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ABSTRACT 

 

Vedmedev S. R. Decision support in sunflower cultivation based on digital 

phenotyping technology. 3 Qualification scientific work in the form of a manuscript. 

Dissertation for the degree of Doctor of Philosophy in the specialty 124 3 

«System Analysis» 3 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 dissertation consists of an introduction, four chapters, conclusions, a list of 

references, and an appendix. 

In the introduction, the relevance of the dissertation research topic is 

substantiated; the aim, object, and subject of the study are presented; research methods 

are described; the scientific novelty and practical significance of the obtained results 

are formulated; and information on approbation and publications related to the 

dissertation is provided. 
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The first chapter, <Processes of Digital Transformation in the Agricultural 

Sector= 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, <Conceptual Foundations and Tools for Building Digital 

Models of the Sunflower Plant= a theoretical and methodological framework for 

constructing a digital model of the sunflower plant is presented, based on the 

interaction between <genotype3environment.= 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, <Ontological Modeling of Sunflower Cultivation= 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, <Digital Technology for Phenotyping and Dataset 

Formation= 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 and their subsequent 

integration into the knowledge base. A method of digital phenotyping of plant objects 

based on images is developed, along with its software and algorithmic implementation. 

Comprehensive experimental studies are conducted, and validation and evaluation of 

the effectiveness of the developed tools are performed using real biological objects. 

To achieve the goal, it was necessary to perform the following tasks.  
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1. To conduct a systems analysis of digital transformation processes in the 

agricultural sector and define requirements for the formation of an information-

analytical environment for sunflower cultivation, ensuring the integration of 

heterogeneous data, their semantic representation, and their use in decision support 

systems. 

2. To improve the digital model of the sunflower plant based on the <genotype3

environment= interaction model. 

3. Based on the developed digital sunflower model, to enhance the ontological 

model that integrates parameters of genotype, breeding, and agronomic cultivation 

technologies of sunflower, taking into account climatic indicators and environmental 

aspects. 

4. To develop a method of digital phenotyping of plant objects based on 

computer vision techniques for the automated extraction and quantitative assessment 

of morphological and physiological traits of sunflower. 

5. To improve digital phenotyping technology with the formation of integrated 

datasets, ensuring automated collection, standardization, and storage of phenotypic 

traits based on the ontological model.  

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. The proposed architecture combines results of laboratory and field phenotyping 

with environmental parameters, agronomic factors, and remote monitoring sources, 

creating a foundation for constructing a digital twin of the plant and enabling predictive 

modeling of its development. 

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. 

The proposed approach involves the transformation of digital phenotyping results into 
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formalized knowledge based on TBox and ABox concepts, enabling the application of 

logical inference mechanisms for automated analysis of cause-and-effect relationships 

in the <genotype3environment= system. 

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. The method enables automated extraction and high-precision assessment 

of morphological, structural, and color characteristics of sunflower seeds using 

quantitative descriptors. 

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 based on digital phenotyping technology. 

An information decision-support environment has been developed based on 

automated logical inference mechanisms within the HELIANTUS ontology. The 

practical implementation of the ontological model of the sunflower agro-system has 

enabled the integration of heterogeneous data (genetic, phenotypic, agroclimatic, and 

technological) into a unified knowledge base. This makes it possible to identify cause-

and-effect relationships in the <genotype3environment= system and to make informed 

decisions regarding the optimization of sunflower cultivation technologies. 

Based on the developed image processing method, a software system 

(implemented in Python) has been created that automates the extraction, segmentation, 

and analysis of morphometric and color characteristics of sunflower seeds. This 

provides breeders and agronomists with objective quantitative descriptors for decision-

making regarding seed quality, sample identification, and line selection, regardless of 

imaging conditions and lighting. 
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The implementation of the four-level Digital Phenotyping System architecture 

enables the practical integration of laboratory phenotyping, field phenotyping, and 

remote monitoring data with environmental factors. This can serve as a technological 

foundation for constructing plant digital twins. The resulting data structure provides a 

basis for predictive modeling of crop development and intelligent decision support at 

different stages of vegetation. 

Keywords: decision support, intelligent system, mathematical modelling, 

optimization problem, graph, ontology, digital model, digital twin, computer vision, 

digital phenotyping, digitalization, agricultural sector, desiccation, climate indicators, 

environmental aspects. 
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@>A;8=, 45 @57C;ьB0B82=VABь ?@89=OBBO @VH5=ь 7=0G=>N <V@>N 70;568Bь 2V4 

?>2=>B8, 4>AB>2V@=>ABV B0 V=B53@>20=>ABV V=D>@<0FVW ?@> 35=>B8?>2V, D5=>B8?>2V, 

03@>B5E=>;>3VG=V, :;V<0B8G=V B0 5:>;>3VG=V E0@0:B5@8AB8:8 4>A;V46C20=8E 

>1’є:BV2. 

"A>1;82>W 0:BC0;ь=>ABV 707=0G5=V ?8B0==O =01C20NBь C A5;5:FVW 

A>=OH=8:C, O:0 ?>B@51Cє >1@>1;5==O 7=0G=8E >1AO3V2 @V7=>@V4=8E 40=8E, 

>B@8<0=8E V7 ?>;ь>28E 5:A?5@8<5=BV2, A8AB5< <>=VB>@8=3C B0 @57C;ьB0BV2 

D5=>B8?C20==O. !572060NG8 =0 AB@V<:5 7@>AB0==O >1AO3V2 40=8E, =0:>?8G5==O 

2V41C20єBьAO C @>7@V7=5=8E V=D>@<0FV9=8E @5AC@A0E, =01>@8 40=8E 2V4@V7=ONBьAO 

AB@C:BC@>N, D>@<0B0<8 ?>40==O B0 @V2=5< 45B0;V70FVW, I> CA:;04=Nє WE 

:><?;5:A=5 28:>@8AB0==O 2 F8D@>2V9 A5;5:FVW. ' ACG0A=8E 4>A;V465==OE 

=03>;>HCєBьAO =0 =5>1EV4=>ABV V=B53@0FVW D5=>B8?VG=8E 40=8E B0 AB2>@5==O 

A?5FV0;V7>20=8E F8D@>28E @5AC@AV2 4;O ?@8A:>@5==O A5;5:FV9=>3> ?@>F5AC 

(Tarasov, 2019). 

' 72’O7:C 7 F8< 28=8:0є =0C:>2>-?@0:B8G=0 AC?5@5G=VABь <V6 ?>B@51>N 

5D5:B82=>3> 28:>@8AB0==O 25;8:8E >1AO3V2 F8D@>28E 03@>B5E=>;>3VG=8E 40=8E 

C ?@>F5A0E 28@>IC20==O B0 A5;5:FVW A>=OH=8:C V =54>AB0B=V< @V2=5< WE 

AB@C:BC@>20=>ABV, AB0=40@B870FVW B0 A5<0=B8G=>W AC<VA=>ABV 4;O 

02B><0B87>20=>3> >?@0FN20==O. "4=8< V7 =091V;ьH ?5@A?5:B82=8E ?V4E>4V2 4> 

?>4>;0==O FVєW AC?5@5G=>ABV є 70AB>AC20==O >=B>;>3VG=>3> <>45;N20==O, O:5 

70157?5GCє D>@<0;V7>20=5 ?@54AB02;5==O ?@54<5B=>W >1;0ABV B0 V=B53@0FVN 

@V7=>@V4=8E 465@5; 7=0=ь C є48=><C V=D>@<0FV9=><C ?@>AB>@V (Chornyi & Dosyn, 
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2025). #>є4=0==O >=B>;>3VG=8E ?V4E>4V2 V7 <5B>40<8 HBCG=>3> V=B5;5:BC B0 

0=0;V7C 40=8E AB2>@Nє ?5@54C<>28 4;O ?>1C4>28 V=B5;5:BC0;ь=8E A8AB5< 

?V4B@8<:8 ?@89=OBBO @VH5=ь, 740B=8E 74V9A=N20B8 :><?;5:A=89 0=0;V7 

V=D>@<0FVW B0 D>@<C20B8 @5:><5=40FVW 4;O F8D@>2>W A5;5:FVW A>=OH=8:C (Zhang 

et al., 2025).  

' 72’O7:C 7 F8< 0:BC0;ь=8< =0C:>28< 70240==O< є @>7@>1;5==O 

>=B>;>3VG=>W <>45;V A>=OH=8:C B0 F8D@>2>W B5E=>;>3VW D>@<C20==O A5<0=B8G=> 

AC<VA=8E =01>@V2 40=8E O: V=D>@<0FV9=>W >A=>28 V=B5;5:BC0;ь=>W A8AB5<8 

?V4B@8<:8 ?@89=OBBO @VH5=ь 2 C<>20E Agriculture 4.0. 

�2’O7>: @>1>B8 7 =0C:>28<8 ?@>3@0<0<8, ?;0=0<8, B5<0<8. 
�8A5@B0FV9=C @>1>BC 28:>=0=> =0 :0D54@V A8AB5<=>3> 0=0;V7C B0 >1G8A;N20;ь=>W 

<0B5<0B8:8 !0FV>=0;ь=>3> C=V25@A8B5BC «�0?>@V7ь:0 ?>;VB5E=V:0» C 

157?>A5@54=ь><C 72'O7:C 7 ?;0=0<8 =0C:>2>-4>A;V4=8E @>1VB CAB0=>28: =0C:>2>-

4>A;V4=0 @>1>B0 7 =><5@>< 45@602=>W @5єAB@0FVW 0121U113264, 202132024 @@. 

«$>728B>: <5B>4V2 4>A;V465==O A:;04=8E A>FV0;ь=>-5:>=><VG=8E A8AB5< =0 

>A=>2V V=B5;5:BC0;ь=8E B5E=>;>3V9» B0  =0C:>2>-4>A;V4=0 @>1>B0 2024-2027 @@. 

05014 «#@89=OBBO 5D5:B82=8E @VH5=ь =0 >A=>2V V=B5;5:BC0;ь=8E B5E=>;>3V9 B0 

2V4:@8B8E 40=8E».  

�8A5@B0FV9=5 4>A;V465==O ?@8A2OG5=> 28@VH5==N =0C:>2>-?@0:B8G=>W 

?@>1;5<8 ?V4B@8<:8 ?@89=OBBO @VH5=ь ?@8 28@>IC20==V A>=OH=8:C =0 >A=>2V 

F8D@>2>W B5E=>;>3VW D5=>B8?C20==O. �8@VH5==O FVєW ?@>1;5<8 ?>2’O70=5 7 

?>4>;0==O< @>71V6=>ABV <V6 AB@V<:8< 7@>AB0==O< >1AO3V2 ?5@28==8E F8D@>28E 

03@>B5E=>;>3VG=8E 40=8E B0 =87ь:8< @V2=5< WE A8AB5<=>W B8?V70FVW 9 ;>3VG=>W 

AB@C:BC@>20=>ABV 4;O 02B><0B87>20=>3> ?@89=OBBO @VH5=ь. 

"1'є:B>< 4>A;V465==O є ?@>F5A8 ?@89=OBBO @VH5=ь ?@8 28@>IC20==V 
A>=OH=8:0 2 C<>20E F8D@>2>W B@0=AD>@<0FVW 03@0@=>W 30;C7V. 

#@54<5B>< 4>A;V465==O є <5B>48 D>@<0;V70FVW 7=0=ь =0 >A=>2V 
>=B>;>3VG=>3> <>45;N20==O, 0;3>@8B<8 F8D@>2>3> D5=>B8?C20==O @>A;8==8E 
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>1’є:BV2 70 7>1@065==O<8 B0 F8D@>2V B5E=>;>3VW V=B53@0FVW 40=8E 4;O 

<>45;N20==O 270є<>4VW «35=>B8? 4 A5@54>28I5». 

 5B0 4>A;V465==O ?>;O30є C @>7@>1FV F8D@>2>W B5E=>;>3VW D5=>B8?C20==O 
@>A;8==>3> >1’є:B0 =0 >A=>2V >=B>;>3VG=>W <>45;V B0 D>@<C20==O 40B0A5BV2, I> 

70157?5GCє D>@<0;V7>20=5 ?@54AB02;5==O, 5D5:B82=C V=B53@0FVN D5=>B8?>28E 

40=8E 4;O ?@89=OBBO @VH5=ь ?@8 28@>IC20==V A>=OH=8:0. 

�;O 4>AO3=5==O <5B8 =5>1EV4=> 1C;> 28:>=0B8 B0:V 70240==O. 
1. #@>25AB8 A8AB5<=89 0=0;V7 ?@>F5AV2 F8D@>2>W B@0=AD>@<0FVW 03@0@=>W 

30;C7V B0 287=0G8B8 28<>38 4> D>@<C20==O V=D>@<0FV9=>-0=0;VB8G=>3> 

A5@54>28I0 28@>IC20==O A>=OH=8:C, I> 70157?5GCє V=B53@0FVN @V7=>@V4=8E 

40=8E, WE A5<0=B8G=5 ?@54AB02;5==O B0 28:>@8AB0==O C A8AB5<0E ?V4B@8<:8 

?@89=OBBO @VH5=ь. 

2. '4>A:>=0;8B8 F8D@>2C <>45;ь A>=OH=8:C, O:0 �@C=BCєBьAO =0 <>45;V 

270є<>4VW «35=>B8? 4 A5@54>28I5». 

3. !0 >A=>2V @>7@>1;5=>W F8D@>2>W <>45;V A>=OH=8:C 24>A:>=0;8B8 

>=B>;>3VG=C <>45;ь, O:0 V=B53@Cє ?0@0<5B@8 35=>B8?C, A5;5:FVW B0 03@>B5E=>;>3V9 

28@>IC20==O A>=OH=8:C 7 C@0EC20==O< :;V<0B8G=8E ?>:07=8:V2 B0 5:>;>3VG=8E 

0A?5:BV2. 

4. $>7@>18B8 <5B>4 F8D@>2>3> D5=>B8?C20==O @>A;8==8E >1’є:BV2 =0 

>A=>2V <5B>4V2 :><?'NB5@=>3> 7>@C 4;O 02B><0B87>20=>3> 284V;5==O B0 :V;ь:VA=>W 

>FV=:8 <>@D>;>3VG=8E V DV7V>;>3VG=8E >7=0: A>=OH=8:C. 

5. '4>A:>=0;8B8 F8D@>2C B5E=>;>3VN D5=>B8?C20==O V7 D>@<C20==O< 

V=B53@>20=8E =01>@V2 40=8E (datasets), O:0 70157?5GCє 02B><0B87>20=89 71V@, 

AB0=40@B870FVN B0 715@565==O D5=>B8?>28E >7=0: =0 >A=>2V >=B>;>3VG=>W <>45;V. 

 5B>48 4>A;V465==O. �;O 28@VH5==O ?>AB02;5=8E 7040G C @>1>BV 
28:>@8AB0=>: 

˗ <5B>48 A8AB5<=>3> 0=0;V7C 3 4;O 287=0G5==O 0@EVB5:BC@8 A8AB5<8 
F8D@>2>3> D5=>B8?C20==O; D>@<0;V70FVW 7040GV F8D@>2>3> D5=>B8?C20==O 

@>A;8==8E >1'є:BV2 O: >?B8<V70FV9=>W 7040GV 281>@C ?0@0<5B@V2 D>B>DV:A0FVW, I> 
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70157?5GCє =09<5=HC ?>E81:C 28<V@N20==O <>@D>;>3VG=8E >7=0:; ?>1C4>28 

<5B>4C F8D@>2>3> D5=>B8?C20==O @>A;8==8E >1'є:BV2 =0 >A=>2V 7>1@065=ь; 

˗ <5B>48 >=B>;>3VG=>3> <>45;N20==O 3 4;O :>=F5?BC0;V70FVW 

?@54<5B=>W >1;0ABV 4>A;V465==O H;OE>< 287=0G5==O B0:A>=><VG=>W AB@C:BC@8 

:;0AV2, 7040==O A5<0=B8G=8E 72'O7:V2 <V6 =8<8 B0 B8?V70FVW ?0@0<5B@V2 F8D@>28E 

42V9=8:V2 @>A;8=; 

˗ <5B>48 45A:@8?B82=>W ;>3V:8 4 4;O ?>1C4>28 ;>3VG=>3> :0@:0A0 

>=B>;>3VG=>W 1078 7=0=ь H;OE>< @>7<56C20==O B5@<V=>;>3VG=>W A:;04>2>W (TBox, 

I> 287=0G0є A8AB5<C :;0AV2, >1<565=ь B0 0:AV>< @>7'є4=0=>ABV) V :>=F5?BC0;ь=8E 

B25@465=ь ?@> :>=:@5B=V >1'є:B8 (ABox, I> >?8ACє 2;0AB82>ABV B0 <5B@8:8 

@50;ь=8E 7@07:V2 A>=OH=8:C), 0 B0:>6 4;O 70157?5G5==O 02B><0B87>20=>3> 

;>3VG=>3> 282545==O 9 25@8DV:0FVW AB@C:BC@8 <>45;V; 

˗ <5B>48 <0B5<0B8G=>W AB0B8AB8:8 3 4;O D>@<C;N20==O B0 

?5@52V@:8 AB0B8AB8G=8E 3V?>B57 I>4> 7=0GCI>ABV 28O2;5=8E ?5@5203 ?52=8E 

=01>@V2 ?0@0<5B@V2 79><:8 7 <5B>N >1�@C=BC20==O WE=ь>3> AB0BCAC O: 

«>?B8<0;ь=8E» ?@8 F8D@>2><C D5=>B8?C20==V; 

˗  <5B>48 F8D@>2>W >1@>1:8 7>1@065=ь B0 0;3>@8B<V70FVW 3 4;O 
@>7@>1:8, >?B8<V70FVW B0 ?@>3@0<=>W @50;V70FVW (V7 28:>@8AB0==O< <>28 Python) 

0;3>@8B<V2 02B><0B87>20=>3> 284V;5==O, A53<5=B0FVW B0 28<V@N20==O 

<>@D><5B@8G=8E >7=0: =0AV==O A>=OH=8:C. 

!0C:>20 =>287=0 >45@60=8E @57C;ьB0BV2 
1. '4>A:>=0;5=> AB@C:BC@C F8D@>2>W <>45;V @>A;8=8 A>=OH=8:C =0 >A=>2V 

G>B8@8@V2=52>W 0@EVB5:BC@8 Digital Phenotyping System, O:0 70157?5GCє 

V=B53@0FVN ?@>F5AV2 71>@C, 715@565==O, >1@>1:8 B0 0=0;V7C @V7=>@V4=8E 40=8E. 

�0?@>?>=>20=0 0@EVB5:BC@0 ?>є4=Cє @57C;ьB0B8 ;01>@0B>@=>3> B0 ?>;ь>2>3> 

D5=>B8?C20==O 7 ?0@0<5B@0<8 =02:>;8H=ь>3> A5@54>28I0, 03@>B5E=>;>3VG=8<8 

D0:B>@0<8 B0 465@5;0<8 48AB0=FV9=>3> <>=VB>@8=3C, I> AB2>@Nє >A=>2C 4;O 

?>1C4>28 F8D@>2>3> 42V9=8:0 @>A;8=8 B0 @50;V70FVW ?@548:B82=>3> 

<>45;N20==O WW @>728B:C. 
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2. '4>A:>=0;5=> ?@54<5B=C >=B>;>3VG=C <>45;ь 03@>A8AB5<8 

28@>IC20==O A>=OH=8:C HELIANTUS, O:0 70157?5GCє A5<0=B8G=C V=B53@0FVN 

35=5B8G=8E, D5=>B8?>28E, 03@>:;V<0B8G=8E B0 B5E=>;>3VG=8E 40=8E C <560E 

є48=>3> V=D>@<0FV9=>3> ?@>AB>@C. �0?@>?>=>20=89 ?V4EV4 ?5@5410G0є 

B@0=AD>@<0FVN @57C;ьB0BV2 F8D@>2>3> D5=>B8?C20==O C D>@<0;V7>20=V 7=0==O 

=0 >A=>2V :>=F5?FV9 TBox B0 ABox, I> AB2>@Nє <>6;82VABь 70AB>AC20==O 

<5E0=V7<V2 ;>3VG=>3> 282545==O 4;O 02B><0B87>20=>3> 0=0;V7C ?@8G8==>-

=0A;V4:>28E 72'O7:V2 C A8AB5<V «35=>B8? 4 A5@54>28I5». 

3. �?5@H5 @>7@>1;5=> <5B>4 F8D@>2>3> D5=>B8?C20==O @>A;8==8E 
>1'є:BV2 =0 >A=>2V 7>1@065=ь, O:89 @50;V7Cє >?B8<V70FVN ?0@0<5B@V2 @5єAB@0FVW 

40=8E.  5B>4 70157?5GCє 02B><0B87>20=5 284V;5==O B0 28A>:>B>G=5 >FV=N20==O 

<>@D>;>3VG=8E, AB@C:BC@=8E V :>;V@=8E E0@0:B5@8AB8: =0AV==O A>=OH=8:C 70  

:V;ь:VA=8<8 45A:@8?B>@0<8. 

4. '4>A:>=0;5=> F8D@>2C B5E=>;>3VN D5=>B8?C20==O V7 D>@<C20==O< 
V=B53@>20=8E =01>@V2 40=8E (datasets), O:0 70157?5GCє A5<0=B8G=> C73>465=5 

D>@<C20==O =01>@V2 40=8E 2V4?>2V4=> 4> >=B>;>3VG=>W <>45;V HELIANTUS B0 WE 

?>40;ьHC V=B53@0FVN 4> 1078 7=0=ь.  

#@0:B8G=5 7=0G5==O >45@60=8E @57C;ьB0BV2 ?>;O30є C AB2>@5==V 

0;3>@8B<VG=>3>, ?@>3@0<=>3> B0 A5<0=B8G=>3> V=AB@C<5=B0@VN, O:89 70157?5GCє 

?V4B@8<:C ?@89=OBBO @VH5=ь ?@8 28@>IC20==V A>=OH=8:C =0 >A=>2V F8D@>2>W 

B5E=>;>3VW D5=>B8?C20==O.  

%B2>@5=> V=D>@<0FV9=5 A5@54>28I5 ?@89=OBBO @VH5=ь =0 >A=>2V 

<5E0=V7<V2 02B><0B87>20=>3> ;>3VG=>3> 282545==O 2 >=B>;>3VW HELIANTUS. 

#@0:B8G=0 @50;V70FVO >=B>;>3VG=>W <>45;V 03@>A8AB5<8 28@>IC20==O A>=OH=8:C 

4>72>;8;0 >1'є4=0B8 @V7=>@V4=V 40=V (35=5B8G=V, D5=>B8?>2V, 03@>:;V<0B8G=V, 

B5E=>;>3VG=V) 2 є48=C 107C 7=0=ь. *5 40є 7<>3C 28O2;OB8 ?@8G8==>-=0A;V4:>2V 

72'O7:8 2 A8AB5<V «35=>B8? 4 A5@54>28I5» B0 ?@89<0B8 >1�@C=B>20=V @VH5==O 

I>4> >?B8<V70FVW B5E=>;>3V9 28@>IC20==O A>=OH=8:C.  
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!0 >A=>2V @>7@>1;5=>3> <5B>4C >1@>1:8 F8D@>28E 7>1@065=ь AB2>@5=> 

?@>3@0<=89 :><?;5:A (<>2>N Python), O:89 02B><0B87Cє 284V;5==O, A53<5=B0FVN 

B0 0=0;V7 <>@D><5B@8G=8E V :>;V@=8E E0@0:B5@8AB8: =0AV==O A>=OH=8:C. *5 

70157?5GCє A5;5:FV>=5@V2 B0 03@>=><V2 >1'є:B82=8<8 :V;ь:VA=8<8 45A:@8?B>@0<8 

4;O ?@89=OBBO @VH5=ь I>4> O:>ABV =0AV==є2>3> <0B5@V0;C, V45=B8DV:0FVW 7@07:V2 

B0 2V41>@C ;V=V9 =570;56=> 2V4 C<>2 79><:8 9 >A2VB;5==O.  

�?@>20465==O G>B8@8@V2=52>W 0@EVB5:BC@8 Digital Phenotyping System 

70157?5GCє ?@0:B8G=C <>6;82VABь :>=A>;V40FVW 40=8E ;01>@0B>@=>3>, ?>;ь>2>3> 

D5=>B8?C20==O B0 48AB0=FV9=>3> <>=VB>@8=3C 7 D0:B>@0<8 4>2:V;;O, I> <>65 

AB0B8 B5E=>;>3VG=>N >A=>2>N 4;O ?>1C4>28 «F8D@>28E 42V9=8:V2» @>A;8=8. 

%B2>@5=0 AB@C:BC@0 40=8E є >A=>2>N 4;O ?@548:B82=>3> <>45;N20==O @>728B:C 

:C;ьBC@8 B0 V=B5;5:BC0;ь=>W ?V4B@8<:8 ?@89=OBBO @VH5=ь =0 @V7=8E 5B0?0E 

2535B0FVW.  

$57C;ьB0B8 4>A;V465=ь, 7>:@5<0 @>7@>1;5=89 ?@>3@0<=89 :><?;5:A, I> 

<VAB8Bь <>4C;V 4;O 287=0G5==O 35><5B@8G=8E (D5=>B8?>28E) E0@0:B5@8AB8: B0 

:>;ь>@C =0AV=8=8 A>=OH=8:0, 2?@>20465=> =0 :0D54@V «%8AB5<=89 0=0;V7 B0 

>1G8A;N20;ь=0 <0B5<0B8:0» !0FV>=0;ь=>3> C=V25@A8B5BC «�0?>@V7ь:0 

?>;VB5E=V:0» C <560E :0D54@0;ь=>W !�$ № 05014 «#@89=OBBO 5D5:B82=8E 

@VH5=ь =0 >A=>2V V=B5;5:BC0;ь=8E B5E=>;>3V9 B0 2V4:@8B8E 40=8E».  0B5@V0;8 

48A5@B0FVW 28:>@8AB>2CNBьAO O: ;5:FV9=V :C@A8 B0 ?@0:B8G=V ?@8:;048 ?V4 G0A 

?@>2545==O ;01>@0B>@=8E 70=OBь 7 48AF8?;V= «&5>@VO ?@89=OBBO @VH5=ь», 

«�=0;V7 40=8E», «"A=>28 A8AB5<=>3> 0=0;V7C» B0 « >45;N20==O A>FV0;ь=>-

5:>=><VG=8E A8AB5<», 0 B0:>6 V=B53@>20=V O: 7<VAB>2=V 7040GV C :C@A>25 B0 

48?;><=5 ?@>є:BC20==O 74>1C20GV2 ?5@H>3> (10:0;02@Aь:>3>) B0 4@C3>3> 

(<03VAB5@Aь:>3>) @V2=V2 28I>W >A2VB8 A?5FV0;ь=>ABV 124 «%8AB5<=89 0=0;V7» (�:B 

2?@>20465==O 2V4 28.11.2025 @., �"��&"� �). 

$>7@>1;5=C A8AB5<C F8D@>2V70FVW 2V7C0;ь=>W V=D>@<0FVW 4;O 4>A;V465==O 

D5=>B8?C A>=OH=8:C 2?@>20465=> 2 ;01>@0B>@VW 35=5B8:8 B0 35=5B8G=8E 

@5AC@AV2 �=AB8BCBC >;V9=8E :C;ьBC@ !0FV>=0;ь=>W 0:045<VW 03@0@=8E =0C: 
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':@0W=8 C <560E 28:>=0==O =0C:>2>3> ?@>є:BC ��05022 ($� 0121U113264) 

«$>728B>: <5B>4V2 4>A;V465==O A:;04=8E A>FV0;ь=>-5:>=><VG=8E A8AB5< =0 

>A=>2V V=B5;5:BC0;ь=8E B5E=>;>3V9».  0B5@V0;8 4>A;V465==O 70AB>A>20=> C 

?@>F5A0E @>7@>1:8 ?@8;04C D5=>B8?C20==O =0AV==O A>=OH=8:C B0 4;O ?>1C4>28 

1078 40=8E <>@D>;>3VG=8E >7=0: ;V=V9 A>=OH=8:C 4;O ?>40;ьH>3> ?@>2545==O 

A5;5:FV9=8E 4>1>@V2 B0 V45=B8DV:0FVW 7@07:V2 (�:B 2?@>20465==O № 448 2V4 

20.12.2023 @., �"��&"� �). 

$57C;ьB0B8 48A5@B0FV9=>W @>1>B8, 0 A0<5 <5B>4 F8D@>2>3> D5=>B8?C20==O 

>1'є:BV2 03@>A8AB5< =0 >A=>2V 0=0;V7C F8D@>28E 7>1@065=ь B0 >=B>;>3VG=C <>45;ь 

28@>IC20==O A>=OH=8:C, 2?@>20465=> 2 =0C:>2C 4VO;ь=VABь �=AB8BCBC >;V9=8E 

:C;ьBC@ !0FV>=0;ь=>W 0:045<VW 03@0@=8E =0C: ':@0W=8 (;01>@0B>@VO 35=5B8:8 B0 

35=5B8G=8E @5AC@AV2). $>7@>1;5=V F8D@>2V B5E=>;>3VW 28:>@8AB>2CNBьAO 4;O 

D5=>B8?C20==O =0AV==O A>=OH=8:C, 0 B0:>6 4;O 28:>=0==O DC=40<5=B0;ь=8E 

70240=ь !��! C <560E =0C:>2>-4>A;V4=8E @>1VB: #!� 17 «�5=5B8G=V @5AC@A8 

@>A;8=» ($� 0120U105673) B0 #!� 25 «(>@<C20==O, 28:>@8AB0==O V 715@565==O 

35=5B8G=8E @5AC@AV2 @>A;8=» ($� 0126U001156B) 7 <5B>N D>@<C20==O :>;5:FV9 

>;V9=8E :C;ьBC@, 284V;5==O B0 AB2>@5==O 465@5; V 4>=>@V2 FV==8E 3>A?>40@Aь:8E 

>7=0: (�:B 2?@>20465==O 2V4 18.06.2026 @. № 162, �"��&"� �). 

"A>18AB89 2=5A>: 74>1C20G0 
'AV >A=>2=V =0C:>2V @57C;ьB0B8 48A5@B0FV9=>W @>1>B8 >B@8<0=> 02B>@>< 

>A>18AB>. ' @>1>B0E, >?C1;V:>20=8E 7V A?V202B>@0<8, 74>1C20G52V =0;560Bь B0:V 

@57C;ьB0B8: (�54<54є2 B0 &5@5I5=:>, 2025) 4 70?@>?>=>20=> :>=F5?BC0;ь=89 

?V4EV4 4> ?>1C4>28 F8D@>2>W <>45;V @>A;8=8 A>=OH=8:0, D>@<0;V7>20=> 

<>@D>;>3VG=V ?0@0<5B@8 4;O D5=>B8?C20==O B0 >1�@C=B>20=> WE 70AB>AC20==O 2 

7040G0E 02B><0B870FVW A5;5:FV9=>3> ?@>F5AC; (�54<54є2 B0 &5@5I5=:>, 2026) 4 

@>7@>1;5=> <5B>4 F8D@>2>3> D5=>B8?C20==O @>A;8==8E >1’є:BV2 =0 >A=>2V 

<5B>4V2 :><?'NB5@=>3> 7>@C 4;O 02B><0B87>20=>3> 284V;5==O B0 :V;ь:VA=>W 

>FV=:8 <>@D>;>3VG=8E V DV7V>;>3VG=8E >7=0: A>=OH=8:C; (Bakurova, Vedmedeva, 

Vedmedev&Tereschenko, 2023) 4 @>7@>1;5=> A5<0=B8G=C AB@C:BC@C 
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>=B>;>3VG=>W <>45;V 28@>IC20==O A>=OH=8:C (HELIANTUS), AD>@<>20=> 

:>=F5?BC0;ь=V :;0A8 (TBox) B0 5:75<?;O@8 (ABox), 0 B0:>6 70?@>?>=>20=> 

A8AB5<C SWRL-?@028; 4;O 02B><0B87>20=>3> ;>3VG=>3> 282545==O; (Aliiev, 

Vedmedeva, Machova & Vedmedev, 2024) 4 @>7@>1;5=> 0;3>@8B<VG=5 

70157?5G5==O 4;O 0=0;V7C ?@>AB>@>2>3> @>7?>4V;C D5=>B8?>28E E0@0:B5@8AB8: 

=0AV==O, 28:>=0=> <0B5<0B8G=C >1@>1:C 5:A?5@8<5=B0;ь=8E 40=8E B0 

25@8DV:0FVN @57C;ьB0BV2 4;O @V7=8E 35=>B8?V2; ( 0E>20, �54<54є2, #>;O:>2, 

2024) 4 A?@>є:B>20=> AE5<C 1078 40=8E D5=>B8?>28E >7=0: A>=OH=8:C, 

@>7@>1;5=> ?@>3@0<=V <>4C;V V=B53@0FVW 40=8E 4;O 02B><0B87>20=>3> 4>1>@C 

;V=V9 >A>1;82>3> ?@87=0G5==O 70 28<>30<8 �=AB8BCBC >;V9=8E :C;ьBC@ !��!. 

�?@>10FVO @57C;ьB0BV2 48A5@B0FVW. "A=>2=V @57C;ьB0B8 48A5@B0FV9=>3> 
4>A;V465==O 1C;8 >?@8;N4=5=V B0 0?@>1>20=V =0 B0:8E =0C:>28E 70E>40E: 

7th International Conference on Computational Linguistics and Intelligent 

Systems, Volume II: Computational Linguistics Workshop (Kharkiv, Ukraine, April 

20321, 2023); 

)�  V6=0@>4=V9 =0C:>2>-?@0:B8G=V9 :>=D5@5=FVW «%CG0A=V ?@>1;5<8 V 

4>AO3=5==O 2 30;C7V @04V>B5E=V:8, B5;5:><C=V:0FV9 B0 V=D>@<0FV9=8E B5E=>;>3V9» 

(<. �0?>@V66O, 12314 3@C4=O 2022 @.); 

�A5C:@0W=Aь:V9 V=B5@=5B-:>=D5@5=FVW «�:>=><VG=0 :V15@=5B8:0: 

V=AB@C<5=B8, <>45;V V <5B>48 V=B5;5:BC0;ь=>W ?V4B@8<:8 ?@89=OBBO @VH5=ь» (<. 

�=V?@>, 132 15@57=O 2023 @.); 

!0C:>2>-B5E=VG=V9 :>=D5@5=FVW «&8645=ь =0C:8 3 2023» (<. �0?>@V66O, 

24328 :2VB=O 2023 @.); 

XXV  V6=0@>4=><C =0C:>2>-?@0:B8G=><C A5<V=0@V V<5=V �. /. #5B@5=N:0 

«�><1V=0B>@=V :>=DV3C@0FVW B0 WE=V 70AB>AC20==O» (�0?>@V66O 3 �@>?82=8Fь:89, 

14316 G5@2=O 2023 @.); 

 V6=0@>4=V9 =0C:>2V9 V=B5@=5B-:>=D5@5=FVW «";V9=V :C;ьBC@8: Aь>3>45==O 

B0 ?5@A?5:B828» (<. �0?>@V66O, �"� !��!, 21 15@57=O 2023 @.); 
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� (VII)  V6=0@>4=V9 =0C:>2>-?@0:B8G=V9 :>=D5@5=FVW 74>1C20GV2 28I>W 

>A2VB8 V <>;>48E CG5=8E «�=D>@<0FV9=V B5E=>;>3VW: B5>@VO V ?@0:B8:0» (<. �=V?@>, 

20322 15@57=O 2024 @.); 

XXVII  V6=0@>4=><C =0C:>2>-?@0:B8G=><C A5<V=0@V «�><1V=0B>@=V 

:>=DV3C@0FVW B0 WE=V 70AB>AC20==O», ?@8A2OG5=><C 125-@VGGN !0FV>=0;ь=>3> 

C=V25@A8B5BC «�0?>@V7ь:0 ?>;VB5E=V:0» (�0?>@V66O 3 �@>?82=8Fь:89 3 �8W2, 436 

G5@2=O 2025 @.); 

!0C:>2>-?@0:B8G=V9 :>=D5@5=FVW «&8645=ь =0C:8 3 2025» ((0:C;ьB5B 

:><?’NB5@=8E =0C: V B5E=>;>3V9, <. �0?>@V66O, 14318 :2VB=O 2025 @.); 

 V6=0@>4=V9 =0C:>2V9 :>=D5@5=FVW «�:BC0;ь=V ?8B0==O 1V>B5E=>;>3VW, 

5:>;>3VW B0 ?@8@>4>:>@8ABC20==O» (�5@602=89 1V>B5E=>;>3VG=89 C=V25@A8B5B, <. 

)0@:V2, 16317 :2VB=O 2026 @.); 

))VIII  V6=0@>4=><C =0C:>2>-?@0:B8G=><C A5<V=0@V «�><1V=0B>@=V 

:>=DV3C@0FVW B0 WE=V 70AB>AC20==O» (�@>?82=8Fь:89 3 �0?>@V66O 3 �8W2, 739 

B@02=O 2026 @.). 

#C1;V:0FVW. �0 B5<>N 48A5@B0FVW >?C1;V:>20=> 16 =0C:>28E ?@0Fь, 7 O:8E 4 

AB0BBV C =0C:>28E D0E>28E 2840==OE ':@0W=8, 1 AB0BBO C =0C:>2><C 2840==V V=H>W 

45@6028, 9 B57 =0C:>28E 4>?>2V459, 1 <0B5@V0;8 <V6=0@>4=>W :>=D5@5=FVW, I> 

V=45:A>20=V C Scopus. 

�8:>@8AB0==O 70A>1V2 HBCG=>3> V=B5;5:BC. #V4 G0A ?V43>B>2:8 B5:ABC 
48A5@B0FVW 02B>@>< 1C;> 70;CG5=> V=AB@C<5=B0@V9 35=5@0B82=>3> HBCG=>3> 

V=B5;5:BC =0 107V @>7H8@5=8E <>2=8E <>45;59 (LLM Gemini 2V4 Google) 4;O 

?>:@0I5==O <>2=>3> AB8;N B0 4;O 35=5@0FVW @8AC=:C 4.1.1, 4.6.1 (?@><B 

?@54AB02;5=> 2 �>40B:C �). 'AV B5:AB>2V D@03<5=B8, ?>?5@54=ь> AD>@<>20=V 70 

4>?><>3>N ,�, 1C;8 @5B5;ь=> ?5@52V@5=V, 7<VAB>2=> 4>?>2=5=V B0 2V4@5403>20=V 

02B>@>< ?5@54 2:;NG5==O< 4> >AB0B>G=>W @540:FVW 48A5@B0FVW. 

%B@C:BC@0 B0 >1AO3 48A5@B0FVW. �8A5@B0FVO 28:;045=0 =0 247 AB>@V=:0E 

:><?’NB5@=>3> B5:ABC. �:;NG0є 0=>B0FVN, 2ABC?, 4 @>74V;8, O:V <VABOBь 22 
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B01;8FV, 34 @8AC=:0, 7030;ь=V 28A=>2:8. %?8A>: 28:>@8AB0=8E 465@5; =0;VGCє 

232 =09<5=C20==O, C B><C G8A;V 187 3 ;0B8=8F5N.  VAB8Bь B@8 4>40B:8. 
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1 #$"*�%� *�($"�"� &$�!%("$ �*�� ��$�$!"� ���'�� 
1.1  %8AB5<=89 0=0;V7 ACG0A=>3> AB0=C F8D@>2V70FVW 03@0@=8E 4>A;V465=ь 

 

%CG0A=89 5B0? @>728B:C 03@0@=>W 30;C7V E0@0:B5@87CєBьAO 0:B82=8< 

2?@>20465==O< F8D@>28E B5E=>;>3V9, I> D>@<CNBь >A=>2C :>=F5?FVW 

Agriculture 4.0 (Pilarczyk et al., 2024). !0 2V4<V=C 2V4 B@048FV9=8E ?V4E>4V2 4> 

02B><0B870FVW 28@>1=8FB20, Agriculture 4.0 ?5@5410G0є AB2>@5==O V=B53@>20=>3> 

F8D@>2>3> A5@54>28I0, C <560E O:>3> 74V9A=NєBьAO 71V@, >1@>1:0, 0=0;V7 B0 

V=B5@?@5B0FVO 40=8E 4;O ?V4B@8<:8 ?@89=OBBO @VH5=ь =0 2AVE @V2=OE C?@02;V==O 

03@>28@>1=8G8<8 ?@>F5A0<8. 

#5@5EV4 4> V=4CAB@V0;ь=>W ?0@0483<8 AgTech 4.0 є :;NG>28< G8==8:>< 

AB@C:BC@=>W B@0=AD>@<0FVW 03@0@=>3> A5:B>@C. �?@>20465==O =0A:@V7=8E 

F8D@>28E ?;0BD>@< 4>72>;Oє ACBBє2> ?V428I8B8 D0:B>@=C ?@>4C:B82=VABь 

?V4?@8є<AB2, I>, 70 28A=>2:0<8 �0A8;ьє2>W B0 �CH8=0 (2026), є 107>2>N C<>2>N 

4;O 70157?5G5==O 5:>=><VG=>W ABV9:>ABV, D>@<C20==O 28I>W 4>40=>W 20@B>ABV B0 

AB0;>3> @>728B:C 1V7=5AC 2 ACG0A=8E BC@1C;5=B=8E C<>20E. 

*8D@>20 B@0=AD>@<0FVO 03@0@=>W 30;C7V AC?@>2>46CєBьAO ?5@5E>4>< 2V4 

@50:B82=>3> C?@02;V==O 4> ?@>0:B82=>3> C?@02;V==O, 70A=>20=>3> =0 

28:>@8AB0==V V=B5;5:BC0;ь=8E A8AB5<, 2 O:8E ?V4B@8<:0 ?@89=OBBO @VH5=ь I>4> 

>?B8<V70FVW 28@>1=8G8E ?@>F5AV2 2V41C20єBьAO =0 0=0;V7V 25;8:8E <0A82V2 

@V7=>@V4=8E 40=8E. ' B0:><C :>=B5:ABV >A>1;82>3> 7=0G5==O =01C20NBь A8AB5<8 

?V4B@8<:8 ?@89=OBBO @VH5=ь (Decision Support Systems, DSS), O:V V=B53@CNBь 

V=D>@<0FVN ?@> AB0= ?>AV2V2, E0@0:B5@8AB8:8 �@C=BV2, :;V<0B8G=V ?>:07=8:8, 

B5E=VG=V @5AC@A8 B0 5:>=><VG=V ?0@0<5B@8 3>A?>40@AB20 (Zhai et al., 2020). 

"4=VєN 7 DC=40<5=B0;ь=8E A:;04>28E Agriculture 4.0 є <0B5<0B8G=5 

<>45;N20==O 03@>28@>1=8G8E ?@>F5AV2.  0B5<0B8G=V <>45;V 4>72>;ONBь 

>?8AC20B8 270є<>72'O7:8 <V6 ?@8@>4=8<8, B5E=>;>3VG=8<8 B0 5:>=><VG=8<8 

D0:B>@0<8, ?@>3=>7C20B8 @>728B>: 03@>5:>A8AB5<, >FV=N20B8 <>6;82V AF5=0@VW 

C?@02;V==O B0 287=0G0B8 >?B8<0;ь=V AB@0B53VW 28:>@8AB0==O @5AC@AV2.  
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"A>1;82C @>;ь C DC=:FV>=C20==V V=B5;5:BC0;ь=8E A8AB5< 2V4V3@0NBь 

:;V<0B8G=V ?>:07=8:8, O:V 157?>A5@54=ь> 2?;820NBь =0 ?@>4C:B82=VABь 

AV;ьAь:>3>A?>40@Aь:>3> 28@>1=8FB20. ' <560E :>=F5?FVW Agriculture 4.0 

2V41C20єBьAO <>=VB>@8=3 70 4>?><>3>N A5=A>@=8E <5@56, <5B5>AB0=FV9, 

AC?CB=8:>28E A8AB5< A?>AB5@565==O B0 157?V;>B=8E ;VB0;ь=8E 0?0@0BV2, ?VA;O 

G>3> >B@8<0=V 40=V 28:>@8AB>2CNBьAO 4;O ?@>3=>7C20==O 2@>609=>ABV B0 

D>@<C20==O C?@02;V=Aь:8E @VH5=ь (�=0BVє=:> B0 V=., 2024). 

�06;828< =0?@O<>< @>728B:C F8D@>2>3> AV;ьAь:>3> 3>A?>40@AB20 є 

2@0EC20==O 5:>;>3VG=8E 0A?5:BV2 03@>28@>1=8FB20. �8:>@8AB0==O 

V=B5;5:BC0;ь=8E A8AB5< 4>72>;Oє <V=V<V7C20B8 =04;8H:>25 2=5A5==O 4>1@82 V 

70A>1V2 70E8ABC @>A;8=, >?B8<V7C20B8 A?>6820==O 2>4=8E @5AC@AV2, 

:>=B@>;N20B8 @V25=ь 0=B@>?>35==>3> =020=B065==O =0 �@C=B8 B0 7=86C20B8 

28:848 ?0@=8:>28E 307V2. &0:8< G8=><, F8D@>20 B@0=AD>@<0FVO A?@8Oє =5 ;8H5 

?V428I5==N 5:>=><VG=>W 5D5:B82=>ABV 03@0@=8E ?V4?@8є<AB2, 0 9 70157?5G5==N 

?@8=F8?V2 AB0;>3> @>728B:C B0 5:>;>3VG=>W 157?5:8 (Trusova et al., 2022). 

�06;82>N A:;04>2>N Agriculture 4.0 є %5;5:FVO 4.0 (Breeding 4.0), O:0 

?5@5410G0є 28:>@8AB0==O F8D@>28E B5E=>;>3V9, 35=><=8E 40=8E, 

28A>:>?@>4C:B82=>3> D5=>B8?C20==O B0 <5B>4V2 HBCG=>3> V=B5;5:BC 4;O 

?@8A:>@5==O A5;5:FV9=>3> ?@>F5AC. ' B0:V9 A8AB5<V <0B5<0B8G=5 <>45;N20==O 

B0 V=B5;5:BC0;ь=V A8AB5<8 70157?5GCNBь ?@>3=>7C20==O 040?B82=>ABV 35=>B8?V2 

4> @V7=8E :;V<0B8G=8E C<>2, I> A?@8Oє AB2>@5==N =>28E A>@BV2 V 3V1@84V2, 

ABV9:8E 4> ?>ACE8, B5<?5@0BC@=8E AB@5AV2 B0 V=H8E =5A?@8OB;828E D0:B>@V2 

A5@54>28I0.  

%5;5:FVO AV;ьAь:>3>A?>40@Aь:8E :C;ьBC@ 4 F5 FV;5A?@O<>20=89 ?@>F5A 

2V41>@C B0 AE@5IC20==O @>A;8= 7 1060=8<8 >7=0:0<8 7 <5B>N ?>:@0I5==O WE=VE 

?@>4C:B82=8E, O:VA=8E B0 040?B82=8E 2;0AB82>AB59 C =0ABC?=8E ?>:>;V==OE. 

%5;5:FVO є :;NG>28< 5;5<5=B>< 03@0@=>W =0C:8 B0 >A=>2>N ?V428I5==O 

?@>4C:B82=>ABV V AB01V;ь=>ABV 03@>5:>A8AB5< (Hudzenko et al., 2022; Jacobsen et 

al., 2020). 
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*V;O<8 A5;5:FVW @>A;8= є AB2>@5==O =>28E B0 ?>:@0I5==O VA=CNG8E A>@BV2 

V 3V1@84V2, I> E0@0:B5@87CNBьAO 28A>:>N 2@>609=VABN, ?V428I5=>N ABV9:VABN 

4> E2>@>1, H:V4=8:V2 B0 =5A?@8OB;828E :;V<0B8G=8E C<>2 (?>ACE0, E>;>4) 

(García-Coronado et al., 2025), 0 B0:>6 ?>:@0I5=>N O:VABN ?@>4C:FVW (A<0:, 

?>682=VABь, 2<VAB 2VB0<V=V2). 

*8D@>2V <5B>48 4>72>;ONBь 7V1@0B8 25;8:V <0A828 40=8E B0 ?V428I8B8 

B>G=VABь >FV=:8 D5=>B8?C: high-throughput phenotyping V7 28:>@8AB0==O< 4@>=V2, 

A5=A>@V2 V V=D@0G5@2>=>3> A:0=C20==O; V=B53@0FVO <>45;V 270є<>4VW «35=>B8? 4 

A5@54>28I5» (G×E) 4;O ?@>3=>7C20==O ?>254V=:8 @>A;8= C @V7=8E A5@54>28I=8E 

C<>20E; 28:>@8AB0==O F8D@>28E <>45;59 V A8<C;OFV9 V45>B8?V2 @>A;8=, I> 

4>72>;Oє ?@>є:BC20B8 1060=V <>@D>;>3VG=V B0 DV7V>;>3VG=V >7=0:8 (Yoosefzadeh-

Najafabadi, 2025). 

�>=F5?FVO «%5;5:FVW 4.0» (Breeding 4.0) є ACG0A=8< 5B0?>< @>728B:C 

03@0@=>W =0C:8, O:89 107CєBьAO =0 ?>2=V9 F8D@>2V70FVW, 28:>@8AB0==V B5E=>;>3V9 

HBCG=>3> V=B5;5:BC, Big Data B0 28A>:>B>G=>3> @5403C20==O 35=><C. *5 ?5@5EV4 

2V4 «<8AB5FB20 2V41>@C» 4> ?@5F87V9=>W V=65=5@VW 1V>;>3VG=8E A8AB5<, 45 

3>;>2=8< V=AB@C<5=B>< A5;5:FV>=5@0 AB0є =5 ;8H5 ?>;5, 0 9 ?>BC6=89 

>1G8A;N20;ь=89 :;0AB5@. 

�;NG>28<8 A:;04>28<8 %5;5:FVW 4.0 є B0:V. 

1. �8A>:>?@>4C:B82=5 D5=>B8?C20==O (High-Throughput Phenotyping). 

$0=VH5 40=V 718@0;8 2@CG=C (;V=V9:>N 2 ?>;V). &5?5@ F5 @>1;OBь �#�� 7 

<C;ьB8A?5:B@0;ь=8<8 :0<5@0<8, =075<=V @>1>B8 B0 IoT-A5=A>@8. *5 4>72>;Oє 

>B@8<C20B8 B8AOGV 28<V@N20=ь C 48=0<VFV, D>@<CNG8 «F8D@>289 A;V4» @>A;8=8 

(Kundu et al., 2024). 

2. Big Data B0 ,BCG=89 V=B5;5:B (AI) �=B53@0FVO «><V:A=8E» 40=8E 

(35=><V:0, ?@>B5><V:0, <5B01>;><V:0) 7 :;V<0B8G=8<8 40=8<8 AB2>@Nє 3V30=BAь:V 

<0A828 V=D>@<0FVW. �;3>@8B<8 <0H8==>3> =02G0==O ?@>3=>7CNBь @57C;ьB0B 

AE@5IC20==O I5 4> B>3>, O: =0AV==O 1C45 28AVO=5 2 �@C=B (Zhu et al., 2025). 

3.   >45;N20==O 270є<>4VW «35=>B8? 4 A5@54>28I5». *5 A5@F5 
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:>=F5?FVW 4.0. �0<VABь B>3>, I>1 ?@>AB> 28<V@N20B8 2@>609, A8AB5<0 1C4Cє 

<0B5<0B8G=C <>45;ь B>3>, O: :>=:@5B=89 35=>B8? ?>2545BьAO 2 B8AOG0E 20@V0=BV2 

C<>2 A5@54>28I0. *5 4>72>;Oє AB2>@N20B8 «48709=5@Aь:V» A>@B8 4;O :>=:@5B=8E 

?>;V2 (Lucido et al., 2025). 

4. $5403C20==O 35=><C (CRISPR/Cas9). &>G:>20 7<V=0 �!� 4>72>;Oє 

2=>A8B8 =5>1EV4=V ?@02:8 2 35=>< H284H5 B0 B>G=VH5, =V6 B@048FV9=V <5B>48 

A5;5:FVW, D0:B8G=> «?@>3@0<CNG8» ABV9:VABь 4> E2>@>1 01> ?>ACE8 (García-

Coronado et al., 2025). 

5.  �=B5@>?5@015;ь=VABь B0 AB0=40@B8 (BrAPI) "1<V= 40=8<8 <V6 

;01>@0B>@VO<8 A2VBC 2 @568<V @50;ь=>3> G0AC. *5 ?5@5B2>@Nє A5;5:FVN =0 

3;>10;ь=C <5@56C 7=0=ь, 45 @57C;ьB0B8 28?@>1C20=ь C �@078;VW <>6CBь 

4>?><>3B8 A5;5:FV>=5@C 2 ':@0W=V (Selby et al., 2025). 

"B65, ACG0A=0 A5;5:FVO ?>є4=Cє B@048FV9=V B0 V==>20FV9=V <5B>48, F8D@>25 

D5=>B8?C20==O. *5 70157?5GCє 5D5:B82=5 AB2>@5==O =>28E A>@BV2, ?V428I5==O WE 

ABV9:>ABV 4> AB@5A>28E D0:B>@V2 B0 >?B8<V70FVN =0AV==8FB20, I> є :;NG>28<8 

70240==O<8 03@0@=>W =0C:8 2 C<>20E 3;>10;V70FVW B0 7<V=8 :;V<0BC (Singh et al., 

2015, Danzi et al., 2022). 

�;O A5;5:FVW >:@5<8E >1’є:BV2 VA=CNBь @>7@>1;5=V AE5<8 A5;5:FV9=>3> 

?@>F5AC B0 728G09=V <5B>48:8 28<V@N20==O @V2=O >7=0:. 

(5=>B8? - F5 AC:C?=VABь 2;0AB82>AB59 V >7=0: >@30=V7<C, I> A:;0;8AO =0 

>A=>2V 270є<>4VW 35=>B8?C V7 C<>20<8 7>2=VH=ь>3> A5@54>28I0 =0 :>=:@5B=><C 

5B0?V @>728B:C, I> є >A=>2>N :>=F5?BC0;ь=>9 <>45;V 270є<>4VW «35=>B8? 4 

A5@54>28I5» (G×E). "7=0:8 >@30=V7<C <>6=0 ?>4V;8B8 =0 B0:V O:V 287=0G0NBьAO 

7>2=VH=V< 283;O4>< B0 9>3> A:;04>28<8, B0 >7=0:8 O:V =5<>6=0 157?>A5@54=ь> 

?>10G8B8 3 1V>EV<VG=V (2<VAB >:@5<8E @5G>28= B0 WE A?V22V4=>H5==O: 1V;:8, 68@8, 

2C3;52>48 B0 WE :@0A8 V ?V4:;0A8). �0728G09 D5=>B8? F5 A0<5 B5 I> <>6=0 

?>10G8B8 7>2=V: :>;V@, @>7<V@8, @>7B0HC20==O, D>@<0 :>6=>3> 7 >@30=V2 B0 WE 

G0AB8=. *V >7=0:8 є >A=>2>N 4;O A5;5:FVW @>A;8= (�;Vє2 �. �., �54<54є20 �.�., 

2024). 
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(5=>B8? 70;8H0єBьAO >A=>2=8< :@8B5@Vє< 2V41>@C, 0;5 ACG0A=V B5E=>;>3VW 

4>72>;ONBь >FV=N20B8 9>3> B>G=VH5 B0 :><?;5:A=VH5, V=B53@CNG8 40=V 

<>;5:C;O@=8E <0@:5@V2, F8D@>2>3> D5=>B8?C20==O B0 <>45;N20==O 270є<>4VW 

«35=>B8? 4 A5@54>28I5» (G×E) (Fan et al., 2021). 

�;O CA?VH=>3> @>728B:C A5;5:FVW ?@8 28:>@8AB0==V 25;8:8E <0A82V2 40=8E 

@5:><5=4>20=>  V=25ABC20B8 C AB2>@5==O =04V9=8E, V=B53@>20=8E 107 40=8E, O:V 

F5=B@0;V7CNBь @V7=><0=VB=V B8?8 40=8E, ?>2'O70=8E 7 :><?'NB5@=>N A5;5:FVєN 

@>A;8=. &0:V ?;0BD>@<8 =5 ;8H5 ?>:@0I0Bь 4>ABC?=VABь 40=8E, 0;5 9 ?>:@0I0Bь 

A?V;ь=V 7CA8;;O <V6 4>A;V4=8Fь:8<8 CAB0=>20<8 B0 35>3@0DVG=8<8 ;>:0FVO<8. 

)<0@=V V=D@0AB@C:BC@8 <>6CBь A?@8OB8 >1<V=C 40=8<8 2 @568< ࠢ @50;ь=>3> G0AC 
B0 A?V;ь=><C 0=0;V7C, 4>72>;ONG8 :><?'NB5@=8< A5;5:FV>=5@0< @>A;8= 

5D5:B82=VH5 28:>@8AB>2C20B8 3;>10;ь=V 35=5B8G=V @5AC@A8. (Yoosefzadeh-

Najafabadi, 2025). 

�>=F5?FVO FAIR-?@8=F8?V2 AD>@<C20;0AO O: 2V4?>2V4ь =0 7@>AB0NG89 

>1AO3 =0C:>28E 40=8E B0 ?>B@51C C 70157?5G5==V WE 4>23>B@820;>W ?@840B=>ABV, 

?@>7>@>ABV 9 ?>2B>@=>3> 28:>@8AB0==O 2 @V7=8E 30;C7OE, 7>:@5<0 1V>V=D>@<0B8FV, 

03@>=><VW, 35=><8FV B0 5:>;>3VW. �8B>:8 ?@8=F8?V2 ?>2’O70=V 7 @CE>< 70 2V4:@8BV 

40=V, I> 0:B82V7C202AO C 2000-E @>:0E, :>;8 =0C:>2V V=VFV0B828, B0:V O: GenBank, 

Human Genome Project B0 Protein Data Bank, 7VB:=C;8AO 7 ?@>1;5<0<8 

AB0=40@B870FVW D>@<0BV2, >?8AV2 V 4>ABC?C 4> 40=8E. 

#VA;O 2016 @>:C ?@8=F8?8 FAIR 1C;8 H284:> V=AB8BCFV>=0;V7>20=V. 

Є2@>?59Aь:0 �><VAVO, AB2>@NNG8 Є2@>?59Aь:89 2V4:@8B89 =0C:>289 ?@>ABV@ 

(EOSC), 2:;NG8;0 FAIR O: F5=B@0;ь=89 =>@<0B82=89 :><?>=5=B. #@>2V4=V 

DV=0=ACNGV >@30=V70FVW, O:->B Horizon Europe, NSF (%,�) B0 Wellcome Trust, 

?>G0;8 28<030B8 4>B@8<0==O FAIR C ?@>є:B=8E 70O2:0E B0 ?;0=0E C?@02;V==O 

40=8<8. ' 30;C7V 1V>;>3VW B0 03@0@=8E =0C: @>728B>: FAIR ?@8H284H8;8 25;8:V 

<V6=0@>4=V V=VFV0B828 4 ELIXIR, CGIAR Big Data Platform, AgBioData 

Consortium, O:V AB2>@8;8 V=D@0AB@C:BC@8 V AB0=40@B8 4;O <5B040=8E, >=B>;>3V9 
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B0 @5?>78B>@VW2, I> 70157?5GCNBь V=B5@>?5@015;ь=VABь 40=8E (Wang J.L. et al., 

2024). 

' 2020-E @>:0E 0:F5=B C @>728B:C FAIR 7<VAB82AO 2V4 45:;0@0B82=8E 

?@8=F8?V2 4> WE=ь>3> B5E=VG=>3> 70157?5G5==O: AB2>@5==O API->@Vє=B>20=8E 

@5?>78B>@VW2, <0H8==>-G8B0є<8E <5B040=8E, AB0=40@BV2 >=B>;>3VG=>3> >?8AC, 

AE5< ?5@52V@:8 FAIRness (FAIR Maturity Models), 0 B0:>6 V=AB@C<5=BV2 

02B><0B87>20=>W >FV=:8 FAIR-@V2=O 40=8E. ' ACG0A=8E 4>A;V465==OE, 7>:@5<0 2 

D5=>B8?C20==V B0 <>45;N20==V 270є<>4VW «35=>B8? 4 A5@54>28I5» (G×E), FAIR-

?@8=F8?8 AB0;8 ?5@54C<>2>N V=B53@0FVW 1030B><>40;ь=8E 40=8E 4 35=>B8?>28E, 

D5=>B8?>28E, 5:>;>3VG=8E, 5:A?5@8<5=B0;ь=8E <5B040=8E V ?>;ь>28E 

28<V@N20=ь (Jacobsen et al., 2020). 

"4=0:, 7 @>728B:>< B5E=>;>3V9, >A>1;82> 7 5:A?>=5=FV0;ь=8< 7@>AB0==O< 

?5@54>28E A8AB5<, B0:8E O: HBCG=89 V=B5;5:B (,�) B0 A8AB5<8 F8D@>28E 

42V9=8:V2, 28=8:;> :V;ь:0 >1<565=ь C A?5:B@V ?@8=F8?V2 FAIR. *V >1<565==O 2 

AD5@0E V=B5@?@5B>20=>ABV, A?@0254;82>ABV, 2V4B2>@N20=>ABV, <0H8==>W 4VW B0 

:>=DV45=FV9=>ABV AB0NBь 4540;V :@8B8G=VH8<8, >A:V;ь:8 A8AB5<8 ?@89=OBBO 

@VH5=ь =0 >A=>2V 40=8E AB0NBь 1V;ьH 02B>=><=8<8 B0 5D5:B82=8<8.(Bashir, 

2025). 

%CG0A=0 03@0@=0 =0C:0 E0@0:B5@87CєBьAO V=B5=A82=>N V=B53@0FVєN 

F8D@>28E B5E=>;>3V9, I> 70157?5GCє ?V428I5==O 5D5:B82=>ABV 4>A;V4=8Fь:8E B0 

A5;5:FV9=8E ?@>F5AV2. �=B53@>20=0 F8D@>20 V=D@0AB@C:BC@0 A5;5:FVW 4 F5 

:><?;5:A 0?0@0B=8E, ?@>3@0<=8E B0 V=D>@<0FV9=8E @5AC@AV2, I> 70157?5GCє 

AB0=40@B87>20=5 718@0==O, 715@V30==O, >1@>1:C, V=B53@0FVN B0 0=0;V7 

35=>B8?>28E, D5=>B8?>28E B0 5:>;>3VG=8E 40=8E. �> :;NG>28E B5=45=FV9 

V=B53@0FVW F8D@>28E B5E=>;>3V9 2 03@0@=C 30;C7ь =0;560Bь 02B><0B870FVO 

?>;ь>28E 5:A?5@8<5=BV2, 28:>@8AB0==O A5=A>@=8E A8AB5< V 48AB0=FV9=>3> 

<>=VB>@8=3C, 0 B0:>6 :><?;5:A=89 71V@ B0 0=0;V7 1030B>465@5;ь=8E 40=8E, O:V 

D>@<CNBь >A=>2C 4;O ?5@5E>4C 4> F8D@>28E A5;5:FV9=8E ?;0BD>@<. 
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�2B><0B870FVO ?>;ь>28E 5:A?5@8<5=BV2. "4=8< V7 107>28E 465@5;, I> 

70:;0;> DC=40<5=B 02B><0B870FVW C ?>;ь>28E 4>A;V465==OE, є @>1>B0 Pierce B0 

Nowak (Pierce and Nowak, 1999). ' =V9 >1�@C=B>20=> :>=F5?FVN ?@5F87V9=>3> 

75<;5@>1AB20 B0 <5E0=V7<8 28:>@8AB0==O @0==VE GPS-B5E=>;>3V9 4;O ?V428I5==O 

B>G=>ABV 5:A?5@8<5=B0;ь=8E 28<V@N20=ь. �2B>@8 ?>:07CNBь, I> V=B53@>20=V 

A8AB5<8 =02V30FVW AB0;8 >A=>2>N 02B><0B87>20=>3> 71>@C ?>;ь>28E 40=8E. 

�>A;V465==O Shanahan 7 A?V202B>@0<8 (2001) 45<>=AB@Cє ?5@5EV4 4> 

=0?V202B><0B8G=8E A8AB5< DV:A0FVW ?@>AB>@>2>W <V=;82>ABV C@>609=>ABV. ' 

AB0BBV 70?@>?>=>20=0 <5B>4>;>3VO 28:>@8AB0==O 21C4>20=8E A5=A>@V2 C 

:><109=0E 4;O ?@O<>W 02B><0B8G=>W @5єAB@0FVW 2@>609=>ABV. *5 AB0;> ?5@H8< 

:@>:>< 4> AB2>@5==O ?>;ь>28E A8AB5< @50;ь=>3> G0AC. 

' @>1>BV Auernhammer (2001) 45B0;ь=> >?8A0=> :>=F5?FVN ISOBUS O: 

C=V25@A0;ь=>3> AB0=40@BC :><C=V:0FVW <V6 AV;ьAь:>3>A?>40@Aь:8<8 <0H8=0<8. 

%B0BBO ?>:07Cє, O: V=B53@0FVO AB0=40@BC ISO 11783 AB2>@8;0 C<>28 4;O C=VDV:0FVW 

02B><0B87>20=>3> >1;04=0==O 2 ?>;ь>28E 5:A?5@8<5=B0E. *5 ?>:;0;> ?>G0B>: 

@>728B:C 02B><0B87>20=8E ?;0BD>@< 7 ?>@V2=O==>N <V6<0H8==>N AC<VA=VABN. 

�>A;V465==O Iqbal 7 A?V202B>@0<8 (2020) ?@54AB02;Oє 02B>=><=C 

@>1>B87>20=C ?;0BD>@<C 4;O D5=>B8?C20==O 28A>:>W ?@>?CA:=>W 740B=>ABV. 

$>1>B87>20=0 A8AB5<0 740B=0 ?@0FN20B8 C ?>2=VABN 02B>=><=><C @568<V, 

718@0NG8 <>@D>;>3VG=V B0 A?5:B@0;ь=V 40=V @>A;8=. *5 45<>=AB@Cє ?5@5EV4 4> 

157?5@5@2=>3> 02B><0B87>20=>3> D5=>B8?C20==O C ?>;ь>28E C<>20E. 

�8:>@8AB0==O A5=A>@=8E A8AB5< V 48AB0=FV9=>3> <>=VB>@8=3C. $>1>B0 

Mulla (2013) C7030;ь=Nє @>728B>: 48AB0=FV9=>3> 7>=4C20==O C ?@5F87V9=><C 

75<;5@>1AB2V ?@>BO3>< 25 @>:V2. �2B>@ 0=0;V7Cє @>;ь A?5:B@0;ь=8E V=45:AV2, 

AC?CB=8:>28E 40=8E B0 <5B>4V2 >1@>1:8 7>1@065=ь C >FV=N20==V AB0=C ?>AV2V2. 

%B0BBO B0:>6 287=0G0є :;NG>2V 28:;8:8, A5@54 O:8E 4 @>74V;ь=0 740B=VABь B0 

B>G=VABь 0;3>@8B<V2. 

' 4>A;V465==V Hatfield B0 A?V202B. (2008) @>73;O=CB> DV7V>;>3VG=V >A=>28 

A?5:B@0;ь=8E V=45:AV2 V ?@8=F8?8 WE 28:>@8AB0==O 4;O 4V03=>AB8:8 AB@5AV2. 
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�2B>@8 ?@>?>=CNBь AB0=40@B87>20=V ?V4E>48 4> V=B5@?@5B0FVW A?5:B@0;ь=8E 

40=8E, I> AB0;> >A=>2>N ACG0A=8E A5=A>@=8E A8AB5<. $>1>B0 45<>=AB@Cє 

?@8G8==>-=0A;V4:>289 72’O7>: <V6 DV7V>;>3VєN @>A;8= V 48AB0=FV9=8<8 

28<V@N20==O<8. 

%B0BBO Jones & Vaughan (2010) A8AB5<0B87Cє >A=>28 48AB0=FV9=>3> 

<>=VB>@8=3C @>A;8= C 03@>=><VW, 2:;NG=> 7 ?>@V2=O==O< @V7=8E A5=A>@=8E 

?;0BD>@<. �2B>@8 0=0;V7CNBь =075<=V B0 05@>:>A<VG=V A5=A>@8, ?V4:@5A;NNG8 WE 

A8;ь=V B0 A;01:V AB>@>=8. *5 465@5;> AB0;> >4=8< 7 ?5@H8E :><?;5:A=8E >?8AV2 

<C;ьB8A5=A>@=8E A8AB5< C AV;ьAь:><C 3>A?>40@AB2V. 

%CG0A=5 4>A;V465==O Di Tocco B0 A?V202B. (2023) ?@54AB02;Oє 

<C;ьB8A5=A>@=C ?;0BD>@<C 4;O <>=VB>@8=3C @>A;8= C @568<V @50;ь=>3> G0AC. 

�=B53@0FVO <C;ьB8A?5:B@0;ь=8E :0<5@, LIDAR, <V:@>:;V<0B8G=8E A5=A>@V2 40є 

7<>3C :><?;5:A=> >FV=N20B8 DV7V>;>3VG=89 AB0= @>A;8=. �2B>@8 45<>=AB@CNBь, 

I> <C;ьB8A5=A>@=0 V=B53@0FVO 7=0G=> ?V428ICє B>G=VABь 4V03=>AB8:8. 

�><?;5:A=89 71V@ B0 0=0;V7 1030B>465@5;ь=8E 40=8E. $>1>B0 Cooper 7V 

A?V202B>@0<8 (2014) є DC=40<5=B>< ACG0A=8E F8D@>28E <>45;59 ?@>4C:B82=>ABV 

@>A;8=. �2B>@8 V=B53@CNBь 35=>B8?>2V, D5=>B8?>2V B0 5:>;>3VG=V 40=V 2 є48=C 

A8AB5<C ?@>3=>7C20==O. �>A;V465==O 287=0G0є 0=0;VB8G=V >A=>28 4;O 

<>45;N20==O G×E-270є<>4V9. 

' AB0BBV François Tardieu et al. (2017) 70?@>?>=>20=> A8AB5<=89 ?V4EV4 4> 

>@30=V70FVW 40=8E 4;O F8D@>2>W D5=>B8?V70FVW. �2B>@ ?V4:@5A;Nє =5>1EV4=VABь 

AB@C:BC@>20=8E ?@>B>:>;V2 B0 C=VDV:0FVW D>@<0BV2 40=8E C ?>;ь>28E 

5:A?5@8<5=B0E. #C1;V:0FVO ?@>?>=Cє @0<:>2C <>45;ь 4;O V=B53@0FVW 

1030B>465@5;ь=>W V=D>@<0FVW. 

$>1>B0 Rincent 7V A?V202B>@0<8 (2018) 45<>=AB@Cє <>6;82VABь ?>є4=0==O 

35=>B8?>28E <0@:5@V2, 40=8E A5@54>28I0 B0 ?@>AB>@>2>W AB0B8AB8:8 4;O 

?>:@0I5==O ?@>3=>7C20==O A5;5:FV9=>W FV==>ABV. �2B>@8 70AB>A>2CNBь ACG0A=V 

AB0B8AB8G=V <>45;V 4;O 1030B>@V2=52>W V=B53@0FVW V=D>@<0FVW. $>1>B0 22060єBьAO 

>4=8< V7 :;NG>28E 7@07:V2 0=0;VB8G=8E <>45;59 C F8D@>2V9 A5;5:FVW. 



38 

 

 

 

%CG0A=5 4>A;V465==O (Murphy et al., 2024) ?>:07Cє 28:>@8AB0==O 

<0H8==>3> =02G0==O 4;O V=B53@0FVW 40=8E V7 A5=A>@=8E ?;0BD>@<, AC?CB=8:V2 B0 

A8AB5< 28A>:>?@>4C:B82=>3> D5=>B8?C20==O. �2B>@8 45<>=AB@CNBь, I> 

?>є4=0==O 35B5@>35==8E =01>@V2 40=8E ?V428ICє B>G=VABь ?@>3=>7C20==O 

A5;5:FV9=>W FV==>ABV. 

*8D@>2V70FVO A5;5:FV9=8E ?@>F5AV2 ACBBє2> B@0=AD>@<Cє C?@02;V==O 

35=5B8G=>N B0 D5=>B8?VG=>N V=D>@<0FVєN, =0A0<?5@54 7024O:8 ?>O2V 

V=D@0AB@C:BC@, 740B=8E V=B53@C20B8 35=>B8?VG=V, D5=>B8?VG=V B0 4>?><V6=V 

<5B040=V 2 є48=><C V=D>@<0FV9=><C ?@>AB>@V. #;0BD>@<8 =0 :HB0;B BreedBase 

70157?5GCNBь C=VDV:>20=V AE>28I0 40=8E V DC=:FV>=0; 4;O WE 0=0;VB8G=>W 

>1@>1:8, I> @>18Bь <>6;828< H284:5 28O2;5==O AB0B8AB8G=8E 72’O7:V2 <V6 

35=>B8?>< B0 D5=>B8?><, ?@8H284HCNG8 A5;5:FVN ?5@A?5:B82=8E ;V=V9 V 

3V1@84V2. &0:0 V=B53@>20=VABь ACBBє2> ?V428ICє B>G=VABь ?@>3=>7C20==O 

03@>=><VG=> 206;828E >7=0:, I> 2V47=0G5=> 2 ACG0A=8E 4>A;V465==OE 

V=D@0AB@C:BC@ 4;O breeding informatics (Morales et al., 2022). 

�?@>20465==O F8D@>28E A8AB5< B0:>6 A?@8Oє AB0=40@B870FVW ?@>B>:>;V2 

71>@C, 20;V40FVW B0 0@EV20FVW 40=8E, I> є >A>1;82> 206;828< 4;O <C;ьB8A09B>28E 

5:A?5@8<5=BV2. �=D>@<0FV9=V A8AB5<8 D5=>B8?C20==O, O:->B PHIS, 70157?5GCNBь 

AC2>@5 4>B@8<0==O <5B040=8E, :>=B@>;ь 25@AV9, :><?;5:A=89 >?8A 

5:A?5@8<5=B0;ь=8E C<>2 B0 02B><0B87>20=5 2V4AB565==O B5E=>;>3VG=8E 

>?5@0FV9. *5 7<5=HCє G0AB:C ;N4Aь:8E ?><8;>:, ?V428ICє @5?;V:>20=VABь 

?>;ь>28E 4>A;V465=ь V 40є <>6;82VABь ?>@V2=N20B8 40=V <V6 @V7=8<8 

;01>@0B>@VO<8 B0 A5;5:FV9=8<8 ?@>3@0<0<8. �D5:B82=VABь B0:8E ?V4E>4V2 

?V4B25@465=> 2 @>1>B0E, ?@8A2OG5=8E AB0=40@B870FVW B0 C?@02;V==N 25;8:8<8 

<0A820<8 D5=>B8?>28E 40=8E (Neveu et al., 2019). 

�;NG>28< =0A;V4:>< F8D@>2V70FVW є <>6;82VABь 70AB>AC20==O <5B>4V2 

35=><=>W A5;5:FVW B0 >1G8A;N20;ь=8E ?@548:B82=8E <>45;59, I> VAB>B=> 

A:>@>GCє B@820;VABь A5;5:FV9=>3> F8:;C. %8AB5<8, >@Vє=B>20=V =0 ?V4B@8<:C 

breeding pipelines, O:->B Breeding Management System (IBP), 4>72>;ONBь 
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>1’є4=C20B8 @57C;ьB0B8 ?>;ь>28E 28?@>1C20=ь, 35=>B8?C20==O, 35=><=>3> 

?@>3=>7C20==O B0 A5@54>28I=8E <>45;59 2 є48=89 @>1>G89 ?@>F5A. �>40B:>2>, 

@5?>78B>@VW B8?C PGP (Plant Genomics and Phenomics Research Data Repository) 

70157?5GCNBь 2V4:@8B89 4>ABC? 4> 25;8:8E <0A82V2 D5=>B8?>28E B0 35=><=8E 

40=8E, ?>;53HCNG8 :>;01>@0FVN, <5B0-0=0;V7 B0 3;>10;ь=5 <0AHB01C20==O 

=>28E 3V1@84V2. �>2545=>, I> B0:V A8AB5<8 ?@8H284HCNBь ?@89=OBBO 

A5;5:FV9=8E @VH5=ь B0 ?V428ICNBь WE B>G=VABь, >A:V;ь:8 70157?5GCNBь ?@8=F8? 

FAIR-40=8E 4 7=0E>46C20=VABь, 4>ABC?=VABь, V=B5@>?5@015;ь=VABь B0 ?>2B>@=5 

28:>@8AB0==O (Arend et al., 2016). 

%5@54 =091V;ьH 206;828E V ?>H8@5=8E F8D@>28E ?;0BD>@< B0 

V=AB@C<5=BV2, I> 265 28:>@8AB>2CNBьAO 2 <V6=0@>4=8E A5;5:FV9=8E ?@>3@0<0E, 

<>6=0 28>:@5<8B8 B0:V: 

BreedBase (7>:@5<0 Cassavabase, Sweetpotatobase) 4 5:>A8AB5<0 107 40=8E 

4;O C?@02;V==O 35=>B8?>28<8, D5=>B8?>28<8 B0 ?>;ь>28<8 40=8<8 7 

?V4B@8<:>N Crop Ontology B0 ?>2=>N V=B53@0FVєN V=AB@C<5=BV2 0=0;V7C (%,� 

('=V25@A8B5B �>@=5;;0 / Cornell University, �=AB8BCB �>9A0 &><?A>=0 / Boyce 

Thompson Institute)) (Lyons, 2021); 

PHIS (Phenotyping Hybrid Information System) 4 V=B53@>20=0 V=D>@<0FV9=0 

A8AB5<0 ?>;ь>2>3> D5=>B8?C20==O, @>7@>1;5=0 INRAE, I> 70157?5GCє 71V@, 

C?@02;V==O 9 0=0;VB8:C @V7=8E ?>B>:V2 D5=>B8?>28E 40=8E ((@0=FVO, INRAE 3 

!0FV>=0;ь=89 =0C:>2>-4>A;V4=89 V=AB8BCB AV;ьAь:>3> 3>A?>40@AB20, 

?@>4>2>;ьAB20 B0 =02:>;8H=ь>3> A5@54>28I0) (Neveu et al., 2019); 

Breeding Management System (BMS, IBP) 4 :><?;5:A V=AB@C<5=BV2 4;O 

?;0=C20==O 5:A?5@8<5=BV2, 71>@C ?>;ь>28E 40=8E, WE F8D@>2>W AB0=40@B870FVW B0 

?>40;ьH>3> 0=0;V7C 2 @0<:0E A5;5:FV9=8E ?@>3@0< ( V6=0@>4=89 :>=A>@FVC< 

(:>>@48=CєBьAO Integrated Breeding Platform (IBP), O:0 є G0AB8=>N A8AB5<8 

CGIAR. $>7@>1:0 74V9A=N20;0AO 70 CG0ABV @V7=8E F5=B@V2, 7>:@5<0 7 !V45@;0=4V2 

B0 �5;8:>W �@8B0=VW) ('The Breeding Management System,' 2019); 
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FieldBook 4 <>1V;ь=89 70AB>AC=>: 4;O AB0=40@B87>20=>3> ?>;ь>2>3> 

71>@C D5=>B8?>28E 40=8E, O:89 V=B53@CєBьAO 7 ?;0BD>@<0<8 BMS B0 BreedBase 

(%,�, '=V25@A8B5B HB0BC �0=70A / Kansas State University).(Rife and Poland, 

2026); 

AgroFIMS 4 A8AB5<0 AB@C:BC@>20=>3> F8D@>2>3> >?8AC 03@>=><VG=8E V 

A5;5:FV9=8E 5:A?5@8<5=BV2 =0 >A=>2V AB0=40@BV2 MIAPPE V Crop Ontology 

( V6=0@>4=89 :>=A>@FVC< (Alliance of Bioversity International and CIAT, G0AB8=0 

A8AB5<8 CGIAR, 7 :;NG>28< 2=5A:>< V7 (@0=FVW). (AgroFIMS: Agricultural Field 

Information Management System, 2024.); 

PlantCV B0 ImageBreed 4 =01>@8 V=AB@C<5=BV2 4;O 02B><0B87>20=>W 

>1@>1:8 7>1@065=ь V 28A>:>?@>4C:B82=>3> D5=>B8?C20==O, I> 4>72>;ONBь 

V=B53@C20B8 40=V 7 :0<5@ V A5=A>@V2 C є48=V @>1>GV ?@>F5A8 (%,� (Donald 

Danforth Plant Science Center, '=V25@A8B5B HB0BC ":;0E><0, %,� ('=V25@A8B5B 

�>@=5;;0 / Cornell University, Boyce Thompson Institute) (PlantCV PlantCV: Open-

Source Image Analysis for Plant Phenotyping, 2024); 

DSSAT B0 APSIM 4 ?@>2V4=V <>45;V A8<C;OFVW @>ABC 9 @>728B:C 

AV;ьAь:>3>A?>40@Aь:8E :C;ьBC@, I> H8@>:> 28:>@8AB>2CNBьAO O: :><?>=5=B8 

?@548:B82=8E A5;5:FV9=8E ?;0BD>@< 4;O ?>?5@54=ь>3> >FV=N20==O @50:FVW 

35=>B8?V2 =0 20@VN20==O A5@54>28I0 (%,� (�=VFV9>20=> ?V4 53V4>N #@>є:BC 

IBSNAT, HB01-:20@B8@0 1C;0 2 '=V25@A8B5BV �020W2; 70@07 ?V4B@8<CєBьAO DSSAT 

Foundation, �2AB@0;VO (Agricultural Production Systems Research Unit 3 

APSRUCSIRO) (ImageBreed: Image-Based Phenotyping Tools, 2023); 

AlphaSimR, BGLR, BGGE 4 AB0B8AB8G=V B0 A8<C;OFV9=V R-?0:5B8 4;O 

?>1C4>28 35=><=8E ?@>3=>7=8E <>45;59, 35=5@C20==O in silico A5;5:FV9=8E 

F8:;V2 V <>45;N20==O G×E C A5;5:FV9=8E ?@>3@0<0E ( V6=0@>4=0 @>7@>1:0 

(AlphaSimR 3 �2AB@0;VO, BGLR/BGGE 3 2G5=V 7 @V7=8E CAB0=>2, 7>:@5<0 %,� B0 

 5:A8:8). (Faux, A. et al. 2016; Holzworth, D. et al., 2024). 

�=VFV0B828 F8D@>28E 42V9=8:V2 @>A;8= C <560E ?@>є:BV2 Horizon Europe B0 

Cybele 4 D>@<CNBь =>25 ?>:>;V==O A8AB5<, 740B=8E A8<C;N20B8 @>728B>: 
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D5=>B8?C 2 @V7=8E 03@>5:>;>3VG=8E AF5=0@VOE =0 >A=>2V 1030B>@V2=528E <>45;59 

@>ABC. #@>3@0<8 Horizon Europe B0 ?@>є:B Cybele є 7030;ь=>є2@>?59Aь:8<8 

V=VFV0B820<8, I> >1'є4=CNBь :>=A>@FVC<8 7 1030Bь>E :@0W=-G;5=V2 Є% (Horizon 

Europe: Digital Twins for Crops Initiative, 2023). 

(5=>B8?C20==O @>A;8= 4 F5 :><?;5:A=5 28<V@N20==O <>@D>;>3VG=8E, 

DV7V>;>3VG=8E, 1V>EV<VG=8E B0 5:>;>3VG=8E >7=0:, O:V 2V4>1@060NBь ?@>O2 

35=>B8?C 2 :>=:@5B=8E C<>20E A5@54>28I0. (5=>B8?C20==O @>A;8= C ACG0A=><C 

@>7C<V==V 3 F5 :><?;5:A=0 >FV=:0 A:;04=8E >7=0: @>A;8=, B0:8E O: @VAB, @>728B>:, 

B>;5@0=B=VABь, ABV9:VABь, 0@EVB5:BC@0, DV7V>;>3VO, 5:>;>3VO, 2@>609=VABь, 0 B0:>6 

107>25 28<V@N20==O >:@5<8E :V;ь:VA=8E ?0@0<5B@V2, O:V D>@<CNBь >A=>2C 4;O 

1V;ьH A:;04=8E >7=0: (Watt et al., 2020; Abebe et al., 2023). (5=>B8? @>A;8=8 

2:;NG0є FV A:;04=V >7=0:8, V ?@8:;040<8 WE ?@O<8E 28<V@N20;ь=8E ?0@0<5B@V2 є 

<>@D>;>3VO :>@5=V2 (Clark et al., 2011; Walter et al., 2009; Kumar et al., 2014; Flavel 

et al., 2012), 1V><0A0 (Golzarian et al., 2011; Clark et al., 2011), E0@0:B5@8AB8:8 

;8ABO (Golzarian et al., 2011; Arvidsson et al., 2011), E0@0:B5@8AB8:8 ?;>4V2 (Brewer 

et al., 2006; Monforte et al., 2013), >7=0:8, ?>2’O70=V 7 C@>609=VABN (Duan L. F. et 

al., 2011), D>B>A8=B5B8G=C 5D5:B82=VABь (Bauriegel et al., 2011), 0 B0:>6 @50:FVN 

=0 1V>B8G=89 B0 01V>B8G=89 AB@5A (Rao and Laxman, 2013; Balachandran et al., 

1997). ":@5<V 4>A;V4=8:8 =02VBь 284V;ONBь 30;C7ь =0C:8 D5=><V:C, O:0 

70157?5GCє 28A>:>?@>4C:B82=C :V;ь:VA=C >FV=:C >7=0: @>A;8= V B20@8= =0 

A8AB5<=><C @V2=V. (5=><V:0, 01> @57C;ьB0B D5=>B8?C20==O @>A;8==8E >1’є:BV2 70 

>AB0==є 45AOB8@VGGO >B@8<0;0 4>AB0B=ь> H8@>:5 70AB>AC20==O, 7>:@5<0 V C 

A5;5:FVW.  

%CG0A=0 A5;5:FVO 9 03@>1V>;>3VG=V 4>A;V465==O ?>B@51CNBь 

AB0=40@B87>20=8E, <0AHB01>20=8E B0 =04V9=8E <5B>4V2 D5=>B8?C20==O, I>1 

:>@5:B=> A?V22V4=>A8B8 D5=>B8? V7 35=>B8?>< B0 C<>20<8 28@>IC20==O 

(SpringerLink. High-Throughput Plant Phenotyping..., 2022) 

&@048FV9=V B0 ;01>@0B>@=V <5B>48 D5=>B8?C20==O, I> 28:>@8AB>2C20;8AO 

45AOB8;VBBO<8, ?5@5410G0NBь @CG=V 28<V@N20==O <>@D><5B@8G=8E ?>:07=8:V2 



42 

 

 

 

(=0?@8:;04, 28A>B0 @>A;8=8, 4>268=0 ;8AB:V2, <0A0 =0AV==O), 2V7C0;ь=C >FV=:C 

AB0=C @>A;8=, 0 B0:>6 DV7V>;>3VG=V 01> 1V>EV<VG=V 0=0;V78 (2<VAB ?V3<5=BV2, 1V;:V2, 

@50:FVO =0 AB@5A B>I>). &0:V ?V4E>48 7@CG=V 4;O >1<565=>W :V;ь:>ABV 7@07:V2 V є 

2V4=>A=> =54>@>38<8. #@>B5 2>=8 <0NBь ACBBє2V =54>;V:8: 28A>:0 

B@C4><VAB:VABь, AC1’є:B82=VABь >FV=:8, >1<565==O <0AHB01V2 4>A;V465==O B0 

=87ь:C ?@>4C:B82=VABь (Gosseau et al., 2019). 

' 2V4?>2V4ь =0 FV >1<565==O 7'O28;8AO <5B>48 D5=>B8?C20==O 2 

:>=B@>;ь>20=8E C<>20E B5?;8Fь 01> @>AB>28E :0<5@. (5=>B8?C20==O @>A;8= 

AB0;> >A=>2=8< =0?@O<>< 4>A;V465=ь C A5;5:FVW @>A;8= (Neumann et al., 2015).  

&5?;8G=5 D5=>B8?C20==O 4>72>;Oє AB0=40@B87C20B8 D0:B>@8 A5@54>28I0 

4 >A2VB;5==O, B5<?5@0BC@C, 2>;>3VABь 4 V B8< A0<8< 7<5=H8B8 7<V==VABь, 

7C<>2;5=C 7>2=VH=V<8 D0:B>@0<8. *5 40є 7<>3C ?@>AB568B8 @>728B>: @>A;8=, WE 

@50:FVW =0 C<>28 @>ABC G8 AB@5A8, 0 B0:>6 ?>@V2=N20B8 @V7=V 35=>B8?8 2 

>4=0:>28E C<>20E. �>4=>G0A B0:V C<>28 <>6CBь =5 2V4B2>@N20B8 ?>2=>N <V@>N 

?@8@>4=V 03@>5:>;>3VG=V 4 V >B65, @57C;ьB0B8 =5 702648 :>@5;NNBь 7 ?>;ь>2>N 

?@>4C:B82=VABN (Gosseau et al., 2019). 

$52>;NFVN C D5=>B8?C20==V ?@8=5A;8 28A>:>?@>4C:B82=V (high-

throughput) <5B>48, ?>є4=0=V 7 A5=A>@=8<8 B5E=>;>3VO<8 B0 >1@>1:>N 40=8E 

02B><0B87>20=8<8 A8AB5<0<8. �>:@5<0, 02B><0B87>20=V B5?;8G=V ?;0BD>@<8 V7 

:0<5@=>N D>B>79><:>N 40NBь 7<>3C @53C;O@=> DV:AC20B8 7<V=8 <>@D>;>3VW 

@>A;8= 4 7>:@5<0 28A>B8, ?;>IV =0475<=>W G0AB8=8, H284:>ABV @>ABC B>I>. &0:, 

C :;0A8G=><C 4>A;V465==V 1C;> ?@54AB02;5=> ?;03V= 4;O ImageJ, O:89 

02B><0B8G=> >1G8A;Nє B0:V ?0@0<5B@8, O: 28A>B0, H8@8=0 B0 ?@>є:B>20=0 ?;>I0 

=0475<=>W G0AB8=8 =0 >A=>2V 7>1@065=ь 7 1>:>2>3> B0 25@E=ь>3> @0:C@AC 

(Choudhury et al., 2019). &0:V ?V4E>48 7=0G=> ?V428ICNBь ?@>4C:B82=VABь 71>@C 

40=8E V 7<5=HCNBь B@C4>28B@0B8. � >AB0==V @>:8 28A>:>?@>4C:B82=V ?;0BD>@<8 

D5=>B8?C20==O 1C;8 @>73>@=CBV 2 @>AB>28E :0<5@0E 01> >@0=65@5OE (Abebe et al., 

2023; Kundu et al., 2024; Liu F. et al., 2025a). *V ?;0BD>@<8 28:>@8AB>2CNBь 

@>1>B>B5E=V:C (,0?B0;0 &  8@>=>20, 2023), B>G=89 :>=B@>;ь =02:>;8H=ь>3> 
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A5@54>28I0 B0 B5E=>;>3VW >1@>1:8 7>1@065=ь (0?0@0B=5 B0 ?@>3@0<=5 

70157?5G5==O) 4;O >FV=:8 @>ABC B0 ?@>4C:B82=>ABV @>A;8=. 

"4=0: FV ?;0BD>@<8 ?@87=0G5=V 4;O >1<565=>3> :>;0 284V2, >E>?;NNG8 

=525;8:V @>A;8=8-@>75B:8, B0:V O: 0@01V4>?A8A (Fang et al., 2016) B0 ?5@28==V 

75@=>2V :C;ьBC@8 (Jansen et al., 2009; Tardieu F. et al., 2018; Li Y. W. et al., 2021). 

!5>1EV4=> @>7@>18B8 7030;ь=V ?;0BD>@<8 B0 @VH5==O, I> 4>72>;ONBь >4=>G0A=> 

?@>2>48B8 D5=>B8?=C >FV=:C :V;ь:>E 284V2. �0@07 265 0?@>1CNBь >1;04=0==O 4;O 

4>A;V465==O 25;8:8E @>A;8=, 7>:@5<0 A>=OH=8:0 (Gosseau et al., 2019; Balliau et 

al., 2021). 

�>1@06C20;ь=V <5B>48 D5=>B8?C20==O (imaging phenotyping) Aь>3>4=V є 

>4=8<8 7 =09?>BC6=VH8E V =09C=V25@A0;ь=VH8E. ' <560E F8E <5B>4V2 

28:>@8AB>2CNBь @V7=V B5E=>;>3VW: RGB :0<5@8, <C;ьB8A?5:B@0;ь=C 9 

3V?5@A?5:B@0;ь=C 79><:C, B5?;>25 (V=D@0G5@2>=5) 7>1@065==O, D;C>@5AF5=B=C 

2V7C0;V70FVN, B@828<V@=5 3D-A:0=C20==O, 0 B0:>6 B><>3@0DVG=V <5B>48 (MRT, 

PET, CT) 4;O 45B0;ь=8E AB@C:BC@=8E V DC=:FV>=0;ь=8E 4>A;V465=ь (Li L. et al., 

2014; Iyer-Pascuzzi et al., 2010). �0 4>?><>3>N F8E B5E=>;>3V9 <>6=0 >FV=N20B8 

O: <>@D>;>3VN (D>@<0, >1’є<, AB@C:BC@0), B0: V DV7V>;>3VG=89 AB0= 4 =0?@8:;04, 

AB0BCA 2>4=>3> >1<V=C, D>B>A8=B5B8G=C 0:B82=VABь, 2V4?>2V4ь =0 AB@5A, 

70E2>@N20==O B>I> (Li L.et al., 2014; Iyer-Pascuzzi et al., 2010). 

%5=A>@=V B0 @>1>B87>20=V A8AB5<8 4;O ?>;ь>2>3> D5=>B8?C20==O 

2V4:@820NBь =>2V <>6;82>ABV 4;O <0AHB01=8E 4>A;V465=ь C @50;ь=8E 

03@>5:>A8AB5<0E. �3V4=> 7 >AB0==V< >3;O4><, 02B>=><=V =075<=V @>1>B8 V <>1V;ь=V 

?;0BD>@<8 <>6CBь 5D5:B82=> 718@0B8 D5=>B8?VG=V 40=V =0 25;8:8E ?;>I0E, 

28<V@NNG8 ?0@0<5B@8, O:V @0=VH5 1C;> 206:> 01> =5<>6;82> >FV=8B8 2@CG=C 4 

=0?@8:;04, 4@V1=><0AHB01=V <>@D><5B@8G=V ?>:07=8:8, 48=0<V:C @>ABC, 

AB@C:BC@C @>A;8=8, 0 B0:>6 2V4?>2V4V =0 7<V==V C<>28 A5@54>28I0 (Shi et al., 

2025). !>2V A8AB5<8 @>1;OBь D5=>B8?C20==O 1V;ьH >1’є:B82=8<, <5=H 70;56=8< 

2V4 ;N4Aь:>3> D0:B>@0, V 40NBь 7<>3C >E>?8B8 25;8:V 35=5B8G=V ?>?C;OFVW. &0: 

AB2>@5=> 02B><0B87>20=V B5?;8G=V A8AB5<8 4;O 28A>:>?@>4C:B82=>3> 
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D5=>B8?C20==O @>A;8= (Hartmann et al., 2011), ?@8AB@V9 B0 B5E=>;>3VO ?> 

02B><0B870FVW >1@>1:8 A5;5:FV9=>3> <0B5@V0;C @8AC (Duan L. F. et al., 2011), <5B>4 

4;O 282G5==O ?>:07=8:V2 :>@5=52>W A8AB5<8 70A=>20=89 =0 0=0;V7V 7<VI5==O 

G0AB8=>: �@C=BC (Bao et al., 2018). !091V;ьH5 70 F5 45AOB8@VGGO ?@0FN20;8 7 

D5=>B8?>< :>@5=V2, >A:V;ь:8 4> Fь>3> =0C:>2FO< <>@D><5B@VO :>@5=O 1C;0 

?@0:B8G=> =5 4>ABC?=>N. �C;8 ?@>2545=V B0 @>7@>1;5=V <5B>48:8 7 

D5=>B8?C20==O :>@5=V2 7 70;CG5==O< 7>1@065=ь :>@5=52>W A8AB5<8 >B@8<0=8E 70 

4>?><>3>N E28;ь @V7=>W 4>268=8 B0 42> V B@828<V@=8E 7>1@065=ь (Iyer-Pascuzzi 

et al., 2010; Clark et al., 2011), AB2>@5=V ?;0BD>@<8 4;O 0=0;V7C F8E 7>1@065=ь 

(Yazdanbakhsh and Fisahn, 2009).  

!5>1@>1;5=V 40=V 7>1@065=ь <>6=0 >1@>1;OB8 @V7=8<8 A?>A>10<8, V 70 

>AB0==V :V;ь:0 @>:V2 28:>@8AB>2CNBь 420 >A=>2=V ?V4E>48: 2D->1@>1:0 7>1@065=ь 

V 0;3>@8B<8 >1@>1:8 3D-AVB:8. !0 :C;ьBC@V 102>2=8:C 1C;> 2?5@H5 @>7@>1;5=> 

70?@>?>=>20=> <5B>4 3D @5:>=AB@C:FVW (Paproki et al., 2012). #>BV< 

70?@>?>=>20=V A?>A>18 24>A:>=0;5=> 4;O >B@8<0==O 28A>:>?@>4C:B82=8E 

?0@0<5B@V2 E0@0:B5@8AB8: 0@EVB5:BC@8 @>A;8= (Fang et al., 2016). 

� A2VB>2V9 A5;5:FVW B5E=>;>3VW D5=>B8?C20==O 7 70;CG5==O< ?@>3@0<=>W 

>1@>1:8 V=D>@<0FVW 28:>@8AB0=> 2 42>E =0?@O<:0E: 282G5==O 0:B82=>ABV 

D>B>A8=B57C 3 =0:>?8G5==O >@30=VG=>W @5G>28=8 B0 282G5==O ?>ACE>ABV9:>ABV. *V 

420 ?@>F5A8 270є<>?>2’O70=V. #8B0==O A5;5:FVW 28@VHC20;8 9<>2V@=VA=8< 

H;OE>< >FV=:8 :>@8ABV B0 @878:C :>6=>W :><1V=0FVW 0;5;V2 ?VA;O >FV=:8 

7>1@065=ь B0 2@>609=>ABV 4>A;V4=8E 4V;O=>: =0 A>=OH=8:C (Tardieu F. et al., 

2018). 

�5;8:V >1AO38 V=D>@<0FVW ?>@>46CNBь ?@>1;5<8 >?B8<V70FVW V 715@565==O, 

O:V @>73;O40NBьAO 2 =0C:>28E 4>A;V465==OE 7 @V7=8E B>G>: 7>@C (Kayad et al., 

2022). 

� ACG0A=><C 0=0;V7V 7>1@065=ь 28:>@8AB>2CNBь 25;8:5 @V7=><0=VBBO 

0;3>@8B<V2, 7>:@5<0: 0;3>@8B<8 7 0=0;V7C E<0@8 B>G>: (Wang Y. S. et al., 2019), 
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<5B>4 3VAB>3@0<8 (Pattanaik and Swarnkar, 2018), ;>:0;ь=>W 48A:@8<V=0=B=>W 

?@>5:FVW (MLDP) (Zhang S. W. et al., 2020).  

$57C;ьB0B8 7 D5=>B8?C20==O 7=V<:V2 B0 V=D>@<0FV9 7 107 40=8E V=H8E 

D0:B>@V2 B0 ?>4V9 28:>@8AB>2CєBьAO 4;O AB2>@5==O <>45;59, B0 ?@>3=>7V2 7 

@>728B:C ?>4V9. �;O ?@>AB>@>2>-G0A>2>3> <>45;N20==O @>7@>1;ONBь 

A5@54>28I0 70 4>?><>3>N <>28 ?>3@0<C20==O Python (Stoma et al., 2011; Hennig 

et al., 2017). �;O @>1>B8 7 <V:@> >1’є:B0<8 3 :;VB8=0<8 AB2>@5=> V=AB@C<5=B 

CellProfiler 4;O @>7?V7=0==O >:@5<8E :;VB8= B0 ?>40;ьH>3> <0H8==>3> =02G0==O 

(Dordea et al., 2016; Macedo and Cunha, 2016), <5B>4 287=0G5==O :>=F5=B@0FVW 

=C:;5W=>28E :8A;>B C 7@07:C H;OE>< ?>4V;C 9>3> =0 :@0?;V 7 =5@V2=><V@=8< 

@>7?>4V;>< 70 >1’є<>< (Yen et al., 2019), 70;CG5==O 1V;ьH>W :V;ь:>ABV 4V0?07>=V2 

E28;ь B0 79><:C 7 :V;ь:>E @0:C@AV2 (AB5@5>79><:C) (Zhang P. et al., 2014). 

�;O :V;ь:VA=>W >FV=:8 A:;04=8E >7=0: ?>2’O70=8E 7 @>AB><, 2@>609=VABN B0 

?@8AB>AC20==O< 4> AB@5AC V 4;O D5=>B8?C20==O @>A;8= C :>=B@>;ь>20=8E 

5:>;>3VG=8E A8AB5<0E (C @>AB>28E :0<5@0E 01> 2 B5?;8FV) 01> 2 ?>;ь>28E C<>20E 

(Arvidsson et al., 2011; White et al., 2012; Walter et al., 2012; Berger et al., 2010; 

Yagaliyeva et al., 2025) 28:>@8AB>2CNBь <5B>48 2V7C0;V70FVW. %CG0A=V <5B>48 

2V7C0;V70FVW <0NBь 28A>:C @>74V;ь=C 740B=VABь V 4>72>;ONBь 2V7C0;V7C20B8 

1030B>28<V@=V B0 1030B>?0@0<5B@8G=V 40=V.  5B0 2V7C0;V70FVW 4 :V;ь:VA=> 

28<V@OB8 D5=>B8? G5@57 270є<>4VN <V6 A2VB;>< V @>A;8=0<8, =0?@8:;04, 2V418BV 

D>B>=8, ?>3;8=5=V D>B>=8 01> D>B>=8, I> ?@>E>4OBь. �>1@065==O =0 @V7=8E 

4>268=0E E28;ь 28:>@8AB>2CєBьAO 4;O @V7=8E 0A?5:BV2 D5=>B8?C20==O @>A;8=. 

�848<5 7>1@065==O 2 >A=>2=><C 28:>@8AB>2CєBьAO 4;O 28<V@N20==O 0A?5:BV2 

0@EVB5:BC@8 @>A;8=, B0:8E O: ?@>3=>7>20=0 1V><0A0 =0 >A=>2V 7>1@065=ь, ?;>I0 

;8ABO, :>;V@, 48=0<V:0 @>ABC, A8;0 @>7A048, <>@D>;>3VO =0AV==O, 0@EVB5:BC@0 

:>@5=V2, >FV=:0 BO6:>ABV 70E2>@N20=ь ;8ABO, 2@>609=VABь, :V;ь:VABь V @>7?>4V; 

?;>4V2. (;C>@5AF5=B=5 7>1@065==O 28:>@8AB>2C20;>AO 4;O 28O2;5==O 

70E2>@N20=ь ?@8 35=5B8G=V9 ABV9:>ABV 4> 70E2>@N20=ь. 
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' :>=B@>;ь>20=><C A5@54>28IV (C @>AB>2V9 :0<5@V 01> 2 B5?;8FV) 2848<5 

7>1@065==O 28:>@8AB>2C20;>AO 2 ?5@HC G5@3C 4;O 0=0;V7C 1V><0A8 ?03>=V2 

(Golzarian et al., 2011; Arvidsson et al., 2011), >7=0: 2@>609=>ABV (Lingfeng Duan et 

al., 2011), >7=0: 2>;>BV (Ikeda et al., 2010), H284:>ABV 218@0==O B0 ?@>@>AB0==O 

(Dias et al., 2011), <>@D>;>3VO ;8AB:V2 (Hoyos0Villegas et al., 2014), A8;0 
?@>@>AB:V2 (Fiorani and Schurr, 2013; Walter et al., 2012), 4>268=0 :>;5>?B8;V B0 

1V><0A0 2 AB04VW 28@>AB0==O (Richards et al., 2010), <>@D>;>3VO =0AV==O (Joosen et 

al., 2012; Chern et al., 2007) B0 AB@C:BC@0 :>@5 *O A8AB5<0 28:>@8AB>2C20;0 :V;ь:0 

:CBV2 >3;O4C (70728G09 420 2848 71>:C B0 284 725@EC) 4;O 28;CG5==O a 

<0B5<0B8G=5 A?V22V4=>H5==O <V6 F8<8 B@ь><0 2848<8<8 7>1@065==O<8 4;O 

1V><0A8 ?03>=0 01> ?;>IV ;8ABO.  

#V4 G0A 28:>@8AB0==O 2848<>3> 7>1@065==O 28BO3C 7 48=0<V:8 <>@D>;>3VW 

@>ABC @>A;8=, :>@5=528E A8AB5< 01> >A>1;82>AB59 ?>25@E=V =0AV==O 

28:>@8AB>2CєBьAO A5@VO AB0=40@B=8E 0;3>@8B<V2 ?>?5@54=ь>W >1@>1:8 B0 

A53<5=B0FVW 0=0;V7C 7>1@065=ь, B0:8E O: 0;3>@8B< 2>4>4V;C, <5B>4 A53<5=B0FVW 

:>;ь>@V2 =0 >A=>2V ?@>AB>@C RGB, <>45;ь A53<5=B0FVW 7>1@065==O (Chern et al., 

2007).  

"B65, ACG0A=5 D5=>B8?C20==O ?>є4=Cє :;0A8G=V <5B>48 7 =>2VB=V<8 

A5=A>@=8<8, 7>1@06C20;ь=8<8 B0 02B><0B87>20=8<8 B5E=>;>3VO<8 4 2V4 

;01>@0B>@=>3> B0 B5?;8G=>3> 4> ?>;ь>2>3> 9 @>1>B87>20=>3> (�V;:0 B0 V=., 2025). 

&0:89 ?V4EV4 40є <>6;82VABь <0AHB01=8E, >1’є:B82=8E, ?>2B>@N20=8E V 

45B0;ь=8E 4>A;V465=ь D5=>B8?V2, I> :@8B8G=> 206;82> 4;O A5;5:FVW, 282G5==O 

040?B0FVW, ABV9:>ABV 4> AB@5AV2, 0 B0:>6 DC=40<5=B0;ь=8E 4>A;V465=ь C @>A;8==V9 

1V>;>3VW (Watt et al., 2020). 

�0;V1@C20==O V 20;V40FVO 28<V@N20=ь є :@8B8G=> 206;828<8 4;O 

70157?5G5==O B>G=>ABV B0 2V4B2>@N20=>ABV D5=>B8?VG=8E 40=8E. �0;V1@C20==O 

?5@5410G0є @53C;O@=C ?5@52V@:C B0 =0;0HBC20==O A5=A>@V2, :0<5@, 203, ;V=V9>: B0 

V=H8E V=AB@C<5=BV2, I>1 WE ?>:07=8:8 2V4?>2V40;8 2V4><8< AB0=40@B0< 01> 

5B0;>=0<. !0?@8:;04, D>B><5B@8G=V A5=A>@8 :0;V1@CNBь 70 4>?><>3>N 
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AB0=40@B=8E A?5:B@0;ь=8E 5B0;>=V2, 0 A8AB5<8 3D-A:0=C20==O 4 70 4>?><>3>N 

:0;V1@C20;ь=8E <VH5=59 7 2V4><8<8 35><5B@8G=8<8 ?0@0<5B@0<8 (Dumschott et 

al., 2023; Papoutsoglou, 2021). 

�0;V40FVO 28<V@N20=ь ?5@5410G0є ?5@52V@:C >B@8<0=8E 40=8E H;OE>< 

?>@V2=O==O 7 :>=B@>;ь=8<8 <5B>40<8 01> =570;56=8<8 28<V@N20==O<8. *5 

<>65 2:;NG0B8 @CG=C ?5@52V@:C <>@D><5B@8G=8E ?0@0<5B@V2 =0 =525;8:V9 

?V43@C?V @>A;8=, ?>2B>@=V 28<V@N20==O 2 @V7=8E C<>20E, 01> ?>@V2=O==O 

@57C;ьB0BV2 @V7=8E A5=A>@=8E A8AB5< (Cook et al., 2020). �0;V40FVO 4>72>;Oє 

>FV=8B8 B>G=VABь, ?>2B>@N20=VABь B0 GCB;82VABь <5B>4V2 D5=>B8?C20==O V 

287=0G8B8 4V0?07>= WE =04V9=>ABV. 

(5=>B8?VG=V 28<V@N20==O ?V440NBьAO @V7=><0=VB=8< 465@5;0< 

20@V015;ь=>ABV, O:V <>6CBь 2?;820B8 =0 B>G=VABь B0 2V4B2>@N20=VABь 40=8E: 

1V>;>3VG=0 20@V015;ь=VABь (2V4<V==>ABV <V6 35=>B8?0<8, @>728B>: @>A;8= =0 

@V7=8E 5B0?0E 2535B0FVW, 2?;82 <V:@>5:>;>3VG=8E C<>2), 5:>;>3VG=0 

20@V015;ь=VABь (7<V=8 B5<?5@0BC@8, 2>;>3>ABV, >A2VB;5==O, A:;04C �@C=BC, 

?@8ACB=VABь H:V4=8:V2 01> A8<1V>BV2), B5E=VG=V ?><8;:8 (?>E81:8 A5=A>@V2, 

:0<5@, 203, =5V450;ь=0 A53<5=B0FVO 7>1@065=ь, HC< C A83=0;C), <5B>4>;>3VG=V 

465@5;0 (@V7=0 ?V43>B>2:0 @>A;8=, =5AB0=40@B=V ?@>B>:>;8, ?><8;:8 ?@8 

22545==V 40=8E 01> WE >1@>1FV), 0 B0:>6 AC1’є:B82=VABь >FV=:8, I> 28=8:0є ?@8 

@CG=><C D5=>B8?C20==V (Li J.J. et al., 2025; Gaggion et al., 2025; Wang R.F. et al., 

2025). �@0EC20==O F8E 465@5; 20@V015;ь=>ABV B0 WE :>=B@>;ь G5@57 ?>2B>@N20=V 

28<V@N20==O, AB0=40@B87>20=V ?@>B>:>;8 B0 AB0B8AB8G=C >1@>1:C 4>72>;Oє 

?V428I8B8 O:VABь 40=8E B0 4>AB>2V@=VABь @57C;ьB0BV2 (Zhang Y and Zhang, 2018). 

%B0=40@B870FVO >?8AC D5=>B8?V2 70157?5GCє WE V=B5@>?5@015;ь=VABь B0 

?>@V2=O==VABь <V6 4>A;V465==O<8. "A=>2=V ?V4E>48 2:;NG0NBь D>@<0;ь=V 

>=B>;>3VW Crop Ontology (CO), Plant Trait Ontology (TO), Phenotype And Trait 

Ontology (PATO) B0 Environment Ontology (ENVO) (Abebe et al., 2023; Clarke et 

al., 2023), I> C=VDV:CNBь B5@<V=8 B0 287=0G5==O >7=0:, 0 B0:>6 45B0;ь=C 

V=D>@<0FVN ?@> <5B>48 28<V@N20=ь, C<>28 @>ABC, 35=>B8?8, A5=A>@=5 
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>1;04=0==O B0 ?0@0<5B@8 >1@>1:8 40=8E. �8:>@8AB0==O AB@C:BC@>20=8E D09;V2 

(CSV, JSON, ISA Tab) 70157?5GCє V=B53@0FVN D5=>B8?>28E, 35=>B8?>28E B0 

5:>;>3VG=8E 40=8E (Cadle-Davidson et al., 2019). 

�;O AB2>@5==O F8D@>28E <>45;59 @>A;8= V V=B53@0FVW D5=>B8?>28E, 

35=>B8?>28E B0 5:>;>3VG=8E 40=8E C AV;ьAь:><C 3>A?>40@AB2V 70AB>A>2CNBьAO 

@V7=V A?5FV0;V7>20=V >=B>;>3VW. �>=8 70157?5GCNBь AB0=40@B87>20=5 

?@54AB02;5==O 7=0=ь, I> 4>72>;Oє 5D5:B82=> >1<V=N20B8AO 40=8<8, V=B53@C20B8 

@V7=V 465@5;0 B0 ?@>2>48B8 A5<0=B8G=89 0=0;V7. 

"=B>;>3VO Crop Ontology =040є AB0=40@B87>20=V B5@<V=8 4;O 03@>=><VG=8E 

E0@0:B5@8AB8: :C;ьBC@=8E @>A;8= (Crop Ontology https://cropontology.org/). �>=0 

2:;NG0є 40=V ?@> <>@D>;>3VG=V B0 DV7V>;>3VG=V >7=0:8 @>A;8=; ?>:07=8:8 

?@>4C:B82=>ABV B0 O:>ABV 2@>60N; <5B>48 >FV=:8 D5=>B8?C. Crop Ontology 

4>72>;Oє V=B53@C20B8 D5=>B8?>2V 40=V 7 @V7=8E 465@5; V ?V4B@8<Cє AC<VA=VABь <V6 

1070<8 40=8E C <V6=0@>4=8E A5;5:FV9=8E ?@>3@0<0E. 

Environment Ontology (ENVO) 4 >=B>;>3VO 4;O >?8AC 5:>;>3VG=8E B0 

A5@54>28I=8E C<>2, I> 2?;820NBь =0 @VAB V @>728B>: @>A;8= (The Environment 

Ontology 2020). ENVO 2:;NG0є B8?8 A5@54>28I (?>;5, B5?;8FO, ;01>@0B>@=V 

C<>28); :;V<0B8G=V B0 �@C=B>2V E0@0:B5@8AB8:8; 0=B@>?>35==V 2?;828. ENVO 

4>72>;Oє V=B53@C20B8 A5@54>28I=V D0:B>@8 7 D5=>B8?>28<8 40=8<8, I> є 

:@8B8G=> 206;828< 4;O 0=0;V7C 2?;82C 35=>B8? × A5@54>28I5. (Buttigieg P.L. et 

al., 2016). 

Plant Trait Ontology (TO) 4 >=B>;>3VO 4;O >?8AC >7=0: @>A;8=, 2:;NG=> 7 

<>@D>;>3VG=8<8, DV7V>;>3VG=8<8 B0 1V>EV<VG=8<8 E0@0:B5@8AB8:0<8 (Plant Trait 

Ontology https://obofoundry.org/ontology/to.html). �0157?5GCє AB0=40@B87>20=C 

B5@<V=>;>3VN 4;O A5;5:FV9=8E B0 D5=>B8?>28E 4>A;V465=ь. �8:>@8AB>2CєBьAO 

4;O C73>465==O 40=8E <V6 @V7=8<8 :C;ьBC@0<8 B0 5:A?5@8<5=B0<8. 

Phenotype And Trait Ontology (PATO) 4 >=B>;>3VO 4;O D>@<0;V70FVW 

D5=>B8?>28E >7=0: B0 WE 7=0G5=ь, I> <>65 70AB>A>2C20B8AO 4> 1C4ь-O:8E 

1V>;>3VG=8E >@30=V7<V2. �87=0G0є O:VA=V B0 :V;ь:VA=V D5=>B8?>2V 0B@81CB8 
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(Phenotype And Trait Ontology https://obofoundry.org/ontology/pato.html). 

#V4B@8<Cє V=B53@0FVN 40=8E <V6 Plant Trait Ontology B0 V=H8<8 @5AC@A0<8. 

�8:>@8AB>2CєBьAO 4;O 02B><0B8G=>3> 0=0;V7C D5=>B8?V2 C F8D@>28E <>45;OE. 

�>B@8<0==O <V6=0@>4=8E ?@8=F8?V2 FAIR A?@8Oє 2V4B2>@N20=>ABV 

@57C;ьB0BV2, ?V428ICє B>G=VABь ?@>3=>7V2 D5=>B8?C B0 4>72>;Oє <>45;N20B8 

A:;04=V 270є<>4VW «35=>B8? 3 A5@54>28I5» (G×E), I> є :;NG>28< 4;O ACG0A=>W 

A5;5:FVW (Cadle-Davidson et al., 2019; Zhang Y and Zhang, 2018). �0157?5G5==O 

B>3>, I> 40=V <>6=0 7=09B8, ?5@5410G0є =0O2=VABь C=V:0;ь=8E V45=B8DV:0B>@V2 

(DOI, URI), AB0=40@B87>20=8E =072 ACB=>AB59 B0 AB@C:BC@>20=8E <5B040=8E, O:V 

>?8ACNBь C<>28 5:A?5@8<5=BC, 35=5B8G=89 <0B5@V0;, A5=A>@=V ?;0BD>@<8, 

?0@0<5B@8 :0;V1@C20==O >1;04=0==O B0 <5B>48 >1@>1:8 40=8E (Wilkinson et al., 

2016). �>ABC?=VABь 40=8E @50;V7CєBьAO G5@57 2V4:@8BV 01> :>=B@>;ь>20=V 

@5?>78B>@VW, I> ?V4B@8<CNBь <0H8==>-G8B0=V ?@>B>:>;8 4>ABC?C (=0?@8:;04, 

OAI-PMH, HTTPS API) B0 287=0G0NBь ?@028;0 ?@02><V@=>3> 28:>@8AB0==O 

V=D>@<0FVW. �=B5@>?5@015;ь=VABь 70157?5GCєBьAO 70AB>AC20==O< 

AB0=40@B87>20=8E D>@<0BV2 (CSV, JSON-LD, ISA-Tab), >=B>;>3V9 B0 

:>=B@>;ь>20=8E A;>2=8:V2 (CO, TO, PATO, ENVO), O:V 4>72>;ONBь V=B53@C20B8 

D5=>B8?>2V, 35=>B8?>2V B0 5:>;>3VG=V 40=V 7 @V7=8E 4>A;V4=8Fь:8E ?;0BD>@<. 

#@840B=VABь 4> ?>2B>@=>3> 28:>@8AB0==O 30@0=BCєBьAO =0O2=VABN 4>:;04=8E 

?@>B>:>;V2 28<V@N20=ь, >?8AV2 A5=A>@=8E A8AB5<, V=D>@<0FVW ?@> ?>E81:8 B0 

:0;V1@C20==O, ;VF5=7V9=8E C<>2, 0 B0:>6 4>:C<5=B0FVW I>4> ?>?5@54=ь>W 

>1@>1:8, DV;ьB@0FVW B0 B@0=AD>@<0FVW 40=8E. 

' :>=B5:ABV <>45;N20==O G×E ?@8=F8?8 FAIR є :@8B8G=> 206;828<8, 

>A:V;ь:8 70157?5GCNBь <>6;82VABь ?>є4=0==O 40=8E @V7=8E <0AHB01V2 4 2V4 

28A>:>G0AB>B=8E A5=A>@=8E ?>B>:V2 4> ?>;ь>28E 72VBV2 V 1030B>@VG=8E 107 

A?>AB5@565=ь. %B0=40@B87>20=V B0 4>1@5 >?8A0=V 40=V 4>72>;ONBь 

28:>@8AB>2C20B8 ACG0A=V AB0B8AB8G=V B0 <0H8==V <>45;V, 2:;NG=> 7 

1030B>@V2=528<8, ?@>AB>@>2>-G0A>28<8 B0 =59@><5@56528<8 ?V4E>40<8, I> 

?>B@51CNBь 25;8:>W :V;ь:>ABV O:VA=8E V AB@C:BC@>20=8E 40=8E. &0:8< G8=><, 
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2?@>20465==O FAIR-?@8=F8?V2 =5 ;8H5 ?V4A8;Nє O:VABь D5=>B8?VG=8E 40=8E, 

0;5 9 D>@<Cє >A=>2C 4;O ?>1C4>28 =0FV>=0;ь=8E B0 <V6=0@>4=8E F8D@>28E 

V=D@0AB@C:BC@ A5;5:FVW, >@Vє=B>20=8E =0 2V4B2>@N20=VABь, <0AHB01>20=VABь B0 

4>23>AB@>:>25 715@565==O =0C:>2>3> 7=0==O. ' 30;C7V 1V>;>3VW B0 03@0@=8E =0C: 

<>45;V 28:>@8AB>2CNBьAO 4;O :V;ь:VA=>3> >?8AC DV7V>;>3>-1V>EV<VG=8E ?@>F5AV2, 

<>@D>;>3VG=8E E0@0:B5@8AB8: @>A;8=, 0 B0:>6 4;O 0=0;V7C 270є<>4VW 7 

01V>B8G=8<8 B0 1V>B8G=8<8 D0:B>@0<8 A5@54>28I0.  

#5@5EV4 4> F8D@>28E V ?@548:B82=8E A5;5:FV9=8E ?;0BD>@< є 

287=0G0;ь=8< B@5=4>< ACG0A=>W 03@0@=>W =0C:8, >A:V;ь:8 B0:V A8AB5<8 

70157?5GCNBь V=B53@0FVN 35=>B8?>28E, D5=>B8?>28E V 5:>;>3VG=8E 40=8E C 

є48=><C F8D@>2><C A5@54>28IV. *V ?;0BD>@<8 4>72>;ONBь <>45;N20B8 3V1@84=V 

:><1V=0FVW, ?@>3=>7C20B8 WE=N @50:FVN C @V7=8E C<>20E 28@>IC20==O, 

70AB>A>2C20B8 0;3>@8B<8 <0H8==>3> =02G0==O 4;O 2V41>@C ?5@A?5:B82=8E ;V=V9, 

0 B0:>6 >?B8<V7C20B8 A5;5:FV9=V AE5<8. %5@54 =091V;ьH 2V4><8E ?;0BD>@< Fь>3> 

:;0AC 4 BreedBase, Breeding Management System (BMS), FieldBook, AgroFIMS, 0 

B0:>6 <>45;N20;ь=V A8AB5<8 DSSAT V APSIM, V=AB@C<5=B8 :><?’NB5@=>3> 

D5=>B8?C20==O PlantCV, ImageBreed, PHIS B0 A8AB5<8 35=><=>3> ?@>3=>7C20==O 

AlphaSimR, BGLR, BGGE. 

�;O A5;5:FVW A>=OH=8:C FV ?;0BD>@<8 2V4:@820NBь =>2V <>6;82>ABV C 

AB0=40@B87>20=><C 718@0==V D5=>B8?>28E 40=8E I>4> :;NG>28E >7=0: 4 

C@>609=>ABV, B>;5@0=B=>ABV 4> ?>ACE8, ABV9:>ABV 4> E2>@>1 (7>:@5<0 Phoma 

macdonaldii, Alternaria spp., Sclerotinia sclerotiorum), E0@0:B5@8AB8: :>H8:0, 

V=45:AC ?;>IV ;8ABO B0 ?@>DV;N 68@=8E :8A;>B >;VW. �=B53@0FVO >=B>;>3VG=8E 

AB0=40@BV2 G5@57 Crop Ontology 4>72>;Oє D>@<C20B8 D>@<0;V7>20=V D5=>B8?>2V 

=01>@8 40=8E, AC<VA=V <V6 ;>:0FVO<8 B0 @>:0<8 28?@>1C20=ь, I> >A>1;82> 

206;82> 4;O 1030B>@VG=8E ?@>3@0< AB2>@5==O =>28E 3V1@84V2 A>=OH=8:C. 

�8:>@8AB0==O A8AB5< 28A>:>?@>4C:B82=>3> D5=>B8?C20==O, B0:8E O: 

PlantCV, ImageBreed, PHIS, 70157?5GCє 02B><0B87>20=5 28<V@N20==O 

<>@D><5B@8G=8E, AB@C:BC@=8E B0 A?5:B@0;ь=8E ?0@0<5B@V2 @>A;8= A>=OH=8:C. 
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#>є4=0==O 0=0;V7C 7>1@065=ь 7 �#�� B0 <C;ьB8A?5:B@0;ь=>N 79><:>N 4>72>;Oє 

>B@8<C20B8 25;8:V <0A828 40=8E ?@> @>728B>: @>A;8=, WE ?@>AB>@>2C 

=5>4=>@V4=VABь, D>B>A8=B5B8G=C 0:B82=VABь V ?@8E>20=V AB@5A>2V @50:FVW. *5 

>A>1;82> 206;82> 4;O A>=OH=8:C O: :C;ьBC@8 7 28A>:>N 5:>;>3VG=>N 

?;0AB8G=VABN. 

 >45;V @>728B:C @>A;8= DSSAT V APSIM 70157?5GCNBь <>6;82VABь >FV=:8 

?>254V=:8 3V1@84V2 A>=OH=8:C 2 H8@>:><C A?5:B@V 03@>5:>;>3VG=8E C<>2 I5 4> 

?@>2545==O ?>;ь>28E 28?@>1C20=ь (Awais et al., 2020). &0:V <>45;V 4>72>;ONBь 

?@>3=>7C20B8 C@>609=VABь, @50:FVN =0 ?>ACEC, B5?;>289 AB@5A, @V7=V @568<8 

C4>1@5==O B0 AB@>:8 AV218, I> :@8B8G=> 206;82> 4;O ':@0W=8, 45 A?>AB5@V30єBьAO 

7@>AB0==O :;V<0B8G=8E @878:V2 C %B5?>2V9 B0 �VA>AB5?>2V9 7>=0E. 

�=AB@C<5=B8 35=><=>3> ?@>3=>7C20==O 4 AlphaSimR, BGLR, BGGE 4 

4>72>;ONBь <>45;N20B8 5D5:B 35B5@>78AC, ?@>3=>7C20B8 ?@>4C:B82=VABь 

3V1@84V2 V 0=0;V7C20B8 @50:FVN 35=>B8?V2 =0 @V7=V A5@54>28I0 (G×E). �;O 

A>=OH=8:C, O: :;0A8G=>W 3V1@84=>W :C;ьBC@8, F5 AB2>@Nє <>6;82VABь 7=0G=> 

?@8A:>@8B8 F8:; AB2>@5==O ;V=V9 V 3V1@84V2, ?@>2>4OG8 G0AB8=C >FV=N20==O in 

silico (Bancic et al., 2025). 

#5@A?5:B82=8< =0?@O<>< є @>728B>: :>=F5?FVW F8D@>28E 42V9=8:V2 

@>A;8=, O:V V=B53@CNBь DV7V>;>3VG=V, 35=5B8G=V B0 5:>;>3VG=V <>45;V. �;O 

A>=OH=8:C B0:V 42V9=8:8 <>6CBь A8<C;N20B8 @>728B>: @>A;8= 70 @V7=8E 

B5E=>;>3V9 28@>IC20==O, 3CAB>B8 AB>O==O, 2>4=>3> 70157?5G5==O B0 C4>1@5==O, 

I> 4>72>;Oє 7<5=H8B8 ?>B@51C C 25;8:8E ?>;ь>28E 28?@>1C20==OE. (Villalobos, 

F.J., Ritchie, J.T., 2023). 

$>73;O=5<> <>6;82>ABV F8D@>28E V ?@548:B82=8E ?;0BD>@< 4;O 

A>=OH=8:C  

%5;5:FVO A>=OH=8:0, O: >4=VєW 7 >A=>2=8E >;V9=8E :C;ьBC@ A2VBC, <0є 

AB@0B53VG=5 7=0G5==O 4;O ?@>4>2>;ьG>W 157?5:8 B0 AB0;>3> 75<;5@>1AB20, 

72060NG8 =0 9>3> @>;ь C D>@<C20==V AV2>7<V= B0 040?B82=89 ?>B5=FV0; C @V7=8E 

03@>:;V<0B8G=8E C<>20E. #>A8;5==O 28<>3 4> 2@>609=>ABV, 040?B82=>ABV B0 
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1V>B8G=>W ABV9:>ABV A>@BV2 V 3V1@84V2 7C<>2;Nє =5>1EV4=VABь V=B53@0FVW ACG0A=8E 

B5E=>;>3VG=8E ?V4E>4V2 C A5;5:FV9=89 ?@>F5A. *8D@>2V A5;5:FV9=V ?;0BD>@<8 

2V4:@820NBь =>2V <>6;82>ABV 4;O 24>A:>=0;5==O A5;5:FV9=8E ?@>3@0< 

A>=OH=8:C, 70157?5GCNG8 AB0=40@B87>20=5 718@0==O, V=B53@0FVN B0 0=0;V7 

1030B>@V2=528E 40=8E ?@> 35=>B8?8, D5=>B8?8 B0 C<>28 28@>IC20==O. 

�8:>@8AB0==O BreedBase, BMS, FieldBook B0 AgroFIMS 40є 7<>3C D>@<C20B8 

AB@C:BC@>20=V D5=>B8?>2V 1078 40=8E 4;O :;NG>28E >7=0: A>=OH=8:C 4 

?@>4C:B82=>ABV, ABV9:>ABV ?@>B8 1V>B8G=8E AB@5AV2 (Phoma macdonaldii, Alternaria 

spp., Sclerotinia sclerotiorum), 0 B0:>6 ?>:07=8:V2 O:>ABV >;VW (Connor and Sadras, 

1992; Velasco et al., 2016). %B0=40@B870FVO >7=0: G5@57 Crop Ontology 70157?5GCє 

<>6;82VABь ?>@V2=N20B8 @57C;ьB0B8 <V6 @>:0<8, ;>:0FVO<8 9 ?0@B=5@0<8, I> є 

:@8B8G=> 206;828< 4;O 1030B>@VG=8E ?@>3@0< A5;5:FVW A>=OH=8:C (Menda et al., 

2025). 

�8A>:>?@>4C:B82=5 D5=>B8?C20==O 70 4>?><>3>N PlantCV, ImageBreed B0 

PHIS AB2>@Nє =>2C O:VABь C 28<V@N20==V <>@D><5B@8G=8E E0@0:B5@8AB8: 

A>=OH=8:C, 2:;NG=> 7 B@820;VABN D07 >@30=>35=57C, ?0@0<5B@0<8 ;8AB:>2>W 

?>25@E=V, AB@C:BC@>N B0 4V0<5B@>< :>H8:0, IV;ь=VABN B0 >4=>@V4=VABN =0AV==O. 

�=B53@0FVO 157?V;>B=8E ;VB0;ь=8E 0?0@0BV2, <C;ьB8A?5:B@0;ь=>W B0 B5?;>2>W 

79><:8 7 0;3>@8B<0<8 >1@>1:8 7>1@065=ь 4>72>;Oє >FV=N20B8 >4=>@V4=VABь 

@>728B:C @>A;8= V 28O2;OB8 @0==V AB@5A>2V @50:FVW (Pierz et al., 2023). *5 >A>1;82> 

206;82> 4;O A>=OH=8:C, O:89 45<>=AB@Cє 28A>:C GCB;82VABь 4> ?>ACE8 B0 

B5<?5@0BC@=8E 5:AB@5<C<V2. �8:>@8AB0==O B0:8E A8AB5< 40є 7<>3C A:>@>B8B8 

28B@0B8 =0 ?>;ь>2V >FV=:8 B0 ?V428I8B8 B>G=VABь 4>1>@C 2 @0==VE ?>:>;V==OE. 

 

1.2 %CG0A=89 AB0= 03@0@=>W 30;C7V 2 ':@0W=V 
 

%8AB5<=>-0=0;VB8G=89 >3;O4 ACG0A=>3> AB0=C 03@0@=>W 30;C7V ':@0W=8 B0 

=0?@O<C A5;5:FV9=8E 4>A;V465=ь 45<>=AB@Cє, I> 30;C7ь ?5@56820є 3;81>:C 

B@0=AD>@<0FVN ?V4 2?;82>< F8D@>2V70FVW B0 ?>H8@5==O 40=>F5=B@8G=8E 
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?V4E>4V2 4> C?@02;V==O A:;04=8<8 1V>;>3VG=8<8 A8AB5<0<8. %B@C:BC@=V 7<V=8, 

A?@8G8=5=V :;V<0B8G=8<8 7@CH5==O<8, 5:>=><VG=8<8 :>;820==O<8 B0 

157?5:>28<8 703@>70<8, VAB>B=> 2?;820NBь =0 ?@>4C:B82=VABь V AB01V;ь=VABь 

03@>A5:B>@C, D>@<CNG8 =>2V 28<>38 4> V=D@0AB@C:BC@8 71>@C B0 >1@>1:8 40=8E 

(�@83>@C: and %?V20:, 2026; Giuliani and Baron, 2025).  

.@848G=C B0 >@30=V70FV9=C >A=>2C 4VO;ь=>ABV C AD5@V =0AV==8FB20 2 

':@0W=V A:;040NBь 70:>=8 ':@0W=8, 7>:@5<0: 

• �0:>= ':@0W=8 «#@> =0AV==O V A0482=89 <0B5@V0;» 4 @53;0<5=BCє 

28@>1=8FB2>, A5@B8DV:0FVN, >1V3 V :>=B@>;ь O:>ABV =0AV==O B0 A0482=>3> 

<0B5@V0;C (#@> =0AV==O V A0482=89 <0B5@V0; : �0:>= ':@0W=8 2002). 

• �0:>=8 ?@> >E>@>=C ?@02 =0 A>@B8 @>A;8=, :0@0=B8= @>A;8=, 

1V>157?5:C (� ") 4 70157?5GCNBь ?@02>2V 30@0=BVW, :>=B@>;ь 70 70E8AB>< A>@BV2 

V 157?5:>N 28:>@8AB0==O =>28E B5E=>;>3V9. (#@> 45@602=C A8AB5<C 1V>157?5:8 

?@8 AB2>@5==V 2007). 

' 2025 @>FV 70B25@465=> =>2V  5B>48G=V 28<>38 C AD5@V =0AV==8FB20, O:V 

@53;0<5=BCNBь ?>@O4>: 715@565==O A>@B>28E B0 ?>AV2=8E O:>AB59 =0AV==O 

:>@<>28E :C;ьBC@ V A?@O<>20=V =0 ?V4B@8<:C 28A>:>W O:>ABV =0AV==O. (#@> 

70B25@465==O  5B>48G=8E 28<>3 C AD5@V =0AV==8FB20 2025). 

' <560E A8AB5<8 =0AV==8FB20, I> 2:;NG0є @V7=V :0B53>@VW =0AV==O 

(4>107>25, 107>25, A5@B8DV:>20=5), AB0=40@B8 B0 B5E=>;>3VW 28@>1=8FB20 

@53;0<5=BCNBьAO 2V4?>2V4=8<8 �%&'. "A=>2=V AB0=40@B8, I> 70AB>A>2CNBьAO: 

1. �%&' 2240-93 4 «!0AV==O AV;ьAь:>3>A?>40@Aь:8E :C;ьBC@. %>@B>2V 

B0 ?>AV2=V O:>ABV. &5E=VG=V C<>28» (�%&' 2240-93, 1994); 

2. �%&' 4138-2002 4 «!0AV==O AV;ьAь:>3>A?>40@Aь:8E :C;ьBC@. 

 5B>48 287=0G5==O O:>ABV» (�%&' 4138-2002, 2002); 

3. �%&' 7160:2020 4 «!0AV==O >2>G528E, 10HB0==8E, :>@<>28E V 

?@O=>-0@><0B8G=8E :C;ьBC@. %>@B>2V B0 ?>AV2=V O:>ABV. &5E=VG=V C<>28» (�%&' 

7160:2020, 2020); 
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4. �%&' 6006:2008 4 «!0AV==O >2>G528E, 10HB0==8E :C;ьBC@ B0 

:>@<>28E :>@5=5?;>4V2. #0:C20==O, <0@:C20==O, B@0=A?>@BC20==O B0 715@V30==O. 

&5E=VG=V C<>28» (�%&' 6006:2008, 2008); 

5. �%&' 2949-94 4 «!0AV==O AV;ьAь:>3>A?>40@Aь:8E :C;ьBC@. &5@<V=8 

B0 287=0G5==O» (�%&' 2949-94, 1994). 

*V AB0=40@B8 70157?5GCNBь 45@602=C A5@B8DV:0FVN B0 :>=B@>;ь O:>ABV 

=0AV==O, 287=0G0NBь ?>@O4>: 28@>1=8FB20 B0 >1V3C =0AV==O @V7=8E :0B53>@V9, 0 

B0:>6 2AB0=>2;NNBь <5B>48 >FV=:8 9>3> ?>AV2=8E V A>@B>28E O:>AB59. ' 

ACG0A=><C 40=>F5=B@8G=><C 03@>28@>1=8FB2V (45 28:>@8AB>2CNBьAO F8D@>2V 

42V9=8:8, ,� 4;O ?@>3=>7C20==O 2@>609=>ABV B0 AC?CB=8:>2V 40=V) FV 70:>=8 B0 

�%&' 28:>=CNBь @>;ь AB0=40@BV2 2EV4=8E 40=8E. �57 GVB:>3> 4>B@8<0==O �%&' 

=5<>6;82> ?>1C4C20B8 045:20B=C <0B5<0B8G=C <>45;ь @>728B:C @>A;8=8, 

>A:V;ь:8 ?>G0B:>2V 1V>;>3VG=V ?0@0<5B@8 =0AV==O 1C4CBь E0>B8G=8<8. 

�;V<0B8G=V 7<V=8, 7>:@5<0 7<VI5==O V7>B5@<VG=8E 7>=, 7@>AB0==O G0AB>B8 

?>ACE V B5<?5@0BC@=8E AB@5AV2, ?@872>4OBь 4> 7<V=8 AB@C:BC@8 ?>AV2=8E ?;>I, 

?5@5>@Vє=B0FVW 28@>1=8:V2 =0 ?>ACE>ABV9:V :C;ьBC@8 B0 =5>1EV4=>ABV H8@>:>3> 

70AB>AC20==O ?>;ь>28E A5=A>@=8E A8AB5< V AC?CB=8:>2>3> <>=VB>@8=3C 

(Zatserkovnyi et al., 2025). �57?5:>2V D0:B>@8, 7>:@5<0 <0AHB01=5 <V=C20==O B0 

2B@0B0 G0AB8=8 03@>?>BC6=>AB59, 0:BC0;V7C20;8 @>728B>: 02B>=><=8E F8D@>28E 

?;0BD>@< 4;O 48AB0=FV9=>3> :>=B@>;N AB0=C ?>AV2V2 B0 V=D@0AB@C:BC@8 

03@>28@>1=8FB20 (Wagner et al., 2025). 

%CG0A=0 ?0@0483<0 @>728B:C 03@0@=>W =0C:8 2 ':@0W=V E0@0:B5@87CєBьAO 

?>ABC?>28< ?5@5E>4>< 2V4 B@048FV9=8E <5B>4V2 A5;5:FVW 4> V=B53@>20=8E 

F8D@>28E 5:>A8AB5<. *59 ?@>F5A 287=0G0єBьAO O: B@0=AD>@<0FVO 2V4 ?>>48=>:8E 

5:A?5@8<5=BV2 4> D>@<C20==O ;>:0;ь=8E F8D@>28E E01V2 C AB@C:BC@V ?@>2V4=8E 

=0C:>2>-4>A;V4=8E CAB0=>2, E>G0 V<?;5<5=B0FVO F8D@>28E ?;0BD>@< CA5 I5 

70;8H0єBьAO D@03<5=B0@=>N, G5@57 7=0G=C :0?VB0;>є<=VABь V=D@0AB@C:BC@8 B0 

45DVF8B A?5FV0;V7>20=8E :04@V2, 7>:@5<0 1V>V=D>@<0B8:V2 (�>;VA=VG5=:>, 2025). 

' Fь><C :>=B5:ABV 28=8:0є ?>B@510 C <>45@=V70FVW A8AB5< 71>@C, 715@V30==O B0 
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V=B53@0FVW 40=8E. %CG0A=V A5;5:FV9=V ?@>3@0<8 4540;V 1V;ьH5 70;560Bь 2V4 

F8D@>28E @5?>78B0@VW2, 107 35=5B8G=8E @5AC@AV2 V ?;0BD>@< D5=>B8?C20==O, O:V 

70157?5GCNBь 4>ABC? 4> O:VA=>W V=D>@<0FVW I>4> A>@B>28E E0@0:B5@8AB8:. � 

':@0W=V B0:V A8AB5<8 D>@<CNBьAO =0 >A=>2V 4VO;ь=>ABV ;8H5 =0 107V :>;5:FV9 

35=5B8G=8E @5AC@AV2 7>:@5<0 �=AB8BCBC >;V9=8E :C;ьBC@ !0FV>=0;ь=>W 0:045<VW 

030@=8E =0C: ':@0W=8 (�;Vє2 �. �. �54<54є20 �.�., 2024). )>G0 1078 35=5B8G=8E 

@5AC@AV2 =0O2=V 2 1030Bь>E CAB0=>20E, O:V >1’є4=0=V C !0FV>=0;ь=89 F5=B@ 

35=5B8G=8E @5AC@AV2 @>A;8= ':@0W=8 VA=CNG89 ?@8  �=AB8BCBV @>A;8==8FB20 V<. 

�. /. .@’є20 !��! ($O1GC= et al., 2014).  

'AV A5;5:FV9=V CAB0=>28 0:B82=> 282G0NBь V ?>G8=0NBь 2?@>2046C20B8 

5;5<5=B8 F8D@>2>W A5;5:FVW, 7>:@5<0 1078 40=8E ?>;ь>28E 28?@>1C20=ь, 

5;5:B@>==V ?0A?>@B8 A>@BV2, 35>?@>AB>@>2V V=D>@<0FV9=V A8AB5<8. "A=>2=8< 

4@0925@>< F8D@>2V70FVW 2VBG87=O=>W A5;5:FVW 28ABC?0є V=B53@0FVO C 3;>10;ь=V 

4>A;V4=8Fь:V <5@56V, 45 :;NG>2C @>;ь 2V4V3@0є A?V2?@0FO 7 <V6=0@>4=8<8 

F5=B@0<8 3@C?8 CGIAR, B0:8<8 O: CIMMYT B0 ICARDA. �>:@5<0, ?@V>@8B5B=8< 

=0?@O<>< є 2?@>20465==O A8AB5<8 Breeding Management System (BMS) =0 107V 

�=AB8BCBC @>A;8==8FB20 V<. �. /. .@’є20 B0 %5;5:FV9=>-35=5B8G=>3> V=AB8BCBC 

(%��), I> 40є 7<>3C AB0=40@B87C20B8 ?@>B>:>;8 D5=>B8?C20==O, C=VDV:C20B8 

A5;5:FV9=V F8:;8 B0 70157?5G8B8 ?>2=C ?@>7>@VABь 35=50;>3VG=8E 40=8E 

(Strengthening Wheat Breeding in Ukraine..., 2022). #0@0;5;ь=> 7 F8<, C <560E 

?@>є:BV2 FAO B0 USAID, 74V9A=NєBьAO F8D@>2V70FVO 45@602=8E @5єAB@V2 B0 

AB2>@5==O «F8D@>28E 42V9=8:V2» (Digital Twins) 107 40=8E 35=5B8G=8E @5AC@AV2, 

I> є :@8B8G=> 206;828< 4;O 70157?5G5==O ?@>4>2>;ьG>W 157?5:8 2 C<>20E 

2>є==>3> AB0=C (Digitalization of the Seed Sector in Ukraine..., 2023.; Ukraine 

Agriculture Resilience Initiative, 2024).  �>40B:>28< V=AB@C<5=B>< <>45@=V70FVW 

28ABC?0NBь ?@>3@0<8 Horizon Europe, 7024O:8 O:8< C:@0W=Aь:V V=AB8BCB8 

70;CG0NBьAO 4> :>=A>@FVC<V2, I> 70157?5GCNBь B5E=VG=5 ?5@5>A=0I5==O 

A8AB5<0<8 28A>:>B>G=>3> ?>;ь>2>3> D5=>B8?C20==O 7 28:>@8AB0==O< �#�� B0 

<C;ьB8A?5:B@0;ь=8E A5=A>@V2.  
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#@0:B8G=0 @50;V70FVO B0:8E F8D@>28E @VH5=ь GVB:> 2V4>1@060є 

A?5FV0;V70FVN =0C:>28E F5=B@V2: O:I> �=AB8BCB @>A;8==8FB20 V<. �. /. .@’є20 

DC=:FV>=Cє O: F5=B@0;ь=89 2C7>; F8D@>2V70FVW !0FV>=0;ь=>3> 35=10=:C G5@57 

V=B53@0FVN @5;OFV9=8E 107 40=8E, B> %��3!*!% D>:CACєBьAO =0 <0B5<0B8G=><C 

<>45;N20==V 270є<>4VW «35=>B8? 4 A5@54>28I5» 70 4>?><>3>N <>45;59 B8?C 

DSSAT 4;O ?@>3=>7C20==O 040?B82=>ABV :C;ьBC@ 4> 0@84=8E C<>2 %B5?C. %2>єN 

G5@3>N,  8@>=V2Aь:89 V=AB8BCB ?H5=8FV V<5=V �.  . $5<5A;0 0:B82=> 

2?@>2046Cє F8D@>2V <>1V;ь=V A8AB5<8 FieldBook, I> 4>72>;Oє AB0=40@B87C20B8 

?>;ь>2V 6C@=0;8 B0 <V=V<V7C20B8 AC1’є:B82=V ?><8;:8 ?@8 ?5@28==><C 71>@V 

40=8E (Pichura V. et al., 2023; Pichura V et al., 2025). #>?@8 2:070=V CA?VE8, 

D>@<C20==O FV;VA=>W =0FV>=0;ь=>W Big Data ?;0BD>@<8 AB@8<CєBьAO ?@>1;5<>N 

V7>;ь>20=>ABV 40=8E (Data Silos), :>;8 :>6=0 CAB0=>20 =0:>?8GCє V=D>@<0FVN C 

2;0A=8E 70:@8B8E D>@<0B0E, I> C=5<>6;82;Nє ?@>2545==O A8AB5<=>3> 0=0;V7C 

(Pichura V et al., 2025). �V4ACB=VABь є48=8E AB0=40@BV2 <5B040=8E, 7>:@5<0 

=54>B@8<0==O Breeding API (BrAPI), 7=0G=> CA:;04=Nє V=B53@0FVN C:@0W=Aь:8E 

<0A82V2 40=8E C 3;>10;ь=V =0C:>2V <5@56V, 0 ?>ABV9=V 157?5:>2V @878:8 2 

?@8D@>=B>28E 7>=0E 7<CHCNBь =0C:>2FV2 5:AB@5=> ?5@5=>A8B8 :@8B8G=C 

V=D>@<0FVN 2 E<0@=V A5@54>28I0 AWS B0 Google Cloud. &0:8< G8=><, ?5@5EV4 

4> :>=F5?FVW «%5;5:FVW 4.0» ?>B@51Cє =5 ;8H5 B5E=>;>3VG=>3> >=>2;5==O, 0 9 

DC=40<5=B0;ь=>W 7<V=8 ?V4E>4V2 4> <0B5<0B8G=>3> <>45;N20==O ?@>F5AV2 @>ABC 

B0 @>728B:C @>A;8= (Digitalization of the Seed Sector in Ukraine..., 2023; Ukraine 

Agriculture Resilience Initiative, 2024). 

 

1.3 SWOT-0=0;V7 2?@>20465==O F8D@>28E B0 >=B>;>3VG=8E B5E=>;>3V9 C 
A5;5:FVW A>=OH=8:C 2 C<>20E Agriculture 4.0 
 

%8AB5<=>-0=0;VB8G=89 >3;O4 4>72>;Oє 28O28B8 O: ?>B5=FV0; ACG0A=8E 

F8D@>28E V=AB@C<5=BV2, B0: V =87:C >1<565=ь, ?>2’O70=8E V7 D@03<5=B>20=VABN 

40=8E, 2V4ACB=VABN є48=8E AB0=40@BV2, =54>AB0B=V< @V2=5< DV=0=AC20==O 
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F8D@>2>W V=D@0AB@C:BC@8 B0 1@0:>< 270є<>4VW <V6 =0C:>28<8 F5=B@0<8. 

�:BC0;ь=8< є D>@<C20==O =0FV>=0;ь=>W 5:>A8AB5<8 digital breeding, O:0 

>E>?;N20B8<5 D5=>B8?C20==O, 35=>B8?C20==O, ?>;ь>2C 0=0;VB8:C, 

03@>:;V<0B8G=V 40=V B0 >=B>;>3VG=> AB@C:BC@>20=V V=D>@<0FV9=V @5AC@A8 4;O 

70157?5G5==O V=B53@0FVW 40=8E V ?>40;ьH>3> 28:>@8AB0==O 2 V=B5;5:BC0;ь=8E 

A8AB5<0E 0=0;V7C A5;5:FV9=>W V=D>@<0FVW (�>;VA=VG5=:>, 2025). �06;828< 

B5>@5B8:>-<5B>4>;>3VG=8< ?V4�@C=BO< 4;O @>73>@B0==O B0:8E A8AB5< є 

4>A;V465==O ?@>F5AV2 F8D@>2V70FVW O: 3;>10;ь=>3> G8==8:0 AB@C:BC@=>W 

B@0=AD>@<0FVW B0 70157?5G5==O 5:>=><VG=>W ABV9:>ABV AC1'є:BV2 3>A?>40@N20==O 

(�0A8;ьє20 & �CH8=, 2026), 0 B0:>6 2@0EC20==O A>FV>-5:>=><VG=>3> 28<V@C B0 

;N4Aь:>3> ?>B5=FV0;C 2 C<>20E D>@<C20==O є48=>3> F8D@>2>3> ?@>AB>@C 

(Vasyl’yeva et al., 2023). #@8 Fь><C 2?@>20465==O =>2VB=VE F8D@>28E @VH5=ь 2 

03@0@=><C A5:B>@V <0є @>73;O40B8AO 2 :>=B5:ABV AB0;>3> @>728B:C B0 >?B8<V70FVW 

D0:B>@=>W ?@>4C:B82=>ABV, 45 ACG0A=89 V=AB@C<5=B0@V9 :><?'NB5@=>3> 

<>45;N20==O 28ABC?0є 4@0925@>< ?V428I5==O 5D5:B82=>ABV (Vasyl’yeva et al., 

2025). �@V< B>3>, ?>1C4>20 =0A:@V7=8E 30;C7528E ?;0BD>@< 28<030є C73>465==O 

B5E=VG=8E ?0@0<5B@V2 V7 <0@:5B8=3>28< B0 @5AC@A=8< 70157?5G5==O< 

03@>?@>4>2>;ьG8E ?V4?@8є<AB2, 7>:@5<0 2 @>7@V7V B@0=AD>@<0FVW WE=VE 

2=CB@VH=VE 1V7=5A-?@>F5AV2 (Trusova et al., 2022). 

�06;82>N A:;04>2>N B0:>W 5:>A8AB5<8 є >=B>;>3VG=5 ?@54AB02;5==O 

7=0=ь, O:5 70157?5GCє A5<0=B8G=C V=B53@0FVN @V7=>@V4=8E 40=8E, D>@<C20==O 

3@0DV2 7=0=ь B0 ?V4B@8<:C 02B><0B87>20=>3> :>=AB@CN20==O <>45;59 ?@89=OBBO 

@VH5=ь. �0AB>AC20==O >=B>;>3VG=8E ?V4E>4V2 4>72>;Oє D>@<0;V7C20B8 ?@54<5B=C 

>1;0ABь A5;5:FVW, 70157?5G8B8 V=B5@>?5@015;ь=VABь 40=8E B0 AB2>@8B8 >A=>2C 4;O 

<0AHB01>20=8E V=B5;5:BC0;ь=8E A8AB5< ?V4B@8<:8 ?@89=OBBO @VH5=ь (&5?;89 & 

�>A8=, 2026). 

�=0;V7 2V4:@8B>W =0C:>2>W ;VB5@0BC@8 A2V4G8Bь, I> 2 ':@0W=V 265 VA=Cє 

=87:0 ?@8:;04=8E 4>A;V465=ь, O:V 70AB>A>2CNBь 5;5<5=B8 ?@>3=>7=8E B0 

V=B5;5:BC0;ь=8E V=D>@<0FV9=8E A8AB5<, 70:;040NG8 <5B>4>;>3VG=89 DC=40<5=B 
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4;O F8D@>2>W A5;5:FVW. "A>1;825 <VAF5 BCB ?>AV40NBь <0B5<0B8G=V <5B>48 

V=B53@0FVW V=AB@C<5=BV2 <0H8==>3> 9 3;818==>3> =02G0==O 4;O ?@548:B82=>3> 

<>45;N20==O B0 ?@>3=>7C20==O 2@>609=>ABV A>=OH=8:C, I> 4>72>;ONBь 

>1@>1;OB8 ?@>AB>@>2>-G0A>2V <0A828 40=8E <>=VB>@8=3C :C;ьBC@8 (Hnatiienko, 

2024). 

#>40;ьH89 @>728B>: Fь>3> =0?@O<C ?>2'O70=89 V7 ?5@5E>4>< 4> 

<C;ьB8D0:B>@=>3> 0=0;V7C B0 70;CG5==O< 0?0@0BC HBCG=8E =59@>==8E <5@56, O:V 

40NBь 7<>3C A8=B57C20B8 A:;04=V =5;V=V9=V 70;56=>ABV <V6 @V7=>@V4=8<8 

03@>:;V<0B8G=8<8 ?>:07=8:0<8 B0 ?@>4C:B82=VABN AV;ьAь:>3>A?>40@Aь:8E 

:C;ьBC@ (�=0BVє=:> B0 V=., 2024). !0 ACG0A=><C 5B0?V B0:V ?V4E>48 52>;NFV>=C20;8 

4> A8AB5< B>G=>3>, ?@>AB>@>2>->@Vє=B>20=>3> ?@>3=>7C20==O, O:V =0 >A=>2V 

35>?@>AB>@>2>3> 0=0;V7C B0 >?B8<V7>20=8E 0;3>@8B<V2 <0H8==>3> =02G0==O 

70157?5GCNBь ;>:0;ь=C ?@82'O7:C ?@>3=>7=8E <>45;59 4> :>=:@5B=8E 4V;O=>: 

28@>IC20==O A>=OH=8:C (Hnatiienko et al., 2025). 

#0@0;5;ь=> 7 F8<, C ?C1;V:0FVW �8@8G5=:> B0 V=. (�8@8G5=:> et al., 2020) 

?@>2545=> ?@>3=>7C20==O 48=0<V:8 2535B0FVW 3V1@84V2 A>=OH=8:C 2 @V7=8E 

�@C=B>2>-:;V<0B8G=8E C<>20E C:@0W=Aь:>3> %B5?C, I> =01;860єBьAO 4> <>45;59 

270є<>4VW 35=>B8?C B0 A5@54>28I0 «35=>B8?-A5@54>28I5». �>A;V465==O +C9:> 7V 

A?V202B>@0<8 (+C9:> et al., 2025) >?8ACє 03@>1V>;>3VG=C >FV=:C 3V1@84V2 

A>=OH=8:C C �VA>AB5?>28E V %B5?>28E 7>=0E, D>@<CNG8 4>:;04=89 D5=>B8?>289 

<0A82, O:89 <>65 1CB8 >A=>2>N 4;O ?>40;ьH>W >F8D@>2:8 2 @0<:0E A5;5:FV9=8E 

?;0BD>@<. 

�>4=>G0A C 2V4:@8BV9 ;VB5@0BC@V =5 28O2;5=> 4>:C<5=B>20=8E 28?04:V2 

?>2=>3> 28:>@8AB0==O <V6=0@>4=8E 2V4:@8B8E A5;5:FV9=8E ?;0BD>@< 

(BreedBase, BMS, APSIM, DSSAT) 4;O A>=OH=8:C A0<5 2 C:@0W=Aь:8E 

4>A;V465==OE. +0AB> ?>4V1=V @>7@>1:8 70;8H0NBьAO 2=CB@VH=V<8 :><5@FV9=8<8 

?@>є:B0<8 ?@820B=8E :><?0=V9 (=0?@8:;04, Kernel, IMC, HarvEast, O:V 0:B82=> 

28:>@8AB>2CNBь AC?CB=8:>2V V=45:A8 NDVI 4;O <>=VB>@8=3C AB@5A>28E 

D0:B>@V2) V =5 ?C1;V:CNBьAO C =0C:>28E 6C@=0;0E. 
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� C<>20E ':@0W=8, 45 A>=OH=8: є AB@0B53VG=>N >;V9=>N :C;ьBC@>N, 

F8D@>2V ?;0BD>@<8 =040NBь :@8B8G=> 206;82V V=AB@C<5=B8 4;O 040?B82=>W B0 

:;V<0B8G=>->@Vє=B>20=>W A5;5:FVW. �;O AB5?>28E B0 ;VA>AB5?>28E 7>=, I> 

E0@0:B5@87CNBьAO G0AB8<8 ?>ACE0<8 9 7@>AB0==O< G0AB>B8 B5?;>28E AB@5AV2, 

<>45;N20==O =0 >A=>2V APSIM Initiative (n.d.) B0 DSSAT Foundation (n.d.) 40є 

7<>3C ?@>3=>7C20B8 @50:FVN 3V1@84V2 ?V4 @V7=8<8 AF5=0@VO<8 :;V<0B8G=8E 7<V=. 

�8:>@8AB0==O A8AB5< 5;5:B@>==>3> ?>;ь>2>3> D5=>B8?C20==O FieldBook 

(PhenoApps, n.d.) 4>72>;Oє AB0=40@B87C20B8 40=V <V6 AB0=FVO<8 B0 @>:0<8, 0 

V=B53@0FVO BreedBase (Morales et al., 2022) 4 D>@<C20B8 A?V;ь=V 1078 A5;5:FV9=8E 

40=8E. *5 AB2>@Nє ?V4�@C=BO 4;O ?@8A:>@5==O @>7@>1:8 ?>ACE>ABV9:8E, 

28A>:>>;V9=8E B0 ?;0AB8G=8E 3V1@84V2 A>=OH=8:C. 

%B2>@5==O >=B>;>3VG=>W <>45;V D5=>B8?V2 A>=OH=8:C ?>28==> 

@>73;O40B8AO =5 ;8H5 O: 70AV1 AB@C:BC@870FVW 40=8E, 0 O: V=D>@<0FV9=0 >A=>20 

4;O ?>40;ьH>3> @>728B:C V=B5;5:BC0;ь=8E A8AB5< 0=0;V7C B0 ?V4B@8<:8 

?@89=OBBO @VH5=ь. "=B>;>3VW 70157?5GCNBь D>@<0;V70FVN 7=0=ь ?@54<5B=>W 

>1;0ABV, ?V4B@8<CNBь <5E0=V7<8 A5<0=B8G=>3> ?>HC:C, 28O2;5==O ?@8E>20=8E 

270є<>72'O7:V2 <V6 >1'є:B0<8 B0 ?>1C4>2C @5:><5=40FV9=8E A5@2VAV2 =0 >A=>2V 

=0:>?8G5=>3> 4>A2V4C 9 5:A?5@B=8E 7=0=ь (Oborska et al., 2023). *5 AB2>@Nє 

?5@54C<>28 4;O D>@<C20==O F8D@>2>W ?;0BD>@<8 A5;5:FVW A>=OH=8:C, 

>@Vє=B>20=>W =0 0=0;V7 270є<>4VW «35=>B8? 3 A5@54>28I5» B0 ?V4B@8<:C ?@89=OBBO 

A5;5:FV9=8E @VH5=ь. 

$>73;O40NG8 @53V>=0;ь=V 703@>78 4;O ':@0W=8 20@B> 2V47=0G8B8, I> C 

#V245==><C %B5?C A?>AB5@V30єBьAO 7=0G=89 2>4=89 45DVF8B, I> ?V4A8;Nє ?@>O28 

270є<>4VW «35=>B8? 3 A5@54>28I5» (G×E) 4;O >7=0: ?>ACE>ABV9:>ABV, I> 

?V4B25@46CєBьAO 40=8<8 �=AB8BCBC >;V9=8E :C;ьBC@ !��!. ' �VA>AB5?>2V9 7>=V 

2V47=0G0NBьAO @V7:V :>;820==O C@065=>ABV D><>?A8A><, I> CA:;04=Nє B>G=5 

<>45;N20==O 157 70AB>AC20==O AB0=40@B87>20=8E ?@>B>:>;V2 D5=>B8?C20==O. 

->4> ?@0:B8G=>3> 2?@>20465==O, B> C:@0W=Aь:V 03@0@=V :><?0=VW, 7>:@5<0 

Kernel, IMC B0 HarvEast, 0:B82=> 28:>@8AB>2CNBь AC?CB=8:>2V V=45:A8 NDVI 4;O 



60 

 

 

 

<>=VB>@8=3C AB@5A>28E D0:B>@V2 B0 >?B8<V70FVW @>7B0HC20==O 4>A;V4=8E 4V;O=>:. 

�>A;V465==O, ?@>2545=V =0 ?;0BD>@<V « 8@>=V2Aь:89 V=AB8BCB ?H5=8FV», 

45<>=AB@CNBь 5D5:B82=VABь 28:>@8AB0==O 7<VH0=8E <>45;59 BLUP 4;O >FV=:8 

AB01V;ь=>ABV 35=>B8?V2 C 1030B>@VG=8E 28?@>1C20==OE (Demydov et al., 2024). 

#>?@8 =0O2=VABь 4>A;V465=ь V7 70AB>AC20==O< 5;5<5=BV2 F8D@>2>3> 

<>=VB>@8=3C B0 ?@>3=>7C20==O, @50;V70FVO C:@0W=Aь:8E ?@>є:BV2 C 3;>10;ь=8E 

open-source ?;0BD>@<0E AB8:0єBьAO 7 =87:>N ?5@5H:>4. 

1. !5AB0G0 AB0=40@B87>20=8E 40=8E C <V6=0@>4=8E D>@<0B0E. �030B> 

?>;ь>28E 4>A;V465=ь 28:>=0=> 157 V=B53@0FVW >=B>;>3V9 B0 AB@C:BC@>20=8E 

D5=>B8?>28E 107, I> CA:;04=Nє V<?>@B C:@0W=Aь:8E 40=8E 4> 3;>10;ь=8E 

?;0BD>@<, B0:8E O: BreedBase G8 BMS. 

2. �V4ACB=VABь ?>2=>3> F8:;C F8D@>2>W A5;5:FVW. ' 1030Bь>E C:@0W=Aь:8E 

?@>5:B0E 28:>@8AB>2CєBьAO ;8H5 G0AB8=0 <5B>4V2 (AC?CB=8:>289 <>=VB>@8=3, 

D5=>B8?C20==O, AB0B8AB8G=5 <>45;N20==O), 157 V=B53@0FVW 35=><=>W V=D>@<0FVW 

B0 ?@>3=>7=8E <>45;59 270є<>4VW «35=>B8?-A5@54>28I5» G×E. 

3. "1<565=V B5E=VG=V B0 @5AC@A=V <>6;82>ABV. �;O ?>2=>FV==>3> 

28:>@8AB0==O <V6=0@>4=8E ?;0BD>@< ?>B@V1=V >1G8A;N20;ь=V ?>BC6=>ABV, 

AB01V;ь=89 71V@ ?>;ь>28E V 35=><=8E 40=8E B0 28A>:0 :20;VDV:0FVO ?5@A>=0;C. 

+0AB> B0:V C<>28 =5 ?>2=VABN @50;V7>20=V 2 C:@0W=Aь:8E CAB0=>20E. 

4. �V4<V==>ABV 03@>5:>;>3VG=8E C<>2. �0=V <V6=0@>4=8E ?;0BD>@< V 

<>45;59 >@Vє=B>20=V =0 V=HV :;V<0B8G=V B0 �@C=B>2V C<>28; ?@O<5 70AB>AC20==O 

157 040?B0FVW 4> AB5?>28E V ;VA>AB5?>28E 7>= ':@0W=8 <>65 1CB8 =5:>@5:B=8<. 
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virtual plant) 4 F5 V=B53@>20=0 :><?’NB5@=0 @5?@575=B0FVO @>A;8==>3> >@30=V7<C, 
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O:0 ?>є4=Cє <>@D>;>3VG=V, DV7V>;>3VG=V, 1V>EV<VG=V B0 35=5B8G=V ?0@0<5B@8 

@>A;8=8 7 40=8<8 ?@> C<>28 =02:>;8H=ь>3> A5@54>28I0.  

 

 

 

$8AC=>: 2.1.1 3 �>=F5?FVO F8D@>2>W <>45;V @>A;8=8, O:0 2V4>1@060є 

270є<>4VN 2 A8AB5<V «35=>B8? 4 A5@54>28I5» (@>7@>1;5=> 02B>@><) 

 

&0:0 <>45;ь �@C=BCєBьAO =0 1030B>@V2=52V9 AB@C:BC@V 40=8E V 0;3>@8B<0E 

<>45;N20==O ?@>F5AV2 @>ABC, @>728B:C, 040?B82=8E @50:FV9 B0 7030;ь=>W 

?@>4C:B82=>ABV @>A;8=8 2 <560E @V7=8E AF5=0@VW2 A5@54>28I0. *8D@>20 <>45;ь 

28ABC?0є >A=>2>N 4;O A8<C;OFV9=8E 4>A;V465=ь in silico, >A:V;ь:8 4>72>;Oє 

2V4B2>@N20B8 48=0<VG=C ?>254V=:C 1V>;>3VG=>W A8AB5<8 2V@BC0;ь=>, VAB>B=> 

7<5=HCNG8 ?>B@51C 2 ?@>2545==V B@820;8E V @5AC@A><VAB:8E ?>;ь>28E 

5:A?5@8<5=BV2. ' ACG0A=8E A5;5:FV9=8E 4>A;V465==OE F8D@>2V <>45;V @>A;8=8 

28:>=CNBь =87:C :@8B8G=> 206;828E DC=:FV9, I> 157?>A5@54=ь> 2?;820NBь =0 

5D5:B82=VABь V B>G=VABь ?@>F5AC AB2>@5==O =>28E A>@BV2 B0 3V1@84V2. � =0C:>2>-

<5B>4>;>3VG=>W B>G:8 7>@C F8D@>20 <>45;ь >1’є4=Cє G>B8@8 DC=40<5=B0;ь=V 

:;0AB5@8 40=8E B0 ?V4E>4V2.  

�5=>B8?VG=V 40=V: ;>:CA8 :V;ь:VA=8E >7=0: (QTL), SNP-?@>DV;V, 

<>;5:C;O@=>-35=5B8G=V <0@:5@8, 35=8-5D5:B>@8. 

(5=>B8?VG=V 40=V 28A>:>W @>74V;ь=>W 740B=>ABV: <>@D>;>3VG=V >7=0:8 

>@30=V2, DV7V>;>3VG=V :@82V, A?5:B@0;ь=V V=45:A8, <0A828 40=8E A5=A>@=8E B0 

@>1>B87>20=8E ?;0BD>@<. 
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�:>;>3VG=V B0 03@>B5E=VG=V ?0@0<5B@8: DV78:>-EV<VG=V E0@0:B5@8AB8:8 

�@C=BC, B5<?5@0BC@=V @568<8, 2>;>3VABь, ?0@0<5B@8 <V:@>:;V<0BC B0 B5E=>;>3VG=V 

>?5@0FVW. 

 5E0=VAB8G=V B0 <0H8==V <>45;V: 1V>DV78G=V <>45;V @>ABC, <>45;V 4>=>@=>-

0:F5?B>@=8E 72'O7:V2 (465@5;>3ABV:), <>45;V 2>4=>3> 10;0=AC 03@>5:>A8AB5<8, 0 

B0:>6 ML-0;3>@8B<8 ?@>3=>7C20==O FV;ь>28E >7=0: (Bin Nasir and Li, 2024; 

Saritha and Thangaraja, 2023, Integrated Breeding Platform. 2019). 

*8D@>2V <>45;V @>A;8=8 4>72>;ONBь ?@>2>48B8 28A>:>B>G=5 

?@>3=>7C20==O ?@>4C:B82=>ABV B0 AB01V;ь=>ABV 3V1@84V2. �><?’NB5@=0 A8<C;OFVO 

@>ABC B0 @>728B:C @>A;8=8 70 <=>68=>N 7<V==8E AF5=0@VW2 A5@54>28I0 

70157?5GCє <>6;82VABь >FV=N20==O ?>B5=FV9=>W 2@>609=>ABV, AB01V;ь=>ABV B0 

040?B82=>ABV 35=>B8?V2 157 =5>1EV4=>ABV ?@>2545==O B@820;8E ?>;ь>28E 

28?@>1C20=ь. *5 VAB>B=> ?@8A:>@Nє A5;5:FV9=89 F8:; B0 40є 7<>3C >?5@0B82=> 

?>@V2=N20B8 ?5@A?5:B82=V ;V=VW B0 <V=V<V7Cє DV=0=A>2V 9 G0A>2V 28B@0B8 =0 

5:A?5@8<5=B0;ь=V 4>A;V465==O. !0?@8:;04, C ACG0A=8E 4>A;V465==OE D5=><V:8 

@>A;8= >A>1;820 C2030 ?@84V;OєBьAO ?5@5E>4C 2V4 AB0B8G=8E >?8AV2 4> 

48=0<VG=>3> ?@>AB>@>2>-G0A>2>3> <>45;N20==O >7=0: B0 V=B53@0FVW 72>@>B=>3> 

72'O7:C 7 =02:>;8H=V< A5@54>28I5<. ' Fь><C :>=B5:ABV 0:BC0;ь=8<8 є 

45B5@<V=VAB8G=V, 9<>2V@=VA=V B0 35=5@0B82=V ?V4E>48 <>45;N20==O, O:V 

@>73;O40NBьAO C DC=40<5=B0;ь=8E ?@0FOE >AB0==VE @>:V2, 7>:@5<0 C @>1>B0E 

 >E0<540 �511030 (Debbagh M. et al., 2025). �2B>@8 ?V4:@5A;NNBь, I> :;0A8G=V 

5:A?5@8<5=B0;ь=V 45B5@<V=VAB8G=V ?V4E>48 <0NBь >1<565==O 70 C<>2 28A>:>W 

<V=;82>ABV :;V<0BC, G5@57 I> 28=8:0є 3>AB@0 ?>B@510 C 2?@>20465==V C<>2=8E 

35=5@0B82=8E <>45;59 B0 48=0<VG=8E D@59<2>@:V2, 740B=8E 2@0E>2C20B8 

AB>E0AB8G=C =5287=0G5=VABь A5@54>28I0, I> @>72820єBьAO.%CG0A=89 5B0? 

@>728B:C F8D@>2>3> D5=>B8?C20==O 107CєBьAO =0 V=B53@0FVW <5B>4V2 @53@5AVW B0 

<>45;59 ?@54AB02;5==O =0 >A=>2V 3;81>:8E =59@>==8E <5@56 4;O @>72'O70==O 

7040G ?@>3=>7=>3> @>7?V7=020==O >1@07V2 C 2D B0 3D ?@>AB>@0E. �0AB>AC20==O 

DC=:FV>=0;ь=>-AB@C:BC@=8E <>45;59 @>A;8= (FSPM) C A8=5@3VW 7 35=5@0B82=>-
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7<030;ь=8<8 G8 48DC7V9=8<8 =59@><5@560<8 4>72>;Oє =5 ?@>AB> DV:AC20B8 

?>B>G=89 301VBCA, 0 A8<C;N20B8 0@EVB5:BC@C >@30=V2 (;8AB:V2, AB51;0, ACF2VBь) C 

48=0<VFV 2535B0FVW. #5@A?5:B82=8< 25:B>@>< @>728B:C B0:8E A8AB5<, I> 

157?>A5@54=ь> :>@5;Nє 7 70240==O<8 Fь>3> 4>A;V465==O, є :>=25@35=FVO 7=0=ь, 

A?5F8DVG=8E 4;O ?@54<5B=>W >1;0ABV (>=B>;>3VG=8E <>45;59 V ?@028;), V7 

<5B>40<8, :5@>20=8<8 25;8:8<8 <0A820<8 40=8E (Data-Driven). &0:89 

3V1@84=89 ?V4EV4 2V4:@820є <>6;82>ABV 4;O AB2>@5==O <0AHB01>20=8E F8D@>28E 

@5?>78B>@VW2 B0 CA?VH=>3> 2?@>20465==O V=B5;5:BC0;ь=8E <>45;59 @>ABC @>A;8= 

C @50;ь=V 70AB>AC20==O A8AB5< ?V4B@8<:8 ?@89=OBBO @VH5=ь (%##$) 4;O B>G=>3> 

75<;5@>1AB20 B0 ?@52V7C0;V70FVW @57C;ьB0BV2 A5;5:FVW. *8D@>2V <>45;V 5D5:B82=> 

70AB>A>2CNBьAO 4;O <>45;N20==O 270є<>4VW «35=>B8? 4 A5@54>28I5» (G × E). 

�>=8 AB2>@NNBь <0B5<0B8G=89 V=AB@C<5=B0@V9 4;O 0=0;V7C B>3>, O: :>=:@5B=V 

0;5;V, ;>:CA8 :V;ь:VA=8E >7=0: (QTL) 01> WE=V :><1V=0FVW 287=0G0NBь 

D5=>B8?VG=C @50:FVN @>A;8=8 2 @V7=8E 5:>;>3VG=8E C<>20E, 2:;NG0NG8 :@8B8G=V 

01V>B8G=V AB@5A8 4 ?>ACEC, 5:AB@5<0;ь=> 28A>:V B5<?5@0BC@8 G8 45DVF8B 

07>B=>3> 682;5==O (Smet et al., 2023). &0:89 ?V4EV4 4>72>;Oє V45=B8DV:C20B8 

35=>B8?8 7 ?V428I5=>N 5:>;>3VG=>N ?;0AB8G=VABN B0 D>@<Cє ?V4�@C=BO 4;O 

@>7@>1;5==O :;V<0B8G=> >@Vє=B>20=8E A5;5:FV9=8E AB@0B53V9.�<VB0FV9=5 

<>45;N20==O ?@>AB>@>2>W 0@EVB5:B>=V:8 @>A;8=8, ?0@0<5B@V2 D>B>A8=B5B8G=>W 

0:B82=>ABV B0 0@EVB5:BC@8 :>@5=52>W A8AB5<8 70157?5GCє <>6;82VABь 

28?@>1C20==O @V7=8E 03@>B5E=VG=8E @VH5=ь C 2V@BC0;ь=><C A5@54>28IV. *5 

4>72>;Oє >?B8<V7C20B8 3CAB>BC AB>O==O, @568<8 ?>;82C, AB@C:BC@C 2=5A5==O 

<V=5@0;ь=8E 4>1@82 B0 V=HV B5E=>;>3VG=V D0:B>@8, I> 157?>A5@54=ь> 2?;820NBь 

=0 :V=F5289 D5=>B8? B0 9>3> AB01V;ь=VABь (Grobler and Celano, 2025).*8D@>20 

<>45;ь @>A;8=8 28:>=Cє DC=:FVN V=B53@0FV9=>W ?;0BD>@<8 <V6 

28A>:>H284:VA=8<8 D5=>B8?VG=8<8 A8AB5<0<8 B0 0;3>@8B<0<8 35=><=>3> 

?@>3=>7C20==O. #>є4=0==O A8<C;OFV9=8E <>45;59 7 <5B>40<8 GBLUP, Random 

Forest, 3@04Vє=B=8< 1CAB8=3>< B0 3;818==8<8 =59@><5@560<8 70157?5GCє 

?V428I5==O B>G=>ABV >FV=N20==O A5;5:FV9=>W FV==>ABV, 4>72>;Oє D>@<C20B8 
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1030B>?0@0<5B@8G=V ?@548:B82=V <>45;V B0 ?>:@0ICє 7030;ь=C 5D5:B82=VABь 

?@89=OBBO A5;5:FV9=8E @VH5=ь (Sinha et al., 2025).�024O:8 <>6;82>ABV 

?@>2545==O <0AHB01=8E in silico 5:A?5@8<5=BV2 (:><?'NB5@=>3> <>45;N20==O 

4;O 0=0;V7C, ?@>3=>7C20==O B0 48709=C 1V>AB@C:BC@), F8D@>20 <>45;ь ACBBє2> 

?@8A:>@Nє :;NG>2V 5B0?8 A5;5:FV9=>3> ?@>F5AC. *5 4>72>;Oє 74V9A=N20B8 

>4=>G0A=5 >FV=N20==O B8AOG 35=>B8?V2 C 25;8:V9 :V;ь:>ABV AF5=0@VW2 @>728B:C, 

<V=V<V7CNG8 G0A =0 ?5@28==89 2V41V@, >?B8<V7CNG8 281V@ 10Bь:V2Aь:8E ?0@ V 

70157?5GCNG8 >?5@0B82=5 D>@<C20==O ?>:>;V=ь V7 ?@>3=>7>20=> 28A>:8< 

?>B5=FV0;>< ?@>4C:B82=>ABV B0 ABV9:>ABV (Louarn and Song, 2020). ' :>=B5:ABV 

@>728B:C V=B53@>20=8E F8D@>28E ?;0BD>@< 4;O 03@0@=>W =0C:8 F8D@>20 <>45;ь 

@>A;8=8 AB0є F5=B@0;ь=8< 5;5<5=B>< :>=F5?FVW predictive breeding 4 A5;5:FVW, 

I> A?8@0єBьAO =0 V=B5;5:BC0;ь=89 0=0;V7 40=8E B0 ?@>3=>7C20==O. �>=0 D>@<Cє 

>A=>2C 4;O @>7@>1:8 F8D@>28E 42V9=8:V2 :C;ьBC@ (crop digital twins). *8D@>289 

42V9=8: @>A;8=8 (digital twin of a plant) 4 F5 :><?'NB5@=> @50;V7>20=0 48=0<VG=0 

<>45;ь, O:0 157?5@5@2=> 2V4>1@060є <>@D>DV7V>;>3VG=89 AB0= @50;ь=>3> 

1V>;>3VG=>3> >1’є:B0, ?V4B@8<Cє 42>AB>@>==V9 72’O7>: 7 DV78G=8< A5@54>28I5< V 

>=>2;NєBьAO =0 >A=>2V 40=8E A5=A>@=>3> <>=VB>@8=3C B0 7>2=VH=VE 2?;82V2 

(Ziamtsov I., Navlakha S. 2020; Andres F. et.al.2021; Mildenhall B. Et al. 2021; 

�>A?>40@5=:>, �.  . B0 V=. 2021; Wang, J., et al.2022; �>7C;O ". �. &0 V=, 2023). 

 �0 @0EC=>: 28:>@8AB0==O >?B8G=8E, A?5:B@0;ь=8E, 3;818==8E V 

5:>;>3VG=8E A5=A>@V2 <>45;ь 0:C<C;Nє 40=V ?@> :;NG>2V >7=0:8 @>ABC 

(35><5B@VO, >@Vє=B0FVO ;8ABO, IV;ь=VABь =0475<=>W <0A8, AB0= 35=5@0B82=8E 

>@30=V2) B0 28O2;Oє 0=><0;ь=V 2V4E8;5==O C @>728B:C (�B;0A <>@D>;>3VG=8E 

>7=0:...2018; Andres F. et.al.2021). ' ?@0:B8FV D5=>B8?C20==O 4;O ?@>AB>@>2>3> 

<>45;N20==O H8@>:> 70AB>A>2CNBьAO mesh-<>45;V, O:V 2V4B2>@NNBь 7>2=VH=N 

?>25@E=N >1’є:B0 =0 >A=>2V ?>;V3>=0;ь=>W B@8:CB=>W AVB:8, B0 voxel-<>45;V, I> 

D>@<CNBь >1’є<=5 ?@54AB02;5==O =0 >A=>2V @53C;O@=>W B@828<V@=>W 

48A:@5B870FVW ?@>AB>@C (Intelligent Monitoring... 2022).  
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*8D@>289 42V9=8: 28:>=Cє DC=:FVN 2V4B2>@N20=>W F8D@>2>W 

@5?@575=B0FVW, I> <>65 1CB8 715@565=0 C D>@<0BV 1030B>H0@>2>W 1078 40=8E, 

<0AHB01>20=0, 28:>@8AB0=0 2 A8<C;OFV9=8E 5:A?5@8<5=B0E 01> ?5@540=0 2 V=HV 

4>A;V4=8Fь:V G8 28@>1=8GV A5@54>28I0 (Aliyev E.B. 2019; Wang, J., et al. 2022,). 

�>:@5<0, <5B>4 NeRF (Neural Radiance Fields) 5D5:B82=> 28:>@8AB>2CєBьAO 4;O 

@5:>=AB@C:FVW A:;04=8E 35><5B@V9 @>A;8= B0 4@V1=8E AB@C:BC@ C AB0B8G=><C 

;01>@0B>@=><C A5@54>28IV, I> є :@8B8G=> :>@8A=8< 4;O A5;5:FV9=>W @>1>B8 70 

C<>2 =0;56=>W DV:A0FVW 7@07:V2 (Atkinson, N.J., Lilley, C.J., Urwin, P.E. 2013; 

Zhang, Z., et al. 2020, %5<5=>20, �. �. 2017). %CG0A=V <5B>48 3D-@5:>=AB@C:FVW =0 

>A=>2V NeRF, 73>@B:>28E =59@>==8E <5@56 (CNN) B0 3D �0CA>2>3> @>7AVN20==O 

(3D Gaussian Splatting) 45B0;ь=> @>73;O=CB> 2 DC=40<5=B0;ь=8E @>1>B0E (Gao Y., 

Qi X. 2024, Li Q. et al. 2025, AgEval: A 2023). �06;828< =0?@O<>< є @>7@>1:0 

<>45;59, I> 2@0E>2CNBь @>728B>: @>A;8=8 2 G0AV, B>1B> B5<?>@0;ь=8E F8D@>28E 

42V9=8:V2. ' @>1>BV (GrowSplat Tsaftaris S. A. 2016)  70?@>?>=>20=> ?V4EV4 =0 

>A=>2V 3D Gaussian Splatting, I> 4>72>;Oє AB2>@N20B8 ?>A;V4>2=>ABV 3D-<>45;59 

4;O :>6=>3> <><5=BC G0AC B0 28:>=C20B8 WE ?@>AB>@>2>-G0A>25 28@V2=N20==O 

(alignment). *5 70157?5GCє B>G=5 2V4AB565==O <V:@><>@D>;>3VG=8E 7<V= V 

48=0<VG=89 0=0;V7 B5<?V2 @>ABC >@30=V2. ' 72’O7:C 7 F8< ?>AB0є 3>AB@0 

=5>1EV4=VABь C AB2>@5==V C=VDV:>20=8E V=D>@<0FV9=>-0=0;VB8G=8E A8AB5<, O:V 1 

V=B53@C20;8 28A>:>?@>4C:B82=V D5=>B8?VG=V 40=V 7 ?0@0<5B@0<8 7>2=VH=ь>3> 

A5@54>28I0, 7>:@5<0, �@C=B>28<8 E0@0:B5@8AB8:0<8, :;V<0B8G=8<8 C<>20<8 B0 

03@>B5E=VG=8<8 ?@89><0<8. (>@<C20==O B0:>W є48=>W A5<0=B8G=>W 1078 7=0=ь є 

:@8B8G=> 206;828< 4;O ?V428I5==O B>G=>ABV A5;5:FV9=>W >FV=:8, 70157?5G5==O 

@5?@>4C:B82=>ABV @57C;ьB0BV2 <V6 @V7=8<8 4>A;V4=8<8 ?;0BD>@<0<8, A57>=0<8 

B0 35>3@0DVG=8<8 7>=0<8, 0 B0:>6 4;O >1’є:B82=>3> 0=0;V7C A:;04=8E :V;ь:VA=8E 

>7=0: C ?@>F5AV 35=5B8G=>3> ?>;V?H5==O A>=OH=8:0. �>=F5?BC0;ь=8< >A=>20< 

@>7@>1:8 ?@54<5B=>W >=B>;>3VW 28@>IC20==O A>=OH=8:0 ?@8A2OG5=> 

DC=40<5=B0;ь=C ?@0FN (Martin-Brualla R. 2021).  
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' ?@>F5AV 35=5B8G=>3> ?>;V?H5==O AV;ьAь:>3>A?>40@Aь:8E :C;ьBC@, 

7>:@5<0 A>=OH=8:0 (Helianthus annuus L.), ?5@54 A5;5:FV>=5@>< ?>AB0є :><?;5:A 

70240=ь, I> 287=0G0NBь 7030;ь=C 5D5:B82=VABь A5;5:FV9=>3> F8:;C. 

#5@H>G5@3>28< є @>7@>1;5==O 01> 24>A:>=0;5==O 0=0;VB8G=8E <5B>48: V 

?@>B>:>;V2 :V;ь:VA=>3> >FV=N20==O >7=0:, O:V <0NBь ACBBє25 3>A?>40@Aь:5 

7=0G5==O. !0ABC?=8< 5B0?>< є 70AB>AC20==O F8E <5B>48: 4;O @5?@575=B0B82=>3> 

D5=>B8?C20==O A5;5:FV9=>3> 35=>D>=4C 7 <5B>N 2AB0=>2;5==O A?04:>2>W 

AB01V;ь=>ABV B0 35=5B8G=>W 45B5@<V=>20=>ABV 2V4?>2V4=8E >7=0:. �0:;NG=8< 

:@>:>< C A5;5:FV9=><C ?@>F5AV є D>@<C20==O =>28E 35=>B8?VG=8E :>=AB@C:FV9 

4 ;V=V9, A>@BV2 01> 3V1@84V2, O:V E0@0:B5@87CNBьAO AB01V;ь=8< V 28A>:8< @V2=5< 

5:A?@5AVW FV;ь>28E D5=>B8?>28E >7=0:. 

!0 ACG0A=><C 5B0?V @>728B:C 03@0@=>W =0C:8 ?@>2V4=C @>;ь C Fь><C ?@>F5AV 

2V4V3@0є F8D@>25 D5=>B8?C20==O, I> 28ABC?0є B5E=>;>3VєN 28A>:>B>G=>W 

:V;ь:VA=>W >FV=:8 <>@D>;>3VG=8E, DV7V>;>3VG=8E B0 1V>EV<VG=8E >7=0: @>A;8=. 

&@048FV9=> >FV=:0 A:;04=8E >7=0:, B0:8E O: ABV9:VABь 4> 01V>B8G=8E (?>ACE0, 

28A>:0 B5<?5@0BC@0) B0 1V>B8G=8E (71C4=8:8 E2>@>1, H:V4=8:8, 7>:@5<0 2>2G>: 

A>=OH=8:>289) D0:B>@V2, 74V9A=N20;0AO ?5@5206=> 70 4>?><>3>N AC1'є:B82=8E 

10;ь=8E H:0;, O:V �@C=BC20;8AO =0 2V7C0;ь=8E A?>AB5@565==OE 4>A;V4=8:0. ' 

1030Bь>E 28?04:0E B0:0 >FV=:0 AC?@>2>46C20;0AO C<>2=>N :V;ь:VA=>N 

V=B5@?@5B0FVєN, =0?@8:;04, C 283;O4V 2V4A>B:0 C@065=8E @>A;8= 01> ABC?5=O 

453@040FVW ;8AB:>2>W ?>25@E=V. �>4=>G0A >1<565=0 :V;ь:VABь ?>2B>@5=ь, 

>1C<>2;5=0 @5AC@A=8<8 >1<565==O<8, 4>40B:>2> 7=86C20;0 AB0B8AB8G=C 

4>AB>2V@=VABь >B@8<0=8E @57C;ьB0BV2. ' 72’O7:C 7 F8< D5=>B8?C20==O =01C;> 

>A>1;82>3> ?>H8@5==O =0A0<?5@54 C 4>A;V465==OE AB@5A>ABV9:>ABV, 45 

4>72>;8;> 4>AO3B8 VAB>B=>3> ?@>3@5AC 7024O:8 1V;ьH >1’є:B82=><C, 

2V4B2>@N20=><C B0 :V;ь:VA=><C ?V4E>4C 4> >FV=:8 >7=0: (Liu S. et al., 2020; 

Adebola T. et al., 2025). #0@0;5;ь=> 7 @>728B:>< D5=>B8?>28E ?;0BD>@< 0:B82=> 

@>72820NBьAO <>;5:C;O@=>-35=5B8G=V B5E=>;>3VW, 7>:@5<0 <5B>48 :0@BC20==O 

35=><C B0 0=0;V7C 0A>FV0FV9 35=>B8?->7=0:0 (GWAS). �024O:8 F8< ?V4E>40< 1C;> 
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V45=B8DV:>20=> G8A;5==V ;>:CA8, ?>2’O70=V 7 B0:8<8 >7=0:0<8, O: 

?>ACE>ABV9:VABь; =093;81HV 4>A;V465==O 4>72>;8;8 ;>:0;V7C20B8 2V4?>2V4=V 35=8 

=0 :>=:@5B=8E 4V;O=:0E 35=><C (Zhu H., Huang L., Li Y. 2024; �5=47ь>@0, !. �. 

2020). "4=0: =0ABC?=8< :@>:>< C @>7C<V==V ?@8@>48 F8E >7=0: є 282G5==O 

DC=:FV>=0;ь=>W @>;V 2V4?>2V4=8E 35=V2 C D>@<C20==V :V=F52>3> D5=>B8?C, I> 

?>B@51Cє 70;CG5==O DV7V>;>3>-1V>EV<VG=8E 4>A;V465=ь (#@8<0: �. �., 2017). &0:V 

@>1>B8 =0@07V <0NBь ?>>48=>:89 E0@0:B5@ G5@57 WE 28A>:C 20@BVABь, 

B@C4><VAB:VABь V B5E=>;>3VG=C A:;04=VABь O: =0 D5=>B8?>2><C, B0: V =0 

<>;5:C;O@=><C @V2=V.  

$>728B>: F8D@>28E <>45;59 @>A;8= ?@>BO3>< >AB0==VE 42>E 45AOB8;VBь 

2V41C202AO C BVA=><C 270є<>72’O7:C 7 52>;NFVєN V=AB@C<5=B0;ь=8E ?;0BD>@<, I> 

70157?5GCNBь V=B53@0FVN 0;3>@8B<VG=8E ?V4E>4V2, A8<C;OFV9 7@>AB0==O, 3D-

@5:>=AB@C:FV9 B0 72’O7:C V7 D5=>B8?>28<8 1070<8 40=8E.  

!091V;ьH 2?;82>28<8 A5@54 B0:8E A5@54>28I AB0;8 OpenAlea, GroIMP, L-

Py B0 A?5FV0;V7>20=0 <>45;ь MAppleT, :>6=0 7 O:8E 7@>18;0 203><89 2=5A>: C 

7030;ь=C <5B>4>;>3VN F8D@>2>3> D5=>B8?C20==O B0 ?@>5:BC20==O 2V@BC0;ь=8E 

@>A;8=.  

OpenAlea (INRIA, (@0=FVO) 4 F5 <>4C;ь=0 ?;0BD>@<0 7 2V4:@8B8< :>4><, 

AB2>@5=0 4;O 0=0;V7C @>A;8==>W 0@EVB5:BC@8, <>45;N20==O @>AB>28E ?@>F5AV2 B0 

V=B53@0FVW @V7=>@V4=8E 40=8E. �;NG>28<8 >A>1;82>ABO<8 A8AB5<8 є :><?>=5=B=0 

AB@C:BC@0 (workflow-oriented), I> ?>;53HCє V=B53@0FVN <0B5<0B8G=8E <>45;59; 

=0O2=VABь V=AB@C<5=BV2 4;O 3D-@5:>=AB@C:FVW, ?V4B@8<:0 L-A8AB5< B0 A8<C;OFV9 

5:>;>3VG=8E 270є<>4V9 C <C;ьB848AF8?;V=0@=8E 7040G0E (2V4 <>@D><5B@8G=>3> 

0=0;V7C 4> DV7V>;>3VG=>3> <>45;N20==O). OpenAlea AB0;0 D0:B8G=>N 107>N 4;O 

@>728B:C =87:8 A?5FV0;V7>20=8E 1V1;V>B5:, 7>:@5<0 L-Py.  

L-Py 4 F5 Python->@Vє=B>20=89 <>4C;ь =04 ?;0BD>@<>N OpenAlea, I> 

=040є 28A>:>5D5:B82=89 V=B5@D59A 4;O ?>1C4>28 L-A8AB5< V H284:8E A8<C;OFV9 

0@EVB5:BC@8 @>A;8=8. �>3> ?5@52038 7C<>2;5=V ?>2=>N V=B53@0FVєN 7 

5:>A8AB5<>N Python V <>6;82VABN ?0@0;5;ь=>W >1@>1:8 25;8:8E <0A82V2 
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D5=>B8?>28E 40=8E; ?V4B@8<:>N ?0@0<5B@87>20=8E L-A8AB5<, I> 4>72>;ONBь 

<>45;N20B8 :>=:@5B=V 35=>B8?8 01> C<>28 A5@54>28I0, 0 B0:>6 7@CG=VABN 

70AB>AC20==O C H284:V9 ?@>B>B8?V70FVW <>45;59. L-Py 7=0G=>N <V@>N A?@8O2 

AB0=40@B870FVW ?V4E>4V2 4> A5<0=B8G=>3> >?8AC F8D@>28E @>A;8=. 

GroIMP (Growth Grammar-related Interactive Modelling Platform) 4 

A5@54>28I5, >?B8<V7>20=5 4;O <>45;N20==O A:;04=8E 3D-AB@C:BC@ V7 

28:>@8AB0==O< @>7H8@5=8E 3@0<0B8: @>728B:C 4 eXtended L-A8AB5< (XL). �W 

:;NG>2V V==>20FVW ?>;O30NBь C =0O2=>ABV ?>BC6=>3> V=AB@C<5=B0@VN 3D-

@5=45@8=3C B0 A8<C;OFVW A2VB;>28E ?>B>:V2 <5B>4>< B@0AC20==O ?@><5=V2 (ray-

tracing), I> 206;82> 4;O 4>A;V465=ь 270є<>4VW «@>A;8=03A2VB;>». #;0BD>@<0 

?V4B@8<Cє @>7H8@5=V 3@0<0B8:8 4;O >?8AC @>728B:C 0@EVB5:BC@8 B0 <>6;82>ABV 

<>45;N20==O <V6284>2>W @5AC@A=>W :>=:C@5=FVW (competition modelling).  

MAppleT 4 A?5FV0;V7>20=0 <>45;ь 2V@BC0;ь=>3> 45@520 O1;C=V, AB2>@5=0 

4;O 0=0;V7C 0@EVB5:BC@=>3> @>728B:C, ?@>4C:B82=>ABV B0 @50:FVW =0 03@>B5E=VG=V 

>?5@0FVW. �:;NG0є 45B0;ь=C ?0@0<5B@870FVN >@30=V2 B0 301VBCAC :C;ьBC@8, 

A8<C;OFVN 1030B>@VG=>3> @>ABC 9 ?;>4>=>H5==O, 0 B0:>6 <>6;82VABь V=B53@0FVW 

7 40=8<8 ?>;ь>28E D5=>B8?C20=ь B0 LIDAR-79><>:. MAppleT є :;0A8G=8< 

?@8:;04>< 2C7ь:>A?5FV0;V7>20=8E ?;0BD>@<, O:V 45<>=AB@CNBь, O: B>G=V 

0@EVB5:BC@=V <>45;V <>6CBь A;C3C20B8 ?@0:B8G=8< V=AB@C<5=B>< 4;O A5;5:FVW B0 

A04V2=8FB20.  

�030;ь=V B@5=48 52>;NFVW ?;0BD>@< B0 ?>@V2=O;ь=89 0=0;V7 @>728B:C 

A8AB5< OpenAlea, GroIMP, L-Py B0 MAppleT 4>72>;ONBь 284V;8B8 :V;ь:0 

:;NG>28E B5=45=FV9. 

#5@5EV4 4> 2V4:@8B8E 5:>A8AB5<: �><V=C20==O Python->@Vє=B>20=8E 

V=AB@C<5=BV2, I> ?>;53HCNBь V=B53@0FVN 7 @5;OFV9=8<8 B0 A5<0=B8G=8<8 

D5=>B8?>28<8 ��. 

�@>AB0==O 1V>;>3VG=>3> @50;V7<C: �;81>:5 2:;NG5==O <>45;59 DV7V>;>3VW, 

A?5:B@0;ь=8E E0@0:B5@8AB8: A2VB;>28E C<>2 B0 @5AC@A=>W :>=:C@5=FVW. 
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%?@O<>20=VABь 4> V=B53@0FVW: "1'є4=0==O A8AB5< 7 28A>:>?@>4C:B82=8< 

F8D@>28< D5=>B8?C20==O<, <5B>40<8 <0H8==>3> 7>@C B0 :>=F5?FVєN 

48=0<VG=8E F8D@>28E 42V9=8:V2 @>A;8=. 

$>728B>: 4><5==>-A?5F8DVG=8E <>45;59: %B2>@5==O A8AB5< (70 0=0;>3VєN 

7 MAppleT), O:V 28ABC?0NBь B5E=>;>3VG=8<8 ?@>B>B8?0<8 4;O ?>1C4>28 

>=B>;>3VG=> C73>465=8E A8AB5< D5=>B8?>28E �� 4;O =>28E FV;ь>28E :C;ьBC@, 

7>:@5<0 4;O A>=OH=8:0. 

 

2.2 %B@C:BC@0 B0 5B0?8 D>@<C20==O F8D@>2>W <>45;V @>A;8=8 A>=OH=8:C 
 

$>A;8=0 є A:;04=>N 1V>;>3VG=>N A8AB5<>N, I> E0@0:B5@87CєBьAO 

1030B>@V2=52>N AB@C:BC@>N, 48=0<VG=8<8 ?@>F5A0<8 @>ABC B0 @>728B:C, 0 B0:>6 

270є<>4VєN 7 7>2=VH=V< A5@54>28I5<. � ?>3;O4C A8AB5<=>3> 0=0;V7C, @>A;8=0 

@>73;O40єBьAO O: V=B53@>20=0 A8AB5<0, O:0 A:;040єBьAO 7 270є<>?>2’O70=8E 

?V4A8AB5<: 

 >@D>;>3VG=0 ?V4A8AB5<0 4 >@30=8 @>A;8=8 (:>@V=ь, AB51;>, ;8AB:8, 

:2VB:0, ?;>48) B0 WE B>?>;>3VG=0 V DC=:FV>=0;ь=0 >@30=V70FVO. 

(V7V>;>3VG=0 ?V4A8AB5<0 4 ?@>F5A8 D>B>A8=B57C, B@0=A?V@0FVW, 

<5B01>;V7<C, @>ABC B0 48D5@5=FV0FVW B:0=8=. 

�5=5B8G=0 ?V4A8AB5<0 4 35=>B8?VG=0 45B5@<V=0FVO @>728B:C B0 @50:FV9 =0 

D0:B>@8 A5@54>28I0 (270є<>4VO «35=><-A5@54>28I5»). 

�:>;>3VG=0 ?V4A8AB5<0 4 270є<>4VO 7 A5@54>28I5<, 2:;NG=> 7 @5AC@A0<8 

(A2VB;>, 2>40, ?>682=V @5G>28=8), AB@5A>28<8 D0:B>@0<8 B0 V=H8<8 >@30=V7<0<8. 

%8AB5<=89 ?V4EV4 4> @>A;8=8 ?5@5410G0є <0B5<0B8G=5 B0 :><?’NB5@=5 

<>45;N20==O O: FV;VA=>W A8AB5<8, 45 2AV ?V4A8AB5<8 270є<>4VNBь 48=0<VG=> B0 

=5;V=V9=>; V45=B8DV:0FVN :;NG>28E D0:B>@V2, I> 287=0G0NBь ?@>4C:B82=VABь B0 

040?B82=V 2;0AB82>ABV; ?@>3=>7C20==O ?>254V=:8 A8AB5<8 ?V4 2?;82>< 7<V= 

A5@54>28I0 01> 03@>B5E=VG=8E D0:B>@V2; >?B8<V70FVN B0 :>=B@>;ь ?@>F5AV2 

@>728B:C @>A;8=8, =0?@8:;04, C A5;5:FVW 01> B>G=><C 75<;5@>1AB2V. 
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$>A;8=0 O: >1’є:B A8AB5<=>3> 0=0;V7C є >A=>2>N 4;O AB2>@5==O F8D@>28E 

<>45;59 B0 F8D@>28E 42V9=8:V2, >A:V;ь:8 WW A:;04=0 AB@C:BC@0 V DC=:FVW 4>1@5 

?V440NBьAO D>@<0;V70FVW G5@57 FSPM, AI-<>45;V, <0B5<0B8G=V A8<C;OFVW; 

?V4A8AB5<8 <>6CBь 1CB8 ?@54AB02;5=V O: :><?>=5=B8 7 ?0@0<5B@0<8, I> 

7<V=NNBьAO 2 G0AV; <>6;825 V=B53@C20==O 35=>B8?VG=8E, D5=>B8?VG=8E B0 

5:>;>3VG=8E 40=8E 4;O ?@>3=>7C20==O @>ABC, @>728B:C B0 040?B0FV9=8E @50:FV9. 

�0 4>?><>3>N A8AB5<=>3> ?V4E>4C 28@VHCNBьAO B0:V :;NG>2V 70240==O. 

#@>2>48BьAO 28O2;5==O :@8B8G=8E D0:B>@V2 @>ABC B0 @>728B:C. 

#@>2>48BьAO 0=0;V7 270є<>4VW <V6 <>@D>;>3VG=8<8 B0 DV7V>;>3VG=8<8 

?@>F5A0<8. �V41C20єBьAO ?@>3=>7C20==O ?@>4C:B82=>ABV B0 @50:FVW =0 AB@5A>2V 

D0:B>@8.  >45;N20==O 70AB>A>2CєBьAO 4;O ?V4B@8<:8 ?@89=OBBO @VH5=ь 2 

A5;5:FV9=8E B0 03@>B5E=VG=8E 70240==OE. �V41C20єBьAO V=B53@0FVO 40=8E 7 

F8D@>28E <>45;59, A5=A>@=8E A8AB5< B0 D5=>B8?>28E 107. 

%B@C:BC@=V <>45;V (B0:>6 2V4><V O: 0@EVB5:BC@=V 01> <>@D>;>3VG=V) 

7>A5@546CNBьAO =0 45B0;ь=><C >?8AV B@828<V@=>W (3D) 35><5B@VW B0 B>?>;>3VW 

@>A;8=8, B>1B> WW 0@EVB5:BC@8 (de Reffye et al., 1998). 

"A=>2=89 D>:CA F8E <>45;59 є ?@54AB02;5==O @>A;8=8 O: A8AB5<8 

270є<>?>2'O70=8E 5;5<5=B0@=8E >48=8Fь (=0?@8:;04, <V62C7;V2, ;8AB:V2, 

1@C=ь>:). 

(C=:FV>=0;ь=V <>45;V (B0:>6 2V4><V O: ?@>F5A=>->@Vє=B>20=V 01> 

DV7V>;>3VG=V <>45;V) 7>A5@546CNBьAO =0 48=0<VFV <5B01>;VG=8E B0 DV7V>;>3VG=8E 

?@>F5AV2, O:V :5@CNBь @>AB>< V @>728B:>< @>A;8=8, G0AB> V3=>@CNG8 01> A8;ь=> 

A?@>ICNG8 WW 3D 0@EVB5:BC@C (Guo et al., 2006). 

(C=:FV>=0;ь=>-AB@C:BC@=V <>45;V @>A;8= ((% $, 0=3;. Functional-

Structural Plant Models, FSPM) є =09:><?;5:A=VH8< ?V4E>4><, I> 70157?5GCє 

5:A?;VF8B=C V=B53@0FVN 3D 0@EVB5:BC@8 @>A;8=8 7 >?8A>< DV7V>;>3VG=8E 

?@>F5AV2, O:V :5@CNBь WW @>AB>< B0 @>728B:>< (Sievänen et al., 2014; Guo et al., 

2006). 

(% $ 28<030NBь 45B0;ь=>3> >?8AC B@ь>E 270є<>?>2'O70=8E ?V4A8AB5<. 



77 

 

 

 

#5@H0 ?V4A8AB5<0, O:0 ?>B@51Cє >?8AC, F5 <>45;ь 0@EVB5:BC@8,  

AB@C:BC@=89 :><?>=5=B. &>?>;>3VO B0 35><5B@VO 287=0G0є, O: >@30=8 (<>4C;V) 

?>2'O70=V <V6 A>1>N (B>?>;>3VO) V 45 2>=8 @>7B0H>20=V C 3D ?@>AB>@V (35><5B@VO). 

+0AB> 28:>@8AB>2CєBьAO D>@<0;V7< L-A8AB5< (O: >A=>20) 01> >1'є:B=>-

>@Vє=B>20=V 3@0D>2V AB@C:BC@8, 45 :>65= >@30= (=0?@8:;04, ;8AB>:, <V62C7;O, 

1@C=ь:0) ?@54AB02;5=89 >:@5<8< >1'є:B>< V7 2;0A=8<8 0B@81CB0<8 B0 AB0=>< 

(Prusinkiewicz, 2004).  >45;N20==O ?@>F5AV2 <>@D>35=57C 3 V=VFV0FVO B0 @>728B>: 

=>28E <>4C;V2 (=0?@8:;04, ?@>@>AB0==O 1@C=ь>:, D>@<C20==O =>2>3> ;8AB:0), 

I> G0AB> 70;568Bь 2V4 @5AC@A=>3> 10;0=AC B0 3>@<>=0;ь=8E A83=0;V2. 

�@C30 ?V4A8AB5<0, O:0 ?>B@51Cє >?8AC, F5 <>45;ь <V:@>A5@54>28I0. 

!09206;82VH8< :><?>=5=B>< є @>7@0EC=>: 2?;82C @04V0FVW, A2VB;0. 

$>7@0E>2CєBьAO ?5@5E>?;5==O A2VB;0 (?@O<>3> B0 @>7AVO=>3>) =0 ?>25@E=V 

:>6=>3> V=482V4C0;ь=>3> ;8AB:0 01> V=H>3> >@30=C, 7 C@0EC20==O< 70BV=5==O 

ACAV4=V<8 >@30=0<8. �8:>@8AB>2CNBьAO <5B>48, B0:V O: B@0AC20==O ?@><5=V2 (ray 

tracing) 01> @04V>78BV (radiosity), 4;O B>G=>3> 287=0G5==O ;>:0;ь=>W >A2VB;5=>ABV 

(Godin and Sinoquet, 2005). �=HV D0:B>@8 F5 ;>:0;ь=0 B5<?5@0BC@0, 2>;>3VABь B0 

H284:VABь 2VB@C =02:>;> >@30=V2. 

&@5BO ?V4A8AB5<0, O:0 ?>B@51Cє >?8AC, F5 DC=:FV>=0;ь=89 :><?>=5=B, 

<>45;ь DC=:FVW B0 @>7?>4V;C @5AC@AV2. �>:0;ь=V DV7V>;>3VG=V ?@>F5A8 

(D>B>A8=B57, B@0=A?V@0FVO) <>45;NNBьAO =0 @V2=V V=482V4C0;ь=>3> <>4C;O, 

28:>@8AB>2CNG8 ;>:0;ь=V C<>28 <V:@>A5@54>28I0. $5AC@A8 (=0?@8:;04, 

0A8<V;ь>20=89 2C3;5Fь) 03@53CNBьAO 7 CAVE 0:B82=8E <>4C;V2 V ?>BV< 

@>7?>4V;ONBьAO ?> 2AV9 @>A;8=V. $>7?>4V; :5@CєBьAO ?>?8B>< (?>B@510<8 

@>ABCG8E <5@8AB5<) B0 ?@>?>78FVєN (H284:VABN 28@>1=8FB20 0A8<V;OBV2), 0 

B0:>6 0=0B><VG=8<8 >1<565==O<8 (B@0=A?>@B=V H;OE8) (Hu et al., 2003). 

$>728B>: F8D@>28E <>45;59 @>A;8= ?@>BO3>< >AB0==VE 42>E 45AOB8;VBь 

2V41C202AO C BVA=><C 270є<>72’O7:C 7 52>;NFVєN V=AB@C<5=B0;ь=8E ?;0BD>@<, I> 

70157?5GCNBь V=B53@0FVN 0;3>@8B<VG=8E ?V4E>4V2, A8<C;OFV9 7@>AB0==O, 3D-

@5:>=AB@C:FVN B0 72’O7>: V7 D5=>B8?>28<8 40=8<8. !091V;ьH 2?;82>28<8 A5@54 
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B0:8E A5@54>28I AB0;8 OpenAlea, GroIMP, L-Py B0 A?5FV0;V7>20=0 <>45;ь 

MAppleT, :>6=0 7 O:8E 7@>18;0 2;0A=89 2=5A>: C 7030;ь=C <5B>4>;>3VN 

F8D@>2>3> D5=>B8?C20==O B0 2V@BC0;ь=8E @>A;8=. 

OpenAlea (INRIA, (@0=FVO) 4 F5 <>4C;ь=0 ?;0BD>@<0 7 2V4:@8B8< :>4><, 

AB2>@5=0 4;O 0=0;V7C @>A;8==>W 0@EVB5:BC@8, <>45;N20==O @>AB>28E ?@>F5AV2 B0 

V=B53@0FVW @V7=>@V4=8E 40=8E. 

�;NG>2V >A>1;82>ABV: 

• :><?>=5=B=0 AB@C:BC@0 (workflow-oriented), I> ?>;53HCє AB2>@5==O 

A:;04=8E <>45;59; 

• V=AB@C<5=B8 4;O 3D-@5:>=AB@C:FVW, L-A8AB5< B0 A8<C;OFV9 

5:>;>3VG=8E 270є<>4V9; 

• ?V4B@8<:0 <C;ьB848AF8?;V=0@=8E 7040G: 2V4 <>@D><5B@8G=>3> 

0=0;V7C 4> DV7V>;>3VG=>3> <>45;N20==O. 

OpenAlea AB0;0 D0:B8G=>N >A=>2>N 4;O @>728B:C =87:8 A?5FV0;V7>20=8E 

1V1;V>B5:, 7>:@5<0 L-Py. 

GroIMP (Growth Grammar-related Interactive Modelling Platform) 4 

A5@54>28I5, >?B8<V7>20=5 4;O <>45;N20==O A:;04=8E 3D-AB@C:BC@ V7 

28:>@8AB0==O< eXtended L-A8AB5< (XL). 

�W :;NG>2V V==>20FVW: 

• ?>BC6=89 3D-@5=45@8=3 B0 A8<C;OFVO A2VB;>28E ?>B>:V2 (ray-tracing), 

I> @>18Bь GroIMP =04728G09=> FV==>N 4;O 4>A;V465=ь 270є<>4VW @>A;8=03

A2VB;>; 

• @>7H8@5=V 3@0<0B8:8 4;O >?8AC @>728B:C 0@EVB5:BC@8; 

• <>6;82VABь @50;V70FVW <>45;59 270є<>4VW <V6 @>A;8=0<8 (competition 

modelling). 

GroIMP H8@>:> 28:>@8AB>2CєBьAO 2 1V>DV78G=8E <>45;OE B0 ?@8 AB2>@5==V 

2V@BC0;ь=8E 5:A?5@8<5=BV2. 

L-Py 4 F5 Python->@Vє=B>20=89 <>4C;ь =04 OpenAlea, I> =040є 4>ABC?=89 

V=B5@D59A 4;O ?>1C4>28 L-A8AB5< V H284:8E A8<C;OFV9 0@EVB5:BC@8 @>A;8=8. 
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#5@52038 L-Py 7C<>2;5=V: 

• V=B53@0FVєN 7 5:>A8AB5<>N Python V <>6;82VABN >1@>1:8 25;8:8E 

<0A82V2 D5=>B8?>28E 40=8E; 

• ?V4B@8<:>N ?0@0<5B@87>20=8E L-A8AB5<, I> 4>72>;ONBь 

<>45;N20B8 :>=:@5B=V 35=>B8?8 01> C<>28 A5@54>28I0; 

• 7@CG=VABN 70AB>AC20==O C =02G0==V B0 H284:V9 ?@>B>B8?V70FVW 

<>45;59. 

L-Py 7=0G=>N <V@>N A?@8O2 AB0=40@B870FVW ?V4E>4V2 4> >?8AC F8D@>28E 

@>A;8=. 

MAppleT 4 A?5FV0;V7>20=0 <>45;ь 2V@BC0;ь=>3> 45@520 O1;C=V, AB2>@5=0 

4;O 0=0;V7C 0@EVB5:BC@=>3> @>728B:C, ?@>4C:B82=>ABV B0 @50:FVW =0 03@>B5E=VG=V 

>?5@0FVW. 

"A=>2=V 5;5<5=B8: 

• 45B0;ь=0 ?0@0<5B@870FVO >@30=V2 B0 301VBCAC O1;C=V; 

• A8<C;OFVO 1030B>@VG=>3> @>ABC B0 ?;>4>=>H5==O; 

• <>6;82VABь V=B53@0FVW 7 40=8<8 ?>;ь>28E D5=>B8?C20=ь B0 LIDAR-

79><>:. 

MAppleT є ?@8:;04>< 2C7ь:>A?5FV0;V7>20=8E ?;0BD>@<, O:V 

45<>=AB@CNBь, O: B>G=V 0@EVB5:BC@=V <>45;V <>6CBь A;C3C20B8 ?@0:B8G=8< 

V=AB@C<5=B>< 4;O A5;5:FVW B0 A04V2=8FB20. 

�030;ь=V B@5=48 52>;NFVW ?;0BD>@< 

#>@V2=O;ь=89 0=0;V7 @>728B:C OpenAlea, GroIMP, L-Py B0 MAppleT 

4>72>;Oє 284V;8B8 :V;ь:0 :;NG>28E B5=45=FV9: 

• #5@5EV4 4> 2V4:@8B8E 5:>A8AB5< B0 Python->@Vє=B>20=8E 

V=AB@C<5=BV2, I> ?>;53HCNBь V=B53@0FVN 7 D5=>B8?>28<8 ��. 

• �@>AB0==O @V2=O 1V>;>3VG=>3> @50;V7<C, 2:;NG=> 7 <>45;O<8 

DV7V>;>3VW, A2VB;>28E C<>2, @5AC@A=>W :>=:C@5=FVW. 

• %?@O<>20=VABь 4> V=B53@0FVW 7 28A>:>?@>4C:B82=8< D5=>B8?C20==O< 

B0 F8D@>28<8 42V9=8:0<8 @>A;8=. 
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• $>728B>: 4><5==>-A?5F8DVG=8E <>45;59, O: MAppleT, O:V <>6CBь 

A;C3C20B8 ?@>B>B8?0<8 4;O AB2>@5==O >=B>;>3VG=> C73>465=8E A8AB5< 

D5=>B8?>28E ��. 

 

2.3 %B@C:BC@0 B0 5B0?8 D>@<C20==O F8D@>2>W <>45;V D5=>B8?C A>=OH=8:C 
:>=48B5@Aь:>3> =0?@O<C 28:>@8AB0==O 

 

*5=B@0;ь=8< 25:B>@>< D>@<C20==O F8D@>2>W <>45;V @>A;8=8 A>=OH=8:C 

є D>@<0;V70FVO 270є<>4VW «35=5B8:0 4 A5@54>28I5». *8D@>289 >1@07 @>A;8=8 

@>73;O40єBьAO O: @57C;ьB0B 2770є<>4VW A?04:>28E 2;0AB82>AB59 >@30=V7<C B0 

03@>:;V<0B8G=>3> :><?;5:AC 28@>IC20==O. &0:5 ?@54AB02;5==O 40є 7<>3C 

<0B5<0B8G=> B0 ;>3VG=> >FV=8B8 =>@<C @50:FVW 35=>B8?C, 28O28B8 @V25=ь 9>3> 

040?B82=>W ?;0AB8G=>ABV B0 A?@>3=>7C20B8 48=0<V:C @>728B:C >@30=V2 A>=OH=8:0 

(7>:@5<0, ?@>3=>7C20==O 40B8 F2VBV==O G8 DVB>A0=VB0@=8E @878:V2) =0 >A=>2V 

V=B53@0FVW 40=8E :><?'NB5@=>3> 7>@C B0 �@C=B>28E 0=0;V7V2.  

�87=0G8<> A:;04 B0 5B0?8 AB2>@5==O F8D@>2>W <>45;V @>A;8=8 A>=OH=8:0, 

O:V ?@54AB02;5=> 2 @>1>B0E 02B>@0 (�54<54є2, % & &5@5I5=:>, �. 2025; Bakurova 

A., Vedmedeva K., Vedmedev S., Tereschenko E. 2023).  

' AV;ьAь:>3>A?>40@Aь:><C 28@>1=8FB2V B0 A5;5:FVW A>=OH=8: (Helianthus 

annuus L.) 70 3>A?>40@Aь:8< ?@87=0G5==O< B0 =0?@O<>< 28:>@8AB0==O =0AV==O 

?>4V;ONBь =0 :V;ь:0 >A=>2=8E B8?V2. ";V9=89 A>=OH=8: є >A=>2=8< 

?@><8A;>28< B8?><, =0AV==O O:>3> <VAB8Bь 4> 54% 68@C V 28:>@8AB>2CєBьAO 4;O 

<0A>2>3> 28@>1=8FB20 @>A;8==>W >;VW. �>=48B5@Aь:89 A>=OH=8: 28@V7=OєBьAO 

25;8:8< A<C30AB8< =0AV==O< V7 =87ь:8< 2<VAB>< >;VW B0 28A>:8< 2<VAB>< 1V;:0, 

I> @>18Bь 9>3> 70B@51C20=8< C E0@G>2V9 ?@><8A;>2>ABV. %?5FV0;V7>20=V B8?8 

>E>?;NNBь <56>2V 3V1@848 ?>42V9=>3> 28:>@8AB0==O, A8;>A=V A>@B8 4;O 

2V43>4V2;V EC4>18 B0 45:>@0B82=V @>A;8=8 4;O D;>@8AB8:8. 
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*8D@>20 <>45;ь @>A;8=8 A>=OH=8:C 2:;NG0є AC:C?=VABь D>@<0;V7>20=8E 

>7=0:, I> 2V4>1@060NBь <>@D>-1V>;>3VG=89 AB0= @>A;8=8 B0 WW 3>A?>40@Aь:C 

FV==VABь.  

 >@D><5B@8G=V E0@0:B5@8AB8:8 =0AV=8=8 2:;NG0NBь DV78G=V ?0@0<5B@8 

(4>268=0, H8@8=0, B>2I8=0), <0A0 1000 =0AV=8=, D>@<0 B0 28?>2=5=VABь, I> є 

287=0G0;ь=8<8 4;O :>=48B5@Aь:>W V=4CAB@VW. 

�@EVB5:B>=V:0 :>H8:0 (ACF2VBBO) 287=0G0єBьAO 35><5B@8G=>N D>@<>N, 

?@>AB>@>2>N >@Vє=B0FVєN (:CB =0E8;C), 4V0<5B@>< B0 ABC?5=5< ?>:@8BBO 

=0AV==O<. 

�535B0FV9=V B0 0@EVB5:BC@=V >7=0:8 @>A;8=8 2:;NG0NBь ;V=V9=V @>7<V@8 

(28A>B0), 7010@2;5==O >@30=V2 B>I>. �V>EV<VG=89 ?@>DV;ь 287=0G0єBьAO 

:V;ь:VA=8< 2<VAB>< >;VW, 1V;:V2 B0 ;CH?8==VABN, I> V=B53@CNBьAO 2 F8D@>2C 

<>45;ь O: 0B@81CB82=V 40=V. 

#@8 A5;5:FV9=><C 2V41>@V A>=OH=8:0 206;828<8 є >7=0:8 =0AV=8=8 B0 

:>H8:0, 0 A0<5 @>7<V@ =0AV==O, =0BC@0, ;CH?8==VABь, IV;ь=VABь ;CH?8==O, 

>1@CHC20=VABь, 2V4A>B>: :@C?=>3> =0AV==O, D>@<0, @>7<V@8, 7010@2;5==O =0AV==O, 

2<VAB 1V;:C B0 >;VW. � @>1>BV (Bakurova A., et al. 2023b) 1C;> 287=0G5=> ?5@5;V: 

E0@0:B5@8AB8: 4;O A>=OH=8:C 70 >7=0:0<8 =0AV=8=8 B0 :>H8:0, O:89 107CєBьAO 

=0 28<>30E �5@602=>W <5B>48:8 ':@0W=8 « 5B>48:0 287=0G5==O >4=>@V4=>ABV B0 

AB01V;ь=>ABV (�"%)» B0 4>A;V465=OE �=AB8BCBC >;V9=8E :C;ьBC@ !��! ':@0W=8 

(Aliyev E.B., 2019). �>A;V4=8:0<8 �=AB8BCBC >;V9=8E :C;ьBC@ 1C;> @>7H8@5=> 

=01V@ E0@0:B5@8AB8: 9 22545=V =>2V 3@040FVW 4;O 45O:8E 7 =8E. �0?@>?>=>20=> =>2V 

3@040FVW V 28<V@ >7=0: C :V;ь:VA=><C 20@V0=BV 4;O A?V22V4=>H5==O ?;>I B5<=>3> 

B0 A2VB;>3> 7010@2;5=ь B0 A8;8 @C9=C20==O >1>;>=:8 =0AV=8=8. � @>1>BV 

(Bakurova A., et al. 2023b) 70DV:A>20=> B0:89 ?5@5;V: E0@0:B5@8AB8: 4;O F8D@>2>W 

<>45;V @>A;8=8 A>=OH=8:C 4;O D5=>B8?C20==O: 4>268=0 =0AV=8=8 (<<, A<), 

H8@8=0 =0AV=8=8 (<<, A<), B>2I8=0 =0AV=8=8 (<<, A<), D>@<0 =0AV=8=8 

(:0B53>@V0;ь=0), B>2I8=0 2V4=>A=> H8@8=8 (B>=:0, A5@54=O, B>2AB0), >A=>2=89 

:>;V@ =0AV=8=8 (:0B53>@V0;ь=0), A<C38 =0 :@0N =0AV=8=8 (2V4ACB=V, A;01:V, 
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28@065=V), :>;V@ A<C3 (:0B53>@V0;ь=0), A?V22V4=>H5==O ?;>I B5<=>3> B0 A2VB;>3> 

7010@2;5=ь (< 1/4, 1/433/4, > 3/4), ?;O<8ABVABь ?5@8:0@?VN (2V4ACB=O, =0O2=0), 2030 

=0AV=8=8 (3), 2<VAB >;VW C =0AV==V (%), 2<VAB 1V;:C C =0AV==V (%), ;CH?8==VABь (%), 

2<VAB >;5W=>2>W :8A;>B8 2 >;VW (%), 2<VAB ?0;ь<VB8=>2>W :8A;>B8 2 >;VW (%), 2<VAB 

;V=>;52>W :8A;>B8 2 >;VW (%), 2<VAB ;V=>;5=>2>W :8A;>B8 2 >;VW (%), A8;0 

@C9=C20==O >1>;>=:8 =0AV=8=8 (!), ?>;>65==O :>H8:C (:CB C 3@04CA0E 01> 

:0B53>@V0;ь=0), @>7<V@ :>H8:C (A<), D>@<0 :>H8:C 7V AB>@>=8 AV<’O=>: 

(:0B53>@V0;ь=0), :V;ь:VABь =0AV=8= C :>H8:C (HB.), :V;ь:VABь A?V@0;59 =0AV=8= C 

:>H8:C (HB.), :V;ь:VABь =0AV=8= C :>6=V9 A?V@0;V (HB.), 2030 =0AV=8= C :>H8:C (3). 

�87=0G5=> 465@5;> >B@8<0==O 40=8E B0 <5B>4 715@V30==O. 

#@>F5A ?>1C4>28 F8D@>2>W <>45;V @>A;8=8 A>=OH=8:C @50;V7CєBьAO G5@57 

?>A;V4>2=VABь 5B0?V2 >B@8<0==O, 715@V30==O, >1@>1:8 V=D>@<0FVW, B0 =0 

70:;NG=><C 5B0?V - D>@<C20==O F8D@>2>W <>45;V D5=>B8?C @>A;8=8. 

�=B53@C20==O 5B0?V2 2 є48=C ?>A;V4>2=VABь 287=0G0є ?>A;V4>2=89 B8? 

A8AB5<8 F8D@>2>3> D5=>B8?C20==O  A>=OH=8:0 Digital phenotyping system, 

7030;ь=0 AB@C:BC@=0 AE5<0 O:>W ?@54AB02;5=0 =0 @8A.2.2.1.  

#@54AB02;5=0 AB@C:BC@=0 AE5<0 Digital phenotyping system 2V4>1@060є 

?@>F5A ?5@5B2>@5==O 40=8E, I> >B@8<0=V 2 ?>;ь>28E 5:A?5@8<5=B0E B0  

;01>@0B>@=8E C<>20E I>4> ?>:07=8:V2 @>A;8==8E >1'є:BV2 C D>@<0;V7>20=C 

F8D@>2C <>45;ь.  

!0 ?5@H><C 5B0?V 2V41C20єBьAO @5єAB@0FVO ?5@28==8E 40=8E (Data 

Collection gadget). !0 4@C3><C 5B0?V D>@<CєBьAO AE>28I5 B0 A8AB5<0B870FVO 

(DATA Base) 40=8E. !0 Fь><C 5B0?V =5>1EV4=> 70157?5G8B8  ?@8=F8?8 FAIR, 0 

A0<5 70157?5G5==O FV;VA=>ABV B0 4>23>B@820;>3> 715@V30==O, AB@C:BC@C20==O 

40=8E 70 @5;OFV9=8<8 01> 3@0D>28<8 <>45;O<8, ?@82'O7:0 A8@8E 40=8E 4> 

C=V:0;ь=8E V45=B8DV:0B>@V2 35=>B8?V2 B0 G0A>28E <VB>: (Timestamping).  
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$8AC=>: 2.2.1 –  �030;ь=0 AB@C:BC@=0 AE5<0 Digital phenotyping system 

(@>7@>1;5=> 02B>@><) 

 

 >4C;ь V=B5;5:BC0;ь=>W >1@>1:8 (DATA Processing) 4;O 28;CG5==O 

:>@8A=8E >7=0:, 0 A0<5  >1G8A;5==O ?;>IV, ?5@8<5B@0, 4>268=8 B0 35><5B@8G=8E 

V=45:AV2, 1V><5B@8G=0 :>@5:FVO I>4> CAC=5==O HC<V2 B0 0@B5D0:BV2 79><:8 4;O 

>B@8<0==O B>G=8E :V;ь:VA=8E 7=0G5=ь.  

$57C;ьBCNG0 F8D@>20 <>45;ь D5=>B8?C (Digital phenotype model) є 

:V=F528< 5B0?><, @57C;ьB0B>< O:>3> є F8D@>289 >1@07 >1’є:B0, I> <VAB8Bь 

D>@<0;V7>20=89 >?8A >7=0: A>=OH=8:C, 2@0E>20=V D0:B>@8 A5@54>28I0, =01>@8 

40=8E (datasets) 4;O 0=0;V7C 270є<>4VW 35=>B8?V2 B0 G0A>28E <VB>: B0 ?V4B@8<:8 

A5;5:FV9=8E @VH5=ь. 

"A>1;8289 0:F5=B C 4>A;V465==V 7@>1;5=> =0 D5=>B8?C20==V 70 >7=0:0<8 

=0AV=8=8 B0 :>H8:0, >A:V;ь:8 A0<5 2>=8 є =091V;ьH V=D>@<0B82=8<8 

E0@0:B5@8AB8:0<8 040?B82=>ABV B0 ?@>4C:B82=>ABV :>=48B5@Aь:>3> A>=OH=8:C.  

�;O >?8AC D5=>B8?C =0AV==O @>7@>1;5=V A?5FV0;ь=V <5B>48:8. �5@602=0 

<5B>48:0 ':@0W=8  <0є =072C « 5B>48:0 287=0G5==O >4=>@V4=>ABV B0 AB01V;ь=>ABV 

(�"%)» (2003). Є2@>?59Aь:0 <5B>48:0 <0є =072C: «International union for the 

protection of new varieties of plants (UPOV)» (UPOV TG/81/7 Sunflower Guidelines, 

2011). Є2@>?59Aь:0 <5B>48:0 <0є =0 >4=C 3@040FVN 1V;ьH5. (V78G=V @>7<V@8 

=0AV==O A:;040NBь 2V4 5 4> 25 << 4>268=8, B0 2V4 3 4> 7 << H8@8=8. &>2I8=0 

=0AV==O <5=H0 70 H8@8=C. ' 4>:C<5=B0E >?8AC VA=CNBь G>B8@8 3@040FVW D>@<8 
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=0AV==O. �010@2;5==O =0AV==O A>=OH=8:C >?8ACNBь 70 4>?><>3>N G>B8@ь>E 01> 

?’OB8 >7=0: 7 3@040FVO<8.  

Digital phenotyping system <VAB8Bь B@8 107>2V ?V4A8AB5<8 D5=>B8?C 

=0AV=8=8 B0 :>H8:0 @>A;8=8 A>=OH=8:C :>=48B5@Aь:>3>, 0 A0<5 ?V4A8AB5<0 

71>@C 2V7C0;ь=8E E0@0:B5@=8E >7=0: =0AV=8=8; ?V4A8AB5<0 71>@C E0@0:B5@8AB8: 

=0AV==O 70 1V>EV<VG=8<8 0=0;V70<8; ?V4A8AB5<0 71>@C E0@0:B5@8AB8: :>H8:C, 

AB51;0 B0 :>@5=O @>A;8=8.  

#V4A8AB5<0 71>@C 2V7C0;ь=8E E0@0:B5@=8E >7=0: =0AV=8=8 ?@87=0G5=0 4;O 

AB2>@5==O :>;5:FVW D>B>7>1@065=ь =0AV==O @V7=8E 35=>B8?V2 (&01;8FO 2.2.1). � 

FV9 A8AB5<V 1C4CBь 2V41C20B8AO ?@>F54C@8 03@53C20==O V=D>@<0FVW I>4> 

@>7<V@V2, 7010@2;5=ь B0 D>@<8 =0AV==O. 

#V4A8AB5<0 71>@C E0@0:B5@8AB8: =0AV==O 70 1V>EV<VG=8<8 0=0;V70<8 

?@87=0G5=0 4;O 03@53C20==O V=D>@<0FVW I>4> @57C;ьB0BV2 ;01>@0B>@=8E 0=0;V7V2 

=0 2<VAB 1V;:C, >;5W=>2>W :8A;>B8, ;V=>;52>W :8A;>B8, ?0;ь<VB8=>2>W :8A;>B8, 

;V=>;5=>2>W :8A;>B8 (&01;8FO 2.2.2). �>40B:>2> FO ?V4A8AB5<0 4>;CG0є 4> 

03@53C20==O DV78G=V @57C;ьB0B8 >FV=:8 A8;8 ;CI5==O =0 2V4?>2V4=><C 

>1;04=0==V 7 02B><0B8G=>N DV:A0FVєN @57C;ьB0BV2 5:A?5@8<5=BC.  

�>H8: E0@0:B5@87CєBьAO 70 @>7<V@><, D>@<>N B0 =0E8;><. �0 =0E8; 

:>H8:0 2V4?>2V40NBь 12 35=V2 7 048B82=8< 5D5:B><, :>65= 7 O:8E 7<V=Nє =0E8; 

:>H8:0 =0 15 3@04CAV2. �Aь>3> @5єAB@CNBь 9 B8?V2 ?>;>65==O :>H8:0 2V4=>A=> 

AB51;0 2V4 3>@87>=B0;ь=>3>(0*) 4> 25@B8:0;ь=>3> (90*), =0?V2>15@=5=>3> (135*) 

B0 >15@=5=>3> 4>=87C (180*) (UPOV TG/81/7 Sunflower Guidelines, 2011). 
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&01;8FO 2.2.1 3 #0@0<5B@8 F8D@>2>W <>45;V D5=>B8?C =0AV=8=8 

(AD>@<>20=> 02B>@>< 70 40=8<8 �=AB8BCBC >;V9=8E :C;ьBC@ !��! ':@0W=8) 
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A5=A>@8  

#>@8ABVABь % $>7@0EC=>:  
�>;>3VABь % �>;>3>є<=V A5=A>@8  
&5<?5@0BC@0 °C �@C=B>2V B5@<><5B@8  
�0<’O=8ABVABь % 01> :V;ь:VABь 

:0<V==O =0 <² 
�V7C0;ь=0 >FV=:0 / 

A5=A>@8 

)V<VG=V 
2;0AB82>ABV 

pH ,:0;0 :8A;>B=>ABV 
(0314) 

�01>@0B>@VO / pH-

<5B@8  
�;5:B@>?@>2V4=VABь dS/m %5=A>@8 / ;01>@0B>@VO  
�<VAB 3C<CAC % �01>@0B>@VO  
�<VAB >@30=VG=>W 
@5G>28=8 

% �01>@0B>@VO 
 

�7>B (N) <3/:3 �01>@0B>@VO  
(>AD>@ (P) <3/:3 �01>@0B>@VO  
�0;V9 (K) <3/:3 �01>@0B>@VO  

 V:@>5;5<5=B8 (Fe, Mn, 
Zn, B B>I>) 

<3/:3 �01>@0B>@VO 

�V>;>3VG=V 
2;0AB82>ABV 

 V:@>1V>;>3VG=0 
0:B82=VABь 

�V;ь:VABь :>;>=V9 / 
0:B82=VABь 

�01>@0B>@VO 
 

!0O2=VABь ?0B>35=V2  �8O2;5=> / !5 
28O2;5=> 

�01>@0B>@VO 

�3@>B5E=VG=V 
D0:B>@8 

�AB>@VO >1@>1VB:C ?>;O &5:AB / 70?8A �070 03@>=><VG=8E 
40=8E  

%8AB5<0 C4>1@5==O &8?8 4>1@82, 4>78, 
40B8 2=5A5==O 

�3@>=><VG=0 
4>:C<5=B0FVO  

�@>H5==O "1AO3, G0AB>B0 %5=A>@8 / 
03@>4>:C<5=B0FVO  

#>?5@54=8:8 !0728 :C;ьBC@ #;0= AV2>7<V=8 / 
4>:C<5=B0FVO 
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&01;8FO 2.2.7. �;V<0B8G=V E0@0:B5@8AB8:8, O:V DV:ACNBьAO 4;O 
D5=>B8?C20==O @>A;8= C A5;5:FV9=8E 4>A;V465==OE (AD>@<>20=> 02B>@>< 70 
40=8<8 �=AB8BCBC >;V9=8E :C;ьBC@ !��! ':@0W=8) 
�0B53>@VO )0@0:B5@8AB8:0 "48=8FO 

28<V@N20==O / 
&8? 40=8E 

�65@5;> 40=8E 

&5<?5@0BC@=V 
C<>28 

%5@54=ь>4>1>20 B5<?5@0BC@0 °C  5B5>AB0=FVW / 
40BG8:8 

 0:A8<0;ь=0 45==0 B5<?5@0BC@0 °C  5B5>AB0=FVW / ;>35@8 
 V=V<0;ь=0 =VG=0 B5<?5@0BC@0 °C  5B5>AB0=FVW / ;>35@8 
&5<?5@0BC@=V AB@5A8 (:V;ь:VABь 

4=V2 >30°C 01> <5°C) 
�V;ь:VABь 4=V2  5B5>@>;>3VG=V 

0@EV28 

%C<0 0:B82=8E B5<?5@0BC@ 70 
?5@V>4 2535B0FVW @>A;8= 

°C  5B5>AB0=FVW / ;>35@8 

"?048 �030;ь=0 :V;ь:VABь >?04V2 <<  5B5>AB0=FVW / 
4>I><V@8 

�=B5=A82=VABь >?04V2 <</3>4 01> 
<</4>10 

 5B5>AB0=FVW 

#>ACH;82V ?5@V>48 �V;ь:VABь 4=V2 
157 >?04V2 

�=0;V7 <5B5>40=8E 

%C<0 >?04V2 70 ?5@V>4 2535B0FVW 
@>A;8=8 

<<  5B5>AB0=FVW / 
4>I><V@8 

%>=OG=5 
28?@><V=N-

20==O 

%>=OG=0 @04V0FVO (V=A>;OFVO)  �6/<²/45=ь 01> 
�B/<² 

$04V><5B@8 / 
AC?CB=8:>2V 40=V 

&@820;VABь A2VB;>2>3> 4=O �>48=8 �AB@>=><VG=V 
@>7@0EC=:8 

�V;ь:VABь ?>E<C@8E / A>=OG=8E 
4=V2 

�=V2 %C?CB=8:>2V 7=V<:8 / 
0@EV28 

�>;>3VABь 
?>2VB@O 

%5@54=O 2V4=>A=0 2>;>3VABь %  5B5>AB0=FVW / 
3V3@><5B@8 

 V=V<0;ь=0 / <0:A8<0;ь=0  %  5B5>AB0=FVW / ;>35@8 
�VB5@ %5@54=O H284:VABь 2VB@C </A �=5<><5B@8 / 

<5B5>AB0=FVW 
 0:A8<0;ь=V ?>@828 2VB@C </A  5B5>AB0=FVW 

!0?@O< 2VB@C �CB / A5:B>@ (N, 
NE, E, B>I>) 

 5B5>AB0=FVW 

�=HV 
?>:07=8:8 

�B<>AD5@=89 B8A: 3#0 01> << @B. 
AB. 

�0@><5B@8 

�8?0@>2C20=VABь 
(Evapotranspiration, ET0) 

<</4>10 $>7@0EC=>: 70 
D>@<C;0<8 FAO 

�V;ь:VABь 3@04>1>W2 / 1C@52VW2 / 
70<>@>7:V2 

#>4VW (D0:B 
DV:A0FVW) 

 5B5>72545==O / 
?>;ь>2V 

A?>AB5@565==O 
�;V<0B8G=V 
V=45:A8 

%C<0 0:B82=8E B5<?5@0BC@ 
(>10°C) 

°C �3@>=><VG=V 
@>7@0EC=:8 

�=45:A 0@V4=>ABV (70ACH;82>ABV) �57@>7<V@=0 
25;8G8=0 

$>7@0EC=>: 70 
<5B5>40=8<8 

%?@8OB;82V 4=V 4;O 2535B0FVW :V;ь:VABь �3@>=><VG=V <>45;V 
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�V>B8G=V D0:B>@8, >1C<>2;5=V 4VєN :;V<0B8G=8E G8==8:V2 V =02:>;8H=ь>3> 

A5@54>28I0 4 7>:@5<0 H:V4=8:8 B0 ?0B>35==V >@30=V7<8 4 B0:>6 G8=OBь 

VAB>B=89 2?;82 =0 @>728B>: @>A;8=. �E=O H:>4>G8==VABь <>65 7<V=N20B8AO ?V4 

2?;82>< 03@>B5E=VG=8E ?@89><V2 V 70A>1V2 EV<VG=>3> G8 1V>;>3VG=>3> 

?>E>465==O, I> 70AB>A>2CNBьAO 2 03@>=><VG=V9 ?@0:B8FV. "B65, 03@>=><VG=V 

70E>48 2V4V3@0NBь :;NG>2C @>;ь C @50;V70FVW ?>B5=FV0;C 35=>B8?C B0 9>3> 

040?B0FVW 4> :>=:@5B=8E :;V<0B8G=8E C<>2 @53V>=C. &><C 2@0EC20==O 

03@>=><VG=>3> 2?;82C є =5>1EV4=>N C<>2>N O: C ?@>F5AV D5=>B8?C20==O @>A;8=, 

B0: V ?@8 ?>1C4>2V F8D@>28E <>45;59 WE @>728B:C. �>A;V465==O, I> ?@>2>4OBьAO 

2 C<>20E :>=B@>;ь>20=>3> A5@54>28I0, O: ?@028;>, ?5@5410G0NBь <>45;N20==O 

;8H5 B8E D0:B>@V2, O:V AB2>@5=V ;N48=>N. �V4B0:, 28=8:0є =5>1EV4=VABь 

70157?5G5==O @>A;8=8 2AV<0 >A=>2=8<8 @5AC@A0<8: 2>4>N, A2VB;><, B5?;><, 

<0:@>- V <V:@>5;5<5=B0<8. �:;NG5==O 2?;82C 03@>=><VG=8E G8==8:V2, 

=0A0<?5@54 03@>B5E=VG=8E ?@89><V2 (B01;. 2.2.8), A?@8Oє ?V428I5==N B>G=>ABV 

0=0;V7C D5=>B8?>28E >7=0:. �=D>@<0FVO 718@0єBьAO 2@CG=C, 70 4>?><>3>N 03@>�&-

A8AB5< 01> 02B><0B8G=> 7 4@>=V2, A5=A>@V2 G8 <0H8==>W B5;5<5B@VW. 

Digital phenotyping system <VAB8Bь B0:V 107>2V ?V4A8AB5<8 D5=>B8?C 

@>A;8=8 A>=OH=8:C: ?V4A8AB5<0 71>@C 2V7C0;ь=8E E0@0:B5@=8E >7=0: =0AV=8=8; 

?V4A8AB5<0 71>@C E0@0:B5@8AB8: =0AV==O 70 1V>EV<VG=8<8 0=0;V70<8, ?V4A8AB5<0 

71>@C E0@0:B5@8AB8: :>H8:C, AB51;0 B0 :>@5=O @>A;8=8, 0 B0:>6 B@8 ?V4A8AB5<8 

E0@0:B5@8AB8: 3@C=BC, :;V<0B8G=8E E0@0:B5@8AB8: B0 03@>B5E=VG=8E (@8A.2.2.2). 

�3@53C20==O B0 >1@>1:0 V=D>@<0FVW, O:0 1C45 >B@8<0=0 2 ?@>F5AV 71>@C B0 

>1@>1:8 40=8E 2 F8E ?V4A8AB5<0E AB0=5 107>N 4;O AB2>@5==O F8D@>2>W <>45;V 

D5=>B8?C @>A;8=8 7 ?52=8< 35=>B8?><.  
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&01;8FO 2.2.8. �3@>B5E=VG=V E0@0:B5@8AB8:8, O:V DV:ACNBьAO B0 

2@0E>2CNBьAO ?@8 D5=>B8?C20==V @>A;8= (AD>@<>20=> 02B>@>< 70 40=8<8 

�=AB8BCBC >;V9=8E :C;ьBC@ !��! ':@0W=8) 

�0B53>@VO )0@0:B5@8AB8:0 
"48=8FO 

28<V@N20==O / &8? 
40=8E 

�65@5;> 40=8E 

"1@>1VB>: 
�@C=BC 

&8? >A=>2=>3> >1@>1VB:C 
(>@0=:0, 3;81>:5 @8E;5==O, 

mini-till, no-till) 

�20;VDV:0B>@ 
(=0720 <5B>4C) 

#>;ь>289 6C@=0;, 
03@>?;0= 

 �;818=0 >A=>2=>3> >1@>1VB:C A< 
�3@>03@530B8, 

03@>=><VG=0 :0@B0 
 &8? ?5@54?>AV2=>3> >1@>1VB:C �20;VDV:0B>@ #>;ь>2V 70?8A8 

%V210 �0B0 AV218 �0B0 �C@=0; 03@>B5E=>;>3V9 
 �CAB>B0 AB>O==O @>A;8= B8A. @>A;8=/30 #>;ь>2V >1<V@8 / 4@>=8 
 �;818=0 703>@B0==O =0AV==O A< #>;ь>2V 28<V@8 
 %E5<0 AV218 <V6@O44O (A<) %V20;:8, 4>:C<5=B0FVO 

�>1@820 �84 4>1@82 NPK, >@30=VG=V, 
<V:@>5;5<5=B8 

�3@>?;0=8, ;01>@0B>@=V 
0=0;V78 

�0B53>@VO )0@0:B5@8AB8:0 
"48=8FO 

28<V@N20==O / &8? 
40=8E 

�65@5;> 40=8E 

 �>70 2=5A5==O :3/30 01> ;/30 #>;ь>2V 6C@=0;8 

 
%?>AV1 2=5A5==O (2 >A=>2=5, 
?@8?>AV2=5, ;8AB>25, 

D5@B830FVO) 
�20;VDV:0B>@ �3@>:0@B>3@0DVO 

 �V;ь:VABь 2=5A5=ь �V;ь:VABь @07V2 #;0=-3@0DV: 
�@>H5==O / 
2>;>30 

%?>AV1 7@>H5==O (:@0?;8==5, 
4>IC20==O, 1>@>75=:>25) �20;VDV:0B>@ #;0= 7@>H5==O 

 "1’є< ?>40=>W 2>48 << 01> <³/30 %8AB5<8 7@>H5==O 
 �V;ь:VABь ?>;82V2 $07V2 �3@>=V<0 

�0E8AB @>A;8= �84 ��$ (35@1VF848, DC=3VF848, 
V=A5:B8F848) 

!0720 + 4VNG0 
@5G>28=0 

�C@=0; >1@>1>:, 
AgroScout 

 �0B0 B0 D070 2=5A5==O �0B0 / D5=>;>3VG=0 
D070 %:0CB8=3, 03@>:0;5=40@ 

 �>70 2=5A5==O ;/30 01> :3/30 %5@B8DV:0B, >1?@8A:C20G 
 %?>AV1 >1@>1:8 !075<=89, 

02V0FV9=89, 4@>= #>;ь>2V 6C@=0;8 

�=HV 
03@>?@89><8  C;ьGC20==O !0O2=VABь / B8? #>;ь>2V A?>AB5@565==O 

 �=>:C;OFVO / AB8<C;OFVO #@5?0@0B8 / 
<5B>48:0 �C@=0; 03@>70E>4V2 

 %C<V6=V :C;ьBC@8 / AV2>7<V=0 #>?5@54=8:, 
=0ABC?=0 :C;ьBC@0 �3@>=><VG=89 ?;0= 
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$8AC=>:. 2.2.2 - %B@C:BC@=0 AE5<0 A8AB5<8 F8D@>2>W <>45;V @>A;8=8 

A>=OH=8:C Helianthus (AB2>@5=> 02B>@><) 

 

2.4 "=B>;>3VW: ?@8=F8?8, 0:AV><0B8:0, :;0A8, 2;0AB82>ABV, >1<565==O 

 

"=B>;>3VG=5 <>45;N20==O є D>@<0;V7>20=8< ?V4E>4>< 4> AB@C:BC@=>3> V 

A5<0=B8G=>3> >?8AC ?@54<5B=>W >1;0ABV, I> 4>72>;Oє D>@<0;V7C20B8 7=0==O ?@> 

>1’є:B8, WE=V 2;0AB82>ABV B0 270є<>72’O7:8. "=B>;>3VO <VAB8Bь 1078A 4;O 

<>45;N20==O ?52=>W 30;C7V 7=0=ь B0 287=0G0є 2V4=>H5==O B0 4><>2;5=VABь ?@> 

?>40==O B5>@5B8G=8E >A=>2 FVєW 30;C7V 7=0=ь. �V4?>2V4=> 4> 287=0G5==O, O:5 

70?@>?>=C202 T. Gruber, >=B>;>3VW 3 F5 D>@<0;ь=V, O2=V A?5F8DV:0FVW A?V;ь=8E 

:>=F5?BC0;V70FV9 (Gruber T. 1991). �;0A8G=5 287=0G5==O >=B>;>3VW є 

2?>@O4:>20=>N B@V9:>N 284C:  

 ÿ = (&, ý, �),  
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45 T 3 c:V=G5=0 =5?CAB0 <=>68=0 B5@<V=V2 (:>=F5?BV2, ?>=OBь, :;0AV2) 

30;C7V 7=0=ь, O:C ?@54AB02;Oє >=B>;>3VO ÿ;  

R 3 A:V=G5=0 <=>68=0 2V4=>H5=ь <V6 ?>=OBBO<8 30;C7V 7=0=ь;  

F 3 A:V=G5=0 <=>68=0 DC=:FV9 V=B5@?@5B0FVW (0:AV><0B870FVO), 7040=8E =0 

:>=F5?B0E B0/01> 2V4=>H5==OE >=B>;>3VW ÿ. 

"A=>2=V 5;5<5=B8 >=B>;>3VW 2:;NG0NBь :;0A8, 5:75<?;O@8, 2;0AB82>ABV B0 

0:AV><8, :>65= 7 O:8E 28:>=Cє A?5F8DVG=C @>;ь C ?>1C4>2V <>45;V 7=0=ь. 

�;0A (Class) 287=0G0є <=>68=C >1’є:BV2, I> <0NBь A?V;ь=V E0@0:B5@8AB8:8. 

�;0A D>@<0;V7CєBьAO O: AC:C?=VABь 0B@81CBV2 B0 270є<>72’O7:V2, O:V 287=0G0NBь 

>1’є:B8, I> 4> =ь>3> =0;560Bь. 

�:75<?;O@ (Instance / Individual) є :>=:@5B=8< ?@54AB02=8:>< :;0AC 4 

@50;ь=>N G8 A8<C;ь>20=>N ACB=VABN, O:0 ?V4?>@O4:>2CєBьAO ?@028;0< A2>3> 

:;0AC. 

�;0AB82>ABV (Properties / Attributes / Relations) >?8ACNBь >7=0:8 :;0AV2 B0 

5:75<?;O@V2 V 2AB0=>2;NNBь 72’O7:8 <V6 >1’є:B0<8. � >=B>;>3VG=><C 

<>45;N20==V 284V;ONBь 420 B8?8 2;0AB82>AB59. Datatype properties >?8ACNBь 

O:VA=V B0 :V;ь:VA=V E0@0:B5@8AB8:8 (G8A;>2V 7=0G5==O, B5:AB>2V 0B@81CB8). Object 

properties >?8ACNBь 270є<>72’O7:8 <V6 5:75<?;O@0<8 G8 :;0A0<8. �;0AB82>ABV 

4>72>;ONBь 1C4C20B8 A5<0=B8G=C <5@56C 7=0=ь B0 70157?5GCNBь ;>3VG=5 

282545==O =>28E D0:BV2. 

�:AV><8 (Axioms) 287=0G0NBь ;>3VG=V ?@028;0 B0 >1<565==O, O:V 

70AB>A>2CNBьAO 4> :;0AV2, 5:75<?;O@V2 B0 2;0AB82>AB59, 70157?5GCNG8 

C73>465=VABь B0 :>@5:B=VABь >=B>;>3VW. �:AV><8 :;0AC >?8ACNBь 7030;ь=V ?@028;0 

4;O 2AVE 5:75<?;O@V2 :;0AC. "1<565==O 2;0AB82>AB59 287=0G0NBь 4>?CAB8<V 

7=0G5==O B0 B8?8 72’O7:V2. �>3VG=V 0:AV><8 4>72>;ONBь @>18B8 282545==O =>28E 

7=0=ь. 

 5B>48 >=B>;>3VG=>W V=65=5@VW 107CNBьAO =0 ?@8=F8?0E, 70?@>?>=>20=8E 

&. �@C15@>< (Gruber T., 1991), <5B>N O:8E є >1<V= 7=0==O<8 B0 270є<>4VO <V6 

?@>3@0<0<8 =0 >A=>2V A?V;ь=>W :>=F5?BC0;V70FVW.  
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1. /A=VABь (Clarrity). "=B>;>3VO ?>28==0 5D5:B82=> ?5@54020B8 

?5@5410GC20=5 7=0G5==O 287=0G5=8E B5@<V=V2. !5>1EV4=VABь DV:AC20==O 0:AV><, 

O:V 287=0G0NBь V=B5@?@5B0FVW 22545=8E B5@<V=V2. 

2. '73>465=VABь (Coherence). "=B>;>3VO є C73>465=>N, O:I> 

287=0G0;ь=V 0:AV><8 ;>3VG=> C73>465=V, 4>72>;5=V 28A=>2:8, 2:;NG=> 4;O ?>=OBь, 

I> ?@54AB02;5=V ?@8@>4=ь>N <>2>N, C73>46CNBьAO 7 287=0G5==O<8. /:I> 

28A=>2:8, O:V <>6=0 2825AB8 7 0:AV><, AC?5@5G8Bь 287=0G5==N 01> ?@8:;04C, 

=02545=><C ?@8@>4=>N <>2>N, B> >=B>;>3VO є =5C73>465=>N. 

3. $>7H8@N20=VABь (Extendibility). "=B>;>3VO 287=0G0є B0:89 A;>2=8: 

4;O =87:8 ?5@5410GC20=8E 70240=ь, O:89 <>65 1CB8 @>7H8@5=89 B0 

A?5FV0;V7>20=89 70 @0EC=>: =>28E ?>=OBь, 157 7<V= VA=CNG8E 287=0G5=ь. 

4.  V=V<V70FVO C?5@5465=>ABV :>4C20==O (Minimal encoding bias). 

�>=F5?BC0;V70FVO ?>28==0 1CB8 287=0G5=0 =0 @V2=V 7=0=ь 157 70;56=>ABV 2V4 

:>=:@5B=>3> :>4C20==O, >A:V;ь:8 035=B8 >1<V=C 7=0==O<8 <>6CBь 1CB8 

@50;V7>20=V 2 @V7=8E A8AB5<0E ?@54AB02;5==O.  

5.  V=V<V70FVO A5<0=B8G=>W ?>2'O70=>ABV B0 2=CB@VH=ь>W 270є<>70;56=>ABV 

:><?>=5=BV2 (Minimal ontological commitment). �@EVB5:BC@0 ?@54<5B=>W 

>=B>;>3VW ?>28==0 ?@>є:BC20B8AO 7 C@0EC20==O< :@8B5@VN <V=V<0;ь=> 

=5>1EV4=>W A5<0=B8G=>W ?>2'O70=>ABV :><?>=5=BV2, O:0 є AB@>3> 4>AB0B=ь>N 4;O 

70157?5G5==O :>@5:B=>3> >1<V=C 7=0==O<8 B0 V=B53@0FVW @V7=>@V4=8E 40=8E. 

$V25=ь 2=CB@VH=ь>W 270є<>70;56=>ABV :>=F5?BV2 <V=V<V7CєBьAO H;OE>< 

D>@<0;V70FVW =091V;ьH 3=CG:>W ;>3VG=>W B5>@VW B0 A?5F8DV:0FVW 28:;NG=> B8E 

ACB=>AB59 V 72'O7:V2, 157 O:8E =5<>6;820 >4=>7=0G=0 V=B5@?@5B0FVO B0 ?5@540G0 

V=D>@<0FVW 2 <560E 4>A;V46C20=>W A8AB5<8. &0:89 ?V4EV4 70157?5GCє A;01:C 

7G5?;5=VABь (low coupling) <>4C;V2 1078 7=0=ь, A?@>ICє WW ?>40;ьH5 

<0AHB01C20==O B0 28:;NG0є =04;8H:>2V ;>3VG=V >1<565==O ?@8 282545==V 

@VH5=ь. 

 5B>4>;>3VW AB2>@5==O >=B>;>3V9 287=0G0NBь >@30=V70FV9=V, ?@>F5A=V B0 

B5E=>;>3VG=V 7040GV, I> 2?;820NBь =0 O:VABь >=B>;>3V9 B0 WW 70AB>AC20==O. ' 
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<560E ACG0A=>W V=65=5@VW 7=0=ь ?@89=OB> 284V;OB8 B@8 DC=40<5=B0;ь=V 

<5B>4>;>3VG=V ?0@0483<8, :>6=0 7 O:8E >@Vє=B>20=0 =0 28@VH5==O A?5F8DVG=>3> 

:;0AC 70240=ь ?@8 ?>1C4>2V V=B5;5:BC0;ь=8E A8AB5<. 

 5B>4>;>3VO METHONTOLOGY, @>7@>1;5=0 Fernández-López et al. (2002) 

=0 >A=>2V AB0=40@BV2 68BBє2>3> F8:;C ?@>3@0<=>3> 70157?5G5==O IEEE 1074, є 

=091V;ьH 45B0;V7>20=8< ?V4E>4>< 4> V=65=5@VW 7=0=ь, I> 70157?5GCє AC2>@C 

D>@<0;V70FVN =0 2AVE 5B0?0E @>7@>1:8. #@>F5A @>7?>G8=0єBьAO 7 5B0?C 

A?5F8DV:0FVW (Specification), =0 O:><C GVB:> 287=0G0NBьAO <5B0, >1AO3 B0 

=5>1EV4=89 ABC?V=ь D>@<0;V70FVW <091CB=ь>W A8AB5<8, ?VA;O G>3> 74V9A=NєBьAO 

:>=F5?BC0;V70FVO (Conceptualization) 4;O AB2>@5==O «?@><V6=>W <>45;V» 

(Intermediate Representation), I> AB@C:BC@Cє 7=0==O C D>@<V A;>2=8:0 B5@<V=V2, 

B0:A>=><V9, 4V03@0< 1V=0@=8E 72'O7:V2 B0 B01;8Fь 0B@81CBV2 V 0:AV><. !0ABC?=0 

D070 D>@<0;V70FVW (Formalization) 70157?5GCє B@0=AD>@<0FVN FVєW ?@><V6=>W 

<>45;V C D>@<0;ь=C AB@C:BC@C, O:0 =0 5B0?V @50;V70FVW (Implementation) 

2BV;NєBьAO C ?@>3@0<=89 :>4 <>2>N >=B>;>3V9 OWL, I> 2 ?>40;ьH><C 4>72>;Oє 

74V9A=N20B8 157?5@5@2=89 AC?@>2V4 (Maintenance) 4;O :>@83C20==O B0 >=>2;5==O 

A8AB5<8. �8BBє289 F8:; >=B>;>3VW B0:>6 2:;NG0є ?0@0;5;ь=V ?V4B@8<CNGV 

?@>F5A8, 7>:@5<0 V=B53@0FVN 265 VA=CNG8E <>45;59 4;O 5:>=><VW @5AC@AV2 B0 5B0? 

>FV=N20==O(Evaluation), 2 <560E O:>3> ?@>2>48BьAO :><?;5:A=89 B5E=VG=89 

0C48B <>45;V 4;O ?V4B25@465==O WW O:>ABV B0 FV;VA=>ABV. 

�><?;5:A=0 V=65=5@=0 AB@0B53VO @>7@>1:8 >=B>;>3V9 On-To-Knowledge 

(OTKM) 1C;0 @>7@>1;5=0 2 >4=>9<5==><C є2@>?59Aь:><C ?@>є:BV B0 >@Vє=B>20=0 

=0 ?>1C4>2C A8AB5< C?@02;V==O 7=0==O<8 (Knowledge Management Systems) 2 

<560E >@30=V70FV9 (Castillo-Barrera, F. Et al. 2013).  5B>4>;>3VO 0:F5=BCє C203C 

=0 ?@03<0B8G=><C 0A?5:BV 28:>@8AB0==O 7=0=ь, 45 :;NG>28< :@8B5@Vє< 

CA?VH=>ABV є 740B=VABь <>45;V 28@VHC20B8 :>=:@5B=V ?@8:;04=V 70?8B8 

:>@8ABC20GV2 C <560E :>@?>@0B82=>W AB@C:BC@8.  5B>4>;>3VO ?@>?>=Cє ?'OBь 

?>A;V4>2=8E 5B0?V2, O:V <>6CBь ?>2B>@N20B8AO 2 VB5@0FV9=><C @568<V. 
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&5E=V:>-5:>=><VG=5 >1�@C=BC20==O (Feasibility Study). !0 Fь><C C 5B0?V 

?@>2>48BьAO 0=0;V7 ?@>1;5<=8E 7>= >@30=V70FVW, AF5=0@VW 28:>@8AB0==O (Use 

Cases), FV;ь>20 0C48B>@VO. #@>2>48BьAO >FV=:0  5:>=><VG=>W B0 B5E=VG=>W 

4>FV;ь=>ABV @>7@>1:8 >=B>;>3VG=>3> @VH5==O. 

#V43>B>2G89 5B0? (Kick-off) 2:;NG0є D>@<C20==O  c?5F8DV:0FVW 28<>3 4> 

>=B>;>3VW (ORSD). #@>2>48BьAO 287=0G5==O ?@54<5B=>W >1;0ABV B0 @V2=O 

45B0;V70FVW (granularity). �87=0G0NBьAO �><?5B5=B=VA=V 70?8B0==O (Competency 

Questions) O: ?5@5;V: 70?8B0=ь ?@8@>4=>N <>2>N, 2V4?>2V4V =0 O:V <0NBь 

>B@8<0B8 :>@8ABC20GV A8AB5<8. 

�B0? 1. '4>A:>=0;5==O B0 @>7@>1:0 (Refinement) 2:;NG0є 28;CG5==O 7=0=ь 

(Knowledge Elicitation) G5@57 71V@ B5@<V=V2 B0 :>=F5?BV2 V7 4>:C<5=BV2 B0 G5@57 

V=B5@2'N 7 5:A?5@B0<8. �>=F5?BC0;V70FVO 2:;NG0є ?>1C4>2C B0:A>=><VW (Vє@0@EVW 

:;0AV2), 287=0G5==O 0B@81CBV2 B0 72'O7:V2 (object/data properties). (>@<0;V70FVO 

2:;NG0є >?8A ?>1C4>20=>W <>45;V <>20<8 ?@54AB02;5==O 7=0=ь (?5@5206=> OWL 

2 01> RDF/S). 

�B0? 2. "FV=N20==O (Evaluation) 2:;NG0є 25@8DV:0FVN, B>1B> ?5@52V@:C 

;>3VG=>W =5AC?5@5G;82>ABV >=B>;>3VW, B0 20;V40FVN, B>1B> ?5@52V@:C <>6;82>ABV 

>B@8<0B8 2V4?>2V4V =0 :><?5B5=B=VA=V 70?8B0==O, AD>@<C;ь>20=V =0 5B0?V Kick-

off. �=0;V7 2V4?>2V4=>ABV 28<>30< :V=F528E :>@8ABC20GV2. 

�:A?;C0B0FVO B0 AC?@>2V4 (Maintenance). #@>F5A8 >=>2;5==O >=B>;>3VW ?@8 

7<V=V 7=0=ь C ?@54<5B=V9 >1;0ABV. '?@02;V==O 25@AVO<8 B0 V=B53@0FVO =>28E 

:>=F5?BV2 157 ?>@CH5==O VA=CNG8E ;>3VG=8E 72'O7:V2. 

 5B>4>;>3VO DILIGENT (Distributed, Loosely-controlled and evolvInG 

Engineering of oNTologies) F5 I5 >4=0 DC=40<5=B0;ь=0 AB@0B53VO 2 V=65=5@VW 

7=0=ь, O:0, =0 2V4<V=C 2V4 OTKM, D>:CACєBьAO =0 45F5=B@0;V7>20=V9 B0 

@>7?>4V;5=V9 @>7@>1FV >=B>;>3V9 (Pinto, H., Staab, S., & Tempich, C. 2004). 

DILIGENT ?V4B@8<Cє 45F5=B@0;V7>20=V @>1>GV ?@>F5A8, 70;CG5==O 5:A?5@BV2 C 

?@54<5B=V9 >1;0ABV B0 C?@02;V==O 52>;NFVєN >=B>;>3V9. 

�8BBє289 F8:; DILIGENT A:;040єBьAO 7 ?'OB8 VB5@0FV9=8E :@>:V2: 
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�B0? ?5@H89 #>1C4>20 (Build) =0 O:><C AB2>@NєBьAO 107>20 "O45@=0" 

>=B>;>3VO (core ontology).  

�@C389 5B0? �>:0;ь=0 040?B0FVO (Local Adaptation). �40?B0FVO 107>2>W 

"O45@=>W" >=B>;>3VW (core ontology) 4> ?@8:;04=8E 7040G0E G5@57 AB2>@5==O 

";>:0;ь=8E 25@AV9". 

�=0;V7 (Analysis). #@>2>48BьAO 71V@ B0 0=0;V7  ?@>2545=8E ;>:0;ь=8E 7<V= 

4;O 28O2;5==O ?0B5@=V2, :>=D;V:BV2, :>@8A=8E 4>?>2=5=ь, O:V 7’O28;8AO 2 ?@>F5AV 

@50;ь=>W 5:A?;C0B0FVW. 

$52V7VO (Revision). !0 >A=>2V 0=0;V7C ?@89<0єBьAO @VH5==O ?@> >=>2;5==O 

"O45@=>W" >=B>;>3VW. �>=D;V:B8 @>72'O7CNBьAO H;OE>< :>=A5=ACAC <V6 

CG0A=8:0<8. 

�>:0;ь=5 >=>2;5==O (Local Update). !>20 25@AVO "O45@=>W" >=B>;>3VW 

@>7A8;0єBьAO 2AV< CG0A=8:0<, O:V ?>BV< V=B53@CNBь A2>W A?5F8DVG=V ;>:0;ь=V 

7=0==O 265 2 >=>2;5=C AB@C:BC@C. 

!0 ACG0A=><C 5B0?V @>728B:C V=65=5@VW 7=0=ь A?>AB5@V30єBьAO B5=45=FVO 4> 

3V1@84870FVW <5B>4V2, 45 :;0A8G=V ?V4E>48 4>?>2=NNBьAO V=AB@C<5=B0<8 4;O 

@>1>B8 7 25;8:8<8 40=8<8 B0 E<0@=8<8 A5@2VA0<8 A?V;ь=>W @>7@>1:8. 

%5@54>28I5 @>7@>1:8 >=B>;>3V9 4 F5 ?@>3@0<=89 :><?;5:A, I> 

70157?5GCє 02B><0B870FVN 5B0?V2 ?>1C4>28, @5403C20==O, 2V7C0;V70FVW B0 ;>3VG=>W 

?5@52V@:8 >=B>;>3VG=8E <>45;59. 

%CG0A=V A5@54>28I0 @>7@>1:8 >=B>;>3V9 (Ontology Development 

Environments) :;0A8DV:CNBьAO 70 @V2=5< ?V4B@8<:8 AB0=40@BV2 (OWL, RDF), 

<>6;82>ABO<8 02B><0B8G=>3> ;>3VG=>3> 282545==O (Reasoning) B0 ?V4B@8<:>N 

:>;5:B82=>W @>1>B8. 

%5@54>28I5 Protégé, @>7@>1;5=5 %B5=D>@4Aь:8< F5=B@>< 1V><548G=8E 

4>A;V465=ь (Stanford BMIR), 45-D0:B> є A2VB>28< AB0=40@B>< 2 V=65=5@VW 7=0=ь. 

Protégé 107CєBьAO =0 2V4:@8BV9 0@EVB5:BC@V B0 70157?5GCє ?>2=C ?V4B@8<:C 

@5:><5=40FV9 :>=A>@FVC<C W3C, 7>:@5<0 <>2 OWL 2 B0 RDF(S). %B2>@5==O 

>=B>;>3V9 C Protégé (Liu S. et al.,2020) 4>72>;Oє @>7@>1=8:C >?5@C20B8 B0:8<8 
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?>=OBBO<8, O: :;0A8 (Classes), 2;0AB82>ABV >1'є:BV2 (Object Properties), 2;0AB82>ABV 

B8?C 40=8E (Data Properties) B0 5:75<?;O@8 (Individuals). Protégé =040є V=B5@D59A 

?@8:;04=8E ?@>3@0< (API), 0 B0:>6 V=AB@C<5=B8 4;O 3@0DVG=8E V=B5@D59AV2 

:>@8ABC20G0 (GUI). �>@8ABC20GV B0:>6 <>6CBь AB2>@N20B8 >=B>;>3VW 70 

4>?><>3>N ?@>3@0<C20==O =0 Java, 28:>@8AB>2CNG8 API. Protégé ?V4B@8<Cє 

<=>68==5 CA?04:C20==O B0 =>2V ?5@52V@:8 C73>465=>ABV 40=8E, 0 B0:>6 <0є 

=04V9=C <0AHB01>20=VABь.  

�024O:8 <>4C;ь=V9 A8AB5<V ?;03V=V2, Protégé 4>72>;Oє @>7H8@N20B8 

DC=:FV>=0; 4;O 2V7C0;V70FVW (OntoGraf), V<?>@BC AB@C:BC@>20=8E 40=8E (Cellfie 

4;O Excel) B0 =0?8A0==O ?@028; (SWRL). �06;82>N >A>1;82VABN є V=B53@0FVO 7 

<0H8=0<8 ;>3VG=>3> 282545==O (Reasoners), B0:8<8 O: HermiT B0 Pellet, I> 

4>72>;Oє 2 02B><0B8G=><C @568<V ?5@52V@OB8 >=B>;>3VN =0 =5AC?5@5G;82VABь 

(consistency check) B0 282>48B8 ?@8E>20=V 72’O7:8 <V6 :>=F5?B0<8 (Flügel, S., 

Glauer, M., Neuhaus, F., & Hastings, J. 2025). OntoGraf 3 F5 ?;03V= 4;O Protégé, 

V=AB@C<5=BC 2V7C0;V70FVW >=B>;>3V9 (Sen, C., Summers, J., & Mocko, G. 2013). 

OntoGraf ?@54AB02;Oє �;0A B0 �=482V4 O: 2C7;8, 0 WE=V9 72'O7>: 28@060єBьAO O: 

@51@0. OntoGraf 70157?5GCє 02B><0B8G=V <0:5B8, B0:V O: %VB:0, $04V0;ь=0, 

#@C68==0 B0 �5@52>. �@V< B>3>, :>@8ABC20G <>65 4>2V;ь=> @>7B0H>2C20B8 2AV 

2C7;8. �C7;8 B0 @51@0 <>6=0 DV;ьB@C20B8, I>1 2V7C0;V7C20B8 ;8H5 BV B8?8 @515@ 

B0 2C7;8, O:V ?>B@V1=V :>@8ABC20G52V. �@V< B>3>, 2C7;8 OntoGraf <>6=0 7@>18B8 

=52848<8<8. !0@5HBV, :>@8ABC20G <>65 715@53B8 3@0DV: C D>@<0BV @0AB@>2>3> 

7>1@065==O 01> 715@53B8 3@0DV: C D09;V B0 7020=B068B8 9>3> ?V7=VH5. �=AB@C<5=B 

2V7C0;V70FVW 1C2 AB2>@5=89 H;OE>< 4>4020==O :V;ь:>E DC=:FV9 4;O 5D5:B82=>W 

2V7C0;V70FVW 4>?>2=5=>W >=B>;>3VW =0 >A=>2V OntoGraf (Alkhammash, E. 2022). 

WebProtégé є E<0@=>N @50;V70FVєN A5@54>28I0 Protégé, I> A?5FV0;ь=> 

>?B8<V7>20=0 4;O 3@C?>2>W @>1>B8 B0 @>7?>4V;5=>3> 71>@C 7=0=ь. %8AB5<0 =040є 

@>728=5=V V=AB@C<5=B8 270є<>4VW 2 :><0=40E, <5E0=V7<8 >13>2>@5==O :>=:@5B=8E 

:>=F5?BV2, :><5=BC20==O B0 1030B>@V2=525 2V4AB565==O 7<V=. WebProtégé є 

>?B8<0;ь=8< V=AB@C<5=B>< 4;O @50;V70FVW <5B>4>;>3VW DILIGENT, >A:V;ь:8 
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70157?5GCє =5>1EV4=C ?@>7>@VABь B0 :>=A5=ACA <V6 B5@8B>@V0;ь=> @>7?>4V;5=8<8 

5:A?5@B0<8. 

TopBraid Composer 4 F5 ?@>D5AV9=5 :><5@FV9=5 A5@54>28I5, ?>1C4>20=5 

=0 107V IDE Eclipse, >@Vє=B>20=5 =0 AB2>@5==O <0AHB01=8E 3@0DV2 7=0=ь 

(Enterprise Knowledge Graphs). #;0BD>@<0 28@V7=OєBьAO ?>BC6=8<8 

V=AB@C<5=B0<8 4;O V=B53@0FVW 7 @5;OFV9=8<8 1070<8 40=8E (AB0=40@B8 RDB2RDF) 

B0 ?V4B@8<:>N A:;04=8E 70?8BV2 <>2>N SPARQL. !09:@0I5 :>@5;Nє 7 

<5B>4>;>3VєN On-To-Knowledge (OTKM), 45 >=B>;>3VO @>73;O40єBьAO O: 

F5=B@0;ь=89 :><?>=5=B :>@?>@0B82=>W V=D>@<0FV9=>W V=D@0AB@C:BC@8. 

NeOn Toolkit A?5FV0;V7>20=5 A5@54>28I5, @>7@>1;5=5 4;O ?V4B@8<:8 

68BBє2>3> F8:;C <5@56528E >=B>;>3V9 (Ontology Networks). #V4B@8<Cє 

A?5F8DVG=V >?5@0FVW <5B>4>;>3VW NeOn, B0:V O: @5V=68=V@8=3 =5>=B>;>3VG=8E 

@5AC@AV2, <>4C;ь=0 45:><?>78FVO B0 A:;04=5 2V4>1@065==O (mapping) <V6 

35B5@>35==8<8 <>45;O<8 7=0=ь.  

Fluent Editor ?@54AB02;Oє 0;ьB5@=0B82=89 ?V4EV4 4> V=65=5@VW 7=0=ь, I> 

107CєBьAO =0 28:>@8AB0==V :>=B@>;ь>20=>W ?@8@>4=>W <>28 (Controlled Natural 

Language, CNL), V=AB@C<5=B 02B><0B8G=> B@0=A;Nє ?@8@>4=><>2=V :>=AB@C:FVW 

C D>@<0;ь=89 OWL-:>4, 715@V30NG8 <0B5<0B8G=C AB@>3VABь <>45;V. 

�><?0@0B82=0 E0@0:B5@8AB8:0 A5@54>28I @>7@>1:8 ?@54AB02;5=0 C 

B01;8FV 2.3.1. 

 

&01;8FO 2.3.1 - �><?0@0B82=0 E0@0:B5@8AB8:0 A5@54>28I @>7@>1:8 

#0@0<5B@ Protégé WebProtégé TopBraid NeOn 

Toolkit 

Fluent Editor 

�>ABC?=VABь Free / Open 

Source 

Cloud / Free Commercial Free / 

Open 

Source 

Commercial / 

Free trial 

"A=>2=0 
<5B0 

!0C:>2V 
4>A;V465==O 

�>;5:B82=0 
@>1>B0 

Enterprise-@VH5==O  5@56V 
>=B>;>3V9 

 >45;N20==O 
=0 CNL 

�>3VG=89 
282V4 

#>2=89 
(Reasoners) 

�07>289 #>2=89 
(SPARQL/SHACL) 

�8A>:89 %5@54=V9 

%:;04=VABь %5@54=O !87ь:0 �8A>:0 �8A>:0  V=V<0;ь=0 
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 5B>48:0 ?>1C4>28 >=B>;>3VW 70A>10<8 Protégé 70?@>?>=>20=0 2 @>1>BV 

�8B28= B0 V=. (2009) A:;040єBьAO 7 B0:8E :@>:V2: 

�@>: 1. �87=0G5==O 30;C7V 9 <0AHB01C >=B>;>3VW. $>7@>1:0 ?8B0=ь 

:><?5B5=B=>ABV 4;O ?5@52V@:8 2V4?>2V4=>ABV >=B>;>3VW 7040=V9 ?@54<5B=V9 30;C7V. 

#8B0==O :><?5B5=B=>ABV 4>72>;ONBь >FV=8B8 ?>2=>BC ?>40=>W V=D>@<0FVW V 

@V25=ь WW 45B0;V70FVW. 

�@>: 2.  >6;82VABь 28:>@8AB0==O =0O2=8E >=B>;>3V9.  

�@>: 3. �87=0G5==O B5@<V=V2 V WE 2;0AB82>AB59, O:V =5ACBь >A=>2=C 

V=D>@<0FVN ?@> 7040=C ?@54<5B=C 30;C7ь. 

�@>: 4. �87=0G5==O :;0AV2 V WE Vє@0@EVW. Є 45:V;ь:0 ?V4E>4V2 4;O ?>1C4>28 

Vє@0@EVW :;0AV2: 725@EC-2=87, 7=87C-23>@C B0 :><1V=>20=89 ?@>F5A. 

�@>: 5. �87=0G5==O 2;0AB82>AB59 :;0AV2. #VA;O 287=0G5==O ?52=>W 

:V;ь:>ABV :;0AV2 =5>1EV4=> >?8A0B8 2=CB@VH=N AB@C:BC@C ?>=OBь. #V4 G0A :@>:C 

3 1C;8 281@0=V :;0A8 7V AB2>@5=>3> A?8A:C B5@<V=V2. �V;ьHVABь B5@<V=V2, O:V 

70;8H8BьAO, 9<>2V@=>, 1C4CBь 2;0AB82>ABO<8 F8E :;0AV2. 'AV ?V4:;0A8 :;0AC 

CA?04:>2CNBь 2;0AB82VABь Fь>3> :;0AC. 

�@>: 6. �87=0G5==O D0F5BV2 2;0AB82>AB59. �;0AB82>ABV <>6CBь <0B8 @V7=V 

D0F5B8, I> >?8ACNBь B8? V :>5DVFVє=B (?>BC6=VABь) 7=0G5==O 2;0AB82>ABV, 

4V0?07>= B0 V=HV E0@0:B5@8AB8:8, O:V 2>=0 <>65 <0B8. 

�@>: 7. %B2>@5==O 5:75<?;O@V2. "AB0==V9 :@>: 3 F5 AB2>@5==O >:@5<8E 

5:75<?;O@V2 :;0AV2 2 Vє@0@EVW. �;O 287=0G5==O >:@5<>3> 5:75<?;O@0 =5>1EV4=>: 

1) 281@0B8 :;0A; 

2) AB2>@8B8 >:@5<89 5:75<?;O@ Fь>3> :;0AC; 

3) C25AB8 7=0G5==O A;>BV2. 

�;O D>@<0;V70FVW 2V4=>H5=ь <V6 ACB=>ABO<8 28:>@8AB>2CNBьAO >1'є:B=V 

2;0AB82>ABV (Object Properties), I> 4>72>;ONBь 289B8 70 <56V ?@>AB>W B0:A>=><VW: 

• Part-of (+0AB8=0-G>3>Aь): 28:>@8AB>2CєBьAO 4;O >?8AC AB@C:BC@8 �@C=BC 

(:><?>=5=B8 clay, sand O: G0AB8=0 mechanical_composition) 01> 

B5E=>;>3VG=8E :0@B. 
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• Has-trait ( 0є->7=0:C): ?>2'O7Cє genotype 7 9>3> D5=>B8?VG=8<8 

E0@0:B5@8AB8:0<8 01> O:VA=8<8 ?>:07=8:0<8 =0AV==O. 

• Observed-in (%?>AB5@V30єBьAO-2-=ь><C): 70AB>A>2CєBьAO 4;O DV:A0FVW ?>O28 

H:V4=8:V2 (Pests) 01> E2>@>1 (Diseases) C :>=:@5B=8E 03@>5:>;>3VG=8E 

C<>20E. 

• Measured-as (�8<V@NєBьAO-O:): 287=0G0є <5B@8:8 4;O :V;ь:VA=8E 

?>:07=8:V2, B0:8E O: :>=F5=B@0FVO NPK C �@C=BV 01> ?0@0<5B@8 A>=OG=>W 

@04V0FVW. 

�;O 70157?5G5==O 20;V4=>ABV 1078 7=0=ь 2 >=B>;>3VN 2?@>2046CNBьAO 

;>3VG=V >1<565==O 4;O 70157?5G5==O =5AC?5@5G=>ABV C 283;O4V 0:AV><: 

• Domain & Range: GVB:> 287=0G0NBь B8?8 AC1'є:BV2 B0 >1'є:BV2 4;O :>6=>W 

2;0AB82>ABV (=0?@8:;04, 2;0AB82VABь «<0є @V25=ь 3C<CAC» <>65 <0B8 

4><5=>< ;8H5 :;0A soil). 

• Disjointness (!5?5@5B8==VABь): 30@0=BCє, I> >1'є:B =5 <>65 >4=>G0A=> 

=0;560B8 4> 270є<>28:;NG=8E :;0AV2 (=0?@8:;04, A>@B =5 <>65 1CB8 

3V1@84><). 

• Cardinality (#>BC6=VABь): >1<56Cє :V;ь:VABь <>6;828E 72'O7:V2 (=0?@8:;04, 

>4=0 4V;O=:0 <>65 <0B8 ;8H5 >48= >A=>2=89 B8? <5E0=VG=>3> A:;04C 

�@C=BC). 

 5E0=V7<8 ;>3VG=>3> 282545==O (Reasoning). 

�8:>@8AB0==O D>@<0;ь=>W ;>3V:8 4>72>;Oє 02B><0B87>20=8< @V7>=5@0< 

(Reasoners) 28O2;OB8 ?@8E>20=V 72'O7:8. !0?@8:;04, =0 >A=>2V 40=8E ?@> 

climatic_condition B0 soil, A8AB5<0 <>65 02B><0B8G=> :;0A8DV:C20B8 ?@840B=VABь 

:>=:@5B=>3> genotype 4;O ?52=>W B5@8B>@VW 01> ?@>3=>7C20B8 @878: @>728B:C 

Diseases. *5 ?5@5B2>@Nє >=B>;>3VN 7V AB0B8G=>3> AE>28I0 40=8E =0 48=0<VG=5 

A5@54>28I5 35=5@0FVW =>28E 7=0=ь 4;O ?V4B@8<:8 ?@89=OBBO @VH5=ь. 

 

 



105 

 

 

 

2.5   5B@8:8 >FV=:8 O:>ABV >=B>;>3VW 
 

 >45;ь, I> 28:>@8AB>2C20B8<5BьAO 4;O 287=0G5==O <5B@8:, 107CєBьAO =0 

?@0FV Tartir, S. et al. (2005). �>=0 D>@<0;ь=> 287=0G0є AB@C:BC@8 AE5<8 B0 1078 

7=0=ь (��). *O <>45;ь 1C45 70AB>A>20=0 4;O 287=0G5==O <5B@8:. 

%B@C:BC@0 >=B>;>3VW4 F5 :>@B56 V7 H5AB8 5;5<5=BV2  

 O = (C, P, A, HE, prop, att), 
 

I> A:;040єBьAO 7 42>E =5?5@5B8==8E <=>68= C B0 P, 5;5<5=B8 O:8E 
=07820NBьAO :>=F5?B0<8 B0 2V4=>H5==O<8 2V4?>2V4=>; Vє@0@EVW :>=F5?BV2 HE, 45 HE є >@Vє=B>20=8< B@0=78B82=8< 2V4=>H5==O< HE ⊆ C × C, O:5 B0:>6 
=07820єBьAO B0:A>=><VєN :>=F5?BV2. �0?8A HE(C1, C2) >7=0G0є, I> C1 є 

?V4:>=F5?B>< C2; DC=:FVW prop: P → C × C 01> P(C1, C2), O:0 ?>2’O7Cє :>=F5?B8 
=5B0:A>=><VG=> (DC=:FVO dom: P → C, 45 dom(P) = / (rel(P))1 , 287=0G0є >1;0ABь 

287=0G5==O (4><5=) ; range: P → C, 45 range(P) = / (rel(P))2 , 287=0G0є >1;0ABь WW 

7=0G5=ь (4V0?07>=). %?5F8DVG=8< 284>< 2V4=>H5=ь є 0B@81CB8 A. (C=:FVO att: A → C ?>2’O7Cє :>=F5?B8 7 ;VB5@0;ь=8<8 7=0G5==O<8  rang(A) = string. 

%8AB5<=89 ?V4EV4 4> 25@8DV:0FVW >=B>;>3V9 28:>=Cє @>;ь @53C;OB>@0 O:>ABV 

=0 2AVE 5B0?0E DC=:FV>=C20==O 1078 7=0=ь. �>:@5<0, <5B@8G=89 0=0;V7 70157?5GCє 

?@525=B82=5 28O2;5==O 0@EVB5:BC@=8E @878:V2, ?V428ICє @V25=ь 4>2V@8 

:>@8ABC20G0 4> @57C;ьB0BV2 @>1>B8 A8AB5<8 B0 4>72>;Oє 74V9A=N20B8 A5;5:FVN 

<>45;59 =0 >A=>2V :V;ь:VA=8E :@8B5@VW2 ?@840B=>ABV, <V=V<V7CNG8 AC1’є:B82V7< 

?@8 281>@V FV;ь>2>W >=B>;>3VW.  

/:VABь >=B>;>3V9 >FV=NєBьAO ?> B@ь>< =0?@O<:0<: AE5<0, 1070 7=0=ь B0 

<5B@8:8 :;0AV2. �0AB>AC20==O <5B@8G=>3> ?V4E>4C 70157?5GCє >1’є:B82=89 0=0;V7 

A?5F8DVG=8E E0@0:B5@8AB8: <>45;V, >A:V;ь:8 WW 0@EVB5:BC@0 B0 A5<0=B8G=0 

B>?>;>3VO 157?>A5@54=ь> 45B5@<V=CNBьAO >A>1;82>ABO<8 :>=:@5B=>W ?@54<5B=>W 

>1;0ABV. ' Tartir S. 7V A?V202B>@0<8 (2005) @>73;O40NBьAO 42V ?>2'O70=V :0B53>@VW: 
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<5B@8:8 AE5<8 B0 <5B@8:8 5:75<?;O@V2. #5@H0 :0B53>@VO >FV=Nє 48709= >=B>;>3VW 

B0 9>3> ?>B5=FV0; 4;O 1030B>3> ?@54AB02;5==O 7=0=ь. �@C30 :0B53>@VO >FV=Nє 

@>7<VI5==O 40=8E 5:75<?;O@V2 2 >=B>;>3VW B0 5D5:B82=5 28:>@8AB0==O >=B>;>3VW 

4;O ?@54AB02;5==O 7=0=ь, 7<>45;ь>20=8E 2 >=B>;>3VW. 

 5B@8:8 AE5<8 AB>ACNBьAO 48709=C >=B>;>3VW B0 2:07CNBь =0 1030BAB2>, 

H8@8=C, 3;818=C B0 CA?04:C20==O AE5<8 >=B>;>3VW.  

 5B@8:0 1030BAB20 72’O7:V2 (Relationship Richness, RR) є V=B53@0;ь=8< 
?>:07=8:><, I> 2V4>1@060є A5<0=B8G=C @V7=><0=VB=VABь B0 B>?>;>3VG=C 

AB@C:BC@C >=B>;>3VW. *O <5B@8:0 4>72>;Oє >FV=8B8 ABC?V=ь 28:>@8AB0==O 

=5B0:A>=><VG=8E 2V4=>H5=ь ?>@V2=O=> V7 7030;ь=>N :V;ь:VABN 72’O7:V2 C <>45;V. 

 0B5<0B8G=> 1030BAB2> 72’O7:V2 AE5<8 287=0G0єBьAO O: 2V4=>H5==O ?>BC6=>ABV 

<=>68=8 =5B0:A>=><VG=8E 2V4=>H5=ь |P| 4> AC:C?=>W :V;ь:>ABV 2AVE 72’O7:V2, 
2:;NG0NG8 72’O7:8 CA?04:C20==O (Vє@0@EVN ?V4:;0AV2 |SC|): 

 RR =  |P||SC|+ |P|. 
 

$57C;ьB0B>< >1G8A;5==O є =>@<>20=89 :>5DVFVє=B C 4V0?07>=V [0, 1], O:89 

E0@0:B5@87Cє B8? B0 0@EVB5:BC@=C A?@O<>20=VABь >=B>;>3VW. �=0G5==O  RR 1;87ь:5 

4> 0 A2V4G8Bь ?@> B5, I> <>45;ь є ?5@5206=> B0:A>=><VG=>N. ' B0:V9 A8AB5<V 

4><V=CNBь 72'O7:8 B8?C «:;0A-?V4:;0A» (IS-A), I> E0@0:B5@=> 4;O 107>28E 

:;0A8DV:0B>@V2 01> A;>2=8:V2 7 =87ь:8< @V2=5< DC=:FV>=0;ь=>W 270є<>4VW <V6 

:>=F5?B0<8. �=0G5==O RR 1;87ь:5 4> 1 2:07Cє =0 28A>:C A5<0=B8G=C =0A8G5=VABь 

>=B>;>3VW. *5 >7=0G0є, I> 1V;ьHVABь 72’O7:V2 >?8ACNBь A?5F8DVG=V 4;O ?@54<5B=>W 

>1;0ABV 70;56=>ABV (=0?@8:;04, DC=:FV>=0;ь=V, ?@8G8==>-=0A;V4:>2V 01> 

?@>AB>@>2V 2V4=>H5==O), I> ACBBє2> @>7H8@Nє :>3=VB82=V <>6;82>ABV A8AB5<8 

B0 B>G=VABь ;>3VG=>3> 282545==O. 

 5B@8:0 0B@81CB82=>3> 1030BAB20 (Attribute Richness, AR) 287=0G0єBьAO 
A5@54=ь>N :V;ь:VABN 45DV=VFV9 0B@81CBV2 (A;>BV2) C @>7@0EC=:C =0 >48= :;0A. *59 
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?>:07=8: є V=48:0B>@>< O: 0@EVB5:BC@=>W O:>ABV ?@>5:BC20==O >=B>;>3VW, B0: V 

?>B5=FV9=>W V=D>@<0FV9=>W є<=>ABV >?8AV2 5:75<?;O@V2. �8A>:0 :>=F5=B@0FVO 

0B@81CBV2 A2V4G8Bь ?@> 7=0G=89 @V25=ь 45B0;V70FVW :>=F5?BC0;ь=>W AE5<8 B0 

?V428I5=C A5<0=B8G=C 28@07=VABь <>45;V 7=0=ь. 

 0B5<0B8G=0 D>@<0;V70FVO ?>:07=8:0 0B@81CB82=>3> 1030BAB20 AR 

107CєBьAO =0 @>7@0EC=:C <0B5<0B8G=>3> >GV:C20==O :V;ь:>ABV 45DV=VFV9 0B@81CBV2 

(A;>BV2), I> ?@8?040NBь =0 >48= :>=F5?B A8AB5<8. $>7@0EC=>: V=48:0B>@0 

74V9A=NєBьAO O: 2V4=>H5==O AC:C?=>W :V;ь:>ABV 0B@81CBV2 CAVE :;0AV2 |att| 4> 
?>BC6=>ABV <=>68=8 :;0AV2 |C|: 

 AR = |att||C| . 

 

 "B@8<0=5 7=0G5==O є :V;ь:VA=>N <V@>N A5<0=B8G=>W 45B0;V70FVW 

:>=F5?BC0;ь=>W AE5<8. �8A>:5 7=0G5==O AR A2V4G8Bь ?@> 28A>:C :>3=VB82=C 

B>G=VABь <>45;V. *5 2:07Cє =0 B5, I> 0@EVB5:BC@0 >=B>;>3VW ?5@5410G0є 3;81>:C 

D>@<0;V70FVN 2;0AB82>AB59 :>6=>3> >1’є:B0, 70157?5GCNG8 28A>:C 

V=D>@<0FV9=C =0A8G5=VABь 1078 7=0=ь. !87ь:5 7=0G5==O AR <>65 1CB8 >7=0:>N 

28A>:>3> @V2=O 01AB@0:FVW <>45;V 01> =54>AB0B=ь>W 45B0;V70FVW 2;0AB82>AB59 

:>=F5?BV2, I> >1<56Cє <>6;82>ABV A8AB5<8 I>4> B>G=>3> ?@54AB02;5==O 40=8E 

=0 @V2=V 5:75<?;O@V2. 

 5B@8:0 1030BAB20 CA?04:C20==O (Inheritance Richness, IRs) E0@0:B5@87Cє 

0@EVB5:BC@=C 3;818=C >=B>;>3VW B0 >A>1;82>ABV Vє@0@EVG=>3> @>7?>4V;C 7=0=ь. 

�>=0 є :;NG>28< ?>:07=8:>< ABC?5=O 45B0;V70FVW :0B53>@V9 B0 ?V4:0B53>@V9, 

4>72>;ONG8 48D5@5=FVN20B8 <>45;V 70 B8?>< WE=ь>W 25@B8:0;ь=>W G8 

3>@87>=B0;ь=>W >@Vє=B0FVW. 

 0B5<0B8G=> 1030BAB2> CA?04:C20==O AE5<8 IRs 287=0G0єBьAO O: A5@54=є 

G8A;> :V;ь:>ABV ?V4:;0AV2, I> ?@8?040NBь =0 >48= :;0A. *O <5B@8:0 

>1G8A;NєBьAO O: 2V4=>H5==O AC<8 2AVE ?@O<8E =0I04:V2 (?V4:;0AV2) 4;O :>6=>3> 
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:;0AC 4> 7030;ь=>W ?>BC6=>ABV <=>68=8 :;0AV2  

 IRs  = 3 |HC(Cl,Ci)||C|i=1 |C| , 

 

45 |HC(Cl, Ci)|4 :V;ь:VABь 157?>A5@54=VE ?V4:;0AV2 Cl (direct subclasses) 4;O 
:;0AC Ci. 

#>:07=8: IRs 4>72>;Oє :;0A8DV:C20B8 >=B>;>3VW 70 B8?>< WE=ь>W 

:>3=VB82=>W AB@C:BC@8. �>@87>=B0;ь=0 (?;0=0@=0) >=B>;>3VO <0є =57=0G=C 

:V;ь:VABь @V2=V2 Vє@0@EVW ?@8 25;8:V9 :V;ь:>ABV ?V4:;0AV2 C :>6=>3> 10Bь:V2Aь:>3> 

:>=F5?BC. *5 A2V4G8Bь ?@> H8@>:5 >E>?;5==O ?@54<5B=>W >1;0ABV ?@8 =87ь:><C 

@V2=V A?5F8DV:0FVW >:@5<8E 2C7;V2. )0@0:B5@87CєBьAO 28A>:8< 7=0G5==O< IRs. 

�5@B8:0;ь=0 (3;818==0) >=B>;>3VO <0є @>728=5=C A8AB5<C 2:;045=8E @V2=V2 

CA?04:C20==O 7 =525;8:>N :V;ь:VABN ?@O<8E =0I04:V2 C :>6=>3> :;0AC. &0:0 

AB@C:BC@0 2:07Cє =0 28A>:C ABC?V=ь A?5FV0;V70FVW 7=0=ь B0 45B0;ь=C D>@<0;V70FVN 

Vє@0@EVG=8E 72’O7:V2. )0@0:B5@87CєBьAO =87ь:8< 7=0G5==O< IRs. 

 5B@8:8 5:75<?;O@V2 2V4>1@060NBь A?>AV1 @>7<VI5==O 40=8E 2 >=B>;>3VW. 

$>7<VI5==O 40=8E 5:75<?;O@V2 B0 @>7?>4V; 40=8E <>6CBь 2:07C20B8 =0 

5D5:B82=VABь 48709=C >=B>;>3VW B0 >1AO3 7=0=ь, ?@54AB02;5=8E >=B>;>3VєN. 

 5B@8:8 5:75<?;O@V2 3@C?CNBьAO C 42V :0B53>@VW: <5B@8:8 1078 7=0=ь, O:V 

>?8ACNBь 107C 7=0=ь 2 FV;><C, B0 <5B@8:8 :;0AV2, O:V >?8ACNBь A?>AV1 

28:>@8AB0==O :>6=>3> :;0AC, 287=0G5=>3> 2 AE5<V, 2 107V 7=0=ь. 

$>73;O=5<> <5B@8:8 1078 7=0=ь.  5B@8:0 1030BAB2> :;0AV2 2V4>1@060є O: 

5:75<?;O@8 @>7?>4V;ONBьAO <V6 :;0A0<8. �V;ь:VABь :;0AV2, O:V <0NBь 

5:75<?;O@8, ?>@V2=NєBьAO V7 7030;ь=>N :V;ь:VABN :;0AV2, I> 40є 7030;ь=5 

CO2;5==O ?@> B5, A:V;ь:8 5:75<?;O@V2 ?>2'O70=V 7 :;0A0<8, 287=0G5=8<8 2 AE5<V. 

(>@<0;ь=>, 1030BAB2> :;0AV2 CR 1078 7=0=ь 287=0G0єBьAO O: 2V4=>H5==O :V;ь:>ABV 

:;0AV2, I> 28:>@8AB>2CNBьAO 2 107V |C2|, 4> :V;ь:>ABV :;0AV2, 287=0G5=8E 2 
>=B>;>3VG=V9 AE5<V |C|. 
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 CR = |C2||C| . 

 

$57C;ьB0B>< 1C45 2V4A>B>:, I> 2:07Cє =0 B5, =0A:V;ь:8 1030B0 :;0A0<8 1070 

7=0=ь. &0:8< G8=><, O:I> 1070 7=0=ь <0є 4C65 =87ь:89 CR, B> 1070 7=0=ь =5 <0є 

40=8E, O:V 1 V;NAB@C20;8 2AV 7=0==O 2 AE5<V. � V=H>3> 1>:C, 1070 7=0=ь, O:0 <0є 

4C65 28A>:89 CR (1;87ь:> 100%), >7=0G0B8<5, I> 40=V 2 1078 7=0=ь 

?@54AB02;ONBь 1V;ьHC G0AB8=C 7=0=ь C AE5<V. 

 5B@8:0 A5@54=O AC:C?=VABь (Average Population, P), A5@54=V9 @>7?>4V; 
5:75<?;O@V2 ?> 2AVE :;0A0E, є ?>:07=8:>< :V;ь:>ABV 5:75<?;O@V2 ?>@V2=O=> 7 

:V;ь:VABN :;0AV2. �V= <>65 1CB8 :>@8A=8<, O:I> @>7@>1=8: >=B>;>3VW =5 

2?52=5=89, G8 1C;> 28;CG5=> 4>AB0B=ь> 5:75<?;O@V2 ?>@V2=O=> 7 :V;ь:VABN 

:;0AV2. 

(>@<0;ь=>, A5@54=O ?>?C;OFVO P :;0AV2 C �� 287=0G0єBьAO O: :V;ь:VABь 

5:75<?;O@V2 1078 7=0=ь |I|, ?>4V;5=0 =0 :V;ь:VABь :;0AV2, 287=0G5=8E 2 
>=B>;>3VG=V9 AE5<V |C|. 

 P = |I||C|. 
 

$57C;ьB0B 1C45 4V9A=8< G8A;><, O:5 ?>:07Cє, =0A:V;ь:8 4>1@5 28:>=0=> 

?@>F5A 28;CG5==O 40=8E 4;O 70?>2=5==O 1078 7=0=ь. !0?@8:;04, O:I> A5@54=O 

:V;ь:VABь 5:75<?;O@V2 =0 :;0A =87ь:0, B> @07>< V7 ?>?5@54=ь>N <5B@8:>N F5 

G8A;> >7=0G0B8<5, I> 5:75<?;O@V2, 28;CG5=8E C 1078 7=0=ь, <>65 1CB8 

=54>AB0B=ь> 4;O ?@54AB02;5==O 2AVE 7=0=ь C AE5<V.  09B5 =0 C207V, I> 45O:V :;0A8 

AE5<8 <>6CBь <0B8 4C65 =87ь:C 01> 4C65 28A>:C :V;ь:VABь 70;56=> 2V4 E0@0:B5@C 

B>3>, I> 2>=8 ?@54AB02;ONBь. 

 5B@8:0 72'O7=>ABV (Cohesion, Coh) є :V;ь:VABN >:@5<8E ?>2'O70=8E 
:><?>=5=BV2 C 5:75<?;O@0E, O:I> 5:75<?;O@8 B0 72'O7:8 <V6 =8<8 @>73;O40B8 O: 
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3@0D, 45 2C7;8 ?@54AB02;ONBь 5:75<?;O@8, 0 @51@0 ?@54AB02;ONBь 72'O7:8 <V6 

=8<8.  5B@8:0 72'O7=>ABV Coh 1078 7=0=ь 287=0G0єBьAO O: :V;ь:VABь >:@5<8E 

72'O7=8E :><?>=5=BV2 |SCC| 3@0D0, I> ?@54AB02;Oє 107C 7=0=ь. 
 Coh = |SCC|. 
 

$57C;ьB0B>< 1C45 FV;5 G8A;>, I> ?@54AB02;Oє :V;ь:VABь >:@5<8E 

:><?>=5=BV2. !0?@8:;04, 1V;ьH :>@8A=C ?@>?CA:=C 740B=VABь 0;3>@8B<V2 

A5<0=B8G=>3> 0A>FV0B82=>3> 282545==O <>6=0 >GV:C20B8 2V4 >=B>;>3VW 7 Coh = 1, 

45 2AV 40=V 2 107V 7=0=ь ?>2'O70=V. 

$>73;O=5<> <5B@8:8 :;0AC. 

 5B@8:0 206;82>ABV :;0AC (Class Importance, Imp) 4>72>;Oє >FV=8B8 

ABC?V=ь :>=F5=B@0FVW 5:75<?;O@V2 C <560E :>=:@5B=>W 3V;:8 >=B>;>3VW. *59 

?>:07=8: E0@0:B5@87Cє @>7?>4V; D0:B8G=8E 40=8E 70 :;0A0<8 B0 4>?><030є 

V45=B8DV:C20B8 «D>:0;ь=V >1;0ABV» (focal areas) <>45;V 4 A53<5=B8, O:V є 

=091V;ьH 70B@51C20=8<8 01> 45B0;ь=> >?8A0=8<8 2 ?>B>G=><C :>=B5:ABV 

5:A?;C0B0FVW A8AB5<8. (>@<0;ь=> 206;82VABь :;0AC Ci 287=0G0єBьAO O: 
2V4=>H5==O :V;ь:>ABV 5:75<?;O@V2, I> =0;560Bь 4> ?V445@520 7 :>@5=5< C Ci 
(2:;NG0NG8 5:75<?;O@8 A0<>3> :;0AC B0 2AVE 9>3> =0I04:V2), 4> 7030;ь=>W 

?>BC6=>ABV <=>68=8 5:75<?;O@V2 C 107V 7=0=ь |I|: 
 Imp = |Ci||I| , 

 

45 |Ci| 4 AC:C?=0 :V;ь:VABь 5:75<?;O@V2 C ?V445@52V :>=F5?BC Ci; |I| 4 7030;ь=0 :V;ь:VABь 5:75<?;O@V2 2 C 2AV9 107V 7=0=ь. 

 

�8A>:5 7=0G5==O Imp 2:07Cє =0 B5, I> 40=0 G0AB8=0 >=B>;>3VW є 

F5=B@0;ь=>N 4;O ?>B>G=>W ?@54<5B=>W >1;0ABV. %CBBє2V @>71V6=>ABV C ?>:07=8:0E 
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206;82>ABV <V6 @V7=8<8 3V;:0<8 <>6CBь A2V4G8B8 ?@> «?5@5:>A8» C 71>@V 40=8E 

01> ?@> =0O2=VABь =04;8H:>28E A53<5=BV2 AE5<8, O:V <0965 =5 28:>@8AB>2CNBьAO 

=0 ?@0:B8FV. �=0;V7 Imp 4>72>;Oє V=D>@<C20B8 :>@8ABC20G0 ?@> B5, =0A:V;ь:8 

1070 7=0=ь 3>B>20 4> 28@VH5==O :>=:@5B=8E ?@8:;04=8E 7040G. /:I> FV;ь>289 

:;0A <0є =87ь:89 Imp, A8AB5<0 <>65 ?>B@51C20B8 4>40B:>2>3> 5B0?C 28;CG5==O 
B0 V=B53@0FVW 40=8E. 

 5B@8:0 ?>2=>B8 (Fullness, F) 45B0;ь=> >?8ACє <5B@8:C A5@54=ь>W 
?>?C;OFVW 107V 7=0=ь, 73040=C 28I5. #>2=>B0 (F) :;0AC Ci 287=0G0єBьAO O: 

D0:B8G=0 :V;ь:VABь 5:75<?;O@V2, I> =0;560Bь 4> ?V445@520 7 :>@5=5< C Ci(Ci(I)?>@V2=O=> 7 >GV:C20=>N :V;ь:VABN 5:75<?;O@V2, I> =0;560Bь 4> ?V445@520 
7 :>@5=5< C Ci(Ci′(I)). 

 F = |Ci(I)|Ci2(I) . 

 

$57C;ьB0B>< D>@<C;8 1C45 2V4A>B>:, I> ?@54AB02;Oє D0:B8G=5 ?>:@8BBO 

5:75<?;O@V2 ?>@V2=O=> 7 >GV:C20=8< ?>:@8BBO<. ' 1V;ьH>ABV 28?04:V2 F59 

?>:07=8: є ?>:07=8:>< B>3>, =0A:V;ь:8 4>1@5 28:>=02AO ?@>F5A 28;CG5==O 

5:75<?;O@V2. !0?@8:;04, 1070 7=0=ь, 45 1V;ьHVABь :;0AV2 <0NBь =87ь:89 F, 

28<030B8<5 1V;ьH>3> 28;CG5==O 40=8E. � V=H>3> 1>:C, 1070 7=0=ь, 45 1V;ьHVABь 

:;0AV2 <0965 70?>2=5=V, 2:07C20B8<5 =0 B5, I> 2>=0 B>G=VH5 2V4>1@060є 7=0==O, 

770:>4>20=V 2 AE5<V.  

 5B@8:0 1030BAB2> CA?04:C20==O (Inheritance Richness, IRc) 4>72>;Oє 
>FV=8B8 V=B5=A82=VABь @>730;C65==O B0 ABC?V=ь 45B0;V70FVW 7=0=ь C <560E 

:>=:@5B=>3> A53<5=B0 >=B>;>3VW. !0 2V4<V=C 2V4 7030;ь=>3> ?>:07=8:0 IRs, Fя 0 
<5B@8:0 D>:CACєBьAO =0 ;>:0;ь=V9 B>?>;>3VW ?V445@520. !5E09 C24 <=>68=0 2AVE 

:>=F5?BV2 (2C7;V2), I> 2E>4OBь 4> ?V445@520 7 :>@5=5< C :;0AV Ci. &>4V 1030BAB2> 
CA?04:C20==O :;0AC Ci 287=0G0єBьAO O: A5@54=O :V;ь:VABь ?V4:;0AV2, I> ?@8?040є 
=0 >48= 2C7>; 40=>3> ?V445@520 
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IRc  = 3 |HC(Cl,Ci)||C2|i=1 |C2| , 

 

45 |HC(Cl, Ci)|4 :V;ь:VABь 157?>A5@54=VE ?V4:;0AV2 Cl (direct subclasses) 4;O 
:;0AC Ci. 

 

�8A>:5 7=0G5==O IRc ?@8 =87ь:V9 7030;ь=V9 3;818=V ?V445@520 2:07Cє =0 

«?;0=0@=C» A?5FV0;V70FVN (H8@>:89 ?5@5;V: >1'є:BV2 >4=>3> @V2=O). !87ь:5 

7=0G5==O IRc70728G09 ?@8B0<0==5 3;81>:8< Vє@0@EVG=8< AB@C:BC@0< 7 
?>A;V4>2=8< CB>G=5==O< 2;0AB82>AB59. �=0G=V 0=><0;VW 2 IRc 4;O >:@5<8E :;0AV2 
<>6CBь A83=0;V7C20B8 ?@> =5@V2=><V@=C 45B0;V70FVN >=B>;>3VW. *5 :@8B8G=> 4;O 

@>1>B8 Reasoners, >A:V;ь:8 2C7;8 7 =04<V@=8< @>730;C65==O< 01> =04;8H:>2>N 

3;818=>N <>6CBь 5:A?>=5=FV0;ь=> 71V;ьHC20B8 G0A ;>3VG=>3> 282545==O. 

 5B@8:0 1030BAB2> 72'O7:V2 (Relationship Richness, RRc 2V4>1@060є, A:V;ь:8 

2;0AB82>AB59 C :>6=><C :;0AV 2 AE5<V D0:B8G=> 28:>@8AB>2CєBьAO =0 @V2=V 

5:75<?;O@V2. (>@<0;ь=>, 1030BAB2> 72’O7:V2 :;0AC Ci 287=0G0єBьAO O: 2V4=>H5==O 
:V;ь:>ABV 2V4=>H5=ь, I> D0:B8G=> 28:>@8AB>2CNBьAO 5:75<?;O@0<8 Ii (O:V 
=0;560Bь 4> :;0AC Ci), 4> 7030;ь=>W :V;ь:>ABV 2V4=>H5=ь, 7045:;0@>20=8E 4;O 
Fь>3> :;0AC 2 AE5<V: 

 RRc  =  |P(Ii,Ij)∶ Ii ∈ Ci (I)||P(Ci,Cj)| . 

 

�8A>:5 7=0G5==O RRc A2V4G8Bь ?@> B5, I> 1070 7=0=ь ?>2=>FV==> 
28:>@8AB>2Cє A5<0=B8G=89 ?>B5=FV0; AE5<8. !87ь:5 7=0G5==O RRc 2:07Cє =0 
«?>@>6=N» 01> =04;8H:>2C AE5<C, 45 7045:;0@>20=V 72'O7:8 =5 ?V4:@V?;5=V 

D0:B8G=8<8 40=8<8, I> <>65 A2V4G8B8 ?@> =54>A:>=0;VABь 0;3>@8B<V2 

28;CG5==O 40=8E. 

 5B@8:0 72’O7=>ABV (Connectivity, Cn) ?@87=0G5=0 4;O >FV=:8 V=B5=A82=>ABV 
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270є<>4VW 5:75<?;O@V2 ?52=>3> :;0AC 7 V=H8<8 >1'є:B0<8 1078 7=0=ь. �>=0 ?@0FNє 

2 B0=45<V 7 <5B@8:>N 206;82>ABV Imp, 4>72>;ONG8 284V;8B8 0@EVB5:BC@=V F5=B@8 
A8AB5<8. �2’O7=VABь :;0AC Cn 287=0G0єBьAO O: :V;ь:VABь V=482V4V2 V=H8E :;0AV2 Ij, 
7 O:8<8 ?>2’O70=V V=482V48 40=>3> :;0AC G5@57 >1’є:B=V 2;0AB82>ABV: 

 Cn =  |Ij , P(Ii, Ij) ∧ Ii  ∈ Ci(I)|. 
 

$57C;ьB0B>< є FV;5 G8A;>, I> 2V4>1@060є «?>?C;O@=VABь» 01> 

F5=B@0;ь=VABь :;0AC. �;0A8 7 28A>:8< ?>:07=8:>< Cn 2V4V3@0NBь @>;ь 

A5<0=B8G=8E E01V2 (F5=B@0;ь=8E 2C7;V2), G5@57 O:V ?@>E>48Bь =091V;ьH0 

:V;ь:VABь V=D>@<0FV9=8E ?>B>:V2. *5 4>?><030є @>7@>1=8:C 7@>7C<VB8 

B>?>;>3VG=C AB@C:BC@C >=B>;>3VW B0 284V;8B8 =091V;ьH 7=0GCIV :>=F5?BC0;ь=V 

>1;0ABV. 

 5B@8:0 G8B015;ь=>ABV (Readability, Rd) 287=0G0є ABC?V=ь =0A8G5=>ABV 

>=B>;>3VG=>W AE5<8 :>3=VB82=>->@Vє=B>20=8<8 45A:@8?B>@0<8 (<VB:0<8, 

0=>B0FVO<8, :><5=B0@O<8), I> ?@87=0G5=V 4;O V=B5@?@5B0FVW ;N48=>N-

>?5@0B>@><. �0=89 ?>:07=8: є :@8B8G=8< 4;O V=B5;5:BC0;ь=8E A8AB5<, O:V 

?5@5410G0NBь 28A>:89 @V25=ь V=B5@0:B82=>ABV, 2V7C0;V70FVN @57C;ьB0BV2 

A5<0=B8G=>3> ?>HC:C 01> 25@8DV:0FVN ;>3VG=8E 28A=>2:V2 :V=F528< 

:>@8ABC20G5<. +8B015;ь=VABь :;0AC Ci 287=0G0єBьAO O: AC<0 0B@81CBV2 0=>B0FV9, 
B0:8E O: :><5=B0@V (rdfs:comment) B0 <VB:8 (rdfs:label), 70:@V?;5=8E 70 :;0A><: 

 Rd(Ci) = |{a ∈  A(Ci)|type(a) = rdfs: comment| + |{a ∈ A(Ci) |type(a) =rdfs: label|. 
 

�8A>:89 @V25=ь Rd 30@0=BCє, I> @57C;ьB0B8 ;>3VG=>3> 282545==O 01> 

?>HC:C 2 >=B>;>3VW 1C4CBь V=B5@?@5B>20=V :>@8ABC20G5< :>@5:B=>.  
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2.6  �8A=>2:8 4> @>74V;C 2  
 

' 4@C3><C @>74V;V ?@54AB02;5=> B5>@5B8:>-<5B>4>;>3VG=5 >1�@C=BC20==O 

?>1C4>28 F8D@>2>W <>45;V @>A;8=8 A>=OH=8:0, >A=>2>N O:>W є 270є<>4VO 

«35=>B8? 4 A5@54>28I5». "A=>2=8< V=AB@C<5=B>< D>@<0;V70FVW 7=0=ь B0 

?>1C4>28 ;>3VG=>3> :0@:0A0 F8D@>2>W <>45;V >1@0=> ?@54<5B=C >=B>;>3VN. 

�0AB>AC20==O >=B>;>3VG=>3> <>45;N20==O B0 0?0@0BC A5<0=B8G=8E ?@028; 

4>72>;Oє ?>1C4C20B8 AB@C:BC@>20=C A8AB5<C 7=0=ь, 740B=C 4> 02B><0B87>20=>3> 

;>3VG=>3> 282545==O =0 @V2=V 5:75<?;O@V2 V 28O2;5==O ?@8E>20=8E 

70:>=><V@=>AB59.  

1. '4>A:>=0;5=> AB@C:BC@C B0 0@EVB5:BC@=V 5B0?8 ?>1C4>28 F8D@>2>W <>45;V 

@>A;8=8 A>=OH=8:0 7 C@0EC20==O< 270є<>4VW «35=>B8? 4 A5@54>28I5» H;OE>< 

@>7@>1:8 ?>A;V4>2=>W G>B8@8@V2=52>W A8AB5<8 V=B53@0FVW @V7=>@V4=8E 40=8E 

(Digital phenotyping system), O:0 >E>?;Nє ?@>F5A8 0?0@0B=>W @5єAB@0FVW, FAIR-

AC<VA=>3> 715@565==O, V=B5;5:BC0;ь=>W >1@>1:8 B0 ?@548:B82=>3> <>45;N20==O. 

%B@C:BC@0 <>45;V ?>є4=Cє ?V4A8AB5<8 71>@C 2V7C0;ь=8E, 1V>EV<VG=8E B0 

DV78G=8E E0@0:B5@8AB8: =0AV==O 9 :>H8:0 7 ?0@0<5B@8G=8<8 <0B@8FO<8 AB0=C 

�@C=BC, :;V<0B8G=8E C<>2 B0 03@>B5E=VG=8E 70E>4V2. #@8 Fь><C 4;O :>6=>W 7 

H5AB8 284V;5=8E ?V4A8AB5< GVB:> 287=0G5=> 9 B8?V7>20=> 465@5;0 >B@8<0==O 

40=8E, 0 B0:>6 <5B>48 WE=ь>3> 03@53C20==O 9 4>23>B@820;>3> AB@C:BC@>20=>3> 

715@V30==O. �0?@>?>=>20=0 5B0?=VABь B@0=AD>@<0FVW V=D>@<0FVW 70157?5GCє 

?>A;V4>2=89 ?5@5EV4 2V4 @5єAB@0FVW =5>1@>1;5=8E <C;ьB8A5=A>@=8E 40=8E 4> 

35=5@0FVW D>@<0;V7>20=>3> F8D@>2>3> >1@07C D5=>B8?C @>A;8=8, I> 4>72>;Oє 

:V;ь:VA=> >FV=N20B8 040?B82=C ?;0AB8G=VABь B0 ?@>3=>7C20B8 48=0<V:C @>728B:C 

:C;ьBC@8 2 <V=;828E C<>20E 03@>F5=>7C. 

2. �0 @57C;ьB0B0<8 0=0;V7C AB@C:BC@8 B0 5B0?V2 D>@<C20==O F8D@>2>W 

<>45;V @>A;8=8, 4;O ?5@5B2>@5==O @>7@V7=5=8E @57C;ьB0BV2 ?> D5=>B8?C20==N C 

AB@C:BC@>20=V 7=0==O, >1�@C=B>20=> =5>1EV4=VABь 70AB>AC20==O >=B>;>3VG=>3> 

?V4E>4C. �>2545=>, I> 2?@>20465==O >=B>;>3VG=>3> ?V4E>4C є A8AB5<=>N 
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C<>2>N 4;O ?5@5B2>@5==O 45:><?>=>20=8E @57C;ьB0BV2 ?> D5=>B8?C20==N, 

>B@8<0=8E 7 @V7=8E 465@5;, C D>@<0;V7>20=5 A5@54>28I5 7=0=ь, O:5 D>@<0;V7Cє 

270є<>4VN «35=>B8? 4 A5@54>28I5». �87=0G5=> :>=F5?BC0;ь=89 1078A B0 

:@8B5@VW <5B@8G=>3> 0=0;V7C >=B>;>3V9, I> AB2>@Nє D>@<0;V7>20=5 ?V4�@C=BO 4;O 

70157?5G5==O A5<0=B8G=>W AC<VA=>ABV, 4>B@8<0==O ?@8=F8?V2 FAIR B0 

<0B5<0B8:>-;>3VG=>3> <>45;N20==O 4>A;V46C20=8E ?@>F5AV2 C <560E ?0@0483<8 

«%5;5:FVW 4.0». 

"A=>2=V =0C:>2V @57C;ьB0B8 @>74V;C >?C1;V:>20=> 2 ?@0FOE 02B>@0 

(�54<54є2 B0 &5@5I5=:>, 2022, 2025).



3 "!&"�"��+!�  "���.��!!/ ��$"-'��!!/ %"!/,!��� 

3.1 (>@<0;V70FVO 28<>3 4> >=B>;>3VG=>W <>45;V B0 45B5@<V=0FVO 

V=D>@<0FV9=8E ?>B@51 :>@8ABC20G0 
 

*V;;N AB2>@5==O >=B>;>3VW є AB@C:BC@>20=5 ?@54AB02;5==O 7=0=ь 

?@54<5B=>W 30;C7V 28@>IC20==O A>=OH=8:C 2 ':@0W=V, 2 O:V9 <VAB8BьAO 

1030B>28<V@=0 V=D>@<0FVO ?@> 4>A;V465==O 2 03@0@=8E =0C:0E =0FV>=0;ь=8E 

5:A?5@BV2 V7 A5;5:FVW, 35=5B8:8 B0 03@>B5E=>;>3VW 28@>IC20==O A>=OH=8:0, 0 

B0:>6 2@0E>20=> 28<>38 45@602=8E AB0=40@BV2 ':@0W=8. #@0:B8G=0 FV==VABь, O:0 

@>73;O40єBьAO ?@8 AB2>@5==V >=B>;>3VW, ?>;O30є C @>7H8@5==V <>6;82>AB59 

AB2>@5==O =01>@V2 40=8E, >B@8<0==O =>28E 7=0=ь, H284:>3> :>=AC;ьBC20==O 

?@0:B8:V2 B0 V=B53@0FVW C A2VB>2C =0C:>2C A?V;ь=>BC. �0 =0O2=>ABV 25;8:8E 

:>;5:FV9 =01>@V2 40=8E 35=>10=:V2, 7V1@0=8E =0 =0FV>=0;ь=><C B0 3;>10;ь=><C 

@V2=OE, B0 WE AV;ьAь:>3>A?>40@Aь:>W FV==>ABV VA=Cє ?@>1;5<0 A8AB5<0B8G=>3> 

70AB>AC20==O 35=5B8G=8E @5AC@AV2 G5@57 2V4ACB=VABь D5=>B8?=>W V=D>@<0FVW ?@> 

>:@5<V 7@07:8, O:0 =5>1EV4=0 4;O >FV=:8 <V=;82>ABV =0 @V2=V >7=0:8. %0<5 FO 

V=D>@<0FVO є <VAB8BьAO 2 1070E 40=8E �"� !��! (Aliiev E., Vedmedeva K., 

Machova T., Vedmedev S. 2024).  

' <560E @>7@>1:8 F8D@>2>W <>45;V A>=OH=8:0 ?@54<5B=C >=B>;>3VN 

D>@<0;V7>20=> O: 2?>@O4:>20=C ?'OBV@:C (:>@B56) 284C: 

 ÿ = ( ÿ, ý, Ā, ý, þ�ý� )                                     (3.1) 

 

45: 

• C (Concepts) 4 <=>68=0 :;0AV2 ?@54<5B=>W >1;0ABV A>=OH=8:0; 

• R (Relations) 4 <=>68=0 >1'є:B=8E B0 G8A;>28E 2;0AB82>AB59, I> 

287=0G0NBь 72'O7:8 B0 <5B@8:8; 

• I (Individuals) 4 <=>68=0 5:75<?;O@V2 01> V=482V4V2 (ABox), I> D>@<CNBь 

F8D@>2V ?0A?>@B8 :>=:@5B=8E ?>;V2 B0 7@07:V2; 

• A (Axioms) 4 <=>68=0 0:AV>< >1<56C20;ь=>3> E0@0:B5@C 

(5:2V20;5=B=VABь, 487'N=:B=VABь :;0AV2); 
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• SWRL 4 ?V4<=>68=0 A5<0=B8G=8E ?@028; ;>3VG=>3> 282545==O, I> 

45B5@<V=CNBь AF5=0@=C ;>3V:C ?@89=OBBO @VH5=ь B0 <>45;N20==O 

270є<>4VW "35=>B8? 4 A5@54>28I5". 

 

� ?>78FV9 B5>@VW >?8A>28E ;>3V: (Description Logics) D>@<0;V7>20=89 

:>@B56 ?@54<5B=>W >=B>;>3VW A>=OH=8:0 (3.1) AB@C:BC@=> @>74V;OєBьAO =0 420 

270є<>?>2'O70=V :><?>=5=B8 4 AE5<C 7=0=ь ÿþ�� (Terminological Box) B0 ?@>ABV@ 

D0:BV2 ýþ�� (Assertion Box), I> 45B5@<V=CNBьAO O:: 

 ÿþ�� =  +%, ýĀā/ÿþÿ , А,}, ýþ�� =  +Ā, ýĀÿāāĀ,, 
 

45 TBox (&5@<V=>;>3VG=89 1>:A) 4 287=0G0є :>=F5?BC0;ь=V 7=0==O 

?@54<5B=>W >1;0ABV, ?>є4=Cє 2?>@O4:>20=C <=>68=C :>=F5?BV2 C, 7045:;0@>20=V 

4;O =8E ?@028;0 72'O7:V2 Rschema B0 7030;ь=>A8AB5<=V >1<56C20;ь=V 0:AV><8 A. TBox D>@<Cє 6>@AB:C <5B0<>45;ь A8AB5<8, O:0 є =57<V==>N ?@8 <0AHB01C20==V 

1078 7=0=ь. ABox (1>:A B25@465=ь) 4 287=0G0є 5:AB5=AV>=0;ь=V 7=0==O (:>=:@5B=V 

D0:B8 B0 5<?V@8G=V 40=V). �V= 0:C<C;Nє 2 A>1V <=>68=C V=482V4V2 I B0 AC:C?=VABь 
@50;ь=8E ?@548:0B=8E 72'O7:V2 V G8A;>28E 7=0G5=ь <V6 =8<8 Rfacts. ABox 

28ABC?0є ?@>AB>@>< F8D@>28E ?0A?>@BV2 35=>B8?V2, 5:A?5@8<5=B0;ь=8E 7@07:V2 

@>A;8= B0 :>=:@5B=8E ?>;V2.  

#V4<=>68=0 ?@028; SWRL 28:>=Cє @>;ь 48=0<VG=>3> V=B5@D59AC 

;>3VG=>3> 282545==O, O:89 =0 >A=>2V AB@C:BC@=8E ?@028; TBox 0=0;V7Cє ?5@28==V 

D0:B8 ABox B0 35=5@Cє =>2V 7=0==O C 283;O4V 4>40B:>28E A5<0=B8G=8E 72'O7:V2. 

#>40;ьH5 28:;045==O 107CєBьAO =0 <5B>48FV ?>1C4>28 >=B>;>3VW 70A>10<8 
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:C;ьBC@ !��! ':@0W=8) 

 
�><?5B5=B=VA=V 70?8B0==O 
(=5D>@<0;ь=V) 

�><?5B5=B=VA=V 70?8B0==O (D>@<0;ь=V) 

/:89 3V1@84 =09:@0I5 
?V4V945 4;O :;V<0B8G=8E C<>2 
<>3> @53V>=C? 

/:I> VA=Cє $53V>= R V7 7040=>N AC<>N 0:B82=8E B5<?5@0BC@ 
S B0 ?@>3=>7>20=>N B@820;VABN 2535B0FV9=>3> ?5@V>4C, &� 
VA=Cє �5=>B8? G, I> =0;568Bь 4> 2V4?>2V4=>W 3@C?8 
AB83;>ABV (@0==ь>AB83;89, A5@54=ь>AB83;89 B>I>), B>4V 
?@89<0єBьAO @VH5==O d ?@> ?@840B=VABь �5=>B8?C G 4;O 
28@>IC20==O 2 40=V9 7>=V. 

/: >1@0B8 3V1@84 70;56=> 2V4 
FV;ь>2>3> ?@87=0G5==O 
(<0:A8<0;ь=89 71V@ >;VW G8 
20;>289 C@>609 =0AV==O)? 

/:I> 2AB0=>2;5=> FV;ь>289 ?@V>@8B5B O (2<VAB >;VW) ��" Y 
(2@>609=VABь =0AV==O), B0 VA=Cє �5=>B8? G V7 70DV:A>20=8<8 
35=5B8G=8<8 ?>:07=8:0<8 ?>B5=FV9=>W ?@>4C:B82=>ABV P_o 
01> P_y, B> 74V9A=NєBьAO @0=6C20==O B0 281V@ �5=>B8?C G, 
G8W ?0@0<5B@8 <0:A8<V7CNBь FV;ь>2C DC=:FVN. 

+8 70157?5G8Bь >1@0=89 
3V1@84 ABV9:VABь 4> <VAF528E 
@0A 2>2G:0 A>=OH=8:>2>3>? 

/:I> V45=B8DV:>20=> =0O2=VABь @0A8 r ?0@078B0 Orobanche 
cumana Wallr. C �@C=BV, B0 VA=Cє �5=>B8? G, I> 2>;>4Vє 
4><V=0=B=>N >7=0:>N ABV9:>ABV 4> @0A8 r, B>4V D>@<CєBьAO 
?>78B82=5 @VH5==O d I>4> 281>@C 40=>3> 35=>B8?C 4;O 
<V=V<V70FVW 1V>;>3VG=8E @878:V2. 

/:89 B8? 3V1@840 >1@0B8 4;O 
B5E=>;>3V9 Clearfield 01> 
Express (AC<VA=VABь V7 
35@1VF840<8)? 

/:I> 2 B5E=>;>3VG=V9 :0@BV 70:;045=> 28:>@8AB0==O 
35@1VF84C B8?C H (V<V407>;V=>=8 01> B@815=C@>=-<5B8;), B0 
VA=Cє �5=>B8? G, I> <0є 35=5B8G=C @578AB5=B=VABь 4> 4VNG>W 
@5G>28=8 35@1VF84C H, B>4V 45B5@<V=CєBьAO <>6;82VABь 
70AB>AC20==O 40=>W B5E=>;>3VG=>W ?0@8 «�V1@84 4 

�5@1VF84». 
+8 740B=89 40=89 A>@B 
28B@8<0B8 B@820;C 70ACEC 2 
?5@V>4 F2VBV==O? 

/:I> C<>28 =02:>;8H=ь>3> A5@54>28I0 E 
E0@0:B5@87CNBьAO 28A>:8< V=45:A>< ?>ACH;82>ABV 2 
G0A>289 V=B5@20; t (D070 >@30=>35=57C), B0 VA=Cє �5=>B8? G 7 
28A>:8< ?>:07=8:>< 040?B82=>ABV B0 ?>ACE>ABV9:>ABV, B>4V 
?@89<0єBьAO @VH5==O ?@> 4>FV;ь=VABь 9>3> 28:>@8AB0==O O: 
AB@5A>ABV9:>3> :><?>=5=B0 A8AB5<8. 

/: 2?;820є 3CAB>B0 ?>AV2C =0 
281V@ 0@EVB5:B>=V:8 3V1@840? 

/:I> 287=0G5=> 70?;0=>20=C 3CAB>BC AB>O==O @>A;8= D =0 
<><5=B 718@0==O, B0 VA=Cє �5=>B8? G 7 2V4?>2V4=8<8 
<>@D>;>3VG=8<8 >7=0:0<8 (=0E8; :>H8:0, 28A>B0 AB51;0, 
ABV9:VABь 4> 28;O30==O), B> 74V9A=NєBьAO 281V@ G, I> 
70157?5GCє >?B8<0;ь=C ?;>IC 682;5==O ?@8 7040=><C D. 
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 � B01;8FV 3.1.5. ?@54AB02;5=> :><?5B5=B=VA=V 70?8B0==O I>4> F8D@>2>3> 

<>=VB>@8=3C B0 >FV=:8 AB0=C ?>AV2V2. 

 

&01;8FO 3.1.5. (>@<0;V70FVO 70?8BV2 I>4> >FV=:8 AB0=C ?>AV2V2 

(@>7@>1;5=> 02B>@>< 70 40=8<8 �=AB8BCBC >;V9=8E :C;ьBC@ !��! ':@0W=8) 
�><?5B5=B=VA=V 70?8B0==O 
(=5D>@<0;ь=V) 

�><?5B5=B=VA=V 70?8B0==O (D>@<0;ь=V) 

+8 2V4?>2V40є ?>B>G=89 
@>728B>: A>=OH=8:C 
:0;5=40@=8< =>@<0<? 

/:I> 287=0G5=> +0A t B0 >B@8<0=> 40=V <>@D><5B@VW (28A>B0, 
:V;ь:VABь ;8AB:V2) 4;O �5=>B8?C G, &� VA=Cє 5B0;>==0 :@820 
@>ABC 4;O 40=>W :;V<0B8G=>W 7>=8, B> 74V9A=NєBьAO 
45B5@<V=0FVO 2V4E8;5==O Delta B0 >FV=:0 B5<?V2 
>@30=>35=57C. 

/: 70 4>?><>3>N F8D@>28E 
V=45:AV2 V45=B8DV:C20B8 
45DVF8B 07>BC? 

/:I> V45=B8DV:>20=> A?5:B@0;ь=89 V=45:A NDVI (01> 
GNDVI) =86G5 ?>@>3>2>3> 7=0G5==O 4;O D078 t, B0 
28:;NG5=> 2?;82 E2>@>1, B> D>@<CєBьAO @VH5==O d ?@> 
=0O2=VABь 45DVF8BC 07>B=>3> 682;5==O B0 @>7@0E>2CєBьAO 
=>@<0 ?V4682;5==O. 

/:89 ?@>3=>7 2@>60N =0 
>A=>2V 02B><0B8G=>3> 
@>7?V7=020==O ?0@0<5B@V2 
:>H8:0? 

/:I> 70 4>?><>3>N <5B>4V2 :><?'NB5@=>3> 7>@C @>7?V7=0=> 
>1'є:B «�>H8: A>=OH=8:C» B0 287=0G5=> 9>3> 4V0<5B@ D C 
D07V R5.5 (F2VBV==O), B> 70 4>?><>3>N @53@5AV9=>W <>45;V 2 
>=B>;>3VW >1G8A;NєBьAO ?@>3=>7>20=0 <0A0 =0AV==O 7 
>48=8FV ?;>IV. 

+8 VA=Cє 703@>70 28;O30==O 
?>AV2V2 ?@8 ?>A8;5==V 2VB@C? 

/:I> 2AB0=>2;5=> ?0@0<5B@8 0@EVB5:B>=V:8 @>A;8=8 (28A>B0 
AB51;0, V=45:A <VF=>ABV) B0 >B@8<0=> <5B5>?@>3=>7 I>4> 
H284:>ABV 2VB@C V, B> >1G8A;NєBьAO :>5DVFVє=B ABV9:>ABV B0 
?@89<0єBьAO @VH5==O ?@> @878:8 2B@0B8 2@>60N. 

�>;8 =0AB0=5 >?B8<0;ь=89 
<><5=B 4;O 45A8:0FVW 
(?V4ACHC20==O) 70 40=8<8 
A5=A>@V2? 

/:I> 70DV:A>20=> D07C R9 (DV7V>;>3VG=0 7@V;VABь) 70 
F8D@>28<8 >7=0:0<8 (:>;V@ B8;ь=>3> 1>:C :>H8:0) B0 
2AB0=>2;5=> 2>;>3VABь =0AV==O W < 30 %, B> 45B5@<V=CєBьAO 
G0A t 4;O ?@>2545==O 45A8:0FVW. 

 

�:A?5@B0<8 1C;> >:@5<> =03>;>H5=> =0 :@8B8G=V9 206;82>ABV B0:>3> 

D0:B>@0, O: 2G0A=5 28:>=0==O 03@>B5E=>;>3VG=8E ?@>F5AV2. �06;82> 

?V4:@5A;8B8, I> 45B5@<V=0FVO ?>=OBBO «2G0A=>» <>65 74V9A=N20B8AO 70 

AC:C?=VABN @V7=8E ?>:07=8:V2, 0 A0<5: B5<?5@0BC@>N �@C=BC, @V2=5< A>=OG=>W 

0:B82=>ABV, =0AB0==O< :>=:@5B=8E D07 2535B0FVW, B5@<V=0<8 ?@>DV;0:B8:8 

C@065==O H:V4=8:0<8 B0 E2>@>10<8, 0 B0:>6 AC<0@=>N :V;ь:VABN >?04V2 70 

287=0G5=89 ?5@V>4. #5@H0 3@C?0 70?8B0=ь AB>ACєBьAO B@820;>ABV B0 =0AB0==O D07 

@>728B:C A>=OH=8:C (Growth Stages). �@C30 3@C?0 70?8B0=ь AB>ACєBьAO  
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B5E=>;>3VG=8E 2V:>= (Operational Windows) B0 ?;0=C20==O ?>;ь>28E @>1VB. &@5BO 

3@C?0 70?8B0=ь AB>ACєBьAO @878:V2 B0 =02:>;8H=ь>3> A5@54>28I0 (Temporal 

Risks) B0 4>72>;Oє ?@>0=0;V7C20B8 2?;82 G0AC =0 ABV9:VABь A8AB5<8. 

 

&01;8FO 3.1.6 -  (>@<0;V70FVO B5<?>@0;ь=8E 70?8BV2 (@>7@>1;5=> 02B>@>< 

70 40=8<8 �=AB8BCBC >;V9=8E :C;ьBC@ !��! ':@0W=8) 
�><?5B5=B=VA=V 70?8B0==O (=5D>@<0;ь=V) �><?5B5=B=VA=V 70?8B0==O (D>@<0;ь=V) 
�@C?0 1: (078 @>728B:C (Growth Stages) 

 

�>;8 =0AB0є D070 F2VBV==O 4;O 3V1@840 ) C 
:>=:@5B=V9 7>=V? 

hasStartTime 4;O FloweringPhase 2V4=>A=> 
Hybrid(X) B0 Region(Z) 

/:0 A5@54=O B@820;VABь ?5@V>4C «AE>48 4 

1CB>=V70FVO» 4;O @0==ь>AB83;8E A>@BV2? 
Average(Duration) <V6 Emergence B0 Budding 
4;O EarlyMaturityGenotype 

%:V;ь:8 4=V2 B@820є =0;82 =0AV==O ?@8 
?>B>G=V9 AC<V B5<?5@0BC@? 

Duration D078 SeedFilling O: DC=:FVO 2V4 
AccumulatedThermalUnits 

/:0 40B0 ?@>3=>7>20=>3> 4>7@V20==O =0 
>A=>2V 40B8 ?>AV2C? 

PredictedMaturityDate = SowingDate +   sum  

PhaseDurations 

�@C?0 2: &5E=>;>3VG=V 2V:=0 (Operational 
Windows) 

 

/:89 >?B8<0;ь=89 V=B5@20; 4;O ?>AV2C ?@8 t 
�@C=BC 10-12°C? 

TimeInterval 45 SoilTemp in [10, 12] 4;O 
>?5@0FVW Sowing 

�>;8 =095D5:B82=VH5 ?@>2>48B8 >1@>1:C 
DC=3VF840<8 (E2>@>10 Y)? 

OptimalTreatmentTime = InfectionDate + 

IncubationPeriod - Delta 

%:V;ь:8 B@820є «2V:=>» 4VW 35@1VF84C ?VA;O 
>?04V2? 

Duration 4;O EffectivenessWindow ?VA;O 
PrecipitationEvent 

/:89 :@09=V9 B5@<V= 45A8:0FVW 4;O 2G0A=>3> 
718@0==O? 

LatestDate 4;O Desiccation 2V4=>A=> 
PlannedHarvestDate 

�@C?0 3: +0A>2V @878:8 (Temporal Risks) 
 

+8 1C;8 70<>@>7:8 C ?5@V>4 D>@<C20==O 
:>H8:0 70 >AB0==V 5 @>:V2? 

Exists(FrostEvent) 45 Date   in  
HeadDevelopmentPeriod 

/: 4>23> B@820;0 ?>ACE0 ?V4 G0A F2VBV==O C 
@53V>=V Z? 

Sum(Duration) 4;O DroughtEvent I> 
?5@5B8=0є FloweringPhase 

�>;8 0:B82=VABь H:V4=8:V2 4>AO30є ?>@>3C 
H:>4>G8==>ABV? 

TimeInterval 45 PestDensity  >  
EconomicThreshold 

 

!0 �@>FV 1-3 ?@>2545=> D>@<0;V70FVN ?@54<5B=>W >1;0ABV B0 WW 

B5@<V=>;>3VG=>3> 1078AC H;OE>< 0=0;V7C 5:A?5@B=8E 7=0=ь D0EV2FV2 �=AB8BCBC 

>;V9=8E :C;ьBC@ !��! ':@0W=8, 0 B0:>6 0=0;V7C 45@602=8E AB0=40@BV2 V 

B5E=VG=8E :0B0;>3V2. %D>@<>20=> @5?@575=B0B82=89 B5@<V=>;>3VG=89 0?0@0B, 

O:89 >E>?;Nє 5:>;>3VG=V G8==8:8, 1V>;>3VG=V 2;0AB82>ABV 35=>B8?V2, 
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03@>B5E=>;>3VG=V @53;0<5=B8 B0 ?0@0<5B@8 D5=>B8?C20==O. %8AB5<=89 ?V4EV4 

4>72>;82 AB@C:BC@C20B8 ?@54<5B=C 30;C7ь 70 DC=:FV>=0;ь=8<8 =0?@O<0<8, 

2:;NG=> 7 3;>10;ь=8< V=B53@0FV9=8< 4><5=>< C?@02;V==O ?@>4C:B82=VABN, I> 

70157?5GCє ?@89=OBBO >?B8<V70FV9=8E @VH5=ь. �;NG>28< @57C;ьB0B>< Fь>3> 

5B0?C AB0;0 @>7@>1:0 A8AB5<8 :><?5B5=B=VA=8E 70?8B0=ь C =5D>@<0;ь=V9 B0 

D>@<0;ь=V9 25@AVOE, I> є ?V4�@C=BO< 4;O AB2>@5==O B0:>W 0@EVB5:BC@8 

>=B>;>3VG=>W <>45;V, O:0 4>72>;8Bь >B@8<0B8 =5>1EV4=V 2V4?>2V4V =0 FV 70?8B0==O. 

&0:89 ?V4EV4 70157?5G82 AB2>@5==O ;>3VG=>3> DC=40<5=BC 4;O ?>40;ьH>W 

:>=F5?BC0;V70FVW >=B>;>3VW, B@0=AD>@<CNG8 03@>=><VG=V 7=0==O C D>@<0;V7>20=V 

?@028;0 B0 0:AV><8 4;O A8AB5< ?V4B@8<:8 ?@89=OBBO @VH5=ь. 

 

3.2 %B2>@5==O 0@EVB5:BC@8 >=B>;>3VG=>W <>45;V 
 

!0 =0ABC?=8E :@>:0E ?>1C4>28 >=B>;>3VW 70 287=0G5=>N =0 ?>?5@54=ь><C 

5B0?V V=D>@<0FVW 70:;040NBьAO AB@C:BC@8, O:V 70157?5GCNBь C=VDV:>20=5 

B@0:BC20==O B5@<V=>;>3VW 2AV<0 CG0A=8:0<8 @>1>B8 7 >=B>;>3VєN, 0 A0<5 

5:A?5@B0<8, @>7@>1=8:0<8, :>@8ABC20G0<8. ' @540:B>@V Protégé ?>1C4>20=> 
<>45;ь ?@54<5B=>W >=B>;>3VW «HELIANTUS» (@8A.3.2.1). 

    

$8AC=>: 3.2.1 - �@EVB5:BC@0 <0:@>:;0AV2 Agritechnology, Selection, Genetic 
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�;O 287=0G5==O :>@5=528E :;0AV2 >=B>;>3VW 1C;> 28:>@8AB0=> 5:A?5@B=V 

B25@465==O I>4> >A=>2=8E =0?@O<V2 4>A;V465=ь :C;ьBC@8 A>=OH=8:C 2 

�=AB8BCBV >;V9=8E :C;ьBC@, 0 A0<5: 03@>B5E=>;>3VO, A5;5:FVO B0 35=5B8:0.  

�5@E=V9 @V25=ь @>7@>1;5=>W <>45;V ?@54AB02;5=89 107>28< :;0A>< 

owl:Thing, O:89 DC=:FV>=Cє O: C=V25@A0;ь=89 :>@V=ь >=B>;>3VW. *5 4>72>;Oє 

C=VDV:C20B8 70?8B8 4> 1078 7=0=ь B0 70157?5GCє AC<VA=VABь >=B>;>3VW 7 V=H8<8 

AB0=40@B0<8 Semantic Web. �V4 107>2>3> :;0AC owl:Thing ?>E>4OBь 3>;>2=V 

4><5=8 7=0=ь <0:@>:;0A8 Agritechnology, Selection, Genetic, Vє@0@EVG=5 

?@54AB02;5==O O:8E =02545=> =0 @8A.3.2.2. �>65= V7 F8E 4><5=V2 <0є @>730;C65=C 

A8AB5<C ?V4:;0AV2 (subclasses), I> 70157?5GCє 25@B8:0;ь=C FV;VA=VABь <>45;V. 

�>65= V7 F8E :;0AV2 <VAB8Bь ?V4:;0A8 (B@5BV9 @V25=ь), I> 2V4?>2V40NBь 

A?5F8DVG=8< E0@0:B5@8AB8:0< >1’є:BV2 ?52=>3> :;0AC. 

 0:@>:;0A Agritechnology >=B>;>3VW DC=:FV>=Cє O: >?5@0FV9=5 O4@> 

<>45;V, I> D>@<0;V7Cє 7=0==O ?@> B5E=>;>3VG=V =0?@O<8 28@>IC20==O 

A>=OH=8:C, O:V 1C;> >?8A0=> O: A:;04>2V F8D@>2>W <>45;V 2 $>74V;V 2.  0:@>:;0A 

Agritechnology 70157?5GCє 270є<>72'O7>: <V6 @5AC@A=8< ?>B5=FV0;>< 

3>A?>40@AB20 (B5E=V:0, 70A>18 70E8ABC) B0 1V>;>3VG=8<8 ?>B@510<8 :C;ьBC@8, 

4>72>;ONG8 A8AB5<0< ?V4B@8<:8 ?@89=OBBO @VH5=ь D>@<C20B8 >?B8<0;ь=V 

AF5=0@VW 03@>B5E=VG=8E 70E>4V2 =0 >A=>2V 0=0;V7C AB0=C �@C=BC B0 48=0<VG=8E 

:;V<0B8G=8E D0:B>@V2. "=B>3@0D <0:@>:;0AC Agritechnology ?@54AB02;5=> =0 

@8A. 3.2.2. "1’є:B=V 2;0AB82>ABV <0:@>:;0AC Agritechnology ?@54AB02;5=> =0 @8A. 

3.2.3. 
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$8AC=>:. 3.2.2 - "=B>3@0D <0:@>:;0AC Agritechnology. 

 

$8AC=>:. 3.2.3 -  0:@>:;0A Agritechnology 7 >1’є:B=8<8 2;0A82>ABO<8. 

 

�2545<> 420 :;0A8 PlantSpecimen (V=482V4C0;ь=0 @>A;8=0 =0 ?>;V) B0 

FieldPlot (?>;ь>20 4V;O=:0), O:V є :;NG>28<8 4;O 70157?5G5==O 2V4?>2V459 =0 



129 

 

 

 

:><?5B5=B=>ABV 70?8B0==O 7V 70AB>AC20==O< A8AB5<8 ;>3VG=>3> 282545==O. !0 

@8A.3.2.4 ?@54AB02;5=> >=B>3@0D B0 >1’є:B=V 2;0AB82>ABV :;0AV2 PlantSpecimen B0 

FieldPlot.  

 

$8AC=>:. 3.2.4 - "=B>3@0D :;0AV2 PlantSpecimen B0 FieldPlot 7 >1’є:B=8<8 

2;0AB82>ABO<8 

!0 @8A.3.2.5 - ?@54AB02;5=> AB@C:BC@=89 B0 A5<0=B8G=89 >?8A :;0AV2 

FieldPlot B0 PlantSpecimen.  

 

    

$8AC=>:. 3.2.5 - %B@C:BC@=89 B0 A5<0=B8G=89 >?8A :;0AV2 FieldPlot B0 

PlantSpecimen 
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�;0A PlantSpecimen є F5=B@0;ь=8< :>=F5?B>< 4;O F8D@>2>3> <>45;N20==O 

1V>;>3VG=>3> AB0=C >:@5<8E @>A;8==8E >@30=V7<V2 157?>A5@54=ь> 2 ?>;V, 718@0є 

40=V ?@> <>@D>;>3VN >@30=V2, ?>B>G=C D07C @>ABC, 28O2;5=V AB@5A8 B0 72'O7>: V7 

:>=:@5B=>N 4V;O=:>N (@8A.3.2.6). 

 

$8AC=>: 3.2.6 - "=B>3@0D :;0AC PlantSpecimen 7 >1’є:B=8<8 2;0AB82>ABO<8 

 

�;0A PlantSpecimen V=B53@>20=89 2 >=B>;>3VN G5@57 >1'є:B=V 2;0AB82>ABV 

(Object Properties). �;0AB82>ABV, 45 PlantSpecimen є 4><5=>< (Domain), >?8ACNBь 

E0@0:B5@8AB8:8 A0<>W @>A;8=8 B0 WW 28EV4=V 72'O7:8: 

• hasGrowthStage 4 287=0G0є ?>B>G=C D5=>;>3VG=C D07C @>A;8=8, 

• hasOverallStatus 4 DV:ACє V=B53@0;ь=89 AB0= 68BBє4VO;ь=>ABV 

@>A;8=8, 

• hasPart 4 @50;V7Cє <5@>;>3VG=89 72'O7>: (G0AB8=0-FV;5), 2:07CNG8 =0 

0=0B><VG=V >@30=8 @>A;8=8, 

• isPlantOfField 4 7040є ?@>AB>@>2C ?@82'O7:C 4> :>=:@5B=>W ?>;ь>2>W 

4V;O=:8 (:;0AC FieldPlot), 7 O:>W ?>E>48Bь F59 7@07>:. 

�;0AB82>ABV, 45 PlantSpecimen є 4V0?07>=>< (Range), A?@O<>20=V =0 @>A;8=C 

7 1>:C V=H8E ACB=>AB59 B0 ?@>F5AV2: 

• attacksOrgan 4 ?>2'O7Cє DVB>?0B>35=8 (3@818, 10:B5@VW) 01> H:V4=8:V2 

V7 @>A;8=>N, O:C 2>=8 C@06CNBь; 
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• hasHead_Condition, hasLeafCondition, hasSeed_Condition, 

hasStem_Condition 4 A?5F8DVG=V 2;0AB82>ABV <548:>-1V>;>3VG=>3> 01> 

<>@D>;>3VG=>3> AB0=C :>=:@5B=8E >@30=V2 (:>H8:0, ;8AB:0, =0AV==O, AB51;0 

A>=OH=8:0); 

• hasWholePlant_Condition 4 DV:ACє 7030;ь=89 301VBCA (7>2=VH=V9 

283;O4) CAь>3> @>A;8==>3> 5:75<?;O@0; 

• hasSownPlant 4 ?>2'O7Cє ?>;5 FieldPlot V7 ?>AVO=8< =0 =ь><C 

@>A;8==8< 7@07:><; 

• isPartof 4 72>@>B=0 2;0AB82VABь 4;O >?8AC 2=CB@VH=VE >@30=V2, O:V 

2E>4OBь 4> A:;04C FVєW @>A;8=8; 

�;0A FieldPlot 28ABC?0є F5=B@0;ь=8< :>=F5?B>< 4;O <>45;N20==O 

:>=:@5B=8E AV;ьAь:>3>A?>40@Aь:8E C3V4ь 01> 4V;O=>: ?>;O (@8A. 3.2.7). *59 :;0A 

:>=A>;V4Cє V=D>@<0FVN ?@> B5E=>;>3VN 28@>IC20==O, G0A>2V <56V ?>;ь>28E 

@>1VB, ?>AVO=V :C;ьBC@8 B0 @57C;ьB0B8 ;01>@0B>@=8E 4>A;V465=ь (�@C=BC V 

@>A;8=).  

 

$8AC=>: 3.2.7 - "=B>3@0D :;0AC FieldPlot 7 >1’є:B=8<8 2;0AB82>ABO<8 
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�;0A FieldPlot 0:B82=> 270є<>4Vє 7 V=H8<8 :>=F5?B0<8 >=B>;>3VW G5@57 

452'OBь >1'є:B=8E 2;0AB82>AB59 (Object Properties). �;0AB82>ABV GVB:> 

@>7<56>20=V 70 ;>3VG=8< A?@O<C20==O<. 

�;0AB82>ABV, 45 FieldPlot є 4><5=>< (Domain), >?8ACNBь E0@0:B5@8AB8:8 

?>;ь>2>W 4V;O=:8: 

• hasAnalysis 4 ?>2'O7Cє 4V;O=:C 7 @57C;ьB0B0<8 ?@>2545=8E 0=0;V7V2 

(=0?@8:;04, DVB>?0B>35==8E G8 <V:@>1V>;>3VG=8E); 

• hasSoilSample 4 2:07Cє =0 7@07:8 �@C=BC, O:V 1C;8 2V4V1@0=V 7 FVєW 

:>=:@5B=>W 4V;O=:8; 

• hasSowingTime B0 hasHarvestTime 4 7040NBь G0A>2V <56V (03@>B5E=VG=V 

B5@<V=8) ?>AV2C B0 71>@C 2@>60N =0 4V;O=FV; 

• hasSownPlant 4 287=0G0є AV;ьAь:>3>A?>40@Aь:C :C;ьBC@C (=0?@8:;04, 

:>=:@5B=89 3V1@84 A>=OH=8:0), O:0 70AVO=0 =0 ?>;V; 

• isLocatedIn 4 35>3@0DVG=0 01> 04<V=VAB@0B82=0 ?@82'O7:0 4V;O=:8 

(=0?@8:;04, =0;56=VABь 4> ?52=>W ?@8@>4=>-:;V<0B8G=>W 7>=8: %B5?, 

�VA>AB5?); 

• isUsedTechnology 4 2:07Cє =0 B5E=>;>3VN 28@>IC20==O G8 >1@>1VB:C, I> 

70AB>A>2CєBьAO =0 FV9 B5@8B>@VW. 

�;0AB82>ABV, 45 FieldPlot є 4V0?07>=>< (Range), E0@0:B5@87CNBь 70;56=VABь 

V=H8E >1'є:BV2 2V4 ?>;O: 

• isPlantOfField 4 72>@>B=89 72'O7>: 2V4 @>A;8=8/:C;ьBC@8 4> ?>;ь>2>W 

4V;O=:8, =0 O:V9 2>=0 @>AB5; 

• isSoilSampleOfField 4 72>@>B=89 72'O7>: 2V4 :>=:@5B=>3> ;01>@0B>@=>3> 

7@07:0 �@C=BC 4> <0B5@8=Aь:>3> ?>;O, 7 O:>3> 9>3> 1C;> 27O;8. 

 

�;0A Soil є ?@O<8< =0I04:>< <0:@>:;0AC Agritechnology. �;0A Soil є 

DC=40<5=B0;ь=>N :0B53>@VєN, I> >?8ACє DV78:>-EV<VG=V B0 1V>;>3VG=V 

E0@0:B5@8AB8:8 A5@54>28I0 28@>IC20==O AV;ьAь:>3>A?>40@Aь:8E :C;ьBC@.  
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�;0A Soil V=B53@Cє 40=V ?@> <V=5@0;ь=89 A:;04 (<0:@>- B0 <V:@>5;5<5=B8), 

3@0=C;><5B@8G=V ?>:07=8:8 B0 AB0= <V:@>1V>F5=>7C, I> 4>72>;Oє <>45;N20B8 

>?B8<0;ь=V C<>28 4;O 2535B0FVW :C;ьBC@.  

�;0A 45:><?>7CєBьAO =0 :V;ь:0 :;NG>28E =0?@O<:V2, I> 4>72>;ONBь 

:><?;5:A=> >FV=8B8 AB0= 3@C=BC. 

Chemical_composition ()V<VG=89 A:;04): 287=0G0є 2<VAB ?>682=8E @5G>28=. 

Major_elements_(NPK): 07>B (N), D>AD>@ (P), :0;V9 (K). Minor_elements: 

<V:@>5;5<5=B8, B0:V O: F8=: (zinc), 1>@ (boron), <03=V9 (magnesium), A5;5= 

(selenium). Mechanical_composition ( 5E0=VG=89 A:;04): E0@0:B5@87Cє B5:ABC@C 

B0 AB@C:BC@C 3@C=BC G5@57 B0:V :><?>=5=B8, O:: Sand (#VA>:); Clay (�;8=0); Humus 

(�C<CA).  

The_living_component (�V>;>3VG=89 :><?>=5=B): >?8ACє 5:>A8AB5<C 

<V:@>>@30=V7<V2, 7>:@5<0: Symbionts (%8<1V>=B8); Bacteria (�0:B5@VW).  

Water-holding_capacity (2>;>3>CB@8<CNG0 740B=VABь): 287=0G0є 

3V4@>;>3VG=V 2;0AB82>ABV 3@C=BC, :@8B8G=V 4;O ?;0=C20==O 7@>H5==O. 

' :>=B5:ABV 03@>B5E=>;>3V9 :;0A soil 270є<>4Vє 7 V=H8<8 :;0A0<8 (=0?@8:;04, 

G5@57 B5ABC20==O 4 Test_Soil), 70157?5GCNG8 107C 40=8E 4;O ?@89=OBBO @VH5=ь 

I>4> 2=5A5==O 4>1@82, 281>@C B5E=>;>3V9 >1@>1VB:C B0 ?V41>@C 2V4?>2V4=8E 

3V1@84V2 @>A;8=. �@EVB5:BC@=5 >1'є4=0==O 4><5=V2 Soil B0 Agritechnology 

?@54AB02;5=> =0 @8A.3.2.8.  

*5 4>72>;Oє D>@<0;V7C20B8 ?@O<V B0 72>@>B=V 70;56=>ABV <V6 

03@>DV78G=8<8 ?0@0<5B@0<8 A5@54>28I0 B0 >?5@0FV9=8<8 @VH5==O<8, I> є 

107>N 4;O 02B><0B8G=>3> ;>3VG=>3> 282545==O C A8AB5<V ?V4B@8<:8 ?@89=OBBO 

@VH5=ь. 

"1'є:B=V 2;0AB82>ABV (Object Properties) 287=0G0NBь A5<0=B8G=V 72'O7:8 

:;0AC soil 7 V=H8<8 :><?>=5=B0<8 A8AB5<8 03@>B5E=>;>3V9. 

�;0A soil O: AC1'є:B (Domain): 

• hasMechanicalComposition: ?>2'O7Cє �@C=B V7 9>3> <5E0=VG=8<8 

E0@0:B5@8AB8:0<8; 
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• hasRecommendedTechnology: 2:07Cє =0 B5E=>;>3VW, I> ?@>?>=CNBьAO 

4;O Fь>3> B8?C �@C=BC; 

• isOptimizedByTechnology: >?8ACє ?@>F5A ?>:@0I5==O 2;0AB82>AB59 

�@C=BC ?V4 2?;82>< :>=:@5B=8E B5E=>;>3VG=8E >?5@0FV9. 

 

$8AC=>: 3.2.8 - �@EVB5:BC@=5 >1'є4=0==O 4><5=V2 Soil B0 Agritechnology 

 

�;0A soil O: >1'є:B (Range): 

• isMostlySuitableFor: 2:07Cє =0 ?@840B=VABь ?52=8E D0:B>@V2 01> :C;ьBC@ 4;O 

40=>3> �@C=BC; 
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• isSoilTest: 72'O7>: 2V4 ?@>F54C@ B5ABC20==O 01> 0=0;V7V2 4> :>=:@5B=>3> 

>1'є:B0 �@C=BC; 

• recommendedFor: :;NG>20 2;0AB82VABь 282>4C, 45 �@C=B є FV;;N 4;O 

@5:><5=40FVW B5E=>;>3VW. 

�;0AB82>ABV 40=8E (Data Properties) 28:>@8AB>2CNBьAO 4;O :V;ь:VA=>W 01> 

O:VA=>W E0@0:B5@8AB8:8 DV78G=8E ?0@0<5B@V2: 

• hasTemperature: DV:ACє B5<?5@0BC@=89 @568< �@C=BC (Domain: soil). 

!0 @8AC=:C 3.2.9 2V4>1@065=> @57C;ьB0B8 D>@<C20==O >1’є:B=8E 

2;0AB82>AB59 B0 0:AV><, O:V 287=0G0NBь A5<0=B8G=89 :>=B5:AB 270є<>4VW 

�@C=B>28E C<>2 V7 B5E=>;>3VG=8<8 >?5@0FVO<8. 

�;0A Technology ?V4?>@O4:>2CєBьAO <0:@>:;0AC �gritechnology. �;0A 

Technology 2 AB@C:BC@V >=B>;>3VW A8AB5<0B87Cє 7=0==O ?@> 28@>1=8GV AB@0B53VW 

(:;0A8G=0, V=B5=A82=0, No-till) B0 =5>1EV4=V @5AC@A8 4;O WE @50;V70FVW, ?>є4=Cє 

B5E=VG=5 70157?5G5==O (>1;04=0==O 4;O :C;ьB820FVW) 7 03@>B5E=VG=8<8 70E>40<8 

(AV2>7<V=0, V@830FVO, EV<VG=89 70E8AB), 70157?5GCNG8 :><?;5:A=5 <>45;N20==O 

?@>F5AV2 28@>IC20==O. "=B>3@0D :;0AC Technology ?@54AB02;5=89 =0 @8A. 3.2.10.  

 

 

$8AC=>: 3.2.9 - C?5F8DV:0FVO 2;0AB82>AB59 >1'є:BV2 (Object Properties) B0 

0:AV>< :;0AV2, I> >?8ACNBь A5<0=B8G=V 72'O7:8 =02:>;> :;0AC soil 
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$8AC=>: 3.2.10 - "=B>3@0D :;0AC Technology 

 

&8?>;>3VO B5E=>;>3V9 (Type_of_technology) - ?V4:;0A 45B0;V7Cє :>=:@5B=V 

AB@0B53VW 3>A?>40@N20==O, I> 70AB>A>2CNBьAO 2 03@>28@>1=8FB2V: 

• Classical (�;0A8G=0): B@048FV9=0 A8AB5<0 >1@>1VB:C �@C=BC B0 

4>3;O4C 70 ?>AV20<8; 

• Intensive (�=B5=A82=0): B5E=>;>3VO, I> ?5@5410G0є 28A>:89 @V25=ь 

28:>@8AB0==O 4>1@82, 70A>1V2 70E8ABC B0 <5E0=V70FVW 4;O <0:A8<V70FVW 

2@>609=>ABV; 

• No_rear (A8AB5<0 157 2V420;ь=>3> >1@>1VB:C / No-till): <V=V<0;ь=89 

01> =C;ь>289 >1@>1VB>: �@C=BC 4;O 715@565==O 9>3> AB@C:BC@8 B0 2>;>38. 

�;0A B0:>6 ?>2'O70=89 7 V=AB@C<5=B0<8 B0 <5B>40<8 @50;V70FVW 

B5E=>;>3VG=>3> ?@>F5AC: 

• Available_cultivation_equipment: =0O2=VABь B0 E0@0:B5@8AB8:8 

AV;ьAь:>3>A?>40@Aь:>W B5E=V:8 4;O >1@>1VB:C; 

• Irrigation (�@>H5==O): ?V4A8AB5<0 HBCG=>3> 72>;>65==O, I> 

V=B53@CєBьAO 2 >1@0=C B5E=>;>3VN; 

• Crop_rotation (%V2>7<V=0): =0C:>2> >1�@C=B>20=5 G5@3C20==O :C;ьBC@ 

C G0AV B0 =0 ?>;OE, I> є G0AB8=>N B5E=>;>3VG=>3> @53;0<5=BC. 
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Pesticides / Herbicide_type: EV<VG=V 70A>18 70E8ABC, 281V@ O:8E 70;568Bь 2V4 

>1@0=>3> B8?C B5E=>;>3VW.  

!02545<> A8AB5<0B87>20=89 ?5@5;V: >A=>2=8E >1'є:B=8E 2;0AB82>AB59, 

@>7?>4V;5=89 70 DC=:FV>=0;ь=8<8 3@C?0<8. 

�;0AB82>ABV B5E=>;>3VG=>W 45B5@<V=0FVW (Technology) ?@54AB02;5=V =0 

@8AC=>:C 3.2.11. *V 2;0AB82>ABV 287=0G0NBь 28<>38 B0 =0A;V4:8 70AB>AC20==O 

03@>B5E=>;>3V9: 

• requiresWeather: �AB0=>2;Nє 72'O7>: <V6 Technology (Domain) B0 

climatic_condition (Range) 4;O 287=0G5==O <5B5>@>;>3VG=8E >1<565=ь >?5@0FVW; 

• requiresEquipment: #>є4=Cє Technology 7 Available_cultivation_equipment, 

>?8ACNG8 =5>1EV4=C <0B5@V0;ь=>-B5E=VG=C 107C; 

 

      

$8AC=>: 3.2.11 - �;0A Technology Vє@0@EVG=0 AB@C:BC@0, ?5@5;V: 

5:75<?;O@V2, >1'є:B=V 2;0AB82>ABV, 2;0AB82VABь 40=8E 
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• limitsPestPopulation: #>2'O7Cє Technology 7 :;0A0<8 Pests 01> 

Parasitic_plants, D>@<0;V7CNG8 70E8A=C DC=:FVN <5B>4C; 

• improvesCapacity: %?@O<>20=0 2V4 Technology 4> Water-holding_capacity, 

>?8ACNG8 <5;V>@0B82=89 2?;82 =0 DV78G=V 2;0AB82>ABV �@C=BC; 

• recommendedFor: �;NG>20 2;0AB82VABь 282>4C, I> A?>;CG0є Technology V7 

soil =0 >A=>2V 28:>=0==O SWRL-?@028;. 

�;0AB82>ABV 4V03=>AB8:8 B0 0=0;V7C (Analytical). 

�8:>@8AB>2CNBьAO 4;O >?8AC E0@0:B5@8AB8: >1'є:BV2 4>A;V465==O: 

• hasMechanicalComposition: �'є4=Cє V=482V4V2 :;0AC soil V7 B8?0<8 

<5E0=VG=>3> A:;04C (clay, sand, humus); 

• hasChemicalComposition: #>2'O7Cє 7@07>: �@C=BC 7 2<VAB>< <0:@>- B0 

<V:@>5;5<5=BV2 (NPK, 1>@ B>I>); 

• hasAnalysis: �030;ь=0 2;0AB82VABь, I> ?>2'O7Cє >1'є:B soil V7 @57C;ьB0B0<8 

;01>@0B>@=8E B5ABV2 (Test_Soil); 

• hasLivingComponent: �:07Cє =0 =0O2=VABь 10:B5@V9 G8 A8<1V>=BV2 C 

AB@C:BC@V �@C=BC. 

�;0AB82>ABV C?@02;V==O B0 281>@C (Strategic & Genetic). 

�0157?5GCNBь 72'O7>: <V6 1V>;>3VG=8<8 E0@0:B5@8AB8:0<8 B0 ?@89=OBBO< 

@VH5=ь: 

• forGenotypeDependsOn 2:07Cє, I> 281V@ Technology (Range) 

45B5@<V=>20=89 >A>1;82>ABO<8 :>=:@5B=>3> 35=>B8?C; 

• isOptimizedByTechnology 2V4>1@060є ?@>F5A ?>:@0I5==O 

28@>1=8G8E ?>:07=8:V2 ?V4 2?;82>< >1@0=>W B5E=>;>3VW; 

• hasDecision ;>3VG=89 72'O7>: <V6 >1'є:B>< 0=0;V7C B0 ?@89=OB8< 

C?@02;V=Aь:8< @VH5==O< (Decision); 

• atTime G0A>20 <VB:0, I> ?>2'O7Cє @VH5==O 01> >?5@0FVN 7 :>=:@5B=8< 

?5@V>4>< (Time) 4 ?>AV2><, ?>;82>< G8 718@0==O<. 

 



139 

 

 

 

�;O D>@<0;V70FVW G0A>28E ?0@0<5B@V2 2 >=B>;>3VN 22545=> :;0A Time (@8A. 

3.2.12.). �;0A Time @>7<VI5=89 2 є48=><C 45@52V 7 B0:8<8 :@8B8G=8<8 4><5=0<8 

O: soil, Technology B0 climatic_condition. *5 4>72>;Oє V=B53@C20B8 G0A>289 G8==8: 

C ?@>F5A ?@89=OBBO AB@0B53VG=8E @VH5=ь (Decision), 70157?5GCNG8 A8=E@>=V70FVN 

1V>;>3VG=8E ?>B@51 @>A;8=8 7 B5E=VG=8<8 <>6;82>ABO<8 3>A?>40@AB20. 

�;0A Time 2 AB@C:BC@V >=B>;>3VW 28:>=Cє @>;ь B5<?>@0;ь=>3> @53C;OB>@0, 

I> 70157?5GCє G0A>2C A?5F8DV:0FVN 03@>B5E=VG=8E 70E>4V2 B0 ?@8@>4=8E 

D0:B>@V2. 

             

0)                                           1) 

$8AC=>: 3.2.12 - �;0A Time 0) Vє@0@EVG=0 AB@C:BC@0, ?5@5;V: 5:75<?;O@V2,  

1) >1’є:B=V 2;0AB82>ABV B0 0:AV><8 :;0AC 
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*59 :;0A 4>72>;Oє D>@<0;V7C20B8 7=0==O ?@> A57>==C 48=0<V:C 

:;V<0B8G=8E C<>2, 68BBє2V F8:;8 1V>;>3VG=8E 703@>7 (H:V4=8:V2 B0 ?0B>35=V2), 0 

B0:>6 287=0G0B8 G0A>2V V=B5@20;8 @50;V70FVW B5E=>;>3VG=8E :0@B 28@>IC20==O 

:C;ьBC@. ?V4:;0A8 O:>3> ?>2’O70=V 7 B8?>28<8 V=D>@<0FV9=8<8 70?8B0<8 

?@0:B8:V2 (D5@<5@V2) V7 @V7=8E @53V>=V2 ':@0W=8, I> 725@B0NBьAO 70 

:>=AC;ьB0FVO<8 4> D0EV2FV2 V=AB8BCBC. �є@0@EVG=0 AB@C:BC@0 :;0AC Time 

45B0;V7>20=0 G5@57 DC=:FV>=0;ь=V ?V4:;0A8, I> 2V4?>2V40NBь :@8B8G=8< 5B0?0< 

28@>1=8FB20: 

• application_time: @53;0<5=BCє B5@<V=8 2=5A5==O B5E=>;>3VG=8E 

70A>1V2 (4>1@82, ?5AB8F84V2); 

• sowing_time: 287=0G0є >?B8<0;ь=5 2V:=> 4;O ?@>2545==O ?>AV2=8E 

@>1VB; 

• watering_time: DV:ACє 3@0DV: V@830FV9=8E 70E>4V2; 

• harvest_time: 2AB0=>2;Nє ?5@V>4 718@0==O 2@>60N. 

&5<?>@0;ь=0 V=B53@0FVO @VH5=ь B0 >?5@0FV9 @50;V7>20=0 G5@57 >1'є:B=V 

2;0AB82>ABV (Object Properties), 45 :;0A Time 28ABC?0є O: >1;0ABь 7=0G5=ь (Range): 

• atTime: :;NG>20 2;0AB82VABь, I> 4>72>;Oє ?>2'O70B8 1C4ь-O:C 

B5E=>;>3VG=C ?>4VN 01> >?5@0FVN 7 :>=:@5B=8< G0A>28< V=482V4><; 

• isDecision: A?5F8DVG=89 72'O7>:, I> <0@:Cє C?@02;V=Aь:V @VH5==O 

G0A>28<8 <VB:0<8, 70157?5GCNG8 ?@>AB56C20=VABь AB@0B53VG=>3> ?;0=C20==O. 

�;O 2=5A5==O :>=:@5B=8E 7=0G5=ь (40B, V=B5@20;V2 01> B@820;>ABV AB04V9 

2535B0FVW) 28:>@8AB>2CєBьAO 2;0AB82VABь 40=8E(Data Properties): 

• in_Time: 45 :;0A Time 28ABC?0є AC1'є:B>< (Domain) 4;O :V;ь:VA=>W 01> 

B5:AB>2>W DV:A0FVW G0A>28E ?0@0<5B@V2. 

�;O 70157?5G5==O 28A>:>W B>G=>ABV @>1>B8 @V7>=5@0 2AB0=>2;5=> 6>@AB:V 

>1<565==O =5?5@5B8==>ABV (DisjointWith). �;0A Time ;>3VG=> 2V44V;5=89 2V4 CAVE 

<0B5@V0;ь=8E B0 ?@>F5AC0;ь=8E 4><5=V2: 

• >1'є:B8 B0 D0:B>@8: soil, climatic_condition, Pests, Diseases, 

Parasitic_plants; 
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• >?5@0FVW B0 28A=>2:8: Technology, Test_Soil, Decision. 

"?8A V=482V4CC<0 ?V4:;0AC sowing_time ?@54AB02;5=> =0 @8AC=:C 3.2.13. 

 

 

 

$8AC=>:.3.2.13 - "?8A V=482V4CC<0 ?V4:;0AC sowing_time 

 

�;0A Growth_Stage <VAB8Bь D>@<0;V70FVN D5=>;>3VG=8E D07 @>728B:C 

:C;ьBC@8 2V4?>2V4=> 4> :;0A8DV:0FVW ,=59B5@0 B0  V;;5@0 (Schneiter & Miller, 

1981) (@8A.3.2.14). "=B>3@0D :;0AC Growth_Stage ?@54AB02;5=> =0 @8AC=:C 3.2.15. 

�;0A8DV:0FVO ,=59B5@0 B0  V;;5@0 є :;0A8G=>N H:0;>N <0:@>AB04V9 

@>728B:C A>=OH=8:C, O:0 28:>@8AB>2CєBьAO C B>G=V9 03@>=><VW B0 A5;5:FVW 4;O 

AB0=40@B870FVW D5=>B8?VG=8E A?>AB5@565=ь. !86G5 =02545=> 7VAB02;5==O :;0AC 

Growth_Stage 7 ?5@V>4870FVєN ,=59B5@0- V;;5@0 (B01;. 3.2.1). 



142 

 

 

 

    

$8AC=>:.3.2.14 - �є@0@EVG=0 AB@C:BC@0 :;0AC Growth_Stage 0) B0 V=482V4C<8 

:;0AC Stage_R6_Ray_Flowers_Shedding 1) 

 

  

 

 

$8AC=>:.3.2.15 - "=B>3@0D :;0AC Growth_Stage 

 

%B2>@5=> 420 :;0A8 4>2V4=8:8. �;0A-4>2V4=8: Color_Spectrum (%?5:B@ 

:>;ь>@V2) ?@87=0G5=89 4;O D>@<0;V70FVW B0 DV:A0FVW >?B8:>-:>;>@8<5B@8G=8E 

?0@0<5B@V2 >@30=V2 A>=OH=8:C, I> >B@8<CNBьAO 2 @57C;ьB0BV ?>?5@54=ь>W 

<0B5<0B8G=>W >1@>1:8 B0 0=0;V7C F8D@>28E 7>1@065=ь.  
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&01;8FO 3.2.1 - �VAB02;5==O :;0AC Growth_Stage 7 ?5@V>4870FVєN ,=59B5@0-

 V;;5@0. 
%B04VO 2 >=B>;>3VW  �>4 

,=59B5@0-
 V;;5@0 

"?8A <>@D>;>3VG=8E B0 F8D@>28E >7=0: 

Stage_01_Emergence VE %E>48. #>O20 AV<'O4>;ь =04 ?>25@E=5N �@C=BC. 
Stage_02_Vegetative V1 3 V(n) �535B0B82=V AB04VW. $0ECNBьAO 70 :V;ь:VABN 

A?@026=VE ;8AB:V2 7024>26:8 ?>=04 4 A<. 
Stage_03_Budding R1 3 R3 �CB>=V70FVO (7V@:>289 :>H8:). #>O20 

<V=V0BN@=>3> 1CB>=0, O:89 7 G0A>< ?V4=V<0єBьAO 
=04 =091;86G8< ;8ABO<. 

Stage_04_Flowering R5.1 3 R5.9 *2VBV==O. $0ECєBьAO C 2V4A>B:0E 2V4 7030;ь=>W 
:V;ь:>ABV :2VB>: =0 :>H8:C (=0?@8:;04, R5.5 4 

50% F2VBV==O). 
Stage_05_Seed_Filling R6 3 R8 !0;820==O B0 4>7@V20==O =0AV==O. /78G:>2V 

:2VB:8 2'O=CBь, :>H8: ?>G8=0є 7<V=N20B8 :>;V@ 
V7 75;5=>3> =0 ;8<>==>-6>2B89. 

Stage_06_Maturity R9 (V7V>;>3VG=0 7@V;VABь. &8;ь=0 AB>@>=0 :>H8:0 
AB0є 6>2B>-1C@>N, ?@8:2VB:8 :>@8G=52VNBь. 
�>;>3VABь =0AV==O ?@8@>4=> ?040є. 

 

�;0A Color_Spectrum 28ABC?0є 2 @>;V A5<0=B8G=>3> <VAB:0 <V6 

=87ь:>@V2=528<8 G8A;>28<8 40=8<8 :><?'NB5@=>3> 7>@C (<0B@8FO<8 ?V:A5;V2) 

B0 28A>:>@V2=528<8 03@>=><VG=8<8 ?>=OBBO<8. �=482V48 Fь>3> :;0AC (Green, 

Lemon_Yellow, Yellow_Brown, Brown) ?@54AB02;ONBь 5B0;>==V :>;V@=V <0@:5@8, 

:>65= 7 O:8E =04V;5=89 V=20@V0=B=8<8 G8A;>28<8 <560<8 4;O :0=0;V2 :>;V@=>3> 

?@>AB>@C RGB (7>:@5<0, 2;0AB82>ABO<8 40=8E hasRMin, hasRMax, hasGMin, 

hasGMax, hasBMin, hasBMax). &0:0 45:><?>78FVO 4>72>;Oє 0;3>@8B<0< 

:><?'NB5@=>3> 7>@C 74V9A=N20B8 48=0<VG=89 70?8B 4> 1078 7=0=ь 4;O 25@8DV:0FVW 

:>;ь>@C 157 =5>1EV4=>ABV 6>@AB:>3> 21C4>2C20==O G8A;>28E :>=AB0=B C 

?@>3@0<=89 :>4 @>7?V7=020==O. 
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$8AC=>:. 3.2.16 - �;0A-4>2V4=8: Color_Spectrum 

 

�;0A-4>2V4=8: Organ_Condition_Directory (�>2V4=8: AB0=V2 >@30=V2) 

(@8A.3.2.17) 

*59 :>=F5?B A;C3Cє 4;O :0B53>@870FVW B0 AB0=40@B870FVW O:VA=8E 

<>@D>;>3VG=8E ?5@5B2>@5=ь 0@EVB5:B>=V:8 @>A;8=8, O:V =5 ?V440NBьAO ?@O<8< 

;V=V9=8< G8A;>28< 28<V@0<, ?@>B5 є :@8B8G=8<8 :@8B8G=8<8 B@835@0<8 4;O 

;>3VG=>3> 282545==O AB04V9 2535B0FVW 70 4>?><>3>N SWRL-?@028;. 

�=482V48 40=>3> :;0AC (Active_Growth, Bud_Visible, Active_Flowering, 

Wilting, Dry) >?8ACNBь 48A:@5B=V O:VA=V AB0=8 2535B0B82=8E B0 @5?@>4C:B82=8E 

>@30=V2 A>=OH=8:C. "1<565==O 4V0?07>=C 7=0G5=ь (Range) >1'є:B=>W 2;0AB82>ABV 
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hasCondition 28:;NG=> F8< :;0A>< 70157?5GCє AB@>35 ;>3VG=5 =0A;V4C20==O, I> 

C=5<>6;82;Nє =5:>@5:B=C V=B5@?@5B0FVN 5:A?5@B=8E 7=0=ь. 

 

 

$8AC=>:.3.2.17 - �;0A-4>2V4=8: Organ_Condition_Directory 

 

�;0A Genetic є ?@O<8< ?V4:;0A>< (subclass) :>@5=52>3> :>=F5?BC 

owl:Thing. �;0A Genetic A8AB5<0B87Cє 7=0==O ?@> 35=5B8G=5 @V7=><0=VBBO 

:C;ьBC@8, @>74V;ONG8 =0AV==є289 <0B5@V0; =0 A>@B8 (Grade) B0 3V1@848 (Hybrid). 

�0=89 :;0A є F5=B@0;ь=8< 5;5<5=B>< 4;O 28@VH5==O 70240=ь 02B><0B8G=>3> 

?>є4=0==O 35=>B8?C 7 D5=>B8?VG=8<8 ?@>O20<8, I> 4>72>;Oє ?@>3=>7C20B8 

?@>4C:B82=VABь @>A;8= 70;56=> 2V4 03@>5:>;>3VG=8E D0:B>@V2 (�@C=B>28E C<>2 

B0 :;V<0BC) B0 >1@0=8E B5E=>;>3V9 28@>IC20==O.  
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�є@0@EVO 2;0AB82>AB59 40=8E (Data Properties) :;0AC Genetic ?@54AB02;5=0 

=0 @8A. 3.2.18. *V ?>:07=8:8 2V4?>2V40NBь E0@0:B5@8AB8:0<, I> 287=0G5=V 

F8D@>2>N <>45;;N 2 @>74V;V 2.  

�;0A 45:><?>7CєBьAO =0 42V >A=>2=V :0B53>@VW, I> 2V4>1@060NBь 

A5;5:FV9=89 AB0BCA =0AV==є2>3> <0B5@V0;C: 

• Grade (%>@B): AC:C?=VABь @>A;8=, AB2>@5=8E C @57C;ьB0BV A5;5:FVW, I> 

<0NBь ?52=V A?04:>2V <>@D>;>3VG=V, DV7V>;>3VG=V B0 3>A?>40@Aь:V >7=0:8; 

• Hybrid (�V1@84): @57C;ьB0B AE@5IC20==O 35=5B8G=> 2V4<V==8E 

10Bь:V2Aь:8E D>@<, I> E0@0:B5@87CєBьAO 5D5:B>< 35B5@>78AC (?V428I5=>N 

68BBє740B=VABN B0 2@>609=VABN). 

 

 

$8AC=>:.3.2.18 - �є@0@EVO 2;0AB82>AB59 40=8E (Data Properties) :;0AC Genetic 

 

�;0A genotype <0є A5<0=B8G=V 72'O7:8 7:  

• Selection (%5;5:FVO) B0 Genetic (�5=5B8:0): AC<V6=V :;0A8, I> 

>?8ACNBь ?>E>465==O B0 <5B>48 ?>:@0I5==O 35=>B8?C; 

• Diseases & Pests: 4;O 287=0G5==O 35=5B8G=>W ABV9:>ABV :>=:@5B=>3> 

A>@BC G8 3V1@84C 4> ?52=8E ?0B>35=V2; 

• Climatic_condition: 4;O >FV=:8 040?B82=>ABV 35=>B8?C 4> 

B5<?5@0BC@=8E @568<V2 B0 :V;ь:>ABV >?04V2. 
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�;0A Pests V=B53@>20=> 2 7030;ь=C >=B>;>3VG=C AB@C:BC@C O: ?@O<89 ?V4:;0A 

<0:@>:;0AC �gritechnology, I> 4>72>;Oє @>73;O40B8 1V>;>3VG=V 703@>78 O: 

G0AB8=C 7030;ь=>3> B5E=>;>3VG=>3> :>=B5:ABC 28@>IC20==O A>=OH=8:C. 

#@>F54C@0 ;>3VG=>3> 282545==O (reasoning) ?V4B25@48;0 2V4ACB=VABь ;>3VG=8E 

AC?5@5G=>AB59 C 287=0G5==V :;0AC (2V4ACB=VABь ?V4:;0AV2, :@V< A8AB5<=>3> 

owl:Nothing). 

�87=0G5=> 9 A?5F8DV:>20=8E 284V2 H:V4=8:V2, E0@0:B5@=8E 4;O ?>AV2V2 

A>=OH=8:C (Instances). %5@54 =8E Sand tarragon (Opatrum sabulosum) B0 

Wireworms (:>20;8:8) 4 O: >A=>2=V 703@>78 =0 @0==VE 5B0?0E 2535B0FVW; Sunflower 

moth (Homoeosoma nebulella) B0 Sunflower spikenose 4 H:V4=8:8, I> 

157?>A5@54=ь> 2?;820NBь =0 D>@<C20==O :>H8:0 B0 O:VABь =0AV==O (@8A. 3.2.19). 

&0:0 45B0;V70FVO V=482V4V2 C <560E >=B>;>3VW 70157?5GCє <>6;82VABь D>@<C20==O 

B>G=8E @5:><5=40FV9 C A8AB5<V ?V4B@8<:8 ?@89=OBBO @VH5=ь ?@8 28O2;5==V 

:>=:@5B=8E 5=B><>;>3VG=8E @878:V2 =0 >A=>2V 40=8E <>=VB>@8=3 

�;O @50;V70FVW V=B5;5:BC0;ь=8E DC=:FV9 A8AB5<8 28:>@8AB0=> ;>3VG=V 

?@028;0 A5<0=B8G=>3> 282545==O(SWRL Rules), O:V 2@0E>2CNBь @53V>=0;ь=V 

>A>1;82>ABV B0 B5E=>;>3VG=V ?0@0<5B@8.  

!0 @8AC=:C 3.2.20  ?@54AB02;5=0 Vє@0@EVO :;0AV2 (inferred class hierarchy), 

>B@8<0=0 ?VA;O 70?CA:C ;>3VG=>3> 282545==O (reasoning), I> 45<>=AB@Cє 

CB>G=5=C AB@C:BC@C 72'O7:V2 <V6 :;0A0<8 Genetic, Time, Technology. 
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$8AC=>:.3.2.19 - �;0A Pests:  Vє@0@EVG=0 AB@C:BC@0, ?5@5;V: 5:75<?;O@V2 

 

 

 

$8AC=>:.3.2.20 - Inferred class hierarchy 
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3.3 %5<0=B8G=0 >FV=:0 O:>ABV >=B>;>3VG=>W <>45;V 
 

 0є<> 420 2848 >FV=>: O:>ABV >=B>;>3VW: A5<0=B8G=V 4 7 C@0EC20==O< 

?8B0=ь :><?5B5=B=>ABV, AD>@<C;ь>20=8E 5:A?5@B><, V AB@C:BC@=V (:V;ь:VA=V 

<5B@8:8 >=B>3@0D0). "FV=:0 A5<0=B8G=>W O:>ABV >=B>;>3VW 1C;0 ?@>2545=0 =0 

>A=>2V <>6;82>ABV >B@8<0B8 2V4?>2V4V =0 :><?5B5=B=VA=V 70?8B0==O. 

!86G5 =02545=> ?@028;0 4;O >A=>2=8E :;0AV2 >=B>;>3VW 4 PlantSpecimen 

B0 FieldPlot, O:V 4>72>;ONBь 02B><0B8G=> ?5@52>48B8 2V7C0;ь=V >7=0:8 C@065==O 

B0 40=V <>=VB>@8=3C 2 :><?;5:A=V 4V03=>78 B0 @5:><5=40FVW. 

#@028;0 4;O :;0AC PlantSpecimen. �;0A PlantSpecimen є >A=>2=8< 

>?5@0=4>< 4;O SWRL-?@028;, I> 4V03=>ABCNBь AB0= @>A;8=8. 

S14: 'A?04:C20==O ?0@0<5B@V2 ?>;O / #5@5=5A5==O G0AC ?>AV2C =0 @>A;8=C 

PlantSpecimen(?p) ^ isPlantOfField(?p, ?f) ^ hasSowingTime(?f, ?t) -> 

hasSowingTime(?p, ?t) 

S15: �V03=>AB8:0 01V>B8G=>3> AB@5AC / �'O=5==O >@30=V2 G5@57 ?>ACEC 

PlantSpecimen(?p) ^ hasPart(?p, ?organ) ^ Organ_Condition_Directory(?organ) ^ 

hasCondition(?organ, Wilting) -> hasOverallStatus(?p, AbioticStress) 

S16: �5@8DV:0FVO 74>@>2>3> @>728B:C @>A;8=8 70 AB0=>< ;8AB:0 

PlantSpecimen(?p) ^ hasPart(?p, ?leaf) ^ Leaf_Plant_Sample(?leaf) ^ 

hasLeafCondition(?leaf, Healthy_Leaf) ^ hasCondition(?p, Active_Growth) -> 

hasOverallStatus(?p, Healthy_Development) 

S17: �V03=>AB8:0 1V>B8G=>3> AB@5AC / ,:V4=8:8 B0 A:5;5BC20==O ;8AB:0 

PlantSpecimen(?p) ^ hasPart(?p, ?leaf) ^ Leaf_Plant_Sample(?leaf) ^ 

hasLeafCondition(?leaf, LeafSkeletonization) -> hasOverallStatus(?p, BioticStress) 

�;O ?5@52V@:8 FVєW ;>3V:8 C 107V 7=0=ь AB2>@5=> B@8 B5AB>2V V=482V4CC<8: 

Plant_Test_1 4 107>289 7@07>:, Plant_Test_Drought_3 4 7@07>: 4;O <>45;N20==O 

01V>B8G=>3> AB@5AC (?>2'O70=89 V7 ?@028;>< S15), Plant_Test_Pest_2 4 7@07>: 4;O 

<>45;N20==O 1V>B8G=>3> AB@5AC (?>2'O70=89 V7 ?@028;>< S17), Plant_Phase6 4 

7@07>: 4;O <>45;N20==O 70AB>AC0==O 45A8:0FVW. $57C;ьB0B8 @>1>B8 @57>=5@0 4;O 
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Plant_Test_Pest_2 B0 Plant_Test_Drought_3 ?>:070=> =0 @8A. 3.3.1. 

      

0)                                                             1)                                2) 

$8AC=>: 3.3.1 - $57C;ьB0B8 @>1>B8 ;>38G=>V <0H8=8 @57>=5@0 4;O 

V=482V4CC<C 0)Plant_Test_Pest_2, 1)Plant_Test_Drought_3, 2) Plant_Phase6 :;0AC 

PlantSpecimen 

 

#@028;0 4;O :;0AC FieldPlot (#>;ь>20 4V;O=:0). �>3V:0 4;O FieldPlot 

107CєBьAO =0 0=0;V7V 7@07:V2 �@C=BC (SoilSample(?x)), >A:V;ь:8 FieldPlot є є48=8< 

4><5=>< 4;O 2;0AB82>ABV hasSoilSample. 'AV @VH5==O (Decision) 02B><0B8G=> 

?V4BO3CNBьAO 4> :>=:@5B=>W ?>;ь>2>W 4V;O=:8. ' 107V 7=0=ь AB2>@5=> B5AB>2V 

V=482V4CC<8 Field_1, Field_2, Field_3. 

S1: �:A?5@B=0 ;>3V:0 D>@<C20==O B5E=>;>3VG=8E @5:><5=40FV9 70;56=> 2V4 

A:;04C �@C=BC. #@028;> @50;V7Cє 48D5@5=FV9>20=89 ?V4EV4: O:I> �@C=B <0є 

3;8=8AB89 <5E0=VG=89 A:;04, 35=5@CєBьAO @5:><5=40FVO I>4> 70AB>AC20==O 

B5E=>;>3VW obrobitku 157 704=ь>3> ?@82>4C (no_rear). S1: soil(?s) ^ 

hasMechanicalComposition(?s, ?m) ^ clay(?m) ^ no_rear(?a) -> recommendedFor(?a, 

?s). 

#@028;0 S2, S3, S4: #@>3=>7C20==O F2VBV==O �;0A FieldPlot <0є 2;0AB82VABь 

hasSowingTime, O:0 2545 4> :;0AC sowing_time, I> 0:B82V7Cє FV ?@028;0. �>=8 

4>40NBь ?52=C :V;ь:VABь 4=V2 4> 40B8 ?>AV2C 70;56=> 2V4 ?@8@>4=>-:;V<0B8G=>W 

7>=8 @>7B0HC20==O ?>;O: 

o S3 (%B5? / Steppe_Zone): +60 4=V2. S3: sowing_time(?s) ^ occursInRegion(?s, 

?r) ^ Steppe_Zone(?r) ^ hasOrdinalDay(?s, ?start) ^ swrlb:add(?predicted, ?start, 60) -

> hasFloweringPrediction(?s, ?predicted) 
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o S2 (#>;VAAO / Polissya_Zone): +70 4=V2. S2: sowing_time(?s) ^ 

occursInRegion(?s, ?r) ^ Polissya_Zone(?r) ^ hasOrdinalDay(?s, ?start) ^ 

swrlb:add(?predicted, ?start, 70) -> hasFloweringPrediction(?s, ?predicted) 

o S4 (�VA>AB5? / Forest_Steppe_Zone): +65 4=V2. S4: sowing_time(?s) ^ 

occursInRegion(?s, ?r) ^ Forest_Steppe_Zone(?r) ^ hasOrdinalDay(?s, ?start) ^ 

swrlb:add(?predicted, ?start, 65) -> hasFloweringPrediction(?s, ?predicted) 

• S5: �5=5B8G=V E0@0:B5@8AB8:8 A>@BC #@028;> ?>2’O7Cє 35=5B8:C 

A>@BC 7 :>=:@5B=8< 4=5< ?>AV2C. S5: genetic(?g) ^ isGenotypeForSowing(?g, ?s) ^ 

hasOrdinalDay(?s, ?val) -> hasSowingDayFromEvent(?g, ?val) 

• #@028;0 3;81>:>3> <>=VB>@8=3C (S10, S11, S12) �>72>;ONBь 

0=0;V7C20B8 H0@8 ?>;O =0 3;818=V 1.031.5 <5B@8. /:I> 70DV:A>20=> 2V4?>2V4=V 

C<>28, A8AB5<0 D>@<Cє Decision ($VH5==O) 4;O FieldPlot. 

o S10: #5@52V@:0 2>;>3>70157?5G5==O B0 CIV;ь=5==O 2 3;81>:8E H0@0E 

SoilSample(?x) ^ Test_Soil(?y) ^ Time(?t) ^ Decision(?d) ^ isSoilTest(?x, ?y) ^ 

isDecisionForSample(?d, ?x) ^ hasAnalysisTime(?y, ?t) ^ hasSamplingDepth(?y, 

?depth) ^ swrlb:greaterThanOrEqual(?depth, 1.0) ^ swrlb:lessThanOrEqual(?depth, 

1.5) -> hasFieldStatus(?d, DeepLayerMoistureVerified) 

o S11: �>=B@>;ь ;53:>3> <5E0=VG=>3> A:;04C B0 28<820==O ?>682=8E 

@5G>28= SoilSample(?x) ^ Test_Soil(?y) ^ Time(?t) ^ Decision(?d) ^ isSoilTest(?x, 

?y) ̂  isDecisionForSample(?d, ?x) ̂  hasAnalysisTime(?y, ?t) ̂  hasSamplingDepth(?y, 

?depth) ^ swrlb:greaterThanOrEqual(?depth, 1.0) ^ hasSubterraneanTexture(?y, 

Sandy) -> hasFieldStatus(?d, NutrientLeachingRiskDetected) 

o S12: �V03=>AB8:0 ?@8E>20=8E 1V>B8G=8E 703@>7 4 =0AV==O �>2G:0 

SoilSample(?x) ^ Test_Soil(?y) ^ Time(?t) ^ Decision(?d) ^ isSoilTest(?x, ?y) ^ 

isDecisionForSample(?d, ?x) ^ hasAnalysisTime(?y, ?t) ^ hasSamplingDepth(?y, 

?depth) ^ hasBiologicalContamination(?y, Orobanche_cumana_Seeds) -> 

hasFieldStatus(?d, OrobancheDeepInfestationRisk) 

• #@028;0 >FV=:8 ?>;O (S6, S7, S8) (V:ACNBь V=482V4CC<8, ?>2'O70=V 7 

?>;5<. 
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o S6: )V<VG=89 A:;04 ?>;O (10;0=A 07>BC, D>AD>@C B0 

2>;>3>CB@8<0==O). SoilSample(?x) ^ Test_Soil(?y) ^ Time(?t) ^ Decision(?d) ^ 

isSoilTest(?x, ?y) ^ isDecisionForSample(?d, ?x) ^ hasAnalysisTime(?y, ?t) ^ 

hasChemicalFormulas(?y, True) ^ hasMoistureRetention(?y, True) -> 

hasFieldStatus(?d, ChemicalAndMoistureAnalysisComplete) 

o S7: �V4@>DV78:0 ?>;O (AB@C:BC@0 4V;O=:8 70 A?V22V4=>H5==O< «?VA>:-

3;8=0-3C<CA»). SoilSample(?x) ^ Test_Soil(?y) ^ Time(?t) ^ Decision(?d) ^ 

isSoilTest(?x, ?y) ^ isDecisionForSample(?d, ?x) ^ hasAnalysisTime(?y, ?t) ^ 

hasSoilTexture(?y, ?texture) ^ hasHumusContent(?y, ?humus) -> hasFieldStatus(?d, 

MechanicalCompositionAnalysisComplete). 

S8: �V>;>3VG=89 ?>B5=FV0; ?>;O (=0O2=VABь 10:B5@V9-D>AD0B<>1V;V70B>@V2 

B0 <V:>@878). SoilSample(?x) ^ Test_Soil(?y) ^ Time(?t) ^ Decision(?d) ^ 

isSoilTest(?x, ?y) ^ isDecisionForSample(?d, ?x) ^ hasAnalysisTime(?y, ?t) ^ 

hasMicrobialInhabitant(?x, ?bacteria) ^ hasSynergisticFungi(?x, ?fungi) -> 

hasFieldStatus(?d, BiologicalComponentAnalysisComplete).  

%B2>@8<> ?@028;> 4;O 281>@C B5E=>;>3VW ?;0=>2>W 45A8:0FVW A>=OH=8:C 

S18: PlantSpecimen(?plant) ^ hasSownPlant(?crop, ?plant) ^ 

hasGrowthStage(?crop, R6_Normal_Shedding) ^ has_moisture_seed(?plant, 

?moisture) ^ swrlb:greaterThanOrEqual(?moisture, 20.0) -> isUsedTechnology(?crop, 

Desiccation_Standard). 

$57C;ьB0B8 @>1>B8 @57>=5@0 4;O V=482V4CC<V2 Field_1, Field_2, Field_3 

:;0AC FieldPlot ?>:070=> =0 @8A. 3.3.2. 

' B01;. 3.3.1. ?@54AB02;5=> 2V4?>2V4=VABь <V6 @>7@>1;5=8<8 A5<0=B8G=8<8 

SWRL ?@028;0<8  B0 DC=:FV>=0;ь=8<8 =0?@O<0<8. 
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0)                                                             1) 

 

 

2) 

$8AC=>: 3.3.2 - $57C;ьB0B8 @>1>B8 @57>=5@0 4;O V=482V4CC<V2 0) Field_1, 1) 

Field_2  B0 2) Field_3:;0AC FieldPlot 

 

�;O ?@>2545==O A5<0=B8G=>W 25@8DV:0FVW @>7@>1;5=>W >=B>;>3VG=>W <>45;V 

1C;> 28:>@8AB0=> AB0=40@B=89 0?0@0B :><?5B5=B=VA=8E 70?8B0=ь. 

&@0=AD>@<0FVN =5D>@<0;ь=8E 5:A?5@B=8E 70?8BV2 C D>@<0;ь=V ;>3VG=V 70?8B8 

45A:@8?FV9=>W ;>3V:8, ?@548:0B=0 D>@<0, SWRL ?@028;0 C <560E 1078 7=0=ь 

HELIANTUS, 45B0;V7>20=> 2 B01;. 3.3.2.  

 

&01;8FO 3.3.1 - �V4?>2V4=VABь DC=:FV>=0;ь=8E =0?@O<V2 B0 A5<0=B8G=8E SWRL 
?@028; 

(C=:FV>=0;ь=89 =0?@O< !><5@ ?@028;0 
�;>10;ь=89 V=B53@0FV9=89 4><5= C?@02;V==O 
?@>4C:B82=VABN 

S1, S6, S7, S8, S10, S11, S12, S18 

(5=>B8?>289 S15, S16, S17 

&5<?>@0;ь=89 S2, S3, S4, S14 

�5=>B8?V2 B0 1V>;>3VG=8E 2;0AB82>AB59 S5 

�:>;>3VG=89 �5@A?5:B82=5 @>7H8@5==O (?@028;0 
2V4ACB=V) 

�:>=><VG=89 �5@A?5:B82=5 @>7H8@5==O (?@028;0 
2V4ACB=V) 
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&01;8FO 3.3.2 -  0B@8FO 25@8DV:0FVW A5<0=B8G=>W O:>ABV >=B>;>3VW 

HELIANTUS =0 >A=>2V :><?5B5=B=VA=8E 70?8B0=ь B0 SWRL-?@028; 
 

!5D>@<0;ь=5 
:><?5B5=B=VA=5 
70?8B0==O 

(>@<0;ь=5 
:><?5B5=B=VA=5 
70?8B0==O (;>3VG=89 
70?8B) 

%5<0=B8G=5 SWRL-?@028;> 282545==O 

1. /:C B5E=>;>3VN 
>1@>1VB:C �@C=BC 
4>FV;ь=> 
70AB>AC20B8 =0 
4V;O=:0E V7 206:8< 
(3;8=8AB8<) 
A:;04><? 

�=09B8 B5E=>;>3VG=V 
@VH5==O a \in No\_rear, 

@5:><5=4>20=V 4;O 
7@07:V2 �@C=BC s \in soil V7 
<5E0=VG=8< A:;04>< m 
\in clay. 

S1: soil(?s) ^ hasMechanicalComposition(?s, 

?m) ^ clay(?m) ^ no_rear(?a) -> 

recommendedFor(?a, ?s) 

2. �>;8 >GV:CєBьAO 
=0AB0==O D078 
F2VBV==O A>=OH=8:0 
?@8 ?>AV2V C 7>=V 
#>;VAAO? 

�;O ?>4VW ?>AV2C s \in 

sowing\_time C @53V>=V r 
\in Polissya\_Zone 

@>7@0EC20B8 ?@>3=>7=C 
40BC F2VBV==O predicted. 

S2: sowing_time(?s) ^ occursInRegion(?s, ?r) ^ 

Polissya_Zone(?r) ^ hasOrdinalDay(?s, ?start) ^ 

swrlb:add(?predicted, ?start, 70) -> 

hasFloweringPrediction(?s, ?predicted) 

3. /:0 ?@>3=>7=0 
40B0 F2VBV==O 
:C;ьBC@8 4;O 
4V;O=>:, 
@>7B0H>20=8E C 
%B5?>2V9 7>=V? 

�;O ?>4VW ?>AV2C s \in 

sowing\_time C @53V>=V r 
\in Steppe\_Zone 

@>7@0EC20B8 ?@>3=>7=C 
40BC F2VBV==O predicted. 

S3: sowing_time(?s) ^ occursInRegion(?s, ?r) ^ 

Steppe_Zone(?r) ^ hasOrdinalDay(?s, ?start) ^ 

swrlb:add(?predicted, ?start, 60) -> 

hasFloweringPrediction(?s, ?predicted) 

4. /: 35>3@0DVG=5 
@>7B0HC20==O ?>;O 
2 �VA>AB5?C 
2?;820є =0 
@>7@0EC=:>2C 40BC 
F2VBV==O? 

�;O ?>4VW ?>AV2C s \in 

sowing\_time C @53V>=V r 
\in Forest\_Steppe\_Zone 

@>7@0EC20B8 ?@>3=>7=C 
40BC F2VBV==O predicted. 

S4: sowing_time(?s) ^ occursInRegion(?s, ?r) ^ 

Forest_Steppe_Zone(?r) ^ hasOrdinalDay(?s, 

?start) ^ swrlb:add(?predicted, ?start, 65) -> 

hasFloweringPrediction(?s, ?predicted) 

5. /:0 :0;5=40@=0 
40B0 AV218 
70DV:A>20=0 4;O 
:>=:@5B=>3> 
35=>B8?C 
A>=OH=8:0? 

�87=0G8B8 ?>@O4:>289 
45=ь AV218 val 4;O 
5:75<?;O@0 35=>B8?C g 
\in genetic, ?>2'O70=>3> 7 
?>4VєN AV218 s. 

S5: genetic(?g) ^ isGenotypeForSowing(?g, ?s) 

^ hasOrdinalDay(?s, ?val) -> 

hasSowingDayFromEvent(?g, ?val) 

6. +8 7025@H5=> 
:><?;5:A=89 
EV<VG=89 0=0;V7 B0 
>FV=:C 
2>;>3>CB@8<0==O 
4;O 4>A;V4=>3> 
?>;O? 

�=09B8 @VH5==O d \in 

Decision 4;O 7@07:V2 
�@C=BC x, O:V <0NBь 
?V4B25@465=V EV<VG=V 
D>@<C;8 B0 2;0AB82>ABV 
2>;>3>CB@8<0==O. 

S6: SoilSample(?x) ^ Test_Soil(?y) ^ Time(?t) ^ 

Decision(?d) ^ isSoilTest(?x, ?y) ^ 

isDecisionForSample(?d, ?x) ^ 

hasAnalysisTime(?y, ?t) ^ 

hasChemicalFormulas(?y, True) ^ 

hasMoistureRetention(?y, True) -> 

hasFieldStatus(?d, 

ChemicalAndMoistureAnalysisComplete) 
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!5D>@<0;ь=5 
:><?5B5=B=VA=5 
70?8B0==O 

(>@<0;ь=5 
:><?5B5=B=VA=5 
70?8B0==O (;>3VG=89 
70?8B) 

%5<0=B8G=5 SWRL-?@028;> 282545==O 

7. /:0 AB@C:BC@0 B0 
3V4@>DV78G=89 AB0= 
3@C=B>2>3> 
?@>DV;N =0 
0=0;V7>20=V9 
4V;O=FV? 

�45=B8DV:C20B8 AB0BCA 
@VH5==O d, I> 107CєBьAO 
=0 0=0;V7V B5:ABC@8 
�@C=BC texture B0 2<VABC 
3C<CAC humus. 

S7: SoilSample(?x) ^ Test_Soil(?y) ^ Time(?t) ^ 

Decision(?d) ^ isSoilTest(?x, ?y) ^ 

isDecisionForSample(?d, ?x) ^ 

hasAnalysisTime(?y, ?t) ^ hasSoilTexture(?y, 

?texture) ^ hasHumusContent(?y, ?humus) -> 

hasFieldStatus(?d, 

MechanicalCompositionAnalysisComplete) 

8. +8 2>;>4Vє �@C=B 
4V;O=:8 4>AB0B=V< 
:>@8A=8< 
1V>;>3VG=8< B0 
<V:@>1V>;>3VG=8< 
?>B5=FV0;><? 

#5@52V@8B8 =0O2=VABь C 
7@07:C x 10:B5@V9-
D>AD0B<>1V;V70B>@V2 
bacteria B0 
A8=5@35B8G=8E 
<V:>@87=8E 3@81V2 fungi. 

S8: SoilSample(?x) ^ Test_Soil(?y) ^ Time(?t) ^ 

Decision(?d) ^ isSoilTest(?x, ?y) ^ 

isDecisionForSample(?d, ?x) ^ 

hasAnalysisTime(?y, ?t) ^ 

hasMicrobialInhabitant(?x, ?bacteria) ^ 

hasSynergisticFungi(?x, ?fungi) -> 

hasFieldStatus(?d, 

BiologicalComponentAnalysisComplete) 

9. +8 25@8DV:>20=> 
>?B8<0;ь=V 
?>:07=8:8 
2>;>3>70157?5G5==O 
C 3;81>:8E H0@0E 
�@C=BC (1.031.5 <)? 

�8O28B8 @VH5==O d, 45 
3;818=0 2V41>@C 7@07:0 
depth ?5@51C20є 2 
4V0?07>=V [1.0; 1.5] 
<5B@0. 

S10: SoilSample(?x) ^ Test_Soil(?y) ^ Time(?t) 

^ Decision(?d) ^ isSoilTest(?x, ?y) ^ 

isDecisionForSample(?d, ?x) ^ 

hasAnalysisTime(?y, ?t) ^ 

hasSamplingDepth(?y, ?depth) ^ 

swrlb:greaterThanOrEqual(?depth, 1.0) ^ 

swrlb:lessThanOrEqual(?depth, 1.5) -> 

hasFieldStatus(?d, DeepLayerMoistureVerified) 

10. +8 VA=Cє @878: 
28<820==O 
?>682=8E @5G>28= 
G5@57 ;53:89 
<5E0=VG=89 A:;04 
?V4?>25@E=528E 
H0@V2? 

%D>@<C20B8 AB0BCA 
@878:C 
NutrientLeachingRisk 4;O 
4V;O=>: V7 3;818=>N 
H0@C \ge 1.0 < B0 
?VI0=>N B5:ABC@>N 
Sandy. 

S11: SoilSample(?x) ^ Test_Soil(?y) ^ Time(?t) 

^ Decision(?d) ^ isSoilTest(?x, ?y) ^ 

isDecisionForSample(?d, ?x) ^ 

hasAnalysisTime(?y, ?t) ^ 

hasSamplingDepth(?y, ?depth) ^ 

swrlb:greaterThanOrEqual(?depth, 1.0) ^ 

hasSubterraneanTexture(?y, Sandy) -> 

hasFieldStatus(?d, 

NutrientLeachingRiskDetected) 

11. +8 28O2;5=> 
?@8E>20=C 
DVB>A0=VB0@=C 
703@>7C C@065==O 
2>2G>@:>< 
A>=OH=8:>28< C 
3;81>:8E H0@0E? 

�0DV:AC20B8 1V>B8G=C 
703@>7C C D>@<V 
=0O2=>ABV =0AV==O 
?0@078B8G=>W @>A;8=8 
Orobanche cumana C 
3;81>:8E H0@0E �@C=BC. 

S12: SoilSample(?x) ^ Test_Soil(?y) ^ Time(?t) 

^ Decision(?d) ^ isSoilTest(?x, ?y) ^ 

isDecisionForSample(?d, ?x) ^ 

hasAnalysisTime(?y, ?t) ^ 

hasSamplingDepth(?y, ?depth) ^ 

hasBiologicalContamination(?y, 

Orobanche_cumana_Seeds) -> 

hasFieldStatus(?d, 

OrobancheDeepInfestationRisk) 

12. /: ?0@0<5B@8 
G0AC ?>AV2C 
:>=:@5B=>3> ?>;O 

�4V9A=8B8 ;>3VG=5 
CA?04:C20==O G0A>28E 
<VB>: t 2V4 ?>;O f 4> 

S14: PlantSpecimen(?p) ^ isPlantOfField(?p, ?f) 

^ hasSowingTime(?f, ?t) -> hasSowingTime(?p, 

?t) 
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!5D>@<0;ь=5 
:><?5B5=B=VA=5 
70?8B0==O 

(>@<0;ь=5 
:><?5B5=B=VA=5 
70?8B0==O (;>3VG=89 
70?8B) 

%5<0=B8G=5 SWRL-?@028;> 282545==O 

B@0=A;NNBьAO =0 
2535BCNGV @>A;8=8 
Fь>3> ?>;O? 

V=482V40 @>A;8=8 p \in 

PlantSpecimen. 

13. +8 
V45=B8DV:>20=> 
=0O2=VABь >7=0: 
01V>B8G=>3> AB@5AC 
(=0A;V4:V2 ?>ACE8) 
70 2V7C0;ь=8< 
AB0=>< >@30=V2? 

�87=0G8B8 V=B53@0;ь=89 
AB0BCA C@065==O 
@>A;8=8 p 70 C<>28 
DV:A0FVW >7=0:8 2'O=5==O 
(Wilting) =0 WW 
2535B0B82=8E >@30=0E. 

S15: PlantSpecimen(?p) ^ hasPart(?p, ?organ) ^ 

Organ_Condition_Directory(?organ) ^ 

hasCondition(?organ, Wilting) -> 

hasOverallStatus(?p, AbioticStress) 

14. +8 2V4?>2V40є 
?>B>G=89 AB0= 
2535B0FVW @>A;8=8 
?0@0<5B@0< =>@<8 
B0 74>@>2>3> 
@>728B:C? 

�5@8DV:C20B8 AB0BCA 
74>@>2>3> @>728B:C 4;O 
@>A;8=8 p 70 :><1V=0FVW 
74>@>2>3> ;8AB:0 B0 
AB04VW 0:B82=>3> @>ABC. 

S16: PlantSpecimen(?p) ^ hasPart(?p, ?leaf) ^ 

Leaf_Plant_Sample(?leaf) ^ 

hasLeafCondition(?leaf, Healthy_Leaf) ^ 

hasCondition(?p, Active_Growth) -> 

hasOverallStatus(?p, Healthy_Development) 

15. +8 70DV:A>20=> 
1V>B8G=89 AB@5A, 
A?@8G8=5=89 
?>H:>465==O< 
;8AB:>2>W ?>25@E=V 
H:V4=8:0<8? 

�V03=>ABC20B8 1V>B8G=89 
AB@5A 4;O @>A;8=8 p C 
@07V 28O2;5==O >7=0: 
45AB@C:B82=>3> 
A:5;5BC20==O ;8AB:0 
(LeafSkeletonization). 

S17: PlantSpecimen(?p) ^ hasPart(?p, ?leaf) ^ 

Leaf_Plant_Sample(?leaf) ^ 

hasLeafCondition(?leaf, LeafSkeletonization) -> 

hasOverallStatus(?p, BioticStress) 

16. #@028;> 
02B><0B8G=>3> 
?@87=0G5==O 
?;0=>2>W 45A8:0FVW 
A>=OH=8:C =0 
>A=>2V F8D@>2>3> 
D5=>B8?C20==O C 
D07V R6.  

/:I> @>A;8=0 =0;568Bь 
4> ?>;O 7 D07>N 

7025@H5==O F2VBV==O B0 
>A8?0==O O78G:>28E 
:2VB>:, B0 2>;>3VABь 
=0AV==O >=20%, 

?@89<0єBьAO @VH5==O 
?@> 70AB>AC20==O 
AB0=40@B=>W B5E=>;>3VW 
45A8:0FVW.  

S18: PlantSpecimen(?plant) ^ 

hasSownPlant(?crop, ?plant) ^ 

hasGrowthStage(?crop, R6_Normal_Shedding) 

^ has_moisture_seed(?plant, ?moisture) ^ 

swrlb:greaterThanOrEqual(?moisture, 20.0) -> 

isUsedTechnology(?crop, 

Desiccation_Standard). 

 

 

3.4 "FV=:0 O:>ABV AB@C:BC@8 >=B>;>3VG=>W <>45;V 
 

�;O 70157?5G5==O >1’є:B82=>3> 0=0;V7C AB@C:BC@=>-DC=:FV>=0;ь=8E 

E0@0:B5@8AB8: @>7@>1;5=>W >=B>;>3VW A>=OH=8:0 B0 >FV=:8 WW 0@EVB5:BC@=>W 

FV;VA=>ABV 1C;> 70AB>A>20=> <5B@8G=89 ?V4EV4, I> 107CєBьAO =0 <5B>4>;>3VW 

OntoQA. "FV=N20==O ?@>AB>@C 7=0=ь ?@>2>48;>AO 70 42><0 A8AB5<=8<8 
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:0B53>@VO<8: <5B@8:8 AE5<8 (?@>2V4=V AB@C:BC@=V B@5=48 TBox) B0 <5B@8:8 

5:75<?;O@V2 (ABC?V=ь =0?>2=5=>ABV ABox). (Tartir, S. et al. 2005). "FV=N20==O 

?@>2>48;>AO 70 :0B53>@VO<8 <5B@8:8 AE5<8 B0 <5B@8:8 5:75<?;O@V2.  

 5B@8:0 1030BAB20 72’O7:V2 (Relationship Richness, ýý)  

 ýý =  |Ā||�ÿ|+ |Ā| = 68269+68 = 0,2. 

 

"B@8<0=5 7=0G5==O A2V4G8Bь, I> <>45;ь ?>є4=Cє AB@>3> AB@C:BC@>20=C 

Vє@0@EVN :>=F5?BV2 V7 ?><V@=>N IV;ь=VABN DC=:FV>=0;ь=8E 72'O7:V2. "?8A 

A:;04=8E <>@D>;>3VG=8E B0 ?@8G8==>-=0A;V4:>28E 270є<>72’O7:V2 <V6 

5;5<5=B0<8 A8AB5<8 70157?5GCєBьAO 45B0;V70FVєN G5@57 0:AV><8 4><5=V2 

(ObjectPropertyDomain = 114) B0 4V0?07>=V2 (ObjectPropertyRange = 110). *5 

4>72>;Oє A8AB5<V =5 ;8H5 :;0A8DV:C20B8 >1’є:B8, 0 9 >?8AC20B8 A:;04=V 

DC=:FV>=0;ь=V B0 <>@D>;>3VG=V 270є<>72’O7:8 <V6 =8<8, I> ACBBє2> ?V428ICє 

B>G=VABь ;>3VG=>3> 282545==O (Reasoning). 

 5B@8:0 0B@81CB82=>3> 1030BAB20 (Attribute Richness, ýý)  

 ýý = |ÿāā||ÿ| = 53 139 j 0,4. 

 

 #>B>G=89 ?>:07=8: 2:07Cє =0 B5, I> A?5F8DV:0FVO ?0@0<5B@V2 AB0=C 

A8AB5<8 >@Vє=B>20=0 =0 :;NG>2V 2C7;8, 0 ?>40;ьH5 <0AHB01C20==O <>45;V 

?>B@51C20B8<5 @>7H8@5==O 4V0?07>=V2 2;0AB82>AB59 40=8E 4;O 

A;01>45B0;V7>20=8E :;0AV2. 

�5B@8:0 1030BAB20 CA?04:C20==O (Inheritance Richness, ĀýĀ) 4>72>;Oє 

:;0A8DV:C20B8 0@EVB5:BC@C O: ?;0=0@=C (3>@87>=B0;ь=>->@Vє=B>20=C) >=B>;>3VN. 

*5 ?V4B25@46Cє H8@>:5 >E>?;5==O ?@54<5B=>W >1;0ABV F8D@>2>3> 

D5=>B8?C20==O ?@8 2V4=>A=> =528A>:V9 25@B8:0;ь=V9 A?5F8DV:0FVW (3;818=V) 

>:@5<8E 3V;>: Vє@0@EVW. 
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(>@<C;0 4;O @>7@0EC=:C ĀýĀ 

 ĀýĀ  = 3 |ÿ�(ÿ�,ÿ�)||�|�=1 |ÿ| = 269139 j 2,0, 

 

45 |ÿÿ(ÿý , ÿÿ)|4 :V;ь:VABь 157?>A5@54=VE ?V4:;0AV2 ÿý (direct subclasses) 4;O :;0AC ÿÿ. 
�5B@8:0 1030BAB2> :;0AV2 V45=B8DV:Cє 2V4=>A=C :V;ь:VABь :>=F5?BV2 

AE5<8 (TBox), O:V <0NBь ?@8=09<=V >48= D0:B8G=89 5:75<?;O@ (ABox) C 107V 

7=0=ь. �;O @>7@0EC=:C 28:>@8AB0=> :V;ь:VABь 70?>2=5=8E :;0AV2 

 ÿý = |ÿ2||ÿ| = 72139 j 0,5. 

 

"B@8<0=5 7=0G5==O DV:ACє, I> 7=0==O <>45;V @>7?>4V;5=V @V2=><V@=> 9 

>E>?;NNBь 50% 7045:;0@>20=8E :>=F5?BC0;ь=8E >1;0AB59, I> ?V4B25@46Cє 

2V4?>2V4=VABь @>7@>1;5=>W AB@C:BC@8 TBox ?@0:B8G=8< 70240==O< F8D@>2V70FVW 

D5=>B8?>28E >7=0:. 

 5B@8:0 A5@54=O AC:C?=VABь (Average Population, Ā) 

 Ā = |Ā||ÿ| = 145139 j 1. 

 

$57C;ьB0B 2V4>1@060є @V2=><V@=5 AB0@B>25 =0?>2=5==O AB@C:BC@8 7 

A5@54=V< :>5DVFVє=B>< 1;87ь:> >4=>3> V=482V40 =0 :;0A, I> >1�@C=B>2Cє 

=5>1EV4=VABь ?>40;ьH>W 02B><0B87>20=>W 35=5@0FVW 5:75<?;O@V2 70 @57C;ьB0B0<8 

DATA Processing. 

 5B@8:C 72'O7=>ABV (Cohesion, ÿ�ℎ) @>7@0E>2Cє<>  
 ÿ�ℎ = 68 (ÿĀĀÿāāĀÿĀāÿÿā��ĀĀÿÿāÿĀÿ)+ 53 (ĀÿāÿĀÿĀāÿÿā��ĀĀÿÿāÿĀÿ);474?ьA4 >і?ь>іEFь іA8<6і8GG@і6 = 102145 = 0,83. 
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� ?>78FV9 A8AB5<=>3> 0=0;V7C F5 A2V4G8Bь ?@> B5, I> 83% V=D>@<0FV9=>3> 

?@>AB>@C >=B>;>388 HELIANTUS >E>?;5=> 0:B82=8<8 ?@548:0B=8<8 72'O7:0<8, 

O:V 157?>A5@54=ь> 704VO=V C D>@<C20==V ;>3VG=8E 28A=>2:V2. "B@8<0=5 7=0G5==O 

?V4B25@46Cє 4>AB0B=N IV;ь=VABь A5<0=B8G=>W <5@56V =0 ?>B>G=><C 5B0?V 

=0?>2=5==O 1078 7=0=ь. �;O >?B8<V70FVW ?@>F5AV2 454C:B82=>3> 282545==O 70 

4>?><>3>N Reasoners ?>B@V1=5 @>7H8@5==O <5@56V >1'є:B=8E 2;0AB82>AB59 <V6 

V=482V40<8 7 <5B>N =01;865==O V=B53@0FV9=>3> ?>:07=8:0 4> FV;ь>2>3> 7=0G5==O 

1,0 (01A>;NB=> 72'O7=89 3@0D 7=0=ь). 

�=0;V7 <5B@8:8 206;82>ABV B5@<V=0;ь=8E :;0AV2 (Terminal classes) (Imp) 

?@54AB02;5=89 2 B01;8FV 3.N.  

�0=V >B@8<0=> ?> @57C;ьB0BC SPARQL query 

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>  

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#>  

PREFIX owl: <http://www.w3.org/2002/07/owl#>  

SELECT ?DirectClass (COUNT(?individual) AS ?ExactCount)  

WHERE {  

?individual rdf:type ?DirectClass .  

# �V4AV:0є<> 7030;ь=V A8AB5<=V :;0A8  

FILTER(?DirectClass != owl:NamedIndividual && ?DirectClass != 

owl:Thing)  

# '=V25@A0;ь=89 DV;ьB@ 4;O 3;81>:8E (?@O<8E) :;0AV2 

FILTER NOT EXISTS {  

?individual rdf:type ?SubClass . 

SubClass rdfs:subClassOf ?DirectClass . 

FILTER(?SubClass != ?DirectClass)  

}  

} 

GROUP BY ?DirectClass ORDER BY DESC(?ExactCount)  
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&01;8FO 3.4.1. - �06;82VABь B5@<V=0;ь=8E :;0AV2 (Terminal classes)  
№ #@O<89 :;0A ?@54<5B=>W >1;0ABV 

(!093;81H89 @V25=ь A?5F8DV:0FVW) 
(0:B8G=0 
:V;ь:VABь 
C=V:0;ь=8E 
5:75<?;O@V2 
(ExactCount) 

$>7@0EC=>: 
2V4=>A=>W 
206;82>ABV 

(Imp=ExactCount

/145) 

�06;82VABь 
:>=F5?BC C 
% (%C<0 = 

100%) 

1 Diseases ()2>@>18) 18 18 / 145 12% 

2 Pests (,:V4=8:8) 9 9 / 145 6% 
3 Time (+0A>2V <VB:8 >?5@0FV9) 8 8 / 145 5,5% 

4 
LeafCondition (%B0= ;8AB:>2>W 

?>25@E=V) 8 8 / 145 5,5% 

5 HeadPosition (#>;>65==O :>H8:0) 8 8 / 145 5,5% 
6 Stage_04_Flowering ((070 F2VBV==O) 8 8 / 145 5,5% 
7 Sowing_time (&5@<V=8 AV218) 7 7 / 145 4,8% 
8 Chemical_composition ()V<VG=V ?@>18) 7 7 / 145 4,8% 

9 Stage_R6_Ray_Flowers_Shedding 6 6 / 145 4% 

10 
Head_Shape ((>@<0 :>H8:0 

A>=OH=8:0) 6 6 / 145 4% 

11 Grade (&>20@=89 A>@B) 6 6 / 145 4% 

12 Decision ('?@02;V=Aь:V @VH5==O) 6 6 / 145 4% 

13 Genotype (�5=>B8?8 A>=OH=8:0) 6 6 / 145 4% 

14 Forest_Steppe_Zone (�VA>AB5?>20 7>=0) 5 5 / 145 3,4% 

15 SoilSample (#@>18 �@C=BC 4V;O=>:) 5 5 / 145 3,4% 

16 
WholePlant_Condition (�030;ь=89 AB0= 

1V><0A8) 5 5 / 145 3,4% 

17 Seed (!0AV==є289 <0B5@V0;) 4 4 / 145 2,7% 

18 Polissya_Zone (�>=0 #>;VAAO) 4 4 / 145 2,7% 

19 
Color_Spectrum (�>;V@=V <>45;V 

45B5:FVW) 4 4 / 145 2,7% 

20 minor_elements (�<VAB <V:@>5;5<5=BV2) 4 4 / 145 2,7% 

21 
PlantOverallStatus (�=B53@0;ь=89 

AB0BCA) 4 4 / 145 2,7% 

22 
ShapeSeed ( >@D>;>3VG=V >7=0:8 

=0AV==O) 4 4 / 145 2,7% 

23 
Mechanical_composition (&5:ABC@0 

�@C=BC) 4 4 / 145 2,7% 

24 PlantSpecimen (�@07:8 @>A;8=) 4 4 / 145 2,7% 

25 no_rear (�=5@3>>I04=89 >1@>1VB>:) 3 3 / 145 2,1% 

26 
oilseed_G (";V9=89 =0?@O< 

28:>@8AB0==O) 3 3 / 145 2,1% 

27 
'major_elements_(NPK)' 

( 0:@>5;5<5=B8) 3 3 / 145 2,1% 

28 Growth_Stages (�030;ь=V AB04VW @>ABC) 3 3 / 145 2,1% 

29 BroomrapeRace ($0A8 2>2G:0) 2 2 / 145 1,4% 

30 Test_Soil (#0@0<5B@8 0=0;V7C �@C=BC) 2 2 / 145 1,4% 

31 clay (�;8=8ABV D@0:FVW) 2 2 / 145 1,4% 

32 sand (#VI0=V D@0:FVW) 2 2 / 145 1,4% 

33 Leaf_Plant_Sample ( 5B@8:8 ;8AB:0) 2 2 / 145 1,4% 
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№ #@O<89 :;0A ?@54<5B=>W >1;0ABV 
(!093;81H89 @V25=ь A?5F8DV:0FVW) 

(0:B8G=0 
:V;ь:VABь 
C=V:0;ь=8E 
5:75<?;O@V2 
(ExactCount) 

$>7@0EC=>: 
2V4=>A=>W 
206;82>ABV 

(Imp=ExactCount

/145) 

�06;82VABь 
:>=F5?BC C 
% (%C<0 = 

100%) 

34 Steppe_Zone (%B5?>20 7>=0) 2 2 / 145 1,4% 

35 FieldPlot (�:A?5@8<5=B0;ь=0 4V;O=:0) 2 2 / 145 1,4% 

36 Region (�4<V=VAB@0B82=V @53V>=8) 2 2 / 145 1,4% 

37 soil (�030;ь=89 B8? �@C=BC) 2 2 / 145 1,4% 

38 
confectionery_G (�>=48B5@Aь:89 

=0?@O<) 2 2 / 145 1,4% 

39 
Stem_Plant_Sample ()0@0:B5@8AB8:8 

AB51;0) 1 1 / 145 0,7% 

40 application_time (+0A 2=5A5==O 4>1@82) 1 1 / 145 0,7% 

41 decorative_G (�5:>@0B82=89 =0?@O<) 1 1 / 145 0,7% 

42 Mechanical_composition (�07>289 :;0A) 1 1 / 145 0,7% 

43 humus (�>5DVFVє=B 3C<CAC) 1 1 / 145 0,7% 

$0-
7>< 

+8ABV ?@54<5B=V V=482V48 ABox 145 145 / 145 100,00% 

 

�>:0;ь=V ?>:07=8:8 ?>2=>B8 4;O B5@<V=0;ь=8E :;0AV2 2V4?>2V40NBь <560< 

WE=ь>3> ?@O<>3> =0?>2=5==O, I> 4>2>48Bь AB@C:BC@=C ABV9:VABь 1078 7=0=ь B0 WW 

3>B>2=VABь 4> ?@>2545==O 454C:B82=>3> 282545==O 70 4>?><>3>N <0H8= 

;>3VG=>3> 282545==O (Reasoners). 

 5B@8:0 ?>2=>B8 (Fullness, �) �87=0G0є :>5DVFVє=B V=D>@<0FV9=>W є<=>ABV 
?V445@52 >=B>;>3VG=>W AE5<8 V E0@0:B5@87Cє IV;ь=VABь ?>?C;OFVW 1078 7=0=ь C 

@>7@V7V >:@5<8E DC=:FV>=0;ь=8E 3V;>:. #>2=>B0 F(ÿÿ(Ā) :>=F5?BC ÿÿ(Ā) 

45B5@<V=CєBьAO O: 2V4=>H5==O D0:B8G=>W :V;ь:>ABV 5:75<?;O@V2, I> =0;560Bь 4> 

?V445@520 7 :>@5=5< C ÿÿ(Ā) 4> 7030;ь=>W ?>BC6=>ABV ?@>AB>@C V=482V4V2 1078 

7=0=ь |I| = 137. 

%B2>@8<> SPARQL query 
 PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

 

SELECT ?SubRootClass (COUNT(DISTINCT ?individual) AS ?SubTreeInstances) 

WHERE { 

  # �=0E>48<> 2AV :;0A8 A8AB5<8 
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  ?SubRootClass rdf:type owl:Class . 

  FILTER(?SubRootClass != owl:NamedIndividual && ?SubRootClass != owl:Thing) 

  # �2'O7Cє<> V=482V4V2 O: 7 A0<8< :;0A><, B0: V 7 CAV<0 9>3> ?V4:;0A0<8 1C4ь-O:>W 

3;818=8 (7=0: F5 ?>7=0G0є ?0B5@= rdfs:subClassOf*) 

  ?subClass rdfs:subClassOf* ?SubRootClass . 

  ?individual rdf:type ?subClass . 

} 

GROUP BY ?SubRootClass 

ORDER BY DESC(?SubTreeInstances) 

�0 @57C;ьB0B0<8 28:>=0==O AB@C:BC@=>3> SPARQL-A:@8?BC 2AB0=>2;5=>, 

I> 4><V=CNGC AB@C:BC@=C 203C <0є ?V4A8AB5<0 03@>B5E=>;>3VG=>3> :>=B5:ABC B0 

1V>B8G=8E AB@5AV2 agritechnology Imp = 82,5%. �>=BC@ V=D>@<0FV9=>3> AC?@>2>4C 

A5;5:FVW selection 0:C<C;Nє 13,2% 5<?V@8G=>3> =0?>2=5==O A8AB5<8, DV:ACNG8 

?0@0<5B@8 28EV4=>3> 0=0;V7C 7@07:V2, I> 4>72>;Oє >FV=8B8 :@8B5@VW CA?VH=>ABV 

5:A?5@8<5=B0;ь=8E 4>A;V465=ь. !09<5=HC 2V4=>A=C 203C <0є 1;>: 35=>B8?VG=8E 

E0@0:B5@8AB8: genetic (Imp = 4,4%), I> 2V4>1@060є 28A>:C ABC?V=ь 01AB@0:FVW B0 

B8?V70FVW 107>28E ;V=V9 A>=OH=8:0: =525;8:0 :V;ь:VABь 5:75<?;O@V2-45:;0@0FV9 

35=>B8?V2 :><?5=ACєBьAO WE=ь>N 28A>:>N 72'O7=VABN 7 V=H8<8 :;0A0<8 G5@57 

>1'є:B=V 2;0AB82>ABV. &0:8< G8=><, 0@EVB5:BC@0 >=B>;>3VW HELIANTUS 

>@Vє=B>20=0 =0 V=B5=A82=89 0=0;V7 7>2=VH=VE G8==8:V2 2?;82C =0 :C;ьBC@C, 

70157?5GCNG8 @5?@575=B0B82=C 107C D0:BV2 4;O ?@89=OBBO @VH5=ь C A8AB5<V 

?V4B@8<:8 710;0=A>20=>3> 03@>28@>1=8FB20. 

 5B@8:0 1030BAB2> CA?04:C20==O (Inheritance Richness, IRc). 

SPARQL-70?8B 4;O @>7@0EC=:C Inheritance Richness  

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

 

SELECT ?SubRootClass (COUNT(DISTINCT ?subClass) AS ?TotalNodesInSubTree) 

(COUNT(?directSub) AS ?TotalBranches) (AVG(?directSubCount) AS ?Local_IR) 
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WHERE { 

  ?SubRootClass rdf:type owl:Class . 

  FILTER(?SubRootClass != owl:NamedIndividual && ?SubRootClass != owl:Thing) 

   

  # �=0E>48<> 2AV 2C7;8 2A5@548=V ?V445@520 

  ?subClass rdfs:subClassOf* ?SubRootClass . 

   

  # �;O :>6=>3> 2C7;0 7=0E>48<> :V;ь:VABь ?V4:;0AV2 

  { 

    SELECT ?subClass (COUNT(?directSub) AS ?directSubCount) 

    WHERE { 

      ?directSub rdfs:subClassOf ?subClass . 

      FILTER(?directSub != ?subClass) 

    } 

    GROUP BY ?subClass 

  } 

  ?directSub rdfs:subClassOf ?subClass . 

  FILTER(?directSub != ?subClass) 

} 

GROUP BY ?SubRootClass 

ORDER BY DESC(?Local_IR) 

 

"B@8<0=V 7=0G5==O <5B@8:8 1030BAB20 CA?04:C20==O 2 B01;. 3.4.2. 

?>:07CNBь, I> @V7=V G0AB8=8 >=B>;>3VW ?>1C4>20=V 70 @V7=8<8 ?@8=F8?0<8, 

70;56=> 2V4 WE=ь>3> ?@87=0G5==O.  

�>;>2=89 :;0A agritechnology <0є =0928I89 ?>:07=8: @>730;C65==O IR = 

36,2. *5 ?>OA=NєBьAO B8<, I> 2V= A?@>5:B>20=89 «C H8@8=C»: ?V4 =8< 

7=0E>48BьAO 25;8:0 :V;ь:VABь AC<V6=8E ?>=OBь >4=>3> @V2=O (B8?8 B5E=>;>3V9, 

:;V<0B8G=V C<>28, 35>3@0DVG=V @53V>=8). &0:0 AB@C:BC@0 є >?B8<0;ь=>N, >A:V;ь:8 

4>72>;Oє >?8A0B8 2AV 7>2=VH=V D0:B>@8 B0 03@>B5E=VG=V >?5@0FVW, =5 AB2>@NNG8 

70=04B> 4>238E V 70?;CB0=8E Vє@0@EVG=8E ;0=FN6:V2 «:;0A-?V4:;0A».  
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&01;8FO 3.4.2. $>7@0EC=>: ;>:0;ь=8E ?>:07=8:V2 1030BAB20 CA?04:C20==O 

4;O :;NG>28E ?V445@52 >=B>;>3VW HELIANTUS 

№ �07>289 :>=F5?B (�>@V=ь 

?V445@520) 

�030;ь=0 :V;ь:VABь 

2C7;V2 C ?V445@52V 

�030;ь=0 

:V;ь:VABь 

2V430;C65=ь 

�=0G5==O <5B@8:8 

1030BAB20 

CA?04:C20==O (IR) 

1 agritechnology 29 378 36,2 

2 selection 5 54 17,05 

3 information_about_specimens 6 32 13,97 

4 soil 5 11 9,43 

5 Phenotype 4 11 9,29 

6 Technology 2 3 7,50 

7 genetic 4 6 7,09 

8 Signs_of_plant 1 7 7,00 

9 Type_of_technology 1 9 6,00 

10 genotype 3 25 5,86 

11 Region 3 30 5,17 

12 climatic_condition 1 6 5,00 

13 Organ_Condition_Directory 1 5 5,00 

14 Time 1 19 4,00 

15 Stage_04_Flowering 1 6 4,00 

16 Organ_Plant 1 3 4,00 

17 Success_result 1 4 4,00 

18 Growth_Stages 7 16 3,86 

19 PlantSpecimen 2 16 3,57 

20 head 2 12 3,00 

21 grade 1 3 3,00 

22 Stage_02_Vegetative 1 2 2,00 

23 Stage_03_Budding 1 1 2,00 

24 hybrid 1 2 2,00 

25 Natural_Climatic_Zone 1 5 2,00 

26 Stage_05_Seed_Filling 1 1 2,00 

27 The_living_component 1 2 2,00 
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№ �07>289 :>=F5?B (�>@V=ь 

?V445@520) 

�030;ь=0 :V;ь:VABь 

2C7;V2 C ?V445@52V 

�030;ь=0 

:V;ь:VABь 

2V430;C65=ь 

�=0G5==O <5B@8:8 

1030BAB20 

CA?04:C20==O (IR) 

28 Seed 1 8 2,00 

29 Parasitic_plants 2 6 2,00 

30 Chemical_composition 1 3 2,00 

31 Test_Soil 1 8 2,00 

32 Mechanical_composition 4 3 1,50 

33 Terrain_Type 1 1 2,00 

34 Water-holding_capacity 1 2 2,00 

35 Schem_of_selection 1 1 2,00 

36 HeadPosition 1 1 1,00 

37 Stage_01_Emergence 1 4 1,00 

38 Orobanche_cumana_Wallr 1 8 1,00 

39 Stage_06_Maturity 1 4 1,00 

 

!02?0:8, :;0A8, ?>2'O70=V 7 @>728B:>< @>A;8=8 B0 1V>;>3VG=8<8 703@>70<8 

(=0?@8:;04, Growth_Stages 7 IR = 3,86 B0 Parasitic_plants 7 IR = 2,00), ?>1C4>20=V 

«C 3;818=C». �>=8 <0NBь =87ь:5 7=0G5==O <5B@8:8, I> ?V4B25@46Cє ;>3V:C 

?>A;V4>2=>3> CB>G=5==O 1V>;>3VG=8E >7=0: 4 2V4 7030;ь=>3> ?>=OBBO (=0?@8:;04, 

?0@078B8G=0 @>A;8=0) 4> :>=:@5B=>W 45B0;V70FVW (:>=:@5B=0 @0A0 2>2G:0 

A>=OH=8:>2>3> Orobanche cumana). &0:5 0@EVB5:BC@=5 @VH5==O є =091V;ьH 

5D5:B82=8< 4;O @>1>B8 ?@>3@0< ;>3VG=>3> 282545==O (Reasoners). "A:V;ь:8 

A8;ь=5 @>730;C65==O 7>A5@5465=5 ;8H5 =0 25@E=VE @V2=OE >=B>;>3VW, 0 1V>;>3VG=V 

:;0A8 94CBь GVB:8<8 25@B8:0;ь=8<8 ;0=FN6:0<8, :><?'NB5@ 28B@0G0є 

<V=V<0;ь=C :V;ь:VABь G0AC B0 >1G8A;N20;ь=8E @5AC@AV2 =0 0=0;V7 1078 7=0=ь V 

H284:C 35=5@0FVN C?@02;V=Aь:8E @VH5=ь. 

 5B@8:0 1030BAB2> 72'O7:V2 Relationship Richness, ýýā. 

SPARQL-70?8B 4;O @>7@0EC=:C 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 
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PREFIX owl: <http://www.w3.org/2002/07/owl#> 

SELECT ?Class (COUNT(DISTINCT ?definedProp) AS ?DefinedProperties) 

(COUNT(DISTINCT ?activeProp) AS ?ActiveProperties) (ROWNUM() AS ?Row) 

WHERE { 

  # �=0E>48<> ?@54<5B=V :;0A8 

   ?Class rdf:type owl:Class . 

   FILTER(?Class != owl:NamedIndividual && ?Class != owl:Thing) 

   

  # �87=0G0є<> 2;0AB82>ABV, 70:@V?;5=V 70 :;0A>< G5@57 Domain 

    { 

      ?definedProp rdfs:domain ?Class . 

    } 

   UNION 

    { 

     ?Class rdfs:subClassOf [ 

       rdf:type owl:Restriction ; 

       owl:onProperty ?definedProp 

     ] . 

  } 

   

  # #5@52V@Oє<>, G8 є E>G0 1 >48= V=482V4 Fь>3> :;0AC 7 FVєN 2;0AB82VABN 

  OPTIONAL { 

    ?individual rdf:type ?Class . 

    ?individual ?definedProp ?value . 

    BIND(?definedProp AS ?activeProp) 

  } 

} 

GROUP BY ?Class 

ORDER BY DESC(?ActiveProperties) 

 

$>7@0EC=>: <5B@8:8 1030BAB20 72'O7:V2 (RR, B01;. 3.4.3.) 4>72>;Oє >FV=8B8, 

=0A:V;ь:8 5D5:B82=> @50;ь=V 40=V (ABox) 28:>@8AB>2CNBь ;>3VG=89 ?>B5=FV0; 

@>7@>1;5=>W AE5<8 (TBox). 
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&01;8FO 3.4.3. "FV=:0 <5B@8:8 1030BAB20 72'O7:V2 4;O :>=F5?BV2 >=B>;>3VW 

HELIANTUS 

№ �;0A 

>=B>;>3VW 

�045:;0@>20=> 

2;0AB82>AB59 

(Pdefined) 

�:B82=> 

2;0AB82>AB59 

(Pactive) 

�=0G5==O <5B@8:8 1030BAB20 

72'O7:V2 

(RR=Pactive/Pdefined) 

1 agritechnology 48 16 0,333 (33,3%) 

2 Time 8 5 0,625 (62,5%) 

3 Test_Soil 21 5 0,238 (23,8%) 

4 Growth_Stages 8 5 0,625 (62,5%) 

5 genetic 6 4 0,667 (66,7%) 

6 Decision 5 2 0,400 (40,0%) 

7 soil 5 2 0,400 (40,0%) 

8 SoilSample 5 2 0,400 (40,0%) 

9 FieldPlot 7 2 0,286 (28,6%) 

10 PlantSpecimen 4 1  

 

!0928IV ?>:07=8:8 IV;ь=>ABV 70?>2=5==O 72'O7:V2 70DV:A>20=> 4;O 

:>=F5?BV2 genetic (RR = 66,7%), Time (62,5%) B0 Growth_Stages (62,5%). *5 

A2V4G8Bь ?@> B5, I> 1V;ьHVABь 7045:;0@>20=8E 2;0AB82>AB59 4;O F8E :;0AV2 

(=0?@8:;04, ?@82'O7:0 35=>B8?V2 4> D07 2535B0FVW B0 G0A>28E V=B5@20;V2) 0:B82=> 

28:>@8AB>2CNBьAO ?V4 G0A <>45;N20==O. 

�;O <0:@>-:;0AC agritechnology ?>:07=8: AB0=>28Bь 33,3% (0:B82=V 16 

2;0AB82>AB59 V7 48 7045:;0@>20=8E). � ?>78FV9 A8AB5<=>3> 0=0;V7C F5 є 

=>@<0;ь=8< 7=0G5==O< 4;O 28A>:>@V2=528E :>=F5?BV2. �>=> 2:07Cє =0 B5, I> 

AE5<0 <0є 7=0G=89 «70?0A <VF=>ABV» 4;O ?>40;ьH>3> <0AHB01C20==O 1078 7=0=ь. 

!0O2=VABь :;0AV2 V7 =C;ь>28< 7=0G5==O< 0:B82=8E 2;0AB82>AB59 (=0?@8:;04, 

selection, Phenotype) 2V4>1@060є ?>B>G=89 5B0? =0?>2=5==O >=B>;>3VW. �>3VG=V 

72'O7:8 4;O =8E ?>2=VABN A?@>є:B>20=V C AE5<V, I> 30@0=BCє FV;VA=VABь <>45;V, 0 

WE=є ?>ABC?>25 70?>2=5==O 40=8<8 F8D@>2>3> D5=>B8?C20==O =5 28<030B8<5 

?5@51C4>28 7030;ь=>W 0@EVB5:BC@8 A8AB5<8. &0:8< G8=><, 0@EVB5:BC@0 >=B>;>3VW 
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HELIANTUS 287=0єBьAO ?@840B=>N 4;O AB01V;ь=>W @>1>B8 <0H8= ;>3VG=>3> 

282545==O. 

 5B@8:0 72’O7=>ABV (Connectivity, Cn) ?@87=0G5=0 4;O >FV=:8 V=B5=A82=>ABV 
270є<>4VW 5:75<?;O@V2 ?52=>3> :;0AC 7 V=H8<8 >1'є:B0<8 1078 7=0=ь.  

SPARQL-70?8B 4;O ?>HC:C A5<0=B8G=8E E01V2 (Connectivity) 
 

REFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

 

SELECT ?Class (COUNT(DISTINCT ?otherIndividual) AS ?Connectivity) 

WHERE { 

  # �5@5<> V=482V40, 9>3> :;0A B0 >1'є:B=89 72'O7>: 4> V=H>3> V=482V40 

  ?individual rdf:type ?Class . 

  FILTER(?Class != owl:NamedIndividual && ?Class != owl:Thing) 

   

  { 

    ?individual ?property ?otherIndividual . 

  } 

  UNION 

  { 

    ?otherIndividual ?property ?individual . 

  } 

  # #5@52V@Oє<>, I> 72'O7>: >1'є:B=89 

  FILTER(?property != rdf:type && isURI(?otherIndividual)) 

  ?otherIndividual rdf:type ?otherClass . 

  FILTER(?Class != ?otherClass && ?otherClass != owl:NamedIndividual && ?otherClass 

!= owl:Thing) 

} 

GROUP BY ?Class 

ORDER BY DESC(?Connectivity) 
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"FV=:0 <5B@8:8 ;>:0;ь=>W 72'O7=>ABV  B0 28O2;5==O 0@EVB5:BC@=8E F5=B@V2 

>=B>;>3VW HELIANTUS ?@54AB02;5=0 2 B01;. 3.4.4. 

�>;>2=8< A5<0=B8G=8< E01>< A8AB5<8 є :;0A agritechnology Conn = 30, 

28ABC?0є F5=B@0;ь=8< V=B53@0B>@><, O:89 >1'є4=Cє 5:>;>3VG=89 :>=B5:AB, 

?0@0<5B@8 �@C=BC B0 B5E=>;>3VG=V >?5@0FVW 2 є48=C <5@56C. �@C38< 70 

7=0GCIVABN E01>< 287=0G5=> :;0A Time Conn = 20, I> 2:07Cє =0 28A>:C 

B5<?>@0;ь=C 72'O7=VABь <>45;V 4 1V;ьHVABь ?>4V9, D07 @>ABC B0 03@>B5E=VG=8E 4V9 

6>@AB:> ?@82'O70=V 4> G0A>28E V=B5@20;V2. &0:>6 GVB:> ?@>AB56CєBьAO ;>3VG=0 

AC<VA=VABь C ?0@V genetic B0 genotype (>18420 <0NBь Conn = 11). *5 4>2>48Bь, I> 

1;>:8 2=CB@VH=ь>3> ?>B5=FV0;C A>=OH=8:0 ?@028;ь=> V=B53@>20=V 7 B>20@=8<8 

A>@B0<8 (grade), =0?@O<0<8 28:>@8AB0==O (oilseed_G) B0 7>2=VH=V<8 G8==8:0<8 

28@>IC20==O.  

 

&01;8FO 3.4.4. "FV=:0 <5B@8:8 ;>:0;ь=>W 72'O7=>ABV  B0 28O2;5==O 0@EVB5:BC@=8E 

F5=B@V2 >=B>;>3VW HELIANTUS 

№ �;0A (�>=F5?B >=B>;>3VW) �=0G5==O <5B@8:8 

72'O7=>ABV (Conn, 

FV;5 G8A;>) 

%B0BCA 2C7;0 2 B>?>;>3VW 3@0D0 7=0=ь 

1 agritechnology 30 
�>;>2=89 A5<0=B8G=89 E01 (*5=B@ 

ABox) 

2 Time 20 %5<0=B8G=89 E01 4@C3>3> @V2=O 

3 SoilSample 12 �:B82=89 72'O7=89 2C7>; 

4 sowing_time 11 �:B82=89 72'O7=89 2C7>; 

5 grade 11 !0?@02;5=89 45A:@8?B>@ 

6 genetic 11 �>=B5:AB=89 E01 3V;:8 

7 genotype 11 �>=B5:AB=89 E01 3V;:8 

8 oilseed_G 8 #@>DV;ь=89 2C7>; 

9 soil 7 �>:0;ь=89 2C7>; 

10 Region 7 �>:0;ь=89 2C7>; 

11 Technology 5 �>:0;ь=89 2C7>; 

12 Type_of_technology 5 �>:0;ь=89 2C7>; 



170 

 

 

 

№ �;0A (�>=F5?B >=B>;>3VW) �=0G5==O <5B@8:8 

72'O7=>ABV (Conn, 

FV;5 G8A;>) 

%B0BCA 2C7;0 2 B>?>;>3VW 3@0D0 7=0=ь 

13 no_rear 5 �>:0;ь=89 2C7>; 

14 Growth_Stages 5 �>:0;ь=89 2C7>; 

15 PlantSpecimen 4 �>:0;ь=89 2C7>; 

16 Test_Soil 4 �>:0;ь=89 2C7>; 

17 Leaf_Plant_Sample 4 �>:0;ь=89 2C7>; 

18 Decision 4 '?@02;V=Aь:89 2C7>; 282545==O 

20 Color_Spectrum 2 �5A:@8?B>@ :><?'NB5@=>3> 7>@C 

21 BroomrapeRace 2 �C7>; DVB>A0=VB0@=>3> @878:C 

22 WholePlant_Condition 2 (5=>B8?>289 45A:@8?B>@ 

23 Stage_04_Flowering 2 &5<?>@0;ь=89 45A:@8?B>@ 

24 LeafCondition 2 (5=>B8?>289 45A:@8?B>@ 

25 Parasitic_plants 2 �C7>; DVB>A0=VB0@=>3> @878:C 

26 Orobanche_cumana_Wallr 2 *V;ь>289 2C7>; ?0@078B0@=>3> AB@5AC 

27 confectionery_G 2 #@>DV;ь=89 2C7>; 

 

� ?>78FV9 ;>3VG=>3> 282545==O, =0O2=VABь ABV9:8E E01V2 V7 28A>:8<8 FV;8<8 

7=0G5==O<8 <5B@8:8 30@0=BCє, I> 1070 7=0=ь =5 <VAB8Bь V7>;ь>20=8E 

:>=F5?BC0;ь=8E >1;0AB59, I> 4>72>;Oє <0H8=0< ;>3VG=>3> 282545==O 

(Reasoners) 1C4C20B8 157?5@5@2=V 454C:B82=V ;0=FN6:8. 

%5@54=є 7=0G5==O <5B@8:8 G8B015;ь=>ABV (Readability, Rd) 

 ý�̅̅̅̅ (ÿ) = �ÿÿĀāÿāÿĀÿ�ĀĀÿÿāÿĀÿ% = 269257 j 1. 

 

#>B>G=5 7=0G5==O ?>:07=8:0 A2V4G8Bь ?@> =0O2=VABь 0=>B0FV9=>W 

?V4B@8<:8 :;NG>28E :>=F5?BV2 4;O 70157?5G5==O :>@5:B=>W V=B5@?@5B0FVW 

@57C;ьB0BV2 A5<0=B8G=>3> 0=0;V7C :V=F528< :>@8ABC20G5< B0 ?>:@0I5==O 

V=B5@0:B82=>ABV V=B5;5:BC0;ь=>W A8AB5<8. 
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3.5 �8A=>2:8 4> @>74V;C 3 
 

' B@5Bь><C @>74V;V 28:>=0=> :><?;5:A=89 A8AB5<=89 0=0;V7, D>@<0;V70FVN 

B0 >FV=:C AB@C:BC@=>-A5<0=B8G=>W O:>ABV @>7@>1;5=>W 1078 7=0=ь >=B>;>3VW 

A>=OH=8:C HELIANTUS. �0 @57C;ьB0B0<8 ?@>2545=>3> 4>A;V465==O 

AD>@<C;ь>20=> B0:V =0C:>2V B0 ?@0:B8G=V 28A=>2:8: 

1. '4>A:>=0;5=> ?@54<5B=C >=B>;>3VG=C <>45;ь 03@>A8AB5<8 

28@>IC20==O A>=OH=8:C HELIANTUS, O:0 70157?5GCє A5<0=B8G=C V=B53@0FVN 

35=5B8G=8E, D5=>B8?>28E, 03@>:;V<0B8G=8E B0 B5E=>;>3VG=8E 40=8E C <560E 

є48=>3> V=D>@<0FV9=>3> ?@>AB>@C. �0?@>?>=>20=89 ?V4EV4 ?5@5410G0є 

B@0=AD>@<0FVN @57C;ьB0BV2 F8D@>2>3> D5=>B8?C20==O C D>@<0;V7>20=V 7=0==O 

=0 >A=>2V :>=F5?FV9 TBox B0 ABox, I> AB2>@Nє <>6;82VABь 70AB>AC20==O 

<5E0=V7<V2 ;>3VG=>3> 282545==O 4;O 02B><0B87>20=>3> 0=0;V7C ?@8G8==>-

=0A;V4:>28E 72'O7:V2 C A8AB5<V «35=>B8? 4 A5@54>28I5». 

2. "1�@C=B>20=> 0@EVB5:BC@=C A?@><>6=VABь B0 D>@<C AE5<8 >=B>;>3VW 

TBox. $>7@0EC=>: ;>:0;ь=8E ?>:07=8:V2 1030BAB20 CA?04:C20==O IR 28O282 

48D5@5=FV9>20=C B>?>;>3VN 3@0D0. �>;>2=89 <0:@>-:>=F5?B agritechnology 

E0@0:B5@87CєBьAO 28A>:8< ?>:07=8:>< @>730;C65==O IR = 36,2, I> ?V4B25@46Cє 

9>3> ?;0=0@=C 0@EVB5:BC@C, >@Vє=B>20=C =0 >E>?;5==O H8@>:>3> A?5:B@0 

A5@54>28I=8E G8==8:V2 157 =04<V@=>3> 71V;ьH5==O 3;818=8 2:;045=>ABV. 

!02?0:8, 1;>:8 1V>B8G=8E AB@5AV2 (Parasitic_plants, IR = 2,0; 

Orobanche_cumana_Wallr, IR = 1,0) @50;V7>20=> O: D@03<5=B8 AB@>3>W 

25@B8:0;ь=>W Vє@0@EVW 4;O ?>A;V4>2=>3> ;>3VG=>3> CB>G=5==O @0A 2>2G:0 

A>=OH=8:>2>3>. &0:89 @>7?>4V; ;>:0;ь=8E B>?>;>3VG=8E <5B@8: >?B8<V7Cє 

G0A>2V 28B@0B8 <0H8= ;>3VG=>3> 282545==O, =V25;NNG8 @878: 5:A?>=5=FV0;ь=>3> 

7@>AB0==O >1G8A;N20;ь=>W A:;04=>ABV. 

3. �>2545=> 28A>:C V=D>@<0FV9=C =0A8G5=VABь B0 :>3=VB82=C B>G=VABь 

45DV=VFV9. �024O:8 A8AB5<0B870FVW G8A;>28E 45A:@8?B>@V2 F8D@>2>3> 

D5=>B8?C20==O (35><5B@8G=8E ?0@0<5B@V2, :>;V@=8E A?5:B@V2 B0 E0@0:B5@8AB8: 
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>@30=V2 @>A;8=8), >=B>;>3VO 0:C<C;Nє 53 C=V:0;ь=V 2;0AB82>ABV 40=8E (Datatype 

Properties) ?@8 139 :;0A0E AE5<8. "B@8<0=89 V=B53@0;ь=89 ?>:07=8: 

0B@81CB82=>3> 1030BAB20 AB0=>28Bь AR = 0,4, I> <0B5<0B8G=> ?V4B25@46Cє 

4>AB0B=N IV;ь=VABь ?0@0<5B@87>20=8E A;>BV2, =5>1EV4=8E 4;O 2A51VG=>W 

F8D@>2>W ?0A?>@B870FVW 5:A?5@8<5=B0;ь=8E 7@07:V2. 

4. #@>2545=> 25@8DV:0FVN @5?@575=B0B82=>ABV B0 AB0=C 70?>2=5==O 

?@>AB>@C D0:BV2 (ABox). ,;OE>< 70AB>AC20==O A5;5:B82=8E SPARQL-70?8BV2 V7 

;>:0;V70FVєN V=482V4V2 28:;NG=> =0 @V2=V B5@<V=0;ь=8E :;0AV2 CAC=5=> 5D5:B 

<=>68==>3> =0A;V4C20==O B0 AD>@<>20=> =5AC?5@5G;8289 <0A82 >1AO3>< |I| = 

139 V=482V4V2.  5B@8:0 1030BAB20 :;0AV2 ?>:07Cє, I> 1070 7=0=ь >E>?;Nє 50% 

:>=F5?BV2 B0:A>=><VW. �=0;V7 AB@C:BC@=>W 206;82>ABV ?V4B25@482 @0FV>=0;ь=C 

:>=F5=B@0FVN V=D>@<0FV9=>3> =0?>2=5==O =02:>;> FV;ь>28E 7>= 4V03=>AB8:8 

DVB>A0=VB0@=>3> AB0=C: A53<5=B0 Diseases (12%) B0 Pests (6%), I> 157?>A5@54=ь> 

2V4?>2V40є ?@8:;04=8< 7040G0< 4>A;V465==O. 

5.  0B5<0B8G=> ?V4B25@465=> 28A>:C A8AB5<=C 72'O7=VABь A5<0=B8G=>W 

<5@56V. $>7@0E>20=89 :>5DVFVє=B V=B53@0FVW 1078 7=0=ь AB0=>28Bь Cohesion = 83% 

?@8 ?>:07=8:C V=B5=A82=>ABV 72'O7:V2 Connectivity j 2, I> ?>2=VABN 28:;NG0є 
@878: 28=8:=5==O V7>;ь>20=8E, ;>3VG=> 2V4V@20=8E AB@C:BC@ 40=8E. �8O2;5=V 

:;NG>2V 0@EVB5:BC@=V E018 4 :;0A8 agritechnology (Conn = 30) B0 Time (Conn = 

20) 4 28ABC?0NBь 3>;>2=8<8 A5<0=B8G=8<8 V=B53@0B>@0<8, 70157?5GCNG8 

157?5@5@2=VABь ?>1C4>28 454C:B82=8E ;0=FN6:V2 ?@8 35=5@0FVW C?@02;V=Aь:8E 

@VH5=ь. 

6. �AB0=>2;5=> =0;56=89 @V25=ь A5<0=B8G=>W V=B5@?@5B>20=>ABV 

>=B>;>3VW. #>:07=8: G8B015;ь=>ABV (Rd 1) 70A2V4GCє AB01V;ь=C =0O2=VABь 

<5B040=8E B0 0=>B0FV9=>3> AC?@>2>4C 4;O :;NG>28E :>=F5?BC0;ь=8E 2C7;V2 

A8AB5<8. #>B>G=0 =0A8G5=VABь 45A:@8?B>@0<8 є 4>AB0B=ь>N 4;O :>@5:B=>W 

25@8DV:0FVW @57C;ьB0BV2 A5<0=B8G=>3> ?>HC:C :V=F528< :>@8ABC20G5< B0 

?@028;ь=>W 20;V40FVW ?@028; ;>3VG=>3> 282545==O. 
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�87=0G5=> ?5@A?5:B82=V =0?@O<8 @>728B:C B0 <0AHB01C20==O @>7@>1;5=>W 

<>45;V. �V4:@8B0 0@EVB5:BC@0 >=B>;>3VW HELIANTUS 70157?5GCє <>6;82VABь WW 

?>40;ьH>3> @>7H8@5==O. !0ABC?=8< 5B0?>< 52>;NFVW A8AB5<8 є 02B><0B870FVO 

=0?>2=5==O ?@>AB>@C D0:BV2 (ABox) 157?>A5@54=ь> 7 2V4:@8B8E @5?>78B>@VW2 

=0C:>28E 40=8E. 

"A=>2=V =0C:>2V @57C;ьB0B8 @>74V;C >?C1;V:>20=> 2 ?@0FOE 02B>@0 

(�0:C@>20 B0 V=., 2023; Bakurova, Vedmedeva, Vedmedev & Tereschenko, 2023; 

Bakurova, Vedmedeva, Vedmedev, Tereschenko & Shyrokorad, 2023) 

 



 

4 *�($"�� &�)!"�"��/ (�!"&�#'��!!/ &� ("$ '��!!/ 
DATASETS 

 

 0B5@V0; @>74V;C ?@8A2OG5=> ?>1C4>2V F8D@>2>W B5E=>;>3VW 

D5=>B8?C20==O V7 D>@<C20==O< 40B0A5BV2, O:0 70157?5GCє 02B><0B87>20=89 71V@ 

B0 715@565==O D5=>B8?>28E >7=0: =0 >A=>2V >=B>;>3VG=>W <>45;V. &@048FV9=V 

<5B>48 >FV=:8 DV78G=8E E0@0:B5@8AB8: @>A;8= C?@>4>26 WE=ь>3> 2535B0B82=>3> 

@>728B:C ?5@5410G0NBь @CG=5 A?>AB5@565==O B0 DV:A0FVN, I> E0@0:B5@87CєBьAO 

AC1'є:B82=VABN >FV=>:, =87ь:>N B>G=VABN, 2V4ACB=VABN AB0=40@B870FVW B0 

?>B@51Cє 7=0G=8E G0A>28E 28B@0B, 74V9A=NєBьAO O: C ?>;ь>28E C<>20E, B0: V 2 

;01>@0B>@VOE (Bakurova, A. et al. 2023a). $CG=8E 28<V@N20=ь C=8:0NBь G5@57 

=5B>G=>ABV, I> 28=8:0NBь 2=0A;V4>: ;N4Aь:>W ?><8;:8, =0 O:C <>65 2?;820B8 

AC1'є:B82=5 A?@89=OBBO, V=482V4C0;ь=89 4>A2V4 B0 V=HV >A>18ABV D0:B>@8. 

�0AB>AC20==O <5B>4V2 F8D@>2>W >FV=:8 DV78G=8E E0@0:B5@8AB8: @>A;8= 

4>?><030є <V=V<V7C20B8 B0:V ?><8;:8, 70157?5GCNG8 AB0=40@B87>20=V B0 

>1'є:B82=V 28<V@N20==O. !0 70AB>AC20==O <5B>4V2 F8D@>2>W >FV=:8 C 

D5=>B8?C20==V @>A;8= 2?;82NBь D0:B>@8 4>A;V4=8Fь:>3> A5@54>28I0, A8AB5<8 

2V7C0;V70FVW, FV;ь>2>3> >@30=V7<C, 281>@C >7=0:, 0@EVB5:BC@8 <>45;V B>I> (Li Z., 

et al. 2020). !5 VA=Cє C=V25@A0;ь=>3> @>1>G>3> ?@>F5AC, O:89 <>6=0 70AB>AC20B8 

4> 2AVE B8?V2 AV;ьAь:>3>A?>40@Aь:8E :C;ьBC@ 157 2V4?>2V4=>W 040?B0FVW AB@0B53V9 

>B@8<0==O B0 >1@>1:8 7>1@065=ь (Xie C., Yang C. 2020). �>6=5 70240==O 

D5=>B8?C20==O 28<030є 281>@C 2V4?>2V4=8E 0;3>@8B<V2, 040?B>20=8E 4> 

:>=:@5B=8E E0@0:B5@8AB8: FV;ь>2>3> >1'є:B0 01> ?@>1;5<8. 

� @>74V;V 4 @>7@>1;5=> F8D@>2C B5E=>;>3VN D5=>B8?C20==O =0AV==O 

A>=OH=8:0. !0AV==O O: >1'є:B D5=>B8?C0==O 45<>=AB@Cє C=V:0;ь=V 

E0@0:B5@8AB8:8 7 B>G:8 7>@C D>@<8, @>7<V@C, 7010@2;5==O ?>25@E=V. !0?@8:;04, 

=0AV==O A>=OH=8:C 45<>=AB@Cє 7=0G=C D5=>B8?VG=C @V7=><0=VB=VABь. &V;ь:8 70 

7010@2;5==O< ?5@8:0@?VN 1C;> 28O2;5=> 4> 12 3@C? (Gorohivets N. A., Vedmedeva 

E. V. 2016). #>H8@5=V :>;ь>@8 2:;NG0NBь G>@=89 01> B5<=>-AV@89 7 B5<=8<8 

A<C30<8 01> 157 =8E, 0;5 є B0:>6 1V;ьH GVB:V D5=>B8?8, B0:V O: ?>2=VABN 1V;5 

https://www.scopus.com/authid/detail.uri?authorId=57208904976
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=0AV==O 01> =0AV==O 7 :>=B@0AB=8<8 1V;8<8, G>@=8<8 01> AV@8<8 A<C30<8 

(Vedmedeva K., Machova T. 2022). �5O:><C =0AV==N 1@0:Cє GVB:>3> H0@C 

?5@8:0@?VN, V =0B><VABь 2>=> <0є :>@8G=52V 01> 6>2BC20BV A<C38 157?>A5@54=ь> 

=0 =0AV==є2V9 >1>;>=FV. #@8 70AB>AC20==V 4> V=H8E :C;ьBC@ ?8B0==O AB0є I5 

A:;04=VH8<, >A:V;ь:8 @V7=><0=VB=VABь 7010@2;5==O B0 <>@D>;>3VW =0AV==O G0AB> 

1V;ьH0 (Manianga A., Bose C., Sreeraj S. 2024). 

�;O 4>AO3=5==O =04V9=8E =0C:>28E @57C;ьB0BV2 5:A?5@8<5=B0;ь=V C<>28 

?>28==V 70157?5GC20B8 28A>:C @>74V;ь=C 740B=VABь B0 2V4B2>@N20=VABь 

28<V@N20=8E >7=0: >1’є:B0 D5=>B8?C20==O. $>7@>1:0 <0B5<0B8G=> 

>1�@C=B>20=>3> <5B>4C F8D@>2>3> D5=>B8?C20==O @>A;8==8E >1'є:BV2 4>72>;8Bь 

70157?5G8B8  =5>1EV4=C B>G=VABь B0 2V4B2>@N20=VABь @57C;ьB0BV2, I> є 

?@8=F8?>2> 206;828< 4;O ?@89=OBBO @VH5=ь C A5;5:FVW.  

�:A?5@8<5=B0;ь=5 2?@>20465==O ?@>2>48;>AO =0 35=5B8G=><C <0B5@V0;V 

�=AB8BCBC >;V9=8E :C;ьBC@ !��! ':@0W=8. 

 

4.1 *8D@>20 B5E=>;>3VO D5=>B8?C20==O V7 D>@<C20==O< V=B53@>20=8E 
=01>@V2 40=8E (datasets) 

 

' <560E 4>A;V465==O @>7@>1;5=> B0 0;3>@8B<VG=> @50;V7>20=> F8D@>2C 

B5E=>;>3VN D5=>B8?C20==O >1'є:BV2 03@>A8AB5< (=0 ?@8:;04V =0AV==O 

A>=OH=8:C), O:0 V=B53@Cє <5B>48 :;0A8G=>3> 45B5@<V=>20=>3> :><?'NB5@=>3> 

7>@C, ?@><V6=V AB@C:BC@>20=V @5?>78B>@VW B01;8G=>3> B8?C B0 V=AB@C<5=B8 

>=B>;>3VG=>3> V=68=V@8=3C 7=0=ь. 

'4>A:>=0;5=> F8D@>2C B5E=>;>3VN D5=>B8?C20==O V7 D>@<C20==O< 

V=B53@>20=8E =01>@V2 40=8E (datasets), O:0 70157?5GCє 02B><0B87>20=89 71V@, 

AB0=40@B870FVN B0 715@565==O D5=>B8?>28E >7=0: 1V>;>3VG=8E >1'є:BV2 C 

:>=B@>;ь>20=8E ;01>@0B>@=8E C<>20E. 

!0 2V4<V=C 2V4 VA=CNG8E B5E=>;>3V9, 45 =0:>?8G5==O 5:A?5@8<5=B0;ь=8E 

40=8E 2V41C20єBьAO C 283;O4V @>7@V7=5=8E AB0B8G=8E B01;8Fь G8 D09;>28E 0@EV2V2 
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157 C@0EC20==O WE=ь>W ?>40;ьH>W ;>3VG=>W AB@C:BC@8 (I> 1;>:Cє <>6;82VABь WE 

157?>A5@54=ь>3> <0H8==>3> 0=0;V7C @CHVO<8 ;>3VG=>3> 282545==O), 

C4>A:>=0;5=0 B5E=>;>3VO @50;V7>20=0 C 283;O4V FV;VA=>W V=B53@>20=>W A8AB5<8, 

AB@C:BC@>20=C 45:><?>78FVN O:>W ?@54AB02;5=> =0 @8A. 4.1.1 

 

 

$8A. 4.1.1 - %B@C:BC@=>-DC=:FV>=0;ь=0 0@EVB5:BC@0 F8D@>2>W B5E=>;>3VW 

D5=>B8?C20==O B0 D>@<C20==O A5<0=B8G=> AC<VA=8E =01>@V2 40=8E (Datasets) 

(AB2>@5=> 02B>@>< V7 70AB>AC20==O< ,� gemini, ?@><B 2 4>40B:C �). 

 

�><?>=5=B=0 0@EVB5:BC@0 B5E=>;>3VW. %B@C:BC@=> @>7@>1;5=0 F8D@>20 

B5E=>;>3VO D5=>B8?C20==O A:;040єBьAO 7 B@ь>E 270є<>?>2'O70=8E <>4C;V2, O:V 

70157?5GCNBь =0A:@V7=89 V=D>@<0FV9=89 ?>BV: 2V4 ?5@28==>3> F8D@>2>3> 

A83=0;C 4> ;>3VG=> 2?>@O4:>20=>3> <0A82C 7=0=ь: 

 >4C;ь ?5@28==>W >1@>1:8 7>1@065=ь B0 28;CG5==O 45A:@8?B>@V2. *59 

:><?>=5=B 107CєBьAO =0 <5B>40E :;0A8G=>3> :><?'NB5@=>3> 7>@C (@50;V7>20=>3> 

=0 <>2V Python V7 28:>@8AB0==O< 1V1;V>B5:8 OpenCV). �V= 70157?5GCє 

02B><0B8G=89 ?5@5EV4 2V4 42>28<V@=>3> 3@0DVG=>3> >1@07C =0AV=8=8 (<0B@8FV 

?V:A5;V2) 4> G8A;>28E E0@0:B5@8AB8:.  >4C;ь 28:>=Cє :>;V@=C :>=25@B0FVN C 

?@>ABV@ HSV 4;O =V25;N20==O 70204 >A2VB;5==O, @50;V7Cє 0;3>@8B<8 :>=BC@=>3> 
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0=0;V7C B0 1V=0@=>W A53<5=B0FVW, 02B><0B8G=> 28;CG0NG8 34 <>@D>;>3VG=V >7=0:8 

(<5B@8G=V ?0@0<5B@8, 5:AF5=B@8A8B5B D>@<8, :>;V@=V 3@04Vє=B8 ?5@8:0@?VN) 157 

70;CG5==O ;N4Aь:>3> D0:B>@0. 

 >4C;ь A8=B0:A8G=>W AB0=40@B870FVW B0 D>@<C20==O AB@C:BC@>20=8E 

@5?>78B>@VW2. �0=89 <>4C;ь 2V4?>2V40є 70 35=5@0FVN AC<VA=8E 40B0A5BV2. 

#0@0<5B@87>20=V @57C;ьB0B8 >1@>1:8 3@0DVG=8E >1@07V2 5:A?>@BCNBьAO C 

?@><V6=V D09;8 B01;8G=>3> B8?C (Excel-?0A?>@B8 7@07:V2). �;NG>2>N 

>A>1;82VABN <>4C;O є B5, I> :>6=0 :>;>=:0 735=5@>20=>W B01;8FV @5?@575=BCє 

DV:A>20=89 G8A;>289 01> B5:AB>289 28<V@, A8=B0:A8G=> C=VDV:>20=89 ?V4 

AB0=40@B8 715@565==O B8?V2 40=8E. 

#V4A8AB5<0 >=B>;>3VG=>3> 2V4>1@065==O. �><?>=5=B 70157?5GCє 

A5<0=B8G=C AC<VA=VABь <V6 5<?V@8G=8<8 28<V@0<8 B0 107>N 7=0=ь. �V= @50;V7Cє 

;>3VG=5 ?@>5:BC20==O AB@C:BC@8 @5?>78B>@VW2 (Excel-40B0A5BV2) =0 @>7@>1;5=C 

A5<0=B8G=C AE5<C >=B>;>3VW A>=OH=8:C HELIANTUS. �>>@48=0B8 :>;>=>: 

B01;8Fь 6>@AB:> 70:@V?;5=V 70 2V4?>2V4=8<8 2;0AB82>ABO<8 40=8E (Datatype 

Properties) ?@>AB>@C TBox, I> AB2>@Nє ?5@54C<>28 4;O 157?>A5@54=ь>W 

B@0=A;OFVW AB@C:BC@8 AD>@<>20=8E =01>@V2 40=8E C ?@>ABV@ D0:BV2 (Assertion Box 

4 ABox). 

�>3V:0 DC=:FV>=C20==O B0 A8AB5<=89 5D5:B. �?@>20465==O 42>@V2=52>W 

AE5<8 715@565==O 40=8E «B01;8G=89 @5?>78B>@V9 4 >=B>;>3VG=89 ?@>ABV@» 

4>72>;Oє 28@VH8B8 :;NG>2C ?@>1;5<C A8AB5<=>3> 0=0;V7C 2 03@>AD5@V 4 

=5AC?5@5G;825 >1'є4=0==O :V;ь:VA=8E 5:A?5@8<5=B0;ь=8E 28<V@V2 V7 O:VA=8<8 

5:A?5@B=8<8 7=0==O<8 ?@54<5B=>W >1;0ABV.  

(C=:FV>=C20==O B5E=>;>3VW 70 @0EC=>: 157?>A5@54=ь>3> :>>@48=0B=>3> 

2V4>1@065==O 5<?V@8G=8E <5B@8: =0 A5<0=B8G=C AE5<C 7=0=ь 40є <>6;82VABь 

74V9A=N20B8 =0A:@V7=C A8=B0:A8G=C B0 A5<0=B8G=C AB0=40@B870FVN ?5@28==8E 

?0@0<5B@V2 157?>A5@54=ь> =0 5B0?V WE 35=5@0FVW :>4>< :><?'NB5@=>3> 7>@C. 

"A:V;ь:8 AB@C:BC@0 @5?>78B>@VW2 28ABC?0є B>G=8< V=D>@<0FV9=8< V=B5@D59A>< 
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(7;V?:><) >=B>;>3VW, CAC20єBьAO =5>1EV4=VABь C ?>2B>@=V9 @5AB@C:BC@870FVW G8 

@CG=V9 ?5@5@>1FV D09;V2 ?@8 =0?>2=5==V 1078 7=0=ь 0:BC0;ь=8<8 5:75<?;O@0<8. 

*5 4>72>;Oє 70157?5GC20B8 48=0<VG=5 >?5@0B82=5 =0?>2=5==O ?@>AB>@C 

D0:BV2 (ABox) 25@8DV:>20=8<8 F8D@>28<8 ?0A?>@B0<8 :>=:@5B=8E A5;5:FV9=8E 

;V=V9 B0 3V1@84V2, 0 B0:>6 30@0=BC20B8 28A>:C >1G8A;N20;ь=C 3>B>2=VABь 

=0:>?8G5=8E ;01>@0B>@=8E 40=8E 4;O <0H8= ;>3VG=>3> 282545==O (Reasoners). 

%D>@<>20=89 B0:8< G8=>< 3@0D 7=0=ь AB0є >A=>2>N 4;O 02B><0B87>20=>3> 

?>1C4>28 454C:B82=8E ;0=FN6:V2 C A8AB5<V ?V4B@8<:8 ?@89=OBBO @VH5=ь 

(%##$) ?@8 <>45;N20==V A:;04=8E ?@8G8==>-=0A;V4:>28E 72’O7:V2 C 270є<>4VW 

«35=>B8? 4 A5@54>28I=89 AB@5A 4 :5@>20=89 03@>B5E=>;>3VG=89 2?;82». 

 

4.2  0B5<0B8G=0 ?>AB0=>2:0 7040GV F8D@>2>3> D5=>B8?C20==O @>A;8==8E 
>1'є:BV2 
 

�2545<> <0B5<0B8G=5 D>@<C;N20==O 7040GV F8D@>2>3> D5=>B8?C20==O 

@>A;8==8E >1'є:BV2 O: >?B8<V70FV9=C 7040GC 281>@C ?0@0<5B@V2 79><:8 >1’є:BC 

D5=>B8?C20==O, I> 40є =09<5=HC ?>E81:C 28<V@N20==O <>@D>;>3VG=8E >7=0:. 

!5E09 7040=> B@828<V@=89 ?@>ABV@ ?>HC:C X, O:89 є 45:0@B>28< 4>1CB:>< 
<=>68= ?0@0<5B@V2 79><:8: 

 X =  L × F ×  C 

45: L =  {l1, l2, & , ln} 4 <=>68=0 7=0G5=ь V=B5=A82=>ABV >A2VB;5==O 

(=0?@8:;04, C ;N:A0E 01> @V2=OE ?>BC6=>ABV >A2VB;N20G0); F =  { f1, f2, & , fm } 4 48A:@5B=0 <=>68=0 20@V0=BV2 :>;V@=>3> D>=C; C =  { c1, c2, & , ck } 4 <=>68=0 :>;V@=8E @568<V2 (<>=>E@><=V 01> 

A?5:B@0;ь=V :0=0;8). 

#>BC6=VABь <=>68=8  |X|  =  n × m ×  k. 
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"B65, <=>68=0 X = {(lj, fj, cj)}, j = 1, |X|̅̅ ̅̅ ̅̅ ̅. 

�87=0G8<> FV;ь>2C DC=:FVN E(l, f, c) O: DC=:FVN ?>E81:8 >FV=:8 

<>@D>;>3VG=>VW >7=0:8 R: 

 E(l, f, c) = |R2Rref|Rref  → min ,                                       (4.1) 

45: R4 7=0G5==O <>@D>;>3VG=>W >7=0:8, >1G8A;5=5 70 F8D@>28< 7>1@065==O<, 

>B@8<0=8< ?@8 ?0@0<5B@0E (l, f, c) ∈ X; Rref 4 5B0;>==5 7=0G5==O E0@0:B5@8AB8:8, 28<V@O=5 :>=B0:B=8< <5B>4><. 

!5>1EV4=> 7=09B8 B0:89 25:B>@ >?B8<0;ь=8E ?0@0<5B@V2 x∗  =  (l∗, f ∗, c∗), 

I> <V=V<V7Cє 7=0G5==O DC=:FVW ?>E81:8 =0 <=>68=V X: 

 x∗  = argmin E(l, f, c)   CD<    (l, f, c) ∈ X,                             (4.2). 

 

�0 C<>28 >1<565==O =0 3@0=8G=> 4>?CAB8<C ?>E81:C ·: E(l∗, f ∗, c∗) f ·.                                                          (4.3) 

 

4.3 %B2>@5==O 40B0A5BC D>B>7>1@065=ь =0AV=8=8 A>=OH=8:C 
 

%B2>@5==O :>;5:FVW D>B>7>1@065=ь =0AV=8=8 A>=OH=8:C 2V41C20;>AO 7V 

70AB>AC20==O< AB0FV>=0@=>3> ?@8;04C 4;O D5=>B8?C20==O, O:89 @>7@>1;5=89 2 

�=AB8BCBV >;V9=8E :C;ьBC@ !0FV>=0;ь=>W 0:045<VW 03@0@=8E =0C: ':@0W=8 (�;Vє2 

�. �., �54<54є20 �.�., 2024). �>A;V465==O 2V41C20;>AO 2 @0<:0E 28:>=0==O 

=0C:>2>4>A;V4=>W @>1>B8 17.01.01.15.F «(>@<C20==O :>;5:FV9 >;V9=8E :C;ьBC@, 

284V;5==O B0 AB2>@5==O 465@5; V 4>=>@V2 FV==8E 3>A?>40@Aь:8E >7=0:» 2 

�=AB8BCBV >;V9=8E :C;ьBC@ !0FV>=0;ь=>W 0:045<VW 03@0@=8E =0C: ':@0W=8, O:5 

=0?@02;5=> =0 =0?>2=5==O 107 40=8E D5=>B8?>28E >7=0: AB0=40@B87>20=8<8 

F8D@>28<8 40=8<8. #@8;04 4;O D5=>B8?C20==O 4>72>;Oє D>B>3@0DC20B8 >1'є:B8 
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@>7<V@>< 4> 3 A< B0 >18@0B8 C<>28 79><:8, 0 A0<5 V=B5=A82=VABь >A2VB;5==O, 

:>=B@0AB=VABь D>=C B0 :>;ь>@>289 @568<. #@8;04 4;O D5=>B8?C20==O 

>A=0I5=89 :>;ь>@>28<8 A2VB;>4V>4=8<8 ;0<?0<8 B0 V7>;NNG>N B@C1:>N 4;O 

CAC=5==O 7>2=VH=VE ?5@5H:>4 >A2VB;5==O. �=B5=A82=VABь B0 :>;V@ >A2VB;5==O 

<>6=0 @53C;N20B8 70 4>?><>3>N ?C;ьB0 48AB0=FV9=>3> :5@C20==O. 

�>;5:FVO D>B>7>1@065=ь =0AV=8=8 A>=OH=8:C <VAB8Bь 3000 D>B>3@0DV9 

250 ;V=V9 A>=OH=8:C. �>;5:FV9=V 7@07:8 =0AV==O 1C20NBь @V7=>W D>@<8: 

B@8:CB=>W, >20;ь=>W, 70:@C3;5=>W, 1;87ь:>W 4> ?@O<>:CB=>W. �;O >B@8<0==O 

B@828<V@=8E ?0@0<5B@V2 =0AV=8=8 28:>@8AB>2CNBьAO D>B>3@0DVW, I> <VABOBь 42V 

?@>є:FVW :>6=>W =0AV=8=8. �010@2;5==O <0є O: @V7=89 :>;V@, B0: 9 @V7=89 

<0;N=>:. �>;V@ 7<V=NєBьAO 2V4 1V;>3> 4> G>@=>3> 7 @V7=8<8 2V4BV=:0<8, 2V4 

6>2B>3> 4> B5<=>-:>@8G=52>3>, 01> 1>@4>2>3>. �0 <0;N=:>< 1C20NBь 

>4=>:>;ь>@>2V, A<C30ABV 7 =525;8:>N 01> 25;8:>N :V;ь:VABN A<C6>: (Gorohivets 

N. A., Vedmedeva E. V., 2016).  

 

4.4  5B>4 F8D@>2>3> D5=>B8?C20==O @>A;8==8E >1'є:BV2 =0 >A=>2V 
7>1@065=ь 

 

$>72’O7>: 7040GV (4.1)-(4.3) 70;568Bь 2V4 <>@D>;>3VG=8E >7=0: >1’є:B0 

D5=>B8?C20==O. (5=>B8?C20==O =0AV==O 7V ACBBє2> @V7=8<8 :>;ь>@>28<8 

2;0AB82>ABO<8 ?>B@51Cє >?B8<V70FVW ?0@0<5B@V2 79><:8. !0AV==O <>65 

2V4@V7=OB8AO 70 :>;ь>@><, 2V75@C=:>< 01> B5:ABC@>N ?>25@E=V. �;O :>6=>3> 

=>2>3> B8?C =0AV==O =5>1EV4=> 281@0B8 =01V@ ?0@0<5B@V2 79><:8, O:89 4>72>;8Bь 

<V=V<V7C20B8 ?>E81:C 2 >FV=FV >1@0=8E <>@D>;>3VG=8E >7=0:. 

!01V@ ?0@0<5B@V2 (l∗, f ∗, c∗) 79><:8 >1’є:BV2 4>A;V465==O, O:89 4>72>;Oє 
4>AO3B8 =09<5=H>W ?>E81:8 28<V@N20==O, B>1B> <V=V<C< DC=:FVW E(l, f, c) (4.1), 

=0 2AVE <>6;828E =01>@0E 7=0G5=ь ?0@0<5B@V2, 1C45<> =07820B8 >?B8<0;ь=8<.  
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 5B>4 F8D@>2>3> D5=>B8?C20==O @>A;8==8E >1'є:BV2 =0 >A=>2V 7>1@065=ь 

( *(�) 4>72>;Oє 287=0G8B8 >?B8<0;ь=89 =01V@ ?0@0<5B@V2 79><:8 (4.2) x∗ = (l∗, f ∗, c∗).  

 *(� A:;040єBьAO 7 B0:8E 5B0?V2. 

1. (>@<C20==O 5B0;>==>W <>@D>;>3VG=>W <>45;V Ω B0 :@8B5@VW2 >FV=:8. !0 

Fь><C 5B0?V 287=0G0NBьAO 5B0;>==0 <>@D>;>3VG=0 <>45;ь Ω 7 :;NG>28<8 

<>@D>;>3VG=8<8 >7=0:0<8 =0AV=8=8 (35><5B@VO, :>;V@, B5:ABC@0), O:V <0NBь 1CB8 

V45=B8DV:>20=V. �V418@0єBьAO <=>68=0 =0AV=8= S, |S| = N, I> 2V4?>2V40NBь 
5B0;>==V9  <>@D>;>3VG=V9 <>45;V Ω. 

2. �5=5@0FVO AF5=0@VW2 <>45;ь=>3> 4>A;V4C. �4V9A=NєBьAO A5@VO VB5@0FV9=8E 

70?CA:V2 79><:8 4>2V;ь=8E a =0AV=8= 7 <=>68=8 S ?@8 2AVE =01>@0E ?0@0<5B@V2 

79><:8 (l, f, c) ∈ X, 45 l є @V25=ь V=B5=A82=>ABV A2VB;0. (>= f: 281V@ ?V4:;04:8 7 
@V7=>N 2V4182=>N 740B=VABN B0 :>;V@=8< A?5:B@><. �>;V@=89 @568< c: 

?5@5<8:0==O <V6 <>=>E@><=8< 01> A?5:B@0;ь=8<8 :0=0;0<8. �81V@ ?0@0<5B@0 a 287=0G0єBьAO 4>A;V4=8:>< 7 >3;O4C =0 <>@D>;>3VG=V >7=0:8 =0AV=8=8, ?@8@>4=0 

@V7=><0=VB=VABь =0AV==O, 4;O O:>3> ?V418@0NBьAO C<>28 79><:8, B@C4><VAB:VABь 

>?5@0FV9. $57C;ьB0B>< є AD>@<>20=0 <=>68=0 7>1@065=ь P = {pt,j, t = 1, a̅̅ ̅̅ ; j =1, |X|̅̅ ̅̅ ̅̅ ̅}. 

3. (>@<C20==O ?V4<=>68=8 X2. !0 Fь><C 5B0?V ?@>2>48BьAO >1@>1:0 
7>1@065=ь pt,j ∈ P, t = 1, a̅̅ ̅̅ ; j = 1, |X|̅̅ ̅̅ ̅̅ ̅ 7 <5B>N D>@<C20==O ?V4<=>68=0 X2 ⊂ X , 

O:0 2:;NG0є B0:V =01>@8 ?0@0<5B@V2 79><:8 (lj, fj, cj), I> 4>72>;ONBь 287=0G8B8 
:>=BC@8 =0AV=8=8 =0 7030;ь=><C D>=V. )0@0:B5@8AB8G=0 DC=:FVO <=>68=8 X2 

 χX2(lj, fj, cj) = {1, я>щB >BAFGD< 6<;A4G9AB A4 ;B5D4:9AAяE  pt,j ∀ t = 1, a̅̅ ̅̅   0, 6 CDBF<?9:AB@G 6<C48>G . 
 

"B65, <=>68=0 =01>@V2 ?0@0<5B@V2 79><:8, I> 4>72>;ONBь 287=0G8B8 

:>=BC@8 =0AV=8=8 =0 7030;ь=><C D>=V, є <=>68=0 X2 = {(li, fi, ci)}, i = 1, |X2|̅̅ ̅̅ ̅̅ ̅̅ . 
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!01>@8 ?0@0<5B@V2 79><:8 X\X2, O:V =5 4>72>;ONBь @>7?V7=0B8 =0AV=8=C =0 
7>1@065==V, 40;V =5 70AB>A>2CNBьAO. 

4. (>@<C20==O 281V@:>2>W AC:C?=>ABV 4;O AB0B8AB8G=>3> 5:A?5@8<5=BC.  

�87=0G0єBьAO 3@0=8G=> 4>?CAB8<0 ?>E81:0 · 4;O >FV=:8 <>@D>;>3VG=>W 

>7=0:8 R.  

�4V9A=NєBьAO A5@VO VB5@0FV9=8E 70?CA:V2 79><:8 4;O =0AV=8= <=>68=8 S 

?@8 2AVE =01>@0E ?0@0<5B@V2 79><:8 (li, fi, ci) ∈ X2, i = 1, |X2|̅̅ ̅̅ ̅̅ ̅̅  . (>@<CєBьAO 

<=>68=0 7>1@065=ь  P′ = {p2g,i}, g = 1, N̅̅ ̅̅ ̅; i = 1, |X2|̅̅ ̅̅ ̅̅ ̅̅ , 45 g 2 =><5@ =0AV=8=8 

<=>68=8 S, g = 1, N̅̅ ̅̅ ̅; i- =><5@ =01>@C ?0@0<5B@V2 79><:8 (li, fi, ci) ∈ X2, i = 1, |X2|̅̅ ̅̅ ̅̅ ̅̅ . 

�;O :>6=>3> 7>1@065==O p2g,i ∈ P2, g = 1, N̅̅ ̅̅ ̅; i = 1, |X2|̅̅ ̅̅ ̅̅ ̅̅  287=0G0єBьAO 
<>@D>;>3VG=0 >7=0:0 =0AV=8=8 Rg,i. �0;V 287=0G0єBьAO ?>E81:0 >FV=:8 
<>@D>;>3VG=>W >7=0:8 Rg,i  

 Eg(li, fi, ci) = Eg,i = |Rg,i2Rref|Rref . 

 

�=0E>48BьAO A5@54=O 0@8D<5B8G=0 ?>E81:8 >FV=:8 <>@D>;>3VG=>W >7=0:8 

?@8 =01>@V ?0@0<5B@V2 79><:8 (li, fi, ci) ∈ X28?я N ;B5D4:9Aь  
 E(li, fi, ci) = Ei = 1N 3 Eg,iNg=1  . 
 

#5@52V@OєBьAO 28:>=0==O C<>28 4;O =0?5@54 287=0G5=V9 3@0=8G=> 

4>?CAB8<V9 ?>E81:8 · Ei f ·.       (4.4) 

 

#@8 =5 28:>=0=V C<>28 (4.4) =01V@ ?0@0<5B@V2 79><:8 (li, fi, ci) 28;CG0єBьAO 

7 <=>68=8 X2,  FB5FB  X2 = X2\(li, fi, ci). 
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#> 7025@H5==N 5B0?C 4 AD>@<>20=> <=>68=C X2 =01>@V2 ?0@0<5B@V2 
79><:8, I> 70157?5GCNBь 3@0=8G=> 4>?CAB8<C ?>E81:C ε ?@8 287=0G5==V 

<>@D>;>3VG=>W >7=0:8 R. 

5. #@8A2>є==O AB0BCAC «>?B8<0;ь=89» =01>@C ?0@0<5B@V2 79><:8. �V 2AVE 

=01>@V2 ?0@0<5B@V2 79><:8 (li, fi, ci) ∈ X2, i = 1, |X2|̅̅ ̅̅ ̅̅ ̅̅ , O:89 >B@8<0=> =0 
?>?5@54=ь><C 5B0?V, >18@0NBьAO 420 B0:V, I> 40;8 =09<5=HV ?>E81:8 Ei C 
287=0G5==V >7=0:8 R B0 =5 ?5@528I8;8 ¸.  

�0;V 287=0G0єBьAO AB0B8AB8G=0 7=0G8<VABь 7=0945=8E ?5@5203 ?52=8E 

=01>@V2 ?0@0<5B@V2. �0 @57C;ьB0B0<8 >18@0єBьAO =01V@ ?0@0<5B@V2, O:89 =0725<> 

«>?B8<0;ь=89», O:I> AB0B8AB8G=> 7=0G8<>N є ?5@52030 Fь>3> =01>@C. ' @07V 

2V4ACB=>ABV ?5@52038 >18420 @568<8 >B@8<CNBь AB0BCA «>?B8<0;ь=89».  

6. (>@<0;V70FVO F8D@>2>3> ?@54AB02;5==O B0 D>@<C20==O @5:><5=40FV9 ?> 

@568<C 79><:8 4;O =0AV==O B0:>3> B8?C. �V=F5289 5B0?, =0 O:><C DV78G=89 >1'є:B 

>B@8<Cє >?8A C 283;O4V AB@C:BC@>20=>3> =01>@C G8A;>28E 40=8E 7 DV:A0FVєN 

>?B8<0;ь=8E ?0@0<5B@V2 79><:8. 

 

4.5 �87=0G5==O >?B8<0;ь=>3> =01>@C ?0@0<5B@V2 79><:8 

 

$>73;O=5<> B5>@5B8G=V ?V4AB028 4;O ?@8A2>є==O AB0BCAC «>?B8<0;ь=89» 

?52=><C =01>@C ?0@0<5B@V2 =0 5 5B0?V, 0 B0:>6 ?>1C4>28 V=B5@20;C 4>2V@8. 

#> 7025@H5==N 5B0?C 4 AD>@<>20=> <=>68=C X2 =01>@V2 ?0@0<5B@V2 
79><:8, I> 70157?5GCNBь 3@0=8G=> 4>?CAB8<C ?>E81:C ε A5@54=ь>W 

0@8D<5B8G=>W ?>E81:8 >FV=:8 <>@D>;>3VG=>W >7=0:8 R. %5@54 >B@8<0=8E 
=01>@V2 ?0@0<5B@V2 =5>1EV4=> 281@0B8 B0:89, I> 70157?5GCє <V=V<0;ь=5 7=0G5==O 

?>E81:8 >FV=:8 <>@D>;>3VG=>W >7=0:8 R, I> 2V4?>2V40є FV;ь>2V9 DC=:FVW (4.1). 

$57C;ьB0B8 5:A?5@8<5=BC >B@8<0=> ?@8 2?;82V 28?04:>28E D0:B>@V2, B>1B> 

@57C;ьBCNG0 ?>E81:0 V45=B8DV:0FVW є 28?04:>2>N 25;8G8=>N. �;O >B@8<0==O 

>1’є:B82=8E 28A=>2:V2 I>4> 5D5:B82=>ABV 70AB>AC20==O ?52=8E =01>@V2 
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?0@0<5B@V2 79><:8 ?>40;ьH89 0=0;V7 ?@>2>48BьAO 7 28:>@8AB0==O< 0?0@0BC 

AB0B8AB8G=>W ?5@52V@:8 3V?>B57. 

�;O :><?;5:A=>3> >FV=N20==O B>G=>ABV 287=0G5==O <>@D>;>3VG=>W >7=0:8 R 70AB>A>2CєBьAO 48A?5@AV9=89 0=0;V7 (Wackerly et al., 2008). �040G0 ?>;O30є C 

45:><?>78FVW 7030;ь=>W 48A?5@AVW ?>E81:8 28<V@N20==O =0 A8AB5<0B8G=V 

A:;04>2V, I> 7C<>2;5=V :5@>20=8<8 D0:B>@0<8 (>A2VB;5=VABь l, A?5:B@0;ь=V 
E0@0:B5@8AB8:8 D>=C f B0 281V@ :>;V@=>3> :0=0;C >A2VB;5==O c), B0 28?04:>2C 
A:;04>2C. ' <560E 48A?5@AV9=>3> 0=0;V7C ?V4 D0:B>@0<8 @>7C<VNBь 

:>=B@>;ь>20=V G8==8:8, I> 45B5@<V=CNBь :V=F5289 @57C;ьB0B 4>A;V465==O. 

�>=:@5B=V ?@>O28 F8E G8==8:V2 287=0G0NBьAO O: @V2=V D0:B>@0, I> 

D>@<0;V7CNBьAO C =><V=0;ь=8E 01> ?>@O4:>28E H:0;0E. �V;ь:VA=89 ?>:07=8: 

4>A;V46C20=>W >7=0:8, I> 7<V=NєBьAO ?V4 2?;82>< 707=0G5=8E D0:B>@V2, 

287=0G0єBьAO O: 2V43C:. �@8B5@Vє< 281>@C >?B8<0;ь=>W AB@0B53VW 79><:8 є 

<V=V<V70FVO AC<0@=>3> 2?;82C 7=0GCI8E D0:B>@V2 B0 <V=V<V70FVW 2V43C:C - ?>E81:8 

>FV=:8 (4.1). 

 5B>48 48A?5@AV9=>3> 0=0;V7C :;0A8DV:CNBь =0 42V >A=>2=V :0B53>@VW 

70;56=> 2V4 AB@C:BC@8 4>A;V465==O B0 <0B5<0B8G=>3> 0?0@0BC. 

 5B>4 (VH5@0 (ANOVA-Analysis of Variations). �0AB>A>2CєBьAO 2 <560E 

>4=>D0:B>@=8E <>45;59. �>3> ACB=VABь ?>;O30є 2 45:><?>78FVW 7030;ь=>W 20@V0FVW 

(48A?5@AVW) A?>AB5@565=ь =0 42V A:;04>2V: 2=CB@VH=ь>3@C?>2C (7C<>2;5=C 

28?04:>28<8 G8==8:0<8) B0 <V63@C?>2C (7C<>2;5=C 157?>A5@54=V< 2?;82>< 

4>A;V46C20=>3> D0:B>@0). 

 5B>4 7030;ь=>W ;V=V9=>W <>45;V (GLM). �8:>@8AB>2CєBьAO 4;O @50;V70FVW 

1030B>D0:B>@=>3> 0=0;V7C. �0=89 ?V4EV4 107CєBьAO =0 A8=B57V <5B>4V2 

:>@5;OFV9=>3> B0 @53@5AV9=>3> 0=0;V7C, I> 4>72>;Oє >FV=N20B8 =5 ;8H5 >:@5<89 

2?;82 D0:B>@V2, 0 9 WE=N 270є<>4VN. 

�;O D>@<0;V70FVW 2?;82C ?0@0<5B@V2 A5@54>28I0 =0 B>G=VABь V45=B8DV:0FVW 

35><5B@8G=8E >7=0: >1’є:B0, ?@>F5A 79><:8 @>73;O40єBьAO O: 1030B>D0:B>@=89 
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5:A?5@8<5=B, 45 28<V@N20=0 ?>E81:0 E >?8ACєBьAO 048B82=>N ;V=V9=>N 

<>45;;N: 

 Eij&n = μ + ³i + ´j + ⋯ + (³´)ij + ⋯ + eij&n, 

 

45 μ 4 7030;ь=5 A5@54=є 7=0G5==O ?>E81:8; ³i, ´j 4 3>;>2=V 5D5:B8 

:>=B@>;ь>20=8E D0:B>@V2; (³´)ij 4 5D5:B 270є<>4VW D0:B>@V2, I> E0@0:B5@87Cє 

=5;V=V9=C 70;56=VABь B>G=>ABV 2V4 :><1V=0FVW G8==8:V2 4VW; eij&n 4 25:B>@ 

28?04:>28E ?>E81>:. 

 0B5<0B8G=0 <>45;ь ?@54AB02;5=0 C <0B@8G=><C 284V, I> 4>72>;Oє 

2@0E>2C20B8 :V;ь:VABь D0:B>@V2 y 1V;ьH5 =V6 >48=: E = B´ + ¸  , 

45 E 4 25:B>@ A?>AB5@56C20=8E 7=0G5=ь @>7<V@=VABN N × 1; B 4<0B@8FO 

5:A?5@8<5=BC @>7<V@=VABN N × y; ´ 425:B>@ =52V4><8E ?0@0<5B@V2 5D5:BV2, 

>FV=N20==O O:8E ?@>2>48BьAO <5B>4>< =09<5=H8E :204@0BV2; ¸- 25:B>@ 70;8H:V2 

(=52@0E>20=8E AB>E0AB8G=8E 2?;82V2). 

"FV=N20==O ?0@0<5B@V2 <>45;V ?@>2>48BьAO <5B>4>< =09<5=H8E 

:204@0BV2: ´̂ = (BTB)21BTE. 

�;O 2@0EC20==O D0:B>@V2, I> <0NBь B@8 B0 1V;ьH5 O:VA=8E @V2=V2, 

70AB>A>2CєBьAO <5B>4 1V=0@=>3> :>4C20==O. (0:B>@ 7 k @V2=O<8 45:><?>=>20=> 

=0 (k-1) =570;56=8E 25:B>@V2-AB>2?FV2 <0B@8FV ?;0=C B, I> 70157?5GCє WW ?>2=89 
AB>2?F5289 @0=3 B0 70?>1V30є 28=8:=5==N <C;ьB8:>;V=50@=>ABV ?@8 @>7@0EC=:C 

V=D>@<0FV9=>W <0B@8FV BTB. 

�0AB>AC20==O F8E <5B>4V2 107CєBьAO =0 28:>=0==V ?@8?CI5=ь �0CAA0-

 0@:>20, O:V 30@0=BCNBь, I> >B@8<0=V >FV=:8 ´ 1C4CBь =09:@0I8<8 ;V=V9=8<8 

=57<VI5=8<8 >FV=:0<8 (Wackerly et al., 2008).  
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!C;ь>25 <0B5<0B8G=5 A?>4V20==O ?>E81:8 E(¸i) = 0 A2V4G8Bь ?@> 
2V4ACB=VABь A8AB5<0B8G=>3> 7<VI5==O <>45;V, ?@8 O:><C 28?04:>2V 2V4E8;5==O 

V45=B8DV:>20=8E ?0@0<5B@V2 =0AV=8=8 270є<=> :><?5=ACNBьAO. 

�><>A:540AB8G=VABь Var(¸i) = σ2 = const. �8A?5@AVO 28?04:>2>W ?>E81:8 
70;8H0єBьAO ?>ABV9=>N 4;O 2AVE @V2=V2 D0:B>@V2. #5@52V@:0  ?@>2>48BьAO B5AB>< 

�525=0. 

�V4ACB=VABь 02B>:>@5;OFVW Cov(¸i, ¸j) = 0 4;O i b j . #>E81:8 >:@5<8E 
28<V@N20=ь є =570;56=8<8. #5@52V@:0 ?@>2>48BьAO 70 :@8B5@Vє< �C@1V=0-

'>BA>=0. 

(0:B>@8 2?;82C є =570;56=8<8.  0B@8FO ?;0=C 5:A?5@8<5=BC B <0є 

?>2=89 AB>2?F5289 @0=3, I> 70157?5GCє ;V=V9=C =570;56=VABь WW 25:B>@V2-

AB>2?FV2. *5 30@0=BCє, I> <0B@8FO BTB є =528@>465=>N (?>78B82=> 

287=0G5=>N), I> 4>72>;Oє >B@8<0B8 >4=>7=0G=89 @>72'O7>: 7040GV >FV=N20==O 

?0@0<5B@V2 <5B>4>< =09<5=H8E :204@0BV2 

!>@<0;ь=VABь @>7?>4V;C ?>E81>: ¸ ~N(0, σ2). �8:>=0==O FVєW C<>28 є 
:@8B8G=8< 4;O 70AB>AC20==O F-:@8B5@VN (VH5@0 2 <560E 48A?5@AV9=>3> 0=0;V7C. 

�;O ?5@52V@:8 2V4?>2V4=>ABV 5<?V@8G=8E 40=8E B5>@5B8G=><C 70:>=C 

@>7?>4V;C 70ABA>2CєBьAO :@8B5@V9 ,0?V@>-�V;:0 (Wackerly et al., 2008).  

� >4=>D0:B>@=><C 48A?5@AV9=><C 0=0;V7V 4;O AB0B8AB8G=>W >1@>1:8 40=8E, 

I> =5 ?V4?>@O4:>2CNBьAO 70:>=C =>@<0;ь=>3> @>7?>4V;C, 4>FV;ь=> 

28:>@8AB>2C20B8 :@8B5@V9 �@0A:5;0 3 '>;;VA0 (1952 @.). /: @0=3>289 <5B>4, 2V= 

4>72>;Oє ?5@52V@8B8 >4=>@V4=VABь 281V@>: 70 C<>28, I> WE=O :V;ь:VABь ?5@528ICє 

42V. �@8B5@V9 є @>7H8@5==O< <5B>4C  0==0 3 'VB=V B0 107CєBьAO =0 ?@8?CI5==V, 

I> 70 2V4ACB=>ABV A8AB5<0B8G=>3> 2?;82C D0:B>@0 2AV 281V@:8 ?>E>4OBь V7 >4=VєW 

35=5@0;ь=>W AC:C?=>ABV 0=0;V7 (Wackerly et al., 2008). 

' 28?04:0E 42>D0:B>@=>3> 48A?5@AV9=>3> 0=0;V7C, :>;8 ?>@CHCNBьAO 

107>2V ?@8?CI5==O I>4> 70AB>AC20==O ?0@0<5B@8G=>3> :@8B5@VN, 7>:@5<0, 

C<>20 =>@<0;ь=>ABV @>7?>4V;C 01> 3><>A:540AB8G=>ABV, 4>FV;ь=> 

28:>@8AB>2C20B8 =5?0@0<5B@8G=89 @0=3>289 :@8B5@V9 (@V4<0=0 (Friedman, M. 
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1937). *59 :@8B5@V9 =5 70;568Bь 2V4 B8?C @>7?>4V;C AB0B8AB8G=8E 40=8E V 

107CєBьAO =0 0=0;V7V @0=3>28E ?>A;V4>2=>AB59 C <560E AD>@<>20=8E 1;>:V2 

A?>AB5@565=ь. 

' 28?04:0E, :>;8 AB@C:BC@0 5:A?5@8<5=B0;ь=8E 40=8E ?5@5410G0є 

1030B>D0:B>@=89 2?;82 ?@8 ?>@CH5==V ?@8?CI5=ь =>@<0;ь=>ABV, 4;O 

AB0B8AB8G=>3> 28A=>2:C 4>FV;ь=> 28:>@8AB>2C20B8 <5B>4 28@V2=O=>3> @0=3>2>3> 

B@0=AD>@<C (ART) 01> :@8B5@V9 ,5V@5@0 4 $5O 4 �59@0, O:V 4>72>;ONBь 

?>H8@8B8 ;>3V:C =5?0@0<5B@8G=>3> 0=0;V7C =0 A:;04=V <>45;V, 70157?5GCNG8 

?5@52V@:C 3V?>B57 I>4> 2?;82C >:@5<8E G8==8:V2 B0 WE=VE 270є<>4V9 O: 

45:><?>78FVN 20@V0FVW @0=3>28E ?>:07=8:V2. 

!572060NG8 =0 B5, I> 48A?5@AV9=89 0=0;V7 4>72>;Oє V45=B8DV:C20B8 

=0O2=VABь AB0B8AB8G=> 7=0GCI8E D0:B>@V2, 2V= =5 70157?5GCє 48D5@5=FV0FVN 

:>=:@5B=8E @V2=V2 D0:B>@V2, I> 7C<>2;NNBь FV @>71V6=>ABV. �;O 28@VH5==O FVєW 

7040GV B0 ;>:0;V70FVW 7=0GCI8E 2V4<V==>AB59 4>FV;ь=> 70AB>A>2C20B8 <5B>4 

<=>68==8E ?>@V2=O=ь ,5DD5, 040?B>20=89 4;O 0=0;V7C ?>2’O70=8E 281V@>:.  

� <5B>N V45=B8DV:0FVW 3><>35==8E 3@C? A5@54 4>A;V46C20=8E AB@0B53V9 

70AB>A>2CєBьAO :@8B5@V9 &ьN:V (HSD 4 Honestly Significant Difference). *59 

<5B>4 4>72>;Oє ?@>25AB8 ?>?0@=5 ?>@V2=O==O 2AVE @V2=V2 D0:B>@0 ?@8 

70157?5G5==V :>=B@>;N 3@C?>2>W 9<>2V@=>ABV ?><8;:8 ?5@H>3> @>4C. 

�;O 287=0G5==O G0AB:8 20@V0FVW ?>E81:8, I> 7C<>2;5=0 157?>A5@54=ь> 

2?;82>< 4>A;V46C20=>3> D0:B>@C, @>7@0E>2CєBьAO ?>:07=8: η2, I> 2V4>1@060є 
?>BC6=VABь 2?;82C :>=B@>;ь>20=>3> G8==8:0 2V4=>A=> AB>E0AB8G=>3> HC<C.  

(>@<C;0 4;O @>7@0EC=:V2 η2 = SSfactSStotal, 
45 SSfact (Sum of Squares for Factor): AC<0 :204@0BV2 2V4E8;5=ь, 7C<>2;5=0 

2?;82>< D0:B>@0. SStotal (Total Sum of Squares): 7030;ь=0 AC<0 :204@0BV2 2V4E8;5=ь 281V@:8.  
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�=0G5==O η2 7<V=NєBьAO 2 4V0?07>=V 2V4 0 4> 1.  

 0;89 5D5:B 0.00f η2 <0.06: D0:B>@ <0965 =5 2?;820є. %5@54=V9 5D5:B 
0.06f η2 <0.14): D0:B>@ <0є ?><VB=89 2?;82, 0;5 AB>E0AB8G=V ?@>F5A8 
4><V=CNBь. �5;8:89 5D5:B (η2 g 0.14): D0:B>@ є 287=0G0;ь=8<. 

' 28?04:C 7VAB02;5==O ?>:07=8:V2, 4;O O:8E =5 ?V4B25@46CєBьAO =>@<0;ь=5 

@>7?>4V;5==O,  B0 O:V >B@8<0=V =0 >4=V9 V BV9 65 3@C?V 2 42>E @V7=8E C<>20E, є 

4>FV;ь=8< 70AB>AC20B8 &-:@8B5@V9 �V;:>:A>=0. &-:@8B5@V9 �V;:>:A>=0 4 F5 

=5?0@0<5B@8G=89 AB0B8AB8G=89 <5B>4, ?@87=0G5=89 4;O >FV=N20==O 

@>71V6=>AB59 <V6 42><0 70;56=8<8 (?>2'O70=8<8) 281V@:0<8. #V4B25@465==O 

4>AB>2V@=>ABV 7<V=8 2 A5@54=ь><C ?> 3@C?V ?@>2>48BьAO 

?> V=B5=A82=>ABV V=482V4C0;ь=8E 7@CH5=ь. �>2545=>, I> &-:@8B5@V9 �V;:>:A>=0 

70157?5GCє 715@565==O AB0B8AB8G=>W ?>BC6=>ABV 4;O <0;8E 281V@>:. #@8 <0;8E 

281V@:0E V ?>@CH5==V =>@<0;ь=>ABV &-:@8B5@V9 �V;:>:A>=0 є 1V;ьH ?>BC6=8<, 

=V6 t-:@8B5@V9 %BьN45=B0. 

&0:>6 ?>B@V1=> 2818@0B8 ?0@0<5B@ N , B>1B> :V;ь:VABь =0AV=8=8 <=>68=8 S, g = 1, N̅̅ ̅̅ ̅.  #0@0<5B@ N 287=0G0є >1’є< 281V@:8  7>1@065=ь P2, I> 70157?5GCє 
AB0B8AB8G=C ?>BC6=VABь 70?@>?>=>20=8E <5B>4V2.  

!0 :@>FV 6 DV78G=89 >1'є:B >B@8<Cє >?8A C 283;O4V AB@C:BC@>20=>3> =01>@C 

G8A;>28E 40=8E, O:V 287=0G5=> =0 >A=>2V 281V@:>2>W AC:C?=>ABV. �87=0G8<> 

4>2V@G89 V=B5@20; 4;O <>@D>;>3VG=>W >7=0:8, I> 287=0G0єBьAO 70 :V;ь:VA=>N 

H:0;>N. *5 4>72>;Oє 2AB0=>28B8 <56V, C O:8E V7 7040=>N =04V9=VABN @ 

7=0E>48BьAO VAB8==5 7=0G5==O. �2C65==O 4>2V@G>3> V=B5@20;C ?@8 DV:A>20=><C 

@V2=V 7=0GCI>ABV є 4>40B:>28< :@8B5@Vє< AB01V;ь=>ABV >1@0=>3> =01>@C 

?0@0<5B@V2 79><:8. 

� ?@8?CI5==O ?@> =>@<0;ь=VABь @>7?>4V;C 287=0G5=>3> 7=0G5==O 

<>@D>;>3VG=>W E0@0:B5@8AB8:8 R, 7 C@0EC20==O< B>3>, I> 48A?5@AVO 35=5@0;ь=>W 

AC:C?=>ABV  є 0?@V>@V =52V4><>N, ?>1C4>20 4>2V@G>3> V=B5@20;C 4;O 

<0B5<0B8G=>3> A?>4V20==O  [R] 287=0G0єBьAO 7 28:>@8AB0==O< t-@>7?>4V;C 

%BьN45=B0. #@8 >1AO7V 281V@:8 n B0 7040=><C @V2=V =04V9=>ABV ³, 4>2V@G89 
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V=B5@20; 281V@:8 287=0G0єBьAO =0 >A=>2V :@8B8G=>3> 7=0G5==O t-AB0B8AB8:8 4;O 

n-1 ABC?5=V2 A2>1>48  

 x̅ 2 tα,n21 s:n f R f x̅ + tα,n21 s:n 

45: 

x 4 281V@:>25 A5@54=є 0@8D<5B8G=5, 

s 4 281V@:>25 A5@54=ь>:204@0B8G=5 2V4E8;5==O, 

n 4 >1AO3 281V@:8, tα,n214 :@8B8G=5 7=0G5==O t-:@8B5@VN %BьN45=B0. 

 

#@8 2V4E8;5==V 2V4 =>@<0;ь=>3> @>7?>4V;C 287=0G5=>3> 7=0G5==O 

<>@D>;>3VG=>W E0@0:B5@8AB8:8 R, >FV=N20==O 4>2V@G8E V=B5@20;V2 4;O 

<0B5<0B8G=>3> A?>4V20==O ?>E81:8 V45=B8DV:0FVW 74V9A=N20;>AO 70 4>?><>3>N 

=5?0@0<5B@8G=>3> <5B>4C Bootstrap (Efron B. 1979). !5?0@0<5B@8G=89 <5B>4 

Bootstrap 107CєBьAO =0 35=5@0FVW 10 000 @5?;V:0FV9 28EV4=>W 281V@:8 H;OE>< 

@0=4><V7>20=>3> 281>@C 7 ?>25@=5==O<. #>1C4>20=89 5<?V@8G=89 @>7?>4V; 

4>72>;Oє 287=0G8B8 <56V 4>2V@G>3> V=B5@20;C 70 ?5@F5=B8;ь=8< <5B>4><, I> 

70157?5GCє 28A>:C @5?@575=B0B82=VABь >FV=>: 2 C<>20E 0?@V>@=> =52V4><>3> 

70:>=C @>7?>4V;C 5:A?5@8<5=B0;ь=8E 40=8E B0 =0O2=>ABV 0A8<5B@VW 2V43C:C. #VA;O 

?@>2545==O 10 000 VB5@0FV9 1CBAB@5?C 2AV >B@8<0=V 7=0G5==O A5@54=VE 

C?>@O4:>2CNBьAO C 20@V0FV9=89 @O4 2V4 <V=V<0;ь=>3> 4> <0:A8<0;ь=>3>. �;O 

?>1C4>28 95% 4>2V@G>3> V=B5@20;C 70AB>A>2CєBьAO ?5@F5=B8;ь=89 <5B>4, O:89 

?5@5410G0є 2V4AV:0==O ?> 2,5% @57C;ьB0BV2 7 >1>E :V=FV2 @>7?>4V;C. �V0?07>=, I> 

70;8H82AO <V6 F8<8 42><0 B>G:0<8, V є HC:0=8< V=B5@20;><, O:89 7 95% 

V<>2V@=VABN <VAB8Bь VAB8==5 7=0G5==O 4>A;V46C20=>3> ?0@0<5B@0.  
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4.6 $>7@>1:0 ?@>3@0<=>3> 70157?5G5==O 282G5==O <>@D>;>3VG=8E >7=0: 
=0AV=8=8 A>=OH=8:C 70 D>B>7>1@065==O<8  

 

�=B53@>20=V =01>@8 40=8E (datasets) 2:;NG0NBь F8D@>25 ?@54AB02;5==O 

<>@D;>3VG=8E B0 D5=>B8?>28E E0@0:B5@8AB8: =0AV=8=8, O:V 287=0G5=> 2 F8D@>2V9 

<>45;V C @>74V;V 2. �;O D>@<C20==O =01>@V2 40=8E AB2>@5=> A?5FV0;V7>20=5 

?@>3@0<=5 70157?5G5==O.  #@>3@0<=5 70157?5G5==O A:;040єBьAO 7 B0:8E 1;>:V2: 

287=0G5==O <5B@8G=8E @>7<V@V2 B0 D>@<8, 7010@2;5==O =0AV=8=8 B0 DV:AC20==O 

A<C30AB>ABV 70 D>B>7>1@065==O<.  

#@>3@0<=V ?@>4C:B8 4;O 0=0;V7C 7>1@065=ь @50;V7>20=> <>2>N 

?@>3@0<C20==O Python. #@>3@0<C @>7@0EC=:V2 @>7@>1;5=> 2 A5@54>28IV 

V=B53@>20=>W @>7@>1:8 PyCharm Community Edition 2022.2.4 V7 28:>@8AB0==O< 

107>28E B0 A?5FV0;V7>20=8E <>4C;V2 V 1V1;V>B5:: os, cv2 (OpenCV), imutils, numpy, 

time, 0 B0:>6 :;0AC Pool <>4C;O multiprocessing 4;O ?0@0;5;ь=8E >1G8A;5=ь.  

#@>3@0<=5 70157?5G5==O 4;O @>7?V7=020==O <5B@8G=8E @>7<V@V2 B0 D>@<8 

=0AV=8=8  

 

!0 @8AC=:C 4.6.1 ?@54AB02;5=> 0;3>@8B< @>7?V7=020==O <5B@8G=8E 

@>7<V@V2, D>@<8, 7010@2;5==O =0AV=8=8, O:89 AB2>@5=> 02B>@>< V7 70AB>AC20==O< 

,� gemini ( ?@><B 2 4>40B:C �). 

#@>3@0<=5 70157?5G5==O @>7@>1;O;>AO 4;O 0=0;V7C D>B>7>1@065=ь =0AV==O 

A>=OH=8:C, I> 28:>=0=> 2 ;01>@0B>@=8E C<>20E =0 AB0FV>=0@=><C ?@8;04V 4;O 

D5=>B8?C20==O. "@83V=0;ь=0 D>B>3@0DVO <VAB8Bь 7>1@065==O =0AV=8=8, 

2V4F5=B@>20=5 ?> 4>268=V 274>26 4V03>=0;V 7=V<:C. *5 >1C<>2;NєBьAO 

@>7B0HC20==O< ?@54<5B=>3> AB>;8:C AB0FV>=0@=>3> ?@8;04C, =0 O:><C 

@>7<VIC20;0AO =0AV=8=0 4;O D>B>3@0DC20==O. &><C, =0 ?5@H><C :@>FV 

7>1@065==O =0AV=8=8 ?>25@B0єBьAO =0 :CB 2 315 3@04CAV2 B0 >1@V70NBьAO G>@=V 

4V;O=:8 7>1@065==O. �CB ?>25@=5==O ?>ABV9=89. �>>@48=0B8 >1@V7:8 <>6=0 
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7<V=N20B8 C @07V =5>1EV4=>ABV 4;O :>6=>3> 284C =0AV=8=8. !0 4@C3><C 5B0?V  

?@>2>48<> >1@>1:C 7>1@065==O.  

 

$8AC=>: 4.6.1 – �;3>@8B< @>7?V7=020==O <5B@8G=8E @>7<V@V2, D>@<8, 

7010@2;5==O =0AV=8=8 (AB2>@5=> 02B>@>< V7 70AB>AC20==O< ,� gemini, ?@><B 2 

4>40B:C �) 

 

�;O AB01V;ь=>3> 28<V@N20==O ?0@0<5B@V2 =0AV=8=8 =570;56=> 2V4 45D5:BV2 

WW :@0W2 2?@>20465=> <>45;ь 2?8A0=>3> @><10, >@Vє=B>20=>3> 70 3>;>2=>N B0 

4>?><V6=>N >AO<8, I> ?5@5410G0є 287=0G5==O ;V=V9=8E @>7<V@V2 (4>268=8 B0 

H8@8=8) 70 4V03>=0;O<8 @><10; >FV=:C D>@<8 B0 284>265=>ABV 70 2=CB@VH=V<8 

:CB0<8 B0 ?>2=>N ?;>I5N <>45;V; 0=0;V7 ;>:0;ь=>W 0A8<5B@VW H;OE>< 

A53<5=B0FVW @><10 =0 G>B8@8 A8<5B@8G=V B@8:CB=8:8 7 @>7@0EC=:>< WE=VE ?;>I. 

(@8A.4.6.2).   

$>7@0EC=>: 2V4@V7:V2 4>268=8 B0 H8@8=8 2V41C20єBьAO 70 D>@<C;0<8:  

line_a = y - y_min_r_coordinate; 

line_b = y_max_r_coordinate 3 y; 

line_c = x - x_min_c_coordinate; 

line_d = x_max_r_coordinate 3 x, 
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45 line_0 B0 line_b -A:;04>2V 4>268=8 =0AV=8=8, lineC B0 lineD 3 A:;04>2V 

H8@8=8 =0AV=8=8 (@8A. 4.6.2 1).  

 

 

0) D>B> A<C30AB>W =0AV=8=8 1) <>45;ь 4;O 28<V@N20==O <5B@8G=8E 

E0@0:B5@8AB8: B0 D>@<8 =0AV=8=8 

$8AC=>: 4.6.2 3 (>B> =0AV=8=8 A>=OH=8:C B0 <>45;ь 4;O @>7@0EC=:V2 

<5B@8G=V E0@0:B5@8AB8:8 =0AV=8=8  

 

!01V@ 40=8E (datasets) D>@<CєBьAO O: @57C;ьB0B8 @>7@0EC=:V2 <5B@8G=8E 

E0@0:B5@8AB8: ?> :>6=><C D>B>7>1@065==N, O:V >@30=V7>20=> 2 B01;8FN. �;O 

:>6=>3> D>B>7>1@065==O AB2>@NєBьAO >:@5<89 70?8A 7 C=V:0;ь=8< :;NG5< C 

283;O4V V<’O D09;C 2V4?>2V4=>3> D>B>7>1@065==O. #5@H89 AB>2?G8: 3 V<’O D09;C 

D>B>7>1@065==O. �0;V @>7B0H>20=> 28<V@8 :CBV2, ?;>IV B@8:CB=8:V2 B0 ?;>IV 

4V;O=>: 70 <560<8 B@8:CB=8:V2, O:V ?>7=0G5=V: firstAngle - ?5@H89 :CB; 

secondAngle - 4@C389 :CB; thirdAngle - B@5Bt9 :CB; fourthAngle - G5B25@B89  :CB; 

square - ?;>I0 =0AV=8=8 2 ?V:A5;OE; S_Dug1 3 ?;>I0 1 4V;O=:8 70 <560<8 

B@8:CB=8:0; S_Dug2 - ?;>I0 2 4V;O=:8 70 <560<8 B@8:CB=8:0; S_Dug3 - ?;>I0 3 

4V;O=:8 70 <560<8 B@8:CB=8:0; S_Dug4 - ?;>I0 4 4V;O=:8 70 <560<8 B@8:CB=8:0; 

zolH- A?V22V4=>H5==O ?>;>28=>: H8@8=8; zolW- A?V22V4=>H5==O ?>;>28=>: 

4>268=8; heightSeed - H8@8=0 =0AV=8=8; widthSeed - 4>268=0 =0AV=8=8.  

А;3>@8B< 28<V@N20==O 35><5B@8G=8E ?0@0<5B@V2 =0AV==O. 

�>1@065==O =0AV=8=8 ?>25@B0єBьAO =0 :CB 2 315 3@04CAV2 B0 >1@V70NBьAO 

G>@=V 4V;O=:8 7>1@065==O. 
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�>1@065==O @>74V;OєBьAO =0 :>;V@=V :0=0;8: Red, Green, Blue. 

�0AB>A>2CєBьAO ?>@>3>20 DV;ьB@0FVO. %B2>@NєBьAO 1VB>20 <0A:0, 45 ?V:A5;V, I> 

2V4?>2V40NBь C<>2V (R < 100, G < 100, B < 100), 22060NBьAO G0AB8=>N >1'є:B0. 

,;OE>< ?>?V:A5;ь=>3> <=>65==O <0A>: :0=0;V2 >B@8<CєBьAO ?V4AC<:>20 

1V=0@=0 <0B@8FO (numb_matrix), 45 1 4 >1'є:B, 0 4 D>=. 

�;O A?@>I5==O <0B5<0B8G=8E >1G8A;5=ь >B@8<0=0 <0B@8FO ?@82>48BьAO 

4> :204@0B=>3> 283;O4C 4;O :>@5:B=>3> >1G8A;5==O 4V03>=0;59. 

 >7@0EC=>: 3010@8B=8E @>7<V@V2 (C ?V:A5;OE). 

�=0;V7 3>;>2=8E 4V03>=0;59: C F8:;V ?> 2AVE 4V03>=0;OE, ?0@0;5;ь=8E 

3>;>2=V9, ?V4@0E>2Cє AC<C >48=8Fь C :>6=V9.  0:A8<0;ь=0 AC<0 2V4?>2V40є 

>4=><C 7 ;V=V9=8E @>7<V@V2 (28A>BV). 

�=0;V7 ?>1VG=8E 4V03>=0;59: 0=0;>3VG=89 ?@>F5A ?@>2>48BьAO 4;O 

4V03>=0;59, ?0@0;5;ь=8E ?>1VG=V9, 4;O 287=0G5==O 4@C3>3> 3010@8B=>3> @>7<V@C 

(H8@8=V). 

�0;V1@C20==O B0 :>=25@B0FVO 2 <5B@8G=V >48=8FV. �;O ?5@52545==O ?V:A5;V2 

C <V;V<5B@8 28:>@8AB>2CєBьAO «H01;>=» (>1'є:B 2V4><>3> @>7<V@C). $>7@0EC=>: 

FV=8 ?V:A5;O: 

$>7<V@ ?V:A5;O = (0:B8G=0 4>268=0 H01;>=C (<<)/(�V;ь:VABь ?V:A5;V2 

H01;>=C). 

"B@8<0=V @>7<V@8 =0AV==O C ?V:A5;OE <=>60BьAO =0 DV78G=C 25;8G8=C 

>4=>3> ?V:A5;O.  

�0=V 70?8ACNBьAO C D09; results.csv 70 AB@C:BC@>N AB>2?FV: =0720 D09;C; 

28A>B0; H8@8=0. (>@<0B @>74V;ь=8: 4 :@0?:0 7 :><>N (;). 

+0A>20 A:;04=VABь 0;3>@8B<C O(N2), 45 N 4 AB>@>=0 :204@0B=>W <0B@8FV. 

�;O <V=V<V70FVW ?>E81:8, O:0 70;568Bь 2V4 @>7<V@C ?V:A5;O, =5>1EV4=>: 

�8:>@8AB>2C20B8 HB0B82 4;O C=8:=5==O @>7<8BBO (blur). 

(V:AC20B8 2V4AB0=ь 2V4 :0<5@8 4> >1'є:B0. 

#@>2>48B8 ?>2B>@=5 :0;V1@C20==O ?@8 7<V=V :0<5@8 01> D>:CA=>W 2V4AB0=V. 
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"1G8A;5==O 2V41C20NBьAO C F8:;V, 4;O >1@>1:8 CAVE D>B>7>1@065=ь, 

?><VI5=8E C B5:C. (@03<5=B B01;8FV, I> <VAB8Bь V=D>@<0FVN ?@> <5B@8G=V 

E0@0:B5@8AB8:8 =0AV=8=8, ?@54AB02;5=> =0 @8A. 4.6.3.  

 

 

$8AC=>: 4.6.3 3 &01;8G=89 @57C;ьB0B @>1>B8 ?@>3@0<8 287=0G5==O 

<5B@8G=8E A:;04>28E =0AV==O A>=OH=8:C 

 

(09;8 7>1@065=ь =0AV=8=8 <0NBь 1CB8 D>@<0BC JPG, =072C ;0B8=8F5N, 01> 

C 283;O4V F8D@. (>B>7>1@065==O @>7<VICNBьAO 2 >4=C B5:C 7 ?@>3@0<>N. (09; 

@57C;ьB0BV2 result.csv @>7<VICєBьAO 2 FV9 65 B5FV. $57C;ьB0B8 28<V@N20=ь 

DV:ACNBьAO C D>@<0BV .csv, I> є AB0=40@B=8< 4;O >1<V=C =0C:>28<8 40=8<8. 

(09; result.csv є :@>A?;0BD>@<=8< B0 AC<VA=8< V7 1C4ь-O:8< ACG0A=8< #� 4;O 

0=0;V7C AB@C:BC@>20=>W V=D>@<0FVW, I> 30@0=BCє 2V4B2>@N20=VABь >B@8<0=8E 

@57C;ьB0BV2 4>A;V465==O.  

�87=0G5==O 7010@2;5==O =0AV==O 7 <>6;82VABN @>7?V7=020B8 :V;ь:VABь 

A<C3. !0AV==O A>=OH=8:C E0@0:B5@87CNBьAO A:;04=8<8 B5:ABC@=8<8 >7=0:0<8, 

7>:@5<0 A<C30ABVABN 7 @V7=8< 3@04Vє=B>< OA:@02>ABV 4 2V4 28A>:>:>=B@0AB=8E 

?5@5E>4V2 4> <0;>?><VB=8E 7<V= B>=C. "A:V;ь:8 B8?>20 281V@:0 7>1@065=ь 

45<>=AB@Cє =0O2=VABь 337 <>@D>;>3VG=8E A<C3, 4;O ?V428I5==O @>74V;ь=>W 

740B=>ABV <5B>4C B0 <V=V<V70FVW ?>E81:8 48A:@5B870FVW 1C;> >1�@C=B>20=> 

28:>@8AB0==O 2>Aь<8 4V0?07>=V2 0=0;V7C >7=0:. "13@C=BC20==O 107CєBьAO =0 

B5>@5<V !09:2VAB0-,5==>=0 (Shannon, C.E.,1949). 
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�;O :><?’NB5@=>3> 7>@C, 2V4?>2V4=> 4> B5>@5<8 !09:2VAB0-,5==>=0, 4;O 

B>3> I>1 157?5@5@2=89 ?@>AB>@>289 B5:ABC@=89 A83=0; 7>1@065==O 7 

>1<565=8< A?5:B@>< <V3 1CB8 B>G=> 2V4=>2;5=89 70 48A:@5B=8<8 2V4;V:0<8 157 

5D5:BC =0:;040==O G0AB>B (0;V0A8=3C), ?@>AB>@>20 G0AB>B0 48A:@5B870FVW <0є 

I>=09<5=H5 242VGV ?5@528IC20B8 <0:A8<0;ь=C ?@>AB>@>2C G0AB>BC 

0=0;V7>20=>W B5:ABC@8. /:I> @>73;O40B8 A<C30ABVABь =0AV=8=8 A>=OH=8:C O: 

?5@V>48G=89 ?@>AB>@>289 A83=0; 7<V=8 OA:@02>ABV 70 >4=VєN 7 :>>@48=0B, B> 

281V@ 2>Aь<8 V=B5@20;V2 704>2>;ь=Oє C<>2C 4;O 25@E=ь>W <56V B8?>2>W 281V@:8, 

4>72>;ONG8 V45=B8DV:C20B8 =02VBь A;01:> 28@065=V AB>E0AB8G=V E0@0:B5@8AB8:8 

7010@2;5==O. &0:89 48A:@5B=89 ?V4EV4 >1@0=> VB5@0B82=>, I> 4>72>;Oє 

<V=V<V7C20B8 >1G8A;N20;ь=C A:;04=VABь 0;3>@8B<V2 :><?'NB5@=>3> 7>@C B0 

7=878B8 B@C4><VAB:VABь F8D@>2>3> D5=>B8?C20==O. 

� 0;3>@8B<V ?@>2>48BьAO 0=0;V7 :>;V@=8E E0@0:B5@8AB8: H;OE>< 

A:0=C20==O <0A82C ?V:A5;V2 70 H8@8=>N >1'є:B0. #@>F54C@0 A53<5=B0FVW A<C3 

�@C=BCєBьAO =0 V45=B8DV:0FVW <V6?V:A5;ь=8E 3@04Vє=BV2 7 =091V;ьH>N 

0<?;VBC4>N. %D>@<>20=V B0:8< G8=>< 2VAV< 7>= ?V4;O30NBь AB0B8AB8G=V9 

>1@>1FV, 2 @57C;ьB0BV O:>W 4;O :>6=>W 4V;O=:8 D>@<CєBьAO :>;V@=0 

E0@0:B5@8AB8:0 C 283;O4V A5@54=ь>3> 7=0G5==O 2 A8AB5<V RGB. 

А;3>@8B< A53<5=B0FVW B0 A?5:B@0;ь=>3> 0=0;V7C A<C30AB>ABV =0AV==O. 

�87=0G5==O ;V=VW A:0=C20==O. !0 >A=>2V ?>1C4>20=>3> @><10 >18@0єBьAO 

3>@87>=B0;ь=89 7@V7, I> ?@>E>48Bь G5@57 F5=B@ =0AV=8=8 70 WW H8@8=>N. 

(>@<CєBьAO >4=>28<V@=89 <0A82, I> <VAB8Bь 7=0G5==O R, G, B :>6=>3> 

?V:A5;O 274>26 FVєW ;V=VW.  

$>7@0E>2CєBьAO @V7=8FO 7=0G5=ь ?V:A5;O V B0  ?V:A5;O V+1.  

 & % =  C i+1 2 C i, 
 

45 C 4 V=B5=A82=VABь :0=0;C. 
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(V:A0FVO =091V;ьH8E 7=0G5=ь & C, O:V 287=0G0NBь ?5@5EV4 2V4 B5<=>W A<C38 
4> A2VB;>W. !0 >A=>2V 28O2;5=8E & C B0 7030;ь=>W H8@8=8 >1’є:B0 ;V=VO A:0=C20==O 

@>7?>4V;OєBьAO =0 2VAV< @V2=8E 4V0?07>=V2. �81V@ 2>Aь<8 4V0?07>=V2 є 

=04;8H:>28< I>4> :V;ь:>ABV DV78G=8E A<C3 (2V4 3 4> 7), I> 4>72>;Oє B>G=> 

70DV:AC20B8 O: A0<V A<C38, B0: V ?5@5EV4=V 7>=8 <V6 =8<8. 

�;O :>6=>3> 7 8 4V0?07>=V2 >1G8A;NєBьAO A5@54=є 0@8D<5B8G=5 7=0G5==O 

4;O :>6=>3> :>;V@=>3> :0=0;C Mean RGB. 

(>@<C20==O A?5:B@0;ь=>3> ?@>DV;N. $57C;ьB0B>< є 25:B>@ 7 24 7=0G5=ь (8 

4V0?07>=V2 ?> 3 :0=0;8), O:89 >?8ACє «F8D@>289 ?0A?>@B» 7010@2;5==O =0AV=8=8. 

"FV=:0 :>=B@0AB=>ABV. #>@V2=O==O A5@54=VE 7=0G5=ь <V6 ACAV4=V<8 

4V0?07>=0<8 4>72>;Oє 287=0G8B8 @V25=ь :>=B@0AB=>ABV A<C3 (28A>:>:>=B@0AB=V 

01> 1;87ь:V 70 7010@2;5==O<). 

"B@8<0=V A5@54=V 7=0G5==O 4>40NBьAO 4> ?V4AC<:>2>W B01;8FV results.csv O: 

4>40B:>2V AB>2?FV 4;O :>6=>3> D>B>. 

(@03<5=B =01>@C 40=8E (datasets), I> <VAB8Bь V=D>@<0FVN ?@> 7010@2;5==O 

A<C6>: =0AV=8=8 A>=OH=8:C, ?@54AB02;5=> =0 @8A. 4.6.4. 

 

 

$8AC=>: 4.6.4 3 (@03<5=B =01>@C 40=8E (datasets), I> <VAB8Bь V=D>@<0FVN 

?@> 7010@2;5==O A<C6>: =0AV=8=8 A>=OH=8:C 
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4.7 $57C;ьB0B8 5:A?5@8<5=BV2 70AB>AC20==O  *(� 
 

�;O B5ABC20==O A?5FV0;V7>20=>3> ?@>3@0<=>3> ?@>4C:BC 

28:>@8AB>2C20;8AO HVABь :>;ь>@V2 D>=C B0 G>B8@8 :>;ь>@8 >A2VB;5==O. 

!0 ?5@H><C 5B0?V 70AB>AC20==O  *(� 4;O ?>40;ьH>3> >?@0FN20==O 1C;> 

>1@0=> B@8 B8?8 =0AV==O A>=OH=8:C: G>@=5, 1V;5 B0 A<C30AB5. !0 4@C3><C 5B0?V 

 *(� 1C;> AB2>@5=> :>;5:FVN 7>1@065=ь >1'є:BV2 D5=>B8?C20==O. �;O 

28:>=0==O =0ABC?=8E 5B0?V2  *(� 1C;> @>7@>1;5=> A?5FV0;V7>20=5 ?@>3@0<=5 

70157?5G5==O =0 <>2V ?@>3@0<C20==O Python. #5@H89 <>4C;ь ?@>3@0<=>3> 

70157?5G5==O >1G8A;Nє ?;>IC 75@=0, H8@8=C 75@=0 (heightSeed) B0 9>3> 

?V4@>74V;8 (lineC B0 lineD), 0 B0:>6 4>268=C 75@=0 (widthSeed) B0 9>3> ?V4@>74V;8 

(lineA B0 lineB), <0:A8<0;ь=V B0 <V=V<0;ь=V ?>@>38 :>;ь>@C 2 :>;V@=V9 <>45;V 

RGB (Kwiek, P., & Jakubowska, M. 2024). �V4?>2V4=V 7<V==V 3@0=8G=>3> :>;ь>@C 

2:;NG0NBь: LimitRedMax, LimitRedMin, LimitGreenMax, LimitGreenMin, 

LimitBlueMax B0 LimitBlueMin. 

!0 B@5Bь><C 5B0?V  *(� 284V;5==O >1’є:BV2 4>A;V465==O (=0AV==O) 2V4 

D>=C �@C=BCєBьAO =0 0=0;V7V 25:B>@=8E 7=0G5=ь V=B5=A82=>ABV ?V:A5;V2. $50;V70FVO 

>1G8A;N20;ь=8E 0;3>@8B<V2 =0 ?V:A5;ь=><C @V2=V, ?>?@8 ?V428I5=C 

@5AC@A><VAB:VABь, 70157?5GCє =5>1EV4=C ?@5F87V9=VABь ?@8 V45=B8DV:0FVW 

<>@D>;>3VG=8E >7=0:. �0AB>AC20==O 8-1VB=>3> :20=BC20==O @V2=V2 V=B5=A82=>ABV 

30@0=BCє B@0=AD>@<0FVN A?5:B@0;ь=>W 2V4182=>W 740B=>ABV 1V>;>3VG=8E >1’є:BV2 

C 45B5@<V=>20=89 <0A82 F8D@>28E 7=0G5=ь, AB@C:BC@>20=89 70 107>28<8 

A?5:B@0;ь=8<8 A:;04>28<8 <>45;V RGB. �;O >1’є:B82V70FVW 281>@C ?0@0<5B@V2 

79><:8 2?@>20465=> :@8B5@V9 <0:A8<V70FVW F8D@>2>3> :>=B@0ABC. "?B8<0;ь=8< 

287=0G5=> @568<, I> 70157?5GCє <0:A8<0;ь=C 2V4=>A=C @V7=8FN V=B5=A82=>AB59 

<V6 >1’є:B>< D5=>B8?C20==O B0 D>=><, I> 4>72>;Oє <V=V<V7C20B8 ?>E81:C 

A53<5=B0FVW :>=BC@V2 V ?V428I8B8 2V@>3V4=VABь F8D@>2>W <>45;V. 

�>1@065==O 75@=0 1C;8 >B@8<0=V 70 @V7=8E C<>2 7 28:>@8AB0==O< 1V;>3> 

01> G5@2>=>3> D>=C B0 G>B8@ь>E B8?V2 >A2VB;5==O: 1V;>3>, G5@2>=>3>, A8=ь>3> B0 
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75;5=>3>. $>7@0EC=>: @>7<V@C B0 ?;>IV =5 ?@>2>48BьAO, O:I> :>;ь>@8 75@=0 B0 

D>=C 70=04B> AE>6V, I> <>65 ?>3V@H8B8 B>G=VABь A53<5=B0FVW. !0?@8:;04, 7@07>: 

7 ?>7=0G:>N 255-1 2V4?>2V40є A<C30AB><C =0AV==O 7 1V;8<8 A<C30<8, I> AB2>@Nє 

B@C4=>IV 4;O @>7@V7=5==O 70 :>;ь>@><. $5?@575=B0B82=V 7>1@065==O, I> 

V;NAB@CNBь 2?;82 @V7=8E ?0@0<5B@V2 D>B>3@0DVW, ?@54AB02;5=V =0 @8AC=:C 4.7.1. 

 

    

    

$8AC=>: 4.7.1. - �>1@065==O A<C30AB>3> =0AV==O 70 @V7=8E C<>2 79><:8: 

25@E=V9 @O4 4 =0 1V;><C D>=V, =86=V9 @O4 4 =0 G5@2>=><C D>=V; 7;V20 =0?@02> 

4 D>B>3@0DVW C G5@2>=><C, A8=ь><C, 75;5=><C B0 1V;><C A2VB;V. 

 

#@54AB02;5=V 7>1@065==O, @07>< V7 D>B>3@0DVO<8 V=H8E :>=B@0AB=8E 

2V75@C=:V2, 1C;8 >1@>1;5=V 70 4>?><>3>N @>7@>1;5=>3> ?@>3@0<=>3> 

70157?5G5==O. $57C;ьB0B8 5:A?>@B>20=> C D09;. 

!0728 ?>;V2 B01;8FV B0:V: 

Name - =0720 D09;C >1@>1:8, 2 O:><C ?5@HV F8D@8 - =0720 7@07:0, ?5@H0 

;VB5@0 - :>;V@ D>=C, 4@C30 ;VB5@0 - :>;V@ >A2VB;5==O; 

lineA - ?5@H0 G0AB8=0 4>268=8; 

lineB - 4@C30 G0AB8=0 4>268=8;  

lineC - ?5@H0 G0AB8=0 H8@8=8; 

lineD - 4@C30 G0AB8=0 H8@8=8; 

square - ?;>I0 =0AV=8=8; 



199 

 

 

 

heightSeed - H8@8=0 =0AV=8=8; 

widthSeed - 4>268=0 =0AV=8=8; 

LimitRedMin - <V=V<0;ь=5 7=0G5==O G5@2>=>3>; 

LimitRedMax - <0:A8<0;ь=5 7=0G5==O G5@2>=>3>; 

LimitGreenMin - <V=V<0;ь=5 7=0G5==O 75;5=>3>; 

LimitGreenMax - <0:A8<0;ь=5 7=0G5==O 75;5=>3>; 

LimitBlueMin - <V=V<0;ь=5 7=0G5==O A8=ь>3>; 

LimitBlueMax - <0:A8<0;ь=5 7=0G5==O A8=ь>3>. 

 

#@8 2V4ACB=>ABV 7=0G8<>3> :>;V@=>3> :>=B@0ABC <V6 =0AV==O< B0 D>=>< 

287=0G5==O ?>G0B:>28E B>G>: H8@8=8 B0 4>268=8 =0AV==O є =5<>6;828<. ' 

B0:8E 28?04:0E 7=0G5==O max_row_coordinates B0 max_col_coordinates 

70;8H0NBьAO ?>@>6=V<8 (B>1B> 5;5<5=B8 <0A82C =5 ?>25@B0NBьAO). 

!0?@8:;04, =0AV==O, @>7<VI5=5 =0 A2VB;>-1;0:8B=><C D>=V, ?>:070;> B0:V 

<0:A8<0;ь=V 7=0G5==O RGB C 281@0=V9 >1;0ABV: R: 3, G: 3, B: 248.  V=V<0;ь=V 

7=0G5==O 1C;8: R: 0, G: 0, B: 104. +5@2>=89 B0 75;5=89 :0=0;8 =5 ?>:070;8 6>4=>W 

?><VB=>W @V7=8FV <V6 =0AV==O< B0 D>=><. �2B><0B8G=> >18@0єBьAO :>;V@=89 

:0=0; 7 =091V;ьH8< F8D@>28< :>=B@0AB><. ' Fь><C 28?04:C A8=V9 (B) :0=0; 

?>:0702 @V7=8FN ?>=04 100 >48=8Fь, I> @>18Bь 9>3> =091V;ьH V=D>@<0B82=8< 

4;O A53<5=B0FVW. 

#V4 G0A ?>G0B:>28E 5:A?5@8<5=BV2 281V@ >?B8<0;ь=8E ?0@0<5B@V2 79><:8 

107CєBьAO =0 @57C;ьB0B0E, ?@54AB02;5=8E C B01;8G=V9 D>@<V. �><1V=0FVW 

>A2VB;5==O B0 D>=C, O:V ?>25@B0NBь "#>E81:C", 02B><0B8G=> 28:;NG0NBьAO 7 

?>40;ьH>3> @>73;O4C.  

!0 G5B25@B><C 5B0?V  *(� ?@>2>48BьAO ?>@V2=O==O >B@8<0=8E 

@57C;ьB0BV2 V7 5B0;>==8<8 ?>:07=8:0<8 4;O 28O2;5==O 2V4E8;5=ь B0 ?>E81>: 

V45=B8DV:0FVW. �B0;>==8<8 ?>:07=8:0<8 1C45<> 22060B8 B0:V, I> >B@8<0=V 

;N48=>N.  
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#VA;O 71>@C B0 >1@>1:8 7>1@065=ь, I> >B@8<0=V ?@8 2AVE <>6;828E 

=01>@0E ?0@0<5B@V2 79><:8, ?@>2>48BьAO >1’є4=0==O >:@5<8E CSV-D09;V2 2 >48= 

=01V@ 40=8E, >1G8A;NєBьAO 2V4A>B:>20 @V7=8FO <V6 ?;>I0<8, 287=0G5=8<8 

>?5@0B>@>< B0 ?@>3@0<=>. �84V;ONBьAO 420 =09:@0I8E @57C;ьB0B0.  

!0 ?’OB><C 5B0?V  *(� 28:>=CєBьAO ?5@52V@:0 AB0B8AB8G=>W 7=0G8<>ABV 

?5@52038 >4=>3> =01>@C ?0@0<5B@V2 ?5@54 V=H8<. �0;V 2V4>1@060єBьAO 2V4?>2V4=5 

V<'O D09;C (01> 42>E  D09;V2) D>B>3@0DVW, O:5 :>4Cє :>=:@5B=V 28:>@8AB0=V 

?0@0<5B@8 79><:8. 

�;O 0?@>10FVW B0 >FV=N20==O 5D5:B82=>ABV @>7@>1;5=>3> <5B>4C  *(� =0 

?5@H><C 5B0?V 4>A;V465=ь 7 :>;5:FVW �=AB8BCBC >;V9=8E :C;ьBC@ !��! ':@0W=8 

1C;> AD>@<>20=> B5AB>2C 281V@:C A<C30AB>3> =0AV==O A>=OH=8:C (@8A. 4.7.2). 

�;O 5:A?5@8<5=BC 1C;> 2V4V1@0=> 420 D5=>B8?>2V B8?8 =0AV==є2>3> 

<0B5@V0;C: >4=>@V4=5 1V;5 7010@2;5==O (157 28@065=8E A<C3 B0 5;5<5=BV2 

<0;N=:0 =0 ?>25@E=V), A<C30AB5 7010@2;5==O (1V;5 =0AV==O 7 28@065=>N 

?>74>26=ь>N A<C30ABVABN 15652>3>/:>@8G=52>3> 2V4BV=:C). �81V@ F8E 42>E B8?V2 

7C<>2;5=89 =5>1EV4=VABN ?5@52V@:8 ABV9:>ABV 0;3>@8B<V2 A53<5=B0FVW :>=BC@C B0 

@>7?V7=020==O 5;5<5=BV2 7010@2;5==O (5B0? 1 B0 5B0? 3  *(�).  

 >=>E@><=5 1V;5 =0AV==O є A:;04=8< >1'є:B>< 4;O 284V;5==O 

35><5B@8G=8E <56 ?@8 28:>@8AB0==V A2VB;8E ?V4:;04>:, B>4V O: A<C30AB89 

?5@8:0@?V9 28<030є B>G=>3> =0;0HBC20==O :>;V@=8E :0=0;V2 4;O :>@5:B=>3> 

28<V@N20==O ?;>IV B0 V=B5=A82=>ABV A0<8E A<C3. 

!0 4@C3><C 5B0?V  *(� 1C;> AB2>@5=> :>;5:FVN 7>1@065=ь =0AV=8= 

:>6=>3> 284C. �>1@065==O 1C;8 >B@8<0=V 70 4>?><>3>N AB0FV>=0@=>3> ?@8AB@>N 

4;O D5=>B8?C20==O, @>7@>1;5=>3> 2 �=AB8BCBV >;V9=8E :C;ьBC@ !��! ':@0W=8 

(�;Vє2 �.�., �54<54є20 �.�., 2024).  

!0 B@5Bь><C 5B0?V 1C;> ?@>2545=> >1@>1:C D>B>7>1@065=ь 7 <5B>N 

284V;5==O 35><5B@8G=8E E0@0:B5@8AB8: >1@0=8E =0AV=8=. !0 G5B25@B><C 5B0?V 

 *(� 1C;> AB2>@5=> :>;5:FVN ?> 30 7>1@065=ь >4=VєW <=>68=8 =0AV=8= 4;O B8E 

=01>@V2 ?0@0<5B@V2 79><:8, O:V 70157?5G8;8 284V;5==O :>=BC@C =0AV=8=8 =0 B;V. 
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�0 :>6=8< 7>1@065==O< 1C;> 287=0G5=> 35><5B@8G=V E0@0:B5@8AB8:8 >1@0=8E 

=0AV=8=, ?;>IC =0AV=8=8, 0 B0:>6 287=0G5=> 5B0;>==5 7=0G5==O ?;>IV FVєW 

=0AV=8=8.  

 

 

$8AC=>: 4.7.2 - �>1@065==O A<C30AB>3> =0AV==O 70 @V7=>3> A?5:B@0;ь=>3> 

>A2VB;5==O: 725@EC 2=87 ?> AB>2?FOE: A8=є (90 CRI), G5@2>=5 (24 CRI), 75;5=5 (45 

CRI), 1V;5 (80 CRI); ?> @O4:0E =0 @V7=><C B;V: G>@=5, G5@2>=5, 75;5=5, 1V;5, A8=є 

 

�87=0G5=> 281V@:>2C A5@54=N 2V4=>A=>W ?>E81:8 >FV=:8 <>@D>;>3VG=>W 

>7=0:8 Rg,i 70 D>@<C;>N (1), B0 ?5@52V@5=> 28:>=0==O C<>28 (4). �81@0=> =01>@8 
?0@0<5B@V2 79><:8, I> 70157?5G8;8 3@0=8G=> 4>?CAB8<C ?>E81:C ε=0,5% ?@8 
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287=0G5==V ?;>IV =0AV=8=8. !0 @8AC=:C 4.7.3 ?@54AB02;5=> @>7@0EC=:8 4;O 42>E 

@568<V2 79><:8 ?@8 ?>ABV9=><C 1V;><C >A2VB;5==V, >A2VB;5=>ABV 300 lx, =0 

G5@2>=><C B0 G>@=><C D>=V (@8A.4.7.3). %0<5 FV =01>@8 ?0@0<5B@V2 79><:8 

70157?5G8;8 =09<5=HV 281V@:>2V A5@54=V ?>E81:8 ?> 287=0G5==N ?;>I8=8 

=0AV=8=8.  

$50;V70FVO ?’OB>3> 5B0?C  *(�. �0 @57C;ьB0B0<8 B@5Bь>3> B0 G5B25@B>3> 

5B0?V2 1C;> >1@0=> 420 @568<8 79><:8 3 ?>ABV9=5 1V;5 >A2VB;5==O V=B5=A82=>ABV 

300 lx, =0 G5@2>=><C B0 G>@=><C D>=V. � B@ь>E <>6;828E ?0@0<5B@V2 2?;82C =0 

O:VABь >FV=:8 ?;>IV =0AV=8=8 =0 D>B>7>1@065==V <02 2?;82 BV;ь:8 >48= ?0@0<5B@ 

«:>;V@ B;0» ?@8 AB0;8E ?0@0<5B@0E :>;ь>@C >A2VB;5==O B0 >A2VB;5=>ABV. *5 

287=0G8;> 281V@ <5B>4V2 ?> >FV=FV AB0B8AB8G=>W 7=0G8<>ABV 281>@C :>;ь>@C B;0 

<V6 G>@=8< B0 G5@2>=8< 4;O D5=>B8?C20==O A2VB;8E =0AV=8=. 

$>73;O=5<> @>7?>4V; ?>E81>: O: @50;V70FVN 42>E 28?04:>28E 25;8G8= Y11 

(1V;0 =0AV=8=0 =0 G>@=><C B;V) B0 Y21 (1V;0 =0AV=8=0 =0 G5@2>=><C B;V), Y12 (1V;0 7 

156528<8 A<C6:0<8 =0AV=8=0 =0 G>@=><C B;V) B0 Y21 (1V;0 7 156528<8 A<C6:0<8 

=0AV=8=0 =0 G5@2>=><C B;V), I> <0NBь ?52=V 70:>=8 @>7?>4V;C (D. Wackerly, W. 

Mendenhall, R. L. Scheaffer, 2008). 

�C;> ?5@52V@5=> B0 2V4E8;5=> 3V?>B57C ?@> =>@<0;ь=VABь @>7?>4V;C 

28?04:>28E 25;8G8= Y11 , Y21 , Y12 , Y22 V7 70AB>AC20==O< :@8B5@VN 2  :204@0B ?@8 

@V2=V 7=0GCI>ABV ³ = 0,1.  

�0;V 1C;> AD>@<C;ь>20=> >A=>2=C 3V?>B57C H0  =«DC=:FVW @>7?>4V;C 
28?04:>28E 25;8G8= Y1i  B0 Y2i  @V2=V <V6 A>1>N», ?@>B8 0;ьB5@=0B82=>W H1  =«2V4ACB=O @V2=VABь DC=:FV9 @>7?>4V;C 28?04:>28E 25;8G8= Y1i  B0 Y2i» 4;O i =1,2. �C;> 70AB>A>20=> =5?0@0<5B@8G=89 :@8B5@V9 &-:@8B5@V9 �V;:>:A>=0 

(Wilcoxon T-test). �;O 1V;8E =0AV=8= =5 1V;> 7=0945=> AB0B8AB8G=> 7=0G8<>W 

@V7=8FV <V6 42><0 @568<0<8 79><:8 =0 @V2=V 7=0GCI>ABV ³ = 0,1. �;O 1V;8E 7 
156528<8 A<C6:0<8 =0AV=8= 1C;> 4>2545=> AB0B8AB8G=> 7=0G8<C @V7=8FN <V6 

42><0 @568<0<8 =0 @V2=V 7=0GCI>ABV ³ = 0,106. �=0945=C B5=45=FVN 1C;> 
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?5@52V@5=> G5@57 71V;ьH5==O 281>@:8 4> 60 >48=8Fь. �C;> 4>2545=> AB0B8AB8G=> 

7=0G8<C @V7=8FN <V6 42><0 @568<0<8 79><:8 4;O 1V;8E =0AV=8= 7 156528<8 

A<C6:0<8 =0 @V2=V 7=0GCI>ABV ³ = 0,05.  

 

 

$8AC=>: 4.7.3 - $57C;ьB0B8 @>7@0EC=:V2 ?;>IV =0AV=8=8 ?@8 42>E @568<0E 

79><:8 3 ?>ABV9=5 1V;5 >A2VB;5==O V=B5=A82=>ABV 300 lx, =0 G5@2>=><C B0 G>@=><C 

D>=V 

!0 H>AB><C 5B0?V 1C;> =040=> @5:><5=40FVW ?> ?@>2545==N ?@>F54C@ 

287=0G5==O 35><5B@8G=8E @>7<V@V2 1V;8E =0A8=8 7 >?B8<0;ь=8<8 @568<0<8 

79><:8 «?>ABV9=5 1V;5 >A2VB;5==O, >A2VB;5=VABь 300 lx, =0 G5@2>=><C 01> G>@=><C 

D>=V», 0 4;O 1V;8E 7 156528<8 A<C6:0<8: «?>ABV9=5 1V;5 >A2VB;5==O, >A2VB;5=VABь 

300 lx, =0 G>@=><C D>=V». 

чор=<= фо= чер6о=<= фо=

Name square

LimitRed

Min

LimitRed

Max

LimitGree

nMin

LimitGree

nMax

LimitBlue

Min

LimitBlue

Max

Image_ar

ea

red_min_

devicion

max_min

_divicion Name square

LimitRed

Min

LimitRed

Max

LimitGree

nMin

LimitGree

nMax

LimitBlue

Min

LimitBlue

Max

Image_ar

ea

red_min_

devicion

max_min

_divicion

gray/1.jpg 332261.0 49 177 71 196 92 196 333144 6 10 1.jpg 363503.0 103 198 2 194 33 208 364214 103 103

gray/2jpg 330974.5 51 177 74 196 87 196 331540 8 8 2.jpg 390921.0 78 181 30 199 47 208 391574 78 78

gray/3.jpg 352023.0 23 205 39 219 58 215 352302 23 58 3.jpg 356659.5 110 189 41 192 67 200 357444 110 110

gray/4.jpg 360486.5 48 189 66 200 76 200 360007 48 76 4.jpg 358091.0 109 208 18 188 44 193 358847 109 109

gray/5.jpg 300378.5 51 195 69 206 91 205 300137 51 91 5.jpg 304908.0 117 178 30 187 58 194 305664 117 117

gray/6.jpg 353428.5 50 188 73 207 85 207 353926 50 85 6.jpg 386611.0 99 177 49 189 60 202 387370 99 99

gray/7.jpg 320857.5 40 199 53 205 75 201 321246 40 75 7.jpg 355242.5 114 185 38 194 65 198 356135 114 114

gray/8.jpg 331736.5 58 193 76 205 87 200 332126 58 87 8.jpg 350287.5 115 174 61 193 68 198 351076 115 115

gray/9.jpg 361332.0 46 184 68 198 79 196 361690 46 79 9.jpg 364223.0 125 194 41 193 50 198 365077 125 125

gray/10.jpg 321023.5 48 185 68 204 78 198 320834 48 78 10.jpg 357528.5 116 170 54 193 69 203 358294 116 116

gray/11.jpg 310666.0 34 199 53 213 72 205 311286 34 72 11.jpg 319383.5 105 175 20 195 42 202 320152 105 105

gray/12.jpg 326454.0 59 197 73 212 88 209 327102 59 88 12.jpg 360383.0 116 177 34 189 54 194 361289 116 116

gray/13.jpg 325838.0 59 189 78 206 85 201 325694 59 85 13.jpg 339762.5 112 173 47 188 77 192 340485 112 112

gray/14.jpg 346374.0 53 193 68 205 83 199 347029 53 83 14.jpg 344632.5 121 179 20 188 56 195 345475 121 121

gray/15.jpg 210258.5 67 204 87 223 95 216 210878 67 95 15.jpg 376208.5 110 176 60 187 70 192 377117 110 110

gray/16.jpg 321694.5 58 197 71 210 54 203 321407 58 71 16.jpg 340198.0 111 174 72 190 64 200 341060 111 111

gray/17.jpg 304545.0 59 191 80 203 76 197 305193 59 80 17.jpg 322371.0 107 170 20 188 35 189 323283 107 107

gray/18.jpg 333394.0 49 183 65 199 86 193 334151 49 86 18.jpg 354398.0 113 173 61 189 78 190 355294 113 113

gray/19.jpg 369479.0 39 193 58 208 70 208 370226 39 70 19.jpg 360427.0 112 177 30 184 59 193 361309 112 112

gray/20.jpg 338954.5 32 183 53 198 71 196 339569 32 71 20.jpg 356831.0 103 165 47 184 64 188 357760 103 103

gray/21.jpg 319839.5 48 195 67 205 79 201 320437 48 79 22.jpg 63419.5 129 190 66 191 103 200 63527 129 129

gray/22.jpg 338241.0 47 201 64 212 86 206 338919 47 86 22.jpg 379599.0 100 188 11 191 36 200 380364 100 100

gray/23.jpg 320570.0 61 190 81 207 86 208 321245 61 86 23.jpg 320349.5 124 196 22 185 48 188 320861 124 124

gray/24.jpg 355563.5 61 195 79 204 83 201 356117 61 83 24.jpg 388604.0 113 183 70 197 82 202 389307 113 113

gray/25.jpg 354042.5 60 185 78 197 62 191 354843 60 78 25.jpg 239732.5 86 173 55 179 55 179 240411 86 86

gray/26.jpg 359618.0 49 195 67 206 82 207 359977 49 82 26.jpg 353668.5 90 168 38 180 38 184 354416 90 90

gray/27.jpg 320235.0 45 194 56 211 61 211 320994 45 61 27.jpg 368828.5 118 179 53 195 72 204 369464 118 118

gray/28.jpg 339398.0 60 181 80 196 85 192 339820 60 85 28.jpg 353989.5 101 164 19 182 42 186 354737 101 101

gray/29.jpg 345561.5 65 194 83 209 88 205 346216 65 88 29.jpg 378875.0 112 177 68 192 79 197 379280 112 112

gray/30.jpg 332835.5 56 200 72 206 80 202 335279 56 80 30.jpg 362869.5 115 177 90 187 91 190 363474 115 115

Дру74 лі=ія - <ілк4 5іль жо6ту64т4
gray/31.jpg 205958.0 68 201 88 224 79 226 206704 68 88 31.jpg 231501.0 87 180 12 201 43 208 232280 87 87

gray/32.jpg 259914.0 52 199 58 204 42 198 260508 52 58 32.jpg 269279.0 66 185 40 207 44 220 270040 66 66

gray/33.jpg 248816.5 67 196 85 217 87 219 249524 67 87 33.jpg 251346.5 90 176 16 199 48 211 251473 90 90

gray/34.jpg 238139.0 69 210 91 233 90 229 238649 69 91 34.jpg 258491.5 85 191 9 210 38 227 259311 85 85

gray/35.jpg 219676.0 74 205 88 230 86 231 220801 74 88 35.jpg 254541.5 96 197 3 209 28 216 255148 96 96

gray/36.jpg 243335.0 70 191 86 201 85 196 243721 70 86 36.jpg 252352.0 95 192 37 191 57 193 253116 95 95

gray/37.jpg 212381.5 59 194 68 217 72 210 212827 59 72 37.jpg 278315.5 71 180 6 202 34 208 278858 71 71

gray/38.jpg 223227.0 71 204 94 227 82 225 223660 71 94 38.jpg 250404.0 98 188 23 202 58 199 251134 98 98

gray/39.jpg 259400.0 52 196 72 213 74 203 259542 52 74 39.jpg 283370.5 93 186 19 204 44 215 283729 93 93

gray/40.jpg 248679.5 49 189 64 206 64 205 248229 49 64 40.jpg 265352.5 81 212 6 211 38 226 266173 81 81

gray/41.jpg 273923.0 54 198 73 211 58 206 274044 54 73 41.jpg 281949.0 94 186 11 188 40 190 282827 94 94

gray/42.jpg 194862.5 56 205 64 225 46 222 195395 56 64 42.jpg 228680.5 87 206 6 203 40 220 229232 87 87

gray/43.jpg 246860.0 66 191 80 201 57 193 247280 66 80 43.jpg 287836.5 87 202 13 212 45 228 288495 87 87

gray/44.jpg 263419.0 47 194 69 221 79 217 263863 47 79 44.jpg 273233.0 86 202 12 218 31 235 273431 86 86

gray/45.jpg 197122.0 58 187 81 207 86 194 197776 58 86 45.jpg 208421.5 93 190 18 205 35 209 209079 93 93

gray/46.jpg 205287.0 62 206 82 234 79 235 205965 62 82 46.jpg 243457.0 98 191 21 214 59 230 244211 98 98

gray/47.jpg 229754.5 69 180 85 187 75 177 230351 69 85 47.jpg 243514.0 86 182 17 179 55 179 244070 86 86

gray/48.jpg 211942.0 72 201 91 223 87 217 212551 72 91 48.jpg 249613.0 90 190 11 195 51 200 249774 90 90

gray/49.jpg 226493.5 52 183 63 201 56 191 227161 52 63 50.jpg 250923.0 81 182 24 202 55 215 251652 81 81

gray/50.jpg 222744.0 64 192 79 212 57 207 223439 64 79 50.jpg 254562.5 81 190 13 202 43 215 255140 81 81

gray/51.jpg 245790.5 54 194 61 212 64 206 246403 54 64 51.jpg 260758.0 82 182 22 205 39 207 261495 82 82

gray/52.jpg 242194.5 52 194 64 212 64 206 242909 52 64 52.jpg 243583.0 83 189 11 184 30 186 244391 83 83

gray/53.jpg 244901.0 54 194 64 212 64 206 245621 54 64 53.jpg 236520.5 85 196 9 202 32 205 237314 85 85

gray/54.jpg 245998.0 50 194 61 212 64 206 246715 50 64 54.jpg 228589.5 106 212 16 206 39 201 229090 106 106

gray/55.jpg 246303.0 54 194 61 212 64 206 247079 54 64 55.jpg 227858.5 95 179 23 197 39 202 228484 95 95

gray/56.jpg 243923.0 56 194 64 212 64 206 244684 56 64 56.jpg 230987.0 92 177 73 198 66 210 231629 92 92

gray/57.jpg 246579.5 54 194 61 212 64 206 247357 54 64 57.jpg 257733.0 88 183 44 202 55 217 258309 88 88

gray/58.jpg 243540.0 55 194 61 212 64 206 244264 55 64 58.jpg 233364.0 102 187 48 192 72 198 233928 102 102

gray/59.jpg 247094.0 54 194 62 212 64 206 247879 54 64 59.jpg 243275.5 85 184 17 207 60 226 243937 85 85

gray/60.jpg 248236.0 51 194 61 212 64 206 248965 51 64 60.jpg 222216.5 89 189 48 210 59 216 222797 89 89
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' G5B25@B><C @>74V;V C4>A:>=0;5=> F8D@>2C B5E=>;>3VN D5=>B8?C20==O V7 

D>@<C20==O< V=B53@>20=8E =01>@V2 40=8E (datasets), O:0 70157?5GCє A5<0=B8G=> 

C73>465=5 D>@<C20==O =01>@V2 40=8E 2V4?>2V4=> 4> >=B>;>3VG=>W <>45;V 

HELIANTUS B0 WE ?>40;ьHC V=B53@0FVN 4> 1078 7=0=ь. $>7@>1;5=> <5B>4 

F8D@>2>3> D5=>B8?C20==O @>A;8==8E >1'є:BV2 =0 >A=>2V 7>1@065=ь B0 28:>=0=> 

?@>3@0<=>-0;3>@8B<VG=C @50;V70FVN @>7@>1;5=>3> <5B>4C, ?@>2545=> 

:><?;5:A=V 5:A?5@8<5=B0;ь=V 4>A;V465==O, 0 B0:>6 74V9A=5=> 20;V40FVN B0 

>FV=:C 5D5:B82=>ABV AB2>@5=>3> V=AB@C<5=B0@VN ?@8 >1@>1FV @50;ь=8E 

1V>;>3VG=8E >1'є:BV2. 

 �0 @57C;ьB0B0<8 @>74V;C AD>@<C;ь>20=> B0:V 28A=>2:8: 

1.  �?5@H5 @>7@>1;5=> <5B>4 F8D@>2>3> D5=>B8?C20==O @>A;8==8E 

>1'є:BV2 =0 >A=>2V 7>1@065=ь, O:89 @50;V7Cє >?B8<V70FVN ?0@0<5B@V2 @5єAB@0FVW 

40=8E.  5B>4 70157?5GCє 02B><0B87>20=5 284V;5==O B0 28A>:>B>G=5 >FV=N20==O 

<>@D>;>3VG=8E, AB@C:BC@=8E V :>;V@=8E E0@0:B5@8AB8: =0AV==O A>=OH=8:C 70  

:V;ь:VA=8<8 45A:@8?B>@0<8. 

2.  $>7@>1;5=> B0 ?@>B5AB>20=> A?5FV0;V7>20=5 ?@>3@0<=5 70157?5G5==O, O:5 

4>72>;Oє 2 02B><0B8G=><C @568<V 74V9A=N20B8 ?@5F87V9=C A53<5=B0FVN >1'є:BV2 

V 35=5@C20B8 AB@C:BC@>20=V F8D@>2V ?0A?>@B8 4;O :>6=>W >48=8FV 0=0;V7>20=>3> 

=0AV==O.  5B@8:8 >E>?;NNBь 35><5B@8G=V E0@0:B5@8AB8:8, ?>:07=8:8 D>@<8 

(5:AF5=B@8A8B5B, >:@C3;VABь) B0 A?5:B@0;ь=V ?>:07=8:8 7010@2;5==O, 

70157?5GCNG8 28A>:C @>74V;ь=C 740B=VABь V45=B8DV:0FVW =02VBь 4;O 

=87ь:>:>=B@0AB=8E B0 2V7C0;ь=> AE>68E A5;5:FV9=8E 7@07:V2. 

4. #@>2545=> :><?;5:A=C 0?@>10FVN B0 20;V40FVN F8D@>2>W B5E=>;>3VW =0 

@5?@575=B0B82=V9 281V@FV =0AV==O A>=OH=8:C 7 @V7=8<8 B8?0<8 B5:ABC@=8E 

2V75@C=:V2 ?5@8:0@?VN (<>=>E@><=5 1V;5, AV@5 B0 A<C30AB5 7010@2;5==O). 

$57C;ьB0B8 5:A?5@8<5=B0;ь=8E 4>A;V465=ь ?V4B25@48;8 28A>:C 5D5:B82=VABь 

<5B>4C 4;O <V=V<V70FVW <V=;82>ABV F8D@>28E 40=8E. �AB0=>2;5=>, I> 
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AD>@<>20=89 @>1>G89 ?@>F5A <0є 28A>:C >1G8A;N20;ь=C <0AHB01>20=VABь V 

?>2=VABN 3>B>289 4> 157?>A5@54=ь>W B@0=A;OFVW >B@8<0=8E 40B0A5BV2 C ?@>ABV@ 

D0:BV2 (ABox) >=B>;>3VW HELIANTUS 4;O ?>40;ьH>3> 454C:B82=>3> 0=0;V7C C 

A8AB5<V «35=>B8? 4 A5@54>28I=89 AB@5A». 

5. #@0:B8G=0 FV==VABь @>7@>1;5=>3> V=AB@C<5=B0@VN ?V4B25@46CєBьAO 

CA?VH=8< 2?@>20465==O< @57C;ьB0BV2 4>A;V465=ь C A5;5:FV9=>-35=5B8G=C 

?@0:B8:C �=AB8BCBC >;V9=8E :C;ьBC@ !��! ':@0W=8. %B2>@5=0 V=D>@<0FV9=0 

B5E=>;>3VO, F8D@>2V <>45;V B0 AB@C:BC@>20=V 1078 40=8E 70157?5GCNBь =0A:@V7=C 

A8=B0:A8G=C AB0=40@B870FVN =0C:>2>-4>A;V4=8E @>1VB, 30@0=BCNG8 

=5AC?5@5G;8289 ?5@5EV4 2V4 AC1'є:B82=8E 2V7C0;ь=8E >FV=>: 4> 28A>:>B>G=8E 

<5B>4V2 02B><0B87>20=>3> A8AB5<=>3> 0=0;V7C 28EV4=>3> A5;5:FV9=>3> <0B5@V0;C. 

"A=>2=V =0C:>2V @57C;ьB0B8 @>74V;C >?C1;V:>20=> 2 ?@0FOE 02B>@0 

(�54<54є2, 2024; �54<54є2 B0 &5@5I5=:>, 2026; �54<54є20 B0 �54<54є2, 2026; 

 0E>20 B0 V=., 2024; Aliiev et al., 2024). 
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1. #@>2545=> A8AB5<=89 0=0;V7 ACG0A=8E ?@>F5AV2 F8D@>2>W 

B@0=AD>@<0FVW 03@0@=>W 30;C7V B0 287=0G5=> 28<>38 4> D>@<C20==O F8D@>2>3> 

A5@54>28I0 28@>IC20==O V A5;5:FVW A>=OH=8:C 2 C<>20E Agriculture 4.0. 

�AB0=>2;5=>, I> 5D5:B82=0 F8D@>20 B@0=AD>@<0FVO 03@0@=8E ?@>F5AV2 ?>B@51Cє 

?5@5E>4C 2V4 D@03<5=B0@=>3> =0:>?8G5==O V=D>@<0FVW 4> V=B53@>20=>3> 

28:>@8AB0==O @V7=>@V4=8E F8D@>28E 40=8E, O:V E0@0:B5@87CNBь 35=>B8?>2V, 

D5=>B8?>2V, 03@>B5E=>;>3VG=V, :;V<0B8G=V B0 5:>;>3VG=V ?0@0<5B@8. 

"1�@C=B>20=> =5>1EV4=VABь 70AB>AC20==O V=B5;5:BC0;ь=8E A8AB5< ?V4B@8<:8 

?@89=OBBO @VH5=ь, I> 107CNBьAO =0 ?>є4=0==V <5B>4V2 <0B5<0B8G=>3> 

<>45;N20==O, >=B>;>3VG=>3> ?@54AB02;5==O 7=0=ь B0 0=0;V7C F8D@>28E 40=8E. 

�87=0G5=> :;NG>2C =0C:>2>-?@0:B8G=C AC?5@5G=VABь, O:0 ?>;O30є C 

=52V4?>2V4=>ABV <V6 7@>AB0==O< >1AO3V2 F8D@>28E 03@>B5E=>;>3VG=8E 40=8E B0 

=54>AB0B=V< @V2=5< WE AB@C:BC@>20=>ABV, AB0=40@B870FVW 9 A5<0=B8G=>W AC<VA=>ABV 

4;O 02B><0B87>20=>3> 28:>@8AB0==O. *5 >1�@C=BC20;> =5>1EV4=VABь @>7@>1;5==O 

>=B>;>3VG=>W <>45;V A>=OH=8:C B0 F8D@>2>W B5E=>;>3VW D>@<C20==O A5<0=B8G=> 

AC<VA=8E =01>@V2 40=8E O: V=D>@<0FV9=>W >A=>28 V=B5;5:BC0;ь=>W A8AB5<8 

?V4B@8<:8 ?@89=OBBO @VH5=ь C F8D@>2V9 A5;5:FVW. 

2. '4>A:>=0;5=> F8D@>2C <>45;ь A>=OH=8:C =0 >A=>2V <>45;N20==O 

270є<>4VW «35=>B8? 4 A5@54>28I5», I> 70157?5GCє V=B53@0FVN @V7=>@V4=8E 40=8E 

?@> 35=>B8?>2V, D5=>B8?>2V, 03@>B5E=>;>3VG=V B0 5:>;>3VG=V E0@0:B5@8AB8:8 

@>A;8=8. �0?@>?>=>20=0 G>B8@8@V2=520 0@EVB5:BC@0 Digital Phenotyping System 

70157?5GCє ?>A;V4>2=5 >1’є4=0==O ?@>F5AV2 71>@C, 715@V30==O, >1@>1:8 B0 0=0;V7C 

F8D@>28E 40=8E, >B@8<0=8E C @57C;ьB0BV ;01>@0B>@=>3> V ?>;ь>2>3> 

D5=>B8?C20==O, 48AB0=FV9=>3> <>=VB>@8=3C B0 >FV=N20==O ?0@0<5B@V2 

=02:>;8H=ь>3> A5@54>28I0. $>7@>1;5=0 AB@C:BC@0 F8D@>2>W <>45;V AB2>@Nє 

V=D>@<0FV9=C >A=>2C 4;O D>@<C20==O F8D@>2>3> 42V9=8:0 @>A;8=8 A>=OH=8:C 

B0 70AB>AC20==O <5B>4V2 <0B5<0B8G=>3> V :><?’NB5@=>3> <>45;N20==O 4;O 

4>A;V465==O 70:>=><V@=>AB59 WW @>728B:C B0 040?B82=>ABV 2 @V7=8E C<>20E 

28@>IC20==O. 
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3. '4>A:>=0;5=> >=B>;>3VG=C <>45;ь 03@>A8AB5<8 28@>IC20==O 

A>=OH=8:C HELIANTHUS, O:0 70157?5GCє V=B53@0FVN @V7=>@V4=8E 40=8E ?@> 

35=>B8?>2V E0@0:B5@8AB8:8, D5=>B8?>2V >7=0:8, A5;5:FV9=V ?@>F5A8, 

03@>B5E=>;>3VG=V ?0@0<5B@8, :;V<0B8G=V ?>:07=8:8 B0 5:>;>3VG=V D0:B>@8 C 

є48=><C A5<0=B8G=><C V=D>@<0FV9=><C ?@>AB>@V. �0?@>?>=>20=0 <>45;ь 

70157?5GCє D>@<0;V70FVN 7=0=ь ?@54<5B=>W >1;0ABV =0 @V2=OE TBox B0 ABox, I> 

4>72>;Oє 28:>=C20B8 ;>3VG=5 282545==O, 2AB0=>2;N20B8 ?@8G8==>-=0A;V4:>2V 

72’O7:8 C A8AB5<V «35=>B8? 4 A5@54>28I5» B0 D>@<C20B8 V=D>@<0FV9=C >A=>2C 

4;O DC=:FV>=C20==O V=B5;5:BC0;ь=8E A8AB5< ?V4B@8<:8 ?@89=OBBO @VH5=ь C 

F8D@>2V9 A5;5:FVW A>=OH=8:C. 

4. $>7@>1;5=> <5B>4 F8D@>2>3> D5=>B8?C20==O @>A;8==8E >1'є:BV2 =0 

>A=>2V 7>1@065=ь, O:89 70157?5GCє 02B><0B87>20=5 284V;5==O B0 :V;ь:VA=C >FV=:C 

<>@D>;>3VG=8E, AB@C:BC@=8E V :>;V@=8E E0@0:B5@8AB8: >1’є:BV2 70 F8D@>28<8 

7>1@065==O<8. �0?@>?>=>20=89 <5B>4 >1@>1:8 7>1@065=ь ?V428ICє 

4>AB>2V@=VABь >B@8<0==O D5=>B8?>28E 45A:@8?B>@V2, I> D>@<CNBь 

AB0=40@B87>20=V F8D@>2V >7=0:8 @>A;8=8 B0 70157?5GCNBь WE ?>40;ьHC 

V=B53@0FVN 2 >=B>;>3VG=C <>45;ь, 107C 7=0=ь V V=B5;5:BC0;ь=C A8AB5<C ?V4B@8<:8 

?@89=OBBO @VH5=ь C F8D@>2V9 A5;5:FVW A>=OH=8:C. 

5. '4>A:>=0;5=> F8D@>2C B5E=>;>3VN D5=>B8?C20==O V7 D>@<C20==O< 

V=B53@>20=8E =01>@V2 40=8E (datasets) 4;O F8D@>2>W A5;5:FVW A>=OH=8:C, O:0 

70157?5GCє 02B><0B87>20=89 71V@, AB0=40@B870FVN, A5<0=B8G=5 C73>465==O B0 

715@565==O D5=>B8?>28E 40=8E 2V4?>2V4=> 4> >=B>;>3VG=>W <>45;V HELIANTUS. 

�0?@>?>=>20=0 B5E=>;>3VO 70157?5GCє B@0=AD>@<0FVN @57C;ьB0BV2 F8D@>2>3> 

D5=>B8?C20==O C AB@C:BC@>20=V V=D>@<0FV9=V @5AC@A8, ?@840B=V 4;O =0?>2=5==O 

1078 7=0=ь B0 ?>40;ьH>3> 28:>@8AB0==O 2 V=B5;5:BC0;ь=8E A8AB5<0E ?V4B@8<:8 

?@89=OBBO @VH5=ь, <5B>40E V=B5;5:BC0;ь=>3> 0=0;V7C 40=8E V ?@548:B82=>3> 

<>45;N20==O. 

6. $>7@>1;5=> :>=F5?BC0;ь=V B0 B5E=>;>3VG=V 70A048 AB2>@5==O 

V=B5;5:BC0;ь=>3> V=D>@<0FV9=>3> A5@54>28I0 F8D@>2>W A5;5:FVW A>=OH=8:C, I> 



208 

 

 

 

107CєBьAO =0 V=B53@0FVW F8D@>2>W <>45;V @>A;8=8, >=B>;>3VG=>3> ?@54AB02;5==O 

7=0=ь, <5B>4V2 :><?’NB5@=>3> 7>@C B0 B5E=>;>3VW D>@<C20==O A5<0=B8G=> 

AC<VA=8E =01>@V2 40=8E, AB2>@NNG8 V=D>@<0FV9=C >A=>2C 4;O DC=:FV>=C20==O 

V=B5;5:BC0;ь=8E A8AB5< ?V4B@8<:8 ?@89=OBBO @VH5=ь ?@8 28@>IC20==V 

A>=OH=8:C. 

"B@8<0=V @57C;ьB0B8 @>1;OBь 2=5A>: C 28@VH5==O 287=0G5=>W :;NG>2>W 

=0C:>2>-?@0:B8G=>W AC?5@5G=>ABV, O:0 ?>;O30є C =52V4?>2V4=>ABV <V6 7@>AB0==O< 

>1AO3V2 F8D@>28E 03@>B5E=>;>3VG=8E 40=8E B0 =54>AB0B=V< @V2=5< WE 

AB@C:BC@>20=>ABV. 
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�"��&"� � �=AB@C<5=B0;ь=V 70A>18 @>7@>1:8 

  

�=AB@C<5=B0;ь=V 70A>18 @>7@>1:8. �;O D>@<0;V70FVW 0=3;><>2=8E 

A?5F8DV:0FV9 3@0DVG=>3> <0B5@V0;C, 0 B0:>6 4;O B5:ABC0;ь=>-AB8;VAB8G=>3> 

0=0;V7C B0 @5403C20==O @>74V;V2 48A5@B0FV9=>3> 4>A;V465==O 2V4?>2V4=> 4> 28<>3 

0:045<VG=>3> AB8;N  "! ':@0W=8, 1C;> 70;CG5=> V=AB@C<5=B0@V9 35=5@0B82=>3> 

HBCG=>3> V=B5;5:BC =0 107V @>7H8@5=8E <>2=8E <>45;59 (7>:@5<0, LLM Gemini 

2V4 Google)» 

�;O 35=5@0FVW @8AC=:C 4.1.1 

A high-resolution scientific architecture diagram for a PhD dissertation in System 

Analysis, presented as a 3-step pipeline with clear Ukrainian text labels.  

 

The image layout is split horizontally into three distinct, interconnected panels: 

 

1. LEFT PANEL (Module 1: Computer Vision & Image Processing - Python, 

OpenCV): 

- Starts with an input thumbnail image showing a close-up pile of black and striped 

sunflower seeds. 

- An arrow leads into a block diagram flow: "�>;V@=0 :>=25@B0FVO (RGB -> HSV)" -

> down arrow -> "�>=BC@=89 0=0;V7 & �V=0@=0 A53<5=B0FVO" -> down arrow -> 

"��)��: �2B><0B8G=5 28;CG5==O  <>@D>;>3VG=8E 45A:@8?B>@V2". 

 

2. MIDDLE PANEL (Module 2: Structured Repositories - Excel Datasets): 

- A large, crisp screenshot of an open Microsoft Excel spreadsheet acting as a data 

repository. 

- Columns are cleanly labeled with scientific features like: "Sample_ID", "Area_mm2", 

"Circularity", "Mean_Hue_HSV", "Defect_Score", "Genotype". 

- Rows are filled with numerical metrics and strings (e.g., Line_A1, 398.00, 0.9955, 

18.17365). 
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3. RIGHT PANEL (Module 3: Ontology Mapping Subsystem - Protégé 5.5, 
HELIANTUS): 

- A clean UI screenshot of the Protégé 5.5 ontology editor. 

- The Class Hierarchy panel is visible on top, showing an expanded tree: 

"SeedPhenotype" -> "MorphologicalDescriptor", "SpectralDescriptor". 

- Below it, the "Datatype Properties" panel is highlighted, listing properties like: 

"hasAreaValue", "hasHueValue", "belongsToGenotype". 

 

INTEGRATION AND CONNECTIONS: 

- From the Left Panel (Output) to the Middle Panel, there is a prominent red arrow 

showing data flow. 

- Between the Middle Panel (Excel columns) and the Right Panel (Datatype 

Properties), there are multiple parallel, dashed red arrows pointing horizontally to 

represent "���#"%�$��!Є �""$��!�&!� ���"�$���!!/ (Mapping)". 

- On the far right, a final output block reads: "��)��: %5<0=B8G=> AC<VA=V <0A828 
40=8E, 3>B>2V 4> 7020=B065==O C ?@>ABV@ D0:BV2 (ABox)". 

 

STYLE: Clean corporate and academic style, minimal light background, precise 

engineering layout, sharp readable fonts, professional vector look, no realistic human 

hands or artistic clutter. 

 

�;O 35=5@0FVW @8AC=:C 4.6.1 

A highly detailed, professional scientific flowchart for a PhD dissertation in System 

Analysis, illustrating an image processing pipeline for plant seed analysis. The diagram 

uses a clean, modern academic design with a light gray background and clear Ukrainian 

text labels. The layout flows sequentially across three main vertical panels from left to 

right. 
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1. INPUT & LEFT PANEL (#$�#$"*�%�!� - Preprocessing): 

- Top input block: "�EV4: �>1@065==O =0AV=8=8 (>@Vє=B>20=5 ?> 4V03>=0;V)". 

- Below it, a thumbnail shows a single sunflower seed tilted diagonally with the label 

"-45° rotation". 

- An arrow leads to a process block: "#>2>@>B =0 +315° (28@V2=N20==O)" with a 
rotation icon. 

- Next block: ""1@V7:0 G>@=8E 4V;O=>:" with a scissors icon. 

- Bottom thumbnail shows the sunflower seed now perfectly aligned vertically. 

 

2. MIDDLE PANEL (%�� �!&�*�/ &� �!���� - Segmentation and Analysis): 

- A continuous vertical pipeline connected by arrows: 

  * Block 1: "$>74V;5==O :0=0;V2: R, G, B" with a small seed icon. 

  * Block 2: "#>@>3>20 DV;ьB@0FVO: R,G,B < 100" with a settings/sliders icon. 

  * Block 3: "(>@<C20==O 1V=0@=>W <0B@8FV (numb_matrix)" with a binary grid icon. 

  * Block 4: "#@82545==O 4> :204@0B=>W D>@<8" with an axis/grid icon. 

- Then, a split block titled "�!���� ����"!����" containing two parallel sub-

blocks: "�=0;V7 �>;>2=8E �V03>=0;59 (4>268=0)" and "�=0;V7 #>1VG=8E 
�V03>=0;59 (H8@8=0)". 

- Bottom block of this panel: "#"�'�"��  "���� $" �' (2?8A0=89 :>=BC@)" 
with a diamond/rhombus icon. 

 

3. RIGHT PANEL (�����$'��!!/ &� ����� - Calibration and Output): 

- Top large section: "$"�$�)'!"� ��" �&$�+!�) #�$� �&$�� (2 
?V:A5;OE)" with a rhombus geometry icon on the top left. 

  * Inside, a structured table contains two sections on the left: "�EV4=V 40=V (2 
?V:A5;OE)" lists [firstAngle, secondAngle, thirdAngle, fourthAngle, square] and 
[S_Dug1, S_Dug2, S_Dug3, S_Dug4]. "�8EV4=V 40=V (<V;V<5B@8/3@04CA8)" lists 
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[S_Dug1, S_Dug2, S_Dug3, S_Dug4] and [zolH, zolW, heightSeed (?V:A), widthSeed 
(?V:A)]. 

  * To the right of the table, mathematical equations are clearly rendered:  

    line_a = mm(a-, line_b) / line_a 

    line_b = mm(b-, line_b) / line_b 

    line_c = mm(a-, line_c) / line_c 

    line_d = mm(c-, line_d) / line_d 

- Middle section: "�����$'��!!/" flowchart: 

  * "�87=0G5==O 5B0;>=0 (H01;>=C)" -> arrow -> "$"�$�)'!"� *�!� #��%��/ 
(*#)". 

  * Next to it, the formula box: *# = mm(D0:B8G=0 4>268=0) / ?V:A(:V;ь:VABь 
?V:A5;V2 H01;>=C). 

- Lower section: A horizontal merger: "#�$�����!!/ $"� �$�� '  �&$�+!� 
"��!�*�" and a box with the formula: "�V=F5289 @>7@0EC=>:: $>7<V@(<<) = 
$>7<V@(?V:A) * *#". 

 

4. OUTPUT & BOTTOM: 

- A final horizontal block at the bottom right: "�82V4: �15@565==O @57C;ьB0BV2 
(results.csv)" with a document/file icon. 

 

STYLE REQUIREMENTS: Linear, technical, precise layout, flat design, professional 

color scheme using shades of light blue, gray, and dark text. All text must be in clean, 

crisp, highly legible Cyrillic/Ukrainian sans-serif font. No artistic elements, no human 

hands, no 3D reflections. 
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�"��&"� �  (@03<5=B8 :>4C 
 

 

�VAB8=3 �.1 4  >4C;ь >1@>1:8 7>1@065=ь 
 
import os 
import numpy as np 
import csv 
from PIL import Image 
import cv2 
import math 
 
 
IMAGES_DIRECTORY = '9-11' 
 
 
def main(): 
    results = [] 
 
    for filename in os.listdir(IMAGES_DIRECTORY): 
        file_path = os.path.abspath(os.path.join(IMAGES_DIRECTORY, filename)) 
 
        if not os.path.isfile(file_path): 
            continue 
 
        result = process_image(file_path) 
 
        if result is not None: 
            results.append(result) 
 
    headers = [ 
        'Name', 'lineA', 'lineB', 'lineC', 'lineD', 
        'firstAngle', 'secondAngle', 'thirdAngle', 'fourthAngle', 
        'square', 'S_Dug1', 'S_Dug2', 'S_Dug3', 'S_Dug4', 
        'zolH', 'zolW', 'widthSeed', 'heightSeed' 
    ] 
 
    with open('results.csv', 'w', newline='', encoding='utf-8') as f: 
        writer = csv.writer(f, delimiter=';') 
        writer.writerow(headers) 
        writer.writerows(results) 
 
 
if __name__ == "__main__": 
    main() 

 

 

�VAB8=3 �.2 4 "1@>1:0 >4=>3> 7>1@065==O B0 284V;5==O >7=0: 
 
def process_image(path): 
    image = Image.open(path) 
 
    image = image.rotate(325, resample=Image.Resampling.BILINEAR) 
    image = image.crop((250, 258, 1437, 974)) 
 
    image_np = np.array(image) 
    image_cv = cv2.cvtColor(image_np, cv2.COLOR_RGB2BGR) 
 
    r, g, b = cv2.split(image_np) 
 
    binary_mask = (b > 37).astype(np.uint8) 
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    area = np.sum(binary_mask) 
 
    if area < 40000: 
        return None 
 
    max_row, max_col = find_coordinates(binary_mask) 
 
    if not max_row or not max_col: 
        return None 
 
    (x1, y1), (x2, y2) = max_row 
    (x3, y3), (x4, y4) = max_col 
 
    lineA = abs(y1 - y2) 
    lineB = abs(y2 - y1) 
    lineC = abs(x3 - x4) 
    lineD = abs(x4 - x3) 
 
    width = lineA + lineB 
    height = lineC + lineD 
 
    return [os.path.basename(path), lineA, lineB, lineC, lineD, 
            0, 0, 0, 0, 
            area, 0, 0, 0, 0, 
            0, 0, width, height] 
 

�VAB8=3 �.3 4 #>HC: :>>@48=0B AB@C:BC@8 >1’є:B0 
 
def find_sequences(lst, min_length=120): 
    sequences = [] 
    start = -1 
 
    for i, val in enumerate(lst): 
        if val == 1: 
            if start == -1: 
                start = i 
        else: 
            if start != -1 and i - start >= min_length: 
                sequences.append((start, i - 1)) 
            start = -1 
 
    if start != -1 and len(lst) - start >= min_length: 
        sequences.append((start, len(lst) - 1)) 
 
    return sequences 
 
 
def find_coordinates(matrix): 
    max_row = None 
    max_col = None 
    max_row_len = 0 
    max_col_len = 0 
 
    rows, cols = len(matrix), len(matrix[0]) 
 
    for i in range(rows): 
        for start, end in find_sequences(matrix[i]): 
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            if end - start > max_row_len: 
                max_row_len = end - start 
                max_row = ((i, start), (i, end)) 
 
    for j in range(cols): 
        col = [matrix[i][j] for i in range(rows)] 
        for start, end in find_sequences(col): 
            if end - start > max_col_len: 
                max_col_len = end - start 
                max_col = ((start, j), (end, j)) 
 
    return max_row, max_col 
 
 

�VAB8=3 B.4 4 �=0;V7 7>1@065==O 70 4V03>=0;;N B0 D>@<C20==O A?5:B@0;ь=8E >7=0: 
 
import os 
import csv 
import numpy as np 
import pandas as pd 
from PIL import Image 
 
IMAGES_DIRECTORY = '514' 
STATISTICS_DIRECTORY = 'statistics514' 
IMAGE_SIZE = 1200 
LINES_COUNT = 8 
 
 
def main(): 
    results = [] 
 
    for filename in os.listdir(IMAGES_DIRECTORY): 
        file_path = os.path.abspath(os.path.join(IMAGES_DIRECTORY, filename)) 
 
        if os.path.isfile(file_path): 
            results.append(process_image(file_path)) 
 
    headers = get_headers() 
 
    with open('514.csv', 'w', newline='') as f: 
        writer = csv.writer(f, delimiter=';') 
        writer.writerow(headers) 
        writer.writerows(results) 
 
 
def get_headers(): 
    headers = ['Name'] 
 
    for i in range(1, LINES_COUNT - 1): 
        headers += [f'red_avg{i+1}', f'green_avg{i+1}', f'blue_avg{i+1}'] 
 
    return headers 
 
 
def process_image(path): 
    image = Image.open(path).resize((IMAGE_SIZE, IMAGE_SIZE)) 
    pix = image.load() 
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    filename = os.path.basename(path) 
 
    return [filename] + process_image_pix(filename, pix) 
 
 
def process_image_pix(filename, pix): 
 
    if not os.path.exists(STATISTICS_DIRECTORY): 
        os.makedirs(STATISTICS_DIRECTORY) 
 
    csv_filename = os.path.join( 
        STATISTICS_DIRECTORY, 
        os.path.splitext(filename)[0] + '.csv' 
    ) 
 
    with open(csv_filename, 'w', newline='') as f: 
        writer = csv.writer(f, delimiter=',') 
 
        writer.writerow(['x', 'y', 'r', 'g', 'b', 'r_razn', 'g_razn', 'b_razn']) 
 
        for i in range(1, IMAGE_SIZE): 
            r, g, b = pix[i, i] 
 
            diff = np.abs( 
                np.array(pix[i, i]) - np.array(pix[i - 1, i - 1]) 
            ) 
 
            rrazn, grazn, brazn = diff 
 
            writer.writerow([i, i, r, g, b, rrazn, grazn, brazn]) 
 
    statistics = pd.read_csv(csv_filename, delimiter=',') 
    statistics = statistics.sort_values(by="r_razn", ascending=False) 
 
    newdf = statistics.nlargest(LINES_COUNT, "r_razn") 
 
    return [filename] + process_statistics(newdf, statistics) 
 
 
def process_statistics(newdf, statistics): 
 
    max_values = [] 
    for _ in range(0, LINES_COUNT - 1): 
        max_val = max(x for x in newdf['x'] if x not in max_values) 
        max_values.append(max_val) 
 
    max_values.reverse() 
 
    filtered = [statistics[statistics.x < max_values[0]]] 
 
    for i in range(1, len(max_values)): 
        filtered.append( 
            statistics[ 
                (statistics['x'] < max_values[i]) & 
                (statistics['x'] >= max_values[i - 1]) 
            ] 
        ) 
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    filtered.append(statistics[statistics.x >= max_values[-1]]) 
 
    results = [] 
 
    for i in range(1, LINES_COUNT - 1): 
        red_avg = int(filtered[i]['r'].mean()) 
        green_avg = int(filtered[i]['g'].mean()) 
        blue_avg = int(filtered[i]['b'].mean()) 
 
        results += [red_avg, green_avg, blue_avg] 
 
    return results 
 
 
if __name__ == "__main__": 
    main() 
 


