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napamertpiB. Pi3Ki 3MiHM TeMIIepaTypH Ta BOJIOTOCTI IIOBITPS HETaTMBHO BIUIMBAIOTh HA BUPOLYBAHHS POCJIMH.



CyuacHi MeTO| peryJloBaHHsI MiKpPOKJIIMATy TEMJIMYHUX 00'€KTIiB 3BOJSTHCS 4O HAIIPOCTILIOTrO — PEryI0BaHHS
IIBUAKOCTI IIOTOKY, BOJIOTOCTi Ta TEMIIEPATYPU MOBITPSIHUX Mac. TOMy BUHUKae MUTAHHS y CTBOPEHHI
VHiBEpCaIbHOI CUCTEMU 1711 BUPOILEHHS CiIbCbKOTOCIIOIaPChKUX IPOJYKTIB, a caMe e(eKTUBHOI aBTOMaTu3allii
iHXXeHepHUX CUCTeM. Y AucepTalii po3po6eHO aBTOMAaTU30BaHy MEXaTPOHHY CUCTEMY MiKPOKJIiMATy TETJIML.
Juceprauist CKJIaAA€eTbCs 3 I1'9TU PO3/iJIiB, OCHOBHUM 3MICT Ta Pe3yJIbTaTU KOXKHOTIO 3 SIKUX HaBEEHO HUXKYeE. Y
BCTYIIi OGIPYHTOBAHO aKTyasIbHICTh TEMU JucepTallii, BU3HAa4eHO MEeTY i 3a7adi AOCiI)KeHHs, HaBeJJleHO MeTOU
IOCJiIKeHHS, C(POPMYJIbOBAHO HAYKOBY HOBU3HY Ta IIPAKTUYHY LiHHICTh OTPMMAaHUX PE3YJIbTATIB, @ TAKOXK
IIpeCTaBJIeHo AaHi Tpo arnpobariio poboTy. Y Iepmomy po3zisi BAKOHAHO OIS iHKeHEPHUX CUCTEM TEIJIMYHOTO
00'€KTY Ta iX KOHCTPYKTHBHI 0COGJIUBOCTI. [IpoBeZieHO MOPIBHAIBHUIL aHaJIi3 TEIIMLb 110 iX rabapUTHUM PO3MipaM,
CKJIQHOCTi MOHTaXXYy, HasIBHOCTI iH)KEHEPHUX CUCTEM Ta CUCTEM YIIPaBJliHHS. BU3Ha4Y€HO HANPSIMOK IOCIiIKEHHS,
cOopMyJIbOBAHO METY Ta 3aJadi AUCepTaLiliHOI poboTU. Y IpyroMy po3fiai cpOpMOBAHO MiAIPYHTS AJIS
PO3pOOJIEHHS CTPYKTYPH MEXaTPOHHOI CUCTEMU TEIIMYHOTO 06’€KTa CEPeIHbOT0 06'eMy. Po3riisiHyTO 3arasbHi
dyHKLII cucTeMy MIKpOKJIiMaTy Ta BU3HAYEHO BUMOT'H JI0 CUCTEMU KEPYBaHHS. 3allpOIIOHOBAHO CTPYKTypa
MEXaTPOHHOI CUCTEMHU 3 MOJIEJIJIIO TEIULi. PO3p06sIeHO IPUHLIMAIIOBY CXEMY CMCTEMM BEHTHUJISALII T PELMPKYJISLii,
TaKOX pO3p06JIEHO Ta PO3PaxOBaHO CUCTEMY MOBITPONPOBOLIB. ITifi6paHO BEHTUISTOP, pO3PAaxOBaHO KPYTHUN
MOMEHT Ta BU3HAUEHO 3yCUJLIS, SIKe Ma€ 3a0e31eyrTy ITHeBMATUYHUI ITPUBIJ, [IpY 3aKPUTTI Ta BIIKPUTTI 3aCIIiHKH.
Po3paxoBaHo cucTeMy 06irpiBy Tennauli Ta nifiopaHo HarpiBay. Po3po6JieHo 3arajabHy CXeMy BUKOHABUMX
IIPUCTPOIB IJ1s1 CUCTEMU BEHTUJIALLI, 3alITOPIOBAHHS, ONAJIEHHS Ta BiKOH IIPOBITPIOBaHHS. PO3paxoBaHO CUCTEMY
IIOJIUBY Ta 3BOJIOKEHHS TEeIJIMLi. 3alIPOIIOHOBAHO 3arajlbHy CTPYKTYPY Ta KOMITIOTEPHY MOJIENb TEIIJINYHOTO
00'exTa. Y TPETbOMY PO3[Iijli BAKOHAHO AOCiIKeHHs (Pi3UKU TeIy10-MacOOOMIHHYX ITPOLIECiB B cepeliHi Terulli, 3
METOIO BU3HAUEHHS BUMOT 10 MOZEJi 00'€KTy KepyBaHHSI. T€OpeTUYHO OOI'PYHTOBAHO TEIJIO-MaCcOOOMiHi Ipouecu
B TEIUIUL, SIKi 6a3yI0ThCs Ha 6alaHCi TEIJIOBUX MOTOKIB MOBITPs. TeopeTUYHO OOIPYHTOBAHO TEIJIOBi BTPATH Yepe3
OTOPOJKYyBaJIbHY KOHCTPYKLIO TeIIULI 3 NOJiKapboHATy Ta BU3HAUYEHO 3arajibHui KoedillieHT Tersonepenayi.
TeopeTUYHO BU3HAYEHO PiBHSIHHS TEIJIOBOro OaJIaHCy Ta aepoAMHAMIYHUX NIPOLeCiB yepe3 piBHsAHHS Hap'e-
Crokca. BusHaueHo 3a1ay4i 17151 KOMITIOTEPHOI MOZeJi. Y 4eTBEPTOMY pO3/iJli IPeACTaBI€HO eTaNy JOCiIKEHHS]
TEIJI0-MaCOOOMIHHUX MTPOLIECIB B TEIJINLi cepeHboro 06'emy. CTBOPEHO KOMIT'IOTEPHY 3-D Mozesnb TenanLi Ta
IJ1s1 MOJI€JIIOBAHHS IIPOLIECiB BCTAaHOBJIEHO 3MiHHI BEJIMYMHU: TUCK, TEMIIEPATYPa, MIBUAKICTb TOTOKY MOBITPA,
IapaMeTpu NOBIiTps Ta yac. Mogesib oNnucye TENJIMYHUM 00€KT, SIK 3aJJaHU 00'eM TIOBITPsl, OOMEXEHNUII CTiHAMU,
IaXOM Ta MifJjoroo. TeMIepaTypHUI Pe>KUM B CepelivHi 3aMKHEHOTO TEMJIMYHOro 06'eMy Mae 6yTu piBHOMIpHUM
Ta CTaJIMM, HEe3aJIeKHMM Biji BIIJIMBY 30BHIIIHIX (PaKTOPiB. MOZesII0BaHHS TEIJINYHOrO 00'€KTa ITPOBEIEHO B MAaKeTi
Ansys ta SOLIDWORKS. Ha nepumomy eTani focsuifkeHHs 6yJ10 MPOBEIEHO CEPil0 TECTOBUX €KCIIEPUMEHTIB:
IIPOLIEC TEIJIOOOMIHY B TEIJIML, MIBUKICTh TEIIJIOOOMiHY Ta 3MiHa THCKY, @ TAKOX 4ac cTabisisalii Temneparypu,
IIBUIKOCTI MOBITPSL. [Ipyruii etan- AOCTiIpKeHHs TelJI000MiHY TeIUIHIi 3 HaBKOJIMIIHIM cepefoBuleM. HacTynmHuM
eTaroM 0yJIo IPOBeLleHO AOCIiIKeHHs cTabisizalii TeMnepaTypyu B CepelyHi TeIINLli IpU 3aJaHOMY IIPOTHO3Y
norogy. YeTBepTUM €Tanom 6yJio NOCIiIKeHHs TelJionepeaadi yepes Oropo/iKyBajlbHy KOHCTPYKLIiO TEMIUL y
HaBKOJIMIIHE cepenoBulle. [TITuM eTanom IocCiikeHHs 6yJ10 po3IofisieHHs BOASHOI Iapyu B cepeiyHi
3aMKHEHOT0 06'eMy TEIIJINYHOrO 06'€KTA. Y II'ATOMY PO3iJi HaBeJEeHO 3arajJIbHUM ajlfOPUTM IIPOrpamMu KepyBaHHS
HarpiBayamu. Po3po6iieHO pe>xxum poOOTH Ta IIporpaMy KepyBaHHs popcyHKaMu. [IpoBeieHO [OPiBHSIbHUN

PO3paxyHOK eq)eKTI/IBHOCTi MeX&TpOHHOi CUCTEMMU 3 YIIEPEIPKYIOIMM KEPYBAHHAM.

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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Kopg 3a € IPIIOY: 02070938

Micuesnaxo,u)KeHHﬂ: ByJI. Bononumupceka, 6ya. 68, Kuis, 01601, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETCHKUI

Penensentu

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. ¥3ynoB Onekcangp BacunboBud

2. Alexandr Uzunov

KBasigikanis: x.1.1., npodecop, 05.02.02
ImenTudikarop ORCHID ID: 0000-0003-0002-1672
JoparkoBa indpopmauist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMIA iHCTUTYT iMeHi Irops Cikopcekoro”

Kog, 3a €IPTIOY: 02070921

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

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

Inentudikarop ROR: He zacrocosyerscs

CeKTop HayKH: YHiBepCUTETChKUI

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

2. Dmytro Kostiuk
KBasigikanis: . r. u., gon,., 05.17.08
InenTudikarop ORCHID ID: 0000-0001-5407-1443

JoparkoBa inHdpopmamuist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH: YHIBEPCUTETCHKUI

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TrOJIOBH pajgu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

rOJIOBYIOYOTO Ha 3aCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peECTpallil0o HayKOBOi

OisIIBHOCTI

Jlyroscpkuit Onekcannp Genoposud

Jlyroscokuii Onexkcanap PenopoBuy

CununnuHa €nusaseta IOpiiBHa

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



