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1. Hama kpaiHa BXXe JOCHATb JOBrUI Yac CJIABUTHCS SKICHOIO CiJIbCbKOTOCIIOAPChKOI0 NPOIYKII€l0 [I0 BCbOMY CBITY.
Ha aJsb, cbOropiHi He KO>KHa KpaiHa MOKe IMOXMU3yBaTUCS TAKMMU MOKJIMBOCTSIMU. OCKIJIBKY KJIIMATU4YHI YMOBU
pi3Hi i HE BCS IPOAYKIiS MOKE TaM POCTHU. Y TEIINLAX BUKOPUCTOBYIOTh MEXaHiYHE KEPYBAHHS MIKPOKJIIMATOM, 110
3aliMae JOCUTb 6araTo yacy Ha 00CJIyTOBYBAaHHS Ta € EKOHOMIUHO HEBUTITHUM. JIJIs1 BEJIMKUX IJIOI] 3aCTOCOBYIOTh
aBTOMATHYHI CUCTEMH, SIKi, y CBOIO Yepry, He 3aBKIU OXOILIIOITh yBeCch 00'eM iHpopmauii. Taki cucremu, 3a3Buyai,
[IpaLoIOTh He e(EeKTUBHO i HE MOXKYTh IIPOTHO3YBaTH POGOTY CUCTEMU IIPY 3MiHi pi3HUX 30BHIIIHIX Ta BHYTpPIlIHIX
napameTtpis. Pi3ki 3MiHU TeMIIepaTypy Ta BOJIOTOCTI OBITPSI HETATUBHO BILJIMBAIOTh HA BUPOILYBaHHS POCJIVH.
Cy4acHi MeTOaV PeryJl0BaHHs MiKPOKIIMATy TEIJIMYHUX 00'€KTIiB 3BOASTHCS 1O HANUIIPOCTILIOrO — PEryloBaHHs
IIBUAKOCTI IIOTOKY, BOJIOTOCTI Ta TEMIIEPATYPU MOBITPAHUX Mac. TOMy BUHMKAE MMUTAHHA Y CTBOPEHHI

VHiBepCabHOI CUCTEMU 11711 BUPOILEHHS! CiIbCbKOTOCIIOIapChKUX IIPONYKTIB, a came eeKTUBHOI aBTOMaTu3allii



iH)KEHEPHUX CUCTEM. Y aucepTaliii po3po61eHO aBTOMAaTU30BaHy MEXaTPOHHY CUCTEMY MIKPOKJIiMaTy TEIJINLI.
Jucepranis CKIagaeTbCs 3 M'STU PO3LiliB, OCHOBHUH 3MiCT Ta P€3yJIbTaTA KOKHOTO 3 SKUAX HaBEJIEHO HIK4e. Y
BCTYIIi OGIPYHTOBAHO aKTyasIbHICTh TEMU JycCepTallii, BU3HA4€HO METY i 3a7a4i JOCJiI)KEHHS, HABeJleHO METOIU
OOCJiIKEHHS, C(POPMYJIbOBAHO HAYKOBY HOBU3HY Ta IIPAKTUYHY LiHHICTh OTPMMAHMX PE3YJIbTATIB, @ TAKOXK
IIpeICTaBJIeHO aHi ITPo arnpoobariio poboTy. Y IepmomMy Po3Lisi BAKOHAHO OIS iHKeHEPHUX CUCTEM TEIJIMYHOTO
00'€KTY Ta iX KOHCTPYKTHUBHI 0COOJIUBOCTI. [IpoBefieHO MOPiBHAIBHMI aHaIi3 TEIIMLb 110 iX rabapUTHUM PO3MipaM,
CKJIaJHOCTi MOHTaXy, HasiBHOCTI iH>)KEHEPHHUX CUCTEM Ta CUCTEM YIIPaBJiHHS. BU3Hau€HO HANIPSIMOK JOCIIiIKEeHHS,
cpOpMyJIbOBAHO METY Ta 33/1aui AUCEPTALiliHOI po6OTU. Y IPYroMy po3aini cpopMOBaHO MiAIPYHTS AJIs
PO3pOOJIEHHS CTPYKTYPU MEXaTPOHHOI CHUCTEMU TEIIMYHOTO 06’eKTa CEpeIHbOro 06'eMy. Po3riisiHyTO 3arasbHi
dyHKLiI cucTeMy MiKpOKJIiMaTy Ta BU3HAYEHO BUMOTH JI0 CUCTEMU KEPYBaHHS. 3allpOIIOHOBAHO CTPYKTypa
MEXaTPOHHOI CUCTEMHU 3 MOJIEJIJIIO TEIIMLi. PO3p06I€HO NPHMHLIMAIIOBY CXEMY CUCTEMM BEHTUJIALII Ta PELUPKYJISL,
TaKOX pO3pO6JIEHO Ta PO3PAaXOBAHO CUCTEMY MOBITPONPOBOAIB. [1ii6paHO BEHTUIATOP, PO3PAaX0BaHO KPYTHUI
MOMEHT Ta BU3HAY€HO 3yCUJLJIS, sIKe Ma€ 3a0e31eYnTy THEBMaTUYHUI IIPUBIM ITPY 3aKPUTTI Ta BiAKPUTTI 3aCJIiHKU.
Po3paxoBaHo cucTeMy 06irpiBy Tennuli Ta nifiopaHo Harpisad. Po3po6JsieHo 3arajabHy CX€My BUKOHABUMX
MIPUCTPOIB JJ11 CUCTEMU BEHTUJISALI, 3aIITOPIOBAHHS, ONIaJIeHHS Ta BiKOH MPOBITPIOBaHHS. PO3paxoBaHO CUCTEMY
IIOJIUBY Ta 3BOJIOKEHHS TEeIIMLi. 3aIIPOIIOHOBAHO 3arajlbHy CTPYKTYPY Ta KOMITIOTEPHY MOJEJb TeIIJINYHOTO
00'exTa. Y TpPETbOMY PO3[1ijli BAKOHAHO AOCJiIpKEHHs (Pi3UKU TeII0-MacOOOMIHHYX ITPOLIECiB B CEpeMHI Terulli, 3
METOIO BU3HAUYEHHS BUMOT 10 MOZEJi 00'eKTy KepyBaHHSI. T€OpeTUYHO OOI'PYHTOBAHO TEIJIO-MAacOOOMiHi Ipouecu
B TEIUIUL, SIKi 6a3yI0ThCs Ha 6alaHCi TEIyIOBUX MTOTOKIB MOBITPsI. TeOpeTHYHO OOIPYHTOBAHO TEIJIOBi BTPATH Yepe3
OrOpPOJKyBaJIbHY KOHCTPYKLIO TeIIUL 3 N0JIikapboHATy Ta BU3HAUYEHO 3arajabHuil KoedillieHT Ternsonepenayi.
TeopeTUYHO BU3HAYEHO PiBHSIHHS TEIJIOBOro OAJIaHCY Ta aepOoAMHAMIYHUX NIPOLECiB yepe3 piBHsAHHS Hap'e-
Crokca. BusHaueHo 3a/1ayi 111 KOMIT'IOTEPHOI Mojieli. Y 4eTBepTOMY pO3[isli IpeCTaBIeHO €TaNy JOCTiIKEeHHS
TeIJI0-MaCOOOMIHHUX ITPOIIECIB B TEIUINL cepeiHboro o6'emy. CTBOpeHO KOMITI0TepHY 3-D Mofiesb Tenaunii ta
I MOJI€JIIOBAHHS IIPOLIECIB BCTAaHOBJIEHO 3MiHHI BEJIMYMHU: TUCK, TEMIIEPATYPA, MIBUAKICTb ITIOTOKY IMOBITPA,
rapaMeTpu NOBITps Ta Yac. Mogesib ON1cye TEIJIMYHUM 00€KT, SIK 3aJJaHU 00'eM TIOBITPSs, OOMEXEHNUI! CTiHAMU,
IaXOM Ta MigJiorowo. TemnepaTypHUil peXXUM B CEPEIVHI 3aMKHEHOT0 TEIVINYHOTO 06'eMy Mae 6yTU PiBHOMIpHUM
Ta CTaJIUM, He3aJIeXKHUM BiJi BIIJIMBY 30BHIIIHIX (paKTOpiB. MOZiesII0BaHHS TEIJINYHOIO 00’€KTa ITPOBEEHO B [aKeTi
Ansys ta SOLIDWORKS. Ha nepmomy eTani JocifKeHHs 6yJ10 MPOBEIEHO CEPil0 TECTOBUX €KCIIEPUMEHTIB:
Ipolec TEMI000MiHy B TEIUINL, MIBUAKICTb TEIJIOOOMIHY Ta 3MiHa THUCKY, a TaKOXK 4ac cTabisnisauii Temneparypu,
IIBUJIKOCTI MOBITPSL. Ipyruii etan- AOCTiIpKeHHs TelJI000MiHY TeIUIuIi 3 HaBKOJINIIHIM cepenoBuieM. HacTynmHuM
eTaroM 0yJIo IPOBeLIeHO AOCiIpKeHHs cTabisnizalii TeMnepaTypyu B CEpeyHi TeIUINLIi IPU 33JaHOMY IIPOTHO3Y
norogy. YeTBepTuUM €Tanom 6yJIo JOCIiIKEeHHs Tellonepeaadi yepes Oropo/iKyBajlbHy KOHCTPYKLiO TEIJIUL y
HaBKOJIMIIHE cepenoBule. [TITum eTanom IocifkeHHs 6yJ0 po3IofiyieHHs BOASHOI Iapyu B CepeiyHi
3aMKHEHOTr0 06'eMy TEIIJINYHOTO 0O'eKTa. Y II'ITOMY PO37iJi HaBeJeHO 3arajJlbHUM ajJlfOPUTM IIPOrpamMu KepyBaHHS
HarpiBayamu. Po3po6iieHO pe>xkum poOOTH Ta IporpaMy KepyBaHHs popcyHKaMU. [IpoBeieHO NOPiBHSIbHUN

PO3paxyHOK €(EeKTUBHOCTI MEXaTPOHHOI CUCTEMH 3 YIIEPEIPKYIOUMM KEPYBaHHSIM.

2. Our country has long been famous for its high-quality agricultural products around the world. Unfortunately,
today not every country can boast of such opportunities. The climate conditions are different and not all products
can grow there. Greenhouses use mechanical microclimate control, which takes a lot of time to maintain and is
economically unprofitable. For large areas, automatic systems are used, which, in turn, do not always cover the
entire amount of information. Such systems usually do not operate efficiently and cannot predict the system's
performance when various external and internal parameters change. Sudden changes in temperature and humidity
have a negative impact on plant cultivation. Modern methods of regulating the microclimate of greenhouse
facilities are reduced to the simplest - controlling the flow rate, humidity and temperature of air masses.
Therefore, the question arises of creating a universal system for growing agricultural products, namely, effective
automation of engineering systems. In this thesis, we have developed an automated mechatronic greenhouse
microclimate system. The thesis consists of five chapters, the main content and results of each of which are
presented below. The introduction substantiates the relevance of the thesis topic, defines the purpose and



objectives of the study, presents the research methods, formulates the scientific novelty and practical value of the
results, and presents data on the work's testing. The first section provides an overview of the engineering systems
of the greenhouse facility and their design features. A comparative analysis of greenhouses in terms of their overall
dimensions, complexity of installation, availability of engineering systems and control systems is carried out. The
direction of research is determined, the purpose and objectives of the dissertation are formulated. In the second
chapter, the basis for the development of the structure of the mechatronic system of a medium-sized greenhouse
object is formed. The general functions of the microclimate system are considered and the requirements for the
control system are defined. The structure of the mechatronic system with a greenhouse model is proposed. The
schematic diagram of the ventilation and recirculation system is developed, and the air duct system is designed
and calculated. The fan is selected, the torque is calculated, and the force to be provided by the pneumatic
actuator when closing and opening the damper is determined. The greenhouse heating system was calculated and
a heater was selected. A general scheme of actuators for the ventilation, curtaining, heating, and ventilation
windows was developed. The system of irrigation and humidification of the greenhouse is calculated. The general
structure and computer model of the greenhouse object are proposed. In the third section, the physics of heat and
mass transfer processes inside the greenhouse is studied in order to determine the requirements for the model of
the control object. The heat and mass transfer processes in a greenhouse based on the balance of air heat flows are
theoretically substantiated. The heat losses through the polycarbonate greenhouse envelope are theoretically
substantiated and the overall heat transfer coefficient is determined. The equations of heat balance and
aerodynamic processes are theoretically determined through the Navier-Stokes equation. The tasks for the
computer model are defined. The fourth chapter presents the stages of studying heat and mass transfer processes
in a medium-volume greenhouse. A 3-D computer model of the greenhouse was created and the following
variables were set for modeling the processes: pressure, temperature, air flow rate, air parameters, and time. The
model describes a greenhouse object as a given volume of air bounded by walls, roof, and floor. The temperature
inside the closed greenhouse volume should be uniform and stable, independent of the influence of external
factors. The greenhouse object was modeled in Ansys and SOLIDWORKS. At the first stage of the study, a series of
test experiments were conducted: the process of heat exchange in the greenhouse, the rate of heat exchange and
pressure changes, as well as the time of temperature and air velocity stabilization. The second stage was the study
of heat exchange between the greenhouse and the environment. The next step was to study the stabilization of the
temperature inside the greenhouse under a given weather forecast. The fourth stage was the study of heat transfer
through the greenhouse envelope to the environment. The fifth stage of the study was the distribution of water
vapor inside the closed volume of the greenhouse. The fifth section presents the general algorithm of the heater
control program. The operating mode and the nozzle control program were developed.A comparative calculation
of the efficiency of the mechatronic system with proactive control was performed.
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Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

PeuenseHtu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. ¥3ynoB Oznekcanzgp BacunboBuy

2. Alexandr Uzunov

KBasigikamnis: n.1.1., mpodecop, 05.02.02
InenTudgikarop ORCID ID: 0000-0003-0002-1672
JoparkoBa iHdpopmamuist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOHM: HanioHnanbHuii TexHi4HMIA yHiBepcuTeT YKpainu "KuiBchkuit

NOJIiTeXHiYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma By1acHoCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Koctiok IMutpo BikTropoBry

2. Dmytro Kostiuk

KBasigikanis: . r. u., gou,., 05.17.08
Imentudikarop ORCID ID: 0000-0001-5407-1443
JoparkoBa iHdpopmamuist:

IloBHE HaliIMEeHYBaHHS IOPUAMYHOI 0COOHM: HauioHnanbHuii TexHiuHMiA yHiBepcuTeT YKpainu "Kuischkuit

NOJIiTeXHiYHMM iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma By1acHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu



InenTudikarop ROR: He zacrocosyerscs

VIII. 3ak1104YHi BiZOMOCTI
BaacHe IlpizBuiie Im's ITo-6aTbKOBI
TOJIOBH pagu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBi
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUI 3a HiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisSIIBHOCTI

Jlyroecbkuit Osnexkcannp Genoposuy

Jlyroecekuit Onexkcannp ®enoposud

CununnuHa €nusasera IOpiiBHa

VKpIHTEI

Opuenko TersiHa AHaTosIiBHA



