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Jexkyusa 14:
Heesponnu mpestcu (npoovidcenue)

CAMOOBYYEHHE HA HEBPOHHHU MPEKH

[Ipu 0O6yuenuero 6e3 yuuren (T.€. Ipu caMo0Oy4EHHUETO) € IPEAoara, 4e He
ChILIECTBYBa 00paTHa Bpb3Ka ChC CpesiaTa, B KOSITO paboTu Mpeskara, T.e. HsMa Koi Ja
orpeJieNii KakbB Ou TpsOBasio 1a Ob/ie M3XOABT Ha Mpekarta 1 Jajiu GOPMHUPAHUAT OT Hes
U3X0Jl € KOpeKTeH. MpexaTa TpsiOBa cama Jja OTKpHe 00pa3iiy, XapaKTepUCTUKH,
PEryJIsipHOCTH, KOpENAIK WK KaTerOpUU BbB BXOJHHUTE JaHHU U Ja TM KOAMpa Ha U3X0/a.
3aToBa U3KYCTBEHUTE HEBPOHU U BPBH3KUTE MEXKAY TIX TpsiOBa Ja mpuTexanar (aa
JIEMOHCTPHPAT) HAKAKBA CTETICH HA CAMOOP2AHU3AUUAL.

B pe3ynrar Ha caM000yueHHETO MOXKE J]a C€ MOJIy4H HEIIO0 MOJIE3HO CaMO KOTaTo
CBIIECTBYBA U300unue om 6xo0nu oannu. bes n306miame He MOXe Ja ce€ HaMepsT HIKAKBU
XapaKTepUCTUKH HA JAHHUTE, Thid KaTO B TAX MMa U CIIy4allHH IIyMOBeE. B To3u ciryuai
u300unuemo 0aea 3Hanue.

TunbT Ha 00pa3ena, KOHTO caMooOyuaBalaTa ce Mpexa OTKpUBa BbB BXOJHHUTE
JIaHHU, 3aBUCH OT apxumekmypama ii. OOMKHOBEHO caMOO0OYYaBaIIUTE CE MPEKU UMaT
MPOCTa apXUTEKTypa — Hail-uecTo Te ca MpaBU U BKJIIOYBAT €JUH BXOJAEH U €MH U3XOJIEH
cioif. I1pu ToBa OOMKHOBEHO M3XOJHUTE Ca MHOTO MO-MAJIKO OT BXOJIOBETE.

Hsikou BB3MOXHM pe3ysiTaTH OT paboTata Ha camMooOydaBailia ce HeBpOHHA MPEXa:

Knacmepuszayun. MHOXXECTBO OT JBOWYHU U3XOH, CAMO €IMH OT KOUTO € aKTUBEH B
oTpeziesieH MOMEHT OT BPEMETO, MOTaT J1a ONPEAETAT KbM KOsl OT HSIKOJIKO KaTeropHu
NPUHAAICKN BXOAHUAT oOpazen. Beeku kimactep oT mogoOHU Uiy O3k 00pa3iy e 0b1e
KJacu(UIUpaH KaTo eIMH U3X0JIeH KJac.

Kooupane. 3xonpT Moxe 1a Obie KOAWpPaHa BEPCUs Ha BXOJa B ITO-MAJIKO OUTOBE,
MOAIbPXKANKK TOJIKOBA HE0OXoAruMa HH(OpMaLIKs, KOJIKOTO € Bb3MOXKHO. ToBa ce u3nosnsna
3a KOMIIpECHpaHe Ha JaHHH MPEIH M0IaBaHETO MM IO KaHaJ C OrpaHUyYeH 00XBarT,
MpeIoiaraiiky, ye Moe /1a ce KOHCTpyHpa U oOpaTHa JeKoaupalia Mpexa.

B noBeuero cinyyan apXuTekTypute 1 00yuyaBaliuTe NMpaBHuiia ce OCHOBABAT Ha
MHTYUTHUBHU MPENIOJIOKEHU. B HAKOU cilydau ce U3Mo3Bar v ONTUMU3ALIMOHHY MOIX0AH
(uenu ce MakCHMMa Ha UKOHOMHYHOCT Ha MPEJCTaBIHETO WIIM MaKCUMHU3HpaHe Ha HIKaKBO
KOJIMUYECTBO, HAIIPUMEpP Ha ChIbPKAHUETO Ha UH(OpMaLMsITa I MUHUMU3HpAHE HA
W3MEHEHHUETO Ha U3X0/a).

Enun ot Hali-yecTo U3noa3BaHUTE METOIH (ITOAXOAM) 3a CaMOOOyUYEHHUE € T. Hap.
cvemeszamenno odyuenue. I1pu HETO camo eOun uzxo0en HeepoOH Ul camo eOuH HeepoH
om onpeodeniena zpyna e akmuegeH, T.€. UMa HeHyJieBa aKTUBHOCT (aKTHBALIMOHHO HUBO,
CTOMHOCT) B 1aJICH MOMEHT OT BpeMeTo. M3X0IHUTE HEBPOHH C€ ChCTe3aBar Ja ObaaT
AKTHBHM U 3aTOBA YECTO C€ HApUYAT “neuenuguiuam-63ema-6Cuiko” HEBpOHU NN
“uznpeeapeauju-ecuyku” e1eMeHTH (Bb3JIH).

IlenTa u TyK € a ce KJlacTepU3npaT WK KaTeropu3upar BXoauute nanHu. [logo6Hu
BXOJIOBE OU TpsAOBaIIo a ObAAT KIacu(UIIMPAHH B €HA U ChIIIa KaTErOpuUs U 3aTOBa OU
TpsIOBaAJIO 1a aKTUBUPAT €IMH U CHII] U3X0/IeH HeBpoH. KiacoBeTe (kimactepure) TpsiOBa 1a
OBIaT OTKPUTH OT CamMaTa Mpeka Ha OCHOBATa Ha KOpEJIallui MEX/1y BXOJHUTE JaHHU.



Cmanoapmno cvcmezameino odyueHue

MpesxuTe, KOUTO M3MOI3BAT CTAHAAPTHOTO CHCTE3aTENHO O0yUeHUE, UMAT eOUH
6x00eH U eOuHn uzxoo0en cnoi. Beexu ot uzxoquure Bb3iu O; € CBbpP3aH ¢ BCEKU OT
BXOJIHUTE BB3IM &; upe3 Bb30yskaaia Bpb3ka ¢ Tersio w;>0. llle pasriexgame caMo MpexH ¢
Ounapen 6x00 u u3xo0 (C BXOJHU U U3XOJHH CTOIHOCTH OT MHOecTBOTO {0,1}). Camo
€/IMH OT MU3XOJHUTE HEBPOHH, HAPEUCH nodedume’i, MOXe a ObJIc aKTUBEH (J1a IMa
HEHYJIeBa CTOWHOCT) B Aa/ieH MOMEeHT. OOMKHOBEHO TOBa € BBH3€IbT C Hail-rojisiMa CTOWHOCT
(axTHBHOCT)

hi= Zwﬁﬁj = w, & 3a JaJeHus BXOJCH BEKTOp ¢ .
j

3aroBa HEPaBEHCTBOTO
(1) wx &> w, & 3aBcako i

nedunupa nodexaaBamus HeBpoH ¢ O;x = 1.
KaTo npaBwuiio ce M3MCKBa TeryiaTa 3a BCEKH U3XO0JICH BB3€JI 1a Ca HOPMUPAHH:

|;i|=l 3a BCSIKO i.

B TaxbB ciyyaii 3a qaieH BXOJeH BEKTOp & MOOekK1aBalMaT U3X0ACH HEBPOH i * ¢
O;+=1 ce neduHUpa MOCPEICTBOM HEPABEHCTBOTO
(2)|w.-&|<|w, -&| 3aBesKO Q.

Enna Mpexxa oT TUN “‘lieuenuBIIUAT-B3eMa-BCUUKO ™ peanu3upa KiacupukaTop Ha
o0pa3iy, kato usnoiisea kpurepus (1) wiu (2). 3adauama 3a 06yuenuemo it € cBbp3aHa C

—_—

Hamupane na me2jiosume 6eKmopu w;, npu U3UCK6AHemo mpelcama oa Hamupa no

nO0X00AU, HAYUH Klacmepu 6b6 6X00HUme OaHHIU.

HsiMa npyHLIMITHO 3HAaYE€HNE HAYUHBT, 110 KOMTO CE pealu3upa Mpeka OT TUI
“nedenuBIIMAT-B3eMa-BCUUKO . [Ipu KOMIIOThpHA CUMYJIAIMsl BUHATH MOJKE Jia ce
OCBILECTBH ThPCEHE Ha MAaKCUMAIHOTO /;. YecTo cpeana (M mo-ecTeCTBeHa B OINpeIesieH
CMHCBHJI) € U CUTYyalusTa, IPU KOSITO U3XOJHUTE HEBPOHH CE CHCTE3aBaT MIOMEXK/TY CH C LIEJ
U3TbYBaHE HA MOOETUTEN UPE3 CMPAHUYHO ROOMUCKAHE: BCEKU HEBPOH MOATHUCKA APYTHUTE
4pe3 BPh3KH ¢ OTPULIATENIHU Terjla U €BEHTYaJIHO CE€ CaMOBbB30YXk/1a Upe3 Bpb3Ka ¢
MOJIOKUTETHO TETJI0. 3a LeJITa CTPAaHUYHUTE TerJla U HelIMHeHHaTa aKkTUBAllMOHHA (DYHKIIHS
TpsiOBa ja ObaaT MoaOpaHu KOPEKTHO — TaKa, Ue J1a € CUTYPHO, 4e e Ob/ie n30paH TOYHO
eIMH U3XOJ U KoJieOaHusTa e ObaaT n30eryary.

B TakbB ciyuail Hail-00110 aNrOpUTHMBT HA CTAHJIAPTHOTO CHCTE3ATENIHO O0YUEHHE
U3IJIEKA 110 CIIEIHUS HAYNH!

1. TlpucBosiBaT ce MajKH ClIy4ailHM CTOMHOCTH Ha TerjiaTta. BakHO B TO3U MOMEHT €

7la HAMa cUMeTpus (T.e. Terjara Ja ca HaI'bJIHO PA3JIUYHN).

2. WN3bwupa ce BXOJEH BEKTOP OT 00y4YaBaIIOTO MHOXKECTBO.

3. IIpecmsTa ce HauanHaTa CTOMHOCT (AKTUBHOCT, aKTUBALIMOHHO HHUBO) 332 BCEKU OT

U3XOJIHUTE HEBPOHHU.

4. W3xooHUTE HEBPOHM CE€ CHCTE3aBaT, JOKATO CaMO €UH OT TSIX OCTaHE aKTHUBEH.
VYBenuuaBar ce Terjiara Ha Bpb3KUTE MEKIY aKTUBHMSI U3XOJIEH HEBPOH U
aKTUBHUTE BXOJHU HEBPOHM U CE HAMAJIABAT TETJIaTa Ha BPB3KUTE MEXKIY
AKTUBHUS U3XO0JIEH HEBPOH M HEAKTUBHUTE BXOJIHU HEBPOHU TaKa, U€ BEKTOPHT OT
TE€3H TerJla 1a OCTaHEe HOPMHUPaH.

6. CTbnku 2 — 5 ce MOBTapsT 32 BCHYKU BXOJIHU BEKTOPU 32 MHOTO E€TIOXH.
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I'EHETHYHO IIPOT'PAMHPAHE

Hoeume My ce 0OCHOBABAT HA MPUHLUIIUTE HA €801I0YUAMA TIPU KUBUTE OPraHU3MU:
Ch3/1aBaHE Ha TIOKOJICHUS OT MO-100pH WHAUBUIH ITOCPEACTBOM NPOMAHA (passumue) 9pe3
8b3NPOU3BOOCNBO T USOUPAMETHO OYeNa8aHe HA Yacm om HAcleOHuyume (noooop).

IIpu reHETUUHOTO IPOrpaMUpPaHE MO TAKbB HAYMH c€ Ch3AaBaT (“oTriexaar’”)
MIPOrPaMHu.

o [lokonenue () mpeAcCTaBIsABa MOMyJAIMs OT CIIy4alilHU IPOTpaMu, U3MOI3BAIN (YHKIUH,

KOHCTAaHTH U BXOJHHU JAaHHH, 32 KOUTO CE CMSATa, Y€ I11e ObJaT MOJe3HH.

o [loxonenue i+1 (i>0) BriatouBa:

O HSKOM OT Hal-100pUTe MpeICTaBUTENN Ha MOKOJICHUE i, N30paHu upe3 ChCTe3aHHe
(TypHUDp), BbpXY Majika yacT (0koJio 1%) OT KOUTO MOXKeE Ja ce MPUII0KUA Mymayus,
KaTo ciiydyaifHO U30paHa yacT ce 3aMEeHH ChC CIIydyailHO MOPOJeHa KOHCTPYKLHUA (IO
TaKbB HAYMH CE€ OCUTYPsIBa BB3MOXHOCT Ja C€ JOCTUTHE BCAKA TOYKA OT
MIPOCTPAHCTBOTO HA THPCEHE U JIa CE M3JIe3€ OT EBEHTYAJICH JIOKAJIEH MUHUMYM );

O HACTEIHUIIN HA HIKOW OT HA-JOOpHUTE MPEICTABUTENN HA TIOKOJICHHE i, TOTy4YeHU
4upe3 Kpbecmoceare, IPY KOETO CIIy4aiHO n30paHa yacT Ha “Oamata’ 3aMecTBa
ciryyaifHo n30paHa yacT Ha “MmaiikaTa”.

To3u moaxon Moske Ja ce MPUIIOKU U BbPXY HEBPOHHU MPEXKH, KaTO TAXHOTO
o0yuyeHHe ce pellyBa ¢ IpOMsIHA Ype3 BB3IMPOU3BOJCTBO U MOI00D, a MPU KPBCTOCBAHETO
U3XOJIHUTE BB3JIM Ha POAUTEIUTE CTaBaT CKPUTH BH3JIU HA HACIICTHUIIUTE.
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