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L. Rozhko The development of agricultural production, especially its technical support, requires constant improvement and
E-mail: the introduction of advanced models of mechanization. The relevance of the national and economic problem of the
ilona.rozhkol @ukr.net quality of material and technical support of agro-industrial production is substantiated. It is claimed that the fore-

casting of quantitative and qualitative indicators of the technical condition indirectly affects the technologies used
in the fields, in particular in the Poltava region. The results of statistical analysis of qualitative and quantitative
University, indicators of purchased and registered tractors, which are reflected in the single register for keeping automated rec-
1/3, Skovorody str., ords of tractors of the agricultural machinery registration department of the Main Department of the State Production
Poltava, 36003, and Consumer Service in Poltava region for the period from 2018 to 2023, are given. The trends and dynamics of
replacing tractors in the region's farms are given and substantiated, and ways of improving the organizational and
technical mechanisms for providing tractors to enterprises and individuals of the Poltava region are recommended,
taking into account the current challenges caused by the state of war. The organizational, technical and economic
mechanisms for updating the tractor fleet of enterprises and private owners - individuals of the Poltava region have
been determined. There is a sharp reduction in the dynamics of the number of purchased and registered tractors and
tractor equipment in 2022. The beginning of the war led to a sharp reduction of purchased and registered tractors
and tractor equipment by more than two times. Studying the dynamics of the ratio of the use of foreign tractors and
tractors of domestic production is no less a painful topic for the state. We have a negative trend towards a significant
relative increase in the tractor market of the Poltava region of foreign-made tractors and tractor equipment. A situa-
tion arose when the number of foreign tractor models in 2022 and most of 2023 exceeded the registration actions for
domestically produced tractors by almost three times. The fact that the absence or insufficient number of domestic
manufacturers of agricultural machinery, including tractors, leads to export dependence of the market is statistically
confirmed. The consequence of this is a significant increase in prices for spare parts and tracts of foreign production.

Keywords: tractors, spare parts, engineering, registration, analysis, dynamics, forecasting, renovation, agricul-
ture, provision strategy.
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3a0e3nevyeHHs1 TPAKTOPAMHM Cy0’€KTIB rocloJaplOBaHHA Y HOJITABCbKOI 00/1aCTi.
IIpo0Jiemn Ta nepcrneKTUBH

B. B. Ilaganxka | O. A. Bypnaxa | I. 1. Poxko | FO. B. fluenko | M. B. Uymax

P0o3BHTOK  CiNBCBKOrOCIIOAPCHKOTO BHPOOHMIITBA, OCOOJIMBO HOro TexHiuHe 3abe3NedeHHs, MoTpedye
MOCTII{HOTO BJIOCKOHAJICHHS Ta BIPOBAKEHHS MEPEIOBUX 3paskiB 3aco0iB MexaHizawii. OOrpyHTOBaHO
aKTyalbHICTh HAPOJHO-TOCTIOAAPCHKOI MPOONEMH SKOCTI MaTepialbHO-TEXHIYHOTO 3a0e3ledYeHHs —arpo-
IIPOMHCIIOBOTO BUPOOHHITBA. CTBEPIXKYETHCA, [0 HIPOTHO3YBAHHS KUIBKICHHX 1 SKICHHX ITOKa3HUKIB TEXHIYHOTO
CTaHy OIOCEPEIKOBAHO BIUIMBA€E HA TEXHOJIOTII, Ki 3aCTOCOBYIOThCS Ha JlaHaX 30kpema y ITonraBchkoMy perioHi.
HaBezneHo pe3ynbTaTi I0CIIKEHb CTATHCTUYHOTO aHai3y 3a AKICHUMH Ta KiJIbKICHUMY TTOKa3HHKaMH MPHAO0AHUX
Ta 3apEECTPOBAHHX TPAKTOPIB, IO BiJOOpaskeHi y €IMHOMY PEECTpi JUII BEACHHS aBTOMATH30BAHOTO OOMIKYy
TPaKTOPIB BiAMiNy peecTpalii CLIbCHKOroCIIOAapChKOl TeXHIKH I 0I0BHOTO ympaBmiHHA JlepKIIPOACIOKHUBCIYKOU
B IlonraBcekiii obnacti 3a mepion 3 2018 poky no 2023 pik. HaBeaeni Ta oOrpyHTOBaH| TeHACHLIT Ta TUHAMIKA
3aMiHH TPaKTOPIB y TOCHOApPCTBAaX PETriOHY, PEKOMEHAOBaHI LIIAXU YAOCKOHAICHHs OpraHi3auiiiHO-TEeXHIYHUX
MEXaHi3MiB 00 3a0e3MedeH s TPAKTOpaMH MiAIPHEMCTB Ta (i3maHuX ocid [TonaTaBepkoi 001acTi 3 ypaxyBaHHAM
BUKJIUKIB CBHOTOJICHHS, 3yMOBICHHX BOCHHHM CTaHOM. BH3HaueHO oOpraHi3amiiHO-TeXHIYHI Ta EKOHOMIiduHI
MEXaHi3MH OHOBJICHHS TPAKTOPHOIO MapKy MiIIPUEMCTB Ta MPUBATHHUX BIACHUKIB-(iznuHux ocib [TonraBcpkoro
periony. CrocrepiraeTbcs pi3ke CKOPOUCHHS TUHAMIKH IIOA0 KUTBKOCTI MPHAGAHHUX Ta 3apEECTPOBAHUX TPAKTOPIB
Ta TpakTopHOi TexHiku y 2022 poui. [louaTox BOEHHHX MOAilf MPH3BENH A0 Pi3KOro — OINBII HIX y JABa pasy,
CKOPOYCHHS NPHI0AHHX Ta 3aPEECTPOBAHUX TPAKTOPIB Ta TPAKTOPHOI TEXHIKH. J{OCIiIKeHHS TUHAMIKH CIiBBiTHO-
IICHHS1 BUKOPHCTaHHS 3aKOPJOHHUX TPAKTOPIB Ta TPAKTOPIB BITYM3HAHOTO BUPOOHMITBA HE MEHII OOJIF0YA TeMa
JUIst JiepkaBd. MaemMo HEraTHBHY TEHJCHIIIO JIO 3HAYHOTO BiJIHOCHOTO 30iNBIICHHS HAa TPAKTOPHOMY DPHHKY
IMonTaBcbKoi 00MACTI TPAKTOPIB Ta TPAKTOPHOI TEXHIKH 3aKOPAOHHOTO BHpOOHHITBA. CKIIaIach CHTYaIlis, KOIH
KiJBKICTh 3aKOPJOHHHX Mojeneil TpakTopiB y 2022 poui i 6inbmiif gacturi 2023 poKy HepeBHINNIA PeeCTpaliiui
i1 BITHOCHO TPAaKTOPIB BITYN3HSIHOTO BUPOOHHUIITBA Maibke y TpH pa3u. CTaTHCTUYHO HiATBEP/HKEHO TOH (aKT, 10
BIZICYTHICTh UM HEIOCTATHS KiNIbKICTh BITYM3HSHHUX BHPOOHHUKIB CLTBCBKOTOCTIOAAPCHKOI TEXHIKH, B TOMY YHCII
TPaKTOpiB, MPH3BOAUTH [0 EKCIIOPTHOI 3aleXHOCTI PHHKY. HaciigkoM IBOro € 3HaYHE 3pOCTaHHS LiH Ha
3aIT9aCTHHU Ta TPAKTU 3aKOPOHHOTO BUPOOHUIITBA.

KarouoBi ci10Ba: TpakTOpH, 3aIYacTUHH, 3acO0M MeXaHisallii, peecTpallis, aHali3, JUHaMiKa, IPOTHO3YBaHHS,
OHOBJICHHS, CIJIbCBKE TOCIOJIAPCTBO, CTPATETIs 3a0€3MCYeHHS.
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Introduction

Agricultural production engineering is a guarantee of
the state's sustainable development. The national eco-
nomic problem of agricultural production engineering
quality is gaining special relevance, particularly in the
Poltava region. In view of the existing wartime, this prob-
lem rapidly becomes crucial.

This situation is due to the fact that there are signifi-
cant difficulties associated with the export of agricultural
products to the foreign market. At the same time, there is
a significant increase, almost one and a half times, in the
cost of imported agricultural machinery and their compo-
nents. That is, today's conditions lead to a high price dis-
parity between the market value of agricultural products
and the price of production engineering, which occasion-
ally leads to a situation when agricultural production be-
comes insensible.

However, taking into account the agrarian sector's im-
portance for the economy with regard to the state's
food security formation, agrarians find
to the crisis situation, even in such complex circum-
stances. Therefore, this research direction
is relevant — the analysis of the current state of the
machine-and-tractor park's renovation.

The strategy of providing Ukrainian agriculture with
state-of-the-art agricultural machinery and the engineer-
ing system development is regulated by the Laws of
Ukraine [1, 2]. In these standards, attention is focused on
the development of domestic mechanical engineering and
the training of highly qualified specialists in engineering
specialties for the improvement of the technical service
system in the agricultural industry.

The main trends in domestic mechanical engineering
are covered by the authors of the paper [3]. Research as-
pects of the investing system in agricultural machines and
the experience of other countries in this matter are covered
in papers [4—6]. Nevertheless, the direction of attracting
foreign investments and economic models for their imple-
mentation is promising [7-9]. A comparison of invest-
ment models by our country's example is presented in ar-
ticles [10-21].

Regarding the aspect of the domestic tractor manufac-
turing development, the points
are outlined in the historical essay [12]. The experience
of providing material resources to agricultural enterprises
of the Kharkiv region in the pre-war period is described
in the paper [13]. Also, many scientific publications
aimed at the assessment of the modern tractors' market
and agricultural machinery in  Ukraine, and
the determination of mechanisms for improving
the organizational and financial component of such re-
search direction [14-22]. Unfortunately, due to
the military actions, a significant part of the proposed sci-
entifically based strategies needs certain correction and
additional research.

solutions

positive

The aim of the study

The aim of the study is to improve the organizational
and technical mechanisms for providing tractors to enter-
prises and individuals of the Poltava region, in view of the
challenges caused by the state of war.

Materials and methods

The subject of the study is the identification of organ-
izational, technical, and economic mechanisms for reno-
vating the tractor fleet of enterprises and individuals of the
Poltava region.

The methods of mathematical analysis and statistical
processing of the empirical data are used.

Results and discussion

The input data for the analytical part of the research
are the quantitative and qualitative characteristics of
purchased and registered tractors for the research period
from 2018 to 2023, which are reflected in the Unified
Register for keeping automated records of tractors [20] of
the agricultural machinery registration department of the
head office of the State Production and Consumer Service
in Poltava region.

The following characteristics are listed among the
research factors:

1. The registration year of tractors, which is defined
as the time period from the moment of documents'
submission to the Unified Register for keeping automated
records of the agricultural machinery registration
department of the Main Department of the State
Production and Consumer Service in Poltava region.

2. Entities registering tractor equipment are divided
into three conditional groups: individuals; agricultural
enterprises, and enterprises engaged in other economic
activities.

Based on the data statistical analysis results from the
Unified Register, the following charts were built. Figure 1
shows the dynamics of the tractors and tractor equipment
registration in the Poltava region in 2018-2023. The top
graph (bar chart) of Fig. 1 shows the results of tractor reg-
istration by year in absolute terms.

As can be seen from this graph, from 2018 to 2021
there is a clear tendency of the generalized trend towards
a stable increase in the number of purchased equipment
for all three study groups. For example, the maximum
amount of purchased equipment was registered in 2021 —
1,183 units were registered by individuals, 301 units were
registered by farmers, and 469 tractors were registered by
other enterprises. In relative terms (Fig. 1 — lower dia-
gram), the following values were obtained: 61 % of the
total number of tractors were registered by individuals,
15 % — by farmers, 24 % of tractors were registered by
other enterprises.
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Dynamics of registration of tractor equipment, pcs

1200

1000 -

800 764 ’

600
497

400

151 e

2018 2019 2020

® Individuals

-

® Farmers

1183 y(a) = -94,518x + 556,8x + 249,9

R2=0,860
= y(b) =-18,143x2+ 59,686x + 458,6
.
RS R?=0,898

9,
Y y(c) =-26,071x> + 167,99x - 4,2
~

N R?=0,876

229
4@1I

2021 2022

u Other enterprices

Tractors registration in relative indicators

100

90

27
32
80 35

24 25

40

70
60

50

40

30

20

10

2018 2019

2020

2021 2022 2023

\ Oindividuals

@ Farmers

OOther enterprices ‘

Figure 1. Dynamics of tractor equipment registration in the Poltava region for 2018-2023 in absolute (top)
and relative (bottom) indicators

The year 2022 saw a sharp reduction in the dynamics
of purchasing and registering tractors and tractor equip-
ment. The beginning of a full-scale invasion of our coun-
try and subsequent military events led to a sharp — more
than twofold — reduction of purchased and registered trac-
tors and tractor equipment. In relative terms, the activity
of the aforementioned business entities had not changed
much and, accordingly, was: 57 % of the total number of
tractors was registered by individuals, 18 % - by farmers,
25 % of tractors were registered by other enterprises. The
year 2023 worsened the activity of the purchased tractor
machinery market in the Poltava region by almost two
times, although the data for 2023 are not final, the situa-
tion may be partially improved after the harvesting of late
grain crops and the selling the portion of the agricultural
products by agricultural enterprises.

An equally painful topic is the results of dynamics in
foreign to domestically manufactured tractors usage ratio
(Fig. 2). In 2018-2021, the development of agricultural
production and other areas of the economy, where tractors

are used, became the root cause of the growing need to
renovate the tractor fleet of the Poltava region. Comparing
2018 with 2021, we notice a positive trend towards an
almost threefold increase in the absolute number of
purchased tractors of domestic production by business
entities of various forms of ownership. In relative terms,
studying the dynamics from 2018 to 2021, we have a
somewhat stable average ratio of registered domestic and
imported tractors. At the same time, the maximum
deviation was: 59.6-47.5 %. And the indicators for 2022
and 2023, in addition to the sharp reduction in purchased
and registered models mentioned above, contain a nega-
tive trend towards a significant relative increase in the
number of foreign-made tractors and tractor equipment in
the Poltava region. The situation arose that the number of
foreign equipment units in 2022 and the majority of 2023
exceeded the registration share of domestically produced
tractors by almost three times. The statistical trend of
meeting production demand with foreign-made tractors in
peacetime was more balanced.
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Tractors registered by farms, pcs
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Figure 2. Tractors registered by farms with regards to the country of manufacturer's origin, the top diagram
is the absolute number, pcs., the bottom diagram is the percentage ratio, %

A sharp change to an increase in imported equipment
occurred during the war in Ukraine. Such a situation
additionally slows down the development of domestic
mechanical engineering and deepens the problem of
technical service of purchased foreign-made tractors. It is
necessary to take into account that some of these imported
tractors are already used, with a partially depleted
resource. The problem is complicated by the lack of
qualified service engineers, the pricing policy of both the
service itself as well as the high cost of imported
equipment's spare parts. Thus, it increases work
processing time due to regrouping the logistics ways of
goods supplied to Ukraine.

A significant disadvantage in the purchase of
imported tractors is the price of its implementation, which
is one of the decisive factors in the purchase and selection
of the model and power of the machine. The advantage
of modern technical solutions, advanced design,
and greater reliability of foreign tractors encourage their
purchase, including used ones. And the extensive offer
on foreign markets (auctions) of tractor equipment leads
to the fact that the average enterprise in Ukraine buys

imported equipment on an unplanned basis. In production,
we have equipment from different manufacturers, of
different age categories, complexity, and operational
output. Effectively using and performing technical service
of such a tractor fleet is quite burdensome, and in most
cases, it is economically inefficient.

We will consider in more detail the absolute and
specific indicators regarding the age distribution of
tractors purchased and registered in the Poltava region for
the period 2018-2023 by farms in the region. The
dynamics of this distribution is presented in Fig. 3.
According to the research results, the positive point is that
the age groups of tractor equipment are dominated by new
tractors, and the working life of the latter does not exceed
three years. The largest amount of new equipment was
purchased in 2021 — 237 units, which accounted for
77.7 % of the total number of purchased and registered
tractors that year. The purchase and registration dynamics
of tractors from 2018 to 2021 have a clear upward trend.
Regarding the absolute quantitative indicators of this
comparative period, we see an increase of two or more
times.
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In 2022 and 2023 — we have a complex situation with
regard to the economic development of the Poltava
region, and complex conditions of production activity in
the agro-industrial sector. We note a decrease almost

twice in 2022 and 2023 in total number of registered
tractors. But in this case, the positive point is the relative
ratio toward a significant advantage in the number of new
machines in the tractor fleet.

Age distribution of equipment, pcs

250

200

150 A
100 /
100 -

Farms
234
——  y(f)=-2125x2+137,38x- 16,2
R2=0,8

—
184
— y(g) = -2,875x2 + 15,125x + 21,5

162 R2=0,9
121 y(k) = -1,9464x2 + 15,482x - 9,5

R2=0,7

50 +

\

7] _L-=-7T eetend il -
0 A !
2018 2019 2020 2021 2022 2023
D0 - 3 years m3-6years Omore than 6 years
Percentage age distribution of equipment
Farms
100,0
18,7 15,4 14,3 13,5 13,8
232
00 it | e | [ oo | -

60,0

775
72,2

0,0

76,3

2018 2019

2020

2021 2022 2023

@0-3years

m3-6years omore than 6 years

Figure 3. Age distribution of equipment registered by farms, top diagram - absolute indicators, pcs; the bottom dia-
gram - specific indicators, %

Analyzing the trend lines represented by the s
econd-degree polynomials (top diagrams in Fig. 1, Fig. 2,
Fig.3), we notice negative coefficients for the
independent second-degree variable in all studied groups
of registered tractors. The latter proves the statements
made regarding the decrease in the purchasing power of
economic entities of various ownership forms during the
period of martial law. The main reasons for this are the
rapid increase in prices for tractors and tractor equipment,
the cheapening of agricultural products, the significant
destruction of logistical export corridors, which are
confirmed by the results of data analysis in the work of
the agricultural machinery registration department of the
Main Department of the State Production and Consumer
Service in Poltava region for the researched period of
2018-2023, and the period of martial law in 2022-2023.

In order to improve the situation on the highlighted
problems, in addition to achieving the strategic goal of

ending the war and overcoming difficult times for the
entire country, it is possible to offer the following
recommendations.

Business entities of various forms of ownership,
which create the demand for tractors and tractor
equipment, should pay more attention to the market of
domestically produced tractors. The technical lagging of
domestic tractor manufacturers compared to foreign
equipment can be partially overcome by the creation and
development of joint enterprises for the production of
such equipment. It is worth lobbying and promoting the
possibility of state support, although we understand that
we have the state budget of a country at war, and the
respective state budget deficit as well.

If the tractor owner preferred imported machinery, it
is advisable, practical and scientifically justified to buy
machinery of one manufacturer or one brand. In this case,
it is easier to solve issues with the effective use of tractors
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and the organization of maintenance and repair. At the
same time, a reliable dealer (distributor) of tractors and
tractor equipment is an important factor in making a
managerial business decision to purchase machines of a
particular brand.

As difficult as it may seem, the search for internal
reserves is an effective way to take for maintenance and
functionality restoration of already purchased equipment.
The well-known historical experience [19] in the creation
and operation of machine-tractor stations made it possible
to use tractors more efficiently and to concentrate the
relevant repair and diagnostic equipment and highly
qualified personnel in their service and repair centers.
Nowadays, the revival of machine-tractor stations doesn't
seem to be realistic due to the different ownership forms
of business entities — owners of tractors and tractor
equipment, but at the same time, there is a positive
experience of economic co-operation.

In the agricultural industry, it is advisable to pay
special attention to energy-saving technologies. The use
of tractors and other agricultural machinery for
energy-intensive operations (deep loosening of the soil,
plowing, deep disking...) should be avoided, replacing
them with appropriate biological technologies imple-
mented in advanced enterprises with global experience.

In order to restore and dominate the market of tractors
of domestic models, machine-building enterprises, in
addition to the reconstruction of the technological base
and equipment, need to master new tractor-building
technologies, taking into account the experience of the
world's leading manufacturers, and implement modern
dominant strategies of economic development.

Conclusions

According to the results of a scientific study of
statistical data presented in the single register for keeping
automated records of tractors of the agricultural
machinery registration department of the main admin-
istration of the State Production and Consumer Service in
Poltava region from 2018 to 2021, there is a clear
correlation of a generalized trend towards a stable
increase in the number of purchased machinery in all three
selected research groups. So, for example, the maximum
number of purchased equipment registered in 2021 —
1.183 units were registered by individuals, 301 units were
registered by farmers, and 469 tractors were registered by
other enterprises.

There is a sharp reduction in the dynamics of the num-
ber of purchased and registered tractors and tractor
equipment in 2022. The beginning of military events led
to a sharp — more than twofold — reduction of purchased
and registered tractors and tractor equipment.

The study of the dynamics of foreign to domestic
tractor use ratio revealed a crucial problem for the state's
mechanical engineering industry. The indicators of 2022
and 2023, in addition to a sharp reduction in purchased
and registered tractor models, have a negative trend
towards a significant relative increase in the tractor
market of the Poltava region of foreign-made tractors and
tractor equipment. A situation emerged when the number
of foreign tractor models in 2022 and most of 2023

exceeded registration actions for domestically produced
tractors by almost three times.

In order to restore and dominate the domestic market,
in addition to the reconstruction of the technological base
and equipment, machine-building enterprises need to
master new technologies of tractor construction, taking
into account the experience of the world's leading
manufacturers, and implement modern dominant
strategies of economic development.
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