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Abstract. A pressing issue is to determine the impact of regional development factors on the level of
normative monetary valuation based on the application of mathematical modelling tools.

The study achieved its goal of determining the impact of factors on the level of normative monetary
valuation of land using mathematical modelling tools to develop measures to improve land use efficiency. The
following tasks were accomplished: determining the level of normative monetary valuation of land at the
regional level; characterising the factors that influence the formation and use of normative monetary valuation;
developing mathematical models of the impact of factors on the level of normative monetary valuation of
regions.
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As a result of the study, the low impact of the level of land use and investment attractiveness on the
formation of the normative monetary valuation was determined. This is due to ambiguous trends in the
formation and application of the investment attractiveness of land, a decline in investment activity and the
attitude of domestic and international investors, a reduction in the level of land use efficiency, and the growing
impact of aggressive military actions. Based on this, it is necessary to develop and implement measures to
increase the normative monetary valuation of land and, in the sphere of its application, to implement measures
aimed at increasing the investment attractiveness of land and the level of its efficient use.

Key words: land use, mathematical modelling, mathematical processing of geodetic data, collection
of satellite geodesy data, mathematical models, assessment, normative monetary valuation of land, investment
attractiveness, complex systems.

Introduction. The formation of a modern land use system at the regional level depends on the
established quantitative basis, which is built on the results of assessment procedures. In this context, the
relevant issue is the determination of land use indicators, which are determined by normative monetary
valuation. It should be noted that in order to carry out this assessment, information, analytical and spatial
support is formed on the basis of the results of the assessment of factors obtained, including from the results
of mathematical processing of geodetic data and satellite imagery.

It should be noted that in recent years, which have been marked by a decline in land use efficiency,
the negative impact of external and internal factors, and the consequences of hostilities, there has been a
slowdown in the processes of normative monetary valuation at the regional level.

Thus, the relevant issue is to establish the impact of regional development factors on the level of
normative monetary valuation as a complex system based on the application of mathematical modelling tools.

Review of existing theoretical developments. The procedure for determining the normative monetary
valuation and the categorical apparatus are presented in the Law of Ukraine «On Land Valuation» and the
Resolution of the Cabinet of Ministers of Ukraine «On Approval of the Methodology for the Normative
Monetary Valuation of Land Plots». Problematic issues of forming and implementing the normative monetary
valuation of land are highlighted in works [1, 2]. Functional aspects and features of the implementation of the
normative monetary valuation of land are presented in [3-5].

The factors influencing the formation and application of normative monetary valuation of land are
determined by the following parameters: spatial, functional, urban planning, environmental, economic and
social, investment and innovation.

The identified factors are characterised in the studies [6, 7].

To assess the presented factors and determine the cause-and-effect relationships between them,
mathematical modelling tools are used, the significance of which is determined in the studies [8-15].

At the same time, issues remain unresolved regarding the formation and identification of factors that
influence the normative monetary valuation of land and the establishment of causal relationships between them
for making informed decisions in the field of land use.

The aim of the study is to determining the impact of factors on the level of normative monetary
valuation of land using mathematical modelling tools to develop measures to improve land use efficiency. To
achieve this goal, the following tasks are set:

- determining the level of normative monetary valuation of land at the regional level,

- characterising the factors that influence the formation and use of normative monetary
valuation;

- developing mathematical models of the impact of factors on the level of normative monetary
valuation of regions.

Presentation of the main material. The level of normative monetary valuation of land (&, according

to the State Statistics Service of Ukraine on Geodesy, Cartography and Cadastre is specified in Table 1.
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Table 1 — Level of normative monetary valuation of land according to [16]
Taénuyn 1 — Pisenv nopmamusHoi epouiogoi oyinku 3emens 3a [16]

Regions The significance of the monetary valuation of land
Vinnytsia 0,39
Volyn 0,328
Dnipropetrovsk 0,112
Donetsk 0,812
Zhytomyr 0,679
Zakarpattia 0,691
Zaporizhzhia 0,019
Ivano-Frankivsk 0,803
Kyiv 0,62
Kirovograd 0,42
Luhansk 0,551

Lviv 0,4

Mykolaiv 0,029
Odesa 0,644
Poltava 0,348
Rivne 0,976
Sumy 0,469
Ternopil 0,367
Kharkiv 0,154
Kherson 0,367
Khmelnytskyi 0,367
Cherkasy 0,616
Chernivtsi 0,813
Chernihiv 0,606

The study found that the highest normative monetary valuation levels are found in the following
regions: Donetsk, Ivano-Frankivsk, Rivne.

At the same time, this indicator is low in the following regions: Dnipropetrovsk, Zaporizhia, Mykolaiv,
Kharkiv.

Overall, the normative monetary valuation of land is determined at insignificant or moderate levels.

The level of normative monetary valuation of land is influenced by factors such as land use (Z,) and
investment attractiveness (Z,) (Fig. 1-2).

Low levels of land use were found in the Luhansk, Donetsk, Zaporizhia and Kherson regions.
Significant levels were found in the Dnipropetrovsk, Kyiv, and Lviv regions. Most regions have moderate
levels of land use.
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Figure 1 — Level of land use by region, relative units (according to the authors)
Pucynox 1 — PigeHb 6UKOpUCMAHHS 3eMeNb 3a pe2ioHamu, 8iOH. 00. (3a danumu agmopie)

The level of investment attractiveness of land is shown in Fig. 2.
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Figure 2 — Level of investment attractiveness of land by region, relative units (according to the
authors)

Pucynox 2 — Pisenv ineecmuyitinoi npueabiusocmi 3emens 3a peionamu, 6ion. 00. (3a Oanumu
asmopis)

In most regions, there is a decline in the investment attractiveness of land at the regional level, which
is determined by insignificant values.
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Using mathematical modelling tools, parameters were determined and mathematical models were
constructed to show the impact of the factors presented on the normative monetary valuation of land in the
regions.

The parameters of mathematical modelling of the impact of land use on the normative monetary
valuation are presented in Fig. 3.

Correlation analysis
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Figure 3 — Results of mathematical modelling of the impact of land use on the normative monetary
valuation indicator at the regional level, obtained using the JASP* software package, ref. unit (developed by
the authors)

Pucynok 3 — Pe3ynbmamu mMamemamuyHo20 MOOEN08AHHA 6NIUBY DIGHS GUKOPUCTAHHS 3eMeNb Ha
NOKA3HUK HOPMAMUGHOI 2POuI080i OYIHKU HA PEiOHANbHOMY DIGHI, OMPUMAHI 13 3ACMOCYS8AHHAM
npoepamuoeo komnaexcy JASP*, 6ion. 00. (pospobneno asmopamu)
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The mathematical apparatus of the Statistica software package is used to construct the model, the
results of which are presented in Fig. 4.

Regression Summary for Dependent Variable: Rngl (Spreadsheet]) R=0,133  R*=0,018 F(1,22)
=04
N=24 Std.Err. Std.Err.
* -
b of b* b of b t(22) p-value
Intet“’ep 0,41 0,126 3,247 0,004
L, 0,133 0,211 0,18 0,282 0,632 0,534

Figure 4 — Parameters of the mathematical model of the dependence of the normative monetary
valuation of land on the level of land use at the regional level, relative units (developed by the authors)

Pucynok 4 — [lapamempu mamemamuyHoi Mooeii 3a1eHCHOCMI PigHs HOPMAMUBHOI 2pOUL080T OYIHKU
3eMenb i0 PIGHSI GUKOPUCIAHHSL 3eMellb HA Pe2lOHANbHOMY pisHi, 6i0H. 00. (po3pobreno asmopamu)

Thus, a mathematical model has been developed to determine the dependence of the normative monetary
valuation of land on the level of land use at the regional level:

Rug=0,41+0,18% L. 1)

The parameters of mathematical model (1) indicate that the level of land use has little impact on the
normative monetary valuation of land. This is due to the decline in land use efficiency, internal imbalances in
land relations at the regional level, and the growing influence of other factors, particularly security factors.

Using Excel software, a model was developed to show the impact of the level of investment
attractiveness of land on the normative monetary valuation of land (Fig. 5).

2,5 y =-117999x5 + 171042x> - 95614x* + 25613x> - 3274,2x* + 164.36x - 0.8058
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Figure 5 — Mathematical model of the impact of land investment attractiveness on the normative
monetary valuation of land, relative units.

Pucynox 5 — Mamemamuuna mooenv 6RAUGY PIGHA [HEECMUYIUHOT NPUBAOIUSOCMI 3eMelb HA
HOPpMAMUBHY 2pOuLogy OYIHKY 3eMelb, 8iOH. 00.
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Conclusion. Thus, the study found that land use and investment attractiveness have little impact on
the formation of the normative monetary valuation. This is due to ambiguous trends in the formation and
application of land investment attractiveness, a decline in investment activity and the attitude of domestic and
international investors, a reduction in the level of land use efficiency, and the growing impact of aggressive
military operations. Based on this, it is necessary to develop and implement measures to increase the normative
monetary valuation of land and, in the area of its application, to implement measures aimed at increasing the
investment attractiveness of land and the level of its efficient use.
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AHOTaNisi. AKTyaJIbHUM IIMTaHHSAM € BCTAHOBJICHHS BIUIMBY YMHHHUKIB PETiOHAJIBHOTO PO3BUTKY Ha
piBEHb HOPMATHBHOI TPOIIOBOi OLIHKM HA OCHOBI 3aCTOCYBaHHA IHCTPYMEHTAapil0 MaTeMaTHYHOTO
MOJICITFOBAHHSI.

Y po0oTi AOCATHyTa MeTa JOCHTIJDKCHHS BIJIHOCHO BCTAaHOBJICHHS BIUIMBY YMHHHUKIB Ha PIBEHb
HOPMAaTUBHOI TPOLIOBOi OLIIHKM 3€MeJIb i3 3aCTOCYBaHHIM 1HCTPYMEHTApil0 MaTeMaTHYHOTO MOJICIIOBAHHS
JUTST pO3pOOKH 3aXOiB MiABUINCHHS €(PEKTUBHOCTI 3eMJICKOPHCTYBaHHS. BupimieHi ocTaBlIeHI 3aBIaHHS:
BU3HAUCHHS PIiBHS HOPMAaTHBHOI TpOLIOBOI OIIHKK 3€Melbh Ha PETIOHAIBHOMY pIBHI; XapaKTEpPHCTHKA
YUHHUKIB, [0 BIUIMBAIOTh Ha (JOpPMYBaHHsS Ta BUKOPHCTAHHS HOPMATHUBHOI I'POLIOBOi OIIIHKH; PO3pOOKa
MaTeMaTHYHHUX MOJIENEH BIUIMBY YNHHMKIB HA PiBEHb HOPMATUBHOI I'POIIOBOI OLIHKH PETiOHIB.

Y pe3yabTati JoCIiHKCHHS] BU3HAYCHO HU3bKUN BIUTHB PiBHS BUKOPUCTAHHS 36MEITh Ta IHBECTUIIHHOT
npuBabIMBOCTI Ha (OpMyBaHHS HOPMATHBHOI TrpomoBoi ouiHkK. lle mMoB’sA3aHO i3 HEOJHO3HAYHUMHU
TEH/ICHITISIMU, IO BilOyBawoTbes y cdepi GopMmyBaHHS Ta 3acTOCYBaHHS IHBECTHIIIHHOI MPHUBAOIMBOCTI
3eMellb, 3HIKCHHSM 1HBECTHIIITHOI aKTUBHOCTI Ta BIIHOIICHHS BITYM3HSHUX 1 MIKHAPOIHHX IHBECTODIB,
CKOpPOYCHHSIM DiBHA €(EKTUBHOCTI BUKOPHCTAHHS 3€MeJlb, 3POCTAHHSM BIUIMBY HACIHIAKIB arpecrBHUX
OoiioBux aiid. Buxonsuu 3 uporo, HeoOXiTHO pO3pOOIATH Ta pealizyBaTu 3aX0Id 10 3pOCTaHHS HOPMAaTUBHOI
TpOIIOBOi OIIIHKK 3eMenb i B cdepi i1 3acTocyBaHHS 3AIHCHUTH HamNpsSMU CHPSIMOBaHI Ha 301TbIICHHS
THBECTHUIIHOT MPUBAaOIMBOCTI 3eMelb, piBHS €(DEKTUBHOCTI iX BUKOPUCTAHHSL.

KirouoBi cioBa: BuUKOpHCTaHHA 3€Mellb, MaTeMaTHYHE MOJCIIOBAaHHSA, MaTeMaTHdHa oOpoOKa
Ie0/Ie3NYHUX JAaHUX, 301p JaHUX CYIyTHUKOBOI reosie3ii, MaTeMaTHYHi MOJIeli, OLliHKa, HOPMAaTUBHA TPOIIOBA
OIliHKA 3eMeITh, IHBECTHUIlIHHA TPUBAOINBICTD, CKIIAHI CUCTEMH.
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