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OBIIAA XAPAKTEPUCTHUKA PABOTbI

Maructepckas aucceprauus /7 c., 19 puc., 4 tabiu., 155 uctounukos, 2 npui.

®EHOMUKA, ®EHOTUIIMPOBAHUE, AHAJIM3 W30BPAXEHUU,
®OUBUOJIOT I PACTEHUN, MAIIIMHHOE OBYYEHUE, HEMPOHHA SI CETh

OOBEKTOM UCCIENOBaHUS B HACTOSIIEH paboTe SBISUIMCh YEPEHKH,
MUKPOKJIOHBI W  MOJIOJBIE TIPOPOCTKH  BBICIIUX PACTCHHWM, BKJIOYas  €ib
obwsikHOBeHHYIO (Picea abies (L.) H. Karst.), MoxokeBeIbHHK CKalbHBIA (JUniperus
scopulorum Sarg.), tuc srogueii (Taxus baccata L.), Ty 3amamnyio (Thuja
occidentalis L.), dop3umnuio npomexxkytounyto (Forsythia x intermedia (L.) Vahl),
aiBy stmonckyio (Chaenomeles japonica (Thunb.) Lindl. Ex Spach) u apaGunomncuc
(Arabidopsis thaliana (L.) Heynh.).

[enpto paboTHl SBISIICS aHaIM3 MOP(HO-(HU3NOJOTHUECKUX XapaKTEePUCTHK
HCKOTOPBIX BHJIOB BBICIIMX PACTCHUA HA pa3IMYHBIX JTalax OHTOIeHEe3a C
UCIIOJIB30BAHUEM TIOJX0M0B IU(POBOrO (PEHOTHITMPOBAHUS Ha Oa3e aJIrOpUTMOB
KOMITBFOTEPHOT'O 3PCHHUS M MAIITUHHOTO 00YYCHUSI.

OCHOBHBIC METOJIBI HMCCJICAOBAHMS: TEXHOJOTHS TEHEpaIluu W TOJICPKaAHHMS
KYJBTYpBI IN VItr0 IpeBEeCHBIX pPACTeHUH; METOAMKA BBIBEICHHS MHUKPOKIOHOB W3
CHCTEMBI IN VItro; TeXHUKA 3€JICHOTO YePEHKOBAHUS IPEBECHBIX PACTCHUI; METOINKA
KyJIbTHBUPOBAHHUS pacTeHH apaOujoricuca B Yamkax [leTpu u rpyHTE, METOIUKA
(eHOTHITMPOBAHKE PacTEHUIt iN VILro U B MOYBEHHBIX CyOCTpaTax.

B pesympraTe mpoBeAeHHONH pabOTHl  OBUIM  CHCTEMATH3MpPOBaHBI U
NPECTaBIICHBl B BUJIC aHAJTMTUYCCKOTO 0030pa COBPEMEHHBIC JIaHHBIC TIO MPOOIeMe
¢GeHoTHIIMpOBaHUS ~ pacTeHMii. BBegema B IN VItro  KymeTypy — aiiBa
smonckas (Chaenomeles japonica (Thunb.) Lindl. ex Spach). OcBoena metoauka u
MIOCTaBJICH MOJEIBHBIA ASKCIIEPUMEHT 110 BBIBEICHUIO MHUKPOKJIOHOB (hOP3HIIHH
npomexkytounoir  (Forsythia % intermedia (L.) Vahl) B yciooBus exVitro c
MPUMEHEHUEM TIPAMMHUHTOBON 00pabOTKH; a Takke OTpadOTaHa METOJUKA 3EJICHOTO
YEPEHKOBAHUS W TOCJIEAYIONIET0 YKOPEHEHHUsS JIPEBECHBIX PACTECHUN pa3TUYHBIX
BUM0B. [IposmeMOHCTpUpPOBAaHO, YTO pa3paboTaHHBIE W ampoOMpPOBaHHBIE B padoTe
M01X0/161 (PEHOMHOTO aHaJN3a SBISIFOTCS () PEKTUBHBIM U O0BEKTHBHBIM HHCTPYMEHTOM
JUIS1 OTICHKH (PU3UOJIOTMUECKOTO COCTOSTHUSI 1 MOHUTOPHHTA €r0 M3MEHEHU B Pa3IMUHBIX
VCIIOBHUSIX ~KYJIbTHBHpPOBaHUS. DEHOTUNUPOBAHWE PACTCHUN PA3IMYHBIX BHJIOB
B aCENTHYCCKON KyJbType, B MpOIlecce aaNTalud K YCIOBHAM €X VItro, a taxxke mpu
YKOPEHEHUN B HECTEPUIIBLHBIX YCIOBUSAX TOKA3aJI0 BBICOKOTOUHBIM HHTEPIPETHPYEMBIit
pe3yIIbTaT, COTTACYIONIUICS C TaHHBIMU KITACCHIECKUX POCTOBBIX TECTOB.



AI'YJIBHAS XAPAKTAPBICTBIKA PABOTbDI

Maricrapckas asicepranpist 77 ¢., 19 main., 4 tadmn., 155 xpsinin, 2 gan.

OEHOMIKA, OEHATBITIIPABAHHE, AHAJII3 MAJIIOHKAY,
®I3LJIOT T PACJIIH, MAIIILIHHAE HABYUYAHHE, HEUPOHABAS CETKA

Ab'extaM nacnepaBaHHS paOOTHI 3'AYISUTICS TPOHKI, MIKPAKJIOHBI 1 MaJlaJbls
MPapOCTKi BBIMIDHINBIX paciliH, y ThIM JIiKy eyka 3BbluaiiHas (Picea abies (L.) H.
Karst.), smnoBerr ckambhbl (Juniperus scopulorum Sarg.), mic sragaer  (Taxus
baccata L.), tys 3axomgusis (Thuja occidentalis L.), dap3iubisa csapaguss (Forsythia x
intermedia (L.) Vahl), aiiea smonckas (Chaenomeles japonica (Thunb.) Lindl.
Ex Spach) i apa6ingomncic (Arabidopsis thaliana (L.) Heynh.).

Mbraii pabotel 3'synaycs aHaniz Mopga-(i3isIariuHblX  XapaKTapbICTBIK
HEKAaTOPBIX Bifay BBINIDWINBIX paciiH Ha PO3HBIX JTamax aHTareH’sy 3
BBIKAPBICTAHHEM TMaJbIxo/ay JiybaBara (QeHaTblllipaBaHHd Ha 0asze anrapbiTMay
KaMIT FoTapHara TJIe/[)KaHHs 1 MalllbIHHAra HaBy4YaHHS.

ACHOYHBIS MeTajbl JaciieJlaBaHHS. TIXHAJIOTIS TEHepalbll 1 MaaTphIMaHHS
KYJIbTYPHI IN VItrO IpayHSHBIX paciliH; METOAbIKA BBIBSI3CHHS MIKPAKJIOHAY 3 CICTAMBI
In vitro; ToxHika 3snéHara YapaHKaBaHHS JIPAyHSHBIX PACIiH; METOJbIKa
KyJIbThIBIpaBaHHSI paciiiH apabimonicica ¥ cmonakax IleTpsl 1 TpyHIlE; MeTOHBIKa
(eHaTbIIipaBaHHs paciiH in Vitro i ¥ riaedaBbIx cydcTparax.

VY BBIHIKY mpaBej3eHail pabOThl OBUII CICTAMAThI3aBaHBI 1 MPaJICTAYIICHBI
¥ BBITJISIA3€ aHAMITBIYHATA arjisily Cy4acHBISl JaHbIS 1a npadieme (peHaThImipaBaHHs
paciin. YBeasena ¥ in vitro kyneTypy aiiBa smorckas (Chaenomeles japonica (Thunb.)
Lindl. Ex Spach). 3acBoeHa merombika 1 MacTayjaeHbl MaIdJIbHBI IKCIECPBIMECHT
a BBIBSI3€HHI MikpakioHay dap3iubii capaausii (Forsythia x intermedia (L.) Vahl)
Ba YMOBBI €X VItro 3 y:KpIBaHHEM IIpaliMiHTaBail amparoyki; a Takcama ajinpalaBaHa
METOJIbIKa 3sUI€Hara 4yapaHKaBaHHSA 1 HAacTylmHara YKapaHEHHS JpayHSHBIX paciiH
po3HbIX Binmay. [IpagsmaHcTpaBaHa, MTO pacmparaBaHbis 1 anpabaBaHbis ¥ padorie
najeixo/bl  (eHOMHara aHamizy 3'ayjistonna  d(PEeKTHIYHBIM 1 a0'eKTHIYHBIM
IHCTpyMEHTaM JJisl alPHKI (i3isaiariyHara cTaHy 1 MAaHITOPBIHTY STO 3MSHEHHS
¥V pO3HBIX yMOBax KyjJbThiBaBaHHA. DeHarbimipaBaHHE paciiH pPO3HBIX Bigay
y acONTBHIYHAN KYJBTYphI, Yy IMparpdce anamnTampli ga ymMoy ex Vitro, a Ttakcama
Ipbl YKapaHeHHI ¥ HECTIPBUIBHBIX ~ yMOBaxX  TaKka3aja  BBICOKAJAaKJIaJTHBI
IHTIPIIPATaBAHBI BBIHIK, K1 Y3raHsACIa 3 TaHbIMI KJIACTYHBIX POCTABBIX TICTAY.



GENERAL WORK DESCRIPTION

Master's dissertation 77 p., 19 pict., 2 tables, 155 references, 2 append.

PHENOMICS, @ PHENOTYPING, IMAGE  ANALYSIS, PLANT
PHYSIOLOGY, MACHINE LEARNING, NEURAL NETWORK

The objects of the study were cuttings, microclones, and young seedlings
of higher plants, including common spruce (Picea abies (L.) H. Karst.), rocky
mountain juniper (Juniperus scopulorum Sarg.), common yew (Taxus baccata L.),
northern white-cedar (Thuja occidentalis L.), easter tree (Forsythia * intermedia (L.)
Vahl), japanese quince (Chaenomeles japonica (Thunb.) Lindl. Ex Spach) and
arabidopsis (Arabidopsis thaliana (L.) Heynh.).

The aim of the present work was to analyze the morpho-physiological
characteristics of some higher plants species at various stages of ontogenesis using
digital phenotyping approaches based on computer vision and machine learning
algorithms.

The main research methods: technology of woody plant in vitro culture
generation and maintenance; method of removing microclones from the in vitro
system; technique of woody plant green cutting; technique for cultivating arabidopsis
plants in Petri dishes and soil; phenotyping of in vitro plants and in soil substrates.

As a result of the work, modern data on the problem of plant phenotyping were
systematized and presented in the form of an analytical review. Japanese
quince (Chaenomeles japonica (Thunb.) Lindl. Ex Spach) was introduced into the
in vitro culture. The technique was mastered and a model experiment was put out
to remove easter tree microclones (Forsythia x intermedia L., Vahl) in ex vitro
conditions using priming treatment; as well as methodology of green cutting and
subsequent rooting of various species woody plants was developed. It has been
demonstrated that the developed and tested in the work phenomics analysis approaches
are an effective and objective tool for assessing the physiological state and monitoring
its changes in various cultivation conditions. Phenotyping of plants of various species
In aseptic culture in the process of adaptation to ex vitro conditions, as well as rooting
in non-sterile conditions, showed a highly accurate interpreted result, consistent with
the data of classical growth tests.



