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AHOTALIA

Tony6enko O.0. OrniHOBaHHS BIUIMBY MOBEAIHKOBO-EKCILTyaTalliiHUX (haKTopiB
Ha piBeHb eHeproeeKTUBHOCTI Oy/IBII 32 JOMOMOTOK JUHAMIYHOTO MOJICTIOBAHHS —
KgamidikamiitHa HaykoBa Ipalls Ha MpaBax PyKOITHCY.

Hucepramiss Ha 3M00yTTS HAyKOBOTO CTymeHs JokTopa (Qimocodii 3a
cnemianbHicTio 144 Temnoenepretnka. — HamioHanbHMI TEXHIYHMIM YHIBEPCUTET
VYkpainu «KuiBcbkuii mositexHiuHui iHCTUTYT iIMeHI1 Iropst Cikopchkoro» MiHicTepcTBa
OCBIiTH 1 Hayku Ykpainu, M. Kuis, 2024.

Y BcTymi aumcepTaiiii  BUCBITJIEHO aKTyaJdbHICTh TEMH JOCHIKCHHS Ha
CHOTOJHIIIHIN J€Hb Ta 3B'I30K POOOTH 3 HAYKOBUMH MPOTpaMaMH, IJIaHAMH i TEMaMHU.
ChopmynpoBaHO METy, HAyKOBE 3aBAaHHS, 00'€KT, IPEIMET Ta METOIU JOCIIiKEHHS,
BU3HAYCHO HAyKOBY HOBU3HY Ta TpPaKTUYHE 3HAYEHHS OTPUMAHHUX pE3YJIbTaTiB,
MPEICTABICHO JIaHI PO ampoOarlito aucepTarlii Ta HasBHI MyOmiKaIii 3 OKpPECICHHIM
0COOHUCTOrO BHECKY 3100yBaya.

[lepmmii po3ain  gucepTaiii MPUCBSIYEHO aHallily TEOPETUYHUX AaCIEKTIB
eHeproedekTuBHOCTI OyaiBenb. PO3MISHYTO psii KIIOYOBUX HOPMATUBHHUX JTOKYMEHTIB
[0 PETYJIOI0Th €HEepreTUYHy e(PEeKTUBHICTH Oy/iBeNb B YKpaiHi Ta B €BpOINeEiCcbKOMY
Corozi. Takox, MpoBeaeHO aHami3 psAAy MIKHAPOJHUX CHUCTEMH 3€JeHOi cepTugikaiii
OymiBenb, Ta TMpPOTrpaM 3 CHEPreTHYHOTO MOJEIIOBAHHSA OyiBenb. 3a pe3ylibTaTaMu
aHaJi3y mporpam 3 €HepreTUYHOTo MOjeiroBaHHs OymiBesnb oOpaHo DesignBuilder sik
OCHOBHUU JOKYMEHT JJISI TIOAAJIBIIIOTO JTOCIIIKSHHS.

BucsitieHo  OCHOBHI  HampsIMKH  Cy4YacHUX  JOCIDKEHb y  Tally3i
eHeproepekTuBHOCTI OyaiBenb. B Ykpaini nociikeHHI0 eHeproepeKTUBHOCTI Oy/IiBelb
OCTaHHIMHM pPOKaMH MPHUCBSIUYEHO Oarato HAyKOBHX poOIT, 30KpemMa WIOAO0 BIUIUBY
TEXHIYHUX TIOKpaIlleHb Ha eHeproeeKTUBHICTh Oy/IBEIb, a TaKOX JIOCIIKEHHS
TEIUIOBOTO KoM(opTy mnepedyBaHHS B mpuMilieHHAX. OcoOnuBy yBary MpUIIEHO
JOCIIDKEHHIO — TEIUIOBTPAT  4Yepe3  OropopKyBajbHI  KOHCTPYKINi, a  TakKoX
napaMeTpUYHOMY  aHalli3y BIUIMBY 30BHINIHIX 1 BHYTPIIIHIX (DaKTOpIB Ha
eHeproe(eKTUBHICTb OyiBeNb. 3aKOPAOHHI TOCTIIKEHHs, 30Kkpema B €Bpori Ta CIIA,

30CEPEKYIOThCS Ha MMAaCUBHUX OYHIBJISAX 1 OyIIBISAX 3 HYJIbOBUM CIHOXKHUBAHHSIM €HEPTii.
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[HIIMMY TONYASPHUMHU TEMAaMH TaKOX € EKOHOMIYHMM aHali3 MpU BIPOBAJKEHHS
3aX0[IB 3 €HEpro30epeKeHHs Ta BIUIMB MOBEIIHKH JIIOACH, 10 BUKOPUCTOBYIOTH
Oy/iBJIIO HA PIBEHb EHEPTOCIOKUBAHHS.

JlocnipKeHHsT  OXOIUIIOIOTh BC1  TUMM  OyfiBedab, NpPOTE JEeBOBa YacTHHA
JOCIIKEHb MTPUCBSIYEHA caMe )KUTIOBOMY (DOHY, OCKUIBKHU caMme Il Tpyra CIOKHBaviB
CHOXHUBAaE HanOuble eHeprii cepen OyaiBenb. Omisg HAayKOBHX POOIT MOKasye, IO
npobieMa eHeproeekTUBHOCTI Ta KOMQOpTHOCTI TmiepeOyBaHHS B OymiBIsSX 3
YaCTKOBOIO 3aHSATICTIO 3aJIMIIAE€TbCA HEIOCTAaTHHO BHUCBITIICHOIO, HIO0 pOOUTH i
NEPCIEKTUBHOIO TEMOIO JIJISl TOJAIBIINX JOCIHIIKEHb.

Hpyruit po3ain nuceprariii IPUCBSIUYECHUN OMKUCY 00’ €KTY JOCIIIKEHHS — OY/1BIII
mkonu B IBaHOo-®DpankiBebkiil o6macTi. HagaHo XapakTepUCTHKY apXiTEKTypHUM
0COOJIMBOCTEH, OTrOPOKYBaJbHUX KOHCTPYKIH, rpadiky eKcrulyaTalii Ta 1HIIMX
ocobnmmBOCTEN AocHimKyBaHOi OymiBmi. Tako, HajgaHe TIOACHEHHS, SIK B POOOTI
OTPUMaHI Pe3yJIbTaTH y3arajJbHIOIOTHCS Ha 1HII OyIiBIl K1,

Hanmani B po3nuni HagaeTbes OUIBIN ACTadbHUM OMMC OOpaHOI MpOTrpaMH 3
CHepreTUYHOro0 MOJENIoBaHHs OyaiBenb. ONUCYIOTbCA MPUHIMI POOOTH, OCHOBHI
BXIJIHI JIaHi, Ta MepeBaru BUKOpUcTaHHs kiiMaruuHoi 6asu IWEC. JletanbHo omucana
MaTeMaTH4Ha MOJENb, Koo po3paxyHkoBe sinapo (EnergyPlus) omepye ans oO6pobxu
naHux. Takok, HaJaHl YKCIOBI 3HAYEHHS OCHOBHHMX NapaMeTpiB Moneil B
DesignBuilder, Ta mpoBeaeHo ii Bepudikaiiiro. bazoBa Moaenb BUKOPUCTAaHA JJIsI OI[IHKH
BIUIMBY MIABHUILEHHS PiBHS Terwioi3oismii Oyaieni no sumor JIBH 2.6-31 2016 poky Ta
JABH 2.6-31 2021. 3a momoMororo AWHAMIYHOTO MOJEIIOBAaHHS BCTAHOBJICHO, IO 1I€
JIO3BOJISIE 3HU3UTH CTHOKUBaHHS eHeprii Ha omnaneHHs Ha 48,9% Tta 55% BiAmoBiaHO,
IpU JOBEJIEH] BCIX OTOPOKYBATbHUX KOHCTPYKIIH 10 MIHIMAJIbHUX BUMOT.

Tpetiil po3ia IPUCBIYEHO KOMIUIEKCHIM OIIHII BILIMBY BapiaTUBHOCTI PEKUMIB
OTIAJICHHSI Ha 3arajibHe €HEPrOCIOKUBAHHS, TEIJIOBUM KOMQOPT, a TaKOXK iX BIUTMB Ha
HEOOXIHY MOTY>KHICTh CHCTEM OMNaJieHHS B IIKUIbHUX OymiBmsx. Buseieno, mio
BUKOPHUCTAHHSI pEeKUMY omnajeHHs 3 nposajoM Ha 4 °C B HepoOoul TOJMHHU J03BOJISIE
3aommaauTH Big 23% 1o 27% eneprii Ha onajeHHs MOPIBHSHO 3 MOCTIMHUM OINaJCHHSM,

B 3QJIC)KHOCTI BiJl piBHS TEIUIOBOTO 3aXUCTy Oy/iBii. BcTaHOBIEHO, 110 pEryatOBaHHSA 3
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aHaJOTIYHUM MPOBAJIOM, aje 3a PO3KJIAaJOM WIKIJIbHUX 3aHATh J103BOJISE JOJATKOBO
3aomaaut 1,8-4,2% B MOpIBHSHHI 3 PEKUMOM OMNHCAaHUM BHUIIE. 3a pe3ylbraTaMu
MOJIETIOBaHb BCTAHOBJICHO, 1110 BIIPOBAHKEHHS PEKUMIB OMAJICHHS 3 IPOBAJIOM BUMAarae
30UTBIICHHSI TOTY>KHOCTI CHUCTEMH OMNaJeHHS [JIs KOMIIGHCAIlll TMepioay pi3Koro
nepexoqy BiJ TMOHWKEHOI Temmeparypu a0 pobodoi. BusiBneHo, mo mpu yTersieHi
OyaiBIIi 3 OMHOYACHUM BBEACHHSM OJHOTO 3 rpadikiB OmalieHHs 3 MPOBaJIoOM, HEOOX1aHA
NOTY>KHICTh CUCTEMHU OTAJICHHS HE MEPEBUILY€E aHATOTTYHUI MOKA3HUK JIJISl TOCTIMHOTO
OMaJIeHHS B BUMAJKy HEyTeruieHoi OyaiBii, 110 pPOOUTh KOMILJIEKCHE BIPOBAIKEHHS
YTEIUIGHHSI Ta PEXMMY 3 MPOBAJIOM OJIHOYACHO IYy>K€ MNEPCHEKTUBHUM 3aXOJIOM 3
eHEepro30epeKeHHs.

Jlnsg aHamizy BIUIMBY pEryllOBaHHA 3a pPO3KJIAJOM MIKUIBHUX 3aHITh Ha
KOM(pOPTHICTh mepeOyBaHHs JITE B NMPUMIIICHHI po3misiiaeTbes mapametp PMV. B
po3auTi oMy HamaHWil neranbHui ommc. Hamami, oOpaHO KyTOBE MPUMIIICHHS, IO
KOHTaKTy€, B OIMH 3 HaBYAJIbHUX JIHIB, 3 KJIACOM SIKHI HE EKCIUTyaTy€eThCsl Ha MPOTSA3i
BChOT'O JHS, TAKUM YUHOM, JOCIIIKYIOUM BapiaHT «HAMTIPIIOTrO CIICHAPiI0» POOUTHCS
BUCHOBOK NP0 BIUIUB PEXHMY Ha TepMiuHUN KOoMQoOpT. Pesynsrati MoaemtoBaHb
MOKa3yl0Th, IO 3HAYHOI pI3HUII mapameTpy PMV B TOpIBHAHHI 3 PEXUMOM 3
npoBajaMH B HEPOOOU1 TOJUHU HE CIIOCTEPITAEThCA.

3 omMcaHoro BUIIE aHali3y poOUTHCS BUCHOBOK, IO PETY/IIOBAHHS 32 PO3KIIAI0M
HIKIJTBHUX 3aHATh € TMEPCHEKTUBHUM 3aXOJIOM 3 €Hepro3OepekeHHs, Xxoda U
3a3HAYAETHCA, M0 peajizallisi TAKOTO 3aX0ay € HabaraTo OLIbIN CKIAJAHOKO 3a JBa 1HIII
omnucaHi rpadiku ornajgeHHs.

UeTBepTuii po3aia aHali3ye eKCIUIyararlito Oy/iBii IIKOJIM B YMOBaxX HEMOBHOI
3alHATOCTI. 3 METOI0 JOCTIKEHHS 3 yciel OyiBmi Oya0 BUOKPEMIIEHO KiacTep 3 I SITH
OPUMILIEHHS, CEpell IKUX IUIaHYEThCS eKCIUTyaTyBaTtu Tpu. Knactep mae popmy xpecra,
IO JO03BOJISE PO3MISHYTH HACTyMHI KOHQIrypamii po3MIIIeHHS MPHUMIIIEHb, IO
eKCIUTyaTyIOThCsI: TOPU30HTAJIbHE, BEPTUKAIbHE, KyTOBE 3 KOHTAKTOM 3 JaxoM (ajne 0e3
KOHTAKTy 3 MIJJIOTOI0 MO IPYHTY) Ta KyTOBE 3 KOHTAKTOM 3 MIJJIOTOI0 MO IPYHTY (aje
0e3 koHTakTy 3 gaxoM). Cama >k OyIiBJISI IIKONIH PO3MISAAETHCA Y 3aKOHCEPBOBAHOMY

BUDNISIAI, TOOTO CHUCTEMYy ONaJeHHS HE eKCIUTyaTyloTh, a oOOIrpiB MPUMIIICHb
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3a0e3Mevy€eThCsl 1HAUBIAYaTbHIMH €JeKTpoHarpiBadamu. llepiioueproBo po3risgaBcs
rpadik onajaeHHs MpH SKOMY B HEPOOOUl TOJUHH ONAJICHHS BUMUKAJIOCh MOBHICTIO, JJIS
MaKCUMaJIbHOI EKOHOMIT €Heprii.

JlocmipkeHHsT  PIYHOTO  CIIOKMBAaHHS — €Heprii  KoH(irypaiiid  po3MilleHHS
IPUMIIIEHb [T0KA3aJIo0, 0 Halle()eKTUBHILINM € BEPTUKAJIbHE PO3MIIICHHS MPUMIILICHb,
0 EKCIUTyaTyroThCs, Oymydn Ha 8,5% Ounbm e(eKTHBHOI 3a HANOMMKYy 10
CINOKMBAHHIO KYyTOBY KOH(QIrypamito Ta Ha 22% 3a TOpPU3OHTAIbHY. AHami3
KOM(OPTHOCTI JUIsI HAWXOJOMHIMIOI J00M JOCTIDKYBAaHOTO POKY IIOKa3aB, IO
BEepPTUKAJIbHE PO3MIIIEHHS € HAOUIbII €(pEKTUBHUM 1 3 TOUKH 30y IIbOTO MTapaMeTpy.

Jlunamika 3MiHHM TeMmIlepaTypd Ha Tpadikax HAIITOBXHYJa Ha JYMKY IO
nporpaMa MOXJIMBO — po3paxyBajia HaATO TMOTYXHY CHCTEMY OMAJIeHHS IO
HiATBEPAMIIOCH pPE3yJbTaTaMH MOJEIIOBaHb: TMOTY)XHICTh, MO0 Oylia po3paxoBaHa
nporpamMoro craHoBmia Omu3pko 10 kBT Ha mpumimieHHs. [ OmMHKKA MOMKJIUBOCTI
3alpOBa/KEHHS TAKOTO PEXUMY eKCIulyarauii OyniBii B pealbHUX YMOBaX, OyIo
IPOMOJICITbOBAHO HOPMAJILHUHN PEKUM €KCILTyaTallii 111 BUMAAKy HEYTeIUIeHO1 Oy/IiBIi,
1 MOTY>XHICTh PO3paxoBaHy B TaKUX yMOBax OyJ0 BCTaHOBJEHO B MOJENIb HETOBHOI
3afHATOCTI IIKOJH, Ta MPOBEICHO MOBTOPHUHN aHami3 komdopry. Crucrema omalieHHsS
HAaOMMKEHa [0 peajbHOI0 HE 3MOoria 3aJ0BUTBHUTH KOMGOpPTHI YMOBH HI 3a
nepepuBuacToro rpadiky omnajeHHs, Hi 3a rpadiky 3 mpoBajJlaMd Hi 3a MOCTIHHOTO.
Temmeparypa MoBITpsS B MPUMIIICHHSIX 3a MOCTIMHOTO rpadiky OIMaJIeHHS HaBITh JJIs
BUIAJIKy OyIiBIl 3 OTOPOKYBAaJbHUMHU KOHCTPYKIISIMH JOBEIEHUMH 0 Cy9acCHHX
HOPMAaTHBHHUX YMOB, B JIOCJIKyBaHy A00y He mepeBuinyBaia 12 °C B HalKkpamomy
BUTIAJIKY.

Hapani, nns BupimeHHs: cuTyaii OyJa0 po3DISIHYTO MOMIMIIEHHS: Pi3HUN PiBEHb
yTEIJIEHHS BHYTPIMIHIX CTIiH Ta MIJABUIIECHHS IOTYXXHOCTI OMNAaJ€HHSA, B CaMOMY
MPUMIIIEHH], @ TAKOX BBEJICHHS OMAJEHHS B CYyCITHIX MPHUMIMICHHIX I KOMITCHCAIIil
HU3bKOT CEpeAHbOl pajialliiiHol TemmepaTypd, IO BHHHKajla B MOMEPEIHIX
MOJICTIOBAHHSIX.

3axoau 3 OMAJICHHS CYCITHIX MPUMIIIEHb, HE JIHIIEC HE JOMOMOTIN TOCATHYTH

KOM(OPTHUX YMOB, ajie ¥ 3HAYHO MiIBUIIYBaJIM CIIOKMBAHHS €HEPrii, 110 BUKIIFOUUIIO iX
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JOIIBHICTE. Hagami Oysio mpoBeaeHO psiji MOECIIOBaHb JJIsl BCTAHOBIICHHS MIHIMAIbHOT
PEKOMEHIOBaHOT TOTY>KHOCTI ONAJIOBAIbHUX MPUIAAIB MPH BIPOBAIKEHI PEKUMY
HEMOBHOI 3alHATOCTI Oy/iBJi, Ta OTPMMAaHI HACTYMHI pPE3yAbTaTH: AJS HEyTEeIUIEHOI
Oymiemi — 33,14 Br/mM’; nna Oymieai 3 OTOpOmKyBaabHUMH KOHCTPYKIUSMH, IO
Bianosimarore MiHimMansHUM BuMmoram JIBH 2.6-31 2016 — 24 Br/mM*; MiHIManbHUM
sumoram JIBH 2.6-31 2021 — 22,57 Br/m’.

JIns OCHIJKEHHSI BIUIMBY YTEIUICHHS BHYTPIMIHIX CTIH Ha KOM(OPTHICTH
nepeOyBaHHS B MPHUMIIIEHHAX 3a YMOBU HEMOBHOI 3alHATOCTI, OyJ0 PpO3MISHYTO
YTEIUICHHS] MIHEpallbHOIO BaTOI0 3 KPOKOM 2 CM, 1 XO4a YTEIUIEHHS IO3UTUBHO
BIUIMBaJIO Ha moka3sHUK PMV, 100% xoM(popTHUX yMOB [JIs1 BCHOTO ONAIIOBAJIBHOIO
nepiofny He BIAJIOCh JOCSITH ,HaBITh, NMPH YTEIUIEHHI BHYTPIIIHIX CTIH Ha PIBHI 3
CyyaCHUMHM BHUMOTaMH [0 ONOpYy TeIUlonepeaayl 30BHIIIHIX  OTOPOIKYIOUHMX
KOHCTPYKIII, CKa3zajach HecTada MOTYXKHOCTI omnayneHHsa. [lpu nochimkeHHi Oyno
MOMIYEHO, WIO0 31 3POCTAHHAM pIBHA TEIUIOBOTO 3aXHCTy MPUMILICHb, COHSIYHI
TEIJIOHAIXO/PKEHHS  JIO3BOJISIJIM  YaCTKOBO — KOMIIEHCYBAaTHM HeCTayy TOTY>KHOCTI
OTaJieHHsl, 10 OyJI0 MOMITHO IO BIZHOCHO BUCOKHMX 3HAYEHHSIX TEMIIepaTypH MOBITPs Ta
CepemHbOi pajialiifHol TeMmreparypu B MPUMIMICHHSAX, BHUXOJAAYM 3 YOro OyJo
3alPOTIOHOBAHO 3MICTUTH Tpadik HaBUYaHHA Ha 2 TomuHu Brepen. lle mo3uTuBHO
BIUTMHYJIO Ha KOM(OPT B poOOY1 TOJMHH, X0Ua i HE BUPILIIIO MPOOIeMy.

AHaJi3 EeHeprocrnoXKMBaHHS ONUCAHWX BHILE 3aXO/AIB IOKa3aB, IO IMpH
301IbIIEHHSI TOTY>KHOCTI CHCTEMH OMaJieHHS Al 3a0e3MedeHHsT KOM(OPTHUX YMOB,
CIOKMBAaHHS eHeprii 3pocio Ha 77%. BapianTu 3 omnajeHHsAM CYyCIAHIX MPUMILIEHb
nokaszaiu 3pocTtaHHsi crnoxkuBaHHs Ha 100-200%, npu 1bOMY HE 3aJ0BIIBHUBIIN
koMpopT. [30511is BHYTPIIIHIX CTIH €HEProCIOXKUBAHHA 3HU3MIA, MPOTE KOM(POPTHUX
YMOB Ha MPOT31 BChOI0 OMaTIOBAJILHOTO MEPioAy AOCITHYTH HE BAAIOCH.

KurouoBi ciioBa: eHeproeeKTUBHICTh, EHEPrOCIIOKUBAHHS, €HEPro30epeKeHHs,
TEMIEPATypHUI  pEXUM, CHEpreTMYHe MOJAENIOBaHHA  OyiBii, KOMII IOTEpHE
MOJIETIIOBAHHS, MOJIEJIIOBaHHS, YHMCIOBE MOJIEIIOBaHHS, YMOBU KoMdopTHOCTi, PMYV,

TEMIEpaTypa, TEMIIEPATYPHI PEKUMU, €PEKTUBHICTb.



ABSTRACT

Holubenko O.0. Assessing the Impact of Behavioral and Operational Factors on
Building Energy Efficiency through Dynamic Modeling — Qualifying scientific work on
the rights of the manuscript. Thesis for obtaining the scientific degree of Doctor of
Philosophy in specialty 144 Thermal Power Engineering. - National Technical
University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Ministry of Education
and Science of Ukraine, Kyiv, 2024.

The introduction of the dissertation highlights the relevance of the research topic
today and the connection of the work with scientific programs, plans, and themes. The
goal, scientific task, object, subject, and research methods are formulated, the scientific
novelty and practical significance of the obtained results are determined, supported by
the implementation acts, and data on the approbation of the dissertation and available
publications are presented, outlining the personal contribution of the applicant.

The first chapter of the dissertation is devoted to the analysis of theoretical
aspects of building energy efficiency. A number of key normative documents regulating
the energy efficiency of buildings in Ukraine and the European Union were reviewed.
An analysis of a number of international green building certification systems and energy
modeling programs for buildings is also conducted. Based on the analysis of energy
modeling programs for buildings, DesignBuilder was chosen as the main tool for further
research.

The main directions of modern research in the field of building energy efficiency
are highlighted. In Ukraine, many scientific works have been devoted to the study of
building energy efficiency in recent years, in particular, the impact of technical
improvements on building energy efficiency and the study of thermal comfort in
premises. Special attention is paid to the study of heat losses through enclosing
structures, as well as the parametric analysis of the impact of external and internal
factors on building energy efficiency. Foreign studies, particularly in Europe and the
USA, focus on passive buildings and buildings with zero energy consumption. Other
popular topics include economic analysis of energy-saving measures and the impact of

the behavior of people using the building on the level of energy consumption.
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The research covers all types of buildings; however, the majority of the studies
are devoted to the residential sector, as this group of consumers consumes the most
energy among buildings. A review of scientific works shows that the issue of energy
efficiency and comfort in buildings with partial occupancy remains insufficiently
covered, making it a promising topic for further research.

The second chapter of the dissertation is dedicated to describing the object of the
study — a school building in the Ivano-Frankivsk region. The architectural features,
enclosing structures, operating schedule, and other characteristics of the studied
building are described. An explanation is also provided on how the results obtained in
the work are generalized to other school buildings.

Further in the chapter, a more detailed description of the selected building energy
modeling program is provided. The principle of operation, main input data, and
advantages of using the IWEC climate base are described. The mathematical model
used by the calculation core (EnergyPlus) for data processing is described in detail.
Numerical values of the main parameters of the model in DesignBuilder are also
provided, and its verification is conducted. The base model is used to assess the impact
of increasing the building's thermal insulation level to the requirements of DBN 2.6-31
2016 and DBN 2.6-31 2021. Dynamic modeling established that this allows reducing
energy consumption for heating by 48.9% and 55%, respectively, when all enclosing
structures meet the minimum requirements.

The third chapter is devoted to a comprehensive assessment of the impact of
varying heating regimes on overall energy consumption, thermal comfort, and the
required power of heating systems in school buildings. It was found that using a heating
regime with a 4°C setback during non-working hours allows saving from 23% to 27%
of heating energy compared to continuous heating, depending on the building's thermal
protection level. It was established that regulation with a similar setback, but according
to the school schedule, allows additionally saving 1.8-4.2% compared to the previously
described regime. Modeling results showed that implementing heating regimes with
setbacks requires increasing the heating system's power to compensate for the period of

sharp transition from reduced temperature to working temperature. It was found that
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with building insulation combined with one of the setback heating schedules, the

required heating system power does not exceed the similar indicator for continuous
heating in the case of an uninsulated building, making the combined implementation of
insulation and setback regime simultaneously a very promising energy-saving measure.

To analyze the impact of regulation according to the school schedule on the
comfort of children in the premises, the PMV parameter is considered. A detailed
description is provided in the chapter. Subsequently, a corner room that contacts, on one
of the school days, with a class that is not used throughout the day is selected, thus
studying the "worst-case scenario" to conclude the impact of the regime on thermal
comfort. The modeling results show that there is no significant difference in the PMV
parameter compared to the regime with setbacks during non-working hours.

The analysis described above concludes that regulation according to the school
schedule is a promising energy-saving measure, although it is noted that implementing
such a measure is much more complex than the other two described heating schedules.

The fourth chapter analyzes the operation of the school building under partial
occupancy conditions. For research purposes, a cluster of five rooms was isolated from
the entire building, of which three are planned to be used. The cluster has a cross shape,
allowing the consideration of the following configurations of the rooms in use:
horizontal, vertical, corner with roof contact (but without ground floor contact), and
corner with ground floor contact (but without roof contact). The school building itself is
considered as conserved, meaning the heating system is not used, and heating of the
rooms is provided by individual electric heaters. Initially, the heating schedule was
considered, in which the heating is completely turned off during non-working hours for
maximum energy savings.

The annual energy consumption study of room layout configurations showed that
the most efficient is the vertical layout of the rooms in use, being 8.5% more efficient
than the closest corner configuration in terms of consumption and 22% more efficient
than the horizontal configuration. The comfort analysis for the coldest day of the studied

year showed that the vertical layout is also the most efficient in terms of this parameter.
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The temperature change dynamics in the graphs suggested that the program might

have calculated an overly powerful heating system, which was confirmed by the
modeling results: the power calculated by the program was about 10 kW per room. To
assess the possibility of implementing such a building operation regime under real
conditions, a normal operation mode was modeled for the uninsulated building case,
and the power calculated under these conditions was set in the partial occupancy model
of the school, followed by a repeated comfort analysis. The heating system close to
reality could not satisfy the comfort conditions under intermittent heating, setback
schedules, or continuous heating. The air temperature in the rooms under continuous
heating schedule, even for the case of a building with enclosing structures brought to
modern normative conditions, did not exceed 12°C on the studied day in the best case.

Further, to resolve the situation, improvements were considered: varying levels of
internal wall insulation and increased heating power; in the room itself, as well as
introducing heating in adjacent rooms to compensate for the low average radiant
temperature that arose in previous modeling.

Heating adjacent rooms did not only fail to achieve comfortable conditions but
also significantly increased energy consumption, making them impractical. Further, a
series of modelings were conducted to determine the minimum recommended heating
device power when implementing a partial occupancy regime for the building, and the
following results were obtained: for the uninsulated building — 33.14 W/m?; for the
building with enclosing structures meeting the minimum requirements of DBN 2.6-31
2016 — 24 W/m?; and meeting the minimum requirements of DBN 2.6-31 2021 — 22.57
W/m3.

To study the impact of internal wall insulation on the comfort of premises under
partial occupancy conditions, mineral wool insulation with a step of 2 cm was
considered, and although the insulation positively affected the PMV parameter, 100%
comfortable conditions for the entire heating period could not be achieved, even with
internal wall insulation at the level of modern requirements for the thermal resistance of
external enclosing structures, due to insufficient heating power. The study noted that

with increasing thermal protection level of the rooms, solar gains partially compensated
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for the insufficient heating power, noticeable by relatively high air temperature values
and average radiant temperature in the rooms, leading to the suggestion to shift the
school schedule forward by 2 hours. This positively affected comfort during working
hours, although it did not solve the problem.

The energy consumption analysis of the described measures showed that
increasing the heating system power to ensure comfortable conditions increased energy
consumption by 77%. Variants with heating adjacent rooms showed a consumption
increase of 100-200%, while failing to satisfy comfort. Internal wall insulation reduced
energy consumption; however, comfortable conditions throughout the entire heating
period could not be achieved.

Keywords: energy efficiency, energy consumption, energy saving, temperature
regime, building energy modeling, computer modeling, modeling, numerical modeling,

comfort conditions, PMV, temperature, temperature regimes, efficiency.
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BCTYII

AkrtyanpHicTh TemHu. EneproedextuBHi OymiBii - 1€ BaXJIMBa CKJIaJ0Ba
CydacHOro OyIiBHHUIITBA, fIKa JIONIOMAarae 3MEHIIYBaTH CHOXWBAaHHS EHEprii Ta, sK
HACJIJIOK, BUKUAM MApHUKOBUX Ta3iB, CTBOPIOBAaTH KOM(OPTHI Ta 370pOBI YMOBH IS
MEILKAHI[IB, MJBUIIYBaTH IIHHICTh HEPYXOMOCTI Ta KOHKYPEHTHI IepeBaru Ha PUHKY.
[Tpote, 3HaYHMIT MOTEHLIa €HEProe(EeKTUBHOCTI CydacHUX OyniBellb MPUXOBAaHUMN HE
JUIlle B TEXHIYHUX PIIICHHAX, ajlieé ¥ y peXMMax BHKOPHCTAaHHA, TOOTO, MOBEIIHII
KOPHUCTyBauiB OyJiBesIb Ta cropyd. Po3yMHMI Miaxina 10 eKCIutyaTalii OymiBiIl MOXe
3HaYHO 3MEHIIUTH (akTHUuHE CcroXxuBaHHS eHeprii B Oyxieii. IloBemiHKoBo-
eKCIUTyaTaliiiHi (aKTOpu OXOIUTIOIOTh TaKl acCHEeKTH, SIK PEryJIOBaHHS TeMIepaTypH,
BEHTWJISIT, OCBITJICHHS, BHUKOPUCTAHHS TOOYTOBOI TEXHIKM, BIJKPUBAHHS BIKOH,
aKTUBHICTh, PO3KJIaJ BUKOPUCTAHHS TOIIO. YpaxyBaHHS LUX (PAKTOPIB € Ba)IJIMBUM
YUHHUKOM JIJIS1 TOYHOTO OIIHIOBaHHS Ta MPOTHO3YBaHHS eHeproeeKTUBHOCTI Oy/liBEb,
a TaKoX JUIsl BU3HAYeHHS €(EeKTUBHMX CTparerii ii miABUINEHHSA, [0 HaOyBae
JOJATKOBOI aKTyalbHOCTI 3 BCE OLIBIIMM BHUKOPHUCTAHHSM I1HTENIEKTyaJIbHUX CHCTEM
yIpaBIiHHS CUCTEMaMM BEHTUJIALIT Ta onaneHHs [ 1-4].

[IpoGnema OIIHIOBaHHS BIUIMBY IOBEAIHKOBO-EKCILTyaTallliHUX (aKkToOpiB Ha
eHeproepeKTUBHICTh Oy/iBEJIb € aKTyaJdbHOIO, IIOPOKY il MPUCBIYYIOTHCA BCE OLIbIIE
yBaru y BITYM3HSHIA Ta CBITOBIA HaykoBii siteparypi [1-5]. OCHOBHUMHM MeTOIaMH
JOCHIDKEHHS 11i€i MpoOJeMu € IWHaMIYHEe MOJEIOBAHHS, CTATUCTUYHUN aHami3,
eKCIIEpUMEHTAJIbHI BUMIPIOBAHHS, aHKETYBaHHS Ta IHTEpPB'IOBaHHSA KopucTyBauiB. Ha
OCHOBI aHai3y OCTAHHIX JOCIIKEHb 1 MyOMiKaliid MOXKHA BUIUIMTH TakKl HEPO3B'A3aHi
YaCTUHM 3arajibHOi MpoOIemMu:

* po3po0Ka YHIBEpCAJIbHOI Ta THYYKOI METOAOJOrIi JMHAMIYHOTO MOEIIOBAHHS
eHeproe(peKTUBHOCTI  OyfiBeNb 3  ypaxyBaHHSAM  IOBEIIHKOBO-EKCILTyaTallliHUX
dakTopiB, sSKa J03BOJsUIa O adanTyBaTH MOJENl JI0 PI3HUX THUIIB Oy/liBEIb,
KOPHUCTYBauiB, KJIIMaTy, CLIEHapiiB TOLIO;

* Po3poOka Ta OIiHIOBaHHS PI3HUX CTpaTeTid MiJBUIICHHS eHeproe(eKTUBHOCTI

Oy/iBeNb, K1 BpaxoByBaju O HE TIIbKM TEXHIYHI aCMEKTH, a ¥ colliaibHi, EKOHOMIYHI,
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MICUXOJIOTIYHI Ta €KOJOT14H1 (haKTOpH, IO BIUIMBAIOTh Ha TOBEAIHKY Ta MOJE
MOBEIHKM KOPUCTYBaudiB Ta MIAXOAM 1O €KCIUTyaTallli HUMH 1HXXEHEPHUX CHUCTEM Ta
oOnagHaHHS.

* [Tigxoau 10 MpOrHO3yBaHHS MOBEAIHKHA CIIOKUBAYIB, 1 IK HACIAOK, MOXKJIUBICTh
BIUIMBY Ha TIKA CIHOXHBaHHA ©0€3 3MeHIIEeHHS KOM(pOpPTHOCTI TniepeOyBaHHS B
NPUMILIEHHSAX Oy/I1BEIb.

Okpemoro TEMOIO JOCTIKEHHS B 1 cdepi, ska € OUIbII aKTyaJlbHOIK caMe B
peanisix cy4acHOi YKpaiHW, € ONTHMallbHe BHKOPUCTAHHS Oy/IiBelb 3 HEMOBHOIO
3afHATICTIO, a TAKOXX B yMOBaXx TOIIKO/KEHHS €HepreTUYHOl iHPpacTpyKTypH KpaiHw,
OCKUTbKM OOMOBiI nii 1m0 TpuBarOTh 3 2022 poOKy TroCTpO MOCTAaBWIM Il MUTAHHS Ha

HOPSJOK JEHHUMN.

Merta i 3aBiaHHA gocCai:KeHHsI. MeTor0 NOCTIKEHHS € OI[IHIOBAaHHS BIUIMBY
MOBE/IIHKOBO-EKCIUTyaTallliHUX (aKTOpiB Ha piBEHb €HEProe(EKTUBHOCTI OymiBII 3a
JOTIOMOTOI0  TUHAMIYHOTO  MOJIETIOBAaHHA. BiAMOBIAHO 10 TMOCTaBICHOI MeETH
BUPINIYBAaTUMYThCS TaKi 3aBJaHHS:

* MpOaHAMI3yBaTH TEOPETHYHI Ta METOAMYHI MIAXOAW 10 BU3HAYCHHS Ta
BpaxyBaHHA  IOBEAIHKOBO-CKCIUTyaTalliiHUX  (akTopiB, 110  BIUIMBAIOTH  Ha
€HEProCIOXUBAHHS Ta TEIJIOBUN KOMDOPT y OymiBIAX;

* po3poOutu Ta BepiiKyBaTH IWHAMIYHY MOJEIh CHEPrOCIOXUBAHHSA Ta
TEIUIOBOTO KOMGOpTY Jigs 00paHOi TUIIOBOI MIKUIbHOI OyaiBiIi, fKa omucye i
apXITEeKTypH1, KOHCTPYKTHMBHI, TE€XHIUYHI Ta (YHKI[IOHAJIbHI OCOOJMBOCTI, a TaKOX
MOBENIHKY Ta €KCIUTyaTallll0 KOpPHCTyBayiB; BUOpaTu Ta OOIPyHTYBaTH MOKAa3HUKHU Ta
METOIM OIIIHIOBaHHS €Heproe(peKTUBHOCTI OymiBIl 3 ypaxXyBaHHSAM TOBEIIHKOBO-
eKCIUTyaTaIliiHuX (HaKTOPIB,;

* BU3HAYUTH BIUIMB YMOB €KCIUTyaTallil Ha €HEepProCrOXUBaHHSA MpPU 3MiHI PiBHSA
TEIUIOBOTO 3aXHUCTY;

* aHaJI3 Ta MOPIBHIHHS PI3HUX CIIEHAPIiB YaCTKOBOI EKCIUTyaTalli 3 TOUKH 30py

CTIO)KMBAHHSI €HEPTii Ta KOM(POPTHOCTI epeOyBaHHs B IPUMIILICHHSIX;
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* pO3pOOMTH Ta OLIHUTH e(PEKTUBHICTh 3axXOAIB IOA0  ITiJIBUIICHHS
eHeproepeKTUBHOCTI Oy/iBJIl MIKOJIM B YMOBaX HEMOBHOI 3aHHATOCTI 3 YpaxyBaHHSIM
MOBEIIHKOBO-EKCIUTyaTalliiHUX (PaKTOPiB;

O0’ekTOM JOCTiIKeHHS1 € CIIOKUBAaHHS €Heprii Ha omnajeHHs OyAiBIl Ta
KOoM(OpTHICT, TepeOyBaHHS JIOACH B MNPUMIMIEHHSX, HAa OCHOBI JUHAMIYHOTO

CHeproMO/ICIIIOBAHHS IMITALIMHOT MOJIENI OY/I1BII1 IIKOJIU B MPOTPaAaMHOMY CEpPEIOBHIIL.

IIpenmer fpocigxkeHHsI € 3MiHA XapaKTEPUCTUK EHEPreTUYHOIO CTaHY,
KOM(GOPTHOCTI TIepeOyBaHHS B MPUMIIIIEHHAX, a TAKOXX CIIOKUBAHHS TETUIOBOI €HEPrii Ta
IHIIMX eHepropecypciB OyaiBI€I0 IMIKOJIM B YMOBaX HEMOBHOI 3alHATOCTI 3

ypaxyBaHHSIM TTOBEIIHKOBUX OCOOJIMBOCTEHN eKcIuTyaTarii OymaiBii.

Metoau pociigkeHHs. [luHaMiyHe MO/ICNIIOBAaHHS B POrPaMHOMY 3a0€3Me4eHH1

Design Builder, meTonu anamnizy Ta CHHTE3Y.

HaykoBa HOBH3Ha ojlep:KaHUX pe3yJbTaTiB. [lonsirae B po3BUTKY METOIIB Ta
JaHUX [0 BIUIMBY Ha CIOXKMBAaHHS €HEprii Ta yMOBH KOMGOPTHOCTI Oprasizarii
HABYaJLHOIO MPOIIECY B YMOBaxX HEMOBHOI 3aHATOCTI Oy/iBJIl IIIKOJW, B TOMY YHCII M1
yac KapaHTUHHUX OOMEXEHb Ta BIMCHKOBOTO CTaHy, IO J03BOJIIE OOMpATH LUIIXU
HiIBUILIEHHS €HEeProe(eKTUBHOCTI 3a paxyHOK YIPABIiHHS CHCTEMaMH OIaJeHHSA Ta
BEeHTWJIALII, palioHaNbHUX TrpadikiB BUKOPUCTAHHS MPUMIIIEHb Ta OpTraHi3allii
HABYaHHS, a came:

- BU3HAYECHO XapaKTEPUCTUKU €(PEKTUBHOCTI €HEProCHOXHBAHHA B ILIKOJI
JUIS PI3HUX PIBHIB TEIUIOBOTO 3aXHUCTY MIJIOTHOT Oy/iBii. 3arajiom, MmiJBHUILIEHHS PiBHS
TETIOBOTO 3aXUCTY JI03BOJISIE CYMapHO CKOPOTHTH CIIO)KMBAHHSI €HEprii Ha OnaJieHHs
Ha 48,9%-55;

- BIIEpIIIE TPOBEACHO aHai3 Ta JOBEICHO JOIUIHHICTh BUKOPHUCTAHHS
PO3KJIaqy WIKIIBHUX 3aHATH SIK 0a3uCy Ui PETYNIOBAHHS CUCTEMHU OMAJICHHS 3 TOYKU
30py KOM(OPTHOCTI Ta EHEpProcrnoXuBaHHA. lle M03BoOJIs€ 3MEHIIUTH CHOKHBAHHS
eHeprii Ha onayneHHs Ha 1,8-4,2% B 3aneXHOCTI BiJ] pIBHS yTeIUICHHS OyIiBi;

- JIOBEJICHO BIepile, HaWepeKTUBHIIIUM THUIIOM pO3TAlllyBaHHA IPH

HEMOBHIM eKCIUTyaTalii I[IKOJIM € BEpPTHKAJIbHE PO3MIIIEHHS TMPUMIIIEHb, IO
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eKCIUTYaTyIOThCs, SK 3 TOYKH 30py KOMQOPTHOCTI, TaK 1 3 TOYKHA 30Dy
eHeproedekTuBHOCTI (Ha 22,3% 3a ropu30HTAJIbHE PO3MILIEHHS);

- OoOrpyHTOBaHI pEKOMEHJAIll 00 AOTPUMAaHHS KOM(POPTHUX YMOB B
MPUMIIICHHSIX 32 YMOBHM HEMOBHOI 3aMHATOCTI OyAiBI1 IPH PI3HUX PIBHAX TEIJIOBOTO
3aXUCTY.

TakuM YWHOM, JOCIHIIKEHHS HE JIMINE OMOBHIOE CydYacHI 3HAHHS Yy Taly3i
eHeproe(peKTUBHOCTI OyaiBeJb aje i OKPECIIOE MEePCIEKTUBHI IUISIXH JIJIS TTOAAIBIITNX
JOCTIKEeHb B c(pepl BUKOPUCTAHHS PEXKHUMIB €KCIUTyaTallli OyAiBedb JJIs MiABHUILEHHS

KOM(OPTY Ta €HEepProcrnoKMBaHHS.

IIpakTuyHe 3HAYEHHS OIePKAHUX Pe3yJIbTATIB.

Po3pobneHo nuHamMiuHy €HEpreTUYHy MOJEib B MPOTPAMHOMY CEpEIOBHIII
DesignBuilder 3 MeToro MoaentoBaHHS €HEPrOCIOKMBAHHS B ILKOJAX 3 ypaxyBaHHSIM
crienndiku rpadiky ekcruryaTailii OyaiBii pi3HOro PiBHS TEIJIOBOTO 3aXUCTY MPHU MOBHIM
Ta YaCTKOBIH 3aHATOCTI.

[IpoBeneHo aHami3 MOXKJIMBOCTI Ta JOIIBHOCTI BHUKOPHCTAHHS PO3KIATY
IIKUTBHUX YPOKIB SIK Oa3HCy JJIsl MPOTpaMyBaHHs TEPMOCTATIB B IIKOJaX JJist Oy/aiBesb 3
PI3HUM PIBHEM TEIJIOBOTO 3aXKCTY 3 TOUKH 30pYy €HEProePeKTUBHOCTI Ta KOM(POPTHOCTI
nepeOyBaHHs B Oy/IiBIi.

3anpomnoHOBaHAa CXe€Ma Ta ONTUMI3allisl PO3MIIICHHA MPHUMIIIEHh B yMOBax
HETMOBHOT 3alHATOCTI.

Hanmani pexoMmenmarii juisi 3abe3riedeHHs KOMQPOPTHUX YMOB OyaiBenb 3
HEMOBHOIO 3aMHATICTIO JUISI INKUIBHUX 3aKJIa/liB 3 PI3HUM PIBHEM TEIJIOBOTO 3aXHCTY.

Hanani pexomeHganii moao MOXIMBUX TEXHIYHMX Ta IOBEIIHKOBHX ACIICKTIB
NPy BIPOBAKEHHI PEXUMY HEMOBHOI 3allHATOCTI, JUIs 3a0e3MeueHHs OuIbII

KOM(OPTHUX YMOB Ta MiABUIICHHS PIBHS €HEProe(peKTUBHOCTI.

AnpoOanis  pe3yabratiB aucepramii. OCHOBHI  pe3yJbTaTH HAYKOBUX
JTOCTIDKeHb, BHUKIQJICHUX Y JAWCEpTalliiHii poOoTi, OyJ0 TpeACTaBIeHO Ha
MDKHApOJHUX HAYKOBO-TEXHIYHMX Ta HAayKOBO-TIPAKTUYHHX KOH(EpeHLIIX Ta

KOHKYpCax, 30KpemMa:
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JluHaMmiuHI METOAM pO3paxyHKy y OyJIBHHUIITBI Ta TONIMPEH] TEXHOJOTII
yrerenHsa. VIII mikHaponHa HaykoBo-mpakThuuHa koHpepeniis "KOMIIJIEKCHE
3ABE3INEYEHHA SAKOCTI TEXHOJIOI'TYHUX ITPOLIECIB TA CUCTEM" w.
UYepniris 10 - 12 TpaBus 2018 p. C. 105-107. JJemko B.I., binoyc L.YO., I'ony6enko
0.0.

Hemko B.I., Bysx H.A., binoyc LIO., I'ypees M.B., T'ony6enko O.O. Bruus
TEIUIOIHEPLIMHUX  OCOOJIMBOCTEH OTOPO/PKEHh Ha yMOBHU KOMQOPTHOCTI IiJi Hac
BIIPOBA/KEHHS €HEProOUIaIHUX PEKMUMIB OMAJICHHsI KHUTIOBUX OyAiBesnb. MikHapoHa
HAyKOBO-MpakTUYHA KoH(PepeHiiss «EHepro3depexeHHss Ta MIpOMHCIOBa Oe3reka:
BUKJIMKH Ta niepcrekTuBm» (4-5 uepBHs 2019, m. Kuis).

binoyc 1.1O., l'omyGenko O.O. OuiHioBaHHS PiBHS €HEPreTUYHOI €(EeKTUBHOCTI
OyIiBIl TpH TMIABUIICHHI BUMOT JIO TEIUIOBOTO 3aXUCTy OyiBelb Ha MPHUKIIAJI
3araJlbHOOCBITHBOI IKOJMU. XX-H MDKHapogHa HAyKOBO-TIPAKTUYHA KOH(pEpEeHIIis
MOJIOIUX BYEHHX Ta CcTyAeHTiB «CyuacHli mpoOieMd HayKOBOTO 3a0e3NeyeHHs
eHepreTukm» (25 - 28 kBitHs 2023 p.)

PoGotry T'omybGenka O.0. ta I'ypeeBa M.B. Ha BceykpaiHchbkuii KOHKYpCY
"MOJIOIb-EHEPTETHULII YKPATHN-2018: BIIKPUTHUIT KOHKYPC MOJIOJINX
BUEHUX TA EHEPTETUKIB", sika Bigznauena Jlummomom Il-ctymens 3a poGoTy Ha
TEeMy: «AHaji3 BIUIMBY 3aXOJIB 3 €HEpPro30epekeHHs Ha eHepromoTpely OyiBil Ha
OCHOBI ITUHAMIYHOT'O MOJIEJTFOBAHHSD) B HOMIHAI] “Enepretuka Ta
€HEPrOMEHEKMEHT .

Po6ora T'onybenka O.0O. ta ['ypeeBa M.B. Ha MiDKHapogHUi KOHKYPC
CTyAeHTChKUX HaykoBuX poOiT “Black Sea Science”, sika Bim3HaueHa J(ummomom II-
crynens 3a pobory Ha Temy: «ASSESSMENT OF THE WINDOW REPLACEMENT
INFLUENCE ON BUILDING ENERGY CONSUMPTION AND HUMAN
THERMAL COMFORT ON THE BASIS OF DYNAMIC MODELING» B HOMIHAIIT *

EnepreTuka Ta eHeproeeKTUBHICTD .

Iy6aikanii. Matepianu aucepTaliiiHoi poOOTH OmMyOJIIKOBAaHO y 5 HayKOBHX

npaisgx: 5 crarei y HaykoBuX (haxoBUX BUIAHHAX (5 cTaTTi y (axoBUX BUAAHHSIX
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VYkpainu), 3 Te3 npomnoBiaed y 30ipHHMKax wmaTepiaiiB koHdepeHiii, 1 ydactp y
BCEYKPATHCHKOMY KOHKYpCi, | y4acTh y MiKHAPOJHOMY KOHKYPCi.

Crpykrypa i o6csar qucepramii. /lucepraimiitHa po6oTa CKIamaeThCs 31 BCTYIY,
JOTUPHOX PO3JLUIIB, BUCHOBKIB, CIIMCKY BHUKOPHCTAaHUX JDKepen i3 99 HaliMeHyBaHb.

3aranbpHuii 00cAr aucepTarii ckinagae 137 cTopiHok, 43 pUCYHKIB, 7 TaOIHIIb.
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PO3ALI 1. METOAOJIOI'TYHI OCHOBH OLIHIOBAHHA
EHEPTTOE®EKTUBHOCTI BY IIBEJIb

1.1 TeoperuyHi acniekTH eHeproegeKTUBHOCTI OyniBeIb

EdextuBHe BuKOpHCTaHHA eHeprii y OyaiBenbHIM cdepl € BUpILIAILHUM
€JIEMEHTOM y JAM3aiiHi Ta KOHCTPYKIIi Cy4acHHWX CHOpPYH, IO TapaHTye KoMQOpTHi
YMOBH TIPO’KMBaHHS Ta POOOTH MPH OJHOYACHOMY 3HIDKEHHI €HEPreTUYHHX BHUTPAT.
Konuerniis eHeproeeKTUBHOCTI MEPEBUIIY€E MPOCTE 3HUKEHHS EHEPrOCHOXHBAHHS,
OXOTUTIOIOYH ITIJTICHUM MiAX1 0 MiBUILEHHS TEIJIOBOTO 3aXUCTy Oy/iBelb, IHTETpallii
aJIBTEPHATUBHUX JDKEpeNl €Heprii Ta 1HTENEeKTyaJIbHOTO YIPAaBIiHHS 1HXKEHEPHUMH
CUCTEMaMH.

OcCHOBHI 3aBIaHHSI €HEPTrOePEKTUBHOCTI MOJIATAIOTh Y HACTYITHOMY:

1. 3HIKEHHS CHOXHUBaHHS pecypciB: €(eKTHBHE BHKOPHUCTAHHS EHEprii s
3MEHIIICHHS 3arajbHOTO CHEPrOCMOXHUBAHHS, 0 MPU3BOAWTH JIO 3HIDKEHHS
c001BapTOCTI MPOAYKIIIT Ta MIJBUILECHHS 1i KOHKYPEHTO3aTHOCTI;

2. eKOHOMIs JIJIsl HACEJICHHS: 3HaUHE CKOPOUYEHHS BUTPAT Ha KOMYHAJbHI MOCITYTH
Yyepe3 BIPOBAKEHHS €Hepro30epiralounx TEXHOIOT1H Ta MPaKTHK;

3. 3MEHIIIEHHS €KOJIOT1YHOTO BIUIMBY: OOMEKEHHS BUKU/IB MAPHUKOBUX Tra3iB Ta
THIITKUX 3a0pYyAHIOBAY1B, IO CIIPUSE 3aXUCTY JOBKULISA,

4. TMABUIIEHHS €HEPreTUYHOi O€3MeKW: 3MEHIIEHHS 3aJeKHOCTI  BiJ
IMIIOPTOBAHUX EHEPTOPECYPCIB Ta MIABUIICHHS CTINKOCTI €eHEPTETUYHOI CUCTEMU;

5. CTUMYIIOBaHHS 1HHOBAIlili: PO3BUTOK HOBUX TEXHOJOTIA Ta MIJAXOMIIB, SKI
CIPUSIOTh €HEPro30epeKeHHIO Ta BUKOPUCTAHHIO BITHOBIIOBAHUX JKEPEJI €HEPTii,

6. MABUIIEHHS SKOCT1 KUTTS: 3a0e3neueHHss KOMQOPTHUX YMOB MPOKUBAHHS Ta
pobotu 6e3 HaAMIPHUX €HEPTeTUYHUX BUTPAT. [6]

i 3aBmanHs BiOOpPaKarOTh KOMIUIEKCHHUH MiIX1J 10 €HeProePeKTUBHOCTI, KU
BKJIFOYA€E TEXHIYHI, EKOHOMIYHI1, €KOJIOT1YH1 Ta COIllajbHI aclieKTh. BoHU cripsiMoBaH1 Ha
CTBOpPEHHS CTajoi Ta €PEeKTUBHOI €HEPreTMYHOI CHCTeMH, sSKa BiAMOBimae morpedam

CY4YacCHOTO CYCIJIbCTBA Ta 3a0e3Meuye Horo po3BUTOK.
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Y 1bOMy KOHTEKCTI Ba)KJIMBO PO3IISIHYTH HOPMATHBHI aKTH, SIKi PEryIIOIOThH
eHeproepeKTUBHICTh B OYIIBHUIITBI K B YKpaiHi, Tak 1 B €Bpomneiicbkkomy Coro3zi. [laHi
HOPMAaTUBUA BHW3HAYAIOTh CTAaHAAPTH, BUMOTH Ta METOAMKH JUISl TIABUIICHHS

eHeproepeKTUBHOCTI Oy/IiBEb Ta CUCTEM YNPABIIHHS SHEPTI€I0.

HopMmatusu Ykpainu:

1. 3akon Ykpainu "IIpo enepretuuny eheKkTUBHICTb OyIiBEIb"
et 3akOH € OCHOBOTIOJIOKHHUM JOKYMEHTOM, SIKUI BU3HA4Ya€ CTpATEriuHi I Ta

3aBIaHHSA B Tally3i eHepro30oepekeHHs B YKpaiHi. BiH perymroe Taki acliekTH, sK:

e cHeproeekTUBHICT y  OYIIBHHUIITBI: 3aKOH BCTAHOBJIIOE BUMOTH  JIO
eHeproe(eKTUBHOCTI B OY/IBHUITBI, BKJIIOYAIOYM CTAHJIAPTH YTEILJICHHS,
BUKOPHCTAHHS €HEProe()eKTUBHUX MaTepiaiB Ta CHCTEM OMNaJCHHS Ta
KOHJTUIIOHYBaHHS TTOBITPS;

® CHEPreTMYHUN ayAWuT: 3aKOH BHU3HAUYAE MPOLEAYPH Ta BUMOTH JI0 MPOBEIACHHS
SHePreTHYHOTO ayauTy JUIS OIIHKA Ta TOKpAIleHHS eHeproe(eKTHBHOCTI B
MIPOMUCIIOBOCTI, KOMEPIIHHUX Ta )KUTIOBUX OYIIBISIX;

® CTHUMYJIIOBAaHHS €HEPro30epeXeHHs: 3aKOH Tepeadadae MexaHi3Mu (PiHAHCOBOI
OIATPUMKA ~ Ta  IHINI ~ 3aXOQW 17 CTUMYJIIOBAaHHS  BIPOBAKCHHS

eHeproe(peKTUBHUX TEXHOJOT1H Ta MpakTHK.[7]

2. JlepxxasHi OyaiBenbHi Hopmu (JIBH)

Hep>xaBui OyniBensHi HOpMu ([IBH) B YkpaiHi € KIIOYOBUMH PErylsTUBHUMU
JIOKYMEHTaMHU, SIKi BU3HAYaOTh CTAHIapTH Ta BUMOTH J10 OY/IIBHUIITBA B PI3HUX cdhepax.
Cepen HUX € 1 HOPMAaruBH, fKI CHEIaJbHO PENIAMEHTYIOTh MHTAHHA
eHeproepeKTUBHOCTI B OY/IBHUIITBI.

Omun 3 HanBaxmmBimmX 3 HUX - JIBH B.2.6-31:2021 "TemmoBa 13omsiis Ta
eneproedexTuBHicTh OymiBens" [8]. Lleil MTOKyMEeHT BU3HA4Ya€ MIMPOKHM CIIEKTP BHUMOT
Ta CTaHJApTiB, CIPSIMOBAHUX HA 3a0€3MEUYCHHS ONTHMAJIHHOTO BUKOPUCTAHHS €HEPril y

OyAiBHUIITBI Ta 3MEHILIEHHS! €HEPrOBUTPAT.
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OCHOBHI aCIEKTH, K1 BKIIOYAOTHCS 10 [8], BKIIOYAIOTh:

e yTeIuieHHS Oy/iBelab: BHU3HAYECHHS BUMOT [0 TEIUIOI30JAIIT OyIiBEIbHUX
KOHCTPYKITIH, BKJIFOYAIOYM CTIHHM, [axW, MIJIOTH Ta BIKHA, IS 3MEHIIEHHS
TEIUIOBUTPAT;

® BUKOPHUCTAHHS €HEproe(peKTMBHUX MarepiaiiB: CIOPUSHHS 3aCTOCYBaHHIO
OyniBeNbHUX MaTepialliB Ta TEXHOJOTIH, SKI MalTh BUCOKHHA KOE(IIEHT
TETJI0130JIAIIIT Ta T03BOJISIOTh 3MEHIITUTH €HEPTOBUTPATH.

JABH B.2.6-31:2021 "TemmoBa 1301111 Ta €HEProedEKTUBHICTb Oy/iBeNb" €
BOXJIMBUM 1HCTPYMEHTOM ISl 3a0€3MeueHHs] €HeproeeKTUBHOCTI y OyIiBHUITBI B
VYKkpaiHi, CHOpUsSOYM 3MEHIIECHHIO CIOKUBAHHS €HEprii Ta BIPOBAKEHHIO CTaJIMX
MPaKTHUK y Taily31 Oy/iBHUIITBA.

JIBH B.2.5-67:2013 "OmnaneHHsi, BEHTWIIIS Ta KoHAuIlioHyBaHHS" [9] €
JEp’)KaBHUMHU OYyJIBEIbHUMH HOpMaMu YKpaiHM, SIKI PErIaMeHTYIOTh MPOEKTYBaHHS,
MOHTaX, €KCIUTyaTallll0 Ta pPEKOHCTPYKIII CHUCTEM OMajeHHS, BEHTWIILII Ta
KOHJUIIIOHYBaHHS NOBITPA y OyaiBIsAX Ta CHOPYAAXx.

Cepen BHMOI, TakoX, BHCYBalOTbCSI BHUMOTH JI0 €HEProe(eKTUBHOCTI CUCTEM
OBK, cepen sixkux Bumoru 10 KK/ obnaananHs, Ta BUMOTH A0 1301111 TpyOOIPOBOIIB
Ta MOBITPOMPOBOIIB.

[leit TOKyMeHT € 0OOB'SI3KOBUM JI0 BUKOHAHHS I BCIX yYaCHHUKIB OyiBEIHHOTO
OpOLECy, BKIIOYAIOYM  MPOEKTYyBAJIbHUKIB, OyIiBEJIbHUKIB Ta  EKCIUIyaTalliiiHi
oprasizaiiii. 3aCTOCOBYEThCS K P HOBOMY OYMIBHHUIITBI, TaK 1 MPU PEKOHCTPYKIII Ta
KamitaabHOMY peMoHTi cuctem OBK.

BropoBamkenns nokymenty JCTY ISO 50001:2020 "Cuctemu €HEpreTMHYHOIO
MEHEDKMEeHTY. Bumoru Ta HactaHoBa moao 3actocyBanHsa" [10] mamo Ha Meri:
MiABUIICHHA €HEProe(peKTUBHOCTI, 3HIKEHHS EHEProCHOXMBAHHS Ta MOJMIMIICHHS
€HEPreTUYHOI MPOTYKTUBHOCTI Opranizamii. € aganramiero €BpONecbKoro CTaHaapTy
ISO 50001 [11]. Hoxymentu [10, 11] momomarae oprasizamisiM BCTaHOBIIOBATH
CUCTEMHM 1 MpOLECH, HEOOXIAHI ISl TOJNIMIIEHHS EHEPreTUYHOi MPOAYKTUBHOCTI,

BKJIIOYAI0YM €HeProe(peKTUBHICTh, BUKOPUCTAHHS Ta CIIOKUBAHHS €HEPTIi.
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BucyBae BHUMOTH 10 €HEPreTHYHOI MONITUKH Ha TMiANPUEMCTBI, IJIaHyBaHHS
CHEPrOCIIOKMBAHHS,  MOHITOPDHUHTY  CIIOKMBaHHS  €Heprii  Ta  MiJABUIICHHA
eHeproe)eKTUBHOCTI.

OCHOBHOIO C(PpepOI0 3aCTOCYBaHHS JTaHOTO JOKYMEHTY € Oprasizallii OyIb-sSKoro
THUITY.

JCTY EN 15232-1:2020 "EneproedextuBHicTs OyaiBenb. Bruis aBromaru3zartii
Ta YNpaBIiHHS OymiBIsIMHU" € CTaHIapTOM, IO BCTAHOBIIOE BHUMOTH [0 CHCTEM
aBToMatu3amii Ta ympaBiuiHHA OymiBmimu  (BACS) s momimmeHHsS — iXHBOT
eneproedexkruBHocTi. Ctanmapt [12] monomarae 3abe3nednuTd epeKTUBHE YHpPABIIHHS
CHEProCIIOKMBAHHSAM Oy/iBENIb Yepe3 BUKOPUCTAHHS MEPEIOBUX CUCTEM aBTOMATH3aIlii
Ta yNpaBIiHHSI, 0 CIPHUSE 3HAYHOMY 3HIKEHHIO BUTPAT HA €HEPriio Ta MiJBUIICHHIO
3araJibHO1 eHEepProe(PEeKTUBHOCTI Oy 1iBEb.

JIOKyMEHT pernaMeHrye:

e kareropmsamisi cucreM BACS: Bu3HaueHHS  Kareropii Ta  PIBHIB
(YHKITIOHAJILHOCTI CUCTEM aBTOMATH3Aallll Ta YIIPaBIIHHS OYI1BISIMU;

® METOAW OIIIHKH: OIliHKa BIIMBY cucteM BACS Ha eHepreTHdHi MOKa3HHUKH
OyIiBeb;

® pPEKOMEHJAI] M0 BIPOBAIKEHHIO: HACTAHOBU I1I0JI0 BIPOBAIKEHHS €(PEKTUBHUX
CUCTEM aBTOMATH3aIlil Ta YIPABIIHHSA IS TOCATHEHHS €Hepro30epeskeHHs;

e (yHKIIIOHAIbHI MOMJIMBOCTI: TMepeiK (PYHKIIOHATBHUX MOXJIMBOCTEH CHCTEM
BACS, mo BminMBaIOTh Ha €HEProeeKTUBHICTb, TaKli K KOHTPOJb OTAaJCHHS,
BEHTHWJISAI1, KOHIUIIIOHYBAHHS, OCBITJICHHS TOIIIO.
3aCTOCOBY€ETHCS:

® IS HOBHUX Ta ICHYIOUHMX Oy/iBEJb: BUKOPHUCTOBYETHCS MPHU MPOCKTYBAHHI HOBUX
OyliBesb, a TaKOX JJII MOJIEpHIi3allii iICHyIouUnX Oy/iBeJIb 3 METOK ITiJIBUIIICHHS
ix eHeproe(eKTUBHOCTI;

® TPOEKTyBaJbHUKAMHU Ta 1H)XXKEHEpaMu: MpHU po3poOIll Ta BIPOBAKEHHI CHCTEM
aBTOMAaTH3allli Ta YIPaBIiHHS OyA1BISIMH;

® JJIs OLIIHKA €HEeProe(peKTUBHOCTI: 3aCTOCOBYETHCS JIJISl OIIHKY BIUIUBY 1CHYIOUHX

Ta HOBUX CHCTEM aBTOMATH3allli Ha EHePTeTUYHI XapaKTEPUCTUKHU OY/T1BEIIb.
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JACTY EN ISO 52016-1:2022 EneproedextuBHicTh OymiBenb. EHepreTnuHi

noTpedu i OMaJeHHS Ta OXOJOJKEHHS, BHYTPIIIHI TeMIeparypu Ta MOTpedu B
OXOJIO[DKEHHI 1 OMaJIeHHl, CTyHiHb BUKOpUCTaHHS eHeprii. Yactuna 1: Mopeni
pospaxynky Ta JJCTY CEN ISO/TR 52016-2:2022 EneproedeKTHUBHICTh OymiBeb.
Enepretnyni motpeOu sl OmMajieHHS Ta OXOJOMKCHHS, BHYTPIIIHI TeMIEpaTrypu Ta
noTpedu B OXOJIO[DKCHHI 1 OMaJieHHl, CTyMiHb BHKOpPHUCTaHHA eHeprii. Yactuna 2:
HacranoBu miogo BBemeHHs B nit0 [13, 14] BCTaHOBIIOIOTH METOAM PO3PAXYHKY
CHepreTUYHUX TMOTped [JIs OMajeHHs Ta OXOJOMKEHHS OydiBeslb, BHYTPILIHIX
TeMIlepaTyp Ta CTyNEeHS BHUKOPUCTAHHS €Heprii Ta HaJal0Th HACTAaHOBHU IIO/0
3aCTOCYBaHHS Ta BBEJICHHS B JIII0 JAHUX METOJIIB PO3pPaXyHKY.

[li cranmapTu [gomoMararoTh 3a0€3MEUUTH EHEProePeKTUBHE MPOEKTYBAHHSA,
eKCIUTyaTalll0 Ta OILIHKY Oy/iBesb, CHPHUSIIOYM 3HMKEHHIO EHEpProCIOKUBAaHHS Ta

1 IBUIIEHHIO KOM(DOPTY.

/InpexTuBu €BpPONEHCcLKOrO CO03Yy:

€pporneiicekuii  Coro3  MOCTIHHO  OHOBJIOE  CBOi  JUPEKTUBH  IIOJI0
eHeproe()eKTUBHOCTI 3 METOI0 3MEHIICHHS BHUKHUIB TApPHUKOBHX Ta3iB, MiABUIICHHS
eHeproe)eKTUBHOCTI Ta 3a0e3MeUYeHHsI CTajoro po3BUTKY. OCHOBHI JOKYMEHTH, IO

perynoroTh eHeproedekTuBHICTh B €C, BKIIIOYAIOTh:

1. Energy Efficiency Directive (EED) [15]

Onosnenns 2023 poky: 3MIITHEHHS MMPABOBOI 0a3u JJIsl JOCATHEHHS 1IJIeH MakeTy
"Fit for 55" ta mmany "REPowerEU". HoBi misi BKIOYaKOTH MIOPIYHE 3HMKCHHS
CIIO’KMBAHHS €Heprii B iep>kaBHOMY cekTopi Ha 1,9% 1 mopiyHe oHOBJIEHHS Oy/IiBeb Ha
3% Ha BCIX pIBHAX JEPKABHOTO yNPABIIHHS.

i va 2030 pik: 3arajgpbHa MeTa eHeproe(eKTHBHOCTI BCTAHOBJIEHA HA PIBHI HE
Mmenuie 11.7% y nopiBHSHHI 3 O4IKYBaHUM clioKMBaHHSM eHeprii y 2030 potii, 30kpema
992.5 Mtoe mis TEPBUHHOTO EHEPrOoCHOXWBAaHHA Ta 763 Mtoe s KIHIIEBOTO

eHeprocnoxuBanHs. e nmepeBuiirye nonepeani 1iai, BcraHorieHi B 2018 pori.
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2. Fit for 55 Package [16]

[{eit makeT 3aKOHOJABYMX 1HIIIATUB, MpUHHATHHN y sunH1 2021 poky, nepeadaydae
3MEHIICHHs BUKH/IIB TApHUKOBUX Ta3iB HAa 55% no 2030 poky y MOpiBHIHHI 3 PIBHIMHU
1990 poky. Bxitouae onopnennss EED Ta iHImn 3akoHomaBul 1HIIIATUBYU JJIs CIIPUSIHHS

JIOCSTHEHHIO KJIIMAaTUYHUX IIJIEH.

3. REPowerEU Plan [17]
[Mpuitnatuii y tpaBHi 2022 poKy sIK BIANOBIA, HAa KpHU3Y 3 EHEPreTUYHHUMU
MOCTaYaHHIMH, CHOPSIMOBAaHWN Ha 3MEHIICHHS 3aJIeKHOCTI BiJl IMIOPTY BHUKOITHOTO
nanuBa 3 Pocii Ta mpuckopenHs mnepexomy no uuctoi eneprii. L{um REPowerEU

nepen0avaroTh IMiABUIICHHS 00O0B'SI3KOBHX I1ijiei eHeproedeKTuBHOCTI 10 13%.

4. 3enenuii kypc (European Green Deal) [18]
3enenuii kypc (European Green Deal) € crparerieto €C, cnpsMoBaHOIO Ha
nepeTBopeHHss €BponM Ha KIIMAaTMYHO HEUTpasbHUN KOHTHHEHT a0 2050 poky.
OCHOBHI MOMEHTH B OHOBJICHUX JUPEKTUBAX IIOJI0 3€JIEHOTO KypCy:
e cHeproe(PeKTUBHICTH: BKIFOUCHHS aMOITHUX IIUJICH 100 3HUKEHHS CTIOKUBAaHHS
eHeprii Ta 30UIbIICHHS YaCTKU BiHOBJIIOBAHUX JHKEPEJ eHeprii;
® JICpP)KABHUN CEKTOp: MPUIUISETHCA OCOOJMBA yBara OHOBIICHHIO OyJiBelb
JEpKABHOTO CEKTOpa, MIABUIICHHIO 1X €HEepProe(eKTUBHOCTI Ta JAEMOHCTpALii
nepeBar BUCOKOS(hEKTUBHUX Oy/IiBEIb;
® pOoJb TpOMaSH Ta OI3HECY: COPUSHHSA aKTHBHIM y4acTi TpoMajsiH Ta Oi3Hecy y
JIOCATHEHH1 €Heproe(eKTHUBHUX i€l uepe3 EHepreTHYHUN MEHEIKMEHT Ta
BIIPOBAP)KEHHSI HOBUX TE€XHOJIOT1H.
Takum uynmHOM, OHOBJIeHI JupekTHBH €C MIIKPECTIOITh  BAKIUBICTH
eHeproe()eKTUBHOCTI SIK KIIOUOBOT'0 €JIE€MEHTY 3€JIEHOr0 KypCy Ta Mepexoay 0 CTajioro

MaiOyTHHOTO.
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5. Jlupextusa npo eneproedektuBHicTh OyaiBess (EPBD) [19]

[{s1 nupexTuBa cpsiMOBaHa Ha TMOJIMNIIEHHS eHeproedeKkTuBHOCTI OyaiBeasb y €C.
Bona Bxirouae:

e MiHIManbHI BUMOTU 10 eHeproedexTuBHOCTi: EPBD BcTaHOBIIOE MiHIMabHI
BUMOTH JI0 eHeproedeKTUBHOCTI OyJiBelb Ta CHUCTEM OMNaJeHHS Ta
KOHJTUIIOHYBaHHS TTOBITPS;

e cuctemu cepTu(ikallii: TMPEKTHUBa BUMarae BIPOBAKEHHS CUCTEM cepTudikaiii
eHeproeeKTUBHOCTI OyaiBeNb, IO JOTOMara€e Cro)KMBayaM Ta 1HBECTOpaM
3pO3yMITH PiBEHb €HEProe(heKTUBHOCTI OyIiBEb;

e aymutu Ta orminu: EPBD Takoxx BuMarae peryispHi Oriisigu Ta ayJauTH
eHeproepeKTUBHOCTI OyiiBeNIb 3 METOKW ieHTU(]IKaIlli MOXKJIUBOCTEH s

MTOKPAIICHHS.

6. €pporneiicbki HopMu (EN)

€Bpomneiickki HOpMH, Taki sk EN 15232 [20], EN 13790 [21] Ta iH1I11 BU3HAYAIOTh
METOJMKHU Ta MPOLEIYPHU JIJIsl OI[IHKHU Ta YIPABIIHHS €HEPTi€l0 B OpraHi3allisax.

EN 15232: meit crammapT BU3HAYa€ METOAM OIIHKA Ta TMOKPAIIEHHS
eHeproe(pekTUBHOCTI Oy/AiBeNb Uepe3 YNpaBIiHHSI CHCTEMaMH aBTOMAaTH3allii Ta
KOHTPOJTIO.

EN ISO 13790:2008 - me MibKHapOmAHHWM CTaHAAPT, SKUH HAJA€ METOAN OIIHKU
EHEPreTUYHUX XapaKTEPUCTHUK Oy/iBelib. BiH 3acTOCOBY€EThCS M1 pO3paxyHKy NoTped B
€HEPrii Ha OMaJeHHs Ta OXOJIOMKEHHS KUTJIOBUX 1 HEXKUTIOBUX Oy/IiBEb.

EN ISO 52000-1:2023 [22] 3amintoe Ta oHoBmoe EN 15603:2008 [23]. Lle#t
CTaHJIapT OINUCY€E METOM JIJIsl OLIIHKM 3arajibHOi eHepreTUYHO1 ePeKTUBHOCTI OY/I1BEIIb.
Cranmapt [22] po3pobnenuit myis 3abe3nedeHHs OUTbII KOMIUIEKCHOTO MiJIXOMy [0
OITIHKU €HEepPreTHYHOi €(h)eKTUBHOCTI Oy/IIBEJIb, BPAXOBYIOUYM OCTaHHI HAyKOBO-TEXHIUHI
JOCSITHEHHS T4 BUMOTH.

Crangapr EN ISO 52003-1:2022 [24] BusHawae KputTepii Ta METOAU IS
BCTAHOBJICHHS C€HEPreTUYHMX XapPaKTEPUCTUK Oy/iBeNib, BKJIIOYAIOYM KIJIacH(IKaIlio

eHeproe()eKTUBHOCTI Ta BUIa4y €HEepreTHUHuX cepTudikaris. HopMaTuB € OHOBICHHAM
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EN 15217:2007 [25]. OnoBnenHs OyjJ0 MNpOBEAEHO, 100 MPUBECTH CTaHIAPT Y

BIIMOBIAHICT JI0 CyYacCHUX TEXHOJOTIYHUX BHUMOT 1 METOJIB OI[IHKM €HEPreTHYHOI
epekTuBHOCTI Oy/iBenb

Crangapt EN 15316-1:2017 [26] peryatoe MeTOau PpO3paxyHKy €HEPreTHUYHHUX
notped Ta e(h)eKTUBHOCTI ONMATIOBAILHUX CUCTEM Y OyIIBIISIX.

EN 15459-1:2017 [27] nmamae meToaw AJis €KOHOMIYHOI OIIHKK I1HBECTHUINA Y
SHEPIreTHUYH1 CUCTEMHU OY/I1BEIIb.

[{i HOpMaTHBHY Ta CTAaHAAPTH BU3HAYAIOTH CTPATETii Ta METOMU JIJIsl MOKPAIECHHS
eHeproepeKTUBHOCTI y OyIIBHMIITBI K B YKpaiHi, Tak 1 B KpaiHax €BpoOneHChKOro

Corozy.

Cucremu 3es1eHoi ceprudikaumii OyniBeab

1. LEED (Leadership in Energy and Environmental Design) [28]

€ omHi€l0 3 HAWOLIBII BIAOMHMX Ta BHKOPHUCTOBYBAHMX CHCTEM cepTHdiKalii
eHeproe(eKTUBHOCTI Ta €KOJIOTIYHOi [u3aiiHy Yy OymiBHHUITBI, po3pobieHa B
Cnonyuyenux Illtatax Amepuku. lls mnporpama craBuTh nepen coOOK0 3aBAaHHS
cripusaTH OyJTiBHUIITBY Ta eKCIuTyaTallli OyaiBelib, K1 3MEHIIYIOTh HETaTUBHUMN BIUIMB Ha
HABKOJIMIIIHE CepeAoBUIIE, €()EKTHUBHO BHKOPHCTOBYIOTH PECypCH Ta CTBOPIOIOTH
310poBe 1 KOM(GOPTHE CEPEIOBUIIIE /1T KOPUCTYBAUIB.

OcnogHi acniektu Cxemu LEED BkITI09at0Th:

e cHeproedekTuBHICTh: cxema LEED BcTaHOBIIO€ BUMOTH 10 €HEproe)eKTUBHOCTI
OyIiBenb, BKJIIOYAIOYM BUKOPUCTAHHS  BIJIHOBIIIOBAHMX JUKEpEN  EHeprii,
ONTHMI3AIlI0 CUCTEM OTMAaJICHHS, KOHJIWIIOHYBAaHHS MOBITPA Ta OCBITJICHHS, a
TaKO0X 3aCTOCYBaHHs €HeProe()EeKTUBHUX TEXHOJIOTIH;

e Marepianu Ta pecypcoszbepexenns: LEED BpaxoBye BHKOpHUCTaHHS €KOJOTIYHO
YUCTUX Ta BIJIHOBIIOBAHUX MaTepiaiB, a TAKOXK MPUHIIMIIK PECYPCO30EPEKEHHS B
OyAIBHUIITBI Ta €KCIUTyaTallii Oy/1iBeb;

e sxicTh cepemoBuma: cxema LEED crtaBuTh mepem cob6oro 3aBHaHHS CTBOPEHHS

3JI0pOBOTO  Ta KOM(OPTHOTO cepeloBHUIla IS KOPUCTyBadiB  Oy/liBEIb,
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BKJIFOYAIOYM BUMOTH JIO SIKOCTI TIOBITpS Ta BOJW, a TaKOX JO0 OpraHizarii
pPOCTOPY;

e ixHoBamii Ta au3aiH: nporpama LEED cropusie BrpoBamkeHHIO 1HHOBAIIMHUX
TEXHOJIOTI Ta IU3ANHEPCHKUX PIIIEHb, CIPSIMOBAHUX HA 3MEHIICHHS BIUIUBY
Oy/liBeJIh HA HABKOJIMIIIHE CEPEIOBHUIIIE;

e crTparterii miaHyBaHHs Ta TpaHcnopTHi pimeHHs: LEED BpaxoBye BIUIUB MicIs
po3TartyBaHHs OyIiBelb Ta iX JOCTYIHICTh JJISI TPOMAJICHKOTO Ta E€KOJIOTIYHO
YUCTOTO TPAHCIIOPTY.

L{s mporpama mpomnoHye KiJibka piBHIB cepTU(ikallii B 3aJ1€KHOCTI BiJ JOCSTHEHb
oynieii B neBHux kareropisx. Cxema LEED crana nonynspaoro we nuie B CIIA, a i

110 BCbOMY CBITY, B TOMY YHCJIi 1 B YKpaiHi Ta kpaiHax €Bporneiicbkoro Corosy.

2. BREEAM (Building Research Establishment EnvironmentalAssessment Method)
[29]
€me onxHiIEl0 3 TPOBIAHUX CHCTEM cepTudikaiii eHeproeeKTUBHOCTI Ta

eKoJIoriyHoro OymiBHMIITBA y CBITI. Bona Oyna po3poOineHa BennkoOpuTaHCHKUM

nocmigaunbkuM — yctaHoBoro  "Building  Research  Establishment" (BRE) 1

BUKOPUCTOBYETHCS VISl OI[IHKHM €KOJIOTTYHOT MPOAYKTUBHOCTI Oy/1iBEJIb Ta MPOCTOPIB.
OcnogHi acniektu Cxemu BREEAM Bkit04atoTh:

e cHeproedekTuBHicTh: BREEAM BcTaHOBIIOE BUMOTH 0 €HEProeeKTUBHOCTI
OyZIiBesib, BKJIIOYAIOUM BUKOPHUCTAHHS BIIHOBIIIOBAHUX JIKEPEN €HEeprii, 3aXoiu
I0JI0 3MEHUIEHHS BUTpAT €Heprii Ha ONaJieHHs, KOHIAWI[IOHYBaHHS MOBITps Ta
OCBITJICHHS.

e wMarepiamu Ta pecypcozbepexenns: BREEAM BpaxoBye BHKOPUCTAHHS
€KOJIOTIYHO YHUCTUX MaTrepiajliB, a TaKOX TMPUHIMIN Pecypco30epexeHHs B
OyAIBHUIITBI Ta eKCIUTyaTallii Oy/1iBeb;

e skicThb cepenoBuiia: cxeMa BREEAM chopuse CTBOpEHHIO 310pOBOTO Ta
KOM(OPTHOrO cepeioBUINA /7 KOPUCTYBayiB Oy/iBelb, 30KpeMa, BCTAHOBIIOIOUN

BUMOTH JIO SIKOCTI MOBITPS Ta BOJIH;
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e ympaBniHHA mpouecamMu Ta iHHOBamii: BREEAM crtumymnioe BrnpoBamKeHHs
IHHOBAIIMHUX TEXHOJIOT1H Ta MPAKTUK Y OYMIBHHUIITBI, SIKI COPHUSAIOTH 3MEHIIICHHIO
BIUIMBY Oy/liBENb HA HABKOJIUIIIHE CEPEIOBUIIIE;

e BIUIMB Ha MicieBe cepenoBule: cxeMa BREEAM BpaxoBye BIuMB Oy/liBelIbh Ha
MICIICBE CEpeJIOBUILlEe, 30KpeMa, €(DEKTUBHICTh BUKOPHUCTAHHS 3€MJI, BOJHHUX
pecypciB Ta BIUTUB Ha (uiopy Ta gayHy;

e [uiaHyBaHHs Ta TpaHcnopT: BREEAM Takox OILiHIOE MOCTYHHICTH OYIiBIII Ta
1H(GPACTPYKTYpH JJI TPOMAJICEKOr0 Ta €KOJOTTYHO YUCTOTO TPAHCTIOPTY;

e ympabniHHsI: BREEAM BcTaHOBIIOE BUMOTH JI0 CUCTEM YIIPABIIHHS €HEPri€l0 Ta
€KOJIOTTYHUMU MOKa3HUKAMU M1/ Yac eKCIuTyaTallii Oy aiBiIi.

Cxema BREEAM € BaxJIMBUM  IHCTpyMEHTOM  isi  3a0e3medeHHs
eHEepProe(PeKTUBHOCTI Ta €KOJOTIYHOCTI B OyTIBHMIITBI, a TaKOX CIPHSE I1JIBHUIICHHIO
CBIIOMOCTI mMpo 30epekeHHs pecypciB Ta 3MEHILEHHS BIUIMBY OyIIBHUILITBA Ha

HABKOJIMIIHE CCPCAOBUIIC.

1.2 Ocranni pocaimkeHHss y cdepi eHeproedeKTHBHOCTI Ta KOMQOpPTY

OyaiBeJib.

B Vkpaini gocnimkeHHIO eHeproepeKTUBHOCTI Oy/iBeNb 3a OCTaHHI POKH Oyso
MPUCBSIYCHO 3HAYHA KIJIBKICTh HAyKOBUX pOOIT, Pi3HOI HampamieHocTi. Haitoinbimoi
HOMYJSPHICTIO KOPUCTYETHCS TOCTIIKEHHS] eHeproepeKTUBHOCTI Oy/IiBebh Ta CIOPY/ B
yMOBax HoOpMmaibHO1 ekcrutryarailii [30-37] Ta muTaHHS BIUIMBY TEXHIYHUX IMOKpAIllCHb
Ha eHeproedexTuBHicTh OymiBmi [38-43]. B pobOoTax BUKOPUCTOBYIOTHCS —SK
pO3paxyHKH, IO OMHPAOThCS Ha BiTum3HsAHI cranmaptu [30-34, 37, 43], Tak 1
SHEepreTUYHe MoJIetoBaHHs OyaiBens [32, 35, 36, 42].

B [30] po3pobunu MaTremMaTu4Hi MOJEN1 J1s1 BU3HAUYEHHS CHEU(pIYHOT TOoTpedu B
eHeprii g OmnajJeHHS Ta OXOJIO/DKCHHS aJMIHICTpaTUBHUX OydiBenb. BoHu
npoaHali3yBajly BIUIMB pI3HUX MapaMeTpiB Ha eHeproe(eKTUBHICTh OyaiBenb 1

3aMpOITIOHYBAJIM METOIM I TOYHOTO PO3PAaXyHKY €HEPrOCIIOKUBAHHS.
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HaykoBa po6Gora [31] mnpucBsiueHa po3poOIlll MaTeMaTHYHUX MOJEIeH s
BU3HAUEHHA MOTPEOU B €HEPTii AJis onajeHHs OyiBelb, aKIEHTYIOUM yBary Ha MeToaax
pO3paxyHKy, sKi BpaxoBYIOTh Pi3Hi eKcIulyaTamiiiHi ¢akTopu. IX mociimkeHHS
CIpsIMOBaHE Ha MOKPAILEHHS TOYHOCTI PO3PAXyHKIB €HEPrOCIOKUBAHHS.

Jemko B., Cyxony6 1. Ta binoyc 1.. mocnignmm mMeronu Bu3HAUYCHHS Crie(iaHOT
notpedbu B eHeprii s OMNajeHHsA, IO BHUKOPUCTOBYIOTbCA B YKpaiHi. Bouu
MpOaHai3yBajid HAlOHAJbHI CTaHAAPTH Ta METOJUKH, MPOMOHYIOUM MLUISXH iX
BIOCKOHaeHHs [33].

[IToekamok M.M. Ta 3imenko C.B. gociiawim TErjoBTpaTH 4epe3 OTOPOHKEHHS
Oy/iBeNib, BPaxXOBYIOUM pPI3HI METOAM OI[IHKM TEIUIO3aXUCHUX BJIACTUBOCTEH. BoHu
PO3pOOHIN pEeKOMEH AT IS TIABUIIEHHS e(PEeKTUBHOCTI Terioi3osimii [34].

binoyc 1., Jlemko B., Ta Cyxony0 1. BukoHanu napaMeTpUYHHM aHalli3 BIUIMBY
30BHIIIHIX 1 BHYTPIIHIX ()aKTOPIB Ha €HEProePeKTUBHICTH Oy/IiBelb, BUKOPUCTOBYIOUU
HENMiHIMHI OararodakTopHi perpeciiiHi mozaeni. BoHu BcTaHOBWIM KIIIOYOB1 (hakTOpH,
110 BIUIMBAIOTh HA €HEProCcHoKuBaHH [41].

Bownwu x, B po0oTi [36] onucanu MOXKIJIMBOCTI BUKOPUCTAHHS MOZEIIIOBAHHS 1] 4ac
CHEePreTUYHUX ayJauTIB OydiBesb, MIJAKPECIIOIUM BaXXJIUBICTh TOUHMX MOJENEH s
OlIHKK eHeproedexktuBHocTl. Ll poboTa € BaXIMBUM KPOKOM, IO HAOIMKYyeE
BITYM3HSHI HOPMATHUBU JJO MDKHAPOIHHUX.

Takok, yacTUHa pOOIT TMEpecBsYeHa IMOPIBHSIHHIO BITUYM3HSHMUX ITAXOMIB Ta
€HEpPreTHYHOro MmojentoBaHHsa, Hanpukian Jemko B, Cyxonyd I, ta fuenko O.
NPOBEIM  TOPIBHSHHS  CIOXHWBaHHSA  eHeprii  OymiBIsAMH 32  JIOTIOMOI'OIO
IHCTPYMEHTAJIbHUX 1 PO3PaxXyHKOBUX METOJiB. BOHM BCTAaHOBWJIM BIJIMIHHOCTI MIX
TEOPETUYHUMH pPO3paxyHKaMu Ta (PaKTMUHUMH JaHWMH, 110 JO3BOJISIE ONTHMIi3yBaTh
eHepreTudHi mojeni [32].

B mnaykoBiéi crarti [35] po3poOunm Momeni JUHAMIYHOTO MOJCTIOBAHHS IS
aHaii3y TEIJIOBOTO CTaHy Oy/iBelb Ta iX TEXHIYHUX CHCTEM. BOHW BUBYAIM BIUIMB
pi3HUX (haKTOPiB Ha TETUIOBUH OanaHC Ta eHeproepeKTUBHICTH [35].

HayxoBe nmocmimkennst [42] mpucBsYeHe BIOCKOHAJICHHIO JUHAMIYHUX CITKOBHX

Mojeser i OymiBeJIbHUX CHCTEM, 3 OCOOJMBHM aKIIEHTOM Ha BpaxXyBaHHS



33
eKCIUTyaTalliiHuX ¢GakTopiB. ABTOpP CTBOPHMB HOBI METOAM MOJCIIOBAHHS, SKI
3a0€3MeuytoTh O1IbII TOYHE BpaxyBaHHS eKCIUTyaTallliHMX IlapaMeTpiB, Ta HaJaB
BUCHOBKM IIIOJI0 JOCSTHYTHUX pE3y/lbTaTiB, BHSIBUB IEepEBard Ta MOXKJIMBOCTI
MOJIAJIBIIOTO BJJOCKOHAJIEHHS MOJIEIICH.

HNocmimkenns B €Bpomi ta CIIA, B OinbImIOCTi CBOiM, MPUCBSYCHI MAaCUBHUM
OymiBisM Ta OyHIBIAM 3 HYJbOBUM CIIOKMBaHHSAM. [liBUIIEHHS TEMJIOBOTO OMOPY
OTOpOIXKYyBaJIbHUX KOHCTPYKIIiH Oy/IiBeslb € BaXJIMBOKO TEMOIO B I[bOMY KOHTEKCTI. J[Jist
3HIDKEHHS 3aJ7I€KHOCTI BiJ] BUKOITHOTO TAJIMBA aKIIEHT POOUTHCSI HA TACUBHUX OyIIMHKAX
(ITb), [44, 45] npucBsiYeH] €KOHOMIYHOMY aHaJIi3y BIPOBAIXKCHHS TaKOi MOKPAIECHOI
000J10HKH OY/TiBITI.

BaxxnuBicTh Ta HEOOX1AHICTH EKOHOMIYHOTO aHadi3y Ta aHaJi3y YKHUTTEBOTO IUKITY
JUIS. TEPMOMOJIEPHI3allii IIKOJIX MPOJAEMOHCTpOBaHO Ha mpukiadil Itamii [43]. ABropu
CTarTi MIJKPECIIOTh, LI0 TEPMOMOEPHI3Allisl JO3BOJIUTh MIABUIIUTUA PIBEHb
TEIJIOBOTO KOM(OPTY.

[TuTanHIO TEMIOBOTO KOM(DOPTY, TaKOX, MPUAUISIETbCS 0COOJIMBA yBara Ha 3aXO/il.
Jlanna mpoOiiemMa po3mIsSAaEThCsl B KOHTEKCTI HEOOXITHOCTI CKOPOUYCHHS CIIOKUBAHHS
eneprii [46, 47]. Y crarti [48] 3anponoHoBaHO 6araToiib0OBUM ONTUMIZAIIAHUAN IT11X1]T
70 EHEPreTUYHOrO TMPOEKTYBAHHS OTrOPOKYBAJIbHUX KOHCTPYKIM OymdiBenb, SIKU
JI03BOJISIE 3HAWUTHU ONTUMAJILHE PIIICHHS I Oy/IiBENb 3 Maike HYJIbOBUM CIIOKHBAHHSIM
€Heprii, 10 MIHIMI3YIOTh CIOKUBAHHS TMEPBUHHOI €HEprii. 3amponoHOBaH1 PIIIEHHS
COpsIMOBaHI Ha 3a0€3MEYeHHs ONTUMAJbHUX OyHiBENIbHUX CTpaTeriil s THIIOBOTO
)utina B Itamii njms 4oTUpPBOX Pi3HUX MicleBocTel. Y ctarti [49] posmisimaroThes
MATAaHHS, TOB'SI3aHI 3 PEKOHCTPYKIIEID 1ICHYIOYOTrO KHUTIOBOro (onmy. JlocmimkeHHs
icHytodoro OymiBenbHOTO (OHIY Ta TMIABUIICHHS HOTO eHEeproe(EeKTHBHOCTI
MPEACTABISAIOTh MEBHI MPOOJIEMHU MOPIBHSAHO 3 MPOCKTHUMU ymoBaMmu. Ll mpolGiemu
OoOMEXYIOTh ~ BIPOBAKCHHS HHU3KA  €Hepro3oepiraroumx 3axomiB. Y  CTarTi
JTOCTIDKYIOTECA  Pi3HI 3axomu 3 eHepro3OepexeHHs s (acamiB  OymiBenb 3
BUKOPHUCTaHHSIM €HEPreTUYHOr0 MOJENIOBaHHSL OyaiBeiab. TakoXk OIHIOETbCS iX

E€KOHOMIYHA JKUTTE3IaTHICTh CIEIIabHO IS CEPEA3EMHOMOPCHKOTO KITiMaTy.
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OntumanbHl TIAXOAU 10 PEKOHCTPYKII cTapux OyaiBellb € TaKoXK BaKJIMBUM
nuTa”HHsaM B €Bpori. [le BUKIMKaHO pO301KHICTIO B CTApUX MiAX0Aax 10 OyIiBHUIITBA
Ta XKOPCTKOCTI HOBUX BUMOT. Hampukian, y crarti [50] Oyno AOCHIHKEHO TETUIOBUN
KOMGOPT ICHYIOUMX KHUTJIOBUX OYIHMHKIB, 30y0BaHMX 70 1945 poky, 1 BUSIBIEHO, IIO
Cy4yacHI CTaHAapTH KOM(OPTY HE 03BOJISAIOTH OIIHUTH DPiBEHb KOM(OPTYy B TaKHUX
OymiBIIAX, a iX 3aCTOCYBaHHs MPU3BOAUTD A0 HEAOOLIHKH iX TEIIOBOTO KOM(OPTY.

AHamizy 3MIHM TEIUIOBOr0 KOM(OPTY TMpU  BOPOBAPKEHHI  3ax0diB 3
eHeproe(heKTUBHOCTI TaKOXX HAaJTA€eThCs 3HaYHA yBara [51-54].

3HayHa YacTWHA JOCIIKeHb MPUCBSYEHA aHali3y KOMGOPTHOCTI nepeOyBaHHS B
MPUMIILICHHSX, 33 PI3HUX HABKOJIUIIIHIX YMOB, 3MIHU BHYTpIIIHIX MTapaMeTpiB [55] 1 T.1..

B po6oti [55] BuBuanu mapameTpu, 110 BIUTUBAIOTH HA BHYTPILIHIO TEMIEPATYPy
MOBITPsI B OYy/IBJISAX, MPOIMOHYIOYM IUISIXM ONTHUMI3alliil JJid MOKPAIICHHS TEIJIOBOTO
KoM(opTy Ta eHeproePeKTUBHOCTI.

HaykoBe nocnimkenHs [56] cnpsmoBaHe Ha PO3poOKYy METOJIB OLIHKHU BIUIUBY
TeMIEpPaTypHUX YMOB Ha €HEProe(eKTHBHICTb CUCTEM OIAJICHHS B OYMIBISIX IS
HiJBUIIECHHA €HeproeeKTUBHOCTI Ta KoM(pOpTHOCTI. BukopucTtoByroun peanbHi JaHi
30BHIIIHIX TEMIIEpaTyp, CTBOPIOIOTHCS MaTeMaTH4YHI MOJEN, sIKi IMITYyIOTb pOOOTYy
OTAJIIOBAJILHUX CHCTEM 3a P13HUX YMOB. [IpOBOASTHCS eKCIepUMEHTaIbHI 10 CTIIKEHHS
JUTsl BUMIPIOBaHHS TIapaMeTpiB poOOTH CHUCTEM OMNAJCHHS NPH PI3HUX TEeMIIepaTypax.
OTpuMaHi pe3yibTaTH 3aCTOCOBYIOTBCS [UJISI PO3POOKH METOJIB OIIIHKUA BIUTUBY
30BHIIIHIX TeMIeparyp Ha €HEeproe(eKTUBHICTb Ta KOMQOPTHICTh OMAIFOBAIBHUX
cucTeM. BHCHOBKM Ta peKOMEHaIii 3 JOCHIPKCHHS JOTOMAararTh ONTHMi3yBaTH
po0OOTY OmNaNtOBaJbHUX CHUCTEM JJIs MIABUINEHHS iX e(PEeKTUBHOCTI Ta 3a0e3reueHHS
KOM(OPTHOTO MIKpoKIiMary B OymiBisax. JlOCHimKeHHS Ma€ BaKJIWBE 3HAYCHHS IS
NpPaKTUKA B Taldy3l €HEPreTUKH Ta OyIIBHUIITBA, OCKUIbKH CHOpUsie po3poOi
e(eKTUBHUX CHCTEM OMaJIeHHS, SIKI BPaxXxOBYIOTh 30BHIIIHI TEMIEpaTypHI YMOBH Ta
3a0e3Meuy0Th ONTUMATIBHUI KOM(POPT JIJIs1 MEIIKAHIIIB.

[Ipy oMy, Ha BIAMIHY BiJ VYKpaiHCbKUX JOCHIIDKCHHSX IIHOTO TUTaHHS,
npoOeMy meperpiBy OyIiBellb TAKOXK € TMPEIMETOM AWCKYCii. YHUKHECHHs TIEPETPiBy B

OyIIBIIIX PO3MIANAETHCS 3a JIOIOMOTOI0 PI3HUX 3aXOMIB KOHTPOJIO Ha MPHUKIIAII
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OyIMHKY 3 LIeHTpaii3oBaHuM onajieHHsM y [lBerii B po6oti [57]. HacTynmHUM KpokoM,
IPOMOHYETHCS  BIPOBAJAUTA MAIMHHE HABYaHHS CUCTEM JUisl  3a0e3ledeHHs
cy0’extuBHOTO KOMpopTy [57].

B xoHTEKCTI meperpiBy, 3BICHO, BaXXJIMBUM NapaMeTpPOM € COHsuHa pasiaris [58].
Crarts [58] posmisigae BIUIMB COHSYHOI AKTUBHOCTI Ha TEIUIOBUM PEXHUM Y
OPUMIIIEHHSX 13 CHUCTEMOIO pajiamiifHoro omajeHHs. Y paMKax JOCIHIJDKEHHS
BUKOPHUCTOBYETHCSI METOJI IMITAILIl1 PyXy COHIIS, SIKUM 3M1MCHIOETHCS IIUITXOM HarpiBaHHS
TUTIBOK TI1J] 9aC €KCTIEPUMEHTIB. J[01aTKOBO BHKOPUCTOBYETHCSI TETUIOBUIA MAHEKEH JIJIS
OIIIHKK TemioBoro komdopTy B MNpuMilleHHI. ExcrnepuMeHTH mNpOBOAUIIMCS B
MOMIPHOMY OKeaHIYHOMY Kiimari Micta Typ, @panitis. OTpuMaHi pe3ysbTaTd CB1I4aTh,
II0 pyXOMa COHSYHA IUISIMA TPHU3BOAUTH JO 3HIKEHHS TEIJIOBOrO KoM(popTy B
MPUMIIICHHI.

Takok MPOBOAUTHCA AOCIHIKEHHS, IO TOMOMOXYTh MOKPAIIUTH HOPMATHBHY
6a3y. Bumoru no 3nauenr PMV ms mitedt nemmo Bwimi, HIX a1 gopociux [59]. YBara
NPUIISETHCS 1HIAUBIAYAIBHUM BHMOTaM JO TEIJIOBOTO KOM(OPTY 3a CTarTIO, BIKOM
TOIO. Y pe3ylbTaTi, MU CIOCTEpIraeMo MepexiJ BiJ MapajurMu IEHTPaTi30BAHOIO
3a0€e3IMeueHHs SIKOCTI MIKPOKJIIMATy /10 IEPCOHATI30BaHUX cucTeM [59].

[ToBeninka mroAel MO EKCIUTyaTylOTh OyaiBli TakoXX HaOHpae MOMYISPHOCTI.
HaykoBe nocnimxenns [60] cnpsMoBaHe HAa BUBYCHHS BIUIMBY PI3HOMAaHITHUX (PaKTOPiB
Ha €(EKTUBHICTb CHCTEM TEIUIONOCTaYaHHs. ABTOpPU AaHAMI3YIOTh TEMIIEPaTypHO-
NOTOAHI yMOBU  (30BHILIHIO TEMIEpaTypy TMOBITPS, BOJOTICTh, OMaau) Ta
eKCIUTyaTaliiii pakTopu (peXUM poOOTH CUCTEM ONaJIeHHS, TETUIO130JIA1I1sl Oy/IIBEIb).
JlochmiKeHHsT TaKOX MIAKPECIIoe HEOOXITHICTh PO3IIMPEHHS aHaIi3y Ha IIUPIIHMA
crieKTp (haKTopiB, BKIIOYAIOYH COI10-EKOHOMIYHI.

JocnimxenHs [61] BUKOPUCTOBY€E METOIA JUHAMIYHOTO MOJIEIIOBAHHS VISl aHAI3Y
BIUIMBY TIOBEJIHKOBUX acCIMEKTIB KOPHUCTYyBauiB Ha EHEProeeKTHUBHICTh Oy/iBEb.
OCHOBHOIO METOIO € 3'ACyBaHHS, SIK 3MiHA MOBEIIHKM KOPUCTYBa4yiB MOXE BIUTMBATH HA
pIBEHb EHEpProCMOXKMBAHHS Ta SK Il BIUIMB MOXHa BpaxoByBaTH IIiJl Yac
MPOCKTYBAaHHS Ta eKcIutyaramii OyaiBenb. Pesynpratu mokasyroTh, 10 3MIHU B

MOBE/IHII, TaKl SK KOpUTyBaHHS rpadikiB poOOTHM CHCTEM ONaJeHHA Ta
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KOHAMWI[IOHYBAHHS TOBITps a00 BIPOBA/PKCHHS EHEProe()eKTUBHUX TEXHOJOTIM
OCBITJICHHS, MOXXYTbh 3HaYHO 3MEHIIIUTH BUTPATH €HEPrii.

B maykoBomy mocmimkeHHI [62] BUBYAOTHCS 3BUYKH KOPUCTYBAdiB OO
BUKOPUCTAHHS €ICKTPONPUIIAIIiB, CHCTEM OMaJeHHS 1 T.1.. JloCHiKeHHS BKasye, IO
3MiHa 3BHUOK KOPHCTYBauiB MOXKE CYTTEBO BIUIMHYTH Ha BUTPATH €HEPTI.

Hocnimpkenns [63] aHanizye pi3HI MoOJeNi MOBEAIHKM KOPUCTYBauiB y KOHTEKCTI
CUMYJISIIII eHeprocnokuBanHsa OymiBenb. Cepen po3nIIHYTHX MOZENel € OCHOBaHI Ha
CTaTUCTUYHHUX JAHUX, 1HAUBIAyaJbHUX KOPHUCTyBadaxX 1 MOJAENl HAa OCHOBI MAIIMHHOTO
HaBYAHHS, 110 aHAJI3yIOTh BENUKI OOCATH NaHUX JUIS BUSBICHHS 3aKOHOMIPHOCTEH y
IMOBEIIHIII.

Hocnimkenns [64] mpucBsueHe OMIANY Ta CHCTEMaTH3allil ICHYIOUMX METOIIB
MOJICJIFOBAHHSI MIOBEIIHKA KOPUCTYBAUIB JIJIi CUMYJISLT €HEeProCnoKuBaHHs Oy/iBelb, 3
METOI0 BH3HAUCHHS IXHIX MepeBar Ta HEAOJIKIB. PO3MsgaloThes CTaTUCTUYHI METONH,
SIK1 @HAJII3yIOTh CTATUCTUYHI JIaHl MO0 MOBEIIHKN KOPUCTYBAYiB; areHTHI MOJENI, 10
BPaxoOBYIOTh KOXKHOTO KOPHCTyBaua sIK OKPEMOro areHta 3 IHIWBITyalbHUMHU
pIIIICHHSMU; Ta MOJEIl MAlIMHHOTO HAaBYaHHS, SIKI BUKOPHUCTOBYIOTH aJITOPUTMH IS
aHajli3y BEJIMKHUX OOCATIB JaHUX 1 BUSABJICHHS 3akoHOMIpHOCTeH. JlocmimkeHHs
MIKPECITIOE CKIIAIHICTD IMi€T 3a/adi Ta HEOOX1MHICTh KOMOIHYBaHHS PI3HHMX ITiIXOMIB
JUTSL JOCSTHEHHSI MAKCUMAJIBHOT TOYHOCTI Ta €()eKTUBHOCTI. JIJI TIOJanbIIIoro pO3BUTKY
miei ob6yacti MOTPIOHO TMPOAOBKYBAaTHU POOOTY HAJ ONTHUMI3ALIEID METOMIB Ta
BpaxyBaHHAM Pi3HUX (PAKTOPIB, 110 BIUIMBAIOTH HAa MOBEIIHKY KOPUCTYBAYiB y Oy/IiBIIsX.

[li mxepena IEMOHCTPYIOTh Pi3HI MIAXOAW Ta METOAW JIJIsi OLIIHIOBAHHS BIUIMBY
MOBEIIHKOBO-EKCIUTyaTallliHUX (akTopiB Ha eHeproePekTuBHICTh OymiBenab, SKi
MOXYTh OyTH 3aCTOCOBaHI JUIsl PI3HUX THUIIIB OyiBeb, KOPUCTYBAYiB, KIIMATUYHUX
YMOB, CIIEHapiiB Tomo. BapTo 3a3Ha4ynTH, 10 HE 3BaKAIOUM HA 3HAYHUI 00cAT poOiT
INPUCBSIUEHUX €HEProePeKTUBHOCTI, KOMPOPTY Ta €HEProCHOKUBAHHIO, MUTAHHS 11010
eHeproeeKTUBHOCTI Ta KOMGPOPTY B OyIIBIAX 3 YACTKOBOIO 3aWHATICTIO 3aJIUIIAETHCS

IIOTaHO BI/ICBiTJ'ICHI/IM, pO6JI$I‘H/I HOTO IEPCICKTUBHOIO TEMOIO I[OCJIiI[}KeHHSI.



37

1.3 Bubip mnporpaMHOro mnpoayKTy /Jisi MOAEJIOBAHHS €HePreTHYHHUX

XapaKTEePUCTUK OYaiBJIi

OCKUTBKM JOCHIDKEHHS TMPOBOAMUTHCA Ha 0a3l €HEPreTMYHOrO MOJISTIOBAHHS

OyaiBIIi, OJHUM 3 €TaIliB HalTMCAHHS POOOTH cTaB BUOIp MPOTpamMu MOJIETIOBAHHS.

Jns awnamizdy Ta BUOOpPY ONTHMAJIbHOTO MPOrPAMHOTO 3a0€3MEYEeHHS, SIKe

3a/I0BOJIbHSIE TIOTPEOM MOJICTIOBAHHS EHEePreTUYHUX XapaKTepUCTUK OymiBii, Oyio
po3msiHyTO Kimbka mporpam: RemRate [65], WUFI Passive [66], eQUEST [67] Ta
DesignBuilder [68].

Koxxen 3actocyHOK Oy/o J€TajJbHO MPOAHANI30BAHO HA NPEIMET THYYKOCTI

HaJIaIlTYBaHb, JETKOCTI BUKOPUCTAHHS, IOCTYITHOCTI Ta BUXIIHUX JAHUX, Ta TMOPIBHSAHO

Ha MpeaMeT MOXKJIMBOCTI BUKOPHUCTAHHS B JAHOMY JIOCJIIIPKCHHI.

Jlo Tabmumi 1.1 3BeneHO OIIHKY mepeBar Ta HeIOJIKIB KOXKHOI MPOrpaMu, a TaKoX

NPUYUHH, YOMY JI€sK1 3 HUX He Oyiu oOpaHi:

Tabmuus 1.1 — IlopiBHSAHHA mpPOrpamMHOrO 3a0€3MEUEeHHS NJsl EHEPreTHYHOTO
MOJICJIFOBaHHS Oy/T1BEIIb:
[TpomyxT Anpo Cdepa [TepeBaru Henomiku BucnoBok
3aCTOCYBaHHS
RemRate Bracue Eneprernunuii | llIBuakicTs, O06mexeHa He 6yna obpana
aHawi3 IIPOCTOTA THYYKICTb, yepes ii
KUTIOBUX HEMOXUIMBICTh | HETHYYKICTD Ta
OyniBeb, MOJICpHI3yBaTH | HEMPUIATHICTD
ceprudikaris rpadiku TUTSt
BIMOBIAHO [0 eKCILTyarartii, MOJIEIIOBAHHS
nporpam HE ITiIXO/IUTh HEKUTIOBUX
Energy Star IS OymiBenb, a
[69], LEED for HEKHUTIIOBUX TaKOX
Homes [70], OyniBenb BiJICYTHICTh
NGBS [71] MOKJTUBOCTI
MIPOBOIUTH
IIOTOINHHI

MOJCITIOBAHHA
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[Tponosxenns Tabmuii 1.1

[TpomyxT Anpo Cdepa [TepeBaru Hemomnixu BucHoBok
3aCTOCYBaHHS
WUFI Passive | Bnacue Enepretnunnii | ['myukuit OobmexeHa He Oyna obpana
aHami3 rpadgiuHuit THYYKICTB, yepes
OymiBenb, iHTepdeiic, HEMOXJIUBICTh | OOMEXCHHS B
ceprudikarliss | IHTETPOBAaHUN | MOJIEPHI3YBAaTH | HAJAIITYBaHHSX 1
ITACUBHUX 3 SketchUp rpadiku HEJ0CTaTHBbO
Oy/iBEIb [72], anami3 eKCIuTyaTartii, NETATBHIX
BOJIOTOCTI, He HajJae BUXIJHUX JaHUX
HIBUJAKICTh JOCTaTHHOT JUIS
KUTBKOCTI JOCTPKEHHS.
BUX1IHUX
napameTpiB
eQUEST DOE-2 Eneprernunuii | beskomroBna, | OOmexeHi He 6yna oOpana
aHami3 MIBUIKICTD, MOYJIMBOCTI 4yepe3 HeJOJIKH Y
Oy/iBEIb HasIBHICTH JUTsl poOOTH B MTPAMITL
rpagiqHOro METpPUYHIN METPUYHOL
iHTepdercy, CUCTEMI Mip, CHUCTEMH
THYYKICTb HErHy4YKui
MOJICJTIOBaHHS, | rpadiuyHui
LIUPOKUI iHTepdeiic
CIEKTp
MOYKJIMBOCTEMN
aHajizy
DesignBuilder | EnergyPlus | Enepreruunmnii | [nTerparis 3 Bumoru 1o DesignBuilder,
aHami3 EnergyPlus pecypciB 3aBISKHA CBOIM
OyniBenb [73], Benuka KOMIIT'IOTEpa, iHTerpawii 3
KUTBKICTD MOBUJIbHA EnergyPlus 1
HaJIAIITYBaHb 1 PO3IMIHUPEHUM
O MO>KJIMUBOCTSM
HAJIAIITYBaHHS,
Oysa oOpaHa siK
HalKpalun
BapiaHT I
notped 1aHoro
MPOEKTY,
HE3BAXKAIOUU HA
BHUIILYy CKJIQJHICTh
1 BUMOTH 0
amapaTHoro
3a0e3MeueHHsl.

DesignBuilder, 3aBnsku cBoiit inTerpamii 3 EnergyPlus [73] 1 posmupenum
MOXJIMBOCTSAM HaJalITyBaHHs, Oyja oOpaHa sSK HalKpaluii BapiaHT 1uis MoTped JaHOro

IIPOCKTY, HC3BAXKAI0OYW HA BUIIY CKJIaI[HiCTB 1 BAMOTH A0 arapataoro 3a0e3IeUeHHS.
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BucHoBku 10 po3aiay 1

B po3nini HamaHo AeTanbHMI aHANi3 YKpaiHCHKHX Ta 3aKOPIOHHUX HOPMATHUBIB,
0 PEryIioloTh eHeproePeKTUBHICTh OymiBenb. AHaI3 MOKa3ye, IO YKpaiHChKa
HOpMaTHBHA 0a3a € OJM3BKOI0 O BUMOT CBPOIMEHCHKOTO COIO3Y, IO OKPECIOE CTaH
BUMOT JI0 eHeproe(eKTUBHOCTI B YKpaiHi sIK cydacHui. PerynsipHe OHOBIEHHS fK
BITUM3HSIHUX, TaK 1 3aKOPAOHHUX BHUMOT JIO3BOJISIE€ IMIIXOAaM BpPaxOBYBaTH HAyKOBI
HaJ0aHHS, Ta MOCTIWHO MIJIBUINYBAaTU €HEProeeKTUBHICTh KpaiH, poOJYd BUMOTH
OUTBII KOPCTKUMH 3 YacoM, a TaKOX BIPOBAKYIOUH, B OOOB’SI3KOBOMY MOPSIKY,
CydJacHi TeXHIYH1 pillICHHS HA MPaKTHII.

HopwmatuBHa 6a3a, po3misiHyTa BHUIIE JIAIIA B OCHOBY MOJANBIIOTO JTOCHIIKEHHS,
10 TO3BOJIUTH HAJaHUM pe3yJibTaTaM Ta PEKOMEHAAIISIM HE CYNepeuruTH HOPMaTHBHUM
BUMOTaM [0 €Heproe(eKTUBHOCTI OyIiBenb, Ta MPOMOHYBATH BIPOBAHKEHHS Ha
MPAKTHIIL.

Takox, TpoaHai30BaHI JUPEKTHBH €BPOMEHCHKOTO COIO3Y IMIOAO IiABUIICHHS
eHeproe(PeKTUBHOCTI Ta 3MCEHIIEHHIO BHKHJIB IMAaPHUKOBHX Ta3iB B JOCSHKHOMY
MaiioyTHboMy. JlaHui aHami3 AO03BOJSE Kpalle 3pO3yMITH MOTOYHI TEHICHINI B IIiif
cepi.

VY mepiomy po3aui aucepraiii, Takox, OyJIo pO3IIIHYTO CydacHl HayKOB1 poOOTH
IpUCBsSiUEHI eHeproeekTHUBHOCTI OyaiBenb Ta cropyd. Bueni, sk ykpaiHCbKi, Tak i
3aKOPJIOHHI TPUAUSIIOTE 3HAYHY yBary MHUTaHHIO €HEeproe(eKTUBHOCTI OydiBenb Ta
TepMmiuHOMYy KoMmbopTy B HHX. Cropyau, IO AOCHIIKYIOThCS BKJIIOUAlOTH B cebe
JKUTJIOBI Ta KOMEpIIMHI OymiBii, a TakoX OymiBIl JAEP)KaBHUX IMIAMPUEMCTB, MPOTE
KUTIOBOMY (POHY MPUCBIUCHO HANOUIBIIE TOCTIHKEHbB, 0 MOKHA MOSICHUTH TUM, 1110
KUTIOB1 Oy/iBIIl COKUBAIOTh HAMOLIbIIIE €HEPTii, SIK TPyTa CIIOKMUBAUIB.

B nocnikeHHsIX MOYKHA BUCBITIUTH JIEKUIbKA OCHOBHUX HANPSIMKIB:

® aHam3 Ta TMOPIBHAHHA THUIOBUX TEXHIYHUX PpIllIeHb 3 TOJIMIICHHS

eHeproe(peKTUBHOCTI, iX €(PEeKTUBHICTh, AOULIBHICTh Ta BIUIMB HA JIOAEH IO
EKCIUTYaTyTh OY/IIBIIIO;

L4 ,Z[OCJIiI[}I(eHHH HpI/ICBSI‘leHi HCTHUIIOBUM 3aX0JdaM 3 CHCpF036€p€}KCHHH;
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e OIliHKa BIUIMBY €KCILTyaTalii Oy/iBii Ha i eHeprocroXKUBaHHS;

e JOCHIKEHHS KOM(OPTY JOAEH, 110 epe0yBaloTh B MPUMIILIEHHSX;

e aHaJi3 MacUBHHX Oy/iBedb Ta Oy/iBENb 3 HYJIbOBUM CIIOKUBAHHSM.

AHani3 OCTaHHIX HAayKOBUX pOOIT B i cdepi MoKazye BaKIMBICTh BUPIIICHHS
3arajgpbHOl TpoOsieMu eHeproedeKTUBHOCTI OyiBelh 3a JIOMOMOTOK KOMIUIEKCHOTO
MIJIXOAY 3 BpaxXyBaHHSM IMOBEIIHKOBUX, EKCIUTyaTalllMHUX Ta KJIIMaTUYHUX aCTEKTIB HA
PiBHI 3 TEXHIYHUMH PIIICHHIMHU.

Bapro 3a3HaunTH, 110 OUIBLIICTE A0CIHKEHb IPUCBIYEHA BUBYEHHIO HOPMATbHUX
pPEXKHMMIB BHUKOPUCTaHHA OyiBii, TeMa CHOXHUBaHHS €Heprii Ta KOoMQOPTHOCTI
nepeOyBaHHSI B MPHUMINICHHSIX OY/iBIl B PEKMMI YaCTKOBOI €KCILTyaTallii JOCIiKeHa
HEJI0OCTaTHBO, 110 HA/Ia€ TOJATKOBOI aKTyaJbHOCTI JaHii poOOTI.

Enepretnyne MonmenmoBaHHS € IHCTPYMEHTOM, IO HIMPOKO BHUKOPHUCTOBYETHCS B
Cy4YaCHUX JOCIIKEHHAX. B po3aini mpoBeAeHUM oMl MPOIYKTIB 3 €HEPreTUYHOIO
MOJICJIFOBaHHs Oy/iBesb, BUCBITJEHI X OCHOBHI INapaMeTpu, cdepa 3acTOCyBaHHS Ta
MaTeMaTUYHUN anapar.

[IponykTu Oyau mpoaHaii30BaHl HA MOXKJIUBICTh BUKOPUCTAHHS B JIaHI PoOOTI, 11e
JI03BOJIIJIO OOpaTy ONTUMAIBHUHN THCTPYMEHT TSI IOAAIBIIOTO AOCIiKkeHHs. [IponykKT,
1o Oys10 0OpaHo — MporpaMa 3 €eHepreTHIHOTO MOoJIetoBaHHs OymiBenb DesingBuilder.

OCHOBHI pe3ylbTaTd Ta BHUCHOBKU PO3JUTY JEMOHCTPYIOTh HEOOX1AHICTH
1HTerpamii pi3HUX AWCIUIUIIH Ta CEKTOPIB BUBYCHHS, B TECOPETUYHUX AaCIICKTIB
JU3aiiHy Ta KOHCTPYKLIM A0 TNPAKTUYHMX AaCMHEKTIB eKCIUTyaTalii Ta MOBEAIHKU
KOpUCTYBauiB, a TAaKOXX BpaxyBaHHS ICHYIOUOI HOpMAaTHBHOI 0a3u Mg €PEeKTUBHOIO
MiBUIIEHHS PiBHA €HeproepekTuBHOCTI B OymiBisax. Lls iHTerpartis mo3Bossie OUTbI
e(EeKTUBHO BHUPIIIYBAaTH 3ajadi 3 MIIBUINCHHS eHeproeexkTUuBHOCTI Ta KOMMOPTY
OyaiBenb, CHOPUSIIOYM, TPH I[HOMY, CTaJIOMy PO3BUTKY Ta 3HWKCHHIO BIUIMBY Ha

JTOBKIJLIAL.
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PO3AUI 2. XAPAKTEPUCTUKU TA EHEPI'ETUYHA MOJEJIb OB’EKTY
JOCJIIDKEHHA. JOCIIIXXEHHA BIUIMBY PIBHA TEIUIOBOI'O 3AXUCTY
BYIBJII HA PIBEHb EHEPI'OCITIOXXMBAHHA BY IIBJII

2.1 XapakTepucTUKHU 00’ €KTY HOCiIKEHHS

JocmmKkeHHIM OXOIUIEHO IMITaIlIAHY MOJENb OymiBi cepenHboi
3araJbHOOCBITHBOI IIKOJHM, IO Oa3yeTbCs Ha peanbHO IcHyrowit Oymiemi C3II
posraiioBaHoi B IBaHo-®pankiBChKii oOmacti. [lIkona Mae Tpu MOBEpXHU Ta TUIIOBY IS
wkin H-noxi6ry ¢popmy. Pik nobymnosu 1966. 3aransha mioma Oyaisii 1959,35 m2.

[Mkona, sik 00’€KT ISl AOCHIIKEHHS €HEepProepeKTUBHOCTI OydiBelb, MOE Pl
0COOJIMBOCTEH, IO BIAPI3HAKOTH IX BIJ IHIIUX THUIB OyAiBeNb, TaKUX SK KUTJIOBI
OyAMHKH, JIKapHi, AUTAYl CaJOYKU Ta TpoMmajacbki Oymiimi. OCHOBHI acmleKkTH, SKi
pPOOJIATH KON YHIKAJIbHUMU:

e poOoTa BIAMOBITHO /IO 3aTBEPIHKEHOTO PO3KIIATY;

® JIETKICTh BIUIMBY Ha rpadik eKcIulyartarlii;

® BHCOKA IIUIbHICTb 3aTIOBHEHHS JTIObMU;

® BHCOKI BUMOTHU J0 YMOB KOM(OPTHOCTI;

® BCIMKHUI BIJICOTOK 3aKJaiB pO3MiMIeHHI B cTtapomy (QoHII OymiBenb, IO

BUMAararoTh MOJICpHI3allii 1JIs MiABUIIIEHHS €HEProe(eKTUBHOCTI.

Came mnepenladyBaHICTh Ta MOXJIMBICTh BIUIMBY Ha Trpadik excruryararii
(HampuKJIaJ 3MIHOIO MIKIJTLHOTO PO3KIIaay), CTAJIO KIFOYOBUM (PaKTOpOM BHOOPY HIKOJIU
AK 00’ €KTY JTOCIIIKEHHS.

BinburicTe npuMilieHb BUKOHYIOTh (DYHKIIIIO HaBUaJbHUX KiaciB. B mikomi Takox
NPUCYTHI TOBHOIIIHHA KyXHS Ta ilajbHs, BEJIMKWNA CHOPTUBHUN 3al, IyIIOBI Ta
MPUMIIIIEHHST 00CITyTOBYIOYOTO TTEPCOHAITY.

3a HopmanbHOTO TIpadiky ekcrutyaraiii, OymiBias mnpamroe 3 8 mo 18, mpore
O1IBIIICTH KOPUCTYBAY1B 3aJUIIAE TIKOTY 10 16.

['pacdix HaBuaHHS HaBeIEeHUH B 10MaTKy 1.

MakcuMasnbHO, B KO MOXKe TiepedyBatu 0u3bko 500 y4HiB.
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[ndopmarliis CTOCOBHO HEIMPO30PUX OTOPOKYBAJIBHUX KOHCTPYKIIH OymiBii

3BeeHO 10 Taduml 2.1:

Tabmuis 2.1 — ckiiag HEmPO30pUX OrOPOHKYBATBHUX KOHCTPYKIIINA

Enement
OTOPOJI’KYBaJIbHOI Marepian Tosumsa, A,
M B1/(Mm-K)
KOHCTPYKIII]

MTyKaTypKa LEMEHTHO- 0.01 0.81
H1IAHOMY

Crinn Herza kepamivna 0.525 0.58
OPOXKHUCTA
IHTyKaTypKa LIEMEHTHO- 0.01 0.81
HIAHOMY
[1nuTa 3am1300€TOHHA 0.25 2.04

) CTsDKKa LIEMEHTHO-

[Tinymora mo rpyHTY Hinmasa 0.07 0.81
DiHINIHE MOKPUTTS 0.03 0.18

CywMiiene bitym 0.025 0.22

NEPEKPUTTS [Tnuta 3ami300eTOHHA 0.25 2.04

Bikna — weranomnactukoBuii mpodine, aBokamepHi, 4M1-16-4M1-16-4M1

(3aMiHa BIKOH MPOBOIMJIACS HEIIOJABHO).

Omip oropomxeHb OyiBil MpeAcTaBaeHui B Ta0M. 1.

OmnaneHHs 3a0e3neueHe BIACHOK Ta30BOI0 KOTEIHHEHD, CHUCTEMa OIAaJieHHS -
BOJIsTHA, ABOTPYOHA, CUCTEMa MEXaHIYHOI BEHTUJIALIT Ta peKyneparlii BiJICyTHS.

Cucrema omajeHHs NPUNAHATA MPH CUMYJLII — €JIeKTpOHArpiBaul B KOKHOMY
MPUMIIICHH] I 3MEHIIEHHS BIUIMBY BTpAaT B MEXaHIYHUX CHCTEMax IpH aHami3i, a
TAKOX MPUIIBUIIICHHA 4Yacy cuMynsmid. Takoxk, HEOOXigHO 3a3HAauWTH, IO
HAJXOMKEHHS CBDLKOTO TOBITPS BIAOYyBa€TbCA 3a PaxyHOK MPHUPOIHOI BEHTHIISLI],
CHUCTEMH MEXaHIYHOI BEHTUJIALIT Ta peKymneparii BiACyTHS.

Cucrema raps4oro BOAOIOCTayaHHS OpPraHi30BaHa 3a JIOTIOMOTOI0 EJEKTPUYHHMX
BOJIOHArpiBayiB, pO3TaAIlIOBAaHUX O€3MocepeHbO OUISI TOUOK CIIOKMBaHHS. Baxinpo
3ayBa)KUTH, L0 Il CHCTEMa MNpHU3HA4YeHa JUINE JI1 3aJ0BOJCHHS MOTPed MIKUIbHOI

KyXHI.
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3 MeTOo OUIBII MIMPOKOTO MTOCHIKEHHS OyJ0 JOCHIHKEHO KijbKa CIIeHapiiB
TeIJI03aXUCTy OyAiBiIi, 110 BIAMOBIAAIOTh TPHOM HAMOUIbII THUIOBUM CTaHaM OY/IiBEJb
3aKJIaJiB 3arajbHO1 CEpeHbOI OCBITU B YKpaiHi. A came:
e (0a30Ba MOJIEJb — IIKOJIA IO HE MTPOUIIITIa TEPMOMOICPHI3AITIIO;
e JIBH B.2.6-31:2016 [74] — mikoJa 1110 TPOUIIIIa TEPMOMOJICPHI3ZAIIIIO PAHIIIIE;
e JIBH B.2.6-31:2021 [8] — m1ko:1a 1110 MpOoMIILIa Cy4yacHy TEPMOMOICPHI3alIiIO.
Termnodizuusi

XapaKTEPUCTUKH OTOPOKYBAJIbHUX KOHCTPYKIM, w110 Oynu

BUKOPHUCTAHI IPU MOJICIIFOBAaHHI HaBeeH] B TaOIuIIl 2.2:

Tabmuusa 2.2 — KoedimieHT Temionepeaadl OropoaKyBaJbHUX KOHCTPYKIIIH,
BUKOPHCTaHi B Mozemsx, Br/(mM*K)

Tum oropomKeHHs

[cHyrOUni1 CTaH

JIBH B.2.6-31:2016

JIBH B.2.6-31:2021

30BHIIIHI CTIHA

0,8

0,303

0,25

BiKHA 1,67 1,33 1,11
CyMileHHi 0,89 0,167 0,143
MIEPEKPUTTS

2.2 OcHoBHI mapamMeTpu MaTteMaTH4HOI MojeJi B DesignBuilder

JlocnikeHHsT MPOBOAMIIOCH Ha OCHOBI €HEPreTUYHOIO MOJICIIOBaHHS OyIiBil B
nporpamHomMy cepenosuiii DesignBuilder [68].

DesignBuilder TI03BOJISIE MIPOBOJIUTU IUHAMIYHE MOJIETFOBAHHS
CHEeprocrokMBaHHs OyniBiIl 3 ypaxXyBaHHSM JETAIbHOTO BiJOOpaskeHHS TrpadikiB
NPUCYTHOCTI JItofiel, 00aiHaHHs Ta OCBITICHHS. TaKkoX, MporpaMa BpaxoBye NepeTonu
MK MPUMILIEHHSAMH, 1[0 KPUTHYHO JIs1 OAAJIBIIOTO J0CIiIKEHHS.

Bukopucrtanus auHamiuyHOT eHepreTM4HOi Momeni B mporpami DesignBuilder
JI03BOJISIE BPAaxXOBYBaTW B3a€MOJII0 MDK PpI3HUMU AacleKTaMu EHEProCIOKUBaHHS
OyaiBII, CIPHUSIIOYM [TUOOKOMY aHaii3y BIUIMBY OHOBJICHHMX MIHIMAIbHUX HOPM 130JIALIIT
Ha eHeproeeKTUBHICTh MIKUIBHUX MpHUMilleHb. e qomomarae po3pobutu onTuMaibHi
cTpaTerii miaBUIICHHS eHeproe(eKTUBHOCTI KOHKPETHOTO 00'e€KTa.

KiiMatugHi maHi Jyisi MOACIOBAHHS B €HEPTETUYHUX PO3PaXyHKaxX Oyld B3STI 3

0asu panux International Weather for Energy Calculations 2 (IWEC2) [75],
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pO3po0JIeHOI creliaabHO sl MOTped e€HEepreTUYHOTO MojeroBaHHs OyaiBens. JlaHi

IWEC2 3acHoBaHI Ha peajlbHUX METEOPOJIOTIYHUX CIHOCTEPEHKEHHSAX 1 BKIIOYAIOTh

CepeNHi MICSYHI Ta TOJUHHI TOKA3HUKH, TaKi fK:

TEeMIlepaTypa TMOBITPS, NPEICTABIICHA CEPEAHHOMICIYHUMHU MaKCHMAIbHUMH,
MiHIMQJIbBHUMH Ta CEPEAHIMU 3HAUYCHHSIMH, & TAKOX TOAUHHUMU JaHUMU;

B1JIHOCHA BOJIOTICTb, 310paHa B CepeHLOMICSIYHUX Ta TOAUHHUX 3HAYCHHSX;
COHSYHA pajiallis, BKIIOYAIOUM TOPU3OHTAJIBHY Ta BEPTHKAJIbHY Ha Pi3HI
opieHTaIli OyaiBesb, B CEPEIHOMICIYHUX Ta TOJUHHUX BUMIpax;

omaju, Jie 3a3Ha4eHO CEPEeHHOMICAYHI KIJTLKOCTI Ta JIHI 3 ONaJlaMu;

IIBUKICTH BITPY, IMPEACTABICHA CEPEIHBOMICSIYHUMHU Ta TOMUHHUMH 3HAYCHHSIMH,
3 BKa31BKOIO HAIMPSIMKY BITPY;

HeOEeCHa XMAapHICTh, 10 BUMIPIOETHCA y BIJCOTKax MOKPUTTS HeOa XMapamu Ha
MICSIYHOMY Ta TOAMHHOMY PiBHI.

[lepeBaru Bukopuctanus knimaruuaux 6a3 IWEC Bucsitieni B [76-78]

[Iporpama BUKOPUCTOBYE MPOJBUHYTHUH MaT€MaTUYHHUI amapar AJis PO3paxyHKY

CHEPreTUYHNX IMapaMeTpiB OymiBii, MO0 3HAYHO MIABUIIYE TOYHICTh BHXIJHUX

napamMeTpiB. [79]

Po3paxyHOK TemIoBTpaT uepe3 OropoKyrodl KOHCTPYKITI.

[IpoBiAHICTE Yepe3 CTIHU € MPOLECOM, IMPHU SKOMY TEIUIO MEPEHAEThCS Yepe3

TBEpAl Marepiaiv, MO CKIanalTh CTiHy. Lle Bkitodae B cebe mepemady Temia Bin

BHYTPIIIHBOI MOBEPXHI CTIHU [0 30BHINIHBOI, 1 HaBMaku. B mporpami EnergyPlus s

MOJICJIFOBAHHS 1ILOTO TIPOILIECY METOJA TepenaBadbHUX (QYHKIINA IS TPOBITHOCTI

(Conduction Transfer Function Method, CTF):

q(t) = X}_o Y, T (& = jAL) + 2K Zyc - q(t — kAD), (1)

JcC:

q(t) — TernoBuii noTiK y MOMeHT 4acy t (B1/m?);
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T;,, —TeMIiepaTypa BHYTPIIIHLOI MOBEPXHI Y MOMEHT uacy t — jAt, °C;
Y;, Z), — xoediuientn nepenaBaabHoi GyHKIIT 1y IPOBIIHOCTI;
At —yacoBuii KpoK (C);
J, K — KUIbKICTb YacCOBUX KpOKIB [JIsi TEMIIEpaTypud Ta TEIJIOBOTO MOTOKY

BIJIIIOBIIHO.

®opmynu it KoediuieHTis Y;,

Ta Z) y PIBHSHHAX TNepenaBaabHOl (PyHKIT
nposigaocTi (Conduction Transfer Function, CTF) Bu3HauaroThCs MUISIXOM PO3B'SI3aHHS
CUCTEeMH piBHSHb, OTPUMAaHHX 3 BHKOPHUCTAHHSM YHCIOBHUX METOAIB 1 Teopii
teronepenayl. I{i koedimieHTH 3a3BUYail pO3paxOBYIOThCS IPOTPaMHO T dac
M1TOTOBKYU JAHUX TSI MOJCITIOBAHHS.

Po3paxyHok KoedilieHTiB 3A1HCHIOETHCS 32 JOTIOMOTOK0 YHCIIOBUX METOIIB, TAKHX
sk meton kinmeBux pizHuib (Finite Difference Method) a6o meron ckiHdeHHUX
enemenTiB (Finite Element Method). i Metomu po30uBaioTh CTIHY Ha HEBEIHUKI
€JIEMEHTH 1 pO3pPaxoBYIOTh TEIJIONEepeady uepe3 KOXKEH 3 HUX.

s po3paxyHkiB Koe(ilieHTiB Y;, Ta Zj, BUKOPUCTOBYIOTbCS TakKi OCHOBHI

J]>°
dbopmyim, SKi ONMKUCYIOTh TEIUIONepeady yepe3 0aratomapoBi KOHCTPYKIIIL:
KoedilienT Y;, po3paxoByeThCs K YaCTHHA MEPENABAIBHOI (YHKIII, 0 BPAXOBy€

BIUIMB TEMIIEpaTyp Ha BHYTPILIHII MOBEPXHI CTIHU:
Y. =Y a;-h;; (2)
] Jj=0™*"1 1,]>
ne:

a; — KoedIIieHTH TerIonepeaayl;

h; i— IMITyJIbCHA BIJIIIOB1/Ib CUCTEMHU.

KOC(IIIEHT Z}, PO3PaXOBYETHCS K YACTHHA NEpeaaBaibHOI (PYHKIIIT, 110 BPaxoBy€

BIIJIMB TCIIJIOBOI'O ITIOTOKY 4EPE3 CTiHy3
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Z = Lm=0bm * Gmp )

Ie:
b,,, — xoedilieHTH TerIonepenadi;

9mk — IMIIyJIbCHA BIANIOBIb CUCTEMH.

Jlis Bu3Ha4YeHHA KOE(]IIIEHTIB BUKOPHUCTOBYETHCS 3BEJCHA CHUCTEMa PIBHSAHB, LIO
OMHCy€ TEIUIonepeaady depe3 OararomapoBl KOHCTPYKINi. 3a3Buuail, e cucrema
JIHIMHUX anreOpaiuHuX pIBHSHB, SKa PO3B'A3ye€Thcs MeTojoM [aycca abo 1HIIMMH

YU CJIIOBUMH MCTOJaMHM.

Po3paxyHok Temmeparypu MOBITPsI B 30HI.
Temmeparypa mOBITPS B 30HI BHU3HAYAETHCS 3a JOMOMOIOI0 EHEPreTUYHOTO
OanaHcy, KU BpaxoBye BCi JKepelsia TeIUIOBUX HAAXOMKEHb Ta TerioBTpaT. OCHOBHE

PIBHSIHHS JJIs1 PO3paxyHKY TEMIEPATypH MOBITPS B 30H1 BUINIAJIAE TAK:

2 e = T Qe T ATy = T) + B2 Gy (T = T,) +
Fin Cp (Too = T,) + sts, )
ne:
C, — — MiHa BHYTPINITHKO1 TEMIIEPATYPH 30HHU 3 YACOM, JI€:
C, — TeroeMHicTh 300U (J[x/K);
T, —temnieparypa 30uu (°C);
ZNS’ — CcyMa BHYTPIIIHIX TEIJIOBUX HAIXOMKECHB BIJl PI3HUX JKEpEN, TaKUX SK

npuiaau, OCBITJICHHS Ta JOOU,

N y -
Yoy faces h.A;(Ts; — T,) — KOHBEKTHUBHHII TEIIOOOMIH Bijl TOBEPXOHB 30HM, JI€:
h; — koediuieHT TemoBiyadi aus nosepxHi i (Br/m?K);

A; — moma noepxHi i (M?);
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T,; — remneparypa noBepxHi i (°C);

N : . . : : :
X2 m;Cy (T, — T,) — TennooOMiH NIPH MIK30HHOMY MepeMilllyBaHHi MOBITps,

ne:
m; — MacoBa BUTpara MOBITPs 3 30HU i (KI/C);
C, — nuTOMa TEMNOEMHICTh NOBITPs ([DK/Kr K);
T,; — Temmneparypa nositps B 30Hi i (°C);
MingCp(Teo — T,) — TemIOBiAAaYa 32 PaXyHOK iH(IIBTpaLii 30BHILIHEOTO MOBITPA,
ne:

Mp s — MACOBA BUTPATA IHPLIBTPALIHHOTO MOBITPs (KI/C);
T,, — Temnepatypa 30BHIIIHLOTO MOBITPs (°C);
Qsys — CHCTEMM BEHTHIIALII Ta ONAJEHHA, SKI TOAAIOTH ab0 BiIHIMAIOTH

TEIJIO B1J 30HU.

Ile piBHSHHS JO3BOJISIE TOYHO BU3HAUUTH TEMIIeparypy IOBITPS B 30HI,
BPaxoOBYIOUHU BCI JpKepelia TETUIOBUX HAXOKeHb Ta TEIIOBTpaT. BOHO € KIII04OBUM 1S
MOJICJTIOBaHHS TEIUIOBOT0 KOM(MOpPTy Ta eHeproeeKTUBHOCTI OyIiBeNb y MPOTrPaMHUX

KoMmIuiekcax, Takux sik EnergyPlus Ta DesignBuilder.

PospaxyHok cepennnoi pamiaiiiinoi remneparypu (MRT)

EnergyPlus BUKOpUCTOBY€ METOH 3Ba)KEHOTO ycepelHEHHs Mo moBepxHi (Surface
Weighted MRT) s po3paxyHKy cepeanboi pamiamiiiHoi temmeparypu. Lleit meron
BpPaxOBYy€ TeMIepaTypy HaHOIMKYOi MOBEPXHI 1 CEPEIHIO TEMIIEPATYPY BCiX MOBEPXOHb
y 30Hi, 00 3a0e3meunTy OUTBII TOYHY OI[IHKY palialliiHOTO TETIOBOTO KOMGOPTY s
JIIONWHM, KA 3HAXOMAUTHCS OJIM3BKO 10 TIEBHOT TOBEPXHI.

[leit meton mnependbadae, mo MRT € cepenHiM 3HaYeHHSAM TeMIlepaTypu

HAWOIMKIOT TOBEPXHI 1 CEPEAHBOI TeMIepaTypH BCI€T 30HU:
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1
Tr = E (Tclosest surface + Tzone average)a (5)

JcC:

Tciosest surface — TEMIIEPATypa HAUOIMKIOT TOBEPXHI;

Tzone average — YCEPEIHEHA TEMIIEPATYPA IO 30Hi.

VYcepenHneHna temneparypa MoBepXxoHb Y 30HI pO3PaXOBY€ETHCS SIK CEPETHbO3BAKEHE

3HAUYEHHS TEMIEPATYp YCIX BHYTPIIIHIX TOBEPXOHb Y MPUMIIIEHHI 32 (POPMYIIOIO:

n

i=1 Ai€iT;
T =141 1 6
zone average — Z?:lAiEi ’ ( )

ne:

A; — TTO1I1a MTOBEPXHI i,

€; — BUIIPOMIHIOBaJIbHA 3/IaTHICTh MOBEPXHI I,
T; — Temneparypa IOBEPXHI i;

1 — KUIBKICTh TTOBEPXOHb.

[Ipu  pospaxynky mapamerpa I; BpaxoBYIOTbCA HACTymHI  (DaKTOpH:
TEIUIONPOBITHICTh MaTepiaiiB, ToBIIMHA KOHCTPYKI[IH, BHYTPIIIHI Ta 30BHIIIHI TETUIOBI
YMOBH, COHSIYHA pajiiailisi, KOe(iIi€eHTH TerIonepeaadi, BUPOMIHIOBAIbHI BIACTUBOCTI
MaTepialiiB, BHYTPIITHI TEIUIOBI HAIXOMKEHHS, MacOBa BUTpaTa MOBITPS.

Temmneparypa moBepxHi 1; Moxke OyTH po3paxoBaHa 3a JIOIIOMOTOIO PIBHSHHS

TEIUIOBOTO OajaHCy, 0 BPAXOBY€E BC1 TEIIOBI MOTOKU:

_ Qrad*9convtqcond
Ti - UA > (7)

ne:
Graq — PaMIaiiHUNA TETUIOBUH TOTIK;

qcony — KOHBCKTHUBHUU TCIUIOBHHU ITOTIK;
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qcond — TETUIONIPOBITHUM MOTIK;
U — xoediLieHT Temionepeaayi;

A — TyI0111a TTOBEPXHI.

Cepenns pamiamiiina temreparypa (MRT) € BaxiIMBUM TOKa3HUKOM JIJIsi OIIIHKU
TEIJIOBOTO KOMGOPTY B MPUMIIICHHSX.

VY nporpami DesignBuilder, mouaTtkoBi yMOBH Jisl KOKHOTO MapamMeTpa MOXYTh
BapilOBaTHCsS B 3aJIEKHOCTI BiJl KOHKPETHUX HaJalllTyBaHb KOPUCTYBada, MPOTE Psif
MOYATKOBUX MapaMeTpiB, M0 IporpaMa BUKOPUCTOBYE 3a 3aMOBUCHHSM € HACTYTHHMH:

e [IOYaTKOBa TeMIlepaTypa MNPUMIIIEHHS: TUNoBe 3HadeHHs: 20°C s
ONaIIOBAIBHOTO ce30HYy Ta 24°C 1Jig 0X0JI0KYBaJIbHOTO CE30HY;

e BiJHOCHA BOJIOTICTh 3ajacThcd B miama3zoHi Big 30% mo 60%, 3a1eKHO Bij
KJIIMATUYHUX YMOB 1 Ty OY/IiBIIi;

e TeMmIepaTypa 30BHIIIHBOTO TIOBITPS BapilOEThCS BiA KJIIMary, B SKOMY
po3TaimioBaHa OyiBJsI, Ta MICALS MOJEIIOBaHHS, 1HPOpPMAIlisl OTPUMYETHCS 3
KJIIMaTHYHOTO (haiiiy.

Baprto 3a3nauntu, mo nporpama DesignBuilder BukopuctoBye "mporpis" (warm-
up) mepion s crtabumizalii BHYTPIIIHIX YMOB OymiBil Iepej] MOYaTKoOM OCHOBHHX
PO3paxyHKiB, 00 HIBEIIOBAaTH BILIUB MOYATKOBHX YMOB Ha pesynbrard. lle Bkiodae
MOBTOPHE MOJENIOBAHHSA OJHOTO 1 TOTO K Tepiony (3a3BHYail KIJIBKOX JHIB) [0
JIOCATHEHHS CTa0lILHOCTI B TeMIlepaTypax 1 1HIIUX mapameTpax. 3a3BUyail MoTpioHO
25-30 uwmkmiB s gocsrHeHHs ctabinbHOcTi. lleit mporec 3abe3meuye TouHimm Ta
JIOCTOBIPHIIII PE3yJIbTaTH CHEPTETHYHOTO MOJICITFOBAHHS OY/IiBIIL.

['paHn4Hi YMOBH, B 3aJIEKHOCTI BiJl PO3paxyHKY, MOXYTh OyTH HaCTyITHUMHU:

e KJIIMaTU4YHI YMOBH;

® BHYTpIIIIHI TEIIOB1 HAJXOXKEHHSI;

e I[HdinbTparis i BEHTHIALIS Ta 1HIII.
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2.3 OcHoBHI napameTpu eHepreTuuHoi moxeJi B DesignBuilder

3 MeTol MonentoBaHHS, Oyna moOymoBaHa TeoMmeTpis OyniBii, 3a JaHUMH 3
TEeXHIYHOTO TnacrnopTy Oyaisii. [eomerpis Oyaisiai B mporpami DesignBuilder HaBenena

Ha pUcyHKax 2.1-2.4:

Pucynok 2.2 — I'eometpis Oynisini y nmporpami DesignBuilder, npyruii moBepx



Pucynok 2.3 — I'eometpis Oynisini y nporpami DesignBuilder, TpeTiit moBepx

Pucynok 2.4 — I'eometpis Oynisini y nporpami DesignBuilder, 3aransHuii BUIIsg

OropomkyBalibHI KOHCTPYKIIIl 3a7aHi 3a JOMOMOTOI0 BHYTPIIIHBOI 010J10TeKH

mporpaMu = Ta  pe3yibTaTaMd  EHEPreTUYHOro  ayauTy. llpm  MopemroBaHHI
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OTOPODKYBAJIBHUX  KOHCTPYKIIM  BpaxoOBYBaJIUCh TEIUIODI3UYHI TMOKA3HUKUA Ta
MAacCHUBHICTh MaTepialiB, a TaKOX MACHBHICTh OTOPOKYBAJIbHUX KOHCTPYKIIHA Ta
TOBIIMHA IIapiB. YCI OrOPOMKYBaJIbHI Ta BHYTPIIIHI KOHCTPYKIIT OymiBial Oynu
MIPOMOJIEIBLOBAH1 BIJIMOBIIHO JI0 PealIbHO 1ICHYI0YOTro cTaHy. JlaHi 11010 3MO/IeJIbOBAaHUX
OTOPOKYBATHFHUX KOHCTPYKITiH 3Be/ieH1 10 Ta0mwmmi 2.1,

[Ipuknan oropomkyBaiabHOI KOHCTPYKIi, 3agaHoi B DesignBuilder HaBeneno na
PUCYHKY 2.5:

Outer surface

5.00mm * Brckwork Outernat to scale)

525.00mm Brick, inher, 105 mm

Inner surface

Pucynok 2.5 — Ilpuknan 3agaHHs OrOpPO/KYBaJlbHUX KOHCTPYKIIM B TIporpami

DesignBuilder, 30BHIIIHS cTiHA, ICHYIOYUI CTaH

Takok, B MoJel BpaxoBaHl TEIUIOHAIXOMKCHHS BiA JIIONEH, EJIEeKTPUYHHUX
OpUIaAiB Ta OCBITICHHS, 32 JTOMOMOTOI0 CEPEIHbO3BAKEHUX MOKA3HHUKIB HAIXOKECHb
3riHo 3 0107I0TEeKO0 MpoTrpaMu Ta MOTOAMHHHMX rpadikiB nepeOyBaHHSA JOACH Ta
BUKOPUCTaHHS 00siasHaHHA. B 6a30Biil Mozesni BUKopucTaHi rpadiky, mo 0a3yroThCsl Ha
ASHRAE 90.1, momudikoBani aisi BpaXyBaHHA YKpaiHCBKHX CBAT Ta KaHiKynl. JlaHi B
ASHRAE 90.1 Ga3yroTbcs Ha aHaii3l CIOXKHUBAHHS €HEPrii g PI3HUX KaTeropiu
OyaiBenb, JaHUX 3 peajbHUX O00'€KTIB Ta JTAOOPATOPHUX BUMIPIOBAaHb Ta BHUBYECHHS
(b1310JI0TIYHUX TMOKA3HUKIB TETUIOBUIIJICHHS JIFOMWHOIO y PI3HUX yMOBAaX JiSTIBHOCTI Ta

TemmeparypHux pexumax [80].
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Cucrema onajeHHs 6a30BO1 MOJIEJIl MPOMO/IETILOBAHA SIK BOASHA 3 1HAMBIIYaIbHOIO

KOTEJIbHEI0 Ta TepMOCTaTaMU Ha 1HAWBIIYaJbHUX ONMAIIOBAIbHUX Mpuiagax. Ipadik
omaneHHs — noctiiuuil. EdextuBnicts HarpiBaua 73%. [Iporpama He BpaxoBye BTpaTH
B cucteMi nocrayanHs. Cucrema onajeHHs B mporpami DesignBuilder npencrasnena Ha

PUCYHKY 2.6:

Boler

HW Loce Susgly Splitter HW Locp Sugply Mixer
N N 9
HW Locp Sugply Pump
I | |
T HW Loop Secocirt Mansger
r
o
AW .o:g} Damand Mixer AW _oop D rnarrj Sgitter
y A
Zone Grous

Pucynok 2.6 — Cuctema onanenns B nporpami DesignBuilder
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OcHoBHI napaMmeTpu, 110 Oyau 3a7aHi 10 0a30BOT MOJAENI, @ TaAKOX BUXIIHI JaHi,

10 BUKOPUCTOBYBAJIMCH B AOCIIJKEHH1 HABEJCH1 HA pUCYHKY 2.7:

- : : TennoHagxomKeHHsA
eomeTpis KnimaTonoris A o
Big Noaen
Tennodisuka TennoHaaxomkeHHs padik BUKOPUCTAHHS
OropomKyBarnbH1X BIA cuctem 6ynieni
KOHCTPYKLiA OCBITINEHHS
TennoHaaxomKeHHs

Design Builder : :
Bifl enekTponpunagis

-,

Cuctemun OBK J,
O6uuncnioBanbHe SAPo CoHsYHI
EnergyPlus TennoHaaXOMmKeHHs

Cuctemun NBC J/

CnoxwBanHs exeprii Motpeba Ha onaneHHs

[OaHi npo
NoBiTPOOOMIH IHdopmauisa woao
komdpopTHOCTI Byaisni

Pucynok 2.7 — OcHOBHI BXiJH1 Ta BUX1JIHI JIaH1 B EHEPreTUUHIN MOoJIei

Bepudikariis Mmozaen Oyna mpoBeeHa IUIIXOM IMOPIBHSHHS PE3yJbTaTiB MOTPeOH
Ha OMAaJIeHHS BHUXIJHUX JAaHUX MOJEIIOBAHHS 3 PO3PAXyHKOM TOTPeOW HA OMNaJCHHS
BinnoBigHo A0 JICTY b EN ISO 13790:2011 Enepretnuna epexkTUBHICTH Oy/IiBETb.
Po3paxyHOK eHEprocrnokMBaHHS Ha OMNAJICHHA Ta OXOJOMKeHHS. OTpHMaHi JaHi:

867733,26 kBt mpu monenroBanHi, 863816,4 kBT 3a HOpMmaruBoM, oxudka 0,45%.

2.4 OuiHBaHHS eHeproe(eKTUBHOCTI IIKOJAM NPH 3MiHI BHMOI 10

TCIJIOBOI0 3aXHMCTY 3a J0IIOMOI'OI0 I[HHaMi‘IHOI‘O MOJCJIIOBAHHA

[lepmiiM KpOKOM IOCTIKEHHS CTaj0 BU3HAYCHHS BIUIMBY IIJBUIICHHS PiBHS
TEIUIOBOTO 3aXUCTy Oy/iBIl Ha eHeprocnoxuBaHHs. s mporo, 6a3oBa moaenb Oyna

Moau(iKOBaHA NIISAXOM IMOKPAIIEHHS OTOPOIKYBAJIBHUX KOHCTPYKIIIH 3T1JIHO TaOJIHUII

2.1.
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3riJIHO pe3yNbTaTiB MOJIETIOBAHHS MOOYI0BAaHO psAl TpadikiB CIIOKUBAHHS €HEprii
Ha OMaJICHHS JIJIs PI3HUX YaCOBUX 1HTEPBAIIB.
EneprocnokvBaHHsI CHCTEMOIO OIAJIeHHs Oy/IiBJi B PIYHOMY 3pi3l MPEACTaBICHO

Ha PUCYHKY 2.8:

230

x 1000

210

190

170
. m [I5H 2016
m [5H 2021
13
11 I
0 [ ]

basoBuii BapiaHT [lOKpaLLeHHs CTiH MokpaLLeHHA MokpaleHHA MokpaleHHA BCix
Creni BiKOH OropOAKYUUX
KOHCTPYKL,in

o o

PiuHe cno)XxuBaHHA Ha onaneHHa , KBT*ropg,
o

Pucynok 2.8 — PiuHe crio)kxvBaHHS €HEPrii Ha OMaJICHHS

Pe3ynbraTtu BKazyloTh Ha Te, 10 BJOCKOHAJIEHHS TEIJIOBOTO 3aXMUCTY BIANOBIIHO
no Bumor JIBH 2.6-31 2016 ta 2021 Moxke 3HAQYHO 3HU3UTHU LIOPIYHE CHOKUBAHHSI
eHeprii anms omajeHHsA. BusBieHo, mo HaWOLIBII BUpasHUA €GEKT MOCITaeThCA 3a
pPaxyHOK MOKpAIIeHHs 130JLii CTIH Ta CTedi. 30KpeMa, YIOCKOHAJEHHS TEII0BOi
13ommauii crin 1o Bumor JIBH 2.6-31 2016 mo3Bossie 3HU3UTH pivyHE CHOXHUBAHHS Ha
onaneHHss Ha 25,8%, a mokpauieHHs cTeni - Ha 18,7% y mnopiBHSHHI 3 0a30BUM
BapiantoM. [lepexin no Bumor JIBH 2.6-31 2021 nigBuiye 11 nokasHuku 10 28,3% Ta
19,3% BiAIOBIAHO.

Bapro Big3HauMTH, 110 KyMYJISTHUBHE BIPOBAKEHHS 3aXOJIB MO MOKPALIEHHIO
TEIUIOBOTO 3aXUCTy OOONOHKM OymiBmi g0 MiHimManeHuX Bumor JIBH 2.6-31 2016

3MEHIIy€ WIOpIYHE CHOXXKWBaHHS Ha omnaneHHs Ha 48,9% mnopiBHSHO 3 0a30BUM
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BapiantoM. [Ipu nepexoai no Bumor JIBH 2.6-31 2021 criocrepiraeTbcsi 3HMKEHHST Ha
55% BiAHOCHO 6a30BOTO BapiaHTy.

PesynbraTté migKpecIoTh BaXIUBICTh IHTETPOBAHOTO MIAXOAY MO ITiBHIICHHS
eHEeproe(peKTUBHOCTI IIKUIBHUX Oy/IiBelb Ta TNEpexoay J0 Cy4YaCHHX CTaHJapTiB
TEIJI03aXKUCTY I €PEKTUBHOTO 3MEHIIICHHS €HEePTOCIIOKUBAHHS IS OTIaJICHHS.

Haiimenmry exoHomito asiss 000X BMIIAJKIB MOKa3aB 3axia 3 3amiHu BikoH. Lle
MOKHA TIOSICHUTH THM, 110 BiKHa B 0a30BOMY BapiaHTI MalOTh JOCTATHbO OJU3bKI J10
HOPMAaTUBHHUX BHUMOT TeIJIO(PI3WYHI BIACTUBOCTI. Temnodi3nyHi BIACTHUBOCTI BIKOH
Oynu BU3HAYEHHI 32 MMAaclOpPTaMH, HASIBHUMU Ha JESKUX BIKHAX.

Pesynprat oTpuMaHi B XOAl JOCHTIIKEHHS € OJM3bKUMU [0 TONEpeaHiX
nocnimpkenb[81], nme  yreruieHHs — OyaiBial  MOKasajio  MIJBUINEHHS  PIBHS
eHeproedektuBHOCTI Ha 40%-50%. BianoBiaHICTH pe3yibTaTiB JI03BOJSE, TaKOXK,
JOJTATKOBO Bepi(hiKyBaTH MOMEITb.

Jlnst  momanmeIioro TOPIBHSHHSA 3  YKpaiHCBKUMH —CTaHAApTaMH TaKoX Oyso
MPOBEACHO aHa3 €HEProCIOXUBAHHSI CUCTEMOIO OMNajieHHsI OyaiBiIi B MOMICIYHOMY

3pi3i, pe3ynbTaTH MPENCTABICHO Ha PUCYHKY 2.9:
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60000
50000

40000

30000

20000

10000 | | ‘l
| Il

CiyeHb NoTunii bepeseHb KBiTeHb oeTeHb Jluctonag, pyaeHb

Cno)XuBaHHA CUCTEMOIO ONaseHHA, KBT*rog

Micaub onantoBanbHOro nepioay
basoBuit BapiaHT CtiHmn 2016 CtiHn 2021 Crena 2016 Crena 2021

M BikHa 2016 M BikHa 2021 B Bci KOHCTpyKLiT 2016 B Bei KoHcTpyKLUii 2021

Pucynok 2.9 — IlomicsiuHe CIIOKMBaHHS €HEPTii Ha OMaJIeHHs JJIsl OMAIF0BAILHOTO

nepiony

PesynpraTi aHamizy, MNpPOBEICHOTO Ha TIOMICSYHIM OCHOBI, IOKa3ylOTh, IO
ONTUMI3alllsl TEIJIOBOTO 3aXMCTy Oy/iBii, BIAMOBIAHO JO BHUMOI JIepKABHHUX
oyniBenbHux HOopM JIBH B.2.6-31 3a 2016 Ta 2021 poxu, HailepekTuBHIIIA HE B
HAWXOJIOJIHIII MICSIII POKY, a B IEPIOJIM 3 TEMIEPaTypHUMHU KOJUBAaHHSMH. 30KpeMa, y
JUCTONAAl BIIHOCHA €KOHOMIS €Heprii Ha OMNajeHHs TMpH YTEIUIGHHI BCIX
OTOPOIKYBaJIFHUX KOHCTPYKITIHA cTaHOBHUTH 53,74% Ta 60,23% 3a Bumoramu JIBH 2016
ta 2021 pokiB BIAMOBIAHO, TOAI SK y TPYyAHI Il TOKAa3HUKH CKiIanarwoTh 45,32% Ta
51,8%.

OtpuMaHi MaHi BKa3yHOTh Ha BaXJIMBICTh JOCIHIKEHHS TMEpPEeXiJHUX MpOIECiB
3HIDKEHHSI Ta MiABUIICHHS TeMIEpaTypyu HAaBKOJIUIIHHOTO CEPEOBHINA, TA BpaXyBaHHS
1HEPIIIHHOCTI OY/IIBIII IPH TEPMOMOCPHI3AITI].

Pesynbratn nmoGoBoro monemoBanHs s JIBH 2.6-31 2016 ta 2021 pokis

npeacTaBieHi Ha pucyHkax 2.10 ta 2.11:
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Pucynok 2.10 — [logenHe crniokuBaHHs €HEPTii HA OMajeHHs ISl OMaIlOBAJIBHOTO
nepiofy, sl ICHYIHOYOTO CTaHy Oy/iBJIi Ta MOKpAIIEHHI TETUIO3aXWCHUX BIACTUBOCTEH

OrOpOKYBaJbHUX KOHCTPYKIIiH o piBHa JIBH 2016
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e ]OKpaLLEHHA CTeni @ [JOKpaLLEHHA BikOH
e [JOKPALLEHHSA BCIX KOHCTPYKL,iN e TeMmnepaTypa 30BHiLWHbOro NosiTpa, °C

Pucynok 2.11 — IlonenHe coXUBaHHS €HEPTii Ha OMAJICHHS AJIsl OMaTIOBAILHOTO
nepioay, JJIsl ICHYFOUOTO CTaHy OymiBJIl Ta MOKpaIIEHHI TEII03aXUCHUX BIIACTUBOCTEH

OropoKyBaJbHUX KOHCTPYKIiH 1o piBHsa JIbH 2021
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Amnaniz 1000Bux TpadikiB, M0 BIIOOPAKAIOTh 3aJ€KHICTh BITHOCHOI €KOHOMII
eHeprii Ha OMajJeHHs BiJl aMIUTITYIH 3HWKCHHS TEMIIEpaTypH, HE MPOIECMOHCTPYBaB
ouikyBaHoi kopensiii. [le Bkasye Ha BIUITMB OUMBINOTI KUIBKOCTI B3a€MOTIOB'SI3aHUX
(baxTopiB Ha €(DEKTUBHICTD TEILJIO130IAIIMHUX 3aXO0/I1B.

JlocmikeHHST MATBEPDKYE, IO CIOXHUBAHHS €HEPrii CHUCTEMOIO0 OIaJieHHS
3aJIe)KUTh BiJl 30BHIIIHBOI TEMIIEpATypH, 1 IS 3aJEKHICTh € 00EPHEHO MPOMOPIIHHOIO.
Takuii B3a€MO3B'SI30K YITKO UIIOCTPYEThbCs Ha pucyHkax 2.1 ta 2.11, ge rpadiku
CHOKUBAHHS €HEPTii Ta 30BHILIIHLOI TEMIIEPATypH BiIOOpakeH1 sIK A3epKaibHi BIIHOCHO
OJIMH OJTHOTO, MIATBEP/KYIOUM OOEpHEHY KOpessaliro MK HuUMH. [le cBigueHHs
MIJKPECTIOE  CKJIQJHICTh  B3a€MOAIM MK  TEMIO(pI3UYHUMU  BJIACTHBOCTSIMHU
OTOPO/KYBAJIbHUX KOHCTPYKIIA Ta pPEATbHUM €HEPrOCHOXUBAHHSAM, III0 BHUMAarae
MOIJIBIIIOTO aHAJI3Y JIJIsl ONTUMI3allll eHEPreTUYHOI ePEKTUBHOCTI Oy/IiBEIb.

BapTto 3a3HaunTH, 1110 OKpPIM MO3UTHUBHOTO BIUIMBY Ha €HEPrOCHOXUBaHHS Oy/IiBi,
YTEIUICHHSI, TaKOX, 3MEHIIY€ IMIKOBE HABAaHTAKEHHS HAa CHUCTEMY OIMAJICHHS, TaKUM
YHHOM 3HIDKYIOUH MKW CTIO)KMBAHHS TETUIOBOI Ta €NIEKTPUYHOIT €HEPTii, 110 MO3UTHBHO

BIJINBA€ HA CHEPTETUYHY CUCTEMY paliOHy/MiCcTa/KpaiHu.

BucHoBku 10 po3ainy 2

Y apyromy posaim OyJg0 JeTalbHO OINUCAHO OO0'€KT JOCHIJIKCHHS, SIKUM
npeacTaBisie co0O0K TPbOX-MOBEPXOBY IMIKUIbHY OyAiBiItO, H-MOAIOHOT ¢opmu,
posMitieHy B IBaHo-PpaHKiBChKil 001aCTi, 3 TUTIOBUM JIJIS IIKUIBHOT Oy/1iBII Ipadhikom
excrutyaraiii. TeruoBuil 3axuct OymiBil HE BIJANOBIAA€ MiHIMAJIBHUM HOPMAaTUBHUM
BuMoram. OmanieHHs 3a0e3MeuyeThCsl 1HIUBIAYaTIbHOI KOTEIBHEIO 3 €(PEKTUBHICTIO
73% Ta BOASIHOIO CUCTEMOIO ONAJICHHS.

XapaKkTepucTUKH 1CHYIO4Oi OymiBii Oyiv TOKJIAaJeHI B OCHOBY MOOYIOBH 0a30BOi
Mozeni OymiBii JUIsl TOAaibInoi Moaudikaimii Ta MOJEIIOBAHHS Bapialliii TETIOBOTO
3aXHUCTy OymiBi.

B posznini HaBenaeHWi ommMc MaTeMaTUYHUX MOJAENEH JUIsi BUSHAYCHHS OCHOBHUX

napaMeTpiB, 110 BIUIMBAIOTh HA €HEProe(PEeKTUBHICTh Ta MOKA3HUKIB KOM(OPTHOCTI, SIKi
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BUKOPUCTOBYIOThCS Tiporpamoro DesignBuilder, modarkoBi Ta rpaHuyYHi yMOBHU MpH
pO3paxyHKax.

OmnucaHi OCHOBHI BXiJHI JIaHI B €HEPreTHUYHIA MOjeni OymiBil Ta BUXIAHI JaHI
MOJICJIFOBAaHHS, 1110 OylyTh BUKOPUCTaH1 B JIOCJI1KEHHI.

Po3pobnena Monenb J03BONMIIA OLIHUTH €(PEKTUBHICTH MIABUIICHHS TEIIOBOTO
3axucty no piBaa JBH 2.6.-31 2016 ta 2021, BpaxoByrouu Taki MmapaMeTpH SK:
Ter10(i3UYHI  BJIACTUBOCTI OTOPO/DKYBAJIbHMX KOHCTPYKIIM, CHCTeMa OITaJICHHS,
rpadiku TPUCYTHOCTI JONEH, OONagHAaHHA Ta OCBITICHHS, a TaKOX JCTAJIbHY
KJIIMaTOJIOT1O 3T1IHO MI>KHapoaHoi 0a3u nanux IWEC2.

OTpuMaHi pe3yiabTaTH MOKa3yITh, IO MIIBHUINCHHS TEIIOI30MAIT OymiBial 10
miHiMaiabHUX BUMOT JIBH 2.6.-31 2016 poxy 103BOSUTH 3HU3UTU CHOXUBAHHS €HEPrii
Ha onaieHHs OyaiBii Ha 48,9%, a no Bumor JIBH 2.6.-31 2021 poky Ha 55%. OTpumani

pe3yabTaTy BIAMOBIIAIOTH PO3IISTHYTUM TOTIEPEIHIM JoCTiKeHHIM| 81].
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PO3AUJI 3. BIIMB BUKOPUCTAHHA PO3KIIALY 3AHATD LA

I[TPOI'PAMYBAHHS TEPMOCTATIB HA EHEPI'OCIIOXKMBAHHA BY AIBJII
KUIBHOI'O 3AKJIALY

3.1 MeTomoJiorisi I0CHiA)KeHb BUKOPHUCTAHHA IIKUILHOIO PO3KJIAAYy 3aHATH

JJIS1 IPOrPaMyBaHHS TEPMOCTATIB

[lepepuBuacTi peXUMHU OMAJCHHS JO3BOJSIOTh 3HAYHO CKOPOTHUTH CIIOKWBAHHS
€Heprii Ha omajeHHs, B MOPIBHSAHHI 3 TOCTIMHUM omnajeHHsM [82-85].

BukopuctanHs CcydacHMX TIPWIAIIB OMNAJCHHS JO3BOJIIE BHUKOPHCTOBYBATH
IporpamMoBaHi TEPMOCTAaTH JJisi PETyJIOBaHHS BHYTPIIIHBOI TEMIlEpaTypu B
MPUMIIICHHSX.

[IporpamoBaHi TepMOCTaTH - II€ TEPMOCTATH, SIKI MO’KHA HAJIAIITYBaTH Ha TEBHI
rpadiky OMAJICHHS, 110 3aJIeKaTh BiJ PEKUMY BHKOPUCTAaHHS Oy/iBII, JOOOBOTO Ta
THXKHEBOTO IWKIIB, KIIMaTUYHUX YMOB TOINO. BuKOpuCTaHHS TPOrpaMOBAHHUX
TEPMOCTATIB Ma€ Taki epeBaru:

* eHepro3OepexeHHs: NPOrpaMOBaHI TEPMOCTAaTH  JIO3BOJISIOTH  3HHU3UTHU
CHEeproCIOKMBAHHS B MEPI0J1 HEBUKOPUCTAHHsI Oy/AiBIIl, HAPUKIIAJ, BHOY1 00 BUXIAHI
JIHI, [IJISXOM TOHIKEHHSI TEMIIEpaTypu 10 MiHIMaJIbHO HEOOXIIHOTO piBHSA. 3TiAHO
TOCTiKeHb [86-87], 11e MOXe 3eKOHOMUTH Bia 5% 1o 15% eHeprii Ha onajeHHs;

* KoM(OpT: MPOrpaMoBaHi TEPMOCTATU JO3BOJSIOTH MIATPUMYBATU KOMQPOPTHY
TeMIeparypy B TNPUMIMICHHSIX B 3aJIe)KHOCTI BiJl moTped Ta OakaHb KOPUCTYBayiB.
Hampukiazn, Mo)XHa BCTAaHOBUTH MOCTYTIOBE MIABUIIICHHS Ta MOHMKEHHS TEMIIEpaTypu
BpaHIli Ta BBEUEP1, 3 METOIO 3a0e3medeHHs] KOM(OPTHUX YMOB ISl ITEH IO MPUXOISAThH
BpaHIli, Ta/abo Mi3HilIe JUIIAI0Th KOy, Takuil MiaxiJ BpaxoBy€e IHEPIINHICTD Oy/IiBII
Ta MABHUILYE KOM(POPTHICTH NepeOyBaHHS B MPUMIIICHHSX;

* GKOHOMIYHICTh: BHUXOJSYM 3 MEpUIOi MepeBaru, MNporpamoBaHi TEPMOCTaTu
JO3BOJISIIOTh  3MEHIIUTH BUTPAaTH HA OMAJEHHSA, OCKIJIBKA BOHH 3MEHIIIYIOTh

CHEepProCIOKMBAHHS Ta MiIBUILYIOTh €HEProe(eKTUBHICTH OYyiBIIL.
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BpaxoByroun mepeBarn 3a3Hau€Hl BHIIE, TEPMOCTaTd 3  MOXJIUBICTIO
IPOrpaMOBAHOI0 HAJAIUTYBAaHHS € NEPCIEKTUBHUM 3aXOJOM 3 €HEpPro30epex eHHsl, 110
HaOyBa€ JOJATKOBOi aKTyaJIbHOCTI B YMOBaX HEIMOBHOI 3alHATOCTI OyaiBeNlb, MpPOTE
e(eKTUBHE BHUKOPUCTAHHS TaKUX IMpUiaaiB NOTpeOye IOAATKOBHX JOCIHIKEHb B
HanpsIMKy TpadikiB OMajeHHS, OCKUIBKH OiIbII CTaHAAPTHUN MAXIT B BUIVISIL
BUMKHEHHSI CHCTEMH OIaJICHHS B HEPOOOUl TOAMHU Ta BHUXIiTHI [86-87] He m03BOISE B
MOBHIM Mip1 PO3KPUTHU MMOTEHIIAT MPUIIATY.

3 METOI0 JOCHIIKeHHA €(QEeKTUBHUX MiIXOMIB 0 IMPOrpaMyBaHHsS TEPMOCTATIB
IPONOHYETHCSI BUKOPUCTATH THXKHEBUHM TIpadik MIKIIBHOIO po3Kiany sK Oasuc s
rpadiky omnajseHHs. B 10CHiPKeHHI TPOMOHYEThCS PO3IVITHYTH BIUIMB JAHOTO Ipadiky
OMaJieHHs Ha eHeproe(eKTUBHICTH OyAiBIl Ta KOMQOPTHICTH NepeOyBaHHS YYHIB B
HaBYAJbHUX KIMHATaX.

Enepretnuna mozens OyaiBii onucaHa Bullle Hajami Oyila BUKOpUCTaHa sIK 0a30Ba
JUIS aHaI3y TepeBar Ta HEAOMIKIB BUKOPUCTAHHS PO3KIAAY MIKUIBHUX 3aHATh B SKOCTI
0a3ucy nporpaMyBaHHs TEPMOCTATIB B ONAJIOBAJIbHUI MEPIOJ] POKY.

Jlis TOpIBHSHHS TaKOX 3alpOMOHOBAHO PO3MISHYTH Tpadik oOMaJeHHS 3
HNOHWKEHHSIM TEMIIEpaTypH OINaJEHHs CTPOro B HEPOOOUl TOJUHM 3aKJajy, BUXIIHI Ta
CBSITKOBI JIHI, IK TOM IO BITHOCHO JIETKO peajizyBaTu Ta 3a0e3medye 3HauHy KUIbKICTb
TOJIMH MTOHWKEHOTO OTaJICHHSI.

Ha ocHOBI peanmpHOro poskiany 3aHsATh, 110 HaBeneHuidl B Jlogatky 1 Ta
iHGopMaIlli MO0 NPU3HAYEHHS MIKIIBHUX MpHUMIIIEHb Oya0 po3pobieHo rpadik
omajeHHs JJIsI KOKHOTO HIKUIbHOro Kiacy (Bchoro 51 rpadik omaneHHs). B romunu
HEBUKOPUCTAHHS MPONOHYEThCA NOHWKYBATU Temreparypy B npuminieHHi 3 20°C 1o
16°C. Ipuknazn rpadiky omaneHHS I KJIacy My3UYHOTO MHUCTEIITBA MPECTABICHO Ha

pUcyHky 3.1:
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Pucynok 3.1 — I'padik onajgeHHs kjlacy My3U4HOTO MUCTELTBA JIJISl I’ ITHUII

I'padix 3 BUKOPUCTAHHSAM PO3KIaay 3aHATh JO3BOJISIE CKOPOTUTH TOAMHU TOBHOTO
omanieHHs mpuMilieHb 3 1497 ronuH Ha TWXAEHb Ans pexxumy 2 a0 1032 romun Ha
THXKACHb Ui pexumy 3. Taki naHi JO3BOJSIOTH MPUITYCTUTH, IO 3alpOBaKEHHS
peXKMMY 3a PO3KJIAZOM IIKUIBHUX 3aHiTh, NOTEHLINHO, J03BOJSE 3HAYHO 3HU3UTHU
TOJIMHYU MIOBHOTO ONIAJICHHS.

[ToBiTpoOOMiH BcTaHOBJIEHO Ha piBHi 1 rog .

OTxe, B AOCIIIKEHH] TOPIBHIOIOTHCS] HACTYTHI PEXKUMH:

1. rocTiHe onmaneHas 20°C;

2. MOHWYKEHHS TeMIlepaTypu BHYTpPIIIHBOTO MoBiTps Ha 4°C B HepoOoui
TOIVHMY;

3. OMAJICHHSI 3TiTHO 3 PO3KJIAIOM 3aHATh, 3 MOHMXEHHSM TEeMIIepaTypH

BHYTPIIIHBOTO MOBITPs HA 4°C B TOMMHM BIJICYyTHOCTI JIFOACH.

[TpoBan B 4 °C Oynmo oOpaHO 3rigHO PEKOMEHAAIN HAJaHUX B TOIMEPEIHIX
JOCITIDKEHHSIX TIepepruBYaCTOro onajgeHHs [83-84 |.

3 MeTow y3araJbHEHHS pEe3yJibTaTiB, TEIJIO3aXUCT  OTOPOKYBATBHUX
KOHCTPYKIii Oyniiai OyB HOBeAeHHMH A0 MiHIMainbHUX 3HavyeHb 3rigHo [IBH B.2.6-
31:2016 Ta JABH B.2.6-31:2021 [8, 74] sk TUNOBUX NPEICTABHUKIB HACTYITHHX

Oy/iBenb:
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HeyTersieHa OyAiBiasi — MpPeACTaBHUK  Oy[iBii, IO HE MNPOXOoJauja
TEPMOMO/IEPHI3AII110;

JIBH B.2.6-31:2016 — OyaiBai 1mo mpoXoAawin TepMomojepHizaiito 3 2017 mo
2022 poky;

JIBH B.2.6-31:2016 — O6yaiBii 1110 MPOMIIIIIN CydacHy TEPMOMIEPHI3AIIIIO.

PizHunss MK Temo(i3MYHUMHU  BJIACTUBOCTSMU CEPEl  MPOMOJIEILOBAHUX

OymiBenb mpeacTaBieHa B Taomuir 2.1.

Takuii KOMILICKCHUM Hi,Z[Xi,II AO3BOJIMTL Yy3araJbHUTH PCE3YJbTaTU, a TaKOXK

HaBeCTU OUIBII TOYHI PEKOMEHJAIll 00 BHUKOPUCTAHHA TpadikiB OMameHHS s

OyaiBeNb 3 PI3HUM PIBHEM YTECIUICHHS.

3.2 Pe3yabTartH BIPOBAKEHHS PEryJIOBAaHHS 32 PO3KJIAJAOM HIKIJbHUX

3aHATH

3a pesynbTaTaMy MOJCITIOBaHHS Oy OTpUMaH1 MOTOAWHHI, TOMICSYHI1, ITOJICHHI,

MOTOJIMHHI JJaH1 CHOKMBAaHHS €HEPrii CHCTEMOIO OMAaJIeHHS, BHYTPILIHIX TeMIIepaTyp

MOBITPS Ta BHYTPIIIHBOI CEPEHBOI paialiiHOl TemMnepaTypu st OyAiBJi B LIJIOMY Ta

KOKHOT'O OKPEMOTO PUMIIIEHHSI.

Piune crio>kuBaHHS €HEPTii CHCTEMOIO OTajeHHSI HaBEJIEHO Ha PUCYHKY 3.2.
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HeytenneHa YTenneHa go pisHa AbH 2016 YTenneHa go pisHAa bH 2021

CnoXXu1BaHHA eHeprii CUCTEMOIO OMaNIEHHS,
MBT*rog,

H [MocTiliHa TemnepaTypa M posan B 4°C Hepoboui roguHu byaisni Mposan B8 4°C 3a pO3KNaA0M 3aHATb

Pucynok 3.2 — PiuHe crio>KuBaHHs €HEprii Ha OMajIeHHS

[Ipu aHamizli pi3HUX PEKUMIB OMaJCHHSA, OyJIO BCTAaHOBJICHO, IO BpaxyBaHHS
MOJKJIMBOCTI OOMEXEHHS OTAaJICHHS MPUMILIEHb B HEPOOOUl roIMHU 3a0e3reuye 3HaUHy
eKOHOMII0 eHeprii. Hanpuknan, y BUnajaky He yTeruieHoi OyaiBii el miaxia J03BOJIUB
3HU3UTHU piuHe eHeprocnoxkuBaHHs 3 221,29 MBt*rox no 170,66 MBt*roa, TodTo Ha
22,9%.

[Ipu BopoBamkeHHI Tpadika omaneHHs, SIKAH BpaxoBYye pO3KIAa 3aHSATh,
CIIOCTEPIraeThCsl JONATKOBE 3HIKCHHS CIOXUBAHHS eHeprii. J{is Tiel ) HeyTemieHoi
OyIiBIl pidyHE CHOXKMUBaHHA 3HU3WIocH n0 167,58 MBr*ron. Cepen iHIMX
MOTCHIIMHUX TIepeBar, Takuil rpadik OMaJeHHS T03BOJSE 3a0€3MEUYUTH ONTUMAILHUN
MIKpOKJIIMAT B MPHUMIIICHHAX, 3aJ€XHO B iX (YHKIIOHAIBHOTO TPU3HAYEHHS,
KUIBKOCTI JIFOZIEH, po3TairyBaHHs B OymaiBimi Tomio. Ile Takox 103BOJIIE 3MEHIIUTH
MIKOBE €JICKTPOHABAHTAXKCHHS B BHITAJIKaX E€JIEKTPUYHOI CUCTEMU OTAJICHHS, OCKIIBKU
HEe TNOTPIOHO MIATPUMYBATHU BHCOKY TEMIEpaTypy B MNPUMIIMICHHSIX, B TOJUHHU
HEBUKOPHUCTAHHS NPHUMIIIEHb, YaCcTHHA 3 SKUX TMpHUMaJae Ha TOJWHU TIKOBOTO
CJIEKTPOCIIOKUBAHHS KpPalHHU.

3riiHO 3 pe3yJibTaTaMu MOJEIIOBaHHs, pexuM 3 (rpadik, 1m0 BpaxoBY€E PO3KIaa

3aHATH) JI03BOJISIE 3MEHIITUTH CTIIOKUBAHHS €Heprii Ha omajeHHs Ha 1,8-4,2% BiTHOCHO
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pexumy 2 (mpoBajl B HEepoOOYl TOAWHU), P YOMY, BITHOCHA EKOHOMIS 3pOCTaE 3
MOKpAIIEHHSIM PiBHA 130JiA1i1 Oy/iBii. AOCOJNIOTHA BIJIHOCHA €KOHOMIsl €Heprii Ha
ONAJEHHs IIPU BIPOBAIKEHHI pexxuMy 3 BimHocHo 2 cranoButh 0,2 kBr*rog/m® ms
pPO3TJISIHYTUX ~ PIBHIB  Terulo3axucty  Oyxmiemi. JlaHwii  pe3ynabTar  J03BOJISIE
PEKOMEH/IyBaTH MPOBAKEHHS PEKUMY 3, B MEpULy 4Yepry, B OYIIBISAX SKI MPOXOAUIN
TEPMOMO/ICPHI3aIli0, 0COOIMBO, SKIIO OpaTh O yBarw Te, IO e PEeXUM BHMArae
HAsIBHOCTI Cy49acHOT CHCTEMH OTIaJICHHSI.

OTpuMaHi pe3ylnbTaTH aHali3y pPIYHOTO CHOXKUBAaHHS CBIIYaTh MpO Te, IO,
HE3Ba)Kal0uM Ha CKJIAJHICTh BIPOBAPKEHHS Ta HEOOXIJHICTh HIOPIYHOTO OHOBIICHHS,
rpadiki OMaJeHHA 3 YypaxyBaHHSIM IIKUIBHOTO PO3KIAAy MPEICTaBIISIIOTh COOOK0
e(peKTUBHUN MiIX1A K 3 TOUYKH 30pYy OKpeMoi OyIiBii, TaK 1 3 TOYKH 30py 3arajbHOi
eHeprocucteMu kpainu. Llei migxigy HaOyBae 0coOJMBOi aKTyalbHOCTI B KOHTEKCTI
OyniBelb, 10 MPOXOATh MOJEPHI3AIII0 CUCTEMU OMAJICHHS, 1 MOXKE CTaTH BaXKJIMBUM
€JIEMEHTOM B CTPATETIsAX MiIBUILIEHHS €Heproe(eKTUBHOCTI Ta €KOJOT1YHOT CTAJIOCTI.

Hanani Oyno mnpoaHasi3oBaHO TMOMICSIYHE CIIOXUBAaHHS HA OMNAJEHHS IS
PO3TISHYTUX PIBHIB TEIUIO3aXUCTY OYIIBIAlI Ta pPEXKUMIB pETyJIIOBaHHS CHCTEMU
OTMaJieHHS, OMUCAaHWX BHINE. Pe3ynbTaTH MOMICAYHOTO MOJETIOBAHHS HaBEleHI Ha

pUCYHKY 3.3:
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CiyeHb NoTunii bepeseHb oBTeHb Jluctonag, pyoeHb
Micaup

W HeyTenneHa, MocrTiliHa TemnepaTypa

W HeytenneHa, Mposan B 4°C Hepoboui rogmHu byaisni

M HeyTenneHa, Mposan B 4°C 33 po3KNaA0OM 3aHATbL

W YTenneHa go pisHa ABH 2016,
YtenneHa go pisHa ABH 2016, NMposan B 4°C Hepoboui roanHu byaisni
YtenneHa go pisHA [6H 2016, MNposan B 4°C 3a po3KNaAoM 3aHATb

M YTenneHa go pisHa ABH 2021, MocTitHa TemnepaTtypa

B YTenneHa go pisHa ABH 2021, NMpoean B 4°C Hepoboui roanHu byaisni

YtenneHa go pisHAa BH 2021, MNposan B 4°C 3a po3KnafoMm 3aHATb

Pucynok 3.3 — IlomicsuHe CriOKUBaHHS €HEPrii Ha OTajIeHHS

AHamni3 TMOMICAYHOTO CIOKMBaHHS MIATBEPAMB OTpPUMaHl BUCHOBKH 3a
pe3yibTaTaMu aHaji3y pIYHOTO CIIOKWBAHHSA, MPOTE, JaHWUN aHaji3 MOXe OyTu
KOPUCHUM B TIOJAIIBIITUX JTOCITIPKEHHSX IS IOPIBHSHHS 3 YKPATHCHKUMHU CTaHIapTaMHU.

Jlns  OulbIl  peTeNbHOIO JOCHTIDKEHHS BIIPOBA/KEHHSI E€HEproeeKTUBHUX
PEXMMIB OTAaJeHHs, Bapiallli OmucaHi BUIle, 0yJI0 TaKOX MPOMOAEIHOBAHO 3 OJICHHUM
Ta MOTOJAMHHUMHU KpOoKaMH. Pe3ynbTaTi OJIEHHUX MOJICIOBaHb HABEJCHI HAa PHCYHKAX

3.4-3.6:
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Pucynox 3.4 — IlomeHnne crio>XMBaHHS Ha OMMAJICHHS 711 BUTIAIKY OyIiBIIl O€3
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Pucynok 3.5 — TlogeHHe CHOXMBaHHS HA OMAJICHHS Ui BHMAAKy OyIiBIi 3

OTOPO/KYBAIBHUMHU KOHCTPYKITisSIMU oBeneHuMu 1o pieHsa [IBH B.2.6-31-2016
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Pucynok 3.6 — IlogeHHe cnoXuBaHHS Ha ONAIEHHSA JUId BMIAJAKy OyAiBial 3
OrOpOIKyBaJIbHUMHU KOHCTPYKLIAMHU JoBeneHumu 1o pisas JIBH B.2.6-31-2021

AHani3 TNOAEHHHX pe3yJbTaTiB aHami3y EeHEProclOoXHBaHHS i  4ac
BUKOPHCTAHHS PI3HUX PEXKUMIB OMNAaJCHHS BUSBUB HAsBHICTh JOJATKOBUX IIIKIB
CIIOKUBAHHS €Heprii, O0coOJMBO BHpaXeHHMX Yy pexumax 2 Ta 3. Ili mikosi
HABAHTAXKEHHS, 1110 MOJCKYAN HaBITh MEPEBUIIYIOTh AHAJIOTIYHI 3HAYEHHS JJI PEKUMY
0e3 peryioBaHHS, BHSIBWIHCS 30CEPEIKCHUMHU TMEPeBAXHO B TMOHEAUIKH Ta
MICJACBATKOBI AHI. HasBHICTP TakuxX MIKIB B OJHAKOBI JIHI JUIsi 000X PEXUMIB 3
PETYJIIOBAaHHSIM HE TUIBKA JEMOHCTPYE IXHIO CTajJiCTh, ajlé W BKa3ye Ha TIEBHI
3aKOHOMIPHOCTI B CIIOKHMBaHHI €HEPTii, 3yMOBJICHI MOBEIIHKOK CHUCTEMH OIaJIeHHS B
crierudivHi IepioIH.

Oco6muBYy yBary ciia 3BepHYTH Ha (DaKT, IO TOCTPOTA IMX MIKIB CIIOKUBAHHS
(todTo  pexuM 3 TOCTIMHUM  ONaJeHHSAM  IIOKa3ye  OUIbII  TOJIoTe
1 IBUIIEHHS/ TIOHMKEHHS CTI0KUBAHHS) CB1TYaTh MPO 3HAYHE JI0JIATKOBE HABAHTAXKCHHS
Ha CHUCTEMYy OIIaJICHHS I 4Yac mepexigHux mnepiomiB. Ilepexim BiJg MOHMKEHOL
TeMIepaTypu npuminieHHs, Hanpukiag 16°C, no podouoi temneparypu 20°C, 30kpema
Micas BUXIOHMX a00 CBSTKOBUX JIHIB, BHMara€ BiJI CHCTEMH OIAJIEHHS 3HAYHOTO

301IbIIIEHHST BUPOOITKY TEIUIOBOI €HEpTii, 1100 MIBUAKO BITHOBUTH KOM(OPTHI YMOBH.
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Ie, B cBOIO Yepry, MPU3BOJUTH A0 BUCOKHUX IIKIB CHOKHMBAaHHS, SIKI MOXKYTh BILJTUBATH

Ha KOMGOPTHICTH NepeOyBaHHs B Oy I1BIII.

3.3 JlocaigxeHHs1 BIPOBA/IKeHHS eHeproe()eKTUBHUX PeKUMIB ONAJICHHS HA

HOTYH(HiCTL CHCTEMH ONMAJICHHA HIKOJIN

JIns koMmmeHcallii MOMJIMBOTO BIUIMBY TEPEXITHOTO IMepiogy Ha KOMMOPTHICTH
nepeOyBaHHsS JIOACH B MPUMIMICHHAX CHUCTEM1 ONAJEeHHS MNOTpPeOyeThbCs AO0AATKOBA
MOTY>KHICTb.

[TokpamieHHs: Teri03axucTy Oy/iBIII 3MEHIINY€E onucaHi Bulle miku. Hampuxmnan,
JUIS BUMAJIKy Oy/iBil O0e3 peryaroBaHHsI MaKCUMaJbHE JIEHHE CIIO’KUBAHHS CKOPOTUIIOCH
3 2561kBt*ron no 1432 xBt*rox ta 1285 xBT1*roa npu mokpaiienHi ao pisas JIbH
B.2.6-31-2016 Ta 2021 poky BiAMOBIAHO.

PesynpTatn MozentoBaHHS MIKOBOTO HAaBAaHTAXKEHHS Ha CHUCTEMY OIAJICHHS

HaBeJIeH1 Ha PUCYHKY 3.7:

180

x 8 B B g

MoTy»KHiCTb cMCTEMU ONaneHHsA, KBT

N
o

HeytenneHa YtenneHa ao pisHa [1I6H 2016 YtenneHa go pisHa [16H 2021

40

m MocTitHa Temnepatypa M Mposans 4°C Hepoboui roaunHu 6yaisni Mposan g 4°C3a po3KNafoM 3aHATb

Pucynok 3.7 — [IoTy>KHICTh CUCTEMH OTaJICHHS
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AHaJi3 pe3ynbTaTiB JOCTIKEHHS II0JI0 BIUIMBY PI3HUX PEXKUMIB OIAJICHHS Ha
CHEpProClOKMBaHHA B  IIKUIBHUX  OyAIBIASX  MIATBEPAMB  3HAYHUU  BIUIMB
TEPMOMOJIEpHI3allli Ha 3HUKEHHS TOTY)XHOCTI CHUCTeMH omnaieHHs. Hampuxman,
yTeIyieHHs OyaiBesb /10 piBHIB, BU3HaueHux ctanaaptamu JIbH B.2.6-31 2016 ta JIBH
B.2.6-31 2021, mpu3BoAUTH 10 3MEHIICHHS HEOOX1THOT MOTY>KHOCTI CUCTEMH OMaJICHHS
B cepeanpomy Ha 36,6% 1 42,7% BignosigHo. L1 maHi migkpecToTh ehEeKTUBHICTh
YTEIJICHHS SIK 3aX0/Ty JUIS IMABUIIEHHS €eHEProe(PEeKTUBHOCTI IIKUIBHUX OYI1BEJIb.

Bongnouac, BBemeHHs pexumiB 2 Ta 3, sKki mepeadadaroTh TMEpPEpPUBYACTE
OMaJICHHS, XO4Y 1 CHpHsiE 3MEHIIEHHIO 3arajbHOro CIIOXKMBAHHS €HEprii 3a paxyHOK
onTuMizalii poOOYMX TMEpIoJIB CHUCTEMH, 30UIbIIYE MaKCUMalbHy TMOTpedy B
HOTYKHOCTI cucTeMu omnaineHHs Ha 37,7% ta 36,5% BIANOBIAHO U1l KOXKHOTO 3
pexumiB. [le 3yMoBIeHO HEOOX1IHICTIO MIBUAKOTO MiABUIIIEHHS TeMIIepaTypu B Oy aiBIi
miciasi TepioAiB 3HIDKEHHS TeMIeparypHoro pexumy 1m0 16°C, mol 3abe3meunTtu
KOMGOpPTHI yMOBH Uid NepeOyBaHHA Ta HaBYAJBHOTO Tpolecy B OyIiBIl MpH
MOBEPHEHHI 10 poboyoro pexumy Temreparypu 20°C.

3 ornsgy Ha 3HayHEe 30UTBIICHHS HABAaHTAXKCHHS HA CHUCTEMY OMAJICHHS TIPH
BIIPOBA/DKEHHI NMEPEPUBYACTUX PEXKUMIB OMAJIEHHS, OCOOJIMBO BAXKIMBUM CTa€ PO3IIISL
MOJXKJIMBOCTI MOJIEpHi3allii ICHYIOUMX CHCTEM OIajeHHs a0o 1X 3aMiHM Ha OUIBII
notyxHi Ta edekrtuBHi. [IpoTe, 3acTocyBaHHs cTpaTerii MOCTYMOBOTO IiBULICHHS
temmneparypu, Hanpukiaaza, Biag 16°C mo 20°C npoTarom AeKiIbKOX TOJAWH A0 MOYATKY
HABYAJIbHOI'O AHS IIC/ISA BUXIOHUX a00 CBATKOBHX OHIB, MOXKE IIOM'SKIINUTH LI MIKH
CMOXKMBAHHS, 3MEHIIUBIIY HABAHTAXXEHHS Ha OMAaJIOBAJIbHI CUCTEMHU Ta 3a0€3MeUnBIIN
O1IBIII TUTABHUH TIepexia 10 pOOOUYUX YMOB.

Jlo1aTKOBO, IIIKaBUM aCIIEKTOM € Te, 10 MIKOBE HaBaHTaKEHHS MPH 3aCTOCYBaHHI
NEPEepUBYACTUX PEXKHUMIB OMNAJICHHS B YTEIUIEHUX OYJIIBIAX HE MEPEeBUIILYE
MaKCUMaJbHE HABAaHTAXEHHS JUIsl CUCTEM OMAJICHHA B HEYTCIUICHUX IIIKOJIAX, IO
MPAIOIOTh y PEXXKUMI TTOCTIHHOTO onaneHHs. [{e Bka3sye Ha MOKIIMBICTh BIPOBAKCHHS
TaKuX PEeKUMIB 0€3 HEOOX1JHOCTI 3aMiHU OMATIOBAIIBHUX MPUJIAJIB Ha OUIBII MOTYXKHI
B OYIIBIIAX, SIKI TPOXOMSITH MPOIEC TepMoMojepHizamii. Takum dmHOM, KOMOIHAITiS

3aXO/IB 3 YTEIJICHHS Ta BBEJCHHS €()EKTHUBHUX PEKMMIB TEPMOPETYIIOBAHHS CTa€ I
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OimbIn  TpUBAOIMBOIO, OCKUIBKM  JO3BOJISIE  JOCATTH  3HAYHOTO  IOKPAIICHHS
eHEepProe(PeKTUBHOCTI 3 MiHIMAJIbHUMHU KalliTaJJbHUMU BUTPATaMH.

Cnig TakoX 3a3HAYUTH, L0 PEXHUM 2 BHUMAara€e Jemio OUIbIIOl MOTY>KHOCTI
OmNaJeHHs TMOPIBHSIHO 3 PEeXUMOM 3 Juisi OyJb-SKOTO PIBHSA yTEIIEHHS OB, IO
MOXe OyTH TIOB'SI3aHO 3 MEHII ONTHMAJIBLHUM PO3MOIIIOM TEMIEPATYPHUX PEKHUMIB
BIPOMOBXK 1JHSA. lle BimkpuBae mMEpCHEKTHBU IS TOJAJIBIIOI  ONTHUMI3AI]
CHEepProCIOKUBAHHS 3a PaxXyHOK ajamnTailii rpadikiB omajdeHHs 10 KOHKPETHHX yMOB
eKcrutyatamii OyzmiBmi Ta i1 (YHKIIOHATBHOTO HABAHTAXECHHs, HANPHUKIAA, dYepes
BpaxyBaHHsI p13HOTO rpadika MoyaTKy HaBUYAJIbHHUX 3aHAThH JJIs PI3HUX IPYN YUHIB.

3arajioM, OTpUMaHi pe3yJbTaTH aHaJi3y MIJAKPECIIOITh HEOOXiAHICTh
KOMITJIEKCHOTO TXOy J0 TUTAHYBAaHHS CUCTEM OITAJICHHS B IMIKIJTbHUX OYIBIISX, SKUN
Ou BKJIIOYAB HE JIMIIE 3aXOU IIOAO MiTBUIICHHS TEIJIOI30JAINHUX XapaKTEPUCTHK
OynmiBii, ajie ¥ BIPOBAPKCHHS THYYKHX Ta aJallTUBHUX PEXXHUMIB OIMMAJICHHS, 3/ITaTHUX

3a0e3neynTH e(PeKTUBHE Ta EKOHOMIUYHE BUKOPUCTAHHS €HEPreTHUHUX PECYPCIB.

3.4 JlocaigkeHHs1 BIUIMBY €Heproe()eKTMBHMX PpeKUMIB ONaJIeHHA Ha

KOMGOpPTHICTH NepeOyBaHHSA B MPUMIiLLIEHHSIX HIKOJIH

KonuBanns Ttemmneparyp, Ta 3HAaYHE IMIJIBUINCHHS HEOOXIAHOI TOTYXHOCTI
BKa3yIOTh Ha T€, [0 aCIEKT, SIKUI TaKOXK BapTO PO3TISHYTH B paMKax JOCTiKEHHS, 1Ie
BIUIMB 3HWKEHHS TEeMIIEpaTypd B CYCIOHIX TMPUMIMIEHHAX Ha KOMQOPTHICTh
nepeOyBaHHsI iTel B Kiaci. BaxIMBICTh IbOTO aCMEKTY IMOJIATAE Y TOMY, 110 3HUKCHHSI
TEMIIEPATypH TOBITPSI B MPHUIETIIMX KJacax MOXKE€ CYTTEBO BIUIMBATH Ha pajialliiHy
TEMIIEpaTypy B JOCITIDKyBaHOMY TMPUMINIEHH], THM CaMHM 3MIHIOIOYH YMOBHU
KOMQOPTY ISl YUHIB Ta BUKJIAaviB.

Brnnus pexuMiB onasiieHHs Ha KOMQOPTHICTh mepeOyBaHHA B MPHUMIIIEHHIX
OLIIHIOBABCS 3a IBOMa MMOKa3HUKaMH, a CaMe:

® cepenHs TemrepaTypa MOBITPS B IPUMIILIEHHI;

e cepenHs pajiailiiiHa TeMneparypa.
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[Iporpama obGuuciioe cepenHto pamiamiiny temnepatypy (MRT) sk 3BaxkeHe

Cepe/IHE TeMIepaTyp IOBEPXOHb, IO OTOYYIOTh OO0'€EKT, BpPaXOBYIOYM TEILJIOBE

BUTIPOMIHIOBaHHS BiJl MUX MOBEPXOHb. Llei miaxim BKIoUae B ceOe KibKa KIFOYOBHX

napamMeTpiB:

TeMIlepaTypa TMOBEPXOHb: BKJIIOYAE TEMIIEpAaTypu BCIX IMOBEPXOHb, SKi
OOMIHIOIOTHCSI TETIJIOM 3 PO3TJISAYBAaHUM ITPOCTOPOM;

koedimienT meperysiny (view factor): 1e wactka pafiaiiii, 0 BUMPOMIHIOETHCS
OJIHIEIO0 TIOBEPXHEIO 1 MOTJIMHAETHCS 1HINOW. Y BHUOAAKy 3 po3paxyHkom MRT,
BAXJMBI KOE(ILIEHTH TMEperisiay MK 0co00l0 1 pPI3HUMHU TOBEPXHSMU B
IPUMIILICHH]I;

eMICIfiHI BIACTHBOCTI MaTepiamiB: pi3HI Marepialii MaroTh Pi3HI BIACTHBOCTI
BUIPOMIHIOBaHHS TEIUIA, [0 BIUTMBAE HA 3aTaJIbHUN OOMIH TETUIOBOIO €HEPTIEI0;
PO3MOILT TeMIlepaTypd Yy MPOCTOPi: HEOAHOPIAHICTh TEMIEPATyp y HPOCTOpi
TakoX BIUIMBae Ha oOuucieHHs MRT, OCKIIbKM BOHA BHU3HAya€e, SIK TEIIO
PO3MOIUTSIETECS MIXK PI3HUMH 30HAMU;

paniamiifiHi OOMIHM MIDXK TOBEPXHSMM: TEIUIOBE BUIIPOMIHIOBAaHHS MDK BCiMa
MOBEPXHSIMH Yy TIPOCTOPI B3a€EMOIIOB'sI3aHE, 1 111 B3AEMO/IIT CJIiJI BpaXOBYBaTH IS

TOYHOTO po3paxyHKy MRT.

CoHsiuHa pajiallisi TaKOXK BPaXOBYETHCS MPU PO3PAXYHKY CEpeAHBOI pajlaliifHol

temneparypu. CoHSUHE BUIPOMIHIOBAHHS MOXKE ICTOTHO BIUTMHYTH HA TEMIIEpaTypy

MOBEPXOHb y MPUMIILECHHI, 1[0 0e3MoCepeIHhO BIUIMBAE HA pajaialliiHUM OOMIH Teruia

MIDXK ITUMHU TTOBEPXHSAMH 1 JTFOIBMHU.

DesignBuilder mozaentoe BIUTMB COHSYHOI pajialili 3 ypaxyBaHHSIM TaKUX ACIEKTIB:

npsiMe€ COHSIYHE BUIPOMIHIOBAHHS: BPAXOBYETHCS BIUTMB TPSIMUX COHSYHUX
IIPOMEHIB, 1110 TOTPAIUISIOTh B MPUMIIIIEHHS Yyepe3 BIKHA;

pO3CisTHE COHSYHE BHUIPOMIHIOBAHHS: BKIIOYAE CBITJIO, SIKE PO3CIIOETHCS B
atMoc(depi Ta BiIOMBAETHCA BiJl 3¢€MHOI MOBEPXHI Ta IHIIUX O0'€KTIB, MEPII HIXK

NOTPAIUTU B IPUMILLIEHHS;
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e BIUIMB Ha MOBEPXHI: COHAYHE BUIPOMIHIOBAHHS, 10 TOTpAIUisie Ha BHYTPIIIHI Ta
30BHINIHI TIOBEPXHI, 3MIHIOE iX TEMIlepaTrypy, IO BIUIMBAE Ha TEIUIOBUM
KOoM(opT;

® JMHAMIYHI 3MIHU: BPAaXOBYEThCA JWHAMIYHUN XapakTep COHSYHOI pajiamii
OpOTSATOM JHA Ta POKY, a TaKOX 3MIiHM BHACHIJOK TIOTOAHMX YMOB Ta

reOMEeTPUYHUX MapameTpiB OyaiBii. [79]

Paniamiiina Temmeparypa BIiJIrpae KIOYOBY pojib y (OpMyBaHHI CHPUHHATTS
KOM(OPTHOCTI CepeoBHILA, OCKIIBKM BOHA BIUIMBA€ HA TEIUIOBUH OamaHc Tija
JIIOAMHY, @ TAKOX 3T1IHO piBHAHB (8)-(12) TeMmeparypa MOBITPs Ta cepeaHs pajialiiiHa
TEMIepaTypa € BHU3HAUaJbHUMH, CEpel THUX Ha SKIi MH MOXKEMO JIETKO BIUIMBATH
cucteMamu OyaiBIi, MapamMeTpaMu B po3paxyHKy PMV skwuii, B cBOIO uepry, 3riiHO 3

[88] BUKOPUCTOBYETHCS JIJIsI OIIHKU KOM(OPTHOCTI.

PMV = (0,303e~2100M 4 0,028) - [(M — W) —H — E. — Cros — Evesl;  (8)

e:

M - mertaboniunuii piBeHb, B1/M?%;

W - edeKkTHBHA MeXaHiuHa MOTYKHiCTh, BT/M?%;

H - uytTeBi BTpaTH Temnnia;

E. - 0OMiH Termom NuUIsiXoM BUIIAPOBYBAHHS 3 TIOBEPXHI LIKIPH;
Cres - OOMIH TEIUIOM KOHBEKIIIEIO TIPU JUXAHHI;

Eres - BUapoByBaJbHUM OOMIH TETUIOM IMPU JTUXAHHI.

VY piBasaHI (8), H, E;, Cis Ta E. BiAMOBIIaIOTH OOMIHY TEIUIAa MDK TUIOM 1

HABKOJIMIIHIM CEPEJOBUILIEM 1 PO3PAXOBYIOTHCS 3 HACTYIHUX PIBHSHbD:

H =396-107° So o+ 273)4 — (&t + 273)4] —fahe (fa—ta); (9)

E.=3,05-10"3-[5733-6,99-(M — W) —p,] — 0,42 - [(M — W) — 58,15]; (10)
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Cres = 0,0014- M - (34 — t,); (11)
Epos =1,7-1075- M - (5867 — p,); (12)

hi(h

L - i3omsuis oxary, m*K/Br;

fo - KoedilieHT MOBEPXHI OJIATY;

t. - Temmepatypa nositps, °C;

t. - cepellHbs paniaiiiina remneparypa, °C;
Var - BTHOCHA IIBUKICTh TTOBITPS, M/C;

Pa - YACTKOBUM TUCK BOJAHOI napwu, [1a;

t. - TemmepaTypa rmoBepxHi oasry, °C.

Jlnis Bu3HaueHHs: KoM(POPTHUX KOMOIHAIIN TeMIepaTypy BHYTPIIIHBOTO MOBITPS
Ta CEpeIHbOI paaialliiHOi TemmepaTypu OyJi0 BUKOPUCTAaHO OQIMIMHUN KaJdbKyJSATOP
napametrpy PMV srizno ASHRAE Standard 55-2023 [82].

Jlauuii oHJIaiH pecypc MO03BOJIAE€ 3aJaTH IapaMeTpu BITHOCHOI BOJIOTOCTI,
IIBUJIKOCTI TIOBITPs, META0OJI3My Ta OJIATY, a TAaKOX IMapaMeTpu TeMIepaTypu, 100
NEPEeBIPUTH YMOBHU B IPUMIIIEHHI HA KOM(OPTHICTb.

[TapameTpu, Ha K1 MU HE MOKEMO BIUIMBATH CUCTEMaMH OYyMiBJIl OyJiM MPUHHATI
3rijgHo [88].

Bynu BUKopuCTaH1 HACTYMHI NPUMYIECHHS:

e BigHOCHa BoJjoricth — 10%, mpuiiHsATa 3a pe3yibTaTaMH MOJICTIOBAHHS, SK

CEpe/IHE 3HAUCHHS Ha MPOTS31 HABYAJIBHUX FOJIMH JIOCIHIIKYBaHOT 100U;

e ImBHUAKICTH MeTabonizMy (Metabolic rate) — 1,2, mo BiAmoBigae cuAsSYin

IHTEJIEKTyJIbHIN POOOTI;

e pisenb oxary (Clothing level) — 1, mo BiamoBigae TUMOBOMY 3MMOBOMY OJSTY

g nepeOyBanus B npuMiieHHi (Typical Winter Indoor Clothing) 3rigxo 3 [88].

PesynbpTaT po3paxyHKy HaJaeTbesl y BUIIAAI rpadiky Ta psaay IapaMerpis,

NPUKJIaJ pe3yIbTaTiB HABEICHUM Ha PUCYHKY 3.8:
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X Does not comply with ASHRAE Standard 55-2023

PMV = -0.52
Sensation = Slightly Cool

Relative air speed = 0.06 m/s
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Pucynok 3.8 — Ilpukiiag po3paxyHky napamerpiB KoM(GOpTHOCTI nepeOyBaHHS B

MPUMIILICHHI

3rigHo 3 [89], kombopTHEM BBaxkarhcs napamerp PMV B mianmasoni -0,5 — +0,5.

Jlns oOrpyHTyBaHHs KOM(OPTHOCTI

nepeOyBaHHS B MPUMIIIEHHI

OyJo

IpOaHaNI30BaHO Psii KOMOIHAIlN TemrmepaTyp BHYTPIIIHBOTO MOBITPS Ta CEPEIHBOL

pamiariitHoi Temmneparypu. PesynpTaté aHamidy 3BemeHi qo tabmui 3.19. 3enenum

BUJIJICH] KOM(OPTHI MMapy TeMneparyp.
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(X

HOBITPS Ta CEPEAHBOI paiialliiHOT TeMIIepaTypu
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OTpuMaHi pe3yabTaTH TaKOX OyJIM BUKOPHUCTaHI [JIsi aHali3y BIUIUBY
TEeMIIepaTypyd BHYTPIIIHBOIO TMOBITPS Ta CEpPeAHbOI pajialiiHOl TemmepaTtypu Ha
napametrp PMV. [lanuii anamni3, NOTEHIIHHO, AaCTh 3MOTY HaJaBaTH Oibll e()EeKTUBHI
peKoMeH Al o0 MABUIIEHHS KOM(DOPTHOCTI B MPUMIIIICHHI.

[Tapametp KOM(MOPTHOCTI OUIBII YYTIAUBUI caMe O TEMIIEpaTypH BHYTPILIHBOTO
HOBITPS, 1€ IEMOHCTPYEThCSI MEHIIMM KyTOM Haxuiay KpuBoi. JlaHa 3Haxijka Takox
JEMOHCTpPY€E TIEpeBary MOBITPSHOT CUCTEMHU OMAJICHHS Mepe]l IHIIMMU TUIIAMU 3 TOYKU
30py KOMQOPTHOCTI, OCKUIbKM Taka JJ03BOJISIE IIBUAILIE 3MIHIOBAaTH TEMIEpPaTypy
MOBITPsA, 3a HE0OXiAHOCTI. PamiamiiiHa Temreparypa, 3 1HIIOI TOYKH 30PY JIO3BOJIUTH
3HU3HUTH TEMIIEPATyPY MOBITPS, 110 € O1IbIIT €HEProe(PEKTUBHUM.

JletanpHuil  aHayii3 BIUIMBY MapaMeTpiB Ha CyO €KTUBHE  CIPUHHSATTS
koMmdopTtHOCcTI OyB mpoBeAeHuid B [90]. AmnHamiz pe3ynabTariB  MOJIENIOBaHb
HiATBEPHKYIOTh BUCHOBKHU B [90].

Sk 3a3navaetrbca B [90], TemmepaTypa BHYTPIUIHBOTO TMOBITPS Ma€ OUIHIINHN
BIUIUB Ha TapaMeTpu KOMQOPTHOCTI TOPIBHAHO 3 CEPEAHBOI PpajaiaIliiHOI0
TeMIlepaTyporo. Y poOOTi 3a3HAa4e€HO, IO TMOCTIAOBHICTh UYTIUBOCTI YMOB
KOM(OPTHOCTI JI0 PI3HUX MapaMeTpiB MOJIeNIl 3MEHIIYEThCS B PAAYy: TeMIlepaTypa
BHYTPILIIHBOTO TOBITPS,, CEpPEAHA pajialliifHa TeMIepaTrypa, IIBUAKICTE OOMIHY
PEUOBHUH, TEIIOI30JIALISI OJATY, TEIUIOBUIM 3aXUCT OyAiBiIl, TeMIlepaTypa 30BHIIIHBOTO
MOBITPSL.

[le Bka3zye Ha Te, IO ONTHUMAaJbHE YIIPABIIHHS TEMIIEPATypOI0 BHYTPIIIHHOTO
MOBITPS MOXke OyTH Oulblll €()EKTUBHUM JJis1 3a0e3MeUYeHHs TEIJI0BOTO KOM(OpTy B
MOPIBHSIHHI 3 PETYyJIIOBAaHHSAM CEpPEIHBOI pajialliifHOI TeMIepaTypu, Xoua OCTaHHS
TaK0’X Ba)KJIMBA 1 Ma€ MOMITHUI BIUTUB Ha 3arajibHi YMOBU KOM(OPTY B MPUMIIICHHI.

Amnaniz napamerpy PMV Takox BKa3ye Ha HEIOCKOHAIICTh MOTOYHOTO MIiAXOIY
0 MIKpOKIiMaTy OyniBenb y YKpaiHi, OCKUIbKH, HE 3Ba)KalOYM HAa 3HAYHUN BILUIUB
CepeHbOi pajialiifHOT TeMrepaTypHt Ha Cy0’ eKTUBHE CIIPUUHATTS KoMdopTHOCTI, [91-
92] nanuii mapamMeTp MiKpOKJIIMATy HE HOPMYE.

AHajii3 BIUIMBY 3alpoONOHOBAHO IPOBECTH HA TaK 3BaHOMY ‘“‘HAWTIpLIOMY

ClleHapiro”. 3 1i€l0 MeTol, OOpaHO KyTOBMM Kiac, IO Ma€ CHUIbHI CTIHH 3
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OPUMILIEHHSM, K€ y BHU3HAY€HWH JEHb THXHS Mae NOCTiHy Temmeparypy 16°C.
KytoBe mnpumimnieHHss BuUOpaHO HE BHMAJKOBO, a/PK€ caM€ B HHUX pajialiiiHa
TEMIEpaTypa MOXE HaWOUIblIe BIUIMBATH HA BIAYYTTS KOMQOPTY, BPaxOBYIOUHU
3HAYHUN 00'€M KOHTAKTY 30BHIIIHIX CTIH 3 30BHIIIHIM cepeaoBUIlleM. MOXKINBI ePeKTH
MOHIKEHHSI KOM(OPTHOCTI mepedyBaHHA B MPUMILIEHHI OCOOJIMBO aKTyallbHO JUIs
HEYTCTUICHUX Oy/diBeb, $Ki, SK MPaBUIO, JACMOHCTPYIOTh BHIINY UYTJIUBICTH JI0
KOJIMBaHb 30BHIIIHIX TEMIIEPATYp, pOOJISTYH OYyIb-AK1 3MiHUA B TEMIIEPATyPHUX PEKUMAaX
B CYCIOHIX NPUMIIIEHHSAX OUIBII BIMYYTHUMHU Yy KOHTEKCTI 3arajbHOi KOM(OpPTHOCTI
nepeOyBaHHs.

PosminieHHst nmpumitieHHs, mo 0yyio oOpaHo AJisl aHami3y, HaBEJEHO Ha PUCYHKY

3.10:

T

Pucynok 3.10 — IlpumimieHnsi, mo OyJ0 BHKOPUCTAHO JJIsi JIOCIIKEHHS

KOM(pOPTHOCTI IPH BBEACHI €HEProe(PEeKTUBHUX PEKUMIB OINAJICHHS

PesynbraTi MopmentoBaHb AJIS BUMAJKIB HEYTEIUIEHOI Ta yTeIUIeHOi OyniBenb
OpeACTaBiCHI Yy BHUIJISAL J000BOro rpadiky KOJMBAHHS [BOX 3TaJIaHUX BHIIE

Temneparyp, s Ha pucyHky 3.10 ta 3.11:
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Pucynok 3.11 — BB CyciiHbOTO NPUMIILIEHHS, [0 HE EKCIUTyaTyeThCs Ha

KOM(OPTHICTh NepeOyBaHHs B KJIaci, BUMIAJIOK MOTOYHOTO CTaHy Oy IiBJIi
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—— Temnepartypa nosiTpa, Pexum 3 B - PagiauiiHa Temnepatypa, Pexum 3

TemnepaTypa 30BHILLHbOIO MNOBITPA

Pucynok 3.12 — BB CycCiIHBOTO NPUMIILIEHHS, [0 HE EKCIUTyaTyeThCs Ha
KOM(OPTHICT, TMepeOyBaHHS B Kjaci, BHUIAAOK OYIiBII 3 OropoaKyBaJlbHUMHU

KOHCTPYKITisiMH, 1110 BiamosinaoTs JIBH 2.6-31 2021
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AHani3 JeTanbHO TOKa3ye, M0 MPH BUKOPHUCTAHHI PEXXHUMY 3 CIIOCTEPIracThCs
HE3HAYHE TMOHWXCHHSA PaJialliifHOT TeMIepaTypu TMOPIBHSIHO 3 PEKUMOM 2, SK IS
yTEIUIeHOi, Tak 1 HeyTemieHoi OyxaiBmi. lle moHmwkeHHs, Xo4ya 1 € CTAaTUCTUYHO
BUMIPHUM, HE Ma€ 3HAYHOTO BIUIMBY Ha Cy0’€KTHBHE BIAUYTTSI KOMMOPTY IIOIUHH
(KoNIMBaHHS TEMIEpPaTyp B TAKOMY HU3bKOMY Jlana3oHi, 3HAYHOTO BIUIMBY Ha MapaMeTp
PMV ne cnpuunnuth). Taka cuTyaiis BKadye Ha Te, L0 3MiHA PEXHUMIB OMAJCHHS
MOXke OyTH BHUKOPHUCTaHA SK I1HCTPYMEHT g €(QEKTUBHIIIOrO yIpaBJiHHS
CHEepProCIOKUBAHHIM 0€3 CyTTEBOTO 3HMKEHHSI KOM(DOPTY POKUBAHHS.

JlonaTkoBO, BOPOBAXKEHHS JOJATKOBOI 130JIsIii B  OyAIBISAX IMIABHUIILYE
paniamiiiny temmnepatypy Ha npubauszHo 1°C. Ile migkpecitoe KPpUTHUHY BaXKJIUBICTh
yTeIIeHHs OyAiBeNb ISl MiIBUILEHHS eHeproe(eKTUBHOCTI Ta KOMPOPTY MPOKUBAHHS.
VYTeruieHHs He JIHIle Cpusie 30€peKEHHIO TETUIa B XOJOIHY MOPY POKY, ajie i J03BOJIsE
e(pEeKTUBHO HIBENIOBATU Oy/b-sKI HE3HAUHI TMOHMXKEHHS TEMIEpaTypd, L0 MOXYTb
BUHUKATU NIPU 3MiHI PEXKHUMIB OMAJCHHS, 30KpeMa Mpu NEPEX0/Il Ha PEexUM 3.

Takum 4MHOM, 3aCTOCYBaHHS KOMIUIEKCHOTO MiAXOIy, KM BKJIIOYAE B cebde i
ONTHUMI3AIlI0 PEKMUMIB OMAJCHHA, 1 MOKPAIIEHHS TEIUIOI30JSIIMHUX XapaKTePUCTUK
OyIiBenb, MOXE€ CIyryBaTd €(QEeKTUBHMM 3aco000M JUIsl JOCSATHEHHS  BHIIOi
eHeproe()eKTUBHOCTI Ta CTBOPEHHSI KOM(DOPTHIIIKUX YMOB MPOKUBAHHS.

Takox, sK 3a3HayanoCh paHilie, pexxuMu 2 Ta 3 MNOTPeOYIOTh 3HAYHOTO
MIJBUIIICHHS TMOTY>KHOCT1 OIAaJICHHsI, 110 O3Haya€ HEOOXIIHICTh 11 3aMiHKM Ha OUIBII
NOTYXKHY B BHIIaJIKax BIIPOBA/DKEHHs JaHUX pexXUMiB. B Mozpensx, 1mo aHamizyBajucCh
BUIIlE, HEOOXiJHA TMOTYXKHICTh CHUCTEMHU OMAJIEHHS AaBTOMAaTHYHO pPO3PaXOBYETHCS
3aie)kHO  Bim  moTtpebu. Ilpore, Taka MojepHizaiis — moTtpedye  3HAYHUX
KaIliTaJOBKJIaJE€Hb, a TAKOXK, HE € MEPIIOYEPIOBUM 3aX0JI0M 3 €HEpro30epeKeHHS.

3BaKarouM Ha pe3yJbTaTh aHalizy HEeOoO0X1JHOT MaKCHUMajbHOI TMOTY>KHOCTI
CUCTEeMH OIajJeHHs, I[IKaBUM BaplaHTOM € MOJEpHizalis OOO0JOHKK OymiBil 3
JIOBEJICHHSIM TE€PMIYHHUX ii MOKa3HUKIB 10 piBHA 2021 poKy, pa3oMm 3 BIPOBAIKEHHSIM
€HEeProe(PeKTUBHOIO PEXKUMY omnajieHHs 2 abo 3, 1o J03BOJisSI€E HE 301IbIITyBaTH
NOTYXHICTh 1HXEHEPHUX cHUCTeM OyAiBIl Ta 3aJOBUIBHUTH KOMQOPTHI YMOBHU B

Oy 1B,
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Barpo 3a3nHaumTH, 1[I0 3TIJHO 3 AaHAMI30M CYO’€KTUBHOIO CHPUUHSTTS
KOM(OPTHOCTI MPOBEACHUM Ha MOYATKY PO3JLTY, )KOJAEH 3 PO3MISIHYTUX PEKUMIB, JUJIS
KOJTHOTO PpIBHS 130JiAL1i HE BIANOBITA€ KOMQPOPTHUM YyMOBaM TmepeOyBaHHS B
MPUMIIIICHHI.

B nepury depry, 11e BUKJIMKAHO HU3BKUMHU MOKAa3HUKAMH CEPEIHbOI palialiiHOl
Temneparypu, Ha piBHi 16-17 °C, mporsrom nus. s kommeHcarii BIUIUBY TaKOTO
HU3BKOTO 3HAYEHHS CepeHbOl pajialiifHol TemmepaTypu Ha mnapametrp PMV,
TEeMIlepaTypa BHYTPINIHBOTO TOBITPS Mae gocsratu 24 °C, mo He OyJi0 BpaxOBaHO B

MOJIETIOBaHH1, OCKUIBKH TepMOCTaT BcTaHOBMOBaBcs Ha 20 °C.

BucHoBku 10 po3uiny 3

JocnipkeHHs, sike OyJio 1HIIIHOBaHE 3 METOK KOMIUIEKCHOI OINIHKM BIUIMBY
BapiaTMBHOCTI PEKMMIB ONAJIECHHS Ha 3arajlbHe €HEProClOXHBaHHS Ta €(PEKTHUBHICTH
CHUCTEM ONaJeHHS B KOHTEKCTI IUKUIBHUX OyiBesb, JI03BOJUJIO BHUSIBUTU HH3KY
3HAYYIINX BUCHOBKIB, SIKI MalOTh BAXKJIMBE MPAKTUYHE 3aCTOCYBaHHS. 30Kpema, Oyiio
30CEpPE/KEHO yBary Ha aHaiizl €()eKTUBHOCTI NMEPEPUBUACTUX PEKUMIB OMAJICHHS, SIKi
BIIPOBA/KYBAJIMCH B MIKIJIBHUX 3aKJIaJaX, 10 K MPOXOIUIN TEPMOMOAECPHI3aIlI0, TaK 1
HE MaJjM JOJATKOBOI 130J1s1ii. Bynu MOpiBHSAHI peXUM 3 TOHIKEHHSIM TeMIIepaTypH Ha
4°C B HepoOOYl TOJAWHM, BUXIAHI Ta CBSATKOBI JIHI, a TaKOXX AHAJOTIYHHH PEXKUM 3
BUKOPUCTAHHSAM IIKITBHOTO PO3KIAAy 3aHATH MJIs OTPUMAaHHS JOJATKOBUX TOIWH
NOHIDKEHHS B TMEpIOJM BIACYTHOCTI YpPOKIB B NPUMILIEHHSX MIKIIBHUX KJIaciB.
JocnipKkeHHsT TPOBOIMIIOCH U OYyAiBEJb IIKOJIM 3 TPhOMa PIBHSAMHM 130JISLIsIMU: 0e3
JIOJIATKOBOTO YTEIUICHHS, 3 PIBHEM TeIioBoi i3oismii mo Biamosimae JIBH B2.6-31
2016 Ta 2021, mo Aajo 3MOry y3arajJbHUTH OTPUMaHI pe3yJIbTaTH Ta HaJaTH OiIBII
TOYHI PEKOMEH/IaIlii.

Perenbumii anHami3, MpoBelEeHUH 3a TOMOMOTOI0 KOMM'TOTEPHOTO MOJEIIOBaHHS,
IPOJEMOHCTPYBAB, IO IMIUIEMEHTAIllsl NEPEPUBYACTUX PEXKUMIB OIMAJIICHHS 3HAYHO
HiJABUIILYyE eHeproeeKTUBHICTh 00'€KTIB JOCHIIKEHHS. 30KpeMa, BUKOPUCTAHHS TaKUX

pexxumMiB  A03BoJsie  3aomaautd Bim 23% no 27% eHeprii Ha omnaneHHs. Take
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MIJBUIICHHS €()EKTUBHOCTI € OCOOJMBO 3HAYYIIUM Yy KOHTEKCTI HEOOXITHOCTI
3MEHIICHHS] E€HEProCHOKMBAHHS Ta ONTHUMI3allli BHUKOPUCTAHHS EHEPreTUYHHUX
pecypciB.

OkpiM 1IbOTO, aHATI3 PEKUMY OMAJICHHS, IKUH 0a3yeThCsl Ha PO3KJIal 3aHATH Y
mKoJyax (pexum 3), BUSBUB HOro BUILY €()EeKTUBHICTh MOPIBHAHO 3 OUIBII MPOCTUMHU
cXxemMamu, M0 TepeadadaroTh 3HWKCHHS 1HTEHCHBHOCTI OMAJICHHS 1032 POOOYNMU
roguHamMu (pexxum 2). BusiBaeH1 TepeBaru BKJIIOYAIOTh HE TIJIBKH 301IBIICHHS
eHeproedekTuBHOCTI Ha 1,8-4,2% ane i 3HIKCHHS MIKOBUX HABAHTAXKEHb HA CHCTEMY
onajneHHs Ha 3,3-3,7%, M0 Mae 3HAYHUN MOTEHIIaT JJIs TTOKpaIleHHs CTabUIBHOCTI Ta
HAJIIHHOCTI pOOOTH OMATIOBAJIbHUX CUCTEM.

BaxxnuBuM acmekToM € Te, M0 BIPOBADKEHHS PEXUMY 3 HE MPU3BOAUTH O
3HAYHOTO 3HMKEHHS KOM(OPTHOCTI YMOB NepeOyBaHHS B MOPIBHSHHI 3 PEKUMOM 2, 110
pOOUTH OT0 MPUBAOIMBUM BapiaHTOM JJIsl 3aCTOCYBaHHS B OCBITHIX ycTaHoBax. [Ipore,
HEOOXITHO BpaxoOBYBAaTH, IO peai3ailisi IaHOTO PEKUMY BHMara€ BUKOPUCTAHHS
Cy4acHOro oOJaJHaHHS Ta IIOPIYHOTO OHOBJEHHS rpadiKy 3aHATh, 110 MOXKE CTaTH
JIOTATKOBUM BUKJIMKOM JIJIST TIIK1J1.

3a pesynbTaTamMu JOCHIJKEHHS, peXUMU 2 Ta 3 CHOPUSAIOTH 3POCTAHHIO
HaBaHTa)XCHHS Ha CUCTEMH OMaJCHHSA B OyMAIBIAX Pi3HOTO piBHA 130ismii. OaHaK, Mpu
BIIPOBA/KEHHI €HEepProe(eKTUBHUX PEXKHUMIB OMNajeHHs B OYIIBIAX, 130JbOBAHUX [0
MiHiManeHux Bumor JIBH B2.6-31 2016 ta 2021, HaBaHTa)XeHHS HE MEPEBUIILYIOThH
MOTY>KHOCTI CHCTEM  OIAJIEHHS, pPO3PAaxOBaHOI MJis TMOCTIHHOTO PEXKUMY B
He130Jb0BaHuX OymaiBisix. lle m03Boiise pekOMeHIyBaTH BIPOBAKEHHS 3a3HAYEHHUX
PEXKMMIB Yy IIKOJIAX, IO MPOXOJATh MPOIEC TePMOMOJEpHi3alli, 0e3 HeoOX1THOCTI
3aMIHM OMAJIOBAJILHOI CUCTEMH, TPOTE BApTO 3a3HAUMTH, 110 TAaKUW MiAXIJ, B BUMAIKY
BOJSHOTO OIAJIEHHS, BAapTO 3aCTOCOBYBATH JIMIIE MJIA JBOTPYOHUX cHCTeM, abo
OJTHOTPYOHHUX cucTeM 3 Oailmacom.

TakuM dYWHOM, pETyNIOBAaHHS OMNAJCHHS BIAMOBIIHO A0 PO3KIATy 3aHAThH
BUSIBWJIOCS TEPCHEKTUBHUM 3aXO0J0M JUIsi 3a0e3MeueHHs eHepro30epexeHHs B

MIKITEHUX OyMIBIISIX HE3aJIEKHO BiJl X PIBHS TETUIO0130J1s11ii. BogHOUac, B acleKTi mIKiJ
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0e3 TepMoMoJiepHi3allii, el Mmiaxija, SK NpaBUI0, BUMaraTuMe MOJIepHI3allli CUCTeM
OTIaJICHHS JJISl TOCSITHEHHSI ONTUMAJIbHOTO PiBHS €HEPrOePEeKTUBHOCTI.

3adikcoBaHe 3HIKEHHSI HaBaHTA)KEHHS Ha CUCTEMY OIAJICHHS MPH 3aCTOCYBaHHI
pexxuMy 3 BKa3ye Ha TMOTEHLIAN JUIS MOAAJBIIOT0 BHBYEHHS Ta aHali3y 3 METOIO
PO3pOOKH ONTUMANBHUX CIIEHAPIiB BUKOPUCTAHHS HAaBYAIbHUX MPHUMIIICHD, 110 MOXE
COPUATH 3HIKCHHIO €HEPreTHYHUX BUTPAT Yy MIKUIBHUX 3akiajgax 0e3 HeoOX1IHOCTI
KapIAWHAJIBHOI 3MIHM ICHYIOUMX CHCTeM onaneHHs. Lle mgochimkeHHS MOKiIagae
dyHmaMmeHT st MailOyTHIX HAyKOBHX pO3pOOOK y Il 005acTi, BKa3yl4u Ha

BKJIMBICTh KOMIUIEKCHOTO MAXO/TY 10 €Hepro30epeKeHHs B OCBITHIX yCTaHOBAX.
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PO3ILJT 4. EHEPTOCITIOKMBAHHSI IIKOJIM B YMOBAX HEITOBHOI

3AMHATOCTI 114 PI3BHUX PEXXMMIB OITAJIEHHS ITPUMIIIEHD

I3 mouaTtkoM 30poHHOTO KOHGIIKTY Ta y 3B'A3Ky 3 IMOB'A3aHUMU 3 HHUM
€KOHOMIYHMMH CKJIaJHOIIaMHU, B YKpaiHl 3HA4yHO 3pociia moTpedba B omTumizari
BUKOPDHCTaHHA  EHEpPreTMYHux  pecypciB. CropuuuHeHi BifiHOIO  mepeboi y
LEHTPaII30BAHOMY €HEprornocTayaHH1 CTaBJSATh MEpe]] OCBITHIMU YCTAaHOBAMU BHUKIHMK
OiATPUMYBaTH HaBYAJIbHUN MpOIEC B YMOBaxX HEMOBHOI 3aWHATOCTI OyAiBeNb Ta
oOMmexxeHnx pecypciB. OcoOIMBO aKTyadbHUM CTa€ THUTAHHS PAIIOHAIBLHOTO
BUKOPUCTAHHS MPOCTOPY Ta €HEprii, mpu LbOMY 3abe3nedyroun Oe3rneKky Ta KoMQpopT
Y4HIB 1 BUNTEIB.

VY KOHTEKCTI Cy4aCHUX BHUKIIMKIB, Kl MOCTAIOTh MEPE] OCBITHIMU yCTaHOBaMH,
0COOJIMBO aKTyaJIbHUM CTA€ MUTAHHS ONTHUMI3allli BAKOPUCTAHHS IIKUIbHUX MPUMILIEHb
B YMOBaxX HEMOBHOI 3alHATOCTI. 3 OTJISAY HA I1€, OCTaHHI HayKOB1 TOCIIPKCHHSI B JaHI!
chepi BiIIrparoTh KIHOYOBY pOJb Yy BHU3HAUYCHHI HaWOUIbII €(GEeKTUBHMX IILISXIB
3HIDKCHHSI C€HEPrOCTOKMBAHHS IIJISXOM  BIPOBA/DKEHHS 1HHOBAIIMHUX CHUCTEM
OMaJICHHS, BEHTWIALli, Ta KOHAMI[IOHYBAaHHS, $KI aJanTyIOThCA JO aKTyaJlbHOl
KUIBKOCTI 0c10 y mpumiiieHHi [93, 94]. BukopuctaHHs Takux MiJAXOAIB JIO3BOJIIE HE
TIIBKU CYTTEBO CKOPOTUTH BUTPATH HA €HEPIilo0, aje il CTBOPUTU ONTHUMAaJIbHI YMOBHU
JUIS 370pOB'st Ta KOMQOPTY YYHIB 1 BYWTENIB, B TEpIIy Yepry, MiATPUMYIOUH
BIJIMTOBITHAN MIKPOKJIIMAT Y HABYAIBHUX 3aKJIaaax.

[Tornubneni pocmikeHHs B 001acTi KOM(GOPTHOCTI MPUMIIIEHb aKIIEHTYIOTh Ha
KPUTUYHIA BaXKJIMBOCTI CTBOPEHHS KOM(OPTHOrO HaBYaJIbHOTO CEpeloBHUIIA, 3
0coOmmMBUM (OKYCOM Ha KOHTPOJb SKOCTI TOBITps (BKiouHO 3 piBHEM CO»),
TeMrepaTypy, BOJIOTOCTI, Ta OCBITJIEHOCTI NpumilieHb. OKkpemi HayKoBI pOOOTH
30CEpE/DKYIOTh yBary Ha TeIJIOBOMY KOMGOpPTI B JOHMIKUIBHUX Ta HIKUIBHUX
HABUYAJbHUX 3aKJaJaX, aHaJI3YI4Hd BIUIMB TETUIOBOTO 3aXHCTy Ta SKOCTI MOBITPS Ha
CTBOPEHHSI ONTUMAaJIbHUX YMOB sl HaBYaHHS [94-98]. EdekTuBHHMII KOHTPOJIb Haj

UMHU TapaMeTpaMyd Ma€ 3HAaYyHUIl TMOTEeHIIal A MiABHUILEHHS SKOCTI OCBITHBOTO
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NpOIECy, CHPUAIOYM TIONIMIICHHIO 30pOB's, Ojaromoiydds, Ta aKaJaeMidyHOl
MIPOTYKTUBHOCTI YUHIB.

3 iHmoro OOKy, BIAYYTHHH AePIIUT OOCIIIHKEHb, MPUCBSIUYEHUX THYYKOCTI
BUKOPHCTAHHS MPOCTOPY B MIKIJIBHUX 3aKJIajaX, OCOOIMBO y KOHTEKCTI IX HEMOBHOI
3alfHATOCTI, BUMArae I0/JaTKOBOI yBaru. lnes meperuianyBaHHS MIKIIbHUX MPUMILICHb
JUTsl CTBOPEHHS 0araTopyHKITIOHAIBHHUX 30H, 3/TATHUX aanTyBaTUCS 10 PI3HOMAaHITHUX
OCBITHIX Ta BHMXOBHHMX MOTpe0, BIIKPUBAE HOBI MOXJIMBOCTI Uil €(EKTUBHOTO
BUKOPHUCTAHHS LIKIJIBHOTO MPOCTOPY B YMOBax HEMOBHOI 3aiHATOCTI OynmiBmi. Takwuii
MIIX17] MOXE BKIIOYATH B ceO€ ONTUMIZAII BHKOPUCTAHHS OKPEMHUX YaCTUH
NPUMIIIEHB 3aJIe)KHO BiJl TOTOYHHUX MOTPEO IIKOJIHM, IO CHOpHsE 3HIKEHHIO BUTpPAT Ha
yTPUMaHHS Ta ONaJICHHS HEBUKOPUCTOBYBAaHUX 30H.

Kpim Toro, iHTerpaiisi THy4YKUX PIllIEHb MO0 BUKOPUCTAHHS MPOCTOPY MOXKE
MIIBUIUTH 3arajibHy €(QEeKTUBHICTh HABUAJbHUX 3aKJIadiB, JO3BOJISIIOYM IIBUIKO
aanTyBaTHCS 710 3MIH Y KIJTBKOCTI Y4HIB, BUMOT 10 HaBYaJIbHHUX MPOTpam, a TAKOXK J0
IHITMX 30BHIMIHIX 1 BHYTpIimHIX ¢akTopiB. Ile TakoX Moke BKJIIOYATH CTBOPEHHS
CHEI[laNi30BaHUX 30H JUIA TPYHOBHX 3aHATh, I1HIUBIAyalbHOI POOOTH, a TaKOX
MPOCTOPIB VISl BIAMOYMHKY Ta peKpearlii, o BiAIrparoTh BaXKIUBY poib Y GOpMyBaHHI
IIIJTICHOTO OCBITHBOTO CEPEIOBUIIIA.

VY3aranpHIOIOUM BHILE3rajaHe, Cyd4acHl JOCHIIKEeHH y cdepl onTumizalii yMoB
eKCIUTyaTallli MKIIbHUX MPUMIIICHb, OCOOJMBO Y KOHTEKCTI HEMOBHOI 3alHSTOCTI,
BIIKPUBAIOTh IIUPOKI MEPCHEKTUBU AJIs MIABUILEHHS €(EKTUBHOCTI BUKOPUCTAHHS
pecypciB. BoHHM MNpOMOHYIOTH pIlIEHHS [JIs1 CTBOPCHHS ONTHUMAIbHUX YMOB JIJIst
HaBYaHHS Ta PO3BUTKY YYHIB, IO CHPHUATHME IiJBUIICHHIO SKOCTI OCBITH Ta
3a0€3MEeYeHHIO 3/I0POBOTO HABYAJIbHOTO cepefoBuia. [Hydke mepersiaHyBaHHS
MPOCTOPY, Ta IHTETpallisl Cy4aCHUX TEXHOJIOT1M yIpaBlliHHSA OYIBJISIMH MOKE 3HAYHO
3MCHIIIUTA EHEPrOCIIOKUBAHHS 1 BUTpPAaTH Ha YTPUMAHHS IIKUTPHUX TMPUMIIIEHbD,
OJIHOYACHO TOKPAIIYIOUd YMOBHU JUIsl y4UHIB 1 mepcoHany. JlogaTkoBoi akTyallbHOCTI
JOCTIPKeHHsI HaOyBa€ SIKIO BpaxyBaTH Te, IO YacTHHA y4YHIB HE MAa€ MOMJIMBOCTI
MOBHOLIIHHO HAaBYATHUCh TUCTAHIIIITHO Yepe3 BiACYTHICTh 3pYYHOIO MiCllsi HAaBYaHHA a0

JOCTYIY JI0 CTa01JIbHOTO IHTEPHETY.
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BpaxoByroun BuIle CKa3aHe, MPOMOHYEThCS PO3TISHYTH CIEHapiid, 3a SKUM
00'eKT JOCIHIJKEHHsI - IIKUIbHA Oy[iBJIs, omHMcaHa B pO3jAijax BHINE - mepeOyBae B
CTaHi, 1[0 MOXHA OXapaKTepU3yBaTH SIK «3aKOHCepBOBaHa». Lle o3Hayae, M0 KIIOYOBI
CHUCTEMH, 30KpeMa CHCTeMa ONAJICHHs Ta TapsS4oro BOJOINOCTA4YaHHS, HE 3ajisHi, a
3HayHa YacTHHA MPUMIIICHb y OyiBil 3aJUIIAIOTHCS TAKUMU, 10 HE €KCIUTYaTyIOThCs,
Ta 06€3 OnajeHHs.

Onucanuit cTan OyAiBI1, HAIPUKIIA, MOXKE XapaKTEepU3yBaTH LIKIJIbHY OyA1BIIIO,
M0 Yepe3 TMOUIKOMKEHHS EHEePreTUdYHoi 1H(QPACTPyKTYpH, BTpaTHIa MOKJIHMBICTb
OTPUMYBATH LIEHTPAII30BaHE OMAJICHHS.

HeoOxigHiCTh 3ampoBaJKyBaTh TaKWW PEXUM OMAICHHS MOXHA BHIIPABIATH
couianbHUMU (aKTOpaMu, a came, YacTHHA AITei He Ma€ KOM(POPTHOTO MICIs HAaBYaHHS
B JIOMAIITHIX YMOBax, a00 CTabUIBHOTO 1HTEPHET 3B’ SI3KY.

Takum unHOM, AOCHIIKEHHS B LbOMY HANpsIMKy, HE JIMIIE JO3BOJISIOTH
HIABUIIUTH €HEProe(PeKTUBHICTh, aje W J03BOJIsIE€ 3a0e3MeuyBaTu AITeH 3 ypas3iIuBUX
BEPCTB HAcCEeJEHHS OUIBII SKICHOIO OCBITOIO.

[Tman-cxema mOCiPKEHHS HaBeIeHa Ha PUCYHKY 4.1:
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Pucynox 4.1 — Ilnan-cxema 10CTiKEHHAS] €HEPTOCTIOKUBAHHS IIIKOJIA B YMOBAX
HETOBHOI 3aMHATOCTI I PI3HUX PEKUMIB OMaJICHHS MPUMIIIECHb
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4.1 MeToa0J10Tisi JOCTII’)KEHb €HEProCcnoKMBAHHA OYIiBJIi IIKOJIM B YMOBax

HEIMOBHOI 3aHHATOCTI

3 METOI JIOCTIIHPKEHHSI €HEeProCloKUBaHHs OYJIIBJIl IIKOJW B YMOBaX HEMOBHOL
3alHATOCTI, MOJIEJh MOJU(IKOBAaHA TAKUM YHMHOM, IO 3 YChOTO ii 00CATY BUILISAETHCS
crienuIYHUNA CETMEHT, IO CKIAMA€ThCA 3 IM'SITH KiIacHUX KiMHAT. LI mpumimeHHs
BBQXKAIOThCSl TMOTEHIIIWHO MNPUAATHUMHU JJII THMYacoBOro IepeOyBaHHS Y4YHIB, 3
ypaxyBaHHSIM TEBHOI aJlanTariii mi i moTpeou.

[Tonepennro OyB MpoBeACHUN aHAI3 ONTUMAJIBHOI OpiEHTALll HPHUMIIIEHb 3
TOYKH 30Py COHSYHHMX TEIIJIOHAIXO/IKCHb,

[Tpumimenns, oOpaHi 3 METOIO JOCIIIKEHHS MTPEJICTABJICHI HA PUCYHKY 4.2:

Pucynok 4.2 — JlocnigxyBaHi IpuMilieHHs B Oy 1B

3 m’SATH ONMUCAHUX BUIIE MPUMIIIEHb, 3alIPOIIOHOBAHO €KCIUTyaTyBaTH JIUIIE TPU
KIMHATU B PI3HUX KOH(ITypawisx, 15 BU3HAUYEHHS ONTHUMAJIbHOTO PO3MIIIEHHS KIMHAT
10 €KCILTyaTyIOThCS, OJIHA-BIJHOCHO 1HIIION.

3anponoHoBaH1 KOHQIrypauii NpuMileHb, B CXeMaTHYHOMY BHUIJISAJlI, HaBEACHI

Ha pUCYHKY 4.3:
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Pucynok 4.3 — 3anponoHoBaH1 IPUKJIAIU PO3MIIIEHUX TPUMIIIEH TPU HEMOBHIH
3aliHATOCTI OyAiBii: a) be3 KOHTakTy 3 1axoM Ta mijjioror (KoHdpiryparis A); 6)
KOHTAKT 3 OJIHI€}0 BHYTPIIIHHOIO HEOMATIOBAIBHOIO CTIHOKO Ta MiAJIOT 010
(xoH(iryparisa b); B) 6€3 KOHTaKTy 3 BHyTPIIIHIMU HEOMANTIOBAIbHUMHU CTIHAMU
(koH(irypartist B); ) KOHTaKT 3 OJIHIEI0 BHYTPIIIHBOK HEOMATIOBAIBHOIO CTIHOO Ta
naxoM (koH(iryparris I').ITpumitenss, mo po3riasaatoThCs B IKOCTI MPUMIIIEHB, 10

CKCIINTYyaTyIOThCs ITO3HAYCHI YKOBTUM KOJIbOPOM.

Koxna 3 mocnimxyBaHux KOHQIrypailiifi Mae CBOi repeBaru, a came:

. KOoH(pirypamiss A — TPUMINIEHHS KOHTAKTylOTh B  OUIBIIOCTI 3
HEOTATIOBAILHUMU TIPUMIIIIEHHSMH, BiJICYTHICTh KOHTAKTy 3 JIaXOM Ta IIJIOTO0 IO
IPYyHTY;

. KoH(pirypaiiss b — BIICYTHICTP KOHTaKTy 3 J1axoM OyIiBIi, MOCTYH 0

OJIHOTO 3 IPUMILIEHb BiAOYBAETHCS Uuepe3 MepIInii MoBepx Oy B,

. KoH(pirypaiiss B — MiHiMajgbHa KUTBKICTh KOHTAKTy 3 HEOMNaJIOBaIbHUMHU
MPUMIIICHHIMU;
. KoHbirypamiss [I° — BIICYTHICTb KOHTakTy 3 MIIJOTOK TO TIPYHTY,

MOTEHIIIMHI TEIJIOHAAXOKEHHS Bl 1axXy Oy aiBIi.

3ale3mneueHHs] OMaJeHHS y BHOpPAaHUMX KIACHUX KIMHATax NependadyaeThes
peaii3yBaTu 3a JOMOMOTOI0 IHAUBIAYalbHUX HArpiBaJbHUX MPUCTPOiB. Takui miaXifg
JIO3BOJIIE CTBOPUTH B MPHUMIIIEHHSIX YMOBH, KOM(OpTHI 1l nepeOyBaHHs aiTel, 6e3
HEOOX1THOCTI 3aJTy9eHHsI 10 eKCIUTyaTallii 3aralbHOMIKUIBHOI CHCTeMH onayieHHs. [le, B

CBOIO 4epry, crpusie e(heKTUBHOCTI BUKOPUCTAHHS PECYPCIB Ta 3HUKEHHIO BUTpaT Ha
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yTpUMaHHsI OyIiBJIi B MEP10/Ji, KOJU BOHA BUKOPUCTOBYETHCS HE 3a MIPU3HAUYCHHSIM a00 B

peXrMi OOMEXKEHOT eKCILTyaTallii.

Sk 1 B TOCHIIPKEHHSX BUIIE, aHATI3 TIPOBOAUBCS ISl TPHOX BUIA/IKIB:

peanbHui CTaH Oy/IiBi;

OTOPOKYBaJIbHI KOHCTPYKIli OymiBii Oynau gOBEACHI 10 MiHIMAIbHUX
3HaveHsb 3rigao JIbH B.2.6-31:2016;

OTOPO/DKYBJIbHI KOHCTPYKIIi OyAiBial OyJud AOBEJAEHI A0 MIHIMaJbHUX

3HaueHb 3rigHo JIbH B.2.6-31:2021.

JIis mpuMillieHb, M0 eKCIUTYaTyIOThCs, Oyl po3pobiieHl rpadiku NpUCyTHOCTI

JIOAe, BUKOPUCTAHHS OCBITJIIEHHS Ta OOJaJAHAHHA, a TaKoXk Tpadik OMajIeHHS 3

ypaxyBaHHSM THIIOBUX CBSIT Ta KaHIKyJ. ['padiku, 1mo Oynau BUKOpUCTaHi, HaBeACHI B

Tabmmi 4

A:

Tabmuis 4.1 — I'padik BUKOPUCTAHUM 1JIs IPUMIIIEHB 3 MPUCYTHICTIO JIFO/IEH

[TpucyTHIiCTB OO e}, BUKOPUCTAHHS
Cucrema omnaaeHHs obsagHaHHS Ta OCBITI€HHS
BuxigHi Ta BuxigHi Ta
l'oguHa IMu-IIT cBITKOBI gHi | ['ogmHa ITa-TIT | CBATKOBI AHI
00:00-6:00 | BumkHyTO BuMKHYTO 00:00-6:00 0 0
6:00-7:00 16°C BumkHyTO 6:00-8:00 0 0
7:00-15:00 | 20°C BUMKHYTO 8:00-15:00 100% 0
15:00-16:00 | 16°C BuUMKHYTO 15:00-16:00 0 0
16:00-24:00 | BUMKHYTO BuMKHYTO 16:00-24:00 0 0

B npuminieHHsX BBEICHO PETYIIOBaHHS OMATIOBAIBHUX MPUIAAIB 3 IIJIHOBUM

pIBHEM TeMIIepaTypH MOBITPs BCTaHOBJIeHOMY Ha piBHI 20°C 3rigHo 3 [15].

Y nmocmimpkeHHI pO3MISIHYTO OyIiBII0O B 3aKOHCEPBOBAHOMY CTaHl, TOOTO,

cucteMu onajieHHs, BeHTwsIii Ta I'BIl moBHICTIO BUMKHEHI, TEIUIOHOCIA B CHCTEMAaX

BIJICYTHIH.

OmnaneHHs 33663H€HYB3TH IMPOIIOHYE€THCA CHGKTpOHaHﬁBaanﬂL TaKMM YHNHOM,

OITaJICHHA

OymiBIIL.

B MPUMIIICHHAX Oyje 3a0e3nedyBaTUCh 0€3 3ajisiHHS 1HXXCHEPHUX CUCTEM
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B 1insx ekoHOMIi, MPOMOHYETHCS MOBHICTIO BUMHUKATH HarpiBadi 3 16:00 mo 6:00,
OCKUIbKM OY/1BJISI 3aKOHCEPBOBaHA Ta PU3MUK IMOIIKOKEHHS OY/IIBIII BIJACYTHIN, TIpoTE,
3a 1Bl TOAWHU [0 TIOYATKy HABUYAJBHOTO TMPOIECY TNPOMOHYETHCS MPOrpiBaTh
NPUMIIIEHHS ISl TOCATHEHHS HOPMAaJbHOTO PIBHS TEMIIEpAaTypu HA MOMEHT MPHOYTTsI

JMIONEN.

4.2 OnTuMajbHe PO3MillleHHSI MPUMIlLleHb B YMOBaX HEIMOBHOI 3aiiHATOCTI 3

TOYKH 30py eHeproegeKTUBHOCTI

[lepmiumM KpokKOM B JOCHIDKEHHI CTall0 BU3HAYCHHS €(PEKTHUBHOCTI PO3MIIIECHHS
MPUMIIIIEHb HA OCHOBI €HEPTOCIIOKUBAHHS CUCTEMOIO OTIATICHHS )1 OyiBesb 3 TPhOMa
PIBHAMH TeIIOI30JIAIIT 3rafjaHMMK BUINE. Pe3ynpTaTh MOICTIOBAaHHS CIIOXHUBAHHS

CHUCTEMOIO OTIAJICHHSI B PIYHOMY 3pi31 HaBEJIeHI Ha PUCYHKY 4.4:

45
40

35
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2o|IIII |I
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CnoyXuBaHHA Ha onaneHHA, KBr*roa/m3

KoHdirypauis A KoHdirypauia b Kondirypauia B KoHdirypauia I

m be3 I30nauii ABH 2016 m [16H 2021

Pucynok 4.4 — [Iutome crio:XKuUBaHHS €HEPTii CUCTEMOIO OMAJICHHS ISl PI3HUX

KOH(}Irypalliil po3MiIeHHs MPUMIIIEHb Ta PI3HUX PIBHIB 13011111 Oy A1BII1
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Y Xoai aHamizy pIiYHOTO CIHOKMBAHHS €HEpPrii Ha oOmajeHHs, IS OO0IrpiBy
00paHMX MIKUIBHUX MPUMIIIEHB, OYJI0 BUSBIICHO, 110 KOH(QIrypallisi B BUpPI3HAETHCS 5K
HalOUTbII eeKTUBHA 3 TOYKU 30py €Heproe(eKTHBHOCTI AJI BCIX JOCIHIIKYBAHHUX
piBHEH 1301b0BaHOCTI OyiBii. L{e miaTBEepHKYETHCS, 30KpEMa, MOPIBHSHHIM 3 1HIIIUMHU
BapiaHTaMu KoHirypaiiid, ne B mokaszye Ha 8,5% HmKYEe CIMOXUBAHHS €HEprii y
NOPIBHSHHI 3 HAHOIMKYUM KOHKYPEHTOM 1 10 22,3% MeHIIe, MOPiBHIOIOYHU 3 HAMMEHII
edexkTuBHOIO KOHQIryparmiero A. Taka 3HauHa ekoHOMisl eHeprii 0OyMOBJIeHa
OTNTHMI30BaHOI0 TUIOMICI0 OTOPOKYBATBHUX KOHCTPYKIIHM, 110 MIHIMI3y€ KOHTAaKT 13
HEONaIIOBaJILHUMU MTPOCTOPAMH, 1110, CBOEIO YEPTOI0, 3HIXKYE TEIIOBTPATH.

Okpim TOr0, BCTAHOBJICHO, 110 KOH(Irypailis B OuIbIn yyTiauBa 10 MOKpaIeHHS
1301b0BAHOCTI OyZiBIl HDK 1HINI KOH(irypamii. 30Kpema, OHOBIJIEHHS 130JSIii 10
crangaptiB JABH 2016 poxy npu3BoIuTh 10 3HUAKEHHS CIOKUBaHHS eHeprii Ha 17,7%,
Toni Ak anantanis 10 Bumor JIBH 2021 poky 103Bossie 1OCSrTH 1€ O11b1110T €KOHOMIT —
Ha piBHI 20,2%. lle migkpeciaioe Ba)JIMBICTh SKICHOI TEIUIOI30JIAIIII, OCOOIUBO ISt
MPUMIIIECHb, 1[0 MAIOTh IHTEHCUBHUU KOHTAKT 13 30BHIIIHIM CEPEIOBHUIIEM, TaKUX SIK
nax.

B Toi1 ke yac, koHpirypamis A BusBWIacsS HalMeHII €(EKTUBHOKO 3 MOTJISTY
CHEepProCIOKUBAHHS, 1110 CTABUTH IiJ] CYMHIB JOIIbHICTD €KCIUTyaTallll JHUIle OKPEMUX
NOBEPXIiB Il ONTHUMI3alli JOCTYNy 10 HaBYaJbHUX KiaciB. Lleil BHUCHOBOK Mae
BOXXJIMBE 3HAUYEHHS I IJIAaHYBAaHHS BUKOPUCTAHHS MPOCTOPY B IIKIIBHUX OyAIBIISX,
0CO0JIMBO 3Ba)KAalOUM Ha T€, 10 EKCIUTyaTallisi IEBHOTO MOBEPXY 3 KOHCEPBALIIEIO THIINX
€ TIOMYJISPHUM MiX0/I0M B HEKUTIIOBUX OYyIBIISX.

Kondirypamii b ta I' moka3ytoTh X0l MOKa3HUKUA CIOKHBAHHS €HEPrii, poTe
aHaJli3 MOKa3ye, 10 COHSYHI HaIXO/DKCHHS Ha JaX HEe KOMIIEHCYIOTh TEIJIOBTpAT Yepes
OTOPO/KYBaJIbHI KOHCTPYKIii. [IpoTe 31 30UIbIIEHHSM PiBHSI TEIUJIO30JIAIIT Oy/IiBIi,
PI3HHIISI MK ITAMU IBOMAa BapilaHTaMU 3MEHINYEThCs, 3 8,2% 06e3 13omsrii no 3,6% nns
OyaiBenb, yremneHux a0 HopmatuBy 2021 poky. Lle mae migctaBu BBakaTu, MIO IS
OyIiBedb 13 BHUCOKMM pIBHEM TeIUIoi30Jiilii, koHpirypamis I° moxe OyTu OUIbII

PUBAOIMBOIO B IOPIBHSAHHI 3 KOHpIryparttieto b.
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Ockinpku  KoHbIrypamiss B mokazana HaiOuibily e(eKTUBHICTb, IOJIaJIbIIe

JOCII/DKEHHSI €HEProCIiOKUBAaHHSA OyAiBl IIKOJM B yYMOBaX HEMOBHOI 3alHSTOCTI

IPOBOAMIIOCH CaMe P TaKOMY PO3MIIIEHHI MPUMIIIEHb OJIHE-BITHOCHO-OJHOTO.

4.3 JocaigkeHHsi KOM(POPTHOCTI nmepeOyBaHHsI B NPUMIIIEHHIX B yMOBaXx

HEIMOBHOI 3aAHHATOCTI

BaxxnuBUM 4YMHHHMKOM, LI0 BapTO BPaxOBYBaTH MPHU BIPOBAIKEHHI OYIb-SKHUX
PEXUMIB eKCIUTyaTallii Oy1iBesb € KOM(QOPTHICTH MepeOyBaHHS JIIOIeH B PUMIIICHHSX.
AHani3 TeMIepaTypHUX YMOB, 30KpeMa KOJIMBaHb TEMIIEpaTypH IOBITPS Ta
panianiiHoi TeMrnepaTypu B IpUMIILIEHHIX 115 KOH(Irypauii B Ha HaiixonoaHimry 1o0y
HABYAJILHOTO POKY (3rigHO 3 MojemtoBaHHAM, 9 ciuns 2020 poky), mpeacTaBieHUN Ha

pucynkax 4.5, 4.6 ta 4.7.
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95

25 0
O 20 5 ¥
o -~
o
= 5 —@— TemnepaTypa NOBiTPA, KiMHATA a
® 15 -10 &
o ] - .
@ g ——+— PagiauiiiHa TemnepaTypa, KimHaTa a
9]
5 ; TemnepaTypa NoBiTpA, KimHaTa 6
‘T 10 -15 = - :
3 g PagjauiliHa Temnepatypa, KimHaTa 6
E ; é —i— TemnepaTypa nosiTpA, KimHaTa B
I [aa]
@ 5 [ -20 g —i— PagiaujiiHa TemnepaTtypa, KimHaTa B
= TeMnepaTypa 30BHILIHbOIO NOBITPA
0 -25

© © © © & & & & & & & ©
PSP P PP P PSS S
NBT ST AT 9T BT DT T QT T T

[ognHa

Pucynok 4.6 — TemniepaTypa NoBITps Ta CEpeaHs pajaialiiifiHa TeMIepaTypu s

HaMXO0JIOIHIMIOI T0OM pOKY, BUNAA0K OyaiBii yreruieHoi 1o Bumor JIBH 2016 poky
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Pucynok 4.7 — Temneparypa MoBIiTps Ta cepeHs paaialliiHa TeMIepaTypH s

HaMXOJIOIHIIIOI T0OM pOKY, BUMaA0K Oy iRt yremieHoi 1o Bumor JIBH 2021 poky

AHaJli3 TeMnepaTypHUX YMOB B MPUMINIEHHSX MIKIJILHOT OY/IiBIII B IOTOAMHHOMY
3pi31 BUSIBUB ICTOTHO HIDKYWHM, MOPIBHAHO 3 TEMIIEPATypOIO BHYTPILUIHBOTO MOBITPS,

piBeHb pajialiiHOI TeMIepaTypH, 10 € OUIbII BUPA3HUM B CIEHApIAX, A€ OyJiBIs HE
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Ma€ JIOCTAaTHBOTO PiBHS TETUIOI30JAMIi. Y HAaliMEHIII CIPHUSITINBOMY BHITJIKY, 30KpeMa B
MPUMIIIICHH] «B» 0€3 JI0JaTKOBOI 1301111, cepeaHs pajialiiiHa TeMmIepaTrypa MOXe
cranoButd 8°C mix vac mepeOyBaHHsA Jiofeld y OymiBii, MO OYEBUAHO CTBOPIOE
HeKoM(pOPTHI yMOBH TepeOyBaHHs B IPUMIILICHHI.

Btim, 3 migBHUIIEHHSIM PiBHS TEIJI0130JIAMI11 OY/IiBIIl, B TOW CaMUii 4ac Ta JIsl TOTO
caMoTro TPUMIIIEHHS, TeMIlepaTypa BCTaHOBIIOEThCS HA piBHI 10°C, 1m0 BCe XK Taku
3aJTUIIAE€THCS HUKYE ONTUMAJIbHUX YMOB.

Ha ocHOBI 1ux crmocTepekeHb, PEKOMEHMAIlIS MO0 BIPOBAKCHHS PEKUMIB
3alHATOCTI MPUMIIICHh 0€3 MPOBEACHHS MOMEPEeaHBOT MOJepHI3allii OyaiBial HagaHO
OyTH HE MOXe, 3 TOUKH 30py 3a0e3MedeHHs] KOM(POPTHUX YMOB JUIsl IepeOyBaHHS IS
Y4YHIB Ta BYUTEIIIB.

Kpim toro, B xoxai anamizy OyJsio 3adikcoBaHO pi3Ke 3pOCTaHHS TeMIepaTypu
NOBITPS B JOCHIDKYBAaHMX KIMHATaxX, WOI0 CBIAYUTH MPO BHUCOKY MOTYXHICTb
OMAJIIOBAJILHUX MPUJIAJIiB, BCTAHOBJIECHUX y MPUMIIICHHI.

[lefi acnexkT JEMOHCTpY€, IO, HE3BAKAIOYM HAa TIOTEHIIHHY MOXJIHMBICTh
IIBUAKOTO JOCSTHEHHS HEOOXIHOTO PIBHS TeMIepaTypu MOBITPA B KIMHATI, CyTTEBI
TEIJIOB1 BTPATU Yepe3 HEJOCTATHIO 130JIAIIII0 BHYTPIIIHIX CTIH Ta HU3bKY TeMIeEpaTypy
B CYCIIHIX MPHUMIIIEHHAX, MPU3BOJATH O HEKOM(DOPTHUX YMOB U€pe3 HU3bKY CEPEAHIO
paniaiiiHy TeMIepaTypy.

Ockinpku  mporpama  DesignBuilder po3paxoBye HEOOXiqHY TMOTY>KHICTb
OTIATIOBAJILHUX TIPWIAMIB BUXOISYM 3 MOTPEOH, sSKa caMe BPAaxOBY€ TEIUIOBTPATH B
nepexijHi Mepioayd HaMXOJOJHIIIOrO JHS, TaKUM YHWHOM, TMOTYXKHICTh CHCTEMH
OTaJieHHS 3HaYHO BUINA 3a THIOBY. J[aHe TBepKeHHs OyJI0 TIepeBipeHo 3a JOMOMOTO0
JI0JTATKOBOTO MO/ICITFOBAHHS.

PesynpTatu cumynALii, M0 AEMOHCTPYIOTh TOTY)KHICTh CUCTEMH OTAJICHHS IS
koH(pirypamii A Tta B (ax HaliMeHm Ta HaWOIBII €pEKTUBHUX 3 3aMPOTOHOBAHMX

NPUHLIUIIB PO3MIIICHHS MPUMIIICHB), MPEACTABICHI HA PUCYHKY 4.8:
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Pucynok 4.8 — HeoOxigHa cymapHa MOTY>KHICTh CHUCTEMH OIAJICHHS MUIOTHUX

MIPUMIILIEHb MPU BIPOBAHKEHHI 3aX0Ty

AHaJti3 moTpeOu Ha OMaJeHHS Ha OCHOBI PO3pPaxyHKYy IPOrpaMoI0 €HEPreTUYHOTO
MOJICJTIOBAHHS B yMOBaX YaCTKOBO 3aKOHCEPBOBAHOI MIKUTHHOI OYIiBII, MOKA3y€e IO
HEOOX1THA TOTYKHICTh OIMAJICHHS Ma€ 3HAYHWU Jlara3oH KoyimBaHb — Bix 7,3 mo 13,4
kBT. lle n03Bosisie pekOMEHAyBaTH OIMCaHI BHUILE PEKUMH €KCIUTyartaiii B JBOX
KOHKPETHHX CIICHApisfiX: Mepmuid mnependadae mo B OyIiBiAl HasgBHA CUCTeMa
IIEHTPAJI30BAHOTO TOBITPSHOTO OMAJCHHS 3 PETYJIOBAHHIM HA MPUIAax OIAaJCHHS,
JIPYTuil ClieHapiii BUMarae 301IbIIEHHS IOTYXHOCTI JIOKQJIbHUX HarpiBaJlbHUX
npuiaaiB, 00 3a0e3MeyuTH JOCTaTHIN piBEHb TEIIa B KOKHOMY 3 BUKOPHUCTOBYBAaHUX
MIPUMIIIICHb.

[lenTpamizoBaHa  TMOBITpSHA  CUCTEMa ONAJICHHS 3  IHAWBIAYaJIbHUM
PETYIIIOBAaHHSIM Ha OMATIOBAIBHHUX MPWIATaX MOXKE OyTH €(PEKTUBHUM DPIIICHHAM JJIs
IIKUTBHUX OyAiBeNb, OCKUIBKM BOHA 3a0e3ledyye MOXJIMBICTh ajamnTalii g0 pi3HUX
TEIJIOBUX BHUMOT Yy PI3HHX dYacTUHAaX OymiBial 0e3 HeoOXigHOCTI J0JaTKOBOI
MozepHizali. IIpore, Taka cucremMa He € TUIOBOK IS IIKUIBHUX 3aKJIaJliB YKpaiHU

(ayte JOCHUTH THUIIOBA 32 KOPJOHOM).
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Y cwuryallii, KoJu BHUKOPHUCTaHHS IIEHTPAIi30BaHOI CHUCTEMH ONAJICHHS HE €
MOKJIMBUM (HANpPUKIIAJ, BOJSHA CHCTEMA OMAJICHHS HE JO3BOJIUTH 3HAYHO 30UIBIIUTH
NOTYXHICTh HA 1HAWBIIyaJIbHUX OMANIOBAIBbHUX MPUIIAJIAaX, a TAKOXK, 1i BUKOPUCTAHHS
HE € JOIIJIbHUM B BUIMAJKYy 3aKOHCEPBOBAHOiI OyIiBJIi), albTEPHATUBHUM PIIICHHIM €
CyTTeBe 3OUIBIICHHA TMOTY>KHOCTI JIOKAJIbHOTO OMNAJCHHS, MUIAXOM BCTAHOBJICHHS
IHAMBIAYadbHUX NpUIaAiB (HAmpUKIan, enekTpoHarpiBauiB). Lled miaxin Bumarae
JOJTATKOBUX 1HBECTHUIi y TpuaOaHHS Ta BCTAHOBJICHHS OOJaIHAHHS 3 BHCOKOIO
CYMapHOI0 TOTYXXHICTIO, 0 Oyjae 37aTHEe 3a0e3MMeunTd HaJeKHUH pPIBEHb OO0IrpiBY
MPUMIIIICHb HAaBITh MPU HU3bKUX 30BHIIIHIX TeMIIepaTypax.

Bapto 3a3HaunTH, 1mo nutaHHS KOMGOPTHOCTI MepeOyBaHHS B MPUMIMICHHIX
3aJIMIIAETHCS HE BUPILIICHUM.

B KOHTEKCTI MOJManbIIOrO aHami3y CTpaTerid OnTUMi3ailii BUKOPUCTAHHS
HMIKUTBHUX OyJiBesb, OyJIO MpoaHali30BaHO BapiaHT MPHUMIIIEHb 3 TUIIOBOIO TETJIOBOIO
NOTYKHICTIO ONATIOBAIBHUX MPWIAJIB, 10 CTAHOBUTH MPUOIU3HO 2 KBT y KOXHOMY 3
npuMimieHb. Sk 1 B BUMAAKYy BHUIINE, OMATIOBAIBHI NMPUIAAA TPEICTaBISIOTH COOOIO
IHAMBIAYyadbHI eJekTpoHarpiBauli. Ha mnpumamax € MOXIUBICTH pEryiarOBaHHS 3a
TEMIIEPATYPOIO BHYTPILTHHOTO MOBITPSI.

BpaxoByroun oTpumani BHILE pe3yJbTaTH, OyJlO0 MPOAHATI30BaHO BHYTPIIIHIO
TEMIEpaTypy TOBITPS Ta CEpeaHI0  paflalifiHy TeMIeparypy MpHUMIIIEHb,
pO3TalIOBaHUX BEPTHKAIBbHO (KOH(irypailis B), 31 BCTaHOBJIEHHMMH OINAIIOBAILHUMU
IpUIaJaMH 3a3Ha4€HOT BUILE MOTY>KHOCTI Ta OTOPOJKYBAIbHUMHU KOHCTPYKIISIMH, 11O
BianoBigaroth BuMoram JIBH 2021 poky. Pe3ynbrat niboro anamizy, mpeJcTaBlieHl Ha

pucyHky 4.9:
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Pucynok 4.9 — Temneparypa moBIiTpsl Ta CEpeaHs pajialiiiHa TeMIepaTypu s
HAMXOJIOJIHINIOI JT00M POKY, BMITQJOK OYMIBIl 3 1HAWBIAYaJbHUMHU ONATIOBATBHUMHU
NpWIalaMd TIOTYXXHICTIO 2 KBT B KOXHOMY NPHMIIICHHI Ta OTrOPOKYyBaIbHUMU

KOHCTPYKITiSIMH, TII0 BIAMOBIat0Th MiHIMamsHUM BuMoram JIBH B.2.6-31:2021

3rifHO 3 pe3yabTaTiB MOJNEIIOBaHHS, B 3arajoMm, Uil BCIX TPUMIIICHD,
CTIIOCTEPITaeThCsl 3HAUHE 3HIDKCHHS TEMIIepaTypH MOBITPS Ta CEpeaHbOi paiaridHol
TEMIIEpPAaTypH, a B HaWKpamomy BHUMAAKy (MPUMIIICHHS a) TeMIlepaTrypa MOBITpS Ha
niky nocsirae 11 °C, a cepenns pamiaiiiina temmepatypa 9,2 °C.

[le o3Hauae, MO TpU BHKOPUCTaHHI 2KBT omamoBambHUX MPHIAIIB CHUCTEMA
OMajeHHs HE MOXKXE 3aJOBUIBHUTHM MIHIMAJIbHY TEeMIIEpaTypy TMOBITpS MpHU
epepuBYACTOMY PEXHUMI, HABITh B BUIIAJKY 100pe 130J1b0BaHOT Oy iBIIL.

OCKinbKH TIPWIIAU OTAJICHHSI HE MOXKYTh 33JJOBUIBHUTH KOM(OPTHI YMOBHU TIPH
nepepuBvYacToMy Tpadiky omaneHHs, TaKOXK OyJW MpoaHaTI30BaHI TEMIIEpATypu s
pexxuMy omnajeHHs 3 mnpoBasioM Ha 4 °C B HepoOoui roaunu (puc. 4.10), a Takox

BUMAJKY MOCTIHHOTO pexxuMy onajieHHs (puc. 4.11.
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Pucynok 4.10 — TemnepaTypa MoBiTps Ta CEpeaHs paaialiiiHa TeMnepaTypu s
HANXOJIOAHIIIOT 100U POKY, BUNIAAOK OyIiBJIi 3 IHAUBIYaJIbHUMH OMATIOBATbHUMHU
MpuIagaMu MOTYKHICTIO 2 KBT B KO)KHOMY MPUMIIIIEHH]I Ta OrOPOKYBaTbHUMHU
KOHCTPYKLISIMHU, 10 BiJANOBIIal0Th MiHIManbHUM Bumoram J[bH B.2.6-31:2016,

BUIIAJIOK 3 MpoBajioM B 4°C B Hep0oOOUi roguHU
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Pucynok 4.11 —Temmiepatypa moBITps Ta CEpeaHs paiialliiiHa TeMIepaTypH IJis
HANXOJOAHIMO! A00M POKYy, BHMAIOK OYIiBIl 3 IHAUBIAYaTbHUMH OINAJIOBaJIbHUMU
npuiaaMu TMOTYXXHICTIO 2 KBT B KOXXHOMY MPHUMIIIEHHI Ta OTrOPOKYBaJbHUMHU
KOHCTPYKIIISIMHM, IO BIJANOBIIalOTh MiHIManpbHUM BuMoram JIBH B.2.6-31:2021,

BUIMAI0K 3 ITIOCTIAHAM OITAJIECHHSIM.
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I'padik omanmeHHs 3 mMpoBaJlaMd B HEpOOOUYl TOJAMHU Ta JIHI JIO3BOJISE 3HAYHO
MOKPAIIUTA KOM(OPTHICTh MEepeOyBaHHS B YCIX JOCTIIKYBAHUX MPUMIIICHHSX, TIPOTE
TEMIEpaTypa MOBITPs Ta CEpeIHs pajialiiiHa TeMIeparypa Ijs BCIX MPUMIIIEHb 3 8 110
11 Ta 3 15 mo 16 He € 3a70BLILHUMH (TEMIIEPATypH B 1€ MEpioja KOJUBAKOTHCS B
nianasoni 12-16,5 °C, o He € KoM(pOPTHUMU YMOBaMH).

BrnpoBamkenns noctiitHoro rpagiky onajeHHs Nmokpainye curyanito. [lo-nepiue,
CIIOCTEPITa€eThCS MOMITHE MiJABUILECHHS 000X mapameTpiB I BCiX MPUMIIICHB, 1110 B
CyMi 3 JIOAAaTKOBMMHU TEIIOBUMHU HAIXO/KEHHSIMH B HaBYAIBHHM TEpioJ Ta
3pOCTaHHSM 30BHIIIHBOI TEMIEPATYPH AO03BOJIAE JOCATaTH TEMIEPATypH MOBITPs B 18
°C Tta cepenHboi pajiaiiitnoi Temneparypu 16,9 °C nnsa npumitieHHs «ay. [Ipore HaBITh
npu MOCTiiHOMY TpadikKy OmajeHHs, B mepioau nepeOyBaHHS JIOAEH B MPUMILICHHI
TeMIlepaTypa MOBITPS HE A0CATAE MIHIMAJIbHUX HOPMATUBHUX 3HAYEHb.

JlonaTKkoBO, BapTO 3a3HAYMTH, 110 BIPOBAIKEHHS MOCTIHHOTO TeMIEpaTypHOTO
rpadiky MpU3BOAUTH 0 30UIBIICHHS CIIOKUBAHHS CHEPril Ha OMaJIeHHs B MOPIBHSHHI 3
NepPePUBYACTHUM.

He 3Bakaroun Ha HE3aI0BIIBHI PE3yJIbTaTH MOJCIIOBAHHS, CIIOCTEPITa€ThCs
I[IKaBa 3aKOHOMIPHICTh: MOCTIMHUN rpadik omnaseHHs A03BOJISIE€ 3HAYHO I1JBUIIUTH
CEpEeIHIO palialiiHy TeMIIepaTypy AJs BCIX MPUMILICHb.

Jlna BupitieHHs npobiemMu KoM(OPTHOCTI nepedyBaHHs JTI0ACH B MPUMIIIECHHAX
IIKOJIM B MEP10J] HEMOBHOI 3aiHATOCTI MPOMOHY€ETHCA JOCIIIUTH 2 MIAXOH:

e onagoBaTy cyciaHi npumimieHHs (Omis 1);

® BIPOBAJUTH JOJATKOBY 130JISI[IF0 BHYTPIMIHIX CTIH M0 KOHTaKTYHOTh 3

HeonaoBaIbHUMU npuMitieHHsaMu (Omniis 2).

Omis 1 € mpocToro B peaizaliii, MpoTe 3HAYHO 30LIIINTh €HEPTrOCIOKUBAHHS.

Omist 2, B CBOIO yepry, € OUTbII eHeproe()eKTUBHUM DIILICHHSM, MPOTE€ BUMarae
3HAYHOI MojepHi3alii OyaiBii, Ta Oyae OLIbII aKTyaJbHOI 3a YMOBU TPHUBAJIOTO
BUKOpPUCTaHHS Oy/iBIIi B PEXKHUMI YACTKOBOI 3ai{HATOCTI.

BpaxoByroun oTpuMaHi BUIIE pPE3yabTaTH, MOCIIHKCHHS MPOBOAWIOCH IS

koH(iryparii B, 3 moCTIHHUM omajaeHHSIM.
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Jnis onii 2, 1OAATKOBO, MPOIMOHYETHCS AOCTIANTA ONTHUMAIILHUHN, 3 TOYKH 30Py
KaIlTaJ0BKJIa/IeHb, PIBEHb 13011111 BHYTPIIIHIX CTIH.

MeToro BNpoOBaKEHHs OIIlIHA, HAa JaHOMY e€Taml, € JOCSITHEHHS KOM(OPTHUX
YMOB B MTPUMIIIICHHSX.

[Ipu mocmimkenHi ommii 1, AyIS BCIX MPUMINIEHb CYCITHIX 10 JOCIHIKYBaHUX
(oTouyrOUl HaBYANbHI Kiacu), OyJ0 JOAAHO HArpiBaJbHHUI Mpuiaa MOTYXHICTIO 2 KBT.
BuximroueHHSIM CTaM KOPUAOPH Ha KOXKHOMY TIOBEpCi, OCKUIBKM OOpaHa MOTY>KHICTh
npuiiagy HE 3aJ0BOJIBHUTH TMOTpPeOy B OMAJCHHI TaKOrO BEIUKOTO MPUMIIICHHS, a
O1/1bIIIa MOTYXKHICTh HE € JOIIJILHOIO 3 TOYKH 30py €HEProePeKTUBHOCTI.

Pe3ynbrati MojentoBaHHS MapaMeTpiB KOM(pOPTHOCTI ajia omilii 1 HaBeIeHi Ha

pUCYHKY 4.12:
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Pucynok 4.12 —Temneparypa NoBiTps Ta cepeiHs pajialliiiHa TeMIeparypu JUis
HAWXOJIONHIMIOI A00M POKY, BUMAJOK OyIiBIlI 3 IHAMBIAyaJIbHUMU ONATIOBATIBHUMHU
npuiaaMu TOTYXKHICTIO 2 KBT B KOXXHOMY MpPHUMIIIEHHI Ta OTOPOIKYBaJIbHUMHU
KOHCTPYKIIISIMH, IO BiANOBiAaloTh MiHiManpbHUM BuMmoram JIBH B.2.6-31:2021,

BHUITIAJO0K 3 MMOCTIMHUM OITAJICHHSIM Ta OIaJICHHIM Cy,Z[HiX HpI/IMiHIGHB.

3riiHO pe3y/nbTaTiB MOJACIIOBAHHS, MPHU BIPOBAHKEHH] JOJIaTKOBOTO OMAaJCHHS B

CyCiHIX KIMHaraX, KOM(OPTHICTh B MPHUMINIEHHSIX IO 3aiiMalOTh Y4HI 3HAYHO
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MOJIMNIIY€eThCs. Temmeparypa MOBITPS KOJMBAETHCS B Mexax 16,5-22°C B HaBUaJIbHUM
nepios, a cepeaHs paniamiiiHa temmeparypa — 18,6-21,7 °C, 3anexHo Bij 4acy Ta
npuUMilIeHHs! (MIHIMYM CHOCTEpIraeTscs 3 8 10 9 roauHM, 10 MOSCHIOETHCS MEHIIOH0
COHSIYHOIO aKTHBHICTIO, Ta BIJCYTHICTIO BHYTPIIIHIX TEIUIOHAIXOMKEHBb). [Ipu 11p0Mmy,
HOiKA K MAaKCUMyMy, TaKk 1 MIHIMyM HaiOlbllll B MPUMIMICHHI «a», IO KOHTAKTy€E 3
M1JTOTOO0 10 TPYHTY.

JlonaTkoBO CIOCTEPIraeTbCcsl 3HAYHE IMIJIBUILCHHS TEMIEparypu TMOBITPS Ta
CepenHboi padialiifHOl TeMIepaTypH B CyCiIHIX MpUMIIIeHHsX. [ padiuHe 300pa>keHHs
3MIHHM TeMIeparyp B CYCITHIX 0 MPUMIIIEHHS «B» KIMHATax B HaWXOJOJHINIY 100y

npeAcTaBieHl Ha pucyHKy 4.13:
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KiMHaTa, BapiaHT 6e3 onaneHHs

= TemMnepaTypa 30BHILUHbOTO NOBITPA

Pucynok 4.13 — Temneparypa noBiTps Ta cepefHs pajialiiiHa TeMnepaTypH s
HANXONOAHIMOI J00M POKY B CYCIOHIX HEOMAJIOBAJbHUX MPUMIMICHHAX, BUIAJOK
OymiBil 3 1HAWBIAyaJdbHUMM ONAJTIOBAIBHUMU TPWIAJaMH TOTYXKHICTIO 2 KBT B
KOXKHOMY TMPHUMIIIEHHI Ta OTOPOKYBaJIbHUMH KOHCTPYKI[ISIMH, LIO BiJIMOBIAAIOTH

MiHIManpbHUM BuMmoram JIBH B.2.6-31:2021, mocTiiiHe onajaeHHS.
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Takox, crocTepiraeTbCs 3HaU4HE 3pOCTaHHs TeMreparyp 3 8 10 9 ronunu (3 15,2
no 18,1 °C 3a roguny). Lle cBiguuTh mpo Te, IO 3HAYHUN BHECOK B KOMQOPTHICTH
nepeOyBaHHS BHOCATH BHYTPIITHI HAJXOHKCHHS B1J] JIFOJEH Ta B COHIIS.

B uinomy, Taka ctparerisi Moxke OyTH BUKOPHCTaHa 3 MEBHUM JOONPAIIOBAHHSIM,
HAMPUKJIAJ, P OLIbII TOYHOMY PO3PAXYHKY MPUJIaiiB ONaJICHHS.

Sk BapiaHT, TakMid MIAXiA MOXKe OyTH 3ampoOMOHOBAHWM 1T  YaCTKOBOI
eKCIUTyaTallli nmpumilieHb B Oy/iBiil Jie (PYHKIIOHYE CHCTeMa OMajeHHS 3a 3MIIICHHS
rpadgiky HaBUAHHA Ha KITbKa TOAWH BIIEped 3 METOI0 MAaKCHUMi3allli COHSYHHX

TCINIOHAAXOXKXCHb B T'OAMHHN HABUAaHHA.

4.4 JlochaimkeHHs] TeXHIYHHUX MOJAePHi3alii NpUMilleHb sl JOCATHEHHS

KOMGOPTHUX YMOB NepedyBaHHS B YMOBAaX HEMOBHOI 3aHATOCTI

3 MeTO OUIBLI PETENFHOTO aHadi3y Takok Oyjo po3misHyTo ommito 1.1, sxa €
Moaudikali€ero omiii 1 3 HaCTYMHUMHU 3MIHaMH: TTOTY>KHICTh ONATIOBAJIBHUX MPUIIAIIB B
JIOCIIDKyBaHUX mpuMminieHHax 3 kBT, B cycignix npumimenHsx 1 kBt Taxka
Moaudikaiis Mae 30UIbIIUTH KOM(OPTHICTH B NPHUMIIICHHI B paHHI TOJUHH
HABYIBHOTO TIPOIECY, @ TAKOXK Yepe3 3MEHIICHHS 3arajbHOI MOTYXHOCTI OMaJCHHS
JT03BOJIMTH 3A0IAIUTH SHEPTIIO HA OTMAJICHHS B MOPIBHSHHI 3 OMIII€HO 1.

OCKUTBKM TIOTYXKHICTh CHUCTEMH ONajieHHs Oyna 3017bllieHa, JJisi KOMITeHCcallli
BIIHOCHO HHM3BKOI CEpEIHBOI pajialiifHOI TeMIleparypu Ha Cy0’ €KTUBHHI MmapaMeTrp
KoM(OpTHOCTI, TemMIepaTypa Ha TepMOcTaTax Takok Oyma miaBuimeHHs 1m0 24 °C s
MOJKJIMBOTO TiBUIICHHS TEMIEpaTypu BHYTPIIIHHOTO MOBITPS, SKIIO OMAaJTIOBaJIbHI
MIPWIIAIA 3MOKYTh 3a/I0BOJIBHATH HAJIAIITYBaHHSI.

Pe3ynbrati MmojientoBaHHS HaBeACH1 HA PUCYHKY 4.14:
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Pucynok 4.14 —Temneparypa NOBITps Ta CepelHs paaialiifHa TeMIeparypu s
HAWXOJIOAHINION JTO0M pOKY, BHUITAMOK OyiBIl 3 1HAMBIAYaJbHUMH OTATIOBATLHUMU
npuiaamMu TOTYXKHICTIO 3 KBT B KOXXHOMY MpPHUMIIIEHHI Ta OTOPOIKYBaJIbHUMHU
KOHCTPYKIIISIMH, 10 BIANOBIIAIOTH MiHiManekHuM Bumoram JIBH B.2.6-31:2021,

BUIIAJIOK 3 MIOCTIMHUM OIAJICHHSIM Ta OMAJICHHSIM CYIHIX MTPUMIIIEHb.

Sk BuaHO 3 pucyHky 4.11, onuist 1.1 go3Bossie 3a6e3neuntu KOMGPOPTHI YMOBU B
MPUMIIIICHHSX 11 YaC HaBYaHHSI.

3riiHO 3 PE3yJbTaTiB MOJICTIOBAHHS B TEPEBAXKHY OUIBIIICTh POOOYUX TOMUH
TEeMIepaTypa MOBITPA Ta CEpelHs pajialiiiHa Temneparypa nepedyBatoTs Ha piBHI 19,3-
23,22 °C, nepeBakHy YaCTMHY HaBUYAJILHUX TOJJMH MOXKHA BBaXKaTy TAaKUMHU, 1110 MOXYTh
3a0e3rmeuynTd KOM(pOPTHUMHU yMOBaMHM Yy4HIB, mpore, 3 8:00 mo 9:00 (sxi 3a
NPUITYIIEHHAM Ta BXITHUMHU JaHUMH MOJEIl € poOOYrMMH), CIOCTEpIraeTbCs pPiBEHb
TeMIeparypH, 110 HE BIANOBIJaIOTh MiHIMadbHOMY KoMpoOpTHOMY mapamerpy PVM
(mapameTtp cTaHOBUTH OH3bKO -0,63), 1110, B CBOIO 4epry, KOM(POPTHUMHU yMOBAMH HE €.
Taki 3MiHM B Temmeparypax MOXKHA TMOSCHUTH HHU3BKOIO COHSYHOIO akTHBHICTIO. He
3BaXAlOUM Ha 1€, PEeKUM, 3 TOYKHU 30pY KOM(POPTHOCTI, peKOMEHAYBAaTH MOkHA. JlJis
3armo0iraHHsl HUXKYOTO PiBHS KOM(OPTHOCTI B TOYATKOBI TOJWMHH HaBUaHHS,

MPOIMOHYETHCS 3MICTUTH PO3KJIAJ YPOKIB Ha 1 roguny.



106

3a paxyHOK BHCOKOI TeMmIlepaTypd BHYTPIIIHBOTO TIOBITPS Ta YacCTKOBOTO
OMMaJIeHHS! B CYCIJIHIX MPUMINICHHSIX, B PO3MISIHYTOMY BHIAJKy 3HAYHO BUPI3HAETHCS
cepenHs pajiariiiHa TeMIeparypa, 0COOJMBO B IPUMIIIICHHI «a».

Ockinpku  omuist 1.1 mo3BoJise  AOCATTH  KOM(OPTHHUX YMOB sl Oy/iBil
13ompoBanoi 70 piBHA [JIBH B.2.6-31:2021, ananoriynuii anani3 Oyno nmpoBeneHo W st

JIBH B.2.6-31:2016, pe3ynbTatu aHamizy HaBeAeH1 Ha pUCyHKY 4.15:
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Pucynok 4.15 —Temneparypa noBiTps Ta cepeiHs paiialliiiHa TeMIeparypu JUis
HAWXOJIOMHIMIOI A00M POKY, BUMAIOK OyIiBIl 3 IHAMBIAyaJIbHUMU OTATIOBAIBHUMHU
NpwIaJlaMd TIOTY)KHICTEO 3 KBT B KOKHOMY NpPHMIIIEHHI Ta OTOpPOKYBaJIbHUMU
KOHCTPYKIIISIMHM, IO BIAMOBIAaOTh MiHiManbHuM Bumoram JIBH B.2.6-31:2016, 3

MOCTIMHUM OMAJICHHSM Ta OMAJICHHSAM CyJIHIX MPUMIILICHbD.

MopnentoBaHHs TOKa3ye, 10 B poOOYl TOAWMHHM TEMIIepaTypa MOBITPsI Ta CepemaHs
pajiaiiiiHa Temreparypa He 3a0e3neuyroTh mapamerp PVM Ha piBHI, 10 BiAnoOBiga€e
MiHIMaJIbHOMY (B HalKpamioMy BUMAAKY, 0 13 B mpuMIIIeHHI «0» mapaMeTp CTaHOBUTH
omu3bKo -0,6), 1110, B CBOIO Uepry, KOMOOPTHUMHU YMOBaMH HE €.

Taxkum yuHOM, omnuito 1.1 g OyaiBenb, 130511 SIKAUX HE BIANOBIIA€ Cy4aCHUM

BHUMOTI'aM, pCKOMCHAYBATU HC MO’KHA.
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[Tonmwxkennss piBHsg 13omsamii go JIBH B.2.6-31:2016 3HauHO MOHMU3MUIIO
KOM(pOPTHICTh NepeOyBaHHS B MPUMIIICHHIX, HAHOLIbIIA PI3HUI CIIOCTEPITaEThCS HA
NoYaTKy HaBUaJbHUX roauH. Temmneparypu B ronunu 3 8 mo 10 mepecraroTh BiANOBIAATH
KOM(OPTHUM yMOBaM, MOHMKEHHS TEMIIEpaTypyd BHYTPIIIHBOTO MOBITPSI BIAHOCHO
BUITIAJIKY 130JIAII11 OTOPOKYBaIbHUX KOHCTpYyKIik mo piBHsa JIBH B.2.6-31:2021, B mi
ronuHu cTaHoBUTH 2,8-5,35 °C. HaiiOinblia pi3HUI CHOCTEPIraeThCs B MPUMIIIEHH]
«B», 1€ MOSICHIOETHCSI KOHTAKTOM 3 JIaXOM, TEPMIUHI XapaKTEPUCTUKU SIKOTO BITUYTHO
HOTIPIIYIOTHCS MU nepexol Big Hopmatury 2021 poxky g0 2016.

Takoxk, crHocTepira€eTbCs 3HAYHE TOHWIKEHHS  CEPeIHbOI  paiiaiiiHol
TEeMIIepaTypy B MPUMIIIECHH] «B», MKOBI 3HaUE€HHs jocsraioTh gumie 17,7 °C (B BUnaaxky
JIbH B.2.6-31:2021 - 21,11 °C).

Taki pe3ynpratu CBIYaTh NPO HEOCTATHIO MOTYXKHICTh CHCTEMH OIAJICHHS.

3rigHO 3 pe3ynbTaTaMmu, MpencTaBieHMMH Ha pucyHkax 4.11 ta 4.12 moxHa
IOPUITYCTUTH, IO TOTYXHOCTI 00paHi B Bumanky aociimkeHHs JBbH B.2.6-31:2021 e
ONTHMAJIbHUMH.

Takox, B mopiBHsIHHI 3 omirieto 1, omist 1.1 mokasana 3HAYHO Kparili pe3yabTaTH 3
TOYKH 30py KOM(OPTHOCTI, HE 3BaKAOUM HA MEHUIYy CYMapHy IOTYKHICTb
onamoBanbHux npunaaiB (18 kBt B ommii 1 ta 15 kBt B onmii 1.1). Lle no3Bomsie
3pOOUTH BUCHOBOK, IO O1JIbII JOIUIBHUM € MiJIBUIIEHHS MOTY>KHOCTI OMAaTIOBAJIbHUX
OpUIaAIB B IPUMILIEHHSX, 1[0 €KCIULyaTyrOThCsl, TaKa MOJEPHI3allis He JINLIE JO3BOISIE
3a0e3reuyBaTH OiJIbII BUCOKY TEMIIEPATYpy 30BHILIHBOTO MOBITPS, aje i B OLIbIIIN Mipi
BIUIMBAE HA CEPEHIO palalliiiHy TEeMIEPATYpY.

Buxonsun 3 OTpUMaHHX BUIE pE3yJbTaTiB, BBAKAETHCS MOXIJIMBUM HAaJlaTH
peKoMeHallii Mo MiHIMAJIbHOMY PIBHIO OMAaJE€HHS B MPHUMIIICHHAX B YMOBAaX HEMOBHOI
3aMHATOCTI. Y3araJIbHUTH pEKOMEHAAllli, MPONOHYETbCSI BUKOPUCTABIIM  IIAXIJ
HAUTIPIIOTO BUMIAJKY.

3 miero MeToro, Oyna po3pobieHa TEOpeTUYHA MOAETb OyaiBiIl 3 HACTYITHUMH
MoauQIKaIliIMU:

COHAYHI TEIJIOHAJXO/PKEHHS B MOTOAHOMY (haiii Oynu oOHyNeH1 — 1€ 03BOJIHTH

y3arajJbHUTH PEKOMEH IAIll1 JJIsl BCIX CTOPIH CBITY;
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koedirieHT CKIiHHS 301bIeH0 10 30% — Takuii HETUIOBO BUCOKHN TMOKa3HUK
JTIO3BOJIUTD y3arajlbHUTH PEKOMEH A1 AJ1s1 OUTBIIOCTI apXITEKTYPHUX PIIICHB;

TEIJIOHAMXO/PKCHHST BIJl JIIONEM Ta EJNEKTPONPWIANiB HE BpPaxOBYIOTHCS B
TEIJIOBOMY OastaHci Oy/IiBIIL;

pEeaIMETOM JOCHIDKeHHSI Oy/ie MPHUMIIIEHHS «B», OCKUIbKM CaMe MPUMIIICHHS
miJ JaXoM TIOKa3ye HaWTipmi 3HAYeHHS MapaMeTrpy KoM(GOPTHOCTI  cepen
JOCTI Ky BaHUX.

Pesynbsratu MmozgentoBanb Oyno 3Be€HO 10 Tabnuii 4.2:

Tabmuis 4.2 — PekoMeHJ0BaHE MUTOME OMNAJIEHHS 3a SKOro B poOOYl TOJWHU

OyayTh AOTpUMYBaTUCh KOM(OPTHI YMOBH 3a nmapamerpom PMV

MiHimManbHUM
PexomennoBana | Pekomengosana napamerp PMV B
PiBenb HOTY>KHICTh HOTY>KHICTh Po3paxyHkoBa poOoyYl rouHH
TEIJIOBOTO | OMAJIOBAIIBHUX | OMATIOBAILHUX MOTYXHICTh HAWXOJIOAHIIIOTO
3aXUCTY TIPUITAIIB, TIPIIIAIIB, onajeHHs, KBT JTHS
B1/m? Br/m? JOCIIIPKYBAHOTO
POKY
JIBH B.2.6-
312021 79 22,57 3,54 -0,49
JIbH B.2.6-
312016 84 24 3,76 -0,49
lenyiowtit 1116 33,14 5,20 -0,49
CTaH

3HauHe TIJBUIICHHS HEOOXITHOI MOTYKHOCTI B BHMAAKYy 130JIAIii Ha piBHI
ICHyI04Oi Oy/iBJll BUKJIMKAHO HHU3BKUMH TOKa3HUKAMH CEPEAHBOI pajiariiHol
TEMIIEpaTypu Ta HEOOXIAHICTIO KOMIIGHCYBaTH Il TOKAa3HWKW TABUIICHHSIM
TEMIIEPATYPH TOBITPSI.

Jlani pexomeHAaIli TakoX MOXKHA 3aCTOCYBaTH MPH PEKAMAax OIMAJCHHS 3
poBajaMu, 3a YMOBHU rpadiky OmnajieHHs, 10 Oy/e BpaxoByBaTH 1HEPILINHICTh OyaiBIi,
IUISTXOM 3aBYaCHOTO BBIMKHEHHs ONAJICHHS Ha TMOBHY MOTYXHicTh (1-2 roguHM 10

NIOYaTKy HaBYaHHS).
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3 METO JOCHIDKEHHS OMIii 2 10 BHYTPINIHIX CTIH, IO KOHTaKTYHOTh 3
CYCIIHIMU MPUMIIICHHSAMHU OYJIO JOJAHO 130JISII1F0 aHAJIOTIYHY /10 BUMOT JI0 30BHIIIHIX
CTiH, M0 TIOCTYNIOBO TOHWXXYBAJach I BU3HAYCHHS ONTUMAJLHOTO PIBHS.
HeoOxi1HICTh BU3HAUEHHS ONITUMAILHOTO PIBHS 1301111 OSICHIOETHCS K (PIHAHCOBOIO
JOLUIBHICTIO, TaK 1 MOXJIMBICTIO 3a0LIaJAUTH BHYTPILIHI TJIOIII TPUMIIIEHb.

JUis  MOCHMi/PKeHHS BIUTUBY 13014111 BHYTPIIIHIX CTiH, [0 KOHTaKTYIOTb 3
HEONaJIOBATLHUMHM TPUMIIICHHSIMHA Ha KOMQOPTHICTh TiepeOyBaHHsS JIOJAeH B
NPUMIIIEHHSAX Ta €HEPTOCHOKUBAHHS MPH YaCTKOBOMY BHUKOPUCTaHHI OyIiBil IIKOJIH,
OyJl0 MPOCUMYJIbOBAHO OMKCAaHYy BHILE KOH(DIrypamio 3 MOCTYNOBUM JOJIABAHHIM
130J1511111, @ camMe MiHepajabHOI BaTU (KPOK 30UIBIIEHHS APy 130T MK MOJEISIMHU
CTaHOBUB 2CM).

JlocnipkyBaHi piBHI 130J1bOBAHOCTI BHYTPIIIHIX CTIH Ta iX Terwiodi3zuyHi

XapaKTepUCTHKH 3BeeH1 10 Ta0nui 4.3:

Tabmuis 4.3 — 3anponoHoBaHI PiBHI 130JIA1i1 BHYTPIIIHIX CTIH Ta BIANOBIIHI

Ter0(131UUHI XapaKTePUCTUKH JTOCHIKYBAHUX CTiH

TosIimHa Koedimient
13071511111, CM TEIUIONPOBITHOCTI CTiHH, JlonaTkoBa iH(popMaIis
Br/Mm2K
0 2317 Biamosinae MOTOYHOMY CTaHy
BHYTPINIHIX CTiH

2 1,013
4 0,648
6 0,477
8 0,377
10 0,304 Bigmosigae JIBH B.2.6-31:2016

12,8 0,25 Bigmosigae JIBH B.2.6-31:2021

3a pe3yapTaTaMH MOJETIOBaHb Oyiau moOymoBaHl rpadikd 3aJeKHOCTI
MIHIMAJBHOTO 3HAYEHHS TeMIepaTypyd BHYTPIIIHBOIO TMOBITPS, Ta CEPEIHbOL
panianiiHol TeMrnepaTypHu B IPUMILIEHHSIX BiJ Iapy 130JL11 BHYTPILIHIX CTIH B MEPIOJ

eKCIUTyaTallii HalxoJIOHIIIOT JOOU TOCTIKYBAaHOTO POKY (puc. 4.16 ta 4.17).
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ToBLWMHA i301ALIT BHYTPILWHIX CTiH, CM
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Pucynok 4.16 — 3anexHIiCTh TeMIeparypd BHYTPIINIHBLOTO TOBITPS AJIS
HANXOJOAHIIIO! 100U POKY Bl TOBIIMHHU 130JIAL1i BHYTPIIIHIX CTiH, BUNAJAOK OyIiBii 3
IHIUBIyaIbHUMHU  OMNAJIOBAIbBHUMH TPWIaJaMH TOTYXHICTIO 2 KBT B KOXHOMY
MPUMIIIIEHH] Ta OrOPO/KYBAJIbHUMU KOHCTPYKIIISIMH, 1110 BIJIIOB1IalOTh MIHIMAJbHUM

Bumoram JIbH B.2.6-31:2021, nocriitHe onajacHHs.
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Pucynox 4.17 — 3anexHiCTh CepeaHbol pajialiifHOi TeMIeparypu IS
HAMXOJIOIHIMIOI JOOW POKY BiJl TOBUIMHHU 130JIA1i1 BHYTPIIIHIX CTIH, BUMaA0K Oy/iBII 3
IHAMBIAYaIbHUMH OMAMIOBAJILHUMU TPUIAJaMU TMOTYXHICTIO 2 KBT B KOXHOMY
MPUMIILICHH] Ta OTrOPO/KYBAJIbHUMH KOHCTPYKIIISIMH, 1110 BIJIIOB1IalOTh MIHIMAJbHUM

BumoraMm JIbH B.2.6-31:2021, nocTiiftHe onajaeHHS.

Anami3 pucyHkiB 4.16 ta 4.17 mokasye, 110 MiABUIIEHHS KOM(pOPTHOCTI MpH
JI0JITaBaHHI 130JIA1I11 A0 BHYTPINIHIX CTIH HE € JIHIAHUM, Ta TepIi 2 CM J0aHO1 13051111
M1JBUIIYIOTh MIHIMAJIBHY TEMIIEpaTypy MOBITPS Ta CEPEIHIO padialllifiHy TeMIeparypy B
nepio nepeOyBaHHs Jr0AeH B puUMillieHH1 Maiike Ha 4 °C.

OOuBI 3aNeXHOCTI MAalOTh BUIVIS HACHUyBaJbHOI KPHUBOi, TaKa 3aJ€XHICTb
MOSICHIOETHCS TEPMOCTATOM BecTaHOBIEHUM Ha 20 °C.

3a pe3ynbTaraMH  MOJENIOBAHHS  CEpPeIHBOI  pajialliiHOI  TeMIepaTrypH,
ONTHMAJbHUM LIAPOM 130111 BHYTPIIIHBOI CTIHM MOXKHA BBaXXaTH 4 CM, OCKUIBKH
temneparypa B 18 °C e nocuth komdopTHOW. B mnpomonmenboBaHOMY BapiaHTI,
BHYTPIIIHS CTiHA 3 MIAPOM 130Js1ii 4cM Mae KOe(DIilieHT TEIIOBOi MPOBIAHOCTICTIHH

cranoBuTh 0,648 BT/M?K.
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SIKIO  ONMMpaTHUCh Ha TIOKa3HWKH TEMIIepaTypd BHYTPIIIHBOTO TIOBITPS B
HalXoNoaHINTy 100y POKY, ONTUMAJIBHUM IIAPOM MOKHA BBayKaTH 13011110 B 10 cMm, 110
3a TeIIO(I3MYHUMH TMOKa3HWKaMU BiAMOBinae MiHiManbHuM BuMoram JIBH B.2.6-
31:2016.

Ockinpky sIK MiHIMajJbHAa TeMIepaTypa BHYTPIIIHHOTO MOBITPS, TaK 1 cepenHs
paniamniiiHa TeMIeparypa CIOCTEpIraeTbCs B MEpIIy TOAMHY MepeOyBaHHS JIOACH B
NPUMIIICHH], 3MilIeHHs TrpadiKy HaBYaHHS JIO3BOJUTH 3MEHIIUTH ONTHUMAaJbHUN
PEKOMEH/I0BAaHUH PIBEHb 130JISII11 CTIH 3 TOUKH 30pYy 3arajbHOi TePMIYHOI KOM(POPTHOCTI
nepeOyBanHs. lle 103BoauTh onTHUMI3yBaTH rpadik HaBYaHHS, 30UIBIIMBIIM COHSYHI
TEIUIOHAXO/PKEHHS B TOAWHU TiepeOyBaHHS JIIOACH B MPUMINICHHAX, a TaKOK,
po3micTuTH Tpadik HaBYaHHS B OUTBII TETUTI TOJWHU JTHSI.

Hanpuknan, 3MimeHHs rpadiky HaBuaHHS Ha 2 TOAWHU (TOYATOK HABYAHHS B
TakoMy BUTNaAKy Oyae o 10-Tiif paHKy), JO3BOJIUTH 3abe3meunTt KOM(MOPTHI YMOBU HA
IPOTsI31 BCAOTO HaBUAJIBHOTO MPOIIECY BXKE MPH MIapi 1301111 Ha BHYTPIIIHINA CTiHI B 2
cM, 1o Bianmosigae TeronposigrocTi 1,013 Br/m*K.

Buxoasiun 3 po3misiHyTUX MOTOAMHHUX TpadikiB TemIeparyp, MOKHA 3a3HAYUTH
BAXIIMBICTh BIUIMBY COHSYHHMX Ta BHYTPINIHIX TEIJIOHAIXOMKEHb BiI JIOAEH Ta
oOmagHaHHS B YyMOBax OOMEXEHOI TMOTYXHOCTI OnajiioBajdbHUX mpuiaagiB. lle
JIEMOHCTPYETHCSI MOMITHUM 3pPOCTaHHAM Temmeparyp 3 8 mo 10 roamHu paHky, uei
NEPios caMe XapaKTEpU3YEThCS MOSBOIO JIFOACH Ta MOCHICHHSM COHSYHOI aKTUBHOCTI.

HonatkoBo, Oyn0 PO3MISIHYTO BIUIMB JTOJAHHS 130JIs11ii HA BCl BHYTPINIHI CTiHH
JOCIIDKYBaHUX TPHUMINIEHh Ha EHEepProeeKTUBHICTh. Pe3ynpTraT MOIETIOBAHHS
HaBEJICHI B BUIVIAJI 3aJIE)KHOCTI MDK TOBIIMHOKO 130JIAI11 Ta CIIOKMBAHHSAM €HEprii Ha

OTIAJICHHSI TPhOMA MPUMIIICHHSIMU Ha pUCYHKY 4.18:
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PiuHe cnoKMBaHHA eHeprii cucTeMoo onaneHHsa, KBT*rog,

Pucynok 4.18 — 3ajie)XHICTh €HEProCIOXMBAaHHS Ha OMaJeHHS BiJ TOBIIUHU
1305141111 BHYTPILIHIX CTiH, BUMAAOK OyadiBiAl 3 I1HAMBIAYaJbHUMH OIATIOBAJIbHUMU
npuwiaJaMd TOTYXXHICTIO 2 KBT B KOXXHOMY NpPHUMIIIEHHI Ta OrOpPOIKYBaJIbHUMU
KOHCTPYKIIISIMH, IO BiANOBiAaloTh MiHiManpbHUM BuMmoram JIBH B.2.6-31:2021,

MMOCTINHE OMAJICHHS.

OuikyBaHO, AOJATKOBA 130JIAILlI TAKOXK 3HAYHO BIUIMBAE HA €HEPrOCIIOKUBAHHS.
3 oaBaHHSM 130JIA1IT 10 6 CM CTPIMKO 3HIDKYETHCS CTIOKUBAHHS €HEpril Ha ONaJeHHS
2 cm - -11,8%, 4 cm - -20,7%, 6 cm - -27,1% BimHOCHO BapiaHTy 0e€3 130Js11ii),
CHIOBUIBHIOKOYHCH 10 pubau3Ha 3% 3a 2 ¢M 10aTKOBOI 13011111 MiCIS.

KombOinartiss mepeBar B BUIVISAI MIABUIIEHHS KOMGOPTHOCTI Ta 3HAYHOMY
3HIDKCHHI C€HEPTrOCIIOKUBAHHS JIO3BOJISIE  PEKOMEHAYBATH JOJATKOBY  130JIAIIIIO
BHYTpIIIHIX CTiH ( MiHIMYyM 4 cMm) niepes oniisiMu 1 Ta 1.1 po3rIsiHyTUMU BHIIIE.

Takoxx, BapTO 3a3HAUUTH, IO JOAATKOBA 130JISI[isS BHYTPIIIHIX CTiH MO3UTHUBHO
BIJTMBAE HA 3HWKEHHS aKyCTUKU MK MPUMIIIEHHSIMH, 10 Oy/ie TIepeBaror i B yMOBax

HOPMaJIbHOI €KCIUTyaTarlii Oy 1iBii.
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4.5 JlocaiazKeHHSI MOKJIUBOCTI BUKOPUCTAHHSA NMOBEIIHKOBUX 0CO0IMBOCTEH B

OyaiBji A1 J0CATHEHHSI KOM(OPTHUX yMOB mNepeOyBaHHSI B NPHUMIIIEHHAX 34

YMOBH HEMOBHOI 3aiiHATOCTI

OCKITBKH 1301511151 BHYTPILIHIX CTiH J03BOJIAE€ 3HAYHO MOKPAIIUTH KOM(POPTHICTD
B MPUMIMICHHSIX 332 YMOBHU IOCTIMHOTO OMAJEHHS, 3 METOI JOCITIIKCHHS MOXKJIUBOT
JIOJIAaTKOBO1 €KOHOMIi Tako OyJIO 3ampoOIllOHOBAaHO BBECTH TEpepHBUYACTI Tpadiku
omaneHHs, a came mposai B 4 °C B HepoOOUi FOAMHU.

3acToCyrouM BHUCHOBKM BHINE, JOCIHIPKEHHS MPOBOJAWIOCH, Ha OymiBm 3
yTEIJIEHUMH BHYTPIIIHIMUA CTIHAMH 3 MIHIMQJIbHUM IapoM 130J11ii 4 CM, a TaKoX
rpadik MKITBHOTO pO3Kiaay OyB 3MillIeHUH HAa 2 TOAUHU (TOOTO HaBYaHHS TOYMHAETHCS
3 10-Toi ronuam paHky, Ta Tpurae a0 18.00). OnaneHHs NMPONOHYETHCA BKIIIOYATH 3 9-
TOI TOOWUHU PaHKy, JUIs MIABUIIEHHS KOM(OPTHOCTI nepeOyBaHHS B MPUMIIIEHHSIX B
MIePIIi TOAMHN HaBYAHHS.

Pe3ynbTati MOJENIOBaHHS BHYTPIIIHBOI TEMIIEpaTypd MOBITPS Ta CEPEAHbOI
pamiariitHoi TeMreparypu B MPHUMIMICHHSAX 3 OMHUCAHUMHU BUIIE TMOKPAIICHHSIMU IS
BUMAJKIB 130J1s11i BHYTPIIIHIX CTIH MIHEpaJibHOKO BaTor0 4-12,5 cM HaBeJeHI Ha

pUCyHKY 4.19:
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—f— TemnepaTypa NOBITPA, KIMHATa 3

PafiayinHa TEMNEPaTyPa, KIMHAT3 § =—dr— Temnepatypa NOSITPA, KIMHATA B

— — = MiHiManbHa Yib0e3 Temneparypa

Pucynoxk 4.19 -

1)

e P3RIAUIMHA TEMNSPATYPA, KIMHATA 3

—TEMNEPATYP3 308HIWHDOrO NOBITPA

Temnepartypa NOsiTPA, KimHaTa 6

—t— P3AI3UIMHA TEMNEPATYPS, KIMHATE B

Cepennst pafiamiiiHa Temieparypa Ta TemIieparypa

BHYTPILIHBOTO TOBITPS B HaBYAIBHUN MEPIOJ ISl HAWXOJIOIHIIIOI JOOH POKY, BUIIAJOK

OymiBil 3 1HAWBIAyaJdbHUMM OMNAJTIOBAIBHUMU TMPWIAJaMH TIOTYXKHICTIO 2 KBT B

KO)KHOMY TIPUMIIIEHH] Ta OTOPOKYBaJIbHUMHM KOHCTPYKISIMHM, IO BiAMOBIJAIOThH

MmiHiMasibhuM Bumoram JIBH B.2.6-31:2021, Bumamox mepepuBYacTOrO OMAJCHHS: a)

MiHepasibHa Bata 4 cM; 0) MiHepajbHa Bara 6 cM; B) MiHEpaJbHa Bara 8 CM; T)

MiHepanbHa Bata 10 cM; 1) MiHepanbHa BaTta 12,5 cMm.
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3rilHO 3 pe3yJbTaTiB MOJEIIOBAaHHS, BBEICHHS TIpadikiB NEePEePUBUYACTOTO
OMaJICHHS MpPU YaCTKOBOMY BHKOPHMCTAHHI OyHiBJII MOXIIHMBE 3a YMOBHU YTEIUICHHS
BHYTPILIHIX CTIH.

JIns BCiX BapiaHTIB YTEIUICHHs, HAWMEHII TeMIIepaTypHu BHYTPIIIHBOTO MOBITPSI
Ta CEpPeAHbOI paialliiiHOl TeMIepaTypu CIOCTEPIra€TbCsl JUIsl MPHUMIIMIEHHS «B)»
(MpUMIIIIEHHS, 10 3HAXOUTHCSA HA TPETHOMY MTOBEPCl, KOHTAKTYE 3 IAXOM).

Bunanok OymiBii, 3 130/1111€10 BHYTPIIIHIX CTIH Ha PiBHI 4 CM, XapaKTEPU3Y€ETHCS
HU3BKMMH TIOKa3HUKaMH 000X JOCHI)KYBaHHMX TEeMIEpaTyp, IO B HAUTIpIIOMY
BUMAAKY (MPUMIIICHHS «B») KOJMBaKThcs Ha piBHl 17-19 °C, mo Bianosijgae
napamerpy PVM -1,04--0,98. Buxoasuu 3 aHajizy, peKOMEHAYBaTH JaHUW BapiaHT
eKCIUTyaTallii Oy/aiBiIl HE MOXKHA 3 MIpKyBaHHS KOM(OPTHOCTI.

JlomaBanHs 6 CcM 130JiSIIii 10 BHYTPIIIHIX CTiH JO3BOJIAE€ MIABUIIATA OOWBI
temneparypu Ha 1-1,5 °C B mOpiBHSHHI 3 BHUIAAKOM JAOAaBaHHS 4 CM 130JII.
[Tapamerp PMV xonuBaetscs B niamasoni -0,89--0,83, mokparmryroun KOMQOPTHICTb
npubm3Ho Ha 15%.

JonaBarHss 8 CM 130J10ii 10 BHYTPINIHIX CTIH O3BOJISIE€ TIIBUIIUTH OOWIIBI
temmnepatypu Ha e Ha 0,5-1 °C. [Tapametrp PMV konuBaetbes B nianazoni -0,72--0,66,
MOKpaIyoud KOM(OPTHICTH TpUOIM3HO Ha 19% BiTHOCHO MOMEPEIHBOTO BapiaHTy.

Bunagox OynaiBai 3 yTemsieHUMH BHYTpilHIMU cTiHamu 10 cm (BiAmosinae
MiHIMaapHOMY piBHIO 1305111l JIBH 2016) BcTaHOBIIIOE TeMmepaTypy BHYTPIIIHBOTO
noBiTpsa Ha piBHI 20 °C Ta cepenHio paiialiiiHy temmepaTypy Ha piBHi 18,5 °C (mus
HaWTIPIIOTO BHUMAAKY TMPUMIIICHHS «B»). Buxoasuum 3 BUMOT JI0 TlapaMeTpiB
00’eKTUBHOI KOM(OPTHOCTI TepeOdyBaHHA B mpumiiieHHAX (mapametrp PMV -0,68),
JAaHUW PEXUM eKCIUTyaTallli BBakatu KOM(POPTHUM HE MOKHA (TIapaMeTp HUKYHH 3a -
0,5),mpote, piBeHb TeMIIepaTypy BHYTPIIIHHOTO TMOBITPS BIAMOBiZa€ BUMOTaM J0
MIKpOKJIIMaTy B YKpaiHi.

[3omauist BHyTpimHix cTiH Ha piBHi JBH 2021 (12,5 cM MiHepaibHOI BaTH)
N03BOJIsIE AocArTy napamerpy PMV -0,62 nnst Halripioro BUNaaKy (MpUMIILIEHHS «B»)

Ta -0,5 A1 HalKpaoro BUNaAKy (MIPUMILIEHHS «O»).
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3 ypaxyBaHHSIM OTPUMaHUX pe3yJbTaTiB, JOCATTH KOM(MOPTHUX YMOB
nepeOyBaHHS B MPUMIIIEHHAX 32 YMOBHM MOJEpHi3allii OyaiBii Ta rpadiky excruryaTarii
MO>KJIMBO.

Takox, BapTO 3a3HAUMTH, IO AHAII3 MPOBOAMUBCH JUIsl HAWXOJOAHINION 100U
HaBYaJIbHOTO mepioay. He 3Baxatoun Ha 1ie, MEBHI PiBHI 130JALi{, JEMOHCTPYBaJH
3Ha4yeHHs napamerpy PMV Onu3bki 10 MiHIMaIbHO OMYCTUMUX, a IS BUMIAAKY 3 12,5
CM MIHEpPAJIbHOI BaTH Ha BHYTPINIHIX CTIHAX MPUMIIICHb IJI1 MPUMIMICHHS «O» Oyio
nocarHyTo kompoptHux ymoB. KoMpopTHI yMOBH 32 yKpaiHCBKUMHU HOpMaTHBaMH 10
MIKPOKJIIMATy AOCATal0ThCs Bxke npu 10 cMm.

B ycix BuUmaakax CHOCTEpIraeThCs HECTaya MOTYKHOCTI MPUIaAiB ONaJCHHS,
OCKUTBKM B JKOJAHOMY BHMAJAKy He OyJI0 [OCSATHYTO MPOEKTHOI TeMIepaTypH
HABKOJIMIITHBLOTO CEPEOBUIIA IS KIIIMAaTHYHUX 30H YKpainu [99].

BapTto 3a3naunty, 1110 BUMOTH 0 KOM(DOPTHUX YMOB B MPUMIIIEHHSAX BIAMIOBIIHO
1o [88] € mocuTh cTporumu, Ta BIAMNOBIIHA €KCIUTyaTaliss OyAiBIi 3 JOTPUMAHHIM
YKPaAiHCbKUX CTaHAApPTIB KOM(OPTHOCTI JO3BOJIUTH PO3MIMPUTH JAiania30H TeMIIepaTyp
30BHILTHBOTO MOBITPSL.

B rogunu migBumieHoi coHsuHoi akTtuBHOCTI (3 10 mo 15) mapametpu
KOM(OPTHOCTI 3pOCTAIOTh, 110 JO3BOJISE MOIMIITATA KOM(POPTHICTS.

3Bakaroud Ha BHILIE CKa3aHEe, MPOIMOHYEThCS BPAXOBYBATH HACTYIHE MPHU
BIIPOBA/PKCHH1 YaCTKOBOI €KCILIyaTallli Oy aiBii:

® Oropo/UKyBajbHI KOHCTPYKIi OYyMiBJIl BIAMOBIIAIOTH MiHIMAJbHUM BHUMOTaM
JIbH B.2.6-31:2021;

e 3a0e3neyeHHsl MOCTIHOTO rpadiKy OmaneHHs;

® IIKUTbHUA PO3KJIAJ 3aHATh ONTHUMI30BAaHMN il 3a0€3MEeUeHHS HAaBYAJIHHOTO
npolecy B MepioJ HaWBUIIOi cOHAYHOI akTHBHOCTI (3 10 10 18). I[lepeBary Bapto

BiJIJIaBaTH IPUMIILIEHHSIM OPIEHTOBAaHUM Ha CXI1/I;

® TMPUMINIEHHS MPOMIUIM BIAMOBIAHY MIATOTOBKY, SKa TIOJNATAaE B 301IBIICHHI
MOTY>KHOCTI OMATIOBATBHUX TMPWIAAIB Ta MIABUIICHHS TEMIEparypu Ha

TepMOcCTaTax B HaBYaJIbHUH mepion 10 24 °C nns KOMIIEHCAIll HU3bKOTO PIBHS
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CepeHbOl  pajiaimiiiHol  TemmepaTypu, a00 YTEIUICHHS BHYTPIMIHIX CTIH
MIPUMIIICHB;
B 3QJIEKHOCTI BiJ PIBHS MOKpAIllEHb OMUCAHUX BHIIE, BUKIIOUUTH €KCILIyaTallio

Oy[iBJIl B HAWXOJIOAHIII JTHI ONATIOBATLHOTO TIEPIOTY.

4.6 EneprocmoxxuBanHsa OyaiBJdi B yYMOBaX HENOBHOI 3alHATOCTI 3

YpaxyBaHHSIM 3a0e31e4eHHs KOM(OPTHUX YMOB NepeOyBaHHS B MPUMilllEeHHAX

@diHaNlbHUM KPOKOM B JOCTIKEHHI CTaJIO MOPIBHSHHS BCIX OMUCAHUX BHILE 3

TOYKHU 30pY €HeproeeKTUBHOCTI 3alPOMIOHOBAHUX 3aXOAIB 3 MiABUILECHHS TEIJIOBOTO

koMpopty. a8 1poro cnoxuBaHHA €HEprii Ha OMaJEHHS BCIX MIIXOMIB, IO

3a/I0BOJILHSIIOTh YMOBaM TeIJIOBOro koMmdopty, Oylo 3BeneHO Ha Trpadikax, ski

npeAcTaBieHl Ha pucyHkax 4.20 ta 4.21:

30000

25000

20000

15000

10000

5000

PMV -2.21
PMV -1.2
PMV -1.02 PMV -0.92
I I ! .
B [MoTOYHUI cTaH M [30/1AL,iA BHYTPILLHIX CTiH, MiH. BaTa 4cm

M |30/1ALiA BHYTPILWHIX CTiH, MiH. BaTa 6cm I30N1ALiA BHYTPILLHIX CTiH, MiH. BaTa 8cm

B [30/1ALiA BHYTPILHIX CTiH, MiH. BaTa 10cm M 3021448 BHYTPIWHIX CTiH, MiH. BaTa 12cm

Pucynok 4.20 — PiyHe cio:xuBaHHS €HEPrii Ha OMaJIEHHS PO3TJISIHYTUX OMIIH 130151111

BHYTPIIIHIX CTiH Ta Hairipmui napametp PMV nocsrHyTuii B ronuHu nepedyBaHHS

JI0JIeH B IPUMILIIEHHSX
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B 2KkBT onageHHA Ta 2KBT onaneHHA B CYCiAHIX NPUMILLEHHAX
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M [TOTOYHUI cTaH

B 3kBT onageHHA Ta 1KBT onaneHHA B CyCigHiX NPUMILLEHHAX
PekomeHA0BaHa NOTYKHICTb ONafeHHA, NOTOYHUI CTaH byaisni
B PekomeHg0BaHa NOTYKHICTb onaneHHs, [6H 2016
B PekomeHa0BaHa NOTYXKHICTb onaneHHs, 2021
Pucynok 4.21 — PiuHe crio>kuBaHHS €HEPrii Ha OMajeHHs PO3IJISHYTUX O 3MIHU

CUCTEMH ONAaJICHHs Ta HaWripmuil napamerp PMV nocsruytuii B roguHu nepedyBaHHs

JIIOJIeH B IPUMIIIIEHHSX

Amnaniz pucynky 4.20 mokasye, 110 J0JaBaHHS 130JSI1 HA BHYTPIIIHI CTIHU
BIIUYTHO TOKpaIIye sK mapameTp koMmdpoptHocTi PMV, Tak 1 piuHe Crio)XKMBaHHS €HEPTii
Ha omajieHHs. BapTo 3a3HaunTH, MO B JKOJHOMY BapiaHTI YTEIJICHHS HOPMAaTHBHOTO
3HaueHHs PMV miig Bchoro mepiogy omajeHHs JOCSATHYTO He Oyno. AHami3 AaHUX 3a
nepiojl OmajieHHs, IMOKa3ye, M0 MOYMHAKUYM 3 8§ CM MIHEpPaJIbHOI BaTh OIBIIICTh
poOoYuX TOAUH MPOMOHYIOTH JOCTATHHO KOM(OPTHI YMOBH. 3alpONOHOBAHO, B TaKHX
BUIIAJIKaX, a00 BCTAHOBJIEHHS JOJIATKOBUX MPHUJIa/IIB OMAJICHHS, a00 HE eKCIUTyaTyBaTh
Oy/iBJIl B HAWXOJIOMHIIII JTHI OTIATFOBATILHOTO TIEPIOY.

AHam3 CHOXHMBaHHS €HEprii MNPUMIIICHHSAMH TIpU JIOJATKOBOMY YTEIUICHHI
BHYTPIIIHIX CTiH MOKAa3ye, 0 mepi 4 ¢M JI0JaTKOBOI 130JIA1111 JO3BOJISIOTh CKOPOTUTH
eHeprocrnoxxuBanHs Ha 21,9%, Hagam, BiTHOCHA €(DEKTUBHICTH JOJAHOTO yTEILUTIOBAaYa

3HUKYEThCS, CKIIaiarouu BiJl 6% 10 3% A0/1aTKOBOT €KOHOMIT Ha KOXKHI 2 CM.
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3 pucynky 4.21 BuaHO, 110 Bapialii 3 OMNaJEHHSAM CYCIJHIX MPHUMIIIEHb
PEKOMEHIyBaTH HE MOXKHA, OCKIJIbKU CIIOCTEPITraeThCs 3HAYHE 3POCTaHHS CIIOKUBAHHS
eHeprii, pu bOMY, KOM(POPTHI YMOBHU JOCITHYTO HE OyIIO.

Omii X, 3 ONTUMAJILHOIO CUCTEMOIO OTIAJICHHS, CTIOKMBAIOTh MEHIIIE €Heprii Ha
omayieHHs (TOPIBHSHHS CTOBMYMKIB 2 Ta 3 3 CTOBIMYUKOM 0), 3a OIMIIii 3 OMaJCHHIM
CYCIOHIX MpPHUMIIIEHb, Ta NPOMOHYIOTh KOMGOPTHI YMOBH Ha TPOTI31 BCHOTO

OMaJIIOBAJILHOTO TIEPIOTY.

BucHoBku 10 po3ainy 4

B nanomy posnini Oyiio mpoBeaeHO ASTaTbHHUM aHai3 MOKIUBOCTI €KCIUTyaTaIii
YaCTHUHU MPUMIIIEHb OyAiBIII B YMOBaxX HEIMOBHOI 3alHATOCTI. byno oOpaHo kiacrep 3
I’ SITH IPUMIIIEHDb Ta PO3MIIHYTO Psii KOH(DIrypalii s eKCIuTyaTallii TpboX 3 HUX.

Cepen posrisHyTHX KOH(DIrypairiii, a came:

e (€3 KOHTAKTY 3 IaXOM Ta IMiAJIOTOI0 (TOPU30HTATBHE PO3MIIICHHS ),

® KOHTAaKT 3 OJIHIE€I0 BHYTPIIIHHOIO HEOMATIOBAIBHOIO CTIHOKO Ta MiJIOTO10;

e (€3 KOHTaKTy 3 BHYTpIIIHIMH HEONAaJIOBAJIbHUMH CTiHAMHU (BEPTHKAJIbHE

PO3MIIIIEHHS );

® KOHTAaKT 3 OJIHIE0 BHYTPINIHBbOIO HEOMATIOBAILHOIO CTIHOIO Ta JaXOM;

Halle()EeKTUBHIIIUM € BEPTUKAJIbHE PpO3MILICHHS, SK 3 TOYKA 30Dy
CHEepProCIOXKUBAHHS, TaK 1 3 TOUKU 30py KOM(POPTHOCTI nepedyBaHHs B MPUMILICHHI 3a
napametpoM PMV. BeprukanbHe po3MillleHHS MNpOAEMOHCTpYBaio 8,5% Hukue
CIOKMBAHHS €HEprii y MOpPIBHSAHHI 3 HaMOIMKUYMM KOHKYpEeHTOM 1 Ha 22,3% kpaiuit
MOKAa3HUK 3a ropu3oHTajgbHe. J[aHWil pe3ysbTaT MOSCHIOETHCS MIHIMIZAIIEI LI
KOHTAaKTYy 3 HEOMaJTIOBAIbHUMHU MPUMIILICHHSIMH.

AHani3 koM@OpTHOCTI mepeOyBaHHS B TPUMILIEHHSIX Ta PO3PaXyHKOBOI
MOTY>KHOCTI CUCTEMHU OMAaJICHHS MOKa3aB HEMOXJIMBICTh 3aCTOCYBaHHS JIAHOTO MiAXOMY
0 eKcrutyatarlii OymiBimi 0e3 momepeaHboi MOJEpHi3allii, SK ISl HEYTEIUICHHX

OymiBenb, Tak 1 Jyist OyAiBENb, 10 BIAMOBIAAIOTh CyYaCHIM BUMOTAM.
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3 BHUKOpUCTAHHSM TrpadiKy MOCTIHHOrO omnajeHHs OyJjIo 3ampONOHOBAHO P
NOKpalleHb 3 METOI0 JOCATHEHHS KOMQOPTHOCTI mnepeOyBaHHS B MPUMIIIECHHSAX B
YMOBaxX HEMOBHOI 3aWHATOCTI, AKI CTOCYBaJIMCh 130JI1ii BHYTPIIIHIX CTIH, OMaJICHHI
CYCIJTHIX TTPUMIIIEHb Ta MiABUIIEHHS MOTYKHOCTI CUCTEMU OTIaJICHHS.

JlonaTkoBa 130Ji411isI BHYTPIIIHIX CTIH TMO3UTUBHO BIUIMBA€E SIK Ha MapaMeTpH
KOM(OPTHOCTI, TaK 1 HA €HEProCMOKMBaHHA. BapTo 3a3HAaYWTH, 1110 HABITH YTEIJICHHS
BHYTpIIIHIX CTiH JO PIBHA MIHIMaJIbHUX HOPMAaTUBHUX BHUMOT JIJI1 3O0BHIIIHIX
OTOPOUKYBIBHUX KOHCTPYKIIM HE TapaHTye JOTPUMaHHS KOM(POPTHHUX YyMOB B
OPUMILIEHHSAX 3 TOYKM 30py Temmeparyp. Lle MokHa MOSCHUTH THUM, IO CUCTEMA
OomajeHHs, sKa po3paxOoBaHAa Ha HOPMaJbHY eKCIUIyaTalito Oy/iBllI HE MOXe
3aJJOBUIBHUTHU JOJATKOBI BTPATH B MPUMIILIEHH] 32 YMOBU HEMOBHOI 3aHATOCTI.

[ToynHaroum 3 130JA1i1 HA PiBHI 8 CM MiHEpaJbHOI BaTH, OUIBIIICTh Yacy
omasoBagbHOrO mepiony mapametrp PMV BiamoBimae HopmatuBHOMY. B Takomy
BUIIAJIKY, B pa3i BAKOPUCTAHHS MPUMIIICHB, TPOIIOHYETHCS HE EKCIUTyaTyBaTH OyTiBITIO
B HaMXOJIOIHIIII JIHI1 OMATIFOBAJILHOTO MEPio 1y, a00 301IBIIMTH MOTYKHICTh OTIaJICHHS.

AHami3 CHOXHMBAHHA €HEPrii NPUMILNICHHSIMH TMpPU JOJATKOBOMY yTEIUICHH]
BHYTPIIIHIX CTiH MOKAa3ye, M0 mepi 4 ¢M JT0JaTKOBOI 130JIA1111 JO3BOJISIIOTh CKOPOTUTH
eHeprocrnoxxuBanuss Ha 21,9%, a yTeruieHHS [0 pIiBHA 30BHIIIHIX CTIiH, MO
BIANOBINAIOTh MiHIMaabHMM BuMmoram JIBH 2.6-31 2021 1o3Bojisi€e  3HU3BHTHU
€eHeprocnokupaHHA Ha 38,1%.

3axig 3 yTeIUIeHHs BHYTPIIIHIX CTIH € CKJIaJHUM B peanizaiii, mpore HaOyBae
JIOAATKOBOI aKTyaJlbHOCTI B pa3l BUKOPUCTAHHsS OUIBIIOrO KJIacTepy MPUMIIICHb,
HaIPUKIIQ MPU eKCILTyaTallli MoJoBUHUA Oy IiBIIL.

BrnipoBamkeHHs onasieHHs! B CYCITHIX MPUMILIEHHX, K 3aXi], € HeIOIUIbHUM. B
000X PO3MISIHYTUX BHUIIAJIKaX II€ 3HAYHO 30UTBIIMIO crokuBaHHsA eHeprii (Ha 100-
200%) 1 He AO3BOJMIO TOCSATHYTH KOM(POPTHUX YMOB B IPUMIIIEHHSX.

OnTuMizalliss MOTYXKHOCTI CUCTEMHU OMNaJCHHS, 3 TOYKH 30py KOM(OpTHOCTI, €
HaWOLIbII TPUBAOIUBHUM 3ax0J0M. I 1OTpUMaHHS KOM(POPTHUX YMOB MOTPEOYETHCS
301IbIIEHHSI cUcTeMHu onayieHHs B 1,8 pa3u B Bumaaky Oyxismi , mo Bianosigae J[BH

2.6-31 2021. 3a Takoro mixoly, €HEProcrnokuBaHHs 3poctae Ha 77%, mpore, Ha
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MPOTS31 BChOTO OMATIOBAJIILHOTO MEPI0y rapaHTOBaHO OyyTh 3a0e3rneueHi KoM(POpTHI

yMOBHU. BapTo 3a3HauuTH, 110 3 TOYKHU 30pYy JIETKOCTI BIIPOBAKEHHSI, JAHUU 3axij €

IPOCTIIINM 34 130JIS11F0 BHYTPILIHIX CTIH.

Takoxx, B TIpoIleci JOCTIUKEHHS JaHOTrO MNUTaHHS Oyiao chOpMOBaHO psll

peKOMEHIallli II0A0 ONTUMAJIBHOTO BIPOBAKEHHS PEXUMY HEMOBHOI 3alHATOCTI, a

caMc:

OTOPOJDKYBAJIbHI ~ KOHCTPYKIIi OymiBII MarOTh BIAMOBIAATH MIiHIMAaTLHUM
BuMoram JIBH B.2.6-31:2021;

3a0€3MeUnUTH MOCTIMHOTO TpadiKy OnaaeHHs;

MIKUTBHUM PO3KJIAJ 3aHSATh ONTUMI30BaHMM /il 3a0€3MeUeHHs HaBYaJIbHOTO
mpoiiecy B nepioj HalWBHINNOI cOHsTYHOT akTuBHOCTI (3 10 o 18). IlepeBary BapTo
BIJIJITaBaTH MPUMIIIEHHSM OPIEHTOBAHUM Ha CXI1]T;

MPUMIIIEHHST TPOUWIIIM BIAMOBIAHY MATOTOBKY, SKa TIOJNATaE B 301IBIICHHI
MNOTYXKHOCTI OMNAaJIOBAJIBHUX TMPWIAAIB Ta TMIJBUILIECHHS TEeMIepaTypu Ha
TepMOcCTaTax B HaBYaJIbHUH mepion 10 24 °C nns KOMIIEHCAIil HU3bKOTO PIBHS
CepeHbOl pajiaimiiiHol TemmepaTypu, a00 YTEIUICHHS BHYTPIMIHIX CTIH
IPUMIILCHb;

B 3aJICKHOCTI BiJl PiBHSI MOKpAIlleHb OMUCAHUX BHIIE, BUKIIIOUUTH E€KCILTyaTallllo

Oy[iBJIl B HAWXOJIOAHINI JTHI ONATIOBATLHOTO TIEPIOTY.
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BHUCHOBKU

Jlana nuceprallis NpUCBAYEHA BUBYCHHIO BIUIMBY IMOBEIIHKOBO-€KCILTyaTalllHHUX
dbakTOopiB Ha PIBEHb €HEProePeKTUBHOCTI OYMIBIl 3a JOMOMOTOK JUHAMIYHOTO
MOJIETIIOBaHHs. 3HauHA yBara NpUIUIETbCA aHai3y BUKOPUCTAHHS OYIIBJIl B pEXHUMI
HEMOBHOI 3alHATOCTI, 110 HaOyBae JOAATKOBOI aKTyaJlbHOCTI B yMOBaX BIWHU Ta
pyHHYBaHHS €HEPreTUYHOI 1HQPACTPYKTYpH Y KpaiHu.

JlochipKeHHsT TPOBOJWINCH 3a JIOMOMOTOI0 JIMHAMIYHOTO MOJIETIOBAHHS B
nporpami DesignBuilder, 3 ypaxyBaHHSIM Takux MapamMeTpiB SK: XapaKTECPUCTUKH
OTOPO/DKYBIBHUX KOHCTPYKI[IHA, TMOBITPOOOMIHY B MPUMIIICHHSAX, KJIIMATOJOTIS 3
MbKHaponHoi 0asm manmx IWEC 2, TeruioHagxo/pKeHHS BiJ CHUCTEM OCBITIICHHS,
CICKTPUYHUX TIPUIIAAIB Ta JIHOJICH, a TaKOXK rpadiky eKcIuTyartarii Oy aiBii.

OTpuMaHi pe3ynbTaTu y3arajbHEeH1 JHS TPbOX TUIIB OyiBeNb MIKUL: OyaiBii, 10
HE MPOXOAUIN TEPMOMOJEPHI3AIi0; OyAIBIl 10 MPOXOIWIH TEPMOMOJAEPHI3aLI0 3
2017 nmo 2022 poxky; OymiBii IO MPOWIILIM Cy4yacHY TEpMOMJIEpHI3allii. Y mpoleci
BUKOHAHHS pOOOTH OTPUMAHO HACTYIHI pe3yJIbTATH:

1. IlokazaHo 3a JOMOMOIOI0 JUHAMIYHOTO MOJENIOBAHHSA, IO MIiABUIICHHS
Terioi3osmii OyaiBmi m1o0 MidiManpbHUX BuMor JIBH 2.6-31 2016 no3BonuTh 3HU3UTH
CIIO’KMBAHHS eHeprii Ha onanenHds Ha 48.9%, a no sumor JIbH 2.6-31 2021 — na 55%;

2.  BUKODUCTAHHS peXuUMy omnajeHHs 3 mnpoBajioM B 4 °C B HepoOOUl TOAUHU
N03BoJIsiE€ 3aomanuTu Bia 23% no 27% eHeprii Ha omajeHHs, B 3aJ€KHOCTI BiJ PIBHS
TEIJIOBOTO 3aXUCTy OYIiBIII;

3.  pexum onayneHHs 3 npoBajamu B 4 °C, mo 0a3yeTbcsi Ha PO3KJIAJl 3aHATh € Ha
1,8-4,2% Oinbi1 eHeproeeKTUBHUM 3a pEeXHUM 3 omnajieHHs 3 mpoBajoMm B 4 °C B
HepoOOoUl rOIMHU, & TAKOXK 3HWKYE HABAaHTAXKEHHS Ha cucTeMy onaneHHs Ha 3,3-3,7%;
4.  BCTaHOBJICHO, III0 BIIPOBA/KEHHS PEKMMY OIMAJCHHS BIANOBIAHO 10 PO3KIALY
3aHATH HE MPHU3BOAMUTH IO 3HAYHOTO 3HIKEHHS KOM(OPTHOCTI YMOB MepeOyBaHHS B

MPUMIILICHHSX;
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5. TpOBEACHO aHali3 ONTHMAJIBLHOIO PO3MIIIECHHS MPUMILIEHb B YMOBAaX HEMOBHOI
3aifHsATOCTI. BepTuKanbHe pO3MIIIEHHS MPUMIIIEHb, IO €KCIUTyaTyloTbes Ha 22,3%
OLTbII ePeKTUBHE 32 TOPU3OHTAJIbHE

6.  MPOBEJCHO aHaJi3 MOXJIMBOCTI €KCIUTyaTallii OyaiBji MIKOJIA B YMOBaX HEMOBHOL
3alHATOCTI. BUSIBJIEHO, IO €KCIUTyaTaliss OyJiBelb HIKOJIM B yMOBaX HEMOBHOI
3alHATOCTI Oe3 momepenHboi 0e3 momepeaHboi MOJEepHi3alii OyAiBiIl HEMOXIIHUBE 3
TOYKH 30py KOM(POPTHOCTI nepeOyBaHHS B MPUMIIIIECHHSX;

7. HazaHl peKOMeHJalli 00 MIHIMAJIbHOI MUTOMOI MOTYXHOCTI CHUCTEMH
OMAaJICHHS MPHU BIPOBAKEHHI PEXXUMY HEMOBHOT 3aMHATOCTI B IIKOJAX JJIsl OyAiBesb 3
pI3HUM pIBHEM TEIIOBOTO 3aXMCTy: Ul HeyTemueHoi Oyxism — 33,14 Br/m®; mns
OymIiBIIl 3 OTOPOKYBATBHIMHI KOHCTPYKITISIMH, 110 Biamosinawts JIbH B2.6-31 2016 —
24 Br/M%; ans OymiBili 3 OropoKyBadbHMMHU KOHCTPYKIiSAMH, IO Bimnosimarors JIBH
B2.6-31 2021 — 22,57 Br/™m?;

8.  3ampomOHOBAaHO PsSA PEKOMEHJAIM MO0 ONTHUMAIBHOTO BIPOBAKEHHS
PEXKHMMY HEIMOBHOI 3alHSATOCTI, BUMOTH J0 OTOPOKYBAIBHUX KOHCTPYKIIIM OymiBii,
ONTHMAaJIbHE PO3MIIIEHHS Ta OPIEHTAII0 MPUMILIEHb, 301JbIIEHHS TMOTY>KHOCTI

CHCTEMH OIIAJICHHIA Ta OHTI/IMiSaLIiIO IIKIJIEHOTO PO3KIanay.
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CBIT QHIII.MOBa KyIbTypa | JiTeparypa YKp.MOBa MoBa € MHCTeLTBO| JiTepaTypa
o / N .. yKp.MoBa/ . . i - .. 6i
.MOBa, Im3aii i afHCBKA | . N alHCBKa TpyZHOBE aHrmiiiceka i3MdHA aHIHCBKa aiHCBKa | 3apybixHa
-5} 4 Yep .. | MmaTematuka YEp icrop.Ykpain yip Py, yep 2Py’
@A AHIJLMOBA | TEXHOJOTI] niteparypa mitepaTypa | HaBYaHHS MoBa KyJIBTYpa MoBa MoOBa miteparypa
= u
D My3U4HE diznyna . . 3apy0ixkHa disnyna TPyJOBE yKpaiHO3HaBc| . . . |obpasoTBopu
- 5 YUTAaHHS icTopis . MaTeMaTHKa ictopist reoMerpis
MHUCTELTBO KyIbyTpa miTepaTypa KyIbTypa HABYAHHS TBO € MUCTELTBO
.MoBa/ i3M4HA . | o6pazoTBOpUC aiHChKa icropist/ . . TPYIOBE
6 P b reorpadis | P pac| yKp P Gionorist Py
MaTeMaTuka | KyabyTpa MHCTELTBO | JiTepaTypa | yKp.MoBa HABYaHH
7 icropist
VYxpainu/
MY3UYHE |8 JOCHIK i3MYHa aiHCBKa | 3apyOikHa e aTHCBKa aTHChbKa i3U9Ha aHrIichKa .
1 3 pKyio ¢ yep apy wiii Kuis | 7P yep MareMaTuKa b (isuka
MHCTELTBO CBIT KyJIbyTypa MoBa mitepaTypa MoBa MoBa KyJIbTYpa MoOBa
i3mama MPHUPOJIO3Ha | aHIIIHCHKA alHCBKa . . afHCBKa My3HYHE . BCECBITHS
2 YHTaHHS ¢ YUTAHHS pHp yip icropis yep MaTeMaTnKa 3 reorpadis . .
KyIbTypa BCTBO MOBa MOBa Jiteparypa MHCTEITBO icropis
= aHIJI.MOBa/ YKpaiHChKa 3apy0ixkHa dizuuna . Lo TpymoBe |ykpaiHO3HaB| aHriifickka
3 | maremaruka MaTeMaTHKa | MaTeMaTHKa . reorpadis icToipst
= yKp.MOBa MoBa nitepatypa | Kymbyrypa HaBUaHHS cTBO MoBa
=} 51 JOCT JUKYIO 51 IOCIHIJUKYIO | aHruiichKa My3HYHE aHrmiiceka TpyJ0BE BCECBITHS | YKpaiHChKa
4 . MaTeMaTHKa X MaTeMaTHKa |MaTeMaTHKa| MaTeMaTHKa X .
= CBIT CBIT MoBa MMCTEITBO MOBa HABYAHHS icTopist MoBa
=R JU3aiH i YKp.MoBa/ JM3AH i e TpyzOBe aHrmiiicbka | aHTIiCHKA OCHOBH L.
- 5 Miit Kuis " eTHKa MaTeMaTHKa ximist anrebpa
= TexHonorii | amrm.moBa | Texsomorii HABYAHHS MoBa MoBa 310poB"st
i3MuHa s i3naHa OCHOBH . 00pa3o.MHCT |. i3U4HA MYy3HYHE
6 ¢ Py (1) B iHpopMaTHKa P indopmaTika ¢ 3
KyIbTypa HABYaHHS KyIBTypa 310po"st eLTBO KyIbTYpa | MHCTELTBO
7 (isuuna TPYJOBE disnyna
KyIbTypa HABYAHHS | KyIbyTpa
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KJac/
wel TB | 71" | 8 8b | 8B A b B b|11A
JACHb
aHITIifcbKa |  TpyHOBe . . . . i3u4Ha OCHOBU alHCbKa OMaISTHCBK | aHTJIHCBKa |,
1 Py Gionorist bi3uka reorpadis (b " yl_cp P . indopmaTuka
MOBa HaBYaHHS KYJIbTypa 310pOB"st Jliteparypa a ocBiTa MOBa
) 3apy0ixHa My3U4YHE icropis YKpaiHCbhKa | yKpaiHCbKa TpyZOBE aHriiiiceka OCHOBHU indopmaTuk 5 6i .
. .. . anreGpa ioorist
Jiteparypa | mucrenrso | Ykpainu MoBa Jiteparypa HaBYaHHS MoBa 310poB"st a P
. aHrmifchKa i3M4YHa . . 3apy0OixkHa i3M4Ha . . .
< 3 reorpadis ¢ reorpadis reoMeTpist . py6 ¢ MaTeMaTHKa anreGpa GiomnorHis bisuka
=) MOBa KyIbTypa JiTepaTypa | KymbyTpa
o6pas. aiHChKa . aHrmiiiceka aiHCBbKa . .MoBa/ i3nuHa i3n4Ha
.5 4 P yep reorpadis anreOpa yep bisuka yep i b anrebpa
= Mucreurso MOBa MoOBa MOBa AHIJI.MOBA KyIbTypa | KymbTypa
[<P] A TPYIOBE IHCbKa 3apy0ixkHa aHTIiichKa .MoBa/ . Ximis/ BCECBITHSA
==} 5 anreOpa reoMerpist Py yep 2Py varemarika| O P reoMerpist . X .
s HaBYaHHs | JiiTepaTypa | jiteparypa MOBa AHIJI.MOBA reorpadis icropist
. . KpalHChbKa . aHrIiichKa icropist ipHOpMAaTHK . aHMIiiCcbKa OMaJISIHCh i3MyHa
= 6 Giosorist y, P TEOMEHTpis p anre6pa brop izuka P . ¢
JiTepaTypa MoOBa Ykpainu a MOBa Ka OCBiTa | KylbyTypa
izmuna ninosa JimoBa ¢isnuna MPaBO3HABCTB |PaBO3HABCT|  (izuyHa . ... | anrmiliceka
7 anreGpa/ disuka TEXHONOTi 1
KyIbyTypa YKp.MOBa YKp.MoBa/ KynbyTpa [} BO KynbTypa MoOBa
8 BCECBITHS
icTopist
L. . aiHrcbKa | iHhopMaTKh TpyHOBE icTopis .MoBa/ OMAISTHCBK . L.
1 Ximist reorpadis yep op Py p Maremarika| P P . bisuka Ximist
MoBa a HaBYAHHS Vkpainu AHTJI.MOBA a ocBiTa
aHrifchKa . . . afHCBKA | 3apyOikHa aiHChKa | BCECBITHS .. aiHCBKa ictopist
2 Giznka Gionoris | TP . Py P . . Ximis anre6pa P p
MOBa MoOBa JiTeparypa MOBa icTopist MoBa Vkpainu
< icTopist . . . . alHChKa . aiHCBKa 3apy0OixHa ictopist .
(=} 3 p 6Giomorist Ximist reorMeTpist yEP disuka yep MareMaTHKa . pyo p reorpadis
=% yKpaiHu MOBa MoOBa nmitepatypa | YkpaiHn
=] aiHCBKa i3n4Ha . BCECBITHS . . aHrTichKa . . aiHCBKa i3M4YHA
o 4 yep b ¢isnka . . Ximis reorpadis 6Giomorist yep anrebpa ¢
@ MOBa KylbyTpa icropist MoBa MOBa KyJIbyTypa
© - . aTHCbKa aTHCbKa . icropist aTHCbKa aiHCbKa .MOBa/ afHCbKa . .
) 5 | reomarpis yep yep bisuka p yep yep yep yep reoMerpist | reomerpis
MOBa JliTepaTypa Vkpaina aiteparypa | sitepatypa | anri.mosa | siteparypa
6 MYy3HYHE 3apy0ixHa 5 ¢i3nuna i aHryiiiceka ¢i3nuna BCECBITHs raorpadis/ | ykpaiHCbKa | yKpaiHCbKa
R anreGpa i3uKa . . . .
MHCTENTBO | JiTepaTypa P KyIbTypa MOBa KyIbyTpa icTopist Ximist JiTepaTypa MoBa
7 ¢disnuna OCHOBHU aHrmiiichka TpyROBE OCHOBHU ¢isuuna b MTPaBO3HABCTB YKpaiHTchKa
i3MKa .
KYJIBYTpa 3/10poB"st MOBa HaBYaHHS 310poB"st KYIbTypa [ JiTeparypa
8 Giomorist
. aiHChKa | BCECBITHA |iHdopMaTHK aiHChKA OCHOBHU aiHCBKa aiHCBKa . .
1 Ximis yep . . bop y1_<p " yep yl_(p reorpadis bisnka anreOpa
MOBa icropist a Jiteparypa 310poB"s MoBa Jliteparypa
i3MYHa L. icropist . . . TPYIIOBE . i3u4Ha icropist
2 (b Ximist anrebpa p iH(popMaTHKa Gionoris | MaTeMaTHKa Py izuka (b p
KyJIbTypa Vkpainu HaBYaHHS KyJIbTypa Vkpainu
aHrIiichEKa . 3apyOiKHa aHriiiceka | . 3apyOiKHa L. aTHChKa . .
3 anrebpa reorpadis . py6 indopmaruka | . py6 Ximist yep Gioxorist | TexHomorii
[~ MOBa Jiteparypa MOBa JiTepaTypa MOBa
[<P) 4 3apyOixkHa [oOpasorBopu| (isuuna | ykpaiHChKa | yKpaiHCBKa 5 yKpaiHChKa icTopist aHriiceKa [ 3apyOixHa
. . anreGpa . MareMaTHKa .. .
% JiTepaTypa |e MHCTeNTBO| KyibyTpa | JiTeparypa MOBa P niTepaTypa VYkpainu MoBa niTepaTypa
. icropist aiHbCKa . i3u4Ha . .. Jinosa BCECBITHS aiHCbKa aiHCbKa
5 izuka p yep reorpadis (b reoMerpis Ximist . R yep yep
Vkpainu MoBa KyIbTypa YKp.MOBa icTopist MoBa MoBa
alHChKa . aHrIichKa i3UYHA BCECBITHS L. . . . . OMa/JISTHCh .
6 yl.cp reoMeTpis ¢ . . Ximist reorpadis | indopmaruka | Gionoris B . bizuka
Jliteparypa MoBa KylIbypa icropist Ka ocBiTa
. i3MYHa 3apy0ikHa icropist . TPYAOBE . . aHITiChKa L. aiHChbKa
7 reorpadist i . py6 p anre6pa (isuka Py Giomorist Ximist yl.<p
KynmbyTpa | miteparypa | VYkpainu HaBYaHHS MOBa JiTepaTypa
OCHOBHU 3apyOiKHa OCHOBH aiHCbKa L. . icTopist i3U4Ha . iH(popMaTH | aHrIilcbKa
1 2Py . yep ximist reorpadis p b reoMerpist op
300poBst | siteparypa | 310poB"s MoBa Vkpainu KyJIbyTypa Ka MoBa
. . . (hiznuna . . BCECBITHS | YKpaiHChKa
2 Giomorist reorpadis | MHCTEITBO anreOpa anre6pa bisuka MaTeMaThKa Ximis . .
KYIbTypa icTopist MoBa
aiHCcbKa | iHOpMaTHK icTopist 3apy0ikHa . 3apy0ixkHa .. . . . aiHCBKa .
3 P Gop p ‘pyﬁ reoMeTpist ‘py6 Ximist isuka Giosoris | 7P reoMeTpis
MOBa a Ykpainu | diTeparypa JiTepaTypa MoOBa
= indopmaTHk . . . . . icrop.Ykpainu JUILYKp.M/ 3apy0ixHa
<%} 4 (isuka reoMerpist Giosorist reorpadis . MaremaTuka| . TexHouorii | anrebpa .
) a / miykp.mMoBa ictop Ykp. niTepatypa
= aHMIichKa . .. . aiHChKa aiHChKa | 3apyOikHa aiHCBhKa . . .
) 5 anrebpa ¢izuxa XiMmist indopmaruka yl,(p P . Py yl.(p reoMeTpist Gioxoris
=n MOBa JiTepaTypa MoOBa JiTepaTtypa | jiTepartypa
aiHO3HAB . . . .
yep BCECBITHS .. . . . aHITIHCBKA | | ¢disuune | 3apybixHa .
6 cTBO/ . . XiMist reorpadis Giomorist anre6pa indopmaruka . tiznka
icTopist MoOBa BHXOBaHHS | JiTepatypa
anrebpa
. OCHOBHU . . . .
7 iHpopMaTHKa " izuka MHCTELTBO Gioxoris reorpadis
310poB"st
8 MHCTEL[TBO
TPYJI0BE aHrIiichEKa aHTIiHChKa i3u4Ha . . iH(pOpMaTHK icropist . L.
1 Py anrebpa (b Giomoris Gop p airebpa reorpadis XiMmist
HaBYaHHS MOBa MoBa KyIbTypa a Vkpainu
aiHCBKa - 3apy0ikHa aHrifchka 3apy0OixHa . 3aXUCT i3MU4YHA
2 yep Ximist . py6 anreOpa anre6pa MHCTELTBO . py6 disuka . ¢
MOBa JiTepaTypa MOBa JliTepaTypa BiTunsnu | Kymbyrypa
.. . . icr.Ykp/
. yKpaiHChKa .. . . yKpaiHChKa ¢bisnuna yKp.MoBa/ .
= 3 hizuka anrebpa Ximist Giomorist TEXHOJIOTi1 3ax. iHpopmaTHka
MoBa MOBa KyJIbTypa AHIJI.MOBA .
= Bitunsau
= BCECBITHS . . ¢i3nuna . . yKpaiHChKa . . . YKpaiHChKa .
= . R Gionorist Giosorist Ximist ninosa MoBa | reorpadis TEXHOJOTIT | acTpoHOMist
= icTopist KyJIbTypa MoBa MOBa
aiHChKa aiHCBKa |. i3M4Ha . . .MoBa/ i3U4He aiHChKa 3aXHCT
= 5 yl.<p yl,(p indopmarika ¢ MHCTELTBO disuka reorpadis yep ® yl.<p .
- Jitepatypa | miTeparypa KyIbTypa AHIJI.MOBA | BMXOBaHHs | miTeparypa | Bitumsuu
= . .. . . ict.Vkpainu . . .
. | ykpaiHO3HaB | ykpaiHChKa | aHrimificeka | aHrmiiichka . . . saxuct Bit/ | isuuna | rHorpadis/
6 | reomerpis . reoMeTpis / ninosa disuka . .
CTBO niTepaTypa MoOBa MOBa icT.YKp. KynbTypa |3ax.BiTumsHu
MoBa
i3MuHa aHriiiiceka |oOpa3oTBOpY JiioBa . 3apyOiKHa i3u4Ha 3aXUCT .
7 (b P P indopmaruka | . py6 (b . bizuka
KyJbyTpa MoBa € MHCTELTBO| yKp.MoBa/ niteparypa |  KyaeTypa BiruusHu




