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HNPEATOBOP

HacTtoawmsaT yuebHuk e cb3gaaeH ¢ xxenaHueTo Aa nognoMorHe cTyaeHTuTe ot MuHHo-
reonoxkus yHusepcutet ,CB. MiBaH Punckn® — Codms, obyyaBawm ce B marncrbpcka
nporpama ,ABTOMaTtuKa, WHGOPMALUMOHHA W YynpaBnsBalia TexHWKa“, AucUWNIuHa
JWHTENUreHTHN cnuctemmn 3a ynpasnexuve®.

LlenTa Ha yyebHVKa e Ja paskpue noTeHuMana Ha CbBPEMEHHUTE HEBPOHHU MPEXW 3a
6bp3a U TouyHa 0BpaboTka Ha MHGOPMaLMs, KakTo U 3a PopMynMpaHe Ha afeKBaTHM
NpenopbLKu NPY B3eMaHe Ha pelleHns B YCroBUSA Ha HeornpeaeneHocT U AMHaMuka. Ypes
KOMGWHMPAHETO Ha TEOPETUYHU KOHLENUMU U NPaKTUYECKU MPUIIOKEHUS!, MaTepuanbT
CMyXW KaTo OCHOBa 3a (hOpMUpaHe Ha KIYOBM KOMMETEHTHOCTM B eAHa OT Haii-
nepcrnekTUBHUTE 06MacTi Ha CbBpeMeHHaTa aBToMaTU3aLUmna U U3KYCTBEH UHTEEeKT.

B nbpBuUTE TEMM € HanpaBeH UCTOPUYECKWU Mperfeq U ca NpeacTaBeHn TeopeTudHuTe
OCHOBW Ha HEBPOHHUTE MPEXW, BKMHOUYUTENHO Hal-4eCTO CpeLlaHuTe apXUTEKTypu —
€[HOCINOWHU 1 MHOrOCMonHM Mpexu. Mocnegsalimnte TeMU HaarpaxaaT Te3n 3HaHus C
BM3MS 3@ KOEBONOUMATA MeXZy YOBeka W W3KYCTBEHWS MHTENEKT W aHanuavpart
Bb3MOXHOCTUTE 3@ TAXHOTO CbBMECTHO pa3BuTHE.

OcobeHO BHUMaHWe € OTHOENEHO Ha MPUIOXKEHUSTa Ha HEBPOHHUTE MpEeXU B
CbBpPEMEHHN WHXEHEPHW U HayyHU oBnacTv — NPOEKTUMpaHe Ha enieKTPOHHWU CXeMW,
eHepruiiHa eeKTUBHOCT, ENEKTPOXMMUS U Han-Beye reoriorusi, KbAeTo U3KYCTBEHUST
MHTENEKT Beye HaMupa LUMPOKO MpurioxeHue. PasrmegaHn ca cCbllo MeToau 3a
nsbupartenHo obyyeHve npu o6paboTka Ha CEH30PHWM OaHHW, KaTo ca npueedeHu
MHOXECTBO NPUMEpW OT MpaKTUKaTa B MUHHOTO eflo M aBTOMaTU3MpaHOoTO ynpaeneHue
Ha npouecy.

ABTOpUTE M3Ka3BaT GnarogapHOCT Ha peueH3eHTMTe Hukona BuyeB Konee u apo
MapampocsiH 3a LeHHUTe 3abenexkn 1 npearnoxeHust KbM yyebHuka.

Y4eOHUKBT € CTPYKTypupaH Taka, Yye Aa Obae noneseH KakTto 3a CTyAEeHTU, Taka U 3a
WHXXeHepwW, un3cnegoBaTeny W CneunanucT, KouTo ce CTpemaT pAda npunarat
WHTENWreHTHU TEXHONOrMK B peanHaTta npakTuka.

HapsBame ce, 4e TO3n TpyA Lie Ce MNPeBbpHE B LEHEH pecypc B OOy4YeHWeTo u
npakTukaTta, B YHUCOH CbC CbBPEMEHHWNTE U3NCKBaHUA KbM MHXEHEPHOTO obpasoBaHue
1 MHOBALMOHHOTO pa3BuTuHeE.



TEMA ITBbPBA
YBOJ B TEOPUATA HA HEBPOHHUTE MPEXHU

Uen: 3anosHasaHe Ha cmydeHmume ¢ meopusima Ha U3KyCmeeHUme HE8POHHU MPEXU.
HecpuHupaHe Ha noHsAmuemo HeepoHHa wMpexa. [lpedcmassHe Ha Modena Ha
abcmpakmHusi HEBPOH, KOMIIOHEHMUME Ha HEe8POHHUME MPEeXu U ansopummume 3a
0by4yeHUemo um.

1.1 CbLWHOCT Ha HEBPOHHaTa Mpexa

MN3KyCcTBEHUTE HEBPOHHU MpeEXU (Hapu4aHu OOUKHOBEHO CaMO HEBPOHHU MPexu)
npeacraBnsBaT U3YNCIUTENHW MOAENW, Cb3fafdeHu Mo aHanorns Ha GuonornyHute
HEBPOHHU MpeXu B MO3bka Ha YoBeka. HeepoHHama Mpexa e cuctema 3a napanenHa
obpaboTka Ha MHGoOpMaLMs Ype3 B3aMMOCBbBbP3aHW CroeBe OT U3KYCTBEHW HEeBPOHM,
KOSITO CbXpaHsBa W M3MNON3Ba eKCrepuMeHTanHW 3HaHUs, aHanuaupa AaHHu U B3ema
pelueHns. HeBpoHHaTa Mpexa 1mMa CBOWCTBOTO Aa HaTpynsa UHopmauums no Bpeme Ha
cBoeTo 0b6y4yeHne. Mexay oOTAenHUWTEe HEBPOHM (Bb3NM) Ha Mpexarta CbluecTByBaT
BPB3KW, HA KOUTO Ce NpUCBOSABAT Terna, NonyyYeHy B npoueca Ha obyyeHve, ¢ KoMTo ce
perynupa cunaTa Ha Bpb3KuTe.

OCHOBHUTE enemMeHTU n XapaKkTepucTukn Ha eqHa HeBPOHHATa MpeXa ca criegHuTe:

1. HeBpoHn (Bb3nKM) — OCHOBHM rpagvBHu 6GrnokoBe Ha Mepxarta. Bceku Bbsen
nonyyasa BXogHa WHdoOpMauus (gaHHM), obpaboTBa S 4pe3 MaTemaTuyecka
YHKUMA 1 U3npaLla pesynraTa Ha cnefBalums Bb3ern.

2. CrnoeBe — HEBPOHHUTE MPEXU 0BNKHOBEHO Ca OpPraHn3npaHv B €AnH BXOAEH, eAuH
M3XOAEH CION N HAKOMKO Crosi Mexay TSX, KouTo obpaboTeaT MHdopmaumsaTa un
U3BMNYaT 3aKOHOMEPHOCTU.

3. Terna u oTknoHeHus. Bcekn Bb3en B MpexaTa uma CBbp3aHM Terna, KouTo
onpepensiT KOMKo BaXkHa e BCsKa BXxoAHa Hdopmaums. Tean Terna ce HacTporsat
no Bpeme Ha oby4yeHneTo Ha MpexaTta. OTknoHeHueTo (bias) e gonbnHUTENEH
napameTbp, KOWTO NO3BOMABa Ha MpexaTa Aa ce aganTvpa No-Aobpe KbM CNOXHU
mMoaenm.

4. AkTvBMpaLly yHKUMN — cref KaTo HeBPOHBLT 06paboTn BxogHaTa nHdopmaums,
TOW npunara akTveBuMpawia (yHKUUSi, KOSTO peluaBa Aanv TO3M HEBPOH Lie
npegage curHan HaTaTbk.

5. lNpouec Ha obyyeHne — MpexaTa ce obyyaBa Ype3 mpouec, HapeyeH obpaTHa
BpPb3Ka, KbAETO rpelikata Mexay peanHuss W npefckasaHusi pesyntat ce
pa3npocTpaHaBa Hasaz Npes Mpexarta 1 ce Kopurupar TernaTa U OTKIOHEHWATa,
3a Aa ce nogobpu ToUHOCTTa.

CoblyecTByBaT CriedHUTE BMOOBE HEBPOHHU MPEXMW: HambIIHO CBBbP3aHNM  HEBPOHHMU
mpexu (Fully Connected Networks — FCN), npu kouTo BCEKM HEBPOH OT eauH CrioW e
CBbP3aH C BCEKW HEBPOH OT crieAsalluMsi Crol; KOHBOSIOLMOHHN HEBPOHHW MPExXu,



(Convolutional Neural Networks — CNN), nsnonssart ce npeaMmHo 3a obpaboTka Ha
13006paxeHnss U BUMOEO, MU3BMUYAT MPOCTPAHCTBEHW 3aKOHOMEPHOCTWM OT AaHHUTE; U
pekypeHTHU HeBpoHHU Mpexu (Recurrent Neural Networks — RNN), konTo nmat Luknuynm
BpPBb3kK, No3sonsiBalm obpaboTkata Ha nocrnefoBaTenHN AaHHU KaTo BPeMeBU cepum
WINN TEKCT.

OCHOBHU xapakmepucmuku Ha 6uoo02UYHUS HEBPOH

BronornyHuaT HeBpOH (HepBHa KneTka) ce CbCTOM OT TAMO Ha krneTkata (coma),
OeHOpUTU, akcoH u cuHancy (dur. 1.1). HepBHaTa kneTka ce cBbp3Ba C APYruTe KINeTKM
4ypes OeHAPUTUTE U aKkCoHa, KaTo Ype3 AeHOpuTUTe KrneTkaTta nonyyaea curHanm ot
akcoHuTe Ha apyrute kneTkn. CuHancute ca mecTaTa, OCbLUECTBABALLM caMaTa Bpb3ka
1 npeobpasyBaluy NonyyYeHUTe curHanu, KOWTO crief ToBa ce npefasart Mo AeHOpUTUTe
KbM TAMOTO Ha KneTkaTa. Tam curHanuTe OT CuHarcuTe (CBbp3aHu C AeHApUTUTE) ce
CyMupaT 1 ako HMBOTO Ha pes3ynTaTHWUS CUrHan NpeBuLIn NpeaBapuTenHo onpeaeneHa
CTOMHOCT, Ce reHepupa CUrHan, 4pe3 KOMTO Ce Bb3[elcTBa Ha OCTaHanuTe HepBHU
KNeTKu.

LeHoputn
—————

Coma

CuHancu

®dur. 1.1 Cxema Ha OCHOBHUTE KOMMOHEHTU Ha BUONOTNYHNST HEBPOH

OnpocTeHa cxema Ha HeBpPOHa, 3aefiHO C MOTOKAa Ha CUrHana, KOWTo NMpoTuya Npe3 Hero
(oT cMHancuTe npe3 AeHOopUTUTE KbM COMa U crief TOBa Mpe3 akcoHa KbM creaBaluusi
HEBPOH) e npeactaBeHa Ha dur. 1.2.
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®ur. 1.2 Cxema Ha OCHOBHUTE KOMMOHEHTU Ha BUONOrMYHUST HEBPOH

1.2 Moaen Ha abcTpaKkTeH HEBPOH

M3KyCTBEHNTE HEBPOHHN MPEXM, KAaKTO BMOMOTrMYHUTE CEe CbCTOSIT OT HEBPOHU. Bcekm
HeBpoH (Pur. 1.3) nMa MHOrO BXOAOBE X1, X2, X3,...,Xn., @HAN03n Ha AeHOPUTUTE, B KOUTO
NOCTbNBAT BbHLUHW CUrHAMNM UNN UABAaLUM OT U3XOAMTE Ha ApYyrv HEBPOHU. Ha Bcekm Bxop,
€ MPUCBOEHO TErmo I MoAgenvpallo cunata Ha Bpb3kaTa Npuv npedaBaHe Ha curHana.
Bcuykn BXogHU curHanu ¢ TEXHUTE Terna ce cymmpar B cymaTop Ypes popmynaTa:

V=Y = Yk=1 Wik X + b. (1.1)

Bxomun
CHTHAIHn

Xt —  »
X2 >

Xn

Terna OtMmecTBaHe
AKTIHBaIHOHHA
$yHKIII Isxoxn

w2

Wm

®wur. 1.3 Mogen Ha nsKyCTBEeH HEBPOH

Mpn mogena Ha HeBpoHa ce AobaBsi oTmecTBaHe b (bias) 3a peanuavpaHe Ha noseve
cTeneHn Ha cBoboda. AKTMBaUMOHHaTA (YHKUMS € HemnuHenHa YHKUMS, KOATO
npeobpasysa pe3ynTtaTta OT cymatopa 1 noaasa curHana Ha usxoga Ha HeBpoHa:

y=f(vij) = fCRoy Wi . x5 + D). (1.2)



AnmepHamusHa gpopma Ha Moderna Ha He8poHa

Mpu anTepHaTnBHaTa opma (Pur. 1.4) oTmecTBaHeTO b ce nNpeacTaBs KaTo Terno wy,
CBbP3aHO CbC CUrHan € NOCTOSIHHA CTOMHOCT 1, M3XOABT Ha HEBPOHA ce onpefenens ¢
dopmyna (1.2), a usxoabT Ha cymaTtopa uma Buga:

— —_yn
v =Yy = D=1 Wi - X (1.3)
Bxoguu
CHIrHaTH
Terma
Xo=+1 wo=h
_— AxTHEAaUHOHHA
byHKIEA
Xy —* Wy Hzxon
Xo ____ , Wo ._ JiO)
Xm —  p Wnm V= Vin

®ur.1.4 Cxema Ha anTepHaTuBHaTa opma

1.30CHOBHM KOMMOHEHTH Ha HEeBPOHHUTE MpPEeXu:

» ApxuTekTypa Ha MpexaTa — 3ajaBa Ce OT HayMHa Ha CBbp3BaHe Mexay
HEBPOHUTE 1;

» AnroputbM Ha 06y4YeHne — HA4YMHBT MO KOWTO Ce HACTPOoViBaT Ternarta Ha Bpb3kute
Mexay HeBpoHUTe, 3a [la MOXe HeBPOHHaTa Mpexa Ja npeobpasysa curHanuTe
MO XenaHUs HauvH;

» MNpepaBatenHa (akTMBauuMoOHHA) YHKUMA — MaTematuyecka yHKkUMs 3a
M34ncnaBaHe Ha W3XOOQHWUSA CUrHam; onpedens Kak Lie pearpa HeBpOHa Ha
noAaafeHvNTe BXOAHW CUrHamnu.

1.3.1 ApXuTeKTypu Ha HEBPOHHUTE MpeXu
Bcsika HEBpOHHa Mpexa ce CbCTOM OT rpynvMpaHn HEBPOHU B CIIOEBE:
» BxogeH crnon, KONTO NorlydaBa BXOOAHWUTE AaHHW;
» Ckputu cnoese. MoraT ga 6baat eavH WM HAKOMKO CIOSi MexXAy BXOOHUS U
U3XOOHWS CMOW, KOUTO U3BBPLLBAT U3YUCTIEHUS YPE3 HEBPOHM.

» V3xofeH cnow, KOMTO reHepupa U3XoaHUs pesynTaT Ha Mpexara.

ApxuTekTypaTta Ha HEeBPOHHaTa Mpexa ce onpegens oT 6pos Ha HelHWTe crnoeBe, Opos
Ha HEBPOHWUTE B CMOEBETE M HauMHa Ha CBbP3BaHE MeXAay CroeBeTe.



OCHOBHM BUAOBE apXUTEKTYpU:

» EpHOCNOVHKM ¢ egHONOCOYHO NpefaBaHe Ha curHana (dur. 1.5.a): nHdpopmaumaTa
ce npefasa OT BXOOHUS CIOW KbM U3XOAHWS CINOW caMo B edHa Mocoka (Hanpen),

6e3 LMK unm obpaTHN Bpb3KY;

» MHorocnonHmn c egHONOCo4YHO npegaBaHe Ha curHana (dur. 1.5.6): umaT HAKOMKO

CKpUTK Crnoa Mmexay BXoAHUA N N3XO0OHUA cnown;

» PekypeHTHU mpexu (Pur. 1.5.8) — Mpexu ¢ obpaTHM Bpb3KM, KOUTO MO3BONsBaT
MHdopmaumsaTa fa 6bae 3ana3eHa U 3NoN3BaHa B cneaBall, MOMEHT; NOAXOAALLMN
3a obpaboTka Ha nocnepgoBaTenHW AaHHU. MmMaT BbTpewHu obpaTHU Bpb3KM
(peKkypeHTHM Bpb3KK), KOETO 03HavaBa, 4Ye Te MoraT Aa NOMHAT nHdopMauus ot

npeavlHn CTbnKn.

BxoneH cnoit
HEBPOHH
MaxoneH cnoin
HEBPOHN

a) EgHocroiiHa Mpexa ¢ eJHOMOCOYHO

npeanaBaHe Ha CUrHana

BxogeH crnoit
HEBPOHU

CKpWT Crnoi
HEBPOHU

3xoaeH cnoit
HEBPOHK

N A

&

6) MHOrocnowHu ¢ eAHONOCo4HO
npegaBaHe Ha curHana

BxopeH cnon
HEBPOHM

OOpaTHK BpbL3KK

CrpuT cnow
HEBPOHN

QObpaTHH BPB3KK

W3xopex cnoit
HEBPOHK

B) PekypeHTHU Mpexu

®ur. 1.5 ApXMTeKTypy Ha HEBPOHHW MPEXU
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1.3.2 TMpuHUMNK Ha OOy4YeHne Ha HEBPOHHUTE MPEXu

Bcsika HeBpoHHa Mpexa, KOSTO MMa MoHe eduH CKPUT Croi OT AocTaTb4YHO Ha 6poi
HEBPOHW MeXay BXOOHWUSA U U3XOAHMUS CIOKN, MOXe Aa MoAernvpa NnoBeAeHNeTo Ha Besaka
PyHKUMSA. PYHKLMOHANHOCTTa U NOBEAEHUETO Ha HEBPOHHATA MpeXa ce OnpeaensT ot
Ternata Ha Bpb3KUTE Mexdy HeBpoHuTe. Bcsika HeBpoHHa Mpexa Tpsbea ga 6bae
npeasaputenHo obyyeHa, 3a Aa pellaBa gageH npotnem. ObyyaBaHeTo Ha HEBPOHHATA
Mpexa ce OCbLLEeCTBSIBa Ypes NpoMsiHa Ha Ternarta Ha Bpb3KUTE MeXIy HEBPOHUTE, KaTo
ce cneaaT onpeaeneHy NpUHLMUNW.

OcHoBHUTE npuHUMNKU 3a HaCTpOVIKa Ha Ternara Ha MpexarTa ca:

» Kopekuus Ha rpewkara (dur. 1.6).
MpaBuno Ha Widrow-Hoff (aenta npasuno).
Heka ca 3agapeHu xenaHu BXOOHO-U3XOAHW KOMOWHaUMM OT AaHHU. 3a HeBPOH
Homep k ca aageHn L Ha Bpoit )enaHu BXOAHO-U3XOAHU Cepum:
{1 (D x2(D) 23D .. % (D} (D), 8 =1,23... L. (1.4)

Ha ctbnka t npy 3agageH BxodeH BekTop {x; (t) x,(t) x3(t) ... x,(t)}, ce nsumcnsieza
M3X04HUS curHan yy(t).

Onpepgens ce rpelukara:

e, (t) = di (8) — yi (D), (1.5)
KbaeTo dy (t) — kenaH usxoa Ha HeBpPOHa.

OeduHupa ce dyHKUMs Ha rpelukaTa (Luenesa gyHKLUs), 0BMKHOBEHO:

e(t) = 0.5e2(0). (1.6)

Bxoann
CHIHAIH

Ter1oBHH KOCHHUHEHTH

AKTHBalIHOHHA
by
Hsxon

@ [~
Vi

A TEM 3 ‘
L opoxmua peman 2
ar

dy,

®ur. 1.6 Cxema Ha npuHUMna ,KopeKkumMs Ha rpeLukara”



LleneBata yHKLUMSA 3aBUCK OT TbPCEHUTE Terna wyy = by, Wi, Wiy, -, Wi 1€MNaTa

TpsibBa Aa 6baaT TakuBa, Ye Aa ce MUHMMU3MPA LenesaTta gyHKUMS. 3a BCAKO OT

TernaTa Ha AajeHa CTbMKa t ce onpegens goHacTponka Awy;(t),i = 0,1,2,...,n. Mpu

NWHENHa aKTMBaUMOHHA (YHKUMS [oHacTpoikata uMa Buaa Awy(t) =

ue()x;(t),i =0,1,2,...,n,

KbEeTO y — CKOPOCT Ha obyyeHne (napameTsbp).

KaTo pesynTaT ce dhopmmpa CTOMHOCTTa Ha cneABallyaTta cTbnka f+71 Ha Ternata
Wi (£ + 1) = wi () + Awy (). (1.7)

» TpuHUMN Ha MMHUManHOTO pa3cTosiHue (6nm3ocT Ao obpasuute).

HaunH Ha perictBre: popmumpat ce 06pasum oT NpaBUHO KracuduumMpaHn BXOLHN
BEKTOpU — BXOOHM obpasuu 3a HeBpoHHaTa mpexa. [eduHupa ce kputepuin 3a
6nm3ocT (cbceacTBo) 4O Bceku obpaseL, 1 NpaBuioTo 3a 06yyYeHue ce npunara camo
3a BXOOHW BEKTOPU, KOMTO Ca B CbCEACTBO Ha CbOTBETHUTE obpasuu. Ha To3n
NpUYHUMN OeicTBaT anroputMmTe Ha Han-6nm3knTe cbeeau, k-Te Han-6nmM3ku cbeeaw,
pagunanHu 6asucHu pyHKUMUK 1 ap.

» T[paBuno Ha Hebb (npeanoxeHo oT kaHaackusi Hesponor [oHana Xe6 npes3 1949 r.):
AKO aKTMBMpaHeTO Ha HeEBPOH K e CBbp3aHO C akTMBMpPaHEeTO Ha HEBPOH L, To cunaTa
Ha Bpb3kaTa Mexay TsX ce yBenuyasa (KONKOTO Mo-4eCcTo ABa HeBpPOHa ce akTuBmupar
€HOBPEMEHHO, TOMKOBA MO-CUIHa CTaBa CUHaNTU4YHaTa Bpb3ka Mexay Tsx). AKo
aKTuBMpaHeTo Ha HeBPOH K He e CBBbP3aHO C akTMBMPaHETO Ha HeBPOH L, To cunata
Ha Bpb3KaTa Mexagy TsaX Hamansea. CnefoBaTenHo KopenupaHute akTueauum
ycuneaT Bpb3KWUTE, a HEKOpenvpaHuTte rn otcnabear.

Heka ca papgenu:

Vi (n) — n3xoaeH curHan Ha k-Tn HeBPOH; y;(n) — M3XOAEH CUrHanm Ha i-TM HEBPOH Ha
cTbnka n. M3nonseaiku Haml-npoctata ¢opma Ha anropuTbma 3a obyyeHue c
npaBuNoTo Ha Xeb, CTOMHOCTTa Ha TErMOTO Ha Bpb3kaTa wy; MeXAy ABa HEBPOHa ce
JoHacTponBa ¢ Awy; = uy,(n)y;(n), u — ckopoct Ha 0byyeHue. MNonyyasa ce HoBaTa
CTOMHOCT Ha TernoTo wy; + Awy;. TO3U NPUHUMN € Hamepwun NpunoXxeHue npu
HEBPOHHUTE Mpexu Ha Xeb n anckpeTHUTe Mpexu Ha Hopfield.

» CobpeBHoBaTeneH npuHUun. To3u NpUHUMN Ce M3Mon3Ba Npu MeToda 3a yvyeHe 6e3
yuuTen. Mpu Hero BXoAHUTE BEKTOPM Ce CaMOoopraHvampat no NoaxoAsiy HauvH. Mpu
HOB BXO/IeH BEKTOpP, HEBPOHWTE Ce CbpeBHOBaBaT Kol Aa 6bae Haii-6nm3o fo Hero. B
NpoCTUTE Crydan ce NPOMEHNT TernaTta Ha Bpb3K1Te, CBbp3aHu C HEBPOHa, crevenun
cbcTe3aHveTo. [Mpumepu: Mpexu OCHOBaHM Ha CbpeBHOBaHWE, Ha afjanTUBEH
pe3oHaHc, Mpexu Ha Kohonen.

1.3.3 AKTMBaUMOHHM DYyHKLUM

» JluHelHa akTMBauUMoHHa yHkuma (Pur. 1.7);



®ur. 1.7 Npadvka Ha NMHeHa akTUBaLMOHHa PYHKUNS

» IuHeliHa dyHKums ¢ HacuwaHe (Pur. 1.8);

JuHeliHa aKTMBaLMOHHA GYHKUMA C HacuaHe

1,2

HacuuaHe

15

®ur. 1.8 MNpadmkn Ha NHeHa akTUBaLUMOHHa (PYHKUMS C HacuLiaHe

» PeneHa dyHkumsa (dur. 1.9);

Peneiina dyHkuyma
12
1 ¢— o o o
08
06
04

02

Peneiina pyHkumua
15
1 o
05
o

-0,5

®ur. 1.9 Mpadumkn Ha peneriHa dyHKLMS
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» CurmounganHa dpyHkums (dur. 1.10):

Ha ®wur. 1.10a ca nokasaHu rpadvkym Ha curMougHu dyHKumnM c dopmyna: y =

flv) = m;_”k CbC CTOMHOCTW Ha napameTsbpa z: 1, 2, 3, 0.5 1 0.25.

Ha owur. 1.106 ca nokasaHu rpacpuku nony4yeHn c npunaraHe Ha copmynara: y =
1—-e~ %Yk

fv) = TTo7w OBC CTOMHOCTU Ha napameTbpa z: 1, 2, 3, 0.5 1 0.25.

Curmonganta dyHKumMA Curmoumpanta dyHkuma

——z=1 2=2 =3 =05 —8—3z=04

6)
®ur. 1.10 padpnkm Ha curmomaanHa yHKUMS

1.4Knacudumkaumsa Ha HeBPOHHUTE MPEXMU.

[1Be ca ocCHOBHUTE a3 Npu M3MON3BaHETO Ha HEBPOHHUTE MpeXu: obyyYeHneTo, npu
KOeTO Ce HacTpoiBaT Ternata Ha Bpb3kuTe W hasa Ha peanHo U3nonasaHe, npu
KOATO curHanute ce obpaboTsar, KaTo ce 3agapat Hy>KHUSA Opoli BXOOHW BEKTOPY 1
C€ U3YUCNAT CbOTBETHUTE U3XOLHU BEKTOPU.

Knacudukaums cnopepn asarta Ha obyyeHune:
— O6yuyeHue c yuuTen (supervised lerning).

KoHTponupaHo oby4eHne — 3a BCeku BXOAEH BEKTOP € U3BECTEH U3XOAHUS pe3ynTar.
MpexaTa ce TpeHWpa C MOMOLUTA Ha OAHHU, KOUTO CbAbPXaAT KaKTO BXOAHU
CTOMHOCTM, Taka U TeXHUTE oYakBaHW nsxoam (etuketn). OcHOBHaTa Len e Mpexara
Aa "Hayuu" Kak ga npeackassa U3xoamTe Bb3 OCHOBA Ha BXOAHWUTE AaHHWU. To3u Tun
oby4yeHMe ce Hyxdae OT ronsiMo KONMMYECTBO eTUMKETUpaHu AaHHu. [pelukata ce
nsyncnsBa Ype3 yHKUMsA 3a 3arybu u ce mM3non3ea 3a Kopekuus Ha Ternarta.
Hamwupat npunoxeHve 3a pasnosHaBaHe Ha obpasu, knacudukauums Ha TeKcT,
nporHosupaHe Ha BpeMeBW pefoBe. TakuBa apxXWUTEKTYpu ca MHOroCronHUTe
nepuentpoHn (MLP), CNN, RNN.



— ObyueHune 6e3 yuuten (unsupervised lerning).

B npoueca Ha camMooby4yeHVe ce OCbLUECTBSBA CAMOOPraHU3auusi Ha BXOAHUTE
BEKTOPY MO NOAXOAsLL 3@ npoLeca HauuH. MpexaTta paboTu ¢ HeeTUKeTUPaHW AaHHW,
HAMa npeABapuTENHO AedrHupaHu naxoau. Llenta Ha MpexaTta e ja OTKpUe CKpUTH
Mogenu, rpynu Unu CTpyKTypu B AaHHUTe. HamupaT npunoxexve npu 3agadu kato
KNbCTepU3aLus, HaMansiBaHe Ha Pa3MEPHOCT, IpynupaHe Ha U306paxeHus.

TakuBa apxuTeKkTypy ca ABTOEHKOAEPH, K-CpeaHu knbeTepn (k-means), u ap.

— MNonykoHTponupaHo obyyeHue (semi-supervised learning).

MonykoHTponunpaHoto 06y4YeHWe cbyeTaBa KOHTPOMMPAHO W HEKOHTPONMPaHO
oby4yeHne Ype3 U3non3BaHe KakTo Ha eTUKETUPAHW, Taka U Ha HEMapKUpaHu JaHHU
3a obyyeHve 3a 3agauvM 3a knacudukauums u perpecusi. Bbnpeku ue nony-
KOHTPONMPaHOTO O0y4YeHMe OGWMKHOBEHO Ce M3MOM3Ba 3a CbLUMTE Cryvyau Ha
ynoTpeba, B KOMTO MoraT Ja ce U3non3BaTt KOHTPONMpaHu MeToamn Ha obydyeHve, To
ce OTnuYyaBa C pasfmyHu TEXHWUKW, KOUTO BKIOYBAT HEMapKUpaHu AaHHU B MOAENHO
obyyeHvne, B [OMbMHEHWE KbM €TUKETUpaHUTe [faHHW, HeobxoauMu 3a
KOHBEHLMOHAMNHOTO KOHTpOnupaHo o6yyeHue. [onykoHTponupaHuTe MeToau Ha
obyyeHne ca 0cobeHO NOAXOASWM B CUTyauuu, B KOWTO MOSly4aBaHeTo Ha
[OCTaTbyHO KOMWYECTBO eTUKeTMPaHW [daHHW e TpyAHa Wnu ckbha 3agaya, Ho
HsIKaKBM KONIMYECTBa HeMapKMpaHu JaHHU ca OTHOCUTESTHO NIeCHM 3a rnorny4vaBaHe. B
TakMBa CLEHApUMW KOHTPONMPaHWTE W HEKOHTPONMpaHWTe MeToau Ha obyyeHve
MOOTAENHO He MOraT 4a OCUTYPSIT aAEKBaTHU PELLEHUSI.

— Mopgnomaratyo o6yyeHue (Reinforcement Learning).

Tyk mMpexaTta He u3nonssa npeaBapuTerHo AeduHUpaHu eTukeT, a ce obydvasa
Yype3 B3auMofencTBMe CbC cpeda. Mpexarta nonyyaBa obpaTHa Bpb3ka nop
chopmaTa Ha Harpaga unv HakasaHve Bb3 OCHOBa Ha CBOUTE AEWCTBUSA, U LenTa e Ja
MakcuMusvpa AbArocpoyHaTa cu Harpaga. Mpu ToBa obyyeHne MOAEensT yyu Ypes
OMWUTY Y FPELLKK.

M3nonssa ce B AMHaMWYHW cpeau, KbAETO AENCTBUSTA Ha areHTa BNUSAT BbPXY
6beLLoTO CbCTOsIHUE Ha cpeaaTa. Moxe Aa ce M3nonssa nNpy aBTOHOMHU PoBOTU U
urpn. Takmea apxutektypu ca Q-learning n deep Q networks (DQN).

Knacugbukayus crioped ¢hazama Ha U3non3eaHe:

— C epHonoco4yHo npepaBaHe Ha curHana (Feedforward Neural Networks — FNN).
WHdopmaumsaTa ce npeaasa B eHa NOCoKa — OT BXOAHWUS CIOVi Npe3 CKpUTUTE crioese
[0 n3xoaHust cnon, 6e3 obpatHW BpPB3KW. HamMa uMKnM nnu BpbLUaHE Ha curHana KM
NpeavLLHN CrnoeBe, KOeTo MM NpaBu CTaTUYHU MpPexu. Te3n Mpexu HamaT nameT, BCEeKu
BXOA ce obpaboTBa He3aBMCMMO OT MpeAxoaHUTe BXOAoBe. M3nonssaT ce 3a 3ajaun
KaTo knacudukaums, pasnosHaBaHe Ha obpasw, npeackasBaHe W perpecusi. Takasa e
apxvTekTypaTa Ha nepuenTpoHa (Hark-NpoCTUAT TUMN HEBPOHHA MpeXa C eAuH Crion),



MHOTOCJIONMHUS MEPLENTPOH, KOWTO BKIKOYBA €4MH UIM MOBEYE CKPUTU CIIoeBe MeEXAY
Bxoda ¥ m3xoda u CNN, kouTo ca nogxoaswm 3a obpaboTka Ha U300paxeHus U
pa3nosHaBaHe Ha obpasu.

— C obpaTHy Bpb3KkU (PEKYPEHTHU MPEXU, OMHAMUYHU Mpexu). MimaT obpaTHU Bpb3KM,
KOETO 03HayaBa, Ye MHpopmauuaTa Moxe Aa ce Npeaasa U B ABETE MOCOKU — KakTo OT
BXOZa KbM M3X0da, Taka W Hasag, OT U3XOAHUTE HEBPOHU KbM MpeaullHuTe croese. Te
ca AUHaAMUYHU MPEeXK, TbiA KaTo MoraT [a 3anoMHST NpeauLLIHN BXOAOBE U Aa U3Mon3saT
Tasu MHpopmaums B 6baellm nauncrneHus. HeBpoHnTe Morat Aa BAUSST Ha NpeauLLHn
CbCTOSIHUSI Ha MpexaTa, KOeTo Cb3faBa UMKIM B HelHaTa cTpykTypa. Mpexarta uma
KpaTKocpoyHa nameT, KOsiTO 1 No3BonsiBa a o6paboTBa NocnefoBaTenHOCTM OT AaHHW.
Moaxopsium ca 3a 3agayn, CBbpP3aHU C BPEMEBUM MOCHEA0BaTENHOCTA U 3aBUCUMOCTH,
KaTo pasno3HaBaHe Ha peY, NPeBOA Ha TEKCTOBE, MPOrHO3NpaHe Ha BpeMEBU peaoBe.

HeBpoHHWTE MpeXun C eAHOMOCOYHO MNpeAaBaHe Ha curHana u obyyeHve c yuuTen ca
noaxoasily 3a pellaBaHe Ha 3afayu C anpokcUMauuu: NUHENHU PEKYPCUBHU MPExXH,
6a3vipaHn Ha NPaBUIOTO 3a Hali-Mank1Te KBagpaTu, Mpexu c o6paTHO pasnpocTpaHeHue
Ha rpeLukaTa, Mpexu ¢ paauanin 6asncHu yHKLUK.

HeBpoHHWTE MpeXun C eHONOCOYHO NpefaBaHe Ha curHana v obyveHne 6e3 yunten ca
NOAXOASALLM 33 33A4a4M C U3BMIMYAHE Ha MPU3HaLM OT BXOAHWUTE AaHHW; npeobpasysaHe
Ha BXOHWTE AaHHW OT eaHa obnact B Apyra (Hanpumep oT BpeMeBa 06nacT B YecToTHa
obnacTt). TakuBa ca mpexwute Ha Hebb, camoopranusmpalum ce mpexu Ha Kohonen,
Mpexu 6asnpaHn Ha cbpeBpoBaHue U ap.

HeBpoHHWTE Mpexu ¢ obpaTHa Bpb3ka ca noaxoasiuy npu paboTa c BpemeBu peaose,
Thbii KaTO BLTPELLHOTO MM CbCTOSIHUE CE MPOMEHSI C BpeMeTo. TakvBa ca pekypeHTHUTe
HEeBPOHHU Mpexu ¢ 06paTHO pa3npocTpaHeHne Ha rpeLukaTa.

1.5CbBpeMeHHU NPUoXeHus

HeBpoOHHWUTE Mpexu uMaT pasHoODpas3HM CbBPEMEHHU MPUIOXKEHUS B PasnnyHU
obnactu, bnarogapeHve Ha TexHWTe CnocobHOCTK Aa ce obyyaBaTt ype3 npumepu, ga
pa3nosHaBsart WwabnoHun, n aa 06paboTBaT ronemMm KonM4ecTBa AaHHW.

Pa3srnosHasaHe Ha o06pa3u. HeBpOHHUTE MpEXM KaTo HanpuMep KOHBOSMIOLMOHHUTE
HEBPOHHM MpexXun, Cce W3Non3BaT B 3aJayn 3a pas3no3HaBaHe, knacudukaumsa wu
aBTOMaTUYHO MapkupaHe Ha pasrno3HaTy 06ekTW. HeBpOHHWTE Mpexu ce u3nonasaT B
cucTemMuTe 3a aBTOHOMHO YNpaeneHune, kaTto nomaraT Ha aBToMobunuTe ga pasno3Hasat
MbTHU 3HaUW, NeLLIEeXOAUM 1 APy NpeBo3Hu cpeacTea. Komnanum kaTo Tesla nsnonasar
CMOXHW HEBPOHHW MPEXW 3a B3EMaHe Ha peLueHust B pearnHo Bpeme.

Obpabomka Ha OaHHU. HeBpOHHUTE MpEexu Mn3nonseat NpuHUMNa Ha napanenHarta
obpaboTka Ha MHopMaumsaTa u ca eddeKTUBHU Npu 3agaymn 3a obpaboTka B peanHo
BpemMe Ha ronemu obemu AaHHU. B MHXeHepcTBOTO U Hay4HUTE uscrnenBaHns HamvpaT
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npunoxexHne npu obpaboTka M aHanM3 Ha curHanu, usobpaxeHus, duntpaumsa Ha
CcurHanu, MoaenupaHe v yrpaBreHUe Ha CIOXHU NpoLiecu.

Obpabomka Ha ecmecmeeH e3uk. HeBpOHHUTE Mpexu, 0COBEHO PEKYPEHTHUTE MPEXU
MoraT Aa Ce U3nonseaT 3a aBTOMaTU4YeH NPeBo/ Ha TEKCT, Thii kaTo MoraTt Aa obpaboTear
ronemu nocriegoBaTenHoOCTN oT AyMu u koHTekcT. Mogenute kato GPT (Generative Pre-
trained Transformer), kouto m3nonssart npeobpasyBaTenHU apxXUTEKTypu, MoraT fa
reHepupar TeKCT Ha 6a3aTa Ha KOHTEKCT 1 Aa OTroBapsAT Ha BbNPOCH (AHEC ce nsnonssar
B cuctemm kato ChatGPT, cb3gagenu ot OpenAl).

PasnosHasaHe Ha peu. /Ianon3BaHe 3a pa3no3HaBaHe, UHTEPNPETUMPaHE Ha FOBOPUM €3UK
1 B3aMMOAEWCTBME C rMacoBu kKomaHan. ToBa BKMoYBa 1 TpaHcdopmaumsaTa Ha peyTa B
TEKCT, KakTo 1 pa3bupaHeTo Ha KoHTekcTa Ha BbnpocuTe (Google Assistant 1 Amazon
Alexa).

Badayu 3a knacugukayus u anpokcumayusi. Mpu HanMume Ha ronemm o6emu oT BXOAHO-
M3XOAHM pa3HoObpasHW AaHHW Ja ce HaMepsaT aHanuMTUYHU 3aBUCMMOCTM, OMWCBALLM
npouecute n obeKkTUTE € Tpygoemka 3agaya, C KOSiTO MHOTOCIIOMHUTE HEBPOHHU MpeXu
ce crnpaBsiT, MoAenupaiku ycrewHo TakvMea npouecu. HeBpoHHUTE Mpexu paboTst
YCTOWYMBO M HaAEXAHO AOPW MpU HETOYHOCTU B KoeduumeHTUTe Ha mpexaTta. Kato
He[oCTaTbK Ha HEBPOHHUTE MPEXMN MOXe [a Ce U3TbKHe (PaKTbT, Ye Te HAMaT MeToaun
3a 0byyeHue, gaBally Bb3MOXHOCT 3a reHepupaHe Ha UHOopMaLus, KOSTo nuncea B
[aHHUTe, C KOMTO ce oby4vaBa Mpexara.

30paseornaszeaHe. HeBpOHHUTE Mpexu ce U3NOn3BaT 3a aHanmM3 Ha MeaVLUMHCKM
1306paxeHns (kaTo PEHTrEHOBU CHUMKM, SAPEHO MarHUTEH PE30HAHC) U 3a NoAnoMaraHe
Ha [AuarHoctuuMpaHeTo Ha 3abonsBaHuA kato pak, AuabeTt, CbpAEYHO-CbAOBM
3abonsaBaHns. Hanpumep AbNOOKUTE HEBPOHHU MPEXU Ce MU3MOoM3BaT 3a OTKpUBaHE Ha
pakoBW KNeTKU B MeAULIMHCKN N306paxeHus.

@QuHaHCco8U MmexHonozuu. HEeBPOHHUTE MpeXu ce K3Non3BaT 3a npeackasBaHe Ha
OBWXKeHVATa Ha (MHAHCOBWUTE Nasapu, aHanu3 u OoNnTUMM3auMs Ha WHBECTULWK;
OTKpMBaHe Ha MNOAO3PUTENHM TpaH3akuuM M M3MaMu B peariHo Bpeme, KaTo ce
aHanuaupaT Xunsam napameTpu 3a HeobryanHo noBeaeHve.

Uepu u uskycmeeH uHmesnekm. HeBPOHHW Mpexu, n ocobeHo AbnOokoTo obyyeHne ¢
nopcuneaHe (Deep Reinforcement Learning), ce nsnonaear B CNOXHW AUHAMUYHU UMPH,
npu Cb34aBaHETO Ha CIOXHW CTpaTerm B Urpy KaTo Lax, MOKep U APYru.

B npunoxHaTta maTeMaTuMka HEBPOHHUTE MPEXW CE M3MON3BaT 3a pellaBaHe Ha 3aJauqv
C anpokcumaums, ontummsauus 6e3 M C orpaHMyeHus, peluaBaHe Ha ypaBHEHUS U
CUCTEMM ypaBHEHUWsl. B cTtaTtucTMkaTa HEBPOHHUTE MPEXU HaMupaT MPUNOXEHWE KaTo
MOZENU 3a HENMUHENHa perpecus U knacugukaums 3a NporHo3MpaHe Ha BpEMEBU peoBe.



1.6 McTOpI/I"IecKO pa3BuTUe Ha U3KYCTBEHUTE HEBPOHHU MpPeXun

1.6.1 MbpBOHavanHu ngeu n BobxHoseHue (1940-te)

Pa3BuTMeTO Ha U3KYCTBEHNTE HEBPOHHU MPEXMN B UCTOPUYECKM NNaH € NPeACTaBeHo Ha
dur. 1.11.

YopbH Makkbnoy (Warren McCulloch) n Yontbp lMutc (Walter Pitts) npe3 1943 r.
NpeacTaBAT MbpBUS MaTemaTuyeckyn Mofen Ha HeBpOH, u3BecTeH kato Moden Ha
Makkbroy-llumec, KOWTO OMMCBA KaK HEBPOHWTE MoraT Ada M3BbPLIBAT NOrMYecku
onepauuu. To3n aMckpeTeH Mofen u3nonaea buHapHa noruka, ukcupaHu Terna, HaMa
obydeHve. [IBamaTa yyeHu [oka3BaT, 4ye BCSKa mMatemaTudecka yHKUMS Moxe fda ce
peanuavpa c HeBpOHHa Mpexa.

lMpunyunbsm Ha Xeb (Hebb). QoHana Xeb npepnara npe3 1949 r. Teopus 3a obyyeHneTo
Ha HEBPOHHAa MpeXXa, Cropes KOSTO BPb3KUTE MeXay HEBPOHWUTE Ce 3acunBar, korato ce

akTMBMpaT efHoBpeMeHHo. ToBa e ocHoBonomnarai, npuHUMn 3a o6yqumeTo Ha
HEBPOHHUTE MpPEXN.

11943 Y MbpBM HeBpOHEH Mogen

L' 1949 ﬁ MpaBuno 3a camoopraHusauus Ha Hebb

Y

' 1957 Y% MepuenTtpoH

CS‘: 1980-te ¥¢ MHOroCrnoiH1 HeBPOHHN MPEeXU
3 1990-te ¥¢ Mopo6peHo obyueHune

|

> 2006 [Obn6oKn HeBPOHHU MpeXu
x ¥t Deep Learning
(1 2016 ¢ Deep Neural Networks, CNNs, GANs

¢ Deep Structural Learning

202 * Deep Belief Networks

®ur. 1.11 Pa3BuTne Ha HEBPOHHUTE MPEXH
1.6.2 lepuenTpPOHBLT U PaHHOTO pa3BUTHE Ha HeBPOHHUTE Mpexu (1950-1960-Te)

Mpe3 1957 r. ®paHk PoseH6nat (Frank Rosenblatt) npeacrassa nepuenmpoHa — nbpBaTta
HEeBPOHHa Mpexa, KOATO MoXe Aa ce obyyaBa Ypes aganTupaHe Ha Ternata Ha Bpb3kute



MeXIy HEBPOHWUTE — AaZleHO € MbPBOTO NPaBMUIIo 3a 0GyYeHUe Ha HEBPOHHUTE MPEXM.
MepuenTpoHbLT MOXe Aa Knacuduumpa NpocTy NMUHENHO pasaenumu aaHHu. PoseHbnat
NpaBV [oKa3aTeNCTBO Ha TeopemaTa 3a CXOAMMOCT Ha MpaBwumnoTo 3a obyyeHue Ha
nepuenTpoHa, KaTo rapaHTupa, Ye anropuTbMbT 3a 06ydeHre Ha NepuenTpoHa BUHArM
LLie HamMepy peLLieHne, ako TakoBa CbLUECTBYBA: ,AKO faAeH Habop OT NpUMepU (BXOOHM
[aHHW) e NHENHO pa3fenuM, Toraesa anropuTbMbT 3a OByYEHUe Ha nepuenTpoHa e
HaMepu XUNepnocKoCcTTa, KOSITO pa3aens ABaTa Knaca, cnef KpaeH 6poii cTbku®.

ApgantuBHuAT nnuHeeH enemeHT (Adaptive Linear Element, nnu ADALINE) e Bua HeBpoOH,
KOWTO 13nonssa aganTuBHO 0OyyeHWe 3a ONTUMMU3MPaHe Ha Ternmata Ha BXOAoBeTe Cu,
3a Ja MMHMMU3Mpa rpeLukuTe B Npefcka3aHnaTa. To3n moaen e npeanoxeH ot bepHapa
Yugpoy npe3 1960-Te roguHu 1 e BaxHa CTblka B pa3BUTUETO HAa HEBPOHHUTE MPEXU U
TeopeTuyHaTa OCHOBA 3a MAaLUMHHOTO 0byYeHue.

Pa3BuTMeTO Ha HEBPOHHUTE Mpexu U ugesita, Ye Ha TsaxHa 6asa wWe ce cb3gage
N3KYCTBEHUSIT UHTENEKT, cpeLlaT Hakou npobnemu. B kHurata cun Perceptrons (1969 r.)
MapeuH MwuHckn (Marvin Minsky) n Cenmyp lNennbpTt (Seymour Papert) nocousat
orpaHnyeHusiTa Ha NepuenTpoHMTe, €4HO OT KOWTO e, Ye He MmoraT Aa peluasar
MaTemaTU4eckun 3afayum, KOMTo U3MCKBaT usnonasaHeTo Ha uakniousaioto U (XOR).
ToBa goBexaa [0 M3BECTHO 3aTUXBaHe Ha UHTepeca KbM HEBPOHHUTE Mpexu npes 1970-
Te roavHun.

1.6.3 Bwb3paxaaHe Ha HeBpoOHHUTE Mpexu (1980-Te)

pocbepr (Grossberg) cb3paBa npe3 1980 r. TeopuaTa Ha aganTMBHMSA PE3OHAHC 3a
camoopraHuaupalum ce Mpexu. [se roguHn no-kbcHoTuero Kohonen cb3gaea moaen Ha
camoopraHusmpalla ce Mpexa (M3BecTHa kaTto mpexa Ha Kohonen), peanusumpaiia
KOHUenumMsiTa 3a CbCeACTBO B MpexaTa: KoraTo HEBPOH (MNM Bb3en) akTuBMpa,
CbCeHNTE HEBPOHM CbLUO MofyyYyaBaT W3BECTHA CTeneH Ha akTMBMpaHe, KOeTo
no3sonsiea UHGoOpMauusita ga ce pasnpocTpaHsiBa B mpexarta. Kohonen mpexuTe
13nonssaT MexaHW3bM Ha CaMOOpraHu3auums, KOeTO O3HayaBa, Ye Mpexata Moxe Aa
rpynupa BXOAHUTE AaHHW B KITbCTEPU U Aa MAEHTUdMLMPa CTPYKTYpU B faHHWUTE, 6e3 Aa
ce Hanara fa ce 3afaBar kracose unu kateropum. OB6y4yeHneTo B Kohonen mpexuTe ce
M3BbPLUBa Ype3 afanTaums Ha TernaTa Ha Bpb3kuTe Mexay HeBpoHuTe. Korato BxoaHuTe
[aHHW ce noAasat Ha MpexaTa, HeHUST "Han-0o6bp" HEBPOH (TO3M, KOWTO € Har-6nnso
[0 BXOfa) ce akTyanuampa, a CbCceamTe My CbLLO MOorfy4YaBaT Marku KOpeKUuW Ha Ternara,
KOeTo BoAM A0 hopMupaHeTo Ha "kapTa" Ha aaHHuTe. Mo cbuoTto Bpeme John Hopfield
nokassa Bpb3KaTa MeXAy HEBPOHHUTE MPEXU W AMHAMWUYHUTE CUCTEMU WU Cb3aaBa
HEBPOHHUTE MPEXMW, Hape4yeHU Ha HEFOBOTO NMe.

AnroputbMbT ¢ 06paTHO pasnpocTpaHeHue Ha rpelukaTa (backpropagation) e cb3gageH
npe3 1986 r. ot asua Pymenxapt (David Rumelhart) n Ixenmc Mak Knenang (James
McClelland kato MeToa 3a OOyYeHMe Ha MHOTOCMOWHW HEBPOHHU Mpexu. Tosa
npeodonsiBa OrpaHNYeHUsiTa Ha €OHOCMOMHUS MepuenTpoH U AaBa Bb3MOXHOCT 3a
peluaBaHe Ha HENMUHENHN 3aaayun.



1.6.4 PeKypeHTHM HeBPOHHMU Mpexu (1980-1990-Te)

Mpe3 1980-Te ce cb3paBat u passmBaT RNN — Mpexu cbC CNocobHOCT Aa 3anoMHAT
MHOPMaUUS OT NpedullHN CTbMKW, KOETO M NpaBu MOAXOASLWM 3a 3afjayn KaTo
obpaboTka Ha BpemeBM nocnegosartenHocTu. Xoxpantep u LWmnaxybep cb3gasaT npes
1997 r. mpexa c pgbnrocpodyHa nameT (LSTM), ycbBbplieHcTBaHa ¢opMa Ha
PEKYPEHTHUTE MpeXM, KOSTO peluaBa npobnema c n3bnegHsaBaHeTO Ha rpagueHTa u
nossonsiea obpaboTka Ha No-AbIrM 3aBUCUMOCTU B JaHHUTE.

1.6.5 MNosiBa Ha ABbNGOKOTO 0GY4eHue (2000-Te)

C pa3sBUTMETO Ha MO-MOLLEH Xapayep W TEXHWKM 3a ONTUMU3aLMUSl, HEBPOHHUTE MPEXHU
3anoyHaxa ga ce obyyaBaT C MHOXECTBO CKPUTU CroeBe, WM3BECTHU KaTo AbnOoku
HEBPOHHU Mpexu. ToBa OTBOPW HOBWM BB3MOXHOCTW 3a MPUNOXeHUs B obnactu kato
KOMMIOTBbPHO 3peHune 1 obpaboTka Ha ECTECTBEH €3MK.

Mpe3 1031 nepuog ce cb3gasaTt u passmsat CNN. MNpes 1998 r. AH JlekyH npegnara
apxutekTypata LeNet, koATo ce nsanonssa 3a pasnos3HaBaHe Ha pbKOMUCHN Lmdpu. Mpes
2012 r. AlexNet noctura 3HaumTeneH npobve B 3apgavata 3a knacudukauus Ha
n306paxkeHns1, kOeTo Benexu peBonioLns B KOMMIOTBPHOTO 3peHue.

1.6.6 CbBpeMeHHO pa3BUTUE Ha HEBPOHHUTE Mpexu (2010-Te n HaTaTLK)

TpaHcdopmbpu 1 NLP. Mpes3 2017 r. e npegcrtaBeH apxutekTypHusT mogen Transformer,
KOWTO 3Ha4MTenHo nopobpssa 3agaunte, cBbp3aHn ¢ obpaboTkata Ha eCTEeCTBEH e3UK.
Mopenute kato GPT-3 v BERT wusnonssat TpaHcdhopMbpu, 3a fa nocturHat
3abenexuTenHu ycnexm B aBTOMaTUYHUSA NPeBOf, reHeprpaHeTo Ha TeKCT 1 pa3bupaHe
Ha e3uka.

Generative Adversarial Networks (GANs) ca npegctaBeHn ot WvH Nyadenoy npes
2014r., 1 ca nogxodslM 3a reHepupaHe Ha peanucTUYHW M300paxxeHus U Jopu 3a
Ccb3faBaHe Ha U3KYCTBO U My3uKa.

KoHTponHu Bbnpocu:

Ha kakBo ce 6a3upa Teopusita Ha HEBPOHHUTE MPEXMN?

Kakso npepcraensisa antepHaTnBHaTa popMa Ha Moaena Ha HeBpoHa?

Kown ca 0CHOBHU B1AOBE apXUTEKTYPU HA HEBPOHHUTE MPEXn?

Kak paboTu npuHuMna 3a KOpekuusi Ha rpelukata npu obyvyeHue Ha HeBpoHHaTa
mpexa?

KakBu Han-4eCcTo M3Non3BaHn akTMBALMOHHM PyHKUMM No3HaBaTe?

e Kbae Hamupat npunoXxeHne HEBPOHHUTE MPEXN fHeC?



TEMA BTOPA
EJIHOCJIOMHU HEBPOHHU MPEXKHU

Uen: 3anosHasaHe Ha cmydeHmume ¢ 0CHo8Ume Ha eOHOCI0UHUME He8POHHU MPEeXuU,
8KJIIOYUMENIHO Krnacu4veckusi HeepoH Ha McCulloch-Pitts, abanmusHusi nuHeeH enemeHm
(ADALINE), modena MADALINE u nepuyenmpoHa. YceosisaHe Ha OCHOBHUME KOHUenyuu,
aneopummu 3a obydyeHue (npasuriomo Ha Xeb, anzopumbMa Ha Hal-Mankume
keaOpamu, epaOueHmeH CycK), Kakmo U rpakmu4yeckKume fpurioXeHusi U 2eoMempuyHa
uHmepripemauyuss Ha pasdenAawume xuneppasHuHu. [lpedcmassHe Ha Mpexu,
u3arionseawu npasusnomo Ha Xeb npu obyyeHue Ha Mpexama, mpexu Ha Hopfield.

2.1 HeBpoH Ha McCulloch-Pitts

HeBpoHHuAT mogen Ha McCulloch-Pitts (cb3gageH 1943 r.) ce cuuta 3a Haul-paHHUSA
MoAen Ha u3KycTBeHa HeBpoHHa Mpexa (Artificial neural network (ANN)) n pasa
Bb3MOXHOCT 3@ W3MNON3BaHe Ha HEBPOHHUTE MPEeXW 3a pasfMyHU U3YUCIEHUS.
Xapaktepusumpa ce € us4mcnuTernHa yHMBepcanHocT (BcAka nornyecka yHKUMSA Moxe aa
6bae peanuavpaHa c Mpexa OT HeBpoHu Ha McCulloch-Pitts 1 Bcsika kpaiiHa
nocrneaoBaTenHoOCT OT AUCKPETHU AeNCTBUA MoXe Aa Obae cvMynmnpaHa C peKypeHTHM
HEBPOHHWU MPEeXM OT TakMBa NPOCTU HEBPOHM).

HeBpoHbT Ha McCulloch-Pitts (®wur. 2.1) uma camo oBa Buaa BXogoBe — Bb30yaAUTENHU
1 3abpaHuTeNnHN, KaTto Tean Terna He ce HacTpowBaT C obyyeHve, a ca ukcupaHu.
Bb3byauTenHnte BxodoBe uMaT Terna C MNOMOXWTENHa BenuuuHa, a Terrata Ha
3abpaHuTenHUTe BXOA4OBE — C OTpuLaTenHa BennyvHa. BxogoseTte u nsxoaa Ha HeBpoHa
Ha McCulloch-Pitts ca 6uHapHu (0 unu 1). Tot uma nparoBa yHKUMSA KaTo PyHKLMSA 3a
aKTMBMpaHe. M3XOOHMAT curHan Y., € 1, aKko BxogHata cyma OT Ternara Ha
Bb30YAUTENHUTE BXOAOBE Yeymapuo € MO-TONISIMA UNM PaBHa Ha NpefBapuTenHo 3agageHa
nparoBa CTOMHOCT O 1 HsIMa CUrHan Ha HUKOW OT 3abpaHUTenHUTE BXOAOBE; B MPOTUBEH
cnyyan e 0.

BXoOHI
CHrHATI Terna Tparosa

X; w l+ ynaxmms

6
X5 wy
W, ;
k+1 Yeymapuo Yusxon
Xic+1
Xm W,

®dur. 2.1 HeBpoH Ha McCulloch-Pitts
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Mpy BBL3GYANTENHN BXOLOBE X1, Xy, ..., Xi, 3ABPAHUTENHU Xy i1, Xt 2, -ovs Xy, TETRA W, €
M3MbITHEHO:

21

1, 1'1p1/12;§=1Wj‘L xz20ux; =0, i=k+1,..,m
0, mpu ¥, w" x; <@ mwm3i =k +1,...,m,npu koero x; = 1.

3a npaBwuHa paboTa Ha HeBpoHa e HeobXxoanMOo:

Thaw-wi <8 Vi=k+1,.,m (2.2)
KoraTo curHanmsT npemunHaBa npes eaHa Bpb3ka 3a e4uH TakT(CTbMKa), TO Ce Ka3Bsa, Ye
HeBpOHHaTa Mpexa, 6asumpaHa Ha HeBpoHu Ha McCulloch-Pitts paboTtn B AnckpeTHO
Bpeme.

Mpumepu 3a peanusauum
Jlornuecka dyHkumsa AND (“n”). 3a peanusaumsita e 4OCTaTbYHO U3MNOMN3BAHETO Ha eanH
HeBpoH Ha McCulloch-Pitts ($wr. 2.2).

X1

X2

®wur. 2.2 Nlornyecko ,N*

Jlornuecka pyHkuma OR (“‘unn”). 3a peanusaumaTa e 4OCTaTbYHO U3NON3BaHETO HA eanH
HeBpoH Ha McCulloch-Pitts ($wr. 2.3).

1 6=1 f=2
X1 X1 2
1 2
X2 _— Yuaxop X2 _— Yuaxopg

®wur. 2.3 Nlornyecko ,UNN*

B peanusauuute Ha aBeTe noruyeckun dpyHkuum M* n“UNN* no-rope Hama 3abpaHntenHm
BXOJ0BE; B 3aBMCMMOCT OT Mnpara u Ternata Moxe ga uma 6eskpaeH 6pori peanusauum.
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Mpumep 3a peanusuust Ha norudecko ,m3knoBawo U (XOR) ¢ mpexa OT HSKOMNKO
HeBpoHa Ha McCulloch-Pitts e nokasaH Ha ®ur. 2.4.

o=2
Ta6nuua 3a nornyeckara Tabnnua 3a cxemata
dyHkuua XOR x 2
! 0=z
a b aXORb xy | x| x3 [ x4 | ¥ 2
0 0 0 0 0 0 0 0 El
0 1 1 0 1 0 1 1
1 0 1 1 0 1 0 1
1 1 0 11 [olo]o A
=2
2
X, 2

®wur. 2.4 lornyecko ,m3kntosatlo NIN*

Ha nokasaHaTa cxema Ha ¢wur. 2.4 n3xoaa Ha HEBPOHA x3 = 1, KOraTto € U3MbIHEHO Xx; =
1ux, = 0; n3xoaa Ha HeBpoOHa x, = 1, KoraTo € U3NbfHeHO x; = 0 U x, = 1. I3xoAbT Ha
HeBpOHa y peanuampa pyHkumaTa x30R x,.

2.2 ApanTuBeH NMHeeH eneMeHT

ApantuBHuAT nuHeeH enemeHT/HeBpoH (ADAptive Linear NEuron ADALINE) e mpexa,
KOSITO MMa efiHa NMHerHa eamHuua. Pa3paboTteH e ot BvpHapg Yunapoy (Bernard Widrow)
n Teq Xoo (Ted Hoff) B Hayanoto Ha 1960-Te r.
ADALINE (®wur. 2.5) mnsnonssa aktuBauMoOHHa YHKUMS 3a OUMNOMApHO FUHENHO
aKTuMBMpaHe, KOETO ro NpaBu MNorneseH Npy 3agayvun Npu KOUTO Bpb3kaTa MeXay BXoOoBe
1 n3xoam e nuHenHa. dopmynaTa Ha yHKUMATa uma Buaa:

Y=f0m) =yin = v =TJow;x; = x" w,x = [xo%1 . X", w = [Wowy oW 7. (2.3)
Mpu 06y4eHMeTo Ha HEBPOHHAaTa Mpexa ce 3a4aBaT HSKOINKO Ha BpoW xxenaHu BXOAHO-
M3X0OHM KOMOMHAUMKM OT AaHHW, KOUTO OOMKHOBEHO ce HapuyaT obyyaBalla u3Bajka.
EpnHo npemunHaBaHe Ha BCWYKM JaHHM OT obyyaBallaTta M3Bafka B HEBPOHHATa Mpexa
npes anroputbMa 3a obyyeHue ce Hapuya ernoxa. Llenta Ha obyyeHueTo e ga 6baar
HacTpOeHu TernaTa Taka, Ye 3a BCeku efleMeHT Ha Ta3u obyyaBalla n3sagka, U3XoaHUSAT
CurHan Ha HeBpOHa Aa ce AobnunxaBa MakcMMarHo [0 XenaHusi usxos.

22



Bxoxuu
CHIHAIH
Terna

Xo :ij_. Wg=b AKTHBALIHOHHA

Xm — » Wm Yusxon

Koperupann
Terna

O0y4apal aIropHTEM Ha BCAKA CTBIIKA, DasHpaH Ha
H3UHMCIICHATA TPEIIKA, TOIyUCHA IPH CPABHCHHE C
JKE/TAHATA CTOHHOCT

®dur. 2.5 AganTnBeH NMHEEH eNEMEHT

TernaTa Ha HeBpOHa ce HacTponeaT ¢ genta npasunoTto Widrow-Hoff, kato anroputbMbT
u3nonsea MeToAa Ha Hal-mankute KeagpaTu MUHUMU3UPA TpeLlkaTa Mexay
OEeNCTBUTENHUS U XenaHua pe3ynTaTt u Moxe Aa 6bae fadeH kato npumep 3a obyyeHne
npu HacTpovikata. BxogbT ce cpaBHsiBa C LeneBaTa CTOMHOCT (UMa peanuavpaHa
JonbrHMTENHa obpaTHa Bpb3ka), 3a Aa Ce U3YWCNU CUrHanbT 3a rpeLuka u Ha 6asarta Ha
afanTUBEH TPEHWPOBbBYEH anropuTbM Ce Kopurmpat Ternata UM OTKIMOHEHUETO (KOeTo
HamansiBa pasnukarta Mexagy nporHosvpaHuTe u AencTBUTENHUTE pesyntaTu. Manonssa
ce 3a peanuanpaHe Ha aganTvueHa dunTpauns npy obpaboTka Ha curHanu.

OCHOBHM noaxoau 3a U3nonsesaHe Ha anroputbmMa Ha Hal-mankute KBagpaTtu:
MocnepoBaTteneH nogxon — Ternarta ce JOHACTPOMBAT crieq OTYMTaHe Ha BCEKU eNleMeHT
oT oby4yaBalyaTa n3Bagka. HoBaTa CTOMHOCT Ha BEKTOpa C Ternarta Ha BCcska CTbMKa Ha
obyuynTenHata npouegypa € nporiopumMoHariHa Ha rpelukaTa Mexagy >XenaHaTta u
n3ymcneHata CTOMHOCT Ha U3XOOQHUA CUrHan Ha HeBpOoHa.
Mpw TekyLLa CTOMHOCT Ha TEFMOBHUSA BEKTOP w(t) C TernaTa Ha mpexara, KOMTo NPeAcTon
[a ce goHacTponBaT, MOMEHTHaTa rpeLlka Ha CTbrka f e:
e(t) =d(t) —y(t) =d() —x"([©).w(?) (2.4)

Llen Ha oOyyeHMeTO Ha HeBpOHAa: Aa Ce MUHMMMU3MPA MOMEHTHaTa rpeluka 4vpes
onpeaensiHe Ha nogxoAswm Terna. Llenesata dyHKUMs ((PyHKUMS Ha rpelukaTa) & ce
AedvHMpa KaTo MYHKUMSA Ha Ternarta w:

e(t) = e(w) = e2(t) = 5 (d(®) - xT(OW(1))? (2.5)
3a HamupaHe Ha MUHUMYMa Ha € Ce U3Mos3Ba rpaMeHTEH Noaxo 3a ONTMMM3aums, kKaTo
ce MpaBsiT CTbMKM B Nocoka obpaTHa Ha rpagueHTa Ha dyHKuuaTa (Ton onpenens
rnocokata Ha HaW-Obp30TO HapacTBaHe Ha (yHkuusATa). MpagveHTbT Ha uenesaTa
YHKUMSA NO OTHOLUEHVWE Ha BeKTopa C TbpCeHUTe Terna (BeKTOpbT OT YacTHWUTE
NpoM3BOAHM Ha &(w) MO OTHOLLEHWE Ha BEKTOpa w) ce onpeaens c:
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= e (2.6)

ow ow ’
KbAeTo:
de(w) de(t)
ow;(t) = e(t) Bw]-(t)
Cnepn gudepeHumpaHe ce Hamupa BEKTOpa Ha YaCTHUTE NPOU3BOAHM Ha rpeLukaTa u
HeroBuTe KOMMNOHEHTU NO OTHOLLEeHMEe Ha Ternarta:
2e(®) _ a@d®)-x"®.w(t)

=012, ...m (2.7)

w() aw(D) = —x(t) (2.8)
de(t) _ d@m-xT@®w®) _ _ .
w,©) aw© ,=—x(),j=012,..,m (2.9)
3amectBame (2.9) B (2.6):
228 — . (D).e(t),j = 0,1,2,..,m (2.10)

aw;()

[Mpn obyyeHreTo ce u3BbpPLUBA HACTPOMKA Ha BEKTOpa C Termara kaTto Tekywiata my

CTOMHOCT ce NPOMEHSI B Nocoka oGpaTHa Ha rpagueHTa Ha PyHKLUMATa Ha rpeLukaTa C:
ae(t)

Aw;(t) « o —x;(t).e(t), (2.11)
Taka BeKTOpPbLT Ha Ternata Ha CTblka t ce JoHacTpoBa Ypes:
w(t+1) =w(t) + Aw(t) = w(t) + n.x(t). e(t), (2.12)
a KOMMOHEeHTUTE My ¢ chopmynaTa:
wi(t + 1) = w;(t) + Aw;(t) = w;(t) +71.x;(t). e(t), (2.13)

KbOEeTo:
n — napaMeTbp, CKOPOCT Ha 0ByYeHue, onpeaens ronemMvHaTa Ha CTbhKaTta; ako e Masbk,
cKkopocTTa Ha obyyeHVWe e Mmarnka; ako e ronsiM HacTporkaTta MoXe [a ce oKaxe
pasxogsia.

MpaBurno 3a u3bop Ha n: 0.1 < m.n < 1, m — 6Gpow BXOOOBE Ha HEBPOHA.

CmbrkKu Ha anzopumbMa 3a fpunazaHe Ha Memoda:

1. MHnumanuanpaHe Ha Ternata w, cKopocTTa Ha obyyeHue n, bposiya Ha CcTbhkuTe t u
onpefensHe Ha KpUTepui 3a Kpan.

2. OnpepensiHe Ha rpelukarta no dopmyna (2.4).

3. OoHacTponka Ha Ternata no dpopmyna (2.12).

4. MNpoBepkKa 3a N3NbAHUMOCT Ha KpUTepus 3a cnvpaHe. AKO He e Hanuue, To bposya ce
yBenu4yaea ¢ 1 1 ce NpeMrHaBa KbM CTbIKa 2. AKO KpUTEPUSAT € U3MbITHEH Ce NpeMnHaBa
KbM T. 5.

5. Kpait Ha anroputbma.

Ha Bcsika cTbnka f ce B3emaT pas3nuMyHM daHHM OT obydvaBawiata u3sagka. Cnep
CBbpLUBAHE Ha [AaHHUTE, W3MbIIHEHMETO MPOAbIDKABa CbC CbLWUTE [AaHHW [0
yAOBrneTBopsBaHe Ha Kputepusa 3a cnvmpaHe. ObyyeHneTo Ha MpexaTta Moxe da Tpae
HsIKOrKo enoxu. Kputepuii 3a cnvpaHe Ha anroputbma 0B6MKHOBEHO € XefnaHa CTOMHOCT
Ha uenesata (PyHKUMS, HO ako Tasn CTOMHOCT He Moxe Aa 6bAde AgocTurHata ce Hanara
Oa 6bae BbBeAeH AOMBbIHUTENEH KPUTEPUIA C LieN ocurypsiBaHe cnvpaHe pabortaTta Ha
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anroputma. O6MKHOBEHO TOBa € MakcuMarieH O6poi enoxu 3a JOCTUraHe Ha keraHara
CTOMHOCT Ha UerneBaTa yHKLUUS.

MakeTeH noaxod 3a npwunaraHe Ha AenTa MpPaBWMoTo (M3BECTHO M KaTo NpaBuIio 3a
rpagueHTHUS Cryck) — Ternarta ce OOHaCTpoMBaT crief, akyMynvpaHe Ha pesyntarta oT
BCUYKM JaHHM Ha obyyaBallaTta M3Bajka Bb3 OCHOBa Ha CymMapHara rpellka 3a Lenus
Habop OT AaHHM B Kpasi Ha BCsIKa enoxa, BMECTO 3a Bceka oTAenHa npoba nootaenHo.
LieneBata ¢yHKLMA ce hopMmpa KaTo cpeaHa CTOMHOCT OT KBaApaTuTe Ha rpeLlkuTe 3a
Bcsika npo6a nooTaenHo Ha obyyasaluarta n3sajgka:

e=¢e(w) = —Z et () = —Z —1(d(®) = x"(Ow(D))? (2.14)
3a HamansiBaHe CTOMHOCTTa Ha ueneBaTta yHKLMS Ce U3MNon3Ba rpagueHTeH noaxon;

) = T e 5 (2.15)

M3nonseame (2.8) 3a BekTOpa Ha YaCTHUTE NMPOM3BOAHM HA rpeLuKkaTa no OTHOLUEHUE Ha
Ternata v nony4yaBame:

de(w)

20— IS e(0)x() (2.16)

Mpu 06y4eHMeTO HacTpoikaTa Ha BeKkTopa C Ternata TpsibBa ga ce NpoOMEHsl B Nocoka
obpaTHa Ha rpagveHTa Ha pyHKUMsATa Ha rpeLukaTa, creoBaTenHo:

Aw(t) o< = = 23T e(). x(t) (2.17)

[loHacTpolikaTa Ha BeKTopa C Ternarta B Kpasi Ha BCsika ernoxa ce U34uncrnsiea c:
wnew = wold + Aw = w(t) + 1. Z _1e(t).x(t) (2.18)
3a oTAenHUTE KOMMOHEHTU Ha BeKTOpa C Ternara nony4YaBame:
wnew; = wold; + Aw; = wold; + . Z _1e(t).x(t), (2.19)

wnew, wold — HOBa U cTapa CTOMHOCT Ha BEKTOpa Ha Ternara;
1 — CKOpPOCT Ha oby4yeHue.

MocnenoBaTenHUAT U NAKETHUST NOAX0A ca ABa OCHOBHU METOAa 3a akTyanuaupaHe Ha
Ternata B HEBPOHHWUTE MPEXW MNPV U3MNON3BaHe Ha AenTta npasBunoTto. 3agayaTta e
HamarnsiBaHe Ha CTOMHOCTTa Ha LenesaTta (yHKLUMS, KaTo 3a LenTa ce NPOMeHAT Ternara
B nocoka obpaTHO Ha rpagveHTa Ha dyHkuusTa. MNpu nocnegosaTenHus meToa Ternara
ce aKTyanuaupaT crieg npemMvHaBaHeTO Ha BCeku oTAeneH Habop OT AaHHM, nopaau
KOeTo e No-6bp3, kKaTo NpoMsiHaTa Ha TernaTa 3aBUCU OT pefa Ha criefiBaHe Ha HabopuTe
OaHHM oT obyyaBalwata u3Bagka. [pu nakeTHUs nMogxond npomsiHata Ha LenesaTa
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dyHKUMSA ce Ba3npa Ha ycpeHeHaTa rpeLuka, nonyyeHa npy npeMmHaBaHeTo Ha BCUYKU
BXOAHO-M3XOAHWN HAbopUu AaHHU B eaHa enoxa; Tol e no-6aBeH, HO No-A406bp KaTo KpaeH
pesyntaTt. W B gBata cny4vas KpuTepui 3a cnupaHe € AOCTUraHeTo Ha npeaBapuTeniHO
3a/jafieHa CTOMHOCT Ha LieneBaTa (pyHKLUS, a AOMbIIHUTENEH KpUTEPUIA 3a CNipaHe MOXe
na 6boe makcumaneH Gpovi enoxu, npu KOeTo anropuTbMbT CMpa He3aBUCUMO OT
CTOMHOCTTa Ha ueneBata yHKUMSI.

AnNropuTbMbT Ha Han-mankute kBagpaTu pabotu fobpe CbC cTauvoHapHu U C
HecTHaUMoOHapHW pAaHHW. CxoguMocTTa Ha anroputbma 3aBMCM OT HauMHa Ha
pa3npegeneHve Ha Habopute AaHHM OT obyyaBalyaTa uM3Bagka, KaTo KoraTo AaHHUTE
HAMAaT HOpPMarnHo pasnpeaeneHne (HekopenupaHu aHHW), Ta3m CXoAMMOCT MOXe Aa ce
3abasu. Korato gaHHuTe oT obyyaBaliaTa n3Bagka ca He3aBUCUMMK U MMAT HOpPMarnHo
raycoBo pasnpeaeneHune, anropuTbMbT € CXOAsiLL, aKo € U3MbIIHEHO ycnoBneTo: 0 < 1 <
2/M, kbaeTo M e HaWi-ronsamaTta cobCTBeHa CTOMHOCT Ha KopenauuoHHaTa MaTpvua Ha
AaHHuTe oT obyyaBallaTta n3sagka:
Ry = E [x().x7() = lim 2 X5, x().x" ()], (2.20)
P—oo P
ANropuTbMbT Ha HaW-mankuTe kBagpath o6ukHOBEHO uma 6aBHa cxoguMoCT U
CKOpOCTTa Ha CXOAMMOCT 3aBWCM OT Auanas3oHa Ha CoBCTBEHWTE CTOMHOCTU Ha
KopenauvoHHaTa maTpuua Ha AaHHuTe OoT obydyaBalata ussagka. CxogummocTTa Ha
anropuTbMa Moxe Aa 6bae nogobpeHa vpes:
» NpoMsiHa Ha CKOPOCTTa Ha obyyeHwne n:
o n(t) = ny, 3a Bcsika CTOMHOCT Ha t CKOpOCTTa € NOCTOSIHHA;
o n()= % — HamansiBaHe C NPOMsiHA Ha CTbMNKaTa;
o n()= (1"+t) - 3a BCsKa CTOMHOCT Ha t: HamansiBaHe no chopmyna.
T
» wusnonasBaHe Ha ,MOMEHTW" NMpu AOHacCTpOWKa Ha TerrnaTa: Ha BCsKa CTbMKa OCBEH
HdopMaLma 3a rpagreHTa ce U3nonssaT U CTOMHOCTM 3a NPOMsSHAaTa Ha TernoTo oT
NpeanwHUTE CTHMKK:

0

Aw(t) = =125 (O) + @ v(t—1) = —no=(6) + @ Aw(t — 1) (2.21)

> MoauduuMpaHe Ha [JaHHUTE Taka 4Ye OT BCAKa TOYKa MUHUMYMbLT Ha LenesaTta

(byHKLMA Oa e B NocoKa 0BpaTHO Ha rpaaueHTa; Taka MUHUMYMbT ce OCTUra 3a eaHa

cTbhka. Moxe foa ce gokaxe, Ye ako X e maTpuua ¢ pasMepHoCT p x m, C pefoBe

BXOAHWTE BEKTOPK, a D € BeKTop C pa3MepHOCT P C XeNaHWUTe U3XO0aM Ha HEBPOHA,

umame: w = X*.D; X+ = (XT.X)"1. X", X* — nceBnonono6Ha maTpuua Ha AaHHUTe OT
obyuyaBallaTa n3saaka.

MADALINE (Multiple ADAptive LINear Elements) — Mpexa om MHO20 fUHEUHU
adanmueHuU He8POHU

Mogenbt MADALINE (HabniopaBaHo o06yyeHue, 6GasupaHo Ha apanTUBHO
KOpuUrmpaHe Ha Ternarta, 3a Aa MUHMMWU3MPAT rpelukata) ce CbCTOM OT MHOro
ADALINE pa6oTewm napanenHo ¢ egHa uaxogHa eauHuua. Cnost ADALINE
npucbcTBa Mexay BxoaHus cnou u cnoss MADALINE, cneposatenHo crnon ADALINE
e ckpuT crnoi. TernaTta mexay BXOOHMWS CIOW 1 CKPUTUS CIIOW ce Kopurupar, a TernoTo
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MeXAy CKpUTUS CINON 1 n3xofHus cnon e pukcupaHo. MADALINE n3nonssa Bapuaums
Ha npaBunoto Ha Xe6 3a apanTMpaHe Ha TermaTa Cu, KaTo Mo TO3W HauuH
MUHMMM3UPpa pasnukata Mexay u3xoda Ha Mpexata W kenaHua wsxon. B
nbpBOHaYanHus cu Bua, B KouTto e cb3gageH, MADALINE ce cbcTom OT ABa cnosi
HeBpoHu: ckpuT croit oT ADALINE HeBpoHu z1, z2 1 U3XofeH croi HEBPOH Yy (Pur.
2.6).

Ternata Ha fABaTa NWHEVHW afanTMBHU enemeHTa z1, z2 ce HacTpomBaTt 4pes
oby4yeHue; Ternata Ha WU3XOAHWS HEBPOH ce M3bupaT Bb3 OCHOBa Ha aHanu3 Ha
onepauusita, KoAato TpsbBa Oa ce peanuavpa. [pu M3NbNHEHWEe Ha dyHKUMSATa
norunyecko ,MITN“ usxogHusT curHan Tpsbea ga e -1, ako curHanute ot z1, z2 ca -1,
B NPOTWBEH CryYal U3XoaHUST curHan e 1.

AKTUBaLMOHHUTE (PYHKUMM HA TPpUTE HEBPOHA MMAT Buaa:

_(Lopuv =0
f) = {—1,npn v<0 2.22)

Ternata 1 oTMeCTBaHeTO b, CBbp3aHu C HEBPOHA y morat ga 6baat Y.

MADALINE

x1 wll ———» z1
AN x T~
\\ // ~y
N P —~_
NS ~
/’xﬂ} » ¥
S >
e AN _— A
L ! Y,
a " /
_ 3
x2 w22 ——»{ 22 /
/’/' ,/
T /
2 1b3

®wur. 2.6 MADALINE

2.3. NMepuenTpoH

MepuenTpoHbLT € eAuH OT HaN-OCHOBHWUTE U Hal-CTapuTe MOAENWN Ha HEBPOHHA Mpexa,
paspaboTteH npe3 1958 r. oT ®paHk Po3eHbnaT. To e cTpykTypupaH no nopobue Ha
61onornyeH HEBPOH U Ce CbCTOU OT eauHUYeH HeBpoH, 6asmpaH e Ha McCulloch-Pitts
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HEBPOHa, NpMemMa MHOXECTBO BXOOHW CUrHamu v npousBexza eauH U3XOAeH curHan
(Pur. 2.7).

BxoHII
CHTHAIIL Terma AKTHBalLIHOHHA
VHKITIA
X4 Wy R
b
6
X2 w3
IIzxon
Wi+1 v
Xeos Yus X0/
Xm Wi

®ur. 2.7 MNMepuenTpoH

MepuenTpoHbT e NpefHa3HayYeH Aa U3NbIHSABa 3a4a4ym No buHapHa knacudgukaums, uma
OvHapHa aKkTMBaUMOHHA PYHKUNS U U3XOOHUAT curHan e unm 1, unn -1:

1,mpuv =0
y=¢@ = {O,HpHU <0’
6 — npar; ako He e 3afafeH ce NpuemMa, Ye e paBeH Ha Hyrna.
M3xoabT Ha cymaTtopa ce onpefensi no oopmMmynarta:
v=YTLiwjx;+b=XTL,wx;, wo = b,xg = 1. (2.24)

Upes nepuenTtpoHa ce AedunHupa peluasallo npasuo 3a XuneppaBHUHa Ha peLleHnsTa
B M-MEPHOTO MPOCTPAHCTBO:

XWX+ b =wixy +woxy + o+ WXy +b =0 (2.25)
EnHoTO nopnpocTpaHcTBO, KoeTo ce JdeduHupa C  NpefcTaBeHOTO  ypaBHeHue
CbOTBETCTBA Ha U3XOAEH CMrHan Ha rnepuenTpoHa paseH Ha 1 (korato cymarta B 2.25 e
> 0), a ApPYroTo NPOCTPaAHCTBO CLOTBETCTBA Ha M3XOAEH CUrHanN paBeH Ha Hyna (koraTo
cymaTa B 2.25 e < 0). [Nopaau Tasu npuunHa nepuenTpoHbT AeduHupa xvneppaBHUHa
3a B3eMaHe Ha pelleHne, KOSTO UMa CMUCHIT Ha pasfensila paBHuHA.

(2.23)

I'Ipmmep 3a OCHOBEH MoJer1 Ha nepuenTpoH N HEroBoTO MateMaTuU4eCKo ypaBHeHue, C
npuMmepHa aunarpamMa Ha rpaHuuuTe Ha peLlleHneTo.

Heka nepuenTpoHbT UMa BXOAHW CUTHAMM X4, X5, ... X, U U3MON3BA NIUHENHA KoMOuHaums
C TexHWTe Terna wy,ws,..w,,, b — OTMecTBaHe, y — u3xodeH cwrHan, GuHapHa
aKTMBaLMOHHA (PYHKUMSA ¢, KOSITO MMa M3xoa 1, ako pe3yntaTbT € NOonoXuTeneH u -1 B
NPOTUBEH cny4van. N3XoaHWAT curHan ce onucea C ypaBHEHNETO:

Y = dp(Wixy + woxy + -+ wpxy, + b). (2.26)
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3a nepuenTpoH € 2 BXOAHW CUrHarna, rpaHuuaTa Ha peLleHMeTo MoXe Aa ce Bu3yanuampa
C npaBa NMHUS C ypaBHEHWE:!

wix; +wox, +b = 0. (2.27)
Heka Ternarta ca cbTBeTHO w; = 2; w, = —1; n b = 1. Pasgenswara npaea (npaea Ha
pelleHusaTa) we mMma Buga: 2x; —x, + 1 =0. Ha ®dur. 2.8 e nokasaHa reomeTpuyHa
MHTEpnpeTauMsi Ha pelleHusiTa Ha TOo3W MepuenTpoH: B nsiBaTa MNornypaBHWHA,
pasnonoxeHa B NsIBO OT MpaBaTa Ha pelleHusTa, M3XoaHuaT curHan e 0; ascHaTa
nosypaBHMHaA CbOTBETCTBA Ha M3XOLEH CUrHan paBeH Ha 1. Ha rpadumkaTta e nsobpaseHa
KaKkTo pasgendwiarta npasa 2x; —x, +1 =0, Taka M BeKTOpbT Ha Ternara Ha
nepuentpoHa. BekTopbT Ha Ternarta 3anoysa OT HA4YanoTo Ha KoOpAMHaTHaTa cuctema,
nepneHaVKynsipeH e Ha pasgensiarta npaBa U Couu KbM NnorypaBHUHaTa ¢ usxog 1, kato
rnokasBa rnocokaTta Ha HapacTBaHe 3a Knac +1.

6 — Paspgensuya npasa X, = 2¢, + 1
Knac +1
Knac -1
43 B Bekrop Ha Ternata
2+
<0 /
—2F
—4F
-6 L L I L
-4 -2 0 2 4
X1

®ur. 2.8 MNpumep 3a rpachryHa UHTEpNpeTaumsa Ha NepuenTpoH ¢ ABa BXxoAa

Moxem ga HanpaBum NpoBepka 3a NMPOM3BOSIHA TOYKAa: HanpuMmep 3a ToukaTta (x; = 4;
X, = 2), KOATO Ce Hamupa B AsicHaTa nonypaeHuHa. Cnep 3amecTBaHe nonyvyaBame: v =
¢(24—-12+1) = (7).

Tbi kaTo akTMBauUMOHHaTa (YHKUMA € cTbhkoBa U y = ¢(7), To npunaravikn 2.23,
nony4yasame y=1.
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AHanornyHo Moxe Aa ce Hanpasu nposepka 3a Todkata (x; = —10; x, = 1), KosATO ce
Hamupa B nsBaTa nonypasHuHa. Creq 3amecTtBaHe nonyvasame: v = ¢(2.(—10) — 1.1 +
1) = ¢(—20). Twi kaTo v=-20<0 1 y = ¢$(—20), To Nnpunaranku 2.23, nony4asame y=0.
Heka pasrmegame crnegHaTa 3ajada 3a nuMHeWHa knacudukaums B ABYMepHa
KoopAMHaTHa cuctemMa:

Ha ®dur. 2.9 BxogHWUTe OBYMEPHW BEKTOPU X1, X2, X3, X4 ca M30OpaseHn KaTo TOUKM B
[ABYMepHa KoopAauHaTHa cucteMa. Te ce pasrnexaar kato obpasu, kouTo nonagaTt B ABa
pasnunyHmM Knaca, B 3aBMCUMOCT OT CTOMHOCTTA Ha XXenaHWsa N3X04eH CUrHan Ha HeBpOHa.
Purypata AeMOHCTpUpa 3afadaTta 3a NHenHa Knacudgukaums ¢ nepuenTpoH. ToyknuTe ¢
n3xopeH curHan 1 ca nokasaHu CbC CUHM KpbCTHETa, A0KaTOo Te3un ¢ naxogeH curHan 0 ca
oTbensAsaHn ¢ YepBeHU KpbCTHeTa.

X KnacO

X Knac1
—— Pa3sgensuwa npasa
EEE BexTop Ha Ternata

150

125}

1.00f

0.75¢

0.50

X2

0.25}
0.00}
-0.25¢
-0.50

—-0.50-0.25 0.00 0.25 0.50 0.75 1.00 1.25 1.50
X1

®dur. 2.9 MNpadnyHa nHTEepnpeTauns 3a pasgensHe Ha ABa knaca
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3apavaTta 3a nMHerHa KJ'IaCI/ICbVIKaLI,I/IFl Ce CbCTOM B HAMUpPAHETO Ha NNHENHO pasgenauo
npasuno. B Cly4ad TO CbOTBETCTBa Ha npasa B ABYMEPHOTO NPOCTPAHCTBO, TakaBa 4e:

o ToukuUTE OT EAMHWS KNac Aa ca B eHaTa nosypasBHUHa, AeMHUpaHa OT npaeaTta
(peluaBaLloTo NpaBuIo).
« TouykuTe OT Apyrus Knac Aa ca B ApyraTa nonypasHWHa.

MpaBaTa Ha pelueHusaTa ce AeduHUpa NocpeacTBOM KoeduumeHTUuTe w1, w2 U b, kouto
CbOTBETCTBAT Ha Ternara u 0OTMeCTBaHETO Ha NepLEenTpoH € ABa Bxoaa. [eomeTpuyHaTa
MHTepnpeTaums Nnokasea, Ye AafeH Habop BekTopy Moxe Aa 6bae knacudmumpaH B ABa
Krnaca ¢ eiMH NepLenTpoH, KaTo eNfeMeHTUTe OT eANHUS KIac ca Koaupaxu ¢ 1, a Teau ot
apyrus knac — ¢ 0. MNepneHAnKyNApHO Ha nNpaBaTa Ha pelleHusiTa e BeKTopbT W = [w1,
w2], KONTO onpefens opueHTaumaTa Ha npasata. B npymMepa e nsbpax sektop w = [2, 2].

YpaBHeHme Ha npaBaTta 3a pPeLlUeHNEeTO: WXy + WX, + b =0, kppeTo:

- W e BeKTOpbT Ha Ternata, KOWTO OMpedenst OpueHTauusiTa Ha npaearta.
- b e oTmecTBaHeTO, KOETO onpenens KOHKpPeTHaTa Mo3uuMs Ha npaBaTa ChpsiMo
KOOpAMHaTHaTa cucTema.
- ToukuTe, KOUTO YyAOBMETBOpsSIBAT TOBa YypaBHEHWE, nexaT BbpXy Mpasara.
M3XoOHuUAT curHan Ha nepuenTpoHa ce Aaea C:

y =1, ako wix; + WpX; + b >0,
y=0, ako wiX; + WX, + b <0

OtmecTBaHeTOo b ce onpegens c: b = - (wyx; + WyX;)

M3bpaH BekTop Ha Ternata w = [w1, w2] = [2, 2] onpefens opueHTauusTa Ha npasaTa Ha
pelueHreTo, Tbil KaTo TS € nepneHaukynspHa Ha Hero. OTmecTBaHeTo b onpepens
KOHKpeTHaTa Mo3uuMs Ha npasaTta CnpsMO OpveHTauusTa, 3ajageHa OT BeKTopa W.

MpumepHo nsuncnenue: Mpu faneHara Touka x = (0, 1), n w = [2, 2], otmecTBaHeTo b ce
nauMcnsiBa Taka: b =- (2 x 0+ 2 x 1) = -2.

OGyu4eHne Ha NepLEeNTPOH — reoMeTpUYHa UHTepNpeTauusa U YUCNOB Npumep

Llen Ha obyyeHmeto. OOyyeHMeTO Ha NepuUEnTPOH Ce OCHOBaBa Ha aBTOMAaTUYHO
afjanTupaHe Ha Ternata u oTMecTBaHeTo (bias) ¢ Len HamupaHe Ha npaBunHa No3uuus
Ha pasgenduwiata XuneppaBHUMHa MexXxady [ABa Knaca. |-|pVI AByMepeH BXoA,
XuneppaBHUHaTa ce cBexaa Ao 0GMKHOBEHa MNpaBa, KosiTo TpsibBa Aa pas3aens NpaBunHo
BXoAHUTE 06pa3|/| OT pa3nM4yHUTEe Knacose.

OcHoBHo npasuno 3a obyyeHne Ha nepuenTpoHa. MepuenTpoHbT U3Non3sa Npasmo 3a
HacTpolika Ha TernaTa, koeTo ce 6a3upa Ha nocokaTta Ha rpelukaTa B KrnacudukaumaTa.
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Ako TEeKyLOTO TernoBo pelleHne He Knacmcbwumpa npasunHO AOaneH BXoadeH BEKTOop,
Ternarta ce Kopurupart no cneaHna HaunH:

AKO BXOAHUWSIT BEKTOP X € OT Knaca, KoaupaH C eAnHMLa, TeKyLNAT BEKTOp W TpsibBa Aa
ce Npubnmxmn KbM BekTopa X (BXOOHWAT BEKTOP X € OT Krac 1, HO e knacuduumpaH Kkato
0). HoBaTta My CTOMHOCT ce u3yncnsisa no gopmynaTa:

Whew = Wold + X (2.28)

O6paTHO, aKO BXOOHUAT BEKTOp X € OT Knaca, KogupaH C Hyna, HO ce Hamupa B
nonypaBHuMHaTa Ha Krnaca C eauHuda (BXOD,HVIFIT BEKTOp X € OT Knac 0, HO e
Knacmcbmu,mpaH KaTto 1), BEKTOPBT W TpH6Ba a ce otganeyun ot X U HoBata My CTONHOCT
e:

Wnew = Wold — X (229)

3a no-necHo Bu3yanu3upaHe, npuvemave 4e OTMecTBaHeto b=0, Taka npasara
npemMnHaBa Mpe3 HavanoTo Ha KoopauHaTHaTa cucTema. BekTopbT Ha Termara w =
[wy,w,] € nepneHavkynspeH Ha pasfensiwjata npasa M BbPXbT My COYM KbM
nofypaBHUHaTa, KOATO CbOTBETCTBA Ha Knaca, KoaupaH ¢ eauHuua. AKo Tasu npasa
npaBuiHO pasgens obpasuTe OT ABaTa Knaca, He ce Hanara npoMmsiHa Ha Ternarta u
npouegypaTa no HacTpoyika NpuKnoYsa.

Mpumep c AByMepeH nepuenTpoH

Heka nmame cnegHata o6yL|aBau4a n3sagka:

X1 = [2, 0], di=1
x2=1[0,-1],d2=1
xs=[1,1],ds=0

x4=[-1,0],ds=0
Heka 3a gageHus npumep HavanHWAT BEKTOp € Ternata e w = [-1, 1].

Tes3u gaHHM nNpeacTaensBaT obpasn oT ABa Kraca, KogvMpaHu ¢ Hyna v eguHmua. Te ca
ernemMeHTn Ha obyyaBallaTa u3Bajka Ha NepLenTpoH c ABa Bxoaa. BxogHuTe BekTtopu oT
NMbpBUS KNac (X1, X2), KOUTO CLOTBETCTBAT Ha U3XoAeH curHan 1, ce nsobpassasar Ha Pur.
2.10 cbC 3anbiHeHW KpbryeTa B AByMepHaTa koopanHaTHa cuctema. BxogHute Bektopu
OT BTOPW Knac (X3 U X4), KOUTO CbOTBETCTBAT Ha m3xodeH curHan 0, ce n3obpasssaT c
Hes3anbfHEHN KpbryeTa.

Wmame OBymepeH crniydvaii, criefoBaTenHo pasgensiiaTta xuneppaBHuHa e npasa. OT
durypata ce Bwxkaa, Ye moraT ga 6baaTt npeanoxeHn 6e3bport MHOro npasu, KOUTO
pasgenaT gsarta knaca ot obpasu B obyyaBaliaTta ussagka. Ha dur. 2.10 ca nokasaHu

32



caMo Tpu npaBu, MMHaBalLlM npe3 HavyarnoTo Ha KoopAnHaTHaTa cucrtema. B To3n cnyqa|7|
OTMeCTBaHEeTO € Hylna, a CbOTBETHUTE BEKTOPWU Ha Ternarta ca nepneHaukynapHu Ha
npasuTte.

1f // 0] e
/ -
/ -
/ -
/ -
/ -
’ -
e
2 of o Al ®
- 7
- /
- /
- /
- /
pre /
- /
- /
-1 S ®
- /
L J/
J/ @ Knacl(d=1)

/ O Knac 0 (d=0)
/ MpuMmepHa pasfensia npasa 1: 1x1 + -1x2 = 0

—2r /// ——- [puMepHa pasfensuia npasga 2: 2x1 + -1x2 = 0
/7 === [pumepHa pa3aensuia npasa 3: 1x1 + -2x2 = 0

. A | L . )

-2 -1 0 1 2 3

X1

®ur. 2.10 MNpumep 3a pasgensiwy npasum
[Mpn nepuenTpoHN ¢ MHOro BXOAOBE M MHOXECTBO eneMeHTu B obyyaBallaTa u3Bagka,
3ajja4yaTa 3a onpefensiHe Ha pasfensiwaTa XuneppaBHWHa He e npocTa. Hanara ce
M3non3BaHe Ha oby4eHue C Lien HacTpoka Ha BEKTopa C Ternara u oTMecTBaHeTo. 3a
ToBa 06y4eHuWe ce npunara NpaBunoTo 3a oby4eHne Ha NepLenTpoHa.
U3uuncneHns — nbpBa enoxa:
1.y=w-x;=-12+1-:0=-2 - y = 0 — rpewHa knacupukaums

—-w=[-1,1+[2,0]1=[1,1]

1. y=w-:x;=10+1:(-1)=-1 > y = 0 — rpeLwHa knacudvkauus
—w=[1,11+][0,-1]1=[1, 0]

2.y=w-x3=11+01=1—y=1— rpewHa knacucpukauus
—w=[1,0]-[1,1]=[0, -1]

3. y=w-x,=0(-1)+(-1))0 =0 — y = 1 — rpewwHa knacucpukalms
—w=][0,-1-[-1,0]=[1, -1]
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U3uucneHns — BTOpa enoxa:

1. y=w-Xx; =12+ (-1)-:0 =2 — y = 1 — npaBunHa knacudpukaums
2. y=w-x;=10+(-1)(-1) =1 > y = 1 — npaBunHa knacudukaums
3. y=w-x3=11+(-1)1=0 — y = 1 — rpewHa knacudpukaums

—w=[1,-1-[1,1]=10, -2]

4. y=w-x,=0(-1) +(-2):0 =0 — y = 1 — rpeluHa Knacugpvkauus
—-w=]0,-2]-[-1,0]=[1,-2]

FeomeTpuyHa UHTepnpeTauus

PaspensiwaTa npaBa e ¢ ypaBHeHME: Wy Xy + Wy X, = 0.

Mpu w = [1, -2] ypaBHeHHeTO CcTaBa: X; - 2'X, = 0, T.e. X; = 2-X,, ToBa e duHanHaTa
XuneppasHVHa (NpaBa), pasgensiia knacosere.

dur. 2.11 unocTpyMpa YMCrNoBUS NpyUMep OT OBOy4YeHWeTO Ha ABYMEpeH MepLenTpoH.
Moka3aHu ca ToukuTe OT knac 1 (3anbnHeHn cuHu kpbroee): [2, 0] u [0, -1]; ToukMTe OT
knac 0 (4epBeHn HesanmbnHeHu kpbrose): [1, 1] n [-1, 0]; Pasgensawara npaea xi1=2xz,
nosny4yeHa oT ouHanNHUs BeKTop Ha Ternata w=[1,-2].

[eoMeTpuYHa NHTepNpeTaLmsa Ha NepuenTpPoH C BEKTOP Ha TersjaTta w

@ Knacl(d=1)
2 O Knac 0 (d=0)
—-=-=- Paspenswa npasa: x1 = 2x2
I BekTop Ha Ternataw = [1, -2]
1 o et
<0 K ®
-1 o °®
-2
-2 -1 0 1 2 3

X1

®ur. 2.11 NpacduyHa nHTepnpeTaumsa Ha NnepuenTpoH

34



2.4 HeBpOHHM MpeXu 3a acoumaumus Ha obpasu
MNpaBuno Ha Xe6

MpaBunoTo Ha Xeb e eanH OT Hal-paHHWUTe Noaxoau 3a obyyeHne Ha HEBPOHHU MpeXH
1 ce OCHOBaBa Ha NpuHLUMNa ,aKo [Ba HEBPOHa Ce aKkTuBMpaT eQHOBPEMEHHO, Bpb3kaTa
mMexay Tsax ce ycunea“. ToBa npaBurno ce hopMmynmpa kaTo:

Awi=n*x*y (2.30)
KbOEeTo:

e Awi— nNpomsiHa Ha TernoTo 3a BXOA Xi
e 1 — KoeduumeHT Ha obyyeHmne

e Xj— CTOMHOCT Ha BXoJa

e Yy —M3XOAEH CMrHan Ha HeBpoOHa

ToBa 03HayaBa, Ye KoraTto U BXOOHUST CUrHar, U M3XOAHUSAT CUrHan ca BUCOKM (Hanpumep
1), Ternoto ce yBenuyaea. Taka mMpexara ,3anoMHs“ KOM BPpb3KU MeXAy BXOAOBETE U
n3xopga ca no-4ecTu.

Mpumep: Ako BxoaHWAT BekTop € X = [1, 0, 1], @ n3xoabT Ha HeBpoHa e Yy = 1, npu
koeduumeHT n = 0.1 Ternata ce Kopurmpar Taka:

Aw=0.1*[1,0,1]*1=[0.1,0,0.1]

Hosute Terna we ce yBenm4yaTt no nocoka Ha BXoOoBeTe, KOUTO Cca ydacTtBanu B
akTusauuaTa. [pasunoTo Ha Xeb yecTo ce n3nonsea B CcamMoopraHusmpatlln ce Mpexm n
€ B OCHOBaTa Ha HsIkou G1ONOrMYHM MoJenu Ha yyeHe.

AcoumaTnBHUTE HEBPOHHN MpeXn npencraBsndaBaT CTPYKTYpPU, KOUTO ce 06yanaT Taka,
Ye npu nogaBaHe Ha YaCTuU4yHa unu wymHa VIHd)OpMaLlI/Iﬂ, MpeXxaTa Aa ussexaa nbliHuA
o6pa3 unnn npasuneH acouumpaH OTroBop. TakuBa Mpexun ce wusnonseartr 3a
3anamMmeTdaBaHe W Bb3CTaHOBABaHE Ha 06pa3v|, pa3no3HaBaHe Ha wMogenun wu
PEKOHCTPYKUNA Ha BXOOHN OaHHW.

Mpumep 3a TakaBa apxuTekTypa e mMpexama Ha Xongutnd (Hopfield Network), koato e

peBepcuBHa (PEKYPEHTHA) U U3MON3Ba GUHAPHU BXOAHO-U3XOAHWU CTOMHOCTW. TSt MOXe
Ja CbXpaHsiBa M Bb3CTAHOBSIBA acouMaTUBHM MOZENM Ha OCHOBaTa Ha eHeprumHa

yHKUMS.

OcCHOBHM XapaKkTepUcTukn:

« Mpexarta Ha Xondunng e egHocnorHa, KaTo BCEKM HEBPOH € CBbp3aH C BCEKU
Opyr — MblIHOCBbP3aHa CTPYKTypa.
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* Hsama oTaenHu BXodeH 1 M3XOAeH CroW — BCEKVU HEBPOH Mrpae pons 1 Ha Bxog, 1
Ha u3xopn (CbCTOsIHME).

« Bcska Bpb3ka Mexay HeBpOHUTE MMa Terro, KoeTo ce onpeaens npu obyyeHneTo.

o O6y4yeHneTO YeCTO Ce U3BBLPLUBA Ype3 NpaBunoTo Ha Xeb, koeTo ce aganTvpa 3a
acounaTMBHO 3anameTsiBaHe.

« Mpexata goctura cTabunHo CbCTosiHUE (aTPaKTop), NPU KOETO BCUYKU HEBPOHM
3a4bpXaT CTOWHOCTU, KOMTO CbOTBETCTBAT Ha 3anomHeH obpas.

o Bpb3kute Mexay HeBpOHWUTE ca CUMETPUYHW, T.€. TernaTa ca Takuea, Ye Wi = Wiji.

¢ Hsama camocsbp3BaHe — wii = 0 3a BCEKM HEBPOH.

CxemaTtunyHa BM3yanusaumsa Ha duckpemHa mpexa Ha Xongutind ¢ N BXogHM curHana v
CbOTBETHM HEBPOHU € NpeacTaBeHa Ha dur. 2.12.

X1 Xz Xi Xn

®ur. 2.12 [InckpeTHa HEBPOHHA Mpexa Ha Xonduing (agantupaHo oT
https://www.tutorialspoint.com/artificial_neural_network/artificial_neural_network_hopfiel
d.htm)

ApxuTekTypata Ha guckpeTHaTa Mpexa Ha Xondwuing e efHOCronHa, KaTo BCUYKM
HEBPOHM Ca B3aMMHOCBBbP3aHWU. Bcekn HEBPOH mony4yaBa BXOA4 OT BCUYKM OCTaHanw, ¢
n3knoyeHne Ha cebe cu. Matpuuata Ha TernaTa € CUMETpUYHA C Hynu Mo rraBHUs
anaroHan (wi = wiji; wii = 0). BxogHuTe curhanm (He ca 3aAbimKUTENHW) X4, Xz, ..., Xn MOraT
[a ce nogaeat KbM HEBPOHUTE B Ha4YamnHus MOMeHT. Cnep HAKOMKO uTepauum Mpexara
pocTtura ctabunHo CbCTosHNE (aTpPakTop), KbAETO CbCTOSIHMETO Ha HeBpoHuTte Yy, Yo, ...,
Y, OTroBapsi Ha 3anomMHeH o6pa3. Te3n uaxoau onpedensaT CbCTOSHNETO Ha Mpexara u
MoraT [fa cryxaT KaTo acouuaTvBeH W3Xo4 — Bb3CTaHOBsIBaHE Ha 3anoMHeHa
MH(OpMaLUs JOpU NpU HembllieH BXOA4. AKTMBaUMOHHUTE (DYHKUMM Ha HEBPOHWUTE ca
peneiiHn. MNpu GUHapHKM gaHHM Te ca B ananasoHa [0,1], a npu 6unonapuu — [-1, 1].
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ManmuaTa C Ternata Ha Mpexata OOMKHOBEHO Ce M34MchsiBa kaTo ce M3nonasa
npaBnnoTo Ha Hebb u ce Hynupat guaroHanHuTe eneMeHTU.

Mpy BUNONSIPHU JaHHW:
wij = X, Si(p) - Si(p), i#] (2.31)
wii =0

Mpu GuHapHW gaHHK:
wij = 2, [(2-Si(p) - 1) - (2-Si(p) — 1), i #] (2.32)
wii =0

Cymata e mo BcuYku oby4vasawm npumepun p. lNpu KOHCTpympaHe Ha maTtpuuarta ¢
TernaTta, Bcekn buHapeH BekTop ce npeobpasysa B Gunonsipex.

EQuH OT cblyecTBEHUTE MPUHLUMNKM MPW peanu3auusta Ha MTepauMoHHUS npouec B
HEBpOHHaTa Mpexa € acUHXpPOHHaTa akTyanuMsauus Ha W3XOOHUTe CurHamm
(cbcTOAIHMATA) Ha HeBpoOHWUTE. B pamknTe Ha Bcsika UTepaumsi ce M3BbPLUBA NPOMSHA
CaMo Ha eH HEBPOH, KaTo HEroBMAT M3BOp ce OCbLLECTBABA CTOXaCTUYHO, MPY YCroBMe
Ye BCWYKM HEBPOHWM MMAT efHakBa BeposTHOCT da O6bAaT u3bpaHu 3a akTyanusauus.
MonyyeHata HOBa CTOMHOCT Ha M3XOAHWS CuUrHan HesabaBHO ce B3ema npeasvg npu
nocrneaBalimMTe U34YUCNEHUS U MOBMMSIBA CbCTOSIHUETO Ha OCTaHanuWTe HeBpPOHW. To3n
AaCMHXPOHEH MOAXOA Ha aKTyanusauus npeacTaBnsaBa rapaHums 3a CXoauMocTTa Ha
OVHaMWYHWSA npouec B MpexaTa, kaTo ocurypsisa npemuHaBaHe KbM CTabunHo
CbCTOSIHME (aTpaKTop), CbOTBETCTBALLO Ha eAMH OT 3anaMeTeHnTe obpasu.

Mpumep: OByyeHne c NnpaBnnoTo Ha Xeb B Mpexa Ha Xonduing

Mpu n-mMepHK BXxoAHW oBpasu X, Ternata Mexay HEeBPOHWTE i U j ce onpedensT uypes
dopmynara:

Wiip = (1/N) - Z(xi - xpP), (2.33)
KbAeTo:
N — 6poit oby4aBaLLy npumepu
XiP — CTOWHOCTTA Ha i-TUS1 BXOA 3a p-TUs Npumep
XjP — CTOWHOCTTA Ha j-TUS1 BXOA 3a p-TUS Npumep

¥ — cyma no Bcuuky p o6yyaBallm npumepu.
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Taka ce 3anoMHsl CTpyKTypaTta Ha BCUYKM BXOAHM o6pa3u. Mpu Bb3cTaHOBSIBaHe, Aopu
Npyu HEMbIHO UMM YaCTMYHO CbBNAaAEHMe, MpexarTa e ce CTpeMu Aa BbpHe no3HaTus
NMblHOLEHEH 06pas.

AcounaTtnBHUTE MpeXxn HamMmupaT NpunoxeHue B 6I/IOMeTpI/I‘-IHI/I cnuctemmn, aBTomatu4yHO
nonbfBaHe Ha AaHHW, PEKOHCTPYKUMA Ha VI306pa)KeHVIF|, rpeLlKo3aLlnTHO KogmnpaHe n ap.

HenpekbcHamume mpexu Ha Xonghulind npeAactaensisat ob6o0LieHne Ha OUCKpeTHUTe
MoZenu. M npu TAX BCUYKM HEBPOHM Ca B3avMHOCBbP3aHMW, KaTo Ternara OTHOBO ca
CUMETPUYHU (T.e. Wij = Wji, MPW i # j) n HAMa camocBbpaBaHe (wii = 0). Pasnukata cnpsmo
OUCKPETHUSI MOAEN €, Ye CbCTOSIHUSITA Ha HEBPOHUTE CE NMPOMEHSIT HEMPEKLCHATO BbB
BPEMETO, CbIMacHO cucTeMa OT AndepeHumanin ypaBHeHus.

[nHamukaTa Ha cbCTOsIHMATA Ui(t) ce onncBa Ypes CregHOTO YpaBHEHME:
dui/dt = X (wij - yj) + Xi 3ai=1,2,..,n (2.34)

KbOETO:
Ui — BbTPELLHUAT NOTeHUMarn Ha i-Tsi HEBPOH; AMHAMUYHA BENWNYMHA, KOATO Ce U3MEHSI
BbB BPEMETO;

dui/dt — nponsBogHaTa Ha u; Mo Bpeme t, NoKasBalla Kak ce U3MEHsI CbCTOSIHUMETO Ha
HEBPOHa;

Wij — TETNOTO Ha Bpb3kaTa OT HEBPOH j KbM HEBPOH i (MpU Wij = Wji);

Yj — USXOAHUST CUrHan oT j-TUS HEBPOH ((PYHKLMA OT CbCTOSHUETO Uj, OBUKHOBEHO Ype3
aKkTuBauUMoHHa yHKuus, Hanp. tanh nnu sigmoid);

Xi — BbHLUEH BXOAEH CUrHan KbM i-Tusi HEBPOH (MO)Ke Aa e Hyna B acoumaTtuBHa nameT).

MpexaTa e usrpageHa Taka, Ye npu Utepaumm CbCTOSIHMSATA Ui Ce CTabunmampat Kbm
onpeaeneHn CTOMHOCTM, a ToBa BOAW A0 CTabUIHU U3XoauM Yj. Tean cTabunHM CbCToAHUA
CbOTBETCTBAT Ha T.Hap. aTpakTOpW, acoOLUUMPaHN CbC 3anoMHEHM 06pasu.

M3xoauTe Ha HEBPOHWUTE Ce U3YUCHsABaT KaTo:

yi=gu), i=1,2 ..n (2.35)
KbAEeTO Yyi Ca U3XOOQHUTE CUrHanm Ha HEeBPOHUTE, a Xi Ca BbHLIHUTE BXOOHW CUrHanwu,
CBbp3aHN KbM CbOTBETHUTE HEBPOHU.

DyHKUMATa g(.), KOATO CMAYXM KaTo akTMBauMOHHa YHKUMA B Mpexarta, uma
curmomganHa copmMa 1 Bpblia cTonHocTU B MHTepBana [-1; 1] vnu [0; 1], B 3aBUCUMOCT
OT KOHKpeTHaTa peanu3auus. ToBa rapaHTupa, Ye U3XoaHuTe CTOMHOCTM Ha HEBPOHUTE
e 6baaT CbOTBETHO BUNONSAPHY UK BUHAPHW.
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XapakTepHa 0cOoGEHOCT Ha Tasu PyHKUMS e, Ye HelHaTa MbpBa Npov3BOAHA € BMHaru
MonoXxuTenHa, KOeTo OCMrypsisBa MOHOTOHHO HapacTBalLo NoBeAeHWe CNPSIMO BXOAHUS
curHan u.

Mpu HenpekbcHaTUTE XONMUIANZOBY MPEXM, 3a pasnuka oT AMCKPETHUS MOAEN, BCUYKU
HEBPOHW aKTyanuampar CbCTOSHUETO CY €AHOBPEMEHHO, T.€. MPOMEHUTE B CbCTOSHUATA
npoTMyaT napanenHo 1 B pearnHo BpeMe.

Xondwuinng gokasea, Ye npu cnassaHe Ha onpeaeneHn yCrnoems 3a Ternara — a UMeHHo,
CYMETPUYHOCT Ha BPB3KUTE (Wij = Wji PV i # j) 1 OTCbCTBUE Ha caMocBbp3BaHus (wi = 0),
cbliecTByBa eHepruiHa dyHkuma E(t), koAaTo onmcea CbCTOSHMETO Ha MpexaTa.
Ta3n dyHKUMA uma cnegHata obua dopma:

E(t)=—(1/2) - Zi Zjwij - yi - Yj— Zi Xi * Vi (2.36)
Ta cnyxu kaTo Msipka 3a CTabunHOCT Ha Mpexarta — B npoueca Ha (PyHKUMOHMpaHe
eHepruaTa HamansiBa U cuctemara ce CTpeMm KbM JlokarieH MUHUMYM, CbOTBETCTBALL, Ha
CTabunHo CbCTOsIHNE HA Mpexara (aTpakTop).
EHepruiiata doyHkums E(t) urpae cbllecTBeHa ponsi B aHanusa Ha AuMHamukata Ha
Mpexara. Ta genctea kato JlanyHoBcka dyHKLUMS — Npu BCsiKa MPOMSIHA Ha CbCTOSHMATa
Ha HeBPOHWTE, CTOMHOCTTa M HamansiBa Unm ocTaBa CbLUaTa, HO HUKOra He ce yBenuyasa.
ToBa noBefeHve rapaHTupa, Ye cuctemMaTa He Ce ABWKWN XaoTMYHO, a MOCTENeHHO ce
npubnmkaea KbM cTabunHa KoHdUrypaums, npu KOSITO eHeprusta Joctura nokaneH
MUHUMYM.
TakoBa CbCTOSIHME Ce Hapwya aTpakTop — TO MpefcTaBrsiBa 3anoMHeH obpas, KOUTo
MpexaTa Bb3CTaHOBSABa AOPW MPY HYaCTUYHO UK LLIYMHO NOAAAEH BXOA,.
Tob1 kaTO cTONHOCTTA Ha E(t) e orpaHnyeHa otgony, a npoussogHaTa u no Bpeme dE/dt <
0, mpexaTta 3aAbIIKUTENHO Le [OCTUrHe CTaburnHo CbCTosiHMe cred kpaeH Gpoin
nTepauum Unu 3a KpanHo Bpeme (B HenpeKbCcHaTUs crydan).
Ta3n xapakTepucTuka npasu Mpexute Ha Xonduiing noaxoaaiiy 3a NpUnoXeHns KaTo
acoumaTMBHa MameT, ONTUMM3aUMOHHM 334ayu W pellaBaHe Ha KOMOUHATOPHM
npo6nemu.

KOHTpOHHVI BbNpocu:

o KakBu ca OCHOBHWTE XapaKTepuCTMKM Ha Mogena Ha HeBpoHa Ha McCulloch-Pitts
1 Kak ce peanuaunpar nornvecknte yHKLMN Ypes Hero?

e KakBo npeactaBnsiBa agantuBHuAT nuHeeH enemeHT (ADALINE) v kakBa pons
vrpae anroputTbMbT Ha Hal-MankuTe kBagpaTu B o6yveHneTo my?

e C kakBo ce pa3nuyaBa MADALINE ot ADALINE n kakBo npeacTaBnsiBa HeroBata
CTpyKTypa?

e KakBo e nepLenTpoH 1 kak ce n3BbpLUBa 0byyYeHne Ha nepLenTpoHa Ype3
Kopekuus Ha Ternarta?

e KakBo npeactaBnsBa reomeTpuyHaTa MHTEprnpeTauns Ha nepuenTpoHa n kak
BEKTOPBLT Ha TernaTa e CBbp3aH C pasgensiwara xuneppasHuHa?
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TEMA TPETA
MHOI'OCJIOMHU HEBPOHHU MPEXH

Llen: 3ano3HasaHe Ha cmydeHmume C apxumekmypama, npuHuyunume Ha paboma,
aneopummume 3a obyyeHue U NPUoXeHUsima Ha MHO20C/I0UHUME HEBPOHHU MPEeXuU,
Kkamo ocobeH akyeHm ce rocmassi 8bpXy Mpexume ¢ 0bpamHo pasnpocmpaHeHue Ha
e2pewkama u Mpexume ¢ paduanHu 6a3ucHu ¢hyHKyuu. Pasanexdam ce cmpykmypu,
aKmueauyuoHHU  ¢byHKyuU, 0by4yeHue 4pe3 epadueHmHU Memolu, Kakmo U
MPUNIOXEHUEMO UM pu NUHEUHO U HenuHelHo pa3denumu 3adadu.

3.1. ApxuTeKkTypa Ha MHOroCrIOMHU HEBPOHHU MpPEeXu

MHorocnoriHaTta HEBPOHHa MpeXa Ce CbCTOU OT eaWH BXOAEH CIOW, eanH Unn noeseve
CKPWUTWU CrOEBE W eAUH U3XOAEH Croi. BxogHusAT croli cbabpxa Bb3nu, Ypes KOUTO
CcuUrHanuTe ce nogaear KbM MpexaTa. MI3aXogHuUTe curHanu ot BXOAHUS CroW ce npefjasaTt
KaTo BXOAHW CUrHamnu KkbM MbpBUsi CKPUT croi HeBpoHW. Cren obpaboTka, u3xoaute Ha
CKpUTWSA Crol ce nofasBaT KbM credBaluusi Crol — U3XOOHMSA Criol Ha MpexaTta. Ha
dur.3.1 e nokaszaHa apxuTekTypa Ha HEBPOHHA Mpexa C eOHOMOCOYHO npeaaBaHe
(Feedforward Architecture) Ha curHana. Npu Tasu apxuTeKkTypa curHanuTte ce npegasar
caMo B efijHa NMOCoKa — OT BXOAHWS CIOW, Npe3 eaunH Uiv roBeYve CKPUTU CMOEBE, KbM
N3XOQHMWS CINON; HAMa 0BpaTHM BPBb3KM — U3XOObT Ha AaeH HEBPOH He Brninsie obpaTHO
Ha BXOJa Ha CblUMs W NpeaxoAeH crom. Bcekn HEBPOH OT AafeH Crion e CBbp3aH camo
C HEBPOHWTE OT CreBaLlus Crol Ypes TErMOBHU KOEULIMEHTH.

X1 H1 Y1

A

x3

Y2

Bxopen cioii CkpuT Croih Vsxonen coi

®ur. 3.1 HeBpoHHa Mpexa ¢ eAHOMOCOYHO NpeJaBaHe Ha curHana.
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3.2. AKTUBaUMOHHU hyHKLUM

BXoAHWST curHanm Ha akTMBaUMOHHaTa (PYHKUUS Ha AadeH HEBPOH OT CKPUTUS CrOM ce
onwvcea ¢ hopmyna oT Buaa:

z= Y wix;+b (3.1)
KbOETO: Xi Ca BXOOQHWUTE CUTHanNu, wi ca TErMOBHUTE KOeULNEHTU, b € CBOBOAHUAT YneH
(bias), konTo ocurypsisa rbBKaBOCT Ha Mofena, z e npeTerneHara cyma — BXof KbM
aKTMBaLMOHHaTa (PyHKUMSA, X e cymaTa, obxBallalla BCUYKM BXOA0BE KbM HEBPOHA, N —
OpoaT Ha BxogHWUTE curHamu. M3xXoOHUSIT CuUrHam Ha HeBpOHa ce rnoryvaBa u4pes
npunaraHe Ha akTuBauuoHHa pyHkums f(z): y=f(z).

Hali-yecTo na3nonsBaHnTe akTUBaLMOHHM (DYHKLUMM B CKPUTUTE CIIOEBE Ca cUrMoudarnyu
(YHKLMKM, HaNpUMep NOrMcT1YHaTa curmonaHa yHKUMS Un Xunep6onMYHUST TaHreHc.
B n3xogHusa crioit MmoraTt a ce M3non3eaT pasfiMyHu TUNoBe (YHKLMWN — CUTMOVAANHM,
JIMHEWHW, CTBNKOBY U APYry, B 3aBUCUMOCT OT KOHKpeTHaTa 3ajjava Ha mpexara.

®yHKUMNUTE 3a aKTMBMPaHe BbBEXAAT HENMMHEMHOCT B Mpexarta, No3sonssaiku v Ja
Hay4u CroXHW mMoenu. Yecto nanonasaHn akTMBaLMOHHN OYHKLINK:

1. CurmouganHa cpyHkums (Sigmoid)

Flx) = 1 (3.2)

1+e™™
2. XunepbonuyeH TaHreHc (Tanh)

eX—e—X

f(x) =tanh (x) = o (3.3)
3. WsnpaBeHa nuHeriHa eamHuua (ReLU — Rectified Linear Unit)
f(x) = max (0,x) (3.4)
4. Leaky ReLU
£ = {3 ko < 0 @)
KbAETO a e Marka nonoxuTenHa ctoiHocT (Hanpumep 0.01).
5. Softplus
fx)=In(1+e%) (3.6)

6. Softmax (3a n3xogHu crnoese c BEPOSITHOCTH)
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f&) =5 (3.7)

Ternata Ha BPb3KUTE MEXAY BXOOHUSA W CKPUTUS CIION, KakTo U Mexay CKpUTUS u
N3XOAHWA CMOoW, MoraT Aa ce NpeAcTaBaT Ype3 matpuum Vi W (p — 6poi cKpuT HEBPOHM,
m — GpoN U3XOL4HW HEBPOHM):

Wo1 Woz - Wom
Wiq Wi . Wi

Vo1 Vo2 -

V11 V12 -

V= (3.8)

Vn1 Vn2 - Wni1 Wn2 - Wnm

MbpeuTe pepose (¢ nHaekc 0) cbabpia bias Ternata vy; 1wy -

v;j — Terno OT BXOAEH HEBPOH i KbM CKPUT HEBPOH j;

Wj, — TErro OT CKPUT HEBPOH j KbM M3XOAEH HEBPOH k.

Mo Bpeme Ha 0By4yeHVeTOo Te3n Terna ce KOpUrvpaT Taka, 4e U3XOAHUS HEBPOH Aa Aasa
npaBuneH nsxoa (MakcumanHo 6nu3bk 4o ovakBaHusi). Mpu oby4eHMeTo Ha HEBPOHHATa
Mpexa ce 3agaBa obydyaBalya n3Bagka ot P Ha Opoi enaHn BXOOQHO-U3XOOHW ABOWKM
(BcAka c uHOekc j) oT gaHHM 3a mpexaTta: (j) : d(j). Ha Bcekn BxogeH BekTop X(j)
CbOTBETCTBA XeNaHUAT U3xoaeH BekTop d(j) 3a MpexarTa:

x() = 12 (D) x2() - DI d() = [di (D) do() - din (D], j=1.2 ... p. (3.9)

M3uncnssaHeTo Ha U3XOAHWUTE CMIHaNM Ha MHOTOCIIONHA HEBPOHHA MpeXa Ce U3BbpLUBa
no cdopmynure:

Yin, = Wok + Z?:lwikzi; Yk = f(yink); k=12..m (310)
Zin; = Voj + iz VijXi; % = f(Zinj):j =12..p. (3.11)
pagmeHTeH noaxon 3a obyyYeHne Ha HEBPOHHa Mpexa

3a fa ce NocTUrHe KOpeKTHa HacTpoika Ha TernaTa B HEBPOHHATa Mpexa, ce u3nonssa
TEeXHUWKa, Npu KOATO Terrarta ce aganTvpar CThIKa Mo CTbMKa B NOCOKa, KOATO BOAW A0
HamarnsiBaHe Ha rpelukaTa Ha Mpexara. Ta3u TexHuka ce 6a3vpa Ha rpagueHTeH Crnyck —
noaxop, KOWTO ce CTpeMu Aa OnTMMK3Mpa u3xoda, kaTto peayumpa pasnvkata mexay
OYaKBaHWUTE (KenaHuTe) u AeNCTBUTENHUTE CTOMHOCTU, U3YMCIIEHN OT MpexaTa.

PyHKUMATA, KOATO OLIeHsBa KavyeCcTBOTO HA M3Xofa — HapuyaHa uenesa yHKUMS, e
AedvHMpaHa KaTo cyma OT KBafpaTuTe Ha pasfnvKnTe MEeXAy XenaHute u nornyyYeHnte
naxoau. MNopaan Tasun CTpykTypa, METOABT Ce Knacuduumpa kaTo MeToA Ha Haln-mankute
KBagpaTtu. Tov e nonynspeHx, Tbii KaTo ocurypsisa rmagka, AudepeHumpyema noBbpxXHOCT
3a oNnTMMK3auus.

Mma nBa OCHOBHM Ha4MHa 3a npunaraHe Ha 1031 noaxona:
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- [NocnepoBateneH pexum — Ternara ce akTyanuavpar crnef Bcsika obyyaBalla ABoika
(npuwmep);

- [TMakeTeH (batch) pexum — Ternata ce NPOMEHSIT eAHOKPATHO, CrNed KaTo MpexaTa e
obpaboTuna usnata obyyasalla U3Bagka.

LleneBata dyHKuMA (CpegHOKBaapaTUyHa MOMEHTHaA rpeLlka) ce Aasa ¢ hopmynara:

m

E=E@t) =05 (d(t) - pelt))’ (3.12)
k=1

MN3uncnsiBa ce yacTHaTa MpouM3BOAHA (KOMMOHEHT Ha rpajveHTa Mo OTHOLUEHWe Ha
TErNoTo wj ) Ha uenesata (PyHKUmUs:

aE a T 5
Juy By (“'5?&“‘ — %)

i] 0 Ay
By (05(dr. — y&)?) = —(d& — wi) Buy

»
Yo = o)y @ Yin — wor + 3wz,
j=1

A
dwj,

Yin,
D

= f"(i’i’im) N = f’(gim) T Zj

(3.13)

U3uncnssaHe Ha rpelukaTta U Kopekuusl Ha Ternarta

B npoueca Ha obyyeHune ¢ obpaTHO pasnpoCTpaHeHue, KI4oBa POns urpae T.Hap.
MawabupaHa rpewka (6k). TS m3passBa OTKINOHEHWETO Ha OEWCTBUTENHUS U3Xo[ Ha
MpexaTta OT O4YakBaHWA (KeraHus) pesynTaT, KOpUrupaHo 4pe3 npousBoaHaTa Ha
n3ron3saHata akTMBauMoHHa ¢yHKuMs. 3a k-TUS M3xo4eH HEeBPOH Tasu rpellka ce
n3yucnsaea no cregHata opmyna:

Ok=(dk—yk)-f'(yink), (3.14)
KbAEeTo:
e dk —KenaHarta CTOMHOCT Ha n3xoaa,

e Yk— TeKyllaTta CTOMHOCT, U34ncrieHa oT Mpexara,

o f(yink) @ Npon3BOAHATA Ha aKTUBALMOHHATA (PYHKUMS, NPUMNOXEHa BbpXy BXxoaa
Ha HEBPOHA.
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Cnep kaTo e npecmeTHaTa Ok, MOXe [ia Ce M3Mon3Ba Tasn CTOMHOCT, 3a Aa ce kopurupat
Ternata, CBbp3BallM CKPUTUSI U U3XOAHUA croil. Cropen rpagWeHTHUS MOAXOA,
KOPEKLMATA Ha BCAKO TETO Wik (MEXIY j-TUS CKPUT U K-TUS U3XOAEH HEBPOH) Ce onpeaenst
ypes:

Awj=a-Ok-Zj (3.15)
KbAeTo:

e O - ckopocTTa Ha oByyeHue (learning rate) — onpeaens ronemuHaTta Ha
npoMsiHaTa B TernoTo,
e Zj — U3XOAHWSIT CUTHAI Ha j-TUS HEBPOH OT CKPUTUS CION.

Cnep ToBa TernoTo ce obHoBABA:
Wik(t+1)=wik(t)+Awjk=wik(t)+0a-Ok-Zj (3.16)

AKO CTOMHOCTTa Ha O e TBbp/e ronsama, anropuTbMbT MOXeE [1a CTaHe HecTabureH u aa
JApeckaya“ MUHMMarHWTe CTOMHOCTM Ha (PyHKUMsATa Ha rpelukaTa, KoeTo Boau OO
pasxoasiwo obyyeHue. Mpu TBbPAE Marka CTOMHOCT, Ternarta ce NpOMEHAT GaBHO K
obyyeHneTo Moxe Aa GbAe MSKNYMTENHO HeedekTMBHO. B npaktukata 4yecTo ce
13Mos3ea TeXHUKa 3a afanTMBHO HaCTpoiBaHe Ha a, 3a 4a ce nocTurHe GanaHc mMexay
CKOPOCT M CTabMIHOCT Ha 06Gy4YeHMneTo.

KoerMpaHe Ha Ternarta ot BXOAHUA KbM CKPUTUA cnon

KoraTto ofyyaBame HeBpOHHa Mpexa, Uckame Aa pas3bepeM kak BCSKO Terno Bnusie Ha
KpaiiHaTa rpeluka Ha Mpexara. 3a Bpb3kuTe OT BXofa KbM CKPUTUSA CIIoV TOBa BIUSIHUE
€ HEMNpSIKO — BXOAHUAT CUTHan MbPBO NPeMUHaBa npes CKpUTUs Croi, cried Tosa octura
[0 U3XOAHWS.

3a pa onpeaennm Kak gaaeHo Terno mexzay Bxo4 U HEBpPOH OT CKpUT cnon AonpuHaca 3a
obuwarta rpeLlKka, n3non3same Bepu>xHa roruka:

1. MbpBO BUXAaMe Kak TOBa Terno NpoOMeHs U3xoAa Ha HEBPOH OT CKPUT CIOMW.
Cnen ToBa BWXAAMe Kak HEBPOHBT OT CKPUTWUSA CrOW BMUsie HAa HEBPOHWUTE B
MU3XOHUS CINOW.

3. W Hakpasi — kak Tasu MpoMsiHa B W3XOAa BNMsie Ha LANOCTHaTa rpellka Ha
mpexara.

Taka ce npocnegsisa ,eekTbT MO Bepurata“ oT TErNoTO KbM CKPUTUS HEBPOH, OT HEro
KbM U3XOA4HWSA CNon n fo obliaTa rpeLuka.

3a pa HanpaBuM KOpeKUuua Ha TernoTo, KOM6I/IHI/IpaMe TP CbaKTOpaZ

o Konko cunHo rpelukata B M3xoda 3aB1UCK OT TO3M CKPUT HEBPOH;
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« Konko YyBCTBUTENEH € CaMUAT CKPUT HEBPOH KbM MPOMEHU B CBOETO BXOAHO
Terno,;
o KakbB e BXOOHUAT curHan, KowuTo ro e akTmsupan.

ObeauHaBankm Te3m akTopu, ce nomyyaBa YMCrOBa CTOMHOCT, KOSTO HU Mokassa C
Kaksa CTblKa Aa NpOMEeHUM TernoTo, Taka Ye Aa Hamanum obLiaTta rpeLuka.

0606LLeHO AenTa-NpaBuIo U rpeLlKka B CKPUTUSI CNON

MpouecbT MO HacTpoiBaHe Ha Ternata Mo pasrnefaHus MeTod Ha Hai-MankuTe
KBagpaTu 3a MHOrocrnoviHa HeBpPOHHa Mpexa ce Hapuya o6oblieHo AenTa-npasuIio,
KOETO fieXu B OCHOBaTa Ha anropuTbMa 3a o6paTHO pas3npocTpaHeHWe Ha rpelukarta
(backpropagation).

O606LLeHo AenTa NpaBwo U rpeLlka B CKPUTUS CIon

Mopo6Ho Ha noaxopa npu aganTuBHUsa nuHeeH enemeHT (ADALINE), npu obyyeHuneTo Ha
MHOTOCIIONHN HEBPOHHM MpPEXUW Ternara ce KopurMpaTt NpornopLMOHanHO Ha rpelukaTa
(mnenTaTa), cBbp3aHa C KOHKPETEH HEBPOH. 3a HEBPOHUTE B M3XOOHUSA CION, Ta3u rpeLuka
ce aedmHMpa AMPEKTHO KaTo pasnukata Mexay XXenaHus n3xon v nonyvyeHus pesynrtart,
YMHOXeHa Mo Mpou3BoJHaTa Ha akTuBauMOHHaTa (yHKuMsA. ToBa ocurypsisa TouHa
oLeHKa Ha OTKIMoHeHueTo. Mpn ckputna cnon obave NUMNCBa AMPEKTHA XernaHa CTONHOCT.
3aToBa rpeLukaTa Ha CKpUT HEBPOH He MOXe [ia Ce U3YUCIN MPSIKO, a ce n3Bexaa Ha basa
Ha BMUSIHNETO MY BbPXY IPELLKMTE B U3XOAHUSA CNON. To3n NOAXOA U3Non3Ba rpagneHTeH
MEeTof4 W ce Hapuya o0600LWeHo AenTta npaBWuno, MNPUIIOKMMO 33 MHOTOCIONHU
apXMTEKTYpW.

Taka ce goctura go cdopmyna (3.17), KOSTo onMcBa Kak ce u3yucnsiea MallabvpaHara
rpeLuKa B CKPUT HEBPOH i

8= f" (2n;) - T 8- Wi (3.17)
KbOETo:
f' (Zinj) — Mpou3BoAHaTa Ha aKTUBaLMOHHATa PYHKLMSI 338 CKPUTUSI HEBPOH,
8y — rpewukata Ha k-Tnst U3XO[EeH HEBPOH,
Wji — TErnoTO MeXAy CKPUTUA HEBPOH j 1 M3XOAHWA HEBPOH k.
k=1 6k - Wji, — CymMapHaTa npeTerneHa rpeiuka, koaTo ce ,Bpbliua 06paTHO" OT M3XOAHNA

KbM CKpUTUS crioli. ToYHO Ta3n obpaTHa Bpb3ka € B OocHoBaTa Ha MeToga obpaTHO
pasnpocTpaHeHue Ha rpelukaTa (backpropagation).
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3.3. AnroputbM Ha 06paTHO pa3npocTpaHeHne Ha rpeLukara
OO6y4eHMeTo No MeToAa BKIOYBA [jBa OCHOBHM eTana 3a Bceku obyyaBall, npumep:
1. MbpBu eTan — pasnpoctpaHeHue Ha curHana (forward pass)
BxogHuAT BEKTOp ce nofjaBa KbM MpexaTa 1 ce U34ncnsaBaTt U3XOAHUTE CUrHanm
3a BCEKW HEBPOH, Crl0M MO CroWn — A0 U3XOA4HWUS CION.
2. BTopu eTan — nauucnseaHe Ha rpewukute (backward pass):

— WN3uncnasaT ce rpeLukmTe 3a 3XOAHUTE HEBPOHM.

— Cnep ToBa rpeLukuTe ce ,pasnpocTpaHaBaT Ha3ad  KbM HEBPOHUTE OT
npeauLLIHNTE CKPUTU CrOEeBe.

— Ha Ga3ara Ha Teau rpeLuku ce akTyanuaupar Ternara.

Tosu ,qucbaseH npouec no3esosiAiBa HaCTpOVIKa Ha Ternara no Ha4nH, KONTO MUWHUMKU3UPa
rpelkaTa Ha n3xoga cnpAamMo xenaHata CTOMHOCT.

ETanu Ha anropuTbMma 3a o6paTHO pasnpocTpaHeHue
ETan 1. MNoagrotoBka Ha MmpexaTta
e HavanHuTe CTOMHOCTU Ha BCUYKK Terna mexzay croeBeTe ce 3afaBaT NpOU3BOSIHO,
HO B Manbk AnanasoH (06MKHOBEHO OKOIO Hyna).
e W3bupa ce koeuumeHT Ha obydeHre a, KOMTO Le KOHTponupa roneMuHaTa Ha
BCSIKa KOpeKLMs No Bpeme Ha obyveHuneTo.
« [eduHupa ce ycrioBue 3a npekpartsiBaHe Ha 06y4eHNeTo — Hanpumep AocTuraHe
Ha JOCTaTbYHO HUCKa rpeLuka unu onpeaeneH 6pon ntepauuu.
e YcraHoBsiBa ce 6posy t=1, KOWTO Npocneasasa oby4nTeENHUTE CTHIKK.

Etan 2. MmaBeH uykbn Ha 0byyeHne

MpouecbT ce NoOBTaps, 4OKATO CNMPALLOTO ycrosue He 6bae nanbriHeHo. Mpu Besika
UTepaums ce M1HaBa npe3 BCUYkn obydyaBallm npuMepu.

Eran 3. Pa6ota c eagnH obyyaBaly npumep

3a Bcsika BxogHO-u3xogHa asorika x(t):d(t)x(t) ce nanbnHsBat cnegBalwimTe nogetanu (oT
4 no 9), KOUTO peanuanpart NpeAaBaHe Ha cUrHana v KOpekLumMs Ha rpeLukarta

ETtan 4. lNogaBaHe Ha BXOAHUTE AaHHU
MogaBamMe BXOAEH BEKTOP X KbM Mpexxara.

Eran 5. NpaBo npemuHaBaHe npes mpexaTa (M3XOAeH Criow)
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Msuncnsea ce CyMapHUAT BXO4 KbM BCEKW U3XOAeH HEeBPOH, cnen KoeTo U3XogHuA
HEPBOH Ce aKTmsupa.

ETan 6. NpecvsiTaHe B CKpUTUS Cron
Bcekn ckpuT HEBPOH CbOMpa BXOOHWUTE CUrHANM U U34ncnsisa CBOsi OTroBop.
ETan 7. /34ncnexHne Ha rpeLukntTe B U3XOOHUS Cown

3a Bcekn HEBPOH B N3XOAHWS CION ce Hamupa Mau.laGMpaHaTa rpPeLlKa, KOATO CNy>Xn 3a
KOpeKuna Ha CbOTBETHUTE Terna.

ETan 8. /134ncneHne Ha rpeLuknTe B CKpUTUS CroMn

3a BCEKM CKPUT HEBPOH Ce OLIEHSIBA HETOBUAT NPUHOC KbM KpaliHaTa rpeLuka, crnej KoeTo
Ternata KbM CKPUTUSI CIION Ce Kopurvpar.

Eran 9. AkTyanusaums Ha Ternara.
Eran 9. [NpoBepka Ha ycrnoBmneTo 3a Kpaw.

Mpu Bcsika cTbnka ce obpaboTBa pa3nuyeH enemeHT oT obyyaBalwiaTta u3Bagka. Cneg
NPUKMHOYBaHE Ha BCUYKW, anropuTbMbT 3anoyBa HOB LMKbLI C UsanaTta usBagka, JokaTo
He 6bOe N3NbIHEH KPUTEPUAT 3a cnupaHe (HanpyMep OOCTUraHe Ha >XenaHa CTOWHOCT
Ha LeneBaTa pyHKUMUS UMK JOCTUraHe Ha MakcumarieH 6poit enoxu).

MakeTeH noaxoa npu o6ob6ueHoTo genTa npasuno

Korato mpexarta ce oby4aBa B Taka HapeyeHus nakeTeH pexum (batch mode), 19 He
M3BBbPLUBA NPOMEHU B Ternata BegHara cnef Bceku Bxod. Bmecto ToBa:

e HaATpynBa BCUYKU IrPELUKN U TEXHUTE ed:)eKTI/I BbpXYy Ternarta no spemMe Ha
npemMnHaBaHe npes udanarta TpeHUpoBbYHa n3BaakKa,
e Clej TOoBa M3BbpLUBa eHOKpaTHa, 0606LLeHa aKTyanusauuna Ha BCUYKK Terna.

ToBa e Nogo6HO Ha MpuHUMNA, U3NoN3BaH B aganTusBHuA nuHeeH enemeHT (ADALINE),
KbAEeTOo LenTa e Ypes KyMynupaHaTa rpeluka Aa ce nocturHe no-crabunHa u rmobanHa
Kopekuus.

[onbnHMTENHO, CkopocTTa Ha 0byyeHne o MoXe AMHAMUYHO Aa ce MPOMEHS, Taka Yye Aa
Ce ycKopu mpoulechbT Ha npubnmkaBaHe KbM MUHMMAarHa rpeluka — ToBa BoAu A0 Mo-
nobpa edeKTUBHOCT NpW ONTUMU3ALMS.

Cnep kaTo mpexaTa npemvHe obyunTenHus etan, Ta BNnsa B ekcrnnoaTtaunoHHa dasa —
roToBa e Aa peluaBa pearnHv 3agauu:

e KbM BX0Aa 1 ce noAaBaT HOBU JaHHU,

47



e MpeXaTa ns4ducndaea CbOTBETHUTE U3XOOMU, M3Mon3Bankun Beve Hay4dyeHuTe Terna.

3a fa ce oueHu Jokonko fobpe Mpexarta e B CbCTosiHMe Aa obobliasa, ce usnonasat
TECTOBM NPUMeEpK, KOUTO He ca Gunu BkMoYeHU B oby4vaBalumst Habop. ToBa e TecT 3a
cnocobHocTTa 1 ga paboTu ¢ HeMo3HaT! BXOAOBE.

CbluecTByBaT mMaTeMaTU4ecku OOKA3aTencrBa, Y€ MHOMOCMOVWHM HEBPOHHU MPEXWU C
noaxoasiLia apxuTekTypa 1 obpaTHO pasnpocTpaHeHne MoraTt Aa arnpokcumupaT Besika
HenpekbcHaTa gyHKumMs oT knac L2. CrnegosaTternHo Te MMart crnocoBGHOCT 3a yHMBepcasiHo
npubnmwkeHue, KOETo M NpaBu MOAXOASLIM 3a HaW-pa3HoobpasHu 3agayn: oT
Knacudukaums 1 perpecus 4o npeackassaHe v OTKpYBaHe Ha aHoManuu.

YcnexsT Ha O6yquVIeTO obaye 3aBucK OT:

e [OCTaTb4HO ronsma u gobpe 6anaHcupaHa obyyaBalla U3BaaKa;
e TEcTOBUTE JaHHW Aa nonagat B CbluMsi o6xBaT, B KOWTO ca 6unu 1 obyyasalimte
npumepu.

MpexuTe ¢ 06paTHO pasnpocTpaHeHUe ca TUMUYEH NPUMEP 3a 0ByYaeMu YepHU KyTUM —
Mpv Hanuune Ha JOCTATbYHO AaHHU, Te AasaT OTNUYHU PEe3ynTaTn, J4opu 6es3 U3pUYHO
pasbupaHe Ha BbTPeLIHUTE 3aKOHOMEPHOCTH B AaHHWUTe. CucTemara NpocTo ,yuu” Kakeo
€ Hy)XHO Aia 6bJe NMoCTUrHaTo M cama HaCcTPOoBa BbTPELLUHUTE CU NapaMeTpu.

OcHoBHU NpeauMcTBa:

o [loGpa yCcTOM4YMBOCT MPU LUYM U FPELLUKN B AAHHUTE;

« CaMoHacTpoiiBalLy ce Ypes sICEH anropuTbM (rpagueHTHO 0byyeHme);

e He usucksat 3HaHMS 3a eCTECTBOTO Ha nNpobnema — nsncksaTt camo NOAXOAALLM
npumepu.

OCHOBHM HeoCTaTbLM:

« Ob6y4yeHneTo Moxe Oa € 6aBeH M pecypcoeMbK npouec, ocobeHo npu ronemu
Mpexu;

e Vma puck oT nonagaHe B NoKanHu MUHUMYMW — MpeXaTa He Hammpa Har-A4obpoTo
pelueHwe;

. |-|pl/| nmnca Ha CeMaHTU4YHO 3Ha4YeHWe B CKpUTUTEe CloeBe — MpexaTa oCTaBa
Henpo3payHa 3a aHanms;

« CunHo HamaneHue Ha rpagueHTa soau o 3acTon — MpexaTa yuun GBBHO;

» HeonTtmaneH n3Gop Ha Gpos crioeBe UM HEBPOHW MOXeE Aa AoBede [0 nposan
B 00y4yeHueTo.

Ako 6poAT Ha HEBPOHUTE B CKpUTUSA crio 6bae npekaneHo ronsM, Mpexara mMoxe Aa
3arMoyHe [fa 3anameTsdABa KOHKpeTHUTe oby4yaBaliy npumepu — Taka HapeyeHoTo
npeTtpeHupaHe (overfitting). ToBa Boan 0o crnabo npeacTaBsHe BbpPXy HOBU, HEBWXKAAHU
BXOA0BE.
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BanaHc B apxuTtekTypara:

[MpekaneHo mManko HEBPOHU — MpexaTa He MoXe Aa ,Hayun” Hy)KHaTa CMOXHOCT;
MpekaneHo MHOro HeBpoHU — rybu cnocobHocT Aa obobLyasa.

Kakso Bnusie Ha n3bopa Ha 6posi Ha HEBPOHHUTE:

Pa3mep 1 6poit BXxogHW OaHHW;

M3xogHa pa3mepHocT (bpon knacoBe unm perpecuoHHN CTOMHOCTK);
O6embT Ha obyyaBallaTa U3BaaKa;

KonnuyecTBOTO LWYyM B fA@HHUTE;

CnoxHocTTa Ha 3agavara;

BuabT Ha usnonaeaHusi o6y4mMTENEH anropmuTbM.

AnroputbmbT Backpropagation e ocHoBeH MeTon 3a 06y4eHMEe Ha HEBPOHHU MpPEXM.
Upes pasnpeneneHo KopUrmpaHe Ha Terfarta B Lsnarta Mpexa Tov ocurypsisa epekTmsHo
oby4yeHne, KaTo NO3BOMISIBA Ha Mpexara Aa HayvaBa CIOXHW 3aBUCUMOCTU Mexay
BXOAHWUTE W W3XOOHWUTE AaHHW. Bbnpekn ye MeToabT MMa HAKOW OrpaHUYeHusi, Kato
Bb3MOXHOCTTa 3a nonagaHe B JIOKaNeH MWHUMYM, M3MNON3BaHETO Ha TEeXHWKW KaTo
afanTUBHO perynvMpaHe Ha CKopocTTa Ha o0OydyeHMe W MOMEHTEH MeTohd Moxe
3Ha4MTenHo Aa nogobpu HeroBaTa ePEKTUBHOCT.

KoHTponHu Bbnpocu

1.

2.

KakBo npencraBnsiBa MHoOrocrnoviHaTa HEBPOHHA Mpexa W KakBa e ponsita Ha
cKpuTKS crnon?

KakBo e obpaTHO pasnpocTpaHeHue Ha rpelukata (Backpropagation) n kakeu ca
OCHOBHUTE CTbMKM Npun 0By4eHNETO Ha MpexaTa Ype3 To3n MeToa?

Kakeu ca OCHOBHWUTE MpeauMcTBa U HeJoCTaTbUM HAa MHOFOCIIOMHUTE HEBPOHHM
Mpexu?

Kaksun daktopu BNuasT Bbpxy n3bopa Ha 6post Ha HEBPOHWUTE B CKPUTUSI CMOW U
KakBoO e npeTpeHupaHe (overfitting)?
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TEMA YETBBPTA
KOEBOJIIOIIUA YOBEK - U3KYCTBEH UHTEJIEKT

Tosa e npomsaHaTa, NpoAgbIkasallaTa NPomMsHa,
HeunsbexxHaTa NPoMsiHa, KOSTO € AOMUHMPALLMAT hakTop
B 00LLeCTBOTO AHeC. HykakBO pa3yMHO peLleHne Beve
He mMoxe aa 6bae B3eTo, 6e3 Aa ce B3eMe Npeasus

He camMo CBETbT TaKbB, KakbBTO €,

HO 1 CBETBHT TaKbB, KaKbBTO e bbae.

[An3bk A3nmoB, A3MMOB 3a Hay4HaTa daHTacTuka, 1981]

Len: 3ano3HasaHe Ha cmydeHmume € KOHUenuyusima 3a Koegosoyusi Mexoy Joeeka
U U3KycmeeHusi uHmenekm, kamo nod4yepmasa duHamuyHomo e3aumodelicmaue Mexoy
Xopama u aneopummume 8 pas/iuyHU CouuasiHu, UKOHOMUYECKU U MEXHOMo_UYHU
KoHmekcmu. CmydeHmume wle uscrnedsam mexaHusmMume Ha obpamHama 8pb3Ka,
Koumo oghopmsim roeedeHuemo Ha nompebumenume u fpernopbysawume cucmemu,
KaKmo u coyuanHume, emu4yHuUme u npasHume npedussukamescmea, c8bp3aHu ¢ msix.
Hakpas, we 6edam npedcmaseHu memodu 3a u3crnedsaHe Ha Koesontoyusama Yosex —
UskycmeeH MHmenekm, kakmo U 8b3MOXHU peweHus 3a banaHcupaHo U ycmoldyueo
e3aumodelicmeue Mexdy xopama U UHMesu2eHmHuUme mexHoso2uu.

4.1 KoeBoniouusa Yosek — WUskyctBeH WHTenekT: KoHcynTupawm cuctemm u
obpaTHaTa Bpb3Ka

McTopusiTa Ha YOBEYECTBOTO € UCTOPUSt Ha CbBMECTHA €BOSIIOLMS, B KOSITO XopaTta cu
B3aUMOAENCTBAT U Ce pa3BMBAT 3aefiHO C IPYrv BUAOBE, MaLLMHW U TEXHONOrMK. B Hawm
OHM TO3U Mpouec BKMoYBa W U3kycTBeHus uHTenekT (UMW), kato ce copmupa
HenpekbCHAT, UTepaTMBEH MPOLIEC HA KOEBOMIOLMS Mexay Xoparta W anroputMmute 3a
MaLlUMHHO oByuyeHue. Tasu KOEBOMIOUMS BNWsie HA eKOCUCTEMUTE, CbYeTaBalluy Xopa M
MW, koeTo oT cBOsi CTpaHa okasBa 3HaYUTENTHO Bb3AENCTBIE BbPXY 0OLLECTBOTO.

KoHcynTupalwmTte cuctemm ca edHn OT OCHOBHWUTE ABWraTenu Ha Tasu Kkoesonouus. Te
npeacraBnsBaT  anropuTMy, KOUTO MpeAnaraT CbAbpXaHue WM  MpoaykTM  Ha
noTpebutenuTe Bb3 OCHOBA Ha TEXHWUTE NPEANoOYUTaHUA UMM KOHKPETHW 3asBku. Te ca
WHTErpypaHn B MHOXECTBO OHMalH nnatgopMu — OT COUManHu MPexu W OHManH
MarasvHu [0 HaBWUrauuoHHW ycnyrm u reHepatmBHn WU npunoxenns. OCHOBHUTE
KOHCYNTMpaluM CcucTemMu 3acaraT ronemu rpynu notpedbuteny enHoOBPeMEHHO,
0QOPMANKN TEXHUTE peLLEeHUs 1 B3auMOOENCTBUS.

KOHch'ITVIpaLLWITe cucTeMW fAencTBaT B HeNpekbCHaT LUKbN Ha o6paTHa Bpb3Kka.

MoTpebutenckute OencTBust reHepupaTt AaHHW, KOUTO Ce M3Mon3BaT 3a 00y4YeHneTo Ha
anroputmute. Cnen ToBa anroputMuTe BRMSST Ha CredBallyTe pelleHust Ha
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n0Tpe6|/|Ter|v|Te, KOEeTO OTHOBO MNMpOMEeHA c1=6|/|paH|/|Te naHHu. Tosm npouec Moxe aa
npoabinkaBa 663Kpal7IH0, KaTo NOHAKOra BoOAM A0 HeoYakBaHM coumanHu eq)eKTVI.

Bb3pencrtBue Ha KOHCynTupawuTe cuctemm

MepcoHanuampaHWTe MpPeAsioKeHUs B couuanHuTe MeguuM MoraT [fga  YIecHsT
noTpebutenute B n3bopa Ha CbAbpXKaHWe, HO CbLLO Taka Aa ycunat edekta Ha exo-
KamepuTe U GUNTbPHUTE 6anoHu, BoAeMkM [0 TNOoTeHuManHa pagukanMsauus.
LieneHacoyeHute peknamu moraT aa yBenuyaT HepaBeHCTBaTa M npeapascbabuuTte, a
HaBWrauMOHHWTE YCNyr1, Makap Aa OnTMMU3MpaT MapLipyTUTe 3a OTAENHUTE LWodbopwy,
Morat Aa NpUYMHAT 3a4pbCTBaHUS, ako TBbPAE MHOIO Xxopa 6baaT Haco4YeHW KbM edHU
M CbLUM MbTULLA.

Opyrn cuctemu, kaTo MEQULMHCKUA WHCTPYMEHTM UM obGpasoBaTenHW acuUCTeHTMH, ca
HaCoYeHW KbM VMHAMBUAYANHN NOTPEOGUTENM U KbM MOMEHTA HSIMaT CbLLOTO rrnobanHo
BNMUsiHMe. Bbnpeku ToBa, ¢ pa3pacTBaHeTo Ha Mawaba vm, Te MoraTt ga goBegat Ao
noJobHN edhekTn Ha obpaTHa Bpb3Ka.

Xapax-repuc-mm Ha CbBpeMeHHUTe KOHCynTupaiwm cunctemum

KoHcynTupawumTte cuctemu, GasuvpaHu Ha MWW, nputexaBaT HSAKOMKO YHUKaNHU
XapaKTepUCTUKU:

1. BceobxBaTtHocT — Te ca WHTerpvMpaHu BbB BCUYKM OHMaiH nnatcgopmu, ot
coumManHn Mpexwu Ao eneKTPOHHA ThProBusl.

2. Y6egutenHoct — bnarogapeHne Ha ronemu KonuyecTtBa [AaHHW, cucTemuTe
npegnarat CUMHO MEepcoHanM3upaHu MpenopbKW, KOMTO TOYHO OTpassBar
noTpebuTenckuTe npeanovnTaHus.

3. NMpocneaumocT — Mpenopbkute 1 AENCTBUSATA Ha NOTPeBUTENUTE OCTaBAT creaw,
KOEeTO NO3BOSSIBA HATPYNBaHETO Ha rofieMn MacuBM OT AaHHWU.

4. Ckopoct — WW anroputmute morat ga 6baaT npeobyyaBaHum 6bp3o M Aa
NpeaoCTaBAT NPEeASIoKEHNS C U3KNoYMTENHa 6bp3nHa.

5. CnoxHocT — BaanmogeincTemsaTa Mexay ronemm rpynu notpedutenu n npoayktm
Cb34aBaT CIMOXHU CUCTEMU C HEMPeABUAUMU pe3ynTaTu.

KoeBoniouus u obwecTtseHn npeaunsBukartesrictea

Koesontouusita Hosek — N3kycTBeH VIHTenekT BHaca HoBW, 6e3npeueaeHTHN dhopmu Ha
B3aMMOAENCTBME Mexay TexHormoruu u obwectso. [lokaTto npenopbkute BUHArM ca
urpanu pons B YoBeLLKUTe n3bopu (Hanpumep CbBETW OT MPUSATENN UMK BAUSHUE Ha
peknamute), AHELHUTE CUCTEMW 3HAYUTENHO YycunBaT Bb3AEWCTBMETO CM nopaau
LUIMPOKOTO CU pasnpocTpaHeHne, crnocobHOCTTa Aa NepcoHanuanpaTt CbAbpPXaHUeTo U
CKOpOCTTa Ha B3anumogaevicTaue.

PasGMpaHeTo Ha TO3M MpoLec N3NCKBA NHTEPAUCLMNIIMHAPEH NOAX0o, KOUTO KOM6VIHVIpa
N3KYCTBEHUA UHTEJNIEKT N HaykaTa 3a CIOXHUTE CUCTEMW. Camo Taka MmoraT ga 6baat
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agpecupaHn npegmn3sukaTencrteaTa Ha KoeBonwumaTa Yosek — |/|3KyCTBeH MHTenekT n
Oa ce OTKPUAT Ha4YnHU 3a MUHUMU3NPAaHE Ha HeXenaHuTe nocneguun.

4.2 KoeBonwuusita YoBek — U3kycTtBeH UHTeneKkT kaTo ocHOBa 3a HOBa Hay4Ha
ob6nact

Koesontouusita Yosek — U3kycTBeH VIHTENeKkT uma noTeHumana Ha OCHOBEH eNlEMEHT Ha
HOBa Hay4yHa obracT, pasnorioxeHa Ha npeceyHaTa Touka Mexay MW un Haykata 3a
crnoxHute cuctemn. Tsa ce dokycupa BbpXy TEOPETUYHOTO, EMMUPUYHOTO W
MaTemMaTU4yeckoTo M3cneaBaHe Ha obpaTHaTta Bpb3ka Mexay xoparta u . B gyxa Ha
nuTepaTypHOTO BbobpaxeHne Ha An3bk A3MMOB, ,HUKAKBO pa3yMHO peLLeHue Beye He
MoXe Aa 6bae B3eTo, 6e3 fa ce B3eMe NpeaBna He Camo CBETHLT TaKbB, KaKbBTO €, HO U
CBETBT TaKkbB, KakbBTO e 6bae“. 3a Aa ce nocturHe no-3aabnboveHo pasdbupaHe Ha
KoeBontouusTa Yoeek — M3kycTtBeH VHTenekT, e Heobxoanmo paspaboTBaHETO Ha HOBU
MEeTOAONOMN U aHANUTUYHU PaMKU.

MN3yyaBaHeTo Ha koeBontoumsita YoBek — M3kycTBeH VIHTENeKT e OT KMioYoBO 3HaYeHue
3a pasbupaHeTo Ha ToBa Kak MexaHW3MUTE Ha obpaTHa Bpb3ka MoraT fa BNusAT BbpXy
coumanHaTa AMHamuka. BaanmogecTBreTo Mexay xoparta U KOHCYNnTUpaLmTe CUCTEMM
MMa noTeHuMana KakTo fga ycunBa, Taka M [a CMek4aBa OonpeferneHn couuanHu
eHomeHn. ToBa e 0COGEHO BaXXHO B KOHTEKCTa Ha MONMTMYecKka WKOHOMWS, KOSITO
0OVMKHOBEHO MOCTaBs WMHAMBUAyanHaTa nonsa Hag KOMeKTUBHUTE Gnara M B KOATO
cpeacTBata 3a MPOM3BOACTBO U MperiopbyBaHe Ca KOHLUEHTpMpaHu B pbleTe Ha
MarnumHa.

KoeBontouus YoBek — V|3KyCTBeH WHTenekT n pebarture 3a U3KYCTBEHUA UHTENEeKT

W3cnenBaHeTo Ha koeBontoumsita YoBek — M3kycTBeH MIHTeNekT 3aema LieHTpanHo MscTo
B 1Ba OCHOBHU Aebata 3a UW:

1. lNoBeaeHue Ha MawmMHUTE

To paswupsiBa pa3bupaHeTo 3a ,MOBEAEHMETO Ha MalUMHUTE®, KaTo Nnokasea, 4ve
obpaTHaTa Bpb3Kka € KI4YOBUST NpoLec, KOMTO copmupa koesonwoumsaTa Yosek —
M3kyctBeH MHTenekT.

2. dunocodckm nepcnekTnen 3a A
CobliecTByBalLm dmnocodckm nogxooun kbm NU:

e TexHomorn4Ho-HacoyeH N: noctaBs TexHonorusita B LeHTbpa Ha aebara.

e Yoeko-HacoueH WIW: pasrnexpa BnusiHueTo Ha VI Bbpxy 4oBelLKOTO Gnaro-
CbCTOSHME.

e KonekTMBHa WHTENMUIEHTHOCT: M3cnenBa Kak B3avMOAENCTBMETO Mexay xopa 1
KOHCYNTMpally CuCTeMW, MOXe [a HacoyBa KOeBonouuaTa KbM dKenaHu
pesynTaTu.
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O6wecTBeHOHaco4eH A

Tasun HoBa NepcrnekTuBa BbBeXAa KOHLEeNUMaTa 3a obliecTBeHo-HacoveH U, koito ce
OTNnYaBa CbC cregHMTe TP OCHOBHU acrnekTa:

1. BnusaHue Ha obpaTHaTa Bpb3ka BbpXy 6narocbCToAHNETO

MexaHusmute Ha 06paTHa Bpb3ka 3acdrat He camMOo wuHOMBUAOYanHOTO, HO WU
KONEKTUBHOTO BnarocbCTosiHMe.

2. HeoGxoAMMOCT OT HOBM Hay4HU nogxoam

YnpasneHvweto Ha 06paTHaTa Bpb3ka W3UCKBa paapaﬁoTBaHeTo Ha WMHOBaATWUBHU
Hay4HM MeToOos10rnun.

3. Pons Ha npaBHUTE N NONIUTUYECKUTE NHTEPBEHUUN

anpocme, CBbp3aHu C KkoeBonwumAaTa Yosek — |/|3KyCTBeH WHTenekT, He moraT ada
61>,an paspelueHn eAUNHCTBEHO C TEXHOMOMMYHN peLleHna, HeO6XO,D,I/IM € nnpaeseH "
nonnuTn4eCcKn nogxona.

Koesontouusita YoBek — W3kycTBeH WHTenekT nogveptaBa HeobxogumocTtTa oOT
XONMUCTMYEH MOAX0A, KOWTO KOMOMHMpa HayuyHW W3crnefBaHusl, €TUYHU MpUHLMNKN ©
nonuTuyecka perynauus, 3a aa ce NoCTUrHaT yCTOMYMBU U CNpaBeanvBy pe3yntaTu.

4.3. MeToam 3a nsy4yaBaHe Ha KoeBontouusaTta YoBek — U3kycTBeH UHTenekT

Tasu moyka pasenexda cbwecmeysawjume nodxo0u 3a U3yyagaHe Ha
g3aumodelicmeuemo Mex0y xopama U KOHCynmupawjume cucmemu, Kamo
nodyepmasa, 4Ye Masiko om msiX aHaaulupam posisima Ha obpamHama epb3ka MexXoy
xopa u UN. Pasenexdam ce npedumcmeama u Hedocmambuyume Ha pasfiuyHume
memodonoauu U ce npednazam 6b3MOXHOCMU 3a 0-006po pasbupaHe Ha
MexaHu3Mume Ha mosu npouyec.

EMnunpunyHuM cpelly cMMynauvMoHHU u3crneaBaHuA

EMNnpuyHMTE M3cneaBaHusi ce OCHOBaBaT Ha JaHHW, reHepupaHu oT NOBEAEHUETO Ha
noTpebutenuTe B peanHu nnatgopmu. Te NpedoCcTaBAT AoKa3aTencTBa 3a KOHKPETHM
(heHOMEHM U CryXaT KaTo eMnMpuyHa OCHOBa 3a TAXHOTO pa3bupaxe. Mpu Hanuune Ha
ronemMu n pa3HoobpasHu Habopu OT AaHHK, Te3n U3CTNeABaHNSA NO3BONABAT U3BEXAAHETO
Ha 0606LLeHNs 3a NOo-LUMPOKM Nnonynauun. Bbnpeku ToBa, Bb3MOXHOCTTA 3a U3BexaaHe
Ha 0600LleHVs1 e orpaHuyeHa OT BpPEeMeBUTE paMKku W YCroBUATa, MPU KOUTO ce
nposexaaT uacnensanusita. OcBeH ToBa, OCTbNbLT A0 AaHHU, YECTO MpuTexaBaHu oT
roneMmn TEXHOMOMMYHU KOMMNaHUW, € 3aTPyaHEH, KOeTO NpaBu Te3U U3cneaBaHust TPYOHO
Bb3MPON3BOAUMU.
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CuUMynaunoHHUTE U3cneaBaHus U3nonaeaTt mogenu, 6asmpaHu Ha mexaHusmu, W vnm
avruTanHu ABonHuum. Te ca MKOHOMUYHA anTepHaTMBa Ha eMNUPUYHUTE U3CNeaBaHus,
ocobGeHo KoraTo cTaBa AymMa 3a MallabHM €eKoCUCTeMM MMM KoraTo [aHHWTe ca
TPYAHOOOCTBbMHU. CumynauumMTe moraT ga GbAaT Bb3Npov3BeXZaHu C e4HW U CbluM
HavarHyW YcroBusi, KOETO MO3BOMsSIBa MpoBepka W BanuauMpaHe Ha pesynTaTuTe.
W3cnenosatenute Morat [a MaHunynupaTt napaMeTpu, 3a Aa v3cnegsaTt BRUSAHUETO
BBbpXY ekocuctemarta Yosek — U3kycTBeH MHTenekT. HegoctaTbkbT Ha TO3U NOAXOA €, Ye
CcUMMyrnauMnTe ce OCHOBaBaT Ha NPEANOSIoOkKeHWs, KOUTO MOXe [a He OTpa3saBaT peanHaTa
OVHaMuKa, U Taka MoraT a NponycHaT HeovakBaHU pe3ynTaTu.

KoHTponupaHu cpewy Ha6nogaTenHu uscneaBaHus

W eMnupryHMTE, 1 CUMYNaLMOHHUTE NOAXOAMN MoraT Aa 6bAaT KakTo KOHTPOSIMpaHu, Taka
1 HabngaTenHu.

KoHTponupaHute uscnefBaHusi, U3BECTHU KaTO EKCMEPUMEHTU B COLMAnHUTE Hayku,
BKMIOYBAT pasfensHe Ha u3BagkaTa Ha KOHTpOnHa rpyna W efHa uu nosevye
eKcrepuMeHTarnHu rpynu. BnmsiHmeTo Ha npenopbkuTe ce uaMepBa Ypes CpaBHEHWE Ha
pesyntatuTe mexay rpynuTe. Te Mo3BonsBaT M30NMPaHETO Ha edekTa Ha KOHKpeTHa
NPOMEHNMBA W YCTAHOBSIBAHETO Ha MPUYMHHO-CNEACTBEHU BPb3ku. Bbnpeku ToBa, T03u
TUN U3CNeABaHNS UMAaT OrPaHUYEHNS: YCIIOBKSATA 3a BKIOYBAHe U U3KMNoYBaHe MoraT Ja
orpaHuyaT o6obLiaemMocTTa Ha peaynTatuTe, a aganTMpaHeTo KbM NMPOMEHM MO Bpeme
Ha eKcrepvMeHTa e 3aTpyaHEHO.

HabniopatenHute wu3scnegBaHWs He BKMKOYBAT KOHTPOM BbPXY KOHCynTMpalyuTe
MeXaHW3MW 1 YeCTO U3MNoN3BaT AaHHW OT peariHu nnatdopMmn unu cumynauuu. Te morat
fa obxsawar ronemMu W npeacTaBuTenHn Habopu OT AaHHW, KOeTo Mno3BossBa
0606LLEeHNS 32 NO-LUMPOKU Nonynauun. Bbnpekn ToBa, YCTaHOBABAHETO Ha MPUYMHHO-
CNeACTBEHU BPBH3KM € NO-TPYAHO U U3UCKBA JOMbIHUTENHM Aoka3aTencTBa. OcBeH ToBa,
Te3n uscneaaHusi MoraT da 6baaT 3acerHaTy OT U3KPUBSIBaHWSI B M3bopa Ha AaHHu,
rpEWwkn B W3MEPBAHETO WNW HanWunMetTo Ha OObPKBALLM MNPOMEHMMNBKM, KOUTO
KOMMNpOMETMpaT TOYHOCTTa Ha pe3ynTaTute.

MopaenupaHe Ha o6paTHaTa Bpb3ka

ChbluecTByBaT OrpaHU4eH Gpoii u3cneaBaHusl, KOUTO HAAXBbPMSAT CTaTUYHUS aHanu3 Ha
BMWSIHWETO Ha KOHCYNTUpALLMTE CUCTEMU BbPXY MOBEAEHUETO Ha notpebutenute u ce
okycupaT BbpXy MexaHu3MuTe Ha obpaTHaTa Bpb3ka, KakTO TeOpeTWYHO, Taka M
eMnupuyHo. Hsikou OT Te3n uscrnefBaHus M3nonsBaTt MatemaTuyecku momenu, 3a aa
paskpuST BAMSIHUETO Ha NpenopbYBaLLMTe CUCTEMU Bb3 OCHOBA Ha TEXHWUTE NapameTpu.

TeOpeTM'-IHM n eMnMpuyHM nogxoau

Hanpumep, TeopeTuHO U3crneaBaHe pasrnexna aany MexaHusmmte Ha obpaTtHa Bpbaka
MmoraT [a aoeedart o "AereHepauus” Ha UHTepecuTe Ha NnoTpebuTenute. YCTaHOBEHO e,
Ye KOHCYNTUpaLla cucteMa ¢ nepdekTHa TOYHOCT 6bp30 Npean3BUKBa AereHepaLms, Ho
fobaBsaHeTO Ha cnyyaiHocT B noTpeGuTenckute u3Gopyu M yBenuyaBaHeTo Ha
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pa3H006pasmeTo OT enemeHTn 3abaBs TO3n npouec. ToBa npenocrtaBA HaCoOKU 3a
noTeHunanHun peleHna cpelly HeratTuBHUTe ed)eKTVI oT o6paTHaTa Bpb3Ka.

Opyr npumep KoMOMHMpa TeopeTWyHa M eMnupuyHa oueHka. EgHo wuacnepnsaHe
CUMYynVpa BRUSIHAETO Ha KOHCYNTMpaLla cucTeMa 3a MPOrHO3upaHe Ha MNpecTbnieHuns,
KOSITO M3Mos3Ba MCTOPUYECKU AaHHM 3a pasnpefeneHMeTo Ha MOSIMUENCKU Pecypcu.
MexaHn3MbT Ha obpaTHa Bpb3ka BoaW [0 MpepasnpefeneHne Ha BHUMaHUETO KbM
paiioHN C BUCOKA OTYETHOCT Ha MPECTbMMEHUs, KOeTO W3KPUBSBA ObITOCPOYHUTE
pesyntatu. W3cnegoBatenuTe npegnaraT  KOpUrMpal, MexaHu3bM, MNpu  KOUTO
BEPOATHOCTTA 3a HAcoYBaHe Ha MOMWLENCKM pecypcy HamansiBa C BKMHOYBaAHETO Ha
[aHHU 33 BeYe pPerucTpupaHun npectbnneHus. NMpocTuTe MOAENU C YPHU ca U3NOon3BaHu
3a OMMcBaHe Ha To3W NPOLEC M 3a NpearnaraHe Ha peLUeHus.

Heob6xoaumun nogo6peHus

Bbnpekn 4ye Tesn umscnegBaHUsi OCUrypsiBaT WHTEPECHW MPO3pPeHUsl, CbLUEeCTBYBaT
3HaUMTENHM BBL3MOXHOCTM 3a nojobpeHve B aHanmusa Ha koesomnwouusTa Yosek —
M3kycTBeH NHTenekT:

1. HenbnHu gaHHu: MoBeyeTo nscnenBaHus pasmnonarat ¢ orpaHUYeHn AaHHW, KOUTO
onuceat m3bopute Ha noTpebuTenuTe B onpeaerieH MOMEHT, HO He B3emar
npeasua kak npenopbkuTe, NpeaocTaBeHun B NPeaxoaHUs MOMEHT, BIMSIAIT Ha Te3n
nsdopw.

2. Nunca Ha uHdopMauua 3a npeobyyeHve: Hama AaHHM 3a TOBa KOMKO YecTo
nnatcgopmute npeobyyaBaT KOHCYNTMpalUTE CUCTEMU Bb3 OCHOBa Ha
noTpebuTenckuTe AencTBus, KOeTo orpaHMyaBa pa3bupaHeTo Ha AnHaMukaTa Ha
obpaTtHaTa Bpb3Ka.

3a ga ce NpeoaoneaT Tesn orpaHuUYeHusl, ca HeobXoauMU eMMNUPUYHU U3CneaBaHus,
6a3npaHn Ha AbArOCPOYHM AaHHM, KOUTO BKIOYBAT:

« [penopbkute, NPEAOCTaBEHN Ha NOTPEGUTENUTE BBB BCEKM €Tan OT LMKbIIa.

o PeakuunTe Ha noTpebuTenuTe CNPSIMO Te3n NPemnopbKU.

e [lpouecute Ha npeobydeHve, 6a3vpaHu Ha wu3bopuTe Ha nOTpedUTenuTe,
MOBMAUSIHN OT NPEANLLHN NPENOPBLKU.

TakmBa wu3crnegBaHusi Ouxa nO3BONWMMAM [BYNOCOYHO, @ HE CamMO €[AHOMOCOYHO
pasrnexaaHe Ha NpUYUHHO-CNEACTBEHUTE BPb3KM, KAaToO MO TO3M HAYMH CE OCUTypu Mo-
MbIHO pa3bvpaHe Ha AnHaMuKkaTa Ha ekocctemaTa Yosek — UskycTeeH VHTenekT.
PesynTtaTtu ot koeBontuusata Yosek — U3kycTBeH NHTenekT

PesyntaTtuTe oT KoeBonouuaTa Yoeek — N3kycTBeH MHTenekT morat ga ce aeuHupar

KaTo CTpaHW4HU MPOAYKTW OT B3aWMOOEWCTBMETO MEXAY KOHCYNTMpaliuTe CUCTEMU U
notpebutenuTe Ha BCekW eTan OT LUMKbna Ha obpaTHaTa Bpb3ka. Te3u pesyntatiu morat
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na 6bpar n3MepBaHM Ha pasfniMyHn HUBa:. UHOAUBUAyalnHO, HUBO 00eKT, MoaenHo wu
CUCTEMHO.

Bugose pesyntatu

1.

WHavBuayanHu pesyntatu

BkntoyBaT BRAWSIHUETO Ha KOHCYNTMpaLUMTE CUCTEMW BBPXY MNoTpebutenute,
HanpumMep KynyBayiM W NpoAaBayv B €feKTpoHHaTa TbProBusi Unm LWocbopy 1
MbTHULM B CUCTEMUTE 3@ HaBUraLmsi.

PesyntaTtn Ha HMBO obekT

OTpassiBaT kak M3bopuTe Ha NOTPedbUTENUTE U KOHCYNTUPALLUM CUCTEMU BIUSIAT Ha
XapaKTepUCTUKUTE Ha 0BeKTU, KaTo nybnukauum B coumanHuTe Mpexu, NPOAYyKTU B
OHMaWiH MarasyuH1 UM MapLUPyT! B HABUrALMOHHK YCIyTU.

MopaenHu peayntatu

MokasBaT kak u3bopute Ha noTpebuTenuTe BNUAST BbPXY MNOBEOEHVNETO U
NpernopbLKUTE Ha camuTe anropuTMU, BKIKOYUTENHO Aanv MOAENbT NPOMEHSI CBOETO
noseseHue.

CucteMHn pesynTtatu

BkntoyBaT KOMEKTMBHOTO Bb3AEWCTBME Ha B3aMMOAEWCTBUMETO MexXay xopaTta u
KOHCYNTMpaLLMTE CUCTEMMU BbPXY OBLLECTBOTO.

OCHOBHU CUCTEMHU pe3yntatu

Monapusauua: PasgeneHne Ha notpebutenute wunm  obekTute Ha  OCTPO
pasrpaHy4eHu rpyny Bb3 OCHOBA Ha TEXHWUTE yOexaeHUs nnu xapakTepucTuku.

Exo kamepu: Cpega, B KOATO MHeHuATa Unu n3bopuTe Ha rpyna ce noTBbpxaaBaT 1
noacwnear.

HepaBeHcTBO: HepaBHOMepHO pasnpeneneHne Ha pecypcy cpef notpeburtenure.
KoHueHTpauus: CbbupaHe Ha noTpebuTenu unm obekTy okomno onpeaeneHn oKycu
(Hanpumep 3agpbCTBaHUSA B yp6aHNCTUYEH KOHTEKCT).

Cerperaums: Pasgenenve Ha rpynu notpebutenu, KoMTO He B3aumopgencTsaT
nomexzay cu.

®untbpHM GanoHn (MHAuBUAyanHo HuBO): WM3Gopu U CcbAabpXaHue, KOUTO
noTBbpPXAABaT yoexaeHusTa Ha noTpeduTens.

Konanc Ha mogena (MogenHo HKBO): BrowaBaHe Ha Ka4eCTBOTO Ha NpenopbKUTE C
BpPEMETO.

MNMpomeHn B 0b6ema v pasHoobpasmeTo: VIsmeHeHMsi B KONMYECTBOTO M Bapuaumsita Ha
06eKT unn noeegeHve Ha noTpeduTenw.
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Mpumepwm oT pasnuyHn ekocuctemu Yoeek — U3kycTBeH NHTenekT
1. CoumanHu mpexu

KoHcynTupawmTte cuctemu npegnarat nyGnukauum v notpebutenu 3a crneabaHe,
cb3fdaBaiikvu oBGpaTHU BpPb3KW, KOUTO MoraT Ada AosegaTt A0 (pUNTbpHU GanoHw,
XoMounusi, nonsipusauma u parmeHTauns. Makap 4e cuctemute ynecHsisaTt
[ocTbMa A0 CbAbpXKaHue, Te MoraT CblUO Taka Ja orpaHuyat notpebuTtenuTte B
paMKuTe Ha TeCHU MHPOPMAaLIMOHHU Cpeam, KOeTo MOXe Aa 3acunu pagukanusauusTa
Ha ugew.

2. OHnaiiH Tbprosus

KoHcynTupawmrte cuctemn urpasT knioyosa ponsa B nnatdopmute kato Amazon u
Netflix. Ypes cbBMecTHO unTpupaHe U nepcoHanuavpaHu npenopbku Te
yBenunyasat npoaaxbute n ynecHssaT nsbopa Ha notpebutenute. Benpeku ToBa, Te
MoraT Aa HamansaT pasHoobpas3neTo Ha 3aKkyneHuTe npoaykTm u ga yesenuyat
KOHLEHTpauuaTa BbpXy MONyNsapHA Mapku, KOETO orpaHnyYaBa KOHKypeHLMATa.

3. HaswraumoHHwu ycryru

MpenopbknTe 3a MapLIpyTX ONTUMU3MPAT MHOMBUAYANHUTE BPEMEHA 3a MbTyBaHe,
HO moraT Ja gosefaT [0 3a4pbCTBaHMs v noBuwweHn emmucun Ha CO2, ocobeHo ako
rpekaneHo MHOro LWodbopy criedBaT efHu U CblUy npenopbki. Hanpumep, cnyyau
KaTo TO3n B J_|6‘0HI/IFI, Hio ,D,)KprI/I, NnoKas3BaT KaK anroputMmTe Morat aa npeHaco4ar
Tpaduka KbM HEMOAXOASILLM MapLUPYTH, Cb3aaBanky Xaoc.

4. leHepupaHe Ha cbabpXKaHue

[onemute e3nkoBu mogenu (LLMs) morat ga ctaHgapTuaupar e3uka, Hamanssamku
FIMHFBUCTUYHOTO pa3Hoobpa3ne, ocobGeHO Korato CbAbpXaHWe, reHepupaHo OT
MalUWHW, Ce m3nonsea 3a obyyeHMe Ha HOBM moAenu. ToBa cb3gaBa pPUCK OT
"perpecusi KbM CpeIHOTO", KOETO MOXeE [a OrpaHU4u MHOBaLUSiTa B 3pa3siBaHETO.

4.4 CoumnanHo Bb3gencTBue Ha KoeBontouusita YoBek — U3kycTBeH UHTenekT

KoHuenuusaTa 3a koesonoumsa Yoeek — M3kycTBeH VIHTenekT He ce orpaHMyaBa camo 4o
Bpb3kaTa Mexay crnoxHute cuctemm n U, a BkmoyuBa M TAXHOTO BMAUSHUE BBPXY
ob6uiectBoto. MHOro ot pesyntatuTe, KOUTO MPOM3TUYAT OT Tas3u KOEBONOLUS, KaTo
nonspusaums, HepaBeHCTBO W cerperauus, UMaT aAbnra UCTopus B coumanHuTe Hayku, HO
B3aVMOAENCTBUETO MEXOY XOPpa M KOHCYNTUpPAaLLM CUCTEMU MOXE 3HAYUTENHO Aa 3acunm
Te3n TeHAEeHUNN.

57



Bpb3ka c 06LecTBOTO

KoHcyntupalumTe cucteMum 4ecto umat "HenpegHaMmepeHun" nocneguum, KOUTo Morat aa
3acunAT CblUECTBYBaLLM coumarnHu eHoMeHW. YBenMyaBaHeTo Ha uHOMBMAyanusma,
coumanHiTe U UKOHOMUYECKUTE HEpaBEHCTBA, KakTO U HamansiBaHeTo Ha nybnuyHuTe
NOSIMTUKM ca peanHoCTU B MHOro cTpaHu. M3cnegBaHeTo Ha koeBonouusita YoBek —
MakycTBeH NHTenekT TpsibBa Aa uHTerpvpa noaxoam ot coumanHuTe Hayku, 3a Aa OLEeHU
noTeHumanHuTe obLecTBeHN NOCNEACTBUS OT MexaHu3MuTe Ha obpaTHa Bpb3ka.

Tpwm KnNOYOBU acneKkTa Ha COLManHoOTO Bb3aencTBue
1. WHpmBuayanHa nonesHocT cpeluy obLiecTeeHn 6nara

e lacneaBaHusita BbpXYy KOHCYNTMpaLUMTE CUCTEMW YECTO Ca HaCOYeHUW KbM
MaKCUMU3UpaHe Ha MHAMBUAYyanHaTa nosie3HoCT 1 KopnopaTuBHUTE nevantu, 6e3 oa
ce oT4ynTa obuwoTo bnaro.

e Vctopusita npegnara npumepu 3a obLiecTBeHu Bpeau, NOPoAeHU OT AOMUHUPAHETO
Ha WHOMBUAOyanHUTE WHTEpPecM Hah KONMEKTUBHUTE, KaTo [OBWKEHMEeTO 3a
"orpaxgaHusita" B AHIMMs, KOETO BOAM [0 NpuBaTM3auusi Ha obLmM 3emu.

2. CobcTBeHOCT BbpXY "cpeacTBaTta 3a KoHcynTupaHe"

e BbnpockT 3a ToBa Kol NpuTexasa nnatopMuTe U anropuTMUTE 3a KOHCYNTUpaHe
CTaBa KIoYoB 3a MKOHOMUKaTa U 06LLECTBOTO.

e [puTexaBaHETO Ha Te3W TEXHONOMMM MOXe JfAa YCUIM HepaBeHcTBaTa W
nonsipusaumsiTa, Kato NOCTaBs OrPOMHA BNacT B pbLieTe Ha ManumHa.

3. HepaBeHcTBa 1 KOHUEHTpauus

e B counanHuTe Mmegum KOHCynTUpawmuTe CUCTEMM MoraT [ia 3aCunaT HepaBeHCcTBaTa B
JocTbna oo cbabpXxaHue U Aa cb3gagat edekta "boraTute ctaBat no-6oratn”.

e B enekTpoHHaTa TbproBusi MpPeEMopbKATE yBenu4yaBaT MOKYMKWTE, HO CbLUO Taka
HamansiBat pa3HoobpasneTo, kKaTo HacbpyaBaT KOHLEHTpaUMATa BbpXy MNOMynsipHU
npoayKTu.

e B ycnyruTe 3a HaBurauusi anropuTMmMTe MoraTt Aa UrHopvpaT onpeerneHn paoHu ¢
NO-HUCKO ThpPCEHE, KOETO Aa 3aCUIN COLMANHO-MKOHOMUYECKNTE HEpaBEHCTBA.

MoTeHuMan 3a NonoxuTernHa KoeBonoLUmUs

KoeBontouusata Yoek — M3kycTBeH VHTenekT Moxe Aa MMa pasnuyHo Bb3AENCTBUE B
3aBUCKUMOCT OT KOHTeKcTa. B o6LecTBa, kKbAeTO KOHCYNTUpaLLUTE CUCTEMU Ca HACOYEHN
KbM KONEKTUBHU LIeNN, € Bb3MOXXHO MOCTUraHETO Ha NOMOXUTENHN CouMarnin pesyntaTu.
ToBa nogyepTaBa Heo6x0AMMOCTTa OT perynmpaHe 1 NPoeKTUpaHe Ha TEXHOMOMUU, KOUTO
GanaHcupaT nHauBMAayanHaTta u KornekTMBHaTa Nnosie3HocT.
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OTBopeHM npeaun3BukaTtTencTBa npeag KoesonwuusaTa YoBek — MSKYCTBeH WUHTenekT

MacnegBaHeTo Ha koeBonoumaTa YoBek — U3kycTBeH WHTenekT u3npaBa ydeHute,
3akoHoaaTenute U 0o6LLEeCTBOTO Mpes peavua npegusBukaTesnicTBa, KOMTO MoraT fa
6bOat rpynupaHnm Ha TpM HMBA Ha abCTpakums: Hay4yHO, MPaBHO W CoUManHO-
NOSINTUYECKO.

HayuHu npeausBukaTencrsa
1. U3mepBaHe Ha Bb3aeiicTBMETO Ha obpaTHaTa Bpb3aka

e Heobxogumo e fa ce paspaboTaT MeToaM 3a NpocrefsiBaHe Ha Bb3OeNcTBMETO Ha
MexaHusmMa Ha obpaTHaTa Bpb3ka BbpXy MOBEAEHVWETO Ha noTpebutenuite u
npenopbYBaLLUTe CUCTEMU.

e Hanpumep, Moxem Oa M3MepBame pasHOOOpasvMeTo Ha NpPOJyKTW, KyrnyBaHU OT
noTpedbuTenuTe Ha pas3nuyHu eTanu oT UMKbna Ha obpaTHaTa Bpb3ka, U Aa OLEeHUM
KONKO uTepauuu ca Heobxoaumm, 3a Aa ce NPOMEHN ToBa pasHoobpasue.

2. lNpeppascbabum U NpUCTpacTus

e [lpucTpactuaTta, KaTo M3KpUBSIBaHE Ha AaHHWTE Mpu cbbupaHeTo, OBy4eHWeTo U
NpeaoCTaBsHETO Ha NPEenopbKW, MoraT 3HauYMTENnHO da dopmupat pesyntatute ot
obpaTHaTa Bpb3Ka.

o TekywaTa nuTepaTypa He pasrnexga [[OoCTaTbYyHO B3aWMOAENCTBUETO Mexay
pPasfiMyHM TUMOBE NPUCTPACcTUS.

3. BanaHc mexay KoHOpMU3BbM 1 pa3Hoobpasne

BanchwpaHeTo Mexay CtaHgapTudauuata u paaHoo6pasmeTo € KPUTUYEeH acCnekT,
KOWTO M3UCKBa AOMbIHUTENHU N3CneaBaHus.

4. [1BynocovHa npu4MHHOCT
MacnepBaHusita TpsibBa Ja ce HacodaT KbM [ABYNOCOYHATa MPUYMHHOCT MeXay
xoparta W KOHCynTupalmuTe cMcTeMun, BMECTO [a Cce pasrnexaaTt camo eHOMNOCOYHM
edekTun.

5. INunca Ha npo3payHOCT M AOCTBN A0 AaHHU

e OrpaHWYeHVAT [OCTbN A0 [OaHHW Ha [oneMuTe TEXHOMOTMYHU  nnatgopmum
3aTpyAHsBa Bb3NPOM3BOAMMOCTTA Ha U3cneaBaHusTa.

e PaspabotBaHeTo Ha cneunanunsnpany APl nitepdericu moxe Aa No3BONM Ha BBHLUHN
n3cnefoBaTenu Aa NpoBexaaT KOHTPONMPaHW eKCEPUMEHTH.
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MNpaBHK npegn3BuKaTencrTea
1. Perynaumu 3a npo3payHocT

e 3akoHopaTenHu uHuuMatuMeu kaTo AkTa 3a uudposute ycnyru Ha EC npegnarat
paMKku 3a Npo3payHOCT, HO OCTaBa HEACHO Kak Te Lie Ce npunarat 3a uscneaBaHus,
BKITHOYBALLM YACTHU NnaTopmu.

e HeobxogumocTtTa OT paspaboTBaHe Ha npaBuna 3a [OCTbN A0 AaHHU WU Mo-
cnpaBeanvBo pasnpenerieHne Ha ,cpeacTBaTa 3a KOHCyNnTMpaHe®.

2. YnpaBneHue Ha nnatgopmMmuTe

ﬂpexo,ubT KbM AeUueHTpann3npaHn apxuTektypu n Mmoaenu 3a KOHTposn u ynpasneHue
Ha I'IJ'IaTdI)OpMVITe MOXXe [a HaloXun HOBW 3aKoHoAaTesmHM noaxoau.

CoumanHo-nonuTMYeckn npeAan3BuUKaTencTBa
1. KoHueHTpauus Ha "cpeactBaTa 3a KOHCynTupaHe"

e KoHCynTupalumTe cMcTeMu YecTo ca NpoeKkTMpaHu Aa reHepupar nevan6u 3a ronemu
TEXHOMNOMMYHM  KOMMaHuW,  Cb3fdaBaviki  WKOHOMMYECKA  KOHLeHTpauus
3aabn6oyaBaiikv coumanHuTe HepaBeHCTBa.

o [pepa3snpefeneHneTo Ha Tean cpefcTsa GM MOrno Aa cb3gafe Mo-npo3padHu u
CrpaBef IMBY NpaBuna 3a U3non3BaHe Ha KOHCYNTUpaLLUTE CUCTEMU.

2. CoumanHun BbHWHN edeKTn

e Mankv npomMeHn B KOHCYNTMpaLLMTE CUCTEMU UMK B NOBEAEHMETO Ha noTpebutenute
moraT Aa gosefjarT OO rOnemMu CcoumarniHu MPOMEHW, M3BECTHW KaTo ,edeKT Ha
nenepygara‘“.

e 3a pa ce wusberHaT noTeHUManNHWTE HeraTVBHW MOCNEACTBUS, € Heobxoanmo
Cb3daBaHe Ha NonuTukM, 6asnpaHn Ha n3vepnatenHo pasbupaHe Ha BAMSIHUETO Ha
KOHCYNnTMpaLLUTe CUCTEMMU.

Bbaewm nepcnekTMemn

Te3n npegusBukatencTsa noaveptaBaT HEOOXOAUMOCTTa OT CbTPYOAHUYECTBO MexXay
yyeHu, 3akoHoaaTenu u obuectBoto. Camo upe3 uHTerpupaH noaxon, KOMTo cbyeTaBa
Hay4YHU WU3CrieABaHWUsi, MPO3PaYHOCT U CMpaBeANIMBY pPerynaumm, MOXeM Aa Hacouum
koeBonouusita Yosek — WM3kycTBeH MWHTenekT kbM cb3gaBaHe Ha OOLLECTBEHO-
ueHTpupaH WW, konto ponpuHaca 3a pellaBaHETO Ha ObMArorofuvliHU  CouManHu
npobnemu, BMecTo Aa r 3agbnboyasa.
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KOHTpOHHVI BbNpocu:

e KakBo npefctaBnsiBa koesonouusita Yosek — WM3kycTBeH UHTenekt n kakeu ca
OCHOBHUTE 1 MEXaHU3MN?

e Kak pyHKUMOHMpa MexaH3MbT Ha obpaTHaTa Bpb3ka B KOHCYNTUpPaLLUMTE CUCTEMU U
KakBM coumanHu edeKkTn Moxe ga npegmssuka?

e KakBuM ca OCHOBHUTE Npeaun3BMKaTENCTBa Npu M3cneaBaHeTo Ha Ta3n KOEBOMIOLMS Ha
Hay4HO, NPaBHO U COLMANHO-NONMUTUYECKO HNBO?

e KakbB e NOTeHUManHUST MNONOXUTENEH U oTpULATeneH edekT Ha KOHCyNnTMpalumTe
CUCTEMU B pasnuyHmM obnactu KaTto cCoumanin Mpexu, OHNamH TbproBusl, HaBuraums
1 CbabpxaHue?

e KakBM MeTOAOoMNOrnYHM Noaxoau ce M3nonsear 3a ulyyaBaHe Ha B3avMOAENCTBUETO
Mexay xopaTa M KOHCYNnTupaliMTe CUCTEMM WM KakBW Ca TeXHUTe NpeauMMmcTBa U
HegocTaTtbum?
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TEMA IIETA

NPUJIOKEHUE HA N3KYCTBEHUS UHTEJIEKT B
INPOEKTUPAHETO HA EJIEKTPOHHU CUCTEMH

Llen: BanosHasaHe Ha cmyOeHmume C 8b3MOXHOCmMume u rpuroxeHusdma Ha
U3KycmeeHUs UHmeJsrieKm 8 ripoeKkmupaHemo Ha efleKmpoHHU cucmemu, 8Krro4umesiHo
asmomamusayusama Ha UHXeHepHume rpouecu, ornmumu3ayusma Ha OusaliHa Ha
€/IeKMPOHHU CXemMu U redamdu rramku, Kakmo U u3rosi3geaHemo Ha U3KyCcmeeHus
UHMesleKm 3a OmkKpueaHe U KOpeKUuusa Ha cepelWkKu. Temama pasene»(@a Kak
mexHornosuume, 633upaHu Ha U3KycmeeHus uHmeJsiekm, nodoﬁpﬂsam
ecpeKmueHocmma, Hamarsieam gpemMemo 3a paspa6omKa u MUuHUMU3Upam gpewKume 8
€JIeEKMPOHHOMO npoeKmupaHe. OceeH mosa, akuyeHmupa 6bpXy CbepeMeHHUme
UHCMpymMeHmu Kamo mMawuHHOmMo caM006yquue, eeHemu4yHume arieopummu u GPT
modenume, Koumo ynecHseam ripoeKkmupaHemo, aHasnusupaHemo u onmumu3ayusma
Ha CJI0XXHU eJIeKmpPOHHU cucmemu.

5.1 YBop

MakycTBeHnaT uHTenekT (M) ce yTBbpKaaBa KaTo KOYOBA TEXHOMNOMMS B pasfvyHu
WHAYCTPWK, BKMIOYUTENHO M B MPOEKTMPAHETO Ha EnekTPOHHU cucTemu. HerosoTo
NpunoXxeHne BOAW [0 3HAYMTENHW nodobpeHns B edeKTMBHOCTTa, TOYHOCTTa M
MHOBALMUTE B NpoOLIeCMTE Ha NPOeKTNpaHe 1 MPOU3BOACTBO.

C yBenuuyaBawjaTa Ce€ CIHOXHOCT Ha CbBPEMEHHUTE EMEKTPOHHU YCTPOWCTBA,
TPagULMOHHUTE METOAM 3a MPOeKTUpaHe CTaBaT BCe MO-OrpaHuyeHun. B To3n KOHTeKCT,
W npegnara HOBM Noaxoau 3a aBTOMaTU3MpaHo NpPoekTUpaHe, Npeackasyem aHanms Ha
rPEeLLKM 1 ONTUMM3aLMA Ha NapaMeTpy, KOUTO 3HAYUTENHO MNoBULLABAT edeKTUBHOCTTA
Ha WHXEHepHWUTe npouecu. V3KyCTBEHUSIT UHTENEKT BEYE HaMMpa LUMPOKO MPUIIOKEHNE
B NPOEKTUPAHETO Ha MHTErpanHu CXeMW, eneKTPOHHU KOMMOHEHTU, NneyaTHW nnaTkv u
Lienu cucTeMmn — KakTo B noTpebuTtenckarta, Taka U B MHAyCcTpuanHaTta eneKkTpoHuKa.

Ypes npunaraHeTo Ha MW B NpoeKkTUpaHEeTO Ha eNneKTPOHHM CUMCTEMM ce mocTura fo-
no6po M3NoNn3BaHe Ha HanMYHOTO MPOCTPaAHCTBO BbpXy MevyaTHUTe nnaTku, Kato ce
onTUMU3Mpa pasnonaraHeTo Ha KOMMOHEHTUTE Y NPOKAPBAHETO Ha BPb3KUTE MEXAY TSX.
OcBeH TOBa, M nognomara paspaboTkaTa Ha HOBM cxemu, obpaboTkaTa Ha ronemmu
MacuBM OT JaHHM, pa3no3HaBaHETO Ha TeHAEHUMWU, TECTBAHETO Ha (hyHKUMOHANHOCTTa
Yypes cuMyrnaumm, Kakto 1 npefackasBaHeTo Ha Gbaellata npousBoAUTENHOCT Ha AafeH
OnsaiiH.

C'beeMeHHVITe W nnaTtcopmn gaBaT BB3MOXHOCT 3a aBTOMATUYHO reHepupaHe,

CpaBHeHMe N oLeHKa Ha MHOXXeCTBO BapuaHTU Ha gafdeH NpoekT. Taka NHXeHepuTte morat
3a KpaTKo Bpeme fa OOCTUrHaT Ao OnTUManeH Au3aniH. OcobeHo cunHa CTpaHa Ha
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ronemuTe e3vkoBun mogenu (LLM), kouto ctosaT B ocHoBaTa Ha mogepHute UM cuctemn,
e obpaboTkaTa Ha 06eMHa NHXXeHepHa AoKyMeHTaumsl. MaTtepranu kato cneuudukaumu,
cTaHgapT¥ 1 mMaTpuum Ha usmckeaHus (RTM) TpaguuMOHHO M3MCKBaT AbMNTO BpeMe 3a
npernea u UHTepnpeTauns oT NnpoekTaHTckmuTe ekunu. C nomolyTa Ha M To3u npouec ce
aBTOMaTu3Mpa — OT U3BMNYAHETO Ha CblUecTBeHa MHdopMauus 4O 0pOpMSAHETO Ha
KOHKPETHM CTBbMKW 3a peanusauus. [eHepaTMBHUAT u3KycTBeH uHTenekt (GenAl), B
KoMbuHaumsa ¢ gbnboko camoobyyeHne C yTBbpXOaBaHe, Ce M3Non3Ba akTMBHO 3a
Ccb3ZlaBaHe ¥ ONTUMMU3auUnsa Ha eNEKTPOHHU An3aiiHn. Te3un TexHonorum npeanarat HoBuU,
edeKTUBHM pelueHus, 6asnpaHn Ha yCBOsiBaHe Ha NpeauLLEeH UHXEHEPEH ONMUT U AaHHM.

Cnopen aHanusn Ha VMHAYCTpWarnHuW ekcriepTu, B MOCMeAHWTe roamHu ce Habnogasa
3HauMTENEH PBCT B NpUoxeHneTo Ha MW B enekTpoHHUs cekTop. O4akBa ce rnobanHusaT
nasap Ha N B npoekTupaHeTo Ha eNeKTPOHHN YCTPONCTBa Aa Haaxebpnn 10 munnapaa
ponapa go 2027 r. B cpaBHeHue, obLiaTa CTOMHOCT Ha COPTYEPHUTE UHCTPYMEHTU 3a
aBTOMaTM3aums Ha enekTpoHHus ausanH (Electronic Design Automation — EDA) Bb3nusa
Ha okono 11,7 munuapaga gonapa npes 2021 r., a nporHo3ute co4art, Ye Ao 2030 r. To3n
CeKTOop e JOCTUrHe 26 Munuapga gonapa.

Bce no-wmnpokoTo HaBnm3aHe Ha N-6a3vpaHnun pelueHns nogveprasa BaXXHOCTTa Ha Tasmn
TexHomnorns 3a 6bAeLeTo Ha eNeKTPOHHUSA NHXEHEPUHr. Bbnpeku Ye B HAKon obnacTy,
KaTo KannmbpupaHeTo Ha CeH30pu, BCe OLLe Mma npeav3BuKaTencTsa, NoTeHuManbT Ha
W 3a peBontoLoHn3npaHe Ha enekTpoHHaTa NPOMULLIIEHOCT € HEOCMOPUM.

5.2 MpunoxeHusa Ha U B npoeKTUpaHeTO Ha eNeKTPOHHU CUCTEMM
5.2.1 ABTOMaTU3aLMA Ha NPOEKTMPaHETO

N 3HaunTenHo ynecHABa aBTOMAaTU3UPaAHETO Ha CIOXHU WHXEeHepHU npouecu,
BKIMHOYUTENHO:

e [eHepupaHe Ha cxemu: Cuctemute ¢ MM moraT ga cb3gaeaT u onTumuanpat
€NEKTPOHHU CXEMW CNOopes KOHKPETHU MPOEKTHU U3UCKBaHWS.

« PasnpepeneHve Ha KOMNOHEHTU U MapLUpyTM3aums: Ypes anroputmm 3a MalMHHO
obyyeHune ce HamupaT Hal-e(PeKTUBHUTE HauYMHK 3a noapeaba Ha KOMMOHEHTUTE
BbpXY NevyaTHUTE MnaTkv, KOeTO HamansiBa MpPOCTPaHCTBEHWUTE OrpaHUYeHus U
nonobpsiBa eNekTPUYECKUTE XapaKTEPUCTMKM Ha YCTPOMCTBOTO.

e AHarmu3 u cumynaums: UMW nognomara paspaboTumumTe B TecTBaHeTO Ha
PYHKLMOHANHOCTTa Ha AajeH Au3aiH npeau HeroBaTta um3nyecka peanusauus,
KOEeTO crecTsiBa Bpeme U pecypcu.

5.2.2 U/ B NnpoeKTUpaHETO Ha €NIEKTPOHHU CXEMMU

EpHa oT Hanl-3aHaunmmuTe obnactu, B kouto MW umma orpomeH noTeHuuan, e
NPOEKTMPaHETO Ha eneKkTpoHHM cxemu. brnarogapeHve Ha cnocobHocTTa cu Aa
aHanuaupa 1 onTMMM3upa pasnuyHu napameTpu KaTto KOHCYMaLns Ha eHeprusl, Ka4ecTBo
Ha CurHana, HMBaTa Ha LyM U TEPMUYHUTE XapaKTEPUCTUKWU, U3KYCTBEHUSIT MHTENEKT
Nno3BosisiBa Cb34aBaHETO Ha NO-eHEKTUBHU U CTABUMHMN ENEKTPOHHU CUCTEMM.
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MW mogenute nmat cnocobHOCTTa a OTKPUBAT CKPUTU Bb3MOXHOCTU 3a noaobpeHue,
KOUTO TpyAHO MoraT fa 6baat 3abensisaaHu OT YOBeK-NpoekTaHT. Hanpumep, cuctemute
MoraT ga  uaeHTUdUUMpaT  HaW-gobpoTO  CbLOTHOLIEHME  MeXAy  HUCKO
eHepronoTpebneHve 1 BUCOKa TakTOBa YeCcToTa, KOETO OCUrypsiea ontuMarsHa pabota Ha
KOMMOHeHTUTe 6e3 Komnpomuc B npomnssoauTenHoctTa. OcBeH ToBa, M nnatdopmuTe
no3eonsBaT aHanuM3 M 6GanaHC Ha MHOXEeCTBO napamMeTpu eOHOBPEMEHHO, KaTo
reHepvpaTt pasnnyHN Bb3MOXHW KOHDUrypaLmm, OT KOUTO MHXEHePBLT Moxe Aa n3bepe
Haln-noaxoasLlaTa 3a KOHKPETHOTO NPUMOXEHNE.

MpoeKTMpaHeTo Ha eNeKTPOHHM CXeMU TPAANULIMOHHO M3UCKBA CIIOXKEH U NPOABIKUTENEH
npouec Ha cb3aBaHe Ha Avarpamu, onpeensiiy Bpb3kUTe Mexay KOMMNoHeHTuTe. [lopu
rpw 13ron3BaHeTo Ha HanpeaHanu EDA MHCTPYMEHTU TO3M NPOLLEC He e 3acTpaxoBaH OT
rpeLwkn, a TAXHOTO OTCTpaHsiBaHe YeCTO OTHEMa 3HaYUTENHU pecypcu. B To3n koHTekeT
NN moxe aa ce pasrnexga Kato peBONOLMOHEH hakTop B €NEKTPOHHUSI AN3aiiH, KaTo
aBTOMaTU3Mpa CenekTMpaHeTo Ha KOMMOHEHTU U ONTUMU3MPA CXEMOTEeXHUKaTa Ha
6a3aTa Ha MaLabHy 6GubnuoTekn ¢ NpeanLLIHN ycneLwHn pa3paboTku.

C HapacTBawata CIOXHOCT Ha CbBPEMEHHUTE YMNOBE M CUCTEMU-BbPXY-unn (SoC),
NPOEKTaHTUTE Ce W3NpaBsAT Mped npeawsBMKaTencTBa, CBbp3aHM He camo C
TEeXHUYecKMTe napamMeTpu, HO M C BPEeMeTo U pasxoauTe 3a paspaboTtka. Cnopen
n3cnensanus, go 60% OT BpemeTo Ha MHXeHepuTe B Ta3n cdepa ce u3pasxohsa B
M3MbIIHEHWE HA PYTWHHWU W NMOBTOPSIEMM 334a4n — OT OTCTPaHsiBAHE Ha FpeLUKuW, npes
oopMsiHe Ha AOKYMEHTauusi, 4O Cb3[aBaHe Ha TecToBu nporpamu. OcBeH ToBa, Npu
nMnca Ha akTyanHa W Jobpe CUHXPOHM3MpaHa MNpPOeKTHa [OKYMEHTauus mexay
pasnuYHMUTE EKUMU, YECTO Bb3HUKBAT 3ab0aBsAHUS U IPELLKM B LUKbIIa Ha pa3paboTka.

EkcnepTHa oueHka Ha McKinsey & Company nokassa, 4e NpoeKkTMpaHeTo Ha MHTerpanHa
cxema ¢ 5 nm TexHonorusi usnckea cpegHo 540 munuoxa gonapa v npnbnuantenHo 864
WHXXeHepHN paboTHWN OHW — B MbTW MOBeYe CMPSIMO MPeAnLLUHNTE TEXHOMOMMYHN Bb3K.
Tesn cTonHOCTM NpoAbIKaBaT Aa HapacTeaT C pa3BUTMETO Ha T.Hap. chiplet apxuTekTypu
1 npunoxexusita B U yckoputenu, HPC cuctemmn n aBTOHOMHU NPEBO3HU CPeACcTBa.

3a fga oTroBoOpAT Ha Te3u Npeau3BuKaTencTBa, Bogelm paspabotumum Ha EDA/ECAD
nnatopMu BeYe aKTUBHO MHTErpupaTt (PYHKLMOHANHOCTU C W3KYCTBEH WHTEMNEKT U
abnboko camoobyyeHne c yTBbpxaaBaHe (deep reinforcement learning — DRL).
BbnarogapeHne Ha Te3an nogxoan, WM areHTn morat camoCTOsSiTENHO Aa wuacnensar
CINOXXHWU NPOEKLUMOHHM cpean Ypes ntepaTtuBHU 4eNCTBUSA U aa nogobpsiBaT aAvsaiiHa Ypes
anroputbMa Ha npoba u rpeluka. ToBa He camo BOAM A0 Cb3gaBaHe Ha HOBW, MO-
eheKTUBHN CXEMU, HO U pa3ToBapBa MHXEHepPUTe OT BPEMEEMKM onepaLmm.

Cnopen nybnukauusi B MeXAyHapoAeH >XypHanm Mo MalWWHHO obydyeHne B
MHXEHepCTBOTO, aBTOMATWYHO TEHepuMpaHW eneKkTPOHHM CXemMyu C nomoliTa Ha
reHepaTvBeH W gemoHcTpupat mexay 10% n 15% no-gobpa edeKTMBHOCT cnpsiMo
PBYHO Cb3AaAeHu ekBunBaneHTU. ModobHK pe3ynTaTh ce AbMKaT Ha CNOCOBHOCTTa Ha
anroputmMute Aa obxBaHaT ronemu MpoCcTPaHCTBa OT Bb3MOXHW PELUeHUs 1 Aa
ONTUMMU3NPAT CNPSMO MHOXECTBO KpuUTepuun — pasmep, KOHCymauus, TOMmuHa U
HaaeXaHoCT.
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Hapepn ¢ ontumunsaumsTa Ha apxutektypaTa u npoussoautenHoctta, A nnatdpopmute
OTBapST HOBW XOPU3OHTU 1 B 0BnacTTa Ha UHXeHepHUTe mMaTepuanu. Ypes aHanus Ha
OrpOMHM 6asn OT AaHHW, BKMHOYUTENHO XMMWYHU U (hM3NYHK cBoWcTBa, MW npeanara
HOBW KOMMO3UTHU MaTepuany ¢ No-BMcoka yCTOMYMBOCT U edpekTUBHOCT. MNpuMep 3a ToBa
e matepuman, oTkpuT ype3 AW anroputbm, KOUTO yBenuyasa uBoTa Ha GaTepuute 3a
Mo6UnHK ycTpoicTtea ¢ 4o 20%.

BnarogapeHne Ha pocTbna cu go MawabHu 6asum gaHHM Mo cneuvdukaumm Ha
npounssogutenu, WW nnatdopmute enuMuHmpaT HeobxogumocTTa OT  PbYHO
npernexagaHe Ha XWnsay TeXHUYeckn OOKyMeHTU. Te aHanuaupat cneumdukauumte un
aBTOMaTW4YHO noAbupaT Haw-4o6puTe BB3MOXHM KOMMOHEHTW, KOETO 3HaYUTENHO
CcbKkpalluaBa BpemeTo 3a pa3paboTka u MUHUMU3NPa BEpOSITHOCTTa OT rpeluku. B kparHa
cMeTKa, Ypes npunaraHeto Ha UMW, eneKkTpoHHUTE CxemMun ce usrpaxgaTt C OnTMMarnHo
n3ronsBaHe Ha MNPOCTPAHCTBOTO, MUHMMaNHW 3arybu Ha eHeprus U HUCKK
NPON3BOACTBEHU Pa3Xoau.

5.2.3 OTKpMBaHe N KOPEKLMA Ha rpeLuku

BnarogapeHve Ha Bb3MOXHOCTUTE 3a MaLMHHO 0byyeHue, M moxe aa ngeHtndmumpa
NoTeHUManHu rpeLlkn B eNeKTPOHHUTE CXeMU OLLe B paHHUTe eTanu Ha pa3paboTka. Ypes
npeackasBaHe Ha NPoOMemMHM TOYKM M aBTOMAaTUYHOTO UM KOpUrMpaHe ce HamansiBa
BEpPOSATHOCTTA OT [AedekTn, KoeTo BOoAU A0 MOo-HafexaHW npoaykTM W No-KpaTbk
NpPOu3BOACTBEH LMKbII.

5.2.4 OnTMMM3auus Ha NPoOU3BOAUTENTHOCTTA

W npeanara aHanuTU4YHU meToau 3a noBulaBaHe Ha edeKTUBHOCTTA Ha eNEeKTPOHHUTE
cucTtemun. Ypes geTanneH aHanu3 Ha napameTpuTe Ha AafeHo YCTPOWCTBO MoraT aa ce
HanpaBaT KOpeKUMm, KOUTO Aa NogoGpaAT HeroBaTta MOLLHOCT, KOHCYMaUmWsl Ha eHeprus u
YCTOMYMBOCT Ha BbHIWHM pakTopn. Te3an ontumusaumm BoasT [do no-gobpa
NPON3BOAUTENHOCT U HamarsiBaHe Ha pasxoauTe 3a NPou3BOACTBO.

5.3 MSKyCTBeHVIﬂT WHTEeJIeKT B NPOEeKTUpaHeToO Ha neYaTHU nnaTku

EQvH OT Hal-BakHWTE U pPecypcoeMKku eTanu Mpu NpoekTUpaHeTo Ha neyaTHU MnaTku
(Printed Circuit Board Design — PCB Design) e pasnonaraHeTo Ha €neKTPOHHUTe
KOMMOHEHTU. [pouecbT M3uckBa B3eMaHe NpeaBu Ha MHOXECTBO (haKkTopu KaTo
KayecTBO Ha CWrHana, TOMMWHHO pasceiBaHe W ONTMMarHO W3non3BaHe Ha
NPOCTPaAHCTBOTO. TyK M3KYCTBEHUSIT MHTENEKT Urpae peluaBalla pons, kaTo npegnara
ONTUMU3UPaH GanaHc Mexay BCUYKM Te€3U NapameTpu, OCUrypsiBaiku MO-KOMMAKTHU U
ehekTMBHM Cxemu 3a pasnNUYHU MHAYCTPUATHU NPUIOXKEHUSI.

NN nnatcopmute ce M3non3BaT akTMBHO 3a aBTOMaTU3MpaHe Ha npouecuTe no
pasnonaraHe wun pyTtupaHe (Place-and-Route), «kouTo BKNOYBAaT He camo
MO3ULMOHNPAHETO Ha KOMMOHEHTUTE, HO W BHUMATESIHOTO MNPOEKTUpaHe Ha
NpPOBOAALLMTE MbTEKU, CBbP3BALLM PaA3NMYHUTE eneMeHTW Ha nnatkaTta. Bbnpeku ve
TPaAULUMOHHUAT codTyep 3a aBTOMaTU3MpaHO pyTupaHe e [Jobpe YCTaHOBEH,
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Mn3Non3BaHeTo Ha W3KYCTBEH WHTENEeKT 3Ha4uTenHo nouoﬁpﬂBa ereKTI/IBHOCTTa n
MWHUMKU3NPA noteHunanHuTe rpeLKun, KaTo enmMMUuHmnpa I'IpO6J'|eMI/1 KaTo
eNeKTpoMarHuTHM  CMyLlleHud, nperpasaHe U HenpasUITHO  pasnosioXKeHune Ha
eneMeHTuTe.

EAWH OT OCHOBHWTE NpeausBMKaTencTBa B MHAYCTPUATa € HamanasawmsaT 6pon onuTHK
crneumanucTy, 3aHMMaBaluy Ce WU3KMIYUTENHO C MPOEKTUPAHETO Ha neyaTHW nnaTku.
[okato npean ToBa Oewe oTAaenHa npodecuoHanHa cneuvanusauusi, [LOHec
eneKkTPOHHUTE MHXeHepu TpsabBa Aa paboTAaT C WMPOK CNekTbp OT TexHomnorun. B To3n
KOHTEKCT W3KyCTBEHUAT WHTENeKT aBToMatuaupa ronsma 4acT OT npoueca, KaTto
npefocTaBsa Ha UHXEHepUTe MO-UHTYUTUBHU 1 eheKTUBHWN MHCTPYMEHTH 3a paboTa. Mo
TO3W Ha4uH MPOeKTaHTUTe MoraT fAa ce doKycupaT BbpXy MO-CMOXHW 3agayun, a
PYTUHHUTE OEeNCTBUS Aa 6baaTt NoBEPeHN Ha UHTENUIEHTHN anropuTMu.

FeHeTUYHM anropuTMM U camooby4aBalym ce mogenu

NN wn3nonssa reHeTUYHN anropuTMKu, BOBLXHOBEHW OT EBOMIOLMOHHWA MPWHLMM Ha
ecTecTBeHus noabop. Tean anroputMu TbPCST Hal-eheKTUBHaTa KOHUrypaums Ha
KOMMOHEHTUTE Ype3 nTepaTuBHO NofobpsiBaHe Ha AunsanHa. B cblioTo Bpeme mopenurte
C MalMHHO camoobyyeHue aHanuaupaTt XWnsaM YCrnewHW NPOeKTU U reHepanusuvpar
npaevnara, Kouto BOAAT A0 BUCOKOEMEKTUBHUN U HAAEXKOHW eNeKTPOHHK cxemu. 1o Tosn
HauvmH WM He camo aBTOMaTM3Mpa, HO W MOCTEMEHHO YCbBBLPLUEHCTBA AM3alHuUTE,
6asnpaHn Ha NpeaxoaHN YCMNeLlHn peanuaaumnm.

,D,OITI:I'IHVITeJ'IHVI WHCTPYMEHTU 3a N ontummnsaumss morat ga Obgat NpUNoXeHn 3a
I'IO,EIO6pﬂBaHe Ha pasnuyHn napameTpu, BKIKYUTESTHO ed)eKTI/lBHO n3nonssaHe Ha
NPOCTPaAHCTBOTO, eHeprvu?lHa eCt)eKTVIBHOCT W UANoCT Ha curHana. ToBa rapaHTupa, 4e
BCAKa HOBa BepCuUA Ha Ou3anHa e I'IO-ereKTI/IBHa n no-,u,o6pe afjantupaHa KbM
npon3BoACTBEHUTE U eKcnnoaTaluMOHHU U3NCKBaAHUA.

Opyr BaeH acnekT Mpu NPOEKTUPaHETO Ha eNEKTPOHHW MnaTku W yCcTpoicTBa e
YyNpaBrneHMeTo Ha TonnuHaTa (TOMAMHEH MEHUMKMBLHT). W3KYCTBEHMAT WHTEenekT
3HauMTenHo nogobpsiBa TO3M MpOLEC Ype3 cuMynauum W nporHosu, GasupaHu Ha
HaToBapBaHeTo Ha KoMMoHeHTuTe. MW MogenuTe morat ga aHanuaupat notpebrieHneTo
Ha eHeprusi B peariHo BpeMe W Ja CUMynupat pasnpefeneHueto Ha TonnuHata no
MOBBLPXHOCTTa Ha MnaTkarta, OTKPMBAWKM MOTEHUMANHM 30HU C PUCK OT mperpsisaHe.
OcBeH ToBa, Te npepnarat ONTUMAarHW PeLUeHUs 3a NO3WULMOHMpaHe Ha OXMnaxkaallm
eneMeHTU KaTo paanaTopu 1 TEPMUYHU UHTEPENCU.

MN3KyCTBEHMAT MHTENeKT urpae peluasBalla pons U npu OTKPUMBaHETO Ha Aedektn —
3afjaya, KOSITO 4eCcTO HaAXBbPMS Bb3MOXHOCTUTE Ha TPaAULMOHHWUTE BU3yanHu
MNHCNEKLMOHHN cucTeMmn. Hanprmep, rpeLukn kato NunceaLyy NMHOBE, FPELLHO CBbpP3aHu
NPOBOAHULM UnKN HapylueHn “footprints” morat ga 6bAAT NponycHaTV Npy cTaHgapTHa
AOI (aBTOMaTM3npaHa onTnyHa nHcnekumus). 3a pasnuka ot Tax, NN-6asmpann cuctemm
moraT ga ce camoobydyaBaT, KaTo W3MOf3BaT XPOHOMOMMYHU AaHHW OT NPeauLIHN
NPOBEPKN M 3HAYUTENHO MOBMLLABAT ycrneBaeMoCTTa Mpu AeTekuus. ToBa rv npasu
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LeHeH aKTUB 3a BCEKM MNMpou3BOACTBEH Mpouec, KbAeTO TOYHOCTTa € OT KPUTUYHO
3Ha4veHune.

MHoro npousBoguTenu HagrpaxgaTt csoute AOIl mawuHm ¢ WA codpTtyep, konto
ocurypsisa MHoro no-ronsma AbnbouynHa Ha aHanusa. B gonbnHeHve kbM Bu3yanHaTa
nHenekums, W ce npunara n B MHTENUIEHTHUS KOHTPOI Ha Ka4yecTBOTO, MO3BOMNSABANKM
npefckasyema ngeHTudukauma Ha gedeKktn npean Te Aa Bb3HMKHAT. Taka ce cb3gasar
YCroBusl 3@ MMHUMU3MPaHE Ha NPOU3BOACTBEHM 3arybu U 3HaYUTENHO MoBULLABAHE Ha
HafexXaHOCTTa Ha KpavHWS MPOAYKT.

MpoBepka Ha Au3aitH NnpaBunarta u 6bAaeweTo Ha U B PCB ausaitHa

KnioyoBa ctbnka B npoueca e T. Hap. DRC (Design Rule Checking) — nposepka 3a
CbOTBETCTBME CbC 3ajadeHuTe MPOU3BOACTBEHM crneundukaumn. W3sKycTBeHUAT
WHTENEKT MOXe aBTOMaTM4HO fJa OTKpMBa MOTeHUuuanHu npobnemu, KaTo
HEeCbOTBETCTBUSA B LUMPMHATA Ha NPOBOASALUMTE JIMHUM UM HEMNOAXOASALM PA3CTOSHUS
Mexay KoMMnoHeHTuTe. BnarogapeHune Ha Te3n Bb3MoxHocT MW 3HauuTenHo Hamansea
rpewknTe n Heo6xoaAMMOCTTa OT NOCMEABAaLLMN KOPEKLUM.

B 6baewe MW nnatdopmuTe We mMoraT HambHO aBTOHOMHO [a reHepupaTt AaHHU 3a
KOMMIOTBPHO noanomorHato npoektupaHe (Electronic Computer-Aided Design — ECAD),
BKIIOUUTENHO WHTENUreHTHO pasnpefeniiHe Ha KOMMOHEHTWUTE croped MeXxaHW4HM,
TEPMUYHU U DYHKUMOHanNHMW u3nckBaHuns. OueHkaTa Ha AM3alHUTE OT WUHXEHepu u
TAXHOTO AobaBsiHe KbM 6a3nTe faHHW 3a MALLUMHHO caMoobyyeHuWe Lie rapaHTupa, 4ye ¢
BpemeTo MW cTaBa Bce no-npeumseH v npeanara owle no-gobpu v aganTUBHU PeLLEeHUS.

5.4 NMpepgusBukaTencTea U 6bLAeLWM HaCoKu

Makap VW pa Hocx 3HaUUTENHM NOM3Kn, HEroOBOTO MHTErpUpPaHe B TPAaULMOHHUTE METOAMN
3a npoekTupaHe usnckBa agantaums. Heobxogmma e npomsiHa B paboTHUTE npouecw,
KaKTo 1 OOMbIHUTENHO Oby4eHne Ha MHXeHepuTe, 3a Aa Ce Bb3Mons3BaT HambiHO OT
Bb3MOXHOCTUTE, kouTto I npegnara.

OcBeH ToBa, aBTOMaTM3aUMATa B €NTEKTPOHHOTO NPoeKTupaHe He e HoeocT. Ouwe oT 70-
Te TOAMHW Ha MWHanusa BEK Ce W3MNon3BaT MNpOrpaMHU CPeAcTBa 3a KOMMIOTbPHO
noAnoMorHaTo NMpoeKkTupaHe, KakTo U cneumanuanpaHn nnatopMu 3a aBToMaTusaums
Ha eneKkTpoHHUsi ansanH. B gHelwHo Bpeme MIN no6aBs HOBO HMBO Ha ePEKTUBHOCT, KaTo
nogobpsiBa ckopocTTa, TOYHOCTTA U UANOCTHMSA paboTeH npouec.

MpunoxeHneTo Ha W3KYCTBEHUS MHTENEKT Aarney He ce orpaHuyaBa Ao ¢asaTa Ha
NpoeKTpaHe — TOW BCE MO-4eCTO Ce M3Non3Ba B MHAYCTPUArHOTO MNPOM3BOACTBO,
onepaTUBHUSA KOHTPOS U YNpaBreHNeTo Ha pecypcuTe. Ypes nHTerpaumusi CbC CEH30pu n
npon3BoacTBeHn cuctemun, U mopenn aHanuavpaT B peanHo Bpeme [aHHU OT
NPON3BOACTBEHUTE NMHWUM, KATO OTKPUBAT OTKIIOHEHWS, MPeABMKAAT HEU3NpaBHOCTU U
onTumusupat pabotata Ha obopyaBaHeTo. ToBa NO3BOMSABA NpuUaraHeTo Ha NPOrHo3Ha
nogapwbxka (predictive maintenance), KOATO 3Ha4MTENHO HamansBa HexenaHuTe
npecTtoun 1 nogobpsisa ekcnnoaTaLMoHHaTa roTOBHOCT Ha NPOU3BOACTBEHUS KanauuTeT.
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Mnatdopmu 3a ynpasBneHne Ha npou3BoacTBoTo U pecypcuTe (MES, ERP) ¢ Brpagexu
MW mogynu ocurypsiaT LSNOCTHA BUAMMOCT BbPXY BCUYKM €Tanu — OT NpoekTupaHe u
nnaHvpaxe, npe3 NPOW3BOACTBO, NMOTUCTMKa U AUCTPMOYUMS, OO KpanHaTa AocTaBka.
TakuBa cMcTeMun He camo NpocneAsBaT MbTA Ha U3genuaTa, Ho MoraT Aopu Aa oTKaxaT
BMaraHeTo Ha [JajeH KOMMOHEHT B MPOW3BOACTBOTO MNpW YCTaHOBEH AedekT wnn
CbMHeHMWe 3a danwmdukaums.

MW vrpae kntoyoBa pons U B NOBULLIABAHETO HAa NPO3paYyHOCTTa M NPOCNeAUMOCTTa Ha
€NeKTPOHHWUTE NPOAYKTW — BKMHOYUTENHO roAHW U BpakyBaHu napTvan, KOMMNOHEHTU OT
BBHLUHM [OCTAaBYMLM M CbOTBETCTBME CbC CTaHAApTU. Ype3 HempekbcHAT aHanus u
WHTENWreHTHO pearvpaHe, nnatgopmute ¢ WU nopabpxaT BUCOKO KayecTBo,
MWHUMU3UPAT OTNagbLMTE U NMOAKPENST YCTONYMBY NPOU3BOLACTBEHUN NPAKTUKU.

Bbnpekn noteHuwana Ha UMW, cbliecTByBaT MPUMOXEHWUS, NMPU KOUTO TPaaULMOHHUTE
OEeTePMUHUCTUYHW MOAXOAMN BCE OLLe ca MOo-MOAXOAsLLM — 0COBEHO B peasniHoBpeMeHH!
CUCTEMM C HUCKa KOHCYMaLMa U BUCOKA HAAEXAHOCT, KaTo CEH30PHM YCTpoWcTBa. Tam
aHarnoroBuTe Cxemu, UNTPMPAHETO YU MaTeEMaTUYECKOTO KOpUrMpaHe npoabikaeaT aa
6baaT npeanoYnTaHy 3apafam cBosiTa edDEKTUBHOCT U CTabUMHOCT.

EOvH OT knioyoBWTE BLMPOCU MpU MHTerpaumsita Ha VI B Npou3BOACTBEHWS LMKBN €
CBBbP3aH C OTTOBOPHOCTTA — KOW HOCW OTFOBOPHOCT 3a pelueHus, B3eTn oT NN? B Tasu
Bpb3ka Ce BbBEXAT HOBU perynaumu, kato 3akoHoaaTernHus akt Ha EC 3a u3kycTeeHust
WHTENEKT, KOUTO LensT Aa rapaHTupat 6esonacHa, npo3payHa u eTuyHa ynotpeba Ha N
B VHAYCTPUarnHu ycroBusi.

5.5 IHCTPYMEHTM C U3KYCTBEH UHTENEKT U ponsiTa Ha NPoeKTaHTa

Pa3BnTVeTO Ha N3KyCTBEHUSI UHTENEKT AoBeAe A0 Cb3[aBaHeTo Ha Lisna ekocuctema ot
cneunanuaupann N nnatgopmm n codptyepn, npegHasHayvyeHu 3a aBTOMAaTU3UMPaHO
NPOEeKTMPaHe Ha enekTPOHHN CXeMW, YCTPOWCTBa U cucteMn. ENekTpoHHUTe nHxeHepu
pasnonarat ¢ 6oraTto pasHoobpasve OT WMHCTPYMEHTU — OT WHAYCTPUanHU nnateHun
peLleHns 4o OTBOPEeHW 1 6e3nnaTtHu NnatgopmMm, KOUTO CbLLO UHTErpupaT NHTENUIEHTHN
yHKUMN.

Cpegn Hai-nonynsipHute pelueHus ca: Altium, Synopsys.ai, Siemens Solido, JITX u gp.
MoBeyeTo OT TAX BKMHOYBAT LUMPOK CMNEKTbP OT (PYHKLMOHANHOCTU: MPOEKTUPAHE U
BepudUKaUUsi Ha WHTerpanHu CXemu, OMTMMMU3aumMsi Ha KOMMOHEHTUM U pyTUpaHe,
CMMynauumM Ha TOMMUHHO pa3scelriBaHe, aBTOMATWYHO reHepupaHe Ha KoA U ClUCbUM C
KkoMnoHeHTn (BOM), npoBepka Ha CbOTBETCTBME CbC creuudukaum u [gopu
aBTOMaTUYHO Cb3aaBaHe Ha eNnekTpMYEeckn cxemu ,0T Hynarta“ nnm ypes wabnoHu. MHoro
OT Te3n nnatgopmMu NoAaabpXKaT WHTEerpaumus nMomMexay cu, KoeTo MNO3BOoNsiBa Ha
MHXeHepuTe Oa marpaxgaT nepcoHanusupaHa cpefa 3a paborta crnopef KOHKpeTHUst
npoekT. ObnavyHUTEe U3YNCNEHUS, HAHOTEXHOMOIMUTE U MHTEPENCUTE C ECTECTBEH €3UK
(NLIs) cblio HaBnmMsaT MacoBO B Te3W peELUEHWs, MpaBeyrikv M olwe Mo-AOCTbMHU 1
MOLLHW.
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Bbnpekn ye WM nHCTpymMeHTMTe 3HauuTenHo obriek4aBaT npoueca Ha NpoekTupaHe,
ponsiTa Ha YOBEeLLKMSI MPOEKTaHT ocTaBa He3ameHWMa. Bce no-4ecTo Te3n UHCTPYMEHTH
ce HapwvuaT ,KonunoTu* — Te U3UCKBAaT NpaBuIHO AeduHMpaHo 3agaHue (prompt), HO
rnoemar TexecTTa Ha MHOrokpaTHWTe utepauuu. MNpumep 3a ToBa e CLeHapuii, B KONTO
UHXeHep noaasa 3anuTeaHe OT Twna: ,[Ipoekmupalime HeuHeepmupaw ycuneamers ¢
KoegpuyueHm Ha ycuneaHe 2 — VI aBTOMaTU4HO u3rpaxga cxemaTta u npeanara
BapWaHTK, BKIOYNTENHO NPEMNOPBKM 38 KOMMOHEHTMN U CMPaBKW OT NPOV3BOANTENN.

CraTtuctukute nokaseat, 4e VI 6Gbp30 ce yTBbpAaBa kaTo CTaH4APTEH UHCTPYMEHT B
apceHana Ha CbBpPEMEHHUSI WHXeHep. Bbnpekn ToBa BOAEWM  eKcrnepTu
npegynpexagasaTt, ye TexHonorusita He TpsAbBa Oa M3MecTBa HambiiHO 4YOBeLukaTa
npeueHka. KOHTEKCTBT, KpeaTMBHOCTTa M NMO3HABaAHETO Ha KOHKPETHOTO NMPUIIOXEHWE ca
BCe olle cdepu, B KOUTO YOBEKLT MMa Bogewa pons. MctuHckata cuna Ha UU ce
nposiBsiBa Mpuv CbTPYAHUYECTBO MeXJy YOBEK WM MaluuMHa — KbAETO W3KYCTBEHUNT
VMHTENEKT CNecTsiBa BpemMe, YCUNNsi U Pecypcu, KOUTO UHXEHEPBT MOXe Oa BIIOXW B
CcTpaTermyeckn 1 MHOBaTUBHY 3afauun.

He 6e3 3HayeHue e 1 npodecnoHanHaTa nepcnekTmea. BeposiTHOCTTa eanH MHXeHep Aa
6bae 3amMeHeH M3UAno OT U3KYCTBEH MHTENEKT ocTaBa Hucka. Ho BeposiTHocTTa Aa 6bae
M3MecTeH OT Korera, KOWTO ymee pga wusnons3sa UMW, e Bce no-peanHa. 3atoBa
OBNaasiBaHETO Ha HOBWUTE WHCTPYMEHTW, KaKTO M OTFOBOPHOTO W €TUYHOTO WM
13nonssaHe, Wwe 6baaT KM4oBM YMEHNS 3a BCAKO ObAELLO NOKONEHNE NPOEKTAHTY.

KoHTponHu BBbnpocu:

e KakBu ca OCHOBHUTE NMPEAMMCTBA Ha U3KYCTBEHWSI UHTENEKT B MPOEKTUPAHETO Ha
€eKTPOHHU cUCTeMMU?

o Kak M nognomara npouecute no pasnonaraHe un pytupane (Place-and-Route)
Ha nevaTHuTe nnatku (PCB)?

e KakBa e pornsTa Ha MalMHHOTO CaMOObyYeHNe Y TEHETUYHUTE anropuTMK B
ONTUMK3ALMSATA Ha ENIEKTPOHHUTE CXeMU?

e Kak GPT mopenuTe morat Aa 6baaT M3nonssaHu 3a nognomaraHe Ha
€NeKTPOHHNSA AMN3alH U KOW OCHOBHW 3afayun U3NbnHABaT?

e KakBu ca OCHOBHUTE NMpeaun3BuKaTencTea n GbaeLln NepcrnekTuBm npu
BHeapsABaHeTo Ha M B NpoeKkTupaHeTo Ha eNneKTPOHHU cUcTeMmn?

e KakBu ca npegumMcTBaTa U OrpaHWYeHMsITa Ha U3MOJSI3BaHETO Ha U3KYCTBEH
WHTENEeKT B MPOM3BOACTBEHMS NPOLEC U MOHUTOPUHIA Ha ENIEKTPOHHU CUCTEMU?
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TEMA HIECTA
NPUJIOKEHUE HA U3KYCTBEHUA MHTEJIEKT B TEOJIOI'MATA

Uen: 3ano3HasaHe Ha cmydeHmume C WUPOKO U3ron3eaHuUme anzopummu Ha MW u
usyucnumernHama kubepuHgppacmpykmypa. lpedcmassHe Ha rpeaned Ha MeKyuomo
CbCMOsIHUE  Ha  U3KyCmeeHusi uUHmernekm 3a 3emama. AHanusupaHe Ha
3adbmKkumenHume cmbiku 8 pabomHusi npouec, basupaH Ha WM 3a pewaeaHe Ha
HayyHume  npobrnemu  Ha  eeonozuama. [lpedcmassaHe  Ha  eonemume
npedussukamernicmea nped eeosnozusima, 0adeHU ca HacoKu u npedynpexoeHus 3a
Heobxodumocmma om palyMHo pa3snpedesnieHue Ha pecypcume Ha 3emsima. O630p Ha
2o/1eMume 8b3MOXHOCMU 3a Haykume 3a 3emsima.

6.1 YBoa B usnonsBaHeTo Ha UM B reonorusata

[HelsHaTa TexHOMorMyHa epa cb3aaBa Bb3MOXHOCTU 3a BceobxBaTHO u3cneaBaHe Ha
reonornsita Ha 3emsATa nNocpeacTBOM 6e30pOViHM CEH30pU, PasnonoXeHu Mo LAnoTo
3eMHO KbM6O M AoBexgaly A0 OrPOMHO yBenvMyaBaHe Ha YOBELUKWTE MO3HaHWsA 3a
3eMHWTe cucTemn. Bcekn pOeH Tesnm ceHsopu ocurypsisaT rofnemu Konumyectsa
reofiokaLMoHHN AaHHW, KOMTO HM momaraT Aa npuaobvem no-Abnboko pasdupaHe 3a
npupofHaTa cpefa, CbCTaBa U cTpoexa Ha 3emsaTa, 3a npouecute, KOUTO NpoTuyaT B
ckanute n MuHepanute. WHdopmauuaTta, KOATO nonyyaBame 4pe3 TAX CRyXu 3a
nsyyaBaHe U pa3bupaHe Ha NPUPOAHUTE CUCTEMM, NPEeABMXOAAHE Ha TeHAeHUuUTe U
nocneguumMTe OT YOBELUKATE [EWHOCTM M OLEeHKa Ha BeposiTHUTE OMacHOCTW 3a
YoBeLwkoTo 0bwecTBo 1 3emsTa. ChlyecTByBallMTe AHEC Teopun 3a ToBa kak 3emsTa
e pearvpa Ha rnobanHuTe NPOMEHN He ca AOCTaTbYHO PeanuCTUYHK Nopaan PbLYHOTO
o6paboTBaHe Ha JaHHUTE.

Mogenute Ha nskycTBeHust nHtenekt (M) HagmvHaBaT TpaguumnoHHaTa obpaboTtka Ha
[AaHHW (Hanpumep pasrno3HaBaHe Ha M306paXxxeHusl OT ynvum, NPUPOAHN HaxoauLa u ap.)
Pa3BuTneTo Ha n3kyctBeHus uHTenekt npe3 80-Te roaMHW Ha MUMHaNMS BeK AoBeae A0
Cb3faBaHeTO Ha MHOrO TeopuMu M MeToAau, HO Npu NbpBuUTe mogenu Ha WU nopagu
KOMMIOTBbPHU OrpaHnyeHns, oby4eHneTo Ha MpexuTe ctaBa MHoro 6asHo. [lHec I Beve
Ce W3Mon3Ba Ha MpaKkThKa B exegHeBMeTO npu uaeHTudukaums Ha obekTn, B
TenekoMyHuKauunTe, aBTOHOMHM poboTn 1 cucTemMn 3a Npenopbku U Ap. Bendkn Tesmn
NPUMNOXEHUs1 3aBUCST OT KOMMIOTbPHWU anropuTMu, kouto obpaboTeaTt uHopmaumsa u
pelaBaT npobnemu, kKaTto MMUTUPAT MO3bYHUTE HEpPBHW cucTemu. 3a pasnuka oT
YOBELUKUS MO3bK, KOUTO MOXe Aa pasrpaHuyy MHOro o6ekTU, KaTo AeAyKTUBHO pasy4un
camo eaviH obekT, anroputmute Ha MW TpsibBa Aa HayyaT MHOXECTBO MOAenu, npeav aa
moraT Aa B3emaT TOuYHM pelleHus. ObpaboTkaTa Ha MHOrO AaHHW € OT peluaBallo
3HayeHne 3a NpoekTUpaHeTo Ha HagexaHn UMW GasupaHu paboTHu npouecu, nopaau
3HauMmara porns, KOSTo Te umaT npu nsrpaxaaHeTo Ha V.
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leonosnte ca Bogewm B pa3paboTBaHETO Ha WHCTPYMEHTW, KOMTO npeogonssart
pasnuunaTa Mexay reornoxku AaHHu v mogenu Ha WU (dwur. 6.1). B To3u npouec ce
n3cnenBat CbBPEMEHHWUTE KOMMIOTbPHM MpOLECK, HyXAMTE OT CbXpaHeHue u
KMbepuHMpacTpykTypa 3a npoBexaaHe Ha wscnegsBaHua ¢ MW B obnactta Ha
reoHaykute. Llenta e ycnewHo npunoxenve Ha WU B reoHaykute: MW 3a 3emsita.
Mpepewxkaa ce MW 3a 3emata na 6bae efHa edpekTBHa KOMOMHaALMsS OT cucTeMu 3a
aBTOMaTUYHO HabnogeHne W MNporHosvMpaHe Ha npupoaaTta, MoArnomaraHe Ha
apanTaumusiTa Ha YOBELLKOTO OBLLEeCTBO KbM NPOMEHUTE B OKOfHaTa cpefa, HacovBaHe
Ha xopaTa KbM NpoBeXaaHe Ha NoMMTYKY U B3eMaHe Ha pasyMHUW peLleHns 3a nnaHetara
1 3a 3aluTa OT reonoxku onacHoctn. U 3a 3emsTta we 6bae BaXkeH MHCTPYMEHT 3a
crnpaBsiHe C Mpeau3BMKaTencTBa KaTo HapacTBaLOTO HaceneHwe, NMPOAOBOSICTBEHATA
Kpu3a U U3MEHEHNEeTOo Ha KnnuMara.

‘ Feonorusa Ha nnaHetaTa 3emsA ‘

\

‘ O6nacmu Ha uzcnedsaHus ‘ | TexHUKU Ha U3KycmeeHUs UHmeeKm |

—( ExkcnepTHU cucTemMu ‘

—( Obn6oko oby4yeHue |

—( ObpBO Ha pelleHUATa ‘
— —{ K Hal-6nM3KK cbeeu |
— —{ Support Vector Model |

—‘ Deep Belief Network |

—{ Hidedden Markov mogenu ‘

Generative adversarial
| network

—‘ Reinforcement Learning |

®ur. 6.1 MNMpunoxeHne Ha N3kycTBeHUss VIHTeNeKT B reonornsTa
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6.2. TexHonorum Ha U

O6xBaTbT Ha TexHomoruute Ha WM e 3HauMTenHo no-ronsam OT MonynspHWTe KaTo
MaLmnHHO obyyeHune (Mashine Learning — ML) n gbn6oko obyyerune (Deep Learning —
DL). Mo npuHumn ML e noamHoxecTBo Ha VI, a DL e nogmHoxecTBo Ha ML.

6.2.1. Cuctema, 6asmpaHa Ha 3HaHuA

Mpean ML ga craHe LWKMPOKO pasnpocTpaHeHa TexHuWka 3a obpaboTka, cucTemuTe,
6a3vpaHn Ha NpaBuna, ca BoAeLLM B TEXHUKUTE 3a 06paboTBaHe Ha fAaHHK, noanoMaraHe
Ha B3EMaHeTO Ha peLUeHMsI U U3BBbPLUBAHETO HA KPUTUMYEH aHanmM3 Ha MHGopmauus.
Moaxoaute, ocHOBaHW Ha MpaBwuna, pasyuTaT Ha Habop OT MpaBwmna, BCAKO OT KOUTO
1306pa3siBa HsIKaKBO KOHTEKCTyarnHoO 3HaHue, 0OMKHOBEHO MOSIBSIBALLO CEe KaTo M3pasu
IF/THEN. Hanpumep, ako pekata JOCTUrHe HsiKakBa CTerneH Ha AelcTBrne (HaBoAHeHe),
MeTeoporornyHaTa areHuus TpsbBa ga npeanpueMe AEWCTBUS 3a CMeKYaBaHe Ha
nocrneavuuTe Kato M3BbPLUM MOArOTOBKA 3a Bb3MOXHA 3HAYMTENHA XMOPOSIOrMyHa
aktuBHoct (NWS, 2021). [lMpaBunata, KOWTO CUCTEMWUTE, OCHOBaHW Ha MpaBuna,
13nonssaT ca 06LOMN3BECTHN 1 CbAbPXAT Marnko ABYCMUCIIEHU CbXAEHUs, 3aToBa Te
MmaT MHOro jo6pa CTabUMHOCT U CUIYPHOCT U Ce U3MON3BaT B MHOTO OTpachv.

6.2.2. BepoAATHOCTHO MalUMHHO OGyy4eHue

BeposiTHocTHOTO ML npegnara npakTuyecku MeTop 3a KOHCTpyupaHe Ha MalluHU, KOUTO
MoraT Ja ce pa3BuBaT Ype3 M3ydaBaHe Ha peanuctudHu aaHHu. MNoseveto ML mogenu
M3non3BaT BEpPOATHOCTHA TeOopwust 3a CrnpaBsiHe C MNpegu3BuKaTenicTBata Ha
HecurypHocTtTa. TeopusiTa Ha BEPOSITHOCTUTE MOXE [a Ce U3Mon3Ba 3a u3passiBaHe Ha
MHOro opMM Ha Bapvauum W LWYMOBE W 3a MpeaoTBpaTABaHe Ha rpeLuku npu
nporHosupaHe. B ML BepOSITHOCTHOTO pa3ChbXAeHUe MOXe Aa U3Beae BeposTHOCTHaTa
YHKUMS NpU afeHn BXOAHU AaHHW U B KpaliHa CMeTKa [ia Hanpasu NPOrHO3u C KOHTPOI
BbPXY HECUTYPHOCTTA.

6.2.3. HekoHTponupaHo oby4yeHue

HekoHTponupaHoTo 06yueHue (Unsupervised learning) Tbpcu ckpUT Mogenu B Habop oT
AaHHM 6e3 aHoTauMm unu Hameca. 3a pasnuka OT KOHTPONMpPaHOTO oby4yeHwue,
NOCTaBSALLO PbYHO €TUKETU, HEKOHTPONMPAHOTO 0byYeHVe nscneasa obLMTE NITBTHOCTH
Ha BEpOSITHOCTUTE Bb3 OCHOBA Ha BXOAHWTE AaHHMW. lNpumep 3a TOBa € KITbCTEPHUST
aHanus, 3anerHan B Hay4YHWs aHanu3 Ha 3emsaTa, Hanp. Npu rpynupaHe Ha reoXMMUYHK
npobu. KnbCcTepute ce rpynupaT aBTOMaTM4YHO, KaTto Ce W3non3saT MeTpuku 3a
pa3cTosiHue kaTo EBKNMMAOBO pa3CcTosiHWE B NPOCTPaHCTBOTO 1 anroputmu kato K Means,
Hidden Markov u gp.
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6.2.4. KoHTponupaHo oby4yeHue

MoBeuyeTo HacTosAWM npunoxeHns Ha W BkmouBaT KOHTponupaHo obyyeHve
(Supervised learning), KoeTo w3rpaxaa HEBPOHHaA Mpexa Tun npeobpasysaTen,
CBbP3BaLL, U3xoauTe ¢ BxogoseTe. To MoXe Aa 6bae AOMbMHUTENHO KaTeropmampaHo B
ABa noartuna: perpecus un knacudukaums. Maxogute Ha moaena 3a knacudmkauus ca
orpaHnyeHn Ao Habop OT npeaBapuTenHo dukcMpaHu 4ucna. KoHTponupaHoTo
oby4yeHne nsnonssa MeToAa, Ha Han-6nmnskMTe cbceam, AbPBO Ha pelleHnsTa, MalumMHa
c nogobpxalym Bektopu (Support Vector Machine — SVM), cnyyariHa ropa (Random
Forest — RF), uskyctseHa HeBpoHHa Mpexa (Artificial Neural Network — ANN) u gp.

6.2.5. Abn6oko obyyeHue

[bn6okoTo 0byyeHune ce oTHaca A0 rpyna HEBPOHHM MPEXU C NOBEYe CKPUTU Crioese n
CMOXHa apxuTeKTypa B CpaBHEHWE C TexHWTe npealecTBeHUUn (T.e. MHOrocroeH
nepuentpoH). DL Moxe pfa ce wus3non3Ba MO KOHTPONWPaH, HEKOHTPOMUpaH u
NOMYKOHTPONMpPaH HaunH. [bnbokuTe KOHBOMIOLMOHHM HEBPOHHU Mpexun (Deep
convolutional neural networks — DCNN) 06UkHOBEHO ce M3non3eaTt 3a U3BMUYaHe Ha
npu3HauM v HamansBaHe Ha pa3mepHocTTa. Cunata Ha CNN npu u3dyyvaBaHe Ha
npeacTaBsAHeTo BOAM [0 No-gobpu pesyntatm npu nporHosupaHe. [lo-gobpara
npousBoanTenHocT obaye e CBbp3aHa C orpaHnyeHneTo, Ye DL ca no-B3vckaTenHun Kbm
AaHHVTE W NPUIIOXEHMETO MM YECTO € OrPaHNYeHO A0 CryvyauTe, KoraTo ca Hanu4vHu
rofieMmn KonmnyecTsa BUCOKOKa4YE€CTBEHN MapKUpaHn faHHW.

Cnopeg notounTe oT AaHHM DL Han-obwo morat Aa 6baaT pasgeneHn Ha ABa OCHOBHM
KIMOHa: 3axpaHBally HEBPOHHM MPEXW U PEKYPEHTHU HEBPOHHWU Mpexu. [MbpBuAT Tun
Mpexa e npocTa, kaTo uHopmauuaTa ce ABMXKM B €4Ha eAMHCTBEHa NOocoka Hanpeg.
Mpu BTOPMA TUM MHDOPMaUUSATa ce ABUXKM B KPbF, KOETO O3HavaBa, Ye M3XoabT OT
npegullHaTa CTbMKa Ce BbBeXAa B TekyllaTta CTbhka. Bcekn oT Tesn knoHose uma
MHOro6poriH1 BapuaHTu U opmmpa yCbBbpLUEHCTBaHU Mpexu, kaTo ResNet, U-Net,
PSP v gp.

6.2.6. YuyeHe ¢ nognomaraHe

YyeHeTo c¢ nognomaraHe (Reinforcement learning) Hamupa onTuManeH HauvH 3a
MakcuMuaMpaHe Ha LMchpoB curHan kato pedyntaTt. MogynbT 3a obyyeHue TpsibBa aa
n3bupa gencTBus Ypes COOCTBEHM peLLeHms], 3a Aa HaMmepy Har-0obpusi NbT ¢ Han-gobBbP
pesyntat. To ce pasnuyaBa OT KOHTPONUPAHOTO U HEKOHTPONUPAHOTO YYeHe, KaTo He
n3MckBa Habop OT paHHM 3a obyyeHuMe W HamuMpaHe Ha CcKpuTa CTpyKTypa B
HeMapkupaHuTe daHHu. PasrnexpgaT ce npobrnemu 3a nocTuraHe Ha Lenu OT areHTw,
KOUTO B3auUMOAEWCTBAT C HeonpedeneHa cpeaa U 6e36poii NOTEHUMAanHW peLueHus.
TepMUHBT ,areHT* He e HenmpeMeHHO pearneH poboT, a Moxe Aa O6bae BupTyanHa
nporpama 3a uscreaBaHe Ha JaHHW. YUYeHeTO C NoAnomMaraHe e NoAxoAsLuo 3a CuTyauuu,
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B KOUTO € HepeanucTWYHO [a Ce TbPCAT [JaHHW 3a XernaHu MoBedeHusi, KOUTO ca
€HOBPEMEHHO MPaBUMHU U XONUCTUYHM 32 BCUYKM Bb3MOXHOCTU, KOUTO areHTuTe MoraT
[a npeanpvemar.

6.3. CbuecTByBawWwM uscneaBaHuAs B obnactra Ha M3kycTBeHus UHTenekT 3a
3emsaATa
6.3.1. Nl'eocdepa

HapacTBaHeTo Ha HaceneHveTo Ha 3eMsiTa Nopaxaa Npeaun3BuKkaTencTea, CBbp3aHn ¢
13ron3BaHeTo Ha NPUPOAHNUTE Pecypcu 3a NoAabpxaHe Ha HaceneH1eTo, usnara xopara
Ha MPUPOAHM rEeoonacHOCTU (TEKTOHCKM 3eMEeTpeceHusl, ByNKaHW, CBrayula) u
aHTPOMOreHHW (NPEAN3BMKaHU 3eMETPECEHUs], Pa3pyLLEHUS HA SI30BUPY) re00NacHOCTU.
MooabpxaHeTo Ha WH@PAcTpykTypaTa B YCroOBMsiTa Ha Te3u Npeau3BMKaTencTsa
u3nckBa no-3agbnboyeHo pasbupaHe Ha Te3n SBIMeHWUs U (OU3NYECKUTE MEXaHWU3mu
cToswm 3ap Tax. [Hec VW ce pa3npocTpaHsiBa BbB BCUUKM 0GnacTv Ha reonorvsita,
BKIMIOYUTENHO B TbPCEHETO Ha MOMEe3HN U3KOMaeMu 1 eHeprus.

— 3emeTpeceHus
[lHec Bce ole He ca WM3BECTHM MHOIO Hella 3a MexaHusmuWTe U nocrneguuuTe ot
3emMeTpeceHusTa. MporHosupaHeTo Ha 3eMeTpeceHusTa, censmornorusTa,

npeacTasnssaT Nnpobnemu 3a npunaraHe Ha TEXHUKUTE Ha U3KyCTBEHUS MHTenekT. Cpen
Han-u3non3saHnte ML noaxoau 3a Tasu 3afaya ca 3axpaHBalUMTe U peKypeHTHUTe
HEBPOHHN Mpexu. lNpn Tesn nNoaxoan HEBPOHHUTE MPEexXu npeackassaT MarHuTyaa u
MECTOMNOMNOXEHNETO Ha ObAeln 3emMeTpeceHus BbB BPEMEBW WM NPOCTPaHCTBEHO-
BpEMEBW MPO30peL, Bb3 OCHOBa Ha BPEMEBM NOPEANLIM OT XapaKTEPUCTUKM Ha NPEANLLHN
3eMeTpeceHus, KkaTo BpeMe Ha Bb3HUKBaHe, MarHuTy[ WM MeCTOMONOXEHNe Ha
orHuweTo.  Bbnpeks  HeoTAaBHalHMS  HanpeAbk B paspaboTBaHeTo  Ha
ycbBbpLlUeHcTBaHM DL, BCe olle cbluecTByBaT Npeav3BukaTenctsa no OTHOLEHWE Ha
TOBa Kak Te e 6baaT edeKTVBHO npunaraHn 3a NporHo3vpaHe Ha 3emMeTpeceHuns Ha
6aszata Ha V. MoBeyeTo KaTanoan Ha 3emeTpeceHusiTa ca 3anucaHu B OBUKHOBEH
TabnuyeH dopmaTt M MMaT OrpaHUYEHN XapakTepUCTUKM 3a OBy4veHVe Ha MO-CrOXHM
mogenu. ManonssaHeTo Ha DL yckopsiBa paspaboTBaHeTO Ha HadeXaHu U edeKTUBHU
anroputMM 32 MOHWUTOPUHI Ha 3emeTpeceHus. MeToauTe 3a MOHMUTOPWHI Ha
3emeTpeceHns, 6asmpann Ha N, morat ga posenaT 4O MOBULIABaHE Ha cenaMuyHaTa
6e30nacHOCT B [Be HACOKW: Ype3 paslumpsiBaHe Ha Bb3MOXHOCTUTE Ha cucTeMuTe 3a
paHHO NpeaynpexaeHVe 3a 3eMeTpeceHuns ¢ 6bpan N HaOEXKOHW OLIEHKW Ha NnapameTpurte
Ha 3emMeTpeceHMsaTa W 4pe3 OCUrypsiBaHE Ha MNbAHM W TOYHM KaTanoau Ha
3eMeTpeceHuaTa, Uu3nonseaHW 3a nogobpsiBaHe Ha AbLATOCPOYHWUTE OLEHKM Ha
censmnyHaTa onacHocCT.

— BynkaHu

BbB BynkaHomorusita pbYHWTE aHanmu3nM Ha ra3oBUTE EeMWUCUW, WU3MepBaHeTo Ha
Aedopmaummnte n CeM3aMMYHNTE CUrHaNM ce U3Nonaear oT AeceTuneTus 3a HabnoaeHue,
HamansiBaHe W CBeXAaHe A0 MWHUMYM Ha pPUCKOBETEe, CBbP3aHW C BYMKaHUYHK
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onacHoctn. OCHOBHO npunoxeHne Ha WA B MOHUTOpUHra Ha BYJNKaHW €
pasrpaHM4aBaHeTO Ha CeU3MUYHWUTE BYMKaHWYHU TpycoBe OT NofobHu cbbuTus, kaTo
3emMeTpeceHnsi, cBnaduwa, OHTaHW OT naBa, BATbP M IPbMOTEBULM. YCMELHO
nanutanmte ML TexHukm BkntouBaT ANN, SVM, Hidden Markov mogenu n pasmuta
noruka. KpaTtkocpo4Ho nporHosupaHe Ha BHe3anHu U3pursaHusi, npean3BukaHu oT napa,
CbLLO MOXe Aa ce n3BbpLuKn ¢ nomowta Ha MN/ML upe3 oTkpuBaHe Ha Mpekypcopu oT
nogaBaHuTe cenaMnyHu gaHHu. CnocobHocTTa Ha W oa naeHtuduumpa eHepruinHuTe
1M36nuum, cnyysaliy ce B pamMKMTe Ha OT HAKOIMKO Yaca A0 HAKONKO AHW npeau ronemmu
n3pureaHusi, gokasea, 4ye ML Moxe ga [gaBa >XMBOTOCMAcsBalUM KpPaTKOCPOYHM
npeaynpexaeHus 3a BynkaHu B 6baelue.

— Cenaunwa

CenauviiaTa B NNaHUHCKUTE pafioHu NpudmHsBaT ronemu 3aryou. Mpunoxexusita Ha U
B M3credBaHusiTa Ha CBrauyuuiata ca MocBEeTEHW FMaBHO Ha YCUNuATa 3a oueHka Ha
pucka. Npu KapTorpacdupaHeTo Ha NOAATNMBOCTTA Ha CBIaynLla ce eKcrnepuMeHTupa c
nogxoan Ha ML kato noructuyHa perpecusi, ANN n SVM. MamepBa ce Habop oT
KOHTPOSHN NPOMEHIMBW, KAaTO HAKMOH Ha TepeHa, pacTuTenHa NnokpyBeKa, Banexu, maca
Ha noyeaTta M XvMaporiornyHa obcTtaHoBKa, KOUTO Ce M3MON3BaT KaTo BXOAHU AaHHW 3a
n3yncnsiBaHe Ha BeposiTHOCTTa OT cBnauyiwa. [pyro npunoxeHne Ha W e
aBTOMaTM3MpaHeTo Ha uAeHTUUMUUPaAHETO Ha CBRadvwa BbpXy W300paxeHus oT
OWCTaHUMOHHU CeH30pu. TOYHOTO NPOrHO3MpaHe Ha MSICTOTO U BPeMETO Ha cBravyuwara
ocTaBa BaXkHO Mpeau3BUKaTENCTBO. Bbnpeku ye 3HaHWATa HU 32 OCHOBHWUSI MEXAHU3BM
Ha cpyTBaHe Ha CKMNOH MoraT ga ObaaT BrneTeHM BbB (U3NYHWM  MOAENW,
He[oCTaTbYHOTO HabnoaeHWe Ha noysaTta U NoAnoYBEHUTE BOAM C BUCOKA pe3oniouust
HW orpaHuyaBa aa paboTnm ePeKTMBHO C MOAENWTE UK Aa NOBULLMM NPELU3HOCTTa UM.
KayecTtBOTO Ha BXOAHUTE AaHHWU W MOTEHUMANHOTO CBpPbXNpucrnocobneHve ocTtasaT
OCHOBHM Mpobnemu, BNMsieln BbpXy TOYHOCTTA Ha MOAENUTE B peariHu cueHapuu 3a
nporHosupaHe. MetoauTte 3a ussnu4aHe Ha gaHHu n ML gHec ce nanonssaT epekTUBHO
3a NPOrHO3MpaHeTo Ha CBNayuLLa.

6.3.2. Xuppocdepa

MacneppaHusita B obnactra Ha xugpocdepaTa umart ronsiMa nonsa ot MeToaute u
NPUNOXeHNATa Ha M3KyCcTBeHUs MHTenekT. lle pasrmegame nogpobHo Tpu acnekTa:
Barexu, NOBbPXHOCTHU BOAM U NOANOYBEHUN BOAMU.

— Ovbxoose

MporHo3npaHeTo Ha BamnexuTe BKOYBa U3y4YaBaHe Ha CIOXHWU HENMUHENHU moaenu B
OaHHuTe. MeToaute, npeanoxeHW 3a MpOrHo3uMpaHe Ha BanexuTe, BKMOYBAT
n3nonssaHeTo Ha kombuHaumm ot RNN n SVM unu Singular Spectrum Analysis (SSA) n
SVM. Toan myntumopeneH nogxod e paswwpeH, kato Bknousa ANN, KNN n SVM c
pagvanHa OCHOBa 3a MpOrHo3upaHe Ha [AHEBHUTE UMW MeceuvHuTe Banexu. [pyru
NPYMepKn BKIKOYBAT M3MOM3BaHETO Ha KoHBoOMoUMOHHM LSTM, RF 3a u3BnuyaHe Ha
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BarieXHN HOPMK OT ONMTUYHM CaTENUTHM N306paxeHnst n koMouHaums ot ANN, SVM n DT
3a KPaTKOCPOYHO MPOrHO3UpPaHe Ha Banexu.

— [NloBbPXHOCTHM BOAU

MeTogute, 6asupaHM Ha W3KYCTBEH WHTENEKT, ca YecTo YMnpaXHsBaHW npu
MOoZJEenupaHeTo Ha HEMNVHENHM XMAPONOoXKM Npobnemu. Moaxoau, 6asmpanu Ha ML, kaTo
HEBPOHHO-BBHITHOBU XMOPUOHM CUCTEMM, NMOKa3BaT CXOAHW pe3yrnTaTu 3a NporHo3vpaHe
Ha peyYyHUsi MOTOK, MOHUTOPUHI Ha Ka4yeCcTBOTO Ha KpanbpexxHUTe BOAU U OTKpMBaHe Ha
CMOXHW BPBb3KM Mexady BogHOTO HMBO u pasxoda. FNN, obobuieHata perpecus NN un
pasmuTaTa fiorMka CbLUo ca Mosie3HU 3a NoMbiBaHe Ha HeMbJIHU AaHHM 338 BOAHOTO HUBO.
W3cnepgosatenute Ha peku nsnonasat ANN, agantuBHa MpexoBo GasupaHa pasmuTa
cucTeMa 3a U3BOAU M HEBPOHHW MPEXU, CBbP3aHU C BbITHOBY NMOTOLM, 3a NPOrHO3MpaHe
Ha HaToBapBaHETO OT CEAVMEHTU U HMBOTO Ha BodaTa. TecTBaHW ca CBbp3aHu Noaxoam
kato aHcam6bn ot ANN, 6GaniecoBcks M reHeTudHu anroputmu (GA), KouTo Oasat
nogo6penue ¢ 3-11%. RNN kato LSTM ce usnonsea npy oTKpUBAHETO Ha 3aMbpcsiBaLLn
BelllecTBa BbB BogaTta. KaTo ce nmat npeasug nscnegsaHusita B obnacrtra Ha BoguTe 1
obuiectsoto, ML mopenuTe ca M3NON3BaHW YCMEWHO 3a MPOrHO3vpaHe Ha
notpebneHneTo Ha Bofa okorno NHanaHanonuc.

— lNognoyBeHn Boan

Tl kKaTo NOANOYBEHUTE BOAM Ca TPYAHM 3a U3MepBaHe B ronsam Mawlab, anroputmmre,
6a3vpaHn Ha W3KYCTBEH WHTENEKT, ca MOMe3Hu 3a W3BMuYaHe Ha WHdopMauus u
M3roTBSIHE Ha MPOrHO3W, KOWTO ca OT pellaBallo 3Ha4YeHVWe 3a YMpaBreHUETO Ha
nogno4seHnte Boamn. C nomolyta Ha ML ycnelHo ce cb3gaBar kapTv 3a ynpaBsrieHue Ha
NOAMOYBEHNTE BOAM, OLEHSIBAaT Ce PUCKOBETE OT HUTpaTHO 3aMbpcsiBaHe U ce
nporHo3upar HuBaTta Ha nognoyseHuTe Boau. ML mogenute, BkntouBawm SVM, RF n GA
onTummMaMpaHa cryyanHa ropa (random forest), morat ga oueHAT noTeHuuana Ha
nognouseHnTe BoAmM No mecta. RF npeBb3xoxaa knacugukaumoHHUTE U perpecuoHHuTe
abpeeTta (CART) npu wmnpokomalLabHO NporHo3npaHe Ha KOHLEeHTpauusaTa Ha HUTpaTtu.
CbbpaHute ML Mogenu ca npakTtuyecka antepHaTviBa Ha CMOXHUTE KOHBEHLMOHAamHW
MoZenu 3a Bb3npuMeMaHe Ha Mofenute Ha nognoyvseHuTe Boan. ML moxe Aa nomorHe
npu OLEHSIBaHETO Ha MoTeHuuanHuTe noBpean Ha oTAenHu Tpbbu, 3a Oa ce
npegoTBpaTAT 6baeLy TparnyHu crouTKS.

6.3.3. ATmMmocchepa

MW ce nanonsea ycneLHo 1 B 06nacTTa Ha aTMOC(EpPHUTE SIBIIEHUS BbB BCUYKW acnekTu
Ha MeTeopornorusita 3a nogobpsiBaHe Ha yMeHUsTa U edeKTUBHOCTTa Ha YUCNEHOTO
MpPOrHO3MpaHe Ha BPEMETO, 3a acUMUIIMpaHe W UHTEPNPeTUpaHe Ha OrpoMHUTE
KONMYyecTBa AaHHW, CbAbPXaLlW ce B METEOPONorMyHUTe catenuTH1 HabnogeHus.

— TponMyeckn LIMKMOHM

TponuyeckunTe UMKIIOHN ca CPef MPUYMHABALLMTE HaW-rONeMU MaTepuarHu LWeTu oT
BCUYkM BeacTtems. ML moxe Aa ce M3non3ea 3a NPOrHo3upaHe Ha MbTS Ha TPONMYeckus
LIMKMOH 1 OLEHKa Ha LUeTUTe C NoMoLUTa Ha AaHHW OT NOBTOPEH aHanu3 WU caTenuTHU
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n3obpaxeHusa. ML mogenbT 3a aHoTauusi Ha weTtuTe nocturHa >97% TO4YHOCT 3a
Tponuyeckus umkrnoH Xapsu. Mogenute 3a nporHo3vpaHe Ha Bpemesu cepun kato RNN
n ConvLSTM wmoraT ga u3y4aT noBeeHMEeTO Ha TPOMUYECKUS LMKIIOH U Aa U3YMChAT
Tpaektopusita My. OOLIMPHU eKcnepumeHTH, wuanonssawy 20-roAuHN AaHHU OT
NOBTOPEH aHanu3 Ha knumara, nokaseaT, Ye ConvLSTM uma no-Bucoka TOYHOCT OT ApYyru
noaxoau. MNacvBHM MUKPOBBIIHOBM CaTENUTHU OaHHU, CbLLO ce M3nonaeaT 3aegHo ¢ DL
3a HabnogeHne Ha TPOMUYECKU LIMKITOHM.

— MeTeoponoruyHa cyLia

Cywata € CcrnoxHa MpupogHa OMacHOCT, MNpUYMHSIBALL@ OFPOMHMU  rroGanHu
MKOHOMWYECKW, COLMAanHN U eKONMOrMYHM LLEeTU Besika roamHa. MNMonoxeHn ca ycunus 3a
npunaraHe Ha ML 3a nporHosupaHe Ha cywa B Adpuka, Asctpamus, CALL n Kuran.
Hsikon npoyyBaHus n3nonseaTt ML 3a nporHo3vpaHe Ha nokasatenu 3a cywa, kato SPEI
(Standardised Precipitation Evapotranspiration Index — CtaHgapTuavpaH uHOEKC 3a
TpaHchep Ha BMaXHOCT OT MOBBPXHOCTTA Ha 3eMsiTa KbM aTtmocdeparta) u SPI
(Sustainable Process Index — MiHOekc 3a ycTOMYMB MPOLEC) M OLEHKA Ha TeXecTTa Ha
cywa B Heu3mepeHu Mecta. ML e B ocHoBaTa Ha mMoAen C BWCOKa pasfaenuTenHa
CMOCOBHOCT 3a MNpOrHO3MpaHe Ha cyliata, M3Mon3eall, AaHHW OT AUMCTaHLMOHHO
HabntopeHwe. MNpu obpaboTkata Ha NpoaykTa pasnuyHU METOAM 3a MalUMHHO 0ByyeHne
ce cpaBHsIBAaT Npuv HamansiBaHe Ha Mawaba Ha Mno4YacoBWsi MOBTOPEH aHanu3 Ha
BanexuTe OO MEeCeYHU OaHHW, a BEKTOPHUTE MalUMHW 3a perieBaHTHOCT paboTAT Han-
nobpe.

— [opcku noxap

opckute noxapu ce yBenuyaBaT B MHOTO CTPaHW, kKato uMaT HebnaronpusaTH1 edekTu
BbpXY YOBELLUKOTO 34paBe U MKOHOMUKaTa. PaHHOTO OTKpMBaHe Ha noxap u Hamecara ca
KU3HEHOBAXXHU 32 MUHMMMU3UPaHEe Ha LWeTute oT ropcku noxapu. MN/ML metogm ce
m3nonseaT 3a nogobpsiBaHe Ha OTKPUMBAHETO U TMPOrHO3UpPaHEeTO Ha noxapw,
KnacuduumpaHe n kaptorpadupaHe Ha TeXecTTa Ha ropckuTe noXxapwu U aBTOMaTU4HO
OTKpMBaHe Ha ropcku noxapu Ha UAV (Be3nunoTHu Bb3ayxonnaBaTesniHm cpeicTsa) unm
caTenuTHu u3obpaxeHus. [lpoyuBanusi wusnon3sat WU 3a nopobpsiBaHe Ha
NPOrHO3MpaHeToO Ha AMMHaTa cTpys, kKombuHuparikn ML cbc catenuTHu HabnogeHns n
npaBeHeTO Ha M3BOAM 3a paswWMpsiBAHETO W pasnpedeneHMeTo Ha o3oHa. [pyru
NPUMNOXEHUA BKINOYBAT WAEHTUULMPAHE HA TOPCKM MNOXapyu Bb3 OCHOBA Ha
1306paKeHnst 1 oLeHKa Ha nNpobremMnTe CbC 34paBeTo Ha XopaTa, CBbpP3aHu C JIOLOTO
Ka4yecTBO Ha Bb3gyxa. ML ce usnonasa 3a npocriegsiBaHe Ha ropcku Noxapu, NPUYMHEHN
OT YOBeKa, KaTo e yCTaHOBEHO, Ye RF e Han-TOYHUAT cpef TeCTBaHUTEe Moaenu.

— MpawHa Byps

M3TOYHMLMTE Ha npax ca CBbp3aHy C MHOXECTBO Mocreamum 3a 3gpaBeTo M coumarnHo-
MKOHOMMYECKN Bb3OENCTBUS, BKIOYBALLM MHAEKLMO3HN 3abonsBaHns 1 6e3onacHOCT Ha
nbTs. ML ce n3nonsea 3a OTKpMBaHE Ha U3TOYHULM Ha Npax, TPaHCMNopPT M NoaaTIMBOCT
Ha BATbpHa epo3ns B pas3nuyHn mMalabu; npyu obpaTHO ModenupaHe Ha eMucuu, 3a aa
ce nogobpu TOYHOCTTa M Ce NOCTUrHaT no-A4obpu pesynTatn oT Te3n Ha TpaauLMOHHUSA
XMMUYECKN TpaHcrnopTeH mogen. KapTa Ha 4yBCTBUTENMHOCTTa KbM M3TOYHMLM Ha npax
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(DSSM) e paspaboTeHa ¢ nomowiTa Ha RS n ML, 3a Aa ce nokaxaTt M3TOYHULMTE Ha Npax
npe3 2005-2016 r. B WpaH. PasanuuHn ML mogenu ca cpaBHeHM, 3a a ce uscnensa
YyBCTBUTENHOCTTA Ha No4yBaTa KbM npax, kaTto e yctaHoBeHo, Ye RF ce npeacrass Haul-
nobpe.

— AHTpOMNOreHHN 3aMbpcuTENM Ha Bb3ayxa

3ambpcsiBaHETO Ha Bb3gyXa Ce CBbp3Ba C Haf CEAEM MUIIMOHA NPeXAeBPeMEHHU
CMBbPTHU cnyyas Bcsika roguHa (C30, 2021 r.). NMoBeyeTo oT TAX NponsTUYaT OT U3naraHe
Ha O3 (o30H) n PM2,5 (dmHK vacTtuum). MocTosHHO npomeHsiwarta ce AnHamuka obade
3aTpyaHaBa KOMMIOTbPHUTE MOAENU fAa NpefckaxaT kayecTBOTO Ha Bb3gyxa. MU e
BKIMIOYEH 3a CrnpaBsiHe C Te3u npeau3BuKaTerncTBa, ocobeHo 3a nporHosupaHe Ha Os,
PMz2.5 n a3oTH1 okcuau, NPeKypCcopeH XumuKar, KOMTo AonpuHacs 3a obpasyBaHeTo Ha
O3 n PM2s. lMNo-paHHuTe pa3paboTkn 4eCTo M3NoN3BaT METOAM Ha HEBPOHHW MPEXM 3a
nogobpsiBaHe Ha MPOrHO3MpaHeTO Ha KayecTBOTO Ha Bb3gyxa. Hanocnegbk ce
n3nonseaTt no-ycbBbplueHcTBaH ML anroputmu 3a nogobpsiBaHe Ha NPOrHO3MpaHeTo
Ha O3 n NO2, a SVM e no-go6bp ot NN npu nporHo3avpaHe Ha OHEBHWUTE MaKCUMarHu
KOHUeHTpauum Ha Os. 3a NporHo3upaHe Ha kayecTBOTO Ha Bb3dyxa C Manku 3bpHa, DL
MOXe [a W3NbinHsBa oO6WYalHW 3ajayn KaTo Mo3alika, BMbKBAHE Ha NvncBalum
CTOMHOCTU MK n3bupaHe Ha NpuU3Hauu.

6.3.3.1. Buocdepa

BuocdepaTa npeacraBnsiBa XXuMBMTE YacTu Ha 3eMHaTa cuctema.

— PacrteHus (6oTaHuka)

dutoreorpacdusita, M3y4yaBaHETO Ha pPa3MNOCTPAHEHWETO Ha pacTeHusiTa, € akTMBHA
obnacTt B n3cnefsanuaTa Ha VN Ha 3emsaTa. Manon3saHeTo Ha RS uzobpaxeHnus, ML n
DL, gHec ca OCHOBHM TEXHWKM MOpagM HUCKaTa LeHa M BucokaTa TOYHOCT Ha ML
knacudukaumsata. Kaptute, nonyyenu ot W, ce pasnpoctpaHsaBsat B 6ruoreorpadckute
nacnegsaHuss. DCNN, ob6yyeH upe3 nybnuueH Habop OT JdaHHM 3a nucTa, Jda
pasrpaHv4aBa YeTUpUHageceT KynTypu 1 ABafdeceT 1 wecT 6onectu, Moxe Aa NocTurHe
99.35% To4HOCT. B obnacTtTa Ha CenckoTo CTONaHCTBO MMa MHOTO CLieHapuu 3a A4b160ko
nsnonssaHe Ha W, kaTo oTkpuBaHe Ha 6onecTu, NporHo3upaHe Ha 4o6vBa Ha KynTypu
M Mpenopbku 3a HanosiaHe. Mogenu 6asvpaHu Ha HEBPOHHW Mpexu MoraT Jda
npeackaxar Hanp. 4obuBa Ha LapeBuLa 1 Aa Haco4YBaT HanosiBaHeTo.

— XXuoTHu (3o0norus)

HanpeabkbT B CEH30pHMTE TEXHOMOMMU AaBa Bb3MOXHOCT a ce noryyar roneMum obemu
naHHM 3a xuBoTHUTE 4Ype3 GPS un BugeoHabniogeHve. 3aegHo ¢ AaHHUTE, cbOpaHu
pBYHO OT NpodhecnoHannCT u NbUTenn, AHEC CbLUECTBYBa OFPOMEH HAbOp OT AaHHM
3a MeCTOMONOXEHNEeTO, OBMKEHMATa, NOBeAeHMEeTO U OnaroCbCTOSSHMETO Ha AMBUTE
XUBOTHU. Mo cbwmss HaumH ronemute 6asm gaHHM ce nNpeBpbliaT B HopMa B
XMBOTHOBBACTBOTO. Bb3 OCHOBa Ha Te3n Habopu OT AaHHMW, npunoxeHueto Ha WU B
3oomoruAta ce (hoKycMpa BbpXy OTKpMBaHETO, NpebposiBaHETO WM OMUCBaHETO Ha
XUBOTHM U TSAXHOTO MoBedeHne oT u3obpaxeHus. DL e pokasaHo edukacHo npu
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pasno3HaBaHe Ha AVBU XUBOTHU BbpXy M300pakeHust Ha poToKkamepwu, ONMCBaHe Ha
NoBeAEHUETO Ha AMBUTE XMBOTHWU, OTKPMBAHE Ha YNTPa3ByKOBW CUTHaNM Ha npunenu u
T.H. 3a rpapckuTe %unBoTHU DL Moxe Aa aHanusupa rpafickv ayamo AaHHWU U XKUBOTUHCKM
TpaekTopun. M B 3oomornsTa Bce olle e B eKkcnepumeHTanHa asa u He e HaBnsA3bi
HaMbJHO B 30050rMyeckaTa obLHOCT.

— MukpoopraHnamu

MW ce nsyyasa MHTEH3NBHO B MyKpoburonoruaTa. DL e nsnonseaH 3a ngeHTudmumpaHe
Ha YeCcTo cpellaHn bakTepuarniu naToreHn, OTKpMBas e NaTtoreHHn 6akTepun B xpaHaTa
1 BoJaTa BbpXY XONnorpamv ¢ BpeMeBU Anana3oHn 1 e nocTurHan obuwa ToyHocT oT 99%
3a 80-guatomHa knacudpukaums. PaboTHusiT npouec, ynpasnsisaH oT DL, moxe
aBTOMaTUYHO Aa pas3no3HaBa MUKPOCKOMWYHWU U3006pakeHusi Ha Bupycu, Gaktepuu,
rpOuykn 1 napasutu. Yuenute msnonseat MW npu nporHosvpaHe Ha eBonouMaTa Ha
MUKpOOPraHu3MuTe, OLeHsIBaHe Ha ONTUManHaTa TeMnepaTtypa Ha pacTex 3a bakrepuu,
apxeu n MUKpPOGHM eykapnoTu 1 nporHo3npaHe Ha sgRNA aktneHocTTa B Escherichia coli.
MawmHHOTO 06yyeHue nsmcksa MHoro paboTta 3a nonyyaBaHe Ha afeKkBaTHU €TUKETU 3a
obyyeHune 1 3aToBa NpeaBapuTENHO 0by4eHUTe Mmoaenu Morat ga 6baaT npeHa3HayeHu
3a knacudmuMpaHe Ha MUKpPOOpraHvM3mMu OT OKOSlHaTa cpefa, 3a Aa Ce Hamanat
pasxoguTe.

6.3.3.2. Kpnocoepa

MonApHaTa Hayka u3yyaBa 3aMpb3HanUTe 30HW Ha 3emsATa, KOMTO Ca MO-CUMHO
noAnoXeHN Ha MPOMEHW B OKONHaTa cpefa, OTKOMKOTO nnaHeTaTa KaTo uano. Bunpekn
rOAVHWTE Ha ycunus 3a MogenupaHe, TOYHOTO MPOrHo3WpaHe Ha MNpoOMeHuTe U
nocreacTeusaTa, NpeAnsBrKaTencTeaTa ocTasar.

— Mopcku neg

MW e n3anonssaH 3a kapTorpacdupaHe Ha negeHuTe wendgose B AHTapKTVKa, OLleHKa Ha
AebenvHaTa Ha nefda B ApKTWKa, OLleHKa Ha CKOPOCTTa Ha TOMeHe U pasrpaHnyaBaHe Ha
BogaTa oT nepa. Moxe pa ce wusnonssa C ycnex 3a wuaeHTUdUUMpaHe Ha
Bb3PacTW/TUMNOBE MOPCKMN Nef, Thbil KaTo pafapHUTe curHanu 3a obpaTHo pa3celiBaHe Ha
MOPCKUSi Nef ce CbCTOST OT pasceliBaHe KaKTo OT rpanaBaTta MOBbPXHOCT, Taka 1 OT Noj
nefja crnopep MPOHUKBAHETO Ha pajapHus curHan. [IByCMUCNEeHWTe BPB3KU Mexay
MWUKPOCEN3MUTE N AeNHOCTUTE Ha MOPCKMS Neq, ChLLO ca NoAxoAsALm 3a obpaboTka ¢ .
— CHsgr

M3cnepgsaHeTo Ha cHera vMa [Ba OCHOBHMW NoOKasaTens: eKBMBarNeHT Ha CHeXHa Boda U
CHeXXHa NOKpYBKa; 1 ABaTa moraTt Aa 6baaT HabnogaBaHy M NPOrHO3MPaHW HAaAEXaHO OT
WW. Nonyyenute ot SVM npoayktn 3a AbnbovmHa Ha CHera OT MUKPOBBLITHOBM caTenuTh
mMoraT Aa npemuHaT TecToBeTe 3a BanuaupaHe 4pes CTauMoHapHO HabnioaeHne ¢ no-
BMCOKa TOYHOCT, KaTO CblUEBpEeMeHHO eeKTMBHO NnoTucKaT edekTuTe Ha HacullaHe.
YcbBbplleHctBaHute DL metoan, kato AbMGOKM OCTaTbYHWM MPEXwu, nokassaTt
npeBb3xoacTeo Hag RF, SVM u NN npu oTKprMBaHe Ha CHAM OT caTeNUTHN M3obpaxeHus.
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Me)K,D,preMeHHO c N ce eKkcnepumMmeHTupa MHTeH3NBHO, 3a a ce pa3rpaHnuyn CHAr ot
ob6nak Ha HMBO NUKcen.

6.3.4. OkeaHorpadus

BypHUsST okeaH cbabpxa ApebHoMawlabHM BMXPW, KOUTO Ce OTneyaTBaT BbPXY
okeaHorpadcku HabnogaemMm o6ekTn kaTo BUCOYMHA Ha MopcKaTa MOBBbPXHOCT, LBAT,
rpanasocT u Temnepatypa. NoeHTudumumparHeTo Ha Tesn dyHkumm ¢ ML e nHTepecHa
obnact 3a wu3yyaBaHe. OkeaHckuTe Me3omalwlabHu Buxpu (gnametbp ~300 km)
0OVKHOBEHO ce maeHTUdMumMpaT Ype3 6asvpaHu Ha usnka anropuTMu U npeguvllHa
ocHoBononaraiia paboTta npu KosiTo ca cb3faafeHn 6a3u oT JaHHW 3a BUXPU, C MoMoLLTa
Ha NN. CNN mpexuTe ca npuroxeHn 3a BUXpoBa aeHTUdUKaUUS C U3Non3BaHeTo Ha
SAR wn3obpaxeHusi, AaHHM oT BucokodecToTeH pagap (HFR) n SST nsobpaxeHust.

SAR npepocTass OTNNMYHU NOAPOBGHOCTU 3a rpanaBoOCTTa Ha OKeaHcKaTa NOBBLPXHOCT Npu
duHKM pasgenutenHn cnocobHoctun (~10-25 m). C no-BncokokavecTBeH Sentinel-1, koTo
Hacnefgsiea no-paHHWTe mucum Radarsat-1 u Envisat, ML ycnewHo ce usnonssa npu
obpaboTka Ha okeaHckuTe u306paxeHnss Ha SAR, 3a ga ce wvpeHTudMUMpaT wu
KapTorpacpaT  MHOTO  MOBBPXHOCTHW  XapaKTepUCTWKW  OTBbA ~ BUXpUTE.
CybmesomalLabHute Buxpu (0T nopsigbka Ha 5-30 km gnameTbp) ce ynaBsaT No-mbIHO
Ha ctaHgapTHu SAR un3obpaxeHus B KpanbpexxHW PervioHn Mpu HUCKU A0 YMepeHu
CKOPOCTM Ha BSATbpa MOpaAuM MHOXECTBOTO TbMHM, KPUBOMMHENWHW MEeTHa BbB BCEKM
BUXbp. EQHO paHHO npunoxenve Ha ML B okeaHckoTo u3cregBaHe Ha SAR e
KapTorpacdupaHeTo Ha NeTPONHW pasnunBem, NPOU3TUYALLM OT NETPOSHN NPOCMYKBaHWUS.
CaTenuTHuTe HabmiogeHVs Ha NOBBPXHOCTTA Ha OKeaHa MO CBOSATA CbLIHOCT ca C
nponycku nopagy obnayHata MoKpvMBKa WM peakuTe 3eMHW Creau, Hanpumep
KOHBEHLUMOHanNHWTe Hagup Bucotomepu un npeacrosawara SWOT mucus 3a Bucotomep.
ML moxe pa ce cnpasu ¢ npobnema c nponyckute B cuHTeTMdHnTe SWOT SSH aaHHu,
AEeMOHCTpUpaiikm ocbLLecTBUMOCTTa Ha 6asnpann Ha N anroputmun 3a nHTepnonauums
npu 3ambnBaHe Ha NPas3HUHW, CbAbPXalUM Manku okeaHcku Buxpu. CNN anroputbm
MOXe [a ce MPUIOXW 338 PEKOHCTPYMPaHe Ha MOTOLM, MPean3BUKaHN OT Te3n BUXpU. Tesn
anroputMu Morat Aa 6bAaT NonesHu Npy NnapameTpusnpaHe Ha BUXPOBW MOTOLM, KOUTO
He ce OTKpMBAT B KNMMMaTUYHU MoAenu ¢ rpyba pasgenuternia cnocobHocCT.

Tbi kKaTo OKeaHckaTa LUMpKynaums € TpumsmepHa, anroputmmute, 6asmpaHn Ha nskycTseH
MHTENeKT, MoraTt CbLlo [a M3BnuyaT AbOOKoOoKkeaHcka MHGOPMaLMsi Bb3 OCHOBa Ha
NMOBBPXHOCTHW caTenuTHWU noneta. [pyry mMeToau BKMOYBAT CaMoopraHuavpalla ce
CCN, HeBpoHHa mpexa c fruit fly anroputbm 3a ontummnsaums n RF.

[Hec 6narogapeHve Ha pa3BUTMETO Ha TEXHOMOrMKUTE, okeaHorpadusTa npemmnHasa ot
CbCTOSIHME Ha HeJOCTUM Ha AaHHW KbM CbCTOSIHWE Ha U3KITIOYNTENHO N306unme oT AaHHW.
Kak ga ce nsnonssa mope OT AaHHW B Malab oT netabantn n ga ce nssnedye nonesHa
MHpOpMALMA 332 HOBWM HAay4HW OTKPUTUS WNWN NPUNOXKEHUS C MNpsKo OBLLEeCTBEHO
Bb3JEeNCTBME BBLPXY ,CMHATA MKOHOMUKA" € HOBO Npean3BMKaTencTBo 3a O6LHOCTTa.
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AﬂFOpI/ITMVITe, 6a3v|paH|/| Ha WU3KYCTBEH WHTENEKT, BEPOATHO e Urpadat CblleCTBeHa
ponAa B pellaBaHeETO Ha Te3n BbNpoCcHu.

6.4. PaboTeH npouec
6.4.1. MoaroToBKa Ha AaHHU

B noseyeto koHTponupaHn ML nscneasaHuns HabopbT OT AaHHM 3a 0byyeHue BkMoYBa
OBa KOMMOHEHTa: BXOAHW HabmiodeHWs u CBbp3aHu eTukeTw. Bxogswmte gaHHu ca
HambMHO HabnogaBaHW M UMKIUYHU M3TOYHWMUM Ha AaHHu kato RS unsobpaxeHus,
CTauMOHapHU AaHHW, MOAENHN CUMynaummn u ap.

N3xoaHnTe npomeHnunBM OBMKHOBEHO ca Mo-Manko HabnogaBaHW, HO KPUTUYHWU 3a
pa3bupaHeTo Ha npoLecuTe B 3eMHaTa CMCTEMa, KaTo eMUcun, 3eMHO MoKpUTUe, BRara
Ha noysara u T.H. B npoueca Bb3HMKBAT HAKOMKO Npobnema:

— Bpemesu pegose

BpemeBata oc e OCHOBHa xapakTepucTuka Ha AaHHuTe 3a 3emdATa 3a aHanus Ha
TeHAeHUUM n nporHosmpaHe. HabniogeHnsaTta Ha 3emsATa ca OWCKPeTHU nopeavum ot
yucna (Hanp. Nnpobu B cekyHAa, MUHYTA, Yac W T.H.), B KOUTO NPOMYCKUTE B A@HHUTE W
NPOMEHALWMAT Ce BbB BPEMETO LYyM ca 4YecTo cpelaHu. JleHToBo dunTpupaHe,
cemnnvpaHe Hagony, ceMnnnpaHe Harope, NpeMaxBaHe Ha TpeHaa, MHTeprnonauus un
narnaxgaHe obukHOBEHO ce Mpwnarat 3a npefBapuTenHa obpaboTka Ha AaHHWM OT
BpPEMEBW CEpUN.

— ®opmat

MouTn BCekn AOCTaBYMK Ha AaHHU UK NpodecroHaneH codTyep nma camogeduHmpaH
dopmart. Hanpumep HDF e odwmumanHmnat cdopmat B HACA, NetCDF obukHoBeHO ce
manonsea B NOAA wu knumatuyHuTe o6wHoctTn, a GeoTiff e nonynapeH 3a
reopedepupaHun nsobpaxeHus. OcseH ToBa Bceku hopmat uma pasnuyHu Bepcum, Kouto
mMorart Aa NPUYUHAT Npobnemm cbeC CbBMecTUMocTTa B I/O nporpamute. bubnunoteku kato
GDAL/OGR u NCO wmorat ga pewat 1e3u Bbhnpocu. PasnuuHnte gopmatu obade Bce
olle cb3fasaT rmaBobonune Npu arpermpaHeTo Ha MHOXECTBO U3XOAHN Habopuy OT AaHHW,
KOETO U3NCKBA AOMBIHUTENHN YCUIUS.

— lMpoekumsa n pewweTtka/rpng

HabopuTte oT AaHHN C MHOXECTBO M3TOYHWULIM OBUKHOBEHO UMAT PasnnyHN KOOpAWHATHN
cuctemu. Mpoagyktute Ha NASA nsnonseat cuHycouganHa npoekumsi, netCDF nsnonsea
TMN 4-u3mMepHa pelueTkoBa npocTpaHcTBeHa cuctema, OpenStreetMap wsnonasa
EPSG:5070, mHoro nybnuyHu Habopu oT gaHHu usnonasat WGS84 (EPSG:4326). 3a pga
Ce VHTerpvpaT AaHHU OT PasfUyHU U3TOYHWLM B PaMKUTE Ha €AMH W CbLUM PEervioH,
AaHHWTe TpsibBa Aa ObaaT MOBTOPHO MPOEKTMPaHM WM MpeXxupaHu B CbluaTa
KoopAauHaTHa cuctema. Beako namectsaHe moxe Aa Aosede A0 NOrpeLlHn noasexaallm
3akntoyeHusi. GDAL, Proj4, ESMF Regridding Toolkit, ca o6l peLueHns 3a UHCTpYMEHTH
3a NOBTOPHa NPOEKLMS 1 NOBTOPHA TOMOMOrus.
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— MeTagaHHu

MeTagaHHUTE ca BaxHa 4acT OT CbOWMpaHeTo M crnofensHeTo Ha faHHu. Ypes
npeanocrtaBaHe Ha I/IHCbOpMaLl,I/Iﬂ KaTo KOHBEHUMN 32 UMeHyBaHe, NPOMEHNNBN eaNHNLN,
pasgenuTenHa cnocoGHOCT, NpoeKLyus, Bpeme 3a HabnoaeHue, MHpopmaLums 3a KOHTaKT
1 Bepcun Ha chailnoBe C AaHHM MO u3yeprnaTesieH W CTaHO4apTU3UpaH HauuH Moxe
NnoTeHUMarHo Aa ce No3BOSu No-eeKTUBHO MOBTOPHO M3MoJ3BaHe Ha HAabopw OT AaHHW.
Bbnpeku ToBa, ako MeTafaHHWUTE He ca CTaHAapTU3NPaHKW, C OCHOBHUTE Habopu OT AaHHK
Moxe Aa 6bae 3noynotpebeHo, ako NoTpedbutenuTe He ca 3ano3HaTh ¢ JaHHUTE UMK He
pasbupaTt HambHO NpomsxoAda Ha AaHHWUTe, CbAbPXally ce BbB dainnoseTe (Hamp. ye
BafiexuTe ce oT4iTaT B MHYOBE MMM caHTMMeTpu). MNpoyyBaHe nokasBa, Ye NOBEeYeTo
n3cnenosartesnin He n3Non3eBaTt Unn He ca 3ano3HaT C NPOTOKONUTE 3a CTaHA4apTU3auna
Ha MeTaaHHW 3a CBOMTE AUCLMMIHN.

6.4.2. UsrpaxxgaHe Ha moaen

MarpaxgaHeTo Ha noaxoasaw, ML moaen 3a koHkpeTeH npobnem B HaykuTe 3a 3emaTa e
TPYAHO, U3MCKBaA MHOIO CPaBHEHWE WU ekcnepuMeHTMpaHe. Cneuunanuctute TpsibeBa aa
npuaoGUSIT ONUT C HSIKOMKO MOAENa W [a CPaBHAT XapaKTepucTukMTe UM Ha paboTa,
npeau Aa n3bepat eauH, KOWTO Hall-Aobpe O0TroBaps Ha TEXHUTE Lenu.

Hanpumep, kaTo ce nMma npeasuna onvcaHMeTo Ha npobnema, HaAMa oblwa meTogonorus
3a oueHKa a priori OTHOCHO onmTUMarnHaTa HacTponka Ha HeBpoHu u crioeBe 3a ANN
Mogern. ObrnyanHnaT nogxoA 3anoysa ¢ rpybo npeanonoXxeHne Bb3 OCHOBA Ha NpeauLLeH
ONUT OTHOCHO MpPEXM, N3Mon3BaHu 3a NogobHun npobnemu. ToBa NPeanonoXeHne Moxe
Aa 6bae onuT Ha noTpebuTens wnm onuT OT BTOpa/TpeTa pbka MOfyyYeH OT Kypc 3a
obyyeHune, 6rnor unu HayvyHa ctatus. B To3M MOMEHT u3cnefoBaTensaT MoXe Aa onvta
HSIKOIKO BapuaHTW U BHUMATENHO [a OLeHN edpeKTUBHOCTTa Ha Mofena, npeau Aa B3eme
peweHve 3a cTpaterns. PasmepbT ¥ gbnbouvHata Ha HEBPOHHUTE  MpExXu
B3avMofencTBaT C Apyru XxunepnapameTpu U npoMsiHaTa Ha egHa NPOMEHNUBa MoXe Aa
NMoBMu1sie Ha ApyruTe xunepnapameTpu.

OnucaHue Ha CMBbIIKO8 an2opumbM:

» Cb3gaBaHe Ha Mpexa CbC CKpUTK crioese ¢ noAobeH pa3mep Ha Bxoaa.

* [poBexaaHe Ha uscrneaBaHe € pasnuyHa WwyprnHa u AbnbovmHa Ha mpexara.

» MpemaxBaHe Ha HSIKOM Bb3NW W OPYrU peLleHus (Hanp. oTrnajaHe, 3aTuxBaHe Ha
CcKOpoCTTa Ha 0bydeHue, perynspusaunsi, anropuTbM 3a ONTUMM3AUMS, (DYHKUMA Ha
3aryba u T.H.).

* M3BbpLuBaHe Ha HSAKOMKO UTepauuu.

» N36op Ha mogen.

MoTpebutenute He TpsbBa ga rybsT MHOro Bpeme B HacTpoiikata Ha ML mogenu, Tbit
KaTo BUHarM MoraT Aa ce HamepsiT U no-gobpu mopenu. MNpoyyBaHeTo Ha OaHHUTE
nomara Aa ce gopmmpa pa3ymMHO ovakBaHe 3a TOYHOCT. [1bpBO e fobpe ga ce onuTar
NpocTV NMUHENHW NOAXoAu, 3a Aa ce cb3dagaTt 6a3oBM nokasaTenu, KoMTo cref ToBa
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MoraT Aa 6baat HagmuHaTW. PasrmexgaHeTo Ha pasnuuyeH anropuTbM 3a MalUMHHO
obyyeHne Moxe Ja NMPOMEHW PeLLeHNeTo U Aa ce oKaxe no-6bp3 u no-edekTMBeH oT
nbpBOHAaYanHus nsdop.

6.4.3. O6y4yeHue, TecTBaHe U BanuaupaHe

MoeeueTto ML mMopenu ce HyxgasaT oT Tpu Habopa OT AaHHW: 0byyeHue, BanuaupaHe u
TecTBaHe. Ha npakTuka obwmaT Habop OT AaHHW MbPBO Ce pasfens Ha Habop OT AaHHM
3a obyyeHne ¥ Habop OT TecToBM [aHHW. [laHHuTe 3a obydyeHwe ce pasgensT
OOMbIHUTENHO Ha Habop OT AaHHM 3a oby4veHve M Habop OT AaHHW 3a Banuaupaxe.
HabGopuTe oT gaHHK 3a obyyeHue ce M3non3earT, 3a Aa ce nobepat B Mogena. Habopute
OT JaHHW 3a BanuaupaHe NpefocTaBsaT OLEHKa B pealiHoO BpeMe Ha Moferna no Bpeme Ha
0ob6y4yeHune. HabopuTe oT TeCTOBU AaHHW NPEAOCTaBAT FOTOBA OLEHKA Ha KpanHWUs MoAen.
Hama durkcrpaHo onTMManHO CbOTHOLUEHWE 3a pasnpefensHe Ha Tpute Habopa oT
AaHHu. 3a ga ce rapaHTvpa, Ye MoaenbT e 6e3npucTpacTeH, pa3gensHeTo ce nosTaps
N NbTW 1 TOYHOCTTa Ce OCpeaHsiBa, KOETO ce Hapuya N-kpaTHO KpBbCTOCAHO Banuampaxe.

6.4.4. AHanu3 Ha YyBCTBUTENHOCTTa

AHanu3bT Ha YyBCTBUTENHOCTTA € Cepusi OT MeTOAW, U3MOM3BaHW 3a KONMYECTBEHO
onpeaensiHe Ha HecurypHocTTa Ha ML. Toll nsy4aBa BaXXHOCTTa Ha XapakTePUCTUKUTE Ha
BCsIKa BXO4Ha NPOMeHNMBa 3a u3xoaute. 3a Ja ce 3aMepu BIUSHUETO Ha BCsika BXOAHA
NpoOMeHnuBa, Ce MpaBW CPaBHEHWE Ha W3XOAHUTE [aHHW Ha Mofena C BCUYKU
NPOMEHNMBM Ha MSCTO U MoAena C egHa M3KMYeHa NpOMeHNMBa uUnu ukcMpaHe Ha
CTOWMHOCTUTE Ha BCUYKM APYrv MPOMEHIUBH, KaTo CE HAaCTpoMBa CaMo TEXECTTa Ha eAnH
BXOAEH (haKTop, 3a [a Ce OTKpWUEe Kak U3XOo4bT Ha Mopena ce MPOMeHsi. AHaNU3bT Ha
YYBCTBUTENIHOCTTA € HeobxoAMM 3a NpaKkTUYecKOTO W3MOoN3BaHe Ha MalUMHHOTO
oby4yeHve B pearnHus CBSIT; TOW U3PUYHO Pa3KpKBa HMBOTO Ha 3aBUCUMMOCT Ha M3xoda Ha
Mogena oT BCsika MPOMEHNMBA U NPeaocTaBsi MOBEYE KOHTPON Ha MpakTUKyBaluTe,
ocobeHO KkoraTo HOBUTE HabnoaeHWs ca ekcTpeMHUM cbbutus M moraT da Gbaar
AOMbIIHATESTHW OTKIMOHEHUS!, HaABMLIABALLM NMPOTHO3MPAHUST KanauuTeT Ha ModenuTe.

6.5. UHCTpyMeHTU n ycnyru

EcTecTBOTO Ha MHOroTO OaHHM B HaykaTa 3a 3emsaTa 1M BUCOKaTa CMOXHOCT Ha
anroputmute 3a M nanckeaTt MOLLHN U3YUCTIEHUS.

6.5.1. UsuncnutenHo ycTponcTBo
Yecto wusnonssanute ML ycTpoiicTBa ca ueHTpaneH npouecop (CPU), rpadumueH

npouecop (GPU), matpuua ot nporpamupyemmn c none rentoe (FPGA) wun
cneuuanuavpann yckoputenu. pacuyHMTe npouecopu ca [OMUHMpaLLM nopaau
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TAXHaTa MNPOWM3BOAMTENHOCT MPU YCKOPSIBAHE Ha W34YUCIIEHMETO HaA KOHBOMOUUS U
MaTpuyHu onepauun. B DL TernaTa ce akTyanuavpaT BbB BCEKU LIMKbLI U CE CbXpaHsiBaT
B NameT WM NoOKaneH Kel, 3a [Aa Ce MNpeHacsiT OT MOBTOpPEeHWe Ha MOBTOPEHUE.
pacmnyHMTE Npouecopu MMaT no-ronsiMa MponyckaTenHa cnocobHOCT Ha nameTTa B
CpaBHEHWE C LEHTpanHuTe Mpouecopu W ca ONTUMMU3UPaHM 32 MNO-UHTEH3UBHU
HaTOBapBaHUA U NOTOYHU MOLENN Ha NamMeTTa.

M3cnepnga ce u crnegBallaTa pesonoumsi B naumcnennsta ¢ UW. Cneg kato P. danHmaH
npegnara uaesta 3a KBaHTOB KOMMIOTBbP, KBAHTOBOTO W34YUCIEHME Ce CMsATa 3a
crneaBalLusl NoTEHUMarneH ronsm npobre Ypes peanuanpaHe Ha CTaTUCTUYECKU MOZEenu,
KOUTO Ca W3YMCNUTENHO TPYAHW 3a Cb3daBaHe Ha Kracuyecku komnoTbp. Edge
computing e Apyr Ha4YMH Ype3 n3nonssaHe Ha VIHTepHeT Ha HelaTa (Hanp. KpamHu TOYKU,
nopTanu, WHTENUreHTHW 4YacoBHWLM, CMapTdOHW, CeH3opu W T.H.) ¢ BrpageHn WA
TEXHUWKM 3a 06paboTka Ha AaHHK NokarnHo, 6e3 fa ce npegaBaT MHOIO AaHHU, KOETO MOXe
[a Hamarnu 3aBMCMMOCTTa OT MPEeXu 1 a YBENUYM YCTOMYMBOCTTA U NPaKTUYHOCTTa Ha
nn.

MHouBmayanHuTe m3cregoBaTteny moraT fa HacTposT cBouTe paboTHM CTaHUMM ypes
crnobsiBaHe Ha rpachmyHM NpoLiecopu B KOMMNIOTBLP. 3cnegoBaTencku rpynu u UHCTUTYTU
MoraT Aa 3aKynsiT No-MOLUHW NpeaBapuTENHO U3rpaeHn CbpBbPU, KOHUIypUpaHu oT
npodecunoHanncti. Camonogabpxawimre ce paboTHU CTaHUMy CTpyBaT Mo-marko, ako
EeKCMepuUMeHTUTE e NpoAabiKaT AbNro. 3a usrpaxgaHeTo M nogabpXKaHeTo Ha
nnatcopmata obave ca Heobxoaumu TexHuuu. Te TpsibBa Aa HamepaT NoaxoasLum
rpacouy4HK NnpoLecopu, CbBMeCcTMMa AbHHa nnartka, NpoLecop 1 naMeT 1 fa OTCTpaHsaBaT
BCUYKM HabniogaesaHu npobnemu, KaTto CpuB Ha rpadmyHMs NpoLecop, M3TuyaHe Ha
nameT, NoBpeaun Ha Aucka u ap. ToBa pelueHve ce npeanara 3a xopa ¢ onut B obnactra
Ha CbpBbPUTE.

6.5.2. KubepuHdpactpykrypa

ManunynmpaHeTo Ha wWwwupokomalabHn Habopu OT paHHM 3a 3emsTa C BMCOKa
pasgenuTenHa cnocobHOCT U3NCKBa OrPOMHA M3YUCNIUTENHA MOLLHOCT Haj KanauuteTta
Ha nepcoHanHUTe KOMMIOTPWU WUNWM Aopu Ha camousrpageHute DL paboTHM cTaHumm.
YacTHu KOMMaHMM C ronsMa W3YMCnUTENHa MOLLHOCT ca paspabotunu nybnudiHa
KnbepuHdpacTpyKkTypa kaTto Han-gobpoTo peleHue. EgnH TununyeH npumep e Google
Earth Engine (GEE), koWito e ycBoun apxuBu B neTabaiToB Mawab Ha nyGnuyHo
pocTenHM RS un306paxeHns n AaHHW, CUMynuMpaHu Ha Mmogern. Toi onTtummusupa
nsyncnutenHata uWH@pacTpyktypa Ha Google 3a napanenHa obpabotka Ha
reonpocTpaHcTBeHW AaHHW. N3nonasanku npegoctaBeHute APl ¢ OCHOBHM anroputmu 3a
ML B Javascript n Python, GEE 3agBwxu HayyHu wuscnepBaHus Ha 3emsaTa kato
ynpasfieHne Ha MNpPUPOAHUTE Pecypcu, MOHWTOPWMHI Ha W3MEHEHWEeTO Ha KnumaTta u
nporHosmpaHe 1 oLeHka Ha 6eacTBus.

3a ynpaxHsBaHe Ha N TexHukm Bbpxy GEE, Colab (cpepa 3a HTEpakTUBHO KoavpaHe,
nogobHa Ha NpeHocuM KommMioTbp Jupyter), MOXe Aa ce U3nonsea 3a nporpaMmumpaHe Ha
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AbnboKn HEBPOHHN Mpexun nnu apyrn cnoxHu ML mopenun. Colab no3sonsiBa Ha xopara
Aa nuwat u mu3nbnHasat Python B yeb 6pay3bpu 6e3 HeobxoaMMOCT OT Hynesa
KoHdurypaums n ¢ necHo cnogensHe. C Colab yyeHuTe 3a 3emsata Beye morat Ada
paboTaT ¢ ronemn Habopw OT AaHHK, Aa u3rpaxaat cnoxHn M mogenu, ga rm obyvasat
Ha Mo-HUCKa LieHa 1 Aa cnofensaT pesynTtatute 6e3npobnemHo ¢ apyru.

Kato ocHoBeH KOHKypeHT Ha ekocuctemata GEE, Amazon paspabotBa WA
Bb3MOXHOCTM, BKOpEHeHW B HelnHaTa ekocuctema AWS (Amazon Web Service).
SageMaker e TexeH CKOpOLLEH NPOAYKT U Ce peknamupa kato ynpasnsiBaHa yeb ycnyra
3a no-6bp3o cb3pgaBaHe M BHeapsBaHe Ha ML mopenu. SageMaker moxe pa ce
pasrnexaa kato AutoML pelueHve 3a yyeHu, KOWTO MckaT da M3non3saT Mo-marnko
KogmpaHe.

6.5.3. Coptyep

MpenopbunTenHaTa onepaumoHHa cuctema e 6asvpaHa Ha Linux cuctemu ¢ akTuBHa
AbNrocpoyHa TexHuyecka noaapwbxka. Ubuntu e cpea nuaepute ¢ MHOro BrpageHu
3aBucumoctn 3a WW. GPU ppaviBepuTe necHo moraT ga 6baaT MHCTanuMpaHu ot
notpebutenute. TakuBa ca CUDA (codTyep, no3sonsiBawy kogupaHe 3a NVIDIA GPU) n
MeHMOXbpbT Ha naketm Ha Python (T.e. Conda, Pip), kouTo morat ga ynecHsAT
MHCTanMpaHeTo Ha nakeTa. 3a B3aMMofelcTBaHe OT pas3CTosHWe C MalluHWUTe, ce
npenopbyBa M3MNOM3BaHETO Ha CbpPBbP Ha Jupyter UM NPeHOCUMM KOMMITHP,
nabopatopus Mnu UeHTbp. ToBa MO3BONsBa Ha yvyeHuTe 3a 3emdATa Aa cb3pasaTt U
CcrnofensT CBOWTE €KCNEpPUMEHTU, OT KOAOBE A0 MbIiHW OTYeTW 3a pe3ynTaTtute B eAuH
€AVHCTBEH [OKYMEHT, 3a Aa ontummusmpar pabotata CM M Aa OCUTypAaT MoBeye
NPOAYKTUBHOCT M NIECHO CbTPYAHUYECTBO.

OomuHupaneto Ha Python B cBeta Ha UM o ronsima crteneH ce ObiMKM Ha HerosaTta
AOCTBMNHA M CbTpyAHMYecKka BubnuoTeyHa ekocuctema. Herosute LLMPOKO M3NOM3BaHU
61bnmoTekn ca c OTBOPeH koA 1 MoraT Aa 6baat kateropuavpanu B wect Tuna: DL, He-
DL, ML, He-ML, maHunynupaHe Ha AaHHW, NapanenHo U34YWUCrieHne 1 BU3yanusauus.
Te3n WHCTPYMEHTM WrpasT BaxHa pons B MOCMEAHWTE HayyYHU MpoduBKM, Hamp.
Cb3[laBaHeTO Ha MbpBaTa CHNUMKA Ha YepHa Ayrka, NoTBbpXAaBaHe Ha CbLLECTBYBaHETO
Ha rpaBUTaLMOHHUTE BBLITHU, MUCKATA 3a NleTeHe Ha xenukonTep Ha Mapc v ap. MHoro
MHCTPYMEHTM ca 3a obpaboTka Ha Habopw OT Hay4yHM JaHHM 3a 3emsaATa, kaTo Rasterio,
Shapely, Geopandas, ESMPy, npaBsT Bb3MOXHa KOMOWHauUMsITa MeXxay Haykata 3a
3emaTa n TexHukmTe 3a UN.

6.6. MpeaunsBukaTencTea n Bb3MOXHOCTHU
6.6.1. Paspa6oTka Ha moaen

Paspa6oTBaHeTo Ha Mofen e NpoLechT Ha M3Gop Ha NoAXoasLL, MOAes Unv aganTupaqHe

Ha CBbp3aH MoAern 3a e4uH Uinn HAKOJIKO Ha60pa OT AaHHU 3a o6yquV|e. Kangnpatute
3a rotoBn MoAenu BKno4BaT eAnHNYHN MOeN N KaTo HEBPOHHA MpeXXa, SVMwu ObpBO Ha
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pelueHuaTa, Kakto u aHcambnosu mogenu kato RF, XGBoost n noseveto DL mogenw.
HamupaHeTo Ha onTyManHu MoAaenu Unu CBbP3BaHETO Ha HOBWM MOAENW OTHEMa BpeMe
N MOXe HuKora fga He Obae goctaTbyHO A06po. ToBa Cb3gage CUMHO TbpCEHE Ha
AutoML, KOWTO He M3MCKBa €KCNepTHUM MO3HaHUA WM pbyHa HacTpowka. Hanpumep
OptiML, AutoScikit-learn ©n AutoWeka wu3nonssaTt 6aviecoBa onTummsaumsi Ha
napamMeTpuTe 3a NPOrHO3npaHe Ha NPOU3BOANTENHOCTTA HAa MoAeNa BbpXy AaAeH Habop
OT AaHHU, KaTo ce npuema, Ye Npom3BoaUTENHOCTTa Ha AageH ML anroputbM 3aBucu oT
AaHHuTe. Hanpumep, OptiML, cnen aBTomaTu4HO n3npobBaHe Ha HAKOMNKO MOAeNa, Moxe
[a Hayuum perpecvoHeH mMogen, 3a Aa npensvan egeKkTMBHOCTTa Ha Opyrn Bce olle
HeTeCcTBaHW MoJenu, 1 Taka Aa cnectn Bpeme. HacTpoikata Ha xuneprnapameTbpa Ha
Auto-sklearn cbLyo nsnonsea 6ariecoBa onTumMusaLms, MetaobyyeHme n nsrpaxagaHe Ha
aHcam6bn. OcTaBaT obaye HepeLleHn HAKOU cepnosHm npobremu. MNbpBo, Han-gobpute
nokasartenu, W3non3eaHW 3a u3bop Ha Mogenu, TpsibBa da 6baaT pasnuyHuM B
3aBUCMMOCT OT pasnuyHuUTe crnyyau Ha ynotpeba. BTopo, TexHukata 3a KpbCTOCaHO
BanuauMpaHe He ce npeActaBa gobpe npu obyyeHne Ha MHOrO AaHHW. TpeTo,
NpeAcTaBsiHETO MO OTHOLLEHWE Ha TOYHOCTTa He TpsibBa Aa 6bae eanHCTBEHUAT haKTop:
CTabunHocTTa, HageXaHoCTTa, U3YUCIIUTENHUTE pasxoau U 0bobLiaBaHETO ca MHOro
BaXHMW U YECTO ce NpeHebpersaT Npu TbPCEHETO Ha PeLLEHUS.

EnHo pobpo pewenne 3a AutoML e aBTomMaTuyHO Aa ce cb3fafde Mopfern, KOWTo Aa
oTroBapsi Ha BCWUYKW Npobnemu, CBbP3aHW C aganTUpaHeTo Ha CUeHapuuTe, MHOrOTO
OaHHM 1 BceobxBaTHUTE MOKa3aTenu, OCBEH NPeACTaBsHETO Ha TOYHOCTTa. HegocTursT
Ha ML ekcrnepTu B NpoMuWLUNEHOCTTa U akafeMUyHuTe cpeau e LUMPOKO Mpu3HaT, HO
BMCokokBanudmumpan ML ekcnepTu ce HaMmupaT psAKo n TpyAaHo ce obyyasat. AutoML
MOXe [a 3anblfiHW Ta3n npas3HuHa 1 6y Morbn ga Nopoan MHOTO HOBU Bb3MOXHOCTU Ha
nasapa Ha Tpyga B obracTta Ha W3KYCTBEHUS] UHTENEKT, BKIOYMTENHO B HaykuTe 3a
3emsta. C AutoML mn3bopbT Ha mogen moxe Aa 6bae neceH n 6bp3, a Gapuepara 3a
nasapysaHe Ha ML mopenu we 6bae 3HaunTenHo HamaneHa. Taka ycnyruTe ¢ gobaseHa
CTOWHOCT C W3KYCTBEH WHTEMNEKT Beye HAMa [a ca NpPUBUIIENMS Ha TEeXHOMOrMYHWUTE
ruraHTu. Mankute rpynu cbllo Wwe moraT 6bp30 Aa CbCTaBAT CONWAHW MoAenu 3a
CYMyrnupaHe Ha pearnHus CBAT, U3BNMYaHe Ha MHOPMaLUS, KOATO MOXe Aa Ce U3MNona3Bea,
1 pbKoBOAEHE Ha pa3paboTBaHETO Ha MONWUTUKU B oBnacTTa Ha knumaTa U oKonHaTta
cpega. e ce oTBOPAT HOBM BpaTv 3a CNeABaLLOTO MOKONMEHNE N3KYCTBEH UHTENEKT Ha
3emdra.

6.6.2. MoaroToBKa Ha AaHHM

Mo-ronsimata 4act oT npoekT 3a WM 3a 3emata obGukHOBEHO ce u3pasxogsBa 3a
nogrotoBka Ha AaHHu. [pmpobuBaHeTo Ha wWwwMpokomallabeH eTukeTupaH Habop ot
[aHHM B HaykaTa 3a 3eMsiTa € MHOro CKbro, Tbii KaTO eTUKeTUpaHETO OBUKHOBEHO ce
M3BbPLUBA PbYHO OT BbTPELLEH NepcoHarn. [MonynapHa TakTuka e cbbrpaHeTo Ha 3agaum
3a pbYHO eTuKeTUpaHe Ypes ycryrn kato Amazon Mechanical Turk. Bvnpeku ronemute
KONMUYeCcTBa AaHHWU 3a aHanus, nuncata Ha OTKPUTO AOCTBbMHM NoadpaHn 1 0603HaYeHN
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AaHHW 3a 06y4yeHmne e npeyka 3a peanuavpaHeTo Ha edekTBeH VW B HaykuTe 3a 3emsaTa.
CraHpapTuavpaHuTe Habopu OT pfAaHHM 3a obDydeHWe U TecTBaHe cTapTupaxa
pesonoumaTa Ha MU B apyrv ancuunnunm (Hanp. imagnet, MNIST), Ho HabopuTe oT
AaHHW 3a 0byyeHve, ynaBswm pa3Hoobpa3neTo OT reoHay4yHV AaHHKU, NpoAbikasaT Aa
ce paspaboTBaT M ga ce m3nonaeaT Wwupoko. Hanpumep Spacenet, oHnaiH LeHTBLP 3a
caTenuTHU UK300paxeHusi, anropuTMM W UHCTPYMeHTH, npepoctaBa RS paHHM c
eTnkeTMpaHa nHdopmaumsa 3a ML. ToBa ocTaBs HEONUTHUTE MOAENUCTH C TpyAoeMKaTa
3ajaya 3a nokanuanpaHe, MHTerpmpaHe n eTuKeTMpaHe Ha pas3nuyHM Habopu OT AaHHW.
Opyr mbT 3emMHUTE yyeHu TpsbBa Aa m3nssaT M3BbH cBoMTe obnacTu, 3a Aa obyyar
cBouTe Mofenun. B MomeHTa CTpykTypaTta Ha CTUMynuTe Kapa ydeHute ga ce cokycupat
BbpXY ,M3rpaxgaHeTo Ha no-go6bp anropuTbM“, BMECTO A NOAroTBAT HAbopW OT AaHHW.
C noseye MPOU3BOAMTENMN HA AAHHW, XPaHWUNMWEA W M3gaTenu, KouTo npuemat
npuHumnuTte 3a FAIR gaHHu (3a HamupaHe, docmbrHocm, ornepamusHa Cb8MecmumMocm
u nosmopHa yrnompeba), CTaHAApPTU 3a [JdaHHW, Cb3dadeHn OT obwHocTTa, ce
pa3pabotBaT TaMm, KbAeTO He CbluecTByBaT MexayHapogHu craHgaptu. OGC
cTaHgaptTute ca paspaboTeHM OT MexXAyHapoaHW ureHoBe, 3a fAa  HanpasaT
reonpocrtpaHcTBeHaTa nHdopmaumsa n ycnyrm FAIR. B Haykute 3a 3emsiTa u okonHata
cpefja uMa [BWKeHVWe 3a Cb3faBaHe Ha 6ubnuoteku OT CTaHAapTM3MpaHu |
CpaBHUTENHN Habopu OT AaHHW. Te3n cpaBHUTENHW Habopu OT AaHHW moraT ga ce
n3nonseat 3a edPeKkTUBHA OLeHKa Ha edPeKTUBHOCTTa Ha HOBOPa3paboTeHNTe anropuTMm
B CpaBHeHMWe C Beye CbLLeCTBYBaLLM MOAENM Ha obLy, cTaHAapTU3MpaH Habop OT AaHHW.
CTaHgapTvanpaHeTo Ha CpaBHWUTENHM Habopwu OT AaHHW Moxe Ja obnekyn bpemeTo 3a
obpaboTka Ha AaHHK, KaTo Npeanara roToBu 3a U3non3saHe AaHHW 3a NPOEKTaHTU.

6.6.3. OnTuMM3aums Ha oby4yeHneTo

HacTtpoiiBaHeTo Ha MoAenuTe Ha U3KYCTBEH MHTENEKT e CbLLEeCTBEeHa, HO TPyAHa CTbKa
3a HauvHaewmTe. ToBa e MPOLEC Ha KOpUrMpaHe Ha XxwuneprnapameTpu, 3a ga ce
MUHUMM3UPa PYHKUMATA Ha pa3xoauTe. ONTUMM3ATOPUTE Ca anropuTMiu 3a NPoMsiHa Ha
aTpubyTn KaTo Terrma v TemrnoBe Ha oby4yeHue, 3a Aa ce HamanaT 3arybute. Yecto
na3nonasaHuTe ontummsaTopu BkntouBaT Gradient Descent, Accelerated Gradient Ha
Nesterov, Adaptive Moment Estimation, AdaDelta v T.H. EgHO 4ecto cpelwaHo
npeamsBuKaTenicTBo Ha 6GasupaHuTe Ha rpaguMeHT OonTuMu3aTopu e, Ye MNoBeveTo
HaMepeH MUHUMAIHW TOYKM ca floKanHu MUHUMYMU. nobanHnTe MUHUMYMK ca TpyaHW
3a nokanusmpaHe, Tbil KaTo rpagMeHTbT CTaBa Mo-ManbK, koraTo 0by4yeHneTo TpbrHe,
OCBEH TOBa M CKOpPOCTTa Ha yyeHe e TBbpAE ronsiMa, 3a Aa ce ocbllecTBU [obpo
nobnuxaBaHe OO0 BepHUs OTroBop. [pyr HauMH € TFeHEeTUYHUST anropuTbM, KOMTO
npunara TeopusTa Ha eBonoumaTa kbM ML. MpouechbT ce noBTaps MHOrOKpPaTHO 1 camo
Han-gobpute mopenu ouensiBaTt B Kpas Ha npoueca. Becuukn metogm 3a ontumumsauusi
Mmat HegoctaTbUW. HuKOM yHMBepcaneH MeTod He MoXe Aa ce aganTvMpa KbM BCEKU
Habop OT AaHHM M Ja yckopu 0oby4yeHueTo, 3a Aa AOCTUrHE Mo-0bp30 MUHUMYMUTE.
WpeanHoTo KpaWHo pelleHune Tpsibea Aa Hakapa obyveHneTo 6bp30 Aa ce coOnkm Ao
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TOo4YKaTta C MUHUMaInH 3ary6|/| B paMKuUTe Ha no-mMmasko I/ITepaLlI/II/I/enOXI/I. |-|p06ﬂeM'bT [}
n34ye3BaHeTo Ha rpagueHTa (rpadveHTbT e TBbpAe MalbK, 3a Aa akTyanusupa TernoTo B
cnegpawms UMKbN) Tpsbea aa 6bae npoyyeH no-gobpe.

6.6.4. NapanenHo nsuMcneHune

MapanenHoTo mM3uncneHue, koeto nogobpsBa edekTnBHOCTTa Ha M 0BydyeHueTo u
M3Mnon3BaHeTo, € LeHeH MHCTPYMEHT B reonorusita. Mbpearta npuynHa e HenpekbCcHaTo
HapacTBaLMAT pa3Mep Ha Hann4yHWTe AaHHKU 3a 3eMsTa Nopaaun Hanpeabka kakTo B RS
TEXHUKMTE, Taka 1 B uucppoBaTa cumynaums Ha 3emsaTa. Mpeasmkaa ce obLmTe Han4Hn
OaHHK 3a KnNMMaTa ga ce yBenuyat ekcnoHeHumanHo ot 100 PB npes 2020 r. o okono
350 PB npes 2030 r. BropaTta npununHa e HapacTBallaTa cnoxHocT Ha N mopenute. C
Hanpeabka B ML mogenute, ocobeHo DL mogenuTe, cTaBa BCe MO-CIOXHO NOCTUraHETo
Ha TOYHOCT MpW NporHo3upaHe. Hanpymep, MoAeNbT 3a reHepupaHe Ha eCTECTBEH €3UK
Ha Turing ot Microsoft uma 17 munuappa napameTbpa. [opagun Te3n ABe NPUYNHN MOXe
[a oTHemMe cegmumuM unu gopu meceum 3a cnoxeH WA mopen ga ce obyun 6es
napanenusvpate.

[MonoxeHn ca MHOro ycunusi 3a u3ydaBaHe Ha TOBa Kak fa ce nogabpxa napanenHo
MaLUMHHO 0ByYeHUe OT pas3nuyHK rnegHu Todku. MoraTt aa ce 0606LWAT TpY Bb3MOXHOCTM
3a napaneneH ML: nbpBaTta e obwa 3a Bcuykm ML 3agaum, BTOpaTa M TpetaTta ca
yHukanHu 3a NN 3a reonorusta. [bpBaTta Bb3MOXHOCT € U3NCKBAHETO 3a pa3paboTBaHe
Ha yHUdV1UMpaHa cuctemMa, KOMGUHMpaLLa naparnenHa HacTpolka Ha XxunepnapameTpu 1
napanenHo Abnboko obyyeHne Ha mopena. MNMoHacTosweM Tesn ABe 3aJayqn YecTo ce
M3MbMHSABAT Ype3 pasnuMyHu cucTeMu, Hanpumep Spark 3a napanenHa HacTpoiika Ha
xvnepnapametpu u Tensorflow, nopabpxaw, napaneneH DL. Heobxogum e no-
MHTErpaTMBeH HauyuH/mnatcdopma, 3a nogabpkaHe edumkacHO M Ha [OBeTe 3ajauyu.
BTopaTta Bb3MOXHOCT € NoaApbKkaTa Ha naparnenHo obyyeHre Bbpxy MacuBy OT AaHHW
3a 3eMHara cuctema, BknountenHo HDF n NetCDF. Xarray u Dask ca ckopoLuHu yeunus
Ha oOLHOCTTa 3a epekTUBEH A4OCTbN N 06paboTka Ha Habopu oT gaHHu HDF n NetCDF.
Ho Bce olLe He e ICHO kak fja ce MHTerpupaT Te3n TexHuku ¢ mawwuHa/DL. MocnegHaTta
Bb3MOXHOCT € napanenHa nogapbxka Ha ML 3a npocTpaHCTBEHO-BpeMEBW AaHHW,
TUNU3Mpalm Habopwu oT AaHHKM 3a cucTemaTa Ha 3emsiTa. 3a pasnvka oT TpPaguLMOHHUTE
HesaBMCKMM U naeHTUYHO pasnpegenexu (independent and identically distributed — 1ID)
Habopu OT AaHHW, pasfensHeTo Ha NPOCTPaHCTBEHO-BPeMEBW OaHHM Ou Hapylumno
TsIXHaTa NPOCTPaHCTBEHO-BpEMEBA Kopenauus u 3aBucumocT. CrniegoBaTenHo TpsibBa aa
ce 0ObpHe cneuvanHo BHUMMaHWe Ha napanenHoto ML ¢ mpocTpaHCTBEHO-BpeMEBU
naHHM 3a 3emaATa.

6.6.5. O6sicHuTenHu UU (Explainable Al)
B cpaBHEHWE C OCHOBHUTE MIU AbPBOBWMAHO CTPYKTypupauu ML mogenu (Hanpumep

nuHerHa perpecus, DT, Bayesian, RF), cnoxHute ML mogenu (Hanpumep Abn6oOKu
HeBpoHHU Mpexu (Deep Neural Networks — DNN), Support Vector Machines (SVM)) He
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MoraT Aa NpefocTaBAaT camoobsacHMMa Teopus 3a cBouTe pe3yntatu. MHOro yyeHu 3a
3emsTa npusoBaxa 3a gobaBsiHe Ha obsicHeHve kbM ML mogenuTe, 3a Aa ce ynecHu
pasbupaHeto Ha ML mopenute u ga ce u3rpagvm OOBepuMeTO Ha notpebutenuTe.
Ob6scHutenHute UMW (XAl) WMHCTPYMEHTU MpedocTaBAT HauvH fa ce pasrnegja
OPUTMHaNHUAT MoZen Ha ,depHa KyTus® C OBSICHeHMsi, ocurypsisaliy KadyecTBEeHO
pa3bupaHe Ha BPbL3KATE MEXAY XapakTEPUCTUKUTE Ha Modena v nporHosuTe. Toau
npouec oTroBaps Ha BbMPOCK OTHOCHO MoAena, KaTo Hanpumep Kou pyHKuuu ca Haw-
BaXHW 1 3aLL0 HSKOW XapaKTepUCTUKKN ca NO-OTrOBOPHM 3@ B3EMAHETO Ha peLueHusiTa oT
apyrn. Toii npegocTaBa NpPO3peHusi, NO3BOMSBALLM 3HAYMMU MPOMEHU B MoOAJenuTe.
Pewasawute daktopu npu u3bopa Ha XAl meToguTe wMoraT da  BkM4YBaT
HeobXO0AMMOCTTa OT arHOCTUYHU UMK crneuudmryHM 3a Mofena meToaw, cTeneHTa Ha
HeobXxoAMMOTO  OBsiCHEHMe U1 NPOCTPaHCTBEHO-BPEMEBU UMW U3YUCIUTENTHU
orpaHuyeHust.

OrpaHunyeHusTa Ha HacToswmuTe MeToan 3a XAl BkMouyBaT ToBa, Ye Te He moraT Aa
onpeaendaTt npobnemute B Habopa OT AaHHM 3a obyyeHwue, dokycupat ce Bbpxy RGB
N300paKeHns M ca fecHW 3a u3nonsBaHe 3a M3obpaxkeHWs C BMCOKA pa3MepHOCT.
Bbnpekn npobrnemute, npu XAl cbliecTByBaT Bb3MOXHOCTM 3a nojobpsiBaHe Ha
reoHay4yHuTe mogenu. AptedakTute, KOUTO Cb3gaBaT rpeLlku B uudpoBuTe Mogenw,
moraT ga 6baat paskputu ot XAl

6.6.6. O6006LWEeHne

KoHBeHUMoHanHaTa uen Ha o6o6LwaBaHeTo e 06yyeHnTe MM mopenu aa ce npeactasat
no-gobpe BbpXy TecToBUTE AaHHU. ToBa obaye ce ycrnoxHsBa, Tbi KaTo HabopbT OT
AaHHM 3a 3emsATa e orpomeH, a HabopbT OT AaHHU 3a 0by4eHne e camo Marska 4acT oT
Hero. Mpu UM Ha 3emnaTa Beye He cTaBa AymMa NPOCTO 3a HamupaHe Ha GanaHcupalla
TOYKa Mexay NPeKoOMEepHOTO U HeAoCTaTbYHOTO NpucnocobsBaHe: mogenute, obyyeHn
Ha efHO MSCTO B €4MH MOMEHT, MOXe [jla He MoraT [a ce MpunoXaT Ha APYro MSCTO B
OpYr MOMeHT. Bbnpekn ToBa 0OCHOBHaTa NpuyMHa 3a 4ecTo cpeLlaHuTe Heycnexu Ha A
e, Ye HacToswMTe eMnMpu4HO oby4eHn mMoaenu He npassaT A4obpu 0606LieHNs BbPXY
HOBM W3BadKW C pasnuyHu pasnpegeneHns. Hamupaneto Ha pgobpa ctpaTerus 3a
obobLuaBaHe, KOATO Aa Hakapa MoAenvTe Aa ce NpMcnocobsT nssbH Habopa oT AaHHK
3a obyyeHue, e OCHOBHa Mpeyka 3a npunaraHeto Ha W B HaykuTe 3a 3emsaTa.
PasBuBawiata ce obnact Ha TeopusTa Ha o06obOlleHMeTO Moxe [a [JoBege [O
peluaBaHeTo Ha Te3un npobnemu.

leHepanusaumsita Ha MW ce nadyyasa oT gecetuneTtnss. OGMKHOBEHO KOMKOTO NO-Marsko
CMOXeEH € MoAEeNbT, TONIKOBa NO-BEPOSATHO € A0OPUST eMNMpUYeH pe3ynTaT Aa ce AbIKu
He camo Ha ocobeHoCTMTe Ha u3bpaHute npobu. [paHuUMTe Mexay HeOoCTaTbyHOTO
yyeHe W MNpPEeKoMEepHOTO y4yeHe Ha npumepute 3a obyveHue ca HesicHn. EguH oT
Knacuyeckute MeToAM 3a OTKPMBaHe Ha HeJoCTaTbyHO WMW  MPEKOMEPHO
npucnocobsiBaHe e pasfgensHeTo Ha W3BadKWTE Ha [ABe 4acTu: MOAMHOXECTBO 3a
obyyeHre 1 NOAMHOXECTBO 3a TecTBaHe. o Bpeme Ha Bcska utepauus B obyveHneTo,
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nporpamaTa Le M3nblHsaBa 0by4eHNs Moden BbpXy TECTOBOTO MOAMHOXECTBO, 3a Aa
M34MCIIM TOYHOCTTa Ha NPOrHO3MpaHe BbPXY U3BaaKWU, KOUTO ca M3BbH MbpBOHAYanHarta
rpyna 3a obyyeHne. AKO TOYHOCTTa Ha [aHHUTE OT TECTBAHETO 3anoyHe NOCTENeHHo Aa
HamarnsiBa, TOBa O3Ha4yaBa, Ye MoAeNbT e NpeHacTpoeH. HanpoTus, ako ToO4HOCTTa Ha
TecTa He e oCTUrHara cBosi BpbX, TOBa 03Ha4YaBa, Ye MOAebT BCe OLLEe He e NoaxoasiLy,.
Heobxoanm e MeTon 3a HamupaHe Ha GanmaHc Mexay OTKIoHeHue (HedoCTaTbyHO
npucnocobsBaHe) u aucnepcus (NpekoMepHo npucnocobsisaHe). EAHO yecTo cpeluaHo
pelleHne e KpbCTOCAHOTO BanuavpaHe, 3a Aa Ce rapaHTupa, 4e Hama CrnyyYanHo
OTKIIOHEHMWe npu 06yyeHneTo. PerynupaHeTo e Apyra TexHuka, nanonaeaHa 3a no-gobpo
o6obLiaBaHe Ha anropuTbMa 3a o0yyeHue. Pokycupa ce Bbpxy HamansiBaHeTo Ha
Bb3AENCTBMETO Ha NpobK OT LUYM, KOUTO HEe OTpassiBaT pearnHuTe XapaKTepUCTUKU Ha
Habopa OT AaHHK, a CryvariHW rpeLlky U cbBnageHusi. ToBa ob6eskypaxkaBa 0by4eHNeTo
Ha no-croxeH MoZes, 3a [a Ce Hamanu pUCKbT OT rowo obobuieHne. Hackopo e
NpeAnoXeH Noaxoa, NpefHa3HayeH 3a HEBPOHHU MPEXM, NpU KOWTO oTnajat eauHuLm
Ha criyyaeH NpuHUMN, 3a fa ce NPUHYASAT crefBalluTe cnoeBe Aa pasyutaTt Ha BCUYKU
CBOW BPB3KM C nNpeauliHuTe crnoese. HUTo eauH meton obade He mMoxe Aa usberHe
MHTEH3UBHOTO 6e3kpaliHO HacTponBaHe 3a ONTUMU3MpaHe Ha Modena C no-gobpo
o0bobLeHune.

MpuBnekaTenHa xapakTepucTka Ha U3KyCTBEHUSI MHTENEKT e, Ye NPOVU3BOAUTENHOCTTA
Ha MoZena Lue ce nogobpu, koraTo MOAEMbT Ce 3axpaHBa C No-rofiemMy Habopu OT JaHHW.
Bbnpeku ToBa, B kpaiHa CMeTKa ce JOCTUraT HAKOU rpaHuuum, onpeaernieHmn oT kanauyureTta
Ha mopena, KoiTo e cnocobeH aa yun. MHoro DL mofenu ca cBpbXxnapameTpusupaHnu n
e BeposiTHO Ja cTaHaT HeoGEKTUBHW crieq M3yyaBaHe Ha MoBeye LUYMOBU WU3BaAKW.
PelwasaHeTo Ha npobnema ¢ o6obLiaBaHeTo e Hanpasu mogenute Ha MW 3a semHaTta
cucTeMa MHOTO MO-CTabUITHM U YCTOMYMBM Ha LUYMOBE NpY NPOAbITKUTENHA OnepaTuBHa
pabota. Bbaewo peweHne 6u Guno ga ce crapTMpa aBTOMaTUYEH anropuTbM 3a
camoperynupaHe npv npveMaHe Ha obpasum Ypes npeLeHka Ha TSXHOTO kadecTBo. Ha
OHe3un n3Bagku, kouTo 6uxa mMornu aa gectabunuavpaT Mogena, crieisa aBTOMaTUYHO
fAa ce obpblua No-Manko BHAMaHWE Npu pasnocTpaHeHWeTo UM U TAXHOTO Bb3dencrame
BbpXy 6bAELLOTO akTyanusnpaHe Aa 6bae HamaneHo.

6.6.7. HecurypHocTtu npu usnossaHeto Ha UA

ML mogenute ca B ocHoBaTa CW anropuTMu, CbCTaBeHU OT HAGop OT MpaBwna, KoUTo
BKIMIOYBAT reHepupaHe Ha MPOM3BOMHM YWCNa M ONTMMU3AUMS 3a OnpeaensiHe Ha
napameTpute Ha mofena. CnegosatenHo ML MopenuTe, paspaGoTeHu BbpXy eauH U
CbLUM HABOp OT AaHHMW, MOYTU BUHArN ca pa3nunyHu. HecurypHocTTa Ha NpUnoxeHusiTa 3a
MaLLUVHHO 06yyeHne e KoMBUHaLWS OT HECUTYPHOCT OT ABa U3TOYHMKA: AaHHW U 3HAHUS.
HecwurypHocTTa, cBbp3aHa ¢ NpUCHLUMSA LYM Ha peanHuTe AaHHU, € M3BECTHA CbLLO KaTo
CrnyyaiHa HecWUrypHOCT, KOSITO He e MpWYMHEHa OT MOAena, HO e Hepeayuupyema.
HecurypHocTTa, npuyMHeHa OT HeafeKBaTHW 3HAHUS W [JaHHW, Ce Hapuya olle
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ennMcTeMUYHa HEeCUrypHOCT, KOSITO YecTo e pesynTaT OT HEeCbOTBETCTBUETO MeXay
AaHHWTe B 0by4eHneTo Ha Mogena 1 NporHo3aTa.

3a pga onpegenuM KONMMYECTBEHO arneatopHaTa HecWUrypHocT, TpsibBa ga oOueHUM
HEeCUrypHocTTa Ha BCWYKM BbBefeHu AaHHu B ML mogenuTte n aa pasbepem kak
HecurypHocTTa Ce pasfnpocTpaHsiBa B Mofgena. ToBa MOXe [fa ce okKaxe
npeaussukatenctso 3a DL mopgenute nopagw ronsimata CroXxHoCT Ha Mogena. Manka
nepMmyTauua BbB BXOAHWTE AdaHHM 3a DL mopen moxe Aa goBefe A0 3HAYUTENHU
NPOMEHU B KpalHUTe pe3ynTaTu Ha Mmodena. EnucremnyHaTa HecMrypHocCT e cBbp3aHa c
BbMNpoca 3a obobLiaBaHeTo. MNoBeyeTo npunoxernns Ha DL ce paspaboTtBaTt Bb3 OCHOBa
Ha KOHKpeTeH Habop OT AaHHW, Nopaaun KoeTo MoAenbT Moxe Aa He ce 0606wy necHo
3a Apyru ycrnosus, KOUTO He ca obxBaHaTu B MbpBOHaYanHns Habop ot AaHHuW. Mopaawn
nvncata Ha npefacTaBsHe B OPUrMHaNHUS Habop OT AaHHW, MOXe Aa ce OKaxe MHOro
TPYAHO Aa ce onpefenu TOYHO HeonpeaeneHocTTa, cBbp3aHa ¢ 0606LaBaHeTo.
TOYHOTO KONMYECTBEHO OnpeaensiHe Ha HECUMIYPHOCTTa € OT CbLUECTBEHO 3HayeHue 3a
nosuLIaBaHe Ha JOBEpPUETO Ha NoTpebutenuTe 1 yBenuyaBaHe Ha U3NON3BaeMoCcTTa Ha
NpUNoXeHusTa 3a MalWMHHO 0byyeHre. 3a cnpaBsHe ¢ KONMYECTBEHOTO onpeaensiHe Ha
HecurypHocTTa (uncertainty quantification — UQ) ca npegnoxeHu MHOro CTaTUCTUYECKN 1
N34yncnuTenHn Metoam. Han-4ecto usnonssaHnTe MeToam mMorat Aa 6baaT rpynupaHn B
nBe karteropun — Bayesian UQ un aHcam6bn UQ. lNogxoaunte Ha Bayesian UQ ce
hoKycupaT BbpXy anpokCUMMpPaHETO Ha 3aQHOTO pasnpeaeneHne Ha BEpoATHOCTTA, KaTo
ce uma npeasua HabopbT OT AaHHM 3a oby4veHue. Ensemble UQ o3HavaBa 06y4yeHue Ha
MHOXECTBO MOAENN, U34NCNABaHe Ha TAXHaTa CUHTe3MpaHa NporHo3a (Hanp. cpeaHa) n
n3MepBaHe Ha HeonpegeneHocTTa C MOMOLWTa Ha OTKNOHeHWe. Hanocnegbk ca
Cb3JafeHN pasnnyHu BapuaHTu Ha cumynaums kato Monte Kapno (MC) 3a UQ, MC
Dropout, 3a No-eheKT1BHO XapakTepusanmpaHe Ha HECUIYpHOCTTa Ha NporHo3aTa.

6.6.8. UHTerpaumsa c mogenu 6asupaHu Ha pusuka

PelueHusiTa, ynpaBnsisaHu oT Moaenu, 6asupanu Ha U3BECTHU (DU3NYHM 3aKOHU, OTAABHA
Ca OCHOBHaTa TeHAEeHUMS B NpuUNoxHuWTe Hayku. LiucdpoBoTo mopenupaHe wurpae
OOMUHMpalla pons B HaykaTa 3a 3eMHaTa cucTemMa B Mawabu, Bapupawm oT
M3BbPLUBAHE HA U3YMCIIEHUS C MpunaraHe Ha Teopusita Ha (PyHKUMOHanHaTa nitbTHOCT
(density functional theory — DFT) 3a nporHosupaHe Ha CBOWCTBaTa Ha MoONeKynute Ao
M3yyaBaHe Ha knMMaTta C MoMoLUTa Ha MoAenu Ha obwa uuvpkynaums. Bvnpeku ToBa
ocTaBaT TPyAHOCTM Mpu pa3paboTBaHETO Ha ePEKTUBHN U TOYHN Mogenu. 3a pasnvka ot
TPaguUMOHHUTE U3NYHM MOAENM Ha HaykaTa 3a 3emsiTa, WM3UCKBALLUM BUCOKM
nykToaumMm n orpoMHU npouecopHu sigpa, ML, ocobeHo DL, morat ga napanenusupat
obpaboTkata cu, kato usnonasat GPU unu notpebutenckn npouecopu kato TPU, 3a ga
NoCTUrHaT CbLUTE edeKTU KaTo MHOXECTBO OFPOMHU mpouecopu, paboTely 3aefHo.
MoHacTosiweM CbLUeCTBYBAT ABE OCHOBHWU TEHAEHUMM B Noaxoda KbM To3u npobnem: 1)
YacTuyHO nanonaesaHe Ha I unn MU-nnaTcopmm B pamkmuTe Ha TPagULMOHHUTE paMKu
3a mMogenupaHe, 3a ga ce nopgobpu madmcnuTenHata edmeKTUBHOCT M TOYHOCTTa Ha

91



M3MbIHEHWE; 2) BKIMIOYBaHE Ha U3MYHM 3aKOHM B NMOAXOAM, u3nonasawm ML, 3a ga ce
nogobpu MHTepnpeTupyeMocTTa Ha mogdenuTe, 6asnpaHy Ha AaHHW. M B agBaTta cnyyas
ML npegnara 6esnpeuefeHTHM BB3MOXHOCTM 3a pasluMpsiBaHe Ha noTeHumana 3a
MofenupaHe Mpu anpokcyMUpaHe Ha CroxHW dyHkumn. [MosBata Ha duandeckn
nHpopmmpaH mogden Ha ML, nogyepTaBa BaXHOCTTa Ha YCbBBbPLUEHCTBAHETO Ha Haii-
CbBpPEMEHHUTE anropuTtMu.

6.6.9. MNpousxoa, Bb3NnponsBoAMMOCT1, Bb3NPOM3BOAMMOCT2 M MOBTOPHA ynotpeba

ChbluecTByBaT YeTUPU CEPUO3HU 1 B3aMOCBBbP3aHW onaceHust 3a uscneasanusata Ha
3a 3emsTa:

* Mpousxoa: OTKbAE NPoM3xoXaaT AaHHWTe 3a 06yyeHneTo, W mogensT, copTyepsbT u
XapAayepbT W KakBu TpaHcdopmauuum ca npeTbpnenu AaHHUTe, npeau fa 6vaat
[OKnafBaHW KoHcTaTauumTe?

* BranpounasoanmocTi: Moxe nv He3aBMcHMa CTpaHa Aa Bb3npousseae ToYHNA paboTeH
npouec Ha U n oTyeTeHnTe pesyntaTu, U3MNon3Banky CbLUMTE OaHHW U anroputmMmn?

* Bb3npoussogmmocTt2: Moxe nu HesaBuMcuMa cTpaHa Aa npoBefe MofobHM (HO He
MOEHTUYHN) aHanuan Ha ML Bbpxy nofobHU (HO HE HEMPEMEHHO CbLUMTE) AaHHU U Aa
CTUrHe [0 CbLUMTE 3aKmoveHnn?

* MosTOpHa ynoTtpeba: Konko necHo morat Aa 6baat npunoxexHn obyyennte M mogenu
KbM HOBUW A@HHW UNu ApYr HOBU cUTyauum?

YueHnuTe 3a 3emsiTa npeanoxuxa cTaHgapTy 3a AOKYMEHTUPaHe Ha Npomn3XoAa KakTo Ha
OaHHUTE, Taka U Ha HayyHuTe paboTHW noTtoum, BkNo4umTenHo 1ISO 19115:2003 n ISO
19115-2:2009, Open Provenance Model, ctangaptute 3a ycnyrm 3a gaHHu Ha Open
Geospatial Consortium 1 Provenance Ontology Ha W3C (www consortium).

Codptyepu kato Docker, Helm, Conda/Anaconda-project, Prov, MetaClip n Geoweaver
MoraTt fa ce U3rnon3eaT 3a 3anucBaHe Ha u3nonssaHus paboteH npouec Ha U, Taka ve
fa Obhoe pocTbneH 3a MNO-KbCHO M3BMMYaHe, 3a Aa ce pasbepar, MNOBTOPSAT,
Bb3npon3BedaT M U3Non3saTt NMoBTOPHO obyyeHuTe MU mopenun. Tbi kato yyeHute Ha
3ewmsATa BCe noBeye Bb3npuemaT OTBOPEHW AaHHU 1 NNaTdopMu 3a ynpasnsasaH paboTeH
npouec, TemMuTe 3a MNpPoOM3XoAa, MNOBTOPHOTO M3MON3BaHe, pennukvpyemocTTa Wt
Bb3NPOM3BOAMMOCTTa MNPUBMSKOXa NMOBULLEHO BHUMaHUWe. [ponsxoabT e OT peluaBallo
3HayeHue 3a mopenuTe Ha WU 3a 3emsTa, 3a Aa moraT aa 6baaT pa3bpaHu n ga Moxe
[a “M ce foBepyu obLLECTBEHOCTTa, a CTaHAapTuU3vpaHaTa pamka 3a npousxoq 3a M 6u
6una ngeanHo pelueHve 3a cnpaesiHe ¢ Te3n npobnemu. [Jpyro npean3BMKaTencTso 3a
nosTopHaTta ynotpeba e fga ce rapaHTupa, Ye AaHHUTe, M3non3eaHu 3a obyyeHue u
anroputMi 3a OLeHKa, ca OTKPUTO AOCTbMHU. KaTo cTbMnka KbM MO-OTBOPEHW AaHHW,
n3cnegosaTtennte TpsbBa da apxvBupaT CBOWTE AaHHW B ObITOCPOYHO XpaHWMuLLE.
MHoOro oT Teau xpaHunuwia NpefocTaBsT LWabnoHn U MHCTPYMEHTW, 3a Aa Mo3BONAT
nogaBaHeTO Ha MeTafaHHW, OnucBaly [aHHWTe, KOUTO Ce apxuBupat, W
npakTukysawmTe MM ga morat Aa ce Bb3NON3BaT OT HACOKW, koW halinose e Han-BaXKHO
Aa ce nofdasar B AbMTOCPOYHM XpaHUMULLA.
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6.6.10. MbnHa aBTOMaTM3auusa Ha paboTHUA npouec

N uHxeHepcTBOTO € BceobOXBaTHa AMCUMNNMHA, BKMHOYBALLA MHOMO TEXHOMOMWM,
anropuTtMun, MHCTPYMEHTK, BUBNNOTEKM U HEMHUTE NPOAYKTOBU KaHanM ca CbCTaBeHW OT
nopeavua oOT Bpb3KW, Bapupaly OT xapayep OO0 codpTyep, OT XpaHunuvuie Ha
HeobpaboTeHn AaHHW [0 pasnpocTpaHsaBaHe Ha wHdopmauus, ot yeb ycnyrm go
codpTyep 3a kpanHa Toyka. PBYHOTO ynpaBrneHne Ha BCUYKM YacTu € HepeanucTUYHO.
Heobxoavma e aBTOMaTM3aUMA Ha BCUYKM CTbMKM Ha obpaboTka, 3a Aa craHe MU Ha
3emMATa nMpakTU4eH B CleHapuuM OT peanHuss cBAT. Bbnpekn ToBa nbnHaTa
aBTOMaTM3aumsi Ha paboTHWUTE mpoLecu Bce oOlle e B npouec Ha paspaboTtka. 3a ga
nogabpxa npuemaHeTo 1 mawaba Ha MW, obluHocTTa Ha HaykaTa 3a 3emsaTa ce Hyxaae
OT No-A06bp HauMH 3a UANOCTHO BHEAPSIBAHE W yMpaBIieHUE Ha XWU3HEHUS LUMKbI Ha
BHegpeHuTe ML mogenu.

MLOps (ML DevOps) e npouec Ha BHeApsiBaHe Ha ekcnepumeHTaneH ML mopen B
npoussoacTBeHa yeb cuctema. Toi ynpaBnsBa BHeAPSBaHETO, MOHUTOPMHra U
ynpaeneHveTo Ha ML moaenu Ha Npon3BOACTBEHO HMBO. IMa MHOIO Bb3MOXHOCTU Npes
paspaboTumunTe Ha codTyep C OTBOPEH KOA Aa noemMar Ta3u 3agaya. TekyLm NpoekTy B
pamkuTe Ha obwHocTTa 3a 3emsita Ha NASA kato Geoweaver Beye ca peanuavpanu
TOBa NpeausBMKaTencTBO M paboTAaT 3a MpefocTaBsHe Ha MNpakTU4Yeckn crabuneH
codpTyep KaTo peLueHue.

M3nbnHeHNeTo Ha edekTMBHU M NpoayKTuBHU mMoaenu Ha WU B reonorusta uanckea
CbTPYAHMYECTBO Ha pasnuyHyM CybeKTU M pecypcu M BKMOYBa pasfuyHM nporpamu,
ckpunToBe, 6ubnuoTekn, codTyep u nnatdopmmn oT aBToMaTU3aums Ha NnogroToBkaTa Ha
naHHKu, obpaboTka, obyyeHve, BanugnpaHe, TecTBaHe, BHeApsiBaHE W NPOM3BOLCTBO.
ToBa nsncksa marpaxaaHe Ha paboTeH NOTOK, KOETO O3HAYaBa NIOMMYECKN CBbP3aH NOTOK
OT MHOXECTBO MpoLecy 3a U3NbIHEHWE Ha 3ajajeHaTta 3agada. OpraHusauusita Ha
paboTHMS NpoLec MOoXe Aa ce U3BBbPLLKU MO MHOFO HaYMHW, HAaNpUMep nNcaHe Ha Kof Ha
Python, ckpunT Ha Shell nnu n3nonssaHe Ha codpTyep 3a ynpaBrneHne Ha paboTHWA
npouec kato Cylc. OCHOBHUTE KOMMOHEHTM Ha paboTHWUTE npouecu ca nogobHu. Benukm
paboTHM NoTouM nMaT aTOMapHM NpoLecu 1 Bpb3ku Mexay Tax. Crnea ctapTupaHeTo Ha
paboTHUSI NpoLLeC BCUYKM aTOMapHW NPOLECH Lie Ce U3MbIHsBaT aBToMaTu4Ho, 6e3 aa
ce nuTa, KOeTo ce Hapu4a aBTomatusaums Ha paboTHus npouec. CblyecTByBaT MHOIO
codpTyepm 3a ynpasneHue Ha paboTtHu npouecun (WFMS), kouto ce paspabotsar, 3a oa
no3BonsT aBTomaTtu3auus, 7.e. Apache Airflow, Cylc, Galaxy, Pegasus-WMS, Geoweaver
n T.H. Tean WFMS morat He camo ga aBTomartuaupaTt npoueca, HO U ga 3anuceaTt
npousxoaa, 3a Aa nogobpsAT NoBTOpSeMOCTTa U Bb3NPOU3BOAUMOCTTa Ha OTKPUBAHETO
Ha WU Ha 3ewmsrTa.
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6.6.11. ETuyHmn BBbNpocu npu usnonssaHeTo Ha UU

MN3KyCTBEHMAT MHTENeKT Ha 3emsATa € MpoeKTUpaH Aa HWU 3awuTasa, TON MpuTexasa
MOLLHa CrnocobHOCT 3a NporHo3vpaHe Ha Obaelwleto Ha 3emsATa M npegBapuTENHO
OpWeHTUpaHe KbM NPUPOOHUTE OMNAacHOCTU U PECYPCU, KaTo LienTa e 3arna3BaHe XunBoTa
Ha XxopaTa M oOna3BaHe Ha OkonHata cpepa. BbamoxHocTute My obaye He ca
6e3rpaHnyHM M He MOXe fa [AelcTBa edHaKBO, HanpvMep Mpu reconacHocT unu
paspywmtenHo cbbutue. Kakso e crtaHe, ako UM 3a 3emsita npeueHn norpeLuHo
cuTyaumsTa, NporycHe pernoH, NoaLeHn BpeaaTa u foseae A0 NoBeve CMbPTHY Criyvaun
unu no-ronemu wetn? Ha UMW B reonorusita Mmoxe fa ce rrega kaTo Ha MHTENUreHTHa
cucTema, KoaTo e Npoabikm Aa 6bae pa3suBaHa. Bbnpeky ToBa pelueHumsTa My BnaaT
Ha obLecTBOTO U TOW UMa onpeAeneHo HUBO Ha cOBCTBEHa BOMS.

HanpaBeHu ca MHOro nscneaBaHusi, okycupaHu BbpXy eTUYHUTE nNpobnemu, 3acsaraium
WWN. Yyennte n3cnepBaT Bpb3kaTa MexAy ponsTta, KOSTO KyNnTypHWUTE MpucTpacTus
Urpasit B anropuTMM4YHOTO HEPaBEHCTBO W HauuHa, no konTto U cuctemnte moraT ga
3acunAT cbluecTByBallata AMCKpUMMHAUMS. Bb3MOXHO e ckopo Aa ce cb3gagar
pasnopeadu 1 3aKOHM OTHOCHO eTukaTta Ha MW B reonorusaTta. Tyk oyepTaBame HAKOMKO
OT MHOrOTO MbTULLA KbM No-eTudeH N B HayknTe 3a 3eMsaTa U okorHaTta cpefa, KouTto
BKITIOYBAT NO-OTBOPEHN HAbopu OT AaHHW M 6e3npucTpacTHu anroputmn. NHxeHepuTe
TpsibBa ga paspaboTaT noruka, cBbp3aHa Cc eTukata Ha UMW Ha 3emsita, kato cu
napTHUpaT CbC COLMArHU YYeHu, eTuum u unocodu, KOMTO M3yyvaBaT couuanHuTe
nocrnieguum ot I B obnacTtTa Ha npunaraHeTo Ha 3akoHa, NpaBoTo U uHaHcuTe. ToBa
BKItOYBa pa3paboTBaHe Ha HACOKM 3a U3crneaoBaTenvTe Ha MalMHHOTO obyyeHne aa ce
3aHMMaBar C eTMKaTa He caMo KaTo PUNoCcodCKM NPOEKT, HO U KaTo MparMaTU4eH NpoekKT,
npun KONTO CbOMPaHeTO Ha AaHHW 1 M3MOM3BaHETO Ha ONpeAeneHy Mogeny cnpsMo Apyri
MMaT npsiko Bb3AeNCTBME BbPXY EKOCUCTEMUTE U xopaTta. He Ha mocnegHo MscTo,
MHMOPMMPAHETO Ha Mo-LuMpokaTa OBLLHOCT, Ha KOSTO TO Bb3[ENCTBa, 3a npunaraHeTo
Ha Bcsiko npunoxeHune Ha ML wnun UW (Hanpumep, ako aBTOomMaTuavpaH MeTog 3a
pa3paboTBaHe Ha KapTVW Ha 3EMHOTO MOKPUTME LEe OKaxe MpsIko Bb3OEWUCTBUE BbPXY
npeacTaBsHETO Ha 3eMUTe Ha KOPEHHOTO HacerneHue) we 6bae Heobxogumo 3a
NoCTUraHeTo Ha CnpaBeAnMBO U €TUYHO ABWXeHWe B obnactTa Ha VW B reoHaykuTe.

6.6.12. YnpaBneHue Ha onepauuuTte

BbBexgaHeTo B ekcnnoartauus Ha ycnyrmuTte Ha N He moxe aa 6bae n3nbnHeHo NpocTo
OT eAVH yYeH Unu egHa mManka uacnegosarerncka rpyna Ha 3emsTa. MNpoayktute Ha U
Ce HyXaaaT OT NopapbXHULUM M obCcnyXBaHe Ha KNMeHTW cnef BHeapsiBaHETO WM.
MpexoabT KbM NoaabpxaHeTo Ha onepauun ¢ NN ce ycnoxHsasa oT 6bp3na Temn Ha
TEXHOMOrM4YHo pa3suTve. Bbnpekn ToBa npaktukuTe Ha DevOps, kouTo Habnsarat Ha
TACHaTa KOOPAMHALMA Mexay pa3paboTunumute u onepauumTe, MoraT Aa cMekyaT Tesun
TPYAHOCTMW 1 JOPY B HAKOM CNyyamn Aa OCUrypsT nonesHa obpaTHa Bpb3ka OT onepauumte
Ha W B eBoniouuATa Ha Mopgena. [pyra noTeHUuanHo edeKkTUBHa TexXHuKa e
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n3rpaxgaHeto Ha BbTpelWeH KanauuTeT, KaTto Hanpumep 06yquV|e Ha onepatuBHUA
nepcoHan B OCHOBUTE Ha uU3nofidaBaHaTa TexHoJ10rma 3a MW, 3a na moxe Ton no-,u,o6pe
Oa pasnos3HaBsa r|p06neM|/|Te 1 Oa npenocTtaBd nogapbXka Ha KINUEeHTUTe.

6.7. O606wWeHne

dokycupanku ce BbpXy NPUOXeHNUATa B reoHaykuTe, Tasnm Tema npasu nperneg Ha Hau-
CbBpPEMEHHUTE TEeXHOMNormM 1 Hanmpegbka Ha uscnedsaHusta Ha V. TNpobusute B
TeopuaTa M uHdpacTpyktypata Ha UMW 3a 3emAta wWe npeHecaT reoHaykuTe B
cnegpawarta dasa: N 3a 3emata. O6WHOCTTa Ha reoHaykuTe TpsibBa ga HacTurHe
TemMnoto Ha 6bp30 HapacTBawmTe Habopu OT AaHHWM OT HabnwaeHwss U ga uarpagu
nsnonssaemu moaenu Ha VI Ha goctbnHa LeHa, He3abaBHO U C AOCTaTb4yHA TOYHOCT.
W3cnegpaHusaTa u pa3sutmeto Ha M 3a 3emsita ca Bce oLle B Ha4aneH etan v BCUYKU
ronemu npeAnsBrKaTencTBa, Bapupallm oT AaHHM A0 MOAEN W eKcrnnoartauums, moraT aa
AoBefaTt 4o MHOroBpONHM Bb3MOXHOCTU BbB BCUYKM CEKTOPU — OT akaJeMUYHUTE Cpeau
[0 NpaBUTENCTBOTO U MPOMMLUMEHOCTTA. BbbaelleTto Ha M3KYCTBEHUSI WHTENEKT Ha
3emsdaTa ce ovepTaBa [a € M3KIYMTENHO MOMEe3HO 3a LANOTO YOBELUKO 0bLecTBo 1
cuctemaTta Ha 3emsTa 1 criefBa [a NPUABMXKW HallaTa LMBUIM3auns KbM crieaBaliara
n casa n ga npesbpHe 3emsTa B No-ycTonyMBa 1 no-4obpa 3a XMBOT nnaHeTa.

KoHTponHu Bbnpocu:

Kbae Hamupa npunoxexue MW B reonorusata?

Kown ocHoBHYM TexHomoruu Ha NI ce nanonseat B Haykute 3a 3emsAta?
OocturHan nu e M makcumyma Ha CBOETO pasBuTue B reonoruata?
Kak ce n3sbpLluBa onTmMmnsaums Ha oby4yeHneTo?

Kak cTon BbNpochT ¢ eTM4HOTO npunoxexue Ha VW B reonornara?
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TEMA CEJJMA

MN3KYCTBEH UHTEJIEKT U U3BUPATEJIHO OBYYEHUE B
OBPABOTKATA HA JAHHHU OT CEH30PH

Uen: 3ano3nasaHe Ha cmydeHmume C KOHuenuusima 3a usbupamesiHo obydyeHue 8
obpabomkama Ha daHHU om CeH30pu U porniima Ha U3KycmeeHusi uHmenekm (UN) e
onmumMu3dupaHemo Ha fpoyecume o cbbupaHe, aHanu3 u Kriacugukayusi Ha
uHopmauyusi. Temama pa3dzsnexda MPUHUUNUME Ha HEBPOHHUME MpeXu C
UHBapUaHMHOCM Ha U3MecmeaHemo U criekmpanHo cmabunHa cerfiekmusHa Mpexa
(SIUN — Shift-Invariant and spectrally stable Undersampled (selective) Network), koumo
r1o3eorisieam 3Ha4umesiHo HamarssisaHe Ha obema om Heobxodumu OaHHU 6e3 3azyba Ha
moyHocm. CmydeHmume we ce 3aros3Hasim C peanHu [PUoXeHUs Ha mesu
mexHooauu 8 MPOMULWIIeHU CUCMeMU, €e/1eKMPOHUKa, MPeHOoCUMU ycmpolcmea u
npedckasyeM aHanu3 Ha cusHanu, Kkakmo u c¢ rnpedumcmeama Ha mo3u roodxod &
cpasHeHue ¢ mpaduyuoHHume memoodu 3a obpabomka Ha daHHU OM CEH30pU.

C HapacTBallaTa gurutanusauus Ha uandeckusi CBAT KONMMYECTBOTO reHeprpaHn AaHHN
OT CeH30pu JocTura HeBuxKaaHu gocera mawabu. Ovaksa ce npe3 2025 r. ceH3opHUTE
YCTPONCTBA Aa reHepupar Hag 73 TpunvoHa rurabanTa gaHHU, KOeTO BOAU 4O OFPOMHMU
pa3xoau 3a cbxpaHeHune, obpaboTka 1 aHanua. TpaguUMOHHUAT MeToA 3a obpaboTka Ha
[aHHU ce OCHOBaBa Ha Teopemarta Ha LUaHbH-HukyucT, koaTo rnacu, 4Ye 4yectotarta Ha
auckpeTusaumus Tpséea Aa 6bae noHe ABa MbTU MO-rofisiMa OT MakcuMarnHata Yyectota
Ha curHana, 3a ga ce usberHe 3aryba Ha uHcdopmaumsi. Bbnpeku ToBa, ¢ yBenuyaeaiLms
ce obem OT AaHHM Bb3HMKBA BbNPOCHT Aanu BCUYKU CbOpaHu AaHHM ca Heobxoammm 3a
Ka4yeCcTBEH aHanms.

PasButreTo Ha MW npegoctaBsa HOB NOAXO4 3a yNpaBrieHUe Ha AaHHU OT CeH30pu Ypes3
n3bvpaTtenHo oOy4eHMe, Npu  KOETO KONMMYECTBOTO CbbpaHa uWHgopmauns ce
onTUMM3NPa B 3aBUCUMMOCT OT KOHKPETHMsI npobrnem. B Tasu Tema e pasrnegame
NPVHUMNMTE Ha M3bupaTenHoTo 06yyYeHne, OCHOBHUTE TEXHUKM 3a 06paboTka Ha AaHHU
4Ype3 HEBPOHHW MPEXW U MPaKTUYECKOTO UM MPUNIOXKEHUE B PasfUyYHU UHOYCTpUanHu
CEKTOpM.

7.1 OcHOBM Ha u3bupaTtenHoTo obyyeHue

MN3bupaTtenHoTo obyyeHne npedcraBnsBa mMeToA 3a ob6paboTka Ha AaHHW, NPU KOWTO
cuctemaTta ce obyyaBa [a pasno3HaBa KoM 4acTu OT MHOPMaLmMsiTa ca Han-BaXHM 3a
fAafeHaTa 3afaya. B To31 KOHTEKCT ce M3non3eaT HEBPOHHW MPEXU C MHBApPUaHTHOCT Ha
M3MeCcTBaHEeTO M criekTpanHo ctabunHa cenektveHa mpexa (SIUN — Shift-Invariant and
spectrally stable Undersampled (selective) Network), kouto ocurypsiBaTt BUCOKa TOYHOCT
npu Knacuukauma n perpecust Ha AaHHU OT CEeH30pW, U3MNOM3BavikM 3HAYMTENHO no-
Marnko KONMMYecTBO BxoAHa WHdgopmaums. Tean MeToaM 3HaYMTENHO HamanseaT
n3yncnuTenHarta CnoXHOCT U BpemeTo 3a obpaboTka, KOeTo MM mpaBu NOAXOAALM 3a
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BrpafeHy CUCTEMU, aBTOHOMHU YCTPOWCTBA W NMPUSIOKEHUSA C OrPaHNYEHN U3YUCTTUTESTHM
pecypcy.

MopxoabT Ha SIUN BktouBa HSAKOMKO OCHOBHU MpUHLMNA:

1.

3anasBaHe Ha fnokanHa I/IHCbOpMaLlI/Iﬂ 4ype3 Npo3opeyHn MeToan, KOMTO no3Bondasart
aHannm3 Ha 4YaCTU4YHMN OaHHWU.

Mpn obpaboTkaTa Ha 4aHHM OT CeH30pu rnokanHaTa nHpopMaLms urpae ColuecTBeHa
pons 3a NPaBWMHOTO M3BNWYAHE Ha XapaKTepUCTWUKM OT curHana. B TpaguumoHHuTe
METOAM 3a aHanu3 ce pasrnexaa uanata HanuMyHa MHdopMauusi, KOeTo Moxe Aa
[oBede A0 HeHyXXHa M3YMCIUTENHA CIIOXHOCT W 3aTpyaHeHus npu obpaboTkaTa Ha
rorieMm MacvBm OT AaHHU.

MeTop Ha paboTa

PaspnensHe Ha gaHHWUTe Ha cermeHTU: BmecTo fa ce aHanmaupa uAanoCTHUAT NOTOK OT
AaHHWU, I/IHd)OpMaLlI/IFITa Cce pasgena Ha mMankum BpemMmeBUu npo3opumn C CbVIKCI/IpaHa
AbIKNHa.

O6paboTBaHe Ha Bcsfka 4acT nooTAenHo: Bceku nposopel cbabpXa OCHOBHUTE
XapaKTepUCTUKW Ha CUTHanNa, Ho B NO-KOMMNAKTEH BUA.

MpunaraHe Ha UNTPK 1 TpaHchopMaumu: B pamkuTe Ha Bceku Npo3opel, Morat Ja
ce 13non3saTt MeToam 3a LyMOMOTHCKaHe, U3YINCIIEHME Ha YECTOTHU XapaKTEPUCTUKIA
WM KOMMNpecupaHe Ha MHgopMaumaTa.

Mpuwvep: B pynogobusHata uHAOycTpus obpaboTkata Ha AaHHW OT CeH3opu e
KPUTUYHA 33 MOHUTOPUHI Ha CbCTOSIHMETO Ha MUHHOTO obopyaBaHe. Hanpumep, npu
aHanmi3 Ha BI/I6paL|,VIOHHVI CUrHann OoT POTOPHM MaLUMHUW U NoMNU, pasgenaHeTo Ha
AaHHWTE Ha Marnku BpemeBMW Npo3opLM No3BOMsiBa PaHHO OTKPMBAHE Ha MeXaHUYHW
AedeKTu, KaTo M3HOCBaHe Ha narepu unv HebanaHcupaHoCT Ha poTopa. To3n Noaxon,
3HauYMTENHO HamansBa pucka OT aBapun 1 ONTUMM3NPa PasXOANUTe 3a NoAAPBXKKA.

M3nonssaHe Ha Ga3npaHa Ha CryvamHOCT AMCKpeTu3auus, Mpu KoATO cucTemara
aBTOMaTUYHO Onpedens KakBo KOnuM4ecTBo WHdopmauusi e Heobxoaumo 3a
onTuMariHa TOYHOCT.

B TpaguuUMOHHUTE METOAM BCUYKM AlaHHU ce cbOupaT ¢ eAHakBa NITbTHOCT Y YECTOTa,
KOeTo MOXe Aa A0BeAe 0 U3NULWHO CbOupaHe Ha HdOoPMaLUs, yBENUYEHU pasxoam
3a cbxpaHeHue n obpaboTka. Mpu SIUN ce nsnonsea AvHaMu4Ha guckpeTusaums,
npu KoATO camaTta Mpexa u3bvpa KoM OaHHW ca Han-3Ha4yMMM 3a TOYHOCTTa Ha
moaena.

MexaHn3bM Ha paboTa: PasnnMuHu Yactu oT curHana ce B3emaT € pasfnMyHa YectoTa
— HanpuMep Bb3MOBM TOYKM Ha cUrHana morat Aa 6baaT aHanuavpanu no-noapotHo,
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[I0KaTo Mo-Marnko 3HauYMMK YacTu MoraT aa 6baaT nponycHaT Unu peayumpaHu.
Cuctemata ce obydyaBa [da pasnosHaBa KMNOYOBM XapakKTepucTMKU M agantupa
cTpaTermsTa cu 3a AWCKpeTM3auust cropef crneunduyHMTe CBOMCTBA Ha curHana.
ManuwHuTe OaHHM ce peayuupaT, Kato Cce W3BMMYa Ccamo Hail-3Hadumarta
MHbopMaLus 3a aHanuaa.

I'Ipmmep: B noasemHute MuHM MOHUTOPUHIBT Ha KOHLEHTpauuAaTa Ha rasoBe KaTto
MeTaH 1 BblnepoaeH okcna € OT XKU3HEHOBaXXHO 3Ha4YeHne 3a 6e3onacHocTTa. SIUN
mMogenunte no3BondaBaTt AMHaMUYHO adanTupaHe Ha YecToTaTa Ha u3MepBaHuATa —
Hanpumep, npun cTabunHu ycnoBua nusmepBaHuAaTa MoraTt ga ce U3BbpLuBaT no-psaako,
HO aKo Ce YCTaHOBU HapacTBaHe Ha KOHLeHTpauuaTa Ha ras, Yyectotarta Ha c1=6V|paHe
Ha [aHHM aBTOMaTU4HO Ce YyBenun4aBa. ToBa HamansBa HaToBapBaHETO BbBLPXY
cucrtemarta, Kato CbuleBpeMeHHO ocurypsaBa HaBpeMeHHU npeaynpexageHna 3a
noTeHuuarnHo onacHW cutTyauuu.

KoHBepTupaHe Ha HabnoaeHUsiTa oT ceH3opuTe B Npobremu 3a MalMHHO 0ByyeHue,
KaTo ce mpunarat TeXHVKM 3a Knacudukauus u perpecusi.

TpaanuUMOHHNMTE METOAM 3a aHanu3 Ha JaHHW OT CeH30pU pasyuTaT Ha U3NYecKu
MoZernu 1 pbyHO 3a4afeHn KpUTepum 3a oLeHKa. MI3KyCTBEHWSIT MHTENEKT NO3BONsIBa
aBTOMaTM3MPaHO pasno3HaBaHe Ha 3aKOHOMEPHOCTU W OMTUMU3MPaHe Ha aHanusa
4pes KnacuuKaLMOHHU U PEFPECUOHHN anropuTMu.

npOLl,eC'bT BKIno4Ba CrnegHuUTe CTbIKU:

¢ [pensapuTtenHa obpaboTka Ha AaHHUTE: uNTpMpaHe Ha LWyma, HopManuavpaHe
W CTPYKTYpUpaHe Ha JaHHuTe.

e M3BnuuyaHe Ha KMIOYOBU XapaKTEPUCTUKW: cucTeMaTta pasno3HaBa cneunduyHmn
3aKOHOMEPHOCTH, KaTo TeMnepaTypHU aHOManmuu WM BHE3anHU U3MEHeHWs Ha
HaToBapBaHETO.

e M3nonasaHe Ha anroputMu 3a MalUMHHO oby4eHue:

o Knacudukaumsa: OnpepensHe Ha MPWHAANEXHOCT KbM AafdeHa rpyna
(HanpumMep ,HOpMarnHo" Unn ,aHoOMarnHo" CbCTOSIHUE).

o Perpecus: [lporHosmpaHe Ha CTOMHOCTM  (HampuMmep O4akBaHa
TemnepaTypa Ha MaluMHa crnej onpefeneHo Bpeme).

o CamoobyyeHve Ha mogena: C TeveHne Ha BpemeTo cucTemaTa nogobpssa
pa3nosHaBaHeTo Ha cneundUyYHN 3aKOHOMEPHOCTU U CTaBa BCe MO-TOYHA.

Mpumep: B MWHHUTE ranepuv U Kapuepu CeH3opuTe u3MepBaT napameTpu kaTo
BMaXHOCT, TeMnepartypa, Bubpauuv u HansiraHe. TpaguUMOHHUTE aHanMaun pasymTaT Ha
npeaBapuTeNiHO 3aafeHun NparoBy CTOMHOCTM, HO T€ He BUHArM OTYATaT CHOXHOCTTa Ha
B3aMMOAENCTBUSITA Mexay pas3nuyHuTe napameTpu. Ypes npunaraHe Ha MalUMHHO
obyyenne SIUN mopgenute morat pga ugeHTMdMUMpaT 3aKOHOMEPHOCTM U Aa
KnacuduumpaTt CbCTOsiHAS KaTo ,CTabwunHo®, ,npedynpeauTenHo” wunu ,0onacHo”.
Hanpumep, npu nporHosupaHe Ha CBMMYaHWSA B MWHHUTE ranepvu, MOAeNbT MOXe Aa
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KOM6I/IHI/Ipa AaHHW OT pas3findHn CeH30pu U Oa npeackasBa pUCKa, OCVIprﬂBaVIKVI
HaBpeMeHHa Hameca U noBuLlaBaHe Ha 6esonacHocTTa.

MogxoobT Ha SIUN B aHanmMsa Ha [aHHM OT CEeH30puM [OpacTMYHO HamansiBa
M3YUCIIUTENHUTE W3UCKBAHMWS, KaTO CbLUEBPEMEHHO 3anas3Ba BMCOKA TOYHOCT Ha
nporHo3ute. KombuHaumaTa ot nokanusmpaHo obyyeHne, guHamnyHa QuckpeTusauus u
KOHBEpPTUpaHe Ha AaHHWUTE B 3aJayu 3a MalUMHHO oby4YeHne No3BoMsiBa Ha TE3M MpexXu
Aa 6baat npunaraHn B MHAYCTPUanHu, MeguLMHCKN N TEXHONOTUYHW CEKTOPU.

To3n nogxop npenocTaBsi MHOBATUMBHO peELLEHWE 3a cnpaBsiHe C HapacTBalute o6emu
[aHHU, KaTo CbLUEBPEMEHHO NoAoGPsiBa eheKTUBHOCTTA U MPELM3HOCTTa Ha aHanuaa.

7.2 NpunoxeHue Ha U3KYCTBEHUA UHTENEKT B aHanu3a Ha AaHHU OT CEH30pu
7.2.1 O6paboTka Ha AaHHU OT MHAYCTPUANHU CEH30PU

B cbBpemeHHaTa NMPOMULLINEHOCT MOHUTOPUHIbBT HA CbCTOSIHUETO Ha MalUMHWUTE uUrpae
KpUTUYHA ponsi 3a NpefoTBpaTsiBaHe Ha NOBpeau, MUHUMU3UpaHe Ha BpeMeTo 3a
npecTov 1 ONTUMU3MPaHe Ha NPOM3BOACTBEHUTE Npoueck. MIHaycTpuanHuTe cuctemm ca
060pyaiBaHN CbC CEH30pW, KOUTO HEMPEKbCHATO CbOMpaT MHopMaLUsa 3a MEXaHUYHM
BuMGpauuu, TemnepaTypa, HansiraHe, CKOpPOCT Ha BbPTEHe W ApyrM napameTpu.
TpaguumoHHUTE MeToamM 3a obpaboTka Ha Te3u AaHHW U3UCKBAT MOCTOSIHEH MOTOK OT
n3MepBaHusi, kKoiTo TpsibBa Aa 6bae aHanuW3vpaH B pearnHo BpeMe UMW CbXpaHeH 3a
nocneaga, aHanus. Tosa BoAW A0 OFPOMHM Pa3XOAM 3@ WM3YUCMEHUS, CbXpaHeHue U
0o6paboTka, KaTo 4ecTo ce cbbupa UHGOPMaLUs, KOATO HE € MpPSIko CBbp3aHa CbC
CBbCTOSIHMETO Ha MalUMHaTa U He HOCU AOMbITHUTENHA CTOWHOCT.

MN3bupatenHoTo o6yyeHue, 6a3vpaHO Ha HEBPOHHM MpEXW C WHBAPWAHTHOCT Ha
M3MeCcTBaHEeTO M criekTpanHo ctabunHa cenektveHa mpexa (SIUN — Shift-Invariant and
spectrally stable Undersampled (selective) Network), ocurypsiBa antepHaTUBeH Noaxon,
npu KOWTO MallMHaTa cama ,pellaBa” Ko JaHHM Ca Hal-BaXXHW 3a TOYHATa AMarHocTyvika.
ToBa no3BornsiBa 3HaYUTENHO HamansiBaHe Ha o6eMa Ha 06paboTeHuTe JaHHW, KaTo ce
CbXpaHsiBa caMo Han-HeobxoammaTa nHdopmaumsa 3a aHanus. 1o To3n HaunH He camo
ce HamansiBa HaToBapBaHETO Ha U34YMCIMTENHUTE CUCTEMM, HO U Ce NOCTUra No-BMcoka
eeKTMBHOCT Npy NPOrHO3npaHe Ha Bb3MOXHW NOBPeau.

MpunoxeHne: MOHUTOPWHT Ha Narepu B pOTaLMOHHW MALLUHK

Narepute ca egHU OT HaM-KPUTUYHWUTE KOMMOHEHTU B WHAYCTPUANHUTE POTaLMOHHM
MaLUWHK, KaTo MOBpeauTe UM MoraT Aa AOBeAaT [0 3HAYUTENHU NPOU3BOACTBEHN 3aryoum
N CKbMM PEMOHTU. TpaauLUMOHHUAT NOAXOM 3a AMArHoCTUKA BKIOYBA HeEMpekbCcHaTo
M3MepBaHe U aHanu3 Ha BUOPaLMOHHUTE XapakTePUCTUKM Ha narepute, KOETO U3UCKBa
obpaboTkaTa Ha rornemu obemu oT JaHHW.
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SIUN mogenute npepnarat no-epeKT1BHO peLleHue:

Penyuupane Ha o6ema oT Heobxoaumu aaHHW: Bmecto aa obpaboteat 100% ot
cbbpaHute BMOpauMoHHM curHanu, SIUN Morat ga waeHTuduumpat Hai-
CbLLUECTBEHNTE XapaKTepUCTMKM Ha curHana, kato wusnonssat camo 30% ot
OaHHWTe, 6e3 Aa rybsaT TOYHOCT.

PasnosHaBaHe Ha aHoManuu B paHHu ctaguu: brnarogapeHue Ha aBTOMaTUYHOTO
M3BMUYaHe Ha perieBaHTHWM nNpu3HauM, MogenuTe MoraT fga pasrpaHuyar
HopmanHo paboTewm narepu OT AedeKTHM OWe B HavanHute eTanu Ha
M3HOCBaHe.

Mpenckasyema nopapbxka: Korato 6bae 3acedyeH aHoOManeH BuOpauMOHEH
MogZen, cucteMata MoXe aBTOMaTM4HO Aa M3npaTu npedynpexneHune, KoeTo aa
[afe Bb3MOXHOCT 3a NMnaHupaHo obcrnykBaHe, BMECTO aBapuiiHa NoBpeaa.

PasLumMpeHn NpUnoXeHnst B UHAycTpusiTa

MopxoabT Ha n3bupatenHoTo obyyeHne Moxe Aa 6bae NPUIoXKEH He camo Npw narepw,
HO W B APYIW MHOYCTPUANHMU CUCTEMU, KaTO:

Momnn n komnpecopu: AHanu3 Ha BMOPaLMOHHM CUrHanmM 3a OTKpPMBaHe Ha
aucbanaHc, HenpasunHa paboTa Unu HayanHu NoBpean Ha poTopa.
Enektpuyeckn motopu: CnegeHe Ha KOHCyMauusitTa Ha eHeprust U
€NeKTPOMarHMTHUTE LLIYMOBE 3a paHHa AMAarHOCTUKA Ha HEM3MNPaBHOCTW.
XupgpasnuyHu cuctemu: OTKpMBaHe Ha NPOMEHU B HaNAraHeTO UMK YTEYKU, KOUTO
moraT Aa goBefar Ao 3aryba Ha edeKTMBHOCT Uin aBapum.

Mpegumctea Ha SIUN mogenute B MHOYCTPUANHUS MOHUTOPUHT

Mo-Huckn nauncnutennm pasxogu: ObpaboTBa ce camo kntovoBaTa MHOpMaLIMS,
KOeTO HamarisiBa HaTOoBapBaHETO BbPXY CbPBbPUTE U U3UNUCTIUTENHUTE CUCTEMMU.
MoBuweHa edekTMBHOCT: HamansiBaHe Ha KONMWYECTBOTO HEHYXHW [aHHU
ycKopsiBa aHanu3a 1 Boau Ao no-6bpan pesynTaTu.

MpeuusHo nporHosmpaHe Ha nospeau: MNo-gobpo pas3no3HaBaHe Ha aHOManuu B
peanHo BpeMe, KOETO MO3BOMsiBa Mpefckasyemo oGCryXBaHe U MUHUMU3MPA
3arybure.

OnTumanHo u3non3eBaHe Ha pecypcu: [lo-gobpa  KoopauHauus  mexay
nofapbXkKaTa U NPOV3BOACTBEHUS MPOLIEC, KOETO BOAM [0 MO-HUCKW Pas3xoam 3a
noaapbXKa U No-Manko aBapuiHM CnvpaHust.

BbBexgaHeTo Ha M3KyCTBEH WHTENeKT M usbuparternHo obyyeHvwe B WMHOYCTpUAnHus
MOHUTOPWHI PEBOMIOLIMOHM3MPA HauMHa, No KOUTO ce cboupat u obpaGoTeaT AaHHU OT
ceHsopu. Bmecto ga ce HaTpyneaT HeHyxHu aanuu, SIUN mopenute nossonsisat
ONTUMM3aLWs Ha NpoLieca, KaTo OCUrypsiBaT No-TOYHA AWArHoCTUKa, MO-HUCKU Pa3xoam 1
no-6bp3a peakuusi nNpy noTeHUManHu nospeau. ToBa e Kpadyka Hanpes KbM Mo-
edeKTVBHA W WHTENUreHTHa WHAycTpuanHa nopapbxka, 6asvpaHa Ha mogepHu WU
TexHororuu.
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7.2.2 AHanu3 Ha 4yoBelLKaTa AEeWHOCT B MMHHATa MHAYCTPUA Ype3 MpeHOCUMMU
ycTpouncTBa

CbBpeMeHHNUTEe NPEHOCHMM YCTPONCTBA CbbMpaT AaHHU 3@ ABWXEHUSITA U aKTUBHOCTTa
Ha notpebutens. M3non3BaHeTO Ha WU3KYCTBEH WHTENEKT B aHanu3a Ha Te3n [aHHu
nogobpsiBa TOYHOCTTa Ha pasno3HaBaHe Ha PasnNMyHU U3NYECKU AeWHOCTM, KaTo
XOAeHe, Tu4aHe, cegeHe u apyru. Upes npunaraHeto Ha SIUN mogenute ce noctura
90,67% TOYHOCT NpW aHanuM3 Ha YoBelukaTa akTMBHOCT, u3nonaeaiviku camo 20% oT
cbbpaHuTe cypoBu AaHHW.

MwHHaTa WHOYCTpUS e cpepd Hal-pUCKOBWUTE CEKTOPU MO OTHOLUEHMe Ha 34paBeTo U
6e3onacHocTTa Ha paboTHMUMTE. MUHbOPUTE YecTo paboTHAT B €KCTPEMHW YCMoBMS,
KOWUTO BKJIHO4BAT OrpaHWYeHa BUAMMOCT, BUCOKA KOHLIEHTpaLMs Ha Npax U rasoBe, TEXKU
hu3nyeckn HaTOBapBaHUS M OMACHOCT OT CPyTBaHUs. BbBexAaHeTo Ha npeHoCUMM
yCTpoicTBa, 060pyABaHN C N3KYCTBEH UHTENEKT, AaBa Bb3MOXHOCT 3a aBTOMaTU3npaHo
criejeHe Ha CbCTOSHMETO Ha paboTHuuMTe, nopjobpsiBaHe Ha 6GesonacHocTTa U
npefoTBpaTsiBaHe Ha MHUMAOEHTY.

M3nonssaHeTo Ha SIUN B Te3n ycTpoiicTBa No3BonsiBa ehekTMBEH aHanu3 Ha YoBeLlkaTa
aKTUBHOCT, kaTo ce obpaboTeaT camo 20% oT cbbpaHuTe NbpBUYHY AaHHKM, Be3 3aryba
Ha TOYHOCT MpU pasno3HaBaHETO Ha (PU3NYECKU OBWKEHWUS U MOTEHUMANHO OnacHu
cuTyaumn.

MpunoxeHWe Ha W3KYCTBEHWS WHTENEKT B MPEHOCHMWTE YCTPOMCTBA 3a MUHHATa
VHAYCTpUS

1. Pasno3HaBaHe 1 aHanu3 Ha paboTHaTa akTUBHOCT

MuvHbOPUTE M3BBLPLUBAT PasfUYHU TEXKM (DU3NYECKM OENHOCTM, KaTo pa3yucTBaHe Ha
ckanu, bopaBeHe c Texko obopyaBaHe, paboTa B TECHM NPOCTPaHCTBA U AbNAMK nepuoamn
Ha NpecTon B puckoBa cpefa. YUpes BrpaeHn akcenepomeTpu, )XMpPOCKONn U CEH30pK 3a
HansiraHe MNpPeHOCUMMUTE YCTPOMCTBA MoraT [Aa pasno3HaBaT M knacuduumpaT Tesu
LEeNHOCTH, KaTo:

[IBuxeHve B TyHENWUTE — aHanM3 Ha NoxoAkKaTta 3a OTKpUBAHE Ha NpU3HauUM Ha yMopa Unm
HecTabuHoCT.

Pabota c WHCTPYMEHTU U MalUMHW — pa3no3HaBaHe Ha OBWXEeHUATa, CBbp3aHu C
N3Non3BaHeTo Ha I'Ip06MBHM N pexeLwm NHCTPYMEHTHU.

CTtaTuyHM nosuummn (cefeHe, nexaHe, 6e3neficTBME) — OTKPUBAHE Ha MPOABITKUTENHO
o6e3fBmKBaHe, KOETO Moxe Aa GbAe curHan 3a 3nononyka.

Ypes SIUN mMogenute Tesun gaHHu Morat Aa 6baat uHtenureHTHo obpaboteHun, 3a aa ce

NpefoTBpaTAT MpeHanpexeHusi, HenpaeunHa paboTHa no3a M PUCKOBE, CBbP3aHW C
AexvapaTauusi, TONNMHEH yaap Unv nanaraHe Ha TOKCUYHYW ra3oBe.
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2. OTKpI/IBaHe Ha aBapvu7|H|/| CUTyauum n aHomanmm B ABMWXeHnATa

BesonacHocTTa B MUHWTE M3nckBa Gbp3a peakuus Npu MHUMAEHTW KaTo CPyTBaHus,
nagaHWs W usnaraHe Ha OMacHW HWBA Ha BbBINEPOAEH OKCWA WNWU APYrY TOKCUYHM
BellecTa. [peHocumute ycTponctea ¢ WM morat ga aHanusupaTt ABMXKeHUsTa Ha
MWHBOPWTE U 4@ OTKPMBAT aHOManuu, KaTo:

Paska 3ary6a Ha GanaHc — 3HaK 3a npunagbk, nagaHe nnu ygap ot nagaty, 06eKT.

MpogobmkuTenHa HENOABMXHOCT — BB3MOXHOCT 3a 3ary6a Ha Cb3HaHue unm
3agyliaBaHe.

[JesopveHTaunsi B OBWKEHUSITA — 3HaK 3@ KUCIOpoaeH AeduuMUT WM MPEKOoMepHO
nsnaraHe Ha TOKCUYHW rasose.

Ako yCTpONCTBOTO 3aceye Nofo6HM onacHM cutyaumm, To MOXe aBTOMaTUYHO Aa noaane
CUrHan kbM LieHTbpa 3a 6e30nacHOCT, KaTo NOCOYM MECTOMOSIOKEHNETO Ha paboTHUKa,
3a aa 61:,0,6‘ n3nparteHa cnacutesnHa ekmMnmpoBka nnm MegununHCKa nomoL.

3. ONTMMK3aLus Ha HATOBapPBAHETO M NepPCoHaNM3npaHn NPenopbKMU

MWHBOPUTE YECTO Ca UNOXKEHN Ha (U3NYECKO NPeToBapBaHe, KOETO BOAW 4O MYCKYIHU
TpaBMM, XPOHWYHA YMOpa U 34paBOCMOBHM Npobnemu. MpeHocumuTe ycTpoiicTea ¢ U
moraT ia aHanuaupaT MHTEH3MBHOCTTa Ha paboTa 1 Aa NpefoCcTaBsAT NepCoHaNM3paHm
npenopbKku:

WpeHTndmumpaHe Ha MOMEHTUTE 3a NOYMBKA Bb3 OCHOBA Ha HaTpynaHata yMopa.

MpenynpexaeHue Npu NOBULLEH CbPAEYEH PUTBM WUnW 3aryba Ha xuapartaumsi.

Mpenopbku 3a npoMsiHa Ha paboTHWS peXuMM 3a HamansBaHe Ha (HU3NYECKOTO
HarnpeXeHve 1 pyucka OT HapaHsBaHWs.

4. ONTUMM3aLums Ha KOHCyMaLmsaTa Ha eHeprs B NPEeHOCMMUTE YCTPOMCTBa

PabotaTa B MWHWTE YeCTO Ce M3BBLPLUBA B WM30OMNMPaHW cpeau, KbAeTo AOCTbMbT A0
enieKTpuyecka €eHeprusi e orpaHudeH. WM3KyCTBEHMAT MHTENEeKT OonTMMU3Mpa
KOHCyMauusaTa Ha batepusi B npeHOCMMUTE YCTPOICTBa Ypes AMHAMUYHO CbOupaHe Ha
[JaHHW, KaTo M3Mos3Ba camMo Hal-BaHUTE napameTtpu. Mo To3u HauuH ce yabrkasa
BpemMeTo Ha paboTa Ha YycTpoWcTBaTa, KOETO € OT CbLUECTBEHO 3HauyeHve npu
NpoABLIMKUTENHA CMEHW U aBapUMHU CUTYaLmW.

Mpeaumctea Ha SIUN mogenuTe B aHanv3a Ha 4YoBeLlKa AeNHOCT B MUHHATa MHAYCTpUS

e [lo-pobpo ynpaBneHne Ha 6Ge3onacHOCTTa — 3acuM4aHe Ha PUCKOBU [BUXEHWUS,
WHUMOEHTU 1 06e3aBuKBaHe.
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o ABTOMaTUYHO NpeaynpexaeHne Npy onacHOCT — U3npatiaHe Ha curHan 3a noMoLy,
npu 3aceyeHn aHoOManmu.
e [MepcoHanuaupaHu npenopbku 3a paboTHULMTE — NpeBeHUMs Ha U3nyecko
npeHanpexeHne 1 HamansiBaHe Ha pucka OT 30MonyKu.
o OnTumunavpaHe Ha u3nonaeBaHaTa eHeprus — No-AbMbr XMBOT Ha baTepuaTa Ha
npeHocnMnTe yCTPONCTBA.
» PaHHO oTkpnBaHe Ha 3a0paBOCOBHY NPObnemMn — naeHTMULMPaHe Ha NpU3HaLm
Ha ymopa, TONMWHEH yaap U HeJOCTUM Ha KUCMOPOA.
NHTerpmpaHeTo Ha U3KyCTBEH MHTENEKT U MPEHOCUMM YCTPONCTBa B MUHHATa MHAYCTPUSA
ocurypsisa no-gobpa 6e3onacHocT n edekTUBHOCT Ha paboTHaTa cpeaa. N3nonaeaHeTo
Ha SIUN mMogenu nossonsBa no-npeumseH aHanu3 Ha dusmyeckata aKkTVBHOCT Ha
paboTHUUMTE, KaTo NpeaoTBpaTsBa MHUMAEHTM U nodobpsia ycrnoBusita Ha Tpyd. B
ObaeLle Te3n TeXHOMOrMK e UrpasT olle Mo-rofisima pons B aBTOMaTM3MpaHeTo Ha
MWHHUTE oOnepauuu, KaTo Lie OCUrypsiBaT MO-WHTENUreHTEH MOHWUTOPWHI U PaHHO
npeaynpexaeHve npu NnoTeHumanHn onacHocTy.

7.2.3 MporHo3unpaHe Ha CUrHanNM B MMHHaTa MHAYCTPUA

B MUHHaTa nHAycTpusi aHanu3bT U NporHo3aTta Ha YeCTOTHUTE CUTHanu UrpasT Knio4osa
pons 3a nopgabpxaHeTo Ha Ge3onacHocTTa, edeKTUBHOCTTa Ha obopydBaHeTo U
onTuMMU3auusTa Ha eHepruiHute pecypcu. OT MOHWUTOPUHIa Ha BMGpauuMTe B MUHHO-
AobuBHaTa TeXHWUKa A0 YNpaBneHeTOo Ha eNEKTPUYECKUTE MPEXW B MOA3EMHMU U OTKPUTH
MWHW, TOYHOCTTa Ha aHanu3a Ha cUrHanuTe e KpUTUYHa 3a NpeJoTBpaTsaBaHe Ha aBapun
1N MUHUMU3MpaHe Ha pa3xoauTe 3a NoAAPBLXKKA.

M3nonseaHeTo Ha SIUN no3sonssa npeAckasBaHe Ha YeCTOTHM curHanu B avanasoHa 20
Hz — 20 kHz, kato cblueBpeMeHHO usnonsea camo 20% OT HanuMyHuTe daHHW. ToBa
ocurypsiea no-gobpa npegBuMaMMocT Ha pabotata Ha 06opyaBaHETO, No-ePeKTUBHO
pasnpegerneHue Ha eHeprusita u paHHoO OTKpMBaHE Ha MOoTeHLUManHn HEU3npaBHOCTY.

FIpMnox(eHMe Ha NporHo3npaHe Ha curHanu B MMHHaTa nHaycTpusa
1. MOHVITOpI/IHF Ha BI/I6paLlMI/1Te B MMHHaTa TeXHUKa

[onemmTe MUHHO-AOGMBHM MaLUMHW, KaTO COHAAXHM YCTaHOBKMN, 6ynp,03epl4, 6arepm n
TPaAHCNOPTbLOPU, Ca U3NOXeEHU Ha NOCTOAHHU MeXaHUYHWU HaToBapBaHUA. AHanu3bT Ha
BM6paLlVIVITe B TeXHUTe ABuratenu, peayktopu v narepun e oT pellaBsallo 3Ha4eHue 3a
npeaoTepaTdBaHe Ha Heo4YakBaHM noBpeau.

SIUN mopenuTe morar:

e [a vpeHtTnduumpat HeobuyanHu BMbpaumm, KOMTo moraTt Aa 6bAaT npusHak Ha
MexaHu4Hu Nnpobnemu, Npeau Te Aa AoBeAaT A0 KPUTUYHW NOBPEaM.

e [la onTumusmpaTt nogapwxkaTa Ha obopyaBaHeTo, KaTo NpefckasBaT MOMEHTa, B
KOWTO AaAeH KOMMOHEHT Ce HyXaae OT CMSHa U PEMOHT.

e [la HamanAT BpeMeTo 3a NMpPecToi Ha MalvMHWUTE, Ype3 No-g4obpo nnaHupaHe Ha
PeMOHTUTE 1 06Cny>KBaHeTO.
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2. OTKpMBaHe Ha CTPYKTYPHW U3MEHEHWS B NOA3EMHU ranepum

MWHHWTE TYHENW W ranepun ca fMoAanioXeHN Ha CUMHW BUBPaLMK U HaNpeXeHNUs!, KOUTO
MoraT Aa goBedaT OO CBMMYaHUA M cpyTeaHus. MHTerpupaHeto Ha SIUN mogenu B
CEH30PHUTE CUCTEMU Ha MUHUTE MO3BONSABA:

e AHanu3 Ha YeCTOTHWUTE XapaKTEPUCTUKN Ha MUKPOCEU3MUYHUTE BbIIHU, 3a Aa ce
OTKPUSAT NPU3HALM HA FrEONOXKN HECTaOUITHOCTH.

« PaHHO npeaynpexaeHue 3a cpyTBaHus, KaTo ce MAeHTUMUMPAT Marnku NpoMeHn
B CTPYKTypaTa Ha ckanuTe.

e [logobpeHo ynpaBneHue Ha B3puBHUTE paboTu, 4Ype3 MporHo3vpaHe Ha
pasnpoCTpaHEHNETO Ha yAapHWTE BBIHUM W ONTMMM3aUMA Ha TAXHOTO
Bb3OencTBMe.

3. YHpaBneHme Ha eNneKkTpnu4eckuTe Mpexmn B MUHUTE

[Moo3emMHUTE MUMHM pas3uuTaTr Ha CrOXHWM enekTpopasnpeaenuTenHn CUCTEMU, KOUTO
TpsibBa ga ocurypsiBaT cTabunHo m 6e3onacHo 3axpaHBaHe 3a MOMMW, BEHTUNATopw,
COHAAXHWN MaLLMHN 1 ocBeTUTenHn cuctemun. SIUN mogenunte morart:

« [la nporHosupaT NpoMeHn B HaTOBapBaHETO, 3a Aa ce usberHat NpekbCBaHUs B
eneKkTpocHabasBaHeTo.

« [la oTkpvBaT aHOManuu B YECTOTHUTE CUrHanNM Ha enekTpUYecknTe BepuUri, KOeTo
No3BOrsiBa paHHO OTKPUBaAHe Ha NPobremMmn KaTo KbCW CbeAUHEHUS, HECTABUNHO
HanpexeHve Unu nperpsisaHe Ha eneKkTPUYecKUTe KOMNOHEHTH.

« [la HamansaT pa3xoauTe 3a eHeprusi, KaTto NpeaBwxaaT MOMEHTM C MO-HUCKa UMK
Nno-BMCOKa KOHCyMauusi M aBTOMaTWYHO KOpurMpaT pasnpeaeneHueTo Ha
MOLLHOCTTA.

4. OnTMn3aums Ha KOMYHUKaUMOHHUTE CUCTEMU B MUHUTE

B nogsemMHuTe MUHM edeKkTMBHaTa KOMYHMKaUUsi € OT pellaBallo 3HayeHue 3a
6esonacHocTTa M KoopAuvHauusTa Ha  paboTHuuute.  PaguoBbnHute 1
KOMYHVKALMOHHUTE MPEXW Ca U3MOXEHW Ha YECTOTHW CMYLLEHUS Mopagu MeTanHuTe
KOHCTPYKLMU, AbNGOYMHATA N CNOXHUTE reonoxku ycnosusi. SIUN mogenuTe morart:

o [la npeackasBaT W MWHAMM3MPAT  CMYyLUEeHUsTa, KaTo  aHanusupar
pa3npoCTPaHEHNETO Ha CUrHanmuTe W uaeHTuduumpaT Hawn-gobpuTe 4ecTOTHU
KaHanu.

e [Ja nopobpAT HagexaHocTTa Ha 6e3XuU4HUTE KOMYHMKauuu, Yypes aBTOMaTU4YHO
ajanTupaHe Ha CUrHanuTe cnopes MMHHaTa cpeaa.

e« [la onTMMu3MpaT W3MNON3BaHETO Ha YEeCTOTHUSA CMEeKTbp, KOEeTO MnoBuIaBa
CcTabunHOCTTa Ha KOMYHWUKaLIMOHHUTE MPEeXUW B MMHaTa.
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Mpeavmctea Ha SIUN MopenuTe npu NporHo3vpaHe Ha CUrHanu B MUHHaTa MHAYCTpuUs

e Mo-pobpo ynpaeneHne Ha MUHHOTO 0BopyABaHe — NPOrHo3vpaHe Ha BUGpaLmn n
MeXaHWYHW NoBpeaMu.
o [lpepoTBpaTtsiBaHe Ha CTPYKTYpHM MpobneMu — aHanm3 Ha MUKPOCEU3MUYHMU
CUrHanm v reonoXku NPOMeHN.
e OnTumMu3aumss Ha enekTpuyeckute Mpexu — no-gobpo ynpaBneHne Ha
HaToOBapBaHETO U NPEBEHLMS Ha aBapun.
¢ [MopobpeHa KOMyHUKaUUSI B MUHUTE — CTAOUIHW PagMoBBbIIHUA 1 MUHUMU3MPaHe Ha
YECTOTHUTE CMYLLEHUS.
« HamansBaHe Ha pasxoauTe 3a NOAApPbXKA — WHTENUIEHTHO MNflaHupaHe Ha
obcnyXBaHeTo Ha MalUnHUTE.
MpunoxeHneto Ha uskyctBeHUs nHtenekt n SIUN mogenvute B MMHHATa MHOYCTPUS
ocurypsisa no-HagexaHu n 6esonacHu paboTHU ycroBus, KaTo ONTUMU3UPA MOHUTOPUHTa
Ha 06opyaBaHETO, yNpaBIieHMETO Ha eNekTpUYecKUTe CUCTEMU U MPeaBUXKAaHeTO Ha
reonoxku puckose. bnarogapeHue Ha TsixHaTa CNOCOGHOCT Aa aHanMamMpaT YecToTHUTE
XapaKTepPUCTUKM Ha CUTHanuTe ¢ BUCOKA TOYHOCT, nanonseavku camo 20% OT HannyHuTe
OaHHW, Te3n TEXHOMorMM Mo3BoMsBaT HaMansiBaHe Ha oOnepaTWBHUTE pasxoau,
nogobpsisaHe Ha NPOM3BOAUTENHOCTTA U MOBMLLABaHe Ha 6e30nacHOCTTa B MUHUTE.

C Pa3BUTUETO HA UHTENTUTEHTHUTE CEH30PHU CUCTEMU U HEBPOHHUTE MpPEXUN Ce OYaKBa
owie no-ronsaMo HaenusaHe Ha V-6asvpaHn pelueHus B MUHHWUA CEKTOop, KOeTo Lue
Hanpasu paboTHaTa cpeda Mo-npeackasyema, eHepruiHo edeKkTuBHa 1 yCTonuMBa Ha
pvickoBe.

7.3 CpaBHeHUe ¢ TpaauLMOHHU MeToAM

O6paGoTkaTta Ha [aHHM OT CEH30pU B MWHAOYCTpUANHUTE U MUHHWTE CUCTEMM
TpagnumoHHo pasunta Ha CNNs v gpyru cTaHgapTHW apXUTeKTypu 3a MawMWHHO
obyyeHue. Bbnpeku Ye Teau Mopenu nokassaT AoGpu pesynTatv npu aHanm3 u
Knacudmkaumsl Ha CUrHanu, Te UMaT 3HauYMTESTHW OrpaHWYEeHUs], CBbP3aHU C BUCOKUTE
U3YUCMIUTENHM pasxoau, HeobXoAMMOCTTa OT roNemMy KONUYECTBa AaHHW U TPYAHOCTTa
npv aganTauust KbM creuuduyHn 3agaum.

OcHosHu npedumcmesa Ha SIUN modenume cripsimo CNNs
1. ONTMMU3MPaHa U34UCIIMTENHA edDEKTUBHOCT

CNN mogenuTte M3nckBaT 3HaYUTENEH U3YUCIIUTENEH KanauuTeT, Tbil kKaTo obpaboTBat
uenusi obem oT BXOAHW AaHHW, KOETO € M3KIIYUTENHO pecypcoemko. ToBa rv npasu
HeMoaxoosaWwn 3a BrpageHu W  HUCKOEHEPrMNHW YCTPOWCTBA, KOWUTO paboTaT B
VHAYCTpUanHu cpeaun, KbaAeTo eHeprusita u U34ncnmTenHaTa MoLHOCT ca OrpaHUYeHMU.

SIUN mopenuTe peluaBaT To3M Npobnem ypes n3bupartenHo obyyeHne, KOETO NO3BONSIBA
aHanu3 camo Ha Hal-peneBaHTHUTE 4YacTu OT AaHHuTe, 6e3 3aryba Ha MHdopMauus.
ToBa BOAM OO APacTMYHO HaMansBaHe Ha M34McnuTenHarta CrnoXHOCT U BpemeTo 3a
obpaboTka.
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Mpu MoHuTOpWHr Ha npomuwnenn cuctemn SIUN mopenute nocturat 96% To4YHOCT,
n3nonssankn camo 30% OT HanuyHuTe AaHHu, gokato ctaHgaapTHute CNN mopenum
nanckeat 100% OT BxogHWUTE AaHHM, KOETO yBenM4aBa HaToBapBaHETO Ha npoLlecopa u
nametTa.

2. AJanTMBHOCT KbM cneundunyHn 3agayn

CNN mogenute paboTtat nobpe B npeaBaputenHo AeduHMpaHu cpeau, HO Te He morat
ebeKTMBHO Aa ce aganTmpaT KbM HOBU, AMHAMUYHO NPOMEHSILLM ce ycroBus. Hanpumep,
npu aHanu3 Ha BUOpaLMOHHM CUrHanmu B MWUHHUTE MalLuHM Te MoraT ga obpaboTear
BCMYKM YECTOTHU AManas3oHu egHakso, 6e3 Aa ugeHTuuumMpaT Kou Yacti OT curHana
cbAbpXKaT KpUTUYHA MHpopMaLUs.

SIUN mopenute, oT gpyra cTpaHa:

o dokycupaT ce BbPXY 3HaUMMUTE XapakTEPUCTUKM Ha CUrHana, kKato aBToMaTu4yHO
UrHopmpaT HeHy>xHaTa uHgopmauums.

o ApanTupart cTpaTerusita 3a o6paboTka Ha JaHHWU CNPSIMO KOHKPETHWUTE YCIoBWS,
KaTo aHanuaupaT caMo CbLUECTBEHWUTE YacTW Ha CurHana, HeobxoaMMKM 3a TouHa
AnarHocTuka.

e Pepyuupat rpelkviTe npv nporHo3vpaHe 4pe3 M3non3BaHe Ha WMHOBATUBHU
TEXHWKMN 3a caMmooby4yeHne, KouTo NofobpsiBaT ePeKTUBHOCTTa C HAaTPyrNBaHETO
Ha noBeye JaHHW.

Pesyntat: SIUN mMopgenute morat pa 6baat AWPEKTHO BHEAPEHU B PasnuyHU
WHAYCTPUAnHU MNPUIOXeHWsl, KaTo MWHHO OOopyABaHe, €ereKTPUYecKku CUCTEMU U
reonormyeH MOHUTOPWHT, 6e3 Aa ce Hanara UsiNocTHa NpoMsiHa Ha MHdpacTpykTypaTa.

3. 3anasBaHe Ha BaxHa I/IHCbOpMaLlI/IFl n enMMuHnpaHe Ha n3nuLiHnTe netannm

CNN mopenute o6paboTBaT BCUYKM MUKCENU OT MU300paKEeHUSI UMM BCUYKM TOYKM OT
BpEeMEBUTE CepuM, KOETO YecTo BoaM A0 3aryba Ha KpuTudHa MHdopmaumsl, Tbil KaTo
anroputMuTe MoraT fda pasnpefensit U34MCNUTENHUTE PECYPCU BbPXY HE3HAYUTEMHU
netannu.

SIUN mogenuTe pelaBat T03u npobnem ypes:

o W3BnuuyaHe Ha KIIOYOBU XapaKTEPUCTUKW OT BXOOHUTE AaHHMW, KOETO rapaHTupa,
ye camo Hamn-BakHaTa MHopMauus ce 3anasea.

o EnuMuHMpaHe Ha M3NULLHKS LWYM, KaTo Ce UrHOpUpaT YECTOTHU AManasoHn unm
M3MEpPBaHWsI, KOUTO HE CbAbPXKaT NosnesHa MHopMaLms.

« ABTOMaTU4HO hUNTpUpaHe Ha aHomanuu, 6e3 Aa ce Hanara pbyHa HacTpoika Ha
napameTpu.
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ToBa BoAu 40 NO-CTabUMHU M HAAEXOHW NPOrHO3M, 0COOEHO B CPEAU C BUCOKM HMBA Ha
WYM M AUHAMUYHO MPOMEHSALM Ce CUrHamu, KakBUTO ca MWHHUTE W NPOMULLNEHUTE
obekTu.

MpunoxeHue B MUHHATa MHAYCTPUS
MoHUTOPUHT Ha 06GopyaBaHEToO

e« CNN mogenute usncksaT obpaboTka Ha BCUYKM BUOPALMOHHM CUrHamnu, 4oKaTo
SIUN aHanuaupaT camo KnH4oBUTE YECTOTHU KOMMOHEHTM, KOeTo Hamarnsiea
HaTOBapBaHETO Ha CUCTEMUTE 3a AMArHOCTUKA.

o T[lpumep: SIUN moxe Oa npeackaxe noepeda B pegyKTop Ha MUHHA MalluvHa C
96% TOYHOCT, nsnonaeariku camo 30% OT HaNUYHUTE AaHHW.

AHanu3 Ha reonorn4Hm npouecun

o CNN aHanuaupaTt BCMYKM M3MEPBaHWSA OT CEH30pWUTe Ha NOA3EMHUTE COHAAXM,
KoeTo 3abaBsi MporHosuTe.

e SIUN aBTOMaTM4HO UNTpUpaT Han-peneBaHTHUTE 4YacTM Ha reodUsnyHUTE
[aHHW, KaTo MoBMLLABAT CKOPOCTTa Ha NpeAcKa3BaHe Ha CeM3MUYHa akTUBHOCT.

MporHosunpaHe Ha eHepruiHOTO NoTpebreHne B MUHUTE

e CNN mMogenu Tpetupart BCUYKM U3MEPBaHUS Ha HanpexeHue u ToK eHakBo, 6e3
[a [jaBaT NpuopuTET Ha KIOYOBUTE NMokasaTesnu.

e SIUN wuvpeHTMdMUMpAT camMo KpUTUYHMTE napamMeTpu, KOUTO BIUSIAT Ha
pasnpeaeneHMeTo Ha eHepruaTa, KOeTo No3BossiBa Mo-ePeKTUBHO yrnpaBneHue
Ha enekTpUYecKNTE CUCTEMU B MUHHUTE KOMMIEKCH.

CpaBHeHuneTo mexay TpaamumnoHHnte CNN mogenm n SIUN mogenuTe sicHO nokasea, ye
N3KYCTBEHUSIT MHTENEKT MOXe Aa 6bae 3HauUMTENHO ONTUMMU3UPaH, KoraTo ce usnonasar
MHOBATMBHM TEXHUKW KaTo n3bupartenHo obyvyeHne n agantveHa obpaboTka Ha AaHHW.
SIUN Mogenute npeBb3xoxaaTt cTaHAapTHUTE METOAM MO U3YnCnmTenHa edpeKTUBHOCT,
afanTUBHOCT KbM CneUUUYHM 3a4avu U eNMMUHUPAHE Ha U3NULWHAaTa MHopMaums,
KOETO ' NpaBu naeanHun 3a NPOMULLINIEHN U MUHHW NPUIOXEHUS.

BbeexaaHeTto Ha SIUN 6asvnpaHy cuctemn B MMHHaTa MHOYCTpUS He camo nofobpsiBa
npeums3HOCTTa Ha NPOrHO3NTE U MOHUTOPWHIA, HO U HamarnsiBa onepaTUBHUTE pa3xoau,
noeulaBa 6e3onacHOCTTa U yrecHsiBa ynpaBneHneTo Ha pecypcute. Tosa npasu SIUN
KrMo4oBa TEXHONOrUst 3a 6GbAELOTO pasBUTME Ha aBTOMaTU3UPaHU U UHTENUMEHTHU
MUWHHW CUCTEMMWN.
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7.4 Bbpewm npunoxeHus n passutue Ha SIUN mopenute
1. IHTenureHTHW nHaycTpuanHiu npouecu 1 MUHHO Aeno

BreapsisaHeTo Ha SIUN mogenvTe B NPOMULUIIEHUTE U MUHHWTE NPeAnpusTUS Lie
noBefe A0 no-eeKTMBHO yNpaBrieHne Ha MallMHWUTE, Ype3 aBTOMAaTU3MpaHo OTKpuBaHe
Ha Heu3npaBHOCTW M ONTUMM3aLMS Ha eHepruiHaTa koHcyMaumsi. O4akea ce B Obaelle
Tesn mogenu ga 6baaT KOMOMHMPAHM CbC CUCTEMWM 3a MPOrHO3eH aHanu3 B peariHo
BpeMe, KOeTO Le Hamanu pasxoauTe 3a NoAAPBXKKa U e yABbIMKN eKcnioaTaumoHHUs
XVBOT Ha obopyABaHeTo.

OuyakBaHu nonau:

« HamansBaHe Ha aBapuute ¢ o 40% GnarogapeHue Ha paHHOTO OTKpUBaHe Ha
npobnemu.

e Ontummsaumsa Ha pasxogute 3a nopgpbxkka ¢ Ao 30% 4Ype3 WMHTENUreHTHo
nrnaHVpaHe Ha CepBU3HWUTE UHTEPBANN.

o [MoBuwaBaHe Ha eHepruitHaTa ePeKTUBHOCT Ype3 aBTOMaTU3NPaHO yrnpaBneHne
Ha HaToBapBaHETO B MUHHWUTE CUCTEMMU.

2. ABTOHOMHW TPaAHCMNOPTHU CUCTEMMU N POBOTH

SIUN mopenuTe Wwe HamupaT BCe MO-LUMPOKO NPUMOXEHUEe B aBTOHOMHUTE NPEBO3HU
CpeacTBa W vHAyCTpuanHute poboTu, KOoUTO usmckeaT edekTmBHO obpaboTBaHe Ha
OaHHM B peanHo Bpeme. Ypes mHTerpaumsita Ha SIUN c LIDAR cuctemu, kamepu u
aKyCTU4HW CeH30pW, aBTOHOMHWTE MaluvMHM Le MoraT no-gobpe pa aHanusumpar
oKkonHaTa cpepa, Aa HamansBaT rpelkuTe B HaBurauusita v ga noswwasat
besonacHocTTa.

OvakBaHo passuTue:

o [Mo-npeunsHo pasnosHaBaHe Ha MPenATCTBUS M ONACHOCTU, KOETO Lie nogobpu
AaBTOHOMHOTO AOBWXEHue.

o [Mo-edhekTBHO ynpaBneHne Ha pecypcuTe, Ype3 MUHUMU3NPAHE Ha U3nuLHaTa
06paboTka Ha AaHHW.

3. CatenuTHo HabnogeHne 1 reoMHopMaLMOHHN CUCTEMU

SIUN mogenuTe wwe HamupaT NpUSIOKeHWe U B caTeNMTHOTO HabnwogeHue, kaTto
no3BonsT no-gobpa obpaboTka Ha N30OpaKeHNst U CUrHany OT AUCTaAHLMOHHU CEH30pW.
ToBa We faze Bb3MOXHOCT 3a No-e(peKTUBHO KapTorpadmpaHe Ha reonoxK1 N3aMeHeHusl,
OTKpuBaHe Ha NpupoaHn Ge,D,CTBI/Iﬂ 1 onTMMmn3auma Ha peCcypcuTe B CEeNiCKOTO CTONaHCTBO
N MUHHWS CEKTOP.
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OuakBaHu nofobpeHus:

o [loBuwweHa ToO4YHOCT npuv OTKPMBAHE Ha reos1oXKM aHoOManuu.
o OnTuUMK3auMs Ha N3nons3saHuTe pecypcu 3a o6pa60T|<a Ha caTesminTHU VI306pa>KeHM9|.

PasButure Ha SIUN mogenuTe — cneasatlm CTbikK

e 3a pga craHat SIUN mogenuTe olue no-edekTMBHW, n3cnegoBaTenute paboTaT BbpXy
MHTErpaumsiTa Ha Te3n TEXHONOMK CbC CrEAHUTE MHOBALUN:

e HeBpoMOpPMHM N34UCTIEHNS — MOAENMPAHE Ha anrOPUTMU, BABXHOBEHWN OT YOBELLKUSI
MO3BK, 3a No-6bp3a 1 eHeprniiHo edekTBHa 06paboTka Ha AaHHW.

e VlHOBaTMBHWM METOAM 3a KOMMpecHpaHe Ha AaHHW — kombuHupaHe Ha SIUN c kBaHToBa
KOMMNpecusi n anropuTMu 3a HamansiBaHe Ha gybnupaliata ce MHdopmaums.

e [eueHtpanuampann N cuctemmn — nnterpauust Ha SIUN mogenu B loT ycTpoicTBa,
KOETO LLie NO3BONM aBTOHOMHa 06paboTka Ha AaHHW Ha MsCTO, 6e3 Hyxxaa OT Bpb3ka
CbC CbpPBbLPU.

o OB6y4yeHne ¢ MMHUManNHU AaHHN — pa3paboTBaHe Ha HOBU TEXHUKM 3a camoobydeHune
W afanTUBHU MOAENW, KOUTO MoraT Aa paboTsT AOpY C OrpaHNYEHN BXOAHW OAHHW.

MN3bupatenHoto o00yyeHue, 6GasumpaHo Ha W3KYCTBEH WHTENEKT, npeAcTaBnsBa
MHOBaTMBEH MOAXOA 33 ONTUMM3AUUS Ha obpaboTkaTa Ha [aHHW OT CEH30pu, KaTo
3HAUUTENHO HamarnsiBa W3YMCIUTENHUTE pas3xoan M nodobpsiBa edekTUBHOCTTa Ha
aHanu3a. OCHOBHUSIT U3BOA €, Ye He € HeoOXoAMMO Aa ce cbOupaT BCUYKM Hamn4HM
JaHHW, a caMo Hali-peneBaHTHaTa MHGOpPMaUUs, KOeTOo Boau A0 No-Obp3au, TOYHU U
pecypcHoO eOEKTMBHU CUCTEMM.

OuakBa ce TO3M NOAXo4 Aa Hamepu LUMPOKO MPUIOXKEHWE B pasfUYHM MHOYCTpUW,
BKITOUUTENHO MOHWUTOPUHI HA NPOMULLNEHU NPOLIECH, YNPaBIEHNE Ha MUHHU onepaLuu,
aBTOHOMHM  TPaHCMOPTHM CPeacTBa, MeauUMHCKA AMarHocTuka W - caTenuTHO
HabnoaeHue.

C pa3BuTMETO Ha HEBPOMOPMHUTE WIYUCIIEHUS], UHTESNIMIEHTHOTO KOMMPECUpaHe Ha
naHHn 1 geueHtpanuaupanute UMW cuctemn, SIUN mogenuTe We craHaTt ouwe no-
edeKkTUBHM, ajanTUBHW W EHEPruiHO YCTOWYMBW, MPOMPaBANKM NbT KbM MO-
WMHTENUIEHTHN 1 aBTOMaTU3NpaH TEXHOMOTMYHM peLLEHUS.

7.5 3aknoyeHne

MeTogute 3a u3bupatenHo oOydeHve, 6a3vpaHu Ha W3KYCTBEH WHTENEKT,
npeacTaBnsBaT PeBOMOLMOHEH Moaxod 3a obpaboTka Ha gaHHM OT CEH30pM, KaTo
CblLEBPEMEHHO ONTUMU3MPAT U3YUCIIUTENHUTE Pecypcy U CbKpallaBaT BpeMeTo 3a
aHanus. Ypes NHTenureHTHo HamarnsiBaHe Ha ua3nuwiHata nHgopmaums, SIUN mogenute
Nno3BoMsiBaT MOCTUraHeTO Ha CbliaTa UNM AOpU MO-BUCOKA TOYHOCT, B CpaBHEHME C
TpaauUMOHHUTE METOAM, HO C M3MON3BaHETO Ha 3HAYUTENHO MNO-Manbk 06em OT AaHHU.
ToBa HamansBa pa3xoguTe 3a CbxpaHeHue, obpaboTka 1 npegaBaHe Ha MHOpPMaUMS,
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KOETO € KPUTWMYHO BaXHO 33 CUCTEMM C OTPaHUYEHN PECYPCH, KaTo aBTOHOMHMU poBoTy,
npomuLuneHu loT MpeXm, NPEHOCUMU YCTPOICTBA U BrpaieHU CUCTEMU.

M3nonseaHeto Ha SIUN mopenu B uHAYCTpUANHM W MWHHM Cpeau ocurypsisa mno-
edeKkTMBEH MOHUTOPUHI Ha obopyaBaHeTo, kaTo nogobpsiBa npeackasyemara
nogapbXka M No3BonsiBa npedoTBpaTsBaHe Ha HEW3NpaBHOCTW, BMECTO peaKkTUBHO
OTCTpaHABaHe Ha noBpeau. Te3n TexHomnorum morat aBTOMaTU4HO Aa aHanumsupart
BMOPALMOHHMN, aKyCTUYHU 1 EeNeKTPUYECKU CUrHanu, 3a Aa npeaBuaaT MexaHUuyHu unm
CTPYKTYpHM Npobnemu, KOUTo nHadve brnxa octaHanun He3abenssaHu.

Ta3u rnaBa npeAcTaBs 3aabnboyeH aHanM3 Ha Bb3MOXHOCTUTE, KOUTO U3KYCTBEHUSIT
WHTENeKT NpeaocTaBs 3a edekTMBHa 06paboTka Ha AaHHM OT CEH30pW, KaTo noaYepTasa
3HAYEHUETO Ha M3BMPaTENHOTO OBYYEeHUEe U HErOBUTE NPAKTUYECKU NPUMOXKEHMSI.

KOHTpOﬂHM Bbnpocu

e KakBo npepcrtaensiBa u3bvparenHoto obyyeHne un Kak To onTummnsupa obpaboTkaTa
Ha AaHHW OT ceHsopu?

o KakBu ca npeguMmcTBata Ha HEBPOHHUTE MPEXM B CPaBHEHWE C TpagWLMOHHUTE
MeToau 3a aHanu3 Ha AaHHU?

e Kak ce npunara W3KyCTBEHWUST WHTENEKT B aHanu3a Ha AaHHU OT WHAOYCTpuanHu
CEH30pU U KaKkBY NPeaMMCcTBa ocurypsia?

o KakBa e ponsara Ha SIUN mogenuTe B nporHosvpaHe Ha CuUrHanm u aHanms Ha
YyoBeLlKa AeHOCT Ype3 NPEeHOCUMU yCTporucTBa?

o KakBu ca oCHOBHUTE NpeausBukaTencTea u 6baeLLm nepcnekTMBm Npu N3nos3BaHeTo
Ha M3KyCTBEHUSI HTENEKT 3a 06paboTka Ha AaHHW OT CeH3opu?
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TEMA OCMA

M3KYCTBEH UHTEJIEKT 3A IOBUIIABAHE HA EHEPTUMHATA
E®EKTUBHOCT

Len: 3anosHasaHe Ha cmydeHmume ¢ 8b3MOXHOCMUME Ha U3KYCIMEeHUsl UHMenekm
Oa donpuHece 3a roguwiasaHe Ha eHepaullHama eheKkmueHOCm Ype3 UuHmesnuseHmHa
obpabomka Ha 0aHHU, asmomMamusayusi Ha npoyecu U npeduKmMUBHO yrpasseHue Ha
eHepauliHume cucmemu, Kakmo u 0a Mo2am 0a 11oco4yeam KOHKPEMHU MPUOXeHUs U
rnon3u om eHedpsisaHemo Ha MW 8 pa3nuyHu eHepauliHu KOHmeKkcmu

8.1 YBop

EHepruiHata edpekTMBHOCT € Kmo4oB pakTop 3a YCTOMYMMBOTO pasBuTME Ha
CbBpEeMeHHWTe MKkoHOMUKK. C HapacTBaLLOTO TbPCEHe Ha eHeprusa 1 HeobxognMocTTa oT
orpaHM4yaBaHe Ha BbLIMEpPOAHUTE eMUCUM, BCE MO-BaXHO CTaBa OMNTUMMU3NPAHETO Ha
M3MoN3BaHeTo Ha eHepruHnTe pecypcu. MskycTBeHnaT untenekt (M) ce yTebpxaasa
KaTo CbLECTBEH WHCTPYMEHT B MOCTUraHeTo Ha Tasn Uuen, npeanarankn HOBUW
Bb3MOXHOCTU 3a aHanus, MporHosMpaHe W aBTOMATU3MPAHO YnpaBfieHWe Ha
E€HEepPrunHUTE CUCTEMMU.

CbBPEMEHHUTE EHEPruiiHM CcUCTEMM CTaBaT BCe MO-CNOXHWM B pe3yntat Ha
HapacTBaLuuTe NoTPeBHOCTH OT eNeKTPOEHePrs U CTpeMexa KbM AekapboHusaums. Bee
no-4ecTo Te TpsbBa Ja ocUrypsiBaT MbBKaBO M ABYMNOCOYHO MPOTUMYAHE Ha €HEPruiHU
noToLUM MeXay MHOXECTBO Y4aCTHMUM — NPOM3BOAMTENW, Mpexata W KpaiHuTe
notpebutenn. To3u mpexod OT LEHTPanM3npaHO KbM pasnpeaerneHo NpoU3BOACTBO
BKMIOYBA MHTErpaums Ha HOBW €NEeMEHTU KaTo 3apsifHW CTaHUMK 3a eneKkTpomobunu,
CONMapHW NaHenu no NOKPUBMTE U EHEPTUIIHO @aBTOHOMHM IOMAKUHCTBA.

B pe3ynTaT Ha TOBa, eNeKTPOEHEePruitH1TE NOTOLM CTaBaT CUMHO AMHAMUYHU U TPYOHO
NPOrHO3MpyemMm, KOeTo M3NCKBa MHOTO NO-NPEL3HO ynpasreHue n koopauHaums. OceeH
TOBa, BPb3KUTE MEXIY EHepruitHaTa cucTema v Apyru CeKTopu — TPaHCMopT, Crpaam u
MHOyCTpMS — ce 3agbnbovaBaT, Cb3faBalky Olle MO-TONeMU HyXauM OT OBMeH U
o6paboTka Ha MHpopmaums.

Te3n HoBM peanHoCT WU3NCKBAT MOLUHU WMHCTPYMEHTU 3a aHanM3 U ynpasleHue,
crnocobHu aa ce CnpaBAT C pacTdwarta CIIoXHOCT n o6eMun OT JaHHWU. B TO3M KOHTEKCT
N3KYCTBEHUAT WHTENEKT Ce OKa3Ba WU3KNMK4YUTEeNnHO noaxoadull w HaBpemMeHeH
WHCTPYMEHT. C HerosaTa noMoLl € Bb3MOXHO He camo Ja ce ynpasnasat gaHHUTE B
peanHo BpemMe, HO U Oa Ce npeacka3BaT HaToBapBaHWA, OTKPUBAT OTKIIOHEHUA U ce
onTuMusnpa uanata cuctemMa.

CmapT efieKTpoMmepuTe n Hosute yCTpOVICTBa 3a MOHUTOPUHI Ha MpeXxuTe reHepupar

CTOTUUM NBTU noBeYe OaHHW OT TpadWUUMOHHUTE TeXHOonormu, a onepatopute w“
pasnpenennuTenHnuTe apyXecTsa pa3dynuTaTt BCe nose4e Ha MW, 3a ga nsenekat nonesHa
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MHOpMaLs OT TE3M OrPOMHM MacuBK OT AaHHWU. HecrnyyaiHO U3KyCTBEHUST MHTENeKT
BeYe Ce M3Mona3ea 3a OeceTKM MPUMOXKEHUS B eHepreTukata, KaTo TeHAeHuusTa e
nasapbT Ha MW TexHonormm B cektopa Aa HapacHe [0 Hag 13 Munvapaa warcku gonapa
rnpes crieaBaluTe roguHu.

Mpe3 nocnegHWTe roAVHW EHEPTUAHWUAT CEKTOP MpeanpuMeMa akTUBHW CTbMKM 3a
BHegpsiBaHe Ha W — He camo C uen noBuwaBaHe Ha eHepruHaTa ePEeKTUBHOCT, HO U
KaTo ABWraTen 3a uHoBaumu, uucposa TpaHchopmaLmsi U YCTOMYMBO pa3BUTUE.

8.2 MpunoxeHusi Ha U3KyCTBEHUS UHTENEKT B eHeprumMHaTa e(peKTMBHOCT

MW uma cnocobHocTTa fa ob6paboTtea rofiemMn ob6eMun oT JaHHU B peariHo BpeMe U aa
M3BMMYA CKPUTU 3aBMCMMOCTU MeEXOy napameTpu, KOMTO TpyaHo ce 3abensssaT oT
xopaTta. ToBa ro npasu ocoGeHo NoAxoAsLLY 3a:

e YnpaBneHne Ha crpagHa aBTomaTusauusa (Smart Building Management). C
nomoLyTa Ha anroputMu 3a MaluHHO obyuyeHue, UM moxe pa aHanusupa
noBefeHNeTo Ha obutatenute, KNUMaTUYHUTE YCMOBUS M NOTpebneHneTo Ha
eHeprus, 3a pJa perynMpa WHTENUreHTHO OTOMMEHNETO, BEeHTUNauuATa,
OCBETNIEHMETO W enekTpoypeauTe. ToBa BOAM [0 HamansiBaHe Ha HEHYXHOTO
notpebneHune 6e3 komnpomuc ¢ komgopTa.

o OnTumun3aumsa Ha Npou3BOACTBEHUN Npouecu B MHaycTpuaTa. N ce nanonsea 3a
onTuMu3anpaHe Ha paboTata Ha E€HEeprovHTeH3VBHW MaluVMHW, KaTo npeackassa
Kora e Han-edpekTMBHO Te Aa ObAaT BKMOYEHW, kak Aa ce m3berHaT MUKoBu
HaToBapBaHWA M KaK Aa ce HamanAaT 3arybuTe npu npeobpasyBaHe Ha eHeprus.

o TMopgobpeHo eHepruiiHO nnaHupaHe W ynpaeneHuwe Ha Mpexwu. Cuctemute 3a
yrpaBrneHne Ha enekTpopasnpefenuTenHu mpexu wusnonssat UW, 3a pa
nporHosupar noTpebneHveTo, Aa pasnpeaensT HaToBapBaHeTO U Aa UHTerpupar
Bb30OHOBAEMUN €HEPIUNHN N3TOYHULIM KaTo CITbHYEBA U BATbPHA EHEpPrus.

o [pegvkTBHa noggpwbxka. Ype3 aHanua Ha ceH3opHW AdaHHu, WU oTkpusa
OTKIMOHEHUs OT HopManHaTa paboTa Ha CbOpPbXEeHUsTa, KOeTo Mo3BoNsBa
U3BBbpLUBaHE Ha NoAAPBXKA NPean Bb3HNKBAHETO Ha noBpean. Taka ce HamansBa
HEHY>XHUSIT pa3xoj Ha eHeprusi, CBbp3aH ¢ HeedeKTBHa paboTa unu asapuu.

8.2.1 MNporHo3upaHe u npegnaraHe Ha enekTpoeHeprus

EfQHO OT Hal-CbLLEeCTBEHN 1 pa3npoCTpaHeHn NPUIOXEHUS Ha U3KYCTBEHWUSI MHTENEKT B
EHEpPrunHMA CeKTOp € MNpOrHo3vMpaHeTo Ha npeanaraHeTo W TbPCEHETO Ha
enekTpoeHeprus. 3a eHepruiHuTe CUCTEMW OT HOBO TMOKONieHMe, 0cobeHo npu
HapacTBal, Aan Ha Bb30OHOBSEMUTE W3TOYHWMLM, TOBA MMa peluaBallo 3HayeHue.
Pa3bupaHeTo Kora 1 Konko eHeprus we 6bAe HanuM4yHa, KakTo M kora T4 we 6bae Han-
HY>KHa, MO3BOMSIBA HA MPEXOBUTE ONepaTopy Aa NnaHMpar 1 ynpaensisat no-eeKkTMBHO
eHeprunHmuTe noToum. NpouechT Ha NPUEMaAHETO Ha CEH30PHW AaHHW, cCbCcTaBsiHe Ha LN
6a3upaHn mogenu, N3roTBsiHe Ha MPOrHO3W U ONTUMMU3aLUSA € NpeACcTaBeH HarneaHo Ha
our. 8.1.
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Mpouec: OT paHHWM Ao onTuMu3aums 4ypes U

OnNTUMKU3aLMA Ha
BXOAHM AaHHM H 1 monenn }—E Mpornosu %Pomzecﬂcmo W noTpe6neHme

®wr. 8.1 OnTumusaums ypes A

Mpy Bb30GHOBSAEMUTE TEXHOMNOMM, KaTo CITbHYEBATA W BATbpHATA eHeprus, Tasu 3agaya
e 0co6eHo TpyaHa, Thil KaTo Te 3aBMCAT OT METEOPOSIOTMYHN YCIIoBMS. V3KyCTBEHUAT
WHTEnNekT — 0coB6eHo anroputMuTe 3a MalMHHO ofydyeHue — AaBa Bb3MOXHOCT Aa ce
M3rpaxxgaTt MOoZenu, KOUTO MPOrHo3uMpaTt MpOM3BOACTBOTO Bb3 OCHOBA HA AaHHM OT
BpeMeTo, reorpadpckm XxapakTepucTuky U nctopudecku gobusu. Taka ce ocurypsisa no-
[06pO CLOTBETCTBME MEeXOy AMHAMUYHOTO MpeasiaraHe v MPOMEHSIMBOTO ThPCeHE,
KOeTO MoBWLIaBa WKOHOMMYeckaTa edqEeKTUBHOCT Ha Bb30oGHOBSEMaTa eHeprusi u
yrecHsiBa HeiHOTO MHTErpUpaHe B Mpexara.

Mpumep 3a TakaBa MHOBATUBHA NMpakTuka e BHeapeHaTta npes3 2019 r. cuctema Ha Google
n DeepMind, 6a3vpaHa Ha HeBpoHHa Mpexa. C nomoLyTa Ha MUCTOPUYECKU AaHHU U
NnporHo3n 3a BpeMeTo, cucTemaTa ycnsiBa Ja npeasuan npousBOACTBOTO Ha BATbPHA
eHeprus o 36 yaca npefBapuTeriHO C NOBULLEHA TOYHOCT. ToBa AaBa Bb3MOXHOCT Ha
KOMMNaHnATa Aa npeanara enekrpoeHeprnata c Ha nasapa npeaBaputeriHo — He CaMo B
peanHo BpemMe — 1 Taka Aa NoBWULLIKM HelHaTa nasapHa cToiHocT. Criopes ny6nukyBaHu
AaHHU, CTOMHOCTTa Ha npounseexgaHaTta OT BATbP eHeprud ce e ysenunydumna ¢ OKono 20%,
6narogapeHvie Ha No-TOYHWUTE NMPOrHO3M M CTPaTErMYeckoTo NaHupaHe Ha npoaaxouTe.

HonbnHuTenHo npeanMcTBO € Bb3MOXHOCTTa Aa Ce CbrnacyBaTt BbTPELIHUTE eHepFVII7IHVI
I'IOTpeGJ'IeHVIﬂ C MOMEHTUTE Ha MakcumMmarHo Npon3BoACTBO. Hanpmmep, Google MOXe Aa
npemMmecTtea 4acTtT OT CBOUTE UIHUCIUTENNHU HaTOBapBaHUA TaKa, 4e Oa CbBnagHaTt C
BpemMmeBuUTe HTEepBanun Ha BUCOK 006uB 0T Bb30OHOBsIEMU U3TOYHMLM. TOBa BOAM A0 OLle
no-,u.06pa eHeprvu7|Ha ereKTI/IBHOCT 1 n3dsreaHe Ha Hy>XAaTa OT AoNbJIHUTENHa eHeprmua
OT nasapa.

MopobHy nogxogn morat Aa 6baaT paswMpeHn U B APYrM €HEpPruiiHM KOMMaHuw.
lMpeunsHoTO NporHo3vpaHe He camo nogrnomara 6anaHcupaHeTo Ha MpexaTa, HO CbLLO
Taka [JaBa TNachk Ha pa3BUTMETO Ha eHEPruiiHK cTpaTern, Npy KOMTO M3MECTBAHETO Ha
TOBapuTe U HamansiBaHe Ha NUKOBUTE HAaTOBapBaHUS CTaBaT KMOYOBU KOMMOHEHTU Ha
eHeprunHaTa ycTonymBoCT.

8.2.2 NoBuLweHa HaAeXAHOCT U UHTENUIreHTHa NoaapbXKa Yype3 UN
MN3KyCTBEHMSAT MHTENEKT MMa BaXHa Pons M B MOBULIABAHETO HA HaAeXAHOCTTa U
CUrYPHOCTTA Ha EHEPrUAHNTE CUCTEMU, OCOBEHO Ype3 BbBEXAAHETO Ha T.HAp. NPOrHo3Ha

noaapwsbXKKa. To3u nogxopn nossonsisa Ha eHepFMVIHMTe ApyxectBa Aa OTKpuBaT HaBpeme
noTeHumanHn TexHN4eckn npo6neM|/|, KaTto un3non3eaTt CbBKYMHOCT OT [AaHHU U
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WHTENMUIreHTHN anroputMun, BMeCTO Aa pas3yumtar camMO Ha CbVIKCVIpaHVI rpaCbI/ILI,I/I 3a
MHCNEeKUUn U peMOHTH.

[okaTo TpagmuuoHHaTa NoaapbXKa YeCTO Ce U3BbpLUBA Ha NpeaBapuTenHO NnaHupaHu
NnHTEepBann — He3aBNUCMMO OT pearntHOTO CbCTOAHNE Ha CbOPBXEHUATA — UHTENTUTEHTHUTE
CUCTeMM 3a MOHUTOPWMHI ¢ WA unsnonssaT MCTOpUYECKU W TeKywn OaHHW, 3a [a
aHanmaupaTt noBedeHMeTO Ha aKTuBUTe B peanHo BpeMe WU Oa curHanusupart 3a
OTKITOHEHUA OT HOpMarsiHaTa pa60Ta.

Hanpumep, ypes n3nornssaHe Ha anropuTMu 3a MalUMHHO Oby4YeHUe, onepaTopuTe MoraT
0a npeaBwxaat MOMEHTUTE, B KOUTO € HeobxoAMMO Aa Ce W3BbPLUM MoaMsiHa Wnu
PEMOHT Ha ONpeAeneHn KOMMOHEHTU, KaTo eNneKkTpuYeckn kabenu nnm TpaHccopmaTopu.
ToBa He camo HamarsiBa pucka oT aBapuu, HO U ONTUMM3Mpa pas3xoauTe, kaTo u3bsrea
HeHyXXHU pevictBua. Pegnua komnaHum Bede wusnonssaTt nogobHu WA-6asupanu
peleHus. Cpea npumepute ca:

e WHcTanupaHe Ha ceH30pW NO MPEHOCHUTE NNHWKM, KOUTO permcTpupaTt Bubpauum
unun gpyrn aHomanuu. NonyyeHnTte gaHHu ce aHanuaupat ot UW, konto oTkpusa
eBeHTyarHu noBpeav oLle npeau Te Aa ce NposiBAT kaTo npobnem.

e ABTOMaTM4eH aHanu3 Ha n3obpaxeHnst OT APOHOBE, M3NOMN3BaH OT TEXHOMOMMYHM
KOMNaHuu 3a naeHTnduumpaHe Ha usmnyeckn gedektn no MHpacTpykTypara.

e WHTenureHTHa o6paboTka Ha AaHHM OT CMapT eNneKTpoMepu, KOSiTo No3BornsBa Aa
ce OTKpUBaT aHoOManuu B NOTpebneHneTo unu nospean B obopyABaHETO Ha
KnneHTuTE.

Mpoy4BaHUs nokassaT, Ye M3MNON3BaHETO Ha NMPOrHo3Ha NOAAPBbXKA MOXe Aa Hamanu
npeKkbCcBaHUsiTa Ha enekTposaxpaHsaHeTo ¢ Ao 30%, a B HAKOM crydan — 1 noeeye. Taka
NN He camo nosuluaBa eHepruiiHaTa eekTUBHOCT, HO CbLUO Taka AornpuHacs 3a no-
HagexaHa, yCcToMuMBa M CUrypHa enekTpoeHepruiiHa wuHdpactpyktypa. CpaBHeHue
Mexay TpaaMuMoHHaTa Noaapbkka Cpelly nporHo3Ha noaapbxka ¢ MW e npeacraBeHa
Ha Tabnuua 8.1.

Tabnuua 8.1 TpaguuuoHHa noaapbxKa cpeLly NporHo3Ha nogapbxkka ¢ MU

XapakrepucTuka

TpaavumoHHa noaApbKKa

MporHo3Ha noaapbxka ¢ U

YecToTa Ha nogapbkkaTa

Ha onpegenedn uvHTepsanu
(nepvoamnyHa)

Mpn peanHa HeobxoammocT
(aMHammyHa)

KpuTepwii 3a n3sbpLuBaHe

Mo npepBapuTENHO W3rOTBEH
rpadumk

Ha 6asa pgaHHu wn aHanu3 B
peanHo Bpeme

HEHY>XHO

Peakuus npu nospena PeakTBHa — cnep HacTbnBaHe npeBaHTVIBHa - npeagn
Ha nospena nospeaarta ja Hactbnu
Pasxoau 3a nogapwbxka Mo-B1COKM — YecTo ce n3sbpliBa | Mo-HUCKM — nopdpbXka camo

npu Hy>xga

Puckose oT
noBpeau

Heo4akBaHU

Bucokun — Bb3MOXHa npornycHaTa
nospeaa

Huckn — paHHO OTKpuBaHe Ha
npo6nemun

M3nonssaHe Ha AaHHn

OrpaHquHo nnn nunceawlo

W3uepnatenHo wu3nonssaHe Ha
CEH30PHU N UCTOPUYECKN OaHHU
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8.3 NMon3aun n npeausBukKaTencTea Nnpu npunaraHeto Ha U
MW Beuve Hammpa npunoxeHune B pasnuyHu chepu:

e TobproBcku crpagu M3nons3saT WMHTENureHTHU cuctemm 3a HVAC (otonnexue,
BEHTUNAUUs u KnuMmaTu3auus), KoMTO OMTMMU3MpaT noTpebneHneTo cropen
pearnHo 13non3BaHNTe NOMeLLEeHUs.

e EHepruiiHn komnanum BbBexaat UM 3a npepckasBaHe Ha noTtpebneHveTo u
ynpaBrneHWe Ha enekTpoMpexaTa, KOeTO HamansBa Hyxgata OT pe3epBHU
MOLLIHOCTW.

« [lponssoactBeHn npeanpusATus BHeapsasaT UM 3a onTummsaumsa Ha eHepruiHaTta
ePeKTUBHOCT Ha CBOUTE NPOLLECH Ypes afanTUBHO ynpasrieHue.

MoraT aa 6baaT 0606LIeHN criedHWUTe Nonau oT npunarade Ha VIV npu ynpasnexHue Ha
eHeprunHaTa epeKTUBHOCT:

« HamansBaHe Ha pa3xoauTe 3a eHeprusi

o [lo-HUCKM BBFNEPOOHN eM1cChUm

o [lo-pobpo ynpaeneHve Ha pecypcu

o [loBWlEHa HAAEXKOHOCT Ha CUCTEMUTE

o [logkpena 3a ycTONM4YMB NPEXOA KbM 3erieHa MKOHOMUKa

MpeausBukatencTsa u 6bAeLMN HACOKK

B'bl'lpeKVI 3Ha4YUTENHUTE NpeanmMcTBa, KOMTO U3KYCTBEHUAT UHTENEKT MOXe Oa AoHece B
eHepFMVIHMﬂ CEeKTOp, Herosoto BHepsABaHe TpﬂﬁBa na 6bae CcbNbTCTBAHO OT sicHa
CTpaTterma 3a ynpaeBneHne Ha noTeHuynanHuTe puckose. bes WM wmHoro ot
BBb3MOXXHOCTUTE, KOUTO NpenoCTaBAT HOBWUTE AUTUTalHU TEeXHOJormn u obemuTe ot
OaHHKW, LWe ocTaHaT Heusnona3saHu. Ho CbLleBpeMeHHO, HenoarotBeHoTo wunu
npm6bpsaHo n3nonasaHe Ha W moxe aa goseae Ao Cepno3Hn npegnsBmnKaTerncrea.

Cpe,u, OCHOBHUTE pUCKoBe ca:

e 3annaxu 3a KMGEpPCUrypHOCTTa M 3almTa Ha NUYHUTE [aHHW, 0cobeHo npu
n3nonssaHe Ha OTBOPEHMW NraTtdopmu U 06navHN ycnyru.

e [peluku B anroputMuTe, NPUYNHEHN OT HEMbBITHWU, HETOYHU UMW U3KPUBEHW AaHHM,
KOMTO MoraT Aa foBefat 4O HenpaBuiHWM U3BOAU U OENCTBUS.

e HepoctatbyHO 0OyyeHue wnu nunca Ha kKBanuUUUpaHu Kagpu, Kouto Aa
HacTpomBaT M NOAABLPXKAT CIOXHUTE MHTENUIEHTHN CUCTEMMN.

Bce no-ocTbp CTaBa M BbMPOCHT C HEAOCTWra Ha creuuanucTu B obnactra Ha
U3KYCTBEHWSI UHTENEKT U MalUMHHOTO oByyeHue. KomnaHunTe B eHEPruinHUS CekTop Luie
TpsiGBa aKTMBHO Aa MHBECTWMpaT B MpWBIMYaHe, obyyeHWe U npekBanudukaums Ha
nepcoHana, 3a ia ce CnpaBsT C KOHKYPEHTHUsSI Nasap Ha TanaHTu.
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He Ha nocnegHo mscTo, TpsGBa Aa ce uma npeasud, Ye CaMUSIT U3KYCTBEH MHTENEKT
M3WCKBA 3HAYUTENHW eHepruitHn pecypcu. OByyeHneTo Ha eguH MawabeH VW mogen
MOXE€ fAa KOHCyMMpa OrpOMHO KONIMYECTBO ENEKTPOEHeprus — [Oopu MoBedye OT
roAMWIHOTO NOTpeGneHMe Ha CTOTMUM AOMakuHCTBA. ToBa MocTaBs BbMpoca 3a
eKorornyHus otnevaTbk Ha MW, ocoGeHO B KOHTEKCTa Ha ycunusita 3a MecTeHe Ha
€Heprvs 1 yCToM4MBO passuTme.

B MoMeHTa HsIMa AOCTaTbYyHO CUCTEMATUYHM [OaHHW 3a eHepronoTpebreHneTo Ha
pasnuuHnTe MW NpumnoxeHnsi, KOETO NpaBu OLLIE MO-BaXHO M3MNON3BAHETO HAa EHEPruinHO
eheKTVBHM anropuTMu 1 nHdpacTpykTypa. Camo Taka Lie ce rapaHTupa, Ye nonsurte ot
NN Hama na 6baat KoMneHCUpaHu OT CKPUTU eKONMOMUYHN Pasxoiu.

Bbnpeku ronemusi noteHuuan, MM nanckBa Hanuume Ha KavyeCTBEHU AaHHW, cUrypHa
KOMYHUKaLMOHHa MHPaCTPYKTypa 1 eKkcnepTusa 3a BHeapsiBaHe v noaapbxka. OcseH
TOBa TpsibBa Aa ce OCUrypu KMbepcurypHoCT Ha UHTENUreHTHUTE cncTemun. Ovakea ce B
6baele N pa 6bae MHTerpanHa YacT OT eHEpruiHUTE CTpaTern Ha NPeanpusTUS 1
AbpXaBu, kKaTo nogrnomMara 1 npexofa KbM AeLieHTpanu3vpaHn U yCTOMYMBY EHEPTUMHN
cucTemu.

KoHTponHu Bbnpocu:

e KakBu ca OCHOBHWTE MpeauMCTBa Ha M3NOM3BaHETO Ha W3KYCTBEH WHTENeKT 3a
ynpaBsreHve Ha eHepruiHaTa epekTMBHOCT?

e Kaksu npumepw 3a npunoxeHve Ha W B crpagn, MHAYCTPUSI U EHEPTUAHA MPEXM
ca onuncaHu B TemaTa?

e Kak W3KyCTBEHMSAT WHTENMEeKT W3Nomn3Ba CEeH30PHW [JaHHW, 3a Aa nopobpu
yNpaBneHNeTo Ha eHepruiHUTe cucTemm?

e KakBo npencTtaBnsiBa NporHo3Ha NoaapbXKa WM Kak AOMpuHacs 3a eHeprumHarta
edeKkTnBHOCT?

e Kowu ca ocHOBHUTE Npean3BKKaTencTea npea BHeapsABaHeTo Ha MW B eHepruiiHaTa
cepa?
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TEMA JEBETA
HEBPOHHM MPE’KHU B EJIEKTPOXUMUATA

Uen: [a ce 3ano3Hasam cmydeHmume ¢ nipunazaHemo Ha ObfibOKU HEBPOHHU MpPexu
(DNN) 3a asmomamuyHa uHmeprnpemauyusi Ha CreKmpPOCKONUS Ha efeKmpoXuMuYyeH
umnedaHc (EIS), ekmroyumernHo Knacucbukauyusi Ha eKeueasleHmHU Ccxemu U
npoeHo3upaHe Ha napamempu. Temama pa3senexda cbuwo obyyeHuemo Ha moderna,
Heezosama ycmoU4yueocm Ha WyM, MNPUoOXUMOCMMma 6 peaniHu ekcriepumeHmu u
cpasHeHUemo ¢ mpaduyuoHHU Memoodu.

TexHOMorn4yHUTEe MNOCTMXKEHUS B CbXPaHEHMEeTO Ha eHeprus, oTokaTanusaTta u
CeH30puTe ca reHepupany orpoMHO KOMMYECTBO MMNeANMETPUYHM AaHHW. PesyntaTtute
OT CNEKTPOCKOMUSTAa Ha enekTpoxnuMmnyeH nvmneaaxc (EIS) nrpasar cbliectseHa pons npu
aHanu3a Ha NpoBOAMMWTE CBOWCTBA Ha MaTepuanute. Bbnpekn ToBa, B MHOTO cUTyaLmmn
AaHHMTE ce TbIKyBaT HENpaBuIHO NOPaAN CMOXHOCTTA Ha enekTpoXnMMYHaTa cuctema
NN KOMMPOMUCUTE MEeXIY eKCNepUMeHTanHWs pesyntaTt u TeOpeTUYHNA MOAEN, KOeTo
BOOAM OO MPUCTPacTHOCT B Mpoleca Ha UWHTepripeTauusi, ocobeHo npwu
nmnegumeTpuyHmuTe pesyntatn. OOWMKHOBEHO eKCMepuMMEHTaTopbT UHTepnpeTupa
MMNeANMETPUYHN pe3ynTaTi Ypes TbpceHe, 6asnpaHo Ha TeopeTnyeH Moaen, AoKaTo ce
nocTurHe Ham-gobpe cbBnagall, Moaen — npouec, KONTO € BpeMeeMbK 1 NoAaTNuB Ha
rpewkn. 3a p[a ce Hamanu  norpellHaTa  MHTepnpeTauuss OT CTpaHa Ha
eKcnepumeHTaTopa, TyK € [AeMOHCTpupaHa cTpaTerMsi 3a MaluMHHO obyyeHve 3a
KnacuduumpaHe Ha EIS cxemu n nporHoavpaHe Ha napameTpu 4pe3 Abnboka HEeBPOHHa
mpexa (DNN). Mogenbt Ha DNN nokasBa BMCOKOTOYEH knacudukatop 3a 4ecTo
n3nonseaHu EIS cxemu, cbe cpegHa nnowy nop kpueaTa Ha ROC (receiver operating
characteristic) Hag 0,95. OcBeH ToBa MoOAenbT OEMOHCTpPUpPa BUCOKA TOYHOCT B
nporHosnpaxe Ha EIS napameTpu 3a CNoxHW CMCTEMM, C MakcuManeH KoeduLMeHT Ha
netepmuHaums (R?) ot 0.999. Tosa nokassa, Ye cTpaTerusita ¢ MalMHHO 0By4eHne Moxe
@ OTBOPM HOBW Bb3MOXHOCTM 3a M3y4aBaHe Ha eNeKTPOXUMUNYHN CUCTEMMN.

9.1 YBop

CnekTpocKkonMsaTa Ha eneKkTPOXUMUYEH MMMNeAaHC € MOLLHA TeXHWKa 3a n3yvaBaHe Ha
eneKkTPOAHN MaTepuanu 1 4ecTo ce M3Mon3Ba 3a pa3bupaHe Ha CIOXHWU SIBMEHWs Ha
noBbpxHOCTTa Ha enektpogute. EIS aHanusbT e Heobxoaum npu HOBATOPCKU
n3cneaBaHus B pasnuyHu enekTPOXMMUYHU cucTemMm KkaTo peaykumus Ha CO,, 6aTtepum n
ceH3opu. MHTepnpeTauusiTa Ha MMnNedaHca W HeroBWTe OTTOBOPM Ha 4YecToTute B
TexHukaTa EIS nossonsiBa pasbupaHe Ha xummnyeckaTta u pusmnyeckata nHcbopmMaums 3a
B3aMMOAENCTBMETO MEXAY eNneKkTpod 1 enektponuT. MNpouecsT Ha HTepnpeTauus Moxe
fAa ce U3BBLPLUM Ype3 NOAXOA Ha TbpceHe, 6a3vpaH Ha TEOPETUYHN OCHOBM, BKIIOYBALL,
crnegHVTe CTBIKKU: 3ano4Ba ce € pasmexgaHe Ha dopmata Ha EIS cnektbpa unm
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mogenu, crieasa usbop Ha Han-gobpe cbBhagawuTe MOAeNM CbC CbOTBETCTBALLA
eKBMBarneHTHa cxema W criel TOBa HamacBaHe Ha EKCNepUMEHTarnHWTe AaHHU C
TeopeTUYHUs Moaes Ype3 KOMBMHaLMM OT NapameTpu, KOUTO CbBNaAaT C eKcrepuMeHTa.
To3v TpagMuUMOHeH NpoLec ce NoBTaps, AOKATO He ce MOCTUrHe NPUEMITMBO Cbrnacue
Mexay TEOPETUYHWUSI MOAEN W eKCriepUMeHTanHUTe 4aHHW Mo OTHOLWEHWE Ha HUBOTO Ha
YBEPEHOCT, Ka4yeCTBOTO Ha CbBMafdeHWe M TEeOpPeTMYHOTO ycrioBue. B crnyyanm, ye
TEOpeTUYHUTE YCMOBWS U HanacHaTUAT MOAeN He JOCTUraT A0 MPUEMIMBO Cbriacue,
Moxe Oa ce u3bepe OMNPOCTEHO TEOPETUYHO YCMOBME KaTo antepHaTUBeH Mogen.
Bbrpek TOBa, MOCOYEHMST MOAXOA MMa HSIKONKO CbLUECTBEHM HEeaocTaTbka, KaTo
Hanpumep, 4Ye OTHeMa Bpeme, IMNCBa CTaTUCTMYecka OCHOBa 3a oOueHka Ha
CbBMageHNeTo, BOOM [0 3HAYMTESNIHO OObpKBaHe Mpu MpaBeHe Ha 3akmioyveHus K
pe3ynTaTbT OT UHTepNpeTauusTa 3aBUCK OT MHTepnpeTaTopa. 3a Aa ce HTepnpeTupaT
npaeunHo EIS gaHHuTe, nHTepnpeTaTopbT TpsiGBa Aa UMa 3a4bnGoyeHo pasbupaHe 3a
TexHororusiTa u TeopeTMyHaTa OCHOBa.

B nctopusaTa Ha enekTpoxuMmsaTa e uMano MHOXECTBO 3HaYUTENHM NPOoBanu, NPUYNHEHN
OT HenpaBuIiHa MWHTepnpeTauMs Ha [OaHHW OT OMUTHU uscredoBaTenu. Hanpuwmep,
BbMNpPEKN Ye peanHuaT eKCnepuMeHT BKIYBa CMOXHa cuctema, cxemarta Ha Randles
YeCcTO € UuMTUpaHa KaTo eKBuBarieHTHa cxema B nuTepatypata. C ormea Ha
He[oCTaTbUMTE Ha KOHBEHLMOHanHaTa MHTepnpetaunsi, aHanuabT Ha EIS gaHHu Ges
y4yacTmeTo Ha YoBek, 6a3vpaH Ha TeopeTuyHa 1 cTaTuCTMYecka ocHoBa, TpsibBa Aa 6bae
BaXKHa Lien B CbBPeMeHHaTa enekTpoxumust. B Hakom cnyyamn, obopyasaHe OT BUCOK Krac
C MHOTO BMCOKa M34MCnMTenHa MOLLHOCT MOXe Aa U3BbpLUBa OrpoMeH Gpoii cumynaumm
C MHOro cBoboAHM NapaMeTpu 3a UHTepnpeTMpaHe Ha ekcrepuMeHTanHn AaHHu. Bcee
nak, ToBa M3MCKBA WHTEH3VBHU U3YUCIIEHNS N € CKbMo. Te3n HegocTaTbLM MOTUBMpAT
pa3paboTBaHETO Ha HOB NOAXOA 3a CTeCHsIBaHe Ha obxBaTa Ha TbpCeHe Ha Modenu un
napameTpu. NgeanHuaT nogxon Tpsabsa Aa moxe Aa aHanuavpa cypoBuTe AaHHu 6es
yoBellka MOMOLY, Aa MOCTUra BWCOKO HMBO Ha YBEPEHOCT B WHTeprnpeTauusTa u
pe3ynTtaTtuTe Aa ce u3BexaaT aBTOMaTU4YHO.

MNpe3 nocnegHWTe rOAWHW TexHomoruuTe ce passuBaT 6bp30. [bMOOKMTE HEBPOHHU
mpexu (DNN) n pasnuuHun apxutekTypu 3a MaluHHO obydeHue (ML) ce wsnonasar
YCMELWHO B MHOrMO Hay4yHu obnactu kaTo dumsnka, acTPOHOMUSA, Xvumus, Buomorus u
enekTpoxumus. Hanpumep, lapeT u konern AeMOHCTpupaT wuaeHTuduuMpaHe Ha
MEXaHU3MU Ha peakuusi B eNeKTpoxuMmnyHa cuctema ¢ nomoluta Ha DNN, 6asnpaHa Ha
n300paxeHNs OT LMKIMYHW BOMNTamorpaMu, W nokasBaT BUCOKa €dEeKTUBHOCT npwu
KnacudukaunmoHHn 3agadn. ToBa m3cnegBaHe nokassa, ye DNN e MHoro nonesHa He
camo B obunyaiiHaTa pa3no3HaBaeMOCT Ha M300paXKeHMs!, HO CbLLO Taka e crnocobHa aa
pa3nosHae cnekTbp B HayyHaTa obnacT C BUCOKa CTeneH Ha yBepeHOCT. Bbnpeku ve
nogxoauTe C MalMHHO oDyyeHWe ce Bb3NpvemaT, BCe OLle MMa OTHOCWUTENHO Marko
AOKMagn 3a MalUMHHO ODy4yeHve B enekTPOXMMMUYHU CUCTEMW B CpaBHEHWe C Apyru
nscnegosaTenckn obnactu. Tyk npeacTaBaMe aBToMaTuyHa knacuduvkaums Ha
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ekBmBaneHTHM EIS cxemn upe3d wmawmHHO o06ydeHne ¢ DNN, koaTo oueHsiBa
[OCTOBEPHOCTTa Ha BCEKM MOAEN Ha cxema. V3yyaBalku CbLUECTBEHUTE acnekTu Ha
cneKkTpanHuTe [AaHHM W uaeHTuduuMpamku ekBmBaneHTHata cxema Ha 6asa
CYMyrnauMoHHW [aHHW, cTpaTerusaTta, M3nonsBaHa TyK, MMWTUpa TOBa, KOETO MpaBwu
OMWUTEH €EnEeKTPOXMMUK. TyK CMeKTbpbT HEe € noaxodsw, 3a npeacTaBsHe KaTo
n3obpaxeHune, Tbi KAaTO KaKTO MOAENbT, Taka U CTOMHOCTUTE OTpas3siBaT CXEMHUS MoAen
n EIS napametpute, KoeTo npaBuM HOpManuaupaHeTo U npeobpa3dyBaHeTO My B
n3obpaxeHune TpyaHo. DNN nogxoawsT, 6asmpaH Ha BpemMeBu cepum 1 YecToTHa obnacr,
e pobpe npurogeH 3a Tasu 3agada. [locera ca goknagBaHu Manko AeNHOCTU, CBbp3aHu
C MaWwuHHO oby4yeHne, B ENEeKTPOXMMUYHM u3cnenBaHusi. OGCTOeH nperneg Ha
nutepatypaTa paskpuMBa 3HauMTeNnHa funca Ha akTMBHOCT B obrnactra Ha
MMNeaMMeTPUYHUTE M3CneaBaHusl, KOeTO MOXe [a Ce Ob/MKM Ha CroXHOCTTa Ha
ekcnepumeHTanHute gaHHu. W3cnegsaHe ot 2019 r. goknagsa pasnuyHM MOAEenn Ha
MallMHHO OOy4yeHue, BKIOYMTENHO OMOPHU BEKTOPHM MalUVMHW, HEBPOHHa Mpexa,
AdaBoost u raycoeB npouec 3a knacudwukauusi Ha EIS-cnektbp Ha 6GaTepum 3a
TbproeuaTa. Bbonpekn ToBa, TOYHOCTTa € CPaBHUTENMHO HUCKA, OCOBEHO 3a HEBPOHHATa
Mpexa — 15 e nog 0.40, KoeTo e TpyAHO U3Non3BaeMo 3a NPakTUYecko npunoxexue. Mpes
2022 r. HAKOW M3crneaBaHWs nokasaxa nogobpeHue B nporHo3vpaHeTo Ha EIS cxemu,
n3nonssankn AdaBoost, cnyyaiiHa ropa n MLP. UHTepecHo e, 4ye MLP nokassa Bucoka
ToyHocT ot 0.75 go 0.95, pokato AdaBoost 1 cnyyariHaTa ropa gasaT TOYHOCTU CaMo OT
0.45 n 0.58 cvoTtBeTHO. NMocnegHUTe JOKMNaaun nokassaT, Ye HEBPOHHUTE MPEXu umaTt
ronsiM NoTeHuman 3a NpuroxeHue B MHTepnpeTaumsaTa Ha EIS.

LLle neMoHCTpMpame kakBO MOXe Aa ce MoCcTUrHe vpes mnanonasaHe Ha DNN 1 MawwmHHO
oby4yeHne Npu MHTeprnpeTaums Ha UMNeaMMETPUYHN AaHHW. ViscnieaBar ce neT mogena
Ha 4eCTO M3MOon3BaHW ekBMBaneHTHM cxemu 3a EIS, 3a ga ce gemoHcTpupa kak DNN
MOXe fa oueHun knacudukaumaTa u nporHosnpaHeTo Ha EIS napameTpu B pamkuTte Ha
AajeH Moden n fa npefocTasu pe3ynTaTv OT MHTepnpeTaumsaTa asTomaTuyHo. Llenta e
na ce gemoHctpupa DNN mogen ¢ HanbfnHO noBTapsieMa W fiecHa MHTepnpeTaums Ha
MbPBUYHN EKCIEPUMEHTANHN AaHHW C NOAPEeAeH CMNCHK Ha Bb3MOXHN CXEeMHU Mogenu
1 nporHoavpann EIS napametpu. OcBeH ToBa € wu3cnegBaHO W BRWAHMETO Ha
CboTHoLWeHneTo curHan-wym (SNR), 3a ga ce umutupaT peanHn ekcrnepuMeHTanHu
AaHHW.

9.2. Pe3yntaTtu n guckycus

9.2.1 EIS Habop oT AaHHuU

EIS cnekTbpbT € cumynupaH 3a neT YecTo U3Mon3BaHun Moaena Ha eKBUBaNEHTHU CXeMU
3a EIS, kakto e nokasaHo Ha ®ur. 9.1 (o6o3HaveHn kato C1—Cs), 3a Aa ce obxsaHaT
pasnnMyHM enekTPoOXUMMNYHM Npunoxenusi. Cxemata C1 € Han-npoctaTa cxema, HapeveHa

onpocteHa Randles cxema (dur. 9.1a). Pesuctopute ca BaXeH €enemMeHT B
eneKkTpoXMMnYyHaTa cucTema, KoeTo OnmncBa CrnocobHOCTTa 3a ABMKEHNe Ha MOBUnHUTe
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3apsgy B cpefarta. MiMneaaHcsT Ha eavH pesncTop (Zr) ce onvcea c ypaBHeHue (9.1)
KaTo CbMNPOTUBIIEHNE Ha Pe3nUcTop ¢ MepHa eauHuua Om [Q].
Zr=R 9.1)
Rs onncea cbnpoTUBNEHNETO, CBbP3aHO C ENEKTPONUTA U ENEKTPUYECKUST KOHTaKT. R1e
CbNPOTUBMNEHNETO Ha TpaHcdep Ha 3apsan. CPE e koHCTaHeH ha3oB efNleMeHT 1 onncea
NoBEeAEHUETO Ha ABYCMOEH KOHOEH3aTOp Ha rpaHuuata TBbpAO TANO - €NeKTPOnuT.
MmnepaHcT Ha CPE ce gedvHmnpa ype3 OTHOLLEHWETO MeXAy HempearneH kanauuTeT
(Q) n cbakTop Ha ngeanHocT (a) BbB OYHKUMATA brIOBa YecToTa (W), KaKTo € NnokasaHo
B ypaBHeHue (9.2).
1
T oxjo)® 0-2)
Zw € uMmnegaHcbT Ha GeskpaeH Aaudy3noHeH enemeHT Ha Warburg n ce onucea ¢
ypaBHeHue (9.3), KbOeTo O NpeAcTaBs CbMPOTMBIIEHMETO, CBbP3aHO C KOHLEHTpauusaTa
Ha TOKOHOCUTENW W TexHuTe AMY3MOHHU koeduumeHTu. BennumHata (jw)Y/? paea
XapakTepucTuka npasa nuHus ¢ dasa 45° kbM umnegaHca Ha Warburg.

Za

_ oV2
Zw=22 9.3)
(a) c1 (6) c2 (8) c3
]
Rs Rs Rs
— ] — I
CPEq CPEq CPE; CPE/

®ur. 9.1 NMeT pasnnyHM Moaena Ha ekBuBaneHTHU cxemu ot C1 go Cs, CbOTBETHO OT a
oo A (Dulyawat Doonyapisut et al., 2023)

Tyk cnektpuTe Ha C1 ca cuMmynupaHu ¢ u3nonaeaHe Ha ypasHeHue (9.4). Cxemata Ci
06MKHOBEHO MoKa3Ba efjHa MONyOKPBXKHOCT B CNEKTbpa, KakTo ce Buxaa Ha dur. 9.2a.

Ziotal = ZRs + (% + %)—1 (9.4)

Cnepn ToBa cnektpute Ha C2 ca cumynupaHu C u3non3sBaHe Ha YpaBHeHue (9.5).
O6ukHoBeHO C2 faBa AiBe NONYOKPBXHOCTH B CNEKTbPA, KaKkTo € HavyepTaHo Ha dur. 9.26
(oparxeBa nuHKA). B gonbnHeHne, cnHsaTa NHKUA Moxe Aa bbae Hanuue B criyvan, ve
Q1= Q2 1 R1 = Rz, kakTo € nokasaHo Ha dur. 9.26.

120



1 1 1 1
Ziotal = Zrs + (Z_Rl + Z_Ql)-1 + (Z_Rz + a)'1 (9.5)

Ha ®wr. 9.18 cnektpute Ha cxema Cs ca reHepupaHnu no ypasHeHue (9.6). NpadmkaTta Ha
Nyquist (eaHa NoONyokpBXKHOCT € NpaBa nuHUs nof bron 45°) 3a Cs e nokasaHa Ha dur.
9.2B (opaHxeBa nuHMSA). B KOHTpacT C ToBa, CNeKTbPBbT C eAHa-eAVHCTBEHA
NMONMYOKPBXHOCT MOXe Aa ce Habnogasa (CUMHS NuHMS), B crnyyai Ye R1 e MHoro no-
ronsiMo ot o.

Ziotal = ZRs + (—— + —) (9.6)

ZritZw  Zg1
CxemaTta C4 e paswwupeHue Ha Cs, KakTo e onucaHo oT YpaBHeHue (9.7). KakTto e
npeactaBeHo Ha ®ur. 9.2r, C4 noka3sa xapakTepeH Moaen OT ABe NOMYOKPBXHOCTU C
enHa 45° npaBa nuHMA. To3n mMogen OGMKHOBEHO ce cpela B MOMyKNeTkuTe Ha
BaTepuiiHn cuctemu.

= ST I R S I
Ziotal = ZRs + (ZR1 + ZQ1) + (ZRz+ZW + ZQz) (9.7)

Cxemarta Cs e moaudukaumsa Ha C1, npu koaTto R1 e 3ameHeHo ¢ 6eskpaiiHa Warburg—
Randles cxema, kakTo € nokasaHo B ypaBHeHue (9.8).
Ziotal = Zrs + (—————— + —)' (9.8)
R1+m+fgz
B pesynrat 1 aeata xapaktepHu moaena Ha Cs n Cs ca npefctaseHu B EIS cnektbpa Ha
Cs, KakTO € nokasaHo Ha dur. 9.24.

(a) c1 (6) c2 (B) c3
40
= __ 400 =
€ : € 100
L i 200 ¢ N /
o v T T : o 3 T 2 o 1 T T T
4000 4050 4100 o 500 1000 o 200 400
z' () z'(a) z'(n)
(n c4 () cs
1500
_5 1000 - € 1000 -
N N s00-
ol ol :
0 2000 4000 2000 4000
z' (n) z' ()

®ur. 9.2 MNprmMepu 3a CNeKTpU Ha MMNEAAaHC OT NeT ekBnBaneHTHK cxemu ot C1 o Cs
CbOTBETHO B a—/1. OpaHxeBaTa U CUHATa NINHUS NPEACTABSAT Bb3MOXHU CNEKTpanHu
Mogenu 3a cboTBeTHUTE cxemu (Dulyawat Doonyapisut et al., 2023)
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Tbih kaTo Ca 1 Cs ca NOBMAUSIHW OT MHOTO NapameTpu, CNEKTbPBT MOXE [ia Cbabpxa efHa
UNu ABeE NONYOKPBXKHOCTU, KaKTO Ce BMKAa OT CUHATA U opaHxeBaTa nuHus (dur. 9.2r,4a).
Tovi kaTto TasuM pabota uma 3a uUen ga gemoHcTpupa cnocobHocTute Ha DNN 3a
Knacudukaumsi Ha ekBuBaneHTHUW cxemu, EIS napametpute ce MpOMEHSIT B LUMPOK
AvanasoH, 3a Aa ce OCUMrypy AOCTaTbYyHO KONMMYECTBO AaHHM 3a obyyeHne, NoKpMBaLLo
BCUYKM YCMOBWS, KOUTO MoOraT da ce cpeluHaT B MpakTU4eckoTo npunoxeHue Ha EIS
eKCcrnepuMeHTU. EnekTpoxvmMuyHuTe M U3MYHM napameTpu u TexHute obxeatn ca
naneHun B Tabnuua 9.1.

Tabnuua 9.1. ENekTpoxvMMmyHn 1 nsnyHM napameTpu 1 guanasoHu

Mapametbp Onana3soH
ToukuM OT AaHHU 100 TOYKM
Yecrota (F) ot 1072 go 10° [Hz]
ConpoTtusnenue (R) o1 107" oo 104 [Q]
dakTop Ha naeanHocT (a) o1 107° g0 1073 [s* Q™"
HewnpgeaneHx kanauutet (Q) oT 10™° go 1073 [s* Q"]
Warburg koedumumeHT (o) ot 1 80 10 [Q-s'?]

9.2.2 KoHcTpyKums Ha Abn6oka HeBpoHHa mpexa (DNN) 3a knacudmkaums Ha EIS
mMopen

3a pa ce nsBnevye cmucrneHa nHdopmauus or cumynupanute EIS gaHHu, cnektpute Ha
EIS ca pasgeneHu Ha LwecT npu3Haka, CbOTBETCTBALLM Ha:

e UMMaruHepHarta vacT (Z"),
o asosusa bron (),
e amnnutypaTa (|Z|) Ha MnegaHca,

N TexHuTe JAonbiHuTenHu (06bpHaTM) cTOMHOCTM (YMHOXeHun no -1). Hanpuwmep,
KomnnekcHa ctorHocT oT 100 Toukn EIS gaHHm (MacuB c pasmep 100) ce npeBpbLia B
peaneH macus ¢ pasmep (100,6). CnegosaTenHo, BXoagHUAT criovi e 100-u3amepeH BekTop
C WwecT kaHana 3a Bceku EIS cnektbp. JonbnHntenHuTe (06bpHaTK) NpU3HaLM He camo
yBenuyaBaT pasHoobpasueTto Ha Mpu3HauuMTe, HO CblIO Taka nomarat 3a
npegoTBpatsBaHe Ha npobnema c overfitting (npeobyyeHne) u noBuwaBaT
oboblaemoctta Ha DNN mogena. CuBalwmute crnoese Ha KOHBOSIOLMOHHA HEBPOHHA
Mpexa (conv1D) ca nsnonasaHu KaTo CMoW 3a U3BNMYaHe Ha NpusHauw. MuvpeusT conviD
Crnon ce cbeTom OT 64 cunTbpa n 94po ¢ pasmep 32. PasmepbT Ha S4poTO onpeaens
AbIKMHATa Ha cBMBaljata maTtpuua, a bpoat Ha dunTpuTe npeactasBnsea 6pos Ha
n3BreveHnTe npmsHaum. B To3m cnyyan, peaneH BxogeH macu (100,6) ce npeBpbLiya B
peaneH macus (100,64), koeTo 03Ha4yaBa, Ye LecTTe BXoAHM crnekTbpa ¢ no 100 Toukm
BCEKM ce CBUBAT A0 64 nssneyexu npusHaka c no 100 To4kn Ha Bcska nssagka. [Nepeuat
cnoui conv1D e nocrnegsaH ot cepus ot conv1D cnoese c:
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. 128,
o 256,
« 512,
e 768 puntbpa,

1 pa3Mepun Ha agpaTta CbOTBETHO!

« 16,
° 8,
L] 4,
. 2.

Hakpas, kpaiHuTe u3BneveHu npusHaum ca 768. Cnen ToBa KbM Mpexarta ce fobass
Crno Ha NpOCTpaHCTBEHO oTnagaHe (spatial dropout 1D), mocnegsaH oT croi 3a
Hopmanu3auusi Ha naptugata (batch normalization), kakTo e nokasaHo Ha ®wr. 9.3a.

3a yacTtTa no knacudukaumsa e nanonsea rnobanex 1D cnon 3a ocpefHsiBaHe (global
average pooling), 3a na ce npeobpasyBa macuebT (100, 768D) B eAnMHUYEH BEKTOp C
pa3mep 768D. Cnep ToBa criegsa Apyr nnbTeH (dense, HaNbNHO CBbp3aH) cnou ¢ 1024
Bb3ena U M3Xo4eH Crnoi ¢ neT Bb3ena. Ha maxogHus crnon e npunoxeHa Softmax
dyHKUMSA, KOSTO TpaHcopmupa W3XOOHWTE CTOMHOCTM B pasnpefeneHne Ha
BEPOSATHOCTM 3a Bcekun moaen Ha cxema. PyHkumsaTa ReLU (Rectified Linear Unit) cbluo
€ V3Mon3BaHa 3a aKkTMBauMOHHa (yHKUMSA Kakto mpu conviD, Taka v nmpu HambAHO
cBbp3aHuTe cnoese. Tyk cepusTa oT conv1D cnoese gelicTBa kaTo MOAyN 3a U3BNNYaHe
Ha npu3Hauu, 3anoyeBankv C ronsm pasmep Ha sgpoto (32). CeuTtuTe npusHaum
NPeacTaBsaT ,fonsMaTa kapTuHa“ Ha uanaTta nHgopmaums ¢ 8apo 32, U ce cTecHsaBaT 4o
A0po € pa3Mep 2 3a MHM AeTannu, KoeTo MoTeHUManHo Mo3BonsBa Ha Mpexara Aa
n3Bne4ye no-puHW NpM3Haum ot AaHHuTe. 3aToBa, yBENuYaBaHeTo Ha 6posi Ha punTpuTe
(oT 64 po 768) BoaM OO AOCTaTbYHO MpU3HaUM, NO3BONSBALLM Ha Mpexarta Ada
knacuduumpa cxemHusi mogen. Cnon Spatial Dropout (npoctpaHcTBeHo oTnagaHe) 1D
no3BonsiBa Ha MpexaTa Aa ,NycHe" eAUHUYHM Bb3NKu (3aedHO C BPb3KMTE MM), 3a Aa ce
npepoTtepatu overfitting (npeobyyeHne), kakTo U CNONBLT 3a HOpManu3auust Ha napTuam
(batch normalization). OcBeH ToBa, e n3cneaBaH edpeKTbT OT pasmepa Ha ApoTO B cepusi
OT cTorHocTK: 16, 32, 64 1 128 (nocnegHuTe ABe He ca nokasaHun Ha dur. 9.3a). DNN
MOZenbT C HavanHu pasmepu Ha siapo 16 u 32 nokasBa BUCOKa TOYHOCT 6e3 npu3Haum
Ha npeoby4yeHure. 3a pasnuka oT ToBa, MOAENbT, 3anoysaly ¢ aapo 64 unu 128, nokasea
3HAUMTENHO MO-HUCKA TOYHOCT M CcuUrHanmu 3a npeobyyeHune. YcCTaHOBsiIBa Ce IEKO
yBenuM4yeHne B TOYHOCTTA, HO 0cobeHO 3abenexumo e 3Ha4YuTenHo mno-4obpoTo
nporHosampaHe 3a cxema Cs, Korato HavanHoTo sigpo e 32. B pesyntaT Ha TO3M
KOMMpOMUC Mexay no-gobpa TOYHOCT M Mo-406po nporHo3upaHe 3a Cs, pasMepbT Ha
AP0, 3anoysaly ¢ 32, e no-noaxogawy 3a toav DNN mogen.
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dwur. 9.3 Cxema Ha HeBpOHHaTa Mpexa, U3nona3saHa 3a: a) knacudukaums Ha EIS
cxeMma, 6) Perpecus Ha napameTpu (Dulyawat Doonyapisut et al., 2023)
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9.2.3 KoHcTpyMpaHe Ha AbN60oKa HeBpOHHa Mpexa 3a perpecus Ha EIS napameTtpum

MogenbT Ha abnboka HeBpoHHa mpexa (DNN) 3a perpecus Ha EIS napametpu e
npeaussmkateneH npobnem, Tbi kaTo OpoAT Ha napameTpuTe BbB BCAKa CXxema e
pasnuyeH. Hanpumep:

o C1uma Tpn napametbpa: Rs, Ry, Q1,
e Csuma yetupu napameTspa: Rs, R1, Q1, 0.

3a pa ce nocturHe BucokoedekTBeH DNN Mopen, perpecuMoHHWTe mopenu ca
KOHCTpyMpaHu Taka, Ye Aa ce 3anasu CbLUMAT BXOAEH CrON U Moayn 3a U3BMMYaHe Ha
npusHauM oT knacudukaumoHHuss wmogen (dwur. 9.36). Cneg ToBa e pobGaseH
PErpPeCcUOHHUAT MoAyI, 3anoyBall ¢ TpaHchopMupaHe Ha MacuB oT pa3amep (100, 768D)
npusHaum B (100, 512) upes cepusi oT ABa NibTHU (dense) crnos, 1 cnej ToBa e AobaBeH
Cro 3a HopManusauus Ha napTvuaara, ¢ Len Aa ce NoBuLM YCTOMYMBOCTTA Ha MoJerna.
Ha To3u etan, macuebT oT 100 no 512 Bb3ena e cnneckaH (flattened) no eanHuyeH
BekTop Cc pasmep 51200D, 3a nocnepBalwia perpecuoHHa obpaboTka. Cnep ToBa,
obuyaiiHaTa akTuBauMoHHa GyHKUMs RelLU e 3ameHeHa C nuHelHa akTuBauusi 3a
nopeavuarta ot ABa NbTHU crnost ¢ No 64 Bb3ena Bcekn. KpalHusT usxogeH crion
134ncnsiBa Bcsika CTOMHOCT Ha NapameTbp, KOMTO CbOTBETCTBA Ha MOAEeNa Ha cxemaTa.

9.2.4 O6yu4eHue u oueHka Ha DNN Moaen 3a knacudmkaums Ha EIS mogen

3a obyyeHneto Ha DNN mopena, cumynupaHuTe Habopu OT AaHHM ca pasferneHn Ha
obyyaBaly Habop 1 Banuampaly Habop B cboTHoLwweHne 80:20. M3non3saH e aganTueeH
MeTo4 Ha MOMeHTHa oueHka (Adam) kaTo onTMmmsaTop, ¢ YHKUMS Ha 3aryba no
KaTeropuyHa KpbcToCaHa eHTponus (categorical cross-entropy, CCE). ®yHkumnsTa Ha
3aryba CCE ce gedwmHupa c ypaBHeHue 9.9:

L(yi, 9i) = - 21t B vy log () 9.9)

KbAeTo:

e N e 6posAT Ha AaHHWTE,

¢ C e bposT Ha knacoseTe,

e yj € BApHaTa CTOMHOCT Ha knaca,
e yje nporHosaTta Ha mogena.

C nomolyta Ha Keras API, ckopocTTa Ha obyyeHue (learning rate) e HacTpoeHa Taka, Ye
fAa ce Hamansiea ¢ 50%, ako CToMHOCTTa Ha 3arybaTta npectaHe ga Hamansea cneg 20
enoxn. TyK MMa HSAKOMKO XuneprnapameTbpa, KOUTO TpsibBa Aa Ce HacTposAT, KaTo
Hanpumep:

e pasmep Ha naptugata (batch size),

e TMPOUEHT Ha oTnagaHe (dropout rate),
e Opoi AaHHKW 3a BcsAka cxema (data size).
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CroviHocTuTe Ha onTuManHute xunepnapametpu 3a DNN ca npeactasenn B Tabnuua
9.2.

Tabnuua 9.2. Cnucbk ¢ xunepnapameTpu 1 Hall-4obpe naceally CTOMHOCTH

XunepnapameTbp CroWiHocTH
Pasmep Ha naptugarta (Batch size) 64, 256, 1024
KoedvmumeHT otnagaHe (Dropout rate) 0.5,0.6,0.7,0.8
Bpoi faHHuW 3a Besika cxema (Data size) 1024, 2048, 4096, 8192, 16384, 32768

ToyHocTTa 1 3arybaTa ca nokasaHu Ha dur. 9.4.

(@)

G

80 23
—e— Banugupare % © | 55 X
75 5 © B
Y 50 £
70 2 ke
g8 a5
65 5 =
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© L

55 Eg 1.10
S -1.05

0
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a
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[san otnagaHe

®dur. 9.4 EdexT Ha xunepnapameTtpute: a) EcdekT oT 6pos AaHHU BbpXy TOYHOCTTa; 6)

EdekT Ha pa3mepa Ha napTuaaTta u Ha Asn otnagaHe BbpXy TOYHOCTTa; B) EdekT Ha

pasmepa Ha napTvgarta v Ha Aan otnagaHe Bbpxy 3arybute (Dulyawat Doonyapisut et
al., 2023)

dur. 9.4a nokasBa ovaKkBaHaTa EKCMOHEHLUManHa KpyBa 3a BNUSHMETO Ha pasmepa Ha
[aHHUTE BbPXY TOYHOCTTA, KaTo Han-gobpaTta To4HocT 78.92% ce nmoctura npu pasmep
32768. ToyHoCTTa ce yBenuyasa 3HauntenHo mexay 0 n 10 000, cnen koeTo HapacTBa
MHoro no-6asHo. Ha ®ur. 9.46 e nokasaHa makcumanHa TodHocT Accuracy = 58.72% npu
pa3mep Ha naptugata Batch size = 1024 n koeduumeHT Ha oTnagaHe Dropout rate = 0.7
(Apkox®bNT UBAT), AokaTo Pur. 9.4B nokassa Han-Hucka 3aryba Loss = 0.86 npu cbms
pa3mep Ha napTuaaTa v CbLUMsA SN Ha oTnagaHe (TbMHOCUH LBAT), NOKa3Banku, Ye Tean
CTOWMHOCTM Ca onTMMariHu napameTpu 3a Mmoferna. Tbii KaTo yBennyaBaHeTo Ha pa3mepa
Ha nmapTvpata He BOAW HempeMeHHO A0 no-gobpa TOYHOCT, HEroBOTO HEe3aBUCKUMO
Bb3JeNcTBMe MOXe Aa 6bae HesicHo. Bbnpeku ToBa, npu KoeduUMeHT Ha oTnajaHe
dropout rate = 0.7, cHO ce Buxaa, Ye yBenM4yaBaHeTO Ha pa3Mmepa Ha napTvgaTa Boau
[0 NoBuLLIEHA TOYHOCT U NO-HUCKa CTOMHOCT Ha 3arybarta. ObpaTHo, npu KoedULUMEHT Ha
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oTnagaHe dropout rate = 0.5 n 0.8, cToMHOCTUTE Ha 3arybata ca OTHOCUTENHO BUCOKM,
cnefoBaTernHo:

« npu 0.5 ce ,nyckaT" TBbpAE Manko npusHauu, a
e npu 0.8 — TBbpAE MHOrO Npu3HaLm,

KOeTO BOAWM A0 HUCKa TOYHOCT. B gonbnHeHune e macneaBaH M edekTbT OT AobaBeHn
npusHaum (augmented features). ®akTbT, uYe reHepanusauMoHHaTa pasnvka
(generalization gap) HamansBa, npeanonara, Ye MoAensT cTaBa no-obobLyasaLl, KoeTo
nomara 3a npegoTBpaTsiBaHe Ha npeobyyeHue. Crnep KaTo xunepnapameTpute ca
ontummaupanm, puHanHnaT DNN mogen e obydeH npy onTUMarnHuTe ycrioBusi:

e pasmep Ha naptugara: 1024,
e koedumumeHT Ha oTnaganHe: 0.7,
e pasmep Ha aaHHuTe: 32 768.

3a ga ce obyun puHanHMAT onTUMKU3NpaH mMoaen, ca cumynupanu EIS ganHn ¢ 32 768
crnekTbpa 3a Bcsika cxema. [NonyyeHuat Habop oT AaHHK, cbeTosw, ce oT 163 840 (32 768
x 5) cnekTbpa, e pa3geneH Ha:

e 131072 (32 768 x 4) cnekTbpa 3a 0byyaBaLms Habop n
e 32768 cnekTbpa 3a Banuaupawmsi Habop.

Pe3ynTtaTbT OT 00y4eHMeTO Ha ONTUMU3UPaHKUA MoAen ce NpeAcTaBs Ype3 MaTpuua Ha
obbpkBaHe (confusion matrix) dur. 9.5, oLeHeH No BanMANPaLLoTO MHOXECTBO C TOYHOCT
oT 78,92%. CTOMHOCTMTE MO JAuaroHana OTMNSBO HaOsICHO MoKasBaT MpaBWUHUTE
nporHo3n. PesyntaTbT oOT knacudukaumaTa 3a Banuaupawmnss  Habop, npu
ONTUMU3NPaHUA MopJer, Nnoka3Ba BucCOKa TOYHOCT OT 78.92%, KoeTo oO3HayaBa, 4ve
noBeYyeTo Crnyyau ca NpaBuIHO naeHTUdnLMpaH1, ocobeHo MbpBMTe YeTupmn cxemn. Bee
nak uMa U3BEeCTHW rpeLlHy nporHo3u npu Cs. Hanpumep:

e 0T 06wwo 6637 cnekTbpa 3a Cs (xopu3oHTaneH peg 3a Cs),
e camo 2704 ca npaBuUiHO npeackasaHu.

Ha To3un etan, cnep oby4eHneTo, ONTUMU3NPAHWUAT MOAEeN Ce U3NOoN3Ba AOMbIIHUTENHO
3a Knacudgukaumsi Bbpxy TeCToB Habop OT AaHHW, CbCTOSIL ce OT HOBOCMMYynupaHu EIS
CMEeKTPU, KOMTO He ca bunu BKIYeHW B OOy4mTenHua npouec. 3aegHo C ToBa ce
msnon3sa u ROC kpuBa (receiver operating characteristic), 3a ga ce onpegenv
npounsBoauTenHocTTa Ha knacugpukauusita Ha DNN mogena. TectoBusiT Habop cbabpxa
6500 EIS cnektbpa (Bceku XxopusoHTareH pef) 3a Bcsika cxema (o6wwo 32 500 cnektbpa).
Tean cnekTpu ce u3nonseat 3a oueHka Ha mogdena. MaTpuuarta Ha obbpkBaHe Ha Pur.
9.6a nokasBa pesynTtaTuTe OT OLlEHKaTa BbpXy TecToBMA Habop, KbAeTO OTHOBO ce
noctura TouHocT oT 78,92%.
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BANMMOUPALLO MHOXXECTBO
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®ur. 9.5 Matpuua Ha o6bpkBaHe 3a DNN knacudukaumoHeH Moaen ¢ u3non3saHe Ha
onTUManHusa xunepnapameTsbp, Aasaly 78,92% ToyHocT

Bbnpekn ToBa, onpeaensiHeTo Ha MPOU3BOAUTENHOCTTa Ha knacudukaumsaTta 3a Cs oT
MaTpuuaTa Ha o6bpkBaHe Bce oule e TpyaHo. 3aToBa ce uanon3sa ROC kpusaTta, KOSTO
nokasea: KoMmnpomuca mexgy BsipHo nosutuBeH asn (True-Positive Rate — TPR) u
rpewHo nosutmeBeH aan (False-Positive Rate — FPR). Ha ®ur. 9.66, npekbcHataTa
OnaroHanHa nuHus npegctasnssa TPR = FPR, koeTo o3HavaBa, 4e fdenbT Ha
npaBuIHUTE KnacuguKauMm Ha BEpHUS MOAEN € paBeH Ha fena Ha rpeluHuTe
Knacudukaumm Ha rpeltHust mogen. C gpyrv Aymu, Bcsika Todka Ha AvaroHanHaTa nuHust
npeacrasnsiBa NPOM3BOIHO NPeAnonoXeHne OT CTpaHa Ha knacudwukartopa. MNnowra nog
ROC kpusata (AUC) cbllo ce u3non3sa 3a OLEHKA Ha MPOM3BOAMTENHOCTTa Ha
Knacudukatopa: ugeanHuatr knacudumkatop we wuma AUC = 1 (nepdekteH
npaBobrbnHuk), ako AUC < 0.5, ToBa Moxe ga o3HavaBa now knacudmkatop. DNN
mogensT Ha dur. 9.66 nokasBa BucokonponssoauTeneH knacugukatop ¢ AUC Hag 0.95
3a cxemute C1, C2, Czn Cs4 m AUC ot 0.87 3a Cs. Cpeanusat AUC 3a Bcuuku cxemu e 0.95.
Makap ye Cs e oueHeHa ¢ AUC no-Hucka ot octaHanmte, ROC kpuBaTa BCe nak e ganey
OT NUHUSITA Ha CryYanHO NpeanosioXeHue, KOETo NoKa3Ba, Ye cTpaTerMsata ¢ MaluHHO
oby4yerne n DNN mopen e BucokoedektmBeH knacudukatop 3a EIS cxemu.

128



(a) TecTtos Habop —
r 6000

5000

- 4000

3000

WcTtmHa

2000

1000

C1 c2 c3 ca c5
MporHosa 0

(6)  TMpoussoauTenHocT Ha knacudukaTopa (ROC)

1.0 i
l,
'

0.8 ol
; -
= ’/’
é 0.6 P R
= 7’ s
o
“S,’ 0.4 ® ¥ Mukpo ocpepHera ROG (o6nacT = 0,97)
o ® ® Makpo ocpeiHeHa ROC (o6nacT = 0,95)
. ROG a G, (o6nact = 0,996)
% e ROC Ha C, (06nacT = 0,995)
o 0.2 == ROG Ha G, (06nacr = 0,958)
5 === ROC Ha C, (06nact = 0,951)

== ROC Ha C, (obnacr = 0,875)
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

FpeuJHo NO3UTHBEH OAI

®ur. 9.6 a) Matpuua Ha ob6bpkBaHe; 6) Mpadmka Ha ROC kpuBa (receiver operating
characteristic) 3a DNN knacudukaumsi e oueHeHa No TECTOBOTO MHOXECTBO, AaBallo
TOYHOCT oT 78,92% (Dulyawat Doonyapisut et al., 2023)
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Ha ®ur. 9.7 e nokasaH npvmMep 3a pesynTar OT MpaBuSiHa Krnacudukauus ot moaena
DNN, c BeposiTHOCTHO pa3npefeneHune BOsSCHO.
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®ur. 9.7 MNprmMep Ha KOpeKTHW KnacudukaumoHHu pesyntaTtv ot DNN mopen ¢
pa3npegeneHne Ha BepOATHOCTTa OT AscHaTa cTpaHa 3a a) Cs, 6) Cs, B) Cs (Dulyawat
Doonyapisut et al., 2023)

EIS cnektpute Ha cxemute Csz, C4 n Cs Ha dur. 9.7 umaT MHOro CXo4HU MOZENN B CBOUTE
cnekTpu. Kakto ce Buxga B pesyntatuTe oT Knacugukaumsta Ypes MallvHHO oby4yeHmne,
DNN mogensT Bce nak ycnsiBa Aa uaeHTuduumpa npaBunHaTa cxeMa 3a Te3u CrneKTpu.
KakTo e npefcTaBeHo B gsicHaTta cTpaHa Ha dur. 9.7, cTbnboBuaHUTe anarpamm nokassar
BEPOATHOCTHOTO pasnpeaeneHre 3a pasnuyHuTe TUMOBE CXeMU. 3a CpaBHEHUE, MOXe Aa
ce nokaxe npumep 3a rpeluHu knacudgukaumm ot DNN mogena. Pedyntatute couart, ye
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rpewHaTa nporHos3a 3a Cs moxe Oda e pe3ynTtat OT ToBa, Ye MoAeNnbT Ha CneKkTbpa €
MHOro 6nm3bk 4o To3un Ha C3 — a UMEHHO: eHa NOJTYOKPBXXHOCT C npaBa JIMHUA NoA4 brbn
45°, CnepoBarerHo, FPELKN B NPOrHO3nTEe MoraTt Aa Bb3HUKHAT, KOrato CnekTpute Ha
pasnn4yHNUTE CXeMHU moaesnin ca noYTn MOAEHTUYHU — U Ta3u rpellka Moxe ga 6bae
ponycHata 4opu OT ONMUTHU eNeKTPOXNMULN. B Tabnuua 9.2 ca nokasaHu ycnosuaTa, npu
KOUTO Morat ga ce nony4at no4vty NOeHTUYHN CNEKTPU.

Tabnuua 9.2 Mprmepu Ha UAEHTUYHW CNEKTPU U NOYTU MAEHTUYHN CNEKTPU, CUMYNUPaHM
C noco4veHoTo ycnosue: a) Cxema C2 cpaBHeHa cbe C1, 6) Cxema C3 cpaBHeHa cbe C1,
B) Cxema C4 cpaBHeHa cbe C1, C2 1 Cs, r) Cxema Cs cpaBHeHa ¢ C140 Ca

a)| CinConpn Q1/Q2=1 Cin Canpn Q1/Q2=2,8

Cin Canpn Q1/Q2=6

6) | Ciu Csnpu Ri/o =750 C1u Csnpu Ri/o = 250

Ciun Csnpu Ri/o =25

B) C1un Canpun C2u Canpu

Q1/Q2 = 1, R2/o = 1000 Q1/Q2 = 100, R2/c = 1000

Csu Canpu

Q1/Q2=1, RoJo =25

r) C1n Csnpu Csu Csnpu

Q1/Q2 =1, Re2/o = 1000 Q1/Q2 = 0,25, Ro/o = 25

Can Csnipn

Q1/Q2=30,R2/0 =5

C2un Csnpu

Q1/Q2 =100, Ro/o =
1000

3a Ja ce n3cnenBa eOeKTbT OT Te3W CXOAHU CMEKTPU, ONTUMU3UPAHUAT MoZen e oByyeH
N OLEHEH BbPXy HOB HaGop OT AaHHW, MPU KOWTO MMa Mo-maribk Gpoit MOeHTUYHU
cnekTpu. YcnosusTa Ha cuMyrnaums ca gageHu B Tabnuua 9.3.

Ta6nuua 9.3 CumynaumoHHM YCMOBUS, WU3MON3BaHW Oa E€NMMUHUPAT WAEHTUYHUTE
crnekTpu

EkBuBaneHTHa cxema Cumynauwormo ycnoBue

C1 CbLUOTO, KaKTO OPUrMHASIHOTO yCroBue
C2 Q1/Q2 > 2,8 B cnyyaii Ha Q1> Q2
Q1/Q2<1/2,8 B cnyyait Ha Q2> Q1
Cs Ri/o > 250 B cnyyan Ha R1> 0
R1/o < 1/10 B cryyart Ha 0 > R
Ca Q1/Q2 > 4 B cnyyaii Ha Q1> Q2

Q1/Q2 < 1/4 B cnyyan Ha Q2> Q1
R2/c > 250 B cny4yai Ha R2> ¢
R2/c < 1/10 B criyqai Ha 0 > Re
Cs Q1/Q2 > 4 B cnyyan Ha Q1 > Q2
Qi1/Qz2<1/4 B cnyyan Ha Q2 > Q1
R2/c > 250 B cnyyaii Ha R2> 0
R2/0 < 1/10 B cnyyawi Ha 0 > Rz
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PesyntaTtuTte nokassat nogobpeHue B TouHocTTa OT 78.92% A0 91.76% — dur 9.8.

7] 0 \ 0
c 0 \ 0
T 17 15
7] 257 B 2ss
H 588
A
NMPOrHO3A

Nerenpa

| s | [ [

0 1000 2000 3000 4000 5000 6000

®wur. 9.8 MaTtpuua Ha obbpkBaHe, AaBalya TouHocT 91.76%

OcBeH ToBa ROC kpuBaTa nokassa AUC ot 0.974 3a Cs, KoeTo e 3HayuTerHo
nogobpeHune cnpsiMo opurMHanHaTa ctoHocT ot 0.875.

[onbnHUTENHO M3credBaHe € U3BbpPLUEHO Ype3 BbBeXAaHe Ha HOoBa eKBMBaneHTHa
cxema, HapeyeHa Ce (Pur. 9.9). Ha To3n etan DNN mogenbTt ce obydaBa ¢ 6 pasnuyHu
cxeMHu Mogena. Cxemata Ces MMa xapakTepeH CNekTbp C TPU MOYOKPBXXHOCTA U NpaBa
nVHKMA noA brun 45°. Bunpekn ToBa, Cs CbLLO Taka nokassa CNeKTpu, CXOAHU C Te3n Ha
Cs, Ca 1 Cs. OueHkaTta nokassa, Ye gobaBsiHeTo Ha cxemaTa Cs MOHMXKaBa TOYHOCTTA C
5.4% po 73,52% (Pwur. 9.10), Tl KaTo rpeLkuTe B NporHo3npaHeTo (false negatives) ce
yBenu4yaBaT, ocobeHo npu Ca. Mo nogobeH HaumH, NOHWXEHMETO Ha cToMHocTTa Ha AUC
3a C4 nokasBa 0GbpkBaHe Ha krnacudukaTtopa npy NporHo3vpaHe Ha cnekTbpa Ha Ca. Tyk
ce NoTBbPXKAaBa, Ye NOYTU MOEHTUYHUTE CMEKTPU OKa3BaT CbLUECTBEHO BIMSIHUE BbPXY
TOYHOCTTa 1 NPOM3BOANTENHOCTTA Ha knacudukauusta Ha DNN mogena. Bvnpeku ToBa,
npefocTaBeHOTO BEPOSITHOCTHO pasnpeferieHne € MHOro MOfe3Ho 3a CTeCHsIBaHe Ha
n3bopa Ha cxemHu mogenu u cbotBeTHo DNN MogenbsT Moxe Aa Npeanioxkum CXemu ¢
BMCOKa BEPOSITHOCT, KOETO CMECTSIBA 3HAYUTENHO BPEME Ha EKCNepMMeHTaTopa.
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R1 R2 R3 2w

Rs

CPE1 CPE2 CPE3

®ur. 9.9 [lonbnHuUTENHA ekBMBaneHTHa cxema Cs

TOYHOCT 73,52%
7] 0 15
c 45 18
T 49 | 422
7] 4536 1053 461
H 1534 [112629 152
A 2665 496
MPOrHO3A
NereHpa
[ | | | |
0 1000 2000 3000 4000 5000 6000

®ur. 9.10 [Jo6assHeTo Ha cxemaTa Cs NOHWKaBa TouHOCTTa A0 73,52%, Tbil KaTo
rpeLLKMTe B NPOrHo3upaHeTo ce yBenu4yasat, ocobeHo npu Cs

OcBeH ToBa, DNN MOAEN®LT € OLEHEH U CMPSIMO aHHM C LYM, KaKTo € NokasaHo Ha dur.
9.11. 3a pa ce pobasu Wym KbM opurnHanHute gaHHn, SNR (oTHoLeHre curHan-wym) B
Aeunbenu (dB) e koHBepTupaHo B SNR CTOMHOCT Ype3 CrnegHOTO ypaBHEHMeE:

SNRas = 10log10(SNR) (9.10)

CroWiHocTTa Ha CTaHAapTHOTO OTKMoHeHwe (SD) 3a wyma e navncneHa ypes:
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Mean of the original spectrum
SD= S

SNR

(9.11)

Mexay opurMHanHuTe aaHHu Ha Cs u gaHHuTe ¢ wym Ha Cs. JonHaTa YacT Ha ®urypa
9.11a-B nokasBa matpuuata Ha obbpkBaHe Ha DNN mopgena, oueHeH Bbpxy Ci—Cs.
Pesyntatute nokassat, 4e DNN MogensT noctura TOYHOCT OT:

» 78.8% npu SNR =80 dB,
e 70.4% npn SNR =40 dB,
e 37.1% npu SNR = 20 dB.
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)

EKCI'IepVIMEHTaJ'IHVI
naHHN

© Mupeuinna EIS annm
— Cuoreercrene

R2 0,995

T T
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®ur. 9.11 [JaHHu 3a LyMa ¢ pasnuyHu oTHolleHust curHan-wym (SNR): a) SNR = 80 dB,
6) SNR =40 dB, B) SNR = 20 dB u TaxHaTa 06bpKBaLla matpuua (B AonHaTa 4acT), r)
CovoTBeTcTBME Ha ekcnepuMeHTanHute EIS gaHHm ¢ DNN nporHosmpaHaTta cxema (Cs4) ©
usnonasaHe Ha ZMAN codtyep (Dulyawat Doonyapisut et al., 2023)
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Mo-Hucknte ctomHocTn Ha SNR paskpuBaT NO-BMCOK AASNT HA FPELUHU MOSIOXKUTENHU
knacudukauum (false positives) 3a C2 u Cs, koeTo noackasea, Ye 06y4eHnaT DNN mogen
e YyBCTBUTENeH kbM chopmaTa Ha KpuBaTa B CrnekTbpa, Tbih kato C2 u C4 nokassar
MHOXECTBO MOMYOKPBXHOCTM B cnekTbpa. Bece nak, nowmat SNR (Hanpumep 20 dB) Ha
dur. 9.11B e paAKo cpellaH B NpakTukaTta, Tbil KaTo CbBPeMeHHOTO obopyaBaHe e
[0CTaTbyHO Npeumn3Ho, 3a Aa nosuwn SNR yYpes perynupaHe Ha CKOpOCTTa Ha CkaHupaHe
UNn ocpefHsiBaHe Ha AaHHWTe aBTomaTtuyHo. OT Apyra cTpaHa, YyBCTBMTENHOCTTa Ha
MoZerna kbM chopmaTa Ha KpuBaTa € NpeAMMCTBO, KOraTo ce kracuduumpa CnekTbp ¢
HEesICHM MONyoKpBbXHOCTU B cpeda 6e3 wym. OcBeH ToBa, npepacraBsaHeTo Ha DNN
Mofena e OLEeHeHo, KaTo ce M3nonaea Habop OT AaHHU CbC CUMYNaLUMOHHW NapameTpu
M3BbH 0OyuMTenHus AmanasoH. [JonHUTEe M ropHWUTE rpaHWMUM Ha BCEKWM napameTbp B
obyuntenHust Habop ca paswwmpenn ¢ 10%, 20% u 30%, koeTto goBede Ao obuo 6
pa3nuyHu obxBaTa 3a Bceku napameTsp (Pur. 9.12).

PesynTaTuTe nokaseart, ye:

o [pomeHuTe B AMana3oHnTe Ha cbnpotusneHue (R),

e HeupeaneH kanauutet (Q),

e Warburg koeduumeHT (o)
uMaT manko Bb3denctsue Bbpxy ToyHocTTa Ha DNN mopgena. B koHTpacT c ToBa,
npomsiHata B YeCTOTHMSI 0OXBaT U B AuanasoHa Ha akTopa Ha maeanHocT (o) uma
3HaUMTENHO BMUSIHWE BbPXY ToyHocTTa. Ho cnektpute ot EIS B enektpoxumusta
06VKHOBEHO ce n3mepBaT B YecToTeH o6xBaT oT 10 mHz go 1 MHz, a dakTopbT Ha
HeupgeanHocT obukHoBeHo e Mexay 0.8 1 1 n aBata napameTbpa nonagaT B 06yunTenHus
obxsar.

TOYHOCT 76,76%
n 4 0o @ 44
c 4 53 | 56
T | 5850 119 | 491
] 174 | 577 4377 IR
H 84 2230 1508 |[2633
A
MPOrHO3A

Jlerenpa

I | \ [

0 1000 2000 3000 4000 5000 6000

@ur. 9.12 MaTtpuua Ha o6bpKkBaHe, Npu YCrioBue, Ye AOSHUTE U FopHUTe rpaHnum Ha R,
Q v o ca pa3swwupenn ¢ 30%

135



JonbnHuTenHo, edekTbT OT eAHOBPEMEHHa MPOMSHA Ha [PaHUUMTE 33 HSIKOJIKO
napameTbpa (R, Q u 0) e n3cnegsaH ype3 maTpuua Ha oObpKBaHe, Npu ycrosue Ye
[OOIMHWTE W ropHUTE rpaHuum ca pasiwmpenun ¢ 30%. PesyntatsT e: TouHocT oT 76.76% C
BMCOKa CTOMHOCT Ha MNpaBUIHATE MpPOrHo3u, koeTo nokassa, Ye DNN mogenst e
cnocobeH fa npaBu KOPEKTHW NpefckasaHns 4opy npu npomsiHa ot 30% B rpaHuumTe Ha
06yuuTenHus obxear.

KaTo gokasaTencrBo 3a KOHUeNUWsita, € U3BbPLUEH NpakTuyeckn ekcriepumeHT c EIS
BbPXY TbPrOBCKU €KpaHUpaH BbIEPOAEH eNEKTPOS, NMOTOMNEH B €MEKTPONUT, ChAbpiKall
1 M KClI ¢ 10 mM K;3Fe(CN)s u 10 mM K Fe(CN)s. DNN mopensT um3sbpLuBa
Knacudukaumsita 3KnoYMTeENHO 6bp30 — B paMkuTe Ha 2 cekyHau. EkcnepumeHTanHusT
cnekTbp € KaTeropuampaH kato mogen Cs. dur. 9.11r nokassa CbOTBETCTBME Ha
ekcriepumeHTanHusa cnektbp ¢ Ca mogen, m3BbplieH cbec codtyepa ZMAN, kowTo
cbBnaga fobpe c npepnoxernneto Ha DNN. MNonyyeHa e CTOMHOCT Ha MakcumaneH
KoeduumMeHT Ha aeTepmmnHaums R? = 0.995, koeTo npeanonara NnpyemMnuBo CbBnageHue
Ha mogerna. OcBeH TOBa, KnacugMKaUMOHHOTO NpeacTaBsHe Ha pas3nuyHu ML mogenu
nokasea, 4e DNN mogenbT ce npeacrtaBs M3KNOYMTENHO A06pe B HACTOALOTO
n3cnegsaHe. CnepoBatenHo, cTpaternsta ¢ MawwuHHO obydeHve 4ype3 DNN mopen
npeacraBnsiBa BUCOKOMOTEHLMAaNeH rnoaxos 3a npunaraHe B CbBPEMEHHUTE Hay4Hu
nacnegBaHus.

9.2.5 Obyu4eHue n oueHka Ha DNN moaen 3a EIS napameTpu

MpoueckT Ha 0byyeHVe Ha perpecuoHHNA Moaen e U3BbPLLEH Ype3 OTAeNHO 0byyeHne
Ha Mopferna 3a Bcska cxema (obwo 5 ML mogena), kato ca usnonssaHu EIS gaHHu ot
131072 (32 768 x 4) cnekTbpa 3a Bcska cxema. CbOTHOLUEHMETO Mexay oby4vaBaliu
OaHHM W1 Banuaupawm faHHu e 3anaseHo 80:20. [MpunoxeHn ca cblumTe
XuneprnapameTpu, kaTo Hanpumep pa3vep Ha naptugata (batch size). Bmecto
dyHKumsATa Ha 3aryba CCE, Tyk e nsnonssaHa yHKUMa Ha cpegHa abconioTHa rpeLuka
(MAE — mean absolute error). CnegoBaTenHo perpecuoHHUSIT Mofen ce CTpeMu Aa
MUHUMM3MPA cTonHOoCTTa Ha MAE, geduHmpaHa no cregHoTo ypaBHEHNE:

Liyi, ) = + iy v = il (9.12)
KbOETO:

e y; € peanHarta CTOMHOCT,
e y; e npefacka3aHaTa CTOMHOCT,
e N e obwusT 6poit TOUKN OT JAHHMU.

3a oueHKka Ha nNPOV3BOAUTENHOCTTA Ha PEerpecuMoHHNs Mogdern, € UW3nonssaH
HOBOCMMYINMpaH TecToB Habop, cbabpxaly 5243 {[32 768 — (32 768 : 5)] : 5} cnekTbpa 3a
BCsika CxeMHa KoHdurypaums. dur. 9.13 nokassa pesynratute OT MpOrHo3vpaHe Ha
napameTpute oT obyyeHuss mogen Bbpxy TecToBusi Habop 3a Cs. Pesynrtatute ot
npeacKkas3BaHeTo MokasBaT MHOro A06po CbBMageHWe Mexay MporHo3vpaHuTe wu
peanHuTe CTOMHOCTU CbC CTOMHOCTU Ha KoeduumeHT Ha aeTepmuHauus (R?) oT:
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CroiiHocTuTe Ha MAE (cpefHa abcontoTHa rpeLlka) ca OTHOCUTENHO HUCKW B CpaBHEHE
C AManasoHUTe Ha napameTpuTe, KOeTo CBUAETENICTBA 3a BUCOKMS NMOTEHLMarn Ha mogena
3a perpecuss gopu npu no-cnoxuu EIS  cxemu.
NMPOU3BOANTENTHOCT HAa PErPECUOHHISA MOZEN 3a MO-CIIOXHU CXeMU, pe3ynTaTuTe 3a BCEkU
mopen Ha cxema ca 0606LeHn B Tabnvua 9.4, kbaeTo ca NpeAcTaBeHN CTOMHOCTUTE Ha

Rz

0.999 3a Rs,
0.999 3a R1
0.999 3a g,
0.992 3a Q1.

O

Heunpeanen kanauyuter

®wur. 9.13 lMporHo3upaHe Ha NapameTpuTe Ha cxema Cs, 3a: a) Rs, 6) Ry,
npeacraseHu ype3 nbpsute 100 cnekTpu cbe cToHocTn Ha R? n MAE. YepHute
KpbryeTa obo3HayaBaT npefckasaHu CTOMHOCTU. YepBeHNUTE NITbTHU KpbryeTa —
peanHu ctorHoctu (Dulyawat Doonyapisut et al.,
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Tabnuua 9.4 CpaBHeHne Ha R? 3a npeackasanute EIS napameTtpu npu pasnuynHuTe
CXEMHU Moaenu

Cxema Bpoi R?
napameTpum

Rs R4 R2 Q1 Q2 o
C1 3 0.999 0.999 - 0.951 - -
C2 5 0.999 0.453 0.484 0.133 0.205 -
Cs 4 0.999 0.999 - 0.992 - 0.999
Cs 6 0.999 0.538 0.463 0.599 0.518 0.998
Cs 6 0.999 0.955 0.959 0.982 0.568 0.999

OueBUAHO €, Ye PErpPecUOHHITE MOAENN Ca U3KMIYUTENTHO TOUHW B NPEeACcKa3BaHETO Ha
Rs u 0, ¢ MMHUManHu ctoHocT Ha R? ot 0.998 3a cboTBeTHUTE cxemn. OcBeH ToBa
cxXemuTe, KOUTO He CbabpXaT nocnegosartenHa Bpb3ka R|Q (C4, Cs, Cs), nocturat R? =
0.950 3a Bceku CbOTBETEH MapameTbp, C M3KMoYeHne Ha Q2, KOeTo Mokasea BMUCOKa
TOYHOCT [OPV MNP CNOXHU cXeMun. B KOHTpacT ¢ ToBa, cxemuTte CbeC cepuinHa Bpb3aka R|Q
(C2, C4) noka3BaT 3HAYMTENHO NO-HUCKM R? cTOMHOCTU, KOETO Npeanonara, Ye BXOQHUTE
[aHHW 1 U3BMEYEHUTE NPU3HALM MOXe Aa He O6bhaT 4OCTaTb4yHO MHOPMATUBHY, 33 Aa
ce npefckaxaT TOYHO NapameTpuTe B Te3n KOHUrypaLuu.

3akntoyeHue

YcnelwHo e cb3gaaeH moaen Ha aAbnboka HeBpoHHa mpexa (DNN) v Toin e 0byyeH Bbpxy
CNeKTPM Ha EeneKkTPOXMMUYEH WMMNeAaHc 3a MeT YecTo CcpellaHu Mofena Ha
eKBMBareHTHU CXeMU, KOWTO e He camo crnocobeH Aa knacuduuvpa Mogena Ha cxemaTta
C BMCOKa TOYHOCT, HO 1 no3eonsiea pabota npy SNR o1 40 dB. MoraTt 4a Bb3HUKHAT HAKOU
rpewHn knacudukaumm B pesyntaTt OT CXOACTBOTO Ha dopmaTta Ha crnekTbpa Mexay
pa3nuuHute mogenu. OcseH ToBa, perpecuoHHusT DNN mogen e B cbCTosiHWE fAa
npeackassa EIS napameTpu ¢ BUcoka To4HOCT, ocobeHo Rs 1 g, ¢ MuHmanHo R2 = 0.998.
To3n noaxoA “Ma noTeHumMan ga 3aameHu TpaguuMoHHaTa cTpaTerns Ha TbpceHe, KOSTO
€ BpemeeMKa 1 CUITHO 3aBucKMa OT ekcrepumeHTaTopa. TpaauumoHHUTe MeToAN Morat
Aa oTHemart Ao 20 MUHYTU 3a MHTepnpeTauns Ha eAnH CNeKTbp, B 3aBUCUMOCT OT onuTa.
B KoHTpacT c TOBa, npeAcTaBeHVSIT NoAxo4 MOXe [a pas3no3HaBa W MporHosupa
napameTpu Ha EIS B pamknTe Ha HAKOMKO CEKyHAM 3a MHOXECTBO CMEKTpU U MoXe Aa
npeanara unu ctecHsisa nsbopa Ha Moaen Ha cxema 6e3 yyactneTo Ha Yosek. O4eBMAHO
e, 4Ye TO3M NOAXoA MMa npeaumcTBa kaTto Obp3 aHanus, 6e3npucTpacTHU pesynTaTy,
npocTt npouec, 6a3vpaH Ha cTaTucTudecka M TeopeTuyHa ocHosa. CrefoBaTerHo,
cTpaTerusita ¢ MalMHHO oby4yeHne, 6asnpaHa Ha DNN, e HayanHa Toyka 3a Hanpeabk B
aBTOMaTUYHWS aHanM3 Ha enekTPOXMMUYHU CUCTEMMU.
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EkcnepumeHTanHa yacT
lpudobusaHe Ha EIS daHHU

3a ga ce cumynupa EIS cnektbpbT, enemeHTH KaTto peanctop (R), enemMeHT ¢ NocTosHHa
¢asoBa xapaktepuctuka (CPE) n kpaeH andysnoHeH enemeHT Ha Warburg (W) ca
AedVHMpaHu KaTo CbLUECTBEHN eMeMEHTU, KOUTO Aa ce BNucBaT B ekBmBaneHTHus EIS
MoAen Ha cxema. B gonbnHeHue, cnoxHUTe ypaBHEHUs Ha ekBuMBaneHTHaTa EIS cxema
MoraT Aa ObaaT npeobpasyBaHu B nepcoHanu3yemMa CUMynauMoHHa nporpama c
nomotyta Ha Python naketu, BkntountenHo NumPy n SciPy 6ubnuoteku, 3a cumynupane
Ha neT ekBuBaneHTHU EIS cxemu, KOMTO ce M3non3BaT YECTO B EMEKTPOXUMUYHUN CUCTEMM
(Pur. 9.1).

Cb30asaHe u 0byyeHue Ha Obsiboka HegpoHHa mpexa (DNN)

DNN e cb3gageHa ¢ nomowta Ha Python nakeT, kOMTO BkMo4Ba 6Gubnvotekute
TensorFlow 1 Keras. NeT 0CHOBHM OnepauyoHHK Closi ca U3non3saHu KaTo uarpaxagaiim
6nokoBe 3a HEBpPOHHATa Mpexa:

CnoeBe OT KOHBOMNOLMOHHA HeBpoHHa mpexa (CNN),

Cnon Ha npocTpaHcTBeHo oTnaaaHe (Spatial Dropout 1D),
Cnon 3a Hopmanusaumus Ha naptuaata (Batch Normalization),
nobaneH crnoi 3a ocpegHsaBaHe (Global Average Pooling 1D),
MnbTHY (HanbnHO cebp3ann) cnoese (Dense Layers).

aroON=

3a oby4yeHure Bbpxy ronsm 6poii gaHHK e n3nonseaHa cpefata Google Colab, c:

« NVIDIA Tesla P100 GPU,
« 16 GB onepaTtuBHa namer.

CumynupanuTte EIS ganHu c 1024, 2048, 4096, 8192, 16 384, 32 768 crnekTbpa 3a BCEKM
MOAEen Ha cxema ca Wu3nonsBaHu kato Oasa [OaHHM 3a OGyuuTenHus npolec.
OByunTenHUTE AaHHKM ca pasdeneHun Ha:

e CreKTpanHu AaHHW (BXOAHW AaHHK),
e eTUKEeTMPaHU Mo cXxema AaHHU (M3XOOHW AaHHK).

BxogHuTe AaHHM obxBalLaT BaXKHM NpuU3Haum KaTto:

e (PU3NYEH CMUCBN,
e MOpdOMorMsa Ha cnekTbpa.

B TO31 Mogen ca usnonssaHu KaTo BXoA4;:

e VMMarumHepHaTa yacT Ha umnegaxca (Z"),
e pasoBuat vron (6),
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e amnnuTygaTa Ha umnegaca (|Z|).
MmarvHepHaTta yacT Ha umnegaHca (Z") npegocrtass MHMoOpMauus 3a:

e HeupaeanHus kanaumTeT (Q),
e aundyanonHus Warburg enemeHt (W),

TbI KaTo U ABaTa NPMHaAnexaT KbM MMarmHepHaTa 4acT, KakTo € Noka3aHo B ypaBHEHUS
(9.2) n (9.3). NpomeHuTe BBB (ha3oBusa brbM (B) ca MHOrO MONe3Hn 3a onpeaensHe Ha
CMOXHOCTTa Ha CXeMHusi mMogen, Tbi KaTo pesuctopbT, CPE n Warburg enemeHtsT
npeansBMKBaT pasnunyHM NPOMEHN BbB ha3oBus brbn. AMnnuTyaarta Ha umneaadca (|Z))
npepoctass ob6Lwa nHopmaumsa 3a cnekTbpa ¢ KOHKpeTHaTa CTOMHOCT Ha MMNeAaHca.

KoHTponHu BbNpocu:

e KakBo npeacTtaBnsiBa CNeKTPOCKONMATa Ha enekTpoxumuyeH nvmnegaxc (EIS) n 3a
KaKBO Ce M3Mona3Ba B eNeKTpPoOXMMusiTa?

e KakBu Ca OCHOBHUTE HefoCTaTbLM Ha TPaAMLMOHHUS NOAXOA 3a MHTeprnpeTauus
Ha EIS panHn?

o KakBu BXoaHM xapakTepucTuku ce nanonaeat 3a obyveHneto Ha DNN mogena npu
aHanus Ha EIS cnektpn?

e KakBu pe3ynTaTti MO OTHOLLEHWE Ha TOYHOCT 1 KoedULMEHT Ha aeTepmuHaums (R?)
nocturat DNN mogenute npu knacudukaums n perpecusi Ha EIS cxemun?

e Kak ce npomeHs npeactassaHeTo Ha DNN mogena npu Hanvuue Ha wym (Hucka
ctonHocT Ha SNR) 1 n3BBLHOGYUMTENHM AMana3oHy Ha napameTpuTe?
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3AKIIOYEHHUE

Hactoawmar y4eGHUK nNpeactaBs OCHOBHWUTE TEOPEeTUYHM U MPaKTUYEeCKU acnekTu Ha
HEBPOHHUTE MPEXU W MWHTENIMIEHTHUTE CUCTEMU 3a YMpaBneHue, Kato obeduHsiBa
(PyHOaMEHTanHW 3HaHWSE WM CbBPEMEHHW npunoxeHus. Ypes nocnegosaTenHoO
pasrnexnaHe Ha apxXuTeKTypu, anroputmu 3a obyyeHne, METOAM 3a ONTUMMU3ALIMS, KAKTO
N UHTerpaumst Ha XubpuaHu noaxoam, y4eGHUKLT Lenu Aa noAaroMorHe CTyAeHTUTE B
YCBOSIBAHETO Ha KOMMIEeKCHaTa MaTepust U B M3rpaXaaHeTo Ha NpakTUYecKn yMeHus 3a
6baeLla npodecmoHanHa peanvaaums.

ABTOpI/ITe AO0NPUHACAT CbC:

e cucTeEMaTM3auus Ha akTyanHW 3HaHWs B obnacTTa Ha HEBPOHHWTE MPEexu U
MPUNOXEHNETO UM B UHXEHEPHWN CUCTEMU;

e paspaboTBaHe Ha NpUMepK, anropuTMmn U Urypu, KOUTO YNECHSIBAT YCBOSIBAHETO
Ha MaTepusiTa;

e VHTerpypaHe Ha Knacu4ecku 1 CbBPEMEHHU METOAN U NPUMNOXEHUS B reonorusiTa,
eHepreTukaTa 1 enekTpoHuKaTa;

e yBOA B MPOEKTUPAHETO C MOMOLLTA Ha W3KYCTBEHWUS WHTEMEKT Ha CUCTEMM 3a
yrnpasreHue B reonorvsita u MMHHOTO Aeno, Ha cucteMu 3a obpaboTka Ha JaHHU
OT CEH30pW B EneKTpOeHepruiHata cucteMa M CUCTeMU 3a Knacudukauusi B
enekTPoOXNMUSTa;

e cb3gaBaHe Ha y4ebHO CbAbpxaHue, CbobpaseHo C HyxaWTe Ha CTyAeHTUTe B
obnacTTa Ha aBToMaTukaTa, MHPOPMaLMOHHUTE 1 YNpaBnsiBaLLMTE TEXHOMOTUN.

C ToBa y‘-leﬁHMK'bT He camo oboraTsiBa y‘-le6HI/1ﬂ npouec, HO U npenocrtaBsa ctabunHa
ocHOBa 3a Obaelwy wuscneaBaHusi u npaktnyecka peanum3aumsa B obnactta Ha
WUHTEJTUTEHTHUTE CUCTEMMU.
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