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ABTOpCKoe pe3tome

CocTosiHue Bonpoca: M3BecTHbl HOBble 3aHeprocOGeperarolme KOHCTPYKLMM OKOH C TEMNMOOTpaXKaloWwmMMM 3KpaHamu,
O[IHaKO ANA MPaKTMYEeCKOro UCNonb30BaHUA HeobxoamMMa uUx MHTerpaums B CUCTEMbl aBTOMATUYECKOro ynpaBneHns Te-
nnocHabxeHneM 3gaHuin 1 onpegeneHve apHEKTUBHOCTU UX UCMONMb30BaHNSA C y4ETOM CYLLECTBYIOLUMX 3Heprocbepe-
ralLmnx MeponpusTUn.

Matepuansl n metoabl: cnonb3oBaHbl pe3ynbTaTbl HATYPHbIX UCMbITAHWUI OKOH C TEMNOOTPaXaLWUMN 3KpaHamn B
cepTndULMpOBaHHOM KNnMaTtnyeckon kamepe. Pesynbtatbl o6paboTaHbl MmeTogamy MaTeMaTUyYeckon cTaTUCTUKA. MHo-
roBapuaHTHble pacyeTbl nokasaTernen Mcnonb3oBaHus aHeprocbeperaroLmx OKOH B CMCTeMax TennocHabxeHusa 3gaHui
OCYLLIECTBNEHBI C MCNONb30BaHNEM NPOrpaMmHoro komnnekca Mathcad.

PesynbTaTthl: PaspaboTtaHa meTogmka no onpegeneHmio MMHUManbHoON TemnepaTypbl BO34yXa BHYTPU NMOMELLIEHUS MpU
OEXYPHOM pexume OTOMMEHMA B Cryvyae MCMoNb30BaHUS B OKHAX TennooTpaXKawLmx 3kpaHoB. PaspaboTaHbl MHOro-
YHKUMOHANbHBIN 3HEProaddEKTUBHbIA CTaBeHb C COMHEYHON GaTapeen U aBTOMaTU3MpOBaHHAasi CUCTEMA perynmpo-
BaHWUsi TENNOCHaGXeHUS 30aHUin C NPUMEHEHNEM TEMMOOTPaXXakLLMX 3KPaAHOB.

BbiBoAbl: [pUMeHeHMe OKOH C TeMnooTpaXkatoLWwmMMM 3KpaHaMn U conHeYHon GaTapeelt AaeT TPONMHOW 3HEpPreTU4eCKuin
3P EKT: B OTONMUTENbHbIV NEPUOL, YMEHBLLIAKTCA TENONOTEPU 3a CYET YBENNYEHUS COMPOTUBMEHNS OKHA, CHUXKaTCS
3aTpaTbl TEMMOTbI HA HAarpeB NOMELLEHUS 3a CHET MOHWXKEHMS TemnepaTypbl BO34yxa BHYTPY MOMELLEHMS, a TaKkKe Npo-
MCXoauT BblpaboTka aNeKTPUYECKON SHEPTUN.

KnroueBble cnoBa: OkHa C TENooTpaXKatoLwMMM 3KpaHaMm, OEXYPHBIN PEXMM OTOMNNEHUs!, conHedHble 6aTapeu, obpa-
30BaHMe KOHOEHCcaTa Ha OKHax, TeMnepaTypa TOYKM POCbl, OTHOCMTENbHAsA BAXXHOCTb BO34yXa, SKOHOMWSI 3Heprope-
CypCOB, CUCTEMA PETYNMPOBAHUSA TEMIOCHAOXEHMS.
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Abstract

Background: The new energy saving windows with heat-reflecting shields are well known, but for their practical use,
they need to be integrated into the automated heat supply control systems of buildings and should be efficient according
to the standard energy-saving procedures.

Materials and methods: The study was based on the results of field tests of windows with heat-reflective shields in a
certified climate chamber. The results were processed by the methods of mathematical statistics. Multivariant calcula-
tions of energy efficient windows performance in the heating of buildings were carried out using the Mathcad software.
Results: We have developed a method to determine the minimum indoor air temperature under standby heating with
heat-reflective shields in the windows as well as a multifunctional energy-efficient shutter with a solar battery and an au-
tomated heat supply control system using heat-reflecting screens.

Conclusions: Windows with heat-reflecting screens and a solar battery have a triple power-saving effect: reduced heat
losses during the heating season due to increased window resistance, lower cost of heating buildings due to lowering of
indoor ambient temperature, and electric power generation.

Key words: windows with heat-reflective shields, standby heating mode, solar cells, condensation on windows, dew
point temperture, relative air humidity, energy saving, heating control system.
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BeepneHue. Cyuiectytolme EBponeiickue u noTpebrneHnio 3HepropecypcoB W, B 4YacTHOCTM, K
Poccuiickue HOpMbl B 06nacTi aHeprocbepexeHus K03(hMLIMEHTY COMPOTUBNEHUA Tennonepenaye
NPeObsaBNAT BbICOKME TpeGoBaHUA K TroQoBOMY CBETOMNPO3payHbIX KOHCTPYKUMA. Tak, 3akoHoda-
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TenbHble opraHbl EBponenckoro coto3a ycraHasnu-
BalOT KO3(hULMEHT CONPOTUBIIEHNS Tennonepeaa-
Ye okoH k 2020 rogy Ha ypoBHe 1,67+2,0 M2'°C/BT, a
Poccunckne opranbl Bnactu k 2016 rogy — Ha ypoB-
He 1,0 + 1,05 M%°C/BT. CornacHo Poccuiickum 3a-
KoHam, ¢ 1 aHBapsa 2020 roga rogoBas ygenbHas
BENMMYMHA pacxofa 3HepreTMyecKkMx pecypcoB B
3[0aHNSIX, CTPOEHMSIX WU COOPYXEHUSIX [OMKHa
yMeHbwnTbcs Ha 40 % no oTHoweHuo K 6a3oBo-
MY YPOBHIO.

ATopamu [1] paspaboTaHbl U 3anaTeHTo-
BaHbl [2, 3] KOHCTPYKLUUN OKOH C TennooTpaxato-
LWMMW 3KpaHaMW MaHernbHOro, PYyrnoHHOMo W Xa-
NO3UAHOIO TUNa, BbINOMHEHHbIE U3 MeTanna, Ko-
TOpble 3HAaYUTENBHO CHWXKAOT TENIoBble NOTEPW.
[MpumeHeHne akpaHoB LenecoobpasHo B TEMHOE
BpeMS CYTOK UK B OTCYTCTBMM NOAEN. OKpaHbl
MOryT pacnonaraTbCsi BHYTPU MOMELLEHUS, CHa-
PYKN WNM B MEXCTEKONbHOM MPOCTPaHCTBeE.
[MpuMeHeHne 3KpaHOB He TONBbKO CHWXaeT Teno-
Bble TPAHCMWCCUOHHbIE MOTEPU, HO U MO3BONSET
MOHM3NTL TeMmnepaTypy BO3AyXa MpU «OeXyp-
HOM» pexume oTonneHus. BosHukna noTtpeb-
HOCTb B C€O34aHMM CUCTEMbl aBTOMaTM3aLuMu
yrpaBneHnsa 3KpaHOB B OKHaX, a Takke B MeToAu-
Ke no onpegerneHuto TemnepaTtypbl Bo3gyxa npu
«OEXYPHOM» PEXMME OTOMNIIEHUS.

OnpepeneHve MUHUMMaNbLHOW Temnepa-
Typbl BO3gyxa Npu «OeXYPHOM» peXume OTO-
nneHunAa. B ceptuduumpoBaHHON KnvMaTU4eCKom
kamepe AHO «l/BaHoBoOCTpOMUCNbITAHUSY» Oblnn
npoBeaeHbl nccrnegosaHms [1] no naydeHuo Bnvs-
HUSI MPUMEHEHUST TennooTpaXarLmx 3KpaHOB B
OKHax Ha NoBbILLEHNE CONPOTMBMEHUS Tennonepe-
Jaye OKOH U CHWKEeHMe TennosbiX noTepb. B kave-
CTBE KOHTPOMs WCMNOMNb30Bascsa [ByXKaMeEpHbIN
creknonaket 4M1x10x4M1x10x4M1, a Takke
cteknonaketr 4M1x10x4M1x10x41 ¢ HaHeceHnem
Ha CTEKIT0 HU3KO3AMUCCUOHHOTO MOKPLITUS.

Mcxoast M3 nonydeHHbIX AaHHbiX (CM. Tab-
nuuy) npumeHeHue M-ctekna (C HU3KO3IMUCCUOH-
HbIM MOKPLITMEM) JANo YBENMYEHME COMpOTUBIIE-
Hust Tennonepeaave ¢ 0,47 go 0,61 M%°C/BT (Ha
29 %), a NpyMeHeHne CO CTOPOHbI XONOAHOro OT-
OeneHus Kamepbl [OOMOSNIHUTENbHO MaHenn u3
OBYX METannmnyeckux 3KpaHoB, pasMeLLEHHbIX Ha
pacctosHun 10 MM Apyr OT gpyra, NOBbLICUIIO CO-
npoTtueneHune go 1,76 M%-°C/BT (Ha 274 % K KOH-
Tponto 1 unu Ha 189 % K KoHTponio 2).

Oewncteytowme Hopwmbl CIT 60.13330.2012
«OTOoNneHne, BEHTMNALMSA U KOHAULMOHMPOBAHNE
BO3Adyxa» B XOMOAHbLIN nepuog roga B rnomelle-
HUAX OTannMBaeMmblX 30aHWIA, KOorga OHW He Uc-
nonb3ylTcst U B Hepaboyee BpeMsi, MO3BOMSAOT
CHWXaTb TemnepaTypy BHYTPEHHEro BO3yXxa Hu-
e HOpMUpyeMOoKr, HO He Huxe 15 °C — B XUnbIX
nomMmelleHuax; 12 °C — B nomeLleHusx obLiecT-
BEHHbIX U a4MWHUCTPATMBHO-OLITOBLIX 34aHUI;
5 °C — B «CyXux» NPOU3BOACTBEHHBLIX MOMELLEHUSIX.

B noHwkeHnn TemnepaTypbl BO3gyxa BO
BpEMS OEXYPHOro pexumMa OTOMNMEHWs 3aroXeH
Oonblion  3Heprocbeperawwmii  noteHunan. B
OonbLUOM CTeneHn MUHUManbHasi TemnepaTypa
BO34yxa Npv MPUMEHEHNN OEXYPHOrO pexuma oTo-
nneHus onpegensieTca Mcxoas M3 YCroBuW Hepo-
nyeHns obpasoBaHMa KOHOEHCaTa Ha orpaxaato-
LMX noBepxHocTAX. Ml roBopum 0 GonbLUOK BEpO-
SATHOCTW BbIiNadeHUs1 KOHAEHCAaTa Ha OKHax, Tak Kak
WMEHHO CBETOMPO3payHble KOHCTPYKUMM SABMSOTCA
«cnabbim MecToM» B TennosaLumTe 30aHui.

CTonT OTMETUTb, YTO MOSIBNEHWE Bnaru Ha
CTeKnax SIBNAETCA He TOMbKO 3CTeTUYECKUM [e-
dekTom, — B JarnbHENLEM MOCTOSHHOE BbiNaje-
HWe KOHAEeHcaTa MOXET MPUBECTU K YBNAXXHEHUIO
KOHCTpyKUMI [4, 5], koTopoe cnocobHO cTaTb Npu-
YnHom obpas3oBaHUSA rpubKka M MNeceHn Ha nopo-
KOHHMKax. Ocoboe BHUMaHWe crnegyeT yOenuTb
OKHaM C ropu3OHTamnbHbIM WU HaKMNOHHbLIM pacno-
NOXeHMEM, a TakKe 3eHUTHbIM (POHapPsIM, TaK Kak,
cornacHo Ceoay npasun CI1 50.13330.2012 «Te-
nrnoBas 3aliuTa 3gaHui», TemnepaTtypa Ha BHYT-
pEeHHeWn NOBEPXHOCTM AOIMKHA BbITb HE HIDKE TeM-
nepaTypbl TOYKM POCbl BHYTPEHHEro BO34yxa npu
pacyeTHOM TemnepaType HapyXHOro Bo3gyxa B
XOMOAHbIV Nepuop, roga.

OTHocuTEnbHasa BNaXHOCTb BO34yxa B Mo-
MELLEHUN SBNAETCHS HOPMUPYEMOW BEJTMYMHOM
(ans obLecTBEHHO-aAMUHNCTPATUBHBIX U XKUMbIX —
ot 30 0o 65 %), 1 MMEHHO OT BNaXXHOCTU BO3AY-
Xa, CONpPOTMBMEHMS Tennonepegaye OKHa, TeM-
nepaTtypbl HapyXHOro Bo3gyxa U 3aBUCUT Temne-
paTtypa TOYKM POCbl HAa BHYTPEHHEM OCTEKMEHWMU,
a 3Ha4yuT, U MUHMManbHas Temnepartypa Bo3gyxa
npyu OEXYPHOM pexume oTonneHus (npu 1M3BecT-
HOM KO3dh(pULMEHTE TENNOOTAAYN Ha BHYTPEHHEN
MOBEPXHOCTM OKHA).

Kak nokasanu pacyeTbl 1 ONbITHbIE AAHHbIE
(cm. Tabnuuy), NpU NPUMEHEHUN B OKHaX TENIo-
OTpaXalLLMX IKPAHOB, YCTAHOBIEHHbBIX CHAPYXW,
yBENUYMBAETCA COMPOTUBIIEHUE Tennonepenave
oo 1,76 M2°C/BT U 3HAUYMTENbHO MOBLILLAETCS
TemnepaTypa Ha BHyTpeHHeM cTekne. Cneposa-
TENbHO, Mbl MOXEM [AOMOSIHUTENBHO MOHU3UTL
TemnepaTypy BO3ayxa BHYTpPM NOMeLLeHus (B 3a-
BMCUMOCTM OT BITAXKHOCTU BHYTPU MOMELLIEHMS) BO
BpeMs OTCYTCTBUS Nofen.

Ham 6bIno MHTEpecHo BbIACHUTbL, KakuM obpa-
30M MOXHO OMNpeAenuTb 3HAa4YeHue TemnepaTtypsl
(puc. 1), Do koTOpoW cuctemMa asToMaTUsauuu
CMOXET MOHU3NTb TEMNepaTypy Bo3dyxa npu ge-
XYPHOM pEeXMME OTOMMEHUsI NPU YCNOBUW HeOOo-
nyLeHNst BbiNageHNsi KOHOeHcaTa Ha BHYTPEHHEN
NMOBEPXHOCTM CTEKMNa OKHa C MOBbILWEHHbIMU Ten-
No3aWwmnTHBIMU CBOWCTBAMM (C MPUMEHEHMEM Te-
NNoOTPaxatoLmX IKPaHoB).
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[aHHble ucnbiTaHumn TennooTpaxarwwmux 3KpaHoOB B OKHaX € HU3KOSMUCCUOHHbLIM NOKPbITUEM

T 7 Temnepatypa Ha BHyT- Mpusenentoe conpo-
BapuaHT enngsow noroka, o TusnieHne Tennone- R/Rionrponst R/Riotrpons2
[BT/M?] peHHeM cTekne t, [°C] 20 P P
w pegaye R, [M"~- C/BT]
KoHTponb 1
AM1X10x4M1x10xam1 | &1 12,5 0.47 - -
KoHTporb 2
4M1x10x4M1x10x4U 58,9 14,15 0,61 1,29 -
(c nokpbITMEM)
2 3Kpara ¢ XOmoAHOM 20,77 18,65 1,757 3,74 2,89
CTOPOHbI
h 4 A BH* _ Tp Olgy ROKHa - t|-| 3
: " o Roga 1 ©
/ gy NokHa —
/ =100% TemnepaTtypy TOYKM POCbl BO34yxa, Haxo-
% / asilerocs B nomeleHun B pabodee Bpemsi, MOX-
YB v HO onpegenuTtb no dopmyne MarHyca—TeTteHca
/ o | tsan [6] ¢ norpewHocTbio £0,2 °C (B AnanasoHe TeMm-
/ ! nepatyp ot 5 go 25 °C 1 B gnanasoHe OTHOCU-
BH )
t L TenbHbIX BnaxHocten ot 10 go 70 %):
tBH A A
BH BH
or _ Dl e0) 4)
T = BH  BHY’
p l a_Y(tp !(Pp )
| d roe a=17,27, b =237,7;
o a.-tev BH
V(g3 =~ tin| T2 ®)
p p BH 100
Puc. 1. K onpegenexuio Temnepartypbl BO34yxa nNpu AeXYpHOM b+ tp
pexume oTonneHunsa
Monyyaem
MuHManbHyl0 TemnepaTtypy BHYTPEHHErO R ¢
T, A -
BO3dyxa MNpU [OEXYPHOM peXume OTOMSeHUs tzH —PeM kA W Ap (6)
MOXXHO OnpeaennTb cregyowmnm obpasom: Ogy Rogua =1

t =t + Aty 1)
BH*

BH* _ _* q _ (tg -t

tFl _TCT+__TP+W’ (2

BH BH ~ NokHa

BH*
roe t," — Temnepatypa BHYTPEHHEro Bo3ayxa,
npy KOTOPOWN Ha CTeKmne HaunHaeT ob6pa3oBbIBaAThL-
Ccsl KoHAeHcaT, T.e. Korga r;T =Ty, °C; T
nepaTtypa TOYKM pOoChl MpY NapameTpax Bo3gyxa B
pabouee Bpems, °C; 1, — TemnepaTtypa Ha BHyT-
peHHeln noBepxHoCTU ocTekneHus, °C; Aty
TemnepaTypHbIi 3anac no HeZOMNYLIEHW0 KOH-
aeHcauun (npyHumaem B 1 °C); t, — TemnepaTypa
HapyxHoro Bo3ayxa, °C; q — yaAenbHbI TennoBomn
noToK, BT/M% Roga — npuBe4eHHOEe COoMnpoTuBIe-
HWe Tennonepegave CBETOMNPO3PaYHOM 30HbI OK-
Ha, m>.°C /BT; oy — KO3(PUUMEHT TennooTgaun
OT BHYTPEHHEro BO3A4yXa K CTekNy, NpUHUMAEM
8,7 Bt /m*°C.

CnepoBaTernbHO,

— TEeM-

t* o R =1 o R+t —t, =
gl BH MokHa = BH ' ‘OokHa gl

o] H

Takum ob6pasom, 3Has npuBedeHHOEe COo-
NpoTuBreHne okHa R, B Hepaboyee Bpems cy-
TOK, TeMnepaTypy Hapy>XHOro Bo3gyxa, Temrnepa-
TYPY U OTHOCUTENbHYK BMaXHOCTb BO34yXa B pa-
bouyee BpeMsl, MOXHO ONpeaenvTb MUHUMAaIbHOE
3HayeHWe TemnepaTypbl BO34yxa Npu OEXYPHOM
peXMMe OTOMMEHMUS.

CornacHo nomny4YeHHbIM opMynam, B Bbl-
yncnuTenbHblX cpegax Mathcad n Excel Hamu
Obina cocTaBrneHa nporpaMMa Mo BbIYUCIEHUIO
MUHVMManbHOW TemnepaTypbl BO3gyxa npu ge-
XYPHOM pexume OTOMMeHMs U WCMNOoNb30BaHWK
OKOH C TEMMOOTPaXatoLMMmM IKpaHaMMU.

MogenvpoBanocb W3MEHEHUE NpUBEOEH-
HOro COMPOTUBIIEHUSA CBETOMPO3PaYHON 4YacTu
okHa R ot 0,5 go nonyyeHHbIX B pe3ynbTaTe 3KC-
nepumeHTta 1,757 m2-°C/BT, TemnepaTypa Hapyx-
Horo Bosgyxa t, 3agaBanacb OT MuHyc 10 4o Mu-
Hyc 30 °C, TemnepaTtypa Bo3gyxa B pabouyee
BpeMs cukcmpoarnack Ha yposHe 20 °C. Pacuet
ObIn Npov3BedeH AN OTHOCMTENBbHOW BNAXHOCTU
¢, paBHon 35 n 50 %. PesynbTathl pacyeToB no-
KasaHbl Ha puc. 2.
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Puc. 2. 3aBMCMMOCTb M3MEHEHWNA MUHMMAarbHO-A0MNYyCTMMON TemnepaTypbl BO3Ayxa Ts NPV AEXYPHOM PEXMME OTOMMEHNS OT R u t,.:
nesas nonosuHa rpadmka — npu ¢ = 50 %; npaBas — npu ¢ = 35 %

Kak 1 cnegosano oxuaats, ty" Byaet 3Ha-

YUTENbHO Bbile npu 6ornee BbICOKOW BNAXHOCTU
BHYTPU NomeLleHns. NpuMeHeHne 3KpaHoB Takke
paeT 3HauuTenbHbln adhdekT. Tak, n3 pacyetoB
cnegyeT, 4TO NPU OTHOCUTENBHOW BR&@XHOCTU
35 %, HapyxHon Temnepatype B MuHyc 30 °C un
NCrnonb3oBaHUM OKOH ¢ W-cTeknom u AByms Ten-
nooTpaxarLwmnmm aKpaHamu MUHUMarbHO-
Jonyctumasi TemnepaTtypa BO3gyxa npu Aexyp-
HOM OTONNeHun ymeHbwnted ¢ 16,4 go 7,8 °C ot-
HOCUTENBLHO KOHTponsa 1, T. e. bonee 4yem Ha 8 °C,
a npu oTHocuTenbHOM BnaxHoctn 50 % pasHuua
B TemnepaTypax coctasut 6onee 10 °C.

Hamu Gbina paspaboTaHa 1 3anaTeHTOBaHa
KOHCTPYKUMSA MaHenu u3 TennooTpaxarolmnx K-

N
P .

H L

Puc. 3. MHorodyHKUMOHaNbHbIV 3HEProadeKTUBHBIN CTaBEHb

paHOB C MPUMEHEHMEM C HAapPYXHOW CTOPOHBbI
cornHeyHon batapeu [7]. Micnonb3oBaHne cosnHeu-
Hol B6aTapen nNo3BonsieT BbipabaTbiBaTb MEKTPU-
YecKyto aHepruto [8], obecneunBaloLLyo He TOSMb-
KO aBTOHOMHYK paboTy OKHa C TennooTpaxato-
LMK SKPaHaMM, HO M YACTMUYHO (MITM NOJTHOCTLIO)
MOKPbIBAIOLLYIO 3MEKTPUYECKYID Harpysky notpe-
butens, a Takxe, Nnpu 6onblwnx obbemax reHepa-
UMM, NO4ABaEMyK0 BO BHELLUHIOK 3MEKTPUYECKYHO
ceTb, npuyem K1 npeobpa3oBaHUs CONMHEYHOrO
cBeTa B anekTpoaHepruio gocturaet 20 %.

Ha puvc. 3 npuBedeH HapyXHbI CTaBEHb C
YeTbIpbMS TEMNNOOTPAXKAIOLLMMUN IKPaHaAMM.

View A
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HapyxHbln cTaBeHb cogepxut pamy 1, Bbl-
MOSTHEHHYIO, Hanpumep, 13 NNacTMKOBOrO MaTtepua-
na, n TennooTpaKaroLLme 3KpaHbl 2, BbINOSHEHHBIE,
Hanpumep, 13 aniomMmuHneBon ¢onbrn. Paccros-
HVe Mexay COCEOHMMM TEeMnoOoTparKaloWwmMMm K-
paHamMu 2 MOXeT cocTaensaTb oT 5 go 10 mm. Ha-
PY>XHble TennooTpaxarolme aKpaHbl 2 BbINOMHe-
Hbl 13 anOMUHUEBOrO NUCTA TOMLWUHON HE MeHee
200 Mk, onsa obecneyeHus HAOEXHOCTM KOHCTPYK-
LUUN N LLEeNOCTHOCTU 9KpaHOB, BHYTPEHHUE Tenmno-
oTpakawLLme 3KpaHbl BbINOMHEHb! U3 antoMUHMe-
BoM donbrn TonwmHon 7-15 mk. C HapyxHOWn
CTOPOHbI CTaBeHb CHabxeH conHeyHon bGaTapeen
3, cocTosen, Hanpumep, U3 TOHKOMMEHOYHbIX
doToanemeHToB [8], kOTOpas noAkmw4yaeTcs K
KOHTponnepy (Unn K MOZYNbHOMY LEHTPY) Mpu
nomoLm Tokonposodos 4. o nepnmeTpy pambl 1
CO CTOpOHbI 3aKpbiBAEMOro MpoeMa 3akpensieH
YNAOTHSAIOWMI WHYP 5. HapyxHbI cTaBeHb ycTa-
HaBMMBaKT Taknm ob6pa3om, YTobbl B MOMOXKEHWM,
Koraa npoem 3akpbiT, OH MMAOTHO NPUMbIKAN K Ha-
PY>XHOW MOBEPXHOCTU CTEHbI 34aHns n obecneyu-
Ban UCKITlOYeHMEe KOHBeKUMK. [peaycMOoTpeHo aB-
TomMaTnyeckoe (NMOCPeACTBOM 3NEKTPONpUBOAA)
ynpaBrneHue, obecrneyvBalollee IKOHOMUIO Bpe-
MEHM Ha nepeMelleHve cTaBeHb npu 6onbloM

KONMM4ecTBe OKOH, Hampumep, B MPOU3BOACTBEH-
HbIX MNOMELLEHNAX.

MMonyyaem, 4TO NpY MPUMEHEHMU OKOH C
TEeNnooTpaXxawLnMn 3KpaHaMn U CorHeYvHon Ba-
Tapeen HabnwgaeTcss TPOWHOW 3HEepreTUyecKni
aheKT: B OTONUTENbHBIA NEepnog YMeHbLUATCA
TENMonoTepu 3a CYeT YyBEnuM4eHus ConpoTuBrie-
HUSA OKHa, CHWXalTCHA 3aTpaTtbl TENSOTbl Ha Ha-
rpeB MOMELLEHMS 33 CYET MOHMXEHUS Temnepa-
Typbl BO34yxa BHYTPM MOMELLEHUHA, a TakkKe Mnpo-
NCXoauT BblpaboTka aNeKTPUYECKOn aHepruu.

ABTOMaTM3MpoBaHHasA cucTtema perynu-
poBaHUA TennocHabXeHusa 34aHUN C npume-
HEeHUEeM TemnmooTpaXarwLwmux 3KpaHoB. [1puHK-
Mas BO BHMMaHWe MocriegHne MHHoBauun B 06-
nacTu perynupoBaHus TENJIOBOIO pexnma 34aHns
C y4eTOM ObICTPbIX U MeANEHHbIX TEMNMOBbIX MO-
TEepb Yepe3 HapyXHble Orpa)kgawLime KOHCTPYK-
uum [9], Takke Gbina paspaboTaHa W 3anaTeHTo-
BaHa aBTOMAaTM3MpOBaHHasi CUCTEMa pPerynupo-
BaHWSA TENNMOCHabXeHWs 34aHui C MPUMEHEHUEM
TENnooTpaxarLmx 3KkpaHoB (puc. 4), kotopas
noggepXuBaeT oONTUManbHY0 (3a4aHHYH UMK
paccyMTbiBaeMyo) TemnepaTtypy B XWMbIX WK

npon3BoACTBEHHbLIX MOMELLEHUNAX.

Puc. 4. ABTOMaT3MpOBaHHas cMcTeMa perynupoBaHnsi TENOCHabXXeHeM 34aHWIM C MPUMEHEHUEM TENNOOTPaXKatoLLMX 3KpaHoB: 1 — pe-
rynaTopbl TemnepaTypbl Bo3ayxa B MOMELLEHUSX; 2 — perynupyoLLme KnanaHbl OTONUTeNbHbIX NpUBopoB; 3 — perynsaTop pacxoaa Tonmnu-
Ba Ha KoTen; 4 — perynupyoLLuii opraH nogayu TonnMBa Ha KoTen; 5 — 06bekT ynpaBreHus; 6 — JaT4vku TemnepaTypbl BO3ayxa B NoMe-
LEHWSIX; 7 — AaTYMKM BIaXKHOCTU B NMOMELLEHUsIX; 8 — GIoKM pacyeTa TemnepaTypbl BO3fyXa AeXypHOro OTONNEHWS Uni GrNokv 3ajaTyu-
KOB; 9 — JATUYMKM HAPYXXHON OCBELLEHHOCTM, PacronoXeHHble nodgacagHo; 10 — perynsiTopbl NOMNOXEHWsI TEMNOOTPaXaoLWMX SKPAHOB;
11 — 3MEKTPONPUBOAbLI TEMIOOTPAKAILLMX IKPAHOB;1...i — HOMEP NoMeLLeHNs/KOMHATLI; 1...J — HOMep 34aHus; 1...n — HoMep perynsiTopa
NONOXEHWS TENOOTPaXKatoLWMX 3KpaHoB; 1...K — HOMep 3NeKTPoNpUBOAa TENOOTPaXKAOLMX 3KPAHOB; 1...M — HOMEpP PErynMpYHLLEro
KnanaHa oTonuTensHoro npuéopa; N, S, W, E — ceBepHbIi, 0XHbIN, 3anafHblii U BOCTOUHbIN hacafbl 34aHUs COOTBETCTBEHHO
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TennooTpaxaroLme 3KpaHbl OKOHHbIX Oro-
KOB OMyCcKaloTCs B TEMHOE BPEMsi CyTOK 1 BO Bpe-
MS OTCYTCTBMS Mogen B NMOMeLLeHnaxX no 3agaH-
HOMY rpaduKy Wnn curHany oT aTyuMKOB Hapyx-
HOWN OCBELLEHHOCTU B 3aBUCUMOCTW OT BblIGpaHHO-
ro anroputma ynpasrneHus. CurHan no ypoBHIO
OCBELLEHHOCTN CHapyxu 3gaHus noctynaeTr oT
OaTyYMKOB HapYXHOW OCBELLEHHOCTU, pacrono-
XeHHbIX nodacagHo. Mpu onyckaHum TennooTtpa-
XalLnX 3KPaHOB YMEHbLLAOTCHA TENMnoBble NoTe-
pY Yepes OKOHHbIE NMPOEeMbI, YBENNYMBAETCH TEM-
nepatypa BHYTPU MOMELLUEHUS, YTO MO3BONSET
YMEHbLUNTb pacxog TOnfvBea Ha OTONNeHMe.

PaspaboTaHHasa cuctema nossonseT noa-
AepXnBaTb pasnuyHylo TemnepaTypy Bo3ayxa BO
BCEX MOMELLEHMAX 34aHuna 3a cYeT perynuposa-
HMA pacxoda TennoHOCMTens B OTOMNWUTESNbHbIN
npubop. N3meHeHne xe pacxoda Tonnuea B KO-
Ten BNUseT Ha N3MEeHeHne TemnepaTypbl Bo3gyxa
BO Bcex nomeuleHusx. Pacxog Tonnmea cooTBeT-
CTByeT MaKCuMarbHO 3adaHHOW TemnepaType
BO34yXxa B 34aHuw.

Cncrtema perynupoBaHus AN NPOMbIL-
MNEeHHbIX 30aHWMIA OOMONHWUTENBbHO peanusyeT ae-
XYPHbIN peXuMm OTONMEHUs, NpyM KOTOPOM 3aja-
Baemas Temnepatypa BO3dyxa BHYTpU Mnomelle-
HUSA paccumTbiBaeTcs no dpopmyne (6).

Cuctema moxeT ObITb peannsoBaHa Ha Oc-
HoBe 0OOpyaoOBaHWS AOMalLHen aBToMaTtv3auuu,
paboTatowero no OTKpbIToMy npoTokony KNX
(Hanpumep, Siemens Synco Living) wnu npo-
MbILLINEHHBIX KOHTpOMepax.

3akntoyeHune

B ncnonb3oBaHuKn B kavecTBe aHeprocoepe-
ratoLLMX MepornpuaTU HE TONbKO TEMNNooTpaKalto-
LLIMX 3KPaAHOB C COMTHEYHbIMU BaTapesiMmn, CUCTEMBbI
aBTOMaTtu3aumMm TennocHabXeHus1 34aHusa ¢ npu-
MEeHeHMeM JEXYPHOro pexuma OTOMMNeHUd, yTunu-
3auum TennoTbl BbITSXXHOMO BO3AyXa NOCPEeACTBOM
TennoobmeHHuKoB-pekynepatopos [10, 11], HO u
HOBbIX Pa3paboToK M pe3ynbTaToB UCCNEOBaHUN
Hay4HbIX coTpyagHukoB COSTIC n INSA B obnactu
«rMbpuaHOM» BEHTUNALMKN, B 06N1AcTU NOBbILLEHUS
repMeTUYHOCTM 30aHUN N KOHTPONUpyemMon noga-
UM CBEXero Bo3gyxa B 3aBUCMMOCTU OT KOHLEH-
Tpauun yrnekucrnoro rasa B noMeLleHun 3anoxeH
bonbllon aHeprocbeperatowmMin noTeHuman pans
CcUCTeM 3HeprocHabxeHnst 3gaHnii kak B XKKX, Ttak
N B NPOMbILLUNIEHHOM CEKTOpE.

MpuMeHeHVe npeanoXeHHbIX KOHCTPYKLIMNA
OKOH MOMOXET A00UTbCA 3Ha4YeHun noTpebneHus
3HEpPropecypcoB, yCTaHaBMMBaeMbIX AN 30aHUN
Poccuiickumun n EBponenckummn Hopmamm [1].
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Introduction. Existing European and Rus-
sian energy efficiency regulations stipulate strict
requirements regarding annual energy consump-
tion, and particularly, the heat transfer resistance
coefficient of translucent structures. Thus, Euro-
pean Union legislatures stipulate a coefficient of
heat transfer resistance for windows by 2020 of
1,67+2,0 m*°C/W, while Russian official bodies
stipulate 1,0+1,05 m*°C/W by 2016. Pursuant to
Russian legislation, annual specific consumption
of energy in buildings as of 1 January 2020 shall
be reduced by 40 % of the basic level.

The authors [1] developed and patented
[2, 3] window designs with panel, roll and louvre
type heat-reflecting screens, which are made of
metal and significantly reduce heat losses. The
use of screens is desirable during nighttime or in
the absence of people. Screens may be placed
inside or outside buildings, or between window
panes. The use of screens not only reduces
losses related to heat transfer but also permits
ambient temperature reduction in setback heat-
ing mode. There is a need for creating a system
of automated window screen control, and also for
methods of determining ambient temperature in
setback heating mode.

Determining minimal ambient tempera-
ture in setback heating mode. A certified envi-
ronmental chamber belonging to «lvanovostroiis-
pytaniya» (an independent non-profit making or-
ganization engaged in construction engineering)
was used [1] to study the impact of using heat re-
flecting window screens on raising heat transfer
resistance in windows and reducing heat losses.
For control purposes, two double-glazed windows,
made according to formula 4M1x10x4M1x10x4M1
and 4M1x10x4M1x10x4i, respectively, with low-
emission coating, were used.

According to the given data (refer with Ta-
ble), the use of low-emission I-glass increased
heat transfer resistance from 0,47 m?°C/W to
0,61 m*°C/W (by 29 %), while adding a panel
consisting of two metal screens positioned at a
distance of 10 mm from each other on the cold
side of the environmental chamber increased re-
sistance to 1,76 m>°C/W (by 274 % of control
value 1, or 189 % of control value 2).

11. Solutions de regulation dans les petits batiments,
SEBTP, COSTIC. Paris, 2000.

Current regulations (SP 60.13330.2012.
«Heating, ventilation and air conditioning») with
reference to buildings during the cold season
when not in use or during non-working hours per-
mit reducing indoor ambient temperature below
the regulation value, but not below 15 °C in resi-
dential buildings, 12 °C in public buildings and
5 °C in the case of industrial premises.

Ambient temperature reduction in the set-
back heating mode creates a high energy saving
potential. Minimal ambient temperature in setback
heating mode is to a large extent determined by
the conditions necessary to prevent condensation
on enclosing structure surfaces. We note the high
probability of condensation on windows, because
translucent structures are the weak spot in heat
insulation of buildings.

It should be noted that the appearance of
moisture on glass surfaces is not only an esthetic
defect, as continuing condensation may eventual-
ly result in moistening of the structures [4, 5], with
possible formation of fungi and mildew on window
sills. Particular attention should be paid to hori-
zontally positioned and slanting windows, also
skylights, as pursuant to Current regulations (SP
50.13330.2012 «Buildings Heat Insulationy»), inner
surface temperature should not be lower than in-
door ambient dew-point temperature at the as-
sumed outdoor ambient temperature during the
cold season.

Relative humidity inside buildings RH is a
regulated value (30 % to 65 % for public and resi-
dential buildings), while air humidity, window heat
transfer resistance and outdoor ambient tempera-
ture are the factors determining dew-point tem-
perature along internal glazing, and therefore mi-
nimal ambient temperature in setback heating
mode (at a given heat transfer coefficient for inner
window surfaces).

As shown by calculations and experimental
data (refer with Table), the use of external heat-
reflecting screens increases heat transfer resis-
tance up to 1,76 m2°C/W with a significant in-
crease in internal glass temperature, thereby
enabling us to further lower indoor ambient tem-
perature (depending on indoor humidity) in the
absence of people.

Results of tests on heat-reflecting screens in windows with low-emission coating

Heat flow, Inner glass tem- Heat transfer resistance
Item W/mZ perature to, oC Ry MZ-OC/W R/Rcomrol 1 R/Rcontrol 2
Control 1 4M1x10x4M1x10x4M1 76,1 12,5 0,47 — -
Control 2 4M1x10x4M1x10x4i 58,9 14,15 0,61 1,29 _
(coated)
2 cold side screens 20,77 18,65 1,76 3,74 2,89
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We were interested to know how to deter-
mine the value (refer with Fig. 1) to which an au-
tomated window control system may lower am-
bient temperature in setback heating mode while
excluding condensation on internal window glass
surfaces with enhanced heat insulation properties
(using heat-reflecting screens).

RH=100%

in

s
in*
t s.b,

.
-

Fig. 1. Determining ambient temperature in setback heating
mode

Minimal indoor ambient temperature in set-
back heating mode may be determined by:
tér.]b. = téng + Aty arg» (l)

F * In* —-—
t;’?‘b. =1, +i =14 + (tS.b. tout) , (2)
in Alin RWindow

where t", — indoor ambient temperature at which
condensation begins on glass surfaces, i.e. when

*

Ty =Tq> °c; 14 — dew-point temperature at work-
ing hour ambient conditions, °C; 1, — internal
glass surface temperature, °C; Aty ,, — tempera-
ture margin for preventing condensation (as-
sumed to be 1 °C); t,,;, — outdoor ambient tem-
perature, °C; q - specific heat flow, w/m?;
Ruindow — heat transfer resistance of window
translucent area, m*°C/W; «;,, — coefficient of

heat transfer from indoor air to glass, assumed to
be 8,7 W/m>.°C.

Therefore,
in* in*
ts . Qin Ruindow = Td %in Ruindow +isp —tout =
t;nt’; _ %d %in Ruindow — tout _ ©)

Xin RWindow -1
Dew-point temperature of indoor ambient
air during working hours may be determined by
the Magnus-Tetens formula [6] with an accuracy
of £0,2 °C (within a temperature range of from 5 to
25 °C, and with humidity ranging from 10 % to 70 %):

_ b- Y(t\il\?ork! RH\i\;]ork) , (4)
a- Y(t\I/\?ork , RH\;\?ork)

where a =17,27; b =237,7;

T

. . atw K RHin y
Y(t\;\r/]orkiRHwork) = L el %)
b+t 100
Resulting in
. R —t
th — Td %in Rwindow out | At . 6
*b Xin Rwindow -1 mar ( )

Thus, knowing the window resistance value
Ruindow during non-working hours, outdoor ambient

temperature, ambient temperature and humidity dur-
ing working hours we can determine minimal am-
bient temperature in setback heating mode.

In accordance with formulae obtained in Math-
cad and Excel computing environments, we pre-
pared a programme for calculating minimal am-
bient temperature in setback heating mode and
using windows with heat-reflecting screens.

We simulated changes in the resistance of the
translucent part of Window R from 0,5 to the result-
ing experimental value of 1,757 M*°C/W, while set-
ting outdoor ambient temperature t, from — 10 to —
30 °C, and ambient temperature during working
hours at 20 °C. The calculation was made for rela-
tive humidity RH equal to 35 and 50 %. The results
of these calculations may be seen in Fig. 2.

As expected, tI, will be significantly higher

with higher indoor humidity. A significant differ-
ence also results from the use of screens. Thus,
according to calculations, with relative humidity of
35 %, outdoor ambient temperature of — 30 °C and
the use of I-glass windows with two heat-reflecting
screens, minimum permissible ambient tempera-
ture in setback heating mode falls from 16,4 °C to
7,8 °C, that is, by more than 8 °C, while with rela-
tive humidity of 50 % the difference in temperature
is more than 10 °C.

The authors also developed and patented
[71 a panel design featuring heat-reflecting
screens using a solar battery on the external side,
consisting, for example, of thin-film photocells.
The use of a solar battery permits generation of
electric power [8] which not only ensures inde-
pendent operation of windows with heat-reflecting
screens but also partially or completely serves the
consumer’s electrical load, and in the event of
large-scale generation may be fed into the exterior
electrical network. Moreover, the conversion effi-
ciency of solar batteries reaches 20 %.
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Tin, °C

0.9
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Fig. 2. Dependence of changes in minimal permissible ambient temperature t, in setback heating mode on R and t,., given RH = 50 %

in the left half of the graph and RH = 35 % in the right half.

Fig. 3 shows an outer shutter with four
heat-reflecting screens.

The outer shutter comprises frame 1, made
of plastic or other material, and heat-reflecting
screen 2, which may be of aluminum foil. The dis-
tance between neighbouring heat-reflecting
screens 2 may be 5-10 mm. Outer screens 2 are
made of aluminium sheet at least 200 microme-
ters thick to ensure reliable screen structure and
integrity, while inner heat-reflecting screens are
made of aluminium foil of 7—15 micrometers thick-
ness. On the outside the shutter is provided with
solar cell panel 3, which may consist of thin-film
photo cells [8] and is connected to a controller (or
module centre) by means of current leads 4. A
packing cord 5 is attached along the perimeter of
frame 1 adjoining the window aperture to be
closed. The outer shutter is mounted so as to
tightly adjoin the outer surface of the building’s
wall and preclude convection when the window
aperture is closed. Automatic (electrically driven)
control is provided, which saves time spent in
moving shutters for large numbers of windows, for
example, in industrial buildings.

Thus, using windows with heat-reflecting
screens and a solar battery results in a triple
power effect: reduced heat losses during the
heating season due to increased window resis-
tance; lower cost of heating buildings due to lo-
wering of indoor ambient temperature; also
electric power generation.

Automated system for controlling heat
supply in buildings using heat-reflecting
screens. The authors took into account the latest
innovations in controlling temperature conditions
in buildings, including rapid and slow heat losses

via exterior enclosure structures [9], and further
developed and patented an automated system for
controlling heat supply in buildings using heat-
reflecting screens (Fig. 4), which maintains an op-
timal (preset or calculated) temperature in resi-
dential buildings and industrial premises. The
window units’ heat-reflecting screens are lowered
at night and in the absence of people on the pre-
mises according to a set schedule or a signal from
external light sensors depending on the selected
control algorithm. Exterior light signals are sent by
exterior light sensors, located along the building’s
fagade. Lowering heat-reflecting screens results in
lower heat losses through window apertures and
higher indoor temperatures, and consequently
lower fuel consumption for heating.

The system developed by us enables vari-
ous ambient temperatures to be maintained in all
parts of a building due to control of heat conductor
consumption in the heating unit. Varying boiler
fuel consumption influences changes in ambient
temperature on all premises, fuel consumption
corresponding to maximum preset interior ambient
temperature.

As intended for industrial premises, the
control system further facilitates a setback heating
mode, in which the preset indoor ambient temper-
ature is determined according to formula (6).

The system may be implemented using
domestic automation equipment functioning ac-
cording to a KNX open protocol (e.g. Siemens
Synco Living) or industrial controllers.
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Fig. 3. Multifunctional energy-efficient shutter
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Fig. 4. Automated system for controlling heat supply in buildings using heat-reflecting screens: 1 — indoor ambient temperature control;
2 — heating instruments control valves. 3 — boiler fuel consumption control; 4 — boiler fuel supply control; 5 — controlled object; 6 — indoor
ambient temperature sensors; 7 — indoor humidity sensors; 8 — units for calculating ambient temperature in setback heating mode or
setting device unit; 9 — exterior light sensors, located along the facade; 10 — heat-reflecting screen position controls; 11 — heat-reflecting

screen electric drive; 1...1 — premises/room No.; 1...j — building No.; 1...
reflecting screen electric drive No.; 1...m — heating unit control valve No.;

respectively

Conclusion

The application for energy-efficient purposes
not only of heat-reflecting screens with solar cell
panels, automated heating systems using setback
heating mode, heat recovery in exhaust air with the
aid of regenerative heat exchangers [10, 11], but

n — heat-reflecting screen position control No.; 1 ... k — heat-
N, S, W, E — building’s north, south, west and east fagades,

also of new designs and the results of research by
COSTIC and INSA staff in the fields of «hybrid»
ventilation, improved building air tightness and con-
trolled fresh air supply depending on carbon dio-
xide levels in buildings has created a big energy-
efficiency potential for systems supplying energy to
both residential and industrial buildings.
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Using the recommended window designs stipulated for buildings by Russian and European
will help to achieve the energy consumption levels regulations [1].

Asmopel ebipaxarom brazodapHocmb 3asedyroweMy kaghedpoli pycckozo U ¢hpaHyy3ckoz2o si3bikos UMY k.¢b.H. Lly-
makoeol A.l1. 3a npogheccuoHanbHy0 NOMOWb 8 rnepesode Mamepuasios cmambu MpuU ee HanucaHuu compyoOHUKamu
COSTIC u Uray.
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