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Pedepar/anoTamis:

1. Begmenes C. P. [TinTpyMKa NPUAHSTTS pilleHb [IPU BUPOLLYBAaHHI COHSIIHUKY Ha OCHOBI L(POBOi TEXHOJIOTI
denoTunysaHHs. — KBanigikanjiliHa HaykoBa npalisl Ha rpaBax pykonucy. [lucepranis Ha 3000yTTsI HQYKOBOTO
CTyIleHs IoKTopa ¢inocodii 3a cnenianbHicTio 124 — «CructemHui ananis» — HaijionanbHuil yHiBEpCUTET
«3aropisbKa nositextika», 3anopixoks, 2026. JuceprauiiHe JOCIIIPKEHHS IIPUCBSIYEHO BUPILIEHHIO HAYKOBO-
[IPaKTUYHOI IPO6JIeMH MiATPUMKY PUMHSTTS pillleHb NPY BUPOIYBaHHI COHSALIHUKY Ha OCHOBI IM(POBOI
TEXHOJIOTii peHOTUIyBaHH. BupilmeHHs Liei Npo6ieMu NOB'I3aHe 3 [I0J0JIaHHIM PO3ODKHOCTI MK CTPIMKUM
3POCTaHHSIM OOCSTiB NEPBUHHUX LM(PPOBUX arpOTEXHOJIOTIYHUX JAHMX Ta HU3bKUM PiBHEM X CUCTEMHOI TUMi3alii i
JIOTiYHOI CTPYKTYPOBAHOCTI IJIs1 aBTOMATU30BAHOTO MPUMHSTTS pilneHb. O6'€KTOM JOCIIIPKEHHS € IIPOLIeCH
IIPUMHATTS pilleHb IPU BUPOLILYBaHHI COHSIIIHMKA B YMOBax 1judposoi TpaHchopmallii arpapHoi ranysi. [Ipenmerom
IOCTIimKeHHs € MeTonu popmarizaliii 3HaHb Ha OCHOBI OHTOJIOTIYHOTO MOJIE/TIIOBAHHSI, alTOPUTMU LIUPPOBOTO
(PeHOTUIYBaHHSI POCJIMHHUX O0'€KTIB 3a 300paKEHHSIMU Ta LUQPOBi TEXHOJIOTII iHTerpalii faHux aJs

MOJIeJIIOBaHHS B3a€EMOJi «r€HOTUIl — cepeoBule». MeTa LOoCiIpKeHHs [0JIsIrae y po3poo1i 1u@poBoi TexXHOIorii



(heHOTUIYBaHHS POCIIMHHOTO 00’€KTa Ha OCHOBI OHTOJIOTiYHOI MoAesi Ta GOpPMYyBaHHS 1aTacCeTiB, W0 3a6e3nedye
dbopmanizoBane npencTaBieHHs, ePeKTUBHY iHTerpariio (eHOTUIIOBUX JaHUX AJIs1 IPUMHSITTS pillleHb [1py
BUPOIILYBaHHI COHSIIHUKA. Y MEPIIOMY PO3/ijli BAKOHAHO KOMIIJIEKCHUM CUCTEMHUH aHaJli3 Cy4aCHUX MPOLECiB
uu@poBoi TpaHchopMallii arpapHoi ranysi. [IpoBeieHO aHasli3 Cy4yaCHUX MiAXOMiB 4O LHU(PPOBOro (PEHOTUITYBAHHS
pocCJInH, 06yn0BY UU(POBUX [BIITHUKIB 6i0I0MYHMAX 06'€KTIB, 3ACTOCYBAHHS METOZiB KOMII'IOTEPHOTO 30pY,
OHTOJIOTIYHOTO MOJIEJIIOBAaHHS Ta CUCTEM MiATPUMKU IIPUNHSTTS pillieHb B arpapHill cepi. BctaHoBieHO
0OME>KEHHSI iICHYIOUHMX pillleHb, [10B'43aHi 3 PparMeHTapHICTIO JaHUX, BiICYTHICTIO €IMHOTO CEMAaHTUYHOTO
CEepeNoBUIIA Ta HENOCTATHLOIO iHTErpali€o pesysbTaTtiB GEHOTUITYBAHHS 3 MEXaHi3MaMU IHTEJIEKTyaJIbHOTO
aHasizy. Y Ipyromy po3zisi npeicTaBieHO TeOPEeTUKO-METOL0JIOTiYHe OOIpyHTYBaHHS 100Yy10BY LUdpPOBOi Mozei
POCJIMHY COHSIIHMKA, OCHOBOIO SIKOI € B3a€MOIidl «T€HOTUIl — CepefoBulle». OCHOBHMM iHCTPYMEHTOM
(opmastizalii 3HaHb Ta NOOYA0BU JIOTIYHOTO KapKaca Lu@poBoi MozeJli 06paHo MPeIMETHY OHTOJIOTII0. Y TPETbOMY
PO31ijli BUKOHAaHO KOMIIJIEKCHUI CUCTEMHMI aHauli3, pOpMali3aliio Ta OLiHKY CTPYKTYPHO-CEMaHTUYHOI SIKOCTI
po3pobieHoi 6a3u 3HaHb oHTOOrii coHsmHUKY HELIANTUS. V yeTBepToMy po3[isi yI0CKOHaIEHO LU(PPOBY
TEXHOJIOTiI0 (EeHOTUITyBaHHS i3 GOpMYyBaHHIM iHTErpoBaHMX HAOOPIB faHux (datasets), sxa 3abesneyye
CEMaHTUYHO y3rojykeHe (OpMyBaHHS HAOOPiB JaHUX BifIOBiNHO 40 oHTOJsOriYHOI Mopeni HELIANTUS Ta ix
[ojiaIblly iHTerpauio 1o 6a3u 3HaHb. Po3pobiieHo meton 1ndpoBoro GeHOTUITYBaHHS POCINHHUX 00'eKTiB Ha
OCHOBIi 300pa’keHb T2 BUKOHAHO IIPOrPaMHO-aJrOPUTMIUHY peasizallio po3po6aeHOro METOY, IIPOBEAEHO
KOMIIJIEKCHi €KCIIEPUMEHTAJIbHI TOCIIiIKEHHS], @ TAKOX 3[iliICHEHO BaJIiallilo Ta OLiHKY €()EKTUBHOCTi CTBOPEHOTO
iHCTpyMeHTapito 1pu 06po6Li peanbHUX 6i010TiYHNUX 06'eKTiB. HaykoBa HOBM3HA OTPMMAHUX PE3YyJIbTATIB MOJISITa€e B
TOMY, 110 1. YI0CKOHaIEHO CTPYKTYPY LM(POBOi MOJIeJli pOCIMHU COHSLIHUKY HAa OCHOBI YOTHPHPiBHEBOI
apxirektypu Digital Phenotyping System, sika 3a6e3rnedye iHTerpartiio mpouecis 360py, 30€pe>KeHHs, 06pOOKM Ta
aHaJli3y pi3HOPiIHMX JaHUX. 2. YIOCKOHAJIEHO IPEAMETHY OHTOJIOTIYHY MOZEJIb arPOCUCTEMY BUPOILYBAHHS
consamHuKy HELIANTUS, sika 3a6e3redye ceMaHTHUYHY iHTerpalilo reHeTUYHUX, GEHOTUIIOBUX, arpOKJIIMAaTUYHUX Ta
TEXHOJIOTIYHUX JJaHUX Y MeXXax €JMHOro iHpopmMaliiiHoro npocropy. 3. Briepuie po3pob6yieHo MmeToq, 11udpoBOro
(PEeHOTUIYBAHHS POCJIMHHUX 00'€KTiB HA OCHOBI 300pakeHb, SIKUI peaslisye ONTHUMi3allilo IapaMeTpiB peecTpaii
IaHuX. 4. YIOCKOHAIEHO U1(POBY TEXHOJOri0 (EHOTUIYBaHHS i3 (POPMYBAaHHSIM iHTErpOBaHUX HAOOPIB IaHUX
(datasets), sixa 3a6e3Ieyye ceMaHTUYHO y3rojkeHe (popMyBaHHS HabOpiB JaHUX BiJ[IOBIAHO 4O OHTOJIOTIYHO]
mogesni HELIANTUS Ta ix nogasneimy iHTerpatjiio 1o 6a3u 3HaHb. [I[pakThyHa 3HAaYMMICTh OTPUMAHUX PE3YJIbTaTiB
IIOJISITA€ Y CTBOPEHHI aJIFOPUTMIYHOTO, IPOrPAMHOr0 Ta CEMAaHTAYHOTIO iHCTPYMEHTApIIO, KU 3a06e3redye
HiATPUMKY IPUMHSATTS PillleHb IIPYU BUPOILYBaHHI COHSUIHMKY Ha OCHOBI M(POBOI TeXHOJIOTii (EeHOTUITyBaHHSI.
CrtBopeHo iHdopMalliliHe cepeoBulIe NIPUNHSTTS PillleHb Ha OCHOBI MeXaHi3MiB aBTOMAaTU30BaHOTI'0O JIOT{YHOTO
BuBeneHHs B oHTOs0rii HELIANTUS. Ha ocHOBI po3p0671€HOro MeToy 00p0o0KU LUPPOBUX 300paKEHb CTBOPEHO
IIPOrpaMHUi KOMILIEKC (MoBoo Python), sikuit aBToMaTu3ye BUAiNIEHHS, CETMEHTALLiI0 Ta aHaJi3 MOPHOMETPUYHUX i
KOJIPHUX XapaKTepUCTUK HACiHHS COHSIIHUKY. BpoBamkeHHs yoTupupiBHeBoi apxiTekTypu Digital Phenotyping
System 3abe3neyye NpaKTUYHY MOKJIMBICTb KOHCOJIifALil aHUX J1aG0paTOPHOTO, [10JIbOBOrO (PEHOTUIYBAHHS Ta
IVCTAHLIMHOrO MOHITOPUHIY 3 (PaKTOPaMU JOBKIJIJIS, O MOXKE CTaTU TEXHOJIOTIYHOI0 OCHOBOIO 1151 TIOOYA0BU

«1(PPOBUX ABINHUKIBY» POCIIVHM.

2. Vedmedev S. R. Decision support in sunflower cultivation based on digital phenotyping technology. —
Qualification scientific work in the form of a manuscript. Dissertation for the degree of Doctor of Philosophy in the
specialty 124 - «System Analysis» — National University “Zaporizhzhya Polytechnic”, Zaporizhzhia, 2026 The
dissertation research is devoted to solving the scientific and practical problem of decision support in sunflower
cultivation based on digital phenotyping technology. Solving this problem is associated with overcoming the
discrepancy between the rapid growth of the volume of primary digital agrotechnological data and the low level of
their systematic typing and logical structuring for automated decision-making. The object of the study is the
decision-making processes in sunflower cultivation in the context of digital transformation of the agricultural
industry. The subject of the study is methods of formalizing knowledge based on ontological modeling, algorithms
for digital phenotyping of plant objects based on images, and digital data integration technologies for modeling the
"genotype - environment" interaction. The purpose of the study is to develop a digital technology for phenotyping



a plant object based on an ontological model and forming datasets, which provides a formalized representation,
effective integration of phenotypic data for decision-making in sunflower cultivation. The first chapter, presents a
comprehensive systems analysis of modern processes of digital transformation in agriculture. It examines current
approaches to digital plant phenotyping, the development of digital twins of biological objects, the application of
computer vision methods, ontological modeling, and decision support systems in agriculture. Limitations of
existing solutions are identified, related to fragmented data, the absence of a unified semantic environment, and
insufficient integration of phenotyping results with intelligent data analysis mechanisms. In the second chapter, a
theoretical and methodological framework for constructing a digital model of the sunflower plant is presented,
based on the interaction between “genotype-environment.” The primary instrument for knowledge formalization
and the construction of the logical framework of the digital model is a domain ontology. The use of ontological
modeling and semantic rule systems enables the development of a structured knowledge system capable of
automated logical inference at the instance level and the detection of hidden patterns. In the third chapter, a
comprehensive system analysis, formalization, and assessment of the structural and semantic quality of the
developed sunflower ontology knowledge base HELIANTUS are carried out. In the fourth chapter, an improved
digital phenotyping technology is developed, including the formation of integrated datasets, which ensures
semantically consistent data generation in accordance with the HELIANTUS ontological model. A method of digital
phenotyping of plant objects based on images is developed, along with its software and algorithmic
implementation. Scientific novelty of the work. 1. The structure of the digital sunflower plant model has been
improved based on a four-level Digital Phenotyping System architecture, which ensures the integration of
processes for data collection, storage, processing, and analysis of heterogeneous data. 2. The domain ontological
model of the sunflower cultivation agro-system HELIANTUS has been improved, ensuring semantic integration of
genetic, phenotypic, agroclimatic, and technological data within a unified information space. 3. For the first time, a
method of digital phenotyping of plant objects based on images has been developed, which implements
optimization of data acquisition parameters. 4. The digital phenotyping technology has been improved through the
formation of integrated datasets, ensuring semantically consistent dataset generation in accordance with the
HELIANTUS ontological model and their subsequent integration into the knowledge base. Practical Significance of
the obtained results lies in the creation of algorithmic, software, and semantic tools that provide decision support
for sunflower cultivation . An information decision-support environment has been developed based on automated
logical inference mechanisms within the HELIANTUS ontology. Based on the developed image processing method,
a software system (Python) has been created that automates the extraction, segmentation, and analysis of
morphometric and color characteristics of sunflower seeds. The implementation of the four-level Digital
Phenotyping System architecture enables the practical integration of laboratory phenotyping, field phenotyping.
This can serve as the basis for digital twins of the plant.
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OxopoHHi gJokymeHTH Ha OIIIB:

BrnpoBaaKeHHS pe3yJIbTaTiB AHCEPTalii: BuposamkeHo

3B'A30K 3 HAYKOBHMH TeMaMH: 0121U113264

VI. BizomocCTi Ipo HayKOBOr0 KepPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. TepemeHnko Enina BanentuHiBHA

2. Elina Tereschenko

KBasigikanis: k. ¢.-m. u., gor., 01.05.02

InenTudgikarop ORCID ID: 0000-0001-6207-8071

JoparkoBa inHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuUil YHIBEpCUTET "3ar0pizbKa M0 TeXHiKa"
Kopg 3a €IPIIOY: 02070849

Micue3HaxoaKeHHS: By1. KyKoBCbKoro, 3anopixoks, 3anopisbkuii p-H., 69063, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odimiiHuX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH

BaacHe IlpizBume Im'st I10-6aTbKOBI:



1. Jocun Imutpo 'puroposuy

2. Dmytro G. Dosyn

KBasigikamis: x. 1. 1., npodecop, 05.13.06

InenTudikarop ORCID ID: 0000-0003-4040-4467

JoparkoBa indopmamnist:

IloBHe HaﬁMeHYBaHHﬂ IOPUIUYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJiITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3Haxoa KeHHS: By Crenana Banzepw, JIbeis, 79013, Vkpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictrepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. I'matienko Imutpo I'puroposuy

2. Hryhorii Hnatiienko

KBasigikamnis: . r. u., gouenr, 05.13.06
InenTudikarop ORCID ID: 0000-0002-0465-5018
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: KuiBChKuil HaLiOHAIbHMIA YHiBepCUTET iMeHi Tapaca

llleBueHka

Kog 3a €IPIIOY: 02070944

Micue3Haxoa KeHHS: By. Bonogumupcbka, Kuis, 01033, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. MupoHoBa Harasns OnekciiBHa

2. Natalia Myronova

KBasigikamis: . . 1., gou., 05.13.06

InenTudikarop ORCID ID: 0000-0001-7484-559X

JopaTrkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjonanbHuit yHiBepcuTeT "3anopisbka nosiTexHika"

Kopg 3a €PIIOY: 02070849



Micue3HaxoaKeHHS: By KyKoBCbKOTO, 3anopixoks, 3anopisbkuii p-H., 69063, Ykpaina

dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Pss6edko AHTOH €BreHOBUY

2. Anton Riabenko
KBasigikanis: k. ¢.-m. u., gor., 01.05.02
InenTudikarop ORCID ID: 0000-0001-7738-7918

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHIBEpCUTET "3aM0pizbKa MO TeXHIKa"

Kopg, 3a €IPIIOY: 02070849

Micue3HaxoaKeHHS: By KyKoBCbKoro, 3anopixoks, 3anopisbkuii p-H., 69063, Ykpaina

dopma BracHOCTI: JlepxasHa
Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

ByiacHe IIpizBuie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JI1iKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAyKOBOi

OisIJIbHOCTI

BacunbeBa Osiena OnekciiBHa

BacunbeBa Osena OsekciiBHa

[lTupoko6okoBa Harasis BikropiBHa

Opuenko TersiHa AHaToJIiBHA

Opuenko Tetsana AHaTosiiBHa



