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METO/IUKA PO3PAXYHKY 3AMKI—!YT01 CUCTEMMH
OITAJIEHHSA TA BEHTWIALI TEIIVIMID

Anomayis. ExoHomiuyHa e(EKTHBHICTh TEIUIMYHOTO OBOYIBHHIITBA
JIOCUTh CYTTEBO 3aJICKUTh BiJ] BAPTOCTI €HEPrOHOCIIB, y 3B 53Ky 3 YUM
BIIPOBA/DKEHHSI ~ €HEpro30epiralouMx  TEXHOJIOTIH Yy  TEIUIMYHOMY
OBOUIBHHUIITBI € TMUTAaHHSAM aKTyaJlbHUM. MareMaTtuyHa I1HTepIpeTaris
PEXUMIB Ta MapaMeTpiB MIKPOKIIMATY KyJbTUBALIIITHOTO MPUMILIEHHS A€
MOXJIMBICTh ~ MOJENIOBATH  pI3HI pEXUMU pOOOTH  ONATIOBAIBHO-
BEHTWISILIMHOTO OONaJHAHHS Ta aHaji3yBaTH BIUIMB Ha IapaMeTpu
MIKPOKJIIMATY THUX YM IHIIMX TEXHIYHHUX Ta TEXHOJIOTIYHHUX PILIEHb MPHU
MPOCKTYBaHHI KyJIbTUBAIIMHUX MPUMIIICHb. Y JaHii poOOTI MPOMOHYETHCS
METOJIMKa PpPO3paxyHKy 3aMKHYTOI CHUCTEMH ONAJEHHS Ta BEHTHJIALIT
TEIUIMLb, /1€ BUKOPUCTOBYETHCS MPOTWICKHUM THUN JUXAaHHS POCIHH Ta
rpuOiB.

Kniouogi cnosa: tennoBuit OaniaHc, KyJbTHBAIlHE TPUMIIICHHS,
rpudu, MaTeMaTHYHE MOJCITIOBAHHS, IMITAIlIHHE MOJICITIOBAHHS, 3aMKHYTa
CUCTEMAa BEHTUJIALII.

Ilocmanosxka npobaemu. llpu TPOEKTYyBaHHI CKJIAJHUX 3aMKHYTHUX
OTIATIOBAJILHO-BEHTWIIAMIMHUX ~ CHCTEM  JOMUIBHUM €  CTBOPCHHS
MaTeMaTUYHUX MOJIEJIeH MPOIECiB TEMIOMAacOOOMIHY B Teruisx [1].

[Iponecu siKi MPOXOAATh Yy TEIUMINX 13 BEIUMKUMHU 00’ eMaMu
BUpOOHMIITBA [2, 3], BUMararoTh MOJEIIOBAHHS ITUX MPOIIECIB JIJISl OIIHKU
00’ekTa Ha OyAb-SKMX BXIIHMX 3MIHHUX [4, 5]. OcoOauBO I1ie¢ MHUTaHHS
aKTyaJbHE I 3aKPUTUX CUCTEM BEHTWJIALIIT, B CHITY 1X CKJIaTHOCTI.

Ananiz ocmaHHix 00cnioJceHb. 3aMKHYTa CHCTEMa OMAJICHHS Ta
BeHTWwsill Termuip (3COB) npencrasise co600 OKpeMi KyJbTHUBAIIiiHI
IPUMIIICHHS B IKUX BUPOILYIOTHCS TEIUIMYHI OBOYEB1 KYJIbTYpHU Ta TpUOH.
Ak Bigomo 1151 3a0e3nedeHHs 010JI0TTYHUX MTPOIIECIB POCIMHU CIIOKUBAIOTh
CO;, ta BUIIIAIOTH KUCEHb, a TpUOW HABIIAKH, CIIOXUBAIOTh KUCEHBb 1
BuaUIsII0TE CO,. BpaxoBytoun 1110 oco0auBicTh Oyiia 3anpornonoBana 3COB
3 B3aeMOMiKUBIEHHSIM pociiuH 1 TpubiB CO, Ta kucHem. Ilpu mpomy
HOBITPS SIKE MEPEMIUIYETbCSl MK TEIUTMISIMUA Ma€ JACSKANM TerJIOoBUI
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noteHiial. To6To Mae miclie He TUIBKK ra3000MiH, a 1 TEMJIOMacOIePEeHOC.
binbmr noknanuo nmpo 3COB moxHa o3HaliOMUTHCH B [1, 7].

Dopmynosanna memu cmammi. s po3paxyHKy 3aMKHYTOI CUCTEMU
onajeHHs Ta BeHTWIAIII C3I° HeOOXiHO MaTW HACTYIIHI BUXIJIHI JaHI:
r€OMETPUYHI NapaMeTpu NPUMIIIEHb Ta iX pO3TalllyBaHHS; TErIo(i3uyH1
napaMeTpu OrOpO/KYIOUMX KOHCTPYKIIM; TEXHOJIOTIYHI MapaMeTpu
BUPOIIYyBaHHS  (TeMIeparypa, BoJjoricte, KoHmentpaiis CO, B
TEXHOJOTIYHUX TMPUMIIIEHHSIX); TEeMIEepaTypa 30BHIIIHBOTO TMOBITPS Ta
TEMIEpaTypa B CyMDKHUX IMPUMIIIEHHSIX; Macy CyOCTpary; IHTEHCHBHICTb
COHSIYHOI pajiarliil; MBUIKICTH BITPY.

[Ipu oOrpyHTyBaHH1 CHiBBIIHOIIEHHS pO3MipiB mnpuminienb B 3CB
BPaXOBY€EMO, 1110 OCHOBHUM KPHUTEPIEM, 32 IKUM CYJIATh PO KOHIICHTPAIIIIO
CO, y rpubHuIIl € Maca cyocTpary.

3a JaHUMH JTITEpaTypHUX JIPKEpell BEIMUYMHA ITOBITPOOOMiIHY B TPUOHHX
NPUMIIICHHSX TpPU BUPOIIYBaHHI TJIMBH KOJUBAEThCA BiA 65 10
300 M*/t'rox i HaBiTh 70 500 M*/Trox [8], a mnd mammiHbiioHa 20—
120 M*/1'Ton [8,9,10] mpudomy 06’€M NPUMINIEHHS I[PUHIUIIOBOTO
3HAQYEHHsS HE Mae€, BIUIMBAIOYM JIMIIE HA 1HEPIINHICTh MPOIIECIB.
Konnentpamiss CO,, sSKy HE pPEKOMEHIYEThCS TIEPEBUIIYBATH IPHU
KyJibTUBYBaHHI TnuBU ckiaaae 0,06-0,1 % [5], ans mammninbiiona — 0,06—
0,12 % [8, 9, 10]. [IpuitHsiBIIM MOBITPOOOMIH JJIS TJIMBH 1 JIs IaMIIiHbIIOHA
— 100 M*/1'rox npu xonuentpauii CO,, Bignosigno, 0,08 i 0,1 % Oyxemo
MaTH BHIIIEHHS IBOOKHCY Byrueimio cyocrparom — 0,08 M*COo/T'Tog i
0,1 M*CO»/ T'rop.

B cBorw wuwepry, kputepiii Mo SKOMY CYyASITh NPO I1HTCHCHBHICTH
crioxuBadHss CO, pocivHaMu 1, BIJAMOBIAHO, MPO IMIPKUBJICHHS POCIIHMH
JIBOOKCHIOM BYIJIEILO, € MacoBa (r/mM*>-Tox) abo 00 emua (M*COy/Mm?-ToxN)
nonaya CO, y Teruuito. B miTeparypi 1 BeMUMHA 3HAXOJIUTHCS B MEXKax
0,0005-0,003 M*COy/M*ron [9]. TIpm mpomy konuentpamito CO,, sk
npasuio, marpumytots Big 0,08 mo 0,1 %. Brpatu CO, npu KoHIIEHTpaIlii
0,15 % 3011bI1IYIOTHCSI BHACIIOK MOBITPOOOMIHY, O0TKe TipkuBiIeHHS COs,
IIPU 3aCTOCYBAaHHI TPAAULIMHUX TEXHOJIOTH, CTa€ MEHII €(hEKTUBHHUM.

Bigomo, 1m0 razoBe MiPKUBIICHHSI TETUIMYHUX KYJIBTYp TOB’s3aHE 3
BEJIMYMHOI (POTOCMHTETHYHO aKTHUBHOI pamiamii. [3  30iabIIeHHAM
OCTaHHBOI IPUCKOPIOIOTHCS TIpoiiecu (OTOCUHTE3Y 1 BIAMOBIAHO 37aTHICTh
pociauHamu 3acBotoBatd CO,. Ane mpu 1[bOMY, BHACHIIOK MapHUKOBOTO
eeKTy B MPUMILICHH] M1ABUIIYETHCS TEMIIEPATypa MOBITPS BHACIAOK YOTO
BUHHKAE HEOOXIJHICTh 30UIBIIEHHS 00 €MIB BEHTWJIAI, 1110, BIAIIOBIIHO,
3MeHITye e(eKT BiJ Ta30BOro IIJDKUBJICHHS pociauH. Ha mpakrtuii
N1PKUBJICHHS IPUIUHSAIOTH 32 | TOAMHY 10 BIAKPUTTS Ppamyr. 3aMKHYyTa
cucrema OnajeHHs Ta BEHTHJISAIIT y cucTeMmi CIIOpy .l
,»POCITMHHA TEIUIMILIS — TpUOHULA” 103BOJIsie 3MeHIIUTU BTpatu CO, mnpu
BEHTUJIIOBaHHI.
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OcHnosna yacmuna. Po3paxyHOK 3aMKHYTOi CHUCTEMH OIAJEHHS Ta
BEHTHWJIAIT MOYMHAIOTh 3 BU3SHAYCHHS CITIBBIIHOIIIEHHSI Macu CcyoOcCTpary 1,
BIIMOBIIHO, 00’€My TpUOHHUII A0 IUIONI POCIMHHOI Terumii. Jlam
IMPOBOJSATH PO3PAXYHOK TEINIOBUX OalaHCIB KOYKHOTO MPUMIIIEHHS OKPEMO,
Ta BHW3HAYCHHS TMPOJYKTHBHOCTI CHCTEMH BEHTHJIAIII 1 IOTY>XHOCTI
OTIATIOBAJILHOI CUCTEMH, TTICIISl YOTO BU3HAYAIOTh BEJIMUYMHU MTOBITPOOOMIHIB
MDK TPUMIIICHHSMHU Ta TOBITPOOOMIHY 13 30BHIIIHIM cepenoButiem. Jlami
MPOBOJUTHCA  PO3PAXYHOK TMOTYXKHOCTI — ONATIOBaIbHO-BEHTHIISIIIIITHOT
CHUCTEMHU TIPUMIIIEHb 3 BpaxXyBaHHSIM 3HAUYEHb TEMIIEpATypu MPUILUTHBHOTO
noBiTps Ta koHreHTpaiii CO,.

Meroanka po3paxyHKy TEIUIOBHX OajlaHCIB Ta  BHU3HAYCHHS
IPOAYKTHUBHOCTI CHCTEMHU BEHTUJIAIIT 1 MOTY>KHOCTI ONaTIOBaIbHOI CUCTEMU
po3pobIieHa 3 BpaxyBaHHIM PEKOMEH IaIlil, BUKIaAeHUX B [8].

3Haloud BEJIWYMHU BUUICHHS TpubOaMM Ta PEKOMEHJOBaHI Iojadyi
JIBOOKHUCY BYTJICLIO B POCIMHHY TEIUIUII0, MOXHA 3HANTH BITHOILICHHS MaCH
cyocTpaty B rpuOHUII 10 Tuioml Teruuili B 3CB.

Cxknanemo piBHsHHS 6anancy CO; MK IPUMIIIICHHSIMU

L,A4,=Lcm, (1)

ne L,, — HeoOXimuuil moTiK ByriIeKuenoro rasy ms remunni, M°COy/M* Tox;
L — noTik ByrIeKucioro rasy Big cyocrpary, m>CO,/ Kr rog;
A,, — moma Temmui, M%;

3BiIKM Maca cyOcTpaTy sika 3a0esneuye BYTJCKHCIOTHE TKUBICHHS
POCIIMH B TETLIUIT —

Lm Am

e ZL—c' (2)

Po3paxynku mokaszanw, 1mo Ha 1 ra Tionti TerunIi, A 3a0e3meueHHs
ra3oBOro MiKUBICHHS pociuH, HeoOxigHo 100-250 T cyberpaTy rimBH
(50-150 T cyberpaTy mamminbiioHa) abo, mo 1 T cyOcTpaTy IMBU 37aTHA
3a0€3M€YUTH JBOOKUCOM ByIJIemi0 25-160m>  mromi Ttemmmui, 1T
mamMminsiona — 50-200 M2,

Po3paxyHOok TOBITPOOOMiIHY B KyJbTUBALIMHUX NPUMILIEHHSIX MpPHU
BUPOIIyBaHHI TpHOIB BUKOHYETHCS B 3aJIEKHOCTI BiJl YMOB BHUJAJICHHS
BYIJICKUCIIOTH (B 3UMOBHUH TEpioa) Ta 3aiiBOi TEIJIOTH (B MEPEXITHUM Ta
JITHIN MIepi0In).

Butpata ByTJIeKUCIOTH, SIKY BUAUISIIOTh TPUOM B IIPUMIIIICHHI [8]:
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Vc02 =k n Vo, (3)
ne k, — temmneparypHuii koedilieHT, KNI BPaxoBy€e BIUIMB TEMIICPATypPH

BHYTPILIHBOTO MOBITPS Ha BUUIeHHs rpubamu COy;
n — KUIBKICTBh TpUOIB (CyOcTpary), KT, MIIIKIB;
Veo,— BUAUICHHA BYIJIGKHCTIOTH —OJMHHILEIO —CyOCTpaTy, Kr/rog,

MIIIIOK/TO/I.

Burpara nositps, sike BEHTHIIIOEThCS, M>/Toj [8]

I = Vco2
ne C, — wMakcumaiabHO jgomycTuMa KkoHueHTtpauiss CO, BcepenuHi

IpUMIILEHHS, /M,
Chos — xonrentpamiss CO, B NPUIUIMBHOMY TOBITPl (MPUAMAETHCS

pisuoro 0,33 — 0,5 /M%) [8].

[ToBiTpOOOMIH 1O SBHIN TEIMJIOTI BU3HAYAIOTH 3 PIBHSHHS TEILUIOBOTO
Oanancy [8]

Haon

o’ +cht6 = cht%, ®)

SA6H . . . . .
ne ., — HAUIMIIOK IIOTOKY SIBHOI TEIJIOTH B MPUMILICHHI (Pi3HULS MK

HAJIXO/PKCHHSIMH 1 BTpaTaMu TeIIoTH), BT;
G — noBiTPOOOMIH (MAacOBHI) B IPUMIILICHH], KI/C;
3B1AKM HEOOXI1THUI MOBITPOOOMIH MO SBHIN TEIUIOTI
Q}l@H
G — Haon (6)
c,(t,—t,)

6

OG6’eMHMIi TOBITPOOOMIH, M>/C

1
L=—G ;
0, (7)
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ButpaTty BEHTUJIALINHOTO MOBITPs B MEPEXiTHUN MEpioJ MPUUMAIOTh
PIBHOIO PO3PaxXyHKOBIH, ajie HEe MEHIIIE 11 3HAaYEHHS IS XOJIOJHOTO MEPioy.
Jns Tenoro mepiogy poKy poOisATh MEPEeBIPKYy MO MiHIMAIbHIA HOpMI
MOBITPOOOMIHY. SIKIIO 1S HOpMa HE 3a0e3MedyeThcsi, TO BHUTpPATY
BEHTWISIIIMHOTO MOBITPS B TSI MEP10J] paxyroTh 3a popmyroro [8]:

L=1me 8)
e [ — HopMa MiHIMaJIBHOrO MOBITPOOOMIiHY, M*/(I"KT);

Jlis po3poOKu MaTeMaTHYHOI MOJENl CKOPUCTYEMOCS PIBHSHHSAM
teroBoro 6anmancy C3I [8]:

QT.H. - QT.emp. = Yhaon. s (9)

ne Qr g — 3arajibHi TEJIOHAIXO0MKEHHS B IPUMIIIICHHS;
Or.emp— 3aTalIbHI BTPATH TEIUIOTH 3 TPUMIIICHHS;
Oraon — HAIUTUIIOK («—» €(IIUT) TETJIOTH B IPUMIIICHHI.

Honatue 3naueHHA ()40, BU3HAYAE TOTYXKHICTh CHCTEMH OIAJICHHS,
BiJl'€MHE — MOTYKHICTh CHCTEMH KOH/IHUITIOHYBAaHHSI.

QOry. BU3HAYAEMO SIK CyMY TEIUIOHAIXODKCHBb BiJ COHSYHOI pajiaiii
Qcp., cyocTpaty Qp6 Ta cucTeMH OCBITIEHHS Qocs!

QT.H. = Qc.p. + Qcy6 + ros . (10)

Oremp BU3HAYAEMO SK CYMy TEIUIOBTpPAT dYepe3 OropoKyrodi
KOHCTPYKUIT e, 1HOQLIBTPALIO (jnp, BUNMAPOBYBAHHA (Jyun Ta MITITPIB
IPUTLTUBHOTO TOBITPS Oy o -

QT.emp. = Yme + Qinb + qun +Qn.n06 : (1 1)
[TincraBuBmm dhopmymu (10) 1 (11) B TermoBuit 6anauc (9) orpumaemo:

Qnadfz. :Qc.p. + Qcy6 + roe - Qme - Qngb - Qeun _Qn.noe : (12)

Tennonositpsinuii 6ananc Oyne MaTH BUTISA 8]
0 TEIMJIOBOMY MOTOKY —

QT.H. - QT.gmp. = Qon ) (13)
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10 TIOBITPIO —

Gsum - GHadx = O s (14)

1€ Qone — MOTYXKHICTh OMAIIOBAILHO—BEHTHIISIIIIHHOT CUCTEMU;

Qon = Qnada;

Qn.noe = Qe - an>

Qyp — NOTIK TEIJIOTU 3 NPUILIMBHUM HOBITPSM;

O, — TOTIK TEIUIOTH 3 BIAX1THUM MOBITPSIM;

G sum — BUTSDKKA (BUJIQTICHHS ) TIOBITPS 3 IPUMIIICHHS;
Gaox — MPUTUTAB (HAAXOJKEHHS ) MTOBITPSI B IPUMIILICHHS.

BuninuBumm 3 Qremp (11) Tenmnoty sika BUTpayaeTbCss Ha MIITPiB
MPUTUTUBHOTO TOBITPS () nos 1 PO3TUIMBIIKM OCTAHHIO HA JIB1 CKIamoBi O 1
Q,p OTpUMAEMO TEIUIOBUI OanaHc

_QT.H +QT.3mp + Qn.noe _an + Qg =0. (15)

B cucremi, mo po3rasgaeThes, € 1Ba MPUMIIICHHS, KOXKHE 3 SIKUX Ma€
CBIM TEIUIOBUN Ta TEIIONOBITPsSHUI Oananc. O6’€IHABUIM iX B CHUCTEMY
3aMKHYTOTO MOBITPOOOMIHY pIBHSHHS TEIUIOBOTO OayiaHcy Oyae MaTu
BUTJIS;

QT.H.I B QT.emp.l - Qnadfl.l = O 16
QT.H.Z - QT.@mp.Z - Qnadﬂ.Z = O’ ( )

abo

_QT.H.l _Qon.l + Qm.e.l _an.l + Q@.l = O
Q112 =CQr t On — an.z +0,,=0, (17

ne urdpamu 1, 2 mo3HaueHi, BIMOBITHO, TPUOHUIIS Ta TEILIUIIA.
Jlnst  mpukiIamy po3TISHEMO TEMHY 4YacTHHY JI00M, 3pOOWBIIM

NPUMNYILIEHHS, W10 TOBITPOOOMIH B 000X NPUMIMICHHSIX OJHAKOBUUN
Gum1=Gu2=Gy

_QT.H.I _Qon,l + Qm.e.l - Cp ) GM ‘t36.1 + Cp ) G'-M 'te,l = O
~Or 2=t O —¢,°Gy 1, +C,-Gy o1, =0, (18)

ne t,, l,; — TEeMIlepaTypa, BIAMOBIJHO, BHYTPIIIHBOI'O Ta 30BHIIIHBOTO
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MOBITPSL.

Temreparypa BX1JHOTO MOBITPsI JJI POCIMHHOI TEIUIUII OyJ/1€ TaKOIO
K SK BHYTpIIIHA TeMmIepaTypa B TpUOHMIII 1 HaBHaku TeMIlepaTypa
NPUIUIMBHOTO TOBITPSL i TPUOHUIN OyJe OOpIBHIOBAaTH TeMIeparypi
BHYTPILUIHBOTO MOBITPSI B POCIUHHIN TETUTUII:

~Or 117 ot F Qa1 = €p Gy oty +¢,-Gy 1,1 =0

(19)
~Or 127 Con2t Qpga—€p Gyt +¢,°Gy1,,=0

B peanpHuUX yMOBax, IIpu BUPOIIYBaHH1 PI3HUX KYJIbTYp MOBITPOOOMIH
B IPUMIIIEHHSIX (PaKTUYIHO € Pi13HUM. Takok He0OX1THO BpaXxOBYBaTH T€, 110
B TIOBITPi, MPU HOTrO HMUPKYJAIIT B 3aMKHYTIM CHCTEMI HaKOMHUYYHOTHCS
mKigmmBocTi. ToMy MaTemMaTnyHa MOJENTb ITOBUHHAa BpPaxOBYBaTH
MOBITPOOOMIH 13 30BHIIIIHIM CEPEIOBHUIIIEM.

[Ipunyctumo, 1m0 3a TEXHOJOTIYHUMH BUMOTaMH MOBITPOOOMIH B
npumitieHHs X Gy, 1 Gu2 pi3HUN — B TPUOHOMY TIPUMIIIEHH] O1BIIHMA, B
pocauHHOMY MeHIi. Tofl, B mepimomMy IpUMIIIEHH] BUHUKAE HAJIAIIOK
G, Ha 6a31 IKOro HeoOX1IHO OpPraHi3yBaTH MOBITPOOOMIH 13 HABKOJIMILIHIM
cepenoBuiieM. OpraHizyemo ioro B mepmoMmy mpuMinieHHI. B npomy
BUIIAJIKY, TICJISl MATEMAaTUYHUX MTEPETBOPEHH OTPUMAEMO CHCTEMY:

B npomy Bumanky, 3HaMIIOBIIM BCl CKJIanoBi piBHAHHA (15) micns
MaTEMaTUYHUX [EPETBOPEHb OTPUMAEMO CHUCTEMY PIBHSIHb 3 KOl
3HAXOJIUMO BEJIMYMHH TOBITPOOOMIHIB Gy 7 1 Giss 2.

_QT.H.I _Qon.l + Qm.s.l - Cp '[GM.I.I(t(;Q _ts.l) + GM.].Z (tse _te.l)] = 0

20
_QT.H.Z _Qon,Z + Qm.@.Z B Cp ) GM.I.I ) (tg.l _t6.2): 09 ( )

MojentoBaHHsI TOTY>KHOCTI OMaJIIOBAJIbHOT YCTAHOBKHM TPUOHUIN Ta
POCIMHHOI TEIUIMIIL B Jl1aria3oH1 BHYTpilHIX Temmneparyp Bia 10 mo 22°C 3a
(12) mpuBeneno Ha pucyHky 1 Ta 2 BiANOBIAHO.

MosientoBaHHSI TEIUIOMOBITPSHOTO OallaHCy ISl AOCHTIIHUX TPUOHHULI
Ta POCIUHHOT TETUINIIl MPUBEICH]I B Ta0IHIIX 1, 2.

Bucnosku. Po3pobiieHa cTaTuuHa MOJIEb 3aJI€KHOCTI TTOBITPOOOMIHY
B/ TMOTYXHOCTI OMNAJIIOBAJIBHOI CHUCTEMH, SIKa SBJISIE COOOK CHCTEMY
JIHIMHUX PIBHSAHb TEIUIOBUX OajaHCIB TPUOHOTO Ta POCIUHHOTO
MpUMIILICHb. B 3aIIponoHOBaHOMY BUTJISIII MOJIEIb JIO3BOJISIE, B 3AJIEIKHOCTI
BiJl IOTOYHUX 3HAYEHb TEMIIEPATYp, BA3HAYATH BEJIMYMHY MOBITPOOOMIHIB 1
BIJIMOBIHO /10 HUX MOTY>KHICTh OMATIOBAIBHOI CUCTEMHU.

JlocmipkeHHs, TPOBEACH]I 3a JIOIMOMOTOK 1MITalIHOT MaTeMaTHYHOI
MOJIeJI1, TOKa3yI0Th, 110 Haib1Ibia e()eKTUBHICTh POOOTH CUCTEMHU
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Tabnuys 1
TennonoBiTpsiHUM OajlaHC KYJBTHBALIMHOTO MPUMIIIEHHS I TpUOiB
[TokazHuk 3uma | JliTo
Hannumok («—» aedinuT) TermioBoro notoky, Ou.s, KBT 4,;6 6 4,617
[lpunnwB (HAAXOMKEHHS) TIOBITPS B TMPUMIIMICHHS, —
0,054
G,..p, KT/C 0,523
TemnepaTypa 30BHIIIHBOTO HOBITPA, 56, °C 21 24
[ToTik TemIoTH 3 NPUIIIMBHUM HOBITPSIM, Oy, KBT 1,1_3 ) -12,6
IToTik TenI0TH Ha ONaJieHHs] TPUMIIIEHHS, (e, KBT 4,466 —
[loTik TemnaOTH Ha MiAICPIB MPUILUTUBHOTO MOBITPS, 1.995 B
Qn.noga kBt ’
Butspkka  (BUOaneHHs) TOBITPS 3 MPUMIIICHHS, —
0,054
G,..p, KT/C 0,523
TeMneparypa noBITpsl B MPUMIIIEHHI, Z,, °C 16 16
IToTik TenmI0TH 3 BIIX1THUM NOBITPsIM, (,, KBT 0,863 | -84
bananc: o nogitpto, G,, Kr/c 0 0
110 TEIIOBOMY NOTOKY, Osananc, KBT 0 0
Tabnuys 2
TermmonoBiTpssHUI O0ajlaHC POCITMHHOT TEILIUIT
[Tokaznuk 3uma | Jlito
Hannumoxk («—» nedinut) TemioBoro notoky, Qu.em, KBT | —3,81 | 4,696
[lpunnue (HaAXOMKEHHS) TIOBITPS B MPUMIIICHHS, —
0,0194
G,.p, KT/C 0,448
TeMreparypa 30BHIIIHBOTO MOBITPS, £;4, °C 21 24
[ToTiK TEMI0TH 3 MPUILTUBHUM MOBITPIM, (,,, KBT —0,408 | -10,8
IToTik TemI0TH Ha OmaJleHHS TPUMIIMIEHHS, O, KBT 3,814 —
[ToTik TemyIOTM Ha MIAIrPiB MPUILTUBHOTO TOBITPA, 0.681 B
On.nos, KBT ’
Butsbkka  (BupaneHHs) TOBITpS 3 MPUMIIICHHSA, —
0,019
G,..p, KT/C 0,448
Temmneparypa noBITpsl B IPUMIIIEHHI, Z,, °C 14 14
[ToTik TermnoTH 3 BiAX1THUM MOBITPsM, O, KBT 0,272 | —6,3
bananc: mo nositpro, G,, Kr/c 0 0
110 TEMI0BOMY NOTOKY, Osaranc, KBT 0 0

CIIOCTEPITAEThCS: TPU HU3BKUX TEMIIEpaTypax 30BHIIIHBOTO MOBITPS; TpU
MaKCHMAJIbHO OLIBIIINA PI3HUII TEMIEpaTyp B MPUMIIICHHAX. B 3aexxHOCTI
BiJlT HaBeJeHUX YMOB, BHKopucTaHHsd 3CB mae MOXIMBICTD 3MEHIIUTU
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TEIJIOBY MOTYKHICTh HA 12,7 —20,5%.
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Summary

The economic efficiency of greenhouse vegetable growing depends quite
significantly on the cost of energy carriers, which is why the introduction of energy-
saving technologies in greenhouse vegetable growing is an urgent issue. Mathematical
interpretation of the modes and parameters of the microclimate of the cultivation room
makes it possible to model different modes of operation of the heating and ventilation
equipment and to analyze the influence on the parameters of the microclimate of certain
technical and technological solutions in the design of cultivation rooms. This paper
proposes a method for calculating a closed system of heating and ventilation of
greenhouses, where the opposite type of respiration of plants and fungi is used. The closed
system of heating and ventilation of greenhouses is a separate cultivation room in which
greenhouse vegetable crops and mushrooms are grown. As you know, to ensure biological
processes, plants consume CO> and release oxygen, and fungi, on the contrary, consume
oxygen and release CO». Taking into account this feature, a system with mutual nutrition
of plants and fungi with CO; and oxygen was proposed. At the same time, the air that
moves between the greenhouses has some thermal potential. That is, there is not only gas
exchange, but also heat and mass transfer. A static model of the dependence of air
exchange on the power of the heating system was developed, which is a system of linear
equations of heat balances of mushroom and plant premises. In the proposed form, the
model allows, depending on the current temperature values, to determine the amount of
air exchange and, accordingly, the power of the heating system. Research conducted with
the help of a simulation mathematical model shows that the highest efficiency of the
system is observed: at low temperatures of the outside air; with the maximum temperature
difference in the premises. Depending on the given conditions, the use of ZSV makes it
possible to reduce the thermal power by 12.7 - 20.5%.

Key words: heat balance, cultivation room, mushrooms, mathematical modeling,
simulation modeling, closed ventilation system.
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