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Abstract. The article discusses the economic impact of integrating modern technologies in
beekeeping, such as Artificial Intelligence (Al), Machine Learning (ML) and the Internet of Things (loT).
The balance between initial investment and Return on Investment (ROI), operational scalability, market
competitiveness, and government policy influences is studied. The importance of Comprehensive
Economic Analysis in optimizing benefits and overcoming the challenges beekeeping faces is
emphasized.

Introducing new technologies in the field leads to the scaling effect, which allows beekeepers
to manage more processes and operations faster and with fewer costs and to enter wider markets,
leading to increased revenue and high profitability. In addition, challenges related to the scale of
activity and market conditions are noted, mainly faced by small apiaries in conditions of insufficient
financial support (subsidies) from the state. In addition, the need to develop special training programs
for the effective use of technologies is emphasized, which will make it easier for beekeepers to gain
a competitive advantage, in particular, improving the quality of products, developing an appropriate
marketing strategy and making effective decisions based on databases.

Thefinal partofthearticle presentsthe macroeconomicbenefitsthatintegratingmoderntechnologies
in beekeeping can bring - creating new jobs, increasing the incomes of the rural population, expanding
the market, and increasing exports. The need for a comprehensive economic analysis of the field to
achieve sustainable and useful technological progress in beekeeping is noted.

KEYWORDS: BEEKEEPING, INNOVATIVE TECHNOLOGIES, INVESTMENTS, AGRICULTURE, ECONOMIC
EFFICIENCY

INTRODUCTION

Introducing modern technologies in bee-
keeping is an important phase for this ancient,
multi-century agricultural practice, which can sig-
nificantly increase the sector’s efficiency. The use
of the latest technologies, such as Artificial Intel-
ligence (Al), Machine Learning (ML) and the Inter-
net of Things (IoT), is linked with the increased
initial investments, retraining and training of the
beekeepers and the additional operational costs
on the one hand and with the management of the
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high efficiency of the bee farm on the other hand.
In particular, this is due to increased productivity,
a rise in quality, and savings in labour costs.

In order to introduce modern technologies in
beekeeping efficiently, especially for small-scale
beekeepers, it is important to have respective
state interventions, in particular, the development
of adequate regulating and legislative normative
framework and financial stimulation of the sector
to support innovations.

Innovative technologies in beekeeping lead to
not only perfection of the production process but
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also increased market competitiveness. Market
analytics in real-time use of the respective rela-
tive data creates the opportunity for the move-
ment of the entire sector to a new level.

MAIN TEXT

The economic effect of beekeeping is directly
linked with technological advancement. Innova-
tions and digital transformation increase produc-
tivity, operational efficiency and market compet-
itiveness, though they are still accompanied by
certain economic challenges and barriers, which
are important to be considered for the efficient
integration and optimization of the technologies
(Huet..., 2022 [1]; Singh..., 2023 [2]).

Investments in modern technologies have fun-
damental economic importance. Integration of
technologies, like Artificial Intelligence (Al), Ma-
chine Learning (ML) and Internet of Things (loT)
into beekeeping requires significant financial re-

sources. Initial capital and ongoing operational
expenses, linked to introducing and applying the
technologies, are necessary economic aspects
to be considered (Bunde..., 2016 [3]; Rumman...,
2021[4]; Nikulina..., 2022 [5]).

The return on investment (“getting back”) (ROI)
highlights the economic viability of the techno-
logical integration. Improved management of bee
colonies, increased productivity, and quality im-
provement result in positive ROI, meaning that
economic profit is higher than linked costs (Zhilin,
2009) [6]. Automatization of the intensive process-
es of labour causes savings in labour costs and
raises operational efficiency (Usenko ..., 2020) [7].

Large-scale beekeeping operations support
technological integration and show other eco-
nomic aspects. The technology enables beekeep-
ers to enhance their operations, better manage
more bee hives, and intervene in more significant
market segments, resulting in increased income
and profitability. (Senchuk..., 2022 [8]; Vural..., 2009
[9]) (See Shart 1).

CHART 1. ECONOMIC ASPECTS AND RESULTS OF IMPLEMENTATION OF MODERN

TECHNOLOGIES IN BEEKEEPING
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Economic outcomes are not linear and depend
on variabilities such as the scale of the operation,
integrated specific technologies and market dy-
namics (Vapa-Tankosic...,, 2020) [10]. Small-scale
beekeepers can also face problems linked to the
accessibility of modern technologies. They need
financial support and subsidies to overcome eco-
nomic difficulties (Giorgashvili, 2020) [11].

Training and development of beekeepers re-
lated to introducing the technologies also have
economic outcomes (Adgaba..., 2014) [12]. Special
training requires expenses related to curriculum
development and implementation to optimize
the application of modern technologies. (Chepik,
2007) [13].

The technologies strengthen competition in
the market. It enables beekeepers to produce
quality products that meet international stan-
dards, improve branding, and implement efficient
marketing strategies, leading to market expansion
and increased income (Vaziritabar..., 2016) [14].
Based on data analysis and artificial intelligence,
the possibility of identifying market tendencies
in real time allows beekeepers to optimize their
pricing strategy and improve profitability (Subae-
va, 2012) [15].

State policy and regulating frames also affect
beekeeping’s technology and economic outcomes.
Supporting policy for integration technologies en-

sures financial stimulation and supports a favour-
able environment for innovations; it improves the
economic efficiency of using modern technologies
(Albore et al., 2019 [16]; Nabieva, 2022 [17]).

In the larger economic context, integrating
technologies in beekeeping supports the country’s
economic development. Job creation, increased
prices on bee products, and the emergence of new
market segments are the macroeconomic benefits
caused by the technological development of bee-
keeping. (Delena..., 2021) [18].

CONCLUSION

Thus, the potential economic outcomes of in-
troducing modern technologies in beekeeping are
multifaced and dynamic. They depend on factors
like the scale of the bee farm, market dynamics,
political environment and purpose of an applied
technology. As the beekeeping sector continues
the technological transformation, comprehen-
sive economic analysis, which includes cost-ben-
efit evaluation, Return on Investment (ROI) and
large-scale macro-economic results, is crucial
for making informed decisions. Accordingly, such
solutions optimize economic profit and mitigate
accompanying problems.
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97931&3MIM0Os30 ;msbodjoimi)
&97J6manmangdall abgagszal 93mbmadnsgnao
3833300

306 vbgo mogjmodody

930bmdozol mdhmdsbao,
bbod bodsbg-zog0bgmal gboggbbongpe, bodobmzgmm

20bHMIJH0.LHdHNdd0 gobbomyamns 3gBIYH3MgMOsdn nbymo Msbsdgmmzy Hagbmmmgngdab
06(h93MoMgonlb 93mbmangyM gogmgbs, MmgmMmogss bymmzbyMo 0bdhgamgdho (Al), Machine
Learning (ML) o Internet of Things (10T). 839bBs3maans domsbbo baBynb 0635bHNENYOLS s 0637-
bh0Eng0aL ,88mMMgdsL” (ROI)-b, M3gME0 Y B3LIHOOYMMOSL, 03dML 3MB3YMYBbHBMNIBMOSL
o 3003MmMOnb 3maahnznb gogmgbgob dmmab. bodgsbdymns ymamobAmaEzgmo g3mbmangymo
06oamnB0b 360d369mMmds LaMagdmab M3dHndndSENOLOMZ0L O F9JRYHIMIMONL B0bsdg vMLYOY-
™0 3odmb6393900L @odmg3z0bam3znb.

©oMgdn sbomo Hggdbmmmangdob ©obgMmazs gobodnmmogob dobddodnmgdalb 9x39gdML, Moy
LOdyOMYxdL odM 3L FgBYH3MgaoL ToMmomMb JymMmM dgho 3MmEgbgdn o M3gMENgdn JRMmm
LEMIBI® o B33mMydn EobsboMmzgdom, go3nwbyb JBMM Gommm d3dMYdDY, MoE Ma30L dbMng
3960300M0O50L dgaMbL3mMgdalb DMPLY O Tamom MYBHVOgEMMOSL. 33obmMeb3g, smbodbymony
00g43006MONL  T3LIHV090MODE o bLOVMM 30MMOJOMSD Eo3e3d0Myd N gadmb393900,
MMIYMM3E3dnMNMdEIEsb6Y©x0056330MyLoxryh3MI700bobgmMaBaaambAbMosb sMmobogzdomabo
330636LyM0 BbsMmEagdgMab (bydboaMgdnl) 30MmOgddn. sbY3g, badasLAYMNS Hgdbmemangdab
9%399H0obn  godmygbgodob dodbom L3gENdMYMo LoLBszM 3MmgModgdnlb  d907do3900L
bognfmmgods, M3 3ogom30mgoLb dgxxH3MogoLb 3mb3nMabhmo 33nMmahabmdnlb dm3m390sb,
39mdmo: 3Mmoyd3onob boMmobbob goyndzmodgbgdol, bLomobom doMmzghnbangmo LHMabgannb
09019003900L o IMBo3g3M0 0399009 aYyMEBbMOnm 9x399dH0360 goebyzghnmgdgdab dnmydsb.

bHOMHNOL EAL3360M Babodn BaMIMAgbagos 0b dogmmgzmbmadngymo bomMmggdgman, MmMAmb
dmbhoboig dggdmons 39x3h3Mamosdn Mmobodgmmsg Hogdbmemmgangdob nbhggMmoinolb - sbogmo
LOTYdom 3aNEMdNL d9ga86s, bmxmao dgbmamgdn Ambabemgmdnb d98mbagmMadnb DM, d3dBMAL
39x30M0M3900, 9dbdmMmbob BDMEs. sMmbndbymons oMaoLb ymzmobImIzzgmo 93MmbmadngymMo
06om0B0bL bognMmgds F9RYH3MIMO3d0 dEaMon s LabaMmggomm hgdbmmmagnyma 3Mmamabob
90boMbB9300.

LAI3336dM LOOYIIJN: FIVIO3MIMOY, N6M33BNIMN OIIEMEMA3NIdN, N163ILONGBNIBNA,
LMBILOL 3IVMBEIMOY, ISMEMIN3IMN IVBIIONI6EMOY
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daby3dox0

093390 3Momoodn  mobodgmMmmszg ®H9gdbm-
mangonb godmhAgbs BoMmdmowggbb 860d367-
mm306 9®Mo3L d3zgm, dMoz3omboy3xbm3ze6 bo-
bMBMM-badgyMbgm 3Mogdhnzadn, MMAIIMLSE3
d99dmns 860083690M360@ d0dammmb oMmgnb
93MmbmangyMmo 9x3ggdbHnobmods. ysbmgbo ®99-
Bmmmgangonb, Mmagmmozgss bygeommzbyma nbthg-
angddo (Al), Machine Learning (ML) s Internet
of Things (loT), gs8mygbgdab 93mbMAnzyMa
ob399dhHgo0 gMmmn dbMn3 o39300Mx0YMNY go-
dMom bobyob nb639LHNENY0MSL, TgRIYHIMI-
9000L 3oaddegdnLy s LBZ3MgONL s 8bY3Y
©330(H900m bom3gmognm boaMmzgdmab. bmem
dgmmg dbMog - boxyy®3Mab doMm3nb domom
983994 H03b6MOsLMLB, bognmMmng: godMEo 3Mm-
©39H0mmosLMsb, bamobbob d3smMgdsLMO
o dMm3n00 boMzg00b EBMZ35LMS6.

0360890MM39 Hdbmmmangonb 3IBIMH3-
M9gmoodn 9x399H0sbo ©abyMmaznbam3znb, dom
JxmMm 93nMy 398yH3Mogdnbamznb, 8600369-
omm3zobos  d9gbododnbn bLobgmdbogm nbeg-
39630900, 39MIME, 3©I333HIMN FoMYzymn-
M909m0 o LV3bMBAEydMM, BmMTAshnymn
AomAML Asdmysmndgds s nbM3o309000L bgm-
d96ymonb 80db0;, oManL x}NbsbLyMmo Bo-
bomnbgdo.

nbm3zo3ngmo hgdbmmmangdn d9xybH3Mam-
0000 gobsadnmMmmogob oMy dbmeme bLsbsMIMM
3MmEgLob LAMYMYMRSL, 3MBYE d3dDMDY 3M-
639M96Hn6oM03bMdNL DMESL. MyomyMm Mmm-
do 000Mab sbogmohngnl, dgbodsdobn MymyEn-
JM0 dmboEgdms 059900L godmygbgds Jabob
dmMNobo oMmgnb doMmmznL sbom bndsmy-
99 9y3060L 39ML3gIH0300.

d0m00MON GITLONO

09839h3Mamonb  93mbmangyMo  9BgJHo
30Madnm 303dnMTns aMmadn sMbyoym hag-

bmmmganym Bobbgmobmeb. 0bmzsEngdn o
gogmMymo  HmMbLbemMIszngdo BMEAb 3Mm-
©9dH0ogmmosh, m3gMmagnym gRgdhnobmdsLy
o 03dM0L 3MB3nMabHYbaMNabMdLL, dogMod
ob93g ™Mb sbmozb goM3393mn 93mMbmanznMo
399mb6393900 s dsMNgMgdn, MMIGMMS Zo0-
30mnbBnbydeE 36033690mM35600, Hgdbmanm-
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30900L 9x399H0sbo© nbMHgaMaEnaby s Mm3thn-
80ds3000m300L (3990@)..., 2022 [1]; Lb3J3..., 2023

[2]).

06390HnE3NYoL ™MobodgmMmzg @9gbmmm-
309000 0930 ®YbLdgbhymo 9g3mbmangy-
Mo 98603369mmobs. bygommzbymo nbhgmadpo,
Machine Learning (ML) @o Internet of Things (loT)
- 0996mammagngon gx3H3Mamosdn nbhgamo-
30obamznb bLogoMmyogd 8603369MMM356 RQO-
6obbyMm MabyMLOL. Labynbn 3odndhomyMmo O
008nboMmg bom3dgMmoznm bofMmggdn, MMAMIdn3
o30300M905m0ns  H9gdbmmmangonb ©sbymga-
30L0 O godmyqgb900LMB, obomzamnbbnbyod-
M3 9730™Mg09mMn 93mbmanggmo sb3gghgons
(09609..., 2016 [3]; MYBsbo.., 2021 [4]; Bogymo-
6s..., 2022[5]).

0ydi3s, 06330h0E00Lb  IOMYBds  (,00m-
0905“) (ROI) bsdL yL333L 83 Hygbmmmgnyma
nbhgaMmognob g3mbmadnggm Logmibmabybo-
M03bmooL. BYH3MobL mzabgdob gondzmogbg-
ogmon  dsMm3s, 3MMEIYJH0gmmonb  FodMEo
o bamobbob goydzmdgbgds 063930 oEdNM
ROI-b, MoE @ymabbdmoLb MmMA g3mbmangyMmo
LoMEadgMO dMYdohgds V393d0M7d M boM-
3900 (3omnbn, 2009) [6]. 3MMAaL nbHgbLoyMa
3MmE9bgoaL o3hMAsHndoEns 063930 IMMANL
boMz00L EBME35L o M3gMoEgn Mo 9x99H0-
36monb godMmasb (mbgbam..., 2020) [7].

099%3h3Mgmdalb m3gMmoEngonb  dobAddodn-
M90o, bgmb 3bymdL Hggbmemanym abthg-
3Mo30sL. Hgdbmanmgns LTYomydslb odga3lL
09931h3M990L ooBaMmmM3zmb magznsbmn m3g-
Mo30900, 33900 doMmmmb dgho Mam@gbmodab
b3S o dgombomb 65dMNL JBMM FoMmmm LY3-
0969080, MaL F9IzoeE NBMEYds d9dmbo-
300 s dmadggdnsbmos (bgbhngo..., 2022 [8];
39Momo0..., 2009 [9]) (nb. bg9ds 1).

93MbmangyMmo d9w93q00 oM sMob BMRN3ZN
o dIM3NEIOYMNY 33M3Y0dDY, MMZMMNESS
m39Ma3nnb dsbAhodn, nbhggMmomgdymon b3gEn-
x039M0 Hhgdbmmmangdn s sMbyoxmMo d3dMNL
©0659030 (3035-dsb3mboRa..., 2020) [10]. Bgo-
M9 dmadnb 9xxH3M990L dgndmyds 3994060,
3MmomMAdgdn, MMAMIONE ©o3e3d0Mg0YM™MNY
0M0603900MM39 H9gbmemmangdob bymadnbob-
30MAMOsLMb. Bom gbognmmgdom BnbsbLY-
Mo dbsMmEogdgmab 89906003700 o LYOLOENY-
00 93MmbmanggMmo boMmmyM9g0o0L ELLdMY35©
(3omMgsdzngmo, 2020) [11].
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LJAY 1. 3IVIBG3MIMOBAN (N3688IPMM3I OGIIEMITMB30I6NL PY6IMB30L I3MEMIN3IMO

OL3JJOIBN ©Y dIPI3I00N

figohm: bgJ98o F9093039039000 038mhab dngh

0933903Mgms  LBO3MxOSL o Fobznmo-
M9dslb, MMAgmoE ©o3o3d0Mgdymons  Hhgd-
bmmmagngoob ©obgMmazobmab, obH3g  og43L
93MmbmdnzyMn 89093900 (500gs0ds..., 2014)[12].
mob039Mm3g H9gbmemmangdob gadmygbgdob
m3h030ds300bmM30L  L3gENdmMNdYO M LB-
3mgonb bognMmmgds dmombmab goM3zgymn
bofMmzgoL, MmMAMO0E o30380M7073mNs LoLBS-
3mm 3Mmamadgonlb 99087303900Ld o gobbm-
M309mgdsbmob (Ag3n3n, 2007) [13].
H9gdbmmmangdn sdmngMgdlb dsdsmMdY 3m-
6396M96303L. 030 LOFYOEYdSL 3dmMg3Lb F9BYDH3-
M990L 86MAMmMB  bLogmmodmmabm LhHobom-
H90mob dgLodsdnbo bamobbob 3MmEyghgodn,
390993m0ogbmb 0M9bnbgn o ZobobmMming-
™Mb 98ggdH0sb0 BsM3ghnbaymo bHMs®hgangon,
M3 063930 00DMOL oRIMOIMYOSL o 9g3Mbm-
9039M0 990mba3mgdalb BMESL (33d0Mobsds-
M0..., 2016) [14]. MboEgdmMo 365MNBOLS o by-
om3bymo 0bhgmaghob godmygbgdom, dsdMbL
h9609630900L MgaMyM CMMAIn Esag)bnbs v
dgLodsdnbo Myognmgdalb dgbodeydmods 89-
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3YH3M990L LOIYIWYOSL 3dM 3L M3HNdNBENY
3993900mb6 sLYdNL LHMIHI3NgdL O Zooydzm-
09bmb BmBggd03bmds (bydsg3s, 2012) [15].
bobgMadBoxgm 3mmohngs ©@o ToMyaymo-
M90gmon  AsMAmM  obY39 do3mgbob obEybL
h3dbmmmannb 93mbmadnzyMm B890Y3g0dy 99-
RYH3Mgmosdn. dmmoathngs, MmAgmoz dbomb
139960L Hagbmemmangdnb nbhgamainob, ydmy6-
39mymab 3nbobbyMm Bobomnbgodob s bymb
96ymob nbmze3ngdnbmznb bgmboymgm goMmg-
dmbL, 9dxmoOgLYOL ™MobsdgmMmzy Hggbmem-
30900L godmygbgonb 93mbmangyM 9x3gJMH0o-
BmoOsL (samdmmmyg..., 2019 [16]; 6500930, 2022 [17]).
IRMM gomom 93mbmadngym 3mbhgjbhdo,
99®3Mh3Mamosdn Hogbmemmagngdonlb 0bhgagmo-
309 bganb y6ymodL 439yb60b 93mbmadngyM gobgn-
0M3M903L. LOTPFom dEaNMYdnbL 8996y, BIYIMH3-
Mmob 3MmEYdhgdob godMooma MnMmxonmyds
o 050MNb sbomo LYadgbhHgdnb gohgbs sMab
003Mmo3mbmadngyMo  LoMggdgmon, MMAgMnQ3

390mb6399mos 998IH3MIMO0L Hagbmmmany-
M0 gsb3005M7000 (Eyaybs..., 2021) [18].
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