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Abstract. For any manager of an agro-industrial enterprise, the use of resources is used for the efficient
use of resources: labor, land, working capital and other. For this reason, the production processes of agricul-
ture are already almost completely mechanized around the world, which is the productivity of an enterprise.
The next logical step in increasing the productivity of agricultural enterprises is the automation and digitali-
zation of agricultural production. Therefore, in order to remain competitive with the world leaders in agri-
cultural production, it is necessary to integrate IoT technologies. It is predicted that the introduction of
modern automation technologies in the agro-industrial complex will increase yields more than the inven-
tions of the tractor, herbicides and GMOs. City farming is gradually becoming such a solution. In some
megacities, urban farms are built on the rooftops of buildings, and in some places there are entire skyscra-
pers with vertical farms. Experts say that the quality and environmental friendliness of products grown
in this way is much higher than that of counterparts grown in a traditional way. In this regard, the relevance
in creating an application for a smart farm has been identified. Such an application will allow you to be more
attentive to all parameters of plant growth thanks to sensors for humidity, light, temperature and other data that
can be transmitted to a smartphone. The purpose of the study is to develop a management and monitoring
system for a city farm. Materials and methods. The mobile application is implemented using the Xamarin
framework in C# and JavaScript. The firmware for the microcontroller is written in C. Results. The paper
provides an overview of management and monitoring systems for smart farms, a methodological compari-
son of advantages and disadvantages. The architecture of the control and monitoring system was also dis-
covered. Implemented a mobile application and software. The functionality and design of the mobile appli-
cation has been tested on various devices. Conclusion. The city farm management and monitoring system
has been successfully developed. As further scientific work, it is planned to develop a mathematical model
for more optimal farm management. This work can be useful in the field of decentralized agriculture.
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Annomayusa. 111 10000 pyKOBOAUTENS arpONPOMBIIUICHHOTO IPEATIPUATHS BaXXHOH 3a7a4ueil sBiis-
€TCsl ONTUMU3AINS MPOU3BOJCTBEHHBIX MPOIECCOB ISl d(PPEKTUBHOTO HMCIOIB30BAHMS MUMEIOIIUXCS pe-
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CYpCOB: TPYAOBBIX, 3€MENbHBIX, 00OPOTHBIX CpelncTB M Apyrux. [lo 3TOoi mpuuYMHE NPOHU3BOJICTBEHHBIC
MPOLIECCHI CEJILCKOTO XO3IHUCTBA yXKE MTOYTH HOIHOCTHIO MEXaHU3HPOBAHEI 110 BCEMY MHPY, YTO 3HAUUTEIb-
HO YBEIMYHMBACT NPOU3BOAMTEIBHOCTh HpeanpusaTus. CeayromyM 3aKOHOMEPHBIM IIaroM YyBEINYCHHS
MPOU3BOIUTENBHOCTH CEIbXO3NPENPHUATHI SBISCTCS aBTOMATH3AIMsd M IU(PPOBHU3AIMS MPOHU3BOJICTBEH-
HBIX MPOLIECCOB CEIbCKOro Xo3siicTBa. [103TOMY A7t TOTO 4TOOBI OCTaBaThCS KOHKYPEHTOCIIOCOOHBIM 10
OTHOIICHWIO K MHPOBBIM JIHIEpPaM arpolpoM3BOJCTBA, HeoOXxoammo uHTerpupoBanue loT TexHoIOTrHH.
[IporHo3upyercsi, YTo BHEAPEHHE COBPEMEHHBIX TeXHOJOrWi aBTOoMatm3anuu B AIIK mo3BoiuT yBeIMIUTH
YpOXaWHOCTh CHJIBHEE, YeM 3TO CHeNalii n300peTeHus Tpakropa, repounnaos u ' MO. Takum pemeHnem mo-
CTETNEHHO CTaHOBHUTCS CHTH-(epMepCTBO. B HEKOTOPBIX Meramojucax ropojckue (epmbl 00ycTpOeHbI Ha
KpBIIIaX 3[JaHuUil, a Koe-T/ie CYIIECTBYIOT LieJible HeOOCKPEOHI C BepTUKAIBHBIMU (hepmaMu. CHeHaInucThl yT-
BEPIKJIAIOT, YTO KAYECTBO U IKOJIOTHYHOCTDH IIPOAYKTOB, BEIPAIICHHBIX TAKUM CIIOCOOOM, 3HAYUTEIFHO BHIIIE,
YeM y aHAJIOTOB, BBIPAIIEHHBIX TPAJUIIMOHHBIM 00pa3oM. B cBs3M ¢ 3THUM BBISBIICHA aKTyalIbHOCTh B CO3/Ia-
HUW TIPWJIOXKEHUS Ui yMHOH depmbl. Takoe mpumokeHue 1mo3BosUT Oojee BHHUMATEIBHO OTHOCHUTHCS KO
BCEM I1apaMeTpaM pocTa PacTeHMI Oilaroaps JaTYMKaM BIAKHOCTH, CBETA, TEMIIEPATyPhl U IPYTMM JaHHbIM,
KOTOpPbIE MOXHO IlepesiaBaTh Ha cMapT¢oH. Lleqnio ncejenoBanus SBiIseTCS pa3pabOTKa CHCTEMBI YIpaB-
JCHUsI 1 MOHMTOPHHTA CUTH-QepMbl. MaTepnajabl 1 MeTOAbl. MOOMIFHOE NPWIOKEHNE PEATM30BAaHO C
UCTIoNb30BaHueM ¢peiiMBopka Xamarin Ha C# u JavaScript. IIpommBka ast MUKpOKOHTpOJUIEpa HaIlicaHa
Ha C. PesyabTartsl. B paboTe npezacraieH 0630p cHCTEM yNpaBlIeHHSI 1 MOHUTOPHHTA IS YMHBIX (epM,
METOOJIOTHYECKOEe CPABHEHUE NPEUMYIIECTB U HEJOCTAaTKOB. Taxke ObljIa CIPOEKTHPOBAHA APXUTEKTYpa
CHCTEMBI KOHTPOJII U MOHUTOpHUHTa. Peann3oBano mobmisHOe npuioxenne u [10. OyHKIMoHaI U Tu3aiH
MOOMJIBHOTO TIPMJIOXKEHHS MPOTECTUPOBAH Ha Pa3lMYHBIX yCTpoiicTBaxX. 3ak/rodyeHue. Cucrema yrpasie-
HHSI 1 MOHMTOPHHTa CUTH-(QEpPMbI YCIEUIHO pa3paboTaHa. B kadecTBe nanpHelIiedl Hay4HOH pabOTHI Iuia-
HHUpYeTCs pa3paboTaTh MaTeMaTHYECKYIO0 MOJETh Ui 0ojiee ONTUMAIBHOIO yIpaBieHusa gepmoit. Jta pa-
60Ta MOXKET OBITh NOJIE3Ha B chepe AEHEHTPATN30BAHHOTO CEILCKOTO X03HCTBa.

Knrwouesvie cnosa: nudopmManmoHHas cuCTeMa, TEXHOJIOTHH, yIpaBlieHHE, MOHUTOpHHT, 10T, curu-
(hepmepcTBO

na yumuposanusn: Blinov A.V., Hollay A.V., Zakharov V.V. Development of a Management and
Monitoring System for a City Farm // Bectauk FOYpI'Y. Cepust «KoMnploTepHbIE TEXHOJIOTHH, YIIPABICHHUE,
pamoanektporukay. 2022. T. 22, Ne 1. C. 139-146. doi: 10.14529/ctcr220112.

Introduction

Today, the rapid growth of the Earth's population and the even more active urbanization of
the population requires quick food decisions. City farming is gradually becoming such a solution.
In some megacities, urban farms are built on the rooftops of buildings, and in some places, there are en-
tire skyscrapers with vertical farms [1].

Experts say that the quality and environmental friendliness of products grown in this way is much
higher than that of counterparts grown in a traditional way [2]. Some of this evidence is showing that
ehe heavy metal concentrations in irrigation water and soils did not exceed the recommended maximum
limits (RMLs). Moreover, Cd, Co, Cr, Cu, Ni and Zn concentrations in all analysed vegetables were
lower than the RML standards. In contrast, Pb concentrations were 1.4-3.9 times higher. Results of two-
way ANOVA test showed that variation in metals concentrations were significant (p <0.001) across
farming site, vegetable type and site x vegetable interaction [3].

In this regard, it is important to create a city farm management system. Such a system will make it
possible to be more attentive to all parameters of plant growth using sensors for humidity, light, tem-
perature and other data that can be transmitted to a smartphone.

The Internet of Things includes several concepts:

« the devices themselves, connected to the network;

* an autonomous way of connecting M2M, that is, a machine to a machine without the participation
of a living being;

* Big Data, that is, big data that smart devices can generate and which then need to be analyzed and
systematized [4].

When connected to the Internet of Things, each device must identify itself. For this, barcodes and
QR codes (Matrix codes), RFID (radio frequency identification), RTLS (Coordinate determination
method) are used. The identifier must be unique. At the moment, most often the MAC address of
the network adapter is used for these purposes. This symbolic combination is assigned to the manufac-
tured device at the factory [5].
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Development of a Management
and Monitoring System for a City Farm

City farming is one of the most promising areas of agriculture, which implies the organization of
farms for growing crops and animals in an urban setting. For the convenience of urban farmers, it is neces-
sary to implement automated farm operation. The installation should perform the following functions:

1) transfer data from environmental sensors to a smartphone to track the state of plants;

2) control several types of LED strips to simulate daylight hours;

3) turn on the pump at low soil moisture.

Air humidity plays an important role in the life of the plant world. Low air humidity accelerates
the evaporation of water from the soil, which leads to drying out of plants; therefore, air humidity and
air temperature sensors are needed [6]. Plants need carbon dioxide, so you need to monitor its concentra-
tion in the air with a carbon dioxide sensor.

The water level in the tank must not be below a certain value, otherwise the pump will fail, as it will
capture air instead of water. The water level sensor solves this problem.

LED strips should be controlled throughout the day. Early in the morning, infrared bands should be
activated, which are responsible for the growth of the tops. A little later, daylight bands turn on, thanks
to which the fruits ripen. During the day, ultraviolet ribbons begin to shine. After lunch, the ribbons be-
gin to decrease the light intensity in the reverse order.

The results presented here show that the use of IoT technology can lead to significant energy
savings as well as increased yields.

Methods

The choice of a development board depends on the requirements for the functionality of the board.
With the right board selection, development can be dramatically accelerated. Let's compare the three
most famous boards: Particle Electron, Feather Huzzah, Arduino MKR1000 (Table 1).

Table 1
Comparison of developer boards
Particle Electron Adafruit Feather Huzzah Arduino MKR1000

Clock frequency 120 MHz 80 MHz 48 MHz
Flash memory 1 MB 4 MB 256 KB
Digital lines 14 9 12

Analog lines 14 1 6
Antenna type Printed and uFI Printed Printed
Support battery Yes Yes Yes

Online service Yes Yes No

Price 298 16 $ 358

Particle Electron is based on a 120MHz ARM Cortex M3 32-bit core and has a full complement of
I/0 pins. One of the benefits of Electron is its ability to automatically connect to the Particle web ser-
vice. The firmware can be downloaded over the internet. In addition to the printed antenna, this module
can be equipped with a uFl antenna to expand its wireless capabilities. Among the disadvantages of
the module is a relatively high-power consumption [7].

The next stage in the development of a farm management system is the development of a mobile
application. Mobile app development is the process by which apps are developed for small handheld
devices such as smartphones or cell phones. These applications can be preinstalled on the device during
production, downloaded by the user using various platforms to distribute software, or be web applica-
tions that are processed on the client (JavaScript) or server side [8].

The choice of technology is usually based on several factors, such as development time, product
cost, and purpose. For example, for basic applications with fairly simple functionality and user interface,
any solution will do. But if the product is complex, or it is expected to gradually acquire additional func-
tions, the choice of technology must be made more carefully.

Xamarin is a cross-platform mobile application development framework based on the C# language.
Leveraging the power of C# and native iOS and Android libraries allows Xamarin to make changes to
the application and improve it fairly quickly throughout the project lifecycle. Most of the code is used
simultaneously for several platforms, therefore, the main effort should be focused on creating the user
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interface for different operating systems. Since all native functions are supported by Xamarin, the result
is a completely native application [9].

Using PhoneGap for application development, you can create HTML, CSS and JavaScript files
in your local directory. This is more like developing a static website. Getting the user interface to look
the same in the browser as native apps is not an easy task, right? Native presentation and responsiveness
of the user interface is not possible on most platforms and browsers these days, even with Sencha
Touch. Among other things, PhoneGap's ability to interact with other applications and device capabili-
ties is very limited. It, in any case, will not be a cross-platform tool, since it does not have HTMLS5
standards, with the exception of such as geolocation, camera and local databases (Table 2).

Table 2
Comparison of development platforms
Criterion Phonegap Xamarin
. Stable performance on i0OS, Android and
Performance Less productive .
WinPhone
The user interface is common to all It is possible to create your own interface
Interface
three platforms for each platform
Start time Slow start Quick start
Data volume Problems with displaying large amounts | No problem with displaying large amounts
of data of data
To use additional native functionality, |Native functions can be implemented using
Native functions | you must have programming skills Xamarin without using other programming
in Objective C or Java languages

The next stage of development is the hardware architecture. The basic elements of the system hard-
ware are divided into several types: sensors, actuators, and gates.

Sensors include devices that measure the physical characteristics of objects or the environment (for
example, temperature, pressure, the presence of impurities in the air, position in space, etc.) and convert
it into a form that is convenient for further processing.

Actuators are designed to affect the environment, or a specific object in it. A wide variety of devices
can play this role, from servos and speakers to locks with lighting fixtures.

Gates are devices that are usually assigned the logic of superficial analysis of information coming
from sensors connected to them. In certain situations, data analysis may require a small amount of com-
putational resources, so that the gates are quite capable of making some decisions on their own. Making
such decisions, they send certain control commands to the actuators, which, in turn, already perform
their functions.

If the processing of information is costly, or this information is subject to collection, the gates send
it to the servers, where further work is done with it. Most likely the use of microcomputers or micro-
processors as gates [10].

The microcontroller controls the LED strips using
a transistor. From the pin of the operating device,
a voltage from 0 to 3.3V is applied to the control leg of
the transistor. At a certain voltage, the transistor opens
with a certain ratio. In this way, the intensity of
the light can be controlled (Fig. 1).

A relay is used to control the pump. A voltage of
3.3 V is applied to the control leg of the relay, thereby
opening the relay. For safety reasons, the relay is used
in normally closed mode. That is, in the absence of
a signal, the relay is closed.

The water level sensor is digital, so the micro-

- controller can get values 0 (no water) and 1 (there is
Fig. 1. Lighting control water).

+12V

out pin
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Soil moisture sensor, air humidity sensor, soil temperature
sensor and air temperature sensor are analog, therefore frac-
tional values from 0 to 3.3 V are possible. ————

The next stage of development is cloud configuration.

Particle cloud is an important element of the software part
of the system. In addition to collecting and storing data, | GRS
the cloud implements a software update function.

Firmware Updates (OTA) are a vital component of any
IoT system [11]. Over-the-air firmware updates are the prac- e
tice of remotely updating code on an embedded device. Par-
ticle's all-in-one IoT platform offers good OTA upgrade ca- .
pabilities [12]. C/ 12/12

A hybrid approach was chosen for the development of
a mobile application (Fig. 2). A hybrid app is a mobile app that
contains a mobile platform WebView [13]. The main compo- S ke
nent over which the development is created with this approach CZ@ e CZQ (D
is the WebView component. It can be used to embed web ap-
plications (sites).

In Android version 7.0 and higher, WebView uses 10.64 38.21 746
the Chrome engine. If this cannot be done for any reason, then g
the System WebView is used, which appeared in Android ver-
sion 5 and later. Earlier versions of Android use WebKit or
Chromium for these tasks [14].

BnamHocTe emneparypa Armocdeproe

BO3fyxa BO3ayxa AaBneHne

Fig. 2. Mobile app

Results

Once the smart farm management and monitoring system is developed, it needs to be tested. One of
the main tasks of a smart farm is the constant processing of readings from environmental sensors.

The problem of incorrect reading of parameters may occur due to incorrect supply of voltage to
the microcontroller input. This phenomenon can occur due to different physical phenomena. Therefore,
in the firmware of the microcontroller, an additional check is made that the value belongs to a certain
range. For example, the temperature cannot go below 0 degrees and rise above 50 degrees. There are
ranges for each sensor according to the environment in which they are located. Also, there can be no
abrupt change in any parameter. For this, the voltage value is read several times in a short period of time
and compared with the previous value.

This problem cannot be determined by a one-time measurement; therefore, the developed solution
requires testing for a long time. The ThingSpeak service was used to visualize the environmental
parameters (Fig. 3).

These graphs show that there are no unreasonable jumps in readings. The increases and de-
creases are caused by external factors. For example, turning on the heating, starting watering, and
the like.

Thus, smart farm monitoring functions correctly.

To test a mobile application, it is necessary to determine the criteria by which it will be possible to
evaluate the mobile application and rank them in order of importance [15].

1. Ease of use of the mobile application.

2. Design of a mobile application.

3. Functioning.

The mobile application was tested on an emulator, on a smartphone and on a Smart TV. Testing
consisted of viewing the start page and checking these three criteria.

Usability was verified as a result of initial testing.

The next stage of testing is to check compatibility. For this task, it was necessary to check the cor-
rect display of the application on different screens, that is, to investigate the design of the application for
adaptability. On android 4.0 and higher, the application is displayed correctly (Fig. 4, 5).

BecTHuk HOYplY. Cepusi «<KoMnbioTepHble TEXHONOrMK, yNpaBreHne, PaanoaneKkTPOHUKay. 143
2022.T. 22, Ne 1. C. 139-146



KpaTtkue cooblieHuns
Brief Reports

Field 1 Chart &

[
)

Garden_Sensor_Sensor_01

Field 2 Chart F ©

Garden_Sensor_Sensor_01

30 ¢ .
z H
b=} <
E
2 60 %
= j 28
v =
<
13. Dec 20. Dec 27. Dec 3. Jan 13. Dec 20. Dec 27. Dec 3. Jan
Date Date
ThingSpeak.com ThingSpeak.com
Field 3 Chart E C Field 4 Chart & ©
Garden_Sensor_Sensor_01 Garden_Sensor_Sensor_01
> _ 200
T 60 | §
E
: 3
x £
< 2 100
13. Dec 20. Dec 27. Dec 3. Jan 13. Dec 20. Dec 27. Dec 3. Jan
Date Date
ThingSpeak.com ThingSpeak.com
Fig. 3. ThingSpeak
®utoceeT
[lHeBHON cBET
YnbTpaduoneToBbiii CBET
:q; 18/6
22 nioHA
1
:ZZ; 18/6
22 wioHA Tponuku
L)
:Zk 24/0 :Q( Q
Hon-cTon WHBepcua
BnaxHocTb Temnepatypa ATmochepHoe
BO3Ayxa BO3ayxa Aasnexve
Fig. 5. Displaying an app in landscape orientation
144 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.

2022. Vol. 22, no. 1. P. 139-146



Blinov A.V., Hollay A.V., Development of a Management
Zakharov V.V. and Monitoring System for a City Farm

Functional testing included checking links, animations, choosing a farm, displaying hints. As a re-
sult of this study, no problems were found.
Thus, the mobile application functions and is displayed correctly on various devices.

Discussions and Conclusions

The architecture of the software is designed in this article. The implementation of data exchange be-
tween the microcontroller and the Particle cloud is considered. Environmental monitoring is carried out
correctly and stably. A mobile application for managing and monitoring a smart farm has been created.
The functionality and design of the mobile application has been tested on various devices.

Thus, the city farm management and monitoring system has been successfully implemented.

As further scientific work, it is planned to develop a mathematical model for more optimal farm
management.

References

1. Maciaszek L.A. Practical software engineering: a case study approach. Transl. from Engl. Mos-
cow: Binom. Laboratoriya znanii; 2013. 424 p. (In Russ.)

2. Yarochkin, V.I. Informatsionnaya bezopasnost' [Information Security]. Sth ed. Moscow: Akade-
micheskii proekt; 2016. 544 p. (In Russ.)

3. Ghezzi C., Jazayeri M., Mandrioli D. Fundamentals of software engineering. Transl. from Engl.
Moscow: BHV-Petersburg; 2013. 832 p. (In Russ.)

4. Zasada 1., Fertner C., Piorr A., Nielsen T.S. Peri-urbanisation and multifunctional adaptation of
agriculture around Copenhagen. Geografisk Tidsskrift. 2011;111(1):59-72. https://doi.org/10.1080/
00167223.2011.10669522.

5. Particle Documentation. Available at: https://store.particle.io/collections/electron/.

6. Agurov P. C# Sbornik retseptov [C#. Collection of recipes]. Moscow: BHV-Petersburg; 2007.
432 p. (In Russ.)

7. Echmaeva, G. Informatsionnaya kul'tura organizatora fermerskogo khozyaistva [Information cul-
ture of the organizer of the farm]. Moscow: LAP Lambert Academic Publishing; 2011. 260 p. (In Russ.)

8. Leventhal L. Introduction to microprocessors: sofiware, hardware, programming. Transl. from
Engl. Moscow: Energoatomizdat; 1983. 464 p. (In Russ.)

9. Duvall P.M. Continuous Integration: Improving Software Quality and Reducing Risk. Transl.
from Engl. Moscow: Vil'yams; 2017. 240 p. (In Russ.)

10. Shangin V.F. Informatsionnaya bezopasnost' i zashchita informatsii [Information security and
information protection]. Moscow: DMK Press; 2014. 702 p. (In Russ.)

11. Richter J. CLR via C # Programming on Microsoft .NET Framework 4.0 in C#. Transl. from
Engl. St. Petersburg: Piter; 2013. 896 p. (In Russ.)

12. Bob F. Microservices, loT, and Azure. Apress; 2015. P. 3-27.

13. Woldetsadik D., Drechsel P., Keraita B. et al. Heavy metal accumulation and health risk asses-
sment in wastewater-irrigated urban vegetable farming sites of Addis Ababa, Ethiopia. FoodContamination.
2017;4, 9. https://doi.org/10.1186/s40550-017-0053-y.

14. Mohan S.V., Hemalatha M., Amulya K. et al. Decentralized Urban Farming Through Keyhole
Garden: a Case Study with Circular Economy and Regenerative Perspective. Mater Circ Econ. 2020;2, 12.
https://doi.org/10.1007/s42824-020-00011-1.

15. Babash A.V., Baranova E.K., Mel'nikov Yu.N. Informatsionnaya bezopasnost'. Laboratornyi
praktikum: ucheb. posobie [Information Security. Laboratory practice: Textbook]. Moscow: KnoRus;
2016. 136 p. (In Russ.)

Cnucok numepamypul
1. Maysumex JI.A. Ilpaxmuueckas npocpammHas UHJiCeHepusi Ha OCHO8e Y4eOHO20 npumepa: nep.
c anen. M.: Bunom. Jlabopamopus snanui, 2013. 424 c.
2. Apouxun B.U. Ungopmayuonnas 6ezonacnocmo. 5-e uz0. M.: Axademuueckui npoexm, 2016. 544 c.
3. I'eyyu K., /[cazatiepu M., Manopuonu []. Ochoebl undicenepuu npocpammHo20 00eCneyeHus::
nep. ¢ anen. M.: BXB-Ilemepbype, 2013. 832 c.
4. Zasada 1., Fertner C., Piorr A., Nielsen T.S. Peri-urbanisation and multifunctional adaptation of

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 145
2022.T. 22, Ne 1. C. 139-146



KpaTkue coo6LueHus
Brief Reports

agriculture around Copenhagen // Geografisk Tidsskrift. 2011. Vol. 111(1). C. 59-72. https://doi.org/
10.1080/00167223.2011.10669522.

5. Hoxymenmayus Particle. URL: https://store.particle.io/collections/electron/.

6. Aeypos I1. C#. Coopnux peyenmos. M.: bXB-Ilemepbype, 2007. 432 c.

7. Eumaesa I'. Ungopmayuonnas xkyremypa opeanuzamopa ¢hepmepckozo xossicmea. M.: LAP
Lambert Academic Publishing, 2011. 260 c.

8. Jlesenmanw JI. Beeoenue 6 muxponpoyeccopwi: I[lpocpammmnoe obecneuenue, annapamuvie cpeo-
cmea, npocpammuposanue. nep. ¢ anen. M.: Suepeoamomusoam, 1983. 464 c.

9. [lrosane M.I1. Henpepuvisnas unmezpayusi: yiyuuleHue Kavecmea npoepammnHozo obecneuerus u
cHUdICeHUe pucka. nep. ¢ anen. M.: Bunvauc, 2017. 240 c.

10. llanveun, B.@. Ungopmayuonnasn bezonacnocms u 3awuma ungopmayuu. M.: JIMK Ilpecc,
2014. 702 c.

11. Puxmep [oc. CLR via C#. Ilpoepammuposanue na niamgopme Microsoft .NET Framework 4.5
Ha a3vike CH#: nep. ¢ anen. 4-e uzo. CI16.: Ilumep, 2013. 896 c.

12. Bob F. Microservices, loT, and Azure. Apress, 2015. P. 3-27.

13. Woldetsadik, D., Drechsel, P., Keraita, B. et al. Heavy metal accumulation and health risk
assessment in wastewater-irrigated urban vegetable farming sites of Addis Ababa, Ethiopia //
FoodContamination. 2017. Vol. 4, article number: 9. https://doi.org:10.1186/s40550-017-0053-.

14. Mohan S.V., Hemalatha M., Amulya K. et al. Decentralized Urban Farming Through Keyhole
Garden: a Case Study with Circular Economy and Regenerative Perspective // Mater Circ Econ. 2020.
Vol. 2, article number: 12. https://doi.org/10.1007/s42824-020-00011-1.

15. babaw A.B., bapanosa E.K., Menvnuuxoe FO.H. Hupopmayuonnas 6ezonacnocms. Jlabopa-
MOpHbIL nPaKmuKkym. yueb. nocobue. 2-e uzo. M.: KnoPyc, 2016. 136 c.

Information about the authors

Andrey V. Blinov, postgraduate student of the Department of Information and Analytical Support
of Management in Social and Economic Systems, South Ural State University, Chelyabinsk, Russia;
gigitk8@gmail.com.

Aleksandr V. Hollay, Dr. Sci. (Eng.), Associate Professor, Professor of the Department of Infor-
mation and Analytical Support of Management in Social and Economic Systems, South Ural State Uni-
versity, Chelyabinsk; Russia; alexander@hollay.ru.

Vadim V. Zakharov, junior researcher of the Department of Information and Analytical Support
for Management in Social and Economic Systems, South Ural State University, Chelyabinsk, Russia;
metkol@yandex.ru.

Hugpopmavun 06 agmopax

BaunoB Anapeii BssueciaBoBuy, aciupant kadeapbl HHOOPMAMOHHO-aHATUTHIECKOTO obecrie-
YEeHHUsl YIPABJICHUS B COLMANBHBIX U SKOHOMUYECKUX cucTemax, KOxHO-Y pajabcKuil ToCy1apCcTBEHHBIH
yHHBepcuTeT, I. Yensounck, Poceus; gigifk8@gmail.com.

Tonnaii Anexcanap BiaaagumupoBuy, 1-p TeXH. HayK, JOLEHT, npodeccop xadenpsl nHPpOpMa-
UOHHO-aHATUTUYECKOTO 00ECTICYCHUsI YIIPABICHUS B COIMAIBHBIX M SKOHOMHUYECKHX cHcTeMax, FOxHO-
VYpanbckuil Tocy1apcTBEHHBIH YHUBEPCUTET, . Uensonnck, Poccust; alexander@hollay.ru.

3axapos Bagum BiagumupoBuy, Miaqmuil HaydHbId COTPYOHMK Kadeapsl HHPOPMALMOHHO-
AQHAJUTHYECKOTO O00ECIEeYEeHUs] yNpaBIeHHS B COLMANBHBIX M JKOHOMHYECKHMX cHcTemax, FOHo-
VYpanbckuii Tocy1apCcTBEHHBIH YHUBEPCUTET, I'. Yensounck, Poccust; metkol@yandex.ru.

Contribution of the authors: the authors contributed equally to this article.

The authors declare no conflicts of interests.

Bxnao agmopog: Bce aBTOPHI ClIeNaii SKBUBAJICHTHBIN BKJIa B IOJTOTOBKY IMyOIHKAIIUH.
ABTOPBI 3asBIISIOT 00 OTCYTCTBUH KOH()IMKTa HHTEPECOB.

The article was submitted 26.11.2021; approved after reviewing 10.12.2021; accepted for publica-
tion 17.12.2021.

Cmamova nocmynuna ¢ pedakyuro 26.11.2021; ooobpena nocne peuensupoeanua 10.12.2021;
npunama k nyonuxayuu 17.12.2021.

146 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2022. Vol. 22, no. 1. P. 139-146



