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HaNG6i/bIINI PO3PYB MK TEXHIYHUM CTAaHOM i QYHKIIOHATBHUMY BIACTUBOCTSIMU OYiBJli, HAIIPUKJIAT, I SITAECATU
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yTuiidaniero. HesaneXHo Bif] 3aCTOCYBaHHS HOBITHIX €HEepro3oepiralourx pillleHb B iHKEHEPHUX CUCTEMAX
3a0e3ne4yeHHs MIKpOKJIIMATy Ta CTyIeHs] BUKOPUCTAHHS BiTHOBJIIOBAHUX JI’)KepeJl €Heprii, TeIIoBUil 3aXUCT
Oy[iBeJb IOCTIMHO nifABUILyeThcs. Hailbinbll eHeproeMHUMH i3 iH)KEHEPHUX CUCTEM JKUTTE3a0€31eYeHHs €
CHUCTEMU OTAJIeHHS, SIKi BUKOPUCTOBYIOTb Gisblie 50% TersoBoi eHeprii Bij 3arajbHOi, 0 CIIOXKUBAIOTh Pa30M
CUCTEMU rapsi4oro BOLOIIOCTAYaHHS, BEHTUJIALI] I KOHAMLIOHYBAHHS MOBITPS. METO0 AMCEPTALIIIHOTO
IOCJiIKeHHsI 6yJI0 TEOPETHUYHE i eKCIIepPUMEHTaJIbHEe OOIPYHTYBaHHS Y[ OCKOHAJIEHOI eHeproepeKTUBHOI CUCTEMU
OIlaJIEHHS CYMICHOI i3 CTasI010 KOMILJIEKCHOIO TEpPMOMOJepHizalielo 6yaiBii. Ha 0CHOBi KpUTUYHOTO aHali3y
JIiTepaTypHUX JKepeJl i TaTeHTHUX JOCIiIKEHb, 3TiJHO 4O BCTAaHOBJIEHOI METU C(POPMYJILOBAHO 3aBIAHHS, Ki
[OJISATAIOTh Y Pi3NKO-MaTeMaTUYHOMY MOJEJIIOBaHHI TEIJIONPOBITHOCTI 32 FPaHUYHUX YMOB IIE€PIIOT0 POy Yyepes
6araTouapoBy CTiHKY 30BHIIIHbOTO OTOPOIPKEHHS i3 BHYTPILIHIMY BEPTUKAJIbHMMU TEIJIONIPOBOJAMU CUCTEMU
OIAJIEHHS Ta 3MiHAaMU IHTEHCHMBHOCTI TEIJIOBOI iHEPIii, EKCIIEPUMEHTAJIbHI TOCIiIPKEHHS TETJIONPOBIIHOCTI Ta
TEIJI0BOi iHepLii i Bepudikalis ekcriepuMeHTaIbHUX Ta TEOPETUYHUX JAHUX, & TAKOK PO3POOIEHHS! METOIVKN
iHXXeHepHOro po3paxyHKy Ta TEXHIKO-€KOHOMIUHOro OOI'pYHTYBaHHSI [Jisl BIIPOBAI)KeHHS eHeproeeKTUBHUX
CHCTEM OIIaJIEHHS CYMICHHX i3 CTaJI0I0 KOMIJIEKCHOIO TEPMOMO/IepHi3aliieto 6yziBesb. O6’'€KTOM OCTiI>KEHHS
BM3HAUYE€HO €HEProe(EKTVBHI CUCTEMU OMNAJIEHHS CYMICHI i3 CTaJIO KOMIUIEKCHOIO TEPMOMOJEPHi3alielo Oy iBii, a
IIpeIMETOM - HECTAlliOHaPHi IPOLIECH TEIJIONPOBINHOCTI Ta TEIJIOBOI iHEPLii 3a TPAaHUYHUX YMOB IIEPIIOTO POAY
yepes 6araTouapoBy CTiHKY 30BHIIHbOI'O OTOPOJKEHHS i3 BHYTPIIIHIMU /I>)KepeslaMU TEeIJIOTH, yTBOPEHUMU
BEPTHKAIBHUMMU N0JJaBAJIbHAM i 3BOPOTHIM TPYOOIIPOBOJAMU JBOTPYOHOI CUCTEMHU ONAJIEHHS 3 TEIJIOHOCiEM. ¥
po6OTi 3acTOCOBAaHO Ccy4yacHi Gi3uKo-MaTeMaTH4Hi Ta eKCIIePUMEHTAJIbHI METOI TEOPETUYHUX [OCIIiIKEeHb
HEeCTallioHapHUX MIPOLIECiB TEIJIONPOBIAHOCTI 32 TPAHUYHUX YMOB IIEPIIOTO poAy Yepes 6araTomapoBy CTiHKY
30BHILIHBOI'O OTOPOJKEHHS i3 BHYTPIIIHIMU I)KepeslaMu T€IJIOTH, YTBOPEHUMU BEPTUKAJIbHUMUY [10JABaJIbHUM i
3BOPOTHIM TPyOOIPOBOJaMHU 3 TEMJIOHOCIEM ABOTPYOHOI CUCTEMU OMNaseHHS. MeToy YUCeNbHOTO MOIEIIOBaHHS,
€KCIIepMMEHTAJIbHUX JIab0paTOPHUX Ta HATYPHUX JIOCIIIKEHb Ha OCHOBI Cy4YaCHHUX TE€OPill IOCTaHOBKY,
BMKOHAaHHSI, MAaTeMaTU4HOI OOPOOKU i OTPUMAaHHSI JOCTOBIPHUX AAHUX PE3yJIbTATiB TEII0QPI3UYHOTO eKCIIEPUMEHTY.
BiporinHicTh OTpUMaHUX pe3yJIbTaTiB, iX aHaJli3, BUCHOBKU Ta PEKOMEH1allii 3yMOBJIE€HI 33[I0BiJIbHOIO 301KHICTIO
Pe3yJIbTaTiB TEOPETUYHMX Ta €KCIIEPMMEHTAIbHUX JOCiIKeHb. HayKoBa HOBU3HA OTPMMAHMX PE3YJIbTATIB MOJISITa€
y TEOPETUYHOMY OOI'PYHTYBaHHI Ta eKCIIepUMEHTAIbHOMY MifTBEPI KEHH] yIOCKOHaIeHOi eHeproepeKTUBHO]
CHACTEMHU OIJIEHHS CYMICHOI i3 CTaJI0I0 KOMIJIEKCHOIO TEPMOMO/IEPHi3allieto 6y[iBj1i Ha OCHOBI pO3p06JI€HO1
(pi3nKo-mMaTeMaTUYHOI MOJIEJI TENIONPOBINHOCTI 32 TPAHUYHUX YMOB MEPLIOTO POy Yepe3 KOHCTPYKLIO
GaraTomapoBoi pi3HOPiAHOI CTIHKY 30BHIIIHBOTO OTrOPO/I’KEHHS! i3 BHYTPIIIHIM IPKEPEJIOM TEIJIOTH Y BUTJISIA]
BEPTUKAIbHUX [10JABAJIBHOTO i 3BOPOTHOTI'O TPYOOIIPOBO/IiB CUCTEMHU ONAJIEHHS i3 TEIJIOHOCIEM, BOJ010, B CEPEIUHI
HUX, TEOPETUYHOTO OOI'PYHTYBAHHS i €KCIIEPUMEHTAJIBHOTO MiJTBepIyKeHHS NifBuieHHs 10 10 % Ternnosoi iHepii
3aIPOIIOHOBAHOI KOHCTPYKIii CTIHKY 30BHIIIHBOTO OTOPOAKEHHS i3 30epesKeHHsAM BiTHOCHO BUIIOI i cTasoi
TeMIIepaTypH y TOBILi KOHCTPYKLUi Ipyu NepioguyHuX pisKMX 3MiHaxX 30BHILIHIX TEIJIOBUX BILJIMBIB, 0COOJIMBO IIPU
MiHIMaJIbHUAX T€MIIEpPaTypax HaBKOJMIIHBOTO CEPENOBUILA, A00 iHTEHCUBHOCTI COHSTYHOTO BUIIPOMIHIOBAHHS.
YIIOCKOHAJIEHO METOAMKY €KCIIEPUMEHTAIBHUX JOCIIiI)KEHb TEIJIONPOBiTHOCTI 32 TPAaHMYHUX YMOB [IEPUIOrO POLY
yepe3 3aIIPOIIOHOBAaHy KOHCTPYKIIi0 6araTomapoBoi pi3HOPiAHOI CTIHKM 30BHIIIHBPOTO OTOPOKEHHSI Ta HAOyIU
[I0/IAJIBIIOrO PO3BUTKY HayKOBE OOI'PYHTYBAHHS CTaslol KOMIJIEKCHOI TEpMOMOJIepHi3allii 6y[iBesib Ha OCHOBI
€Heproe(EeKTUBHUX CUCTEM OIAJIEHHSI CYMiCHUX i3 CTQJIOK 3MiHOIO KOHCTPYKIii CTiHM 30BHIIIHBOTO OTOPOAKEHHS 3
[iABUILEHHSIM TEIJIOBOI iHepuii Oy iBii Ta eHepreTUYHOi, eKOJIOTIYHOI i eKCITyaTauiiiHoi e()eKTUBHOCTI IKepesia
TEIJIOTU i CACTEMU OMAJIEHHS B LIIJIOMY.

2. Buildings and structures are among the fixed assets that have the longest shelf life. Therefore, during its
operation throughout the term, respectively, there is the largest gap between the technical condition and
functional properties of the building, such as fifty years ago, and the current technological and innovative level of
construction, due to scientific and technological progress. Technologies related to their energy efficiency, energy
saving, greening, simplicity and reliability of operation and eco-friendly utilization are decisive in modern mass
construction. Therefore, regardless of the application of the latest energy-saving solutions in engineering systems
to ensure the microclimate and the degree of use of renewable energy sources, thermal protection of buildings is



constantly increasing. Thus, not only buildings of the 60s and 90s of that year need complex thermal
modernization, but also buildings of a much younger age, and it is probable that this process is sustainable for the
same building. The aim of the dissertation research was the theoretical and experimental substantiation of the
improved energy efficient heating system compatible with the sustainable complex thermal modernization of the
building. Based on a critical analysis of literature sources and patent research, according to the goal formulated
tasks, which are physical and mathematical modeling of thermal conductivity under boundary conditions of the
first kind through a multilayer wall of the outer enclosure with internal vertical heating pipes and changes in
thermal inertia intensity. Thermal inertia and verification of experimental and theoretical data, as well as the
development of methods of engineering calculation and feasibility study for the introduction of energy-efficient
heating systems compatible with sustainable integrated thermal modernization of buildings. The object of study is
energy efficient heating systems compatible with sustainable integrated thermal modernization of the building,
and the subject - non-stationary processes of thermal conductivity and thermal inertia under boundary conditions
of the first kind through a multilayer wall of external enclosure with internal heat sources formed by vertical
supply and return. Modern physical-mathematical and experimental methods of theoretical researches of
nonstationary processes of thermal conductivity under boundary conditions of the first kind through a multilayer
wall of an external protection with the internal heat sources formed by vertical supply and return pipelines with
the heat carrier of two-pipe heating system are applied. Methods of numerical modeling, experimental laboratory
and field research on the basis of modern theories of formulation, execution, mathematical processing and
obtaining reliable data on the results of thermos physical experiment. The probability of the obtained results, their
analysis, conclusions and recommendations are due to the satisfactory convergence of the results of theoretical
and experimental studies. The scientific novelty of the obtained results lies in the theoretical substantiation and
experimental confirmation of the improved energy efficient heating system compatible with sustainable complex
thermal modernization of the building on the basis of the developed physical and mathematical model of thermal
conductivity under boundary conditions of the first kind. Of return pipes of heating system with coolant, water, in
the middle of them, theoretical substantiation and experimental confirmation of increase to 10% of thermal inertia
of the offered design of a wall of an external protection with preservation of rather higher and constant
temperature in a design thickness at periodic sharp changes of external thermal influences, especially at the
minimum ambient temperatures, or the intensity of solar radiation. The method of experimental studies of thermal
conductivity under boundary conditions of the first kind has been improved due to the proposed design of a
multilayer heterogeneous wall of external enclosure and further substantiation of scientific substantiation of
sustainable complex thermal modernization of buildings on the basis of energy efficient heating systems. And
operational efficiency of the heat source and the heating system as a whole.
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