Cmpoumenvcmeo

DOI: 10.21122/2227-1031-2016-15-6-476-480

YK 697:536.2

BausiHue CyTOYHBIX KOJIEOAHMH HAPYKHOI TeMIepaTypbl
HA MUKPOKJIUMAT MOMeEIIeHUS

Kana. TexH. Hayk, aou. A. J. 3axapeBnq1)

l)Eenopyccm/n?l HAIIMOHAJIFHBIN TeXHUYeCKU yHUBepcuTeT (MuHCck, Pecriyonuka benapycs)

© benopycckuii HallMOHANBHBIN TEXHUYECKUH yHUBepcHuTeT, 2016
Belarusian National Technical University, 2016

Pedepat. C ucrnons30BaHreM YHCICHHOTO MOJEIMPOBAHUS IIPOIECCOB TEIUIOOOMEHA B OTAIIMBAEMOM IOMEIIEHHH BEIION-
HEHO HCCIieloBaHUE KoJieOaHUH TeMIepaTyphsl BHYTPEHHETO BO31yXa B 0OCIy>KUBaeMOW 30HE (30HE OOMTaHMS), BEI3BAHHBIX
MEepPHOIMYECKIM U3MEHEHHEM TeMIIepaTyphl HAPYKHOTO BO3ayXa. PaspaboTanHas U peann3oBaHHasl B BUIE MPOrPaMMBI IBY-
MepHast (pHU3MKO-MaTeMaTHIecKass MOJENb YUUTHIBACT HECTAIMOHAPHBIA XapaKTep CIOXKHOTO CONPSHKEHHOTO TEINIoOOMeHa
B OrPaXKJICHUAX U BO3AYIIHOM MPOCTPAHCTBE OTAIUIMBACMBIX MOMEINEHHUN IPHU UCIOJIB30BAHUU PA3JIUYHBIX BUIOB OTOIH-
TENBHBIX IPHOOPOB. Mojens BKIIOYaeT B ce0sl ypaBHEHUs JTyYHCTOTO TEIIOOOMEHa MEXy BHYTPEHHUMH ITOBEPXHOCTSIMH,
OKOHHBIMM CTEKJIaMH M OKpYy»Karoleil cpenoi. PaccMoTpeHs! ABa BuAa HarpeBaTeNell: panaTop U HAMOJIbHOE OTOIUIEHUE.
Harpyska npu6opoB 3ajjaHa MOCTOSIHHOI BO BPEMEHH B COOTBETCTBHU C TETIJIOBBIM OallaHCOM, OMPEJEIeHHBIM 110 TPaJULH-
OHHOW MeToauKe. PacueTsl BHITOJHEHB! A TpeX KOMOMHALMHA TeI0(U3NIECKIX CBOMCTB OrpakICHUH. Y CTAaHOBIEHBI KO-
JIMYECTBEHHBIC XapaKTEPUCTUKH HHAYIHPOBAHHBIX KOJIeOaHUH TeMIlepaTyphl BHYTPEHHETO BO3IyXa B 00CITy)KHBAacMOH 30HE,
oIpeseNsieMble TEINIOBOH MHEPIHeH OrpakACHHI M BHIOM HCIIOIB3yeMOTO OTOIMHTENIHHOTO IPHOOpa. AHAIN3 pe3yNIbTaTOB
MOKa3aJl, YTO CHIDKCHHE WHEPLMOHHOCTH OCTEKJIEHHs NMPUBOAUT K Gosee OBICTPOMY NMPOHMKHOBEHHIO HApYXHOW TeMmIiepa-
TYpHOH BOJNHBI B omenieHue. [Ipu 3Tom aMmiuTyna koneGaHUi TeMIepaTypbl BHYyTPEHHETO BO3/IyXa 00CITyKHBAaeMOH 30HBI
OCTaeTCsl MOCTOSIHHOM 10 NMPUYMHE HEU3MEHHOMN TEIIOBOM MHEPLIMU OCHOBHBIX KOHCTPYKUMH. IIpy CHU)KEHMM MacCUBHOCTH
CTEH U TEePEeKPHITHH HAOMIOAaeTCsl CYIECTBEHHOE yBEINUCHUE aMILTUTY/ bl TAPMOHIYECKHX U3MEHEHUH TeMIepaTypsl BHYT-
pPEHHEro BO3JyXa B 00CITyXHMBacMOW 30HE, TOTJa Kak 3ama3iblBaHHE OTHOCHTEIHHO KOJIEOAaHMI TeMIepaTyphl HapyXHOTO
BO3/lyXa OCTaeTCs NPAKTUYECKU IIOCTOSIHHBIM.
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Influence of Daily Outside Temperature Fluctuations on Indoor Climate
A. E. Zakharevich?
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The investigation of indoor air temperature fluctuations within the occupied zone (habitable zone) induced by pe-
riodic changes in outdoor air temperature has been carried out while using numerical simulation of heat transfer processes in
a heated room. The developed and program-implementation two-dimensional physical and mathematical model takes into
account unsteady nature of complex conjugate heat transfer in building envelopes and indoor air spaces of heated rooms while
using different types of heating devices. The model includes equations of radiative heat transfer between indoor surfaces,
windowpanes and outdoor environment. The paper considers two types of heaters: a radiator and underfloor heating. Loading
of devices is specified by time-independent quantity according to thermal balance determined with the help of conventional
methodology. Calculations have been made for three combinations of heat-transfer properties of building envelopes. Quanti-
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tative characteristics of induced indoor air temperature fluctuations within the occupied zone have been determined while
taking into account thermal inertia of building envelopes and type of the used heater. An analysis of results has revealed that
reduction in glazing inertance leads to more rapid penetration of outdoor temperature wave into the room. In this case an am-
plitude of indoor air temperature fluctuations within the occupied zone remains constant due to unchanged thermal inertia of
main building structures. Significant increase in the amplitude of harmonic indoor air temperature changes within the occu-
pied zone has been observed when reducing massiveness of walls and slabs whereas delay remains practically invariable with

respect to outside air temperature fluctuations.

Keywords: numerical simulation, heat transfer, room, temperature fluctuation, thermal inertia
For citation: Zakharevich A. E. (2016) Influence of Daily Outside Temperature Fluctuations on Indoor Climate. Science &
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BBenenne

Bonpocam o1ieHKH TEMIOYCTONYMBOCTH OTPak-
JICHUM W TIOMEUIEHUM YJIeNsAId BHUMAHUE TaKue
yuensle, kak O. E. Bmacos [1], C. 1. Mypomos [2],
JI. A.CemenoB [3], A. M. lllknosep [4] u nap.
HaunGonbmmM CcoBepIIEHCTBOM 007alaeT HHXKE-
HepHas METOJIUKa OLEHKH BIUSIHHS HECTalOHAap-
HBIX (JAKTOPOB HA TEIUIOBOW PEKUM IOMEIICHHS,
paspaborannas B. H. borocioBckum [5]. lannas
METOJIMKA MTO3BOJISIET YUUTHIBATH COBOKYITHOE BIIH-
SIHUE TapMOHUYECKUX M NPEPHIBUCTBIX MOCTYILIE-
HUU KaK KOHBEKTUBHOMW, TaK U JIyYUCTOH TEILJIOTHI.

TpaauIMOHHBIE METOJUKU OIICHKH BIIUSHUS
HeCTalMOHAPHBIX (PaKTOPOB HA U3MEHEHUE TeMIIe-
paTypbl BHYTPEHHEH cpeibl MOMEIIEHUS! OCHOBAHBI
Ha TIpeACTaBlIeHHH 00 OJHOMEPHOCTH TeMIlepa-
TypHOTO TIONSI B OorpaxkaeHusx. He ydumTeiBaeTcs
MPOCTPAHCTBEHHOE paclpeiielieHHe MapaMeTpoB
MUKpPOKJIIMaTa B ToMmenieHnd. Vcmonp3oBanne
YUCIIEHHOTO MOJEIMPOBAaHUS TO3BOJISIET yCTpa-
HUTH 3TH HEJIOCTATKA. B COBpEMEHHBIX HCCIEN0-
BaHUSIX MATEMATHYECKOE MOJEIHUPOBAaHHE HA OC-
HOBe au(depeHIraIbHbIX YpaBHEHHH IepeHoca
TETIOTHI ¥ MAcChl HIMPOKO MCIONB3YETCsl A7l aHa-
nu3a GOPMHUPOBAHHS MAapaMETPOB MHUKPOKIUMATA
B YCJIOBHSIX HECTAlMOHAPHOTO XapaKTepa BHEIIHHX
Y BHYTPEHHHX OTPECISIONHX (hakTopoB [6—8].

Ha ocHoBe cucteMHOro moaxoaa aBTOPOM CTa-
ThH TIPOBEJCHO UCCIICI0BAHME BIMAHUS HEPHOIH-
YECKOTO W3MEHEHHUS TEeMIIepaTypbl HapyXHOTO
BO3[yXa Ha TeMIepaTypy OOCIyXKUBAEMOW 30HBI
MOMETICHHS (30HBI OOWTaHUS), MPEACTABIIAIONICH
c000H TPOCTPaHCTBO BHICOTON 2 M OT mona. Mc-
MoJIb30BaHa pa3paboTaHHasT W peann30BaHHAS B
BUJIE TIPOTPaMMBbI OByMepHas (PH3NKO-MaTeMaTH-
YecKasi MOJENb, KOTOpas y4YUTHIBAET COMPSIKEH-
HOCTh W HECTAIlMOHAPHOCTh Pa3JIMYHBIX BUJIOB
Tem1000MeHa B OTPasKACHUSIX U B CBOOOJAHOM IPO-
CTPaHCTBE OTAIIMBACMBIX IOMEIICHUN JUIS pa3-
JIUYHBIX BUJIOB OTOMHTEIBHBIX MPHOOPOB. YUHTHI-
BAJIMCh KOHCTPYKTHBHBIE OCOOCHHOCTH OTpaX<ie-

*
BemonHeHO 1OJ PYKOBOACTBOM JOKT. TEXH. Hayk,
npod. I1. U. dsuexa.
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HUW M 3alOJHEHUH CBETOBBIX MpoeMoB. Moneis
BKJIFOUYaIa B ce0s ypaBHEHUS JyYUCTOTO TEII000-
MEHA MEXK/ly BHyTPEHHHMHU MTOBEPXHOCTSIMH, OKOH-
HBIMM CTEKJIaMH U OKpY’Karolei cpenoil.

Y aoBneTBOpUTENbHAS CTENEHb COOTBETCTBUS
pe3yJbTaTOB pacuera 1Mo ABYMEPHOH MOJEIH pe-
QIBHBIM TPEXMEPHBIM MPOIIECCaM TOATBEPKIICHA
skcriepuMeHnTamu. JluddepeHimansasie  ypaBHe-
HUS, COCTABJISIFOIIIE MOJIENb, TPUBEACHEI B [9].

ITocTanoBKa 3aga4n

lapmonmdeckne KojaeOaHwsi HApyKHOU TEeMITe-
patypsl T, BO BpeMEHH 3aJ1aHbl (OopMyJIIOit

T, =T, +A,cos %ﬁr , 1)

rae Ty — CpeaHee 3HAaUCHHUE TeMITEpPaTyphl HAPYK-
HOTO BO31yXa; A, — aMIUIUTyAa TapMOHUYECKHX
n3MeHeHuit; P — mepuo; T — BpeMs.

[IpuHATHI cremyionue 3HAYEHUS MapaMeTpoB:
Two =—24 °C, P =24 4. lcnonb30BaHbl TPH BapH-
aHTa aMIUIUTYAbl Konebanuit A4,. 6; 9 u 12 °C.
Pacuernass obGiacte mpeacTaBisuia cOOOW BEpPTH-
KabHBIA pa3pe3 OTaIUIMBaeMOr0 MOMEIICHHS,
PAaCIOJIOXKEHHOTO Ha HIXKHEM 3TaXe, 10 CeperHe
okHa. CHHM3y HaxOJWICsS IOJABAJl C TeMIIepaTy-
poit 5°C. B cMeXHBIX MOMEIICHUSX 3aJaBajiach
Temneparypa Bo3ayxa 20 °C. Beicora mnomernie-
Hus 2,5 M, niuuHa 6,0 m.

Paccmotpensl 1Ba Bua HarpeBarteneii: paaua-
TOp W HaNojJbHOE oToIUIeHne. Harpyska npubopos
3a/laBajach MOCTOSIHHOM BO BpEMEHH B COOTBET-
CTBUH C TEIUIOBBIM OallaHCOM, OTpeAeNIieHHBIM I10
TPAJULIMOHHON METOJMKE. PacyeTsl BBIIIOJHEHBI
TUTSL TpEX KOMOWHAITHH TEeTTO(U3NIECKHX CBOWCTB
OTPaXKJICHU.

Kombunayus 1. Marepuan Hapy>KHOTO U BHYT-
PEHHEro CJIOEB HAPY)XHOM CTEHOBOM MaHENu —
KeJIe300eTOH, B KayeCTBE TEIIOM3OJISIIIMOHHOTO
ci0si mpUHAT TieHononucTupos. OKOHHAs pama U
MOJIOKOHHHK — U3 JIpeBecHHbl. CTEKIIONAaKeT Mpej-
CTaBJICH MaTEepPUAIOM C SKBUBAJCHTHBIMH TEILIO-
(pM3MYECKUMH XapaKTepucTUuKamu. MaTepuai Iie-
PEKPBITHIT U BHYTPEHHEH CTEHBI — )KEJIe300€TOH.
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Kombunayus 2. Otnuure oT KomMOuHanuu 1 B
TOM, YTO JJISl «IKBUBAJICHTHOIO» MaTepuaya Ipo-
3payHON YacTH OCTEKJICHUS IUIOTHOCTh CHWXKCHA
¢ 314 n10 150 xr/™’,

Kombunayus 3. Otnuare oT komMOuHanuu 1 B
TOM, YTO KEJIe300€TOH 10 OMUCAHHON Jajee Mpu-
YHHE 3aMEHEH HE CYIIECTBYIOIIUM B TPUPOJIC Ma-
TEpPHUaJIOM, y KOTOPOTO COXPAaHEHBI BCE TETUIO(H-
3WYECKHEe CBOMCTBA KeIe300eTOHa, B TO BPeMs Kak
TI0THOCTH 3amana 1000 kr/m® BMecto 2500 kr/m’,

Jns xomOuHaruit 2 w3 Teriogu3nvecKue
CBOICTBA IpEIHAMEPEHHO 3a/1aBajlUCh TaKUM 00-
pa3oM, 9TOOBI COXPAaHWTh HEU3MEHHBIM CTaIlHO-
HapHBIA TEIUIOBOM OallaHC M COOTBETCTBEHHO
UCIIOJb30BaTh OJMHAKOBYID MOIIHOCTH OTOIUIC-
Husi. CHIDKEHUE B KOMOMHAIMU 2 TUIOTHOCTH «9K-
BHBAJICHTHOT0)» MaTepHaja CTeKJIONaKeTa PUBEI0
K TIPONIOPIMOHATIFBHOMY CHIDKEHHIO B J[Ba pasa
yIenbHOI 00beMHoil TermoemkocTH (Cp, /(M K))
u oOIIel TeIIoBOM aKKyMyNIHPYHOIIEH Crocod-
HOCTH JaHHOTO J3jieMeHTa orpaxieHus (Jx/K).
Ha o6mryro akkyMyIupyIONIyIO0 CITOCOOHOCTh BCEX
OTpPaXJICHUI TOMEIICHUS ONMCAHHAS KOPPEKTH-
POBKa HE OKa3aja CyIIeCTBEHHOTO BIUSHUS.

JKene300eTOH — OCHOBHOW MaTepHall Orpaxkie-
HUMl — oOnamaeT caMoil 3HAYUTENHHOW OOBEMHON
TEIUIOEMKOCThI0 Cp. [losToMy B koMOuHammu 3
YMEHBIIIEHUE B 2,5 pa3a IIIOTHOCTH 3aMEIIar0IIero
MaTepurana 00ecrednIo MPaKTUIECKH MIPOIIOPITHO-
HabHOE CHIDKEHHE OOIel aKKyMyIHpyromen
CIOCOOHOCTH BCEX OTPAXKICHUIA MOMEIICHHUSI.

lapMoHHMYEeCKHE M3MEHEHUS TEeMIepaTyphl Ha-
PYXKHOTO BO3/IyXa, IMOCTpoeHHBIe 0 (opmyie (1)
B COOTBETCTBHHM C 33/JIaHHBIMH TapaMeTpaMH,
npecTaBiIeHbl Ha puc. 1.

4 £

18 24 30 36 42 48
Bpemsi, u

Puc. 1. TapmMoHHYeCKUE KOJIeOaHHs TEMIIEPaTypbl HAPy)KHOTO
BO31yXa Ipu ee ammntyzae 4, °C: 1-6;2-9;3-12

Fig. 1. Harmonic fluctuations of outside air temperature
with its amplitude 4,, °C: 1-6;2-9; 3-12
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Pe3yabTaThl pacueToB

Konebanus Temriepatypbl BHEITHEH CPE/IbI T10-
POXKIAIOT TapMOHUYECKUE HW3MEHEHHS TeMmIiepa-
Typbl B HApYXXHBIX OTPXJICHUSAX, YTO, B CBOIO
ouepenb, BBI3BIBAET KOJEOAHUS TeMIIepaTypbl
BHYTPEHHETO BO3/yXa, KOTOpHIE BIHSIOT Ha €ro
HUpKyJsauio. PacueTHoe M3MEHEHHE BO BPEMEHHU
TeMITepaTyphbl BO3IYIIHON cpeanl T,, OCPEIHEHHOMN
B IIpenenax o0CIy>KMBaeMOU 30HEI, JUIsi KOMOWHA-
muu 1 TeropU3NIECKUX CBOWCTB MaTepUAIOB
mokazaHo Ha pwuc. 2. HabGmogaroTcst rapMoHu4Ye-
CKHE M3MEHCHUS C TeM JKe mepuojaoM P, koTopsie
MOXKHO OTTHCAaTh (OPMYJIIOi

TB = TBO + Ax COS(%(T _Ts)jl (2)

rae Ty, — cpeaHee 3HAYCHHE TEMIIEPaTyphl 3a Tie-
proa Koyebannit; 4, — aMIDIUTY/Ia TAPMOHUYECKHUX
W3MCHEHUH; T,— BpeMs 3ala3/bIBaHusl OTHO-
CUTEILHO KOJEeOaHUI TeMIepaTypsl HapyKHOTO
BO3AYyXa.

[lo maHHBIM puc. 2 BHIHO, YTO BO BCEX pac-
4yeTax C IPUMEHEHHEM paauaropa 1, = 23,8 °C.
[Ipy wmcHONB30BaHMK HAMOJBHOTO  OTOIUICHUS
T =17,2°C. D1 mokasarenu HaWaeHbl W JUIA
MPOYMX KOMOMHAIME TEIIO(MU3NIECKUX CBOUCTB
MaTepuaioB. YKa3aHHbBIC |, pPaBHBI 3HAYCHUSM,
MOJTy4EHHBIM aBTOPOM TPHU PEIICHUM CTAI[MOHAp-
HBIX 3371a4. OOHApY)KEHO, YTO B MPOIIECCE UCTIONb-
30BaHUs HANIOJIHHOTO OTOIUICHUS JOMOJHUTEIBHBIC
MOTEPH TETUIOTHl Yepe3 KOHCTPYKIHIO T0JIa U TIe-
pekpbitie cocraBisitor 20 %, B TO Bpemsl Kak B
YCIIOBUSX IPUMEHEHHUS pajauatopa Toybko 4,8 %
Harpy3Ky HEMPOAYKTHBHO 3aTPadrBaeTCsA Ha Iepe-
IPEB PACIOJIOKEHHBIX pAaoM orpaxkaenui [10].

3HaueHUs aMIUMTYObl A, W 3ama3[bIBaHus T,
kojeOanuii T,, n300pakeHHBIC HA pHC. 2, MPHUBE-
nenbl B Tabn. 1. HezaBucumo ot Buma mpubopa,
A IpsIMO MPOTNOPLIMOHATIbHA aMIUIUTYI€ U3MEHEHUI
TEeMITepaTypsl HapYKHOTO BO3AyXa Ay, B TO BpeMms
KaK 3Ha4YEeHHE T, HE CBI3aHO C BEIMINHOMN Ay;.

Pe3ynprarel MOKa3bIBAIOT, YTO aMIUIUTYAA A,
B cilydyae NpPHMEHEHHWs paauaTopa MOYTH B JBa
pa3a MeEHbIIIe, YeM IPH HAMOJBHOM OTOILICHUHU.
3ama3apIBaHUE T, HA YETBEPTh OOJIBINE NI paana-
Topa. OTMETHM, YTO TIapaMeTphl KOJeOaHmA ompe-
JIEJISIFOTCSL  CJIOKHBIM  B3aMMOJICHICTBHEM MHOXE-
CTBa 3JIEMEHTOB TTOMEMICHHS KaK CHCTEMBI.
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Puc. 2. Konebanus cpeiHeil TeMieparypbl BHyTPEHHETO BO3yxa 00CIyKMBaeMoii 30HbI Juisl pajauaropa (a)
1 HanosibHOTO otoruieHust (D) (koMGuHaIMs 1) MPH aMILTHTY e TEMIIepaTypsl HAPYKHOTO Bo3ayxa 4, °C: 1 -6;2-9;3-12

Fig. 2. Fluctuations of average indoor air temperature within occupied zone for radiator (a)
and underfloor heating (b) (combination 1) with amplitude of outside air temperature 4,, °C: 1 -6; 2-9;3-12

Tabauya 1
ITapameTps! konedanmii T,. KomOunauus 1:
00bIYHBIE CBOWCTBA MATEPUAJIOB OIPAK/IEHUIi

Parameters of T,-fluctuations. Combination 1:
general properties of building envelope materials

4,=9°C | 4,=12°C

Buy otorutens- | Aq =6 °C

Tabauya 2
IMapameTps! koaedannii T,. KomOnnanus 2:
IVIOTHOCTB «9KBUBAJIEHTHOI0» MAaTEepPUaJIa MPO3PavyHoi
4ACTH OCTeKJIeHNs! CHIKeHa ¢ 314 10 150 kr/m®

Parameters of T -fluctuations. Combination 2:

density of “equivalent” material for transparent glazing
part has been reduced from 314 to 150 kg/m®

Horo npubopa (4, °C| t,,u |4, °C| 1, u |4, °C| 1, 4 Bug otommrens- | A,=6°C | 4,=9°C | 4,=12°C
Panuarop 011 73 (016 | 7,3 | 022 | 7,3 Horo npubopa |A4,, °C| t,, 4 |4, °C| 1,9 |4, °C| 1,
Hanonsaoe Panuarop 0,11 66 | 0,16 | 6,6 | 0,22 | 6,6
OTOILUICHUEC 0,20 5,4 0,30 5,4 0,40 5,4 HanonpHoE

OTOILICHHE 0,20 48 [ 030 | 48 | 040 | 4,8

Ha amnnutyny u 3ama3gplBaHUE€ H3MEHEHUMN
TEMITEpaTyphl T, BIUSET MPHU MPOUYUX PABHBIX YCIO-
BHSIX MAaCCHBHOCTh orpaxkncHmid. Konebamms T,
BBI3BIBAIOT WM3MEHEHHE TEMIIEpaTyphl HE TOJIBKO
B HapyXHBIX OTPaXICHUSIX, HETOCPEICTBEHHO
OMBIBaEMBIX HapYXHBIM BO3IyXoM. Temmeparyp-
Has BOJIHA IMPOHUKAET TaKXKe M BO BHYTPCHHUC
OTpaKJICHHSI TyTEM TEIUIONPOBOIHOCTHU MPHU HETO-
CPEIICTBEHHOM KOHTAaKTe KOHCTPYKIIMA, a TaKKe
MyTEeM KOHBEKIUH U PATUANMOHHOTO TEIIoo0Me-
Ha B TIoOMelleHWH. B wurore TemmepaTypa Bcex
BHYTPEHHHX TMOBEPXHOCTEH M3MEHSIECTCS C TEM Ke
MIEPUOZOM, YTO W BBIHYXJAIOUIUE KOJIeOaHus T,
HO C Pa3IMYHBIMHU aMIUTUTYJaMH U 3ara3/bIBaHU-
SIMA OTHOCHUTEIIBHO T .

CyIIleCTBEHHO pa3JIMYaroIIrecs: Mol CKOPOCTH
BO3[yXa B YCIOBHUSX WCIIONB30BaHUS pajuaTopa
Y HaIOJIGHOTO OTOIUICHUS, Pa3HbIe (4acTO MPOTHBO-
TIOJIOXKHBIC) HAMpPABICHUS TEIUIOBOTO IIOTOKA HA
BHYTPEHHUX MOBEPXHOCTSIX U B TOJIIE OOJNBITMHCTBA
OTpaXKJCHUIH OOYCIIOBIMBAIOT OTIMYMS B IMapamer-
pax TapMOHWYECKHX M3MeHeHu# T, s xomOnHa-
MU 2 TEIIOQU3NUECKUX CBOMCTB MaTEpUANIOB IIa-
pameTpsl Kostebanuit T, yka3aHsl B Ta0JI. 2.
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CpaBHEHHE C pe3ylbTaTaMH pPacyeTOB IS
KOMOMHANMK | TOKa3bIBaeT pasjivyde TOJHKO B
BEIIMYMHE 3ama3bIBaHUS T,, KOTOPOE B NAaHHOM
TpyIMIe pacyeToB JUIS pajuaropa COKPAaTUIOCh Ha
10 %, a I HamoIbHOTO OTOoIIeHus — Ha 12 %.
CHMKeHHEe TpPHMEPHO B [IBa pa3a IUIOTHOCTH
(M COOTBETCTBEHHO OOBEMHOU TEIIIOEMKOCTH) Ma-
TepHuajia CTEKJIOTIAKeTa IPHUBENO0 K YMEHBIICHHUIO
WHEPIMOHHOCTH 3allOJHCHUS OKOHHOTO IpOEMa.
IIo »TOM mHpUYMHE COKpPATWIOCHh 3ama3bIBaHUE
TapMOHHNYCCKHUX U3MEHEHUN TEMIICPATypLl Ha
BHYTpEHHEH MOBEPXHOCTH OCTEKJICHHWS, YTO MpPH-
BEJIO K YKa3aHHOMY CHW)KCHUIO 3aIla3/[bIBaHUs KO-
Je0a’ui T, OTHOCUTENIBHO T,

[TapameTpsl TapMOHHYECKHX HW3MCHCHHHA T,
B pacuerax ¢ KOMOWHAIMeld 3 Tero(pu3nIecKux
CBOMCTB MaTepUajIOB IPUBEACHBI B Ta0. 3.

Jiis xomMOuHarwu 3, Mo CPaBHEHUIO C pacyera-
MW KOMOWHanuu 1, CYIIECTBEHHO YBEIHYWINCH
3HaueHUs A,, B TO BpeMs KaK 3HAYCHUS T, yBe-
JIMYUJIACh HE CTONIb 3HAYMUTENIbHO. YMEHBIICHUE
B 2,5 pa3a 00bEMHOU TEIIOEMKOCTH 3aMeIIaIoIIe-
ro MarepHualia 1o OTHOIICHHUIO K PEaTbHOMY JKee-
300€TOHY OTpa3HWIOCh KaKk Ha HAapPYXHBIX (Tpex-
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CJIOWHBIX CTCHOBBIX TMAHEISAX), TaK U Ha BHYTPCH-
HUX OTPaXKICHUSX, BHITIOJHEHHBIX M3 dTOTO MaTe-
puana. TemnoycBoeHrEe U TEIUIOBAsi MHEPIIUS BCEX
OTPaXICHUA TIOMEIIEHHUsS, 3a HCKIIOUYECHHUEM 3a-
MOJIHEHUS] OKOHHOT'O MPOEMa, YMEHBIIUIHUCH.

Tabauya 3
ITapameTps! konedanmii T,. KomOunauus 3:
MJIOTHOCTH MaTepHaJia, 3aMeINalolero ske1e300eToH,
3agana 1000 xr/m°

Parameters of T,-fluctuations. Combination 3:
density of material substituting reinforced concrete
has been assigned as 1000 kg/m®

4,=9°C

Bupn ororurens- | 4, =6°C A, =12°C

Horo mpubopa (A4, °C| 1, 4 |4, °C| 1, 4 |4, °C| 1, 4
Pammarop 015 (| 76 [ 020 | 76 (025 | 7,6
HamnonbHoe
OTOIJICHHE 025 58 |037| 58 | 049 | 58

BaxHO OTMETHTH, YTO CHUXEHHE TEIIOBOM
WHEPIUU OCHOBHBIX OTPAKICHHIA MPUBOJIUT K YBE-
JTUYCHUIO aMITTUTYIBI A, KOJIeOaHui TeMIepaTyphl
BHYTPEHHETO BO3/[yXa 00CITy)KUBAEMOM 30HBI.
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