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Abstract. The work draws attention to the importance of beekeeping for providing the
population of Ukraine with food and the importance of providing pollination services. Since
pollination is necessary to obtain many foods grown by farmers. The methods of collecting
information of Remote Monitoring of the Earth, by means of which the operative approach to
the definition of possible locations of apiaries is carried out, are mentioned. It is determined that
the use of geographic information technologies, the accumulation of useful data for beekeeping
and the correct way to store them in the database is a necessary condition for the development of
beekeeping. The main purpose is to develop a model of geographic information database that will
store information about land (areas) safe and dangerous for bees. The necessity of such a database
is substantiated, its constituent parts (land plots, safe zones with fodder base of beekeeping, buffer
zones around dangerous objects, annual and perennial vegetation) are defined and described.
The paper also gives examples of similar geoinformation databases of the European Union, the
purpose of which is to monitor the forest stands of Europe (The Forest Information System for
Europe). An example of application of the developed database in the country is presented and the

direction of development with the help of geoinformation technologies is determined.
Keywords: Geospatial database, fodder base of beekeeping.

Introduction.

According to the United Nations
FAO (Food and Agriculture Organi-
zation of the United Nations), climate
change, anthropogenic intervention in
nature, changes in land use, monoculture
and pesticide use have led to large-scale
extinction of pollinating insects [1].

About 75 percent of the yield of fruit
and seed crops consumed by humans
depends on honey bees [1].

The development of beekeeping is
a necessary condition for maintaining
food security in the country [2].

An important part of bee food is annual
crops and forest plantations. Unfortunately,
we do not have a single crop rotation reg-
istration system. Just as there is no single
source of information about the location of
trees with pollen in forest areas. The lack of
automated collection and storage of spatial
information on the location of the fodder
base of beekeeping makes it impossible to
effectively develop this area.

To improve the situation, it is neces-
sary to study new modern approaches.
Which will provide operational map-
ping and analysis of the location of land
suitable for beekeeping [3].
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This approach could be to use a
geospatial database as part of GIS tech-
nology to gather information on the lo-
cation of areas with honey plants and
bee-threatening objects. Storing this
data in a single system and using it will
ensure yield growth and interaction be-
tween farmers and beekeepers.

Analysis of recent researchesand
publications.

In works [4], [5] the methods of using
geospatial systems and the assessment of
their capabilities in decision-making on
land use planning were studied.

In [6], [7] the prerequisites for the
effective functioning of the beekeeping
industry and the optimization of bee
food supply are considered.

The monograph [8] describes the
methodology of database development
in geographic information systems.

The article [9] presented the results
of a study of the effectiveness of the
planned pollination of gardens by bees.

Methodical recommendations [2]
contain materials on the effective use
of bees for pollination of orchards and
berries. In addition, the author touches
on the topic of providing pollination
services.

In the previous article [10] the fol-
lowing issues were revealed: search of
fodder base of beekeeping with the help
of remote sensing data; automation of
finding the optimal location of plots for
the needs of beekeeping. The model of
creating a geoimage of areas suitable
for the apiary was built. However, the
method of storing the obtained geospa-
tial information was not provided.

Example of a modern geospatial da-
tabase system is the European FISE sys-
tem, which provides continuous moni-
toring of Europe’s forest stands. [11][12].

Objectives of the article.

The aim of the work is to build a
model of a geospatial database, which
will contain information about the loca-
tion of land plots with honey vegetation,
its types and remoteness to objects dan-
gerous to bees.

Materials and methods.

To achieve the goal of the study, the
structure of the geospatial database for
beekeeping was developed in the form
of a model, which is based on a unified
modeling language (UML).

In the course of work on the devel-
opment of the structure of the geospatial
data base, data from previous work were
selected as a basis [10], where operation-
al approaches to detecting honey-bear-
ing vegetation using Remote Sensing
of the Earth were considered. The pro-
gram “Dia” was used. The main research
methods were: analysis of the characteris-
tics of geospatial information, synthesis
and object-oriented design.

The main materials. Prompt provi-
sion of up-to-date information on the
fodder base of beekeeping and areas
dangerous for bees is a necessary con-
dition for sustainable management and
development of this area.

Geoinformation technologies are
an important tool in solving this prob-
lem. The accumulation of data is ac-
companied by the problem of their
preservation. All information should
be stored in a single system with easy
access to it.

It was decided to develop the struc-
ture of a geospatial database for bee-
keeping.

The geospatial database provides
interoperability [13] of the data consid-
ered in the previous study [10]: analy-
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sis of the distance to the fodder base of  sensing data it becomes possible to quick-
beekeeping and objects near which bee-  ly find sites for the location of apiaries;
keeping is prohibited. This information Dangerous objects - for the location
should be accumulated in one place, of apiaries it is necessary to comply
characterize specific land plots and be  with the requirements of sanitary norms
publicly available. and rules. The location of apiaries near

The base should collect data on flow-  industrial facilities, roads, power lines,
ering time, location, quantitative and airports, farms and similar facilities is
qualitative characteristics of crops and impossible; Buffer zones - used to place
forest plantations belonging to the fod-  apiaries at a safe distance from industri-
der base of beekeeping. Remote sensing  al facilities;

data should be updated automatically Plants - to ensure the fodder base
from open sources. of beekeeping, honey vegetation is

Description of the components of searched among the vegetation cover.
the developed scheme: Plants can be divided into annuals and

Land plot - territory on which the perennials. Annuals are mostly agricul-
apiary can or cannot be located. It has  tural crops, perennials are forest crops;
area, geometry, exact location and Safe zones - land plots containing
unique code; honey plants and together with the buf-

Purpose of land plot is one of the ba-  fer zone (not more than 2 kilometers)
sic characteristics of any land plot, which  around them. They are the optimal ar-

determines its legal regime; [14] [15] eas for apiaries near the fodder base of
Remote sensing materials - Earth re-  beekeeping.
mote sensing data is the main operation- The figure below (Fig. 1) shows a di-

al source of geoinformation data and the = agram of the interaction of the compo-
main source of information support in  nents of the future geospatial database
the current state. With the help of remote  using a class diagram in UML.

PurposeOfLandPlot

+CodePOLP: integer
+namePOLP: string

PerennialPlantings

+CodeFP: integer 1..
+typePP: string
1 +agePP: integer

1
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=L
1.8 i +PerennialPlants: intager
= +inmualsPlants: integer

RemoteSensingMaterials
Ba=am e
LandPlot Vegetation
+DateR5M: date —= G L
P B e (e 1..% [———]+CodeV: integer
+arcalP: double +typeV: string
+addressLP: string
+geometryLP: Shapefile il
M
Annuals
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DangerousObjects | - +typeh: string
+CodeDP: doubl
R O BufferZones
+typeDD: string
+CodeBZ: integer
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+geometryBZ: Shapefile

| 1

Figure 1 - The scheme of interaction of the components of the geospatial
database for the needs of beekeeping is presented using a class diagram in UML
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One of the options for implementing
this project of a geospatial database at the
state level is to introduce it into the Na-
tional Structure of Geospatial Data [13].

To do this, it is necessary to ensure
the introduction of up-to-date sustain-
able information from such resources
as “Public cadastral map” [16] with
verticalized land plots. In addition, it is
necessary to create global vector layers
with dangerous objects [3] and perenni-
al vegetation, which is necessary for the
calculation of buffer and safe zones.

Preservation of this data and open
access to them: will provide up-to-date
information to the beekeeping industry,
facilitate the work of beekeepers, help
prevent bee morbidity and death, estab-
lish relationships between apiaries and
farms, allow spatial and temporal analy-
sis in future research on beekeeping.

Conclusions.

The study reflects the development
of the structure of the geospatial data-
base to collect information on the loca-
tion of safe for bees areas with honey
vegetation.

A basic set of classes of the geo-
spatial database has been established,
which includes: land plot, land use pur-
pose, remote sensing materials of the
Earth, bee-dangerous objects, buffer
zones around dangerous objects, peren-
nial and annual honey plants and zones
around them. A list of attributes and data
types for each class is set.

The geospatial database model
structures the information for creating
land suitability maps for apiaries, which
are necessary for effective beekeeping
management. It is necessary to have
stable information resources in this
area. Prompt provision of up-to-date
information on the fodder base of bee-

keeping and areas dangerous for bees
is a necessary condition for sustainable
management and development. With
the help of the developed geoinforma-
tion database, it is possible to facilitate
the work of beekeepers, save thousands
of bee families and increase the yield of
crops that need pollination.

Prospects for further research lies
in the ways of development of this
database of geoinformation data in
Ukraine. And development of ways
to implement systems for storage and
accumulation of information on agri-
culture. That will promote the develop-
ment of beekeeping through a strategic
plan for crop rotation.
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AvomiHa I.1.

PO3POBJIEHHA CTPYKTYPU BA3U T[E-
OlMPOCTOPOBUX [AAHUX [A/14 [IOTPEb
BAMI/IbHULTBA
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AHomayifi. Poboma 38epmae ys8azy Ha 80 -
Ausicms 60x3cinbHUUMeEa 014 3abe3rneyeHHs Ha-
ceneHHA YKpaiHu npooososscmeom, MaK SK onu-
/IEHHA € HEOBXIOHUM 019 OMPUMAHHSA 602ambox
Xap4osux MpoodyKmig i He minbKu. 3200yembcs
criocib6 36opy iHgopmayii 30 Aoromozoro [uc-
MaHyiliHo20 MOHIMopuH2y 3emrii, 30 00NOMO20H
K020 30ilicHIeEMbCA onepamusHuUli nioxio y eu-
3HAYeHi MOX/IUBUX MICUb pO3MAWY8AHHA MACIK.
BusAsnaomeca 0cHO8HI npobsemu HaKoMuYeHHsA
8e/UKoI Kinnbkocmi 0aHux, a came criocobu 36epi-
20HHA 2e0rnpocmoposux OaHux. OCHOBHO Me-
moro 0aHoi pobumu € po3pobKa Mmooeri 2eoiHgop-
mauyjtiHoi 6asu daHux, wo byde 36ezipamu 6 cobi
iHghopmayito npo 3emesnbHi OinsHKU (mepumopii)
6e3neyHi ma Hebe3neyHi 0n5 60xcin. ObrpyHMo-
80HO HEOBXIOHICMb MAKoi 6a3u OAHUX, BUSHAYEHO
i onucaHo i ckaadosi YacmuHuU (3emesbHi OinsH-
Ku, 6e3neyHi 30HU 3 Kopmosor 6a30t0 GOXMinb-
Huumea, 6yghepHi 30HU HABKOO Hebe3rnevyHuUX
06’ekmis, oOHOpiYHa ma 6az2amopiyHa POCauUH-
Hicmb). Takox« 8 pobomi 0aHo npuKnadu rnodibHoi
2eoiHgopmayitiHux 6a3 OaHux Esponelicbko2o
COt03Y, MEMOHO AKOI € MOHIMOPUH2 1iC0BUX HACA-
OxceHb Esponu (The Forest Information System for
Europe). [MpedcmasneHo rnpuxaad 3acmocys8aHHs
po3pobritosaHoi 6a3u daHuUx 8 macuwimabax Kpai-
HU Ma 8U3HA4YeHO HANPAMOK PO38UMKY 30 00ro-
MO20t0 2eoiHghopmauliHux mexHosnoeill.

Knrouoesi cnoea. baza eeoripocmoposux 0a-
Hux, KopmMmosa 6a3za 60xcinbHUYMEaQ.

Kk kk

AémuHa U.N.

PA3PABOTKA CTPYKTYPbl BA3bl TEO-
MPOCTPAHCTBEHHbIX JAHHbIX 4719 HYK[
MYE/NI0BOACTBA
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AHHOmMayus. Paboma obpawaem eHUMa-
Hue Ha 8amtHocmb n4yenoeodcmea 0149 obe-
crieyeHUA HaceneHus YKpauHsl Mpooososib-
cmeuem, MAK KaK ofblieHue Heobxodumo
0419 Nosay4YeHuUa MHo2UX nuuwjessix npooyKmos
U He mosbKo. YnomuHaemcs criocob cbopa
UHGhopmayuu ¢ nomoujbto JUcmaHyUOHHO20
MOHUMOPUH2a 3eMsu, C MOMOWbIO KOMOopo2o
ocywecmenaemcs onepamusHbili nooxod 8
onpedesneHue 803MOMCHbIX MECM PACIOsI0MHe-
HuA rnacek. Bolsgasaiomcs ocHogHeble rpobaemol
HakonseHus 6016W020 Kouvyecmea OaHHbIX,
0 UMEHHO criocobbl XpaHeHUs 2e0rnpocmpaH-
cmeeHHbIX 0aHHbIX. OCHoBHoOU uenbto amoli
pabomel sensemcs paspabomea modenu 2eo-
UHopmMayuoHHoU 6a3bl 0aHHbIX, Komopas 6y-
dem COXPAaHAMb UHGOPMAUU O 3eMesibHbIX

yyacmeka (meppumopusx) 6e3onacHsix u onac-
Hbix 0014 n4en. ObocHosaHa Heobxodumocmes
makol 6a3bl 0aHHbIX, onpedesieHa U ONUCAHA
ee cmpykmypa (3emesnbHble y4acmku, 6e3o-
MACHbIe 30HbI 20e HaX00UMCS KOPM 0715 M4Yér,
bychepHbie 30HbI BOKpPY2 OMACHbIX 06BEKMOS,
00HOMEMHAA U MHO20/1eMmHAA pacmumerio-
Hocmeb). Takxce 8 pabome OaHbI Mpumeps! rno-
006Hol 2eouHpopmayuoHHol 6a3bl 0aHHbLIX
Esponelickozo coro3a, yenvto Komopol A8:-
emcsi MoHuUmopuHe necos Esponvbi (The Forest
Information System for Europe). lpedcmasse-
Hbl nipumMep rnpumeHeHUs paspabamelsaemoli
6a3bl OaHHbIX 8 Macwmabax cmpaHsl U onpe-
OeneHo HarnpassneHue pa3gumus ¢ MOMOUW,bIO
2€0UHOPMAYUOHHbIX MeXHOM02ul.

Knrouesble cnosa. basa z2eonpocmpaH-
cmeeHHbIX OaHHbIX, Kopmosasa 6a3a nyesno-
sodcmea.
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