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bopoyn M. B. Konctpykiiii eHeproeeKTUBHUX CIIOPY 3aKPUTOTO TPYHTY. —
Kgpamidikaiiitna HaykoBa mparis Ha MpaBax PyKOIUCY.

Hucepraiisi Ha 3100yTTS HAyKOBOTO CTYINEHs HoKTopa ¢inocodii 3a
crienianbHicTiO 192 «bByniBHUIITBO Ta nuBiUIBHA iHXeHepis» (19 — ApxiTekTypa Ta
OymiBHUIITBO). — JlepkaBHUM BUIMN HaBYaIbHUN 3akiayn «lIpuaHimpoBchka
Jiep’KaBHa akaJieMisi OyJIBHUIITBA Ta apXITEKTypu» MIHICTEpCTBAa OCBITH 1 HayKu
VYkpainu, quinpo, 2020.

Hucepramiitna poboTa TmpUCBAYEHA PO3pOOI Ta  OOIPYHTYBAHHIO
KOHCTPYKTUBHO-TEXHOJIOTIYHUX pPIIIEHb €HEeProe()eKTUBHUX CIOPYA 3aKpUTOTO
IPYHTY Ui IHOAUBIAyadbHUX (PEPMEPCHKUX TOCIOIAPCTB.

VY Berynmi OOIPYHTOBAaHO aKTyaJdbHICTh TEMH AUCEpTalii, cHhOpMYIbOBAHO
METy 1 3aBJaHHS JOCIIJKEHHS, MPEJICTaBICHO HOBU3HY 1 MPAaKTUYHE 3HAYEHHS
OTpUMaHUX pe3yabTariB. HaBemeHo BiZOMOCTI TIpo ampoOariro OCHOBHHX
pe3yNbTaTIB AUCEPTaLii, KUIbKICTh MyOJIIKaIii, CTPYKTYpY Ta 00cAr poOOTH.

B nepmomy po3aini «O06’eMHO-TIIaHYBaJIbHI Ta KOHCTPYKTHBHI DPIIICHHS
arpocropysi  3aKpUTOro IPyHTY Ta IX OOIpYHTYBaHHS» pO3IJIIHYTO Ta
MPOAHANI30BAHO BITUM3HSAHI Ta 3aKOPJAOHHI HAYKOBl JIOCHIIKEHHS CTOCOBHO
CYy4aCHMX KOHCTPYKIH CIOpPYA 3aKpUTOTO IPYHTY, HABEJEHO iX IepeBard Ta
HEJOJIIKK. 3ampolOHOBAaHO KIACH(IKALIKD CHOPYI 3aKpUTOrO0 IPYHTY 3a
XapaKTepHUMH  O3HAKaMH, BH3HAYEHO OCHOBHI  CIIOCOOM  ITiABHUIIEHHS
eHeproeeKTUBHOCTI, a CaMe: 3aCTOCYBaHHS HOBHX €HEProe(heKTUBHUX MaTepialliB
JUTSL CBITJIOMPO30PUX MOKPUTTIB T4 KOHCTPYKIINA TEIUIULIl; pO3poOKa ePeKTUBHUX
KOHCTPYKTUBHUX DIllIeHb, TEOMPOCTOPOBOTO PpO3TAIIyBaHHSA, Opi€HTaIii 3a
CTOPOHAaMH CBITY AJIsi 30UTBIICHHS COHAYHUX TEIJIOHAIXO/KEHb Ta 3MCHIICHHS
TEIUTOBUX BTPAT Yepe3 OTOPOKYI0Ul KOHCTPYKIIii; CHCTEMH 1000BOTO 1 CE30HHOTO
30epira”Hs, MEPepo3NOJAUTy Ta BUKOPUCTAHHS COHSYHOI €HEeprii B CcHUCTeMax

OTMAJICHHS CIIOPYJ] 3aKPUTOT0 I'PYHTY B XOJIOJIHUN MEPIO/I.



Po3rnisgHyTO TUIIU CBITJIONPO30PUX MOKPUTTIB CIOPY/I 3aKPUTOTO IPYHTY, AK1
€ OCHOBHMM KOHCTPYKTHBHHMM €JIEMEHTOM, 3allpONOHOBAHO iX Kiacu(iKarliro.
BukoHaHo aHalli3 TEXHIYHUX XapaKTEPUCTUK CBITJIONPO3OPUX MaTepiajiB s
MOKPUTTS CHOPYJ 3aKPUTOTO IPYHTY (TUTIBKA, CKJIO 1 MOMiKapOOHAT), BU3SHAYEHO
HaWOLIbII e(PEeKTUBHUN — COTOBHUH TOJTIKapOOHAT.

Po3rnsHyTo MeToau JOCHIKEHHS IIPOIIECiB TEIUIOOOMIHY B CIIOpYJax
3aKpUTOTO IPYHTY, @ TAKOXK PO3PaXyHKOBI MPOTpaMHI KOMIUIEKCH JJIsi BUPIIICHHS
3aJlay Terionepeaayi.

BukoHanuii aHami3 BIAOMHX TEOPETUYHMX 1 EKCIEPUMEHTAIBbHUX
JOCTIKEeHb, @ TaKOXX HAsABHOTO MPAKTUYHOTO BITUYM3HSAHOTO Ta 3aKOPAOHHOTO
JIOCBIZy JIO3BOJIUB MIATBEPAUTH TOM (hakT, MO PpO3poOKa arpoKOHCTPYKIIIN
3aKpUTOTO TPYHTY 3 BHCOKHUMH EHEProeeKTUBHUMHU XapaKTEPUCTHKAMHU €
aKTyaJIbHOIO 33/1aU€l0, 1110 Ma€ BaroMe HayKOBE Ta COIL[laJIbHE 3HAYECHHS.

Y napyromy po3aini «PamioHasibHe TPOEKTYBaHHS CBITJIOIPO30POIO
MOKPUTTS CIIOPYZ 3aKPUTOTO IPYHTY» BUKOHAHO aHAJI3 1 y3araJbHEHHS OCHOBHHUX
TEXHIYHUX XapaKTEPUCTUK COTOBOTO MOIIKapOOHATY, a caMe: OIlip Terionepeaayi,
NYMTOMa Bara, CBITJIONPONYCKaHHS, BapTICTh Ta 1H.; OOIPYHTOBAaHO MHOTO
BUKOPHUCTAHHS B $KOCTI CBITJIONPO30POrO MOKPUTTA IS CHOPYHA 3aKPUTOTO
IPYHTY, SK TaKOro, II0 Ma€ 3Ha4HI MepeBaru cepe]l MpeacTaBICHUX CbOIOJHI Ha
PUHKY MaTepialiB.

Po3rnssHyTO METOIM OILIHKH BapTOCTI KHUTTEBOTO ITUKIIY CBITIOMPO30POIO
MOKPUTTS CHOPYJ 3aKPUTOTO IPYHTY: METOJI PO3paxyHKy YHCTOI MOTOYHOI
(muckonToBaHoi) BaptocTi (NPV - net present value); metoa po3paxyHKy CyKYITHOT
BapTOCTI (CyKyImHUX BHUTpAT, 3arajibHUX BUTpaT) (aggregate value - AV); meton
pO3paxyHKy 3arajbHOi piuHOi BapTOCTi (aggregate annual value - AAV).

Termnuugs, sk 1 OyAb-siKuit 00’ €KT OyNIBHHUIITBA, TPOXOJUTh HACTYIHI CTafll
KUTTEBOTO IHUKITY: CTBOPEHHS, €KCILTyaTaIlis 1 JiKkBijamis. ToMy, mpy OliHIOBaHHI
BApTOCTI OTOPO/KYIOUMX CBITJIOMPO30PUX KOHCTPYKIIM TEIUIMI, HEOOXiTHO
BpPaxOBYBAaTH BUTPATH, MTOB’SA3aH] 13 )KUTTEBUM IUKJIOM CIIOPYAH. JIJIs OIlIHIOBAHHS

BApPTOCTI YKUTTEBOTO LMKIY CHOPYAM OOpaHO METOJA PO3PAXYHKY CYKYIHOT



BapTOCTI (CyKyNHUX BUTpaT, 3arajbHuX BUTpar) (aggregate value - AV), skuii
MOJIsiTa€ B TIEPETBOPEHHI BCIX BUTPAT Ha OyNIIBHHUIITBO, BUTPAT HAa €KCILTyaTallilo
CIIOpPYIX 3a BeCh MependadyyBaHMM TEepMiH HOro ciIy:xOM Ta Ha JIKBIJAIIIO
CHIOPY/IM B PO3PaXyHKOBY CyMy Ha PiK OYIKYBaHOTO 3HECEHHsI CIIOpyAH (Tak 3BaHi
HaKOMMYCH1 BUTPATH).

VY po3aisii BCTAHOBJIEHO 3aJICKHICTh CYKYIHOI BapTOCTI KUTTEBOTO ITUKITY
1 KB. M TeIUIMII BiJ TOBIIMHHU MOJIKapOOHATY 3 ypaXxyBaHHSM JIHCKOHTYBAaHHS 13
PI3HUMU BIJICOTKOBUMU CTaBKaMU Ha KarliTal.

Ha ocHOBI po3paxyHKy CYKyHHOI BapTOCTI JKUTTEBOTO LMKIY MPHU Pi3HUX
BIJICOTKOBUX CTaBKax Ha Kamitan (aggregate value — AV), BapTocTi eHeprii,
KamTaJIbHUX 3aTpaT BHU3HAYEHO pAaIliOHAIbHY TOBIIMHY CBITJIOIIPO30POTO
NOKPUTTS - TMOMIKapOOHATy - MJisi CHOpPYA 3aKpUTOro IPYHTY 3a KpUTEpIEM
eHeproeeKTUBHOCTI 1 MIHIMAJIBHOI BapTOCTI.

Y  Tperbomy  po3aini  «Po3pobka = KOHCTPYKTMBHUX  DIIICHb
eHeproe(PeKTUBHUX CHOPYJ 3aKPUTOTO TIPYHTY» MPOBEACHO AOCITIIKEHHS
pamiaifiHOro 1 TEIUIOBOTO PEKUMY CBITJIONPO30POTO MOKPUTTS, OOIPYHTOBaHI
napaMeTpy KOHCTPYKTHBHHUX PIIIEHb CIOPYZ 3aKPUTOTO IPYHTY 3 ypaxyBaHHSIM
OCHOBHMX (DaKTOpiB, SIKi BIUIMBAIOTh Ha €HEProe(EeKTUBHICTH CIIOPY/H, & CaMe:
KOHCTPYKTHBHA (opMa, Opi€HTAIlsl 1 KyT HaxWiIy CBITJIOMPO30POrO MOKPUTTS
BIJIHOCHO COHSIYHHMX MPOMEHIB, '€ONPOCTOPOBE PO3TALTYBaHHS TEIUIUL BIJHOCHO
MOBEPXHI 3EMJII.

OO0paHo HaNOIBII palloHATbHY KOHCTPYKTUBHY (DOpMY TEIIULI sl YMOB
M. JIHIIpa HA OCHOBI TOpPIBHSHHS OOCSATIB COHSYHHUX TEIJIOHAAXOKEHb 1
TEIJIOBUX BTPAT Yepe3 CBITIONMPO30pi KOHCTPYKIIIT TEIUTUIlI MPOTITOM XOJIOJTHOTO
nepiogy poky (PKOBTEHb — KBIT€Hb). BcTaHOBieHO, 1m0 Mg (GopMu TUITY
«Bererapiit» pi3HHIST MK TEMJIOBUMH BTpaTaMHd 1 COHSYHUMH  TEILIO
HAJXO/DKCHHSIMH € HAaWMEHIIOK Cepell BCIX PO3TISHYTUX (OPM  TEILTHUILb.
JocnimkeHo BIUIMB Opi€HTAIlli CIOPYAM BIJHOCHO CTOpPIH CBITY Ha o0OCsT
COHSIYHMX TEIIJIOHAJIXOKEHb MPOTATOM pOKy. BcTaHOBIIEHO, 1110 HAMOLTBIT BUT1THA

OpIEHTAIlisl CIIOPYAM 32 KPUTEPIEM COHSIYHMX TEIUIOHAAXOKEHb € Opl€HTallisl B



MiBJEHHOMY HampsiMi. TakoXk BU3HAYEHO, 110 13 3MIHOIO Opl€HTAllli HA MiBIEHHO-
CXimHMIA a00 MiBIEHHO-3aXIAHUN HANpPSIM TETUIOHAIXOHKCHHS J0 BHYTPIIIHHOTO
MPOCTOPY TEIUIMII 3MEHINYIOThCA Julie Ha 1%.

BusnaueHo HaWOIbII pamioHANBHUNA KyT HaxXWIy CBITJIONPO30POTO
MOKpUTTS B mianazoHi Bim 20° go 90° B 3aleKHOCTI BiJi OOCATY COHSYHHUX
TeIUIOHAIXO0/KeHb. HaltO11b111 parfioHaIbHUM KyTOM HaXwiIy € Aiana3oH Bif 35° 10
45°.

OOrpyHTOBAaHO palliOHAJbHE TEONMPOCTOPOBE PO3TAIlyBaHHS  TEIUIUII
BIJIHOCHO TOBEPXHI 3€MJIl 3a KPHUTEpPIEM COHSYHUX TEIJIOBUX HAAXOIKEHb 1
TEIJIOBUX BTPAT 4YE€pe3 OropoKyBaJlbHI KOHCTPYKIIi. PanioHalibHUM € Ha3zeMHe
po3TantyBaHHs TeTUIMI. [3 3armMOaeHHsIM TEIUIMII B TPYHT TEIUIOBI BTPATH 4epes
OTOPOJIKYIOUl KOHCTPYKI[li 3MEHIIYIOTHCS, MPOTE COHSYHI TEIUIO HAIXOJKCHHS
TaKO>K 3MEHIIIYIOThCS.

3anponoHOBaHi AJIs MOAAJIBIIOT peastizailii eHeproeeKTUBHI KOHCTPYKTUBHI
pIIEHHS CHOPYJA 3aKpUTOrO IPYHTY, MOXYTh OyTH BUKOPUCTaHI y HPAKTHUI
MPOEKTYBaHHS 1 OYIIBHUIITBA CIOPYJ 3aKpPUTOTO TIPYHTY IS 1HIAUBITYyaJbHUX
bepmepcbkux rocnogapcTB. Po3po0iieHI KOHCTPYKTHBHI PIIEHHS BIOPOBAKEHO
npy  PoO3poOIll MPOEKTHUX TPOIMO3UIIM MO peKoHCTpyKuii LleHTpy-nputynky
berani B M. Manarku B pamMKkax BUKOHAaHHS MIDKHApPOJIHOTO HAyKOBOTO MPOEKTY
InStep Project International Sustainable Engineering Practices (Ref.21810098).

B d4erBepromy po3aiiai «JlochmimkeHHs e(QeKTUBHOCTI BHUKOPHCTaHHS
aKyMYJISITOPIB TEIUIa B CUCTEMI OMAJCHHS CIOPY 3aKPUTOTO TPYHTY» MPOBEICHO
€KCIIEpPUMEHTAJIbHI TOCHIIKEHHSI TEMIIEpaTypHO-BOJIOTICHOTO PEXUMY TEIUIUI Y
BECHSIHUI Tiepio (0epe3eHb — KBIT€Hb), pO3TaioBaHoi B M. JIHIIPO, 13 po3mMipaMu
B miaHi 7,9 x 7,3 1 Bucorow 3,1 M, maTepiajg CBITJIONPO30POr0 OTOPOKEHHS -
COTOBMI  TOJIiKapOOHAT TOBMIMHOK & MM. besnepepBHi BUMIPIOBaHHS
TEMIIEpaTypy 1 BOJOTOCTI TOBITPS 3M1MCHIOBAUCH B CEPEAMHI 1 30BHI TEIUIUII B
nepion 3 23.03.2019 p. — 06.04.2019 p. BumiptoBaHHS NPOBOAMIMCSA MPOTITOM
BCTAHOBJICHOTO TMEPIOAy IIIJI0I000BO 3 IHTEPBAJIOM BHUMIPIOBaHb — | TOJWHA.

BCT&HOBJ’ICHO, 1o zxianasoﬂ KOJIMBaHb TCEMIICPATyp B TCHJII/IIIi IIpOTATOM



EKCIIEpUMEHTATLHOTO mepiofy ckiamae Bim -1 °C go 52 °C, mo He BiAmoBimae
BCTAHOBJICHUM HOpPMaM TEMIIEpaTypu BHYTPIIIHBOTO MOBITPSA JJII HOPMAJIbHOTO
POCTY 1 PO3BUTKY POCIIHUH.

JUis  3MEHIICHHS KOJHMBaHb TEMIEPaTyp JOCHIKEHO e(QEeKTUBHICTh
BUKOPUCTAaHHSA JOOOBOTO aKyMyliATopa TerJia. 3alporOHOBAHO TEIIOTEXHIUHY
MOJENb I  PO3paxyHKy TlapaMeTpiB TEIJIOAKyMYJsiTOpa, SKa BpPaxoOBY€
TEIUIOHAIXOKEHHS B COHSYHOI pajiailii, TEIIOBI BTPATH YepPe3 OrOpOIKYIOUl
KOHCTPYKIIi 1 TeIIo, sKE HaKOMUYyeThcsa B akymyiasaTopi. Ha ocHoBi
3aMpONOHOBAHOI MAaTeMaTUYHOI MOJIEJl TeIUIOTEXHIYHUX MPOLECIB B TEIUIMII, SK
NPUKIAJ,  BU3HAYEHO  pALllOHANbHI ~ MapaMeTpu  J00OBOrO  BOJSHOIO
TEIUIOAKyMYJIsiTOpa A €KCHEpPUMEHTalbHOI  TEIUIMLI.  3alpolOHOBAaHA
MaTeMaThyHa MOJEIb TEIUIULI J03BOJIs€ 00paTH ONTUMAIBLHUN 00’€M 1 PO3MIpU
1000BOT0 TEIIOAKYMYJIATOpa AJis OYb-SKOT TETUTULI.

JlocaigkeHo e(eKTUBHICTh BUKOPUCTAHHS CE30HHOTO TEIIOAKYMYJIATOpA 13
PI3HMMH TEIUIOAKYMYJIIOIOUMMHU MarepiajaMy JUIsl PalliOHaIbHOI KOHCTPYKIIi
teruii tuny «Bererapiit» 13 po3mipamu B miani 5,0 x 8,0 1 Bucororwo 3,9 M.
Bu3zHaueHo HaiOLIb1I €(peKTUBHUI MaTepiall sl akyMyJIFOBaHHS TEIJIOBOI €Hepril
- r1ay0epoBa Cilib.

3anponoHOBAaHO  TEXHIYHE  PINIEHHS  CE30HHOTO  0araromnapoBOro
teroakymyastopa (nmar. Ykpainm 137026, A01G 9/14) nna edexTtuBHOrO
30epiraHHsl 1 BHKOPUCTAHHS TEIJIOBOI €HEprii B CHUCTEMI OMNaJeHHS TEeTUIUI.
BukopucTaHHs B KOHCTYpKIIi 0araTomapoBOro TEIUIOAKyMyJATOpa Mepexi
BO3JYXOBOIB, OOJIaIHAHUX KEPOBAHOK CHUCTEMOIO JIaTUYMKIB 1 3aCJIOHOK,
TEIJIO130JISIIMHUX MIapiB J03BOJIAE€ 30€piraTu TEIJIO MPOTITrOM TPUBAJIOTO dYacy,
0 B CBOI 4Yepry 3HUXKYye MOTpeOy B €Heprii Mmpu eKCIuTyaTaulii Cropyau
3aKpUTOTO IPYHTY.

Karouosi cjioBa: criopyna 3aKpUTOTO IPYHTY, TEIUIHLIA,
E€HEeProePeKTUBHICT, COHSIYHI  TEIJIOHAAXOJKEHHS,  TEIUIOBI  BTpATH,

CBITJIONPO30P1 KOHCTPYKIIi1, aKyMYJISALis TeIUIa, KUTTEBUM LIUKII.



ABSTRACT

Bordun M.V. Energy-efficient structures of greenhouses. — Qualifying
scientific work as a manuscript.

The dissertation for obtaining a degree of Doctor of Philosophy in specialty
192 «Construction and Civil Engineering» (19 — Architectureand Construction) —
State Higher Education Institution “Prydniprovska State Academy of Civil
Engineering and Architecture”, Dnipro, 2020.

The research deals with the development and substantiation of structural and
technological solutions for energy-efficient structures of greenhouses in private
farming.

In the introduction the relevance of the research is grounded, the aim and
the tasks are defined; originality and practical value of the findings are given.
Information on the evaluation of results, the number of papers published, the
structure and the length of the research are also provided.

Thefirstsection““Spatialandstructuralsolutionsforgreenhouses”
dealswiththeanalysisofnationalandforeignscientificstudiesonmoderngreenhousestru
ctures, considering their benefits and drawbacks.

The classification of greenhouses according to specific features was
proposed. The main methods to improve energy-efficiency were defined. It was
proposed to use new energy-efficient materials for light transparent coverings of
greenhouses, to develop functional structural solutions, geospatial location,
orientation to cardinal directions for better solar heat and lower heat losses due to
protective structures, as well as systems for 24-h and seasonal storage,
redistribution and application of solar energy in heating greenhouses in cold
period.

The types of light transparent covering for greenhouses as a key structural
element were considered. The classification of these materials was presented.

The analysis of technical characteristics of light transparent coverings for

greenhouses (plastic sheet, glass, polycarbonate) was carried out. As a result,



cellular polycarbonate was defined as the most effective.

The research methods for heat transfer in greenhouses, as well as software
packages to solve heat transfer problems were studied.

The analysis of well-known theoretical and experimental studies, along with
national and foreign experience made possible to prove that the design and
development of greenhouses with high energy-efficient characteristics is quite
relevant and is of significant scientific and social value.

The second section “Rational design of light transparent covering of
greenhouses” deals with the analysis and synthesis of the main technical
characteristics of cellular polycarbonate, such as heat transfer resistance, specific
weight, light transmission, price, etc. The application of this material for
greenhouses as the beneficial one was substantiated.

The assessment methods for the lifecycle cost of light transparent coverings
of greenhouses: NPV (net present value) method, AV (aggregate value) method,
AAV (aggregate annual value) method were considered.

A greenhouse, as any other construction facility, has the following lifecycle
stages: construction, maintenance and disposal. Therefore, assessing the cost of
protective light transparent coverings, it is necessary to take into account the
expenditures on the lifecycle of the structure. The total cost calculation method
(aggregate value - AV) was chosen to assess the value of the life cycle of the
structure. This method implies that all construction costs, operating costs during
the entire service life and costs on the disposal of the structures will be equal to
the total cost of the building estimated on year of the expected demolition (so-
called accumulated costs).

The dependence of the total cost of 1 sq. m of greenhouse life cycle on the
thickness of polycarbonate, taking into account discounting with different interest
rates, is shown in the section.

Based on the aggregate value, energy cost, capital expenditures, it was
possible to identify rational thickness of the light transparent covering —

polycarbonate — for energy-efficient greenhouses at low cost.



b

In the third section “Structural solutions for energy-efficient greenhouses’
the investigation of radiation and thermal behavior of light transparent covering
was conducted. The parameters of structural solutions for greenhouses were
grounded. They are based on the main factors which influence the energy-
efficiency of the structure: its design shape, orientation and inclination angle of the
light transparent covering towards sun rays, geospatial location towards ground
surface.

The most rational design shape of the greenhouse for the climatic conditions
of Dnipro was chosen based on the compared amount of solar heat and heat losses
through the light transparent coverings over the cold period (October — April).

It was found out that for the “Vegetarium” design, the difference between
heat losses and solar heat is the lowest among all designs considered.

It was studied how the orientation of the structureto the cardinal directions
influences the amount of solar heat during a year. It was found that the south is the
best direction. If orientation changes to the south-eastern or south-western
direction the heat gains to the inside space of greenhouse will reduse by one per
cent.

The most efficient inclination angle of the light transparent covering is at the
range from 20° to 90°, depending on solar heat. The most efficient inclination angle
is from 35° to 45°.

The rational geospatial location of a greenhouse towards ground surface
according to solar heat and losses through protective covering was explained. It
was concluded that the greenhouse should be located on the ground. When the
greenhouse is made deeper into the ground, heat losses through the enclosing
structures will decrease, but solar heat gains also will decrease.

The suggested energy-efficient structural solutions could be used in the
further design and construction of greenhouses for individual farms. The developed
solutions were implemented into design proposal for the Betany shelter
reconstruction in Malatsky under the InStep Project, International Sustainable
Engineering Practices (Ref.21810098).



The fourth section “Investigationofheat accumulators efficiency in heating
greenhouses” providesthe experimental results of the temperature and humidity
conditions in the greenhouse in spring (March-April), located in Dnipro. The
dimensions in the plan are as follows: 7.9 x 7.3, height - 3.1 m, the material of the
light transparent covering - cellular polycarbonate, 8-mm thickness. Continuous
measurements of temperature and humidity were carried out inside and outside of
the greenhouse in the period from 23.03.2019 to 06. 04.2019. The measurements
were taken during the established period around the clock with a measurement
interval of 1 hour.

It was identified that the temperature fluctuation range in the greenhouse
over the experimental period was from -1 °C to 52 °C, which does not conform to
the indoor temperature rate to provide regular growth of plants.

To reduce temperature fluctuations, the efficiency of 24-h heat accumulator
was studied. A heating model to calculate the heat accumulator parameters was
proposed. It takes into account solar heat, solar losses through protective covering,
as well as heat in the accumulator. Based on the proposed mathematical model of
heating processes in the greenhouse, rational parameters of a 24-h water heat
accumulator for the experimental greenhouse were defined as an example. The
proposed mathematical model of the greenhouse allows choosing the optimal
volume and size of the daily heat accumulator for any greenhouse.

The efficiency of seasonal heat accumulator with different heat-retaining
materials for the rational design of “Vegetarium” greenhouse (5,0 x 8,0 and 3,9 m
height) was studied. Sodium sulphatedecahydrate was found as the most efficient
material to retain heat energy.

A seasonal multilayer heat accumulator as a technical solution (patent
ofUkraine137026, A01G 9/14) was proposed for effective storage and application
of heat energy in the greenhouse heating system. The network of ducts equipped
with a controlled system of sensors and dampers, and also thermal insulation layers
between accumulator material layers in a multilayer heat accumulator allows

storing heat for a long time, which in its turn reduces energy needs during



operation of the greenhouse. It can store the heat for a long time, which makes the
greenhouse energy efficient.
Key words: greenhouse, energy-efficiency, solar heat, solar losses,

transparent protective covering, heat accumulation, lifecycle.
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