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Abstract. The article discusses the development of a prototype of a specialized scientific
hardware and software complex that can be used to study the impact of the greenhouse effect on the
growth and development of agricultural plants. This complex supports automated cultivation with the
ability to reproduce the required growth parameters, such as meteorological, soil, and climatic
conditions. The proposed software enables automated accumulation of environmental parameters, as
well as image collection for digital phenotyping and analysis of morphological, physiological, and
biochemical characteristics of plants. The generated databases are intended for training and retraining
convolutional neural networks, which ensures high-precision visualization of crop growth and
development under current and forecasted cultivation conditions. The results of the study can be
applied to the formation of scientifically grounded agrotechnical plans, optimization of cultivation
regimes, yield forecasting, and modeling of adaptation scenarios considering climatic changes and
anthropogenic impacts. The practical significance of the complex lies in ensuring the sustainable
functioning of agricultural systems, reducing climate-related risks, increasing ecological resilience,
strengthening long-term food security, improving economic efficiency, and implementing innovative
digital solutions in modern crop production.

Keywords: software and hardware complex; prototype; climate impact; greenhouse effect;
yield.

Relevance of the study

The development and growth of agricultural plants depend on the process of photosynthesis:
leaves absorb carbon dioxide from the lower layers of the atmosphere and, in combination with water,
convert it into organic substances necessary for growth. Thus, the lack of CO: is one of the key factors
limiting plant growth, development, and yield. This problem can be effectively addressed by
identifying areas with the required levels of CO: concentration for different agricultural crops, taking
into account the dynamics of the greenhouse effect (GE). It is important to note that in this context,
opportunities also arise for managing the humus layer of the soil, which plays a significant role in its
fertility and productivity.

The creation of adaptation scenarios and the scientific justification for zoning agricultural
lands, considering the dynamics of the GE, requires the collection and processing of large volumes
of diverse data. This includes simultaneous attention to controlled parameters that are widely
distributed across extensive territories and are of a random nature, as well as the participation of living
organisms in production processes [1]. All this emphasizes the necessity of applying digital
technologies, which are actively developing within the framework of Industry 4.0.

At the already implemented stages of the scientific research, the team presented a scheme for
forming adaptation scenarios for zoning territories to increase the yield of agricultural crops under
external natural-climatic and technogenic influences. This scheme includes: stages of modeling,
intelligent decision support; determination of optimal parameters of natural-agricultural and
agroecological zoning of the studied territories, their qualitative and quantitative structure [2]. The
necessary methods and intelligent models have been developed [3], and algorithms have been
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implemented for creating software and automated formation of adaptation scenarios for zoning
agricultural lands (Figure 1) [4].

At present, there is an increasing interest in the situational approach, which is applied in
various fields of human activity, accompanied by the establishment of situational centers [4, 5].
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Figure 1 — Scheme of automated formation of adaptation scenarios for zoning territories under
external natural-climatic and technogenic impacts

In this study, the results of developing the main aspects and situational models for creating a
prototype of a regional situational center are presented. The primary function of this center is the
development of scientifically grounded scenarios for zoning agricultural territories under the
dynamics of the greenhouse effect (GE), which should lead to a gradual increase in crop yields and
territorial productivity.

Decision-making in the field of agricultural crop production faces serious challenges caused
by a lack of information, conflicts of interests and objectives, as well as rapid and multiple changes
in the environment and the technogenic impact of the production sector [6]. Under such conditions,
the requirements for flexibility in the agricultural sector and the speed of managerial decision-making
increase significantly, which in turn necessitates the introduction of intelligent and information
technologies into management processes.

The adoption of scientifically grounded decisions on zoning becomes possible through the use
of artificial neural networks, the functioning of which requires prior training on large datasets [7].
The accumulation of such information is possible during laboratory research and the reproduction of
various cultivation conditions. The cultivation of agricultural crops in a closed environment is a
technically labor-intensive process that cannot be implemented without specialized technical
equipment [8]. Errors made in controlling growth parameters can lead to uneven germination, pale
plant coloration, and low resistance to pests [9].

To address these problems, a grow box (PROBOX ECOPRO) was used — a closed structure
designed to create an optimal microclimate for the growth and development of agricultural crops. The
external view of the developed laboratory equipment is shown in Figure 3.

The technical equipment of the laboratory complex consists of the following components:

e LED lighting with brightness control;

e Microclimate system (heat fan, supply and exhaust ventilation system, recuperative cooling
unit, carbon dioxide supply system);

¢ Soil moisture control system;

e Photosynthetic activity monitoring system;
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e Automated control system for the parameters of the laboratory complex.

Figure 3 — External view of the laboratory equipment for controlled cultivation of
agricultural crops

To control the elements of the laboratory complex, a control system was proposed, the
structural diagram of which is shown in Figure 4 [10].
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Figure 4 — Structural diagram of the technical components of the laboratory complex

To describe the principles of connecting various electrical and electronic components into a
single system, the following specification was developed, corresponding to the structural diagram
(see Figure 5). The connection diagram includes the following elements:
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Piranha Ultra R3 control board;

Trema Shield connection device;

GSM/GPRS Shield for integration with a mobile device;
Control buttons;

Laser module;

Non-contact liquid level sensor XKC-Y25-V;

Set of resistors;

Linear actuator XDHA12-50;

Power supply 12V (2A);

Infrared lamp;

. Membrane pump 385;

12V fans;

. 5V power supply;

. Dual-channel relay module FLASH-12C;

. 12C Hub for connecting peripheral devices;
. Real-time clock (RTC);

Temperature and humidity sensor FLASH-12C;

. Character display LCD1602 1IC/12C;

Capacitive soil moisture sensor;

. LED lamp PHOTON PROM;
. UPS Cyberpower UTC650E.
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Figure 5 — Connection diagram of the laboratory complex components

Specialized software is used to record the growth parameters and visual condition of the crops

[11,12].

Conclusion. As a result of the study, a prototype of a hardware and software complex for use
in scientific research was presented. The authors obtained data and photographs of agricultural crops
at different stages and under various cultivation conditions. The collected data made it possible to
train a convolutional neural network for digital phenotyping of plants and visualization of their
growth and development.
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IHAPHUKTIK DOPEKT JTUHAMUKACBIHBIH AYBIJI ITAPYALIBLJIBITBI
JAKBIJITAPBIHBIH OCYI MEH TAMYbBIHA 9CEPIH 3EPTTEYI'E APHAJIT'AH
BAYJAPJIAMAJIBIK-AIIITAPATTBIK KEIHNEHHIH ITPOTOTHIIIH KACAY
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AngaTna. Makanaga NapHUKTIK 9CEpAiH aybUIIapyallbUIbIK OCIMAIKTEPIHIH ecyl MeH
JaMyblHA 9CEpiH 3epTTey VIIIH KOJJaHyFa OOJaThlH MaMaHJAHJABIPBUIFaH FHUIBIMU amllapaTThIK-
OargapiaMainblK KeIIeHHIH MPOTOTHIIH acay KapacTblpbUIaibl. bysl KemieH MeTeopoIOorHsUIbIK,
TOMBIPAK JKOHE KIMMATTBIK JKaFjgailliap CHUSAKTBI ©Cy[IiH KaXeTTi MapaMeTpiepiH KeOeuTy
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MYMKIHAITIMEH  aBTOMATTaHABIPBUIFAH  OCIpYAl  KOJAaiabl. ¥ CHIHBUIFAH  OargapiaMaiibiK
KaMTaMachl3 €Ty KOpIIaraH opTa MapaMeTpiepiH aBTOMATTaHABIPHUIFaH >KMHAKTAayFa, COHIaN-aK
UQPPIBIK GEHOTUNTEY KOHE OCIMIIKTEPIIH MOP(OIOTUSIIBIK, (PU3HUOJIOTHSIIBIK XKOHE OMOXMUMUSIIBIK
CHIIaTTaMaJapblH Tajlfay YLIIH KecKiHAepli jkuHayra MyMKiHAiK Oepeni. Kypbuiran mamiMmerTtep
0a3achl Kasipri )oHe OOJKaMIbl ©Cipy JKaFaalIapblHIa JAaKbULIAPIBIH 6Cyl MEH JaMYbIH KOFaphI
TONAIKICH BU3yalU3alisUlay bl KaMTaMachl3 €TETIH KOHBOJIOIMSIBIK HEHPOHIBIK Keiiepi
OKBITYFa KOHE KalTa Jaspiiayra apHalFaH. 3epTTey HOTHIKEIEepiH FhUIBIMH HETI3JeNTeH
arpoTeXHUKAJIBIK XKOCHapiaapAbl KATBIITACTRIPYFa, 6CIpY peXKUMICPiH OHTAMIAHABIPYFa, OHIMIUTIKTI
OoypKayFa, KJIMMATTBIK ©3repicTep MEH aHTPOIOTCHIIK ocepiiepll eCKepe OTBIPhIN Oerimaeny
CIICHApUIJIEpIH MOJENbIAeyre KojjaHnyra Oomanel. KemieHHIH TPaKTUKAIBIK MAaHBI3IbLUTBIFBI
aybUIIIAPYaIIbUIBIK XYHEIEePIHIH TYPaKThI )KYMBIC iICTEYiH KAMTaMachl3 €Ty, KIIMMaTKa OaiIaHbICThI
TOYEKeJIep/i a3aiiTy, SKOJIOTHSUIBIK TYPAKTBUIBIKTBI apTTHIPy, Y3aK MEp3iMAl  a3bIK-TYIIK
KayIICi3iriH HBIFAaUTy, 9KOHOMHUKAJIBIK THIMIUTIKTI apTTHIPY, 3aMaHayH 6CIMIIK IapyalIbUIbIFbIHIA
MHHOBAIMSUIBIK IU(PIIBIK MEmiMASPAl €HT13y 00BN TaObUIaIbI.

Tyiiin ce3mep: OarmapiamaiblK-alapaTThiK KEIIEH; TPOTOTHI; KIMMATTBIH dcepi,
MAPHUKTIK 3PPEKT; KipiCTIIIK.

PA3BPABOTKA ITPOTOTHUITIA TIPOT'PAMMHO-AIIITIAPATHOI'O KOMIUVIEKCA
JJISA U3YUYEHUSA BJIUAHUA JUHAMUKHA TAPHUKOBOI'O D®PEKTA HA POCT "
PA3BUTHUE CEJbCKOXO3AVMCTBEHHBIX KYJIbTYP
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AnHoTanus. B crathe paccMmarpuBaercs pa3paOoTKa MPOTOTHUIIA CIEHUATU3MPOBAHHOTO
HAyYHOTO0 alnapaTHO-MPOTrPAMMHOI0 KOMITJIEKCA, KOTOPBI MOXKET OBITh UCIOJIb30BAH JIJISl U3YYECHUS
BIIMSHUS TApPHUKOBOTO 3¢ (deKTa Ha POCT M Pa3BUTHUE CEIHCKOXO3SUCTBEHHBIX PACTCHHM. DTOT
KOMIUJIEKC MOJJEPKUBAET ABTOMAaTU3UPOBAHHOE BBIPAIIIUBAHUE C BO3MOYKHOCTBIO BOCIIPOU3BEICHUS
TpeOyeMbIX MapaMeTpoOB POCTA, TAKUX KaK METEOPOJIOTHYECKHE, TIOUYBCHHBIC W KIMMAaTUUYECKHE
ycnoBusi. [lpemnaraemoe mporpaMMHOe OO€cleYeHHe IO03BOJSET aBTOMATHUYECKH HaKalIuBaTh
nmapamMeTpbl OKpyXalomled cpeapl, a Takke coOupaTh u300paxeHuss s HUGPOBOTO
dbeHoTUNUpOBaHUST W aHanu3a MOP(OIOTHYECKHX, (PUIUOTOTUYECKHMX ¢ OHOXHMMHYECKHUX
xapakTepucTuk pacteHuid. CopMupoBaHHbIE 0a3bl JaHHBIX MpeAHA3HAUYEHbl A OOy4YeHHsS U
MEePEenoAroTOBKH CBEPTOYHBIX HEHPOHHBIX CeTel, 4To 00ecrneynBaeT BHICOKOTOUHYIO BU3yalTU3alINI0
pocTa W pa3BUTHUSA CEIHCKOXO3SUCTBEHHBIX KYJIBTYP B TEKYIIUX M TPOTHO3ZUPYEMBIX YCIOBHUSIX
BO3JIENbIBaHUS. Pe3ynbTaThl HccaeoBaHUSI MOTYT OBITh MPUMEHEHBI Al (OPMHUPOBAHUS HAYYHO
00OCHOBAaHHBIX  arpoOTEXHUYECKHX  IUIAHOB,  ONTHUMHU3AIMH  PEXKHUMOB  BO3JEIBIBAHMUS,
MIPOTHO3UPOBAHUS YPOKaWHOCTH U MOJEIUPOBAHMS aJaNTAl[MOHHBIX CLEHAPUEB C YYETOM
KJIMMATUYECKUX W3MEHEHM MW AaHTPONOTeHHBIX BO3AeHcTBUU. [IpakTmyeckas 3HAYMMOCTH
KOMIUIEKCa 3aKJII0UaeTCs B 00eCTIeYeHIMH yCTONYUBOTO (PYHKIIMOHUPOBAHUS CEIbCKOX035HCTBEHHBIX
CUCTEM, CHIDKCHHH CBS3aHHBIX C KJIIMMATOM PHUCKOB, MOBBIIMICHHH JKOJOTHYECKON YCTONYHBOCTH,
YKPEIUIEHUH JOJITOCPOYHON TMPOJOBOJILCTBEHHON O€30MacHOCTH, TOBBIIIEHUH 3KOHOMUYECKOU
3G PEeKTUBHOCTH ¥ BHEIPEHWHW WHHOBAIMOHHBIX [HMQPPOBBIX PEIICHHH B COBPEMEHHOE
pacTEeHUEBOICTBO.

KioueBbie cjioBa: mporpaMMHO-aNIapaTHBI KOMILJIEKC;, MPOTOTHUIT, BO3ACHCTBHE Ha
KJIMMAaT; TApHUKOBBIHN 3(p(PEeKT; yporkaltHOCTb.
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