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B pamkax npoekta LHAASO (Large High Altitude Air Shower Observatory) 8 Kntae cosgaercsa ycranoska ENDA
(Electron Neutron Detector Array). KoHuenuus ycTaHOBKN COCTONT B OAHOBPEMEHHON PErucTpaumm 3neKTpo-
MarHUTHOW 1 aAPOHHON KOMMOHEHT WNpPOKux atmocdepHbix nueHel (LLIAJT) ¢ nomowbto sH-geTekTopos. [dns

oueHKU Konmyecta agpoHoB B LLIAJ] neTekTopbl YCTaHOBKU PerucTpupyroT BTOPUYHbLIE TENMOBbIE HEATPOHbI,

3a4ep>XXaHHble OTHOCUTENIbHO CprHTa JINBHA. I'Ipvl 3TOM 4acCTb 3a[€pPXXaHHbIX UMMYNbCOB CO3[aeTCA OLHOBpE-

MEHHbIM MPOXOXXAEHNEM HECKONIbKNX 3apPAXEHHbIX 4acCTuy 4epe3 CUMHTUNNATOP (CI/IFHB.H oT o,quﬁ HYacTunubl

NEXUT HUKE MOPOra perncrpauum), a Takxe wymamn hoToymHoxunTens. B pabote npeanaraercs metoq Bbi-

AeneHnsa HeﬁTpOHHbIX NMNynbCOB ANA SH-AETEKTOPOB C MPUMEHEHNEM CBEPTOYHBIX HeﬁpOHHbIX ceTein n npoBo-

ONTCA CpaBHEHNE C BasncHbIM METOoAOM, NPUMEHAEMbBIM B HAaCTOALWEE BPEMS HA YCTAHOBKE.

DOI: 10.31857,/50044451023040090
EDN: LVJOHJ

1. BBEJAEHUE

ITpoekr ENDA (Electron Neutron Detector Array)
OCHOBAH HA MCHOJIb30BAHUU HU3MEPEHUil aJpPOHHON u
9JIEKTPOHHOH KOMITOHEHTBI JJIsi OLEHKU SHEPTUU TIep-
BUYHOM dacTuIpl u aromuoro Homepa [1-3]. IIporo-
tunbl ycraHoBku ENDA ObLiu co3maHbl Ha TEPPUTO-
pun A PAH B Mockee (ENDA-INR) n B Kurae B
ropoze Aurbamkunar (ENDA-YBJ) wa Beicore 4300 M
HaJlT YPOBHEM MOpPs, OHH COCTOAT u3 16 37IeKTPOHHO-
HEHTPOHHBIX JETEKTOPOB (IH-IETEKTOPOB) JJIsA U3YyUe-
uus mupokux armocdepubix ausneit (IITAJI) ¢ suep-
ruavu Beimre 111sB. B ycramoBkax permcrpupyiorcs
CHTHAJIBI OT 3aPSPKEHHBIX YACTHIL U TETLIOBBIX HEHTPO-
HOB, KOTOPBIE T€HEPUPYIOTCS BHICOKOIHEPTeTUICCKUMU
aJPOHAMY JINBHS NPU UX B3aUMOJIECHCTBHN C IPYHTOM.

* E-mail: kyrinov.ko@gmail.com
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Nudopmalusa 0 ducie aapoOHOB Ha YPOBHE HADJIONE-
HUS TTO3BOJIAET YJIy4IINTh BOCCTAHOBJIEHUE SHEPIHH W
mMacchl eppraHOit dactuis [4,5]. Konmaecrso anporos
JIUBHS TTPOTIOPITUOHAILHO KOJIUIECTBY TEIJIOBBIX HEii-
TPOHOB M MOYKET OBITH MCIOJB30BAHO JIJIsI €ro OIEH-
k1 [6]. [Iyist perucrpannm 31eKTpOHHO-(DOTOHHOMN 1 aI-
POHHO#H KOMIIOHEHT JIUBHSI B YCTAHOBKE UCIOJIB3YIOTCSA
sH-jeTekTopbl (paspadboranubie B 1AM PAH) na ocho-
BE€ HEOPTraHWIECKOrO CIMHTULIANUMOHHOTO KOMIIAYH/IA
ZnS(Ag) + B203 ¢ neoborammeHHbIM GOPOM.
Bouieiennre uMIryiLcoB 0T HEHTPOHOB OCHOBAHO HA
pazmuauu (HGOPM UMITYTHCOB, MOTYYAEMbBIX TIPU 3aXBa-
T€ B JAHHOM CHUHTUJLISATOPE TEIJIOBBIX HEHATPOHOB,
JIETKUX PEIATHBACTCKAX 3apPSAKEHHBIX YACTHUI] W TITy-
MOB. CyHIecTBYIOT pa3indHbie COCOObI HIeHTH(DUKA-
UK HEHTPOHHBIX UMITY/IECOB, BKIIOYAIOIINE HCIOTB30-
BaHWe aHAJINTHYIECKNX METOOB [7—9], a TakKe MeTOIoB
MANIMHHOTO OOYYeHHs, TAKMX KAK METOJ, OTIOPHBIX BEK-
ropos [10], ucnosnbp3oBanue MOJIHOCBABHBIX HEHPOHHBIX
cereit m meron k-cpenmux [11], a Takike HpHMeHeHHe
ceeprounbix meliponnbix cereit (Convolutional Neural
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Puc. 1. ®poHT nmnynbca 3aps>keHHON 1 HETPOHHOW KOMMO-
HEHTBbI

Networks, CNN) [12]. B crarbe [12] mpuBeneHo cpas-
HEHHE, B KOTOPOM AJITOPUTM PA3/IEIeHNs] CUTHAJIOB OT
3apAKEHHON W HEHTPOHHONW KOMIIOHEHT /JIid CIIUHTHJI-
aaropa Ha ocroie SLiF : ZnS(Ag) ¢ npumechio nmosm-
BUHUJITOJIYOJIa MOKA3AJ JIydIllee Ka9eCcTBO MO0 CPaBHE-
HUIO C JPYTUMHU AHAJTATHYECKUME METOJAMHU Pasierie-
HUS CUTHAJIOB.

B pabore mpemmaraercs MeTom BbIIETEHUS Heii-
TPOHHBIX UMITYJIBCOB JIJIs IH-JIETEKTOPOB ¢ MIPUMEHEHH-
€M CBEepTOYHBIX HEHPOHHBIX CeTeil W TMPOBOINTCS CPaB-
HeHwe ¢ DA3UCHBIM METOOM, TTPUMEHSIeMbIM B HACTOSI-
ee BpeMs Ha YCTAHOBKE.

2. METOAVNKA PETUCTPAIINN

TemmoBble HEHTPOHBI PECUCTPUPYIOTCS C TIOMOIIHIO
CJAeLyIoell peaKInu:

n+ B — "Li+ 5He + 2.3 MsB (2.7 MsB B 7%).

Jlerkue pesgruBucrckue dacruipl (5, 7, i) BO3-
Oy7KJAI0T B OCHOBHOM OBLICTPYIO KOMIOHEHTY (~ 40 He)
cipHTHIISITOpa ZnS(Ag), B TO BpeMsi KaK TSIKesIble
qactupl (o, 'Li) BO3GYRIAIOT TaK:Ke W MejjeH-
HBbIE KOMIIOHEHTBHI CIMHTHLIATOPA (HECKOJIBKO MUK-
pocekyna u 0Oosee). CUTHAIBI C MOCIEIHErO JIUHO-
ga @Y mocrynaT HA JUCKPUMUHATOP—HHTErPATOP—
yewnureas (JIUY), rme uHTErpupyroTcd B TeYEHUU
1 mre. IUY pacnosioKeH HEMOCPEACTBEHHO B JIETEKTO-
pe. Ilocme ycmaeHust curHas mocTymaeT mo Kabemro Ha
Bxoz, AIIII.

JIjis1 3apsyKEHHON KOMMIOHEHTHI (DPOHT MHTErPUPO-
BAHHOIO UMITYTIECA KPYTO BO3PACTAOIIHUIT, HO U3-3a TO-
IO, 9TO MCXOJHBIN UMITYJIbC HE ABIAETCS TPIAMOYTOIb-
HBIM, 8 UMeeT 3KCIIOHEHIIMAJIBLHBIR XBOCT, BpeMs BO3-
pacranus dpponrTa papHo He ~ 40HCc, a ~ 200 wc. Qg
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HEHTPOHHOI KOMIIOHEHTHI M3-3a yBEJIMUYEHHOTO BpeMe-
HI COOMPAHUS 3apsIa YBEIUINBACTCA 1 (DPOHT BO3PAC-
TaHUsS WHTErPUPOBAHHOTO MMIyIbca. Ha puc. 1 mpes-
CTaBJIEHBI HOPMUPOBAHHBIE YCPEIHEHHBIE (DPOHTHI UM-
MyaAbCa 4 3apAKEHHON U HEUTPOHHON KOMIIOHEHT.

OrmernMm, 49TO B HAMUX PabOTAX MO W3YUECHUIO
Bapumanuii (GpOHOBOIO TMOTOKA TEIJIOBBIX HEATPO-
HOB WCIOJb3YETCS BpPEeMs HWHTEIPDUPOBAHUS DPABHOE
5-10 mkce [13,14].

CoBnaarebHbIe UMITYIBCHI OT (DPOHTA JIUBHS Pe-
TUCTPUPYIOTCS JIE€TEKTOPAMHU B TEUYEHHWE MEePBOMl MUK-
POCEKYHIbI, HEHTPOHBI K& OKOJIO 1 MC YKHUBYT B TDYH-
Te u H6omee 30 MC B BO3Iyxe W UM HEOOXOJMMO BpeMs
nng 3amenyenus B rpyaTe (~ 500 mkc). Urobbr n3bde-
JKATh TPOCYETOB, CBSI3aHHBIX C MPOXOMXKICHHEM MOIII-
ubix 1TAJI, BBI3BIBAIOIIUX HACBIIIEHUE SJIEKTPOHUKH,
¥ BCJIEICTBHE 3TOTO C MEPTBBIM BPEMEHEM, BBOIUTCH
3a/IepKKa Havdajga cdera HefTPOHOB W OHMW PErnCTpH-
pytoTrca Bo BpemeHHOM mHTepBase oT 100 MKC 10 5 MC
rocste (ppoHTa JTHUBHSA.

Ocrmtorpamma cobbitust cocrout u3 164500 To-
gek, rae mar onudpoBku cocrasiasger 32 uc. lepsbrit
WMITYJTHC COOTBETCTBYET SHEPTOBBIIETEHNUIO OT TPOXOK-
nenus dponta [TAJL, najee cieayoT UMITYILCHI OT 3a-
Jepxkanubix HeirTponos. Ha puc. 2 mokazana ocrusio-
rpaMMa 3apeructpupoBaruoro coobirust IITAJT co Beex
cpaboTaBIINX JETEKTOPOB (OTMEUYEHBI PA3HBIM IIBETOM )
¢ ycranoBgu ENDA-INR.

3. BABUCHBII METO/],

Meron wHTerpwpoBanusi 3apsiga [9] ocHoBaH Ha
OIleHKE OTHOIIEHMS 3apsiia, cobpadHoro ot "6brcrpoii”
KOMITOHEHTBI CIUHTHILISTOPA, K 3apsmy, COOPAHHOMY
3a BpeMs JOCTHKEHUsT MAKCUMAJBHOW aMITJINTYIbI WH-
TErPUPOBAHHOTO CUTHAA. JlJisi HEWTPOHHBIX UMITY b
COB 9TO OTHOIIIEHUE BCEr/Ia MEHbIIe 1, /1JTsl IErKUX Pesis-
TUBUCTCKUX 3aPSAKEHHBIX JACTUI ¥ (DOHA, OTHOIIECHUE
6mu3ko mwiau papuo 1. g momydeHms XOpoImero Ka-
9ecTBa KIACCH(PHUKAINE CATHAIOB 0 (pOPME UMITYThCA
JIAHHBIM METOJ0M HEOOXOINMO BpeMsi HHTEIPUPOBAHUS
nopanka 10 mxc. Pagn ynydnenns BpeMeHHOTro paspe-
[eHust, HeOOXOIUMOTO JIJIsl CUeTa HEHTPOHHBIX UMITYTh-
COB, COTIPOBOYKIAOIINX JINBEHB, B yCTAHOBKE MCIIOJIb3Y-
ercst KOMIIPOMUCCHOE BPEMsi WHTErPUPOBAHIS, PABHOE
Bcero jmmmib 1 Mrce. OJHAKO B 3TOM Cydae aJrOPUTM
pasiefiennsi Ha OCHOBE MHTEIPUPOBAHUS 3apsia J1aer
HU3KOE Ka9eCTBO KIACCU(DUKAINN.

Ha manvbIii MOMEHT B yCTAHOBKE MPUMEHSETCS AJl-
ropuT™ [2], KOTODKIt B majbHeTeM Mbl OyaeM Ha3bi-
BaTh 6A3WCHBIM, COTJIACHO KOTOPOMY Ha OCHOBE aHAJIH-
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Puc. 4. Pacnpepenenne no gnntensHocTn hpoHTa UMMYSIbCa

3a pacrpeaeseHus 1mo (PPOHTY BO3PACTAHUS WHTETDU-
POBAHHOTO UMITYJIHCA BHIOUPAETCS TOPOTOBOE 3HAUECHNE

MUCAHHBIX B TedeHne 11 mecsiieB pabOTHI YCTAHOBKU
ENDA-INR. JIljaa dopvupoBanus BHIOOPKH O 3apsi-
JKEHHOM KOMIIOHEHTE OBLIA B3SThl OCIAIIOIPAMMBL C
YCTAHOBKHU, PADOTAIONIEH B PEXKUME eMHUIHBIX COBIIA~
gennii. B 1aHHOM pEKuME MMITYJIbCHI SBIISTIOTCS OJT¥-
HOYHBIMHU ¥ SIBJISIIOTCS CUTHAJTAMH KaK OT 3apsi?KeH-
HOIT KOMIIOHEHTBI, TaK U OT HeHTpoHHO#i. UTOOBI OcTa-
BUTH UMIYJIBCHI TOJBKO OT 3aPSKEHHON KOMITOHEHTHI,
UMITYJIBCHI, KJIACCU(DUITUTPOBAHHBIE DA3UCHBIM METOIOM
KaK HeATPOHHDbIE, OBLIH YIATEHBI U3 BHIOOPKII.
Boibopka mo HeHTPOHHOM KOMIOHEHTE (DOPMUPOBa-
JIaCh W3 3amMa3/IbIBAIOININX UMITYJILCOB OOJBINAX COOBI-
ruii [ITAJI. [Tox GonbiuMu COOBITHAME TOIPA3YMeBa~
F0TCsE COOBITHSI, B KOTOPBIX YUCTIO 3aPErUCTPUPOBAHHBIX
HEHTPOHOB JIEXKUT BBIIIE MyaCcCOHOBCKOrO (ona (Bepx-
Hee pacipesenenue Ha puc. 5). Takyke ObLIT yCTaAHOBICH
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Puc. 5. Anroputm chopmupoBaHus oby4datoweid Boibopku

kernel_size = 3
padding =1

Input 1x38

MaxPool1d

kernel_size = 2

Dropout

MaxPool1d

kernel_size = 2

Convid

kernel_size = 3
padding =1

Dropout

Flatten Linear Linear

in_features = 576 in_features = 128
out_features = 128 out_features = 2

Puc. 6. ApxnTekTypa HelipoHHOl ceTu

TTOPOT Ha CyMMapHOe YHEPTOBBIJIEIEHNE B TeTEeKTOPaxX B
500 vB. B Takux cOOBITHSAX MO/ 3aPSAYKEHHOW KOMIIO-
HEHTBI II0JIABJIEHA OTHOCHUTEJIBHO HEATPOHHOII KOMIIO-
HEHTHI W MOYKHO BCe 3ama3/IbIBAIoNINe UMIYIbChI CUH-
TaTh HEHTPOHHBIMU.

KomugecTBo 3amepKaHHbIX UMIYIbCOB HA JUBEHD
B muamnasone or 100 Mrc 1o 5 Mc mocae ¢gpponta ITAJI
pacmpeenieno o 3akony Ilyaccona ¢ MmareMaTnaecKnm
oxkuganueM paBHbIM 0.4. DTO KOHTPOIUPYETCs: € TO-
MOIIBIO CJTy9aifHOro mporpamMmmMuoro Tpurrepa. Cpeaee
3HaYEHNE KOJTUIECTBA HEHTPOHHBIX UMITYJIHLCOB MO TMO-
JIy9eHHOU BhIOOpPKe paBHO 18.8 u u3-3a TOro, 9T0 BKIA/T
B 3a/I€PKAHHBIE UMITYIbChI BHOCAT U (DOHOBBIE HEUTPO-
HBI, U 3apsayKeHHas KOMIOHEHTA, MOYKHO yTBEPIKIATD,
9TO 3aPAKEHHAST KOMITOHEHTA, B OOJIBITTHX COOBITHSX IO~
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JIABJIEHA, OTHOCUTEIHLHO HEHTPOHHON Oojiee dem B 47
pas.

Nmnynbesr orbupaucs w3 yCJIOBHSA MPEBBIIEHUS
aMILIATYIBI UMITYJIbca Topora B 7 MB. Bcece mmmymnbenr
3 BBIOOPKU UMEJIH JIJINTEHHOCTh B 1.2 MKC man B 38
ToYeK (IIpH miare JUCKPeTH3alUi B 32 HC). 3a HAYATO
nMyabca Obin npuaar mopor B 0.5 mMB. Tlocie sToro
BCE CHTHAJIBI CIVIAKWBAJIINCH C TIOMOIIBIO CKOJIB3SIIEH
perpeccuu [15]. B pesysbrare onucanHbIxX Bbliie jeii-
cTBUil ObLTO 0TOOPano 2210 UMIYILCOB 3aPAKEHHON 1
348 wmmynbcoB HeiiTponuoit kommouenT. Ha puc. 3 u 4
[IPE/ICTABIICHBI PACIIPEIETIEHUS M0 MAKCHMAJBHONU aM-
IUTATYE U JIATeTHHOCTH (DPOHTA UMITYIHCA 71t 00enx
KOMITOHEHT, T/ie MO/ JJINTeIbHOCTHIO (PPOHTA TTOHMMA-
eTCsT MHTEepBAJ BPEMEHN MeXKIy HAYAJIOM WMIYJIbCa W
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Puc. 7. t-SNE npegcraenenne smbepauHroe. BepxHas na-
HEJb — UCXOAHBIE [AaHHBIE, HUXKHASA NaHeab — nocne obyyerus

€ro MaKCAMYMOM.

ITocsne mocTpoenus pacmpeeienusi Mo BpeMeH! BO3-
pacranusi (PPOHTA, UMITYJIBCA, IS UCTIOIB30BAHUS All-
MTPOKCUMUPYIONINX CBONCTB HEHPOHHON CETH U3 BHIOOD-
KU OBbLIH y/JAJeHbl BCE MMIIYIbChI, YbM BPEMEHA BO3-
pacranusi GpOHTA HAXOJWINCH B MEPECEKAIONIEHcs 00-
nacTh. 3aTeM BLIOOPKM JJIsT KayKI0T0 KJIacca ObLan cba-
sarcupoBadbl. KoHedHOE pacrnpe/eseHue mo JIJInTe b
HOCTH (DPOHTA UMITYIHCA 71T OOOUX KJIACCOB MTPEICTAB-
JIEHO Ha, CAMOM HWXKHEM paclpenesennn Ha puc. 5. [1o
MOy IE€HHO BBIOOPKE OBIITA TMOCTPOEHBI (PPOHTHI MM-
MyJIbCOB 00enx KoMIoHeHT. MakcumaabHas aMILTUTy/1a
YCPEIHEHHOTO (DPOHTA MUMITYJIHCA HEHTPOHHON KOMIIO-
HEHTBI OKa3aaach B 1.4 pa3a 607bIne, 4eM 3apsaKeHHON
KOMIIOHEHTBI.

O P DEKTUBHOCTH MOIEIHN OIEHUBAIACH C TTOMOIIHIO
k-fold kpocc-Bammmanun [16], riae Best BRIGOPKaA pasoum-
BaJIaCh HA 3 PaBHbBIE MOABBIOOPKYM M TOYHOCTH MOJIE-
JIA OTEHWBAJIACH IO CPEIHEMY 3HAYEHUIO HA BCEX IOJI-
BeIOOpKax. Bmecte ¢ 3mum, ObIIa CO3IaHA TECTUPYIO-
mas BBIOOpPKA, KOTOpas Oblta chopMuUpOBaHa Ha, OC-
uoee ocruyiorpamm codbrruit IITAJT ¢ Gonpium gunc-
oM wmefirpornor ays ycranosku ENDA-YBJ, pacro-
JIOKeHHoi Ha maaro Aurbamxuar Ha Bbicote 4300 M
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CNN: Loss vs Number of epoch
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Puc. 8. 'pacbukn obyyeHuss HeliponHoli cetn. BepxHss na-
HeNb — 3aBUCUMOCTUA MOTEPb OT 3MOXU, HUXKHAS NaHenb —
33BUCMMOCTYN [ONMN BEPHLIX OTBETOB OT 3MOXN

HaJ, ypoBHEM MOps. [10 CpaBHEHWIO ¢ UMITYJIHLCAMHU, TIO-
nydenubivu Ha ycranoke ENDA-INR, GonbuimaCTBO
UMIyabcoB, nonydennbix #Ha ENDA-YBJ, umeror miu-
TEIBHOCTH (PPOHTA MMITYJIbCA, HAXOSIIYIOCT B 00Ja-
CTU TEPEKPBITUS JIBYX KOMIIOHEHT. VIMEHHO B 3TOi 00-
JIACTH W BO3HUKAET OCHOBHAsS MpObIeMa Kaaccupuka-
MU UMITYIHCOB. M3-3a Pa3InvIHbIX MTAr0B OMU(DPOBKU
B ycranoske ENDA-INR (32uc) u ENDA-YBJ (20 uc)
umiynbebl w3 ENDA-YBJ 6bumu uaeiiHO nHTEpHOn-
pOBaHbBI Ha MIar B 32 HC.

5. APXUTEKTYPA HEMPOHHOI CETU

g co3manusi HEHPOCETH MCIONL30BAIC (hpeiinv-
Bopk PyTorch [17], apxurekrypa ceru npejcrabieHa
Ha puc. 6.

B pabGore npumensiach HeHpOHHAS CETh, COCTOS-
maga n3 aByx dacreil. [leppas 4acTh npeacrapiser u3
cebst CBEPTOYHYIO CETh, BXOJ0OM KOTOPOH SIBISIETCS BEK-
Top pasmepuoctu (N, 38), rne N — pa3smep Garua, a
BBIXOJIOM BeKTOp (ambeauur) pasmeprocta (N, 128).
Dror cioit 0bydaNcs ¢ MOMOINBIO (DYHKIMU MOTEPH
Sub-center ArcFace [18]. @yHKIMs MOTEPh NUMEET CJie-
AYIOMNi BU:
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Puc. 9. Matpuua ownbok. BepxHss nanens — 6asucHblii me-
Ton, HWxkHas nanens — CNN

gArcF(Lcesubcen:er =
6005(97, Ly M)

) N (0. )
ecos(ﬁl,yi+m) + ijl,jiyq, ecos(0i,5)

(1)

= —log

— T, -
rae 0 ; = arccos(maxy(W; x;)), k € {1,..., K} — xo-
CHHYCHOE DACCTOSHUE MEYKJy 3JEMEHTOM BBIGODKH W
OIHWM W3 TEHTPOB KJIACCA.

Oranunrensras naes JaHHON (DYHKIANA MOTEPh CO-
CTOWT B BBEJECHUM THUIEPIAPAMETPA 1M, OTBEYAIOIIEro
3a HEKOTOPYIO 1rycryio obiacrs (decision margin) mexk-
JIy SJIEMEHTaMU Pa3HBIX KJIACCOB B THMEPIPOCTPAHCTRE
Pa3MEepPHOCTH, COOTBETCTBYIOMIEH pas3Mepy dMOemsInH-
ra. Braronapst sTomy, 3;1€MEHTHI, TezKaIue Ha TPAHUIEe
KJIACCOB U B MEPECEKAIOIINXCsT 00IaCcTsX, Kaaccuduru-
PYIOTCST TOYHEE, 9€M TIPH NCTTOIB30BAHUN CTAHIAPTHON
NePEeKPEeCTHON IHTPOIUHA.

Ha pwuc. 7 npeacraBnena BU3ya u3arysa dMOE T THH-
ros ¢ nomomipio Meroga t-SNE [19]. Ha sepxmeit ma-
HeJIW M300paskeHo MpeICTABICHNE BHIOOPKW BXOIHBIX
JIAHHBIX, HA, HUYKHEH — pPe3yabTaT MOCae 00y IeHUs .

Bropast yactb gBsIACH JIOTHCTUYECKOR perpeccu-
eif, KoTopas TepeBOINIIa IMOSIINHT B KOHEUHBIN BEK-
TOp U3 JABYX 3HAYEHUl, KOTOPhIE COOTBETCTBOBAJIN Be-

POSITHOCTSIM TIPUHAIJIEXKHOCTH K KayKJIOMY M3 KJIACCOB
(3apsi?KEeHHON KOMIIOHEHTE WJId HEeHTPOHHOI).

Mogmens obyuanack B Tedenwe 100 3mox mpu pas-
mepe barga B 32 snmemenTta. B kadectse onTumMuzaropa
ucnonb3opascs Adam [20] ¢ koaddummenTom ckopo-
cti obyuenus lr = 1073 1 BecOBBIM KOI(DDUIHEHTOM
L2 perymapusanun pasaeim 107°. Ha puc. 8 mpeacTas-
JIeHBI TpaUKU TIOTEPh W TOYHOCTU B 3aBUCUMOCTH OT
SMOXW O0YYIeHUSI.

6. PE3YJIBTATBI CPABHEHUN

OPDEKTUBHOCTH METOIOB PA3IEJICHUS OTPeIess-
JlaCh IIyTeM OIIeHKH OCHOBHBIX METPHUK KJjaccCupuka-
IUH Ha OCHOBE MATPHILHI OMHMOOK, TAKAX KaK precision,
recall m F1 mepa wa Tecrupyrorreit Beioopke. Ha puc. 9
MTPEICTABIEHBI MATPHUIIHI ONMMUOOK [IJIsT METOJA, UCIIOTh-
3YIOIIErocs B HACTOLAIIEE BPEMs B yCTAHOBKE, U METO/IA,
OCHOBAHHOTO HA MAIWHHOM O0YYEeHUH.

SHaueHust, PACIONOKEHHBIE B JIEBOM HHUKHEM U
TPaBOM BEPXHEM yTJIaX MaTPHIIbI, TTOKA3bIBAIOT TTPO-
[IEHT HEBEPHO KJIACCUMPUIMPOBAHHBIX HMITYIHCOB. B
TabJsinIle MPEeCTAaBICHbl 3HAYEHUS OCHOBHBIX METPHUK
JIJIST CPABHEHUS JIJIsT TECTUPYIOIIEH BBIOOPKH.

Tabnuua. CpaBHeHue pesynbTaTos

Merpuka Basucubrit meron  CNN
Precision 79% 97%
Recall 69% 96%
F1 58% 96%

7. SBAKJTFOYEHUE

Boin paspaboran MeTos BBIAETIEHWS CUTHAJIOB OT
TEIJIOBBIX HEHTPOHOB C HUCIIOJb30BAHUEM CBEPTOYHBIX
HEHPOHHBIX CeTedl B 3H-IAeTeKTopax. AJIrOpUTM IIOKa-
3aJ1 JIydIliee KavdeCTBO KIACCH(DUKAINU HA TECTUPYIO-
1eit BEIOOPKE IO CPABHEHUIO ¢ OA3UCHBIM METOIOM, KO-
TOPBII MTPUMEHSeTCs Ha JAHHOe BpeMs B ycTaHoBke. B
JanbHeleM pa3paboTaHHbIil METO OyIeT TPUMEHEH B
skcrnepuMente ENDA.
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