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Abstract. The goal is to study the possibilities of using digital technologies in agriculture,
economic efficiency on the example of digital product "Cropio" — a satellite monitoring system.
Methods — analysis, synthesis, comparison and analogy, selection of data and their detailing. The
article shows the conditions for the implementation of information processes in agro-industrial
complex, considers the current state, problems, substantiates the need for the use of smart tech-
nologies, clarifies the concept of "precision farming". The authors analyze the benefits of the
Cropio program, which is used in agricultural sector of developed countries. Its functionality
allows not only to control the sowing work, but also to determine soil moisture, its saturation with
nutrients. It is noted that the program generates information on climatic and weather conditions,
calculates the savings in material resources. The software components, their functions, installa-
tion process, acquisition mechanisms, and information are presented. Results — calculations of
the expected economic effect from the use of this automation system were carried out, profitabi-
lity and expediency of applying the methodology for evaluating investment were determined.
Conclusions — technical and information solutions of the Cropio precision farming project are
becoming more and more popular every year, confirming their promise, they can reduce labor
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costs, increase productivity of farmland, and therefore reduce cost of finished products. Observa-
tion of objects based on satellite navigation, computer technology and digital maps makes it pos-
sible to assess rationality and timeliness of financial resources, take into account a number of
factors that affect market value and profitability of land, minimize various risks, optimize produc-
tion activities through construction of new business processes.

AHpatna. Makcambl — «Cropio» UMQPNbIK OHIMIi-CNYTHUKTIK MOHUTOPWUHI XYyHeci MbicanbliHAA
aybin wWwapyawbibifbiHAA UUEPNbIK TEXHONOrManapabl navganaHy MYMKiHAIKTepiH, 3KOHOMMU-
KanblK TUiMAINikTi 3epTTey. ©dicmepi — Tangay, cMHTe3aey, canbICTbIPY XaHe YKCacTblK, AepeK-
Tepai TaHAay XKaHe onapAabl erken-tenkenni kepcety. Makanaga arpoeHepkacinTik KewlweHAae akna-
paTTbIK npouecTepAi €eHridy wWwapTrapbl KepceTifnireH, Kasipri xafganbl, npobnemanapbl Kapac-
ThIpbISIFaH, akbiS14bl TEXHONOrMANapabl KongaHy KaxeTTiniri HerisgenreH, «HaKTbl eriHWInNiK» yfbl-
Mbl HaKTblflaHFaH. ABTopfap AambifaH engepaiH arpapnblK CeKTopbiHAAa KongaHbinatbiH «Cro-
pio» 6araapnamacbiHbIH apTbhiKWbINbIKTapbiH Tanganabl. OHbIH (DYHKUMOHaNAbIFbI eric XXyMblic-
TapblH Oakblinayfa faHa eMec, COHbIMEH KaTap TOMbIPaKTblH bUFaNAbiNbIFbIH, OHbIH KOPEeKTiK
3aTTapMeH KaHbIKTbINbIFbIH aHbIKTayFa MYMKiHAIK Oepeai. Bargapnama knumaTtTbIK X9He aya-
paubl Xargannapbl Typanbl aKknapaTt KanbintacTbipagbl, Matepuangblk pecypctapabl YHemMaeyai
ecentenai. Bargapnamanbik Xacakrama KOMMOHEHTTepi, onapAbiH yHKUUANapbl, OpHaTy npo-
ueci, any mexaHuampepi MeH ManimeTTepi YyCbiHbINFaH. Hamu)kenepi — ocbl aBTOMaTTaHALIPY
XXyMeciH namMpanaHyAaaH KyTineTiH 3KOHOMMKanbIK TUiMAINIKTIH ecenTeynepi Xyprisingi, MHBec-
TULMANBIK canbiMaapabl 6aranay agictemeciH KongaHyAblH peHTabenbAiniri MeH opbIHAbIbIFbI
aHbiKkTanfaH. KopmbiHObinap — «Cropio» HaKTbl €eriHWinik XobacblHbIH TEeXHUKanNbIK >XaHe
aKnapaTTbIK wWewiMaepi Xbin calbliH TaHbIMan O6ona Tycyae, ©3 nepcnekTuBanapbiH pactan
OTbIpbIN, €eHOeK WbIFbIHAAPbIH KbICKapTyFa, aybifl WapyawbUibifbl ankKantapbiHbiH ©HIiMAINIriH
apTTbipyFa, AeMeK, AalblH OHIMHIH ©3iHAIK KYHbIH TeMeHAeTyre MyMKiHAIK Oepeai. CnyTHUKTIK
HaBurauusi, ecentey TeXHMKacCbl XaHe UUQPNbLIK KapTanap HerisiHoe obbekTinepai 6akbinay
KapXbl KapaxaTblHbIH YTbIMAbIbIFbI MEH YaKTbUbIFbIH Oafanayfa, xepAiH HapbIKTbIK KYHbl MeH
KipicTiniriHe acep eTeTiH GipkaTap chakTopnapabl eckepyre, apTypni Toyekenaepai azanTtyra, ’xaHa
O6usHec-npouecTepAi KYPY apKbiiibl @HAZIPICTIK KbI3METTi OHTannaHgblpyFa MyMKiHAiIK 6epegai.

AHHOTauuA. lesb — nsyyeHne BO3IMOXHOCTEM UCMONb3OBaHUA LUUGMPOBLIX TEXHONOIMA B Cellb-
CKOM XO35INCTBE, IKOHOMUYEeCKoM 3hpheKTUBHOCTU Ha npumepe umucppoBoro npogykra «Cropio» -
cUCTeMbl CNYTHUKOBOro MOHUTOpUHra. Memoodbl — aHanu3a, CUHTe3a, CPaBHEHUS U aHanoruwu,
noagbopa AaHHbIX U Ux agetanusauun. B ctatbe nokasaHbl yCroBUsi BHeApeHUs MH(POPMaLUOHHbIX
NpPoLIeCCOB B arpornpoMbILLIEHHOM KOMMJIeKce, paccMaTpuBaeTCA COBPEeMEHHOe COCTOSiHue, Mnp-
obnembl, 060CHOBaHa HEO6XO0AMMOCTb NMPUMEHEHUSA YMHbIX TEXHOJIOINMNA, YTOYHEHO MOHATUE «TO-
YyHoe 3emnegenue». ABTOPbl aHaNU3UPYHOT MpeuMyLiecTBa nporpammbl «Cropio», KkoTopasa uc-
nonb3yeTcsi B arpapHOM CeKTope pa3BuUTbIX cTpaH. Ee cyHKUMOHan no3Bonser He TONbKO OCYy-
WeCTBNATb KOHTPOSb 3a NOCEBHbIMU paboTaMu, HO U ONpeAenAaTb BNAaXHOCTb NOYBbI, €e Hacbl-
WEeHHOCTb NuTaTenbHbIMK BewecTBamu. OTMeYaeTcH, YTO Nporpamma reHepupyeT MHdopmauuio
O KJIMMaTM4eCKUX U MOroAHbIX YCIOBUAX, pacCyYMTbiBaeT 3KOHOMUIO MaTepuarnbHbIX PecypCcoB.
MpepnctaBneHbl NPOrpaMMHbIe KOMMOHEHTbI, UX PYHKLUU, NPOLEeCC YCTAaHOBKU, MEXaHMU3MbI MO-
nyyYyeHusi n cBefeHuA. Pesynbmambl — NpoBeAeHbl pacyeTbl 0XXUAAEMOro 3KOHOMUYECKOro -
c¢hekTa OT MCNONbL30BaHMA AAHHOMW CUCTEeMbl aBTOMaTusauuu, onpepenieHbl PeHTabenbHOCTb U
Lenecoo6pasHOCTb NPUMEHEeHUA MeTOAUKNA OLEeHKU MHBECTULMOHHbIX BNOXeHUNA. Bbi8eo0db! — Tex-
HUYecKne M MHPOPMaLMOHHbIE pelleHUA NMpPoeKTa ToyHoro 3emnepenusa «Cropio» ¢ KaxabIiM ro-
AOM CTaHOBSATCA Bce Oosiee nonynspHbLIMU, NOATBEPXAAA CBOK NEPCNeKTUBHOCTb, MO3BOJIAIOT
COKpalwaTb TpyAo3aTparhbl, NOBbIWAaTb NPOAYKTUBHOCTL CeNibX0O3yrogui, a cnefgoBaTeslbHO CHU-
XaTb cebecToMMOCTb roTOBOM npoaykuuu. HabniogeHne 3a o6bekTaMm Ha OCHOBe CNYTHUKOBOM
HaBUrauun, BbIMUCIIUTENLHOW TEXHUKUM U UUM(POBBLIX KapT AaeT BO3MOXHOCTb OLIEHUTb pauuo-
HaNbHOCTb U CBOEBPEMEHHOCTb (PMHAHCOBbIX CPEACTB, YYUTbIBaTb PAA (PaKTOpPOB, KOTOpPble BIUSAIOT
Ha PbIHOYHYI CTOMMOCTb U JOXOAHOCTb 3eMNU, MUHUMU3UPOBaTb pPa3fNinyHble PUCKU, ONTUMU3NPO-
BaTb NPOU3BOACTBEHHYHO AeATENbLHOCTb Yepe3 NOoCTpoeHMe HOBbIX GM3HeC-NpPoLIeccoB.

Key words: agricultural sector, digital technologies, precision farming, satellite monitoring, eco-
nomic efficiency, investment, profitability, profitability.

TyniHai ce3pep: arpapnblK CeKTOp, UUdPNbIK TexXHonornanap, Asn eriHwWinik, CNyTHUKTIK
MOHWUTOPUHT, 3KOHOMMKAnbIK TUIMAINIK, MHBECTULUANIK canbiMAaap, peHTabenbAinik, KipicTinik.

KnioueBble cnoBa: arpapHbI ceKkTop, UMdpoBble TEXHONOrMu, TOYHOe 3emnenenve, CNyTHU-
KOBbIA MOHUTOPMUHIr, 3KOHOMMYecKasa 3(PPeKTUBHOCTb, MHBECTULMOHHLIE BIIOXEHUSl, pPeHTa-
6enbHOCTb, OXOAHOCTb.
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Introduction. In modern agriculture of
Kazakhstan, there is an urgent need to
modernize all processes and structures in
order to form a new technological order based
on new digital technologies, on the use of
robotics, electronics, telecommunications,
providing optimal solutions for agricultural
analytics and automation. The new farming
model is a smart farming solution that
combines agriculture with modern information
technology. It is now difficult to imagine new
means of production used in agriculture
without the presence of highly intelligent
devices that minimize costs in the production
process, as well as help increase the
efficiency of the production process.

The results of the digitalization of
agriculture will find expression in the creation
of a single information space, improving the
quality and efficiency of managerial decision-
making through the use of modern analytical
research methods, and reducing the response
time to possible threats to the sustainable
development of agriculture [1]. Obviously, the
time has come for fundamental changes to
implement the concept of creating a digital
economy in agriculture.

The use of advanced technologies in crop
production, known as precision farming, and its
rapid emergence will provide revolutionary
changes in the entire agricultural sector. Sen-
sors, satellite photography and multispectral
imaging are associated with the futuristic sci-
ence of space and communications. Today,
however, these technologies are increasingly
seen as part of the agriculture future.

In this regard, in order to implement the
strategy for the long-term development of the
agricultural sector, the Ministry of Agriculture
of the Republic of Kazakhstan has developed
a specialized program of strategic tasks called
E-AIC (electronic agro-industrial complex), the
main goal of which is to introduce the most
effective and affordable tools for digitalization
of agriculture to increase productivity labor [2].

Material and methods of research. To
achieve the goals and objectives of this study,
in our opinion, it is more appropriate to apply
the methods of formal logic, namely: analysis,
synthesis, comparison and analogy. These
methods make it possible to select and sys-
tematize material from a significant amount of
information available in the scientific and re-
search literature. The current state of the
problem of integrating artificial intelligence
and the system of the agro-industrial complex
is analyzed using methods of non-linear data
analysis, which made it possible to assess the
state, dynamics and interdependence of vari-

ous indicators, to identify key problems with a
view to their further solution.

In the course of writing and conducting an
analysis of the economic efficiency of the im-
pact of digital technologies on the agro-
industrial complex in the Republic of Kazakh-
stan, methods of studying and comparing, se-
lecting data and detailing them were applied.
A certain conditional, abstracted situation was
applied, during which methods for calculating
economic efficiency were applied. Based on
the simulation of the situation, a forecast was
built and the project was scaled up.

To justify the effectiveness of the
proposed innovative project for the
implementation of the Cropio precision
farming system, methods of absolute and
comparative investment efficiency were used.
Namely, a methodology for evaluating real
investments based on a system of indicators
for evaluating real investments: net present
value; profitability index; internal rate of return;
discounted payback period (term); accounting
Rate of Return.

Results and their discussion. It is gen-
erally recognized that agricultural production
is the most important industry in the world, as
it ensures social stability and economic secu-
rity. The problem of overcoming the contradic-
tion between the population explosion and the
limited production of grain, meat and other
vital products motivates the implementation of
an increasing number of research projects in
the smart agriculture field, combining agricul-
ture and modern information technologies.

It should be noted that there are a suffi-
cient number of publications on this issue,
which largely reflect the state, nature and lev-
el of problem solving depending on the coun-
try's agricultural economy. In the latest publi-
cations of authors from developed countries,
we are talking about the transition to agricul-
ture 5.0. According to the Spanish scientists
Verdnica Saiz-Rubio and Francisco Rovira-
Mas, this is agriculture that is controlled using
robotic solutions, includes artificial intelligence
methods, and allows reaching a new level of
labor productivity [3].

Smart agriculture, which combines data
management with the well-known concept of
precision farming, improves the accuracy of
operations and the intelligence of mana-
gement [4]. New technologies in smart agri-
culture based on the Internet of things are
described in the work of the authors [5], and
are also considered in the article "Recent
achievements and problems of the Internet of
things in smart agriculture: a review" [6]. The
theoretical and methodological foundations of
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the digitalization of agriculture are disclosed in
the studies of Russian authors [7].

The problems that hinder the develop-
ment of digitalization in agriculture are consi-
dered in the article [8]. Kazakh authors Sma-
gulova Sh.A. and others, Abraliev O.A. and
others characterize digitalization as the basis
of the innovative potential of agricultural pro-
duction in Kazakhstan [9,10]. And others con-
sider the current state, features of the imple-
mentation and development of the problem,
the experience of individual agricultural enter-
prises in digitalization in Kazakhstan [11].

It should be noted that most of the work is
theoretical in nature. In our opinion, this topic
deserves a closer and more detailed discussion:
it is necessary to study the conditions and effec-
tiveness of IT implementation in the develop-
ment of the agricultural sector in Kazakhstan

Precision farming is a management strate-
gy that uses detailed site-specific information to
accurately manage production costs. According
to analysts at the investment bank Goldman
Sachs, with the help of precision farming, it is
possible to increase agricultural yields by up to
70% on existing farmland.

The advantages of introducing precision
farming are as follows:

* increase in productivity by 10-20%;

« reduction the consumption of fertilizers by
10-30%, seeds by 10-15%, fuels and lubricants
by 5-10%, plant protection products by 15-60%;

* reduction of equipment depreciation
by 10%;

* reduction of
by 15-20%.

There is a brief description of some
programs that are currently used in agriculture

equipment  downtime

from a practical point of view.

(table 1).

Table 1 — Programs engaged in the development of agro-monitoring and telematics using satellite

systems
_/-\pphca- Year Manufacturer Description
tion name counrty
It is a comprehensive program that allows farmers to manage all as-
Farm- pects of their operations. Allows you to easily keep a job log and view
2012 | USA ! S . ) .
Logs field activities in one place. Recordings will be organized, protected
and accessible from any desktop or mobile device.
The app allows you to map fields, use seed order estimator and har-
Farmbrite | 2013 | USA vest repo_rts, do online markefung anql sales, trgck income and ex-
penses, field and pasture rotation, equipment maintenance, important
contacts, multiple users - all from a mobile device or computer.
. A simple and convenient program for maintaining an electronic book
Diary of : ; : 2
an of the history of crop rotation fields. The application allows you to
Russia work with an electronic fields map, keep a history of crop placement,
agrono- 2015 . - . .
mist a diary of technological operations and see the consumption of mate-
rials in each field. The brand focuses on the simplicity and accessibil-
ity of using all the features of the platform.
This is a unified information automated system that allows you to
Agro- 2017 | Kazakhstan plan,.model, anal)_/ze and_ deterr.m.ne the company's ma_magement.sys—
Stream tem in terms of increasing efficiency, limited by logistical, regional
capabilities and crop history.
Provides information on NDVI vegetation indexes, creates task maps
for machinery, creates cartograms of soil properties, analyzes wea-
SoftFarm | 2017 | Ukrain ther from weather stations and surveys crops for pests or diseases
using a mobile application, improves work efficiency by monitoring
location and fuel consumption using GPS monitoring of equipment.
Cropio is a monitoring system aimed at optimizing the fertilization and
. irrigation of the soil and thus reducing the amount of fertilizer and wa-
Cropio 2017 | USA ter used. Cropio, together with weather and satellite data, also makes
it possible to monitor crops and predict yields.
Onesoil 2018 | Belarus OneSaoil is a dlgltal products company that prO\_ndes a platform_ to help
farmers and agricultural companies be more profitable and sustainable.
The program is based on the implementation of an integrated solution
Egistic 2019 | Kazakhstan for monitoring and managing crop areas using remote sensing te<_:h-
nologies, high-precision satellite navigation, geographic information
systems and machine learning technologies.
FarmPad | 2019 | USA The qppllcatlon consists o.f.a set of highly slpeua_lllzed programs, each
of which relates to a specific type of farmer's daily activities. The con-
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venience of the platform lies in a single interface for each product of
the “package” of the FarmPad brand.

Note: compiled by the author according to sourcesx [Ik.2,4,8;15]

As you can see, the United States is the
main supplier of software for managing agri-
cultural production. In the Republic of Ka-
zakhstan, according to the Bureau of National
Statistics of the Agency for Strategic Planning
and Reforms, the number of agricultural units
engaged in crop production in 2021 amounted
to 17 672 farms. The total area of cultivated
land by these formations amounted to 22 925
hectares. Based on the given data, the potenti-
al capacity of the Cropio market is determined
by more than 17 thousand customers [12].

The Cropio program [13] is engaged in
one of the new areas in agribusiness — satel-
lite monitoring of agricultural land. By the na-
ture of its activity, the company belongs to the
operators of satellite monitoring services for
crops. The system allows you to control the
level of crop vegetation, nutrient content and
soil moisture, receive up-to-date information
about the weather and price dynamics, and re-
ceive notifications of significant changes in the
fields [14]. The system is suitable for monitoring
all grains and oilseeds without exception.

The system was created by New Science
Technologies, which specializes in processing
information from remote sensing of the Earth
for the purpose of scientific, geological, mete-
orological and other research. It was created
in 2013. Representative offices and technical
support centers are located in North America,
Europe and CIS countries.

In August 2017, the company launched a
new iOS application Cropio, which helps to
track the forecast of crop yields in the compa-
ny's fields and monitor the progress of the
harvesting campaign online, not only through
computers, but also through gadgets (tablets
or smartphones).

The system is based on the ability to
track the situation in the fields with crops, in-
cluding the level of vegetation, the content of
a number of minerals, accurate weather con-
ditions and other parameters. The work of the
system is aimed at identifying the indi-vidual
characteristics of each individual field in order
to increase efficiency in yield and save costs
in the process of processing the field.

Thanks to the spectral properties of chlo-
rophyll, the pigment that causes the green
color of plants, it is possible to determine the
level of plant vegetation. Satellites take pic-
tures in different spectral ranges, which
makes it possible to fix the level of chlorophyll
and, with the help of special processing, cal-

culate the level of vegetation at each point of
the picture.

The Cropio system automatically analy-
zes and presents the finished processing re-
sult in the form of electronic vegetation maps
and graphs. The vegetation level is calculated
for each pixel in the received satellite images.
Photographs of the fields are processed and
analyzed by the Cropio system according to
the prescribed algorithm. The results of the
analysis of each field are presented in the
form of an electronic vegetation map.

Figure 1 shows an example of an elec-
tronic three-color map of the field vegetation:

= red color indicates the immaturity of
the crop in this area of the field,;

= vyellow color - incomplete maturation of
the culture;

= green - the full level of maturation of
the culture.

Cropio uses images from more than 10
different satellites. These are satellites of such
systems as MODIS, Landsat, Sentinel-2,
Iconos and GeoEye. Pictures are taken on a
daily and weekly basis. Some images are his-
torical and are updated no more than once a
year. The system uses vegetation images with
a resolution of 10, 15, 30 and 250 meters per
pixel. These snapshots are updated by the
system on a daily and weekly basis. More ac-
curate images are also used, the resolution of
which is 50 centimeters.

The functionality of the Cropio field satel-
lite monitoring system consists of several
blocks:

= field monitoring (monitoring the status of
fields in real time);

= preciseweather (updated weather fore-
cast with reference to the location of each field);

= field analytics (field state analysis);

= field zoning (determination of the field
structure with the allocation of problem areas);

= field tasking (creating tasks to perform
work in the field);

= n-deficit (calculation of the recom-
mended dose of nitrogen fertilizers);

= active control (alert system about signif-
icant changes in the state of crops);

= newsé&prices (information about events
in the markets of agricultural products, as well
as up-to-date data on price dynamics);

= reports (weekly and monthly reports
on the state of crops, summarizing informa-
tion for each field, crop and farm as a whole).
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Figure 1 - Electronic map of the field vegetation

The Cropio system has two main areas, the
functions of which are presented in table 2:

=agro is a system of remote control of
agricultural land, which includes operational
monitoring of the state of sown areas, auto
documentation, forecasting and planning of
agricultural operations;

= telematics - allows you to track hourly
and daily work, productivity and movement of
equipment. The system can send automatic
alerts in situations such as work without a
plan, no signal, and others.

Table 2 — Functions of the main directions of the Cropio system

Cropio
Agro Telematics
History of | up to 10 years of vegetation, | automatic notifications about the speed of move-
fields precipitation, humidity and | alerts ment, work without a plan, departure
weather history from the plan and others
Reminders weather, vegetation and fore- | daily plan hourly and daily plan for each machine
cast change noatifications
Vegetation vegetation maps of all fields movement map and movement report for each ma-
map chine and field for one day or a separate
period
Weather updated weather and forecast | harvest weighing report for each machine
forecast for each field separately weighing
Precipitation | soil moisture at different | field card all field data in one place, accessible from
depths anywhere where there is Internet coverage
Reports reports on productivity, inspec- | cars complete list of vehicles and equipment
tions, slopes, weather and more
Nitrogen nitrogen deficiency for each | hourly payed | transport hourly report on the map
deficiency field and its part job
Inspection of | draws attention to problem | progress complete history of movement, speed,
the fields areas in the fields fuel consumption and crops in one place
86 0000000000000 00000000000000000000000000000000000000000000000000000000000000000000000
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Soil tests soil test results on the map flexible setting up sensors on equipment for col-
sensor lecting and analyzing information
configuration

Harvest crop forecast already in the | translation of | the ability to view the processing of your

forecast early stages of growth field fields and the movement of vehicles in
processing real time

Note: compiled by the author according to sourcesx [Ik.13;15]

Let us describe the installation process of
the system. First, an official request is sent, in
response to which a license agreement
comes, which must be signed. After signing
the contract, a login with a password comes:
you need to register on the site (there are no
settings). Following the instructions given in
the instructions, the coordinates of the fields
are entered into the system. There are two
options: either upload the shape files (the site
lists valid formats - it's quite a long list that
includes all or at least almost all popular for-
mats), or you can use Google Maps to high-
light the field outlines.

Then an Excel template is downloaded
for historical information. It is filled and loaded
back into the system. After starting the sys-
tem, we go to the Monitoring Center page,
where you can see the crop structure and a
convenient map with all fields painted in dif-
ferent colors, which indicates a different level
of vegetation in the fields.

Clicking on a specific crop brings up a
drop-down list of fields with individual crops,
as well as all other areas, while the fields with
individual crops are shaded on the map. As a
result, you can easily select fields under a cer-
tain crop, see where they are and sort them
according to the level of vegetation.

After entering the basic information, the
Monitoring Center is self-updating: at any time
you can log in and see the status of the crops
and the current value of the crop. This is es-
pecially convenient when agronomists pre-
pare a forecast, and any specialist, if neces-
sary, can access information on the Internet.

"Expected Yield" is a column that is emp-
ty by default. The instructions say that you
need to go to each individual page and enter
the expected yield based on the information in
the Forecast Assistant. The Forecast Assis-
tant is a page that compares the growing sea-
son of a particular field with the historical grow-
ing graph of the same crop in the same or simi-
lar areas; you can use the graph that is next to
the line representing this year and select its in-
dicators in the form of expected results. Of
course, it is possible to correct the data.

The feature is very useful for farmers and
companies as it allows business decisions
(forward sales, insurance, cash management)

and production decisions to be made by
different people. Ideally, this should help avoid
a situation where the director or manager
is surprised at the level of crops in the
fields, and the agronomist says that this
was expected.

The next stage is the transition to the
"culture” fields. This page is focused primarily
on the agronomist. The page has a section,
separate for each crop, where there is infor-
mation related to the current state of the crops
in the fields and about the changes for the
current week. All fields are automatically sort-
ed by vegetation level, which allows detecting
unused fields.

In the help section, you can find more in-
formation on how to use the data: during the
growth stages, short reports are reviewed;
fields with low levels of vegetation are select-
ed and checked what is going wrong and what
can be done to improve the situation if the
fields are at maturity.

The next step is to go to the individual
fields level. There's quite a bit of information
out there regarding different field specifica-
tions (different measures may have different
priority levels for different users): field card;
vegetation; the soil; weather and precipitation;
grade; sowing date; crop rotation; field history.

The highest resolution for photos is
15x15 - the image is very detailed, the stripes
are clear. At the same time, the supplier
draws attention to the possibility of obtaining
additional high-resolution images for an
additional fee.

Soil moisture. Information is available on
the moisture level at three different depths.
Although the data is taken from a 10 km satel-
lite image, it is more accurate than similar da-
ta from weather stations with an average cov-
erage of 50 miles.

It is also possible to integrate your own
weather stations where you can choose your
own weather station and integrate it into the
system. The weather forecast is based on the
GPS coordinates of a particular field.

The vegetation page provides a detailed
graph of crop development compared to aver-
age and historical vegetation data for the
same crop. In fact, this is almost the same
information that is used in the Prediction
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Assistant. On the page, you can clearly see
how a particular field is developing compared
to fields under the same crop in the current
season and previous results in that field.

The Set Field page allows you to create
files for VRA depending on the level of vege-
tation. It looks very simple: you need to select
a mesh (depending on the VRA equipment)
and save the file in the appropriate format.
Note the very useful Field Data page, where
you can set parameters such as fields with
a specific crop, area, specific vegetation
level, to sort all fields according to vegetation
level, and etc.

The rationale for the project of integrating
satellite systems with technologies of the
agro-industrial complex is to increase the vol-
ume of finished products, optimize funds and
further reduce the cost of production. The im-
plementation of this innovative project will
solve the following tasks:

* introduction of innovative technology
for growing grain crops;

* increase the profitability of production;

* increase in wages;

* staff development;

* increase in labor productivity and its
profitability.

The investment and innovative proposal
is the installation or, in other words, the use of
the Cropio precision farming system (installa-
tion is not required, only registration on the
site with access to satellites is required). The
installation of this system involves reducing
the cost of fuels and lubricants, fertilizers,
plant protection products and seeds, as well
as increasing the yield of grain crops. This
technology is actively used in Europe, Ukraine
and Belarus, South America and Australia.

After applying the Cropio system, farms
record cost reductions for items such as: fuels
and lubricants (- 26%); depreciation charges
(- 32%); volume of applied fertilizers (- 18%);
volume of plant protection products used (-
15%); the overall effect of reducing production
COsts - 23%.

If these percentages are applied on con-
ditional indicators, then we will obtain the indi-
cators presented in the calculation table 3.

Table 3 — Comparative analysis of the main indicators for the project

Basic indicators Existing technology New technology

Purchase costs tg/ha 600.4 1273.7
Service life, years 3 3

Depreciation tg/ha 14 000.8 9520.6
Maximum production volume, tg/ha 121 264.0 148 851.5
Other fixed costs, tg/ha 7 979.0 6 163.8
Salary, tg/ha 15 284.9 11 807.6
Raw materials, tg/ha 64 662.1 56 073.1
Other variable costs, tg/ha 2 340.6 1808.1

Even without analyzing the efficiency and
payback, according to the presented indica-
tors, one can see a beneficial reduction in
fixed and variable costs, and, consequently, a
reduction in the cost of production.

This service can be used by specialists
directly related to sowing operations (agrono-
mists, director, dispatcher, and etc.), as well
as persons who have access to the system
with the permission of the director and who
have certain rights to avoid incorrect adjust-
ments. To manage and work in the system, no
additional employees are required: it is
enough to have your own programmer or sys-
tem manager at the enterprise.

Having shown the features of an inno-
vative project and its scope, let's move on
to calculating the expected economic effi-
ciency from the introduction of an auto-
mation system.

The economic effect from the introduction
of automation tools can only be indirect, since

the implemented automation systems are not
a direct source of income, but are either an
auxiliary means of organizing profits or help-
ing to reduce costs.

The main economic effect of the introduc-
tion of an automation system is to improve
economic performance of the enterprise, pri-
marily by increasing the efficiency of man-
agement and reducing labor costs for the im-
plementation of the management process,
that is, reducing management costs or reduc-
ing the time to complete work. For most en-
terprises, the economic effect is in the form of
savings in labor and financial resources ob-
tained from:

- reduction of the complexity of calcula-
tions;

- reduction of labor costs for the search
and preparation of documents;

- savings on consumables;

- layoffs of specialists.
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Reducing labor costs at the enterprise is
also possible by automating the work with
documents, reducing the cost of infor-
mation search.

The criterion for the effectiveness of the
creation and implementation of new automa-
tion tools is the expected economic effect. It is
determined by the formula:

1)

E = Er —En* Cp,
Where, Er is the annual savings;
En — normative coefficient (En=0.15);

Cp - capital costs for design and
implementation, including the initial cost of
the system.

Annual savings (Er) are made up of sav-
ings in operating costs and savings due to
improved user productivity. Thus, we get the
formula:

Er = (Cl - Cz) + ARp, (2)

Table 4 — The main types of specialists time work

Where, C; and C, are, respectively, op-
erating costs before and after the imple-
mentation of the system;

ARp - savings from increasing labor
productivity.

The calculation of savings due to an in-
crease in the productivity of a specialist is also
the main indicator in calculating economic ef-
ficiency. If the user saves AT, hours, while
saving the j-type using the program, then the
increase in labor productivity P; (%) is deter-
mined by the formula:

P, = <L> £ 100,
F;—AT;

Where, F; — the time that the user planned
to perform the j-type work before the imple-
mentation of the program (hours).

From the calculation table 4, it can be
seen that after the implementation of the
Cropio system, the time savings for per-
forming basic reports will be 81%.

®3)

Type of work Before automation, Time saving, min. Increase in labor

min. Fj ATj productivity P, %
Information entry 60 55 1100
Carrying out calculations 120 100 500
Preparing and printing reports 20 15 300
Data analysis and sampling 40 25 167
Total, hours 4 3.25 81

Savings associated with an increase in AP =7, x Zii 1 (4)
100

the productivity of a specialist - P, is deter-
mined by the formula:

roe Z, — worker's average annual salary.

1100 + 500 + 300 + 167

L

AP =159 167*2

Having calculated the savings associated
with increasing the productivity of specialists,
which amounted to 3 289 444 tenge per year,
you can proceed to the calculation of annual
savings:

Ep = (9005300 —9552830) + 1910 000
= 1362 480 tenge

E =1362480—0.15*19 105 650
= —1503 370 tenge

The annual savings for the maintenance
of the new automated system amounted to
1 362 480 tenge, while the expected econom-
ic effect in the first year of implementation is
negative — minus 1 503 370 tenge, this is due

100

= 3 289 444 tenge

to the high costs of implementing the new sys-
tem. For the final conclusion on the effective-
ness of the innovation project, an additional
calculation of indicators is required.

The most widely used method for evalu-
ating real investments is based on a system of
indicators for evaluating real investments:

m Net present value - NPV;

m Profitability index - PI;

m Internal rate of return — IRR;

m Discounted payback period (term) - DPP;
m Accounting Rate of Return — ARR.

To calculate the above indicators, it is
necessary to provide initial data. The total in-
vestment costs for the project are 19 105 650
tenge. The amount is calculated depending on
the country, the location of the fields, the ter-
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rain, and so on. Financing of the project is
planned to be carried out both at the expense
of the project initiator's own funds (13 373 960
tenge) and at the expense of borrowed funds
(5 731 700 tenge).

We will conduct a comparative analysis of
technologies before and after the introduction
of the Cropio system and identify the profita-
bility of investments. The costs of the invest-
ment project are carried out in 2023. The es-
timated implementation period is 1 month
(since registration in the system will take a
little less than a month), and the payback pe-
riod is 3 years.

In addition to the proposed software sate-
llite upgrade, businesses need to pur-chase a
GPS system for all tractors and combines, as
well as fuel consumption sensors.

To analyze the effectiveness of the pro-
ject, we take the following indicators: the in-
come shown in the calculation table is pre-
sented as gross income relative to 2022 with
a forecast increase over the future period. It
can be seen from the calculations carried out,
that NPV 7 > (greater than) zero, therefore,
the project should be accepted. Graphically
net cash flow with NPV accu-mulation. Net
cash flow already from the first year of com-
missioning begins to bring positive cash flows,
in other words, these investments will not
keep you waiting.

Imagine that the company does not have
an increase in net profit in subsequent years,
but reaches the indicators of 2022. Even in the
situation considered, NPV > (greater than) zero,
therefore, the project should be accepted.

Calculate the return on investment:

_ PV 4298874

IRR =1~ ="97057 =~ 220

Since the return on investment is more
than one, the project must be accepted. The
internal rate of return (IRR) at which NPV=0
for an innovative project is 27.63.The average
annual cash flow amounted to 5 110 800 ten-
ge. The payback period of the project is 3
years and 8 months. Of course, the company
is able to repay the loan in 1 year, given
the opportunities for making a profit, but
then the project will be unprofitable for the
lender, since investors or banks earn on inter-
est from the loan.

The payback period is the minimum time
interval (from the beginning of the project),
beyond which the integral effect becomes and
then remains non-negative.

As a development of the digital direction
of the agro-industrial complex of the Republic

of Kazakhstan, a program is proposed to in-
troduce a new precision farming system to
automate the work of specialists, as well as
save their working time. But the main purpose
of introducing this system is to help reduce
the cost of production. The project was con-
sidered fewer than two conditions: an in-
crease in the gross profit of the enterprise and
the unchanged net profit in subsequent years.
All calculation norms were met. The results of
this innovative proposal are quite promising.

Given the fact that these measures will
be implemented in the agro-industrial complex
of the Republic of Kazakhstan, simultaneously
or even point wise, we can confidently say
that their effectiveness will increase. It can be
assumed that their impact on GDP will be at
least 10% of growth; therefore, household in-
comes will also begin to grow.

Conclusion.

1. The practice of foreign and domestic
enterprises of the agro-industrial complex
shows that strategic and tactical initiatives are
most fully disclosed when they are
implemented simultaneously. But this does
not mean that it is necessary to allocate labor
resources to ongoing projects literally at once.
Thus, it is preferable to start operating
activities from weak points, since they are the
constraints in economic growth.

2. Through the use of online and offline
communication tools, the most favorable
situation is achieved in terms of predicting the
conversion rate (both the first and second
levels). In turn, the developed software
focuses on the internal optimization of the
enterprise, which is expected to lead to an
increase in the efficiency of business
structures. These measures are an innovation
and have not been used before.

Therefore, it will be difficult and subjective
to draw a conclusion about the proposed
economic effect. However, based on the
practice of applying similar measures to other
CIS agricultural holdings operating in the
same industry, we can analyze the economic
efficiency based on their quantitative data.

3. As a final recommendation in the deve-
lopment of this direction for agro-industrial
enterprises, in accordance with their financial
capabilities, it is necessary to develop a
business plan that will help assess the addi-
tional risks and effectiveness of the proposed
system, the level of profitability of individual
departments or specialists (who will directly
work with this system, and how it will affect the
performance of their duties) also involves staff
development. All this is aimed at increasing
production in the cultivation and cultivation of
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crops, and increasing the income of the
agricultural sector of the country's economy.

4. Based on the calculations made at the
micro level in the conditional values of one
enterprise, it can be concluded that it is
possible to scale and implement this project
as a whole in the industry. Obviously, to
implement this idea, state support is needed,
which is not even considered in this direction
now. If we are talking about subsidizing
projects in the agro-industrial complex of the
Republic of Kazakhstan, we see that they
support the construction of facilities, materials
for growing, feed components in animal
husbandry, but there is not a single project
with digitalization. But this would serve as a
great incentive for the breakthrough
development of innovations in agriculture.

5. Thus, if the public sector pays attention
to the development of digital technologies in
the agricultural sector and develops state
support, in particular subsidies for the
acquisition of these technologies in
agriculture, then the economic effect will not
be long in coming.
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