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2 Bseaenue

2.1 OOocHoBaHue BLIOOPA TEMBI

MHoro JeT Ha Aa4dc MbI BbIpalllMBACM PA3JIMYHBIC PACTCHUA, 60J'IBIJ_IYIO qaCTb
mocaaKu 3aHMMArOT TOMAThI. B nocjacaHec BpeMsa MOABUIIACH TCHACHIUS CHUIKCHUSA
yPO)KaﬁHOCTH TOMAaTOB B HallICH TCIINIC, XOTA 00BEMBI IMoCaIK HC YMCHbIIAJINCDH,
copTa TOMAaTOB HC MCHSJINCH, IIPOLECCHI BBICAAKHN CAKCHICB U YXOJd 3a paCTCHUAMU
OCTaBaJINCh TeMHU Ke. Mbl 3aMCTHJIM, YTO CCJIM pPaHbIIC JIHMCTbA TOMATOB ObLIN
3CJICHBIC, TO cenyac MosiBUINCH IMOPAKCHHBIC JINCTOYKHU. Takas KapTUHA Ha6J'II-0I[aCTCH
Ny HallIUX 3HAKOMBIX. Mel peminii y3HaTb, KAKHC CYIICCTBYIOT 0o0Je3Hn TOMATOB, U

KaKHe CIIOCOOBI MX YCTpaHEHHUS.
2.2 AKTYaJIbHOCTb HCCJIeI0BAHUS

HaunHaronme oropogHUKH, BBIPAIIMBAIOIIAE TOMAThl, MOTYT CTOJKHYTBCS C
npoOJieMOi PE3KOro YMEHBIICHUS YPOKAaHHOCTHU H3-3a TOPAKEHUS TOMATOB
00J€3HbI0. DTO MOXKET 3HAYUTEIBLHO YMEHBIIUTH yposkaid. [y Toro, 94ToOBI jerdye
OBLJIO OIpENeNnTh, Kakas 00JIe3Hb TOMATOB MIPUCYTCTBYET B KOHKPETHOM CITy4ae, Mbl
penin pa3padboTath COOCTBEHHYIO MTPOTPaMMy U MOOMIILHOE PUIIOKEHHE, KOTOPhIE
HE TOJBKO OMPENENSIIOT 3a00JIeBaHUS TOMATOB, HO M BBIJAIOT PEKOMEHAAIMHU IO
yCTpaHEHUIO 3a00JICBaHUSI.

IIpo6Jiema — CHIDKEHHE YPOKAWHOCTH TOMATOB M3-3a UX OOJIE3HEH, MO3THETO
UX OOHAPYEHUSI U HE3HAHUSI CTIOCOOOB MX YCTPAHEHHUS.

IIpoaykT mpoexkTHOW padoTBI — MpOrpaMMHasi CUCTEMa JJIsi MOOWMIIBHBIX
YCTPOUCTB ¢ PyHKIIMEH Kiaccudukaruu 3a00JeBaHUN TOMATOB 10 BHEITHEMY BHJY
JUCTHEB U BBIJAIONIAs] PEKOMEHIAIUM 110 JadbHEHIIIeMY YX0/1y 32 PAaCTCHUSIMU.

Heab padoTbi: co31aTh MpOTpaMMmy JJisi MOOWJIBHBIX YCTPOWCTB, KOTOpas
MOKET OMPENEIUTh 3a00JIEBaHMsI TOMATOB MO BHEIIHEMY BHUJY JUCTHEB, U BBIIATH
pPEKOMEHAIUK 10 JaJIbHEHIIIEMY YXO/y 3a PACTEHUSIMHU.

3anaum padoThI:

1. UByuuTs auTeparypy Mo npeacTaBIeHHON TeMe.



2. Co3gath 6a3y m300pakeHW OOJIe3HEH TOMATOB IO BHEIIHEMY BHUIY
JHUCTHEB.

3. Hamwmcarp nporpamMmy [uisi 0Oy4eHHs] HEHPOHHOM CETHU 10 ONPEIEICHUIO
00J1e3Hel TOMATOB MO BHEIIHEMY BUJTY JIUCTHEB.

4. TlpoBectd wucCCIENOBAHMS IO ONPEAEICHUI0 HamOoJiee MOAXOAAIINX
napaMeTpoB  (TOMOJIOTMM) HEUPOHHOM CETH JIA  HaXOXKICHUS
KOMITpOMHKCCAa MEXIY KauyeCTBOM pacro3HaBaHus 3a00J71€BaHUN TOMATOB
Y CKOPOCTBIO €€ pabOTHl.

5. IIpoaHanu3upoBaTh pe3yJbTaThl UCCICIOBAHUSA.

6. AnpoOupoBaTh JTaHHYI0 HEHPOHHYIO CETh JJIsl OmpenaesieHus OoJie3Hel
TOMAaTOB Ha TECTOBOM BbIOOPKE N300paKeHHI ¢ 00JIE3HIMU TOMATOB.

7. CdhopMyaupoBaTh BHIBOJBI 110 PE3yJIbTaTaM UCCIEAOBAHUS.

8. Co3naHue MpUIOKEHUS AJI1 KOMIIBIOTEPA, UCIOJIb3YIOMIEr0 00YyUEHHYIO
HEHPOHHYIO CETh, /I onpeesieHus: 00JIe3Hel TOMAaTOB 110 U300paKEHUIO
UX JINCTHEB U BbIJJAYM PEKOMEHAAIUHI 1O UX JIEYEHHUIO.

9. Co3naTh TPUIIOKEHUE I MOOWIBHBIX YCTPOMCTB, HCIOJIB3YIOLIYIO
00y4YeHHYI0 HEHPOHHYIO CeTh, JJI OmpejesieHus 0oJie3HEl TOMATOB IO
U300pAKEHUIO UX JTUCTHEB U BbIAUM PEKOMEHIAIMH 0 UX JICUYEHUIO.

10. [IpeacraBuTh pe3yabTaThl pabOTHl OJTHOKIACCHUKAM.

MeToa:
e Teopernueckuii

e DKCIEpUMEHTAIbHBIN
o AHaIUTHYECKHUI
Martepuajbl U 00OPYIOBAHUA: KOMITBIOTED, SI3bIK MPOTPAMMHUPOBAHUS
Python, 6ubmoreka Tensorflow, 6ubiamoreka Keras, bubnuoreka PyPlot, 6ubimoreka
ImageMagick, s3pik nporpammupoBanus Kotlin, IDE mis co3manus MOOMIBHBIX

npwioxxennit Android Studio, nyma, ¢poroanmapar.

2.3 Metoanka BbINOJHEeHHS PadoOThI



bouta u3ydyena mnutepaTypa mo OOJIe3HSAM TOMATOB, BBIJIEICHBI OOJE3HH,
KOTOpbIE MOTYT OBITh OIpEAENICHbl 10 BHEIIHEMY BHUIYy JHUCTheB. HaiineHbl u
0TOOpaHbl M300pakeHHs ¢ OOJE3HSIMU ToMaTOB. M3ydena nmureparypa mo pa3padboTke
HEHPOHHBIX ceTei. BbIOpaHbl TOMOJOTMM HEHPOHHBIX CETeH, KOTOphle OyAyT
y4acTBOBaTh B McClieIOBaHUU. BrIOpaH s3bIK MporpaMMupoBaHus U OUOIMOTEKa IS
HamucaHus mporpammbl. M3o0pakenus mpeoOpa3oBaHbl K eauHOMY (opmary,
paszielieHbl Ha TECTOBYIO M TPOBEPOUYHYIO BBIOOPKM M Pa3MEIIEHbI B CTPYKTYpe
TUPEKTOPUI MO/ TPeOOBaHMS MCIOJb3yeMoM OnbnmoTeku. Pa3paborana nporpamma
JUIsl u3ydeHus HedWpoHHou cetu. [IpoBenensr wucciemoBanus d(PPeKTUBHOCTU
o0y4eHusi BbIOpAHHBIX TOIMOJOTUN HEHUPOHHBIX CETEH C pa3HbIMU NapamMeTpaMH.
Haiinena tonosiorusi, KoTopas IOKa3ajda HAuWOOJbUIYI0 TOYHOCTH OIpPENENCHUs
0oJie3Hel TOMATOB Ha MPOBEPOYHON BBHIOOPKE, JOCTUTArONIasi TOYHOCTH - 87%.
Pa3paboTano npusioxxenue st MOOUIIBHBIX YCTPONCTB, UCIOJIb3YIOIIEE MOTYyUYEHHYIO
HEUPOHHYIO CETh.

Han pa6otoii mbl paboTsl ¢ urons 2021 roga o ¢geBpans 2023 rona.

3 Teoperuyeckasi 4acTh
3.1 Tomartbl (DoTaHMYECKOE ONMCAHUE H OMOJIOTHYeCKHE 0COOEHHOCTH)

Bnepseie ToMat Obln oOHapyxkeH B FOxnoit Amepuke. Ilocine e€ ocBoeHus
Tomat OblI 3aBe3€H B Mcnanuto u [lopryranuio, 3atem B Utanuio u @pannuto, oTKy1a
pactipocTtpanuics o Bceit EBpomnie. B Poccuro Tomat 3aBe3nu B 18 Beke, B kKauecTBe
JNEKOPAaTUBHOTO  siIOBUTOro  pacrtenus. (CHayana BKyC TOMara  CUHUTAIH
“HEMOXONAIIUM”’, HO OJlarofapsi BEJIMKOMY pycckomy yu€éHomy bosoToBy TOMar
pactpocTpanwics 1o Poccnn B KadecTBE OBOIIHOM KynbTyphl. CHayana TOMaT
BBICQKMBAJIM TOJIBKO Ha IOr€ CTPaHbl, a TENEPh €r0 BBICAKUBAIOT MOBCEMECTHO B
MIPOMBINIJICHHBIX MaciiTabaXx M Ha CaJOBBIX Y4YacTKaX B OTKPBITOM M 3aKPHITOM
rpyHTe. [1]

Tomar (Solanum lycopersicum) otHocutrcs Kk poay Ilaciaen (Solanum),

cemetictBy [lacmenoBeie (Solanaceae). B Hapome Tomar Ha3bpIBaeTCs MOMHIIOPOM.
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Crebenp (moseraromuii wim npsamocrosiunii) gocturaet ot 30 cMm g0 2 meTpoB. Jlucr
pacCeYeHHbIM Ha KpPYMNHBIE O0JIM, HENapHONEPUCTBIM, OMYILIEHHBIN, 3€JIEHBIA C
BEPXHEU CTOPOHBI U CBETJIO-3E€JIEHBIN C HUKHENU CTOPOHBI.

[IBeTkH MeNKHe, KENATOro IBeTa, coOpaHbl B COLIBETHE — KUCTh. B 1BeTke
MUMEIOTCS M MYKCKHE M )KEHCKHE OpTaHbl, TOITOMY TOMAT CUUTAIOT (haKyIbTaTUBHBIM
CaMOOIBLIUTENIEM.

[Inon TomaTa — MHOTOTHE3JHAsl COYHAs ArojAa, OKPYIJIOH, MPUILTIOCHYTOM,
IHHIPUYECKON (POPMBI, JKENATOr0, 3eJICHOT0 WK KpacHOro 1BeTa. CeMeHa MelKHe,
SJUTUIICOBUIHOM (QOpPMBI, MO KpasiM 3a0CTPEHHbIE, CBETJIIO-KOPUYHEBOTO WJIU
KEJITOBATOrO I[BETa, omyIeHHbIe. [I[popacTanne cemMsH pH HaTHUWU OJaronpUsSTHBIX
TEMIIEpaTyp U BJIard Hactynaet uyepe3 3 - 4 nud, yepe3 6 - 10 nuelt mocne BCX0a0B
o0OpasyeTcs nepBbIi HACTOAIINM JIUCT, uepe3 S - 6 gHel obpasyrores eme 3 - 4 JIucTa,
3aTeM KaKJIbI{ MOCIEAYIONUN JUCT oOpa3yeTcst yepe3 3 - 5 qHel.

TomaT nMeeT MOIIHYIO CTEPKHEBYIO KOPHEBYIO CHUCTEMY, KOTOpas YXOIUT B
rmyouny no 1 meTpa M pacmpocTpaHsieTcs B JMaMerpe A0 2,5 MEeTpoB Mpu
6e3paccagHOM BbIpALUBAHUH.

Campblif pacnpocTpaHeHHBIH crocod pa3MHOXKEHUs TomaTa — cemeHamu. Ho,
Oyiarogapsi CiocOOHOCTH TOMaTa 00pa30BLIBATH KOPHU Ha 000 YacTu cTe01s, TOMaT
MO’KHO pa3MHOXXaTb YepEeHKaMH U OOKOBBIMH 1OOEraMu, KOTOPbIE TaK)Ke€ Ha3bIBAIOT
MAChIHKAMHU.

B kynbpType ToMaT BO3/EIBIBAIOT KaK OJTHOJIETHEE OBOIIHOE PACTECHUE.

[1o cune pocra copra TOMaTa pa3eistoT Ha:

® - JICTEPMUHHMPOBAHHBIE — COPTa, IMPEKpallaloluMe CBOH pPOCT TMOCIe
oOpa3oBanus 2 - 6 KUCTU Ha TJIaBHOM M OOKOBBIX moberax. [laceiHku y
TaKUX COPTOB PACIIOJIOKEHBI TOJBKO B HIDKHEH yacTu cTeOns. Breicora
pactenuit ot 60 1o 180 cMm. BeiBeneHbl Takke cynepaeTepMUHUPOBAHHBIE
copTa, MPEeKPAIIAIOIINE CBOM POCT MOCEe 00pa3oBaHus 2 - 3 KUCTH.

® - UHJETEPMHHHUPOBAHHBIE — COPTA C HEOIPAHUYEHHBIM POCTOM CTEOJI:
OCHOBHOW mo0er 3aBepuiaeTcsi 0Opa3oBaHUEM IIBETOYHOM KHCTH,

NaCBhIHOK, OMMKANIINA K I[BETOYHOM KHUCTH, MPOJOIIKAET POCT CTEOIs B



BBICOTY, 3aKaHUMBAETCA IBETOYHOM KHUCTbIO, 3aT€M HOBBIA MACHIHOK
MPOJIOKAET POCT CTEOJISI B BBICOTY M TaK JI0 MEPBBIX MOPO30B. BricoTa
cTeONIT MOXKET JocTurath 2 W 0ojiee METPOB. YPOXKAWHOCTh y TaKHX
COPTOB HMIKE, UEM Y AETEPMUHUPOBAHHBIX.

Copra TOMaTOB pa3feisiOT IO CpPOKaM CO3PEBaHUS Ha paHHECIHENbIe,
CpelHecIieNlbie M TMO3JIHhe, MO0 CIoco0aM TMPUMEHEHHS - Ha CTOJIOBBIE, s
KOHCEPBUPOBAHUSI, TPOU3BOACTBA COKA U JIPyTHE.

B Poccum mnonydeHo OoibIIOE  KOJMYECTBO COPTOB  TOMAToB (B
['ocynapcTBeHHOM peecTpe HacuuThiBaeTcs Oosiee 700 copToB M THOPHIOB AITOM
KYJBbTYpBI).

TomaThl WIMPOKO HUCHONB3YIOTCS B PoccuM Kak B CBEXeM, TaKk U B
nepepaboTaHHOM BHE (MapUHOBAHHBIC, COJIEHBIC, B BHJIE COYCOB, COKA, TOMATHOM
nacThl U B cOCTaBe pa3inuHbix Omtonx). Ilmoasl Tomara comepkar B cebe caxapa,
OpraHUYECKUE KHCIIOThI, BUTAMUHBI, O€JIKHU, aMUHOKHCIIOTBI, MUHEPAJIbl, MEKTHUHBI,
KJIETYaTKy U OMOJIOTMYECKHE aKTUBHBIE BEIIECTBA. B 3aBUCHMOCTH OT CIIEJIOCTH OHH
MOTYT coZiepkath oT 2,5 10 8,7 % caxapos. [Litogsr TomaTa cogepkat B ce0e KHUCIOTHI
(s16,109HY0, IMMOHHYIO, SHTAPHYIO U BUHHYIO), YTO MTO3BOJIICT UM IIPH YIIOTPEOJICHUH
B IUIIlY TTOBBIIIATH ANMETUT U YJIy4YIIaTh MTUIIIEBAPECHHUE.

IInoner TomMaTa Takke OoraTel Ha BUTaMuHBL: BuTaMuHbl C, A, B, B2, B6, B3,
B9, P, E, K, kanuii, Marauii u *emne30, B HUX COJIEPKATCI U HUKOTHHOBAsI KodehHas
KHUCJIOTA, TUKOMHUH U OMOTHH.

Tomarbel OTHOCATCS K TEIJIO-, CBETO- U BJIArojJlOOMBON  KYJIbTYpe.
OnTuManbHBIN 1Mana3oH TeMIiepaTyp Uil UX BbipamuBanus 22 - 25°C.

[Ipy BbIpalMBaHUM TOMATOB CJEAYET OYEHb AaKKYpaTHO OTHOCUTBCA K
COOJIFOICHUIO ONTUMAJILHON BJIAXKHOCTH MOYBBL. He crenyeT nepecyumBaTh Mo4YBy M
30ynoTpeOsaTh mnosuBoM. HeoOXoauMo yAensTh BHUMAHHUE TakKKe YPOBHIO
OCBellleHHOCTH pacTeHuid. [lpyu ee nmeduuuTe HBET JUCTBHI OJeAHEET, OYTOHBI
onazgatot. Paccaga BeipammBaercs npu 12 - 14 yacoBoM CBETOBOM JIHE, a BBI3PEBAHHE

wioA0B mpu — 16 - 18 ywacoBom.



3UMOIi BBIPAIIMBAIOT Paccaay, BECHOW MEPECaXUBAIOT B TPYHT WU MApPHUKH,
r7e oHa OyJeT HaXOJUThCSl BECh BEreTaTUBHBIN ce30H. [Ipu BbIpalyBaHUM TOMATOB
BHUMAHHE CJIEAYeT YNEJSATh PBIXJICHUIO MOYBHI, MOJHMBKE, MPOIOJKE, MOIKOPMKE,
00paboTKe MAachIHKOB, COOpY IUIOA0B, OOprOe c Oone3HsMu W BpeauTensiMu. K
OJIarONpPUSATHBIM YJIOOPEHUSIM 1IJI1 TOMAaTOB OTHOCSITCA a30T U Kajaud (B MEepuo
MHTEHCUBHOTO pOCTa II0/I0B), Gocdop (B Hauane BEreTamuu), MUKPOIJIEMEHTAM -

0op, Me/b, Maprasell, kejae30, Martuii, cepa. [1]
3.2 boJe3sHu TOMATOB

BripamuBass Ha CBOeM YYacTKE OBOIIM, Ka)XAbIH OTOPOJHUK TOTydaeT
YAOBOJIbCTBUE, KOTJAa WX H300miMe ykpamaer oOeneHHbd ctoil. K coxanenuro,
BBIPACTUTH TOMATHI OBIBACT JAJIEKO HE MPOCTO. 3a4acTyl0 CHIXKAETCS YpPOKalHOCTb
u3-3a 00JIe3HEN TOMATOB.

bone3nn ToMaTtoB JKenaTeNbHO BBISBUTH KAaK MOXKHO paHbIlle, OHHU MOTYT
NOBPEIUTh W JApyrue pacteHus. [IpuuuHbl, KM3-3a KOTOPBIX MOPAXKAIOTCS TOMAThI,
MOTYT OBITh Pa3JIMYHbBIL: 3apAXKECHHBINA IPYHT, U3-3a UCIIOJIb30BAHUS 3aPAKEHHBIX CEMSH
WIM TOCAJI0YHOTO MaTepualia, pa3HEeCEeHHEe 3apa3bl HACEKOMBIMU - KIICIAMU, TJICH,
’KYKaMHu, MoNalaHue coka 0OJILHOTO PacTEHHsI 3I0POBBIN TOMAT. [2]

Taxkxe yBeIHMUNTh PUCKH 3apaXCHUSI TOMATOB MOTYT Clieyomue (GaKkTophI:

® [IEepPEYBIAKHECHUE MTOYBHI,

® MEXaHWYECKHE TOBPEKJEHUS PACTEHHM, 4Yepe3 KOTOpble MPOHUKAET
MH(pEKIHS;

® yacTas 0caJika KyCTOB TOMArTa;

® [JI0Xas BEHTWISALUS KyCTOB.

[ToaToMy TpH BBIpAIIMBaHUU TOMATOB CJeAyeT 0co0O0e BHHMAHUE YJESThH
YMEPEHHOMY COJIEP)KaHHUIO BIIArM, OTCYTCTBHE PpE3KOM CMEHBI TeMIieparyp,
ne3uHuimpyromeir  o0paboTKe C€agoBOr0 HMHBEHTapsi, CBOEBPEMEHHas yOopka

CIIOJIOTBIX COPHAKOB.



Beimensror ciepyromume 00JIe3HH TOMATOB: TPUOKOBBIC, OakTepHadbHBIC U
BHUPYCHBIC.

K rpubkoBeiM oTHOCATCS: huTodPTOpO3, ansTepHapnos3, Gpomos wim Oypas Ha
THWIb, TUANMEIIES (pak cTebieit), cenTopro3 Win Oesasi MITHUCTOCTh, CTEM(PHINYM
WIH cepasl MATHUCTOCTh, cepas THWIb, (y3apruO3HOC W BEPTUIMIIC3HOE YBSJIaHUE,
dby3apuo3Has KOpHeBasi THWIb, Oesasi THUJIb WM CKICPOTHHHO3, Oypasi (OJIMBKOBAs)
NSTHUCTOCTh, AHTPAKHO3, 4YEpHas HOXKAa ToMara, MpoOKoBas THWIb KOPHEW,
MYYHHCTas poca.

K BupycHpiM — cTOnOyp, MoO3aWKa, CIOXHBIA WIA JBOWHOW CTPUK,
0CCCEMSIHHOCTh (acrepMus) WM KYCTHCTOCTh BEPXYIIKH, MSATHUCTOC YBSJIAHUC
TOMAaTa.

K 6axTepuanbHbIM —0aKkTepuaIbHbIN pak, yepHas OakTepuaibHas MSATHUCTOCTD,
OakTepuaibHasi Kpa4aTocTh, OaKTepUaIbHOE YBAIaHHE TOMATa. [ 3]

bonesnu TOMaTOB OMpeAENsIOTCS MO BHEITHEMY BHUAY JHCTHEB, IUIOAOB,
cTeOJieil 1 KopHEeH TOMaTOB.

B mameit pabore MBI pemmud co3aaTh HEHPOHHYIO CETh, KOTOpas OyneT

OIIPCACIIATH 00JIC3HU TOMATOB 110 BHCIIHCMY BUAY JINCTHCB paCTGHHﬁ.

HazBanmue Bo30yaurtenu |Oco0enHoctu BHemHero | M3o0paxenne
00J1e3HH BH/1A JIUCTHEB
TOMATOB
dutodTopos Crnopsl rpubkoB | KopuuneBo-0yphie nsiTHA
Phytophthora (pacryIbIBUATHIC WITH YETKHE
parasitica, OUYEPTAHMUS).
Phytophthora
capsici,
Phytophthora
dresnsleri.
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AnbpTepHapHo3

I'puboxk
Alternaria
aternate f. sp.

Lycopersici.

Oxpyrible ISTHA pa3MepoM
no1l,5cM KOpUYHEBOTO HITH
TEMHO-Oyporo, HHOT 1A
CepoBaTOro IBETA C

JKCJITOBATBIM OPCOJIOM.

Myuynucras poca

2 rpubka: Oidium
lycopersicum u

Laveillulataurica

ITaTHa ¢ GesbiM HAIETOM
(BepXHsIst M HIDKHSIS 4acTh

JIUCTA).

Bypas (onmBkoBas)
HSATHUCTOCT,
KJIaI0CIIOPUO3 WU
JIMCTOBAs MJIECEHb

TOMarta

I'pubox

Alternaria solani.

Ha BepxHel ctopone
HOSIBJISIFOTCS] MEJIKHME, CBETJIO-
3enenble msaTHa. Co BpeMeHeM
OHHM yBEJIMUYUBAIOTCA U
CTaHOBSTCS KEJITOBATO-
KopuuHeBbIMH. Ha oOpatHoii
YacTH JINCTOBOM MJIACTUHBI
(hopMUpYIOTCS MISATHA € CEPO-
OJINBKOBBIM HAJIETOM,
KOTOPBIN IOTOM ITEPEXOIUT U
Ha BEPXHIOIO YacTh JIUCTA.
[Torom 3TH nATHA OyperoT U
CTaHOBSTCS TEMHO-
KOpUYHEBbIMH. bosbHBIE
JHUCThSl CKPY4YHMBAIOTCH,

3aCbIXaroT U OoIagaroT.
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®dy3apruo3Hoe U
BEPTULUIIE3HOE

YBAOaHUA

I'pudsI pona

Fusarium.

OTH MaToreHsl Npu
NIOTIaJaHUU B PaCTECHUE
BBI3BIBAIOT 3aKYIIOPKY
COCYJIOB U KaK pe3yJbTar
yBsiJaHUE BCETO KYCTa.
ITo3xe OAHOCTOPOHHMI UITU
001K XJIOPO3 Ha JINCTHSIX
IPUBOJUT K UX CKPYYHUBAaHUIO
Y YCBIXaHUIO, KOTOPOE
pacnupoCTpaHsAeTcs OT

HKHHX JIUCTHEB K BEPXY.

Crembpunuym unu
cepasi ISITHUCTOCTD

JIUCTHEB

Stemphylium
solani, S.
Lycopersici, S.

botryosum

TeMHO-cepble W YepHbIE
MSTHA Pa3MEPOM OKOJIO 3 MM,
C XJIOPOTUYHBIM OPEOJIOM Ha
BEpPXHEH CTOPOHE JINCTHEB.
Ha amxnel cropone
JIUCTOBOM IJIACTUHBI XOPOIIIO
BUJTHO PACIIOJIOXKEHHE MATEH,
a BO BJIQXHYIO IIOTOJly 3TH
MSITHA MTOKPBIBAIOTCS HAJIETOM
U3 TPUOHOTO MUTIEITHSL.

OTU NpU3HAKU OYEHb CXOXKHU C
aJIbTEPHAPHUO30M U
cenropuo3oM Tomata. Ho B
OTJINYKE OT CENTOPHO3a, PH
Cepoy MATHUCTOCTH MSATHA
KpyIIHEE U PaCIIOJIO0KEHbI HE
TaK rycto. B cpaBHeHU™ ¢
aJTbTEPHAPUO30M TIATHA

MEJIBYEC U CBETJICC.
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Cenropnos nnu
Oelas MATHUCTOCTH

JIUCTHECB

I'pubok Septoria

lycopersici.

Kpyrnble HekpoTHueckue
ISTHA, pa3MepoM B 2-4 MM,
TEMHO-CEpOTro I[BETA,
KOTOpBIE CO BpEMEHEM
yBenuuuBarorcs. [Iotom oHn
3aChIXalOT U Ha HUX
TIOSIBJISTFOTCSI O€JIbIe, Cephie
WK YepHBIE TOYKH C TEMHO-

KOPUYHEBOM KallMOH.

®domo3 unm Oypast

THWJIb TOMAaTa

I'pu6 Phoma
destructiva

TemHO-cepble MATHA C
kenTou kanmoil. [IonemHoOry
OHM pa3pacTarTCs U
3apacTaroT YEPHBIM
criopoHoueHueM. GomMo3 no
BHEIITHUM TMPU3HAKAM TTOXO0XK
Ha aJlbTEPHAPHO3,
TUAUMEIUIE3 U Oypyro
MATHUCTOCTD. TOYHBIN
JINarHO3 MOKHO MOCTABUTH
TOJIBKO B
CIIeUaIu3UPOBAHHOMN

naboparopuu.

Mo3anka ToMaToB

ITanoukoBUIHBII
BUpyc Tomato
mosaic

tobamovirus

JIMCThS UMEIOT KparmyaTyto
OKpacKy, 3aTeM
nepOpMHPYIOTCS U
MpUOOPETAIOT HUTEBHIHYIO
¢dhopmy. Pactenue
3aMeIIeTCs B POCTE, HE
MOXKCET 3aBsA3aTh IIJIOAbI U

BCKOpe morudaer.
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Mukormia3mos, Mollicutes JIMCThsI HETOPA3BHUTHIC,

WK CTOJIOYP, XJIOPOTHYHBIE, PO30BATOTO
TOMAaToOB WK (PHOJIETOBOTO OTTEHKOB.
Yalle MCTHKY yBEIHMYEHBI,
CpacTaroTCs U MPUOOPETaroT

(HOIETOBBIN OTTEHOK, a

JIETIECTKH 1IBETKA 3€JICHBIE.
[Ipu nporpeccupoBaHuu
00JIe3HU Ha oJIe BU3YyalIbHO
3aMCTHBI ITOPAKCHHBIC
Y4aCTKH, Ha KOTOPBIX HE
(bOpMHUPYIOTCS TUTOBI.
JINCThs CKpYyYEHBI, UMEIOT
HEECTECTBEHHYIO OKPACKY, CO

BPEMCHCM MCJIbYAIOT.

bakrepuanbnas bakrepus BonsHucThIEe TEMHBIE MI5THA,

ISTHUCTOCTH Xanthomonas YBEITMYUBAOLIHECS B
campestris pv. pa3mepax. 3aTeM 3TH Y4aCTKU
vesicatoria MOJICHIXAIOT U TPECKAOTCH.
(Doide) Dy.

3.3 IlpopuniaakTuka 0oj1e3Hell TOMATOB M PeKOMEHJAAIUM N0 UX YMEHbIIECHUIO

CoBepIlIeHHO HEYJUBUTEIBHO, YTO M30aBUTHCS OT OOJIE3HEH TOMATOB OYECHBb
TSOKEJ0, B HEKOTOPBIX ClIy4asiX - (PaKTUYECKH HEBO3MOXKHO. VIMEHHO mosTOMYy
OoJIbllIOE BHUMAaHUE CJIEAYyeT YIensaTh npoduiakTuke OosnezHel tomatoB. K HuUM
OTHOCSATCS:

e Cco0m01aTh CEBOOOOPOT — BHICAKMBATh TOMAThl HAa MPEKHEE MECTO HE

paHbIIC, YCM YCpPC3 4 roga, a TakKXXC HC pasMCIIaTb IMOCAJAKH IIOCJIC

14



KapTodens, nepia, 0akiaxxaHa W KammyCThl; Jy4IIue MPeaeCTBeHHUKN
JUTsl TOMaTta — 0000BBIE KYJIbTYPbI, MHOTOJICTHHAE TPABBI, OTYPIILI U JYK.

® TMIPOBOJUTH PETYJSAPHBI OCMOTpP TOMAaTOB, W YyOWpAaTh TMOpPaKCHHBIC
KYCTHI.

® BOBpeMs yOUpPATh MPOTOJIOTHIC PACTCHHUSI.

® BBICAXUBATHh KapTOo(deab U TOMATHl HA MAaKCUMAJIbHO YJaJEHHBIX IPYT
Jpyra y4yacTKax;

® MyJIbYAPOBATH OPTAHUKOU TPSJIKY C TOMATaMHU;

® He 3arymarb MOCAJAKH, TEM CaMbIM OOECIIEUMB PACTEHUSM XOPOIIYIO
ITUPKYJISIAIO BO3TyXa;

® DPEryJsipHO MPUITUIBIBATH W TMACHIHKOBATh HIDKHHUE JIMCThS Ha KyCTaxX
TOMATOB: B OTKPBITOM IPYHTE — 10 1-1i MJI0/I0BOI KUCTH, B 3aLTUIIICHHOM
— 10 2 — 3-ii;

® [IOJIMBATh PACTEHUS TOJHKO TOJI KOPEHb, OTKA3aBIIMCHh OT OPOIICHUS
KyCTOB METOJIOM JOXKJCBaHUS;

e 00pabaThIBaTh TOMAaThI CHeUalbHbIMU npenaparamu,
MIPEIOTBPAIIAIONIMU BOZHUKHOBEHHUE 3a00JICBAHMS;

e (CJenoBaTh BCEM HEOOXONMMBIM TIPABWJIAM arpOTEXHHUKHU: PHIXJICHUE
MOYBBI, YJAJICHHEC COPHIKOB, CHCTEMATHYECCKUE ITOJIMBHI W BHECEHUE
TMIOJIC3HBIX DJICMEHTOB ITUTAHUS,

e mocie cOopa MOCIETHEr0 ypoXash U TMOJATOTOBKE Y4YacTKa K 3MMOBKE
MPOBOJUTE 00€33apaKMBaHWE IIOYBBI OWoONpernapaTaMu (Hampumep,
TpuxoaepMuH).

Pekomennmanuu 1o ycTpaHeHHMIO 3a00JIeBaHUS TOMATOB, KOTOPBIE MOKHO
OTPEJIEIUTh 110 BHEIIHEMY BUY JIUCTA.

durodropa

O6nHapyxuB cienbl GUTOPTOPHl HA TOMATax, OOOPBUTE MOTEMHEBIIINUE JTUCThS
WM 3arHUBIIKE TJIOJBI, 3aTeM OIPBICKAWTE KYCTHK cojieBbIM pacTBopoM (1 crakan

noBapeHHoi conu Ha 10 ;m Bogwr). I[logcoxHyB, pacTBop o00pa3yeT Ha TuIoAax
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3alIUTHYIO TUICHKY, KOTOpas CAEpPKUBAET paclpocTpaHeHHe HHQPEKIHH. Takxke
pexomeHayeTcst 00paboTaTh MOpPaKEHHBIE KYCThl M COCETHUE KYCThI (yHTHUIIUAAMU
(Hanpumep, GUTOCTIOPUHOM).

AJlbTepHAPHO3

['pnboK, MpOHMKAsi B pacTEHHE, PAaCIPOCTPaHSIET MO HEMY SAOBUTHIA TOKCHH,
KOTOPBIN pa3pyllIaeT COCYAUCTYI0 CUCTEMY TOMATOB. DTO MPUBOJIUT K IMOTEPE COKa U
BBICBIXaHUIO, @ TAKXKE OTMUPAHUIO JIMUCThEB. BOJIe3HH MOXKET HE MPOSBIATHCA Ha
3€JICHBIX IJI0/1aX, HO YIOTPEOISITh X B MHUILY HEIIb3SI.

Jleyenne criemyeT NPOBOAWTH HE3aMENIUTEIBHO, YTOOBI HE JIOMYCTHUTH
JabHEHIIETO pacipocTpaHeHus 6o1e3Hu. JIydmum cpeacTBoM 1j1si G0pHOBI ¢ CyXou
MATHUCTOCTBIO SIBISIOTCS  crienuanbHbie  QyHTUIUABL. CamMbiMu 3O PEKTUBHBIMU
npenapatamu cuutarorcs Pugomun I'ong MII, Axpo6atr ML, Ksagpuc, Tanoc, u
Tarry.

[TepBbie 00pabOTKU pacTeHHM (PYHTUIIUIAMU PEKOMEHIYETCS TPOBOIUTE CPaszy
e TOcje OOHApy»KEHUs TSTEH albTepHapHOo3a Ha JUCThAX ToMmara. [loBTOpsATh
npoIielypy HeoOXOAMMO KaK/ble IBE Helenn 3 - 4 pasa 3a ce30H. [9]

MyuHucras poca

Jlns Hayana HY)XHO YyNajdUTh 3apaKEHHBIE KUCTH W JIMCThS, TOCTE YEro
PEKOMEHIOBAHO UX C)KE€Ub. A TaKKe€ CTOMT aKKypaTHO 3aMEHHUTh TPYHT 10 ToOerom
TOMaTa, TaK KaKk UMEHHO B MOYBE HAXOAMUTCS OOJBIIMHCTBO I'PUOHUIL BO3OYIUTEINS.
Tonmpko moOCIE ATOTO MOXKHO TPHUCTYNATh K OOpabOTKE KyJIbTyphl KaKUM-THOO
CPEICTBOM.

Jleunth MYYHHCTYIO pOCY Ha TIOMHAOpPaX MOXHO OINPBICKUBAHUEM
dbyarummmnamu (KBanpuc, Tuosur, [lpusent, Ctpobu, Kymynyc, baitneron, Tonas,
Jlxxet). COBETYIOT IIPOBOAUTH 00paOOTKY MPH MEPBIX MPU3HaKax 3a0oeBanus. [4]

bypast naTHHCTOCTDH

Tak kak Oypasi MATHUCTOCTH JIMCTBBI SIBISIETCS TPUOKOBBIM 3a00JIEBaHUEM, TO
st 0opbObI C HUM HCHOJB3YIOT NPOTUBOTPUOKOBBIE TIpemaparbl, a TOYHEE,

MeabcoepKaIme GyHTHInIbL. [4]
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CenTopuo3s

Jledenne centopuo3a MPOBOJAT MPOTHUBOTPUOKOBBIMU CPEJICTBAMH Ha OCHOBE
MEAH U APYTUX KOMIOHEHTOB. [Ipy MCHoOIb30BaHUU OJHOTO M TOTO K€ (PyHTHIHIA
NaTOTE€Hbl CTAHOBSTCS YCTOWYMBBIMHU K €ro JACHCTBUIO, IMOXTOMY arpOTEXHUKU
PEKOMEHYIOT YepeoBaTh npenaparbl. OnpbICKUBaHUE PYHTULIMIAMU TPOBOIAT 3 - S
pa3 3a CEe30H.

Jleyenre  ceNnTOPUO3HOM  MATHUCTOCTH  3aKirO4aercss B o0paboTke
¢yrrunmnamu. Hanmpumep, «@ynaazonom», «Opaanom» wium «[IpeBuxypomy. [4]

Mo3auka ToMaToB

3amMeTUB MepBbIe MPU3HAKU OOJIE3HU HEOOXOIMMO HEMEIJICHHO YHUUYTOXHUTh
NOpPaXEHHbIE PACTEHUs WM OTIAEIUTh HMX OT 3A0pOoBBIX. llopaxkeHHbIE ydacTKu
0o0pe3aroT 70 370pOBOIl TKaHU, a cpe3bl 00padaThIBAIOT MapraHIlOBKOM, MEPEKUCHIO
BOJOpOJIa WIM XJIOprekcuauHoM. Ha HavanbHOW cTaauu 3a0o0sieBaHUS pacTEHUMN
TUTAHTAIMIO0 MOKHO 00pabdoTaTh «Kapbodocom» —3T0 MOMOKET 3alUTUTh 310POBBIC
pacTeHusi, MOCKOJIbKY MaTOT€HHas MHUKpoduiopa nepecTaHer o0pa3oBbIBaThCs. [l
IPUTOTOBJICHUSI TAaKOTO pacTBopa /5 T mpemnapara pacTBopsoT B 10 muTpax BOJIBL

[ToBTOpHO 00PAOOTKY MPOBOAAT Yepe3 AcKay. [2]
3.4 Bbi0op aaropurma kKjiaccupukaTopa

3amaya KIacCH(pUKAIMKM HA CETOAHSIIHUMN JCHBb IOCTAaTOYHO XOPOIIIO M3y4YCHA,
U pa3pabOTaHO MHOTO METOJOB ISl PEHICHUS TaKWX 3adad. Y KaKIOTO M3 3THX
METOJIOB €CTh CBOM JOCTOMHCTBA M HEJAOCTATKH, TOATOMY IIepe]l HaMH CTOMUT 3ajaya
noadopa MeToja Kiaccupukanuyu Hanbosee MOAXOSAIIEro 17l HAIIeTO CIIyYasl.

Metonpl knaccupUKaMU MOXHO Pa3[eINTh HA CTATUCTUYCCKUE METONBI H
METOJIBI MallTMHHOTO 00y4YeHUs. JIOCTOMHCTBOM CTaTUCTUYCCKUX METOIOB SBJISCTCS
WX XOpolmas MaTeMaThdeckas OOOCHOBAaHHOCTb, HO TIPH O3TOM HX CII0)KHO
UCITO/Ib30BaTh, T.K. TPEOYIOT 3HAHHUS BEPOSTHOCTHOTO PACTIPENCICHHS HCXOIHBIX
JAHHBIX, OIICHKH IMapaMeTPOB U (PUKCUPOBAHHYIO MOJIECIIb, [IOATOMY 3TH METOJIbI CIIIe

Ha3bIBAIOT IIAPaAMETPHUUICCKHNMU.
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Kiraccudukanus, ocHoBaHHas Ha METOJaX MAIIMHHOTO OOy4eHus, He TpeOyer
OIICHKH BEPOSTHOCTHOTO PACTPEIACICHHUS HMCXOMHBIX JTaHHBIX, OIICHKA KaTeropui
POUCXOIUT C TMTOMOIIBIO (DYHKIIMHM PACCTOSHUS, TO3ITOMY TaKW€ METObI HAa3bIBAIOT
MeTpudeckuMu. HemocTtaTkoM wHX SBISETCS HETOYHOCTh U HEOJHO3HAYHOCTH
pEIICHH, T.e. Pe3yIbTaTOM MOXKET OBITh HECKOJBKO Kareropwid. [loaTomMy HYKHO
YYUTHIBATh 3Ty OCOOEHHOCTh. Takue MeTO/bl, OOBIUYHO, MPOIE HCIOJIb30BaTh U
peaTnu30BbIBATS.

CpenauM MeXIy MapaMeTPUYECKUMH M METPHUUYECKUMH METOJaMH SIBIISCTCS
Kiaccuukanus JaHHBIX C TOMOIIBI0 HEWpPOHHBIX cered. HeliponHeie cetu -
HemapamMeTpuueckas MoOJelb, KOTopas He TpeOyeT 3HaHUH O BEpPOSITHOCTHOM
pacupeneneHur  KIacCH(PUIMPYEMbIX JaHHBIX. TakkKe HEHUPOHHBIE CETH HE
UCIIOIB3YIOT (YHKIIMU paccTosiHUs. Bce 3TO MO3BOJISIET MCIOJIB30BaTh HEHPOHHBIC
CETH B KadeCTBE YHHUBEPCAIHLHOTO Kiaccu(puKaTopa, KOTOPHIA CITOCOOCH BHITABATH
pe3yibTaThl, B TOM YHCJIC€ M B CIy4asX, KOTJa MMapaMETPUYECKUE U METPUUECKHE

METO/IbI HE JAI0T yIOBJICTBOPSIONICTO pelicHHS. 6]

4 IIpakTHYeckast 4acTh

4.1 Dranbl co31aHUsI HEHPOHHOH ceTH

MO>XHO BBIZICIIUTD CIAEAYIOIIHNE dTAIbl CO3aHM HEUPOHHOM CeTH:
1) cOop maHHBIX 1Sl O0y4YeHuUs;
2) MOArOTOBKA M HOpMaJIU3alMs JAHHbBIX;
3) BBIOOp TOTIOJIOTHU CETH;
4) SKCHEPUMEHTAIBHBIA TOI00p XapaKTEPUCTUK CETH W TapaMeTpOB
0o0yueHus;
5) oOyueHue HEHPOHHOH CceTH;
6) mpoBepka afeKBaTHOCTU OO0YUYCHHUS;
7) coznanue yaqoOHOro MHCTPYMEHTA JUIsl JaJIbHEUIIEero UCIOJIb30BaHUs

HEHWPOHHOM CETH.

18



4.2 COop NaHHBIX /151 00y4YeHUs

st oOy4yeHusT HEMpPOHHON ceTh OBUIO CHENTaHO MHOMECTBO COOCTBEHHBIX
dotorpaduii, a Takke ObUTM coOpaHbl M300paKEHUsI TOMATOB, B3AThIX U3 VHTEepHET
HMCTOYHHUKOB. 3aHUMAThCS JAHHBIM TTPOECKTOM MBI Havanu emie JetoMm 2021 roga. Mur
choTorpadupoBalii MOPAXKEHHBIE JUCThsI TOMATOB B HAIICH TEIUIMIE U MOMPOCHIIN
3HAKOMBIX W POJCTBEHHHUKOB IPHCIIAaTh HaM (hoTorpaduu JINCTHEB WX MOPAKECHHBIX
TOMAaTOB. B ceTu WMHTEpHET BHIOMpATNCH CHEIUATU3UPOBAHHBIE CAUTHI, HAIIPUMED,
CalThl arpOKOMIAaHUM, CIPABOYHUKH U T.J. U U30Erajiuch CAauThl JIOOUTEIHCKON U HE
pohUILHON TEMATHKH.

B mnpomecce cbopa maHHbIX H300pa)xKeHUsi cpaszy KiIacCU(PHUIIMPOBAIUCH U

MOMEIIATUCH B OTAEIBHYIO JUPEKTOPUIO, IPEeIHA3HAUYCHHYIO JIJIs1 BRIOpAHHOTO KJlacca.
4.3 TloaroroBKa JaHHBIX

[Tocne cbopa nzo0pakeHu yaaaoch MOTYUYUTh U300paKeHUs IJIs CIIETYIOIIHNX

KaTEeTrOpHil:

e 3/10pOBbIC TOMATHI

o dutodTopos

e AubTEpHAPHUO3

e Dbypas nATHUCTOCTH

e MyuHucras poca

e CenTopuos

e Mo3anka TOMaToB

e ®omo3 wu Oypasi THUIIb

o CrembuInyMm Wiu cepas IATHUCTOCTh

e MuxkormaaMo3 Win CToI0yp

e @Dy3apHO3HOE YBSIJAHUE

L4 BaKTCpI/IaHBHaSI IIATHUCTOCTD
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JUis mociieqHuX nATh 3a00JIEBaHUN JOCTAaTOYHOTO KOJIMYECTBA IPUMEPOB
U300paXKeHUN HAUTH HE YJIaJIOCh:
e ®omo3 unu Oypast THUIIb
e CreMmpunuym nuim cepasi IATHUCTOCTb
e  MuKkormaaMo3 Win CTOJI0Yyp
e @Dy3apHO3HOE YBSIJAHUE
e bakrepuaibHas MITHUCTOCTD
[To3aToMy OBLTIO MIPUHSTO pELICHHE UCKIIIOUNTh UX U3 CITUCKA KaTEerOpHil.
N300pakenust ObUIM MPUBEACHBI K €TUHOMY (HOpMAaTy XpaHEHHs N300pa>keHun
JPEG 1ns  ympomenuss o60pabotku. [[ns  KOHBepTHpOBaHHMS —HM300pakKeHUI
npuMeHsUTach yTuinta magick us makera ImageMagick. [7]
Hanee uzoOpakeHuss ObUTM TEPEMMEHOBaHbI MO MIAOJIOHY <HIEHTU(PHUKATOP
Kateropun>_ <uACHTU(PUKATOP U300paKEHUS™.]pg
Jliist kaxoil kareropuu ObUTa CO3/aHa AUPEKTOPHUS C HA3BaHHEM KAaTETOPHH.

N300paskeHus pacCOPTHPOBAHBI IO TUPEKTOPHUSIM.
4.4 Hopmaau3zauus JaHHBIX

HetiporHas ceTh UMEET CTPOTo 3aJaHHOE KOJMYECTBO BXOIHBIX IMapaMeTPOB,
MO3TOMY HEO0OXOAMMO MpeoOpa3oBaTh HUMEIOIIUECS H300paKEHUs K EIUHOMY
pasmepy. TyT HE0O6X0IUMO COOIIOCTH OaTaHC: eCciIu u300paxeHue OyaeT MaJeHbKUM,
HEHPOHHASI CeTh HE OYyJeT MMETh OCTAaTOYHO JAHHBIX I KIacCHU(PUKAINH, €CIN
n300pakeHue Oy1eT OOIBIINM, 3TO CUIILHO 3aMENIUT O0y4YeHHe U paboTy HEHPOHHOU
cetu. [ToaTomy pazmep uzodpaxkenus OyieM mogoMpaTh SKCIEPUMEHTAIBHBIM MTyTEM.

[Ipu cuuThiBaHMM W300paXKEHUS MBI MOIYYaeM TPEXMEPHYI0 MAaTPHILY
MI[X, v, z], TAe X - KOOpAMHATA TOYKH U300paKEHUS 110 OCH X, Y - KOOpAWNHATA TOUYKH
M300pakeHus Mo OcH y, Z - 3HadueHue ot O g0 2 sBisionieecss WHIEKCOM CIUCKa
kaHayioB u3 Tpex 3Hauenuit RGB (Red, Green, Blue).

Crnenyronm maroMm HeoOXoauMo OyIeT MPUBECTH pa3Mep H300paKeHHs K

€MHOMY pa3Mepy, UTOObI BCE M300paKEHUSI UMEIU OJIMHAKOBOE KOJIMYECTBO TOYEK.
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4.5 BpbI00p TONOJIOTMHU HEHIPOHHOI ceTH

Br16op Tomonornn HEHPOHHOM ceTH OyeT 3aBUCETh OT PEIIaeMbIX €10 3ajad.
3amauell ns Halleld HEHPOHHOM ceTd SBISETCS 3ajada KiIacCu(UKAUU BXOIALINX
JaHHBIX, a IMEHHO KJ1accuukanus 00JIe3He TOMATOB IO M300PaKEHUSM UX JTHCTHEB.
3amaun kimaccu(UKaMU MOKHO pa3/iejuTh Ha OMHApHYIO KiIacCHU(UKAIMIO U Ha
MHOKECTBEHHY10. buHapHas kinaccudukanus, Kak MOXKHO IMOHSTh IO Ha3BaHUIO,
paszernsieT BXOJHbIE JaHHbIe Ha 2 Kiacca. MHOXKECTBEHHAs! KIACCHU(PUKAIIMS MOXKET
UCIOJIb30BaTh OOJbINe KiaccoB. Mbl OylleM HCIOIb30BaTh MHOXECTBEHHYIO
KJIaCCU(UKAIMIO, T.K. Y HAC KOJUYECTBO KJIACCOB OOJIBIIIE IBYX.

CrenanbHbIX HEHPOHHBIX CETEH I pelieHus 3a7ad KiacCUUKaIuu He
cymectByer. Yamie Bcero s pemieHus 3a1ad KiIacCUPUKALUHU HCIOJb3YHOTCA
HEUPOHHBIE CETU MPSIMOI0 PACHPOCTPAHECHUS. B TaKMX HEHPOHHBIX CETIX BCE CBA3U
HaIpaBJIeHbl OT BXOJHBIX HEHPOHOB B CTOPOHY BBIXOJAHBIX. OOBIYHO HCHOJIB3YyETCA
MHOTOCJIOMHBIN EPCENTPOH.

MHOrocIoNHbIA EPCENTPOH - HEUPOHHAS CETh MPSIMOI0 PACIPOCTPAHEHHUS, B
KOTOPOM NaHHBIE INEPENAIOTCA OJHOM HAIPABICHHH OT OJHOTO CJOSI K JAPYromy.
MHOrOCIoNHBIA  MEPCENTPOH MOXHO YCIOBHO DPAa3JCIUTh Ha  CIEIYIOUIUE
COCTaBJISOIIHE:

® BXOJHOMW CJOH, KOTOPBIA 00pa3yeT MHOXKECTBO BXOJHBIX MapaMeTpOB,
TaK Ha3bIBAEMBIN CIION CEHCOPOB, KOTOPHIN €111 HA3BIBAIOT S-CIIOM;
® OJWH WM HECKOJIBKO CKPBITBIX CJIOE€B, KOTOpPBIE  Ha3bIBAIOT
aCCOLMAaTUBHBIMU WU A-CIOSIMU;
® BBIXOJIHON PE3yJbTUPYIOUIUHN €0, (POPMUPYIOUIUI Pe3ynbTaT paboThI
HEWPOHHOM CETH, TaKKe Ha3bIBaeMblIil R-cioil.
CXeMaTu4HO MHOTOCIIOMHBIN MEPCENTPOH MOYKHO MPEACTABUTH CIIEAYIOIINM

obpazom:
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B mamem cnydae BRIXOAHOW CIION OydeT comep)kKaTh CTPOTO OMPEIEICHHOE
KOJIMYECTBO HEUPOHOB, PABHOE KOJIMYECTBY KATErOPHil, KOTOPHIE MBI ONPEAEIIIEM.
Kaxnaplii HEHpOH BBIXOJAHOM ceTH OyJeT COMOCTABJICH OJHON U3 OMNpeieasieMbIX
kareropuid. PesynpraTom ans kaxmoi kareropuu Oyjaet 3HaueHue ot O 1o 1, kotopoe
OyZIeT coliepKaTh BEPOSITHOCTh TOTO, YTO JIAHHbIE MPUHAANEKAT K dTOM KaTeropuu.
VYcnenHsIM pe3yabTaTOM CUATAETCS BBICOKASI BEPOATHOCTD ISl OJHOM U3 KaTErOpHid.
Ecnmu nBe wnm Gornee kareropuii MMEIOT OOJIBIINE BEPOSITHOCTH, TAKOW pE3yJbTar
CUMTAETCA “‘HE YBEPEHHBIM .

KonnuecTBo ciioeB u ux pazmep 0y1eM noi0upaTh SJKCIEPUMEHTAILHBIM ITyTEM,
cpaBHUBasg pe3yibTarthl. OCHOBHBIM KpUTEpHeM Npu mnojadope Oyaer pasmep
oOy4arolux JaHHBIX U CIOCOOHOCTH ceTH K 0000mennto. /s o0yuenus cetu Oynem
UCIIOJIb30BaTh aJTOPUTM OOPATHOTO PACHpPOCTPAHEHUS C MPOBEPKOW HA OTIEIHHOM
MHOKeCTBE. TakKe SKCIEPUMEHTAIbHBIM MyTeM Oy/ieM MoAOHUpaTh aKTUBALMOHHYIO
(GYHKINIO HEHPOHOB.

Ecnu He monyuuTcss 0Oy4uTh MHOTOCIOWHBIN MEPCENTPOH A0 HEOOXOAMMOM
TOYHOCTH, TONPOOYEM UCIOJIb30BATh CBEPTOUYHbIE HEUPOHHBIE ceTH. CBEpTOYHAS CETh
— CIenanbHas apXUTEKTypa HEHPOHHO ceTH, KoTopyto npeioxui Au Jlekyn B 1988
rogy. llenbio maHHONW ceTu SBISIETCS paclo3HaBaHuWe o0O0pas3oB, T.e. CETh
ONTHUMHU3UPOBaHa i1 padOThl C H300pakeHUsIMH. B 1aHHOU ceTu uvepenyroTcs
CBEPTOUYHBIE CJIOM M IMYyJHHT cJIou. CBEpPTOYHBIE CIIOM I KaXJAO0ro KaHaia
nzobpaxkenuss (R, G, B) wucnonb3yroT CBOH OTAENbHBIA (QUIBTP, KOTOPBIN
00pabaTbIBaE€T BXOJHBIE MTApAMETPHI IO (PparMEeHTaM U yMEHBLIAET pa3Mep BXOIHBIX
naHHbIX. [TyuHT ciioi unu cinoi cyOucKpeTru3aluy yIioTHIET BXOJHbIEC TapaMeTphl,
Hanpumep, pparMeHT 2x2 nukcens ymiotHsaeTcs 10 1 nukcens. Yaie Bcero 1uis 3Toro

UCIOJIb3yeTCsl PYHKITUS MaKCUMyMa.
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ITocne HECKOIBKHUX CBCPTOYHLBIX CJIOCB, JAHHBIC IICPCAAOTCS Ha O6I>I‘-IHYIO
ITOJIHOCBA3HYIO HCprOHHYIO CCTh, IIpU 3TOM IIPOCTPAHCTBCHHOC IIPCACTABICHUC

NUKCEeJIeH yTPauynuBaeTCs U UCIIONb3YIOTCS JaHHBIE C MaJION pa3MEepHOCTHIO.
4.6 BbiOop pa3zmepa HeHPOHHOM ceTH

KomnuecTtBo cBs3eld MexQy HEWpOHAaMM B HEHWPOHHOM CETH BIIMAET Ha
JIOCTOBEPHOCTH MOJy9aeMbIX pe3ybTaToB. Eciu cBs3elt Oyer Mano, HEMpOHHAs CEeTh
HE CMOXXET BBIMOJHATH 3a/1a4y KJIacCU(UKAIMU BXOJHBIX JAHHBIX C U300paKeHUEM
toMatoB. [Ipu 3ToM, eciu cBsizelt OyieT MHOTO, Beca HAUHYT paboTaTh Kak MaMsTh, U,
€CJIM KOJIMYECTBO CBS3EH MPEBBICUT KOJUYECTBO AJIEMEHTOB B 00y4aroliei BbIOOPKE,
HEHPOHHAsI CETh MPOCTO 3alIOMHUT U OYy/IET BbIJABaTh HA KAXK/IbIi 00ydaromuii Habop
JAHHBIX CBOM NpaBWJIbHBIA OTBET M HE OyIET ONpeiesiTh KaTerOpHiO JaHHBIX, HE
y4acTBYIOIIMX B 0OyueHuu. Takasi HelipoHHas ceTh OyAeT MpeKpacHo padoTaTh Ha
JAHHBIX M3 O0OydYaroluMX NPUMEPOB, HO Ha Jpyrue JaHHble OyJIeT BbIJABATH
IPOU3BOJIbHBIE OTBETHl. B 3TOM ciyyae TOBOpPUTCS, 4YTO CEThb HE MpuoOpena
o0oOmarmux crnocodHocreid. Ha mnpakTuke Takyl0 HEWpPOHHYIO CeTb Oyaer
UCII0JI30BaTh OECCMBICIEHHO.

Jlst BBIOOpa pazMepa HEMPOHHOM CEeTH MCTOIb3YIOT KOHCTPYKTHUBHBIN MOAXO0
U JECTPYKTUBHBIM MOaXx0J. KOHCTPYKTHUBHBIN MOAXOA MCXOAUT U3 MUHMMAJIBHOIO
pa3Mmepa HelipoHHOM cetn. CHavasia OepeTcsi CaMblil MUHUMYM U MTOCTENEHHO pa3Mep
YBEJIMYMBAIOT, TOKA HE JOOBIOTCS yAOBIETBOPUTENIbHOM TouHOCTH. [locie kaxmoro
M3MEHEHUsl pa3Mmepa ceTh, ee mnepeoOyvaror. [Ipu [HeCTpyKTUBHOM NOJAXOJE
UCIIOJIb3YETCSl HEHpPOHHAsl CETh C 3aBeAOMO OOJBIIMM KOJUYECTBOM CBSI3€H, U

IMOCTCIICHHO YAAJIAIOT CBA3H, KOTOPBLIC MCHLIIC BJIMAIOT Ha PE3YyJbTaT. Crout He
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3a0bIBaTh MPaBUJIO, YTO KOJMYECTBO MPUMEPOB B OOyUaromeM Habope He JOJKHO

OBITH OOJIBIIE, YEM KOJTMYECTBO BECOB B HACTPAUBAEMOM CETH.
4.7 KoHTpoJib 000011a10111eli CTIOCOOHOCTH CeTH

JI1st KOHTpOJIsE 00yUYEHHOM ceTH HEOOXOIMMO HCIOJIb30BaTh JaHHBIEC, KOTOPHIE
HE y4YacTBOBaluW B 0OyueHHMH. [[1s 3TOro ciayyailHbIM 00pa3oM U3 0O0ydYarOIIUX
IPUMEPOB BbIOMpaeTcss HA0OP JaHHBIX, KOTOPbIE UCKIIOYAIOTCA U3 00yUYeHHUs, YTOObI
OHM HE OKa3bIBAJM BIIMAHUA Ha (POPMHUPOBAHHE BECOB HEHPOHHOW CETH B MpolEcce
0o0yueHus.

[Tocne oOy4eHHs] KOHTPOJIbHBIE JAHHBIE MOJAIOTCS HAa BXOJ HEUPOHHOW CETH
BMECTE€ C OOy4YarIMMH JaHHbIMU. EcnM pe3ynbpTaThl MOKa3bIBAIOT JIOCTATOYHYIO
TOYHOCTh Ha OOYYaIOIIMX JIaHHBIX U HAa KOHTPOJBHOU BBHIOOPKE, CUMTAETCS YTO CETh
npuodpena oOobOmIaroyl0 crnocoOHocTh. Eciam mocTtaroyHas TOYHOCTb BBIJAETCS
TOJIKO Ha 00YYalOUINX JaHHBIX, U IJI0Xasi TOYHOCTh Ha TECTOBBIX JAHHBIX, CYUTACTCS,
YTO HEMPOHHAS CETh HE MPUOOPeIa 0000IIAIOITYIO CITOCOOHOCTD.

Ommbku, moNydeHHble Ha OOyYaroUIMX JAaHHBIX, HA3bIBAIOT OIIMOKOMN
oOydeHus1, a OIMOKHU, MOJyUYEeHHbIE HA KOHTPOJBHBIX JaHHBIX, Ha3bIBAIOT OLIMOKON
000011eH .

O60061maronryo cnocoOHOCTh HEMPOHHON CETH MOXKHO YIy4lIaTh YBEIUYCHHEM
KoJM4YecTBa OOydYarouuX JaHHBIX WM COKpAIleHHUEM KOJUYEeCTBA CBS3EU CETH.
VYBenuuuBaTh KOJUYECTBO JIAHHBIX HE BCEI/la BO3MOKHO U BEJET K JOMOJHUTEIbHBIM
BBIUMCIIUTEIBHBIM ONEpalMsAM, a, CIEI0BAaTEIbHO, K YBEJIMYEHHUIO BpPEMEHH,
3aTpaurBaeMoro Ha o0yueHue. CokpailleHre Yuciia CBsi3ei HeHPOHHOM ceTH MPUBOAUT
K CHW)KCHUIO TOYHOCTH DPE3YJIbTAaTOB, BBIJABAEMBIX HEMPOHHOU ceThio. [loaTomy,
noa0op pa3mepa HEHUPOHHOM CEeTH — 3TO KOMIIPOMHCC MEXAY TOYHOCTBIO U

CJIO’)KHOCTBIO U TpeOyeT MPOBEICHUSI MHOKECTBA SKCIIEPUMEHTOB.

4.8 Bpi00op A3bIKa MPOrpaMMHPOBAHUS
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S BeIOpan s3bIk mporpammupoBaHusi Python, T.x. oH comepxut Ooibinoe
KOJIMYECTBO OMOIMOTEK W WMHCTPYMEHTapus sl padOThl C HEUPOHHBIMH CETAMH,
Takke si3pIK Python o6itagaeT O0IBIIMM U Pa3BUTHIM COOOIIECTBOM, @ 3TO 3HAYHUT, YTO

OyneT Jierye HalTH UHPOPMAILIKIO 110 UHTEPECYIOIIEH HAC TeMe.
49 AHanu3 BXOJAHbIE MapaMeTPhI

T.x. Mbl OyJneM 0o0yuaTh Hally HEHPOHHYIO CETb MHOTO pa3 C Pa3jIudyHbIMU
napaMeTpaMu, HeOOXOAMMO CO3/1aTh YIOOHBIN AJig 3TOro UHCTpyMeHT. Kaxawbiii pas
UCIIPaBJIATh TPOrpaMMy H Tepe3anmyckaTh HEyJA00HO, TMpPaKTHYHEEe W3MEHSThH
MapaMeTPhl UCIIOJIB3YS APryMEHTBI KOMaHIHON CTPOKH.

[TapameTpsl, KOTOpBIE OyAEM MOA0UPATH:

® TONOJIOTHSI HEUPOHHOU CETH:

O KOJIMYECTBO CJIOEB;

O THII KaXJIOT0 CJIOS;

O KOJIMYECTBO HEMPOHOB B KAXKJIOM CJIOE;
® pa3Mep HOPMAJIU30BAHHOTO U300paKEHHUS;
® KOJHUYECTBO 30X 00yUYEHUS.

Tomonornto HEUPOHHOM CETH 3aTPYJHHUTEIBHO OIUCATh B APTryMEHTE
KOMAaHJHOM CTpOKH. Jlaxe eciii 3TO peann30BaTh, TPYJIOEMKOCTh H3MEHEHUS TAKOTO
napameTpa OyZeT CpaBHUMA C TPYIOEMKOCThIO U3MEHEHHS Koja mporpammbl. Ho Mbl
MOKEM BBIJICIUTH CO3/IaHUE MOJENM HEHPOHHOW CETH B OTHAENbHbIE (YHKIUHU, U B

I[&HBH@ﬁH.I@M, yTOOBI MEHSATH TOIIOJIOTHUIO, MOXHO ITIPOCTO HMCIIOJb30BAaTh PA3HLBIC

byHKINN.

4.10 Bb10op 6M0ano0TeK A5 peanu3aliu HeiipOHHOM ceTH

Bo BpeMs uccinenoBaHusl BOINpOCa KaTEropu3alldd, s HAXOAWI MHOMXECTBO
IPUMEPOB UCIIOJIb30BAaHUSI HEMPOHHBIX CETEH JIJIsl pacrio3HaBaHus n3o0paxenuit. [Ipu
ATOM  HUCMOJB30BAJIUCh  pa3jiMuyHble  OWOMMOTEKHM, B  OJHUX  CIydasx

HpO(i)eCCI/IOHaJ]bHLIe, KOTOPLBIC ITO3BOJIAIOT HACTPAWMBATHL MHOKCCTBO IIapaMCTpOB, B
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JIPYTUX CIydasx MeHee MpodecCuoHaIbHbIe OMOINOTEKH, IIEIbI0 KOTOPBIX SBISETCA
YIPOLICHUE CO3JAaHUS HEHUPOHHOW CETH LIEHOM YMEHBUICHHUS HACTPanuBaeMbIX
napaMmeTpoB. B pesynbpTare Takue OMONMMOTEKH MOYyYalOTCS TOCTATOYHO MPOCTHIMU
JUTSL O3HAKOMJICHMSI M UCTIOJIb30BAHMUS.

Bonbiie Bcero moKymMeHTallMM W CcTaTed ObUIO HaWIEeHO Mo OuOInoTexe
tensorflow, Hanucannoi corpyaarkamu GOOQle 1 BbITI0KEHHON B OTKPBITHIN JTOCTYII.
CymectByer 6ubnuoTeka HajacTpoiika Haja tensonflow, koropast HazbiBaeTcs Keras.
Ota HaJACTpOilKa COAEPKUT MHOXKECTBO IPOCTHIX B MCHOJB30BAHMM (DYHKIMI U
METOJI0B, KOTOPBIE CKPHIBAIOT MHOYKECTBO HACTPOECK, BHICTABJICHHBIMY 3HAYEHUSIMH T10
YMOJTYAHUIO.

[ToMuMO IErKOCTH UCIIOIB30BAHUS ECTh €11I€ OJIUH 3HAYUTEIBHBIN IITIOC: TTOCIIE
oOy4eHHs] HEUPOHHOW CEeTH, KaK pe3yJbTaT, Mbl MOJYyYUM Beca HEHPOHHOH CETH,
coxpaHeHHble B popMmare tensorflow, KOTOpbIN SBISETCA OYEHb PACIPOCTPAHEHHBIM
¢dopmaTom. Cy1ecTByeT MHOXKECTBO IPOTrpamMm, IpeoOpasyrolue Beca, COXpaHEHHbIE
B tensorflow B apyrue hopMaThl, YTO 3HAYUTEIBHO PACIIMPHUT BHIOOP MPOrPAMMHBIX
CPEICTB JUIsl CO3IaHMS IPUIIOKEHHMSI 111 pacio3HaBaHus 00JIe3HEl TOMATOB.

Enie onHMM HECOMHEHHBIM IIFOCOM B I0JIB3Y BbiOOpa Keras Oyaer Haauuue y
HEro MOIHOM OubmuoTekn o00paboTku wu300pakeHuit. Hampumep, reneparTop
ImageDataGenerator na BXxo1 MOXKET MoJIy4aTh JUPEKTOPHUIO, KOTOPAsk COACPIKUT IS
KaXXJ0M KaTeropuu M300pakeHHil CBOIO nupekTopuio. bubinoreka aBTOMaTHYECKU
CUHMTHIBACT H300paXKCHHS HOPMAIU3yeT WX 10 3aJlaHHBIM TapameTpaMm H, Kak
pe3ynbTaT, BblaeT HA0OP JaHHBIX JIsi 00yUeHHS] HEUPOHHOU CETH B HYKHOM (hopmare
c omucanueMm kareropuil. Tak »xe |mageDataGenerator Mo»keT BHOCHUTH IIYMbl B
UCXOJHBbIE HM300paKCHUSI MyTEeM BHECEHHS Pa3JIMYHbIX HCKAKEHUN (M3MEHEHHE
MaciiTaba, CABUT, YBEJIMUYEHUE, ITOBOPOT, 3€PKATBLHOE OTPAKEHHUE IO TOPU3OHTAIHN U
BEPTUKAJIH), YTOOBI KAK MOKHO JI0JIbIIIE U30eraTh nepeodyueHus HEHPOHHOM CETH.

B cuny BbIIEONMCaHHBIX TUTFOCOB OBLIO PEIICHO MCIOJb30BaTh OUOIMOTEKY

Keras.

4.11 TloaroToBKA U300paKEeHU I
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T.x. bubnmmoreka Keras yxxe nmeer HeoOXoauMblid HaM (YyHKIIMOHAT B BHJIE
o0paboTkn  u3o0pakeHuss ImageDataGenerator, MoATrOTOBUM H300paKEHUS K
TpeOyemMomMy BUTY.

N300paxeHuss ObUTM pacCOPTHPOBAHBI MO OTACIbHBIM mankam. st xaxmoit
KaTeropuu OT/AeIbHAs TaIKa.

CTpyKTypa TUPEKTOPUH C U300PAKEHUSIMU:

Jtraining_set

J0/0_* jpg
J1/1_*pg
S22 *.ipg
J/3/3 *.jpg
J4/4 * jpg
J5/5_* jpg
J6/6_*.jpg

UYtoObl HOMEpY KaTEeropuu COMOCTaBUThH Ha3BaHue, Obu1 coznan JSON daiin ¢
OIMCaHUEM KaTerOpuil ¥ COOTBETCTBYIOIIMX UM MArOK.
"name": "tomato",

"categories": [

{

Hid". 0

"name": "3nopoBbIii”,

"path": "0",

"hint": "Mbl He oOHapyXuwiu OoJie3HEH Ha JTaHHOM
U300paKEeHUN. "
}s

"id". 1

"name": "®utodTopos",
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"path": "1",

"hint": "Onucanue neueHus purodroposa”

"id”. 2
"name": "AnbTepHapuos",
"path": "2",

"hint": "Onucanue ieueHus AbTepHapro3a”

"id". 3
"name": "bypas mATHUCTOCTS",
"path": "3",

"hint": "Onwucanue nedenus bypoi nsraucToct”

Hid". 4
"name": "MyunucTas poca",
"path": "4",

"hint": "Onucanue neueHuss MydHHCTOR poChl”

Hid". 5
"name": " Cenropuosa”,
"path": "5",

"hint": "Onucanue neuenus Centopuosa”

"id": 5,

"name": "Cenropuo3za”,



"path": "5",

"hint": "Onucanue neyenus Centopuosa”

"id": 6,

"name": "Mo3auka TomaToB",

"pmh". "6"

"hint": "Onucanue neuenuss Mozanka ToMaToB"
TIe:

name — Ha3BaHue Habopa JaHHbIX;

categories — oObeKT C OMMCAaHUEM KaTeropuil: KoY — Ha3BaHUE KATErOpHH,
3HaYeHHe — 00beKT ¢ MH(OpMAIUeH 0 KaTerOpHH;

Id — uneHTuduKaTop KaTEropUY;

path — Ha3Banue qUpPeKTOPUM ¢ N300PAKEHUSIMHU JJIs1 JAHHOW KaTerOpHUH.

4.12 JkciepUMEHTAJBHBbINE MOA0OP XapPaKTePUCTUK HEHPOHHON ceTH U

napamMeTpoB 00y4eHust

Jlist o0yueHus BbIOMpaeM METOJ OOpaTHOrO paclpoOCTPaHEHHUs OIIMOOK, ITO
OJIVH U3 BUJ0B 00y4eHUs “‘c yunurtesnem’. B Takoit Moieny CBSI31U B HEHPOHHOM CETH HE
U3MEHSIOTCSA, 0 TeX MOp, MOKa peakius OyaeT mpaBuibHO. [Ipu HempaBHIbHOM
peaKIuu HEUPOHHOM CETH, CBSI3U HEMHOTO U3MEHSIOTCS, YTOOBI YMEHBIIIUTH OLIUOKY.
DTO OAWH M3 CaMblX TMOMYJSIPHBIX METOJI0OB OOYyYEeHHS MHOTOCIOMHBIX
nepcenTpoHoB. JIOCTOMHCTBO 3TOTO METO/Ia B TOM, YTO OH MOXKET 00YUUTh Cpa3y BCe

CJIOM HEMPOHHOM ceTh. HegocTaTkom ABIAETCA MEJICHHAS! CKOPOCTh pacy€eToOB.
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HayneM C KOHCTPYKTMBHOIO NOJAXO0Jd, T.€. CO3/JaJUM HEHWPOHHYIO CETb,
3aBEJIOMO HE CHOCOOHYIO BBINOJHUTH Hally 3aJady, M MOJAAUM Ha Hee KapTHUHKU
HEeOO0IBIIOTO pa3Mepa. byem Habm0aaTh pe3ynbTaT U U3MEHATH apaMeTpBhI.

Jlis Hadana BO3bMEM HEHPOHHYIO CEThb C OJHUM CJIOEM, COCTOSIIIUM U3 [

HelpoHOB. JlaHHBIN 10 OyJET UTPaTh POJIb CJIOS C BRIXOJHBIMU JaHHBIMHU.

Input_layer | InputLayer

Flatten_layer | Flatten

Result_layer

KonuuectBo HelipoHOB B ciioe: 7

Pazmep uzobpaxenwuit: 10x10

KomuuecTBo amox - 50

Inreain medel (Ao pngcy]. Neumne T, image: {ln]0 Epochad 55 tamaln mgded Lesa], Negmame |, image: LELD, Spechy: 30

— Ir TR T, I Ly b

a1

Kak u npenmnonaranoch, CeTh He MOKa3aja HUKaKUX BO3MOKHOCTEHN K 00yUYEHUIO
Ha HamuxX JaHHBIX. Ha mepBoMm rpaduke mokazaHa TOYHOCTb HEHPOHHOH ceTH Ha
oOydJaronmx JaHHBIX W HA TECTOBBIX JaHHBIX. Ha BTOpOoM rpaduke oTtoOpakeHa
GyHKIUS TOTEPh, 3Ty (PYHKIMIO U MBITACTCS MUHUMHU3UPOBATh HEUPOHHAS CETh MPU
oOydenun. Yem MeHbIIIEe 3TOT MOKa3aTesb, TeM Jydllle Mpoiuio ooyyeHue. B Hamem
ciy4yae (PyHKIUS MOTEpPh — 3TO KaTeropuajibHas MepeKpecTHas IHTpomnus (Kpocc-
SHTPOMMS), YEM MEHbIIE 3TOT MOKa3aTelb, TEM OJIMXKE MPEICKa3aHHOE 3HAYCHHE
HAXOJUTCs K oOyyaromeMy 3HadeHuto. Kak Mbl BUIUM BbIIIe, HA Tpaduke QPyHKIUSI
HoTeph JIJI 00yJaronux JaHHbIX (train loss) yMeHbImaeTcs1, HO JIJIsl TECTOBBIX JIAHHBIX

(test_loss) ocTaeTcst mpuMepHO HA OJTHOM YPOBHE.
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YBenu4YMM KOJIMYECTBO CBS3EH B CETH YBEIMYUB KOJIMYECTBO HEHPOHOB 10 S50 1
pazmep kapTuHku 20x20. T.k. HanI CI0K OJTHOBPEMEHHO SIBISETCA PE3YJIbTUPYIOIIEM,
y HEro cTporo 3a)UKCHPOBAHO KOJINYECTBO HEMPOHOB PAaBHOE KOJIMUECTBY KaTETrOPHil.

[TosToMy BBeieM CKpBITHIN ciioi ¢ 50-10 HelipoHaMmu.

Input_layer | InputLayer

Flatten_layer | Flatten

Layer_50 | Dense

Result_layer_7

KommaectBo HelipoHOB B ciioe: 50

Pazmep nzobpaxennii: 20x20

KomunuecTBo amox - 50

Tommabo modet [Loss ) Meurons S0 image: 2w, Epocha: 53
oMo medel dsooorecy |, Mewons: 50, Image: M0, Epochs 50
1 TR BLEEDy i i - |

> b (s
L

Ha rpaduke MoxxHO HaOIIOaTh HE3HAYUTEIBHOE YyiyullieHHue. Bo3MoxxHO He

XBATAaCT KOJIMYCCTBA JII0X, MOKHO CACJIATh IIOIIBITKY C TON XK€ TOHOJIOI‘I/I€I‘/’I, HO

IPOJINTH OOyUYEHHeE.
KonuaectBo HelipoHoB B cioe: 50
Pazmep nzobpaxennii: 20x20

KomanuectBo smox - 150
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Tomato model tocuracy |, Seurons: 500 mage: 2L Epochs: 159

|||.II.;-'L|L'1' ” -I .I|
J[' Iy N L T

Toraly modei [Loss), kedrans: 30, Imege: 20000, [porsg: 150
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VYBenuueHHas IpOoAOIKUTEIBHOCT O0YyUEHHUsl UyTh YJIYULIMIN, HO 3TO MOYTH
HE TOBIMUIO Ha pe3ynbTar. Pesynbrar He mpesbimaeT 50%. 3HaYyuT HEOOXOAMMO
Janplie yaydmarh TonoJjioruto. Eme HEMHOro yBenuuuM pasmep H300pakeHui u

KOJINYECTBO HEMPOHOB B CIIOE.

Input_layer | InputLayer

Flatten_layer | Flatten

\

l Layer_100 | Dense

Dense

Result_layer_7

KonuuectBo Heiiponos B cioe: 100
Pazmep nzobpaxennii: 30x30

KoanuectBo smox - 150

Inmdly madel L. Maiesrm: T Images: 100300 Fpactm: D3

Termanls o fhaonuiracy |, Meiirore 106, Fnage- 10030, Epici: 150
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Habmromaem ynyuienue: Bee yaie rpaduk goxoaut a0 50%, HO pe3ybTaT elie

HEYJIOBJIICTBOPUTEIbHBIN. J[aBalTe 3HAYUTEIIBHO TMOBBICUM  KOJIMYECTBO
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HeriponoB a0 1000 u yBenuuum pazMep M300pakeHus. ITO CHIBHO YBEIUYUT

KOJIMYCCTBO BCCOB B MOACIIN.

KonunuectBo Heliponos B cioe: 1000
Pa3zmep nzobpaxenuii: 300x300

KomnuectBo smox - 100

matn mods [Acrurmy |

: J

el a el iLowel

i TNE ar |

JlanpHeliee yBeITUYeHUE pa3MepOB KAPTHHKU U KOJIHYECTBA HEHPOHOB, HE
NPHUBEIIM K YIY4YIICHHIO pe3yibTara. Jlajiee s pemmia mornpoOoBaTh CBEPTOYHYIO
HelipoHHyo ceTb. OHa gomkHa paboTarh d(PpdexkTuBHEE, T.K. CBEPTOYHBIC CIIOU
YUHTBHIBAIOT B3aMMHOE PACIOJIOKCHHE TOYEK Ha u300pakeHHH. PekoMeHayercs
pa3Mep BXOJHOTO CJI0s OpaTh Tak, YTOOBI OH JACIHUIICS Ha 2 MHOXKECTBO pa3. OOBIYHO
oepyt 32, 64 mis pacrio3HaBaHUS CHIIyITOB, HAIPUMEpP, PyKOTHCHOTO MUchMa. s
0oJs1ee MHMDOPMALIMOHHBIX H300pakeHNH UCTIOB3YIOT 224, 384, 512. [§]
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Tonosorus:
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BxonHbie ceHCOpbI

Caeprounsli - ciioit 32 ¢punbsTpa ¢ Ppperimamu 2x2
[Tonmuur - ppelimamu 2x2 ¢ pyHKIHEH Max
BHecenue myMoB B pe3yJbTar

Pa3BepTka B 0AHOMEpHBII MaccuB

[TepcenTpon - 32 HeltpoHa

BrixoHoit ciioli - 7 HEHPOHOB

Pasmep uzobpaxennii: 244x244

KomnuecTo snox - 100

TonTHang rdke! [ACCU Ry Temain rresdel [Loasi

i L] L i ! = -
arrat AN

TyT MBI BUAMM 3HAYUTENbHBIA IPUPOC TOUHOCTH 110 87.5%. XOTA cE€Th B KOHILIE
U TIOTEpsiiIa TOUHOCTb, HO Y HAaC COXPAHSIOTCS JIyUIlIUe Pe3yJIbTaThl 10 MPOBEPOUHBIM
JAHHBIM.

BbIBOJ IpOrpaMMBl IIPU JOCTUKEHUU JIYUIIETO PE3YJIbTaThI.

Epoch 00053: val_accuracy improved from 0.75000 to 0.87500, saving model to ./checkpoint
7/7 - 4s-loss. 0.1659 - accuracy: 0.9367 - val_loss: 1.4815 - val_accuracy: 0.8750 - 4s/epoch
- 619ms/step

[TortpobyeM yCOKHUTH TOMOJIOTHIO U I00ABUTH €II€ OJIMH CBEPTOUYHBIN CIIOM.
CyluecTBYIOT PEKOMEHAAIMU C TMOCIONHBIM YMEHBIICHUEM JaHHBIX YBEIUYUBATH

rayouny. [8]

S

[ToaToMy monpoOyeMm caeayroNIy0 TOMOJIOTHIO:

34



BxonHbie ceHCOpbI

Caeprounsliii — cioit 32 ¢punbTpa ¢ pperiMmamu 2x2
[Mommuar — ppeiimamu 2x2 ¢ pyHKIIHIEH MaX
BHecenue myMoB B pe3ysbTar

Caeprounblii — ciioit 64 ¢punbTpa ¢ pperimamu 2x2
[Tomnmuur — dpperimamu 2x2 ¢ hyHKIHEH MaX
BHeceHue yMoB B pe3yJbTar

Pa3BepTka B 0JHOMEpHBII MaccuB

[TepcenTtpon — 32 HeipoHa

BrixoaHoii ciioit — 7 HeMpoHOB

Pa3mep nzoOpaxenuit: 244x244

KomnuectBo snox — 100

Termui o redchid [RSCLIFRLY] AT iridoe | Lovka

" ™ X o . f -
AT Rk

Pesynbprar uyTh Xyxke npeapiayniero. Bepuemcs K 0IHOMY CBEPTOYHOMY CJIOXO,
KOTOPBIM MOKa3aJl Jydlle pe3yJsbTaT, U MONpo0yeM YBEIMYUTh KOJUYECTBO CBA3EH 3a
CUET MepCcenTpoHa.

Tononorus:

BxonHbie ceHCOpbI

Ceeptounblii — cioit 32 ¢punbsTpa ¢ pperimamu 2x2

[Homnmuur — dpeiimamu 2x2 ¢ pyHKIHEH MaX

Brecenue mryMoB B pe3yJsibTaT

Pa3BepTka B 0IHOMEpHBII MaccuB

[lepcentpon — 64 HelipoHa

BrixoaHoii ciioit — 7 HEMpoHOB
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Pasmep uzobpaxenuit: 244x244

KomnuecTBo ammox — 100

Fomahn ol JAn cemcy LD i SLOnE]

T

Pesynbrar yxynmmnca. Ha naHHbli MOMEHT JydlIuMd pe3ynbTaT IOKa3alia
TOTIONIOTUS. C OJIHUM CBEPXTOYHBIM clloeM ¢ 32 (GUIbTpaMH U OJHHUM CKPBITHIM

nepcenTpoHoM ¢ 32 HepOHAMH.

5 Co31aHne MOOHJILHOTO MPHJIOKEHHS

Hanucanue MOOWJIBHOTO TPUIIOKEHHUS, KOTOPOE IMOAJICPKHBACT HECKOJBKO
MOOHIIBHBIX ONEPAIHOHHBIX CUCTEM, 3TO CIOXKHBIH mporiecc. B pamkax Moeit paboThI,
s pelni BeIOpaTh OJHY, CAMYyI0 PacIpOCTPaHCHHYI0 MOOWJIBHYIO OINEPAIlHOHHYIO
CHCTEMY YTO OBl MPHIOKEHHE OBLIO JOCTYIHO I MaKCHMAalbHOI'O KOJINYECTBA
MOOMJIBHBIX YCTPOUCTB.

[To mamaeiM  Statcounter Global Stats omepanmonnast cucrema Android
ycTaHoBiieHa Ha Oonee /0% MOOMIBHBIX YCTPOMCTB MO BCEMY MHUPY, a TaKXKe B
Poccun. [9] [10] IlosToMy s1 BIOpan i HAmUCaHHS MOOHJIBHOIO IPHIIOKEHUS
orepalroHHy cucreMmy Android.

3a OCHOBY MPHIIOKEHHUS s B3sUI MPUMEP MPHIOKEHHUS IMPEIOCTABICHHBIH B
JnoKyMeHTaiuu oudanoteku Tensorflow. Tak ske U3 JOKyMEHTAI[MH CTal0 MOHSTHO,
YTO MOJYYCHHYIO HEWPOHHYIO CETh HE IOJIYYHTCS MCIIOIB30BaTh B MOOMIBLHOM
NPHJIOKEHUH, T.K. Onbaroreka Tensorflow s cucremsr Android ncnosns3yeT popmar
xpanenus Herpocetn tensorflow lite (tflite). ITosromy mnpumuioch g00aBUTH
(GyHKUHOHAN COXPAHEHMsI pe3yJIbTaTOB O0y4YeHHs B HEOOX0IUMOM (hopmare.

[Iporpamma mosrydaeT n300pa)KeHHE M3 CHCTEMHON OHMOJHMOTEKH, KOoTopas

NoJIy4aeT M300pakeHHE C KaMmepbl MOOMJIBHOrO ycTpoiicTBa. [lanee m3oOpakeHue
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NPUBOAUTCA K HYXHOMY (opmary U mocTymaeT Ha oO0paboTKy B HeipoceThb. [lo
pe3yiibTataM paOOThl HEHPOHHOM CETHM MBI MOJy4aeM OIIEHKH BEPOSITHOCTEH st
KaXJ0M Kareropuu. Ecinym olHa M3 KAaTEropuil UMEET BEPOATHOCTh 3HAYUTEIBHO
OOoJIBIIIe YeM JIPYTHE KaTErOpUH, Takas KaTeropusi CYUTAETCS HCKOMBIM PE3yJIbTaTOM.
UtoOBbI B pe3yibTaT HE MOMaAaJIN KaTETOPUHU C HU3KOU BEPOSTHOCTHIO, BBOJUTCS ITOPOT
(threshold) ke koToporo pe3ynbraThl OTOpackiBarOTCs. JlOMycTHM, BCE KaTETOPUH
NOJIyYUJIM PABHYIO BEPOATHOCTb, 3TO 3HAYUT, YTO HEMPOCETh HE MOMKET BBIIEIUTH
OJIVH pe3yJsbTaT. B Takom ciiyudae nporpamma mno nopory oTOpocuT Bce pe3yJibTaThl U
He OyJIeT BBIBOJIUTH KATETOPHUH B PE3yJIbTAaT.

B pesynbrare mosiydaeM mnporpammy JJisi MOOWJIBHOTO YCTPOMCTBA, KOTOpas
MO3BOJISICT [I€JIaTh AaHAJW3 JIMCTbEB HEMOCPEACTBEHHO HA MECTE BbIPAIIMBAHUS

pacTeHUM.

6 3axiioueHue

B pesynbrare anamusza MCTOYHUKOB MH(MOpMAIH, Pa3pabOTKU MPOrpaMMbl U
IPOBEJICHUH UCCIIEI0OBAaHUM, MBI CPOPMYITUPOBAIH CIEAYIOIIUE BBIBOIBI.

N3 paccMOTpeHHBIX BHUIOB HEUPOHHBIX CETel HAMOOIBIIYI0 TOYHOCTH B
0o0ydYeHNHU TOKa3aJid CBEPTOYHBIE HEHPOHHBIE ceTH. lccnemoBaHue ¢ KOJIMYECTBOM
CJIOEB U PA3IMYHBIMH MapaMeTPaMH MOKA3aJI0, YTO CUIILHOE YBEIMUEHUE KOJUYECTBA
CBS3EH HE BCerja MPUBOAUT K JIyUIIIEMY Pe3yJIbTary.

B nHamewm cinydae, gy4mmid pe3ynbTaT MoOKa3aja OJHA M3 CaMBIX IPOCTBIX
TOITOJIOTUM CBEPTOYHON HEUPOHHOU CETH CIEIYIOIIETO BU/IA:

Bxonnsie mannbie: 224x224x3 (RGB)

Ceeprounslii cioit: 32 ¢punbTpa ¢ ppeiimom (2x2)

[TynnmuaT cnoit ¢ ppetiMom (2x2)

Cnoii ¢ 1o6aBieHHEM IIYMOB

Crnoit yMeHbIIIEHUS Pa3MEPHOCTH JTAHHBIX

[Tepcentpon ¢ 32 HelipoHaMmu

Brixonnoit cion
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[Iponykt manHOW paboThl — pa3paboTaHHas MOOWIJIbHAs MporpamMma s
pacrio3HaBaHusi 00JIe3HEH TOMATOB, OMpPEEISEMbIX MO BHEIIHEMY BHUIY JIUCTHEB U
BbIJJaUYCll PEKOMEHJAIMKA N0 HMX YMEHbUIEHHWIO. B pe3ysbraTre HUCCIeIOBaHUNA U
o0y4eHHs] HEMPOHHOM CeTH yAallOCh TOCTUTHYTh TOYHOCTHU pacno3HaBanus 87%. Kon
nporpammsbl Obu1 3arpyxer Ha GitHuUb (https://github.com/asasryabov/tomato) [9].

B nanpHelimeM MBI MIIaHUPYEM YBEIUYUTH KOJUYECTBO HM300paKeHUH Iis
oOy4eHHs, YTO TMO3BOJUT MOBBICUTh TOYHOCTH paboThl mporpammel. [IpoBectu
JOTIOJIHUTEJIbHBIE MCCJIEIOBAaHUSI C JIPYTMMHU TOMOJIOTUSIMU HEUPOHHBIX CETEH U
pa3TUYHBIMA TIapaMeTpaMH, HE 3aTPOHYTHIMH B JaHHOW pabore, Hampumep,
onTuMu3aTopamMu. Pacmuputh OaHK HW300pa)K€HU TOMATOB JUIsl OMNpEeTCHUS
0oJie3HEN HE TOJIBKO 0 BHEIIHEMY BUY JILCTHEB, HO U MO BHEIIHEMY BHUJly TOMATOB
U CTeOJIeH.

Job6aBuTh B mporpammy OJIOK pacro3HaBaHUsi oOpasza JUCThEB PaCTECHUS, U
Mo/JaBaTh HA BXOJI HEMPOHHOM CETH TOJBKO YacTh H300PAXKEHHS] C JIUCTOM, HTO
MIOMOKET HCKJIIOYUTH BJIUSHUE TMOCTOPOHHUX IPEIMETOB U ILIYMOB HAa TOYHOCTH

pacrnio3HaBaHMsI 3a00JICBAHMSI.
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