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AHOTALISA

Cepoeunuu I1. FO. IlokpanieHHs! eHEPreTHYHUX XapaKTEPUCTUK OrOPOAKYBaIbHUX
KOHCTPYKIIIH Oy/IiBeIb 3 ypaxyBaHHSM iX TepMIYHO1 HeogHOpiaHOCTI. — KBamidikariiina
HayKOBa Mpallsl Ha MpaBax PyKOIUCY.

Huceprarist Ha 3100y TTS HAYKOBOTO CTYIICHS TOKTOpa (iocodii 3a creriaabHICTIO
144 Tennoenepreruka. — HanionansHul TeXHIYHUN yHIBepcUTeT Ykpainu «KuiBchkuii
noMiTeXHIYHUM 1HCTUTYT 1MeHi Iropst Cikopchkoro» MiHicTepcTBa OCBITH 1 HayKd
VYkpainu, m. Kuis, 2025.

Y BcTym aumceprariii BHUCBITJIEHO aKTyaJdbHICTh TEMH JOCHIIKCHHS Ha
CHOTOJIHIIIHIN JA€Hb Ta 3B'I30K pOOOTH 3 HAyKOBMMH IMpOrpaMaMu, IUIAHAMH 1 TEMaMHu.
CdopmynboBaHO METy, HAYKOBE 3aBJaHHs, 00'€KT, MPEIMET Ta METOJU JOCIIKSHHS,
BU3HAUCHO HAyKOBYy HOBH3HY Ta TMpPaKTUYHE 3HAYCHHS OTPUMAHHUX pPE3yJbTarTiB,
MPEACTABICHO JaHl Mpo ampoOalliro AUcepTallii Ta HasiBHI MyOJiKalii 3 OKpECICHHSIM
0COOHMCTOro BHECKY 3/100yBaya.

VY mepriomy po3aiii AUCEPTAIIHHOIO AOCHIIKEHHS MPEICTaBICHO IPYHTOBHUMN
aHas13 HOPMaTUBHUX, METOAMYHUX 1 HAYKOBUX 3acajl, 110 JIe)KaTb B OCHOB1 BU3HAYEHHS
eHeproedeKTUBHOCTI Oy/iBesb B YkpaiHi Ta kpaiHax €ppomneiicskoro Corozy. Oxpemy
yBary MNpUAUIEHO 3aKOHONaBYiM 0a3i, 30kpema 3akoHy Ykpainu «IIpo eHepreTuuny
e(eKTUBHICT, Oy/iBeNbY», SKUH OKpECIoe KIIIOYOBl MPUHIUNK  cepTHdiKailii,
MOJIEpHi3allli Ta MiABUILECHHS €HeproeeKTUBHOCTI OyiBenb. PO3MIAHYTO BiAMOBIIHI
eBpomneicbki aupektuBu, 30kpema 2010/31/€C ta omnoBineny 2024/1275/€C, sxi
pPErIaMeHTYIOTh Tepexia 10 OyaiBellb 3 HYJbOBUMH BHUKHIAMH, a TaKOK HaI[lOHAJbHI
BUMOTH JI0 KJIaCcy eHeproe(eKTUBHOCTI, 30KpeMa ctanaaptTiB nZEB. Y po3aii HaBeaeHo
JETaJbHUN aHaJI3 TEIJIOTEXHIYHUX XapaKTEPUCTHK OTOPOKYBAJIbHUX KOHCTPYKIIIH,
30KpeMa MIHIMaJbHO JOMYCTUMHX 3HAUYCHb OMOpPY TEIuIonepenadi Juisl pi3HUX THITIB
koHCcTpyKuii 3rigHo 3 [IBH B.2.6-31, JICTY 9191, a Takox 3 BpaxyBaHHSIM MI>KHAPOJIHUX
HopM ASHRAE 90.1. 3nauny yBary 30CEpeI)K€HO Ha METOAaX pO3pPaxyHKY
TerJIonepeaaydl TPAHCMICIEID, 30KpeMa Ha (HOPMYIbHOMY MPEACTaBICHHI KOMIIOHEHTIB

JIHIHOTO Ta TOYKOBOTO BILTUBY TEIUIONPOBITHUX BKIOUEHb. ONMCaHO OCHOBHI M1AXOAU
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710 OOYMCIICHHS TEIJIOBUX MOTOKIB UYepe3 OTOPOIKEHHS, HABEACHO KIIIOYOB1 (POpMYIH 3
HOpPMAaTHBHUX cTaHAapTiB, 30kpemMa EN ISO 10211, a Takok HaaHO po3’SICHEHHS 1100
iX TPaKTUYHOTO 3acTOCYBaHHA. PO3KpHUTO OCOOIMBOCTI 3aCTOCYBaHHS CHPOIIECHUX 1
JIeTaJIbHUX METOJIIB OI[IHKH TEIJIONPOBITHUX BKJIIOYEHb: Bl KOPUTYBaIbHUX MOMPABOK
AUtb, pexoMeHIOBaHUX IS TOTEPETHIX OI[IHOK, 10 YUCEIHLHOTO MOJETIOBAHHS 13
3aCTOCYBaHHSM [IBO- Ta TPUBHMIpHHX Moxened. [IpoanamizoBaHO MpUKIaIA
BukopuctanHs crannaptiB kinacy A (EN ISO 10211) 1 kmacy B (EN ISO 14683) nns
pPO3paxyHKy Y- 1 x-koedimienTis. [limkpecieHo, mo TouHe BpaxyBaHHS TETUIONPOBITHIX
BKJIIOUEHb € KPUTHUYHO BAKJIMBUM JJisi 3a0€3MEUYEeHHs] BUCOKOI eHeproeeKTUBHOCTI
oOosionku OymiBm Ta 1 ceprudikamii. Y po3aial TakoXK y3arajdbHEHO pe3ylbTaTH
aKTyaJIbHUX BITUM3HSIHUX 1 3apyO1KHUX JOCIIIHKEHb, 1[0 CTOCYIOTHCS BIUIMBY TEIJIOBUX
MICTKIB Ha pIBE€Hb €Heproe(PeKTUBHOCTI OTOPOIKYBATBHUX KOHCTPYKIiH. [IpeacraBieno
aHani3 e)eKTUBHOCTI BY3JIOBUX KOHCTPYKIIIH, BIUIMBY MaTepiaiiB Ta FEOMETPIi, a TAKOXK
MIAXOAIB A0 iX TEpMOMOJEpHi3allii. 3HAaYyHy yBary MPUIUICHO JOCHIKCHHSIM 3
BUKOPHUCTaHHSIM uncenbHoro moaemoBania B THERM, COMSOL, Agros2D, TRISCO
ta EnergyPlus, 1mo niaTBep1Ky€e HayKOBY aKTyaJbHICTh TPOOIEMH.

TakuM dYMHOM, pO3AUT 3aKjiaJae HAYKOBO-METOMOJIOTIYHE MIAIPYHTS A
MOJANBIIOTO JOCTI/DKEHHST BIUIMBY TETUIOMPOBITHUX BKIIOYEHb Ha MOKa3HUKU
eHeproe()eKTUBHOCTI Oy/iBeNb, 0OIPYHTOBYIOUM HEOOXIAHICTh iX IITMOOKOTO BpaxXyBaHHS
P MPOEKTYBaHHI, OLIHIOBAHHI Ta PEHOBAIli1 OyiBEIbHOT O0OIOHKHY.

Y napyroMmy po3aiii aucepTaiiiiHOi poOOTH PO3IISIHYTO XapaKTEPUCTUKY IBOX
TUTIOBUX TPEACTABHUKIB OyiBeNbHOTO POHIY YKpaiHu — rpoMaichKoi OymiBii (IIIKOJIN)
Ta 6araTOKBapTUPHOTO KUTIOBOTO OyIuHKY. O0uaBa 00’ €KTH OyIM 00paHi SIK XapaKkTepHi
NPUKIAAN CHOPYH, SKI TOTPeOyIOTh IMIJBHUILEHHA €HEeProe(EeKTUBHOCTI IIJISXOM
MOKpPAIICHHS TETUIO130JIA11i OrOPOIKYBaIbHUX KOHCTPYKIIIH 1 3HWKEHHS BTpaAT TETUIOTH
yepe3 TEIJIONPOBIAHI BKIOUYEHHS. J[J11 KOXKHOI OymiBil MOJAHO PO3TOPHYTHH OMUC
KOHCTPYKTUBHHX Ta 1HKEHEPHHUX XapaKTEPUCTHUK, 30KpemMa reoMeTpii, MarepialiB CTiH,
NOKPUTTIB, BIKOH 1 JABeped, Ta 1H. Y MeXax pO3auly OOTpYHTOBaHO HEOOXIIHICTb
BUKOPUCTAHHS CIEIiaTi30BaHOTO MPOrPaMHOTO 3a0€3MeueHHs Ui TOYHOTO BU3HAYCHHS

miHIAHUX (Y) Ta TOYKOBHX ()) Koe(imieHTIB Teruionepenadi. JleTaibHO pO3MISTHYTO
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cydacHi nporpamui npoayktu, Bkirouaroun THERM, Solido Physibel, HEAT2/HEAT3,

Flixo Energy, Ansys/Fluent, siki 103BOJIIIOTH 3 BHCOKOI TOYHICTIO MOJIEIIOBATH
Teru10(i31UHI MPOLECH B KOHCTPYKIISX, aHATI3yBaTH PO3MOJLT TEMIIEpaTypHUX TOJIB,
PU3HMKM KOHJCHCAIlli Ta TEIJIOBUX BTpar. Y SKOCTI 0a30BOro IHCTPYMEHTY ISt
noJanblIuX AOCTiKeHb o0pano mporpamy THERM, mo noeanye 3pyunuii rpadiaHmii
iHTEepdeic 3 MOTY)KHUM YHCEIBHUM SJIPOM, PEaTi30BaHUM 32 METOIOM CKIHYCHHUX
CJIEMEHTIB.

Takox HaBeneHO MareMarndHuM arapar moxemoBaHHs y THERM, Bxmrouaroun
PIBHSIHHS TEIIOMPOBIAHOCTI, peai3allilo METOAY 3BAKCHHX 3aJIMIIKIB, aJlfOPUTM
nooynosu citku Finite Quadtree Ta dhopmyntoBanHs rpaHuYHUX YMOB. [losicHEeHO, IKUM
YUHOM PEai30BaHO PO3B’A3aHHs 3a]1a4l TeIyIonepeaayl AJii HEOMHOPIAHUX KOHCTPYKIIN
y IBOBUMIPHOMY IIPOCTOPI.

Kpim Toro, B po3aull oOXapakT€pU30BaHO MpOrpaMHe 3a0e3MEeYeHHs s
JWHAMIYHOTO EHEPreTUYHOTrO MOJICNIIOBaHHS OydiBedb, CEpell SKOTO BHUJICHO
DesignBuilder (na 6a3i EnergyPlus), IDA ICE, IES VE, eQuest, DOE-2. JletansHO
ONMKCAaHO MIAXOIU 10 pOo3paxyHKy TeroBux OanaHciB y EnergyPlus, 3okpema (yHkiito
nepenaBands TerwionpoBigHocTi (CTF), BHyTpimHIN 1 30BHINIHIA TemIoBl OalaHCH
MOBEPXOHb, BIKOH, OBITPs 30HU. L1 mixoau cayryBaTUMYyTh OCHOBOIO JJIsS OL{IHIOBaHHS
BIUIMBY TEIUIONPOBIIHUX BKJIIOYEHb Ha €HEepronoTpedy Oy/iBii B MOJATBIINX PO3JILIAX.
Takum uywHOM, Apyrui po3ail ¢GopMye 1HXKEHEPHO-aHANITUYHE TMIAIPYHTS IS
NOJAJBIINX NPAKTUYHUX PO3pPaxyHKIB, 3a0€3Meuyoun NOBHY 1H(OopMaIlito npo 00’ eKTH
JOCJTIIPKEHHS Ta OOTPYHTOBAaHY METOOJIOTIIO X MOJICITFOBAHHSI.

Y TperboMy pO3ALII  AUCEPTALIMHOTO JOCTIKCHHS 3IIMCHEHO YHCEIbHE
MOJICJTIOBaHHSI TEIUIOBUX MOTOKIB Y By3JlaX TEPMIYHO HEOAHOPIIHUX OTOPOHKYBaJIHLHUX
KOHCTPYKIIIH 3 METOIO BUSHAYEHHS iX €HePreTUYHO1 €(PEeKTUBHOCTI Ta BIUIUBY Ha 3arajbHi
TEIJIOBTpaTu OyAiBiil. BpaxoByrouw akTyalbHICTh MEPEXOAy [0 NPOEKTYBaHHS Ta
3BelIeHHs Oy/iBesib 3 OJM3bKUM JI0 HYJIBOBOTO piBHsS eHeprocnoxkuBaHHs (nZEB), y
PO3/1Ii 0OTPYHTOBAHO HEOOX1THICTh OKPAIICHHS ICHYIOUUX MIAXO/IB 10 MPOEKTYBAHHS
OyIiBeJIbHUX BY3iB, IO TPAJUIINHO TPEACTABICHI y HaIlOHAJIBHUX HOpMax Ta

KaTajorax.
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Byrno npoanaiizoBaHo HAUTUIIOBIIII BY3JM, XapaKTepHi J1sl OyiBeJIbHOT TPAKTUKH
B YKpaiHi, 30KpeMa: TPUMHUKaHHS 30BHIIIHIX CTIH /10 MIXXIIOBEPXOBUX MEPEKPUTTIB, JI0
OQJIKOHHUX TUIAT, KYTOBI CTUKH CTiH, IPUMHUKAHHSA N0 TUIMTH TIEPEKPHUTTS axy Ta
naparery, By3JIM MiJJIOTH HaJ HEONAaJTIOBAaHWM IIiJIBAJIOM, BY3JId Y 30HI BIKOHHUX
NEPEMUYOK, MiJBIKOHb 1 PAJOBUX CHOIY4YeHb. JIJI1 KOKHOTO 3 HUX BUKOHAHO MOOYIOBY
2D-monemi B mporpamHomy cepemoBumiii THERM, 3 momanmelmuM YuCETbHUM
PO3paxyHKOM TEMIIEPATypHOTO MOJsl, PO3NOALITY T'YCTUHU TEIUIOBOTO MOTOKY, a TaKOX
BU3HAUCHHSM BEJIMYMHU JIIHIHHOTO Koe(ilieHTa Teruionepenadi .

VY Mexax po3aily HaBelleHO 0a30Bl Ta MOKpAalleHI KOHCTPYKTUBHI PIllIEHHS Jis
KO>KHOTO BYy3J1a, 0OTPYHTOBAHO iX €(h)eKTHUBHICTb Uepe3 MOPIBHSAHHS BIMOBITHUX 3HAYCHB
y-(akropa, ki yacto 3MeHIryBauch Ha 30—70 % 3a paxyHOK 3aCTOCYBaHHS JOJATKOBUX
TEIUIO130JIAIMHIUX MaTepialliB, BAHOCHOTO MOHTa)Xy BIKOH, TEPMOPO3PHBIB TOIO. Y
NIJCYMKY, PO3AUT 3aKJaJa€ OCHOBY ISl KUIbKICHOI OLIHKM BIUIMBY TEIUIONPOBIIHMX
BKJIIOYCHh HA pPIBEHb EHEPronoTpeOr Ha OMajJeHHsS Ta OXOJIOMKCHHS Oy/IiBeib.
HaBenenuii minxig Moxke OyTH IHTETPOBAHUNM Yy Cy4yaCHY NPOEKTHY NPAKTHKY Ta
BUKOPHMCTaHUI IJIs afanTallli ICHyrounx OyAiBens mij cranaaptd nZEB.

Y 4yeTBepTOMYy pO3ILIlI TPENCTABICHO KOMIUIEKCHE JOCIHIHKCHHS BIUIUBY
TEIJIONPOBIIHUX BKIIOYEHb HA EHEPreTUYHy e(QEeKTUBHICTh OyaiBedb IUIIXOM
BUKOPUCTAHHS JAMHAMIYHOTO MOJENOBaHHS B cepenoBuili DesignBuilder nHa 6a3i
eHepreruaHoro siapa EnergyPlus. OCHOBHOIO METOIO CTajI0 KiTbKICHE OIIHFOBAHHS 3MIHU
pIYHOi eHepronoTpedu Ha OmNajeHHs Ta OXOJOMKEHHS B 3aJ€XKHOCTI Bl CTyHEHS
BpaxyBaHHS TEIJIOMPOBITHUX BKIIOYCHb.

Jist peasnizaliii mnocTaBiaeHUX 3a7a4d Oy po3poOIIeH1 CiM ClIeHap1iB MOJICITIOBAHHSI,
10 BIAPI3HSUTMCS PIBHEM JeTaiizallii Ta MiaxoAaMu J0 BpaxXyBaHHS TETUIOBUX MICTKIB:
BIJI 171eaTi30BaHUX yMOB 0€3 ypaxyBaHHS TEIUIONPOBITHUX BKIIOYEHb — 110 HAMOUIBII
neranizoaHoro nZEB-crenapito. 11 creHapii 3acTOCOBYBajMCSl IJii JBOX THUITIOBHX
00’€ekTIB: OyIiBJIl HABYAJHHOTO 3aKjaay (rpoMajchkoi OyiBIi) Ta 0araTOKBapTUPHOTO
XKUTI0BOro OynuHKy. [IpoBeneHO MOBHOLIIHHE CTBOPEHHSI €HEPreTHYHUX Mojesell 13
ypaxyBaHHsM  kiimMarnuHux — ganux  (IWEC), mapameTpiB  OropokyBaJIbHHX

KOHCTPYKIIIM,  CIIEHapliB  eKCIuTyararlii, BHYTPIIIHIX  HAJXO/KEHb  TEIUIOTH,
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BEHTWISIIHHOTO TOBITPOOOMIHY Ta XapaKTePHUCTHK IHXXEHEPHHX CHUCTEM. 3 METOIO
00’€KTUBHOTO TOPIBHSHHS 3aCTOCOBAHO METOJ EHEPreTUYHOTO MOJENIOBaHHS, IO
JI03BOJISIE 130JTFOBATH BIUIMB BUKIIFOUHO OTOPOKYBAJIBHOI OOOJOHKH, HE BPaXOBYIOUU
KKJI o61agHaHHS.

Pesynpratn MopenioBaHHS MOKa3alid, MO0 TEIUIOMPOBIAHI BKIIOYEHHSI 1CTOTHO
BIUTMBAIOTh HA OMNAJIOBAIbHE HABAaHTAKEHHSA. Y 0a30BOMY CIeHapii 3HA4YHI BTpPATH
TEIUIOBOI E€HEeprii 4Yepe3 HESAKICHI BY3JIW CHPUYUHSIOTH BHUCOKI IMOKA3HUKWA PIYHOL
eHepromoTpedbn. 3acTOCyBaHHS KOHCTPYKTHBHUX IIOKPAIICHb JO3BOJIIE 3HU3ZHUTH
eHepronoTpedy Ha onaneHHs 10 25-30%, a nmoBHa BianoBiAHICT, NZEB-piBHIO — 111€
JIOJITATKOBO 3MEHIIye crnoxkuBaHHsA. OpHak y JiTHIM mnepion y nZEB-cuenapisx
BUSIBJISIETHCS 30UIBIIICHE OXOJIOKYBaJbHE HaBaHTaKeHHs (10 +25%), 1m0 NoB’s3aHO 3
eekToM TeperpiBy dYepe3 HaAMIpHY Temloizomsito. lle Bkazye Ha moTpely
OaJlaHCyBaHHSI TEIUIOI30JALIMHUX XapaKTEepPUCTUK 1 €(EKTHBHOTO JIITHHOIO KJIIMaT-
KOHTPOJIIO.

Takox y po3aial MpOBEACHO aHaTI3 OMEPAaTUBHUX TEeMIEpaTyp JJiA Bizyali3zarii
BILIMBY TEIUIONPOBITHUX BKIIFOUEHb Ha KOM(POPT B TPUMIIICHHSX.

KurouoBi cioBa: Monenb, aHadiTHYHA MOJENIb, MaTeMaTWUYHE MOJICIIOBAHHS,
YHUCJIOBE MOJIEIIOBAHHS, METOJ] CKIHUEHHUX EJIEMEHTIB, €HEprisi, €eHeproe(eKTUBHICTD,
CHEPreTUYHE MOJICITIOBAHHS, TUHAMIYHE MOJCTIOBAHHS OymIiBENb, €HEPTroCIOKHBAHHS,
OTOPO/IKYBaJIbHI ~KOHCTPYKIli, TEMJOBUH KOMQOPT, TETUIONPOBIAHI BKIIOYCHHS,

temneparypa, nZEB.



ABSTRACT

Serdechnyi PY. Improvement of the energy performance of building envelope
structures considering thermal bridges effect.

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, 2025.

The introduction of the dissertation outlines the relevance of the research topic at
the present time and its connection to scientific programs, plans, and themes. The purpose,
scientific objectives, object, subject, and research methods are formulated. The scientific
novelty and practical significance of the obtained results are defined. Information is
provided regarding the dissertation’s approbation and existing publications, with a clear
indication of the author’s personal contribution.

The first chapter of the dissertation presents a comprehensive analysis of the
regulatory, methodological, and scientific foundations that underlie the assessment of
building energy efficiency in Ukraine and the European Union. Special attention is paid
to the legislative framework, in particular the Law of Ukraine “On Energy Efficiency of
Buildings”, which outlines the key principles of certification, modernization, and
improvement of energy performance. Relevant European directives, including
2010/31/EU and the updated 2024/1275/EU, are reviewed, as they regulate the transition
to zero-emission buildings and define national energy performance requirements,
particularly the nearly Zero-Energy Building (nZEB) standards.

The chapter provides an in-depth analysis of the thermal performance of building
envelopes, including minimum allowable thermal resistance values for different envelope
elements according to national standards (DBN V.2.6-31, DSTU 9191) and international
regulations such as ASHRAE 90.1. Emphasis is placed on methods for calculating heat
transmission, especially the mathematical representation of linear and point thermal
bridging effects. Key calculation approaches and formulas from standards such as EN

ISO 10211 are explained and contextualized for practical application.
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The chapter further explores both simplified and detailed methods for evaluating

thermal bridges—from correction factors (AUtb) for preliminary estimates to detailed 2D
and 3D numerical modeling. Applications of Class A (EN ISO 10211) and Class B (EN
ISO 14683) methods for calculating linear (y) and point (y) thermal transmittance values
are discussed. The importance of accurately accounting for thermal bridges is highlighted
as essential for achieving high energy efficiency and successful energy certification.

Additionally, the chapter synthesizes findings from national and international
research related to the impact of thermal bridging on building envelope performance. It
includes analysis of joint details, material influence, and geometry, as well as strategies
for thermal modernization. Particular attention is given to numerical modeling tools such
as THERM, COMSOL, Agros2D, TRISCO, and EnergyPlus, affirming the scientific
relevance of the topic.

Thus, this chapter lays the scientific and methodological foundation for further
investigation of thermal bridges and their influence on overall building energy
performance, justifying the need for their detailed consideration in building design,
evaluation, and retrofit processes.

The second chapter characterizes two typical representatives of the Ukrainian
building stock—a public building (school) and a multi-apartment residential building.
These buildings were selected as representative examples requiring improved thermal
protection and reduced heat loss through thermal bridges. A detailed overview is provided
for each building, including geometry, structural components, and engineering systems
such as walls, roof slabs, windows, and doors.

The chapter substantiates the need to use specialized software tools for accurately
determining linear (y) and point () thermal transmittance coefficients. State-of-the-art
simulation tools are reviewed, including THERM, Solido Physibel, HEAT2/HEAT?3,
Flixo Energy, and Ansys Fluent, which are capable of high-precision modeling of
thermophysical processes, temperature distribution, condensation risks, and heat losses
in building assemblies. THERM was chosen as the primary tool for further study due to

its user-friendly interface and robust finite element solver.
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The mathematical modeling framework used in THERM is presented, including
the heat conduction equation, weighted residuals method, Finite Quadtree mesh
generation, and boundary condition formulation. The implementation of 2D steady-state
heat transfer simulation for inhomogeneous assemblies is also described.

Additionally, the chapter addresses dynamic building energy modeling tools such
as DesignBuilder (based on EnergyPlus), IDA ICE, IES VE, eQuest, and DOE-2. A
detailed explanation is provided for EnergyPlus’s heat balance algorithms, including the
conduction transfer function (CTF), surface heat balances, window heat exchange, and
zone air heat dynamics. These methods form the basis for assessing the impact of thermal
bridges on overall building energy demand in later chapters. In conclusion, Chapter 2
provides the engineering and analytical basis for subsequent calculations and ensures
comprehensive coverage of the building models and methodologies used.

The third chapter of the dissertation presents extensive numerical modeling of
thermal flows in thermally inhomogeneous building envelope junctions to assess their
energy performance and contribution to total heat losses. Given the growing importance
of nZEB design, the need to revise traditional junction solutions from national norms and
catalogues is justified. The most common thermal bridge-prone junctions found in
Ukrainian buildings are analyzed, including external wall connections to floor slabs,
balconies, roof parapets, corner joints, unheated basement floors, and window-to-wall
joints (at sills, heads, and jambs). Each junction was modeled in THERM using 2D
geometry, with simulation outputs including temperature field distribution, heat flux
vectors, and calculated linear thermal transmittance (y-values).

For each case, both baseline and improved designs are presented, with comparisons
demonstrating reductions in y-values by 30-70% due to added insulation, thermal breaks,
or adjusted installation positions. In some cases (e.g., balcony slabs), baseline y-values
exceeded 0.7 W/(m-K), highlighting their critical contribution to heat loss. This chapter
builds a quantitative basis for further analysis of how thermal bridges affect annual
heating and cooling energy needs. The modeling methodology and results are suitable for
direct application in nZEB-aligned design workflows and for the energy modernization

of existing buildings.
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Chapter four presents a comprehensive energy analysis using dynamic simulations
in DesignBuilder (powered by EnergyPlus) to evaluate the impact of thermal bridges on
building energy performance. The primary goal was to quantify the influence of including
thermal bridges on annual heating and cooling energy demand.

Seven simulation scenarios were developed, each varying by the level of detail used
to account for thermal bridges—from idealized cases (no thermal bridges) to highly
detailed nZEB-compliant designs. These scenarios were applied to two typical building
models: a school and a multi-apartment residential building.

Complete energy models were constructed using IWEC climate data, envelope
configurations, occupancy patterns, internal gains, ventilation parameters, and HVAC
assumptions. The simulations isolated the effect of the envelope by excluding system
efficiencies, ensuring objective comparison across cases.

Results confirmed that thermal bridges significantly increase heating demand. In
the baseline cases, poorly detailed joints contributed to elevated annual energy needs.
Introducing improved junctions lowered heating energy demand by up to 25-30%, with
nZEB-level compliance further enhancing savings. However, during the summer period,
nZEB models exhibited increased cooling loads (up to +25%) due to overheating risks
associated with excessive insulation, emphasizing the need for proper solar shading and
ventilation design.

The chapter also includes operative temperature analysis, visualizing indoor
comfort shifts across scenarios and confirming that enhanced insulation contributes to
greater temperature stability in winter, though may require cooling support in summer.

Keywords: model, analytical model, mathematical modeling, numerical modeling,
finite element method, energy, energy efficiency, energy modeling, dynamic building
modeling, energy consumption, building envelope, building envelope, thermal comfort,

thermally conductive inclusions, temperature, nZEB.
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BCTYII

AkTyanbHicTh Temu. [lurtanHa 3a0e3neueHHs] E€HEPreTUYHO! e(PEeKTHBHOCTI
Oy/iBeJIb € OJHUM 13 TIPIOPUTETIB CTAJIOTO PO3BUTKY CY4aCHOTO CYCIUJIbCTBA. B ymMoBax
TIEpII 32 BCE BIHU, 3pOCTaHHS I[IH Ha EHEPropecypcH, HeoOX1THOCTI 3HM)KEHHS BUKH/IIB
NAapHUKOBUX Ta3iB 1 HAOMMXKEHHS 0 KIIMAaTWUYHUX Iied €Bpornelicbkoro Corosy,
MiBUIICHHSA PIBHA €HEProe(eKTUBHOCTI, 30KpemMa €(EKTUBHOCTI OTOPOKYyBaJIbHHUX
KOHCTPYKIIIH CTae He JUIIe TEXHIYHUM, a i CTpaTeriyHuM 3aBaanHaM. B Ykpaini, 3riHo
3 HAIlOHAJIBHOIO TMOMITHKOIO AekapOoHizarlii, 3 2030 poKy IJIaHy€eThCs 3alIPOBAIHKEHHS
00O0B’SI3KOBHX BUMOI O HOBUX OyaiBenb 3a npuHuunamu nZEB (OyniBenb 3 Maiixke
HYJIbOBUM CIIO’KMBAHHSIM €HEprii).

OpHuMm 13 KIIOYOBUX (DAKTOPIB, IO CYTTEBO BILTMBAE HA €()EKTUBHICTH TEIUIOBOI
0OO0JIOHKH, € TEIJIONPOBIIHI BKIIOUYEHHS — JIOKAJIbH1 JUISTHKA B KOHCTPYKIIAX, Yepe3 sKi
B1JIOYBaIOTHCSl HEMPOMOPIIAHO BEJIMKI TEIUIOBI BTpartu. He3Bakaioum Ha HaASBHICTH
BIJIMOBITHUX HOPMAaTUBHUX JOKYMEHTIB, OUIBIIICTh ICHYIOUMX MIAXOAIB [0
MPOEKTYBAaHHS Ta OLIHIOBAaHHS KOHCTPYKIIHM B YKpaiHi IPYHTYIOTbCS Ha CIPOIIEHUX a0
3aCTapUIMX CXEMax, L0 HE JI03BOJISIOTH aJIEKBaTHO BpaxyBaTH iX BIUIMB Ha 3arajbHe
eHeprocnoxxuBanHd. HasiBHI B VYkpaiHi KaTajord THUIIOBUX BY3JIB HE BPaxXOBYIOTh
PI3BHOMAHITTS CyYacHHX OyIIBEJbHHX MarepiaiiB, MOHTaXHUX CHCTEM (30Kpema
BIKOHHUX 1 (hacaHUX ), @ TAKOXK HE OXOTUTIOIOTH BUMOT JJI1 BUCOKOS(EKTUBHUX OY/TiBETIb.
binbiie Toro, y cepi ceprudikanii eHeproe()eKTUBHOCTI 1€ HE BPETYJIbOBAHE MUTAHHS
O00OB’SI3KOBOCTI BpaxyBaHHS JIHIMHUX KOEQIIIEHTIB TeIUionepeaadi, IO MOXe
OPU3BOJUTH 10 BUKPUBJICHHS pE3YJbTaTiB EHEPreTUYHHX po3paxyHkiB. Came
TEIJIONPOBIHI BKJIIOUEHHS Y By3/aX 3'€IHaHHS CTiH, MEPEKPUTTS, MIiJBaJIB Ta BIKOH
4acTO CTAIOTh MPUUYMHOIO TMOSBH 30H MEPEOXOJIOMKECHHS, KOHASHC AT BOJIOTH Ta IIBL,
110 BIUIMBAE HE JIMILIE HA CTIOKUBAHHSA €HEPrii, a i Ha MIKPOKJIIMAT 1 310pOB’ S MEIIKAHIIIB.

VY 3B’s3Ky 3 IUM BUHUKAE MOTpeda B TIIMOOKOMY JTOCITIIKEHHI TETUIOMPOBITHUX
BKJIIOUEHb y TUIOBIN 3a0y10B1, po3po0ill yAOCKOHAJIEHUX KOHCTPYKTUBHHUX pIillIEHb, a
TaKOXK y YMCEIbHOMY MOJIEJIOBaHHI iX BIUIMBY HA €HEPreTUYH1 MOKA3HUKHU OyJliBeb.

3actocyBanHs cydacHux mnporpamuux 3aco6iB (THERM, DesignBuilder, EnergyPlus)
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BIJIKpUBA€ MOXJIUBICTh IS HAyKOBO OOTPYHTOBAHOTO MIAXOMY JO ONTHMIi3aIli
KOHCTPYKTUBHHX PIIIEHb 13 BpaXyBaHHSIM PEAIbHOTO BIUIMBY TEPMIYHOI HEOJHOPITHOCTI.

OTxe, aKkTyaldbHICTb TEMH JUCEPTAllIHHOTO  JOCTIKEHHS  3yMOBIICHA
HEOOX1THICTIO IMiABUIIICHHS JIOCTOBIPHOCTI EHEPIeTUYHUX PO3PAXYHKIB, BAOCKOHAJICHHS
METOIUKH OIlIHKH TEIIOMPOBITHUX BKJIIOYEHh Ta BIPOBAHKCHHS MPAKTUYHUX
pPEKOMEH/Iallii ISl MPOEKTYBAHHS eHeproe()eKTUBHOT 00OJIOHKH Oy/1iBEJ b BIAMOBIIHO 10
Cy4aCHMX HOPMaTUBHUX BUMOT 1 cTaHaapTiB nZEB.

HayxoBi po6oTu B 00:1aCTi JOCIIIKEHb €HEProe(heKTUBHOCTI OyIiBeNb Ta, 30KpeMa
OTOPOKYBATBHUX KOHCTPYKIIM B OUIBIIOCTI BHUMIAAKIB OOMEXKYIOTHCS JIOKAIHbHUM
aHaii3oM a00 I1HXEHEPHUX CHUCTEeM ab0 TOYKOBOTO TMOKPAIICHHS TEIUIOTEXHIUHUX
mapameTpiB OTOPOKYBATBHUX KOHCTPYKITH. [Ipy boMy MTUTaHHS KOMIUIEKCHOI OITIHKH
BIUIMBY TEIUIONPOBIAHUX BKJIIOYEHb HA €HEPronoTpely Ha OMaJIeHHSI Ta OXOJOJKCHHS
Oy/iBeJIb PI3HOTO MPU3HAUCHHS MOTpedye OUIbIIOro AociikeHHs. [{um HanpaBieHHSIM
3aitmanucs Taki HaykoBIl sik @apentok [, Jemko B.1. , binoyc LL1O., [llopkamtok M.M.,
I.C. Parymnsk, Zhang X, Kalle Kuusk, Hua Ge Ta Fuad Baba Ta iH.

Meta i 3aBaaHHsl JOCJiIKeHHsS. METOI0 JTOCTIKEHHS € OI[IHIOBAaHHSI BILJIUBY
TEPMIYHO HEOAHOPITHUX EJIEMEHTIB OTOPOKYBaJbHUX KOHCTPYKIIM OymiBeiab Ha
CHEPreTUYH1 MOKa3HUKU €(EKTUBHOCTI 3a JOMOMOIOK MaTEeMaTHYHOTO MOJICIIOBAHHS
TEIUIOBUX TOTOKIB Ta JIWHAMIYHOTO E€HEPreTUYHOrO MOJCNIOBaHHS. BiamoBimHO 10
MOCTABJICHOT METH BUPIIIYBaTUMYTHCS TaKi 3aBIAHHS:

— IpOaHAI3yBaTH TEOPETUYHI Ta METOAMYHI TIAXOAW JI0 BHU3HAYSHHS Ta
BpaxyBaHHS JIHIMHUX Ta TOYKOBUX KOE(QILIEHTIB TEIUIONPOBIAHUX BKIOYEHB
OTOPOKYBAJIbHUX KOHCTPYKIIii;

— po3pobutu Ta BepudIKyBaTH aHATITHUYHI MOJEIl TUMOBUX KOHCTPYKTHBHUX
BY3JIIB OTOPO/DKYBAIbHUX KOHCTPYKINM MJIT TMOTOYHHUX BUMOT 3aKOHOJABCTBA JIO
eHepreTuyHoi epekTruBHOCTI Ta OyaiBenb nZEB;

— po3pOoOUTH NUHAMIYHY C€HEPreTHYHY MOJENb I OOpaHWX THUIIOBHX OY/IiBENb
PI3HOrO MPHU3HAYEHHSI, sIKA BKJIOYATUME apXITEKTYpHI, KOHCTPYKTHBHI, TE€XHIYHI Ta

HKI[IOHAJIBbHI OCOOJIMBOCTI 00’ €KTIB MOJAEITFOBAHHS;
9
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— BUOpaTH Ta OOIPYHTYBATH MOKA3HUKU €HEPreTUYHOi e(heKTUBHOCTI OyiBil IS
aHai3y BIUIMBY CaMe TEIJIOMPOBITHUX BKIIIOUECHb;

— MpoaHali3yBaTh OTpUMaHI pe3yJbTaTH Ta HAAATU PEKOMEHJalli 11070
3aCTOCYBaHHS OTpUMaHoOi iH(OpMallii B MPOEKTYBAHHI €HEProePeKTUBHUX Oy 11BEIIb.

O0’ekTOM J0CTIIKEHHA € CHEPTeTUYHUIN CTaH OyAiBeIb PI3HOTO NMPU3HAYCHHS 3
ypaxyBaHHSIM  BapiaHTIB  KOHCTPYKTHUBHUX  pillleHb,  MaTepiaiiB,  TOBIIWHU
TEIIO130JISIIHOTO TIapy, XapaKTepy TEPMIYHOI HEOJHOPITHOCTI Ta YMOB €KCILTyaTarlii
B KJIIMATHYHUX YMOBAaX Y KpaiHHU.

IIpenmMeToM [OC/iIAKeHHSI € TPOLIECH TEIUIONEpeaadyl B OTOPOIKYBaJIbHUX
KOHCTPYKIISIX 3 TEIUIONPOBIIHUMH BKIJIIOYEHHSIMU, a TAKOX BIUIMB TEIUIOMPOBIIHUX
BKJIFOUEHb Ha BU3HAUEHI EHEPreTUYHI MMOKA3HUKHU OY/1BENb PI3HOTO MPU3HAUYCHHS.

Metonu nociaigxennsi. OCHOBY MPOBEACHOTO JOCIIJKEHHS CKJIAJIO YHUCEIbHE
MOJIETIIOBaHHS METOJIOM CKiHueHHUX eneMeHTiB (FEM) — BukopucTanHs mporpaMHOro
3a0e3neueHHs THERM st po3paxyHKy TeMIiepaTypHHUX MOJIIB Ta TEIUIOBUX MOTOKIB Y
KOHCTPYKTUBHHUX By3JaxX. JluHamiuHe eHepreTHuHe MOJCNIIOBaHHS OyaiBenb — 3
3actocyBaHHsiM mnporpaMm DesignBuilder ta EnergyPlus. Metogu cuenapHoro Ta
MOPIBHSAJILHOTO aHAJI3y Ta CHHTE3Y.

HaykoBa HOBU3HA pe3y/ibTATIB JOCTiIKEHHS TIOJIATa€ B HACTYITHOMY:

— noriaubJieHO aHalli3 TeIMJIOBOTrO CTaHy TWUIIOBHX BY3JiB TEPMIYHO
HEOJHOPIAHUX  OTOPOJKYBAJIbHUX KOHCTPYKLIA  Oy[IiBeNlb  PI3HOTO
NpU3HAYEHHSI JJIS TMOTOYHUX BHUMOT 3aKOHOJABCTBA 0 EHEPreTHYHOI
edexTuBHOCTI Ta OyaiBens nZEB.

—  PO3BUHYTO MiAXOAW BUKOPUCTAHHS TuHaAMIYHUX 3D-Mozeneii rpoMachKux
Ta KUTJIOBUX OYIIBENb JJIs JE€TAJIbHOIO MOJICIIOBAHHS €HEPronoTpeOn Ha
OMAJICHHS Ta OXOJOJ/DKEHHS 3 BpPaxXyBaHHSM PI3HOTO PIBHS TEIUIOBOTO
3aXUCTY Ta TEIJIONPOBITHUX BKIIOYCHb.

— BHepIIe  TPOBEACHO  OIIHKY  BIUIMBY  yJaIITyBaHHS  BY3TiB
OTOPOJDKYBAJIBHUX KOHCTPYKIIH Ta TEIUIOMPOBIMHUX BKIIOYEHb Ha
eHeprornoTpedy Ha ONaJEHHS Ta OXOJIOJDKEHHS OyJiBelb PI3HOTrO

MPU3HAYEHHS JUTSl KJIIMAaTUYHUX YMOB YKpaiHHu.
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I[IpakTuyHe 3HAYEHHSI OJEPKAHMX Pe3yJbTATIB MOJATa€ B TOMY, IO OyJ0
PO3p0o0IIEHO MOJIEl OCHOBHMX KOHCTPYKTMBHUX BY3JIB TEIUIONMPOBIAHUX BKJIIOUYEHb B
nporpamHomy cepenoBuiili THERM Ta quHamiuHy eHepreTHuHYy MOZEIb B IPOTPaMHOMY
cepenoBunii DesignBuilder 3 MeToro MojentoBaHHS €HEpronoTpeOu Ha OMajieHHs Ta
OXOJIOMPKCHHS NIl OyIiBeNb Pi3HOTO  (YHKIIIOHAJIBHOTO TMPU3HAYEHHS: TPOMAJCHKOI
Oy/iBJIi HABYAJILHOTO 3aKJIaTy Ta 0araTOKBapTUPHOI JKUTIOBOI OYIiBIIL..

OTpuMaHi pe3ysIbTaTd MOXYTh OyTH BHUKOPHCTaHI B 1H)XKCHEPHIN Ta MPOEKTHIN
TIPAKTHUII IS

e ONTUMI3AIlll KOHCTPYKTHMBHMX BY3JIB 3 METOI 3MEHIICHHS TEIUIOBTpaT Ta
npuBeIcHHs Oy/iBelb 10 piBHA nZEB;

e IIJIBUILIEHHS TOYHOCTI PO3PAaXyHKIB €HEPrETUYHUX XAPAKTEPUCTUK OyIBENb MPU
eHeproayauTi, cepTudikallli Ta IpOEKTyBaHHI;

o (opmyBanHs 0a3oBux cueHapiiB st BIM-mozneneil y cydacHUX apXiTEKTypHO-
IHKEHEpHUX CepeloBUIIaX, M0 BKIIOYAKOTh aHami3 By3niB y THERM,
DesignBuilder, EnergyPlus;

e ajanTaunli IiCHyruux Oy[iBeNnb IiJI Cy4YacHI BHUMOTM €HEpPro30epeKeHHs 3
MIHIMAJIbBHUMH BUTPAaTaMUi Ha PEKOHCTPYKIIIIO.

Pe3ynbratn noCHikeHHS MOXYTh OyTH BIPOBAJKE€HI B HABUYAJIBHUWA MPOLIEC
TEXHIYHUX YHIBEPCHUTETIB MPHU MIATOTOBLI (axiBLIB y IUCUUILIIIHAX, MOB’S3aHUX 3
CeHEepProe(peKTUBHICTIO OY/I1BEIIb.

3anponoHOBaHI METOAWYHI MIAXOAH, C(OPMOBAHI CLEHapli EHEePreTUYHOIro
MOJICTIIOBAHHS Ta arpoOOBaHl IHCTPYMEHTH MOXKYTh CTAaTH MPAKTUYHOIO OCHOBOIO JIJIS
OHOBJICHHS HOPMAaTUBHO-METOJIMYHOI 0a3M, 30KpeMa MpHU BJOCKOHAJIEHHI BUMOT ILIOJ0
OOOB’SI3KOBOTO ~ BpaxyBaHHS  TEIUIONPOBITHMUX  BKJIIOUYEHh Y  pO3paxyHKax
€HEepProCIOKUBaHHS.

Oco0OucTHnii BHeCOK 3100yBaya. /[rceprailisi € 3aBepIICHOI0 HAyKOBOKO Ipariero.
ABTOpPOM 0OCOOMCTO OTpUMaHi BCi HAyKOBI MOJOXEHHS 1 pe3ylbTaTd, HaBelEeHI B
JUCepTaliiHIil poOOoTi. Y [pYKOBaHMX Npalsx, OMyOTIKOBaHUX Yy CIIBaBTOPCTBI,
3M100yBaYeBl HAJIEKaTh TaKl PE3yJbTaTH: 3AIMCHEHO OINIsAJ Ta aHalli3 HOPMAaTHBHO-

MeTonu4Hoi 6a3u Ykpainu ta €Bporneiicbkoro Cor3y 3 MUTaHb eHeproeeKTUBHOCTI,
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TEIUIO3aXUCTy Ta BpaxyBaHHS TEIUIONPOBIIHUX BKJIOYEHb B OymIBIAX; MigiOpaHO
MporpaMHi 1HCTPYMEHTH JJIi 4HCeIbHOro 1 aumHamiuHoro mojentoBaHHs (THERM,
DesignBuilder, EnergyPlus) [50]; Bukonano 30ip BUXiIHUX IaHUX Ta XapaKTEPUCTHKY
00’€KTIB JTOCIIKEHHS (TPOMaJChKOI Ta >KMTIOBOI OyiBiil) Ta MOOYI0BaHO BiAMOBIIHI
eHepreTuyHi mojmem B cepenosuil DesignBuilder [71]; moGymoBano 2D-momeni
KOHCTPYKTUBHUX BY3JiB, Ta BUKOHAHO YHCEIbHI PO3PAXyHKHU TEMIIEPATypHUX IOJIB,
TEIJIOBUX MOTOKIB, Koe(dilieHTIB Y 3 BUkopucTtaHHaM FEM-monentoBanHs; po3po0ieHo
CIIeHapli E€HEepPreTHYHOr0 MOJMETIOBAHHS [JIs1 BHU3HAYEHHS BIUIUBY TEIUIOMPOBIIHUX
BKJIIOUEHb Ha EHEProClOoXXHUBaHHS OyiBeNb; CHOPMYILOBAHO PEKOMEHAAIIT 00
MOKPAIICHHS! KOHCTPYKTUBHUX PIIIEHb BY3JI1B T4 MOXKJIMBOCTI 1HTETpaIlli pe3yabTariB y
MIPOEKTHY TIPAKTHKY.

Anpobaunia pe3yabrariB aucepramii. OCHOBHI  pe3ylibTaTd HAyKOBUX
JOCIIIJKEHb, BHUKIAJACHUX Yy JUCEpTaliiiHIA poOoTi, OyJI0 MNpeacTaBIeHO Ha
MI>)KHApOJIHUX HAYKOBO-TEXHIYHHUX Ta HAYKOBO-NPAKTUYHUX KOH(PEPEHIIISAX, 30KpEMa: Ha
VIII  mikHaponHiii ~ HaykoBo-lipakTuyHa  KoH(pepeHiis  «EneproedexTuBHuit
yHiBepcute», M. KuiB, 2019 pik; XII HaykoBO-TeXHIYHOI KOH(EpEeHUIi IHCTUTYTY
eHeprozoepekeHHs Ta eHepromeHekMeHTy « EHepreruka. Exonoris. Jlromuna», M. Kuis
2020 pix; Koudepenuis AcmipaHTchki 4YMTaHHS 1MeHI mpodecopa ApTypa
BeniaminoBuya IIpaxoBnuka, M. Kuis, 2024 pik.

Iyoaikamii. Marepianu muceprarniinoi po6oTu OmyOIiKOBaHO Yy 7 HAyKOBHX
mpaisgx: 5 crared y HayKoBHX (paxOBHX BUAAHHAX (5 cTarTi y (axoBHX BUAAHHSIX
VYkpainn), 2 Te3u A0noBiaeH y 30ipHUKax MaTepiajiB KoH(epeHilii.

Crpykrypa i o6car aucepranii. J(ucepramiiina pod6ota CKIagaeThCs 31 BCTYITY,
YOTUPHOX PO3/UTIB, BUCHOBKIB, CIIMCKY BHKOPUCTAaHUX Jikepeln 13 71 HallMeHyBaHHS.

3aranpHUM 00csT MucepTalii ckiangae 178 cTropiHoK, 76 pUCYHKIB, 49 TaOIHIIb.



21
PO31J1 1 METOAOJIOI'TYHI OCHOBHA OIIHIOBAHHA

EHEPTOE®EKTUBHOCTI BYIIBEJIb TA IX OI'OPOJXYBAJBHUX
KOHCTPYKIIN

1.1 HopmaruBHi 3acagu  eHeproedekTHUBHOCTI OyxiBeJb Ta IX

OrOpPOKYBAJIbHUX KOHCTPYKUIIi

Enepretnuna e(heKTUBHICT Oy/1iBEIb € OJJHUM 3 KJIIFOUOBHX MPIOPUTETIB CYYaCHOT
VYkpainu, ajpKe BiI Hel 3aJIeKUTh He JTHIIe KoM(opT Ta Oe3meKa JoIei, ajie i eKOHOMIYHA
Ta EKOJIOTIYHAa cuTyalis B KpaiHi. Tak, y 2017 poui Oy npuitHsTtuii 3akoH «IIpo
eHeproePeKTUBHICTh OYyIBEIbY», KWW BHU3HAYA€ IPABOBI, COIIAJIbHO-EKOHOMIYHI Ta
OpraHizailiifHi 3acaau JTIsUIBHOCTI Y cepi 3a0e3neueHHs] eHepreTuuHoi e(PeKTUBHOCTI
Oy/iBeNb 1 CIIPSIMOBAaHUN Ha 3MEHIICHHS CIOXKHMBaHHS eHeprii y OymiBisax [1]. Takum
YUHOM C(POPMOBAHO OCHOBHI IPUHIMUIIN JAEP>KaBHOIO BILIMBY B I1ii1 00acTi, a caMme:

- rapaHTyBaHHS BCTAHOBJICHOTO PIBHS €HEPreTUYHOT €(heKTUBHOCTI Oy 11BEb
BIIMOBIHO 70 BCIX HEOOXITHUX HAI[IOHAIBHUX CTAHJAPTIB, MPaBUJ 1 METOIUK IS
HOBUX Oy/iBEb;

- OIlIHKa CKOPOUYCHHS BUKHUJIIB ITAPHUKOBUX Ta3iB y aTMocdepy;

- po3po0OKa HAI[IOHAJIBHOTO IUIaHY IOJ0 BIPOBA/KEHHS Ta OYyIBHUIITBA
OyZiBelb 3 MiHIMAJIbHUM PIBHEM CIOKUBAHHS €HEPrii;

- CTBOPEHHSI CHPUSITIMBUX YMOB IIOJI0 1HBECTHUIIM 3 METOI0 peami3allii
3aXO0/1B 13 MIJIBUILEHHS PIBHS €HEPreTUYHOI €(DeKTUBHOCTI Oy/1BETIb;

- MIPOBENICHHSI PEHOBAIIll Ta TEPMOMOJIEPHI3allii BXK€ 1ICHYIOUUX OY/IiBEIb;

- BUKOPHMCTAHHS BIIHOBIIOBAHUX JKEpEI SHEpPTii.

Baprto 3a3HauuTH, 110 BiAMOBIAHO A0 [1], BHOKPEMITIOIOTECS 00’ €KTH, Ha SIK1 HE
MOIIHUPIOIOTHCS MOJOKEHHS 1OTO 3aKOHY. lle MpoMHCIIOBI Ta CUIbCHKOTOCIOAAPCHKI
OymiBii, IHAWBIAyadbHI >KATIOBI OyIWHKH (KpIM BHUIAJIKIB OTPUMAaHHS e KaBHOI
JIOTIOMOTH Ha TEPMOMOJIEpHi3alliio abo cepTudikallio boro BUay OyJliBelb), pemiriiHi

00’€KTH Ta Ti, SIKI BIAHOCATHCA JO KYJIBTYPHOI CHAAIMHH, a TaKoXK OKpeMi OymiBii 3
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OMaJIOBAJILHOIO TUIOMICH MeHI sk S50 KBaapaTHUX MeTpiB. BiAmoBigHO A 1HIIHMX
00’€eKTiB cepTudikallis piBHSI eHEPreTUIHOI ePEKTUBHOCTI Ta OTPUMAHHS BIAIOBITHOTO
CHEPreTUYHOTO cepTudikaty OyiBii € 0OOB’SI3KOBOIO, a caMme JIsi 00’ €KTIB HOBOTO
Oy1BHUIITBA (PEKOHCTPYKIIi1, KaIliTaJIbHOTO PEMOHTY ), Oy/I1BEJIb AePKaBHOI BIIACHOCTI Ta
OyaiBeb, B IKUX 31MCHIOETHCS TEPMOMOJIEPHI3AIIIS 32 YYaCTIO IEP>KaBH.

EneprocniokuBanHss OyIiBIli MOXE OIIIHIOBATHCHh SK PO3PAXyHKOBHHA a0o0
bakTUYHUN PpIiYHMN 0O0CAT eHeprii, HeoOXITHOI s 3a0e3leueHHs] OMaJieHHsS Ipu
JOTPMMAaHHI HOPMATUBHUX BHUMOT JO CHEPreTHYHHX IIOKAa3HHWKIB Ta TEMIEpaTyp,
BU3HauUeHUX y [2] Ta [3]. s 1boro 3a3BU4ail 3aCTOCOBYETHCSI METOJIMKA PO3PAXYHKY Ha
OCHOBI Moka3Huka rpaayco-ai6 (I'l), mo g03Bosisie BpaxoBYBaTH CEPENIHI TEMIIEpaTypH
30BHIIIHBOIO MOBITPS Ta BHYTPIIMIHBOIO MIKPOKIIMATy. Xoda [ell MiaXiJ J03BOJSE
aJanTyBaTH OLIHKU J0 (DAKTUYHHMX TEMIIEpaTypHUX YMOB, BIH MOCTYMA€ThCS TOYHICTIO
OUIBII CKJIQIHUM METOJaM, IO BPaxOBYIOTh JMHAMIYHE 30BHIIIHE CEPEIOBHUILE Ta
TeI0(13UYH1 BIACTUBOCTI KOHCTPYKIIIA Oy/IiBIII.

Metoponoris, 3anponoHoBana eBponeicskkum crangaprom EN ISO 52016, sikwuit
3aCTOCOBYETHCS B YKpaiHi sk [4] Ta [5], BU3HAYa€ MIIXOAU 10 PO3PAXYHKOBOTO METOMY
OIIIHKK IIOPIYHOTO E€HEPrOoCHOXKUBAaHHA ISl OMaJCHHS Ta OXOJo/pkeHHs. CTaHmapT
OKpECIIIOE BI OCHOBHI METOOJIOTII JAJI pO3paxXyHKY €HEProCIOKUBAHHS MIPU OMAJICHHI
Ta OXOJIOMKCHHI: KBa3iCTalllOHApHUNM METOJ (PO3paxyHOK Ha TPHUBAJICTh, HAMPUKIAJ,
MICSIIb YA OMAJTIOBAIILHUN TMEpIo) Ta JUHAMIYHUN METOJ (PO3paxyHOK 3a KOPOTKHUI
MPOMIKOK Yacy, 3a3BUYail OHY TOJIMHY ).

CrpoieHnii TOroOMUHHUN METOJ JJ03BOJISE BIJICIIIKOBYBaTH 3MiHY €HEPTonoTpeou
B 3aJIC)KHOCTI BiJI YaCOBHX 1HTEPBAJIIB, IO TOJETTIY€E BU3HAYCHHSI KOM(POPTHUX YMOB y
npuMillieHH1. J{o HeJoJ1KIB HaBEIEHOTO METOAY MOXHA BIJIHECTH TOW aCIEKT, 110 He
BPaxOBYIOThCS BCI KOMIIOHEHTH, SIKl CIIO)KMBAIOTh EHEPTil0, TakKl K Tapsdya BOJa,
BEHTWJISAIISL Ta OCBITIICHHS.

besnocepenHe BH3HAUEHHS pIBHS E€HEPreTUYHOI €(EKTUBHOCTI  OyIliBelb
peanizyeThCs BIAMOBIMHO /10 HaKa3iB [6] Ta [7], HA OCHOBI HAIIIOHAJIIBHO CTaHAAPTY [8],
KWW TapMOHI30BAaHO BIJMOBIJHO JO €BPOINEWCHKUX CTaHAApTIB Ta BUMOT Yy cdepi

eHeproedexktuBHOCTI. [Ipu enepreTnyHiii ceprudikaiiii 000B’sI3KOBO BPaXOBYIOThCS TaKl
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dakTopu, SK: KJIIMaTU4HI YMOBH, MpU3HA4YCHHS Oy/iBI1, 1i T€OMETPUYHI Ta TEXHIYHI
XapaKTEPUCTHUKH, MIKPOKJIIMAT BCEpearHI Oy/iBIIl, €(pEKTUBHICTh 1HKECHEPHUX CUCTEM.

BumMoru 1o mpoekTyBaHHS Ta PiBHA €HEProe(EKTUBHOCTI 1HKEHEPHUX CHUCTEM
Oy/iBIIl, 30KpeMa CHUCTEM OIaJICHHs, BEHTWJIALII, KOHJIUIIIOHYBaHHS TOBITpsI Oy/iBelb
HaBezeHo B [9].

[Toka3Hukn eHeproeeKTUBHOCTI Ta MiHIMAJIbHI BHMOTH 10 TEIJIOTEXHIYHUX
BJIACTUBOCTEN  Oropo/uKyBasibHMX — KOHCTpykuid (OK)  OymiBens 1 criopyn
pernaMenTyoThesa BianosiaHo a0 JIBH B.2.6-31[10]. AkTyansHi BUMOTH MIHIMaJIbHOTO
OMOpy TeIIoNepenadi OTOpOKYBaTbHUX KOHCTPYKIIM [UIsi TepIioi Ta Jpyroi

TeMIlepaTypHoi 30HM YKpaiHu HaBeneHo B Tabnuii 1.1.

Tabmumss 1.1 — MiHIManbHO JOMYCTUME 3HAUEHHS MPHUBEIECHOTO OIMOpPY

tertonepenadl OK Ry min

2
3Ha4eHHA Ry pmin , M- K/BT

Ne Bun oropo/xyBaibHOT KOHCTPYKIIi1 JUTSL TEMIIEPATYPHOI 30HH
I II
| 30BHIIIIHI CTIHOBI OTOPOJIKYBaJIbHI KOHCTPYKITI1 4,00 3,50
) CyMilleHH1 TOKPUTTS 1O MEXKYHOTh 13 30BHIIIHIM 7.00 6.00
MOBITPSIM
[ToxkpuTTs onaIfOBaIbHUX TOPHUIL (TEXHIYHUX
3 MOBEPXIB), MAHCAPJ, TOPUILIHI TEPEKPUTTS 6,00 5,50

HEOMATIOBAJILHUX TOPHII]
[TepexkpuTTs M0 MEXKYIOTH 13 30BHIIIHIM MOBITPSIM, Ta

4 : 5,00 4,00
HaJl HEONAJIOBAIbHUMH IT1IBAJIAMH

5 CBITJIONPO30p1 OTOPOIKYBAIbHI KOHCTPYKIIIT 0,90 0,70

6 3eHiTHi JixTapi 0,80 0,70

7 30BHIIIHI JIBEPi 0,70 0,60

Came TOJOXKEHHSI BHIIE3raJldHMX HOPM BCTAHOBJIIOIOTH MIHIMaJIbHI BUMOTH,
3HAYEHHS AKUX € 000B’SA3KOBUM IPHU MPOEKTYBAHHI Ta OyIIBHUIITBI (TE€pMOMOAEpHI3AIll
Ta KamiTaJlbHOMY PEMOHTY) Oy/liBesib B YKpaiHi, 3 BpaxXyBaHHSM MICIEBUX KIIMaTUIHUX,
CaHITApHO-TITIEHIYHUX Ta MIKPOKJIIMATUYHUX YMOB, (PYHKITIOHAJILHOTO TPH3HAYCHHS
OymiBial Ta 1ii TEOMETPUYHUX, TEIJIOTEXHIYHUX XAPAKTEPUCTUK Ta MUTOMOIO

€HEProCIOXUBAHHS HA OMAaJIeHHsI Ta OXOoJo/KeHHs. Takoxk B Hopmax [10] HaBemeHO
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JOTIOMDKHY 1H(GOpMAIliI0, sIKa HEOOXITHAa MPU PO3pPaxyHKy 3 METOK EHEPreTHYHOI
ceptudikaiii OymaiBeb.

3MEeHILIEeHHS TETJIOBTPAT Yepe3 OropoaKyBallbHI KOHCTPYKIIIT JO3BOJISE CKOPOTUTH
CHEProClOKMBAaHHA Ha OMAJCHHS Ta KOHAMIIIOHYBaHHSA, M, BIAMOBIAHO, CKOPOTUTHU
BUKHUW TIAPHUKOBHUX Ta3iB. Bci mi (akTopu € omHMMH 3 KITFOYOBHX Iiiel JlupeKThuBu
2010/31/€C  npo eHepreTMYHl XapaKTEPUCTHUKU OyIaiBenb, SKy Halla KpaiHa
3000B’s13a71aCh BUKOHYBaTH Pa3oM 3 TapMOHI3AIIE€I0 BITYM3HSIHUX CTaHJIApTIB Ta HOPM
BIJIMTOBITHO 10 HOpMATHBHOI 6a3u €Bpomneiickkoro Corosy [11].

JlonaTkoBO BapTo 3a3HauuTH 110 B €BporneiicbkoMy Coro3i Bxke Oylia mpHiiHsATa HOBa
Hupextua 2024/1275/€C [12], sxa noku He npuiHaTa B YkpaiHi. Cepen OCHOBHUX
MOJIOKEHb JIUPEKTUBH € BCTAHOBJICHHS CTaHAApPTy "OyiBENb 3 HYJbOBUMHU BUKHIAMU"
JUTSL BCIX HOBUX OymiBenb: 3 2028 poky aiisa rpomaachkux Oyaienb Ta 3 2030 poky 1uist
1HIIMX, @ TAKOXK OCUJIEHHSI BUMOT /10 €HEPreTUYHO1 €(DEeKTUBHOCTI ICHYIOUMX OY/I1BEIb.
{1 oHoOBIIEHHS BigoOpakatoTh NparHeHHd €C JOCATTH KIIMaTHYHOI HEUTPAIBHOCTI JI0
2050 poky Ta CHpUSIIOTH 3MEHUICHHIO CIIO)KUBAHHS €HEprii B OyliBEIbHOMY CEKTOpI.
BianoBigHO 10 HaBEIEHWX BUIE IUPEKTUB B YKpaiHi Oyja0 NPUHAHATO BUMOTH 0
OymiBenb 3 ONM3BKUM JI0 HYJIHOBOTO PiBHS eHeprocnoxuBaHHs (nZEB — nearly Zero
Energy Buildings) [13]. Tak, y €poneiickkomy Coro3l (€C) BianoBigaTu BUMOTram
cranaaptiB nZEB nounnatoun 3 2019 poky matoTh HOBI aepxkaBH1 Oy, a 3 2021 poky
BC1 HOBI OyiBiIi. Y BITYM3HSHUX BUMOTax J0 Oy/iBelb 3 OJM3bKUM /10 HYJIbOBOTO PIBHEM
CIIOYKMBAHHS €HEprii 00O0B’SI3KOBOI0 € MIHIMAJIbHA BIJIMOBIJHICTh KJIACy €HEPreTUYHOI
e(EeKTHUBHOCTI «A» NIl HOBUX Oy/liBENb, a MPU PEKOHCTPYKIIi, BIAMOBIAHICTh KIIACy
EHEPreTUYHOI €PEeKTUBHOCTI «B». OKpIiM KJacy eHeproe(eKTUBHOCTI PErIaMEHTYIOThCS
BUMOTH JI0 TAaKUX MOKA3HUKIB, K CIIOXUBaHHS MMEPBUHHOI €HEprii 3 HEBITHOBIIOBAHUX
JUKepenl €Heprii; JacTka eHeprii, BUpPOOJeHOi 3 BIJHOBIIOBAHUX JDKEpENT EHEprii;
TEIJIOTEXHIYHI XapaKTEPUCTUKU OTrOPOKYBAaJIbHUX KOHCTPYKIINA; TIepMETUYHICTD
000JIOHKH; €(PEKTUBHICTh 1THKEHEPHUX CUCTEM.

30kpema, MiHIMaJIbHI TETUIOTEXHIUHI BJIACTUBOCTI OTOPOHKYBAIBHUX KOHCTPYKITIH
peraMeHTyIOThCS HE Yepe3 3aCTOCYBaHHS YITKUX BEJIMYMH KOe(]IIIEHTIB TeIIonepeaayl,

a uepe3 MIHIMAJbHY TOBIIMHY TEIJIOBOIAINHIX MaTepiaiiB OropoKyBalbHHUX
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KOHCTPYKIIIH, ajie 3Hau€HHS MPUBEIEHOro ONOopy Terionepeaaydl Mae OyTH HE MEHIIUM

HDK BU3Ha4YaeThcsa HopMaMu[ 10]:

e 100 MM [j1s MATIOT TIO TPYHTY;

e 200 MM JJ1s1 30BHIITHIX CTIHOBHX OT'OPOKYBaJIbHUX KOHCTPYKIIIi;

e 300 MM AJi1 TOKPUTTS OMNAJTIOBAHUX TOPUII (TEXHIYHUX MOBEPXiB), MaHcap/I,
TOPUITHUX MEPEKPUTTIB HEOMATIOBAHUX TOPUIILI;

e 400 MM JJ1s1 CyMIIIIEHUX TTOKPUTTIB, [0 MEXKYIOTh 13 30BHIIIHIM TOBITPSIM.

3HaueHHsT  MPUBEIEHOTO  ONOpYy  Terwlonepedadli  Juisli  CBITJIONPO30pPUX
OTOPOXKYBaJIbHUX KOHCTPYKI[IM OyliBesb 3 OMU3BKUM JO HYJIHOBOTO PIBHS

CHEProCIOKUBAHHA HaBeIeHO B Tabmuil 1.2.

Tabmums 1.2 — TennoTexHIYHI BIACTUBOCTI CBITIONPO30PUX OrOPOKYBAIBHHUX

KOHCTPYKIIIH 17151 OyniBeas nZEB

. MakcumanbHe
MiHiManbHe
3HaueHHS Uy,
3HaueHHS R,
. Bt/(m*-K), nns
Buz oropomxyBaibHOT KOHCTPYKIIIT (m?-K)/Br, nns )
. TeMIIepaTypHOi
TeMIEepaTypHOi 30HU
30HU
I II I II
Caitionpo3opi oropo..z.mcyBaanl 11 1.0 0.9 1.0
KOHCTPYKIIIT
3eHiTHI JixTapi 1,0 0,9 1,0 1,1
30BHIIIHI ABEP1 0,8 0,7 1,2 1,4
CknsiHi acanu 1,3 1,1 0,8 0,9

[Ile omHMM BaXJIMBUM MIKHAPOJHUM CTaHIAPTOM IIOJ0 BU3HAYCHHS pPIBHS
eneproedexktuBHOCTI OyniBenb Takok € ANSI/ASHRAE/IES Standard 90.1 [14]. Onpazy
BapTO 3ayBa)XWUTU, IO JAaHUW MIDKHAPOIHUM CTAHAAPT, HE BCTAHOBJIOE MIHIMaJIbHI
BUMOTH /10 €Heproe()eKTUBHOCTI IPOEKTYBAaHHS Ta Oy/IIBHUIITBA JJI1 HU3bKOTIOBEPXOBUX
KUTJIOBUX OyIWMHKIB (MEHIIIE TPHOX IMIOBEPXiB BHINE piBHSA TIpyHTY). Cranmapt
pO3po0IIeHH CIIbHO AMEPHUKAHCHKOIO aCOLIAIlIE0 1HXKEHEPIB 3 OMaJICHHs], BEHTUJISALIIT,

KOHIUIIIOHYBaHHs Ta xonoamibHOi TexHikM (ASHRAE) ta IliBHIYHOaMepUKaHCHKUM
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TOBApUCTBOM OCBITIIOBaILHOI iHXkeHepii (IES). CrangapT OHOBIIOETHCS KOXKHI TPH POKH
1 € OCHOBOIO JJIsl EHEPTeTUYHHUX KOJIEKCIB, K1 MpuitMatoTbes mratamu CILIA Ta iHmmMu
kpainamu cBiTy. Jlo ocobmuBocreii crangapty ASHRAE 90.1 moxHa BiTHECTH HACTYTIHE:

* BHMOTH JIO €HEProe(PeKTUBHOCTI JJIsI PI3HUX KOMITIOHEHTIB OYJIMHKY, TaKUX SIK
00OJIOHKA, OCBITJICHHS, OIAJEHHS, BEHTWIALIS, KOHAWIIIOHYBAaHHS, XOJOAMIBHE
oOyaHaHHSI, rapsye BOJOMOCTAauYaHHs, OKeXHa Oe3reKa TOoIo;

* BpaxoBY€ KJIIMaTU4YHY 30HY, THM OyIWHKY, TUIT KOHCTPYKIIIi Ta 1HIII (aKTopH, SKi
BIUTMBAIOTHh HA CHEPTOCIIOKHBAHHS;

* Mae€ JOAATKOBUN PO3JII MPO BUKOPUCTAHHS BIJIHOBJIIOBAHMX JIKEPEN EHEpTii,
TaKUX K COHSIUHA EHEePreTHUKa, BITpOBa EHEpPreTuKa, reoTepMaibHa €HepreTHKa TOIIO;

* Mae€ JOAATKOBHH PO3/IiT PO HOPMATHBH AJIS IEHTPAIbHUX CUCTEM OTAJICHHS Ta
OXOJIOMXKEHHS, K1 0OCITYTOBYIOTh Oararo OyJIHHKIB.

OdyeBUIHO, 110 OAHIED 3 BIJANOBIACH HAa BUKJIUMKA TIJBUIINCHHS PIBHSA
eHeproe(eKTUBHOCTI OyaiBeNb € TOM (PaKT, 10 BHUMOTHM [0 MIHIMAJIBHOIO OMOpPY
TerUIonepeaayl MiABUILYIOThCS 3 4yacoM. Biamoimno a0 [14] KuiB BiAHOCHTBCS 110
kiiMatuyHoi 30HU SA. IlopiBHAnpHUN Tpadik 3MIHM MIHIMAJIbHUX BHMOT [0
TEeIIonepeadl Oropo/KyBaIbHUX KOHCTPYKIIM MixkHapomHoro crannapty ASHRAE
90.1 ta JIBH B.2.6-31 nns xniMatuuHOi 30HM KueBa B TPOJOBXK OCTaHHIX JABOX

JNECATUIIITh HABEJIEHO HAa PUCYHKY 1.1.
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Bepcii BH B.2.6-31
= [1aX 30BHILWHI CTiHK Mignora 30BHILWHI A8epi ==@=CBITACNPO30Pi OrOPO/LKYBaNbHI KOHCTPYKLT
0)
Pucynok 1.1 — Tennonepenaua oropomxKyBajJbHUX KOHCTPYKIINA BIAMOBIIHO A0

crangapty (a) ASHRAE 90.1 ra (6) /IBH B.2.6-31 B iepion 3 2006 mo 2022 pik.

Sk BugHO 3 pucyHky 1.1, BuMoru g0 teronepenadi 3rigao JIbH B.2.6-31 € Giabimn
KOPCTKUMHU B nopiBHsAHHI 31 crannaproM CIIA. Crpubok y BUMoOrax /1o Terionepeaadi
BikoH BiamoBigHO 10 ASHRAE-90.1 3ymoBneHuit 3MiHOWO MiAXOAYy 1O BHMOT
eHeproe(eKTUBHOCTI B 3aJ€KHOCTI  BIJ  MaTepialy paMH  CBITJIONPO30POi
OTOPOJIKYBaIbHOI KOHCTPYKIIII.

OpmHUM 3 KITIOYOBHX IMApaMETPIB, sIK1 € 0COOJIMBO BAKIIMBUMH 32 BIUIMBOM HA PiBEHb
eHepromnoTpedu Oy/iBil € TMOKAa3HUK Terulonepenadyi TpaHcMmiciero. llel mokazHHMK
XapaKTePU3y€EThCA KUIBKICTIO TEIJIOTH, SKa TIEPENacThCs 4Yepe3 OropoKYBaIbHY

KOHCTPYKIIIIO (CTiHY, TMIJUIOTY, JaX TOIIO) 32 OJAMHMIO Yacy MPH OAMHUYHIN PI3HUII
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TeMmneparyp 3 000X CTOpiH KOHCTpYyKIli. IlokasHuk Temionepenayi TPaHCMICIEO
3aJIeKHUTh BiJ TUITy MaTepially OropoKyBalbHOI KOHCTPYKIIii, HOT0 TOBIIMHH, (OPMU Ta
MOBEPXHEBUX XAPAKTEPUCTHK KOHCTPYKINi, IO XapaKTePU3YEThCS MPUBEACHUM
Koe(diIlieHTOM Teruionepeaadl 000JIOHKH Oy/iBIIL JJIl HEMPO30PUX KOHCTPYKIIM, SKUN
BU3HAYAETHCSA 32 (POPMYIIOF0:

U; = 1/R2,r[pr (11)

1€ Ry — IPUBEICHUH OIIIp TEIUIoNepeayi, M2 K/BT.

B cBoro depry, npuBeAeHU Omip Teruionepeaadi BiamoBiiHO 10 [15] Bu3HauaeThes 3a

HACTYITHOIO (JOPMYJIOI0:
R, = Az
Z0P 7 5(Ai / Re) + Zn(lm - W) +Zm(N;i - X))’

(1.2)

ne Ay — 3arajgbHa IUIOIIA OTOPOKYBAJIBHOI KOHCTPYKLIi, oOuMcieHa 3a
BHYTPIIIHIM BUMIPOM 13 JI0/IaBaHHSIM ILJIOI BHYTPIIIHIX YKOCIB MPOPi31B Ta BIAHIMAHHAM
TUJIOIII MPOPI3iB, M?;

A; — myoma 1-01 TepMIYHO OJAHOPIAHOI YACTUHU HEMPO30pOi KOHCTPYKIIIi, IO HE
MICTUTD TUIOUIl BHYTPILIHIX YKOCIB MPOPi3IB Ta IO JUISHOK 30BHIIIHIX OTOPOJIKEHb
Oy/iBJI1, sIKI KOHTAKTYIOTh 3 IHIIUMU TETJIONPOBITHUMHU BKIIOUCHHSIMH, M?;

Ry; — omip Teruonepenadi 1-oi TEPMIYHO OJHOPITHOI YACTUHHU KOHCTPYKIIII,
M2 K/BrT;

¥, — nmiHiHUN KoedIlieHT Tervionepenaayl m-ro JIHIMHOTO TEeIIONpPOBITHOTO
BKiItoueHHs, BT/(M-K);

l,, — MiHIMHUT po3mip (TIPOEKITisl) Mm-TO JIHIMHOTO TETUIONPOBITHOTO BKJIIOYCHHS,

Xj — TOYKOBMH KO€(DIIi€eHT Terionepenayl j-ro TOYKOBOIO TEIIONPOBiIHOIO

BKJIToueHHS, BT/K;

N:

; — 3arajbHa KUIBKICTb j-MX TOYKOBUX TEIUIONPOBIAHUX BKIKOUEHB, IO

pO3TallloBaHi Ha 3arajibHii IO OrOPOAXKYBaIbHOI KOHCTPYKLIT 6€3 ypaxXyBaHHS IO
BHYTPIIIHIX YKOCIB IIPOPI3iB, IIIT.
Sk BUAHO 3 HaBeJACHHWX BHINE (GOpPMYN, 3HAUYHWUN BIUIMB Ha TEIUIONEpeaady

TPAHCMICIE€I0 BUYMHSIIOTH JIIHIMHI Ta TOYKOB1 KOS(IIIEHTH IS TETUIONPOBITHUX BKIIOYCHbD.
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Ha croromnimHiii 1eHb NMpu eHepreTuyHii ceprudikaiii OymiBenab B YKpaiHi MOXKHA
KOPUCTYBaTHCh JCKITbKOMa PI3HUMH METOJaMHU OIliHKMA BIUIMBY TEIUIONMPOBITHUX
BKJIIOYEHb. Tak, y Meronuili [8] 3a BiacyTHOCTI iH(opmMalii uu 11 HeAoCTaTHIN KIJIbKOCTI
I0JI0 TETUIONPOBITHUX BKJIIOYECHb y KOHCTPYKIII IEpPEeBaKHO ICHYIOYHMX OY/I1BEIb,
MOYKJIMBO BUKOPHCTOBYBaTH Kopuryiouy mnomnpaBky AUy, 10 koedilieHTa Temionepeaadi

110 OCHOBHOMY II0JTI0, PO3PaxyHKOBI 3HAYEHHS AKO1 HaBeeH1 B Tabmui 1.3.

Tabmuus 1.3 - 3HaueHHs T0JATKOBOI CKJIaZ0BOI A0 KoedilieHTa Teruonepeaadi, aKi

BpaXOBYIOTH BIIJIMB TGHJIOHpOBiI[HI/IX BKJIIOYCHB

Cepenne 3Ha4eHHs KoedillieHTa
TeIUIoNepeaul HeMpo30poi YaCTUH AUy, , Br/(M*K)
KOHCTpyKii, Br/(M?-K)
Uop,mn = 0,8 0,0
0,4 <Ugpm=<0,8 0,05
Upmn<0,4 0,10

Bapro 3a3HaunTH, 110 HaBEJEHI y TaOJUIll MOKa3HUKU JOJIaTKOBOI CKJIaI0BO1
koe(illieHTy Teryionepenayi 3a3BUYail CWIBHO 3aBUIIYIOTh KIHIIEBE 3HAYCHHS
KoeIli€HTy TEIUIONepe/iadi Ta € JOCUTh TPYOUM METOJIOM OOYUCIICHHS.

Meton BuOOpY TEIIOI30JALIMHOIO Marepiany nisi YTeIUIEHHS JKUTJIOBHUX,
IPOMAJICHKUX Ta MPOMUCIOBUX OYIiBENb il YaC MPOEKTYBAaHHS, HOBOTO OY/IBHUIITBA,
PEKOHCTPYKIlii, KamTaJIbHOTO PEMOHTY, 30KpeMa 3 METOI TepMOMOJEpHi3aIlii
perIaMeHTYEThCSI BIMOBIIHO 0 cTaHaapty [15].

VY nonarkax I' Ta J[ mo [15] HaBeneHa meBHA KIJIbKICTh TUIIOBUX BY3J1iB TEPMIYHO
HEOJHOPITHUX OTOPOKYBaJbHUX KOHCTPYKIIM Ta 3HAUCHHS JIHIMHUX Ta TOYKOBHUX
KOC(QIIIEHTIB TEIUIONPOBIAHMX BKJIIOYCHb, BUKOPUCTAHHS SIKUX 3HAYHO IT1JIBUIIYE
TOYHICTh  PO3pPaxyHKy TMPHUBEJIECHOTO OMNOpYy TeIUlonepenadi  OropopKyBalbHOT
KOHCTPYKLIII.

CrporieHi METOUKHA BU3HAYEHHS TETUIOBUX IMOTOKIB KPi3b JIHINWHI TETUIONPOBIIHI
BKJIFOUEHHS, 110 YTBOPIOIOTHCSA B MICLSIX 3’€JHAaHb KOHCTPYKTUBHUX E€JIEMEHTIB Oy/IiBiIl

TaKO HaBEJICHO B cTaHAapTi [16], mpoTe, BaXKIMBO 3a3HAYUTH, 110 B [16] € oOMeKeHHS



30

I0J0 MOTr0 3acTOCYBaHHS MPHU aHaNi3l TEIJIONPOBIJHUX BKIIOYEHb, MOB’SI3aHUX 3
BIKOHHUMH Ta JBEPHUMU paAMaMH.

OcHoBHUM (DyHITAMEHTATHHUM JIFOYUM HAIIOHAILHUM CTAHJIAPTOM SIKHI BU3HAYAE
3arajbHl METOIU [UUISi PO3PAXyHKY TEIJIOBUX TOTOKIB 1 TOBEPXHEBHUX TEMIIEpaTyp
TEPMIYHO HEOIHOPITHHUX JAUTTHOK (MICTKIB XOJI0TYy) yV OyIiBeTbHUX KOHCTPYKILSX € [17].
Crangapt BcTaHOBMIOE crenudikamii ais 3-D reomeTpudHOi Momeni By3ia Oymimi 3
TEIJIONPOBITHUM  BKJIIOYEHHSIM, TPaHUYHUX YMOB, BIJIACTHUBOCTEM MaTepialy Ta
YHCEJIbHUX METOJIB JJIsl pO3B'A3aHHs PIBHAHHSA Terutonepenadi. CTaHAapT TaKoX HaJlae
npaBuia JJis BU3HAYEHHs KOedillI€HTIB TEIIONepeiadi Ta TeIIOBOTO MOTOKY, a TaKOX
MIHIMAJIbHUX TTOBEPXHEBUX TEMIIEPATYP TEILJIOMPOBITHOTO BKIIOUCHHS.

MeTton 00urCIIeHHsI TETUIONPOBITHOTO BKITFOUEHHS, SIKU BUKOPUCTOBYEThCA Y [17],
0a3yeTbcsl Ha PO3B'S3aHHI PIBHSHHS TEIUIONEpeaadl Jjisi TPUBUMIPHOI T€OMETPUYHOI
MOJI€JII TEMJI0BOTO MOCTY. {7151 IIbOTO 3aCTOCOBYIOTHCSI UMCEIbHI METOH, TaKl SIK METO]T
CKIHYCHHUX €JIEMEHTIB, METOJl CKIHYEHHUX P13HUIb, METO/ KOHTPOJIHHUX 00'€MIB TOIIIO.
MeTtos 00YMCIIEHHS TEIJIONPOBITHOTO BKIIFOUEHHS JI03BOJISIE BU3HAUYUTU KOEPIIIEHTH
TerUIonepeaayl 1 TEIJIOBOIO IMOTOKY, a TAaKOK MIHIMaJIbHI TOBEPXHEBI TEMIIEpaTypu
TEIJIONPOBITHOTO BKJIIOUEHHS. OOUUCICHHS MMOBEPXHEBOI I'YCTHHH TEIJIOBOTO MOTOKY,
NEPHEHANKYISIPHOTO [0 MEX1 PO3AUTYy MIXK CEeKIIsIMH Marepiady 1 MOpUIerIuM

cepeloBUIIEM B11I0YBa€eThCA 3a (HOPMYIIOLO:

0-0,
q =% (1.3)

Rg
Jie  — TIOBEPXHEBA I'yCTHHA TEILIOBOTO MOTOKY, BT/M?%;
6 — 30BHIIIHS 200 BHYTPIIIHS OMIOpHA Temmeparypa, K;
6, — TemmiepaTypa Ha 30BHIIIHINA a00 BHYTpIlIHINA moBepxHi, K;
R, — 30BHiMHIN a00 BHYTpilIHil MoBepXxHeBHii omip, M2 K/BT.
B cBoro uepry, moBepxHeBa I'yCTMHa TEIJIOBOIO MOTOKY @;; 3 cepenoBuuia i 10
TEPMIYHO MPUIIETIIOTO CEPEOBUINA j JOPIBHIOE:
® =L;;(6; - 6)), (1.4)
ne @ — noBepxHeBa I'yCTHHA TEIJIOBOTO MOTOKY, BT/M;

0; — Temrieparypa i-ro cepenoBuia, K;
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6; — Temnieparypa j-ro TEpMiuHO NPHUJIETIONO cepenoBuna, K;
L; j — miHIAHUA KOEDILIEHT TEMIOBOIO 3B’ 53Ky, BT/M-K;
Cam  po3paxyHOK JHIMHOTO  KoedillieHTa  Teruionepenaqi  JIHIHHOTO

TEIIONPOBITHOTO BKJIFOUEHHSI BUKOHY€ETBHCSI 3T1HO 3 [17] 3a hopmyroro:
— 72D _VJ 1.
Y =1L ijl U -1, (1.5)
ne L?P — ninilinnii koeillieHT TEMIOBOro 3B’ A3KY, KM OTPUMAHO OOYUCICHHAM
JIBOBUMIPHOTO (hparMeHTa, IKUi po3ijise ABa JOCIKYBaHUX cepenouina, Bt/m-K;

U; — xoe(iuieHT Temionepenadi OqHOBUMIPHOTO (pparMenTa j, AKMA po3aiIsie aBa

JOCIiKyBaHKX cepenosuina, Br/m>-K;
l; — momxuHa, 10 AKOi 3aCTOCOBaHO 3Ha4eHHs Uj, M.

3HaueHHS TOYKOBOTO Koe(illieHTa Terionepeaaydl BU3Ha4aoTh 3a (hOpMyIIoro:

X=1® -3 _ 121 +3_,U; A, (1.6)

L3P KOE(IIIEHT TEIJIOBOTO 3B’SI3KY, SKUH OTPUMAHO OOYUCICHHSIM

ne
TPUBUMIPHOTO (hparMeHTa, IKUi po3aLse ABa TOCHIIKyBaHUX cepenoBuiia, B1/K.

Crangapt [18] cTocyeThesl JMHIMHUX TEIJIOMPOBITHUX BKIIOYEHB, SIKI OOMEKEHO
JIBOMa P13HUMH TEIIJIOBUMH cepeioBUIIIaMH. [[71s1 00unciIeHHs TOBEPXHEBO1 TEMIIEpaTypH
TPETIO TEMIEepaTypy HNPUTPAHUYHOTO Iapy 3acTOCOBYIOTh JIMIIE 32 YMOBH, LIO
TEIJIONPOBITHE BKJIIOYCHHS TepeOyBa€ y TEIMJIOBOMY KOHTakTi 3 rpyHTOM. JliHiliHe
TEIUIONPOBITHE BKJIFOUEHHSI MOXKE OyTH MPEJCTABIICHO Y Mepepisi, 110 3a0€31euye OCHOBY
JIBOBUMIPHOT T€OMETPUYHOT MOJIEIII.

OCK1JIbKY JBOBUMIPHA MOJIENTb € CIIPOILIEHHAM PEAJIbHOT KOHCTPYKIIi1, TO pe3yJIbTaTH
OOYMCIIEHHA € alpOKCUMAI[ISIMUA PO3PaXyHKIB 332 TPUBUMIPHOO MOJAEIUIIO 3rigHO 3 [17].
[Toxubku, COpUYMHEHI [KUM CHOPOIICHHSIM, CTOCYIOThCS JIOBKMHHU  JIHIAHUX
TEIUIONPOBITHUX BKIIIOYCHB, SIKYy YaCTO HE 3a3Ha4ar0Th. MeToau 0OUnCIICHHSI, HAaBE/ICHI B
IIOMY CTaHAapTi, Ha3BaHi MeTogamu «Kiacy By, mo6 Binpisautu ix Bix metoaiB «Kiacy
A», HaBenenux B [17]. Xoua B HMX CTaHAapTaxX 3aCTOCOBAHO CXOXI METOAUKH
OOYMCIIEHHS, BOHU HE € 1ICHTUYHUMH ISl OOYUCIIEHHS TEIJIOBOTO MOTOKY 1 MOBEPXHEBOT
temreparypu. [{o [18] moknamaeHo kputepii, SKUM BiH TOBUHEH BiJIMOBIIATH, 11100 METO/T

OOYMCIIEHHS JIIHIMHUX TEIUIONPOBITHUX BKJIIOYEHb MOXKHA OYyJI0 ONMUCATU SIK METOJ
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«Kmacy B». Takox Ba)JHMBO 3a3HAYMTH, IO 1M CTaHIApT HE 3abe3rneuye HaIiiiHuX
pe3ynbTaTiB OLIIHKM KOHJEHCAIl BOJIOTM Ha MOBEPXHI OTOPOIKYBAIBHOT KOHCTPYKIIII.
[Ipy ToMy, IO TOYHY TeMIlEpaTypy BHYTPIIIHHOI MOBEPXHI MOXXHA OOYHUCIUTH 32
JIOTIOMOTOI0 IBOBUMIPHOI MOJIETIi, peajibHa MiHIMaJbHa TIOBEPXHEBA TeMIIepaTypa MOXKe
OyTH HUXKYa MPU HASIBHOCTI 1HIIUX JIHIHHAX 200 TOYKOBHUX TEIIOTPOBITHUX BKJIFOUYCHb
opyH.

JlomaTkoBUM acleKTOM, KM JEMOHCTPYE Bce OLbIIY aKTyaJIbHICTh JI€TajJbHOTO
BpaxyBaHHS TEIJIOMPOBITHUX BKIIOYCHB € TE, IO B HaKa3i [13] BUCYBAIOTHCS BUMOTH JI0
MaKCUMAaJbHOTO 3HAUCHHS JIHIMHUX KOe(IIIEHTIB TEIuionepeaadi MICTKIB XOJIOAY B

OyIiBJIsIX 3 OJM3BKUM JI0 HYJILOBOTO PIBHEM CIIOKMBAHHS €HEPTIi:

Tabmuus 1.4 - MakcumanbHl 3HAYCHHS JIHIHHUX KOe(]iIlI€HTIB Teruionepeaadl

TGHJ’IOHpOBiI{HI/IX BKJIIOYCHb

MaxkcuMalibHe 3Ha4YEHHS
. JHIAHOTO KoeDilieHTy
Bun oropo/ikyBainbHOT KOHCTPYKIIIT ,
TerIonepeaay,
Yy, B1/(M-K)
By351 KyTOBOTO CHIOJTy4€HHS 30BHILIHIX CTIH 0,15
By3znu npumMukaHHs BIKOHHOT KOHCTPYKIIiT O 30BHIMIHIX 0,03
CTIH
By3iu npuMuKaHHs KOHCTPYKIIiT CyMIILIEHOTO MTOKPUTTS, 0,15
10 MEXKYIOTh 13 30BHILIHIM MOBITPSM J0 30BHIIIHIX CTIH
By3iu npuMuKaHHs KOHCTPYKIIIT HIAJIOTH 110 IPYHTY 0,3
a0o0 MIJI0OrY HaJl ONAJIFOBAaHUMH/HEOATIOBAHUMU
M1JBaJIaMH 10 30BHIIIHIX CTIH Ta KOHCTPYKIIIHA
byHaaMeHTY
By3nu npumMuKkaHHs KOHCOJBHO 3aKPIMIICHUX OaTKOHHUX 0,3
TUTUT MEPEKPUTTS 13 30BHIIIHBOIO CTIHOIO

Takoxx BuUMOrM 3 BpaxyBaHHS TepMiuHO HeomHopigHux OK Bmepiie 3’sBHIKMCH B
ocTtaHHii Bepcii onucanoro pauime ctangapty ANSI/ASHRAE/IES Standard 90.1 [14].

Tak, permaMeHTyeTbcs MiHIMI3allisl BIUIMBY TEIUIONPOBIIHUX BKJIIOYEHb IIISIXOM
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3aCTOCYBaHHS YITKO BU3HAYEHUX TEXHIK 3 130711111 TUHoBUX 3’enHanb OK, ToO6TO miaxisn

CXOKHMH 3 OITMCAHUM B HalllOHAIBHOMY cTaHaapTi [15].

1.2 OcTaHHi BITYN3HAHI JOCTITKeHHS Y cpepi eHeproe)eKTUBHOCTI TA OLIHKH

TEeNJIONPOBIAHNX BKJIKYEHb Y OyAiBJIsIX

VY cyuacHUX IOCHIIKEHHSIX TEIUIONPOBIAHI BKIIOUEHHS PO3MIIANAIOTHCS K OJUH 3
KPUTHYHUX (DAKTOPIB, 10 BIUIMBAIOTH HA TEIJIOBTPATHU Ta 3arajibHy eHeproe(eKTUBHICTh
OymiBenb. AKTyalbHICTh I[OTO MHUTAHHS 3POCTA€ y KOHTEKCTI MEPEeXOoAy N0 Maiike
HYJIbOBOTO €HeprocrnokubaHHs (nZEB) Ta OHOBJIEHHS HOpMAaTWBHOI 0a3u 3TiIHO 3
nupexktuBaMu €C. OctaHH1 HOCTIKEHHS y cepi eHeproedeKTUBHOCTI Oy/liBelb Ta
OIIIHKY TEIIONPOBITHUX BKJIIOYECHD (TEIJIOBUX MICTKIB) 30CEPEHKEHI Ha BIOCKOHAJICHH]
METO/IIB BUSIBJICHHS, MaTEMaTHYHE MOJEIIOBAHHS Ta 3MEHIIEHHS iX BIUIMBY Ha TEIJIOBI
BTpATH.

Tax, y crarti I'I. ®dapentoka, €.I. dapentoka ta M.B. Tumodeena (2024) [19]
3M1MCHEHO TNHMOOKHWWA aHalll3 Ta METOAWYHE OOIPYHTYBaHHS IMIJIXOAIB J0 BHOOpY
TEIJI0130JIALIIHOTO MaTepially Jyisl yTeIUIeHHs Oy/liBelib, 1110 OyJI0 peai30BaHO y HOBOMY
HopMaTuBHOMY JIOKyMeHTI — JICTY 9191:2022. ABTopu HarojomryrTh Ha 3pOCTaHH1
3HAYYIIOCTI MPaBUJIBLHOTO BUOOpY MarepiajiiB MPU MPOEKTYBAHHI OTOPOKYBAIbHHUX
KOHCTPYKIIIH, SKI € TEpMIYHO HEOMHOPITHUMHM 3a CBOEK CTPYKTypor. bymo
MpoaHaIi30BaHO BIIMIHHOCTI Mixk cTapoto Bepcieto cranaapty (JICTY b B.2.6-189:2013)
ta HoBoI penakmiero (JACTY 9191:2022). Takox Oyno AETaAIbHO PO3IISHYTO
BIJIMIHHICTh MK JJBOMa OCHOBHUMH (OpMYJIaMU: OJTHA — JIJIsl 3aTaIbHOTO PO3PAXYHKY
OTOPOKEHHS 3 yciMa BKITIOUEHHAMH (TIEPEKPHUTTS, YKOCH, KyTH), APYTa — JJIs1 4ACTKOBOT
OIIIHKH, HAMPUKIIAJl, OKPEMHX 30H CBITIONpo30pux dacamis. Lle 103Boss€ O1IbII THYYKO
Ta TOYHO BHW3HAUaTH TOBIIMHY YTEIUTIOBaYa B PI3HUX YaCTUHAX OTOPOIKYBAJIbHOI
o0osioHkH. TakoX y3aradbHEHO BUMOTH IIOJO BpaxyBaHHS KOE(DIIIEHTIB CKIIIHHS,
KOE(IIIEHTIB TEIJIOOOMIHY, TEMIIEpaTypHOIO TMepenaay Ta KOMIAKTHOCTI Oy/IiBii.
BaxunBo, 1110 TakoX 3a3HAYa€THCS HEOOX1AHICTh MOJAJIBIIOTO PO3IIUPEHHS 0a3u TaHUX

JHIAHUX 1 TOYKOBUX KOE(IIIEHTIB TETIoNepeadl 11t PI3HUX TUIIIB BY3JIiB.
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Hamnpuknan, y crarti [lloBkamtok M.M. ta 3imenka C.B. (2017) [20] npoBeneHo

IMOOKHI aHaJI3 TEIIOBTPAT Yepe3 OropoKYBaIbHI KOHCTPYKIIII 3 YpaxyBaHHAM Pi3HUX
MiAXOAIB 10 OIIHKHU TEIJI03aXUCHUX BIacTUBOCTEH. O0'€KTOM JOCIIHKEHHSI BUCTYITHIIA
OararonoBepxoBa KUTIOBA OY/IIBIISI 3 YACTKOBO yTEIJICHUMHU 30BHINIHIMH CTiHaMH. byro
MOPIBHAHO PE3yJbTaTH TEIUIOTEXHIYHUX PO3pPaxyHKIB, BUKOHAHUX TPbOMa OCHOBHUMHU
MeTofaMu: 6e3 ypaxyBaHHSI TEIUIOMPOBITHUX BKIIOYEHb, 3 YPaxXyBaHHIM MICTKIB XOJOTY
3rigHo 3 HamioHanbHuM ctangaprom JCTY b A.2.2-12:2015 (po3pobiieHuM Ha OCHOBI
EN 13790), Ta ypaxyBaHHSIM BKJIIOUEHb 3a €BponerchbkuMm ctangaproM EN 12831 (3
BUKOPHUCTAHHSAM KOPHUTYBAIBHUX KO€(Qili€HTIB). Pe3ynbratu mokasainy, 0 CIpOIIeHUN
niaxia 6e3 ypaxyBaHHS MICTKIB XOJIOAY 3aHMXKY€E (haKTHUHI TeIuioBTpaTu 10 14%, Tomi sk
3actocyBanHs JACTY b A.2.2-12:2015 3a0e3nedye HaillMeHIlE BIIXWJICHHS Bl JaHUX
HaTypHUX BUMIpIoBaHb — Jinine 6,5%. €poneiickka metoarka EN 12831, sika 6a3yeTbcs
Ha 3arajbHUX MOMPaBOYHMX KOoe(illleHTaxX, Jajia 3aBUINCHE 3HAYEHHSI TEIUIOBTPAT 1
BIIXWJICHHS Ha piBHI 14%. ABTOpH MiIKPECIIIOIOTH, 1110 I'THOPYBAHHS MICTKIB XOJIOY 1[I
4yac €HEeproayuTy MOXe MPU3BOJUTH JO HEKOPEKTHOI OLIIHKM €HEProCHOXKMBAHHA 1 €
METOJ0JIOTTYHO HEOOI PYHTOBAHUM.

V¥ crarti B.I. Jlemko, [.}O. binoyc ta C.O. Kpamapenka (2020) [21] po3misHyTO
npoOsieMy JOAATKOBHX TETUIOBTPAT y MICISIX NPUMUKAHHA BIKOHHHX paM 10
OrOpOJIKYBaJIbHUX KOHCTPYKLIHA. 3T1THO 3 aBTOpaMH, MPU MOKPALIEHHI TEII0(I3nIHUX
XapaKTEPUCTUK OTOPOKEHb 3POCTA€ 3HAUYYIIICTh BIUIMBY JIHIWHHMX TETUIOMPOBIIHUX
BKJIFOUEHb, 0COOJIMBO B 30HAX CTUKY BIKOH 3 30BHIIIHIMM CTIHaMHU. Pe3ynpraru nokasanu,
0 JUIsl OJHAKOBOI TOBIIMHM CTIHM 3 BHUKOHAaHHSM 3 PI3HUX MarepiaiiB oOMmip
Terionepeaaydl Moxke mokpamutuch BaBidi (R = 6,10 m>-K/Bt npotu 2,96 m?-K/BT).
Boanowac, BpaxyBaHHsI JIIHIMHUX TEIUIOMPOBIAHMX BKJIIOUEHb MOTIPUIYE OMIP CTIHU 3
nermmm Ha 20%, a 3 razobmoky — Ha 33%, depe3 MIABUINEHY YYyTIUBICThH
TEIJI0130JIALIIMHOTO MaTepiady 10 TaKMX BTpart. Takox OyJio BUSIBICHO, 10 IPHU 3pOCTaHH1
koe(dirieHTa 3acKiaeHHs (BIIHOIICHHS TUIONII BIKOH JIO 3arajibHOi IJIOMIl CTiHU) BIUJIMB
MICTKIB XOJIO[Ty 3HAUYHO 3pOcTa€. ABTOpU pOOJIATH BUCHOBOK, IO ITHOPYBaHHS €(EKTIB
TEIUIONPOBITHUX BKIIIOYECHB ITiJ] YaC €HEPTeTUYHOTO MOJETIOBaHHS ab0 €HeproayauTy

IIPU3BOJIUTH JI0 HETOOIIHKH TEIJIOBTPAT 1, BIMIOBITHO, IO TOMHJIKOBHX BHCHOBKIB III0JI0
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€(DEeKTUBHOCTI OYIIBII.

V¥ nocmipkenni [LC. Parymnska, A.M. Ouepetroro ta O.}FO. Marepuncskoi (2018)
[22] pO3MISHYTO NHUTAHHS MiJBHUIIEHHS EHEProe(PeKTUBHOCTI >KUTIOBUX Oy/liBEIh
[IUISIXOM TEPMOMOJICPHI3alliil By3J1iB IPUMHUKAHHS BIKOH J0 30BHIIITHIX OTOPO/IKYBaJIbHUX
KOHCTPYKIIi. ABTOpM BiJ3HaualoTh, IO HAaBITh Yy HOBOOYyIOBaxX, sKi 3BEICHI 3
JOTPUMAHHSIM CY4YaCHHX HOPMAaTHBHUX BHUMOT JO TEPMIYHOTO OIMOpY, TEIUIOBi3iiiHE
obOcTexxeHHs ¢acajiiB Pikcye 3HAYHI TEIUIOBTPATH caMe y 30HaX MPUMHUKAHHS BIKOHHHUX
pam. lle cBimUUTH MPO HASBHICTH TEIUIOMPOBIAHUX BKIIIOYEHb 1 MPO HEIOCKOHAIICTH
KOHCTPYKTUBHOTO BUKOHAHHS LUX BY3MiB. [[iAKpecHIO€ThCS, 10 TUMOBUN MIAXIT IO
3aMiHU BIKOHHMX OJIOKIB y MPOIIECI TEPMOMOJIEpPHI3AIlil 4aCTO HE BPaXOBY€ HEOOX1IHICTh
MOKPAIIEHHS TEPMIYHOTO 3aXUCTY Y 30HaX mpuMukaHHs. [IpomnoHyeTbest po3misiaaTy i
OUISSHKA  SIK  30HM JIOKQJIbHUX TEIUIONPOBIIHUX BKJIIOUEHb, MI0 MOTPEOYIOTh
YIOCKOHAJIEHUX  apXITEKTypHO-KOHCTPYKTMBHHUX pimeHb. Ha ocHOBI  aHamizy
TEIUIOPI3UYHUX  XapaKTEPUCTUK  BY3JIB  MPUMHUKAHHS  aBTOPU  TEOPETHUYHO
OOIPYHTOBYIOTbH JOLIbHICTh BIIPOBA)KEHHSI HOBUX KOHCTPYKTUBHHX CXEM YTEIUICHHS Ta
NPEICTaBIAIOTh BIACHI BapiaHTH BY3JiB 13 MOKpAIIEHHMM TEPMIYHMM ONOpPOM. 3a
pe3yJibTaTaMu TEIUIOBUX PO3PaxXyHKIB Ta rpadiyHOTO aHali3y TEeMIEpaTypHUX IONiB
aBTOPH TOKa3alii, 10 BJOCKOHAJICHE PO3TAIlyBaHHs TEIJIOI30JMIIITHOIO Marepiany B
30HI TMPUMHUKAHHS JI03BOJISIE TMIABHUILUTU TEMIIEpaTypy BHYTPIIIHBOI MOBEpPXHI
KOHCTPYKIIii, 3MCHIIUTH PH3UK YTBOPEHHS KOHJEHCATy 1, BIJIMOBIIHO, IMiABUIIATH
TEIJIOBUM KOMGOPT Yy MNpUMIIIEHHI. TakuM YHWHOM, pE3yabTaTd AOCIIIKEHHS
MIATBEPKYIOTh BAXKIUBICTh 1HJIMBIAYaTbHOTO TPOEKTYBAHHSA BY3JIB MNPUMHUKAHHS
BIKOHHUX OJIOKIB JI0 30BHIIIHIX CTIH ITPU TEPMOMOJIEPHI3aIlii Oy/IiBeb.

VY e onnomy pocnimkendi I.C. Parymuska, O.1O. T'opton ta A.O. Jlsuroka (2020)
[23] OinbI EeTaTbHO PO3MISTHYTO MOJEITIOBAHHS TEIUIONEpeaadl y By3J MPUMHUKAHHS
BIKOHHOTO OJIOKY /10 30BHIIIHBOI CTIHU K OJTHOTO 3 TUMOBUX JIHIMHUX TETUIONPOBITHUX
BKIIt0YeHb. OYEBHUIHO, IO TaKi BY3JIM € JKEPEIIOM JOAATKOBUX TEIUIOBTPAT 1 3HAYHOTO
3HIDKEHHS TEMIIepaTypy Ha BHYTPINIHIA TMOBEPXHI KOHCTPYKIIii, IO CTBOPIOE PHU3UKH
KOHJICHCAIII1 Ta NOTIpIIeHHs MiKpokiIimMary. [liaBuieHHs: eneproe)eKTUBHOCTI Oy/iBEbh

6YJ'IO 3aIlIPpOIIOHOBAHO IIAXOM  YIOCKOHAJICHHS  KOHCTPYKTHUBHOIO BUKOHAHHAA
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MIPUMUKAHHS BIKOHHOTO OJIOKY 710 30BHIIIHBOI CTIHU. J{JI TOCATHEHHS 111€T METH aBTOPHU
3alpOTIOHYBajJd HOBY CXE€My YTEIUIEHHS By3Jla 3 BHUKOPUCTAHHSAM aepOTeJeBOTO
yTEIUTIOBa4a, TEIUIOI30MALINHOT IITYKAaTypKH, apMyBaJIbHOT CITKH, IIMAaKTIBKA Ta
JIEKOPATUBHOTO I11apY.

VY crarti HaykoBIiB O.I. bomnapa ta M.B. bocemnskoro (2024) [24] 3milicHeHO
IMOOKe JOCHIIKEHHA BIUIMBY TEIUIONPOBITHUX BKIIOYEHb (MICTKIB XOJIOAy) Ha
TeTTO130JIA1I1HI BJIACTUBOCTI 30BHIIIHIX CTIH 0araroroBepXx0BOIo >KUTIOBOTO OYIUHKY 3
MOHOJIITHUM KapKacoM. Y TOCHIDKeHHI Oyl0 30CepeKEeHO yBary Ha By3jaX CTiH, IO
MICTSITh THUIIOB1 TEIUIONPOBIIHI BKJIFOUCHHS: M100€I1 KPIMJICHHS TETUIO130J1A1111, BIKOHHI
YKOCH, MDDKIIOBEPXOBI Ta OaKOHHI MEPEKPUTTS, KOJOHM Ta KyTOBI MpUMHUKaHHS. J[7s
aHali3y iXHBOTO BIUIMBY OyJlO0 3acTOCOBAaHO METOJ CKIHYCHHUX E€JIEMEHTIB Y
nporpamHoMy cepenoBuii Agros2D. 3a pe3ynsraraMu MOJCIIOBAaHHS BHU3HAYEHO
TEMIIepaTypH1 MOJsl Ta TEIUIOBI MOTOKH, a TAKOXK PO3PAaXOBAaHO JIHIMHI KOE(IIEHTH
teronepeaayl (V) koxkHoro Ty BKItOYeHHS. Tak, BUJIHO, 1110 HAOUIbIINM HeraTUBHUM
BIUIUB MAalOTh OalIKOHHI TEPEKPUTTS, 4YacTKa SKUX Yy 3arajbHUX TPaHCMICIHHUX
TEIJIOBTpaTax Moxe mnepeBuinyBatd 12,5%. IHIII TUNM BKIIOYEHb — BIKOHHI YKOCH,
MDKITOBEPXOBI MEPEKPUTTS, KyTH 3 KOJIOHAMU — TAKOXK YMHATH CYTTEBUM BIUIUB. OKpeMy
yBary TPUAIIEHO KUIbKICHIM OIIHIII BHECKY KOXKHOTO THIYy BKJIIOYEHHS B 3aralibHi
BTpatu. Hanmpukian, 60koBUil yKic BikHa CTaHOBUB 3,4% BHECKY, KYTH 3 KOJIOHAMU —
4,3%, a 6ankoHHi nepekputts — 110 9,8—12,5%. 11i pe3ynbratu cBigyarh npo norpedy B
apXITeKTYPHO-KOHCTPYKTUBHOTO BJIOCKOHAJICHHS BY3JIiB NMPUMHUKAHHS, MO JTO3BOJIUTH
3HAYHO MIJIBUIIUTH 3arajbHi €HEPreTUYH1 TOKA3HUKU OTOPOIKYBAIBHUX KOHCTPYKIIIH.

VY nocmimkenni O.J1. [TankeBuy, B.B. Mukonaenka ta B.B. [1ankesuua (2020) [25]
TaKOXK PO3TIANAETHCSA aKTyaJbHE MHUTAHHS BIUIMBY KOHCTPYKTHBHHX PIllIEHb BY3JIOBUX
3’€JJHaHb OTOPO/KYBAJIbHUX KOHCTPYKIIIA HA 3arajibHy €HeproeeKTUBHICTH Oy/iBEb.
ABTOpPH MIJKPECITIOIOTH, 0 BY3JIM TUITY «CTIHA-MIEPEKPUTTS», «CTIHA-BIKOHHHM MIPOPI3»,
«30BHIIIHIN KyT» Ta «CTIHA-IIOKOJIbY» BUCTYIAIOTh JHKEPEaMi iIHTCHCUBHUX TETIJIOBTPAT,
3YMOBJICHUX HAsSBHICTIO TEIJIOMPOBITHUX BKIIFOYEHB, 110 ICTOTHO 3HUKYIOTh 3HAYCHHS
MIPUBEJICHOTO OMOpYy TeIulonepenadi. AHAM3YEThCS HU3KA 3alaTEHTOBAHUX TEXHIYHHUX

pillieHb, MO CTOCYIOThCS 0araroniapoBUX CTIH 13 MOKPANIEHUMHU TETUIOI30JISIIIHHIMU
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BJIACTUBOCTSIMHU, y TOMY YHCJII KOHCTPYKIIM 31 3MIHHOI TOBIIMHOK IapiB, 3
TEIUIOIHEPIIIMHUMHA Ta TEIUIOBUMH Oap’epamMu, 3aCTOCYBAaHHSM TEPMOBKJIQIMIIIB Ta
IHIIUX €TIEMEHTIB MiABUIIEHOI eekTUBHOCTI. OKpeMa yBara mpuijeHa TerIoBi3IHHOMY
aHaIi3y Ta MPHUKJIAJHAM PIIICHHSM, 3alPOTIOHOBAHUM BITYM3HSHUMH JOCIITHUKAMH,
30KpeMa MO0 YTEIUICHHS BY3JIB CTUKY MEPEKPUTTS Ha TOPHILI, I[OKOJIS TEXHIYHOTO
MU Ta TPUMUAKAHHS BIKOHHOTO OJIOKY O TpOopi3y. Y MIJICYMKY 3a3HAYa€ThCs, 1110
MIPOEKTYBAHHS OTOPOKYBAIBHUX KOHCTPYKIIM 3 ypaxyBaHHSM CHelU(iKd BY3JIOBHUX
3’€JHAaHb € BAKIMBHUM €TaroM 3a0e3TMeueHHsT HOPMATHBHOTO PIiBHS TEIUIO3aXHUCTY Ta
JIOCATHEHHS I[1JIeH cTaioro Oy/IiBHUIITBA BIJMOBIIHO JI0 CYYaCHUX CTaHAApPTIB, TAKUX SIK

JIBH B.2.6-31.

1.3 OcrtaHHi 3aKOpAOHHI JOCTiIKeHHSI y c(epi eHeproepeKTHUBHOCTI Ta

OLIHKH TeIUIONPOBIAHUX BKJIIOYEHDb Y OyAiBJIsAX

VY nocmimkenni nposenenomy Kalle Kuusk, Jarek Kurnitski ta Targo Kalamees
(2017) [27] po3rmisiHyTO MIAXOAM JO PO3PAXYHKY TEIUIOBTPAT uyepe3 TEIIONpPOBIAHI
BKJIFOUEHHS Y €HEPTeTUYHUX PO3paxyHKax pi3HUX €BPONEUChKUX KpaiHaX. JlociKeHHS
OXOIUTIOE aHaJi3 HOPMATUBHUX BHMOT 1 MPAKTUYHUX TPOIEAYP Yy JEB'SITH KpaiHax:
Agctpii, benbrii, Kinpi, Ectonii, ®panii, ['peuii, Pymynii, Icnanii Ta [IBemii. Ananis
MOKa3aB, 110 ICHYIOTh YOTUPU OCHOBHI METOJIM BpaxyBaHHS TEIJIOBUX MICTKIB:

o JleranpHli po3paxyHKM Ha OCHOBI BH3HAQUEHHS JIHIMHUX KOEQIIIEHTIB
terionepenayl (‘\Y-3Havuenn).

o Cnpomreni 6a3oBi npaBmia (K y benbrii), 1110 103BOJSIOTh YHUKATH PO3PAXyHKIB
32 YMOBH JIOTPUMaHHS IEBHUX OyJIBETbHUX PILIEHb.

o Tunomi (TabnuyHi) 3HAUEHHS, HABEIEHI y 3aKOHOJABCTBI a00 EHEPreTUYHUX
KalbKynaTopax (Hanpukiana, Ectonis, ABcTpis, Icnanis).

o YcepenHeHi koedilieHTH TeIUIoNepeaayl, o BKIOYAOTh BIUIUB TETUIOBUX MICTKIB
(nampuknan, y Pymysnii ta HBemiq).

OcoOnmuBa yBara MNPUIUISETHCS TOMY, IO B OUIBIIOCTI KpaiH crenudiuHux

MPOLIEyp TEPEeBIPKU BIAMOBIIHOCTI TETUIOBUX XapaKTEPUCTUK OymiBenb Hemae. Sk
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MIPaBUJIO, KOHTPOJIb OOMEKYETHCS €TaroM BUadl J03BOJTY Ha Oy/IIBHUIITBO, 1 HE OXOILIIOE
3MiHH, SIKI MOXKYTh BIAOYyTHCS 11T 4ac peajibHOro OyaiBHUIITBA. JIume y benbrii, ®panirii
Ta PymyHIi 3ampoBa/pkeHO TEBHI MEXaHI3MH KOHTPOIIIO, TIOB'S3aHI 13 TEIJIOBUMHU
MICTKaMH. Y BHCHOBKAaX aBTOPHU HAroJIOUIyIOTh, IO BIUIUB TEIJIOBUX MICTKIB Ha
CHEpPrOCIIOKMBAHHSI y BUCOKOI30JIbOBaHUX OymiBisix Moxe csratd 30% 1 Oiibie.
OCKUTBKH PO3PaxyHOK TEIUIOBHX MICTKIB € TE€XHIYHO HE CKJIAIHIIINM 3a JUHAMIYHE
CHEpPreTUYHE MOJICIIOBAHHA, 3alpONOHOBAHO 3pOoOUTH po3paxyHOok V-3HaueHb
OOOB'SI3KOBOI0 YAaCTUHOIO TMPOEKTHOI JOoKyMmeHTamii. HasBHICTP KOHCEpBATHMBHHX
TaOJIMYHUX 3HAUCHb y Oararbox KpaiHax 3a0e3ledye «CTPaxOBHM 3amac» Ha BUIAIO0K
BIJICYTHOCT1 JIETAJIbHUX PO3PaxXyHKIB, OJHAK JETajbHI METOAU JO3BOJIAIOTH CYTTEBO
TOYHILIE OI[IHUTH €HEPreTUYH1 XapaKTepUCTUKHU Oya1Biil. BapTo Takox 3a3HaunTH, 110 Y
JOCHIIPKEHHI He OyJ0 MpoaHai30BaHO BIUIMB TEIIOMPOBITHUX BKIIOYEHb Ha pIYHE
CHEProCIOXKUBAHHS OYy/11BEIIb.

V crarti Balazs Nagy, Martin Marosvolgyi ta Zsuzsa Szalay (2022) [28] 3aiticHeHO
MOPIBHSUTLHUM aHaJI3 METO/IIB PO3PAXYHKY TEIUIOBTPAT Yepe3 TeIUIOMPOBIIHI BKIIOUCHHS
y OymiBIsSIX Ha TPUKIAAl CY4yaCHOTO J>KUTIOBOrO OYIWHKY 3 Maibkeé HYJIbOBUM
€HEProCMOKUBAHHAM, THUIIOBUM JUIsl YTOPCHKOTO PHUHKY. Byno MOpIBHAHO CHpOIEHi
METOJMKH, HallIOHAJIbHI KaTaJoTy TEIJIOBUX MICTKIB, A€TajJbHE YMCIOBE MOJICTIOBAHHS
TEIJIOBUX TIIOTOKIB Ta KOMOIHOBaHE TEIUIO-BOJIOTICHE MOEIIOBaHHA. MeToro
JOCIIIPKEHHs OyJI0 OLIHUTH TOYHICTH Ta aJ€KBATHICTh PI3HMX METOJIB Y BU3HAYEHHI
TEIUIOBUX BTpaT uepe3 MICTKU X0oay. B poboTi po3misganucs CrpolieHi HallloHaIbHI
nigxoqu (TNM Decree 7/2006), karajgor TemIoBHX MICTKIB 3a crtaHmaptoMm [SO
14683:2017, HOBMIT yropchbKuW HalllOHAJBHUN KaTajor TeruioBux MmictkiB (2020), a
Takox MozentoBaHHs B cepenoBuiiii COMSOL Multiphysics. Pe3ynabrat mokaszanu, 1o
cupomennii miaxix TNM nae HaliHWKYl 3HAYEHHS JIHIMHUX TEIUIOBTPAT, TOMI SK
BUKOpHCTaHHS Katanory ISO 14683 — naiiBuiii, yacto 3aBuulytoun BTpatu Ha 90% y
MOPIBHSIHHI 3 IHILIUMU MeToAaMHU. BUKOpUCTaHHS HOBOTO YTOPCHKOTO KaTalory TeMIOBUX
MICTKIB Ja€ pe3yJbTaTh, OJIU3bKI 10 I€TAIbHOTO MOJICTFOBAHHS, aJI€ € 3HAYHO MIBUIIITUM
1 MPOCTIIMM Yy BUKOPUCTaHHI. 3a pe3ylbTaTaMy PO3pPAaXyHKIB JIIHIMHI BTpaTH TeIuia

ckianaroTh Bif 12% mo 32% Big MOBEPXHEBUX BTPAT 3aJICKHO BiJl METOMY PO3PaXyHKY.
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BaxxnuBo 3a3HauuTH, 110 OyJ0 BH3HAYEHO, IO BpPaxyBaHHS BOJIOTOCTI MaTepialliB y
po3paxynkax (50% RH) 30uibmye temmoBi Brpath Ha 7-20% mMOpIBHAHO 13
po3paxyHKamu 1715t abcomoTHO cyxux marepiaii (0% RH). Takum anHOM, 70CTIIKEHHS
MIATBEP/KYE BAKIUBICTh PETEIBHOIO BUOOPY METOAOJOrIT PO3paXyHKY TEIUIOBUX
MICTKIB Y 3aJIeXKHOCTI BiJ IUJIEH MPOEKTY Ta Oa)KaHOI TOUHOCTI OLIHKH €HEPreTUYHUX
XapaKTepPUCTUK Oy/liBEIb.

A crarts Hua Ge Ta Fuad Baba (2017) [29] nponeMoHCcTpyBaJia BILIUB TEIJIOBUX
MICTKIB Ha €HEpPreTUYHI XapaKTePUCTUKH 0araToKBapTUPHHUX >KUTIOBUX OYIMHKIB 13
BEJIMKOIO TEIJIOBOIO THEPINEI0 Yy X0oAHOMY KiliMaTi Kanaau. ABTOpH 3BepTaloTh yBary,
10 TPAIUIIIMHI T1AX0IH, TaKl IK METO/ €KBIBaJICHTHOTO KoedimieHTa Tertonepenadi (U-
value), He BpaxoBYIOTh TEIUIOBY 1HEPIIII0 MICTKIB XOJOY, III0 MOXE MPU3BOAUTH O
CYTTEBUX MOXHUOOK y pO3paxyHKax eHeprocrnoxuBaHHsa. OO0'€KTOM JOCIHIKEHHS cTaja
TUIIOBA BUCOTHA OaraTtokBapThpHa OyaiBias y bputancekiii Komym6ii. Pesynbsratu
MOJICJIFOBaHHS TOKa3ajdu, IO BKJIIOUECHHS TEIJIOBUX MICTKIB OyJe MPU3BOAUTH MO
30UTBIICHHS! PIYHOTO CIIOKUBAHHS €HEprii Ha omajeHHs Ha 38—42% nisi MOHOJIITHOTO
O0etony Ta Ha 24-28% Mg UEDISHOI KOHCTPYKIii. ABTOpPU 3aKJIIOYAOTh, L0 IS
3a0e3MeueHHss TOYHOCTI €HEPreTUYHUX PO3PaxyHKIB MPU MOCIIOBaHHI OymiBenb 13
BHCOKOIO TEIJIOBOIO IHEPLIEIO JTOLIIBHO a00 BUKOPUCTOBYBATH JI€TAJIbHE MOJICIIOBAHHS
TEIJIOBUX MICTKIB, a0O MIHIMI3yBaTH TEIUIOBI MICTKM Ha CTajall MNpPOEKTYBaHHS
KOHCTPYKTUBHHX pIlIeHb. X04a MOJEIIOBAHHS TEIJIOMPOBIIHUX BKJIIOYEHb € JTOCUTH
CKJIQJHUM, MOTO BIPOBAKEHHS Ma€ BAKJIMBE 3HAYCHHS y OyHAIBHULTBI Oy/lIBENIb KIacy
""Maii>ke HyThOBOTO criokuBaHHs eHeprii" (nZEB).

¥V crarti Simo [lomets ta ciBaBTOpiB (2017) [30] Oyr10 10CIIKEHO BILTUB JITHIMHUX
TEIJIOBUX MICTKIB Ha 3arajbHl TEIJIOBTPATH OrOPOIKYBAIbHUX KOHCTPYKIIN Yy
OaraTokBapTHUpHUX OyIHMHKAX, siKi Oynu moOymoBani B iepion 1960—1990 pokiB y kpainax
Cxinnoi €Bporu. MeToro po6oTH OyJ10 KIJTbKICHE OI[IHIOBAaHHSI BHECKY TEIIJIOBUX MICTKIB
y TEIUIOBTpATH N0 1 TICJS pPEHOBAIlli TakuxX OyaiBedb 13 BUKOPUCTAHHSM TUIIOBUX
MaTepialiiB — 301pHOTO 3a1i300€TOHY, IEIVIH, JAEPEB'THUX 3pyOiB Ta aBTOKJIABOBAHOTO
razo0eTony. JlocmimxeHHs Oa3yBajiocs Ha KOMIUIEKCI TOJBOBUX OOCTEKEHb,

TEIUIOBI31IMHKUX JOCHIKCHb Ta YHCEILHOTO MOJCITIOBAHHS 3a JIOIIOMOTOI0 IIPOTPaMHOTO
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3abe3neuenHs THERM  BiamoBigHo 10 crangapry EN  ISO  10211. byno

MIPOJIEMOHCTPOBAHO, 1110 MEPE]T PSHOBAIIIEIO TEIIOB1 MICTKH CTAaHOBHIIH OJTn3bKO 23% BijT
3araJbHHUX TEIUIOBTPAT Yepe3 OrOpoIKyBalibHI KOHCTPYKIii. [Ticis perosartii (mpu ymMoBi
MPaBWJIBHOCTI BUKOHAHHS POOIT: BUHECEHH] BIKOH Yy TUIOLIMHY YTEIIJIEHHS Ta yTEIJICHHI
a00 3amiHi OanKOHHUX IUIMT) iXHIM BrMB 3MeHITyBaBcs a0 10%. Omnak 3a
HEIOTPUMAaHHSIM MEPEOBUX MPAKTHUK, KOJIM BIKHA 3AJIMIIAINCA Y CTApOMY TOJIOKEHHI, a
OQJIKOHU HE YTEIUTIOBAJIMCA, YACTKA TEIUIOBUX MICTKIB MOTIIa 3pocTu 10 34%.

Binbin geTaibHO TEIUIOMPORBIAHE BKITIOYCHHS TUTMTH OQJIKOHY OYJI0 pOoaHaIi30BaHO
y nociimkenHi Pérez-Carramifiana Ta cmiBaBTopiB (2024) [31]. AKlIeHTOBaHO yBary Ha
TOMY, 1110 YMHHI 1CLIAHCHKI HOPMH HE PO3PI3HAIOTH MICTKH XOJIOAY MDK OaJKOHAMH 1
dacagamu Ta MIX NEPEKPUTTAMH 1 Pacagamu, 1O TPU3BOAUTE 0 CyTTEBOI MOXUOKH Y
po3paxyHKax EHEPreTHYHNX XapakTepUCTHK OyaiBenb. JlochmikeHHs 0a3yeThCsl Ha TPhOX
OCHOBHUX €Tarax:

1. Tennoi3iliHe 00CTEXEHHA rpynu OyIuHKIB, 30ynoBanux y 2018—-2022 pp. y MicTi
AdnikaHTe, JUisl BA3HAYCHHS HallXapaKTEePHIIIUX TUITIB TETUIOBUX MICTKIB.

2. Iornmubnenuii aHaniz ABoX oOpaHux OyaiBenb (9-moBepxoBa Ta 4-MOBEPXOBA) 3a
JIOTIOMOTOO0 TETUIOBI31MHOT 3lIOMKH, HATYPHUX BUMIPIOBAaHb TEIJIOBOTO MOTOKY Ta
YHCEIbHOTO MOJICTTIOBAHHSI.

3. Komn'torepHi cUMYISLIl €HEPreTHYHUX XapaKTEPUCTUK 3 OIIHKOK BIUIMBY
TEIJIOBUX MICTKIB Ha 3arajibHi MOPIYHI EHEPreTUIH1 OTpeOu OymiBeb.

Pe3ynbraT mnokazaid, 110 TEIUIOBI MICTKA Y MICUAX NPUMHUKAHHS OaJKOHIB
ckianarTh 24—26% BiJ yciX TEMJIOBUX MICTKIB OymiBIi 3a TUIOMICIO 1 MAIOTh CEPEIHIO
pizauio Temneparyp 1,3—1,6°C mopiBHsSHO 3 1HImMMH 30Hamu (Qacany. JliHiiiHa
Temonepeaaya y uux Bysnax csrae 0,529-0,653 Bt/(m-K), 1o nepeBuiiye nokazHUKH
IHITUX TUITB TEIUIOBUX MICTKIB (HAMpUKIAM, y MICISAX MPUMHKAHHS MEPEKPUTTIB J0
dacanis — 0,320-0,477 Bt/(m-K)). KinbkicHu#l aHai3 1mokas3aB, 110 OaJKOHHI TEILJIOBI
MICTKHM COpUUUHAIOTH 26%—-38,5% yciX TeminoBTpaT yepe3 TerIoNnpoBiAH1 BKIIOUEHHS Y
JOCIIKyBaHUX OymiBisix. Y OymiBisax i3 dacagoM 3 Mend 3 BHYTPINIHIM yTETUICHHIM
HEraTUBHUI BIUIMB MICTKIB OUIbII BUPAKEHUU TMOPIBHAHO 3 ¢acagaMu, yTEIICHUMHU

cuctemoro ETICS. Ilo pesyapraram npociifpkeHHs Oyjo0 MiJKPECICHO, IO HasBHA
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HOpMaTuBHA 0a3a B Icnanii moTpeOye OHOBIIEHHS JJisi TOYHOTO BpaxyBaHHS TEIJIOBUX
MICTKIB Ha OaynikoHax. ToOTO MPOCTIAKOBYEThCS CHUIBHUN JIs 6ararbox KpaiH (akTop,
10 HasiBHI KOHCTPYKTHBHI BY3JIM 3 BU3HAUEHUMHU XapaKTEPUCTUKAMM TETLJIONPOBIIHUX
BKJIIOUEHb TMOTPeOYyIOTh OHOBJICHHS Ta PO3MIMPEHHS Yy KaTrajorax BiJANOBIIHUX
HOPMAaTUBHUX CTAHJIAPTIB.

V crarti Sadauskiené Ta criBaBropis (2022) [32] mpoBeneHo eKcriepiMeHTaIbHE Ta
YuCeJbHE AOCIIKEHHS TEIJIONPOBITHUX BKIIIOYEHB, IO BUHUKAIOTH IPU BCTAHOBJICHHI
BUCOKOE(DEKTUBHUX BIKOH Y TEIJIO3OJAIINHUI 1map OyniBenbHOI OropoKyBajlbHOI
KOHCTpPYKIIi. ABTOpPHM IMiJIKPECIIOIOTh, II0 XO4Ya BCTAHOBJEHHS BIKOH Y IUIOLIUHI
TEIJIO130JIA1II CYTTEBO 3HIKYE TEIUIOBTpATH dYepe3 JiHIWHI MICTKU, MPOTE BIUIMB
TOUKOBHX MICTKIB (U€pe3 KpIMIbHI €IEMEHTH ) 4aCTO HEMOOIIHIOEThCA. Cepel OCHOBHUX
pe3yJbTaTiB AOCIIKEHHST OyJ0 BCTAaHOBJICHO, 110 BUKOPUCTAHHS 130JIALIIMHUX pam 13
JKOpCTKOi MiHepasibHOI Batu (SWB) 1o3Bosise 3HM3UTH JIHIMHUN  KOE(ILieEHT
Teronepeaayl TermionposiiHoro BkimoueHHS Wswp 10 0.026 B1/(M-K), mo nHa 80%
MEHIIIE TMOPIBHSHO 31 CTaHJAPTHUM pimieHHsM. OIHAaK BpaxXyBaHHS TEIUIOBTpAT 4epes
MeTasieBl KpimieHHs 30utbinye 3aranbHe Pt go 0,078-0,085 Bt/(M-K) 3anexHo BiA
croco0y MOHTaXy Ta pOo3paxyHKOBOi MeToquku. Po3ramryBaHHs BikHa y mexax 70—80
MM B1Jl HECYUYOTO IIapy CTiHU OyJIO BU3HAYEHO ONTUMAJILHUM JJIsl MIHIMI3aIlll TeTUIOBUX
BTpar. ToOTO AN TOUHOTO MPOTHO3YBAaHHS €HEPTETHUHUX XapaKTEPUCTHK Y OymiBIIAX
kiacy nZEB 1 macuBHUX OymiBISIX PEKOMEHJOBAHO BpPAaxXOBYBaTH BIUIMB TOYKOBUX
TEIJIOBUX MICTKIB YEpe3 TPUBUMIPHE MOJICTIOBAHHS.

[{ixaBuM BUIAETHCS MIAX1]1 JJO BpaxyBaHHS TEIJIOMPOBITHUX BKIIOYCHB B A3ii. Taxk,
y crarti Zhang X., Jung G.-J. Ta Rhee K.-N. (2022) [33] Oyno npoBeneHo BceOidHE
JOCIHIIKEHHST METOAIB 3MEHIIEHHsS TEIJIOBTpAT 4epe3 TEIJIONPOBIJIHI BKIIOYEHHS Yy
OaJIKOHHUX TJIMTaX OaraToKBapTUPHUX OyAMHKIB B yMoBax Kopei, 1e mommpeHi cucteMu
BHYTPIIIHHOTO YTEIUIEHHS Ta BOASHOTO MIIrPIBY MiAj0oru. MeToro po6oTu Oys10 OLIIHUTH
e()eKTUBHICTh TPAAULIMHUX TerI0BUX po3puBiB (thermal breaks) Ta HOBITHIX cucTeM Ha
OCHOBI apMOBAHOTO CKJIOBOJIOKHOM TIOJIMEpPY [UIsi 3MEHILEHHS TEeIJIOBTpaT 4epes
OankoHH1 TMTH. Cepen po3mIAHYTUX 12 BaplaHTIB KOHCTPYKTHMBHUX pIIIEHb 13

30BHIIIHBOIO Ta BHYTpiHIHBOIO CUCTCMaMHU YTCIUICHHA, 34 YMOBU BHKOPUCTAHHA
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MOBITPSHOTO YM IMIJIJIOTOBOIO OMajieHHs OyJ0 MPOBEIECHO YHUCEIbHE MOJEIIOBAHHS B
nporpamHoMy cepenosuiil Physibel-TRISCO myis Bu3HaueHHs NiHIMHUX KOE(DIIIEHTIB
terutonepenaydi Ta TRNSY S-cumyssiii 11t po3paxyHKy piuHOTO CIIOKUBAHHS €Heprii Ha
onasieHHs. Cepes;l OCHOBHUX PE3YJIbTATIB AOCIIIKEHHS MOKHA BUOKPEMUTH HACTYIIHE:
e 3aCTOCYBaHHS TEIUIOBUX PO3PHUBIB O3BOJIMIO 3MEHIIUTH -pakTop Ha 61-66%,
TOJI SIK BAKOPHCTAHHS HOBOTO MaTepiary 3a0e3medyBalio Iie Kpalli pe3yibTaTH —
10 70—75% 3HUKEHHS MOPIBHSAHO 3 OaJIKOHAMU 0€3 TEPMOPO3PUBIB.
¢ B YMOBax IiJJIOTOBOTO OMAaJICHHS BTPATH yepe3 OankoHH1 mumtu Oyau Ha 30—40%
BUIIIMMH, HIK MPU TTOBITPSIHOMY ONaJICHHI Yepe3 OUIbIIUN Iepenaj TemMieparyp,
10 MIATBEPIKYE KPUTHUYHY BAKJIUBICTh MIHIMI3AI] TEMJIOBUX MICTKIB Y TaKUX
CHCTEMaX.
e pIYHE CIOXXMBAaHHSA EHEPrii Ha OMaJieHHs IMPU BUKOPUCTAHHI TEPMOPO3PHUBY 3
MOJIIMEPOM 3HMKYBaocsi Ha 6—8% MOPIBHAHO 3 BapiaHTOM 0O€3 TEPMOPO3PUBY, 1110
JUIT  KBapTUPHOi  OymiBIAl  CEpPEeAHBOTO  PO3MIPY  E€KBIBAJICHTHO 3HAYHUM
CHEPTEeTUYHUM 32011 KECHHSIM.
e CHCTEMH 30BHIIIHBOIO YTEIUJICHHS BUSBWIMCH €(EKTHBHIIIMMHU Yy MiHIMI3aLll
TEIJIOBUX MICTKIB y OAJIKOHHUX IJTUTAX, HK CHCTEMU BHYTPIIITHBOTO YTEIJICHHS.
VY crarri Kim M.-Y., Kim H.-G., Kim J.-S. Ta Hong G. (2022) [34] Takox Oymno
JTOCHIKEHO TETUIOBY Ta €HEPreTUYHY €(DEKTUBHICTh HOBOI CUCTEMU TEIJIO130/ISI[IHHOTO
pPO3pUBY i 0AaraTONMOBEPXOBUX KUTIOBUX OYIMHKIB 13 3aJ11300€TOHHUM KapKacoM y
[TiBnennii Kopei. 3anponoHoBaHU TEIUTO130MSILIHUI PO3PUB CKIAAABCS 3 YEPTYHOUUX
MonyaiB 13 150 mm Termmoizonsiii Ta 50 MM BHCOKOMIIIHOTO OE€TOHY, 00’ €IHAHUX
apMyBaHHSM. J[Js TOCHIIPKEHHS TETUTONPOBIIHOCTI Oynmu mpoBeaeHi 3D-po3paxyHku B
nporpami Physibel (3rigno 3 ISO 10211), a g5 OI[iHKK PIYHOTO €HEPrOCIOKUBAHHS
3aCTOCOBAHO  eHepreTuyHe  MomemoBaHHs B EnergyPlus.  BcranoBneHHs
TEIUIOI30JSIIMHOTO  PO3pUBY  JO3BOJNIMJIO  3HU3UTH  €(QEKTUBHUM  KOE(]illleHT
teronepenaui 3 0,241 go 0,174 Bt/(m?-K). Temriepatypa Ha TOBEpXHi BY3JIiB «CTiHA-
nepekpuTTs» nigsuimiacs 3 14,3°C (6e3 TemnoizofsiiiHoro po3pusy) mo 19,4°C (3
TEIUIO130 IS LITHIM PO3PUBOM ), 1110 CYTTEBO 3MEHIIIUIIO PU3UK KOHIeH callli. EHepreTuune

MOJCIIOBAHHA IIOKAa3aj10, IO BCTAHOBJICHHA TeHHOiSOHHHiﬁHOFO PO3pHUBY J03BOJISIE
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3MEHILUTHU PI4HI TEIUIOBI HABAHTAKEHHA Ha omnaieHHs Ha 4,5% Ta TerioBl BTpaTu 4epe3
CTiHU Ha 26,9%. BogHouac, He3HaYHE 3pOCTAHHS OXOJIOKYBAJIbHOTO HABAHTAKCHHS
(6mm3bKO 0,7%) SIKE MOSICHIOETHCS TUM, 1110 BIITKY TETJIOHAIXOKEHHS Yepe3 CTIHU MEHIII
KPUTUYHI MOPIBHSIHO 3 TEIUIOBTpAaTaMU B3UMKY. Y BHCHOBKaX OyJ0 MiJIKPECIIEHO, IO
3aCTOCYBaHHS TEILIO130JSAIIHIX PO3PHUBIB MPU BHYTPIITHHOMY YTEIIJICHHI Ma€ CyTTEBUN
MOTEHIlal JJIs MiJBUIICHHS eHeproeeKTUBHOCTI OararoKBapTUPHUX OyIWHKIB,
3MEHILICHHS PU3UKY YTBOPEHHS KOHJEHCATy Ta 3a0e3MeYeHHs BIAMOBIAHOCTI CY4aCHUM
BUMOTaM I110/I0 Maif’ke HyJIbOBOTO eHeprocnoxkuBaHHs (nZEB).

VY crarti Grudzinska M. Ta cmiBaBropiB (2024) [35] nocimiKeHO TEMIOBI
XapaKTePUCTUKH 30H KOHCTPYKTMBHHMX 3'€JHAaHb MIX JaxoM 1 CTiHaMu Oy/iBeb,
YTEIJIEHUX CyMIIIIo koHorelnb 1 BanHa (hemp-lime composite). ocmimkenHs Oymo
IPOBEACHO METOJOM JABOBHUMIPHOTO MOJEIIOBaHHS TEIJIOBUX IOTOKIB Y IpOrpami
THERM BianosigHo 1o cranaapty ISO 10211. Anani3 0XxonuB By3/H CIIOITYYEHHS CTIHU
3 1axoM (y 30H1 MayepJiaTy) Ta By3Jid y KOHHKY Jaxy, 13 PI3HUMH BapiallisiMu MOJIOKEHHS
HECY4YOoro JEpeB'sTHOrO Kapkacy, yXWJaMH J1axy Ta IHIIUX. YCl 3MOJENIbOBaHI TEIIOB1
MICTKM MaJId 3HaY€HHS JiHiiHOi Teronepenayl y Hux4de 0,10 Br/(m°K), mo cBigunTh
PO JIOCUTh BUCOKI TEIUIOI30JISAIIIHI BIACTUBOCTI Marepiaidy. 3MEHIIECHHS YXWIY Jaxy
NPU3BOJMIIO JI0 3POCTAHHS \-3HAUEHHS Yy 30HI CTiHH-MayepiaTy, aje 3MEHIIyBalo
TEIJIOB1 BTpaTH yepe3 KOHUK. CTIHOBA KOHCTPYKIIIS 3 HECYUHUM KapKacoM, pO3TalllOBAaHUM
O1J1s1 BHYTPIIIHKOI TTOBEPXHI, JEMOHCTPYBaja BUIII BTPATHU TEIUIA YePe3 MICTKU XOJIOLY
MOPIBHSHO 13 BApIaHTOM LIEHTPAJbHOTO PO3TallyBaHHS Kapkacy. [lomaTtkoBo Oyso
BUKOHAHO PO3PaxyHOK BTpaT TEIUIa 4epe3 YMOBHUU JBOCXWINHM naxX. BcraHoBieHO, 1m0
TEIJIOBl MICTKH Y 30HI CTHUKY Jaxy 1 cTiH ctaHoBiATh Big 10% mo 16% Bin 3arampHux
TEIJIOBUX BTPAT Yepe3 Jax, 3aJeKHO Bl yXUITy Ta TUIy KOHCTpyKIli. ['eomeTpist By3miB
(0cO0IMBO KYT YXHITy JaxXy) € KPUTHUHUM (PaKTOPOM, 110 BU3HAYAE BEIUUYUHY JHIAHUX

TCIIJIIOBUX BTpaAT.
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BucnoBku 10 po3aiay 1

KoMmriiekcHuit aHaii3 HOPMATWBHHUX, TEOPETUYHMX Ta MPAKTUYHHUX 3acaj
OIIHIOBAaHHS €HeproeeKTUBHOCTI Oy/aiBeab, 13 OCOOJMBUM AaKIICHTOM Ha BIUIMB
TEIJIOMPOBITHUX BKJIIOUEHb (TEIJIOBUX MICTKIB) Ha TEIUIOTEXHIYHI XapaKTEPUCTUKHU
OTOPOKYBAIbHUX KOHCTPYKIIM JEMOHCTpPYy€, L0 €HeproeeKTUBHICTH OyiBelb B
VKpaiHi  perymaioeTbcs Cy4yaCHOIO HOPMAaTHBHOIO  0a3010, TapMOHI30BaHOIO 3
€BpONeiChKUMU JUpeKTuBaMu, 30kpema Jupextuamu 2010/31/€C ta 2024/1275/€C.
Ha 3akoHOmaBYoMy piBHI BIPOBQPKEHO BHUMOTH IOAO OOOB'SI3KOBOI cepTHdiKallii
eHepreTuyHoi e(EeKTUBHOCTI Oy/iBedb, TEPMOMOJAEPHIZAIlT ICHYIUOTO KUTJIOBOTO
dbony Ta po30yn0BU OyiBEb 13 Mailke HYTbOBUM CIOXUBaHHAM eHeprii (nZEB).

AHaJi3 HaIllOHAIBHUX 1 MIXKHAPOJAHHUX CTAHJIapPTIB 3aCBIIUYE, IO MPU PO3PaXyHKaX
TeIIonepeaaydl OropoKyBaJIbHUX KOHCTPYKI1H OCOOJIMBY yBary CIiJi HPUILISATH BIUIUBY
iX TepMIYHOI HEOAHOPITHOCTI. BuKOpUCTaHHS KOe(DILIEHTIB Temaonepenaydl Io
OCHOBHOMY IIOJIIO Ta 0€3 ypaxyBaHHS TEIUIONPOBIAHUX BKIIIOYEHb MOXKE MPU3BOJIUTH /10
CYTT€BOT'O HEIOOIIHIOBAHHS (PAKTUYHUX TEIUIOBTPAT OY/I1BEIb.

PerenbHuii o cydacHUX BITUM3HSHUX Ta 3aKOPJOHHUX JIOCHIJKEHb IOKa3aB,
10 TETUIONPOBITHI BKIIOUYEHHS y By3JIaX OTOPOKYBAJIBHUX KOHCTPYKIIH — TaKUX K
CTUKH "CTiHA-NepeKpUTTa", "CTIHA-BIKOHHUN MTPOop13", KyTH, OAJTKOHHI INTUTH — MOXYTh
3abe3neuyBat 10 20-40% J0JaTKOBHX TEIJIOBTPAT 3aJIEKHO BiJ OCOOIMBOCTEH
KOHCTpyKLIi. OcCoONMBO KPUTUYHHM € BIUIMB OQJIKOHHUX NEPEKPUTTIB Ta 30H
MPUMHUKAHHS BIKOHHUX paM, 110 MIATBEPIKEHO EKCIIEPUMEHTAIBHIMHI BUMIPIOBAHHIMH,
TEIUIOBI3IMHUMH OOCTEKEHHAMU Ta YHCEJIbHUM MOJEIIOBaHHSAM. BoaHouac BIuMB
TEIJIONPOBIJHUX BKIIOYEHb HAa pIBEHb €HEpronorpedu OyiBil Ha OMAJECHHA Ta
OXOJIO/PKEHHSI BUCBITIICHO HEIOCTATHHO, IO MiATBEPIKYE AKTYadbHICTb JOCIIKECHHS
HaBEJICHOTO B JaHii poOOTI.

[Ipu mnoOpiBHSHHI METOAIB BpaxyBaHHS TEIUIONPOBIAHUX BKIIIOYEHb CIPOILIEHI
nigxonu (uepes mompaBku AUy,) Kparie 3aCTOCOBYBATH JIUIIIE JJI TTOTIEPETHIX OIIHOK 1

yacTo (haKTH4YHI BTpaTH Telia MOXKYTh OyTH 3aBuiieHUMH. [letansHi 2D- 1 3D-monent
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Terionepeaayl J03BOJSIOTh HAWO1IBII TOYHO BPAxXOBYBATH BIUIMB MICTKIB XOJIOAY 1
MMOBUHHI BUKOPUCTOBYBATUCH IIPH MPOEKTYBaHHI eHEProe(peKTUBHUX OY/T1BEIIb.

Or1iHKa BIUIMBY TOYKOBUX TEIUIOMPOBIMTHUX BKJIIOYCHB, HAMPHUKIAA, KPIIJICHB
yTEIUTIOBaua, € BAaXKJIMBOIO CKJIAQJIOBOIO pO3paxyHKIB mig OyaiBenb kiacy nZEB 1
nacUBHUX OyaiBenb. Y poOOTax BITUM3HAHUX 1 3apyODKHUX aBTOPIB MiAKPECIIOETHCS
BOXJIMBICTh  yAOCKOHAJICHHS  KOHCTPYKTMBHHX  pIIIEHh  BY3JIB  MNPUMHKAHHS,
BIIPOBA/PKCHHS. TEXHOJIOT1M TEIJIOBUX PO3PUBIB, BUKOPUCTAHHS I1HHOBAILIMHUX
MarepiaiiB 13 HU3BKOIO TEIUIOMPOBIAHICTIO (HANpUKIAA, aeporeiiB abo apMOBaHUX
MOJIIMEPHUX MaTepiaiB).

TakuM 4rMHOM, Ha OCHOBI MPOBEJCHOTO aHANII3Yy MOXKHA 3POOUTH TaKi KIIFOUOBI
BHCHOBKH:

o [linBumenns eneproedeKTUBHOCTI Oy/1iBETh HEMOXKIIUBE 0€3 BpaxyBaHHS BILUIMBY
TEIUIONPOBIJHUX BKIIOYEHb HA PIBEHb EHEPronoTpedM Ha OMNaJCHHS Ta
OXOJIOJIKCHHSL.

o Jlns mpoexTyBaHHS 1 peHOBAIli Oy/iBeb CIIiJl 3aCTOCOBYBATH JIETAJIbHI YUCEIbHI
METOAH MOJICTIOBAHHS TEIUIONEpeIadl y By3JiaX OrOpOIKYBaIbHUX KOHCTPYKITIi.

o HasBHi HOpMaTHBHI JOKYMEHTHU MOTPEOYIOTH IMEPIOJMYHOTO OHOBJIIOBAHHS Ta
JIOTIOBHEHHS KaTaJlOriB TUMOBHUX BY3JIB 13 BKa3aHUMHU Y- 1 Y-3HAUEHHAMM JIsi
CydacHUX OyIiBEeJTbHUX TEXHOJIOTIH.

[Tomanpmr gOCHKEHHS MalOTh OyTH CIPSMOBaHI Ha BIOCKOHAJICHHS Mojelei
PO3PaxyHKY TEIJIOMPOBITHUX BKIOYEHB, PO3POOKY HOBUX KOHCTPYKTUBHUX PIIICHB IS
ix MiHIMI3aIii Ta 3a0e3neueHHs iX 000B’SI3KOBOTO BpaxyBaHHS MPU BU3HAYEHHI PiBHS

eHeproepeKTUBHOCTI Oy/1iBEIb.
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PO311J 2 OB’EKTU MOAEJIIOBAHHA. METOIOJIOI'TYHI 3ACA/IN

YUCEJIBHOT'O AHAJII3Y TEIIJIOITPOBIAHUX BK/IIOYEHb
EHEPITETUYHOI'O MOJAEJIFOBAHHSA

B Vkpaini OyaiBii CTaHOBIIATH OAMH 13 HAUOIBIINX CEKTOPIB €HEPTOCTIOKUBAHHS,
10 3yMOBJICHO TEPEBAXKHO 3aCTapiIuM KUTIOBUM (DOHIOM 13 HU3bKUMHU MOKa3HUKAMU
TEII0130JIA1111, Hee(DEKTUBHUMH CHUCTEMaMH OIAJICHHS Ta BEHTWJIALII, Ta, BiAMOBIIHO,
BEJTMKUMH BTPAaTaMHU TEIUIA B OMAIOBATBHUHN TIepiof]. bimbmricTs OyaiBenb Oyiio 3BEICHO
JaJiek0 B1JI CyYaCHHX BHUMOT JIO €HEproe(EeKTHBHOCTI, a TEMIIHM TEPMOMOJEpHI3allli
3aJUIIAI0ThCA HenoCcTaTHIMH. J[J1s icHyounx Oy/liBeNb MOTEHIial 3HIKEHHS KIHIIEBOTO
CHEProCroKUBaHHA MoOXxe ckiafgatu 10 80% B 3aJIeKHOCTI BiJ TUITy OyIiBJI Ta Kiiacy
€HEepProePeKTUBHOCTI TICIsA MPOEKTY KOMIUIEKCHOI TepMmoMoaepHizaiii [36]. Cekrtop
KUTJIIOBUX Ta TPOMAJICHKUX OymiBeb, KM CTAHOBUTH 3HAUYHY YACTKY BiJl 3arajlbHOTO
dbouay OymiBenb YKpaiHu BIANOBIIHO 110 [37], MOXe CIyryBaTH TapHHUM IPHUKIAJIOM
BIPOBAJIP)KEHHS 3aXO0/11B 3 MiBUILICHHS PIBHS TEIJIOBOTO 3aXUCTY 00OJIOHKH Oy/IiBENb IS

HACEJICHHS YKpaiHU.

2.1 3araabHi XapaKTepUCTUKH 00'€KTIB €HEPreTHYHOI0 MOJAEJTIOBAHHA

Cepen 3axo/1iB 3 MiABUIICHHS PIBHS €HEPreTUYHOI €(DeKTUBHOCTI OyA1BEIb 3HAYHY
pOJIb BIJIrpae TMOKpPAIICHHSI TEIJIOBOTO 3aXUCTy OOOJOHKM OyAiBIl Ta 3MEHIICHHS
TEIJIOBUX BTPAT dYepe3 PIZHOTO POAYy TEIUIONpPOBiIHI BKIOYeHHS. EdekTuBHUM
THCTPYMEHTOM JJI1 BUBHAYEHHS BIUIMBY TEPMIYHO HEOAHOPITHUX BKIIFOUEHb HA OCHOBHI
CHEPIreTHYHI MOKAa3HUKU OYMiBJIl € BUKOPUCTAHHS JUHAMIYHOTO MOJCITIOBAHHS, SIKE A€
MOJIMBICTh TIPOAHATI3yBaTH 3HAYHY KIJIBKICTh TOKA3HUKIB €HEProeeKTUBHOCTI Ta
PIBHSI TEIJIOBOTO KOM(OPTY, a TAKOXK CIIOCTEPIraTH 3a 3MIHOKO PIBHS €HEPrOCTIOKUBAHHS
IIpY 3MiHI PI3HUX BXITHUX AaHUX. |15t OXOTUIeHHS OUIBIIOTO CIIEKTPY OymiBenbh YKpaiHu
y JaHOMY JOCHIIPKeHH1 OyJ0 pO3IISTHYTO TPOMaAChKy OyAiBIIO, a caMe€ HaBYaJbHUM

3aKyiaj, Ta 0araTOKBapTUPHUN KUTIOBUN OYTUHOK.
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2.1.1 XapakTepuCcTHKH IPOMaICHKOI OyIiBJIi HABYAJIBLHOIO 3aKJIATY

OnarM 3 00’€KTIB MOJIEIIOBAHHS, BHUKOPHUCTAHOTO Yy JAHOMY JOCHIJDKEHHI, €
Cepe/Hs 3arajbHOOCBITHA miKona M. KueBa. bynins posramoBana B I TemneparypHiit
30Hi. [llkona mobynoBana y 1963 porii 3a THIIOBUM MPOEKTOM, XapaKTEPHHUM JJIsI 3aKJIa/1iB
OCBITH Y MiBHIYHIN YacTuH1 YKpainu. bynisns 3aknany ocitu mae H-moniony dgopmy 3
OJIHI€I0 YOTHPHUIIOBEPXOBOIO Ta JIBOMa OJIHOIIOBEPXOBUMHM CEKIIsIMU «A», «B» Ta «C»

BIJIMTOBITHO, CXeMa PO3TallyBaHHS 300pa’keHa Ha PUCYHKY 2.1.

B

WWkona
N26T,

A_

Pucynok 2.1 — Cxema po3TaniyBaHHs Ta OplEHTALsl IO CTOPOHAM CBITY 00’ €KTa

MOJCIIOBAaHHA

VY cekiii «A» po3MillleH] HaBYAJIbHI KJIacCH, YUUTEJbChKI KiMHATH, 010J10TEKa,
My3ei, MeToInuH1 KabiHeTH. Y cekIlii « By 3HaxonuThes BXigHa rpyna 0 OyaiBii, poboue
MicLie OOCITYTOBYIOUOIO MEPCOHANY, BEIMKUN LIEHTPAJIbHUN XOJI, AKUH CIOIy4Yae coO0k0
CEKIIII0 3 HAaBYAJIbHUMU KJIacaMM Ta MPUMIIICHHS i1aJIbH1, aKTOBO1 3aJIM TOIIO. Y CEKIIil
«Cy» po3TamoBaHWil Xap4yoBHWil OJIOK 3 igajbHEI0, aKTOBa 3ajia, CIOPTHBHA 3aja,
pO3ASTaNIbHI T MiJICOOH] TPUMIILIEHHS.

VY mikosi HaBYa€eThes Ta mnpaifoe 6mau3bko 600 yuHiB Ta 70 poOITHUKIB BIATIOBIIHO.

3aranpHa TwIONa OyiBil CTaHOBUTH 7386,8 M?, a 3araibHuii 00’€M CTaHOBHTH
23399,7 M. Cepenns BucoTa NOBEPXy cTaHOBHUTH 3,0 M. CTiHM OymiBIli CKIamaroThCS 3
KepaMivHOI TOPOXKHHUCTOI IETIIM Ha IIEMEHTHO-TIIIAHOMY-PO34YHiHI1, 3cEpEeIUHN 03100eH1
IapoM IITyKaTypKku Ta nodapOoBaHi, pi3HUX TOBUIMH 3a BUCOTOIO OyaiBii, 690 ta 540

MM BIJMOBIHO. 30BHIINIHI CTIHM HE YTEIUIEHI, BUJAMNMHUX TOIIKO/DKEHb 30BHINIHBOT
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00O0JIOHKH HEMAE.

Y 4oTUPHUIIOBEPXOBOi CEKIlIi HasIBHUM HEOMaNIOBaJbHUM TeXHIUYHUN ToBepX. [lax —
MOXMJIa KPIBJIA, T1IAPOI30IIALIA SIKOi BUKOHAHA JTUCTOBUM pyOepoiiioM y aBa (MicIsIMH —
Tpu) mapu. Illo crocyerbcs naxy OJHOMOBEPXOBHMX CEKIIIA, TO BIH PO3TAIIOBAaHUMN
Oe3mocepelHbO HaJ| OMNANIOBAIILHUMU TNPUMIMICHHSIMH (CyMillIEHE TOKPUTTA) Ta
BUKOHAHUHN 3 3aJ11300€TOHHUX TUIUT, MIOKPUTUX IIEMEHTHO-TIIIAHOIO CTSKKOIO.

[Tig cexuiero «A» po3TalIOBaHUM OMaNIOBAJIbLHUMN MiBa, B SIKOMY PO3TalllOBaHUI
TUp, rapaepod Ta TPUMIMICHHS IJIs TPOBEICHHS IT03aKJIACHOI aKTHBHOCTI. 3T1IHO
MPOEKTY, BIKHA 3 TOJIBIMHUM CKJIIHHSIM Ta JIepeB’ THUMU paMaMu. Mailke mojI0BrHA BIKOH
3aMIHEHa Ha METAJIOIUIACTUKOBI 3 OJJHO- Ta ABOKAMEPHUM CKJIONAKeTOM. Takox B SKOCTI
CBITJIONPO30PUX KOHCTPYKIIIH 3aCTOCOBYIOTHCSI CKJIOOJOKH (30HU CXO[IB, CIIOPTUBHOI
3aln).

OnaneHHsi Ta rapsdye BOAOINOCTAYaHHS IMOAAIOTHCS LIEHTpalizoBaHo. Cucrema
omajeHHsi OymiBil 3aKpuTa, OJHOTPYOHAa 3 BEPXHIM PO3BEICHHSIM TEIJIOHOCIS,
TEIUIOBIA1a4a BIJOYBA€ThCSA BiJ YaByHHUX pajiaTopiB. TepMocTaTH4HI KpaHU Ha
NpWIAJax OMNAJEHHS BIACYTHI. 3a MEPEBaXHOK OLIBIIICTIO PaalaToOpiB PO3MIILIEHO
pednexropu. [lonada TEMIOHOCIS 1O CTOSIKAM ONAJIEHHS 3/11HCHIOETHCSL PO30aJlaHCOBAHO,
HasBHO Oarato NOBITPSHUX KapMmaHiB. TpyOompoBiJ TemoMepeKi 3HAXOAUTHCS B
HE3a/I0BUIBHOMY CTaH1, Ta notrpedye 3aminu. InauBinyanbauil TeruoBuil myHkT (ITIT)
OyJ70 PEKOHCTPYHOBaHO, CXeMa IMpHUETHAHHS — 3aJIeXKHA, 3 TPUXOJOBUM KJIAllaHOM Ta
HUPKYISUIHHUMHA HacOCaMU Ha MofaBajibHOMY TpyOomnpoBoai. MepeskeBa Boga B CUCTEMI
omnajeHHss Mae temneparypHuil rpadik 95-70°C. B ITII 3miicHIOETBCS aBTOMATUYHE
pEryJioBaHHS TeMIepaTypu MOJaBalbHOI BOAM, B 3aJ&KHOCTI BiJ TeMIEpaTypu
30BHIIIHBOTO MOBITPS 1 TEMJIOBOTO HABAHTAXKEHHSI CIIOKUBAYiB 32 JOMIOMOTOK CUCTEMU
KEepPYBaHHS 3 TIOTO03aJIEKHUM KOHTPOJIEPOM. YCi iepeidadeHi mPOEKTOM PEKOHCTPYKIIIT
cucteMu (QyHKIIOHYIOTh, TPyOOIPOBOAM B TEIUIOMYHKTI TEIJIO130Jb0BaHI.

VY OyniBni HasiBHE XOJIOHE BOAOIMOCTa4YaHHS Ta BoAoBinBeAeHHs. [lomaya Bomm
[EHTpali30BaHa 3 3arajJbHOMICHKUX MAariCTpalbHUX MepeX. Touku 3a00py BoaM
3HAXOJATHCA B CIIPABHOMY pOOOYOMY CTaHi, MPOTIKAHb HEMAE.

Bentundiisi mpuMINIEHb 3aMpOEKTOBaHA 3 TPUMYCOBHM BHJIAJICHHSM Ta
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HarHiTaHHSAM TIOBITPs, MPOTE uepe3 3acTapiaui ctaH He ¢yHKUiIoHye. BeHTwsiis

3MIIACHIOETHCS PUPOJHUM ILISXOM (IIPOBITPIOBAHHS, 1H(MUIBTpAILLis Yepe3 HENIIIBHOCT1).

2.1.2 XapaKTepHCTHKH KUTJI0BOI 0ararToKBapTUPHOI OyaiBJIi

[Ile omHMM 3 OO’€KTIB MOMACIIOBAHHS € IT'SITUTIOBEPXOBUM  JKUTIOBHMA
OaraTokBapTUpHUN OYyAMHOK MPSMOKYTHOI (POPMH 3 TEXHIYHUM MiANULIAM. BianoBigHo
1o iHpopMmarlii, BkazaHOi B IPOEKTHIN JoKyMeHTallii 00’exty [38], 3arambHa KiTbKIiCTh
KBapTUp y OyauHKY cTaHOBHUTH 45. bymiens posramoBaHa B | TemmepaTypHiii 30HI.
OcHOBHI 00’ €MHO-IJIaHYBaJIbHI XapaKTEPUCTUKU 00’ €KTA TaKi: KOHAUI[IOHOBaHA TLIOIIA
oymisiai — 2371,5 M2, koHAHUITIOHOBaHMIA 00’ eM — 6317,7 M3, 3arasibHa mIoIia 30BHIMIHIX
OTOPOIKYBAJIbHUX KOHCTPYKIIH CTaHOBUTH 2591,2 M2, 3 HUX TUIONIA CTiH, III0 MEKYIOTh
13 3oBHIMHAIM moBiTpsiM — 1085,4 M. Ilmoma BikoH 1 nBeperr — 466,80 m2. Ilnoma
TOPUIIHOTO NepeKpuTTs — 474,3 M?, a mepekpuTTs Haj miaBajioM — 474,3 M.

Opienrariist OyaiBI1 — 3a CTOPOHAMU CBITY HaBeJleHA HA PUCYHKY 2.2.

T

Pucynok 2.2 — CxemMa po3TalllyBaHHs Ta OPI€HTALlISA [0 CTOPOHAM CBITY 00’ €KTa
y y Ty

MOJICTIOBaHHS
30BHIIIHI CTIHU Oy/AiBIII BUKOHAHI 3 MyCTOTUINX KEpaMiYHUX OJIOKIB TOBIIMHOO 380
MM 13 BHYTPILIHIM OMOPSJKEHHSIM IITYyKaTypkoro (20 mm). YactrHa BikOH 1 OAJIKOHHUX

JIBepeii 3aMiHeHa MEIIKaHIIMU Ha eHeproedektuBHi [IBX-koHCTpyKIIii 3 ABOKAMEPHUMU



50

CKJIOTIAKETaMHU.

[opuniHe MEepeKpUTTs CKIATAETHCS 13 3aM1300€TOHHOI IUIMTH, APy MLUIaKy 3
KEepPaM3UTOM, [IEMEHTHO-MIIIAHO01 CTSHKKH TOBIIMHOIO 50 MM. [lepexkputts Haj miaBasoM
— 3amizo0eronHa 1umMTa. [lokonas OymiBii mpeacTtaBieHuit 6eToHHUMHU Oiiokamu OBC
ToBIMHOI 500 MM Ta nemiTHUMH OjloKaMu TOBIIMHOIO 380 MM 13 OOJNHMIFOBAaHHSIM
KEePaMivyHOIO TUTUTKOIO.

ImxenepHi cuctemMu OymiBil BKIIIOYAIOTh IEHTpai30BaHE TEIUIONOCTAYaHHS, IO
3a0e3Meuy€eThCs BiI MICBKHX TETUIOMEPEK depe3 TermiooOMminHui By3on. Cucrema 0e3
aBTOMAaTUYHOIO PEryJIIOBaHHS TEMIIEpaTypyd B 3aJI€KHOCTI BiJ TOTOAHUX YMOB.
TexHIYHUN CTaH OMNaJIOBAIIbHOI 1HPPACTPYKTYpU OIIHIOETHCS SIK HE3aJI0BLIBLHUM.
OnaneHss 17]BaJIbHOTO piBHS HE nependaveHe.
BHyTpilHs Mepeska onajieHHs peiCTaBlieHa BEPTUKATBHOI0 OTHOTPYOHOIO CHCTEMOIO 3
BEPXHIM MIJIBEICHHSIM TEIJIOHOCIS. YCTAHOBJICHI ONAJIOBaJibHI NPHJIAJM — YaBYHHI
CEKIIIIH1 paaiaTopu. Y psjil CTOSIKIB BIACYTHI OOBIIHI AUISTHKY, T1IKIIOYEHHS 31HCHEHO
3 omHoro Ooky, ©Oe3 apMarypu JUIsl peErylrOoBaHHS TeruloBiggadl. Po3mominbui
TpyOONpPOBOIM MPOXOASATh 4YEpe3 TEXHIYHUU Ta MiJABaJIbHUN pIBHI, BUIOTOBIICHI 31
CTaJIeBUX BOAOra3o0NpOBIAHUX TpyO. [305AMiiHMI MIap BUKOHAHO 3 MIHEPAJOBATHUX
MaTepialiiB 13 30BHIMIHIM MOKPUTTSM, ajie WOro CTaH 37e01JIbIIOro He3aJ0BIIbHUM.

Cucrema BEHTWIALIT — TPUIUIMBHO-BUTSHKHA 3 TPUPOAHUM CIOHYKAHHSM.
[ToBiTpoOOMiIH 3a0e3neduyeTbcsi dYepe3 BIAKPUBAaHHA BIKOH 1 jABepeil. [apsiue
BOJIOTIOCTAYaHHsI IICHTPATi30BaHe: BOJA TOTYETHCSA 3a MEXaMu OyIWHKY, IUPKYIISLis

MIITPUMYETHCS 30BHIIIHIM JIKEPEIIOM.

2.2 OcHOBHI NMpoOrpaMHi NPOAYKTH ISl AHATI3Y TEIVIONPOBIIHUX BKJIIYECHb

OrOpPOIKYBAJIbLHUX KOHCTPYKUii

JIns  BU3HAYEHHS JHIAHUX KOE(DIIIEHTIB TEIUIONPOBIAHUX BKIIOYEHb (Y-
KOe(QIIi€HTIB), JOLUUIBHO BUKOPHUCTOBYBAaTH CIEIliali30BaHI MPOTrpaMHi  3aco0wu.
3acTocyBaHHs TaKMX IMPOrpaMm € HeoOX1IHUM 3 KulbKoxX npuuuH. [lo-nepiie, reomerpis

OyIiBeTLHUX BY3JIiB 4aCTO € CKJIATHOIO, 110 POOUTH PyUYHI pO3paXyHKH HETOUHUMH Yepe3
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HEOOXI1JIHICTh crpolieHHs1 mMojaeni. [lo-apyre, pyuyHe BU3HAYEHHs JIHIMHUX TETUIOBUX
BTpAaT € HaJI3BUYAHO TPYJOMICTKUM, 0COOJIMBO MPH BEIUKIHN KiJIbKOCTI BY3JIIB 1 Bapialiisax
marepianiB. [lo-Tpere, nuiie mporpaMHe MOJAETIOBAHHS J03BOJISIE TOYHO BiAOOpa3UTH
pO3MOLT TeMIepaTypd B 30HI CTHUKY, BUSIBUTH TEIUIOBI MOCTH Ta OI[IHUTH PHU3HK
YTBOPEHHS KOHJEeHcary abo mpomep3aHHsa. OTKe, BUKOPUCTAHHS CHEIlali30BaHUX
IPOrpaMHUX KOMIUIEKCIB € HE JIUIIIE TOIUIbHUM, ajie¢ i KPUTUYHO BOXKIUBHUM JJI1 TOYUHOTO
BU3HAYCHHS JHIMHUX KOe(DIIIEHTIB TETUIONPOBITHOCTI B Cy4acHOMY
eHeproe()eKTUBHOMY MPOEKTYBAHHI.

Cepen HaiiOUIbII €(heKTUBHUX 1 MOMYISIPHUX MPOTPaM BapTO BiJI3HAUUTH HACTYIIHI:
THERM, Ansys Fluent, Solido Physibel, HEAT2/HEAT3 Ta Flixo Energy.

[Iporpama THERM po3pobsena HarionansHow naboparopiero Jloypenca bepkii
(CIIIA) 1 Ga3yeTbcst HA METOMl CKIHUCHHHX eyeMeHTIB [39]. 3abe3nedueHHs 03BOJISIE
pPO3paxoByBaTH TEILJIOBI IOTOKH, IOBEPXHEBI TEMIIEPATYPH, KOE(PIIIEHTH TeIIonepeaayl,
KOe(ILIEHTH ONOPY TEIUIONEpeayl Ta 1HII HapaMeTpH, sIKI XapaKTepPU3yOTh TEIJIOBUI
peXUM KOHCTPYKIiH OynuHky. [Iporpama Takox J03BOJII€ BUKOHYBAaTH aHAII3 PU3UKY
koHzeHcalil Ha noBepxHsax. THERM wmae rpadiunuil inTepdeiic, sKuil 103BOISE JETKO
CTBOPIOBATH 1 peJaryBaTu reOMETPUYHI MOJENI TEIUIONPOBIAHUX BKIIOYEHb, 3a]]aBaTH
MaTepialid, TpaHU4YHI YMOBH, BIACTUBOCTI MOBEPXOHB TO11IO. [Iporpama Takox Mae 6araro
CTaHAApTHUX O010M0oTeK MarepiaiiB, (QopM 1 THUIOIB KOHCTPYKIIH, $AKI MOXHA
BUKOPHCTOBYBATH MJIi MOJENIIOBaHHS. JIJis MOJeNOBaHHSA Ta aHaNi3y TEIUIO3aXUCHUX
BJIACTUBOCTEHN CBITJIONPO30PUX KOHCTPYKIIIM, 30KpeMa BiKOH, Bepel 1 pacaHUX CUCTEM
BUKOPHUCTOBYIOTH criopigHeHy g0 THERM nporpamy WINDOW. Tlporpama mo3Bossie
BUKOHYBAaTH TOYHI PO3paxyHKH KoedimienTa Teronepenadi (U-value).

[Iporpama Ansys Fluent CFD analysis - 11e TOTy>KHHI1 IpOrpaMHUNA NPOAYKT, IKUN
JI03BOJISIE MOJIENIIOBATA Ta AaHaI3yBaTH pPI3HOMAHITHI SBHINA B 0OJACTi PiIUHHOI
nuHamiku [40]. CFD - Computational Fluid Dynamics, abo obuuciatoBaibHa piiMHHA
nuHamika. e ramy3s Haykw, sika 3aCTOCOBY€ YHCENbHI METOMIU JIJIs1 PO3B'S3aHHS PIBHSHB,
10 OMKCYIOTh TOBEMIHKY PiWH, Ta31B, TBEPAUX TUI Ta ix B3aeMomiro. [Iporpama Ansys
Fluent CFD analysis 103BoJisie MOACITIOBATH TaKi SBUIIA, SIK:

* MOTOKH PIJIMH 1 Ta31B B KaHaIax, TPyOOIPOBOJaX, Hacocax, TypOiHax, TOIIO;
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* TIepefavy TeIla 1 Macu B pIJMHAX, rasax, TBEpAUX Tilax, (pa3oBHX mepexosax,
XIMIYHHUX PEaKIisX;

* B3AEMOII0 PIAWH 1 Ta3iB 3 TBEPAUMH TiUIaMH, TMOBEPXHAMH, CTPYKTypamu,
nedopmariisimu.

[Iporpama Solido Big xommanii Physibel npusnadena st TPUBUMIPHOTO
MOJICTIOBaHHs TEIUIOBUX IMPOLECIB y OyIIBENbHUX KOHCTPYKIUSAX 1 JO3BOJSIE TOYHO
aHa3yBaTH TEIJIOBI MOCTH, TEMIIEpaTypHi MOJIs Ta I0AATKOBI BTPATH TEIUIA B CKIIATHUX
By3i1ax [41]. Bona 3a0e3medye po3paxyHOK JIHIHHUX () Ta TOYKOBUX () KOeDIMIEHTIB
TEIUIONPOBITHUX BKIHOYEHB BiAMoBiHO A0 ctanaapty EN ISO 10211. Ilporpama Takox
JI03BOJISIE Bi3yalli3yBaTH PO3IONLT TEMIEpaTyp, TEIUIOBUX IMOTOKIB 1 130T€pM, a TaKOXK
OIIIHUTH PU3WKHA BUHUKHEHHS KOHJICHCATY B MICIIIX IMOHMKECHUX TEMIIEPaTyp. 3aBIsSKU
HIATPUMIN CKIIAJHOI TeoMeTpii, baraTomapoBux mMarepiaiiB i imnopty mozeneit 3 CAD-
nporpam, Solido € 3pydHUM 1HCTPYMEHTOM JIJis 1HXXEHEPIB 1 JOCTITHUKIB.

[Iporpamue 3a6e3neuennss HEAT2 1 HEAT3, po3pobieHe MmBEAChbKO KOMIIAHIE0
BUILDTECH, npusnauene mis touHoro asoBumipHoro (HEAT2) ta TpuBHMipHOTO
(HEAT3) mopentoBaHHSI TEIUIOBUX MPOLECIB y OyIIBEIbHUX KOHCTPYKILisx [42, 43].
3aBasiku BiAMOBITHOCTI MikHaponHum ctangaptam EN ISO 10211, nporpamu akTUBHO
3aCTOCOBYIOTBCSI Yy TPOEKTYBaHHI €HEpProe(EeKTUBHUX OyIiBesib 1 HAayKOBUX
nocnimkeHHsax. HEAT2 BukoHye aHami3 y miomuHi (2D) 1 miaxoauTs Ajig OUIBIIOCTI
BY3JI1B OTOPOIKYBAIBHUX KOHCTPYKINH, To/i sik HEAT3 no3Bonsie MomentoBaTi CKIIaiHi
IPOCTOPOBI BY3JIM, BKJIIOUAIOYH CTHKH TPHhOX TUIOMIMH — HAMPUKIAJ, TIEPETUHH CTiH,
nepekpuTTiB 1 mokpiBenab. OcHoBHa mepeBara BukopuctanHsi HEAT2/HEAT3 — e
MOKJIMBICTh OTPUMATH HAJIAHI Ta TOYHI PE3YJAbTATH 3 YpaxyBaHHSIM peajbHOI TeOMeTpii
KOHCTPYKTHBHUX BY3IiB, II0 MaiKe HEMOXXIHUBO 3pOOMTH BPYYHY uepe3 CKIAJHICTb
TeryIoBUX TpoiieciB. [Iporpamu Takox 3a0e3meuyioTh BUCOKHM pPiBEHb TIpadidHOTrO
aHai3y, 110 JI03BOJISI€ BUSSBUTH KPUTUYHI JIJITHKY MOTEHIIHHOTO YTBOPEHHS KOHIEHCATY
ab0 30HU IPOMEP3AHHS.

Flixo Energy — mue mnpodeciiiHa mporpama i JIBOBHMIPHOTO aHAIi3y
Terionepeaaydl B OyIIBEIbHUX KOHCTPYKIISAX, SKa JO3BOJSE 3 BUCOKOI TOYHICTIO

MOJIETIIOBATH TEIJIOBI MOCTH Ta PO3PAaxOBYBaTH CHEPIeTHYHI XapaKTEPUCTHKHU
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OrOpOKyBalbHUX  ejeMeHTiB  [44]. Po3poOieHa mBEMIApChKOI — KOMITAHIEIO
INFOMIND, nporpama BianoBijgae Bumoram eBponeicbkux ctanaaprtis EN ISO 10211
ta EN ISO 13788, mo poOuTts ii mpuaaTHOIO SIK JUIsl TPOEKTHOT AISIIBHOCTI, TaK 1 JIs
ceprudikaiii OyaiBelb 3a CTaHAapTaMU ceHeproepeKTUBHOCTI (Hampukiaa, Passive
House). ¥ mporpami 4y1oBo peasizoBaHO Bi3yali3aiiio TEMIIEPATyPHHUX TOJIIB, 130T€PM 1
TEIJIOBUX MOTOKIB, IO J1a€ 3MOTY BUSIBUTH MOTEHITIHHI TPOOIeMH — 30HH KOHJEHCAITIT,
MPOMEP3aHHS Ta HepalloHaJbHUX TeIyIoBUX BTpar. [lporpama Mae QyHKIil
aBTOMAaTUYHOTO (OPMYBaHHSA 3BiTIB 1 rpadikiB, IO TMOJETHIyE TOKYMEHTYBAaHHS
pe3ynbTaTiB PO3paxyHKiB y TEXHIUHIN JOKYMEHTAIlli Ta HAyKOBUX pOOOTaxX.

Jlns  mopanblioro aHamidy —TEIMJIONPOBITHUX — BKIIOYEHb OTOPOKYBAIBHHUX
KOHCTPYKLIA OyaiBens Oyno oopano nporpamuuii npoaykr THERM uepes te, 110 BiH €
Jy’)Ke TIONIMPEHUM Cepell HAYKOBIB Ta 1HXXEHEPIB MO BCHOMY CBITY, Ma€ 3py4HUU

rpadiuHuiil iHTEpdeiic Ta € GE3KOITOBHUM MPOTYKTOM.

2.2.1 OcHOBHI MapaMeTpy MaTeMATH4YHOI MOJIeJIi MPOrPaMHOI0 cepel0BHINa

THERM

[lepmyM eTanoM y METOAlI CKIHUEHHUX €JEMEHTIB € moOynoBa ciTku. Llg ciTka
CKJIAJA€EThCsl 3 OOMEKEHOI KIJIBbKOCTI HENEPEeKPUBHUX Mifo0IacTel, BIIOMHUX SK
€JIEMEHTH, 110 TTOKPUBAIOTh BCIO PO3PAXyHKOBY 00J1acTh. PydHe CTBOPEHHS IKICHOT CITKH
CKIHUEHHHUX €JIEMEHTIB BUMArae mMHOOKUX 3HAHb YHMCEIbHUX METOJIIB 1 € TPYAOMICTKUM
nporecom. Y nporpami THERM 1ieii eranm aBToMaTH30BaHO 3a JOMOMOTOIO aJITOPUTMY
aBTOMATHYHOTO CTBOpeHHs ciTku — Finite Quadtree [45].

I'eneparop citku Finite Quadtree O0a3yeTbcss Ha mpoLEAypl HPOCTOPOBOI
JIEKOMITO3HIII1, SIKa TPEACTaBIs€ TEOMETPUYHY O0OJacTh sIK HaOlp HENmepeKPUBHUX
KBaJpaTiB, TaK 3BAHUX KBAJPaHTIB, 110 30€pIiraroThCs y BUMIIAJL 1€PApXIYHOTO JIepeBa.
OO0'exT, MO0 MmijuIsirae po30UTTIO Ha CITKY, PO3MILIYEThCS y KBaApaTHINA 00JacTi, gKa
MOBHICTIO Horo oxorumoe. [lelt kBampar BBaxaeThCsi «OaThKIBCHKUMY KBAJPAHTOM 1
MOAUISIETHCS HAa YOTUPU «IOUIpHI» KBaapaHTh. l[lojamnbine po3raiyXeHHs [IepeBa

3MIACHIOETHCSI PEKYPCUBHO IUIAXOM MOLTY MPUKOPJAOHHHMX 1 BHYTPIIIHIX KBaJpaHTIB
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JIOTH, JOKH BC1 IM1100JIacT1 HE BIAMOBIIATUMYTh reoMeTpli 00’ ekra. Po3nonisn TpuBae a0
TOTO MOMEHTY, KOJM KOXXEH KBaJpaHT MICTUTh JMie oauH Matepian. [lapamerp
KEepyBaHHS CITKOI0 BH3HA4Ya€ MIHIMAIbHY KUIBKICTh MOALIIB, SIKI BUKOHYE alTOPUTM
Quadtree. Yum OutbmuM € 1ed mapamMeTp, TUM MEHIIMH MaKCUMAaJIbHHH PO3MIp
eJIeMeHTIB y KiHuesiil citmi. [licna gopmyBaHHS nepeBa MepeBipsIOTHCS yCl KIHIEBI
(TepmiHaNbHI) KBaJIpaHTH, 100 TapaHTyBaTH, 10 PI3HULA PIBHIB JiepeBa MK CyCiIHIMU
eJIEeMEHTaMHU He MEPEBUIILY€E OAHOTO — II€ J03BOJII€ YHUKHYTH 3HAYHOTO KOHTPACTY B
po3Mipax CyMDKHUX eJeMeHTiB. OCTaHHIM KpPOKOM alrOpUTMy € MEpEeTBOPECHHS
CTpyKTypu quadtree Ha KomOiHaIilO g00pe cPOpMOBaHMX YOTHUPUKYTHHUKIB 1
TpUKYTHUKIB. [liciisi CTBOpPEHHS CITKM BOHA MEPEAEThCsl MOAYIIO PO3B’s3aHHS 3a7adl
METOJOM CKIHUEHHHUX €JIEMEHTIB [46].

Po3B’sa3yBa4 MeTO Ty CKIHUEHHUX €JIEeMEHTIB, peaiizoBanuil y nporpami THERM min
Ha3Boro Conrad, 6a3yeTbcs Ha KOMIT IOTEPHUX MpOrpaMax 3 BIAKpUTHM koom TOPAZ2D
ta FACET [47,48,49]. PiBHSIHHSI TEIJIONPOBIAHOCTI B JIBOBUMIPHOMY MPOCTOPI, 110 €
OCHOBHUM [IJISl 1IbOTO METOJY, BHUBOAMUTHCS 3 3arajbHOTO PIBHSHHS EHEPreTHUYHOTO
OanaHCy 3a YMOBHU CTaJIUX (DI3UYHUX BIACTUBOCTEH MaTepialiiB 1 Ma€ BUMIISA] YACTUHHOTO
nvdepeHItiaapHoro PiBHIHHS, HaBeneHoro y hopmyii (2.1).

(E+20) +q,=0, .1

o2 oy
ne k — teronpoBigHicTs BT/MK;
T — remneparypa, K;
X,y — IPOCTOPOB1 KOOPANHATH;
(4 — BHYTpILIHS TeIUIOreHepanis, Br/m?,
[Ipu noTprMaHH1 HACTYITHOTO HAOOPY IPAHUYHUX YMOB:
qr = 0 —aniabaTHa rpaHUYHA YMOBA,
T= f(x,y) — TemnieparypHa rpaHU4Ha YMOBA;
qf = q — TPaHUYHA YMOBA BIJIOMOI TYCTHHH TETJIOBOIO MOTOKY;
qc = h(T — T, ) — KOHBEKTHBHA TPAaHUYHA YMOBA;

q, = &0T{* — a;H; — panianilina TpaHI4YHA YMOBA;
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BinmoBiaHo, y3araibHeHa popma 3akony Dyp'e 111 0OUMCICHHS TETIOBOTO MOTOKY,
CIPSIMOBAHOTO TIEPIICHIUKYISIPHO 10 TMOBEPXHI (TpaHMIll), 13 ypaxyBaHHSAM TPbOX

MEXaHI3MIB Iepeaadi Tera:
T aT
qr+qc+qr =~k (anx + @ny), (2.2)

MaremaTrndHOI0 OCHOBOIO MeTONy CKiHueHHHX eneMeHTiB (FEM), peanizoBanoro B
nporpami THERM, € 30kpeMa BHKOpHCTaHHS METOMy 3BakeHMX 3ayimiikiB (Weighted

Residuals Method):
JJ, WRdxdy =0, (2.3)

ne (2— 067acTh PO3paXyHKY;

W — BaroBa QyHKIIis;

R — 3anumikoBa (yHKIIis (HEBIAMOBIAHICTh allpOKCUMAIlil pealbHOMY PO3B’S3KY ).

Inest meTony momsirae HE B TOMY, 100 3aJMINOK R JOPIBHIOBAB HYIIO BCIOAH, a B
TOMY, 1100 HWOro cepelHe (3BakeHe) mo oOnacTi Oylo MiHIMAJIBHUM, IO 3a0e3neuye
HAOJIMKEHHS /1O ICTUHHOTO PO3B’s13Ky. Pe3ynbTrar miIcTaHOBKY Ta IHTETPYBaHHS PIBHSHHS

TEIJIONPOBITHOCTI 3 ypaxXyBaHHIM IT'PaHUYHUX YMOB HaBeAeHO y dhopmyii 2.4:

oW oT , oW oT —
kffﬂ (554_55_ Waqg)dxdy + frh Wh (T —Ty) dl;, — frq wadl, —
I, Wle;o(4T? = 3T) — ayH;|dI. =0 (2.4)

dopmyna 2.4 — e Bapiaiiiina opma piBHSIHHS TEIUIOMPOBIAHOCTI 3 ypaxyBaHHSM:
- JDKepel TeIia ¢, y CEPeanHi 001acTi;
- KOHBEKTHBHOTO TEIUIOOOMiHY Ha IpaHULsX [}
- 3a/1aHOTO TEIJIOBOTO MOTOKY Ha TPaHMIsIX [ ;

- paaiauiiHoro TemiooOMiHY Ha TPaHULSAX [, 3 ypaXyBaHHS BUIIPOMIHIOBaHHS

3a 3akoHoM Credana-bonbimana.

2.3 Oco61uBOCTI MPOrpaMHOIO 3a0€e3Me4YeHHs 3 eHePreTUHYHOr0 MOIeJTI0BAHHS

Haiibiibin  JeTanbHIMKMM ~ METOJOM  JIOCHIDKEHHS  e€(EeKTHUBHOCTI  poOOTH

CHEPreTUYHNX CHCTEM Oy/iBellb € BUKOPUCTAHHS AWHAMIYHMX MetomiB [50, 51, 52].
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Uepe3 A0CTaTHIO CKIAIHICTh TaKUX METOMIB Cepell HAYKOBIB AaKTyaJlbHUM €
BUKOPDHCTaHHS  CIELIAJIbHOTO  MpOrpaMHOro  3a0e3MleyeHHsT  Mpu  aHalisl
eHeproedekTuBHOCTI OymiBenb. CTaHOM Ha 3apa3 HAWOLIBII TOMMUPEHUMHU Ta
nonyisipHuMu HacTymHi nporpamiui npoayktu: IDA ICE, IES VE, DesignBuilder, eQuest,
EnergyPlus, DOE-2.

JluHamiuHe MOJENIOBAHHA Ja€ 3MOTY aHalli3yBaTH 3HAYHUN CIEKTP MOKa3HHKIB
eHeproe(eKTUBHOCTI Ta TEIJIOBOTO KOMGMOPTY y OymiBISX Ta JIETKO BiJICIIIIKOBYBaTH
piBEHb €HEPrOCIIOKMBAHHS Oy/iBeb B 3aJI€KHOCTI BiJ] 3MIHU PI3HUX BXITHUX (DAKTOPIB.
JlomaTKoBOIO TepeBarol0 MmporpaM 3 JUHAMIYHOTO MOJENIOBAHHS € MOXJIHMBICTh
BpaxyBaHHs BIUIMBY IIaCUBHUX €JIEMEHTIB Ha E€HEpPromnorpedy Ta €HEeprocloKWBaHHS
Oy/1BJI1, TAKUX SIK 3aTIHEHHSI BIKOH [53] Ta 1H.

DOE-2 mpencraBisie co00l0 IIMPOKO BUKOPUCTOBYBAaHUN  OE3KOIITOBHUM
NpPOrpaMHUl TPOAYKT JJIsI TPOBEAEHHS EHEPreTUYHOro aHamizy OymiBenb. llei
IHCTPYMEHT 3JaTHUW MPOTHO3YBATH PIYHE BUKOPUCTAHHS €HEPIli Ta BUTPATH 1Sl Oy/b-
SKOTO THUITy OY[iBI, JUIsl YOTO BUKOPUCTOBYETHCS JIETANI30BAHUM OMMC TUIaHy OyIiBIIi,
OrOpOJKYBaJIbHUX KOHCTPYKLiM, rpadikiB podotu iHxeHepHux cucrem (OBK,
OCBITJIEHHS 1 T. J.) Y NMO€AHAHHI 3 MOTOJAHUMHU JTaHUMU ISl IPOBEICHHS MOTOJUHHUX
MOJICJIIOBaHb PIBHSI eHeprocnoxkupaHHsi Oynimi. OcobnuBictio DOE-2 € Te, mo us
nporpamMa BUMara€e BHCOKOIO PiBHSI JOCBIAY JJsl €(EKTUBHOTO BUKOPUCTAHHS BCIX il
MOXJIMBOCTEH, ajie BOAHOYAC HAJA€ JOCIITHWKAM 1 €KCIepTaM BIATMOBIAHO 3HAYHY
THYUKICTb [54].

eQUEST, six moBHoO1IHHA iHTepakTHBHA peanizailis DOE-2, BUPI3HIETHCS 3pyUYHUM
rpadiuauM iHTEpdericoM Ta TOMATKOBUMH (DYHKIIISIMU, SKI aBTOMATHU3YIOTh CKJIAIHI
3aBlaHHSA Ta CHOPOLIYIOTh B3aemojil0 kKopuctyBada 3 DOE-2. Ilporpama Hanmae
MOJIMBICTh IMIOPTY TeoMeTpli OyiBil 3 TOTOBUX apXITEKTypHHX Mojened abo
CTBOpEHHsI 00OJIOHKM OyaiBii BiacHopyd. IIporpama pae 3Mory BBOIWUTH JaHi Y
CIIPOIIIEHOMY Ta JieTaabHOMYy dopmari [S55].

EnergyPlus, sikuii 0a3yeTbest Ha Kpamux niaxoaax moaentoBands DOE-2 ta BLAST,
€ MPOrPaMHUM MPOAYKTOM, III0 BUKOPUCTOBYE (DI3UYHO 3aCHOBAHI MOJIEII JJIS OIHUCY

TEIUIOBOTO Ta MacoBOTo Oanancy B OyaiBii. KoxkHa mporpama BkiItoYa€e BETUKY KUIBKICTb
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HIAIporpaM, fKi CHUIBHO MPAIlOI0Th [JIsi MOJENIOBAHHS EHEPreTUYHUX TIOTOKIB Yy
oyniemi. EnergyPlus 3milicHIOE KOMIUIEKCHE MOJCIIOBaHHS 3a JIOIIOMOTOI0 TPhOX
OCHOBHUX KOMITOHEHTIB: MOYJIb TEIJIOBOTO 1 MacOBOTO OajaHCy, MOAYIb CUMYISIT
cucteM Oy/iBJIl Ta CTOPOHHIN 1HTEpdelc i1 CTBOPEeHHs reomeTpii Oyaiii [56, 57].

IDA ICE - 1ue KOMIUIEKCHE MporpamMHe 3a0e3leueHHs [JIs MOJEIIOBaHHS
eHeproeeKTUBHOCTI  OymiBeNb, SKE JO3BOJIIE KOPHUCTyBadyaM MOJEIIOBAaTH Ta
CUMYJIIOBAaTH PI3HI acrnekTh OyaiBeNbHOI (I3UKHM, BKJIIOYAIOYM CHUCTEMH OTaJICHHS,
OXOJIOJKCHHSI, BEHTHJIALII Ta KOHAMIIIOHYBaHHS MOBITps. BoHO BKiIIOYae aeTanbHi
TEIIOBI Ta EHEPTeTUYHI MOJIEIII JJIsI OI[IHKU BHYTPIITHBOTO KJIiMaTy, CIIOKUBAHHS €HEPrii
Ta ekoyioriuHoro BIUMBY OymiBenb. Kpim Toro, IDA ICE miarpumye mapameTpuuHi
JOCJIIIKEHHS Ta ONITUMI3aL110, 110 POOUTH MOTO LIIHHUM JUISI IOCI1THUKIB, 10 MPALIOIOTh
HaJl JU3aHOM CcTauX Oy/iBesIb Ta aHali30M eHeproedeKTUBHOCTI [58].

IES VE - ne yHiBepcaiapHU TpOorpaMHUA TAKET JJIsl aHaJI3y eHeproe(PeKTuBHOCTI
Ta MOJEIIOBaHHS eHepreTuyHoi edexTtuBHOCTI OyaiBenb. Cepeln OCHOBHHUX MOro
MOKJITUBOCTEN OKPIM BKE TUIIOBOTO aHATI3y €HEproCIOKUBAaHHS Oy/IIBII1 32 PI3HUX YMOB
BapTO BHUOKPEMHUTH OILIHKY IHTErparii BIJHOBIIOBAJbHUX JIKEPEN €HEprii, BUKHUIIB
BYTJICHIO Ta aHAJI3y JKUTTEBOTO IUKITY. TakoK HaHWM MPOrpaMHUM MPOAYKT J103BOJISIE
e(PEeKTHUBHO JTOCHIIKYBaTH KiJbKa CIEHApPIiB MPOEKTY Ta MPOBOJUTH aHali3 4y TJIUBOCTI
10 p13HUX (pakTopiB [59].

DesignBuilder € mporpamMHuM 1HCTpYMEHTOM, SIKHI OMEpye Ha sSApl CUMYJSTOpa
EnergyPlus, cepen dyHIiOHaTY SKOTO MOXXHA BUOKPEMHUTH 3[AaTHICTh aHAII3y BUKHUJIIB
BYTJICIIIO, PIBHIB OCBITJCHHS Ta KOMGOPTY, a TaKOX BUMIPIOBAHHS 1 KOHTPOJIb PIBHS
cnoxxuBanHs eHeprii. DesignBuilder nmopiBHIo€e anbprepHaTHBHI KOHCTpPYKIIii OymiBenb,
BUKOPHMCTOBYIOUYM IIBUJKHIA CrOCiO, 3aCHOBaHMU Ha (YHKIIAX Ta METOAI MOPIBHSIHHS
pesynpTariB  pizHux aHamiziB. DesignBuilder moenHye 1mBuake TpuUBHMIpHE
MOJICJIFOBaHHsI Oy/IiBEJIb 3 TMHAMIYHUM MOJISTIOBaHHSAM eHeprii [60].

[Ipn mnomanpiioOMy AOCHIIKEHHI B JaHiii poOOTI BUKOPUCTOBYBAaBCS came

nporpamauii npoaykt DesignBuider, o mae po3paxynkose siapo EnergyPlus.
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2.3.1 OcodmBocTi MmaremaTuuHoro anapary EnergyPlus

KitogoBuM marematudHuM migxogoM y mporpami EnergyPlus, mo mo3Boise
e¢(DEeKTUBHO MOJICIIIOBATH TEIUIONIEPEHOC Yy TBEpAMX Marepiajax 0e3 HeoOXi1THOCTI
30epiratv BCIO ICTOPIIO TEeMIIepaTyp Y MacuBi € METOI OOYHMCIICHHS TeIuionepenadi 3
BUKOpUCTaHHSAM (yHKIIi mnepenaBanna TtemnonpoBigHocTi (Conduction Transfer
Function, CTF) [61]. Metox CTF onucye TemioBuii noTik yepe3 OyiBesibHI KOHCTPYKIIi1
(HampuKIan, CTiHYy), K (PyHKIIIO TOMEpPENHiX Temreparyp 3 000X OOKiB KOHCTPYKIIT
(BHYTpIIIHBOI Ta 30BHINIHKOI MOBEPXH1), @ TAKOXK 1CTOPIl TEIUIOBUX MOTOKIB. 3araJibHUM
BUIIISIT (DYHKITIT TepeiaBaHHs HaBeleHo y hopmyii 2.5.

qo (t) = Z?:o XiTot—js — Z}io YiTii—js (2.5)

e q, (t) — TemoBuii NOTiK Ha moBepxHi Br/M?%;

To,t—js, Ti¢—js — TEMIIEPATYypH 30BHILIHBOI Ta BHYTPIIIHLOI MOBEPXHi, K;

X;,Y; — xoedinientu GyHkiii nepenasanns remnonposianocti CTF;

@opmynu 2.6 1 2.7 ONUCYIOTh PO3PAXyHOK TEIUIOBOIO MOTOKY [l BHYTPIIIHBOI Ta
30BHIIIHBOI TOBEPXOHB BIJMOBIIHO:
Qi) = ~ZoTie = X721 Zi Tyejs + YoToe + X721 Y Topmjs + 2oy D) Qiiejs » (2.6)
o (t) = =YoTie = X121 Y Tiemjs + XoTor + 2721 X Topmjs + 2oy D) Qo e—js» (2.7)
ne Tyt , Tit—js — TeMmmepaTypu BHYTPIIIHBOI MOBEPXHI (IIOTOYHA Ta ICTOPUYHI)
pO3paxyHKy, K;

Tot » To,t-js — TEMIIEPATYPH 30BHILIHBOI TIOBEPXHI PO3PaxyHKy, K;

Qkit-js » Qico,c—js — TETUIOBI TIOTOKM HA BHYTDIlIHiH Ta 30BHIIUHIH MOBEPXHAX Yy
nonepeaHi MomeHTu, Br/m?%;

@; — xoediuieHT GyHKIIT IepeIaBaHHs TEMIOBOTO MOTOKY.

Po3paxyHOK Koe]ili€HTIB 3IIACHIOETHCS 3a JOMOMOTOK YHCIOBOTO METOAY
kinieBux pizauilb (Finite Difference Method), sikuii 4inuTh CTIHY Ha HEBETUKI €JIEMEHTH
1 pO3paxoBye TeIIONepeady yepe3 KOXKEH 3 HUX.

TemoBuii OanaHc 30BHINIHBOI MOBEPXHI KOHCTpYyKLii B mporpami EnergyPlus —

OJIMH 13 KJIIOYOBUX €TaIliB Y MOJIEIIOBAHHI TETUIOBUX MPOIeciB y Oymibii. @opmyna 2.8
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BU3HAUaE, 10 CyMa BCiX TEIJIOBUX MOTOKIB, K1 IIFOTh HA 30BHIIIHIO TOBEPXHIO, Ma€e OyTH
BPIBHOBA)KEHOIO (PIBHOIO HYJIIO):
Gasor + ALwr + dconv — qko = 0, (2.8)

1€ qsp; — TETUIOBHH TOTIK MOTIMHEHOTO COHSYHOTO BUIPOMIiHIOBaHHS (TpsiMe +
poscigne), Br/m?%;

qiwr — YHCTE TEIUIOBE IOBTOXBHJILOBE BHUIIPOMIHIOBAHHS MIX ITOBEPXHEIO Ta
HABKOJIMIIHIM cepeoBuiieM, Br/m?;

qiony — KOHBEKTHBHHI TCIUIOBUH IMOTIK MK ITOBEPXHEIO Ta 30BHIIIHIM IOBITPSM,
Bt/Mm;

Qxo — TEIUIOTPOBIIHUI TEIIOBHH TIOTIK, 10 HAIXOIUTh Y TOBIILY CTiHH 3 TIOBEPXHI,
Bt/Mm?;

Ax BUAHO, yCl JOJAHKH BBAXKAIOTHCS JOJATHUMH, SIKIIO TEIUIOBUM TMOTIK
HaIpaBJICHUI 10 TIOBEPXHI, 32 BAHATKOM TEIIONPOBIIHOCTI, SIKa TPAAUIIHHO BBAKAETHCS
JOJIATHBOIO, SIKIIO HAIPSIM MMOTOKY — 330BH1 BCEPEIUHY CTIHH.

VY cucremi eHepretuuHoro mojentoBaHHs EnergyPlus BHyTpimHii TeruioBuii
o0ananc (Inside Heat Balance) € kiro4oBUM e€JIE€MEHTOM, SIKMII BU3HAYa€ PO3IMOLI
TEIJIOBO1 €HEPTii Ha BHYTPIIIHIX MOBEPXHX OyII1BEIbHUX KOHCTPYKIIINA Y MEXKaX OKpEeMOi
30HM (HampukJaa, KiMHatu abo mpuminieHHs). Lleit OGamanc BpaxoBye BCi JiKepena Ta
HUIAXMA Tepenadi Teria, siki MOXKYTh BIUIMBATH HAa TOBEPXHIO 3CEpelMHU OyIiBii, 1
3a0e3rneuye OCHOBY JJisi TOAAIBIIOrO pO3paxyHKy TeMIlepaTypd TOBITPS Ta
HAaBaHTAKEHHS HAa CUCTEMU OTAJICHHS, BEHTHWIALII Ta KOHAWI[IOHYBaHHSI.

3aranbHe PiBHSHHS BHYTPIIIHHOTO TEIJIOBOTO OajaHCy HaBelneHo y Gopmydi 2.9 Ta
BKJIFOYA€ TIICTh OCHOBHHUX KOMIIOHEHTIB: OOMIH JIOBTOXBHJIbOBHUM  TEIUJIOBUM
BUIPOMIHIOBAHHSM MIX MOBEPXHSMH 30HH, KOPOTKOXBUJIOBE BHUIIPOMIHIOBAHHS BIJ
JUKEpel OCBITJIICHHS, JJOBIOXBHJILOBE BHUIIPOMIHIOBAHHS BiJl BHYTPIIIHIX JDKEPEN Teria
(oOnmagHaHHA, JIOAW), TPOBITHUNA  TEIUIOBUM  TOTIK Kpi3hb  CTIHY, COHSYHE
BUIIPOMIHIOBAHHSI, SIKE MPOXOJAUTH Yepe3 BIKHA Ta MOTJIMHAETHCSA TIOBEPXHEIO, a TAKOXK

KOHBEKTUBHHM TETJTIOOOMIH MI>K TTIOBEPXHEIO Ta MOBITPSAM MPUMIIIEHHS.

!

diwx + qsw + Qiws + Qi + Aso1 + Geony = 0, (2.9)

1€ q;wx — OOMIH JOBrOXBHJIBOBUM BUIIPOMIHIOBAHHSM MIXK IIOBEPXHSIMH BCEPEAMHI
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30HH, BT/M?;

Qs — KOPOTKOXBHJIbOBE BHIIPOMIHIOBAHHS BiJl BHYTPILIHIX JKEpET CBITIA, SKE
jocarae noepxui, Br/m?%;

qiws — [OBIOXBHJIbOBE BHIIPOMIHIOBAHHS BiJ OOJagHAHHS YU JIIONEH, M0
HOIIMHACTLCS MOBEPXHEIO, BT/M?;

r; — TEIUIONPOBIAHICTH (MPOBIAHUI TEIUIOBMH MOTIK) Yepe3 KOHCTPYKILi0, BT/M?;

Qso; — TIEPENaHe COHSYHE BHIIPOMIHIOBAHHS, SIKE€ IIOTPAIIMIO Yepe3 BiKHA Ta
HOIIMHACTLCS MTOBEPXHEI0, BT/M?;

qiony — KOHBEKTHBHUH TEIUIOOOMIH MIX IOBEPXHEIO Ta IMOBITPSAM IPHMIIICHHS,
Br/m?.

VY mporpamuomy cepenosuiii EnergyPlus po3paxyHok TermiaoBoro OajiaHCy BiKHA
(Window Heat Balance Calculation) € BaXJIMBOO CKJIaJOBOIO 3araJIbHOTO MOJICTIOBAHHS
CHEPreTUYHUX TMponeciB y Oymieial. BiH  oXomioe jaetanbHe  BpaxyBaHHS
TETJIONPOBITHOCTI, OOMIHY BHUIPOMIHIOBaHHSIM, a TaKO KOHBEKIIIT Yyepe3 KOXKEH Iap
CKJIIHHA Ta HOro noBepxHi. Mozenb 0a3yeTbesi Ha TAKUX MPUITYILICHHSIX:

- MapH CKJIa BBAXKAIOTHCS HACTUTLKH TOHKHMH, IO iX TEIJIOEMHICTh 3HEXTYBaHa;

- TEIUIoNepeaaya BiKHA pO3TIIAIA€THCA SIK OJTHOBUMIPHA Ta HOpMaJbHA JI0 IOBEPXHI;

- KOJKEH I11ap Ma€ JBl aKTUBHI MMOBEPXHI, A1 AKUX (DOPMYIOTHCSI OKpEMI PIBHSHHS
TEIJIOBOTO OaJIaHCy.

Jlns BikHa 3 N mapamu ckia Oyayerbest cucteMa 3 2N HeNiHIMHUX PIBHSIHB, SKa
BpaxoBy€:  TEIUIONPOBIAHICTH MDK  [IapaMu, JOBIO- Ta  KOPOTKOXBHJIbOBE
BUIIPOMIHIOBAHHSI, OOMIH TETUIOM 3 HABKOJIMIIIHIM MOBITPSIM.

Hampuknan, ams neproi MOBEpXHI CKJIa PIBHSHHS MaTHME BUTJISAM, HaBEACHUHN y
dbopmymi 2.10.

Eye; — £00F + ki(0,—6) +h,(T,—0,)+S; =0, (2.10)
ne E,&; — BnacHe TerioBe BUMPOMiIHIOBaHHS TOBEPXHI;

£,007 - panianiiina Teronepeaaya Mix ILi€l0 NOBEPXHEIO Ta IHIIMMHU (HAIIPUKIA,
CYCIIHIM IIapoM CKJjia abo Kalo31);

k,(6, — 0,) - TeMNOMPOBIIHICT, Kpi3h IMap — TMepegada Teruia MDK JBOMa

CYCIJIHIMH TTOBEPXHSIMU (BHYTPIIIIHS Ta 30BHIIIHSI CTOPOHHU APy CKJIA);
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h,(T, — 6,) - KOHBEeKTUBHUH TEINIOOOMIH 13 HABKOJHWIIHIM  CEPEIOBHUIIEM
(moBiTpsiM a00 Ta30M MIXK IIapaMu);

h, — KoedimieHT KOHBEKIIii;

T, — Temneparypa noBiTpsi 200 ra3oBOTO MIApPY;

S - IOIMIMHEHE COHSYHE Ta JIOBFOXBUJIHOBE BUIIPOMIHIOBAHHS Ha JaHiil MOBEpXHI,
sSIKE€ BKJIIOYA€ COHSYHY pajiallito, KOPOTKOXBHJIbOBE BiJl OCBITICHHS, Ta JOBTOXBHIIbOBE
B1J1 JItOJIeH UM TIPHITAIIB.

Y nporpami EnergyPlus TenioBwuii 6ajaHc MOBITPs B 30HI BU3HAYAE, SIK 3MIHIOETHCS
TeMIeparypa moBiTps y IPUMIIICHHI ITi/1 BIUIMBOM PI3HUX JKEpE TeIia, TeIJI000MiHY 3
NMOBEPXHAMH Ta BEHTWIALIHHUX mpoleciB. Lleil 0anaHC € HEeHTpaJbHOK CKJIAJ0BOIO
JUHAMIYHOTO MOJIEIIOBAHHS MIKPOKIIIMAaTy, KOM(OpPTy Ta eHeprocnoxuBaHHsi. OCHOBHE

PIBHSIHHS OaJlaHCy BUIISIIAE TaK:

Tz _ yNst ¢ Nour Nyones s
rn = Zl:sll Qi + Z:l=511L faces hiAi(TSi - TZ) + Zi:clmes miCP (Tzi - TZ) +

+minpr(Tm - Tz) + stSa (2'11)

dr, : . "
e C, d—tz — 3MiHa BHYTPIIIHbOI TEMIEPATYPH 30HU 3 4aCOM, JE:

C, — reruioeMHicTh 30HHU ([]x/K);

T, —temnieparypa 30uu (°C);

Ng;

i=; @i — CyMa BHYTDILIHIX TEIJIOBMX HAIXOIDKEHb BIJ PI3HMX JDKEPEI, TAKUX K

npuiaau, OCBITICHHS Ta JIIOIU;

N . .
Yiy faces h.A;(Ts; — T,) — KOHBEKTHBHHIA TEIIIOOOMIH BiJl TOBEPXOHD 30HH, JI€:

h; — xoedinienr Termnosingaui aus nosepxui i (Br/m?K);
A; — mutomma nosepxHi i (M?);
T,; — Temnieparypa nmoBepxHi i (°C);

N : : : : : :
X2 m;Cy(T,; — T,) — Tenao000MiH IIpH MiXK30HHOMY HepeMillyBaHHi HOBITpS,

Ie: m; — MacoBa BUTpara MoBITPs 3 30HU i (KI/C);
C, — nMTOMA TEMNOEMHICTH NOBITPs ([DK/KrK);

T,; — Temneparypa noBiTps B 30H1 i (°C);
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MinsCp(Too — T,) — TEMoBiIa4a 3a paXyHoK iH(inbTpanii 30BHIIIHLOrO MOBITPH,
ne: Min s —MAcOBa BUTPATAa iH(IIBTPALIHHOTO MOBITPS (KI/C);
T,, — Temneparypa 30BHIiIHLOT0 MOBITPs (°C);
sts — TEIIOTa BiJI CHCTEM BCHTHUIAII Ta OITAJICHHS, SIKI JOAaloTh abo

BIIHIMAIOTh TEIJIOTY BiJl 30HH, BT.
BucHoBKkHM 10 po3ainy 2

Y Mexax apyroro po3auty OyJio pO3TASHYTO JBa OO €KTH TOCHIIKCHHS:
rpOMaJICBKy Oy/IiBITIO (HaBYaIbHUM 3aKkiaaa y M. KueBi) Ta »kuTIIoBUi OaraTokBapTUPHUN
OynuHoK. OOuaBa OO0’€KTHM BIAHOCATBCS OO THUIOBUX MPEICTABHUKIB 1CHYIOYOIO
OymiBenbHOTO  GoHAY  YKpaiHH, M0  XapaKTepU3ye€TbCd  BHUCOKHUM  PIBHEM
CHEPrOoCIOKUBAHHS Yepe3 HEJOCTATHIO TEeIUIOI30JIAIiI0, Hee(EeKTUBHI 1HXKEHEpPHI
CHUCTEMU Ta HASBHICTh YUCJICHHUX TEIJIOMPOBITHAX BKIIOUCHb.

HeranbHO MIPOAHAJII30BaHO r€OMETPUYHI Ta 00’ €MHO-TUTaHYBaJIbHI
XapaKTepUCTUKU OY]1IBEJIb, KOHCTPYKTHUBHI OCOOJIMBOCTI OrOPOIKYBaJIbHUX €JIEMEHTIB,
TUIH 3aCTOCOBAHUX 1HXKCHEPHUX CUCTEM 1 IXHIM TEXHIYHUH cTaH. Bysio BCTaHOBJIEHO, 110
B 000X BHUIIaJIKaX KOHCTPYKIIi OrOPOKEHHS HE BIAMOBIAAIOTH CY4YaCHUM BHUMOTaM JI0
eHeproe()eKTUBHOCTI, 110 3YMOBIIIOE€ MIABUILIEHI TeIuioBl BTpatu. OcoOJuBYy yBary
NPUAUICHO aHali3y TEeXHIYHOTO CTaHy CHCTEM OIajieHHs, BEHTWJIAIII Ta Tapsyoro
BOJIOTIOCTAaYaHHS, SIKI 3HAYHOIO MIpOI0 BU3HAYAIOTh PiBEHb KOM(OPTY Ta CHOKHUBAHHS
€Heprii B eKCIUTyaTalliHUN Mepiol.

3 METOI aHajiidy TeIUIOBUX XapaKTepUCTUK OyMiBENIbHHX BY3JiB 13
TEIJIONPOBIJHUMU ~ BKJIIOYEHHSAMH  OOTPYHTOBAHO  JOLUIBHICTH  3aCTOCYBaHHS
MPOTPaMHOTO 3a0€3MeUeHHs, OPIEHTOBAHOTO HAa METOJHM YHCEIHLHOTO MOJIEIIOBaHHS.
Posrnsnyto psan  cywacHux mporpamHux —npoayktiB — THERM,  Solido,
HEAT2/HEAT3, Flixo Energy, Ansys Fluent, 1o 103B0/s110Th BU3HAUYUTH JTiHINHI (V) Ta
TOYKOBI () Koe(DilieHTH Terionepeaadi 3 ypaxyBaHHIM I€OMETpii By3JiB, MaTepiaiiB,

rPaHUYHUX yMOB Ta Temnogi3uuHux BiactuBocted. IlimkpeciieHO mepeBaru
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BukopuctanHa nporpamu THERM sk yHiBepcalbHOrO 1HCTPYMEHTY HJisi aHami3y
TEIJIONPOBITHUX BKIIOUEHb y 2D-cepenoBuiiii.

Y npyriii 4acTUH1 pO3ALTY AETaTbHO PO3IIIIHYTO MATEMAaTHYHY 0a3y MPOrpaMHOTO
npoaykty THERM — 30kpema, peasnizaliiro METOIy CKIHUYEHHUX €JIEMEHTIB, aJrOPUTM
reHepaiii CiTKH, a TaKoXX BapialiiiHy (QopMmy piBHSIHb TeruionpoBigHocTi. HaBemeHo
MaTeMaTH4He OOTPYHTYBaHHS BUKOPUCTAHHS METOY 3BKEHUX 3aJIHMILKIB JJIs TOOY0BH
PO3paxyHKOBOI MOJIEJII.

Takosx nmpoaHanizoBaHO MOKJIMBOCTI Ta BIAMIHHOCTI JUHAMIYHOTO €HEPTETHYHOTO
MojentoBaHHs OyziBens Ha npukiaai nporpam EnergyPlus, DesignBuilder, IDA ICE,
IES VE Ta iHmmx. OcobnuBy yBary npuauieHO MareMatuyHomy amapaty EnergyPlus:
¢byukiii nepenaBanHs TertonpoBigHocTi (CTF), po3paxyHKy TemioBoro Oaniancy
BHYTPIIIHIX 1 30BHIIIHIX MOBEPXOHb, BIKOH, @ TaKOX MOJEII MOBITPSHOTO TEIJIOBOTO
Oaancy 30HU. BCTaHOBIIEHO, 10 3aCTOCYBaHHS MOAI0HUX MOJIeNIel T03BOJIIE€ OTPUMATH
BHUCOKY TOYHICTh OLIHKHU TEIUIOBUX BTPAT, €PEKTUBHOCTI 3aX0/[1B TEPMOMO/ICpHI3aIlii Ta
IPOrHO3YBaHHS CIIO’KUBAHHS €HEprii.

TakuM 4YMHOM, peE3yJbTAaTH, OTPHUMaHI B MeEXKax ULbOT0 pPO3AlLY, (HOPMYIOThH
TEOPETUYHE Ta METOJOJIOTIYHE MIAIPYHTS AJI MOAAJIBIIOrO MPOBEAEHHS YHUCEIBHOIO
aHai3y TEIUIONPOBIAHUX BKJIIOYEHb, OLIHKM BIUIMBY TEPMIYHOI HEOJHOPITHOCTI Ha

€HEepreTuYHy e(peKTUBHICTh OyAiBENb Ta PpO3POOKH BIANOBIAHUX 1H)KEHEPHUX PILICHb.
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PO311J1 3 MOJIEJIOBAHHSI TA AHAJII3 TEIIJIOBUX ITOTOKIB

TEPMIYHO HEOJHOPIJTHUX OI'OPOJI)KYBAJIbHUX KOHCTPYKIIIA

HesBaxaroun Ha HasBHICTb B YKpaiHI IIMPOKOI HOPMATHMBHOI 0a3u 3 MUTaHb
eHepro30epekeHHsT Ta eHeproedeKTUBHOCTI OymdiBenb, sika Oynaa TIpoaHai3oBaHa B
NEPIIOMY PO3ILIl JAHOTO MOCHIIKEHHSA, Ha JEpKaBHOMY pIBHI Ha JaHUH MOMEHT
BIJICYTHS yHi(IKOBaHAa METOMOJOTISI TPOEKTYBAaHHS BY3JiB  OrOpPOKYBaJbHUX
KOHCTPYKIIIH, sIKi O BiMOBITATN 3aTBepHKeHUM BuMoraMm [13] mo OymiBenb 3 OMM3bKUM
0 HYIbOBOro piBHeM eHeprocnoxkuBanHs (nZEB). CyuacHi NOpOEKTH YacTo
nependayaroTh BUKOPUCTAaHHS BHCOKOS(MEKTHUBHUX TEIUIOBOJSAIINHUX MaTepiais,
HOBITHIX BUJIB CKJIIHHS, KOMOIHOBaHUX (pacaJHUX CUCTEM Ta PIIIEHb, BY3JI1B KPIIIJICHHS
BEHTUJILOBAHUX (pacaiiB Tomo. Taki KOHCTPYKTUBHI €JI€MEHTH HE 3HAXOSTh HAJIEKHOTO
BIJIOOpa)KEHHSI y TUIIOBUX KaTajorax BYy3JiB OrOPOKYBaJbHUX KOHCTPYKLIN [15], mo
3HAQYHO YCKJIAJIHIOE aHAJITHUYHY POOOTY 3 OI[IHKM TEIUIOBUX BTPAT IUX EJIEMEHTIB,
BU3HAUCHHS KOEQIIIEHTIB Y Ta ), @ OTXE 1 B LUIOMY YCKJIQJHIOE MPOEKTYBaHHS
eHeproePeKTUBHO1 TEMJI0BOT OOOJIOHKHU OY/l1BEb.

VY 3B’s13Ky 3 IIUM BUHHUKAE MOTpeda y CTBOPEHHI, IEPEBIPIIi Ta BIPOBAIKEHHI HOBUX
MPOEKTHUX PIIIEHb Ta MiAXOAIB, 10 0a3yIOThCSA HA YMCEIBHOMY aHati31, Ballfalli yepes
KOMIT FOTEpHE MOJICITIOBAaHHSA, a TaKOX aJanTarii HaWKpammx TPakTHK JI0 yMOB
HaIllOHAJIHHOTO OYy/IBHHIITBA.

BusnaueHHst niHIMHUX KOe(]IIIEHTIB TerUionepeaaydl MpOBOAUIOCH BIAMOBIIHO 10
METOJMKH OMUCAHOI B MEPIIOMY PO3LUTl JAHOTO TOCTIPKEHHS Ta sika MICTUThCS B [17]

IIPY BUKOPUCTaHHI nporpamuoro cepenosuiina THERM.

3.1 AnaJi3 Ta onTuMi3alisi By3JIiB JIHIHUX TEMJIONPOBIAHNX BKJIKYEHb

B nanomy po3mini po3missHYTO HaWOLIbII THUIIOBI TEMJIOMPOBIAHI BKIIOYEHHS SIK1
XapakTepHi i OyaiBens Ykpainu. A came:
® By30J] TMPUMHUKAHHS 30BHINIHIX CTIH 3 TEMNIM 3 ONOPSAIKEHHSIM

HITYKaTYPKOIO JI0 MIXKIIOBEPXOBOTO IEPEKPUTTS;
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BY30J1 KyTOBOTO CITOJIYYEHHSI 30BHIIIHIX CTIH 3 IETJIM 3 OMOPSIKEHHSIM
HITYKaTypKOIO;

BYy30J MNPUMHMKAHHS TUIMTH NEPEeKPUTTS IJIACKOrOo Jaxy 10 CTIHM Ta
naparery,

BYy30J TPUMHUKAHHS 30BHINIHIX CTIH 3 TETJH 3 ONOPSAIKCHHSIM
HMITYKaTYpPKOIO J10 OAIKOHHOTO MEPEKPUTTS

BY30JI MPUMHUKAHHS BIKOHHOT KOHCTPYKIIIi JO 30BHIIIHIX CTiH y 30H1 (30HU
NEePEeMUYKH, TABIKOHHS, PSAOBOTO CIIOTYUYEHHS);

BY30JI IPUMHUKAHHS KOHCTPYKIIIT MiJIOTW HaJ HEOMaIIOBaHUM ITiBAJIOM J0
CTIHU IIOKOJIS,

BY30J1 IPUMHUKAHHA KOHCTPYKIIIi MiJJIOTH MO TPYHTY JI0 30BHIIIHIX CTiH 3

dacagHOIO TEIIO130JIS1I1€10

TermmorexHiyHl BJIACTUBOCTI MaTepiaiiB mpuiiManucs BiamnoBigHo a0 Jlomatky A

HallloOHAJIbHOTO cTaHAapty [15] 3a ymoB ekcrutyaraiii «b» Ta HaBeneH1 Jisg KOXKHOTO

KOHCTPYKTUBHOI'O BY3Jia, IO PO3INIAAA€TBCA, AKIIO HC 3a3HAYCHO 1HIIIE. HapaMeTpI/I

rpaHUYHUX YMOB 3aCTOCOBAaHUX NPH MOJEIIOBaHHI HaBeleHi B Tabmumi 3.1. Jlani

napameTpy MpUUMaInCh 3 BpaxyBaHHSAM KOe(Ili€eHTIB TeruioBiaaadi 3riHo Jlonatky b

[15], a TermmoTexXHIYHI BIACTUBOCTI IPYHTY 3a/1aBaJIMCh 3T1IHO pEKOMEH allil [HeTuTy Ty

[TacuBnoro bynuuky CIIA (PHIUS) [62].

Tabmums 3.1 — IpaHuuyHi yYMOBHM By3/l1a NOPUMHUKAaHHSA 30BHILIHIX CTIH J0

MIKITOBEPXOBOTO MEPEKPUTTS

: Koedimient
YMOBHI1 . . | Temnieparypa,
Tun KOHCTPYKIIii TEIUIOBIIaYi, o
MO3HAKU 5 C
Bt/(m” - K)
= == == | BepTukanabHa, cTiHa (330BH1) 23 -22.,0
BeprtukainbHa, cTiHa (BCepearHi) 8,7 +20,0
["'opuzoHTanbHa, mijgiora (BcepeIuHi) 5,9 +20,0
['opusonTanbHa, ctens (BcepeanHi) 10 +20,0
m= == == | KOHTAKT 3 [PyHTOM 99999 +5,0
== == == | Bick cumeTpii (amiabara) - -
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3.1.1 By3os npUMHMKAHHS 3O0BHIIIHIX CTIH 3 WLerIM 3 ONOPSAKEHHAM

IITYKATYPKOIO 10 MIzKIIOBEPX0BOT0 MEPEKPUTTSI

Ha pucynky 3.1 HaBeiaeHO By30J MPUMHUKAHHS 30BHIIIHIX CTIH 3 LEDH 3
OTIOPSIKEHHSIM MITYKaTYPKOIO 10 MIXKIIOBEPXOBOT0 MepekputTs. B Tabnuiti 3.2 HaBeneHO
TEIJIOTEXHIYHI BJIACTUBOCTI MarepiaiiB 3 SKUX CKIATAEThCS KOHCTPYKTHBHHU BY30Il.
HaBeneHuii KOHCTPYKTUBHUN By30J1 Oyl0 3MOJEIbOBAHO B IPOrPAaMHOMY CEPEIOBUILI

THERM. Ha pucynkax 3.2 Ta 3.3 HaBeJI€HO pe3yJIbTaTH MOAEIIIOBAaHHS.

1504

Pucynok 3.1 — Cxema By3Jia IpUMHKaHHS 30BHIIIHIX CTIH A0 MIKIIOBEPXOBOIO

HEPEKPUTTS
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Tabmuus 3.2 — BaacTUBOCTI marepiaiiB By3ja MPUMHKAHHS 30BHINIHIX CTIH 0

MDKITOBEPXOBOTO MEPEKPUTTS

YMoBHI Matepiar A, P,

MMO3HAKHU Br/M-K | kr/m?
1 Po3unH neMeHTHO-ITIIIaH U 0,93 1800
2 VYremnmoBau MiHepaIoBaTHUI 0,050 150
3 [ernsna xnaaka (kepamiyHa) 0,81 1800
4 JlepeB’siHe IOKPUTTS TiAsoru (1y0, momepex 0.23 700

BOJIOKOH)

5 ExcTpynoBanuii miHOMOIICTHPOT 0,037 35
6 3aii300eToH 2,04 2500

i

]

}

a) 6)

Pucynok 3.2 — Moaenb KOHCTPYKTUBHOTO By3Jia: a) 3actocoBaHa citka FEM; 0)

PO3MO/LT BEKTOPIB I'YCTUHU TEIJIOBOTO TIOTOKY
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Color Legend Color Legend

0.0 24 4.7 7.0 9.4 11.7 140 163 187
I

-21.5° -16.3° -11.1° -59° -08% 44° 946° 148° 200° C Wim2
|

a) 0)
Pucynok 3.3 — Mozenb KOHCTPYKTUBHOTO By3Ja: a) iHppauepBoHE 300paskeHHS

PO3MONiTy TeMIeparyp; 0) po3MmoIiia IyCTHHH TETUIOBOTO MOTOKY

3riiHO 3 METOAMKOIO, BUKIIAJCHOI B poO3aiai 1, Ajisi BU3HAYEHHS JIHIMHOTO
koe(illieHTy Terionepeaadi ¥ TEIUIONPOBITHOTO BKIIOYEHHS OKPIM TEIUIOBHX
XapaKTEepUCTUK KOHCTPYKTUBHOIO By3ina (2D Monesnb) HEOOX1AHO JOJaTKOBO BU3HAUNUTHU
CHepreTUYHI TMOKa3HWKH TEPMIYHO OIHOPITHUX MiJITHOK/EIEMEHTIB sKi (OpMYIOTh
KOHCTPYKTHBHUMI BY30J1 OTOPO)KYBaJIbHOI KOHCTPYKIIi, 110 po3mIsAaeThes. s qanoro
By3J1a Taka JUIAHKA (KOMIOHEHT A) 300paskeHa Ha PUCYHKY 3.4.

Bapro 3ayBakuTH, 1110 OAHOPIAHI KOMIIOHEHTH MOXYTh MAaTH OJIHAKOBI
XapaKTePUCTUKH (TUN YTEIUICHHS, TOBLIMHH, TPAaHUYHI YMOBH) AJIsl JACKIIBKOX BY3IIB
KOHCTPYKIII, TOMY 3ajUIsl YHUKHEHHS AyOsiky iH(opMmalii B TakuxX BUIAaKax Oyge
3ayBaKEHO TIOCWJIAaHHS Ha BXX€ BIAMOBIAHI PO3MNISIHYTI Pe3yabTaTH MOJIEIIOBAHHS

OJTHOP1THOTO KOMITOHEHTA.



69

Color Legend

-21.5° -16.5° -11.5° -64° -14° 36° B86° 13.7° 187° Cc
1

AT 3 =—=

a) 0)
Pucynok 3.4 — Mozmens 0qHOPITHOTO €IeMEeHTa KOHCTPYKTUBHOTO By3J1a: a) PO3ITOILIT

BEKTOPIB I'YCTUHHU TEIJIOBOTO MOTOKY; 0) 1H(ppauepBOHE 300paskeHHS PO3MOILITY

TeMIIEpaTyp

[Ticas moOynoBu mozeni Bysna B cepenosuiii THERM Ta ananizy posmnoaury
TEMIIEpaTypHUX TOJIB 1 TEIJIOBUX IMOTOKIB, 3A1MCHIOETHCA PO3PAXyHOK JIIHIMHOTO
Koe(ilieHTa Teronepeaayi, SKUi XapaKTepu3ye TEIJIOBTpaTH 4Yepe3 TEIJIONpPOBIIHE
BKJIIOYEHHS. BiIMOBIAHO A0 pe3yabTaTiB MOJACIIOBAHHS, IS 1JIOTO By3ja MPUMHKAHHS
30BHIIIHIX CTIH 0 MIXKITOBEPXOBOTO MEPEKPUTTS OYJI0 OTPUMAHO HACTYIHI MOKa3HUKHU:

e Koe(diieHT  TerIonmepeAadl  By3jJda 3a  BHYTPIIIHIMEH  oOMipamu:

Usysnasuyrp = 0,1615 Br/M?-K;
® JI0BXXMHA BIANOBIJHOI BHYTPIIHBOI JUISHKHU: [uysna puyrp. = 4,0 M;
e KoedillieHT  Terionepenayl  By3Jia 32 30BHINIHIMHM  OOMipamu:

Usysnasosn = 0,2760 Bt/m>-K;

® JI0BXXMHA BIANOBIAHOI 30BHIMIHBOI JUISHKU: [nysnasosn = 2,34 M;
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® DI3HUII TEMIIEpaTyp BHYTPIIIHBOTO Ta 30BHIMHBOTO cepeaoBuia 47=42,0 K;
® [OBEPXHEBA YCTHHA TEIUIOBOTO MOTOKY: Pyyyrp = Paopy = 27,13 Br/m-K.
BiamoBimHuM 4rHOM Oyau OTpUMaHI MOKA3HUKH JJISI OMHOPIAHOI TIJISTHKH By3Jia
(KOMITIOHEHT A):
e KoedilieHT Teronepeaayl By3ia 3a BHYTPIIIHIMU Ta 30BHIIIHIMU 0OMipamu:
UBy3na.BHyTp = UBy3na.3OBH =0,2732 BT/MZK;

® JIOB)KMHA BIATOBIIHOI NIISHKU: [nysna suyrp. = Isysna sosn = 2,0 M;

® DI3HUILI TEMIIEpaTyp BHYTPIIIHBOTO Ta 30BHIIIHBOTO cepenoBuiia 47=42,0 K.
® [OBEPXHEBA IYCTHHA TEIUIOBOTO MOTOKY: Pyyyrp = Paopy = 22,95 Br/m-K.

OTxe:

op @ 2713 ‘

L*¥ = o - an - 0,6456 Bt/m-K,
Y=1P-%U-1= 06456 — (0,2732- 2) = 0,100 Br/m-K.

Jnst 3py4HOCTI, pe3yabTaTd MOJEIOBAHHS Ta PO3PaxyHKIB TEIJIOMPOBIIHOIO

BKJIFOUEHHS OyIv 3Be/ieHi B TabiuiIrio 3.3.

Tabmuus 3.3 — Pesynsratu MoJieIt0BaHHs 0230BOT0 By3J1a IPUMHUKAHHS 30BHIIIHIX

CTIH 3 IEIVIN 10 MI)KITOBEPXOBOTO MEPEKPUTTS

KoucTpykTuBHMMI U, D,
B 3(1));’ (Br/M*-K) 41,K LM Br/m Moxubxa, %
BayTtpimni
2D oOMipu 0,1615 42,0 4,00 27,13 1,48%
MOJCITb 30BHIIIHI
oOMipu 0,2760 42,0 2,34 27,13 1,48%
KommoneHT A,
OJTHOP1THUH
BayTtpimni
: oOMipu 0,2732 42,0 2,00 22,95 0,00%
Crina o
SOBHIWIEL | 573, 42,0 2,00 | 2295 | 0,00%
oOMipu
2D
Pe3ynbTaTu po3paxyHKy (Bi/M’- K) (BSN?'K) (BTz’a-K) Y-cepenne, (Br/m-K)
BaytpimHi oOMipu 0,6456 0,5464 0,100 0.100
30BHIIIHI 0OMIpH 0,6456 0,5464 0,100 ’
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S BUITHO 3 OJIEP’KAHOTO pe3yNbTary, OTpUMaHe 3HAYEHHS JIIHIHHOTO Koe]iIlieHTy
TerIonepeaayl KopemoeThes 3 karanoxxuauM [15] 0,090 Bt/m-K, a MmoxkuBa po301’KHICTh
MoOyKe OyTH CIIPUYMHEHA 3aCTOCYBAaHHSM P13HUX TUITIB MaTepiaiiB (1er1a, eKCTPYI0BaHUM
MIHOMOMICTUPOJ). TakuM YMHOM MOXKHAa BIIEBHUTHCH 110 T0OyJI0BaHA MOJIEIb,
XapaKTepUCTUKH MaTrepiayliB Ta TpaHWYHI yMOBH MiAiOpaHi BIpHO, a MPOTPaMHHIA
npoaykT THERM moxke OyTH BUKOPUCTaHUMN IJIs MTOJATBIIOT0 MOJIETIOBAHHSI.

JIJisi TOTEHLIMHOTO 3aCTOCYBAaHHA B OYIIBISAX 3 OJIM3BKUM JI0 HYJIHOBOIO PiBHEM
ciokuBaHHs eHeprii (nZEB) koHCTpykTHBHUI By305 TOTpeOye moKpameHHs. J[isa
BJIOCKOHAJICHHSI KOHCTPYKTMBHOIO BYy3J1a MPOMNOHYETHCA 3OUIBIIUTH  TOBLIUHY
teruoizossaii 10 200 mm (Bumoru nZEB B YkpaiHi), a Tako)K BUHECTH IENVISIHY KJIAJIKy

Ha 50 MM HaJ 3a711300€TOHHOIO TUIUTOI0 MIXKITOBEPXOBOIO MEPEKPUTTS (PUCYHOK 3.5).

1000

QG

L)
30_ 20
50

220

20

1000

PucyHnok 3.5 — Cxema mokpanieHoro By3Jja IpUMUKaHHS 30BHIIIHIX CTIH J0

M1KIIOBEPXOBOTO MEPEKPUTTS
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Pesynbratn MonentoBaHHs B nporpamHomy cepenoBuilli THERM 300pakeHo Ha

pucyHkax 3.6 ta 3.7.

G A N A B I . .

~ N = a s s .

i

R A A N N O

=+

_l_

a) 0)

Pucynok 3.6 — Moznenb mokpaiieHoro KOHCTPYKTUBHOTO By3J1a: a) 3aCTOCOBaHa CiTKa

FEM; 6) po3noznia BEKTOPiB TYCTHHH TEIJIOBOTO MOTOKY

Color Legend + Color Legend
-216° -164° -112° 60° -08° 44° 96° 148 200° c 0.0 1.8 3.6 5.4 7.2 90 108 126 143 ‘Wim2
I
By |||

a) 0)
Pucynok 3.7 — Mogenb nokpanieHoro KOHCTPYKTUBHOTO By3Jia: a) iHppadyepBoHE

300paXe€HHs PO3MOALTY TeMreparyp; 0) po3Moai I'yCTUHU TETJIOBOTO MOTOKY
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3 ofepKaHUX pe3yibTaTiB MOACIIOBAaHHS BUTHO, 1110 BEJIMYMHA TEIJIOBOTO MOTOKY
OUIBII po3CisiHa y MicIll 6e3MocepeIHbOr0 3arMONIeHH 130141111, a Ha Horo nepudepii
BIJICITIIKOBYETHCSI KOHIIEHTpALlsl 130T€pPM, M0 3yMOBJCHO 3OLIBIICHOI0 ILIOUICIO
KOHTAKTY TEILJIO130/ISAI[IMHOTO MIapy 3 eI,

OnHopinHa AUISTHKAa OTOPOMXKYBAIbHOI KOHCTPYKIIi (KOMIOHEHT A) HaBeJeHA Ha

pHUCYHKY 3.8.

i
-l

Color Legend

-21.6° -165° -115° -64° -13° 37° 38 139° 190°
e

SN ESEEeEEE NS NEEe 0NN

0)
Pucynok 3.8 — Mozenb NoKpaieHoro 0JHOPIAHOTO eJIeMEHTa KOHCTPYKTUBHOTO By3J1a:
a) pO3MOLT BEKTOPIB I'YCTUHU TEIJIOBOTO NMOTOKY; 0) 1H(pauepBOHE 300paKeHHS

PO3MOlLy TEMIIepaTyp

SIK BMIOHO, XapakTep PpO3MOAUTY TYCTHHH TEIUIOBOIO IOTOKY Ta TeMIIeparyp
3aJIMIIMBCS Maike HE3MIHHMM, HIO € JIOTIYHMM, /K€ B OAHOPIAHIA KOHCTPYKIIii

TOBILIMHA TEIJIO130 11 30UThIIIMIAcA Julie Ha 50 MM.
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Po3paxyHOK €HepreTHYHHX TMOKAa3HHUKIB MOKPAIIEHOTO KOHCTPYKTHBHOTO BY3I1a
OyJ10 TPOBEACHO B MOBHIM aHAJIOT1 10 pO3paxyHKy 0a30BOro By3Ja. Pe3ynbTaT 3BeieH1

110 Tabmum 3.4.

Tabmuus 3.4 — PesynbraTd MOIETIOBAaHHS MOKPAIICHOTO By3ja MPUMHKAHHS

30BHIIIHIX CTiH 3 eI A0 MIXXIIOBEPXOBOTO MEPEKPUTTS

KoHncTpykTuBHUI U, D, IToxu6ka,
BY301 (Br/m*K) ALK L Br/m %
BryTtpinHi
2D ooMipu 0,1251 42,0 4,00 21,02 1,48%
MOJIC/Ib 30BHIIIHI
o0OMipH 0,2138 42,0 2,34 21,01 1,48%
KomnonenT A, onHOpiTHUH
BayTpimini
: oOMipHu 0,2146 42,0 2,00 18,03 0,00%
Crina ..
3osHiwm 02146 | 42,0 2,00 | 18,03 | 0,00%
oOMmipu
U '
Pe3ynbTaTil po3paxyHK L°P ’ ’ Y_cepenHe,
y PO3paxyHKy Brak) (BT/)M-K (BT/)M~K (BTE’M.K)
BuyTpimsi o6Mipu 0,5004 0,4292 0,071 0.071
30BHIIIHI 00OMipH 0,5003 0,4292 0,071 ’

Ha mincraBi pesynbraTiB 4YMCEILHOTO MOJCIIOBAHHS IOKPAIICHOTO By3ja Oyio
BCTAHOBJIEHO, L0 BEJIMYMHA JIHIHHOTO KoedilieHTa Teruionepeaadl \y 3MEHIIUIOC Ha
29%, 3 0,100 no 0,071 Bt/(m-K). Lle cBimuuTh mpo CyTTEBE 3HUKEHHS TETUNIOBUX BTpAT
Yyepe3 KOHCTPYKTHBHE BKIIFOUCHHSI BHACIIIOK BIIPOBAHKEHUX YAOCKOHAIEHB, 30KpeMa —
MOKpPAIICHHS TEeIUIOI30JSLIiHOT Oe3MepepBHOCTI y 30HI NpUMUKaHHA. OTpumaHui
pe3yabTaT MATBEPIKYE €(HEKTHUBHICTh KOHCTPYKTHUBHOT MOJIEpHI3aIlil By3Jia 3 TOUKH 30PY

TEPMIYHOIO 3aXUCTYy Ta €HEProe(PeKTUBHOCTI

3.1.2 By30/1 KyTOBOIO CIOJIy4eHHSI 30BHIIHIX CTiH 3 HeIVIM 3 OMOPSIKEHHAM

IITYKATYPKOIO
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Ha pucyHnky 3.9 300paxeHo0 By30J1 KyTOBOTO CITOJIyY€HHS 30BHIIIHIX CTIH 3 HETIN
3 OMOPSAKEHHSM MITYKaTypkoto. CTiHM yTeIieHI MiHEpalbHOIO BaTO0 TOBIIMHOIO 150

MM. TertoTexHiuH1 BIaCTUBOCTI MaTepialliB HaBeICHO B Tadmuili 3.5.

A 150 380

20|

560

Pucynok 3.9 — Cxema 0a30B0ro By3j1a KyTOBOT'O CIOJTYYEHHsI 30BHIILIHIX CTIH

Tabmuus 3.5 — BnactuBocCTi MarepiaiiB By3ja KyTOBOTO CIOJYUYEHHS 30BHIIIHIX

CTIH
¥ MOBHI Marepia A, Br/m'K P,
MO3HAKU Kr/™m>
1 Po3unH 11eMeHTHO-ITIIIaHu I 0,93 1800
2 VYTemnoBau MiHepalOBaTHHIMA 0,050 150
3 [ernsna knaaka (kepamiyHa) 0,81 1800

HaBenenwmii Buille KOHCTPYKTUBHUIN By30J1 OyJ0 3MOJIEIbOBAHO B MPOTPaMHOMY

cepenosuii THERM. Pe3ynbraT MoznentoBaHHs 300paxkeHo Ha pucyHkax 3.10 ta 3.11.
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a) 0)
Pucynox 3.10 — Moaens KOHCTPYKTHBHOTO By3JIa: a) 3acTocoBaHa citka FEM; 0)

pO3l'IOI[iJ'I BCKTOpiB T'YCTHHU TCIJIOBOI'O IIOTOKY

Color Legend Color Legend

-22.0° -169° -11.8° -6.8° -L.7° 0 285 Wifm2

1.7 34°  85° 135° 18.6° 0.6 4.1 76 111 145 180 | 2].|.5 25.
- B

a) 0)
Pucynok 3.11 — Mojenb KOHCTPYKTUBHOTO By3Jia: a) iHppauepBOHE 300paKeHHs

pO3MONLTy TeMreparyp; 0) po3moiia ryCTUHHU TETIOBOTO MOTOKY
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3 pe3yNbTaTiB MOJEIIOBAHHS MMOMITHO, III0 Y BHYTPIIIHBOMY KyTl KOHCTPYKIIi (B
30H1 3'€IHAHHS CTiH) CIIOCTEPIra€eThCs JIOKAJIbHE MIJBUIIEHHS TEIMJIOBOTO IMOTOKY, IO
MO3HAYEHO >KOBTUM 1 YEPBOHUM KoOJIbOpaMu. Lle cBITUUTH Mpo HAsIBHICTh BUPAKEHOTO
MicTKa XoJ1o/1y. HaiBuIIll 3Ha4€HHS TYCTUHH TEIIJIOBOTO IMOTOKY CATAlOTh MoHa 25 BT/M?,
10 BKa3y€ Ha HEOOXITHICTh ONTHUMI3allli By3/la 3 METOI0 3MEHILIEHHS TeIUIOBTparT i
NOTIepEIXKEHHS pU3HUKY KOHJEHCAIIIl Ha BHYTPIIIHINA TOBEPXHI KOHCTPYKITII.

Ha pucynky 3.12 300pakeHO pe3ylbTaTH MOJEIIOBAHHA TEPMIYHO OIHOPIAHHMX

TISTHOK (KoMITOHEHTH A, B) oropomkyBalbHOT KOHCTPYKITIi.

Color Legend

-215° -165° -115° -64° -14° 36° 86° 137° 187° c

0)
Pucynox 3.12 — Moaens 0qHOPITHOTO €JleMEHTa KOHCTPYKTUBHOTO By3J1a: a) PO3MOILIT
BEKTOPIB T'YCTUHHU TEIJIOBOTO MOTOKY; 0) iH(ppauepBoHE 300paskeHHS PO3MOILTY

TEeMIEpaTyp
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[Ticns moGymoBu mMozeni Bysna B cepenoBuili THERM Ta anamizy posnominty
TeMIEpaTypHUX IOJIB 1 TEIJIOBUX IIOTOKIB, OYyJIO MPOBEACHO PO3paxyHOK JIHIHHOTO
KoedimieHTa Teruionepenayi. Pesynbratu MojenioBaHHS Ta pPO3paxyHKIB 3BEIACHO B

tabmuro 3.6.

Tabmuus 3.6 — Pe3ynbrati MofentoBaHHS 0a30BOT0 By3J1a KyTOBOTO CIOTYUYEHHS

30BHIIIHIX CTIH

KoHCcTpyKTHUBHUI U, D,
By3(F))J¥ (Br/nK) AT, K Y Br/m [Toxuobka, %
BuyTtpimni 0,3639 42,0 2,00 30,57 3,68%
2D oOMipH
MOJICIb 30BHIINIHI 0,2332 42,0 3,12 30,56 3,68%
oOMipH
KommoHeHT A,
OJTHOP1THUM
BayTtpimni
: oOMipu 0,2732 42,0 1,00 11,47 0,00%
CriHa .
SOBHILLIHL 02732 | 42,0 1,00 | 11,47 | 0,00%
oOMipu
Komnonent b, ognopiaauit
BayTtpimini
: oOMipu 0,2732 42,0 1,00 11,47 0,00%
Crina 30BHIMIHI
. 0,2732 42,0 1,00 11,47 0,00%
oOMipu
2D
Pesynpratu po3paxyHky (B”f/M"K) (BngK) (BT?II::PK) Y-cepenne, (B1/m-K)
BayTpimHi oOMipu 0,7278 0,5464 0,181 0.181
30BHiIIIHI 00MipH 0,7276 0,5464 0,181 ’

Ha ocHOBI 4ncensHOT0 MOJENIOBAaHHS TEMIIEPATypHOTO TOJS Yy By3Ji KyTOBOTO
3'€THaHHA 30BHIIIHIX CTIH 3 YTEIJICHHSM MiHEPaJIOBAaTHOIO IUIUTOO TOBIIMHOIO 150 MM
OyJ10 BU3HAUYEHO 3HAYEHHs JIIHIKHOTO KoediuienTta Teronepenadi y = 0,181 Bt/(m-K).
[le cBiAYUTH TPO HASIBHICTh BUPAKEHOTO TEIJIONPOBITHOTO BKIIFOYEHHS Y KYTOBIN 30Hi,
0 3YMOBJICHO TEOMETPUYHOIO HEOTHOPIMHICTIO KOHCTpyKIlii. He3Baxatounm Ha

JIOCTaTHIO TOBIIMHY YTEIUIEHHS, KyTOBa KOHQIrypalis CHPUYUHSAE 30CEPEIKEHHS
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TEIJIOBOTO TTOTOKY, IO MOTPeOy€ MOAAIBIION0 YIOCKOHAICHHS By3Jia 3 METOKO 3HUKCHHS
TEIUIOBTpAT 1 3a0e3MeUeHHSI BUMOT JI0 €HEProe(EKTUBHOCTI.
J1J1st BIOCKOHAJICHHSI KOHCTPYKTHBHOTO BY3J1a TTPOTIOHYETHCS 30UTHIIIATH TOBIHHY

TeI10130s11iHOrO mapy 10 200 MM (pucyHok 3.13).

10

200

380

20

— 200 380 i
10 20

A 610

Pucynok 3.13 — Cxema nokpaiieHoro By3jia NPUMUKAHHS 30BHIIIHIX CTIH JI0

MIKITOBEPXOBOTO MEPEKPUTTS

TerioTexHIYH1 BJIACTUBOCTI MarepiajiB Ta MapaMeTpd TPaHUYHUX YMOB HeE
BIJIPI3HAIOTHCS BiJl 6a30BO1 KOHCTPYKIIIT PO3IIIIHYTOI paHillie Ta BKa3aHi B Tadmuisx 3.1
1 3.5. Pesynsratun mozentoBanHs B nporpamHoMy cepenosuii THERM 300paxeno Ha

pucynkax 3.14 ta 3.15.
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Pucynox 3.14 — Moaenb MOKpameHoro KOHCTPYKTHBHOTO By3JIa: a) 3aCTOCOBaHA CiTKa

FEM; 0) po3noisi BEKTOPiB I'YCTUHU TEIIJIOBOTO MOTOKY

Color Legend Color Legend

220° 1690 -11.8° -67° -15° 36° 870 138 189° - 6 36 67 98 129 159 190 221 252 Wime

= R L
a) 6)

PucyHnok 3.15 — Mogenb MoKpaiieHoro KOHCTPYKTUBHOTO By3J1a: a) iH()pauepBOHE

0
|

300pakeHHS PO3MOLITY TeMIiepaTyp; 0) po3Mo/iia IyCTHHHU TETIOBOTO TTOTOKY

3 onep)kaHUX pe3yJbTaTiB MOJCNIIOBAHHS BUIHO, IO XapakTep  PO3MOILIY

TEeMIIepaTyp Ta TEIUIOBOTO MOTOKY 30epiraeTbes, 1 1 paAuKaIbHOTO 3MEHILIEHHS BIUTUBY
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TEIUIONPOBITHOTO BKIFOYEHHSI HEOOX1THO 301IbIITYBAaTH TOBIIMHY 130JIAIli came B KYTI,

1[0 € OUIBII CKJIQJHUM Ta HETUIIOBUM METOJOM IpHU OyAIBHUIITBI HOBHUX OYy/IiBEINb, a
0CO0JIMBO, ICHYIOUHX.
OpHopigHi AUTSTHKY (KOMIIOHEHTH A 1 B) oropomxyBaibHOiI KOHCTPYKIIiT HaBEJEH1

Ha PUCYHKY 3.16.

Color Legend

-21.6° -16.5° -11.5° 64° -13° 3.7° 838° 13.9° 19.0° c
| | |

0)
Pucynok 3.16 — Monesnb MOKpalieHoro OAHOPITHOTO €JIEMEHTa KOHCTPYKTUBHOTO
By3JIa: a) PO3IO/ILJI BEKTOPIB T'YCTUHH TEIJIOBOTO MOTOKY; 0) iH(ppauepBOHE 300paKEHHS

PO3MOALTY TeMIIeparyp
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Pesynbraru PO3PaXyHKY €HEePreTUYHUX MOKa3HUKIB MOKPAIIEHOTO

KOHCTPYKTHUBHOTO By3Jia 3BefIeH1 10 TabmuIi 3.7.

Tabmuns 3.7 — PesynbTaTd MOJENIOBAaHHS MOKPAIICHOTO By3/a MPUMHUKAHHS

30BHIIIHIX CTIH 10 MIKIIOBEPXOBOTO MEPEKPHUTTS

KoHCcTpyKTHBHUI U, D,
Byscr));] (Br/m?-K) ALK LM Br/m Moxu6xa, %
BayTtpimini
2D oOMipu 0,2921 42,0 2,00 24,54 4,09%
MOJICITb 30BHIIIHI
oOMipu 0,1814 42,0 3,22 24,53 4,09%
KoMroneHT A, oHOp1THUN
BayTtpimni 42,0
: oOMmipu 0,2146 1,00 9,01 0,00%
Crina 30BHIIIHI 42,0
. 0,2146 ’ 1,00 9,01 0,00%
oOMmipu
KomnioneHT b, ogHopiaHmit
BryTtpinHi 0,2146 42,0 1,00 9,01 0,00%
Crina O6M.i P
30BHIIIHI 0,2146 42,0 1,00 9,01 0,00%
oOMmipu
Pe3ynbraTtu po3paxyHky LP, Uil ?, Y-cepenHe,
(Bt/mM-K) | (Bt/MK) | (BT/™M-K) (Bt/M-K)
BayTpimni oOMipu 0,5842 0,4292 0,155 0.155
30BHIIIHI 00OMIpH 0,5841 0,4292 0,155 ’

VY pesyapTari 4YMCENBHOTO aHajidy BCTAHOBIICHO, IO 301IBIIEHHS TOBIIUHU
TEII0130JsAL1MHOrO0 mapy 10 200 MM B 30H1 KyTOBOTO 3'€/IHAHHS 30BHIIIHIX CTIH CIPUSIO
3MEHIIIEHHIO JIIHIHHOTO Koedirienta Teruionepenaqyi ¢y Ha 14,4% 3 0,181 mo 0,155
Bt1/(m-K). Ile cBiquuTh Npo miABUIIEHHS TEMI03aXUCHOI €(DeKTUBHOCTI By3Jia. SIK BUIHO,
3aCTOCYBaHHsl OUIBIIOI TOBIIMHM YTEIUIIOBaYa 1€ eQEeKTUBHUI 3axif 3HUKCHHS

IHTEHCHUBHOCTI TeTIoNepeadl Yepe3 TEIUIONPOBIIHI BKIFOYCHHS.

3.1.3 By30o1 npMMHKAHHS IJIMTH NEPEKPUTTH ILUIACKOr0 Jaxy [0 CTIHM Ta

napamnery
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Ha pucynky 3.17 HaBelieHO By30J1 MPUMUKAHHS TUIMTU MIEPEKPUTTS MIIACKOTO J1axy
1o cTinu Ta mapanety. CTiHM yTeIIeHI MiHEpaJIbHOIO BaToI0 TOBITMHOIO 150 MM. YacTuHa
Jnaxy yTeruieHa 1mapoM MiHepaidbHoi Bat 300 Mm. TemoTexHiduHi BIACTHUBOCTI

MarepiaiaiB KOHCTPYKTUBHOTO By3J1a HaBeJEHO B TaOmui 3.8.

700
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150 o

20

Pucynok 3.17 — Cxema 6a30Boro By3Jia IPUMHUKAHHS IJTUTH MEPEKPUTTS TIIACKOTO J1aXy

JI0 CTIHU Ta Maparnery
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Tabmuus 3.8 — BrmacTUBOCTI MaTepiaiiB By3ja NPUMHUKAHHS TUTMTH TEPEKPUTTS

IJIACKOTO Jaxy JIO CTIHM Ta HaparmneTy

Yol Marepian » p, Kr/m3
O3HAKH Br/mK | 7
1 Po3unH 11ieMmeHTHO-ITIIIaHuH 0,93 1800
2 VYremmoBau MiHepaJIOBaTHUI 0,050 150
3 [ermsiHa K1anka (KepamidHa) 0,81 1800
4 beron Ha TpaBii abo mieOHI 3 MPUPOIHOTO 1.86 2400
KaMEHIO
5 VYremnmoBau MiHepaJIOBaTHUI 0,053 200
6 3a11300eTOH 2,04 2500

Hapenenuii Buie 0a30BUii KOHCTPYKTUBHMUM By307 OyJno 3MOJIETHOBAHO B
nporpamaomy cepenouini THERM. Pesynsratn MmogenoBaHHs 300pakeHO Ha PHCYHKAX

3.18 Ta 3.19.

a) 0)
Pucynok 3.18 — Mopenbs KOHCTpYKTUBHOTO By3Ja: a) 3acTocoBaHa citka FEM; 0)

PO3MOALT BEKTOPIB T'YCTUHU TEIJIOBOTO MOTOKY



Color Legend

-R0° -169° -117° -66° -1.4°

°  14.0° 19.1°
1

Color Legend

00 104 208 312 416 520 624 728
| 1

832

Wim2

Pucynok 3.19 — Monenb KOHCTpYKTUBHOTO By3J7a: a) iHppadepBoOHE 300pakeHHS

a)

6)

PO3IOALTY TeMreparyp; 6) po3MoAil I'YCTUHU TEINIOBOTO MTOTOKY

3 pe3ynbTariB

MOJCIIOBAaHHA

mo €

HasBHICTH
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BHPAKCHOI'O

TCHJ’IOHpOBiI{HOFO BKIIFOYCHHA, sKa HiI[TBCpI[)K}’GTBCH 3HaA4YHOIO KOHI_ICHTpaHiEIO I'YCTHHHU

TEIJIOBOTO MOTOKY B 30HI 3’€IHAHHA KOHCTPYKIiH. MakcuMalbHI 3HAUE€HHS T'YCTUHU

TCINNIOBOTO IMOTOKY AOCATAKOTh IMOHAL 80 Bt/ Mz, 1O 3HAYHO IICPCBUIIYE€ ITOKAZHUKHU JIJIA

OJTHOPIHOT AUISTHKM OTOPOKYBAJIBHOI KOHCTpYKIii. Cepel MPUYMH TOSIBU MICTKa

XOJIOAY € TIOPYIICHHS IITICHOCTI TeIJI03aXMCHOI 000JIOHKH OY/iBJIl B 30HI MPUMHUKAHHS

IICPCKPUTTA Ta BiI[CYTHiCTL TCPMOPO3PUBY MIXK KOHCTPYKTHUBHUMU CIICMCHTAMMU.

Ha pucynky 3.20 300pakeHO pe3yibTaTd MOJCJIIOBAaHHS TEPMIUYHO OFHOPIIHOI

JUTSTHKU OTOPOIKYBaJIBHOT KOHCTPYKIIIL — KOMIOHEHT A (J1aX).
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Color Legend

=21.7° -166° -114° -63° -12° 39° 90° 142° 193° C
|

|
6)

Pucynok 3.20 — Mogaenb OAHOPITHOTO €JIEMEHTa KOHCTPYKTUBHOTO By3J1a: a) PO3MOILI

BEKTOPIB I'YCTUHHU TEIJIOBOTO MOTOKY; 0) iH(ppauepBoHE 300pa>keHHs PO3MOILITY

TeMIleparyp

[Hm1a TepMiyHO OAHOPIAHA AUISIHKA OTOPOJIKYBAIbHOI KOHCTPYKI[lT — KOMIIOHEHT
b (cTiHa) — € 1A€HTUYHOIO TiM, 110 po3misiHyTa B 11. 3.1.1.

[Ticns moOymoBu momeni Bysna B cepenosumni THERM Tta amanizy posmomimy
TeMIEpaTypHUX MOJIB 1 TEIJIOBUX IOTOKIB, OYyJIO MPOBEACHO PO3paxyHOK JIHIHHOTO
KoedimieHTa Temonepeaayi. Pe3yiasratu MoJetoBaHHs Ta pO3paxyHKIB Oyiu 3BelEH] B

Tabmiro 3.9.
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Tabmuns 3.9 — Pesynpraru MozentoBaHHS 0a30BOr0 By3jia MPUMHUKAHHS TUIUTH

MEPEKPUTTS TIACKOTO 1axXy J0 CTIHU Ta MaparneTy

KoHcTpyKTHBHUI U, D,
By301 (BriK) AT, K [,Mm Br/m [Toxubka, %
BayTtpimni
2D oOMipu 0,4522 42 2,00 37,98 7,93%
MOJIETh 30BHINIHI
oOMipu 0,2057 42 4,40 37,98 7,93%
Kommnonenr A,
OJTHOP1 THUH
BayTtpimni 42,0
oOMipH 0,1681 1,00 7,06 0,00%
Hlax 30BHIIIHI 42,0
: 0,1681 ’ 1,00 7,06 0,00%
oOMmipu
KomnoneHrt b,
OJTHOP1THUM
BayTtpimini 42,0
: oOMipu 0,2732 1 11,47 0,00%
Crina ..
SOBHILIHL 0,2732 42,0 1,00 |11,47|  0,00%
oOMmipu
Pe3ynbraTté po3paxyHKy LP, Ui, Y, Y_cepenne,
(Bt/m'K) | (Bt/m:K) | (B1t/M-K) (Bt/M-K)
BayTpimHi oOMipu 0,9044 0,4413 0,463 0.463
30BHIIIHI 00MIpH 0,9043 0,4413 0,463 ’

Ha ocHOBI 4KCenbHOro MOJENIOBAHHS TEMIIEPATYPHOTO NOJIS Y By3J11 IPUMUKAHHS

IUTMTH TIEPEKPUTTS TJIACKOrO J1axy 10 CTIHM Ta mapanetry Oylio OTpHMMaHO 3HAuY€HHS

miHiHOTO KoedimienTa Teruonepenavi v = 0,463 B1/(m-K). Pesynbratn monentoBanHs

H1ATBEPIAXKYIOTb,

o0 BY30J Yy Takiii koHdirypailii He 3a0e3neuye HaJeKHOTO

TEIJI03aXKCTY, CTBOPIOIOYM YMOBHU JUISI MOXJIMBOTO TE€PEOXOJIOHKEHHS BHYTPIIIHIX

MOBEPXOHb Ta MIABUIIICHHS €HEPTOCIIOKUBAHHS OyiBii. J[Jis1 moKpareHHs: moKa3HUKa

JOIIJILHO 3aCTOCYBATU 301IbIIIEHY 30BHIIIHIO TETUIO130JIA1I10, TEPMOI30JIAIIMNHI BCTABKH

a00 eJeMEHTH 3HMKEHOI TeTUTOTPOBITHOCTI HA AUISIHII CTUKY (pUCyHOK 3.21).
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20

Pucynok 3.21 — Cxema noKpaleHoro By3j1a NPUMUKAHHS IUIUTU TEPEKPUTTS MIIACKOTO

Jaxy /10 CTIHU Ta Haparery

3anpornoHOBaHO 30UIBIIEHHS TOBIIMHU  130JIAI[i1  30BHINIHBOI CTIHM Ta
oesnocepenupo Haja mnepekpuTTsM 10 200 mm Tta 400 MM BiAMOBIAHO, BUKOPHUCTAHO
TETJIO130JIAIMHNN OJOK 3 MIHOCKJIA MK IETISHOK KIIAJIKOK Taparery Ta IUIATOI0
MEPEKPUTTSI, @ TAKOX Jl0JaHa TEIUIOBA 130JIAI[I0 3 BHYTPINIHBbOI CTOPOHU Iapariery.
TennorexHiuH1 BIaCTUBOCTI MarepiaiiB BkazaHo B Tabmuii 3.10, mapameTpu rpaHuYHUX
YMOB HE BIIPI3HSIOTHCS BiJ 0a30BOi KOHCTPYKII pO3MISIHYTOI paHimie. Pesynbratu

MOJIETIOBAHHS HABEAEHO Ha pucyHKax 3.22 ta 3.23.
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Tabmuus 3.10 — BiractuBocTti MaTepianiB By3Jjia PUMHUKAHHS TUIUTH TEPEKPUTTS

IJIACKOTO Jaxy JI0 CTIHM Ta maparneTy

Yol Marepiai » p, Kr/m3
[TO3HAKH Br/mK | 7
| Po3unn 1ieMmeHTHO-ITIIaHuH 0,93 1800
2 VYremmoBau MiHepaJIOBaTHUI 0,050 150
3 [ernsna xnaaka (kepamiyHa) 0,81 1800
4 beron Ha rpaBii abo meOHi 3 MPUPOTHOTO 1.86 2400
KaMEHIO
5 VYremnmoBau MiHepaJIOBaTHUI 0,053 200
6 3aii300eToH 2,04 2500
7 Bbnoxk 3 miHocka 0,051 120

N R S|
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a) 0)
Pucynok 3.22 — Mogenb NOKpaiieHoro KOHCTPYKTUBHOTO By3J1a: a) 3aCTOCOBaHA CiTKa

FEM; 6) po3moin BEKTOPiB I'YCTHHH TEIJIOBOTO MOTOKY
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Color Legend Color Legend

116 145 173 202 21 Wm2

a) 0)
Pucynox 3.23 — Mojaenb MOKpameHoro KOHCTPYKTHBHOTO By3Jia: a) iHhpadyepBOHE

-220° -16.8° -1146° -6.5° -13° 39° 91° 142° 194° Cc
I

0.0 29 58 87

300paskeHHS PO3MOJILITY TeMIeparyp; 0) po3Mo/Iij TYCTUHHU TEIIOBOTO MTOTOKY

VY pe3ynbrati ynocKoHaJIeHHS KOHCTPYKIIIT By3Jia MPUMHUKaHHSA MapareTy J0 TUIUTH
MEPEKPUTTS OYJIO JIOCATHYTO CYTTEBOTO MOKPAIIECHHS TETUIO3aXMCHUX XapaKTEPUCTUK.
[11IbHICTH TEMJIOBOTO MOTOKY 3MEHIIMJIACH OUIBII HIXK YTPHUUl, MAKCUMaJIbHI 3HAYCHHS
He mnepeulnytoTh 23 Bt/m?. TemmeparypHe mosne crano OUIbII pIBHOMIpHUM, 0€3
30CEpEePKEHUX 30H BTpaT U, BIJAMOBIAHO, 3MEHIIEHHS PU3HKY MEPEOXOTOKEHHS 1
MOTEHIIITHOTO KOHAEHCATOy TBOPEHHS.

Ha pucynky 3.24 300pa’keHO pe3yabTaTd MOJEIIOBAHHS TEPMIYHO OIHOPIIHOI

JJISTHKA OTOPOKYBAIbHOT KOHCTPYKIIT — KOMIOHEHT A (J1aX).
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Color Legend

-218° -166° -115° -63° -12° 40° 92° 143° 195° c
|

6)
Pucynox 3.24 — Moaenb OqHOPITHOTO eJIeMEeHTa KOHCTPYKTUBHOTO By3J1a: a) PO3IMOILT

BEKTOPIB T'YCTUHHU TEIJIOBOTO MOTOKY; 0) i1H(PpauepBOHE 300pa>keHHS PO3MOILITY

TeMIeparyp

[H112 TEpMIYHO OHOPIIHA AUISTHKA OTOPOKYBaJIbHOI KOHCTPYKI(lT — KOMIIOHEHT
b (cTiHa) — € 1A€HTUYHOIO TiM, 110 po3msiHyTa B 11. 3.1.1.
[Ticns moOymoBu momeni Bysna B cepenosuini THERM Tta amanizy posmomimy

TEMIEPATYPHUX TMOJIB 1 TEIJIOBUX MOTOKIB, OyJ0 MPOBEAEHO PO3PAXYHOK JIHIHHOTO



92
koedirienTa Teronepenayi. Pe3ynbratu MOACTIOBaHHS Ta PO3PaxXyHKIB 3BEICHO B

tabmumro 3.11.

Tabmums 3.11 — PesynbraTé MOJEIIOBaHHS MOKPAILIEHOTO By3Ja NMPUMHUKAHHS

TUTUTH TIEPEKPUTTS IIIACKOTO AaxXy A0 CTIHH Ta MapareTy

KoHCTpyKTHBHUI U, D,
Bysgg (Br/v-K) AT, K [, m Br/m [Toxubka, %
BayTtpimni 42,0
2D oOMipu 0,2399 2,00 20,15 6,37%
MOJEIb 30BHIIIHI 42,0
oOMipu 0,1018 4,44 18,97 6,37%
Komnonent A, onHopiaHUMA
BayTtpimhi 42,0
oOMmipu 0,1276 1,00 5,36 0,00%
Hlax 30BHIIIHI 42,0
) 0,1276 ’ 1,00 5,36 0,00%
oOMmipu
Komnonent b, ognopiaauit
BayTpimini 42,0
: oOMipu 0,2146 1 9,01 0,00%
Crina 30BHIIIHI 42,0
) 0,2146 ’ 1,00 9,01 0,00%
oOMmipu
PesysbraTn po3paxyHKy L U v #cepennc,
(Bt/mM-K) | (Bt/mM‘K) | (Bt/M-K) (Bt/M-K)
BuyTpimsi o6Mipu 0,4798 0,3422 0,138 0.124
30BHIlITHI 0OMIpHU 0,4516 0,3422 0,109 ’

BcraHoBieHo, mo 301IbIIECHHS TOBIIMHHU 130JIS111 30BHIIIHBOI CTIHM Ta Ha
nepekpurtsiM 10 200 Mm Ta 400 MM BIANOBITHO, B KOMIUJIEKCI 3 BUKOPUCTAHHSIM
TEIJI0130JIALIMHOTO OJI0KY M1X IETJITHOO KJIAJKOO MaparneTy Ta MIUTOI0 MEPEeKPUTTS, Ta
JIOJJATKOBA TEIUIOBA 130JIALlisl BHYTPIIIHBOI CTOPOHHU MapamneTy 3MEHUIWIM JIHIHHUN

koedirienT Termonepenadi v Ha 72,3% 3 0,463 no 0,124 Bt/(m-K).

3.1.4 By30q nNpuUMHKAHHSI 30BHIIIHIX CTiH 3 LeNIM 3 ONOPSKEHHAM

IITYKATYPKOIO 10 02JIKOHHOTO NMEPEeKPUTTS
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Ha pucynky 3.25 HaBeiaeHO By30J NPUMHUKAaHHS 30BHINIHIX CTIH 3 LEMIU 3
OTIOPSI/KCHHSIM IITYKAaTypKOIO 10 OalKOHHOTrO mepekputtsa. B tabmuimi 3.12 HaBeneHo

TEIJIOTEXHIYHI BIIACTHUBOCTI MaTepiajiB 3 SKUX CKIAA€ThCS KOHCTPYKTHBHUHN BY307 .

1140

Pucynok 3.25 — Cxema 6a30Boro By3Jia MPUMHUKAHHS 30BHIIIHIX CTiH 0 OAJTKOHHOTO

NEPEKPUTTS

Tabnuis 3.12 — BrnactuBocTti MarepiaiiB By3ia MPUMHUKAHHS 30BHIIIHIX CTIH JO

MIKITOBEPXOBOTO MEPEKPUTTS

Y/ MOBHI Martepian A, p, Kr/M?
MIO3HAKH Br/m-K | ™
1 Po3unH neMeHTHO-MIaHUu i 0,93 1800
2 YremnoBau MiHEpaJIOBaTHUI 0,050 150
3 [lernsiHa knaaka (kepamiyHa) 0,81 1800
4 JlepeB’sitHe OKPUTTS miaioru (ay0, monepek 0,23 700
BOJIOKOH)
5 ExcTpynoBanuii mHOMOIICTHPOT 0,037 35
6 3a111300eTOH 2,04 2500
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HaBenenuii BUIlle KOHCTPYKTUBHUM By30J1 OyJ0 3MOJIEIHOBAHO B MPOTPAMHOMY

cepenosuii THERM. Ha pucynkax 3.26 ta 3.27 300pakeHO pe3yabTaTH MOAETIOBaHHS.

0)
Pucynok 3.26 — Mozenb KOHCTpYKTUBHOTO By3Ja: a) 3acTocoBaHa citka FEM; 0)

PO3MOALT BEKTOPIB T'YCTUHU TEIJIOBOTO MTOTOKY



Color Legend Color Legend

-220° -16.8° -11.5° -63° -1.0° 42° 95 147° 199 C 00 218 437 655 874 1092
U N a0
a) 0)

Pucynok 3.27 — Mojenb KOHCTPYKTHBHOTO By3J1a: a) iH(ppayepBOHE 300paKeHHS

131.0 1529 1747 Wim2
I

pO3MOALTY TeMreparyp; 0) po3MoAil TYCTUHU TEILIOBOTO MTOTOKY

Pe3ynbraTii MO/i€NIIOBaHHS By3Jla MPUMHUKAHHS OAIKOHHOI IJIUTH JI0 30BHILIHBOI
CTIHU MOKa3aJI1 HASBHICTh JOCUTh IHTEHCUBHOTO MI1CTKa XOJIOY, 1110 MPOSIBIISIETHCS YEPE3
BHCOKI JIOKaJIbH1 Tery1oB1 BTpatu (moHas 170 B1/M?) Ta pi3ke 3HM>KEHHSI TeMIeparyp Ha
BHYTPIIIHII NOBEPXHI OTOPOJIKEHHS.

TepMmiuyHO OmHOpIAHA AUISHKA OTOPOKYBAJIBHOI KOHCTPYKIlI — KOMIIOHEHT A
(cTiHA) — € 1IIEHTUYHOIO Tiil, 0 po3misiHyTa B 1. 3.1.1.

[Ticns moOymoBu momeni Bysna B ceperosuini THERM Tta ananizy posmomimy
TEMIIepaTypHUX TIOJIIB 1 TEIUIOBUX IMOTOKIB, OyJ0 MPOBEICHO PO3paxyHOK JIHIHHOTO
KoeilieHTa Teronepenayi. Pe3ynbraTi MOIeNoBaHHs Ta pO3paxyHKiB OyJiM 3BeJICHI B

tabmurro 3.13.
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Tabmus 3.13 — Pesynasratd MopentoBaHHS 0a30BOTO  By3Jia NPUMUKAHHS

30BHIIIHIX CTIH 3 HEIIN 3 OMOPSKEHHIM IITYKaTypPKOIO 10 OAJIKOHHOTO MEPEKPUTTS

KoHCcTpyKTHBHHUI U, D,
BySCI))J?II (Bt/m?-K) 41, K LM Br/m Moxubxa, %
BayTtpimini 42,0 54,1
2D mozers oOMipH 0,3221 4,00 1 7.35%
30BHIMIHI 42,0 54,1
oOMipH 0,2789 4,62 2 7.35%
KomnonenT A, onHOpigHUN
BayTtpimini 42,0 22,9
: oOMipH 0,2733 2,00 6 0.00%
Crina 30BHiIH 42,0 22,9
) 0,2733 ’ 2,00 ’ 0.00%
oOMipH 6
PesynbTaTy po3paxyHky L, Ui 7, #-ceperic,
(Bt/m:K) | (Bt/m:K) | (B1/M-K) (Bt/m-K)
BayTpimni oOMipu 1,2884 0,5466 0,742 0.742
30BHIIIHI 00OMIpH 1,2885 0,5466 0,742 ’

VY pe3yabTari 94nceapHOTO MOJISTIOBAHHS By3Jla MPUMUKAHHS OaTKOHHOI IUTATH 70
30BHIIIHBOI CTIHU Oy10 oTpuMano 3HaueHHs y = 0,742 B1/(m-K), 1110 3Ha4HO niepeBuUILye
JIOTTYCTUMI M1 3T1JIHO 3 peKoMeHaaiisiMu i1t Oyaiesib nZEB. e cBiuuTh Mpo 3HauHi
JIOJITATKOB1 TETUIOBTPATH, CHPUYMHEHI TEPEPUBAHHAM TEIUIOI30JSIIIHOIO Mapy Ta
BIJICYTHICTIO TEPMOPO3PHBY B 30H1 ITPOXOHKEHHS 3113006 TOHHOI IIJIUTH KPi3h O00JIOHKY
OymiBmi. Jlns BOOCKOHAJICHHS KOHCTPYKTHBHOTO BYy3JIa TPOIOHYETHCS 3aCTOCYBaTH
JIOJTATKOBY TEIUIO130JIA11110 0aNKOHHOT TuTH TOBIKMHOIO 100 MM 3 TpboX OOKIB, 1 TAKOXK
30UTBIIUTH TOBIIMHY TEIUIOI30ISUIAHOIO Iapy 30BHIIHBOI cTiHM 10 200 wmwm.

[TokpanieHnii KOHCTPYKTUBHUM By30J1 300paK€HO HA PUCYHKY 3.27.
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Pucynok 3.27 — Cxema MoKpaiieHoro By3i1a MpUMHKaHHs 0aIKOHHOT IJTUTH JI0

30BHIIIHBOI CTIHHA

TermoTexHIyH1 BJIACTUBOCTI MarepiajiB Ta MapaMeTpud TIPAHUYHUX YMOB HeE
BIJIPI3HSIOTHCS Bijl 0a30BO1 KOHCTPYKIIT PO3MISIHYTO1 paHilie Ta Bka3aHi B Tabauisx 3.1
1 3.12. Pesynbratu MonemntoBanHs B mporpamHomy cepenoBuiili THERM 300paxeno Ha

pucyHnkax 3.28 ta 3.29.



:

a) 0)
Pucynox 3.28 — Mojenb moKpameHoro KOHCTPYKTHBHOTO By3JIa: a) 3aCTOCOBaHA CiTKa

FEM; 6) po3mnonis BEKTOPiB I'YCTUHHU TEIIOBOTO TOTOKY

Color Legend Color Legend

-22.5° -17.2° -11.9° '0-'ﬁ°| -1.3°  4.0° | 9-I4“ 14.7° | 2007 c 00 224 448 672 . 89.6 1119 1343 ISé.]‘I 179.1 Wim2
a) 0)
PucyHnok 3.29 — Moznenb nokpaiieHoro KOHCTPYKTUBHOTO By3J1a: a) iH(pauepBOHE

300pakeHHS PO3MOJILTY TeMIepaTtyp; 0) po3MoIij TYCTUHHU TEIIOBOTO TOTOKY

Sk BUOHO 3 pe3yNbTaTiB MOJCITIOBAHHS, YIOCKOHAJICHHS KOHCTPYKINi By3ia
NPUMHUKAHHS TUIMTA OAJIKOHY /10 30BHIIIHBOI CTIHU MPHU3BEJIO JO CYTTEBOIO 3MEHILICHHS

IIIJTbHOCTI TETIOBOTO MTOTOKY B KPUTUYHUX 30HaxX — 3 oHa A 170 no meniie 60 Bt/m2.
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TepMiuHO OMHOpITHA JUISHKA OTOPOKYBAIBHOT KOHCTPYKIli — KOMIIOHEHT A
(cTiHA) — € 1IEHTUYHOIO Tii, 110 po3risHyTa B 1. 3.1.1.

PesynbpraTn MTOKA3HUKIB

PO3paxyHKy

KOHCTPYKTHBHOTO By3Ji1a 3BeJieH1 10 Tadnuii 3.14.

CHCPICTUYHUX IMOKpAaImecHOro

Tabmuusa 3.14 — Pesynasratu MOAENIOBaHHS IMOKPAILIEHOTO By3ia MPUMHUKAHHS

OaJIKOHHOI IUTATH 0 30BHIIIHBOI CTIHU

KoucTpykTuBHMI U, D,
By3 cI)) ;’ (BrinK) AT, K [, m Br/m [Toxuobka, %
BayTpimHi
2D oOMipH 0,2001 42,0 4,00 33,62 8,49%
MOJCITb 30BHIIIHI
oOMipH 0,1696 42,0 4,72 33,62 8,49%
KommoHeHT A,
OJTHOP1THUH
BayTtpimni
: oOMipu 0,2149 42,0 2,00 18,05 0,00%
Crina s
3osHiwmi 0,2149 42,0 2,00 | 18,05 0,00%
oOMipu
Pesynbratn 2 Uil W
PO3paxXyHKY BrmK) | Brwk) | (Briek) V-cepenne, (Br/m-K)
BHyTpimHi oOMipu 0,8004 0,4298 0,371 0371
30BHIIIHI 00MipH 0,8005 0,4298 0,371 ’

VY pe3ynbTari YMCENbHOTO MOJENIOBAHHS BIOCKOHAJICHOTO By3Ja MPUMHKAHHS
TUTUTH OAJIKOHHOTO MEPEKPUTTS 10 30BHINIHBOI CTIHM 3HAYECHHSI JIHIHHOTO KoedilieHTa
terionepenayl y cranoButh 0,371 B1/(m-K). [TopiBHsiHO 3 6a30BUM BapiaHTOM By371a, 1€
y cranoBuB 0,742 Bt/(M°K), e cBiguuth mpo 3HMKEHHs TeruoBux BTpaTr Ha 50 %.
OtpumaHe 3HA4YCHHS MIATBEPIKYE €(PEKTUBHICTh OOpaHMX yHOCKOHaJeHb. [lomamnbiie

3HMKEHHA Y-(DaKTopa MOXKIIMBE 32 PaXyHOK 3aCTOCYBAHHS TEPMOPO3PHUBIB.

3.1.5 By30J1 npUMHUKAHHS BIKOHHOI KOHCTPYKIIi /10 30BHILIIHIX CTiH
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B nanomy nociiikeHH1 MOJIETIOBAIMCH BY3JIM MPUMHUKAHHS BIKOHHOT KOHCTPYKITIT
y 30HI NMEPEeMUYKH, MIJABIKOHHS, a TaKOX PSIJAOBOrO CHOMyudeHHs. bazoBa KOHCTPYKIIis
30BHIIIHBOI CTIHH yTeIJIeHa MiHEPaJIbHOIO BaTOIO TOBIIMHOIO 150 MM 3 MOHTaXeM BiKHA
Oe3rnocepelHbO0 Ha MENIAHY KIaaKy a0o 3ami300eToHHy mepeMuuky. I[lokparieHi
KOHCTPYKTHBHI BY3JIM PO3TIISIIAIUCH 3 ORI TOBCTHM IIAPOM TEILIO130JIAIII1 30BHINIHIX
ctiH 200 MM Ta BUHOCHMM MOHTa)KE€M BiKHA 3 TEIUIOI30JSALIHHUM MpPOQiIeM BHUCOKOI
niipHOCTI [63]. TeruioTexHiyH1 BIACTUBOCTI BIKOHHOI KOHCTPYKIIII B THOKpAIICHOMY
BUITAJIKy HE 3MIHIOBAJIMCH Ta 3aJUIIAIACH TAKUMU K, K 1 B 0a30Bil KOHCTPYKIIIi.
TeroTrexHiyHl MapaMeTpud BIKOHHOI KOHCTPYKIiI Oyldu OTpUMaHl MIISXOM
HaJAIITyBaHHS MOJEIN BikKHA y nporpaMHoMy TipoaykTi WINDOW, ocoGnuBICTIO SIKOTO
€ 37IaTHICTh MpaIftoBatu y 38’3111 3 mporpamoro THERM st uncenbHOTO aHaiizy pamu
Ta ckionakery B 2D cepenoBuii. KoHcTpykilisi BIKOHHOTO OJOKY BUKOHAaHA Ha OCHOBI
OararokamepHoro [IBX-mpodinto 3 repMeTHYHUMH YIIUIBHEHHSIMH Ta JABOKAMEPHUM

CKJIONIAKETOM 3allOBHEHUM CyMiMIo: moBiTps-10% ta aprony-90% (pucynok 3.30).

Pucynok 3.30 — Cxema BIKOHHO1 KOHCTPYKIIi1
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TerorexHIYH1 BIACTUBOCTI MaTepiaiiB HaBeneHo B Tabnuil 3.15. Hamenenuii
BUIIIC KOHCTPYKTUBHMM BY30.1 OYyJI0 3MOCIHOBAHO B IporpaMHoMy cepenouiii THERM
srigzao metoguk EN ISO 10077 ta ANSI/NFRC-100-2023 [64, 65, 66]. Pe3ynasratu

MOJICJIFOBaHHSI 300paykKeHO Ha pUCyHKY 3.31.

Tabmuus 3.15 — BractuBocTi MarepianiB BIKOHHOT KOHCTPYKITT

VYMmoBHI Marepian A,
MO3HAKH Br/m-K
1 CuiikoH 0,35
2 [ToniyperanoBa miHa 0,05
3 [1BX/BiHia (TBepauii) 0,17
4 [ToBiTpsiHU# MTpOIIAPOK i
(aBTomatnuHa cumyssiiisi B THERM)
5 byTtunosuii kayuyk 0,24
6 OcymryBau (MOJIEKYJISIPHE CUTO) 0,10
7 JlucraHiiiiiHa paMka (aJIFOM1HIEBUH CILJIaB) 160,0
8 I'azoBa cymim (10% noBitps, 90% apron) 0,00986
9 Cki10 1,0

-21.7° -17.0° -12.2° -75° -28° 19° 66° 113° 16.0° ©

v i
a) 6)

Pucynok 3.31 — Mogenb BIKOHHOT KOHCTPYKIIii: a) iHppadepBoHE 300paKeHHS

33 7809 1558.5 2336.1 3113.6 3891.2 4608.8 5446.4 6223.9 Wim2
| [ |

pO3MOALTY TeMneparyp; 0) po3MnoAil I'yCTUHU TEIIOBOTO MTOTOKY
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Pe3ynbrati po3paxyHKy €HEpPreTMYHUX IMOKa3HUKIB BIKOHHOI KOHCTPYKIIII, sKi

6y,HYTB BHKOPHUCTOBYBATHUCH IIPH ITIOAAJIBIIIOMY aHai3 KOHTAKTY 3 CJICMCHTAMU 000JIOHKH

OymiBens 3BeneHi 10 Tabmwmi 3.16.

Tabmuus 3.16 — PesynbsraTti MOI€IOBaHHS BIKOHHOI KOHCTPYKIIIT

. U, D, IToxuOka,

KoncrpykTrBHUM By301 (BrA-K) AT, K | Im Bt/ o,
Bikno (2D). | BayTtpimzi oOMipu 1,2846 42,0 | 0,242 | 13,07 7,26%
3oHa . .
HepeMHUKH 30BHIIIHI 00MipH 1,2196 42,0 | 0,255 | 13,07 7.26%
Bikno (2D). | BayTtpimizi oOMipu 1,2853 42,0 | 0,243 | 13,07 1,77%
3oua Sosmimmi oomipn | 1,2497 | Y 1 0243 [ 1278 | 7,77%
i IBIKOHHS
Bikuo (2D). | BayTpimsi oOMipu 1,2660 42,0 | 0,242 | 12,88 7,84%
30Ha
PAIOBOTO 30BHIIIHI 00MIpH 1,2020 42,0 | 0,255 | 12,88 7,84%
CIOJIYYCHHSI

3a pe3yibraTaMi MOACIIOBAHHA BCTAHOBJICHO, IIO HaMO1JIBIII BTpaTu TCILJIa

CIIOCTEPITraloThCcsl B 30HI JIMCTAHLIMHOI paMKH CKJIONAKeTa. 3HAYeHHS IIIJIbHOCTI

TEIJIOBOTO TMOTOKY B Il 006macTi gocsirae 6223,9 Bt/m? Taki BTpaTtu MOSICHIOIOTHCS

BHCOKOIO TEIUIOMPOBIAHICTIO METAJIEBOI PAaMKH Ta BIJICYTHICTIO TEPMIYHOTO PO3PHUBY B ii

30H1. Jumsaku [IBX-npodinio 3a0e3neuyroTs NpURHATHI TEMIIEPATypHI MOKA3HUKH, 1110

MIATBEPIKY€E €PEKTUBHICTh OaraTOKaMepHOi CTPYKTYPH 3 HU3bKOIO TEIJIONPOBIIHICTIO.

3.1.5.1 By301 NnpMMUKAHHS BIKOHHOI KOHCTPYKUIl 10 30BHIIIHIX CTiH Yy 30HI

nepeMu4KH

Ha pucynky 3.32 HaBeneHO By30J NPHUMHUKAHHS BIKOHHOI KOHCTPYKIIi A0

30BHIIIHIX CTIH y 30H1 IepeMuuku. B Tabnuiii 3.17 HaBeeHO TeTUIOTEXHIYH1 BIIACTUBOCTI

MaTepiajiB 3 IKMX CKIaJa€ThCd KOHCTPYKTUBHUHN BY301T .



Pucynok 3.32 — Cxema 6a30BOT0 By3Jia IPUMHUKAHHS BIKOHHOI KOHCTPYKIIiT 10

30BHILIHBOI CTIHU Y 30H1 IEPEMUUKHU
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Tabnuis 3.17 — BnactuBocTi MarepiaiiB By3/1a HPUMHKaHHS BIKOHHOI KOHCTPYKIII1

710 30BHILIHBOI CTIHU Y 30H1 IEPEMUYKHU

VYMOBHI

: A, p,
MO3HAKU Marepian Br/m-K | xr/m?
1 Po3unH nieMeHTHO-MIIaHUK 0,93 1800
2 YremnmoBau MiHepaJIOBaTHUI 0,050 150
3 [ernsiHna knaaka (kepamiyHa) 0,81 1800
4 3am300eToH 2,04 2500
5 Bixonna xoHCTpyKIIis (auB. po3maia 3.1.5)

Hapenenuit BHIlle KOHCTPYKTUBHUN By3011 OyJ0 3MOJIEIbOBAHO B MPOTPaMHOMY

cepenoBuiii THERM. Pe3ynwsratu MmojentoBanHs 300paxeHo Ha pucyHkax 3.33 ta 3.34.
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a) 0)
Pucynok 3.33 — Mozenb KOHCTpYKTUBHOTO By3Jia: a) 3actocoBaHa citka FEM; 0)

PO3IOILT BEKTOPIB TYCTUHHU TEIIOBOTO MTOTOKY B HAHOUIBIT Yy TIMBIN AUISHII BiKHA

Sx BuAHO, Ha 300pakeHHI MPEACTABICHO PE3YyIbTaT YMCEIBHOTO MOJIEITIOBAHHS
HaMpsMKY TEIJIOBOTO MOTOKY B 30HI BEPXHBOI YaCTUHH BIKOHHOTO mpodimo. Bekropue
T0JIE YITKO JEMOHCTPYE JIOKAIII3aI[it0 IHTEHCUBHOTO TEIJIONEPEHOCY B 30H1 IUCTAHITIHOT
paMKH, sIKa Ma€ BUCOKY TEIUIONPOBIHICTh. Haiibiba KOHIIEHTpaIlis TETUIOBUX MTOTOKIB
B1J1I0YBa€THCA IO MIEPUMETPY CKIIOMAKETa — CaMe TYT CTPUIKU BEKTOPIB IIIJILHO 3TYIICH]
W chopsAMOBaHI BiJi BHYTPIMIHBOI TOBEPXHI JO 30BHINIHBOI, MHUHAIOUU OLIBII
teroizonboBani 30HU [IBX-nipodimto. Tloganpira rpadiyaa geMoHCTpallis po3moALTy
TYCTUHH TEIJIOBOTO MOTOKY JUISI BCbOTO KOHCTPYKTHUBHOTO By3J1a MPUMHUKAHHS BIKOHHOT
KOHCTPYKIIii 10 30BHIIIHBOI CTIHM Y 30HI MEPEMUYKH HE € TOCTATHHO iHHOPMATHBHOIO
yepe3 HasBHICTb €IIEMEHTY KOHCTPYKII 3 Jy>K€ BHCOKOI TEIUIONPOBIIHICTIO

(mucTaHIiitHA paMKa).
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Color Legend

-22.0° -16.8° -11.7° 6.6° -14° 37° §8§° 139° 191° C
I I

Pucynox 3.34 — [adpauepBone 300pakeHHS pO3MOALTY TEMIIEPATyp MOAEITI

KOHCTPYKTHUBHOT'O By3JIa

3 pe3ynbTariB MOJICIIIOBaHHS BUIHO, III0 OCHOBHA YaCTHHA KOHCTPYKIIii 3a0e3meuye
3a/I0BUIbHY TEpMIYHY €(EeKTUBHICTh, NPOTE HaWOUTBII 1edopmMoBaHi 130TepMU
CIIOCTEPITAIOTHCS B 30HI MPUMHUKAHHS BIKOHHOT paMu 70 CTiHH, 0COOJMBO 01151 HUKHBOT
yacTUHU. TOOTO 30Ha CTUKY BIKHA 31 CTIHOIO OTPeOy€e JOAATKOBOI ONTUMI3AIli.

TepmiuHO OAHOpiNHA AUISHKA OTOPOJKYBaJbHOI KOHCTPYKIIT — KOMIIOHEHT A
(cTiHA) — € 1IEHTUYHOIO Tii, 110 po3mIsiHyTa B 1. 3.1.1. IHIIIa YacTHHA KOHCTPYKTUBHOTO
By3J1a — BIKHO, ITPY BU3HAUYEHHI1 JIIHIHHOTO KOoedilli€HTa Terionepeaadyl BUCTYaTUME SIK
koMrnioHeHT b (Tabmuns 3.16).

[Ticns moOynoBu mogmeni Bysia B cepenoBuilll THERM Oyno mpoanamizoBaHO
PO3MOILIT TEMIIEPaTyPHHUX MOJIIB 1 TEIUIOBUX MOTOKIB. Pe3ynpratu po3paxyHKy JiHIIHOTO

koedirienTa Terionepeaayl 38eeH1 B Tadauito 3.18.
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Tabmuis 3.18 — Pe3ynbratu MosientoBanHs 0a30BOT0O By3jia MPUMHUKAHHS BIKOHHOT

KOHCTPYKIIii 10 30BHIIIHBOI CTIHU y 30HI IEPEMHUYKU

KoHCTpyKTHBHUI U, D,
Byggg Bk | ATK Lv | g | Tloxubxa, %
Baytpimai
2D oOMipHu 0,4391 42,0 1,65 30,52 8,87%
MO/IEITh 30BHIIIHI
oOMipHu 0,4806 42,0 1,51 30,52 8,87%
KommoneHT A, oHOp1THMIMA
BaytpimHi
: oOMipHu 0,2732 42,0 1,10 12,62 0,00%
Crina o
3osHiwmi 0,2732 42,0 1,10 [12,62|  0,00%
oOMmipu
Kommnonent b
BayTpimni
: oOMipu 1,2846 42,0 0,242 | 13,07 7,26%
phe 30BHIMIAI 1,2196 42,0 0,255 | 13,07
oOMipHu ’ ’ ’ ’ 7,26%
Pe3ynpraTé po3paxyHKy L U ~ #cepenic,
(Bt/m-K) | (Bt/M-K) | (B1/M-K) (Bt/m-K)
BayTpimHi oOMipu 0,7267 0,6116 0,115 0.115
30BHIIIHI 00OMipH 0,7266 0,6116 0,115 ’

Ha ocHOBI uncenbHOTO MOJIETIOBAHHS TEMITEPATYPHOTO TOJIST Y BY3J11 TPUMUKaHHS
BIKOHHOT KOHCTPYKIII1 /10 30BHIIIHBOI CTIHU Y 30H1 IEPEMUYKHU Oy10 BUSHAYCHO 3HAYCHHS
niHiHOTO KoedimienTa Terionepenayl ¥y = 0,115 Bt/(m-K). Orpumana BenununHa 3Ha4HO
NEpPeBUIIyE MaKCUMallbHE 3HAYEHHS JIHIMHUX  KOE(IUIEHTIB  TerJionepeaayl
TEIUIONPOBITHUX BKIIOUeHL NZEB OymiBen.

JInsi mokpanieHHsl MOKa3HUKa Y JIOUIIBHO 3aCTOCYBaTH 30UIbIIEHY 30BHIIIHIO
TEIUIOI30JISIII0 CTIHA B KOMOIHAI] 3 BHHOCHUM MOHTAXEM BIKHA 3 TEILIO130J A1 HHUM
npodinem (pucynok 3.35).

3anporoHOBaHO 30UIBIICHHS! TOBUIMHU 130JI111T 30BHIIIHBOI cTiHU A0 200 MM, a

KPITJICHHS BIKHA 3pPOOUTH METOOM BUHOCHOTO MOHTaXy Ha TETLIO130JIAIIHHIN podiah
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BHCOKOI IIIJIBHOCTI. TEII0TeXHIuHI BIACTUBOCTI MarepialiB Bka3zaHo B Tabmiuil 3.19.

Pe3ynpraTi MonentOBaHHS HABEAECHO HA pUCYHKax 3.36.

Pucynok 3.35 — Cxema NoKpallieHoro By3jia NPUMUKAHHS BIKOHHOI KOHCTPYKIIIT 10

30BHILIHBOI CTIHU Y 30H1 IEPEMUUKHU

Tabnuis 3.19 — BactuBocTi MarepiaiiB By3/1a HPUMHUKAHHS BIKOHHOI KOHCTPYKIII1

710 30BHILIHBOI CTIHU Y 30H1 IEPEMUYKHU

¥ Mol Marepian A, Br/m'K P,

MO3HAKH Kr/™?
1 Po34nH nieMeHTHO-MIIAHUN 0,93 1800
2 VYTemioBau MiHEpaJIOBaTHUI 0,050 150
3 [ernsna knaaka (kepamiyHa) 0,81 1800
4 3am300eToH 2,04 2500
5 [Tpodins blaugelb® Triotherm+ [63] 0,040 200
6 Bikonna koHcTpykIlis (auB. po3main 3.1.5)
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-220° -168° -116° -64° -12° 40° 92° 144° 196° C
|

a) 0)
Pucynok 3.36 — Mojenb KOHCTPYKTUBHOTO By3Jia: a) 3actocoBaHa citka FEM; 0)

1H(ppagepBOHE 300pKEHHS PO3MOJLTY TEMIIEPATYp

Y  pesynbrari KOHCTPYKTHMBHOTO YAOCKOHAJE€HHSI By3jJa BIKOHHHH OJIOK
PO3MIIIYETHCS B TUIONIMHI TEIUIOI30JIAII CTIHH, IO J03BOJSE MIHIMI3yBaTH BILIWB
TEIJIONPOBITHOTO BKJIFOUEHHS TIPH MPUMHUKAHHSA BIKOHHOI KOHCTPYKIIIi JO 30BHIIIHBOT
CTIHU Y 30HI IEPEMUYKHU.

TepMmiuyHO OmHOpIAHA AUISHKA OTOPOKYBAJIBHOI KOHCTPYKIII — KOMIIOHEHT A
(cTiHA) — € 1IEHTUYHOIO TiM, 1110 po3misiHyTa B 1. 3.1.1. IHII1a YacTHHA KOHCTPYKTUBHOTO
By3J1a — BIKHO, IIPY BU3HAYEHHI JIHIHHOTO KOe]ilieHTa Terionepeaaydi BUCTyIaTUME K
koMroHeHT b (tabmumst 3.16). Pesymbratét po3paxyHKy JIHIMHOTO KoedirieHTa

Terionepeaayl 3BeaeH1 B Tadmuio 3.20.
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Tabmuns 3.20 — Pe3ynbratu MOIETIOBaHHS MOKPAILIEHOTO By3Ja NMPUMUKAHHS

BIKOHHO1 KOHCTPYKIIi1 10 30BHINTHBOI CTIHK Y 30H1 IEPEMUYKU

KoHCcTpyKTHBHUI U, D,
BySCI))J?II (Br/in2K) AT, K [,Mm Br/m [ToxuoOka, %
BayTpimHi
2D oOMipH 0,3207 42,0 1,75 23,60 5,79%
MOJIEITb 30BHIIIHI
oOMipu 0,3785 42,0 1,48 23,60 5,79%
Kommnonenr A,
OJTHOP1 THUH
BayTpimHi
: oOMipHu 0,2146 42,0 1,10 9,91 0,00%
Crina 30BHIIIHI
) 0,2146 42,0 1,10 9,91 0,00%
oOMmipu
KommoneHnt b
BayTpimiHi
: oOMipHu 1,2846 42,0 0,242 |13,07 7,26%
PO Somuiun 1,2196 42,0 0,255 | 13,07
oOMmipu ’ ’ ’ ’ 7,26%
Pe3ynbraTté po3paxyHKy L*P, Ui, Y, Y-cepenne,
(Bt/m-K) | (Bt/m:K) | (B1/M-K) (B1t/m-K)
BHyTpintHi oOMipH 0.5619 0.5472 0.015 0.015
30BHINIHI 0OMipH 0.5619 0.5472 0.015 ’

VY pesynbrari 4MCENbHOTO aHajizy Oyl0 BCTAHOBJICHO, MIO 3aMpONOHOBAHE
MOKPAIEHHS TTOCIIPHUSIIO 3HAYHOMY 3MEHIIICHHIO JIIHIHOTO Koe(illieHTa Terionepeaayi
1o pisas 0,015 B1/(m-K). Otpumanuii pe3ynbrar miITBepaKye, 0 BUHOCHE PO3MIIIICHHS
paMy y TUIOIIMHY TEIJIO30JIAMIi1 A03BOJISIE 3HAYHO 3MEHIIMTH JIHIMHUNA KOe(illieHT
Terionepeaaydl \y 1 3abe3nedye HAAIMHUN TeMIEpaTypHUM PEXUM Ha BHYTPIIIHIN
MOBEPXH1 OTOPOKYBAIBHUX KOHCTPYKINH. [{e € o1inpHuM miixoaoM ajis OyaiBesb, 110
NPOEKTYIOTbCA  BIAMOBIAHO 10  Cy4YaCHUX  CTaHAApPTIB  Maike  HyJbOBOIO

eHeprocnoxuBanus (nZEB).

3.1.5.2 By3041 npuMHMKaHHS BiKOHHOI KOHCTPYKIIi 10 30BHIIIHIX CTIH y 30HI

MiABIKOHHSA
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Ha pucynky 3.37 HaBeneHO By301 NPUMHUKAHHS BIKOHHOT KOHCTPYKIII 10
30BHIIIHIX CTIH y 30H1 MiABIKOHHS. B Tabmui 3.21 HaBeieHO TEMI0OTEXHIYHI BIACTUBOCTI

MarepiaiiB 3 SIKUX CKIJA€THCSI KOHCTPYKTUBHUM BY30II .

1100

#1504 380
10 20

Pucynok 3.37 — Cxema 6a30BOro By3jla MPUMHUKaHHS BIKOHHOI KOHCTPYKLIi 710

30BHIIIHBOI CTIHU Y 30H1 M1IBIKOHHS

Tabnuis 3.21 — BactuBocTi MarepiaiiB By3/1a HPUMHKAHHS BIKOHHOI KOHCTPYKIII1

JI0 30BHIIIHBOI CTIHU Y 30H1 M1JIBIKOHHS

VYMoBHI Marepian A, D,

MO3HAKHU Br/M-K | kr/m?
1 Po3unH neMeHTHO-IIIIaHui 0,93 1800
2 VYTemioBau MiHEpaJIOBaTHUI 0,050 150
3 [ernsana xnaaka (kepamiyHa) 0,81 1800
4 Bikonna koHcTpykuisg (auB. po3ain 3.1.5)
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Hapenenuii BuIlle KOHCTPYKTUBHUN By3051 OyJlO 3MOJIEIbOBAHO B MPOTPAMHOMY

cepenoBuilll THERM. Pe3ynbratu monentoBanHs 300pakeHO Ha pUCYHKY 3.38.

Color Legend

-12° 39 81°

14.3° 19.5° C
I

-220° -16.8° -116° -6.4°
I

a) 0)
Pucynok 3.38 — Mopenb KOHCTpYKTUBHOTO By3Ja: a) 3acTocoBaHa citka FEM; 0)

1H(padepBOHE 300paXKEHHS PO3NOALLY TEMIIEPATYP

Ha 300paxkeHHI TpeACTaBIECHO  PE3yJAbTaT  YHUCEIBHOIO  MOJEIIOBaHHS
TEMIEPATypPHOTO PO3MOJALTY B 30HI MPUMHUKAHHSI BIKOHHOTO OJIOKY /10 30BHIIIHBOI CTIHU
B 007acTi MiABIKOHHSA. AHam3 TEMIEPAaTypHOTO TOJs CBIMYUTh TPO HASBHICTH
JOKAJIbHOTO BUKPHBICHHS 130T€PM TMOOIM3y MOHTaXXHOTO II1BA, IO BKa3ye Ha
(opMyBaHHSI TEIJIONPOBITHOTO BKJIFOUEHHS.

TepmiuHO OAHOpPiNHA AUISHKA OTOPOKYBAaJIBbHOI KOHCTPYKIli — KOMIIOHEHT A
(cTiHA) — € 1IEHTUYHOIO Tii, 110 po3mIsiHyTa B 1. 3.1.1. IHIIIa YacTHHA KOHCTPYKTUBHOTO
By3J1a — BIKHO, ITPY BU3HAYEHHI1 JIIHIHHOTO KOoedilli€HTa Terionepeaadyl BUCTyaTUME SIK

koMrioHeHT b (Tabmuns 3.16).
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ITicns moOynoBu mogeni Bysna B cepenoBuilll THERM Oyno mpoanasnizoBaHO
PO3IOALT TeMIIEpaTyPHHUX TTOJIIB 1 TEIJIOBUX MOTOKIB. Pe3yinbTaT po3paxyHKy JIIHIHHOTO
KoeilieHTa Teronepeaayi 3seaeHi B Tadmuio 3.22.

Tabmuns 3.22 — Pe3ynsrati MOJIC/IIOBaHHS 0230BOTO By3j1a MPUMHUKAHHS BIKOHHOT

KOHCTPYKIIIi 10 30BHINTHLOT CTIHH Y 30HI1 IT1IBIKOHHS

KoHcTpykTuBHUMN U, D, IToxuOka,
BY30J1 (Br/M*-K) ALK L Br/m %
D BayTtpimini
MOTETTD oOMipH 0,4366 42.0 1,65 30,34 5,47%
3oBHimHI 00Mipu | 0,4778 42,0 1,51 30,34 5,47%
KommonenT A, ogHOpiTHAN
BayTtpimni
Crina oOMipH 0,2732 42,0 ,10 12,62 0,00%
3oBHimHI 00Mipu | 0,2732 42,0 1,10 12,62 0,00%
Komnonent b
BayTpimini 42,0
Bikno oOMipH 1,2853 0,243 13,07 7,77%
3oHimHI 00MipHu | 1,2497 42,0 0,243 12,78 7,77%
Pe3ynpraTé po3paxyHKy L v v #cepenic,
(Bt/m-K) | (Bt/m:K) | (B1/™M-K) (Bt/m-K)
BayTpimHi oOMipu 0,7225 0,6117 0,111 0.114
30BHIIIHI 00MipH 0,7224 0,6048 0,118 ’

Ha ocHOBI 4KCenbHOr0 MOJIENIOBAHHS TEMIIEPATYPHOTO NOJIS Y By3J11 TPUMUKAHHS
BIKOHHOT KOHCTPYKIII1 /10 30BHIIIHBOI CTIHU Y 30H1 IEPEMUYKHU Oy10 BUSHAYCHO 3HAYCHHS
niHiHOTO KoedimienTa Terionepenayi ¥ = 0,114 Bt/(m-K). Orpumana BeaudnHa 3HAYHO
NEpPeBUIIyE MaKCUMallbHE 3HAYEHHS JIHIMHUX  KOE(IUIEHTIB  TerJionepeaayl
TEIUIONPOBITHUX BKIIOUeHL NZEB OymiBen.

JInsi mokpanieHHsl MOKa3HUKa Y JIOUIIBHO 3aCTOCYBaTH 30UIbIIEHY 30BHIIIHIO
TEIUIOI30JISIII0 CTIHA B KOMOIHAI] 3 BHHOCHUM MOHTAXEM BIKHA 3 TEILIO130J A1 HHUM

npodinem (pucynok 3.39).
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10

Pucynok 3.39 — Cxema nmokpaiiieHoro By3i1a NPUMUKAHHS BIKOHHOI KOHCTPYKIIIT 10

30BHIIIHBOI CTIHU Y 30H1 MiABIKOHHS

3anporioHOBaHO 30UIBIICHHS TOBIIMHU 130JIAI11 30BHIITHBOI cTiHU A0 200 MM, a
TaKOX KPITUIEHHS BiKHA METOIOM BHHOCHOTO MOHTaXy Ha TEIUIOI30NALIMHUNA TPOdiTh
BHCOKOI IIIJIBHOCTI. TeIIOTeXHIUHI BIACTHBOCTI MarepialliB BKa3zaHO B Tabmimill 3.23.

Pe3ynbratu MoaenOBaHHSI HABEJAECHO HA pUCYHKY 3.40 .

Tabnuis 3.23 — BnactuBocTi MarepialiB By3/ia MPUMHKAHHS BIKOHHOT KOHCTPYKITIT

JI0 30BHIIIHBOI CTIHU Y 30H1 IT1JIBIKOHHS

¥ Mol Marepian A, Br/m'K P,

MO3HAKU Kr/m?
1 Po3unH neMeHTHO-MIaHUui 0,93 1800
2 VYTemnoBau MiHepalTOBaTHUMA 0,050 150
3 [ermsiHa knanka (KkepamiyHa) 0,81 1800
4 [Tpodinb blaugelb® Triotherm+ [63] 0,040 200
5 BikonHa koHCTpyKIis (quB. po3ait 3.1.5)
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Color Legend

-220° -16.7° -115° -63° -1.1° 93°  146° 19.8° c

1.1 4.1°
L

a) 0)
Pucynok 3.40 — Mojaenb KOHCTPYKTUBHOTO By3Jia: a) 3actocoBaHa citka FEM; 0)

1H(ppadepBoHE 300paKEHHS PO3MOALTY TEMIIEPATYP

AHaNOTiyHO 10 BUMNAJKy NPUMUKAHHS B 30HI TEPEMHYKH, BIKOHHUM OJIOK
PO3MIIIY€ETHCSI B TUIOMIMHI TETUIO130JIA1I11 CTIHM, MIHIMI3YyIOYH BIUIUB TEILJIOMPOBIIHOTO
BKJIFOUEHHS MPUMUKAHHS BIKOHHOI KOHCTPYKIIIi 10 30BHINTHBOI CTIHH Y 30H1 M1ABIKOHHS.

TepMmiuyHO OmHOpIAHA NUISHKA OTOPOKYBAJIBHOI KOHCTPYKIlI — KOMIIOHEHT A
(cTiHA) — € 1IEHTUYHOIO TIM, 1110 po3misiHyTa B 1. 3.1.1. IHIIa YacTHHA KOHCTPYKTUBHOTO
By3J1a — BIKHO, NIPY BU3HAYEHHI JIHIHHOTO KOe]iIlieHTa Terionepeaadl BUCTyaTUME K
koMrnoHeHT b (Tabmuns 3.16).

Pe3ynbrati po3paxyHKy JHIHHOTO Koe(illieHTa Terionepeaaydl 3BEJICHI B

tabmuiro 3.24.
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Tabmuns 3.24 — Pe3ynbratu MOIETIOBAHHS MOKPAILIEHOTO By3Ja NMPUMUKAHHS

BIKOHHO1 KOHCTPYKIIi1 10 30BHIIIHBOI CTIHM Y 30H1 MiABIKOHHS

KoHcTpykTuBHUMN U, D, IToxuOka,
BY30J1 (Br/M*-K) AT, K L Br/m %
BayTtpimHi
2D oOMipH 0,3677 42,0 1,55 23,90 9,81%
MOJCIb 30BHIIIHI
oOMipu 0,3833 42,0 1,48 23,90 9,81%
KomnoneHnT A, oHOpiqHUN
BayTtpimHi
: oOMipn 0,2146 42,0 1,10 9,91 0,00%
Crina 30BHIIIHI
) 0,2146 42,0 1,10 9,91 0,00%
obMmipu
Komnonent b
BayTtpimhi 42,0
. oOMipH 1,2853 0,243 13,07 7,77%
BikHO s
3osHiwmi 1,2497 42,0 0243 | 12,78 |  7,77%
oOMmipu
Pe3ynbTaTi po3paxyHKy LP, Ui, P, Y_cepenne,
(Bt/mM-K) | (Bt/M‘K) | (BT/™M-K) (Bt/M-K)
BuyTpimsi o6Mipu 0,5691 0,5472 0,022 0.025
30BHIIIHI 00MipH 0,5691 0,5403 0,029 ’

Y pesynabrari 4MCENBHOTO aHamidy Oylo BCTAaHOBJIEHO, IO 3alpPOTIOHOBaHE
MOKPAIEHHS TTOCTIPHUSIIO 3HAYHOMY 3MEHIIIEHHIO JIIHIHOTO Koe(illieHTa Temionepeaayi
1o pisas 0,025 B1/(m-K). Otpumanuii pe3ynbrar miITBepaKye, 0 BUHOCHE PO3MIIIICHHS
pamMu y IUIOIIUHY TETUTO130JISIIIT € TOIITLHUM M1AXO00M J1J1s1 OyAiBEIb, 110 MPOEKTYIOTHCS

BIJIOBIJTHO JI0 CYYaCHUX CTaHAAPTIB Maiye HYJIbOBOTO eHeprocnoxxuanus (nZEB).

3.1.5.3 By3041 npMMHUKaHHS BIKOHHOI KOHCTPYKUIl 10 30BHILIHIX CTiH Yy 30Hi

PSIA0BOIO CHOJIyYeHHS

Ha pucynky 3.41 HaBeneHO By30J NPUMHUKAHHS BIKOHHOI KOHCTPYKIII 0
30BHILIHIX CTIH Y 30H1 PSA0BOTO criody4eHHs. B Tabmumi 3.25 HaBeneHo TEeIIOTEXHIUHI

BJIACTUBOCTI MaTepialiiB 3 SIKUX CKIATAEThCSI KOHCTPYKTHUBHUMN B30I .
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1100 A

Pucynok 3.41 — Cxema 6a30Boro By3ja MPUMHKAHHS BIKOHHOT KOHCTPYKII 70

30BHIIIHBOI CTIHU Y 30H1 PAIOBOTO CIIOTYYCHHS

Tabnuis 3.25 — BnactuBocti MaTepialiiB By3/ia IPUMHUKAHHS BIKOHHOI KOHCTPYKITIT

710 30BHIITHBOI CTIHU Y 30H1 PATOBOTO CIOTYYCHHS

¥ Mol Marepian A, Br/m-K P,

MO3HAKU Kr/M>
1 Po34nH rieMeHTHO-TIIAHUN 0,93 1800
2 VYremnatoBau MiHepajIOBaTHUI 0,050 150
3 [ernsna xnaaka (kepamiyHa) 0,81 1800
4 Bikonna koHcTpyKIIis (auB. po3ain 3.1.5)

HaBeI[eHI/Iﬁ BHUIIIC KOHCTpYKTI/IBHI/Iﬁ BY30J1 6y.]'[0 3MOACJIbOBAHO B IIPOTpaMHOMY

cepenoBuilll THERM. Pe3ynbratu MmonentoBaHHs 300paXeHO Ha pUCYHKY 3.42.
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Color Legend

-12° 39° 81°

14.3° 19.5° C
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a) 0)
Pucynok 3.42 — Mopens KOHCTPYKTUBHOTO By3Ja: a) 3acTocoBana citka FEM; 0)

iH(payepBoHE 300paKEHHS PO3MOLITY TEMIIEPaTyp

Ha 300paxkeHHI TpeACTaBIECHO  PE3yJAbTaT  YHUCEIBbHOIO  MOJEIIOBaHHS
TEMIIEpaTypHOTO PO3MOALTY B 30HI TPUMHUKAHHS BIKOHHOTO OJIOKY /10 30BHIIIHBOI CTIHU
B 00J1aCT1 PSAAOBOTO CHOMYYEHHsI. AHaI3 TEMIIEPATypPHOTO MOJIsl CBITYUTH PO HASABHICTh
JOKAJIbHOTO BUKPHBICHHS 130T€PM TMOOIM3y MOHTaXHOTO IIIBa, IO BKa3ye Ha
(opMyBaHHSI TEIJIONPOBITHOTO BKJIFOYEHHS.

TepMiyHO OAHOpIAHA AUISHKA OTOPOKYBAJIbHOI KOHCTPYKIII — KOMIIOHEHT A
(cTiHa) — € 1IEHTUYHOIO TiM, 110 po3nisiHyTa B 1. 3.1.1. IHI1a yacTHHA KOHCTPYKTUBHOTO
By3J1a — BIKHO, ITPY BU3HAUYEHHI1 JIIHIHHOTO KOoedilli€HTa TeIionepeaadyl BUCTYaTUME SIK
koMrioHeHT b (Tabmuns 3.16).

[Ticns moOynoBu moxeni By3na B cepenoBumi THERM Oyno mpoanamizoBaHO
PO3IOALT TeMIIEpaTyPHUX TOJIIB 1 TEMJIOBUX MOTOKIB. Pe3yinbTaTl po3paxyHKy JIIHIHHOTO

koedirieHTa Terionepeaayl 3BeeH1 B Tadauito 3.26.
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Tabmuis 3.26 — Pe3ynbratu MojientoBaHHs 0a30BOT0O By3jia MPUMHUKAHHS BIKOHHOT

KOHCTPYKIIIT /10 30BHIIIHBOI CTIHU Y 30H1 PSAJOBOTO CIOTYUYCHHS

KoHcTpykTuBHUMN U, D,
By301 (Br/nK) AT, K [,Mm Br/m [Toxuobka, %
BayTtpimHi
2D oOMipu 0,4203 42,0 1,65 29,21 9,28%
MOJIETh 30BHIIIHI
oOMipu 0,4600 42,0 1,51 29,21 9,28%
KommoneHT A,
OJTHOPI1THUM
BayTpimHi
: oOMipH 0,2732 42,0 1,10 12,62 0,00%
Crina -
SOBHILIHL 0,2732 42,0 1,00 | 12,62 | 0,00%
oOMmipu
Komrmonent b
BayTpimini 420
: oOMipu 1,2660 ’ 0,242 12,88 7,84%
Bixno 30BHIIIHI
: 1,2020 42,0 0,255 12,88 7,84%
oOMmipu
Pe3ynpraTtu po3paxyHKy L, Ui 7, 7-cepene,
(Bt/m:K) | (Br/m-K) | (B1t/M-K) (B1t/m-K)
BryTtpimHi oOMipu 0,6955 0,6070 0,089 0.095
30BHiIIHI 0OMIpH 0,6955 0,5932 0,102 ’

Ha ocHOBI 4nCeNbHOr0 MOJIENIOBAHHS TEMIIEPATYPHOTO NOJIS Y By3J11 IPUMUKAHHS
BIKOHHOT KOHCTPYKIII1 10 30BHIIIHBOI CTIHU Y 30H1 IEPEMUYKHU Oyl10 BUSHAYEHO 3HAYCHHS
JiHiAHOTO KoedimienTa Teronepeaadi ¥ = 0,095 Bt/(m-K). OrpuMana BenrurHa 3HaYHO
NEpPEeBUIIyE MaKCUMallbHE 3HAYEHHS JIHIMHMX  KOE(QIUIEHTIB  TerJionepeaayl
TEIUTONPOBITHUX BKIIOUeHL NZEB OymiBen.

Jlnst mokpanieHHsl MOKa3HUKa Y JIOLIIBHO 3aCTOCYBaTH 30UIbIIEHY 30BHIIIHIO
TEIJIO130/ISALII0 CTIHA B KOMO1HAIl] 3 BUHOCHUM MOHTA)XEM BIKHA 3 TEIUIO130/IALIIMHUM

npodinem (pucynok 3.43).
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Pucynok 3.43 — CxemMa MokpaImieHoro By3Jia MpUMUKaHHS BIKOHHOT KOHCTPYKIIIT 10

30BHIIIHBOI CTIHU Y 30H1 PAJIOBOTO CIIOTYUYEHHS

3anmponoHOBAaHO 301UIBIIEHHS TOBITUHU 130JIS11i1 30BHINIHBOI CTiHH 10 200 MM,
KPIIJICHHS BIKHA METOJIOM BUHOCHOTO MOHTa)KY Ha TEIUIO130JISIIHHIN TPo(d1sib BUCOKOT
IIUTBHOCTI. TeTIOTEXHIUHI BIACTUBOCTI MaTepiamiB BkazaHo B Tabmuil 3.27. Pe3ynpratu

MOJIETIOBAHHS HABEACHO Ha PUCYHKY 3.44 .

Tabnuis 3.27 — BnactuBocTi MarepialiiB By3/1a HPUMHKAaHHS BIKOHHOI KOHCTPYKIII1

710 30BHILIHBOI CTIHU Y 30H1 PSIOBOTO CHOTYYECHHS

VYMmoBHI Matepiar A, P,

MO3HAKH Br/m-K | xr/m?
1 Po34nH 1ieMeHTHO-TIIAHUN 0,93 1800
2 VYrenmaoBau MiHEpaJIOBaTHUI 0,050 150
3 [ernsna knaaka (kepamiyHa) 0,81 1800
4 [Tpodins blaugelb® Triotherm+ [63] 0,040 200
5 Bikonna koHcTpyKIis (auB. po3main 3.1.5)
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Color Legend

2200 -16.7° -115° -63° -11° 41° 93° 146° 198° c
A
a) 0)

Pucynok 3.44 — Mogenb KOHCTPYKTHBHOTO By3J1a: a) 3acTocoBaHa citka FEM; 0)

1H(ppadepBoOHE 300paKEHHS PO3MOALTY TEMIIEPATYP

Y  pesynabrari KOHCTPYKTMBHOTO YIOCKOHAJICHHS By3Jia BIKOHHUN OJIOK
PO3MIIITYETHCST B TUIOMIMHI TETUTO130JISIIIT CTIHH, MIHIMI3yIOUM BIUIMB TETUIOMPOBIIHOTO
BKJIFOUEHHS NMPUMHUKAHHS BIKOHHOI KOHCTPYKI[ii O 30BHIIIHBOI CTIHM Y 30HI PSI0OBOTO
IPUMUKAHHSL.

TepMiyHO OAHOpIAHA AUISHKA OTOPOKYBAJIbHOI KOHCTPYKIII — KOMIIOHEHT A
(cTiHA) — € 1IEHTUYHOIO TiM, 1110 po3misiHyTa B 1. 3.1.1. IHII1a YacTHHA KOHCTPYKTUBHOTO
By3J1a — BIKHO, NIPY BU3HAYEHHI JIHIHHOTO KOe]iIlieHTa Terionepeaadl BUCTyaTUME K
KOMIOHEHT b (tabmuust 3.16). Pesynbrat po3paxyHKy JIIHIMHOTO KoedilieHTa

Terionepeaayl 3Be/ieHi B Tadmuiio 3.28.
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Tabmuns 3.28 — Pe3ynbratu MOIETIOBaHHS MOKPAILIEHOTO By3Ja NMPUMUKAHHS

BIKOHHO1 KOHCTPYKIIi1 10 30BHIIITHBOI CTIHHM Y 30H1 PSJIOBOTO CIIOTYYCHHS

KoHcTpykTuBHUMN U, D, [Toxubka,
BY30J1 (Br/m*-K) AT, K L Br/m %
D BayTpimHi
MOTETH oOMipu 0,3194 42,0 1,75 23,51 9,82%
3oBHimHI 0oMipu | 0,3770 42,0 1,48 23,51 9,82%
KowmmonenT A, ogHOpiTHAN
BayTpimHi
Crina oOMmipu 0,2146 42,0 1,10 9,91 0,00%
3oBHimHI 00Mipu | 0,2146 42,0 1,10 9,91 0,00%
Kommonent b
BayTpimini 420
BikHo oOMipu 1,2660 ’ 0,242 12,88 7,84%
3oBHimHI 00Mipu | 1,2020 42,0 0,255 12,88 7,84%
PesynbTaTi po3paxyHKy L% v v ¥ cepenc,
(Bt/M'K) | (Bt/m:K) | (BT/™M-K) (Bt/M-K)
BryTpimHi oOMipu 0,5596 0,5427 0,017 0.017
30BHIIIHI 00OMIpH 0,5597 0,5427 0,017 ’

Bunno, mo 3anmponoHoBaHE MOKpAIIEHHS MOCIPHUSIIO 3HAYHOMY 3MEHIIEHHIO
JiHIiHOTO KoediuieHTa Terionepenadi 1o pisas 0,017 Bt/(m-K). OTpumanuii pe3ynsrar
MTBEPIKYE, IO BAHOCHE PO3MIIIEHHS paMH Y TUIOIIMHY TEIUIO130I111T € €(heKTUBHUM,
y 1 3a0e3neuye HaalMHUMA

TEeMIIepaTypHUI PEKUM Ha BHYTPIITHINA MTOBEPXHI OrOPOIKYBaIbHUX KOHCTPYKIIiH. [le €

3MEHILIYIOUM JIHIMHUA KOoe(IlleHT Teruionepenayi

JOIUTBHUM TIXOMOM Jisi Oy[iBenb, IO MPOEKTYIOTHCS BIAMOBITHO /0 CyYacHHX

CTaHAapTIB Mail’ke HYJIbOBOTO €HEProcrnokuBanHs Oyaisens (nZEB).

3.1.6 By30o1 npuMHKAHHS IUIMTH NMEPEKPHUTTS MIJIOTH HAJ HEONAJIOBAHUM

MiIBAJIOM /10 CTiHH IOKOJIS

Ha pucynky 3.45 HaBeneHO By30J1 MNPUMHUKAHHS KOHCTPYKIT MiJIOTH HaJ
HEOMAaJIOBAaHUM TIABAJIOM [0 CTIHM IIOKOJIs. 3OBHIIIHS LEMIsHa CTiHA YTeIJIeHa

MIHEpaJbHOK BaTo0 TOBIMMHOW 150 Mm. YacTuHa I1OKOMIO yTeIJIeHa IIapoM
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EKCTPYA0BAHOTO MHOMOJICTUPOTY TOBIIMHOK 100 MM /10 piBHS IpyHTY. [lepekputts mixk
ONAJTIOBAIbHUM TIOBEPXOM Ta IIiJIBAJIOM 3ajli300eToHHEe, ToBIIMHOKO 220 MM, Mae
TEIUIOI30JIALIMHY TOAYIIKY 3 €KCTPYJOBAHOTO MIHOMOJIICTUPOIY TOBIIMHOIO 30 MM.
[TapameTpu rpaHUYHUX YMOB 3aCTOCOBAHUX MPU MOJIEIIOBAHHI HaBeneHl B Tabmuii 3.1.
TennoTexHiyH1 BIACTUBOCTI MarepiayiiB KOHCTPYKTHUBHOTO By3Jia HaBEICHO B TaONHIL

3.29.

2370 380

Pucynok 3.45 — Cxema By3/1a NPUMUKAHHS TUIMTH TIEPEKPUTTS MIJIOTH HAJl

HEOMAJTOBAHUM I1IBAJIOM JI0 CTIHU IIOKOJIA

HaBenenwnii Buille KOHCTPYKTUBHUIM By30J1 OyJ0 3MOJIEIHOBAHO B MPOTPAMHOMY

cepenoBuiiii THERM. Pe3ynwsratu MmoaentoBaHHs 300paxeHo Ha pucyHkax 3.46 ta 3.47.
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Tabmuus 3.29 — BnactuBocTti MaTepianiB By3Jjia MPUMHUKAHHS TUIUTH TEPEKPUTTS

1JUTOTH HaJT HEOMAIIOBAHUM IT1IBAJIOM 10 CTIHHU ITOKOJIS

YMoBHI Marepia A, P,
MO3HAKU Br/m-K | kr/m?
1 Po3unH 11ieMmeHTHO-ITIIIaHuH 0,93 1800
2 VYremmoBau MiHepaJIOBaTHUI 0,050 150
3 [ermsiHa K1anka (KepamidHa) 0,81 1800
4 Jleper’siHe TIOKPUTTA MiIOTH (ay0, MOmepex 0.23 700
BOJIOKOH)
5 ExctpynoBanuii mHOMOMICTHPOIT 0,037 35
6 3a11300eTOH 2,04 2500
7 [ToBiTpsiHMI TTpOIIAPOK ] ]
(aBTomaTtmuna cumyssanis B THERM)
g beron Ha rpaBii abo meOHI 3 MPUPOTHOTO 1.86 2400
KaMEHIO
9 [Ticok st OyAiBeIbHUX POOIT 0,58 1600
10 [pyHT 2,00 -

T

Pucynok 3.46 — 3actocoBana citka FEM y Mozeni KOHCTpYKTUBHOTO By371a
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Color Legend

-22.0° -16.9° -11.8° 6.8° -1.7° 33° 84° 13.5° L5 c

Pucynok 3.47 — [ndpauepBone 300paxeHHs pO3MOALTY TEMIEPATyp y pparMeHTi

KOHTAKTY IIOKOJIS 1 TPYHTY

Pesynbratu umncenpHoro mojemtoBanHs B cepenoBuili THERM cBiguare mpo
BHUPAXEHE TEIJIONPOBIHE BKIIOUEHHS: CIIOCTEPITAETHCS CYyTTEBE BUKPUBJIEHHS 130T€PM
y 30HI CTHKY LIOKOJISI Ta IpyHTy. [3oTepma +10 °C mpoxoauts mo0Oiau3y BHYTPIIIHBOI
MOBEPXHI [[OKOJIBHOI IUITHKH, 1[0 CTBOPIOE PU3UK YTBOPEHHS KOHAEHCATY Y KOHCTPYKIIIi.
VY HanpsMKy [0 HEONaJIIOBAaHOTO MiJBAJy TEMIEpaTypa 3HMXKYETHCA O KPUTHYHUX
3Ha4Y€Hb, a B 30HI IPYHTY cCIOCTepiraerbcsa Temieparypa Huwkde 0 °C, mo BKaszye Ha
3Ha4YH1 Ter1oBTpaTu. OCHOBHOIO MPUYMHOIO TAKOi CUTYalli € BIACYTHICTh HEIEPEPBHOT
TEIUIO130JIA111{ Ha PiBHI INIKMOIIE 32 BIIMITKY MOBEPXHI I'PYHTY.

TepmiuHO OAHOpPiNHA AUISHKA OTOPOKYBAaJIBbHOI KOHCTPYKIli — KOMIIOHEHT A
(cTiHA) — € 1IEHTUYHOIO Tii, 110 po3risHyTa B 1. 3.1.1.

Ha pucynky 3.48 300paskeHO pe3yabTaTd MOJEIIOBAHHS TEPMIYHO OIHOPIAHOI

JIJISTHKA OTOPOKYBaIbHOT KOHCTPYKIlT — KOMIOHEHT b (TIuTa nepekpuTTs).
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Color Legend

50°  67°  84° 102° 11.9° 136° 153° 17.0° 18.7° €
I

6)
Pucynox 3.48 — Moaenb OqHOPITHOTO eJleMEeHTa KOHCTPYKTUBHOTO By3Ja: a) PO3IMOIiT

BEKTOPIB TYCTUHHU TEIJIOBOTO MOTOKY; 0) iH(ppadepBoHE 300pakeHHS PO3MOIITY

TeMIeparyp

[Ticas moOynoBu Mozenl By3na Ta aHalizy pO3MOAULY TEMIEpaTypHHUX IMOMIB 1
TEIUIOBUX TMOTOKIB, MPOBEACHO PO3PAXyHOK JIHIHHOIO KoedilieHTa Teronepeaayi.

PesynbpTaTi MonentoBaHHs Ta pO3paxyHKiB Oy 3BeAeH1 B Tabauito 3.30.
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Tabmuns 3.30 — Pesynbratu MojentoBaHHsS 0a30BOrO By3ja IUIUTU MEPEKPUTTS

1JUTOTH HaJT HEOMAIIOBAHUM IT1IBAJIOM 10 CTIHHU ITOKOJIS

KoHcTpykTuBHUMN U, D, IToxuOka,
BY30J1 (Br/m*-K) AT, K L Br/m %
BayTtpimHi
oOMipH 0,3175 42,0 4,48 59,74 8,59%
2D monens ——
30BHIIIHI
oOMipH 0,1047 42,0 13,59 | 59,76 8,59%
KomnoneHnT A, onHOpiaHUN
BayTtpimHi
: oOMipH 0,2732 42,0 1,00 11,47 0,00%
Crina 30BHIIIHI
: 0,2732 42,0 1,00 11,47 0,00%
oOMipH
Komnonent b, ogHopiaauit
BayTtpimhi
[TouTa oOMipH 0,4945 15,0 3,50 25,96 0,00%
MEPEKPUTTA | 3OBHIMIHI 0,4945 15,0 3,50 | 2596 | 0,00%
oOMipu
Pe3ynbTaTti po3paxyHKy L%, . ? #-ceperuic,
(Bt/mM-K) | (Bt/MK) | (B1/M-K) (Bt/M-K)
BuyTpimsi o6Mipu 1,4224 0,89 0,531 0.531
30BHIIIIHI 00MipH 1,4229 0,89 0,532 ’

Ha ocHOBI 4nCenbHOTr0 MOJICITIOBAHHS TEMITEPATYPHOTO TIOJIS Y BY3J11 TPUMUKAHHS
TUTUTH TIEPEKPUTTS IMIJIOTH HAJl HEOIMATIOBAHUM ITiIBAJIOM 10 CTiHU IIOKOJIA Oys10
pO3paxoBaHO 3HAYEHHs JiHIHHOTO KoedimienTa Temtonepenadi y = 0,531 Bt/(m-K), o
CBITYUTh TIPO BHCOKHI PIBEHb TEIUIOBTpAT y Ik 30HI. Takuii MOKa3HMK 3HAYHO
NEPEBUILY€E PEKOMEH0BaH1 3HAYEHHS JJIs1 eHeproe()eKTUBHUX OyJIIBEINb 1 MIATBEPAKYE
HASIBHICTh IHTEHCUBHOTO TETIONPOBITHOTO BKIIFOUEHHS.

st TOKpalieHHs TOKa3HWKAa \y TIPOMOHYETHCS  3OUTBIIUTH  yTETUICHHS
TEIUIOI30JSIIMHOrO  1mapy 30BHIMIHBOI cTiHM a0 200 MM, gomatu 150 MM
TEIJIO130JIAIMHOTO Mapy M0 TUTMTH TEPEKPUTTS, a YTEIJICHHS IIOKOJbHOI YaCTHHU
30utbUTH 0 150 MM Ta 3amIMOWTH  TEIJIOI30JAIII0 CTIHM MiJBajly 10 PIBHS
dbynnamenTHoi Toaymku (pucyHok 3.49). TeruioTexHiuHI BIACTUBOCTI MarepiajiB

BKa3zaHo B Tabmuii 3.31. Pe3ynbratn MonentoBaHHS HaBeeHO Ha pucyHkax 3.50 ta 3.51.
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Pucynok 3.49 — Cxema mokpaieHoro By3/ia MPUMHUKAHHS [TUTH MIEPEKPHUTTS M1AJIOTH

HaJT HEOIAIFOBAHUM IT1IBAJIOM JI0 CTIHH IOKOJISI

Tabnuis 3.31 — BrnactuBocTi MarepiaiiB By3ia NPUMHUKAHHS TUTMTH MEPEKPUTTS

M1JJIOTA HaJT HEOMAJIFOBAHUM IT1IBAJIOM JI0 CTIHU LIOKOJIA

VMOBHI Marepian A, p,
MO3HAKU Br/mM'K | kr/m?
1 Po3unH nnemeHTHO-TIIIaHUN 0,93 1800
2 YremnmaoBau MiHepaJOBaTHUI 0,050 150
3 [ernsiHa knaaka (kepamiyHa) 0,81 1800
4 Jeper’sitHe  TOKpUTTS mimmoru (ay0, momepek 0,23 700
BOJIOKOH)
5 ExcTpynoBaHuii mHOMOIICTHPOIT 0,037 35
6 3am300eToH 2,04 2500
7 [ToBiTpsiHUI IIPOIIAPOK (aBTOMaTH4YHA i i
cumyJsiisi B THERM)
2 beron Ha rpaBii abo meOHI 3 MTPUPOTHOTO 1.86 2400
KaMEHIO
9 [Ticok myist OyaiBeabHUX pOOIT 0,58 1600
10 [pyHT 2,00 -
11 YTemioBau MiHEpaJIOBAaTHUI 0,053 200
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Pucynok 3.50 — 3actocoBana citka FEM y Mo/iesni KOHCTpYKTUBHOTO By3J1a

Color Legend

-22.0° -16.8° -11.6° -6.5°

Pucynok 3.51 — IndpauepBone 300pakeHHsT po3MOALTy TeMIiepaTyp y hbparMeHTi

KOHTAKTY LIOKOJIS 1 IPYHTY



129

Pe3ynbraTit MosietOBaHHS CBiAYATh MPO CYTTEBE MOKPAIICHHS TEII0130IAI1MHOT
e(eKTUBHOCTI KOHCTPYKIIIT B MOPIBHSAHHI 3 0a30BUM BapiaHTOM. [30T€pMH B 30H1 CTUKY
MalOTh OUIbII TUUIABHUM 1 pPIBHOMIPHUM XapakTep, LI0 BKa3ye Ha 3MEHIICHHSA
IHTEHCHUBHOCTI TEIUIOBOTO IOTOKY 4Yepe3 TEeIUIONPOBIIHE BKIIOYEHHS. Biamivaerbcs
MiBUIICHHA TEMIepaTypy Ha BHYTPIIIHIM MOBEpXHI Ta, BIAMNOBIAHO, MOKPAIICHHS
KOM(OPTHUX YMOB B IPUMIIICHHI.

TepMiuyHO OfHOpIAHA AUISHKA OTOPOKYBAJIBHOI KOHCTPYKIli — KOMIIOHEHT A
(cTiHA) — € 1AEHTUYHOIO Til, 1o po3misHyTa B 1. 3.1.1. Ha pucynky 3.52 300paxkeHo
pe3yJIbTaTy MOJIETIOBAHHS TEPMIYHO OAHOPIHOT AUISTHKYA OTOPOIKYBAJIbHOI KOHCTPYKITIT
— KOMITIOHEHT b (ruTa nepekpurrs).

[Ticns moOymoBu momeni Bysna B cepenopumni THERM Tta amamizy po3momimy
TEMIIepaTypHUX TOJIIB 1 TEIUIOBUX IMOTOKIB, OyJ0 MPOBEICHO PO3paxyHOK JIHIHHOTO
KoedimieHTa Tertonepeaayi. Pe3yiasrati MoeIoBaHHS Ta pO3paxyHKIB Oynu 3BelEHI B

tabmmiro 3.32.

ISEERRERRREEEERERERRNNREEN]

50°  68°  86° 1045 122° 140° 1595 11T 19.5°
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a) 0)

PucyHnok 3.52 — Monenb OIHOPITHOTO €JIEMEHTa KOHCTPYKTUBHOTO By3J1a: a) pO3MOILT
BEKTOPIB T'YCTUHU TEIJIOBOTO MOTOKY; 0) iH(padepBoHE 300paskeHHS PO3MOLITY

TEeMIEpaTyp
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Tabmuns 3.32 — Pesynbratu MojentoBaHHsS 0a30BOr0 By3ja IUIUTU MEPEKPUTTS

1JUTOTH HaJT HEOMAIIOBAHUM IT1IBAJIOM 10 CTIHHU ITOKOJIS

KoHcTpykTuBHUMN U, D, IToxuOka,
BY30J1 (Br/M*-K) AT, K L Br/m %
BayTtpimini
oOMipH 0,1624 42,0 4,48 30,56 8,45%
2D monens ——
30BHIIIIHI
oOMipu 0,0538 42,0 13,54 | 30,59 8,45%
KommoneHT A,
OJTHOP1THHM
BayTtpimini
: oOMipu 0,2146 42,0 1,00 9,01 0,00%
Crina 30BHIIIHI
) 0,2146 42,0 1,00 9,01 0,00%
oOMipu
KomnoneHnt b, ogHopiaHmit
BayTpimini
[TouTa oOMipu 0,2054 15,0 3,50 10,78 0,00%
MEPEKPHTTS | 3OBHILIHI 0,2054 15,0 3,50 | 10,78 | 0,00%
oOMipu
PesynbTaTi po3paxyHKy L U v ¥ cepenic,
(Bt/m-K) | (Bt/m-K) | (B1/M-K) (Bt/m-K)
BayTpimni oOMipu 1,4224 0,89 0,531 0.257
30BHiIIHI 0OMIpH 1,4229 0,89 0,532 ’

OTtpumaHe 3Hau€HHA JiHIHHOTO KoedimienTa temonepenadl y = 0,257 Bt/(m-K)
JUISL TIOKPAIIEHOTO BY3JIa CBITYUTH MPO CYTTEBE 3HMKEHHS TEIUIOBTPAT MOPIBHSHO 3
0a30BuUM BapiaHToM, it skoro Y ctaHoBuio 0,531 Bt/(m-K). 3menmenns #a 51,6 %
BKa3ye Ha €(EeKTUBHICTb 3alpONOHOBAaHUX pilieHb. [TokpamieHuii By301 JEMOHCTPYE
OUIBII CHPUSTAUBUANA TEMIIEPATYPHUN PEKUM y KPUTUYHIN 30H1 CTUKY TUTUTH TIEPEKPUTTS
3 30BHIIIHBOI CTIHOK. TakuM YMHOM, MOAM(QIKALIS KOHCTPYKTUBHOIO PIIICHHS
BiIMOBiAae MiHiManbHUM BUMoram nZEB B Ykpaini Ta Moxe OyTH peKOMEHI0BaHa JJIs

peaizaiii B OymTiBIIsIX 13 MiABUIIICHUMH BUMOTAMH JI0 PIBHS TETUIO3aXHUCTY.

3.1.7 By30.1 NpUMHMKAHHA KOHCTPYKIIiI iVIOTH 1O IPYHTY A0 30BHILIHIX CTiH

3 pacagHOIO TEII0I30/IAIi€I0
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Ha pucynky 3.53 HaBesieHO By30J1 MPUMHKAHHS KOHCTPYKIIIT MT1JIJIOTH IO TPYHTY 10

30BHIIIHIX CTIH 3 (PacajHO0 TEIUIO130JISIIIELO.

Pucynok 3.53 — Cxema 6a30B0oro By3Jia KOHCTPYKIIII MiJIJIOTH TIO TPYHTY JO 30BHIIIHIX

CTiH 3 (pacaTHOIO TETIOI30JISAIIEI0

30BHIIIHSA LEMIsSTHA CTiHA YTEIUIEHAa MiHEpajbHOIO BaTOK TOBIIMHOKO 150 mMM.
@dyHIaMEHTHA CTiHA YTEIJIEHA MIAapOM EKCTPYAOBAHOIO MIHOMOIICTUPOY TOBIIMHOIO
100 MM Ha pokuHy 1 M. Ilnuta MK onamoBaJbHUM IOBEPXOM Ta IPYHTOM
3aJ11300€TOHHA, TOBIIMHOK 120 MM, Ma€e TEII0I30MSIIHHY TTOAYIIKY 3 €KCTPYI0BaHOTO
MIHOMOMICTUPOy ToBITUHOIO 30 MM. [lapaMerpu rpaHUYHUX YMOB 3aCTOCOBAaHUX IPHU
MoJeNoBaHHI HaBeneHi B Tabmuii 3.1. TermoTexHI4HI BIACTHUBOCTI MarepiajiB

KOHCTPYKTHUBHOIO By3Jla HaBeleHO B Tabmuii 3.33.
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Tabmuus 3.33 — BiractuBoCTI MaTepiajiB By3jia KOHCTPYKIIil MiJIOTH MO IPYHTY J10

30BHIIIHIX CTIH 3 (pacajHO0 TEIUIO130JISIIIE0

YMoBHI Matepiar A, P,

MO3HAKHU Br/m-K | kr/m?
1 Po3umn 1iemMmeHTHO-ITIIaHuH 0,93 1800
2 VYremmoBau MiHepaJIOBaTHUI 0,050 150
3 [ernsana xnaaka (kepamiyHa) 0,81 1800
4 JlepeB’siHe IOKPUTTS TiAsoru (1yo, momepex 0.23 700

BOJIOKOH)

5 ExctpynoBanuii mHOMOMICTUPOIT 0,037 35
6 3aii300eToH 2,04 2500
10 [pyHT 2,00 -

HaBe)_'[eHI/Iﬁ BHUIIIC KOHCTpYKTI/IBHI/Iﬁ BY30II 6YJ'IO 3MOJACJILOBAHO B IIPOIrpaMHOMY

cepenoBuilli THERM. Pe3ynbraru monentoBanHs 300paxeHo Ha pucyHkax 3.54 — 3.56.

Pucynok 3.54 — 3actocoBana citka FEM y Moziesni KOHCTpYKTHBHOTO By3Jia
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Pucynokx 3.55 — Po3nomin BEKTOpIB TYCTHHH TEIUIOBOTO MOTOKY Y MO

KOHCTPYKTHUBHOIO By3JIa

Color Legend

13.5° 18.5° Cc

-21.8° -169° -11.8° 68" -17° 34° 84°
|

Pucynok 3.56 — [ndpauepBone 300pakeHHs pO3MOALTY TEMIIEPATYp Y MOJEI

KOHCTPYKTUBHOI'O By3J1a



134

[IpoananizyBaBIu pe3yabTaTH YHCEILHOTO MojeatoBaHHs y mporpami THERM
JUTSI By3J1a TPUMUKAHHS KOHCTPYKIIIT IMIJIOTH IO IPYHTY JI0 30BHIIIHBOI CTIHU, HEOOX1THO
3ayBXHUTH, 10 130TEPMHU 3TYIIYIOThCSA O CTHKY YyTEIUTIOBada 30BHINIHBOI CTIHU 3
IUINTOK MIJUIOTH, LI0 BKAa3y€ Ha JIOKAli30BaHI TEMJIOBTpaTh. HampsMmku TermioBoro
MOTOKY, Bi3yasi30BaHi BEKTOPHOIO JiarpamMor0, TaKOXK CBiAYaThb MPO MIACHICHY
TeIUIonepenayy y IUISHII CTUKYyBaHHS CTIHM Ta MiUIorH. B To# ke dac, po3momin
TEeMIlepaTyp MIATBEPKYE €(PEKTUBHICTb BEPTUKAIBHOIO IIapy TEIJIO30MAIIi Ha
30BHIIIHIM CTiHI, SKUHA €(EeKTUBHO TPUMAE 30HM 3HIKEHHX TeMIepaTryp Jami BiX
BHYTPIIIHHOTO CEPEIOBUILA TPUMIIIICHHS.

TepmiuHO OfHOpiNHA AUISHKA OTOPOJKYBaJbHOI KOHCTPYKIIT — KOMIIOHEHT A
(cTiHa) — € 1IEHTUYHOIO Tiif, o po3misHyTa B 1. 3.1.1. Ha pucynky 3.57 300paxeno
pe3yabTaTH MOJICTIOBAHHS TEPMIUYHO OJJHOPIAHOI TIJITHKY OTOPO/IXKYBaJIbHOT KOHCTPYKITIT

— KOMIOHEHT b (TmuTa miamorn).

Color Legend

S0° 66° 8 9F 114 1307 146 163 179
| I

0)
Pucynox 3.57 — Moaenb 0OqHOPITHOTO €JleMEHTa KOHCTPYKTUBHOTO By3J1a: a) PO3IMOILIT
BEKTOPIB T'YCTUHH TEIUIOBOTO MOTOKY; 0) 1HPpauepBOHE 300pakeHHS PO3IOALTY

TEeMIEpaTyp
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ITicns moGymoBu Mozeni Bysna B cepenoBuili THERM Ta anamizy posnominy
TeMIEpaTypHUX IOJIB 1 TEIJIOBUX IIOTOKIB, OYyJIO MPOBEACHO PO3paxyHOK JIHIHHOTO
KoedirieHTa Teronepeaayi. Pe3yiasratu MoJeIoBaHHS Ta pO3paxyHKIB Oyiau 3BelEHI B

tabmumo 3.34.

Tabmuus 3.34 — Pe3ynpratu MozenoBaHHS 6a30BOTO By3Ja KOHCTPYKIT MiIJIOTH

10 TPYHTY JI0 30BHIIIHIX CTIH 3 (hacaIHOIO TETUIO130JIAIIIEI0

KoHCcTpyKTUBHUI U, D,
ByB(F))JZ (Br/n-K) AT, K [, m Br/m [Toxuobka, %
BayTpimHi
2D oOMipH 0,3928 42 2,00 33,00 9,78%
MOJIC/Ib 30BHIIIHI
oOMipH 0,0734 42 10,70 32,99 9,78%
KommoHeHT A,
OJTHOP1THUM
BayTtpimni
: oOMipH 0,2732 42,0 1,00 11,47 0,00%
Crina 30BHIIIHI
: 0,2732 42,0 1,00 11,47 0,00%
oOMipu
KommoneHt b,
OJTHOP1THUN
BayTpimini
[Tnura oOMipu 0,8421 15,0 1,00 12,63 0,00%
TANOTH | 3OBHILUHI 0,8419 15,0 1,00 | 12,63 | 0,00%
oOMipu
PesynbraTu L, Ui, 7, P-cepenne,
pPO3paxyHKy (Bt/m'K) | (Br/m:K) | (Bt/m-K) (Bt/M-K)
BryTpimsi oOMipu 0,7856 0,5740 0,212 0212
30BHIIIHI 00MipH 0,7854 0,5739 0,212 ’

Ha mizgcraBi pe3ynprariB uncenbHOT0 MojeatoBanHs y cepeaopuii THERM s
By3Ja MPUMHUKAHHS KOHCTPYKI[l MIIJIOTM MO TPYHTY [0 3O0BHIIIHBOI CTIHM OYyJO
BHU3HAUEHO 3HAYCHHSI JIiHIMHOTO KoedimienTa terwtonepenadi ¢ = 0,212 Bt/(m-K). Bapto
3ayBaXKWUTH, 1110 OTPUMaHa BEJIWYWHA JIIHIMHOTO KoedillieHTa BiJMOBiAa€ MIHIMAJIbLHUM
BUMOraM NpUUHATUM YKpaiHi ais OyaiBesab 3 OJNM3BKUM JO HYJIBOBOTO PIBHS

CHCPIOCIIOKHBAHHAI.
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bazoBuii By3071 Oyjl0 MOKpaIeHO MNUISXOM 30UIBIICHHS TOBIIUHU YyTEIJICHHS

30BHIIIHBOI LETISIHOT Ta (YHJIAMEHTHOI CTiH (pUCyHOK 3.58).

10 200 0

380
... |

Pucynok 3.58 — Cxema nmokpaiieHoro By3i1a KOHCTPYKIII HiAJIOTH 110 TPYHTY 10

30BHIIIHIX CTIiH 3 ()acaHOIO TEII0130JIAIIIE0

ToBmrHA TETI0130JIAIIIMHOTO APy 30BHINTHBOT CTiHK Oyiia 30inbireHa 10 200 MM,
a pynnameHTHOi cTiHu 10 150 MM. TenmoTexHiuH1 BIACTUBOCTI MaTepiajiB 3aJIUIIAIOTHCS
TaKUMH, 5K 1 B 0a30B1# KOHCTPYKIIii Ta BKa3aHi B Tabmuill 3.33. Pe3ynbrat MoientoBaHHS

HAaBEJEHO Ha pucyHkax 3.59 —3.61.
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Pucynok 3.60 — Po3mo/iis BEKTOpiB TyCTUHU TETUIOBOTO TTOTOKY Y MOJIE1

KOHCTPYKTUBHOI'O By3/1a
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Color Legend
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Pucynok 3.61 — [ndpauepBone 300pakeHHs pO3MOALTY TEMIIEPATyp Y MOJIENI

KOHCTPYKTHUBHOTO By3JIa

[TpoananizyBaBiiy pe3yabTaTH YUCEIHHOTO MoJietoBaHHs y cepenopuini THERM
JUTS By3J1a IPUMHUKAHHS KOHCTPYKIIIi TiAJIOTH 110 TPYHTY JI0 30BHIIIHBOI CTIHU, HEOOX1THO
3ayBaKUTH, 110 BEJIUKOTO BIAXWJICHHS BiJ pe3ylbTaTiB 0a30BOi KOHCTPYKLII He
BUSIBIISIETBCS. [30T€pMH TaKoXk 3TyLIYIOTHCS OUIS CTUKY YTEIUIFOBa4a 30BHIIIHBOI CTIHU 3
IUINTOK MIJUIOTH. 3 PO3MOAUTY TeMmIepaTyp BHUIHO, IO BifOyBCsS HE3HAUHUH 3CYB
MPUYHUHOIO SIKOMY € 30UTbIIE€Ha TOBIIMHA TEII0130JIs L.

TepMiyHO OAHOpIAHA AUISHKA OTOPOKYBAJIbHOI KOHCTPYKIII — KOMIIOHEHT A
(cTiHA) — € 1AEHTUYHOIO Ti, 10 po3misHyTa B . 3.1.1. Ha pucynky 3.62 300paxeHo
pe3ynbTaTh MOJICIIFOBAHHS TEPMIYHO OJHOPIIHOT JUISTHKA OTOPOKYBaIbHOT KOHCTPYKIIIT
— kommnoHeHT b (mmTa migioru). PesymeTath MOJENrOBaHHS Ta PO3PAXYHKIB Oymu

3BeeHI B Ta0uIo 3.35.
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Color Legend
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Pucynok 3.62 — Mojenb OTHOPIHOTO eJIeMEHTa By3Ja: a) PO3IMO/IiJ BEKTOPIB I'YCTUHU

TEIJIOBOTO MOTOKY; 0) IHPpadepBOHE 300paKEHHS PO3IOJLITY TEMIIEPaTyp

Tabmus 3.35 — Pe3ynbratu MojentoBaHHS 0a30BOTO By3Jia KOHCTPYKIN MiIOTH

IO IPYHTY A0 30BHIIIHIX CTIH 3 (pacajHO0 TEIIO130JIALIE0

KoncTpykTuBHM U, D, IToxu6ka,
By3(I))J¥ (Br/m*K) ALK L Br/m %
D BayTpimini
N oOMipu 0,3623 42,0 2,00 30,43 4,47%
3oBHimHI 00Mmipu | 0,0680 42,0 10,65 | 30,42 4,47%
KomnoneHT A, omHOpiqHUN
BayTpimini
Crina oOMipu 0,2146 42,0 1,00 9,01 0,00%
3oBHimmHI 00Mipu | 0,2146 42,0 1,00 9,01 0,00%
Komnonent b, ogHopigamMit
BayTtpimni
Hri[;f; o6MipH 0,8491 15,0 1,00 | 12,74 | 0,00%
3oBHimHI o0Mmipu | 0,8488 15,0 1,00 12,73 0,00%
PesysbraTn po3paxyHKy L v ~ #cepenic,
(Bt/mM-K) | (Bt/M:K) | (BT/™M-K) (Bt/M-K)
BuyTpimsi o6Mipu 0,7246 0,5179 0,207 0.207
30BHIIIHI 00OMipH 0,7242 0,5177 0,206 ’

Ha

KOHCTPYKIIIi

OCHOBI

OiJUIOTH 1O TPYHTY JO 30BHILIHBOT

CTIHH,

YUCCIBbHOIO MOJCIIOBAHHA IIOKpall€HOI'O0 BYy3Jia IMIPHUMHKAHHSA

y SKOMY TOBLIMHY




140

TEIUIO130JISLIHOTO Iapy 30BHINTHBO1 CTIHU 301IbIIeHO 10 200 MM, a 1)1t PyHIaMEHTHOT
cTind — 10 150 MM, OyJ10 OTpUMAaHO 3HAUYCHHS JIIHIHHOTO KoeilieHTa Teryionepeaadi y
= 0,207 Bt/(m-K). Lleit pe3ynbrar CBiIUUTh MPO HE3HAYHE 3HMKCHHS 1HTCHCHBHOCTI
TEIUIOBTpPAT y 30HI CTUKYBaHHS B TMOPIBHSHHI 3 0a30BOI0 KOHCTPYKIIIEIO, IO TaKOX
HIATBEPKYETHCSI XapaKTepOM PO3MOJLTY TEIJIOBOTO MOTOKY Ha 130TEpMIYHIN KapTi.
OCHOBHI TEIIOBI MOTOKU CKOHIIEHTPOBAH1 Y TOBIIII IPYHTY, @ 30Ha BHYTPIIITHHOI ITOBEPXHI
3aUIIAIACS PIBHOMIPHO TEIUIOW, 0€3 3HAYHUX JIOKAIBHUX TEPEeOXOJIOMKEHb. Takum
YUHOM, JaHUW BY30J TaKOK MOXe OyTH PEKOMEHIOBAaHWUN I BHUKOPUCTaHHS B

eHeproe(peKTUBHUX 1 MAaCUBHUX OYyTIBIIAX.

BucHoBku 10 po3ainy 3

VY TperboMy po3iIl IUCEPTALIHOTO JOCTIIKEHHS OyI0 31MCHEHO CUCTEMHUI
aHai3 HalOLIbII NOIIMPEHUX KOHCTPYKTUBHUX BY3J11B OTOPOKYBaIbHIUX KOHCTPYKIIIH
3 JIIHIKHUMHU TEIUJIONPOBIIHUMHU BKJIIOYEHHAMHU. [IpoBeneHo ducenbHEe MOJAETIOBAHHSA
TEMIIEpaTypHHUX IOJIB 1 TYCTUHHU TEIJIOBOro NMOTOKy B cepenoBuili THERM 3 metoro
OLIIHKH BIUIMBY LIMX BY3JIIB Ha 3arajibH1 TEIJIOBTPATH Ta BUBHAYEHHS BEJIMYMH JIHIITHOTO
KoedilieHTa Terionepeaayl \.

MopentoBaHHSI OXOIUTIOBAJIO TUIIOBI BY3JIM, TaKl SIK: MPUMHUKAHHS 30BHIIIHIX CTIH
70 MIXKTIOBEPXOBOT'O MEPEKPHUTTSI, 30HY KyTOBOI'O CIOJYUEHHS CTiH, IPUMUKAHHS TUIUT
NEPEeKPUTTS JAaxiB 1 OaJKOHIB [0 CTIHM, pI3HI BapiaHTM NPUMHUKAHHS BIKOHHUX
KOHCTPYKIIIH 70 CTiH (30HAa TEPEeMHYKH, MiABIKOHHS Ta PSAIOBOTO CIOTYYCHHS),
NPUMUKAHHS MIJJIOTH HaJl HEONAIIOBAHUM I11JIBAJIOM JO CTIHHM LIOKOJIS Ta MPUMHUKAHHSA
KOHCTPYKIi MiJIOTH MO IPYHTY. [[7151 KO’KHOTO By31a 0yJ10 3MOZEIbOBAHO SIK 0a30BY, TaK
1 3alpoTOHOBaHy TMOKpaIleHy KOHQITypallifo 13 3aCTOCYBaHHSM HACTYyMHHUX PIIICHb:
30UTBIICHHS TOBIIMHM YTEIUIIOBaYa, BUHOCHUM MOHT&X BIKOH, BUKOPHCTAHHS

TEIUTO130JIAIITHUX €JIEMEHTIB 3 HU3bKOK TEIJIOMPOBIAHICTIO.

Pe3ynbraTi po3paxyHKiB OKa3aJH, 1110:
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e 3Ha4yeHHs Y-(paKTOpiB y 0a30BUX By3Jax y MepeBaxHiil OIbIIOCTI BUMIAAKIB
3HAYHOIO MIPOI0 MEPEBHUITYIOTH JIOMYCTHMI MEXi JUIsl OyJIBENb 3 Maiike
HYJIbOBUM €HeprocnoxuBanHsIM (nZEB), mo Bka3ye Ha CyTTeEB1 JIOKaJIbHI
TEIUIOBI BTPATH;

® ONTHMI3AIlisl KOHCTPYKIIHM BY3JiB J103BOJISIE 3HU3UTH 3HAYCHHS Y 10 PIBHSA
Ha 30-70 % HIK4e, 3aI€KHO BiJ KOH(DIryparii Ta 3acCTOCOBaHUX MaTEpialiB
Ta MIJIXOIB;

e HallOUTpIMIA e(eKT TOKpAIEHHS CIOCTepIraeTbcs TMpPHU  JTKBiAAIli
CYLUITPHUX OETOHHHX €JIEMEHTIB, SKi TEpEepUBAIOTh TEIUIOI30JISIIII0
(OankoH-CTIHA, apaneT-cTiHa), Ta MPU 3MIIIEHHI BIKOHHOI KOHCTPYKIIi B
30HY yTeIUIoBaya (BUHOCHUN MOHTaxX);

® y30HAX KyTOBHUX CTUKIB Ta IPUMHUKAHb ITUT OAJIIKOHIB/IEPEKPUTTIB HABIThH
HE3HAuYHI MOPYLIEHHs 0e3MepepBHOCTI YTEIIEHHS NPU3BOASTH 10 PI3KOro
3pOCTaHHS UIUIBHOCTI TEIJIOBOI'O OTOKY;

® BHUKOpUCTaHHA mporpamHoro 3adesneueHHss THERM no3Bonumno He nuiie
Bi3yaslizyBaTH Ta JIOKAJII3yBaTH MPOOJIEMH1 30HHU, ajie 1 OTpUMATH KUJIbKICHI
napameTpu Jisi 00’ EKTUBHOTO MOPIBHSHHSA PIIIICHb.

TakuM YHHOM, MMPOBEJICHE JAOCIIKEHHSI T1TBEPANIIO AOLIBHICTh 3aCTOCYBaHHS
YUCEIBHOTO MOJEINIIOBAHHS JJIs ONTHMI3alli By3J1B OrOpOJIKYBaJbHUX KOHCTPYKUIN 3
METOI0 3HWKEHHSI TEIJIOBTPAT, a TaKoX OyJld OTpUMaHl pe3yJbTaTH, SKI MaroTh
NpaKTUYHE 3HAYEHHS IJis PO3pOOKM pEeKOMEHAAIld IIOAO0 MPOEKTYBAHHS BY3MIB Y
CydJacHUX OYIIBJISAX 3 MIJBHIICHUMH BUMOTaMHU 0 eHeproedekTuBHOCTI. BiamosiaHo,
TaKOX 3acBiY€HA HEOOXIJAHICTh YAOCKOHAJIIEHHS YKpaiHChKOI HOPMAaTHUBHOI 0a3u 3
KaTaJOXHUMH JaHWMHU BY3JiB Ta 3HAYCHb TEIJIONPOBIIHUX BKIIOUYEHB 3 ypaxyBaHHIM

Cy4aCHHUX MaTepialiiB, TEXHOJIOT1H 1 Bumor nZEB.
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PO311J1 4 EHEPTETUYHE MOJIEJIIOBAHHA EHEPI'OITIOTPEBHN HA

OITAJIEHHA TA OXOJIOJ’KEHHS 3 BPAXYBAHHAM TEILJIOITPOBITHUX
BKJ/IIOYEHb

B nmocnmikeHHI mMOcTae akTyalbHE MUTAHHS OLIHKH BIUIMBY TETUIOMPOBIIHUX
BKJIIOUEHb, BUZHAYEHUX Ta MPOAHAIII30BAHUX Y MOIMEPEAHHOMY PO3/LIi, HA TTOKA3HUKHU
eHeproe(eKTUBHOCTI. B 1[bOMY KOHTEKCTI JOIUIbHINIE PO3MISAATH PIUHY C€HEPTETUUHY
noTpeOy Ha OTaJIeHHs Ta OXOJIOMKECHHSI, a HE 3arallbHe CHEPTOCIIOKUBAHHS. TaKui Imi X111
€ METOJJUYHO OOIPYHTOBAHUM, OCKUIBKHU JIO3BOJISIE 130J1F0BATH BIUIMB OTOPOIXKYBaJIbHUX
KOHCTPYKIII Ta TEIUIONPOBIIHUX BKJIIOUEHb BiJl BTpAT, MOB’SI3aHUX 13 POOOTOIO
1HKeHepHoro oOnaaHaHHs. lle 3a0e3meuye 4YMCTOTY TOPIBHSHHS PI3HUX CIIEHApIiB
TEPMIYHOTO 3aXHUCTy OymiBiIi, € €IMHOI0 3MIHHOIO € TEIJIOTEXHIYH1 XapaKTEPUCTUKU
OrOpOJIKYBaJIbHUX KOHCTPYKUiH. EHepreTnyHa norpeda € OUTbII HA0UHOK METPHUKOIO Y
KOHTEKCT1 OIIIHKM €()EeKTHUBHOCTI MPOEKTHUX PIIICHb 13 3MEHIICHHS TEIUIOMPOBIIHUX
MICTKIB, OCKUIbBKM BOHa O0€3MOCepeqHbO BiOOpakae peajdbHy 3MIHY TEIJIOBOTO
HaBaHTaXKEHHs Ha OymiBiio Oe3 BIUIMBY 30BHIMIHIX (haktopiB (Tumy KKJ[ cuctem abo
peXUMY €KCIUTyaTarli).

JInst OLIIHKK TMOKAa3HUKIB €Heproe(eKTUBHOCTI OyJI0 BUKOPHCTAHO E€HEPreTHYHE
TUHAMIYHE MOJIENIOBaHHS y TporpamMHoMy cepeaoBuil DesignBuilder, ocHoBHI
nepeBaru Ta XapakTEePUCTUKH SIKOTO OyJIO ETAJIbHO OMUCAHO B po3Aia 2 (IyHKT 3).

Jloriky AOCHIIKEHHS BIUIMBY TEIUJIONPOBIIHUX BKIIOYEHb Ha €HEpromnorpely
OymiBens y mporpamMHoMy cepenoBuiill DesignBuilder mponemMoHcTpoBaHO Ha pUCYHKY
4.1.

Ha mepmioMmy erami qociimpKeHHS pO3TISIIAIOTHCS JBAa THIH OymiBeIb: OymIiBiIs
HABYAJIBHOTO 3aKjaay (rpomajchka Oy/iBisl) Ta OaraTOKBapTUPHUM KUTIOBUI OyJIMHOK.
[le mo3BoJisie OUIHUTH BIUIMB TEIUIONpOBiAHUX BKiItoueHb (TB) B ymoBax pi3HOro
(GYHKITIOHATBLHOTO MMPU3HAYCHHS.

Y Onok "Bxioni Oami” BIOHOCSATHCS OCHOBHI XapaKTEPUCTUKHU SIK: KJIIMaT
(MeTeomaHi), reoMeTpist OymiBil, XapaKTEPUCTUKU OTOPOKYBaIbHUX KOHCTPYKITi# (OK),

IHKEHEPHI Mepexi, Tpadiku eKcIulyarailii, BHyTpPIIIHI TEIJIOHAAXOMKEeHHs Tomno. [lei
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miaxig 3a0esnedye peanicTUUHE €HEepPreTHYHE MOJETIOBaHHS, 3aCHOBAHE HAa MOBHOMY
npodiai OyIiBIL.

J1J1s TOpIBHSHHS €HEPTeTUYHUX BUTPAT Oy/iBIIl PU 3aCTOCYBAHHI PI3HUX IT1IXO/IIB
710 BpaXyBaHHS TEIUIONPOBITHUX BKJIIOYEHB OYJIN pO3IIISIHYTi CIIEHApii OrOpoIKyBaIbHUX
KOHCTPYKIIiH, B 3aJ71€KHOCTI BiJ] piBHS TEIUIOI30JIAIIIT Ta 3HAYEHHS OMOPY Teruionepeaadi
OK, BM3HAYEHOTO PI3HUMHU CIOCOOAMH B 3aJICKHOCTI BiJ] ICHYIOUMX Ha CHOTOAHIIIHIN
JIeHb BITUM3HSHHUX METOJUK JeTallbHO onucaHux B po3aun 1.1. ChopmoBani crieHapii

HaBeaeHOo B Ta0nui 4.1.

MopentoBaHHsA B
Design Builder
|
| |

[Bynisnﬂ HaE'-IaanDI'{)] [EaraTOKBapTHpHMD'l )Ku'rnoBHﬁ]

-
3anponoHoBaHU
LY, X | AeTanizoBaHe BiKHO

[ AHaniz oTpUMaHUX
pe3ynbTaTis /

3aknagy 6yauHOK
I /¢ N
Knimat r ) I u
e Bxisi navi L basosun bes TB ) I
Xapakrepuctukm OK / \ J p N\ |
IHxeHepHi Mepexi | ! 3anponoHoBaHwii I
BHVTpII.I.IH[ TeN/OHAAXOKEHHS ( ) (N 6e3 TB ) |
Mpachikn ekcnnyatauii CueHapii Tennosoi |

obonoHkM | (3anponoHosaHmii | I
(TennonposigHi | AUy, |

BK/TIOYEHHS) | N /
. o I ' . - I
l 3anponoHoBaHwil |

—ra— I L Wx-ACTY 9191

BuxiaHi gaHi: XA s I
eHepronoTpeba Ha I~ - [

onaneHHa Ta I 3anponoHoBaHmi
eHHa | | W,x ACTY ISO 10211 I
|

I

| I
I
|
!

|
| 3anponoHoBaHNi
\ Wy ACTY ISO 10211 (nZEB

Pucynok 4.1 — Cxema npoBeI€HHSI EHEPTETUYHOTO MOJICIIFOBAHHS
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Tabmuus 4.1 — PesynbraT qiHIHHUX KOe(]IIIEHTIB TeIUIONepeaadi

Ne Cuenapiit Ornuc ciieHapiro

XapakTepusye ICHytouni (pakTHIHHI) CTaH TEIIOBO1
000J10HKH, 0€3 BpaxyBaHHS TEIIONPOBITHUX
BKJIIOUEHBb. BHYTpiIIHI yMOBH KOM(OPTHOCTI
BIJINMOBIIAI0Th YNHHUM HOPMATHBHUM BHMOTaM.
[Toxpatienuii piBeHb ONOPY TEIUIONEpeaayi
OTOPOKYBAIBHUX KOHCTPYKIIIH IO OCHOBHOMY TIOJTIO
3anponoHoBaHMi 63 | BIAMOBITHO 10 YMHHUX BUMOT [10], 6€3 BpaxyBaHHS
B TEIUIONPOBIIHUX BKIIOUeHb. HasiBHA cucTema
peKymneparlii TerI0TH Y CUCTEM1 MEXaHIYHOI BEHTHJIALIIT
OyiBi (IIKOJIN).

AHaNOT14YHUI JI0 ONIEPETHBOTO CLIEHApPIH, ane 3

3 | 3anpononoBanuii AUy, | BpaXyBaHHSIM MOIMPABOYHOTO KOEPIIIEHTA IJIsI OTIOPY
TerIonepeaadi 30BHINIHIX CTiH BIAMOBIAHO J10 [8].
[Tokparienuii piBeHb ONOPY TEIIONepeaayi
OTOPOKYBAIbHUX KOHCTPYKIIiH 3 BpaXyBaHHIM

1 | ba3zoBuii 6e3 TB

3anpononoBanuii W, y

4 _ICTY 9191 TETUIONPOBITHUX BKJIFOYEHb BIATOBITHO /10
KOHCTPYKTHUBHUX BY3J1B 5Kl MicTsATbca y JlogaTkax I ta
J no [15].
AHayoriyHuit 10 4-ro, clieHapiii BpaxoBye
3anpononoBanuit W, y | TeronposiaHi BKiIoueHHs 3 JlogatkiB I' ta J] [15]
5 |-ACTY 91911 pa3oM 3 JeTali30BaHUMHU TEIJIOTEXHIYHUMU
JIeTani30BaHe BIKHO XapaKTEepPUCTUKAMU BIKHA, SIKI 3a/Ial0THCSL OKPEMO JIJIst
CKJIOTIAKETa Ta BIKOHHOT PaMH.
Sanporionosarmii W, y Cuenapiii BpaxoBye TETJIONPOBIAH1 BKJIIOUEHHS
6| 1SO 10211 6a301§HX BY3JIIB QK, PO3paxoBaHKX y o3/ 3 maHoro
JIOCTIJIPKEHHS Y BIANOBIIHOCTI A0 BUMOT [ 18].
TennorexHiyni xapakrepuctuku OK Ta moka3HUKIB
3anpononoBanuii 'V, x | TEIIONPOBIAHUX BKJIIOYEHb OYJIM MOKPAILLEHHI O PIBHA
7 |—-1SO 10211, nZEB nZEB. TemionpoBiaHi BKIOUYEHHS MPOAHAIII30BAHO Y
pIBEHB PO3/1J1 3 TaHOTO JAOCTIKEHHS Y BIAMOBIAHOCTI 10
BuMor [18].

4.1 EnepreruuHe Moe/Il0BaHHA OyliBeJib

JIy1s1 BUKOHAHHSI €HEPTeTUYHOTO MOJICTTIOBaHHS OyJIM BUKOPUCTAH] KJIIIMAaTUYH1 JIaH1
3 MbkHapomHoi 0a3u International Weather for Energy Calculations (IWEC) [67],
CHeIiaJbHO CTBOPEHOI JIJIsl pO3paxyHKIB y cdepi eneproedextuBHocTi. [ 6a3za manux

IPYHTYEThCSI Ha JIOCTOBIPHMX METEOPOJIOTIYHUX CIIOCTEPEXKEHHAX 1 3abesnedye
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KOMIUICKCHUM Hallp KIIMaTUYHUX TapaMeTpiB y QopMaTri cepeIHbOMICIYHUX Ta

ITOJMHHUX 3HAYCHb, 4 CaMC:

TEMIIEpaTypHI  XapaKTEPUCTUKH  30BHINIHBROTO TOBITPS (MaKCHMaJbHI,
MIHIMaJIbHI Ta CepeIHI 3HAUCHHS ), a TAKOXK MTOT'OJIMHHI TeMIIepaTypHi KPHBI;
MOKAa3HUKMA BITHOCHOI BOJIOTOCTi, TIPEACTABJIICHI Yy MIOMICSYHOMY Ta
NOroIMHHOMY (hOopMaTi;

KOMIIOHEHTH COHSYHOI pajiiailii (TOpU30HTAJIbHOI Ta BEPTUKAJIBHOI1 ), a1alTOBaHI
710 PI3HUX OpI€HTAII OTOPOIKYBAIBHUX KOHCTPYKIIIif;

iHQopMalriss 100 IMIBHJAKOCTI Ta HAMNPSAMKY BITPY Yy IIOMICIYHOMY Ta
MOTOAMHHOMY BHpas3i;

PIBEHb XMAapHOCTI1 Y BUIJISI/II YACTKH MMOKPUTTS HEOa XMapaMHu.

3acrocyBanns 6asu IWEC € BumpaBgaHum 3aBAsku 11 BHUCOKIM TOYHOCTI,

BIJIIOBIJTHOCTI pE€ajJbHUM KJIIMaTMYHUM YMOBaM 1 IIMPOKOMY BH3HAaHHIO B Traiy3l

MOJIETIIOBAHHS EHEPrOCIOKMBAHHS Oy/1iBeNb. [lepeBaru BUKOPUCTaHHS LIUX KIIMaTHYHUX

JTaHUX JIETaJbHO pO3MIsIHYTO B [68—70].

BignoBigHo Aa AaHUX HAIIOHAJIBLHOTO CTaHAApTy [3], OCHOBHI KJIIMaTU4HI

XapaKTePUCTUKH pallOHY PO3TaIlyBaHHs 00’ €KTIB MOJIETIOBaHHS BKa3aH1 y Taomuin 4.2.

Taomurs 4.2 — KimiMatuuai 0cOOIUBOCTI pO3TallyBaHHA 00’ €KT
p y Yy

Po3paxyHkoBa BHYTPIIITHS TEMIIEpATypa 3a ONaTIOBAIBHHN MEP10]T 20
dakTUYHA CepeIHs BHYTPIIIHS TEMIIepaTypa 3a onaatoBaIbHUN niepion | 20
Po3paxyHkoBa TemrepaTypa 30BHILIHBOTO MOBITPS 22 °C
Cepenns Temmneparypa 30BHIIIHBOTO TTOBITPS 32 PiK 8
Cepenns Temneparypa 30BHIIIHBOTO TMOBITPS 3a ONalOBaIbHUMN niepiof | -0, 1
TpuBaiicTh ONATIOBAIHLHOTO MEPIOTY 176 | nib
[lepeBaxxHuit HAIPSIM BITPY ITu -
Temmneparypa 30Ha periony I

Temmneparypa cepenns micsiuna, °C

II I | 1v \% VI VII VIII IX X | XI| XII

36 1,0 90| 152 183 | 198 | 19,0 | 139 | &1 | 1,9| -2,5
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3HaueHHS JIHIMHUX KOEQIIEHTIB TeIionepeaadl  BY3/IiB  OrOpPOKYBaJbHUX
KOHCTPYKIIIH pO3paxoBaHUX Yy BIAMOBIIHOCTI 10 BUMOT [13] Ta [18], siki Oyiu BU3Ha4YEH1
B PO3IiJi 3 MAHOTO JOCITIIKCHHS, a TAaKOXK KOC(IIIEHTIB IO BUKOPUCTOBYBAINCH 3

nonatkiB I' Ta JI crangapry [15] y3aransHeHo B Tabmuill 4.3.
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Tabmuus 4.3 — JliHiiiHI Ta TOukOBI KoeditieHTH Temionepenadi OK

KoedimieHT Temionepenayi
) Tonatok I bazoBuii HOE(paIue-
HaiiMmenyBanHs By3i1a (ICTY BY30J | HUH By30I1
9191) (ISO (ISO
10211) 10211)
[IpuMuKaHHS 30BHIIIHIX CTIH 3 HETJIH 3
OTIOPSIKEHHSIM IITYKaTypPKOIO 10 0,090 0,100 0,071
MDKITOBEPXOBOTO MEPEKPUTTS
KyToBe croiay4eHHs 30BHIIIHIX CTIH 3 0,135 0,181 0,155
LETJIN 3 OMOPSPKEHHAM IITYKATYPKOIO
[IpuMukaHHs TIUTH MePEKPUTTS 0,329 0,463 0,124
IJIACKOTO JIaXy /IO CTIHU Ta Maparery
[IpyuMuKaHHS 30BHINIHIX CTIH 3 LETJIH 3
OTIOPSIIKEHHSIM IITYKaTypPKOIO 10 0,789 0,742 0,371 b;
0aJIKOHHOTO MEPEKPUTTSI E
HpI/H\I/II/IKE.lHHH .BiKOHHO.'l' KOHCTPYKILIi A0 0,081 0,115 0,015 5
3OBHIMIHIX CTiH y 30Hi NEPEMHIKH -
[TprMuKaHHS BIKOHHOI KOHCTPYKIIII 10 0,064 0,114 0,025 =
30BHIIIIHIX CTIH Y 30HI MiIBIKOHHS =
[IpuMukaHHs BIKOHHOT KOHCTPYKIIii 10 E
30BHIIIIHIX CTIH y 30H1 PSJI0BOTO 0,071 0,095 0,017
CIOJTYYCHHSI
[TpuMuKaHHS TUTUTHA TTEPEKPUTTS
M1JIOTY HaJl HEOHATIOBAHUM IT1IBAJIOM B 0,531 0,257
JI0 CTIHU ITOKOJIs ™
[IpuMuKaHHs KOHCTPYKIII1 HIAJIOTH 110
IPYHTY /IO 30BHIIIHIX CTiH 3 (pacagHoIO 0,980 0,212 0,207
TETJI0130JISIIII €0
By3zon ynamTyBaHHS TJIaCTUKOBOTO .
T00EITI0 3 METaJIEBUM CTPIKHEM JIJIst = X
KPITIJICHHS TETUIO130JISIIHHOTO 1Iapy 0,005 0,005** | 0,005** S m
B (pacazmHiil cucTemi 3 OMOPSAIHKEHHAM é =
MITYKATYPKOIO

*KoHCcmpyKmueHe piuleHHs 3anponorosane ¢ 000amky 1" ckradaemvcsi 3 CmiH 3 0CHOB010
3 Memaneso2o npointo, wo 308Cim He 6I0N0BIOAE PO3NAHYMUM KOHCMPYKYIAM 00 €Kmie
MOOen08aHHSs

** moukosuii koeiyicHm menionposioHO20 6KIHOUEHHS NPULHAMUL ) 8I0N08IOHOCIE 00

Hooamxy /] JICTY 9191
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4.1.1 EHepreTu4He MoAeJI0OBAHHS OyIiBJIi HABYAJIBLHOIO 3aKJIAy

Jlnia 1iiell eHepreTHYHOro MOJIETIOBAaHHSI reoMeTpis OyaiBii Oyna BiITBOpeHa Ha
OCHOBI 1H(OpMallii 3 TEXHIYHOTO macnopTa 00’ ekTy. Bizyanizarito Mozesi, CTBOPEHOT B

cepenoBuiil DesignBuilder, npencrasineno Ha pucyHkax 4.2—4.3.

Pucynok 4.3 — [Ipukiian 30HyBaHHsl Mojeni OyaiBii mkoiau y DesignBuilder
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Enepretuuna monens OymiBai mikoau Oyna BepudikoBaHa NIISXOM IOPIBHSIHHS
PE3ybTaTIiB EHEProCIOKUBAHHA 3 (PAKTUIHUMHU JaHUMH CHEPTOCTIOKUBAHHS OymiBIIL y
nocmmkeHHsax [50, 71]. 3aranpHuil onuc XapaKTePUCTUK Oy/IiBIII HAYAIBHOTO 3aKIaay
(mkonm) HaBeneHo padime B myHKTi 2.1.1. JleTanbHi BeIMYMHU XapaKTEPUCTUK

(aKTUYHUX OTOPOIKYBATbHUX KOHCTPYKIIIH HaBeACHO B Tabmwuii 4.4.

Tabmuus 4.4 — XapakTepuCTUKH OTOPOIKYBUIBHUX KOHCTPYKIIIH Oy/T1BII1 ITKOJIHA

(paxTruHUl cTaH)

A Ro, Uo, [Toma
Tun OK Marepian o, M Bt/ m>K/B | Br/m* MIZH ’
(m-K) T K
1 2 3 4 7 8 9
Po3unn /i 0,03 0,93
30BHimHs crisa | NOPIA KEPAMITHA | ) &g 1,150* | 0,868 | 30694
IIyCTOTLIa. Ha 613 ’ 0,58
11/T1
3a111300eToH 0,22 2,04
[Tepexpurrs Toaniil
HEOIaJIIOBAJILHOTO P . 0,15 0,14 1,410 0,709 978.,9
ropra KEepaM3HTOBUH
Po3unn /i 0,025 0,81
3aim300eToH 0,22 2,04
CyMimeHe Po3unH /1 0,05 0,64
IOKPUTTS Po3unH 1/11 0,05 0,81 0432 1 2,315 | 11172
PyOepotin 0,007 0,17
- 3aim300eToH 0,22 2,04
CPEKPHUTTS P 1
neomamosanbror [— aan | 005 | 08 0,760 | 1,314 | 3962
. Kepamsuroberon | 0,1 0,41
O TiaBaTy
[Tapker 0,015 0,23
CRITIOMDOZODI MeranonjaacTuk,
- pK if nepeso, ; ; 0,350% | 2,857 | 1089.4
pPyKH CKJIOOJIOKH
Bximmi epi | o AICE : - | o470% | 2,128 | 230
JieB’ sTH1
OamoBameHIit | (o A - 2390 | 0419 | 9789
M1J1BaJ1 (CTIHH)
Hipora no Cexuist B 0713 | 49 | 3883
IpYHTY

*cepeIHbO3BAKCHUH 3a IUIOMIEIO MTOKA3HUK
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B Tabnumi 4.5 HaBeneHO ONUC MPUNUHATHX IMOKA3HUKIB TPOIECIB JisSIIBHOCTI
JIIOJICH, Ta THKEHEPHUX CUCTEM OYI1BJIl NIKOJIHU K1 OyJIM MPUHHATI IPU €HEPTECTUYHOMY
MO/JIETIOBAHHI.

Tabnuis 4.5 — [loka3HUKHU TIPOIIECIB TISUIBHOCTI JIFOAEH Ta 1HKEHEPHUX CUCTEM

Oy Bl TITKOJTA

[Toka3Huk 3HavYeHHs
3acToCOBaHO 0 BCIiX CIIeHapIiB
MOJICITIOBAHHS
1 2
[{inpHICTH 3aLI0BHEHHS JTIObMH, JIOEH/ M> 0,095
daxTop NPUBE/IEHOT MeTab0JIIYyHOT 0,9 - nerka oicHa poboTa
aKTUBHOCTI
[30ss111151 OIATY B3UMKY/BIITKY, clo 1/0,5
bazoBa Temneparypa y OyniBii y nepiof 20
pob6otu, °C
bazoBa Temneparypa y OyniBii y HepoOouunii 17
yac, °C
bazoBa Temneparypa pexumMy 0X0JIOIKEHHS, 24
°C
TemmepaTypa 4eproBoro pexumMy 27
oxoJiomxkeHHs, °C
[TuTomMa MOTYXHICTh €IEKTPOOOIaTHAHHS, 6
Bt/ M
[ITuTomMa MOTYX HICTH CUCTEMHU OCBITJICHHS, 7
Bt/ M
HopmatuBHe crioskuBaHHS Tapsidoi BOJIH, 0.896
9
/(M* 1eHb)
KoeditieHT ce30HHOT €EeKTUBHOCTI CUCTEMU 0.85
9
I'BIIT
HopmatuBHa KpaTHICTh TOBITPOOOMIHY 15
. . cen M
CHCTEMH MEXAHIYHOI BEHTHJIALT, To1!
KoedimienT ce30HHOT €(DEKTUBHOCTI CUCTEMU 0.85
5
OTaJICHHS
KoediieHT ce30HHOI €(PEKTUBHOCTI CUCTEMU 295
9
OXOJIOJKCHHS
Koe(p1u1eHT e(peKTHBHOCTI peKynepauii siBHOT | () 65 (okpiM 6a30BOTO CLEHAPIIO)
(sensible) TermoTn
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VY mpomeci npociikeHHsS Oyj0 MPOBEICHO pPO3paxyHOK IPUBEACHUX OIOPIB

TerIonepeaadl OKpeMUX OrOpoKYBaTbHUX KOHCTPYKIIKA OymiBiIi BIAMOBITHO O CEMHU

CIICHAapiiB, 110 B1OOpaXaroTh Pi3HUI PIBEHb YpaxXyBaHHS TEIUIONPOBIIHUX BKIIOYCHb.

Sk mokazaHo B Tabmuil 4.6, ST KOXKHOTO THIY KOHCTPYKINT (30BHIIIHI CTiHH,

HEPEeKPUTTS, BIKHA TOI0) BU3HAYEHO 3HAUEHHsI IPUBEAEHOr0 onopy Temonepenadi Uy,

SIK1 BpaxOBYIOTb 200 ITHOPYIOTh BILJIUB TETJIOBUX MICTKIB.

Bba3oBuii 6e3 TB: B ibomMy BapiaHTi TerioBa 000J0HKA BioOpaxkae GhakTHIHUN
CTaH HE3aI0BLIBHOI TEII0130JIS1I11, TeTIOMPOBIIHI BKIIIOYCHHS HE BPAXOBYIOThCH,
a omp Terlonepenadi BU3HAYAETHCS JJIA IUIOCKOI OMHOPIMHOI  AUISHKH
OTOpOIXKYBaIbHOI KOHCTpYKIIii. Biactuocti paktnunnx OK Oynu 3a3HaveHi B

tabaum 4.4.

3anpononoBanuii 0e3 TB: wmomudikoBaHa TemmoBa 000JOHKA 3 OMOPOM
Teronepeaayl no ocHoBHoMy mnonto OK 1o BifnoBijae MiHIMaJIbHUM BUMOTaM

[10]. be3 BpaxyBaHHsI TETUIONPOBIIHUX BKIIOYECHb.

3anpononoBanuii  AUp: mnepmuii  clieHapii 3  BpaxyBaHHSIM  BIUIMBY
TEIJIONPOBITHUX BKIIOYEHBb Yepe3 JIOAaBaHHS KOpUTYBasbHOI mompaBku — (.10
Bt/m?-K [8] mo ocHoBHux OK OymiBii (30BHINIHI CTIHM, 1aX, Tijjora). [lei meTox
MO>ke OyTH BUKOPHUCTAHHI 32 BiJICYTHOCTI a00 HEAOCTATHIN KUTBKOCTI 1H(pOpMaIIii

PO TETUIONPOBIIHI BKIFOYEHHS.

3anpononoBanuii ¥,y — HACTY 9191: BpaxoBylOThCS JiHIHHI Ta TOYKOBI
koedimienTn Teronepenayl (tabmuns 4.3) srigHo goxarkie I ta J[ [15].
HenonikoM BUKOPUCTaHHS IUX JIHIMHUX KOE(ILIEHTIB TEIJIONEepeaayl € iX 3HaYHe
OOMEXEHHSI OXOIUICHHSI TUIOBUX KOHCTPYKTMBHHMX pillleHb. Tak, s By3Ja
MPUMHUKAHHS TUTATH TIEPEKPUTTS ITiIJIOTH HAJl HEOTIATFOBAHUM ITiIBAJIOM 10 CTiHH
IIOKOJIs1, He OyJ10 Miai0OpaHo BIAMOBIAHII KOS(DIIEHT Yepe3 Te, 110 3aPOIOHOBaHA
y CTaHAapTI KOHCTPYKIIisl CKIAa€ThCS 3 30BHIIIHIX CTIH 3 METaJeBUM MPOodiiaeM 1
YKOJHUM YHHOM HE TIIXOIWUTH ISl MOPIBHSAHHS B JOCIHIKYBAaHMX HAMH THIIaxX

Oy/iBenb, K1 CKJIaIal0ThCs 3 TIETTH. A By30JI IPUMHUKAHHS TOPUIITHOTO IEPEKPUTTSI
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JI0 30BHIIIIHIX CTIH B3araji He peacTaBieHuid y noaarky . J[s 1iux KOMIIOHEHTIB

OyJ10 3aCTOCOBAHO KOPUTYBIBHUHN KOSDIIIEHT 3 MOIMEPETHBOTO CIIEHAPIIO.

o 3anpononoBanuii W,y — JACTY 9191 i neranizoBane BikHO: BCl po3paxoBaHi
Koe(DIIIEHTH TEIUIONepe/adl 3AIUIIAITHCS YAHHUMH 1 JIJIS [TbOTO CLIEHAPII0, MPOTE
BUKOHYETHCSI OUIBII peaiCTUYHINIE MOJCIIOBAHHS TEIJIOBTPAaTH 4epe3 BIKHO,
BpPaxoBYIOUM MIJIBHILIEHY TEIUIOMPOBIAHICT, HA CTUKY CKJIa 3 pamkoro. B
nporpaMHoMy cepenoBuil DesignBuilder Oyno BpaxoBaHO XapaKTEpHUCTUKHU
okpemo pamu (UPVC) toBmuHot0 6 cm 3 U-3,476 B1/M*-K Ta U-1,000 BT/™M?-K
JUTISL CKJIOTAKeTy. A BIJHOIIECHHS TEIUIOMPOBIIHOCTI Kpal0 CKJIOMAKETy A0 HOTro

LIEHTPaJIbHOI 30HU ckiaio 1,2.

o 3anpononoBanuii W,y — ISO 10211: HaiiG1IpII AeTaTi30BaHUN CLIEHApiH, 10
0a3yeTbcsi Ha BUMorax wmixHapoaHoro cranmapty ISO 10211. Ilepenbauae
JIeTaJIbHE YMCEJIbHE MOJIEIIOBAHHS TEIUJIOMPOBIAHUX BKJIIOYEHB 13 ypaxXyBaHHSIM
reoMeTpli By3JiB, MaTepialiB 1 TeMIEparypHUX MomiB (po3ain 3  JaHoro

JOCTIKCHHS).

o 3anpononoBanmii ¥,y — ISO 10211, nZEB piBenn: 30epexeHi MIIXOOU 3
MONIEPEAHBOTO CIICHapito, mpoTe piBeHb 13omsamii OK migBuimeHuii 10 BUMOT
OyniBenb 3 OJIM3BKUM 1O HYJIBOBOIO eHeprocnoxkupanHs: 200 MM yTeruiroBada
30BHIIIHIX cTiH, 300 MM 1 HeonantoBaIbHUX Topull, 400 MM JJ1s1 CyMIIlIEHOTO
nepekpuTTs Ta 100 MM 17151 TTZUIOTH O TPYHTY. Takox Koe(illleHT Teruionepenayi

CBITJIONPO30PUX KOHCTPYKIIIH miaBuiieHo a0 0,9 Bt/m?-K.

OO6paxoBani Koe(iIlieHTH TeTUIoNepe1adi s BCIX BUIIEHABECHUX CIICHAPIiB Oys10

y3arajbHeHO B Tabmuil 4.6.



Tabmuus 4.5 — Koedinientu teronepenaydi OK i crieHapiiB eHepreTMYHOro MOJCIIIOBAHHS Oy/IiBII1 IIKOIU

153

3AIDOIOHOBA- 3anponoHOBaHUM 3AIOIOHOBA- 3anponoHoBa-
.. | 3ampormnoHo- poto) Y, y— ACTY potIo) HUU
Cuenapiiic | DO | it Ges | IPONOHOBA- e 9191 i - ¥, x-1SO
Heuap 6e3 TB auit AUy | P,y —JICTY . ¥, y—ISO > X
TB JeTalii30BaHe 10211,
9191 : 10211 .
BIKHO nZEB piBeHb
Tum OK Uop, Uop, Uop+AU, Unp, Unp, Unp, Unp,
Bt/m?-K | Bt/mM*:K Bt/Mm?-K Bt/m?-K Bt/Mm?-K Bt/Mm?-K Bt/m?-K
30BHINIHI CTIHA 0,868 0,250 0,350 0,379 0,379 0,390 0,269
Crinn 0,289 0,289
onamoBaigsHorOo | 0,419 0,289 0,289 0,289 0,289
1By
IlepexpurTs 0,267 0,267
HeonamoBaiasHo | 0,709 0,167 0,267 0,267 0,267
TO TOPHINA
Cymimene 2315 | 0,143 0.243 0.174 0.174 0,187 0,155
MIEPEKPUTTS
[TepexpurTs 0,257 0,228
HEONAJIIOBAJIBHO 1,314 0,200 0,300 0,300 0,300
ro MBIy
3,476 0,900
CBITIONPO3OPL | ) g5, 1111 1,111 1,111 (UPVC pama) 1111
KOHCTPYKIUII 1,000
(ckonaker)
. : 0,900
Bxigni nBepi 2,128 1,111 1,111 1,111 1,111 1,111
thaorano 1 403 | 0369 0,469 0,533 0,533 0.405 0.404

IPYHTY
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OTpuMaHi pe3yabTaTi CUMYJIALIT PIYHOTO PIBHS €HEPreTUYHOI MOoTpeOur Ha

OTAJICHHSI Ta OXOJIOJKEHHS AJ11 0230BOT0 CIIEHApil0 300pakeH1 Ha pUCYHKY 4.4.

8000 700.0
600.0
g 6000
= 500.0
@ 4000
- 400.0
8 2000
= 300.0
o
[ =
g 0 200.0
o) 01.01 01.02 01.03 01.04 01.0 ObMH.07 01.08 0108 01.10 01.11 01.12
==
& 2000 100.0
4000 0.0 L
) Pik EHepronotpeba EHepronotpeba
Ha onaneHHd, Ha OXONOAXEHHA,
= OXONOAKEHHSA  ===OnaneHHn Tvc. kBT-roa/pik  Tvc. KBT-roa/pik

Pucynok 4.4 — Enepronorpe0a Ha onajeHHs Ta OXOJIOIKEHHS 111 0a30BOT0O CLEHAPI0

3 OTpUMaHHMX pe3yJdbTaTiB BHUAHO, IO ONATIOBAJLHC HABAHTAXCHHSI Mae
BUpIIIAJIBHUN BIUIMB Ha €HEProeeKkTUBHICTH OymiBmi. Y 0a30BoMy creHapii
eHepromnorpedba OyiBil ICTOTHO 3yMOBJEHAa 3HAUHUMM TEIUIOBTpaTaMu depes
OTOPOIKYBaJIbHI KOHCTPYKIIii, IO BKa3y€ Ha TOTCHIIAJ JIJIsi 3MEHIIEHHS CIIOKUBAHHS
€Heprii MUIAXOM OITHUMI3alli TEeTUIOI30MAIi Ta 3MEHIICHHS BIUIUBY TEIUJIONPOBITHUX
BKJIIOUEHb. B Tabnui 4.6 Ta Ha puCyHKY 4.5 3BeIEeHO pe3yJIbTaTH MOAEIIIOBAaHHS PIYHOTO

PIBHSI €HEpronoTpeOu ISl IHIIKUX 3alIPONIOHOBAHUX CLIEHAPIiB.

Tabmuus 4.6 — PesynbTaT MOJENIOBaHHS EHEpPronoTpeOuM Ha oOmnajeHHs Ta

OXOJIOMKECHHS JIJ1s1 OY/IiBII1 IIIKOJIH

Enepronorpeba | Enepromorpeba
Ha OIaJIeHHS, Ha OXOJIOKEHHS,
tuc. KBr-roa/pik | tuc. kBT-roa/pik

3anporonoBanwuii; 6e3 TB 113,6 88,5
3anporonoBanuii; AUtb 141,2 79,1
3anpononoBanuid; ¥,y — ACTY 9191 136,1 78,1

3anpononoBanuii; ¥, y — ACTY 9191 1
JIeTaai30BaHe BIKHO

3anpononoBanuii; ¥,y —ISO 10211 143,1 79,9
3anpononoBanuii; ¥,y —ISO 10211, nZEB
PIBEHb

140,0 66,6

110,4 89,6
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EHepronotpe6a 78.1
Ha OX0NOAXKEeHHA,
TUC. KBT-roa/pik

113.6

o
©
@

141.2

EnepronoTpeba 136.1
Ha onaneHHs,

The. KBT-roa/pik 140.0

1431

110.4

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0

m 3anponoHoeaHwui; 6es TB m 3anponoHoeaHuia; AUtb
3anponoxosanui; W, x - ACTY 9191 m 3anponoHoeaHuia; W, x - ACTY 9191 i geranizoeaHe BikKHO
m 3anponoHoBaHuni; ¥, x —1S0 10211 m 3anponoHoBaHuit; W, x—1S0 10211, nZEB pieeHb

Pucynok 4.5 — Pe3ynbraTii MOAEIIOBaHHSI EHEPrONOTPEOH Ha ONaJICHHS Ta
OXOJIOJIKEHHS JIJ1s Oy/IiBIIl IIKOJIN

Ha ocHoBi rpadika Ta Tabmuill 3 pe3yjabTaTaMu pO3paxyHKIB €HEpromoTrpedu Ha
OTIAJICHHSI Ta OXOJIO/PKCHHSI JUIA PI3HUX CIICHAPIiB TEIIOBOiI OOOJOHKHK OYIIIBIII IITKOJIH,
YiTKO BUJIHO, III0 HAWBUINUIA MOKa3HUK €Hepronorpedu 3adikcoBano s cueHapito "W,y
— ISO 10211" — 143,1 Tuc. xBrrom/pik. Ile 3ymMOBIEHO ACTATBPHUM aHAIII30M
TEIUIONMPOBITHUX BKJIIOYEHb Ta iX BEJIMKOK KIIBKICTIO. Pi3HULS 1is1 omajeHHs 3
3anmponoHoBaHUM ciieHapiem 0e3 TB cranoButh 25,3%, 110 CBIAYUTH NPO CYyTTEBUM
BILJIUB TETUIONPOBITHUX BKIIFOUCHD Ha MIOKAa3HUKH EHEPTeTUYHOI €(PEeKTUBHOCTI Oy/TiBETb.
Haiinmxunii nokazauk — 110,4 tuc. kBt -ron/pik — y cuenapii "W,y — ISO 10211, nZEB
piBenp". Ile Ha 2,8% MeHIIEe 3a TOKa3HWK 3alpPOIIOHOBAHOI OOOJIOHKW BiAIOBIIHOT
miHiMaigpHUM BuMoraMm [10], ne TB He BpaxoByBamuch. ToOTO MOKpaIeHHsS TETUIOBOL
o0onoHku 10 Bumor nZEB Ta ontumizaiisi KOHCTpYKTUBHUX By3iiB OK BupimanbHUM
00pa3oM crpusie 3MEHIIICHHIO TETJIOBTpAT OyAiBIIi.

AHaJ3y09u eHepronoTpedy Ha OXOJIOMKEHHS BUIHO, 1110 HAWBUIIE HABAHTAKECHHS
neMoHcTpye cueHapiit (nZEB) piBaa — 89,6 tuc. kBT ron/pik, a HaltHmk4e — 66,6 THC.
kBt ron/pik cuenapit (¥,y — ACTY 9191 1 neramizoBane BikHO). Pi3HHIS 1uMu

crieHapisiMu cTaHoBUTH 25,7%. [lpuunHOIO 1IbOMY € Te, 0 HAJJUIIKOBA 130JISIIis
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CIIpUYMHSE TIeperpiBaHHs MPUMIIIEHb Y JITHINA nepioa. ToOTO BaXIMBO BpaxoByBaTH
OaJlaHC MK OIMAJICHHAM 1 OXOJIOJPKCHHSIM, 00 HE JOMYCTUTH HAJAMIPHOTO 3POCTaHHS
OXOJIO/KYBaJIbHUX HABAHTAKCHbD.

3 TOYKH 30py CYKYMHOI eHepronoTpedu (onajaeHHs + OXOJIOIKEHHS), OUEBUIHO, 1110
HalOUTbII eHeproe(eKTUBHUM BapiaHTOM Takox € cueHapiid "W,y — ISO 10211, nZEB
piBeHb", saKuil 3a0e3mneuye 3aranbHe HaBaHTaxeHHs 200,0 tuc. kBt ron/pik. Cuenapiit 3
BUKOPDHUCTaHHSIM  KOPUTYBaJbHOTO  (DakTOpy JAEMOHCTpye OUIBIIMKA  TOKa3HUK
CHEpromoTpedbr Ha OMAJICHHS, HIK PO3PAXYHOK 3 BUKOPHUCTAHHIM KaTaJIOKHUX
noka3HukiB 3 JICTY-9191, mo cBiguuTh NMpo HEAOUUIBHICTh HOr0 BUKOPUCTAHHS Y
BUMAJKaX, KOJIM HEOoOXiJHa OIIbII TOYHA OIlIHKAa pPIBHA eHEeProe(eKTHUBHOCTI.
BnpoBamkenns crapgaptie ISO 10211 Ta xonuenmii nZEB y npoekTyBaHHI
OTOPO/KYBAJIbHUX  KOHCTPYKIII  JO3BOJIIE  JOCSATTH  CYTTEBOTO  3HUKCHHS
€HEPronoTpedu, 0COOIMBO B OMAIIOBAIBHUI NEPIOA.

Ha pucynky 4.6 300paxeHO pe3yabTaTH PO3IMOALLY OINEpPaTUBHOI TeMmIlepaTypu
(Bkiroyae B cebe Temreparypy MOBITPS B MPUMINICHHI Ta pajialliiiHy Temrmeparypy)

BIIPOJIOBX pOKyY 1t cieHapiiB W,y — ISO 10211.

w
~l

w
N

22
17 p Ay raw

12
01.01 01.02 01.03 01.04 01.05 01.06 01.07 01.08 01.09 01.10 01.11 01.12

Pik

OnepaTtueHa TeMnepaTtypa, °C
[y%]
~J
?-—
&
=

—— 3anponoHoBanuin; W, x-150 10211
3anponoHoeanuni; W, x -150 10211, nZEB pieeHb

PucyHnok 4.6 — Po3nofiii onepaTUBHUX TEMIEPATyp y MPUMILIEHHAX Oy/IIBIIl IIKOJIH
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Ak BuaHO 3 pucyHky, B 3uMoBwuii nepiog (01.01 — 01.03; 01.11 — 31.12) obuxasa

CIICHapii JeMOHCTPYIOTh IUIaBHE TIiIBUILECHHS TeMIIepaTypy B JICHHUH Yac 3 J0OOBUMHU
xonuBaHHsAME. Temmeparypa y BapianTi nZEB € ctabinbHo Buioro Ha ~0,2°C, 110 BKazye
Ha MOKpAIIeHY TEIIOI30JSIIiI0 Ta 3MEHIIICHHS BTpAT Yepe3 TeIUTIONPOBiIHI BKIFOUSHHS.
[epiox Becna—mito (01.04 — 01.09) xapakTepu3yeThcs CTPIMKUM 3pOCTaHHIM MOKa3HUKY
OTIepaTUBHOI TEMIIEpaTypy 3 KBITHS 1 MaKCHMaJIbHUX MIKOBUX 3HAYEHb Yy JIMITHI—CEPITHI
(=37 °C), 1m0 noB'sA3aHO 3 THUM LIO IIKOJIa epeOyBae Ha KaHIKyJIax 1 HOpPMATUBHUMN PEXKUM
TeroBoro komdopry He miaTpumyerbes. Ocinnto (01.09 — 01.11) temmeparypa
MIOCTYTIOBO 3HIKYETHCS 10 0230BUX 3MMOBUX PiBHIB. 3arajiom, oliepaTuBHA TEMIIEpaTypa
B nZEB-ciieHapii cBiAYUTh PO BUIILY IHEPLIMHICTS 1 AKICHIITY TEMJI03aXUCHY 000JIOHKY,

MPOTE BUMArae peTeibHOrO MiAX01y A0 JITHHOTO KOMMOPTY.

4.1.2 EnepreruyHe mMoJe/q0BaHHs OyAiBJi 0araroKBapTHPHOIO KUTJIOBOIO

OyAUHKY

JIns uined eHepreTUYHOIro MOJENIOBaHHS reoMeTpist Oyaieii Oyna BiATBOpEHa Ha
OCHOBI 1H(opMarlii 3 anbOOMy TEXHIYHMX pilieHs [72]. Bizyamizaliito Mojeni, CTBOPEHOI

B cepenosuill DesignBuilder, npeacrasneno Ha pucyHkax 4.7—4.8.

PucyHnok 4.7 — Moaens qociimpkyBaHoi Oy/iBIIi )KUTI0BOro OyauHKy y DesignBuilder
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Pucynok 4.8 — Ilpukinaj 30HyBaHHS Mozeli OyaiBii 6araTOKBapTUPHOTO OYIMHKY Y
DesignBuilder

3arayibHUM OMUC XapaKTEPUCTUK OyJliBIl O0AraroKBapTUPHOIO OYIMHKY HAaBEIECHO

panime B nyHKTi 2.1.2. JlerasbHI BEIMYMHH  XapaKTEPUCTUK  (DAKTUUHHUX

OTOPOIXKYBaJIbHUX KOHCTPYKIIiM HaBeAeHO B Ta0muili 4.7.

Tabmuis 4.7 — XapakTepucTUKHU OTOPOIKYBaJIbHUX KOHCTPYKITiH Oy/IiBiIl

0araTokBapTHUPHOTO OyIMHKY ((DaKTUUHHI CTaH)

Tun OK Marepian o, M %&BIE)/ w2 -RK/O’BT BT[/Jl\fI)Z, X Hﬂﬁiua’
1 2 3 4 7 8 9
Po3unn /o 0,02 0,93
30BHIIHA CTIHA | [[emia KepamidHa 0380 | 0.5 0,911 1,098 |1085,4
YyCTOTLJIA. Ha I/TI
3aim300eToH 0,22 2,04
ITepexpurrs Tpasiii
HEOMaJIIOBAJILHOTO . 0,10 0,14 1,143 0,875 474,3
ropua KepaM3UTOBHM
Po3unn /i 0,5 0,81
- 3aii300eToH 0,22 2,04
CPEKPUTTS
nconamopansroro |— XA m L0015 L 093 1 395 | 2532 | 4743
migBamy [t Kepam14HI 0,02 1,10
JUTS T JIOTH
Ceiiionipo3opi | MeTtajiomiacTuk,
KOHCTPYKIIi1 JIepPEBO, - i 0,518* 1,930 | 466,8
(BikHa Ta J1BEp1) CKJI00JI0KHU

*cepeqHbO3BAKEHUH 3a TUTOMICI0 TTOKA3HUK
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B Tabnumi 4.8 HaBeneHO ONMUC MPUHUHATHX TOKAa3HUKIB MPOIIECIB AiSIILHOCTI

JIOJICH, Ta 1HXKCHEPHHX CHUCTeM OyIiBiIi 0araTomoBEpXOBOTO OYJIHWHKY, SIKI OyiH

IPUIHATI IPU €HEPTETUYHOMY MOJICITIOBAHHI.

Tabmurs 4.8 — [lokazHuky MpoILECiB AISUTBHOCTI JItO/IeH Ta 1HKEHEPHUX CHCTEM

OyaiBiIi 0araTonoBepXOBOTO OYAMHKY

[Toka3nuk 3HavYeHHS
3acTOCOBaHO /10 BCIX CLIEHAPIIB MOJICTIOBAaHHS
[IiIbHICTh 3a1I0BHEHHS JIIObMH, JIIOACH/M> 0,023
[305s111151 OZIATY B3UMKY/BIITKY, clo 1/0,5
bazoBa Temneparypa y Oynism y nepiog podortu, °C 20
bazoBa temnepatypa y OyniBii y Hepobouuii yac, °C 17
ba3oBa temnepatypa pexumy oxonomxkenHs, °C 26
TeMriiepatypa 4eproBoro pexumMy oxojaoakeHHs, °C 26
[TuToMa NOTYKHICTh eneKTpoobnaaHanus, Bt/ m? 2
[TuTOMa NOTYKHICTh CUCTEMHU OCBITIEHHS, BT/ M? 2
HopMaTuBHE CIIOKHMBAHHS TapsA401 BOAM, J1/(M** 1€Hb) 1,060
HopmaTuBHa KpaTHICTh MOBITPOOOMIHY CUCTEMH MEXaHIYHOI 0,7
BEHTHJIAIT, TO-1
KoedirienT ce30HHOT €PEeKTUBHOCTI CUCTEMU OTIAJICHHS 1
KoeditieHT ce30HHOT €(DEKTUBHOCTI CUCTEMH OXOJIOKEHHS 1

VY mpomeci AOCTIIKEHHS BHUKOPUCTOBYBABCS aHAJOTIYHHHN MIiAXiA 0 CICHApIiB

MojientoBaHHs (Tabmuus 4.1), sk 1 s OyaiBil IIKOJHW. 3HAYEHHSI IPUBEACHOTO ONOpY

teronepenayi Upp U1s1 KOKHOTO TUITY KOHCTPYKIIT (30BHIIIHI CTIHH, IEPEKPUTTS, BIKHA

TOIII0) HaBEICHO B Tabnuili 4.9.
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Tabmuus 4.9 — Koediuientu temmonepenadi OK amnst creHapiiB €eHEpreTHYHOro MOJIeNIOBaHHs Oy/liBli 6araToKBapTHPHOTO

OyJIUHKY
3anponoHOBaHUI 3anpornoHoBa-
3anponoHoBa- 3anponoHoBa- .
. . Y,y - ACTY . HUU
Cuienapiii bazoBuii |3anpornoHoBa-|3anpornoHoBa- HUAU 9191 i HUU ¥, 4-ISO
0c3 TB | Hwmii 6e3 TB Huit AUy Y, x-HACTY : Y, v—1SO ’
JICTaI130BaHe 10211,
9191 : 10211 .
BIKHO nZEB piBeHb
Tun OK Uop, Uop, Uop+AUw, Unp, Unp, Unp, Unp,
Bt/m?-K Bt/m?-K Bt/m?-K Bt/m?-K Bt/m?-K Bt/m?-K Bt/m?-K
3ol 1.098 0,250 0,350 0,487 0,487 0,636 0,344
CTIHH
[lepekpurTs
HeonaimoBaiabH | 0,875 0,167 0,267 0,267 0,267 0,267 0,267
OT0 TOpHIIA
[Iepexpurrs
HeonayoBanbH | 2.532 0,200 0,300 0,300 0,300 0,267 0,232
Oro MiJBaIy
CaiTionpo3opi (UPE;?: 6aMa)
KOHCTPYKIIIT Ta 1.93 1,111 1,111 1,111 1 OO% 1,111 0,900
nBepi )

(ckJI0MaKeT)
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OTpuMaHi pe3yabTaTi CUMYJIALIT PIYHOTO PIBHS €HEPreTUYHOI MOoTpeOur Ha

OTTAJICHHS Ta OXOJIO/DKCHHS JIJIs 0a30BOTO CIICHAPIIO 300paxeHi Ha pUCYHKY 4.9.
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OxonopxeHHA OnanexHa KBT'[O,El/piK KBT-fOﬂ/piK

Pucynok 4.9 — Enepronorpe6a Ha onajieHHs Ta OXOJIOMKEHHS U1 0a30BOTO CIIEHAPIIO

3 oTpuUMaHUX pPe3yNbTaTiB BIACIIIKOBYETHCS aHAJIOTIUHA JIO IIKOJIA, Ta LLIKOM
JIOTIYHA TEHJCHIlIA PIBHS CIIBBIHOIICHHS IKOBOIO TEIUIOBOIO HABAHTAXEHHS Ha
CUCTEMYy OIaJIecHHd B 3UMOB1 Micsll (TpylaeHb, CIY€Hb, JIOTHH), /i€ 3HAUYCHHSI
eHepromnorpedbu nocsarae Omuzpko 2000 xkBt-ronm/mens. 3arampHa piyHa morpeba B
TEIUIOBIM eHeprii Ha onaneHHs1 ctaHOBUTH moHaa 230 000 kBt-roxa, mo CBIIYUTH MPO
BUCOKMM  pIBEHb  TEIJIOBTPAT  OTOPOKYBaJIbHUX  KOHCTPYKIIIH OymiBi
0araroKBapTUPHOIO KUTIOBOTO OynuHKy. HaliOibilie HaBaHTaXKEHHS HAa OXOJIOKEHHS
MpUNaaac Ha JITHI MICSIl (JUTIEHb Ta CEPIEHb), KOJIM 3HAYCHHS KOJIMBAIOTHCS Y MEXKaX
BizT -500 no -800 kBT ron/nens (HeraruBHi 3HaUeHHS Ha rpadiky). Piuna enepronorpeda
Ha OXOJIOJKEHHs ckianae O6mu3bko 17 000 kBT roa, mo cyTTeEBO MEHIIE MOPIBHAHO 3
omasieHHAM (~1:14), mo TakoX € XapakTepHUM JUIsl KIIMaTHYHUX YMOB YKpaiHH, Je
OMAJIIOBAJIbHUI CE30H TPHUBAE JTOBIIE Ta MA€ O1IbIILY IHTEHCUBHICTb.

3 oTpUMaHHMX pe3ylbTaTiB BHJHO, M0 ONAJIOBajJbHE HABAHTAXXCHHSI Mae
BUpPIIIATBHUN BIUIMB HAa C€HEProeeKTUBHICTh OymiBm. Y 0a30BoMy creHapii
eHeprornorpeda OyaiBil ICTOTHO 3yMOBJI€HAa 3HAUHUMM TEIUIOBTpAaTaMu 4epes
OTOPOJIKYBaIbHI KOHCTPYKIIii, III0 BKa3y€ Ha MOTEHITIAN ISl 3MEHIIICHHS CIIOKUBAHHS

€Heprii MUIAXOM OINTHMI3aIlli TEeTUIOI30JIAIli Ta 3MEHIICHHS BIUTUBY TEIJIOMPOBITHUX
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BKItOYeHb. B Tabmuii 4.10 ta Ha pucyHky 4.10 3BeneHO pe3yabTaTH MOJETIOBAHHS

PIYHOTO PIBHS €HEPTOMOTPEOH IS 1HIIKX 3aIPONOHOBAHUX CIIEHAPIIB.

Tabmums 4.10 — Pesynasratd MOJENIOBAaHHS CHEPromoTpeOn Ha OMaJCHHS Ta

OXOJIOMIKEHHS 17151 Oy/iBIll GaraTOKBapTUPHOTO OYTMHKY

Enepronorpeba | Enepromnorpeba
Ha OITaJICHHS, Ha OXOJIOKCHHS,
tuc. KBT-ron/pik | Tuc. kBr-roa/pik
3anmponoHoBaHuii; 6e3 TB 117,2 35,0
3anpononoBanuii; AUtb 129.,4 32,4
3anpononoBanuit; ¥,y — ACTY 9191 140,1 30,8
3anpononoBanuii; W,y — ACTY 9191 i
JIeTaJII30BaHEe BIKHO 134,5 35,5
3anpononoBanuii; ¥,y —ISO 10211 151,4 29,6
3anpononoBanuii; W,y —ISO 10211, nZEB
PIBECHB 121,3 35,5

35.0

32.4

EHepronoTpeba 30.8
Ha OXONOAXKEHHA,
TUC. KBT-roa/pik 35.5

29.6

120.4

EHepronotpe6a 140.1
Ha onaneHHs,
TUc. KBT-roa/pik

151.4
121.3
010 20.0 46.0 6(;.0 8(;.0 106.0 120.0 146.0 160.0
m 3anponoHoBaHuit; 6e3 TB m 3anponoHoBaHuii; AUth
3anponoHoanni; W, x - ACTY 9191 m 3anponoHoBaHuia; W, x - ACTY 9191 i getanizoBaHe BikHO
m 3anponoHoeaHuid; W, x-1S0 10211 W 3anponoHoBaHui; W, x —1S0 10211, nZEB pieeHb

Pucynok 4.10 — Pe3ynbratu MO IIOBaHHSI €HEProNnoTpeOr Ha ONajeHHs Ta
OXOJIOJIKEHHSI JIJ1s Oy/iBIll GaraTOKBapTUPHOTO OyTMHKY
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Ha ocHOBI pe3ynbTaTiB MOJENIOBaHHS, MofaHuX y Taomuil 4.10 Ta Ha pUCYHKY
4.10, BugHO, IO HAMIMEHIIA eHepronoTpeda Ha MoTpedu OomajeHHs, Cepell CIeHapiiB 3
BpaxyBaHHSM TEIUIONPOBIIHUX BKIIOUEHb, criocTepiraerbest y Bumaaky "W,y — ISO
10211, nZEB piBens" — 121,3 Ttuc. kBr-ron/pik. Haitbinpime 3nHauenus — 151,4 Ttuc.
kBT roa/pik — orpumano qis cierapito "W,y —ISO 10211", mio Bka3ye Ha 3HAYHHI BIUIUB
TEIUIOBUX MICTKIB Ha PiBeHb eHepronorpedu. Tak, pi3HHUIT MDK JaHUMH CIICHApisiMU
CTaHOBUTH CyTTeBUX 24,7%. Cuenapii mogemoBanus 3rigHo 3 JICTY9191 (Brimrouaroumn
JleTali3alliio BlIKHA) MOKa3yTh NpoMixkHI 3HaueHHs — 134,5-140,1 tuc. kBT roa/pik, 1o
TaKOX JIEMOHCTPY€E BIAIYTHUN BILTUB TEIIOMPOBITHUX BKIIOYCHD.

[Toka3HUKM eHepronoTpedu Ha OXOJOMXKEHHsSI MEHII BapiaTWBHI, TakK, HaMEHILE
3HaueHHs — 29,6 tuc. kBT Toa/pik — mae cueHapiit 3 neramizoBanum W,y 3a ISO 10211,
10 BKa3zy€ Ha 3HMWKEHHS He0aXaHOTO IMEperpiBy BHACIIAOK 3arajibHOTO MiJABUIICHHS
KoedIli€HTy TeIUIonepeaadl 30BHIMIHIX CTiH npubnu3Ho Ha 30% B MOpIBHSHHI 31
CIIEHap1€EM BUKOPUCTAHHS KaTaIOKHUX JaHuX [15]. Haitbinbmie crioxxuBanas — 35,5 THcC.
KBT ro11/pik — AEMOHCTPYIOTh 3allpoNOHOBaH!1 cueHapii 6e3 TB ta nZEB.

OnepatuBHi TeMIEpaTypu ISl )KATIOBOI Oy/IiBII1 300pakeH1 Ha pUcyHKy 4.11.
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~ w

15
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Pik
—— 3anponoHosanuin; W, x-150 10211
3anponoHoeaHuin; W, x -1S0 10211, nZEB piBeHb
Pucynok 4.11 — Po3noni onepaTiBHUX TEMIEPATYp y MPUMILIEHHAX Oy/liBI1

0aratokBapTUPHOTO OYAMHKY
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Sk BunHO, y cueHapii 3 nZEB-piBHeM orepaTiBHa TeMIieparypa HE3HA4HO BUIIA
npoTsaroM ychoro poky (=0,3-0,4 °C, micsimu 0,6—1,2 °C), mo CBITYATH MPO Kparry
TEIJI03aXUCHY OOOJIOHKY, SIKa 3MEHIIY€ BTPATH TEIJIa Ta MIABUIILYE PIBEHb TEIJIOBOIO
koM$opTy y npuMinieHHsx. 3umoBoro nepioay (01.01-31.03; 01.11-31.12) remneparypu
CTaOULTPHO TpUMAKOTHCSH B Mexkax 17,5-19,5°C, 3 menmumu konuBaHHIMH B nZEB-
CIieHapli — I1e BaXKJIMBO JJIs1 KOM(OPTY B yMOBax MiHIMaJbHOIO onayieHHs. B mepion
BecHa—nito (01.04-01.09) y nZEB-BapianTi BIJCHIJKOBYETbCA [EIIO IIBHIIIIE
NIJBUILIEHHS TEeMIIEpaTypu HaBeCHi, a BIITKy pocsrae mikiB <29 °C. Ile Moxe
CTBOPIOBAaTH PU3HMKH TIEPErpiBy, OCOOIMBO 3a BIACYTHOCTI COHIIE3aXHCTy YU
OXOJIOMKYBaJIbHUX cucTeM. Takok kpuBa nZEB-cuenapiro miajkima, 3 MEHIIOH
aMILTITyI0l0  J000BUX  KOJMBaHb, IO CBIAYHTh TMPO BHUILY IHEPLIHHICTH
Oropo/KyBaIbHUX KOHCTpYKLIA. ToOT0, nZEB-piBeHb 3a0e3neuye BUILly CEpEAHbOPIYHY
OTIepaTUBHY TEMIIEPATypY, IO € EPEeBaror0 B 3MMOBHUI MEP10/1, OTHAK MOKE TOTPEOyBaTH
JOJJTATKOBUX 3aXOJlIB 3 OXOJOJDKEHHS BIITKY, IO OCOOJMBO aKTyaJdbHO st

OaraToKBapTHUPHOI OYAIBIII.

BucHoBku 10 po3ainy 4

VY oMy po3aiai OyJio 3M1HMCHEHO KOMIIEKCHE CHEPreTUYHEe MOJCITIOBAHHS JIBOX
TUIIB Oy11BEJIh — HABYAJILHOTO 3aKJIay Ta 0araToKBapTUPHOTO KUTIOBOTO OYJIUHKY — 3
METOI0 KUIbKICHOTO OIlIHIOBaHHS BIUIMBY TEIUIONPOBITHUX BKItoueHb (TB) Ha piuny
eHepronoTpedy Ha OMaJIeHHs Ta OXOJOuKeHHsS. s nporo OylM BUKOPHCTaH1 Pi3HI
ClieHapii TeIrI0oBOi 0OOJOHKH, 110 BPaXOBYBAJIU AK (PaKTUUHMUI CTaH, TaK 1 MOKpAILEHI
BapiaHTH, BKIIIOYAIOYM CTAHJAPTU30BaHI Ta JETaJibHI po3paxyHku TB BiamoBigHO 110
JACTY 9191 1 ICTY ISO-10211.

Pesynbrat MonentoBaHHS MATBEPKYIOTh KPUTHYHE 3HAYeHHS BITMBY TB Ha
TEIJIOBTPATU YePe3 OropoKyBaIbHI KOHCTPYKIIii. 30Kpema, Mpu Mepexoi Bix 6a30BOTO
cueHapiro 0e3 TB 1m0 HalWOUIBII AETaIBLHOTO CIHEHApII0 3 CTaHJAPTHUMU

KOHCTPYKTUBHUMHU BY3JIaMU CIIOCTEPITa€ThCS MIJABUIICHHS PIYHOI €HEepromoTrpedu Ha
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oInaJieHHs Ta 0XoJo keHHs 10 10% y rpomaachKiid OyaiBiIl HABYAJILHOIO 3aKjaay Ta A0
16% nnst xutnoBoi Oyaismi. Haiiripmumii moka3Huk OyB 3a(iKCOBaHUHN y CIEHAPIAX, IO
BKJIIOYaau Juiie 0a30Bi po3paxyHku TB 0e3 yaockoHajaeHOi TeruIoi30JALii, e
eHepromnoTpeda miaBuinyBajack B cepenaboMy Ha 20-30% Bummmu. lle nemoHCTpye
JOUUTBHICTh BUKOpUcTaHHs ctanfapty ISO 10211 y moeananH1 3 TiABUIIEHUM PiBHEM
TETIO130JIA1II11 U1 MPOEKTYBAHHS Cy4aCHUX €HEProePeKTUBHUX Oy 1iBEb.

Hlono eHepromoTpeOM Ha OXOJOKEHHS, PE3yJIbTaTH TOKa3ald 3BOPOTHY
TEHJICHIIII0: Y BUIIAJIKy HaJIMIPHOI TEIJIO130JIA1111 CIIOCTEePIrajiocss He3HaAYHE MiABUIIESHHS
OXOJIOJIKYBAJIbHOTO HABAaHTAXKEHHS, 110 0OYMOBJICHO 3POCTAaHHSIM PU3HKY TEPETPIBY Y
JMTHIN niepion. HaliHW»KYMi piBEHb OXOJIO/KYBaJbHOTO HABAHTAKEHHA 3a()IKCOBAHO Y
CIIeHapii 3 AeTaJli30BaHUM BpaxyBaHHIM BTpaT uepe3 BiKHA, 1110 BKa3ye Ha HEOOX1IHICTh
KOMITJIEKCHOTO TIAXOMY /IO MTPOEKTYBAHHS, KU BKIIFOYA€E HE JIMIIEC TiABUIICHHS OTIOPY
TerIonepeaayi, a i ONTUMI3aIlito 1HCOJIAIIT Ta BEHTHIISIII.

JlociKeHHST TaKOX IMiITBEPINIIO, 1110 OllepaTUBHA TEMIIepaTypa B IPUMIIICHHSIX
OyJsia OUTbIll CTaOLIBLHOIO 1 KOM(OPTHOIO y CLIEHAPISX 3 MOKPAIIEHUM TEII03aXUCTOM,
0co0yMBO y 3uMoBH niepiof. [Ipu 1ipomy, a1 6araToKBapTUPHUX KUTIOBUX Oy T1BEIIb 3
nZEB-piBHeM Oyiu BUSBJICHI O3HAKW IMOTEHIIHOTO MEPEerpiBy BIITKY, IO BUMAarae
JOJIATKOBUX apXITEKTYPHUX 1 IH)KEHEPHHUX PIIIEHb (COHLIE3aXUCT, KEPOBAHA BEHTUIISALLISA).

Takum 9yMHOM, MOJEIIOBAHHS MIATBEPANIO BAJIMBICTh TTTUOOKOTO BpaxyBaHHS
TEIJIONPOBIIHUX BKJIIOYEHb MPHU OLIHII eHeproedekTuBHOCTI OyaiBens. Haiikpammx
PE3YJIbTATIB BIAETHCS JIOCATTH MPH aHaJ31 TEIUIONMPOBIIHUX BKJIIOUCHB BIAMOBIIHO 10
Bumor JICTY ISO 10211 1 BopoBamkenni npunnuni nZEB, 1o no3Boisie 3a6e3mneunTu
K 3HI)KEHHS TEIUIOBTpAT, TaK 1 TMOKpPAUIEHHS BHYTPIIIHBOTO MIKPOKIIMATY 3

ypaxyBaHHSAM CE30HHOI BaplaTUBHOCTI HABAHTAXKEHb.
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BUCHOBKH

VY nuceprariiiiHiii poOoTi OyJ0 MPOBENEHO KOMIUICKCHE IOCIIKEHHS BILIUBY
TEPMIYHO HEOMHOPIMHUX JUISTHOK (TEIIOMPOBIIHUX BKIIOYEHB) OTOPOKYBAITBHHUX
KOHCTPYKIIII Ha eHepreTuyHy e(eKTUBHICTh OyaiBelab pI3HOTO MPU3HAYCHHS 3a
JIOTIOMOTOI0  MOJZICJIIOBAaHHSI TEIJIOBUX TIOTOKIB Ta JAMHAMIYHOTO EHEPreTUYHOIO
MOJICTIOBaHHSI.

1. byro mmboko mHpoaHa30BaHO TEOPETHYHI Ta METOAMYHI MIIXOAH JI0
BU3HAUEHHSA Ta BpaxyBaHHS JIHIMHUX Ta TOYKOBUX KOE(DIIIEHTIB TEIJIONPOBITHUX
BKJIFOUEHb OTOPOIKYBaJIbHUX KOHCTPYKIiM B YKpaiHi.

2. bynmo po3pobneno Ta BepudiKoBaHO TEIUIOBI  MOJENl  THUIIOBHX
KOHCTPYKTUBHHX BY3JIiB OTOPOKYBAJIBHUX KOHCTPYKINIH I TIOTOYHUX BHUMOT
3aKOHOJIaBCTBA  J10  eHepretuyHoi  edekrtuBHocTi Ta  OymiBens  nZEB.
YucenbHae MmoaentoBadHs y cepenoBuii THERM m103Boni0 BUSBUTH 30HU HAWOLTBIITHAX
TEIJIOBUX BTPAaT Ta OOTPYHTYBaTH JOIUIBHICTh 3aCTOCYBaHHS KOHCTPYKTHBHUX
MOKpaIIeHb, 30KpeMa:

o  30UIBIICHHS TOBIIMHU TCILIO130JISIIIT;

o  BUKOPHUCTAHHS BUHOCHOTO MOHTAaXYy BIKOH;

o  BIPOBAKEHHS TEPMOPO3PUBIB y By3JIax;

o  ONTUMI3alis FeoMeTpii 3'€IHaHb.

3. TemjompoBigHl BKIIOYEHHS YWHATh CYTTEBUW BIUIMB Ha 3arajbHi
TEIJIOBTpAaTU OyAiBIi, 3HMXKYIOUM €QEKTHUBHICTh TEIUIOI30JSIMHUX BIACTUBOCTEN
OrOpOKYBAJIbHUX KOHCTpYKLIiM. [TokpamieHi By3iu, 3MOeIbOBaHI 3a MeToaArKo0 [SO
10211, maroTh HIKYl 3HA4YEHHS KOEQIIIEHTIB Teruionepeaayi, HiXK 06a3oBi By3nu. lle
CBITYUTH MPO €()EKTUBHICTh 3aPONOHOBAHUX KOHCTPYKTUBHHUX PIIIEHb y 3HHXKEHHI
TerioBTpat. Haif0inbIme 3HKEeHHS 3HaYeHHS J-(paKkTopa CrocTepiracThbest A1 CKIaTHUX
KOHCTPYKIIIWHUX  CTHKIB, JI¢ BIPOBA/XKCHHS JIOAATKOBOI  TEIUIOI3OMSAIIL  4u
TEpPMOPO3pUBIB  Jajo BiguyTHUM edexT. Haibinpmie 3HWKEHHS KoedillieHTa

TeIUIonepeaaul JOCSITHYTO B By3JaxX 3 MOTEHIINHO HAWBUIIMMU TEIUIOBTpaTaMH —
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OaJIKOHHI TUTUTH, TTaparieTH, By3Ji1 BikoH. Tak, 3HaueHHs y nocsaranu 0,742 Bt/(m-K) nns
OaMKOHHOTO TMEPEKPUTTS, Y TOM Yac SK MOKpAIIeH] PIlIEHHS JO3BOJIMIM 3HU3UTU LIeH
nokaszHuk j10 0,371 Br/(m-K), mo cranoButs 3mMeHmenns Ha 50%. HaitOubin cyTreBuit
epeKT 3MEHIIEHHS BIUIMBY TEIUIONPOBIIHUX BKJIIOYEHb € PIIMIEHHA 3 BUHOCHUM
MOHTa)KEM BiKHA, TaK 1110 3HAYECHHS \y 3MEHIITIINCH TpuOan3HO Ha 80%.

4. byno mnpoBeneno eHepretuuHe MojemoBaHHsA Yy DesignBuilder i3
3aCTOCYBaHHSM 7 CIICHApiiB JJIs BOX THIMIB OymiBenb (IIKOIA Ta KATIOBHA OyTMHOK) 3
METOI0 aHali3y MOKa3HMKa €HEepPronoTpedu Ha OmajeHHs Ta OXOJOPKEHHs, Ha OCHOBI
SIKOTO TIPOBOJIMBCS aHAJI3 BIUIMBY TETUIONPOBIAHUX BKIIOUYCHb.

3. Pe3ynbrat MozaentoBaHHS NOKa3ajly IO ITHOPYBAHHS TEILIOMPOBITHUX
BKJIFOYEHb MOXE MPU3BOANUTHU IO CYTTEBOTO 3aHMKEHHSI €HEPronoTpedn y po3paxyHKax,
10 30%. Y 6a30BHX ClieHapiaxX eHepronorpeda Ha onajieHHs Oylia 3aBUIIIEHA BHACIIIOK
HEMpOoJAyMaHUX BY3JiB. [leramizarlisi TerIonpoBiIHUX BKIOUeHb y nZEB-cuenapisx
JTI03BOJIMJIA 3MEHILIUTH PIUHY eHepronoTpedy Ha onajeHHs Ha 25-30%.

6. Pa3oM 13 TM, MOJI€IT1 3 BUCOKMM PiBHEM TEIUIO130JISL11 TPOJEMOHCTPYBAIN
I1JBUIIECHHS EHEPTONoTPeOU Ha OXOJIOJKEHHS BIITKY 10 25%, 1110 OB’ sA3aHO 3 €(heKTOM
neperpiBy. lle miaTBepKye BaXKIMUBICTH OadaHCYBaHHS TEIUIOI30JAMII 13 3axojaMu
JITHBOTO KJIIMaT-KOHTPOJIIO.

7. AHami3  OMepaTMBHUX  TEMIEpaTyp  CBIAYWUTH, II0  MOKPAIICHHS
KOHCTPYKTMBHHX BY3JIB CHpUs€e cTadlIi3alli TeMiepaTypy B MPUMILLIEHHSAX Y 3UMOBHIA
nepiof], MpoTe MOTpedye TOMATKOBOTO PETYIIOBAHHS YIITKY JIJIi YHUKHEHHS MIEPETPIBY.

8. OTpuMaHi pe3ylbTaTd MarlwTh MPAKTUYHE 3HAYEHHS I ONTUMI3aIlii
MPOEKTHUX PIlIEHb Ta MOXKYTh OyTH 3aCTOCOBAHI NP cepTUPIKALlii, TEPMOMOJIEpHI3allii,
dbopmyBanHi BIM-moneneii Ta OHOBIEHHI HOpPMAaTWUBHOI 0a3u IIOAO0 BpaxXyBaHHS

TGHHOHpOBiJIHI/IX BKJIFOYCHBb.
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yuTaHHs 1MeH1 mpodecopa Aprypa BeniaminoBuua IlpaxoBHuka: 301pHHK Te3
koHpepenmii (Kuis, 9—10 kBitas 2024 p.). — Kuis: IEE KIII im. Iropst Cikopchkoro,
2024. - C. 31-32.
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JAOBIIKA

Npo BNPOBAKEHHS PE3VALTATIE AHCepTaLliinol poboTi acnipanTa
HautioHaIBHOMO TEXHIMHOTO YHiBepCHTeTY YKpainu
«KniBChKHIT NORITEXHIUHHIT IHCTHTYT imMeHi [ropa Cikopcekoron
CEPJIEYHOI'O ITABJIA HOPIHOBHYA

Peayasratu auceprauiiinoi poGoru acnipanta Cepaeunoro [T FO. Gyam suxopuctani npu
po3pobui NPOEKTHHX PillieHk JUIA HOBHX Ta PEKOHCTPYIioBaHHX OyaiBenb, NPH MiATOTOBLI METOOMYHHX
MATEpiamiB ANA EHEPrOayAMTy, OUIHIOBAHHA TEMJOTEXHIYHMX XapaKTepHCTHK OymiBenb, a TAaKOK NpH
KOHCYNBTYBaHHI (haxiBUiB 1ON0 BNPOBATKEHHA pilneHs BiAnoeiAHO no sumor nZEB (Gynieens 3 maibxe
HYILOBMM CMOXHMBAHHAM eHeprii). Y Mexax auceprauiiiHOro JOCHI/DKEHHA ABTOPOM NpPOBEIEHO
MONENIOBAHHA TEIUIOBOTO CTAHY THMOBMX By3AiB TEPMi4HO HEONHOPIAHMX OrOPOLKYBANBHIX
KOHCTPYKUifi Gynipent pi3HOTO MpH3HAYEHHA A8 MOTOYHWX BHMOT 3aKOHONABCTBA N0 EHEPreTHYHOI

epexTurnOCTI Ta 10 piBHa Oyaisens nZEB.

PospunyTi v poboTi migxonW BHKOPHCTAHHA JMHaMiyHMX 3D-Moneneil Ama  JeTanbHOMO
MOZIEOBAHHA EHEPronoTpedH HA OnaneHHs TA OXONOMKEHHSA 3 BPAXYBAHHAM Pi3HOMO PiBHS TEMIOBOIO
3AXMCTY Ta TENAONPOBIAHMX BKIIOMEHb BHKOPHCTOBYIOTBCH TAKOK B JiAABHOCTI  Acoiialii
eHeproayaMTOPIB Mia Yac MiArOTOBKH Ta peanisauil NpoexTis 3 eHeproedeKTHBHOCTI ¥ rPOMAACHKHX Ta
AMTAOBMX Oynienax. 3anponoHopaHi 8 auceprauifiviii pobom pilleHHA POIWMPIOIOTE MONJIMBOCTI
WBHAKOTO MPHAHATTA OOTPYHTOBAHMX TEXHIYHHX pilleHb NpPH OuiHUi piBHA eHeproedeKTHBHOCTI

Oynisens T2 CNPUAKTE NiABHLIEHHIO piBHA npodeciiiHol NiAroToBKK uneHiB Acouiauii.

Jlauuii noKyMeHT He € MACTABOK AnA (HIHAHCOBHX PO3PAXYHKIB.

3 noearoio,
Toaoea lpasainna IN'0 «Acouiauin enepreTnannx ayauropis Yepainus
Baaum JTureun

Crp.1-1



