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AHOTAIISA

I'ypees M. B. Po3zocepemxeHi eHepreTH4Hi OajlaHcH y OaraTOKBapTHPHHX
KUTIOBHUX OymiBisix. — KBamidikariiina HayKkoBa Tparisi Ha MpaBax PyKOIHCY.

Hucepraniss Ha 3100yTTS HAyKOBOTO CTyIeHsS JokTopa ¢igocodii 3a
cunemianpHicTiIo 144 Temnoenepretuka — HamioHanbHUl TEXHIYHUN YHIBEPCUTET
Yxpainu «KuiBcbkuil nmonitexHiuHuid iHCTUTYT iMeH1 Irops Cikopcekoro» MiHicTepcTBa
OCBITHU 1 Hayku Ykpainu, Kuis, 2025.

Y poboTi MOpymIeHO akTyanbHy MpoOjeMy MiABUINCHHS €HEproeheKTHBHOCTI
BUKOPHUCTAHHS TEIUIOBOI €HEPrii B )KUTIOBOMY (OH[1 YKpaiHH LUISIXOM YJOCKOHAJICHHS
MIIXOJIB /IO OIIHIOBAaHHA CHEPreTUYHUX XapaKTepUCTUK OyJiBelib Ha OCHOBI
TEIJIOMAaCOOOMIHHUX TIPOLECIB y 30HaxX OaraTokBapTUpHUX OyxiBenb. B ymoBax
3pOCTaHHsl BapTOCTI €HEPropecypciB, HECTAOLIBHOIO TEIJIONOCTAYaHHS, PYWHYBaHHS
TE€HEPYBAJIbHUX MOTY>KHOCTEH Ta MOTpeOM y 3MEHIIECHHI BUKHJIB NAapHUKOBUX Ta3iB,
0CcOo0MMBOT 3HAUYMIOCTI HAOyBa€ MHUTAHHS TOYHOTO BHU3HAYEHHS TUHAMIKHA TEIUIOBHX
BTpaT 1 HagXOKEHb Temia. ICHyrodl METOJMKH 4YacTo 0a3yroThCsl Ha CHPOILEHUX
CTalllOHAPHUX PO3paxyHKax, 10 HE BiI0OpakaloTh MOBHOIO MIPOI0 3MIHHUX PEKUMIB
eKCIUTyaTaIlii, TerUIOIHEPIIHHOCTI KOHCTPYKI[H Ta 30BHINIHIX KIIMAaTHYHUX KOJIMBAHb.
[e 3HMKy€e ePEKTUBHICTH IJIAHYBAaHHS 3aXO/IB 3 €HEPro30epekeHHs. Y 3B SI3Ky 3 UM
BAXKJIMBOIO € pO3po0Ka MiAXO/IB, 3aCHOBAaHMX Ha JUHAMIYHOMY MOJIEIIOBaHHI
E€HEPreTUYHUX MPOIIECIB y OyAIBISAX.

VY BeTymi AucepTaii niJKpeCcIeHO aKTyallbHICTh 00paHOi TEMH, /1€ apIryMEHTOBAHO
BaXJIMBICTh 3aCTOCYBAaHHS IMHAMIYHOTO €HEPIreTUHYHOTO MOJIETIFOBAHHS 1JIs1 TOCTOBIPHOT
OIIIHKM TETUIOBUX TMPOIECIB y 0araToOKBapTUPHUX IKUTJIOBHX OYIIBISX B yMOBax
JUHAMIYHOI 3MIHM KJIIMAaTHYHUX 1 eKcIuryatauiiHux ymoB. CopMylbOBaHO MeETY,
HAyKOB1 3aBJaHHs, O0'€KT, MpeAMET Ta METOAMU JOCHIIKEHHS, BU3HAYEHO HAYKOBY
HOBU3HY Ta MPaKTUYHE 3HAYEHHS OTPUMaHUX pe3ysbTaTiB. [logaHo iHpopmaIio momao
ampoOartii JTOCTIKEHHsI, MyOIiKaliii Ta akTiB BOPOBAIKEHHS PE3yJIbTaTIiB, a TaKOX

PO3KPHUTO OCOOMCTHII BHECOK aBTOPA.
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VY nepmioMy po3aisii OOIPYHTOBAHO aKTYaJbHICTh KOMIUIEKCHOTO IIJIXOAY J10
MIJBUIIICHHST €HEProe(EKTUBHOCTI KUTIOBOTO (POHAY, IO 3yMOBJIEHO €KOHOMIYHUMHU,
CKOJIOTIYHUMH Ta COLaJbHUMH BHMOTaMH CTaJor0 pO3BUTKY. BHCBITIEHO
dbyHnaMeHTaIbHI (Pi3uuHl Tporiecu (OPMYBaHHS EHEPreTMYHoro OamaHcy OyiBii,
30KpeMa Terulonepeaady 4depe3 OTOPOKYBaIbHI KOHCTPYKIIii, TTOBITPOOOMIH, BIUIHUB
cuctem OBK Ta moBeniHKOBI YMHHHMKH MeNIKaHIIB. [IpoBeneHO KpUTHYHHIA aHami3
YUHHOI HOPMATHBHOI 0a3u YKpaiHu 1 mopiBHAHO ii 3 miaxoaamu €C. BeraHoBieHo, 110
YKpalHChbKI METOJMKH TEPEBAXXHO CIMPAIOTHCS Ha CTAI[lOHApHI pO3paxyHKH, TOJI SIK
€BPOIEHUCHhKI 1 aMEPUKAHCBhKI CTaHJApPTH BCE IIMPIIE 3aCTOCOBYIOTH JUHAMIYHE
MOJIEJIIOBAHHS Ta OPIEHTYIOThCS HA (PAKTHYHE, a HE JIUILIE MPOEKTHE EHEPrOCIIOKUBAHHS.

JliTepaTypHuil OTJsi/1 OXOIUTIOE CyYacH1 JOCTIKEHHS 3 TapaMeTPUYHOTO aHaI3y
COHAYHUX TEIJIOHAIXO)KEHb, MACHBHOCTI OTOpOJKE€Hb. BUBIEHO mporaiuHu Yy
BITUM3HSHIA HAyKOBIl 0a3l IMIOJ0 AMHAMIYHUX XapaKTEPUCTUK OaraTOKBapTHPHUX
OyJiBeb, 30KpeMa B yYMOBaxX HECTAOUIbHUX PEXHUMIB OMAJICHHS, a TaKOX B3aeMOJii
KOH/IMIIIOHOBaHUX 30H IIPU HEOJHOPIAHUX TEMI0(PI3NYHUX XapakTepuctukax. Ha ocHoBi
MPOBEJCHOIO aHali3y OOIPYHTOBAHO JIOUUIBHICTh 3aCTOCYBAaHHS JMHAMIYHOIO
MOJICJIIOBaHHSl 3 IMOTOAMHHUM pPO3PaxyHKOM, IO 3a0e3nedye MiJABUILEHHS TOYHOCTI
OLIIHKM €HEePrOoCHOKMBAHHS 1 J03BOJIIE MOJETIOBATH pealibHI CLEHapli eKCIUTyaTalii
XKUTIOBUX Oy/iBesib. OTprMaH1 BUCHOBKH CTalu MIATPYHTAM AJis1 (hOpMyBaHHS MIAXOAY,
BUKOPHUCTAHOTO B MOJANbBIINX €Tanax JOCIIKEHHS.

Y apyromy posaiini chopmMoBaHO 1 Bepu(PIKOBAaHO MYJIBbTHU30HAIBHY AMHAMIUHY
Mozenb 12-nmoBepxoBoro xutiioBoro oyaunky OCBb «Hamr gim Ha Nanana» (KuiB) sik
0a3oBy muaThopMy IS MOJATBIIOTO MapamMeTpudHoro a”amizy. OO0’ e€KT IOCHiHKeHHS
OMKMCAHO HAa OCHOBI ayAUTOPCHKHX JaHUX, IJIaHIB Ta (AKTUYHMX TOKA3HUKIB
TEIJIONIOCTAYaHHs, 10 TapaHTyE€ PENpe3eHTATUBHICTh 1 MOMJIMBICTH EKCTPAIOJISIIT
pe3ynbpTaTiB. MeTonuka MOJETIOBaHHS MO€AHYEe ouudpyBaHHS TeoMeTpli B
DesignBuilder 13 nogansmmm po3paxyHkoM y EnergyPlus; mpaBuibHICTE Moaedni
MIATBEP/PKCHO TIOPIBHSIHHSAM BHXITHUX JIaHUX 13 PEAIBHHUMH BUTpAaTaMH TeILIa.
Bukopucrano norogunHi kiimatuuHl gaHl IWEC, a TemionpoBiHICTE OTOpOJIKEHb

3MO/JIEThOBAaHO METOJOM KOHAYKTHBHOI mepenaBanbHoi QyHKIi (Conduction Transfer
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Function), mo 3a0e3nedye BpaxyBaHHS IHEpPUIMHOCTI Ta (pa3oBUX 3CYBIB
TEIJIOHAIXOJI)KEHb.

ba3oBa Mozenp BKJIIOYAae TUMOBHM CKJIAJ OTOPOIKYBAIbHUX KOHCTPYKIIN (Ommip
TeruIonepeaayi ), KpaTHICTh MoBiTpooOMiny 0,6 ro ! Ta BHyTpimHIO Temiepatypy 20 °C.
3amano mapaMeTpuyHy CITKY CIIeHapiiB, IO Bapitoe opieHTaIlio (acamiB, MACHBHICTD 1
piBEHb yTEIUICHHS CTiH, XapaKTEPUCTUKHU BIKOH, TOBIIMHY BHYTPIIIHIX MEPETOPOJIOK 1
PEXUMU JICHHOTO/HIYHOTO 3HWKEHHS TeMIIEpaTypH onajieHHs. Taka cucreMarusariis 1ae
3MOTY BUKOHATH YyTJIMBICHUHM aHaJ13 1 KUTbKICHO OIIIHUTH BIUIMB KOXKHOTO YMHHUKA HA
TEIJIOB1 BTPATH Ta MIKOBI HABAHTAXKEHHS.

Po3nin 3aknanae KOHUENTyaldbHy W 1IHCTPYMEHTAJIbHY OCHOBY JUISl AOCHIIXKEHHS
JUHAMIYHUX TEIUJIOBUX OallaHCIB Ta OOIPYHTYBaHHS €HEProe()eKTUBHUX PILIEHb IS
OaratokBapTUpHUX OyiBEJb B YMOBAX KiiMary YKpaiHu.

VY TperhoMy poO3IUIl JucepTallii KIUIbKICHO OI[IHEHO BIUIMB TEIIO(I3UYHUX
BJIACTUBOCTEMN OTOPOIKYBAIbHUX KOHCTPYKIIIM (MAaCUBHOCTI 1 ONOPY TEIUIONEpeaayl) Ha
EHEProCIOKUBAHHS 0araTOKBapTUPHO1 KUTIOBOI Oy iBii. JlociKeHHs IPyHTY€EThCS Ha
MOPIBHSHHI Pe3yJIbTaTIB CTallOHApHUX po3paxyHkiB 3a EN 12831 13 nmoroauHHUM
OUHaMIYHUM MojemoBaHHAM B EnergyPlus, mo BpaxoBye 1000BI KOJIHMBaHHS
TEeMIlepaTypy, IHQUIbTPALIIO, COHSIYHI TEIUIOHAAXO/UKEHHS M TEeII0aKyMyJIALio
MaTepianis.

PesynbraTty mokazanu, 10 AMHAMIYHMA TIAX1A JEMOHCTpye Ha 6-8%  HUXKIY
PO3paxyHKOBY PiUHY MOTPeOy B OMAJICHHI MOPIBHAHO 31 CTAI[IOHAPHOIO METOJIUKOIO Ta
3arofirae «meperonam» y nepexiani nepioau. [lapamerpuununii aHami3 miaTBepauB, 110
30UTBIIIEHHS! MACUBHOCTI 30BHIIIHIX HETNIIHUX CTiH 13 0,25 M 10 0,77 M cKOpouy€e BUTpaTH
eHeprii Ha onayieHHs A0 37%, a KOMIUIEKCHA TepMOMO/IepHi3allis (11ap MiHEpaJIbHOI BaTH
0,1 m 1 nBokamepHi eHeproeexTuBHI cKionaketn) Mmaixe Ha 45%. BpaxyBaHHs
noroguHHuX gaHux IWEC 3HM3u110 BTpaTH yepe3 noBiTpooOMiH Ha 3,9% MOpiBHSHO 3
PO3paxyHKaMH 3a CEPEAHbOMICIIHIMH TEMIIEPATyPaAMH.

OTpuMaHi pe3yJabTaTH JOBOJATH JIOIUIBHICTh 3aCTOCYBAaHHS JMHAMIYHOTO

MOJICJIIOBAHHSI Ta 30HAJIBHOT'O PEryJIOBAHHS TEMIIepaTypu AJiA MiJBUILEHHS TOYHOCTI
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MPOTHO3YBAHHS €HEPrOCIOKUBAHHS 1 palllOHAIBHOI €KCILTyaTallii CHCTEM OMaJICHHS ITPU
PEKOHCTPYKIIIT Ta MOJepHI3aIlli )KUTIOBUX Oy 11BEIb.

Y dgeTBepTOMy pO3AUTI OMCEpTaIlii 3MIMCHEHO KOMIUICKCHE JOCTIHKCHHS
CHEPreTUYHUX XapaKTEPUCTHK KUTIOBOI OYJIBII MPH CTAIMX, 3MIHHUX Ta aBapiiHHUX
pexxrMax poOOTHM CUCTEMH oOmajeHHS. BpaxoBaHO cy4acHI BUKIUKH, IOB’SI3aHI 3
MIJBUIIEHHSIM BHMOT JIO €HEProe(eKTHBHOCTI, HECTaOIIbHICTIO EHEPrOpUHKY Ta
pU3HMKaMHU BIJIKJIIOUYEHb TeruionoctadaHHs. [IpoaHanizoBaHO BIUIMB PI3HUX CIEHApIiB
PETYJIIOBaHHS TEMIIEpaTypd BHYTPIMIHBOTO TIOBITPS (ACHHE 1 HIYHE MOHWKCHHS
TeMIepaTypyd BHYTPIIIHBOTO TOBITPS) Ha pIYHE CHOXKMBAHHS TEIJIOBOI €HEPrii,
BPaxOBYIOUM MAaCHBHICTh OTOPOJUKYBJIBHMX KOHCTPYKIIM, opieHTamio dacany,
TEPMOMO/IEpHI3allll0 OyiBJl Ta BHYTPINIHI TEIUIOHAIXOJKEHHs. BcTraHoBIEHO, IO
JTWHAMIYHE MOJICTTFOBAHHS TO3BOJISE OI[IHUTH 1HEPIIIMHI MPOIIECH, TEIIJIOBI B3aEMOIIT MK
OPUMILIEHHSIMA Ta OCOOJMBOCTI PO3MOAUTY HAaBAHTAXKEHHS Y 3MIHHUX pEKUMax.
[Toka3zaHo, 110 3aCTOCYBaHHS CTpPATErid MOHWKEHHS TEMIIEpaTypHd B JEHHUN 1 HIYHUI
MIeP10H T03BOJISIE 3HU3UTH PiUHE eHeprocioxuBaHHsa Ha 18-23%, a HiYHE MOHMIKEHHS €
O11bI eeKTUBHUM JIsl OyJliBEIb 3 MaCUBHUMHU CTiHamu. [IpoBeneHo MojentoBaHHS
aBapifHUX CIIEHAPIiB 13 YaCTKOBUM Ta MOBHUM BIIKIIOYSHHSIM OMaJICHHS, 10 JAJI0 3MOTY
OLIIHUTH TEIJIOBY CTIMKICTh Oy/1BJIl Ta pU3HKU OXOJIOKEHHS TpUMIilIeHb. BcTaHoBEHO,
IO NP BIIKJIIOUYEHHI OMAJEHHS Y CYMDKHUX MPUMIILIEHHSX JOJIaTKOBE HABAHTAKEHHS
Ha CHUCTEMY OmNajeHHs Moxe 3poctaTu Ha 16-18%. OTpumani pe3ynbTaTd A03BOJISIOThH
dbopmyBaTU pPEKOMEHAIll 100 aJalTUBHOIO YMHPABIIHHS OMAJICHHSAM, IiJIBUIICHHS
MACMBHOI TEPMIYHOI CTIMKOCTI OyJiBesib, HABYaHHS CHUCTEM aBTOMAaTUYHOTO
PETyJIIOBaHHS CUCTEM OMajeHHs Ha 0a3l MTYYHOTO IHTEJIEKTY Ta pO3pOOKH HOPMATHBIB
eHEepProePeKTUBHOCTI.

[IpakTruHe 3HaYEHHS PE3YJIBTATIB AUCEPTAIIMHOTO JOCIIHKEHHS MIATBEPIKEHO
JOBIJIKOKO TMpo BropoBamkeHHs, BugaHoto OCBbb «Ham gim wa Tamana» Ta
Kpamigikamiithnum 1nentpoM "LleHTp MIATOTOBKM €HEProOMEHEIKEpPIB HABYAIBHO-
HAyKOBOTO 1HCTUTYTYy eHepro3oepexxkeHHs Ta eHepromenemxmenty” KIII im. Irops
Cikopcbkoro. JIokyMeHTOM 3aCBIAYYETHCS MPUIATHICTD Ta €()EKTUBHICTH PO3POOJIECHUX

MCTOJHUK 1 MOI[GJ'IGﬁ CHCPICTUIHOI'O MOJACIIFOBAHHA JIs1 IIJIAHYBAHHS KOMIIJICKCHHUX
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3aXOJiB 3 MIJBHINCHHS €HEeproeeKTUBHOCTI 0araTOKBapTUPHUX JKUTJIOBUX OyIiBElb.
Pesynbrat MOXyTh OyTH 3acCTOCOBaHI [JIsi HAaJAITYBaHHS pEXUMIB POOOTH
IHAMBIAYadbHOTO TEIJIOBOTO IIyHKTY Ta CHUCTEM aBTOMATHUYHOTO PEryJIIOBaHHS
OTMAJICHHS, a TAKOX JJI1 TOYHOTO MPOTHO3YBaHHS TEIUIOBUX BUTpAT OYIIBII B yMOBaX
pI3HUX CIIEHApiiB eKCIuTyaTalii CyMDKHUX MPUMIIICHb, 10 CHPUATUME MiIBUIICHHIO
eHepreTUyHOi e(PEeKTUBHOCTI Ta 3a0E3MEYeHHI0 KOMQPOPTHUX YMOB MPOKUBAHHS
MEIIKaHIIIB. Y OUIBIIOCTI KIHIIEBUX CIIOKMBAY1B TEIJIOBOT €HEPTii BIACYTHIHN 00K, TOMY
OTPUMaHi pe3ynbTaTh AOCTIIKEHHS MOXYTh OyTH BHKOPHCTaHI MpU HaJAlITyBaHHI
JTYWIBHUKIB-PO3MOAUILHUKIB ~ TEIJIOBOI  eHeprii.  3okpema, iHQopmalis 11070
HAJIAIITYBaHHS TEPMOCTATIB Ta YJOCKOHAJIEHHS pPOOOTH ONANIOBAIBHUX CHUCTEM
3aCTOCOBYIOTBCA Yy  HaBYaJIbHOMY Tpouect Juisi  (OpMyBaHHA NPOQECiiHUX
KOMITETEHTHOCTEH (axiBIliB y chepl eHeproeeKTUBHOCTI.

Ku1ro4oBi cji0Ba: BUKOPHUCTAHHS €HEPrii, KIHUEBUI CIIOXKUBAY TEIJIOBOI €HEprii,
€HEepreTMYHuil OanaHc, eHepreTuyHa €(QEeKTUBHICTh, €HEPrOCIOKHBAaHHS, EKOHOMIs
eHeprii, MaTeMaTUYHE MOJIETIIOBAHHS, EHEPreTUUHE MOJICIIOBaHHS, TEPMOMOJEPHI3aLlis,
pEryJIIOBaHHS BiJMTyCKYy TEIUIOTH, BEHTHJIALISA, OMAJCHHS, TEIJIOBI MEPETOKH, CUCTEMA

OITaJICHHS.



ABSTRACT

Hurieiev M. V. Distributed energy balances in multifamily residential buildings. —
Manuscript.

The dissertation on completion of the Doctor of Philosophy degree on specialty
144 — Heat power engineering. National Technical University of Ukraine "Igor Sikorsky
Kyiv Polytechnic Institute" Ministry of Education and Science of Ukraine, Kyiv, 2025.

The study raises the relevant problem of improving the energy efficiency of heat
energy use in residential buildings in Ukraine by improving approaches to assessing the
energy characteristics of buildings based on heat and mass transfer processes in thermal
zones of multifamily buildings. In the context of growing energy costs, unstable heat
supply, destruction of generating capacities, and the need to reduce greenhouse gas
emissions, the issue of accurately determining the dynamics of heat losses and gains is
becoming especially important. Existing methods are often based on simplified, steady-
state calculations that do not fully reflect variable operating modes, thermal inertia of
structures, and external climatic fluctuations. This reduces the effectiveness of energy
conservation planning. In this regard, it is important to develop approaches based on
dynamic modeling of energy processes in buildings.

The introduction of the study emphasizes the relevance of the chosen topic,
highlighting the importance of using dynamic energy modeling for reliable assessment of
heat flows in multifamily residential buildings under dynamically changing climatic and
operational conditions. The purpose, research objectives, object, subject, and methods of
the study are presented, the scientific innovation and practical significance of the results
are determined. Information on the approbation of the study, publications and acts of
implementation of the results is presented, as well as the author's personal contribution is
outlined.

The first chapter substantiates the relevance of a comprehensive approach to
improving the energy efficiency of the housing sector, which is determined by the
economic, environmental, and social requirements of sustainable development. It

highlights the fundamental physical processes involved in the formation of a building's
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energy balance, in particular heat transfer through building envelopes, air exchange, the
influence of HVAC systems, and behavioral factors of residents. A critical analysis of the
current regulatory framework in Ukraine is conducted and compared with EU approaches.
It is established that Ukrainian methodologies are mainly based on steady-state
calculations, while European standards increasingly use dynamic modeling and focus on
actual, rather than just projected, energy consumption.

The literature review covers current research on parametric analysis of solar heat
gains and the massiveness of enclosures. Gaps have been identified in the national
scientific database regarding the dynamic characteristics of multifamily buildings,
particularly under unstable heating conditions, as well as the interaction of conditioned
zones with heterogeneous thermophysical characteristics. Based on the analysis, the
feasibility of using dynamic modeling with hourly calculations was justified, which
improves the accuracy of energy consumption estimates and allows modeling realistic
scenarios for the operation of residential buildings. The conclusions obtained formed the
basis for the approach used in the subsequent stages of the study.

The second chapter presents a verified multi-zone dynamic model of a 12-story
residential building owned by the condominium “Nash Dim na Halana” (Kyiv) as a basic
platform for further parametric analysis. The object of study is described based on audit
data, plans, and actual heat supply metrics, which guarantees the representativeness and
extrapolation of results. The modeling methodology combines digitization of geometry
in DesignBuilder with subsequent calculation in EnergyPlus; the accuracy of the model
1s confirmed by comparing the initial data with actual heat consumption. Hourly climate
data from IWEC was used, and the thermal conductivity of the enclosures was modeled
using the Conduction Transfer Function method, which takes into account the inertia and
phase shifts of heat gains.

The base model includes a typical building envelope configuration (heat resistance)
with an air change rate of 0.6 air changes per hour and an internal temperature of 20 °C.
A parametric grid of scenarios is set, varying the orientation of the facades, the
massiveness and level of wall insulation, window characteristics, the thickness of internal

partitions, and day/night heating temperature reduction modes. This systematization
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allows for sensitivity analysis and quantitative assessment of the impact of each factor on
heat flows and peak loads.

The section lays the conceptual and instrumental foundation for researching
dynamic heat balances and justifying energy-efficient solutions for multi-family
buildings in the Ukrainian climate.

The third chapter of the dissertation quantitatively assesses the impact of the
thermophysical properties of building envelopes (massiveness and heat resistance) on the
energy consumption of multifamily residential buildings. The study is based on a
comparison of the results of steady-state calculations according to EN 12831 with hourly
dynamic modeling in EnergyPlus, which takes into account daily temperature
fluctuations, infiltration, solar heat gain, and heat accumulation of materials.

The results showed that the dynamic approach demonstrates a 6-8% lower
calculated annual heating demand compared to the steady-state method and prevents
“overheating” during transitional periods. Parametric analysis confirmed that increasing
the mass of external brick walls from 0.25 m to 0.77 m reduces heating energy
consumption by up to 37%, and comprehensive thermal modernization (0.1 m layer of
mineral wool and triple-glazed energy-efficient windows) by almost 45%. Taking into
account hourly IWEC data reduced air exchange losses by 3.9% compared to calculations
based on average monthly temperatures.

The results obtained prove the feasibility of using dynamic modeling and zonal
temperature control to improve the accuracy of energy consumption forecasting and
rational operation of heating systems during the reconstruction and modernization of
residential buildings.

The fourth chapter of the dissertation presents a comprehensive study of the energy
characteristics of a residential building under constant, variable, and emergency modes
of heating system operation. It takes into account current challenges related to increased
energy efficiency requirements, energy market instability, and the risk of heat supply
interruptions. The influence of various scenarios for regulating indoor air temperature
(daytime and nighttime reduction of indoor air temperature) on annual heat energy

consumption is analyzed, taking into account the massiveness of the building envelope,
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the orientation of the facade, the thermal modernization of the building, and internal heat
gains. It has been established that dynamic modeling allows for the assessment of inertial
processes, thermal interactions between rooms, and load distribution characteristics in
variable modes. It 1s shown that the use of strategies to lower the temperature during the
day and night allows for a reduction in annual energy consumption by 18-23%, and that
nighttime reduction is more effective for buildings with massive walls. Modeling of
emergency scenarios with partial and complete shutdown of heating was carried out,
which made it possible to assess the thermal stability of the building and the risks of
cooling the premises. It has been established that when the heating is turned off in
adjacent rooms, the additional load on the heating system can increase by 16-18%. The
results obtained allow for the formation of recommendations for adaptive heating control,
improving the passive thermal stability of buildings, training automatic control systems
for heating systems based on artificial intelligence, and developing energy efficiency
standards.

The practical value of the results of the dissertation research is confirmed by the
certificate of implementation issued by the condominium “Nash Dim na Halana” and the
Qualification Center “The Training Centre for Energy Management” of the Institute of
Energy Saving and Energy Management of the National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute". The document certifies the suitability and
effectiveness of the developed energy modeling methods and models for planning
comprehensive measures to improve the energy efficiency of multi-apartment residential
buildings. The results can be used to optimally adjust the operating modes of individual
heating stations and automatic heating control systems, as well as to accurately predict
the heat consumption of a building under various scenarios of operation of adjacent
premises, which will help to improve energy efficiency and ensure comfortable living
conditions for residents. Most end users of heat energy do not have metering systems, so
the results of this study can be used to configure heat energy meters and distributors. In
particular, the information on setting thermostats and optimizing the operation of heating
systems is used in the educational process to develop the professional competencies of

energy efficiency specialists.
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modernization, heat release control, ventilation, heating, heat flows, heating system.
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BCTYII

AKTyaJIbHiCTL TeMH. EHepro3oepexeHHsT € OJHHM 13 TOJOBHUX MPIOPUTETIB
Cy4acHOTO CyCHiJIbCTBA. BHKOpHUCTAaHHS TETUIOBOI €HEpTii Mae HAWOUIBIINNA ITOTEHITIAN
0 eHepro3oepekeHHs. Cepen KIHIIEBHX CIIOKHUBAYiB €HEprii Ha Oy/iBII MpUIIaaae
6mu3bko 40% CBITOBOTO €HEPrOCIOKMBAHHS Ta 3HAYHA YaCTWHA BUKU[IB MAPHUKOBHUX
ra3iB, OCHOBHA YaCTHHA SKUX TOB’A3aHa 3 CIIOKUBAHHIM TETJIOBOI eHeprii. ¥ KOHTEKCTI
3MiH KJIIMaTy Ta MIJIBUINCHHS BapTOCTI €HEPropecypciB MUTAHHSI €HEProepeKTUBHOCTI
0araTornoBepXOBUX KUTIOBHUX OyaiBesb HaOyBae 0COOIMBOI BaXIJIUBOCTI. Y KpaiHCHKHIA
XKUTIOBUM (POH, O1IBIIICTH IKOTO 30y0BaHO B 60-90-X pokax, HE BIAMOBIIA€ Cy4YaCHUM
BUMOTaM €Heproe(EeKTUBHOCTI Yepe3 3acTapijii KOHCTPYKTUBHI PIIIEHHS Ta BIJCYTHICTb
CUCTEMATHUYHOI MoJiepHizalli. SK HaciiAOK, 3HAYyHAa YacTHHA TEIUIOBOI EHeprii
BTPAYaEThCs YePe3 OTOPOKYBaIbHI KOHCTPYKIIii, IHPLIBTpAIliIO TOBITPS Ta HEJOCTATHIO
TEIJI0130J LI O.

VYHUKHEHHS HAAMIPHMX BTpaT e€Heprii Ta 3a0e3leyeHHs CTallIbHOTrO
TEMIIEPATyPHOTO PEKUMY B IPUMIIIICHHSIX CTA€ MOKIIMBUM 3aBJISIKU 1HTETpallii Cy4acCHUX
IHCTPYMEHTIB ~ €HEPreTUYHOIO  MOJEJIIOBAaHHS Ta BHUKOPHCTAHHS  PE3YJbTATIB
MOJICJIIOBAHHS /I HaJallTyBaHHS (HAaBYaHHS) CHCTEMH KEPYBaHHS B CHCTEMax
onaneHHs. [{i IHCTpyMEHTH O3BOJISIIOTH JTOCTIIKYBAaTH B3a€MOJII0 TEIIOBUX MOTOKIB,
BHYTPIIIHIX JDKEpeN TeIJia Ta BIUIMB KJIIMATHYHUX YMOB Ha TEIJIOBI BTpaTH OyAiBENb.
Hampuknan, nporpamue 3abe3nedeHHs EnergyPlus Ta DesignBuilder no3Boise
IIPOTHO3YBAaTH €HEPTOCHOKMBAHHS SIK B HOPMaJbHHX YMOBAaX €KCIUTyaTallii, Tak 1 B
aBapiitHUX a00 MpyY HaB3BUYANHUX cUTYalisiX. OKPIiM IIbOTO 111l IHCTPYMEHTH JI03BOJISIOTh
OIIIHUTH €(PEKTUBHICTh 3aXO/IB 3 MOJIEPHI3AIlll Ta PEKOHCTPYKIIii, TAKHX SK yTECTUICHHS
CTIH, 3aMiHa BIKOH a00 pEryJIlOBaHHS PEXUMIB CUCTEM OMNAaJEHHS, MOKBAPTHPHOI'O
PO3MOICHHS TeIuia B Oy/IiBIIi.

JleTanbHe MOJEMIOBAHHS JMHAMIYHUX TPOIIECIB y 0araTOKBapTUPHHUX KUTIOBHUX
OyIIBIISIX CTAa€ OCHOBOIO JUISl pO3POOKM aJanTUBHUX CTpaTeriii eHeproeeKTHUBHOCTI.
BoHo BpaxoBye He nuIle 3arajibHl TEIUIOBl XapaKTEPUCTUKUA KOHCTPYKIIHM, a i 3MIHHI

30BHIIIIHI YMOBH Ta €KCILTyaTalliitHl peKUMHU, 110 TO3BOJISIE TOKPAIIUTH K ICHYIOY1, TaK
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1 HOBI NpOEKTU OyxaiBenb. Taki MIAXOAU MarOTh BEJIMKE 3HAYEHHS IS JOCSTHEHHS
CTaJIOrO PO3BUTKY B OyIiBEJbHIN ray3i, 0COOJMBO B yMOBax YKpaiHu.

Mera i 3aBaanHs qocaigkeHHss. MeToro poOOTH € AOCTIIKEHHS TeTo(I3nIHIX
MIPOIIECIB HECTAIlIOHAPHOI0 TEIJI00OMIHY KOHJMIIIOHOBAaHUX 30H 0araTOmoBEPXOBHX
KUTIOBUX OyJiBeNb SK KIHIEBUX CIHOXKMBAYiB MaJTUBHO-CHEPTETUYHUX PECYPCIB,
BJIOCKOHAJICHHSI TPOLIeCy OOYMCICHHA Ta aHalli3y €HEePreTUYHUX MOTOKIB y OymiBii
IUIIXOM CKJIAJIaHHA PO30CEPEIKEHUX EHEPreTUUHUX OanaHCiB 3 BUKOPUCTAHHSIM
Cy4aCHHX aJTOPUTMIB 1 MPOTPaMHOTO 3a0e3MeUeHHs, a TaKOXK aJanTalliio MOJEIEH 0
crienup1YHUX YMOB, TAKUX K KJIIMaTUYHI OCOOJIMBOCTI, KOHCTPYKTHBHI XapaKTePUCTUKU
Oy/iBJIl Ta €KCIUTyaTaIliiiHl PEKUMH.

Jnst nocsirHEHHST METH OyJ10 MOCTABJICHO TaKl 3aB/IaHHS:

— Po3pobuTu MyJIbTU30HAIBHY MOJIENb KIHIIEBOTO CIIOXKHMBada, Ha MPUKIIAI1
0araToKBapTUPHOI JKUTIOBOI Oy/IIBIlI 3 BUKOPUCTAaHHSM MPOTPaMHOTO
3abe3mneuenHs EnergyPlus ta DesignBuilder.

— TlpoBecTn aHaymi3 HaBaHTA)XCHHS HAa CHUCTEMY OMAJICHHS 3 ypaxXyBaHHIM
BIUIMBY MIHJIMBOCTI KJIIMAaTHYHUX YMOB Ta TEIUIOBUX BTpaT 4epes
OrOpOKYBaJIbHI KOHCTPYKIIi, CHCTEMH BEHTHJIALII].

— JHocnimutn BmiMB - TemwIo(QI3MYHMX  BJIACTHMBOCTEM  MarepiaiiB  Ha
CHEPreTUYH1 XapaKTePUCTUKH Oy IBEIb K KIHIIEBUX CIIOKHBAYIB TEIIOBOI
€HEeprii.

— CkacTu po30CepeKeH1 eHEPreTUUHI 0alaHCH Ta TOCTIIUTH BILUIUB P13HUX
KOH(}ITypalliii Ha pO3MOJiJ TeIUIOBUX IMOTOKIB B KOHJIMUIIIOHOBAaHUX 30HAX
OyliBII.

— Po3pobuTtu mpakTUYHI pEeKOMEHJalli 3 METOI PO3MOAUTY Ta 3HUKEHHS
CHEProCIOKUBAHHS KIHIIEBUMU CIOKMBAauYaMH TEIUIOBOT €Heprii Juis
MPOEKTYBAaHHS, €KCIUTyarTailii  Ta PEKOHCTPYKIii 0araronoBepXOBUX
KUTIIOBUX OYJIIBEIb.

06'exm 0ocniodicenHs — HEeCTalllOHAPHI TIPOIIECH TETIIO0OMIHY KOHIUITIOHOBAaHUX

30H 0araTomoBEepXOBOi >KUTJIIOBOI OyAiBIi, SIKa BHUCTYNA€ CKIIAJHOI E€HEPreTUYHOIO
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CUCTEMOIO 3 MPUTAMAHHUMH i TETI0(I3UYHUMHU XapaKTEPUCTUKAMHU, 110 BIUIUBAIOTh Ha
TEIIOB1 BTPATH Ta TEIUIOB1 OalaHCH.

IIpeomem Oocniodicents — pO30CEPEIKEHI CHEPTeTHYHI OaJaHCH Ta TeTUTo(hi3NIHI
MpoIleCH, TOB'S3aHl 3  TEIJIOBUMHM  BTpaTamMu,  1HQUIBTpaIli€lo  TMOBITPA,
C€HEPrOCIOKUBAHHSAM Ta BIUIMBOM KIIIMATHYHHUX YMOB Ha €HEPreTHYHY €(QEKTUBHICTH
0araTornoBepXOBHUX KHUTIOBUX OY/IiBEb.

Metoan gocaigxenHsi. HaykoBo-MeTOAMYHY OCHOBY MPOBEACHUX JTOCIHIIKEHb
CKJaJI0 KOMIT'IOTEpPHE MOJCIIOBaHHS JUHAMIYHUX EHEPreTHYHUX TMPOLECIB Y
nporpaMHux cepenouinax EnergyPlus Ta DesignBuilder, mo mo3Bosisie cTBoproBaTu
MYJIbTU30HAJIbHI €HEepreTHYHi Mojem OyaiBenb. Lled minxin 3abesrneuye neTanbHE
BpaxyBaHHS TEIUIOPI3UYHUX MapaMeTpiB KOHCTPYKUIN, BIUIMBY KIIIMATHYHUX (PAKTOPIB
Ta 3MIHHUX €KCIUTyaTaliiHuxX pexumiB. [lapamMeTpuyHe MoeIIOBaHHS BUKOPUCTAHO JIJIst
OLIIHKMA €(QEeKTUBHOCTI PI3HUX BapIaHTIB TEPMOMOJIEPHI3Allll, BKJIIOYAIOYU 3aMiHy
OTOPOJIKYBAJIbBHUX KOHCTPYKIIM, BIPOBAJPKEHHS JOJATKOBOI TEIUIOI3OJISIT  Ta
pEryJoBaHHs PEXXUMIB ONAJICHHS, TAKUX K 3HIKCHHS TEMIIEpaTypH y HEpoOOoU1 TOIMHH.
VY 1bOMy KOHTEKCTI OCOOJMBY yBary MPHUIUIEHO aHali3y TEIJIOBUX BTpaT 4Yepes
KOHCTPYKTHBHI €JIEMEHTH Oy/IiBJI Ta eHEPreTUYHUX MOTOKIB B MpuMitieHHi. KpiM Toro,
aHajl3 EHepPreTUYHUX OajaHCIB MPOBOAMBCA ISl BU3HAUEHHS TOYHOTO BIUIMBY
KOHCTPYKTHUBHHUX 3MiH Ta KJIIMAaTHYHUX YMOB Ha TETUIOBI BTPATH Ta CHEPTOCIOKUBAHHS
OyiBeb.

HaykoBa HoOBU3HA.

— Bnepme pans ymMoB VYKpaiHl 1HTETpOBAaHO JWHAMIYHE E€HEPreTHYHE
MOJEJIOBAHHS B aHall3 TEIUIOBHX OajlaHCIB KIHIIEBUX CIIOKHMBAadiB, Ha
NPUKJIaA1 KOHAUIIIOHOBAHUX 30H 0araTOKBapTUPHUX JKUTIOBUX OyiBENb, 3
ypaxyBaHHSM JTUHAMIYHUX KJIIMAaTHYHHUX 3MiH, 110 JO3BOJISIOTH I1IBHIIUTH
PIBEHb YIIPaBIIHHSI €HEPTOBUKOPUCTAHHS B 1HKECHEPHUX CUCTEMax OyIiBIIi.

— Po3BuHEHO miaXi 70 CTBOPCHHS HECTAIllOHAPHUX OaraTo30HHUX
SHEePreTUYHUX MOJIeseit Oy 1B, sIK CKJIaIHOT TETIOCHEPTreTUYHOT CUCTEMH,
II0 BpPaxOBYIOTh B3a€MOMAI0 MDK 30HaMH OYIiBIl Ta 30BHIIIHIM

CEepelOBUIIEM, 30KpeMa 1HQUILTPAIil0, COHIYHUX TEIJIOHAAXOMKEHb Ta
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TEIJIOBOI aKyMYJISIIT Ta eKCIUTyaTaliitHi 0COOJIUBOCTI POOOTH 1HXXEHEPHUX
cucreM OyiBIIi.

— Y 10CKOHAJIEHO METOAM MOTIUOICHOTO aHalli3y TEIIOCHEPTE€TUYHOTO CTaHy
KIHIICBOTO CIIOXKMBaya €HEprii, Ha MpUKIaal OymiBIi, JJII HOPMAIBLHOTO
PeXKUMY €KCIUTyaTallii, TOBHOTO 200 YacTKOBOI'O BIIKIIOUEHHS OYIiBI1 Bij
CHUCTEMHU OITAJICHHS, [0 XapaKTEPHO TSI IEPIOAY BIHCHKOBOTO CTaHYy.

I[IpakTH4YHe 3HAYEHHS OJeP:KAHUX Pe3yJIbTATIiB.

Pe3ynbTaTi AOCTIHKEHHS MOKYTh OYyTH BUKOPUCTAHI:

— JUIS PEKOMEHJAllM 1100 BUKOPHCTAHHS/PO3MOJUICHHS €HEeprii MK
KIHIIEBUMHU CMOKMBauYaMU TEIUIOBOI €HEprii, 30Kpema, JUisi TOKBAPTUPHOTO
OOJIIKY TEIUIOBOI €HEPTii 3 BUKOPUCTAHHSM JTIYMIIbHUKIB-PO3MOI1JIbHUKIB;

— U711 PO3pOOKM HAIlOHAIBHUX CTAHJAPTIB 3 €HeProe(eKTUBHOCTI OY/I1BEIb
K KIHIIEBUX CIIO)KMBA4iB B YaCTHHI KEPYBaHHS peKUMaMu pPOOOTH B
CUCTEMaxX ONaJCHHS KOHJIMIIIOHOBAHUX 30H OyiBeNlb 3 YypaxyBaHHIM
HECTAI[IOHAPHOTO TEIUIOOOMIHY MI’K 30HAMU Ta 30BHIIIHIM CEPEIOBUILIEM;

— Qs YNOpaBIIHHS EHEPrOBUKOPHCTAHHSIM B OYIIBIAX SK KIHUEBHX
CIOKMBAYax €HEeprii, M0 JI03BOJUTh 3MEHIIUTH TEHEpPAIil0 MpH
BUPOOHMIITBI TEIJIOBOI €HEPT1i.

— Yy  HaByaJlbHOMY  Opouect Juisl  MIATOTOBKM  CHEI[adiCcTIB 3
eHeproeeKTUBHOCTI Oy 1iBEIb Ta B KBaTI(IKAI[IHHUX IIEHTPAX 3 M1ATOTOBKH
(axiBLIB 3 EHEPreTUYHOI €PEKTUBHOCTI.

OcoOucTHii BHecok 3100yBayva. /lucepraliisi € 3aBepIICHOI0 HAYKOBOO MPAIICHO.
ABTOpPOM CaMOCTIIHO pO3pOOJEHO KOHIEMIII0 JOCHIIKEHHS, BUKOHAHO MOOYJ0BY
MYJIBTU30HAIBHOI MOJIEN KUTJIOBOI OYAiBI1 B MporpamMHomMy 3abe3neueHHi EnergyPlus
ta DesignBuilder, mpoBeneHno anamniz TeIIoBUX BTpaT 1 OIMIHEHO €(PEKTUBHICTh PI3HUX
3aX0/11B TEPMOMO/IepHi3allii. 3100yBaueM 310paHo Ta CUCTEMATU30BaHO KJIIIMATHYHI JIaHi,
MIPOBENICHO MTapaMEeTPUYHUN aHaJ3 Ta ChOPMYITHOBAHO PEKOMEH AL JIJIsT TPAKTUIHOTO

BUKOPUCTAHHS PE3YIbTATIB JOCIIKEHHS.
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Anpobaiis pe3yJbTariB AUCepTAaIlil. OcHoOBHI pe3yabTaTu
HAayKOBHX JIOCTI/KEHb, BUKIAQJICHUX Yy JIUCEPTalliiHI poOoTi, OYyJI0 MpeCcTaBICHO
Ha MDKHapOJIHUX HAYKOBO-TEXHIYHUX Ta HAYKOBO-TIPAKTUYHUX KOH(PEPEHIIISX, 30KpeMa:
MixHapogHa HaykoBo-TipakTHuHa KoHpepeniis «2020 IEEE 7th International
Conference on Energy Smart Systems (ESS)» (KwuiB, Ykpaina, 2020); mixHapoaHa
HAyKOBO-TIpaKTHYHA 1HTepHeT-KOHGepeHuis «8th International Conference on
Contemporary  Problems of Thermal Engineering»  (I'muBuii, Ilonbina,
2024); Mi>kHapOJHa HAyKOBO-TIpakTHYHA KoH(pepeHilis «KomruiekcHe 3a0e3reueHHs
SKOCTI TEXHOJIOTTYHHMX TIporieciB Ta cucteM» (YepHiri, Ykpaina, 2024); Mi>kHapoaHa
HAyKOBO-TEXHIYHA Ta  HaBYaJIbHO-MeTOAMYHAa  KoH(pepeHuis  «Enepretnunuit
MEHE/DUKMEHT: CTaH Ta mnepcrnekTtuBu po3BUTKY — PEMS’18» (KwuiB, Ykpaina, 2018);
HayKOBO-TexHIuHa KoH(pepeHiis «Enepreruka. Exomnorisa. Jlronuna» [Ipucesuena 125-
piuuro KIII (KwuiB, Vkpaina, 2023); mMiKHapoJHa HayKOBO-IPAKTUYHA KOH(pEpEHIs
«EHepro3oepexeHHss Ta MPOMHUCIOBA Oe3leKa: BUKIMKM Ta mnepcrnekTuBuw» (Kuis,
Vkpaina, 2019); mibkHapogHa HayKOBO-NpaKTUYHA KOH(MEPEHIlS MOJOIUX BYCHHUX 1
cTyleHTiB «CydacHi mpobyieMH HaAyKOBOro 3a0e3neueHHs enepretukmn» (Kuis, Ykpaina,
2024); MDKHapoJlHa HAyKOBO-TIpaKTHYHAa KOH(MEpEeHIlis acHipaHTiB, MariCTpaHTIB 1
cTyneHTiB «CydacHi npobiieMu HayKoBOro 3ade3neueHHs enepretuku» (Kuis, Ykpaina,
2018); mixkHapoHA HAYKOBO-IPAKTUYHA KOH(pEpEHIs MPUCBSYEHA aM’ Tl mpodecopa
Biktopa Muxaiinouya CunbkoBa «[IPEAII-2019» «IIpobGiemu Ta mnepcreKTHBU
PO3BUTKY €HEpPreTUKH, eleKkTpoTexHosiorii ta aBromatuku B AIIK» (KuiB, Ykpaina,
2019).

PesynbraTn JOCIIKEHB TaKOX Oymu MpeICTaBIICHI Ha
BCEYKpPAiHCbKOMY KOHKypcl "Monoas eHepretuil YKpaiHu: BIAKPUTHI KOHKYPC
Mosiofux BueHux Ta enepretuki" (Kuis, 2019), ne mpencrapiena Ha KOHKypcl poboTa
Oyna Big3HadyeHa quruiomMoM Il cTymeHs; Ha MDKHApOAHOMY KOHKYPCI CTYICHTCHKHX
HaykoBux poOiT "Black Sea Science" ne mpeacrtaBieHa Ha KOHKypci poboTa Oyiia
Bim3HaueHa qumiomoM Il crymenss (Opeca, 2018); Ha BceykpaiHCbKOMY KOHKYpPCI

"Monoap eHepreTuil YKpaiHu: BIJKPUTUN KOHKYPC MOJIOAMX BUEHUX Ta €HEPreTUKiB'"
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(Kuis, 2020), ne mpencraBieHa Ha KOHKypci pobOorta Oyia BigzHaueHa guriiomom II1
CTYIIEHS.

Iy6aikanii. Martepianu aucepraiiiiHoi podotu omyOmikoBaHo y 17 HayKoBHX
npansx: 8 craTeil y HayKoBHX (DaxoBHUX BUIaHHSX (OJHA 3 IKUX BHECEHA JJ0 MI>KHAPOIHOT
6a3u Scopus 1 Web of Science, cim crareil y ¢daxoBux BuUAaHHSIX YKpainu), 9 Te3
JIOTIOBIIEH y 30ipHHKaX MaTepialiB KOH(pEpeHIIii.

Crtpykrypa i o6car aucepranii. luceprariiitna po6oTa CKJIagaeTbCs 31 BCTyny, 4
PO31LIiB, BUCHOBKIB, CIIMCKY BUKOPHCTAHUX JKepen i3 84 HaliMeHyBaHb. 3arajibHUN

obcsr nmucepraiii ckiangae 176 cropinok, 46 puCyHKIB, 4 TaOJIHIIb.
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PO311)I1 METOJOJIOI'TYHI OCHOBH OIIIHIOBAHHAA
EHEPI'OE®EKTUBHOCTI BY AIBEJIb

1.1 TeopernuHi acnekTH eHeproedeKTUBHOCTI OyaiBeJIb

EneproedgexktuBHIiCTh OyAiBelb € KIOYOBUM (DAKTOPOM y  3MEHIICHHI
CHEeproCIOKUBAHHA Ta CKOPOUYEHHI BUKUAIB MapHUKOBUX Ta3iB. [locTiiiHO 3pocTaroua
aKTyaJIbHICTh TUTAHHS pPAI[lOHAJbHOTO BUKOPHUCTAHHS EHEPreTUYHUX PpEecypciB
BUKJIMKAHA PsIZIOM YUHHUKIB, a CaMe:

® CKOHOMIYHHUMH MiIpKyBaHHsMH [1];

e 00opoTHOOIO 3 IrII00ATTLHUM MOTEIUTIHHAM [2,3];

® 3MEHIIICHHSIM pecypcHoi 6a3u [4-6];

® BIJCTaBaHHSAM IUBHUJKOCTI PO3BUTKY BIJIHOBIIIOBAJIBHUX JIKEPEN €HEprii B
3pOCTalOYuX €HepreTUYHuX norped [7-9];

® 3pPOCTalOUOI0 YACTKOI €HEPrOMICTKHX TEXHOJIOTTYHHUX IPOIIECIB Y €KOHOMIKaX
po3BuHEHUX KpaiH [10,11];

® 3pOCTAalOUMM MOMHUTOM Ha BIPOBA/KEHHS ACMHEKTIB CTIHKOTO PO3BHUTKY CEpen
CIIO’KMBAYIB, a OTXKE 1 3pOCTaroyua MPOMO3HUIIis Bijl 3a0yJOBHUKIB Ta BUPOOHUKIB [12—
14].

ByniBni cnokuBarOTh 3HAYHY YAaCTKy 3arajbHOTO €HEPreTHYHOro OayaHcy, i
e(heKTUBHE YIPaABIIIHHS IXHOIO EHEPrOEMHICTIO € OJJHUM 13 OCHOBHMX 3aBJIJaHb Cy4acHOT
1HXKeHepil Ta apXITEKTYpPH.

TeopeTnyHl acneKkTH eHeproeEeKTUBHOCTI OyniBeNb BKIIIOYAIOTh KOMILUIEKCHE
pPO3yMiHHS (PI3UUHUX MPOLIECIB TEIUIONEpeaadi, JMHAMIKK MOBITPSHUX MOTOKIB, poOOTH
CUCTEM OMaJIeHHs, BeHTHIALIT Ta koHauiionyBanHsa (OBK), a Tako BIUTHBY 30BHIITHIX
1 BHYTPIIIHIX YUHHUKIB HA €HEPrOCTIOKUBAHHS.

3 omHOro OOKy, TpaaWIiHI TIAXOAW 10 TOKpAIIeHHS EeHEeproedeKTUBHOCTI
OyniBenb mependavyaroTh 3aCTOCYBAHHS BHCOKOTEXHOJIOTIYHHMX pIllleHb, TaKUX SIK
MOKpalleHa TemIoi30Js1is, €eHeproeekTuBHI BIKOHHI CHCTEMH, BUKOPUCTaHHS

BIJIHOBJTIOBaHMX JKEpPEJI €Heprii Ta aBTOMAaTU30BaHUX CUCTEM KepyBaHHs [15]. 3 iHmIOTr0o
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OOKy, MpaKTHUKa €KCIuTyaTtallii Oy/iBeib JEMOHCTPYE, 10 TEXHIYHI PIIICHHS MMOBUHHI
MOEIHYBATUCA 3 YpaxXyBaHHSM TIIOBEJIHKOBUX Ta EKCIUTyaTallifHUX OCOOIUBOCTEHN
KopucTyBauiB [16].

OcraHHi TOCIHKEHHS BKa3YIOTh Ha T€, 1[0 TEXHIYHI ITOKPaIEHHsI cami o co01 He
3aBXXIU TapaHTYIOTh OYIKyBaHI pe3ylbTaTd B peanbHUX ymoBax [17]. 3HauHy poib
BIIrpaloTh (pakTopu, TMOB’sI3aHI 3 eKCIUTyaTali€ero OyiBii, 30KpeMa peXUMHU
BUKOPHUCTAHHSA MPHUMIIIEHb, OCOOJMBOCTI 3MIHM KIIMAaTHYHUX IlapaMeTpiB, BILIWB
aBTOMATH3aIlli Ha TTOBEIHKY MEIIKAHIIIB Ta iX Cy0'€KTUBHE CIpUHHATTSA KoMpopTy [18].
Bce  Oumpmoi  momynspHOCTI  HaOyBae  ijes, IO CHCTEMH  YIPaBIIHHS
€HEProCIOKUBAaHHSIM OBUHHI BPaXOBYBAaTH HE JIMIIIE TPOEKTHI TapaMeTpH, a i peabHi
CIIeHapli BUKOPUCTaHHs Oy/iBeIbHOTO cepefoBuina [19].

VY 11bOMy KOHTEKCTI OCOOJIMBY yBary CIiJl IPUIUISATA BHYTPIIIHIM Ipollecam y
OyIIBIISIX, TAKUM SK HEPIBHOMIPHICTh PO3MNOALIY TeIJia, Tak 3BaHl 'meperomu" Ta iX
BILUIMB Ha 3araibHUil piBeHb Kombopty [20]. Lli ¢pakTopy MOXKYyTh 3HAUHO 3MIHIOBAaTH
eHepreTHYHui O6ananc Ta eheKTUBHICTh 3aCTOCOBAHUX 3aXO0/I1B 3 €HEPro30epe:KeHHH.

Buxonsun 3 BuIE CKa3aHOro, JOCHIPKCHHS EHEPreTUYHUX OajaHCIB Yy
0araToKBapTUPHUX SKUTIOBUX OYyMIBISIX, IO Ma€ HAa METI JIOCATTH PE3YJbTaTiB
pPO3paxyHKIB Ha peajbHO ICHYIHOYOMY O0O0’€KTi, Mae OyTH JOMOBHEHE aHaIi30M
MOBEAIHKOBUX AacCHEKTIB KOPUCTYBayiB, MEXaHI3MIB PETryJIIOBaHHS MIKPOKIIMATY Ta
IHTETPOBAHUX CTPATETIN KepyBaHHS EHEPTICIO.

['mubokuii aHami3, Ta SK pe3yabTaT, PO3yMIHHA LHMX IMPOLECIB JO3BOJIHUTH
PO3pOOUTH HOBI METOIOJIOTTUHI TIAXOAH J0 OLIHIOBAaHHS €HEProe(peKTUBHOCTI Oy IBEIb,
K1 BPaxOBYIOTh peajibHI YMOBH €KCILTyaTallli, 0 B MalOyTHHOMY JO3BOJIUTH O1JIbII
TOYHO TMPOTHO3YBATH peajbHy €KOHOMIIO BIJl  BIOPOBAaJKEHUX  3aXOMIB 3
eneprozoepexenns (3E3).

Jlo1aTKOBO, BUSIBJICHHS HOBHX ITiJIXOJIIB JIO PETYJIIOBAaHHS €HEPTOCIOKHBAHHS,
ajanTallisi TEXHOJOTIYHMX pIlIeHb J0 TMOBEAIHKOBUX MOJIeNied KOpUCTYBadiB 1
BIIPOBAHKCHHS KOMITIEKCHUX CTPATETiil yIpaBIiHHS €HEPTi€l0 JOTOMOXXYTh 3MEHIITUTH
3arajbHe CIOKMBaHHS e€Heprii y OaraTOKBapTUPHHX JKUTJIIOBHX KOMILIEKCaX Ta

MTPUMYBATH IIBUKICTh TOKpAIICHHS €()EKTUBHOCTI OyAIBEILHUX CUCTEM, OCOOIUBO B
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BUMAJKaX KOJIM MU HAOJIM3UMOCH J0 TEXHIYHUX Oap’€piB MOAAIBIIOTO 301IBIIICHHS PIBHS

eHEepProe(peKTUBHOCTI.

1.2 HopmatuBHi acniekTH eHeproegeKTHBHOCTI OyaiBeb

He 3Bakaroun Ha BUKJIMKH Ta MMEPCTICKTUBU PO3BUTKY €HEProeEKTUBHOCTI, BAPTO
BpaxoOBYyBaTH, IO MiHIMaJdbHI BHUMOTH N0 €HEProe(eKTUBHOCTI Hapas3i CIyrylTh
OCHOBOIO sl Oy Ib-SIKOTO JTOCIIIKEHHS, OCKUTBKH IXHROMY BITPOBA/KCHHIO TTepEIyBaB
TTTMOOKHI HAyKOBUH aHali3, a TAKOXK NMPAKTHYHUHN JTOCBI.

3Bakalouu Ha I, BApTO JOCITIIUTH HOPMATHUBHO-TIPABOBY 0a3y, IO PETyJIO€
eHeproeeKTUBHICTh B OY/IIBIISAX Ta CropyJax YKpainu, Ta iHImMX KpaiH. Hopmatusam
€BpOIEHCHLKOro cOr03y OyJI0 MPUCBIYCHO 3HAYHY yBary, OCKUIBKA BOHH € OJIM3bKUMU 0

BITUM3HSIHUX HOPM, a TaKOK €Bporna NpualIse 3HauUHy yBary eHeproe(eKTuBHOCTI.

3akoHu Ta OyaiBeJIbHI HOpMHU Y KpaiHu

l. 3akoH Ykpainu "lIpo eHepretnuny epekTuBHICTb OyaiBens" [21]

3axkoH Ykpainu «lIpo enepretmuny edextuBHicTh OyaiBens» (Ne 2118-VIII,
yxBajeHud 22 yepBHA 2017 poKy) € KIOYOBHMM HOPMATUBHO-IPABOBHUM aKTOM, LIO
3aKjaja€ MPaBOBlI Ta OpraHizailiiHi OCHOBU ISl MiJBUIIECHHS €HEProepeKTUBHOCTI
OyniBenpHOTO (hoHY YKpainu. Bin € yactunor immiemenTamnii Jupextusu 2010/31/€C
PO EHEPreTUYHI XapaKTEePUCTUKHU OYyIiBEIb, CIPSIMOBAHOI HA 3MEHILIEHHS CIIO’KUBAHHS
€HEPropecypciB Ta CKOPOUEHHSI BUKU/I1B TAPHUKOBUX ra3iB y OyaiBEIbHOMY CEKTOPI.

3aKoH 3ampoBa/Kye OOOB’SI3KOBY €HEpPreTuyHy ceprudikaiiio OyaiBesb, 0
nepeadayae aHajl3 pealbHUX TEIJIOBUX BTpaT, CIOKUBAHHS €HEprii Ta BiANOBIAHICTh
OyniBenb BCTAaHOBJIEHUM Kjacam eHeproedekTuBHOCTI. Lle mo3Bossie omiHIOBaTH Ta
MPOTHO3YyBAaTH TIOTEHINAT 3HIKCHHS EHEPrOCIOKMBAHHS IIJISXOM BIPOBAKCHHS
IHHOBAIIMHUX TEXHOJIOTINA, TaKWX SK TEIUIOI30JIAIs, CUCTEMHU peKyIepallii Tera,
COHSIYHI ITaHEeJI1 Ta 1HII BITHOBIIIOBAHI JKEpeia eHEeprii.

KpimM Toro, B 3aK0H1 BUCBITIIIOIOTHCS TaKl MUTAHHS:
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® BCTAHOBIIOETHCA  MIHIMAIbHI ~ €HEPreTHYHl  XapaKTepUCTHUKUM  HOBUX 1

PEKOHCTpyHOBaHUX Oy/IiBEIIb;

® BH3HAUYAEThCS IEPCIEKTHBA IEpeXoay Ha OyAiBHUUTBO OyniBelb 3 Mailxke

HYJIbOBUM EHEPrOCIOXHUBAHHSIM, IO Y3TOUKYEThCS 3 E€BPOIMENUCHKOIO 3€JICHOI0

yTOJI0I0 Ta MIXKHAPOIHUMH 1HILIAaTUBAMH 3 JAeKapOOH13aIlii;

e 1niependadaeTbCsi  OOOB’SI3KOBE  BIPOBAKEHHS ~ CUCTEM  MOHITOPUHTY

€HEepProCIoXKUBaHHS, 10 BIAMOBIAE TEHACHIISAM y chepl «po3yMHUX» OyiBelb Ta

[oT (Internet of Things.

[Torpu 3HaYH1 TEOPETUUHI TIEPEBArH Ta 3HAYYIIICTh 3aKOHY, HAYKOBI1 JOCIIIXKEHHS

BKa3YyIOTh Ha HU3KY MPOOJIEM:

e BiJCTaBaHHS HOPMATMBHOI 0a3W BIJ Cy4aCHUX IHHOBAIll y ramy3i OyaiBeJbHOT

(13UKH, TAKUX SIK JUHAMIYHE MOJIEJIIOBAaHHS €HEProCIIOKUBaHHSI Ta TIOPUIHI CHCTEMHU

onajneHHs [22,23];

® [IOBEJIHKOBI aCIIEKTH €HEPrOCIIOKUBAHHS: 3aKOH Ta MOB’sI3aH1 3 HUM HOPMH HE

BpPaxoOBYIOTh BIUIMB KOPUCTYBadiB Ha KIHIEBY €(EKTUBHICTh 3aXO/diB, XOua

JOCIIJKEHHS OKa3yI0Th, 1110 €KCIUTyaTaliiiHl GakTopu MOXXYTh 3HaYHO 3MIHIOBATH

peallbHEe €HEeprocrnoXUBaHHS Oy/iBelb, OCOOJIMBO B YMOBAaX HEMOBHOI 3aMHATOCTI

[23].

3akoH Ykpainu «IIpo eHepreTnuny e(heKTUBHICTD OY/IIBEJIbY» € BaXKIMBUM KPOKOM

y (hopMyBaHHI TIOJIITUKU €HEPro30epeKeHHs, MPOTe HOTO e(EKTUBHICTD 3aJICKUTh Bl
KOMILJIEKCHOT'O MiJIX01Y A0 BIPOBAKEHHSI HAYKOBO OOIPYHTOBAHMX piiieHsb. [loganpi
JOCITIJPKEHHSI MAarOTh OyTH CIpPSIMOBaHI Ha PO3POOKY METOMIB IHTErparii TeXHIYHHX,
NOBEAIHKOBUX Ta  €KOHOMIYHUX  (aKTOpiB  [JIsl  JOCATHEHHA  peajbHOI
eHeproe()eKTUBHOCTI OyNIBEIBHOTO CEKTOPY, @ TAKOXK CHUPATHCh HA Cy4acHI METOAM

JOCITIJIKEHHST eHeproe(eKTUBHOCTI OyIiBETIb.

2. Hepxasni 6yaiBensHi Hopmu ([IBH) B cepi eneproedexTuBHOCTI
JlokyMeHTH, 110 BiiHOCATH 10 JIBH € ocHOBHUMM perynoldiuMu JOKyMEHTaMU B
chepi OyAiBHMIITBA, 110 BUCYBalOTh BUMOTH 10 OyJIBHHUIITBA B YKpaiHi, SIK HOBUX

OyniBenb, Tak 1 peHoBallli. YacTuHa 1iux HOpM (POKYCY€ThCS Ha €HEeproe(eKTUBHOCTI,
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30KpeMa BHCYBalOYMd BUMOTH J0 MIHIMaJIbHOTO PIBHSI €HEProe(eKTHUBHOCTI, HaJIal0uu
METO/IM PO3PaxXyHKIB, a TAKOXK HUISIXU JOCSITHEHHS IIUX BUMOT.

HepxaBHi OyiBeabHI HOPMH, IO (POKYCYIOThCSA Ha €HEProe(heKTUBHOCTI:

JABH B.2.6-31:2021 "TenuoBa i3oJsiniss Ta eHeproe)eKTUBHICTH OyaiBeJb'"
[24]. Lleit TOKyMEHT BCTAHOBIIIOE HAYKOBO OOTPYHTOBaHI MPHUHIIUIIN MPOEKTYBAHHS Ta
BUKOHAHHS TEIUIO130JISIIIHUX CUCTEM, CIIPSIMOBAaHUX Ha 3MEHIICHHS TEIJIOBTPAT Yepes
OTOPOJKYBaJIbHI KOHCTPYKIi. BiH 0a3yeTbcss Ha aHami3l TEIUIOBUX IOTOKIB,
pO3paxyHKax TEIJIOBOTO OTIOPY MaTepialiiB Ta YJOCKOHAJICHHS KOHCTPYKTHUBHHX PIllICHb
JIs1 3a0€3MEeUeHHS] MIHIMaJbHUX EHEProBUTpaAT IPH ONaJCHHI Ta KOHIUI[IOHYBaHHI.
BukopuctanHs MaTeMaTUYHOTO MOJENIOBAaHHS TEIUIOBUX IPOILECIB  JIO3BOJISIE
IPOTHO3YBaTH EKCIUTyaTallliHl XapaKTepUCTUKU OyIiBeslb 1 MIJBHILYBAaTH iX
CHEeProe(PeKTUBHICTD.

Takox B JIOKYMEHTI BH3HAYA€ThCS KIACH(IKALSA Ta XapaKTEpPHUCTHKA
TEIUIO130JISLITHIUX MaTepiaiB, BAMOIM O iX MOHTa)Xy Ta €KCIUIyaTallii, 10 CIpHsE
3MEHIIEHHIO eHEPreTUYHUX BTpaT.

JABH B.2.5-67:2013 "OmnaJieHHsi, BeHTWJIALIA Ta KOHAUUIOHyBaHHA'" [25].
Hopma Bu3Hauae BUMOTHM 10 CUCTEM OINAaJCHHs, BEHTUJIALIl Ta KOHIUIIOHYBaHHS, iX
MPOEKTYBAaHHS, €KCIUTyaTalli Ta MOHTaXy. 3 ypaxXyBaHHAM MPUHUUIIB TIAPABIIKH,
aepoJMHaMiKM Ta Temooominy. BucyBatorhesi Bumoru o KKJI omamtoBanbHUX Ta
XOJIOWJIBHOTO KOe(DIIIEHTY 0XO0JIO/PKYBAIBHUX TIPHUIIAJiB, BUMOTH JI0 T€PMETUYHOCTI Ta
1301511111 MOBITPOIPOBO/IIB, @ TAKOXK YTEIJIEHHS TPYOOIIPOBOIIB 3 TEINIOHOCIEM. OCKIIBKU
HOpMa € 000B’SI3KOBOIO JI0 BUKOHAHHS, HEIO KEPYIOThCSI IIPU MPOEKTYBAaHH1, Oy 1IBHUIITB1
ta excrutyatarii OBK o0nagnanss.

CraHgapT MICTUTh QJITOPUTMU U1 BU3HAYEHHS HEOOXIJHUX TMOTYXHOCTEH
OMMAITIOBAIBHUX 1 0XOJIO/KYBaJIbHUX CHCTEM, BPAaXOBYIOUH MapaMeTpu MOBITPOOOMIHY,
TEeMIIepaTypy 30BHILIHBOTO CEPEIOBUIIA Ta 1HIII (PAKTOPH.

Takox B JOKYMEHTI OXOIUTIOIOTHCS BCl acHeKTH 3a0e3nedyeHHs: KOM(OPTHOro
MIKPOKJIIMATy B OYyJIIBJISIX — BiJ] pO3paxyHKY TEIUIOBUX HABAaHTAXEHBb JO TMapameTpiB

BEHTWJIAIT Ta KOHIUIIIOHYBaHHS.
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3abe3neueHHsT MPaBUJILHOTO OallaHCY MDK eHepro3arpaTaMu Ta KoMdOpToM
JT03BOJISIE 3HAYHO 3HU3UTH BUTPATH Ha OMAJICHHS Ta KOHIUIIIOBaHHS, 110 € BaXJIUBUM
JUTSL CTAJIOTO PO3BUTKY OY/IIBHUIITBA.

JACTY ISO 50001:2020 [26]. Ctangapt EN ISO 50001 [27], aganToBanuii 10
HaIllIOHATHPHUX YMOB, MPEJICTABIIIE CUCTEMY YIPABIIHHS €HEprieto, mo 0a3yeTbesl Ha
mukii PDCA  (Plan-Do-Check-Act). HaykoBo oO0rpyHTOBaHWW mTiaxim mepeadadae
MOCTIMHUN MOHITOPHHT, BUMIPIOBAHHSI Ta aHaJI3 MOKA3HUKIB €HEProCHOKUBAHHS, 110
JI03BOJISIE OPTaHi3aIlisIM BUSIBIISTH HEE(PEKTUBHI MIJITHKY 1 BIPOBAHKYBATH 3aXOH 11010
ontumizauii. B OCHOBI cTaHmapTy JexaTb NPUHIMON CHUCTEMHOIO aHali3dy Ta
CTATUCTUYHOI OOPOOKH JaHUX, IO CHPHSIE MPUIHHATTIO OOTPYHTOBAHKUX YNPABIIHCHKUX
pilieHs y cepi eHepreTHKu.

Hoxyment onucye BopoBamkeHHs wmonaeni PDCA (Plan-Do-Check-Act), o
JI03BOJISIE OpTraHi3aIlisiM CHUCTEMAaTHYHO IUTAHYBAaTH, BIIPOBAKYBAaTH, TEPEBIPITH Ta
BJIOCKOHATFOBATH 3aXO0/T1 3 YIPABIIHHS €HEPTOCIIOKUBAHHAM. € aanTOBAaHUM JI0 Pi3HUX
TUIIIB OpraHi3aliii 1 M03BOJISIE€ IHTETPYBATH ICHYIOYI E€HEPreTUYHI CUCTEMHU Y €IUHY
CUCTEMY YIPABIIHHS, TAKUM YUHOM, CIPUSAIOUN OUIBII palioHaIbHOMY BUKOPUCTAaHHIO
pecypcis.

HaykoBuii miaxim Oa3yeTbcsi Ha 300pi JaHUX, iX aHadi3l Ta BUKOPUCTAHHI
CTATUCTUYHUX METOJIB JIJIsl BUABJICHHS Hee(DEKTUBHUX JUISTHOK Ta PO3POOKHU 3aX0/I1B JIJIs
ix omrumi3zariii.

JACTY EN 15232-1:2017 EneproegexruBHicts OyaiBeab. Yacruna 1. Bnius
aBTOMATH30BAHUX CHCTEM MOHITOPUHIY Ta ynpasjiHHA OyaiBasmu. [28] Llei
JIOKyMEHT OXOIUTIOE, aBTOMAaTU30BaHI cucTemMu ynpasimiHHs (BAS) ta iX BumB Ha
€HepreTuyHy e(peKTUBHICTh OyA1BEb.

Bin 0a3yerbcst Ha MpUHIMIIAX TEOpii YMpaBliHHA, IHTErparii iHhopMaIiitHIX
TEXHOJIOT1i 1 CHCTEM MOHITOPHUHTY, IO I03BOJISIE TUHAMIYHO KOPUTYBAaTH POOOTY CUCTEM
OmMaJicHHsI, BEHTWIAIIi, KOHAWI[IOHYBaHHS Ta OCBITJIICHHS. HaykoBul miaxin, sSKui
BUKOPUCTOBYETHCSI B JIaHIA HOPMIi, BKIIIOYA€ MOJCIIOBAHHS CHEPTETHYHHUX IOTOKIB,
aHaJi3 CleHapiiB aBTOMATHU3Alli1l Ta pO3paxyHKH MOTEHIIMHUX €EKOHOMIYHHX NIepeBar Bij

BIIPOBAKCHHS, TAK 3BAHHUX, CUCTEM «PO3YMHOTO OYTUHKY.
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Jlo1aTKOBO, TOKYMEHT MPOMOHY€E METOJU PO3PaXyHKY MOTEHUIMHUX €eKOHOMIYHUX
Ta CHEPreTUYHUX e(EKTIB BijJ IHTErpallii CHCTeM aBTOMaTH3allli, BUKOPHCTOBYIOUH
MaTeMaTUYHE MOJICTIOBAHHS CHEPreTHYHUX IMOTOKIB 1 CIleHapiiB pobotu. YacTuHOIO
CTaHAApTy € TMO€aHaHHS cydacHUX [T-TeXHOJOrid, CEHCOPHHX MEpeX 1 CHCTEM
MOHITOPHHTY Y CTBOPEHHI '"po3yMHUX" OyaiBesb, s KOMIUIEKCHOTO aJanTHBHOTO
KEepYBaHHsI CIIO)KMBAHHSIM €HEPTii B pEXKHUMI PEaIbHOTO Yacy.

JACTY EN ISO 52016-1:2022  EneproedexkTuBHicTh  OyaiBelib.
Enepromorpedu ais omajeHHsl Ta OXOJOJKeHHSl, BHYTPIIIHI TeMmepaTrypu i
HABAHTA’KEHHS 32 SIBHOI0 TAa NPHUXOBAHOI Termiororw. Yactuna 1. Meroauku
po3paxyHky (EN ISO 52016-1:2017, IDT; ISO 52016-1:2017, IDT) [29] ta ACTY
CEN ISO/TR 52016-2:2022 EneproegexruBHicTs OyaiBeab. EHepreTrnuHi norpedoun
JAJI1 ONMAJICHHSI Ta OXOJIOAKeHHSl, BHYTPIIIHI TeMmepaTrypu Ta moTpedu B
OXO0JIO/IZKeHHI i OmaJieHHi, CTyliHb BUKOpHUcTaHHsA eHepril. YacTuna 2 [30]: Ll aBa
JIEp’KaBH1 CTaHIaPTU PETJIAMEHTYIOTh JIepKaBHY METOJIUKY PO3PaXyHKY €HEPreTHUHUX
noTpeO AJ ONaJIeHHs Ta OXOJIOKEHHS Oy 1iBeb.

ITo cBoiii cyTl, € MATEMAaTUYHOIO MOJIETIOO JUIsl BA3HAYEHHS €HEProe()eKTUBHOCTI
OyaiBelb, MPUNHATOIO HA JIEPKABHOMY PiBHI, IO IONIOMarae 00’ €KTUBHO BU3HAYHUTH Ta
MOPIBHATH PiBHI €HEproe(eKTUBHOCTI OyaiBeNb, a TAKOXX MEPEBIPUTHU BIJAMOBIAHICTH
OyniBenb HOpMaM 3aTBepakeHuM B [21]. Ha mogaTok, BUKOPUCTAaHHS 1IMX HOPMATHUBIB
Ha eTari MPOEKTyBaHHS JOMOMAarae 4iTKo CIJIaHyBaTH 3aX0JIH MO0 TTOKPAICHHS PIBHS
eHeproePeKTUBHOCTI Oy/1BEJib, TAKUM UYHMHOM ONTHUMI3yHOUM OajlaHC KamiTaJlbHUX Ta
olnepaliifHuX BUTpAT, IPU LbOMY 3aJIMIIAIOYM JOCTATHIO THYYKICTh JJI BpaxyBaHHs
creru@iku IPOEKTY.

JACTY 9190:2022 “Enepreru4Ha e(peKTUBHICTH OyaiBeJib. MeToa po3paxyHKy
€HEeProcrnoKUBAHHA MiJ Yac ONaJeHHA, 0X0JI0KeHHs, BEeHTWIALII, OCBITIeHHA Ta
rapsiyoro Boaonocrayanus” [31]. Meton po3paxyHKy €HEpProcrnoXHBaHHS i Yac
OMAJICHHS, OXOJOJKEHHS, BEHTWJIALIi, OCBITJICHHS Ta rapsyoro BOJOINOCTAYaHHS» €
HAI[IOHAJILHUM CTaHAapTOM YKpaiHH, 1110 BCTAHOBIIIOE BUMOTH JI0 METOIB PO3PAXYHKY
eHeprocnoxxuBanHs OyziBens. Lleit cranmapt HaOyB umHHOCTI 1 Oepesns 2023 poky,

saminuBiM nonepenniit JICTY b A.2.2-12:2015 [32].
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[Io cyti nmana Meromauka € crpomieHHsM [29] ta [30] 11 MNpakTUYHOTO
BUKOPUCTaHHA  OQIUIHHOTO  PO3paxyHKY €HEPrOCHOXUBAaHHSA IpHU:  aTecTauli
eHeproeeKTUBHOCTI OyaiBeb, PO3POOIll €HEPTeTUYHUX IMACIIOPTIB, OIIHIN 3aXOIiB 3
eHepro30epexeHHs. He MiCTUTh HOBUX METO/IIB PO3PAaXyHKY, alle po3’sICHIOE TapaMeTpu
1 IOMYIICHHS Ta MOSICHIOE, IK BUOMPATH METOJ] PO3PaXyHKY 3aJ€KHO BiJ THITy OyaiBIi
Ta IUIEH.

JoBinkoBi naHi 3 [31] Oyu BUKOPUCTaHI K MPUITYIICHHS IS 3a/IaHHS TapaMeTpiB
BHYTPIITHHOTO MIKPOKJIIMATY B IPUMIIIIEHHSX.

3 HayKoBOi TOYKM 30py, HABEIE€HI HOPMATUBHI JOKYMEHTU CTaHOBIISTh
KOMIUIEKCHY CHUCTEMY BHMOI' Ta METOAOJOrIH, SIKI IPYHTYIOTbCSI Ha HpPUHIUIAX
TEPMOJIMHAMIKK, OyJ1BeJbHOI (I3UKH, MaTeplajo3HaBCTBA Ta TEOpli YIpPaBIIHHS
€HEPrOCIOKUBAHHSM.

3BaXkKalouu Ha 1€, a TAKOXK Ha OOOB’SI3KOBICTh iX BUKOHAHHS Mpu OYIIBHUIITBI,
HOPMATHUBHI JOKYMEHTH, OITMCaHa BUIIE, Oy BUKOPHUCTAHI B AOCIIKEHHS SIK 0a3uc 3
NOJaJbIIUM JOOMPAIIOBAHHSIM IIE€BHUX AaCIEKTIB Ta BIPOBAKEHHSAM JIUHAMIYHOIO
€HEPreTUYHOr0 MOJIEIIOBAHHS JIJIs1 OIBII TOYHUX PO3PAXYHKIB.

Takuil migxix 103BOJISE€ Y3TOJUTH 3alpPOIOHOBAHI METOAU 3 BITUM3HSIHUMU
BUMOIraMH, a TaKOX aKTyaji3ye OTpPUMAaHI JaHHI, OCKUIBKM BpaxOBaHl HalCy4acHIlI

TEHJEHI1i B €eHeproe(peKTUBHOCTI Oy 1BEIb.

JAupexTBu €BPONeiicbLKOro comw3y

Ha nmomatok 10 BITYM3HSHUX HOPMATHUBIB B cdepl eHeproeeKkTUBHOCTI BapTO
PO3IIIAHYTH 1 €BPONEHCHKI, 3 Py TIPUYNH:
o OCKUIbKA YKpaiHa OpIEHTYE€TbCS Ha IHTerpamio y EBponeicbkuil coro3, ii
HOpMAaTHBHA 3HAXOJIUTHCA B MPOIEC] Y3ro/uKeHHs 3 Hopmamu €C;
o JOCSITHEHHSI IIJIeM CTaJIoro pPO3BUTKY € Ba}JIMBOIO YacTHHOIO mnoiiTtuku €C,
BIIMOBIHO, HA TEHACHINI B HOpPMAaTHBHIN 0a3l 100 €HeproceKTUBHOCTI MOKHA

MOKJIAJIaTUCh SIK Ha MpoBiaHi [33];
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o HopMaTuBHA 0a3a €C € 0/1HI€I0 3 HAMKOPCTKIIINX BUMOT 10 €Heproe(eKTUBHOCTI

B CBITI, X04a 1 MOCTYIMAETHCA B [IbOMY aCIEKT1 IEIKUM OKPEMHUM KpaiHaM.

€ppornelicbknii Coro3 po3poOKMB HU3KY HOPMATHBHHX AaKTiB, L0 PETYJIOIOThH
eHeproeeKTUBHICTh Oy /1iBEJb, MPOMUCIOBOCTI Ta TpaHCHOpTy. OCHOBHI HOPMATUBH Ta
JIOKYMEHTH, 1110 CTOCYIOThCSI €Heproe(eKTUBHOCTI:

€Bponeiicbkuii 3esqennii kype (European Green Deal, 2019) [34]. [lepenbauae
MaciTabHy peHoBailito OyaiBensHoro ¢ouay (Renovation Wave). Mera — nocsrueHHs
KiiMatnaHoi HerTpamsHoCcTI €C 1o 2050 poky.

IIporpama Fit for 55 (2021) [35] IlakeT 3aK0HO1aBYMX 1HILIATUB JIJI1 CKOPOUCHHS
BukuiB CO2 Ha 55% no 2030 poky. BucyBae BUMoOru 10 eHeproeekTUBHOCTI y BCIX
CEKTOpax €KOHOMIKH.

MupexTuBa 2012/27/€C (EED - Energy Efficiency Directive) [36]. Buznauae
3araybHi 3000B’s13aHHS 11 KpaiH-wieHiB €C 1010 CKOPOUEHHS EHEeProCcIOKMUBaHHS Ha
32,5% no 2030 poky. Cepen BUMOT, ONUCAHUX B JJOKYMEHTI:

o BEJIMKI KOMIaH1i 3000B’s13aH1 TPOBOJIUTH €HEProayIMTH KOXKH1 4 pOKU;
o BCTAHOBIIIOE€ BUMOTH J10 €HEproeeKTUBHOCTI B IEPKABHOMY CEKTOPI.

MupextuBa (€C) 2023/1791 (oHoBnenHs, Ta nonoBHeHHs [36]) [37]. Cepen
1HIIIOTO, 301/IbIITY€E 3000B’I3aHHS 1010 CKOPOUYEHHS CHEPTOCIIOKUBAHHS Y JIEPKABHOMY
cektopi g0 1,9% miopiyuHo, a TakKoXX JOJATKOBI BHUMOTH JO IIiJIBUIICHHS
eHeproeeKTUBHOCTI MPOMHUCIIOBOCTI Ta TPAHCIIOPTY.

MupexTuBa 2010/31/€C (EPBD - Energy Performance of Buildings Directive)
[38]. BuzHauae MiHIManbHI BUMOTM JO EHEPreTUYHHMX XapaKTEPUCTHK OYIIBEIb,
3ampoBaIKy€e€ O00OB’SI3KOBY cepTU(ikaiito eHeproeeKTUBHOCTI OyiBeab, a TaKOX
BUMarae, mo6 Bci HOBI Oyaieii 3 2021 poky Oynu OyAiBiasIMU 3 MailKe HYJIbOBUM
cnoxkuBaHHsaM eHeprii (nZEB - Nearly Zero Energy Buildings).

NupexktuBa (€C) 2018/844 (3minum mo [38]) [39]. Ilocumroe BHMOTH MIOI0
eHeproe()eKTUBHOCTI ICHYIOUMX Oy[iBeNlb, BIPOBAIKYE BUMOTH JIO PO3YMHHUX
OyIiBEeTbHUX TEXHOJIOTIN Ta aBTOMAaTH3aIlll, @ TAKOX MPOIMOHYE (PiHAHCOBI IHCTPYMEHTH

JUIs MOZIEpHi3allii Oy1iBeIbHOTO (POHTY.
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Cepen HopMatuBiB €C, TakoX € JOJATKOBI 3aKPIMJI€HI BUMOTH 0 KOHKPETHHUX
pUIaIiB:

Pernament (€C) 2017/1369 [40] — pamMKoBHUii periaMeHT 1010 EHEPreTUYHOTO
MapKyBaHHS:

o BCTAHOBJIIOE BUMOTH J0 Kiacu(ikallii €HeprocrnoXuBaHHS MOOYTOBOI TEXHIKH
(A-G);
o BIIpoBaKy€e QR-KOAM ISl IBUIKOTO TOCTYITY JIO XapaKTEPUCTHK TOBAPIB.

Pernament (€C) 2019/2020 [41] — exomuzaiiH s OCBITIEHHs. BusHauae
MiHIMaJbHI BUMOTH JO €HEProeeKTUBHOCTI JIaMI 1 OCBITJIIOBAJIbHUX MPUJIA/IB,
3a00pOHSAE€ BUKOPUCTAHHS MAIOC(EKTUBHUX JIAMII.

brnusbkumu ananmoramu ykpaincbkux JIBH y cdepi eneproedekTuBHOCTI €
nokymeHTH EN Ta [SO.

EN 16798-1:2019 [42] — Enepretuuyna egekTUBHICTH Oy/iBesb. BuznaueHHs
BHUMOT JI0 €HEPreTUYHUX XapPaKTEPUCTUK Oy 1BEIb.

EN ISO 52000-1:2023 [43]— 3arayibHi METOU PO3PAXYHKY €HEPrOCHOKUBAHHS
oynim. Ananor Hamoro JICTY EN ISO 52016-1:2022.

EN 16798-3:2017 [44] — Bumoru 10 BEHTWISLUIWHUX CUCTEM Yy OYIIBIIAX.
Hotnunwmii no vamoro JIbH B.2.5-67:2013.

EN 12831-1:2017 [45] — Po3paxyHok moTpeOu B omajeHH1 OyiiBesib. AHaior
namoro J[bH B.2.5-67:2013.

ISO 7730:2005 [46] — Epronomika TeIJIOBOIO cepeaoBHINa. BuzHaueHHS
koMmdopty. [loBHUIT aHANIOT B Hallllif HOPMATUBHIN 0a31 BiICYTHIM, YaCTUHA KOHIICTI{IN
neperuHaerbes 3 JJCTY EN ISO 52016-1:2022.

[{i HOopMmaTuBM € O0OOB’s3KOBUMHU s KpaiH-wieHiB €C 1 06e3nocepenHbo
BIJIMBAIOTh HAa CTaHAAPTU €HEepProeeKTUBHOCTI B YKpaiHi B MexkaxX IMIUIEMEHTallil
€BPONEICHKOr0 3aKOHOJaBCTBA.

He 3Baxaroun Ha crnopigneHicte JIBH 3 crammapramu EN Tta ISO, moxnHa

3a3HAYUTHU PAJl BIAMIHHOCTEN Mk HUMU [47—49]:
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o VYkpaiuceki JIBH 6ib11 fetanizoBani Ta MPUCTOCOBAHI A0 MICIIEBHX YMOB, TOI1 SIK
EN € rHyukuMu cTaHaapTaMi, 10 3aCTOCOBYIOTHCS B PI3HUX KIIMAaTHYHHUX YMOBax
€Bpony;
o B €C OUIBIIMI aKIIEHT Ha peajbHy eKCIUTyaTaliiiny e()eKTUBHICTh OyaiBeIb, TOA1
sk JIBH Oinbiiie opieHTOBaHI Ha MPOEKTHI MMOKA3HUKH;
o JABH wmaroTh ¢ikcoBaHi HOPMATHBHI 3HAYECHHS Ta KIIMATUYHI KoedilieHTH, a
€BPOMNEICHKI CTaHAAPTH TepeadadaroTh BUKOPUCTAHHS MOJENEN IS PO3pPaxyHKIB 3
ypaxyBaHHAM KOHKPETHUX YMOB;
o B YKpaiHi BUKOPUCTOBYEThCS (hIKCOBaHMM HaOip HOPMATUBHHUX 3HAYCHB, TOJII K B
€C nomyckaeThCsl aJalTUBHUM MIAX1A A0 MPOEKTYBAHHS 3 ypaxXyBaHHSAM KOHKPETHUX
KJIIMAaTUYHUX YMOB;
o perymoBanHs B €C Ouibllie OPIEHTOBAHE Ha peajibHE CIOKMBAHHS €HEPTii, a He
TIJIBKH HA MPOEKTHI XapaKTEPUCTUKH.

[TincymoByroun, Yxkpainceki JIBH Oinbmn nmeramizoBaHi Ta NPHUCTOCOBaHI [0
MicLEBUX YMOB, ToAl sk EN € rHyukuMu craHgapTamu, 110 3aCTOCOBYIOTBHCSI B P13HUX
KJIIMAaTUYHUX yMoBax €Bponu. Ykpainceki JIBH € Ouab1 :)KOPCTKUMH y CBOIX BUMOTaX,

BOHU BCTAaHOBJIIOIOTh MiHIMaJIbHI HOPMAaTHBHU 0€3 MOKJIMBOCTI BiIXUJICHb.

MixkHapoaHi cTaHAapTH 3eJIeH0l cepTudikawii OyaiBesb

Ha nonmarox no HopmatuBHOi 06a3u EC ta Ykpainu, B mporieci miArOTOBKH 10
poOoTH OyJi0 PO3INIIHYTO PsiA TporpaMm «3ejeHux» ceprudikamid. B mimomy, 1mi
pOrpaMu € T0OPOBITHPHUMH 10 BAKOHAHHS, Ta PETYIIOI0THCS TPUBATHUMU KOMITaHISIMHU.
Ceptudikariiss He € OE3KOIITOBHOIO, a BIPOBAKEHHS MOTHBYETHCS PSIOM MPUYMH:
MapKETUHT, OYIKYBaHHS 3a0XOY€Hb BIJ JIepKaB JJI MPOEKTIB, IO OOMPAIOTh OJHY 3
ceptudikaiiiif, 0akaHHs NMoOyayBaTU MPOEKT BIAMOBIIHO A0 MPOBIIHMX OyAiBEIbHUX
IPAKTHK B CTIIKOMY PO3BHUTKY.

1. BREEAM (Building Research Establishment Environmental Assessment
Method) [50]
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BREEAM - 11e oHa 3 HalCTapilliMX CUCTEM OI[IHKH €KOJIOT14HO1 €()eKTHBHOCTI
OyniBenb, po3podsieHa y Bemnukiit bputanii B 1990 pomi. Bona BUKOpHUCTOBYE
OaraTokpuTepiaTbHUMN MiAX1A 10 OI[IHKY BIUIMBY OY/1BETh HA JOBKIJIIA.

OcnogHi BuMoru BREEAM:

o eHeproe(eKTUBHICTh: BKIIIOYA€ OI[IHKY EHEPreTUYHHX BUTPAT, BUKOPUCTAHHS
MOHOBJIIOBAHUX JiKepen eHeprii Ta piBHs BUKUAIB COy;

) MaTepiaiu: OIIHIOEThCA BIUIMB MaTepialliB Ha JOBKULIA Ta iX BIAMOBIIHICTH
MPUHIUIIAM CTAJIOrO PO3BUTKY;

o BOJIA: OLIHIOETHCS €(PEKTUBHICTh BUKOPUCTAHHS BOJM, BKIIOYAIOYM 3aX0J 3 il
CKOHOMIi;

. €KOJIOTisl Ta O10pI3HOMAHITTS: BPaXOBY€THCA BIUIMB OY/IIBHUIITBA HA HABKOJUIITHE
CEPENIOBUIIIE;

o TPAHCHOPT: OLIHIOETHCS BIUIUB OY/IIBIII HA TPAHCTIOPTHY JAOCTYIHICTh 1 PO3BUTOK
1H(}pacTpyKTypH.

BREEAM Mmae rHYyYKy CHCTEMY OIIIHKH, JO3BOJISIOUM aallTaIlil0 BUMOT Il KOHKPETHI

KpaiHU Ta PET10HHU.

2. Passive House (Passivhaus) [51]

Passive House — 1e HiMenpka cuctema cepTHdikailii, sika OpieHTOBaHa Ha
MIHIMI3all1}0 €HePTrOCIOKMBAHH OyAiBEIb 32 PaXyHOK MACUBHUX 3aXOIIB.

OcnogHi BuMoru Passive House:
o CIIO’KUBAHHS TEIJIOBO1 eHeprii He Ouiblie 15 kBT ron/m? Ha pik 17s onaJieHHs;
o 3arajbHe CIOKMBaHHSI MEPBUHHOI eHeprii (Ha Bcl moTpedu) — He Outbme 120

kBT roa/m? Ha pik;

o TEePMETHYHICTh OY/iBII: Nso < 0,6 Tox ' (KpaTHICTh MOBITPOOOMIHY TIpH TUCKY 50
[la);

) BHUCOKHUH PIBEHB TEIJIO130JIA11T Ta MiHIMI3allisl TETJIOBUX MICTKIB;

o edeKTHBHA peKymnepaillis Tera (MiHiMyM 75% y cuctemax BEHTHIIALI);

[{s1 cucTemMa Ha>KOPCTKIIIA 1IOA0 BUMOT JI0 CHOKMBAHHS €HEPrii, 10 poOUTH il

0COOJIMBO aKTyaJIBHOIO JIJIsI KITIMATUYHHX 30H 3 XOJIOTHUMH 3UMaMH. AHaII3 BUMOT JaHOT
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cucteMH ceptudikailii, J03BOJSAIOTh OTPUMATH YITKE PO3YMIHHS MPO MEPEaoBl iAei B
peaTbHOMY CEKTOpi OYIiBHHUIITBA, 3 YPaxXyBaHHIM peaTbHUX TEXHIYHUX MOXKIHBOCTEH
CY4YaCHHX IPOEKTIB.

Cucrema TOKIIQJAEThCS HA EHEPreTUYHE MOJENIOBaHHS OyiBeslb B Mporpami

WUFI Passive [52].

3. LEED (Leadership in Energy and Environmental Design) [53]

LEED — amepukanchka cuctema cepTudikarii, po3podmena Pamoro 3
exonoriydHoro OyxaiBauiTea CIIA (USGBC). Bona € ofHi€to 3 HailOUIbII MOMIUPEHUX Y
CBITI 1 BAKOPUCTOBYE PEUTUHTOBY CUCTEMY JJIS OI[IHKH CTIMKOCT1 OyiBEIb.

Ocuosui sBumoru LEED:

. eHeproe()eKTUBHICTh Ta 3HUKEHHA BUKUIIB CO2;

° BUKOPHUCTAHHS €KOJIOTIYHO YUCTUX MaTepialliB Ta 3MEHIIICHHS B1AXO/IiB;

J e(deKTUBHE BOJIOCIIOKUBAHHS;

o 3a0€3Me4YeHHs IKOCT1 BHYTPIIIHBOTO CEPEIOBHUIIA (3MEHIIICHHSI PIBHS 3a0PY/IHEHD,

BEHTHJIALS, IEHHE OCBITJIICHHS TOIIO);
o TPaHCIOPTHA JOCTYIHICTh Ta PO3BUTOK 1HOPACTPYKTYPH;

Bepudikariisg 1oCIrHyTOro piBHS €HEproe()eKTUBHOCT1, HAWYACTIIIE MPOBOJAUTHCS
3a JomoMoror auHamiyHoro mozaearoBanHs 3rimHO ASHRAE 90.1 [54,55].

LEED BukopuctoBye OanibHy CHUCTEMY OI[IHIOBaHHS, MPOTE PSSl BUMOT €
00O0B’SI3KOBUMH /10 BUKOHAHHS, Ta Ma€ KiJIbKa pIBHIB cepTU(ikalii B 3aJIEXKHOCTI Bij
nocsrayTux 0amiB(Certified, Silver, Gold, Platinum).

Bumoru Bcix BHILE 3raJaHuX MporpaM Mponucani B BIAMOBIIHUX JOKYMEHTAaX, Ta
MarTh HOPMATUBHY 0a3y KpaiHU MPOEKTY sIK Oa3uc, BUCYBAIOUYM CBOi BUMOTH, JIUIIE B
BUIIAJIKaX, KOJIM BOHH HE 3aIIKO/KYIOTh BHKOHAHHIO JIOKAJIBHUX BUMOT.

PisHunst Mk mOporpamamu  3eieHoOi  cepTtudikaiiii Ta BUMOTamMH 10

eHeproedexruBHocTi €C Ta Ykpainu 3BeaeH1 10 Tadmmmi 1.1:



Tabmuns 1.1 — Cranaaptu npo eneproedekTuBHICTh YKpainu ta €C 1 nmporpamu

3eJIeHO1 cepTudikarii

Kpurtepiit | Ykpainceki | €Bpomneiicbki | BREEA | Passive LEED
JIbH HOpPMAaTHUBHU M House
(EN, ISO,
EPBD)
O60B’s3k0B | O60B’s13k0B | BripoBamxkyto | Jlooposi | Jlo6poBuis | JIoOpoBiib
1CTh 1 ThCSI yepes | JbHa Ha Ha
HaIllOHATBHI
3aKOHO/IaBCTB
a
®okyc Ha | Permament | OcHOBHHIA [upoxu | OpientoBan | banbHuii
eHeproedek | yeTbes npiopuTeT — | W MIAXIJ | @ HAa MeBHUM | MAXI,
TUBHICTb MMUTOME 3MEHILICHHS (eHepris, | piBeHb BEJIMKA
eneprocrio | CO2, BUMOTH | €KOJIOTI, | CIIO)KMBAHH | THYYKICTh B
’KUBAaHHA Ha | MAIOTh TI€BHY | BOJA) s eHeprii cTparerii
ONAJICHHS, | THYYKICTb cepTudikail
OXOJIOKECH 1

g ta [ BII
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[Tponorxenus Tadmumi 1.1

MOACIIOBAHHA

Tennoizons | Bumarae BuxopucroBye | Bumara | Ham3Buuaii | Bumarae
1ist MEBHI PIBHI | €IUHY € HO BHCOKI | BIJTIOBIIHO
TEPMIHOTO | METOJI0JIOTi1O BIZINOB1J | BUMOTH, B | CTI
OTIOpY JUJISl | pO3PaxyHKIB, | HOCTI TOMY YHCJI1, | pET1OHAIBH
KOXHOTO T03BOJISIIOUN perioHa | 3MEHINCHHS | UM HOpMam
TUITY KOMIICGHCYBAaTU | JIbHUM | TETUIOBUX
KOHCTPYKIIl | c1abKi MICI B | HOpMaM | MOCTIB,
17§ KOHCTPYKIIIT 000B’SI3KOB
OyniBmi B e
1HIIHIX BIPOBAKE
acrmeKTax HHS
000JIOHKH Oe3nepepBH
01 1307151111
Komdopt Busnauae | BucyBae Bxitoua | Busnagae | OpieHToBaH
KOPHUCTYBa4 | MIHIMAJIbHI | BUMOTH 7o | € MIHIMAJIbHI | U Ha
iB BHUMOTH JIO | IIIJIOTO DSy | BAMOTH | BUMOTH JIO | TIOKPAIICHH
TEMIIepaTy | mapameTpiB 110 TeMIiepatyp | 1 KompopTy
pu Ta | MIKpOKJIiMaty | komMpop |1 Ta BHUCOKI
KpPaTHOCTI Ty BUMOTH 10
MOBITPOOO SIKOCTI1
MIHY HOBITPS
Merononor | Cramionap | Cramionaphi ta | Eneprer | Enepretuu | Enepretuu
15 HI Ta | KBa3iCTallOHAp | HYHE HE HE
PO3paxyHKy | KBazicTalio | Hi MOJIEIO | MOJCJIIOBAH | MOJICJIFOBAH
eHeproedek | HapHi MaTeMaTU4HI | BaHHSA HsI Hs
THBHOCTI MaTeMaTu4d | MOJIENI,
HI MOJISTII | EHePIeTUIHE
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[IpakTyKH, 10 MIMPOKO BUKOPUCTOBYIOTHCS B CUCTEMAX «3€JIeHO» cepTudikarii,
OyJI0 BUKOPHCTAHO B MOAAIBIIOMY JOCIHIPKEHH1, OCKIIBKH BOHH € 30JI0TUM CTaHAAPTOM
B cdepi OymiBHHITBA. 30KpeMa, O0COOIMBY yBary Oyso MPUIIICHO SK JTaHI CHCTEMH
BUCYBAIOTb Ta 33/I0BOJILHIIOTH BUMOTH J0 KOM(OPTY CIIOKHUBaYiB, eHEProePeKTUBHOCTI,
MOBITPOOOMIHY. 30KpeMa, BIAMOBIIHO 0 MPAKTUK PO3TIISIHYTUX HOPMATHBIB, TUHAMIYHE

SHEPreTUYHE MOJICTTIOBaHHS Oy/iBIIl OYyJI0 00OpaHO K OCHOBHUN METOJ TOCIIIPKEHHSI.

1.3 CyuacHi g1ocjixxeHHs1, NPUCBSIYCHI )KUTJIOBUM OYAiBJISM Ta

CHEPTCTUIHUM 0ajlaHcaM B HUX

KnacuyHo, HOCHIIPKEHHSI €HepreTuYHoi e(EeKTUBHOCTI, sIK B YKpaiHi Ta 3a
KOPJIOHOM TOYMHAIOTBCS 3 aHaji3y BIUIMBY TEXHIYHMX TOKpAIIEHb Pi3HOT
HaIpaBJeHOCTI. B Takux AOCHIIKEHHIX, 3HAUHY yBary NpUAULSIIOTh MIJBUILEHHIO PIBHS
13071511111, MOJIEpHi3allli CHUCTEM OIaJICeHHS, BIPOBAPKCHHIO CHUCTEMHU EHEPreTUYHOTO
MEHE/KMEHTY, Ta KOMOIHAIIAM LIUX M1IXOI1B.

o Takux poOiT HanexaTh [S5—61], B 1esIKMX 3 HUX BUKOPUCTOBYIOTb, 111€ HOBE JIJIsI
VYkpainu, nuHaMiuHEe eHepreTuyHe MojentoBaHHs OyaiBens B DesignBuilder [62] Ta
EnergyPlus [63]. Po6otu [55—57] npucBsiueH1 JOCHIIKEHHIO BITYUM3HIHUX HOPMATHUBIB
BUKOPHCTOBYIOUI TOKpAIIEHI MaTeMaTHYHI MOJEII, 3 METOI 3HAXOJKCHHS B3a€MOJIIN
MDK YacTHHAMH CIHOKMBAaHHS, IO HE TPOSBIAIOTHCA B TIPH CTAIlIOHAPHUX Ta
KBa3ICTALIOHAPHUX METOJaX pO3pPaxyHKy 3amporoHOBaHUX YKpaiHcebkumu JIBH Ta
JCTY. [58-61] omupatounch Ha HOPMATUBHY 0a3zy YKpaiHH, HOCTIIKYIOTh BILJIUB
MOKpPAIICHHS OKPEMUX €JIEMEHTIB 000JIOHKH Ha KIHIIEBE CIIOKUBAaHHS €HEPrii B Oy I1BIISIX,
32 JOIIOMOT'OK0 €EHEPreTUYHOTO MOJIETFOBAHHS.

3 TOYKHM 30py IMIUIEMEHTAllli €HEPreTHYHOTO MOJSIIOBAHHS B METOJIOJIOTII0
ceptudikamii npuiiHaroi B Ykpaini € [54], ne IlloBkamox M.M. ta 3imenko C.B
JOCIIJIKYIOTh 3acajyi BUKOPHCTAHHS CHEPTeTHYHOTO MOJICTIOBAHHS B TMOEIHAHHI 3
KJIACUYHUM €HEPreTUYHUM ayAUTOM, JIJIs1 TOYHOTO BU3HAYEHHS €HEpronoTpedu OyaiBii.

B [61] aBTOpHM 3acTOCyBaJidi METOJU CTATUCTUYHOTO MOJCIIIOBAHHS IS OI[IHKHU
B3a€MO3B’A3KIB MK MapaMeTpaMu OyiBelb, KIIMaTHYHUMHA YMOBaMH Ta MOKa3HUKaMU

eHeprocnokuBanHs. OCHOBHUHM MiAXiJg B poOoTi 0a3yeTbcsi HAa MOOYAOBI HENMIHIMHUX
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0araTOBUMIPHUX PErpeciiHUX MOJIENICH, 110 JI03BOJISIIOTH OLBII TOYHO BpPaxOBYBaTH
HEJHIMHUN XapakTep B3aeMoAlli MDK 3MIHHMUMH. Mogem Oynau BepudikoBaHi 3a
JIOTIOMOTOI0 €KCIIEPUMEHTAIBHUX JIaHUX 1 MOPIBHSUIBHOTO aHaJi3y.

Takwuit miaxiJ1 J03BOJIMB KOMIUICKCHO OIIHUTH BIUIMB SIK 30BHIIIHIX (TeMIIeparypa,
BOJIOTICTh, IIBUAKICTH BITPY), TaK 1 BHYTpIIIHIX (DakTOpiB (TeIsioBa iHEpIIis, pIBEHb
130J1511111, BHYTPIIIHI TETJIOBUIJICHHS ), @ OT)KE BUKOPUCTAHHS HETIHIMHUX PerpecUBHUX
Mojienelt 3a0e3neuye Kpally TOYHICTh MPOTHO3yBaHH, HIK TPaAUIIIHI JIHIMHI METO/IH.

[Tig yac ornsmy HasBHOI JiTeparypu Oylo MiAMIYEHO, MO OUIBLIICTH POOIT
BUKOPUCTOBYIOTh KJIACHYHHUM MIAX1JA, IO po3risgae OyIiBIs SK, TaK 3BaHUM, YOPHUUN
AWK, TOOTO, JOCIIHUKIB, B MEPIIY YEpry, IIKaBUTh B3a€MO/IisA OyAiBJIl 3 30BHIIIHIM
CepeNOBUIIEM, a TIPoIlecaM B cepe/iuH1 Oy/I1BJII OCOOIMBOT yBAaru HE MPUALISETHCS.

Ha npoTuBary TeHJeHIIisl BITYM3HSIHUX BYCHUX, 3aKOPJOHHI iX KOJIETH aKTHUBHO
JOCIIKYIOTh 11€ TIUTAHHSI, PO3TJIA/Ialoyu K O0e3MOCEPE/IHI0 B3a€EMOJIII0 MK 30HAMHU
Oy[iBJI1, TaK 1 BIUIMB I[1€1 B3a€MOJI1i Ha CUCTEMU Oy I1BIi.

KoznoB ta KoznoBa y cBoiii po0Ooti [64] mociimkyBajiu BIUIMB JIOKAJIbHOTO
PEryJIIOBaHHS OMNAJEHHS HAa €HEProCHOXKMBaHHS OAaraTOKBApTUpPHUX OyIMHKIB. BoHu
BCTAHOBUJIW, 110 HABITh MPU 1HAMUBIAYaJTbHOMY PETyJIOBaHHI TEMIIEPATypU B OKPEMHUX
KBapTUpax ICHYIOTh 3HaUH1 IEPETOKHU TEIJIa M1 MPUMIIIEHHSIMH, 1[0 3MIHIOE 3arajibHUM
eHepreTHYHuil 6ananc Oy IiBIIL.

Hocnimxenns [65] npucBsiueHe TEOPETUYHUM OCHOBAM TeTuIonepenayl B 0y aiBiisix
VY pob6ori Tamami Kusuda po3risiHyB OCHOBHM Teruionepenadi 'y OymiBisIX, 30Kpema
0arato3oHaIbHI TETUIOBI MPOIECH. ABTOp MIAKPECIIOE, IO BpaxyBaHHS TeIUIoNepenayl
MDK TPUMIMIEHHSIMA € KPUTUYHUM JJIS TOYHOTO MOJICTIOBAHHS E€HEPrOCHOKUBAHHS
OyJliBeb.

Kiavarz Ta iH. BBaXarOTh, IO KJIACUYHUX IIIXOMIB ISl BU3HAYEHHS BIUIUBY
NEPEeTOKIB TeIla MK MNPUMIIIEHHSIMH, TOMY B [66] 3amponoHyBaJli BHKOPUCTATH
rpadoBy MOJENb aHATI3Y EHEPreTUYHUX B3a€MOJIIN MK MpUMIIIeHHAMHU. BoHu oBenu,
10 PO3TO/I1J TETJIOBUX MOTOKIB 3aJICKUTh HE JIUIIE BiI TEMIIEPATYpPHUX MTapaMeTpiB, aje

1 BiJ reoMeTpii Oy/liBJIl Ta MaTepiaiiB CTiH.
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Zhang Ta iH. [67] npoBean eKCIEePUMEHTAIbHE TOCHII)KEHHS BILUTMBY BaKaHTHHUX
OpUMIIIECHb Ha MEpPEeTOKU Teria. BOHM BCTAaHOBWIIM, IO Y JKUTIOBUX OYIIBIAX 13
HEPIBHOMIPHUM 3aCEJICHHSM MEPETOKH TEIjia MOXKYTh CYTTEBO BIUIMBATH HA PO3MOALI
TEIJIOBUX HAaBAaHTAXKEHb Y CUCTEMAX OIaJICHHS.

A Zhou Tta iH. [68] mocmiauiaM B3a€MO3B'SI30K MDK 3MIHAMH TEMIIEpaTypHu Ta
MOTOKaMU eHeprii y OyaiBisax. BoHu mokaszanu, o JuHaMidHI MPOIIECH TerIonepeaadi
MDK IPUMIIICHHSIMU MalOTh CYTTEBUM BILJIUB HA PIBEHb EHEPTOCIOKUBAHHSI.

B3aeMO03B’ 130K TEXHIYHHX PIillIEHb Ta MEPETOKIB TAKOXK MIAMAJAI0OTh i aHai3.

Hanpukinaz, BIJIMB KOHCTPYKTUBHUX PIIIEHb HA MEPETOKU TeIia JAOCTIIKYIOTh
Zhang, Lu 1 Wang [69]. B po0OoTi BOHM TpoaHaji3yBaJi TEIUIOBI HaBAaHTAXCHHS Y
OyIIBIISIX 13 BEJIMKUMHU BHYTPIIIHIMU IPOCTOPAMH Ta CTPATU(IKOBAHUMHU CHUCTEMaMHU
KOH/JMIIIOHYBaHHs. BOHM /J0BenM, 110 NEPETOKUM EHEprii MK 30HAMHU 3 PI3HUMU
TeMIEPaTypPHUMH PEKUMAMHU MOKYTb OYTH ONITUMI30BaH1 B I[bOMY KJTIOU1 JJIsl 3HUYKEHHS
3araJibHOTO €HEepPTrOCIIOKUBAHH.

OcHOBHA MPUYMHA TIEPETOKIB — PI3HUIISI TEMIIEPATYP B TIPUMIIIICHHSX, B1JIIIOBITHO
BUKOPUCTAHHS JICIICHTPAJII30BAHOT0 KOHTPOJIIO TEMIIEpaTypy pOOUTS 111 MPOIEeCH OUTbII
BupasHuMu. Zhang ta iH. B [70] pO3MISHYJIHM MOIMBOCTI JICLIEHTPATI30BAHOTO
KOHTpOJIt0 Temneparypu dyepe3 iHterpoBani OBK-cucremu. Bonu 3azHaumnm, 1o
e(eKTHUBHE yIPABIIHHS MOTOKAMU €HEPTril MK MPUMIILEHHSIMHA MOE 3HU3UTH BUTPATH
Ha OMNAaJEeHHS Ta OXOJIOIKEHHS.

BianoBigHO 10 1OCTIKEHD BUILE, IEPETOKU €HEPT1l MK MPUMIIICHHSIMU CyTTEBO
BIUIMBAIOTh HA CHEPreTUYHUN OamaHc Oymimi. JloCHipKeHHS MATBEPIKYIOTh, IO
ONMTHUMI3allisl IMX IOTOKIB uepe3 IMOKpalleHe NPOEKTYBaHHS, €(EeKTHBHE 30HAJIbHE
KEpyBaHHS Ta BJAOCKOHAJIEHHS TEIUIO130JISIIMHUX MaTeplaliiB MOXKE 3HaYHO MiABUIIUTH
eHeproedeKTUBHICT, OyniBenb. [lomanpini AOCTIIKEHHS Yy I[bOMY HaIpsIMKY MaroTh
BKJIIOYATH OUIbLI JIETaJIbHI MOJIEIIOBAHHS Ta, Oa)xaHO, MPAKTU4YHI BUIPOOYBAHHS B
peallbHUX YMOBaX €KCIUTyaTallii, OCKIIBKM dYepe3 CKJIAHOI peai3alii TaKoro
JOCTIPKEHHSI Ha peaibHIM KUTIOBIA OyIiBil, MOCIIIPKEHb TaKOro THUILy TOCTPO HE

BHUCTa4ac.
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3 poOiIT BHIIlE, TAKOXK BUIHO, 1[0 €HEPreTUUHUN OaslaHC OyMiBeIb € KIHOUYOBUM
(dhaxkTopoM y 3abe3IeueHH] iX eHeproePeKTUBHOCTI Ta KOMGOPTY, OCOOIMBO B BUMAIKAX
BpaxyBaHHSl BHYTPIIIHIX MPOIECIB B MPUMIIICHHAX 3 BUKOPUCTAHHSIM JUHAMIYHOTO
MOJICIIIOBAHHS., BUXOJISIYU 3 1[HOTO, TAKOXK OyJI0 PO3TIISIHYTO Psifl pOOIT MPUCBSIYECHUX 1
KOHKPETHO I[bOMY ITUTAHHIO.

OCHOBHMMHU CKJIQIOBUMH €HEPreTUYHOTO OaNaHCy € TerioBa 130JiAllisl, BTpaTH
TeIJla Yepe3 BEHTWIALII0, BUKOPUCTAHHS EJIEKTPOEHEPrii, MOBEJIHKA MEIIKAHIIB Ta
CHUCTEeMHU BiJHOBIIOBaHOi eHeprii. JlireparypHa 0a3a, mpuBeAeHAa HUXKYE, JOCITIKYE
B32€MO3B'A30K MK IIUMU (PaKTOpaMH Ta KIHIIEBUM CHOKMBAHHSIM €HEPIii, CHUPAIOYUCh
Ha Pe3yJIbTaTU YKPATHCHKUX 1 MID)KHAPOIHUX JTOCIIIKEHb.

Pan nmocnmimkeHp Haroioumlye Ha 3HA4YHIA POl MOBEAIHKOBUX (DAKTOPIB Y
dbopMyBaHHI KIHIIEBOIO eHeprocrnoxupanHs OyxaiBenb. Tak, Udin ta iH. B [71]
3a3HAy4al0Th, 10 KOHTPOJIb BHYTPIIIHHOTO CEPEAOBHUINA MEIMIKAHISIMH MOE 1CTOTHO
BIUIMBATH Ha IMOKa3HUKUA eHeproedektuBHocTi. JochaymkenHs Hong Ta 1H. [72]
MIATBEP/KYE, M0 Bapialli y MOBEAIHIII KOPHUCTYBaudiB MOXYTh CHPUUYUHUTH 3HAYHI
PO301KHOCTI MK PO3PAXYHKOBUMH Ta (DAKTUUHUMH 3HAYEHHSIMU CIIOKUBAHHS €HEPT1i.

CyuacHi YkpaiHCbKi pOOOTH, JOpedi, TOPKAIOThCSA I[bOI0 IUTAHHSA, XOoYa 1
(GOKyCyIOTbCS Ha HENOBHIM 3aifHsATOCTI B mepiox BiMHU. Tak, B [23] Ta [73],
PO3IIIAYIOThCA SIK BIUIMB MOBEAIHKM KOPHUCTYBaylB, TAK 1 B3a€MO3B’SI30K MK 30HAMU
OyZIiBJl B yMOBaxX HEMOBHOI 3alHATOCTI, Ha MPUKJIAIl mKoJIU. Jlochipkyoun KoMpopT
J0JIeH, CIOKMBAHHS €HEprii Ta MPONOHYIOUM TEXHIYHI PIIIEHHS AJIA MIJBUILEHHS LUX
MOKa3HUKIB MPU BUKOPUCTAHHI JIMIIE YAaCTUHU MpuMilieHb Oynaimi. Cepell 3HaXIIOK,
3HAYHE 3HUXKEHHS KOMGOPTHOCTI nepeOyBaHHS B MPHUMIMICHHSIX B TaKOMY BUMAJKY,
pEeKOMeHAaIlli K 1€ HIBEJIIOBATH, MAKCUMI3YIOUHM HAJAXOHKEHHS BiJ COHIIS, 3MIHIOIOUH
rpadik nepeOyBaHHs IIT€H B IIKOJI.

JlocniKEeHHS B CX0KOMY KJTF0U1 IPOBOJMIINCH 1 3aKOPJJOHHUMH BUCHUMH, ITpaBJa
boKycyrounch Ha HOpMalbHINA ekcrutyatanii. Tak, y [74] 1 [75] po3risiiaeThCsl BIUIMB
MOBEJIHKM MEIIKAHIIIB HAa EHEPreTHYHI XapaKTepUCTUKH OyaiBeib. ABTOpPHU
M1JKPECTIOITh HEOOXITHICTh BpaxyBaHHs MOBEAIHKOBUX (PAKTOPIB MPU MOJIETIOBAHHI

€HEPTrOCTIOKUBAHHS JIJISI IOCSITHEHHSI OUTBII TOYHUX PE3YJIbTaTIB.



44

B KOHTEKCTI TEXHIUHUX PIllIeHb, IO JT03BOJSIOTh 3MEHIIIUTH BIUIMB KOPUCTYyBaya
Ha CHEpPreTUYHUN OanaHc OYiBJI, TAKOXX BApTO PO3TISHYTH POOOTH, IO MPUCBIUYEHI
CHUCTEeMaM THUIy «pO3yMHHUH OyauHOK». CHCTEMH pPO3yMHOro OYJIMHKY JO3BOJSIOTH
IHTErpyBaTH Pi3HI €JIEMEHTH €HEPrOCIIOKUBAHHS B € JMHUN KOHTPOJIbOBAHUN MEXaHI3M,
10 CKOPOTUTH BUTpATH eHeprii. B Teopii, cucTeMu Takoro TUITy, MOKYTh 3a0€3MEeYUTH
IHAWBITyIbHUA KOHTPOJb HaJ KOXXHOIO CKJIaJ0BOI0 OamaHCy, Ta, BPaXxOBYIOUH iX
3B’SI30K MK CO00I0, CKOPOTUTH €HEPTOCIOKUBAHHS OYIIBIIi, MPU I[bOMY BUKIIOUYAIOUH
JIOJICEKUH (haKkTop.

VY nocnipkeHHi [76] aBTOpH aHANI3YIOTh PI3HI CUCTEMH aBTOMAaTH3allii OyiBelb,
TaKi SIK PO3yMHE OCBITJICHHS, aBTOMaTU30BaHE KEPYBaHHS OMaJICHHSIM, BEHTHIALIEIO Ta
koHuiionyBaHHaM moBiTps (HVAC), sk okpeMi CKJIagOBI €HEPreTUYHOrO OallaHCy
OyniBii. JlocnipKeHHs TTOKa3ye, 10 BIPOBAKEHHSI aBTOMATHU30BAaHUX CUCTEM, a TAKOXK
IHAUBITYyJIbHAN MIJIX1J Ta BPaXyBaHHS 3B’ 513Ky MIXK PI3HUMHU YaCTHHAMH CIIOKUBAHHS
JI03BOJISIE 3MEHIUUTH 3arajbHe eHeprocrnoxuBaHHs Oyaiial no 30% 3a paxyHOK
aJIalTUBHOTO KEPYBaHHS Ta aHaIIi3y MOBEIHKM KOPUCTYBaYiB.

CyyacHimi HaykoBl HajOaHHS B LiA cdepl, TaKOK HaMararoThCs BIPOBATUTH
HeHpoMepexi B TaKi CUCTEMH.

B [77] aBtop posrasgae BmimB loT-pimienr Ha 3MiHy — Mojesei
€HEeprocrokuBaHHs. BiH BUABWIM, IO 1HTErpallis JaTYUKIB 1 IITYYHOIO 1HTEIEKTY B
CUCTEMU YTPABIIHHS EHEPTi€l0 Ja€ 3MOTYy CKOPOTUTH CIIOKHBAHHS E€JIEKTPOCHEprii,
aJanTylOunuch J0 pealbHUX NOTped MENIKAHIIB, Ta BPAaXxOBYIOYM BIUIUB PI3HUX
CKJIQJIOBUX EHEPreTHYHOro OajaHCy OyAiBiIl OJMWH-HA-OAHY. TakoX JOCHITKEHHS
M1JKPECTIOE BAXKIUBICTh 3BOPOTHOTO 3B’A3KYy MIK KOPHCTYBadaMH Ta CHUCTEMOIO JIJIS
M1JIBUIICHHS €Heproe)eKTUBHOCTI.

B Bx0xOMy HampsiMKy crpsiMOBaHe il jgocnimkeHHs [78]. Y it poOoTi aBTOpH
aHAN3YIOTh ~QJITOPUTMH  QJaNTUBHOTO ympaBiniHHA cucreMamu HVAC, 1o
BUKOPHCTOBYIOTh MAIlIMHHE HAaBUaHHS JJIs MPOTHO3YBaHHS MOTped B OMaJieHHI Ta
OXOJIO/DKCHHI. 3T1IHO 3 Pe3yJbTaTaMH JIOCIHIDKEHHS, afalTHBHE YIPABIIHHS JO3BOJISIE

3HM3UTU CHOXHUBaHHS eHeprii Ha 20-25% O6e3 moripiieHHs KOM(OPTY MEIIKAHIIIB.
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ABTOpU HAaBYAOTh MOJICJIb BPaXOBYBAaTH 1HMBIIyalibHI CKJIaJIOB1 OanaHCy, Ta iX BILIUB
Ha KIHIIEBE CHEPTOCIIOKUBaHHS Oy I1BJI.

ABtopu B [79] dhoKyCyl0ThCS Ha 3aCTOCYBaHHI IITYYHOTO 1HTENEKTY B KEpyBaHH1
CHEPreTHYHUMHU pecypcaMu OyaiBedab. BoHU po3riiaaioTb BUKOPUCTAHHS TIIHOOKOTO
HABUaHHS U1 aHAJi3y TMOBEIIHKH KOPHUCTYBadiB Ta aBTOMATHYHOIO HAJAIITYBaHHS
podotu cucrem HVAC. byno mosemeno, mo BukopucTtanHs Al j03Bossie qocsiratu
3HAYHUX 3HIWKEHb y CIIOKHUBAaHHI €Heprii, 0coOJnBO B OYIIBISAX 3 HEPIBHOMIPHUM
HABAHTAKCHHSM.

[li mochimkeHHS MiIKPECTIOITh BaXXIMBICTh aBTOMATH3allli B  YIpaBJIiHHI
CHEProCIOKUBAHHAM OyAiBesb, JEMOHCTPYIOUM MOTEHIIAN Cy4acHUX TEXHOJOTINA st
NIJBUILIEHHS €(QEKTUBHOCTI, MOKA3yHYH, 110 31 3POCTaHHSAM MOXJIMBOCTEH CHUCTEM,
aBToMaTH3allis Oyjie BpaxoByBaTU Bce OUIBIIE YACTHH €HEPreTHYHOro OanaHcy OyaiBii,
Ta 3MCHIIYIOUN HETAaTHBHUH BIUIUB KOPUCTYBava Ha CHCTEMY.

VY3araapHIOIYH, JOCIIKEHHS TTOKA3YI0Th, III0 aBTOMATH3AITis CIIPHSIE:

o 3HIDKCHHIO CHEPIeTHYHHUX BTPAT Yepe3 IMOKpalleHe KEPYBaHHS KIIMATHIHUMH
napameTpaMH MPUMILIEHb;

o BUKOPUCTAHHIO MPOTHO3HOTO aHAJI3y Ta aIrOPUTMIB MAalTUHHOTO HaBYaHHS IS
MiJBUIICHHS e(DEKTUBHOCTI €HEPrOCIIOKUBAHHS,

o aJIalTUBHOMY PETYJIIOBAaHHIO MIKPOKIIIMATY, IO MOKpaIlye KoMGopT MEIIKAHITIB
1 BOJHOYAC €KOHOMUTb €HEPTIIO.

B ykpaiHcekiil JiTeparypi, NUTaHHS BUCOKOTEXHOJOTIYHOTO PEryIIOBAHHS
OyniBens 3 BukopuctanasMm Il Ta iHAMBIAYyambHUM BpaxyBaHHSM pI3HUX AacCIEKTIB
€HEProCcrOKUBAHHS BUCBITIIEHO CJIA0KO.

3 pO3TASHYTHX CTATEH, 10 MPUCBAYCHI MEPETOKaM €Heprii B cepenuHi OymiBii,
ESHEepPreTUYHUM OaniaHcaM Oy1iBesb, Ta aBTOMATH3AIIll )KOJHA HE PO3TJISIa€ BIUIUB TAaKUX
YUHHHKIB:

) MOTEHIIAJI CHUCTEM, IO OYyIyTh IHIMBIAYaJIbHO PEryJIIOBAaTH KOXXEH AacIeKT
CIIO’KUBaHHS OY[I1BIIL;

o BILJTUB MaCUBHOCTI Oy/IiBJIl HA OKPEMI YACTHHU €HEPTreTUIHOTO OaIaHCy.
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JonatkoBo, Oyso MOMIYEHO, IMIO AY>KE€ Majl0 yBard NPHUCBIYEHO CHCTEMam
PO3yMHOT0 OYAMHKY B pealisix YKpaiHu.

BiamoBinHo, mogaibIne J0CiKeHHS (POKYCYEThCS Ha ITUX MUTAHHSX.

BucnoBku 10 po3uiay 1

Y 11p0My pO37iTi MPOBEEHO KOMIUIEKCHUH aHaI3 TEOPETUYHUX Ta HOPMATUBHUX
acTeKkTiB eHeproeeKTUBHOCTI Oy/iBedb. Bylo pO3riasHYTO KIIOYOBI YMHHHKH, IO
BIUIMBAIOTh HAa E€HEPrOCHOKMBAaHHS OYJIBEIBHOIO CEKTOpY, BKIIOYAIOYM €KOHOMIYHI,
eKOJIOTIYHI Ta TEXHOJOTI4YHI acmheKkTH. Bu3HaueHo, 1m0 e¢deKTUBHE YIpPaBIIHHA
EeHepreTUYHUM OaslaHcOM Oy1BENb € IEPCIIEKTUBHUM HAMPSIMKOM CY4acHOT IHXEHepli Ta
apXITEKTYPH, TPOIOHYIOYH K BUCOKHUM MOTEHIIaI TOCTIIPKeHb, TaK 1 3HAYHY 1HTETpaIlio
3 cyyacHuMU TexHozorisimMu LI, Helipomepek Ta MAIIMHHOTO HABYAHHS.

TeopeTnuHi OCHOBU €HEProe(PeKTUBHOCTI BKIIIOUAIOTh B ce€0€ JIeTalbHE BUBUECHHS
MEXaHI3MIB TeIUIonepenayl, JAWUHAMIKM MOBITPSHUX [OTOKIB, €KCIUIyaTalliHUX
0COOJIMBOCTEN CUCTEM ONAJEHHS, BEHTHIISILIT Ta KOHAUIIIOHYBAaHHS.

Po3riissHyTI HOpPMATHMBHI JOKYMEHTH CBiAYaTh MPO Y3rOJUKEHICTh HAsSBHUX
3arajJbHONPUMHATHX METOJUK OILIIHKA EHEepreTUYHoi eQEeKTHUBHOCTI OyJiBelb Ta
HAyKOBICTh 3allpOTIOHOBAHUX MIAXOMIB SAK B YKpaiHChKIA Ta €BpomnenchKii
HOpPMATUBHUX 0a3ax, skl 0araTo B 4OMY BIJMOBIJAIOTh OJHA OJHIM, TaKk 1 MPUBATHUX
ceprudikamiitHux nporpam. OTJis HOPMAaTUBHOI JTOKyMEHTalli OyB BUKOPUCTAaHUN B
poOOTI sik 6a3uC JJ1s1 MOJATBIIOTO JOCIHKEHH1, TapaHTYIOUH, 1110 Pe3yJIbTaTH HEe Oy1yTh
CYIepeunTH MiHIMaJTbHUM BHMOTaM, a TaKOX BUKOPHCTOBYIOUM HaI0aHHS MEPEIOBHX
CTaHAapTIB B cdepi cTanoro Oy 1iBHUIITBA.

Bapro 3a3HaunTH, 1m0 aHami3 MOKa3aB MEBHI HEMOJIKA Cy4acHOI BITYM3HSIHOI
HOpMATHBHOi 0a3u, a came HIOJ0 BpaxyBaHHS JMHAMIYHMX CLEHApiiB BUKOPUCTAHHS
OyIiBEILHOTO cepeIoBuIIa. €BPOIEHChKi Ta MDKHAPOIHI cTaHaapTH, Taki sk [SO ta EN,
pOOJIATH aKIIEHT Ha aIaITUBHUAX MOJIEIISIX €HEPTOCTIOKUBAHHS Ta 3a0e3MeueHH1 peanbHOl
e(eKTUBHOCTI, TOJI sK YyKpaiHchki JIBH opieHTOBaHI Ha BCTAHOBJICHHS YITKHUX

HOPMATUBHUX 3HAYEHb, TA CTAI[IOHAPHI a00 KBa3iCTaI[lOHAPHI MAaTEMAaTHU9HI MOJIEII.
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AHamni3 cy4yacHUX [IOCHIJKEHb II0Ka3aB, IO JOCSATHEHHS BHCOKOTO pIBHS
eHeproeeKTUBHOCTI BUMAarae He JIMIIE BIPOBAPKCHHS TEXHOJOTIYHUX 1HHOBAIIIH,
TaKUX SIK TEIUIOI3ONALIMHI Marepiaid, eHeproe@eKTHBHI BIKOHHI CHCTEMHU YH
BIIHOBJIFOBaHI JKepesa eHeprii, aje i BpaxyBaHHS IMOBEAIHKOBUX Ta €KCILTyaTallliHIX
(dakTopiB, a TAKOXK MOKA3aB, 0 a CYYaCHUX PEaJTisaX HE JUIIEC € MOKIUBUAM PO3TIISIIaTH
OyIiBIIIO HE SIK «YOPHUH SIIUK», ajie W 11 Ma€ CBOi MepeBard Mepel ITHOPYyBaHHIM
BHYTPIIIHIX MIPOIIECIB MK 30HaMHU Oy I1BJII.

OkpeMy yBary TMPUIICHO TUTAaHHSM aBTOMAaTH3aIlli E€HEPrOCTIOKHUBAHHS.
BrpoBamkeHHsT cHCTEM «pO3YMHHMM OyJIHWHOK» JI03BOJIIE HE JIUIIE 3HUXKYBAaTH
CHEpreTUYH1 BTpaTH, a W aJanTyBaTU NapamMeTpu MIKPOKIIMATy 0 pEaJbHUX YMOB
eKCIUTyaTallii, a TAKOK 3MEHIIYBAaTH JIFOJACHKUN (PAKTOP B €HEPrOCIOKUBaHH1, pOOJITYn
MIPOTHO3YBAHHS peaJbHUX IPOIIECiB B OYIIBISAX MpocTimuM. [lepenoBi qocmiKeHHS B
IIbOMY TMTaHHI PO3TIATAIOTh BUKOPUCTAHHS INTYYHOTO IHTEIEKTY, HEHPOMEpEX,
MaITMHHOTO HaBYaHHS Ta [HTepHEeTYy pedelt y OymiBIIsIX, BUBOISIYHN aIalITUBHICTh CUCTEM
aBTOMaTH3allli Ha PIBEHb paHillle HEAOCTYIMHUH, IO JO3BOJSE JOCATTH J0JIATKOBOIO
CKOPOUYCHHS €HEProCIOKUBAHHA 0€3 3HUKEHHS PiBHA KOMDOPTY.

TakuM 4YMHOM, CyYacHE OIIHIOBAaHHS €HeproeeKTUBHOCTI Oy[iBElb BUMAarae
KOMITJIEKCHOTO TTiIXOTy, IO BKITIOYAE:

® BHUKOPUCTAHHA Cy4YaCHHMX METOAIB MaTEMaTUYHOTO MOJICITIOBAHHS IS
MPOTHO3YBaHHS EHEPTETUYHUX XapaKTEPUCTUK Oy T1BEIb;

® ypaxyBaHHS IOBEIIHKOBUX Ta €KCIUTyaTallliHuX (akTopiB Ui 3a0e3nedeHHs
e(heKTUBHOI poOOTH OY/IIBEIIbHUX CUCTEM;

e IHTErpalil0 aBTOMATU30BAHHUX CHCTEM YIIPABIIHHSA EHEProCHOKUBAHHIM 3

MO>KJIMBICTIO aJanTarlii 10 peaiIbHUX YMOB €KCILTyaTallii.

OTpuMaHi pe3yJIbTaTH CBIIYaTh MPO HEOOXIAHICTH MOJAIBIIUX JOCTIIKEHb Yy
HAIMpPSMKY BJIOCKOHAJICHHS METOMOJIOTIH OIlIHKK €HEepProeeKTHUBHOCTI, OCOOJMUBO 3
ypaxyBaHHSM BIUTUBY aBTOMAaTH3allii, MACUBHOCTI OYIIBIIi, 1HAWBIAYaTbHUX CKJIAIOBUX
eHepreTuyHoro Oamancy OyAiBiai Ta TIOBEAIHKOBUX AaCMEKTIB Ha  peajbHe

€HeproCIoXKUBaHHs Oy 11BEIb.
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PO31J12 XAPAKTEPUCTUKU TA EHEPTETUYHA MOJAEJIb OB’EKTY
JOCJLIKEHHA

Y 1mpomy pos3miai OOTPYHTOBAHO TIAXiA O MOJCTIOBAHHS CHEPTETUYHHUX
XapaKTEPUCTUK JKUTIIOBOI OYyI1BJI1, 00paHoi sIk 00’ €KT HociKeHHs. Po3 i1 mpucBsdeHo
MIATOTOBII BXIAHUX JaHUX Ta MOOYIO0BI eHEpPreTHYHO1 Mojeni OymiBii, 1o 3a0e3neuye
aJIeKBaTHICTH MOJAJBIINUX PO3paxyHKiB. [IpeacTaBieno neTaabHui OMUC TEOMETPUYHUX,
KOHCTPYKTHUBHHUX Ta TETIOTEXHIYHUX BIACTUBOCTEHN OY/IIBII1, IO JO3BOJISIE 3a0€3M1EUUTH
BHCOKHUH PiBEHb BIAMOBITHOCTI MOJIENI 10 pEaTbHUX YMOB €KCILTyaTalli.

Oco0nmBy yBary MNpUAUICHO METOAMIIl MOJCIIOBaHHS, 3aCHOBaHIM Ha
JUHAMIYHOMY TMIJIXO[1, 10 3a0e3Meuye MOXJIMBICTh YpaxyBaHHS 3MiH KIIIMATHUYHUX
(dakTopiB, TEIUIOBOI IHEPUIMHOCTI OrOPOJKYBaJbHUX KOHCTPYKIIN, T0OOBHX Ta
CE30HHUX KOJIMBaHb 30BHIIIHHOTO CEPEIOBUINA, a TAKOXK B3a€EMO/II TETUIOBUX MOTOKIB
MDK OpUMIIIeHHSIMU. Takui miaxiax AO3BOJISIE OLIHIOBATH HE JIMIIE 3arajibHe piyHe
€HEProCcHOKUBaHH, a ¥ AMHAMIKY BHYTPILIHIX NPOLECIB, 10 MAIOTh BAXKJIMBE 3HAUCHHSI
Ipy 3alMpoOBAKEHHI 3aXOJIB 3 TEPMOMOJIEpHi3ailii a00 yJAOCKOHAJEHHS pPEXUMIB
OTIaJICHHS.

VY po3niii HaBeJeHO KIFOUOBI MapaMeTpu €HEPreTUYHO1 MOJIENi, BUKOPUCTAHOT Y
NOoAANBIINX PO3paxyHKaxX, Ta OOIPYHTOBAHO ii 3aCTOCOBHICTh JJIA aHATI3y PI3HUX
CIIEHap1iB eKCIUTyaTarllii Oy 1B, BKJIIOUalOYM HECTaHAAPTHI YMOBH, TaK1 sIK YaCTKOBE a00

IIOBHC BiI[KJ'IIO‘-IeHHH CHUCTCMH TCILJIOIIOCTaYaHHA.

2.1 XapakTepuUCTHKHU 00’€KTY HOCTiIKECHHS

Sk OCHOBY 1Jis1 IPOBEACHHS JOCIIKEHD 1 TOOYI0BU €HEPTeTUIHOI Mojei OyIIo
oOpaHo OarartokBaptupHuii kutiouii OyauHok OCBb «Ham nim nHa [amanay,
pO3TalllOBaHUM y >KUTIIOBOMY MacuBl Micta KueBa 3a anmpecoro: Byji. A. BosommnHa
(xomumuss S, Tamana), 2 (pucynok 2.1). byxmiBas 3BeaeHa 3a I1HAWBITYaJIbHUM
CHeliaJbHUM TPOEKTOM 1 BBEAECHA B eKcIuryaramiro y 1993 poui. ApXiTEeKTypHO-

IUIaHYBaJIbHI  pIIIEHHS BIOOOpaXkaroTh XapakTepHy s mnoyatky 1990-x pokiB
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OpIEHTAIlII0 Ha CTBOPEHHS 0AraTOKBApTUPHOTO KUTJIOBOTO ()OHIY B YMOBaX IIIJILHOI

MICBKOi 3a0y/I0BH.

Pucynok 2.1 — OCBb «Ham nim Ha ["anana»

ByniBns mae 12 moBepXiB i CKIIATAETHCS 3 YOTUPHOX CEKITiN (1M i3/1iB), KOXKHA 3
SIKAX MICTUTH 10 YOTUPH KBAPTUPH Ha MOBEPCi (1Bl IBOKIMHATHI Ta /1Bl TPUKIMHATHI), a
TAKOXX CXOJIOBI KIITHHH ¥ KOPHIOPH 3araJbHOro KopucTyBaHHs. Ha dacani
NEepeBaKal0Th 3aCKJICHI OaJKOHM Ta JIOIXKIl, 10 (HOPMYIOTh CKIAIHY TEIUIOTEXHIYHY
KOH(DIrypairito oropoyKyBaIbHUX KOHCTPYKIIIH.

[lepuuii moBepx OyaiB/II 3aliMalOTh HEXHUTIOBI MPUMIIIEHHS KOMEPIIMHOTO
TNpU3HAYEHHs, AKi 37aI0ThCS B OPEHJy. IX PEKMM OMaleHHs Ta eKCIUTyaTallil Moke
CYTTEBO BIJPI3HATUCS BIJl KUTJIOBUX IMOBEPXIB 1 BIUIMBAE HA BHYTPILIHIA TEMJIOBUMN

Oaytanc OyiBIIL.
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s hopmMyBaHHS €HEpreTUYHO1 Mojiesl Oy 1iBiIl OyJ10 BUKOPUCTAHO y3arajibHEH1
napaMeTpHu, ki 0a3yIOThCs Ha JAaHUX TEXHIYHOT JIOKYMEHTAIlli, pe3yJibTaTaxX Bi3yajabHOTO
00CTeXEHHS, a TAKOXK MaTepiajiax CHEPreTUYHOT0 ayJIUTYy, M0 MPOBOJUBCS JJIS IIHOTO
00’exta. JlomatkoBo OyJio 310paHo iHGopMaIlio mpo GhakTUIHE CIIOKUBAHHS TEIIOBOI
eHeprii MpOTArOM OMAaIOBAFHUX CE30HIB, IO JO3BOJWJIO BUKOPUCTATH LI JaHl AJS
BepHdiKkallii pe3ybTaTiB MOICTIOBAHHS.

Bapto 3a3HauuTH, 10 ekl mapamMeTpu OyAiBil B Mojell Oyjau ajanToBaHI YH
y3arajibHEeH1 3 METOIO0 TMOKpAIIeHHs BIATBOPIOBAHOCTI W MOXIIMBOCTI aHAI3y PI3HUX
creHapiiB ekcruryataitii. OTxke, 119 OyIiBIS HE € TOYHUM OO0 €KTOM JOCIIDKCHHS B
KJIACHYHOMY PpO3YyMIHHI, ajieé BUKOHYE POJb PENPEe3eHTATUBHOIO MPOTOTUITY JIJISt
JTOCHIDKCHHSI TEIJIOTEXHIYHOI TMOBEAIHKM THUIOBOI 0aratornoBepXOBOi  >KUTJIOBOL
CIIOpPYIH.

VY3aranbHeH1 napaMmeTpu OyaiBiIl HaBeIeHO B Tabmui 2.1.

Tabnuis 2.1 — 3aranbHa iHGOpMaIlist PO 00’ €KT AOCIIIKEHHS

Pix OymiBHUIITBA 1993
KinbkicTh moBepxiB, 1T 12
[Tnoma 3a0yaoBu, M2 1754
O06’em OyniBai, M? 65860
3aranpHa mioiia, M? 13441,4
[Tnoma 6ankoHiB 1 Tepac, M? 998
JKutnosa mioma, M? 6863
KinbkicTs KBapTHp, IIT 175
KinpKkicTh KIMHAT, IIT 431
ITnoma kBaptup, M? 11111
[1n0111a HEXUTIOBUX TPUMIIIEHB, M? 1941
[1noma kpiii, M? 1518
[Tmoma dacanis, m? 8844
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Ha mingcrapi 3i0panoi iHdopmarii gaHa OymiBias Oyna oOpaHa SIK OCHOBA IS
(dbopMyBaHHS THIIOBOTO CIICHAPiI0 EHEPTETHYHOTO MOJICITFOBAHHS, 10 TO3BOJISIE OIIIHUTH
e(EKTUBHICTh PI3HUX PEXKHUMIB POOOTH CHUCTEM OMNAJCHHS Ta TEPMOMOJICPHI3AIIHHUX

3aXO0/IB y 0araTOKBapTUPHUX KUTIOBUX OYJMHKAX aHAJIOTIYHOTO THITY.

2.2  Onuc MEeTOAMKHU €HePreTUHYHOr0 MOJACJTIOBAHHS

Enepretnune wmojenmtoBaHHS OyJiBedb € 1HCTPYMEHTOM, IO JO3BOJISIE
3MIIACHIOBATH YHUCEJbHY OIIHKY €HEProCHOKMBaHHS, TEIJIOBUX IMOTOKIB, KOJIMBAaHb
TEMITepaTypy Ta BIUIMBY PI3HUX 3MiH Ha eHeproepeKTuBHICTL OyaiBii. Ha BimMiHy Bif
CHPOIIEHUX PO3PaXyHKOBUX METOJMK, $AKI 3a3BU4ail 0a3yloTbcs Ha CTaTMYHUX
CEepEeIHbOMICSYHUX IIOKAa3HMKAaX, JAMHAMIYHE MOJIEIIOBAHHS 3a0e3leduye 3HA4HO
JIeTalbHIIIE MPOTHO3YBAaHHS TEIJIOBUX IMPOLECIB, MO BiAOYyBarOThCA B OyIiBIl B
quHaMIYHOMY po3pisi. Ile ocoOnuBO akTyaabHO TPH JOCTIIKEHHI HECTalllOHApPHUX
CLIEHapiiB, TAKUX SK MEPEPBU B ONAJICHHI, 3MIHA TEMIEPATYPHOrO0 PEXUMY ab0O BILIMB
1HEPLIITHOCTI OrOPOIKYBaJIbHUX KOHCTPYKIIIM.

VY upoMy IOCTiKEHH] peai3oBaHO MOTOAWHHMM M1IX11 10 MOJISTIOBAaHHS, TOOTO
BC1 OCHOBHI pO3paxyHKOBI IMapaMeTpH (Temmneparypa noBiTpsl, TEIUIOBTPATH, BHYTPIIIHI
HAJXO/KEHHS, HABAHTAKEHHSI CUCTEMM ONAJIEHHS TOILO) BU3HAYAIOTHCS 3 TOAMHHUM
KPOKOM TIPOTSITOM yChOTO POKy. Takuil miAXiJg MO3BOJIIE TOYHO MPOCTEKUTH BILIMB
KOPOTKOCTPOKOBUX 3MIH, 30KpE€Ma HIYHOro a0o JAEHHOro 3HW)KEHHS TeMIEepaTypH,
aBapiHOTO BIIKIIIOUCHHS OMaJICHHS YK BapiaTUBHOI MPUCYTHOCTI MEIIIKAHIIIB.

OckiJIbKH 00’ €KTOM JOCTIIKEHHSI € )KUTI0BAa OaraToKBapTHpHA OyIiBIsl, MOJENb
Oyno peanizoBaHO SIK 0arato30HaJbHY, 13 BUIUJICHHSM OKPEMHUX TEIJIOBUX 30H JIJIS
KBapTUp 3 PI3HOIO OPIEHTAIIEI0, CYMDKHHX MPHUMIIICHb, KOPUIAOPIB Ta HEKHUTIOBUX
wionl. Lle mgo3BoJisie OIiHWTH HE JNWIE 3arajbHe EHEPrOCIOXMBAHHS, a W JIOKAJIbHI
BIUIMBY, HAIIPUKJIA]], 3pOCTAHHS HaBaHTA)KEHHS Ha OMAJICHHS OJHI€T 30HU MPH 3HIKEHUX
TEMIEPATyPHUX YMOB CYCIIHBOI.

Mopnenb € nMHaMI4HOI, TOOTO BPaxOBY€ TEIJIOBY 1HEPILIMHICTh KOHCTPYKIIIH,
aKyMYJISIIIO TEIUIa, 3MIHY 30BHINIHBOI TEMIEPATYPH, COHSYHY 1HCOJIAIII0, BHYTPIIIHI

TEIUIOBI HAAXOKEHHs (Bia Jtojel, moOyTOBUX MpUJIaAiB, OCBITIICHHS) Ta BTpaTH Ha
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iH}IBTpaIIito. 3aBISKY IbOMY 3a0€3MeUy€eThCS MOKIIMBICTD aHaJI13y MOBEAIHKH Oy/I1BIII
B YMOBaX 3MIHHOTO CEPE/IOBHUIIA Ta HEIITATHUX PEKUMIB €KCILTyaTallii.

3aranpHa METOJMKA MOJICTIOBAHHS 0a3yeThCs Ha CHEPreTUYHOMY OamaHci Jyis
KO>KHO1 30HH: ISl KOXKHO1 TOJIMHHOT TOYKH BU3HAYAIOTHCS BC1 TOTOKHU TEIJIOBOI €HEprii,
10 HAJXOATh Y IPUMIIIICHHS Y1 3aJUIIAI0Th HOTO Yepe3 OropoKyBallbHI KOHCTPYKIIl,
BEHTWISLIMHI cucTemMu abo iHmI pkepena. CrucreMa OmajeHHs B MOEINI MPAaIIoe K
MEXaHI13M KOMIICHCAIlll IUX BTPAT, MATPUMYIOUU 33J]aHy TEMIIepaTypy 3 ypaxyBaHHSIM
BCTAHOBJICHUX CLIEHAPIiB 11 3MiHU.

Takum 4MHOM, MOOYT0BaHA MOJIENb JI03BOJISIE HE JIUILIE BUKOHATH 3arajbHy OLIIHKY
eHeproeeKTUBHOCTI, a i MPOaHaJI3yBaTH MUPOKUNA CIIEKTpP CIIEHAPIiB, 110 BKIIOYAIOTh
YACTKOBI Ta TOBHI BIJIKJIIOYCHHS OIAJICHHS, 3MIHM PEKUMIB CIIOKMBAHHS Ta BILIWB

TEIJIOTEXHIYHUX XapaKTEPUCTUK Oy N1BEIbHUX KOHCTPYKIIINA HA TOBEAIHKY CUCTEMHU.

2.2.1 Ertanu peaJi3auii eHepreTH4HOro MoeJJI0BaHHSA

[Iporiec CTBOpEHHS €HEPreTUYHOT MOAel OyiBIl B paMKax IbOTO JOCIIIKEHHS
0a3yBaBCs HA TOETAIMTHOMY IT1IXO/1, IKMI OXOILTIOE€ TOBHUM UK — BiJl 300py JTaHUX MPO
peanbHUl O0’€KT 1O MPOBEAEHHS 0araroBaplaHTHOTO NapaMETPUYHOIO aHaji3y.
[Tocmi1I0BHICTh OCHOBHUX €TaIliB MOJIaHO Ha PUCYHKY 2.2.

l. 36ip ma niocomoska 6xiOHux Oauux. Ha 1pbOMy eTami mIpOBOIMIIACS
THCIIEKIIISI 1 €HEepProayauT 00’ €KTy IOCHIIKCHHS, BUKOHYBaBcs 30ip 1HQopMarlii mpo
r€OMETPUYHI, KOHCTPYKTHBHI Ta eKCIUTyaTallliHUX  XapaKTePUCTUK  OymiBIii.
BukopucTtoByBanucs matepiajidi TEXHIYHOI JTOKYMEHTallli, pe3yJbTaTh BI3yaJbHOTO
00CTeXEeHHs, a TAKOXK JaHl eHepreTuyHoro ayauty. [Inanu moBepxiB Oynu onudpoBaHi,
a OTpUMaHI1 KpECJICHHS aJanToBaH1 JIJIs MOAANIbIIOT pOOOTH y CEPEAOBHIII MOJICTIOBAHHS.

2. Ilobyoosa 6azoeoi 3D-mooeni 6 DesignBuilder. Ha ocHOBI miroTOBICHUX
KpeCJeHb 1 KOHCTPYKTHBHHMX TapaMeTpiB BUKOHYBAJIOCS (DOPMYBaHHsS TPUBUMIPHOT
oOosioHKH OyniBmi. Mojenp BKIOYajia MO HAa TEIJIOBI 30HHW, 3 YpaxXyBaHHSAM
OpI€HTallli MPUMIIIEHb Ta THUIIB OrOPOKYBaJIbHUX KOHCTpyKUik. Iliciga wmporo
3MIMCHIOBAJIOCS] HAJAIITYBaHHS TEOJOKAIlli Ta MIAKIIOYEHHS KIIMAaTUYHUX JTaHUX

TUIMOBOT'O MOTOJHOrO poKy st M. KuiB.
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3. Hanawmysanns mennoghizuunux enacmusocmett kowcmpykyiu. KoxeH
€JIEMEHT OropoOJIKYyBaJbHOI OOOJOHKM (CTIHH, BIKHa, MEPEKPUTTS, JaxX, IijIora)
OMHKCYBAaBCSA 3 ypaxyBaHHSM IIapy MaTepiaiiB, TOBUIMHH Ta TEPMIYHOTO OMOPY.
TenmonpoBiAHICTh, NIIIBHICTE 1 TEIJIOEMHICTh MaTepiaiiB Oyiu oOpaHi BiAMOBIIHO 10
JIBH Tta poBinkoBux mkepen. i moOydoBH JOCTOBIPHOI €HEPreTUYHOI MOJeni
BU3HAUYAIOTHCA TPAaHWYHI YMOBH, IO BpPAaxOBYIOTh 30BHINIHI KJIIMaTH4YHI BIUIUBH,
TEIJIOBUI KOHTAKT 13 CYMIKHUMU 30HaMU Ta PEXKUMH POOOTH 1HKEHEPHUX CHUCTEM.

4.  Hanawmyeanus  napamempie  IHJCeHepHux  cucmem. Y  MOJEIb
IHTErpyBaJIUCsl CUCTEMHU OTAJICHHS, BEHTWJIAL1, OCBITICHHS, TOOYTOBUX HABAHTAXEHb 1
BHYTpIIIHIX JpKepen Teria  (dMoad, oOnagHaHHs). Jas  KOXKHOI  CHUCTEMU
HaJAIITOBYBAJIUCS PEKUMH POOOTH, MOTYKHICTh 1 4aCOBI rpadikH.

5. Busnauenns epagixie excniyamayii. 3amaBanucs ClieHapli MPUCYTHOCTI
JI0JIE, pEKUMIB BUKOPUCTAHHS IPUMIIIEHb, AKTUBHOCTI TOOYTOBUX MPUJIAAIB 1 CUCTEM
ocBiTiieHHs. Lle 103BOJIsie MOIENIOBATH PEATICTUYHI YMOBH €HEPrOCIIOKUBAHHS.

6. Excnopm 6 EnergyPlus i eepughixayia. Ilicns 3aBepiieHHs HaNAIITyBaHb
MoOenb ekcnopTyBanacs B cumytisitop EnergyPlus, ne nepesipsiiacs Ha KOpPEKTHICTb
IMIIOPTY Ta JOAATKOBO yTOYHIOBajacs. byyo peanizoBaHO crieHapii JJIsl TOpPIBHSHHSA
BapIaHTIB TEPMOMOJIEPHI3allii, BIIKIIOUEHb OMAJICHHS, 3MIHU TEMIIEPATyPHOTO PEKUMY.

[Ticns ekcnopty mozeni B EnergyPlus Ta mpoBeneHHsI monepeaHix CUMYJIALIMA
Oy70 3/11iCHEHe YTOUHEHHSI TTapaMeTpiB MOJIEII 3TiHO 3 pe3yJbTaTaMU €HEPreTUYHOTO
aynuTy Ta (PaKTUYHUM €HEPrOoCIOKUBAHHAIM, 110 JO3BOJIUIIO MiJBUIIUTH JOCTOBIPHICTh
MOJATBIITUX PO3PAXYHKIB.

7. Hanawmysanns napamempuunoco awanizy. 3amaHi 3MiHHI TapamMeTpH
(opieHTaMisl, MACUBHICTH OTOPOJIKYBAIBHUX KOHCTPYKIIiH, 3aX01 3 TEPMOMO/IEpHI3allii,
CIIeHapii OMaJIeHHs) TPYIyBaJuCs y MOJIETI Ta MepeaaBaIncs Ha CUMYJISIIIO B PI3HUX
koMOiHamigx. Takok BH3HAyanMCs KIIOYOBI BHUXIJHI TMapamMeTpu — TeMIepaTypHi
npoii, TEMI0Bl NOTOKHU, EHEPTOCIIOKUBAHHS.

8. Ilpogedennsi cumynayiu ma awnaniz pezyibmamie. 3a  JOMOMOTOIO
EnergyPlus mnpoBoawivcs TOAWHHI CUMYJIALII MPOTITOM YChOTO ONATIOBAIBLHOTO

nepiony. OTpumMani pe3yibTaTH Bi3yali3yBavcs y BUTJISAI rpadikiB, TicTorpam Ta
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OamanciB. Ilicns 1mporo 3iificHIOBasiacs iX I1HTEpHOpeTallis 3 TOYKH 30py TEIJIOBO1

MOBEIIHKK  Oy/IiBIIL,

e(eKTHUBHOCTI.

o DesignBuilder

Bwbip penpeaeHTaTMBHOIO

E€HEeProCHOKUBAaHHA Ta TMOTCHIIIHHUX 3aXOJIB ITABUIICHHS

€&

EneryPius.

Mouatok po6oTun

NpUMILLEeHHA l
T Excnopt mogeni B
HanawTysaHHA EnergyPlus
KNIMaTUUHKX AaHWX ¢
? Bepwudikauia

HanawTtysaHHA Tennodis.
obonoHku 6yaieni

HanawTyBaHHA iHX.

eKkcnopTtoBaHoi Mogeni

'

HanalwTyBaHHA 3MIHHWX
napamMeTpUuHOro aHanisy

36ip iHpopmaLii npo o6'exT CUCTEM Ta axkepen
eHeprosabeanedyeHHA . .
Biayanisauia Ta onuc

¢ HanawwTyBaHHA BUXiAHWX OTPUMaHWX pesyneTaTie
) HanawTysaHHa rpadikis napametpis

O6po6ka iHdbopmauii, ekcnnyaTauji T

oundpyBaHHA KpecneHb l

¢ 1\ MNpoBeaeHHA po3paxyHkKis,

Cumynauia Moaeni Ta —»  3BefeHHA eHepreTUUHMX

OTPWMaHHA pesynbTaTiB

—» CrBopeHHA 3/] o60n0HKM 6anaHcis

MigroToBKa BXigHWX faHWX B
6ygisni

Pucynok 2.2 — CxeMa npoBeJIeHHsI 10CI1IKEHb

2.2.2 IIporpamHe 3a0e3neyeHHsl 1JIs EHEPreTUYHOT0 MO/IEJTIOBAHHS

OyaiBeJib

Jist peastizaiiii eHepreTHYHOro MOJICTIOBaHHS Y IbOMY JOCI1KEHH1 BUKOPUCTAHO
3B'I3Ky TporpamHoro 3abesnedeHHsi DesignBuilder sik rpadgiunoro inTepdeiicy s
noOynoBu Mmoxen OyaiBai Tta EnergyPlus sik po3paxyHkoBoro sigpa. Takuil miaxin
NO€JHY€E 3pyuHicTh 3D-MonentoBaHHS 3 IIMPOKUMH TEXHIYHUMHU MOXIIUBOCTSIMU
OOYHUCTIOBAILHOTO PYLIISL.

DesignBuilder — 1e 1HTerpoBaHe MpOrpamMHE CEPEOBUILE, SKE JI03BOJISIE
CTBOPIOBATH TPHUBUMIPHI Mofeli OyJiBenab, HaJAIITOBYBaTH IXHI TE€OMETPHUYHI,
TerI0(13U4HI Ta €KCIUTyaTalliiiHl mapaMeTpH, a TAKOXK 3/11MCHIOBATH MMOYATKOBUH aHaIIi3
eHeproe(eKTUBHOCTI. 3aBASKU CBOIM 3pY4YHOCTI Ta THYYKOCTi, Y CBITOBIM NpaKTHUII
DesignBuilder mmpoko 3acTOCOBY€ThCS B KOMEPIIMHHMX IIJISX: IS OI[IHKA PIBHS

eHeproe(eKTUBHOCTI OyJiBesib, MEPEBIPKU BIAMOBIAHOCTI HOPMAaTMBAM Ta ydYacTl y
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IporpaMax CTajioro po3BUTKY 1 3eneHoi cepTudikairii (3okpema, LEED, BREEAM Tor110)
Ta MPU MPOXOKEHHI MPOIEAYp MATBEPKEHHS eHeproeeKTUBHOCTI BiAMOBIIHO 0
HAI[IOHATFHUX 1 MDKHApOAHUX OyniBenbHUX HOpM. OcHOBHI MOxkiuBoCTI DesignBuilder,
SIK1 BUKOPUCTOBYBAJIMCS B paMKaX IIbOTO JTIOCH1I>KEHHS:
e [loOynoBa 3D-reometpii OyaiBiIl 3 MOMKIMBICTIO JeTai3allii 30H, MOBEPXIB,
BIKOH, JIBepel 1 Oy1iBeTbHUX CIICMEHTIB,;
e HamamryBanHs  OyaiBenbHMX  KOHCTPYKIINA:  MaTepiaiiB,  TOBIIUH,
TEIUIONPOBITHOCTI, TEMJIOEMHOCTI Ta OMOPIB TEIUIONepeIayl;
e IMmopt kiniMaTHYHUX JaHuXx 3 6a3u qanux IWEC [80];
e 3amaHHs rpadikiB eKCIUTyaTallii, BKJIIOYAIOYM MPUCYTHICTb MEIIKAHIIIB,
OCBITJICHHSI, €JIEKTPONPUIIAIH, TpadiKu poOOTH CUCTEM;

e HanamTyBaHHS IH)KCHEPHUX CUCTEM: OTIAJICHHS, BEHTHJIALIII;

e Exkcnopt 1o EnergyPlus i1 BUKOHaHHS TOBHOTO TMHAMIYHOTO PO3PAXYHKY.

EnergyPlus € BUCOKOTOYHUM IHCTPYMEHTOM JJIsi JTWHAMIYHOTO €HEPTETHYHOTO
MOJICJIIOBAHHS, 110 J03BOJISIE TPOBOJIUTH CUMYJIAILIT 3 TOAUHHUM a00 MEHIITUM KPOKOM
npoTArom poky. IIporpama BpaxoBye IUPOKUI CHEKTP (PI3UUHUX MPOLECIB:

e Temomnepenaya yepe3 OropoKyBaJlbHI KOHCTPYKIIi, BKIIFOUAaIOUH TEIJIOBY

1HEpIIit0 MaTepiaiB;

e [HdinpTparlis Ta BEHTWISIIIS, 3 MOKIIUBICTIO 3aCTOCYBAHHS Pi3HUX aJTOPUTMIB

mozentoBanHs (DesignFlowRate, FlowCoefficient To1io);

e TemnoBuil KOM(GOPT MELIKAHIIIB Ta BIUIMB BHYTPILIHIX JKEpe TerJa;

e BrumB COHAYHOTO BUIIPOMIHIOBaHHS, BKIIFOUAIOUN TEOMETPUYHE 3aTIHCHHSI,

e HapaHTaxkeHHsS Ha cHUCTeMH (OMaJCHHS, OXOJIOJKEHHS, BEHTHJIALISA) Ta iX

CHEPTrOCTIO’KUBAHHS;

EnergyPlus € Haa3Bu4ailHO THy4YKMM Ta JA€Taji30BaHUM I1HCTPYMEHTOM, IO
JT03BOJISIE MOJIENIOBATH IIMPOKUNA CHEKTP TETUIO()I3UYHUX MPOLIECIB 13 BUCOKUM PIBHEM
TOYHOCTI. BogHouac, d4epe3 CKIAIHICTh CTPYKTypu, TOTpedy B TIJIMOOKOMY
HaJAIITyBaHHI MapaMmeTpiB Ta crneuudiuamii GpopmaT BUBOAY, MOTO 3aCTOCYBaHHSA Yy

KOMEpLINHUX MPOEKTAaX Moxke OyTu HenouuibHUM. [IpoTe came i XapaKTEepUCTUKHU
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poousiTh EnergyPlus epextuBHUM BUOOpPOM JJisi TPOBEACHHS HayKOBUX JOCTIIKEHb Ta

BUCOKOTOYHHX 1HKEHEPHUX CUMYJISIIIH.

Cxaagosi Tensioporo 6anancy B EnergyPlus

VY pamkax JocCiipKeHHs ISl MOTIMOJICHOTO aHaTi3y TEIJIOBUX MPOIIECIB Y Oy MBIl
BUKOPHCTOBYBAjacs JeTali3allisl TerIoBoro OajaHCy 3 ypaxyBaHHSM pPO3MOJLTY
TEIJIOBUX TOTOKIB MK PI3HMMH CKJIQJIOBUMH. 3aBISKH 1HCTpyMeHTapito EnergyPlus,
TEIJIOBI TOTOKH MOJICTIOBAIMCA 3 YypaxyBaHHSAM (i3WyHOI MpUpOAU MPOIIECIB
(KOHBEKIIis, pajiallis, MPOBIAHICTE, 1IHMIILTPAILS TOIIO):

1. TennonaoxoooicenHs 8i0 cucmemu OnaileHHs.

TernmoBui MOTIK BiJi CHCTEMHU OMNAJCHHS MOXKHA PO3JUIMTH Ha JIBl CKJIQJIOBI, SIKi
BI/IMOBIAAIOTH PI3HUM MEXaHI3MaM Tepeaadl eHeprii y NpoCTip IPUMILICHHS:

e Radiant Heating Rate — iHTEHCHBHICTb paAialliiHOTO TEMIOBOTO OTOKY B1J
CUCTEMHU OTAJICHHS,

e Convective Heating Rate — KOHBeKTHUBHE HAJAXOKEHHSI TEILIa J0 MOBITPS
IPUMILICHHS.

2. Tennoobmin uepes 02opooaicysanvri koncmpykyii (Pucynox 2.3)

TennooOMIH MiXK BHYTPIIIHIM TOBITPSIM 1 KOHCTPYKTUBHHMH TOBEPXHAMHU
OpUMIIIEHHST (CTIHAMH, TIJJIOTOI0 Ta CTEJNCI0) OMHCYEThCA SK CYKYIHICTh TPHOX
OCHOBHUX KOMITOHEHTIB:

e Surface Inside Face Convection Heat Gain Rate — KOHBEKTUBHHI OOMIH
TeryIa MiXK MOBITPSM MPUMIIIEHHS Ta BHYTPIIIHBOIO TIOBEPXHEIO CTIHU;

e Surface Inside Face Net Surface Thermal Radiation Heat Gain Rate —
JOBrOXBUJILOBE  pajlialliifHe  BUOPOMIHIOBAHHA MDK  BHYTPIIIHIMHU
MOBEPXHSIMH;

e Surface Inside Face System Radiation Heat Gain Rate — pamiaiitne termio,
TIepeIaHe BiJl CHCTEMH OTAJICHHS JI0 TOBEPXOHb KOHCTPYKITIH.

3. Tennosi nomoxu yepe3 6ikHA
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TemnnoBuii moTik yepe3 BikoHHI KoHCTpyKIii (Surface Window Net Heat Transfer
Rate) MozenroeThest 3 ypaxyBaHHSIM OKPEMHUX CKJIATOBUX:
e Pamy, sika MOJIETIOETBCS SIK OKpeMa Oy 1iBeIbHa KOHCTPYKIIIS 3 B1IITOBITHUM
Koe(DiIieHTOM TerIonepeaadi;
e [Ipo3opy wacTwHy, IO JETATI3YETHCS 3a JOMOMOTOI IBOX OCHOBHHUX
CKJIQJIOBHUX:
o Surface Window Inside Face Glazing Zone Convection Heat Gain
Rate — koHBeKIIIifHa niepeaayda Teria 10/Bijl MOBITPsI 30HU;
o Surface Window Inside Face Glazing Net Infrared Heat Transfer Rate
— 1H(pauepBOHE BUIIPOMIHIOBAHHS (JIOBIOXBHJIBOBE) MIXK CKJITHHSIM

Ta IHITUMU BHYTPIIIHIMH TOBEPXHSIMHU.

Kimnara KopoTkoxBHIL0Be BUNPOMIHIOBAHHS Bil

/ COHIIA Ta BHYTPilIHIX Tkepen

COHSIYHE CBiT/I0
JToBroxBH/ILOBE

.. TenonposiaHicTs
i B cTini, q ko
JIOBroXBH/ILOBE : H e BHIIPOMiHIOBAHHA Bijl iHIINX

BHIPOMIHIOBAHHSH 3 —> i i TOREPXOHE B 30Hi
HABKOJHUIHBOI'O CepeloBHLILA IR
+H JLOBroxXBHIILOBE BHIPOMIHIOBAHHA Bijl

Tennonanxomxen- 3 BHYTPIlIHIX T:kepen
;¢ H# 3 30BHILIHBOTO

KOpOTHDXB“J‘IbOBB BH"]}QMiI“OBaIIHH,
BKJIIOYAIOUH NPsMe, Bii0HTE i poscisne

KonpexkuiliHui Tenjioodmin 3 :
20BHIlLIHIM cepeloBHIIEM i ceperopHina, q ko i

KonpexTupnuii renaoodmin 3

noBiTpsAM B 30Hi

3oBHimne
cepejloBHIIe

Pucynox 2.3 — TermmoBi mOTOKM Yepe3 30BHINIHIO CTIHY OyiBi

4. Buympiwini menjioHaoxo0iceHHs
Jlxepena BHYTPIIHIX TETJIOHAIXO)KEHb BKIIFOTh:
o Jliomeit (Zone Lights Total Heating Rate) 3 ypaxyBanHsM (i3U4HOT
aKTUBHOCTI, KIJIBKOCT1 OC10 Ta X MPUCYTHOCTI B MPUMIIIECHHI;
o Ocsiienns (Zone People Total Heating Rate), BpaxoBytouu rpadiku
BBIMKHEHHSI Ta MUTOM1 XapaKTEPUCTUKH JKEPEN CBITIA;
e [lo6yroBi mpuianu (Zone Other Equipment Total Heating Rate), sxuit
BKJIIOYA€  TEIJIOBI  HAAXO/PKEHHS Bl  KYXOHHOro  oOJiaJHaHHS,

XOJIOJUIBLHUKIB, KOMI'FOTEPHOI TEXHIKHU TOIIIO.
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5. Consauni menionaoxo0xceHus

CoHsiuHEe BUIIPOMIHIOBAHHSI MOJEIIOBANIOCA SIK KOPOTKOXBHIIbOBE HAJXOKCHHS
4yepe3 CBITIONPO30pl KOHCTPYKIIi (BiKHA), BPaXOBYIOUH NpsAME, BIIOUTE Ta PO3CisHE
ceitiio. Zone Windows Total Transmitted Solar Radiation Rate, BimoOpakae KiabKiCTh
COHSAYHOI pajiallii, 0 MepelaeThesl KPi3b BIKOHHI KOHCTPYKIIIT B MEX1 TETJIOBOi 30HH.
[le#i KOMIOHEHT MJO3BOJISIE OIIIHUTH BHECOK COHSYHHMX HAAXOKECHb Yy 3arajibHUI
TEIUIOBUM OajaHC MPUMIIICHHS 3 YpaxyBaHHIM reoMeTpli, Opi€HTaIlil, TUITY CKJIIHHS Ta
3aTiIHCHHSI.

6. Ingpinompayis

[ToBITPOOOMIH € OJHUM 13 KJITFOUYOBHMX YHMHHHUKIB, IO BIUIMBAIOTh Ha TETUIOBHI
PEXHM Ta eHeprocroxupanas 6ynisii [31]. Floro pons moisrae He Jmiie y 3a6e3redeHHi
HAJIEXKHOI SIKOCTI MOBITPS B IPUMIIIECHHSIX, a 1 y (hOpMyBaHHI 3arajibHOTO EHEPreTUYHOTO
Oanancy. Oco0JIMBO BaXXJIMBO BPaXOBYBATH MOBITPOOOMIH Y XOJIOJHOMY KJIIMaTi, /1e Ha
HIITPIB TPUIUIMBHOTO MOBITPSI BUTPAYAETHCSI 3HAUYHA YACTKA €HEPreTUYHUX PECYPCIB,
HEOOXITHUX JIJIsl MIATPUMaHHSI KOM(MOPTHOI TeMIIepaTypy B ONATIOBAJILHUN TIEPIO/I.

VY mporpamHomy cepenoBuill EnergyPlus peanizoBaHO HH3KY ajarOpuTMIB, IO
JT03BOJISIIOTH MOJICTIOBATH SIK BEHTHIIALIIHI, TaK 1 1HQUIBTpaIliiiHl MOTOKHU MOBITPs. Bubip
BI/IMOBITHOTO METOAY 3JICKUTh Bij CrelU(IKKA AOCITIPKEHHS] Ta JOCTYMHUX BXI1JTHHUX
JaHUX. 30KpeMa, 1H(UIbTpalis BpaXOBY€EThCS IK HEKOHTPOIbOBAHUHN MOBITPOOOMIH, 1110
BUHHUKAE BHACIIIJIOK HENTIJILHOCTEN Y Oy IiBEIbBHUX KOHCTPYKIIISAX (BIKHAX, IBEPSX TOIIO),
1 MOke OyTH 3MOJIeTThbOBaHA 3 YpaxyBaHHSM BIUIMBY BITPY, TEMIIEPaTypHOrO rpaji€HTa
Ta TEOMETPUYHUX MapaMeTpiB Oy IiBIIL.

Koxen i3 BOyJqOoBaHMX alrOpUTMIB Ma€ BJAacHY CHUCTEMY MapameTpu3allli Ta
MaTeMaTU4YH1 MOJIEI, 1110 IO3BOJISIIOTh MOJISTIOBATH SIK CTaJuM, TaK 1 3MIHHUN XapakTep
NOBITPOOOMIHY. Jleski 3 MeTOiB 0a3ylOThCsl Ha 33JJaHOMY CTAJIOMY 3HAYEHH1 BUTpATH
MOBITPS, TOJI SIK 1HILI BPAaXOBYIOTh peanbHl (Di3WYHI BIACTUBOCTI OyHiBJl Ta 3MiHHI
KJIIMaTU4YH1 YMOBHU. Takuii miaxig 3a0e3nedye BUCOKUN piBEHb JeTajizallii Mojaell Ta
JI03BOJISIE OUTBIIT TOYHO OILIHWTH BIUIMB MOBITPOOOMIHY Ha €HEpPreTUYHy €(QEeKTUBHICTh

OyliBII.
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[{i anropuTMu BpaxoOBYIOTh KOMIUIEKC 30BHINIHIX 1 BHYTPINIHIX YWHHHUKIB:
TeMIEepaTypy, BOJIOTICTh, IIBUJIKICTh BITPY, IUIOINIY HEUIJILHOCTEN, OpIEHTAIlII0 OTBOPIB,
TUNU KOHCTPYKIiN Tomo. Takuit miaxing 3abe3nedye MOMIMBICTh aJalTHBHOTO
MOJICTIOBaHHS MOBITPOOOMIHY 3 BUCOKUM PIBHEM JeTaji3allii, 10 € 0COOIMBO BaXKIMBUM
JUTSL GHEPTeTUYHOTO aHai3y Oy 1iBeNb Ta MPUHHATTS €PEKTUBHUX PIIICHb 11010 3aX0iB
3 eHepro3oepexxenHsa. Hikue nmokasani OCHOBHI alTOPUTMHU, 10 BUKOPUCTOBYIOTHCS JIsI
PO3paxyHKy MOBITPOOOMIHY B Oy I1BJISAX:

e Zonelnfiltration:DesignFlowRate — HaWmomupeHimui aJropuT™M it
po3paxyHKy 1HQUIBTpaIii, SKU 0a3yeThCs HA 3aJaHOMYy IPOEKTHOMY
3HAYEHHI MOBITPOOOMIHY 3 MOXMJIMBICTIO KOPUTYBAHHS Ha TEMIIEpATypHY
PI3HUIIIO Ta MBUAKICTH BITPY.

o Zonelnfiltration:EffectiveLeakageArea  —  mMozenb, 10  OIIHIOE
1H(DIBTpaIIiHI TOTOKA Ha OCHOBI €()EKTHUBHOI IUJIOINIl HEMIUIbHOCTEH.
Po3paxyHKH BHKOHYIOTHCS 3 ypaxyBaHHSAM T€OMETPii OropoKyBabHUX
KOHCTPYKIIM Ta BIUIMBY 30BHIIIHIX YMOB, TakKMX fK TeMIepaTypa,
HIBUJIKICTH BITPY 1 BOJIOTICTb.

o Zonelnfiltration:FlowCoefficient — anroputm, mo omnepye koedilieHTOM
MPOHUKHOCTI1, BU3HAYEHUM Ha OCHOBI EMIIIPUYHUX 200 €KCIIEPUMEHTATIbHUX
nanux. /{03BoJsie BpaXoBYBaTH CKIIAJIHY 3aJICKHICTh MK TEMIIEPATypHUM
IPaJlIEHTOM, BITPOM 1 THCKOBUMHU MEpPENaaMu.

e ZoneVentilation:DesignFlowRate — mnigxin, mo onepye ¢ikcoBaHUM
3HAYEHHSAM MOBITPSIHOTO MOTOKY ISl PO3PAaXyHKY BEHTUJISIIMHUX MTPOIIECIB.
BUKOPUCTOBYETHCSI B CHUTyalisix, N1eé JOCTymHa abo 3aJaHa KOHKPETHA
BEITMYMHA BUTPATH MOBITPA.

e ZoneVentilation:WindandStackOpenArea — anroput™m, SKuUd MOJICIIOE
NPUPOAHY BEHTWIALIIO Yyepe3 Npopi3u (BIKHA, OTBOPH), BPAXOBYIOUH IO
BiTpy Ta TepmiuHoi Tsaru. Jlo yBarm OepyTbcsi TapameTpu OTBOPIB 1
KJIIMaTHU4HI YMOBH, 1110 BIUITMBAIOTh HA MOBITPOOOMIH.

e ZoneAirBalance:OutdoorAir — meton OajaHCyBaHHS MOBITPSHUX MOTOKIB

MDK 30BHIINIHIM Ta BHYTPIIIHIM CepeloBUIIEM. 3abe3neuye po3paxyHOK
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NPUIIUBY a00 BUJAJICHHS TMOBITPSl JJIs MIATPUMKH IIJILOBOTO PIBHS
BEHTHJIAIT IPUMIIIICHHS.

Y 1OpOMy JOCHIKEHHI [JIsl MOJENIOBaHHS 1HQUIBTpPAIIfHUX MPOIECIB
BUKOpHCcTaHo anroputMm Zonelnfiltration:DesignFlowRate, peanizoBanuii y cepeaoBuiini
EnergyPlus. Ha BimMiHy Bix migxomiB, fki 0a3yroTbcs Ha (PIKCOBAaHOMY 3HAYEHHI
KpPaTHOCTI MOBITPOOOMIHY, laHa MOJIETb JO3BOJISIE BPAXOBYBATH JUHAMIYHI 3MIHU YMOB
30BHIIIHBOIO Ta BHYTPIIIHBOTO CEPEIOBUIIA. 30KpeMa, 00CT iHPLIBTPAIITHOTO MOBITPS
BU3HAYAETHCS 3 ypaxyBaHHSIM JOOOBUX Ta CE30HHUX KOJUBAHb TEMIIEPATYPHU, IIBUIKOCTI
BITPY, PEXHUMY €KCIUTyaTalii NOpUMIIIEHHs, 0 3a0e3neuye OUIbIl peaicCTHYHE
BIATBOPEHHS (PaKTUYHOI TEIJIOBTPATH. Y XOJOJHUI Mepios POKY, KOJIM TeMIIepaTypHUM
nepenaj MK cepeloBUILIaMH MaKCUMaIbHUN, 3HAaYEHHS 1HPIIBTpAllli CyTTEBO 3pOCTa€e
NOpIBHAHO 3 YMOBHMM HOpPMAaTUBHUM pIBHEM, SIKHH 4YacTO 3aCTOCOBYETbCA Y
CTaHJAPTHUX po3paxyHKax [31].

Po3paxyHOK 1HQIBTpALITHOTO MNOBITPOOOMIHY 3IIMCHIOETHCS BIAMNOBIAHO [0

dbopmymnu 2.1:

[HinbTparia = (Ir[p)(FI‘pa(biK)[A + B |T,, + T,opu| + C (LIB. BiTpy) +
D (ls.Bitpy?)], (2.1)

ne Iy, — 11e IPOEKTHE 3HAYEHHS IH(UIBTpAIli], SKe BU3HAYAE OUIKYBAHHUH MOTIK MOBITPS
uepes iH(LILTPALiIo IPY CTAHIAPTHHX YMOBaX, n°';

F — (¢aktop BimoOpaxae rpadik poOOTH Ta PeXHUM eKcIutyaTtauli Oynaisii. Bin

rpadik
BpaxoBYy€ 3MiHU B IHPUIBTpAIli B 3a71€KHOCTI BIJT 4acy 1 JIHS THXKHS;
Ty, — BHYTpIIITHS Temneparypa nositps, °C;

T, opn — 30BHIIIHSA TemMneparypa nositps, °C;

[[IB. BiTpy — mIBUAKICTH BITPY 3TITHO KIIMATUHYHUX JaHUX, M/C;

A, B, C 1 D — emnipuuni koedimieHTH, 110 BPaxOBYIOTh BIUIMB TEMIIEPATypHOTO

nepenaay Ta BITpOBUX (PaKTOpiB.
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2.2.3 MareMaTH4Hi PiBHSIHHSI TeNJIOBUX MOTOKIB Yy 0araTo30HHiii MoaeJi

Jlns omucy AMHAMIYHMX IIPOIECIB TEIIOOOMIHY B 0araTo30HHIN eHepreTH4HIN
Mojiesl Oy/1iBIIi BUKOPUCTOBYIOTHCA MaTeMaTUYHI PIBHSAHHS, 110 0a3ylOThcs Ha OanaHci
TEIJIOBUX TIOTOKIB TMOBITPSIHUX 30H Ta TOBEPXOHb OrOpPOJKEHb. Takui MiAXi,
peaii3oBaHui y mporpamMHomy komriekci EnergyPlus, mo3Bosisie BpaxoByBaTu nepexiai
pPEXUMHU POOOTH 1HXXCHEPHUX CHUCTEM, 3MIHHI 30BHIINIHI YMOBU Ta MDK30HHI B3a€MOJIT
OPOTATOM  PO3PAaXyHKOBOTO TMEpIOAY 3 BHCOKOI TOYHICTIO Ta MOTOAUHHOIO
JTUCKPETU3AIIIETO.

Haii6isp11 momuypeHuM miaxo0M 0 PO3B's3aHHA IIi€l 3a1a4i € (GopMyJIFOBaHHS
PIBHSIHB TEIUIOBOTO OallaHCy, 0 0a3yl0ThCs HAa MIPUHITUIT 30€pEeKEeHHS €Heprii Ta JaloTh
3MOTY BU3HAYUTH 3MiHY TeMIIEpaTypH B 30HAX 13 ypaxyBaHHIM YCIX CYTTEBHX TETIOBHX
MOTOKIB y peajgbHOMY Yaci.

KitouoBUM piBHSIHHSM, SIKE ONUCYE TUHAMIYHY 3MIHY TEMIEpAaTypu MOBITPS B
KOXHIN 30H1 OyAiBil, € nU(epeHILiaibHe PIBHAHHS TEIJIOBOrO0 OanaHCy 30HAJIbHOTO
NOBITPA, SIKE BU3HAYA€ IIBUIKICTh 3MIHM TEMIIEpAaTypu MOBITPS 30HU, BPaxOBYIOUU
BHYTPIILIHI TEMJIOHAAXOIKEHHS, TEINIOOOMIH 3 MOBEPXHIMU, MIXK30HHI TOTOKU MOBITPS,
1HDIIBTpAIiI0 30BHINIHBEOTO TOBITPS Ta POOOTY I1HXKEHEPHUX CHUCTEM. AHAIITUYHE

(dbopMyITIOBaHHS 1ILOTO PIBHSHHS NpeacTasiieHe popmyiioro (2.2):
ar. Nsurfaces
2o = Zicy QA T2 by ATy = Tp) +
Nzones : *
+ Z ml C (TZl TZ) + minfcp(Too - TZ) + stSa (2'2)

dT: . . . . . .
ne Cy, d—tZ — 3MiHa BHYTPIIIHBOI €HEPIii MOBITPAHOI 30HHU y Yaci, J[K/C;
Y. Q; — cyma BHYTDIWHIX TEIUIOBHX HaJXO/KEHb BiJl NPHIALiB, OCBITJIEHHA Ta
moae, Br;

N . . :
Zl_swf “““*h;A;(Ts;— T;) — KOHBEKTUBHHI TEIIOOOMIH MiX IOBEPXHSAMH OTOPOKEHD i
MOBITPSIM y 30H1, BT;

N . : o
X2 m;Cpy(Tz— Tz) — TennooOMiH py MiXK30HHOMY MacoIlepeHoci noBiTps, BT;
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MinsCp(Teo — T7) — TeMNoBiAAYA 32 PaXyHOK iH(LIBTPallil 30BHIIIHLOTO HOBITPs, BT;
Q sys — IHKEHEPHI CHCTEMH BEHTHWIALIIT Ta OMaJICHHs, sIKi TIABOASATH a00 BiABOAATH TEILIIO
BiJl 30HU OyniBii, BT;
Cz = PairCyCr — eheKTUBHA TETIOEMHICTD NOBITPsA 30HH, J[K/K;
Pair — TYCTHHA TOBITPSA y 30Hi, KI/M>;
C, — nMTOMA TEIIOEMHICT MOBITPs, JlK/(kr-K);
Cr — KOpUTYBAJIbHUN KOS(DIIIEHT 10 TETUIOEMHOCTI.

Po3paxyHOK TemIoBuX BTpaT 1 HAIXOHKEHb Yepe3 OTOPOIKYBaJIbHI KOHCTPYKITii B
0araTo30HHUX MOJEIISIX BUKOHYETHCSI HA OCHOBI JI€TAILHOTO OalaHCy MOTOKIB €HEprii Ha
30BHIIIHIA TMMOBEepXHI CTiHU. lle 103BoJiss€ BpaxoByBaTH BCl CYTTEBl MPOIECH
TEIJI000MIHY, [0 BIUIMBAIOTh Ha 3arajibHUi eHepreTUYHui OanmaHc Oy/iBI, 30Kpema
MOTJIMHAHHS COHAYHOT pajiallii, BAPOMIHIOBAaHHS, KOHBEKTUBHUHN TEIIJIOOOMIH 330BHI Ta

TEIUIONPOBIIHICTh YE€pPE3 CTIHY.

TermoBuii 0anaHc Ha 30BHINIHINA TOBEPXHI OMUCYETHCS PIBHIHHAM 2.3:

Tso1 T+ Qiwr + Qeony — qro = 0, (2.3)

1€ q4,; — TYCTHHA TEIUIOBOTO MMOTOKY BiJl COHAYHOI paiartii, B1/M2;

qLwr — TYCTHHA TEIUIOBOTO MOTOKY BiJl TOBMOXBHJIHOBOTO BUIIPOMIHIOBaHHS, BT/M?;
qcony — KOHBEKTHBHA CKJIaJI0Ba TEIIOBOTO MOTOKY, BT/M?;

qko — TYCTHHA TEIIOBOTO MOTOKY Yepe3 OrOPOKYBaIbHY KOHCTPYKIIito, BT/M2.

B ocHOBI MeToAuIl TEMJIOBOTO OajaHCy JISKUTh BHYTPIIIHIN OalaHC eHeprii s
MOBEPXOHb, IO OTOYYIOTh 30HY. Takuil OanaHC OXOIUIIOE BCl1 KIIFOUOBI MPOLECU
TEIUIOOOMIHY: TMPOBIAHICTE YEpe3 OrOpPOJHKEHHS, KOHBEKII0 3 TOBITPSM 30HH,
MOTJIMHAHHS KOPOTKOXBUILOBOTO BUIMPOMIHIOBAHHS (B1] COHIIS 1 CBITUIILHUKIB), @ TAKOXK
B3a€EMOJIII0 3 JOBIOXBMJIBOBUM BHUIIPOMIHIOBAaHHSM (Bl MOBEPXOHb, OOJAJHAHHS Ta
mroaert). CykynHHMI BIUIMB yCiX LIMX MOTOKIB BH3HAYa€ TEIUIOBUI CTaH BHYTPIIIHBOI
MOBEPXHI Ta TEPMOAMHAMIUHI YMOBHU y MPUMIIICHHI.

TenuoBuii 0anaHc Ha BHYTPILIHINA MOBEPXHI ONMUCYETHCS Y BUTJISAL pIBHSHHSA 2.4:
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Qiwx + 5w + Qws + Qi + Gsor + Qeony = 0, (2.4)

1€ qpwx — TYCTHHa TEIUIOBOTO IOTOKY BiJ JOBFOXBHJILOBOTO (iH(ppauepBOHOIO)
BUIPOMIHIOBaHHS MK IIOBEPXHSIMHU BCEPEIMHI 30HU a00 rpynu 30H, B1/m?;

Qsw — TYCTHHA TEIUIOBOIO TIIOTOKY KOPOTKOXBHJIBOBOTO BHITPOMIHIOBAHHS —BijI
OCBITJTIOBAJILHUX MPUJIAAIB HA TOBEpXHIO, BT/M?;

qLws — TYCTHHA TEIUIOBOT'O MIOTOKY JOBIOXBUJIBOBOI'O BUIIPOMIHIOBAHHS Bil 0018 THAHHS
y 30H1 a00 TpyI1ii 30H, BT/M?;

qx; — TYCTHHA TEIIOBOTO TIOTOKY Yepe3 OropoKyBalbHy KOHCTPYKILiIO (CTiHy), BT/M%;
5, — TYCTHHA TEIUIOBOTO MOTOKY MOTJIMHYTOI COHSYHOI paianii Ha moBepxHi, BT/mM?%;
qcony — TYCTHHA KOHBEKTHBHOTO TEILIOBOTO MTOTOKY JI0 TIOBITPS 30HU, BT/M?.

OaHuM 13 KIIIOYOBUX €TalllB pPO3paxyHKY AMHAMIYHOTO TEIJIOBOro OajaHCy B
CHEPreTUYHUX MOJIETAX 0araro30HHUX OYJIBENIb € OINKC TEIUIOMPOBIAHOCTI uepes
OTOpOJDKYBaJIbHI KOHCTPYKII. JIJis IbOTO y CydacHUX MOJAEINAX, TakuX sk EnergyPlus,
3aCTOCOBYEThCSI METOJ] KOHAYKTUBHOI mepenaBanbHoi PyHkiii (Conduction Transfer
Function, CTF), mo 103BoJIsi€e TOYHO BpaxyBaTH TEIUIOBY 1HEPIIHHICT, MaTepialiB Ta
aKyMYJIFOBAaHHSI €HEPIii CTIHAMU.

OcHoBHa 11es Merony CTF mossirae y mpencTaBlieHHI IIIBHOCTI TEMJIOBOTO
MOTOKY Ha TTOBEPXHI OTOPO/KEHHS SIK JIIHIMHOT KOMO1HAIIT TeMrepaTyp Ha BHYTPIIIHIH
Ta 30BHINIHIA TOBEPXHAX, a TaKOX ICTOPUYHUX (BIIKJIAJEHUX Y 4Yaci) 3HAYCHb
TeMIepaTyp 1 TEIUIOBHX IOTOKIB. lle mo3Bomsie 3aMiHUTH CKJIaAHI I1HTErpajabHO-
nudepeHIiagbHl PIBHIHHS Ha CHUCTEMY alreOpaiyHuX CIIBBiAHOIIEHb 3 (hIKCOBAaHUM
YUCIIOM KOe(]IIl€HTIB.

bazoge piBHSIHHA (PaKTOPIB BIATYKY JJIS 30BHIIIHBOI CTIHU:
144
q (t) = Z?:o XjTo,t—j6 - Z?:o YjTi,t—j6> (2.5)

ne q'' (t) — I'ycTHHA TEIIOBOTO IOTOKY Y€PE3 30BHIIIHIO IIOBEPXHIO KOHCTPYKIIi y
MOMEHT 4acy t, Bt/m?;

Ty t-js — TEMIIEPATYPA 30BHILIHBOT IIOBEPXHI B MOMEHT yacy t—jo, °C;
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T; ¢ js — TeMIrepatypa BHYTPIllIHbOI IIOBEPXHI B MOMEHT yacy t—jo, °C;

X:

J’Y

= koeditientr CTF st BiMIOB1IHOT KOHCTPYKIIIT (BU3HAYAIOTHCS THUIIOM 1 IIapaMu
oropomkenss), Br/(m?-K);
6 — 4acoBUM KpOK JUCKpeTH3aIlli, C.

Ha ocHoBi y3arampaenoro npeactaBieHsas (2.5) anroputm CTF mepexonutsb Bin
HECKIHYEHHOI cepii TeMIepaTypHUX 3HAu€Hb J0 CKIHYEHHOI CHCTEMH aireOpaidHux
PIBHSIHB, Jie (DikcoBaH1 KoediIieHTH 30epiraloTh TEMIIEPATYPHY 1CTOPIF0 KOHCTPYKIIIi.

Y takomy GOpMyITIOBaHHI TEIJIOBHHM IMOTIK HAa KOXKHIM CTOPOHI OTOPOKCHHS

BUPAXKAETHCS Yepe3 PiBHIHHA 2.6 1 2.7:
q;c,i(t) = _ZoTi,t T 4j= 1Z]Tlt -jé + Y, Tot + Z ot —jé + an D; CII,c,i, t—jé» (2-6)

ne qy;(t) — TycTMHAa TEIUIOBOTO TIOTOKY Ye€pe3 BHYTPIIIHIO IOBEPXHIO
KOHCTpPYKIIii, BT/M?;

Zy, Z;j — xoedinientu CTF pis BHyTpiniHboi noBepxHi, Br/(M*-K);

Yy, Y; — mepexpecni xoediuientn CTF, Br/(m*-K);

T; +_js — TeMueparypa BHyTPIilIHbOI IIOBEPXHI Y MOMEHT 4acy t-j§, °C;

Ty,t-js — TEMIIEPATypa 30BHINIHBOI IIOBEPXHI Y MOMEHT 4acy t-jé, °C;

@; — norokosi koedinientu CTF (6e3posmipHi);

Qki¢-js — TYCTMHA TEIIOBOTO TOTOKY Yepe3 BHYTPIlIHIO TIOBEPXHIO Y MOMEHT 4acy
t-jo, Br/m?;

NZ — KUIBKICTh TEMIEPATYPHUX YJICHIB;

Nq — KUIbKICTh MOTOKOBUX YJICHIB;

0 — 9acoBUI KPOK JUCKpETH3AIlii, C.
qllc,o(t) = —Y, Tlt YTlt -jé + X Tot + XTot —jé +an of qllclo,t—j& (2-7)

€ ., (t) — TYCTHHA TEIIOBOTO TIOTOKY Yepe3 30BHIIIHIO MOBEPXHIO KOHCTPYKIIii, BT/M?;
Yo, Y; — mepexpecni xoediuientu CTF, Br/(m*-K);

Xo, Xj — koedinientu CTF s 30BHINIHBOT OBepxHi, BT/(M?-K);
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T t-js — TEMIEpaTypa BHYTPIIIHBOI TOBEPXHI Y MOMEHT Hacy t-j§, °C;
Ty t-js — TEMIIEPATYpa 30BHILIHBOT TIOBEPXHI Y MOMEHT 4acy t-jé, °C;

@; — norokosi koedinientn CTF (6e3posmiphi);

Qro,t- j§ — TYCTHHA TEIUIOBOTO MOTOKY Yepe3 3O0BHILIHIO MOBEPXHIO y MOMEHT 4acy

t-jo, Br/m?;

NZ — KUIbKICTh TEMIIEpaTypHUX YJICHIB;

NQq — KUIbKICTh IIOTOKOBUX YJICHIB;

6 — 4acOBUM KpOK JUCKpeTH3aIlli, C.

MeTon KOHAYKTUBHUX TepefaBalbHUX (YHKIH HO3BOJSE KOMIIAKTHO 1 TOYHO
MOJICJIFOBAaTH TEIUIOBY I1HEPLIMHICTh OrOPOJIKEHb, 3aMIHIOIOYM PO3B’SI3aHHSA MTOBHOT'O
nudepeHIiaJbHOTO PIBHSIHHS TEIJIONMPOBITHOCTI HA OOYMCIICHHS alreOpaiuHux cyM i3
HarepeJ BU3HAUCHUMHU KoedilieHTaMu. 3aBAsku piBHAHHAM (2.5) - (2.7) nuHamiuHa
MOJIeJIb Ma€ HACTYIHI MIEpEeBaru:

o KOPEKTHO BIATBOPIOE (Da30B1 3CyBM Ta 3rJIaKy€ IMIKOBI HABAaHTAaXKCHHS, IO
BUHHKAIOTh Yepe3 aKyMYJTFOBaHHS TEIIa Y MACHBHUX CTiHAX;

o MIHIMI3y€ OOYMCIIOBAJIbHI BUTpPATH, OCKUIBKM TMOTpeOye 30epiratu JuIe
OOMEXeHY KITBKICTh 3HAYEHb TEMIIEPATyp Ta TEIJIOBUX IOTOKIB JIsl KOXKHOI
KOHCTPYKIIii;

dbopmye HaJiliHy OCHOBY ISl TOJANBIIOTO MapaMETPUYHOTO aHali3y Ta CIEHapiiB

pOOOTH 1HKEHEPHUX CUCTEM y TTOATBIITUX PO3/ILIaX, 1€ TOUHE MPOTHO3YBAHHS TETUIOBUX

MOTOKIB KPUTUYHO BIUIMBAE HA PE3YJIbTATH €HEPrOCIOKUBAHHS Oy I1BIIi.
2.3 Ilapamerpu eHepreTH4HOI MOaeJI

Jlns  3a0e3neyeHHs JIOCTOBIPHOTO aHAN3y EHEPreTUYHUX XapaKTEePUCTHK
XKUTJIOBUX OyIiBeNb Yy pI3HUX yMOBax €KCIUTyaTallii B paMKax JIOCHIPKeHHsS Oyna
noOysioBaHa JeTalli30BaHa C€HEPreTHYHAa MOJeiNbh Ha 0a3l JOCTIIKYBaHOTO 00’ €KTa
(pucyHok 2.4). MeTor CTBOpEHHS IIi€i MOJAET € MOMJIMBICTh KIJIBKICHOI OIIHKHU
CTHOYKUBAHHS TEIUIOBOI €HEPrii, PO3MOALTY TEIJIOBUX MOTOKIB, BIUTUBY KOHCTPYKTHUBHHUX

XapaKTEPUCTHK OTOPOKYBAIBHUX E€JIEMEHTIB, KJIIMAaTUYHUX YMOB Ta PEXUMIB pOOOTH
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CHCTEMH OIaJIeHHs Ha 3arajbHy eHeproedekTuBHicTh. [100y10Ba Takoi MOAENI 103BOJISIE
HE JIMIIe 3/A1MCHIOBaTH pO3PAaXyHOK PIYHOTO TEIJIOBOIO HABAaHTaXEHHs, ane W
MOJICTIIOBATH TMOBEAIHKY OyAiBII Yy HECTaHAApTHUX abo aBapiHUX peXuMax, M0

0COOJIMBO aKTYaJIbHO B CyYaCHUX YMOBAX.
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Pucynok 2.4 — 31 moznens B I13 DesignBuilder

BpaxoByroun  MmpoCTOpPOBY  HEOJHOPITHICTH  TEIJIOBUX  MPOLECIB Y
0araTokBapTUPHUX OyAMHKAX, Y MOJIEJN 3aCTOCOBAHO MYJIbTU30HAJIBHUM MIAXIJ, SIKAM
JIa€ 3MOT'y BpaxOBYBaTH BIUIUB CYMIKHHX NMPUMIIIEHb, BIIMIHHOCTI B Opi€HTallii hacais,
JOKallbHI JpKepena Terla Ta 1HI YMHHUKH, 10 CYTTEBO BIUTUBAIOTH HA PE3yJbTaTH
cumyssiii. Ha BiaMiHy BiJl CHPOIIEHUX OJHO30HAJIBHUX MOJIENeH, MYJIbTU30HAIbHA
CTPYKTypa Ja€ 3MOTy TOUHIIIE BIATBOPIOBATH TEIUIOBI B3a€EMOJIT M1k 30HAMH, JJO3BOJISIE
pealizyBaTl BapiaHTH YAaCTKOBOTO OMNAJIEHHS, a TaKOX 3a0e3neuye OIbIl THYYKUH 1
¢b13uyHO OOTpYHTOBAHUM MIAXiJ 10 OMUCY peayibHOI OyAIBIl B yMOBaxX JUHAMIYHOTO

HaBaHTa>XCHH:I.
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J{ns 3abe3rneueHHs] HaAIHHOCTI, y3arajlbHEHOCT1 M BIITBOPIOBAHOCTI PE3yJIbTaTIB
YUCEJILHOI'0 MOJICJIIOBAHHS EHEPIEeTUUHUX XapaKTepUCTUK Oy aiBil Oyyio oOpaHO miaxij,
0 TPYHTYEThCS HAa BUKOPUCTAaHHI PEMPE3CHTATHBHOTO MPHUMIMIEHHS — OKPEMOTO
IIPOCTOPOBOTO 00’ €KTA, SIKUM HAHO1IBII MTOBHO BioOpakae TUIIOB1 YMOBH eKCILTyaTarlii
OyniBenb MaHOTO Kiacy. Takwil MiAXiA J03BOJISIE 3MEHIIUTH CKIAIHICTH MOJENI,
BOJHOYAC 30epiralo4M TOYHICTh PE3yNbTaTiB II0AO0 MUTOMHX XapaKTEPUCTHUK
€HEProCIOKUBaHHS.

3riguo 3 monoxenusmu JICTY b B.2.2-39:2016 [81], 30kpema po3aiiom 5, mis
MPOBEICHHS] PO3paxyHKIB Ta BUMIPIOBaHb E€HEPreTUYHHUX XapAKTEPUCTHUK JOLIIBHO
BUKOPUCTOBYBAaTH  TaK  3BaHl  NPUMINICHHSA-TIPEICTABHUKU  (pENpe3eHTaTUBHI
npuMiiieHHs ). CTaHIapT BKaszye, 110 10 TaKUX MPUMINIECHb ISl KUTIOBUX OYyJIHMHKIB
MOXYTh HaJIe)KaTH JKUTIIOBA KIMHATa, KOPUJIOP, JTI(TOBUM XOJI, CXOJI0B1 KIIITKH, ITiJIBAI,
ropuiiie Toio. [Ipyu 1boMy HEOOXITHO 3a0€3MEUYUTH OXOIUICHHSI PI3HUX MOBEPXIB Ta
OpI€HTAIll/ 32 CTOPOHAMH CBITY.

VY nauiii poOOTI JUIst IpOBEICHHS aHai3y Oyia oOpaHa THUIOBA KUTJIOBA KIMHATA,
po3TalioBaHa B LIEHTPaJbHIA KBAPTUP1 HA YeTBEpTOMY mHoBepci OyaiBil. Takuil BUOIp
OOyMOBJICHHM THUM, IO II€ TPUMIIIEHHS € YacTUHOIO 3arajbHOr0 KOHTEKCTY
(GYHKILIOHYBaHHS JKUTJIOBOI 30HU, OTOYEHE 3 YCIX CTOPIH CYMDKHHUMH IPOCTOPAMHU
(3Bepxy, 3HM3Y, 3711Ba 1 CIIpaBa), 110 J103BOJISIE BPAaXOBYBATH XapaKTEPHI TEIJIOBI TOTOKU
yepe3 BHYTPIIIHI OTOPOKYBalIbHI KOHCTPYKIii. KpiM TOTO, MOT0KEHHS TPUMIIIICHHS Y
LEHTP1 JKUTIOBOI 30HH BUKJIIOYAE KPailoBl ePeKTH, NpUTaAMaHHI KyTOBUM a00 BEPXHIM
MOBEPXaM.

Takwuit BuOip 3a6e3meuye BiAMOBIIHICTH MOJIEI METOI0JIOTIYHUM PEKOMEH/IAIIIsIM
CTaHAAPTY 1 A03BOJIAE€ NPOBOAUTH MOPIBHSIBHY OL[IHKY MapaMEeTPUYHUX CLEHApIiB Npu
yMOBaX €KCIUTyaTaii.

Ha pucynky 2.5 HaBeIeHO TpUBHMMIpHY MOeENb OyAiBJIl Ta IUIAH MOBEpPXY, Ha
AKOMY BHJHO BuOpaHe mnpuMmilleHHs. Taka Jokamizalis J03BOJSE CTBOPUTH
MYJIBTH30HAIBHY MOJIETh 13 PEANICTUYHUM YpaxyBaHHSIM BIUIMBY CYMDKHHX 30H,
BI/IMOBIJTHO JI0 PEKOMEHJAIlil CTaHIapTy Ta MPUHIUIIB JUHAMIYHOTO MOJICTIOBAHHS

E€HEPreTUYHUX MPOIIECIB.
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Pucynok 2.5 — ®@parmMeHT MoJiel Ta MIIaHyBaHHA MOBEpXY (parMeHTy 3

penpe3eHTaTUBHUM MPUMIIIEHHIM

2.3.1 IIapametrpu 0a30B0i eHEePreTUYHOI MO

CtBopeHa AMHaAMIYHA MOJIeNb OyAiBJl BpaxoOBY€ MOTOJWHHI 3MIHM KJIIMATUYHUX
YMOB Ta BHYTpIIIHIX HABAaHTAKECHb, BKJIIOYAIOYM COHSYHI TEIJIOBI HAAXOHKEHHS Y
NPUMIIICHHS, TEIJIOBI BTPATH Yepe3 OropoJKyBajbHI KOHCTPYKIIii, MOBITPOOOMIiH, a
TaKOK HAaKOMMYEHHS Teria B Marepianax. i 3abe3nedeHHs J0CTaTHbOT TOYHOCTI OyJI0
00paHO MOTOANMHHUI 1HTEpPBAI MOJICIIOBAHHS, SIKUW JJa€ 3MOTY 3 IOCTATHHLOIO TOYHICTIO
BIITBOPIOBATH JOOOBY IUKJIIYHICTh Ta IMIBUJIKI 3MIHH PEXKUMIB, 1[0 OCOOJIMBO BAXKIIUBO
IPU TOCIIIKEHHI €(DEKTIB Bl peryloBaHHs TeMIEpaTypu ado aBapiiHUX CLIEHAPIiB.
[Tix 6a30BOXO MOJACILTIO Y ITbOMY KOHTEKCT1 MAETHCS HAa yBa3l EHEPreTUYHa MOJIETh
OyZiBJIl 3 TUTIOBUMM JIJIsl HASIBHOTO CTaHY 3HAYEHHAMM KOHCTPYKTHUBHHUX Ta 1H)KEHEPHUX
napameTtpiB. Came BOHa CiyryBajga BIANPAaBHOK TOYKOK JJIsi  TOJAJBIIOTO
napamMeTpUYHOTO aHajizy. Yci HAcTymHI Bapialii Mojeni 6a3yBaiucs Ha 3MiHI OJIHOTO
abo KUIBbKOX MapaMmeTpiB Ii€i 0a30BOi KOHPIrypamii, Mo A03BOJISIO AOCIIHKYBaTH
YYTIUBICTh CHEPIETUIHHUX XAPAKTEPUCTUK 10 OKPEMUX YNHHUKIB.
OCHOBHI XapakTepUCTUKHN 0a30BOT MO/l HABEJICHO HUXKYE:
o Krnimamuuni ymMo6u: MOJAEIIOBAHHS BUKOHAaHO 3 BHKOPUCTAHHSAM
KJIIMAaTUYHUX JaHuX 118 M. Kuis.
® Bucoma nosepxy: CTaHOBUTH 3 M, 110 BI/INOBI/Ia€ TUTIOBUM IapamMeTpam JJjIst
0araTonoBepXOBUX JKUTIOBUX OYJAMHKIB PAASHCHKOI Ta MOCTPAIASIHCHKOI

3a0y10BH.
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3o6uiwuni cminu: caMOHeCydl, 3 KEPaMI4HOI MyCTOTLIOI IETIN 3arajJbHOI0
TOBUIMHOIO 510 MM. 30BHIIIHS TOBEPXHA OOJMIIbOBaHa KepaMIYHOIO
IUIMTKOI0, BHYTPIIIHSA — oIlTyKaTypeHa. Omip Termonepeaaydl CTiHH
craHoButh 0,67 (M>K)/Bt. Cxiag KOHCTPYKIli MpeACTaBICHO Ha
PUCYHKY 2.6a.

Topuzonmanvni miscnoeepxosi nepekpumms:. BUKOHAHI 3 MOHOJITHOI
3a11300€TOHHOI TUIUTH TOBIIMHOIO 220 MM, 3 HIDKHIM IIapOM IITYKaTypKU
Ta BEPXHIM 03/100JICHHSM Y BUTJIS1 M1IJIOTOBOTO MIEPEKPUTTS 3 JTIHOJICYMOM
Ha OCHOBI KOpPKOBOTro Iapy. Omip Teruionepenadi NepeKpuTTs: CTAHOBUTD
0,30 (M*-K)/BT (pucyHok 2.60).

Buympiwni migxckeapmupni cminu: NErAsSHA KIaJAKa TOBIIMHOIO 255 M,
omTykaTtypeHi 3 o00ox OokiB. Omip Ttemionepenaui — 0,58 (M*-K)/Bt

(pucyHOK 2.6B).

Outer surface Outer surface

1.00mm  Cement/plaster/mortar - gypsuminot b scale

5. 00 Brick_halana

Inner suface

Inner surface Inner surface

a. 0. B.

Pucynox 2.6 — Ckiag oropoKyBajibHUX KOHCYTPYKITIA KIMHATH:

a — 30BHIIIHIX CTIH; 0 — BHYTPIIIHBOTO TOPU30HTAIBHOIO MEPEKPUTTS; B — BHYTPIIIHIX

CTIH M1 KBapTUpaMu

Ceimnonpo3opi KoncmpyKyii: BCTAHOBJICHO JBOKAMEpPHI CKJIOMAKETH THUITY
4-10air-3-10air-4 3 nBOMa MOBITpSHUMHU Kamepamu. Omip Temionepenayi
BiKOH cTaHoBuTH 0,48 (M?-K)/BT.

Cucmema onanennsa: miaTpumye craimy temiepatypy 20 °C mpotsirom
YyCBhOTO MEpIoAY ONMaJieHHs, 0€3 aBTOMaTUYHOIO PETYJIIOBAHHS TEMIIEpaTypHu

B 3QJIEKHOCTI BiJ] BHYTPIIIHIX 200 30BHIIIHIX YMOB.
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o [logimpoobmin: KPaTHICTb TMOBITPOOOMiHY mpuiiHsra Ha pisai 0,6 n’!
BIIMOBITHO 10 HOPMATHBHUX BHUMOT IS JKUTJIOBHX IMPUMIIICHL O€3

CUCTEMU BEHTHJIALI].
3a3HadeHi mapamerpu chopMyBalM BUXIIHY KOH(irypariro moneni, sika Oyia
Ha/Jalli BUKOpUCTaHA I aHaNli3y CHEPreTUYHUX XapaKTEPHUCTUK y PI3HUX CIICHAPIfX,
30KpeMa BIIPOBA/KCHHS 3aXOMIB 3 €HEProe(eKTUBHOCTI Ta JOCHIKEHHS MOBEIIHKA

OyIBJII TIPH 3MIHHUX PEKUMaXxX OIaJICHHs Ta aBapiiHUX CUTYyallisX.
2.3.2 IlapameTpu4HMI aHAJI3

3 METOK BHUABJICHHS BIUIUBY OKpPEMHUX OYJIBEIIBHHX Ta €KCIUIyaTalliHUX
XapakTepUCTUK Ha EHEPreTUYHY IMOBEAIHKY TMpPUMIIICHHS OyB MpPOBEACHUN
mapaMeTPUUHMH aHani3. Moro OCHOBHOIO METOI0 Oyj0 BHM3HAYEHHS UyTJIMBOCTI
pe3ysibTariB g0 3MIHM OKpPEMHUX [apaMeTpiB OTOpOKYBaJIbHMX KOHCTPYKIIH,
TEIIO130JIA1I11, 1 PeKUMIB pOOOTH CUCTEMHU omajieHHs . L{e 103Bostsie OIIHUTH JOLIBHICTD
1 eEeKTUBHICTh BIOPOBA/KEHHS KOHKPETHUX 3aXOJIB 3 €HEPro30epeKeHHsS, a TaK0X
MPOTHO3YBATH MOBEAIHKY OY/IIBIII B PI3HUX CIIEHAPISAX EKCIUTyaTallii.

Jlns 3abe3nedyeHHs MOBHOLIHHOTO aHamizy Oylo oO0paHO psia  KIHOYOBUX
napaMeTpiB, KOXXE€H 3 SKHX 3MIHIOBAaBCS B MeXKax THUIOBUX a00 HOPMATUBHO
OOTpYHTOBAHMUX JIiana3oHiB. Bapialiis iux nmapaMmeTpiB BUKOHYBAJIaCh 13 BUKOPUCTAHHSAM
€IMHOI YH1()IKOBAHOI CHCTEMH MO3HAY€Hb, HABEICHOI Ha PUCYHKY 2.7. Yci komMOiHalil
napameTpiB Oynu 3aikcoBaHiI B Ha3Bl MOJEII, IO JIO3BOJISIE€ 3PYUYHO 1ME€HTU(DIKYBATH
KOXKCH CIICHApiM IMJa Yac aHajizy pe3ynbTaTiB. Takui MiaXid TO3BOJIMB JIETAIBHO
OLIIHUTH SIK OKPEMHUM, TaK 1 KOMOIHOBAaHUI BILJIUB KOXKHOTO MapamMeTpa Ha €HepreTUdH1
XapaKTEPUCTUKU OY/TIBIIL.

3MiHa mapaMeTpiB y MOEII MPOBOIUIIACS B MEXKax Jiara3oHiB, K1 BIAMOBIIAIOThH
peaTbHUM TEXHIYHHM XapaKTePUCTHUKAM ICHYIOUOTO KHUTJIOBOTO (GoHIy B YKpaiHi, a
TaKOXX BHMOTaM 1 PEKOMEHJAIlisIM YMHHUX HOPMATUBHUX JOKyMeHTIB [31]. Bubpani
3HAUYEHHA BPaxoBYIOTh K CHUTyalli A0 TEpMOMOJEpHI3allii, Tak 1 YMOBH TIiCHs

BIIPOBAKCHHS €HEProe(PEeKTUBHUX 3aXO/IB.
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[TapameTpu, 1110 BapirOBaJUCs B MEKax aHAII3y:
e OpienHTaIis 30BHIIIHIX CTIH TPUMIIICHHS:
o IliBnenna opienraris (S);
o IliBaiuna opieHTaris (N).
e TemIoTexXHIYHI BIACTHBOCTI 30BHINTHIX CTiH:
o Hei3onboBani cTinu 3 Tepmigyanm onopom R = 0,82 (m?-K)/BT;
o YTemieHl CTiHM MiHepanbHOI Batu ToBmMHOIO 0,1 M 3 3aranpbHUM
tepMiuHuM oropoM R = 3,31 (m?-K)/BT (mmicis TepmomMoaepHizaitii).
e MacCHBHICTb 30BHIIIHIX CTIH:
o 0,25 M — cTiHM TOBIIMHOIO B 1 11erY;
o 0,51 M — cTiHH TOBIIMHOIO B 2 IIETIIH;
o 0,77 M — cTIHH TOBIIAHOIO B 3 IIETJIH.
e TemnioBl XapaKTepUCTUKH BIKOH:
o R =0,54 (Mm* K)/BT — 6a30Bi BikHa 0€3 eHeproz0epirarounx 3axo/iiB
(4-10air-3-10air-4);
o R=098 (M*K)/Btr — eneproedexTuBHi BiKHa (JBOKaMepHUI
CKJIOTIAKET 13 CENIEKTUBHUM MOKPUTTSIM — 41-12air-4-12air-41).
e MacHBHICTh BHYTPIIIHIX CTiH (TOBIIWHA):
o 0,125 m — nerki neperopoaku (0,5 uermim);
o 0,255 m — cepenni ctinu (1 nerna);
o 0,385 M — macuBHi ctinu (1,5 uermnm).
e Pexxumu poOOTH CHCTEMH OIaJICHHS:
o tconst — noctitHa Temneparypa 20 °C (0a30Bwuii ciieHapiii);
o tvarres — jaeHHe moHxkeHHs Temmneparypu ao 17 °C (3 08:00 mo
18:00);
o tvarcomm — HiYHe ToHMXeHHs TemmepaTtypu 10 17 °C (3 22:00 mo

08:00).
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[TapameTpuuHuii aHai3
(Mpwknag Hassw: m-01_S_EWallUnins0.25m_WinR0.54_IWall0.255_tconst)

B e Y N S —

IMopsakoBuii OpienTamnis
HOMep MoJeTi 30BHINTHIX
B rpymi CTiH

Tzoasmist 30BHIMHAIX MacusHicTs Tepmiunmii onip MacHBHICTE Pe:kum poboTH cHcTEMH
cTiH 30BHILIHIX CTiH BiKOH BHYTPIIIHIX cTiH onAIeHHSA

+1 *S—mixerHa  » Heisonposani o 1 mermm - 0,25 M * R =048 (m*K)/Br * 0.5 mermm - 0,125 M = tconst - He3MIHHHIT
*2 *N-misaimaa (R =0,67 (M>K)/Br 2 nerm - 0,51 m * R =10,73 (v K)/Br * | mermm - 0,255 M TeMIepaTypHHIT pesKum
* [30nb0BaH1 * 3 mer - 0,77 M * 1.5 mermm - 0,385 m = tvarres - 3McHIICHHS
°n (R =3,31 (»*K)/Br TeMIeparypH BIeHb
* tvarcomm - 3MeHIIeHHS
TeMIepaTypH BHOUL

Pucynok 2.7 — Bapiantu mojeneii Ta ix Ha3BH

3aBAgKM  Takiil  cucTeMaTH3alli Ta ~ HOPMAaTHBHOMY  OOIPYHTYBaHHIO,
napamMeTpUYHUN aHaj3 OXOIUIIOE SIK PEATICTHUYHI CLIeHapii Jisl TUIIOBUX OY/1BEJIb, TaK 1

MOTPAaHUYHI BapiaHTH, 110 JO3BOJISIIOTH OLIIHUTH MOTEHIIIA]l MOJIEpPHI3allii Ta ONTUMI3aIlii.

BucHoBku 10 po3aiiy 2

VY npyromy posnauii Oyjao moOyJoBaHO Ta OOIPYHTOBAHO €HEPreTUYHY MOJEIb
JOCIIJIKYBaHOT 0araTOKBapTHPHOI JKUTIOBOI OyiBiIi, IO CTaja OCHOBOKO JIJIS
NOAANBIINX JOCHIKEHb. JleTalbHO MpPOaHaII30BaHO T'€OMETPUYHI Ta KOHCTPYKTHBHI
napamMeTpd, a TaKOX HaBEICHO JIOTIKy NO0OyJOBUM MYJIbTU30HAIBHOI MOJENl 3
ypaxyBaHHSAM peaTbHUX YMOB €KCILTyaTallii Ta HOpPMAaTUBHUX BUMOT.

Jns moOynoBu Mozeni Oyjao OOpaHO penpe3eHTaTUBHE MPUMIIICHHS 3T1THO 3
Bumoramu JICTY b B.2.2-39:2016. Takmii miaxix T03BOJHUB CKOPOTHTH OOCST
MOJICJIIOBaHHsI 0€3 BTpaTH pPENpe3eHTATUBHOCTI pe3yJibTariB. byno oOIrpyHTOBaHO
JOIIJIBHICTG BHUKOPUCTAaHHA caMe MYJbTH30HAJIBHOIO TiAXoay, Mo 3abesrneuye
aJICKBaTHE B1I0OPAKEHHS TETJIOBUX B3a€EMOJI MK CYMI>)KHUMHU 30HAMH.

[TapameTpu 6a30B0i Mozei OyJI0 BUBHAYEHO HA OCHOBI JJAaHUX I110JI0 MAaTEpialliB,
KOHCTPYKIII OrOpO/KYyBaJbHUX E€IEMEHTIB, MIKPOKIIMATUYHUX YMOB Ta 1H(IIBTparii
noBiTps. OcoOiMBY yBary MNPUAUICHO BU3HAYEHHIO TEPMIYHOTO OIOpPY €JIEMEHTIB
OTOPOJKEHHS, TUIIaM BIKOH, KPAaTHOCTI MOBITPOOOMIHY Ta KIIMAaTHYHUM JaHUM IS
Kuesa.

VY migpo3ain 2.3.2 BUKOHAHO OMKC NapaMEeTPUYHOTO aHaJi3y, B IKOMY CUCTEMHO

BapiIOBAIKCS KIFOUOBI XapaKTEPUCTUKH, IO BIUIUBAIOTh HA TEIJIOBY MOBEAIHKY OyAiBI1
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— opieHTaniss OyaiBjIl, MAaCUBHICTh Ta TEIJIOI30JIALIS CTIH, TEPMIYHUN OIIp BIKOH Ta
peXuMH poOOTH CUCTEMHU onaiieHHs. Takuii miaxig 103BOJIUB BCEOIYHO AOCIIIUTH BILINB
OKpEeMHX MapaMeTpiB Ha CIIOKUBAHHS €HEPrii Ta TEIIOHABAHTAKCHHSI.

TakuM YWHOM, PO3MIT 2 CTBOPIOE TOBHOIIHHE MIAIPYHTS AJsi MPOBEICHHS
NOrMOJICHOTO IUHAMIYHOTO aHalli3y €HEPreTUYHUX XapaKTEpUCTUK OyHiBIl B PI3HUX

eKCIUTyaTalllfHIX CHEHAPIiX, 10 PO3TIIAIAI0TECS Y HACTYITHUX PO3ALIaX.
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PO311J13 OHIHIOBAHHA EHEPI'ETHYHUX XAPAKTEPUCTHUK BY IIBJII
1] BIIMBOM 3MIHHU TEIJIO®I3UYHUX BJACTUBOCTEN
OI'OPOKEHB BYAIBJII TA PEXKUMIB POBOTHU CUCTEM
TEIIVIOIIOCTAYAHHA

Enepretnuna epexkTuBHICTH OyAiBENb € OAHUM 13 KIIIOUOBUX AaCIEKTIB CTAJIOr0
PO3BUTKY B YMOBax Cy4YacHHX EKOHOMiKM Ta ekojorii. Temrodi3udai BIaCTUBOCTI
OTOpOJIKYBAJIbHUX KOHCTPYKIIN 1 peKUMH pOOOTH CUCTEM TEIIONOCTa4YaHHS CYTTEBO
BIUIMBAIOTh HA eHepreTUuHHil GanaHc OyniBeib. IXHil aHami3 [03BONSE BUSABUTH
MO>KJIMBOCTI J1JIs1 3MEHIIIEHHS €HEPrOCIIOKUBAHHS Ta M1JBUIIEHHS TEIUIOBOTO KOM(DOPTY.

Y naHoMy po3Aull  PO3TJSAAIOTBCS METOAM  OLIHIOBAaHHS EHEPreTUYHHX
XapaKTEPUCTHUK Oy[iBENb 3 ypaXyBaHHSM 3MiH TEIUIO(I3NYHUX MMapaMeTpiB MaTepiaiiB
OTOpPOJIKEHb 1 PEXUMIB POOOTH CHUCTEM TEIUIONOCTaYaHHS. 30KpeMa, aHali3yeTbCs
B3a€MO3B’SI30K MDK KOHCTPYKTUBHUMHU OCOOJUBOCTAMHU OyAiBelb 1 TEIJIOBUMHU
IPOLIECAMH Y BHYTPIIIHBOMY CEPEIOBUILII.

Oxpemy yBary NpualIEHO MapaMETPUYHOMY aHali3y TEIUIOBUX IOTOKIB 4epes
OrOpOKYBaJIbHI KOHCTPYKIUIi. BpaxoByroTbcsi Taki (akTopu, sIK BIUIMB OpI€HTAILl]
OymiBIIl, MACUBHICTh KOHCTPYKIIIH 1 IEPEPUBYACTI PEKUMU OTIAJICHHS.

OTpuMaHi pe3yiabTaTH MOJETIOBAHHSA JO3BOJISIOTH MPOBECTH OLIHKH BIUTUBY
pi3HMX (haKTOPIB HA TETUIOBI MOTOKHU Yepe3 30BHIIIHI CTIHU. B 1aHOMY po3/iii HaBeIeHO
pe3ynbTaTH JOCIHIKEHB, SIK CaMe OPIE€HTAIlisl 30BHIIIHIX OTOPOKYIOUUX KOHCTPYKITIH,
TEPMOMO/JIEpHI3alllsl 30BHIIIHIX OrOPOJKEHb Ta MOXJIHMBI PEXKUMHU TOHUKEHHS
TEMIEpAaTypyu BCEPEAMHI MPHUMIIIEHHS MOXXYTh BIUIMBATH HA CIHOKMBAaHHS TEIUIOBOI

eHeprii.
3.1 IlopiBHsIHHA CTAaliIOHAPHOI Ta AMHAMIYHOI MO/IeJIi pO3PAXYHKIB

AHaJi3 eHepreTHYHNX XapaKTePUCTUK OyAiBeh € HEAOCTaTHbO OOTPYHTOBAHUM
0e3 3aCTOCYBAHHS MAaT€MAaTHYHOI'O MOJIEIIOBAHHS, SKE JT03BOJISIE BIATBOPUTHU TEIIOBY
NOBEAIHKY O0’€KTa 3a PI3HMX EKCIUTyaTallliHuX 1 KIIMaTUYHUX yMOB. TpaauuiiHo B

HOPMATHUBHIA TIPAKTHUIIl HAWYACTIIIE 3aCTOCOBYETHCS CTAIllOHAPHUM MIAX1J, IO
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nepeadayae BUKOPUCTAHHS CTAJIMX TEMIEPATypPHUX Ta KIIMAaTHYHUX napameTpiB. Taka
METO/IMKA € IIPOCTOIO B peai3zallii, 1a€ 3MOTy BUKOHYBATH PO3PaXyHKHU 3T1IHO 3 YUHHUMU
CTaHJIapPTaMHU Ta IIUPOKO BUKOPUCTOBYETHCSA Y MPOEKTYBAHHI CUCTEM OMAJICHHS.

Pa3om 3 ThM, aKkTyasabHI BUKJIUKH B cpepl eHepro30epekeHHs MOTPEOYIOTh O1IbIIT
THYYKHX Ta TOYHUX IHCTPYMEHTIB, SIKl 3/1aTHI BPaxOBYBaTH 3MIHHICTh 30BHIIIHIX YMOB,
TEIUIOBY 1HEPIIII0 KOHCTPYKIIH 1 peKUMU eKCIuTyaTallii. ToMy mopiBHSHHS CTalllOHAPHOI
Ta IMHAMIYHOI MOJIeJIel T03BOJIsI€ BUSSBUTH OOMEXEHHS TPAJAUIIIHHOTO 1IX0/1y, OIIHUTH
NOXMOKHU B pO3paxyHKax 1 Kpalie 3p03yMiTH MEXaHI3MHU TEIJIOBOIO OOMIHY B Cy4acHUX
Oy IIBJISIX.

VY npomy mipo3/ii CoYaTKy HaBEAEHO PO3PAXYHOK TEIUIOBUX BTPAT Ha OCHOBI
CTaI[lOHAPHOI MOJIEN, 3 aKIEHTOM Ha BIUIMB TEPMOMOJIEpPHI3Alll Ta TEMIEPaTypHOIrO
pexXUMY CYMDKHUX MpuMilieHb. Hanani 11 pe3yapTaTi MOpIBHIOIOTHCS 3 MOJICIIIOBAaHHSIM
y JUHAMIYHOMY CEpPEIOBHII, IO J03BOJISIE BPaXOBYBATH MOTOJMHHI 3MIHU KIIMarty,

TEIJIOBY 1IHEPLIMHICTh MAaTEplajiB Ta BaplaTUBHICTh Y OBEAIHII KOPUCTYBAYiB.

3.1.1 Cranmionapna MmojaeJb

AHami3 EHEepPreTUYHUX XapaKTEPUCTHK OyAiBEIb HEMOXJIMBO 3JIHCHUTH O€3
3aCTOCYBaHHS BIANOBITHUX METO/AIB MaTeMaTHMYHOrO MojentoBaHHsA. Ha modatkoBomy
eTarl JOIILHO 3BEPHYTHUCS JIO0 CTAI[IOHAPHOI MOJIEN TEMIOBOro OajiaHcy, sika MHUPOKO
3aCTOCOBYETHCSI B HOPMATHUBHIN MPAKTHUIIl Ta TO3BOJISIE OIIIHUTH MaKCUMAaJIbHE TIPOEKTHE
TEIJIOBE HABAaHTAXEHHS MPH CTAJIMX 30BHIIMHIX ymoBax. Lleit mimxin Ga3yeTrbcs Ha
MeTOaulll, BUKJIaAeHId y cranaapti EN 12831, Ta € OCHOBOIO [Jisi THUIIOBOTO
IPOEKTYBAHHS CUCTEM OINAJICHHS.

VY 1mpoMy MiAPO3MiTaiI HABEACHO PO3PAXyHOK TEIJIOBHMX BTpaT 3a JOTIOMOTOIO
CTaIllOHApHOT MOJIEN, 3 ypaXyBaHHSIM O0COOJIMBOCTEHN OYyMiBJI1 MICIs TEPMOMO/IEpHI3aIlii.
Pe3ynbpratu MonentoBaHHS JAalOTh 3MOTY OLIHUTH BIUIMB TEMIIEPATYPHOIO PEKUMY B
CYMDKHHMX TPHUMIIICHHSIX Ha PIYHY €Hepromorpedy AochiipkyBaHoi 30HW. Hapmami 1
pesynprati  Oyle TIOPIBHSHO 3 AQHAJIOTIYHUMH pPO3paxyHKaMH, BHKOHAHUMHU 3
BUKOPHUCTAHHSAM JWHAMIYHOTO MIAXOAY, IIO BPAaxOBY€ 3MIHY 30BHIIIHIX 1 BHYTPILIHIX

YMOB Y 4acl.
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Onmuc cranioHapHoi moaesi

CramioHapHa MoJielb TEIUIOBOTO OallaHCy S>KHUTIIOBOT OyaiBii 0Oa3yeTbcs Ha
PO3paxyHKY MPOEKTHOTO TEIUIOBOTO HABAHTAXECHHSI 32 YMOB CTAJUX KIIMAaTUYHHX 1
eKCIUTyaTalliiHuX mapaMeTpiB. Takui miaxig € 6a30BUM IHCTPYMEHTOM €HEePreTUIHOTO
aHali3y 1 UIMPOKO BUKOPUCTOBYETHCS y MPOEKTYBAHHI CHUCTEM omajeHHsS. B ocHOBI
METOAMKHN JIEKHUTH e€Bponercbkui cranmapt EN 12831:2003, pexoMeHmoBaHuil a0
BIPOBAKCHHS B YKpaini 3rigHo 3 JIbH B.2.5-67:2013.

CramioHapHU#l PO3paxyHOK JO3BOJISIE BU3HAYUTH MaKCUMalbHE TEILIOBE
HABAHTAKEHHA B TOYIll MPOEKTHOI 30BHINIHBOI TEMIEpaTypu, Oe€3 BpaxyBaHHS

JUHAMIYHUX 3MIH MIKPOKJIIMATY YH 1HEPUIHHOCTI OTOPOKYBAIBHUX KOHCTPYKITIH.
MeTtoanka po3paxyHKy

3rinno 31 crangaproM EN 12831, moBHe NpOEKTHE TEIJIOBE HaBaHTAXKCHHS

OKpPEMOTO NPUMIIIIEHHs BU3HAYAETHCS K CyMa TPhOX OCHOBHHUX CKJIaJI0BUX:
Cyri = Pri+ Py + Pry,is (3.1)

ne @y ; — IPOEKTHE TEIJIOBE HABAHTAXEHHS NPUMIILEHHA (i), BT;

@ ; — NPOEKTHI BTPATH TEILIA ONAIKOBAHOIO MPOCTOPY (i) 3a paXyHOK TeIjonepeadi
yepes oropoKeHHs (TpaHCMICIiHI TeIIoBTpaTu), BT;

@y, ; — IPOEKTHI BEHTUJIALINHI BTPAaTH TEILIA OIAII0BAHOro 1mpoctopy (i), Br;

®pry ; — NOJATKOBMH 3aIac TEIJIOBOI IOTYKHOCTI, BT.

BTpary Terwa 4epes oropopKEHHS PO3Pax0OBYIOTHCS 32 (hOPMYIOIO:
®r; = (Hrje + Hrje + Hrig + Hrij) - (Binei — 6e), (3.2)

ne Hr ;o — xoediieHT BTpAT Teruia 3a paxyHOK TeIionepeayl 3 OIaaroBaHOro IPOCTOPY

(i) Mo HaBKOJMIIIHBOTO cepeaoBHIna (e) uepes 000m0HKy Oyaiii, BT/K;
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Hr e — KOeQILI€HT BTPAT TEIUIA 3a PaXyHOK TEILUIONEPENayl 3 ONAII0BAHOIO IPOCTOPY
(7) o HABKOJMIITHBOTO CepPEeOBHINA (€) Yepe3 HeonaatoBaHi mpoctopu (u), BT/K;

Hr jg — KOeilieHT BTpaT TeIuia 3a paxyHoK TEIIIONepe/iadi 3 ONaI0BAHOTO IPOCTOpY (i)
10 TpyHTY (g) y cTasux ymoBax, B1/K;

Hr ;j — KoedilieHT BTpaT TEIIa 3a paXyHOK TEILIONEPEaadi 3 ONAIOBaHOrO MPOCTopy (i)
JI0 CYyMI>KHOTO OIaJIFOBAHOTO MpocTopy (f) 3a pi3Hulll Temneparyp ouibiie 3 °C (To6To
710 CYMIDXKHOTO OTMaJIFOBAHOTO MPOCTOPY B Tii camiil yacTHHI OyIUHKY a00 B MPHUIIETIii
yacTuHi OyauHky), B1/K;

Oint ; — TPOEKTHA BHYTPILIHA TEMIIEPATypPa ONATIOBaHOro 1pocropy (i), °C;

6, — Ipo€eKTHA TeMIlepaTypa 30BHINIHbOTO MOBITPs, °C.

Btpartu teria 6e3nocepeiHLO HA30BHI:

Hripe = YAk U + X, - 1), (3.3)

ne Hr;, — BTpaTu TeIla 3a PaXyHOK TEILUIONEPENadl 3 ONaliOBaHOIO MPOCTOpy (i) 10
HaBKOJMIIHLOTO cepenoBuina (e), BT/K;
A, — monia eneMenTa OyuHKy (k), M?;
U, — xoedimieHT Teronepeaadi oropoxerss (k), Br/(m?-K);
; — KoedillieHT Terionepeaayi JiHiiMHoro teraoBoro mocty (/), Bt/(m-K);
[, — noBxWHA JIHIHHOTO TEIUIOBOrO MOCTY (/) MDK BHYTPIIIHIM 1 30BHIIIHIM
IPOCTOpPaMHU, M.

[Ipu po3paxyHKy TEIUIOBTPAT 3a PaXyHOK TeIUIonepeaadl TerjIoBl MOCTH MOXKHA
BpPaxOBYBaTH CIPOLIEHUM METOA0M, IKUH MOJISTa€ B KOPUTYBAHHI 3HaYEHHS Koe(ilieHTa

TeHJ’IOHepe,Z[aLIi 34 TaAKOKO (bOpMy.TIOIO:
UkC = Uk+ AUtb’ (34)

ne Up,. — ckopuroBanuii koeilieHT Terionepenayl eneMenrta Oyaini (k) 3 ypaxyBaHHSIM
JHIAHUX TeTUI0BUX MoCTiB, B1/(M?-K);

U, — 6a30Buii koeditieHT Teronepenayi enemenTa (k), Bt/(m?-K);
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AUy, — KOpUTYBAJIbHMM  KOE(QILIEHT, 10 3alleKUTh Bl TUIY €JIEeMEHTa
oyniem, Bt/(m?-K).

Brpatu Temna uepe3 HeonmaroBaHUN TIPOCTIP:

dopmyna sl po3paxyHKy KoedillieHTa Terionepenadi uepe3 HEeOoNaTroBaHUMA

npocTip 3rigHo 31 crangaprom EN 12831:

Hrie = XAk U - by) + X+ 1+ by), (3.5)

ne Ay — miomia enxemenTa oOyaisimi (k), m%;
U, — xoedimieHT Teronepeaaydi oropokeHus (k), Br/(m?-K);
; — KoedilieHT Teronepeaayi JiHIMHOro teraoBoro mocty (/), Bt/(m-K);
[, — noBxWHA JIHIMHOTO TEIUIOBOrO MOCTY (/) MDK BHYTPIIIHIM 1 30BHINIHIM
IPOCTOPOM, M;
b,, — xoe(dili€HT MOHMKEHHS TEMIIEPATYPH, SIKUH BPaXOBY€E PI3HUIIO MI>K TEMITEPATyPOIO
HEOIAJIOBAHOTO MPOCTOPY Ta MPOEKTHOIO 30BHIIIHBOIO TEMIIEPaTyporo, Oe3po3MipHa
BEJIMYMHA.

OCKIJIBKM  TOCHIJKYBaHE MPHUMIIICHHS HE KOHTAKTy€ 3 HEONaJIlOBaJIbHUMU

npocropamu, 10 Hr . = 0.

Btpatu Tenna A0 CyMi>KHOTO OMATIOBAHOTO MPOCTOPY 3 HUKYOK BHYTPIIIHHOIO
TEMIEPATYPOIO

YacTo BHMHHKAIOTh CHUTYyallli, KOJM B OararokBapTUPHOMY OYJIHWHKY OKpeMi
npuMilIeHHs (KUTJIOBI KBApTUPH, O(IiCH, Mara3uHu, rOTeJIbHI HOMEpH) MPOTATOM
TPUBAJIOTO 4Yacy 3aJMIIAIOThCS 0€3 BUKOPUCTaHHS ab0 BIJKIIOYEHI BiJl CUCTEMU
omajeHHs. Y TaKuX BHUIMAJIKaX TeMIepaTypa B HUX 3HIKYEThCS BITHOCHO MPOeKTHOI. Le
CTBOPIOE TEMIIEpATypHY aCUMETPIIO M0 00MABa OOKU BHYTPIIIHBOIO OTOPOXKEHHSI, IO
CIIPUYMHSE TIOMITHI BTpaTH TEIJIa Yyepe3 BHYTPIIIHI KOHCTPYKIIii, OCOOIHMBO y pasi iX
HENOCTAaTHHOT TEII0130JI1I1.

CyMDKHUM OTATIOBAaHUM ITPOCTOPOM MO>KE OYTH SIK 1HIIIE TPUMIIIICHHS B TiH caMiii

KBapTHUPI1, TaK 1 B CYCIAHINA KBapTUP1 a00 HABITh Y CYMIXKHOMY OyAMHKY. 3Ba)Kalouu Ha
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BIJICYTHICTb 130JISI111T BHYTPIIIHIX CTIH y OLIBIIIOCTI MPOEKTIB, HABITh HE3HAYHA PI3HUIIS
TEMIIEPATyp MOKE CIPUUYUHUTH iICTOTHI TEIIJIOB1 MMOTOKH.
Jlst BpaxyBaHHS ITUX BTpPAT BUKOPHUCTOBYETHCS KOS(DIIIEHT Teruionepemadl o

CYM1I)KHOTO MPUMIIIICHHS:

HT ij — Zk(flj Ak Uk) (36)

ne fij — KOeQiIEHT IOHMKEHHS TEMIEPATypu, INO BPaxOBYy€ PI3HULIO MK
TEMIEPATYPOI0 CYMIKHOTO ONAJIOBAHOIO MPOCTOPY Ta MPOEKTHOK 30BHIIIHBOIO
TEMIIepaTypolo, 0e3po3MIpHa BEIUUHHA;
A — noma eneMenTta Oyaisii (k), M
U, — xoeditieHT Teruionepeaayi oropoxenus (k), Br/(m?-K).

VY pasi po3paxyHKy BTpaT TeIia J0 CYMI>KHOTO OMaIFOBAHOTO MPOCTOPY 3 HUKIOIO
TEMIIEPATypOI0 HE BPAXOBYETHCS BIUIMB TEIJIOBHMX MOCTIB. HaTromicTh BBOAMUTHCS
KOE(DILIEHT TMOHMKEHHS TEMIIepaTypy, SKHM BpaxoOBYE TEMIEPATYPY CYMIXKHOIO

MPOCTOPY BIIHOCHO 30BHINIHBO1 TeMiiepatypu. Dopmyiia Jjisi HOro 004HMCICHHS:

(emtl ])
. 3.7
Jii = ety (3.7)
ne 0 ; — IpoeKTHA BHYTPIIITHS TeMIIEpaTypa onaatoBaHoro rnpoctopy (i), °C;

6.

. * [¢] .
; — TeMnepaTypa IPUIIETIIOro (CyMIKHOTO) ONaIoBaHOro mpoctopy (j), °C;

0, — Ipo€eKTHA TeMIlepaTypa 30BHINIHBOTO MOBITPs, °C.

KoeditieHT BTpat Temia 3a paxyHOK Temuionepeaayi 10 IpyHTy:

BignoBimno gm0 cranmmapty EN 12831, xkoedimieHT BTpaT Temia depe3
OTOPO/DKYBAJIbHI KOHCTPYKIIi, 10 KOHTAaKTyIOTb 3 TIPYHTOM, OOYHCIIOETHCS 3
ypaxyBaHHSM BIUIUBY CEPEAHBOPIYHUX TEMIIepaTyp, TEMIIEpaTypHOTO TpaiieHTa Ta

rigposoriyaux ymoB. @opmyna 1 po3paxyHKy TeIionepeaayi A0 IpyHTY Ma€ BUTIISA:

HTlg fgl fgz (Zk(Ak equiv,k))' Gw> (3-8)
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€ fg1 — MONPaBOYHMH KOE(ILIEHT, 110 BPAXOBY€E BIUIMB PIYHUX KOJMBaHb 30BHINIHBOI
TeMIiepaTypu, 6e3po3MipHa BEIMUNHA;

fg2 — KXOe(ilieHT TOHKEHHS TEMIEPATypH, SKMA BPaxoBy€ DPI3HULIO MK
CEPEIHbOPIYHOIO Ta MPOEKTHOIO 30BHIMIHBOIO0 TEMITEPaTypOIo, Oe3po3MipHa BEIUUHNHA,
A, — moma eneMenTa oynaisii (k), M?;

Uequiv,k — PIBHOBRKHUU KoedirmieHT TerIonepeaayi eJIeMEHTa
oropopkenHs (k), Bt/(m?-K);

G,, — Koe(illi€eHT, 110 BPaXxOBY€ BIUIUB IPYHTOBUX BOJ, O€3p0O3MipHa BEIHUMHA.

OCKUIBKH  OTOpOJIKYBaJbHI KOHCTPYKIII JOCHIKYBAHOTO MPUMILIECHHS HE
KOHTaKTYIOTb 3 IPYHTOM, TipuiiMaemo Hr;; = 0.

Po3paxyHOK MpOEKTHHUX BEHTUJSAIIWHUX BTpAT TEIUIa y BUMAAKY MPHUPOIHOI
BEHTUJISAIIIT:

VY cranmapti EN 12831 3anpoBaiykeHO MOHATTS NPOEKTHUX BEHTWIISILIITHUX BTpaT
TeIia, 0 BPaxOBYIOTh TEIUIOBTPATH HA HArpiBaHHS NPUILUIMBHOIO MOBITPS 0 PIBHS
BHYTPIIIHBOI NPOEKTHOI Temneparypu. [lpm 1bOMy poO3risaaroThecs JBa JKepesa
BEHTHJIALUT:

— OpraHi3oBaHM MOBITPOOOMIH, BIJIMOBITHO 10 HOPMATHBIB OBITPOOOMIHY;

— HeopraHizoBaHa IH(PUIbTPALis NOBITPS KPi3b OrOPOKYBaIbHI KOHCTPYKIIII.

st oburcnens BUOMPAIOTH OLIBINE 3 JBOX 3HAUYEHb. PO3paxyHOK MPOEKTHHX

BEHTWISIIMHUX BTPAT TEIJIa BAKOHYETHCS 32 (hOPMYJIOH0:

@y = Hy;+ (Binei — 0e), (3.9)

ne @y ; — NPOCKTHI BEHTUIIALIKMHI BTPAaTH TEILIa NpUMIiIleHHs (7), Br;

Hy, ; — KoedIIeHT NPOEKTHUX BEHTUWISALIHHNX BTpaT Teruia, BT/K;
V,i ’ s

Oint ; — TPOEKTHA BHYTPILIHA TEMIIEpaTypa npumiienns (i), °C;

6, — Ipo€eKTHA TeMIiepaTypa 30BHIIMIHBOTO MOBITPs, °C.
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Koe(imieHT NMPOEKTHUX BEHTUIALIMHUX BTpaT Temna Hy; BU3HA4a€ KiJIbKICTh

TEIUIa, 1[0 BTPAYAETHCS BHACIIOK BEHTUIISIIT TP PI3HUILI TEMIIEPATYP MK BHYTPIIIHIM

Ta 30BHIIIHIM cepeioBUIleM. BiH o0uucIoeTbes 3a HopMyIor:
Hy;= Vi-p - cp, (3.10)

ne V; — 06'eMHa BUTpaTa BEHTHIALIHHOTO MOBITPA, M%/C;
p — TyCTHHA IOBITpA IpH TeMueparypi 0y, ;, KI/M;
Cp — NUTOMA TEIJIOEMHICTh MOBITPs P TeMIeparypi Oy, ;, Jok/(kr-K).
JInst copolueHHsT OOYMCIIEHh YacTO HEXTYIOTh 3aJIEKHICTIO TYCTUHU 1 MUTOMOI
TEIUIOEMHOCTI MOBITPS B1Jl HOTO TeMIlepaTypH Ta NEPEBOASIYM BUTPATY MOBITPS B M*/TOA

Ta 3aCTOCOBYIOTH allPOKCUMOBAHE PiBHAHHA 1y V; B M*/TOx:
Hy,; = 034 - V,. (3.11)

Crnoci6 BU3HAUY€HHSI 00’€MHOI BUTPATH BEHTWISLIMHOTO MOBITPS 3aJ€XKHUTh BiJ
HasgBHOCTI a00 BIJACYTHOCTI MeXaHIYHOI BeHTWIAIIl. Y pas3l il BiICYTHOCTI
MIPUITYCKAETHCS, 10 TOBITPSI HAIXOAWUTh y TMPUMIIICHHS 330BHI MPUPOTHUM IIUIIXOM,
Marouu Ti X MapaMeTpH, 1110 i 30BHILTHE MOBITPS.

EN 12831 Bu3Hauae, 1mo HEOOXIIHO PO3MIISIATU JIBa JKEpesia BEHTHIISIIITHOTO
HOBITPSL:

— TIOBITPS, 110 1HPILIBTPYETHCSA YEPE3 OTOPOHKYBAIbHI KOHCTPYKIIIT Oy IiBIi;

— MIHIMQJIbHUA HOPMATUBHUA 00’€M TMOBITPS, BHU3HAYEHUN TIrl€HIYHUMU

BUMOTaMH.

JI71st po3paxyHKy MPUIMalOTh MAKCUMAJIbHE 31 3HAUYCHbD:
Vi = max(Vins i, Vinini ) (3.12)

ne V; — 3aranpHa 06’ €MHa BUTpATa BEHTUIISILIHHOTO TIOBITPs A7 pocTopy (i), M3/Tox;

Ving,i — IHOUIBTpaNiiHa BUTpATa OBITPS, M*/TOL,;

~

Vinin,i — MIHIMAJIbHO JOIIyCTMMA BUTPATA 3TiIHO 3 Tr€HIYHUMHA HOPMaMH, M>/TOJI.
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s po3paxyHKy iHUIBTpaIiiHuX BTpaT 1moBiTps ctanaapT EN 12831 npornonye

TaKy Gpopmyy:

Vingi = 2 - Vi~ nso- € &, (3.13)

ne V; — 00’ eM onamroBaHoTo mpocTopy (i), M (B MeXaxX CBITJIIMX PO3MIPIB);

Ngo — KPATHICTh MOBITpOOOMiHY mpu pi3uutl Tucky S0 Ila, ron™;

e; — TIONMPaBOYHUN KOEQIIEHT Ha BIUIUB PO3TALIYBaHHS OMATIOBAHOTO IMPOCTOPY
(BuCOTA, BITpOBA 30HA), 0€3pO3MipHA BEJIMUMHA,

& — KOE(QILIEHT, 10 BpaXOBY€E HAIPSIM MOBITPSHOIO MOTOKY (BPaXxOBY€EThCA HAUTIpIINI
BapilaHT, KOJIM MOBITPS MOTPAILISE 3 yCiX OOKIB OJJHOYACHO), 0€3p03MipHa BEJIMYMHA.

KpatHicTh mOBITpOOOMIHY MPUHHATA 3T1IHO 3 HOPMAaTUBHUM JOKyMeHTOM /IBH
B.2.5-67:2013 «OmnaneHHsi, BEHTWIALIS Ta KOHAMIIOHYBaHHS» [25], 1 AJIsl )KUTJIOBHUX
OymiBElb CTAHOBUTE, N5 = 0,6, rox.

[TopiBHSIHHA P1YHOI €HEepronoTpeda TENmI0BOi EHeprii s AOCTIIKYBaHOI 30HU Ha
OCHOBI CTaI[lOHapHOI'O PO3PaxyHKY, IPOBEIEHOIO B MOJENl 3 TEPMOMOJEPHI30BAHUMHU
OrOpOJIKYBaJIbHUMU KOHCTPYKIISIMU TOKa3aHO Ha pucyHky 3.1. /liarpama neMoHCTpye
CHEeproCIIOKUBAHHS ISl TI'SITH  CLIEHApPiiB TEMIEpPaTypHOTO PEXUMY B CYMDKHHUX
MPUMIIICHHSX, K1 CYTTE€BO BILTUBAIOThH Ha TEIUIOBUN OaslaHC:

1. Temnepatypa 20 °C y Bcix npuMillieHHX (0a30BUi clieHapiil);

2. 3HWKEHHS TeMIlepaTypy B OTHOMY CYMIXKHOMY TMPUMIIIICHHI,

3. 3HWXKEHHS TEMIEPATyPH B YCIX CyMIXHUX MPUMIIIECHHSX;

4. JlokanbHe pEryjlOBaHHS TEeMIEpaTypu JMIIE Yy  JOCIIIKYyBaHUX
MPUMIIIICHHSX;

5. PeryntoBaHHs TeMnepaTypH y BCIX IPUMIILIEHHIX Oy IiBIi.
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B ycix 3oHax ctaaa Temneparypa 20°C | 1070,8

MoHMXKEHHS TemnepaTypk Ha 3°C B OAHIM CyCiaHiM

. 1177.5 +10,0%
30HI
MoHvkeHHs Temnepatypu Ha 3°C B yCixX CyCIAHIX 1622,7 +51 5%
30HAxX
o .
[MOHMXKXEHHS Temr!epcnyp!fl Ha 3 C B TIAbKM B 445 6 _58,4%
AOCAIAXKYBAHIA 30HI
MNoHwxeHHs Temnepatypu Ha 3°C B ycit OyaiBAi | 997,5 -6,8%
0 500 1000 1500 2000

PiyHa eHepronotpedaq, kBT -ToA

Pucynok 3.1 — Piuna enepromnorpe6a Ha onajeHHs AJis JOCIIKYBaHOT 30HH

pO3paxoBaHa 3a CTal[loHAPHUM METOJIOM (TICIIsE TEPMOMOJIEpHI3aIlii)

AHani3 pe3yJsbTariB, MNPEICTABIECHUX HA PUCYHKY 3.1, CBIAUUTH MpPO CyTTEBUI
BIUTUB KOH(ITyparllii TeMneparypHux pexXuMiB y CYMDKHUX 30HaX Ha piuHy MoTpedy B
TEIUIOBIM €Heprii JOCHIIKYBAaHOTO MPUMIILIECHHS, HaBITh MICJS TEpMOMOJIepHi3allii. Y
0a30BOMY cIieHapii, /Ie Y BCIX NPUMIIICHHIX MIATpUMyeThcs Temmneparypa +20 °C, piuna
eHepromnorpeda Ha onajeHHs craHoBuTh 1070,8 kBT rox.

3meHmIeHHs Temneparypu Ha 3 °C auiie B OJHIN CyMIXHIMA 30H1 OPU3BOAUTH 10
30UTBIIIEHHST TEIUIOBUX BTpAT y JOCIHIKYBaHINA 30HI, PE3yJIbTATOM YOr0 € 3POCTaHHS
enepronotpedbu g0 1177,5 kBr-rox, no cranoButh +10,0% BiTHOCHO 6a30BOTO PiBHA.
Ile mosICHIOETHCS MOSIBOIO TEIJIOBOTO MOTOKY Y€pe3 CIUIbHY BHYTPILIHIO MEPErOPOIKY,
CHPSIMOBAHOTO JI0 OXOJIOKEHO1 CYCITHbOI 30HU.

HaiiGi1bp11 KpUTUYHUM € CLEHApId NMOHMKEHHSI TeMIIEpAaTypu B YCIX CyMIKHHUX
MPUMIIICHHSX, IKUI TEMOHCTpPY€E pi3Ke 3pOCTaHHs eHepronoTpedu no 1622,7 kBt roz,
110 Bianosigae +51,5% nopiBHsAHO 3 0a30BUM BapiaHTOM. Takuil pe3yabTat miATBEPIKYE
BHUCOKY YYTJIMBICTh AOCHII)KYBAHOI 30HU JI0 YMOB Yy HABKOJHUIIHIX MPUMILIEHHSX,
0COOJIMBO 32 BIACYTHOCTI TEIUIO130JIS1I1] BHYTPIIIHIX KOHCTPYKIIIM.

HaromicTp 3HWKEHHS TeMIiepaTypu JuIIe y AOCHipKyBaHiil 30H1 no +17 °C

MPU3BOJUTH JI0 3HAYHOTO 3HIKEHHS PIYHOTO eHeprocnokuBaHHs — 445,6 kBT rox, mo
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cTaHOBUTH -58,4% BigHOCHO 0a30Boro 3HadyeHHsA. Lle cBiguMTH Mpo e(EKTHUBHICTH
JIOKQJILHOTO PEryJIIOBaHHS TEMIIEpaTypy B KOHTEKCTI €HEPT OO HOCTI.

Cuenapiif, B IKOMy MOHW)XCHHSI TEMIIEPATypU peali3y€eThCsl OJHOYACHO B YCiif
OyaiBIIl, OKa3ye MOMIpHE CKOPOUYEHHSI eHeprocnoxkuaHHs 10 997,5 kBt rox (-6,8%),
0 CBIMYUTH TPO TO3UTUBHUMA €(PEKT CHHXPOHHOTO PEryJIIOBaHHS, XO04a W MEHII
BUPa)KEHUH TOPIBHSAHO 3 JIOKAJIHbHUM 3HI>KEHHSIM JIHIE B I[UTHOBIN 30HI.

TakuM 4MHOM, pe3yJIbTaTH MiATBEPKYIOTh TOIUIbHICT 30HATBHOTO yIIPABIiHHS
TEMIEPATYPOIO SIK JTIEBOTO THCTPYMEHTY MiJBUIICHHS €HEProe(eKTUBHOCTI HABITH Y
TEPMOMO/IEpHI30BaHUX OyiBIIsAX. OCOOIMBO BaXKJIMBO BPaXOBYBATH TEILJIOBI B3a€MOJIIT
gyepe3 BHYTPIIIHI OTOPOJIKYBaJIbHI KOHCTPYKIIii, 110 HA0yBalOTh CyTTEBOT'O 3HAYCHHS 32

YMOB HEOJTHOPIAHOTO TEMIIEPATYPHOTO TOJISL.

O0OMexeHHsI cTAaliOHAPHOT Mo eI

[Tonpu cBOIO OPOCTOTY Ta HOPMATUBHY MIATPUMKY, CTalllOHapHa METOJIMKa
PO3paxyHKy TEIUIOBUX BTPAT Ma€ HHU3KY CYTTEBUX HEJOJIKIB, 110 OOMEXKYIOTH il
MPUIATHICTD JJIsI KOMIUIEKCHOI OLIHKYA €HEPreTUYHOI MOBEAIHKY OymiBiil. Takui miaxina
0a3yeThCsl Ha MPUIYLIEHHI NP0 CTAIICTh YMOB — 30KpEMa, 30BHIIIHBOI TEMIIEpaTypH,
BHYTPILIHBOTO TEIUIOBOTO PEKUMY, TEIUIOTEXHIYHUX XapaKTEPUCTUK OrOPOIKYBATIbHUX
KOHCTPYKIiH, @ TAKOK ITHOPYBaHHI 1HEPLUIMHUX BIACTUBOCTEN MaTEepialliB.

Cepell OCHOBHUX HEJIOJTIKIB CITiJ] BII3HAYUTH:

— HemoxnuBicTh BpaxXyBaHHS TO00OBUX Ta CE30HHUX KOJMBAHb KIIIMAaTUYHHUX
napamMeTpiB, TaKMX SK TeMmIeparypa 30BHIIIHHOTO TOBITPS, COHSYHA
pazianis Ta BiTep;

— HemoxnuBICTh BpaxyBaHHS PEryJbOBAaHUX PEXKUMIB pPOOOTH CHUCTEMU
OMMaJICHHs, 30KpeMa 3MIHM TeMIlepaTypu 3ajeXHO Bi Yacy 100w,
TPUBAJIOCTI ii 3HUKEHHS Ta 0COOJIMBOCTEN MIIABHOTO PETyIIOBaHHS;

— He BpaxoBylOTbCA TEMJIOAKYMYJIIOKOYl BJIACTHUBOCTI BHYTPIIIHIX Ta
30BHILIHIX OTOPOKE€Hb OYIIBJI, II0 CYTTEBO BIUIMBAE Ha JUHAMIKY

TEIJIOBOro 0anaHCy, 0COOIUBO Y MACUBHUX OTOPOJIKEHHSX;
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— CopolteHe ysIBI€HHS MPO BHYTPILIHI TEIUIOBI HAJAXOJKEHHS B JIIOJCH,
TEXHIKHU, OCBITJICHHS, SIKI MOXKYTh CYTT€BO 3HI)KYBAaTH (DaKTUYHE TETIOBE
HABaHTAKCHHS,

— He BpaxoByI0ThCs 3MiHHI peKUMHU POOOTH BEHTWJIALIIT Ta TEIUIONOCTAYaHHS,
K1 € TATIOBUMH JIJISI peaJIbHOI eKCILTyaTalli OyaiBeb;

— BiACYTHICTP MOXJIMBOCTI MOJCIIOBAaTH TMOBEAIHKY y TepexigHux abo
aBapiiHUX peXUMax, HAPHKIAA, IPU PANTOBHUX 3MiHAX TeMIEpaTypu ado
BIJIKJIIOYEHH] CCTEM OIaJICHHSI.

Y pe3ynbTari, Xo4a CTalllOHapHA MOJENb 3a0e3leuyye HOPMATUBHY OI[IHKY
OTTAJTIOBAIPHOTO HABAHTAKCHHS, BOHA HE JI03BOJISIE BPaxyBaTH JWHAMIYHY B3a€MOJIIIO
MDK KJIIMaTHYHUMHU, OYJIIBEILHUMH Ta TOBEIIHKOBUMHM YWHHHUKaMH. Lle oOmexye ii
e(EeKTUBHICTh MpPH aHali3l €eHeproe(eKTUBHUX 3aXOJIB, ONTUMI3AIll pPEKHUMIB
eKcIuTyaTarlii abo OIiHIll POOOTH B HETUIIOBUX YMOBAX.

Came ToMy i MIMOIIOTO aHami3y Yy MNOAAIBIIMX PO3JAUIaX BUKOPUCTAHO
JMHAMIYHE MOJICJIIOBAHHS, K€ BPaxOBY€ 3MIHY MapaMeTpiB y dYacl Ta JI03BOJISE
aJICKBaTHO OIIIHUTH BIUIMB PI3HUX (DaKTOPIB HA EHEPreTUYHI XapaKTEPUCTUKU
JOCJTI)KYBaHOT 30HHU.

BapTo Takox 3a3Ha4YMTH, 110 CTAIllOHAPHA METOIUKA MA€ CXMIIbHICTh 10 CyTTEBOTO
CIIOTBOPEHHS PE3YJIbTATIB 32 YMOB HEPIBHOMIPHOTO PO3IOUTY TEMIIEPATYP Y CyMINKHUX
30HaX. BoHa He BpaxoBye€ 4acoOBOIO 3MIIIEHHS TEIJIOBUX MOTOKIB, TMOB’S3aHOTO 3
TEIJIOAKYMYJTIOIOYMMH  BIACTHUBOCTSIMU  OTOPOJKYBAJIbHUX KOHCTPYKIIM, a TaKoX
peabHUX PEXHUMIB BUKOPUCTAHHS NPUMINICHb. 30Kpema, iK OyJe TMOoKa3aHo Yy
NOJAJBIIMX PO3JUIAX, CTAI[lOHAPHUWA MIAX1J JEMOHCTPYE 3aBHILEHY 4YYTIUBICTb
€HEPrOCIOKUBAHHS JI0 JTIOKAJTbHUX 3HIKEHb TEMIIEpaTypy B OKpEMHUX NpuMilieHHsX. [le
CTBOPIOE XMOHE YSBJICHHS PO MaclITabM BTpAT TEIIOBOI €HEPrii Ta MOXKE MPU3BOAUTH
JI0 HEKOPEKTHOT'O OOTPYHTYBaHHSI €(DEKTUBHOCTI 3aXO0/I1B 3 ONTHMI3allii TeMIIepaTypHOTO
peXHUMY, a TAKOXK HAJIAIITYBaHHS CUCTEM POOOTH aBTOMATHUKH.

TakuM YMHOM, BUKOPUCTAHHS JUHAMIYHOI MOJEII € HEOOXIAHUM JIJIsl aICKBAaTHOL

OIIHKM TETJIOBOI MOBEMIHKK OyaiBIl B YMOBax 3MIHHOTO PEKHMY EKCIUTyaTallii, 1o
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A03BOJII€ BpPaxOBYBATH HEC JIMIIC MHTTEBl TEILJIOBI IIOTOKH, a M HaAKOIMYECHHS Ta

pO3CitoBaHHS TeIia B OyI1BEIbBHUX KOHCTPYKIIISIX Y Yaci.

3.1.2 /lunamiuHa MojaeJb

[Tonpu mUpoKe BUKOPUCTAHHS CTAI[IOHAPHOTO MIAXOAY, CydacHa IpaKTUKa
MOJICITIOBAHHSI €HEPTreTUYHUX MPOIECIB Y OYIIBISAX Meanl 4acTille 3BEPTAETHCS [0
JUHAMIYHOTO aHali3y, SIKAW J03BOJISIE BPAaxOBYBAaTH 3MIHY 30BHIIIHIX KIIMaTHUYHUX
YMOB, TEIJIOBY I1HEPIIHHICTh OTOPOJIKEHb, PEKUMHU POOOTH IHXKCHEPHHX CHCTEM Ta
MOBEIIHKOB1 OCOOJIMBOCTI KOPUCTYBAYIB.

Oco0iMBO 1€ aKTyaJdbHO AJI KUTJIOBUX OY[IiBEJb, Y SIKHX TEIUIOBA MOBENIHKA
3HaYHOI0  MIpOI0  BU3HAYAETHCS  HEPIBHOMIPHICTIO  TEIUIOBUX  HAJXOJKCHb,
NEepPIOJIMYHUMHU  KOJMBAaHHAMHM TEMIIEpaTypd Ta BaplaTUBHICTIO Yy BUKOPHCTAHHI
PUMIIICHb.

JlunaMiuyHe MOJEINIOBaHHA 3a0e3euye OUTbII pEeaiCTUYHE YSBJIEHHS MPO 3MIHY
TEIJIOBOro ©OanaHcy B 4aci, JO3BOJISIIOUM HE JUIIE TOYHO BHU3HAYATH PIYHY
eHepromnoTpedy, a W JOCHIKyBaTh A000BI MiKH, (pa30B1 3CYBH TEILIOBOI BIJAIOBII Ta
e(heKTUBHICTb PETYJIIOBAHHS CUCTEMHU OTAJICHHS.

Y 1mpoMy MmMAPO3UTL PO3TISHYTO METOAUKY NOOYJAOBH JAMHAMIYHOI MOJEN,
OOTpyHTOBAHO BUOIp KJIIMATUUYHHUX JTAHUX, & TAKOXK MPOAHATI30BaHO KJIFOYOB1 YMHHUKH,
110 BIUIMBAIOTh HAa pPE3yJbTaT — 30KpEMa COHSYHI TETUIOHAAXOHKEHHS, 1HPUIBTPALIIO

MOBITPS Ta TEIUIOBY 1HEPIIMHICTH OTOPOKEHb.

Onuc MeToauKH

Y npaniit poOOTI JUIsi MOJEIIOBAHHS EHEPTeTUYHHMX XapaKTEPUCTUK OyIiBeb
BUKOpHCTaHO nporpamui komiuiekcu EnergyPlus Ta DesignBuilder [62,63], siki mmpoko
3aCTOCOBYIOTHCA Y CBITOBIM MPaKTUIIl JJIA aHaNi3y AMHAMIYHUX TEIUIOBHX IMPOIIECIB Y
OyniBnsax. BukopucTaHHs mMUX TpOrpaM J03BOJSE 3 BUCOKOK TOYHICTIO BPaXxOBYBATH
3MiHHI MTapaMeTpH 30BHIIIIHBOTO CEPEIOBUIIA, XapAKTEPUCTUKHU Oy A1BEIbHUX MaTEpialliB

Ta PEXKUMH POOOTH 1HKEHEPHUX CHUCTEM.
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Jlnst MonentoBaHHS BHKOPHUCTOBYBABCS MOTOAMHHUMN 1HTEpBajl, OCKIJIbKUA BIH
JT03BOJISIE 3 BUCOKOIO TOUHICTIO BIATBOPIOBATH TMHAMIKY 3MiH 30BHIIIHHOTO CEPEIOBUIIA
Ta BHYTPIIIHBOTO TEIUIOBOTO HABAaHTAXCHHS OYIIIBII, M0 € BAXUJIMBUM TIPH OIHII
eHEepPreTUYHOI €()eKTUBHOCTI Ta MOPIBHIHHI PI3HUX 3aX0/I1B 3 CHEPro30epeKeHHs.

Jlnst  oTpuMaHHS ~MaKCHUMaJIbHO TOYHHX pE3yJbTaTiB y  MOJEITIOBaHHI
3aCTOCOBYBAJHCS TMOTOJUHHI KJIIMATH4YHI JaHl THIIOBOTO POKY, IO MICTSATBCS Y
MiKkHapoaHomy norogHomy daiini IWEC (International Weather for Energy Calculation)
st M. Kuera [80]. B pamkax gocmigauiskoro mpoekty RP-1015 U.S. National Climatic
Data Center Oynu cTBopeHI KiliMaThuHi (haiisii TunoBoro poky International Weather for
Energy Calculations (IWEC) nmns psny wmict. Ilpouenypa oTrpumanHa aaHux Oyia
3aCHOBaHAa Ha BHOOpP1 TUIOBOIO POKY MHPOTATOM 15-piuHOI MOCIIAOBHOCTI MOTOJHHUX
nanux. [loromunni 3HauenHs 3 ¢ainmy IWEC [80] BrimouaroTs B cebe Temmeparypy
CYyXOT'0 TEpMOMETPA, BIIHOCHY BOJIOTICTh, IIBUJIKICTh Ta HAIIPSIM BITPY, OApOMETPUUHUIA
TUCK, TOpsiMy (BuUpakeHa uepe3 direct normal) Ta po3CiiHYy COHSAYHY pajiaifilo Ha
ropuzoHTaidbHy mnoBepxHio (diffuse horizontal) Ttomo. MHani y d¢opmari EPW
IHTErpyBaIuCs 3 IMITAIMHUMU  MOJACJSIMU, 10 3a0€3MeuyBajio0  MOKJIUBICTb
PEaTICTUYHOIO BIITBOPEHHS BIUIMBY 30BHIIIHIX (DAKTOpPIB HAa €HEPreTUYHUM OanaHc
OyliBIL.

OCHOBHUMH KJTIMATHYHUMH (aKTOpaMH, 110 BIUIMBAIOTH Ha C€HEPTOCIIOKUBAHHS

OyIiBIIl, € COHAYHI TEIJIOHAIXO/KEHHS Ta TeMIIEpaTypa 30BHIITHBOTO TOBITPS.

TeMmnepatypa 30BHIIIHBOIO NOBITPA

TeMreparypHuid pexKUM 30BHIITHBOTO MOBITPS € OJHUM 13 KIIFOYOBUX YMHHHKIB,
10 BU3HAYa€ TEIUIOBI BTpaTH Oy/iBIl Ta HaBaHTAaXEHHS Ha cUCTeMy omnaieHHs. J[ms
MOPIBHSUIBHOT OITIHKM TMiJXOAIB /10 MOJICJIOBAHHS TEIJIOBUX BTPAT IPOAHATI30BAHO
MOTOAMHHI, CEPEIHBOMICSIYHI Ta CEPEAHBOPIYHI 3HAYCHHS TEMIIEpaTypu TMOBITPA,
orpumani 3 IWEC-nanux ta JICTY-H b B.1.1-27:2010 [82].

Ha pucyHky mpencTaBiieHO IOTOJWHHI 3HAYEHHS TEMIIEPaTypH 30BHINTHHOTO
noBITps mpoTsiroM poky 3rigHo 3 [IWEC-manuMu, a TakoX CEpemHbOMICSYHI Ta

cepenHbopiuHi Temneparypu BianosinHo o IWEC i1 HopmatuBy [82]. Ak BHIHO 3
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rpadika, TOroJIMHHA TEMIIEpaTypa JIEeMOHCTPY€E 3HAYH1 T0OOB1 Ta CE30HH1 KOJIMBaHHS, K1
HE BPaXOBYIOThCSI IPH BUKOPUCTAHHI YCEpPETHEHUX 3HAUCHb.

Take CHpOIIEHHS € TUMOBUM IS CTalllOHAPHOTO MiAXOAy, IO 0a3yeThCcs Ha
CEpEIHbOMICSIYHUX YU CEPEAHBOPIYHUX TEMIIepaTypax. ¥ pe3yibTari 1€ NPU3BOIUTh J0
3HIDKCHHSI TOYHOCTI PO3PaxyHKIB TEIJIOBTPAT, OCOOJHMBO B TEPEXiJHI CE30HH, KOJIH

JTUHaMIiKa 30BHINIHIX TEMIEpaTyp € HaAO1IbII BUPAXKEHOIO.

40

30 MOrOAMHHI 3HOYEHHA
TeMNepaTyp 30BHILLIHBOrO
nositps 3 IWEC

20 B e

gl B - = = CepeaHbOMICAYHI 3HQ4YEHHS

] ) TemnepaTyp 1 30BHILLIHBOro

— | D I gyl T il nositps 3 IWEC

=5 = = = CepeAHbOMICAYHI 3HOYEHHS
------ TEMMNEPATYP M 30BHILLIHBOTO
nositps 3 ACTY-H 6 B.1.1-
-10 27:2010
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-30 — - CepeAHbOPMHI 3HAYEHHS
S TEMNEPATYP U 30BHILLIHBOTrO
© nositpa 3 ACTY-H B B.1.1-

N 27:2010

—_— —_———— —

0
1
2
3
4
5
6
7
8
9

—_— ——— — — — — ——

01/01 01
01/15 02
01/29 03
02/12 04
02/26 05
03/12 06
03/26 07
04/09 08
04/23 09
05/07
05/21
06/04
07/16
07/30
08/13
08/27
09/10
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Pucynox 3.2 — IlopiBHSHHS 3HAaYEHBb TEMIIEPATYPH 31 CTAIIOHAPHOI 1 JUHAMIYHOL

Mol

Cepenns Temneparypa 30BHiIHb0ro nositpa B IWEC Buma 3a ctanaaprt [82], o
OOyMOBJIIOETBCSL PI3HUMHU TiepiolaMu, sSIKi OyJlid BUKOPUCTaHI JJIsi CTBOPEHHS
KJIIMaTUYHUX JaHUX THUIOBOrO poky (pucyHok 3.2). CepenHbopiuHa TemmepaTypa
30BHIITHBOTO TOBITPs 3a HanumMu IWEC ctanoButs 9,61 °C, To/1 sSIK 32 HOPMAaTUBOM —
8,0 °C, mo cBiguuth mipo pizauIo y 1,61 °C. IloniOHa po301KHICTh CIIOCTEPITAETHCS 1
i yac omnamoBaisHOrOo mepiony: 1,74 °C 3a IWEC mpotu -0,1 °C 3a JICTY, mo

CTAHOBHTH pi3HUIO B 1,84 °C.
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BukopucTaHHs JUHAMIYHOTO MOJIETIOBAHHS 3 MOTOJAMHHUMH KIIMAaTHYHUMHU
JTAHUMHU JIO3BOJISIE HE JIMIIE TOYHIIIE OI[IHUTH TEIUIOBTPATH, a i MOJIETIOBAaTH 3MIHY
HABAaHTAKCHHS HA CHUCTEMYy ONAJICHHSI B peajbHOMY pexumi dacy. lle ocobmmBo
aKTyaJdbHO [IJIl aHaiizy e(EeKTUBHOCTI 3aXOIB 3 PEryJIOBaHHS TEMIEPaTypHOTo

PEXUMY, IHEPIIIHOCTI OTOPOIXKEHB Ta ONTUMI3allli pOOOTH 1H)KEHEPHUX CHUCTEM.

CoHAYHI TEIIOHAXXOYKEHHSA

CoHsIYH1 TETUIOHAIXOHKEHHS € OJIHUM 13 KIIIOYOBHUX JIKEpeJsl MTAaCUBHOIO TEIUla B
omanmoBaHuX OyaiBisx. BoHu ¢GopMyroTecsi B pe3ynbTari MPOHUKHEHHS COHSYHOTO
BUIIPOMIHIOBaHHS Yepe3 CBITJIONPO30pl OrOPOKYBaIbHI KOHCTPYKIIIT (BIKHA, 3aCKJICHI
dacaau TOIIO) Ta MOTO MOTJIMHAHHSA BHYTPIIIHIMU MMOBEPXHIMH MPUMIIIEHb — CTIHAMH,
IT1JIOTOX0, MEOJISIMU.

OTprMaHa COHSYHA €HEprisi TpaHCHOPMYETbCS y TEIUIO, SIKE 3MEHIIye
HAaBaHTAXXEHHS HAa CHUCTEMY OINajeHHS, OCOOJMBO B JI€HHI FOJMHHU 32 YMOB 1HCOJISIIII.
BenmnunHa TakMX HaIXOJKEHb CYTTEBO 3aJE€KHUTh BIJ OpIEHTALll KOHCTPYKIIii,
CE30HHOCTI, CTYIEHs 3aCKJICHHSI, ONTUYHUX XapaKTEPUCTUK MaTepiaiB.

JIJ1s1 TOUHOTO OLIHIOBAHHS IXHBOI'O BIUIMBY Ha €HEpPreTHMYHUU OanaHC OyniBil B
JaHii poOOTI 3MIMCHEHO ITOTOJMHHE MOJICIIOBAHHS COHSYHHMX TEIJIOHAAXOKEHb 3
ypaxyBaHHSAM peajibHOr0 KIiMaTHYHOTO npodiiato 1 M. Kuesa.

Ha pucynky 3.3 HaBejeHa 3MiHA COHSIUHMX TEIUIOHAIXO/KECHb Y MPUMIIIECHHS 3
[TiBnennoto (ITx) Ta IliBHiyHOIO (ITH) OpieHTAIIAMH CBITIOMPO30PUX OTOPOHKEHB 10
MPOBEJICHHS TEPMOMOJICPHI3allii, a TAKOX BIAMOBIIHI MOTOAUHHI 3HAUYCHHS TeMIEpaTypu
30BHINIHBOTO MOBITPSI TPOTATOM OTATIOBAIBHOTO MEPIOAY.

CoHstyH1 HaJIXOJKEHHS Ha TMIBJICHHY OPIEHTAIlII0 MalOTh BUPAKEHUM JOOOBUH Ta
CE30HHMI xapakTep. MakcumainbHi miku csaratoth moHaa 400-500 Bt y constuni axi. Le
MOSICHIOETHCSI TUM, IO MIBJEHHI BIKHa OTPUMYIOTh MaKCHUMaJbHY KUIBKICTh MPSIMOTO
COHSIYHOTO BHUIIPOMIHIOBAHHS MPOTATOM JIHS, OCOOJIMBO B OCIHHBbO-BECHSIHMI TEPiO/,
KOJIY COHIIE 3HaXOAUTHCS HU3BKO, ajie JOBIIe IepedyBac B 10T 30py MiBIEHHOTO (acany.
Boanowac y mepioa 3 rpyJHs MO JIOTHI 1HTEHCUBHICTh 3MEHIIYETHCS Yepe3 KOPOTKY

TPUBAJICTh CBITJIOBOTO JIHS Ta HU3bKUW KYT COHSYHOTO MiIHOMY.
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AaTaivac (MM/AATT)

COHA4HI TEMAOHOAXOAXKEHH S HO 1A OPIEHTALLIIO A0 TEPMOMOAEPHI3ALLIT
COHSYHI TEMAOHOAXOAXKEHHS HA [TH OPIEHTALLIIO AO TEPMOMOAEPHI3ALLIT
----- Temneparypa 30BHILLHbOTO MOBITPS

Pucynok 3.3 — CoHsIuHI TEIUIOHAIXOKEHHS (10 TEpMOMOAEpHI3allii Oy 11Bi)

[liBHIYHA Opi€HTAIliS JEMOHCTPYE 3HAYHO HIDKYl TEIJIOHAJXO/KEHHS, IO HE
nepeBuinytoth 40-70 Bt. Ile 3yMOBIE€HO pO3CISIHUM TH BiAOMTUM COHSYHUM
BUIIPOMIHIOBaHHSM, SIKE€ MOTpAIUIg€ HA MiBHIYHI BIKHA HABITh 3a BIACYTHOCTI MPSIMOi
1Hcousiil. Take BUIPOMiIHIOBaHHSI BAHMKA€E BHACIIJIOK PO3CIFOBaHHS CBITJIa B aTMOC(hepl
(mepeBa)kHO B XMApHY MOT0OAY) 1 € OCHOBHUM JIXKEPEJIOM MaCUBHOTO COHSYHOIO TErJia 3
BOT'O HAIPSIMKY.

TemmnepaTypa 30BHIIIHBOTO MOBITPS BapitoeThes B Mexax Bif -20 °C mo +10 °C 3
XapaKTepHUMH KOPOTKOCTPOKOBUMH KOJMBAaHHSAMU, (OPMYIOUH XapaKTEPHUH 3UMOBUI
TeMriepaTypHuii ipodisib. Hu3bki Temnepatypu B MOE€IHAHHI 3 HEJOCTATHIM COHSTYHUM
OMPOMIHEHHSIM CTBOPIOIOTH MIKOBI YMOBH JJi1 pOOOTH ONaOBAIBHOI CUCTEMHU.

Y  pesynbraTi TEepMOMOJEpHi3alii  OydiBIl  3MIHIOIOTHCS  TerIoh13udH1
XapaKTEPUCTUKU OTOPOIKYBaTbHUX KOHCTPYKITIH, 30KpeMa CBITIONMPO30PUX EIEMEHTIB,
K1 BIAITPAIOTh KIFOYOBY POJIb Y HAJIXOIXKEHHI COHSIUHO1 €Heprii 10 MpUMIilIeHHs. 3amiHa

CTapuX BIKOH Ha EHEProe(EeKTHBHI CKJIOMAKETH 3HIDKYE KOEQIIIEHT MPOITyCKaHHS
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COHSIYHOTO BUIIPOMIHIOBaHHS, 110, Y CBOIO Y€PTY, MPU3BOANUTH 0 3MEHIIICHHS BETUYHHA
MAaCUBHUX TEIUIOHAIXO/KEHB Y JCHHHIA Yac.

Lle#t edexT 0coOMMBO aKTyalbHUN Y MIBACHHUX OPIEHTAIISX, € AOMIHY€E MpsIMe
COHSIYHE BHUIPOMIHIOBaHHS. Y MIBHIYHUX 30HAX, /I OCHOBHUM JIKEPEJIOM € pO3CisiHa
paniaiis, 3MiHH BiI0YBarOTHCSI MEHII TIOMITHO, ajie BCE K (DIKCYIOThCA.

Ha pucynky 3.4 1npeacTtaBieHO pe3yibTaTH MOJCIIOBAHHS  COHSYHUX
TeIUIOHAIXO0JKEHB IICIIs TepMOMOo/iepHizartii, 30kpema aist [lisaennoi (I11) ta [TiBHIuHOT
(ITH) opienTariii. J{ns mopiBHSAHHS HaBEAEHI TaKOX BIAMOBIAHI JaHI 10 MOACPHI3allii, a
TaK0X TeMITepaTypa 30BHIITHLOTO MOBITPSI.

3 rpadika BHUIHO, WIO0 TICIAS TEPMOMOJEPHI3AIlli TOKA3HUKU COHSAYHUX
TEIUIOHAIXO/PKeHb 3HU3UIIUCA B cepeHboMYy Ha 45% 11t 000X OpieHTaIliil BHACTIAOK

3MEHIICHHS MPO30POCTI HOBUX KOHCTPYKIIIH.
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AaTaivac (MM/AATT)
COHS4HI TEMAOHOAXOAXKEHHS HA T1A OPIEHTALLIID A0 TEPMOMOAEPHI3ALLIT
— COH4HI TEMAOHOAXOAKEHHS HA A OPIEHTALLIKO MICA TEP MOMOA EP HI3ALLIT
— COH4HI TEMAOHAAXOAXKEHHSA HO H ORIEHTALLIKD AO TEPMOMOAERHI3ALLIT
—— COHMHI TEMAOHAAXOAKEHHS HA H OPIEHTALLIKO MICA TEPMOMOAEP HI3ALLIT
""" Temneparypa 30BHiLLUHbOrO MOBITPA

Pucynox 3.4 — CoHsiuHI TETUTOHAAXOKEHHS (710 Ta MICIIs TEPMOMO/IEpHI3alii Oy aiBi)

3HUKEHHS TEIUIOHATXO/KEeHb IMICIIsl TEPMOMO/IEPHI3aIlli MOSCHIOETHCA THUM, IO

CydacHi eHeproeeKTHBHI BiKHA, KpIM IMIJBHUIIEHOTO OMOpPY TeIJIonepeaadi, TaKoxK



92

XapaKTePU3YIOThCSl 3MEHIICHUM KOE(IIIEHTOM CBITIONPONYCKAHHS (11 BUIUMOIO
CIIEKTPY) Ta HIDKUYUM KOE(IIIEHTOM MPONYyCKaHHS COHIYHOTO BUIIPOMIHIOBAHHS — TOOTO
3MATHICTIO TPOMYyCKaTH 1H(GpPauyepBOHY YAaCTUHY COHSYHOIO BHUIPOMIHIOBAHHS, SKa
BIJIMOBIIa€ 3a MEPETBOPEHHS pajiiallii B TEIIO BCEPEIMHI MPUMIIICHHS.

Xouda Taki 3MIHU 3HIDKYIOTH PIBEHb MacCHBHOTO COHSYHOTO OMAaJIeHHS, BOHU
JI03BOJISIIOTH 3HAYHO 3MEHIINTH TEIUIOBI BTPaTH, OCOOJMBO B HIYHHUI yac abo 3a yMOB
XMapHOCTi. J1Jis1 MOMIpHO KOHTHHEHTAIBHOTO KIIIMaTy, SIKHA XapaKTepHUH B TOMY YHCII
1 m1s1 M. KueBa tepmomojepHizaiiss 3abe3mneuye eHEpreTHUHuUN OajaHc 3 MEHII

BUPOKCHUMU KOJMBAHHSIMH 1 3MEHIITY€ 3arajibHe HaBaHTAXKCHHS HA CUCTEMY OIaJICHHS.
BenTnasimiliina ckjiagoBa

VY nporeci eHepreTHYHOro aHai3y OyAiBelb BEHTUIIALIS BIAITpae KIOUOBY POIb
y opMyBaHHI 3arajJbHOT0 €HEPreTUYHOTO OAIaHCy, OCKUIBKU came Yyepe3 MOBITPOOOMIH
B1JI0YBaIOTHCS 3HAYHI BTPATU TEIUIOBO1 eHeprii. Lleil KOMIOHEHT 0COOIMBO aKTyalbHUI
B yYMOBaX XOJIOJHOTO KJIMaTy, KOJIM 3O0BHIIIHE TMOBITPS MNOTpedye MiAIrpiBy 0
KOM(OPTHOI BHYTPIIIHBOT TEMIIEPATYPH.

VY craimioHapHHX po3paxyHkax [45] moBITpOOOMIH 3a3BUYall BPaXOBYETHCA SIK
CTaJIM TapameTp (HampukiIa, 1HQUIBTpALis 31 CTAJOK KPATHICTIO), IO HE J03BOJISIE
BpaxyBaTH peasibHi MOTOJMHHI KOJIMBaHHS BITPY, TEMIEPATYPH Ta TUCKY, SIK1 BIULTUBAIOTh
Ha IHTEHCUBHICTh IHPUIBTPALIIMHOTO MPOIIECY.

VY nuHaMiYHOMY MOJENIIOBAaHHI BUKOPUCTAHHS MOTOJWHHUX KIIMAaTUYHUX JTAHUX
JT03BOJISIE O1IBII TOYHO BU3HAYUTH (PAKTUYHY KPATHICTh MOBITPOOOMIHY Ta MOB’sA3aH1 3
HEIO TeruioBl BTpaTu. Takui MAXiJ € KPUTUYHO BaXJIUBUM JUJIS aJCKBATHOIO
IPOrHO3YBaHHSI €HEPrOCHOXKMBAaHHS, OCOOJIMBO B KIIMAaTHYHUX yMOBax YKpaiHu, A€
1HGUIbTpaliss € JOMIHYIOYMM THIIOM TOBITPOOOMIHY B >KMTJIOBUX OYIIBIAX 0€3
MEXaHIYHOT BEHTHUIIALI].

Ha pucynky 3.5 HaBeJeHO KpaTHICTh IOBITPOOOMIHY, SIKa 3aJa€ThCs MPHU
HaJalTyBaHHI MOJIEJICH 1 B pO3paxyHKy 3a [45], 11 KUTIOBUX OY/IBEb JOIMYCKAETHCS

0,6 rox™! [25]. Bignosiguo, 10 Gpopmyau (2.1) Ipu HOroJMHHOMY PO3PaXyHKY 3aJaHOTO
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3HAQYEHHSI KPATHOCTI MOBITPOOOMIHY MPOTITOM ONATIOBAIBHOTO MEPIOAY 3MIHIOETHCS B
miamasoni Big 0,59 1o 0,69 rox!.

3 rpadika BHIHO, III0 B peajJbHUX yMOBaX MOBITPOOOMIH 4epe3 1H(UIBTpAIlio €
3MIHHHUM Y 4aci 1 CyTTEBO 3aJICKHUTh BiJl 30BHIIIHIX KIIMAaTHYHUX (PaKTOPIB, IEepeayciM
BITPOBOTO THCKY Ta TMeEpenagy TeMmmeparyp. Y XOJOAHI MicAll (CideHb—Oepe3eHb,
JUCTONAA-TPYACHb) KPATHICTh CTa0LIBbHO MEPEBUIIye HOpMATHBHE 3HaueHHs. CepenHe

i i i omi 0,631 rox’! 5,2%
3HA4YCHHS 3MO/IEThOBAHOT KPaTHOCTI MOBITpooOMiHy cTaHOBUTH 0,631 roa™, mo Ha 5,2%

BUIIE 33 3HAUYCHHSI MPUUHATE B CTAIIOHAPHUX PO3paxyHKaXx.
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Aataivac (MM/AATT)

3MOAEABOBOHE 3HAYEHHS MOBITPOOOMIHY Yepes IHADIAbTP ALLO
— — CepeAHE 3MOAEAbLOBOHE 3HAYEHHS NOBITPOOBMIHY Yepe3 IHADIABTPALLIID
30AQHE CTAAE 3HOYEHHS IHADIABTPALL

Pucynox 3.5 — IlopiBHSIHHSI KpaTHOCTI MOBITPOOOMIHY JJIs CTAllIOHAPHOI 1 TUHAMIYHOT

MoJIeIl

Pucynok 3.6 1umocTpye pe3yJbTaTH pPO3PAXyHKY TEIUIOBUX BTpaT depes

1H(UIBTpAIiIo 32 PISHUMU MIAX0AaMU:
e Po3paxoBaHi 3 BHUKOPUCTAHHSM T[OTOJIMHHUX 3HAa4Y€Hb TEMIIEpaTypu 1
KpPaTHOCTI MOBITPOOOMIHY sl Bepu(ikallii CcTalioHapHOI METOIUKH 1

pe3yJIbTaTiB EHePreTUIHOI MOJIEIII;
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e 3MOeNbOBaH1 3 BUKOPUCTAHHSAM MOTOJIMHHUX TUHAMIYHUX MTapaMETPiB;

e Po3paxoBani 3a cepennbomicsuanmu Temneparypamu 3 JICTY-H b B.1.1-
27:2010 [82];

e CepeaHbOMICSYHI pe3yJIbTaTH AUHAMIYHOT MOJIEII.

3 pucyHky 3.6 ciiaye, 0 OCHOBHMM (DaKTOpPOM, IO BIUIMBAE HA 3POCTaHHS
TEIUIOBTPAT B 3UMOBUM TEP10/1, 1€ 301bIIIEHHS PI3HUII TEMIIEpaTyp MK BHYTPIIITHIM Ta
30BHIIIHIM TOBITpsAM. Takok 1HQIIbTpAIliss MOXKE MOCHIIOBATHCS 4Yepe3 BUHUKHEHHS
cTak edeKTy — Iie sBHIIE, SKE BHUHHMKAE, KOJM TEIUIC TOBITPS B cepeauHi OyaiBii
MiJHIMAETbCA Bropy 1 BUXOJUTH Yepe3 BEHTHIIALIMHI OTBOPH a00 BUTOKH, CTBOPIOIOUU
HU3BKHUI THCK Y HIDKHIX ToBepxax. Lle cnpuunHsie 3aCMOKTYBaHHS XOJIOJHOTO TOBITPS

330BHI 4epe3 JIBEpi, BikHA a00 iHIII mporaduHu [83,84].

100 45
40
0 35
& - | 30 0
. -100 RTINS .;f;.-v"'\. b | )
- L UL ‘,m [l ‘\I“‘ m | - - -~
'é | B ”\ l'."\" Ii.ll'x"."'ilrll‘lll"ﬂ e 25 (0]
O I U L |.|'| i‘“\ln‘hlllllﬁl‘ N Ll [0}
C | Jl A TRASES ) 11 a‘
JE-QOO i (o]
2 0
0 C
= 2
6—300 ()
— \ S =
-400 | 0
-5
-500 -10
— O NN TR0 =0 NN TOEO—ORRNNNTOO— O NNTOO—0ONNNMS
O—O0ON—O—— O —O0ON—O—— O —O0ON—O —— O —0N—O —— 0 —0O0OWN—OC
— O 00 WVWONGCGCOCTONVMOVYOVYLULITOONNN—OOGRONNMNVYMOWL FTTOMOM
O— NANO—NO—ANO—NO—NO—ANO——AN OO~ ANO—ANO—NO—NO —N
e T T T T T T s T T T T = T = T T T T T T T T T Tt T T e T S e ]
— —— NN NI T T DWW OO ONNNNOOOREETROOO —— — NN
OO0 O0OO0OO0O0O0OO0OO0O0OO0OO0O0OO0OO0O0OO0OO0O0O00O0O00O0OO0O0 0O ———r———— — —

Aataivac (Mm/Aaa )

Tenaosi BTPATH Yepes iIHADIABTRPALLIIO PO3PAXOBAHI Yepe3 NnoroakHHI Temnepartypu IWEC

Tenaosi BTpATH Yepes iHARIABTPALLIKD 3MOAEABOBAHI

TenAosi BTPATM Yepes iHADIABTPALLIIO PO3PAXOBaHI Yepes cepeAHboMicadHi Temnepartypu ACTY-H B B.1.1-27:2010

TenAosi BTpATH Yepes iHADIABTPALLIKD PO3PAXOBAHI Yepes cepeAHbOMICIHHI TemnepaTtypu IWEC

PisHMLA MDK BHYTPILLIHBOIO TQ 30BHILLIHBOIC TEMMEPATYPOIO

Pucynox 3.6 — [lopiBHSIHHS TETUIOBUX BTPAT JIJIsl CTAI[IOHAPHOI 1 AMHAMIYHOT MOIEII
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3araniom, pe3yiabTaTd IOKa3ylOTh, L0 3MOJAETbOBAaHI TEIUIOBI BTPAaTH uyepes
1HGUIBTpaIlio 32 ONMaNOBANIBHUM Tepion € Ha 3,9% MEeHIIMMU, HIXK Ti, 10 pO3paxoBaHi
3a CTaI[lOHAPHOIO METOAUKOIO 3 BAKOPUCTAHHSIM CEpEIHHOMICIUYHUX TEMIIEPATYDP.

Ile mosiCHIOETBCS THM, IO CTAaIllOHApHA METOAMKA Iepefdadae 3acTOCYyBaHHS
3aHIKEHUX 30BHINIHIX TemmepaTyp. Y pe3yibTaTi (GOpMYyeTbCS CHCTEMaTHYHE
3aBUILEHHS TEIUIOBUX BTpaT, M0 NPU3BOAUTH JO TEPEOIiHKM ToTpedu B
TETUIONIOCTAYaHHI.

TakuM 4YMHOM, OUHAMIYHMNA MIiAXiA 3a0e3nedye OUTbII TOYHE BIATBOPEHHS
peanpHOi KapTUHU TEIUIOBTPAT, JO3BOJSIOYM YHUKHYTH HAaJMIPHOTO pe3epBYBaHHS

MOTY>KHOCTEH Ta MiJIBUIIUTUA TOYHICTh PO3PaXyHKY €HEPreTUUHOTO OailaHcy Oy IiBIIl.

IlepeBaru AMHAMIYHOIO MIAXOQY

JI7151 00'€KTHBHOTO OIIIHIOBAHHS TEIJIOBOT IMTOBEIIHKU Oy 11BEJIb B p€aIbHUX YMOBaX
eKCIUTyaTalii Ha3BUYallHO BaXXJIMBUM € BpPaxXyBaHHSA JUHAMIYHOI 3MIHHOCTI TEIUIOBUX
noTokiB. CaMe eHEepreTM4YHEe MOJEIIOBAHHS JI03BOJISIE PO3IISAaTH OYIIBIIO HE SIK
CTaTUYHY CUCTEMY, a SIK JUHAMIYHUHA 00’ €KT 3 HENEPEPBHOIO TEIJIOBOIO B3aEMOJIIEIO 13
HABKOJIMIITHIM CEPEIOBUILIEM.

Ha BigMmiHy Bij cTalioHapHOTO MiXONy, AKUW 0a3ye€Thbcsl Ha ycepeaHeHUuX ado
NOCTIMHUX 3HAYEHHSAX TEMIIEpAaTypH, MOBITPOOOMIHY Ta TEIUIOBUX HABaHTAXXCHb,
JUHAMIYHE MOJIENIIOBaHHS BPAxOBY€ MOTOAMHHI 3MIHM KIIMAaTUYHUX Ta BHYTPIIIHIX
napameTpiB. Le 3a0e3nedye O1IbII TOYHY OLIHKY SIK TEIUIOBUX BTPAT, TaK 1 BHYTPIIITHIX
HAJIXO/PKEHb €HEprii, BKIIOYAIOUM COHSYHY pajialliio, podoTy moOyTOBUX MPUIIAIIB,
1HDIBTpAIiI0 Ta aKYMYJISIIHHI BIACTUBOCTI OTOPOKECHb.

Ha pucynky 3.7 mpencTaBieHO TEIJIOBUI OalaHC MPUMIIIEHHS Y MOTOJUHHOMY

pO3pi3i 3a ClueHb, 3rPYNOBaHUN 3a JKepeIaMU Ta HaNpsIMKaMU TEIIJIOBUX MOTOKIB.
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B BikHa B |HchiabTRALLA CoHs4Ha eHepria

CucTemm OCBITAEHHA Ao B [1o6yTOBI NpHUACAM

B CucTtemda OnaAeHHs:

Pucynox 3.7 — TemnoBuii 6ananc penpe3eHTaTUBHOI KIMHATH B MICSSYUHOMY pO3pi3i

Bunno, mo wHaibimemn BTpaTH MOB’SA3aHI 3  1HOIIBTpALi€l0 TOBITPA Ta
TEIJIONEpEeaueto Yepe3 OTOPOJKEHHS, TOJl SIK OCHOBHUMH JDKEpellaMd HaJXOJKEHb
TeIlJIa € CUCTEeMa OIAJICHHS, COHsIYHA €HEPTisl, OCBITIEHHS Ta MOOyTOBE 00JIaJHAHHSI.

Pucynox 3.8 neramisye 11i mporecu y ¢popmati 1000BOro OanaHCy — JIsl TUITOBOT
nenHoi (12:00) Ta HiugOi (24:00) roguau. J[o6pe MOMITHO, SIK 3MIHIOETHCS POJIH OKPEMHX
KOMITOHEHTIB: yJI€Hb 3pOCTAa€ BHECOK COHSYHOI €HEeprii Ta OCBITIEHHS, TOJl SIK YHOYI

3pOCTa€ HABAHTAXKCHHA Ha CUCTCMY OIIAJICHHS 3a paXyYHOK BiI[CYTHOCTi IIaCHUBHOI'O TCILJIA.
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Pucynox 3.8 — TeroBuii 6ajianc B TOIMHHOMY pO3pi31 Jist EHHOT 1 HIYHOT TOJAMHU

[IpoBeneHmii aHami3 JIEMOHCTPYE, IO JWHAMIYHE MOCITIOBAHHS TEIJIOBOTO
Oanancy OyziBii 3a0e3nedye OUTbII THYYKE Ta TOYHE BITOOpaKEHHS pPEaIbHUX YMOB
eKCIUTyaTarlii, MOPiBHSHO 31 CTAIIOHAPHUM MiAX0A0M. 30Kpema:

— BpaxyBaHHS MOroJWHHOI 3MIHM TEeMIEpPaTypu Ta COHSYHOI pajialii
JIO3BOJISIE  ANIeKBAaTHO  OINIHUTH €(PEeKT TAaCHUBHOTO OMAaJieHHA Ta
KOPOTKOYACHHUX TIOXOJIOAaHb;

— Temnnosi BTpatu yepe3 iHOIIBTPALIIO 3MIHIOIOTHCS B 4aci 1 HE MOXKYTh OyTH
TOYHO BPaxOBaHi 3a JOMOMOTOIO CTaJINX KOSPIIIE€HTIB;

— BmniuB BHYTpIlIHIX JKepen Teria (J104, Mo0yToBa TEXHIKA, OCBITICHHS)
CYTTEBO KOJIMBAETHCS MPOTATOM J00M, MO BAKIMBO BPAaXOBYBATH IIPH
OIITHMI3aIlii CHCTEM OITaJICHHS;

— JlunaMmiuHa MOJENIb J1a€ 3MOTY OIIHUTH €(EeKT aKyMmyJisiii Terjga B
OTOPO/DKYBJIBHUX  KOHCTPYKINSX, 10 TOBHICTIO ITHOPYETHCS Y
CTaI[lOHapHUX PO3paxyHKaXx.

3 ypaxyBaHHSM 3a3HAUCHOTO, JWHAMIYHE MOJIEIIOBAHHS € JOIUIBHUM 1
HEOOX1THUM 1HCTPYMEHTOM JIJIsl OI[IHIOBAHHSI €HEProe(hEeKTUBHOCTI KUTIOBUX OyaiBEIb

y CY4aCHHX YMOBax.



98

3.2 BusHayeHHS BIUIMBY MACHBHOCTI CTiH HA eHePreTU4Hi

XapaKTEePUCTUKH OYyIiBJIi

OaHuM 13 B@XJIMBUX YWHHUKIB y ()OpMyBaHHI TEIUIOBOI MOBEAIHKH OYIIBII €
MaCHBHICTh OTOPOJKYBaJIbHUX KOHCTPYKIH, TOOTO iX 3MaTHICTh HAKONMHUYYBaTH Ta
BiggaBaTH Temio y vaci. OcoOIMBO 1€ CTOCYETHCS 30BHIIIHIX 1 BHYTPIIIHIX CTiH, SIKi
OepyTh yuacTh Y IEpepO3NO LIl TEIIOBOT €HEPTii MIXK MPUMIIICHHSIMH Ta MK Oy/I1BICIO
1 30BHIIITHIM CEPEIOBUILICM.

Ha BiaMiHy BijI JIETKUX KOHCTPYKIIii, MAaCHBHI CTIHU MOXYTb 3TJIaJPKyBaTu 100O0B1
KOJIMBaHHS TEMIIEpATypH, 3MEHIIyBaTH MIKOBI TEIJIOBI HABAaHTAXXCHHS HAa CHUCTEMY
omajeHHs Ta 3a0e3leyyBaTH TEIUIOBY I1HEPUINHICTh, IO KPUTUYHO BAXKIUBO MJIs

eHeproe()eKTUBHOCTI B YMOBAX 3MIHHOTO KJIIMATYy.

BnuinB MacHBHOCTI 30BHIIIHIX CTIH HA €HEPrOCNOKUBAHHA

JIns anai3y BIUIMBY MAaCHBHOCTI 30BHIIIHIX CTIH Y JUHAMIYHOMY MOJIEIIOBaHHI

OyJI0 BUKOPUCTAHO TPH BapiaHTU TOBUIMHU KOHCTPYKIIIH:
e 0,25 M (1 mermna);
e 0,51 m (2 nermm);
e 0,77 m (3 erim).

Takuit BUOIp 0OyMOBJIEHUI TUM, 11O HaBEJEHI BapiaHTH BIJMOBIIAIOTh TUIIOBUM
TOBIIMHAM 30BHIIIHIX CTIH y 6araToOKBapTUPHOMY >KUTIOBOMY (POH/II, TOOY/I0BAHOMY B
pi3HI nepioau B YKpaiHi. 30kpema:

e CTiHU TOBIIMHOIO 0,25 M XapakTepH1 AJis JETKMX KOHCTPYKI1H a00 HECYyUnx
MEPETOPOIOK y KapKaCHUX OymiBIIsX,

e 0,51 M — mommMpeHuil BapiaHT JJIsl 30BHIMIHIX HECYYUX CTIH Yy LETJISTHUX
OyJIMHKAaX PaJsTHCHKOTO Tepioay,

e 0,77 M — 3ycTpiuaeTbcsi y OUIBIII MaCUBHUX a00 ICTOPUYHHUX OYMIBISAX, 3
BUCOKMMH TEIUIO3aXUCHUMH BJIACTUBOCTSIMHU 3a PAXyHOK aKyMYJISIIHHOT

31aTHOCTI.
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Kpim TOro, Takuii iarna3oH TOBIIUH PETIaMEHTY€EThCS CyYaCHUMU HOPMAaTUBHUMHU
JIOKyMEHTaMu, 30kpema [31], B sSskOMy BKa3aHi THUIIOBI MapaMeTpy KOHCTPYKTHBHHX
pillIeHb 30BHIMIHIX CTiH 13 LEMIK Ta OJIOKIB, 10 IHUPOKO 3aCTOCOBYIOTHCS B MPAKTHII
MPOEKTYBAHHS.

Takuit miIxia J03BOJISE OLIHUTH J1aa30H €HEPreTUYHOI TOBEIIHKH CTIH 3 PI3HOIO
TEIUIOEMHICTIO Ta MAacCHBHICTIO, a TaKOX 3’sICyBaTH, HACKUIbKU TEIJIOBA 1HEPIIIHICTD
KOHCTPYKI[IH MOXe BIUIMBAaTH Ha EHEProCHOXMBaHHS Oy/iBIII B yMOBax J00OBUX 1
CE30HHUX TEMIIEPATyPHUX KOJUBAHb.

3 METOI0 KUIBbKICHOT OIIHKHU BIJTMBY MAaCUBHOCTI 30BHIIIHIX CTiH 0YyJIO MPOBEECHO
CEpil0 PO3PaXyHKIB €HEPrOCHOKUBAHHS JUIsl BapiaHTIB 3 PI3HOI0 TOBIIMHOKO HECYUYOTO
mapy uerisHoi knaakua (0,25 m, 0,51 M, 0,77 m), 11 npuMmilieHb 3 MIBHIYHOIO Ta
MIBJICHHOIO Opi€eHTaIli€l0. Pe3ynpTaTd pIYHOTO CIOKMBAaHHS TEIJIOBOI €Heprii Ha
ONaJICHHS HABEJCHO HA PUCYHKY 3.9.

JInst wi€i cepii po3paxyHKIB BAKOPHCTOBYBAJIACh HEYTEIJIEHAa MOIeIb Oy 1iBi (O€3
3ax0/iB TepMoMojepHizallii). ToBIMHA BHYTPINIHIX CTIH Yy BCIX BapiaHTax Oyna
¢bikcoBaHoO 1 cranoBmiIa 0,255 M, 1110 BIAMOBIa€ TUTIOBUM HECYYUM a00 3aMOBHIOIOYUM
KOHCTPYKIIisSiM. TakoX HE 3aCTOCOBYBAJIOCS PETyJIIOBaHHS CHCTEMH ONAJICHHS —
TeMIlepaTypa BHYTPIIIHBOIO MOBITPS B MPUMILIEHHI MIATPUMYBaJach Ha MOCTIMHOMY
piBHI1 20 °C mpoTsIrom ycroro nepioay MoAentoBaHHA. Lle 103B0JIs€ 4ITKO OLIIHUTH BILJIUB
caMe MacHMBHOCTI 30BHIIIHIX CTiH BUKJIFOUUBIIIH BIUTUB yTETUICHHS, TpadiKiB MOHMKEHHS
TeMnepaTypu abo MOoBEAIHKOBUX (haKTOPIB CIIOKUBAYIB.

Takuit miaxig 3a0e3neYuB YHMCTY OI[IHKY TETUIOBOI 1HEPIIHHOCTI OTOPO/IKEHD SIK
€IMHOTO 3MIHHOTO TTapaMeTpa.

JIns MiBAEHHOI Opl€HTAallli, sIKa XapaKTepU3Y€TbCs BHUILMM PIBHEM COHSYHUX
HAJIXO/DKCHh TpH 301ablIeHHI TOBIMHM cTiHM 3 0,25 M mo 0,51 M crnoxuBaHHS
3HIKYEThCS Ha 25,3%, 3 1208,7 mo 902,6 kBT rog npu crainiii TemnepaTypi OnajeHHS.
[Toganeme  30imblIeHHS MacuBHOCTI 10 0,77 M JI€MOHCTpy€  3MEHIICHHS
eHeprocroxuBanus 1me Ha 15,5% (mo 762,8 kBT'roa), 1mo CTaHOBUTH 3arajibHe

3HIKEHHS Ha 36,9% MOpiBHAHO 3 6a30BUM BapiaHTOM.
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MNiBaeHHO OpieHTaLLib MiBHIYHO OpieHTALLIA
TOBLLMHA HECYYOTO LLIAPY 30BHILLHBOI CTiHM: 0,25 M
TOBLLLMHA HECYYOrO LLIAPY 30BHILLUHBOI CTiHM: 0,51 m
TOBLLLMHA HECYYOTO LLIAPY 30BHILLHLOI CTiHW: 0,77 M

Pucynok 3.9 — Crio>kxuBaHHs €HEprii Ha ONaJIeHHs NPU P13HIM MACUBHOCTI 30BHIIIHIX

CTIH

Jlns miBHIYHOI oOpieHTAIlli, J€ COHSYHA 1HCOJAIISA MiHIMaIbHA €(GEeKT BIJ
30UTbLIEHHS! MACUBHOCTI J€I1I0 MEHILIMHI, ajie BCE 11I€ CYTTE€BHI — 3HWKEHHA Ha 24,1% npu
nepexoni 3 0,25 m 10 0,51 M 1 me Ha 14,3% npu ToBimH1 0,77 M (35,0% Bim 0,25 m).

[TopiBHSHHS MK OpIEHTAIIIMH TIOKA3ye, IO MPU OAHAKOBINA TOBIIMHI 30BHINTHIX
CTIH MIBJICHHA Opi€HTAIlls 3a0e3Meuy€e HUKYE PIYHE CHEPTOCIOXKUBAHHS, B CEPEIHBOMY
Ha 24-27% wmeHIe, HIXK aHAJIOT14HA TiBHIYHA 30HA. L[e 3yMOBJIEHO BIJTMBOM COHSYHUX
TETUIOHAIXO/IKEHb.

OTtxe, opieHTaliss OyAiBIl Ta MaCUBHICTh CTIH MarOTh KOMOIHOBaHMWI BIUIMB Ha
EHEPreTUYHy €(QEeKTUBHICTD, 1 iX HEOOXITHO PO3TISAAATH SK B3a€MOIOB’s3aH1 (aKTOPU
IIPU MPOEKTYBAHHI T4 PEKOHCTPYKIIIT )KUTIOBUX Oy1BEIb.

Jlist tiuO1oro aHaizy BIUIMBY MAcCHMBHOCTI CTIH Ha TEIUIOBY MOBEAIHKY OymiBiIl
PO3TIITHYTO TOTOAMHHE HABAHTAXKCHHS HA CHUCTEMY OIMAJEHHS MPOTITOM 3WMOBOTO
Mmicsus (motuit). Ha pucynky 3.10 HaBeneHo rpadiku 3MiHU TEIJIOBOTO HaBAHTAKEHHSI
JUTSL TPhOX BapiaHTIB TOBIIMHM 30BHIMIHIX CTiH (0,25 M, 0,51 M, 0,77 M) 3 miBAeHHOIO ()

Ta MiBHIYHOIO (0) opieHTanieo. Ha rpadiky 4iTKO BUAHO, SIK COHSIYHA pajiiallisl BUKIUKAE
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KOPOTKOYacHE 3MEHIICHHSI HABaHTa)KEHH:I Ha OTNIaJIEHHS BJICHb, @ BHOY1 3HUKHEHHS [[bOTO
JpKepenia Teruia COpUYHHSA€E CTPUOOK CIIOKUBAHHS.

i rpadiku UTIOCTPYIOTh, SIK 3MiHA TEIUIOEMHOCTI OTOPO/HKEHb BIUTMBAE HE JIMIE
Ha 3arajibHe €HEProclo)XMBaHHS, a i Ha XapakTep Ta aMIUITyAy HaBaHTAKCHHS Ha

CHCTEMY OIAaJICHHsI Y pi3HI MOMEHTH 4acy.

600 TOBLUMHA HECYYOT O LLIAPY 30BHILLHBOI CTiHM: 0,25 M
TOBLLMHA HECYYOrO LLIAPY 30BHILLHBOI CTiHM: 0,51 M
TOBLUMHA HECYYOT O LLIAPY 30BHILLHBOI CTiHW: 0,77 M
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0. [MH opieHTaLg
Pucynok 3.10 — HaBantaxkeHHs Ha cucteMy onajieHHs: a. [liBneHHa opieHTaris

30BHIIIHIX CTiH; 0. [liBHIYHA Opi€HTAIlisS 30BHIMIHIX CTIH
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Jns Kpamoro po3yMiHHS JWMHAMIKH 3MIH TEIUIOBOTO HaBaHTa)XEHHsI OyJio
MpOaHaIi30BaHO Cepe/iHI J000BI KOJMBAHHS 3a JIIOTUH JUIsi KOXKHOTO 3 BapiaHTIB

MAaCHBHOCTI 30BHIIIIHIX CTiH Ta opieHTaIii (pucyHok 3.11).
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Aataivac (Mm/aa )

COH#4HI TENAOHAAXOAXKEHHA HA A OpiEHTALLO
TOBLLMHA HECYYOTO LLIAPY 30BHILLIHLOT CTiHM: 0,25 m
TOBLLUMHA HECYHYOTO LLIAPY 30BHILLUHBOT CTiHK: 0,51 m
TOBLUMHA HECYYOTO LLIAPY 30BHILLHLOT CTiHK: 0,77 M
— —— TemnepaTypd 30BHILLHLOrO MOBITPA
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AQTa i 4ac (MM/AA T)

COHAYHI TENACHAAXOAXKEHHSA Ha [MH opieHTaujio
TOBLLMHA HECYHOTrO LLIAPY 30BHILLHBLOT CTiHM: 0,25 m
TOBLLUMHA HECYYOTO LLUIAPY 30BHILLUHLOT CTiHK: 0,51 m
TOBLLMHA HECYHOTO LLIAPY 30BHILLHLOT CTiHM: 0,77 M
———-Temneparypd 30BHILLUHLOTO NOBITPA

©. INMH opieHTauis

Pucynox 3.11 — Cepenni 1000B1 KOJTMBAaHHS HABAaHTXKCHHS HA CUCTEMY OTIAJICHHS: a.

[TiBnenHa opieHTallis 30BHIIIHIX CcTiH; 0. [liBHIYHA Opi€HTAIisl 30BHIIIHIX CTIH
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OTpuMaHi pe3yJbTaTH JO3BOJIAIOTH KUIBKICHO OIIIHUTH JUHAMIKy 3MiH
CHEPIOCIOKUBAHHS 3aJICKHO BiJ] TOBIIMHHU 30BHIINIHIX CTIH 1 OpieHTAIlll MPUMIIICHHS. Y
cepenHbOMY J000BI KOJIMBAHHS B MIBHIYHUX MPUMIMICHHAIX € Ha 9,7% HIWKYUMU, HIK Y
niBaeHHUX (Tabnui 3.1). Lle moscHI0eThCs BIICYTHICTIO COHSYHOT paaialiii, sika BHOCUTD
3HAYHUW BHECOK y JOOOBI (hIyKTyaril TErIoBOro 0ajaHcy. 3 IHIIOTO OOKY, 30BHIITHS
TeMIepaTypa BIIMBAE Ha oOuBi opieHTarii. I 1060Bi KonMBaHHA (TyHKTUPHA JiHis)
3YMOBJIIOIOTh CHHXPOHHE 3POCTaHHS/3HKCHHS HABaHTa)XCHHS, ajie OibIll MacHBHI

CTIHM 3/1aTHI aMOPTU3yBaTH 111 3MiHH, OCOOIMBO BHOUI.

Ta6mui 3.1 — Cepenni 1000B1 KOJIMBaHHS HaBaHTa)KEHHsI HA CUCTEMY OTAJICHHS JIJIs

JIFOTOTO MICALIS

Opiamais | Tommmacrinu | (P10 | Copstn waventn
0,25 122,4
ITiBnenna 0,51 121,0 122,1
0,77 122,8
0,25 113,4
[liBHIYHA 0,51 108.4 110,2
0,77 108,9

[{ikaBo, 1110 B 000X Opi€HTAllISIX HAHMEHII KOJIMBaHHS 3a)iKCOBAHO /JIsl BaplaHTy
3 TOBIIMHOIO CcTiHU 0,51 M, TOOTO KOHCTPYKIIIi 3 ABOX LEMIHUH. Takuil pe3yabTaT MOKHa
HOSICHUTH THM, L0 I TOBIIMHA 3a0e3Meuye ONTUMaJbHE TIO€JHAHHS TEIIOEMHOCTI Ta
YYTJIMBOCTI J0 3MiH YMOB, TO/I SIK:
— Tonxki ctiam (0,25 M) MBUAKO pearyroTh Ha 3MiHY TEeMIIEPATypH, CTBOPIOIOYUN
PI3KI MKW HABAaHTAKCHHS;
— MacusHi ctiau (0,77 M) MOXKYTb MaTu OLIBIIY 1HEPIIIIO, aJie Yepe3 3aIi3HEHHS
B peakiii He 3aBXIu e€(PEKTUBHO 3TIa/KYIOTh KOJMBAHHS, OCOOJMBO TMpHU

KOPOTKOYaCHHUX 3MiHaX.
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BruiuB MacHMBHOCTI BHYTPIlIHIX CTiH HA €HEProCcnoKUBAHHS

[Torpu Te, 110 BHYTPIIIHI CTIHM HE KOHTAKTYIOTh 13 30BHIIIHIM CEPEJIOBHIIEM,
BOHHM MOXYTb CyTT€BO BIUTMBATH Ha BHYTPIILIHIN TeII0BHU OanaHc OyiBiii, 0COOIUBO Y
BUIAJIKaX HEPIBHOMIPHOTO OMNAaJCHHS, a TaKOX 32 PAXyHOK CBO€I aKyMYyJIOIOYOl
31aTHOCTI. BoHU mpuiiMaioTh, mepeaaroTh 1 30epiraloTh Temio, GOpMyIOUd MOBEIIHKY
IPUMIILIEHB Y IEPEX1THIX PEKUMAX.
VY naHomy JOCHIIKEHH] PO3TJISTHYTO BIUIMB TPHOX BapiaHTIB TOBITUHUA BHYTPIITHIX
CTiH:
e 0,125 M (0,5 mermm);
e 0,255 M (1 merna);
e 0,385 M (1,5 nermm).
Ha pucynky 3.12 HaBeneHO pe3yJbTaTH JUHAMIYHOTO MOJCIIOBAHHS PIYHOTO
CIIO’KUBAHHS TEIUIOBOT €HEPrii 3aJI€KHO B1J] TOBIIMHU BHYTPIIIHIX CTiH IS MIBJICHHOI Ta

M1BHIYHOI OpIEHTAIlINA TPUMIILIEHHS.
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MNiBAEHHO OpieHTALLiS MiBHiYHO OpieHTaLLb

TOBLLIMHA HECYYOTO LLUARY BHYTPILUHIX CTiH: 0,125 m
TOBLLUMHA HECYYOrO LLIAPY BHYTPILLHIX CTiH: 0,255 m
TOBLLMHA HECYYOTO LLIAPY BHYTPILUHIX CTiH: 0,385 m

Pucynox 3.12 — Cnio>xuBaHHs €Heprii Ha OMAJICHHS MPH Pi3HIM MaCUBHOCTI BHYTPIIITHIX

CTIH JI0 TEPMOMO/IepHI3allii
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JIns miBAEHHOT Opi€HTAllli CIIOCTEPIraEThCsl HE3HAUHE, ajie CTa01IbHE 3MEHIIICHHS
CIIO’KMBAaHHS €HEpTii 31 301IbIIEHHSM MAaCHBHOCTI BHYTPIIIHIX CTIH — MaKCHUMajbHa
pizHuns ctaHoBUTh 0,3% 3MEHIIEHHS EHEProCIOXUBAHHS CUCTEMOIO OMAJCHHS ISt
TOBIIMHM BHYTpimHIX cTiH 0,385 M. [lonpu BigHOCHO HE3HAYHUN MacIITad 3MiH, LEH
edeKT € pe3ynbTaToM EQPEKTHBHIINOI aKyMyJIAIil COHSYHOTO TEIUla B MAaCHBHIIINX
KOHCTPYKIIISIX.

VY neHHM yac, KOJIM IpsiMa 1HCOJSAIIS aKTUBHO HAJIXOJIUTh Yepe3 CBITIOMPO30pi
OTOPOJIKEHHSI, BHYTPIIIHI CTIHU MOTIMHAIOTH YACTUHY HAJIUIIIKOBOI €HEprii, SHIKYIOUU
MKOBI HaBaHTaXeHHA. Hamami 111 eHepris BiIaeThcss BHOUI a00 y MEpioau MOXMYpOi
HOT0J11, 3MEHIIYIOUU OTpeOy B poOOTI CUCTEMH OTaJICHHS.

JI71st IiBHIYHOT Opi€HTAallll CIIOCTEPITAETHCS 3BOPOTHA TEHACHIIIS. 31 30LIbLIICHHAM
TOBUIMHU BHYTPIIIHIX CTIH €HEProcrnoxuBaHHs 3poctae Ha 1,0% mnpu TOBIIUHI
BHYTpilHIX cTiH 0,385 M.

VY 1poMy BHINAJKY BIJCYTHICTH 1HCOJIALII POOUTH BHYTPIIIHI TEIUIOBI MOTOKH
OUIbII 3HAUYYIIUMHU. MacHUBHIIIIl CTIHM aKyMYJIIOIOTh TEIUIO, aje MOXYThb 3aTPUMYBAaTH
Horo nepexiji y NpUMIIIEHHS, CTBOPIOIOYH TEILJIOBY 1HEPIIiIO, [0 BUMArae J0J1aTKOBOIO
HarpiBy JUIs TOCATHEHHS KOM(DOPTHOI TeMIepaTypH.

Jnst  [OCHIIKEHHS BIUIMBY MACHBHOCTI  BHYTPIIIHIX  OTOPOIKYBaJIbHUX
KOHCTPYKII Ha TOTOJWHHE TEIUIOBE HAaBaHTAaXCHHS OYB MPOBEICHUI MOTIHOICHUIA
aHaJI13 TEIUIOBOTO HAaBAHTAXKEHHS JIJIS1 XapaKTEPHUX MEPI0/IiB OMAaTI0BAIIBHOTO CE30HY:

® THUIIOBOTO XOJIOJHOTO 3UMOBOrO TWXKHS (pucyHok 3.13 a, 0), w0
XapaKTEPHU3yEThCSI HU3BKUMHU TeMIIepaTypaMy 1 TOMIPHUMH COHSYHUMU
TETJIOHAIXOJPKEHHSIMH;

® TIEPEXiIHOTO OCIHHBOTO TIKHA (pucyHOK 3.13 B, T), 10 BUPIZHAETHCS
NOMIPHOIO  30BHIIIHBOIO TEMIEPATYPOIO 1 BUCOKUMHU COHSYHUMU
TETJIOHAIXOJPKEHHSIMHU.

YHpoaoBx K 3UMOBOTO TEpPIOAY BHUSABJICHO, IO 31 301IBIIEHHSIM MAaCHUBHOCTI
BHYTPIIIHIX CTiH 3pOCTA€ MOTOAMHHE TETJIOBE HABAHTAXKEHHS HA CUCTEMY onajeHHs. Lls
TEHJIEHI[IA € CTaOLIBbHOIO Jiis 000X Opi€HTAIiil — SK MIBACHHOI, TaK 1 MIBHIYHOI.

3pocTaHHsl MOSICHIOETHCSI THUM, IO MACHBHIII KOHCTPYKI[li MOTJIMHAIOTH OUIBIIY
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KUIBKICTh TeIJIa, fKE HE BCTUTa€ TMepeaaBaThcs A0 TMOBITPSHOIO CEpeloBUIIA
OPUMIIICHHS B MEXax OJHOT0 pPO3PaxyHKOBOrO TNepioay. Y pe3yibTaTi cHcCTeMa

OMaJCHHs 3MYyIlIeHa JOJAaTKOBO KOMIIEHCYBATH €HEPrilo, M0 aKyMYJIO€TbCS B

OIr'OpOIKCHHAX.
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Aataivac (MM/AA TT) Aataivac (MM/aaTT)
TOBLLLIMHA BHYTRILLUHBOT CTiHWM 0,385 m TOBLUMHA BHYTRILLHBOT CTiHKM: 0,385 m
TOBLLIMHA BHYTPILLUHBOI CTiHW 0,255 m TOBLLMHA BHYTPILLHBOT CTiHKM: 0,255 m
TOBLLLMHA BHYTPILLUHBOI CTiHM 0,125 m TOBLLMHA BHYTPILLHBOT CTiHK: 0,125 m
a. A opieHTauis 0. MNH opieHTawq
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Aataivac (MMm/AATT)

TOBLLLIMHA BHYTPILLUHBOT CTiHW 0,385 m
TOBLLUMHQA BHYTPILLHBOT CTiHW 0,255 m
TOBLUMHA BHYTPILLUHBOT CTiHW 0,125 m

B. [A opieHTaLLg

— — — — — — — — — — — — — — — — — — —

AQTtaiyac (MMm/AATT)
TOBLUMHA BHYTPILLHBOT CTiHKM: 0,385 m
TOBLLLMHA BHYTPILLHBOT CTiHKM: 0,255 m
TOBLLLMHA BHYTPILLUHBOT CTiHKM: 0,125 m

r. MH opieHTaLis

Pucynok 3.13 — HaBanTakeHHs Ha cucTeMy onajieHHs: a. [liBneHHa opieHTaris

30BHINTHIX CTIH, XOJIOAHUI 3MMOBUH THXKJIeHb; 0. [liBHIUHA OpieHTAallisl 30BHIIIHIX CTiH,

XOJIOJTHUM 3UMOBUM THXKJICHB; B. [liBeHHA Opi€HTAIlis 30BHIIIHIX CTIH, MEPEX1THUN

OCIHHIM TWKJIeHb; T. [[iBHIUHA Opi€HTAallisl 30BHIMIHIX CTiH, MEPEX1THUI OCIHHIM

THXKICHD
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Ha BiaMmiHy BiJ 1bOro, y NEpeXiHUN OCIHHIA Nepioa CHUTYyallisl 4YacTKOBO
3MIHIOETBCSA. 32 yMOB BHIIOI 30BHIINIHBOI TeMIEpaTypd Ta HASBHOCTI COHSYHOIO
BUIIPOMIHIOBaHHS, aKyMYJIOIOYl BJIACTUBOCTI MAaCHBHHMX BHYTPIIIHIX CTIH MOXYTb
HPOSIBJISITHCS TIO3UTUBHO. BJeHb, y mepiogu HAMIWINKY TEIUla, YacTHHA EHEepTii
HAKOMMYYETHCS B KOHCTPYKIIISIX, @ BBEUEP1 Ta BHOUI Ll €HEPTisi MOCTYOBO MepeaaeThes
y BHYTPIIIIHE CEPEIOBUILE, 3MEHIIIYIOUH IHTEHCUBHICTh POOOTH CUCTEMH OTAICHHS.

VY miBaeHHINA opieHTAIlli e epeKT € OLIBIT BUPAKCHUM 3aBISIKU JT0JATKOBHUM
COHSIYHMM TETUIOHAIXOKCHHSAM. HaTtomicTh 171 TIBHIYHOI Opi€eHTArii, A¢ 1HCOJISIISA
MIPAKTUYHO BiJICYTHS, BIUTUB MACUBHOCTI BHYTPIIIIHIX CTiH Ha 3MEHIIICHHS HAaBaHTAKCHHS

3aJIMIIAETHCS HE3HAYHUM HaBITh y HGpGXiI[HI/Iﬁ HepiOI[.

BB Teni03axucHMX BJIACTHBOCTEH OrOpoOAXKeHb OyAiBJIi Ha II

CHEPIroCImoO’KUBaAHHA

Jnst aHamizy epeKTUBHOCTI TEPMOMOJEpHI3alii OyAiBiIl MPOBEACHO MOPIBHIHHS
JUHAMIYHOTO E€HEProCHoKMBaHHS 1O Ta MICHIs BIPOBAIKEHHS EHEPro30epiraroumx
3axo/iB. MojientoBaHHsI BUKOHYBAJIOCS ISl TIPUMIIICHD 13 MIBJACHHOIO Ta MiBHIYHOIO
opieHTaIli€r0. Y paMKax CIEHapil0 TepMOMOJIepHI3alli Oyjo peandizoBaHO HACTYITHI
3MIHHU:

e VYremnenus 3oBHImHIX cTiH (0,510 M) 3a paxyHOK JOJlaBaHHs IIapy
MiHEpaJIbHOI BaTW ToOBHIMHOW 0,1 M, 10 CyYTT€BO 3MEHIIUIIO
TEIJIONPOBIHICTG OTOPOJKEHHS Ta MIABUIIMWIO OMIp Terionepenayi
30BHIUIHBOT 000TOHKHU 3 Ryeyr. = 0,67 (M*-K)/BT 10 Ry, = 3,31 (M*-K)/BT.

e 3amiHa BIKOH Ha EHEpProe(peKTUBHI JBOKAMEpHI CKJIOMAKETH 3 JBOMA
HU3BKOEMICIHHUMH TOKPUTTSAMH, IO MIABHIIMIIO OMIp TeIuionepenayl 3
Ricep. = 0,48 (M*-K)/BT 10 Reg. = 0,73 (M*-K)/Bt

KoHcTpykiisi BIKOH Ma€ HACTYIHY KOH(ITypaliio:

4i-12air-4-12air-41, ge:

41 — CKJIO 3 BHYTPIIIHIM low-€ TOKpUTTSAM, sIK€ BIJOMBAa€ JIOBFOXBHUJIbOBE

1H(payepBOHE BUNPOMIHIOBAHHS Ha3al y MPUMIILIECHHS;
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12air — mOBITPsIHI KaMepH, K1 3HWKYIOTh TEIUIONepeady 3a paXyHOK 3MEHIIIEHHS
KOHBEKIIIT;

4 — meHTpajdbHE CKJIO, MO0 MOAATKOBO MIABHUIINYE TEIJIO- 1 3BYKOI30JAIINAHI
XapaKTePUCTUKH.

PospaxyHkoBuil omip Teruionepeaadi IMmicis YTEIUICHHS BIiANOBIAa€ BUMOTaM
JAIbH B.2.6-31:2021 «TemnmnoBa 1301115t Ta eHeproe(heKTUBHICTH OyA1BENIb» 3MEHILICHOMY
110 piBHS 75% Bi11 Rgmin, 110 JO3BOJSETHCS IPU PEKOHCTPYKIIAX 1 KAIITaTbHOMY PEMOHTI
icHytounx OyniBensb [24].

Ha pucynky 3.14 HaBeaeHO pe3ylbTaTH MOJCITIOBAHHS PIYHOTO CIIOKHBAHHS

TEIJIOBO1 €Heprii i1 000X Ople€HTAIlIN:
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MNiBAEHHO OpieHTaLLIg MiBHiYHQ OpieHTALLIA
AO TEPMOMOAEPHIBALLT MicAs TepMmOMOAEPHI3ALLIT

Pucynox 3.14 — Cno>xuBaHHs €HEeprii Ha OMaJICHHsI PU Pi3HIM opieHTAIlil OyiBI1 IpH

TEPMOMO/JIEpHI3aLlii

[TiBaeHHA OpieHTAITIS:
— Jlo TepmomMopepHizarii: 902,6 kBt-ron
— TIlicns repmomonepHizarii: 494,8 kBt-rox
— CkopoueHHs eHeprocrnoxuBans — 45,18%

[liBHIYHA Opi€eHTAITIS:
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— Jlo TepmomopepHizanii: 1217,9 kBt-rox
— [licns TepmomonepHizarii: 665,1 kBt-roxa
— CkopoueHHs eHeprocrnoxuBanusa — 45,4%

OTpuMaHi pe3ynbTaTd CBiAYaTh MPO BHUCOKY E(PEKTUBHICTH KOMILIEKCHOTO
MiIX0Ty A0 TEPMOMOJICPHI3AIlii, SKUH OXOIUTIOE SIK OTOPOKYBalIbHI KOHCTPYKIIil, TaK 1
CBITJIONPO30pi e1eMeHTH. BiIcOTKOBE 3MEHIIICHHS TEIIOBTPAT € Maii)ke OJTHAKOBUM JJIs
000X Opi€eHTAIll}, 0 BKa3ye Ha CTabUIbHY €()eKTUBHICTh 3aCTOCOBAHMUX 3aXO0/IB y PI3HUX
KIIMaTUYHUX YMOBAX.

Takoxx BapTO 3ayBaXUTH, IO 3aBASIKM TOKPAIICHHIO TEIUI03aXMCHUX
BJIACTMBOCTEH OTOPOJIKEHb 3HIKYETHCS HE JIMIIE CEPETHE CIIOKUBAHHS €HEpPTii, aje u
NOTEHUINHO J000B1 KOJIMBAHHA HABAHTAXXEHHS, 110 MO3UTUBHO BIUIMBAE HAa

€()EeKTUBHICTb PETYJIIOBAHHS CUCTEMU OIaJICHHS.

IHopiBHSIHHSA pe3yJIbTATIB CTAHIOHAPHOI0 TA AMHAMIYHOI0 PO3PAXYHKY

eHepronoTrpeou

VY TpaguuiiiHii NpakTULl NPOEKTYBAHHSA CUCTEM OIAJIE€HHS HAOUIbII NOIIUPEHUM
T1JIX0JIOM JI0 OIIIHKU TEIJIOBUX BTpAaT Ta €HEPronoTpedu € cTallioHapHe MOJICTIOBAHHS,
3acHOBaHE Ha (IKCOBaHMX TeMIepaTypHHX mapamerpax. OgHaK Takwid MIXig He
BpaxoOBy€ 3MIH KIIMAaTUYHUX YMOB, BHYTpPIIIHIX TEIJIOBUAUIEHb Ta TEIJIOBOI
IHEPIIIHHOCTI KOHCTPYKIIiH, 0 MOKE MPU3BOAUTH JI0 TEPEBUIICHHS PO3PAXYHKOBUX
3HAYEHb MOPIBHSAHO 3 PEAIbHUMH YMOBAaMHU €KCILTyaTallli.

31 cBoro OOKy, IMHAMIYHE MOJICITIOBAHHS J1a€ 3MOTY OXOMHUTH TOTOJAWHHI 3MiHH
30BHIIIHBOTO CEPEIOBHUIIA Ta BHYTPIIIHIX MPOIIECIB, ((OPMYIOUH OUIBII TOUYHY KapTUHY
peanbHOi eHepronoTpedu Oy IiBIIL.

Ha pucynky 3.15 mpencraBieHO TOpPIBHSHHA PIYHOI  €HEPromoTpeodw,
pO3paxoBaHOi 3a CTalllOHAPHOK Ta JUHAMIYHOK MOJCIUII0, IS JBOX BapilaHTIB
KOHCTPYKTHBHOTO CTaHy OTOPOJIKEHB: JI0 Ta MiCIIsi TEPMOMOJIEPHI3allii.

Jlo TepMomMoiepHi3aIiii:
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CrarionapHa MoJienb nependadae eHepronoTpedy Ha piBHi 1658,6 kBT rox, Toni
SIK IMHAMIYHA MOJIeNb Aa€ 3HaueHHs 1522,9 kBt ron. Po3xomkenus ctaHoBUTE 8,2%, 1110
JIEMOHCTPY€E TCHJICHITIIO CTaIllOHAPHOI METOAMKH JI0 3aBUIIEHHS TETUIOBUX HABAHTAXKCHB
32 paXyHOK BUKOPHUCTAHHS TPaHUYHUX (MAaKCUMaJIbHUX) YMOB.

[Ticnst TepmoMoaepHizaiii:

Enepromotpeba 3umxkyerbea o 1070,8 kBT-rox y cramioHapHiii momeni 1 110
1007,2 xBt'rox y nunamiuHiid. Pi3HHMIIT MiX migxogaMu CTaHOBUTH 5,9%, 1mio aerio
MEHIIIe, HIXK 10 MOJEpHi3allii, i CBITYUTH MPO MiJBUIICHHS CTAOUIBHOCTI TEIJIOBOTO

pexumMy OyAiBiIl 3aBIIIKH KpaIIMM TETUI03aXUCHUM XapaKTepUCTUKAM OTOPOKEHb.

1658,6
AO TEPMOMOAEPHI3A LT

1522,9 < -8,2%
1070,8

MicAas TepMOMOAEPHI3ALLl
1007,2 < -59%

0 200 400 600 800 1000 1200 1400 1600 1800
PiyHa eHepronoTtpeba, kBT -roa
CTaLiOHOPHO MOAEAb AMHOMIYHO MOAEAb

Pucynox 3.15 — Piuna enepronorpe6a Ha onajieHHs /Uil CTalllOHapHOT 1 TMHAMIYHOT

MoJIeNl

[TopiBHSAIBHUM aHai3 pe3yJibTaTiB CTAllOHAPHOI Ta JWHAMIYHOI MOJENi
PO3paxyHKy €HepronorpeOu Mmokasye, 10 CTalllOHapHa MOJEIb HaJa€ KOHCEPBATUBHY
OLIIHKY €HEepronoTpedu, o NPU3BOAUTH 10 MEPEBUILIEHHS PO3PAXOBAHUX 3HAYEHb Ha 6—
8%, 3aJIEKHO BiJ] XapaKTEPUCTUK OTOPOKYBATLHUX KOHCTPYKIIIH.

JluHaMigHUH MiAXig A03BOJISE€ TOYHIINIEC BIATBOPUTH BIUIMB 3MIH KIIIMATHYHUX
YMOB, BHYTPIIIHIX TEIUIOHAIXOKEHb Ta 1HEPILINHOCTI OyIBEIbHUX MaTepialiB, IO
0COOJIMBO BaXKJIMBO JJI €Heproe(PeKTUBHUX OY/TIBEIIb.

[Ticnss  TepMoOMOJEpHi3alli pPI3HULSL MDK pe3yibTaTaMd MOJEJeH  JIello
3MEHIIYEThCS, 1110 CBIAYUTH PO CTAOLII3aI1I0 TEMIOBOTO PEXXUMY Ta MEHIILY Yy TJIUBICTh

A0 TCMIICPATYPHUX KOJIMBAHB.
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Ki1ro4oBo10 mpo61eMoI0 CTallioHapHOTO MiIXOAY € TEIJIOBI MePEeTONU — CUTYaIlli,
KOJIM TEeIUIOBAa MOTYXHICTh CHCTEMH TMepeBHINye (GakTHuHy moTpedy, OCOOIMBO B
nepexiani nepioau. Lle npu3BoauTh HE JKIIe 1O HAAMIPHOTO CIIOKUBAHHS €HEpPrii, ane i
710 TIOPYIICHHS TEMIEPaTypHOTO KOM(OPTY I KOPUCTYBAYiB.

TakuMm YWHOM, NWHAMIYHE MOJIEITIOBAHHS 3a0e3reduye OiabIl 00’ €KTUBHY Ta
30a1aHCOBaHy OLIIHKY, 3HIDKYIOUH PU3HKH SIK HEIOTPIBY, TaK 1 IEPETPiBY, 110 € KPUTHIHO

BaXXJINBUM J1JI paHiOHaJIBHOFO IMPOEKTYBAHHA OIIAJIIOBAJIbHUX CUCTCM.

BucHoBkH 10 po3ainy 3

VY po3aiiai npoBeAEHO KOMIUIEKCHE JOCIIKEHHS TEIIOBOI MOBEIIHKH JKUTIOBOT
OymiBil 3 ypaxyBaHHSM 3MIHU TEIUIO(I3UYHUX BIACTUBOCTEH OTrOpOIKYBaJIbHUX
KOHCTPYKIIM Ta pexkuMiB ekcruryarauii. OCHOBHY yBary 30CEpe/K€HO Ha MOpPIBHAHHI
CTalllOHApPHOI Ta JUHAMIYHOI MOJEJEH pO3paxyHKy €HEpreTUUHUX XapaKTEpPHUCTHUK, a
TaKOXK Ha aHaji31 BIUIMBY FT€OMETPUYHUX Ta MAaTEPIAIbHUX MMapaMeTPiB OrOpOIKEHb Ha
pIYHE CIOXKUBAHHS Ta MOTPeOy TEIMIOBOI €HEPrIi.

3a pe3ysibTaTaMu JI0CIIKEHHS] BCTAHOBJIEHO HACTYITHE:

o JlunamiyHe  MojenoBaHHS — 3a0e3medye  OUIBII ~ TOYHY  OIIHKY
EHEpromnoTpedu, JA03BOJISIE BPAaXOBYBAaTH BIUIMB COHSYHOI pamiaiii, 1HQUIBTpaIli,
1000BUX KOJIMBaHb TEMIIEPATypPH, a TAKOXK TEIUIOBOI 1HEPIIMHOCTI MaTepialiiB, YOro HE
MOXe 3a0€3MeUnTH CTalllOHapHA METOIMKA.

o CrauioHapHU# MiX1] CHCTEMaTHYHO MEPEOLiHI0E eHepronotpedy (10 8%),
10 MOX€ MPU3BOJUTHU O HEONTUMAIBHOIO PO3PAXyHKY MOTY>KHOCTI OINaIOBaIbHOTO
oOJnaJiHaHHS Ta BAHUKHEHHS IEPETOMIB y peajJbHUX YMOBAX €KCILTyaTallii.

o MacuBHICTh 30BHIIIHIX CTIH CYTTE€BO BIUIMBA€ HA E€HEPrOCHOKWBAHHS:
30UTBIIIEHHST TETUIOEMHOCTI JI03BOJISIE 3MEHIIUTH PiYHY MOoTpedy B Termii a0 36,9% 3a
PaxyHOK 3TJ1aJPKyBaHHs T0OOBHX ITIKIB.

o OnTuMaabHUM 3 TOYKH 30pYy CTaOUIBHOCTI TEIMJIOBOTO PEXKUMY BHUSIBUBCS
BapiaHT 3 TOBIIMHOIO 30BHIMIHIX CTiH 0,51 M, sikuii 3a0e3meuye 6ananc MiXk aKyMyJISIITIE0

TeIUIa Ta MIBUIKICTIO TEIJIOBOI BIAMIOBIII.
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o BrnuB BHYTpIIIHIX CTiH € MEHII BUPAKEHUM, OJJHAK Y MiBICHHIN OpieHTaLlii
MaCHBHI CTiHM CIPHUSIOTh aKyMYyJIIOBaHHIO HAJJIHMIIKOBOI COHSYHOI €Heprii, ToIi sK y
MiBHIYHIN MOXYTb MPU3BOAUTH 10 3aTPUMKH HATPiBY MOBITPS MPUMIIICHHS.

. TepmomMonepHizalist  Oropo/UkeHb  (YTEIUIGHHS Ta  BCTAHOBJICHHS
eHEeProe(PeKTUBHUX BIKOH) JI03BOJIIE CKOPOTUTH €HEProCHOKUBaHHS Maibke Ha 45%,
IIpU IIbOMY 3MEHIIYE€ThCSA YyTJIMBICTh OYIBII JO 3MiH 30BHIIIHIX YMOB, a PI3HUIT MIXK
CTaIlIOHAPHOIO Ta IUHAMIYHOIO MOJAEIISIMU TaKOK 3MEHIITY€ThCS.

TakuM 4YHWHOM, JIMHAMIYHUNA MIAX1A JAEMOHCTPYE BHINY JOCTOBIPHICTH Ta
aIalITUBHICTD JI0 peajbHUX EKCIUTyaTalliiHUX yMOB, OCOOJIMBO MpHU aHali31 OyliBeNb 3
M1JBUIIEHUMU BUMOTaMU JI0 eHeproepeKTuBHOCTI. OTpUMaH1 pe3yiabTaTH € MATPYHTIM
JUISL TIOJANbIINX JOCTIIKEHb 3MIHHUX PEXUMIB poOOTH CUCTEMHM OIAaJEeHHs, 110 OyJe

PO3IJISTHYTO Y HACTYITHOMY PO3LTI.
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PO31.14 NOCIIIZKEHHSA EHEPTETUYHUX XAPAKTEPUCTHUK
BYIIBJII IIPU CTAJIUX TA 3SMIHHUX PEJKUMAX POBOTH TA
ABAPIVMHUX BIIKJIOYEHHSIX OITAJIEHHSA

[linBuIllEHHS BUMOT [0 €HEProe(eKTUBHOCTI KUTIOBOTO (POHIY, 3pOCTaHHS
BapTOCTI €HEPrOHOCIIB, HECTAOIIBHICTh CHEPTEeTUYHUX PUHKIB Ta 3arpo3H, MOB’sI3aHi 3
BIICBKOBUMHM AISIMU, POOJISTH MUTAHHS aJalTUBHOCTI OYyIiBENb 0 3MIHHHX PEKUMIB
poOOTH cHCTEM ONaJeHHS OCOONMBO akTyalbHUM. OKpIM KIACUYHOTO CIEHapiio
eKCIUTyaTalii 3 TOCTIHHUM TeMIEepaTypHUM pEXHUMOM, Yy TMPAKTHUI[l BCE 4YacTile
3yCTpIYAIOThCSA CHUTYallli, KOJU Teryio3abe3neueHHss (PYHKIIOHYE 3 TOHMKCHHIM
TEMIEPATYPHUX [TaPAMETPIB, YACTKOBUM 200 MOBHUM BIAKIIOYEHHSAM Y IEBHUX 30HAX YU
B LLJIOMY Oy/IHHKY.

VY cydyacHHX yMOBax €KCIUTyaTarlii >KUTJIOBUX Oy/iBellb cTa0liIbHa PoOOTa CUCTEM
OTAJICHHS JIeAajll YacTiIlIe JTOMOBHIOETHCS 200 3aMIHIOETHCS aJallTUBHUMU, 3SMIHHHUMH Ta
HECTaH/IaPTHUMH CIICHApIsIMU Teruio3ade3neueHHs. [I[puunHaMy Takux 3MiH € HE JUIIIE
EHEPreTUYH1 MipKyBaHHS, ajie i OUTbII MHUPOKUNA KOMILIEKC (PaKTOpiB:

® CGKOHOMIYHI — 3pOCTaHHS BapTOCTI EHEPrOHOCIIB Ta HEOOXIJTHICTH iX
ONTUMAJIHHOTO BUKOPUCTAHHS,

® TEXHOJIOTIYHI — TMOsSBa  IHTENEKTyaJlbHUX  CHUCTEM  YIpPaBIIHHS
MIKPOKJIIMATOM, 3JTATHUX THYYKO 3MIHIOBAaTH PEKUM POOOTH;

e comianbHl — 3MiHa rpadikiB mepeOyBaHHS JIIOJACH y MNPUMIIICHHSIX Ta
3pOCTaroyi OUiKyBaHHS 100 KOM(OPTY;

e (dopc-MaxxopHi OOCTaBUHM — HANpPUKIAJ, BIMNCHKOBI [li, pyHHYBaHHS
1H(pacTpyKTypH, THUMYACOBl BIJKJIIOYEHHS TEIJIOHOCIS, TMepedoi B
CJICKTPOIIOCTAYaHH]I Yd OOMEXKEHHS JOCTYIY JI0 IIEHTPaI30BaHUX CUCTEM
OTIaJICHHS.

3a TakMX YMOB OCOOJIMBOi aKTyaJbHOCTI Ha0yBa€ OI[IHKA TEMJIOCHEPreTUYHHUX
napameTpiB Oy/liBJIi B yMOBaX 3HIKEHUX TEIUIOBUX HABAHTAXKCHb, TIEPI0JUIHUX 3yTTHHOK
CUCTEMHU OIajieHHs1 400 3MIHM BHYTPIIIHIX TEMIIEPATYPHUX PEXKUMIB, 5IK1 HE € TUTIOBUMHU

JUISL KJTACUYHOTO po3paxyHKy. Y (doKyci AOCIIKEHHSI OMUHAIOTHCS TIEpEXigH1 PEeKUMH,
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aCMMETpPUYHE HarpiBaHHs, JIOKAJIbHI BIIKIIOUEHHS, a TaKoXX €(eKTH TeIUIOBOiI 1HEpIii,
10 MOJIMBO BpaxyBaTH JIUIIIE B yMOBaX TUHAMIYHOTO aHAMi3y.

PerymoBanHs omaneHHs 3a rpadikamMu MOHMKCHHS TEMIIepaTypH, HANPUKIIAL y
HIYHUM TIepiod abo MMija Yac BiJICYTHOCTI MEIIKAHIINB, TaBHO BBAXA€ThCS €(PEKTUBHUM
3ac000M 3HWKEHHSI PIYHOTO EHEProCIOXXKHUBAaHHS 0€3 BTpaThd KOMGMOPTHUX YMOB.
Boanowac, HaBiTh HE3HayHa 3MiHA TEMIIEpaTypud B OKPEMHUX MPUMIIICHHSIX abo Ha
OKpEeMHX eTanax OonajlfoBaJIbHOrO MEpioy MOXKe MaTH CYTTEBUM BIUIMB HAa BHYTPIIIHIN
TEIJIOBUI OasaHc OYIIBIII B IIJIOMY.

Takox B yMOBax MOXJIMBUX aBapiiHHUX a00 KOHTPOJIHOBAHUX BIJIKIIIOUYEHD
OTTAJICHHS, 1110 HE € BUHSITKOBUMHU B CY4aCHOMY KOHTEKCT1 (OCOOJIUBO ISl YKPATHCHKUX
MICT y Teploj AKTUBHUX OOMOBUX /i), Ba)JHMBO OLIHIOBATUM HE JIMILIE 3arajbHe
CHEProCIOKUBaHHS, a W TEIUIOTPUBKICTh OTOPOJIKYBAIBHUX KOHCTPYKIIIM, JUHAMIKY
OXOJIOJIPKCHHS MOBITPS Y MPUMIIICHHSIX Ta Mi>K30HaJIbHI TEIJIOBI B3aeMo/ii. Taka oriHka
J03BOJIsE C(HOPMYJIIOBATH TMPaKTUYHI pPEeKOMEHAAlli 100 MOJEpHI3alli CUCTEM
OTMAJICHHS, BU3HAYEHHS MPIOPUTETIB Y TEPMOMOJEPHI3aIlli Ta OIIHKH PHU3HKIB IS
KUTTE€3a0€3MEUCHHS MEIITKAHIIIB.

VY 1boMy o311 PO3TIISIAIOTHCS IBA KJIFOYOB1 aCIIEKTH 3MIHHUX PEKHUMIB:

® BIUIMB MOHIKECHHS TEMIIEpaTypu BHYTPIIIHBOTO TOBITPS 3a 3a37aJIeTih
BU3HAYCHUM Tpadikom,

® TEIJIOCHEPreTHUYHI NapameTpu OyiBil B yMOBaxX BIJKIIOUEHHS CHUCTEMU
OTaJIeHHS (SIK TIOBHOTO, TaK 1 YaCTKOBOTO).

JlociKeHHST TIPOBOANTHCS 3 BUKOPUCTAHHIM JUHAMIYHOTO MOJCITIOBAHHS, IO
JI03BOJISIE BIICTEKUTH YacOBY 3MIHY TEIJIOBOTO OanaHCy, pO3MOIiT HABAHTAKEHHS M1XK

MPUMIIIICHHSIMU Ta CTIHKICTh TETIJIOBOTO CEPEOBUIIA JI0 30BHIMIHIX 1 BHYTPIITHIX 3MiH.

4.1 Ouinka eHepreTHYHUX XapaKTEePUCTUK OYAiBJIi 3 ypaxyBaHHAM

3acTOCyBaHHSA rpadikiB MOHMKEHHSA TeMIIEPaTypHu

PerymntoBaHHs TeMIIEpaTypHOTO PEXHUMY OINAJEHHS 3a JIOMOMOrow rpadikiB

3HW)KEHHSI BHYTPIIIHBOI TEMIEPATypu € OAHUM 13 HaWOLIbII MOUIMPEHHX 3aXOiB
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E€HEepPro30epeKeHHsI B KUTJIOBUX 1 TpoMajJChkuX OymiBisax. Taka crpareris mojsrae y
THUMYaCOBOMY TMOHIKEHHI TeMIEpaTypu MOBITPS B NPUMIIMICHHSIX Yy MEPIOAH, KOJIU
noTpeba B 00irpiBi € MEHIII KPUTUIHOIO — 30KpeMa, B HIYHUHN Jac a0 IiJT 9ac BiACYTHOCTI
MEIIKAHIIIB.

CyuacHi cucremu ynpasiiaas OBK mepen6adaroTs MOXKIHBICTE aBTOMATHYHOTO
peryJioBaHHs TEIIOBOTO HABAHTAXKEHHS BIAMOBIAHO JO 3alpOrpaMOBAHMX CIEHApIiB
ab0 (hakTMYHOI TPHUCYTHOCTI KopucTyBauiB. lle 103Boisie He nuIIe 3MEHIIMTH
CIIO’KMBAHHS TEIJIOBOI €HEepTii, a W 3MVIaJUTH IMKOBI HABAaHTAXCHHS, TMOJIIIITUBIITN
poOOTYy cHCTEM 3a paxyHOK BpaxyBaHHSA AMHAMIYHMX Ta IHEPLIMHUX MOMEHTIB Ta
3HU3UTH 3HOUTYBAaHHA 00J1aIHAHHS.

VY KUTIIOBOMY CEKTOpI MPAKTHUKA 3aCTOCYBaHHS I'paikiB 3HUKEHHS TEMIIEpaTypu
CTae Jenajl MOUIMPEHINIO 3aBASKU IIMPOKOMY BIPOBAIKEHHIO 1HIUBIIYaJIbHUX
TEIUIOBUX IYHKTIB, TIOTOJTHOTO PETYJIIOBAHHS Ta TEPMOCTATIB B HA MPUJIAAaX OTMaICHHS.
Oco0suBOi aKTYaJIbHOCTI TaKl 3aX0/11 HA0YBAIOTh y NMEPEX1/IHI CE30HU, KOJIU PI3HULIS MK
HIYHOIO Ta JICHHOIO TEMIIEPATYPOIO € CYTTEBOIO.

3rigHo 3 [31], pekoMeHJ0BaHE 3HAUECHHSI IOHWKEHHS TEMIIEPATypH JJIS )KUTIOBUX
npUMIiIIeHb cTaHOBUTSH 710 3 °C Bi 6a30BOT0O TEMIEPAaTypPHOTO PiBHS (TOOTO, HAPUKIIA/,
3 20°C no 17 °C). Takuii piBeHb 3HUKEHHSI BBAXKAETHCA CHEPTETUYHO IOLLUIBHUM 1
KOM(OPTHO-IOMYCTUMHUM ISl KOPOTKOYACHUX MEpio/iB 3MEHLIEHOrO TEIIOBOTO
HABAHTAKCHHS.

VY upomy mipo3aial NpoaHaIi30BaHO BIUIMB BIPOBAIKEHHS rpadikiB MOHUKEHHS
TEMIIepaTypyu Ha pIYHY €HepreTuyHy e(eKTUBHICTh OyiBii. 3M1MCHEHO MOPIBHSIHHS
pe3ynbTaTIB JJI PI3HUX CIIEHAPIiB PEryIIOBaHHS 3 BUKOPUCTAHHAM SK CTAI[lOHAPHOTO,
TaK 1 JMHAMIYHOTO MOJIETIIOBaHHS, 3 aKIEHTOM Ha HEOJHOPIJIHI TEMIIEpaTypHI YMOBHU B

PI3HHUX YacTHHAX OYIIBIIi.

4.1.1 Oco0iuBOCTI cTAlliOHAPHOI MO/IeJIi TA il MOPIBHAHHS 3 JTUHAMIYHOIO

CrarrionapHa MoJiefb, onrcana y miapo3aui 3.1.1, 6a3yeTbcst Ha MPUITYILIEHH] PO
CTaIUM{ TEIJIOBUMK OajaHC, IO JIO3BOJIIE OIEPAaTHBHO BHU3HAYUTH IIPOEKTHE

HABAHTAXKEHHA 3a (IKCOBAHUX TeMIEpaTypHUX yMoB. Takuil NiAXiA IIHPOKO
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3aCTOCOBYETHCS Y MPAKTHUI[l €HEPreTUYHOIO0 MOJENIOBAaHHS 3aBISKU CBOiM MPOCTOTI.
[Ipore y BuUMaakax, KOJU TEMIEPATYypHI PEKUMU B MPUMIIICHHSIX € 3MIHHUMHU,
HaIPUKJIIAI, TIPU peajlizalii cTpaTerii peryIIOBaHHS OMAJICHHS 115l MOJIEIb BUSIBIISIE HU3KY
CyTTEBUX oOMexeHb. Ha pucynkax 4.1 Ta 4.2 npoaeMOHCTPOBAHO 3MiHY pIYHOI
SHEPronoTpedn OCHTIKYBaHOT 30HM 3a CTaIlOHAPHOK METOJMKOI B YMOBax

MOHIDKEHHS TeMIIepaTypH Y pi3HUX YacTHHAX OyaiBIIL.

B ycix 3oHax ctaaa temnepartypa 20°C | 1658.6

MoHmxeHHs Temneparypu Ha 3°C B OAHIM CyCiaHIM

X 1765.3 +6,4%(+106,7)
30HiI
MoHKeHHs Temnepatypu Ha 3°C B yCix CyCiaHix 2210.5 +33,3%(+551,9)
30HAX
o .
[ToHMKEHHS Temr!epcnyp.m- Ha 3 C B TIABKM B 993.1 -40,1%(-665,4)
AOCAIAXKYBAHIM 30HI
[MoHMXKeHHs Temnepartypu HA 3°C B yCi Oyaisai |« 1545.0 -6,8%(-113,5)
0 500 1000 1500 2000 2500

PivHa eHepronotpebaq, kBT -ToA

Pucynok 4.1 — Piuyna enepronorpeba Ha onajaeHHs JJIsl CTalllOHAPHOI MOJIEN1 10

TepMOMOEpHI3aIlil

B ycix 3oHax ctaaa temnepartypa 20°C ~ 1070,8

MoHmxeHHs Temneparypu Ha 3°C B OAHIM CyCiaHIM

X 1177,5 +10,0%(+106,7)
30HiI
o . -
MNMoHW»eHHd Temnepdarypu HA 3°C B YCIX CYCIAHIX 1622.7 +51,5%(+551,9)
30HAX
o .
[TOHMXKEHHS TeMr!epdTyp.mv Ha 3 C B TIABKM B 445,6 58,4%(-625,2)
AOCAIAXKYBAHIA 30HI
[MoHMXKeHHA Temnepatypu Ha 3°C B yciii byaisai = 997,5 -6,8%(-73,3)
0 500 1000 1500 2000

PiyHa eHepronotpedaq, kBT -roa

Pucynok 4.2 — Piuyna enepromnorpeba Ha onajaeHHs JIJIsl CTallilOHApHOI MOJIE1 TICHs

TEPMOMO/IEpHIi3aIii
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Bapro miagkpeciuTy qBa BaKJIMBUX aCHEKTH:

¢ (CramioHapHa MOEIIb HAIMIPHO YyTJIMBA 0 3MiH TEMIIEpaTypH B CYMIKHUX
IpUMIIICHHSX. BHACTIIOK CHIpOIIEeHOTr0 BpaxyBaHHs TETUIONEpeaadl yepes
BHYTPIIIHI OTOPOJKCHHS, HaBITb HE3HAYHE 3HIDKCHHSA TEMIEpaTypu y
CYCIJIHIX MPUMILIEHHSAX MPU3BOIUTH O ICTOTHOTO 3pOCTaHHS TEIJIOBTPAT
yepe3 11 KOHCTpyKIii. Hanpukian, y crieHapii 3 HOHMKEHHSIM TeMIlepaTypu
Ha 3 °C B ycCiX CyMDKHHX 30HaX, €Heprornorpeda Ha OMaJeHHS 3pOCTaE
oibi Hik Ha 50% y mopiBHSIHHI 3 0a30BUM BapiaHTOM (pucyHOK 4.2). Taka
peaxiisi € MaJOMMOBIPHOIO y pealbHUX YMOBax, ajie¢ BigoOpaxae
CTPYKTYpHY OOMEKEHICTh METOAMKHU.

e CraiioHapHa MOJIEJIb HE BPAXOBY€ IHEPIIHHICTh Oy 1BETbHUX KOHCTPYKIIIH,
ToMy €(eKTU PEeryJIIOBaHHS TeMIIEpaTypH pPO3IIIAIAIOThCS K MUTTEBI. Lle
O3Hauae, M0 EHEPreTMYHUN 3UCK B1Jl KOPOTKOCTPOKOBOI'O IOHMYKEHHS
TeMmneparypu (Hampukiana, y HIYHMA dYac abo mij Yac BiJICYTHOCTI
MEILIKAHIIB) BUSIBISETHCS 3aBUIIECHUM, OCKUIBKM HE BpPaXOBYETHCA
HAKOIMWYEHHSI TeIUla B KOHCTPYKISAX 1 3aTpUMKa B JIMHAMII TEIJIOBUX
MOTOKIB.

Jlns mOpiBHSHHS, pe3yJbTaTH JWHAMIYHOTO MOJENIOBaHHS (pUCYHOK 4.3, 4.4)
JIEMOHCTPYIOTh OUIbIII CTPUMAaHY PEaKIIl0 CUCTEMH Ha Ti caMi CIieHapii peryJtoBaHHS.
Xoya 3arajibHl TEHACHIT 30iratoThCs, IXHS aMIUIITy1a 3Ha4YHO Hk4a. Hanpukman, y
CIieHapil 3 TOHKEHHSIM TeMIIepaTypy B JOCIIKYBaHIH 30H1 MICIIs TEPMOMOJIepHI3aIii
eHepromnoTpeda Ha onajaeHHs 3HIKyeTbes Ha 18,8% y nuHamiunii Mmoaeni nmpotu 58,4%
y CTaIllOHapHIH.

Oco0nuBO IIKaBUM € CIIEHAP1i, KOJIU MOHUKEHHS TeMITepaTypH BIIPOBAHKY€ETHCS
JUIIEe y JOCHIKYBaHIA 30HI. Y CTaTUYHOMY MIAXOAl 1€ HErailHO 3HMXKYE TEIIOBE
HABAHTAXKEHHS, ajie B JUHAMIYHOMY MOJIENIOBaHHI €(eKT € PO3TATHYTHM Y 4Yaci: 4yepe3
TEIJIOBY 1HEPIIIO MPUMILIEHHS HE TaK IIBUAKO OXOJIOKYETHCS, a HAKOMUYEHE TEIUIO
MPOJIOBXKY€E TOKpUBaTH BTpaTu. Llel edekT 3HauHO 3HMKYE TMOTCHIIINHY €KOHOMIIO BiJl

KOPOTKOCTPOKOBOTO IMTOHM>KEHHSI.
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B ycix 3oHax ctaaa temnepartypa 20°C ~ 1522,9

MoHWKEHH? TemnepaTtypu HA 3°C B OAHIN CYCIAHIM

. 1547,5 +1,6%(+24,6)
30Hi
MoHvxkeHHs Temnepatypu Ha 3°C B yCix CyCiaHix
1667.0 +9,5%(+144,2)
30HAX
o .
MoHWXXEeHHs TeMr!epoTyp.Mv Ha 3 C B TiAbBKM B 1287.6 15,4%(-235,2)
AOCAIAXKYBAHIMA 30HI
[MoHvkeHH: Temnepatypu Ha 3°C B ycir byaisai ~ 1456,4 -4,4%(-66,4)
0 500 1000 1500 2000 2500

PiyHa eHepronoTtpebaq, kBT -roa

Pucynok 4.3 — Piuna enepromnorpe0a Ha onaJieHHs i1l AUHAMIYHOI MOJIEINI JI0

TEPMOMOEpHI3aIlil

B ycix 3oHax ctaaa temnepatypa 20°C  1007,2

MoHWKeHHs Temnepatypr Ha 3°C B OAHIM CYCIAHIM

. 1028,9 +2,2%(+21,7)
30Hi
o . -
[ToHMXKEHHA TemnepaTtypr Ha 3°C B YCIiX CYCIAHIX 1148.1 +14,0%(+140,9)
30HAX
MoHWxXeHHS Temnepatypum HA 3°C B TiIAbKM B
. - . 817.9 -18.8%(-189,3)
AOCAIAXKYBAHIM 30HI
MoHmxeHHa Temnepartypu Ha 3°C B yCilt OyaiBai |+ 962,3 -4,5%(-44,9)
0 500 1000 1500 2000

PiuHa eHepronotpeba, kBT -roa

Pucynok 4.4 — Piuna enepronorpe0a Ha onajaeHHs JJIs JUHAMIYHOT MOJIEI TiCIIs

TepMOMOEpHI3aIlil

[{ixaBUM 1 TOKa30BUM € TAKOX 1HIIE CIIOCTEPEKECHHS. SIKIIO MOPIBHITH PI3HUIIIO
MDK €HEpromoTrpedor0 Ha OMAJCHHS MO 1 MICIAsA TepMOMOJEpHI3aIlli s CIeHapiiB
MOHM)KEHHS TEMIIEpaTypH B OJIHIH 1 yCIX CYCIIHIX 30HaX, TO BUSBJISETHCS, IO A0COTIOTHE
30UTBIIICHHST €HEepPronoTpedn y cramioHapHid Mojem oaHakoBe — 106,7 kBrronm 1

551,9 kBt rox BianoBiaHo (pucyHok 4.1 14.2).
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3 morysany (i3UKH 1€ BUTJISIA€ HEJIOTIYHO: yTeryieHa OyaiBis Ma€e 3Ha4HO MEHIII
BTpaTU TeIjla, a OTXKe, 1 MOTEHILIal JJIi MDK30HAJIBHOIO IEPETOKY MOBUHEH OyTH
meHmmM. [Ipote cramioHapHa MOJENTh HE OHOBIIOE PO3PAXYHOK TEIUIONEpenadi Mix
30HAMH Y BIAMOBITHOCTI /10 3MIHCHHMX TEIJIOBUX I1apaMeTpiB CTiH, a 3aCTOCOBYE
¢ikcoBaHi KoedilieHTH, 0€3 ypaxyBaHHS pealbHUX YMOB (yHKI[IOHYBaHHS OyIiBii. Y
TuHaMiuHIi Moneni (pucyHok 4.3 Ta 4.4) Takoi aHOMaJIi1 HE CIIOCTEPITaeThCs: 3pOCTaHHS
CHEPrornoTpedr NpU TOHM)KEHHI B OJHIA CYMDKHIM 30HI 3MEHIIYEThCS IICISA
tepmomoiepHizamii Ha 11,8% abo 3 24,6 kBt'rog no 21,7 kBt ron B abcomoTHOMY
BUpaXEHHI. Y cleHapii 3 MOHMWKEHHSM B YCIX CyMIXHUX 30Hax — Ha 2,3% abo 3
144,2 xBt-rox 1o 140,9 xBT1-T0o/1 aGCOMIOTHOMY BHPa)KCHHI.

VY IMHAMIYHOMY MOJIETIOBAHHI TEIUIOBI MOTOKH BPAXOBYIOTHCSA 3 YpaxXyBaHHAM
TEIJIOBO1 IHEPIIIHHOCTI OTOPOJIKEHB Ta pealibHOTro Niepediry Tersionepeaayi B yaci. Komu
30BHIIIHI OTOPOJIPKEHHSI (CTIHM, BIKHA) MPOXOJATh TEPMOMOJEPHI3AIlil0, BOHU 3HAYHO
3MEHIIYIOTh 3arajbHi TEIJIOBTPATH MPUMIIICHHS HA30BHI, 1 BHACIIIOK 1[bOTO TEIJIOBUI
nucOaiane MK TPUMIIIICHHSIMU TaKOX 3MEHINY€EThCs. [HaKIIe KaKy4u: 10 MOAepHI3aIlil
YacTHMHA TeIUIa 3 BHYTPIIIHBOTO NPUMIIIEHHS AKTUBHO BTpadajacs 4epe3 30BHINIHI
CTIHU. SIKIIO 3K CyMIKHI 30HU MaJI HWXKYY TEMIIEpaTypy, 1€ CTUMYJIIIOBAJIO TIOAATKOBUHN
MOTIK TEeIUla Yepe3 CHiIbHI BHYTpIlIHI cTiHU. [Ticas TepMoMoaepHizalii O11blla yacTUHA
TeIJia 3aTPUMYETHCS BCEPEAUHI MPUMILIEHHS, 1 TEIUIOBUM TMOTIK Yy HANpsMKY 10
OXO0JIOJIPKEHOTO CYCi/Ia CTaE MEHIITUM.

KpiM TOro, yremsieHi CTIHM MAarOTh BHILY TEIJIOEMHICTh 1 OUIBILY 3aTPUMKY
TEIJIOBOTO TOTOKY, IO 3TIa/DKy€ TEMIIepaTypHI KOJMBAHHS MK MPUMIIICHHSIMH Ta
JI0JIATKOBO 3MEHIIY€ MIDK30HAJIbHI Teruionepenavi. TakuM YUHOM, BIUIUB TOHUKCHHS
TeMIEpaTypy y CYCIIHIX NPUMIMIEHHSIX y JTUHAMIYHIA MOJEIl CTa€ MEHII BlAYyTHUM
MiCTIsl TEPMOMOJIEPHI3allii, TOl K y CTAI[lOHAPHOMY MiAXOAl Iel e(DeKT 3aTUIIaeThCs
JIHIMHUM 1 HE 3aJICKUTh BI1Jl TIONEPEAHIX TEMJIOBUX HAKOITUYCHbD.

[e me pa3 miakpecitoe ciadKy aganTUBHICTh CTAI[lOHAPHOTO MIAXOAY A0 3MIH Yy
TEIJIOBI 000JIOHIII OyiBIl Ta HWOTro OOMEXEeHy MNPUAATHICTh IJIs MOJICTIOBAHHS

CLIEHapiiB 3 TeMIIEpaTypHUMH BapiallisiMu.
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4.1.2 OuiHka BIUIMBY JICHHOI'0 OHMKEHHSI TeMIIEPATyPH HA

€HEepProcrno;KUuBaHHs OyaiBJIi

Y Mexax JIWHAMIYHOTO aHamizy OyJio 3MOJAENhOBAaHO CILIEHApil 3HIKEHHS
TeMIlepaTypy B JOCHIKyBaHOMY IpuMiiieHHl Ha 3 °C y neHHu#t nepion ao6u. Takuit
PEXKUM PETYNIOBAaHHS € THUIIOBUM Ui CUTYalllif, KOJM MPOTITOM JHS MPUMIIICHHS
YacTKOBO 200 MOBHICTIO HE BUKOPUCTOBY€ETHCS, HANPUKJIIA, MEUIKAHIIl TepeOyBaloTh Ha
po0OOTI UM HaBYAHHI.

[TonmxenHs remmneparypu 0yso pearizoBano 3 08:00 mo 18:00, To6To B iHTEepBai,
SKUW BIJNOBIJa€ HAWOLIBII WMOBIPHIM BIJCYTHOCTI KOPUCTYBayiB y IKUTJIOBHUX
npuminieHHsX. ba3zoBa Temriepatypa miarpumMyBaiacs Ha piBHi 20 °C, a y Mexax nepioay
3HUKECHHS BOHA 3MeHIyBanacs 1o 17 °C.

[le#t pexxuM IPYHTY€EThCS Ha 3araJlbHOBU3HAHUX MPHUHIIMIAX €HEProePpeKTUBHOI
excrutyaranii OBK-cucrem, mo nepeadayatoTh THMYAcCOBE 3HUKEHHS TEMIIEPATYPH B
IPUMILIEHHSAX 3 0OMEKEHUM NepeOyBaHHAM JroAei. Takuil miaxia J03BOISE CKOPOTUTH
OUTOMI BHUTpATH €HEprii 3a yMOBH, ILIO0 TEMIEpPaTypHUH pPEXKUM OyJe CBOEYACHO
BIJIHOBJIEHO JI0 MOMEHTY MOBEPHEHHSI KOPUCTYBauiB, 3a0e3Meuytoun KOM(OPTHI YMOBHU
nepeOyBaHHs.

TakuM 4MHOM, aHali3 Jla€ 3MOTY HE JIMIIE OLIIHUTU PIUHY €HEepromnorpedy, a u
BUBYMTH JIMHAMIKY HABAHTAKE€HHA MPOTATOM JI00M, 100 BUABUTH MOTEHIINHI PU3UKHU
MEepeToriB ad0 HEJAOTpiBY, @ TAKOXX BU3HAYUTH BIUIUB COHSYHOTO Ta BHYTPIITHBOTO

TCINIOHAAXO>KCHHA B Hepioz[ SHUXKXCHHA CITIOKHBAaHHA.

OuiHka BIUIMBY IEHHOI0 NOHWKEHHS TeMIIePaTypH BHYTPIIHbOI0 MOBITPS

HA piYHe eHeProCcrnoKNBAHHS

JInst ouiHKM eEeKTUBHOCTI 3aCTOCYBaHHS I'paikKiB MOHUKEHHS TEeMIEpaTypu y
JeHHUH 1epiof; Oyo 3MOJEIHOBAHO BapiaHTH OyAIBIII 3 PI3HOIO TOBIIMHOIO 30BHIINIHIX
ctin: 0,25 M, 0,51 m, 0,77 m1a 0,51 M micnsa TepmomMopepHizaiiii. Ha pucynkax 4.5 ta 4.6

HABEJCHO pE3yJbTaTh PIYHOTO CIOKUBAHHS E€HEprii s ONajeHHsS MNpH MOCTINHIN
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temmnepatypi 20 °C 1 npu 3actocyBanHi nmonmwkeHHs 10 17 °C y nepioa 3 8:00 go 18:00

JUUIS TIIBJICHHOT Ta MIBHIYHOI Opi€HTAIllM BiAIOBIIHO.
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TOBLLIMHQ HECYYOrO LLIAPY 30BHILLHbOI CTiHM
be3 noHuxxeHHs (noctinHa Temneparypa 20 °C)

MOHMXKEHHS BAEHb (MOHMXEHHS A0 TemnepaTtypu 17 °C 3 8°° oo 18%9)

Pucynok 4.5 — CrioskxuBaHHS €HEPrii Ha OMaJICHHSI 1711 PI3HUX BapiaHTIB 30BHIIIHIX
OTOPOHKYBATBHUX KOHCTPYKITiH 3 TOHMKCHHSAM TEMIIEPaTypH BHYTPIIIHHOTO MTOBITPS

BleHb 1 [ opienTanii

Jlist miBaeHHOT Opi€HTAIlli BUJIHO, 110 3aCTOCYBaHHS MOHMXEHHS TeMIEpaTypu
BJICHb JI03BOJISIE JIOCATTU CYTTEBOI €KOHOMII y BCiX BHMajaKax. BiJICOTOK €KOHOMIi
konuBaeThes Bix 19,32% no 20,83%.

Crnocrepiraerbes cinabka TEHIEHIlIS: Tpu OUThIIINA MAacCHBHOCTI 30BHINIHIX CTiH
B1JICOTOK €KOHOMI1 €Heprii Tpoxu 3pocTtae. Lle mosCHI0eThCS MiABUIIIEHHSIM TEPMIYHOTO
OTIOPY KOHCTPYKIIii 30BHIIITHBOI CTIHU, 110 JO3BOJISIE KpaIlle YTPUMYBATH TEIJIO B YMOBAX
3MIHHOI TeMIlepaTypy BHYTPIIIHBOTO MOBITPA.

OpnHak miciisi TEPMOMOJIEpPHI3ALll €KOHOMISL JEMI0 3MEHIIYEThCS Y BIJIHOCHOMY
BUpakeHHI. lle mMOB’sf3aHO 13 3MEHIIEHHSM COHSYHUX TEIJIOHAIXOKEHb Yepes
BCTAHOBJICHHSI €HEProe(EeKTUBHUX BIKOH 13 HU3BKUM KOE(DIIEHTOM MpPOIYCKAHHS

COHSIYHOI pajiaiii, mo 3MeHITy€e epeKT HaKOMUYSHHS JOIaTKOBOTO TEIjia BIACHb.
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MOHMXEHHS BAEHb (MOHUXEHHS A0 TemnepaTypul7 °C 3 8°° oo 18°9)

Pucynox 4.6 — Crio>kxuBaHHS €HEPrii Ha OMAJICHHSI IJIs1 PI3HUX BapiaHTIB 30BHIIIHIX
OTOPOHKYBATBHUX KOHCTPYKITiH 3 TOHMKCHHSAM TEMIIEPaTypH BHYTPIIIHHOTO MTOBITPS

BleHb 11 [1H opieHTarii

JI1st MiBHIYHOT Opi€HTalli BIICOTOK €KOHOMII BapitoeThes B Aiana3oHi Bix 17,98%
no 22,15%, ane B cepeaHbOMYy TeX CTaHOBUTH Onu3bko 20%. Tak camo, sik 1 Juist
MIBJCHHOT Opi€HTAIlli, MOYKHA MATBEPAUTH, 110 OLIbIIa MACHBHICTH 30BHIIIHIX CTiH,
yepe3 BUIIMA TEPMIYHHUA OIIp OrOpOJKYBAJIbHUX KOHCTPYKIINA, NPU3BOAHUTH MO
30UTBIIIEHHS B1JICOTKOBOI €KOHOMIT €HEePrii, X0 il He3HauHOi. L]e MosCHIOEThCSI MEHIITUMU
TEIJIOBTpATaMH IMiJ1 Yac (a30BUX KOJMBAHb BHYTPIIIHKOI TEMIIEPATYPHU.

Opnak, Ha MIBHIYHIA Opi€HTalli PI3HULSI MK BaplaHTaMU PI3HOI MAacHMBHOCTI €
Habarato MOMITHIIIOW, HDK Ha MiBJAEHHINA cTOpoHl. [IpuunHa mossrae y BiJICYTHOCTI
3HAYHUX COHSYHUX HAAXOKEHb Ha MiBHIYHOMY dacaji: OyiBis MPaKTUYHO MOBHICTIO
3aJIEKUTH B1J] TEIJIOBUX XapaKTEPUCTHK OrOPOIKYBaJIbHUX KOHCTPYKLINA. BinoBiaHo, y
pasi BIICYTHOCTI IPKUBIICHHS COHSYHOIO €HEPTi€l0, PI3HUIA Y 3JaTHOCTI aKyMYJIIOBaTH
W yTpUMYBaTH TEIJIO MIX CTIHAMH 3 MEHILOIO Ta O1IBIIO0 MACUBHICTIO MPOSBISETHCS
CUJIBHIIIIE.

[Ticns TepmomoiepHizalii eeKT eHepro30epeKeHHsI CTa€ HAMOUIBIINM cepe] yCiX

BapiaHTiB (22,15%). Lle nosicHI0€THCS THM, LIO:
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— Yepe3 HUBBKI COHSYHI TEIJIOHAJAXOJHKEHHS JJIs TMIBHIYHOI OpI€HTaIll poJib
CUCTEMU ONaJeHHS y 3a0e3MedYeHH] 3arajbHOTO TEIUIOBOTO OalaHCy CYTTEBO
3pocCTac;

— TepMoMoaepHi3oBaH1 KOHCTPYKIIiI €(peKTUBHIIIE 3MEHIIYIOTh 1HTEHCHBHICTD
TEIUIOBOTO TOTOKY HAa30BHI, MIHIMI3YIOUM TEIJIOBTPATH MpPU TOHIKEHHI
TEMIEPATYPH.

[Ticrst OIIHKK BIUIMBY MAacCHBHOCTI 30BHIIIHIX CTiH Ha €(QEKTHUBHICTh JICHHOTO
MOHIDKEHHST TEMIIEpaTypy, OKPEMY YBary MpPUIUICHO BILUTUBY MAacCHUBHOCTI BHYTPIIIHIX
CTiH. 3MiHa TEPMIYHOI 1HEPIi BHYTPIIIHIX OrOpOJ)KEHb MOXE ICTOTHO BIUIMBATH HA
aKyMYJISIIIIO TeIuia B Oy 1iBIIL, @ OTXKE, 1 Ha PE3yIbTaTH €HEPrOCIIOKMUBAHHS MTPU 3MIHHUX
pexxrMax poOOTH CHCTEMU OTaJICHHS.

Jlnst TIOpIBHSIHHA CHOKUBAaHHS €Heprii OyJIo CTBOPEHO psi MoOJeNeH, o
BpPaxOBYIOTh MOCTIMHUIN TemrnepaTypHuil pexxuM Ha piBHI 20 °C Ta pexxum 13 JEHHUM
3HIDKEHHSIM Temneparypu Ha 3 °C. Po3srmsmanucs BapilaHTd OyJIBENIb 13 PI3HOIO
TOBIIMHOIO BHYTpimHIX cTiH: 0,125 M, 0,255M ta 0,385 M, sk 70, Tak 1 MicCi
TEpMOMOJIEpHi3alii. AHami3 MPOBEACHO OKpeMo g OyAiBedab 13 MIBJEHHOK Ta
MIBHIYHOIO OPIEHTAIIIETO.

Sk Oyno mokazaHo po3Autl 3.2 npu CTaIoOMy PEKUMI ONaJICHHS BITUB MACUBHOCTI
BHYTPIIIHIX CTIH Ha pIYHE CHOKMBAHHS €HEprii Ha OMAJICHHA € MEHII 3HAYHUM, HIXK
30BHIIIHIX OTOpOKeHb. Lle MOsSICHIOEThCS TUM, IO 32 YMOB MOCTIMHOI TeMIIepaTypu
BHYTPIIIHI OTOPOJKEHHSI HE 3MIHIOIOTH CYTTE€BO XapakTep TEIJIOBUX MPOLECIB, TOOTO
HAKOIWYEHE TEIJI0 HE Ma€ YITKUX MEpioJiB Bijjaayl, 1 TEIUIOBUN OanaHC 3aJUIIAEThCS
BIIHOCHO cTallIbHUM. OpHAaK 13 BOPOBAHKEHHSM 3MIHHUX PEXHMIB TeMIEpaTypu
MOBITpSE B OYJiBII, 30KpeMa TMOHIKEHHS 1ii BJIEHb, XapakTep B3aEMOJIi MIX
KOHCTPYKTUBHUMH €JIEMEHTAMH 3MIHIOETHCS, 1 TEPMIYHA 1HEPIIIHHICTh BHYTPIIIHIX CTIH
MOYMHAE BIJIIrPABaTH MOMITHIIITY POJIb.

Ha pucynkax 4.7 Ta 4.8 HaBeIeHO pe3yJbTaTH JOCTIKEHHS BIUIMBY TOBIIUHU
BHYTPIIIHIX CTiH Ha €(EKTHUBHICTh CTPATETil MOHIKCHHS TEMIIEpaTypu BHYTPIITHBOTO

MOBITPS BIICHb JISl MIBJEHHOI Ta MIBHIYHOI OpIEHTAIlIN BiAMOBIIHO. 3aCTOCOBYBAJIOCS
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000BE MOHIKEHHST TeMIlepaTypu BHYTpitHboro nositps 3 20 °C go 17 °C y nepion 3

8:00 mo 18:00.
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Pucynok 4.7 — Crio>kuBaHHs €HEpPrii Ha ONAJICHHS JJIs PI3HUX BaplaHTIB BHYTPILIHIX Ta

30BHIIIIHIX OTOPOJIKYBAIBHUX KOHCTPYKIIH 3 MOHUKEHHSIM TeMIepaTypu

BHYTPIIIHBOIO MOBITPs BAEeHb 1 111 opienTarii

AHaJi3 pe3yibTaTiB MiATBEPIKYE, 0 y BCIX BaplaHTax MOHWKEHHS TEMIIEpaTypu
MPU3BOJUTH JI0 ICTOTHOTO 3MCHIICHHS CIOKMBAHHSI CHEprii Ha ONaJICHHS — B
cepeaabomy Ha 20-22%. IIpore 31 30UIBIIEHHSM MACHUBHOCTI BHYTPIIIHIX CTIH
e(heKTUBHICTh TaKOl CTpaTerii MOCTYMOBO 3HUXKY€ETbcs. JlJis MIBICHHOI OpieHTallli, e
CIIOCTEPITa€ThCs 3HAYHUN BIUIMB COHSYHMUX TEIUIOHAIXO/KECHb, HAHO1IbIIa €KOHOMIS
€Heprii MOCATAEThCS Y BapiaHTi 3 OUTBIN JISTKUMU BHYTPIIIHIMU CTIHAMU TOBIIUHOIO
0,125 m (21,95%). 36inpmienas MacuBHOCTI 0 0,385 M IPU3BOAUTH 10 3HMKCHHS
edekty 10 19,95% exonomii. ToO6TO, OUIBLI 1HEPIIHHI BHYTPIIIHI CTIHU 3MEHIIYIOTh
aMIUTITYly TOOOBUX KOJIUBaHb TEMIEPATYpPH MOBITPS, 110 BOAHOYAC 3MEHIIYE 1 e(heKT

€HEPro30epekeHHs BiJ THMYACOBOT'O MOHMKEHHS TEMIIEPATYPH.
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[Ticns TepMoMopepHizallii 30BHIIIHIX OTrOPO/KEeHb (yTEIUICHHS CTIH, 3aMiHa
BIKOH) 3aKOHOMIPHOCTI 3aJIUIIAIOTHCA TMOMIOHMMH, SK IO TEPMOMOJHPHI3AII, OHAK
aOCONIIOTHI 3HA4YeHHsSI EHEProCMOXKMBAHHS CYTTE€BO HWK4l. KpiM TOro, 4acTkoBO
MIOCHUJTIOETBCSL  POJIb BHYTPIIIHIX CTiH K aKyMyJIIOIOUYMX Mac, OCKUIBKH 3aBISKU

MOKpaIeH1# 000JI0HIII O1TbIIIe TeTia 30epiraeThCsi BCEpEANHI MPUMIIICHHS.
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Pucynox 4.8 — Crio>krBaHHsI €HEPTii Ha OMAJICHHS JIs PI3HUX BapiaHTIB BHYTPIIIHIX Ta

30BHIIIHIX OTOPOKYBAIBHUX KOHCTPYKIIHN 3 MOHWKEHHSIM TeMIepaTypu

BHYTPIIIHBOTO MOBITPs BAEHb [ [1H opienTanii

st miBHIYHOT opieHTarii (pucyHok 4.8), 1€ HAAXOIKEHHS COHSYHOTO Teruia
O0OME3KeHI1, BIUTMB MACUBHOCTI BHYTPILIHIX CTIH € JeUI0 OlIbII MOMITHUM, OCOOJUBO Y
BapiaHTax 0e3 TepMOMO/IepHi3allii — 3MeHIIeHHs €(eKTy BiJ MOHWKEHHS TeMIepaTypu
3sMmeHIyeThes 3 21,94% no 19,44% nns OyaiBensb 3 TOBIIMHOIO BHYTpimiHIX cTiH 0,125 M
1 0,385 M BigmoBigHo. YTIM, 3arajbHa TCEHJACHIS aHaJOTIYHA: YuUM OlIbIna Maca
BHYTPIIIHIX CTiH, TUM MEHII TOMITHOIO € €HEpreTUYHa BUTOJIa BiJ MEPEPUBUACTOTO

pexumy onayieHHs. lle miaTBepKye, 10 1HEPUIHHI BIACTUBOCTI KOHCTPYKIIIH, SIKI 3a
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CTaIMX YMOB MAalOTh MIHIMAJIbHUN e(eKT, CTaroTh OUIBII BAarOMUMH Yy BHUIIAJIKaX
3MIHHOT'O TETJIOBOTO HAaBAHTAYKEHHSI.

Takum 9MHOM, BIIPOBA/KCHHS JACHHOTO MOHWXCHHS TEMIIEPATypU BUSBIISETHCS
0Cc00JMBO e(PEKTUBHUM y OY/IIBIISIX 13 O1IBII JITKOK BHYTPIITHBOIO KOHCTPYKIIIEO, TOII
SK y OUTbIII MAaCUBHHUX OyHMIBIISAX €()EeKT MOM AKIIYEThCS Yepe3 TPUBAIIIMIA Yac peakiii
Ha 3MiHy TeruioBux ymoB. lle € BaxnmuBuM (pakTOpoM mpu po3podlili eHepreTUYHUX
cTpaTeriil A1l pi3HUX THUIIIB Oy/iBENb Y MPAKTHUIll TPOEKTYBAHHS Ta MOJEPHI3aIlii.

Jisg Oinpin TIMOOKOTO aHaii3y CE30HHOI JAWHAMIKM €(EeKTHBHOCTI CTparterii
JICHHOTO TOHW)XEHHS TEMIIepaTypyd BUKOHAHO JAETalli3allil0 €HEproClOXMBAHHS Ha
OTaJICHHS B TOMICSYHOMY po3pisi. Lle 103B0oJIsi€ OIIHUTH, SIK 3MIHIOETHCS BIUTUB CTpaTerii
3QJIEKHO BIJI TEMIIEpATypH 30BHIMIHBOTO TMOBITPSI Ta COHSYHOTO BUIPOMIHIOBAHHSI.
Ocob6mmBy yBary OyJio HPHUIICHO CICHApisAM JJIs IIBHIYHOI OpIEHTAIlli 3 THIIOBOIO
KOMOIHAI[I}0 TOBIIMHU 30BHIMIHBOI cTiHM 0,51 M Ta BHyTpimHIX cTiH 0,255 M 10

TepMoMo/iepHizatii (pucyHok 4.9) 1 micins (pucyHok 4.10).
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Pucynok 4.9 — Cnio>xuBaHHS €HEPrii Ha OMaJICHHSI 3 TOHM)KEHHSIM TeMIepaTypu

BHYTPIIIHBOTO TOBITPS BJIeHb Jytst [IH opieHTaIli 10 TepMOMOepHi3allii (Hecyda

KOHCTPYKL1s 30BHIIIHBOI cTiHu: 0,51 M, BHyTpiiHi ctinu: 0,255 m)
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VY BCIX MICAISX OMATIOBAIBLHOTO MEPIOAY CIOCTEPITaEThCS CYTTEBE 3MEHIIICHHS
CHEProCIOKUBAHHS BHACIIIIOK BIPOBAXKEHHS JICHHOTO 3HIKECHHS TemmepaTypu. Edexr
eKOHOMIi € JOCHTh CTaOUTbHUM Yy 0a30BOMy clieHapii 10 TepMOMOJepHi3allii,
3MIHIOIOUHCH Y MexkKax BiJl -18% 10 -25%.

— VY ciuHI Ta TpyAHI €KOHOMisl CTAHOBUTH OJU3bKO 19%;

— Y moromy, 6epesHi, kBiTHI 21%;

— Y 5KOBTHI Ta JINCTOIIA/Il CIIOCTEPIral0ThCs MAaKCHUMallbH1 3HaYCHHS €KOHOMII:
24,7% ta 22,6% BIAMOBIIHO, 1110 TTOB’A3aHO 31 3POCTAIOYOI0 POJIIIO ICHHUX

TEIJIOHAIXO/KEHb Ta MEHIIIOI0 TPUBAJIICTIO HIYHOTO TIEPioy.
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MOHMXKEHHS BAEHb (MOHUXEHHS A0 Temnepatypu 17 °C 3 8°° a0 18%9)

Pucynox 4.10 — Cio>xuBaHHs €Heprii Ha OMaJIeHHS 3 OHWKEHHAM TeMIIepaTypu
BHYTPIIIHBOTO MOBITPA BAEHH [ [1H opieHTalli micns TepMoMoiepHizalii (Hecyya

KOHCTPYKIis 30BHIMHBOIL cTiHK: 0,51 M, BHyTpiwHi cTinu: 0,255 m)

[Ticns TepmomopepHizaitii (pucyHok 4.10) kapTuHa B 1ijI0My 30€piraeTbesi, OqHaK
€KOHOMIS JICIIO 3pOCTa€ y MePEXiAH1 MICAIl, HATPUKJIIA;
— JKostensb: 28,1%;

— JIucroman: 25,3%.
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Takuit edekT MoB’s3aHUM 13 TOJINIIEHHAM TEIUIOI30JIAIINHUX XapaKTEPUCTUK
KOHCTPYKIIIH, 1110 T03BOJISIE JOBIIIE 30epiraTH TEIJI0 B TOJUHY TTOHUKCHHS.

VY Tol cammii 9ac, B yMOBax TE€pMOMOJICpPHI3aIlil BTPAYa€ThCS YaCTUHA COHSYHUX
TEIUIOHAIXO/KeHb (0COOJMBO B TIBJACHHUX MPUMIIICHHSAX), OAHAK JUIS IIBHIYHOI
opieHTamii 1el edekT Maibke BIJICYTHIM, TOMY 3arajbHUN BIJICOTOK EKOHOMII
30epiraeThcsi a00 HAaBITH MOKPAILYETHCS.

OTpuMaHi pe3ynbTaTd JEMOHCTPYIOTh BHCOKY ©€()EKTHBHICTh TOHIKEHHS
TEMIEpaTypyd BACHb /JIs MIBHIYHOI Opi€HTAllli MPOTIrOM YChOTO OMNAaTIOBaIHLHOTO
nepioay. HaBunuii moTeHI11a eKOHOMIT CIIOCTEPITa€ThCS Y MI>KCE30HHSI, KOJIU Oy A1BIIs
MPOrPIBAETHCS BJICHb 32 PAaXyYHOK 3HIDKEHOTO TEIUIOBOTO HABAaHTAXXEHHS 1 MEHIIOT

TEMIIEpaTypPHOI P13HUILII.

JIluHAMiKa TeII0BOTr0 HABAHTAKEHHS MIPH e HHOMY MOHUKEHHI

TeMInepaTrypu

Xou 3arajibHe €HEePrOCIIOKUBAHHS € KITFOYOBHUM MMOKa3HUKOM
eHeproeeKTUBHOCTI, OJHAK ]ISl OLIHKU JIMHAMIYHOI MOBEMIHKK OyAiBIl Ta poOOTH
IH)KEHEPHUX CHCTEM Ba)XKJIMBO TAKOK BPaXOBYBaTH HABAHTAKEHHS HA CUCTEMY ONAJICHHS
y TOTOAWHHOMY po3pi3zi. CaMme BeIWYMHA TEIJIOBOI'O HABAHTAXKEHHS BIPOJOBK T00M
BU3HAUa€ pealibHy MOTpPeOy B MOTYXKHOCTI JDKEpesia Temia, THYUYKICTh YIpaBIiHHS
KJIIMATOM, @ TaKOX PIBE€Hb KOM(POPTY KOPUCTYBAUiB.

[TonmxeHHsT TeMIiepaTypy BJACHb € OJHHUM 13 HAMOUIBII MOIIMPEHUX CIOCOOIB
PETYJIIOBAHHS CUCTEM OMNAJIEHHS, 30KpEMa Y KHUTJIOBHX 1 aAMIHICTpAaTUBHUX OyHiBISX. Y
po3aim 4.1.2 Oyno moOKa3aHO, WO TaKe PETyJIIOBaHHA CYTTEBO 3HUKYE pIUHE
eHeprocnokuBaHHsi. OJIHaK BOHO TaKOXX BIUIMBAE HA XapaKTep 3MIH HaBaHTAKCHHS
MPOTATOM JIOOM, IO € KPUTHYHO BAXKIIMBUM Yy pCEANbHMX yMOBaX eKCIUTyaTallii, ae
TEIJIOBl MOTOKK 3MIHIOIOTHCS BHACHIAOK K 30BHINIHIX, TaK 1 BHYTPIIIHIX (aKTOPiB
(coHsuHa paaiaiis, iHQUIBTpALis, TEMIOAKYMYJISIiS KOHCTPYKIIiH TOLIO).

Pucynok 4.11 neMoHCTpye AMHAMIKY HAaBaHTAXXEHHS HA CUCTEMY OIAJICHHS JIs
JIBOX Opi€HTAIIiH (MIBJICHHA Ta MIBHIYHA) BIPOJIOBXK JIBOX XOJIOJHUX 3UMOBUX THXKHIB. Y

pO3paxyHKax 3MIHIOETHCS TOBIIMHA 30BHIIIHIX CTIiH, IO JA03BOJISE MPOCTEKUTH, SIKUM
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YMHOM MACHBHICTb OTOPOJIKYBaJIbHUX KOHCTPYKIIINA BIUIMBAE HA aMIUTITyAy JOOOBUX

KOJIMBaHb Ta TPHUBAIICTh NEPEXIAHUX TMPOLECIB IICIS BBIMKHEHHS YU BHUMKHCHHS
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AaTaivac (MM/AATT)
MOHUXXEHHS TeMNepPaTypPU BAEHb, TOBLLIMHA HECYYOTO LLIAPY 30BHILLIHBOI CTiHM: 0,25 M
MOHUMXXEHHS TEMNEPATYPU BAEHD, TOBLLMHA HECYYOTO LLIAPY 30BHILLIHLOI CTiHM: 0,51 m
MOHMXKEHHS TEMNEPATYPU BAEHD, TOBLLMHA HECYHOT O LLIAPY 30BHILLHLOI CTiHW: 0,77 m
be3 NoHuXXeHHs TemnepaTtypu, TOBLLIMHA HECYHOTO LLAPY 30BHILLHbOI CTiHK: 0,51 m
——— Temneparypa 30BHiLLUHLOIO MOBITPS
6. MNH opieHTALLs
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Pucynok 4.11 — HaBaHTa)KeHHS HAa CUCTEMY OMNAJIEHHS 3 TOHWKEHHAM TEMIIEpaTypH

BHYTPIIIHHOTO MOBITPS BJIeHb: a. [liBneHHa opieHTaIlis 30BHIMHIX CTiH; 0. [TiBHIYHA

Opl€HTAlllg 30BHIMIHIX CTIH. (JI0 TEpMOMOJIEpHi3allii, BHyTpimHi cTiu: 0,255 M)

Ha pucynky 4.11 300pa’keHO0 HaBaHTa)XEHHsI Ha CHCTEMY OIaJ€HHS BIIPOJIOBXK

JIBOX TWKHIB CIYHS JJI1 BUMAJKIB 13 MOHIKEHHSIM Temriepatypu BiaeHb (Big 08:00 mo

18:00) Ta ©6e3 nHboro. Ha mnpuknani mniBaeHHoi (pucyHok 4.11a) Ta miBHIYHOT
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(pucyHok 4.110) opieHTalliii aHATI3YIOTHCS PE3YJIbTATH JJIsl TPHOX BapiaHTIB 30BHIIIHIX
ctin: 0,25 M, 0,51 M ta 0,77 m (6e3 TepMOMOJIEpHI3aIlii), a TaKoK 0a30BUH ClieHapiH 13
nocTiitHOr0 Temneparyporo 20 °C.

VY J1eHH1 TOJIWHU, KOJM BIIOYBAE€THCS MOHIKEHHSI TEMIEPAaTypH BHYTPIIIHBOTO
MOBITPS, HABAaHTAKEHHS HA CHUCTEMY OIAJIEHHS CYTTEBO 3HIDKYEThCSA. HalHmKY1
3HAYEHHS CIIOCTEPITarOThCS I HaWOLIbIT MacuBHUX CTiH (0,77 M), IO MOSCHIOETHCS
BUIIOIO TETUIOEMHICTIO KOHCTPYKIIIN, 3[aTHUX aKyMYJIFOBaTH TEILIO Ta B1JIJaBaTU HOTO B
NepioaH BIAKIIOUEHb, 3MEHITYIOUU OTPeOy B aKTUBHOMY OOITPiBi.

VY BeuipHiii mepiox micias 18:00, komu TemmepaTypa y IPHUMIMICHHI 3HOBY
nigsuinyerbess Ao 20 °C, crmocrepiraeTbCs pi3KMM MK HaBaHTaXeHHs. Haibinbmn
BUPAXEHUH MIK CIIOCTEPIraeTbcs B JIETKUX KOHCTPYKUIAX (0,25 M), OCKUIBKM TEIJIOBa
1HEPIIIHHICTh OTOPOIKYBaJIbHUX KOHCTPYKIIIH € HU3BKOIO, 1 BCS MOTpe0da B TEIUII MUTTEBO
MIEPEKIATAECThCSI HA CUCTEMY omnajeHHsA. HaBmaku, y BUMaAKy 3 MAacHBHHMH CTiHAMHU
(0,77 M) 1HEpUIMHICTh CHpHUSE MOM’ SIKIICHHIO MIKOBUX HABAHTaXXEHb, 1110 MO3UTHUBHO
BILJIMBAE HA CTAOUIBHICTH POOOTH CUCTEMHU.

Leit edexT 0coOMMBO SICKpaBO MPOSIBISETHCA Yy BUIAJKY IIBIACHHOI Opl€HTAIlll
(pucynok 4.11a), ne moAaTKoOBO i€ BIUIMB COHSIYHHUX TEIUIOHAAXO/KEHb. [IpoTsrom
SCHUX JHIB JICHHE HABAHTAKEHHS (PAKTUYHO 3HIXKYETHCA A0 MIHIMYMY 3aBISKH
KOMOIHaIIi 3HMKEHOI TeMIepaTypu Ta COHSYHOTO OMNPOMIHEHHS, L0 MOTJIMHAETHCS
MAaCHMBHHMH CTIiHAMHU. YBeYepi, 3aBIASKH TETUIOAKYMYJISAIl, MPUPICT HaBaHTAKCHHS
TaKOX TPHUTITYITYETHCS.

VY miBHIyHINA opieHTaIi (pucyHok 4.110), ne COHAYHI HAJIXOJKEHHS CYTTEBO
MeEHIII, epeKT oM’ SIKIIICHHS TKIB 3aJUIIAEThCA, ajle MCHII BUpaXeHUH. Pi3HHI MiX
BapilaHTaMU TOBIIUHM CTIH 3QJIMIIAETHCS 3HAYYILOIO, 110 CBIAYUTH MPO KIIOUYOBY POJIb
TEIJIOAKYMYJIALIl caMe B KOMIIEHCAIlli TEMJIOBUX KOJIMBaHb, HE3AJEXKHO BIJI JyKEpela
€Heprii.

TakuM YMHOM, TIOHWKEHHS TEMIIEPATYPH BIEHb JI03BOJISTE€ ¢(hEKTHBHO 3MCHIIIUTH
cepenHe 1000Be HaBAaHTAXEHHS, OJHAK MPU3BOIUTH 0 (HOPMYyBaHHS BUCOKHX ITIKIB Y
BEUIpHI TOJAMHM, $KI BHUMAaraiOTh pETEIbHOTO BpaxyBaHHS TNPU MPOEKTYBaHHI

TerJIoreHepaTopiB (30UIbIIEHHS 3amacy MOTYXHOCTi). MacuBHI KOHCTPYKIIi, y CBOIO
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yepry, AEMOHCTPYIOTh MepeBary B 3HWKEHHI MIKOBUX 3HA4€Hb, IO € OCOOJIMBO
BOKJIMBUM JJi 3a0€3MEeUeHHs] HAaJIMHOCTI CUCTEMH ONAJCHHS B yMOBaX JUHAMIYHOTO
HaBaHTA)KCHHS.

Jns TuOioro po3yMiHHS 3MiH y CTPYKTYpPl TEIJIOBOTO OalaHCy IiJi BIULTMBOM
JICHHOI CTpaTerii 3HIDKEHHS TeMIepaTypyd BHUKOHAHO TOPIBHSJIBHY Bi3yalli3alliio
PO3MOIUTY TETJIOBUX MOTOKIB MPEACTABICHO HA MPUKJIIA OJHOTO MicsIs (ciunst). Takuid
M1X1/1 03BOJISIE HAOYHO OLIIHUTH BHECOK OKPEMHUX JIPKEpEIT TeIlla Ta HalpsIMKIB BTpAT, a
TaKOX BIJICTEKUTH BIUIMB TEPMOMOJICpPHi3allii Ta TEMIIEPATypHOTO PEXKUMY Ha 3arajibHy
CHEPIreTUYHY IMOBEAIHKY Oy iBIIl.

VYci BapianTH BigoOpa)xaroTh XapakTepHy 3MiHY JI00OBHX HaBaHTaXeHb BiJl
OIAJIEHHS, 1HCOJIALIT, TOOYTOBUX MPHUIIAJIIB, JTIOAEH, 8 TAKOK BTPATH YEPE3 OTOPOIKEHHS
Ta iHQUIbTpamifo. 31 30UIBIICHHAM MACHBHOCTI 30BHINIHIX CTIH 1 MCHA
TEPMOMOJIEPHI3aIlii MOMITHO 3MEHIITY€EThCS AMIUTITY1a TEMJIOBUX KOJMBaHb, [0 CBIAUYUTH
npo epeKTUBHINIE HAKOMWYEHHS Ta yTpUMaHHS Temiaa. BogHouac neHHE 3HUKCHHS
TEMIEPATypyu MAO3BOJSE 3MEHIIWTH IIKOBI HABAHTAKEHHS HA CHUCTEMY OIAJICHHS,
3HMIKYIOUH ii YaCTKy B TEINIOBOMY OajlaHCI.

Bi3yanpHe nopiBHAHHSA TEIJIOBOIO OalaHCy y YOTHPbOX MOAEIAX (pucyHOK 4.12)
JTO3BOJISIE TIPOCTEXKUTH, K 3MIHIOETbCA CTPYKTypa TEIUIOBHX IOTOKIB 3aJI€KHO BIJ
peXUMY  eKCIUTyarauii Ta TemIo(I3UYHUX  XapaKTEPUCTUK  OTOpPOIKYBAIBHUX
KOHCTPYKITIH.

VY cyenapii a (03 NMOHMKEHHS TEMIIEpAaTypH, TOBIIKMHA 30BHIHIX CTIH 0,25 M)
CIOCTEPIraeThCsl JOMIHYBAaHHS TEIUIOBUX HAAXOJKEHb BiJl CHUCTEMU OIAJCHHS, 10
KOMIICHCY€ 3HaYH1 BTpaTH Yepe3 30BHINIHI CTIHU, BIKHA Ta 1H(IbTpaIio. Yepe3 HU3bKy
TEIUIOEMHICTh OTOPO/KCHb TEeMIEepaTypHUM OanaHC € HeCcTaOlIbHUM, 3 BUPAKEHUMHU
MiKaM¥u CIOKUBAHHS TeIjla y HIYHI TOAWHH, KOJHM TeMIeparypa 30BHIIIHBOTO MOBITPS

MIHIMAaJIbHA.
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Tenaosuit noTik, BT

Tenaosui noTik, BT

TenAosui NoTik, BT

TenAoBui NoTik, BT

B. T.
B 30BHILLHI CTiHW BryTpilwHa cTiHa 1  BHyTpiLLHA CTiHa 2
B BHyTpiLLHSA CTiHa 3 B BHyTpiLUHA niasora BHyTpiLLHA CcTeAs
E BikHa = |HdbiabTpALLA CoHsg4Ha eHepria
CuCcTEMM OCBITAEHH: Ao B [1o6yTOBI NpHUACAM

B CucTtemda OnaAeHHs:

Pucynok 4.12 — TenoBuii 6anaHc penpe3eHTaTUBHOT KIMHATH B MICSITYHOMY PO3pi3i:
a. be3 moHmkeHHs BHYTPIIIHbOI TEMIIEpaTypPH TMOBITPS, TOBIIMHA HECYYOTO IIapy
KOHCTPYKIIi 30BHIIIHBOI cTiHU: 0,25 M, 70 TEpMOMOJIEepHi3alii
0. [ToHmXkeHHs1 BHYTPIIIHbOI TEMIIEpATypH NOBITPs BAEHb, TOBIIMHA HECYYOIO 1IAPY
KOHCTPYKIIi 30BHIIIHBOI cTiHU: 0,25 M, 10 TEpMOMOEpHi3aIlii
B. [ToHMKEeHHS BHYTPIIIHBOI TEMIIEPATYpPH MOBITPS BEHB, TOBIIMHA HECYYOIO 1IAPY
KOHCTPYKIIii 30BHIIHBOI cTiHU: 0,77 M, 10 TepMOMOEpHI3aIlii
r. [loHmKeHHS BHYTPIIITHLOT TEMIEPATYPH MOBITPS BACHD, TOBIIMHA HECYUOTO IIapy

KOHCTPYKIIii 30BHIIIHBOI cTiHU: 0,51 M, Ticias TepMoMoAepHizalii
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Y  cyenapii 6 (neHHE B3HWKEHHS TEMIIEpAaTypH, Ti K KOHCTPYKTHUBHI
XapaKTEePUCTUKU) MOXKHA MOMITUTH 3MEHIIICHHS TEIJIOBOTO HABAHTAXKEHHSI HA CUCTEMY
oTaJieHHS B JiIeHH1 roauHu. L{e mocsraeThes 3a paxyHOK 3HIKESHHS IIThOBOI TEMIIEPATYPH
BHYTPIIIHHOT'O MOBITPS B KOHTPOJIHOBAHUX MPHUMINICHHSIX, IO 3MEHIIYE TEIIOBUMN
TpajieHT 1, BIAMOBIIHO, BTpaTh. BoaHOYac y HIYHI TOAMHU BITHOBIIOETHCA POOOTA
CHUCTEMH OMNAJCHHSA, [0 YaCTKOBO KOMIICHCYETHCSI HAKOMMUEHUM TEIUIOM BiJl JEHHOTO
HarpiBy TMiJ BIUIMBOM COHSYHUX TEIUIOHAAXOKCHb TMOTJIMHYTHX BHYTPIIIHIMU
MTOBEPXHSIMH.

VY cyenapii 6 (IeHHE 3HWKEHHsI, TOBIIIMHA 30BHINIHIX CTiH 301abI1eHa 10 0,77 M)
CTPYKTypa TEIUIOBOT0 OaJaHCy 3MIHIOEThCS CYTTEBIIIE. 3pOCTA€ YaCTKa HAKOMTUYYBaHOTO
TelJlJa B MAaCHUBHUX OTOPOKCHHSIX, IO TPOSBIBIETBCS Y 3TIaKyBaHHI JT0OOBHX
KOJIMBaHb. |HTEHCHUBHICTh OMNAaJICHHS B HIYHI TOJIMHU 3HIKYETHCS 3aBISKH Bijajayl
aKyMyJIbOBaHOTro Terma. Lle cBiAUWTh MpO MO3UTUBHUN €PEeKT 30UIbIIEHHS TEIIOBOI
1HepLiitHOCTI Oy miBIi.

Y cyenapii 2 (neHHE 3HIKEHHS, TEPMOMOJIepHi30BaH1 oropokeHHs 0,51 m)
JEMOHCTpY€E HaWOUIbII 30aJIaHCOBAHUN TEIUJIOBUM pexuM. TemaoBi BTpaTH dYepe3
30BHIIIIHI CTIHU 3MEHIIIEHO 3a PaXyHOK IiIBUIIEHOTO OMOpPY TeIulonepeaayi, a TerjaoBa
1Hepiis cucremMu 3albe3nedye OUTbII MUIAaBHMM J000BUK mpodiib. HaBaHTaxeHHs Ha
CUCTEMY OIaJICHHS PIBHOMIPHO pO3MOJUICHE, a ii 4YacTKka y 3arajJbHOMYy OajiaHcCl
3MEHIIICHA 3aBJSIKU MT1/IBUIICHIM €(EeKTUBHOCTI yTPUMAaHHS BHYTPIITHHOTO TETLIA.

3aranom, pe3yibTaTH BI3yaJlbHOIO aHANI3y MIATBEPIKYIOTh €(EKTUBHICTD
TIO€JHAHHS JIGHHOI CTpaTerii 3HUKEHHs TeMIIepaTypH Ta 3aX01iB TepMOMOIepHisaii. [x
CHiJIbHA peai3allis J03BOJIAE€ HE JIMIIE 3MEHITUTH OOCSTH CIOKUBAHOI €HEprii, aje i
MOKPAIIMTH TEMJIOCHEPreTUYHI TapamMeTpu Oy 1B, 3a0€3Meuyoun KoM(POpT 32 MEHIIHNX

BUTpAT.

4.1.3 Ouinka BILIMBY HIYHOI'0 NOHM/KEHHS TEMIIEPATYPHU BHYTPIilIHBOT0

MOBITPHA HA EHEPrOCINOKUBAHHA OYAiBJIi

OpHi€ro 3 MOMUPEHUX CTPATETii eHeProe(PEKTUBHOTO PETYIIOBAHHS KJIIMAaTUIHUX

YyMOB Yy OyZIIBIsIX € HIYHE TMOHWXeHHs Temneparypu. Lleir miaxig mnepeadauae
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aBTOMATHUYHE 3HI)KEHHS TEMIIEPAaTypU BHYTPIIIHHOTO MOBITPS B MPUMIILIEHHSX Y HIYHUN
nepiog, Koiu KOMGOPTHI YMOBH HE € KPUTHUUYHUMH Yepe3 BIJACYTHICTh aKTHBHOIO
KOPHUCTYBaHHSI MPOCTOPOM — OUIBIIICTh MEMIKAHIIB BIAMOYMBAIOTH, a (i3uyHa
aKTHUBHICTh 1 TEIUIOBE HaBaHTAXEHHS € 3HWKEHMMHU. BojHouac, JTIOACHKHUI OpraHizM
MEHII YYTIMBHUI 0 3HIKEHHS TeMIIEpaTypH i 4yac CHY, TOMY MOHIKeHHs Ha 2-3 °C
NPAKTUYHO HE BIUTUBAE HAa KOMQOPT, ajie M03BOJIAE JOCITTH CYTTEBOTO 3MEHIICHHS
€HEproBUTpAT.

Hiune moHwkeHHs mependavae 3MEHIICHHsS 3amaHoi temmepatrypu 3 20 °C mo
17 °C y mepiox 3 22:00 no 08:00. Kpim TOro, takuii iHTEpBaad € XapaKTEPHHUM IS
KOMEPIIHHUX TPUMIIICHb, JI€ HIYHE TMOHWKEHHS BUKOHYE POJIb €HEpro3depirarouoro
0a30BOr0 pPEeKUMY.

OcoOnuBy yBary JOIUIBHO MPUIUIUTH TaKOoX TiOpUIHOMY  XapakTepy
BUKOpHUCTaHHA npoctopy. Hanpukiian, kBapTupa Moxe 0yTH CyMI>KHOIO 3 KOMEPLIIITHUM
MPUMIILICHHSM, a00 HaBITh OYTH Nepe00JIaIHAHOI Y HEXKUTIIOBHM (poHJ (cTymito, odic,
CaJIOH, MaMCTEpHIO), B SIKUX HIYHE MOHIKEHHS € CTaHJIAPTHOI EKCIUIyaTalliifHOo
MPaKTUKO. BignoBigHO, qocmiKeHHs e€()eKTUBHOCTI TAKUX PEKHUMIB € AKTyaJIbHUM HE
JUIIe IS SKUTJIOBUX OyJiBelb, a ¥ y BHUMNAAKax 3MIMIAHOTO abo aJanTHBHOTO
BUKOPHUCTAHHSA MIPOCTOPY.

Hiynuii nepion 10OM TaKoXK XapaKTepU3YEThCS HAWHMKYUMHU TEMIEepaTypamu
30BHIIIHBOTO TMOBITPS, M0 3yMOBIIIOE HAMOUIBIIT BTPATH TEIUIA KPi3b OTOPOJIKYBaTbHI
KOHCTpYKLii. BogHoYac 3HMMXKEHHS BHYTPILIHBOI TEMIEpaTypd HaBITh Ha KiJIbKa
rpaayciB JI03BOJIIE CYTTEBO CKOPOTUTH TEpenaj TeMIeparyp MK 30BHIIIHIM Ta
BHYTPIIIHIM TOBITPSIM 1, SIK HACJ1JI0K, TeTIOBTPaTH. OCKIILKHA OUTBIIICTE KOPUCTYBAYIB
OyZIiBil y 1ei nepio] nepe0yBaroTh y CTaH1 BIAMOYUHKY, 3HI)KEHHS TEMIIEpaTypy Maiixe
HE BIUIMBAE Ha TEIJIOBUN KOMGOPT, 0COOIUBO 3a HAIBHOCTI MOOYTOBUX TEKCTHIIHHHUX
€JIEMEHTIB (KOBJIp, KUJIMMIB, TOIIIO) Ta BIAMOBIAHOTO OJISTY JJIsSI CHY.

VY naHoMy miapo3Aiii MpOBOJUTHCS OIIHKA €(PEeKTUBHOCTI HIYHOTO MOHMKECHHS
TEMIIepaTypyd Ha TPUKIAAl HU3KH MOJENEH 3 PI3HUMH TapaMeTpaMu MacCHUBHOCTI
OTOPOJKYBAJIbBHUX KOHCTPYKIIM, TEPMOMOJEPHI3allIMHOTO CTaHy Ta Opl€HTaIll

npumitieHHs. L{e 103BoJisie BpaxyBaTu TEIIOTHEPIIHHICTS OTOPOIKEHB Ta OOTPYHTYBATH
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JOIIJIBHICTh BUKOPHMCTaHHS HIYHOTO TIOHMIKEHHS B PI3HUX YMOBaxX eKCILUTyaTalli
OyliBeb.

OTxe, JTOTiKa BIPOBAKEHHS HIYHOTO MMOHMKEHHS 0a3y€ThCS Ha TPhOX KIFOYOBUX
IPUHIUIIAX:

1. Dizionociuni ma nogedinkosi 0coOIUBOCMI CHONCUBAYIE: UHUCICHHI
JOCITIJIKEHHS JIOBOJSITH, IO JIJISl CHY ONITUMAJIBHOIO € TeMIIepaTypa MOBITPs
Ha 1-3 °C HmxK4a, HUK JJI1 aKTUBHOTO TnepedyBaHHs B HpumiiieHHi. Lle
CTBOPIOE MPOCTIP 71 3HKEHHS TeMITepaTypy 0e3 KoM 171t KoM(popTy.

2. 3HudiCeHHa ~mennosux empam Yy Nepioo  HAUHUNCUUX — 308HIUHIX
memnepamyp: Xxo4a 3MEHIIICHHS BHYTPIIIHbOI TEMIIEPATYPH BHOU1 3JJAETHCS
KOHTPIHTYITHBHUM, BOHO MOXE CYTTEBO 3HHM3UTH 3arajibHi TEIUIOBTPATH
4yepe3 OropoKyBalibHI KOHCTPYKIITII.

3. 3menuienHs HABAHMAICEHHS HA CUCMEM) ONANeHHA V HAUKPUMUYHIULI
nepioou. HIYHI TOJIMHU YaCTO € HAMXOJIOJHIMKUMU B 7001, TOXK 3MEHIIICHHS
noTpeOu B TEIUII caMe B LIeH 4ac MOKE MaTH BarOMUi CUCTEMHUH e(DeKT JIst
€HEProClOKUBAaHHA Ta HAIITHOCTI TOCTaYaHHS.

TakuM YMHOM, OIlIHKA PEXUMY HIYHOTO TOHWKEHHS TEMIEPATypH Ja€ 3MOTy
rmOIIe 3pO3yMITH TOBEIHKY Oy/iBEJIbHOI TEIUIOBOI 1HEPIIil, a TaKOX ONTUMI3yBaTH
PEXUM pOOOTH CHCTEMH OITaJICHHS, 0COOJIMBO Y BUMAAKaX OOMEXEHUX CHEPTrOpecypciB,
HECTaOUIBHOTO TETIONOCTaYaHHs 200 IMiIBUIIIEHUX BUMOT JI0 €KOHOMII.

Jns pocmimkeHHsT e()EKTUBHOCTI HIYHOTO TIOHIDKEHHS TeMIlepatypu OyJio
3MOJICJIbOBAHO PsI/I BAPIaHTIB 13 PI3HOK MACHBHICTIO 30BHIIIHIX CTiH, K J0, TaK 1 MICTIs
TepMOMO/IepHI3allii, Juisi MiBAEHHOI 1 MiBHIYHOI opieHTariii. Koxken 13 BapiaHTIB
MOPIBHIOETHCA 3 BAPIAHTOM 31 CTAJIOK0 TeMIepaTyporo NoBiTps B npuminieHHsax 20 °C, a
TaKOX 13 pe3yJbTaTaMu JICHHOTO MOHWXEHHS (PO3TJITHYTUMHU paHiiie) ajist GopMyBaHHS
MOBHOI KapTUHU BIUIMBY Yacy peajizalli MOHMWKEeHoro pexumy. OcoOsuBy yBary
NPUALIEHO TTMOOKOMY MOPIBHAHHIO JTUHAMIKM €KOHOMIi €Heprii Ta ii 3aJeXHOCTI BiJ
T€OMETPUIHUX MMapaMeTPiB OTOPOHKYBATBHUX KOHCTPYKITIH.

Jlns miBneHHOi opieHTarii (pucyHok 4.13) HiYHE NOHMXEHHS TeMIlepaTypu

3a0e3nedye T0JaTKOBY €KOHOMIIO €HEprii MOpPIBHSHO 3 JCHHHUM JIJIsi BCIX THIIB CTiH.
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HaiiBuiia eKkoHOMIsI CIIOCTEPITaeThCs JJISl BapiaHTy 3 MACUBHOIO 30BHIIIHBOIO CTIHOIO
0,77 m — 23,3%, mo Ha 2,5% mnepeBuinye jaeHHe noHmwkeHHs (20,8%). 3aramom, npu
301IbIIIEHHI MAaCHBHOCTI CTIH €HEeproomaaHuil epekt mocumoerbes. Lle mo’s3ano 3
BUIIIOI0 TEIUIOBOIO 1HEPIIIEI0, SKa J103BOJISIE OYIIBIII JIOBIIE YTPUMYBAaTH HAKONHWYEHE

TEIUIO MPOTATOM HOYi.
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© 1200
5 1208,7 l J/
X 1000 -20,7% -22.9%
= 9752 9549
S a0 56, 902.6 l l 20,8% -23,3%
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$ 600 7158 96,0 20,6% -22,8%
T 603,9 5854
g 400 494,8 \’ !
é 3930 3821
C 200
@)
0
025m 0.51m 0,77 M 0,51 m (nicas
TEP MOMOA EP HI3ALLT)

TOBLLUMHQ HECYYOro LLUAPY 30BHILLHbOI CTiHM

be3 noHuxxeHHs (nocTinHa Temneparypa 20 °C)
MOHUXKEHHS BAEHb (MOHMXEHHS A0 Temnepartypu 17 °C 3 8 oo 18°9)
MOHMXKEHHS BHOMI (MOHMXEHHS AC Temnepatypm 17 °C 3 20°° a0 8°9)

Pucynox 4.13 — Cio>kuBaHHs €Heprii Ha OMaJIeHH VISl pI3HUX BapiaHTIB 30BHINIHIX
OTOPOHKYBATBHUX KOHCTPYKITiH 3 TOHMKCHHSAM TEMIIEPaTypH BHYTPIIIHHOTO MTOBITPS

BHOUI1 ju1s 11 opienTamii

[Ticns tepmomonepHizamii juist cTiHu MacuBHICTIO 0,51 M edekT HIYHOTO
MOHMKEHHsI 30epiracThCs Ha BUCOKOMY piBHI — 22,8%, mo Ha 2,2% mnepeBulrye
€KOHOMIIO BiJl JICHHOTO MOHWXEeHHS. BogHOYaC BiZICOTKOBE 3MEHIIICHHS CTIO’KWBAHHSI B
pe3ynbTaTi HIYHOTO MOHMKEHHSI € HM)KYMM, HDK U1 HEYTEIUIEHHX KOHCTPYKUIN, 1€
NOKa3HUKU cAraroTh 10 23,3%. lle mosicCHIOeTbCA TUM, IO MICNs TEPMOMOJAEpHI3ALil
3MEHIIIYEThCS 3arajibHU PIBEHb TEIUIOBTPAT Yepe3 OTrOpOKYBalbHI KOHCTPYKIIII,
BI/IMOBIJTHO 3HMIKYEThCS aOCOIOTHA KIIBKICTh €HEprii, SKy MO’KHA 3aoIllaJuTH 3a
paxyHOK 3HIDKCHHSI TEMIIepaTypu B OKpeMi niepioau n1o6u. Kpim toro, 6is1bir ehekTuBHA

TEIJI0BA 130JIALl1s] YIOBIUIBHIOE 3MIHY TEMIIEPATYPH MOBITPS B IPUMIIIECHHI, 318/ KYyH0UU
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e(deKT BiJ] KOPOTKOTPUBAIMX TEMIIEPATypPHUX KOJIMBAHb, 1, BIAMOBIIHO, 3MEHIITYIOYH
BILTMB 3MIHHUX PEXXHMMIB Ha 3arajbHEe €HePrOCIIOKUBAHHSI.

Ha BinMiHy Bia MiBICHHOI Opi€HTAallli, /16 COHSYHI TEIUIOHAJAXOKEHHS CyTTEBO
BIUIMBAIOTh Ha €HEPreTUYHUN OajlaHC MPOTATOM JHs, MiBHIYHA opieHTamis (puc 4.14)
INPaKTHUYHO Mo30aBieHa iHcoswii. Lle 3yMoBiIO€e BIACYTHICT 10IaTKOBOTO MACUBHOTO
HarpiBy B JCHHMUI TeEpiOA, IO, CBOEI YEProro, BUPIBHIOE €(PEKTUBHICTH JIEHHOTO 1

HIYHOT'O TTOHM>KCHHS TCMIICPATYPH.
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TOBLLIMHQ HECYYOrO LLAPY 30BHILLHbOI CTiHM

be3 noHuxxeHHs (nocTinHa Temnepartypa 20 °C)
MOHUXKEHHS BAEHb (MOHMXEHHS A0 TemnepaTtypu 17 °C 3 8°° oo 18°9)
MOHMXKXEHHS BHOMI (MOHMXEHHS AC Temnepatypu 17 °C 3 20°° Ao 8°9)

Pucynox 4.14 — Cio>kxvBaHHs €Heprii Ha OMaJIeHH VISl pI3HUX BapiaHTIB 30BHIMIHIX
OTOPOJHKYBAIIBHUX KOHCTPYKIIiH 3 TOHMKEHHSIM TEMIIEPaTypu BHYTPIIIHHOTO MOBITPS

BHOUI1 jy1s [TH opieHTanii

Ax Bumno 3 Pucynka 4.14, mpu Bcix BapiaHTax MAacCHMBHOCTI 30BHIIIHIX CTiH
B1JICOTKOBA €KOHOMIis ITPU HIYHOMY MOHM>XEHH1 cTaHOBUTH BiJl 18,4% 1o 22,0%, Toai sk
JICHHE TIOHIKEHHS 3a0e3rnedye Maike 1IeHTHYHI ab0 TPOXW HUXKYl MOKa3HUKHU — BIJ
18,0% 1o 22,2%. Pizuuis Mixk €(heKTUBHICTIO JJIsl JICHHOTO Ta HIYHOTO MOHMKEHHS JIJIs
MIBHIYHOT OPI€HTALII € MEHIII BUPAKEHOI0, HIXK Y BUMAKY JJIS MiBACHHOT opieHTaii. [le
MOSICHIOETBCS THM, 1110 COHSYHI TETJIOHAIXO/KEHHS BACHB (K1 3HIDKYIOTh TIOTPEOy B
onaneHHi s Il opieHrtanii) MaloTh MEHIIMKA BIUIMB Ha IMIBHIYHY OpI€HTAIIO,

3MEHIIIYIOUM BIIMIHHICTh €HEPreTUYHOI0 OalaHCy MK JICHHUM Ta HIYHUM Mepiofamu.
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Taka cTaOUIBHICTP €KOHOMII HE3aJIeKHO BiJ Yacy IMOHIWKEHHS CBUIYUTH TIPO
nepeBaXkaHHs TEIJIOBTPAT Yepe3 OropoIKyBajibH1 KOHCTPYKIIIT, SIK1 3aJIMILIAI0THCS MaiKe
CTAJIMMU TPOTITOM J00H.

Kpim 3aranpHOTrO BHpPIBHIOBaHHS €()EKTUBHOCTI JICHHOTO 1 HIYHOTO MOHMKCHHS
TEeMITepaTypH JJi Oy 1iBEJb 3 TIIBHIYHOO OPIEHTAIII€0, HA pUCYHOK 4.13 Takox TOMITHO,
IO TICIs TePMOMOJEpHI3allii BIJCOTKOBA €KOHOMIiS MpPU HIYHOMY TOHKXEHHI CTa€e
HUKY0I0, HDK mpu JgeHHomy (21,3% mnpotu 22,2%). OcHOBHA NpuYMHA TOJIATAE B
ICTOTHOMY 3MEHIIIEHHS TEIUIOBTPAT Yepe3 OropOKyBallbHI KOHCTPYKIli BHACIIIOK
MOKPAIIIEHHs] TEPMIYHOTO OIOPY, 30KpeMa MICis YTEIUICHHS 30BHIIIHIX CTIH 1 3aMiHU
BIKOH. Y Pe3yJIbTaTi, 30BHIIIHE CEPEOBUIIE BIUTMBAE HA BHYTPILIHIN TETUIOBUN PEKUM
3HAYHO MEHILE, a OTXE, PI3HULS MDK TEMIEpaTypol0 MNPUMIIICHHS 1 30BHIIIHIM
MOBITPSIM, SIKa € PYIIEM TEIJIOBTPAT, MepecTae OyTH HACTUILKH KPUTHYHOIO. Uepes 1ie
3HM)KEHHSI BHYTPIIIHBOI Temmeparypu Ha 3 °C BKe HE CTBOPIOE TAKOTO BUPA3HOTO
rpajai€eHTa, 110 J03BOJISB O peali3yBaTh OUIBIINN MOTEHIIAl €HePro30epeKEHHS.

TakuM 4MHOM, TEPMOMO/IEpPHI3aIlis, 3 OJJHOTO OOKY, 3MEHIITy€e 0a30B1 BTpaTH, aje
3 1HIIOTO OOMEXY€ MOXKJIMBOCTI [IJIsi PEryJIIOBaHHs, TOOTO MOTEHIIAT JOAaTKOBOI
€KOHOMI1 BiJ] TUMYACOBOTO 3HMKEHHS TEeMIIepaTypu cTae OuIbIl ckpoMHuM. Lle me pas
NIATBEPAKYE BAXKIMBICTh KOMIIJIEKCHOTO MIAXOAY /0 MiIBUILEHHS eHeproe()eKTUBHOCTI:
130JISI1MHI 3aXOAM MOBHHHI CYIPOBOJI)KYBAaTUChH aJalTUBHUM YIPABIIHHIM PEKUMaMHU
OTTaJICHHS, ONTUMI30BaHUM IT1]l 3MIHEH1 TETUIOTEXHIYHI XapaKTePUCTUKH Oy I1BIII.

Hiune TOHWKEHHS TeMIlepaTypd B TPHUMIIICHHSIX PO3TIATAEThCA SK OOHA 3
KJIFOUOBUX CTpATErid yNpaBliHHS CHUCTEMaMHU OMNAaJeHHS 3 METOI 3HUKCHHS
€HEProCIOKUBAHHS Ta HaBAaHTAXKEHHS HA 1HXKeHepH1 mepexi. [lompu Te, 1mo npoTsrom
HOYl MPUMIIICHHS 3a3BMYail HE BHKOPUCTOBYIOTHCS TaK IHTEHCUBHO, SIK YJI€Hb,
3HWKCHHS TEeMIIepaTypu HaBiTh Ha 2-3 °C 103BOJISI€ CYTTEBO 3MEHIIUTH TEIUIOBTPATH
yepe3 OropoJKyBajbHI KOHCTPYKINI, 30KpeMa B yMOBaX HHM3bKOI 30BHIIIHBOI
temnepaTypu. OHaK Taka CTpaTeris Mae 1 CBOi OCOOJIMBOCTI: 3HUKEHHS TeMIIepaTypu
MOBITPS HA TPUBAIHMM Yac MPU3BOJUTH JI0 OXOJIOPKCHHSI MAaCUBHHUX €JIEMEHTIB OyaiBIi,
110 BUKJIMKAE CYTTEBE MiIBUIIEHHS TEIIOBOIO HABAHTAXKCHHSI B MOMEHT TTOBEPHEHHS J10

KOM(OPTHOT TeMIepaTypH.
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Ha pucynky 4.15 mpoaHani3oBaHO BIUTUB JEHHOTO Ta HIYHOTO MOHIKEHHS
TEMIIEpaTypd Ha HaBaHTAXCHHS Ha CHCTEMY ONAJICHHS BIPOJOBXK JBOTHKHEBOTO
3WMOBOTO Tiepiomy misi oO0'eKTiB 3 miBAeHHOIO (pucyHOK 4.15a) Ta MIBHIYHOIO
(pucyHok 4.156) opieHTalissM{d 30BHIIIHIX CTiH. BapiaHTu 3 pi3HUMH CTpaTerisiMu
3HIDKEHHSI TEMIEpaTypyd TMOPIBHIOIOThCS 3 0a30BUM BapiaHTOM Oe€3 peryiroBaHHS.
Pesynprat HaBeneHO [UIsI OJHAKOBUX KOHCTPYKTHBHHMX XapaKTEPUCTHK OTOPOI-

JKYBaJIbHUX KOHCTPYKIIIH (TOBIIMHA 30BHIIHBOI cTiHU 0,51 M, BHYTpimHBO1 — 0,255 M).
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be3 noHuXxeHHs Temnepartypu, TOBLLIMHA HECYYOTrO LLAPY 30BHILLHLOI CTiHM: 0,51 m
MOHUXEHHS TEMMNEPATYPU BAEHD, TOBLLLMHA HECYHOTO LLIAPY 30BHILLHLOI CTiHM: 0,51 m
MOHMXKXEHH: TEMNEPATYPU BHOUI, TOBLLIMHA HECYHOT O LLIAPY 30BHILLIHBOI CTiHKM: 0,51 m
——— TemMneparypa 30BHiLLHbOrO MOBITPS
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Aataiyac (MMm/AATT)

Be3 MoHm>XeHHs Temneparypu, TOBLLMHA HECYYOrO LLAPY 30BHILLHBOI CTiHM: 0,51 m
MOHMXKEHHS TEMMNEPATYPU BAEHD, TOBLLIMHO HECYYOTO LLIAPY 30BHILLHbLOI CTiHM: 0,51 M
MOHMXKEHHS TEMNEPATYPU BHOYI, TOBLLIMHA HECYHOT O LLIAPY 30BHILLIHBOI CTiHKM: 0,51 M
—— —-Temneparypa 30BHILLHbOTO MOBITPA
6. [MH opieHTALL

Pucynok 4.15 — HaBaHTa)XeHHS HA CUCTEMY OMNAJIEHHS 3 TOHUKEHHAM TEMIIEpaTypH
BHYTPIIIHHOTO MOBITPsl BHOYI: a. [IiBJileHHa opieHTallis 30BHINIHIX CTiH; 0. [liBHIYHA

Opl€HTAalllg 30BHIMIHIX CTiH. (BHYTpiHI cTiHu: 0,255 m)
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Jns mpumilieHHs 3 MiBJAEHHOK oOpieHTaliero (pucyHok 4.15a) xapakTepHOIo
OCOOJIMBICTIO € YITKO BUpa)X€HE MiJABUIICHHS TEIUIOBOI'O HABAaHTAXKEHHS BPaHIIi, MiCJIs
3aBEpIICHHS TEpiOAYy HIYHOTO TMOHIDKEHHs TemmepaTypu. IlikoBe 3HadeHHs
HABAHTAXKEHHS, 1110 BUHUKA€ B MOMEHT B1JIHOBJICHHS 10 KOM(QOPTHOTO PiBHSI, IEPEBUIILYE
SK BapiaHT JCHHOTO 3HIDKCHHS, TaK 1 0a30By MOJEINb 13 CTAJOK0 TeMIepaTyporo. [lenHe
MOHIKEHHS, HABIAKH, JEMOHCTpPY€E OLIbII 3T KEHUHN MPO(]1sib, OCKUTBKH B1THOBJICHHS
TeMIlepaTypu BiI0YBa€TbCA MPOTATOM JICHHUX TOJIMH, KOJIA B MIBJICHHUX MPUMIIIEHHSIX
MPUCYTHE COHSYHE TEIUIO, IO JO03BOJIIE 3HU3UTH HAaBaHTAXCHHS HA CHCTEMYy. Y
MOPIBHSHHI 3 000Ma CIleHapIIMH, MOJC/Ib 0€3 MOHMKEHHS TeMIepaTypu 3abe3nedye
CTaOUIBHIMINN PIBEHb TEIJIOBOTO TIOTOKY, OJIHAK BIH € BUIIIUM IIPOTATOM YChOTO TIEPIi0y.

VY BUnNaaKy MiBHIYHOI opieHTalli (pUCYHOK 4.150) BIUIMB HIYHOTO MOHM)KEHHS Ha
MIKOBI HABAaHTAXXEHHS 1€ MOMITHIMUN. Yepe3 BIJACYTHICTb COHSYHOIO TPHUILIUBY,
TEIJIOBTPATH TIiJ] YaCc HIYHOTO 3HIKCHHS BTPAdCHA TEIJIOBA €HEPTis KOMIIEHCYIOTHCS
BHUKJTFOYHO 32 PaXyHOK omnajeHHs. Lle mpu3BoauTh 10 3pOCTaHHS HaBAaHTAXEHHS 3paHKY.
JleHHE TIOHIKEHHS TaKOXX CIPUYUHSE JOJATKOBI MIKHU, OJHAK BOHU MAalOTh HIDKUY
1HTEHCUBHICTb 1 OUIBII M KM XapakTep. Y cepeHbOMY OOWJBa CUEHApli NOHMKEHHS
TEeMIIepaTypyu MPU3BOASITH O 3MEHIICHHS HABAHTAXKEHHSA, MPOTE IIHOI 3POCTaHHS
1000BUX KOJIMBAHB 1 p13KOr0 HABAHTAXKEHHS Y (ha3l BiTHOBJICHHS.

TakuM YWHOM, HaWOUIbII IHTEHCHUBHI TMIKOBI HAaBAaHTAaXXEHHSI CIIOCTEPIrarOThCs
came TMpU HIYHOMY MOHWXEHHI TeMIepaTypHu, OCOOJMBO B MPUMIIICHHSIX 3 MIBHIYHOIO
opieHrailiero. Ile cTBoproe M0JATKOBI BUMOTH JO MOTYXHOCTI CHCTEMH OIMAJICHHS 1
MIJKPECTIOe  HEOOXITHICTh O00Epe)HOTO BIPOBAHKCHHS CTpATETid  MOHWKCHHS
TeMIIepaTypHy, 3 ypaxyBaHHSM OpI€HTAIlli, TEIUIOAaKyMYJIFOIOYOi 3/IaTHOCTI Oy[iBm Ta
MOXKJIMBOCTEH CHCTEMH. Y I[bOMY KOHTEKCTI JOUUIBHUM € BIPOBAKCHHS TUIABHOTO
PETYIIIOBAHHS TEMIIEPATYPHOTO PEXUMY («IIJIABHUX ITYCKIBY ), K1 JO3BOJISIOTh YHUKHYTH
pPI3KOrO0 3pOCTaHHS HABAHTAXXCHHS B MOMEHT BIJTHOBJICHHS TEMIIEpATypH IMiCJIs
NOHMWKEHHSA. Taki MiIX0aW MOXYTh 3HAYHO 3HHM3UTH IIIKOBE HABAaHTAKCHHS Ha
oOnajHaHHS, 3MEHIIWUTHA KOJWBAHHS TEMIEPAaTypy Yy TMPUMIMICHHI Ta MiABUIIUTH

3arajibHy e(peKTUBHICTh POOOTH CUCTEMHU OMaJICHHS.
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Jns OIIHKK BIUTMBY oOpieHTaIlli OyaiBii Ha e(QEeKTUBHICTH JEHHOI cTpaTerii
3HUKEHHS TeMmrepaTypu OyJio IpoaHaIi30BaHO TEIIOBUM OajaHC y MICSYHOMY PO3pi3i
JUISL MOJIeJiel 3 TMIBJACHHOIO Ta MIBHIYHOIO OpieHTani€eo (pucyHok 4.16). Yci cuenapii
nepeadavyaroTh OJHAKOBI KOHCTPYKTHUBHI XapaKTEPUCTHUKHU: TOBIIMHA 30BHIIIHIX CTIH
0,51 m, BHyTpimHIX — 0,255M, yMOBH 10 TEpMOMOJEpHI3aIlii, JCHHE 3HWKCHHSI

temriepaTypu Ha 3 °C.

Tenaosui NoTik, BT
Tenaosui noTik, BT

a 0.
B 30BHILLIHI CTiHW BryTpilwHa cTiHa 1 BryTpilwHa cTiHa 2
B BHyTpiLLHSA CTiHa 3 B BHyTpILLIHA Niasora BHyTpiLLHA CcTeAs
E BikHa IHdbiabTRaUIR CoHsg4Ha eHepria
CucTemm OCBITAEHHA Ao B [1o6yTOBI NpHUACAM

B CucTtemda OnaAeHHs:

Pucynok 4.16 — TenoBuii 6anaHc penpe3eHTaTUBHOT KIMHATH B MICSTYHOMY PO3pi3i:
a. [loHmwKeHHs BHYTPIIITHLOI TEMIIEpATypH MOBITPS BICHb, [111 opieHTAallis, TOBITMHA
HECydJoro Imapy KOHCTPYKIIi 30BHIMHBOI cTiHU: 0,51 M, 70 TepMOMoaepHi3allii
0. [ToHnkeHHs1 BHYTPIIIHBOI TEMIIEpATypHy MOBITPS BlIeHb, [IH opieHTalisl, TOBIIMHA

HECydJoro Imapy KOHCTPYKIIi 30BHIMHBOI cTiHU: 0,51 M, 70 TepMoMoaepHi3allii

Ha pucynky 4.16a (miBaeHHa Opi€HTAIlis]) CHOCTEPIra€ThbCsl 3HAYHUN BHECOK
COHSIYHOTO BUIPOMIHIOBaHHS B TEIJIOBUM OajaHC, 3 YITKO BUPAKECHUMH JICHHUMU
nikamu. e 103BosIs€ 3MEHIINTH HABaHTAXKCHHS HA CUCTEMY OIaJICHHS B ICHHUN Yac Ta
aKTHBI3y€ MEXaHI3M akyMyJsiii Teruia. [IoMiTHO TakoX MOCHUJIEHUN TEIUIOBHM MOTIK
Yyepe3 BHYTPIIIHI OTOPOIKYBaIbHI KOHCTPYKIIii, IO CBIAYUATH PO €(PEKTUBHY Biagady

HAKOIMWYEHOI €Heprii B Mepioid 3HUKEHOTO TEIUIONOCTa4aHHs. Taki KOHCTPYKIIi He
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JIVIIIIE 3TIIAKYIOTh T0O0BI KOJIMBAaHHSA, a i OEpyTh y4acTh Y TIepeHECeHH] Ha/UTUIITKOBOTO
TerJia B 4aci.

Ha pucynky 4.1606 (miBHIYHA Opi€HTAIlis) BHECOK COHSYHOI €HEprii MpaKTUYHO
BIJICYTHI, TOMY CHCTEMa OIaJieHHSI 3a0e3ledye€ OCHOBHY YAaCTHHY TEIUIOBUX
HAJXO/KeHb. BoaHowac, HaBITh 3a YMOB BIJICYTHOCTI 1HCOJSIII, TOMITHUM €
3rJa/DKYBaHHS JTOOOBHX KOJMBAaHb 3aBISKH POOOTI BHYTPINIHIX OTOPOKYBaTBLHUX
KOHCTpyKIiH. [le Bka3dye Ha iXHIO 3/IaTHICTh CTaOLIi3yBaTH MIKPOKJIIMAT MPHUMIIIEHb
HUIIXOM TEIUIOBOT 1HEpIIii, X0 1 6€3 30BHIIIHIX JKepet MiKUBICHHS.

TakuM YMHOM, BHYTPIIIHI KOHCTPYKIIi BIIrPalOTh BAXJIUBY POJIb HE JIMIIE 5K
MPOBIIHUKY TEIUIa MK MPUMINICHHSMHU, ajle ¥ SK aKTUBHHUM eleMeHT 30epiraHHs Ta
Nepepo3noATy €Heprii, OcoOaMBO €(QEeKTUBHUM Yy TIOENHAHHI 3 JUHAMIYHUMU

CTpaTeI‘i}IMI/I PETYIIIOBAHHA TCMIICPATYPH.

4.2  AHaJji3 BIULIMBY BiAK/JII0YEHb ONAJICHHS HA TEIUIOBi IOTOKH Yepe3

OrOPO:KYBaJIbHI KOHCTPYKUIil

VY cyyacHMX yMOBax MUTaHHS MEpPEpB y MOCTauyaHHI TEIUIOBOi eHeprii HaOyBae
0co0nuBOiI akTyanbHOCTI. [lepepBu B mocTayaHH1 TEMJIOBOI €HEPTii MOXKYTh BUHHMKATU
yepe3 aBapiiiHi CUTYaIlii 3 METO0 30epeeHHs eHeprii a0 uepe3 30BHIIIHI (pakTopu, Taki
K HECTaOLIbHICTh €HEPreTUYHOI CUCTEMH Mij yac BiiHU B YKpaini. MacoBaH1 pakeTH1
yAapu 1O EHEpPreTH4YHIM 1HPPAaCTPyKTypl MNPU3BOJATH A0 IUIAHOBUX 1 aBapldHUX
BIJIKJIFOYEHb, 1[0 BUMAra€ peTeibHOTO aHaii3y yMOB OyjiBelb B YMOBAax BiJCYTHOCTI
Terionoctayands. KpiM Toro, BaXJIMBUM € pPO3YMIHHS BIUIMBY KOHCTPYKTHBHHUX
0co0MBOCTEM OyMiBENIh Ta MOXKIJIMBOCTI 1X afanTariii 0 moai0OHUX yMOB.

HezanexxHo BiJ NMPUYMHM, TUMYACOBE MPUIIMHEHHS POOOTH CHCTEMHU OMAJICHHS
CTBOPIOE KOJIMBAHHA MapaMeTPIB JUIsl MIKPOKIIIMATY Ta €HEProe()EeKTUBHOCTI SIK OKPEMUX
MPUMIIIEHB, TaK 1 Oy/IiBIIl 3arajJoM.

VY 11bOMY KOHTEKCTI AyK€ BaXXJIMBO OLIIHUTH MACUBHY TEPMIUHY CTIMKICTh Oy1BIIi,
TOOTO 3[IaTHICTh OTOPOJKYBAIBHUX KOHCTPYKI[IH YTPUMYBATH TEIJIO Ta CIIOBUIbHIOBATH
IPOLEC OXOJOJKEHHS BHYTPIIIHBOTO cepenoBuina. s mpuilHATTS OOIpyHTOBaHUX

pillIeHb IIO0/I0 MPOEKTYBAHHS, MOJAEpHi3allii ado amanTaiii Oy/iBenb 10 HECTaOUIbHUX
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PEXKHMIB eKCIUTyaTallii, HeoOXiHa KiJIbKiCHA OIlIHKA TEIJIOBUX BTPAT y JWHAMII MICIISI
MPUIUHEHHS POOOTH CUCTEMH OTAJICHHS.

Y Mexax MbOro PO3AUTY PO3TIIAIAIOTHCS CIIEHapii MOBHOTO ab0 YaCTKOBOTO
BIJIKJIFOYECHHSI ONTAJICHHS Y 30HaX, 110 J03BOJISIE JOCTIANTH, K 3MIHIOETHCS TEMITEpaTypa,
a TaKOX BIIKJIIOUEHHS B CyMIKHIM 30H1, KOJU OMAJCHHS BIJCYTHE JIUIIEC B CYCITHBOMY
MPUMIIICHHI, 1 JOCHIIKY€EThCS, SIK 1I€ TIO3HAYAE€ThCSI HA HABAHTAKEHHI Ta CTIO)KMBAaHHI
TEIJIOBOI €HEprii B aKTUBHIHN 30HI, 1[0 MEXYE 3 HEIO.

AnHaniz 0a3yeTbcs Ha MOJENIOBaHHI YTEIUIEHOT OyAiBiIl 3 MacCHBHUMU
OTOPOJKYBAJIbHUMHU KOHCTPYKIIISIMH, 110 € TUIOBOIO KOH(Irypaliew s 00’ €KTIB, K1
MPOMIIIM YaCTKOBY TEPMOMO/IEpHi3allito. bazoBa Mojienbs Mae HacTyITHI TapaMeTpu:

3oBHiIHI cTiHM: 1erasHa Kiaaka ToBimHOK 510 MM (2 mermm) 3
TEIUIOBOISIIMHIUM 1apoM MiHepanbHoi Batu 0,1 M; 3araJibHU TEIUIOBHIA OIIip
R =3,31 (Mm*K)/Br.

Bikna: eHeproeekTuBHI  JIBOKaMEpHI  CKJIOMakeTh 3  Koe(dilieHTOM
terionepenaui U = 0,73 Bt/m?K.

BHyTpimHi cTiHK: UErIsgHI IeperopoaKy TOBIIHUHOK 255 MM (1 merma).

Temneparypuuii pe:kuM: B HOPMAJIbHUX yMOBaxX TeMIIEpaTypa BHYTPIIIHHOTO
noBiTps nocriitHa 20 °C.

Cuenapiii BIJKIIIOYCHHSI OIMAJICHHS MOJIETIOETbCS Ha 15 CiyHA — JeHb, 110
3HAXOJHUTHCS B CEPEAMHI OMATIOBAJIBLHOTO CE30HY, KOJIM TEeMIIepaTrypa 30BHIINTHHOTO
NOBITPS € CTa0lIbHO HU3BKOK. BHOip 1€l gatu oOrpyHTOBAaHO TUM, IIO came B LeH
nepios] BiIOyBaeThCS MaKCHMAJIbHE TEIJIOBE HaBaHTa)XCHHS Ha OyiBIIIO, a OT)Ke W Ha
ESHEPreTUYHY CUCTEMY, IO TBUIIYE€ HMOBIPHICTH BiAKIIOUeHb. KpiMm TOTO, 11€ 103BOIISIE
OLIIHUTH HAWTipmmil cueHapii 3 TOYKM 30py TEIIOBTpaT Ta €QEeKTUBHOCTI
TEIJIOAKYMYJISIIMHUX BIACTUBOCTEN KOHCTPYKIIIi.

Jns ananmizy Oyno 3MOJENbOBAHO ITSITh CLEHApIiB eKCIUTyaramii OymIiBii 13
BapialisiMi y poOOTI CHUCTEMHU ONAJEHHS Ta HASBHOCTI BHYTPIIIHIX TEIJIOBUILICHb
(;rrou, OCBITIEHHS, MOOYTOBI npuiaau). OIiHKa MPoBeACHA OKPEMO ISl TIBJIEHHOT Ta

M1BHIYHOI OPIEHTALIA JOCIIKYBAHOTO TPUMIIICHHS:



poboTH (omajgeHHs, MPUCYTHICTh MEIIKAHIIIB Ta €JIEKTPOIPUCTPOIB);

(GYHKIIIOHY€ HOPMAJIBHO;

30epiraroThCs BHYTPIIIHI TETUIOBUIALICHHS;

JIIOJICH 1 JKepes Teria BiJICYyTHS.

. BigkimroueHHs omaneHHs y AOCTIKYBaHIH 30Hi,
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. bazoBuii pexuM: yci npumiieHHs GyHKIIIOHYIOTh Y HOPMaJTbHOMY PEXKHUMI

. BigkirodeHHs omaneHHs y CyMDKHIM 30H1, IPU IIbOMY JOCIIIJPKyBaHa 30HA
. BigkmouenHs omnajeHHsS y BCiid OymiBimi, aje MENIKAHIN 3aJUIIaf0THCA,

. IloBHE BIOKIIOYEHHS: KOJHE MPHUMIIICHHS HE OMAIOETHCS, MPUCYTHICTD

3BejieH1 apaMeTpu KOKHOTO CILIEHapii0 HaBeAeHO y Tabnuii 4.1, e mo3HaueHo

aKTUBHICTh 3MIHHHMX mkepen temna: C.O. — cucrema onaneHus; JL

O. — ocBitienHs; [1. — moOyToBi mpuiaau.

Tabmuug 4.1 — YM0BH clieHapiiB aHaliI3y B yMOBaxX BiIKJIIOYEHb

TIFOIH;

Ng JocnimxyBaHa 30Ha CyMikHa 30Ha PengyI;?:JI;iTHp M
Co.|J. | O. | IL (CO.|J. | O | Il. |CO.| J. | O. | IL
1. v v v v v v v v v v v v
2. — - - - v v v v v v v v
3. v v v v - - - - v v v v
4. — v - - - v - - - v - -
5. — — — — — — — - — - - -

VYci MmoaentoBanHsa BUKOHaH1 3 BukopuctanusaMm EnergyPlus [63] — mporpamuoro

CepelloBuIla, K€ 3a0e3leuye AMHAMIYHE BpaxyBaHHS 3MiH TeMIIEpaTypH, TEIJIOBUX

MOTOKIB Ta BHYTPIIIHIX HaBaHTaXE€Hb y 4acoBOMY po3pisi. Lle 103Bossie 3 BUCOKOIO

TOYHICTIO OIIHUTH, SIK TOBOAWTH cebe OyaiBias y BHUIAAKaX pPAaNTOBUX 3MiH

TEIJIONOCTaYaHHs Ta sIK €(EeKTUBHO MPALOIOTh MACUBHI MEXaHI3MHU TEIJI030€pEKEHHS.
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4.2.1 /IuHamika TeMIepaTypu BHYTPIlIHHOT0 MOBITPS il Yac MOBHOI0 200

YaCTKOBOI'0 BiIlK.]IIO‘leHHﬂ OImaJICHHA

3HIKEHHST a00 TOBHE NPUIUHEHHS POOOTH CHCTEMH OINAJECHHA KPUTUYHHMA
ClieHapii, KM BUMarae rMOOKOro aHami3y 3 TOYKHU 30py O€3MeKH Ta €HEepPreTUYHOI
crabimpHOCTI OynaiBii. B ymoBax Ham3BHYalHUX CHUTyallii, Takux sgK mepedoi B
CHeprorocTayaHHi, aBapii Ha TerIoMepexax 4u Ae(iluT najanuBa, MPUMIIICHHS MOXYTb
3amuIaTUCsl 0€3 LEHTPaTi30BaHOIO TEIJIONOCTaYaHHsI BIPOAOBK TPUBAJIOro yacy. B
TaKUX BUNAJKaX BU3HAYAJIbHE 3HAUCHHS Ma€ 3/IaTHICTh Oy/iBIIi 30epiraTu Terio, TOOTO
MAaCHMBHA TEIJIOBA 1HEPIIMHICTh KOHCTPYKI[HM 1 BIUTMB 30BHINIHIX YAHHUKIB (1HCOJISIIISA,
1H(D1IBTpaIlis, TOIIO).

VY uboMy Mipo3A1Ii IPOaHaII30BaHO TEMIIEPATYPHUN PEKUM Y PUMILLIEHHI MICIIS
BIJKJIFOUEHHS OMNAJEHHsI MPOTIrOM OINaIOBaJIbHOrO mepiony. JociiKeHHsS OXOIUTIOE
JIBa OKPEMHMX YaCOBHX IHTEpBAJIM: CIYEHb-TIOTUM (MK XOJIOAHOTO CE30HYy) Ta
JUCTONAA-TPyAeHb (TTOYAaTOK ONaIIOBAJILHOIO Ce30HY). Lle 103B0sIs€ OLIIHUTH TOBEAIHKY
OPUMIIICHHS B YMOBaX SIK HAWHKYUX TEMIIEpaTyp, Tak 1 B MEPEXiTHUN Mepiojl, KOJIU
TeMIIepaTypa 30BHIIIHBOIO MOBITPS KOJIUBAETHCS MOOIU3Y HYJIA.

MopnentoBaHHsT BUKOHAHO OKPEMO JUIsl TIBJICHHOI Ta MIBHIYHOI OpieHTarli, 3
ypaxyBaHHSIM BIUIMBY 1HCOJIALIl. AHaII3ye€ThCs AMHAMIKA 3HKEHHS BHYTPIIIHBOT
TeMIepaTypy MICJs panTOBOrO MPUIMHEHHS MOJadl TEerja, a TaKoXX BIIMIHHOCTI MIX
CIIEHapPisIMU TTOBHOTO Ta YaCTKOBOT'O BIAKIIOYCHHSI.

AHaJti3 pe3ysbTaTiB A03BOJSIE 3pOOUTH BUCHOBKH IIOAO0 TEIMJIOBOI 1HEPIIIHOCTI
OTOPO/DKYBAJIbHUX KOHCTPYKIIIM, pOJI BHYTPIIIHIX TEIUIOBUIJIEH, 1 COHSYHOTO
TEIJIONOCTAaYaHHs y MIATPUMaHH1 MPUHHATHUX YMOB JUIsl IepeOyBaHHS JIIO/Ie HaBITh Y

pa3i aBapiiHOTO BIJKIIOUEHHSI CUCTEMU OMAJICHHS.

Cuenapiii 4aCTKOBOI0 BIIKJIIOUEHHS ONaJIeHHs

JInst OLHKM TEMJOBOi 1HEpUiHOCTI OyAiBal Ta TEeMIEpaTypHUX yMOB B pasi
YaCTKOBOTO MPUIMHEHHS TEIUIONOCTayaHHs, OyJO0 3MOJIEIbOBAHO CLIEHApId MOBHOTO

BIJIKJIFOYCHHSI OMAJICHHS B JIOCIIKYBaHIN 30H1 3 15 CiyHS — mepiony 3 HaWHIKIUMU
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TeMrepaTypaMu 30BHIIIHBOTO MOBITPs (pucyHOK 4.17). Ilpu nbomy perta npuMilieHb y
OyIIBIII 3aJMIIATIUCh Y HOPMAJIbHOMY PEXHMI POOOTH, IO JO3BOJISIE OIIHUTH BILIUB

TEIUIONepeadl yepe3 OropoHKyBaibH1 KOHCTPYKIIIT.
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Temneparypa 30BHILLHBLOrO NoBgiTP4, °C

Pucynok 4.17 — TemniepaTypHi yMOBH B IPUMIIICHHI MPY BIAKIIOYESHH] OMAJICHHS B

JOCITIJIKYBaH1{ 30H1 /ISl IEP1OAY ClYEHBb-TIOTUN

AHani3 rpadika CBIJUHTH, 0 Y HOPMAJIbHOMY PEXKHUMI POOOTH TeMmIepaTrypa B
000X Opi€HTAIISAX 3AIMIIAETBCSA CTaOLIbHOIO, OMm3bko 20 °C, He3aJaeKHO Bia 3MIH
30BHIIIHBOTO MOBITpA. Ilicis BIAKIIOUEHHS OMajieHHs, TEMIlepaTypa B AOCIIHKYBaHIN
30HI TMOCTYMOBO 3HWXKY€EThbc. [IpuMillieHHS 3 TIBICHHOIO OPIEHTAINEI0 JEMOHCTPYE
MEHIIIE OXOJIOJDKEHHS Yy TOPIBHAHHI 3 TIBHIYHUM BapiaHTOM, IO TMOSCHIOETHCS
JOJJATKOBUMHU COHSAYHUMH TEIUIOHAIXO/DKeHHAMH. [IpoTe, HaBITH y NiBICHHOMY
BUIAJIKy TeMIIepaTypa BHYTPIIIHBOTO TMOBITPsA 3HWXKYEThcs 10 17-18 °C mpoTtsirom
KUTBKOX /110 MICJIS BIIKJIFOYEHHS.

VY pasi miBHIYHOI Opi€HTalli MaJiHHS TEMIEpaTypu € OUIbI BUPAKEHUM 1
cTaOlIbHUM. Y cepeAHbOMY, TEMIEpaTypa B MIBHIYHOMY MPHUMIILIEHH] 3aIMIIAETHCS Ha
0,5 °C HWXKYOI0, HIXK Yy TIBACHHOMY, & B TIEPIOAM MiABUIIEHOT COHIYHOT aKTUBHOCTI 1151
pizHuIsE Moxe csratu o 2 °C, mo 4YiTKO BioOpakae BILIMB 1HCOJISAII HA TETJIOBUMN

PEXKUM TPUMIIIICHHS.
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[TomMiTHO TaKOX, 110 y 000X BUMAAKAX 3HUKEHHS TeMIIEpaTypu BiJI0yBAETHCS HE
CTpUOKOMOAIOHO, a 3 3aTPUMKOIO B Yacl, 110 CBIIYUTH MPO 3HAYHY TEIUIOBY 1HEPLIHHICTD
KOHCTPYKIIHN 1 1X 3aTHICTh 3a0€3MeYNTH MEBHUI PiBEHb TEPMIUHOTO KOM(OPTY HABITH
y BIZICYTHOCTI aKTUBHOT'O OIaJICHHS.

TakuMm yuHOM, 32 pe3yJibTaTaMd MOJEIIOBAHHS MOXXHa 3pOOUTH BHUCHOBOK, IO
IpU YaCTKOBOMY BIJK/IIOUEHHI OMAJEHHS B YTEIUICHHX OYIIBISX 3 MAaCHBHUMHU
KOHCTPYKISIMA TEMIIepaTypa IMOBITPS B MPUMIINIECHHI 3aJIUIIAETHCS HA JOIYCTUMOMY
piBHI TIPOTATOM IMIOHAMMeHIIe KiutbkoXx mi0. Ile mo3Bosisie BUTpaT 4Yac AJIS BIKUTTS
aBaplIMHUX 3aX0/11B 200 BITHOBJICHHS pOOOTH CUCTEMH OMAJICHHS 0€3 KPUTUYHOTO BILIUBY
Ha KOM(DOPT Ta Oe3MeKy KOpUCTyBayiB.

Ha pucynky 4.18 npencraBieHo 3MiHy TeMIepaTypu MOBITPS y MPUMILIEHH] 3a
YMOBHM BIJCYTHOCTI TEIUIONOCTA4aHHAd B IMepioJl JucTonag—TpyaeHsb. Lleit eran
JOCIIIJKEHHSI JO3BOJISIE  OLIHWTH 3JaTHICTh OydIBII MIATPUMYBAaTH NPHUUHSITHI

TEMIIepaTypHI YMOBH MPHU MTOCTYIIOBOMY OXOJIO/IPKEHH1, XapaKTEPHOMY JJI1 MI)KCE30HHS.
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HopMaAbHUI pexum poBoTH, NIBAEHHO OPIEHTALLIA

HopmanbH1I pexrm poBoTH, NiBHIYHA OPIEHTALLS

BiAKAIOYEHHS ONAAEHH S B AOCAIAXKYBOHIM 30Hi, MBAEHHA OPIEHTALLS

BiAKAIOYEHHS ONMAAEHHS B AOCAIAXKYBOHIM 30Hi, MiBHIYHO OPICHTALLA
— — —-TemMmneparypa 30BHiLLHbOTO MOBITPS

Pucynox 4.18 — TemmnepaTypHi yMOBH B IPUMIIICHHI TPU BIAKIIOYCHH] OMAJICHHS B

JOCHTIKYBaH11 30H1 1JI MEPI10y JIUCTONAA-TPYACHb

Y nouatkoBwuii epioa (Tepii JH1 JIUCTOMNAAA) TEMIIEpaTypa B IPUMIIIICHH] HABITh
0e3 omaneHHs 30epiraeTbes Ha piBHI 19-20 °C ms miBaeHHoi opienTanii 1 18-19 °C mns

MIBHIYHOI, IO MOSICHIOETbCS HEBUCOKMMH 30BHIIIHIMM BTpataMm. Y MIpY 3HWKEHHS
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TEMIIEpaTypd 30BHINIHBOTO TOBITPS  BiOYBA€TbCA TIOCTYNOBE  OXOJOIKCHHS
BHYTPIITHBOTO MPOCTOPY, OJTHAK TEMITH 3HIKEHHS HE € KpUTUYHHUMU, 1 HaBiTh 10 KiHIIA
nepiofy TemMieparypa B IpUMIIIEHH] He onmyckaeTbes Hux4ae 16 °C.

VY miBAeHHIA opieHTaIli BHJAHO J000BY JAMHAMIKy TeMIepaTypH, 30Kpema
nigsuieHHs 10 18-19 °C y coHsiuHI AHI, IO CBIAYATH MPO AKTUBHE BUKOPHCTAHHS
MAaCUBHUX HAJIXO/HKEHb COHAYHOI eHeprii. HaToMicTp y MiBHIYHOMY MPHUMIIIEHHI TaKHX
MIKOBUX KOJIMBAaHb HE CIIOCTEPITaEThCA, 1 TEMIIEpaTypa CTabiIbHO 3aIUINAETHCS HUKIOI0
Ha 0,5-2,0°C. Ile me pa3 MIOKPECIOe BaXJIHUBICTh Opi€HTAIli y KOHTEKCTI

eHepFOHGSaHCH(HOCTi Ta C(i)eKTI/IBHOCTi ITAaCUBHOI'O OIIAJICHHI.

Cuenapiii IOBHOT0 BiIKJII04YeHHS OMAJICHHS

Pucynok 4.19 nemMoHCTpye 3MiHY TeMIEpaTypHHX YMOB y HPHUMIIIEHH] B pa3i
MOBHOTO BIJIKJIFOUEHHS OTaJeHHs B OyIiBJI1 HAa MPUKIIAJl ClYHA—T0TOTr0. Ha BimMiHy Bijll
YaCTKOBUX CILIEHApIiB, Y [bOMY BHIIQJIKy TEIUIONOCTAYaHHS NPHUIUHSAETHCSA HE JIMILIE B
JIOCIIIJIKYBaH1M 30H1, a i y BCIX 1HIIMX MPUMILIEHHAX Oy T1BJI1, 1[0 CTBOPIOE MAKCUMAJIBHO
HECHPUATIMBUI CLEHapid 3 TOYKH 30py TEIUIOBUX BTpaT. Takuil pexxum nae 3Mory
OLIIHUTH pealibHy TEIUIOBY IHEPUIMHICTh OYIiBIl Ta ii 34aTHICTH 30epiraTu TEIJIO B
YMOBaX HaJ3BUYaHHUX CHUTYaIlIH.

Ax BugHO 3 rpadika, MICAS BIAKIIOYEHHA cuUcTeMu omnaineHHsa (15 ciung),
TeMIlepaTypa B yCIX BaplaHTax MOYMHAE CTPIMKO 3HMXKYBATHCh. 32 YMOBH IPUCYTHOCTI
BHYTPIIIHIX JpKepen Teruia (JIioau, MoOyTOBI NpUJIau), JWHAMIKA OXOJIOHKCHHS
CHOBUIbHIOETHCA. Uepe3 4 aH1 Temneparypa 3HUKYeTbea mpubdauszHo Ao 15 °C, a yepes
nBa TwkHI 10 8-10 °C, B 3a/leKHOCTI Bija opieHTari. Y BapiaHTax 0e3 BHYTPIIIHIX
TEIUIOHAAXO/KEHb TeMIlepaTypa najae MWBUAIIE Ta TNKOIIe, JOCATalOYN PIBHS HIDKYE
9 °C HarnpukKiHIIi JIFOTOTO.

Temnepatypuuii npodinas MBASHHOI Opi€HTAallll, SK 1 paHille, BUTISIAE Kpallle,
30KpeMa B JACHHHUH 4ac, KoJid (DIKCY€eThbCs MIHATTA TemmepaTypu a0 1,5-2 °C Buie 3a

MIBHIYHY OPIEHTAIIIIO 3aBSKH HAIXO/PKEHHIO COHSYHOTO Terla.
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AaTaivac (Mm/ana

HopMAaAbHUI pexmm poBOTH, NIBAEHHA OpIiEHTALLA

HopMmanabHUI pexxmm poBoTH, NiBHIYHA OpIEHTALLIA

BiAKAIOYEHHS OMAAEHHS B YCit OYAIBAI 3 AKOABMM, MIBAEHHQA OPIEHTALLA
BiAKAIOYEHHS ONMOAEHHS B YCi1 BYAIBAI 3 AOAbMM, MiBHIYHA OPIEHTALLIA
BiaKAIOYEHHS OMOAEHHS B YCilt ByAiBAI 6€3 AlOAEN, NIBAEHHA OPIEHTALLIA
BIAKAIOYEHHS OMAAEHHS B YCilt BYAiBAI €3 AOAEM, MiBHIYHA OPIEHTALLIA
——— Temneparypa 30BHILLIHbOIO MOBITOS

-
—
—

Pucynok 4.19 — TemniepaTypHi yMOBH B IPUMIIICHH] MPU MTOBHOMY BIAKIIOYEHH1

omajeHHs JJIsl IEP10ay ClUCHb-JIFOTUI

Oco0nuBO BaXIJIMBHUM € TE, 1110 B YCIX CIIEHApisX TEMIIepaTypa 3aJuIIaeThCs BUILE
TOYKHU 3aMEep3aHHsI, 10 MiATBEP/KYE 0a30BY CTIHKICTh KOHCTPYKIIIT yTEIJIEHOT Oy IiBII1
JI0 BTpaTU TeIUla HaBITh Yy KpU30BOMYy pexumi. BogHouac, y pasl TpuBasioro
BIIKJTIOUCHHsI 0€3 BIIHOBJICHHS JDKEPEN TeIula, PU3UKH 3HIDKCHHS TEMIIEpaTypH 0
KPUTUYHUX 3HAYEHb 30€pIraroThCsl.

TakyuM 4YMHOM, HaBITh 3a HAWTIPIIOTO CLEHAPIIO0 MOMITHOI 3aJUMIIAETHCS POJb
MACMBHUX JDKEpesn (COHIle, aKyMyJsIlis Terula KOHCTPYKIISIMH) Ta BHYTPIINIHIX
TEIJIOBUALIEHb, WO CIiJ BpPaxoBYBaTH IMpHU po3poOlll CTpaTerii eHepreTHYHOl
aBTOHOMHOCTI.

Ha pucynky 4.20 moka3aHo 3MiHYy BHYTPIIIHBOI TEeMIIEpAaTypH B MPHUMIIICHH] 3a
YMOB MOBHOTO BIJIKJIFOUEHHS OMAJICHHs B OYJIIBJI1 MIPOTATOM JicTOoNaAa Ta rpyans. Llei
nepioj] XapaKTepU3YeThCS MOCTYNOBHM 3HI)KEHHSM 30BHIIIHBOI TeMIlepaTypH, IO
JIO3BOJISIE  OI[IHUTH TEIUIOBY IHEpPUIWHICTH OydiBIl B yMOBax paHHBOI CTafll
ONMAJIIOBAIBLHOTO CE30HY, KOJIM OIaJIiEHHs HE MPAIlO€, ajie BTPATH TeIlla 3pOCTal0Th.

Ha Bigminy Bim rpadika s CiUHS-JTIOTOTO, TeMIeparypa B JOCITIIKYBaHOMY

NPUMILIEHH] 3HUKYETHCS OUIBII TJIaBHO — NEPEBAXKHO Y 3B A3KY 3 BUILIUMH 3HAUCHHSIMU
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30BHIIIHBOI TEMIIEpaTypyu Ha MOYaTKy mnepioay. BiacyTHICTh omanieHHS HE CIIPUUYUHSIE

MUTTEBOTO TEIJIOBOTO MPOBATy, aje MOCTYNOBE 3HWIKEHHS TPUBAE MPOTATOM YChOTO

mucTomana. B rpynHi TemmepaTypa Bke cTadim3yeTrhest Ha piBHI 4-6 °C mpu HasSIBHOCTI

BHYTPIIIHIX TEIJIOHAIX0KEHb, a00 2-4 °C 3a IXHbOI BiJICYyTHOCTI.
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Aataiyvac (MM/AATT)

HopMaAbHUI pexxmm poBoTH, NIBAEHHA OpiEHTALLA

HOpMAABHMI PEXMM POBOTH, MiBHIYHA OPIEHTALLS

BiaKAIOYEHHS ONMOAEHHS B YCil1 OYAIBAI 3 AIOAbMM, MIBAEHHA OPIEHTALLS
BiAKAIOYEHHS OMOAEHHS B YCil1 OYAIBAI 3 AKOAbMM, MiBHIYHA OPIEHTALLS
BIAKAIOYEHHS OMAAEHHS B YCilt BYAiBAI ©6€3 AIOAEN, MIBAEHHQ OPIEHTALLIA
BiAKAIOYEHHS OMOAEHHS B YCil1 ByAiBAI B€3 AIOAEW, MIBHIYHA OPIEHTALLIA
——— Temneparvoa 30BHiLLIHbOrO MOBITOS

Pucynok 4.20 — TemniepaTypHi yMOBH B IPUMIIIEHH] IPY TOBHOMY BIAKIIOYEHHI1

OTTaJICHHS /IS IEP10AY JTUCTOMA-TPYACHb

Cuenapii 3 MBACHHOIO OPIEHTAIIEI0 IEMOHCTPYIOTh BUIILY CEPEAHIO TEMIIEPATYPY
(ma 0,5-1 °C), ocob6sMBO B JIEHHI TOJUHHU, 1110 CBITYUTH MPO BHECOK COHSIYHOTO TeIljia
HaBITh y TEpPioJ KOPOTKOro cBiTioBoro mus. lleit edexkr noOpe MOMITHHUI y BUTIISIL

NeploIMYHUX MiKIB HA rpadiKy, BIACYTHIX y BaplaHTaxX MiBHIYHOI Opi€HTALII].

4.2.2 BruiuB BIAKJIIOYEHHS ONAJEHHA B CYMi’KHMX 30HAX HA HABAHTAYKEHHSI

Ta CMOKMBAHHSA TEILUIOBOI eHeprii penpe3eHTATUBHUMY NPUMillIEHHAME

VY peanbHUX YyMOBax eKCIUTyartaulii OaratokBapTHUpHUX OyAiBelb ONaJeHHS
OKpEeMHX MPUMIIIEHb a00 KBapTUP MOXKE OyTH YaCTKOBO a00 MOBHICTIO BIAKIIOYEHE 3
1HILIaTUBY MEILIKAHIIB, Yyepe3 aBapii, abo 3 MeTo eHepro3depekeHHs. Taki 3MiHH y

TEIJIOBOMY OajaHCli OKpEMHUX 30H MOXYTh O€3M0CepeqHbO BIUIMBATH HA CYMIXKHI
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NPUMILICHHS, K1 3aJIMIIAIOTHCS ONATIOBAHUMH. 3HID)KCHHSI TEMIlepaTypu B OAHIN 13
KBapTHUP BUKJIMKAE MEPEPO3NOILT TEIJIOBUX MOTOKIB Yepe3 BHYTPIIIHI OTOPOIKYBaJIbHI
KOHCTPYKIIIi, 10 MPU3BOAUTH O AOJATKOBOTO HABAaHTAXCHHS HA CUCTEMY OMAJICHHS Y
CYCIHIX 30HaX.

Y mpoMy MmAPO3AUTI  TPOAHANI30BaHO BIUTMB  BIAKIIOYCHHS CYMDKHUX
OPUMILIEHHSAX Ha pPoOOTY CHUCTEMHU OMNAJEHHS B JOCTIIKYBAaHHUX 30HAX. 30KpeMma,
PO3IIISIA€THCA:

- 3MiHa MOTOYHOT'O HAaBaHTAXKCHHS Ha CUCTEMY OTaJICHHS;
- CE30HHE 30UIbIIIEHHS TEIJIOBOTO CIIOKUBAHHS;
- PI3HMIISA MIX MIBJEHHOIO Ta MIBHIYHOIO OPIEHTAIIEI0 MPUMIIIEHHS.

Metoro aHamizy € OIllHKa MacimTaly J0JaTKOBOTO E€HEPrOCHOXKUBAHHS, SIKE
BHUHUKA€E Yepe3 J0AATKOBY BTPATy TEIUIa Yepe3 BHYTPILIHI OrOPOKyBajIbHI KOHCTPYKIIii
0 CYMDKHHMX 30H, Ta HaJaTH OpPIEHTOBHY OLIHKY MOTEHUIMHUX PHU3UKIB MpHU

JIOBFOTPUBATIOMY JIOKQJIbHOMY B1JIKJTIOUEHHI.

AHaJIi3 HABAHTAKEHHA HA CHCTEMY ONAJIeHHS

VY pamMkax IOCIHIJKEHHs BIUTUBY JIOKAJIBHOTO BIJKIIFOUEHHS OMAJICHHS BaXKIIMBO
MPOaHaNI3yBaTH HE JIMIIE 3MIHY TeMIIepaTypu B 30Hi, /i€ MPUIIMHEHO M0/1avy Teria, aje
M peakIilo CyMDKHMX NPHUMIIIEHb, SIK1 MPOJOBXKYIOTh onamtoBaTucs. llepenaya temna
yepe3 BHYTPIIIHI OTOPOKYBaJIbHI KOHCTPYKIlI CTa€ JOJATKOBHUM JIPKEPEJIOM BTpaT
eHeprii, a omke 1 (aKTOpOM 3pOCTaHHS HABAaHTAXXCHHS HAa cUCTeMy omnaneHHs. [l
neMoHcTpalii 1nporo edexty Ha pucynkax 4.21 ta 4.22 momaHo 3MiHY TEIJIOBOTO
HABAHTAXKEHHA B JOCTIPKYBaHIM 30H1 JJI CIIEHAPIIO, KOJU B CYMDKHOMY MPUMIIIEHH]
BIJIKJIFOYEHE OmasieHHs. J[aHi moJaHo OKpeMo IS MiBJACHHOI Ta MIBHIYHOI OpleHTAIlii
IPUMILICHb.

Ha pucynky 4.21 mnpeacraBieHO 3MiHY TEIUJIOBOTO HAaBaHTAKEHHS Ha 30HY
MIBJACHHOT Opi€HTAIlli B yMOBaX BIJKJIIOYEHHS OMAJCHHS B CYMDKHOMY MPUMIIIEHHI.
[Tounnarouu 3 15 ciuHs, KOJIM MOJAEIIOETHCS BTpATa TEIUIONOCTaYaHHs B CYCIHIN 30Hi,
CTIIOCTEPITAETHCS YITKE 3pOCTAHHS HABAaHTAXKECHHS HA CUCTEMY OIAJICHHS JTOCIIKYBAaHOT

KIMHaTH. Y TIOpIBHSHHI 3 0a30BUM pPEXHUMOM, CEpPEAHE HABAaHTAKEHHS B YMOBax
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NOPYIIEHOTO TEIJIOBOro OanaHcy 3poctae mpubiauzHo Ha 18,2%, 1m0 CBITYUTH MO
CYTTEBE JOAATKOBE TEIJIOBE INi/HUKUBJICHHS CYMDKHOI OXOJIOJDKEHOI 30HH depes
BHYTpIIIHI KOHCTPYKINi. J[0O0BI KOMMBaHHS 3alUIIAIOTHCS Maike Ha TOMY K PIBHI,
OJIHAK 3arajlbHUil piB€Hb HABAaHTAKCHHS CTAOUIBLHO MiABUILYETHCA, (DOPMyIOUM CTaTy

TEIUIOBY IlepeAayy A0 XOJIOJHOI JUISHKH.
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AdTaivac (MM/AATT)
BiAKAKOYEHHS OMOAEHHSA B CYMDKHIN 30HI
HopMmanabHUIN pexmm poBoTr

Pucynok 4.21 — 3MiHa HaBaHTa)KEHHS HAa CUCTEMY OIAJICHHS MTPH BIIKIIOYEHHI

OTaJICHHS B CYMIDKHIN 30H1 JIJIs MIBACHHOT Opi€HTAIT |

Ha pucynky 4.22 mpeicTaBlICHHMA aHAJOTTYHUN CICHApid IJI1 30HU IIBHIYHOI
opieHTallii. CrocTepiracrbCsi cxoka AWHAMIKA: micas 15 CiyHS HaBaHTaXXEHHsS Ha
CUCTEMY OIaJeHHsl CTaOUIhHO TMepeBUIllye Oa30BHIl piBEHb, a CEPEIHIA MPUPICT
HaBaHTAXXEHHS CTAaHOBUTHL OJM3bKO 16,2%. [le nemo Huxk4Ye, HK y BUMAAKY MiBAESHHOI
Opi€HTaIlli, TMpOTe MIATBEP/KYE TOW caMHil €(peKT TEIUIOBI BTpAaTH JI0 CYMINKHOTO

HEOMAIIOBAHOTO MIPOCTOPY KOMITEHCYIOTHCS 3 OOKY CyMIKHOI ONaTIOBAHOI 30HHU.
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AdTaivac (MM/AATT)
BiAKAKOYEHHS OMOAEHHSA B CYMDKHIM 30HI
HopMaAbHUM pexmnm poboTm

PucyHnok 4.22 — 3MiHa HaBaHTa)KEHHS HAa CUCTEMY OIAJICHHS MTPH BIIKIIOYEHHI

OTMAJICHHS B CYCITHbOMY MPUMIIIEHH1 JUIsI MIBHIYHOT OpieHTAIli1

TakuM 4YMHOM, OTpUMaH1 pe3yibTaTH JAEMOHCTPYIOTh, IO HAaBITh JOKAJIbHE
BIJIKJTIOUCHHSI OTAJICHHSI B MEKaX OJIHI€1 30HU MPU3BOJUTH J0 TOMITHOTO MTEPEPO3MOILTY
TEIJIOBUX MOTOKIB y OyAiBiil. Y pa3l MIBACHHOI OpIEHTAIlIl CepeIHE HaBaHTAXKCHHS Ha
cucteMmy omnajeHHs 3poctae Ha 18,2%, mng miBHIYHOI — Ha 16,2%, 110 TIATBEPIKYE
BHUCOKY YYTJIMBICTh CYMDKHHUX MPHUMIIIEHB JI0 BHYTPIIIHBOT TEIUIOBOT B3aeMO/Ii1l. SKIo
MPOEKTOM ab0 eKCIUTyaTallliHUMH pEeKUMaMu HE TiependadyeHo KOMIEHCAIlIHHUX
MEXaHI13MiB, TakKl JOJATKOBI BTpaTH TelJla MOXKYTh CTaTU MPUYMHOIO MEPEBAHTAXKEHHS
JOKaJIbHUX  CHCTEM, HEpPIBHOMIPHOTO TIPOTPiBYy Ta  3HWIKEHHA  3arajbHOl
eHEepProePeKTUBHOCTI.

3 mo3wuiii eHepreTHyHOro OanaHCy 1€ O3Hayae, MO0 OJHAa BUMKHEHA 30HAa MOXKE
MIJIBUIIUTH CHEPTOCIIOKHUBAHHS HE JIMIIE JIOKAIBHO, a 'y MacmTabi Beiei Oymaisii. Le
CTBOPIOE PU3WKH HEKOHTPOJHOBAHOTO 3POCTaHHS TEIUIOBUX BTPAT 1 YHEMOXKIIUBITIOE
MPOTHO30BaHy POOOTY PETYIIOIOUUX MPUCTPOiB. Y KOHTEKCTI Cy4YaCHUX BUKIIMKIB
(eHepreTMYHOiI HECTAOUIBHOCTI, aBapii Ta BHCOKMX Tapu]iB) HEMOOIIHKA TaKUX

CIIEHap1iB MOYKE MaTH SIK TEXHIYHI, TaK 1 eKOHOMIYH1 HACJI1KH.
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AHaJIi3 CIOKUBAHHS €HePril CHCTEMOI0 ONAJIeHHS

3 ornsgy Ha TOMEpeaHl pe3yjbTaTH, MOXXHA 3pOOUTH BUCHOBOK, IO B pasi
JOKAJIbHUX BIJKJIIOYEHb OTMAaJICHHs JOJaTKOBI HABaHTA)XKCHHS HA CHCTEMY 3YMOBJICHI HE
JUIIe MHUTTEBUMH 3MIHAMHM TEIJIOBUX IIOTOKIB, & ¥ HAKONUYYBAIbHUM €(QEKTOM
JI0JJaTKOBOTO EHEPrOCIOKUBAHHS IMPOTATOM Yychoro mepiogy. Came TOMY KOPHUCHUM
Oyne KiabKiCHa OITiHKA 3MiH Y CHOKHBaHHI €HEPrii CHCTEMOIO OIaJIeHHS BHACIIIOK
nepeadi Tersa 4yepe3 BHYTPILIHI CTIHHU 10 CYMDKHHMX OXOJIOKCHUX 30H.

Jlyis OUTBII MOBHOTO PO3YyMIHHSI HACHIJKIB JIOKAIBHUX BiJIKIIIOUYEHb OMAJICHHS Y
0araTo30HHUX MPUMIIIEHHAX OYJI0 MpoaHalli30BaHO Oe3mocepeaHii BIUIMB Ha piyHE Ta
MICSIYHE CTIOKUBAHHS €HEPTii B CYMIKHUX ONalitoBaHuX 30Hax. Ha pucynkax 4.23 ta 4.24
HABEJICHO Pe3yJIbTAaTH MOPIBHIHHS CIIOKUBAHHS CHEPTii CHCTEMOIO OTAJICHHS Y BUTIAAKY

BIIKJIIOUCHHSI OIaJieHHs B CYMDKHIM 30H1 I MIBICHHOI Ta MIBHIYHOI Opi€HTAIlIN

BIJIIIOBIIHO.
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CiveHb AOTUM bepeseHb KgiteHb KoBTEHD AmcCTOnaA loyAeHb
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HopMaAbHUIA pexxmm poBoTH BiAKAIOYEHHS OMAAEHHS Y CYMDKHIM 30HI

Pucynok 4.23 — 3pocTaHHs CIIOKMUBAHHS €HEPTii CUCTEMOIO OMaJIeHHs IPU

BIJIKJTFOYCHHI OTAJICHHS y CYMDKHIN 30H1 JIsl IBJEHHOT Opi€HTAITi1

HaiiGinpIie 1o1aTkoBe HABAaHTAXXEHHS CIIOCTEPITAEThCS Y MIPKCE30HHS — y KBITHI
(3poctanusa Ha 43,3%) Ta xOBTHI (3pocTtaHHs Ha 26,4%). Y uel mepion cucreMa

OMaJICHHS IpaIllO€ Ha MiHIMAJIbHUX PIBHAX, TOXK HaBITh HE3HAYHA JIOJATKOBa BTpaTa
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TeIa Yepe3 BHYTPIIIHI KOHCTPYKIII CYTTEBO 3MIHIOE CHEPTETUYHUI OanaHc. Y XO0J0/Hi
MICAIll BIUTMB BiMYYTHWH, ajie MEHII KOHTPACTHHIA: 3pOCTaHHSA y TPYyJHI CTAaHOBHUTH
17,1%, y motomy — 17,8%, a Haiimenmie B ciudi (5,7%). Taka nuHaMika CBITYHTH PO
Te, IO OCHOBHA YacTWHA TEIJIOBHX BTpPAT y IMIK 3WMH MPHUIAJA€ HA 30BHIIIHE
CepeIOBHILIE, & HE Ha CYMDXKHI 30HH, TOMY €(EKT BiJl BHYTPIIIHBOI TEIUIONEpEadi CTae

BITHOCHO MEHIII IIOMITHHM.
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HopMaAbHUIA pexxmm poBoTH BiAKAKOHEHHS OMAAEHHS Y CYMDKHIM 30HI

Pucynox 4.24 — 3pocTanHs CIIOXKHBAHHS €HEPTii CUCTEMOIO OTaJIeHHS PH

BIJIKJTIOUCHHI OTAJICHHS Y CYMDKHIM 30H1 JIJIS TTIBHIYHOT Opi€HTAIi1

JInst miBHIYHOI Opi€HTALll] 3arajibHa TEH ICHIIIS aHAJIOT1YHA, TPOTE CIIOCTEPITraEThCs
JIENI0 MEHIIE BIJICOTKOBE 30UIBIIECHHS crioskuBaHHs eHeprii. CepenHe 3poCTaHHS st
MiBHIYHOT opieHTalii craHoButh 14,2%, mo geno MeHme 3a miBaeHHY (15,0%).
HaiiG1b11i BiAXUIEHHS 3HOBY (DIKCYIOTBHCSI B MIKCE30HHS: 3pocTaHHA Ha 25,0% y KBITHI
Ta Ha 22,9% y KOBTH1. Y 3UMOBI MicCAIIi 3pOCTaHHS CTaHOBUTH 5,1-15,8%, 1110 BiAMOBi A€
3arajibHii AuHaMilli. [le moB’s3aH0 3 BIICYTHICTIO COHSUHOTO TETJIOBOTO HAXO/IKEHHSI,
AK€ B TIBJAEHHIA 30HI YacCTKOBO KOMIICHCYE BTpPAaTU 1 TMIJABUILYE KOHTPACT MIiXK
CIICHapisIMHU.

3arajioM, aHaji3 MiATBEPKYE, 110 BIUIUB JIOKAIHLHOTO BIIKIIOYEHHS OMAaJCHHS Y

CYMDKHHMX 30HaX MPOSIBISIETHCS HE JIMIIE B KOPOTKOYACHOMY HABAHTAXKEHHI, ajie 1 B
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HAKOIMHWYyBaHOMY 3pOCTaHH1 EHEPTOCIOKUBAHHS MTPOTIATOM ONMAIIOBATIBHOTO Mepioay. Y
KPUTUYHUX YMOBax 1€ MOKE€ MaTW 3HAYEHHS JIJIS IAHYBaHHS PE3€pBiB MOTYKHOCTI Ta

PEKHUMIB KEpyBaHHS CHCTEMaMU OTIaJICHHSI.

BucnoBku 10 po3ainy 4

Y 1poMy po3aisii 0ysio IpoBeAeHO BCEOIYHY OIIHKY EHEPTeTHYHUX XapaKTEPUCTUK
XKUTIIOBOI OY[iBI MPHU BOPOBAKEHHI PEryJIOBaHHS TEMIIEPATYpHOTO PEKUMY Ta B
yMOBaxX aBapiiHUX CIIEHapiiB BIAKIIOUEHHs omnajiieHHd. OCHOBHA yBara HpHIUISIAcs
MOPIBHSHHIO PE3yJbTaTiB, OTPUMAHUX 3a JOIMOMOTOI0 CTAI[lOHApHOI Ta IWHAMIYHOI
MOJIeJIeH, a TAKOK aHaJI13y BHYTPIIIHIX TETIOBUX MPOIIECIB y IPUMIIICHHSIX MPU 3MIHHUX
peXMMax eKCIUTyaTali.

BcraHoBiieHO, IO JMHAaMiYHAa MOJEIb 3HAYHO TOYHINIE BiAOOpakae peajbHy
MOBEIHKY OyiBii, 30KpeMa 3 YypaxyBaHHSM IHEPIIHHOCTI MarepiajiiB, J000BUX
KOJIMBaHb TEMIIEPATYpPH, TEIJIOBOI B3a€MOJIi 13 CYMDKHUMHM TPUMIIICHHIMHU Ta
COHSIYHOTO BHUIPOMIHIOBAHHSA. Y TIOPIBHSHHI 31 CTalllOHAPHUM MIAXOAOM, SKUU
0a3yeTbcsi Ha (PIKCOBAaHUX TPAaHMYHUX YMOBaX, JUHAMIYHA MOJEb JI03BOJSE THYUYKO
BpaxoByBaTH BIUIMB pPI3HOMAHITHUX CIIEHApiiB pEryNIOBaHHSI Ta HECTaHIAPTHUX
CUTYaIIii.

OgHuM 13 KJIIOYOBUX HAMpsIMIB JIOCHIIPKEHHA OyJjia OILiHKa e(eKTUBHOCTI
TEMIIEPATypPHOTO perytoBaHHsA. byno mokaszaHo, 1mo:

o [TormwxkeHHs: Temnepatypu B ACHHUU TEPIOJ TO3BOJIAE 3MEHIIUTH PidHE
CIIO’KUBAHHS TETJIOBOi eHeprii Ha 18-22% 3anexHo Bija opieHTallli ¢acamay, MAaCUBHOCTI
CTIH 1 cTaHy Temioizoisauili. HaiBummii edeKkT crnocTepiraeTbCs MNpU BUCOKOMY
TEPMIYHOMY OTIOPY OTOPOKYBAJIIbHUX KOHCTPYKIIii, TOOTO B TEPMOMOIEPHI30BAaHUX
OyI1BIISIX.

o Hiune nmoHmXeHHs TeMIepaTypu JEMOHCTPYE JICIO BUILLY €(PEKTUBHICTD, 1
CIpusie 3MEHIICHHIO eHeprocrnokuBaHHs Ha piBHI 19-23%. HaiiBummii edexr
3adikcoBaHO y OYIIBISX 3 BHCOKOIO MAacCHBHICTIO, /i€ 3HMKEHHS TeMIlepaTypu BHOYI

KOMITEHCYETHCS aKyMYJISILIHHUMU MTPOLIECAMH.
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Takox BCTaHOBJIEHO, L0 TEPMOMOJEPHI3AIlisA, X0Ud 1 CYTTEBO 3HMKYE 3arajibHe
TEIJIOBE HAaBaHTa)XEHHS, BOJHOYAC 3MEHINYE MOTEHINAN JUIsi €KOHOMII 3a pPaxXyHOK
PETYIIIOBaHHS, OCKIIBPKY BIUIMB MOHIKCHHUX TEMIIEpaTyp BTpadae Bary depe3 BUCOKHUI
TEPMIYHHUM OIIpP OrOPOKYBATBHUX KOHCTPYKIIIH.

Oxpemuii OJOK AOCTIIHKEHH OYJIO0 MPUCBSIYCHO aHAi3y TMOBEIIHKH OyIiBIi B
yMOBaxX IOBHOTO a00 YacTKOBOTO BIAKIIOYEHHS omajieHHs. [lig wac imiTarii Takux
CIIEHapiiB BUSBJICHO:

o [1pu BIAKIIFOUEHH1 OTIAJICHHS JIMIIE Y CyMI>KHOMY MPUMIIIICHH] BIIOYBaEThCS
3pOCTaHHs TEIUIOBOTO MOTOKY Yepe3 BHYTPIIIHI CTIHH, 1[0 MPU3BOIUTH 10 AOJATKOBOTO
HABAHTA)KEHHS HA CUCTEMY OIAJICHHA B JIOCJIIXKyBaH1i 30H1 Ha 16-18%.

TakuM 4YMHOM, B3a€EMOJII MK CYMDKHUMHU TPUMIIIEHHAMH € KPUTHUYHO
BOXJIMBOIO /I (OpMYBaHHS TEIJIOBOTO OajaHCy, 1 i HEMOOILIHKa, XapakTepHa s
CIPOILIEHUX PO3PaXyHKOBUX MoOJieNiel, MOXK€ NPU3BOAUTH JI0 3HAYHUX MOXHOOK Y
TJIaHyBaHHI TETUIOMTOCTAYaHHS.

VY3aranbHeHO, pe3yIbTaTH AOCTIKEHb TOBOISTh, 110:

° JluHamiuHE MOJEIIOBaHHA € HEOOXIJHMM IHCTPYMEHTOM JUIS OIIIHKH
€(EeKTHUBHOCTI PEryjlOBaHHS CHCTEM OIAaJEeHHS, 30KpeMa TMpU BIPOBAIKECHHI
aJIaNTUBHUX CTPATETii y BI/IMOBIIb HA HECTAHAAPTHI YMOBH €KCILTyaTarlii.

) MacuBHICTh CTIH 1 OpieHTaIlis OyAiBiai MarOTh 3HAYYIIUA BIUTMB Ha
pPE3YJbTaTUBHICTh 3aXO/IB 13 E€HEpPro30EpekeHHs, OJHAK Il BIUIUB MOXKE OYyTH
MPOTUIICKHUM 3aJIEKHO BiJI CIIEHAPit0 (HANPUKIIAJ, y JEHHOMY Y HIYHOMY LMK, TIPH
BIIKJTIOUCHHSIX a00 CTaIuX peKUMax).

o OnTumanabHe EHEepreTUYHE TMPOEKTYBAHHS Ta MOJIEPHI3AIS >KUTIOBUX
OyniBenb Mae 0a3yBaTHCS HE JIMINE HA 3HMKCHHI TEIUIOBTpAT, aje M Ha IiJBUIICHHI
3MaTHOCTI [0 aKyMyJIsIlli Telia Ta THYYKOIO pETryJIIOBaHHA PEXHUMIB poOOTH
1HKEHEPHHUX CHUCTEM.

OTpumani pe3yJbTaTd MOXYTh OyTH BUKOPHCTaHI ISl BAOCKOHAJIICHHS METOIUK
€HEPreTUYHOro ayJuTy, PO3pOOKH HOPMATHUBIB 100 €HEProeEeKTUBHOCTI KUTIOBOTO
dboHay, a TakoXK PopMyBaHHS PEKOMEHIAIllM 040 e(PEKTUBHUX CTPATET1 OMaJeHHS Y

nepio/iv Kpu3 Ta HECTaOlILHOTO TETI03a0e3MeUYeHHS.
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BUCHOBKH

Hucepramiitna  pobota  OpHUCBAYEHA  JOCHIDKEHHIO  PO30CEPEIKEHHX
CHepreTUYHUX OaNlaHCiB y 00’€KTaK KIHIIEBOTO CHOKMBAaHHS EHEprii, Ha MPHUKIai
0araToKBapTUPHUX JKUTIOBUX Oy/iBElb, 13 3aCTOCYBAaHHSM CY4YaCHUX I1HCTPYMECHTIB
JUHAMIYHOTO €HEPreTUYHOr0 MOJICIIOBAHHS, 30KpeMa 3 BUKOPUCTAHHSIM IMPOTPAMHHUX
npoaykTiB EnergyPlus ta DesignBuilder. MeTtoro poGotu Oyno mornuOiieHe BUBYCHHS
BIUIUBY TEIIO(I3MYHUX XapaKTEPUCTUK OYIIBEILHUX KOHCTPYKIIIH, KIIIMAaTUYHUX YMOB
Ta PEKUMIB eKCIUTyaTallli Ha eHepreTWyHi OajdaHCh KOHAWIIIOHOBAHHMX 30H
0araToKBapTUPHUX KUTIOBUX OyiiBenb. JIMHAMIYHUN TIiAXi1 TO3BOJIMB BPaXxOBYBATH
3MIHHICTh 30BHIIIHIX KJIIMATUYHUX YMOB, IHEPIIHHICTh OTOPOHKYBAIBHUX KOHCTPYKIIiH
Ta BaplaTHUBHICTh PEXKUMIB €KCILTyaTallll OKpEMHUX 30H OyiBii, 110 3a0€3MeUnI0 OUIbIII
pEaNICTUYHY Ta TOYHY OIIHKY €HEPreTUYHUX IMOTOKIB, MOPIBHSHO 31 CTalllOHAPHUMU
METO/JAMH, SIKI HE MOXYTh MOBHOIO MIPOI BpPaxXyBaTH KOMIUIEKCHY B3a€MOJIIO BCIX
YUHHUKIB. YBary OyJio 30CEpeI’KEHO K Ha CTaHJApPTHUX PEKUMaxX eKCIUTyaTalii, Tak 1
Ha CIIEHApiAX YacCTKOBOTO a00 IOBHOIO BIJKIIOYEHHS CHCTEM ONAJCHHS, L0 €
aKTyaJbHUM B YMOBaX HaJ3BUYAHHUX CUTYalliil, 30KpemMa BIiCbKOBOI'O CTaHY.

PesynbTaTi 1OCHIIKEHHS TO3BOJIMIA BCTAHOBUTH OOTPYHTOBAHI 3aJI€KHOCTI M1k
KOHCTPYKTUBHUMH TapaMmeTrpamMu OyAiBii, peKMMaMHU ONAJCHHS Ta EHEPreTHYHUM
HAaBaHTXCHHSAM, IO Ja€ 3MOTY MIABHIIUTH TOYHICTh MPOTHO3YBAaHHS CIOKWBaHHS
TEIJIOBOI €HEprii Ta ONTHUMI3yBaTH CTpaTerii eHepro30epeKeHHs MPU MPOEKTYBAHHI Ta
PEKOHCTPYKIlT >KUTIOBUX OynaiBenb. HaykoBa po0OoTa CTBOprOE€ MIAIPYHTS IS
MIJBUIIEHHS €HEProeEeKTUBHOCTI KUTIOBOro (oHAY YKpaiHU, 30KpeMa B YacCTHHI
pPO3MOMUICHHS TEIUIOBOI €Heprii MK 30HaMu OYJiBII Ta YNPAaBISHHS PEXKUMaMHU
onajieHHd B OyAiBial a00 B KOHIUIIOHOBAaHUX 30HAaX OYIiBII.

1. Po3pobieno  neranbHy — MYJIbTH30HAIBHY  JIUMHAMIYHy  MOJEINb
0araToKBapTUPHOI KUTIOBOI OyAiBII, SIka BPaxoOBY€ IMOTOJWHHI 3MIHM KJIIMaTUYHUX
YMOB, pEKHMU €KCIUlyaTalli MNpUMILNIEHb, BHYTPIIIHI Ta 30BHIIIHI TEIJIOBI
HAJIXOJDKCHHS, 10 JT03BOJISIE TOYHIIIE MOJISTIOBATH PeaibHI MPOIECH TeIIonepeayi B

OYIIIBJISIX TIOPIBHSIHO 3 TPATULIMHUMU CTAIllOHAPHUMU TT1]IX01aMH.
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2. KoMIiiekcHO — TOCHIIPKEHO  BIUIMB — TEIUIOIHEPIIMHUX — XapaKTePUCTUK
OyIliBeIbHUX KOHCTPYKIIA Ha JUHAMIKY CIIOKMBAHHS TEIJIOBOI €HEprii B >KUTIOBUX
OyAMHKaX, 3 ypaxyBaHHSIM THUIOBHX ISl YKpaiHU KOHCTPYKTHBHUX OCOOJMBOCTEH Ta
HOPMATUBHUX BHUMOT, IO JI03BOJIMJIO BUSBHUTH JOJATKOBI pE3€pBH €KOHOMIi TETIOBOT
eHeprii NUIAXOM BpaxyBaHHS TEIUIOQI3UYHUX OCOOIUBOCTEH OTrOPOKYBATBHUX
KOHCTPYKIINA. BcTaHOBIEHO, 10 BpaxyBaHHS MAacHMBHOCTI 30BHIMIHIX CTIH JI03BOJISIE
I1JIBUIIMTH TOYHICTH OILIIHIOBAaHHS €KOHOMIi €HEprii Bijl 3aX0/IIB 3 EHepro30epeKeHHS 10
4%. JlonaTkoBe BpaxyBaHHS MACUBHOCTI BHYTPIIIHIX CTiH 301JIBIIYE 1}0 TOUHICTH I1I€ Ha
3-4%. 3acrocyBaHHSl CTAI[IOHAPHUX METOMIIB PO3PAXYHKYy MOXKE TMPU3BOJIUTU 10
CUCTEMATUYHOI TEPEOoIliHKA ab0 HEeAOOIIHKK €(PEeKTUBHOCTI TaKHX 3axo/diB 3
€HEPro30eperKeHHS.

3. [IpoBeneHO MOPIBHSUIBHHMM aHali3 CTalllOHAPHUX 1 JUHAMIYHMX METOIIB
OLIIHIOBAHHSI €EHEPreTUYHUX XAPAKTEPUCTUK OY[IBENIb, HA OCHOBI SIKOTO OOI'PYHTOBAHO
nepeBaru JUHaMI4HOTO MiAXO0Y, OCOOJIUBO ISl OLIIHKH JOIIILHOCTI HETUTIOBUX 3aXO0/I1B
3 eHepro30epeKeHHs 1 B yMOBaX YaCTKOBUX Ta MEPIOJUYHUX BIAKIIOUEHDb OMAJIEHHS, 110
aKTyaJdbHO IJIi CYYacHMX peajiii eKCIulyaTalli >KATIOBUX OyIUMHKIB B YKpaiHi.
3’4COBaHO, 10 3aCTOCYBaHHS CTAlllOHAPHUX METOAMK B YMOBax OJHOPIIHHUX
TEMIEPATYPHUX YMOB 1 CTAJIOTO PEKUMY OIAJICHHS Ja€ Pe3yIbTaT, 3aBUIlICH] Ha 8-9%
MOPIBHSHO 3 IMHAMIYHUM MojientoBaHHAM. [Ipy BIpoBaKeHH1 MepepruBYaACTHX PEKUMIB
OTMaJICHHS Ta HEOJHOPIIHUX TEMIIEPATyPHUX YMOB Y CyMIHUX 30HaX PO30DKHICTh M1k
pe3yJibTaTaMu CTalllOHAPHUX Ta JUHAMIYHUX METOJ(IB CTAaHOBUTH 25-30%.

4. 3anponoHoBaHO Ta anpoOOBaHO METOAM MapaMEeTPUYHOIO aHami3zy 3
3aCTOCYBaHHSAM METOIB JUHAMIYHOTO MojetoBaHHs. Po3poOneHuit miaxia 103BOJIsE
e(EeKTUBHO BapilOBaTH CHEKTP MapameTpiB, 3HAYHO CKOPOUYYIOUHM BUTPATH JIIOJACBKUX
pECYpCIB 1 yacy Ha OIIHIOBAHHS 3aXO1B 3 €HEPro30epeKeHHSI.

5. BcTaHOBIEHO KIJBKICHI OLIHKM MIX €HEProClOXXUBAaHHIM OyAiBil, il
OpI€EHTAIlI€}0, MACUBHICTIO 30BHIIIHIX Ta BHYTPIIIHIX OFOPOIKYBaJIbHUX KOHCTPYKIIH 1
COHSIYHUMH TETUIOHAIXOKCHHSIMHU, K1 JO3BOJISIFOTH PO3LITUPHUTH 1 JCTaTI3yBaTH TT1IX0U
710 po3pOOKHM pEKOMEH ALl 1Jisi MPOEKTYBAHHS Ta PEKOHCTPYKLIT )KUTIOBUX OyAiBENb 3

METOI0 MaKCUMaJbHO €(EKTHBHOTO BUKOPHUCTAHHS COHSYHOI €HEepTrii SK MacHBHOTO
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JoKepena Teria. BctanosieHo, 1o Oy 1iBii 3 O1UIbIII MACUBHUMH 30BHIIIHIMU CTIHAMH Ha
MIBHIYHIM Opi€eHTallli CrokuBaroTh Ha 24-35% MeHIle TEIIoBOi eHeprii, MOPIBHIAHO 3
MEHIII MacHMBHUMH KOHCTpyKUissMu. Ha miBaeHHIN opieHTalii 10JaTKOBa E€KOHOMIs
CTaHOBUTH 1Ie 1-2%, 3aBOsgKku e(eKTy TeIIoBOi aKyMyJsllii CTIH Ta MiABUIICHUM
COHSIYHHUM TETUTOHAIXO/IKCHHSIM.

6. BukoHaHO eTanbHy OIIHKY BIUIMBY HEPIBHOMIPHUX TEMIEPATYPHUX YMOB
y CYMDKHHMX TMPUMIIICHHSAX Ha BHYTPIIIHI TEIJIOBI IOTOKM Ta 3arajbHe
CHEPrOCIOKUBAHHS TMPUMIIICHb, M0 € BAXJIMBUM TNpH IDIAaHYBAaHHI 30HAJIBHOTO
peryJioBaHHs CHUCTEMH ONAJCHHS B yMOBax HEMOBHOI 3aMHATOCTI abo aBapiitHUX
crieHapiiB. BcTaHOBIEHO, 110 BIAKIIIOUEHHS OMAJICHHS JIMIIE Y CYMIXKHOMY PUMIIICHH]
CIOPUYMHSAE 3pPOCTAHHS TEIUIOBOTO TMOTOKY Yepe3 BHYTPIIIHI OropojHKyBallbHI
KOHCTPYKIIi, MABUIYIOYH HABAaHTAXKCHHS Ha CUCTEMY OMAJICHHSI JIOCHIIXKYBaHOT 30HU
Ha 16-18% (18,2% nna 30H miBAeHHO1 opieHTalii Ta 16,2% myist 30H MIBHIYHOI
opieHrarii). Ile mnpuU3BOAUTH 0 HAKONMUYYBAJIBHOTO  30UIBIIEHHS  PIYHOTO
CHEProCIOKUBAHHS y JOCTPKYBaHMX mpuMimieHHsx Ha 14,2-15,0%. Otpumani
pe3ynbTaTH € BAXJIUBUMHU 11 TPAKTUYHOTO BHUKOPWUCTAHHS TIPW BIPOBAHKCHHI
30HAJILHOTO OOJIKY TeIJia, BCTAHOBJICHH] 1HAUBIYJTIbHUX JITYMIbHUKIB-PO3MOILIIEHUKIB
Ta CIPaBeUIMBOMY PO3MO/ILII BUTPAT HA OMAJIEHHS MIX CIIOKUBAYaMH.

7. BusiBneHo mepeBaru Ta HEIOJIIKM 3aCTOCYBaHHs TpaikiB MEpioJUYHOrO
MOHIDKCHHST TEeMIIEPaTypH SIK 3aX0lly 3 eHeproz0epexeHHs. Pe3ynbratu JuHAMIYHOTO
MOJICITFOBAHHS ITiITBEP VI TIOTCHITIAJl 3MEHIIICHHS PIYHOTO €HEProCIOXKUBaHHS Ha 18-
24%, 3anexHo BiJ KOHQITYypallii mpuMillleHb, IPYU YMOBI 3a0€31eUeHHS HAJIEKHOTO PIBHS
TeII0BOro KoMQopTy mija yac nepedyBaHHs Jrojei. BoaHouac, BUSBICHO MOTEHITIHHI
HEJIOJIIKM TaKOTO ITiIX0Ty, 30KpeMa BUHUKHEHHS TOAATKOBUX MIKOBUX HABAHTAKCHb HA
cuctemy omasieHHs (3poctanHs Ha 8—10 %) mpu BiIHOBIIEHHI 10 HOPMAJIBHOTO PEKUMY
TeMIiepaTyp, 110 HEOOXIJIHO BpPaxOBYBAaTHU MpHU IJIaHYBaHHI 1 MPOEKTYBaHHI CUCTEM
TEIUIONOCTaYaHHs Ta KEPYBAHHSI OMAJICHHSIM.

8. [IpoBeneHo AOCHIPKEHHS JUHAMIKKA BHYTPINIHBOI TEMIEpaTypu Ta
€HEeproCIOKUBAHHS B YMOBaX MOBHOTO Ta YaCTKOBOTO BiJKIIOYEHHS CUCTEM ONAJICHHS 3

ypaxyBaHHSAM pPEAIbHUX TETUIOIHEPIIIHHUX BIACTUBOCTEH KOHCTPYKINM OymiBii, IO
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HAJ3BUYAHO aKTyaJIbHO IJIg OLIHKUA CTIMKOCTI OyJiBeNlb J0 KPU30BHX CHUTYyalliii B
yMOBaxX BINCHKOBOI'O CTaHy Ta HECTAOUILHOTO IMOCTa4aHHsS €Heprii Ta MOoJajbIIOMY
BUKOPHCTAHHI OTPUMAHUX PE3YJIbTATIB JOCIIHKCHHS MEPEXiTHUX PEKUMIB B OYIIBISIX
JUTSl HAJTAINTYBaHHS KEPYBaHHS CUCTEMaMU OTaJICHHS.

9. [3 3acTocyBaHHAM JWHAMIYHMX MOJIEJCH 3ampolOHOBAHO BH3HAYATH
CHEeproCIOKUBAHHA MPUMIIIICHh B YMOBaX 3MIHHM €KCIUTyaTaIlliHIX XapaKTePUCTHK, IO
JIO3BOJIAE  IMIJABUIIATHA  JIOCTOBIPHICTH Ta OOIPYHTOBaHICTh PO3pPaxyHKIB MpH
MPOEKTYBaHHI Ta PEKOHCTPYKINI >KUTIOBUX OymiBenb. Po3pobiieHi MeTomu MaroTh
MOTEHIIIAJI 1A 1HTerpallii y HallloHaJbHI CTaHJApPTH OLIHKUA €HEepProe(eKTUBHOCTI, a
TaKOXX MOK€ OyTH BHUKOPHCTaHA JJisi HAaBYAHHS CHUCTEM aBTOMATUYHOIO aJIallTUBHOIO
peryJItoBaHHs, 30KpeMa 3 BAKOPUCTAaHHSIM HEMPOHHUX MEPEX 1 IITYYHOTO iHTeNeKTy. Le
CTBOPIOE TEPCIEKTUBU JUIsl peanizamii edeKTUBHUX aJITOPUTMIB YIPABIiHHA, IO
aJanTylThCs 10 3MIHHMX YMOB eKcIUTyaTalii OyZiBeiab Ta MIJBHILYIOTH KOM(OPT
MEILKAHIIIB 32 MiHIMAJILHUX €HEPrOBUTpAT.

10.  PesynpTaTu nucepTaliiHOTO JOCHIKEHHS MIATBEPAKEHO TOBIAKOIO MPO
BrpoBaikeHHs, BugaHoto OChb «Ham gim Ha ["anana» ta KBanidikamiiinum neHTpom
"llenTp ~ MIATOTOBKM  €HEPrOMEHEKEPIB  HABYAIBHO-HAYKOBOI'O  1HCTUTYTY
eHepro3zoepexxennss Ta eHepromeHekMenty" KIII im. Irops Cikopcebkoro. 3azHayeHi
JOKYMEHTH MiATBEPKYIOTh NPUATHICTD 1 €)EKTHUBHICTh 3alIPONIOHOBAHUX METOIIB Ta
MoOJIeNield JTUHAMIYHOTO €HEPreTUYHOrOo MOJICTIOBAHHS JJi IUIAaHYyBaHHS 1 peaiizarii
KOMILJIEKCHMX 3aXOJlIB 3 TIJBUIIEHHSA €HEeproe()eKTUBHOCTI 0araTOKBapTUPHUX
KUTJIOBHUX OYyJiBENb, a TAKOX CBIAYATh MPO iX MPAKTUYHY IIHHICTh Ta MOTEHIIAN JI0

IMOJAJILIIOIO MIMPOKOI'0 3aCTOCYBAHHA.
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JOBIIKA
BIIPOBAJDKEHHS Pe3ybTaTiB AMcepTaliiiHol poboTn acnipanTa
Kadenpu TerIoBol Ta anbTePHATHBHOI eHEPreTHKH
HauioHansHOTro TeXHiYHOTO yHiBepcuTeTy YKpainu
«Kuischkuit nonitexuiynuit inctutyT iMeni Irops Cikopebkoroy

I'VPEEBA MAKCHUMA BSYECIIABOBUYA

B nuceprauiiiniii poboti I'ypeesa M.B. pociigxeHo BIUIMB po3nofileHnx
SHepreTHYHHUX IMOTOKIB y OyniBii, 30KkpeMa BpaxyBaHHS NPUPOAHOI BeHTHIIALIT,
IHQINBTPaUiHHUX BTPAT Ta BIUIMBY KOHCTPYKTMBHMX €EMEHTIB Ha 3arajibHe
TEIIOBE HABAHTAXCHHsA. BukopucTaHi MeTOAM €HepreTHYHOro MOJENOBaHHA Ha
ocHoBl nporpam EnergyPlus ta DesignBuilder mo3sonunu ouinuTd BapiaHTH
BeIHYHMHY MepeTOKiB MK 30HAMM/KBApTMpaMH XHTI0BOT OydiBmi s pisHHX
BApIaHTIB KOHCTPYKTHBHUX 0COG/IMBOCTE! Ta pesxuMiB excrutyaTtauii Gy aiBi.

Po3eunyTi B po6GoTi cydacHi niaxoau 1o aHalily eHepreTHUHUX OanaHciB Ta
TEIUIOBMX IIOTOKIB 4epe3 Oropo/UKyBalbHI KOHCTPYKLIi, 3 ypaxXyBaHHAM
Opi€HTallil, MAaCHBHOCTI Ta IIEPEPUBYACTUX PEKHMIB ONANEHHA, IO JO3BOJIMIM
IIPOBECTH  KOMIUIEKCHMH  €HepreTMYHMi aHajmi3 I8 pi3HMX  BapiaHTiB
TepMOMo/l1epHi3aniil OyaiBimi Ta peUMiB iHKEHEPHUX CUCTEM.

Otpumani y aociifikeHi pe3ynsTaTd MOXyTb Oytu Bukopucrani OCEB
"Ham gim #a [anana" ans miaHyBaHHs 3aXOJliB 3 eHeproeeKTHBHOCTI, B TOMY
YMCHl  JUIA  HalalUTYBaHHA poOOTH  IHAMBIAYaJIBHOrO TEMIOBOrO MyHKTY,
TEPMOPETYIATOPiB CUCTEMH OMajleHHs, MO CHPHsE MiABUIIEHHIO KOMGBOpPTY
MEUIKaHLiB Ta JI03BOJMTEL IPOTHO3YBAaTH BHTPATH Ha ONANEHHS I8 Pi3HUX
BapiaHTIiB excrulyaTalii CyciiHiX NpUMileHb/KBapTHP OYAHHKY.

Hanuii 1oKyMeHT He € NicTaBoo Uld (piIHAHCOBHMX PO3paxyHKIB.

Hupexrop OCBB “Hain jim Ha INanana”
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AOBIOKA

npo BNpoBagXeHHs pesynbTaTis AucepradiiHol po6oTu acnipaHTa
kadeapu TENNOBOI Ta anbTepHaTUBHOI eHepreTUKK
HaujonanbHoro TexHiuHoro yHisepcuteTy Ykpainu
«KuiBCbKWIA NONITEXHIYHWIA IHCTUTYT iMeHi Irops Cikopcbkoroy

'YPEEBA MAKCUMA BAYECIABOBUYA

Y nvceptauinHin poboti ypeesa M.B. npoBeaeHo AOCHimMKEHHSA
yNpaBniHHA pexuMamn onaneHHa B OyAiBnax, 30KpeMa aHania AuHaMIYHUX
MeTodiB OuiHkW akTopiB BNNAWBY Ha eHepreTudHy notpeby Ha OCHOBI
€HepreTU4YHOro MoAentoBaHHs. Po3rnsaHyTo MOXIUBOCTI onTuUMisauii poboTtu
CACTEM ONaneHHs LWNAXOM HanalwTyBaHHA TEPMOCTaTiB Ta BNPOBaMKEHHS
ajanTUBHUX PEXUMIB, LIO BPaxoBYOTb 3MiHHI ekcnnyaTauiiHi  ymoBM.
Pesynbtatn pocnimxeHHs no03Bons0Te 6Ginblu SKICHO BUKOpPUCTOBYBATH
eHeprito B ByaiBnsAx 3a yMOBWU BpaxyBaHHA MaCWBHOCTI Ta Tenno3axWCHUX
BNIaCTUBOCTEN BHYTPILWHIX | 30BHILHIX OropogXyBanbHUX KOHCTPYKLUil 3a
NOCTIMHUX Ta nepepuBYacTUX pexumax poboTU CUCTEMWU oOnaneHHs,
TemnepaTtypHNX PeXUMIB Y CYMDKHUX NPUMILLEHHAX TOLLIO.

Pospobneni B AucepTauii MeToauuHi  NiAXoAW BUKOpWUCTaHi  npu
CTBOPEHHI HaBYaneLHUX Martepianis Ans Nnporpam NiAroToBKU eHeproayauTopis
Ta ekcnepTie 3 eHeproedeKTMBHOCTI Oyaisens, opradisoBaHux y LleHTpi
nigrotokn exHepromeHemxkepis (LIMEM) HaBuanbHo-HAyKOBOrO iHCTUTYTY
eHeprosbepexeHHs Ta eHepromeHemkmeHTy HTYY «KMNl im. Irops
Cikopcbkoro». PekomeHpaauii  WoOAO HanawTyBaHHA TepMmocTaTiB  Ta
onTumisauii po6oTi onanoBanbHNUX CUCTEM 3aCTOCOBYIOTLCS Y HABYaANbHOMY
npoueci ans opmMyBaHHA NpodeciitHnx KOMNeTeHTHoCTen (axisuis y cdepi
eHeproedeKTUBHOCTI.

Lleir pokymeHT He € niacTaBoio ANs iHaHCOBUX po3paxyHKiB.

AvpexTop LINEM HH IEE
KMl imeHi Irops Cikopcbkoro
K.T.H., Aouy.,

EUREM UA-IEV-0001
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