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A. A. Kopsik, 10. A. llempoea — CTyaeHTKN kacheapbl KOMMbIOTEPHOI MaTeMaTiki 1 NporpaMMm1poBaHNS
M. . Monsik — Hay4HbI PYKOBOAUTESb

PACMO3HABAHUE OBPA30B C NMOMOLLIbIO CETU XOMN®UIaA

B naHHoit paboTe uccnenyeTcs 3agava pacno3HaBaHust 06pa3oB C MOMOLLBK MCKYCCTBEHHOM HEMPOH-
Hom ceTn Xondunga. Onucanbl meTogsl 06y4eHns u pacno3HaBaHus ceTu. MNpoaHanuaupoBaHbl NOMyYeHHble
pesynbTaTbl pacro3HaBaHus, caenaHbl BbiBogbl 06 APPEKTUBHOCTU MCMONB30BAHUS AAHHOMO BULA HEMPOH-
HOWM CEeTU B NOCTABMNEHHON 3a4aYe.

B nocnegHue HeCKOmNbKO AECATUNETUIA LIMPOKOE Pa3BuUTHE NOMyYnna HoBas 0bnacTb NpuknagHon Ma-
TEMaTUKW, CreuuanmuaunpyoLascs Ha UCKYCCTBEHHbIX HEMPOHHbIX CETAX. OTO 0BYCNOBMIEHO TEM, YTO HENPOH-
Hble CeTU cnocobHbI pellaTh OBLWMPHBIA CNEKTP 3aAaY, Takux Kak NporHo3npoBaHue, pacno3HasaHue, cosaa-
HMe 3KCNepTHbIX cucteM, obpaboTka M aHanM3 gaHHbIX U MHOrVe Apyrue. B gaHHon ctatbe ByaeT paccmoT-
peHa 3afaya pacnosHaBaHus 0Bpa3oB C MOMOLLBH HEMPOHHOM ceTn Xondunaa. CosnaHHas B 1984 rogy, oHa
BO3pOAWMIIa MHTEPEC MCCneaoBaTenen K 3agadam pacrno3HaBaHus U K HEMPOHHBIM CETAM B LiENOM.

HelipoHHas ceTb npeacTasnseT cobon MaTeMaTieckyto MoAenb, KoTopas (yHKLMOHMPYET Mo NpUH-
Uuny BUonornyecknx HEeMpoHHbIX CETEN — CETEN HEPBHbLIX KMETOK XWBOrO OpraHu3ma. MCKyCCTBEHHble
HENPOHHbIE CETU NOSIBUINNCh B pe3ynbTaTte U3y4eHns 1 MOAENMPOBaHUS NPOLLECCoB, NpOTEKaKLWMX B Mo3re. B
3ajayax pacnosHaBaHWs MPUMEHEHNE HEMPOHHbIX CETel OMpaBAaHO W B 3HAYMTENBHOW CTENeHU 3KOHOMMT
cpegfcrea U pecypebl [1].

CeTb Xondwunga coCTOUT U3 e4UHCTBEHHOTO CNOSt HEMPOHOB, YUCIIO KOTOPbIX SBMSETCS OQHOBPEMEH-
HO YMCNOM BXOZOB W BbIXOAO0B CeTW. Kaxablil HENPOH CBA3aH CUHaNCamu CO BCEMMU OCTaslbHbIMU HEMPOHaMM.
CTpykTypHas cxema cetv Xondunaa npeacrasneHa Ha puc. 1.
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Puc. 1. CTpykTypHas cxema cetu Xondurnga

Kaxablil HEMPOH CETU NPUHUMAET OHO U3 YCTONYMBLIX COCTOSHUN — e4UHULA MU MUHYC eauHNLa.
Mo npuHumny obyyeHuns ceTb Xondunaa He NOAXoAUT HU nog 0byveHne ¢ yuuTtenem, Hu nog obyde-
HWe 6e3 yuutens. B aToil ceTu BeCOBble KOIPPUUMEHTLI CUHAMNCOB PACCUYUTLIBAKOTCS Nnepes Havyanom (yHk-
LIMOHMPOBAHMSA CETU Ha OCHOBe MHpopMaLuy 06 obpabaTbiBaeMbIX JaHHbIX, U BCe 0By4YeHne ceTh CBOAUTCS
WMEHHO K aToMy pacyeTy. CeTb (haKkTU4eckn 3anomMuHaeT obpaslibl 4O TOro, Kak Ha ee BXOZ NOCTynawT pe-
arnbHble daHHble [2].
dopmyna obyyeHns cetn Xondunaa uMeet Bua;
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rAe W, — 9NeMeHT CUMMETPUYHON MaTpULbl BECOBLIX KOatduLmeHToB W, X,; — j-blit anemeHT k -ro obyda-
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towero Bektopa, N — pa3amMepHOCTb HEMPOHHOM ceTh, M — KONNYeCTBO 06YYatOLLMX BEKTOPOB.
PacnosHaBaHve obpasa B CETU BbINOMHAETCA CrieAytoLLEeN NoCnegoBaTeNbHOCTLI0 AENCTBUI:



1) HaBxog ceTvt nogaeTcs N -MepHbIn BEKTOP X , ONUCHLIBAIOLLMIA pacno3HaBaeMbln 0bpas;
2)  paccuuTbiBAETCA NOCNeAoBaTeNbHOCTb BbIXOAHBIX BEKTOPOB Y, ...Y, , [A€ j-blil ANIEMEHT Kaxioro

BekTopa Y, = {yl Y Y } OnpeaenseTcs COOTHOLLEHWEM:
+1 X ;2 0
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rAe SNEMEHT x; PacCu1TbIBAETCS Mo (hopmyre, KoTopasi COOTBETCTBYET 3HAKOBOW aKTUBALMOHHON (PYHKLMM
ceTu:
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3)  pacnosHaBaHue BbIMOMHAETCA 40 Tex nop, noka BeKTop Y, He coBnafeT ¢ BEKTOpoM Y, ,, TO
€CTb M0Ka TeKyLLiee COCTOSHIE CETU He CoBMafeT C NpeablayLLNM.

B npouecce (hYHKUMOHMPOBAHUS HEWPOHHOW CETU AN OLEHKWN MPaBuUIbHOCTU M 3PGEKTUBHOCTM ee
paboThl Ucnonb3yetcs yHKUMs aHeprum (JlanyHosa):
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Ha kaxgom ware paboTbl ceTn (HyHKLMS 3Heprin OmKHA YMeHbLIATbCs, YTo ByaeT cBMaeTeNbCTBO-

BaTb O Ka4YeCTBEHHOM paboTe CeTU, B MPOTUBHOM Cllyyae CeTb (OyHKLMOHUPYET HEKOPPEKTHO.
K poctonHcteam cetn Xongunga MOXHO OTHECTH:

1) BO3MOXHOCTb NPOCTO U 3HPEKTUBHO peLLaTh 3agavy Bocco3daHus 06pasoB Mo HEMOMHON W 1c-
KaxXeHHOMN WH(opmaLmm;

2)  NpOCTOTY peanu3awum 1 CTPYKTYPHON KOMMO3ULIUK.

CyLecTBEHHbIM HEOCTAaTKOM CETU SBMNSETCS OrpaHUYeHne CETU Ha KOMNYECTBO pacno3HaBaeMblx 06-
pa3soB. JTO OrpaHNYeHne onpeaenseTcs CreayoLwmuM BblpaxeHUeM:

N
M = , (5)
™ 2InN
rge Mmax — MaKChMalbHOe KOnn4yectBo o6pasoB, KOTOpOE CMOXET pacno3HaTb CeTb, N - pa3MepHOCTb

ceTu.
3aBUCUMOCTb KONMYEeCTBa pacno3HaBaeMblx 06pa3oB OT pa3MepHOCTU HEMPOHHOW CETU NpeacTaBrneHa
Ha puc. 2.
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Puc. 2. Tpachuku eMKoCTH namsTi ceTh Xondunga no OTHOLEHUIO K €€ pa3MepHOCTH



B paHHoi paboTe Bbina uccnenoBaHa 3a4ava pacno3HaBaHus 00pa3oB ¢ NoMoLLbo ceTn Xondunga. B
Ka4yecTBe pacrnosHaBaeMblx 06pa30B Obina BbibpaHa rpacuyeckas cuctema n3obpaxeHns Ynucen NOYTOBOMO
nHaekca (puc. 3).

Obpaszey HanucaHus yugphp uHdexca

Puc. 3. I'pachnyeckoe n3obpaxeHue Yncen NouToBOrO MHAEKCa

HellpoHHas ceTb Ans pacno3HaBaHust nofobHbIX 06pa3oB OymeT COCTosTb M3 LEBSTU HEAPOHOB MO
YMCny BO3MOXHbIX 3NIEMEHTOB B 1306paxeHnM. Mopsiok KOANPOBaHWS SNEMEHTOB M306paXeH!s! NMOYTOBOrO
WHOeKca NpeacTaBneH Ha puc. 4.

Puc.4. nOpH,ELOK KOOMPOBaHNA 3NNIEMEHTOB M306pa)|(eHVIFI NOY4YTOBOro MHAEKCA

Obyvatowas Bbibopka coctout 13 10 anemeHToB — Mo uncny obpasLoB. BxogHon BEKTOp cocTouT 13 9
KOMMOHEHT, KaXabIl 13 KOTOPbIX MPUHUMAET 3HaYeHWe 1 NO HanMyuo NPUMMTUBA B M300PaXEHUM, U MUHYC 1,
Mpu ero OTCyTCTBMM. Hanpumep, BXOAHOW BEKTOP, ONUCHIBAIOLWNIA N306paxeHue Hyns, ByaeT BbIrMsaeTb cre-
nytowmm obpasom: x, = {111,-1,-1111,-1}.

B npouecce npoBepky kayecTBa pacnosHaBaHus 06pa3oB ceTbio Xondurnaa cHavana Ha BXog cetv no-
faetcsa Bca obyvatowas sbibopka. OgHako ecnu nocne obyyeHus nogaTb Ha BXOS B KQYECTBE «HOBbIX» BCe
y)XXe 13BeCTHble ceTn 0bpasbl, TO Aaneko He BCe Ludpbl ByayT pacnosHaHbl KOPPEKTHO. 3TO CBA3AHO C orpa-
HUYEHWEM Ha KONMWUYECTBO pacno3HaBaeMblx 06pa3os (5), HANPAMYIO 3aBUCALLMM OT 06LLEro Yucna HenpoHoB
B ceTW. [ins fJaHHOW CeTu Nony4vaeTcs, YTo YMCO pacno3HaBaembix 06pa3oB NPUMEPHO PaBHO 2, YTO YCNo-
BMIO MOCTABIIEHHOM 3adaun He yaoBneTBopsieT. CornacHo opmyne (5), Ans KOPPEKTHOro pacnosHaeaHus 10
0bpa3oB Heobxoamuma ceTb, cocTosiwas u3 90 HEMPOHOB.

[ns Takon cetn obyyeHne JOMKHO MPOMCXOAUTL C BEKTOpami, KOTOpble cOCTOST U3 90 KOMMOHEHT.
lNepBble 9 KOMMOHEHT N3BECTHbI, COOTBETCTBEHHO, OCTambHbIE 81 HY)XHO 3anONHUTL KakuM-nnbo obpasom:

1) 3anonHUTb 3HaYeHUsMU, paBHbIMK (-1);

2)  3anofHWTb 3HAYEHWSMM, NOBTOPSIOLLMMM U3BECTHBIE 9 KOMMOHEHT;

3)  3anofHWTb CryYalHbIMU 3HAYEHNAMU W 3aNOMHUTBL UX AN NOCNEYIOLEro pacno3HaBaHus.

MepBbIi cnocob He AaeT NONOXMTENbHLIX Pe3ynbTaToB. BTopon cnocob 3anornHeHws JaeT xopolne
pesynbTaTbl — BEPHO pacnosHatoTcs nopsigka 6 13 10 obpasos. TpeTuit cnocob okasbiBaeTCst CambiM Kauye-
CTBEHHbIM — CETb OJHO3HAYHO PACMO3HAET BCHO 00YyYaroLLyH BbIBOPKY.

Ha ocHOBe nomnyyeHHbIX pe3ynbTaToB MOXHO CAenaTb BbiBOZ, YTO 3ajaya Pacno3HaBaHWS MOYTOBbIX
WHOEKCOB MOXET ObITb YCMELLHO pelueHa ¢ nomoLbto cetn Xondumnga ¢ 90 HempoHamu. HegoctaTkom cetw
Xondunga sBnseTcs kBagpaTUYHbIA POCT Pa3MEPHOCTU CETU NPU YBENUYEHUW YKCra pacno3HaBaeMbIX ce-
Tbto 06pa3oB. OgHaKo AaHHbI HELOCTATOK KOMMEHCHUPYETCS NPOCTOTON peanu3aLmm anroputMoB 0by4eHus 1
pacnosHaBaHus.
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