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Abstract. The issue of physical area calculation has been scrutinized in the article. The
research rationale is predefined by the influence of the accuracy of land plot area determination
on the economic, environmental, and social components of land tenure. The issue of physical
characteristics of a land plot at the determination of its area has been singled out in the article.
The goal of the research is the substantiation of the use of land plot physical area calculation
methodology in the current social and economic environment. The notion of land plot physical
area has been provided. The trends of the application of land plot physical area determination
methodology have been systemized. The methodology of land plot physical area determination
by means of marking out polygons and determining the average slope has been used. The
calculations of land plot area considering the relief at various quantities of the division of a
triangle side have been made. Comparison with the calculation of area without considering
the relief has been performed. The regression analysis of the dependence of physical area
change with the change of the quantity of triangle side divisions has been carried out. The
calculation of the relief complexity index for the determination of land plot physical area has
been presented. This calculation confirms the economic viability of the determination of a
land plot physical area by the suggested methodology at land improvement and agrotechnical
activities. The result can be used for various works connected to the spatial aspects of land use
and in the following scientific researches.
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Introduction.

Accurate data on land plot area is im-
portant at land resources management
[1] and for the actual sustainable devel-
opment [2]. Land plot area accurateness
influences the effectiveness of land use
and conservation measures, rational land
tenure economic encouragement, land dis-
tributive justice, land title assurance, etc.

The determination of the physical
area of land plots with a complicated
configuration and relief is one of the
most important aspects. According to
researches [3] the area of a land plot
without considering its physical charac-
teristics can differ up to 20 per cent of its
actual area. The calculation of the land
plot physical area with the provision of
sufficient substantiation has a prospect
of application in various branches.

The researches of a number of
Ukrainian and foreign scientists were
dedicated to the issues of the determina-
tion of a land plot area accurateness: V.D.
Baranovskyi, Yu.H. Batrakov, V.I. Bal-
andin, M. Ya. Bryn, M.H. Viduiev, S.P.
Voitenko, V.N. Hanshyn, A.l. Danylo-
vych, O.L. Dorozhynskyi, B.N. Diakov,
R.M. Litnarovych, A.V. Maslov, Yu.K.
Neumyvakin, A.L. Ostrovskyi, M.1. Per-
skyi, U.D. Samratov, V.M. Serdiukov,
A.V. Yuskevych, A.H. Yunusov et al.

The goal of the research is the em-
ployment substantiation of the methodol-
ogy of land plot physical area calculation.

Research methods and materials.

Physical area is the area of earth
surface within the land plot considering
the ground roughness (slopes, ravines,
clifts, etc.). The geodetic area of a land
plot is defined by the coordinates of its
boundaries rotation angles. Mathemati-
cally, it is the area of the projection of

the land plot boundaries on the projec-
tion subspace in the Gauss-Kriiger geo-
detic reference system.

The analytical determination of the
area of a polygonal plot P is calculated
by rectangular plane coordinates x, and
by Gauss-Kriiger formulas [4]:

1 n
P= EZyk(xH _xk+l); (1)
1L N
P:EZ]:xkykﬂ _Zxkﬂyk; (2)
1 n
P :EZ(xk +xk+1)(yk+l _yk); (3)
1
1 n
P:EZXk(ykﬂ _ykfl)’ )

where P is the area of a land plot;

x, v are the geodetic coordinates of
landmarks;

n is the total quantity of the boundar-
ies landmarks;

k is the number of a landmark.

These formulas define the fixed geo-
detic plot area, i.e. the projection of its
boundaries on the topographic subspace
in the Gauss-Kriiger projection.

It has been suggested to improve the
modelling of the physical surface relief
and increase the physical area calculation
accurateness by using the methodology
which predefines the marking of poly-
gons and the determination of the aver-
age slope [5]. Land plot area P is calcu-
lated as the total of areas of triangles m,
which are the constituents of a land plot
with complicated relief and configuration
in accordance with the methodology [3]:

P=2P,
Jj=1 .

The developed surface physical area
determination methodology allows re-
solving a wide range of application
tasks in many branches, the main list of
which is presented in Fig. 1.

At current conditions, works con-
nected to the definition of land plot area
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Fig.1. The directions of the practical application of the defined surface
physical area

considering the terrain physical surface
are of great importance at the resolving
of urban planning tasks, development of
recreation facilities, location surveys,

road construction, crop rotation plan-
ning, farm operations, defining the ero-
sion, snow, mud and rock avalanche tow
in mountains, prediction of landslides,

Table. 1. Land plot area determination

' Triapglg Plot area yvithout Plo't area Relief Area Triangle side
side division | considering the | considering | complicatedness | change, length
quantity relief the relief index %
1 846668 848414 0.99 0.2 34.300
2 846668 852533 0.98 0.6 14.710
3 846668 863755 0.96 2.0 11.430
4 846668 869787 0.94 2.7 8.575
5 846668 873298 0.94 3.1 6.860
6 846668 880094 0.92 39 5717
7 846668 884570 0.91 44 4.900
8 846668 885816 0.91 4.6 4.288
9 846668 888944 0.91 49 3.811
10 846668 891342 0.90 5.2 3.430
15 846668 900064 0.89 6.3 2.287
20 846668 907870 0.88 7.2 1.715
25 846668 914403 0.87 8.0 1.372
30 846668 920711 0.86 8.7 1.143
33 846668 956730 0.82 11.3 0.260
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Fig.2. Polygon area calculation, scale 1:500

maintenance of resorts in mountain and
hill terrains, construction site vertical
planning, linear Structure landscape
engineering, etc. [5]. The examples of
the implementation of the developed
methodology in agricultural sciences
and territory improvement have been
presented in this study.

Using the methodology [5], let us
scrutinize an example of the area deter-
mination of a land plot with complicat-
ed configuration and relief. Calculation
for a land plot in M 1:500 map scale is
presented in Table.1.

Data provided in Table.1, demon-
strates how the area considering the
relief is changed depending on the side
division quantity. This area is being in-
creased with the increasing side division
quantity due to more precise consider-
ation of the relief. Dependence of the
change of physical area with the change
of side division quantity is reflected by
the regression equation (Fig. 2).

It is possible to draw a conclusion
from the diagram, that the application [3]
stopped on the 33th division, land plot
area in the 1:500 scale is 956730 m2.

Relief complicatedness index also de-
pends on the quantity of divisions. It is

demonstrated on Fig. 3. The change of the
calculated area and its ratio to geodetic land
plot area at 33 divisions of sides is 0.82.
The very index value characterizes the
complicatedness of the relief of this poly-
gon in accordance with the methodology.

A conclusion can be drawn from the
calculations, that at one polygon side
division, the area considering the re-
lief differs from that calculated without
considering the relief by 0.2%. It is the
evidence that the triangles, with the help
of which the physical area is calculat-
ed, revise the relief. With increasing the
quantity of divisions, land plot area is
changed at every side division. Let us
scrutinize data in Table.l, where the
length of a square side is reflected. We
can draw a conclusion that in this case,
for 1:500 scale, the area at 33th side di-
vision, when the triangle side, in which
the polygon is distributed, is 0.26 m, is
considered to be the most accurate re-
sult for the calculation of the final area.
The final physical area of the polygon
at 33th side division differs from area
without considering the relief by 11.3%.

It has been revealed that it is reason-
able to use the scale test for polygons
with rugged relief.
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Fig.3. Defining the polygon relief complicatedness index, scale 1:500

Research results.

The methodology of land plot area
determination considering the relief was
implemented by an agricultural enterprise
and a landscape design company [5].

Taking into consideration the physical
surface at the calculation of costs for the
cleaning of'the territory is an example of this
methodology in the context of the econom-
ic substantiation of territory improvement.
Calculation is presented in the Table.2.

The developed algorithm makes
it possible to reflect the actual sit-
uation on the territory improvement
and calculate costs according to
physical area.

The implementation of the devel-
oped methodology in landscape design
is presented in Table.3.

The implementation of physical area
calculation methodology at fertilizer dis-
tribution on agricultural land plots is
presented in Table. 4.

Table. 2. Territory improvement costs calculation

Cleaning costs, 1 m*UAH 7.30
Total land plot area according to the title, m? 3500
Calculated area considering the relief, m? 3760
Difference, m? 160
Difference, UAH 1168

Table.3. Territory improvement optimisation with the implementation of land
plot physical area calculation methodology

Value of one m2 of roll lawn, UAH 42

Total land plot area according to the title, ares 35
Built-up territory, ares 13.2
Calculated area considering the relief, ares 37.6
Difference, ares 1.6
Value, UAH 13600
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Table.4. Agriculture optimisation with the implementation of land plot
physical area calculation methodology

Value of 1 ton of fertilizer, UAH 3000
Total land plot area according to the title, ha 20
Calculated area considering the relief, ha 20.7
Difference, ha 0.7
Difference, UAH 2100

Conclusions and prospects.

The developed methodology helps
to improve the modelling of the phys-
ical surface relief and increase the land
plot physical area calculation accurate-
ness. The directions of land plot physi-
cal area application have been systema-
tised. This study confirms the economic
viability of the determination of a land
plot physical area by the suggested
methodology at land improvement and
agrotechnical activities. The results of
the research uphold the effectiveness of
the implementation of the methodology
at the resolving of various tasks con-
nected to land use spatial aspects.
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M. Manawescokuli, O. Manawescbka
MPAKTUKA PO3PAXYHKIB ®I3UYHOI
/oLl 3EME/IbHUX AI/TAHOK
https://doi.org/
10.31548/zemleustriy2021.04.10
AHomayia. Y cmammi po3senadaemoeca
MUMAHHA PO3pPaxyHKy ¢isu4Hoi naowji semens-
Hux OinAHOK. AKMyasnbHicmb 00CAiIOHEHHSA
obymossieHa 8M1UBOM MOYHOCMI BU3HAYEH-
HA naow, 3emenbHUX OifIAHOK HO eKOHOMIYHY,
eKos102i4HY, coyianbHy cKnadosy 3emnaeKopuc-
mysaHHA. ¥ cmammi euokpemneHo npobne-
My B8paXYBAHHA (hi3UYHUX XapaKmepucmuk
3emesibHUX OiNAHOK MpuU 8U3HAYEHHI iX naowi.
Mema docnioxceHHA nonszae 8 06rpyHMysaH-
Hi 30cmocy8aHHA MemoOUKU PO3PaXyHKY ¢i-
3UYHOI naowi 3emenbHUX OifIAHOK 8 Cy4acHUX
coyianbHO-eKOHOMIYHUX ymosax. HasedeHe
noHAmMmaA isu4Hoi naowji 3emesnvHux 0Oins-
HOK, cucmemamu308aHO HAMPAMKU 3GCmocy-
BAHHA MEeMOOUKU BU3HAYEHHSA (i3UYHOI naowi
3emesnbHUX OinAHOK. BukopucmaHa memoduKka
BU3HAYEHHA (Pi3u4HOI raowi 3emensHoi Oi-
AIAHKU WAAXOM PO3Mi4y8AHHA MOMi20Hi8 ma
BU3HAYeHHA cepedHbo20 yxusny. [lposede-
Hi PO3PaxyHKU naowi 3emenbHoi OQinfAHKU i3
8PAXYBAHHA penbedy Mpu PisHUX KinbKOCMAX
nodiny CMOPOHU MPUKYMHUKA. BukoHaHo
rOpIBHAHHA i3 PO3paxyHKamu naowi 6e3 epa-
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XyB8aHHA penvegpy.  30ilicHeHuli peepeciliHuli
aHaNI3 3anexHocmi 3MiHU ¢hizuyHoI naowi 3i
3MIHOK KinbKocmi po3bumms cmopiH mpu-
KymHuKie. HaeedeHi po3paxyHKu KoegiyieHmy
CKAaOHOCMi penvegy 0419 8U3HAYEHHSA hizuy-
HOI naow,i 3emesnbHOI QinAHKU,; PO3PAXYHKU, AKI
niomeepoxyoms  eKOHOMIYHY OouinbHiCMb
BU3HAYEHHA (i3u4HOI naowi 3emenvHoi Oi-
/IAHKU 30 30arpOrNoHOBAHOO MemOOUKOK rpu
nposedeHHi biazoycmporo mepumopii ma npu
azpomexHiyHux pobomax. OmpumaHi pesyne-
mamu moxyme 6ymu 8UKOPUCMGAHI 8 Pi3HUX
sudax pobim, nMoe'A3aHUX i3 MPOCMOPOBUMU
acrnekKmamu BUKOPUCMAHHAM 3emesb, 8 Ha-
CMYMHUX HAYKOBUX O0CMIOHEHHSIX.

Kntoyosi ¢i3uyHa  nosepxHs,
3emesnbHa GinAHKa, NAowa 3emesnbHoT OinAHKU,
penbed, MamemamuyHe MoOEsOBAHHA.

cnoea:

* kK

H. Manawesckuli, E. ManawescKas
MPAKTUKA PACYETOB ®U3UYECKOM
MJ/1I0WAAN 3EMEJIbHbIX YHACTKOB
https://doi.org/
10.31548/zemleustriy2021.04.10
AHHOmMayusa. B cmamee paccmampusa-
emcsA sonpoc pacyema ¢usudeckoli naowadu
3emesbHbIX y4acmKos. AKmyanbHocme uccre-
doeaHusA obycnoeneHa 6AUAHUEM MOYHOCMU
onpedeneHus rnaowadeli 3eMesnbHbIX y4acmyos
HG 3KOHOMUYECKY!IO, SKO/I02UYECKYH, COYUab-
HYI0 COCMas/AWYO 3emMnernosns3o8aHus. B
cmameoe 8bideneHa npobaema yyema ¢puuye-
CKUX XapaKmepucmuK 3emMesibHbIX YYacmkos
npu onpedeneHuu ux naowaou. Lieas uccnedo-

8aHUA cocmoum 8 060CHOBAHUU MPUMeHeHUs
MemoouKu pacdema gusudeckol naowaou
3emesibHbIX Y4acmKo8 8 COB8PeMEeHHbIX COUU-
as1bHO-3KOHOMUYECKUX  ycrosusx. [lpusedeHo
noHamue ¢usudeckol naowaou 3emesbHbIX
Y4ACMKo8, CcUCMeMamu3uposaHsl Hanpasse-
HUA npumeHeHUs MemoOuKu orpedeneHus
¢husudeckol naowadu 3emesbHbIX Y4aCMKO8.
Ucronb3zosaHa memoouKa onpedeseHus ¢u3u-
yeckoli NA0Wadu 3emMesnbHO20 y4acmKa fnymem
pasmMemku rosau2oHo8 u onpedeneHus cpeoHe-
20 yKnoHa. [poussedeHbl pacyems! naowadu
3emes1bHO20 y4acmKa ¢ y4emom penbeda npu
Pa3HbIX Konu4ecmeax pasodesneHus CMOopoHb!
mpeyeonbHuKa. [lpoussedeHo cpasHeHue ¢
pacuemamu naowadu 6e3 yyema penveda.
OcywecmesneH peapeccuoHHbIl aHanu3 3asu-
cuMocmu usMeHeHuUs usuyeckol naouwaou ¢
u3MeHeHUeM Kosuyecmea pasbueHuli cmopoH
mpeyzoneHUKo8. [lpedcmaegsneHs! pacyemel Ko-
aghpuyueHma cnoxcHocmu penveqpa 015 onpe-
OeneHusA usudeckoli naouwadu 3emesnbHo20
y4acmka; pacyemel, MoOMmMeepHoaoujue Ko-
HOMUYecKyto yenecoobpazHocme ornpedeneHus
¢husuyeckoli naowadu 3emesnbHO20 y4acmKa rno
npednoxeHHol memoduke npu nposedeHuu
6n1a20ycmpolicmea meppumopuu u npu azpo-
mexHuyeckux pabomax. [losyyeHHbie pe3ysib-
mamei mo2ym 6bimb UCM0163080HbI 8 PA3HbIX
sudax pabom, ceA3aHHLIX C MPOCMPAHCMEBEH-
HbIMU aCrIeKmamu UCrosb308aHUA 3emMesb, 8
rocnedyoujux HayYHbIX UCCned08aHUsX.

Kntouesbie cnoea: ¢pusuveckas nosepx-
HOcmb, 3emesbHbIl  y4acmok, naowade 3e-
MeslbHo20 Yy4acmKa, penbeqd, Mamemamuye-
CKoe MoOenuposaHue.
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