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3niiicHeHO ekcrmepuMeHTaJ bHe HATYpHe BHMIPIOBAaHHSI HA MPOTA3i MEeBHUX
nepiogiB 3 3aJaHUM YacOBMM IHTepBaJOM TeMIepaTyp BHYTPIilIHHOIO
Cepe/IoBUINA, 30BHIIHLOI0 CepeloBHUINA, BHYTPIllIHHOI TOBEPXHi CTiHU
sKUTJI0BOro OynuHky. Ha uiii ocHoBi Bu3HaveHo koedilieHT Temaonepenaui
cTiHM i3 BUKOpPHUcTaHHSAM TepmomerpuuHoro Meroxay (THM). KoedinienT
TeIIoBiIa4yi BHYTPiIHbLOI moBepxHi cTiHm npuiiHaTo 3rinno JCTY.
Buxonano anagiz BHJAMBY pi3HuX (QakTopiB, 30KpeMa iHTepBaJiB
BUMIipIOBaHb, HA 3HAYEeHHs Koe(ilieHTa Tenonepeaayi.

During thermal modernization of existing buildings and assessment of energy
parameters of new housing, there is a need for experimental in-kind
determination of the heat transfer coefficient (heat transfer resistance). In our
opinion, the optimal method for determining it is the thermometric method
(THM). Its equipment is cheaper, the sensors do not disturb the measured
heat flow, and temperature measurement is affected by fewer factors than
when using a thermal imager. The thermometric method is not standardized,
but along with this, it is widely used to measure the heat transfer coefficient
during energy audits, in commercial devices. During the research,
experimental in-kind measurements were carried out over certain periods of
the temperatures of the internal environment, external environment, and
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internal wall surface. Before taking measurements, the internal wall surface
was examined with a thermal imager to select an area with minimal impact of
heat-conducting inclusions. The wall surface temperature in the room was
measured by three type K thermocouples placed at a distance of
approximately 15 cm from each other and recorded by a recorder at a
specified interval. The thermocouples were placed so that they were not on the
same horizontal or vertical line. Average temperature values were entered
into the calculation. The temperature of the environment inside the room was
measured by a temperature recorder, which was placed at a distance of
approximately 30 cm from the wall surface at a height of 1.5 m, the same as
the height of the thermocouples on the surface. The temperature of the outside
environment is recorded by a logger. Thermologgers recorded the
temperature of the air environment at a given interval. Using the
temperatures measured at a given interval, the heat transfer coefficient of the
wall of a residential building was calculated using the thermometric method
(THM). The heat transfer coefficient of the inner surface of the wall is
adopted according to DSTU. An analysis of the influence of various factors, in
particular measurement intervals, on the value of the heat transfer coefficient
was performed.

KaouoBi caoBa: koedimieHT Temtonepenadi, omip Temwionepenadi, HaTypHI
BUMIpIOBaHHS, KOHCTPYKLii, TepMOMOJEpHi3alisi OyxiBenb, TEPMOMETPHUYHHN
METOJI, TeMIIeparypa.

heat transfer coefficient, heat transfer resistance, field measurements, building
structures, thermal modernization of buildings, thermometric method, temperature.

Beryn. Ha sxutinosi Oynisni B Ykpaini npunagae 33% 3aranpHOro KiHIIEBOTO
croxkuBaHHA eHepril. JKutino € apyruMm 3a BEIMYHHOIO IICHS ITPOMHCIOBOCTI
croxmuBadeM eHeprii. [Iutome crokuBaHHS TEMJIOBOI eHeprii 6araTomoBepXOBUX
KHUTIOBUX OyIMHKIB ckianae 175-250 kBt roa/m? Ha pik [1], 1110 € BABIUi-BTpUYi
Oinpmie 3a crnoxuBaHHA B €Bpomi. lle Bka3zye Ha morpedy TepMoMopaepHizaril
ICHYIOUMX JKUTJIOBUX OYIMHKIB Ta OyJiBHMITBa HOBHX eHeproe(ekTHBHHX. [l
BupimeHHs 1iei mpobmemu Kabinerom MiHicTpiB Ykpainu y rpynHi 2023 poky
cxBajieHa JIOBrOCTpOKOBa CTpaTeTisi TepMOMOJIEpHI3amii OyaiBeNb HA Mepiox 10
2050 poky. Y motomy 2025 poky 3aTBep/KeHI Haka3oM MiHiCTepCTBa PO3BUTKY
rpomMag Ta TepuTopid YKpaiHM HOBI BUMOTH 110 OyniBenb 3 OJU3BKUM [0
HYJILOBOT'O PIBHEM CIIOKMBAHHs €HEPril, [0 JA03BoJisse cepTudikyBaTH OyIiBIi 3a
crangaproM NZEB (Nearly Zero Energy Building — Oyniii 3 maiike HyJlIbOBUM
cnoxuBaHHsAM). [lpu TepMomMonepHizamlii Ta OIIHII EHEPreTUYHHX IapaMeTpiB
HOBO30YI0BaHOTO JKUTJIa BUHUKAE HEOOXIHICTh €KCIIEPUMEHTAIBHOTO HATYPHOTO
BH3HAYCHHS Koe(illieHTa Teruionepeaadi (omopy Terionepenadi).

AHaJi3 oCTaHHIX J0CTiIXKeHb.

Ha cporogsimHiii [OeHb M1 EKCIEPUMEHTAIbHOTO BU3HAYCHHS OIOPY
Teronepenavi  (koedilieHTa TeIUIonepeaadi) OropoKyBalIbHOI KOHCTPYKIIii
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OyniBesb B HAaTYpHHX YMOBax MOXYTb OyTH 3acTOCOBaHi: METOX TEIUIOBOTO
motoky (HFM method) [2], meTomm ski 0a3yroTbcs Ha BHMIpPIOBAaHHI TPHOX
TeMmepaTyp - TeMIepaTypd B TPUMINICHHI, TeMIepaTypH 30BHILIIHHOTO
Cepe/IOBHIIIA, TEMIepaTypd IOBEPXHI OropoJpKyBaibHOI KOHCTpYyKLii (method
THM) [3],[4] Ta meroxn indpadepBoHoi Tepmorpadii (IRT) sxuii 6a3yerbcs Ha
BHMIPIOBAHHSX 3 JOITOMOTOFO TEILTOBI30pa [5, 6].

Hns 3acrocyBanHs Meroqy HFM HeoOXiZHHMM € JaTYMK TEIIOBOTO HOTOKY
SIKUA € BIJHOCHO JOPOTUM 1 HECTaOUTPHHM, a TaKOX MOTpPeOye CIEIiaabHOTO
obOnamHaHHS JJIs BUMIPIOBaHHA. 3araibHa BapTiCTh OOJAJHAHHS MOXE CKIIaNaTH
JeKiTbKa THCAY €BpO ISl KOXXKHOI TOYKM BHMipioBaHHA. KpiM mporo mis
JNOCATHEHHS yMOB  CTAaIllOHAPHOCTI TPHUBAJICTh BHUIPOOYBaHHS MOBHHHA
MePeBUIIYBaTH 3 JIHI, a HEPIAKO CKiIanae Bix 7 1o 14 mHiB, a0 HABITh ISl BAKKUAX
KOHCTPYKIIH Ounblre Micsis. BpaxoByounm TpHBaNICTh Ta 3HAYHY BapTiCTh NPHU
BUMIpIOBaHHI B  0ararbOX TOYKAaX METOJN €  HEpalioOHaJbHUM  MpHU
TepmomoepHizamii [7]. Meroau iH(dpadepBoHOi TepMmorpadii MarTh HepeBary
THM, IO BHMIPIOBAaHHS TEMIEPATypH CTiHM 3/AIHCHIOETHCS Ha IOBEPXHi, a HE B
OKpeMHX TOYKax. AJie METOAM MarTh 1 0arato HEMONIKiB, 30KpeMa BHCOKa
BapTICTh TEIJIOBI30pa, BIUIMB HAa pe3yJbTaTH BUMIPIOBaHb 0arathox (HakTopiB
(koedilieHTa BHUIPOMIHIOBAHHS Marepiany, BiACTaHi Bif 00'€ekTa, mapamerpiB
HABKOJIMIIIHLOTO CEPEIOBUINA Ta iH.).

O6nangnanus 1 merony THM e pemieBmnm, 1aT4nky He BHOCSTH 30ypEeHHS y
TEIUIOBUH IIOTIK, LI0 BHMIpIOeThesl. Tepmomerpuunuii meron (THM) He
CTaHAAPTU30BAaHWH, aje TMOopsA 3 I[MM I[IHPOKO BHKOPHUCTOBYETBCS IS
BHMIPIOBaHHS KoedillieHTa TeIulonepenadi mpu eHeproayaurti. BiH € ogauM 3
HaOIIBII BHKOPHCTOBYBaHMX MeTohiB B Icmanii [3], BHKOPHUCTOBYETHCS Yy
KOMEpUIHHHUX TpHianax, 30KpeMa y KOMIUIEKTI Uil BUMIpPIOBaHHS KOe(DillieHTY
terwtonepenaui Testo 635-2 [8].

VY mparpix [5,9,10] npeacraBieHo Oris KCIEPUMEHTAIBHUX M1IXOIIB 10
HATYPHUX BH3Ha4YCHb Koe(ilieHTa Terionepeaayi oropoKyBaIbHAX KOHCTPYKIIN
OyaiBelb, HABEICHO iX MOPIBHAUIGHUI aHaI3, OLIHEHO IIepeBaru Ta HeIOIKH.

V [3, 4, 8] neranbHO PO3MIISIHYTO 3aCTOCYBAHHS TEPMOMETPUYHOTO METOY, HOTO
HepeBary.

IlocTanoBKa MeTH i 3a/1a4 JOCTIIKEHD.

Y  poboTi  HEOOXIAHO  EKCHCPUMCHTAIBHO  BH3HAYUTH  KOC(IIlIEHT
Teruionepenadi (omip Terulonepeaadi) CTIHM peajbHOrO KHUTIOBOTO OYIHMHKY,
JOCIIINTH MOSKJIMBICTH 3aCTOCYBaHHS TEPMOMETPUYHOTO METOJY, BIUIUB BHOOPY
pi3HuX (akTOpiB (Yacy BUMIpIOBaHb, TPUBAIOCTI BUMIPIOBAaHb) Ha PE3yJIbTATH.

Metoanka pgocaimkens. llepen NpOBENCHHAM BUMIPIOBaHb BHYTPIIIHA
MOBEPXHSI CTiHM O0OCTe)XyBalach TEIUIOBI30pOM Ui BHOOPY IUISHKA 3
MiHIMaJIbHUM BIUIMBOM TEIUIONPOBITHUX BKIIOYeHb. CXeMa BHUMIpIOBaHb ITOJaHA
Ha puc.l. Temmeparypa moBepXHi CTiHM y TPHMIIIEHHI BHMIpIOBalIach TPhOMa
Tepmornapamu tuiy K posminienumu Ha Biggani mpubin3Ho 15 ¢M ogHa Bia oHOT
Ta QikcyBajack peectpaTopoM. Po3MmilieHHs TepMonap He MOBUHHO OyTH Ha OJHIN
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TOPHU30HTAJ YU BepTHKAIi (prc.2) i3-3a YMOBH yOe3neueHHsT PO3MIIIICHHS Ha IIIBi
po3unHy Mypy. Temmeparypa 3amucyBanack peectpaTopoM (puc.3) 3 3agaHuM
inTepBaioM (TouHicts +0.1%+0.3°C). YV po3paxyHKH BBOJMUMO CEpEIHE 3HAYCHHS
temmepatypu (Ts = (Tsi1 + Tsiz + Tsi3)/3).

DTc ]Tsi D Ti

- &

Puc. 1. Cxema BumiproBans : Ti,Te ,Tsi - morepu amst peectpanii BUMipIOBaHb TEMIIEPATYP
BHYTPIIIHBOTO CEPEIOBHIIA, 30BHIIIHFOTO CEPEIOBHUIIIA Ta TIOBEPXHI CTIHU

Temneparypa cepenoBumia BcepeauHi mnpumimenas (Ti) BumiproBanach
peectpartopoM Temrepatypu (TouHicth +0.5°C (-20°C/+40°C), mo po3MimryBaBcs
Ha Bizmani npubmusHo 30 cM Bix moBepxHi criHu (puc.2). OCKUIbKH, SK BiOMO,
TeMIepaTypa TOBITPS B NPHUMIMICHHI 3MIHIOETBCS 3a BHCOTOIO, TO TEPMOJOTEp
po3MminryBaBcs Ha BHCOTI 1.5M OJHAKOBIH i3 BHCOTOIO PO3MILICHHS TEpPMONap Ha
noBepxHi. [l 3MEHIIeHHs] CTOPOHHIX BIUIMBIB Ha Pe3yJbTaTH BHUMIpIOBaHb BiKHA
3alITOPEHi, 00IrpiBajIbHI PHUIIAIU 3aKPUTI EKPAHOM.

Puc. 2. Jlorep ass peectparii TeMepaTypy BHYTPIIIHBOTO CEPEAOBHUILA Ta POIMIIICHHS
TepMomap AJIs BUMipIOBaHHS TEeMIIEpaTypH MIOBEPXHi CTiHH

Temmeparypa 3oBHimHbOTO cepenoBuma (T.) QikcyeTbes norepoM (TOYHICTH
+0.5°C), axuif pO3MIIIy€eThCS B 3pYYHOMY MiCIi 330BHi, OCKINBKHM 330BHi, SK
MPaBHUJIO, BIACYTHS 3MiHAa TEMIIEpaTypd Bil BHCOTH TPH HE3HAYHHUX 3MiHAX
Bucotu. Tepmomorepu (QikcyBaiu TeMIepaTypy IOBITPSHOIO CepemoBHINA 3
3aJ]aHUM IHTEPBAJIOM.
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Puc. 3. Jlorep mns peectparii TeMnepaTrypy MOBEPXHi CTiIHU

BpaxoByroun 3anexHIiCTh MK Koe(illieHTOM Teruionepenadi Ta TEIUIOBUM
MIOTOKOM IIPY CTAaI[lOHAPHOMY TIPOIIECi, a TAKOXX 3aKOH OXOJIOJDKeHHS HbroToHa
MOXKHa 3amucaTH (QOpMyIly, sKa JICKUTh B OCHOBI BHUMIPIOBaHb KOeilieHTa
TeIIonepeiadi TepPMOMETPHIHIM METOJIOM:

v=n, =T
‘ (T;'_To)
ne T.- TemmepaTypa MOBITPsA B IIPHMIILEHHI, T, - Temmeparypa MOBIiTps Ha

- TeMmIepaTypa IOBEpXHI CTIHH y MpPHUMIIIEHHI, /_ - KoeQilieHT

St

BYJIUIL, T,
TEIUIOBI//Iaui BHYTPIIIHBOT TOBEPXHI CTIiHU.
BukopucTOBYyI0OYH NPOLEAYypY NPOrPECHBHOTO YCEPEAHCHHS OTPUMAEMO (HOPMYITy

UL BU3HAYEHHS Koe(illieHTa Teruionepeaadi:

/‘i—ll(Ti’j - Tsi,./)
U =hy Dt
Z(Ti,j - To,j)

Iie 1 - KUTBKICTh BUMIPIOBAaHb y daci.

[IpoBommnucek IBa NUKIM BUMIPIOBaHb Ha 30BHIIIHIM CTiHI BOCBMOTO IOBEPXY
JIeB’ ITUIIOBEPXOBOTO JKUTIOBOro OyauHKy. CTiHa CKJIQJA€ThCSl 3 TAaKWUX ILIAPIB:
OOJNUIIOBaHHS CHJIIKATHOIO LIETJIO, Myp 13 KepaMiyHOI Herid TOBIIKHOK 380 MM
Ta BalHSHO-IIIIAHA INTYKaTypka. Po3paxyHKOBUI omip Teruonepeaayi CTiHU
pisamit 0,963 M?K/Br (koedimient temmonepenadi 1,04 Br/m?K).

epummit nmuko 3aificaroBaicst 03.03.2025 poky 3 11:00 mo 18:00. Temmnepatypa
30BHINIHBOTO CEPEAOBHUINA 3MiHIOBaNachk B iHTepBani Bix 4,8°C no  7,0°C (3miHa
Ha 2,2°C), TemmepaTypa BHyTpimHBOTO cepenoBuma - Bixg 23,0°C o  23,3°C
(3mina nHa 0,3°C). MiHiManbHa PI3HUI MK BHYTPIIIHBOIO Ta 30BHINIHBHOIO
Temrepatyporo ckiaznaia 16,1°C. Jlenb OyB moxmypuii.

Hpyruii mukn 3paidicHioBaBess nporsirom 84 roamum (17.03.2025, 19:15 -
21.03.2025, 7:00). 18.03 - 20.03 mana Miciie COHsIYHA IOTOJA, IO BIUIMBAJIO HA
pe3ysbTaT BUMiproBaHb. JlJIsi BUKIIFOUEHHS IHOTO BIUTHBY 3 aHANII3y BUKJIFOYAINCh
nepiogn 07:00 - 19:00. IaTepBan 3MiHU TeMIIepaTypH 30BHIIIHBOTO CEPEIOBHIIA
BH3HAYHUTH HE Ma€ 3MOTH i3-3a 3HAYHOTO BIUIMBY COHIIS Ha 30BHIIIHIN TepMoorep.
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MaxkcuMmansHHAN iHTEpBall 3MiHM 30BHIMIHBOI Temreparypu B nepioau 19:00-07:00
ckianae 6,5°C i Mae Miclie y OCTaHHIN nepion UKITy. TemIiepaTtypa BHYTPIIIHEOTO
cepenosuia 3minoBaiack Big 21,6°C mo 24,2°C (3miHa Ha 2,6°C).

PesyabTatn fgociaimkenb. Y TepHIOMy LMKl BUMIPIOBaHb TEMIIEPaTypH
PEECTPYBAIMCH 3 IHTEPBAIOM | XB. Ta OCEpeIHIOBAIUCH HA iHTepBam 10 xB.
TpuBanicte BuMiproBans 7 roguH. Ha puc.4 nmokasano rpadiku 3MiHM TeMIieparyp
y 4aci
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Puc.4 T'padix 3minu Temmeparyp B daci. Te - Temmeparypa 330BHi, Ti - Temmeparypa
BcepenuHi, Tsi - TemrepaTtypa BHYTPILIHBOT TOBEPXHi CTiHU.

3a pesynpTaTaMu MiApaxyHKIB Ha iHTepBaJli 7 TOAWH OTPUMAaIH KOS(iIlieHT
Teronepenadi pisauMm 1,12 (omip temnonepenadi 0,893). Ha pwuc.5 mokaszaHo
3MiHY OTpHUMaHOro Koe(illieHTa Temionepenadi 3aleKHO BiA  IHTEpBaIy
pe3yJbTaTiB BUMIPIOBaHb IPUHHATUX JUIS OOYUCIICHb.
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Puc.5 I'pagix 3minu koedirieHTa Teonepeaayi 3aJIeXHO BiJ| iHTEpBaly BHMIpIOBaHb
MIPUHHSATOTO JUIsl 00YHCIICHb

VY npyromy IUKI BUMIpIOBaHb TEMIIEPAaTyPH PEECTPYBAINCH 3 iHTepBasoM 30
CEeK. Ta OCepeIHIOBAINCH Ha iHTepBaii 5 xB. Ha puc. 6 mokasaHo SKiCHy KapTHHY

3MiHH TeMIIEpaTyp

By Ay

Puc.6 I'padix 3MiHu Temnepatyp B yaci (3BepXy BHH3: BCEPEANHI, HA TOBEPXHi, 330BHi)

Ha puc. 7- puc.9 nokaszano 3MiHy Temieparyp y intepBaiax dacy 19:00 - 7:00.
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Puc.7 I'padix 3MiHM TeMIepaTypH 30BHIITHBOTO MOBITPS
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Puc.9 I'padix 3MiHM TemmepaTypy BHYTPIIIHBOTO HOBITPS

3a pesyapraraMH IMiIpaxyHKIB sl JAPYroro IMKIYy BHMIpDIOBaHb 3
BUKJIIOYEHHSIM 3 po3risiay iHTepBaiiB i3 7:00 mo 19:00 orpumano KoedilieHT
Temonepenadi pisauii 0,88 Br/m?K.

BucnoBkn. 1. Ilpm pmoTpuMaHHI NEBHMX BHMOI 1O YMOB MPOBEICHHS
BHMIPIOBaHb, & CaMe€ PI3HUIII TEMIIEPaTyp 30BHIITHHOTO Ta BHYTPIOTHHOTO HOBITPS
He meHme 15°C, 3MiHa TeMmmepaTrypd B MepioJl €KCIIEPUMEHTY BCEpeOuHi He
oinmpme 2 °C, 330BHI - He Oimpme 5 °C, BiACYTHICTh TUIMBY Ha TEMIIEpPATypy
COHSTYHOTO ONpPOMIHEHHS, MOXKHA BBa)KaTH YMOBU MPOBEICHHS EKCIIEPUMEHTY
KBa3iCTalliOHapHUMHU 1 OTPUMaTH TEPMOMETPHYHHM METOJIOM JOCTOBIpHI
3HAYeHHs KOe(illieHTy Teruonepeaadi 3a He3HaYHUH nepios (B 1aHOMY BHUIMAAKY
6-7 romuHu). Ilpo me cBigYaTh peE3yNbTaTH BUMIPIOBaHb IEPIIOTO IHKIY i3
MiHIMAJIEHOO PI3HUIICIO MK BUMIpSHIM Ta TEOPETUYHUM 3HAUYCHHAM KOoeimmieHTa
Teruonepenadi (pizaums +8%).

2. 3a pe3ynbTaTaMu MiJpaxyHKIB 3a BECh MEPiOJ JAPYTroro LHUKIY BUMIPIOBaHb
OTpHUMAJIM 3aBUIIEHE 3HAaUeHHs Koe(dimienta Temmonepenaui pisaum 1,29 Br/m’K,
110 MalOyTh OB s3aHO 13 BIUIMBOM COHSYHOTO OMPOMIHEHHS. SIKIIO BHKJIIOYUTH 3
posrisiny iHTepBany i3 7:00 mo 19:00 To oTprMaeMo KoediulieHT Terionepenadi
pianM 0,88 B1/M?K. 3aMInaeThest BIKPUTHM MATAHHS BETMYMHY IHTEPBAIIB.
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3. Sxmo BW3HAYATH KOEQIi€HT TeIuIomepenadi Uil OKPeMHX IHTEpBaJiB
JPYTroro MUKy BEMiproBaHb i3 0:00 go 7:00 romun otpumaemo 0,98 Br/m?K; 1,14
Br/m?K; 0,91 Br/m?K; 0,80 Br/M?K. Cepenne 3HadeHHs piBHe 0,96, 1m0 Takox
N00pe y3rO/KYEThCS 13 TEOPETHYHHM 3HAUCHHSIM KoedillieHTa Teruionepenadi
(pizuun -8%).

1. Jonmarok 2 mo JJoBrocTpoKOBOI cTparerii TepMOMOIepHi3allii Oy IiBeb Ha mepio]] 10
2050 poky. Orysz HaioHAIBHOTO (GOHIY OyHiBeIb.

Dodatok 2 do Dovhostrokovoi stratehii termomodernizatsii budivel na period do 2050
roku. Ohliad natsionalnoho fondu budivel.

https:/mtu.gov.ua/files/2.2. %D0%94%D0%BE%D0%B4%D0%B0%D1%82%D0%B
E%D0%BA_2.pdf

2. IS0 9869-1:2014. Thermal insulation - Building elements — In-situ measurement of
thermal resistance and thermal transmittance - Part 1: Heat flow meter method. Edition 1

3. Bienvenido-Huertas, D., Rodriguez-Alvaro, R., Moyano, J., Rico, F., & Marin, D.
(2018). Determining the U-Value of Fagades Using the Thermometric Method: Potentials
and Limitations. Energies, 11(2), 360. https://doi.org/10.3390/en11020360

4. Kim, S.-H., Kim, J.-H., Jeong, H.-G., & Song, K.-D. (2018). Reliability Field Test of
the Air—Surface Temperature Ratio Method for In Situ Measurement of U-Values. Energies,
11(4), 803. https://doi.org/10.3390/en11040803

5. Teni, M., Krsti¢, H., & Kosinski, P. (2019). Review and Comparison of Current
Experimental Approaches for In-situ Measurements of Building Walls Thermal
Transmittance. Energy and Buildings, 109417.
https://doi.org/10.1016/j.enbuild.2019.109417

6. Albatici, R., & Tonelli, A. M. (2010). Infrared thermovision technique for the
assessment of thermal transmittance value of opaque building elements on site. Energy and
Buildings, 42(11), 2177-2183. https://doi.org/10.1016/j.enbuild.2010.07.010

7. J. M. Andtjar M arquez, M. "A. Martinez Boh'orquez, S. G'omez Melgar. (2017). A
new metre for cheap, quick, reliable and simple thermal transmittance (U-Value)
measurements in buildings, Sensors (Basel)., vol. 17, no. 9,
https://doi.org/10.3390/s17092017.

8. Testo. Be sure. https://www.testo.kiev.ua/ua/

9. Somin Park, Jisoo Shim, Doosam Song. (2023). A comparative assessment of in-situ
measurement methods for thermal resistance of building walls under mild climate
conditions. Journal of Building Engineering. Vol.77, 15 October 2023, Page 107417,
https://doi.org/10.1016/j.jobe.2023.107417

10. B. Mobaraki, F.J. Castilla Pascual, , A. M. Garcia , M. A. Mellado Mascaraque,
B. F. V'azquez, C. Alonso. (2023). Studying the impacts of test condition and nonoptimal
positioning of the sensors on the accuracy of the in-situ U-value measurement, Heliyon 9
(2023) 17282, https://doi.org/10.1016/j.heliyon.2023.¢17282

463



