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PODEPAT

JpiruioMuast pabora: 54 craposki, 1 Tabmima, 25 mamtonkay, 30 kperHim, 1
Jaaarak.

KmouaBbiss cnosl: BOJIAPACII, IJIDHTBI®GIKAIIBIS BOJIAPACIIEH,
PEDIASTRUM, MAIIBIHHAE HABYYAHHE, TJIbIBOKAE HABYYAHHE,
3TOPTBAJIBHBISI HEMIPOHABBIS CETKI, KJIACI®IKALIBISI BOJIAPACIIEN

AOG'ekT gacienaBaHHA: pacla3HaHHE Bojapacleid MeTagami IIbIOOKara
HABYYaHHS.

Mbsta paboThl: BbIpallIbIs 3a4ady Kiacidikaibli BbISLY BoAapacued mpbl
JaramMo3e 3ropTBaTbHBIX HEHPOHABHIX CETaK.

Metanasl naciaeqaBaHHA: riapabisiariaHbis MeTaabl, MeTaJbl
MiKpacKarmipaBaHHs 1 1IPHTHI(IKAIBI BOAAPACIICH, METa bl MallIbIHHATA HABYYaHHS.

BrikanaHHe mparibl Ja3BoJIijIa HaM aTpbIMallb HACTYITHBIS BBIHIKI:

1. BoisyneHblsi HEKaTOPhIA 3aKaHAMEpHACI[l paclayCIOKBaHHS aCOOHBIX BiJay
csameiictBa Hydrodictyaceae.

2. 3 wmoTail (apmaBaHHS HaBy4YalbHBIX BbIOApaK CTBOpPAHbIS A3BE€ 0a3bl BbISY
Bojapacueil: ¢orazapiMki macti Pediastrum-mamoOHbIX Bimay csiMeicTBa
Hydrodictyaceae, arynbHaii konbkaciio 452 BwiABbBI; (poTazasiMki 178 Bimay,
aKig Hajmexanb ga Thimay Cyanobacteria, FEuglenozoa 1 ammzenay
Bacillariophyta, Chlorophyta, Charophyta, arynbnHaii komnbkaciro 620 BbISTY.
ATpbIMaHbIsl BBISIBBI MOXKHa BBIKAPBICTOYBAIlb Yy HaBYyYallbHBIM Ipaipce ¥
SKacCIll UTIOCTpallblifHara i JarmamMosKHara MaTaphIsiTy.

3. 3n3elicHeHbIs BbIIpaOaBaHHI JACTYNHBIX MaAdJsAy 3rOpTBAIbHBIX HEHPOHABBIX
ceTak, cspoja sKix Hainmenmibisa BbIHIKI maka3zana EfficientNetB0. Ilacns
HaJaabl 1 HaBy4YaHHs abpaHail Mandii ObIY aTpbIMaHBI MIPATATHIN CICTIMBI IS
pacriasHaHHs BbIAY BoJapacledl 3 JakiagHaclio pacnazHanHs 97% aid
nepiaii Beroapki 1 80% 1ist ApyTroid.

Cictoma mnarpabye pnaneiimiara VjacKaHaJ€HHS 1 ¥ TEPCIEKThIBE MOXKa

BBIKapBICTOYBAIllla ¥ aayKallbliiHail 1 HAByKOBal J3eiiHaCII].



PE®EPAT

Juninomuast pabora: 54 ctpanuubl, 1 Tabnuia, 25 pucyHkoB, 30 UCTOUHUKOB, 1
MIPUIIOKEHUE.

KimoueBbie cinosa: BOJOPOCIIM, MIEHTU®UKAIIUA BOJOPOCIIEH,
PEDIASTRUM, MAIIMHHOE OBYYEHUE, TJIVBOKOE OBYYEHUE,
CBEPTOYHBIE HEMIPOHHBIE CETH, KJTACCUDUKAIUS BOIOPOCJIEN

OOBEeKT ucchnenoBaHMs: PACIO3HABAHKME BOJOPOCIEH METOMaMU TITyOOKOTo
00y4eHUsI.

Lens pabGoThl: NPUMEHUTH CBEPTOUHBIE HEWPOHHBIE CETH B 3ajaye
KJaccuUKaIMy 1300aKEHNUN BOIOPOCIIEH.

Meroasl WCCIIEIOBAHUSA: TUAPOOHONIOTNYECKUE METO/IbI, METOBI
MUKPOCKOTIMPOBAaHUS W HACHTU(PHUKAIMK BOJOPOCIECH, METOIbl MAIIMHHOTO
00yJeHUS.

[To utory BbITIONIHEHUS pa0OTHI YIaJIOCh JOCTHYD CIAEAYIOIMIUX PE3yIbTaTOB:

1. BbIsiBII€HBI HEKOTOpbIE 3aKOHOMEPHOCTH PACHpPOCTPAHEHHUS OTAEIbHBIX BUIOB
cemeiictBa Hydrodictyaceae.

2. C uenbto ¢opMHpOBaHUS OOyYaroOIMX BBIOOPOK CO3MaHHBI JBE 0a3bl
n300pakeHnit Bogopocieit: ¢ororpadhun mectu Pediastrum-momoOHBIX BUIOB
cemeiictea Hydrodictyaceae, oOmum kommuecTBOM 452 u300pakeHUS;
dotorpadbun 178 BumoB, mnpuHamIekammx K TumaMm Cyanobacteria,
Euglenozoa u otnenam Bacillariophyta, Chlorophyta, Charophyta, oOGuum
konuyecTBOM 620 wu3oOpaxeHuil. IlomyueHHble U300paXkeHUsT MOXKHO
UCIIOJIb30BaTh B Yy4YEOHOM TIpoOIlECC€ B KauyeCTBE WUIIOCTPATUBHOTO U
BCIIOMOTaTEJIbHOIO MaTepurara.

3. IlpoBenensl UCOBITAHUSL TOCTYIHBIX MOJIeNIel CBEPTOUYHBIX HEUPOHHBIX CETEM,
cpeny Kakux Hawitydmme pesyabTarsl mnokaszana EfficientNetB0. Ilocne
HACTPOWKHU U 00yueHHUs: BEIOpAHHOIN MojeNnu ObUT OMyYeH MPOTOTUIT CUCTEMBI
JUIsl pacro3HaBaHUsI M300paxKeHUN BOIOPOCIEH, C TOUHOCTHIO PACIO3HABAHMS
97% nns neppoii BeIOOpKU U 80% 17151 BTOPOH.

Cuctema TpeOyeT JadbHEWIIErO0 YCOBEPIICHCTBOBAHUS W B IEPCIECKTHUBE

MO>KET UCTIONIb30BaThCS B 00pa30BaTEIbHON M HAYYHOH JESITEIbHOCTH.



ABSTRACT

Diploma thesis: 54 pages, 1 table, 25 figures, 30 referenses, 1 appendix.

Keywords: ALGAE, ALGAE [IDENTIFICATION, PEDIASTRUM,
MACHINE LEARNING, DEEP LEARNING, CONVOLUTIONAL NEURAL
NETWORKS, ALGAE CLASSIFICATION

Object of research: algae recognition by deep learning methods.

Purpose of the work: solve the problem of classifying algae images using
convolutional neural networks.

Research methods: hydrobiological methods, algae microscopy and
identification methods, machine learning methods.

The following results were achieved:

1. Some distribution patterns of certain species of the family Hydrodictyaceae
were revealed.

2. In order to form teaching samples two databases of algae images were created:
photographs of six Pediastrum-like species of the family Hydrodictyaceae,
totaling 452 images; photographs of 178 species belonging to Cyanobacteria,
Euglenozoa, Bacillariophyta, Chlorophyta and Charophyta phylums, totaling
620 images. The obtained images can be used in the educational process as
illustrative and auxiliary material.

3. The available models of convolutional neural networks were tested, among
which EfficientNetB0O showed the best results. After tuning and training of the
selected model, a prototype system has been obtained for the recognition of
algae images, with an accuracy of 97% for the first sample and 80% for the
second.

The system requires further improvement and can be used in the future in
educational and scientific activities.



