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Summary
The article presents the study results of air temperature and humidity regimes in a cow barn with tie-stall
housing conducted in January-June 2021. The monitoring outcomes and statistical data analysis resulted in
the mathematical models, which could be the basis for the creation of modern microclimate control systems
in cow barns.

Abstract
Introduction. Several factors, including the outside environment, govern the formation of optimal tempera-
ture and humidity conditions in a cow barn. The study aimed to monitor the air environment parameters in a
cow barn and to establish the patterns, by which the temperature and humidity regimes in the cow barn
were formed under different weather conditions. Research associated with identifying these patterns in live-
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stock premises in the North-West Region of the Russian Federation will make it possible to create an array
of mathematical models for different technologies of cattle housing essentially required in the development
of modern microclimate control systems livestock housing facilities. Object. The study object was a barn for
200 dairy cows with tie-stall housing and a natural ventilation system. Materials and methods. The study
monitored the temperature and relative air humidity in the cow barn in January-June of 2021 with a station-
ary system designed at IEEP — branch of Federal Scientific Agroengineering Center VIM. The data analysis
using MS Excel and Mathcad software packages resulted with the mathematical models. Results and con-
clusions.The variation amplitude of indoor parameters was smaller than that in external weather condi-
tions. When the outside air temperature fluctuated from -5 °C to +20 °C, the temperature in the cow barn
varied from +7 °C to +22 °C. The relative air humidity in the cow barn was within 69£20 %, and the outside
air humidity was 58+42 %. Statistical data analysis for the period from January to March showed that the air
temperature in the cow barn in winter with a probability of 0.955 would be in the range of +12.6+4.68 °C and
depend on the outside air temperature only by 23 %. Statistical data analysis for the period from April to
June showed that the air temperature in the cow barn with a probability of 0.955 would be in the range of
+18.23+7.72 °C and depend on the outside temperature by 75 %. The relative humidity in the cow barn dur-
ing this period with a probability of 0.955 will be in the range of 67.3£26.2 % and depend on the relative
humidity of the outside air by 65 %. The high dependence of these parameters on the outside environment
in the period from April to June, compared with the period from January to March, is explained by a larger
air exchange, as a rule, owing to completely open windows and gates.

Keywords: livestock buildings, ventilation systems, microclimate of premises, conditions for keeping cows.
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YK 631.22:636.083
3AKOHOMEPHOCTN ®OPMWPOBAHUA TEMNEPATYPHO-BJIAXXKHOCTHOIO PEXXUMA
BO34YLWHOU CPENbl KOPOBHUKA

BTopbin B. ®., dokmop mexHu4YecKux Hayk, anaeHbll Hay4Hbil cOmpyOHUK
Btopbin C. B., kaHOudam mexHU4YecKux HayK, cmapuwut Hay4YHbIl compyOHUK

WHCmumym a2pouHXeHepHbIX U 9KOJI02UHECKUX MPobrieM ceslbCKoX035UcmeeHHo20 npousgodcmea (MASI) —
unuan ®IBHY «®edepasnbHbili Hay4HbIlU a2pOUHXeHEPHbIU ueHmp BUM»
2. Cankm-lNemepbype, Poccutickas ®edepayusi

AxkTyanbHoCTb. Ha dopMupoBaHvMe onTUMarbHbIX TemnepaTypHO-BNAXHOCTHbLIX MoKasaTenen
MUWKpPOKNMMaTa KOPOBHMKA OKasblBaeT BRMSHME Uenbli psa akTopoB, B TOM YMCHE COCTOSIHME BHELUHEN
cpeabl. Llenb nccnegoBaHum — NpoBECTU MOHUTOPUHT MapamMeTpoB BO3AYLIHOW cpefbl KOPOBHMKA WU yCTa-
HOBUTb 3aKOHOMEPHOCTU (POPMUPOBAHUSA ero TemMnepaTypHO-BNAXXHOCTHBLIX PEXUMOB MPU pasfuyHbIX Mo-
rogHblx ycrosusix. ccnegoBaHus, HanpasfieHHbIE HA BbISBIIEHUE 3TUX 3aKOHOMEPHOCTEN B XMBOTHOBOA-
Yyeckux nomelleHuax ansa Cesepo-3anagHoro pervoHa P®, no3sonar cdopmmpoBaTb Maccves matemaTu-
YecKMX Moaenew anst pasHbiX TEXHOMOIMNIA CoaepKaHns KPYNHOro poratoro ckoTa, HenmocpeacTBEHHO Heoo-
XOAMMbIX NpU pa3paboTke COBPEMEHHbLIX CUCTEM YNPaBiEHWUST MUKPOKIMMATOM Ha depmax. O6beKT uc-
cnegoBaHUA — KOPOBHWK C NPUBSA3HbIM cogepaHuem Ha 200 ronos JOWHOro ctaga C eCTeCTBEHHOW Cu-
ctremon BeHTUnaumn. Matepuan n metoabl. iccnegoBaHns npoBoannuck B sitHBape-utoHe 2021 roga. [Ans
MOHUTOPMHra NpMMeHsanach ctauMoHapHas cuctemMa n3MepeHus Temnepartypbl U OTHOCUTENbHOW BNaXHO-
CTn Bo3ayxa, paspaboTtaHHas B NAJI — cdununane ®reHY ®HALL BUM. AHanna gaHHbIX C NOfyvYeHUem
MaTemMaTU4eCKUX MOLENEN NpoBedeH C ucnonb3oBaHMeM naketos nporpamm MS Excel n Mathcad. Pe-
3ynbTaT U BbIBOAbI. AMINNTYAa U3MEHEHUs TeMnepaTypbl U OTHOCUTENBHOMW BaXHOCTW BO3AdyXa B KO-
POBHMKE MEHbLLE, YeM U3MEHEHMEe BHELLIHUX NOorodHbIX ycnosui. Mpu konebaHum Temnepatypbl HapyXHOMo
Bo3ayxa oT -5 °C go +20 °C, TemnepaTypa B KOPOBHMKE U3MeHsANack B npegenax ot +7 °C go +22 °C. O7-
HocUTenbHas BNaXHOCTb BO3[dyxa B KOPOBHUKE Haxoawunacb B npegenax 69+20%, a HapyXHOro Bosgyxa
58+42%. CTtaTucTU4eCckMn aHanua gaHHbIX 3a Nepuof € siHBaps No MapT nokasan, 4YTo TemnepaTypa BO3-
AyXa B KOPOBHMKE B 3MMHUI Nepuog ¢ BepoaTHocThio 0,955 OyaeTt HaxoauTes B npegenax +12,6+4,68 °C n
3aBMCUT OT TeMnepaTypbl HApYXHOro Bo3ayxa Tonbko Ha 23%. CTaTUCTUYeckuin aHann3 faHHbIX 3a nepuog
C anpens Mo WIOHb Nokasarn, YTo TemnepaTypa Bo3ayxa B KOPOBHUKE C BeposiTHocTbio 0,955 HGyneTt Haxo-
antca B npegenax +18,23+7,72 °C v 3aBMCUT OT TeMnepaTtypbl HapyXHOro Bo3gyxa Ha 75%. OTHocuTenb-
Hasi BNaXXHOCTb BO3[yxa B KOPOBHUKE B 3TOT Nepuof ¢ BeposTHocThio 0,955 Byaet HaxoauTea B npegenax
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67,31%26,2% 1 3aBUCUT OT OTHOCMTENBHOWN BMNAXXHOCTW HAPY>KHOro Bo3ayxa Ha 65%. Bbicokasi 3aBUCMMOCTb
3TUX MapamMeTpoB OT OKpyXatollen cpefbl B NEPUOA C anpens no MioHb, N0 CPaBHEHMWIO C MEepUOAOM SH-
Bapb-mMapT, 00bACHAETCS 6OMNbLWMM BO34yX00OMEHOM, 0OYCNOBNEHHbIM, KaK MPaBuIio, MNOMHOCTLIO OTKPbI-
TbIMW OKHamMu 1 BOpPOTaMMm.

Knroyeenbie crnoea: xugomHO800YeCKUe NMoOMeWweHUs, CucmeMbl 8eHMUAAUUU, MUKPOKumam ro-
meujeHud, ycrnosus COOep)KaHUFI Kopos.

UntupoBaHmne. Btopbin B. ®., Btopein C. B. 3akoHomepHOCTM hOpMMPOBaHUA TemnepaTypHoO-
BNaXXHOCTHOrO pexuma BO3AYLIHOW cpefbl kopoBHuKa. M3eecmuss HB AYK. 2024. 1(73). 241-251. DOI:
10.32786/2071-9485-2024-01-28.

ABTOpckun BKknaa. Bce aBTopbl AaHHOM CTaTbW NPUHUMAaNU HenocpeacTBEHHOE yYacTue B NNaHWpOBaHUW, BbIMOMHE-
HUA VICCJ'Ie,CI,OBaHVIVI nnn aHannie gaHHOro nccregoBaHuA. ABTOpr O3HaKOMUIMNUCb C npeacTaBfIEHHbIM OKOHYaTEeNIbHbIM
BapuaHTOM CTaTbU U O,El,OGpVIJ'IVI ero.

KoHdnukT HTepecoB. ABTOpbLI 3asiBNAOT 06 OTCYTCTBMU KOH(PIIUKTA MHTEPECOB.

BBepeHue. OCHOBOWN TEXHOMOMMIN COAEPXKaHMSA KPYMHOro poraToro CkoTa B XXMBOTHOBOS-
Yeckux NoMeLleHusx siBnsieTca 6e3ycrnoBHoe obecrneyeHne KOMGOPTHBLIX YCIOBUIA U, B NEPBYIO
odepeb, NapamMeTpoB MUKPOKNMMaTa B COOTBETCTBUM C 300TEXHUYECKMMU TpeboBaHuammn. He-
cobrnogeHne aTnx TpeboBaHWi OTpMLATENBHO BIMSET Ha MakCMMarbHOe UCMONb30BaHUe reHe-
TUYECKOro NOTeHUMana >XMBOTHbIX, CHUXas MX NPOAYKTUMBHOCTL. Tak, yOOW KOPOB CHMXaeTCHa Ha
10-30%, npupocT macckl Ha 20-30%, 0Tx04 MONoaHsAKa MoXeT cocTaensaTb Ao 30% [1, 2].

TemnepaTypa Bo3gyxa — 3TO BaXHEWLWM NapamMeTp MUKPOKNMMarta, HenocpeacTBEHHO
BAMSIIOWMNIA Ha (OPN3MONOrMYECKOE COCTOSTHUE XXMBOTHOIO. Tak, N0 MHEHMIO 3apybexHbIX nccnego-
BaTenemn, KoMopTHbIE TeMNepaTypHbIe YCIOBUA AN MOMOYHbLIX KOPOB COCTaBnsaT oT +5°C go
+15°C. Tak xe BaxHbl HxHUe (0T -15°C go -25°C) n BepxHue (oT +23°C go +27°C) KpuTnyeckme
3Ha4YeHUsa TemnepaTypbl U NPOJOIMKUTENBHOCTDL NX BO3AENCTBUA, B TEYEHUE KOTOPbLIX XXUBOTHbIE
MCMbITbIBAOT TEMNEPATYPHbIN cTpecc [3].

Poccuickue yyeHble ¢ y4eTOM CyLLECTBYIOLLEN NPAKTMKN YCTAaHOBUIMK, YTO Temneparypa,
BO34yXa B XMBOTHOBOAYECKOM MOMELLEHUN 3HAYUTENBHO BNUSAET Ha XW3HEHHble OYHKUMN MO-
NOYHBIX KOPOB, KOTOpLIE NpU TemnepaType 6onee +26°C TepstoT BEC U CHMKAIOT NPOaYKTMBHOCTb
Ha 20-30% [4, 5]. MMpu cHWkeHMM TemnepaTypbl Bo3ayxa B KOpoBHuke ¢ +16,6°C go +14,3°C npo-
AYKTMBHOCTb KOpOB Bbipocna Ha 11,9%, a npu noBbIlWeHUn TemnepaTypbl Bo3gyxa oT +17,9°C go
+24,9°C ygou cHuaunuce Ha 5,3 % [6]. KopoBbl, nogsepriunecst TennoBoMy CTPeccy B CyXOCTOM-
HbI Nepmnoa, NpU HaACTYNNEHWUM NakTaumMm MOryT CHU3UTb NPOAYKTUBHOCTb, @ NOSTyYeHHbIE TeMNou-
KM OT 9TMX KOPOB B NEPBYIO NaKTaLMO TEPSOT OKOMO 5 Kr MOSioKa B CyTOYHOM yaoe [7, 8].

CoBMecTHOe B3aumogencTeme TemnepaTypbl 1 OTHOCUTENbHOW BIAXXHOCTWU BO3AyXa >Xu-
BOTHOBOAYECKOrO NOMELLEHMS OTpMLATENBHO BMAWUSIET HA COCTOSIHUE XMBOTHbIX. Tak, npu 0°C
OTHOCUTENbHAs BNAXXHOCTb BO34yXa B NOMELLEHUN A0MMKHA cooTBeTCcTBOBaTL 50-90%, a yxxe npu
+30°C BnaxHOCTb AomKkHa ObITb He HUke 40% 1 He Bbiwe 60% [9, 10].

B dopmnpoBaHmMm TemnepaTypHO-BNAXKHOCTHBIX PEXUMOB KOPOBHUKA YYaCTBYIOT XKUBOT-
Hble, ABNSAACL MCTOMHWKOM Tenna M BOASHbLIX NMapoB, MPOLIECCHI TEMIOMacConepeHoca Mexay
KOPOBHWMKOM W BHELLUHEN Cpefown, OTXOAbl XU3HeOeATEeNbHOCTU XUBOTHbIX, Haxoadlmecs B no-
MeLLleHMM, MaLLWHbI 1 06opyaoBaHMe N HeKOTopble Apyrve akTopbl.

Llenb uccnedosaHutli — NPOBECTU MOHUTOPUHI NapameTpoB BO3AYLLHOW Cpeabl KOPOBHUKA
W YyCTaHOBUTb 3aKOHOMEPHOCTU (DOPMMUPOBAHUS €ro TemnepaTypHO-BIaXXHOCTHbLIX PEXUMOB Npwu
pasnnyHbIX NOroAHbIX YCIOBUSX.

Mony4yeHne 3TMX 3aKOHOMEPHOCTEN NO3BONUT ChopMmnpoBaTh 6asy AaHHbIX MaTemaTu-
Yeckux Moaenen Ans pasHbix TexHonorun cogepxxaHus KPC, HenocpeacTBEHHO HEOOXOANMBIX B
pa3paboTke COBPEMEHHbIX CUCTEM YNpaBreHs MUKPOKNMMAaToOM Ha hepmax.

Hay4yHasi HOBM3Ha COCTOMT B BbISIBNIEHWM 3aKOHOMEPHOCTEW CO34aHusi TemnepaTypHo-
BNAXXHOCTHbLIX PEXMMOB MUKPOKNMMAaTa >XUBOTHOBOAYECKOrO MOMELLEHUs AN coaepKaHus Ko-
pOB MOA BO3AENCTBMEM KnMmaTudeckmx ycrnosun Cesepo-3anagHoro permoHa Po.

Martepuanbl U MeToAbl. YCNOBUS COAEPKAHUS KOPOB Ha MOJSIOYHbIX hepMax C ecTe-
CTBEHHOM CUCTEMOWN BEHTUMALMU CUNBHO BapbUPYKTCA M3-3a HEOOHOPOAHOrO pacnpeneneHus
WCTOYHUKOB Tenna u BraXHOCTW, MpUTOKa Bo3ayxa, 06yCnoBneHHoro BHELUHUMU MeTe0oyCnoBus-
MU, 4YTO onpefensieT cTpaTernio M3aMepeHnii 1 aHanusa pe3ynosTaToB.
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B nccnenoBaHusax oTedecTBEHHbIX U 3apyOexHbIX YY4eHbIX OTMeYaeTCs BbICOKas 3aBUCU-
MOCTb MeXay napameTpamu BHELWHeW cpedbl 1 napameTpamMm MUKPOKIMMaTa KOpOBHUKOB. B 3a-
Aaun nccnegosanus [11] Bxoguno cpaBHEHME MapamMeTpoB MUKPOKIMMAaTa CEMU KOPOBHUKOB C
napameTpamMun BO3ayxa, 3apermcTpupoBaHHbIMKU Bnvkanilen meteoctaHuuen. OTMevaeTcs, YTo
Temrnepartypa Bo3yxa B KOpOBHMKax Obina Bbile B cpegHeMm Ha 6,4°C TemnepaTtypbl BHELUHEN
cpeabl, @ OTHOCUTENbHAasA BNaXXHOCTbL BO3Ayxa BHELUHEN cpeabl Obina Bhilwe B cpegHem Ha 0,2%,
YyeMm B nomelleHunax. PesynbTaTbl nccnegoBaHuMi NOATBEPXKAAKOT, UTO CTeNeHb BNUAHWUS TeMmne-
paTypbl BHELLHEN cpedbl HA TemnepaTypy BO3gyxa BHYTPU KOPOBHMKA 3HAYUTESNBHO Bbille, YeM
cTeneHb BNUSAHWUA OTHOCUTENbHOW BR&@XHOCTU BO34yXa BHELIHEW cpedbl HA OTHOCUTEMbHYHO
BNaXXHOCTb BO34yXa XMBOTHOBOAYECKOrO NOMELLEHUS.

Ocoboe 3Ha4eHne nmeeT TOYHOCTb M3MEPEHUIN U, COOTBETCTBEHHO, NOAOOP CPeacTB U3-
MepeHuin. ABTopamu [12] npyn npoBegeHnn nccnegoBaHnin Ha MonoyvHbix depmax KPC npumeHs-
NNCb OaTyuKK, Y KOTOPbIX TOYHOCTb M3MEepeHust Temnepatypbl coctasnana +0,5°C u oTHocu-
TenbHasi BNaXHOCTb £3% C BpeMeHHbIMW nHTepBanamu 3anucu 5-10 muH B TeveHune roga. Ctan-
AapTHOE OTKIMOHEHUE pe3ynbTaToB U3MEPEHMI COOTBETCTBOBANO HOpMarbHOMY 3aKOHY pacrpe-
aenenus ¢ 95% gosepuTenbHbIM UHTEPBArioMm.

MOHUTOPMHI NapamMeTpoB MUKPOKIMMaTa HaMu MPOBOAUICA B KOPOBHMKE C NMPUBSA3HbLIM
cogepxaHuem 1 noronosbem 200 NaKTUPYIOLLMX KOPOB C €CTECTBEHHOW CUCTEMOMN BEHTUMALMU
Yyepes CBETOBOW KOHEK B Kpbille. B Tennoe Bpemsi roga nomeLLeHne ONONHUTENBHO BEHTUNUPY-
€TCA 3a CYET OTKPbITLIX OKOH 1 BOPOT. MiaMepeHre napameTpoB MUKPOKMMaTa NnpoM3Boamnnocs B
pexmmMme peanbHOro BpEMEHM KpyrinocyTOYHO.

[lnsa MOHMTOpPWHra nNpuMMeHsiNacb CTaumoHapHasi cMcTemMa U3MepeHus TemnepaTtypbl U
OTHOCUTENBHOW BRaXXHOCTN BO3ayxa Ha pepme (MASI — dmnmnan OrbHY ®HALL BUM), koTopas
COAEPXMT AaTyuku TemnepaTtypbl U OTHOCUTENbHOW BRAXHOCTU C Npeaenamu M3mMepeHus Tem-
nepatypsbl -40...+480°C ¢ norpewHocTbto +£0,5°C, oTHocuTensHon BriaxHocTn 0...100% c no-
rpewHocTblo +3 %, C 3annCbio NOYYEHHbIX AaHHbIX Ha perncTpaTtop-apXxvmBaTop nNpwv BPEMEHHbIX
nHTepBanax 10 MuH. [Jns KOHTPONA napameTpoB HapPY>KHOrO BO34yxa MCMNOSb30Banv AaHHbIE C
Onmkanwen rocyaapCTBEHHOW MeTeocTaHLmun, nybrnvkyemMble B OTKPbLITOM OOCTyne C MHTepBa-
nom 3 4vaca [13]. NpoBeaeHbl KOMMLIOTEPHbIV aHanNn3 u obpaboTka pe3ynbTaToB UCCNEeaOBaHUN
C ncnonb3oBaHmem naketoB nporpamm MS Excel, Mathcad [14].

Pe3synbTatbl n obcyxaeHue. PesynbTaTt 06paboTkM 1 aHanm3a cBUOETeNbLCTBYET O TeC-
HOW B3aMMOCBS3N MeXay napaMmeTpamu MUKPOKNMMaTa KOPOBHUKA M BHELLUHEN cpefbl (PUCYHKU
1, 2). Temnepatypa U OTHOCUTENbHAsS BNAXHOCTb BHYTPEHHEro BO3ayxa 3HAYNTENbHO MeaSleH-
Hee pearvpylT Ha U3MEHEHUS BHELUHUX YCNOBWMM U MeHbLUEe aMmnnuTygon. Tak, Temnepartypa
HapY)XHOro Bo3gyxa 3a nepuopg mamepeHun meHsanacb ot -5°C go +20°C, a Temnepatypa B KO-
pPOBHWKE M3MeHsanacb B npegenax ot +7°C go +22°C. NHTepBanbl U3MEHEHUSI OTHOCUTESbHOWN
BNaXXHOCTW B KOPOBHMKE Haxoaunucb B npegenax 69120%, a BHe nomelyeHns 58+42%.
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PucyHok 1 — 3aBUCMMOCTb BHYTPEHHEN TeMnepaTypbl BO34yXa XKMBOTHOBOAYECKOrO NOMELLEHUS OT
TemnepaTtypbl BHELLUHEN cpeabl
Figure 1 — Dependence between the temperature in the cow barn and the outside temperature

PeepeccuoHHbIl aHanu3 OaHHbIX «5Heapb — Mapmy». B 3uMHUMX ycnoBusax «SHBapb —
MapT» Haubonbluee BNUsiHUE Ha TemnepaTypy B KOPOBHWKe Tg,, OKasblBaeT Temnepartypa
HapyxHoro Bo3gyxa T, (Npu koadbduumeHTe koppenauum R = 0,484), a oTHOCUTENbHAA Bnax-
HOCTb HapyxHoro Bo3gyxaW, (npu R = 0,217) n ckopocTtb BeTpa Vg (Mpn R = 0,119) okasbiBatloT
MeHbLLEee BNUSHNE.
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PucyHok 2 — 3aBMCMMOCTb BHYTPEHHEN OTHOCUTENBHOWN BNAXXHOCTWM BO34yxa
KMBOTHOBOOYECKOrO NMOMELLIEHUS OT BITAXXHOCTU BHELLHEN cpeabl
Figure 2 — Dependence between the relative air humidity inside the cow barn and the air humidity outside

[MpoBeaeHHbIN perpeCcCUoHHbIM aHanu3 BAMsSHMA TeMnepaTtypbl, OTHOCUTENBHOW BNaXKHO-
CTU 1 CKOPOCTW OBWXEHUSA HapY>KHOMO BO34yXa MX BRMSHWE Ha NapaMeTpbl BHYTPEHHEro BoO3ayxa
NO3BOMWI YCTAHOBUTb B3aUMOCBSA3b B BUAe Matematmnyeckon mogenu (1):

T, = 17,0295 + 0,4667 X T, — 0,0804 X W, — 0,6092 x V, — 0,01 X T2 + 0,0006 X W2 — 0,0043 X
T, X W, +0,0309 X T,; X I,

R?=0,426 (1)

Mpu HEeBBLICOKOM KoadpdULMeHTe AeTepmuHaumm (R? = 0,426), koadpULMEHTbI YpaBHe-
HWUS1 perpeccun SBNSATCA 3HaYMMbIMW, NMOSTOMY HanpasBfeHUss BrMAHMA (PakTOpoB Ha 3aBUCU-
MYIO MepeMeHHYI0 MOXHO cyUTaThb npasunbHbIMW. [poBeaém nccnenoBaHe ypaBHeHUs perpec-
cumn 1, NyTéM NOCTPOEHMSA NOBEPXHOCTEN OTKMMKOB N UX CeYEeHUI (PUCYHOK 3).

HMWNN Z/fé/i//f/f/// /
{Q\\\E\“ | 3;//;//;//// /
R\ VPR /A

(@) (6)

PucyHok 3 — CeyeHns NoBepxXHOCTU OTKNMKA: (@) B3aMMOCBA3b TeMnepaTypbl BO3ayxa B NOMeELLEHUM OT
TemnepaTtypbl 1 OTHOCUTENBHOW BNAXXHOCTW YNMYHOTO BO3A4yXa; (0) B3aMMOCBSA3b TemnepaTypbl BO3ayxa
Ha chepMe OT TemnepaTypbl 1 CKOPOCTU ABUKEHMS YIIMYHOIO BO3dyxa
Figure 3 — Response surface cross-sections: (a) dependence of the air temperature in the cow barn on the
temperature and relative humidity of the outside air; (b) dependence of the air temperature in the cow barn
on the outside air temperature and wind speed

M3 pucyHka 3a BUOHO, YTO OCHOBHOE BNMUSIHWE Ha TeMnepaTypy B KOPOBHMKE OKa3biBalOT
TemnepaTypa Hapy>KHOro Bo3gyxa 1 CKopocTb BeTpa 3 M/cC.

BrivsHne TemnepaTtypbl HAPY>KHOMO BO34yXa U CKOPOCTU BETpa Ha TemnepaTtypy B KOPOB-
HUKe NpU BRaXHOCTU HapyxHoro so3ayxa 70% (pucyHok 36). 34ecb OCHOBHOE BRMSIHWE Ha TeM-
nepaTypy B KOPOBHMKe OKa3blBaeT TemnepaTtypa HapyXHOro Bo3gyxa Mnpu CyLeCTBEHHOM BNnNSA-

245



sdokkk H3BECTHS +xxkk

HH>XHEBOAXCKOIO ArPOYHHBEPCHTETCKOI'O KOMIIAEKCA: P 1 (73)’ 2024
HAYKA H BBICIIEE TIPOPECCHOHAABHOE OBPA30BAHHE

HUKM ckopocTh BeTpa. Tak, ecnu npu -12°C u ckopoctn BeTpa 0 M/C TemnepaTtypa B KOPOBHMKE
6ypet +10°C, 10 Npn -12°C pocT cKOpoCTn BeTpa A0 6 M/C BbI3OBET CHMXEHME TemnepaTypbl
BO3yxa B nomeLleHun oo +5°C.

Ha pucyHke 4 nokazaHO B3aUMOBIMSIHUE OTHOCUTESTbHOWN BIAXKHOCTW Hapy>XHOro BO3ayxa
W TemnepaTypbl BO3ayxa B KOPOBHUKE. BriaxkHOCTb Hapy>KHOro Bo3yXa U CKOPOCTb BETpa OKa3bl-
BalOT OCHOBHOE BNUsIHME HA TeMnepaTypy BO3ayxa B KOPOBHUKE, C yBENMYEHMEM CKOPOCTU BET-
pa Temnepartypa BO34yxa B KOPOBHUKE CHWKaeTCHA. POCT BMaXXHOCTN HAPY>KHOro BO3adyxa Bbi3bl-
BaeT pOCT TeMnepaTypbl BO3yXa B KOPOBHUKE.
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PVICyHOK 4 — CeyeHue NOBEPXHOCTU OTKITUKA: 3aBMCUMOCTb TeMnepaTypbl Bo3gyXa B NOMeLWeHUn ot
BMaXXHOCTM N CKOPOCTM ABUXEHWS HAPYXXHOTO BO3ayxa npw ero Temneparype -5°C
Figure 4 — Response surface cross-sections: the influence of the outside air humidity and wind speed on
the temperature inside the cow barn under the outside air temperature -5°C

AHanu3s akcriepumeHmalsibHbix 0aHHbIX 3a anpesb — UOHb NOoKasan, YTO BIMSIHWE Ha
BHYTPEHHIO TemnepaTypy Bo3ayxa Tg,, OKasbiBalOT Temnepartypa Hapy>XHoro sosgyxa T, (npwu
R = 0,864) n otHoCcMTenbHast BNaxHOCTb HapyxHoro Bo3gyxa W, (npu R =0,507). Koadhdpunuym-
eHT Koppensaumm R = 0,108, roBopuT 0 TOM, YTO CKOPOCTb BeTpa Vy HE OKasblBaeT CyLLEeCTBEH-
HOro BANSIHUS.

MpenctasneHa matemaTnyeckas 3aBMCUMOCTb (2) BnuaHns Temnepatypsbl (T,) n OTHOCK-
TENbHOW BNaXHOCTU HapyxHoro Bosayxa (W,) Ha Temnepatypy B nomereHnn (Tgy):

T,y = 11,3542 + 0,3985 X T, — 0,0234 X W, + 0,0067 x T2 + 0,0005 X W2,
R?=0,790 (2)

BrnnsaHue caktopoB Ha 3aBMCKMMYIO NepeMeHHyto coctasnseT 79 %. Bece koapuumeHThl
3Haunmbl. Hanbonbluee BNusHWE okasbiBaeT pakTop — TemnepaTtypa HapyXHOro Bosgyxa. BTo-
poVi MO 3HAYUMOCTM BMMSAHMS PAKTOP — OTHOCUTENBHASA BNAXHOCTb HAPY>KHOTo BO3AyXa.
MpencraBneHa perpeccuoHHas moaens (3) BNUSHUS TemnepaTypbl U OTHOCUTENBLHOW BRaXHOCTH
HapYXHOro BO3gyxa Ha BMaXXHOCTb BO3ayxa B KOPOBHUKE (Wyy).

W, = 41,0426 — 0,1315 x T, + 0,3828 x W, — 0,0028 x T2 + 0,0033 x T, x W,
R?= 0,649 (3)

BrnnsHne daktopoB Ha 3aBMCUMYIO NepeMeHHyl cocTaBnseT 65%. Bce koaduLumeHThbl
3Ha4MMbl. [lucnepcumn BnvsiHUS hakTopoB, TeMMNepaTypbl U BAAXHOCTU HAPYXKHOrO BO34yxa Ha
BMaXXHOCTb BO3yXa B KOPOBHWKE OAMHAKOBLI. BnakHOCTb BO3yxa B KOPOBHUKE B BonbLuen cTe-
NMEeHU 3aBUCUT OT BMAXHOCTW HAPYXXHOIO BO34yXa Npu BO3OENCTBUM Psiia HEYUYTEHHbIX (haKTOpPOB.
Mo ypaBHeHunsM perpeccum 2 n 3 NOCTPOEHbI MOBEPXHOCTMN OTKIUKA M UX CeYEHMS NOKasaHbl Ha
pucyHke 5.
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PucyHok 5 — CeyeHusi NOBEPXHOCTM OTKNMKA: (a) COCTOsIHME TeMnepaTypbl BO34yXa B NOMELLEeHUN OT
TemnepaTypbl U OTHOCUTENBHOW BNAXXHOCTU YIIMYHOIO Bo3ayxa; (6) COCTOsiHME OTHOCUMTENBbHOW BNaXHOCTH
BO3Jyxa B NMOMELLEHUUN OT TemnepaTypbl U OTHOCUTENBHOW BNAXHOCTU YNIMYHOIO BO3ayxa
Figure 5 — Response surface cross-sections: (a) dependence of the air temperature in the cow barn on the
temperature and relative humidity of the outside air; (b) dependence of the air relative humidity in the cow
barn on the outside air temperature and relative humidity

Cratnctmyeckmn aHanma gaHHbIX B 617 Todkax B 3MMHUIA Nepuog, nokasar, Yto Temneparty-
pa BO3gyxa B KOPOBHUKE BapbupoBanack ot +3,3°C no+17,5°C npu cpegHem 3HadeHun +12,57°C,
cpeaHekBaapaTUYHOM OTKNOHeHUn o = 2,34°C.

[aHHble He NOOYMHSIIOTCS MOJSTHOCTBIO 3aKOHY HOPMAIbHOrO pacnpefeneHns, HO UHTe-
rpansHasa Kpueasa npubnumxaeTrca K HeMy (PUCYHOK 6). B ¢BA3M C 9TMM MOXHO AOMYyCTUTb, YTO
TemnepaTypa BO34yxa B KOPOBHUKE B 3MHUI Nepuof ¢ BeposATHocThio 0,683 Byaet B npeaenax
+12,612,34°C, a ¢ BeposiTHocTbio 0,955 B npegenax +12,6+4,68°C.
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PucyHok 6 — M'mctorpamMmma nameHeHus Temnepartypbl BO34yXa BHYTPU NOMELLEHMS B 3MMHUI Nepuog,
Figure 6 — Histogram of air temperature variation in the cow barn in winter

BrnivsiHne TeMnepaTypbl Hapy»KHOrO BO3dyxa Ha TeMepaTypHbIA PEXUM KOPOBHMKA COCTaBIs-
eT Tonbko 23% (p1cyHok 7) n3-3a cnaboro ecTeCTBEHHOro BO3AyX00OMeHa C OKpyXatoLLien cpeon.

B 3umHee Bpems BBMAOY OYEHb OrpaHMYEHHOro BO34yX000MeHa UCcneayemMoro KOpOBHMKA
C BHELLHEN cpefon OTHOCUTENbHAA BMAXXHOCTb BO3AyXa B MOMELLEHMM NMOCTOSIHHO Obina o4eHb
Bbicokon (8o 100 %) u BNMsiHWE BHeELLHeN cpefbl 4OCTOBEPHO BbISBUTbL HE yAanoch.

Anpenb — noHb. CTaTucTnyeckmin aHanua gaHHblx B 633 Toukax nokasar, 4To npu name-
HEeHUM TemnepaTtypbl Bo3ayxa B KOpoBHMKe oT +7,9°C po +28,5°C cpegHee 3HayeHWe paBHO
+18,23 °C, cpegHekBagpaTn4Hoe OTKNOHeHUM 0 = 3,86°C. [JaHHble XOpPOLIO NOAYMHSAOTCS 3aKo-
HYy HOpManbHOro pacrnpegeneHnst (PUCyHok 8). B ¢BA3K ¢ aTMM TemnepaTtypa Bo3ayxa B KOPOBHMU-
Ke B 9TOT nepmog ¢ BeposiTHocTbio 0,683 OyneT B npegenax +18,23+3,86°C, a ¢ BEPOATHOCTbIO
0,955 B npegenax +18,23+7,72°C.
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PucyHok 7 — BninsHue TemnepaTtypbl BHELLHEN Cpeabl HA TeMnepaTypHbIA PEXUM KOPOBHUKA
B 3MMHUWIN NEpUOA
Figure 7 — Dependence between the air temperature inside the cow barn and the outside air temperature
from January to March
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PucyHok 8 — MmcTorpamma nsmeHeHus TemnepaTtypbl BO34yxa B KOPOBHUKE B NEPUOA C anpens rno MioHb
Figure 8 — Histogram of air temperature variation in the cow barn from April to June

Temnepatypa Bo3gyxa B nomeLleHun Ha 75% 3aBucuT OT TeMnepaTypbl BHELWWHeN cpedbl
(pncyHok 9), 3TO 0OBACHAETCS CYLECTBEHHBIM BO3AYX00OMEHOM, KOTOpbI obecneunBaeTcs no-
CTOSIHHO OTKPbITbIMU BbE3OHBIMU BOPOTaMM U OKOHHBIMY NPOEMaMM.
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PucyHok 9 — BninsiHue TemnepaTypbl BHELLHEWN Cpedbl HA TeMrnepaTypHbIA PEXMM KOPOBHMKA B
BeCeHHe-neTHnn nepmnoa
Figure 9 — Dependence between the air temperature inside the cow barn and the outside air temperature
from April to June

Takke CTaTUCTUYECKMIA aHanNM3 AaHHbIX B 633 To4ykax nokasars, YTo npy U3MEHEHUN OT-
HOCUTENbHON BNaXHOCTU Bo3ayxa B kopoBHuke oT 34,0 % go 96,0 % cpegHee 3HayeHne paBHO
67,3 %, cpegHekBagpaTtuyHoe oTKNoHeHUM G = 13,1 %. [JaHHble OTHOCUTENBbHO XOPOLUO Noa4un-
HSOTCS 3aKOHY HOpMarnbHOro pacnpegenenus (pucyHok 10). B cBA3W C 3TMM OTHOCUTENbHas
BIIAXXHOCTb BO34yXa B KOPOBHMKE B 3TOT nepuon c BeposiTHocThbio 0,683 OymeT B npegenax
67,3+13,1 %, a c BeposaATHOCTLO 0,955 — B Nnpepenax 67,3+26,2 %.
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PucyHok 10 — M'mctorpamma nsmMeHeHns OTHOCUMTENBHOW BNAXHOCTW BO34yXa B KOPOBHUKE
B nepuvop c anpens no uioHb
Figure 10 — Histogram of air relative humidity variation in the cow barn from April to June

OTHOCUTENbHAs BAXXHOCTb BO3A4yxa B NOMeELLEeHUN Ha 65% 3aBUCUT OT OTHOCUTESNBHON
BNaXXHOCTM BO3Oyxa BHelHen cpefdbl (PUCYHOK 11), HA YTO BNMSIET 3HAYUTEIbHBLIN BO34YyX0006-
MEH MexXay KOPOBHMKOM W BHELLHEN Cpeaon.
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PucyHok 11 — BrnivsHue OTHOCMTENBHOW BNAXXHOCTU BO3yXa BHELUHEN Cpebl Ha BMaXXHOCTHbIV PEXUM
KOPOBHUWKa B BECEHHE-NETHUI Nepuop,
Figure 11 — Dependence of the relative air humidity inside the cow barn on the relative outside air humidity
from April to June

MccnepoBaHma TeMnepaTypHO-BNAXKHOCTHBIX PEXUMOB KOPOBHMKA M BNUAHME HA HUX Na-
pamMeTpoB BHeLLHEN cpefdbl CBUAETENLCTBYIOT O BbICOKOM MX B3aUMOCBA3WU. [loryyeHHble B pe-
3ynbTate unccrnegoBaHM mMaTemaTudeckne 3aBMCUMOCTM MO3BOMSKT MoAenupoBaTtb Temnepa-
TYPHO-BJT@XHOCTHbIE PEXMMbI B KOPOBHUKE, UCMOMb30BaTh MOAENU B CUCTEMAX ynpaBrieHnd na-
pameTpaMy MUKPOKIMMaTa C Lenbto obecnevyeHns KoMOPTHbIX yCroBuin cogepxaHust KPC.

3akntoyeHmne. Ha dopmmpoBaHme onTuMarbHbIX TeMNepaTypHO-BMNaXXHOCTHbLIX NapameTpoB
MUKPOKIMMAaTa OKa3biBaeT BNUSHME Lenbin psg bakTopos, U B T.4. YCIOBMS BHELUHEW Cpeabl.

CoOBOKYNHbI MOHUTOPUHT NMapamMeTpoB MUKPOKNMMaTa KOPOBHMKA U BHELLHEN cpenpl C siHBa-
ps MO MIOHb MOKa3sar, YTo aMnnNuTyda konebaHun TemnepaTtypbl U BNAXHOCTU B KOPOBHUKE MEHbLLE,
4YeM OKpyXarwLen cpedbl. Tak n3MeHeHne TemnepaTypbl U OTHOCUTENbHOW BNaXHOCTU HAPYXHOMO
Bo3ayxa Ha 25°C n +40% COOTBETCTBEHHO COMPOBOXAAETCHA KornebaHusMyn TemnepaTypbl BO3gyxa B
KOpOBHWKe £7°C Npu 3MEHEHNN OTHOCUTENBHON BNaXHOCTW Bo3ayxa +20%.

PerpeccroHHbIn aHanM3 M3MeHeHUs TeMNnepaTypbl U OTHOCUTENBHOW BIIAXXHOCTU HaPYKHOro
BO3[yxa nokasar, 4YTo UX BNUsHWE Ha TeMnepaTypy Bo3dyxa B KOPOBHMKe cocTaBnsieT 79%, Ha OTHO-
CUTENbHYIO BNaXXHOCTb Bo3ayxa 65%.

CratucTmyeckuii aHanm3 gaHHbIX 3a nepuop ¢ sHBaps Mo MapT Mokasas, YTo TemnepaTtypa Bo3-
Ayxa B KOPOBHWKE B 3UMHUIA nepuog ¢ BeposTHocTeio 0,955 6yaeT Haxogutcsa B npegenax 12,614,68°C
(npn aranasoHe BHelLHen Temnepatypbl oT -22,8°C go +8,8°C) u 3aBUCUT OT TemnepaTypbl Hapy>KHOro
BO34yxa TONbko Ha 23%, YTO CBSA3aHO C OrpaHWMYEHHBIM BO30YXOOOMEHOM MCCIEQyeEMOro KOPOBHMKA C
BHewlHen cpefon. OTHOoCUTENbHAsH BMIAXKHOCTb BO34yXa B MOMELLEHUN NMOCTOSIHHO ObiNa OYeHb BbICOKOW
00 100%, BnusiHWe BHeLUHEN cpefpbl Ha 3TOT NapamMeTp JOCTOBEPHO BbISBUTL HE yAarnoch.

Cratuctmyeckuii aHanva gaHHbIX 3a Nepuog ¢ anpernsd rno MIoHb nokasar, YTo Temnepartypa Bo3-
Ayxa B KOPOBHUWKe C BeposTHOCTbio 0,955 6yaeTt HaxoauTesa B npegenax 18,2317,72°C (npu gnanasoHe
BHELUHeW TemnepaTypsbl OT -6,1°C go +29,2°C) n 3aBucuT OT TeMnepaTypbl HapyXHOro Bo3ayxa Ha 75%.
OTHocHTENbHAas BNaXKHOCTb BO3Jyxa B KOPOBHUKE B 9TOT nepuog ¢ BeposaTHocTbio 0,955 ByaeTt HaxoauT-
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cs B npegenax 67,3126,2% (npu guanasoHe BHELLHEW OTHocUTEeNbHOW BnaxHocty ot 15 go 100%) n 3a-
BMCWT OT OTHOCUTENBHON BNAXXHOCTW HAPYXHOro Bo3ayxa Ha 65%. Bbicokas 3aBMCMMOCTL 9TUX NapameT-
POB MVKPOKIMMaTa KOPOBHUMKA OT OKpyXatoLLlen cpefbl B 9TOT nepuop, 06bsicHseTcst 60MbLIMM BO3AYXO-
06MeHOM, 06YCNOBMEHHBLIM NOCTOSIHHO MOMTHOCTHI0 OTKPbLITLIMM OKHAMM U BOPOTaMMU.

Conclusions. The formation of optimal temperature and humidity parameters of the microcli-
mate is influenced by a number of factors and the conditions of the external environment.

Cumulative monitoring of farm microclimate parameters and the external environment from
January to June showed that the amplitude of fluctuations in temperature and humidity in the barn is
less than the environment. So, when the temperature and relative humidity of the outside air change
by 25°C and + 40%, respectively, it is accompanied by fluctuations in the air temperature in the barn +
7°C with a change in the relative humidity of the air £ 20%.

Regression analysis of changes in temperature and relative humidity of outdoor air showed,
that their influence on the temperature of the air in the cow barn is 79%, relative air humidity 65%.

Statistical analysis of data for the period from January to March showed, what is the tempera-
ture in the cow barn in winter with probability 0,955 will be within 12,6+£4,68°C (with an external tem-
perature range of -22,8°C to +8,8°C) and depends on the outside air temperature only by 23%, what is
connected with the limited air exchange of the studied cowshed with the external environment. The
relative humidity of the air in the room was constantly very high to 100%. The influence of the external
environment on this parameter could not be reliably identified.

Statistical analysis of data for the period from April to June showed, The temperature in the cow-
shed is 0..,955 will be within 18,23+7,72°C (with an external temperature range of -6,1°C to +29,2°C)
and depends on outdoor air temperature by 75%. Relative humidity in the cowshed during this period
with probability 0,955 will be within 67,3£26,2% (with an external relative humidity range of 15 to
100%) and depends on the relative humidity of the external air by 65%. The high dependence of these
parameters of the microclimate of the barn on the environment during this period is due to the large air
exchange caused by air pollution with permanently open windows and doors.
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The work was carried out on the topic of State assignment FGUN-2022-0010 “Develop environmentally
friendly technologies, machine complexes and control equipment agricultural ecosystems in intensive
and organic production agricultural products”

Summary
The article presents the results of a study of comparative energy and environmental assessment of soil-
cultivating machines. The results showed that the developed combined tillage machine KPM-2.7 in combi-
nation with a tractor of class 1.4 is superior in productivity, fuel consumption, energy intensity of the tillage
process and emissions of toxic components to its mass-produced analogue — the KN-2.8 cultivator and can
be recommended for use in the production of crop products on intensive technologies.
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