO KibepaTaku.

«CymepBizoBaHne» abo  «kepoBaHe» HaBuaHHs  (aHri.  Supervised — Learning)
BUKOPUCTOBYEThCS JUIsl Kiacu(ikarii JaHuX, J¢ CHCTEMa HABYAE€ThCS HAa MAapKOBAHUX JIaHUX
(HampuKaa, HOPMaJIbHI Ta aHOMaJbHI Jii) 1 MOTIM 3aCTOCOBY€E I AOCBiJl AJsi HOBUX JaHHX.
[Tpukianm anropuTMiB: JOTICTHYHA perpecis, Aepesa pimenb, SVM (Support Vector Machines)

«Henarnmagne» abo  «HekepoBaHe» HaBuaHHs (amria.  Unsupervised — Learning)
BUKOPUCTOBYETHCS ISl BUSIBJICHHSI HEBIJIOMUX IMATEPHIB Y JaHUX O€3 MOIMEPEeIHBOTO MapKyBaHHS.
[Tpuxnaau anroputmiB: kinactepusaiis (k-means, DBSCAN), anropuTMu 3HHXKEHHS PO3MIpHOCTI
(PCA, t-SNE)

I'muGoxe HaBuanHs (aHri. Deep Learning) BkiItouae BUKOPUCTAHHS HEHPOHHUX MEPEX IS
CKJIaJHUX 3aBJaHb, TaKUX SK pO3Mi3HAaBaHHA 300paxeHb ab0 o00poOka NPUPOTHOI MOBH.
Pexypentni Heifponni mepexi (RNN) ta 3roprkosi HeiponHi mepexi (CNN) € momynsipHUMHU
METOJIaMU JIJISl aHAJTi3y TOCIIJOBHHX JTAHUX Ta 300paKeHb B1IIMOBITHO.

MeToau MalLMHHOIO HaBYaHHA

«CynepsisoBaHe» abo BUKOpPUCTOBYETbCA ANA Knacudikalii AaHux, ge cuctema
«KepoBaHe» HaBuaHHA (aHM. | HABYAETbCA Ha MapKOBaHUX AaHWUX (HanNpuKNag, HOpPMarbHi Ta

Supervised Learning) aHomanbHi Aji) i NoTim 3acTocoBye Lei AOCBIA ANA HOBUX
AaHux. NMpuKnagm anropuTmie: NOFiICTUMHA perpecis, gepesa
piwenb, SVM (Support Vector Machines)

«HeHamsagHe» abo BYKOPUCTOBYETLCA /119 BUAB/IEHHA HEBIZOMUX MATEPHIB Yy AaHUX

KHEKepOBaHe» HaBYaHHA 6e3 nonepeHbOTO MapKyBaHHsa. MpUKIaaW anropuTMiB:

(aHrn. Unsupervised Learning)  knactepusauia (k-means, DBSCAN), afifopuTMu 3HUKEHHA
po3mipHocTi (PCA, t-SNE)

[Munbore HaB4YaHHA (aHM. Deep  BKNOYAE BUKOPUCTAHHA HEMPOHHUX MEpPEeX ANA CKAAAHWUX

Learning) 3aB/ZiaHb, TaKMX AK po3ni3HaBaHHA 306paxeHb abo o6pobka
NPUPOAHOT MOBU. PeRypeHTHI HelpoHHi Mepeski (RNN) Ta
3rOpTKOBI HEMPOHHI Mepeski (CNN) € nonynspHUMU MeToaamu
ONA aHanisy NocnifloBHUX AaHuX Ta 306paxeHb BiANOBIAHO.
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Ananiz nosedinku xopucmysauyis (UBA)

User Behavior Analytics (UBA) BuxopuctoBye IIII ta ML (Machine Learning) mis
MOHITOPUHTY Ta aHaji3y MOBEIIHKHM KOPUCTYBadiB y pEaJIbHOMY dYaci 3 METOI0 BHUSBJICHHS
aHOMaJIil, sIKi MOXKYTb CBITYMTH PO BHYTPILIHI 3arpo3u a00 KOMIPOMETAIIII0 OOTIKOBUX 3aIHCIB.

MowiTopuHr Iiii 30upae aaHi npo Jii KOPUCTyBayiB, BKIOYAIOUH JOTiH, TOCTYII 10 (aiiiis,
BUKOPHUCTAHHS MEPEKEBUX PECYpCIB Ta 1HIII Omeparti.

BusBnenns aHomaniii BUKOpUCTOBYe mozaeni ML it mopiBHSHHS MOTOYHOI MOBEIIHKHU 3
ICTOPUYHUMHU JAHUMHU Ta BUSBIICHHS BIIXUJIEHb, SKI MOXKYTh OyTH O3HAKaMH 3arpo3u.

AnantuBHicTh cucteMd UBA MOXyTh afgantyBaTHCs 10 3MiH Yy MOBENIHIII KOPHCTYBAadiB,
3a0e3neuyroun NoCTiiHe OHOBJICHHS MOJIeliel AJisi OUIbII TOYHOT'O BUSIBIICHHS 3arpo3.

AHani3 noseaiHKku Kopuctysadis (UBA)

MoHiTopuHr giu 36upace gaHi npo Aii KopUcTyBayis, BKAOYAKOUM NIOTIH,

poctyn go $aitnis, BUKOPUCTAHHA MEPEIKEBUX pecypcis
Ta iHwWi onepauji

BuABNEHHA aHOManin BukopuctoBye mogeni ML gns nopiBHAHHA
NOTOYHOI NOBEAIHKM 3 iICTOPUYHUMM JAHUMU Ta
BUAB/IEHHA BiAXUNEHDb, AKI MOXKYTb BYTU 03HaKaMu
3arposu

ApanTusHicTb cuctemn  UBA MOXKYTb aZanTyBaTUCA 40 3MiH Y NOBeAiHL
KOpUCTYBa4iB, 3a6e3ne4yto4m NocTiHe OHOB/IEHHA
mozenen ans 6inbll TOYHOrO BUABNEHHS 3arpo3

Cucmemu eusenenns emopetens (IDS)

Intrusion Detection Systems (IDS) BukopuctoBytots LI m1s ananizy mepesxxeBoro tpadiky
Ta BUSBJICHHS MiIO3PLIIHMX JiH, SIKi MOXKYTh CBITYUTH MPO BTOPTHEHHS.

Mepexesi IDS (NIDS) moHiTOpsATh MepekeBUil Tpadik 1 aHANI3YIOTh MAaKETH JAHUX IS
BUSIBJICHHS aHOMaJTild. 3aCTOCOBYIOTHCSI METOJIM CUTHATYPHOTO Ta €BPUCTUYHOTO aHANTi3Yy.

Xocroi IDS (HIDS) MOHITOpSTh aKTUBHICTh HAa OKPEMHX HPUCTPOSX, TaKi SK >KypHaJIU
MIOJTi, IUTICHICTD (DAiJIiB, CHCTEMHI BUKIIUKH, JISI BUSIBIICHHSI BTOPTHECHb.

Iopunni cuctemu xkomOiHytoTe NIDS Ta HIDS ans Guibll KOMIUIEKCHOTO MHiAXOLY A0
BUSIBJICHHS 3arpo3.

Cuctemun BuaBneHHA BToprHeHb (IDS)

Mepexesgi IDS (NIDS) MoHiTopaTb MepexeBuii TpadiK i aHanisyoTb
naKkeTu faHUX /18 BUABJIEHHA aHOMaJlii.

3acToCOBYIOTbCA METOAM CUrHaTypHOro Ta
€BPUCTUYHOrO aHanisy

XocToBi IDS (HIDS) MOHITOPATb aKTUBHICTb HA OKPEMMX MPUCTPOAX,
TaKi AK }KXypHanu noAiu, LinicHictb dpainis,
CUCTEMHI BUKJIUKU, AN1A BUABJIEHHA BTOPTHEHb

F6puaHi cuctemm KombiHytotb NIDS Ta HIDS ans 6inbL
KOMIM/IEKCHOTO NiAX04Y 0 BUABEHHA 3arpo3
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Amnaniz socypuanis nooiti (SIEM)

Security Information and Event Management (SIEM) cucremu 00’€THYIOTh Ta aHATI3YIOTh
KYPHAIM TOAIN 3 PI3HUX JKepels Ul BUABICHHA 3arpo3 i 3a0e3MedeHHs BIAMOBIAHOCTI BUMOTaM
Oe3MeKH.

LentpanizoBane 30MpaHHA JaHUX 30UPAIOTh JaHI 3 MEPEKEBUX MPUCTPOIB, CEpBEPIB,
JOJIaTKiB Ta 1HIIUX JKEPEIL.

Kopensiist moaiii BUKOPUCTOBYIOTh QJITOPUTMH JIJIsl KOPEIALil MOAIN 3 pi3HUX JKepedn, M0
JI03BOJIsI€ BUSIBUTHU CKJIQ/IHI aTaKu, sIKI MOKYTh OyTH HETIOMITHI IPU aHalli31 OKPEMHUX MOJIH.

PoGota B pexumi peanbHOro yacy 3a0e3lnedyyloThb MOHITOPHHI y peaJbHOMY dYaci Ta
aBTOMATHYHE pearyBaHHs HA BUSBIICHI 3arPO3H.

AHani3 »ypHanis nogin (SIEM)

LieHTpanisoBaHe 36MpaloTb AaHi 3 MepeXXeBUX NPUCTPOIB,

36MpaHHA faHUX cepBepiB, A0AATKIB Ta iHWIMX AKepen

Kopensauia nogii BUKOPMCTOBYIOTb aATOPUTMU ANS KOpensaLii noain 3
Pi3HUX AXepen, WO A03BONAE BUABUTU CKAALHI
aTaku, AKi MOXyTb 6yTWU HEMOMITHI NpX aHaNi3i
OKpeMuX rnogiw

Pob6oTa B peXxXumi 3abe3ne4yytoTb MOHITOPUHT y peanbHOMY Yaci Ta
peanbHOro 4yacy aBTOMaTUYHe pearyBaHHA Ha BUABJIEHI 3arpo3u

Texnonoeii Big Data

Texnonorii Big Data no3Boisitorb 00poOnATH Ta aHami3yBaTH BEJIMKI OOCATM JaHUX 3
BHCOKOIO MIBHJIKICTIO, IO € KPUTHYHUM JUTSl BUSBIICHHS Ta pearyBaHHs Ha Kibep3arposu.

Poznoninena o0pobka — BuKopucTanHs miatdopm, Takux sk Hadoop ta Apache Spark, nns
00pOOKH BETMKUX 0OCSTIB JaHUX Y PO3TOIITICHOMY CEPEIOBHIIII.

AHaJi3 y peaJbHOMY 4aci — BHUKOPHCTAHHS TEXHOJOIIH MOTOKOBOI OOpOOKM, TaKHX SK
Apache Kafka, s ananmizy 1aHux y peaJbHOMY 4aci.

InTerpanist JaHUX — 34ATHICTH IHTETPYBATH JIaH1 3 PI3HUX JKEpel, BKIIOUAOYU MEpPEeKeBUI
Tpadik, *KypHaIH MO, COmiaabHI MEpeXi Ta iHIII JKepena.

TexHonorii Big Data

PosnopgineHa o6pobka | BukopucraHHa naat$popm, Takux gk Hadoop 1a

Apache Spark, gna 06po6ku Benukux obcaris
AaHUX Y posnogineHomy cepefoBULLi

AHani3 y peasibHoMy BUKOPUCTaHHA TEXHONOTI NOTOKOBOI 06PO6KM,

yaci Takux ik Apache Kafka, ana aHanisy gaHuxy
peanbHOMYy Yaci

IHTerpaLia gaHux 34aTHICTb iHTerpyBaTu AaHi 3 pi3HUX gxepen,

BK/ItOYAL0UU MepeeBui TpadiK, JKypHanu noain,
couianbHi Mepexi Ta iHWi Axxepena
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BukJjimku BIpoBajKeHHs1 IITYYHOI0 IHTEJIEKTYy B KidepOe3neni

Sk 1 Oynb-siKa TEXHOJIOTis, IITYYHUH IHTEJIEKT Ma€e CBOI BUKIIMKHU Ta oOMexkeHHs. Tak camo
SK OpraHizamii MOXYTh BHKOPHUCTOBYBAaTH WOTro JUIsl 3MIIHEHHS MpodiaiB KibepOe3nekw,
37I0BMUCHUKHU MOXXYTh BUKOPHCTOBYBATH L0 K TEXHOJIOTIIO JJIs 37IIICHEHHS BOPOXKHX aTak.

Ochb nesiKi 3 IHIMUX MOTEHIIMHUX PU3UKIB 1 0OMEKEHbD:

[TomunkoBi cnparpoByBaHHs abo HeratuBu: LI Moke reHepyBaTu XUOHI CHpaIllbOBYBaHHS
— 1IeHTH(]IKYIOUM HEMIKIUTHBI Mii SK 3JOBMHUCHI — 1 XWOHI HEraTWBH, POOJSYU TMPOTHICIKHY
noMuiKy. TTOMUIIKOBI CHpalbOBYBaHHS Ta HETaTUBU MOXYTh OyTH CKJIQJHUMH JJs HaBiraii,
OCKIJIbKHM BOHHM BiJ[BOJIIKAIOTH IIIHHI pECYpCH Ha HEICHYIOUI 3arpo3u ab0 IrHOPYIOTh HasBHI.

Etnuni npobnemu: Xoua LI € peBomoniiinum y cdepi kibepOesneku, BiH CTBOPIOE €THYHI
Ta PeryasaTOpHI MNpoOJieMH, OCOOJMBO MmOA0 KoHpiAeHIiHHOCTI mAaHuX. Hanmpuknax, menuyHi
opramizamii MOBMHHI  JoTpuMyBatucs cyBopux npaBwi HIPAA, mo06 3abe3mneunTtu
KOH(piAeHITIHHICTh 1H(pOpMaIlii Mpo MaIieHTIB.

Hedinut maBuyok: LI € xuTTe3maTHUM BapiaHTOM JIMIIE JJIS TUX OpraHi3alii, sKi MaloTh
noctyn 1o kBaiidikoBanux (axiBuiB 3 kiOepoesneku. Ockinbku 63% oprasizailiii CTBepKYIOTb,
0 HaWOUTbmMiA AeinuT HABUYOK y HUX cnocTepiraerscs y cdepi LI Ta MammmHHOrO HaBYAaHHS,
MOJIOJIAaHHSI IIBOTO PO3PHBY MOKE OYTH HENPOCTHUM 3aBIaHHAM. Marouum HeoOXiTHI HaBHYKU Ta
JIOCB1JI, Oprasi3ailii MOXXyTh YCBIJIOMUTH 3arajbHy I[IHHICTh cBOIX iHBectmiii y LI Ta mammuHe
HaBYaHHSI.

Sxicte manux. LI nHacTinmeku x epeKTUBHUH, SIK 1 JNaHi, HA SKUX BH HOTO TpEHyeTe, i
noTpedye BENUKOi KIJIBKOCTI BHCOKOSIKICHUX JaHMX, 00 MiABUIIUTH TOYHICTh. baratbom
OpraHizamisM Ba)KKO OTPHUMATH JOCTYI JIO JOCTATHHOI KUIBKOCTI IIUX BUCOKOPIBHEBUX JaHHUX Yepes3
npo6ieMu KOH(DIACHIIIHHOCTI Ta PO3MEKOBAHOCTI.

BUKNMKM BNPOBAAKEHHSA LUTYYHOrO iHTENEKTY
B Kibepbe3neu;i

* MomunKoBi cnpayboByBaHHA abo HeraTuem

ETWYHi npobnemu

Oediunt HaBUYOK
* AKICTb AQHUX

I[Iporpamui niiardgopmu ajs Kidepoe3nexku

Darktrace crama mionepom y ramysi kibepoOesneku Ha ocHoBi LI, mponmonyroun ckiaany
wiar¢popMy, SKa BUKOPUCTOBYE aITOPUTMHM CaMOHABYaHHSA Ui BHUABJIEHHsA KiOep3arpo3 i
pearyBaHHS Ha HHUX Yy peXHMi peaidbHOro uacy. B ocHoBi TtexHomorii Darktrace nexutsb
KOpIIOpaTHUBHA IMyHHa CHCTE€Ma, sKa IOCTIIHO HaBYaeThCS Ta aJaNTyeThCs JIO YHIKAJIbHHUX
1n(ppoBHX MIA0IOHIB y MEpPEX1 OopraHizaiii.

Lleit aganTUBHUH IITYYHUH IHTENEKT aHAJi3ye JaHi 3 pi3HUX JUKEpell, BKIIYAoYd XMapHi
ciyxOu, mporpamu SaaS, cucTeMu enekTpoHHoi momTH, npuctpoi loT, mpomucnosi cucremu
yIpaBJIiHHSA Ta TpagulliiiHy MepexeBy i1H(QpacTpykTypy. BcraHoBmroroun 6a30By JiHIIO
«HOPMAITLHOT» TIOBEIHKH TSI KOYKHOTO KOPUCTYBada, MPUCTPOIO Ta TMiIKIrouYeHHs, Darktrace moske
HIBUJIKO 11eHTH(]IKYBaTH aHOMAJI1, IKi MOXKYTh BKa3yBaTH Ha MOTEHIIIHE MOPYIIEHHs Oe3MeKu.

Oyukuis mnatpopmu Cyber Al Analyst pobuth 1me oauH Kpok y OOpoThO1 3 3arpo3amu,
aBTOMAaTH3YyIOUM IMIPOLEC pPO3CIiyBaHHA Ta 3BiTyBaHHA. Llg ¢QyHKIis, KepoBaHa IITYYHUM
IHTEJIEKTOM, MOK€ CKOPOTUTH Yac 1 3yCHJUIsI, HEOOX1THI KOMaHaaM Oe3MeKu JJisi COPTYBaHHS Ta
pearyBaHHs Ha IHIIUAECHTH, YaCTO 3aBEPIIYIOUH aHaNTi3, AKHH 3aliMae FOJMHHU 32 JIYeH] XBHIIMHH.

KirouoBi ocobmmBocTi matdopmu Darktrace:

—IIII, mo camoHaBYa€THCS, MOCTIHHO aJaNTYeThCS 70 MOBEAIHKH MEpeXi, He BUMaraiouu
PYYHHUX MpaBUII 200 MiAMKUCIB
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— BUSIBJIGHHSL 3arpo3 Yy pEaJbHOMY Yaci B MO€IHAHHI 3 MOKJIHMBOCTSIMH aBTOHOMHOI'O
pearyBaHHS JUISI IBUJKOTO TTOM SIKIIIEHHS 3arpo3;

— IHTYITUBHO 3poO3yMijia Bi3yaii3allisi 3arpo3, o 3a0e3rnedye KOHTEKCTHE pO3yMIHHS
MacmTaliB 1 BIUTMBY iHIIUJICHTIB O€3MEKH;

— BceOiYHE TIOKPUTTS B PI3HOMAHITHUX HU(POBUX CEPEAOBUINAX, BiJl XMAapHUX CEPBICIB 10
MIPOMHCIIOBHX CUCTEM KEPYBaHHS;

— pO3CIlilyBaHHS 1HIMJCHTIB 3a JOMOMOTOI0 IITYYHOTO IHTEJEKTY Ta 3BITYBaHHsS uepes
Cyber Al Analyst, 1110 3Ha4HO ONTUMI3Y€e orepallii 0e3MmeKH.

Darktrace

Thoma Bravo Announces Offer to Acquire Darktrace pic.

DARKTRACE Pltforn  Products Al Research Contro Roscurces  Company  Partnors -

Defend
Across Boundaries

with the essential cybersecurity platform to defend against thrests,
known and novel, across the enterprise.

Explore the platform Watch thoanthom  »

CrowdStrike Falcon

CrowdStrike Falcon mpeacrasnsie HOBy napaaurmy miatdopm kibepbe3neku, mpornoHydu
XMapHe PINICHHS, K€ BUKOPUCTOBYE MOTYXHICTH LI Ta MammHHOrO HaBYAHHS JUIS 3aXUCTY BiJ
CKJIaJHUX KiOep3arpo3. ApxiTekTypa miaTdhopMu MoOyAoBaHAa HABKOJO €JUHOTO IOJIETIIEHOTO
areHTa, sIKuii 00’ €IHy€e YUCIeHH] QPYHKIIIT OE3MEeKH, BKIIFOYAI0UYX aHTHBIPYC HACTYITHOTO MOKOJIHHS
(NGAV), BusiBneHHs KiHIEBUX TOYOK 1 pearyBanHa Ha HuUX (EDR), xepoBanuii momryk 3arpos i
KepyBaHHS BPa3JIMBUMH MiCISIMH.

Moneni mry4ynoro iHTenekty Falcon mocTiiHO TpeHYIOThCS Ha OCHOBI TPUJIBHOHIB MOJIN
Oe3neKky WIOAHS, M0 JO03BOJIs€ TUIATGOPMI aJanTyBaTHCS IO HOBHX 3arpo3 1 3abe3medyBaTH
npoakTuBHui 3axucT. lleii BenmuuesHWit HaOlp [MaHUX Y TOEJHAHHI 3 BIOCKOHAJICHUMH
aIrOpUTMaMH MAIIMHHOTO HaBuaHHS Jo3Boyisgse Falcon BusBmATH Ta 3amoliratu HaBiTh
HANCKJIQIHIIINM aTakaM, BKJIFOYAIOYH 3arpo3u 0e3 IIKiJJIMBOTO MPOrpaMHOro 3a0e3ledeHHs Ta
daiinis.

XMapHuil gu3ailH 1uaTGopMM TNpPONOHYE KUIbKa IepeBar, 30Kkpema 0e3mpobieMHe
pPO3TOpPTaHHS, aBTOMATHYHI OHOBIEHHS Ta YHi(iKoBaHy KOHCONb KepyBaHHS. Llg apxitektypa
crpolye orepaiii Oe3MeKu, 3MEHIIye CKIAJAHICTh 1 TapaHTye, IO OpraHi3alli 3aBXIH MaroTh
JOCTYT 10 HAWHOBIIIMX MOKJIMBOCTEH aHalli3y 3arpo3 1 3aXUCTYy.

Kirouosi ocobnmuBocti mnatdopmu CrowdStrike Falcon:

— BUSIBJICHHS 3arpo3 Ha OCHOBI IITYYHOTO 1HTENIEKTY Ta MOXKIMBOCTI aBTOMATHUYHOTO
pearyBaHHS JJIs 3a11001raHHS Ta OM’SIKIIEHHSI aTaK y peaJlbHOMY 4aci;

— BJIaCHa XMapHa apXiTeKTypa 3a0e3rneuye CpoIeHe po3ropTaHHs, JErKy MaclITabOBaHICTh
1 aBTOMaTHYHE OHOBJICHHS;

— €IMHUH JIETKHUI areHT, o 00’ €IHy€e KibKa MOAYNIB O€3MeKH 7151 KOMIUIEKCHOTO 3aXUCTy
KIHIIEBOI TOYKH;

— pO3IIUpEeHa TOBEIIHKOBAa aHAIITUKA Ta aHalli3 3arpo3 JUIsl BHUSBJICHHS Ta 3amoOiraHHs
CKJIATHMM 3arpo3aM HYJIbOBOTO JIHS;

— yHi(iKOBaHa KOHCOJIb KEPYBAaHHS Ta MOJIyJIbHA KOHCTPYKIiS MIaT(opMu Ui ONTUMI3alii
oreparliii 0e3meKku Ta Jerkoi iHTerparii.

136



CrowdStrike Falcon
\GROWDSTRIKE Bl Bacices \v\ _ I Qﬁ

Cybersecurity’s Al-native platform for the XDR era

We stop breaches

CHARLOTTE 4,

MDR/CDR

Ma
s Naq
Q\CE Sep

Platform Vectra Al

Platform Vectra Al mnoswuiionye cebe Ha mepeaHboMy Kpai KiOepOe3nmekn Ha OCHOBI
IITY4HOTO iHTeNeKTy. Lle iHHOBaliiiHe pillleHHs] BAKOPUCTOBYE BIIOCKOHAJICHUH IITYYHUN 1HTEIEKT
1 aNropuTMH MAIIMHHOTO HABYaHHSA, 00 3a0€3MeUYUTH TOCTIHHUN MOHITOPUHT Yy pPEeXUMI
peaIbHOTO Yacy Bciel mudpoBoi eKOCUCTEMH OpraHi3aiii.

Mexanizm mnatdopmu Vectra Al Platform ananmizye Bennye3Hy KUIbKICTh MEPEKEBHUX
MeTaJaHuX, BKIIOYAI0Uu MoJieNi Tpadiky, MOBENIHKY KOPHUCTYBadiB 1 B3aEMOJi0 3 xmaporo. Llei
KOMIUICKCHUH MiaXia A03BoJig€ maTGopMi BHUSABIATH SK BiJIOMI 3arpo3H, TaK 1 TOHKI O3HAKH
MOTEHIIHKX aTak, SIKi MOXKYTh YHUKHYTH TPaIUIiIITHUX 3aX0/1iB OC3MEKH.

Opmniero 3 BumaTHuUX ocobnuBocrer mmaatdopmu Vectra Al Platform e ii 3maTHicTh
aBTOMATHMYHO BH3HAYaTH MPIOPUTET BUSBJICHUX 3arpo3 Ha OCHOBI iX MOTEHLIHHOTO BIUIMBY Ta
cepiio3HocTi. Ll MOXIMBICTH JomomMarae KoMaHaaM Oe3leKH 30CEPEeIUTH CBOI 3yCHWILIS Ha
HAOIIbII KPUTHYHHMX IHIHUAEHTAaX, 3HAYHO TIIOKPANIyIOUYHd Yac pearyBaHHS Ta 3arajbHy
e(heKTUBHICTH OC3MEKH.

KirogoBi ocobnmBocTi mardopmu Vectra Al:

— BUsIBNIEHHS 3arpo3 Ha ocHoBi LI moctiiftHO BimcTexye MepexeBuil Tpadik, MOBEHIHKY
KOPHCTYBaYiB 1 XMapHe CEpPEIOBHIIIC;

— aBTOMAaTH30BaHEe BU3HAYEHHS INPIOPUTETIB 3arpo3 3a JOMOMOrO0 MAIIMHHOIO HAaBYaHHS
JUISl paHKyBaHHsI BUSBJICHHUX 3arPO3 HA OCHOBI CEPHO3HOCTI Ta MOTEHIIHHOTO BILIMBY;

— TONIYK 3arpo3 3a JIOTIOMOTO0 MTYYHOTO 1HTEIEKTY, aKTUBHUHN MOITYK MPUXOBAHUX 3arpo3
y Bciif IUQpoBii ekocucTeMi;

— MIOBHA BHUJIUMICTH JIOKAJILHUX MEPEX, poOOUYMX HaBaHTaXEHb y XMapl, mporpam SaaS i
MOBEIHKM KOPUCTYBaUiB;

—IIOBHA IHTErpauis 3 ICHYIOUMMH I1HCTpyYMEHTaMH Oe€3NeKH s CKOOPAMHOBAaHOI Ta
e(eKTHBHOI peaklii Ha 3arpo3u.

Platform Vectra Al

NIECTRIN, oo, ustomern:se: Ranearchbioniin-v. [Rbsoumons: e {Porinamsv; Gommpony:. m Englih

XDR with Al on

networks.

Setting a new standard for extended detection and
response (XDR) with Al-driven Attack Signal
Intelligence.

47 JkkkA S 9
Peer Insights
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Inamghopma Internxt

Internxt mpencraBisge 3MiHYy TapajurMH XMapHOTO CXOBHINA, MNPUIIISIOUNA TPIOPUTET
KOH(IiIeHIITHOCTI KOpHCTyBadiB 1 Oe3memi JaHuX 3a JOMOMOTOK 1HHOBAIIIMHHUX TEXHOJIOTIMH,
posmupenux LI s icnanceka komnanis, 3acHoBana y 2020 porii, IIBUIKO 3aBOIOBaja BU3HAHHS
3aBJISIKU CBOEMY ITiIXOy JI0 MU pyBaHHS 0€3 3HAHB 1 ICIEHTPaTi30BaHIl apXiTEKTypi.

B ocnoBi mocnyru Internxt nexxuth mporec mudpyBaHHS Ha CTOpoHI KiieHTa. Ilepm Hik
Oyzab-sKi JJaHi MOKUHYTHh MPHUCTPiI KOpHUCTyBa4da, BOHH HIM(PYIOTHCS 32 JOIMOMOTOI0 NEPEIOBUX
QITOPHUTMIB, TAPAHTYIOUH, IO JIMIIE KOPHCTYBad BOJIOAIE KiatouamMu po3mudpoBku. Lleit migxin
rapaHrye, 110 HaBiTh caM Internxt He 3MOXe OTpUMATH AOCTYH abo MEeperyIIHyTH 30epekeHi (aiu,
3a0e3nevyroun 0e3npeeIeHTHUA PiBeHb KOH(1IESHITIHHOCTI.

JleuenTpanizoBana apxiTekrypa IuaTGOpMH, BIOCKOHAJIIEHA AaITOPHUTMaMH ILITYYHOT'O
IHTEJIEKTY, JOJATKOBO IMJBHIINYE Oe3rleKky, (gparMeHTyrouun (aim Ta pO3MOAUIAIOUN iX MIK
KiTbKOMa cepBepamu. lLle He TUIbKM TMOKpamrye CTIHKICTh AaHuX, ane W poOuTh (PaKTHUHO
HEMOXJIMBUM HEAaBTOPU30BaHI CTOPOHU BIJIHOBHUTH ITOBHI (pailiiy.

Kiro4goBi ocobauBoCTI:

—mudpyBaHHS 3 HYJIBOBUM 3HaHHSM, IO 3a0e3reuye aOCONOTHY KOH(IACHITIHHICTD
KOpHCTyBa4a Ta KOHQIICHIIINHICT JaHUX;

— mporpaMHe 3a0e3Me4eHHs] 3 BIAKPUTUM KOJOM, HE3aJICKHO IMEPeBIpeHE MPOBIIHOIO
€BPONEHCHKOIO (hipMOIO O€3eKH Ha IPO30PICTh 1 HAMIMHICTD;

— pO3IIMpeHa JCUEHTPaTi30BaHa apXiTEeKTypa, sfika (pParMeHTye Ta PO3IOBCIOKYE (ailin
IUISA OBUIEHHS O€3IIEKH Ta CTIHKOCTI;

— IHTYiTUBHO 3pO3yMIUIMN KOPUCTYBAIBHUIBKUN 1HTepdeic y BeO-A01aTKaX, HACTIIBHUX 1
MOOUTBHHX JOJaTKax /ISl 0€3MepenIKofHOro KepyBaHHs (aitinamu;

— Imeapuii piBeHb O6e3komToBHOro cxoBuiia (10 10 I'b) 1 KOHKYPEHTOCIPOMOJXKHI IIHH Ha
TUTATHI TUIAHH, 10 pOOUTH Oe3neuHe XMapHe CXOBHIIE JOCTYITHUM.

Internxt
INTERNXT o (Y ©en

© 00:23:18:22

Get a lifetime Internxt
plan!

Secure all your files and memories forever with
asingle, one-time payment.

Get 78% off

IInamgpopma Cylance

Cylance, sika 3apa3 npaitoe sk gouipHs komnanis BlackBerry Limited, 3po6uiia peBosrorito
B Oe3neni KiHLEBUX TOYOK, BUKOPHUCTOBYIOUM MOJKJIMBOCTI LITYYHOT'O IHTEJIEKTY Ta MAIIUHHOIO
HaByaHHs. OcHoBHUM npoayKT komnaHii, CylancePROTECT, BukopucToBye yHiKanbHUN TIAX1T 10
BUSIBJICHHS Ta 3aI100iraHHA 3arpo3am.

Ha BiaMmiHy BiJ TpaJuI[iiHUX aHTUBIPYCHHMX pIII€Hb, SKi MOKJIAJal0ThCAd HA BUSBJICHHS Ha
ocHoBi curHatyp, CylancePROTECT BuxopucroBye Al mnsa ananizy JAHK oaitny Ta
MMPOTHO3YBAaHHS MOTO MOTEHINIIHOI 37T0BMUCHOT TTOBeAIHKH. [le¥ mporHOCTUYHUN MiIXif J03BOJISE
IPOrpaMHOMY 3a0€3MEUEHHIO BUSBIISITU Ta OJIOKYBATH SIK BiJIOMI, TaK 1 HEBIOMI 3arpo3H, BKIIOYHO
3 aTaKaMH HYJIHOBOTO JTHS, ITEPII Hi’)K BOHU MOXYTh 3aITyCTUTHUCS Ta 3aBIAaTH IIKOIH.
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Mopeni LI Cylance HaB4arOThCS Ha MITBHOHAX SIK WIKIAJIMBHUX, TaK i Oe3meyHux Qailiis,
110 JTO3BOJISIE CUCTEMI POOHMTH Iy)Ke€ TOYHI MPOTHO3M MI0A0 HaMipy daiimy. Lle#t miaxin He TUTbKH
3abe3neuye OuTbIl e(EeKTUBHUI 3aXMCT, ale W 3HAYHO 3MEHIIYE BHUKOPHCTAHHS CHCTEMHHX
pecypciB, 3a3BUYa 1MOB’sI3aHe 3 TPAAUI[IHHUMU aHTUBIPYCHUMH PIIICHHSIMHU.

Kiro4yoBi ocobauBoCTI:

— BUSIBJICHHS 3JIOBMUCHOTO IMIPOTPaMHOT0 3a0€31ICUCHHS HA OCHOBI IITYYHOTO 1HTEJICKTY, 10
MIPOAKTUBHO BHM3HAayae Ta OJOKye SK BiJIOMi, TaKk 1 HEBIJOMi 3arpo3u, HE MOKJIAJAl0uuCh Ha
OHOBJICHHS CUTHATYP;

— JISTKMH areHT KIHIEBOi TOYKH, SIKUH BUKOpPHCTOBYE 10 20 pa3iB MeHIIE HOTYKHOCTI
nporiecopa, HiXk TpaauIliiiHi aHTUBIPYCHI PIICHHS;

—edeKTUBHE 3amobiraHHs 3arpo3aM HYJIBOBOTO JHS, 0Oe3(haiIoBUM 3IIOBMUCHUM
MPOrpaMHUM 3a0€3MEUEHHSIM 1 arakaM Ha OCHOBI IaM’sITi 3a JIOTIOMOTOK IMPOTHO3HOTO aHai3y
¢aiinis;

— CylancePROTECT Home Edition po3mmproe 3axuct kopmopatuBHoro piBHs Al Ha
0COOHCTI MPUCTPOT CIIBPOOITHUKIB O€3 KO 711 KOH(IACHIIIHHOCTI;

— MOJIMBICTH TOCTIHHOTO 3an100IraHHs 3arpo3am, sika He BUMarae MocTiHUX OHOBJIEHb a0
AKTUBHOTO TIIKJIIOUEHHS 10 [HTepHEeTY, CIPOIIyI0YH KepyBaHHS 0€3MEeKO0.

Cylance

Under Aftack?  ContactUs  RequestaDemo  Support
"= BlaCkBeffy PRODUCTS SERVICES SOLUTIONS PARTNERS COMPANY

Use Case Benefits. Awards Demo Resources GET STARTED

CylanceENDPOINT Powered by

Cylance Al

For over a decade, Cylance® Al has been deployed by businesses and
governments around the world, stopping both current and future zero-
day attacks with validated accuracy. Now it also incorporates the
intelligence of generative Al

BucHoBku

KinpkicTh aTak Ha iH(QopMaIliiiHi cuCTEMH 3pOcTae MIOPOKY BHUCOKMMH Temmamu. llpu
[IbOMY aTaKu CTalOTh BCE OLIBII BUTOHUCHUMH, & 30UTOK BiJi HUX — yC€ BUIIUM. J{0 MOTEHIIITHIX
LIed Temep BIIHOCATBHCS K MepekeBa 1HPPACTPyKTypa, Tak 1 MPUCTPOI IHTEpPHETY pedei Ta
po3ymH1 gomamiHi npuctpoi. «KimacudHi» 3aco0M aHTUBIPYCHOTO OOpOTHOM BXKE HE 3/aTHI
BIIOpATHCA 3 TAKUMH €M1AEMISIMH, 1 Ha IONIOMOTY IPUXOJATh PillIeHHs Ha 0a31 MITYYHOTO 1HTENEKTY.

Burnsaaroun no-pisHOMY CTOCOBHO CydacHUX pillleHb 3 kibepoesneku, Mmetoau LI naniiini
Ta OUIBII THYYKI 1 37aTHI MOKpallyBaTHM CUCTEMM 3aXHUCTy BiJ Bce OUIBIIOI KIUIBKOCTI
BUIIEpeKatounX Kibep3arpos. PazoM 3 Tum, He3BaXkatouu Ha 1HTEHCHUBHI 3MiHH, ki LI nepenic y
obacTh KibepOe3neku, BiAMOBIAHI CUCTEMH I1I€ HEe TOTOBI MOBHICTIO a/laiTyBaTHCA J0 CEPEIOBUILA,
a TakoXX poOUTH 3MiHM y cBoemy craHi. Ha cporoguimmniii aenp I mie He cTraB OCHOBHOIO
naHaneero Juis Oe3mekd. Y TOH MOMEHT, KOJIM JIIOACHKHH I1HTEJIeKT Mae HaMip aTaKyBaTH
IHTEJIEKTYaJIbHY CUCTeMy Oe3MeKH, 1Sl CUCTeMa 3a3Ha€ 30010. Y TOM ke yac 1€ He 03Hayvae, 10 MU
HE TMOBMHHI BHKopHcToBYBaTH Meroau IIII mnst 3axucry. HaBmaku, MM TMOBHMHHI 3HaTH HOro
O0OMEKEHHSI Ta BUKOPUCTOBYBATH 1X HAJIC)KHUM YHHOM.

139



BucHOBKMU

* KinbKicTb aTak Ha iHGOpMaLiHi cucTemMu 3pocTae
LLLOPOKY BMCOKMMU TEMNAMM

* «KnacuuHi» 3acobu aHTUBIpYCHOro 60poTbOU
BX€e He 34aTHi BNOpaTUCA 3 TaKUMM enigemiammn

* 3acobwm LI 3paTHi NOKpaLLyBaTU CUCTEMM 3aXUCTY
B, BCe BiNbLIOT KiNbKOCTI BUNEepeaKarumnx
Kibep3arpos

140



9 PexomenoBaHa JiiTeparypa
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HaBuanrpHe BUgaHHs

CouioBcbka Ipuna MukoJiaiBHa
Pycy Ouexcanap IlerpoBuu

METO/IU TA CUCTEMHA IITYYHOI'O IHTEJIEKTY

KOHCIIEKT JISKIIi# 17151 3100yBadiB IPyroro (MariCTepCchbkoro) piBHsl, sIKl HABYAIOTHCS
3a cretiaibHOCTAMU: 121 — [H3KeHepis mporpamMHoro 3ade3neyeHHs, 122 —
Komn’rotepni Hayku, 123 — Komm’totepna imxenepis, 125 — KibepOesneka Ta 3axuct
iHpopmMmartii, 172 — EnexTpoHH1 KOMyHIKaIlii Ta pagiorexnika, 014.09 — Cepenns
ocBiTa (Inpopmaruka).

YKpaiHCBKOO MOBOO
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