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Jucepraiiis nprcBsSYeHa JOCIXKEHHIO Ta MOIAJIbIIOMY PO3BUTKY Ki0ep-(i3nuHux
CHCTEM, a caMme iX TeMIepaTypHUX MiACUCTEM, Ui TOTped CUTBCHKOTO rOCTOAapCTBa Ta
1ioro rmepepoOHOI MPOMHCIIOBOCTI.

Y nepwiomy po3oini HaBeleHO 00JIaCTI 3aCTOCYBaHHS KiOep(DI3ZUUHUX CHUCTEM,
PO3IJISHYTO iX OCOOJIMBOCTI, MPOAHANI30BaHO MOXJIMBOCTI CHUCTEM, BHUXOIAYM 3
nocrtasyieHoi 3aaayi. /[t 1boro, BpaxoBYIOUM HOBHU3HY 0OJacTi JOCIHIIKEHb, BUBUEHO
ICTOpII0O BUHUKHEHHSI y  KOHTEKCTI MOJAJIBIIOrO  PO3BUTKY  1H(OpMaIIiHO-
BUMIPIOBAJIbHUX CHUCTEM, TEOpli aBTOMAaTUYHOTO KEPYBaHHS Ta IHINUX Taly3ew,
MOKJIaJICHNX B OCHOBY KiOep(dizuuHux cuctem. JlaHO cydyacHe BU3HAUCHHS 3TaJIaHUX
CUCTEM, BCTAHOBJICHE Y KOJIEKTHBHIA MOHOTpadii, omy0IikoBaHii 3 y4acTIO TUCEPTaHTA.
OCHOBHUH YXUJI TOCHIIKEHb CTOCYEThCS KiOep(hI3UMYHUX CUCTEM, 10 PO3BHBAIOTHCS Y
CLITbCBKOTOCIIOJIAPCHKOMY CEKTOpi. BuBUEHO 00’€KTH MIOA0 SIKMX MOXYTh HaWOLIbII
e(eKTUBHO 3aCTOCOBYBATHCH IMIJIXOJIM CTBOPEHHS, PO3BUTKY Ta BIIPOBAKECHHS KiOep-
¢i3uunux cucrteM. KopoTko oxapakTepu30BaHO 3a3HAu€HI 00’€KTH, OOIPYHTOBAHO iX
repeBaru Ta HEJIOMIKM Yy 3B’S3Ky 3 TEMOIO, IO po3BUBaeThbes. I[lokazaHo 301KHICTH
MOCTaBJICHUX 3aBJaHb CTOCOBHO METOIB 1 3aco0IB pEryJlOBaHHS TEXHOJOTTYHHUX
MPOILIECIB Y CIIBCHKOMY TOCIOAAPCTBI Ta MepepoOHid MPOMHUCIOBOCTI. Tak, CyIIIHHS
CLIbCHKOTOCTIONIAPCHKOT CHPOBUHU (JIEPEBUHHU, TIOTIOHY, CyXO(PYKTIB, TOIO), Oarato-B-
YOMY, 32 CHEPTeTUYHUMH TIAX0AaMH OJM3bKE O BUPOITYBaHHS MPOIYKIlT Y TapHUKAX
Ta TermisaX. [Ipu nmpomy, 3aco00M METPOJIOTIYHOTO KOHTPOJIIO Ha PiBHI CMapT-CEHCOPIB
BXOJATh 1O ckiany kioepdizmunux cuctem. Tak Qopmyerbes merpororis 4.0, sk

(dhyHIaMEHT, Ha IKOMY PO3BUBAIOTLCA 3rajfiaHl cucTeMu. Y Hiikailisi BATOTOBJICHHS Oy /Ib-



AKX PO3YMHHUX MpHIaiB, iX ocHaieHicTh USB-po3’emamu cTBOpHIIa MiACTaBH IS
B3a€MO3aMIHHOCTI PI3HMX THIIB 3ac00iB BHUMIPIOBAaHHA Ta BUKOHABYHMX EJIIEMEHTIB
(cmapT-akTyaTopiB).

Ha ocHOBI ipoBeIeHOT0 OTJIsiLy 0co0IMBOCTEH (popMyBaHHA KiOephi3UUHUX CUCTEM
BCTAHOBJICHO, M0 HAWOUIBII €(GEeKTUBHO MJOCIIIUTH Ta peajidyBaTH sl MOTped
CUIBCBKOTO TOCIOJApPCTBA YKpaiHW MOKHA TEMIEpaTypHi MiJICUCTEMH, BPaXOBYIOUH
HAIPAaBIICHICTh Ta AOCATHEHHsS po3BUTKY IT-iHxkeHepii Ta npunanoOyayBaHHs, 3 OJTHOTO
00Ky, a MOTpeOdH CUIBCHKOIO TOCMOJAapCTBa, 3 I1HIIOTO OOKYy. AJpKe TemrepaTypHi
pEXKUMHU BUPOLIYBaHHS OBOYIB Ta IHINOI HPOAYKUII Yy TEIUIMINX, iX CYLIIHHA Ta
nepepoOka (OpMYyIOTh OCHOBY 1 BOJHOYAC TEPCHEKTUBY MOJATBIIOTO PO3BUTKY
HAyKOBO-TEXHIYHOTO Ta BUPOOHUUYOrO MOTEHLIATY JAEp>KaBU, JOCATHYTOTO y MOIEpEnH]
poku. Ilpu npoMy, 10BeaEHO, N0 HAsABHI 3acO0M MOTPEOYIOTh BIOCKOHAJIEHHS, 30KpemMa
I0JI0 TIJBUIIEHHS YYTJIUBOCTI Ta IIBUAKOCTI KEpyBaHHA POOOTOI0 KiOep(i3MuHUX
CHUCTEM B TOMY YHCII 3a paxyHOK ONTHMI3allili €JEeMEHTIB CHUCTEM TEMIEPATypHOTO
KOHTPOJTIO.

Y oOpyzomy po30ini BUBYEHO HM3KY METOJIB BHUMIPIOBaHHSI Ta KOHTPOJIIO
TEMIIEpAaTypyd TEXHOJOTIYHUX TMPOIIECIB, MPUUOMY YyBary 30CEpEIKEHO Ha MoTpedax
MOJAJbIIOT0 PO3BUTKY TEXHOJOIIM CUIBCBKOIO TOCHOAApCTBA, IO BKIKOYAIOTh SIK
BHUPOIIYBaHHs, TaK 1 MEepepoOKy CUIbCHKOrOCIOAapChkoi mpoaykiii. Bimsnauy, o
METOJIM BUMIPIOBaHHS, SIKi, B OCHOBHOMY, PO3TJISIAI0THCS — 116 METOIU TeMIepaTypHUX
BUMIpIOBaHb. /[0 HUX BITHOCSTH METOAM MPSMOTO ab0 Oe3MmocepeTHHOr0 BUMIPIOBAHHS
TEMIIepaTypyu Ta METOAU OE3KOHTAKTHOTO BUMIPIOBaHHS a00 X MIPOMETPUYHI METOJIU.
KoHTakTHI MeTOIM BKJIIOYAIOTh PSII METOJIB, 0 0a3ylThCS Ha 3aCTOCYBaHHI
TEPMOMETPIB OMOPY, TepMONap Ta 1HIINX. BE3KOHTAKTHI METOAM, IO SAKUX BITHOCSTHCS
pi3HI METOIM BUMIPIOBaHHS TEMIIEPATYpPU 3 BUKOPUCTAHHS €HEPTETUYHOI Ta SCKPaBICHOT
TEMIIEpaTyp, BIAHOIIEHHS SCKPAaBOCTEW TOWIIO, OXapaKTEepH30BaHI CTOCOBHO iX
MPUYETHOCTI JI0 BHUMIPIOBAHHS KIMHATHUX TEMIIEpaTyp, 3a SKUX MPOPOCTaE Ta
pPO3BUBAETHCS pocinHa. [Toka3aHo AOUUIBHICTh BUKOPUCTAHHS €HEPTeTUYHOI MpoMeTpil
abo X mpoMeTpili MOBHOTO BUIPOMIHIOBAHHS. YCl MepeiiueHi Ta AOCTIIKEHI METOIu

BI/IMipI-OBaHHH TEMIICPpATYPHU € OOCTATHHO AaBTOMATU30BAHMMHU Ta HAOAIOTLBCA JIA



dbopMyBaHHS ~TeMmmepaTypHUX mijgcucteM Kidepdizmunux cucrem. Ilpore, 3a
METPOJIOTTYHO-CKCIUTyaTalliiHUMUA ~ XapaKTePUCTHUKAMH, [JJIsl YHUKHEHHS 1CTOTHHX
NOXUOOK METOJIMYHOTO IIaHy, 30KpeMa, MPHU PErystoBaHHI TEMIEPaTypHUX PEKUMIB
poOOTH TMPOEKTOBAHMX CHUCTEM HeoOximHO Opatu 10 yBaru HactynHe. Crana
TEMIIEpaTypHOi 1HEPIli CEHCOpIB, 110 IUIAHYIOThCS BUKOPUCTOBYBATH, MOBUHHA OyTH
NpUHANMHI, Ha 2 MOPSIIKK HIKYOIO BiJ] CTajI0i KOHTPOJIBOBAHOTO 00 €KTa. SIKIIO TaKUM
BBA)KaTH TEIUIMIIIO, JIe CTaja TeMIepaTypHOi 1HepIlii CTAHOBUTH JECATKU XBUJIHMH, TO AJIs
MIHIMIi3aIlli METOJIMYHOI MMOXUOKH, 3yMOBJICHO1 IHEPIIIMHICTIO CEHCOpa, OCTaHHS MOBUHHA
HE TICPEBHINYBATH JEKUIbKOX CEKyHI. BwuIenpuBeeHe CTOCYEThCS MIACHCTEMHU
BUMIPIOBaHHA  TEMIlepaTypd  TMOBITpsA.  BuMipioBaHHA  TeMIepaTypu  IPYHTY
XapaKTepPU3yeTbCs BIACHUMHM TPYJHOIIAMHU: TPYHT XapaKTEPU3YEThCS 3HAYHOIO
TEIJIOEMHICTIO Ta MOTaHOK TeIonpoBiAHiCTIO. Tomy, 100 oTpuMaru HOro
TeMIepaTypHUM PO3MOAUI MO 3HAYHIM TUIOIII, CJIiJI BUKOPUCTOBYBATH 3HAYHY KUIBKICTh
KOHTaKTHUX CEHCOpPIB (TepMoMeTpiB). Buxonsum 3 HaBeieHOro, mpu BHOOPI CEHCOPIB
B35UIM 10 YBard MO>KJIUBICTh 3aJIy4€HHSI O€3KOHTAKTHOIO TEPMOMETPIB — MIPOMETPIB, B
JAHOMY pa3l MOBHOI'O BHUIPOMIHIOBaHHS. Taki TIPOMETpPH, Ha3BaHI TEIJIOBI30paMH,
MpPU3HAYEHl JUIsI TEPMOMETPYBAHHS 3HAYHUX IUION] OO’€KTIB, IIO0 3HAXOJAThCA 3a
KiMHaTHUX Temmeparyp. [IpoTe, BOHM BUIAIOTH TUIBKU SIKICHE 300pakKeHHS, KOXKHIN
TOYIll SIKOTO TPUMHCYIOTh II€BHE 3HAYEHHS TEMIIEpaTypH, OCKUIbKA HEBIIOMUM €
KoedillieHT BUIPOMIHIOBAHHA TEPMOMETPOBaHOI mMOBepXHi. MoOro Ime Ha3MBAIOTH
Koe(DiIlieHTOM YOPHOTH BUIPOMIHIOBAHHSA. 32 YMOBH, 10 JaHUN KOEQILIEHT — BIAOMHUIA,
TEPMOMETPIsl IEPETBOPIOETHCS HA KUJIBKICHY.

Takuii miaxig gaB 3MOTy poO3pOOMTH METOJIUKY ONTHUMI3allili PeryioBaHHS 00’ €KTY
CLIbCHKOTOCTIOAAPCHKOI TEXHOJIOTII, B3SBUIM 32 OCHOBY PErYJIOBaHHS TEeMIIepaTypHHUX
PEKHUMIB, IPUYIOMY 32 YMOBH 3aJy4eHHsS KOHTAKTHHX METOJIB TEPMOMETPYBAHHS IJIs
PETYJIIOBaHHS TEMIIEpaTypu TOBITPS 1 OE3KOHTAKTHHUX TEIUIOBIZIMHUX METOMIB ISt
pEryJIIOBaHHS TEMIEpaTypu TPYHTY TEIUIUIl, BPaxOBYIOUM TEMIIEpaTypy BOAM MAJis
3BOJIOKEHHS Ta 3@ pe3yJIbTaTaMU MPSAMOI A1l COHSIYHOT'O BUIPOMIHEHHS.

VY po3pobiieHHI METOIMKH ONTHUMI3alii poOOTH TeMIlepaTypHOi MiJICUCTEMH KiOep-

(b13UYHOI CHUCTEMU BUXOAMIIN 3 HAMMPOCTIIIOI METOJUKU PETYIIOBAHHS TIOTIOHOCYIIIHHS,



7ie OLIIHIOBAHHS SIKOCTI CYIIIHHS MPSMO XapaKTepPU3y€e SKICTh BUTOTOBJICHOT MPOTYKIIT —
TIOTIOHY, a 3BiATH 1 curapeT. CKIaIHINIO BBAXKAETHCS METOJMKA DPETYJIIOBAHHS Ha
OpUKJIaAl CYHIWIBHOI KaMepH, 1€ PpO3IJISJaeThCsd HU3KAa BXIJHUX Ta BHUXIJHUX
XapaKTePUCTHK, a MOJIEIb PO3PAXyHKY 0a3yeTbCs Ha JOCSATHEHHSAX KIACUYHOI Teopii
aHAJIOrOBOT0 AaBTOMATHUYHOI'O KEpyBaHHS.

VY 3B’43Ky 3 MOUIUPEHHSIM MPOrPaMHO-TEXHIYHUX 3ac001B y AUCEpTaIlliHIi poOOTI
PO3BUHYTO MIAXOAH HMUPPOBOrO aBTOMATUYHOTO KEPYBAHHS, SICKPaBO BHpPaXXeH1 y Kidep-
G13uyHUX cucTteMax. TakuM YWHOM, MJIHNUIM JO0 METOJUKH OINTHMIi3alii poOoTH
TEMIIEpaTypHOI MiACUCTEMH KiOep(pI3MYHOI CUCTEMHU KEPYyBaHHS TEIUIMIIEI0, OCHOBHA
MOJEJIb SIKO1 BKJIIOYAE B3a€MO3B’SI3aHI KOHTYpPU PETYJIIOBaHHS JUIsl MOBITPS, IPYHTY H
BOAM Ul 3BOJIOKEHHS. 3B’SI30K pPEAN3YeEThCs, SK 4Yepe3 MPOrpaMHO-TEXHIYHI 3aco0U
KEpyBaHHs, TaK 1 Yepe3 nNapaMeTpu KOHTPOJbOBAHOTO 00’ €KTA.

Y mpemvomy po30ini HaOynu MOAANBIIOTO PO3BUTKY KiOep(i3M4HI CUCTEMHU IS
CUIBCHKOTOCTIOIAPCHKOTO BUPOOHUIITBA: MO Mipi CKJIAJIHOCTI BOHMU BKIIIOYAIOTH KiOep-
(GI3UYHY CHUCTEMY TEMIIEPAaTypHO-BOJIOTICHOTO KOHTPOJIO TeIull, Kioepdizuuny
CHUCTEMY JUISl BUPOIIYBaHHS OBOYIB 3 PETYJIOBAHHSM TEILIO-BOJOTICHO-IHCOJIAIIIHHOTO
pexuMy, KibepPizuuHy cucTemy sl TepepoOKU CUTbChKOTOCTIOIAPCHKUX MPOIYKTIB,

Takuii miaxig gaB 3MOTy pO3pOOUTH METOJIUKY ONTHUMI3AIll PETyIIOBaHHS 00’ €KTY
CUIbCHKOTOCTIOAAPChKOI TEXHOJIOTII, B3SBUIM 33 OCHOBY PEryJIIOBaHHS TEeMIIEpaTypHHUX
PEXHUMIB, PUIOMY B CYKYITHOCTI 3 PEKHMaMU 3BOJOXKYBAHHS (TEMIEPATYpPHUN PEKUM
BOJIU JIJISI 3BOJIOKEHHS) Ta peKMMaMHu 1HcoJisii. Po3po6ieHo cxeMu kepyBaHHS, B3SBIITU
3a OCHOBY BXIJHI Ta BUXIJHI YMHHUKH, MOJENl iX 3B’S3KIB: MPSMHUX 1 3BOPOTHIX, iX
KOPEJISILIIO 3 OJHOYACHOIO OI[IHKOIO OILIHKH SIKOCTI OTPUMYBAHUX MPOIYKTIB.

Y uemeepmomy po30ini BUBYEHO METPOJIOTIYHI AaCTHEKTH aBTOMATH3AIlli
BUPOOHUIITBA CIIILCHKOTOCIIOAAPCHKOI MPOYKIIii. 3aCO0M PEryItOBaHHS PEKUMIB poOOTH
Ta KepyBaHHA pPOOOTOI0 CiIbCHKOTOCIOAAPCHKOTO OO0 €KTY 3IIMCHIOBAIOCH Y 3-X
MPUHITUTIOBO PI3HUX BUKOHAHHAX. [lepmmii 13 HUX — HA MPUKIAIl CEPIMHO BUMYIIECHOT
HAyKOBO-TEXHIYHOI TPOJYKIi, BKJIIOYAIOYHM CMapT-CEHCOpPH, CMapT-aKTyaTOpu Ta
nporpamoBani [Il/[-perynstopu. [lpyre BukoHaHHs 0a3yBajoch Ha CIELIAIBHO

pO3pO0JeHI KOHCTPYKIIl, TOJOBHMM €JIEMEHTOM $IKOi cTaja amapaTHO-NporpamMHa
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mwiarpopma Arduino; 1o Hel MAKIIOYAIMCh Ti CaMl CEHCOpU Ta aKTyaTOpH, IO U Y
nepuoMy BUMAJAKY; MaTgopma Mmijsaraia nporpaMyBaHHIO Ha crpoleHid Mol C++.
TpeTe BUKOHAHHS peani3oBaHoO, K BIPTyalbHHMi 3aci6 perymoBanHs. Moro cTBOpeHO i
pearizoBaHO Ha OCHOBI amapaTHo-mporpamuoi miargopmu LabVIEW Ta 3 6moxkom NI
USB 6009. Bipryansauii npunaag y ckmaai [IK 3 nporpamuHum 3a0e3nedeHHsIM
LabVIEW, o6moky NI USB 6009, no sxoro mix’egHaHo 4 1udpoBi ceHcopHU
TEMITepaTypU/BOJIOTOCTI Ta OCBITICHHS (1HCOJSAIIT), BXKHUTO I KEpyBaHHS IIPOIIECOM
BUPOIIYBaHHS OBOYIB.

VY uimomy, Ui BCIX TPhOX BUKOHAHb IMOKA3aHO, IO y BUPOOHWYUX YMOBAX IPHU
HE3HAYHUX BUTPATAX MOXKHA 3 MIHIMAJIBHUMHU 3aTpaTaMu 3a0€3MEYUTH BUCOKY SKICTh
MIPOIYKIITi.

OkpiM TOro, BHBYEHO €KOJOT1YHO-C€KOHOMIYHI acHeKTH OYJIBHUIITBA Ta
BUKOPUCTAHHA TEIUTUIIL, SIK COPYAU MacuBHOTO THUMy. [Ipu 11bOMY, OCKUIBKH yTIPaBIIIHHS
poOOTOIO TEIUIMIII OJHOYACHO PEali30BYBalIOCh y 3-X B3a€EMO3B’SI3aHMX KOHTypax —
MOBITPS, BOJM Ta TPYHTY, JOCTIDKYBAINCH CaM€ 3a3HA4YCHI aCTEeKTH, aJKe 3arajabHa
€(eKTUBHICTh CUIHCHKOTOCIIOIAPCHKOTO BUPOOHUIITBA Ta KOHKYPEHIIIITHA CIIPOMOXKHICTh
HOT0 MOPIBHSHO 3 MIBJACHHUMH PET1IOHAMU BU3HAYAETHCS 1 EHEPIeTUUHUMU 3aTpaTaMH Ha
OJIMHUITIO TPOIYKITIi.

Kaw4oBi cjaoBa: xibep-¢dizuuHa cucrema, CMapT-CEHCOp, CMapT-aKTyaTop,
TEMIIepaTypa, BOJIOTICTb, 1HCOJIALIS, TEMIEpaTypHI MiJICUCTEMH, BIPTYaJbHUU 3aci0
BUMIPIOBAHHS, amapaTHoO-porpamMHa ImaTdopma, CEHCOPHI Mepexki, MporpamMHe

3a0e3Ne4eHHs], peryJIOBaHHS TapaMeTpiB.
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The dissertation is devoted to research and further development of cyber-physical
systems, namely their temperature subsystems, for the needs of agriculture and its
processing industry.

In the first chapter, the areas of application of cyber-physical systems are given,
their features are considered, the capabilities of the systems are analyzed, based on the
given task. For this, taking into account the novelty of the field of research, the history of
its emergence in the context of the further development of information and measurement
systems, the theory of automatic control and other fields based on cyber-physical systems
was studied. The modern definition of the mentioned systems is given, established in a
collective monograph published with the participation of the dissertation. The main
research bias concerns cyber-physical systems developing in the agricultural sector.
Objects for which the approaches of creation, development and implementation of cyber-
physical systems can be most effectively applied have been studied. The mentioned
objects are briefly characterized, their advantages and disadvantages are substantiated in
connection with the developing topic. Convergence of the tasks in relation to the methods
and means of regulation of technological processes in agriculture and processing industry
is shown. Thus, the drying of agricultural raw materials (wood, tobacco, dried fruits, etc.)
1s, in many respects, close to growing products in greenhouses in terms of energy
approaches. At the same time, the means of metrological control at the level of smart
sensors are part of cyber-physical systems. This is how metrology 4.0 is formed, as the
foundation on which the mentioned systems develop. The unification of the manufacture

of any smart devices, their equipment with USB connectors created grounds for the



interchangeability of various types of measuring devices and executive elements (smart
actuators).

Based on the review of the features of the formation of cyber-physical systems, it
was established that temperature subsystems can be most effectively researched and
implemented for the needs of agriculture in Ukraine, taking into account the direction and
achievements of the development of IT engineering and instrumentation, on the one
hand, and the needs of agriculture, on the other. After all, the temperature regimes of
growing vegetables and other products in greenhouses, their drying and processing form
the basis and at the same time the perspective of the further development of the scientific,
technical and production potential of the state, achieved in previous years. At the same
time, it has been proven that the existing means need improvement, in particular, in terms
of increasing the sensitivity and speed of controlling the work of cyber-physical systems,
including due to the optimization of elements of temperature control systems.

In the second chapter, a number of methods of measuring and controlling the
temperature of technological processes are studied, and attention is focused on the needs
of further development of agricultural technologies, which include both cultivation and
processing of agricultural products. I would like to note that the measurement methods
that are mainly considered are temperature measurement methods. These include
methods of direct or immediate temperature measurement and methods of non-contact
measurement or pyrometric methods. Contact methods include a number of methods
based on the use of resistance thermometers, thermocouples, and others. Non-contact
methods, which include various methods of temperature measurement using energy and
brightness temperature, brightness ratio, etc., are characterized in relation to their
involvement in measuring room temperatures at which a plant germinates and develops.
The expediency of using energy pyrometry or total radiation pyrometry is shown. All the
listed and investigated temperature measurement methods are sufficiently automated and
are provided for the formation of temperature subsystems of cyber-physical systems.
However, according to the metrological and operational characteristics, in order to avoid
significant errors in the methodical plan, in particular, when adjusting the temperature

regimes of the designed systems, the following should be taken into account. The



temperature inertia constant of the sensors planned to be used should be at least 2 orders
of magnitude lower than the constant of the monitored object. If we consider a
greenhouse as such, where the temperature inertia table is tens of minutes, then in order
to minimize the methodical error caused by the inertia of the sensor, the latter should not
exceed a few seconds. The above applies to the air temperature measurement subsystem.
Measuring the soil temperature is characterized by its own difficulties: the soil is
characterized by a significant heat capacity and poor thermal conductivity. Therefore, in
order to obtain its temperature distribution over a large area, a significant number of
contact sensors (thermometers) should be used. Based on the above, when choosing
sensors, we took into account the possibility of involving non-contact thermometers -
pyrometers, in this case full radiation. Such pyrometers, called thermal imagers, are
designed for thermometry of large areas of objects that are at room temperature.
However, they produce only a high-quality image, each point of which is assigned a
certain temperature value, since the emissivity of the temperature-measured surface is
unknown. It is also called the radiation blackness coefficient. Provided that this
coefficient is known, thermometry is converted into quantitative.

This approach made it possible to develop a method of optimizing the regulation of
the object of agricultural technology, taking as a basis the regulation of temperature
regimes, and on the condition of involving contact methods of thermometry to regulate
the air temperature and non-contact thermal imaging methods to regulate the temperature
of the soil of the greenhouse, taking into account the temperature of water for
humidification and according to the results direct exposure to solar radiation.

In the development of the method for optimizing the temperature subsystem of the
cyber-physical system, we started from the simplest method of regulating tobacco drying,
where the evaluation of the quality of drying directly characterizes the quality of the
manufactured products - tobacco, and hence cigarettes. The regulation method using the
example of a drying chamber is considered more complex, where a number of input and
output characteristics are considered, and the calculation model is based on the

achievements of the classical theory of analog automatic control.



In connection with the spread of software and technical tools, the approaches of
digital automatic control, clearly expressed in cyber-physical systems, were developed in
the dissertation work. Thus, we arrived at a methodology for optimizing the operation of
the temperature subsystem of the cyber-physical greenhouse control system, the main
model of which includes interconnected control loops for air, soil and water for
humidification. Communication is implemented both through software and technical
control tools and through the parameters of the controlled object.

In the third chapter, cyber-physical systems for agricultural production were further
developed: in order of complexity, they include a cyber-physical system for temperature
and humidity control of a greenhouse, a cyber-physical system for growing vegetables
with regulation of the heat-humidity-insolation regime, a cyber-physical system for
processing agricultural products,

This approach made it possible to develop a methodology for optimizing the
regulation of the object of agricultural technology, taking as a basis the regulation of
temperature regimes, and in combination with regimes of humidification (temperature
regime of water for hydration) and regimes of insolation. Management schemes have
been developed based on input and output factors, models of their relationships: direct
and inverse, their correlation with the simultaneous assessment of the quality of the
received products.

In the fourth chapter, the metrological aspects of the automation of the production of
agricultural products are studied. The means of regulating work modes and managing the
work of the agricultural facility were implemented in 3 fundamentally different versions.
The first of them is based on the example of mass-produced scientific and technical
products, including smart sensors, smart actuators and programmable PID controllers.
The second implementation was based on a specially developed design, the main element
of which was the Arduino hardware and software platform; the same sensors and
actuators as in the first case were connected to it; the platform was subject to
programming in the required C++ language. The third implementation is implemented as
a virtual means of regulation. It was created and implemented on the basis of the

LabVIEW hardware and software platform and with the NI USB 6009 unit. The virtual



device consists of a PC with LabVIEW software, the NI USB 6009 unit, to which 4
digital temperature/humidity and illumination (insolation) sensors are connected. used to
control the process of growing vegetables.

In general, for all three versions, it is shown that in production conditions, with
minimal costs, it is possible to ensure high quality products with minimal costs.

In addition, the ecological and economic aspects of the construction and use of the
greenhouse as a passive structure were studied. At the same time, since the management
of the greenhouse was simultaneously implemented in 3 interconnected circuits - air,
water and soil, the specified aspects were studied, because the overall efficiency of
agricultural production and its competitiveness compared to the southern regions is also
determined by the energy costs per unit of production.

Keywords: cyber-physical system, smart sensor, smart actuator, temperature,
humidity, insolation, temperature subsystems, virtual measurement tool, hardware and

software platform, sensor networks, software, parameter adjustment.



