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B 30ipHHMKY BHKJIaIeHI TUTaHHSI KOHCTPYIOBAHHS, PO3PaxyHKY, YIOCKOHAJICHHsS, CTBOPCHHS 1
JOCITI/DKEHHST HOBMX pPOOOYMX OpraHiB CUIBCHKOTOCITOJAAPCHKAX MAIWH, 3aco0iB  MeXaHizarlii,
enekTpudikalii Ta aBTOMAaTH3amii CUIBCHKOTOCIIOAAPCHKOTO BHpOOHUIITBA. HaBeaeHi pe3yibTaTh
JOCITiPKEHb B TaTy31 TEXHOJIOTIH BUPOOHHUIITBA 1 €KCITyaTallii MaliiH Ta 3a0e3MeueHHs iX HaaiiHOCTI 1
JIOBTOBIYHOCTI. BUKIIaieHi MpakTHYHI peKOMEHAIlil M0 BHUKOPHCTAHHIO DPE3YyJbTAaTiB IOCTiIKEeHb 1
JIOCITi THO-KOHCTPYKTOPCHKHUX PO3pOOOK B CLIBCHKOTOCIIONAPCHKIN 1 1HIIMX Taly3saX MallnHOOY Ty BaHHS
30ipHUK pO3paxOBaHMH Ha HAYKOBHX Ta IH)KCHEPHO-TEXHIYHHMX MPAI[BHUKIB HAayKOBO-JOCIHIJIHUX
ycranoB, BH3, KOHCTpYKTOPCBKHX OpraHi3alliif Ta MPOMUCIOBHX IiJIPUEMCTB.

PexomennoBano mo npyky BueHoio pamoro lleHTpanbHOYKpaiHCHKOTO HALIOHANBHOTO TEXHIYHOTO
yHIBEpCUTETY, TpoTOKOJ Bix 27 rpyans 2023 poky Ne 4.

Penakmiitna xoseris:

Yeproson ML, 1.T.H., ipod. — rooBHUIN Menemko €.B., 1.T.1H., mpod.;

penakrop; Mopo3 M.M., A.T.H., ipod).;

Cano B.M., 1.T.H., npo¢. —3acT. TOJIOBHOTO Hamukro B.T., n.1.H., ipod.;

penaxkrTopa; Ocamuutii C.1., 0.1.H., mpod.;

Jlemenko C.M., K.T.H., IOII. — Ilerpenko /1.1., k.T.H., go1.;

BINOBIAILHUN CeKpeTap ; Caituyk O.B., 1.1.H., mpod.;

Amnies E B., A.T.H., CT. TOCIL; Crenanenko C.B., 1.1.H., C.H.C.;

Andsopos O.1., 1.1.1., 101L.; Xapuenko C.O., 1.T.H., 10I1.;

Aynin B.B., n.1.H., npod.; Hlenenenxo 1.B., a.1.H., npod.;

Bacunskoscbka K.B., K.T.H., 1011.; Anas M. Al-Oraigat, D.Sc. (KopouisctBo
BacunpkoBcrkuit O.M., K.T.H., pod. Cayniscbka Apasist);

Hinyx B.®, n.1.H., nmpod.; lurie Melnic, Ph.D., Associate Professor (Moimoga);
Kipuyk P.B., k.T.H., pod.; Juozas Padgurskas, Dr., Professor;

Kupruenko A.M., n.1.H., ipod.; Posta Jozef, Ph.D., Professor (Uexis);

Kosanenko O.B., A.T.H., 00IL.; Predrag Dasi¢, Hon.D.Sc. (Serbia);

Kponisuuiit B.M., K.T.H., Ipod.; Andrii Yatskul, Ph.D., Associate Professor (®Ppastris).

Marnyit A.M., 1.T.H., ipod.;

Anpeca penaxuiitnoi koserii: 25030, M. KponuBHULIBKHI, IPOCHIEKT YHIBEPCUTETCHKUH, 8,
LleHTpasIbHOYKpATHCHKUI HAI[lOHABHUI TeXHIYHUN yHIBepcuTeT, Teil.: +380 (522)
390-581, +380 (522) 390-472, +380 (522) 55-10-49.

Odiuiiinuii caiir: http://zbirniksgm.kntu.kr.ua

ABTopH 0ITyOTiKOBaHUX MaTepialiB HECYTh BiIOBIiTANBHICTH 3a MiMOip i TOYHICTH HAaBeACHUX (AKTiB, UTAT,
€KOHOMIKO-CTaTHCTHYHMX JJAHWX, BIIACHUX IMEH Ta iHIIHMX BIIOMOCTEH, a TAKOXK 32 Te, 110 MaTepialn He MICTATh
JTAaHWX, AKi He MiJUIATaroTh BIIKpUTiH myOmikarii. Pegakmis Moxe myOJikyBaTH CTaTTi B MOPSAKY OOTOBOPEHHS,
HE TIOJIISTI0YN TOYKH 30pY aBTOpa.

3acHoBaHuii y 1971 p.

Bxuttouennii 1o nepesiky HayKoBUX (paxOBUX BHIaHb Y KpaiHH, B SKMX MOXYTb ITyOJIiKyBaTHUCh PE3yJIbTaTH
JHcepTaniiHuX poOiT Ha 3100y TTS HAYKOBUX CTYIIEHIB JJOKTOpA 1 KaHAM/aTa HayK 3 TEXHIYHUX Hayk (OroeTeHb
BAK Ne5 Bix 2010p., Hakazu MinictepcTBa ocBiTH 1 Hayku Ykpainu Big 21 rpymast 2015 poxy Nel328, Bin 07
aucronana 2018 poky Nel218, Bin 02 munast 2020 poky Ne 886).

Kareropisa «b»

30ipHHK HAYKOBHUX Ipalls 30epiracTbcs B 3aranbHOIEPKaBHIN pedepaTnBHiil 0a3i faHUX « YKpainuka naykoeay»
HarmionansHoi 6i6miotexn Ykpainu im. B.1. BepHaacekoro Ta npeacTapieHnid y MiXKHapOJHUX HAYKOMETPUIHUX
6azax nanux Index Copernicus, Word Cat, CrossRef, Open Ukrainian Citation Index, ResearchBib, Google
Scholar

Peecrpaiiine cBizonrso: cepist KB Ne23511 - 13351 I1P Big 13.07.2018 p.
2414-3820 (Print)  2664-9136 (e) DOI: 10.32515/2414-3820

© IleHTpabHOYKpATHCHLKHIA HaIlIOHAIBHUAN TEXHIYHUH yHiBepcuTeT, 2023



ISSN 2414-3820 KoHcTpyroBaHHsI, BUPOOHMIITBO Ta €KCILTyaTallis CUTLChKOTOCTIONAPChKIX MamvH, 2023 Bur. 53

YK 636.4:636.083 DOIL: https://doi.org/10.32515/2414-3820.2023.53.66-84

I'. M. Kanertnik, pod., n1-p ekoH. Hayk, B. M. fIponya, 11o11., KaH/. TEXH. HAYK
Binnuyekuii nayionanvruii acpapuuti yHisepcumem, M. Binnuys, Yxpaina
e-mail: yaropud77@gmail.com

ExcriepuMeHTanbH1 JOCHIKEHHS! €()EKTUBHOCTI
(hYHKIIIOHYBaHHS CUCTEM 3a0€3MECUCHHST MIKPOKJIIMATy
B1JI’€EMHOI'0 TUCKY B TBAPUHHUIILKUX MPUMILICHHSIX

OOrpyHTYBaHHS paIliOHALHOI CXEeMH CHCTeMH 3a0e3TledeHHs MIKpOKIIMaTy Bil’€EMHOTO THCKY B
TBAPUHHUIIBKUX MPUMIMICHHSX HA OCHOBI BHPOOHMYUX OOCTC)KCHb € OCHOBHOK METOK IPOBEACHUX
JOCITI/KEeHb. 3a pe3ysbTaTaMu JOCHTIKEHb BCTAHOBIIEHO, IO IS TBAPUHHHIIBKOTO TMPUMIIICHHS 13 CUCTEMOIO
BEHTWJIALI] HAa3eMHOT0 KaHajly 3a0e3nedyeTbcs Oulble CBDKOTO IOBITPst B 30HI IepeOyBaHHS TBapHH, y
MOPIBHSHI 31 CTEITLOBOIO CHCTEMOIO BEHTHIIALIIT 1 CHCTEMOIO BEHTHJIAIT Yepe3 CTIHOBI KaHAJIH.

NMOBITPS, TeMIepaTypa, BOJIOTiCTh, IIBUIKICTh, 3a0py/AHEeHH, BEHTHJISILis1, YHCeJIbHEe MO/1eI0BAHHS

IMocTaHoBKa npodJieMu. SIKicTh MOBITPS Ta AKICTh MIKPOKIIIMAaTy Y TBAPUHHHUIIBKOMY
NPUMIIICHI MOXHA OXapaKTepu3yBaTH KOHIICHTpalli€lo 3a0pyAHEHb (HANpUKIaA, aMiaky,
nuiy Ta OakTepiil), a TaKOXX TEMIIEpaTypolo, BOJIOTICTIO Ta IIBHAKICTIO TIOBITPS B 30HI
nepeOyBaHHS TBapWH, OCKIIBKA BHUCOKI KOHIIGHTpAIlli 3a0pyJHIOIYMX PEUYOBHH Ta BHCOKI
TEMIEPAaTypy HETaTUBHO BIUIMBAIOTH Ha 370POB’S TBApUH 1 NPOAYKTHUBHICTh. 3aHAATO HU3bKI
TEMIIepaTypu TMOBITPs a00 BHUCOKI MIBHUAKOCTI TOBITPsI B 30HI nepeOyBaHHS TBapWH TaKOX
CYTTEBO BIUIMBAIOTh Ha 3[0POB’Sl TBAPUH, iX MOBEIIHKY Ta MPOJYKTUBHICTH, OCOOJMBO IJIs
BIJITTy4YEHHUX TTOPOCSHIT.

[ToBiTpst y TBAPUHHUIILKOMY TPHUMIIICHI MICTUTh 3a0pyIHIOBAY1, BOJIOTY Ta TEILIO, 110
BUJIJIIIOTHCS. TBapUHAMH, KOPMOM, IIOBEPXHEIO IMMJIOTH Ta THOW. Yepe3 BEHTUIIALIIO
BUJIATISIETBCS 3a0pyJaHEHE TOBITps, Bosora 1 Temto. CucremMa BeHTW AL 3a0e3medye
PO3MOIia CBIXKOTO MOBITPs B OyaiBimi. [ToTpiOHO 100pe po3ymiTh ePeKTUBHICTD, 3 KOO Pi3HI
BEHTWIAIIIMHI CHUCTEMH BHIAIAIOTH 3a0pymHeHHs Ta Terwio. IlinBuimeHHs e(eKTHBHOCTI
BEHTUJIALI] € BXJIMBOIO CTPATETIEI0 TSI 3HIKEHHS KOHIIEHTpAIlll 3a0py/THIOI0OUNX PEUYOBUH Y
MPUMIIIEHHSX I TBapuH [1].

JocmiokeHHs, sKi  OpeacTaBiieHi, 0a3ylTbCsd Ha pe3ysibTarax MPaKTUIHHUX
BUMIPIOBaHb B XOJ1 EKCHEPUMEHTAJIbHUX JIOCHI/PKEHb 1 YHCEIBHOTO MOJICITIOBaHHS.
OTpumaHi ysBJICHHs PO CXEMU MOBITPSHOTO TIOTOKY B 30HI NepeOyBaHHS TBApUH IJI TPHOX
CHUCTEM BEHTWJIALII, fKI 3a3BHYaili BUKOPHCTOBYIOTHCS B MPHUMIILEHHSAX MJIs YTPUMaHHS
CBHHEW, HAJaAyTh 3MOTy BH3HAYHTH iX €(QEKTUBHICTh 1 MO30aBUTH iX BiJ HEIOJIKIB.
BuwmiproBanns sikocti moBitps (Bmicty CO,, TeMiiepaTypH, IIBUIKOCTI 1 BOJIOTOCTI MOBITPSI) B
30HI mepeOyBaHHS TBAapUH KOKHOI CHUCTEMH BEHTWJIALINI TPOBOIWIM IS TMOPOCIAT Ha
JIOPOIITYyBaHHI y BAPOOHUYMX YMOBaX.

AHami3 ocTraHHix aociailkeHb i myOuaikamii.CiutbChke TOCMOAAPCTBO YKpaiHU €
MPOBIAHOIO Tally33[0 HAIllOHATBHOI €KOHOMIKH. B ymoBax (piHaHCOBO-€KOHOMIYHOI KpU3H
nepe  BITYM3HSHUMHU  CUIbCHKOTOCIIOAAPCHKUMHU  MIAMPUEMCTBAMH  TOCTA€  BAXKIMBE
CTpaTerivyHe 3aBJaHHs: 3 OJHOTO OOKY, 3a0e3MeunTH MPUOYTKOBY AiSUIBHICTB, a 3 1HIIOTO, B
MaliOyTHROMY IIYKaTH IUISAXH PO3BUTKY, OCHOBOIO SKOTO € €(eKTUBHE BUKOPHCTAHHS C.-T
BIJIXO/IIB JIJII €GHEPTeTHYHOI aBTOHOMIi CIITHCHKOTOCTIONAPCHKUX MiAMPUEMCTB [2].

© I''M. Kanetnix, B.M. fAponyn, 2023
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EdextnBHa cucTeMa yOpaBlIiHHA CUIBCHKOTOCIIOAAPCHKUMH  MiANPHEMCTBAMH
0a3yeTbCs Ha YHUCIEHHUX MPHUHIMIIAX, Cepel SKUX KIIOUOBUMU € CHCTEMHICTb,
KOMIUICKCHICTh, BIIKPUTICTh, MPO30PICTh, THYYKICTh, BHUCOKA aJalTUBHICTh, ONTHMAJILHE
MOETHAHHS 1HTEPECIB MIANMPUEMCTBA Ta IHTEPECIB PETIOHATBHOTO Ta €KOHOMIYHOTO PO3BUTKY
K Iie Ta iHmi npuHmMnu. Hapasi HaiiOinpin egexTHBHE YNPaBIiHHSA MiJIPUEMCTBAMHU
CIIpHsi€ PO3BUTKY arpapHOTO PUHKY YKpaiHu B 1ijomy [3].

[IIBuKE 3pOCTaHHS CBITOBOTO CIOXXUBAHHSI €HEPrii y TBAPHHHHIIBKUX KOMILIEKCAX
BUKJIMKAJIO CEPHO3HY CTYpOOBAaHICTh 3 TPHUBOAY BHCHAKCHHS CHEPreTUYHUX PECypCiB.
3pOCTaHHS CIOXUBAaHHS EHEpPrii TBAPUHHUIIBKUMH KOMILUIEKCAMU CIPUYUHEHO TAKUMU
dakTopaMu, SK 3pOCTaHHS YHCEIBHOCTI TOTOJIB’Sl TBApUH Ta IIiJIBUIICHHS BUMOT O
3a0e3nedeHHs MIKpOKIIMaTy B IPUMIIIEHHSX [4].

3a OCTaHHI JECATHIITTS CIIOKUBAHHS TEPBUHHOI €HEPTii B TBAPUHHHIITBI 3pOCIO Ha
29%. Ha miaTpuMaHHS MIKpOKJIIMATy Yy TBapMHHHUIBKUX HPUMIIMICHHSX NPHUIANAE BEIUKA
YacTHHA 3araJlbHOr0 KIHIIEBOTO CITOKMBAaHHS €Heprii. MokHa TOMITHTH, IO €HEpris, sKa
BUKOPUCTOBYETHCS IJII OXOJIOJDKEHHS, € BAXKIMBOK YACTHHOK 3araJibHOTO CIIOKHBAHHS
EHeprii, IO TOCTIMHO 30LIBIIYEThCS Yepe3 3POCTAOUMid TMOMHUT Ha Kpammid KoM@opT y
TBApUHHUIIBKUX NMpUMIilIeHHSX. EHepreTuuna mosiTka 6araTbox KpaiH CBITY 30CepeKeHa
Ha CKOPOYEHHI CIIOKMBAaHHS E€JIEKTPUYHOI €Heprii Ta BIPOBAKEHHI HOBUX TEXHOJIOTIH, SKi
BBXAIOTHCSA €KOJIOTTYHO unctuMu [S5]. Yepes3 3poctatouy morpedy B KOHAMIIIIOBaHHI Ta
3pOCTalOUMid 1HTEpeC 1O EHepro30epeKeHHs, MOIINYK MNUIAXiB 3MEHIICHHS CIIOKUBAHHS
TBEpPJIOTO TajuBa Ta 301IBIICHHS BUKOPHCTAHHS BIJIHOBIIOBAHOI €HEPTil MiJ 4Yac MpoIecy
KOHJIMIIIOBaHHS y TBAPUHHUIBKOMY CEKTOpl arpolpOMHUCIOBOIO BHPOOHHIITBA €
HA/A3BUYAITHO BaXIIUBHM.

TBapUHHHULIBKUIA CEKTOp arpolpoOMHUCIOBOIO BHPOOHHUIITBA Ma€ HaMOLIBIINIA
MOTEHITAN IS TiABUIIEHHS ¢(EeKTUBHOCTI BUKOPUCTAHHS eHeprii. BumHo, mo eHepris, sika
BUKOPUCTOBYETHCS JUISI OXOJIO/PKCHHST TIOBITPS, € BaXJIMBOIO YACTHHOIO 3arallbHOTO
CIIOXKMBAHHS €HEPrii, sika TMOCTIMHO 3pOCTa€ y 3B'A3KY 3 IIJIBUIICHUMH BHUMOTaMH 10
3a0e3nedeHHs] ONTHMAJIbHOTO MIKPOKIIIMAaTy y TBapMHHHMLBKHX NpUMIilIEHHIX [6, 7, 8].
HaiiGinpima vacTka eHepros3aTpar TBAapUHHHUIBKMX MPHUMINICHh NPHUMAAA€ HA CTBOPCHHS
HOPMAaTUBHUX  IapaMeTpiB  MIKpPOKJIiMary, 30KpemMa Ha MiJIrpiB  NPHUILIUBHOTO
BCHTWIAILIIMHOTO TOBITPs. B omamoBadbHUN TEpioJ TEIUIOTEHEPYIOUl TMPHUCTPOI X
NPUMIIIEHb CIOXKUBAIOTh 3a pizHUMHU oriHKamMu Bix 40 mo 90 % Bix cykymHHX 3aTpar
MaJMBHO-EHEPreTHIHUX pecypciB [9]. ToMy HaBITh YaCTKOBE 3HIKCHHS IIUX 3aTpaT MPHUBEIE
JI0 CYTTEBOTO CKOPOYCHHS 3aTpaT Ha BUPOOHUIITBO MPOIYKIlii TBAPUHHUIITBA.

EdexTuBHUM CcIOCOOOM CKOpOYEHHSI BUTPAT €HEPrii TBAPMHHUIIBKUX MPHUMIIICHb €
BUKOPUCTAHHA  TEIJIOTM  BEHTWIAIIMHUX  BHKUAIB M MIAITPIBY  HPHUILTUBHOTO
BeHTWIALIHHOTO ToBITPs [10]. CriTamHICTh BUKOPUCTAHHS TEIJIOTH TMOBITPS BEHTUIISAIIHHUAX
BUKH/IIB TIOJISITA€ B TOMY, [0 BUKUJHE MOBITPSI € HU3BKOMOTEHIIIHHUM J[HKEPEIOM TEIUIOBOT
eneprii [11].

Haii0inpi1 mepcneKTHBHUMH Ccroco0aMu BHUKOPUCTAHHS TEIJIOTH BEHTHIIALIHHUX
BUKHUJIB € 3aCTOCYBaHHS TEIUIOOOMIHHHKIB (TEIUIOYTHII3aTOpiB). TemnooOMiHHUKH
(TEeruIOyTHII3aTOpY) BEHTWIALIMHUX BUKHUAIB 3aBASKH CBOid €()EKTUBHOCTI 3HAaXOASTh BCE
OlIbIIIe PO3MOBCIO/UKEHHS SK B JKUTIOBUX Ta aJMIHICTPAaTUBHUX NPHUMIIICHHIX, TaK 1 B
criopyJiax MPOMHUCIIOBOTO MPU3HAYEHHS. 3aCTOCYBaHHS TETNIOOOMIHHUKA (TEIUIOYTUITI3ATOPA)
BEHTWIALIIMHUX BUKHJIIB B CUCTEMI 3a0€3MeUeHHsT MIKPOKIIMATy TBAPUHHUIILKUX TPUMIIICHB
JI03BOJIsIE CKOPOTUTH 3aTpaTy €Heprii Ha MiAirpiB NpUIUIMBHOTO MoBiTps 10 80 % [12].

3a ocraHHI JBa ACCATWITTSA IJs Iiedl oOirpiBy B mpumimieHHsax AIIK Oymo
BIIPOBA/KEHO 0araTo HOBHX INPHCTPOIB HA OCHOBI BIJHOBJIIOBAHOI €HEPrii: HOBI YCTAHOBKU
peKyrepartii TeTI0TH, TETUIOB1 HACOCH, COHAYHI cucTeMH Ta Oararo inmux [13]. Oxnak cepen
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HUX JKOJHOTO MPHCTPOIO Ha OCHOBI TMOHOBIIIOBAHUX JDKEPEN €HEprii, sKl 0 IbOTO Yacy He
OyJy MIMPOKO 3aCTOCOBAHI B 00JIACTI OXOJIOKECHHS.

Jns 3a0e3reueHHs BiIBEACHHS TOBITPS 3 TPUMINIEHHS CBUHApPHHUKA CTBOpEHA
aBTOMaTH4YHA BEHTWIALIMHA cuctemMa 3a0opy 3a0pyJHEHOTO MOBITPS 3 TBAPUHHUIIBKUX
npumimieHs [9, 14]. B pe3ynbrari aHANIITUYHUAX AOCTIHKEHb JAaHOI CHCTEMH MaTEMaTH4YHO
MpelCTaBlIeHO yMOBY i1 edektuBHOI poboTu. Po3pobiena meromuka i peami3oBaHH Ha
OCHOB1 Hei aJITOpPUTM JO3BOJIIE PO3PAaXOBYBATH IUIONII OTBOPIB, sKi YTBOPIOIOTH 3a0ipHi
3aCIIHKH 13 CEpPBONPUBOJIAMH Y TaTpyOKax st 3a00py moBiTpa. OTpruMaHi 3aJIeKHOCTI 3MiHH
BTpaT THUCKY 1 TIOTYKHOCTI, sika HEOOXiHa /TSl IPOKAYyBaHHS TOBITPS Yepe3 TEII000MIHHUK
NOOIYHO-BUIIAPHOTO THITY UKy MaiicolieHka, Biji IIMPHUHU LEHTPAIbHOTO MOBITPOIIPOBOAY,
BUTpAT TOBITPS Y€pe3 CUCTEMY, TOBKUHU MK MaTpyOKaMu cHCTeMH 1 ix kuibkocti [15]. Jlo
dakTopiB, SKI BUKIWUKAIOTh TPYIHOII YTHII3amil TEIUIOTH BEHTUISIIHHUX BHUKUIIB
TBAPUHHUIIBKUX TIPUMIIICHB BITHOCATHCS [9]:

- 3HaYHA 3aMUJICHICTh MOBITPS (10 6 MI/M);

- BHCOKAa BOJIOTICTh TIOBITPS B MPHUMIIMICHHI, SKa TPH TOTPUMAaHHI HOPMATHBHUX
napameTpiB MOBITPSIHOTO cepenoBuia nocsarae 80 %o;

- HASsIBHICTB B IOBITpi BUCOKOI KOHIIGHTpALl arpeCHBHIX ra3is: amiaky — 10 20 Mr/m’,
CipKOBOJIHIO — 10 10 Mr/M’, ByriIeknciIoro rasy — 10 0,28 %;

- HENPUUHATHICTH Il OUIBIIOCTI TBAPUHHUIIBKUX IPUMIIICHb HAaBITh YaCTKOBOI
PELMPKYIALIT BUTSXKHOTO TIOBITPS;

- 3HaYHA KUIBKICTh TEXHOJIOTIYHOTO OOJIaHAHHS, 10 € XapaKTePHUM I Cy4aCHUX
TBAapPUHHUIIBKUX IPUMIIIEHb Ta 3yMOBJICHA ITUM CXeMa OpraHizallii oBiTpooOMiHYy.

IlocTranoBka 3aBaaHHs. MeTOIO JOCTIDKEHb € OOTPYHTYBaHHS PaIliOHAIBHOI CXEMHU
cUCTEeMH 3a0e3neueHHs] MIKPOKJIIMAaTy BiJl’€MHOTO TUCKY B TBAPMHHHUILIBKHX MPHUMILICHHAX Ha
OCHOB1 BUPOOHHYNX OOCTEIKEHb.

Bukaag ocHoBHOro martepiany. EdexTuBHICT BUIajeHHS 3a0pyqHEHb 13 30HH
nepeOyBaHHS TBAapUH TNPEACTABIAETHCS €PEKTUBHICTIO BUAANICHHS 3a0pymHeHb (&) [12].
3HavueHHS CBU3HAYAETHCS JIOKAJLHUMH BHMIPIOBAHHSIMHU KOHIICHTpaIii (ra3omoaiOHux)
3a0pyIHIOIOUMX PEYOBHH, [0 BHUKUAAIOTHCS Yy TMPHUMIIIEHHI i1 YTPUMaHHS CBHUHEH.
3HaveHHs &y MOBUIBHIN TOYIl Py MOMEHT t/uisi Oyab-sKOT0 3a0pyTHEHHS! BUSHAYAETHCS SIK:

(: _ Cx,e,t - Cx,i,t (1)
X,p,t
’ Cx p,t - Cx,i,t

ne Expi— €(QEeKTHBHICTh BHIAJICHHS 3a0py[HEHb B TOYLI P y MOMEHT 4acy t s
3a0pyTHEHHS X;

Cx.e.t— KOHILIEHTpAIlis 320py/JHIOBAYA X y BUTSHKHOMY TIOBITP1 B MOMEHT 4acy t, Mr/M;

Cx.p,t— KOHIIEHTpalis 3a0pyIHIOBaYa X y TOYIl P B MOMEHT 4acy t, MI/M :

C.it— KOHLIEHTpAIlis 3a0pyAHIOBaYa X y IPUTSHKHOMY TOBITPI B MOMEHT t, Mr/n.

EdexTuBHICTD BiIBEICHHS TEIUIOTH BiJ 30HU NIepeOyBaHHs TBApUH aHAJOTIYHO MOXKE
OyTu BHpaxxeHa 4epe3 e(eKTUBHICTh BigBeneHHs TeruioTH (C). PiBusHHS (1) Takok MOXKHA
BUKOPHUCTOBYBATH AJI PO3pPaxXyHKy ( HUISIXOM 3aMiHHM JIOKaJIbHUX KOHILIEHTpALlli Ha JIOKaJbH1
3HAaYEHHS TeMIIepaTypH.

EdexTuBHiCTh BUaJIEHHS 3a0pyaHEHb 1 TEMJIOTH OyayTh JOPIBHIOBATH OJUHMII B
17IeaTbHO 3MIIIAHOMY TOBITPSIHOMY TPOCTOpi. Y TPHUMIIICHHI 3 1/I€aTbHUM JaMiHApHUM
MOTOKOM BiJl BXOIy JO BUXOIY Ta OJHOPIMHO PO3MOIUICHHMH JKepelaMu 3a0pyIHEHb i1
TEIJIOTH 3HAa4YeHHs €()EKTUBHOCTI BHJAJICHHS 3a0pyJHEHb 1 TEIUIOTH 3MEHIIYIOTHCS BiJl
HECKIHYEHHO1 KUIBKOCTI Ha BXO/I /10 OJJMHMIII Ha BUXO/I.

Onnak Ha TPAKTHUIl JKOJHA BEHTUJIAIIAHA CHCTEMa HE € 1ACATBbHHM JIaMiHAPHUM

>
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NOTOKOM a00 1leaJlbHUM 3MIIIyBaHHSAM. YCi BEHTHJIbOBaHI TOBITPSHI MPOCTOPHU
JEMOHCTPYIOTh TPAIIEHTH TEMIEPATypH, BOJIOTOCTI, 3a0pyIHIOBAYIB 1 MUYy YEpe3 CXEMHU
MOBITPSIHOTO MOTOKY Ta Pi3HI MicLs pO3TallyBaHHS JPKEpes 3a0pyIHIOBAYiB, 10 PU3BOJUTH
JI0 3Ha4YCeHb €(DEKTUBHOCTI BUIAJICHHs 3a0pyIHEHBb 1 TEIUIOTH BHUIE a00 HWIKYE OIWHUILL.
3HayeHHs & BUILE OJUHMIN BKa3ylOTh, IO CBDXKE TMOBITPS CIIOYATKy MOTPAIUILE€ B 30HY
nepeOyBaHHs TBapuH, a MOTIM NPOXOJUTH Yepe3 JpKepena 3a0pyAHIOBayiB Ha MHUIAXY 10
BHUXOJY, III0 Ma€ BKa3yBaTH Ha €(DEKTUBHE BUTICHCHHsI MOBITPS B 30HY MepeOyBaHHS TBapHH.
3HavyeHHs & HWKYE OJUHMIN BKa3ylOTh Ha Te, IO KOHIIEHTpalis 3a0pynHIOBaya B 30HI
nepeOyBaHHS TBApHH TEPEBHINYE KOHICHTpAIlil0 3a0pynHIOBaYa y BUTsDKHOMY ToBITpi. Lli
HIDKYl 3HAYEHHS MOXXYTh MaTH MICIe, KOJIM YacTMHA CBKOIO TOBITPS BUIANSETHCA 3
MPUMIMIEHHS, HE BUKIMKAIOYM 3MIIICHHS TOBITPS B 30HI NepeOyBaHHs TBapWH, ab0 KOJIHU
JIOBIIbHA TOYKA P3HAXOIUThCS NOONM3Y JpKepena 3abpyaHeHHs. Hwusbpki 3HaueHHS &
BKa3YyIOTh Ha BHCOKHUI piBEHb 3a0pyIHIOIOUMX PEUYOBHH, SIKI HEe(DEKTUBHO BUAAISIIOTHCS 13
30HU TIepeOyBaHHS TBAPHH.

JocmikeHHsT 30cepe/kKeHl Ha BU3HAueHI e(EeKTHBHOCTI BHUIAJICHHS 3a0pyAHEHb i
TEIJIOTH B 30HI nepeOyBaHHA TBapwH. EdekThBHE BHmaleHHS 3a0pyIHIOBAYiB 13 30HU
nepeOyBaHHs TBapuH (&> 1) € OakaHMM 3a HU3BKHUX TOKA3HMKIB BEHTWJIALII, IO CIPHE
BIJIMTOBIJTHIM SIKOCTI1 MOBITPSI B 30H1 NIepeOyBaHHS TBapWH Ta €KOHOMIl €Heprii I OnajeHHS,
OCKUTBKU TIOTPIOHO MEHINIE BEHTWIAIIMHOTO TOBITps. EQEeKTuBHE BiIBEICHHS TEIJIOTH BiJ
30HU nepeOyBaHHa TBapuH ({> 1) € OGakaHUM 3a BHCOKOT IIBHJKOCTI BEHTHJISIII, KOJHU
BEHTHJISIIISI B OCHOBHOMY TIpHU3HA4Y€Ha JUIsi KOHTPOIIIO TEMIEpaTypH B 30HH repeOyBaHHS
TBapuH.

Y TphoX NpHUMIMICHHSIX, J€ 3HAXOIATHCS CBUHI Ha JOPOUIyBaHHI, MPOBEICHO
BuMiptoBanHs Bmicty CO; 1 TeMmmepaTypu WOBITps, AJs BHU3HA4YeHHs 3HaueHb & 1 C.
ExcriepruMeHTanbHI JOCTIKEHHS TPOBOAMINCS Y BUPOOHMYHMX YMOBax Ha cBUHO(pepmax DI
«Jlitarop» (Ykpaina, Binaunbka obOnacts, Ko3sTuHCHKHE paiioH, ¢. MukonaiBka), TOB
«Cybexon» (Ykpaina, Binnumpka o0nacth, TuBpiBchbkuii paitoH, cmt Cytucku), I1CIT
«Arpodipma Hamaniceka» (Ykpaina, Binnumbka o6nactb, BiHHUIBKHI paiioH, cC.
HamaniBka).

CBuHapHUKH MOOYI0BaHI 32 KJIACUYHUMH MPOEKTAMH 1 MaJIA MOI0H] TETI0130JIAIIH1
BJIACTUBOCTI. BHYyTpilHs BHUcOTa CTiH mpuMilleHs ctanoBmia 2,20-2,40 M, HallBUIIIa TOYKa
creni 3Haxoawnack Ha BUcOTI 4,00—4,20 M. [lnan 1 monepevynuii mepepiz TPrOX NMPHUMIIICHB
nokaszani Ha puc. 1-3. Ha puc. 1-3 Takoxx BigmiueHi To4uku BinOopy mpob. [IpuminienHs
y3arajbHIOIOTh TPH HAMOUTBII MOMUPEHUX CUCTEMHU BEHTHJIALIIT.

Bapiaar 1 (®I' «Jlitrarop») — cucrtema BeHTW IALII Ha3eMHOro kaxamy (puc. 1). B
npuMileHH] po3mimieHi 12 rpymn o 25 mopocsT Ha gopoiryBaHHi. [1momma miajoru cranoBuia
0,30+0,01 MZ/I‘OJIOBy, 3 akux 56,6+0,1 %e pemityacroro, a 43,4+0,1 %— cyuinbHa. 3aroHu
oymu 3,30+0,01 m x 3,65+0,01 m. Onanenus 3abe3nevyBajgocs TpyoaMu 3 rapsiaor0 BOIOKO
B3JIOBXK CTIHHM B NMPOXOJi JJISi ONEpaTopiB 1 Ha CYLIIbHINA MiJUI031 B CTaHKaX. BeHTumsIiiiHe
MOBITPsl Tomnepeanbo HarpiBaimocs 1m0 5+0,1 °C y neHTpaabHOMY MPOXOi, 3BIIKM BOHO
HAJXOJWUJI0O B HA3eMHUU KaHal yepe3 OTBip y mignosi. [loBiTps mocTymano mig TBEpAY
MIJIOTY 3arOHIB 1 10 IPOXOAY AJISI OTepaTopa, MHHAIOYH MIPOCTIP IMiJT IOTKAMH JIJIsl THOHO, SIKi
po3TamoBaHi Mij IJIACTUKOBUMH IUIaHKaMu. [lOBITpsS HAAXOAWIO B TPHUMIIIEHHS dYepes
mimmay  (0,060+£0,005 ™M 3aBmmpmiku) mo gosxkuui (7,30£0,01 M) migmorm mpoxomy
omepatopa. CepenHsi MBUAKICTH MOBITPs B HInHI konuBamacs Bix 0,12 m/c mo 1,13 m/c, a
MoJ1ava MoBITPSy BEHTHIIAIINAHIN cuctemi — Bix 3,5 10 26 M3/F0,Z[ Ha TBapHUHY.
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Pucynok 1 — Cxema cucteMu BEHTHIISILIT HA3eMHOT0 KaHaity (BapiaHT 1)
Loicepeno: pospobaeno asmopamu

VYV xoHcTpykiii mepeabayanocs, IO CBDKE TOBITPS Oyle MPOXOIUTH 3 HU3BKOIO
MIBUKICTIO Yepe3 BXITHHUM OTBIp 1 3aIIOBHIOBATH NpoXif oneparopa. O4ikyBanocs, 10 3BIATH
MOBITPsl Oy/le TepeTiKaTh 4Yepe3 IMEepeIHI0 YaCTHHY 3aroHy 1 4Yepe3 IMeperopojiKy 3aroHy
(Bucora 0,60+0,01 m) — mo TBapuH. OuikyBajocs, IO B 3arOHI MOBITPs Oy/Je HAIXOIUTH 10
3aJIHBOI YaCTHHHM 3aroHy, HaJar049 CBIXKE MOBITPS B 30HY NepeOyBaHHS TBAPHH 1 BUIAISIOUN
3a0pynHeHHs 3 Hei. B OCHOBI mpoliecy BEHTWISIIT JISKUTh BUTICHEHHS Ta MEPEMillyBaHHS
noBiTps. Bentunsuis mpuBoawiacs B fAito BeHTwistropoMm (miamerp 0,35+0,02 ), skwit
po3TamoBaHuil y 3aaHii yactuHi npumimennas Ha Bucoti 1,00+£0,01 m, Ha Biacrani 0,05+0,01
M BiJ 3a1Hb01 cTiHK Ta 0,70+0,01 M Big OIYHOI CTIHH.

Bapianr 2 (IICII «Arpogipma HananiBcbka») — cTenboBa cUcTeMa BEHTUIIALIT (pHC.
2). B npumimenni po3mimieni 16 rpyn mo 20 mopocsaT Ha aopoinyBaHHi. [lmoma migioru
cragoBmia 0,90+0,01 MZ/FOJIOBy, 3 skux 50,0+0,1 % Oyna pemrituacra, a 50,0+0,1 % —
cyniuibHa. 3aronu Oymu 5,70+0,01 m X 3,00£0,01 M. OmnaneHHs 3a0e3nedyBanocs
TEINIOOOMIHHUKAMU 3 Tapsyol0 BOAOK Oulsf 30BHIMIHBOI CTIHM y NPHUMILICHHAX.
Bentunsmiitne moBiTps MpOXoaAuTh Kpi3hk 32 cTenboBUX npurinBHUX KaHamu (0,30+0,01 m X
0,50+0,01 m), a moTimM 10 ABOX BUTSDKHUX maxTax (@ 0,65+0,01 m), siki po3mileHi B HEHTPi
MPUMIIIEHHS B CTeNl. BUTpaTh MOBITPS y BUTSKHUX MIaXTaxX KoJauBawoThes Bia 3,5+0,1 mo
25+0,1 M*/rox Ha TBapuHY. B SKOCTI OXOJOKEHHS B JITHIH Mepiof BHKOPHCTOBYIOTBCS
(bOpCYHKH 3pOIIEHHS, SKI PO3MIIIEHI y CTIHOBUX MPUILTMBHUX KaHaJlaX, 10 3a0e3MedyoTh
IpiOHOAMCIIEPCHY TOa4y BOU MPOAYKTHBHICTIO 14—18 Kr/rom.

Bapiant 3 (TOB «Cy0OexkoH») — cucteMa BEHTHIAILIT Yepe3 cTiHOBI kaHamu (puc. 3).B
NpUMIIIEHH] po3MilieHi 8§ rpyn mo 25 nopocsat Ha nopouryBanHi (200 romnis). Ilnomia mignoru
cranosmia 1,08+0,01 MZ/FOJ'IOBy, 3 sakux 94,3+0,1 % Oyma pemrituacra, a 5,7+0,1 % —
cyuinpHa. 3aroHu mamu posmipu 4,5+0,01 m X 5,5+0,01 m. Onanenns 3abe3neuyBayiocs
TEIJIOOOMIHHMKAMH 3 Tapsdol0 BOJIOIO OUIA 30BHIMIHBOI CTIHM Yy TPUMIIMIEHHSX.
BenTunsuiiine moBiTps MpoxXoauTh Kpi3k 12 criHoBUX mpuruBHUX kaHanax (0,35+0,01 m X
1,00+£0,01 M), a moTiM 10 TphOX BUTSDKHUX maxT (D 0,65+0,01 M), siki po3MilieHi B IEHTPi
NpUMIIICHHS Y cTeni. Butpatu moBiTps y BUTSHKHMX HIaxTax KojuBaroTbes Bix 3,5+0,1 mo
25+0,1 M’/rox Ha TBapuHY. B SKOCTI OXOJOMKEHHS B JITHIH Iepio] BHKOPHCTOBYIOTHCS
(bOpCYHKH 3pOIIEHHS, SKI PO3MIIIEHI y CTIHOBUX MPUILTMBHUX KaHaJaxX, IO 3a0e3MedyoTh
IpiOHOAMCIIEPCHY TOa4y BOU MPOAYKTHBHICTIO 14—18 Kr/rom.
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Pucynok 3 — CxeMa npuUMINIEHH] i3 CHCTEMOIO BeHTHIIALIT Yepe3 CTIHOBI KaHanu (BapiaHT 3)
Licepeno: pospobaeno asmopamu

®oTo0 3 BUPOOHWYMX YMOB TMIPOBEACHHS OCIIDKEHh TPHOX BapiaHTIB CHCTEM
BEHTHJISILIT CBUHAPCHKUX MPUMIILEHB MPEICTABICHO Ha puC. 4.

KOHTpoJIb IHTEHCHMBHOCTI BEHTWJIAII Ta OMAJEHHA Y BCIX TPbhOX NPHUMIIICHB
0a3yBaBcsi Ha BUMIPSHIM BHYTpIIIHIA TemIeparypi Ta HaJAIITYBaHHAX KJIIMaT-KOHTpoJepa
B3UMKY 1 BMTKY. [lopocsT Bimmydatots 3 20—-21 1eHHOTO BIKY 1 IEPEBOAATH Y TPYIOBI CTAHKH
JUTSL TOPOIIYBaHHS 10 77—78 NEeHHOro BiKY, a caMe 70 MePEBEICHHS B TPYITY BiATOAiBEIBHOTO
a00 pPEeMOHTHOTO MOJOIHAKY (mpu mocsirHeHHI Macu 38 kr). Tomy 3araJibHUM TepMiH
nepeOyBaHHs MOPOCST Ha JOPOLIYBaHHI CKJIAZa€ B CepelHbOMY 56—57 IHiB.

VY nepmuii 1eHb MICHS BIIUTYYSHHS MOPOCAT MOMIIIAIHA B TIPUMIIICHHS, TEMIIEpaTypa B
akomy ckiagana 23-25 °C. Jlns 3uMoBOro mepiogy (IMOYMHAIOYW 3 JIIOTOTO) TOBITPS B
OPUMIIICHH] MiAIrpiBajJii  3a JIOMIOMOTOI0 CHUCTEMH ONaJieHHA, B JITHIM mepion —
OXOJIOKYBAJIU 33 JOTIOMOT'OK0 CUCTEMH 3POIIECHHS MOBITPSL.

VY KOKHOMY MpPHUMIILIEHHI PO3TAIIOBAHO I’SITh TOYOK BiOOpY MpoO, TpH 3 SKHX — B
30HI nepedyBaHHs TBapuH (puc. 1-3).
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MipkyBaHHS IOJ0 BU3HAYEHHS PO3TAIIyBaHHS WX TOYOK BimOopy mpod B 30HI
nepeOyBaHHS TBapuH Oy/IHM TaKMMH: HasBHICTh TOYKH BigOOpYy MpoO MOKe HE BIUIMBATH Ha
NOBEJIHKY TBAapHH Y TPYNOBOMY CTaHKY; OYIKYIOTbCA BiaMiHHOCTI B KoHIeHTpauii CO;
aboTeMrepaTypu B MeXax 30HHM TepeOyBaHHS TBapWH, TOMY TOYKH BiOOpY MpoO MOBHHHI
OyTH pO3MOIUICHI TAKUM YHHOM, 1100 I1e MOKHA Oysio BuMipsaTH. [IpuHaiiMHI OJlHA 3 TOYOK
BiI0Opy mpo0O Mae OyTH po3TalloBaHa B 30HI OYIKYBAaHOTO 3HAXO/DKEHHS (BIAMOYMHKY)
TBAapUH; pO3TALIyBaHHSI TOYOK BigOOpPY mnpo® Mae OyTW MNpaKTHYHUM IS BIACHHUKA
TOCIIOJJApCTBA.

Tpu Touku BinOOpYy mpod B mpUMIlIeHHI OynM miakimodeHi no cucremu TM-32/H-5T
(Ykppene, Ykpaina) ta ArduinoNano (ArduinoSoftware) nnsi BUMiprOBaHHS KOHIICHTpALIii
CO, 1 TemrepaTypy, BHKOPHCTOBYIOUM BIATMOBIAHO JAaTYWK BMICTY BYTJICIIEBOTO Ta3y
SENO0159 (SENO0159, KHP), Tounicte — + 5 % 1 pnatumk temmneparypu DSI18B20
(DallasSemiconductor, CIIA), Tounicte — + 0,1 °C. JlaHi 3anucyBagucs MOCIiTOBHO KOXHY
TOJMHY Ha TICPCOHAIBHUU KOMIT'IOTEpP 3 BHUKOPUCTAHHSM IPOTPAMHOTO 3a0e3NeueHHs
koMmmaHii Ykppene (Ykpaina). L{i Touku Bimbopy mpoO Oymm po3TamioBaHi y 30HI BXOIY
HOBITPS, Y 30HI BUITYCKY TOBITpsI Ta B 30HI nepeOyBaHHs TBapuH npubausHo Ha 0,20 + 0,03 m
HaJI ITi/IJIOTO0 Ta TT03HAYEeH1 JTITeporo «A» Ha puc. 1-3.

Cucrema BEeHTHJIALIT Yepe3 CTIHOBI KaHAIN

PucyHok 4 — 3aransHuii BUIIISA CBUHAPCHKUX MPUMIIIEHD i3 PI3SHUMH CHCTEMaMM BEHTHIISILIT
Loicepeno: pospobaeno asmopamu
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[le nBi Touku BigOopy npob B 30HI epeOyBaHHs TBApUH OyJIH MiIKIIOYEHI 10 PydIHOL
BUMIPIOBAJILHOT CUCTEMHU MyibTUTrazoBuii nerektrop WALCOM MGD-04 (KHP), TounicTs +
5 %, nns BuMmiproBanHs KoHueHTpauii CO,, sika peecTpyBanacs OAMH pa3 HA J€Hb BIIPOJOBXK
MEPIIOro THXKHS MapTii Ta TpUUl HA TYOKACHb Mi3HIIIE (10 Yyep3i BpaHIll Ta BACHB). L{i Touku
BiOopy npod Oynu posramosani npubiau3Ho Ha 0,20+0,03 M Haja MiAJIOrol0 Ta MO3HAYEHI
miteporo «H» Ha puc. 1-3. OkpiM 11bOTO, OJWH pa3 NPHU HAWUBUIMX 1 HAWHMKYHX
TEMIIepaTypax HaBKOJMIIHBOIO CEPEIOBHINA IMPOBOAMWINCH (oTorpadyBaHHs NPUMILIEHD
ceuHapHuka TerioBizopoMm FLIR T200 (Teledyne FLIR, CIIIA) mist BU3HAYCHHSI TPAJI€HTY
PO3MOALTY TeMIIEpaTypH.

3 aBTOMATHMYHHMX 1 PYYHHX TOYOK BIAOOpPY MpoO BiaOWpanmu 3pa3kud MOBITPS Ta
TPaHCHOPTYBAJIN Yepe3 cuctemy TeuioHOBUX TpyO 10 aatunka CO, 3a MeXaMU MPUMILIEHb
TaKUM YWHOM, 1100 TIOBEJIHKAa TBAapWH 1 XapaKTEPUCTHUKH TMOBITPSHOTO TOTOKY Ha IIi
NOKAa3HUKHK HE BIUIMBaIHM. Tepmomnapu Ta cuctema Te(dIOHOBUX TpyO Oynu 3axuIleHi Bix
TBapuH mnepPOpOBaHUMHU 3ali3HUMH TpyOamMu. Y BEHTWIALIMHIA BUTSKHIM IIaxTi
Oe3nmepepBHO BHMIPIOBAIM IHTCHCUBHICTh BEHTWISIII 3 BHKOPUCTAHHSIM aHEMOMETpa
Benetech GM8903 (KHP). Jlexxauy nmoBeiiHKy TBapyH PEECTPYBAIN OJWH Pa3 Ha THKIICHb 3a
CepEeIHBOI0 KUTBKICTIO MOPOCAT, SKi JIe)KaTH B MEXax Koja JiaMeTpoM 1 M HaBKOJIO KOKHO{
TOYKH BiOOpY mpoo.

[Topona mopocsit — Tpunopigauii riopun renetuku PIC (F1 x PIC 337). Bei nani 6ynmn
3i0pani 3a mepion rpyneHb—Oepe3eHsb i uepBeHb—cepreHb 2022-2023 pp. llogns cBiTio B
npuMinieHHsx 0yno BBiMkHeHUM 3 7:00 mo 16:00.

3MiHa KJIIMaTy cTaja 3arpo3jIMBOI0 MPOOJIEMOI0 s BCIX KpaiH cBiTy. TeHaeHuis
3MIHM  KiIiMaTy Oe3locepeqHhO BIUIMBAE HA CKOHOMIUYHHUHA  PO3BUTOK  Oyab-SIKO1
KpaiHu. YKpaiHa € arpapHoro KpaiHolo, i KIIIMaTH4Hi YMOBH O€3MOCEpeIHbO BILUTUBAIOTH HA ii
€KOHOMIYHY cTabbHICTh. TepuTopis YKpainu nepedyBae B IOMIpHOMY KJIIMaTHYHOMY TOSCI
B 00J1aCTi MOMIPHO KOHTUHEHTAJIBHOTO KiIiMaty [16], akuii XapakTepu3yeThCs KapKHM JIITOM
1 XOJIOJHOIO 3UMOI0. AHalli3 3MIHU TEeMIEpPaTypH TOBITPS 1 BOJIOTOCTI B HABKOJHMIITHHOMY
cepenoBuilli BinHMIBKOT oOsacTi (puc. 5) nae 3MOTry BU3HAUUTH TPUBAIICTH JIITHBOTO 1
3uMoBoro nepiofais 2022 p. [17].

3 puc. 5 Ta Oinbm po3mupeHux HaHux [17] BUAHO, 1m0 TemrepaTypa 1 BOJIOTICTh
JIOCUTBH CYTTEBO KOJIUBAIOTHCS BIPOJOBXK 100U.

BpaxoBytoun HEOOXiIHICTH MOCTIHHOTO MOBITPOOOMIHY MiX TBAapHUHHUIBKUM
MPUMIMIEHHSM 1 HaBKOJIUIITHIM CEPEIOBUIIEM, BUMOTAMHU JI0 MOKA3HUKIB MIKPOKJIIMATY ISt
pI3HUX CTAaTEeBOBIKOBHX TPyl OUYEBHAHO BHMHUKA€ HEOOXINHICTH B 3UMOBHMHA Tepiof
MiBUIIYBAaTH TEMIIEpaTypy IOBITPS 3 HABKOJUIIHBOIO CEpPEJOBUINA, KA MOTpAIUIIE 0
NPUMIIICHHS, a B JTITHIH HaBMAaKU — 3HWKYBATH Ti.

OxkpiM 1IBOTO, B 3B’SI3KY 13 BUCOKUM 3Ha4€HHSAM Bojorocti noitps (Big 80 mo 100 %)
B HAaBKOJIMITHBOMY CEPEJOBHUII B 3MMOBHI 1epioJ] HEOOXiAHO HOro OCYIIyBaTH MiJ Yac pyxy
HOTO 110 TpUMINIEHHS. A B JITHIA MEpioj MPU BUCOKUX Temmeparypax moBiTps (Oimbme 30
°C), HaBIaKH, 3BOJIO’KYBATH MPUILIMBHE MOBITPAL.

VY Ttabmumi 1 HaBeAeHO cepeaHi 3HAYEHHS 30BHIMIHIX 1 BXIJTHAX YMOB I dYac
EKCIIePUMEHTY. Y MPUMIIICHHI 31 CTEIbOBOI BEHTHJISIIIEIO BXiTHE MOBITPS 3a3BUYAl Majo
HIOKYY Temrmeparypy Ta KoHueHrtpamito CO,, OCKUIBKM BXiJHE TOBITPS IS I[HOTO
MPUMIIIEHHS BUTATYBAJIOCS 330BHI, a HE 3 IIEHTPAIBLHOTO MPOXOY.

VY Tabmumi 2 HaBeIeHI pe3yibTaTH NPOIYKTUBHOCTI TBApWH IIiJl Yac JOCIITHHX
napriii. He3Bakaiounm Ha JesKi BiAMIHHOCTI, BHpPOOHHMYI pe3yiabTaTH B YCIX TpPbOX
MPUMIMIEHHAX OyJau TOCTaTHIMH, IO BKa3ye Ha Te€, IO BCi TPU CHUCTEMH BEHTHUIISIT
(GyHKLIOHYBaIM Ha 3aJ0BUIBHOMY pIBHI, OJHaK 3 JESIKUMH Henojlikamu. Pesynbratu
MPOJIYKTUBHOCTI TBapUH HE aHANI3yBAJIMCS, OCKUIBKM EKCIEpUMEHTAJIbHI JaHi He Oynu
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JUIT BU3HAYCHHS BIAMIHHOCTEH Yy BHPOOHUIITBI,

CIOPUYUHCHUX CHCTEMOIO

BeHTHIALIT. KpiM pi3HMIII B cUCTeMaxX BEHTWJIALI{, ICHYBaJd BiIIMIHHOCTI B pO3Mipi TpyIH,
MJIaHyBaHHI MJIOTH Ta cucTeMax roayBaHHA. 11006 mopiBHATH pe3ynbTaTH BUPOIIYBAHHS
TBapuH, yci I1i ()aKTOpH MOBUHHI OyTH BpaxoBaHi, CACTEMH BEHTUJIALI] TOBUHHI 3HAXOAUTHCS
B OZIHIH Oy/iBIIL.

Vinnytsia

49.23°N ( 28.47°E  259m asl

(12 x 12 km)

2022-01-01 - 2022-12-31
365 days

meteoblue

min/max Temperature(°C)

Precipitation {(mm)

Cloud cover

Relative humidity(%)

v
z
E 5
° i
-4 s 4
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Pucynok 5 — [lunamika TemIiepaTypH MoBiTps, BOJIOTOCTI Ta 1HIINX
rapaMeTpiB HaBKOJIHUIITHROTO cepeoBuina micta Binanmi (meteoblue.com, 2022)
Lowcepeno: pospobaeno agmopamu
Tabmumst 1 — MiHiManbpHI, MakCMMalbHI Ta CEpeAHl 3HAYCHHS 3apeecTPOBAHUX

koHueHTpauiii CO, y noBiTpi Ta Horo Temmeparyp

BapianT cucremu

Bapianr 1 — cucrema
BEHTHUJISAIIIT HA3€MHOTO

Bapianr 2 — crenboBa

Bapianr 3 — cucrema
BEHTHJIALIT uepe3 CTIHOBI

BEHTUJLALIT CUCTEMA BEHTUJIIALIT
KaHaTy KaHaJIH
[Tapris I (3umoBa) | II (mitHs) | I (3umosa) | 11 (mitas) | [ (3umosa) | 11 (JmiTHS)
Jlata movatky 17.12 07.06 25.01 14.06 20.01 15.06
Jlata 3aKiHYeHHS 11.02 02.08 19.02 09.08 14.02 10.08
Kubidets 881 1052 721 1072 721 989
CTHIOCTEPEKEHB
CO, BXijHe moBiTpst (Mr/m )
MiHiMym 698 633 662 628 684 623
Maxkcumym 1243 1271 1042 1123 1222 1204
Cepenne 805 747 744 735 773 736
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[Tponosxenns tabmuii 1

3oBHinHA TemmnepaTrypa nositps (°C)

MiniMmym - 10,5 13,6 —10,3 12,6 - 114 13,5

Makcumym 11,1 38,1 10,2 35,9 11,2 34,6

Cepenne 2,8 23,7 3,8 21,6 3,2 243
Temmnepatypa noBiTpst Ha Bxoi (°C)

MiHiMym 8,2 14,1 - 0,1 13,5 6,1 14,4

Maxkcumym 15,1 34,6 13,7 35,2 15,1 32,7

Cepenne 11,2 223 7,5 20,3 10,2 23,1

Ioicepeno: pospobaeno agmopamu

Ta6mmist 2 — CepeHsi IPOAYKTUBHICTh TBAPHH 3a ABOMA MAPTISIMU

. Bapianr 1 — cucrema . Bapianr 3 — cucrema
Bapiant cucremu BapianTt 2 — crenboBa
BEHTUJISLI] HA3€MHOTO BEHTWJIALIIT uepe3
BEHTHUJIAIIIT CUCTEMa BEHTHUJIAIIIT .
KaHay CTIHOBI KaHAIIN
[TapTis I (3umona) | II (miths) |1 (3umosa) | 11 (tithHs) |1 (3umoBsa) | 11 (s1iTHS)
Cepennst moyaTkoBa maca 7,98 7,11 8,21 8,67 7,55 7,96
OpOCSTH (KT) +0,56 +0,75 +0,64 +0,56 +0,63 +0,45
CepenHsi KiHIIEBa Bara 26,22 28,32 24,75 25,33 22,71 24,06
opOCsTH (KT) +0,76 +0,66 +0,68 +0,71 +0,53 +0,64
CepenHiii mpupict 3a 0,326 0,379 0,295 0,298 0,270 0,288
JICHb Ha 1mopocst (KT) +0,023 +0,027 +0,019 +0,032 +0,031 +0,027
Cepenniii koedilieHT 1,30 1,42 1,33 1,39 1,35 1,40
KOHBeEpCii KopMmy (KI/KT) +0,12 +0,09 +0,10 +0,08 +0,15 +0,14

Lrcepeno: pospobaeno asmopamu

Bwmict CO; 1 Temneparypu, 3i0paHi aBTOMaTUYHOIO CHCTEMOIO, Oy MEepeBipeHi Ha
HASBHICTh BIJICYTHIX NaHUX. Y BHUMAJKaX, KOJIH OJHE 3HA4YeHHs (BXil, 30HA nepeOyBaHHS
TBapuH abo Buxim) Oyino BiACYTHE, Tak w0 & ta { He MoO)kHa OyJ0 BU3HAYWTH, 1HII J1Ba
BUMIpIOBaHHS BUAamsuucs. Tpu aBTOMaTH4HI BUMIpIOBaHHA (BXiJl, 30Ha epeOyBaHHs TBapUH
Ta BUXiJ) Oyl BU3HAUYEHI SIK OJHE CIIOCTEPE)KEHHS 1 BUKOPHUCTAaHI AJisl po3paxyHky & Ta C 3a
noromororo piBHAHHS (1) (KUTbKICTh criocTepexensb y Tadmuii 1). Konnentpamii CO; B 30H1
nepeOyBaHHs TBapuH, 310paHi pPy4HOI0 CHCTEMOIO, Oy oO0’e€mHaHI 3 HaOmmkumMmu (3a
yacoM) koHmeHTpamisiMu CO; Ha BXOJ1 Ta BUXO/i, BU3HAYCHUMU aBTOMAaTUYHOIO CHCTEMOIO.
Ile Oyn0 BU3HAUEHO SK OJHE CIIOCTEPEKEHHS Ta BUKOPUCTAHO I po3paxyHKy & Ta ( 3a
JIOTIOMOT0F0 piBHSHHS (1).

CepenHe 3Ha4YeHHS 1 CTaHIApTHE BiOXuieHHS & Ta { BU3HAYAIM JJISI KOXKHOI TOYKH
BinOopy. VY rpadiuHoMy aHamizi 3HaueHHsa & 1 C Oynu HaHeceHi Ha rpadik BiTHOCHO
IIBUJKOCTI TOBITPS Yy BeHTWJAIl. HeMoXJIMBO TPOBECTH CTaTUCTUYHUNA aHai3 dYepe3
B3a€MO3B’S3KM MIDK Barol TBAapWH, CTAHOM OIAJICHHS, BHYTPIIIHBOIO TEMIIEPATypoOIO Ta
MIBUKICTIO TIOBITPS Y BEHTHIISIIII.

Cepenni 3HA4YCHHS Ta CTaHOApTHI BIAXWICHHsS BUMIpSHUX KoHueHTparin CO, i
TEMIIEpaTypu TOBITPs B 30HI MepeOyBaHHS TBapUH 3 aBTOMATHYHUMH BHUMipIOBaIbHUMU
cucTeMaMu HaBeleHi B Ta0Onwii 3 Ta Ha puc. 6. CepenHi 3HaUYE€HHS KOPOTKO MiJCYMOBYIOTh
poOOTYy cHCTEeMH BEHTHIIAIITI B TOUYKaxX BiOOpY MpoO. 3HAUYEHHS CTaHAAPTHUX BIIXHIICHD
BKa3YyIOTh Ha Bapiallilo JaHUX 1, sIK OUIKY€ThCS, OyyTh BUCOKUMH, OCKIJIBKM BUMIpPSHI 3MiHHI
Oe3rmocepeTHHO OB’ SI3aH1 31 MIBUIKICTIO MOBITPS Yy BEHTHIIALIL, SIKa 3MIHIOETHCS BITPOJIOBXK
napTii Ta MK MapTiSIMU 3aJI€KHO B1JI YKMCIIa JHIB 1 30BHIIIHBOTO KJIIMATY.

75



ISSN 2414-3820 KoHcTpyroBaHHsI, BUPOOHMIITBO Ta €KCILTyaTallis CUTLChKOTOCTIONAPChKIX MamvH, 2023 Bur. 53

Tabmuust 3 — CepenHe 3HaA4YeHHS aBTOMATUYHO 3apeecTpoBaHoi kKoHImeHTpaiii CO,,
TEMIIepaTypy B 30HI lepeOyBaHHS TBAPHH Ta MIBUAKOCTI MOTOKY MOBITPS

Bapianr 1 — Bapianr 2 — Bapianr 3 —
BapianTt cucremu BEHTHITAIIT CHCTeMa... CTelboBa CHCTG}.M
BEHTHJIALIIT cucTema BEHTHJIALIIT uepe3
Ha3eMHOT'0 KaHally BEHTHUJIAIIIT CTIHOBI KaHAJIH
Mapris I ‘H I .II I ‘II
(3umoBa) | (miTHA) | (3UMoBa) | (miTHsA) | (3UMOBa)| (JIITHS)
Konnenrpartis Cep.| 2130 2177 3123 2642 3237 2562
CO,, Mr/™’ Bigx.| 617 830 721 832 403 707
. 0 Cep.| 0,17 0,18 0,25 0,22 0,26 0,21
Kommetrmpanist CO2 % =57 ™ 0,05 0,07 0,06 | 007 | 003 | 0,06
Temneparypa, °C er. 20,7 23,2 17,5 26,6 16,7 25,7
’ Binx. 3,9 3,5 3,3 2,9 3 3,9
[IBUIKICTH TOTOKY Cep. 5,1 12,3 5,8 12,4 5,8 13,9
nositps, M /rog Ha ro. | Binx.| 1,3 3,3 1,2 4,1 1,5 3,8
HIBuakicTb Cep. 0,11 0,26 0,12 0,26 0,12 0,29
MOBITPS, M/C Binx.| 0,03 0,07 0,03 0,09 0,03 0,08

Lrcepeno: pospobaeno asmopamu

Haiinmxkya cepeHs MBUAKICTh BEHTHIALIT Oyna BHUMIpsHA B TNPUMIIIEHHI 3
BEHTUJIAIIIEI0 HA3eMHOTO KaHaly, e cepeans konuentpaiis CO; B 30H1 nepeOyBaHHS TBapUH
Oyna HaifHmwk4doro.HaliBuma cepeaHss MBHAKICTh BeHTHWIALIT Oyna 3adikcoBaHa B
MPUMIMIEHHI 3 TIOPUCTOI0 CTEIHOBOK BEHTHWIIAIIEI0, Ae cepenaHs koHmeHtparis CO; i
TeMIIepaTypa MOBITPs B 30HI nepeOyBaHHS TBapuH Oynu HalBumumu. Y mapTii 2 (iTHIHA
nepion) y BCIX MPUMIMICHHSIX BHYTPIIIHSA TeMIIepaTypa Ta CEpeaHs IMIBUAKICTb BEHTHIISIIT
OyJi¥ BUIIMMH, HDK B IHIIMX MapTisiX yepe3 BUIIl 30BHIIIHI TEMIIEPATypH, IO MPU3BEIO 10
HIK9IUX KoHIeHTpaiiid CO,.

Otpumani mani (puc. 6) JEMOHCTPYIOTH HEBIAMOBIIHICTh HOPMOBAHUM 3HAYCHHSIM
MOKa3HUKIB MIKPOKJIIMATy B 30HI NepeOyBaHHsS TBapWH B JITHIN Mepioj Ui BCIX BapiaHTIB
cucreM BeHTWIAMii. Jlns 3uMoOBOoro mepiony BHUMIpSHI HapaMeTpud  MIKpOKIIMAaTy
BiJIMIOBIZJAFOTh HOPMOBAHUM 3HAYCHHSM JIUIIE JIUTsI CHCTEMHU BEHTHJIAIT HA3eMHOTO KaHAITy.

28 - 0.30
_ 0.25 L
26 0.25
0.17 T
24 0.20
17.5 167 012
22 (G 853
T 012
20 l 010
18 l 0.05
16 0.00
Option 1 Option 2 Option 3
@ Temperature, °C B Concentration CO2, % OAilr speed. m/s

3umoBuit nepion (mapris )
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28 0.30
237 0.26|26.6 257 029
26 0.25
018 I .22 021
24 0.20
22 0.15
20 0.10
I8 0:05
16 0.00
Option | Option 2 Option 3
@ Temperature, °C B Concentration CO2, % O Air speed, m/s

Pucynok 6 — CepenHe 3HaU€HHS aBTOMAaTHYHO 3apeecTpri66Hoi kormeHTpatii CO,,
TEeMIIepaTypy B 30HI IepeOyBaHHS TBAPHH Ta ILIBHJIKOCTI MOBITPS
Loicepeno: pospobaeno asmopamu

Cepenni 3HaueHHs st & 1 § HaBeneHi B Tabmuimi 3 Ta Ha puc. 7. Y NpUMIIICHH] 3
BEHTHJISILIIEIO 3 HAa3eMHOr0 KaHaly 3HaueHHs & i1 { Oynu HaWBHUIIMMH, K 1 ouikyBasocs. Y
NPUMIIIEHH] 3 TOPUCTOIO CTEIHOBOIO BEHTHIIALIEIO & OYB HAHMKYUM. Y BCIX HMPUMIIIEHHIX
Oynu BiAMIHHOCTI MIXK 3Ha4eHHSM & 1 3HaueHHsM (, 10 BKa3ye Ha Te, 10 PO3MOALT TEIUIOTH
Hecxokuil Ha po3nofin CO,. YV BCIX NPUMIMIEHHAX 3HAYCHHS BIIXWJICHHA A & Oymu
BUIIUMHU, HIX 17151 §, ockinbku koHneHTparlis CO, konuBanacs Ouble, HiXK TeMIeparypa.

Jns TppoX mpuMilieHb y Tabnuimi 4 HaBEJIEHO CepeiHi 3HA4YeHHs & Ha OCHOBI BCIX
3apeecTpoBaHuX Bpy4yHy KoHIeHTpariii CO; 1 mOpiBHIOBAaHMX aBTOMATHYHO 3apPEECTPOBAHUX
koHneHTpanii CO,.

VY npuminieHHi 3 CHCTEMOIO BEHTWIISIIT HA3eMHOTO KaHaJly BIAMIHHOCTI y 3Ha4eHHI §
cepell pI3HMX TOYOK BigOopy mpoO Oynau HaMOUIBIIMMH, SIK 1 OYIKYBAJOCs, OCKUIbKH
BEHTHJIALIS Oa3yeThCs HA BUTICHEHHI MOBITPs. 3HaueHHs & Oyio HaiiBumuM Ha H1, ockinbku
1151 TOYKa BiOopy mpo6 Oyia po3ramioBaHa BiIHOCHO OJU3BKO /10 JKepesia CBIKOTO TOBITPS.

Tabmust 4 — Cepenni 3HadeHHs €(EKTHBHOCTI BHIAJCHHS 3a0pyAaHeHb & 1
e(eKTUBHOCTI BIJIBEACHHS TEIUIOTH ( 3 30H1 nepeOyBaHHs TBAPUH

Bapianr | — cuctemMa BEeHTHIISIIT HA36MHOT0 KaHATY
- C
Hapris Cepenne Bigxunenns Cepenne Bigxumenus
I (3umoBa) 1,37 0,41 1,12 0,06
IT (oxiTHs) 1,27 0,48 1,14 0,12
BapianT 2 — crenpoBa cucTeMa BEHTHIISIIT
- e G
Hapriz Cepenne Bigxunenus Cepenne Bigxumenus
I (3umoBa) 1,01 0,28 1,01 0,02
11 (tiTHS) 1,02 0,35 0,94 0,25
Bapiant 3 — cucremMa BEeHTHJISILIT yepe3 CTIHOBI KaHAIN
- .
Hapris Cepenne Bigxunenus Cepenne Bigxunenus
I (3umoBa) 1,14 0,22 0,94 0,09
IT (oxiTHs) 1,27 0,38 0,92 0,12
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3HaveHHs & OyJ0 HIKYMM Y TOYIll BiOOpy mpoO A2 1 HAWHIKYHUM Y TOYIll BimOOpy
npo6 H2, ToMy 110 111 TOUuKku Oysu po3TanioBaHi MOCEPEANHI Ta B 3a{HIA YaCTHHI, OJHKYE 10
BUXIJTHOTO OTBOPY Ul MOBITPS. 3HAYCHHS & 3MEHIIYBAJIOCS, KOJIM TOBITPS MPOTIKANO Bix
MepeHbO1 10 3a/IHhOI YACTMHM CTaHKa. BIIMB KUTBKOCTI TBapWH MOOJIM3Y TOYKH BIIOOPY HE
BpaxoByBaBcs (Tabi. 5).

VY mpumimieHHi 31 CTEIhOBOI CHCTEMOIO BEHTWIIAIIT PI3HUISI B 3HA4YeHHI § cepen
PI3HUX TOYOK BiOOpy mpo6 Oyia OUIBIION0, HiXK OviKyBajocs (Tabi. 5), mo BKa3zye Ha Te, 0
NOBITpsl HE Oyno ogHOpimHUM. [IpHUMHOIO IFOTO CTajia TEIJIOBiAMa4a TBApHUH. Y MICIX
BIJIMOYMHKY TBApWH BIIOYBaBCsS BUCXITHUHN MOTIK MOBITPS, IO MPU3BOAWIIO A0 HHU3X1THOTO
MOTOKY CBIXKOTO TOBITPS B MICIISIX, e TBAPUHU He Jiexkanu. KinmbKicTh TBApUH HABKOJIO TOYKU
Bi100py H4 Oyna BUCOKOIO MOPIBHSHO 3 KIJIBKICTIO TBAPUH HABKOJIO TOUKH Bigoopy H3 (Tabu.
5), mo nosicHoe Bumie 3HayeHHa & B H3. Lle o3Hauvae, mo 3HaueHHA & B 30HI nepeOyBaHHs
TBApUH 31 CTEIIHOBOIO CHCTEMOIO BEHTHJIAIIT HIKY1 B MICIAX BIIMOYUHKY (JIKAHHS ) TBAPHUH.

2

m: W
137 ]

1.12 101

1.01

Option 1 Option 2 Option 3

3umoBmii niepiox (mapris I)

Option | Option 2 Option 3

JliTHiii nepiox (maptis 1)
Pucynok 7 — Cepenni 3HaueHHS epeKTUBHOCTI BUIaJICHHS 3a0pyIHEHb & i

e(hexTUBHOCTI BiIBeACHHS TEIUIOTH C 3 30HI epeOyBaHHS TBapUH
Loicepeno: pospobaeno asmopamu
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Tabmuus 5 — Cepenne 3HaueHHS e(pEeKTUBHOCTI BHJAJCHHS 3a0pyIHEHb & y pi3HHUX
TOYKax BiOOpY MpoO i cepeaHs KUIbKICTh TBapuUH y Mexax 1 M JaiaMeTpa KoJia HaBKOJIO
TOYKH B1100pY Mpo0 (cepeaHe B 3MMOBHH 1 JIITHIM MEPi0IH)

Touka BimOOpy Mpoo Cepemic | g T m— KinbkicTs TBapuH
Bapiant 1 — cucreMa BeHTHJIALT HA36MHOTO KaHAITY
A2 1,39 0,36 3,5
HI 1,81 0,95 4,7
H2 1,05 0,33 1,2
Bapianr 2 — crenpoBa cucTeMa BEHTHIIALIT
A5 0,93 0,26 3,9
H3 1,31 0,45 2,1
H4 0,72 0,25 4,4
Bapianr 3 — cuctema BEeHTHIIAIIT Yepe3 CTIHOBI KaHAIN
A8 1,23 0,22 3,3
H5 0,78 0,17 2,2
H6 1,15 0,35 1,6

VYV mnpumimeHHi 3 CHCTEeMOIO BEHTWIALII Yepe3 CTIHOBI KaHAIM 3HaueHHS & Oyno
HaBUIIUM y TOYI BinOOpy mpoO A8 y 3aaHiil 4acTUHI OAHOTO CTaHKy. Y TO4Li BigOopy
npo0 HS 3HauenHs & Oyno 3HAYHO HIDKYMM, HDK y Toukax BimOopy mpod H6 i AS. Ile ne
OUIKYBaJIOCs, aje II€ MOXKHa TMOSICHUTH CTPYKTYPOIO TOBITpSHOTO MOTOKY. Komm cBike
MOBITPS HAJIXOWIO B MPUMIIICHHS, 0arato MOBITPs HAIXOIWIO 0 KiHIIS TPUMIIIEHHS, TTOKU
BOHO HE JIOCSITAJIO TOPIIEBOi CTIHMU, OCOOJIMBO 3a BHCOKOI IMIBUIKOCTI MOBITPs y BXomi. Lle
MpU3BEJIO J0 OUIBIIOr0 BUTICHEHHS TOBITPs Jaji Bif KaHaliB. 3a0pyqHEHE MOBITPS 3 IHX
CTaHKIB MPOTIKAJIO HAa3aJ[ IO KaHAJy Yepe3 1HII CTaHKH, 110 MTPU3BEJIO 10 HIKYOTO 3HAYCHHS
§ y crankax Omkye 10 KaHaiB. 3HadeHHs & y Touni H6 Huxue, HixK y Touli A8, 110 BKa3ye
Ha Te, o koHieHTpamis CO, BuIla B MepeHiil YacThHi, HIXK Y 3aaHii yacTuHi. [InanyBaHHS
MPUMIIIEHHS 3 CIMOMa CTaHKaMH 3aMiCTh JBOX BIUIMHYJIO HAa PO3IMOAUT TBAPUH SIK JHKEpPEI
CO; 1 TEIIIOTH B MIPUMIIIICHHI.

I'padpiuamii aHami3 BIUIMBY IHTEHCHMBHOCTI BEHTHJIAIII HA 3HAYCHHS €(EKTHBHOCTI
BUJAJICHHA 3a0pyaHeHb & 1 e(eKTUBHOCTI BiIBEICHHS TEIJIOTH C Ui TPhOX HPUMILICHb
npencrasieHo Ha puc. 8—10. JliBi oci moka3ylooTh cepeqHi 3HaueHHs & 1 C ang Kiacy
Bentwsiii (0,43 M/rox Ha TBapuHy). SIK 3rayBanocs paHile, 3HAYCHHs & Mae OCHOBHE
3HA4YCHHS B MEpiOJU 3 HU3bKOIO BEHTHJIALIEI0, a { — B MEpiogu 3 BHCOKOI BEHTHIIALIEIO.
IIpaBi oci Ha puc. 8—10 nMoka3yoOTh BIZICOTOK Yacy, MPOTATOM SKOTO IIBUIKICTh BEHTUJIIALIL
OyJia B MeXax MEBHOTO KJIaCcy BEHTHIIAILI.

Y npuminieHHi 3 CHUCTEMOI0 BEHTHWJIAIIl HA3eMHOro KaHally 3HadeHHs (C Oymo
MOCTIMHUM, a 3HaYCHHA & 3MEHINYBAJIOCS 31 30UTBIIEHHSAM MIBHAKOCTI MIOTOKY MOBITPs (pHC.
8). IlpuumHa TaKOro 3MEHIICHHS 3HAYEHHs & TOJIAra€ B TOMY, IO IIBHIKICTH TOBITPS y
BX1ZIHOMY OTBOpi MpHu3Beda 10 TOro, L0 MOBITPSAHUN CTPyMiHb MiJHIMAaBCS BHIIEC B
MPUMIIIEHHS 31 30UIBIIIEHHSIM BEHTHJIALII1, 1110 3MIHWJIO CTPYKTYPY MOBITPSHOTO MOTOKY. [Ipn
BUIIMX MOKAa3HUKaX BEHTHIIALIT 3HaUeHHA § 1 { JeMOHCTPYIOTh OUIBIIY TUCHEPCito, OCKUTBKU
OyJI0 MEHIIIE CITIOCTEPEKECHD 13 BUCOKHMH IMOKa3HIUKAMU BEHTHIIALIII.

Jnst crenpoBoi cucTeMu BEHTWIALID & OyB BIIHOCHO TOCTIHHUM 31 301IBIICHHSIM
BEeHTWJIALII, a { 3MeHIIyBaBcs 31 30UIbIIeHHSM BeHTW ALl (puc. 9). Lle MoxHa MOsSCHUTH
30UTBIIEHHSAM KOPOTKOTO 3aMHKaHHS TMOBITPSHOTO IMOTOKY: YaCTHHA CBIXKOTO TOBITPS, IO
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HAJIXOJUTh Yepe3 CTEN0, BUAAISIETHCS 3 MPHUMIIICHHS, HE JOCSITHYBIIW 30HU NepeOyBaHHS
TBapUHHU, 1 0€3 BiIBEICHHS TEIUIOTH BiJ| HEI.

Y nmpuminieHHI 3 CHCTEMOIO BEHTHIJIALII dYepe3 CTiHOBI kaHamu (puc. 10) 3i
30UTBIIICHHSIM BEHTWISMIT ( 3aJIMIIA€ThCA Maike Ha TOMY camMoOMy piBHi, Oiu3pkoMy 10 1,
OCKIUIBKM 3HaueHHs & 3poctae. [IpHUMHOI0 IHOTO € IIBUAKICTH MOBITPS B KaHamax. 3i
30UTBIIEHHSAM BEHTHJIALII MBUKICTh TOBITPS B KaHAI 30UIBIIYETHCS, 10 3MIHIOE CTPYKTYPY

HOBITPSHOTO TOTOKY, IO MPHU3BOAUTH A0 OUIBIIOrO pyXy HOBITPS B 3aJHIA YaCTHHI
MPUMIIIEHHS OJIFDKYE 0 TOYKHU BiIOOpY.

%% T1aCy
1.6 3
1.2 6
0.8 <
0.4 2
SR
0 P Ylesd soane o gcmmdionen |
0 5 10 15 20 25 30 35
—o—E —e— —0—9% hour Ventilation for one animal (im*/hour)

Pucynok 8 — BrutiB iHTEeHCHBHOCTI BEHTWIIALIT HA 3Ha4eHHs & Ta { B TOUKax
aBTOMATHYHOTO BiOOpY Mpo0O i pO3MOIiI YaCTOTH iIHTEHCUBHOCTI BEHTHIIALLI 1

B MPUMIIIEHH] 13 CHCTEMOIO BEHTIIALIi HA3eMHOT0 KaHaiy (BapiaHT 1)
Licepeno: pospobaeno asmopamu
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Pucynok 9 — BrinmyB iHTEHCHBHOCTI BEHTHIIALIT Ha 3HaYeHHS & Ta C B TOUKaX
ABTOMATHYHOT'O BiIOOPY MPOO 1 PO3MOALT YACTOTH IHTEHCUBHOCTI BEHTHIISLIIT
B IIPUMIIIIEHHI 13 CTEILOBOIO CUCTEMOIO BEHTHJIIALIT (BapiaHT 2)
Loicepeno: pospobaeno asmopamu
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Pucynok 10 — BriiuB iHT€HCHBHOCTI BEHTWIIAILIT Ha 3Ha4eHHS & Ta { B TOUKax
aBTOMATHYHOTO BiOOpY Mpo0O i PO3MOIiI YACTOTH iIHTEHCUBHOCTI BEHTHIIATII 1
B MIPUMIIIIEHHI i3 CHCTEMOIO BEHTHJIALIIT Uepe3 CTIHOBI kaHanm! (BapiaHT 3)
Licepeno: pospobaeno asmopamu

He BWSIBIIEHO KOJHOTO BIUIMBY 3apEECTPOBAHOTO CTaHY OIAJICHHS NMPUMIIICHHS Ha
3HaueHHs & Ta (. BuMmiproBaibHa cucTeMa He 3MOIUIa BU3HAUMTU Liel edekT. Xoua MOMEHT
HA/IXO/DKEHHS Tapsiuoi BOJM B MpUMIIIEHHS OyB 3a(iKCOBaHM, 11e BKa3yBalo JIMIIE HA Yac
NOYaTKy OMNAJICHHS; Terulonepeaaya MpOAOBKYETHCS MICISA TOTO, SIK rapsya BOAa IepecTae
pyxatucs mo Tpybax. KpiMm Toro, B mpHUMIIIECHHSIX 3 HAa3eMHHMH KaHajlaMHd 1 CTIHOBUMH
KaHaJlaMd HE IMPOBOJMIIOCS PO3MEXKYBAaHHS MK TapsSydM BOISHHUM IiJIrPiBOM MOBITPS B
MPUMIIIEHH] 1 TAIrpiBOM ITiIJIOTH.

[IpuminieHHs 3 HA3eMHOIO BEHTWJIALIIEI0 KaHATy MOKa3ajo HakBuile 3HaueHHs & 1 & 1
HaliHWK4y KoHieHTtpamito CO; B 30HI nmepeOyBaHHS TBAapWH, HAaBITH SKIIO 1€ TPUMIIICHHS
Maji0 HaWBUIIY KOHIICHTpAIlil0 Ha BXOJi. BEeHTHIIAIS HAa3eMHOro KaHaldy IOKas3ajia Kparry
SKICTh MOBITPS B 30H1 IepeOyBaHHS TBAPHH.

KoHcTpykItis cucteMu BEHTHIIAIIT BIUTMBAE Ha SKICTh MOBITPS B 30HI MepeOyBaHHS
TBapuH. OUIKY€ThCS, 110 BUCOKE 3HAUYEHHS &, SKE MPU3BOJIUTH JO HIKYMX KOHIEHTpAILil
3a0pyIHIOIOYMX PEUYOBHMH Y XOJOJHHUX yMOBaX 3 MIHIMAQJIbHOIO BEHTHISIIIEIO, 1 BHCOKE
3HA4YeHHs1 (, M0 TPU3BOAMTH JO HIKYMX TEMIIEpaTyp y TEIUIMX YMOBAaxX i3 BHCOKOIO
HIBUKICTIO BEHTHJIALIT, MOKpAallaTh NPOAYKTUBHICTh TBapHH. 3HaueHHs & Ta { He 3a1ekaTh
BUKJIIOYHO BiJl KOHCTPYKLIi BEHTHJIALIHHOT cuctemu. OHUM 13 AyKe BaXIMBHUX (aKTOPIB €
MicCIle TPOBEICHHS BHMIPIOBaHb, 10 MOXKHA MPOLTIOCTPYBATH MOPIBHAHHAM pe3yJbTaTiB 13
pi3HUX TOYOK BifOopy mpoO y kokHoMy mnpumimieHHi. Cepeani 3HaueHHs & Ta § B 30HI
nepeOyBaHHS TBAPUH HAAQAyTh Kpalie BpakeHHs PO e(heKTUBHICTh BUTICHEHHS MOBITPSI, ajie
BaKKO BUMIpsITH KoHIIeHTparlito CO,.

CucreMu 3 BUCOKMMH 3HAY€HHAMH & Ta C, 1110 BKa3ylOTh Ha e(EeKTUBHY BEHTUJISIIIO B
30HI mepeOyBaHHS TBapWH, MOXKYTh BHUKOPHUCTOBYBATH HIDKYI MOKa3HUKM BeHTWIAMii. Lle
MOJKHA TIPOUTIOCTPYBATH HANANITYBAHHSIMH MPUMIIICHHS, SKi BUKOPHCTOBYBAIUCS B IIBOMY
JOCJIIJDKEHHI: HaJAITyBaHHS BEHTWIALII, IO BUKOPUCTOBYBAIHWCS B NPHUMIIICHHI 3
BEHTHJISILIIEIO 13 HA3eMHHUM 1 CTIHHUMHU KaHajlaMH, OyllM HIKYMMH, HDK Y NPUMIIIEHHIX 3
CTEILOBOIO CHCTEMOIO BEHTHIIALIEI0. Lle Moke OyTH Ba)XJIMBUM aclieKTOM Y 3HIKEHHI BUTpaT
Ha OYMIICHHS TMOBITPS, IO € OJHHUM 13 CHOCO0IB €(pEKTHMBHOTO CKOPOUCHHS BUKHIIB 13
TBAPUHHUIIBKUX TPUMIIICHb.
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EdexTuBHa BeHTWIIAIIS MOXE OyTH peaTizoBaHa, 32 YMOBU PO3TallyBaHHS BITyCKHOTO
OTBOPY TOBITPsI MOOIM3y 30HH nepeOyBaHHsA TBapuH. Lle Moke 30UIBIINTH PU3UK BUCOKOT
IIBUJKOCTI TOBITPsI 00 MPOTATIB y 30HI nepeOyBaHHs TBapHH. SIKICTh MOBITPS Ta TEIIOBUA
KOM(OPT € BOXIMBAMH YMHHUKAMH y CTBOPEHHI 3I0POBOTO MIKPOKJIIMATy Ta 3armoOiraHHi
mpoOseMaM 31 370pOB’SIM TBapHH, HAJIC)KHUM YTPUMAHHSM 1 HEONITUMAILHUM BHPOOHHUIITBOM.

BucHoBKkH. 3a pe3yibTaTaMu JOCIHIIKEHb BCTAHOBJICHO, IO JUISl TBAPHHHHIIBKOTO
NPUMIIICHHS 13 CUCTEMOI0 BEHTWJIALII Ha3eMHOTO KaHaly 3a0e3nedyeTbesi OlIbIle CBIXKOTO
MOBITPSI B 30HI NepeOyBaHHsS TBAapWH, Yy TMOPIBHSAHI 31 CTEIHOBOK CHCTEMOIO BEHTHJIALIL 1
CHCTEMOIO BEHTWJIALIT Yepe3 CTIHOBI KaHAJIH.

Jlist cucTeMu BEHTHWIIALIT HA3€MHOTO KaHATy Ta CUCTEMHM BEHTWJIALII 4epe3 CTIHOBI
KaHanu Ha eEeKTUBHICTh BHJAJCHHS 3a0pyIHEHb § BIUIMBAJIA IIBUAKICTh BEHTWIISIII, sKa
3HAYHO 3aJIC)KUTh BiJ BIKY TBapWHH, i Baru Ta 30BHINIHBOI Temmeparypu. s cucremu
BEHTUJIALII HA3€MHOTO KaHATY y BUPOOHUUNUX YMOBax €(EeKTHBHICTh BUAAIICHHS 3a0py/IHCHb
€ 3MeHIIyBanacs 31 30UIBIICHHSIM IIBUAKOCTI MOTOKY IMOBITPS Y CHUCTEMI BEHTHIISIiL. JIjis
CHCTEMH BEHTIJIII dYepe3 CTIHOBI KaHalW e(EeKTUBHICTh BHUIAJICHHS 3a0pydHEHb &
30ibIryBanacs 31 30UTbIIEHHSAM MIBHJIKOCTI MOTOKY IMOBITPS Y BEHTHJIALIl, OCKUIBKM TOYKA
Bi0Opy mpoO6 3Haxoxwiacs B 3a7HIM YacTWHI NMPUMIIIEHHSA. Y TPUMIIIEHH] 31 CTETHOBOIO
CHCTEMOIO BEHTWIAMIT Ha €PeKTUBHICTh BUJAJICHHS 3a0pyJHEHDb & CYyTTEBO BILTMBAJIA JIeKaya
MOBEJ[IHKA TBapWH, 1 CIOCTEPITANIOCSd HE3HAYHE 3HWKEHHS e(QEKTUBHOCTI BUIAJICHHS
3a0pyIHEHb & 31 30UTBIICHHSIM BEHTHJIAIIIT.

JlocmikeHHsT BHUKOHYBAIMCS B MeEXKaxX HAyKOBO-IOCHITHOI poOOTH 3a KOIUTH
nepxkaBHoro Oromkery Yipaimm Ne 0123U101794 «Po3pobka KOMIUIEKCY TEXHIKO-
TEXHOJIOTIYHOTO 3a0€3MEUCeHHsS] EHEpPro- Ta PeCcypCOOIIaHOTO BHUPOOHHIITBA MPOMYKIIii
TBapUHHUIITBA y pamkax €3K».
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Experimental Studies of the Effectiveness of Systems for Providing Negative Pressure

Microclimate in Livestock Premises

The microclimate of livestock premises is determined by a set of physical, chemical and biological
parameters inside the premises for keeping animals and is characterized by the following parameters: air
temperature, internal surfaces of walls, ceilings, floors, windows, doors, and other internal structures; humidity
of air, internal surfaces of walls, ceiling, floor, windows, doors, and other internal structures; the speed and
direction of air flows in the locations of animals, manure, inflow and exhaust channels, windows and doors; the
gas composition of the air - the concentration of carbon dioxide, ammonia, hydrogen sulfide, carbon monoxide;
the presence of dust and microorganisms in the air; the intensity of natural and artificial lighting; optical
radiation; the level of industrial noise, the degree of air ionization.

The substantiation of the rational scheme of the negative pressure microclimate system in livestock
premises on the basis of production surveys is the main goal of the conducted research. According to the results
of the research, it was found that for the livestock room with the ventilation system of the ground channel, more
fresh air is provided in the area where the animals are staying, in comparison with the ceiling ventilation system
and the ventilation system through the wall channels.

For the ground duct ventilation system and the wall duct ventilation system, the efficiency of
contaminant removal was influenced by the ventilation rate, which is significantly dependent on the animal's
age, weight, and outdoor temperature. For the ventilation system of the above-ground channel in production
conditions, the efficiency of pollution removal decreased with an increase in the speed of the air flow in the
ventilation. For the wall duct ventilation system, the efficiency of pollutant removal increased as the ventilation
air flow rate increased, as the sampling point was located at the back of the room. In a room with a ceiling
ventilation system, the efficiency of contaminant removal was significantly influenced by the lying behavior of
animals, and a slight decrease in the efficiency of contaminant removal was observed with increasing ventilation.
air, temperature, humidity, speed, pollution, ventilation, numerical simulation
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