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OBIIAA XAPAKTEPUCTHUKA PABOTbI

Marucrepckas qucceprauus 115 c., 41 puc., 5 Ta61., 163 HCTOUHHUKOB.

OEHOMMUKA PACTEHUN, MAIIMHHOE OBYUEHME,
OEHOTUIIMPOBAHMUE, CTPECC, OEHOMHAA [INIATD®OPMA,
3D-CKAHEP, CIIEKTPAJIBHBIE JIAHHBIE.

OObekTaM HCCIeOBaHUSI B HacTosIeld paboTe SBISUICA TOPOX IMOJIEBOM
(Pisum sativum L.).

Llenpto pabOTHl SBISUICS aHAIU3 CTPECC-MHAYLUHMPOBAHHBIX HW3MEHEHHI
(U3MOIOTUYECKUX XapaKTePUCTUK pacTeHuW Pisum sativum ¢ TPUMEHEHHEM
TEXHUKH UPPOBOTO (PEeHOTUNMHPOBAHUS.

OCHOBHBIE METOJBI HCCIEAOBAHUS: KyJIbTUBHpOBaHUE Pisum sativum B
MOYBEHHBIX CyOcTpaTax, BO3JIEUCTBHE cTpecc-(haKTOpaMu Ha PAaCTEHHs, TEXHUKA
BBICOKOIPOU3BOIUTEIHLHOTO (eHOTUIUPOBAHMS, uAeHTUUKAIUSA
MOP(OJOTUYECKUX U CIEKTPAJIBbHBIX MapaMeTpOB PACTEHUIl C MOMOILBIO
CHEUATN3UPOBAHHOTO MPOTPAMMHOTO OOECIEYEHHs, CTaTUCTUYECKHUE METOIbI
aHaJIM3a NOJYYEHHBIX IaHHBIX Ha 0a3e MOAX00B MAIlIMHHOTO 00yYEHUSI.

B pe3ynbrare mpoBeIEHHBIX ONBITOB ObUIM MOJIYYEHBI JAHHBIE LIU(PPOBOIO
(benotunupoBanus Pisum sativum L. B KOHTPOJIE U TIPU BO3ICHCTBUU 3aCOJIECHUS.
Hcnonb3zoBanue wmUPpoBOro (HEHOTUNUPOBAHMS IO3BOJUIO BBISIBUTH, YTO
3aconenue 0,1 m 0,3 M NaCl B pa3nuuHbIX NOYBEHHBIX cyOcTparax (IECOK,
BEPMHUKYJIUT, CMECh MecKa U BepMUKYIUTHI (1:1, V:V)) BbI3bIBaE€T CTAaTUCTUYECKU
3HAYMMBbIE HM3MEHEHUS MOP(POJOTHUUECKHX M (PUINOIOTHYECKUX XapAKTEPUCTHK
pactenuii Pisum sativum . ITH N3MEHEHUS BKIIFOYAIOT CHUKEHNE BBICOTHI PACTEHU,
yMEHbLIEHWE OuoMacchl M  IUIOIIAJM  JIMCTHEB, YBEIUYEHUE  TIIyOHHBI
IIPOHUKHOBEHUSI CBETA M YMEHBILICHHUE YIJIa HAKJIOHA JUCTheB. KoppensuuoHHbIN
ananu3 1o [lupcony nokaszai, uro y oopadoranubix NaCl 1 KOHTPOIBHBIX paCTEHUN
Pisum sativum B Tpex pa3Iu4yHbIX KOMOMHAIUSAX TOYBEHHBIX CYyOCTpaToB,
CYHIECTBYET B3aWMOCBA3b MEXIy NapaMmeTpaMu. JOTMOJHUTEIbHBIA aHAIU3,
VCIOJIb3YIOUINI METO/IbI MAILIMHHOTO OOYYEHHMS JIJIsl IPEe/ICKa3aHus METOK KJIaCCOB,
ONMMCHIBAIOMIMX  YCJIOBHMS  BBIPAIMBAHMS  PACTEHHUM,  MOKa3ald,  YTO
RandomForestClassifier noctur naussicuieir Tounocta — 81%.



AT'YJIBHASI XAPAKTAPBICTBIKA PABOTbBI

Maricrapckas asicepraupis 115 c., 41 man., 5 tabin., 163 KpeIHil.

OEHOMIKA PACIJIIH, MAIIIBIHHAE HABYYAHHE,
OEHATBIITIIPABAHHE, CTPOC, ®EHOMHAS [INIAT®OPMA, 3D-CKAHEP,
CIHEKTPAJIBHBIA JAA3BEHBIA.

Ab'exTam nacienaBaHHA Y calpayaHail mpaisl 3'Syisycs rapox HacsyHO
(Pisum sativum L.).

MbpTait  mpanpl  3'Syasycs  aHali3  CTPIC-IHAYKABaHBIX — 3MSHEHHSY
(bi31sU1ariuHbIX  XapaKTapbhICTBIK paciiH Pisum sativum 3 yXbIBAHHEM TIXHIKI
niubaBara (peHaThITIABAHHS.

ACHOVHBISI MeTajbpl JacielaBaHHS: KyJlbTbIBaBaHHE Pisum sativum ¥
rnedaBblX CcyOCTparax, y3A3€sdHHE CTpac-pakrapaMi Ha paciiHbl, TIXHIKA
BBICOKAIIpaJAyKIbliHara (eHaThllaBaHHsA, 1APHTBI(IKALBI Map@alariyHpix 1
CTIEKTPabHBIX MapaMeTpay paciiH 3 JamaMmorail crerplsiii3aBaHara mparpaMHara
3a0€CTISTYIHHS, CTATHICTHIYHBIS METaJbl aHalli3y aTPhIMAHBIX JaJ3€HBIX Ha 0ase
naJbIXoay MallbIHHAra HaBy4aHH;I.

Y BBIHIKY IpaBeI3eHBbIX JOCBeaay ObUIl aTphIMaHbI Jaa3€HbIsA JiubaBara
dbenarpinmaBanus Pisum sativum L. y KaHTpoJi 1 Opbl Y3A3€IHHI 3acajeHHS.
BrikapeicTanHe iu0aBara (peHaTbIipaBaHHS /1a3BOJIJIa BBIABIIb, IITO 3acCajCHHE
0,110,3 M NaCl y po3HbIX T11€6aBbIX cyOcTparTax (IsICOK, BEpPMIKYJIIT, CYMECH MSICKY
1 BepMikymiThl (1:1, V:V)) BeIKITIKae CTaThICTBIUHA 3HAYHBISI 3SMEHBI MapdanariaHbIx
1 (b131sTIATTYHBIX XapPaKTaAPBICTBIK paciiH Pisum sativum. I'3ThIs 3MEHBI YKII0YaIOlb
3HI>)K3HHE BBIIIBIHI PACiiH, NaMSHIIPHHE O1sIMachl 1 MJIOMIYBI JICIS, MaBEIIYdIHHE
IIIBIOIH] MPaHIKHEHHS CBSTJIA 1 MaMSHIIPHHE KyTa Haxuty Jicisg. KapaasubiiHeis
anaumi3 na [lipcana makazay, mto y anpanaBanbix NaCl 1 KaHTposIbHBIX paciiiH Pisum
sativum y TpOX PO3HBIX KaMOIHalbIsAX r1e0aBbIX cyOcTparay, icHye y3aeMacyBs3b
naMibK mapamerpami. JlagaTkoBbI aHami3, sIKI BRIKAPHICTOYBAe METa bl MalllbIHHATA
HaBy4YaHHs JIJIs TpaJIka3aHHs Ma3HaK Kiacay, sKis aricBaolb YMOBBI BEIPOITYBAHHS
pacmin, maka3ay, mTo RandomForestClassifier nacarnyy wHaWBbIDMIIan
naxiagHacol — 81%.



GENERAL DESCRIPTION OF WORK

Dissertation 115 p., 41 fig., 5 tables, 163 sources.

PLANT PHENOMICS, MACHINE LEARNING, PHENOTYPING,
STRESS, PHENOMATIC PLATFORM, 3D SCANNER, SPECTRAL DATA.

The object of research in this work was the seed pea (Pisum sativum L.).

The purpose of the work was to analyze stress-induced changes in the
physiological characteristics of Pisum sativum plants using the technique of digital
phenotyping.

The main research methods are the cultivation of Pisum sativum in soil
substrates, the effect of stress factors on plants, the technique of high-performance
phenotyping, identification of morphological and spectral parameters of plants using
specialized software, statistical methods for analyzing the data obtained based on
machine learning approaches.

As a result of the experiments, data on the digital phenotyping of Pisum
sativum L. were obtained. in control and under the influence of salinization. The use
of digital phenotyping revealed that salinization of 0.1 and 0.3 M NaCl in various
soil substrates (sand, vermiculite, a mixture of sand and vermiculite (1:1, V:V))
causes statistically significant changes in the morphological and physiological
characteristics of Pisum sativum plants. These changes include a decrease in plant
height, a decrease in biomass and leaf area, an increase in the depth of light
penetration and a decrease in the angle of inclination of the leaves. Pearson
correlation analysis showed that in NaCl-treated and control Pisum sativum plants
in three different combinations of soil substrates, there is a relationship between the
parameters. An additional analysis using machine learning methods to predict class
labels describing plant growing conditions showed that RandomForestClassifier
achieved the highest accuracy — 81%.



