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Abstract. The article is aimed at analyzing the information support for the study
of rapeseed quality in Ukraine, including export dynamics, problems with information,

the formation of a metadata system and the assessment of yield stability to strengthen
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export positions. The ultimate goal is substantiation of measures to strengthen
Ukraine's position in the world rapeseed markets by improving the quality and stability
of production processes. Results: The analysis of the global rapeseed market for 2023
revealed that Ukraine, ranking third in terms of export volumes, has the lowest average
cost per kilogram of products (0.3853 USD), which is significantly inferior to the prices
of other leading exporters, for example, France (0.8907 USD/kg). ISO international
standards, which complicates standardization and information exchange. In response,
a conceptual metadata system was developed and presented, including key quality
indicators such as glucosinolate and chlorophyll content (according to ISO/TS
12788:2022). The application of statistical control maps to rapeseed yield data in
Ukraine for 2000-2022 showed that the yield process is not in a state of statistical
control, as evidenced by the exit of individual points beyond the established control
limits. This indicates the presence of special causes of variations that require detailed
examination and elimination. Conclusions: The study highlights the critical need to
improve information support and quality control to stabilize the export position of
Ukrainian rapeseed. The methodology of statistical control maps is an effective
monitoring tool. Systemic measures, including investments in technology and
compliance with international standards, are vital to ensure product quality and
increase competitiveness in the global market.

Keywords: rapeseed, algorithm of data collection, methodology of control maps,

statistical support of management.
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Anomauin. Memoro cmammi € awnaniz iHGoOpmayitiHoco 3abe3neyenis
00CNI0MHCEH S IKOCMI PInaky 6 YKpaiui, 6Kuouaoyu OUHAMIKY eKCnopmy, npooiemu 3
iHpopmayieto, opmysanHs cucmemu MemaoaHux ma OyiHKy cmabintbHOCmi
gpooicatinocmi 011 3MiyHeHHss ekcnopmuux nosuyiu. Kinyesoro memoro €
00TPYHMYBAHHS 3aX00i8 OJis 3IMIYHEeHH NO3uYil YKpainu Ha c8imMosuUx puHKax pinaxy
WLTIAAXOM NIOBUWEHHST AKOCMI ma CcmabiibHocmi 8upoOHUyux npouecie. Memoou:
Bukopucmano memoou cucmemnoco ma cmamucmuuno2o ananizy, 3okpema oani UN
Comtrade (2023) onsn excnopmy ma Jepowcasnoi cuyscou cmamucmuxu (2000-2022)
onsi epoocaunocmi. Kniouoeum iHcmpymenmom cmamucmuyHo2o auanizy cmana
Memooon02is KOHMPOALHUX Kapm (30Kpema, KOHmpoabhi Kapmu cepednvozo (X) ma

posmaxie (R), wo oossonuna sizyanizysamu ma oyinumu cmabilbHICMb npoyecy
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8pOdCAUHOCII DINAKY, GUABUSWIU MOYKU, SKI GUUULIU 3A MeHCi CMAMUCMUYHO20
Kowmpoaio. Bukxopucmanusa yici memooonocii € o0cobauso yiHHUM 8 YMO8ax
obmediceno2o  docmyny 00  iHGopmayii, CHPUYUHEHO20  BOEHHUM  CHIAHOM.
Pesynomamu: Ilposedenuii ananiz ceimosozo punky pinaxy 3a 2023 pik eussus, wo
Ykpaina, nocioarouu mpeme micye 3a obcsaeamu eKCNOPmMy, MA€ HAUHUNCY)Y CEPeOHIO
sapmicmsb 3a kinoepam npooykyii (0,3853 don. CIIIA), wo 3nauno nocmynacmcsi
yinam iHwux nposionux excnopmepis, nanpuxiao, @Ppanyii (0,8907 oon. CLLIA/xe). L]e
8KA3YE HA NOMEHYIUHI npodemMu 3 AKICMI0 ab0 MAPKEMUH2OM YKPAIHCbKO20 PInaxy.
Hocniooicennss makoxc niomeepouno GIOCYMHICMb  VHIQIKOBAHUX CMPYKMYPHUX
Memaoanux 0as mosapuoi kameeopii "pinax" y mixcnapoonux cmanoapmax 1SO, wo
VCKIAOHIOE cmanoapmuzayito ma oOMiH ingopmayicro. YV 6ionosiob na ye 6yno
PO3p0o0ONIeHO ma npeodCmasieHo CUCMeM)y KOHYENnmyaibHUX MemaoaHux, wo 6KIoyac
KAIOYO08I NOKAZHUKU SIKOCMI, MAKI K 6MICM 2IIOKO3UHOAAMIE ma Xaopo@iny (32iono 3
ISO/TS 12788:2022). 3acmocysanns cmamucmuyHux KOHMPOIbHUX KApmM 00 OAHUX
gpooicaunocmi  pinaxy 6 VYkpaini 3a 2000-2022 poxu noxazano, wo npoyec
8podCAUHOCMI He nepebysac y cmani CmamucmuyHo20 KOHmMpoio, Npo wo cei04umsy
BUXIO OKpeMUX MOYOK 3d CMAHOBIEH] KOHMPOIbHI medxci. Lle exazye na nasenicmo
ocoonuBUX npuduH eapiayiu, SAKI nompeodyioms 0emanbHo20 00CMeddCeHHs ma
yeynenus. Bucnoeku: Jlocnioocenns niokpecnioe Kpumuuny nompe6y 8 NOKpaueHHi
iHghopmayitinoco 3abe3neuerHHss ma KOHMpOIO AKOCMI 01 Cmaoinizayii eKCnopmHux
no3uyitl yKpaincokoeo pinaxy. Memooonoeiss cmamucmuyHux KOHMPOIbHUX KAPM €
epekmuenum  iHcmpymenmom MoHimopuney. Cucmemui 3axoou, GKIOUAYU
iHBecmuyii 8 mexHoa02ii ma 8i0N0GIOHICMb MINCHAPO OHUM CIAHOAPMAM, € HCUMMEBO
gadichiusumu Ol 3a0e3neyeHHsi  AKOCMi  NpoOYKyii  ma  Ni0GULYEHHs.
KOHKYDEHMOCHPOMONCHOCMI HA CEIMOBOM) PUHK) .

Kniouosi cnosa: pinak, arcopumm 300py O0aHux, Memooono2cis KOHMPOIbHUX

Kapm, cmamucmuydHe 3abe3neveHHs yl’lpCZGJZiHH}Z.
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Problem statement. At the present stage of development of the world economy,
especially in the context of global instability and military conflicts, ensuring food
security and stability of the agricultural sector is of paramount importance. Ukraine, as
one of the world's leading exporters of agricultural products, faces unique challenges
that affect the quality and competitiveness of its agricultural products in international
markets. In particular, rapeseed, which plays a significant role in the country's economy
and is an object of export to the countries of the European Union, requires a systematic
approach to quality control and information support.

The key unresolved problem is the lack of a comprehensive and effective
information support system that would allow for operational monitoring of the quality
of agricultural products, in particular rapeseed, at all stages of its production and sale.
This includes problems with access to systematized data on vyields, qualitative
characteristics, as well as the lack of unified metadata in international standards, which
complicates the transparency and efficiency of trade operations. The existing gaps in
information support lead to a decrease in the competitiveness of Ukrainian products in
world markets, as evidenced, in particular, by the lower export value of Ukrainian
rapeseed compared to other countries.

The connection of this problem with important scientific tasks lies in the need to
develop and adapt modern methodologies of statistical analysis for assessing and
controlling the quality of agricultural products in the context of dynamic changes. This
requires the integration of advanced analytical tools, such as statistical control maps,
to identify and address factors of instability in production processes. From a practical
point of view, solving this problem is critical for ensuring the compliance of Ukrainian
agricultural products with international standards, increasing their export potential and
strengthening the country's economic resilience. In addition, the introduction of
modern educational technologies (EdTech) plays a key role in training qualified
personnel who are able to work effectively with large amounts of data, apply the latest

quality control methods and contribute to the digitalization of the agricultural sector,
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which is an important scientific and practical task for the development of the industry
as a whole.

Analysis of recent research and publications. The study of the quality of
agricultural products, the efficiency of their production and export, as well as the role
of information support in these processes, is the subject of constant attention of the
world and domestic scientific community. A review of the latest publications for the
period 2020-2025 indicates a growing interest in the stabilization of the agricultural
sector in the face of global challenges, in particular the impact of climate change,
economic crises and geopolitical conflicts.

The works of many scientists around the world are devoted to the study of the
rapeseed market. Considering the theoretical aspects of the development of the
rapeseed market, the works of O. V. Maslak were of scientific interest to us [1], Bardina
Y. B. [2], Golikova A.P. [3], Kovalchuk G.M. [4]. The practical aspects of the rapeseed
market were dealt with by Kostenko N. P. [5], Melnyk A. V. [6], Chekhov S. A. [7]
and others. However, the works of most of the above-mentioned scientists reveal only
narrow aspects related to the rapeseed market and are not aimed at a systematic
comprehensive study of this product category.

A significant number of works are devoted to the analysis of world markets for
agricultural products, in particular oilseeds. Researchers are actively studying the
dynamics of prices, production and export volumes, as well as factors affecting the
competitiveness of products of different countries. Research on the impact of the war
in Ukraine on global food markets and logistics chains is relevant, emphasizing the
need to adapt and find new ways to ensure export potential.

A separate block of research focuses on methods of assessing and controlling the
quality of agricultural products. Modern publications actively consider the application
of statistical methods, such as Statistical Process Control (SPC), for monitoring and
quality management at all stages of production, from sowing to storage. In particular,

control maps, as an SPC tool, are increasingly being used to detect anomalies and
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inconsistencies in production processes, which is critical to ensuring sustainable
product quality.

At the same time, considerable attention is paid to the issues of information
support of the agricultural sector. Publications in recent years emphasize the
importance of digitalization, the development of data collection and analysis systems,
as well as the formation of metadata to increase the transparency and efficiency of
agricultural process management. More and more studies are looking at the role of
educational technologies (EdTech) in training specialists for the agricultural sector,
improving their skills in the field of working with data, applying the latest technologies
and understanding international quality standards. This includes the development of
online courses, interactive learning platforms, as well as the use of simulation models
to put knowledge into practice.

However, despite the significant amount of research carried out, there are
unresolved issues that require further in-depth analysis. In particular, the aspects of
integrating EdTech tools directly into the processes of information support for quality
control of agricultural products in times of crisis are not sufficiently studied. There is
also a gap in research on the specific application of statistical control maps to analyze
rapeseed yields in Ukraine, taking into account regional characteristics and the
influence of external factors, as well as the lack of national standards for the
recommended vyield level. Existing studies often focus on general aspects without
providing detailed analysis of specific metadata for individual product categories,
which is critical for harmonization with international requirements.

Selection of previously unresolved parts of the general problem. Despite
significant scientific achievements in the field of agrarian economics, product quality
and information support, a number of aspects of the general problem remain
insufficiently studied or require additional in-depth research, especially in the context
of modern challenges for Ukraine. In particular, the following key issues remain

unresolved:
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e instability of the rapeseed yield process and the lack of scientifically based
methods of its control in Ukraine;

e the impact of EdTech on the formation of information quality assurance of
agricultural products in wartime.

These unresolved parts of the problem are critical for understanding the general
state of information assurance of the quality of agricultural products in Ukraine and its
competitiveness. Their study will allow not only to identify hidden factors affecting
quality and export potential, but also to develop specific recommendations to improve
the efficiency of the agricultural sector.

Formulation of the objectives of the article (statement of the task). On the
basis of the selected unresolved parts of the general problem, the purpose of the
article is to develop theoretical and methodological foundations and practical
recommendations for improving the information support for the study of the quality of
agricultural products, in particular rapeseed, in Ukraine, taking into account modern
challenges and opportunities of educational technologies. The objectives of the article
reflect the relevance of the research as it is aimed at solving urgent problems of the
agricultural sector of Ukraine in the conditions of war and global economic instability.
The sequence of tasks provides a logical structure of the study, starting from the general
market analysis, moving on to the specifics of metadata and statistical quality control,
and ending with the development of practical recommendations. The formulated goals
are objective and scientifically grounded, emphasizing the importance of a new
contribution to the development of the theory and practice of information quality
assurance of agricultural products.

In the context of war and global economic instability caused by the aggression
against Ukraine, the effective functioning of the agricultural sector is the key to food
security. This requires not only adaptation of the rapeseed market to new conditions,
but also strengthening information support and product quality control. In this context,
educational technologies (EdTech) are of particular importance, which can contribute

to the rapid dissemination of knowledge about new quality standards, data analysis
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methods and innovative approaches to the cultivation and processing of agricultural
products. EdTech is a key tool for training specialists who are able to work effectively
with metadata and ensure compliance of products with international requirements,
which is critically important for maintaining Ukraine's competitiveness in the global
market.

Rapeseed is one of the oldest agricultural crops, which became known 4
thousand years ago. Studying the origin of rapeseed, it was found that the most
common theory to which most scientists are inclined is the origin of rapeseed from the
northwest coast of Europe. The peak of the distribution of rapeseed in Europe occurred
in the middle of the XIX century, where this crop, together with other oil cruciferous
plants, was used for the manufacture of technical oils. The area under it in Germany
alone at that time reached 300 thousand ha [2]. It was from Germany at the beginning
of the twentieth century that rapeseed came to Western Ukraine, where it quickly
spread and gained popularity as a cheap fodder crop.

With the development of technologies for the production of cheap mineral
technical oils at the beginning of the XX century, the popularity of rapeseed began to
decline, which led to a significant reduction in the area for its cultivation in Europe.
However, it was the development of technology that gave impetus to the filtration of
rapeseed oil and its use in the food industry, which literally saved Europe during the
First World War. By the early 1950s, rapeseed production in Ukraine was almost
completely curtailed. The main reason was the intensive expansion of sunflower
production, with which rapeseed could not compete economically. This decision was
also influenced by the lack of methodological support for the conditions of sowing and
harvesting rapeseed, which led to the fact that rapeseed was sown in territorial zones
with significant temperature fluctuations throughout the year. According to the
Harmonized Commodity Description and Coding System (HS), the code of this product
at level 4 HS 2017 is 120510 [8].

We will use the data from UN Comtrade to conduct a study and review the

volumes of rapeseed exports in the world and in Ukraine for 2023 (Table 1).
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In total, for the period of 2023, 51 countries are exporters of rapeseed. Moreover,
Canada became the largest exporter in the world in 2023, both in terms of trade value
and export volume. The most expensive rapeseed was exported by France - $ 0.8907.
per kilogram, and in terms of export volumes it is in 5th place. Speaking about Ukraine,
it is possible to notice that with a significant volume of exports, the average cost per 1
kg is the lowest (0.3853 US dollars), which is more than two times cheaper than French
rapeseed. These data clearly confirm the analysis of foreign trade of group 12 in

subsection 1.2.

Table 1

Top rapeseed exporting countries on the world market for 2023

Trade value, : Cost, USD
Ne Exporting country usD ngl? tnet, USA

USA g Ikg
1 | Canada 4461122054 7087518225 | 0,629434
2 | Australia 3334578758 5752467650 | 0,579678
3 | Ukraine 1100897063 2857426224 | 0,385276
4 | Romania 697894621 1404986793 | 0,496727
5 | France 528994324 593867383 | 0,890762
6 | Netherlands 298019272 556093439 | 0,535916
7 | Latvia 248304997 504923145 | 0,491768
8 | Poland 278627751 504855288 | 0,551896
9 | Belgium 214152719 373583668 | 0,573239
10 | Hungary 220199771 367057964 | 0,599905

Source: built by the author based on materials UN Cometrade Database (product

code HS (as reported) — 120510) [9].

The high demand for Ukrainian rapeseed determines the relevance and urgency
of studying the quality of yield of the commodity category, for the development of the
economy as a whole. Research and planning of rapeseed yield currently faces a number
of problems related to obtaining information:

- during the war and economic instability, access to some information about
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strategic institutions of the agricultural sector may be limited (partially or completely);
- lack of systematized information on the volume of consumption and
production of rapeseed in the regions;
- lack of complete information on the yield of rapeseed grown in different
regions of the country.

Solving existing problems related to obtaining information and introducing
modern technologies in the cultivation, processing and transportation of rapeseed can
help strengthen Ukraine's position in the world market. Investing in the agricultural
sector, improving logistics infrastructure, and ensuring that products meet international
quality standards are key steps to achieve these goals.

To conduct an analytical assessment, we analyzed the results of rapeseed yield

(winter and spring) depending on the types of enterprises (Table 2).

Table 2
Dynamics of rapeseed yield in Ukraine for 2000-2022
Iﬁiﬁ%ﬁ Year o Y|eld>§<2: el 1)2?)’XI . Amount| Average X| Scope R
1 2000 9,7 84 | 74 6,7 | 322 8,05 3
2 2001 | 141 | 124 | 11,8 | 129 | 512 12,8 2,3
3 2002 8,3 87 | 86 91 | 347 8,675 0,8
4 2003 | 115 94 | 76 99 | 384 9,6 3,9
5 2004 | 142 | 139 | 12,9 | 138 | 548 13,7 13
6 2005 | 133 | 147 | 138 | 116 | 534 13,35 3,1
7 2006 | 137 | 157 | 148 | 168 | 61 15,25 3,1
8 2007 | 124 | 131 | 11,6 | 138 | 509 12,725 2,2
9 2008 | 163 | 210 | 186 | 222 | 781 19,525 5,9
10 2009 | 135 | 187 | 158 | 199 | 67,9 16,975 6,4
11 2010 - 17,0 | 150 | 175 | 495 12,375 2,5
12 2011 - 174 | 157 | 146 | 477 11,925 2,8
13 2012 - 221 | 195 | 158 | 574 14,35 6,3
14 2013 - 237 | 224 | 185 | 646 16,15 5,2
15 2014 - 256 | 232 | 188 | 676 16,9 6,8
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16 2015 - 26,1 | 231 17,0 | 66,2 16,55 91
17 2016 - 258 | 254 225 | 73,7 18,425 3,3
18 2017 - 28,0 | 273 238 | 791 19,775 4,2
19 2018 - 265 | 255 216 | 73,6 18,4 4,9
20 2019 - 257 | 248 213 | 71,8 17,95 4,4
21 2020 - 230 | 218 199 | 64,7 16,175 31
22 2021 - 293 | 285 23,8 | 81,6 20,4 55
23 2022 - 28,7 | 287 22,4 | 79,8 19,95 6,3

*In the period from 2000 to 2009, the category of rapeseed yield of state-owned enterprises
was presented in the annual statistical collection "Crop Production of Ukraine", in the collections
after 2009 this category is not presented.

Source: developed by the author based on the State Statistics Service
[10,11,12,13,14,15,16,17].

Taking into account all the above-mentioned vulnerabilities, in our study on
statistical provision of the necessary information, we followed the path of using such a
methodology as statistical control maps[18, Pp. 207-209].

A control map is a graphical representation in the Cartesian coordinate system of
a set of points, each of which is a value of a quality control parameter. The control map
is built in order to identify points that have come out of a stable (controlled) state, for
further study and elimination of the reasons for their exit.

According to the State Statistics Service, the following categories of enterprises
are distinguished:

v X (state-owned enterprises);
v X, (agricultural enterprises);
v Xz (farms);
v" X4 (households).
There are different types of control maps, based on the available quantitative
data, we decided to build control maps of mean (X) and swing (R).
In the course of collecting information, we did not find any national standards

for the recommended level of rapeseed yield, therefore, we decided to take the average
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productivity data of rapeseed varieties and hybrids and make an analysis based on the
average productivity of the most common variety in Ukraine [5].

According to the methodological provisions, the crops of the DK Extorm hybrid,
which is one of the most common hybrids for sowing, the highest average yield was
obtained at a sowing rate of 0.6 million germinating seeds per 1 ha. In the DK Exprit
hybrid, the yield was slightly reduced compared to the DK Extorm hybrid. Thus, on
the August variant (0.6 million germinating seeds), the yield was at the level of 3.01
t/ha. The highest average yield was obtained when growing the DK Extorm hybrid with
a seeding rate of 0.6 million germinating seeds per 1 ha — 3.24 t/ha (32.4 c/ha) [5]. Let's
take the value of the average yield of rapeseed hybrids at the level of 2.915 t/ha (29.15
c/ha) and determine the deviation compared to the lowest indicator,
namely 2.73 t/ha (27.3 c/ha). That is, (Xo = 29.15, oo = 1.85). Let's present below
formulas for determining the upper control limit, lower control limit and center line of

the control map:

UCL (X) =p+Ac (1)
LCL(X) =p-Ac (2)
CL(X)=pu 3)

where: X — average;

U — true average of the process;

o — true group mean deviation;

A —the coefficient is a constant for calculating control limits.

To construct the control boundaries of the maps, we will find the data of the
coefficients of the constants A, d2, D1 and D2 in the table for calculating the lines of
the control maps, provided that the sample size (the number of studied categories of
enterprises) is n = 4 [18, Pp. 275-276].

Let's calculate the indicators for building average and scale maps below:

X-map:
CL = Xp=29,15;
UCL = Xo + Acp= 29,15 + (1,500%1,85) = 31,9
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LCL = Xo - Aop =29,15 - (1,500%1,85) = 26,375
R -map:
CL = dyo0= 2,059x1,85= 3,80915;
UCL = D00 = 4,698x1,85=8,69913;
LCL = Diop = 0%1,85 = 0.

Let's present the control maps that are built according to the data in Table. 2.

and draw conclusions about finding these indicators within the control limits:
According to the visualized data in Fig. 1 and 2 we see that certain points of
selective survey of rapeseed yield are placed outside the control limits, so we have

reason to believe that the process is not in a state of statistical control.

35
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19.77
) 19.525 18.425 18.4
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Fig. 1. Control map of average rapeseed yields
Source: built by the author on the basis of data analytics in Table. 2.
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Fig. 2. Control map of the range of variation in rapeseed yield

Source: built by the author on the basis of data analytics Table. 2.

Conclusions. The study convincingly proved that the provision of reliable
information support and effective quality control of agricultural products, in particular
rapeseed, is a fundamental factor in the economic stability of Ukraine in the face of
military challenges.

The identified significant problems, including the abnormally low export value of
Ukrainian rapeseed compared to the world's leading exporters, the critical lack of unified
international metadata for this commodity category and the statistically uncontrolled
yield process, require urgent, systematic and scientifically based solutions.

The proposed methodology of statistical control maps has confirmed its
effectiveness as an effective and indispensable tool for continuous monitoring and
prompt detection of deviations in yield dynamics, which allows timely identification and
correction of special causes of variations. To increase the competitiveness of Ukrainian
rapeseed in the world market and ensure its consistently high quality, it is imperative to

implement an integrated approach, which includes:
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* targeted investments in the agricultural sector;

+ systematic modernization of logistics infrastructure;

+ active introduction of the latest technologies at all stages of production;

+ significant strengthening of control over the quality of seed material;

# continuous work on full compliance of products with international quality
standards.

Further scientific research should be focused on an in-depth analysis of the root
causes of the identified deviations and the development of adaptive strategies for
effective stabilization, control and sustainable improvement of the quality of
agricultural products in the face of modern dynamic challenges, which will contribute
to strengthening Ukraine's position in the international market.

Thanksgiving. | express my sincere gratitude to everyone who contributed to
this study. Special thanks are expressed to the scientific consultants of the Main
Department of Statistics in Kharkiv region on agribusiness, their support, advice and

consultations were invaluable in the development of this work.
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