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1. HaykoBO-TIpaKTH4Hi 3acai HEPYHHIBHOI'O KOHTPOJIIO TEPMOpPaialliiHMX Ta Ter10(i3suyHUX XapaKTepUCTUK
Marepiasis i BUPOGiB
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Pedepar:

1. Incepranjiiina po60Ta NpUCBSIYE€HA PO3BUTKY TEOPETUYHMX 3aCafl HEPYHHIBHOIO KOHTPOJIIO, PO3PO6JIEHHIO Ta
IIPAKTUYHOMY 3aCTOCYBAHHIO 3aCO6iB Ta METOiB KOMILJIEKCHOTO KOHTPOJIIO TEPMOpaZialiiHuX 1 TennopisnyHux
XapaKTepUCTUK MaTepiaiB i BUpo6iB I1py IPOBeAeHHI 0OCTEXXEeHHS TeIlI0i30Is1iliHOI 000I0HKM OyZiBesb Ta
CIIOPYZ, SIK CKJIa[J0BOi YaCTUHU €HeproayauTy. B po6oTi chopMoBaHO KOHLENTYyalbHUI MiJIXif, 10 KOMIIJIEKCHOTO

KOHTPOJIIO TEpMOpaZialliHUX Ta TeMno(pi3suYHNX XapaKTEPUCTUK MaTepiasiB Ta BUPOOiB, SIKUH [PYHTYETbCS Ha



MOJeJISIX OB iHPOPMATUBHUX NIapaMeTPiB Ta CTATUCTUYHUX METOAX ONPALIOBAHHS NaHUX. PO3risHyTO
MaTEMaTUYHY MOZEJIb KJIIIMaTUYHOI KOMIIOHEHTA METEOPOJIOTIYHOrO I10J1 IIPYU KOHTPOJIi TEIJIOBOTO OINOPY, 3
METOIO OLIiHIOBaHHSI OCHOBHUX (PaKTOPiB Ta METEOPOJIOTIUHUX TapaMeTPiB, 1110 BIIJIUBAIOTh Ha TEIJIOOOMiH B
OyniByisIx. 3alponOHOBaHAa KOMITIOTEPHA MOJIeJIb IPOLECY CKIAIHOTO paialliifHOro Ta KOHBEKTUBHO-
KOHAYKTUBHOTO TEIJIOOOMiHYy ITPU KOHTPOJIi TEMI0(Pi3NYHNX XapaKTEPUCTUK 000JIOHKY OYAiBIIi 3 ypaXyBaHHSIM
MICIlb BCTAHOBJIEHHSI CEHCOPIB i BIVIMBY iX IIapaMeTPiB Ha pe3y/IbTaT KOHTPOJIIO. [I0Ka3aHO BIJIUB 3MiHU
KoediljieHTa emicii ceHCOpiB TEMIOBOro MOTOKY HA PE3yJIbTaTU BU3HAYEHHS TEIJIOBOIO OIIOPY 30BHILIHBOI
0060JI0HKM Oy1iBJIi. 3alIpOIIOHOBAHO METO], KOPEKLii pe3ysbTaTiB BUMIPIOBAHHSI TEIJIOBOTO ITOTOKY MIJISIXOM
KOMITeHCcaLlil TeMIIepaTypHOTo Ipeidy, 110 Aa€e 3MOTy 3MEHIINTYA HEBU3HAYEHICTh Pe3yJIbTaTiB BUMIPIOBaHHS
TEIJIOBOTO IIOTOKY B HATYPHUX YMOBAaxX. PO3BMHYTO HAyKOBO-TIPAKTUYHI 3aCaiu CTBOPEHHS HOBUX CEHCOPIB
TEIJIOBOTO MOTOKY [1J151 BUKOHAHHSI BUMIPIOBaHb I'YCTUHU TEIJIOBOTO IOTOKY B Hianas3oHi 1-10 Br/M2 3a HasIBHOCTI
nperdy Temneparypu. Po3pobseHo gudepeHLiiiHnii KaJloOpUMETPUYHUN MeTO, eKCIIPeC-KOHTPOJIIO KoedilieHTy
emicii moBepxoHb MarepiaiB Ta MOKPUTTIB. CyTb METOLy NOJIAra€e y NOPiBHAHHI TETIJIOBUX MTOTOKIB, 110
BM3HAYaIOThCSl y JBOX BUMIPIOBAJIbHUX KOMipKax CEHCOpaMHU TEIJIOBOrO IIOTOKY, TIOBEPXHI SIKUX MAIOTh Pi3Hi
Koe(ilieHTH eMmicii, Ta 32 NOCTINHOI TeMnepaTypu 060X KOMIPOK, 110 3a6e3Me4yeThCsl 32 JOIIOMOTOK0 HarpiBHOTO
esnieMeHTY. [I71s1 aHani3y ¢pakTopiB BIVIUBY Npy peasizalii 1udepeHLiiiHoro KaJIopuMeTPpUIHNN MeTOAY KOHTPOJIIO
koediuieHTy emicii 6ys10 nposeneHo komr'orepHe CFD MopiestoBaHHs IPOLECIB CKJIaIHOTO pajialliffiHOro Ta
KOHBEKTHMBHO-KOHAYKTHUBHOI'O TEIJIOOOMIHY K B KOXHill OKpeMill BUMipIOBaJIbHIN KOMIpL, TaK i B IPOTOTUILY
npuiany. 3a pesysbTaTaMu MOZEIOBAHHS [TPOBEAEHO aHali3 3aJ1eXKHOCTI BUMipIOBAaHOTO 3HAaYeHHS KoeillieHTy
eMicii Biz gudepeH1iaibHOro TeIoBOro NoToky. OTpUMaHa 3aj1eKHICTh € KaylibpyBalbHOIO XapaKTepUCTUKOIO
npunagy. Po3apobieHo KoM6iHOBaHY METOAUKY KOHTPOJIIO TEIJIOBOTO ONOPY 060JIOHKU OyAiBJli. MeToauKa oeiHye
B cO0i TEIJIOBI3iMHNN SKiCHUI aHaJIi3 TEMIIEPATypPHUX I0JIiB 000JIOHKM OY[iBJIi, 3 KiIbKICHUMU KOHTaKTHUMU
BMMipIOBaHHSIMY 3HaY€Hb [IOBEPXHEBOI I'YCTUHU TEIIJIOBOTO [TIOTOKY Ta TEMIIEPATYPH Y BU3HAYEHUX 30HaX 0O0JIOHKHU
OyniByi. Po3po6sieHO cucTeMy KOHTPOJIIO TEIJIOBOTO ONIOPY Ta IPOrpPaMHMI IakeT peecTpallil Ta oNpalloBaHHs
ingpopmauii. 3a paxyHOK MOJZYJIbHOI [1I0OYIOBA CUCTEMHU i BUKOPUCTAHHS Pi3HUX MoaudiKallill CEHCOPiB TEMIIOBOrO
IIOTOKY Ta METOAY KOPEKIiii pe3ysbTaTiB BU3HAYEHHS TEIIJIOBOI'O IIOTOKY 326€3[1e4YeH0 MO>KJIMBICTh IIPOBEIEHHS
KOHTPOJII0 04HO4YacHO B 40 30Hax Ta Ha 00'eKTaX, 10 MAIOTh CKIaAHY popmy. CTBOPEHO Npuiiaj, jisl eKCIIpec-
KOHTPOJII0 KoedilieHTy eMicii ToBepxoHb MaTepiaiB, B OCHOBY SIKOTO IIOKJIaIEHO pO3p06ieHni nudepenLianbHuil
metoq,. [Ipunan fo3Bosisie NPOBOOUTH NOCIiIKEHHS eHeproeeKTUBHUX MaTepiasiB Ta IOKPUTTIB 3 KoeillieHTOM
ewmicii B gianmazosi Bix 0,05 1o 1,0 3 po3mupeHnoro HeBuzHaveHicTio 0,02. [IpoBeneHo MOAIeITIOBaHHS MTPOIECiB
TeIJI00O0MIHY B YCTaHOBL 1151 pafiialliffiHOro KajaibpyBaHHS CEHCOPIB TEIMJIOBOrO [TOTOKY Ta BU3HAUYEHHS
TepMOpagialliiHMX XapaKTepUCTUK. 3a pe3yJibTaTaMU KOMITIOTEPHOIO MOJIEJII0BAHHS NIPOLIECIB CKJIAIHOTO
pafialiifHOro Ta KOHBEKTMBHO-KOHIYKTUBHOTO TEIJIOOOMIHY B KasiOpyBasbHill CUCT€Mi BCTAHOBJIEHO PAHUILi
po6040i 30HM i3 pIBHOMIPDHUM PO3MO/ijIOM I'YCTHHHU TEIJIOBOr'O [TOTOKY, 1110 [1aJ10 MOKJIMBICTb 3HU3UTHU
HEBU3HAYEHICTb pPe3yJIbTaTiB KaliOpyBaHHS Ta PO3UIMPUTU HUKHIO MEXKY /1ialla30Hy BUMIpIOBaHHS TYCTUHU
TEIJIOBOTO MOTOKY. 3alpoBaJPKEHO KOMIJIEKCHUI MiAXiM 4O BU3HAYEHHSI METPOJIOTIYHMX XapaKTePUCTUK
GiMeTasieBMX Ta HaIiBIIPOBIIHMKOBUX CEHCOPIB TEIJIOBOTO IIOTOKY, SIKi HA4aCTillle BUKOPUCTOBYIOThCS 1715
KOHTPOJIIO TEIJIOBOT'O OIIOPY OrOPO/KYBaJIbHUX KOHCTPYKIiH. Bu3HaueHo Taki xapakTepucTuKu: KoeQillieHT
[I€PETBOPEHHS], 3aJIEXKHICTh Koe(illieHTa NepeTBOPEHHS! BiJl TEMIIEPATypH, Yac BiAryKy ceHcopa, KoeQillieHT eMicii
NOBePxHi ceHcopa. [IpoBeeHO OLiHKY HEBU3HAUYEHOCTI pe3yJIbTaTiB BUMIPIOBAaHHS TEIJIOBOTO ONIOPY OO0JIOHKU
Oy[iBJIi Ta IOPIBHSIHHS OTPUMAaHOI OLIIHKM HEBU3HAYEHOCTI 3 cTaHzapTom ISO 9869, BiANOBinHO 10 SIKOTO
PpO3MKUPEHa HEBU3HAUEHICTb JIEXKUTb B MeXKax Bif, 14% 10 28%, MISIXOM OLiHKU JOCTOBIPHOCTI. EKClIepMMEHTaIbHO

IOCIiIKEHO TeEpMOpAaialiiiHi XapaKTepUCTHKU aJlIOMiHIZy TUTAHY, PI3HUX BUZIB CKJIa Ta IIOKPUTTIB.

2. The thesis is devoted to the development of theoretical foundations of non-destructive control, the
development and practical application of means and methods for complex monitoring of thermoradiation and
thermophysical characteristics of materials and products when conducting an inspection of the thermal insulation
shell of buildings and structures as an integral part of an energy audit. In the thesis proposed a conceptual
approach to the integrated control of thermoradiation and thermophysical characteristics of materials and



products has been formed, based on models of fields of informative parameters and statistical methods of data
processing. A mathematical model of the climatic component of the meteorological field when monitoring thermal
resistance has been considered in order to assess the main factors and meteorological parameters affecting heat
exchange in buildings. A computer model of the process of complex radiation and convective and conductive heat
exchange when monitoring the thermophysical characteristics of a building envelope is proposed, taking into
account the installation locations of sensors and the influence of their parameters on the control result. The
influence of changes in the emission coefficient of heat flow sensors on the results of determining the thermal
resistance of the outer envelope of a building has been shown. A method has been proposed for correcting the
results of heat flow measurements by compensating for temperature drift, which makes it possible to reduce the
uncertainty in the results of heat flow measurements under natural conditions. The scientific and practical basis
for the creation of new heat flow sensors has been developed to perform measurements of heat flow density in the
range of 1-10 W/mz2 in the presence of temperature drift. Created the differential calorimetric method for express
control of the emission coefficient of surfaces of materials and coatings. The essence of the method is to compare
heat flows, which are determined in two measuring cells by heat flow sensors, the surfaces of which have different
emissivity coefficients, and at a constant temperature of both cells, which is ensured using a heating element. To
analyze the impact factors when implementing the differential calorimetric method for monitoring the emission
coefficient, computer CFD modeling of the processes of complex radiation and convective conductive heat
transfer was carried out both in each individual measuring cell and in the prototype of the device. Based on the
modeling results, an analysis has been made of the dependence of the measured value of the emission coefficient
on the differential heat flux. The resulting dependence represents the calibration characteristic of the device.
Created a combined method for monitoring the thermal resistance of the building envelope. The method combines
thermal imaging qualitative analysis of the temperature fields of the building envelope with quantitative contact
measurements of the values of surface heat flux density and temperature in certain areas of the building envelope.
A thermal resistance monitoring system and a software package for recording and processing information have
been developed. Due to the modular design of the system, the use of various modifications of heat flow sensors
and the method of correcting the results of heat flow determination, it is possible to simultaneously control 40
zones and objects that have complex shapes. A device has been created for express control of the emission
coefficient of material surfaces, which is based on the developed differential method. The device allows to study
energy-efficient materials and coatings with an emission coefficient in the range from 0.05 to 1.0 with an expanded
uncertainty of 0.02. Modeling of heat transfer processes in an sysem for radiation calibration of heat flow sensors
and determination of thermoradiation characteristics have been carried out. Proposed complex approach to
determining the characteristics of bimetallic and semiconductor heat flow sensors, which are most often used to
control the thermal resistance of enclosing structures, has been introduced. The following characteristics have
been determined: conversion coefficient, dependence of the conversion coefficient on temperature, the response
time of the sensor, emissivity of the sensor surface. The uncertainty of the measurement results of the thermal
resistance of the building envelope has been assessed and the resulting uncertainty assessment has been
compared with the ISO 9869, according to which the expanded uncertainty ranges from 14% to 28% by assessing
the reliability. The thermoradiation characteristics of a promising material, namely titanium aluminide, different
types of glass and coatings have been experimentally studied.
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