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Substantiation of the rational use principles for land of different purpose is a priority of the state policy in Ukraine.
Determination of the optimal size and form of land parcels is one of the components of their rational use. According
to the regulations of Ukraine, the information about land parcels and restrictions on their use is essential for the na-
tional cadastre system. The restrictions of use of land are important for land users and property development. For
registration purposes, their location, configuration and size should be clearly identified.

Purpose. The purpose of the publication is to establish the optimal number of angles of rotation of land parcel
boundaries in sanitary protection zones, and to determine permissible errors in calculation of their area.

Methodology. The scientific research is based on the use of systematic approach to solving the defined problem:
classical geometry methods combined with theoretical and applied foundations of the theory of measurement errors,
which are used to process the results of geodetic measurements.

Findings. The research made it possible to carry out preliminary accuracy calculations of the area of land parcels
with the configuration of a regular polygon inscribed in a circle. Also, the optimal size of the chord is substantiated,
which allows minimizing the values of area errors and the number of angles of rotation of land parcels provided for
conversion to the field.

Originality. For the first time, the problem of justification of buffer zone configuration and preliminary evaluation
of the accuracy of calculating the areas of land parcels that have the configuration of a regular polygon inscribed in a
circle was defined and solved without calculating the coordinates of its vertices.

Practical value. The practical value of the research is in the development of unified approaches to evaluation of the
accuracy of calculating the area of land parcels that have configuration of a regular polygon which are intended for the
state registration in the state land cadastre.

Keywords: buffer zone, the configuration of land parcel

Introduction. The historical process of rights and
property development is always combined with different
types of restrictions and the rights of third parties. Cur-
rent trends of land-use and land protection in Ukraine
contain very important part — the guarantee of rights by
the country. State legal acts of Ukraine set clear stan-
dards that define restrictions of land use depending on
the hazard type and class of the corresponding object.
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According to the Land Code of Ukraine and Law of
Ukraine “On land management” [1, 2], the information
about restrictions of land use is specified in:

- land management schemes, technical and eco-
nomic substantiations of land use and protection of ad-
ministrative and territory units;

- land management projects on the organization and
determination of boundaries of the territories of nature
reserve fund and other nature protection, health, recre-
ational, historical, cultural, forestry purpose, water fund
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and water protection zones, restrictions on the use of
land and regime-forming facilities;

- land management projects on the ecological and
economic justifications of crop rotation and streamline
the lands;

- land management projects on the allocation of land
parcels;

- technical land management documentation on the
determination of land parcel boundaries;

- general plans of territories;

- detailed plans of territories;

- zoning plans.

The components of land use restrictions are sanitary
protection zones which are set around important natural
objects of cultural heritage, meteorological stations,
along communication lines, power lines, land transport,
around industrial facilities.

The structure of the protection zones includes buffer
zones and zones of special treatment of land use. Rele-
vant areas are formed to ensure normal operation of fa-
cilities, prevent injuries and reduce their negative im-
pact on people and the environment, adjacent land and
other natural objects.

It is well known that Ukraine is an agrarian country.
Nevertheless, we can observe ramified network of in-
dustrial regions, districts and centers distributed in the
territory of the country. A buffer zone usually stretches
from sources of harm to the boundaries of residential
areas, areas of public facilities, buildings and structures,
including children, education, health care institutions,
institutions of social security, sports facilities, etc., as
well as areas of parks, gardens and other green building
objects of general use, health and parcels of sports fa-
cilities, recreation, gardening societies and other facili-
ties equal to them.

According to the State sanitary rules for planning
and housing of settlements approved by the order of
Ministry of Health of Ukraine, there are three ap-
proaches to determining the size and configuration of
buffer zones [3]:

- for companies involved in processes which are
sources of air pollution including an unpleasant odor,
chemicals and biological factors, buffer zones are set
immediately from the sources of organized emissions of
air pollutants (through the pipes/mines) or fugitive
emissions (through the lights of buildings, smoking and
steaming surface of processing plants and other facili-
ties, etc.), as well as the place of unloading raw, indus-
trial products or open warehouses;

- for companies with processes producing noise,
ultrasound, vibration, static electricity, electromag-
netic and ionizing radiation and other hazards —
from buildings, structures and sites where the equip-
ment is installed (units mechanisms), creating these
hazards;

- thermal power, industrial and heating plants —
from smokestacks and places of storage and preparation
of fuel, sources of noise;

- for sanitary installations and installations of mu-
nicipal purpose, as well as farms and facilities — from the
boundary of the object.
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The dimensions of buffer zones are set depending on
the class and type of industrial hazards, and some are
listed in Table 1.

Similar approaches to classification (Table 1) of
harm industries exist for the construction industry,
wood processing, textile production, processing and
animal food, sanitary and other communal facilities.

Unsolved aspects of the problem. Article 111 [1] es-
tablishes that the burden of land rights is subject to state
registration in the State Register of Rights to Immovable
Property, while restrictions in use — in the State Land
Cadastre. The question of determination of boundaries
of land parcels of buffer zones for single objects of harm-
ful effects is currently acute. Such land parcels should
have the circle configuration. The relevant zones are
easy to design on the map or plan and calculate their
areas; however, it is necessary to determine the bound-
aries of land parcels on the surface using geodetic meth-
ods and appropriate registration. This is important for
many reasons, especially to establish efficient and cor-
rect use of land designed for allocation near the areas of
restrictions. This practice exists in the context of water
protection zones.

To perform this study, we will focus on the harmful
effects of single objects of harmful effects or objects re-
quiring protection, e.g. smokestacks or water wells. The
optimal configuration of land parcel for these objects
will be circular.

The determination of boundaries on the surface in
the shape of a circle or a square is not appropriate and
not rational. Obviously, the configuration should be de-
termined in the form of a regular polygon. And this rais-
es the question: how many angles of rotation should be
there, whose mean square error must be identified, and
which error of the area of land will be determined?

Analysis of the recent research and publications. The
rationale of accuracy of the determination of boundaries
of land parcels on the surface for their future use are
provided by recognized experts Y. Hubar, L. Perovych,
A. Tserklevych, etc. [4—6]. The publications by V. Riab-
chii and M. Trehub [7, 8] were devoted to the assessment
of accuracy of boundary rotation angles of land parcels
and their number and systematization of approaches to

Table 1

Dependence of the size of a buffer zone on the class of
the industrial enterprise hazard

Type of industry
Metallurgical, For extraction
Class Chemical, | machine-building of ores and
m and metal-working, non-metallic
m minerals, m
1A 3000 1000 1500
1b 1000 1000
11 500 500 500
111 300 300 300
v 100 100 100
A% 50 50 50
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rational land use. The ecological problems of land-use
and air pollution in cities were systematized by [9]. It
should be noted that no scientific publication devoted to
the study of the issue of accuracy of round land parcels
has been found.

The objectives of the article. For the rational design
of land protection zones within the restrictions there
should be unambiguous methodological approaches to
determining the configuration and size. In this regard,
the purpose of the publication is to establish the optimal
number of land boundary rotation angles of buffer
zones, and to determine permissible error of their area.

Presentation of the main research. For further pre-
sentation of research results, there should be taken into
account the following values (parameters): R — radius of
circle; C — circumference; S, — area of circle; S, — area
of sector; S, — area of segment; / — length of circle arc;
h — length of chord; ¢ — central angle; a — sagitta.

These values were calculated using formulas that are
well known to the reader, but we should summarize
them

C=2nR,
Scr= nR2;

2
a=R— R =" _ Rl 1-cos® :ﬁtgg;
— 2)72 %%

h=2Rsin%=2 2aR-a*;

/- 2nRo
360 °
_nR%
*360

R*(no . 1
S =7(@—sm(p]=5[1R—h(R—a)}

The calculation of above mentioned parameters for
the circle of R = 100 m is given in Table 2.

According to [10] “In terms of curved segments,
boundaries should be defined depending on the radius
of curvature. The next point is coordinated in locations
where the tangent passing through the previous point
and curve diverge is over 0.25 m”. Following these re-

quirements, for R = 100 m, values are listed in the first
row in Table 2. The length of the chord is 14.1 m, the
central angle ¢ = 8°06'16.3"”, and the number of points
that need to be defined is from rounding n =45. For such
a small radius and area S,, = 31415.9 m? there are too
many points to be defined on the terrain, although the
ratio of the segment area and sector area is small.

Of course, the bigger the number of rotation angles
is, the smaller the value of the mean square error of land
area is. Obviously in such cases it is necessary to set the
optimum number of rotation angles and mean square
error for land area in the shape of a polygon. To compare
parameters at different values of the central angle, the
relevant calculations were made and are presented in
Table 2.

For example, let us consider a circle of twelve sectors
and a corresponding number of vertices in Figure.

The number of rotation angles to denote is n. The
number of diagonals to calculate the mean square error
of the area is also n.

The formula for calculation of permissible mean
square error m,, for the area of regular polygon will be
the following

n

_My 2
Mg = N ;D(Hl)-(i-l)’

where m,; is permissible mean square error of determi-
nation of position of rotation angles of land parcel; D(i +
+ 1) — (i — 1) are polygon diagonals, which in the case of
a regular polygon are equal to each other and equal to
chord sector with the central angle 2¢, Figure. The
number of diagonals will be equal to the number of ver-
tices in polygon n, i.e. we can write the formula

For example, the central angel ¢ = 30°, then n = 12
and the chord of the sector of 2¢ will be the radius —
hy, = R=100 m, Table 2, row 6. According to [10], the
recommended maximum length between rotation angles
of boundaries of land parcels should be equal to
50—80 m. This length of chord is not presented in calcu-
lations in Table 1, but there are similar values when
¢ = 30°, h =51.764 m. Considering the value of central

1

Table 2
Values of inscribed polygon depending on the value of the central angle
N | ®lem Sers er h,m | a,m Lm |S;,m?|S,m>| n S | AS, K %
= m 5 1’1'12 ¢ 5 5 5 sk 59> Ssk m2 S,
1 8°06'16.3" | 14.133 | 0.250 | 14.145 | 707.2 2.3 | 444 1/300 | 104 | 0.3
2 15 26.105 | 0.856 | 26.180 | 1308.9 | 14.9 24 1/88 | 358 1.1
3 S % ; 20 34.730 | 1.519 | 34.907 | 1745.3 | 35.2 18 1/50 | 634 | 2.0
4 - § E 30 51.764 | 3.407 | 52.360 | 2617.9 | 117.9 12 1/22 | 1416 | 4.5
5 40 68.404 | 6.031 | 69.813 | 3490.6 | 276.7 1/13 | 2490 | 7.9
6 60 100.00 | 13.397 | 104.720 | 5235.9 | 905.8 1/6 |5435| 17.3
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Fig. Arbitrarily inscribed dodecahedron

angel @ = 30° and the chord length, we may accept ex-
actly the same parameters during the process of deter-
mination of boundaries for a circle with radius R=100 m.
A similar approach can be adopted with land parcels
with other radii, only in case the number of sectors
(chords) is integer.

The proposed approach to establishing the same val-
ues of the diagonals of the polygon will lead to the case
when under the same mean square errors, the location
of rotation angles on the ground and values of mean
square errors areas of land will be minimal. That is, the
permissible value of the mean square error of regular do-
decahedron area must be calculated using the formula
(1). But these values are permissible errors of dodecahe-
dron area with a radius of the described circle R= 100 m.
The differences between the areas of land parcels of cir-
cular and polygonal shapes (AS) will equal the area of
the segment multiplied by the number of the sectors, m?.

AS: n- Ssd}'
AS=12-117.994 =1415.928,

which, with regard to the area of the circle with R =100
makes

nS, 1415928 1
©TS,, 31415925 22

The percentage range is K, =4.5 %.

At the first glance, the value of relative error is large,
but let us consider the size of this segment. To simplify,
the segment can be considered as two triangles with one
common side a = 3.497 m, the other ones are 26.105 and
25.882 m. On the land parcels of such sizes, the con-
struction of large industrial and civil buildings is impos-
sible. Let us assume that these values of areas could be
neglected. Moreover, this factor can be considered in
terms of the length of the curve. As is known, the length
of arc is the limit to which the length of the polylines is
approaching, with its longest part approaching to zero.
Let us calculate the ratio K; = 4/ for the sector of in-
scribed dodecahedron (Table 2) 51.764 / 52.360 =0.989.
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The ratio of the sum of twelve chords to the length of the
entire circumference is the same. If converted to per-
centage, the losses in length will be A/=1.1 %.

The mean square error of area of land parcel using
(1) could be calculated for different types of settlements
using different permissible mean square errors of deter-
mination of position of rotation angles of land parcel.
The permissible mean square errors are the following:

- in Kyiv, Sevastopol and cities — regional centers
and cities of regional subordination — 0.1 m;

- other cities and settlements — 0.2 m;

- in villages — 0.3 m.

Using the above mentioned conditions the values of
permissible mean square error of area will be the follow-
ing, m?

m,, =”L;1h\/2 01100 15 120,

s

m, h\/;:0.2*100\/§:24‘5.

Myyn = \/g \/g

m, = ’"";3 PN *8100\/5 =36.7.

™"

During the mathematical processing of geodetic
measurements results, different definitions of the im-
portance of systematic error are used. To assess the ac-
curacy by differences of double equal observations, the
influence factor is taken as K= 0.2. In [7], three criteria
of the significance of the impact of coordinate rounding
errors depending on the value of the mean square error
of area are defined. Such criteria are between 2—5 %,
but for the urban territories 2 % is recommended. Simi-
lar restrictions can be suggested in this research.

Research conclusions and recommendations for fur-
ther research.

1. To enhance the visibility, validity and accuracy of
land management and planning information, it is neces-
sary to provide the determination and registration of all
types of buffer zones.

2. Special attention should be paid to the buffer
zones of circle configuration. For single objects, in-
scribed polygon is suggested as the form of the buffer
zones.

3. The research has made it possible to determine the
formula of calculation of the permissible mean square
error of the area of buffer zones without calculating the
coordinates of the polygon rotation angles.

4. Tt has been defined that the chords (lengths of
polygon sides) should be # = 50—55 m and the length of
the diagonal will be estimated as 100 m. The increase in
the length of the polygon will make losses of the circle
space significant, and in case of reduction, the number
of angles of rotation to be determined will increase, and
the reduction of area errors of will not compensate any-
thing.

5. The investigation provided an opportunity to de-
velop a method of calculating the parameters of a poly-
gon inscribed in a circle of the given radius. This ap-
proach ensures determining the minimum mean square
error of the polygon area.
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Further research should be focused on determining
the mean square error of angles of rotation of boundar-
ies of buffer zones as a result of their conversion to the
field, depending on the radius. The radius of buffer
zones could be used according to the State sanitary rules
for planning and housing of settlements [3] for different
types of industries.
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OOrpyHTYyBaHHS IPUHIIUIIIB palliOHATLHOIO BUKO-
pUCTaHHSI 3eMEeJbHUX HiISTHOK Pi3HOTO UiJIbOBOTO
MPU3HAYCHHST € TPIOPUTETOM ACP>KaBHOI MOJIITUKU B
VYkpaini. OnHi€elo 3i cKJ1agoBUX 1X pallioHaJIbHOTO BU-
KOPUCTAaHHSI € BU3HAYEHHSI ONTUMAJIbHUX PO3MIpiB i
(GopM 3eMeIbHUX OUISTHOK. BiamoBigHO 10 YMHHUX
HOPMAaTUBHO-MPABOBUX AKTiB YKpaiHU, 000B’SI3KOBO-
MYy BHECEHHIO II0 IEep>KaBHOTO 3eMEJIbHOTO KamacTpy
OiIATaloTh HE JIUIIE 3eMeJIbHI OiISTHKY, ane i ooMe-
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XKEHHS Y iIX BUKOPUCTaHHi. BaXxJiMBUMU 1J1s1 3eMJIeKO-
PUCTYBadiB i BeIeHHS ICP>KaBHOTO 3eMEIbHOIO Kama-
CTPY € OOMEXEeHHSI Y BUKOPUCTAHHI 3eMeIbHUX Hisi-
HOK. 719 mpoBeneHHS Aep>KaBHOI peecTpallii HeoOXi-
HO BU3HAUMTH iX MiClIe3HAXOMKEHHsI, KOH(Irypaiito i
po3Mipu.

Merta. BcTaHOBIIEHHST ONITUMATbHOI KiJIbKOCTi Bep-
IIWH KYTiB MOBOPOTIB MEX 3eMEJIbHUX AUISTHOK CaHi-
TapHO-3aXMCHMX 30H i 30H CaHiTapHOI OXOPOHHU, a Ta-
KO BU3HAYEHHS TOMYCTUMMX TTOXUOOK IX TUIOIIII.

Metoauka. O6uucieHHsT 0a3yeTbCs Ha BUKOPUC-
TaHHi CUCTEMHOTO TiAXOAYy A0 BUPilIEHHS MOCTaBJie-
HOI 3a7ay4i: METOMAIB KJIACUYHOI TeOMETpii, IMOETHAHOI 3
TEOPETUYHUMM U TIPUKIAAHUMU OCHOBAMU TEOPil MO-
X1OOK BHUMIpPIOBaHb, 1110 BUKOPUCTOBYIOTHCS ISl O0-
pOOJIEHHS pe3yJIbTaTiB TeoJe3MYHNX BUMipIOBAHb.

PesyabraTu. Ha niacraBi npoBeneHOro qociiaKeH-
HSI CTaJI0O MOXJIMBMM BUKOHYBAaTHU TOIEPEaHi po3pa-
XYHKUA TOYHOCTi OOYMCJIEHHS TUIOLI 3€MEeJIbHUX Hissi-
HOK, 1[0 MalOTh BUIJISLA 0araTOKyTHHUKA, BIIUCAHOTO B
koJsio. TakoxX BCTaHOBJIEHI 3HAYEHHSI PO3MipiB XOPaH,
1110 03BOJIIE OTPUMYBATU MiHiMaJbHi 3HAYE€HHS TTO-
XUOOK TIJIOII Ta ONTUMAJIbHY KiJIbKiCTh BEPIIUH KYTiB
TTOBOPOTIB MEX 3eMEJIbHUX NUISTHOK, SIKi rependaya-
IOTBCS IIJIST TIEpEHECCHHS Ha MiCIIEBiCTb.

HaykoBa HoBM3HA. YTieplle MocTaBjieHa il BUpillie-
Ha 3agaya OOIpYHTYBaHHSI KOHQirypallii OXOpOHHUX
30H i TOTePeTHHOTO OLIIHIOBAHHS TOYHOCTI O0YMCIIeH-
HSI TUIOL 3eMeJIbHUX JIIJITHOK, 1110 MaloTh (hpopMy Oara-
TOKYTHMKA, BIIUCAHOI'O B KOJIO, 0€3 00UMCICHHS KOOP-
JIUHAT 10T0 BEPIIMH.

IIpakTuuna 3uaymmicthb. [losisirae B po3poOJieHHI
€IVHUX MiIXOAiB OO0 OLIiIHIOBaHHS TOYHOCTI 00YMIC-
JICHHSI TLJIOLI 3eMEJbHUX IIISTHOK, 110 nepeadavyaroTb-
csl IS IepXKaBHOI peecTpallii B AepXKaBHOMY 3eMeb-
HOMY KaJacTpi.

Kmouosi cioBa: canimapro-3axucra 30na, 30Ha cawi-
mapHoi 0XopoHU, KOHpieypayis 3emenbHol JinIHKU

O0OocHOBaHME MPUHLMIIOB PALMOHAJIBHOTO MUC-
MMOJIb30BaHUSI 3eMeJIbHBIX YY4aCTKOB Pa3JIMYHOrO 1iejie-
BOTO Ha3HAUEHMUSsI SIBJISIETCSI MPUOPUTETOM Trocyaap-
CTBEHHOM MOAUTUKY B YKpanHe. OQHOI 13 COCTaBIsI-
IOIIUX WX PpalMOHAJbHOIO MCMOJb30BaHUS SIBISIETCS
omnpelejeHre ONTUMAJIbHBIX pa3MepoB U (opm 3e-
MeJIbHBIX Y4aCTKOB. B COOTBETCTBUY C AEHCTBYIOIIUMU
HOPMATUBHO-TIPABOBBIMU aKTaMW YKpauHBI, 00s3a-
TEJIbHOMY BHECEHUIO B TOCYIAPCTBEHHBIN 3eMEITbHBIN
KaJacTp MoJJjiekaT He TOJIbKO 3eMeIbHbIE Y4aCTKH, HO
1 OTPAaHWYEHUS B UX MCIOJIb30BAaHUN. BakHBIMM 7151
3eMJICTIONb30BATEIed M BeIeHUSI TOCYJAapCTBEHHOTO
3eMeJIbHOTO KajacTpa SIBIISIIOTCSI OrpaHUYeHUsT B UC-
MMOJIb30BAaHUU 3eMeJIbHBIX YYaCcTKOB. JIJ1s1 mpoBeaeHus
roCcyAapCTBEHHOI perucTpaly HeoOX0aMMO OIpe/e-
JIUTh UX MECTOHAaXOXIeHue, KOH(PUTYpallUulo U pas-
Mepbl.

Iean. YcraHoBieHUE OINTUMMAJIbHOIO KOJIMYECTBA
BEPILIMH YIJIOB ITOBOPOTOB IPaHUI] 3eMeIbHBIX Yy4acT-
KOB CAHMTApHO-3alLMTHBIX 30H U 30H CAHUTApHOI OX-
PaHBI, a TAKKE OIpeNeSIeHNe TOIMYCTUMBIX ITOTPEITHO-
CTEeU UX TUIOLLAIU.
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Metoauka. Borurcienust 6a3upyroTcsi Ha UCIOJb-
30BaHUM CHUCTEMHOIO IMOAXOAAa K PEIIEHUIO MOCTaB-
JICHHOM 3aJa4yy: METOIOB KJIACCUYECKOM T€OMETpHUMU,
COMPSDKEHHON € TEOPETUYECKMMM M MPUKIATHBIMUA
OCHOBaMHU TE€OPUM OIIMOOK U3MEPEHUil, MCITOIb3ye-
MBIX U151 0OpabOTKU Pe3yabTaTOB reOAe3UYeCKUX U3-
MEPEHUN.

PesyabTaTsl. Ha ocHoBaHUY MPOBEAESHHOTO UCCIe-
JIOBAaHUSI CTajl0 BO3MOXHBLIM BBIMOJHSITH TpeaBapu-
TeJIbHbIE pPacyeThl TOUHOCTU BBIUMCIAEHUS TLIOLIAAei
3eMEeJIbHBIX YYaCTKOB, KOTOpPbI€ UMEIOT BUI MHOTOY-
roJibHUKA, BIIMCAHHOTO B OKPYXXHOCTb. Takxke ycra-
HOBJIEHO 3HAYEHUE Pa3MEPOB XOP/Ibl, KOTOPOE MO3BO-
JISIET T0Jy4yaTb MMHUMMaJbHbIE 3HAUEHUS MOTPEIIHO-
CTEH TUIOIIAJEH U ONTUMAIbHOE KOJIMYECTBO BEPIINH
YIJIOB ITOBOPOTOB I'PAHMIL 3eMEJIbHBIX YYACTKOB, KOTO-
pble NpeaycMaTpUBaIOTCd JIsI NEpeHOoca Ha MecCT-
HOCTb.
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Hayunas HoBusHa. BriepBbie mocTaBjieHa U peleHa
3amaya 000CHOBaHMST KOH(MUTYpaIlMi OXpaHHBIX 30H 1
MPeIBAPUTEIILHON OLIEHKM TOYHOCTU BBIYMCIICHMS
TIJIOIIA/Ie 3eMeTbHBIX Y4aCTKOB, KOTOPbIE UMEIOT BUJT
MHOTOYTOJIEHIKA, BITMCAHHOTO B OKPY:KHOCTb, O€3 BBI-
YUCJIEHUS] KOOPAMHAT €T BEPILIVH.

IIpakTHyeckas 3HAYNMOCTh. COCTOUT B pa3pabOTKe
SIUHBIX TOIXOMOB K OLICHKE TOYHOCTH BBIYMCIICHMS
TUTOIIAIEH 3eMEeIbHBIX YIaCTKOB, KOTOPBIE IpeaycMa-
TPUBAIOTCS 11 TOCYAAPCTBEHHOM PErucTpaliu B TO-
CyIapCTBEHHOM 3eMeJIbHOM KanacTpe.

KioueBble ciioBa: canumapHo-3aujumnas 301Ha, 30Ha
CAHUMAPHOU  3aWjUumvl, KOHQUIYpauus  3eMenbHO0
yuacmka

Pexomendosaro 0o nybaikauyii dokm. mexH. Hayk

P. O. luuxoscokum. Jlama Ha0Xo0xucewHs PYyKONUCY
18.06.16.
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