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Annotation. The features of the selection of the area for placement of apiaries are
analyzed, which will provide a sufficient forage base and productivity of apiaries and at the
same time will be safe for the life of bees.

The possibilities of using geoinformation models for finding the apiaries optimal location
have been shown in the research. Finding suitable parcels in a fairly short time is due to the
dependence on blossom of entomophily cultures. In the article, it was shown the analysis of
different requires for location of bee-garden land parcels and the solution of the automation
of work related to the preparation of geo-images of suitable territories.

This research describes the algorithm for making the geo-images reduces waste the time
consuming and accelerates the analysis of spatial data for making decisions on the location
of apiaries. It was proposed to use spatial analysis for selecting the optimal location of apiary.

As a result of the research, it was established that an algorithm that automate some steps
in the creating of land management documentation for beekeeping farms can be used for the

location determination of bee-garden land parcels.
Key words: geoinformation modeling, bee forage, geo-image.

Introduction.

Beekeeping is an integral part of the
agro-sector; meanwhile it is part of the
food supply function of the country’s
population. The success of the beekeep-
ing farm depends on many factors: the
availability of sufficient bee forage and
the apiaries location in areas that are
safe for bees. In this days and ages, the
fragmentation of land is increased and
the number of landowners and land us-
ers is grown too. Thus the beekeepers
have a question how is situated their

apiaries, how is provided the optimal
forage base for bees and the perfor-
mance of the apiaries.

All this necessitates of new oper-
ational approaches study will provide
mapping and the analysis of land par-
cels location suitable for beekeeping.

Statement of problem. The Law of
Ukraine “On Beekeeping” provides the
placement and moving of apiaries [1],
and according to the Order of the Chief
State Inspector of Veterinary Medicine
of Ukraine “On Approval of the In-
structions for Diseases Prevention and
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Elimination and Bees Poisoning” [2],
there are established requirements for
placement and arrangement of apiaries.
A clear implementation of the require-
ments described in the development of
land management projects provides a
solution to the problem of the safe and
productive location of bees.

Both analyzing the territory and
taking into account various criteria can
be based on the use of geo-information
models for selecting the optimal loca-
tion of apiaries. The need to identify
suitable sites in a fairly short time is due
to the dependence on the flowering of
entomophily cultures and requires the
solution of the automation of work re-
lated to the preparation of geo-images
of suitable territories.

Analysis of recent researches
and publications.

The development a problem of using
automated decision support systems in
planning land use has been covered in
works [3-4]. The development problems
of the accounting of the forage base of
beekeeping have been covered in works
[5-6]. The study [7] highlighted the in-
ventory of honey plants in arid zones
and how ground-based inventory works
supported by GIS-applications.

However, the problem of plot auto-
matic search location optimization for
the needs of beekeeping was not cov-
ered in the works listed.

Objectives of the article.

The objective of the research is to
substantiate the geoinformation model
for the automated area determination
suitable for apiaries placement.

To achieve the objective of the study,
the following tasks were used: to identi-

fy the main input and result data; and to
substantiate the development and appli-
cation of the algorithm making geo-im-
ages of suitable territories based on the
example of a separate administrative
territorial formation.

Materials and methods.

The paper aimed on the selection of
the area for the optimal apiary location
based on usage methods of geo-informa-
tion analysis and tools of the Idrisi Selva
software. To achieve the objective of the
study, a model for making the geo-im-
ages of areas suitable for apiaries was
developed and substantiated. The de-
velopment of the model used approach-
es based on the Unified Modeling Lan-
guage (UML). Geo-images in this study
were built on the simulation tools: layer
overlay operation, classification methods
and reclassification of numerical indices.

The information base of the research is
ground investigations and thematic maps
obtained according to remote sensing data.

The territory of Boryspil district of
Kyiv Oblast was selected as a modeling
instance.

The main materials. Analysis of
the beekeeping legal provision of [1-2]
has shown that in determining the opti-
mal location of apiaries, it is necessary
to take into account the needs of users,
who will be based on the model being
developed and a list of tasks for which
the given model is aimed (Fig. 1).

Determination of the apiaries opti-
mal location includes the definition of
indicators characterizing the presence
of the forage base of beekeeping such as
the identification of entomophily plants,
which are the source of nectar or pol-
len, its areas and the terms of blossom
meanwhile the absence of harmful ef-
fects on bees.
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Fig. 1. Classification of task types and users in determining the apiaries
optimal location

There are the following models de-
termining the apiaries optimal location
by the users: landowners and users, bee-
keepers such as pedigree and apiaries,
producers of agricultural products, cul-
tivating entomophily plants and other
stakeholders.

The decision of the land placement
problem of the apiaries location is
solved using the approach of geoinfor-
mation modeling, which, based on the
analysis of the set parameters, allows us
to find the variant of accommodation,
which is the mush more optimal.

The general scheme of the algorithm
for creating a geo-image of the suitabil-
ity of the territories for the location of
apiaries was illustrated in Fig. 2.

When Problem statement, should
take into account the number of bee
families and the direction of activity of
the apiary.

During the collection of information
about land resources within the ana-
lyzed administrative-territorial forma-
tion, the study of incoming data sets and
their integration.

At the next stage of the task, two
issues were considered in parallel: cre-
ating a thematic map of the nectar and

pollen crops and defining the require-
ments for the apiaries location. Cre-
ation of a thematic map of nectar and
pollen crops was based on forest data,
crop maps and/or processing of remote
sensing data, which was considered in
the studies [8].

Requirements for placement of api-
aries in relation to neighboring apiaries
and other objects were specified in the
order [2]. Objects limiting the location
of apiaries are as follows: highways and
railways, sawmills, high-voltage trans-
mission lines, livestock and poultry
houses, wax processing plants, confec-
tionery and chemical industry enterpris-
es, airfields, military landfills, radar, ra-
dio and television broadcasting stations
and other sources of microwave radia-
tion and the presence of reproductive or
quarantine apiaries.

To select the optimal location of
the apiary, it was proposed to use spa-
tial analysis, which allows searching
of spatial patterns in the distribution of
geographic data and interconnections
between objects [9].

The next stage of the functional
model is the creation of thematic maps
of the study area, which provides us-
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Fig.2. Functional model of the implementation of actions for solving
the problem in determining the apiaries optimal location

er-friendly display of spatial data and is
the basis for making project or manage-
ment decisions.

To achieve the objective of the research,
a geo-information model for selecting the
optimal location of apiaries has been devel-
oped, consisting of the following blocks:

Block # 1: Initial Data: The model
contains primary data which can be ob-
tained from existing maps or thematic
processing of remote sensing data.

Block # 2: Data Processing: This
part includes the following components:

1. Allocation of danger areas for bees:
creation of a class of spatial objects that
are harmful to bees and the installation of
such objects in buffer zones.

2. Isolation of territories with a suffi-
cient forage base: The creation of a spatial
class, indicating the location of valuable
plants such as nectar and pollen. Next stage
is an establishment of buffer zones around
it, at the distance possible to flying bee.

3. Selection of areas suitable for the
apiaries location.

Block # 3: Presentation of Results:
The model involves the creation of the re-
sulting geo-image in a user-friendly form.

For the automated selection of the
optimal location of the apiary, an algo-
rithm is constructed. That algorithm
determined the sequence of actions to
solve the land-use problem for a certain
number of steps. The implementation of
the algorithm was accomplished through
the IDRISI Macro Modeler as a graphi-
cal environment for building and imple-
menting multi-stage models (Figure 3).

The Figure 3 has shown two initial
raster images: LANDUSE and THE-
MATIC MAP. The first one contains
information about the types of coverage
and types of objects. Another image is
a thematic map of types of agricultural
and forestry crops. These images can be
derived from mapping material of for-
est tax, farm plans and/or maps derived
from remote sensing data.

The following modules were used in
the model:
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Fig. 3. The model for creating geo-images of suitable territories for apiary

RECLASS performs a selection of
coverage types and creates a file with
Code 1 for the target coverage and Code
0 for all other types of coverage.

BUFFER makes the distance around
the target areas in an editable width.

OVERLAY implements combining
layer and datasets.

The developed model was stored in
a file and can be used to determine the
zones of possible placement of apiaries
for other territories.

The developed model was stored in
a file and can be used to determine the
zones of possible placement of apiaries
for other territories.

Fig. 4. Construction of Geo-Images: (a) — Zones of existing unfavorable
conditions for the location of apiaries; (b) — Possible location of apiaries;
and (c) — Combining conditions on appropriate and inappropriate territories.
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Automation of the process of analysis
and construction of geo-images helps to
increase the efficiency of decision-mak-
ing. Thus, according to the results of the
spatial analysis, intermediate geo-images
of areas that are unfavorable to the loca-
tion of apiaries (Fig. 4a), territories with
favorable vegetation (Fig. 4b) and a com-
prehensive thematic map (Fig. 4c). The
last one is the basis for the substantiation
of the design adoption of the decision land
manager regarding the selection of a plot
of land for the location of the apiary.

On the basis of the obtained geo-im-
aging, in order to comply the Law [1],
an analysis of land plots that can be
leased or transferred to the property
of individuals or legal entities for the
placement of apiaries, followed by the
development of a project for the internal
structure of the apiaries.

Conclusions.

This research deals with the algo-
rithm for making the geo-images reduc-
es the time consuming and accelerates
the analysis of spatial data for making
decisions on the location of apiaries.

The results of the study can be used
to automate some steps in the develop-
ment of land management documenta-
tion for beekeeping farms.

The prospects of further research in
this direction lie in the automatic block
of the Decision-Making Support Sys-
tem for the apiculture location and de-
velop the internal structure of it.
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MockaneHko A., JbomiHa I.

FEOIH®OPMALIMHE MO/E/IIOBAHHA
B ONTUMI3ALII MICLEPO3TALLIYBAHb
3EMEJIbHUX AIJTAHOK A4J14 MACIK
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AHomayisa. [lpoaHanizoeaHo o0cobnau-
socmi niobopy mepumopii 011 pozmawy-
B8AHHA NAciK, wo 3a6e3ne4yams 00CMAMHIO
Kopmogy 6a3y ma npodyKkmueHicms naciku i
B800HoYac bydyme be3neyHUMU 0718 »umms
60xin.

Y 00cnioiceHHi MOKa3aHo Moxcausocmi
BUKOPUCMAHHA 2eoiHgopmauiliHux modeneli
0418 MOWyKy 0NMMUMasnbHO20 PO3MAUy8aHHA
nacik. 3Haxo0MeHHA nioxo0awux OinSHOK 3a
docume KopomkKuli 4ac obymoesieHo 3anexn -
Hicmio 8i0 UYsimiHHA eHMOMOIinbHUX Kyslb-
myp. ¥ cmammi HagedeHO aHasi3 sumoz 00
pPO3MiljeHHA 3eMesibHUX OiNAHOK naciku ma
po3pobsieHo i 06rpyHMo8aHo Moolesb 8upi-
weHHA asmomamu3ayii pobim, nos’asaHux
3 M1i020mMoBKo 2e0306paxceHb MPUOaMHUX
0149 nacik mepumopidi.

JaHe OocnioxeHHs onucye anz2opumm
8U20MOoB/EeHHA 2e0306paxceHb, WO 3MeHWYE
sumpamu 4acy ma 00380/4€ npuwsuOWUMU
aHaI3 MPOCMOopPo8uUX OaHUX 08 MpuliHAMMS
piweHs w000 posmawlysaHHaA nacik. [na eubo-
py ONMUMQsbHO20 Micysi po3maliyeaHHA na-
Ciku 6ysn10 3anpornoHO8aHO 8UKOpUCMO8y8amu
npocmoposuli aHani3.

B pe3yabmami nposedeHo2o 00CniOHceH-
HA 8CMAHO0871eHO, W0 01 BU3HAYEHHA Mic-
UAPO3MAwWyeaHHA 3emMenoHUx OinAHOK 0ns
nacik moxe 6ymu sukopucmaxuli anzopumm,
AKUlU aemomamu3ye 0esKi emanu cmeopeHHA
doKymeHmayii i3 3emaeycmporo 045 NaciyHUx
2ocrnodapcms.

Knrouoei cnoea: zeoiHgpopmayiliHe mooe-
/II0BAHHSA, Kopmosa baza 60xcineHUYmMea, 2eo-
306paXxeHHs.
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TEOMH®OPMALNOHHOE MOAEIN-
POBAHUE B ONNTUMMU3ALIUN MECTOPAC-
MOJIOMEHUA 3EMEJIbHbIX Y4YACTKOB
AJ14 NMACEK
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AHHOMayusa. [1poaHaNU3upPoBaHsLl 0Co-
b6eHHocmu  nodbopa meppumopuu 014
pasmeweHUa nacek, Komopele obecreyam
docmamoyHyro Kopmosyro 6a3y u npou3soou-
mesibHoCMb Maceku U 00Ho8peMeHHO byoym
6e30r1acHbIMU 018 HU3HU NYerl.

B uccnedo8aHuU MoKa3aHb! 803MOMHOCMU
UCIMO/Mb308AHUA 2e0UHGOPMAYUOHHbIX Modesneli
071 MOUCKA OMMUMQs1bHO20 PACTIONOHEHUS Ma-
cek. HaxoxcOeHue nooxodauux y4acmxkos 3a 0o-
CMamo4HoO Kopomkoe epems 0bycroeneHo 3a-
8UCUMOCMbIO OM UBemeHUs SHMOMOGUIIbHBIX
Kynbmyp. B cmamee npusedeH aHanu3 mpebo-
8aHUL K pasmeweHUto 3emMesibHbIX y4acmKoe
rnacexku u paspabomatbl U 060CHOBAHbLI MoOeslb
peweHus asmomamu3ayuu pabom, cea3aHHbIX
¢ nodzomoskoli 2eou3obpaxceHuli npPuU2ooHbIX
019 nacek meppumopudi.

JaHHoe uccnedosaHue onucbisaem asn20-
PUMM U320MoeseHUs 2eou30bpaxceHuli, Ymo
yMeHbWwaem 3ampamel 8pemMeHU U 1o3eonsem
YCKOPUMb GHAAU3 MPOCMPAHCMBEHHbIX OaH-
HbIX 0718 MPUHAMUS peweHul no pasmeueHuro
naceKk. [na ebi6opa onmMumManbHo20 mecma
pacronoxeHus naceku 6oino MpeodaoHeHo uc-
10/16308aMb NMPOCMPAHCMEBEHHbIU AHANUS3.

B pesysnbmame npogedeHHo20 uccnedosa-
HUA ycmaHoeseHo, ymo 014 onpedeneHus me-
CMa pacrnonoMeHus 3emMesbHbIX y4acmKo8 014
nacek moxem 6biImb UCMONL308AH AA20PUMM,
Komopelli  aemomamusupyem  HeKomopsle
amanel co30aHUA GOKyMeHMayuu rno 3emsaey-
cmpolicmey 0115 MAceYHbix Xo3alicme.

Knroyesble cno8a: 2eouHdopMayuoHHoe
mooenuposaHue, Kopmosas 6a3a n4enoeoo-
cmea, 2eou306paxceHue.
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