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JOCIIIKEHHA EHEPTOE®EKTUBHOCTI CUCTEM
MIKPOKJ/IIMATY TBAPUHHULBbKUX ITPUMIIIEHD 3
BUKOPUCTAHHAM KOMII'IOTEPHUX TEXHOJIOT'TH

Anomayis.  Po3rnsHyTi  NHTAaHHS  BJOCKOHAJCHHS  MCTOJHMKHU
KOMIT IOTEPU30BaHOTO aHaJi3y TEIUIOBOro OajlaHCy TBapWHHHIIBKOTO
NPUMIIIEHHS i Yac €HEePreTMYHOro ayauTy. 3poOJieHO BUCHOBOK, IO
HEOOXITHICTh BpaxyBaHHS 300TEXHIYHUX BHUMOT JO MIKPOKIIMATy
TBAPUHHUIIBKUX TPUMIIMIEHh Ta (Pi310J0TIUHMX OCOOJUBOCTEH TBapUH
BUMaraloTb ~ po3poOKM  TEBHHUX  aJTOPUTMIB  pPO3pPaxyHKIB IS
KOMIT IOTEPU30BAaHOTO  aHaji3y EHEeproe(peKTUBHOCTI Ta KEpyBaHHS
CHUCTEMOIO MIKpPOKJIIMaTy, IO T[OKa3aHO Ha TMPUKIATaX OTPUMAHHS
aHAJTITUYHUX BHUpPA3iB IS BH3HAUCHHS BTPAT TEIJIOBOI €HEprii uepes
OTOPOJDKEHHSI TPUMINIEHHS, 3 BEHTWIAIIWHUM TMOBITPAM MPUPOITHOT
BeHTWIALI, Ta PO3po0JeHOi OJIOK-CXeMH alFTOPUTMY PO3PaXyHKY
HAJXOJDKEHHS TeIuioBoi eHeprii Bim TBapuH. OTpuMaHi aHAIITHYHI
3QJIEKHOCTI  Ta po3poOsieHa OJIOK-cXeMa  alfTOPUTMY  PO3PaxXyHKY
HAJXO)KCHHSI TETJIOBOT €HEepTii Bil TBApUH MOXKYTh OYyTH KOPHCHUMH MPHU
3aCTOCYBaHHI KOMIT IOTEPHHUX TEXHOJIOTIHN MMiJ] 4aC €HEPreTUYHOTO ayJIUTy
CUCTEM MIKPOKIIMATY TBApUHHHIIPKUX MPUMIIIEHb Ta JJiA €()EeKTHBHOTO
KEepyBaHHS IPWIAIaMU OTIAJICHHS.

Knouosi  cnoea:  eHepreTMUHUW — aynuT, TEIUIOBHM  Oanasc,
TBAPUHHUIbKE TPUMIIICHHS.

Ilocmanoska npoonemu. Enepretnyna npobiema ayxe akTyalbHa TS
BCIX JIepKaB CBITYy, 0COOJIMBO TOCTpa € B YKpaiHi, sika auinre Ha 35-40 % moxe
3aJIOBOJIBHUTH CBO1 MOTPeOW CBOIMH EHEPreTUYHUMHU pecypcamu. Tomy
MUTAaHHS €HEPro30epe’KeHHs 1 eHEProePEeKTUBHOCTI € JOCUTh aKTYaJbHOIO
npoOsiemoro [1-3]. OmHmM 3 NUISXIB BHPINICHHS Ii€l mpoOnemMu €
BUKOPHUCTAHHS aJIbTEPHATUBHUX JIKEPEJT €HEPri, K1 IEPETBOPIOIOTH EHEPTit0

© I. M. Tpynoga, O. O. Mipomrauk, C. B. I'anbpko
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BITpa, COHIIS Ta IHITMX HETPAUIIIHHUX JuKepen eHepril [4-6].

B TBapuHHULTBI OJHA 3 HANOUIBII EHEPrOEMHHUX CKJIAJOBUX
BUPOOHHUYOTO Mpolecy L€ NIATPUMAHHS HEOOXIAHHUX 3TIIHO 3
300T€XHIYHUMU BUMOTAMH Jep>KaBHUX HopM, Hanpukian, JBbH B.2.2-1,
I0JI0 MapaMeTpiB MIKPOKJIIMATY TMPUMILIEHb A YTPUMaHHS TBAapHH.
AJTOPUTM PO3PaxXyHKY TEIUIOCHEPTeTUYHOIo OaJlaHCy TAaKUX MPUMILIECHb
Mae BpaxoByBaTu 0araTo CKJIaJOBUX, B TOMY 4ucili 1 (pi3ionorito TBapuH. Bin
JOCUTb  TPYAOMICTKMH, TOMY ICHY€ HEOOXIJHICTb BHUKOPUCTAHHS
KOMIT'IOTEPHUX  TEXHOJIOTIH, 30KpeMa, s JIOCHIDKECHHS  BIUIUBY
pO3po0JICHUX PEKOMEHJIAIll 100 TMIABUINCHHS €HEepProe(eKTUBHOCTI
CUCTEM MIKpPOKJIIMATYy.

Dopmynosanns memu cmammi. MeTow poOOTH € NIABUIICHHS
€HEProeeKTUBHOCTI CUCTEM MIKPOKIIMATy TBapUHHHUIIBKUX MPUMIIICHb
IIJTSIXOM BJIOCKOHAJICHHS METOJIMKH KOMIT' FOTEPU30BAHOTO aHAITI3Y TETIOBOTO
OaylaHCy TBAPMHHUIIBKOTO MTPUMIIIICHHS ITi/T YaC EHEPTeTHYHOT'O Ay TUTY.

Ananiz ocmamnnix Oocniodcens. 3rimHo 3 IlpaBumamMm TEeXHIYHOL
eKCIUTyaTallii  eJIeKTPOYCTAHOBOK  CHOXHUBauiB [/] Ha  KOXHOMY
HiATPUEMCTBI HEOOX1THO 3a0e3neynTH e(PEeKTUBHI PEKUMHU BUKOPUCTAHHS
eJIeKTpUYHO1 eHeprii. Tumosa meToguka «3arajabHi BUMOTH A0 OpraHizaiii
Ta MPOBEACHHS CHEPreTUUHOro aynuty» [8] mepembauae, mo ogHUM i3
3aB/laHb E€HEeProayJuTopa € aHaji3 CIOXUBAaHHS MMaJTUBHO-CHEPTreTUYHHUX
pECypCiB B E€HEPrOEMHUX CHUCTEMaX, TEXHOJIOTYHMX YCTaHOBKax,
TEXHOJIOT1YHUX  Tpolecax Ta  migpo3ainax. Ile  crtocyerbes 1
eNeKTpU(IKOBAHUX CHCTEM MIKPOKJIIMATY MPUMIIICHb, HA IO CIPSIMOBaHI
BUMOTH 0araThb0OX YWHHUX HAa MOMEHT JOCHIPKEHHS HOPMAaTHBHHUX
JOKYMEHTIB 3 eHepro3oepexenns [9-13].

OcHOBOIO aHai3y eHeproeeKTUBHOCTI CHCTEMHU MIKPOKJIIMATY Oyab
SIKOTO TPUMIIIICHHS € aHalli3 TEIIOBOro OajaHCy Ha OCHOBI HOPMATHBHHX
3Ha4YeHb MIKpoKiIiMary mpumimienb [14-21], omgHak, SK BigMi4aeThCs B
[15,22], nns TBapUMHHHIBKHX MPUMINICHh BIiH Ma€ OCOOJIMBOCTI, IO
CTOCYIOTBCS 300TEXHIYHMX BUMOT YTPUMaHHS TBapWH Ta BUAUICHHIM
TBapUHAMHU BOJIOTH, TEIUIOTH, BYTJIEKHUCIOTO rasy, 10 TaKOX € 3MIHHHUMU
BeJIMUYMHAMU, Hanpukiax B [23] HaBOMATHCS pE3yNbTATH JIOCITIDKCHHS
3aJIeKHOCT1 BUIUICHHS 3arajbHO1 TEIJIOTH KOPOBOKO MOJIOYHOTO HAMPSIMKY
Baroro 300 Kr Bij TemmepaTypu HaBKOJHUIIHHOTO CEpenoBuIa. Takox B
[23,24] orpumani dopmynm, sKi JTO3BOJSIIOTH BpaxyBaTu (i3iosoriuHi
MOKA3HUKW TBAPWH B PO3pPaxyHKaxX TEIUIOBOTO OajaHCy TBAPWHHUIIBKOTO
MPUMIIICHHS MPU BHUXIJHUX JaHUX, 0 BiAPI3HAIOTHCS BiJg TaOIWIHUX
JaHuX HopMatuBiB 1 B [23] 3ampomoHoBaHa OJOK-cXemMa BHOOPY
HEOOX1THOTO 3HAYEHHS BUJIUICHHS BOJIOTH OJHIEI0 TBAPUHOIO 3 TAOIUYHUX
JaHMX, aJie HE PO3TIISAAI0THCS 1HIIN CKJIaJI0BI TETUIOBOTO OallaHCy.

B [25] nmpuBenena y3araJibHeHUM BHUpa3 BTpaT TEIUIOBOI €HEPrii Kpi3b
OTOPOJIPKEHHSI IPUMIILIEHHSI 3aJIEKHO Bl TeMIIEpaTyp 30BHILIHBOTO Ta
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BHYTPIIIHBOT'O TOBITPs,, a B [26] mpuBeneHUN (parMeHT KOMIT IOTEPHOT
nporpamMu IS JTOCHIIPKEHHS TEIUIOBOTO OallaHCy TBapUHHHIIBKOTO
MPUMIILIEHHSI, aJie He OIy0JIIKOBaH1 HOTr0 KOHKPETH1 pe3yJIbTaTH.

B [27] #imerbcs mpo peryntoBaHHS MIKPOKIIMATOM 32 JIOTIOMOTORO
aBTOMAaTUYHOTO KePyBaHHs KIIMAaTHYHOIO TEXHIKOIO, ajie He BPaXxOBYIOTHCS
0COOJIMBOCTI TEXHOJIOTTYHOIO TMPOLIECY MIKPOKIIMATy TBapUHHUIBKUX
NpUMIIIEHb, SK 1 B aHali3l OCOOJMBOCTEH MPOEKTYBAHHS Ta IMOIIYKY
npobsieM 13 3a0e3nedyeHHs M MIKpokiiMaTy npumiiieHb B [28]. Ilutanus
KOMIT' FOTEPHOTO MaTEMaTHYHOTO MOJICTIOBAHHS MPOIIECIB B MTAIIHUKAX Ta
iX eKCIepHMEHTAIbHUX JOCIKEHb MpHCBSYeHi podotu [29-31], mio €
CXO0’KMM HampsSMKOM 3 IIUM JAOCTiPKEHHM, ajie 0a3yeThbCsl Ha OCOOIMBOCTIX
yTPUMaHHS CBIMCHKOI MITHUILIL.

OcHosHa yacmuua. 3arajibHa MaTeMaTU4Ha MOJEINb
TETUIOCHEPT€TUYHOTO OalaHCy TBAPUHHUIIBKOTO MPUMIIICHHS Ma€ BUTIIS

QQor + QQs = QQon + QQum, (1)

ne QQor Q0s QQom QQmnm — BINNOBIAHO BUTPATH TEIJIOBOI eHEprii depes
OTOPOKCHHSI Ta 3 BEHTHIALIIMHUM TOBITPSAM (BUTpaTHA YacTHHA
TEIIOBOTO OaJIaHCy) Ta HAIXOKCHHS TEIJIOBOT HEPTii BiJl CHCTEMH
OIMaJICHHs Ta TBapHWH (MPUOYTKOBa YaCTHHA TEIIOCHEPTCTHYHOTO
OamaHcy).

Butparn TeroBoi eHeprii uepe3 oropoKeHHS NMPHUMIIIEHHS (CTiHH,
BiKHa, BOPOTA TOII0) BU3HAYAIOTHCS 32 BUPA30OM

Wor = Zrl!?=1 ;- kk; - Att, (2)

ne FF; , kk; , Att — BiAmOBiAHO ILIONIA 1-TOTO OTOPOPKEHHS, KOe]iIieHT
TEIUIONEpeadl  Ta PI3HUI TEMIepaTyp 30BHINMIHBOTO Ta
BHYTPIIIHBOTO MOBITPSI.

JIoCHiIDKeHHST  TIOKa3ajdd, W0 TMPH TEBHUX KOHCTPYKTHBHHX
OCOOJIMBOCTAX MPHUMIMICHHS 3aJ€XKHICTh BTpPAT TEIJIOBOI €Heprii depes
OTOPOJDKCHHS BiJl TEMIIEpaTypH 30BHIIIHBOTO (tf;) Ta BHYTPINIHBOTO ({t;)
MOBITPSL TIPU JIeSKI HOPMOBAHOI ONTHUMANBbHIA TeMIlepaTypi yTpUMaHHS
TBapHH (ttorr) MOXKHA MIPEIICTABUTH Y BUTIISI

Qor = —A-tt; + BB~ ttB/ttonm (3)

ne A, B — xoedillieHTH, 5Kl 3aJIe’KaTh BiJl KOHCTPYKTUBHUX OCOOJIUBOCTEH
MIPUMILLIECHHS.
s Ha pucyHky 1 mokazani rpadiuHi 3aJIeKHOCT1 Bil TEMIEpaTypu
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30BHILIHBOT'O OBITPS BTPAT TEIJIOBOI €HEPTi Uepe3 OrOpOHKEHHS IPUMILLIEHHS
1Sl yrpuMaHHsa MojoaHsky BPX BikoM Big 6 o 18 micsiiB Ta BIAMOBIIHI
aQHAJITUYHI 3aJIeKHOCTI, 10 OTpUMaHi1 3a pe3yibTaTaMHU PO3PaxyHKIB 3a
JIOIIOMOT'0F0 eNleKTpoHHKX Taduib Microsoft Excel.
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a) mpu tt, = 10°C; 6) mpwm tt, = 12°C; ¢) mpu tt; = 15°C

Pucynok 1. 3anexHicTh BTpaT TEIJIOBOi €HEPTii Yepe3 OropoKeHHs
TBAPUHHUIBKOTO MPUMIIIEHHS B1J] TEMIIEPATypH 30BHIIIHBOTO HOBITPS

[1ig yac eHepreTHYHOro ayAUTY aHaJi3 i€l CKJIaI0BOI TEIIOBOTO OajlaHCy
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7A€ MOKJIMBICTh BUSIBUTU TOTEHLIA] €HEPro30epeXeHHs] NPH MOMKIUBUX
KOHCTPYKTHUBHHUX 3MiHaX (TOOTO BIUTMBAaOYX Ha KoediieHTH A 1 B).

Hanpuknaa, B TBapUHHUIIBKOMY TPUMIIIEHHI Uil YTpUMaHHS
monoausiky BPX Bikom Big 6 10 18 Mics1iB, 0 PO3IIIAIA€THCS, YTEIIICHHS
TOPUIIHOTO NEPEKPUTTS] MaTaMH 31 IJIAKOBATH Ma€ MOTEHI1a] 3MEHIIECHHS
BTpaT TerioBoi eHeprii Ha 6,4 %. Ilpu 1pomy, 3a1€XHICTh BTpAT TEIJIOBOT
€HEeprii uepe3 OropoJKEHHS JaHOro MPUMILNIEHHS B TeMIEpaTypu
30BHILIHBOTO MOBITPS MaTUME BUIJISIA SIK HA PUCYHKY 2. Ik 6aunMo, 3MiHa
KOHCTPYKTHUBHUX [apaMeTpiB MNpUMIMIEHHS (TOBIIMHM TOPUILIHOTO
HNEPEKPUTTS Ta KOTO TETUIONPOBIIHOCTI) BIUIMHYJIM Ha 3MIHY KOE(IIIEHTIB
A 1By Bupasi (3).
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Pucynok 2. 3ajiexxHICTh BTpAT TEIJIOBOI €HEPrii yepe3 OropoKeHHs
TBAapUHHMIILKOTO TPUMIIICHHS B TeMIepaTypH 30BHIIIHBOTO IOBITPS
Micsl KOHCTPYKTUBHUX 3MiH (YTEIUIEHHS TOPHUIIHOTO TEPEKPUTTS) MpH tt, =
100C.

AHani3yo4u BiIOMU BUpPA3 100 BUSHAUEHHS BTPAT TEIUIOBOI €HEeprii
3 BeHTWIALIHHUM TOBITPIM (QQ) MOXHA 3pOOUTH BUCHOBOK, IIIO BTPATH
TEIUIa 3 TMPUPOJHOI0  BEHTWIALIEID TPUKIALY  TBAPUHHHUIIBKOTO
MPUMIIICHHS, MO0 PO3IJISAAaBCs, TaKOXK 3ajekaTh BiJl KOHCTPYKTUBHHX
napameTpiB (3arajabHOT IUIONII IEpepi3y Ta BUCOTH BEHTWISALIMHUX IaXT) Ta
BiJl TEMIIEpaTyp 30BHINTHBOTO MOBITPS Ta BCEPEIUHI TPUMIIIICHHS.

HexTyroun He3HaYHOI 3MIHOIO TEIUIOMICTKOCTI TOBITpS, IS
MPUKIaAy TBAPUHHUIIBKOTO TPHUMIIMICHHS, TEIUIOBUNA OajaHC SKOTO
po3risigaBcs, Oyina oTpuMaHa rpadiyHa Ta aHAJTITHYHA 3aJIEKHICTh BTPAT
TEIJIOBO1 €HEPTil 3 BEHTUIISIIIITHUM TIOBITPSIM, 1110 TIPUBEICHI HA PUCYHKY 3.
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Pucynok 3. 3anexHicTh BTpaT TEIJIOBOI €HEprii 3 BEHTHIAIIHHUM
MOBITPSIM MPUPOAHOT BEHTWISIII TBAPUHHUIIBKOTO TPUMIIICHHS Bij
TEMIIEpaTypH 30BHIIIHBOTO MOBITPs npu tty = 10°C

VY3aranpHeHUI aHATITUYHUN BUpa3 JIJIsl OMUCY BTPAT TEIUIOBOT €HEepTil
3 BEHTWIALIIMHUM TOBITPSIM MaTUME TaKUW BUTJISI

QQB = —kkl - tt32 - kkz ) tt3 + kk3, (4)
ne  kkq,kko, kk3 - KoedimienTH, 1O XapaKTepU3yKOTh KOHCTPYKTHUBHI
0COO0JIMBOCTI IPUPOJTHOT BEHTWJIALIT TBapUHHUIIBKOTO

OpUMIIIEHHS  (3arajbHy  IUIONIY  TIepepidy Ta  BHCOTY
BEHTHISAIIMHUX IAXT).

OTpuMaBIIM BKa3aHI aHAJNITHYHI 3aJCKHOCTI, IO 3ajie’KaTh Bij
KOHCTPYKTHBHUX TMapaMeTpiB MPUMIIIECHHS, TEIUIOBUNA OallaHC SKOTO
aHANI3ye€ThCs, MOKHA BHKOPHUCTOBYBAaTM iX HE JIHMIIE T dYac
KOMIT FOTEPU30BAHOTO  aHANi3y CHUCTEM  MIKpPOKJIIMaTy Mg d4ac
E€HEPreTUYHOr0 ayAWuTy, ajie 1 B KOMIT IOTEPHUX MporpamMax KepyBaHHS
CUCTEMaMH MIKPOKJIIMATY.

Takox HEOOXITHHMM 1T KOMIT FOTEPHOTO KEpPyBaHHS CHCTEMOIO
MIKPOKJIIMATy TBApUHHHUIILKOTO IMPUMIIICHHS aHaJli3 I OJHIET CKIIaI0BO1
TEMJIOBOTO OaTaHCy — HAMXOMKEeHHS Teruia Bif TBapHH (Q Q). 3 i€ METOO
Oymna po3po0ieHa OJ0K-cXeMa aaTOpUTMY PO3PAXyHKY KITbKOCTI BUIALICHHS
TeruioBoi eHeprii BPX 3 BpaxyBaHHSM BHIy, MpOayKTHBHOCTI, Baru (G)
TBapuH. DparmMeHT 1i€i OJIOK-CXeMH TMPUBEJACHUN HaA PUCYHKY 4, 3
BpaxyBaHHSIM eMIIpUYHUX BUpa3iB 3a [4], me Q - KUIBKICTh BHJIUICHHS
TEIIOBO1 €HEePTii 0Hi€I0 TBapuHOIO, BT; G1, Gy, ... Gi — cepeiHs Bara TBapuH
y pO3paxyHKOBUH nepiof, Kr; N - KUIbKICTh TBApHUH.
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Pucynok 4. Biiok-cxeMa anroputMmy po3paxyHKY KUTBKOCTI BHIUJICHHS
TerIoBoi eHeprii BPX

Bucrhoexu. Pe3ynbTaT JOCHIIKEHHS €HEProe()eKTUBHOCTI CHCTEM
MIKpOKJIIMATy  TBAapUHHHIIBKMX  MPUMIIMIEHh 3  BHUKOPHCTAHHSIM
KOMIT FOTEPHUX TEXHOJIOTIM IIOKa3ajad, IIMo po3podjeHa OJIoK-cxeMa
AITOPUTMY PO3PaxXyHKY KITBKOCTI BUIUIEHHsS TeruioBoi eHeprii BPX Ta
OTpUMaHI aHATITHYHI BUPa3H JJI1 BU3HAUYCHHSI BTPAT TEIJIOBOI eHEPTii yepe3
OTOPOKCHHSI TPUMIIIEHHS Ta 3 BEHTWISALIAHAM TOBITPSM TMPUPOTHOT
BEHTWJIAII], MOXYTh OyTH KOPHCHHMH IIiJ] YaC €HEPreTUYHOTO ayIuTy Ta
JUISE CTBOPEHHSI MPOTPaMHOTO 3a0e3MeUYeHHs Il KepyBaHHS CHUCTEMaMU
MIKPOKJIIMATy TBAPUHHHUIIBKUX TPHUMIIICHb.
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Summary

The issues of improving the method of computerized analysis of the heat balance
of the livestock building during the energy audit are considered. It has been determined
that it is necessary to take into account zootechnical requirements for the microclimate of
livestock buildings (temperature, lighting, etc.). It is also necessary to take into account
the physiological characteristics of animals, which depend on the parameters of the
microclimate, first of all, the dependence of animal productivity on microclimate
conditions. Therefore, it is required to develop certain calculation algorithms for
computerized analysis of energy efficiency and control of the microclimate system of
livestock buildings. Examples are used to obtain analytical expressions for determining
the loss of thermal energy through the enclosure of a room and the loss of thermal energy
with natural ventilation air. During an energy audit, the analysis of these components of
the heat balance allows you to identify the potential for energy savings with possible
structural changes to the premises. An example of a livestock building for keeping young
cattle aged from 6 to 18 months is given, where the insulation of the attic floor with slag
mats made it possible to obtain a certain reduction in heat energy losses. A block diagram
of the algorithm for calculating the supply of thermal energy from animals has been
developed. The obtained analytical dependences of thermal energy losses on the
temperature outside and inside the premises, and the developed block diagram of the
algorithm for calculating the thermal energy supply from animals can be useful when
using computer technologies during an energy audit of the microclimate systems of
livestock buildings and effective control of heating devices.

Key words: energy audit, heat balance, livestock building.
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