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1. Inceprarist npuCBsYeHa AOCIIIHKEHHIO Ta [TOAAIbIIOMY PO3BUTKY Kibep-(QisMuHUX CUCTEM, a came ixX
TeMIIepaTypPHUX MifcUCTeM, 117151 TOTPed CilbCbKOrO FOCIOAPCTBA Ta MOro NepepoOHOi IPOMHUCIOBOCTI. Y
[epHIOMY PO37ijli HaBeJleHO 06J1aCTi 3aCTOCYBAaHHS Kibep(isMUHUX CUCTEM, PO3IJISIHYTO iX 0COBIMBOCTI,
[IPOAHAiI30BaHO MOKJIMBOCTI CUCTEM, BUXOII4YM 3 IOCTaBJIEHOI 3anadi. 17151 1[pOro, BpaXOBYyI0UM HOBM3HY 00J1aCTi
IOCJTiIKeHb, BUBUEHO iCTOPil0 BUHMKHEHHS Y KOHTEKCTI [10J]aJIbIIOr0 PO3BUTKY iHOpMaLiiHO-BUMIPIOBaIbHUX
CHCTEM, TEOPii aBTOMATMYHOIO KEPyBaHHS Ta iHIINX rajysei, IOKJIaJeHUX B OCHOBY KibepdiznyHux cuctem. JlaHo
Cy4yaCHe BU3HAYEHHS 3ralaHUX CUCTEM, BCTAHOBJIEHE Y KOJIEKTUBHIN MOHOrpadii, 0my6s1ikoBaHil 3 y4acTio
nucepranta. OCHOBHMU yXUJ NOCJIIKEeHb CTOCYETHCS KibepdisMuHUX CUCTEM, 10 PO3BUBAIOTHCS Y
CiZIbCBKOTOCIIOAAPChKOMY CEKTOPi. BUBYEHO 00’€KTU 100 SKUX MOXKYTb Hal6ibIl e(peKTUBHO 3aCTOCOBYBAaTUCH
IiAXOIM CTBOPEHHS, PO3BUTKY Ta BIPOBAIKEHHS Kibep-(pi3nyHMX cUCTEM. Y IPYTrOMY PO3[iji BUBUEHO HUBKY
METO/IiB BUMIPIOBAHHS Ta KOHTPOJIIO TEMIIEPATYPY TEXHOJIOTIYHMX IIPOLECIB, IPUYOMY yBary 30CE€PEIKEHO Ha

noTpebax MoAaIbLIIOro PO3BUTKY TEXHOJIOTIH CiJIbCHbKOTO rOCIIONAPCTBA, 1110 BKJIIOYAIOTh SIK BUPOIYBAaHHS, TaK i



nepepoOKy CiIbCbKOTOCTIOIaPChKOI MPOyKLii. [Jo HUX BifHOCSATh METOAM MIPSIMOro abo 6e3rmocepeiHbOro
BMMipIOBaHHS TEMIIEPATYPH Ta METOY O€3KOHTAKTHOTO BUMIpIOBaHHS ab0 X mipoMeTpuyHi Metonu. [TokazaHo
DOLiNIbHICTh BUKOPUCTAHHS €HEPTeTUYHOI IipoMeTpii abo X MipoMeTpii TOBHOTO BUNIPOMiHIOBaHHS. YCi nepestiyeHi
Ta JOCJiIPKEeHi MEeTOIY BUMIpIOBAaHHS TEMIIEPATypU € JOCTAaTHbO aBTOMATU30BAHUMMU Ta HAJIAIOTbCS [71ST
(opMyBaHHS TEMIIEPATYPHUX MificUCTeM KibepdisnuHuX cucteM. PO3po6IHO METOAMKY ONTUMI3allii peryaioBaHHS
00'€KTY CiZIbCHKOTOCIIOAAPCHKOI TEXHOJIOT], B3SBIIM 32 OCHOBY PETyJII0OBaHHS TEMIIEPATYPHUX PEXKUMIB, IPUYOMY 32
YMOBH 3aJTy4€HHSI KOHTaKTHUX METO/IiB TEPMOMETPYBAHHS /11 PETyJII0BaHHS TeMIIepaTypH MOBiTps i
0€3KOHTAKTHUX TEIUIOBI3ilIHMX METOIB J1s1 pEryJI0BaHHS TEMIIEPATypy IPYHTY TEIUINL, BpAaXOBYIOUN
TeMIIepaTypy BOJY [JIs1 3BOJIOKEHHSI Ta 3a pe3ysbTaTaMu NIPSIMOi Aii COHSIYHOro BUIIPOMiHEHHS. Y 3B'SI3KY 3
NOIIMPEHHSIM NIPOrPaMHO-TEXHIYHUX 3aC00iB y AucepTaLiiiHiil po60Ti pO3BUHYTO MigX0o4u IUPPOBOTO
aBTOMATUYHOTO KEPYBaHHS, SICKPABO BUpaXeHi y Kibep-¢isnuHux cucrtemax. Takum YMHOM, OifIN 1O METONUKA
onTuMisalii pob0TH TeMIEPATYPHOI MiicucTeMu Kibep(isniHOI cucTeMU KepyBaHHS TEIUINLEI0, OCHOBHA MOZEJb
SIKOI BKJIIOYA€ B3a€MO3B'sI3aHi KOHTYPU PETYJII0BAHHS 17151 TIOBITPSl, IPYHTY ¥ BOJU [1J1s 3BOJIOXKEHHS. 3B'SI30K
peaizyeTbcsl, K Yepe3 IPorpaMHoO-TexXHiYHi 3acobU KepyBaHHS, TaK i yepes 1apaMeTpyu KOHTPOJIbOBAHOTI'O 06'€KTA.
Y TpeTboMy po37isi HaGyIU MOAAJIBIIOrO PO3BUTKY KibepdisuuHi cucTemMu 118l CijlbCbKOTOCIOAAPChKOr0
BUPOOHULITBA: 110 Mipi CKJIaIHOCTI BOHU BKJIIOYAIOTh Kibep-Qi3nyHy cCucTeMy TeMIIepaTypHO-BOJIOTiCHOTO
KOHTPOJIIO TeIUL, Kibepdi3uiHy CUCTEMY [1J1S BUPOILYBaHHS OBOYIB 3 PETryJI0BaHHSM TEI1JI0-BOJIOTiCHO-
iHcomsLiifiHOrO pexxumy, KibepPisnyHy cucreMy 115l IEPEPOOKU CijIbCbKOTOCIIONAPChKUX MPOAYKTiB, Takuil minxin
IIaB 3MOT'y pO3pOOUTH METOIOMKY ONTUMI3allii peryJitoBaHHS 00'€KTY CiIbCbKOTOCIIOAAPCHKOI TEXHOJIOTI], B3SIBIIY 32
OCHOBY PEeTyJIIOBaHHS TeMIIEPATYPHUX PEXUMIB, IPUUOMY B CYKYIIHOCTI 3 pesKMMaMU 3BOJIOKYBAHHSI
(TeMmnepaTypHUI peXXUM BOJAU IJ1s1 3BOJIOSKEHHS) Ta peXXUMaMHU iHcossLii. Po3po6eHo cxemMu KepyBaHHS, B3sIBLIN
32 OCHOBY BXif[Hi Ta BUXiZHI YMHHUKY, MOJIEi iX 3B'I3KiB: IPSIMUX i 3BOPOTHIX, iX KOPEJIALiIo 3 OJHOYACHOIO OL[iHKOIO
OLiHKU SKOCTi OTPUMYBAHUX MPOLYKTIB. Y 4€TBEPTOMY PO3[iJli BABYEHO METPOJIOTIUHI aCIIEKTA aBTOMATH3allii
BHPOOHUIITBA CiJIbCbKOTOCIIOAAPCHKOI MPOAYKILii. 3aC00M peryJsloBaHHS PeKMMIB POOOTH Ta KEPYBAaHHS pOOOTOIO
CiZIbCPKOTOCIIOAAPCHKOr0 00'€KTY 3MiICHIOBAIOCh Y 3-X IPUHIUUIIOBO Pi3HUX BUKOHAHHSX. Y LiJIOMY, IJ1s1 BCiX TPhOX
BUMKOHaHb [TOKAa3aHO, 110 Y BUPOOHMWYMX YMOBaX IPY HE3HAYHUX BUTPATaxX MOXKHA 3 MiHIMaJIbHUMU 3aTpaTaMu
3a0€31e4YUTH BUCOKY SIKiCTh IPOoAyKLii. OKpiM TOro, BUBYEHO €KOJIOT{YHO-€KOHOMIUHI aclieKTy OyIiBHUIITBA Ta
BUKOPUCTAHHS TEIUJINI, K CIIOPYAX TaCUBHOTO TUIly. [IpU 11bOMY, OCKIiJIBKY YIIPaBJIiHHS pO6GOTOIO TEIIUII]
OJIHOYACHO peasizoByBajOCh y 3-X B3a€MO3B'I3aHMX KOHTYpax — MOBITPs, BOAY Ta IPYHTY, JOCIIKyBalIUCh Came
3a3HavyeHi aCIeKTy, ajiKe 3arajabHa e(PeKTUBHICTh CiIbCbKOIOCIIOAPCHKOr0 BUPOOHHUIITBA Ta KOHKYPEHIIiliHa
CIIPOMOXKHICTb MOTO [TOPiBHSHO 3 MiBIEHHUMU PETiOHAMU BU3HAYAETHCS i EHEPreTUYHMUMMU 3aTPaTaMy HAa OUHULII0
MIPOAYKLi.

2. 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, and 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 were 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. 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. These include methods of direct or immediate temperature measurement and methods of non-contact
measurement or pyrometric methods. 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. A method of optimizing the



regulation of the object of agricultural technology was developed, 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 moistening and the results of direct solar radiation. 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, and 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. 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.
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