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AHOTAIISA

Cunununa €nuzaBera. [igponmHeBMaTHYHA cHUCTEMa O0'€KTY TEILTUYHOTO
rocrojiapcTBa cepeanboro ob'emy. - Kpamidikaiiiina HaykoBa mpalll Ha IpaBax
pykomnucy. Jluceptaiisi Ha 3400yTTS HAyKOBOTO CTymeHs mokTtopa (imocodii 3a
cremianpHicTIO 131 [Ipuknagna mexaHika. — HarioHanbHUN TEXHIYHUNA YHIBEPCUTET
VYkpainu «KuiBcbkuii mositexHiuHui iHCTUTYT iMeH1 [ropst Cikopcskoroy, Kuig, 2025.

Hama  kpaiHa BXe  JOCHTh  JIOBFMMl  9ac  CIaBUTbCA  SIKICHOIO
CLIbCHKOTOCIIOAAPCHKOI0 MPOAYKIIEID MO BChbOMY CBITy. IIpmumHa Takoi ciaBu €
pOAIOYl IPYHTH Ta MPallbOBUTHN Hapoj. BupoleHa mpoayKilisi MOKpUBAE HE TUIbKU
noTpedu KpaiHu, a il eKCopTyeThes 3a ii Mexi. Ha kanb, ChOroiH1 He KOXKHA KpaiHa
MOJK€ TMOXU3YBATUCA TAKUMHU MOKIUBOCTAMU. OCKUIBKY KIIIMATUYHI YMOBH Pi3HI 1 HE
BCS MPOAYKIIISI MOKE TaM POCTH. Y TETUIMISAX BUKOPUCTOBYIOTh MEXaHIYHE KePYBaHHS
MIKpOKJIIMATOM, IO 3aiiMa€ JOCUTH 0araTo yacy Ha 00CIIyTOBYBaHHS Ta € EKOHOMIYHO
HEBUT1HO B OIJIaTI 0OCIYTrOBYIOUOTro NepcoHaty. JIjisi BEIUKUX TJI01I 3aCTOCOBYIOTh
aBTOMATUYHI CHCTEMH, fKi, Y CBOIO Yepry, HE 3aBXKIU OXOIUIIOIOTh YBECh 00’€M
iHdopmari (kriMaThaHUX YMOB). Taki cucTemu, 3a3BU4ail, MpaioTh He €hEeKTUBHO
1 HE MOXYThb MPOTHO3YBaTHU pPOOOTYy CHCTEMH MpPU 3MiHI PIZHUX 3O0BHINIHIX Ta
BHYTPIIIIHIX TTapaMeTPiB.

Pi3ki 3MiHM TemmepaTypu Ta BOJOTOCTI TOBITpSI HETaTUBHO BIUIMBAIOTH HA
BUPOIIYBaHHS CLIbCHKOTOCTIOAAPCHKUX KyJbTyp. CydacHI METOAM peryJrOBaHHs
MIKPOKJIIMATY TEITMYHUX 00 €KTIB 3BOASTHCS O HAWMPOCTINIOTO — PETYIIOBAHHS
MIBUAKOCTI MOTOKY, BOJOTOCTI Ta TEMIEPATypH MOBITPSIHUX Mac. ToMy BHHUKA€e
NUTAaHHS Yy  CTBOPEHHI  yHIBEPCAIbHOI  CHCTEMH  JUISI  BHUPOIICHHS
CUTbCHKOTOCTIONIAPCHKUX TPOYKTIB, a caMe €(PeKTUBHOI aBTOMAaTH3AIlll 1HKEHEPHUX
CUCTEM.

Y nauceptamii  po3po0JIeHO  aBTOMATHU30BaHYy  MEXaTPOHHY  CHUCTEMY
MIKpOKJIIMATy Teriuii. Jlucepralisi CKIIaJaeThes 3 I'ATH PO3JILIIB, OCHOBHHI 3MICT Ta

PE3YJIbTATH KOXKHOTI'O 3 AKUX HABECACHO HMUKYC.



VY BcTymi OOIPYHTOBAHO aKTyalbHICTh TEMH JUCEpTallii, BUBHAYEHO METY 1
3a1a4l JOCTIIKEHHS, HAaBEIEHO METOJIU JOCHIKEHHs, C(HOPMYIbOBAHO HAYKOBY
HOBHU3HY Ta IPAKTUYHY IIHHICTh OTPUMAHUX PE3yJIbTATIB, @ TAKOXK MPEACTABICHO JTaHi
po anpobarliro poOoTH.

VY nepuiomy po3/iiii BAKOHAHO OTJISA] iIHKEHEPHUX CHCTEM TETUIMYHOTO 00’ €KTY
Ta iX KOHCTPYKTHUBHI 0coOsMBOCTi. [IpoBeeHO MOPIBHSUIBHUIN aHai3 TEIUIMIh 10 X
rabapuTHUM pO3MipaM, CKJIQJHOCTI MOHTaXy, HasSBHOCTI 1H)KCHEPHUX CHCTEM Ta
CHUCTeM yNpaBiiHHSA. Bu3HaueHO HampsIMOK JOCHIPKEHHS, OCHOBHI (YHKIII Ta
0COOJIMBOCTI CUCTEM YTPABIIIHHS MIKPOKIIMATOM TEIUIUIIL. 3’ICOBAHO iX MEepeBaru Ta
HEJIOJIIKM; Ha OCHOBI BKa3aHOIrO aHalizy Oyjio cPopMylbOBaHO METYy Ta 3ajadl
JTUcepTaliifHol poOOTH.

Y napyromy po3auii chopMOBaHO MIAIPYHTS ISl pO3pPOOJICHHS CTPYKTypU
MEXaTPOHHOI CUCTEMH TEIUIMYHOTO 00’ €KTa cepeaHbOro 00’ eMy. Po3risiHyTO 3arajibHi
GyHKIIT CUCTEMH MIKPOKJIIMATy Ta BU3HAYEHO BUMOTH JIO CHCTEMH KEpyBaHHS.
BcranoBneHo: TeMneparypa noBiTps B cepeAnH1 TeInil Mae OyTu B aianazoni 20-30
°C, BoJoricth noBiTpss B Mexax 60-90%, CO, ciig yTpuMyBaTH HIOHAWMEHILE 10
30BHIIIHBOTO PIBHSA, BiJ MIBUIAKOCTI Ta HAMPSAMKY BITPY 3aJ€XKHUTh SIKE€ BIKHO
MPOBITPIOBAHHS 1 HA CKUJIBKU BIJKPUBATH B TEIUIUII. 3a paxyHOK MEPEXiIH1 MPOoIecH
3MIHU TIBUIKOCTI, THUCKY, BOJIOTOCTI Ta TeMIEpaTypH; 3MiH Ta BTpaTH TEIUIOBOI
MOTY>HOCT1 TEIUIMIl; 3MIH Ta BTpPaTH BOJOTOCTI TMOBITPS B TEIJIUI OYJIO
3alpOMOHOBAHO  CTPYKTypa MEXaTPOHHOI CHCTEeMH 3 MOJCIUII0  TeTUIHII.
3anmponoHOBAaHO PO3AUIMTA CTPYKTYPY MEXaTPOHHOI CHCTEMHU Ha MiJACHUCTEMH.
Po3po0iieH0 TPUHIIUTIOBY CXEMYy CHCTEMH BEHTHIIAILIl Ta PEHUPKYJIALIi, TaKoX
pPO3pO0JICHO Ta PO3pPaxOBAHO CHCTEMY IMOBITPONPOBOAIB AOBXHHOIO 10 MeTpiB Ta
nepepizom 360x360mm. Tligibpano BEHTHIATOP 3 MAaKCUMAJIbHOIO MPOAYKTHBHICTIO
1400 m3/ron. Po3paxoBaHO KpYTHMH MOMEHT Ta BU3HAQYEHO 3YCWIUIS, K€ Ma€
3abe3neuntr mHeBMaTuyHuit pusia 2360 H npu 0,6 MIla npu 3akpuTTi 3aCTIHKA Ta
2770 npu BinkputTi. Po3paxoBaHo cucteMy oOIrpiBy TEIUIMII Ta MiAi0paHO HarpiBay
Ha 5,0 xkBt. Po3po6neHo 3arajibHy cXeMy BHKOHABYHMX IPUCTPOIB JJII CHUCTEMHU

BEHTWIALI{, 3allITOPIOBAHHS, OMAJCHHS Ta BIKOH MPOBITPIOBaHHA. Po3paxoBaHO



CUCTEMY TOJIUBY Ta 3BOJIOKEHHS TEILIUI(l, BCTAHOBJICHO, IO JlIaMETp PO3MUIICHHS
dbopcyHkH cknagae 2,5 METpH, TOMY ISl MIATPUMAHHS CTAJIOTO PEXHUMY B TETUIUIIL
JOCTaTHRO BUKOPHUCTOBYBaTH 3 (OPCYHKM TIiJI Yac PEHUPKYJIAIil TMOBITPS.
3anponoHOBAHO 3arajibHy CTPYKTYpPY Ta KOMII IOTEPHY MOJIEIb TEIUIMYHOTO 00’ €KTa.

Y TpeThOoMy pO3Iii BUKOHAHO JOCHIIKEHHS (PI3UKH TEII0-MacOOOMIHHHX
IPOIIECIB B CEPEMHI TEIUIUIl, 3 METOK BHM3HAUYCHHS BHMOT JIO0 MOJIENl 00’ €KTYy
KepyBaHHs. TeopeTuuyHO OOIPyHTOBAHO TEIIO-MACOOOMIHI MPOIECH B TEIUIWII, SK1
0a3yroThCcsl Ha OallaHCl TEIUIOBUX IOTOKIB TOBITps. TEOpeTHYHO OOTPYHTOBAHO
TEIJIOBl BTPATH 4Y€pe3 OTOPOJKYBaIbHY KOHCTPYKIIIIO TEIUIMIl 3 MOJiKapOoHATy 3
BpaxyBaHHSAM ii pO3MIpIB Ta BHU3HAYEHO 3arajJilbHUil KOEQILIEHT Terulonepeaayi.
TeopeTnyHO BU3HAUYEHO PIBHIHHS TEILIOBOTO OajaHCy Ta aepoJIMHAMIYHUX MPOIIECIB
yepe3 piBHAHHS Haw’e-Crokca. s 4McenbHOro po3paxyHKy pyXy MOBITpS 3a
piBHssHHSIM Hap’e-CTokca OyJio 10JaHO PIBHSHHS HEPO3PUBHOCTI JUJISi CTUCIUBOTO
cepenoBuila. TeopeTUYHO PO3IIIIHYTO y3aralbHEHUH MPOIIEC MEPEHOCY BOISHOI TapH
MOBITPSIM B CepeuH1 TeIuuill. Bu3HaueHo 3a1ayl 11t KOMI' FOTEPHOI MOJENI, a CaMe:
TECTYBaHHS MOJEJ 1 BA3HAYEHHS 3MIH NTapaMeTPiB MIKPOKIIIMATY; BU3HAYEHHS OJIIB
PO3MOMUICHHS THUCKY, MIBUIKOCTI, TEMIIEPAaTypH, BOJOTOCTI MO 00’€My TETUIHIIi;
OTPUMMaHHI MPOTHO30BAHMUX 3MiH MapaMeTpiB BIPOJAOBXK MIEBHOTO TEPMIHY.

Y derBepTOMy pO3IUII  MPEACTABICHO €TamM  JOCHIIHKCHHS  TEIIo-
MacOOOMIHHHX MPOIECIB B TEIUIHII cepeaHboro 06’ eMy. CTBOpeHO KoMmIT 10TepHY 3-D
MoJienb Teruill 3 radaputaumu posmipamu 7000x4000x1600 MM, moBITpOOOMIH
ckaanae 1400 mM>/roq Ta a1 MOZIEIIOBAHHS MPOLECIB BCTAHOBJIECHO 3MiHHI BEJIUYMHMU:
TUCK, TEMIIEpaTypa, BUJKICTh NOTOKY MOBITPS, TapaMeTpH MOBITps Ta yac. Mojenb
OMHUCY€ TEIUIMYHUM 00’ €KT, SIK 3alaHUi 00’ €M TOBITPS, OOMEXEHUIN CTIHAMH, JaXOM
Ta mignoror. biomaca TermMuYHOTO 00’€KTa HE BPAXOBYETHCS, BOHA € CTaJUM
3HAYCHHSAM. TeMItepaTypHUN PEKUM B CEPEIMHI 3aMKHEHOTO TEITMYHOTO 00’ €My Ma€e
OyTH pIBHOMIDHMM Ta CTajuM, HE3QJICKHUM BIJ BIUIMBY 30BHINIHIX (DAKTOPIB.
MopentoBaHHs TEIUIMYHOTO 00’ €kTa mpoBeaeHo B nmakeTi Ansys Ta SOLIDWORKS.
JIs mpoBeIeHHs TOCTIKeHb 0yJI0 BU3HAYEHO 3B’ 530K TETUIOMACOOOIHHMX MPOIIECIB

B TEIUIMIIl 3 CEPeNoBUIEM MojaeltoBaHHS. J[ns 1poro Oyo BHUSABICHO OCHOBHI



PIBHSIHHS: aepoJAMHAMIYHUX TMPOIECIB, PIBHSIHHS HEPO3PUBHOCTI CTUCIHUBOTO
CepeoBHUINA Ta PIBHSHHS NEPEHOCY BOSHOI mapu. Ha mepmomMy erari JOCTiKeHHS
OyJ0 TpOBEACHO CEpil0 TECTOBUX EKCIEPUMEHTIB: NPOIEC TEIUIOOOMIHY B
TETTUILI(PO3MOILI TEMIIEPaTypH ), IIBUJIKICTh TEIJIOOOMIHY Ta 3MiHA THUCKY, a TaKOXK
yac cralumi3amii TeMmmeparypd, IIBUAKOCTI TOBITpA. [pyrum etamom Oyno
JTOCITIDKCHHST TEIJI000MIHY TEIUIWIN 3 HAaBKOJMUIIHIM cepeloBuIeM. s 1poro mo
3aIaHOMY TPOTHO3Y MOroau Oyyo iMiTOBaHO HarpiB Mojenl Temuill g0 20 °C micns
goro HarpiB Oyno BuMKHEHO. [lim [i€l0 30BHIMIHBOTO CEPENOBUINA TETUIULIS
OXOJIOJKY€EThCS, 3 BIAMOBIIHMM TPOLIECOM TEIIOOOMIHY TEIUIUIl 3 HaBKOJHUIIHIM
cepefoBuiieM. HactynmHum etanom Oyjo MPOBENECHO JOCHIKEHHS cTaduTi3amil
TEMIIEpaTypy B CEPEeIMHI TEIUIUII TIPH 33JlaHOMy TIPOrHO3y noroau. Jiist mporo O0yso
B35TO TMOINEPEAHE JIOCTIPKEHHS Ta BU3HAYEHO dYac cTalurizaiii TemmepaTypu B
KOHKPETHHA MOMEHT, III0 JAa€ PO3YyMIHHS IMPO BTPATy TEIUIOBOI MOTYXKHOCTI depes
CTIHKH TETUTHIII.

Hactynmaum etanmom Oyino AOCTIHKEHHS TETUIONEpeaadi 4epe3 OropoKyBallbHY
KOHCTPYKIIIFO TEIUIUIIl Y HABKOJUIITHE cepeoBulle. /s poro 6yio iMiTOBaHO Harpis
mozeni temmni A0 20 °C micas yoro HarpiB Oysno BUMKHEHO. JlocmimkeHHs
MPOBOAWIIOCS B Jliala30Hi 30BHIMIHBOI TemmepaTypu Bif «-15 °C» go «+30 °Cy. 3
JOCIIIKEHb BCTAHOBJICHO, 110 yCepeTHEHE 3HAYEHHS TYCTUHU TETIOBOTO TOTOKY TIPH
OXOJIOKeH] Termii cknazgac 138 Br/m?.

I[’aTuM etanoM AOCHIIKEHHS OyJIO PO3MOJAUICHHS BOJSHOI Mapu B CepeauHi
3aMKHEHOro 00’eMy TeruinyHoro o6’ekrta. s mporo Oyno 3agaHo TemmepaTypy
BXIJTHOTO TIOBITPST Ta HOro BOJIOTICTh BIPOAOBXK J00M BiAMOBIIHO 1O IMPOTHO3Y
noroau. [lo pesynpraram gociimkeHHs: Oy10 3p00JeHO BUCHOBOK, [0 MaKCUMaJIbHa
KOHIICHTpAIIisl BOJISTHOI Mapa IOCATAETHCS MPU TeMITepaTypi 30BHIITHEOTO CEPEOBHIINA
20,7 °C. Inst piBHOMIPHOTO 3BOJIOKEHHS HACTYITHUM €TamoM JOCIIJKEHHS OYyJio
MIPOMO/IETHhOBaHA CUCTEMAa PO3MUIICHHS Yepe3 hopCcyHKa.

VY n'sTtomy po3auli HaBEAEHO 3arajlbHUW ajiroOpuTM MpPOrpaMu  KepyBaHHS
HarpiBauyamu, KU nependayae BMUKAHHS CUCTEMH, OHOBJICHHS 3HAYEHb KEPYHOUUX

3MiHHI/IX, OIINTYBAHHA I[aT‘II/IKiB Ta OHOBJICHHA CTaHY CUCTCMHU, KOPCTI'YBAHHA KOHCTAHT



Ta 3arajibHe KepyBaHHs pOOOTOI0 BUKOHABYMX MPUCTPOiB. Po3pobieHo pexxum podoTu
Ta  Tporpamy  KepyBaHHS  ¢opcyHKamu.  J[Is  BU3HAUEHHA  PEXKUMIB
BMUKaHHS/BUMUKaHHS (POPCYHOK OyJ0 BHKOHAHO PO3paxyHOK JI0JaHOI BUTPATU
BOJIOTOCTI. 3a pe3yJibTaTaMU pO3PaxyHKy, /Jig KOMIICHCAllli BTpAaTH BOJOTU B
TEIUTMYHOMY 00’ €Mi, 3aITPOITOHOBAHO BUKOPUCTATH TPU (POPCYHKHU MPOJAYKTUBHICTIO 2
n/ron. BuszHaueHuii TepMiH BMHKaHHS (DOPCYHOK PErIaMEHTYEThCS HAKOMUYECHUM
nedinuToM BoJisiHO1 apu. Cepe/lHe 3HAaUSHHsI BUTPATH BOJSTHOT MApH JUIsl KOMITEH Al
BOJIOTOCTI TOBITps cKkjiagae 2,62 n/ron. B anroputmi kepyBaHHA (POpPCYHKaAMH
nepeadaueHo BMUKAHHS CUCTEMHU TyYMaHOYTBOPEHHS, OHOBJIEHHS! IOTOUYHUX 3HAYEHb
3MIHHHMX, OMWTYBaHHS JaTUYMKIB Ta OHOBICHHS KOMIUIEKTY KOMaH][ KepyBaHH:.
[IpoBeneHO MOPIBHSUIBHUN PO3paXyHOK €(QEKTUBHOCTI MEXAaTPOHHOI CHUCTEMHU 3
yHepeKyIounM KepyBaHHsM. OOpaHO 1 TOpIBHSHHA ©0a30BUM BapiaHT 3
JUCKPETHUM KepyBaHHSIM HarpiBadamu Ta CUCTEMOIO 3 YIEPEIKYIOUNM KepyBaHHSIM.
Busnaueno, mo no0oBa cyMapHa BUTpaTa €Heprii 3a 0a30BUM BapiaHTOM CKJIAJIA€
86,68 kBT, a 1060Ba cymapHa BUTpaTa €HEPTii 3a yNEepeI)KeHUM BapiaHTOM CKJIa/ae
71,3 xBt. OTXe, Ajid HaBeAEHOro0 NMPUKJIaay MPOTrHO3Y N0OOBHUX 3MIH TEMIlEpaTypu
OTOYYHOYOT0 CEPEIOBHUIIA EKOHOMISI CIIOKMBAHHS €HEPT1i CUCTEMOIO 00ITpIBY CKJIa1a€e
18%.

Kuo4uoBi ciioBa: mHEBMO-TiJIpaBiidyHa MEXaTpOHHA CHCTEMa; TMOBITPSHE 1 PiIUHHE
CEpellOBHUIIE; TOTIK 1 THUCK; MEPEXITHUN MPOIEC; CTPYKTypa; MPHUBIA; MPUCTPOI Ta
oOJjasHaHHS; MaTeMaTUYHa MOJENb; MPUKIAAHI MPOrpaMy YHCEIBHOTO PO3PaxyHKY;

AITOPUTMH Ta PEKUMH KepyBaHHS; afanTarlis; giarpaMu e(eKTUBHOCTI.



ABSTRACT

Synytsyna Yelyzaveta. Hydropneumatic system of a medium-sized greenhouse
facility. - Qualifying scientific work in the form of a manuscript. Dissertation for the
degree of Doctor of Philosophy in the specialty 131 Applied Mechanics - National
Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv,
2025.

Our country has long been famous for its high-quality agricultural products around
the world. The reason for this fame is fertile soil and hardworking people. The products
we grow cover not only the needs of the country but are also exported abroad.
Unfortunately, not every country today can boast of such opportunities. Because 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 in terms of paying staff. For large areas, automatic systems
are used, which, in turn, do not always cover the entire amount of information (climate
conditions). Such systems usually do not work 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 crop
production. 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.

This thesis develops an automated mechatronic greenhouse microclimate system.
The thesis consists of five chapters, the main content and results of each chapter 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 validation.

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, main
functions and features of greenhouse microclimate control systems are determined.
Their advantages and disadvantages are identified; based on this analysis, 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 determined. It is established that the air temperature inside the
greenhouse should be in the range of 20-30 °C, the air humidity should be in the range
of 60-90%, CO2 should be kept at least to the outside level, and the wind speed and
direction determine which ventilation window to open and how much to open in the
greenhouse. Due to the transient processes of changes in speed, pressure, humidity, and
temperature; changes and loss of thermal power of the greenhouse; changes and loss
of air humidity in the greenhouse, the structure of the mechatronic system with a
greenhouse model was proposed. It is proposed to divide the structure of the
mechatronic system into subsystems. A schematic diagram of the ventilation and
recirculation system was developed, and a system of air ducts 10 meters long and
360x360 mm in cross-section was designed and calculated. A fan with a maximum
capacity of 1400 m3/h was selected. The torque was calculated and the force to be
provided by the pneumatic actuator was determined to be 2360 N at 0.6 MPa when
closing the damper and 2770 when opening it. The greenhouse heating system was
calculated and a 5.0 kW heater was selected. A general scheme of actuators for the
ventilation, curtaining, heating, and ventilation windows was developed. Calculated
The paper analyzes the system of irrigation and humidification of the greenhouse, and
establishes that the nozzle spray diameter is 2.5 meters, so to maintain a stable regime
in the greenhouse, it is enough to use 3 nozzles during air recirculation. The general
structure and computer model of the greenhouse facility 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, taking into account
its dimensions, and the overall heat transfer coefficient is determined. The equations
of heat balance and aerodynamic processes were theoretically determined using the
Navier-Stokes equation. For the numerical calculation of air movement according to
the Navier-Stokes equation, the continuity equation for a compressible medium was
added. The generalized process of water vapor transfer by air inside the greenhouse is
theoretically considered. The tasks for the computer model are defined, namely: testing
the model and determining changes in microclimate parameters; determining the fields
of distribution of pressure, velocity, temperature, humidity over the greenhouse
volume; obtaining predicted changes in parameters over a certain period of time.
Chapter 4 presents the stages of studying heat and mass transfer processes in a
medium-sized greenhouse. A 3-D computer model of a greenhouse with dimensions of
7000%4000%1600 mm, air exchange rate of 1400 m3/h was created and the following
variables were set for modeling the processes: pressure, temperature, air flow rate, air
parameters, and time. The model describes the greenhouse as a given volume of air
bounded by walls, roof, and floor. The biomass of the greenhouse object is not taken
into account; it is a constant value. 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. To conduct the
research, we determined the relationship between heat and mass transfer processes in
the greenhouse and the modeling environment. For this purpose, the following were
identified equations: aerodynamic processes, the equation of continuity of a
compressible medium, and the equation of water vapor transfer. At the first stage of
the study, a series of test experiments were conducted: the process of heat exchange in
the greenhouse (temperature distribution), heat exchange rate and pressure changes, as
well as the time for stabilization of temperature and air velocity. The second stage was
to study the heat exchange between the greenhouse and the environment. For this

purpose, according to a given weather forecast, the greenhouse model was simulated



to be heated to 20 °C, after which the heating was turned off. Under the influence of
the external environment, the greenhouse cools down, with the corresponding process
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. To do this, we took the previous study and determined the time of temperature
stabilization at a particular moment, which gives an understanding of the loss of heat
through the walls of the greenhouse.

The next step was to study the heat transfer through the greenhouse envelope to the
environment. To do this, the greenhouse model was simulated to be heated up to 20
°C, after which the heating was turned off. The study was conducted in the range of
ambient temperatures from -15 °C to +30 °C. The study found that the average value
of the heat flux density when the greenhouse was cooled was 138 W/m?2.

The fifth stage of the study was the distribution of water vapor inside the closed
volume of the greenhouse. For this purpose, the temperature of the incoming air and
its humidity during the day were set according to the weather forecast. The study
concluded that the maximum concentration of water vapor is achieved at an ambient
temperature of 20.7 °C. For uniform humidification, the next stage of the study was to
model a spray system through a nozzle.

Section 5 presents the general algorithm of the heater control program, which
includes switching on the system, updating the values of control variables, polling
sensors and updating the system state, adjusting the constants and general control of
actuators. An operating mode and a nozzle control program were developed. To
determine the nozzle on/off modes, we calculated the added humidity consumption.
According to the results of the calculation, it was proposed to use three nozzles with a
capacity of 2 1/h to compensate for the loss of moisture in the greenhouse volume. The
determined period of injector switching on is regulated by the accumulated water vapor
deficit. The average value of water vapor consumption to compensate for air humidity
is 2.62 1/h. The nozzle control algorithm provides for turning on the fogging system,
updating the current values of variables, polling sensors, and updating a set of control

commands. A comparative calculation of the efficiency of the mechatronic system with
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anticipatory control was performed. The basic variant with discrete control of heaters
and the system with proactive control were chosen for comparison. It was determined
that the daily total energy consumption for the baseline variant is 86.68 kW, and the
daily total energy consumption for the anticipatory variant is 71.3 kW. Consequently,
for the above example of predicting daily changes in ambient temperature, the energy
consumption of the heating system is saved by 18%.

Keywords: pneumatic-hydraulic mechatronic system; air and liquid medium; flow
and pressure; transient process; structure; drive; devices and equipment; mathematical
model; numerical calculation applications; control algorithms and modes; adaptation;

efficiency diagrams.
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INEPEJIIK YMOBHHUX ITIO3HAYEHD

A - KoeIIlEHT TEPTS;
L — moBuHA TIOBITPOIIPOBOTY, M;
d — n1aMeTp MOBITPONPOBOY, M;
V — IIBUJKICTH TOTOKY TOBITPS, M/C;
p — I'YCTHHA TIOBITPs, KI/M>
C — TETUIOEMHICTH TOBITPS, KJK/Kr*°C;
thp, ty — TEMIIEpATYpa MOBITPS HA BXOJI
Ta BUXO/I1 3 Kajnopudepa, °C;
G- MacoBa BuTpaTa noBiTps, KI/C;
H- BucoTa po3nuieHHs,M;
T, — T,,— nepenan Temmneparypu
noBiTps, °C;
Qmaxs — MaKCHMaJbHA BUTpATA HA

HaripHii minii, M>/rox;

Q- IPOAYKTUBHICTb (POPCYHOK, JI/TON;
T1- remnepatypa BogsHo1 napu, °C;
Atl —gac po6otH pOpCyHOK, roj;

30 — KpaTHICTh MOBITPOOOMIHY;

V — 00’eM moBiTps1, M>;

S — II0MIa MONEPEYHOTO IEPEpPizy, M%;
T2- TemnepaTypa IpUILIABHOTO
noBitps, °C;
¢ — BOJIOTICTh MPUILJTUBHOTO NOBITPSI, %0;
At2 - yac poOOTH BEHTHJIATOPA, TOI;

(T — 337jaHe TTOYAaTKOBE 3HAUCHHS
BOJIOrOCTI, %;

Quazx— TEMIOBI HAIXOUKEHHS BiJI

cucTemMu o0IirpiBy, kBT;

V,, — cepemHs MBUAKICTD MOTOKY PiTUHUA Nipf - KUIBKICTh 3MiH 1H(UIBTPOBAHOTO

Ha HaImpHi# JiHii, M/C;

Grenn — BUTPATH TEIUIOHOCIA, KBT;

Thouwr Tkiy — TEMIIEpATypa TEIJIOHOCIS Ha
BXOJ1 1 BUXO/1 TEILI00OOMIHHHKA, °C;

Creny — MUTOMA TEMJIOEMHICTb,

JIx/kr-K;

heam — KOEDIIiEHT Teronepeaadl Mix

MNOKPUTTSAM  TEIUIMLI Ta BHYTPIIIHIM

MOBITPSIM TETUTHII;

T, — Temneparypa noBiTps BcepeauH1

e, °C;

T, — TeMmniepaTypa noBepxHi IpyHry, °C;

Cp - TeroeMHicThb Kparii (Jx/kr*K);

MOBITPS 32 TOJIUHY;

F — mnoma oropoxi, M;

k — koedirieHT Temtonepenayi
nonikapoonary, JIx/m%;

Qpix— BTPATH TEIUIOTH Ha OOIrpiB
CBIJKOT'O MOBITpS, KBT;

hs o — KOe]ilieHT Teronepeaadi Mix
I'PYHTOM Ta BHYTPILIHIM MOBITPSIM
TEIUINILI,

T,— TeMnepaTtypa MoBITPs 30BHILIHSA,
oC:

Qgrparu— BTPATH TEIUIOTH, KBT;

C, - monpaBOYHUM KOEQILIEHT;
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Ul - cepeHs MBUIKICTh PYXY MOBITPS
BCEpEINHI TETUIHIIL, M/C;

e-sky - KOE(DILIEHT OTTISAY MIXK
MOKPHUTTSIM 1 30BHIIIHIM CEPEIOBHUIIIEM;
r — Tepmiunui omip, M>K/BT;

Gepi- BUTpATa CBDKOTO TMOBITPS JUIS
BEHTHJIAIT TeruInii (Kr/c);

T, - Temnepatypa kpamii, °C;

As - KoedIIEHT TEMIOMPOBITHOCTI
IpyHry, M2*K/BT;

Q... — KOHBEKTHBHHUI TEIIJIOBUH MOTIK
BiJl TOKPUTTS 10 BHYTPIIIIHHOTO
noBiTps, BT;

S, - YMCTHH TOTIK COHAYHOI pajialiii Ha
MOBEPXHI IPYHTY, BT;

gn - YUCTUH MOTIK TEMIOBOTO
BUIIPOMIHIOBaHHS HAa TIOBEPXHI IPYHTY;
X(t) — abcoJir0THA BOJIOTICTh MOBITPS B
aTMocQepi TeTUTUIll, KTBOIW/KITIOBITPS;
Sa - COHSIUHE BUIPOMIHIOBaHHS,
MOTJIMHEHE TTOKPHUTTSIM, BT;

N - MoJIsipHUii TOTiK napy, MOIbM 2 ¢l
k. - koedimienT Mmaconepenadi, m ¢! ;
Cis - KOHIIEHTpAIIisl TApU HA TTIOBEPXHI
Kparuti, MOJIbM>;

Ci - KOHIEHTpAIlisl TapH B MOBITPI,
MOJIb M™>;

S. - COHsUHE BUIPOMiHIOBaHHs, Bat/m?%;
CLop - MUTOMA TEIJIOEMHICTD TTOBITPS,

JIx/xr-Tpan;

hins — KOedirieHT TErIoNEpeaayl,
Br/M?K;

A — 10112 TOBEPXHI TEIUTMYHOTO
TIOKPUTTS, M%;

€. - IOBEPXHEBE BUIIPOMIHIOBAHHSI,;
Fe.sky — KOEQILIEHT Oy MIXK
MOKPUTTSM Ta HEOOM;

o - noctiiina Credana-bonbnmana;
h; — koedirieHT pasaiamiifHOl
temtonepenayi, Mm2*K/B;

Qv-c - YUCTUH OOMIH TEIIJIOBUM
BUIIPOMIHIOBaHHSIM MIXK BOJSTHOIO
IIapolo0 Ta MOKPHUTTSM, BT;

Too - Temnepatypa IpyHTY Ha TIEBHIN
rimmbuni H (m), °C;

T, — TemriepaTypa BHyTPIIITHHOTO
MoBITpA Teruili, °C;

D - ctpyMOonpoBiIHUI MOTIK B INTHOUHY
TPYHTY;

h - koedilieHT KOHBEKTUBHOTO
Ternooominy (Br/mM*/K);

T, - Temneparypa cyuuisHoi (asu, °C;
h¢, - npuxoBana Temiora, Ik kr';
dmp=dt - mBUAKICTh BUIAPOBYBAHHH,
Kr/(c-m2);

€p - BUIIPOMIHIOBAJIbHA 3/1aTHICTh
4acTHUHOK (0e3po3MipHa);

Pop - pobounii Tuck, Ila;

T, — TeMneparypa noBITpsI BCEpEAUHI

e, °C;
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Too - micuieBa TeMiieparypa nositps, °C;
T, — TemnepaTypa HOBITpsl 30BHIIIHS,
OC;
P8X — rpaBiTallifHUHN YJICH,
W— TWHAMIYHA B’ SI3KICTh CEPEIOBUIIA,
IIa-c;

dT

dT dT
Wy x —+ Wy * —+ Wy x — -
X dx+ Y dy+ Z" 4z

KOHBEKTHBHUM YJICH;

P — tuck, Ila;

AHplant - 3M1Ha BOJIOTH 32 PaXyHOK
TpaHcHipallii pociuH, Kr/m3;

€a - TUCK mapu, [1a;

RHoutside — BIIHOCHA BOJIOTICTD
MPUILIMBHOTO MOBITPS, %0;
AHoyiside - a0COTIOTHA BOJIOTICTH

MPUIUTUBHOTO TTOBITPS;

AHjpgige - a0COMIOTHA BOJIOTICTH
MPUIUTMBHOTO MOBITPS B TETUIHIIL,
KI'BOJIU/KTIOBITPS;

ew - TUCK Hacu4eHoi napu, [la;

RHoutside — BITHOCHA BOJIOTICTh TTOBITPS B
teruil, %;

Toutside — TEMIIEpATypa 30BHINIHHOTO
noBitps, °C;

Tinside — TEMIIEpATYypa MOBITPS B TEIUIUIIL,
OC;

my— Maca Kparuii, Kr;

D(©) — koedirient qudys3ii napu

MOBITPA,

0. — KYT pO3IMIECHHS, %;

g— IPUCKOPEHHS BUIBHOTO Ta/I1HHSA,
M/c?;

I'k - paJlyc Kparuii, M;

Wy Wy W;— BexkTopHe noie

IIBUJIKOCTEH;

d;:gx + + d:;\gx + d;‘z/\zlx —ITMCUIIATUBHUN
YJICH,;

t —4ac, ronm;

AH,i; - 3M1Ha TapH, CIpUYMHEHA
BEHTUJIALIEIO, KI/M3;
RH - BigHOCHA BOJIOTICTB, %0
py - Maca napy Ha KyOl4YHUI MeTp
noBitps (kr/m>);
Xpurp— a0COJIIOTHA BOJIOTICTH MOBITPS
(KrBOM/KTTIOBITPS );
Q5.2 - KOHBEKTUBHHI TETIOBHH TTOTIK
BiJl TOBEPXHI IPYHTY JO0 BHYTPIIIIHHOTO
noBitps, BT;

Gpirg— BUTpATa CBIKOTO MOBITPS, KI/C;
X cine— a0COJTFOTHA BOJIOTICTH CBIKOTO
MOBITPSI, KI'BOJIU/KITIOBITPSI;
At - TpUBaANICTh MOTOYHOT'O BMUKAHHS
($hOpCYHOK, XB;

X(t) — abcoJiroTHA BOJIOTICTh MOBITPS B
aTMocdepi Teruuill (KrBOIW/KITIOBITPS);
Py, P — mapmiansuuii Tick napw, [la;

dp

X

- 3MiHA TUCKY B ITOTOII];
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m,,, — MOJIEKYJIIpHA Bara BOJI1 Yy
ra3onoJioOHOMy CTaHi, KT;

F. — IoBepXHS 3aCKJICHOT TEIUINLI, M;
K4 - dyHKIiS 10O0OBUX BUTpAT
BOJIOTOCTI BIATIOBITHO PE3YJIbTaTIB
MOJICTIOBAHHS

Gpap— BUTpATa Mapa, Kr/c;

ty — t, — Temneparypa BOAM Ta MOBITPSA
terill, °C;

F, — noBepxHs TemiooOMiny, M>;

k4, k, — koedimienTu Teronepeaayi
gyepes3 CTIHKY Ta MaTepiaily MOBEpPXHI
TETJINIIL;

Gpyrp— BUTPATA MOBITPS, KI/C.
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BCTYII

AKTyaJIbHICTh TEMH

["apanToBaHe 301IbIIICHHS BHPOOHHUIITBA CUIBCHKOTOCIIONAPCHKUX TMPOIYKTIB,
30KpeMa OBOUIB, (PPYKTIB Ta 3ejeH1, 0e31mocepeIHBO MOBI3aHO 3 301IBIIEHHSIM TLIOI]
Ta TPOJOBKCHHSIM TEPMiHY BUKOPUCTAHHS TETUIMYHUX TOCmoaapcTB. JlogaTKoOBUM
YUHHUKOM PO3IIMPEHHS TEIIMYHUX TOCMOAAPCTB € MMiJIBUILICHHS 11H Bl IMIOPTHUX
BHUPOOHUKIB, sIK1 HAWYACTIIlIe BUTPAIOTH 1 3a IIHOIO, 1 32 AKICTI0. OCHOBHOIO MEPEBATrOI0
TEIJIMYHUX 00’€KTIB € BUPOILYBAaHHA MPOAYKTIB Maike LN PIK HE3aJEKHO BIA
30BHIIIHIX KJIIMAaTHYHUX YMOB. BaxIHMBIIIOI0 XapaKTePUCTUKOIO TEIUIMYHUX 00’ €KTIB
€ SIKICHAa CUCTEMa MIKPOKJIIMATY, SIKa BIJMIOB1/Ia€ KOMIUIEKCY BUMOT. J[pyrum 3a Baroo
MOKa3HUKOM €(EKTHUBHOCTI TEIUTUIIl € aJanTailisi MIKpOKJIiMaTy /10 3MiH IMapaMeTpiB
HABKOJIMIITHBOTO Cepe/loBuUIla. BpaxoByrouu, 110 111 3MIHU [TapaMeTpiB MaIOTh PIUHUAN
Ta JOOOBHI IHWKJI 1 MOCTIHHO BIUIMBAIOTh HA TCINIHUIIO, € MOXKJIUBICTD, NIISIXOM
ajanTarlii, MJABUIIUTH NMPOAYKTUBHICTh, €)EKTUBHICTh Ta SKICTh MPOIYKIIII.

Sk 3acBigunia MpakTUKa, BAKOPUCTAHHS aAaNTHBHUX IIEHTPATI30BaHUX CHCTEM
MIKPOKJIIMATY [JIsl TEIUIMYHUX TOCMOAAPCTB BEIMKHUX 00’€MIB HE BHUIIpaBlaHe, 00
Yyepe3 3HAUHY IJIO0MLY 1 00’ €M MIATPUMAHHSI CTAJIOT0 PEKUMY MIKPOKIIIMATY B CEPEIHHI
BCHOIO 00’€My € 30MTKOBO BapTICHUM. TakoX y TEIUIMISX BEIUKHX OO0 €MIB
MJIBUIIIEH] BUMOTH JI0 3HE3apaKEHHSI POCIUH 1 IPYHTIB, 110 CTaBUTh OOMEKEHHS Ha
poOOTYy aBTOMATH30BaHUX MijicucTeM. J[OCBI BUKOPUCTAHHS aIalITUBHUX CHUCTEM Ha
OCHOB1 HEHPOHHMX Mepek 0a3yeTbcs Ha CTATUCTUYHUX BIIOMOCTSIX 1 YCEpPEIHEHHMX
MMOKa3HUKaX, 110 HE JT03BOJISIE BPAaXOBYBATH TEIIOOMACOOOMIHHI MTPOIIECH B CEPEIUHI
TETUIUI] TIPU PO3pOOIl aIrOpUTMY KepyBaHHA. Lle 00yMOBIEHO: BENIHMKOIO IJIOIMICIO
TETUTUII; BIICYTHICTIO CTa01/1I30BaHUX MTApaMETPiB TEMIIEPATYPH Ta BOJIOTOCTI OBITPS
y BChOMY 00’ €Mi; HEBU3HAYCHUM aJITOPUTMOM KEPYBaHHS, 1[0 00YMOBJICHUH 3MiHAMH
mapaMeTpiB 30BHIIIHBOTO CEpE/IOBUINA ©O€3 BpaxyBaHHS TEIIOMAaCOOOMIHHUX
MIPOIIECIB B CEpEMHI TETUINIIl; 3HAYHOI BAPTICTIO TEIIMYHOTO 00’ €KTY. 3HATTS ITUX
oOMexxeHb a00 3MEHIIEHHS iX BIUIMBY IS TEIUIUIh CEPEAHBOr0 00’ €MY J03BOJIUTH

3a0e3MeYnTH Hi,Z[BI/IHleHHH HpOIIYKTI/IBHOCTi TCIINIIMYHOT'O TOCIIoAapCTBA.
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BuxopucrtanHs aganTHBHUX CHUCTEM Ha OCHOBI MEXaTPOHHOI CHCTEMH 3 ITHEBMO-
TiApaBIiYHUMA BUKOHABYUMU IMPUCTPOSIMH JO3BOJIUTH 3MEHIITUTH BapTICTh TETUIUII TA
Ma€ 3HayHI MOTEHLIWHI MOXIIMBOCTI Ui PO3IMIMPEHHS TEPMiHY eKCIUTyartalii Ta
1JBHUIIECHHS SKOCTI CUCTEMU MIKPOKJIIMATY.

AKTyanbHOIO 3a/a4yeio € po3poOJICHHS aJalTUBHOI MEXaTPOHHOI CHUCTEMH
MIKPOKJIIMATy TEIUIWII, SKa CIPOMOKHA CTallIi3yBaTH Ta MIATPUMYBATH CTAJIMM
MIKPOKJIIMAT MpH 3MiHAX IapaMeTPiB 30BHINIHBOIO CEPEJOBHINA B BH3HAYCHOMY
miama3oHi.

3B'130K p000TH 3 HAYKOBMMH NPOrpPaMaMu, INIAHAMH, TEMAMH
PoboTy BUKOHAHO B paMKax CKJIaJ0BOi 4acTUHU «PecypcoedekTuBHE Ta YHCTE
BupoOHunreo (PEUB)» mporpamu  "€spomelicbkuit  Coro3  jmns  AOBKiLIA"
(EU4Environment) ans kpain CxXiIHOTO MapTHEPCTBA.

Merta i 3aga4i J0CJTiIKEHHS

MeTo JOCHIDKEHHS € MIiABUINEHHS eHeproeeKTUBHOCTI TEIUIUI IUITXOM
CTBOPCHHSI aBTOMAaTH30BAaHOI MEXAaTPOHHOI CHUCTEMH 3 yIEPEHKYIOUNM aJTOpPUTMOM
6araro(hakTOpHOTO aAANTUBHOTO KEPYyBaHHSA Ha OCHOBI MOJIEJ1 TEII0-MacOOOMIHHUX
MPOLIECIB.

3agaui:
1.IlpoananizyBatu BiJIOMI TEXHIYHI DPIIIEHHS MO0 CKJIanay, (DYHKI[IOHYBaHHS Ta
0COOJIMBOCTEM CHUCTEM MIKPOKJIIMATY TEIJIMYHUX 00’ €KTIB.
2. Teopetnuno oOrpyHTyBaTH (QYHKIi Ta OCOOJUBOCTI MPOTIKAHHS TEILIO-
MacoOOMIHHMX NpPOLECIB B TEIUIMII Ta iX 3B’A3KM 3 NapamMeTpaMH OTOYYHYOro
CepeI0oBHILIA.
3. Po3poOutu 3aranbpHy CTPYKTYpY 00’ €KTY JOCITIIKEHHS.
4. Po3poOuTH MaTeMaTUyHy Ta KOMIT IOTEPHY MOJENIb POOOYMX MPOLECIB B TEIUIMII],
NpUAATHY JUIsli MOJIETIOBaHHS Tipoliecy (YHKIIIOHYBAaHHS TETUIMIN BIPOJOBXK
TPHUBAJIOTO Yacy.
5. IlpoBecTr MOJIETBHI TOCHIKEHHS PO3MOBCIOPKEHHSI MACOBUX MOTOKIB, BOJIOTOCTI
1 TETUTOBUX MOTOKIB Ta CTa01Ti3aIlii MapaMeTpiB Mo 00’ €My 3 MOXKIIUBICTIO BUBHAYEHHS
byHKIIT 1eiUTy MOTYKHOCTI TEIIOBOrO MOTOKY BIIPOJIOBXK J100M 3 BpaXyBaHHSIM

BILJTMBY 30BHIIIHBOTO CEPEIOBUIIIA.
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6. Po3poOuTH 3arajibHy CTPYKTYpY TiIpO-ITHEBMATUYHOI CUCTEMH MIKPOKJIIMATy Ta ii
palfioHajgbHe pO3TalllyBaHHS B TETUTUIIL.

7. IligiOpaT BUKOHABY1 IPUCTPOi, 3aCO0U KOHTPOJIIO 1 KEPyBaHHSI.

8. Po3pobutu cucteMy KepyBaHHsS, aJIrOpUTM Ta Mporpamy JUisi KepyBaHHS
BUKOHABYMMH TPUCTPOSIMHU.

9. BukoHaTtH MOPIBHAIBHY OIIHKY €HeproeeKTUBHOCTI PO3pPOOJICHOI MEXaTpOHHOT
CHUCTEMH MIKpOKJIIMATY.

O0'exkTOM J0CTiIKEHHSI €: aBTOMAaTH30BaHAa MEXaTPOHHA CHUCTEMa MIKPOKJIIMaTy
TEIUIULIL.

IIpeaMeTromM mocCaigAkeHb €: MPOLIEC CTBOPEHHS 1 MIATPUMKHU 3aJaHUX MOKa3HUKIB
MOBITPOOOMIHY, TEMIIEPATyPH, BOJIOTOCTI 3 OOMEKEHHSIMH I10 IIBUIKOCTI TOBITPSIHUX
MOTOKIB, PETYJIIOBAHHIO TETUIOOOMIHY 3 OTOUYIOYUM CEPEIOBUIIEM, MEKOBUX 3HAUCHB
TEMIIEpaTypH 1 BOJIOTOCTI.

MeToan aocCJaiIKeHH A

BpaxoBytoun ckiagHy B3a€EMOJII0 MDK IapaMeTpaMu TeMIepaTypu Ta
BOJIOTOCTI TMOBITPSA B CEpPEAUHl TEIUIMI, KOMIUIEKCHUM BIUIMBOM IIapaMeTpiB
30BHIIIHBOTO CEPEJOBHINA, I1HXEHEPHUX CHUCTEM Ta YMOB eKCIUTyaTarii Jis
JTOCIPKEHHST TEMJIOMacOOOMIHHUX TMPOLECIB BUKOPUCTAHO METOJI MAaTeMaTUYHOTO
MozeNoBaHHA. KOpPEKTHICTh 1 TOYHICTh pPO3pOOJEHOT MATeMAaTHYHOI MOJENI
BU3HAYAJIMCh METOJIOM MOPIBHSAHHS TECTOBUX PE3yJIbTAaTIB MOJEIIIOBAHHS 3 BIJOMUMHU
€KCIIEpUMEHTATbHUMU JaHUMH. OniHka e(EeKTUBHOCTI PO3pOOJIEHOI MEXaTpOHHOI
CUCTEMH BHUKOHYBaJlaCh Ha OCHOBI PpE3yJIbTAaTIB MOJIETbHUX EKCIIEPUMEHTIB
BIJIMTOBITHO JI0 TIPOTHO3Y MOTO/TH.

Jlnst mpoBeAeHHST MOJIETIOBaHHS pOOOYMX TMPOIECIB B TEIUIMI, OOpoOKU
OTPUMAaHUX PE3yJbTaTiB, MOOYJOBU giarpam, rpadikiB Ta po3paxyHKY MapaMeTpiB
OyJno BukopuctaHo BianosinHi nporpamu: Ansys Fluent 2021, SOLIDWORKS Flow
Simulation 2022, Microsoft Excel 2019, FluidSIM, CoDeSys.

HaykoBa HOBHM3HA Oiep:KaHMX Pe3yJIbTATIB

VY nucepraiiii Boiepie oiepaHi Taki HOBI HAYKOBI pe3yJIbTaTH:

1. Bnepie HayKoBO OOIPYHTOBAHO 1 PO3POOJIEHO CTPYKTYpPY MEXAaTPOHHOI
CUCTEMH KEPYBaHHS MIKPOKJIIMATOM TEIUIHII CEPEIHBOT0 00’ €My B K1 BUKOPUCTAHO
yhepemKyoue KepyBaHHS 3MIHAMHU TeMIIepaTypyd 1 BOJOTOCTI, 3 BUKOPHUCTaHHS
aKyMYJIIOIOYO1 CIPOMOKHOCTI TEIUIMI[l, Ha OCHOBI TPOTHO30BAHOIO Je(ILUTY
MOTY>KHOCTI TETIOBOTO MOTOKY 1 TPOTHO30BAHOTO E€(PIIIUTY BOJIOTOCTI MOBITPSI, 110
BpPaxOBYIOTb IPOTHO3 3MIH [TapaMETPIB 30BHIUIHBOIO CEPETOBUILA.

2. Bnepiie po3po0aeHo MEeTOMKY 1 11 peanizaiito 3aco0aMu KOMIT FOTEPHOTO
MOJIETIIOBAaHHS, SIKA JI03BOJISIE BU3HAYATH JOOOBY (DYHKIIIF0 IPOrHO30BAHOTO AE(IIIUTY
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MOTY»HOCTI1 TEIJIOBOTO MOTOKY BOPOAOBXK J0OU 3 BpaXyBaHHSIM 30BHIITHBOTO BIUIMBY
TEMIEPaTypH MOBITPS, EHEPrii BUIPOMIHIOBAHHS Ta TEIJIOMaCOOOMIHHOTO MIPOIIECY B
CUCTEMI MTPOBITPIOBAaHHS B J1ana3oHi Temmneparyp Big -15 °C mo +30 °C.

3. Brepiiie po3po06sieHO METOAMKY 1 ii peasizalliio 3acodamMu KOMIT IOTEPHOTO
MOJIETIIOBAaHHS, SIKA JI03BOJISIE BU3HAYATH JOOOBY (DYHKI[IFO IPOTHO30BAHOTO AE(IIIUTY
BOJIOTOCTI B TEIUIMIll BIIPOJOBXK JIOOM HA OCHOBI 3MiH TeMIIEpaTypy OTOYYHOYOTO
CepeI0BHINA T IOIaHOT Y BUITYUYCHOI KIJTbKOCTI MTapy Yepe3 CUCTEMH IPOBITPIOBAHHS
Ta 3BOJIOKEHHS 3a BIJIOMUM pEIVIAMEHTOBAHMM 3HayeHHsSM a0o TpadikoM 3MiH
BOJIOTOCTI B TEIUJIUIII.

4. Brepiie moBefeHO, IO YIIEPEIKYI0Ue KEPYBaHHS B MEXAaTPOHHIM CHCTEMI
MIKPOKJIIMATy TeIUIMIl CEPEeAHBOTO 00’eMy, sIK€ Y3ToJkye (YHKIIIOHYBaHHS
M1JCUCTEM MTPOBITPIOBAHHS, PEUUPKYJIALI1, 3BOJ0KEHHS, ITOJMBY 1 00ITPIBY JJIsl YMOB
cepeaHbol mojocu YKpainu Moxke 3a0e3neuyBatu 10 20% 3aollaPKeHHsI eHeprii 3a
PIK Ta 3HI>KEHHS] BCTAHOBJICHOI MOTY>KHOCT1 B cucTeM1 o0irpiBy Ha 12 ... 26%.

5. BcTraHOBNEHO, HUISIXOM MOJEIIOBAHHS, IO TEPMIH CTaOLII3aLil OIS
IIIBUJIKOCTEH B TEIUIUIII CEPEIHBOT0 00’ €My Ma€ HENIHINHY 3aJIeKHICTh BiJI IIIBUIKOCTI
BXIJIHOTO TIOTOKY 1 B jJiana3oHi mBuakocted Big 0,2 mo 1,06 mM/c ctanoButs Big 30
CEeKyHJ 10 6 XBUJIMH.

HpaKanHe SHAYCHHHA OACPKAHUX pe3yJIbTaTiB

1. 3amponoHOBaHa MeXaTpOHHAa CHUCTEMa KEpyBaHHS TEIUIOBUM 1
MOBITPSIHUM TIOTOKOM Ta TOTOKOM BOJIOTOCTI JIO3BOJISIE PO3IIMPUTH Jlana3oH
JOMYCTUMHUX 3MIH MapaMeTpiB 30BHINTHBOTO CEPEJIOBHINA TEIUIUIN (DYHKIIIOHYBaHHS
CUCTEMHU MIKPOKJIIMATy MpH 30€pe’KEHHI €HEeProBUTPAT 3a PaXyHOK HAKOMHYEHHS
OyhepHoro 3amacy TemIoBOi eHEeprii UM HaJIMILIKOBOTO 3BOJIOKEHHS MOBITPS B MeXkKax
JIOTMYCTUMUX BIJIXWJICHb BIJMOBITHO JI0 MPOTHO3Y 3MIH IMapamMeTpiB 30BHIIIHBOTO
cepelloBuIla, Ha MPUKIaAl MPOrHo3y no6oBux 3miH Temmeparypu (7 ... 23 Co)
JianazoH MoXke OyTH po3mupeHuM 0 (4 ... 25 Co) nuisixoM KOperyBaHHS alTOPUTMY
KEepyBaHHs 3aMiCTh BCTAHOBJICHHSI I0IATKOBUX MOTY>KHOCTEH.

2. Po3poOneHuil ynepemKyroduil aaropuT™M KEepyBaHHS MEXaTPOHHOIO
CHUCTEMOIO MIKpPOKJIIMATy JI03BOJIIE BHKOPUCTOBYBATHM JIBa HarpiBadi cTayoi
MOTY>)KHOCTI 1 JHWCKpETHE KEpyBaHHS TEIJIOBUMH TIOTOKAMH 3 aJalTaIli€lo 0
YCEPEeMHEHOI MOTY)XHOCTI IUISXOM 3MIHU CITIBBIHOIICHh Yacy pO3ITpiBy 1 Yacy
IIPOCTOIO HArpiBaviB, 110 3a0€3MEeUNII0 3HIKEHHSI BCTAHOBJICHOT OTY>KHOCTI Ha 12%,
a caMe JIBOX 00irpiBayiB NOTYKHICTIO 3 1 1 kBT 3aMicTh TppOX HarpiBayiB MOTY>KHICTIO
3, ,5 1 1,0 xBt, 13 amanTuBHEM TpadikoM IiX BHUIEPEHKYIOUOTO IiIKITIOUEHHS
BIIPOJIOBXK J10OM, 1110 JTO3BOJIsIE OOIrpiBaTH TEIUIUIIO MO JABO30HAIBHOMY Tapudy 3a
€JICKTPOCHEPTIIO 1 € EKOHOMIYHO BUT1THUM 1]l 4ac €KCILUTyaTalil TeIIUYHOTO 00’ €KTY
B XOJIOJIHUI MEP10/ POKY.

3. OtTpumani 3a pe3yjibTaTaMHd MOJICTIOBAHHS  TEIJIOMACOOOMIHHUX
mporeciB 3 3-D momeni Temuil CepemHbOro 00’€My 3aJIeKHOCTI JT03BOJISIOTH
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BU3HAYaTH Yac cTabuIi3alii JOKAIbHUX 1 yCEPEAHEHUX 3HAYEHb TMOJIS IMBUIKOCTEH B
TEIUIML CEPEeTHHOr0 00’€My B 3aJI€KHOCTI Bl BUTPATH Ta WIBUAKOCTI JOJAHOTO
MOBITPSHOTO TIOTOKY, SKI CKJIAMAIOTh JJIs MIBUAKOCTI 10 60 CeKYH] JUIS JIOKAJIBHHX
3MiH 1 10 15 CeKyHJI I yCepeIHEeHNUX 3HAYCHb JIJIS JTialma30Hy J0aHOTO MOBITPSHOTO
nmoToky Bix 0,2 mo 1,5 m/c ta Butpatu Bix 1.5 1o 3,7 M3/xB.

4. Po3poOiieHa METOAMKA PO3PaXyHKY PETYIsATOpa BHTPATH 3aCIIOHOYHOTO
THUITY J03BOJISIE€ BU3HAYATH JTOCTATHE 3YCHJUISI THEBMATUYHOTO MPUBOY 1 MiIOUpaTH
BUKOHABYI 1 KEpylodi NPHCTPOi 3 BpaxyBaHHSAM XapaKTEPUCTHUK MEpPExKi
BO3TyXOIPOBOJY 1 XapaKTEPUCTHK JpKepesia MOBITPSHOTO MOTOKY Ta 3 BpaxyBaHHSIM
KpaTHOCTI IOBITPOOOMIHY.

Oco0ucTuii BHECOK 3100yBaya
HucepraiiitHa po6oTa BHKOHYBaJach IIiJi HAYKOBHM KEPIBHUIITBOM JOKTOpa
TeXHIYHUX Hayk, npodecopa ['ybapea O.Il., oCHOBHI TEOpeTHYHI Ta MOJEINbHI
eKCIIEPUMEHTAJIbHI pe3yJibTaTu OyJiM OTpUMaHl aBTOpoM camocTiiHo. Cepea HHUX
aHaji3 BIJIOMHX TEXHIYHUX pIIMIEHh CHUCTEM aJanTarii MIKpOKJIiMaTy, po3poOka
MaTeMaTUYHOI MOJIENI 3 MapaMeTpIB MIKPOKJIIMATy, BaliAalis MaTEMaTUYHOI MOJIE,
MOJIEIbH1 JIOCJT1IPKCHHS TEIJI0-MaCOOOMIHHUX MIPOIIECIB, 00poOKa
EKCIIEPUMEHTAIILHUX JaHUX Ta PO3pOOJICHHS aJIrOpPUTMY KEPYBAaHHS BUKOHABUMMHU
MPUCTPOSIMU OOIrpiBY Ta 3BOJIOKEHHsS. [Ipy mocTaHOBII 3amayl JOCHIIKEHHS Ta
dbopMyTIOBaHHI HAYKOBUX 1/1€M, aHaJ131 Ta OOIPYHTYBaHHI OTPUMAHUX pe3yJIbTaTIB, a
TakoX Mpu (OpPMyBaHHI CTPYKTYpPH AUCEPTAIIHHOI pOOOTH OYyJIM OTpUMaH1 KIHOYOBI1
KEpIBHI peKOMEH/1allii BiJ HAYKOBOT'O KE€PIBHUKA.

Amnpo0auis pe3yJbTaTiB AucepTalil

OcCHOBHI pe3yibTaTd JUCEpTaIlii JOMOBIJATUCA Ta OOTOBOPIOBAIMCS Ha
HAaCTYyMTHUX HayKOBO-TEXHIYHUX KOH(MEPEHIIISAX 1 cemMiHapax.
XXI MHTK «IIporpecuBHa TexHiKa, TEXHOJOTIA Ta 1H)XXEHEepHa OcBiTa» (M. Kwuis,
2020p.).
MixHapoHa HayKOBO-TEXHIYHA KOH(MEPEHIlE MOJOJUX BUYCHHX Ta CTY/CHTIB
«IHHOBa111 MOJI0/11 B MaIMHOOY tyBaHHDY (M. KuiB, 2021p., 2024p.).
XXVI MixHapo/Ha HayKOBO-TeXHIYHa KoHpepeHuis “TinpoaepomexaHika B

imkeHepHin npakruui” (M. Kuis, 2021p.).
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XXIIT Mixuapoana HaykoBo-TexHiuHa KoHpepeniis AC TII'TT «[TPOMUCIIOBA
I'TIPABJIIKA I THEBMATHUKA» (M. Kuis, 2022p.).

Mixnaponna naykoBo-TexHiuHa KoH(epenuis «I[IEPCIIEKTUBU PO3BUTKY
MAIIMHOBYAYBAHHSA TA TPAHCIIOPTY» (M. Kuis, 2023p.).

IV MixnapoaHa HaykoBa kKoH(pepeHuis «HaykoBi opieHTUpH: TeOpis Ta MpaKTHKa
nociipkeHby (M. Binawuig, 2024 p.).

[ToBHI pe3ynabTaty poOOTHU JAUCEpTaIlli JOMOBITATUCA Ta OOTOBOPIOBAIMCS HA
ceminapi kadeapu «I[Ipuknannoi rizpoacpomexaniku 1 MexanoTpoHiku» KIII im. Irops
Cikopcebkoro (M. Kuis, 2025 p.).

Hyoaikamii

3a Temor auceprarii omy6yikoBaHO 12 HayKOBUX Tpailb, 3 HUX 3 CTaTTl B
HayKOBUX (DaxoBUX BUAAHHIX YKpaiHu; 9 Te3 A0MoBiiel Ha HAYKOBUX KOH(GEPEHITIsX.

Crpykrypa Ta 00csr aucepramii

[{s nucepraiisi CkiIamaeTbcs 31 BCTYMY, S5 PO3AUIB, 3arajlbHUX BHUCHOBKIB,
CIIMUCKY BHUKOPUCTAHUX JITEPATYpHUX JKEpeN. 3arallbHUM 00csAr auceprarii
CTAHOBUTH 168 CTOPIHOK, B TOMY YHCJI1 OCHOBHOTO TeKCTy 121 cTopiHka, 71 pUCyHOK,
14 Tabnuik 1 CIMCOK BUKOpUCTAaHUX Jkepen 13 105 616morpadiuanx HaitMeHyBaHb Ha

13 cropiHkax.
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PO3/LI 1. AKTYAJILHICTD 3 BASHAYEHHAM HATIPSIMKY
JTOCJIKEHD

1.1. 3araabHi BiIOMOCTI NPo iHKeHEPHi CHCTEMH TEIUIMYHOIr0 00’ €KTa

Cucrema 3amroproBanHsi. Cucrtema 3amroptoBanHs (puc.l.l1) mo3Bomsie
3MEHIIUTH TIEPETPIB MOBITPS B CepeAWHI TEIUUI. TeruIl B AKUX € JaHa CHUCTeMa
HOiATPUMY€EThCA cTajla Ta KOMGOpTHA Ui POCIMH TEMIEpPaTypy, MHiABUIILYETHCS
BOJIOTICTh MOBITPS MO BCIH IUIOIIL, MPU IIbOMY 30€piraeThbcs Mpolec MpoBITPIOBAHHS.
Cucrema 3alITOPIOBaHHS BKJIIOYAE B ce0€: IITOPHUN €KpaH; CUCTEMY MEXAHI3MIB.
Cucrema OyBae JBOX THIIIB: TOPU30HTAIBHOIO Ta BEPTHKAIBHOIO. ['OpH30HTaNbHA
CHUCTEMa 3allTOPIOBAHHS IPOMHUCIIOBOI TEIUIMLI OyBa€e TPOCOBOIO 1 PEUKOBOIO
BUKOHaHHA. [lpm BHUKOpHUCTaHHI pEHKOBOIO BUKOHAHHS MOXIIMBI BapiaHTU
OJMHAapHOrO abo0  TOABIMHOTO  3alUTOPIOBAHHA. | OpPU3OHTAIbHY  CHUCTEMY
3aIITOPIOBAHHS 3 MOJIMEPHUM E€KPAaHOM MO’KHA BJAIITYBATH Yy BCIX BIJIUICHHSX
MIPOMHMCIIOBOT TEIUIMLI B KOKHOMY NpoiboTi. [Ipy oguHapHOMY 3aIlITOPIOBaHHI BOHA

PO3TaIIOBY€ETHCA MK BepxHiMU nosicamu depm [1,9,11].

1

Puc.1.1. Cucrema 3amroproBaHHs: 1 - IITOPHUM €KpaH; 2 — MEXaHi3M

3alITOPIOBAHHS
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Cucrtema 3aIlITOPIOBAHHS TMPAIlO€ HA BIAKPUTTA-3aKPUTTS AUCTAHIIMHO BIJ
KHOMOK a00 B aBTOMATUYHOMY PEXHMI BiJl CUCTEMH YTPABIIHHSI MIKpOKIIMaTOM
termid [1,9,11].

Cucrema omnaneHHs. 3a3BUuYail cHUCTEMa OINAJEHHS MPOMUCIOBOI TETUIUII
(puc.1.2) ckimamaeThes 3: KeEpelia TeIJIOBOro OCTavyaHHs Ta TeruioMepexi. Cucrema
OMaJICHHS TEIUIUIb 3a0e3neuye BIANOBIAHUN TEMIEPATyPHUN PEXUM Y 3aMKHEHOMY
00'eMi TEIUIMII BIAMOBIHO 10 BUMOT MIKPOKJIIMATy JUIsl IEBHOTO BHUJLYy MPOMYKIIII.

TeroBuM HOCIEM B CHCTEMI OMaJICHHS 3a3BUYail BHKOPUCTOBYIOThH BOJY.

Cucrema ’ \ =
Tpybonposogis p " v '

Puc.1.2. Cuctema onaneHHs: a - Jpkepenna TeII0OBOTO oCTavyaHHs;, 0 — cxeMa

TeIIoMepexi (cucreMa TpyOOIpOBO/IiB)
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VY mxepenax TEmIoBOro NocTadyaHHs (KOTeNbHI) BiI0yBa€ThCs HArpiB TEMIOBOTO
HOCis. Y KOHTypax o0irpiBy (cucremax TpyOOInpoBomy) TmepeadadeHi BY3JH
pPETyJIIOBaHHS TEMIIEpaTyp, SKi 3a0e3MeuyroTh HEOOXiTHE 3HAYCHHS TEeMIEpaTyp
TeIJIoOHOCI. B cucTemi onaneHHs BUKOPUCTOBYIOThCS cTalieBi Tpyou. [1,2,9].

Cucrema penupkyssii moBiTps. Cuctema penupkyssiii (puc.1.3) B Terumii
MpU3HAY€Ha Il MITYYHOTO MEpPEMINIyBaHHSA IOTOKIB MOBITPSHUX Mac 3 METOI0
JOCSITHEHHSI OLTBII PIBHOMIPHOTO PO3MOJLITY TeMIEpaTypHu Ta BOJOTOCTI MOBITPS MO
BCbOMY O0O0’€My TEIUIMIIl 3HWKCHHS TEperpiBy POCIWH, aKTHBi3allii O10JIOT1YHUX
MIPOIIECIB Y POCIMHAX, JIKBIIAIll1 30H 3 ITABUIIIEHOIO BOJIOTICTIO OCOOIMBO B IIEPIOIH,
KOJI TIPUPOJIHA BEHTHUIIAIS Yepe3 KBAaTUPKH € HEMOKIMBOIO UM Majoe(eKTHBHOIO
[1,9, 12]. Cucrema pemupKysIii CKIATAETbCI 3 OChOBHUX BEHTHIISITOPIB 1
€JIEKTPOTEXHIYHOTO 001anaHaHHs. PoOoTa cucTeMu 3/IACHIOETHCSI B aBTOMAaTUYHOMY

pexumi [9].

¥ |
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Puc.1.3. Cuctema penupkysiii: a — OCbOBUM BEHTHIATOP IS
PEIUPKYJIAIIT MOBITPS; O - CXeMa pyXy MOBITPSIHUX MTOTOKIB
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Cuctema Bojionioctayanss. [IpoMHUCIIOBI TEIUIHII KOMIICKTYIOTHCS CUCTEMaMH
BojornoctadanHs (puc.1.4). VY Temmmii mependavaeTbcs  OOMamHAHHS IS
BOJIOTIOCTaYaHHs Ta KaHaJi3allii, a caMe: CHCTeMa MOJMBAIHLHOTO BOJOMPOBOY,
CHCTeMa TOCIOAapPChKO-ITUTHOTO BOJIOMPOBOMY, CHUCTEMa KparejabHOro IOJIHMBY
pociuH (Y4 1HIIOTO), CHCTEMa PE3ePBHOTO TOJUBY 3 IIIAHTIB, CHCTEMa BHITAPHOTO
OXOJIO/DKEHHS, CHCTEMa BHYTPILITHIX BOJOCTOKIB, CHCTEMa TEXHOJIOTIYHOTO APEHAKY,

cucteMa BUpoOHMYOI kaHamizanii [1,3,8,9].

grall =g ﬁ i

Puc.1.4. 3aranpHa cxemMa CUCTEMHU BOJONOCTAYaHHSI

Cucrema BHITAPHOTO OXOJIOJPKEHHS 1 JIO3BOJIOKEHHS (TyMaHOYTBOPEHHS)
noBiTps. CucteMa BUIIAPHOTO OXOJOMKeHHA (puc.l.6) 1 A03BOJIOKEHHS MOBITPA
HEeOOXimHi Ul 3HIKEHHS TeMIepaTypu MoBiTpa B Temmuni Ha 5..7°C Huxue
TEMIIepaTypy 30BHINTHLOTO TMOBITPS 332 PaxXyHOK aJ[1a0aTUYHOTO MOTJIWHAHHS Terlia
Py BHUMNAPOBYBaHHI JAPIOHOAMCHEPCHOI BOJIOTH, SKa TOJAETHCA B TEIUIULIO.
VYcTaHOBKa CHCTEMH BHIIAPHOTO OXOJIOMKEHHS 1 JO3BOJIOKEHHS CKJIAJa€ThCS 3

€MHOCTI, HACOCIB, 3alipHOI apMaTypH, MEXaHIYHOTO (PiIbTpa.

29



Ensmposmarimiei onanas 244 AC Sowafiiid Tyl Rairiyiuna

Mungrpanssa Toys

L1
Ynp@mmicust enfans, 24 AC

KissTpaonnisg nomany
o
-

Byaon depraraui Biackonwh dantp 125 mispon j——
KoWTponrsg Tacky - amiline. ' *
Hocos, %
. *P
g =

¢ - 2 2 2 2

§)
Puc.1.6. Cuctema BUIIapHOTO OXOJIOKEHHS 1 TO3BOJIOKECHHS: a — 3arajJbHUM
BUTJIS; O — MPUHIIMIIOBA CXeMa

Cucrema TYMaHOYTBOPEHHS IOTpeOye mojadi BOAU 3 MOCTIMHUM TUCKOM Bif 3
1o 5 6ap. J[xepeno Boau Moxe OyTd BcepenanHi ado 30BHI TEIUTHII, Oe3mocepeaHbo
Bil CBEpPIJIOBUHU/BOAONPOBOAY. 3a  HEOOXIAHOCTI  MIABUIIEHHA  THCKY
PEKOMEHAYEThCS BCTAHOBUTH PE3EpBYap 3 BOJOIO 3 JOCTATHIM 3aI1acOM BOJIM Ta HACOC,
KU OyJie CTBOPIOBATH TUCK BiJ 3 O6ap (MakcUMalbHUI Hallip Hacoca Mae Oyt BiJ 35
metpiB) [1,8,9,13].

Cucrema BHYTpIIIHIX BOJOCTOKIB. CHcTeMa BHYTPILIHIX BOAOCTOKIB (puc.l.7)
NpU3HauYeHa JUIs BIABOAY 3 MOKPIBII IPOMHUCIOBOI TEIUIMI 3JUBOBUX 1 TajHX
Boj. (CxemMa cHCTEMU BHYTPIIIHIX BOJIOCTOKIB BHUKOHYETHCS BIATOBIIHO IO
MPOITYCKHOT 3/[aTHOCTI CTOSIKIB 1 MA3€MHUX TPyOOIpoBOAiB. BifBi CTOKIB 3 MOKPIBIIi
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BHKOHYETBHCA 3a JOIIOMOTOXO HpHﬁMaHBHHX BOPOHOK. VYV Temmusax Ae BUCOTa KOJIOH

4,51 5,0 M BogoBiABEIEHHS 3A1MCHIOETHCS 110 KoJjoHax [4,9,14].

TennuyHwia xonob 4NA JpeHamHol
CHCTEMK EHFBTOHDDTOHQHHH TENNMLbL

Puc.1.7. Cuctema BHYTpIIIHIX BOJIOCTOKIB

CucreMn  €JIEKTPOOCBITJICHHS.  YIpaBIiHHSA  JOCBITJICHHSM  TEIUIUIN
3MIMCHIOETHCS B ABTOMATHIHOMY PEKUMI IIEHTPATBHUM KIIIMATHYHUM KOMIT FOTEPOM -
y BIANOBIIHOCTI 3 3aJaHUMHU IapaMeTpamMH, 3 ypaxXyBaHHSM pIBHS 30BHINIHBOL

COHSIYHOI pajiarlii 1 yacy a00wu.

KabBenbHi AGTiK

Puc.1.8. Cucremu OCBITIIEHHSA
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Po3ramyBaHHS CBITWJIBHUKIB MO IUIOII MPOMMCIIOBOI TETUIMII 3aJIeKUTh Bif
KOHCTPYKTHUBHUX MapaMeTpiB TEIUIMIN: MHUPUHU TPOIBOTY, BUCOTH (HEPMHU, BUCOTH
KPITUJICHHS JIOTKIB, pO3paXyHKOBOI BUCOTH BEPXHBOI TOYKU POCTY POCIHH Ta iH1Ii [5,9,
15].

PiBeHb MITYYHOTO OCBITJICHHS y TEIUIUILI MOXe OyTu B Mexax Big 6 000 mo 24
000 JIk 1 BU3HAYAETHCS B 3aJICKHOCTI BiJI BUAY POCIHH 1 OCOOJUBOCTEH TEXHOJIOT1M
BUpoIyBaHHs. JKUBJISAYl 1 pO3MOALIBYI €NEKTPUUHI Mepexi (puc.l.8) BUKOHYIOThCS
kabenem. [Ipoknaganns kabemro 31HCHIOETHCS B JIOTKAX 1 MO KOHCTPYKIISX TEIUIHILIL.

Cucrema TIDKUBJICHHS POCIWH BYIJIGKMCIUM ra3oM. Jlns 3abe3nedeHHs
MOTpeOr POMHUCTIOBUX TEILIUITH B T10/1a4i BYTJIEKHUCIIOTO Ta3y Ta MiATPUMAaHHS HOTO
koHueHTpaiii Ha piBHi 400 — 1000 ppm - nepenbdayaroTh BUKOPUCTAHHS BiJIX1THUX
(mumoBHX) rasiB koredbHl. Cuctema BinOopy Byriekucioro rasy (puc.l.10) Bin
JMMOBOI TpyOM Ta30BOi KOTENIbHI BUKOHYETHCS Yy BIAMOBIAHOCTI 3 AIFOYUMHU

HOPMAaTHUBHUMU JOKyMeHTamu B €Bporni Ta Ykpaini [1,9, 16].
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Puc.1.10. Cucrema Bi10OpY BYTJIEKHCIIOTO ra3y
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Cucrema TIPKUBICHHS POCIUH MiHepalibHUMH JoOpuBamu. Cucrema
ABTOMATUYHOTO KEPYBAHHS MIHKUBJICHHSIM POCIWH KOHIICHTPAINIEID PO3ZYHHY

MiHepaJIBHI/IX no6pus (puc.l.11) mpusHaueHa Al KOHTPOJIO KOHIEHTpAIlli Ta

dﬁminﬁ

_V Tenminuo _lNonnexa sona

Puc.1.11. Cucrema mijpKuBJICHHS pOCIUH MIHEPpAIBHUMU JOOpHUBaMU: a —
30BHINTHIA BUTJISJT CUCTEMU; O — CXeMa aBTOMAaTUYHOT'O KEPYBaHHSI
KOHIICHTpAIlI€I0 MiHEpaTbHUX T00pPUB

1.2. KoHCTpYKTHBHI 000/ IMBOCTI 00’€KTa TEIUIMYHOTO IrOCHOAAPCTBA

Ha wmikpokiiMaT 3aMKHyTOro 00’€My TEIUIMIl BIUIMBA€E MaTepial 3 SKOTO
BUroTOBJIeHA cama Tterumis [5,10,11]. IIpu HU3BKUX MOKa3HUKAX TEIJIOMPOBIIHOCTI

Marepiay BIIOYBA€ThCS 3HMIKEHHSI TEMIIEpaTypu B CEPEIMHI TEIUIUIl B XOJOJHUM
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nepio poKy Ta 30UIbIIEHHS y Terui nepiona. Y tabmuill 1.1 HaBeaeHO pe3ynbTaTH

MOPIBHSIHHA PI3HUX TUIIIB MaTepially AJsl BUTOTOBJICHHS TEINIMYHOTO 00’ ekTy[5,101].

Ta6murs 1.1. [TopiBHsIIBHA XapaKTEPUCTUKA MATEPIaIIB JJISI CKIIIHHS TETUIUITh

IToxa3zuuku CTIIbHUKOBUHA )
XapaKTEPUCTUKHU Ciero MOJIIKapOOHAaT [LnisKa
P P! ( 6MM) P (180 mixpoH)
Marepiany (6 MM)
llp 0 H H
o o=0
CrpyktypHa popmyia fj} P e
VY napHa cTidkictb, [[x 0,05 Ix 2,1 JIx Jlyxe Hu3bKa
) He menme 10 )
Ctpok ciryx0mu o 50 pokiB POKiB 5 pokiB
Bara, kr / kB. M 10 1,3 0,19
89-93
(Ogunapuuit
) ) TIOJIICTHIICH)
Crynias mpo30pocTi,%o 89-92 86
79-87
(IToasiiiHM
TIOJIICTHIICH)
Te(:)nnmsonﬂuls{, Bt / M2 185 2 4000
x °C
Koedirtient
tertonepeaadi, Bt / M2 5,8 3,7 3,6
x °C
TCHJ'I(O)HpOBII[HICTB, Bt/ 0.72-0.9 0.14 o
M2 x °C
Alanasoit TEMIEpaTYPH | 70 55 45 +120 -40 +90
3aCTOCYBaHHS
XiMIYHA CTIHKICTD Bucoka Cepenus Hwuseska
Ha_ﬂBHwa edekry c Hemae Hemac
«IH3U»
. Bumarae Jlerkuii y pi3aHHi
3pYy4HICTh Y| o6e ) : 61
. ) PEXKHOCTI, 1 BUpyOIIi, .
OyIIBHUIITBI, YMOBH ) 0 Mae 0co0anBOCTI
MOHTaKY TPYJOMICTKa CBEpITIHHI i
00poOKa IITaMITyBaHH1
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Otxe, MOXHa 3pOOMTH BHCHOBOK, IO MOJIiKapOOHAT — I1e Marepiall, SKui
3’e¢iHaB B cO01 MepeBaru ckia i MiiBku. Bin Habarato mepesepinye ix Mo MIIHOCTI,
no0pe TMPOBOJIUTH CBITJIO 1 30epirae TEIo, a TaKOX 3aTPUMY€E IIKIIJIMBI COHSYHI
npoMeHi. 3aBIsSKH CBOil THYYKOCTI MOKe€ OyTH BUKOPHUCTaHWHA TMPH BUTOTOBJICHHI
MOKPUTTIB JUJII KOHCTPYKIIN Oyab-sikoi ¢opmu. Jlns TOKPUTTS KOHCTPYKIIN
3aKpUTOTO IPYHTY BUKOPHUCTOBYETHCS CTUTBHUKOBHIA MOJTiIKapOOHAT.

Tunu Terumip Ta ix ocodmBocTi. [IpoananizoBaHO THITM KOHCTPYKIIIH Ta BUIU
TEIUINIIb, @ TAKOXK 1X 0COOJMBOCTI. IcHYe Benrka KUIBKICTh TEIUIUIb PI3HUX BHIB 1
dopwm [3,4,10,11]:

1. OgHocxmnl - 14eadbHO MIOXOAATH JJIA JOUISHOK 3 HEBEIUKOI ILIOMICIO
(puc.1.12).

i Teruii MOXKHA MPUJIAIITYBATH 3 Oy 1b-sIKOT0 OOKY OYIiBIIi, ajie Kpale, o0
cKaT naxy OyB HampaBlieHWW B MiBACHHY CTOpoHY. Cepen MIHYCIB JTaHOTO THITY
TEIJIUL1 € TPYIHOIII TPU MOKPUTTI AaxXy IUIIBKOIO: POOUTH i€ MOTPIOHO TUIBKU B CYyXy
Oe3BiTpsiHY morody. Haiikparne MOKpUTH Taky TEIUIMIIO CKIOM a00 TIIACTHKOM.
Opnocxuiia maTpoBa MOJENb 3 MOJIKapOOHATy 3HAYHO JEUIEBIIE, OCKUIBKH HE €
CaMOCTIMHOIO CHOpPYZ0l0, a MpUMHUKAE 10 ojfHiel 31 cTiH OyxiBm. Hecyuoro
KOHCTPYKIII€I0 OTHOCXMITM TEILTHII € oy depma. Ii 6y 1yroTh 3 00pi3HUX J0IIOK 260
OpyciB, MILHICTh Ta CTIMKICTh KOHCTPYKIIi 3aJICXKUTh BiJ 3'€JHAHHS CKaTa Jaxy 3
OI4HOI0 CTIHKOK. Y MiCIll CTUKY B KOHCTPYKIIi Ta OyHiBil BJIAIITOBYIOThH
pombomoiOHI ma3u. 3a3BUyail pOCIMHU B TaKiid TETIUI[l BUPOIIYIOTH HA MOJIMIIIX 3

nmomok [3,4,10,11].
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2. TloaBifiHI — 1€ KOHCTPYKII TEIUIUIl, SKI CXOXI Ha «OyJAMHOUYKH», 1X JIETKO

OyIyBaTH BIACHOPYH.

Punc.1. 13 CDOTO 1 KPECIIEHHSI ):[BOCXI/IJII/IM TEIUINILb

Taka cnopyna mae psj mepear: Mo-nepiie, BOHA HE 3JIaMa€eThCsl MiJT Baroro
CHITY B3HMMKY; MO-Apyre, opMa 1axy Aa€ MOXJIMBICTh OUIBII IIMPOKOTO BUOOPY
MaTepiaty A7 ii MOKPUTTS — BiJI CKJIa JI0 TNTACTUKOBUX IUISIIOK; TIO-TPETE, 3’ ABISETHCS
MOXJIUBICTh JojatkoBoi ctwmizamii (puc.1.12) [10,11]. Jlo HemoiikiB BiAHOCSTH:
OCKUIbKM OTOPOJ/I)KYBaJIbHA KOHCTPYKIISL 30UpaeThcsi 3a JOMOMOTOI0  BEJIMKO1
KUIBKOCT1 KpIMUJIBHUX MaTrepiajiiB, HEOOXIHO TMOCTIMHO TMepeBIpATH KapKac Ha
MpeAMET TEPMETHYHOCTI Ta LUIICHOCTI; HEMOXKIIMBA 3MiHA T€OMETPUYHUX PO3MIpPIB
TETUINII; HEeOOX1MHUM HaIliHUK (yHIAaMEHT; 4epe3 MEHIINY BiJIOMBHY MOBEPXHIO,
BCEpEUHY TEIUIUIIl MOTpaIuisie HaJMIpHA KUIBKICTh COHSYHOTO CBiT/a. Haiikparie
MiIXOAUTH AJII BUCOKOPOCIUX POCIHH, ajie JOTJISI 32 POCIUHAMH, IO POCTYTh O
CTiH, 3HA4YHO YyCKJIaJAHEHWH. TakoXX BaXJIMBO TMPABUJIBHO MIIOUpATH BHI
noyikapOoHaTy Il OTrOpPOKYBaJIbHOT KOHCTPYKIII Ta Marepiaau IJis 3BEICHHS
KapKaca, TaK sIK BIJ] iX MIITHOCTi OyJie 3ajexaTi TepMiH eKcIuTyaralii cnopyad. Bonu
mpocTi B 30ipiri, JAOCTYMHHI 3a I[IHOI, BUMAararoTh MIHIMaJIbHOI KUIBKOCTI 4acy Ha
ycTaHoBky [10].

3. Kpannenoi6Hi - KpariMHHI Copyiu 3 opuriHayibHO0 (hopmoro (puc.1.13).
3a paxyHOK 3aroCTpEHOMY J1aXy, CHIT HE 3aJIeKy€ThCsl Ha TETUIMIN, IO TiABHUIILYE
HAJIAHICTh 1i KOHCTPYKIII 10 MakCUMyMy. 3 L€l % MPUYUHU BiAOYBAa€TbCS OLIBII
edeKkTUBHE NPOTpiBaHHA IPYHTY Ha BecHi. KpammenoniOHi crnopyau —HaWkpaiie

pIIIEHHS 7S KpaiH, Je MEepeBa)Ka€ XOJOJHUM KIIMaT 3 BEJIMKOIO KIJIBKICTh OMaiB.
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KoHcTpyKiis qaxy Moxe BUTpuMyBaTu 10 70 Kr cHiry Ha 1 M. € 1MHMM HEIOIiKOM

KparuienoaiOHo1 KOHCTPYKIIIT € ckiaaHicTh MoHTaxy [10,11].

KpaTHAR IMm
M2

Puc.1.13. 30BHIiNIHINA BUTIISA KAIJIEBUTHOW CIIOPYIA

4. baratokyTHi — BHUKOPUCTOBYIOTbCS JocuTh piako (puc.l.14). Ili xoHCTpyKii
MPaKTUYHI, OCKUTBKU KOYKHA 3 TPaHEH BHCBITIIFOETHCS COHIIEM B PI3HUI Yac JTHS, MPOTE

MIATPUMYBATH BCEPEIUHI HET CTaOlIbHY TeMIIepaTypy AOCUThH MPOOJIEMaTHYHO.

Puc.1.14. OcobmuBoCTI 6araTOKyTHUX TETLTUIIH

Kpim Toro, BoHM HajexaTh J10 HAMOUIBII TOPOTUX, OCKUIBKU CLIOPYLKYIOTHCS 3 IepeBa
(MeTany) B O€THAHHI 31 CKJIOM (TIOJIIKapOOHATOM).

[TonikapOoHaT i1eanbHO MIAXOAUTH AJISl MOKPUTTS OAraTOKYTHUX KOHCTPYKIIIH
TeIUINIlb, OCKUJIBKM HOMY MOXHa HaJaTu OyJb-aKy MOTpiOHY ¢opmy. baraTtoxyTHi
cropyau 3 ToJikapOOHATy CTiWKi, 1X KOpHCHa Iulomia Habarato OuIbIIE, HIXK

3BUYANHUX, & TOKPUTTSI 3aXUILAE€ POCIUHU BiJl IEPETPIBY B KAPKY MOPY POKY.
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5. Tonnanachbka TEIUUIS — el THI TEIUIMIb 1a€ MOXKIIUBICTh POCIMHAM OTPUMYBATH
MaKCHUMaJIbHY KIJbKICTh COHSYHOTO CBITJIA, aJKe ii MOKPUTTSIM CIYKUTh CIEIlialbHe

CKJIO OJHOPIHOT CTpyKTypH (puc.1.15).

Puc.1.15. 30BHIIIHI 0COOIMBOCTI I'OJUIAHACHKOI TEILINII

OpnuHapHe CKIIHHS JIONOBHIOETHCS BEPTUKAIBHOIO CHCTEMOIO 3aIITOPIOBAHHS.
Cucrema 3alITOPIOBAaHHS — 1€ CHELIaIbHUI €KpaH 3 MyCKOBUM MexaHi3MoM. Ekpanu
pO3TallIoBaHl IO BChbOMY IEPUMETPY TEIUIHLL. BOHM 1O3BOJISAIOTH pEryioBaTH PiBEHb
MIPOHUKHEHHSI COHAYHOTO CBITJIa BcepeauHy 00’ ekTa. OnajaeHHs B TEIUIHII 3p00JIEHO
TaKMM YUHOM, III0 TEeMIepaTypa Ha PI3HUX MUISHKAX MPUMIIICHHS BiIPI3HAETHCS
30BCIM He3HayHO. By/iBIII0 MOXKHA TIIKIIOYATH J0 CTalllOHAPHUX JHKEpen o0IrpiBy.
CucrteMa moiuBy MOBHICTIO aBTOMATU30BaHa, 110 JI03BOJISIE MIATPUMYBATH MOCTIMHUIN
MikpokiiMat Beepenuti [10, 8].

['ooBHMI MPUHIMN HAAIWHOCTI 1 JOBTOBIYHOCTI TOJUIAHJICHKOT TEIUIUIN —
TOYHHMIM PO3paxyHOK CTaJeBUX KOHCTPYKUIA. CHUcTeMa allfOMIHIEBUX KOHCTPYKIIIH
BU3HAHA HAWCYYaCHIIIOK B CBITI, TaK fK 3acCHOBaHa Ha OaraTOpIYHOMY JOCBiji
BUKOPUCTAHHS, JIaHl TUIH TEIUIUIb TOCTA4Yal0ThCS HA COTHI T'eKTapiB Ha PIK TUIbKHU B
Hinepnannax.

Martepian OropoaKyBaJbHOI KOHCTPYKLIi Ta CHCTEMH 3alITOPIOBAHHS
MII0MPAIOTECSA CHEIIaTbHO JUIsl BUPOUIYBAHHS KYJBTYpP, @ TaKOX B 3aJIEKHOCTI Bij
MICIIEBOTO KiiMary. BigMIHHOIO OCOOJIMBICTIO Cy4acHOI TOJIIAHJICHKOI TEXHOJIOTII
OMaJICHHS € TOYHUHN PO3PaXyHOK HEOOXITHOT KIIBKOCTI Ta MICLS pO3TalllyBaHHS TPyO
OMAaJICHHsS, a TaKOXX MPUCTOCYBAaHHS 10 BXKE HAasBHUX JDKEpeN Teruia (30BHIMIHS

KOTEJIbHS YH M1JI36MHE JDKEPEIIo Teia) 3 BUKOPUCTaHHAM TeruiooominHuka [10, 8].
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1.3.1lopiBHsAJILHUI aHAJII3 00’ €KTIB TEIVIMYHOTO rOCIOAAPCTBA

[IpoBeneHo aHami3 pi3HUX BUIIB TEIUIUIb 32 IX KOHCTPYKIIE0, 3aCTOCYBaHHIM
Ta IHKEHEPHUMH cucTeMaMu. Pe3ynbraTu nojgano Ao tabmuri 1.2.

Tabmuus 1.2. IOPIBHAJIBHA TABJINLA IHHKEHEPHUX CUCTEM TEITJIMLI

[TapameTrpu
MOPIBHAHHS

OnHocxwil

[ToxBiiiai

baraTokyTHi

Tonmnanaceki

Konctpykiiis
TETUTUI

KommakTHa

Hapniiina

[IpakTnuna

Crilika,
repMeTuyHa

MouTax

CknaasHa

CknangHa

IIpocTa

CkiagHa

3acToCyBaHHA
TUISt TUJIOL
eKCILTyar.

Tiapku I
MaJInX

Tinpku I
MaJInX

s cepennix

JI1s1 BeIMKuX

Cucrema
BEHTHJIALIT

MexaHiuHa

MexaHigHa

MexaHigHa

ABTOMATHYHA

Cucrema
3aIITOPIOBAHHSI

BincyThas

Biacytas

Biacytas

ABTOMaTHYHA

Cucrema
ONAJICHHS

BincyThs

Biacytas

MexaHiyHa

ABTOMaTHYHA

Cucrema
PELUPKYIISILIT

MexaHiuHa

MexaHigHa

MexaHigHa

MexaHiyHa

Cucr.
BOJIONIOCTAaYaH
Hs Ta
KaHamzarl

Biacyths

BincyTtHs

BiacyTtHs

ABTOMATHYHA

Cucrema
MTOJIUBY

BincyTas

Bingcytas

MexaHiyHa

ABTOMaTHYHA

Cucrema
PE3EPBHOTO
TIOJIUBY

BincyTns

Biacytas

MexaHiyHa

ABTOMaTHYHA

Cuct. Oxono.
1 JI03BOJIOK.
NOBITPS

Biacytus

BincyTtus

BiacyTtus

ABTOMaTHYHA

Cucrema
BHYTPIIIIHIX
BOJIOCTOKIB

Biacytus

Bigcytus

Bincytus

ABTOMaTHYHA

Cucrema
TEXHOJIOTIYHOT
0 JIPCHAXKY

Biacytus

BingcyTus

Bigcytus

ABTOMaTHYHA

ABTOMATH30BAa
Ha cucremMa

BincyTas

Biacytas

MexaHi4Ha

ABTOMAaTHYHA

39



yIIpaBJIiHHS

MIKPOKJIIMaTo

M

Cucremu Mexaniuna | MexanidyHa MexaniuHa ABTOMaTHYHA

SJIEKTPO00IIa T

HaHHS

Cucrema BincyTas Biacytas MexaHiuHa ABTOMaTH4YHA

M KUBJICHHS

pOCIIUH

BYTJICKUCIIUM

razom

Cucrema BincyTns BincyTas BincyTas BincyTns

TEXHOJIOTTYHOT

0

BHUPOIIYBAaHHS

TexHiuHi Hosxwuna: Bl | JloBxkuHa: Bi | JloBxkuHa: Big | JlIoBXKKHA: Bij

XapakTepucTuk | 14.1 m I 4m. | 4.1 M| 4.1 M

U [Mupuna: Bi | Hupuna: Bi | [lupuna: Bixg 3 | lupuna: Big 5
n25m hi 2 M| M M
Bucora: Bix | Bucora: 2 M | Bucora: Big 2.5 | Bucora: Big 3
25wMm [Toxpurrs: M M
[Toxpurrs: nosikapoona | [loxkpurrs: [Toxpurrs:
noJyiikapOoHa | T noyikapOoHaT | mosikapooHaT
T Kapkac: Kapxkac: amromi | Kapkac:
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BpaxoByroun BuIlIeniepepaxoBaHi 1HXKEHEPHI Mepexi, HeOoOXiJHI (PyHKIIOHAJIbHI
MOKJIMBOCTI Ta KOHCTPYKIIT TEIUIUITH 3p00JI€HO HACTYITHI BUCHOBKH [6, 7]:
- binpuricte KOHCTPYKIIA TEIUIUIH € JTOCUTh MPOCTUMHU, KOMITAKTHUMHU Ta
BUKOPHCTOBYIOTHCSI HA MalTUX TJIOMIAX;
- MoHTax NaHuX CHOPYH 3aJICKUTH BiJ TEOMETPUYHHUX PO3MIPIB Ta THUITY
KOHCTpYKIii. ToMy 4iM OuTbIlIa KOHCTPYKIIiSl, TUM BaXKUMil MOHTAX;
-V OUIBIIOCTI KOHCTPYKIIiH ab0 BiJICYTHS KJIiIMaTUYHA CUCTeMa a0 BUKOHaHA
MEXAaHIYHO;

- BoponocrauanHs y OUIBIIOCTI BUMAKIB Peali30BaHO MEXAHIYHO;
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- Onmnanenns a0o BiJicyTHE B3araji abo He 3a0e3neuye MIKpOKIIMaT y TeIIHIIL;

- IltydHe OCBITJICHHS y TEIUIMIAX BUKOPUCTOBYETHCS HE PALIOHATBHO 1 €

AOCHUTDb 3aTPAaTHUM,

- H(OI[H& CHCTEMa ITOBHICTIO HE ABTOMATHU30BaHA,

- Temmui 3 aBTOMATHU30BaHMMH CHCTEMHU € JAO0CHUTh KOIITOBHHUMM. Ix

OKYIIHICTh csirae OUIbIIe 2 POKIB.

1.4. OcHoBHIi ¢pyHKLii cHCTEeMH YIIPaBJIiHHA MiKPOKJIIMaTOM

ABTOMAaTH30BaHa CUCTEMa YIPABIIHHSI MIKpOKIIMAaToM. CUCTEMa KepyBaHHSA

BUKOPUCTOBYETHCS JUIs KOHTPOJIIO TMMapaMeTpiB Ta YIOPABIIHHS MIKPOKIIMATOM

terimaHoro o0’exkta [100]. KepyBaHHA MIKpOKIIMATOM TEIUTUIIl pPEali3y€e€ThCs 3a

pPaxyHOK BIUIMBY Ha BUKOHABYIl 1H)KEHEPHUX cucTeM Temuui [7,9,17,98]:

CUCTEMU 00IrpiBy MOBITPS;
CUCTEMHU MIJIOTKOBOI'O 00ITpiBY;
CHCTEMH BEHTHIIALI;
CUCTEMHU 3aIITOPIOBAHHS;
CUCTEMH BHUITAPHOTO OXOJIOKEHHS 1 3BOJIOKCHHS,
CUCTEMU PEIMPKYJIALIT MOBITPS;
CHUCTEMH KpareabHOTO MOJIUBY

Jlo ckimagy aBTOMATH30BaHOI  CHUCTEMU
TPOMHUCIIOBOT TETUIUIII BXOJAUTh:
LEHTPAJIbHOI CTaHIIli KEpyBaHHS;
MIKPOTMPOIIECOPHUX KOHTPOJICPIB;
METEOCTaHIIIi 3 JaTYNKAMHU,
aHAJIOrOBUX BUMIPIOBAJIbLHUX KaHAJIB;
JTUCKPETHUX KaHATIB KOHTPOJIIO;

KaHaJIIB yIpaBIiHHS.

YOPABIIHHS ~ MIKPOKJIIMAaTOM

3acToCyBaHHS aBTOMATH30BAaHOI CUCTEMHU YIPABIIHHS JTO3BOJISE: T1IBUIIUTH

BPOKaWHICTh 32 pPAaxXyHOK THYYKOTO aBTOMATUYHOIO MIATPUMAHHS 3aJaHUX

KJIIMaTUYHUX 3HA4YCHb, 3HHU3UTH CIIOKHBAHHA CHGKTpOGHCpFﬁ; Hi,Z[BI/IH.II/ITI/I piBeHB
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HAJIAHOCTI Ta €(EKTUBHOCTI POOOTH OONaJHAHHS, OTPUMATH JOCTOBIPHY Ta
CBOE€YACHY TEXHOJIOTIUHY arpOoTeXHIYHY i1H(popMallli; BU3HAYUTH 1 BUIATH CHUTHAI
nepenaBapiitHoi cutyarii [9,20,90].

KonTpone Hajm mapamMerpaMu  MIKpOKJIIMATy B TEIUIHIN  JIO3BOJISE
BiJICJTIIKOBYBATH MOCTIMHI 3MiHU BHYTPIIIHIX 1 30BHIIIHIX KJIIMAaTUYHHUX MMOKAa3HHUKIB
(TemriepaTypu, IMIBUAKOCTI 1 HAmpsIMy BITPY, BOJIOTOCTI MOBITPS, PIBHS COHSYHOI
pasiariii).

Ha mincraBi mapameTpiB, SKHMH Ma€ KepyBaTH CHCTEMa MIKpOKIIMaTy
BCTaHOBJICHO, III0 HEOOX1/IHO KEPYBAaTH TaKUMH 1H)XEHEpHUMU cucteMamu [9,20]:

e BCHTHJISAIIIL,

¢ 3alTOPIOBAHHS;

o OTAJICHHS;

¢ KpameibHOTO MOJUBY;

e JO3YBAHHA BYIJICKHUCIIOI'O I'a3y.

1.5. Ocob6,1uBOCTi aBTOMATH30BAHMX CUCTEM YIIPABJIIHHA MIKPOKJIiMaTOM

AJlaniTUBHA CUCTEMa MIKPOKJIIMATOM IPOMUCIIOBOI TEIUIUIl CKIATAEThCS 3

[7,20]:

- LIEHTPaJIbHOI CTaHIII KEPYBaHHS;

- MIKPOIIPOIIECOPHUX KOHTPOJIEPIB;

- METEOCTAaHIIIl 3 JaTYNKAMU,

- aHaJIOTOBUX BUMIPIOBAIBHUX KaHAIB,;

- JIMCKPETHHUX KaHaJiB KOHTPOJIIO;

- KaHaJiB yNpaBJiHHS.
VYrpaBiHHS CHCTEMOIO  KIIIMAaTHYHOTO  KOHTPOJIIO Terumib(puc.1.16):  dparmeHt
CUCTEMU OTaJICHHS MMPOMUCIIOBOI TETTUII. [IJIs1 OTpUMaHHS ONTHMAaIBHUX PE3YJIbTaTiB

BUPOIIYBAaHHS MOTPIOHO BiJIMOBITHE yIPABIIiHHS.
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Puc.1.16. Cucrema KIIIMaTUYHOTO KOHTPOJIIO TETLUTULII

ABTOMaTH30BaHHUI KOHTPOJIb HAJl MIKPOKIIMATOM B TEIUIHIISX O3BOJISE BECTU
MOCTIMHUIM aHaJI3 BHYTPIIIHIX 1 30BHIMIHIX KJIIMAaTUYHUX NOKA3HUKIB (TEMIEPATYPH,
IIBUIKOCTI 1 HAIIPSIMY BITPY, BOJIOTOCTI, PiBHSI COHSIYHOI paaiarii).

KiimMaTuyHl TMOKa3HUKW 3MIHIOIOThCS B 4Yaci. BHyTpimHsS Temmeparypa Ta
BIJTHOCHA BOJIOTICTh TEIUIMIIl - OJHH 13 KIIFOUOBHUX MapaMeTPiB, SKHi Oe3rmocepeIHbo
BIUTMBA€ HA BUPOOHUIITBO POCIMHHUIITBA. OJHAK BHYTPIIIHI KIIMATHUYHI YMOBH
TEIJIMI MOXYTh IIBUAKO 3MIHIOBATUCS 4Yepe3 HemependadyBaHi Ta HECTaOUIbHI
30BHIIIHI KJIIMaTUYHI TapaMeTpH. 3 i€l MPUYUHU JAESKl JOCTIAHUKA 3aIIPOIIOHYBAIH
BUKOPHCTOBYBATH 1HHOBAIIHI METOIUKH, 3aCHOBAaH1 Ha IITYYHOMY 1HTEJIEKTI, TaKl sIK
HEYITKa JIOTIKa Ta HEWpPOHHI Mepexi, SKI J03BOJIAIOTH JOCITTH €(PEKTUBHOIO
peryioBaHHs KiaiMaty BcepenuHi Termuaii [20,85].

Jlns mporHo3yBaHHS MIKpOKJIIMATy TEIUIMIN, 3a3BUYaill, BUKOPHUCTOBYIOTh
ITY4YHY HepoHHY Mepexy (puc.1.19). Lleit minxia 3maTHUl BUSHAUYUTH HENMIHIAHY
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3IEKHICTh MDK  MIKPOKIIMAaTUYHUMHM  JaHUMH  (TeMIIepaTyporo, BOJIOTICTIO,
IIBUKICTIO BITPY Ta COHSYHHUM BUIIPOMIHIOBAHHSIM), IO HAJXOISATh y CUCTEMY i
yac TpeHyBalbHOI (pa3u, 1 Ha IiA OCHOBI 3pOOMTH MPOTHO3, sIKA TEMIEpaTypa Ta
BOJIOTICTh Oyjie B MailOyTHbOMY [7].

Cmmpatounce Ha Teopito KocmoropoBa, HeiiponHa wmepexxka BP 3 omamm
NPUXOBAHUM IIapOM, IO BKIIIOYAE TOCTATHIO KUIBKICTh HEUPOHIB, MOKE HAOIM3UTH
Oynb-sIKy (hyHKIIi0 3 OakaHOIO TOYHICTIO [7,21].

[Iporno3yBaHHS MIKPOKJIIMATY TEIUIUIl 3 BUKOPHUCTAHHSAM KOMOIHOBAHO1

Greenhouse

Ontside

()

=

Hidden layer | Output layer

Input fayer

Puc.1.19. Moaenb mTy4HOi HEUPOHHOI MEepexi

HEWPO-HEUITKOI MOJIET IJIsl AUMHAMIYHOTO Ta aBTOMATHYHOTO KOHTPOJIIO KIIMAaTUIHUX
nmapaMeTpiB TeIUIuIll NMpoBoauThest 3a Mojeuiro NNARX, ska pocsria xopommx
MPOTHO3HUX TOKAa3HUKIB. Pe3ynbTaTh MOKa3yrOTh HU3BKY MOXHOKY, MOB’S3aHY 3
ampOKCUMAIlI€I0 JaHUX. bijgblle TOTO, pe3yabTaTH 3alpOIMOHOBAHOTO TMIAXOMY
JO3BOJISIIOTh ~ JIOCATTH  TApHOTO  KOMIIPOMICY MDK  IIBHAKICTIO  0OepTaHHA
OXO0JIO/KYBada Ta MOTO TEMIEPaTyporo, MO0 MiABUIIUTH MPOTYKTUBHICTH BPOKALO.
[TpuHmn poOOTH 3ampONMOHOBAHOT CHUCTEMHU IMOKa3aHui Ha pucyHky 1.20. Bona

3aCHOBaHa Ha CXeMl HEeUiTKO1 cxemu napanenbHoro ynpasiiaas (PCES) [22].
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[lepeBara 1iei Mozeni moJisirae B TOMY, IO HEYITKA JIOTIKa XapaKTEPU3YEThCS

JIHTBICTHYHUMH IIpaBuJIaMH, a HC CKJIIa/JHUMU MaTCMAaTUYHUMHU (bOpMy.TIIOBaHHHMI/I.

Phisical greeenhouse environmental
(microclimatic parameters obtained by sensors)

PCFS model

Ventilation / Heating ACTUATORS

Target
GREENHOUSE <+——| Temperature
(indoor)

Puc.1.20. Mogens cuctemu PFCS. ANN: mTydyHa HEHpOHHAa Mepexa; Ta

FLC: xoHTpOsep HEUITKOI JIOTIKH.

Mopnens HelipoHHOi Mepexxi MLP BUKOpPHCTOBYIOTH JIi MPOTHO3YBAaHHS
TEIUTMYHOTO MIKpPOKJIIMaTy, a ii CTPYKTypa CKJIaJa€ThCs 3 TPbOX PI3HUX IIAPIB:
BXIJTHOTO, TIPUXOBAHOTO Ta BHUXIAHOTO. AJITOPUTM 3BOPOTHOTO IOIIUPEHHS
JleBenGepra—MapxkBapaTa Oysio oOpaHO METOAOM MPOO 1 TOMUIIOK, BKIIFOYAIOYH JIBA
PI3HI AJITOPUTMH, 3BOPOTHE TOIIUPEHHS PETyJsipu3allii Ta 3BOPOTHE IMONIUPECHHS
kBasiHptoToHa BFGS. Monens Oyna peanizoBaHa JUisl pi3HOI KIJIBKOCTI BY3IIB Y
npuxoBanoMy tmapi (Bimg 1 go 20), mpu mboMy HaWKpaill pe3yJbTaTH 3a TMepioj
TEeCTyBaHHA OyJld OTpUMAaHI IJisi CTPYKTypu. MakcumanbHa moxuOka JIOpiBHIOBaA
0,877 K 1 2.838% nasa TeMreparypy Ta BIIHOCHOI BOJIOTOCTI, BiNOBiAHO, a MAE,

RMSE Tta R2 6ymu po3paxosani pisaumu 0,218 K, 0,271 K ta 0,999 nns remneparypu
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ta 0,339%, 0,481% T1a 0,999 mis BigHOCHOI Boorocti. HaBeneHi BHIlle 3HAYEHHS K
JUTSI MAKCUMAJIBHOI TIOXUOKM, TaK 1 JUIsl PEIITH CTATUCTUYHUX JaHUX JOBOIATH, IO
KOHKPETHAa MOJIEJIh MOJKE 3aJIOBIILHO BIJAMOBIAATH BUMOTAM CHCTEMH ITIATPUMKH
NPUAHATTS pimieHsb [21].

3aBAsKM pe3yJbTaTaM, ajlrOpUTM 3BOPOTHOTO mommpeHHs JleBenOepra—
MapkBapaTra OyB BUKOPUCTaHUM K aJrOPUTM HaBYaHHS, aJTOPUTM, 3aCHOBAHHUH Ha

metozi Herotona. Jliarpama 3reHepoBaHoi MOIeNi ToKa3aHa Ha pucyHky 1.21 [22].

Hidden Layer

Input Layer Output Layer

Tour (f- EI')
RH,..(te)
WS(to)

Skita) \ T

Hj O Tialta)
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RH,o(to-2t.) AN it
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RH:(to-t.)

Tm '“ﬂ -2 En)

Puc.1.21. Cxema CTpyKTypH HEMPOHHOI MEPEKI.

Bigomi migxomu ayis 1moOyJOBH CHCTEM KEpPyBaHHS TEIUIMYHUMHU 00’ €KTaMHu 3
3aCTOCYBAaHHSM MaTE€MaTUYHHUX Ta KOMIT FOTEPHUX MOJIeNield PO3IISIHYTO B poOoTax
[28,29]. V [24, 26] naBeneHO MPUKIAIN Ta MPOOJIEMU TTOOYIOBU CUCTEM KEpyBaHHS
MIKPOKJIIMATOM TEIUIMIIb 33 PaXyHOK IITY4YHOI HEHPOHHOI Mepexi. BincnigkoByBaHHS
PO3MOALTY TEMITepaTyp 3a JOTIOMOTOI0 CTalliOHAPHUX MPUCTPOIB PO3TISIAETHCS Y

poboti [25]. [ocmimkeHHs BKa3ylOTh Ha HECTAOUTBHICTH TMPOIECiB B 00’ €KTI
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peryJifoBaHHS 1 HEOOXITHICTh BpaxyBaHHs 0aratbOX B3a€MHUX BIUTMBIB MDK IIUMH
poLecamMu.

Heiiponna wepexxa MLP  BukopucTOByBanmacs il NPOTHO3YBaHHS
TEeMIIEpaTypy Ta BIIHOCHOI BOJOrocTi BcepeauHi Teruii. [lo6 3naiiTh Halikpariry
apXiTEKTypy, a TOUHIIIE KIIBKICTh BY3/iB Yy MIPUXOBAHOMY IIapi, MOJEIb TECTyBaIacs
MPOTATOM BIJMOBITHUX TIEPIOIIB.

[Tpu aHamizi JiTepaTypHUX JAaHUX OYJIO BHUSABJICHO, IO OUIBIIICTH JOCIIKCHb
30CepeKEeH1 Ha 3aCTOCYBaHH]1 TEXHOJIOT1i, CIPSIMOBAHUX HA CTBOPEHHS MIKPOKIIIMATY
B OJHINA TEIUIWIIl 3 MEBHUM TECTOBUM cepenoBuiieM [24]. B iHmomy mnpuxiamii
BUKOPUCTOBYIOTh PI3HY CTPYKTYpPY Ta YNpaBJiHHA TerumyHOro 00’ ekty [25]. KiTTac,
K. ta bapuanac, T. BusBunu, mo gani CFD MojentoBaHHS BKa3ylOTh Ha PIi3HI
PO3IOIIN IIBUAKOCTI TMOBITPSA Ta BOJIOTOCTI B TeIIMYHOMY 00’e¢kTi [26]. B
JOCJIIIKEHHI CUCTEMM COHSYHOIO OMAaJeHHS Ta KiiMaTu3alli Terauub [27] aBTopu
BUKOPUCTOBYBAJIM JIMIIE JlaHI MpO TEMIlepaTypy Ta BIIHOCHY BOJIOTICTh 0e€3
BpaxyBaHHS CUTYyallil 3 BIJIKPUBAaHHSIM BIKOH MPOBITPIOBaHHA. Y po0oTi CedacThsH-
Kamino Banerac-Asna, Xymio baponb-Benanmia ta Jlaniens-/eBin Jleann-Jlapa
PO3TJITHYTO TMPOTHO3YBAaHHS BOJIOTOCTI B TEIUIMYHOMY O00’€KTI, BU3HAYCHO 0a30BY
CTPYKTYpy cepenoBuia (puc. 1.22a). Jlana cxema BpaxoBYy€ 30BHIIIHI MOTOAHI
napaMeTpu Ta YMOBHU 1 MEXaHI3MHU yTPABIIIHHS, K1 BIUIMBAIOTh HA BHYTPIIIHINA KJIIMAT
TEIUIMYHOTO 00’€KTy. Y poOOTI 3a3HAu€HO, IO B MOJENI, sfKa po3polieHa yis
KOHTPOJIIO Ta TPOTHO3YBaHHS BOJIOTOCTI, BUKOPHUCTOBYIOTHCS CHCTEMa HEYITKOTO
BuBOY (puc.1.2206). Lls Moaenb 6a3yeThCsl Ha 30BHINIHIX TOTOAHUX YMOBAX, TAKUX SIK
30BHIIIHS TeMIepaTypa, 30BHIIIHS BOJIOTICTh, rjo0OalibHa pajiallisi Ta MIBUAKICTh
BITPY, Ta MeXaHIi3MaxX KepyBaHHS (BEHTWIALIS, OMNAJCHHS, 3aTIHEHHS, ILITYy4HE
ocBiTiieHHs1, CO, Ta TyMaHOYTBOPEHHs), IX B3a€MOiSl BH3HAYA€THCS HEUITKUMU
npaBUIaMHM, @ Ha BUXOJl HEUITKOI CUCTEMHU OTPUMYETHCS 3HAYEHHS BHYTPIIIHbOI
BoJstorocTi [30].

[IpoanamnizoBaHi IOCTIIKEHHS BKa3ylOTh HAa HECTAOUIbHICTh TEPMOJIUHAMIYHUX

IPOIIECIB Ta HEMOXJIMUBICTh BIJCIIIKOBYBaHHS 3MiH BTpaTH BOJSHOI Tapu Y
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TEIJINYHOMY 00’ €KTi. B O171b1110CTI HaBEIEHUX MTPUKIIA/IIB HE BpaXOBaHO 3a0€3IeUeHHsI

OanaHCy BOJIOTOCTI MOBITPSI.

3a pesyiabTaTaMy aHai3y BIIOMUX TEXHIYHUX pimenb [24,25,26,27] Ta

pCBYJII)TaTiB ,ZIOCJ'IiI[)KCHB BCTAaHOBJICHO, IO JJIA 3a0e3IeUeHHs CTaJIOro PCKUMY

BOJIOTOCTI TOBITPSI B CEPEAMHI TEIUIMYHOTO O0’€KTYy HEOOXIAHO mepeadadnTu

MEXaTPOHHY CUCTEMY KepyBaHHS BOJIOTICTIO.
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Puc.1.22 a - Cxema Mozei napHUKOBOIo KiiMary; 0 - biok-
cXeMa CHCTeMH HEUiTKOTO BUBEJCHHS JUTsI IPOTHO3YBAHHS Ta
KOHTPOJIIO BoJiorocTi B Terutuill [30].
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TakuM 4UHOM B CHCTEMI 3a0e3MeuyBaTUMEThCSI BOJIOTOCTI, IO € HEBIJ EMHOIO
YaCTUHOIO CHCTeMH MikpokmiMary. OTxke OUIbIICTh KOHCTPYKILINA TEIUTUIh HE
pO3paxoBaHi Ha BEJMKI IUIONI, JOCHTH JOPOT1 Ta HE MArOTh BIACHOI KIIMaTHIHOL
cucteMu. ToMy € akTyalbHUM IHUTAHHAM MOJIEpHi3alli aBTOMaTU3alli 1H)KEHEPHUX
CHUCTEM TEIUTMIb Ui 3MEHIICHHsS iX BapTOCTI Ta BIPOBAKEHHS OUIBLI SKICHOI
CUCTEMH KOHTPOJIIO 332 IOKa3HUKAaMH, 1110 BU3HAYAIOTh IPOAYKTUBHICTh BUPOLIYBAHHS
CLIbCHKOTOCIIOAAPCHKOI MPOAYKIii. Takok BaKJIMBOK 337au€l0 € IPOrHO3YBaHHS
MOBOJKCHHsSI CUCTEMH TIpU 3MiHI MEeBHUX mapameTpiB. OCKIIbKA BCl KOMIIOHEHTH
CUCTEMH € 3aJIKHUMU OJIUH BiJ OJHOTO, 3MiHa OJTHOTO MapameTpy OyJie BIUIMBATH Ha
poOOTY BCi€T CUCTEMU B ILI1JIOMY.

BpaxoByroun  BUIleCKa3aHE, IPOMOHYETbCA  IMPOBECTH  KOMIUIEKCHE
JIOCIIKEHHSI CIPSIMOBAaHE Ha CTBOPEHHsI AaJalTUBHUX KIIMaTUYHUX CHCTEM
TEIUTMYHOTO TOCTIOAAPCTBA.

3acToCyBaHHS aBTOMAaTHU30BAaHOI CHCTEMHU YMPABIIHHS JO3BOJISE: MIABUIIUTU
BPOKaWHICTh 32 PAaxXyHOK THYYKOTO AaBTOMATUYHOTO MIATPUMAHHS 3aJaHUX
KJIIIMATUYHUX 3HA4Y€Hb; 3HU3UTU CIIOKUBAHHS €JEKTPOCHEpPrii; MIJBHUILIUTH PIBEHb
HaJIHOCTI Ta eQEeKTUBHOCTI poOOTH OOJNaTHAHHS;, OTPUMATH JOCTOBIPHY Ta
CBOEYACHY TEXHOJOTIYHY arpoTeXHIYHy iH(opmalii; BU3HAYUTH 1 BHJIATH CUTHAI
nepenaBapiiiHoi cutyarlii. ToMy aKkTyallbHICTh TEMH JOCIHIJDKEHHS TOJIATaE Yy

30UTBIIIEH] BPO’KaMHOCTI Ta TEPMIHIB )KUTTE3AATHOCTI TipubIu3Ho Ha 15-20 % [27].

1.6.Merta Ta 3agaui podoTu

MeTtoro po0oTH € 3a0e31eUeHHS perilaMeHTOBaHUX 3HaUY€Hb TOKA3HUKIB MOBITPS
B TEIUIWIIl NUJISXOM CTBOPEHHS aBTOMATHM30BAHOI CHUCTEMH KEPyBaHHS BUTPATOIO 1
TUCKOM TIOBITPSTHUX TMOTOKIB, BOJIOTICTIO, TEMIIEPATYPOIO Ta TEIUIOBUMH IMOTOKAMU 3
BUTICPEDKYIOUMM QJITOPUTMOM KEpPyBaHHSAM, IO 0a3yeThCsd HA BUKOPHCTAHHI

€TaJOHHOT MOJIEJII TEIIO-MacOOOMIHHHX MPOIECIB B TEILIHIII.
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3AJAYI JOCJILKEHHS

. TeopeTtnuHe oOTpYyHTYBaHHS TEIJI0-MACOOOMIHHUX IMIPOIIECIB B TEIUTHIII.
. Po3pobuTH 3araiibHy CTPYKTYpY 00’ €KTY JOCIIKEHHS.

1
2
3.
4

Po3po6uti MaTreMaTH4Hy Ta KOMIT IOTEPHY MOJIEJh TETLTHUII.

. IIpoBecTu Mo€NIbHI JOCIIIKEHHS PO3TOBCIOIKEHHS 1 cTadiIi3a1lil mapaMeTpiB

1o 00’ eMy.

Po3pobutH 3arajibHy CTPYKTypy TiIpO-IIHEBMAaTUYHOI CUCTEMHU MIKPOKJIIMATy
Ta 11 pO3TaIlyBaHHS B TEIUIULIL.

[Tim16paT BUKOHABY1 IPUCTPOI, 32CO0H KOHTPOJIIO 1 KEPYBaHHS.

Po3pobutu nporpamy ajisi KepyBaHHS BUKOHABYUMU TTPUCTPOSMHU.
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PO3/ILJ 2. CTPYKTYPA TA ®YHKIII KEPYBAHHSI MEXATPOHHOI
CUCTEMMHU TEIVIMYHOI'O OB’EKTA CEPEJHBOI'O OB’EMY

2.1. 3araabHi QyHKUIIi Ta CTPYKTYpa MeXaTPOHHOI CHCTEMHU MiKPOKJIIMATY

TeIJINI

Jns  miaBUIIEHHA  €HEpProeEeKTUBHOCTI TEIUIMII IUIIXOM  CTBOPEHHS
aBTOMATU30BaHOI  MEXaTPOHHOI CHUCTEMH 3  YIEPEIKYIOUMM  aJrOPUTMOM
6araro(akTOpHOTO aJIalITUBHOTO KEPYyBaHHS 3aIIPOIIOHOBAHO y3arajibHEHY CTPYKTYPY
KepyBaHHs TEIUIUIIl 3 TUTIOBUMHU TiJIcUCTeMH Ta iX QpyHkuii (puc.2.1) [7,17,81]:

- Cucrema BEHTHIIALII,

- Cucrema 3allITOPIOBaHHS;

- Cucrema 001rpiBy;

- Cucrema penupKyJIsiiii HOBITPS;

- Cucrema nonuBy;

- Cucrema 3BOJIOKEHHS TTOBITPS;

- CucreMa aBTOMaTU30BAHOTO KEPYBaHHSI.

f i L arams st piam
Teasinpabye ponerocH fEyHly

|||||||||||||

[iicmcrosss _ : - Tincucrema
T —— MMigcncrema obirpisy KpaneaLHOND DIHEY
A A
Marunn enETpn
flarams RETpONKG sl m oy
n, m HOMSOCT IEnpe ﬁ mm -
MPOBITPHOBAHHA -
ABONKEHHN
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Cucrema kepysanss na Gasi PLC

Puc.2.1. Y3aranpHeHa CTpyKTypa MEXaTPOHHOI CHCTEMHU
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BpaxoByroun Te, 1m0 B CcepeauHI TEIUIWI IOCTIMHO BiI0YyBaOTHCS
NepexiaHl MPOIeCH 3MIHU IIBUAKOCTI, TUCKY, BOJIOTOCTI Ta TEMIIEPATypH; 3MiH
Ta BTPATH TEIUIOBOI MOTY>KHOCTI TEIUIMIIL; 3MiHA Ta BTpaTa BOJOTOCTI MOBITPS B
TEIUIMLI OYJIO 3alpOIIOHOBAHO CTPYKTYPY MEXATPOHHOI CHUCTEMHU 3 MOJIEIUIIO

terui (puc.2.2).
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> Cucrema kepysanns na 6asi PLC

Puc.2.2. Ctpykrypa MeXaTpoOHHOT CUCTEMH 3 MOJICILIIO TETUTHII

HacTymHuM KpOKOM 3ampONOHOBAaHO BCTAHOBUTH MapaMmeTpH, IO HaIal0Th
BX1JIHY 1 BUX1JIHY iH(popMalIito 111010 QyHKIIOHYBaHHS 1 KepyBaHHs cucteMoro [7,17].

1. Bcepeauni Termii:

- Temnepatypa nosiTps;

- BigHocHa BonoTiCTh MOBITPS;
2. 3a MexaMu TeTUIHIII:

- Temnepatypa Ta BifHOCHA BOJIOTICTh MOBITPS;

- IlIBuakicTh Ta HAIPSIMOK BITPY.

3. OOnamHa”Hs:
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- TlonoxeHHs BEHTUJISAIMHUX OTBOPIB;

- Ilomaua BoasiHOI mapu.

3 oAy Ha MEpeiK 1HXKEHEPHUX CHUCTEM TEIUIUIll OYyJI0 BH3HAYEHO 3aco0u

KEepyBaHHs Ta KOHTPOJIO (Tabmuis 2.1).

Tabmurs 2.1. 3acobu kepyBaHHS Ta KOHTPOJIIO MIKPOKJIIMATY TETLTUII

[HxenepHa [Tapametpu, siki | Bukonapua 3acobu 3aco0u KOHTPOJTIO
cucreMa KOHTPOJI. JacTUHA KepyBaHHs
Cucrema Temmneparypa | Bentuismiiini INuaponpusig Jatuuku
BEHTHJIALIT MOBITPS OTBOpH (ITPUTOK (THEBMOMPHUBI) |TeMIIEpaTypH Ta
TIOBITPSI) BOJIOT'OCTI,
Bentunsarop PoGoue koneco  |aHeMoOMeETp Ta
(BUTSDKKA TTOBITPS) ¢urorep. (Ha
Bomnoricts BenTumnsmiiiai INpaponpusin MIPUTOK 3aC00H
MOBITPS OTBOpH (ITPUTOK (mHEBMOMIPUBI), |KOHTPOIIO
HOBITPS), HACOC bopcyHKH, BCTaHOBIIIOIOTHCS Ha
KJIamnaH BYJIUIIi, a HAa
Bentusitop Pob6oue kojteco  |BUTSIKKY — B
(BUTSDKKA MOBITPSL) TETIJIHIII)
Hampsimok Ta | Bertumnsmiiiai INaponpusin
IBUIKICTh OTBOpH (TTHEBMOTIPUBII)
BITpY
Cucrema Pisens CO2 [Oropuuit exkpan  |I'iagponpusiz OnTu4HUN JaTYuK
3aIUITOPIOBAHHS (IHEBMOIIPHBIT)
Cucrema onanenns | Temnepatypa | 3MilnyBaibHi Kinamanu abo Jatunku
HOBITpPS Ta KJIaIlaHH, HarpiBaJjibH1 TEMIEPATYPU
IPYHTY LHUPKYJIALINHHI €JIEMEHTH
HacocH,
TpyOomnpoBoau abo
HarpiBayi
Cucrema Temneparypa |OcboBHit Po6oue koneco | JaTumku
PEeLUPKYIALIT HOBITPS BEHTHJISITOP TeMIepaTypu Ta
MOBITPS Bostoricts OcnoBuii Poboue xomeco, |BOJOTOCTI,
MOBITPA BEHTHJISITOP, HAcOC |(OPCYHKH, aHEeMOMETp Ta
KJIaMaH dmrorep.
Hanpsmok OcpoBuit PoGoue kosteco | (BcranoBmorotees y
Ta MBUJKICTh |BEHTHIATOP CepeIMHI TEeTUIHIII)
pyxy
MOBITPSTHAX
Mmac
Cucrema Bomnoricts Hacoc Kitarmann Bonowmiphuii By3o1,
BOJIONIOCTAYaHHS  |IPYHTY JaTYUK BOJIOTOCTI
Ta KaHami3ai
Cucrema Bomnoricte Ta  |eMHicTB, HacocH, | Kmamanw, Jatuuku
BUIIaPHOTO TeMmeparypa |MexaHiuHUN bopcyHKH TEeMIEepaTypu Ta
OXOJIOJDKEHHS Ta | TIOBITPS ¢binbTp BOJIOTOCTI
JI03BOJIOKEHHS
MOBITPS
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3a pesynbTaTaMM aHamI3y (QYHKIIN CHCTEMH MIKPOKIIMATy OyJIO BU3HAYECHO

BUMOTH JIO CUCTEMH KEPYBaHHS MIKPOKJIIMATOM TETUIMYHOTO 00’ €KTY:

1. TemmnepaTypa € HalBaXIMBIIIOK 3MIHHOIO TETUTMYHOTO KJIiMaTy, Ky MOKHA 1
MOTPIOHO KOHTPOJIOBATU. BUNBIIICTE POCIHH, 1110 BUPOUTYIOTHCS B TEIUIHIISIX, POCTYTh
y TEIUIMH CE30H 1 MPUCTOCOBAHI JI0 cepeAHix Temmeparyp B mianaszoni 20-30 °C, 3
MPUOJIM3HOIO MEXEI0 HMKHBOT Ta BepXxHboi TemrepaTypu 10 °C ta 35 °C BiamoBimHO.
Sxo cepeaHs MiHIManbHa 30BHINIHS Temrepatypa Hux4de 10 °C, Termnuis BUMarae
omMaJIeHHs, 0coOymBO BHOYI. Konw cepemHss MakcMMaiabHA 30BHIIIHS TEMIIEpaTypa
MeHe 27 °C, BEHTWISALIA Ma€ 3arno0iratd HaAMIpHIA BHYTPILIHIA TeMIeparypi
IPOTATOM JIHS; OJIHAK, SKIIO CEPEeIHs MaKCUMajbHa TeMIeparypa nepeBuurye 27-28
°C, cuctemMa KEpyBaHHs Ma€ YBIMKHYTH IITYYHE OXOJO/KEeHHS. MakcumaibHa
TeMIlepaTypa TeIUTuIIl, 110 nepeBuirye 35 °C npoTsAroM TpUBAJIOTO MEPioy, MIKiAJIMBA
JUTst OLTBIIIOCTI CUTBCHKOTOCTIOIAPCHKUX KYIbTYp [31].

2. JUist pocTy pOCHMH MIAXOIUTH BIIHOCHA BOJIOTICTh MOBITPS B Mexax 60-90%.
3nauenHs Hwk4ue 60% MOXYTh MaTH MiCIe TiJ] 4ac BEHTWIAIT B TMOCYIUIMBUX
KJIIMaTUYHUX 30HaX a00 KOJU POCIUMHU MOJOJI 3 JPIOHUMM JIUCTKAMU, 1 1I€ MOXE
CIPUYUHATH BOAHUM cTpec. Ceplio3Hi MPoOIeMU MOXYTh BHHHUKHYTH, SKIIIO BiTHOCHA
BOJIOTICTH MOBITPS MepeBHIye 95 % MmpoTsIroM TpuBaaux MepiojiiB, 0COOJIMBO BHOUI,
OCKIJIbKH II€ CTIPHUSE IITBUIKOMY PO3BUTKY I'PHOKOBHX 3aXBOPIOBaHb BeHb BOJIOTICTH
MOBITPS 3a3BUYAl MOXHA 3MEHIIUTH 32 IOMOMOTOI0 BeHTHIIAL1. O HaK BHOYI, SIKIIO
TEIUIUIl HE OMAJIOETHCS, BHYTPIIIHI Ta 30BHIIIHI TEMIEpPaTypu MOXYTb OyTH
MOJIOHUMH, 1 SKIIO 30BHINIHS BOJIOTICTh BHCOKA, 3MCHIIUTH BOJIOTICTH TEILJIHI
HETPOCTO.

3. 36arauennss CO, Mae BaxJIMBE 3HAYCHHS JJISl T1BUIICHHS SKOCTI MPOIYKIIIi,
a/pke TocTiiiHe abo mepioguuHe 30inbIneHHS CO, B TEIUIUII MOXKE IPHU3BECTH 0
30uThIIeHHsT BUpoOHUIITBa (pykTiB moHaa 20 BimcotkiB. Konmentpariii CO, crina
yTPUMYBATH IIIOHAWMEHIIIC JI0 30BHIITHBOTO PiBHA. CO; MOTIMHAETHCS Yepe3 MPOTUXH
B pocnuHi, a oTxe, epextuBHe moriuHaHHsS CO; y TEIUHIN CHIBHO 3aJICXKHTh BIJ

IHIIUX KJIIMaTHYHUX (aKTOpiB, 110 BIJIMBAIOTh HA OTBOPH MPOAMXIB y pociauHi[31].
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4. JUis  palioHanbHOIO  BUKOPUCTAHHS BOAM Ta  JOOpUB  HaWKpalile
BUKOPHUCTOBYBATH cucTeMy (epTuraiii (KparneibHe 3pOLIeHHs), SIka BKIII0Ua€e HACOCH,
¢GinpTpH, manens ynpasninag, gatauk EC ta pH.

5. Ilpu mNOHMXEHUX TeMIlepaTypax 30BHIIIHBOTO IOBITPSIHOIO CEPENOBUILA
noTpiOHO OlNbIlle HArpiBaTh TeMIepaTypy BCEpeIuHl TeIuIli, a B TemI —
OXOJIOJDKYBaTH (32 paxXyHOK TEIJIOBOrO oOOMiHY). Bix BigHOCHOI BOJIOTOCTI
HaBKOJIMILIHBOTO PIAUHHOTO CEPENIOBHUIIA 3aJIEKUTh BOJIOTICTh IOBITPS BCEPEAMHI
TETUTHII. SIKIIO BOJIOTICTh HU3bKA - 3BOJIOKYBaU MOBITPSI BUCOKOTO THUCKY, CTUCHEHE
HOBITPSI BUKOPUCTOBYETHCA JJIs1 PO3KOJIIOBAHHS BOJIM Ha KPUXITHI KpaleibKy, a HOTIM
pyXaeTbCd uepe3 TEIUIUIIO MOBITPIHUM IOTOKOM (CHpUHKIEpHa cuctema). Komnu
BOJIOTICTh BHCOKa 1 HH3bKa TEMIIEpaTypa MOXHA CIOCTEpIraTh YTBOPEHHS
KoHAeHcaty. KonneHcaniss Moxe OyTH rojIOBHOIO MPOOJIEMOIO y MEBHUN 4Yac pPOKY,
AKOI HEMOXIJIMBO YHHUKHYTH TIOBHICTIO. AHTHM Kpaijisi IIOKpHUBHI Mareplaiu
BUKOPHUCTOBYIOTBCSl JJIsl OCYIIEHHs Terunib. [LmiBku “mporu Kpamenb”’ MICTATh
crenlajgbHl 100aBKH, SIKI yCYBAalOTh KpAamesbKU 1 YTBOPIOIOTh HATOMICTh CYIIUIbHHIMA
TOHKUI 1Iap BOJH, 1110 CTIKA€ MO OOKaXx.

6. ['mo6GanibHa coHsTYHA paiallis, 0 HAIXOIUTh Y TEIUIUITO, CKIAIa€ThCs 3 TPhOX
BU/IIB BUIPOMIHIOBAHHA, a came YJIbTpadioieToBOro BHUMNpPOMiHIOBaHHSA (Y @),
akTuBHOro  ¢ortocunresyrodoro BumpomiHioBanHsi (PAR) Ta  OGmmxHBOTO
iH(ppayepBonoro BurpomiHioBaHHs (NIR). binema vactuna Y®-BUMIPOMIHIOBAHHS
norJauMHaeTbess atMocdeporo 3emii. EkcTpemanbHuil BIMB pociauH Ha YO moxke
MIPU3BECTH JIO TOTIpIIeHHs mporiecy GorocuuTesy. PAR mornmHaeTsess poCIUHOIO 1 €
BaXJIMBUM J1s1 (POTOCUHTE3Y Ta pocTy pociauH. NIR MeHIle morauHa€eThCsl pOCIHHOIO,
a OifmpIIe CTPYKTypolO Ta OONagHAHHSIM TEIUIMIlb, BUKIWKAIOUM IIiABUIICHHS
TEMIEpaTypyd HaBKOJMIIHBOTO cepeloBuIla B Teruuii. OXONOMKEHHS TEIUIULl
3MIMCHIOETHCS MIIAXOM MoAMdikaiii mokpuBHuX matepianiB. NIR-dinbTparis Takox
MIPOBOIUTHCSA 32 IOMOMOTOFO CIIEIATbHUX MJIACTUKOBUX 11eTI0(aHiB, pyXOMUX €KpaHiB
a60 NIR-dinbrpyBansHoi papOu 11 3aTiHeHHs [31].

7. Big mBuakocTi Ta HampsAMKY BITPY 3al€kKUTh Ky ¢GpaMyry 1 Ha CKUIbKH

BIJIKpHUBATH B TEIUTUII. A 1I€ y CBOIO Yepr'y BIUIMBAE HA BEHTUJISILIIIO TETLUTUII.
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8. Bin xibKOCTI omajiB 3ajeXUTh BIJHOCHA BOJIOTICTh IMOBITPS, a BiJMOBIIHO

MIKpOKJIIMAT TEIUIHIIL.

9. Bentumnsnis Teruib HallBaXXIIMBIIIA JIJIsI KOHTPOJIO TEMIIEPAaTypH, BIAHOCHOT

Bojjorocti Ta piBHI CO,. Xopomioi BEHTWJIALII B TEIUIMII MOXXHaA JOCSATTH 3a

J0TIOMOT010 KOMO1HAIli BEHTWISILIIITHOTO OTBOPY, BX1IHUX JIBEpEi Ta BEHTUJISTOPIB.

10. Cucrema 3aTiHEHHsI BCTAHOBIIIOETHCS 3/1€OUIBIIOTO JIJIsl 3amo0iraHHs mepeaadi

TeIJia BiJl HaJMIpPHOTO CBiTJa (OJIOKYBaHHS MPSMUX COHSYHUX MpPOMEHiB). TiHbOBI

IITOPH TaKOX JTONIOMArarTh 3MEHIITUTH TETUIOBI BTPATH BHOYI. SIKIIIO MeTeOCTaHIIis

BUSBIJISIE BUCOKY COHsiuHY pamiarito, PLC aktuBye enekTpoaBuryHu (cucrema

3TOPTaHHS), & ITOPH PYXatOTHCS TOPU3OHTAIBHO.

OTxe 7151 aAaNTUBHOT CUCTEMH MIKPOKJIIMATY TEIUIMYHOTO 00’ €KTY MPUUHATO:

- [TinTpumyBaTH piBeHb TEMIEPATYpH NOBITPs y Aianazoni 20-30 °C.

- [TinTprMyBaTH piBEHb BIJHOCHOI BOJIOTICTh MOBITPS B Mexkax 60-90%.

- 3abe3neuyBaTy JOCTaTHIO KiIbKicTh CO, M1 BUPOITYBaHHS BiIOBIIHUX
KYJIBTYP.

- Cucrema nonuBy mMae OyTH pallOHATBHOIO Ta €PEKTUBHOIO.

- BigcninkoByBatu KiIiMaTH4HI 3MIHM Yy HAaBKOJUITHBOMY TOBITPSHOMY Ta
PIAMHHOMY CEpEeOBUIIl, SIKI BIUIMBAIOTh HA MPalE3JaTHICTh CHUCTEMHU
MIKPOKJIIMATY TETUIHIII.

- BcranoButu cuctemy 3aTiHEHHS 711 3SMEHIIICHHSI BIUIMBY COHSIYHO1 pajiarii Ha
POCIIVHH.

- 320€e3IeYnTH PELMUPKYIIALIIO MTOBITPSIHUX MaC V TEIUIMYHOMY 00’ €KTI.
PCLHUPKY. Tp y y

BpaxoByioun Bci BUMOTH 10 CHUCTEMH KEpyBaHHS TEIUTUICI0 OyJIO BU3HAYCHO
OCHOBHI TIapaMeTpu Ta CTPYKTypa TEIUIMYHOTO 00’ €KTy: TeMIepaTrypa Ta BOJOTICTh
MOBITPSI, CACTEMA BEHTHJIALIIT 3 BIKHAMU MMPOBITPIOBAHHS, CUCTEMA 3aTIHEHHS, CUCTEMA
MoJIMBY Ta OOIrpiBY TEIUIMII, CHCTeMa TyMaHOYTBOpeHHs. BkaszaHi CKiajoBi €

OCHOBOIO JIJISl CTPYKTYPH MEXAaTPOHHOI cuctemu (puc.2.3).
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Puc.2.3. CtpykTypa MeXaTpOHHOI CHCTEMH 3 MOJICIIIIO TETUIMII Ta BUKOHABYNMH

CIICMCHTaMU

2.2. ITlincucrema MMHEeBMO-TiApaBJIivHOI MeXaTPOHHOI CHUCTEMH

MIKPOKJIIMATy — CMCTeMa BeHTWIALII Ta peupKYJISLil

Ha erami po3poOku cucTEMU KepyBaHHSA OyJO OKPEMO PO3IJISHYTO KOXKHY
MIJCUCTEMY MEXaTPOHHOI CHCTeMHM Ta BH3HA4Y€HO ii OCOOJMBOCTI Ta 3acoOu
KEepyBaHHS.

3 oriaay Ha 3aralbHy CTPYKTYpY 3alpONOHOBAHO O00’€IHATH B OJHY
MIJICUCTEMY CUCTEMY OOITpiBY Ta CHCTEMH BEHTHJIAILII, CUCTEMY KE€pPYBaHHS BIKHAMHU
MIPOBITPIOBAHHS, MIJICUCTEMY PELUPKYJIALIL (BEHTUIISATOP Ta PETYJIIOI0UY 3acIiHKy). B
pe3yibTaTi N00y10BaHO MPUHIIMIIOBY CXEMY MIJCUCTEMHU BEHTUIALIT Ta pEUUPKYIISLIT
(puc.2.4) [41,99].

Jns miaTpUMyBaHHS CTAJOr0 OOMIHY TMOBITPSHHUX MAac 3alpONOHOBAHO
BCTAHOBUTU BEHTUJISTOP, KU Yepe3 CUCTEMY MOBITPOIPOBOIIB MOJIA€ MOBITPSHUN
MOTIK B CEpPeAMHY TEeIMYHOro o00’ekTy. IIOTIK peryioerbcsi MOBOPOTHUMHM
3acimiHKaMu. s perupKysiii moBiTpsi a00 BUTSIKKK 3alPONOHOBAHO BCTAHOBUTH
BUTSDKHUN BEHTWIATOpP. Y Kamepi 3MillyBaHHS 3MIIIYE€TbCS YacTHHA MOBITPA 3
CEepEeIVHM TEIUIMII Ta YaCTHHA 30BHI. JlaHUI €eMEHT JacTh MOKJIIUBICTh 3MEHIINUTH

BTPaTH TEIJIOBOT MOTYKHOCTI TETUIHIII.
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Puc.2.4. 3aranpHa NpUHIMIIOBA CXEMa CUCTEMU BEHTWIISLIT Ta PELMPKY IS

2.3. Ilincucrema  NHEBMO-TIAPaBJiYHOI  MEXaTPOHHOI  CHUCTEMH

MIKPOKJIIMATy — CMCTeMa NPOBITPIOBAHHSA BiKOH Ta BEHTHJIATOP

HactynHum erarom 0yJio po3riisiHyTO MTHEBMATHYHY CUCTEMY IPOBITPIOBAHHSA,

KEpyBaHHS BIKOH Ta BEHTUJISTOPA.
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Puc.2.5. ®parMeHT CUCTEMH ITOBITPOIIPOBOY

3 orisiay Ha 00’€M TEIUIMII, BUMOTHU JI0 MPOBITPIOBAHHS Ta OOMEKEHHS 1110710
IIBUJKOCTI TMOBITPSHUX TMOTOKIB OyJO poO3paxoBaHO 1 MIAIOpaHO TeOMETPHUYHI
rapamMeTpH MOBITPOIPOBOIIB 1 BEHTUIISATOP 3 PETYJIIOIYOI0 3aCiHKOI0 (puc.2.5). s
PO3paxyHKY IPUHHATO TEIUIMLIIO 3 raOApUTHUMU PO3MIpaMu: JOBXKUHA — 7 M, IIMPUHA
— 4 M, Bucota — 1,6 M. Po3mipu BikoH mpoBiTproBaHHs — 600x150 MM, noBkuHa
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noBiTponpoBoay ckianae 10 M. Ha ocHOBI pekoMeHaIliii TPHIAHATO, 110 KPaTHICTh
MOBITPOOOMIHY B TEIUTMYHOMY 00’ €KT1 Y XOJIOHY MOPY POKy ckianae 5-10, B Termny —
30-50. [y1st po3paxyHKy TEIUIUIT MPUHHATO KpaTHICTh 30. 3a BKa3aHUMH TTapaMeTpaMu
0yJI0 po3paxoBaHO 00’ €M MOBITPS, AKUH MOTPIOHO MOJIATH B TEIUHITIO [34]:

Q=K=xV=*3600=30%7%*4x1,6=1344m>/roz.

3rigHO BUTpATI Ta HAJIUIIKOBOMY TUCKY TiaiOpaHo BenTuwisitop BL] 10-28 (BP
200-28) Ne4 3 en. meurynom AIP90L4 na 2,2 xBt 1500 00/XB 3 HACTYNmHUMH

xapaktepuctukamu (puc.2. 6) [35].

Pw.Ma

5000 -1 1
4500 -
4000

Nk2.2 gBr

--/////1//511:1!:5!:11411*
| B
1 12 Hlam‘ 1 3‘:4{"51]-11].;-.

Puc.2.6. AeponunamiuHi xapaktepuctuku BeHtuisitopa Bl 10-28, Q - Butpara
HOBiTps, THC.M /TOx; Py - IOBHUIA THCK; 1 - KoedinieaT kopucnoi aii (KK]I); N -
CIOKMBaHa MOTY>KHICTh ABUTYHA, KBT; U - OKpy»KHa IIBUIKICTH KOjeca, M/C;
n - KUTBKICTh 00€pTiB Ha poO0YOMY KoJieci, 00/XB.

Lle 103BONMIIO pO3paxyBaTH aePOAUHAMIYHUN CYIPOTHUB PETYIIIOI0YOT 3aCTIHKH
Ta BHU3HAUUTH KEpyloue 3yCHWJUIS 1 CHIOBY XapaKTEpPUCTUKY BHUKOHABYOTO
MHEBMOIIPUBO/1Y ITHEBMO-T1IpaBIivyHOI MEXaTpOHHA cUcTeMa (101aTok b).

3a BuXiIHUMHU JaHUMH (Tabn. 2.2) BHUKOHAHO PO3PAaXYHOK PETYIIOKYOi

XapaKTePUCTUKHU JPOCENIbHOT 3acaiHku [35].
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Tabmuis 2.2. Buxigni 1aHi HOBITPONPOBOIY JIJIsl pO3PAXyHKY 3aCIiHKH

Po6oua Touka BenTuasTOpa: [IpoayKTHUBHICTD, M?/4 1080-2340
Po6ouya Touka Bentunstopa: Tuck, Ila 971-1096
JloB>KHHA TIOBITPOTIPOBOTY, M 10
JliameTp NoBITPONPOBOY, M 0,2
JHonatkoBi oropu { 4
I'ycTuHa nositps p, Kr/m> 1,177
Koeodimient quaamivHoi B’ s13k0CTi, MKIIa 18,6

3rilHO MapaMeTpiB MOBITPOIPOBOY OyiI0 BM3HAUYEHO BTpaTa THUCKY Ha Tepts [lla]
[36]:
L v
Ap=A-x—xp, (2-1)
d 2
ne:
A - KOedIIlIEHT TEPTS;
L — moB:kuHa MOBITPOIIPOBOY, M;
d — giameTp MoBITPONPOBOAY, M;
V — MIBUJKICTh MOTOKY MOBITPSI, M/C;
p — I'yCTHHA TIOBiTps, k2/Mm>,

3HaueHHs TYCTUHU MOBiTps mpuiimaemo 1,185 «xa/m®. 3nauenns xoediieHry
TUHAMIYHOT B’S3KOCTI TOBITps mpuitmaemo 18,6 mklla c. BpaxoByroun Buile Bkaszani
nasi, koeiicHT KIHEMaTHYHOI B’A3K0CTI OTpUMy€eMO 3a popmystoro [10 -6 m /c] [36]:

w_186-107_ 15 6q. 1076
= = *
VT T 1185 '

Crayna cepefHsi MIBUAKICTh PyXy MOBITPS BHU3HAYEHA 3a BU3HAYCHOK KPATHICTIO

MOBITPOOOMIHY [M/C]:
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Q 4Q 4 % 440 04
Vo S T mdZ T 3140223600

Jl1s BU3HAUEHHS PeKUMY PYXY 3aCTOCOBY€eThCs hopmyita Pelinonbaca [36]:

oy Urd _ 3894%02
© =T T1569+10-6

Uucno PeitHonmbiaca Oinbine 3a 3HadeHHS 2320, TO Takui pPEXKUM TOTOKY €
TypOyneHTHuM. [l mepmoi ninsHku yucio PeliHombaca oOpaxoByeTbes 3a

dbopmyoro brasziyca:
_ 0316 0316
~ Re®%5 49636925

= 14,92

Ha mepeximniii nimsHIi  kKoedirieHT TepTss Oynae 3alekKuTh BiJ IMIOPCTKOCTI
MOBITPONPOBOAY Ta uucia PeiHonbaca. s nanoi obnacti koediuieHT TepTs Oyne

BU3Havarucs 3a popmyrnoro Konsopyka-VYaiita [37,38]:

1 1
A_
251 2,51 0,15
21g Kery 21
[— ( \/— 3,7 )] [ g(49636m+37*02)]
1 1

= = == 0,52
[—2lg 0,203]2 1,92

st TpeTboi AUISTHKKA Koe(IIlieHT TepTs BU3HA4YaeThes 3a Qopmysoro [Ipanaris-
Hikypanze [37,38]:

A= : = - 052
_ _ _ _ _o
(1,14 + 2Ig kdB )2 (1,14 + 21g—00125)2 (1,388)% 1,926

€KB

Yucno PeliHonbica BiAMOBITHO 10 TPETHOI JIISHKA BU3HAYAIOTH 32 POPMYIIOHO:

d,
Re,, = 560
Sxp kew 000, i

= 746,66

Busnauaemo BTpaT THUCKY IO JOBXHHI MOBITpOIipoBoay, I1a:

U v2 05y 10 3,8942
= —_ K — % = —_—
P=49"7 20,2

Busnauaemo micrieBi BTpaTu THCKY, [1a:

* 1,185 = 233,58

v? 3,8942
AP:EE*p:A}*

* 1,185 = 35,93
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3a pe3ysipTaTaMH pO3paxXyHKIB BU3HAUEHO 3arajibHl BTpAaTH TUCKY, Ia:
Ap=p,—py— P =281—233,58—-3593 =269,51

B 3anexxHOoCTI BiJ BUTpaTH MOBITPS Yepe3 3aciiHKy Ha Hil OyJe HACTYNMHUU mepenaj

TUCKy, I1a [37,38]:

2
Ap = 8{(a)pQ (2-2)

m2d*
3poOUBIIM MaTEeMaTH4HI CIIPOILIEHHS OTPUMAEMO, IO 3AJIEKHICTh KOE(DILIEHTY OMOPY

3aCIIIHKY BiJ] BUTPaTH MaTUME HACTYITHUNA BUTJIS;

_ Apm?d* _ 269,51x3,142x0,2*

{(a) = 8p0Q2  8x1,185%4x4402

=0,00000058.

[IpoBiBIIM aHATOT1YH1 PO3paxXyHKH JJIA Aiana30oHy BIIKPUTTS 3aCIIHKH Big 5° 10
80° oTpuMaHO 3aJIeKHICTh KPYTHOTO MOMEHTY BiJ] KyTa BIAKPUTTS 3aC/IIHKH, IEpenamy

THUCKY Ta BUTPATH NOTOKY MOBITPs (Ta0i.2.3).

Tabnuis 2.3. Po3paxyHok Jiana3oHy BIAKPUTTS 3aciiiHKHU Big 5° 1o 80°

N | Q a X Ap Mip Ny &) v(@) | M
1 1622 |80 |90 30,09 0,098 | 1,37 0,99 14,34 | 0,032
2 1612 |75 |74,6 |63,16 0,4 5,61 2,11 14,26 | 0,13
3 1595 |70 |61 118,9 1,12 15,55 4,05 14,11 | 0,37
4 1578 |65 |48 174,05 2,23 30,97 6,07 13,96 | 0,74
5 1560 |60 |344 |231,8 3,66 50,95 8,27 13,8 1,22
6 1545 |55 224 |279,42 5,25 73,11 10,16 13,66 | 1,75
7 1530 |50 |17.4 |326,58 7 97,42 12,11 13,53 2,33
8 1453 |45 |13 561,42 13,52 | 188,04 23,09 1285 |45
9 1440 |40 ]9.8 599,88 15,79 | 219,75 25,12 12,73 | 5,26
10 | 1295 |35 |6 1005,35 | 28,75 | 399,86 52,06 11,45 9,58
11 1280 |30 |48 1044,84 | 32,26 | 448,37 55,38 11,32 | 10,75
12 11000 [25 |3 1697,56 | 54,93 | 764,01 147,43 8,84 18,30
13 1750 20 |2 2144,88 | 72,63 |1010,23 | 331,17 6,63 24,21
14 | 730 15 |12 2175,14 176,85 | 1070,02 | 354,5 6,45 25,61
15 1420 10 10,8 2539,64 191,59 | 127591 | 12504 3,71 30,53
16 | 395 5 0,6 2560,29 94,31 | 1313,18 | 1425,29 |3.,49 31,43

Pe3ynbTaTi po3paxyHKy KpyTHOI'O MOMEHTY ITOBOPOTHOI 3aCJIIHKY Ha BIIKPUTTS

Ta 3aKpUTTA Jald MOXJIMBICTH TMiAiOpaTh BUKOHABUI TPHUCTPOI [JIi ITHEBMO-

TipaBIIgYHOT MEXaTPOHHOT CUCTEMH, a caMe MPUBIJ 3aCTIHKU, PO3MOIIILYNN KilanaH,

pecusep.
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Puc.2.7. 3anexHicTh KpyTHOTO MOMEHTY ITHEBMATHYHOTO MTPUBOJIY 3aCIIHKH Ha

BIJIKPUTTS Ta 3aKPUTTS BIJ KyTa BLAKPUTTS MOBOPOTHOI 3aCIIIHKU

[Tigi6pano nueBmatnunuii mumuaap CRHD-32 3 mapHipHUM 3’€IHaHHSM 1
po3noauibHuM kiaanaHoM VUVS-25-S. ITHeBMatuyHuil npuBia 3a0e3meuye 3yCHILIs
2360 H mipu tucky 0,6 MITA npu 3akputti 3aciinku 1 2770 H npu BIZKpUTTI 3aCITHKH.
3 ypaxyBaHHSAM MaKCUMAaJIbHUX PO3paxyHKOBHX HaBaHTakeHb 1300 H maemo 3amac o
sycuuiio 1,82 ... 2,13, mo BIAMOBIZa€ BUMOTaM MO0 €KCIUTyartailii MpUBOAY B
YMOBaX BIIKPUTOrO MPOCTOPY 3 PIUHUMHU 1 TOOOBUMHU KOJMBAaHHAMH TEMIIEPATYypH 1

BoJorocTi [39].

24. Ilincucrtema  MHEBMO-TIAPaBJiYHOI  MEXaTPOHHOI  CHCTeMH
MIKpOKJiMaTy — cucTemMa o0irpiBy. Po3paxyHOK TeII0BOI MOTY/KHOCTI

HarpiBauiB. CxeMa BUKOHABYMX NPHUCTPOIB MiJICHCTEMH.

[Tincucrema o6irpiBy. s 00IrpiBy TEITUYHOTO 00’ €KTY CEPEIHBOTO 00’ €My
3aMpONOHOBAHO BUKOPUCTOBYBATH €ICKTPUYHMI HarpiBad. Po3po0ieHo mpUHIIUTIOBY
CXeMy PO3MILIEHHS HarpiBaviB y MPUTOUYHIA CUCTEMI BEHTHIISMIT (puc.2.8).

Jlns mipOopy HarpiBauiB TpeOa BU3HAUYUTHU TEIJIOBY MOTYKHICTh JUIsl 3aJaHOTO
00’emy teruui. IIpu miaAroToBii po3paxyHKiB BUTPATH HMOBITPSI 1711 TPOBITPIOBAHHS
Terumii OyJo 3HAWIeHO ONTUMAajibHE 3HAYEHHS BUTPATU TOBITPS Ta THUCKY, fKI
MIPOBOJIMJINCST TIONIEPEIHBO. BIAMOBIAHO 1O OTpUMaHUX 3Ha4YeHb Oyyo MmiaidopaHo

BeHTWIsITOp. [loyaTKOB1 MaHi A1 po3paxyHKy HaBeAeH1 B Tabuii 2.2 [37,38].
63



MpuToutmin

BEHTHAATOR \/ V
Mpurouni
pewiTHE

o
o e s PO il F o T 5 I

Harpisay "
'\nalmpmm 3achinka

Puc.2.8. [IpuniunoBa cxema po3MillleHHS HarpiBa4diB B CUCTEMI IMOBITPOIIPOBOIY

[ToyaTkoBa TemMriepatypa 30BHIIIHBOTO MOBITPSIHOTO CcepelloBHINA CKiianae 10
°C, a Temmeparypa sky notpioHo miarpumyBaTu B Temuil 18°C. Crnouatky Oyso
BU3HAYEHO TEIJIOBY MOTYKHICTh Harpipaya:

Q.=c* G(tnp — tH), kBT,
ne:
C — TeTIOEMHICTh TOBITPsA, ¢=1,005 kJ[x/kr*°C;
G- macoBa BUTpaTa MoBiTps, Kr/c;

tnp, ty — TEMIIEPATYpa MOBITPsI Ha BXOJIi Ta BUXOJI 3 Harpinava.
Qx = 1,005 * 0,47 * (18 — 10)=3,78 kBr

JT\‘"M' Ez

'IE

i

i
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Puc. 2.9. 3aranpHy cxeMy BUKOHAaBYHX IPHUCTPOIB: a — CXEMH BUKOHABYMX
npuctpoiB(FluidSIM): 6 — cxema migkIr0YeHHs] BAKOHaBUMX MPUCTPOiB (Y1-Y8 —
YOPaBIIHHS TPUBOJAMHU HUXKHIX BIKOH MpoBITproBaHHA; Y9, Y10 - ynpaiiHHS
NPUBOIAMH BEPXHIX BIKOH MPOBITPIOBaHHA; Y 11 — ynpaBiiHHS OpUBOJIOM
3amToproBanis; Y12, Y13 — ynpaBiiHHS npuBoIOM 3aciiHku; K2 — ynpaBiiHHS
HarpiBauem; K1 ta K3 — ynpasiaiHHsa BEHTUISATOpaMU).

OT1xe, 1)1 00IrpiBY TEIJIUYHOTO 00’ €KTY, MPU HEOOX1THOCTI MiATPUMYBaHHS
cTayoi TemrepaTtypu B po3mipi 18°C, HeoOxigHO HarpiBad 3 motyxHicTio 4,0 kBT.

Jns  Temreparypu 30BHIIIHBOTO TMOBITpsiHOrO cepenoBuma 10 °C, a
TeMIiepatypa siky norpioHo miarpumyBatu B Teruii 20°C. TemioBa moTyXHICTb
HarpiBaua Oyje CKIajaTu:

Q. = 1,005 % 0,47 * (20 — 10)=4,7 kBt
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OTtxe, 111 O0IrpiBY TEIJIUYHOTO 00’ €KTY, MPU HEOOX1THOCTI MiATPUMYBaHHS
cTaynoi Temrepatypu B po3mipi 20°C, HeoOXigHO HarpiBad 3 moTyxHicTiO 6,0 KBT.
3anpononoBano BctaHoBuTH HarpiBad Bentc HK 400x200-6,0-3 [40].

OTpuMaHi po3paxyHKHU 1aJId MOXIJIUBICTh PO3POOUTH 3arajibHy CXeMYy BUKOHABYMX
MPUCTPOIB IS CHUCTEM BEHTWIAILII, 3allITOPIOBAHHS, OMNAJICHHS Ta BIKHAMH

npoBiTproBanHs (puc.2.9) [32,33].

2.5. IlincucreMa MHEBMO-TiAPABJIIYHOI MEXATPOHHOI CHCTEMH MIKPOKJIiMaTy
— cHucTeMa 3BOJIOKEHHSI MOBITPSE B TemIMYHOMY 00’ekTi. Po3paxyHok

NPOAYKTHBHOCTI Ta KUIbKOCTi opcyHOK

[Tincucrema 3abe3nedeHHs] BOJOrocTi. Jlias CTBOpPEHHsSI MHEBMO-T1IPaBIiuHOL
MEXaTPOHHOT CUCTEMH KEPYBaHHS BOJIOTICTIO HEOOX1HO BpaxyBaTH 3aJI€KHOCTI 3MiH
BUTPATH BOASHOI TApH JIJIs1 MIITPUMKH OaJlaHCy BOJIOTOCTI TETUIUIIL Y Yaci il BIULTHBOM
MIPOTHO30BaHUX 3MIH MapaMeTpiB OTOYYKYOro MOBITPSHOIO Ta PILAMHHOTO
cepenoBuila. Lle 103B0IMTh BUBHAUYNUTHU KIJTBKICTh BOJSHOT IapH, IKa Ma€ OyTH 10/1aHA
abo BWIy4YeHa, JJIsi KOMIICHCAIll y pa3l BIAXWUJIICHHS PIBHSA BOJOTOCTI TOBITPS B
teruil. OTpUMaHHs BKa3aHUX 3aJIEKHOCTEH MOXe OyTH 3A1MCHEHO 3a AOMOMOTOIO
MOJIeNIIOBaHHS (DYHKIIIOHYBaHHS TETLTUIIl HA TIPOTS31 100U.

Jlns1 3a6e3mmeueHHs OagaHCcy BOJOTOCTI B TEINIMYHOMY 00’ €KTI MaJIoro 06’ emy 0yJio
BpPaxyBaHO BOJIOTICTh MOBITPS, KA 3HAXOAUTHCS BCEPEAMHI TEIUIMIIl Ta BOJIOTICThH
MOBITPS, SIKE MOJAETHCS B TEITUYHUIN 00’ €KT. JIJIsi IbOTO 3aMPOIIOHOBAHO PIBHSHHS
OanaHCy BOJSIHOT apu B cepeArHI 3aMKHEHOTo 00’ eMy [32,33]:

Qg *TI*At1=30*v*S*T2*p*At2= ¢T, (2-3)
ne:
Q- IPOAYKTUBHICTH (DOPCYHOK, JI/TOL;
T1- remnepatypa BoasiHOi napu, °C;
Atl — gac po6oTu HOpPCYHOK, TOJ;
30 — KpaTHICTh MOBITPOOOMIHY JJIs TETUIMYHOT'O 00’ EKTY;

V — IIBHUJIKICTh MMOTOKY IMPUILITUBHOTO MOBITPS;
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S — IJI0IIA MONEPEYHOTO TIEPEPi3y NPUILIMBHOIO HOBITPOIPOBOY, M%;
T2- TemnepaTypa npurIMBHOTO MOBITPA, °C;
¢ — BOJIOTICTh MPHUIUTUBHOTO MOBITPA, %0;
At2 - yac poOOTH BEHTWIATOPA, TOI;
(T — 33J]aHe TTOYATKOBE CTajie 3HAUEHHS BOJIOTOCTI B CEPEANHI TEIUIMYHOTO 00’ €KTY
(st ma"oro pociikeHHs OT npuiiHaro 70 %).
3anponoHOBAaHO BU3HAUMUTU KUIBKOCTI (OPCYHOK, 110 0Oa3yeTbCs Ha

CHIBBIAHOIIEHHI TIJIONTI 3BOJIOKEHHSI TETUTHUIII 1 JlaMeTpi po3nuiieHHs GopcyHku [42]:
a
D = 2Htg > (2-4)

ne:

H- Bucora po3nunenHs;

0. — KyT PO3IWICHHS.

Bincranp Mk (QopcyHkamu, 110 3a0e3nedye JTOCTaTHBO PIBHOMIpHE

3BOJIOKCHHS, BU3HAYAECTHCA 3 ,uiaMeTpa PO3IHUICHHA [5]

V2

E= 7D, (2-5)

[TpoBiBIIM po3paxyHKH ISl JAHOTO THITY TEIUIMINI 3 ypaxyBaHHSIM KyTa
po3nuieHHs (Hanmpukiaa, 68° 3 xapakTepUCTHK (HOPCYHKH) BU3HAUEHO, 110 AlaMETP

pO3NuUIIEHHS 0J1HO1 (POPCYHKH MOKe ckianaTtu 2,5 metpu [13].

mupegmm
Puc.2.10. [IpuniunoBa cxema po3mimieHHs1 (OPCYHOK B TEIUNIMYHOMY 00’ €KT1
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To6To 111 3BOJNIOKEHHSI TEIUTUIN 3 IUJIOLICIO 3BOJIOKEHHS 7x4 MeTpu s
MOBHOTO MOKPHUTTS MOBEPXH1 AocTaTHRO 6 popcynok. 1106 3ab6e3neuntu piBHOMIpHE
PO3MOIiICHHS BOSHOI ITAPU B 3aMKHEHOMY 00’ €Mi 3aIpOTIOHOBAHO BUKOPHCTOBYBATH
MEHIITy KUTBKICTh (DOPCYHOK Yy KITBKOCTI 3 pa3oM 3 MPUMYCOBOIO PEIHPKYJIAIIE0
noBiTps (puc.2.10). Jlns 3abes3neueHHs CTaOLIBHOI BOJIOTOCTI B TEIUIMII
3aMporOHOBaHA MEXAaTPOHHA Ti/lpaBiiduHa CHCTEMa TyMaHOYTBOpeHHs (puc. 2.11).
HeoOximHy MpoIyKTUBHICTB 1 THCK BOJIM B CUCTEMI 3BOJIOYKEHHS 3a0e311euy€e HAaCOCHHM
arperatr 3 akyMyJSITOpOM, B SIKOMY MnepeadadeHo (UIbTp UId OYMILEHHS BOIU 1

KJIallaHU TUCKY, JJIA 3anoOiraHHs NEpeHaBaHTAXEHHS 1 HaJalllTyBaHHA po0O0OYOro

THUCKY.
, [p
% [ A3 | Pl
HIL . D HY
K33 K34 1] ol 5w K32
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Puc.2.11. I'igpaBiiyHa cxeMa CUCTEMU TyMaHOYTBOPEHHS

J11s1 HaTIIOBHEHHSI MEPEXK1 3BOJIOKEHHS BOJIOI0 200 37TMBY BOJIU, 32 HEOOX1HOCTI, B
cucteMi 3actocoBaHo kmamad Pl. Jlnsg kepyBaHHS BMHKaHHSM 1 BHMHKaHHSIM
dbopcyHok BcTanoBieHi kinananu P2, P3 1 P4, axi 03mo6eHi 3BOPOTHUMH KJlarlaHAMHU
JUIsL 3amo0iraHHsT YTBOPEHHs MOBITPSIHUX TMPoOOK. BpaxoByroui pi3H1 BifCTaHI BiJ

HACOCHOTO arperaty 10 (OpPCYHOK B cuCTeMi mependadeHo OJuH abo JCKITbKa
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OasaHCHUX JPOCEIIIB, 3a IOMTOMOTO0 SIKMX Oy/1e BUPIBHSIHO THCK Ha BX0/1 ()OPCYHOK.
Pene tucky PT, koHTpOI0€ piBEHH pOOOYOT0 TUCKY PIAMHU B CUCTEMI Ta MOAA€E CUTHAII
I BMUKaHHS HACOCHOTO arperary y BUIAJKy HEJOCTaTHROTO piBHS TUCKY [32,33].
3rilHO po3paxyHKy OallaHCy BMICTY BOJIOTU JOCTATHBO 3aiATH TpU (POPCYHKH 3
MPOAYKTUBHICTIO 2 J/Toa Ta THCKoM 3 Oapu, Hampukiaag UMSOM. [{ns Bu3HaueHHA
KOOPJIMHAT PO3MIIIeHHS (POPCYHOK PO3AUIMMO TEIUIUIIO Ha YOTUPH 30HU. Jo mepuioi
30HHM, HAMOMMK4YOi 70 TMepepidy HarHiTaHHS TOBITps, BigHOCUTHCA (opcyHka F1.
[Tpubnuzno 1/2 npoaykrusHocTi F1 3anumaeTses B 30H1 1, a pemira npoyKTUBHOCTI
F1 po3noainsernses mo iHmmx 3oHax teruii (3oHa 1= 1/2 F1). Y apyriii 30H1 npaiiroe
dopcynka F2. 3oHa 2 oTpuMye Bojory Bi nepmmx aBox ¢opcynok: 0,5F2 + 0,25F1.
Pemta nponykruBHocTi F2 posnoainsieTscs 1mo 30Hax 3 1 4. Y TpeTiil 30H1 mpaifoe
dopcynka F3. 3ona 3 orpumye 0,5 Bix F3, 0,25 Big F2 1 0,125 Bix F1. Pemra
MpOIYyKTUBHOCTI F3 po3noaiiseTses no 3aaumkoBoMy 00’ emy Teruuii. [Jo yeTBeproi
3oun Hagxoauth 0,5 Big F3, 0,25 Bix F2 1 3amumoxk Big F1. 3a rilmoTeTHYHOIO CXEMOIO
PO3paxoBaHO Take PO3MIMICHHSI (HOPCYHOK B TEIUIMYHOMY OO €KTI, sike 3a0e3neuye

PIBHOMIpHE NIOCTaYaHHS BOJIOTY HA OJIMHULIIO TOBXKUHU Teruii (puc.2.10).

2.6. Ilizcucrema  NMHEBMO-TIAPABJIiYHOI  MEXaTPOHHOI  CHCTeMH
MIKPOKJIMaTy — CHCTeMa MOJUBY B TeIUIMYHOMY 00’ekTi. DinpaBiaiunmii

PO3pPaxXyHOK CHCTEMH MOJUBY

[Tincucrema 3abe3nedeHHs MoauBy. MojentoBaHHs poOOTH CUCTEMH TTOJIUBY OyII0
peaii3oBaHo B mporpamHomy 3abesnedenHi «Fluidsim». Ha pucynky 2.12 noka3ana
MPUHIIAIIOBA CXeMa, TPU BKJIFOYEHHI HACOCHOI CTaHIlli Ta po3noaiabHuKiB P1, P2, P3,
MpAITIOe CUCTEMA KPATUTMHHOTO TOJIMBY Ta CHCTEMa 3BOJIOKEHHS TTOBITPSI.

JIisi pUHIMIIOBOI CXEMM TIOJMBY OYJIO TPOBEACHO TipaBIIiuHiI po3paxyHKu. [
MOYaTKy BU3HAUYEHO MAaKCUMAaJbHYy IIOJEHHY NOTpedy Yy BOJl 3 METOI0 MEPEBIPKU
MOXJIUBOCTEH BOJOJKEpesa, BUOOpPY (UIBTPOCTAHINT Ta pEmTH BUKOHABUUX
npuctpoiB. Ha miBaHi YkpaiHu 3a MakcUMajbHy IIOACHHY 3pOUIYBAJIbHY HOPMY
npuiimaroTs 60-70 m3/ra [43].
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IIpuitaaTo, mo notpeba y BOAi ckiagae 7 JiTpiB Ha M? 3a 100y, TOOTO IUIOIIMHH

TEIIMYHOro 00 €KTY, 28 M?, MaKCUMaJlbHE 3HAUEHHs BUTPATHU B JIEHb OyJIe CATaTH:

Q=196 1/n0=0,216 n/xB.

b

Puc.2.12. IlpynuunoBa cxema CUCTEMHU MOJUBY [43]

Bubip po3mipi TpybonpoBoay (puc.2.13):

J1J1st BCMOKTYBaJIbHOTO TpyOOTIpoBONy: lp=0,15m;

Jnsa nanipaoro tpyoomnpoBonay: [;=0,30m; L = 0,35m; [3= 3,1m; l; = 0,20m; [s= 0,20Mm;
ls = 6,8m; l; = 6,8m;

Puc.2.13. Cxema po3MinieHHs TpyOONpOBOLY B TETLTUII
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dopmyna sl po3paxyHKy BHYTPIIIHBOTO JlIaMETpy TpyOONpOBOAY B TEILIMIL

[36]:
d, =46 [dmaxs (2-6)

ne:
Qmaxy — MaKCHMasbHa BUTPATa Ha HAIIpHIl miHii, M>/rox;

V, — cepenHs MBUAKICTh MOTOKY PIIMHUA HA HAMipHIN JiHIi, M/ C.

CepenHio MBUAKICTb PIAMHUM BUOPAHO Yy 3aJIEKHOCTI BIiJ NPU3HAUYCHHS
TpyOonposoxy [43]:
JUIs BCMOKTYBanbHuX V=1,2 M/ c;
JUIS 3MUBHHUX V=2 M/ c;
st Harmipaux V= 3...4 m/c.
BuyTpimHiil qiametp TpyOOmpoBOIiB AJIsi BCMOKTYBAJIBHOI JIIHIT BU3HAYAETHCS

3a opmyiioro [36]:

. 0,0000036
d, =46" Qmaxn _ 4,6+ |—————=0,0079 (m).
V. 1,2

3rinno JJEPXKCTAHIAPTY 8732-78 nputimaemo d,; = 8 MM.

BuyTpimHiil 1iametp TpyOONpOBOMIB ISl HAMIPHOI JIIHII BU3HAYAETHCSA 32

, /0,0000036
d, =46 Qm;“ = 46 |——7— = 10,0049 ().

3rinno JEP2)KCTAHIIAPTY 8732-78 npuiimaemo d,, = 5 MMm.

dbopmyiioro:

3a OpUMHATUM JiaMETpPOM BHU3HAYEHO MINCHY MIBUAKICTH PyXy PIAMHH B
TpyOonposozi [36]:
Ha BcMoOKTYyBasbH1H JTiHIi:

4-0,0000036
= 0,071

Vo=4-Q/m-dy =

M
~ 3.14-0.0082 C

Ha nanipiit minii:
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- L2 _ 400000036 . m
W =4 Q/medm =32 —005z = 0 P

Busnauenns BTpar 1o AoBxuH1 TpyOornpoBoay. BrpaTu tucky Ha tepts [36]:

Ap,; =(0,5pLAV?)/d,, (2-7)
ne:
p - TyCTHHA, KT/M3 ;
A - KOCIIIEHT TEPTS;
L- noBKXWHA AUISHKH, M;
d,, - niameTtp TpyOu abo NUIAHTY, M;
V- cepenHs MBUAKICTb PIIUHUA M/ C.
KoeditieHT TepTs A 3aJIeKUTh Bl PeKUMY PyXy PLAMHH ¥ BU3ZHAYAETHCS IO
yucny Peltnonbzaca [36]:

Re=Vd/v, (2-8)

ne:
V — MBUAKICTH TOTOKY PiIMHH, M/ C;
d — BHYTpillIHIN JlaMeTp TpyOONpoBOaY, M;
V- KIHEeMaTH4Ha B’ SI3KICTh PIIMHH, M%/C.
[Ipu naminapuomy pyci pinunu ( Re < 2320).3 ornsigy Ha MOXKIMBOCTI 3BY>KEHHS U
CKPHUBJICHHS MEPETUHY TPYOU MPH MPAKTUYHUX PO3PAXYHKAX MPUNHSTO:
» =75/Re. (2-9)

[Ipu TypOynentHomy pyci ( Re> 2320) koedilieHT TepTs A 3alekKUTh BiJ Uynucia
Peiinonbpaca ¥ Bim BiIHOCHOI MIOPCTKOCTI CTIHOK KaHamy. CraneBi TpyOu MaroTh
mopcTkictb A= 0,03mMm [36].

e BpaxoBaHo BTpaTu Ha TiIpaBiiyHe TEPTS Ha BCMOKTYBaIbHi JiHii (1=0,35M)

0,5:1000-0,35-0,13-0.0712
ApT == == 14‘ Ha,
0,008

0,071-8-1073

ne yucio PeiitHonbaa Re = —
1,004-1076

= 565<2320 - mamiHapHUI pEKUM PYyXYy.

KoeiwieHT rigpaBnigHOro TepTs 3 ypaxyBaHHIM MiciieBoro ornopy [36]:

A="> = 0,13.
565
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e Bupaxyemo BTpaTu Ha TijipaBiiuHe TepTs Ha HamipHii miHii (1 =17,75m).

A _0,5:1000-17,75-0,08-0,1832
br 0,005

= 4755 I1a,

0,183-5-1073

To0r106 911<2320- namiHapHUN pEKUM

ne koedimieHt PeitHonbna Re =

KoedirieHT riipaBaivHOro TepTs 3 ypaxyBaHHIM MICIIEBOTO OIOPY:

A="" = 0,08,
911

PesynbpTaTn po3paxyHkKiB HaBeieH1 B Tabmuii 2.4

Tabmuus 2.4. Brpatu ra riipaBiiuHe TepTs

Howmep L, d, 0, V, Re A Ap; Ila
TISTHKA M MM /x6. M/c

1 0,35 8 0,129 0,071 565 0,13 14

2 17,75 5 0,129 0,183 911 0,08 4475

3aranpH1 BTpaTH Ha KOKHIM CEKI1i pO3paxyeMo, IK CyMy OKpeMmux BTparT, I1a [36]:
Apr = 14 + 4475 = 4489.

Btpatu Ha MicuieBux onopax. Btpatu Ha MiclieBUX OmOpax BU3HAUYUMO 3a (HOPMYIIOI0

[36]:

Apy =0,5peV?, (2-10)

ae: & - KoedilieHT MiCIIEBOTO OIOpY.
MiclieBUMU BTpaTamMu Ha JIiHIi BECMOKTYBAaHHS €:

e Bxiny ¢instp & =0,9.

e Buxina 3 ¢pinetpy € =0,7.

OTxe Maemo:

Apy = (0,5-1000-0,9-0,0071%) + (0,5-1000-0,7 - 0,0071%) = 1 Ila.

MicneBuMu BTpaTaMy Ha JIiHIT HarHITaHHS €

e Bxiny posmoainbhuk & =0,9.

e Buxiz 3 posnoaiasauka & =0,7.
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o Tpiitnuk &= 2,5 (4 mrykn).
e Penykmiiauii knanan § = 2,2.
e Perymsrtop Butparu ¢ = 2.
e Bxiny ¢imstp & =0,9.
e Buxin 3 pinerpy { =0,7.
e Koumino 3akpyriiene ¢ = 0,15 (4 mTykn).
e Jlpocenb ¢ =2 (8 mTyK).
Brpartu Ha po3noauisHuky [36]:
Ap,, =(0,5-1000-0,9-0,183%) + (0,5-1000-0,7 - 0,183%) = 27 Ila.
Brpartu Ha TpiiiHMKaX:
Ap,, =(0,5-1000-(2,5-10)-0,1832) = 418 1la.
Brpartu Ha penyKuiiiHOMY KJlalaHi:
Ap,, = (0,5-1000 - 2,2 - 0,183%) = 37 Ila.
BtpaTu Ha perynaropi BUTpaTH:
Ap,, =(0,5-1000 - 2 -0,1832) = 33 Ila.

Brpartu Ha dpueTpi:

Ap,, = (0,5-1000-0,9-0,183%) + (0,5-1000-0,7 - 0,183%) = 27 Ila.

Taxk sk B cucTemi BCTaHOBJIEHO J1Ba (PiibTpu cymapHa Brpara Ap,, = 54 Ila.
BTpatu Ha KOJI1HO 3aKpyTJjeHE:
Ap,, = (0,5-1000-(0,15-4)-0,183%) = 10 Ila.
Btparu Ha apoceni:
Ap,, =(0,5-1000-(2-8)-0,183%) = 268 Ila.
3aranpH1 BTpaTH Ha KOXKHIM CEKIlli po3paxyeMo, K CyMy OKPEMHUX BTPAT:
Apy =1+ 27+ 418+ 37 +33 + 54 + 10 + 268 = 848 Ila.

Pe3ynbTatu po3paxyHkiB HaBeaeH1 B Tabnui 2.5 [36]:
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Tabnuis 2.5. BrpaTu Ha MiclIeBUX omopax

Bun onopy Kinbkicth ¢ Apw, Tla
Tpiiiauk 10 2,5 418
biTbTp 3 1,6 55
PosnoainpHuK 1 1,6 27
Penykuiiitauii Kjanax 1 2.2 37
Perynsitop BUuTpatu 1 2 33
Komino 3akpyriieHe 4 0,15 10
Jpoceni 8 2 268

Po3paxyHok BTpart Ha rifpoanaparax. /i po3paxyHky BTpaT OyJi0 miiiopaHo OiIbILy
4acTHUHY 00JIaJIHAaHHS T1APOCUCTEMH Ta B35TO 3HAYCHHS BTpAT 3 KaTajoris [43].

e Brparu Ha po3noauneHuky Hunter PGV-100G-B [44]:
3 XapakTepuCcTHKU posnoaubauka Ap, = 0,009 MITa.

e Brparu Ha perynstopi Butpatu PIIM-102 [45]:
3 XapakTepuCTHKHU perynsaropa Burpatu Ap, = 0,03 MlIa.

e Brparu Ha puteTpi Saleplas 1 [46]:
3 xapakrepuctuku Qinsrpa Ap, = 0,001 Mlla, Tak sk B CMCTEMi BCTAHOBJIEHO JBA
¢ineTpu 3araneauit Ap, = 0,002 MITa.
3aranpH1 BTpaTH Ha rigpoarnaparax B CHCTEMI KParuIMHHOTO MOJIUBY:
Ap, = 0,009 + 0,03 + 0,002 = 0,041 MIla.

3aranbpHi BTpaTH BCI€T TIAPOCUCTEMHU:

Ap = 0,004489 + 0,000848 + 0,041 = 0,046 MIla.
[Tix6ip rigpaBaigHOTO 0018 THAHHS

e [ligibpano HacocHuil arperar Comet MP30 (Puc 2.14), TexHiuHi

XapaKTEPUCTUKHU HaBeJIeH] B Tabnuili 2.6:
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Tabnuis 2.6. XapakTepucTruka Hacoca

Butpara (Q | Butpara (Q BuTtpara (Q BuTtpara (Q
Ob6eptu
CEKTDONBAIVHA J/XB) TipA J/XB) TipA J/XB) TipA J/XB) TipA
POABHLY tiucky p=0 | tucky p =10 | Tucky p=20 | Tucky p =30
00/xB

oap Oap Oap Oap

400 233 214 21,3 21,2

450 26,3 24,2 24 23,8

500 29,3 26,9 26,6 26,4

550 32 294 29,2 29,2

o Penykrop tucky goetze-481 (Puc 2.15):

P

Qg

Xapakrepucrtuka peaykropa Tucky (Puc 2.16):

p

Puc.2.14. Hacocnuii arperar Comet MP30 [47]

Puc.2.15 Penykrop tucky goetze-481 [48]
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Poamip knanaHa

311 0 .

Tuck
i; Tic BXOO i 1} vl
1-_ Temnepartypa

Bin oo

Puc.2.16 Xapakrepuctuka peaykTopa TUCKY goetze-481
PenyxTop THCKy «goetze-481» miaxoauTh Juisi CHCTEMU 3BOJIOKEHHS ITOBITPSI Ta
JUTSl KparuIMHHOTO MoNKBY [43].

e Perymsrop Butpatu PIIM-102 (Puc 2.17):

Puc.2.17 Perynsrop Butrpatu PIIM-102 [45]

XapaKTepucTrKa peryJjsiTopa BUTpAaTU: YMOBHUM Npoxid, MM: 10; MiHIMaJIbHO
JIOIYCTUMA PI3HUIISI MK TUCKAMU Ha BXO/I1 T4 BUXO/II:

1. opu Butpati 0,1 n/x8, MlIa: 0,3.

2. mpu Butparti 0,1 n/xB 1o 20 n/xs, MIla: 0,5.

3. npu Butparti Buie 20 j/xB, MIla: 1,0.

[lepenaa THCKY MpW TPOXOKEHHI HOMIHAIBHOI BUTPATH Yepe3 3BOPOTHIN KITamaH,
MllIa, ne 6uib1IE: 0,6.
Perynstop Butpatu PIIM-102 nigxoauTh i1l CUCTEMH 3BOJIOKEHHS MOBITPSI Ta

JUTSl KparuIMHHOTO MoNuBY [43].
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o Oinetp mpomuBHuil Resideo (Honeywell) FF06-1/2AA DNI15 ans cucremu

3BoJI0KeHHS noBiTps (Puc 2.18)

"
Puc.2.18 ®inbtp mpomuBHuit Resideo (Honeywell) FF06-1/2AA DN15 nns cuctemu

3BOJIOKEHHS TIOBITPs [49]

Xapakrtepuctuka (iibrpa:

Tun 3'enHaHb: 30BHIIIHI P1360OBI.

MoHTakHe  TOJOXKEHHS  (UIBTPY: BCTAHOBIIOETHCSI HA  TOPU3OHTAIHLHOMY
TpyOOTIPOBO/Ii YaIICI0 BHU3.

Po3mip komipku ¢piabTpy: 100 MKM.

[IpuennyBanbuuii po3mip: 2" (DN15).

[TpoxyxruBHicTS: 1,5 M/rop.

PoGounii Tuck: 16 6ap.

["a6aputhi po3mipu ([IxB): 140x158 mm.

Bara: 0,7xkr.

o OinpTp 15 KparimHHOTro noiauBy Saleplas 1 (Puc 2.19):

Puc.2.19 ®inbTp ans kpamuHHOTO noiuBy Saleplas 1 [46]

Xapakrepuctuka (piuipTpa:
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Ilepenan Tucky Ha urcTomy ¢iabTpi, 6ap 0.1.

I[Tnoma ¢insTpyrouoi nosepxi, cm> 180.
[IpoxyKTHBHICTb, M>/T0 10 6.

PexomMeHnioBaHa nmpoMuBKa npu nepenaii, 6ap 0.7 - 0.8.
Crymnins ¢inbrparii, Mmkm 130.

Tuck BxigHO1 BoaM, Oap 10 8.

B cucremi KparimHHOTO MOJIMBY 3aCTOCOBYETHCS JBA TaKUX (IIBTPH.

e PosnoainsHuk 115 cuctemu kparmuaHoro noiauBy Hunter PGV-100G-B (Puc

2.20)

Puc.2.20 Po3noainbHUK AJi cucTeMHu KparuHHoro noauBy Hunter PGV-100G-B

[50]
Hiametp: 1" BP x 1" BP.
I[Tponyckra 3gataicTts: 0,05 - 9 M*/rox (0,7 - 150 1/xB).

PexomenioBanuii Tuck: 1,5 - 10 6ap.

e Posnoainsuuk aiia cuctemu 3BosioxkeHHs nmoBitpss ODE 21W4ZV250 (Puc 2.21)
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Puc.2.21 Po3noainbHuK A cucteMu 3BoJioxKeHHs oBiTpst ODE 21W47ZV250 [51]

o ['igpaBmiunuit 3aMok Runxin RX pl mist cucremu 3Bosnoskennst mositpsi (Puc

2.22) [15]

= e

Puc.2.22. T'igpaniuamii 3amok Runxin RX pl st cuctemu 3B010KeHHs

MOBITPS

XapakTepucTUKa TIpaBIiuHOIO 3aMKa:
JliameTp kpaHa: %a.

Howminansauit tuck: 10 Gap.

UYac copairoBaHHs: 3 Cek.

e dopcyHka TYMaHOYTBOPEHHS

Ha pucynky 2.23 noka3zana ¢opcynka UMSOM.
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Plastic Nozzle

Metal

Puc.2.23. ®opcyHka cucteMu TYMaHOYTBOPEHHS [52]
XapaxkTepuctuka GOpCyHKHU:
Burpara: 2-6 1/xB.
Tuck: Bix 3 1o 80 Gap.
Kyt po3nunenns: 85 - 100°.
Marepian: Hep»KaBiro4a CTajb.

BOynoBanuii 3BOpOTHIi Ki1amaH JjIs 3a11001raHHs] BUTOK P1JIMHU.

2.7. 3arajbHy CTPYKTYpa Ta KOMII’KOTEPHA MO/IeJIb TeIJIMYHOT0 00’ €KTa

[IpoanamnizyBaBiii poOOTYy Ta CTPYKTYpY MHIJCUCTEM aJanTUBHOI CHUCTEMH

MIKPOKJIIMATYy TEIUIUII1 OYJI0 pO3pOOJICHO 3arajibHy CTPYKTYypY 00’€kTa Ta 3-D Moenb

TEIIMII 3 OCHOBHUMH 1H)XXCHEPHUMHU cuctemaMmu (puc.2.24) [53].
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Jachinna
APETENHGEO i
B yaicHii
UOHTHARTOR

Cucrena CHETEMA 32 LLTOPIOBANNA
Ty HOYTEG PEHH

Mprrausi
BEHTIRNATD

3BCATHKI WATH]
Mpwig wiesa Blane noalipr

CueTenia ROAKEY nponitplonasMe  NPOBITEOBIHNS

Puc.2.24. 3aranpHa cTpyKTypa TEIUIUII

BucHoBkH 1o po3ainy

e Po3risHyTO 3arajbHy CTPYKTYPY TEIUIHUIIL.

e Po3po0ieHo miaCTPYKTYPH IMTHEBMO-TIIPABIIYHOT MEXaTPOHHOI CUCTEMH (CHCTEMHU
BEHTWISIIT Ta PEUUPKYJIALii, MPOBITPIOBAaHHS BIKOH, OOIrpiBy, MOJHBY Ta
3BOJIOYKEHHS ).

e Po3paxoBaHO CHCTEMHM BEHTWIALINI Ta MPOBITPIOBaHHS BikoH. [limiGpano
BeHTHIsITOp Ha 1400 M3/ron, BIL 10-28, Ta BU3BHaA4€HO MakKCHUMaJlbHUN KPYTHHIA
MOMEHT JJisi Migdopy MpHBOJA BIAKPHUTTA BIKOH mpoBiTproBaHHsS. [limiGpano
nueBMatuunuid utiHAp FESTO CRHD-32 Ta posnoainbhamii knamnan VUVS-25-
S.

e Po3paxoBaHO HEOOXiAHY KUIBKICTh Telia Ajis OOIrpiBY TEIUIMII Ta MIAI0OpaHo
obnagHanns: HarpiBad Ha 6,0 kBT, HK 400x200-6,0-3.

e PospaxoBaHo Ta miaiOpaHO KIIBKICTE (POPCYHOK CUCTEMU TyMaHOYTBOPHUHHS IJIs
MIITPUMAHHS CTAJIOTO PIBHS BOJIOTOCTI B CEPEIMHI TEILIHUII Ta T1Apoanaparypy s
CUCTEMHU IIOJIUBY.

e Po3po0ieHo 3araabHy CTPYKTYpPY 00’ €KTY JTOCTIIKEHHS.
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PO3/11 3. 3AJJAYI TA BUMOT'H IO MTHEBMO-T'TJIPABJITYHOI
MEXATPOHHOI CHCTEMM KEPYBAHHS MIKPOKJIIMATOM
TEIJIULI

3.1. ®izuka Tenn0-Maco00MiHHUX NPOLECIB B CepeliHI TEIVIMNYHOIr0 00’ €KTa

[THeBMoO-TiApaBIivHa MEXaTPOHHA CHCTEMa Mae 3abe3medyBaTy OaJaHC TEBHUX
napaMeTpiB MIKpOKIIMaTy IIJISXOM KEpyBaHHS MPUBOJAMHU BIKOH MPOBITPIOBAHHS Ta
3allITOPIOBAHHS, TMPHUBOJIAMU 3aCITHOK TOBITPOIPOBOIIB, 3ac00aMU 3BOJIOKEHHS,
BCHTWJIATOPOM Ta HarpiBa4amM¥l i TMOBHHHA IMATPUMYBATH CTAIUH TEMIIEPATypPHHUMA
PEXUM B CEPE/IMHI TEIUTUIl HE3aJIe’KHO B1Jl BIUIUBY 30BHIIIHIX (DaKTOPIB.

JI71st po3po0OKH CUCTEMU 1 aITOPUTMY KEepyBaHHS HEOOXITHO MaTH 3aJ€KHOCTI
3MIH TEIUIOBOIO OOMIHY MK TEIUIMIIECI0 Ta OTOYYIOUHMM MOBITPSIHUM Ta PIAMHHHUM
CEpeIOBHUIIEM, Ta 1HIIHUX MMapaMeTpPiB y Yacl, Ta 3 BpaxyBaHHSIM MPOTHO30BaHUX 3MiH
napaMeTpiB OTOUYIOYOTO cepenoBuIa. Lle 103BoMUTh BUSHAYUTH 10IaTKOBY TEIIJIOBY
MOTY>XHICTh Ta HANPsIM CTAOUTI3alIMHOTO TEIMJIOBOTO MOTOKY, Ta BIAXUJICHHS 1HIINX
napameTpiB 715l 30epeKeHHS MIKPOKIIIMATy B TETUIHUIIL.

Ha nepmomy etani Oyio mpoBeAeHO aHami3 (PI3MYHMX MPOLECiB, IO
B1IOYBaIOTHCS B CEpPEJIMHI TEIUIWIN, 3 METOK BHU3HAYEHHS BHMOT JO MaTeMaTH4YHOI
Mojiell 00’ €KTYy KepyBaHHSI.

TeopeTuuHe OOTPYHTYBaHHS TEIJIO-MAaCOOOMIHHMX TMPOIECIB B  TETUIMIN
0a3yeThcsi Ha OanaHCl TEIJIOBMX IOTOKIB TMOBITPS 3 BPaxXyBaHHSM KOHBEKIIMHHX
MOTOKIB Ta BIUIMBY CUCTEMH MOBITPONPOBOIIB. PIBHSHHS TemoBoro 0agaHCy eHeprii,

10 BIUIMBAE HA 3MIHY TEMIIEpaTypH MOBITPSI BCEPEANHI TETUIUII Ma€ BUTIIS [32]:

dT(t)
— = QHaLLX - (QBTpaTI/I + QCBDK)’ (3-1)

p*V*CTel'IJI* dt
ne:

V — 06’em nositps, M>;

Crenn — MUTOMA TETUIOEMHICTB TOBITPS, KJ[K/Kr*°C;
T(t) — TemnepaTypa MoBiTps BcepeauHi Temuiii, °C;

Quapx— TETUIOB] HANXOLKEHHS BiJl CUCTEMH 0OIrpiBy KBT;
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Qprparu— BTPATH TEMIOTH KBT;

Q cpi— BTPATU TEIJIOTH HA 00IrPiB CBIXKOTO MOBITPS, KBT.

Tak sik B pIBHSHHS TEIJIOBOTO OanaHCy BXOJSATh TEIJIOBA €HEPTis CUCTEMU
00irpiBy, BTpaTH TEIUIOTH Yepe3 MOBEPXHIO TEIUIUIll Ta BTPATH TEIUIOTH Ha 00IrpiB
CBIXKOTO TIOBITpPSI OyJI0 PO3TIITHYTO KOKHY CKJIAJ0BY OKPEMO.

TemoBa eHeprisi CUCTEMHU O0ITPIBY OMUCYETHCS:

Qnocm = _(G * C

wens ™ Conens (g = T (3-2)
ae:

Genn — BUTPATH TEIUIOHOCIS, KBT;

Ty 00 Tiin — TEMIIEpATYpa TETLUIOHOCISI HA BXOJ1 1 BUXO/II TEIII000MIHHUKA, °C;

T o4 — Tyix— PI3HUI TEeMIepaTyp Ha BXO/I 1 BUXO/Il 3 TEIUI00OMiHHUKA, °C.

TemoBi BTpaTu uepe3 KOHCTPYKINIO TEIUIMIN 3 TOJIKapOOHATy 3 BpaxyBaHHSIM
PO3MIpiB TEILIUII BU3HAYAE 3aICKHICTD [32,54,55]:

Qpup =2 k*F*T,-T,) , (3-3)
ne:
k — xoedimienT Temonepenadi nomikapoonary, Jx/m?;
F — muoma oropoxi, m%;
T, — T,— nepenan TemnepaTtypu nositps, °C;

T,— TeMnepaTtypa noBiTps 30BHilIHSA, °C.

IFWTOPHIBAHHA

Hanopudep

Mpwueig sikHa npoBiTpHOBaHHA

BikHo NpoBITROBaHHA
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Mpueig sacniHkwm

3achninuKa

Bextunarop

Puc. 3.1. 30BHIMIHINA BUTIIAL MOJIE TEILIMYHOTO 00’ €KTa

Busnauenns xkoedimieHTy Teruionepenadi MK HAKpPUTTAM 1 BHYTPIIIHIM
noBITpsM Teruuili. CepefHs MBUAKICTh PYXy MOBITPS, U, BCEPEAMHI TEIUIUII, SKa
BHUKOPHUCTOBYBaiacs B IboMy aHami3i (puc. 3.1), Oyna orinena npuban3xo Ha piBHi 0,1
M/C, IO BIANOBIa€ BUMOTAM JI0 BEICHHS TEIUTMYHOTO TocmomapcTBa. Tomy Oyio
pPO3MIISIHYTO Kputepii Monteiita [4,7], akuit nependayvae, 1110 YucTa BiTbHA KOHBEKITis
mae micue, sxmo Gr/Re? > 16 (Gr - uucio I'pamoda), uncta BUMyIIeHa KOHBEKIIIS Mae
micre, skmo Gr/Re? < 0.1 i 3mimana koHBekIs Mae micie, skmo 0.1 <Gr/Re? < 16.
3acTocyBaHHSA ITUX KPUTEPIiB 0 TEIUHIl (puc. 3.1), BUKOPUCTOBYIOYH Pi3HI 3HAUCHHSI
pizauii (Tc -Ta) npuszBoautk 10 Toro, mo npu (Tc - Ta) <7 °C mae micue MexaHi3m
3MIIIAaHOI KOHBEKIIi BCEpenuHi Teruivili. BiAmoBiaHe CHiBBIIHOIICHHS HaBEJEHE B
poboti [54,32] nna omiHkKM KoedillieHTy Teruionepenadi (Ha OCHOBI MEXaHi3My
3MIIIaHOi KOHBEKIII{) B IEHHUW Yac Ma€ BUTIISL;

By =1.95%(T,~T,,)", (3-4)
(T.-T,)<11,1I°C
ne:
h¢.am — KOEQILIEHT TEIUIONEpe1aul Mi>k MOKPUTTSAM TEIUIUILI Ta BHYTPIIITHIM IMOBITPSIM
TEIJIULI.
PiBusinusa (3-4) cnpaBennuBe s (Tc -Ta), mpore He Oynio 3HAWACHO >KOIHOTO
CIIBBIJTHOIIEHHS, K€ O BUpaxaylo Ied Koe]illleHT B JEHHUM Yac I Pi3HUII
TeMmneparyp, o nepesunrye 11,1 °C.
BusnauenHns koedimieHTy Temonepenadl MDK MIJUIOTO0 1 BHYTPIIIHIM

MOBITPSIM Teruiuiil. JIJist OIliHKM KoedilieHTa Teronepeaaydi 0yjau BUKOPUCTaHI pi3HI

85



criBBigHOmeHHs [32, 54]. Bci mi cmiBBiHOIIEHHS 0a3ylOThCsl Ha BIIBHOMY a0o0
BUMYIICHOMY KOHBEKI[IHHOMY MeEXaHi3Mi TEIUIOOOMIHY MK MIAJIOTO0 TEIUIUI 1
BHYTPIIIHIM TOBITPSAM. PO3IISHYTO 3alleXKHICTh, sKa pO3INAAaE 3MIMIAHHMA

KOHBEKIIIMHUN MEXaH13M TeIlIonepeaadi s OliHKK KOe(IIEHTY HACTYITHUM YHHOM:
) (3-5)
h,_, =1,52%(T, —T,)"® +5,2(2)",
‘ L
ne:
hs., — Koe(illieHT Temonepeaayl MiXK TPyHTOM Ta BHYTPILITHIM MOBITPSM TETUIUII;
T, — TemnepaTypa noBepxHi rpynry, °C;
0 - cepeHs MBUAKICTh PYXY MOBITPS BCEPEAMHI TEIUIMILIL, M/C;

L - xapakrepHa nosxkuHa mijioru Termii (L =7 m).

KoHBeKTHBHMUIA TETLIOOOMIH MK MOKPUTTSM TEIUIHIIl 1 30BHIMIHIM TOBITPSIHUM
Ta piauHHUM cepenoBUleM, (Qc-Qum), 1 MK MOBEPXHEI0 MIIJIOTHA 1 BHYTPIIIHIM
noBiTpsM, (Qs-Q,) BHU3HAYAIOTBCS BIAMOBIAHO O PI3HUIN TeMIepaTyp, ILIOIN]
MTOBEPXOHbB Ta BIAMOBIAHUX KOE(IILIEHTIB TEIJIOBIAaul, pO3paxoBaHUX 3a IOMIOMOTOI0
piBHSIHB 1-3, BIATIOBIAHO.

TennoBignaya, TmOB'SI3aHa 3 BUTOKAMHU 1HGUIBTPOBAHOTO TOBITPSA, Qinf,
BU3HA4Ya€eThes 3a popmyroro [54]:

Qs = 2Vg *N'nf @ (3_6)

T -T ),
" 3600 e o)

ne:

V., — 06’eM Temmiti, M

Ninf - KUTBKICTB 3MiH 1HP1IBTPOBAHOTO MOBITPS 32 TOJIUHY;

C, - nomnpaBoYHUN KOEQIIIEHT.

KoedirmienT 2 BioueHnit ToMy, 1110 iHPLIHTPOBAHE MOBITPS BUXOAUTD 3 TETLUTUIIL TIPH
cepenniit temnepatrypi (T, + Taum)/2. Takum uyuHOM, KOe(IIIEHT TemoNepeaayi,
MOB'sI3aHUH 3 IHYUIBTPAIIAHAM MOBITPSM, hine, BUBHAUAETHCS 32 (POPMYIIOLO:

_Y TG, (3-7)
" 6004,

bi (S5
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hint — KOe(iienT Temnonepenadi, Br/m’K;
A, — II0IA MOBEPXHi TEIUIMYHOTO TOKPUTTSL, M.

BracTuBOCTI MOBITPSl TEIIUINl BBAKAIOTHCS CKBIBAJCHTHHUMH BJIACTHBOCTSIIM
CyXOro TOBITps 1 BoAsSHOT mapu. YucTuii 0OMiH TEIJIOBUM BHIIPOMIHIOBAHHSAM MiX
MMOKPHUTTSAM TETUTUIII 3 BUIIPOMIHIOBAJILHOO 31aTHICTIO Top 1 TEeMIIepaTypoto T Moxke
OyTH BUpaxeHUH sk [54]:

ol ~T,)= (3-8)

sky

qc—sky = gc - ALF

c—sky

= Achr(Yl _T )’

ae:
Qe-sky - KOS(ILIEHT OTNIAAY MK INOKPHUTTSAM 1 30BHIIIHIM MOBITPSHUM Ta PIOAUHHUM
cepeoBUILEM (MPUITYCKAIOUH, IO (c-sky=1 JJI1 OJHOMPOJIITHOI TEIUIMIII);
€ - IOBEPXHEBE BUIPOMIHIOBAHHS;
Fe.ky — KOEQILIEHT Oy MK IOKPUTTSM Ta HEOOM;
o - nocriitHa Ctedana-bonbimana;
h; — koediieHT paaianiitHoi Termonepenayi, Mm2*K/Br.

Jlia Bunaaxy, ko Tam A0piBHIOE Ty, KOEQILIEHT panialiiHOI TEIUIOB1 LAYl
h, Bu3HavaeTbes 3a hopmysoro [54]:

h=¢0 -T, )T +T,), (3-9)

Busnadyenns 3aransHoT0 KoedirieHTy Termtonepenayi. Ormip Tersionepeaadi Mix
BHYTPIIIHBOIO Ta 30BHIIIHBOIO CTOPOHAMM Temuiulll (puc. 3.2 a) BKJIOYA€E B ceOe M'SITh
KOMITOHEHTIB [54]: (1) omip TemioBOMYy BHUIPOMIHIOBaHHIO T (=1/rom) Mix
30BHINTHBOIO MOBEPXHEIO MOKPUTTSI 1 HEOOM, (2) KOHBEKTUBHUM Oip 12 (=1/hcam) MIXK
30BHIIIHBOIO TOBEPXHEIO MOKPUTTS 1 HABKOJHUIIHIM MOBITPSAM, (3) KOHBEKTUBHHI OMip
13 (=1/he,) MK BHYTPIITHBOIO TOBEPXHEIO TMOKPHUTTS 1 MOBITPSAM TeIUIHI, (4) omip
iH(p1IbTpOBaHOrO MOBITPSA T4 (=1/hinf) MK BHYTPIIIHIM 1 30BHIIIHIM MOBITPsAM 1 (5)
npoBiaHM omip 15 (=d/k.) uepe3 ToBuMHY TOKPUTTS. Temneparypu BHYTPIIIHBOI Ta
30BHIIMHBKOI MOBepxHI Kpumku (T 1 Teo) Maibke ogHakoBi, 1 OyJI0 BpaxOBaHO
eKkBiBaJIeHTHY Temmneparypy Kpumiku T.. Takum uwmHom, omip do/Kke (rs) MokHa
3HEXTYBaTU (TOOTO HEXTYBaTH IpaJllEHTOM TeMIIEpaTypH IO TOBIIMHI MOKPUTTA) 0e3

Oyl1b-sIKOT 3HaYHOT MOXUOKH y BU3HaUYeHH1 U.
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3'eqHaHHSA TEPMOOIIOPIB y BUIJISAL 31pKH, TOKa3aHe Ha puc. 3.2a, OyJo
MEPETBOPEHO Ha 3'€qHAHHS TPUKYTHUKOM 3 EKBIBAJICHTHHUMH TpPhOMa OIIOPaMH,
3'€THAHUMH  TapajelbHO MDK BHYTPIIIHIM 1 30BHIMIHIM TEMIIEPaTypHUMH
noteniianamu (T, 1 Tam), AK TOKa3aHo Ha puc. 3.20 [54].
BiamoBigHO A0 €1eKTpUYHOI aHaAJIoTii TEIIOBOI Mepexi, puc. 3.20, 3araJbHAN
Koe(ilieHT Terutonepeaadi 3a1a€Tbesi GOpMyJIIO0:
|

U= ) +
1ANZ I- I T
R R A
r (r,+715) (3-10)
1 1
’ (h+r) 1
hnrrn)
(n+r+r+——"" '

h
bi (SH
U — 3aranbHuii koedimient remonepenayi, /Mm%

r — TepMiyHui omip, m*-K/BT.

NN
(rytrgtrgtr, (v )i, )

T,= # Tam

Puc. 3.2. Enextpudna aHanoris 3 oropamu TEIIOBOI MEPEXKi I iepeaadl
TeIyia MK BHYTPIIITHIM MOBITPSM TETUTUI Ta 30BHINIHIM TOBITPSHUM Ta
PIIMHHUM HABKOJIMIIIHIM CEPEIOBUIIEM. (a) - (DaKTUIHI OTIOpu Mepexi, (0)
- €KBIBAJICHTHI MIEPETBOPEH1 onopu. [54]

88



CranionapHuii eHepreTuuHuil 6aganc OyB 3aCTOCOBAHHMA 1O MOKPUTTS TETLIHII
Ta TIOBEPXHI MyJIbUOBAaHOTO IPYHTY, BIAMOBIAHO, HACTYITHUM YWHOM [54]:

4
S, +R+ Ry + Rxm +q, . —¢ol —

c c

-0, =0.0, (3-11)
S,+q,—0,_,—D=0.0,
ae:
S, - COHS'UHE BUNPOMIHIOBAHHS, TOTJIMHEHE MOKPUTTSM, BT;
R — BiAOUTTS TEIJIOBOTO BUNPOMIHIOBAHHS;
Qv-c - YUCTUH OOMIH TEIJIOBUM BHUIPOMIHIOBAHHAM MIX BOJSHOI Iapor0 Ta
IIOKPUTTSIM, BT;
Qc-a — KOHBEKTUBHUH TEIUIOBUI MOTIK B1Jl HOKPUTTS 10 BHYTPIIIHBOIO MOBITPs, BT;
Sn - YUCTHUH MOTIK COHSIYHOI pajiiailii Ha MOBEPXHI IPYHTY, BT;
Qn - YUCTHU MOTIK TEIJIOBOTO BUITPOMIHIOBAHHSI HA MIOBEPXHI IPYHTY, BT;
Qs-a - KOHBEKTUBHUH TETTOBUH MOTIK BiJl IOBEPXHI IPYHTY JI0 BHYTPIIIHHOTO TOBITPS,
BrT;
D - ctpyMonpoBiIHUI MOTIK B NIMOUHY TPYHTY, IO BU3HAYAETHCS 32 (DOPMYIIOLO:
p=sa L=l (3-12)
" H
ae:
As - KOediIi€HT TEeTIONPOBIAHOCTI IpyHTY, M2*K/BT;
Too - TeMniepaTypa IpyHTy Ha nieBHii riuOuni H (M), Ha Ky He BIJIMBA€ 3MiHA YMOB Y
treruuii, °C.

Tak sk Maiike BCA YaCTMHA TEIUIOOOMIHY 3 HABKOJUIIHIM MOBITPSHUM Ta
PIAMHHUM CEpEIOBUILEM BiIOYBAETHCS Yepe3 CTIHKU OrOpOKYBAJIbHOI KOHCTPYKIIIT
HEOOX1THO BPaXOBYBATH IOJAATKOBUHN TETTIOOOMIH M1 BOSHOIO MAPOI0 Ta TOKPUTTIM
Teruil. JleTaqbHO PO3rIIHYyTO OOMIH TEIJIOBUM BUIPOMIHIOBAHHSAM MIX BOJSIHOIO
Maporo0 Ta MOKPUTTSIM. TemiiepaTypa Kparii OHOBIIFOETHCS BIATIOBITHO /IO TEIJIOBOTO
OaylaHcy, SIKUWM TMOB'A3y€ BIAYYTHY 3MiHY Telja B Kparll 3 KOHBEKTUBHUM 1

MPUXOBAaHUM TETUIOOOMIHOM MIXK KparuIsiMH 1 CYIIIBHOIO (azoro [55,56]:

dT,

d
mpcp—2 = hAy(Te — Tp) + —Lhgg + Ae,0(0% — T3) (3-13)
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ne:
Cp - TEIUIOEMHICTH Kparui, JLk/kr*K;

T, - Temnepatypa kparmii, K;

h - koedilieHT KOHBEKTHBHOTO TeroooMiny, Br/m%/K;

T, - Temmeparypa cymiasHoi dasu, K;

dmy=dt - mBUAKICTh BUNIAPOBYBaHHsI, KI/C*M2;

h¢, - npuxoBana Temiora, Jx kr '

€p - BUIIPOMIHIOBAJIbHA 37aTHICTh YACTUHOK, 0€3pO3MipHa.

IBuaKiCTh BUNIAPOBYBAHHS BU3HAYAETHCSA TPalIEHTHOIO AUQPY3I€r0, MPUUOMY
MOTIK KPAIUIMHHOI Mapy B ra3oBy (a3zy MOB'A3aHUM 3 IPaJIIEHTOM KOHIIEHTpallli napu
MK TTIOBEPXHEIO Kparuii Ta moBiTpsM [55,56]:

N, = kC(Ci’,s - Ci’,oo) (3-14)
ne:
N - MonsipHuii IOTIiK mapu, MosibM > ¢l
k. - xoedimienT Maconepenayi, M ¢! ;

Cis - KOHILIEHTpAIIisl Tapy Ha MMOBEPXHI Kparuii, MOJIBM >;

Ci. - KOHIEHTpALlis IapH B MOBIiTPi, MOJIb M2,
KoHnenTparito mapu Ha TOBEPXHI Kparwil OIIHIOKOTH, MPUITYCKAIOUH, IO
napijiajgbHUI TUCK Napy HA MEX1 po3auTy (a3 JOpIBHIOE TUCKY HACMYEHOI nmapu Psat

npu Temrnepatypi kparmii, T [55,56]:

Pgat (T
Cyrg =22t (3-15)

ae:
R - yHiBepcasbHa ra3oBa craja.
KoHueHnTpais napu B HOBITPi BiIOMa 3 pO3B'SA3KY PIBHSHHS MEPEHOCY JJISI BULY

1 po3paxyHKiB MacomnepeHocy [55,56]:

Po
Cir oo = X o (3-16)

Ie:
X - MiciieBa 00'eMHa MOJIbHA YacTKa BUY 1;

P,p - poOounii Tuck, Ila;
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Too - micuieBa TeMriepatypa noitps, °C.
Bu3HaueHHs TEIJIOBUX BUTPAT Ha 0OIrpiB MPUIUITMBHOTO MOBITPS BUKOHAHO 32
3aJIEKHICTIO!

chimc = G *C (T T ) (3_17)

coize Cnos
ae:
G cpin- BUTPATA CBIKOTO TIOBITPS TSI BEHTHIALT TETUTUIII, KT/C;
Cyop - MUTOMA TEIJIOEMHICTD MOBITPsI, JK/KT Tpa;
[Ticnst po3riisity piBHSIHHS TEIUIOBOTO OanaHCy OyJo pO3TsSHYTO aepoJuHaMIUHI

npouecu 1o piBHAHHAM Hap’e-Ctokca:

W, AW, aw, dWr]_ dp d W, LW, AW, (3-18)
P d Tt a
dw, dw, dw, dw, dp 2W W, dW, (3-19)
pPH—+—+ 5t —5)
4 4 ad d, & dz
AW, dW. dW.  aw, dp W, dW. dW, (3-20)
g, OV, COW, B _@ z z 2
R L A I e
e
dwy — dwy = dwy .
p( + + )— KOHBEKTUBHUM YJICH;
dy = dy = d,

P8X — rpaBiTAIlIiHAN YJICH;

d . .
d—p— - 3M1HAa TUCKY B IIOTOIIl;
x
dZWX dZWX dZWX
WM+ +—+—=
dx dy dz

)—IMCUTIATUBHUI YJICH,

g— MPUCKOPEHHS BIJIbHOTO MaiHHS;
M— JTUHAMIYHA B’ SI3KICTh CEPEIOBHIIA;
P — tuck, Ila;
Wy Wy W,— BeKTOpHE MOJI€ MBUIAKOCTEM;
t —4ac, rosu.
JI71st yncenbHOTO PO3PaXyHKY pyXy MOBITPs 3a piBHsAHHsAM Hap’e-Crokca Oyio
JOTAHO PIBHSHHS HEPO3PHUBHOCTI JIJIs1 CTUCIUBOTO CEPEIOBHIIIA:

dp  d(pW,) d(W) d(pW,)

0. (3-21)
dt dx dy dz
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[Ipouiec 3MIH TEMIIEPaTypHOTO PEXKUMY B TEIUIMYHOMY OO €KTI OMUCYETHCS

3aJIEKHICTIO!
2 2 2
a7~ dx T dy  dz C*p dx” dy dt
Iie:
dr dT dT .
Wy * — + Wy x — + W, * — - KOHBEKTUBHHUI YJICH;
dx dy dz

T — Temniepatypa, °C;
Wy Wy W,— BeKTOpHE MOJI€ MIBUIKOCTEN;
t —4ac.

3MiHa BOJIOrOCTI MOBITPS B TEIUIMIII B OCHOBHOMY CIIPUYMHEHA BEHTUJISLIEIO Ta
TpaHCIIpaIli€0 poCauH. BenmnunHa 3MiHH BOJIOTOCTI MOBITPS IMOBUHHA BIJMOBIIATH
HaCTyTHOMY PIBHSHHIO [57]:

AH = AHgjr — AHpane, (3-23)

ne:
AH - 3MiHa Iapy BCEPEIUHI TEIUIMIL, KI/M>;
AH,i; - 3MiHA napw, CIIPUYMHEHA BEHTHIIALICIO, KI/M;
AHplant - 3M1Ha BOJIOTH 32 paxyHOK TpaHCHipauii pociIuH, BUIIAPOBYBAHHS I'PYHTOBOI
BOJIY T iHIIUX JKEPEN BOIOTH, KI/M>.

Po3paxyHOK BiIHOCHOT BOJIOTOCTI MOBITPS 32 JOTIOMOTOI0 MIKPO-METE€OPOJIOTTYHOT

MoJieii 3a0e3meueHo piBHIHHAM [57]:

RH =% (3-24)

ne:
RH - BigHOoCHa BojOrICTh, %;
€, - TUCK Tapu, [la;
ew - TUCK HAaCMYEHOI Mapu NpH Tii camiil Temneparypi, [1a.
BusnauenHsi aGCOJIFOTHOT BOJIOTOCTI HaBeACHO y piBHAHHI (3-25), mpu IIbOMY

3HAYEHHS €, MOXe OyTH MPeICTaBICHO y BUIJIsAL piBHAHHSA (3-26):

pv=rt (3-25)
eq =py —R,—T, (3-26)

Ac:
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Py - Maca Iapy Ha KyOi4HMI METp MOBITPS, KI/M°;
R, - muTOMa razoBa crajna ajis BOASHOI mapu, o JopiBHIOE 461,5.
Taxkum 9MHOM, y3araJIbHEeHHI MPOIIEC TIEPEHOCY BOASHOI MapH MOBITPSM, MOXKe OyTH

OTIMCaHUM 3a JOIIOMOI0I0 PiBHIHB (25-26), 1 MaTuMe BUTIIA [S7]:

RHey,
RyT-Q

H = : (3-27)

ne:
H - Maca BOASHOT mapu, 10 NEPEHOCUTHCS TIOBITPAM, KI/M?;
Q - 00'eM NOBITPA B TEIIHI, M.

OTxe, B mporieci BEHTUJIAIIT TETUIMII 3MIHAa BMICTY BOJSIHOI MapH, CIpUYHUHEHA
MacoOOMIHOM BHYTPIIIHBOTO Ta 30BHILIHBOTO MOBITPS, 3aJE€XKUTh Bl TEMIEPATYpPH,

BIJTHOCHOI BOJIOTOCTI Ta BEHTWISALIMHOTO 00'€éMy BHYTPIIIHBOIO Ta 30BHINIHBOTO

noBiTpsi[S57]:
AHair = Qin X (AHousside - AHinsige) =
=((ew Qin RHouside)/ RV Touside ~(RH inside/ RV Tinside ), (3-28)
ae:
AHousiee -  aOCONIOTHA  BOJIOTICTH  30BHINIHBOTO  NPHUIUTMBHOIO  TOBITPS,
KIBOJIA/KTTIOBITPS;

AHipgige - @0COJIFOTHA BOJIOTICTh MPUILIMBHOTO MOBITPSI B TEIUIUI1, KT'BOAH/KITIOBITPS;
RHinsige — BITHOCHA BOJIOTICTH 30BHIIIHHOTO TIPUILTUBHOIO MOBITPSI, %

RHoutside — BITHOCHA BOJIOTICTh TOBITPS B TEIUIHII, %);

Toutside — TEMITEpATypa 30BHIIMIHBOTO MOBITPS, °C;

Tinside — TEMIIEpATYpa MOBITPA B Teruill, °C.

PiBHsHHS MacoBOro OajaHCy BOJW Y TETUIMIIL:

IO G wx  _GoEx. 4G, (3-29)

d t ceigic cgidic sump eumpam nap

prV
ne:
Xpyrp— @0COJIIOTHA BOJIOTICTh MOBITPS, KTBOAW/KITIOBITPS;
X(t) — abcoJII0THA BOJIOTICTh MOBITPS B aTMOC(hepl TEIUIHII, KIBOIU/KITIOBITPS;
Gyurp— BUTpATA TOBITPS, KI/C;

X cgi— @OCOJIFOTHA BOJIOTICTh CBIXKOT'O MOBITPSI, KTBOU/KITIOBITPS;
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Gap— BUTpATA TIAPA, KI/C.

3a ¢popmynoro MakcBena eheKTHBHICTh 3BOJIOKCHHSI TIOBITPS:

dm, (1) _ A*g*r(r)*D(@)*m [P, (6,)—P(d)]

3-30
dr R*T ( )

ae:
my, T, — Maca 1 pajilyc Kparii KT, M;
D(6) — xoedimienT qudysii mapu moBITPS;
m,,, R — MoJeKyJsipHa Bara BOAM y Tra30Mo1i0HOMY CTaHi Ta ra30Ba CTaja Mmapu;
T — Temnepatypa napwu, K;
Py, P — mapumiasibHMIl THCK Mapu HaJ MNOBEPXHEIO Kparull Ta B OTOYYIOUOMY
cepenonui, I1a.
3a pe3yapTaTaMM aHalizy MOOYJOBAaHO MaTeMAaTUYHY MOJENb 3MIHU

TEMIIepaTypH Ta BOJIOTOCTI B TEIJIMYHOMY 00’ €KTI 3aMKHYTOro 00’emy [55,56]:

2 kF(t —t
dt, =ﬂ(t _tv)_M, (3-31)
dr v, ¢ CV.p,
di, _kF,~t,)-kF.t,~1) (332)
dr CV.p, ’
dM
’gv LM, =G, 10"+ Gd,, (3-33)

ae:

ki, k, — xoedinienTn Temonepenayi yepe3 CTIHKY Ta MaTepialy MOBEpXHI TETUIHIII;
t, — t, — TemIeparypa BOAU Ta NOBIiTps Temmill, °C;

F; — noBepXHs TEIIO00MiHy, M,

|4

/, — 00’€M TeILTMIHOTO 00’ €KTY, M’;

F, — moBepxHs 3aCKJIEHOT TEIUIMII, M2,

3.2. 3aga4i A5t KOMII'IOTEPHOr0 MOJIEJIIOBAHHS TEeIIMLI CepeHbOro 00’ €My

[lepmioro 3amadero € TecTyBaHHS MOJENI 1 BU3HAUEHHS 3MIH TMapameTpiB
MIKpPOKJIIMATY IiJl J1€0 €TaJOHHOTO 30BHIITHHOTO BIUIMBY: TEMIIEPATYPHOTO, MOBITPSI-

0OMIHHOTO, IIBUIKICHOTO, BOJIOTICHOT0. MO/IeNb M1/l BIUTMBOM KOXHOTO 3 TTapaMeTpiB
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Ma€e BU3Ha4YaTH (PyHKIIIO cTabimi3alii abo 3M1H OCHOBHUX MMapaMeTpiB MIKPOKIIMATY
B uaci 3a 03Ha4eHWH TepMiH. [y 1[bOro 3alIaHOBAaHO MPOBECTH aHANI3 3MIH TOJS
MIEBHOTO TIapamMeTpy B 00’€Mi TEIUTWIl, BU3HAYUTH MaKCHUMaJbHI Ta MiHIMaJIbHI
3Ha4Y€Hb, BUBHAUYCHHS KOOPIMHAT OCOOIMBUX 30H, 00y 10Ba (DYHKIIIH 3MiH ITapaMeTpy
B Yaci.

Jpyroro 3ajgadyer0 € BHU3HAYEHHS IIOJIB PO3MOIIICHHS THUCKY, IIBUAKOCTI,
TEeMIIepaTypH, BOJOTOCTI Mo 00’eMy Teruiuil. OCKiJIbKA aBTOMAaTH30BaHA CHCTEMA
MIKpOKJIIMATy TEIUIUIl Mae 3abe3medyBaTH TEBHI TPaHUUYHI MapaMeTpu y BChOMY
00’€eM1 TEIUTUIll, KOHTPOJIb O3HAYEHUX MapaMeTpiB BIIOYBATUMETHCS 32 JOMOMOTOIO
HEOOX1AHOT KUIBKICTIO JaTYMKiB, PO3TAIIOBAHUX BIJMOBIAHUM 4YWHOM. T00TO, Ha
GYHKIIT CHPOIIEHOT0 MOJEIIOBAaHHS NPHUIAIae 3agada BU3HAYCHHS KUIBKOCTI 1
pO3TallyBaHHs JaTYMKIB KOHTPOJIIO.

Tpets 3amaya nonsirae B OTPUMaHHI TPOTHO30BAaHUX 3MIH ITapaMeTPiB BOPOIOBK
NeBHOTrO TepMiHy. OCKUIbKM ITHEBMO-T1/IpaBiidyHa MEXaTPOHHA CHCTEMa KEepyBaHHS
MIKPOKJIIMAaTOM Ma€ 3a0e3MeuyBaTh MOCTIHHE 3HAYEHHS BOJIOTOCTI MOBITPS Y BChOMY
00’€eM1 TeruInlll, HEOOXITHO CIIPOTHO3YBATH OYIKYBaH1 3MIHUA BOJIOTOCTI MOBITPS MpHU
3MiHI TEeMIIEPATyPH 30BHIITHHOTO MOBITPSHOTO Ta PIIMHHOTO cepenoBuia. Jis 1poro
BCTAHOBJIEHO CUCTEMY TYMAaHOYTBOPEHHS, iKa OyJe MATPUMYBATH BOJIOTICTh HOBITPS
Ha HeoOx1qHOMY piBHI. To0TO, Ha QYHKIIIT JOCTIIHKEHHS IPUMAIA€ 3aa49a BABHAYEHHS
HEOOX1THOT TPUBAIOCTI, KITBKOCTI Ta MPOAYKTUBHOCTI (POpPCYHOK. J{J151 IbOTO, IIISTXOM
MOJIETIOBaHHs, Ma€ OyTH BHM3HAY€HA 3MiHA BOJIOTOCTI MOBITPSl B TEIUIMII BOPOJOBK
no6u. HactymauM kpokoM mae OyTH MPOBEACHO IHTETPYBaHHS IO MPOTYKTHBHOCTI
(GOpPCYHOK 110 CepeHbOr0 3HAYEHHS HEOOXITHOT KIIBKOCTI BOJSHOI Tapu B
3aMKHEHOMY 00’emi Terumii. Lle Mae 103BONMTH po3paxyBaTH BTPATH BOJSHOI MapH

BIIPOJIOBXK JJOOU.

3.3. BumMoru 10 MoeJIIOBaAHHS Ta KOMIT’KOTEPHOI MOieJIi TerIuIli

KOMH’IOTCpHe MOJCIIOBAHHA Ma€ JO3BOJUTH BHU3HAYHUTHU XaPaAKTCPUCTHUKH

MPOIIECIB TEIJIOOOMiIHY, MAaCOMNEPEHOCY, PO3MOBCIOKCHHS BOJIOTH, CTaOlmi3arrii
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TeMIepaTypH, cTabiIi3allii Mo MBUIKOCTEH Ta THUCKY 3aJJid MOOYJA0BH alrOPUTMY
KepyBaHHS BUKOHABYMMH MPUCTPOSIMU TTHEBMO-TiIPaBIIYHOI MEXaTPOHHOI CUCTEMH,
10 3a0€e3MeYNTh 3HAXOXKEHHS TapaMeTpiB MIKPOKIIIMATy Y BUBHAYCHUX MEXaX.

Mogens Teruill MOBUHHA BPaXOBYBaTH OCHOBHI MPOILIECH, 1110 BiAOYBAIOTHCS i1
BIUTMBOM 3OBHINIHIX YWHHHUKIB, BIUIMB 3ac00iB KEpyBaHHsS, T'€OMETpPUYHI Ta
IIPOCTOPOBI XaPAKTEPUCTUKU OO’€KTY Ta Marepial OropoKyBaldbHOI KOHCTPYKIIIi
TEIUIALLL.

[HmMME  crmoBaMu, pe3yJbTaTd MOJEITIOBAaHHS 3a JOMOMOTOI0 TMPHUKIIATHUX
IpOrpaM YHCEIbHOTO PO3PAaXyHKY, MalOTh HajaTH 1H(OpMaIiI0 MO0 MPOLECIB B
TETLTUII JIJIS TOOYT0OBU CHCTEMH KepyBaHHS (OpCyHKaMH CUCTEMHU TyMaHOYTBOPEHHS,
IPUBOJIaMH BIKOH MPOBITPIOBAHHS Ta 3alITOPIOBAHHS, MPUBOJAAMH 3aCIIIHOK KaHaJIB,
BEHTUJISITOPAaMHU Ta HarpiBauaMu, 3/1aTHOI MIATPUMYBATH CTajldy TeMIIepaTypy Ta
BOJIOTICTh MOBITPS B CEPEIUHI TEIUIUIIl HE3aJICKHO BiJ BIUIUBY 30BHINTHIX ()aKTOPIB.

PesynbraTty MoJietoBaHHS MOBUHHI HAJATH 3aJIEKHOCTI Y XapaKTEPUCTUKH, 110

JO3BOJIATh BU3HAYATH:

TEepMiH cTadLm3anli mos MBHUIKOCTEW BCEPEIUHI TEIUIMII MPU HAIXOKEHHI

MOTOKY 30BHIIIHBOTO MOBITPS 3a/1aHOT BUTPATH;

- TepMIH cTaOuTII3allli TUCKY B TEIUIMII MPU HAIXOJKEHHI OTOKY 30BHIIIHBOTO
MOBITPS 33J]JaHOT BUTPATH;

- 0ajaHC MOTOKY TEIUIOBOI €HEPrii MiXK TEIUIHIICIO 1 30BHINIHIM MOBITPSIMHUH Ta

PIAMHHUM CEPEIOBUILEM;

- PO3MOJLI TEMIIEpaTypH B MPOCTOP1 TETUIHIII;

OaJlaHC BOJIOTOCTI B TEIUIMII MPU HAAXOHKEHHI MOTOKY 30BHILIHBOTO MOBITPS
3a/1aHOi BUTPATH 3 BIJIOMUMH 3HAYEHHSIMH TEMIEPATYPH 1 BOJIOTOCTI;

- PO3IO/ILI BOJIOTOCTI B MPOCTOPI TETLIHII.

BucHoBKH 1m0 po3ainy

e Po3po0iieHO MaTeMaTH4Hy MOENb POOOYMX MPOIECIB B TEIUIMI, NPUAATHY IS

MOJIETIOBAaHHS Npolecy (QyHKIIOHYBaHHS TEIUIULIL.
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¢ Busnaueno 3amaui 1j1s1 KOMIT FOTEPHOTO MOJISTIOBAHHS TEIUIHII CEPEAHBOTO 00’ €My, SIKi
JaayTh MOMJIMBICTh BIJICHIJIKYBAaTH 3MIHHM TapaMeTpiB MIKPOKJIIMATy TIiJ €0
CTAJIOHHOTO  30BHIMIHBOTO  BIUIUBY:  TEMIEPATypHOTO,  MOBITPA-OOMIHHOTO,
IIBUJIKICHOTO Ta BOJIOTOCTI IOBITPSI.

e Bu3HaueHO BUMOrO 10 MaTEeMAaTUYHOTO MOJCIIOBAaHHS Ta KOMIT FOTEPHOI MO
TEIUIMIi, SIKI JO3BOJIATh BH3HAUYUTH XAPAKTEPUCTUKU TMPOIECIB TEIMIOOOMIHY,
MacoIIepeHOCYy, PO3MOBCIOKCHHSI BOJIOTH, cTabumi3alii TemmepaTypu, crabimi3aliii

I10JIA HIBPII[KOCTGﬁ

97



PO341J1 4 JOCAIKEHHA TEIIJIO-MACOOBMIHHUX ITPOLECIB B
TEIVINOI CEPEJHBOI'O OB’EMY

4.1. KoM’ roTepHa Moje/ib TEIVIMYHOTO 00’ €KTA

[Tpu cTBOpeHHi Mozeni Oyno BpaxOBaHO MPOLECH, IO BiAOYBalOThCA B 00’ €KTI
KEepyBaHH, 1X MaTeMaTHYH1 OMKUCH 1 MEX1 3aCTOCYBaHHs, TTapaMeTPpu Ta KOeili€HTH,
HEOOXITHI JJI pOo3paxyHKiB [86].

JI71st MOJIETEHOTO OMKCY TETUTUIIl MPUNHATI HACTYIHI 3MIHHI BETMYUHU: THUCK,
TeMIIepaTypa, IBUAKICTh TOTOKY MOBITPS, TapaMeTpu MOBITPs Ta yac [58, 59].
Mogens cTBOpeHa Ha OCHOBI HacTymHoro [31,32, 33]:

1. Moaenp omucye TEIIMYHUN O0’€KT, SIK 3a7aHUi 00’€M TOBITPS, OOMEKCHHIA
CTIHaMH, JaxoM Ta mijyioroto. [IpocTopoBuil po3mojais 3MIHHUX HapameTpiB, IO
OMHCYIOTh MIKPOKJIIMAT, HE BPaXOBYIOTHCS.

2. biomaca TemMyHOro 00’ €KTa HE BPAaXOBYETHCS, BOHA € CTAJIUM 3HAUYCHHSM.

3. YopaBiiHHS pO3TISIAETHCS K KBa3iCTAI[lOHAPHUN MTPOILIEC.

TemnepaTypHuii pexkxuM B CEpEIMHI 3aMKHEHOT'0 TeIUTMYHOTO 00’ €My Ma€e OyTH
PIBHOMIPHUM Ta CTaJIMM, HE3AJIEKHUM BiJl BIUIUBY 30BHIIIHIX (DaKTOPIB.

KpaeBi ymoBu. IlpuiiHATO, 10 MNpU MOYATKy MOJEIIOBaHHS TeMIlepaTypa B
TEIIMYHOMY 00’ €KTI PO3MOJIlJieHa PIBHOMIPHO Ta Mae cTayie 3HaueHHs. [31,32, 33].

KoM’ roTrepHa MoJIeIb TEIUTULI CEPEAHBOr0 00’ EMY.

MopentoBanHsl TEIIMYHOTO 00’€KTa mMpoBeaeHo B makeTi Ansys. Ha pucynky 4.1
300paxxeHo iHTepdeiic makery Ansys Ta 3MiHHI napamerpu [58]. [Ipu MoaentoBaHH1
00’exTa 0yJI0 NPUUHATO HACTYMHI (P13UYHI MapaMeTPH TETUIULIL:

- Tab6apursi po3mipu — 7000x4000x1600 mm;

- KinbkicTh BIKOH IPOBITPIOBAHHS — 8 LIT;

- TaGaputhi po3Mmip BikHa npoBiTproBaHHsI — 600x 150 mwm;

- Bikna po3TamoBytoThcsl 10 GOKOBUM CTIHKAM TEIUIMIIL,

- 3arayipHa IJIOIIA TEIUIUIH — 28 M2 ;

- 006’eM TermmuHOro 06’ ekTa — 49 M3,
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BxiaH1 3HaUE€HHS UIT MOAEIBHOTO JOCIIHKEHHS
J1{P1,v1,T1,} — 3HaueHHS TUCKY, NIBUIKOCTI Ta TEMIIEPATYPH MOBITPS BiIMOBITHO.
[Ipomec MopemrOBaHHA MIKPOKIIMATy TEINIMYHOTO 00’€KTa  BiZOyBa€ThCS B

Oe3nepepBHOMY Yaci.
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Puc. 4.1. Mopenb TemMYHOT0 00’ €KTa y CEpeOBUII ANnsys: a — pO3MIIIECHHS
BIKOH ITPOBITPIOBAHHS; O — BBEJACHHS IMOYATKOBUX JIAHUX JIJIST MOJCITFOBAHHS

PeryntoBaHHs pO3MOBCIOKCHHSI TEIUIOBUX Mac TMOBITPS 3a0e3MeuyeThes B
MOJIeNII  TETUIMYHOTO 00’ €KTa 3a JIOTIOMOTOIO0 3acCiiHKHU, BCTaHOBJICHOI Yy
MOBITPOTIPOBO/I 3 HarpiBadyamu. 3a JOCHIDKCHHSIMH, $KI B3STO 3a OCHOBY,
pEryJoBaHHs 31MCHIOETHCS 33 PAXYHOK 3MIHHM KyTa BIAKPUTTS 3aCIIHKH.

3unauenns napamerpis J[1{v1,T1, P1} BiamoBigarTh MOYaTKOBUM 3HAYEHHS LUX
napameTpiB Ha pucyHky 4.106.

J1J1s IpOBEICHHSI TECTOBOT'O MOJIEJIBHOTO €KCIIEPUMEHTY OyJ10 CPOPMOBAHO MAacHB
JAHUX BIJIMOBIAHO JIO 3aJ1a4i Ta OCHOBHHX ITapaMeTpiB 00’ €KTa MOJICITFOBAHHS:

1 — moyaTkoBe 3HAYEHHSI TEMIEpPAaTypHu MOBITPS BCEPENIMHI 3aMKHEHOT0 00’eMy
00’ €KTa TOCIIIIKCHHS,

2 — TOYaTKOBI 3HAYEHHS TEMIIEPATypH TMOBITPS Ta IIBUAKOCTI Ha BXOAl Y
BEHTUJISAIIIHI BIKHA;

3 — 3HaUEHHS TUCKY Ha BUXO/Il 3 BEHTWISLIIIHOTO BIKHA.
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B nporpamHomy 3abe3neueHHi Ansys T€HEPYETbCS MOJIeNb 3MIHU THapameTpiB
MIKpOKJIIMAaTy (TemIepaTypH, IIBUAKOCTI Ta TUCKY MOBITPSI.

Jlng Bu3HaueHHS (YHKIIM TEro-MacooOMiHY 3 OTOYYIOUMM MOBITPSIHUM Ta
PIIMHHUM CepeJIOBUIIEM B TIporieci (PYHKIIOHYBaHHS TEIUIMI OyJI0 MOOY/I0BaHO
MareMatuuHy mMojiens B cepenoBuiii SOLIDWORKS (puc. 4.2) [62,71].

Kpaesi ymoBu. IlpuitHsATO, 110 MOAENBHE MOCHIIKCHHS OXOIUIIOE OJHY 100Y.
[ToBiTpsiHE Ta piAMHHE CEPEAOBHUIIE TETUTMIHOTO 00’ €KTa Ma€ MOYATKOBY TEMIIEPATyPy
20°C, Bomsoricts — 70%. Ilpomec mocimimKeHHS MIKpOKIIMATy TEIUIMYHOTO 00’ €KTa
BiJI0OyBa€ThCs B Oe3nepepBHOMY Yaci. (puc. 4.2).

Po3pobrena i TeopeTuyHO 0O0TPYHTOBaHA MaTeMaTUYHa MOJENb 3MiH ITapaMeTpiB
MIKpOKJIIMATy B TEIUIMYHOMY 00’ €KTI, SIKy peasii3oBaHo B makeTi Ansys Discovery Ta
SOLIDWORKS, BukoHaH1 TeCTOBI BUTPOOYBaHHS MOJIENI, MOKa3ajiu ii MpUIaTHICTh

710 poOOTH MpPH MpOoliecax TEII0-MaCOOOMIHY Mif] A1€I0 30BHINIHIX YUHHUKIB.

4.2. TecToBi BUNIPOOYBAHHS IJIsl MiATBEPAKEHHS aIeKBATHOCTI MO/eJTi

JIns mocipKeHHS TeII0-MacOOOMIHHUX TPOIIECIB B TEIUIUI CEPEAHBOTO 00’ €My
OyJi0 po3pobieHo TecToBy Mojenb o00’e¢kta (puc.4.2). Ha mouatkoBomy eTari
JOCTIIKEHHSI 3alpOIIOHOBAHO BCTAHOBUTH 36 TOUYOK KOHTPOJIIO MapaMeTpiB IO
BChbOMY 00’ emy Terumii. [logaTkoBi aHi 3aaHi 11 MOJCTIOBAHHS

- TIOYaTKOBE 3HA4YEHHs TemmepaTypu nositps 16 °C;

- IIBHUIKICTH MOBITPS B 3aMKHEHHM 00’ eM Teruuii - 0 M/c;

- IUIBMJKICTB MOBITPS, SIKE IOJIAE€THCS Yepe3 BIKHO MpOoBITproBaHHS — 1,1 M/c;

- IuIOmIa BiKHA NMpOBiTproBaHHA ckuanac 0,35 m?;

- THCK Ha BXO/1 B BikHO npoBiTproBaHHs 300 Ila;

- TeMIeparypa MOTOKY MOBITps, 10 HagxoauTs 22,0 °C.

Ha erami TectoBux BumpoOyBaHb He Oyno mnepeadayeHO BpaxyBaHHS 3MIH
30BHIIIHIX YUHHUKIB BIPOJOBXK KOXXHOIO TECTOBOTO eKcrnepuMeHTy. Koxkawuii
TECTOBUM EKCIIEPUMEHT Iepeadavyae BU3HAYCHHS BIUIMBY TUIBKKA OJHOTO MapaMeTpy

npu QiKCOBAaHMX 3HAYEHHSX BCIX 1HIIMX. JJi aHai3y BIUIMBY 30BHIMIHIX MMapaMeTpiB
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HABKOJIMIITHBOTO MOBITPSHOTO 1 PIAMHHOTO CEpe0BHUIIa Ha MIKPOKJIIMAT B CEpE/IUHI
TEITUYHOTO 00’ €KTa OYJIO B3SITO JIBa OCHOBHI IMapaMeTPH: TEMIIEPATYPY Ta BOJIOTICTh

MOBITPA.
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Puc.4.2. TectoBa MO€ENb TEIUIMYHOTO 00'€KTa

st isoro 'y mporpamHomy 3abesnedenHi SolidWorks Oyno po3po6iaeHo 3D-
MOJIeNIb TETUIMYHOTO 00’e¢kTa 3 rabaputHumu po3mipamu 7000x4000x1600 wmwm,
noBiTpooOMmin cknagae 1400 m3/rox.

Ha mepmiomy erami mOCTIIPKEHHSI MPOBEACHO CEPII0 TECTOBHX EKCIEPUMEHTIB:
MPOILIEC TEIIO0OMIHY B TEIUIULI (PO3MOI1I TEMIIEPATYPH ), IIBUAKICTh TEMIO0OMIHY Ta
3MiHa THUCKY, a TAaKOX 4ac cTabumizailii TemnepaTypu, MBUAKOCTI, TUCKY. JJis 1iboro
OyJ0 BU3HAYEHO 3MIHY TEMIEpaTypu MOBITPS B CEpeaUH] TEIUIMIIl, SKUIIO 3a7aHO
MMOYaTKOBA TEMIIEpaTypa MOBITPs Ta TEMIIepaTypa MOTOKY MOBITPs, 0 HATXOIUTh J0
00’€KTa, a TAaKOX MIBUIKICTh MOTOKY. Yac crabimizaiii TeMnepaTypu 1aB pO3yMiHHS,
KOJIU TOYMHAETHCS TMPOIEC TEIUIOBIAaul TEIUIUIl Y HaBKOJMUIIHE TOBITPSHE
CepeIOBHIIIE.

Hpyrum erarmom OyJI0 JOCHIDKEHO TEIUIOOOMIH TEIUIUIll 3 HABKOJHUIITHIM
MOBITPSHUM Ta PIAMHHUM cepeoBHUIeM. JIJIS 1IbOTO MO 33aJaHOMY IPOTHO3Y TOTOIH
Oyzo imiToBaHO HarpiB Mozeni Termii 10 20 °C micias 4oro HarpiB OyJ0 BUMKHEHO.

HactynHauMm etamom O0yi0 10oCIiPKeHHS cTa0Ii3alii TeMIepaTypy B CepeIuH1 TEIUINIII
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IpU 33JJaHOMY MPOTHO3Y Morou. g 1boro 0yJo B3SITO MONEPEIHE TOCHIKEHHS Ta
BHU3HAUEHO Yac cTabinizallii TeMnepaTypy B KOHKPETHUH MOMEHT, L0 J1a€ PO3YMIHHS
PO BTPATY TEIIOBOI MOTYKHOCTI Yepe3 CTIHKU TETUIHUILIL.

Hactynaum etanom OyJio JOCHIJKEHHS TEIUIonepeadi yepe3 OropoKyBabHY
KOHCTPYKIIIO TEIUIMIII Y HAaBKOJMIIHE TOBITPSIHE 1 pilMuHHE cepeaoBuiie. g 1mporo
OyJio imMiToBaHO HarpiB Mozem teruii 10 20 °C micias 4oro HarpiB 0yJ1I0 BUMKHEHO.
JlocnmipkeHHsT MPOBOAMIIOCS BIAMOBIIHO 10 3MIHM TEMIIEpaTypyd HABKOJIHUIIHBOTO
MOBITPSHOTO CepeoBuIlla. Bu3HaueHHs BTpAaTH TEIJIOBOI MOTYKHOCTI TETLIUII Yepes
OTOpPOJHKYBAJIbHI KOHCTPYKIIIT TEIUIULl € MIAIPYHTAM JIJIi BU3HAYEHHS MOTY>KHOCTI
HarpiBaviB i HIATPUMYBAHHS CTaJOTO TEMIEPATYPHOTO PEXUMY B CEpEAMHI
TEIUIMYHOTO 00’ €KTA.

[I’ssTuM eTanoM JOCHIPKEHHS OyJ10 PO3MOAUIEHHS BOJSHOI Hapu B CEpeIuHl
3aMKHEHOTO 00’eMy TeIiMyHOro o0’ekta. I{ns mporo Oyio 3agaHO TeMmIepaTypy
BXIJTHOTO TIOBITPS Ta MOTO BOJIOTICTh BIPOJOBXK OO BIAMOBITHO JO TPOTHO3Y
noroau. Jlyis pIBHOMIPHOTO 3BOJIOKEHHSI HACTYIIHUM €TalloOM JIOCHIPKEHHs OyJio
MpPOMOJIEThOBaHA CHCTEMa pO3MWIEHHS, a came (QopcyHka. Pe3ympTaTé I11HOTO
JOCIIKEHHST Talld XapaKTePUCTUKH IO BUTPATI BOASHOI MapH, MO SIKUM MifiOpaHi
BUKOHaBY1 MPUCTPOI.

JlaH1 eTanu TOCTIIKEHHS TO3BOIWIH 3pO3YMITH MPOIIEC TEIJIO00OMIHY MOBITPSIHUX
Mac Ta PO3MOJIJICHHS BOJOTOCTI B CEPENIMHI TEIUIUIl, IO € OCHOBOO JJII PO3POOKH
IrOpUTMY KEpyBaHHS MHEBMO-T1APABIIYHOI0 MEXaTPOHHOIO cucteMoro [102].

JIns mpoBeACHHS JOCIIKCHh BU3HAYCHO 3B SI30K TEINIOMACOOOIHHUX MPOIIECIB B
TETUIUIII 3 CEPEIOBUIIEM MOJICTIOBaHHS. J[J1s1 ITbOTO OyJ10 BUSBICHO OCHOBHI PIBHSIHHS:
aepOJMHAMIYHUX TMPOIIECIB, PIBHSHHS HEPO3PHUBHOCTI CTUCIMBOTO CEPENOBUIIA Ta
PIBHSIHHS TIEPEHOCY BOJASHOI Mapu. 3B’S30K MK PIBHSHHSIMH Ta MapamMeTpamu, sKi
3a/1aBajuCs B MPOrpaMHOMY CEpEIOBUII HaBeeH1 Ha pUCYHKY 4.3 [75].

TecroBa Moae/b TeMnepaTtypHoro pexumy. Ilepmum nociimKkeHHIM 0yIo
3MiHa TeMIlepaTypu TMOBITPS MiKpokiaiMaTty B daclt (puc.4.4) [67,68,76,83].
Koopaunatu Toyok koHTposo X,Y,Z: 1 Touka konTposnto 100mm, 750mMm, 600Mm; 2

Touka KOHTpoJto 100mMm, 100MMm, 600MM; 3 Touka koHTpoIr0 2000MM, 800MM, 600MM;
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4 touka koHTposto 3800mMm, 800Mm, 600MM; 5 Touka kKOHTpoJO 3800mMM, 1300MM,

600MM; 6 Touka koHTpoJ0 100mMMm, 1200MM, 600MM.
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Puc.4.3. 38’5130k MixK PIBHSIHHSIMU Ta MapaMeTpaMu, SIKi 3a7aBajiucs B
MpOrpaMHOMY CEpEIOBHILIL: a - aepoguHamMiyH1 pouecu, Has'e Ctokca; 0 -
PIBHSIHHSI HEPO3PUBHOCTI /ISl CTUCIMBOTO CEPEIOBUINA; B — PIBHIHHS
TEIJI000MIHY; T - IEPEHECEHHS BOASIHOL Mapu
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A

Puc. 4.4. TectoBa MOz€Nb TEMIIEPATYPHOTO PEXXKUMY TEIJIMYHOTO 00’ €KTa y Pi3HUN
MPOMIXKOK 4acy: a — uepe3 1 cexkyHay; 0 — yepe3 3 cekyHau; B — uepe3 10 cekyHp; r
—yepes 20 cexyH; 1 — depe3 30 CeKyHI; € - 1HIUKAIlls 3MIHU TeMIIepaTypu
noBitps, °C; 1,2,3,4,5,6 — TOUKH KOHTPOJIIO MTapaMeTpy

BenTunstop depe3 BIKHO MPOBITPIOBAHHS TMOJAE€ Yy TEIUIMIIO TOBITPS 3
temneparyporo 22,0 °C, npu noyaTkoBii TemnepaTypi B Temuni - 16 °C [97].

[IpoanamnizyBaBIid OTPUMaHI €MIOPU PO3MOAUTY TEMIIEPATypPHOTO IMapaMeTpy
MOXHa 3pOOMTH BHCHOBOK, IO 3MiHAa TEMIIEpaTypu Yy 3aMKHEHOMY 00 emi
BiOyBaeThes B maianasoni Big 17,9 °C mo 22 °C. JlokanbHi GyHKIIIT 3MiHE TTapamMeTpa
CIIOCTEPIraloTh y BCIX TOYKaxX 00’e€kTa gociimxkeHHs Ha 1-10 cexyHnnax. IarerpanpHa
byHKIisA 3MiHA TapaMeTpy 300paxena Ha 20-if ta 30-i1 cekynai. Ha pucynky 4.5.a

HaBEJICHO 3MIHM TEeMIEpaTypu TEIUIMYHOTO 00’e€kTa B mpomixkok 4dacy Bia 0 mo 30
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CEeKyHI y TOYKaxX KOHTpOdro. Jlias BiACHiOKOBYBaHHS Ta MPOTHO3YBAaHHS
PO3MOBCIO/IKEHHS TEMIIEPATYPU B 3aMKHEHOMY TEITMYHOMY 00’ €Mi BCTAaHOBIIOIOTHCS
TATYMKU TeMIiepaTypu. Miciisi BCTAaHOBJICHHS JaTYHUKIB 300paXeHO Ha PUCYHKY 4.4 y
KUIBKOCTI 6. JIaHa KIJIbKICTh TaTUYUKIB JACTh MOKIIMBICTh KOHTPOJIIOBATH TEMIIEpaTypy
M0 BCHOMY MEPUMETPY TEILIHUII Ta 3MEHIIUTH Yac Ha CTab1Ii3aIliio mapamerpy.
[TpoBeneHO 3aMipu TeMIlepaTypw y TOYKaxX BHUMIpPIOBaHHsA. Pe3ynbraTé Ha

BeJieH1 y Ta0mmill 4.1.

Tabnuusg 4.1. Temnepatypa NOBITpsI B TOYKaX KOHTPOJIIO

Touku
3amipy Hocmig 1 Hocmig 2 Hocmig 3 Hocnig 4 Hocnmig 5
1 22 22 22 22 22
2 21,5 21,9 22 22 22
3 21,9 21,9 22 22 22
4 19,9 22 22 22 22
5 19,1 22 22 22 22
6 17,9 22 22 22 22
[Ipomixxox
qacy, ceK yepes | gepes 3 yepes 10 yepes 20 yepes 30

TemnepaTtypa NOBITPA Y PI3HUX TOYKAX Tenamui
23
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Puc. 4.5. ®yHKI1is 3MiHU TEMIIEPATYpH MOBITPS: a — 3MiHA TEMIIEPaTypH
BIJIHOCHO TOYOK 3aMmipy; O — 3MiHa TeMIIEpaTypH BIIHOCHO Yacy MOJICJIIOBaHHS

Ha pucynky 4.6.6 300pakeHo yac cTabiniizalii po3noBCIOKEHHS TeEMIIEpaTypu
B TEIUIMYHOMY 00’ €KTi, sikuit ckianae 10,2 cekyHau.

TecroBa mMoaenb MBHAKICHOTO pe:xkumy. Hactymaum pocnipkeHHSIM OyIio
3MiHa MIBUIKOCTI PyXy MOBITPSIHUX Mac MIKpOkKJIiMary 3 dyacoMm (puc.4.6) [70]. dns
IIHOTO OYJIO B3STO MOJIEITH TETIHUIII 3 TTOTIEPETHHOTO TOCITIKEHHS Ta 33]JaHO TTOYaTKOBI
napameTpH: MIBUKICTh MOBITPsSI B 3aMKHEHHM 00’eM Teruill - 0 mM/c, a NIBUIKICTD

MOBITPS, SIKE MTOAAETHCS YE€pPE3 BIKHO MPOBITproBaHHS — 1,1 M/c.
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Puc. 4.6. TecToBa MO/I€Th MIBUKICHOTO PEKUMY TEIUTMYHOTO 00’ €KTa y Pi3HUN
MPOMIXKOK 4yacy: a —uepe3 1 cexkyHay; 0 — yepe3 3 cekyHau; B — uepe3 10 cekyH; r —
yepe3 20 cexyH; 1 — yepe3 30 cexyH; € - THANKaIlIS 3MIHU IBUKOCTI TOBITPS,
M/c; 1,2,3,4,5,6 — TOUKM KOHTPOJIIO TapaMeTpy

Bentunarop udepe3 BIKHO MPOBITPIOBAHHS TOJA€ y TEIUIMIIO  MOBITPSA 3
temriepatyporo 22,0 °C, npu moyaTkoBiil Temnepartypi B Terumii - 16 °C.
Koopaunatu todok koHTpontwo X,Y,Z: 1 touka koHTposito 100Mm, 750Mmwm,
600Mmm; 2 Touka koHTpotO 1600Mm, 750Mm, 600mMM; 3 Touka koHTpodO 2000MM,
750mM, 600MM; 4 Touka kKoHTposito 2300MMm, 750Mm, 600MM; 5 TOYKa KOHTPOJIO
3800mm, 750MmMm, 600MM; 6 Touka koHTpOIO 3800MM, 1300MM, 600MM.
[IpoBeneno

3aMipu  IIBUJKOCTI PO3MOBCIOJDKCHHS TIOBITPSA Yy  TOYKaxX

BHUMIpIOBaHH. Pe3ynbTraTtu Ha BeeHi y Ta0nui 4.2.

Tabmuns 4.2. [IIBUAKICTH PO3NOBCIOKEHHS TTOBITPSI B TOUKAX KOHTPOJIIO

Touku Jocming 1 Jocmig 2 Jocmig 3 Jocain 4 Hocmig 5
1 1,01 1,06 1,02 0,992 0,993
2 1,06 0,992 0,862 0,995 0,991
3 0,869 1,01 0,365 0,939 0,971
4 0,697 1,04 0,234 0,892 0,953
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5 0,535 0,985 0,143 0,788 0,915
6 0,407 0,945 0,0842 0,732 0,898
[Tpomixxox
4acy, CeK yepes 1 yepes 3 yepes 10 yepes 20 yepes 30

Ha pucynky 4.7. HaBeieHO (DYHKIIIFO 3M1HH IIIBUJIKOCTI IMTOTOKY MOBITPS B TEIUIMYHOMY

00’exTi B mpomixkok gacy Bix 0 mo 30 cexynn [103].

LLIBMAKICTb pyXy NOBITPA Y PiI3HMX TOYKAX TENAMULL
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0

Puc.4.7. ®yHKIlig 3MIHU TIBUAKOCTI TOBITPS: a — 3MiHA MIBUAKOCTI BITHOCHO
TOYOK KOHTPOJTIO; O — 3MiHA MIBUAKOCTI BITHOCHO Yacy MOJICITIOBAHHS

Ha pucyuky 4.7.a HaBeqeHO 3MIHHM IIIBUIKOCTI HOBITPS B 3aMKHEHOMY 00’ €Ml
PUCYHKY Tp y

TEIIMYHOro 00’ eKkTa B MpoMixkoK vacy Bif 0 70 30 cekyH y Toukax KOHTpoJto. Jlis
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BIJICTIZIKOBYBaHHSI Ta NMPOTHO3YBaHHS PO3MOBCIOKEHHS MIBUAKOCTI B 3aMKHEHOMY
TEITUIYHOMY 00’€Mi BCTAHOBIIOIOTHCS NATYUKHA IIBUIAKOCTI. MICIl BCTAHOBJICHHS
JaTYMKIB 300pakeHO Ha PHUCYHKY 4.6.a y KimbkocTi 6. JlokambHi (DyHKIT 3MiHH
mapamMeTpa CIOCTEpIraloTh y BCiX TOUKax 00’€KTa JOCHIKCHHS, SKi 3HAXOJAThCS B
OJIHIN TJIOIIMHI 3 BXIHMMM BIKHaMHU MPOBITpIOBaHHS. [HTEerpanpHa (QyHKIIS 3MiHU
napameTpy 300pakeHa 3 1 mo 10 cexyHny.

BB mBuakicHOTO mapamMerpy: 3MiHa HIBHJAKOCTI Y 3aMKHEHOMY 00’ eMmi
BimOyBaeThes B miama3oni Big 0,025 wm/c mo 1,06 m/c. Yac crabimizamii mBHIKOCTI —
KonuBanpHUM miporiec 60 cek He 3aTuxae, amruityaa 0,05 m/cek.

Ha pucynky 4.7.0 HaBeaeHO 3MIHM HIBHUIKOCTI pPyXy MOBITPSHUX Mac
TETUIMYHOTO 00’ €KTa B PI3HUI MPOMIXKOK dacy. CrocTepiraeMo KOJUBaJIbHUMN MPOIIEC
axuit 60 cekyHn He 3aTuxae, amriityaa 0,05 m/cek.

TecroBa Moaeab 3MiHM THCKY. TpeTiM TECTOBUM BHUIIPOOYBaHHSAM OyJio0
JOCIIKEHHS (PYHKIIIT 3MIHU TUCKY TIOBITPsI BITHOCHO Yacy (puc.4.8). s mporo 0yiio
B3ATO MOJI€Jb TEIUIUI 3 TMONEPEIHBOr0 JOCIIHKEHHS Ta  3aJlaH0 IOYaTKOBI1
rapaMeTpu: MIBUJIKICTh MOBITPS B 3aMKHEHUH 00’eM terumii - 0 M/c, a MBUIKICTb
MOBITPS, SIKE TOJIAETHCA Yepe3 BIKHO mpoBiTproBaHHs — 1,1 m/c. Bentunarop depes
BIKHO MPOBITPIOBAHHS MOJIa€ Y TEIUIUIIO MOBITPs 3 TemnepaTyporo 22,0 °C Ta THCKOM
300 ITa, mpu mouaTkoBiit Temneparypi B Teruuii - 16 °C.

Koopaunatu todok koHTponto X,Y,Z: 1 touka koHTposito 100Mm, 750mwm,
600Mmm; 2 Touka koHTpostO 1200mMm, 750MMm, 600MM; 3 Touka KOHTpostO 1600MM,
750mM, 600MM; 4 Touka koHTpodro 2000Mm, 750MMm, 600MM; 5 ToYka KOHTPOJIIO

3800mm, 100MMm, 600MM; 6 Touka kKoHTpOIO 3800MM, 1300MM, 600MM.
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Puc. 4.8. TectoBa MoJ€1b 3MIHH TUCKY TEIUIMYHOTO 00’ €KTa Y PI3HUNA MPOMIKOK
yacy: a —uepe3 1 cekynmy; 6 — yepe3 3 cexkynau; B — yepe3 10 cexynm; r — uepes 20
cekyHJ; 1 — yepe3 30 cekyH; € - IHAMKallis 3MiHU TUCKY TToBiTp4, [1a; 1,2,3,4,5,6 —

TOYKHU KOHTPOJIIO MapameTpy

[IpoBeneHo 3aMipu TUCKY TIOBITPSI Y TOUKAX KOHTPOJItO. Pe3ynbTaTu Ha BeleH1

y Tabnu 4.3.
Tabnuug 4.3. Tuck NoBIiTPsi B TOUKAX KOHTPOIIO

Toukn Hocmig 1 Jocmig 2 Hocmin 3 | Jocmig 4 Hocmin 5

1 0,651 0,614 0,675 0,608 0,599

2 0,548 0,609 0,307 0,568 0,577

3 0,417 0,566 0,206 0,497 0,54

4 0,321 0,393 0,147 0,49 0,504

5 0,244 0,418 0,108 0,45 0,497

6 0,0514 0,142 0,0369 0,186 0,294

7 0,0465 0,108 0,0359 0,253 0,196

ITpomixxox

qacy yepes 1 yepes 3 yepe3 10 yepes 20 yepes 30

Ha pucynky 4.9 HaBeneHO 3MIHM THCKY TOBITpST B 3aMKHEHOMY 00’ eMi
TeITUYHOro 00’ €kTa B Mpomixkok 4yacy Bif 0 1o 30 cexyHa y Toukax KOHTposro. Yac

crabim3zarii Tucky ckiagae oumbine 50 cex [103].
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TUCK y PI3HMX TOUYKaAX TenaAunLi
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Puc.4.9. ®yHkI1ig 3MiHU TUCKY TIOBITPsI BITHOCHO Yacy MOJICIIIOBAHHS: a —
3MiHa THCKY BIJHOCHO TOUYOK KOHTPOJIIO; O — 3MiHA TUCKY BIJIHOCHO 4acy
MOJICITIOBAHHS

TakuMm ymHOM, TIOOY/T0OBaHA TECTOBA MOJIENb MOKAa3ye, 10 MPUTOK MOBITPS B
HWKHIA YacTUHI 00’€KTa yepe3 BXIJHE BIKHO MOBITPSl BCEPEAMHY BUKIMKAE OLIbLIY
MIBUIKICTh PYXY MOBITPSHUX Mac BCEPEAMHI TETUTUIll. AHAII3 MIBUIKICHOTO PEXUMY
PO3MOALTY MIKPOKIIIMATY MOKAa3ye, M0 O1IbIIIe BUXPOBI MOTOKU MOBITPS TEHEPYETHCS
BCEpEAMHI TEIUIUI, B OCHOBHOMY CKOHLIEHTPOBAH1 y BEpXHIN 4acTUHI 00’€KTa, IO
MIEPENIKOKAE IUPKYJIIAIIT TOBITPSIHOTO MOTOKY 1O BCbOMY 3aMKHEHOMY 00’ €My .

Poznozin TemnepatypHOro Ta MBHAKICHOTO MapaMeTpiB MOKa3ye, 110 OuIbIIe
BUXPOBI TIOTOKM TIOBITPS TEHEPYIOThCS BCEpPEIWHI TEIUIMIl, BOHH 3a3BUYAil
CKOHIICGHTPOBAaHI y BEpXHIA dYacTUHI O0’€KTa, M0 TMEPEHIKOKAE ITUPKYJIISIIIi

MOBITPSTHOTO MOTOKY 1O BChbOMY 3aMKHEHOMY 00’ €My .
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4.3. {ocizkeHHsI TeMI0BOI MOTYKHOCTI TenmJIuIi

Jlyis 06irpiBy TEIIMYHOTO 00’€KTa JMOIIBHO BUKOPUCTOBYBATH E€JIEKTPUUHHIA
HarpiBay. JIyist ¥ioro migbopy OyJi0 BH3HAUEHO TEIUIOBY IMOTYXKHICTH JJIS 3aJaHOTO

00’emy Teruuili. TemnoBy Moty HICTh Kaopudepa BU3Ha4aeMO 3a GOpMYJIOIO:
QK = CTen * GBI/II‘I (TKiH - Tnoq)a kBT 4-1)

tnp, ty — TEMIIEpATypa MOBITPS HA BXOI Ta BUXOI 3 Kanopudepa.

Q, = 1,005 * 2392,05 * 3600 * (18 — 10)=5,367 kBt

OTxe, 3 po3paxyHKiB 6a4MMO, 10 JUIS TOTO 100 HArpiTH Termimo 00’ eMoM 1400 M3
3 TEMIIEPATyPOI0 HABKOJUIIHBOTO MOoBiTpstHOTO MoTikuiia 10 °C no 18 °C HeobxiHO

BCTaHOBUTHU Kanopudep Ha 5,5 kBT.

Becata  [dares Mimags Tewn Twews  Teos T
o T g g Erai Onagtiass  Aeeas roress Tmas TsinBera: g Mmoo T

L] i

= 2] § e W T

i i T

SO0 44T O4

Puc.4.10. IIporunos noroau [72]

Jlnst 6e3nepepBHOI pOOOTH TEIUTUI Y OYJlb-IKYy MOPY POKY PO3TIISIHEMO 3MIHY

TemriepaTypu 3a 100y[S58].
[IpoananizyBaBIM MPOTHO3 IMOTOJM Ta TMPOBIBIIA PO3PAXYHKHA HEOOX1THOT

MOTYXHOCTI JIJ1s1 Kajlopudepa oTpUMaHi pe3ybTaTH 3aHeceHl 10 Tadaui 4.4.
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Ta6nuis 4.4. Pe3ynbTaTi po3paxyHKy TEIUIOBOI MOTY»KHOCTI TETUIUIII

BIOPOJIOBK 100U

Macosa
TennoeMHICTh BUTpaTa Temm. Temm. B TemnnoBy
Tewmm., HOBITPS, HOBITPSI, | TMOBITPA HA | CEpeluHl | TOTYXHICTB,
Yac, rox °C kJIx/xkr*°C Kr/c Bxoni, °C | remauwi, °C KBt
03.00 15,6 1,005 2392,05 15,6 20 10,58
06.00 14,2 1,005 2392,05 14,2 20 13,94
09.00 16,9 1,005 2392,05 16,9 20 7,45
12.00 20,3 1,005 2392,05 20,3 20 -0,72
15.00 16,7 1,005 2392,05 16,7 20 7,93
18.00 18,7 1,005 2392,05 18,7 20 3,13
21.00 16,6 1,005 2392,05 16,6 20 8,17
00.00 14,2 1,005 2392,05 14,2 20 13,94

JIisi  mepeBipKM MPaBHIIBHOCTI PO3PAXYHKIB

Ta HarJagHOCTI OyJ0 MPOBENECHO

MOJICITFOBAHHS TIPOIIECy TeIIonepeaadi yepe3 CTiHKU Teruuil (puc.4.11) BiamoBiIHO

no mpornozy noromau (puc.4.10). Ha pucynky 4.11a mo3HadueHO 30HY HarpiToro

termuyHoro 06’ekrta (1), mporec Temonepenadl MiX HAKPUTTSIM 1 BHYTPIIIHIM

MOBITPSAM ~ TEIUIMII

(),

KOHBEKTUBHUM TeriooOMiH (3,4),

TerI000MiHy OyJ10 00TpyHTOBaHO B po3aiii 3 [65,69,80].

A3

¢bizuka Tmporecy
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Tewneparypa (Tempsas cpegs) *C)

3

Puc. 4.11. TecroBa MO/ieJIb 3MIHU TEIIOBOI OTYXHOCTI Y TEIUIMYHOMY 00’ €KTI
BIIMOBITHO /10 MTPOTHO3Y moroau: a — npu «15,6°Cy»; 6 — npu «14,2°Cy; B - nipu
«16,9°Cy»; r —ipu «20,3°Cx»; o1 — npu «16,7°C»; e - npu «18,7°C»; € - npu
«16,6°Cy; x - ipu «14,2°Cx; 3 - IHAUKAIIS 3MIHU TeMIIEpaTypH 30BHIIIHHOTO
MOBITPSIHOTO cepeaoBuia, °C

3 OTpUMaHUX €MIOp BUIAUICHHS TEIUla BiJ TEIUIMYHOTO 00’ €KTa MOXKHA 3pOOUTH
BHCHOBOK, 1110 JTOJaTKOBUI 00IrpiB TEIUIUII MOTPIOEH MOCTIHO, OKpiM Tepioxy =~ 12
rOJIMHI JHS, TaK K TeMIeparypa 30BHIMIHbOro noBitps csrae 20,3 °C, B uel yac
BiI0YBAa€ThCs aKyMyJisillis TeruioBoi eHeprii. [Ipu Takux mapamerpax 30BHILIHBOTO
MOBITPSTHOTO CEPEIOBUINA JIJIS ATPUMYBAHHS CTAJIOTO MIKPOKJIIMATy y TETUIUIIl Ma€e

BKJTFOUUTHUCS PEKUM MPOBITPrOBaHHS [65].
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Puc.4.12. Cra6inizauis TeMnepaTrypy TEIIULI TPU 30BHILIHIN TemnepaTypi -
15°C": a — emtopa po3noALUTy TEIUIOBOI NOTY>KHOCTI TEIUIUL; O — rpadik
3aJIEKHOCTI 3MIHM TEIJIOBOI MOTY>KHOCTI TEIUIUI TIPU CTAJIOMY 3HA4Y€HHI
30BHIIIHBOI TEMIIEpATypH B Haci

PosrnsHeMo TemnuIi0 mpM yMOBi, IO CHOYATKYy TMOBITPsSI BcepeauHi Oyiio
Harpito 70 20 °C, a moTim 00irpiB 0ysio BUMKHEHO. Tak mpu 30BHIMIHINA TeMIiepaTypi
noBITPs «-15°Cy» yac crabinizauii TemnepaTypu IpUOIU3HO csrae 2 XBUJIMHU, a OTIM
TeMIiepaTypa TIOCTYIIOBO 3HIDKYEThCs. Ha emtopi Temmeparyp CHocTepiraeMo
IIBUJIKUN TEMJI00OMIH 3 HaBKOJIMIIHIM TOBITPSIHUM cepenoBuieM (puc.4.12a).
CepenHe 3HaUCHHS TeMIepaTypyu B CEpeIUHI TEIUIUIN MPHU bOMY cKiianae «2,5°Cy»

(puc.4.126). [Ipu 30BHImHIN Temneparypi noBiTps 0°C vac crabimizarii npudIU3HO
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carae | XBWIMHY, a TMOTIM TemrepaTypa TOCTYIOBO 3HIKyeThcs. Ha emropi
TEMIIEpaTyp CIIOCTEPIraéMO TIOMIPHHHA TEIJIOOOMIH 3 HABKOJMIIIHIM TOBITPSHUM

cepenosuineM (puc.4.13a). Cepenne 3Ha4eHHs TEMIIEPATYPH B CEPEANHI TEILTUI MpU

ubomy ckiajgae 7°C.
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Puc.4.13. Crabinizaris TeMrepaTypy TEIUTUIN MPHU 30BHINIHIN Temmnepatypi "0 °C":
a — emropa po3MoalTy TeTIOBOT MOTYKHOCTI; 6 — rpadik 3aJeKHOCTI 3MIHU TEIIOBOT
MOTY>KHOCTI TETUIUIII TTPU CTAJIOMY 3Ha4Y€HH1 30BHINIHBOI TEMIIEpaTypH B Yaci

[Tpu 30BHIMHIN TemnepaTypi noBiTps 15°C yvac crabutizalii npubIN3HO cArae
20 cexyH, a MOTIM TeMIIepaTypa MoCTyNnmoBo 3HUXKY€EThes 1ie 80 cexyHn (puc.4.140) 1
CepeIHE 3HAUCHHS TEeMIIEpaTypHu B CEPEIMHI TEIUIUIl TpH 1boMy ckiamae 18°C. Ha
emopl  TEMIIepaTyp CIOCTEPIraeMO TMOBUIBHUNA TEIUIOOOMIH 3 HABKOJIMIIHIM

MOBITPSIHUM cepenoBuiieM (puc.4.14a) [65].
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Puc.4.14. Cra6inizauis Temnepatypy TEILTULI TPU 30BHIIHIN TemnepaTypi "15
°C": a — emropa po3MoAUTy TEIJIOBOT MOTY>KHOCTI TEIUIHIN; O — rpadik 3a1eKHOCTI
3MIHM TEIJIOBOT NOTYKHOCTI TEIIULI TPHU CTAJIOMY 3HAYE€HH1 30BHIIIHBO1
TEeMIIepaTypH B 4Yaci

3a ¢Qopmynoro 3-3 OyJi0o BHU3HAUYEHO TEIUIOBI BTpaTH TEIUIMI Yepe3
OTOPOJDKYBAJIbHY KOHCTPYKIIit0 3 mojiikapoonary (ta6m.4.5). Temmmunuit 00’exT
Harpum 10 20 °C, miciig yoro o0irpiB 0ysio BUMKHEHO. ["abapuTHi po3Mipy MPUHHSATO

7000x4000x1600 MM, KoedILIEHT TEIJIOMPOBIIHOCTI MOJIKapOOHATY MPUUHATO 3,6
Bt/m2*°C.

Tabmuns 4.5. Pesynbratu po3paxyHKy TEIUIOBHX BTpaT TEIUIUI Yepe3

OTOPOJIKYBAJIbHY KOHCTPYKIIIIO

| Hapamerpu/ron | 03.00 | 06.00 | 09.00 | 12.00 | 15.00 | 18.00 | 21.00 | 00.00 |
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Temneparypa

o 15,60 14,20 16,90 | 20,30 | 16,70 | 18,70 16,60 14,20
30BH.cepeq., °C

Temneparypa B

. o 20,00 | 20,00 20,00 | 20,00 | 20,00 | 20,00 | 20,00 20,00
cepenuHi remuii,’C

PizHunga

4,40 5,80 3,10 -0,30 | 3,30 1,30 3,40 5,80
temnepatyp,’C

Koed.
TETUTONPOBIAHOCTI, 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6
Br/M2*°C

3ar.mioia orop.

45,5 45,5 45,5 45,5 | 455 | 455 45,5 45,5
Konctp., M2

Brpara terma uepe3
cTiHku, BT

720,7 | 950,04 | 507,78 | -49,1 | 540,5 | 212,9 | 556,92 | 950,04

3 OTpUMaHMX €IMIOp BUJIICHHS TEIJa Bl TEIJIMYHOTO 00’€KTa Ta yacy
cTabim3aili TeMrepaTypy MOBITPS B CEPEIMHI TEIUIUIl MPHU PI3HUX TEMIIepaTypax
30BHIIIHBOIO TOBITPSHOIO CEPEAOBHINA MOXKHA 3pOOUTH BHCHOBOK, IO Yac
cTabum3amii TeMIepaTypd B CEpeIuHI TEIUIMIIl 3MEHINYEThCS TpH 30UIbIICHI
TEMIIEpaTypy MOBITPSI HABKOJMIIHBOIO MOBITPSHOIO Ta PIAMHHOIO CEPEIOBHUIIA.
MakcumanbHy KUIBKICTh TEIJIa TEIJIULSA BTpadae 0 6 rOAWHI paHKy Ta O MIBHOYI 1
ckianae 950 Bt. MiHiManbHY KUIBKICTh TEIJIa TETUIAIISA BTpadae o 12 roauH1 JHS, KOJIH
TEeMIIepaTypa 30BHIIIHBOTO MOBITPS JOCATAE MIKY BIAMOBIIHO A0 MPOTHO3Y MOTOAIM.
IIpoBeneHi po3paxyHKH CBITYaTh MPO T€, MO0 y 12 roguHi s TEIUINYHUNA 00’ €KT
HAKOMMYY€E TETUIOBY MOTYXHICTh Yepe3 OTOPOIKYBaIbHY KOHCTPYKIIiIO, B pe3ybTaTi

4Oro 3aKyMynboBaHoO 49 BTt temua.

4.4. [ociuigxkeHHs BTPAaTH TeIUIOBOI MOTY:KHOCTI Temauui 4epe3

OrOpOAKYBAJIbHY KOHCTPYKILiIO

3poOuMO aHasi3 3MiH NOJI TeMIlepaTypy B 00’ €Mi TEIUIUI Ta BU3HAYUMO BTPATU
TETJIOBOI MOTYKHOCTI B 4aci [65,79]. lnga uporo OyJjio B3ATO MOJENh TETUIUI 3
MONEPEHHOTO JOCIIKEHHS Ta 3aJ1aHO HACTYITHI TOYAaTKOBI JIaHi:

1 — moyaTkoBe 3HAYEHHS TEMIEpPaTypHu MOBITPS BCEPENIMHI 3aMKHEHOr0o 00’eMy
00’ €KTa TOCIIIIKCHHS,

2 — IOYATKOB1 3HAYEHHS TEMIEPATYPH 30BHILIHBOTO MOBITPSHOTO CEPEIOBUIIA.
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[ToBiTpooOMiH TermmuuHOro 06’ ckTa — 1400 M>/To1; IOYaTKOBE 3HAYEHHS TEMIIEPATYPH
nmoBiTpss B cepenuui temwuii 20 °C; TemmepaTypa MOTOKY MOBITPs, IO OOTIKae

TEIUIMIIO CTAHOBUTD Big «-15 °Cy» 1o «+15 °Cx» [104].
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Puc. 4.15. Pe3ynabTaTi MOJIETIOBaHHS 3MIHU BTPATH TEIJIOBOI MOTY>KHOCTI TETUIUII
IIPU OXOJIOJKEHHI: a — IpH «-15°Cx; 6 — ipu «-10°Cx»; B - ipu «-5°Cx; T — nipu
«0°Cy; m—pu «5°Cx; e - ipu «10°Cyx; € - mpu «15°Cy; % — po3MIpHICTh TYCTUHU
TEIJIOBOTO MOTOKY

3a pe3yibpTaTaMyd EKCIEPUMEHTY OTPHMAHO PO3MOIiT TYCTHHH TEIJIOBOI
MOTY>KHOCTI TeIUIUIIl TiJi Yac OXOJIO/PKCHHSI TIiJl BIUIMBOM CTajuX 3HAYCHb
TeMIepaTypHy 30BHIIIHBOTO MOBITPSHOTO cepeaoBuina BiJ «-15°Cy» mo «+15°Cy (puc.
4.15). IlouaTkoBa BTpaTa TEIJIOBOI MOTYXKHOCTI B 00’ekTi mpuiHsirta — 0 kBT,

moyaTkoBa Temriieparypa B cepeauni Termni «+20°Cy. Ilpunyctumo, mpo y
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TEIUIMYHOMY O0’€KTI TMOMEpPEeAHIM HarpiBOM CTBOPEHO TEMIIEpAaTypHUNM PEXUM
«+20°Cy», micns yoro HarpiBau Oyno BuUMKHeHo. Jlami Oyna 3mojenboBaHa 3MiHa
TEMIIEpaTypu TIOBITPS B HEOMATIOBAJIBHIA TEIUIMIN 13 PI3HUMH 3HAYCHHSIMHU
TeMIIepaTypH 30BHIIIHBOTO MOBITPs [84,89].

OCK1JIbKHY TETII000MIH 3 HABKOJIMIITHIM MOBITPSHUM Ta PIAUHHUM CEPETOBUIIEM
€ HeCTaOUTbHUM, /JJI1 BU3HAYCHHS YCEPEAHEHOrO0 3HAYEeHHS TEIUIOBOI MOTYKHOCTI
TepMIH MOJEIOBaHHs ckianaB Big 20 XBUAMH A0 3 TOAMH. 3a TMOIEpeTHIMH
eKCIIepUMEHTaMH Yac cTabui3amii emnop MBUIKOCTEH B TEIUIUII HE IEPEBUILYE 2... 5
XBUWJIMH, TOOTO Yac MOJICIIFOBaHHS Ma€ 3a0e3nedyBaTy CTa0lIi3alliio0 TeII000MIHHUX
MIPOIIECIB 3a Yyac eKkcnepuMenTy. [lepimii ekcriepuMeHT 3 pizHuliero temmnepatyp 35°C
MOKa3aB Maibke OJHAKOBY IIIJIBHICTh TEIJIOBOTO MOTOKY IO MOBEPXHI TEIUIUII (puUC.
4.15a). CrnoctepiraeTbCsi MaKCUMaJlbHE TEIUIOBE BUIIPOMIHIOBAHHS MO MEPUMETPY
Teruil (2) Ta Ould BikHa mpoBiTproBaHHS (1), MiHIMajdbHE 3HAYEHHS UIIJILHOCTI
TEIJIOBOTO MOTOKY CIOCTEPIraEMO B HE3HAYHIM KUIBKOCTI B IIEHTpPaJbHIA YaCTHHI
temmni (3).  YcepeaHeHa LIIBHICTH TEIUIOBOIO MOTOKY CTaHOBHTH 138 B1/M>.
HIibHICTh TEMJIOBOTO BUIPOMIHIOBAHHS MOCTYNOBO 3MEHIIY€EThCA MPU IM1JIBUILECHHI
TEMIIEpaTypy MOBITPSHOTO Ta piaguHHOTO cepepoBuma (puc. 4.156 — 4.15¢). 1le
3aCBIUYIOTH SIK 30HU MEHIIOT TYCTUHHU TEIUIOBOTO MOTOKY, TAaK 1 3araJIbHE 3HMKEHHS
po3paxoBaHoi TOTY>XHOCTI. Tak mpu pisuuil Ttemrnepatyp 10°C  Haiibinbina
IOTY KHICTh IIPUIIAJIac HA HUKHIO YaCTHUHY IIOBEPXHi i rycTuHa cknagae -103 Br/m?,
JUist BCIX €KCIIEpUMEHTIB HaWOUIbIlIa TyCTHMHA TMOTYXXHOCTI TEIJIOBOTO IMOTOKY
(CBITIHMI TIPOIIAPOK) Ma€ MiCIle HAa HIDKHBOMY Kpai TOBEPXHI CTIHOK, [0 BUKIUKAHO
KOHBEKTUBHUMH TOTOKAMH 30BHIIIHBOTO MOBITPs (puc. 4.15). To6To MakcumaibHa
PI3HHMIIS TEMIIEpaTyp MO 0OMAB1 CTOPOHH TEIUIULII Ma€ MICLIE TUIbKH 017151 rpyHTY. Jai,
M0 BHUCOTI CTIHOK, MIAIMMAEThCS TOBITPS, IO TMPOUIUIO BIUIUB TEMJIOBOTO
BUIIPOMIHIOBaHHS Temuui. Pi3HMI TeMmepatyp 1o o0OuIBI OOKHM TOBEpPXHI
3MEHIIIYETHCS 10 BEPTHKAIl B3JOBX CTIHOK. BHYTpIIIHI KOHBEKTHBHI TOTOKH
MPU3BOJSITH J0 JIOKAJILHUX 30H 3MEHIIEHOI Pi13HUIIl TEMIIEpaTyp, 110 BiI0OOpakKarTh
TE€MHI 30HM PO3MOJLITY TYCTHHU TEIUIOBOTO IMOTOKY. 3a pe3yJibTaTaMU MOJIEIbHUX

JOCTIIKEHb, TPOBEACHUX I TOOOBUX 3MIH TEMIEPAaTypH OTOUYIOYOTO MOBITPSHOTO
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Ta piIMHHOrO cepenoBumia (puc. 4.15), po3paxoBaHO cepeqHE 3HAUEHHSI BTpPaTU

TEIUIOBOT MOTY>KHOCTI TETUIHII BIPOAOBXK 100U, Sike HaBeJeHO B Tabmut 4.6.

Ta6nuis 4.6. BrpaTta TemioBoi NOTY>KHOCTI TEILIUIII BITPOJIOBXK J00U

T'onnnan

noou 3.00 | 6.00 |9.00 12.00 | 15.00 | 18.00 | 21.00 | 00.00
Tewmir. 30BH.

cepesl. 15,6 | 14,2 | 16,9 20,3 16,7 18,7 16,6 14,2
Brpara ten. | 0,41 | 0,43

MOTY XK. 6 0 0,289 | - 0,309 | 0,12 0,318 | 0,4303

Po3paxoBaHo nedinuTy TENmiIoBOi MOTYKHOCTI AJI1 BChOr0 00’ €My TEIUIMIII:
Q=At*N*V,
ae:
At — pi3HUILIA TEMIIEPATypPH 30BHIIIHBOTO Ta BHYTPIILIHBOTO MOBITPS, °C;
N - BTpara TEIIoBoi MOTYKHOCTI TEILIUIL BIPOJOBK 100U, BT/M2.
OT1xe MakCUMaJIbHUH Ae(IIUT TETIOBOI MOTYKHOCTI OyJie CKIaaaTH:
Q=(20-14,2)*0,43*1400=3,5 kBt
3a OTpUMaHUMU 3HAYEHHSIMU CEPEIHBOI BTPATH TEIUIOBOI MOTYKHOCTI TETLTULI
Ta 00’ €MHOIO BUTPATOIO JJI1 BEHTUIISLIT TEIUIUII MO0y 10BaHUM rpadik 3MiHH TEIOBOT

MOTY>KHOCT1 BIPOJIOBXK 100M (puc. 4.16).

00,5000
00,4000
00,3000
00,2000
00,1000

00,0000

Tennosa NOTYMHICTb, KBT

3 6 9 12 15 18 21 O
Yac, ron

-0,1000

Puc. 4.16. 3MiHa TEMIOBOI MOTY>KHOCTI TETLIUII
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JlaHe ociKeHHs 1aJI0 MOXKJIMBICTh BIJICIIIIKYBaTH BTPATy TEIIOBOI MOTY>KHOCTI
TETUTUIl BIPOJOBXK OO0, IO A0 MIATPYHTSAM JUIsi BU3HAYEHHS MOTYXKHOCTI

KanopugepiB Ta pexKUMY X poOOTH.

4.5. JloctiizKeHHS BTPaTH BOJIOTOCTI MOBITPS B cepenHi TemImui

J171s1 MOJIETIBHOTO JTOCTIIKEHHS BUPIIICHO MPUIHSATH BX1THOIO 3MIHHOIO BOJIOTICTh
MOBITPS 30BHIIIHHOIO PIIMHHOTO CEpeloBHUINA. B Mojen TemmnyHoro o0’ekTa
3a0e3Meuy€eThCsl PETYIOBAaHHS PI3HUIIL BOASHOL apH 3a JOomoMorow ¢GopcyHnok. s
IIOTO EKCIIEPUMEHTY OyJI0 B3STO MOJACIb TEIUIUIl 3 MONEPEIHBOTO JOCITIHKEHHS Ta
3aJIaHO HACTYIIHI IIOYATKOBI JaHi: MOBITPOOOMIH Termmm4Horo 06’ exra — 1400 m/rox;
MOYaTKOBE 3HAYEHHS TeMIlepaTypu NoBITps B cepeauni temuii 20 °C; moyaTkoBe
3HAYEHHS BOJIOrOCTI NOBITPs B cepenuni Teruii 70 %; Temneparypa moToky noBiTps,
o oOTiKae TeIUInIio, cTaHoBUTH Bia 13,9 °C mo 26,2 °C BIANOBIAHO 10 MPOTHO3Y.
BxkazaHi moyaTKoBi 3HaYEHHS TEMIIEPATypH 1 BOJIOTOCTI AOPIBHIOKOTH CTa011130BaHUM
3HAYCHHSM IMX MTapaMeTPiB.

st mpoBeneHHsT BUMNPOOYBaHHS Mofeni Oysio chOpMOBaHO MacuB JAHHMX
BIIMOBIAHO /O 3aJadyl Ta OCHOBHMX MapaMeTpiB 00’€KTa JOCIIKeHHs. BBeaeHo
HACTYITHI MOYaTKOB1 AaH1 [64]:

1 — moyaTkoBe 3HAYEHHS TEMIEPAaTypH MOBITPS BCEPENIMHI 3aMKHEHOTO 00’ €My
el 20°C;

2 — MOYaTKOBE 3HAYEHHS BOJIOTOCTI MOBITPS BCEPEIUHI 3aMKHEHOTO 00’ €My
terni 70 %;

3 — TepMiH OUiKyBaHHsI cTabuII3allli TeII000MIHHUX TpolieciB Bia 20 XBUIKH 10 3
TOJIVH.

3a pe3yapTaTaMy €KCIICPUMEHTY OTPHMAHO E€MIOPU PO3MOJIIIY BOJSHOI Mapu B
00’ €M1 TETUIUIN TiJ] BILTMBOM 3MIHU TEMIEPATypH MPUILTMBHOTO MOBITPS BIPOJOBK
no6u Big «+13,9°Cy» 1o «+26,2°Cx». Po3paxoBaHa moyaTkoBa HIUIHHICTh BOJISIHOI ITapu
B 00’€KTI JOCTIKEHHS cTaHOBUTH 12,11 r/M3, moyaTkoBa TemmepaTypa B CeperHi

teruuii «+20°Cy. [pumnyiieno, mo y TemIn4HOMY 00’ €KT1 OTIEPEAHIM 3BOJIOKEHHSIM
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BCTaHOBJIEHO «70%) BOJIOrOCTI MOBITPSI, MICIS YOT'O CUCTEMY TYMAaHOYTBOPEHHS OYJI0
BUMKHEHO.

Jam Oyna 3MojenbOBaHA 3MiHA PO3MOAUTY BOASHOI TapHW TEIUIWI Mg JIi€
MEePEHOCY TOBITPSHUX Mac B CEpeIMHI 00’€My TEIUIUIN 13 PI3HUMH 3HAYCHHSIMHU
TEeMIIEpaTypu TPUILTUBHOTO MOBITps. KoxkHI Tpu ronuuu BiAOyBaioch CKaHYBaHHS
EITI0p PO3IOIIJICHHS BOJIOTH 1 IPOBOJIMBCS aHaJI13 XapaKTepHUX 3MiH (puc. 4.17) [76].

[TouarkoBuit ctan posnoaury BoasHoi mapu o 00.00: Bosoricte 68% npu
TeMIiepaTypi BXigHOTO TOBITpsS 15,6 °C 3acBiguye Maibke OJHAKOBY IIUIBHICTH
BOJISTHOT 1apu B 00’ eMi Teruil (puc. 4.17a). CnioctepiraeTbCsi HAKOMUYCHHS BOISTHOT
napu O11s BiIKHA MPOBITPIOBaHHS (30HA 1), 1110 CBIIYUTH MPO YTBOPEHHS TOYKU POCH
Yyepe3 3HWKEHHS TeMIlepaTypy Ha CTIHKaX Teruuil (puc. 4.17a).

Cran posnojiny BoasHoi napu o 03.00: Bosoricts moBiTps 72 % npu Temmneparypi
BX1J1HOTO TOBITps 15,7 °C BKa3ye Ha HE3HAUHE 301IBIIICHHS KUIBKOCTI BOJIOTH Ha BXO/1
B TEIUIUIIO Ta HAKOTIMYEHHS BOJSIHOI mapu Ou1s BiKHA MpoBiTproBaHHA (puc. 4.176,
30Ha 1). [1no111a 3041 HAaKONMMMYEHHS BOASHOI NTapy Maii’ke HE 3MIHWJIACH 3a 3 TOJIMHU.

Cran posnoaury BoasiHoi napu o 06.00: B cepenabomy Maemo 82 % BOJIOTOCTI MpHU
TemriepaTypl BximHoro moBiTps 13,9 °C. Emropa Bka3dye Ha CyTTeBe 30UIbIIECHHS

KUIBKOCT1 BOJIOTH Ha BXO/I1 B TEIIULIIO, 1110 3aCB1IYy€ BUHUKHEHHS 30HU 2. Takox

':-\-.. 1 = = gzl E ' - : 1 ' - i
_“_ Sl o :,:,..-.",'I - J b~ 1 -_ L'L _'_'__ ,_:.:._ x }
e i e e el e T’“"" -1
= _,' - T‘_‘J _ i b = ] '_ = = - ; |
= A e - * = A g A | >
a (00.00-03.00) 0 (03.00-06.00)
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Puc. 4.17. Entopa 3MiH po3M0IUTy BOJIOTOCTI TIOBITPS B MIEpepi3l TEILIHUII

BIIPOJIOBK J00U: a — 68 % npu Temmnepatypi BxigHoro nositps 15,6 °C; 6 — 72 %

npu Temneparypi BxigHoro noBitps 15,7 °C; B - 82 % npu TemmniepaTypi BX1JHOTO
noBiTpa 13,9 °C; r — 62% npu temneparypi BxigHoro noBitps 20,7 °C; o —42%

npu Temneparypi BxigHoro noBitps 25,4 °C; e — 41 % npu TeMiiepatypi BXiJTHOTO
noBiTpa 26,2 °C; € - 45% npu temmneparypi BxigHoro noBitps 23,9 °C; x — 67%

pu Temreparypi BxigHoro noBitps 16,1 °C; 3 - iHAUKAIisA KUTBKOCTI BOJASHOI
napu B 1m°
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MIPOJIOBXKYETHCSI HAKOTMYECHHS BOJISIHOT Mapy OLIs BIKHA MPOBITPIOBAHHS 1 3pOCTaHHS
ot 300U 1 maibke B 3 pasu (puc. 4.178).

Takum ynHOM, SIKIIO 3a TIEpIii 3 TOJUHU BiA0YI0CA MIABUILIEHHS BOJOrocTi Ha 4%,
TO JOoAaBaHHs 1€ 3 roAuH 30UIbIINIO0 BoJoricTh Ha 10%. MoXHa IpUIYyCTUTH, IO
3MiHa BOJIOTOCTI y 4aci Ma€ HaKOMUYyBaJIbHHUI 3MICT 1 BIIMOBIAHA 3aJI€KHICTh MAaTUME
CYyTTEBO HEIIHIMHMI XapakTep. Xouya y MOPIBHIHHI 3 JIBOMA MEPIIUMH 1HTEpBAJIAMH
B1JI0YJIOCH 3HUKEHHS TEMIIEPATyPH BX1JTHOTO MOBITPS Maike Ha 2 TPayCH, 1110 TAKOX
J0J1aJ10 301IbIIEHHS BOJIOTOCTI.

Cran posnonuty BojsHoi mapu o 09.00: ycepemnena Bojoricte 62% mpu
CYyTTEBOMY HiABUUIIECHHS TemnepaTypu BxigHoro nositps 20,7 °C. Entopa po3noaity
30epirae MakCUMaJIbHy KOHIICHTpAIlisl BOASHOI Mapu y BEpXHIN YaCTUHI TEIUTUIII TPU
4acTKOBOMY po3LIMpeHHi 30HU | (mpubauzno Ha 20%). [Ipu 11boMy 1ieHTpaibHa 30Ha
(3oHa 2) 30uIbLIMIACS B JAEKUIbKAa pa3iB 1 JOcArjia MPOTHIIEKHOI CTIHKM TEIUIULIL
(puc.4.17r).

Cran posnoauty BojsHoi nmapu o 12.00: B cepeqaboMy MaeMo 42% BOJOTOCTI NPU
MIJBUILEHHI TEMIIEpaTypy BX1JHOTo NoBIiTps 10 25,4 °C. Po3noaut BKa3zye Ha CyTT€EBE
(6inmbme 3a 20%) 3HWIKEHHS KOHIIGHTpAIlli BOJSHOI Mapu y BEpXHIM dYacTHHI
TEIUIMYHOTO 00’€KTa Ta OIS BIKHA NPOBITPIOBAHHSA y TOPIBHSHHI 3 MOMNEPEIHIM
nocnimxeHHsM (puc. 4.171). MokHa TPUITYCTUTH, 10 Pi3Ke 3HIKEHHS MOKa3HUKA
BUKJIMKAHO SIK TeMMepaTypHUM (HaKTOpOM, TaK 1 MOHMKEHHSM JOJAHOI BOJIOTOCTI
BXIJJHUM IOTOKOM 30BHIIIHBOIO MOBITPs. 3rIAHO 3 MPOTHO30M IOTrOJIM, BOJIOTICTh
30BHINTHBOTO TOBITPA 42% TpW MiABHIICHINA, 110 BIJHOIICHHIO JO TEIUIMII,
TeMIIepaTypi.

Cran posnoauty BojsHoi mapu o 15.00: B cepequboMy MaeMo 41% BOJIOTOCTI NpH
Maibke HEe3MIHHIM Temmeparypi BXimHOro moBiTps g0 26,2 °C. OCKUIbKH cepejHe
3HA4YEHHS BOJIOIOCTI Malike HE3MIHHE, a IUIOIIAa 30H IIJABMIIEHOI BoJiorocTi 1 1 2
CYTTEBO 3MEHIIIEHA TO MOKHA MPHUIIYCTUTH, IO TEIJIOOOMIHHI MPOIECH B TEIUIUII
MaJM cTaOuUTI3alliiHUN XapakTep, a yac cTadiii3alli € CriBpO3MIPHUM 3 THTEPBAIOM

JOCJTIIKEeHb, TOOTO 3 3 ToauHamu (puc. 4.17¢).
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Cran posnoainy BojasHoi mapu o 18.00: B cepenHbOMY MAaeMO IIiJBHUIICHHS
BOJIOTOCTI 710 45%, 1110 MOKHA BBaXKaTH HACIIIKOM 3HIKEHHS TEMIIEpaTypH JOJaHOTO
MOBITPA Maike Ha 2,5 rpagycu. 30Ha 2, 5K 1 B MONEPEIHROMY JOCIIKEHH], BIACYTHS,
a 30Ha | BKazye Ha JEI0 MEHIITY KOHIIEHTpPAIlil0 01151 BIKOH MPOBITPIOBAHHS.

Cran posnonimy BomsHoi mapu o 21.00: B cepeaHhOMY MAaEMO IMOAAIIBIIE
MiBUILIEHHST BoOJIorocTi 10 67%, 10 MOXKHAa BBaXKATU HACHIAKOM 3HUKEHHS
TeMIIepaTypy NPUILUIMBHOTO MOTOKY 10 16,1 rpaxycu. 3oHa 2, sK 1 B ONEPETHBOMY
JOCTIKEHH1, BIACYTHS, a 30Ha | HAOMMKY€EThCS O BUTISAAY, SIKUA BOHA Maja Ha
IIOYaTKOBOMY CTaHI eKCIiepuMeHTy (puc. 4.17a).

OTpumaHi 3HaYEHHS CePEAHBOI BUTPATH JIO3BOJIUIIO PO3PAXyBaTH BTPATy BOMSIHOI
napy TEIUIUIll Ha OCHOBI YOT0 MOOYI0BAHO 3aJIEKHICTD JIJISi KOMIIEHCAIIT BOJIOTOCTI
MOBITPsI BIPOJ0BXK 100U (puc. 4.18). Takox Oyio 3po06ieH0 BUCHOBOK, IHTEPBAJ 3MiH
pEeXUMY 3BOJIOKEHHSI MA€ HE MEPEBUILYBAaTH 3 TOJMH 3pAHKY 1 BBEUEpI, 1 MOKE MaTH

OlLIbIlIE 3HAYEHHS BJICHb 1 BHOUI.

Oediunt BogaHoi napu, n/roa
o = N w »
o (9] [l (9] N (9] w (9] H (9] (9]

0.00 3.00 6.00 9.00 12.00 15.00 18.00 21.00

Yac, rog,

Puc.4.18. ®yHukiii aedinuTy BOASHOI apu TETUIHII

Otxe, mpoaHali3yBaBIIM OTPUMaHI Pe3yJabTaTHU JOCIIKEHHS MOXKHa 3pOOWTH
BHCHOBOK, [0 MaKCHMaJIbHa KOHIICHTPAIliS BOJSHOI IMapy JTOCATAETHCS MPU MOTaHH]

MPUILIMBHOTO TOBITPS B TEIUIMYHUI 00’ €KT 3 Temmneparyporo 20,7 °C Ta BOJIOTICTIO
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62%. 3a oTpuMaHuUMHU pe3yJibTaTaMH AOCIIIPKEHHS OyJIo po3paxOBaHO HEOOXIIHY

KUTBKICTh BOJSTHOI MapH JIsl KOMIIEHCAIlli 0aJaHCy BOJIOTOCTI TETLTUII.
4.6. locJizkeHHsI MepeTiKaHHA PiAMHM Ta PO3NMUJIeHHS (POPCYHKHU

Jns mepeBipkd PIBHAHHS MacorepeHocy Oyino moOyaoBano 3D mojens
dbopcyHKH, Ta TEpeBIipeHO 11 Mpale3aTHICTb 3a JIOMOMOTOK MPOTPAMHOTO
3abe3neueHHss SolidWorks 3 gekigpkomMa TpaHHYHMMHM YMOBaMHu. Buxopuctasimm
iHcTpymeHT Flow Simulation O6yi10 3M0/1€10BaHO NIEPETIKAHHS P1IMHU Ta PO3UIICHHS
dopcynku [91, 105]. Ilepun rpaHW4YHI YMOBHU MJiS MOJEIIOBaHHS PO3IMUJICHHS

dopcynku (puc.4.19): Burpara, Q = 10 ;—B; Tuck, p = 10 6ap.
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Puc.4.19. Entopu po3noainy napameTpiB poOo4oi piiuHu B (popCyHIi: a -
eIopa Po3MOJIiTy MBUAKOCTEN; O - OIIOpa Po3MOALITY TUCKY

MakcumanbHa MBUIKICTh JOCSTAETbCS MPU  MNPOXOKEHHI PITMHUA  MIXK
MCTOHOM Ta COTJIOM, Ha BUXO/I1 3 (OPCYHKHM 3HaUYEHHS MIBUIAKOCTI V = 2 M/C Ta TUCKH
Bix 0,75 mo 1,67 Gap [91]. Hpyri rpaHuyuHi YMOBHU JJIsI MOJETIOBAHHS PO3IMUJICHHS

dopcynku (puc.4.20): Butpara, Q =15 ;—B; Tuck, p = 15 6ap.
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a 0

Puc 4.20. Entopu po3snoainy napameTpiB poO0o4oi piiuHu B (popcyHIi: a -
eIopa po3NnoILTy IMIBUIKOCTEH; O - emopa po3noAlTy TUCKY

[Ticnst 301IbIIEHHS] BUTPATH Ta THUCKY 3HAYHO 30UIBIINAIIACEH MIBUAKICTH MIOTOKY
PIAMHU MDK IMICTOHOM Ta KOpIycoM (OPCYHKH, ajie MpPU LbOMY THCKM Ha BHXOJI
3aMIITAINCH B TUX CaMUX fJlama3zoHax [91].

Tpeti rpaHU4HI YMOBH ISl MOJICTIOBaHHSI po3MuiieHHs (hopcyHkH (puc. 4.21):

Butpara, Q =15 ;—B; Tuck, p = 60 6ap.

55 207 L]
0 213 4 @2
L 45210 4% 35
oA roe b 43ER
T t 313
30 18 4 w358
5130 % 2000
4 0T 714y
15073 1588
10 el 1030
EEa 413
0
= | [lnmpweiian |har]
a §

Puc 4.21. Entopu posnoainy napameTpiB po6ouoi pifnau B popcyHIi: a -
eIopa po3NoJILTy IMIBUIKOCTEH; O - emopa po3noalTy TUCKY

[Ipu MoaemioBaHHI MPOLECY PO3MUICHHS NPU TMPOXOIKEHHI PIAMHUA MIX

MICTOHOM Ta COILIOM, Ha BUXOJI1 3 (DOPCYHKH JIOCATAETHCS 3HAYEHHS MIBUJIKOCTI V =
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30 M/c Ta Tuck 10 2 6ap. [IpoBiBLIM PO3paxyHKH ISl TAHOTO MPOTOTUIY TEILUTUII 3
ypaxyBaHHSM KyTa pPO3MIICHHS 68° BU3HAUEHO, IO JlaMETp PO3MWICHHS OJHOI

dopcynku Oyae ckmanaru 2,5 metpu (puc.4.22) [105].

Puc4.22. KyT po3nuneHHs GOpCyHKH

Tomy nnst 3a0e3neyeHHs pIBHOMIPHOTO 3BOJIOXKEHHS TEIUIULl 3 TabapUTHUMHU
po3Mipamu 7x4 meTpu n0ocTaTHBO 3 (opcyHKH. POpPCYHKH MarOTh IpallOBaTH
OJIHOYACHO 3 BHYTPIIIHBOIO ITUPKYJIAIIEI0 TOBITPs. TakuM YMHOM JIaHE JOCIIKEHHS
€ OCHOBOIO JIJIsl MEXaTPOHHOI CHUCTEMHU KEpYBAaHHS BOJIOTICTIO, sika OyJie IpaloBaTH
Y3TrO/PKEHO 10 IHTEHCHBHOCTI PO3MWJICHHS, 4acy POOOTH, KUIbKOCTI BMHMKAHHS Ta

BITOPSIZIKOBAHOCTI.

BucHoBkM 1o posainy

Ha ocHOBiI MojenmtoBaHHS TEIUIO-MAacO-OOMIHHHMX IIPOIECIB B reoMeTpuuHin 3-D
MOl TEIUIMIl OTpUMMaHl (YHKIII BUTPATH TEIJIOBOI MOTYXKHOCTI Ta J00OBOTrO
nedIIUTy BOJIOTOCTI TEILIUIl BIPOIOBXK JOOH.

CTBOpeHO Ta TMEpEeBIPEHO HA MPaBIOMOAIOHICT, MOJENh MIKPOKIIMATY TETUIWIIl, 3
JIOTIOMOTOI0  IKO1 OyJI0O BHU3HAYEHO TPHUBAIICTh MEPEXIJTHUX MPOLECIB Mid €0
30ymKyrounx (akTopiB, SKa CKIAMAE MO MIBUAKOCTI 10 60 CEeKyHJ 3 MOJaTbIIAMU
KOJIUBaHHSAMH 110 5%, MO THUCKY 110 3 ... 5 CEKyHJ 3 MOJAJIBIIOI CTaOLII3aIlI€l0

BNPOJIOBXK S0 CEKyH]/I.
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o [llnaxom MomemtoBaHHS MPOIIEC] TETNIOOOMIHY BH3HAYEHO BIUIMB TEMIIEPATYPHOTO Ta
MOBITPSA-IIBUAKICHOTO IMapaMeTpiB TEIIMYHOTO 00’ €KTY Ha JIOKAJIbHI Ta 1HTETpaJibHI
(YHKIIT 3MIHU MIBUIKOCTI, TEMIIEPATyPH, TUCKY 1 BOJIOTOCTI.

e BusHaueHo HeOOXiAHY KUIBKICTh 1 pO3TAllyBaHHS JAaTYUKIB TEMIIEPATypH Ta JaTUUKIB

IIBUJIKOCTI IO BEPTUKAJIbHIM ITUIOMIMHI 3 IEPEPI30M BX1IHOTO BIKHA ITPOBITPIOBAHHS.
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PO31J 5. PO3POBKA ITPOI'PAMHU TA AJI'OPUTMA KEPYBAHHASA
BUKOHABUMMU NPUCTPOSMU NHEBMO-T'IJIPABJIITYHOI
MEXATPOHHOI CUCTEMM MIKPOKJIIMATY

5.1. 3arajbHuil AJITOPUTM NMPOrpamMM KepyBaHHS HArpiBayaMu

3aranpHui aIrOpUTM MPOTpaMU KEpyBaHHS HarpiBayamu nepeadayae

|

IHETAAAWIA: CHCTEMM, TIQUATHOBMA-CTaH:
DRMETREIR, ONMTYBaHHA:-AITUMHIR, 38 03HHA"
NRECENSRTARIA, 2aRAAHHA-HOHCTaHT(DT1,-
DT2,-KN,-DNN, -FPCALC-...),-BMBip-pexaimy-1

¥

HopuryaaHHa-—--TAKT]
P HIf

¥

T>T1+DT1-—TAKY
Hig

OnNUTYBaHHA - OQaTYMKIB-CTany-{Temnapanypm,-
ponorocTi) - IF-({T1<T<(T1+DT}}-THEN-

THm, 1):=TI{n,0); THEN-YI{n,1):=V1{n,0);-1
T, 0ki=TEX(n);-VI{n,0):=VEX(n); 1

SamiHa-NoYaTKOBONQ-CTaHY-CHCTEMM-Ha-
nNoOToOYHWEA-T1:=T;49
Zllelo ke, L) i=-Z( 14, ke, 0);-Z{Lj, k,0):=-2( 1.k, 2);1

w

Lobose-poanoAlNeHHA-TENIOBOI-NOTYMHOCTI:Y
IF-(T>(T142))-AND-NOT-EPCALC-THEN-
P_CALC 1;FPCALC:=TRUE,-T1:=T;4

IHTepeany-gediumTy-noTyHOCTE: Y
(T1;-T2;-T3;-T4;-T5;-T6;-T7):-1
IF(T>{T1+2))-AND-NOT-EFTIME: - THEN-
P_TIME_1;FPTIME:=TRUE;- 4

¥

DN>KN*DMNT —{ KMz=KN+DKN;

BionpaumeaHHA - HOMaHO KepyBaHHAY

P_TERM_F1_F2;-P-WVENT:-P_VALVE;-P_LIQ;:Y

Puc. 5.1. 3aranpHuii anropuT™ NporpaMu KeEpyBaHHS
HarpiBayamMu
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BMUKAHHSI CUCTEMH, OHOBJICHHSI 3HAY€Hb KEPYIOUUX 3MIHHUX, ONMUTYBaHHS JaTUYMUKIB
Ta OHOBJICHHS CTaHy CHCTEMH, KOPETyBaHHS KOHCTAaHT Ta 3arajibHe KepyBaHHS
poOOTO0 BUKOHABYMX NPUCTPOIB (puc.5.1).

[Ipy BMUKaHHI CHCTEMH KEpyBaHHS IIEPIIOYEProBO BIIOYBa€eTbcs 301p
MOTOYHMX JaHUX 3 YyCiX BHUKOHABUMX MPHUCTPOiB Ta AaryukiB. Jlami mporpama
NEePEeXOAUTh B MOYATKOBUW CTaH, OHOBJIOIOTHCS BXOJIM Ta BUXOJU KOHTpoJjepa (3a
HEOOX1THOCTI MOXke OyTH BUOpPAHO aBTOMAaTHUYHHMKN a00 PYUYHHM PEKUMU KEPYyBaHHS).
Taxox, 3a moTpeOu, BiIOYBa€ThCS KOpPETyBaHHS 3HaY€Hb KOHCTAHT (IHTEpBaJ yacy,
Jliana3oH MOTYKHOCTI, CTYMIHb BIAKPUTTS a00 3aKpUTTs kKaHatiB). [licig koperyBanHs
KOHCTAaHT BIJOYBA€ThCS MepepaxyBaHHS IOYaTKOBUX JaHuX. [lo 3aBepiueHH1
iHTepBaity vacy T1 BiiOyBa€ThCsl OMUTYBAHHS JATUYHMKIB CTAHY TEILTMYHOTO 00’ €KTY,
OJIHOYACHO 30epiraroThbcsi TMomepeaHi MmoTouyHi gaHi. Takox mpu BuOiry yacy Tl
MOYATKOBI JIaHI 3aMIHIOIOTBCSA Ha MOTOYHI, & MPHU BHUXOJl 3a MEXI 1HTepBaimy T2
3MIMCHIOETHCS TIEpepaxyHOK KOMITICHCYOUO1 TEIIOBO1 MOTYXHOCTI [87,88].
BianoBimiHO 10 MOTOYHMX 3MIH TEMIIEpaTypu 3AIMCHIOEThCA IepepaxyBaHHS
IHTEpBaIIB CTAJOI MOTYXHOCTI. SIKIIO peryJtoBaHHs TEMIIEpaTypy HE 3HaXOJIUTHCS B

JIOITyCTUMOMY J11aIa30H1 — 3MEHIIYETHCS a00 30UIIBIITYEThCS 4ac poOOTH HArpiBaviB.
5.2. Pesxum po00oTH HArpiBayiB Ta mporpamMa KepyBaHHS

Jnst po3paxyHKy peXUMIB poOOTH HarpiBayiB OyJI0O BUKOPHUCTAHO, B SIKOCTI
MpUKIaAy, 3MIHM TEeMIIepaTypyd TOBITPS BIAMOBIIHO 10 MporHo3y [66,87]. 3
BpaxyBaHHIM CEPEIHLOTO 3HAYCHHS TEIIOBOI MOTY>KHOCTI, JIJIT KOMIICHCAIlil BTPAaTH
Telja B 3aMKHEHOMY TEIUIMYHOMY O00’€Mi, 3ampoIrOHOBAaHO BHKOPHCTATH JiBa
kasmopudepu noTyxkHicTio 3 kBT Ta 1 kBT. Micus BcTaHOBIEHHsS HarpiBadiB
300pak€HO Ha PUCYHKY 2.8.

BusnaueHHss TepMiHy BMHKaHHA 1-TO  HarpiBada  perjiaMeHTYEThCS

HAKOMMMYEHUM Je(DIIIUTOM TEIIOBOI €HEPT1i:

top- At
[ Q,di=N, *at,
to
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Jie to - MOTOYHHUM Yac,

Qu - dyHKIisS 70OOBUX BTPAT MOTY>KHOCTI BIMOBITHO PE3YJbTATIB MOJIEITIOBAHHS
(puc.4.18),

NEi - TOTY>XHICTh HarpiBada(iB),

At - TpUBATICTh MIOTOYHOTO BMUKAHHS Kayiopudepa.

B 3ajie’kHOCTI Bij] MOYATKOBOTO 3HAYEHHS BTPAYE€HOI TEIMJIOBOI MOTY>KHOCTI
o0upaeMo BMUKaHHS 0JTHOTO a00 1BOX Kanmopudepis (puc.5.2).
3 moOy10BaHO1 MKJIOTPAaMH BUIHO, 1110 Kajopudep Ha 3 kBT Oyxae mpairoBatu 3 22
roJMHM 10 9 roauHy paHky, kanopudep Ha 1 kBt Oyne npamroBaru 3 9 rogunau mo 11
roAUHY paHkKy, 3 13 roguuu no 17 roauny ta 3 19 rogunu no 22 roguny. 3 11 rogunu
1o 13 roguny ta 3 17 ronuau mo 19 roauHy — He MpaloBaTUME KOJEH Kajopudep.
BiAnoBimiHO 10 OTPUMAHOrO pexuMy poboTH KajopudepiB OyB po3poOJieHUN
QITOPUTM JUIsl CUCTEMHU KepyBaHHs. AJNTroputM peanizoBaHo B cepenonuiili CoDeSys

Ha MOBI niporpamyBaHHs ST.

KBT

TennoBa NOTYMHICTL
-

D.1000

0,0500

0,0000

-0,0500
lac, roa

Tennosa NOTYMHICTb Tennosa NOTYXHICTb
Harpisada 3 KBt Harpieada 1 KBt

Puc. 5.2. IIporao3oBana 3mMiHa BTPATH TEIJIOBOI MOTYKHOCTI 3 UKJIOTPAMOIO
BKJIFOUEHHS Ta BAMKHEHHSI KOMIIEHCYIOUMX HarpiBayiB

BinmpairoBanHsi komMaH1 KepyBaHHs HarpiBauaMu HaBEJACHO B (hparMeHTi KOAy:
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[Iporpama:
PROGRAM P_TERM_FI1_F2
VAR
F1_Status : BOOL; (* Craryc xanopudepa F1 *)
F2_Status : BOOL; (* Craryc xanopucdepa F2 *)
T1, T2, T3, T4, TS5, T6, T7 : INT; (* Yac ans kamopudepiB *)
END_VAR
(* OcHOBHUI aNropuT™m *)
IFT>0ANDT<=T1+T2+T3+T4+T5+T6+T7 THEN
IF T <=T1 THEN
F1_Status := TRUE;
F2_Status := TRUE;
ELSIF T <=T1 + T2 THEN
F1_Status := FALSE;
F2_ Status := TRUE;
ELSIF T <=T1 + T2 + T3 THEN
F2_Status := FALSE;
ELSIFT <=T1 + T2 + T3 + T4 THEN
F2_Status := TRUE;
ELSIFT <=T1 +T2 + T3 + T4 + TS THEN
F2_ Status := FALSE;
ELSIFT <=T1 + T2+ T3 + T4 + T5 + T6 THEN
F2_ Status := TRUE;
ELSE
F1_Status := TRUE;
F2_ Status := TRUE;
END_IF;
ELSE
F1_ Status := FALSE;
F2_Status := FALSE;
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END_IF;

OTtpumaHa B pe3yibTaTl MOJEIBHOTO EKCIEPUMEHTY 3aJIeKHICTh 3MiH
MOTY>KHOCTI HarpiBaviB y 4aci Mokasye, o I TEIUIHIN JOCTaTHbO BHKOPUCTAHHS
JIBOX HarpiBaviB MOTYKHICTIO 3 kBT 1 1 kBT 3 BiimoBiAHUM TpadikoM iX MiAKIIOUCHHS
BIIPOIOBXK A00UW. BimmoBigHO 10 0TprMaHoi 1000BOT MUKJIOTpaMu poOOTH HArpiBadiB
OyB PpO3pOOJICHHI aJIrOpPUTM KEpyBaHHS €JIEMEHTaMHU ITHEBMO-T1IPaBIIYHOL
MmexaTpoHHOi cuctemu (cepenoBuiie CoDeSys, moBa nporpamyBanHsa ST), sKuii

aIanTy€eThCS 1T 3MiHM 30BHINTHLOTO CEPEIOBUIIIA.

5.3. Pesxum podoTu popcyHok

JUisi BU3HAYEHHS PEXHUMIB BMHKAHHS/BUMUKAHHSI (POPCYHOK OyJI0 BHKOHAHO
pPO3paxyHOK J0AAaHOI BUTPATH BOJOTOCTI HA NPUKJIAAl 3MIHU MapaMeTpiB MOBITPA
BIIMOBIAHO J10 A000BOro mporHo3y moroaud [92,93], ske HaBeaeHO B PO3ILIL
JOCIIKEHHSI TEIUIO-MacOOOMIHHUX MPOLECIB B TEIUIUI CcepeaHboro 00’eMy. 3a
pe3yibTaTaMu pO3paxyHKy, JJIsl KOMIIEHCAIlli BTpATH BOJIOTH B TEIUIMYHOMY 00’ eMi,
3aMpONOHOBAHO BUKOPUCTAaTH TpU (POPCYHKM NPOAYKTHBHICTIO 2 j/rox. Micus
BCTAHOBIIEHHSI JOPCYHOK OOPaHO 3a XapaKTEPUCTHKOIO CTal0i OCEpPEeHEHOI BUTpATH

1o TI01Ii 3BosIokKeHHS (puc. 2.10).

Sy

Puc. 5.3. [Iporao3oBana 3MiHa BTpaTH BOJIOTOCTI MOBITPS 3 LIUKIOTPAMOIO

BKIIIOYCHHS Ta BUMKHCHHA KOMIICHCYIOUYHX q)OpCYHOK

136



HacTynHuii Kpok — BH3HAU€HHS TEPMIHIB Ta 4EproBOCTI BMHUKaHHS (OPCYHOK
CUCTEMH TYMaHOYTBOPCHHsA. Bu3HaueHHs TEepMiHy BMHKaHHS dopcyHOK
pErIaMEeHTYETHCSI HAKOTUYEHUM 1€ TOM BOJSHOI MapH:

to+At
f K,;(t)dt = Qy * At,
t

0

1e: to - MOTOYHUH Yac;

K4 - dyHKI11s 1060BUX BUTpAT BOJIOTOCTI BIIMOBIAHO PE3yIbTATIB MOJICITIOBAHHS (PHC.
4.18);

Qn — NPOAYKTUBHICTH (DOPCYHKH(OK);

At - TpUBaJIICTh MOTOYHOTO BMUKAHHS (DOPCYHOK.

B 3anexHocTI Bil MOTOYHOTO 1 MPOTHO30BAHOTIO 3HAYEHHS! BTPAYEHOI BOJIOTOCTI
MOBITPsSI OOMpaeMO BMHMKaHHS OJIHOi, JBOX abo Tpbox ¢opcyHok (puc.5.3). 3
noOy0BaHOI IIUKJIOTPaMU BUJIHO, IO IS 3a0€3MeUYeHHs] KOMITEH allii BTpaT BOASIHOI
napy HeOOX1THO BMHUKATH /1Bl (POPCYHKH MPOYKTUBHICTIO 2 J1/Toa. Po3noaut TepmiHy
BMHKaHHA MK TpbOMa (POpCYHKaMH Mae 3a0e3nedyBaTH PIBHOMIPHE 3BOJIOKEHHS
TeIInIi. BiAmoBigHO A0 3alie’KHOCTI MPOTHO30BAHMX 3MiH BOJIOTOCTI BHU3HAYEHO
HACTYIIHI PEKUMH pOOOTH KOMIIEHCYHOUUX (POPCYHOK.

- Tlepmmit pexxum: 181 dopcyHKH mnpamoTs 3 10.15 mo 10.45, tpuBamicTh
pexumy ckianae 30 xBuwinH. CepelHe 3HAYEHHS BUTPATH BOJASHOI MHapu s
KOMIICHCAIllI BOJOroCTi MOBITps ckinanae 2,35 n/ron. OTxe, Opu CyMapHId
IPOJYKTUBHOCTI ABOX (popcyHOK 4 j/roj, KoediIlieHT HAIOBHEHOCTI Yacy poOOTH
dbopcyHOK (iHTerpajibHa CKBaXHICTH) ckiamarume 0,58, a peasibHUN yac poOOTH
dopcyHOK — 17,4 XBUIMH (TE€pMiH BUMKHEHUX (GOPCYHOK cKiafae 12,6 XBUIMH);

- Hpyruit pexum: nBi (opcyHku mpampoioTs 3 10.45 mo 11.15, tpuBamicts
pexumy ckianae 30 xBwinH. CepenHe 3HAUYEHHS BUTPATU BOJSHOI TMapu A
KOMIICH A1 BOJIOTOCTI MOBITps ckiamae 3,0 n/rox. OTke, MpU MPOTYKTHBHOCTI
dopcyHok 4 1/Toj, KoedilieHT HAMIOBHEHOCTI Yacy po0oTH (OPCYHOK CKIIagaTUME
0,75, a gac po6oT GopCcyHOK — 22,5 XBUJIMHU (CTaH CIOKOIO CKJIaia€ 7,5 XBUIHH);

- Tpertiit pexum: n1Bi popcynku npamroroth 3 11.15 o 12.30, TpuBanicts pexxumy

ckianae 75 xpuwnuH. CepeaHe 3HAYCHHS BUTPATH BOJASHOI Mapu ISl KOMIIEHCAIlll
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BOJIOTOCTI TIOBITps ckiagae 3,61 n/rox. ToOTo, mpu NMpoayKTUBHOCTI popcyHOK 4
n/rof, KoedimieHT HamoBHEHOCTI dacy poOoTu dopcyHok ckmamatume 0,9, a dgac
poboTu hopcyHOK — 67,5 XBUIMH (CTaH CITIOKOIO CKJIANa€e 7,5 XBWIHH);

- UYerBeptuii pexxum: nBi GopcyHku npaiorTh 3 12.30 mo 13.15, TpuBamicTh
pexumy ckinagae 45 xBunuH. CepemHe 3HAYEHHS BUTpPATH BOJSHOI TapH IS
KOMITeHcallli BOJIOrocTi MoBiTps ckianae 3,1 a/rox. OTke, mpu MPOAYKTUBHOCTI
dbopcyHok 4 n/ron, koedilieHT HATOBHEHOCTI Yacy poOOTH (POPCYHKH CKIIalaTUME
0,77, a wac po6otu popcyHok — 34,65 XBUIHH (CTaH CIIOKOIO ckianae 10,35 XBUIHH);

- IDatuii pexxum: 181 GOpCyHKH mpaIioroTh 3 13.15 mo 13.45, TpuBanicts pesxxumy
cknagae 30 xBwinH. CepelHe 3HAYEHHS BUTPATH BOJASHOI Mapu JIJisi KOMIEHCALii
BOJIOTOCTI TMOBITpsI ckiangae 2,62 n/rox. OTxe, NMpU MPOAYKTUBHOCTI (HOPCYHOK 4
n/Tofl, KOedilliEHT HAMOBHEHOCTI 4acy poOoTu QopcyHok ckiaaarume 0,65, a
peanbHUil yac pobotu ¢dopcyHok — 19,65 xBunuH (ctaH crnokor ckianae 10,35

XBUJIMHHM).

5.4. 3aranbHuUil AIrOPUTM Ta porpamMa KepyBaHHs opcyHKaMu

B anroputmi nepenbaueHO BMHMKaHHS CUCTEMH TYMAaHOYTBOPEHHS, OHOBJICHHS
INOTOYHUX 3HAUEHb 3MIHHUX, ONUTYBaHHs JAaTUYMKIB Ta OHOBJICHHS KOMIUIEKTY KOMaH]{
kepyBaHHS [94,95,96].

B pexumi HanmarofkyBaHHS MOXKE 3JIHCHIOBATHUCA KOpETryBaHHS KOHCTAHT IJIs
BUIAJIKy HerepeadayeHux 3MiH MapaMeTpiB 30BHIIIHBOTO MOBITPSHOTO 1 PIAMHHOIO
CEpeloBHUIlA Ta MApaMEeTPiB MIKPOKIIIMATY, HAPUKIIA/I, TOKPUTTS MOBEPXHI KPUTOIO
YM BUX1] 3 JIaJy IPUBO/IIB BIKOH.

[Ipy BMHKaHHI CUCTEMHU KEpyBaHHS MEPUIMM €TanoM BiJOYBA€TbCS OHOBJICHHS
iH(dopMaIlli CTOCOBHO TMOJIOKEHb Ta CTaHy BUKOHABYHMX IPHUCTPOIB Ta ONMUTYBaHHS
natuvkiB. Ha papyromy erami, 3a HEOOXIJHOCTI KOpEryBaHHsS pOOOTH CHUCTEMH,
mporpaMa MoBEpPTAEThCS HA MOYaTKOBHM eran. BigOyBaeTbcsi OHOBIEHHS BXOJIB Ta

BUXO/11B KOHTpoJiepa (MOKIMBHIA BUOIp aBTOMAaTUYHOTO a00 pyYHOTO KEPYBAHHS).

138



l

IHCTaNAUIA CUCTEMM, NOYATHOBKWA CTaH NPUCTPOIB, ONWTYEaH HA

AATYMKIE, 328 0aHHA NPECENSKTOPIB, 3aB4aHHA HOHCTaHT

(DH1, DH2, KF, DHH, FPCALC ...}, subip pemumy

HopurysanuAa TAK 3>
HI

Bi>Breop TAK
HI

e T4 Bl<Bi<Brecop
Hi

B2<Bi<B1
Hi

| FOR? T

S

B2<Bi<B1
Hi

FORT+FOR2, T2
J

Bi<B3

v

FOR1+FOR2+FOR3
3
A

Puc. 5.4. 3aranpHuit anroput™ mporpamu KepyBaHHs (HOpPCYHKaMHU

BinOyBaeThcs KoperyBaHHs 3HaU€Hb KOHCTAHT (1HTepBaJl 4acy poOOTH POPCYHOK,
KUIbKICTh (QopcyHOK). Ilicias KoperyBaHHsT KOHCTAaHT 3A1MCHIOETHCS MepepaxyHOK
MMOYATKOBUX JAHWX 1 CHCTEMa IMEPEXOJUTh N0 BIAMPAIIOBAHHS PEXKUMIB POOOTH
CUCTeMH TYMaHOYTBOpPEHHs. SIKIO MOTOYHE 3HadeHHs BoJiorocTi (Bi) Ouibie 3a
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HeoOXiHE (Bieop) CHUCTEMA NEPEXOAMTH B PEXHUM OCYLIEHHS. SIKIIO K 3HAUYEHHS
BOJIOTOCTI TOBITpsI He miepeBuInye 70% mporpama KepyBaHHS TIEPEBIPsi€ YMOBH IIOI0
BHOOPY HACTYITHOTO pexuMy. BimOyBaeThCsi OHOBJICHHS CHUTHATIB JATYHKIB CTaHY
TEIJIMYHOTO 00 ’€KTYy, OJIHOYACHO 30epiraroThCsl TOMEepeaHl TMOTOYHI JIaHi,
3MIACHIOETHCS TIOPIBHSHHS JAaHUX [UJIS1 BU3HAYCHHS HANpPSIMKY 1 IHTEHCHBHOCTI
npouecy.llpu nomaganHi Bojgorocti B iHTepBai Bia B; g0 B, anroputM kepyBaHHS
BMHKae BUKOHaBuMii opraH (¢opcynky FOR1) na wac TI1. Ilpu BuGiry uacy Tl1
MOYaTKOBI JlaHl 3aMIHIOIOTbCA Ha TOTOYHI, a TMOTOYHI JIaHI OHOBIIOIOThHCS. [lpu
NOTpaIUITHHI 3HAY€Hb BOJIOTOCTI B iHTepBad Big B2 nmo B3, anroputm BmuKkae
BukoHaB4l opranu (¢popcyHkun FOR1 ta FOR2) nHa wac T2. Ilpu Bubiry uvacy T2
MOYATKOBI JIaHI 3aMIHIOIOTHCS Ha MOTOYHI. [Ipu mojganbIIoMy 3HUXKEHHI BOJIOTOCTI
Huxk4de B3 anroputm BMukae Bukonapui opranu (popcynku FOR1 ta FOR2, ta FOR3)
Ha yac T3. [Ipu Bubiry yacy T3 mo4aTKoBi JaH1 3aMIHIOIOTHCS HA MMOTOYHI, a MMOTOYHI
JlaH1 OHOBJTIOIOTHCS. BiJIITOB1THO 10 MOTOYHOT 3MIHM BOJIOTOCTI MOBITPS B TEINIHNYHOMY
00’€KT1 3[IACHIOETHCS MEPEPAXYHOK CITIBBIIHOIIEHHS Yacy BMHKAHHS 1 BUMUKaHHS
(GOpCyHOK Ta KUIBKOCTI 3aJiiHUX (POPCYHOK. AJITOPUTM KepyBaHHS MOKe OyTu
peainizoBaHo, Hanpukias, B cepenonuir Zelio Soft un CoDeSys va moBi FBD un ST
a6o LD, 1 chopsMoBaHe Ha BHUKOPUCTaHHS JIOTIYHOTO KOHTPOJIEpA, HAINPUKIA],
SIEMENS S7-1200, un Schneider TM241CE40U.

Buxinni ymoBu: ®opcynku: FOR1, FOR2, FOR3. Bxigni 3minui: humidity:
ITorounuit piBenbp Bojorocti B 70%. Jlorika mporecy KepyBaHHs 0a3yeThCsi Ha
BU3HAYCHHI 1 BIMpAIIOBaHHI PEXHUMIB B TPbOX Jiana3oHax Bojorocti: 70-65 %:
npairoe ogHa gopceynka; 65-60 %: npairoroTe 181 hopcyHku; 60-50 %: npairoTh
Tpu QopcyHkd. CHiBBIIHOUIEHHS TEPMIHIB BMHKAHHS 1 BHUMHKaHHS (DOPCYHOK
PO3paxoBaHO BIAMOBITHO 10 AEPIIIUTY BOJOTOCTI 1 KUIBKOCTI 3aAisTHUX (POPCYHOK.
Hanpuxknaz, y pexxumi po6otu No3 po3paxyHOK 371HCHIOETHCS 3a CePeHIM 3HAUCHHSIM
nedinuTy BOJOTOCTI, sikui ckiangae 3,61 n/roxa. BukopucToByoun CIiBBITHOIICHHS
poboTu (POpCyHOK Ta CTaHy CIOKO, (POPCYHKH MalOTh IMpaIIOBATH MOKU HEe Oyje
JOCSITHEHE CepeHE 3HA4YeHHS BOJIOTOCTI y BigmoBigHOMYy pexumi. KoedirieHnT

HAIMOBHEHOCTI yacy pobotu dopcyHok ckiaagatume 0,9. OTxe, SKIIO 3arajbHUAN Yac
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pobotu pexumy cknagae 75 xBunuH (Tp), BiamoBigHO 4Yac podoTu (HOPCYHOK
T,=0,9*Ty 1 cknamae 67,5 xBunuH. Tak, sk T1+T,=T, To 9ac cmokoro dhopcyHok Tr=Ty-
T, 1 6yne ctaHOBUTH 7,5 XBUJIHH.
Taitmepu: timerWork: npaittoe npotarom 67,5 XBUIIMH, MOTIM NEPEXOAUTD JI0 PEKUMY
naysu. timerPause: nmpaiitoe mpoTsIrom 7,5 XBUIUH May3u, OTIM MTOBEPTAE 0 PEKUMY
pooOoTH.
BianpamoBanHsi KoMaH/ KepyBaHHs (POPCYHKAMU HaBeJEHO B (hparMeHTI KOy:
[Iporpama:

PROGRAM P HUM Forl For2 For3

humidity: REAL:= 70; // [loTouna Bosioricts y %

FORI1: BOOL:= FALSE; // Cratyc nepiioi popcyHKu

FOR2: BOOL:= FALSE; // Ctatyc npyroi ¢popcyHku

FOR3: BOOL:= FALSE; // Craryc TpeTboi (popcyHKH

timerWork: TON; // Talimep 1151 poO0oTH (HOPCYHOK

timerPause: TON; // Taiimep nis nay3u MK HUKIaMU

workState: BOOL:= TRUE; // Cran: TRUE - npamtoe, FALSE - may3a
END_VAR
// HanamtyBaHHS TaiimMepiB
timerWork(IN := workState AND NOT timerWork.Q, PT := T#T1m); // Uac poGoTu
dbopcyHOK
timerPause(IN := NOT workState AND NOT timerPause.Q, PT := T#T2m); // Yac
naysu
// Jlorika ynpaBiiHHS (pOpCyHKaMU
IF workState THEN

// Bu3HaueHHS KiJIbKOCTI aKTUBHHUX (DOPCYHOK 3aJI€KHO BiJ BOJIOTOCTI

IF humidity >= 65 THEN

FOR1:= TRUE;
FOR2:= FALSE;
FOR 3:= FALSE;

ELSIF humidity >= 60 AND humidity < 65 THEN

141



FORI1:=TRUE;

FOR2:= TRUE;
FOR3:= FALSE;
ELSIF humidity >= 50 AND humidity < 60 THEN
FOR1:= TRUE;
FOR2:= TRUE;
FOR3:= TRUE;
ELSE
FOR1:= FALSE;
FOR2:= FALSE;
FOR3:= FALSE;
END_IF;
ELSE

// Tlix yac nmay3u Bci (POPCYHKH BUMKHEH1

FOR1:= FALSE,;

FOR2:= FALSE,;

FOR3:= FALSE;
END_IF;

// Tlepexia mMixk cranamu (poOoTa <> may3a)
IF timerWork.Q THEN
workState := FALSE; // 3akinuenns po6oTu, nepexia A0 nays3u
timerWork(IN := FALSE); // Ckunanns taitmepa po6oTtu
END_IF;
IF timerPause.Q THEN
workState := TRUE; // 3akinuenns naysu, nepexija 10 poooTu
timerPause(IN := FALSE); // Ckunanus taiiMmepa nay3u
END_IF;

Pesynpratu po3paxyHKIB MOKa3ajid, IO JJIs TEIUIUI[ BKa3aHOTO 00’eMy
JO0CTaTHBO BUKOPHUCTAHHS JBOX KOMIICHCYIOUHUX (POPCYHOK MPOTYKTUBHICTIO 2 JI/TOX

KOJKHA 3 BIJMOBIIHUM rpadikoM iX MiIKIIOUYEHHS BIPOJIOBXK A00U. 3ampOorOHOBaHUMA
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4acoBUHM pO3MOALT POOOTH KOMIEHCYIOYUX (POPCYHOK 3aJ0BUIBHUTH BHUMOTH [0

PEXHUMY BOJIOTOCTI MIKPOKJIIMATY TEIUIHULI.

S.5.JlopiBHSILHUIA ~ PO3pPaxyHOK  giarpaMu  e(eKTHBHOCTI  IHEBMO-

riApaBJIivHOI MEXaTPOHHOI CHCTEMH 3 YIIePeIKYIOUYNM KepyBaHHAM

Jlns  mopiBHsSHHS oOpaHO 0a30BUi BaplaHT 3 JUCKPETHUM KEpPyBaHHSIM
HarpiBayamH 1 cucTema 3 yrepemKyrounM kepyBanHsMm (puc.5.5). HarpiBaui 6azoBoro
BapiaHTa CHUCTEMH MAalOTh BIJCHIJIKOBYBaTH BHUX1JI TEMIIEpaTypd B TEIUIUII 3a
BCTAHOBJIEHI MEX1 MIHIMQJIbHOI TEMIEPATYypH 1 MAKCHUMAJIbHOI TEMIEpaTypH.
HarpiBaui BunepemKyr4oro KepyBaHHS OTPUMYIOTh CUTHAJI HAa YBIMKHEHHS ILE JI0
3HWKEHHSI TEMIEpaTypu HUXK4YE PErJaMEHTOBAHOTO piBHSA. TakMM 4MHOM cHCTeMa
BUKOPHUCTOBYE TEIUTUII0O B SAKOCTI aKyMYJIOIOHYOTO MPHUCTPOIO, SIKUN HAKOMHUY€E
JOCTaTHBO TEIUIOBOI €HEprii Uid ICHYBaHHS KOM(OPTHOTO peXUMY BIIPOJOBK
TEpMiHY 30a1aHCOBAHMX B1JI’€MHOTO 1 IOJATHOTO TEIUIOBUX MOTOKIB.

Lusaorpama poforn narpisaqis Inkaorpasva podorn narpisa4in
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Puc. 5.5. Jliarpama epeKTUBHOCTI HarpiBayiB 3a 0a30BUM Ta yIepeaKeHUM

BapiaHTaMu
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JloOboBe CIOKUBaHHS E€HEprii CUCTEMOIO OOITpiBYy Yy 3arajbHOMY BHIAAKY

BH3HAYa€MO HACTYITHUM YHHOM:

k 24
i=1"0

ae:

Ni - TOTY>XHICTb 1-TO Harpipaya,

Xj- CUTHaJl MiJKJIIOYEHHS 1-T0 HarpiBada B (PyHKIIi 9acy 3TiHO IUKIOTPaMU
poOoTH HarpiBadis,

k — KUJIbKICTh HarpiBayis.

YMOBOIO BMUKaHHSI HarpiBaviB 3a 0a30BUM BaplaHTOM € OXOJIOJKEHHS MOBITPS
HIDKYE 32 HIDKHIO JIOITYCTUMY MEXY:

XPase =1 <T < Tpin.

YMOBOI0O BHMHMKaHHA HarpiBadiB 3a 0a30BMM BapiaHTOM € BEpPXHsS Mexa
TEeMIIepaTypH MOBITPs 3 KOoeillieHTOM 3aracy Ha HEpIBHOMIPHICTh MOJI TEMIIEPATyp
Ta TEPMIH MEPEXiAHOro Mpouecy cTadum3anli TemrnepaTrypu, SKUd NPUUHITO B
po3paxynkax 1,15:

Xibase =0&T < kstab * Tmax.

JloboBa cymapHa BUTpaTa €Heprii 3a 0a30BMM BapiaHTOM JJIsi IPUKIAAY T0OO0BOI
3aJIeKHOCTI 1e(PIITUTY TEIJIOBOI MOTYKHOCTI Ma€e 3HaueHHs (puc. 5.5):
4,5*735ronq+3,0*20rox+1,0*275rox+3,0*1,4ron+4,5*1,2roq+3,0*
44ron+4,5*%49ron= 4,5*56% + 3,0 *32,5% + 1,0 * 11,5%=

= 60,525 + 23,4 + 2.75 = 86,68 xBt*rox

YMOBOIO BMHKaHHsS HarpiBadiB 3 CHCTEMOIO KEpyBaHHS 3a YIEPeHKCHUM
BaplaHTOM € OajaHC TeIUIOBOI BTPAYCHOI 1 TEIUIOBOI JOJAHOI €Heprii 3a TMEeBHHM
IPOMIKOK 4Yacy npu (iKCOBAaHOMY 3HAUY€HHI MOTY>KHOCTI HarpiBaya:

treset treset
XPase = 1 < (tset < t < reset)” j (N; —f Dyir(t)dt)dt = 0y,
t

tset set
Ac:

Dgir - GyHKIISA eDIUTY TEIUIOBOI MOTYKHOCTI y Yaci.
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YMOBOIO BUMHUKAHHSI HarpiBayiB 3a YIepePKEHUM BapiaHTOM € BUX1/]I 13 IHTepBaTy
30HM 30aJaHCOBAaHOI TEIUIOBOI BTpadeHOl 1 MoaaHoi eHeprii mpu (HiKCOBaHOMY
3HaYeHHI MOTY>KHOCTI HarpiBaya:

treset treset
XPase = 0 < (tset <t < reset)” f (N; — f Dy (H)dt)dt[ > 0
t

tset set

VY Bumagky Bim’emMHOro OanmaHCy eHeprii mMae OyTH pO3paxOBaHMM BapiaHT
BUKOPHUCTAHHS HarpiBaya HaCTYMHOI'O CTYMEHIO MOTYKHOCTI (Y HAIllOMy BUIAJKY 1€
3,0 kBT), a60 0JJHOYaCHOTO BUKOPHUCTAHHSA JIBOX HarpiBaui (4 kBT).

VY BuUmajgky A0JaTHOTO OajlaHcy eHeprii Mae OyTH pO3paxOBaHWM BaplaHT
BUKOPHUCTAHHS HarpiBaya MEHINOI MOTY>HOCTI (y HamoMmy Bumaaky 1e 3 kBt a6o 1
kBT), a0o BiaKIIO4eHHs1 000X HarpiBayiB Ha MEBHUM Yac, 1O OTPUMAHHS IHTEPBAILY 3
B1JIEMHUM OajaHCOM TEIJIOBOI MOTY>KHOCTI ( B MPUKJIA/l IHTEPBAI B 2,2 TOJUHU).

JloboBa cymapHa BUTpara €Heprii 3a ynepemKeHHM BaplaHTOM [JIsl MPUKIIATY
1000BO1 3aJI€KHOCTI ACDIIUTY TEIUIOBOI MOTY>KHOCTI Ma€ 3HAUYCHHS :
40*73ron+3,0*2,8rox+0,0*22rox+3,0*3,0rox+1,0*2,5rox+3,0*
*2,6 ron + 4,0 * 3,6 ron = 4,0 * 4542% + 3,0 * 35% =43,6 + 25,2 + +2,5 = 71,3
kBt*ron

3a pe3ysbTaTaMu MOPIBHSUIBHOTO PO3PAaXYHKY PI3HUIIS CIIOXKUTOI 32 100y eHeprii
0a30BOI0 CHCTEMOIO 1 CHCTEMOIO 3 YIIEPEIKEHOI0 CHCTEMOIO KePYBaHHS CKIIAAE

AF,,s = 86,68 kBT * rog — 71,3 kBT * rog = 15,4 kBT * roJ,.

Taxum 4yrHOM, TSI HABEACHOTO MPHUKIATy MPOTHO3Y JOOOBHUX 3MiH TeMIEpaTypu
OTOYYIOYOTO TIOBITPSIHOTO Ta PIAUHHOTO CEPEAOBHINA €KOHOMIS CIIOKUBAHHS €HEPrii
cucTeMoro 00irpiBy ckiagae 18%. AHaNOTiuHI pO3paxyHKH [Jisl IHIIUX TEPioJiB
eKcruTyaTarii (3 MABUIICHUM 3aXMapeHHSIM, SCHOI0 TOTO0JI0I0, PI3HI MOPU POKY)
Haganu Bif 12% mo 26% 3MeHIeHHs eHeproBuTpaT. TakuM YMHOM, SKIIO MPUAHATH
3a cepeqHbOpIuHU MoKa3HUK 20% 1 BBaXKaTH, 10 eKCIUTyaTalliHUN 1epioj TpuBae 7

10 wmicsmiB (32 BUHATKOM TEXHIYHOTO OOCIyrOBYBaHHsS Ta PEKYJIbTHBALIHUX
pOoOIT), TO MOKA3HUK 3MEHIIICHHSI €eHEPTrOBUTPAT JJIs OJIHIET TETUIMII CKJIalaTUME:

minimaiabHe AEpik = 15,4 kBt*rox * 210 = 3234 kBr*rox;
makcuMaibHe AEpik = 18,375 kBr*rox * 305 = 4697 xkBt*ron.
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3a yMOB BapToCcTi enekTpoeHeprii 4 rpH/KBT*roxg piuHe 3acTocyBaHHS
YHEepeHKEHOTO KepyBaHHS HaJa€ y BapTICHOMY BUpasi BiAMOBIAHO Bia 12936 rpH 1m0
18788 rpH. A 3a yMOB HassBHOCTI 3HaYHOI KUTBKOCTI TEIUIMLb B €KCILTyaTallii 00irpin
KOXKHOT 5-1 TEIUIUII B1I0YBAaTUMETHCS KOIIITOM 3a0IaPKEeHOT CHEPT1i.

3anponoHOBaHWM TMIAXiA MOXKE OyTH 3aCTOCOBAHO JO ICHYIOUHX CHCTEM

MIKPOKJIIMAaTy IUISIXOM MOJIEpHI3allli CUCTeM KepyBaHHS.

BucHoBku o po3ainy

3a paxyHOK pO3paxOBaHUX PEXHUMIB POOOTH CHUCTEMH TYMaHOYTBOPEHHS Ta
pe3yibTaTiB MOJACIIOBAHHS JOOOBUX 3MIiH 3BOJIOKEHHS MOOYTOBAHO 3arajibHUI
aNTOPHUTM KePYBaHHS (OPCYHKAMH.

3a paxyHOK pO3paxOBaHUX PEXKUMIB POOOTH CUCTEMHU OMAJIICHHS Ta PE3yJbTaTiB
MOJIETIIOBaHHSI JOOOBUX TEIUIOBOI MOTYKHOCTI TEIUIUIIl MOOYJOBAaHO 3arajbHU
ANTOPHUTM KEPYBaHHS HArpiBadyaMH.

BignoBigHo 10 OTpUMaHUX LMKJIOTpaM poOOoTH (OPCYHOK Ta HarpiBadiB OyJio
pO3pO0JICHO aNrOPUTMU KEPYBaHHS €IIEMEHTAMH MEXAaTPOHHOI CHCTEMH
(cepenosuiie CoDeSys, MmoBa nporpamyBanHus ST).

3 ormsimy Ha Te, IO yIEepeIKeHa CHCTeMa KEpyBaHHS Ma€ MEHIIE CIOKMBaHHS
eHeprii, a ICHyIUl CHCTEMH BXXE€ MalOTh KOHKPETHY TEIUIOBY TMOTYXHICTh
HarpiBayiB, BUBUIbHEHA MOTYXHICTh MOK€ OyTH BUKOPUCTaHA JUIsl PO3IMIMPEHHS
eKCIUTyaTal[lfHOrO  Jlama3oHy TeMIlepaTyp 3O0BHIIIHBOTO TMOBITPSHOTO Ta
PIIMHHOTO cepenoBHIa a0 PO3IIUPEHHS NEPEITiKy BUPOIYBAaHUX KYJIbTYp B OiK

TEIUIIIIOTO KJIiMaTy.
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3AT'AJIBHI BUCHOBKHA

1. 3a pe3ynpraTaMu aHAJIITUYHOTO OTJISAY BIJOMHUX TEXHIYHUX PIIIEHb CHUCTEM
MIKPOKJIIMATy 1 iX OCOOJIMBOCTEH BCTAaHOBJICHO 1 TEOPETHUYHO OOTPYHTOBAHO
MOJIUBICTh CTBOPEHHST MEXAaTPOHHOI CHCTEMH MIKPOKJIIMATY TETUTHII CEPETHBOTO
00’eMy 3 BUIEPEDKYIOUUM KEpyBaHHAM, 1110 0a3y€TbCs HA BpaxyBaHHI MPOTHO3Y
3MIH TEMIIEpaTypd 1 BOJIOTOCTI OTOYYIOUYOTO TOBITPSHOTO 1 PIIUHHOTO
cepenopuia. lle 103BoMIsIE BU3HAYUTH palllOHAIBHY CTPYKTYPY MEXaTpOHHOI
CUCTEMHU, YTPUMYBATH 3HAUCHHS TEMIIEPATypHU 1 BOJIOTOCTI Ha MEKaxX IOy CTUMHUX
3Ha4YeHb, 3a0e3medyye PpO3LIMPEHHS J1anma30Hy  CKCIUTyaTallliHUX  3MIH
TEMIIEpaTypH 1 BOJIOTOCTI OTOUYIOUYOTO MOBITPSIHOTO 1 PIIUHHOTO cepeioBuIia 6e3
30UIBIIICHHS TTOTY>KHOCT1 CUCTEM OOITPIBY 1 3BOJIOKCHHS.

2. Po3po0GreHna, Ha OCHOBI pe3yJIbTaTIB aHAI3Yy TEXHIYHUX PIIIEHb 1 0COOIMBOCTEN
TEIUIUILh CEPETHBOTO 00’ €My, pallioHaIbHA CTPYKTYypa MEXaTPOHHOI CUCTEMH, SIKa
MOEAHYE TIAPABIIYHI MIJACUCTEMU TIOJMBY 1 3BOJIOXKEHHS, ITHEBMATHUYHI
MIJCUCTEMU TOBITPOOOMIHY 1 PpEUUPKYJSIIi Ta KEpyBaHHS BUKOHABUYHMMU
IPUBOJIAMH, €JIEKTPUYHY MiJACHCTEMY OO0ITpiBY, sIKI 00’€IHaHI IEHTPaTI30BaHUM
PLC kepyBaHHSIM 3 MOHITOPUHIOM MapaMETpIB TEIUIMI 1 CTaHy BHKOHABYMX
IIPUCTPOIB.

3. BcTranoBieHo, 110 Ha OCHOBI MOJICITFOBAHHS TEIIO-MAacO-OOMIHHHMX TPOIIECIB B
reoMeTpuyHii 3-D Mozem TemmMil MOXyTb OyTH OTpuMaHi (DyHKIIli BUTpaTu
TEMJIOBOI TOTYXKHOCTI TEIUIUI[l BIOPOJOBXK JT00WM, IO JO3BOJISIE BU3HAYATH
3aJIEKHOCT] Je(DILUTY TEIIOBOI MOTY>KHOCTI TEIUIMIIl 3 BPaxXyBaHHSIM MPOTHO3Y
110,10 JOOOBHX 3MIH MTOT'OJTHUX YMOB.

4. 3anpornoHOBaHO, Ha OCHOBI J00O0BOi 3alieKHOCTI JepIIUTY TEMmIOBOT
MOTY>KHOCTI TEIUIHII, 3aCTOCYBATH YIEPEKYIOUUN alfOPUTM KEepyBaHHS, KU
3a0e3neuye OayiaHc ASPIIUTY TEIUIOBOTO MOTOKY 1 JIOJIAaHOTO TEIJIOBOTO MOTOKY
BiJ1 001rpiBayiB HA OKPEMHUX MPOTHO30BAHUX IHTEPBAJIAX Yacy, yTBOPEHHUX HABKOJIO
TOYOK, B SIKHUX BIJ’€EMHHUM TEIJIOBUM TOTIK JTOPIBHIOE (PIKCOBAaHWM 3HAYEHHSIM

MOTYKHOCTI HarpiBauiB, IO J03BOJIsi€ MOOYAYBaTH CTPYKTYpY Mpoiecy poOoTu
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KOMITICHCYIOUMX OO0IrpiBadiB BIPOJOBXK A00U 3 BpaxyBaHHSM MPOTHO3Y 010
JA000BHUX 3MiH MOTOJHUX YMOB.

5. CtBOpeHO Ta MepeBipeHO HA MPaBAOMOAIOHICTh MOJIETh MIKPOKIIMATY TETLIUIT
CEepeHbOr0 00’€My, BUKOPHUCTAHHS $SKOI JO3BOJIUJIO BU3HAYUTH TPUBAIICTD
NepexiAHUX MPOIIECIB M Ai€r0 30yHKYI0UnX (PaKTOpiB, a came 3MiH TeMIlepaTypu
30BHINIHBOIO TOBITPSHOTO 1 PIIUHHOTO CEpPEeJOBHUINA Ta 3MiH BHUTPATH
MOBITPOOOMIHY.

6. lllnsxoM MOJETHPHUX BUMPOOYBaHH BHU3HAYCHO BIUIUB TEMIIEPATYpHOTO Ta
MOBITPS-IIBUAKICHOTO IMapaMeTpiB TEIUIMYHOTO OO0 €KTy Ha JIOKAJIbHI Ta
IHTerpajibHl (yHKUII 3MIHM IIBHUIKOCTI, TEMIEPATypH, TUCKY 1 BOJIOIOCTI, IO
CIIOCTEPITalOThCS Y 3aMKHEHOMY 00 €Ml TEIUIMII, IO JIO3BOJIMJIO, Ha OCHOBI
OTPMMAHOTO PO3MOJAUTY TEeMIEpaTypu Ta MIBHAKOCTI B 00’€Mi TEIJIUI Ta
perlaMEeHTOBAHMX MaKCUMaJbHUX 1 MIHIMQJIbHUX 3HA4€Hb, BU3HAUUTH
palioHaJbHI TOYKM KOHTPOJIIO BIAMOBIAHUX TMapaMeTpiB JJii BCTAHOBJICHHS
JTaTYHKIB.

7. 3a pe3yJbTaTaMu MOJICTbHUX JOCIIKEHb BCTAHOBJICHO, 1110 JIOKAJIbH1 (DYHKITIT
KOJMBaHb TEMIIEPATYPH CIOCTEPITAIOTHCA Y BCIX TOUKAX 00’ €KTY JOCIIHKEHHS 10
10 cexyHn, a 1HTerpajibHa (QYHKIIIS 3MIHU TeMIEpaTypH CiIrae CTajIoro 3HaYEHHS
6sm3bpK0 30-1 cekyHIH, 110 03BOJISIE BUBHAUNUTH TEPMIH IEPEXITHOTO MPOIIECY IS
cucteMu 00irpiBy. JlokanbHi (QYHKIT 3MIHM HIBUIKOCTI CIOCTEPIraloTh Yy BCIX
TOYKaxX 00’€KTy JOCIIJKEHHSI, sIKI 3HaXOASAThCS B OJHIN IUJIOMIMHI 3 BXIAHUMU
BIKHAMU TpPOBITproBaHHs, 10 60 cexyHn mpu 30-kpaTHOMY MOBITPOOOMIHI, a
iHTerpanbHa (yHKIIS 3MIHM mapamerpy crabimizyerscs 10...15 cexkyna, mio
JI03BOJISIE BA3HAYUTH TEPMIH MIEPEX1THOTO MPOLIECY JJI CUCTEMHU MTPOBITPIOBAHHS.
8. BusHaueHO HEOOXiJHY KUIBKICTh 1 pO3TalllyBaHHS JATYMKIB TEMIEPATypu Ta
JATYUKIB IIBUIKOCTI MO BEPTUKAIBHIA TUIOMIMHI 3 TEPEPi30oM BXIJHOIO BiKHA
MIPOBITPIOBAHHS, SIK1 BPAXOBYIOTh TEPMIH CTa0LII3a1lil TEMIIEpaTypH B TETUIMYHOMY
00’ekTi, mo ckiaagae Omu3bko 10 cexkyHa, Ta yac crabumizamii MBHAKOCTI 3
BpaxyBaHHIM KOJMBAJIBHOTO MPOIECY 3 Jnomyctumoro amrunitygoro 0,05 m/cexk,

saxuid He nepesuurye 60 ... 90 cexyH.
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9. Otpumana, 3a pe3yjbTaTaMy MOJEIBHUX JIOCIII>)KEHb 3 BpaxyBaHHSAM JOOOBHUX
3MiH TeMIepaTypu OTOYYIOUOTO MOBITPSIHOTO 1 PIAUNHHOTO CEPEIOBUINA, PYHKIIIS
3MiH JedinmuTy TOTYKHOCTI HArpiBadiB y daci ToOKasaja, M0 IS TETUIHII
JIOCTaTHbO BHUKOPHCTAHHS JIBOX HarpiBadiB moTyxkHicTio 3 kBT 1 1 kBt 3
BIJIMOBIAHUM TpadikoM iX BUNEPETKYIOUOTO IMiIKIIOUYEHHS BIPOIOBXK JA00H, IO
JI03BOJISI€ 00ITPiBaTH TEIIUIIIO 10 IBO30HAIBHOMY Tapudy 3a eJIEKTPOSHEPTito 1 €
€KOHOMIYHO BHTIHMM IIiJ] 4Yac eKCIUTyaTallli TeIUIMYHOTO O0’€KTY B XOJIOAHUM
MepioJ POKy.

10. BianoBinHo 1m0 oTpuMaHoi 1000BOI HMKJIOrpaMu poOOTH HarpiBayiBb
pO3po0JIeHUIT 1 TepeBipeHUH Ha IMITAIIdHIA MOJEN aJdrOpUTM KEepyBaHHSA
eJeMeHTaMu MexaTpoHHO1 cucteMu (cepenonuiie CoDeSys, MoBa nmporpaMmyBaHHs
ST) ta cucrtema kepyBaHnHs BuKOHaBYUX npuctpoiB (FluidSIM).

I1. BcTranoBneHo, 1o 3 BpaxyBaHHSM TEIIO-MacO-OOMIHHUX MPOIECIB B
reoMeTpuyHii 3-D mozeni Teriuii MOXyTh OyTH 3MOJENIbOBAaHI 3MIHU BUTPATU
BOJIIHOI MapyW TEIUIMI[l BOPOJOBXK JI00M, a OTpUMAaH1 3aJ€KHOCTI 3HMKEHHS
KOHIIEHTpAIlii BOJIOIOCT1 B MOBITP1 JAO3BOJISIOTh BUSHAYUTH LIUKJIOTpaMy poOOTH
KOMITEHCYIOUUX (POPCYHOK Ta MOOYyayBaTH aITOPUTM KepyBaHHS y 4yaci.

12. Otpumana, B pe3ysbTaTi MOJAEIBHUX JOCIIIKEHb, (YHKLIS J0OOBOTO
nedinUTy BOJOTOCTI BIPOJOBXK J0OM J0O3BOJIMJIA PO3paxyBaTd (PYHKIIIIO
HEOOX17THOT TPOYKTUBHOCTI KOMIIEHCYIOUHX (DOPCYHOK Yy Haci, 110 MiATBEPAUIIO,
10 JIJTS TeTUTHIII BKa3aHOTO 00’ €My JOCTaTHhO OJHOYACHOTO BUKOPHCTAHHS JIBOX
3 TPhOX KOMIICHCYIOUMX (DOPCYHOK TMPOAYKTUBHICTIO 2 JI/TOA KOXHA 3
BIJIMOBIAHOK [MKJIOTPAMOIO 1X TMIAKJIIOYEHHs. BIiAMOBIAHO 110 OTpUMaHUX
pe3yJbTaTiB  TMOOYJIOBAaHO CTPYKTYypy Impolecy poOotu ¢GOpcyHOK OyIio
pO3pO0JICHO  QJITOPUTM  KEpPyBaHHS  €JIEMEHTAMH MEXaTPOHHOI CHCTEMH
(cepenosuiie CoDeSys, MmoBa nporpamyBanHus ST).

13. 3a pesynbTaTamMyl TMOPIBHSJIBHUX PO3PaxXyHKIB JiaraMud €(GeKTHBHOCTI
MOKa3aHO, M0 BUKOPUCTaHHS YIEPEKYIOYOTO0 alropuTMy KEpyBaHHS, 3
PO3MOITICHHSIM 1001 Ha IHTEPBAJIM Yacy 13 30aJ1aHCOBAaHUMHM MOTOKaMU JAeDIUTY

TEIJIOBO1 MOTYKHOCTI 1 po00TOr0 00irpiBavis 3ade3neuye (12 ... 26)% ckopoueHHs
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CHEProCIIOKUBAHHS 332 PAaXyHOK BHKOPUCTAHHS Y3TOJDKEHHS [ii CHCTeMHU
KEpYBaHHS 3 €HEProaKyMyJIIOIOUYUMHU BIACTUBOCTSAMH TEIUIUIIL. 3arpONOHOBAHUIMA
HiAXiJ MOXe OyTH 3aCTOCOBAHO JI0 ICHYIOUMX CHCTEM MIKPOKIIMATy MUIIXOM
MOJICpHi3aIlii CHCTEM KEpyBaHHS 3 BpaxyBaHHSM IMOTYXXHOCTI 1CHYIOYHX
HarpiBayiB, a BUBUIbHEHA MOTYKHICTh MOKe OyTH BUKOPUCTaHA 7Sl PO3IIUPEHHS
eKCIUTyaTaIllifHOTO /Iiala30Hy TeMIIepaTyp 30BHIITHBOTO MTOBITPSIHOTO 1 PIAUHHOTO
cepeZoBuIla ad0 PO3IIUPEHHS NIEPETIKY BUPOITYBAaHUX KYJIBTYp B 01K TEILIIIIIOTO

KJIIMaTy.
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