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Pedepar:

1. Inceprarlist NpUCBsY€Ha AOCIIIPKEHHIO Ta OAANbIIOMY PO3BUTKY Kibep-(QisMuHUX CUCTEM, a caMe ixX
TeMIIEPaTyPHUX MiICUCTEM, [1JIs1 IOTPEO CiNbCBKOrO FOCNONAPCTBA Ta MOrO NEPEPOOHOI IPOMHUCIOBOCTI. Y
IEPIIOMY PO37iJi HaBe[leHO 06J1aCTi 3aCTOCYBAHHS Kibep(di3snYHMX CUCTEM, PO3IVISIHYTO iX 0COGINBOCTI,
IIPOaHali30BaHO MOXJIMBOCTI CUCTEM, BUXOJSIYM 3 I10CTaBJIeHoi 3anadi. 17151 1jporo, BpaxoByl04X HOBM3HY 00J1aCTi
IOCJiI)Ke€Hb, BUBUEHO iCTOPil0 BUHMKHEHHS Y KOHTEKCTI 10JaJIbIIOT0 PO3BUTKY iH(OPMaLiiHO-BUMIPIOBAIbHUX
cucTeM, Teopii aBTOMaTUYHOTO KePYBaHHS Ta iHIIMX raaysei, MOKJIaleHUX B OCHOBY KibepdiznyHux cucrem. JJaHO
Cy4yacHe BU3HAYEHHS 3ralaHuX CUCTEM, BCTAHOBJIEHE Y KOJIEKTUBHIN MoHorpadii, omy6s1ikoBaHill 3 yyacTio
nucepranTa. OCHOBHUH yXUJ NOCTiIKE€Hb CTOCY€EThCS Kibep(isMUHUX CUCTEM, 10 PO3BUBAIOTHCS Y

CiJIbeKOFOCHO,ILapCbKOMy CeKTOpi. BuBueHoO 06'eKTHU mono AKUX MOXKYTb HaMOiIbII e(l)eKTI/IBHO 3dCTOCOBYBATUCH



IiIX04Y CTBOPEHHSI, PO3BUTKY Ta BIIPOBAIKEHHS Kibep-QisndyHux cucteM. Y IpyroMy po3fisi BUBYUEHO HU3KY
METO/iB BUMIPIOBaHHS Ta KOHTPOJIIO TEMIIEPATYPU TEXHOJIOTIYHUX ITPOLECIB, IPUYOMY yBary 30CEPEI’)KEHO Ha
noTpe6ax MoJajbIIoro PO3BUTKY TEXHOJIOTIH CiJIbCbKOTO rOCIOJAPCTBA, 10 BKJIIOYAIOTh SIK BUPOLLYBaHHS, TaK i
[epepoOKy CiIbCbKOrOCNOIAPChKOI NPOAYKLii. [J0 HUX BiHOCSITh METOAM MIPSIMOTO ab0 6€3110CepeIHbOro
BUMIpPIOBaHHS TEMIIEPATyPU Ta METOAM GE3KOHTAKTHOTO BUMipIOBaHHS 260 X ImipoMeTpuyHi meTonu. ITokazaHo
IOLiIbHICTh BUKOPUCTAHHSI €HEPTeTUYHOI IipoMeTpii abo X MipoMeTpii MOBHOTO BUNIPOMiHIOBaHHS. YCi nepestiyeHi
Ta JOCJiIPKEeHI METOY BUMIPIOBaHHS TEMIIEPATYPU € JOCTaTHbO aBTOMATM30BaHUMU Ta HAJJAIOThCS IJ1s1
(opMyBaHHS TeMIIEPATYpHUX MifcucTeM KibepdisnuHuX cucteM. Po3po6s1HO METOAMUKY ONTUMI3allii peryaioBaHHS
00'€KTY CiNIbCHKOTOCIIOAAPCHKOI TEXHOJIOTI], B3SBIIM 32 OCHOBY PETYJIIOBaHHS TEMIIEPATYPHUX PEKUMIB, IPUYOMY 32
YMOBH 3aJTy4€HHS KOHTaKTHUX METO/IiB TEDMOMETPYBAHHS /I PETYJIIOBaHHS TEMIIEPATYPH MOBITPA i
0€3KOHTAaKTHHUX TEIIOBi3iHUX METOIIB [1J1 PEryJI0BaHHSI TEMIIEPATypy IPYHTY TEILIULi, BpaXOBYIOYM
TeMIIepaTypy BOAU IJ1s1 3BOJIOKEHHS Ta 3a pe3yJIbTaTaMU MPSIMOI Ziii COHSIYHOrO BUTPOMIHEHHS. Y 3B'13Ky 3
[OIIMPEHHSIM IPOrpaMHO-TEXHIYHUX 3aC00iB y AucepTaLiliHiil po60Ti pO3BMHYTO MigX04u IUPPOBOTO
aBTOMAaTHUYHOTI'O KEPYBaHH4, SICKPABO BUPaXeHi y Kibep-QisnyHux cuctemax. TakuM YMHOM, AN 10 METOOUKU
onTUMizalii po60TH TeEMIEPATYPHOI NifcUCTeMU KibepPi3ndHOi CUCTEMU KePYBAaHHS TEIVIULEI0, OCHOBHA MOJIEJIb
SIKOi BKJIIOYA€ B3a€MO3B'SI3aHi KOHTYPU PETyJIIOBaHHS 117151 IOBITPS, IPYHTY I BOIY [I71s1 3BOJIOKEHHS. 3B'I30K
peaizyeThcsl, K Yepe3 IporpaMHoO-TexXHiYHi 3acobu KepyBaHHS, TaK i yepes rapameTpyu KOHTPOJIbOBAHOTI'O 00'€KTA.
Y TpeThoMy po37isi Haby/IM MOJALIIOrO PO3BUTKY Kibep(disuuHi CUCTEMMU 18 CiJIbCbKOTOCIIOAAPCHKOr0
BUPOOHMUIITBA: MO MipPi CKJIAAHOCTI BOHU BKJIIOYAIOTh Kibep-(isniHy cucTeMy TEMIIEPATYPHO-BOJIOTICHOTO
KOHTPOJIIO TeInL, KibepdisuiHy cCUCTeMY [1J1s1 BUPOILYBaHHS OBOYIB 3 PEryJI0BaHHSM TEI1JI0-BOJIOTiCHO-
iHcomsLiifiHOrO pexxumy, Kibepdisnyny cucreMy 115l IEPEpOOKU CijIbCbKOTOCIIOIAPChKUX NPOAYKTiB, Takuil migxin
IIaB 3MOT'y PO3pOOUTH METOIOUKY ONTUMI3allii peryJitoBaHHs 00'€KTY CiIbCbKOTOCIIOAAPCHKOI TEXHOJIOTI], B3SIBIIY 32
OCHOBY DETYJIIOBaHHS TEMIIEPATYPHUX PEXUMIB, IPUYOMY B CYKYITHOCTI 3 pEKMMaMU 3BOJIOKYBAHHS
(TemrnepaTypHUI PEXXUM BOJM [J1s1 3BOJIOKEHHS) Ta PeXKUMaMHU iHCoALii. PO3po61eHo cxemu KepyBaHHS, B3sBLIN
3a OCHOBY BXifJHi Ta BUXiJjHi YMHHMKY, MOJIEJIi iX 3B'SI13KiB: IIPSIMUX i 3BOPOTHIX, iX KOPEJIALiIO 3 OJHOYACHOIO OLiHKOIO
OL[iHKU SIKOCTi OTPUMYBAHUX MIPOAYKTIB. Y YETBEPTOMY PO3/ijli BABYEHO METPOJIOTIUHI ACIIEKTH aBTOMAaTU3alkii
BUPOOHUIITBA CiJIbCbKOTOCIIOAAPCHKOI MPOAYKIii. 3aCc00M peryJiloBaHHS PeKMMIB POOOTH Ta KEPYBaHHS pOOOTOIO
CiZIbCBKOTOCIIOAAPChKOT0 00'€KTY 3/iICHIOBAIOCH Y 3-X IPUHIUIIOBO Pi3HUX BUKOHAHHSX. Y LiJIOMY, IJ1s1 BCiX TPhOX
BUKOHaHb [TOKA3aHO, 110 Y BUPOOHWYMX YMOBaX NPpY HE3HAYHUX BUTPATaX MOXKHA 3 MiHIMaJIbHUMU 3aTpaTaMu
320€31eYUTH BUCOKY SIKICTh IPOAyKLUii. OKpiM TOro, BUBYEHO €KOJIOTiYHO-€KOHOMIUHI acrieKTy OyIiBHULITBA Ta
BUKOPUCTAHHS TEIUINL, K CIIOPYAY ITaCUBHOTO TUIly. [IpU 11bOMY, OCKIiJIbKYM YIIPABJIiHHS POOOTOIO TEIIULL
OJIHOYACHO Peasli30ByBajOCh y 3-X B3a€MO3B'I3aHMUX KOHTYPax — MOBITPs, BOAU Ta I'PYHTY, NOCIIKYyBaJIICh CaMe
3a3Hay€Hi aCIeKTH, a/iKe 3arajbHa ePeKTUBHICTb CiZIbCbKOTOCMOAAPChKOTO BUPOOHUIITBA Ta KOHKYPEHILiliHa
CIIPOMOXKHICTb HOTO [TOPiBHSHO 3 MiBAEHHUMU PETiOHAaMU BU3HAYA€THCS i eHEPreTUUHMUMU 3aTPaTaMy Ha OUHULII0
IIPOOYKLi.

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.

Jep>kaBHHH peecTpaniliHuil Homep JiP:
IIpiopuTeTHHI HanIpsIM PO3BUTKY HayKH i TEXHIKHU: [HdopmauiiiHi Ta KoMyHiKawifiHi TexHOMOTii

CrpareriyHuii NpiopUTETHUH HANIPSIM iIHHOBAaLLiMHOI Jis1JIbHOCTI: TexHOJIOriYHe OHOBJIEHHS Ta

POBBUTOK arpONPOMHUCIIOBOTO KOMILTIEKCY
ITiZCyMKH ZOCIIiZ>KEHHS: HoBe BUpIlIEHHS aKTyabHOTO HAYKOBOTO 3aBIAHHS

Iyo6sikarrii:

¢ Bau Uynxi, Suumun C.I1., Jluca O.B., Minuk A.-B.B. KibepdiznuHi cuctemu Ta ix nporpamHe 3abesnedeHHs //
BumiproBasibHa TEXHiKa Ta METPOJIOTIS : MDKBIIOMUMI HAyKOBO-TeXHiuHU 36ipHUK. 2018. Bun.79 N2 1. C.
34-38.

o SuymmuH C.IL., l'amyna I[1.P., Miguk A.-B.B., Bar Yynxi [Ipo noxubKy 6€3KOHTaKTHOTO BUMipIOBaHHS
TeMIIepaTypH, 3yMOBJIEHY HEBIZJOMUM 3HaY€HHSIM KoedillieHTa YOpHOTH // BumipioBasibHa TexHiKa Ta
METPOJIOTIS : MiXKBIJOMYMI HAYKOBO-TEXHIYHMI 36ipHUK. 2018. Bum. 79 N¢ 4. C. 30-33.

e Minuk A.-B.B., JIuca O.B. JlocnigKeHHSI TOYHOCTI BU3HAYE€HHA TEMIIEPATYPHO-BOJIOTICHUAX XapaKTEPUCTUK
CHCTEMU TeMIIepaTypHO-BOJIOTiCHOI'O KOHTPOJIIO Temulli // BuMmipioBasibHa TexHiKa Ta METPOJIOTi

MIXKBiIOMYMI HAyKOBO-TeXHIYHUH 36ipHuUK. 2020. Bum. 81 N@ 2. C.7-12.



o AunmuH C.II., Minuk A.-B.B., Jluca O.B. Ki6ep@isndHa cuctema [J1s1 BUPOILIyBaHHS OBOYiB 3 PETyJII0BAHHSIM
TEeIJIOBOJIOTiCHO-IHCOIALiiliHOTO pesxumy // MeTtposoris ta npusnanu. 2020. N25 (85). C. 23-27.

e Jluca O., Miguk A.-B. O1iHKa SIKOCTi CijIbCbKO-TOCIIOHAPChKOI IPOAYKILii Ta BUOIp ONTHMa/ILHOrO Bapianty //
Bicuuk JIHAY: ArpoinkeHepHi gocuigxkenHs. 2013. N2 17. C. 103-110.

¢ Andrii-Volodymyr Midyk, Olga Lysa Analysis of the characteristics of the cyberphysical system for growing
vegetables, // Proceedings of the 23nd International Conference on Information Technology for Practice «IT
for Practice 2020», December 3, 2020, Ostrava, Czech Republic / Edited by J. Ministr, M. Tvrdikova. -
Ostrava: HSB-TU,2020. - P. 95-102

o SAuymwun C.I1., Miguk A.-B.B. MeTpoJIOTiyHi aClIEKTA CUCTEMU KOHTPOJIIO TEMIIEPATYPHO-BOJIOTICHOTO PEXXUMY
Teruli. YIipaBiliHHS SIKiCTIO B OCBIiTi Ta IPOMUCJIOBOCTI: IOCBi/I, Tpo6JieMu Ta EPCIIEKTUBU: Te3U NOTOoBien
V MiXXHapo[IHOi HAayKOBO-TIPaKTU4YHOI KoH(pepeHnwii, 20-21 TpaBus 2021 poky JIbBiB: JIA «Ilipamiga», 2021. -
¢.203-204.

e Jluca O. B., Migux A.-B. EKOHOMIYHI aclieKTu cTapTar-IpoeKTy «po3yMHa Teruisi». [Ipobiemu 061iKOBO-
aHaJIITUYHOTO 3a06e3le4eHHs YIIPaBJIiHHS MiANpUEMHULBKOIO AisyIbHICTIO: I] MbkHapo/iHa HayKOBO-IIpaKTUYHA
KoHQepeHLig npucesdena 100-pivdto [TosnTaBChKOi Aep>kaBHOI arpapHoi akagemii, 23 kBiTHs 2020 p. ITonrasa:
[TIAA. - 2020. C. 125-126.

¢ Andrii-Volodymyr Midyk, Victor Semerak et al, Chapter 4. Metrology 4.0 and Standardization for Agricultural
Cyber-Physical Systems // Cyber-Physical Systems and Metrology 4.0: kosniekTuBHa MmoHorpadist /
International Frequency Sensor Association Publishing, 2021. P. 159-234.

o SunmuH C., By6ena T., Mupnpik A.-B., JIsica O. YcToiunBoe pasButue Kubep-Qpusnieckux CUCTEM J1Jis
CebCKoro xo3siicTea // Ycroituuso passutue. 2021. T. 2. C. 97-102.

e Jluca O.B., Miguk A.-B. B. Kibep-diznyna cucrema TemnlLi 3 peryaoBaHHIM TEII0-BOJIOTICHO-
iHconsujifiHoro pexxumy // BueHi JIbBiBCbKOr0 HalliOHAJIbHOTO arpapHOro YHiBEpCUTETY BUPOOHULITBY:
KaTaJor iHHOBaLiHUX Po3po6oK / 3a 3ar. Pen. B.B.CHituHchKkoro, I.B.fuisa. Bum. 20. JIsBiB, JIbBiB

Ham.arpap.yH-t, 2020.
HaykoBa (HayKOBO-T€XHiYHa) IPOAYKILis:
ConiasIbHO-€KOHOMIYHA CIIPSIMOBAHICTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBazykeHHs pe3yJIbTaTiB AUCePTalii: BiposamkeHo

3B'130K 3 HAYKOBUMH T€MaMH: 0120U102205

VI. BizomocTi Ipo HayKOBOr0 KePiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Auymunn Cearocnas [leTpoBud

2. Svyatoslav P. Yatsyshyn

KBasigikawis: 1. 1. n., npodecop, 05.11.05

InenTudikarop ORCHID ID: He sactocoyerbcs

JopaTrkoBa inHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHU: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOMTITEXHIKA"
Kop, 3a €IPTIOY: 02071010

Micuesnaxomxeunﬂ: ByJ. CtenaHa Bangepu, 6yz. 12, JIbsis, 79013, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUI

VII. BizomocrTi npo odiniliHuX OIIOHEHTIB Ta PEI€H3E€HTIiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Pynuk IOpiit IBanoBuy
2. Yurii I. Rudyk

KBasigikanis: 1. 1. 1., r.u.c, 05.01.02
Imentudikarop ORCHID ID: He zacrocosyerscs
JoparkoBa iHdpopmamnist:

IToBHE HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0CO0H: JIbBiBCHKUIl [IepKaBHUIT yHIBEPCUTET 6€3TeKN

SKUTTENiSITIBHOCTI

Kopg 3a €IPIIOY: 08571340

Micue3HaxoaKeHHS: ByJ1. KienapiBceka, 6ya. 35, JIbBiB, 79007, VkpaiHna
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHSL: [lepkaBHa ciyx6a YKpaiHy 3 HAA3BUYANHNUX CUTYaLii
InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

Baacue IlpizBume Im's Ilo-6aTbKOBI:
1. Bopo6iios Jleonin Mocumnosuy
2. Leonid Y. Vorobiov

KBasigikamis: x. 1. 1., cr.H.C., 05.11.04

Inentudikarop ORCHID ID: He zactocosyetbcs

JonaTkoBa iHdopmaris:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: THCcTUTYT TexHiuHOi Temnodisuku HarionanbHoi akaemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05417118

Micue3HaxoaKeHHS: ByJ. Mapii Kansict, 6yg. 2-a, Kuis, 03057, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yllpaBJIiHHﬂZ HanjionanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR:



CeKTop HayKH: AkafemivyHui1

Penensentu

BsacHe IIpizBuie Im'sa I1o-6aThKOBI:
1. Mukuityyk Mrkosia Mukosainosud

2. Mykola M. Mykyychuk

KBasigikanis: 1. 1. u., npodecop, 05.01.02

Imentudikarop ORCHID ID: He zacrocosyerscs

JoparkoBa indopmamnist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIUYHOL 0C00H: HaujionanbHuii yHiBepcuteT "JIbBiBCbKa MOJiITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micqesﬂaxon)KeHHﬂ: ByJ. Crenana Bangepw, 6yz. 12, JIbgis, 79013, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCHTETCHKUI

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Kouan Opect Bosogumuposuy

2. Orest V. Kochan

KBasigikanis: 1. 1. u., npodecop, 05.11.05

InenTudirkarop ORCHID ID: He 3actocoyerscs

HoparkoBa indopmamnist:

IToBHe HafIMeHyBaHHﬂ IOPUIHUYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJs. CrenaHa banzepuy, 6yz. 12, JIbBiB, 79013, YkpaiHa

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InmenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

VIII. 3ak1104Hi BiZOMOCTI

BaacHe IIpizBume Im's I[10-6aTbKOBI [Tpoxopenko Cepriii Bikroposiud

TOJIOBH pajgu



Baache IlpizBuiie Im's ITo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpaTtop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi

OisSIIBHOCTI

[Tpoxopenko Cepriit BikropoBuy

T'onchop Okcana MocumnisHa

VKpIHTEI

[Opuenko TeTsHa AHaTOJIiBHA



