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AHHomayusi. B paboTte paccmaTtpuBarTCs NacCUBHbIE JOMA, B KOTOPbIX €XEro4HbIA PAaCX0d 3HEPrun He MpeBbill a-
eT 10-15 kBTu/M’. TNaBHOIN 0COBEHHOCTBIO 3HeprocbeperaiLmMx JOMOB SBASETCS MaKCMManbHOE COXpPaHEHWe repme-
TWYHOCTY 3@ CYET MOBbILEHNS TOMLMHBI TEPMOU3OMNALMM, YCTAHOBKM OKOH C MHOTOCIIOAHBIM OCTEKIEHNEM, NMPUMEHEHMS
NPaBUNbHON CUCTEMbI BEHTUNALUM U KOHOWLMOHMPOBAHUS, MUHUMW3ALMUM BRUSHUS MOCTMKOB Xomnofa, a Takke npa-
BUINBHOTO yTenneHus gyHaameHTa. lMepeyncneHHble Mepbl MO3BOMSIOT 3HAYUTENBHO CHU3WUTL TEMONOTEPD B CpaBHe-
HUM C TaKoBOW B 00bI4YHbIX JOMax. [pu NCNONb30BaHUM BCEX HEOOXOAUMbIX PEKOMEHAALMIA BOSMOXHO NONYYNTb COOPY-
XeHuWe, 3aTpatbl Ha 060rpeB M OxnaxaeHue KOToporo OyayT MEHbLUE, YEM Yy [OMOB, 3aBUCSLLMX OT ra3oBbIX CETEN U
TennoueHTpanen. [ng oTonneHms 3HeproaeKTMBHOrO 4oMa NyylMM BapuaHTOM SBNSETCA CO3[aHNe CUCTEMbI BEH-
TUNALMK C pekynepaumeit Tenna u CMCTEMON NoA3eMHbIX BO3AyXOBOAOB. Pekynepauuns — npouecc 1cnonb3oBaHus Ten-
NOTbI 0TXOAAWMX ra3oB. CyLlecTByeT HECKONbKO BUAOB PEKYNEPATOPOB: MNacTUHYaTbIe, POTOPHBIE U C MPOMEXYTOYHbIM
TennoHocutenem. Takke CYLIECTBYIOT pasHble CXeMbl ABWXEHUS BO3dyXa BHYTPU pekynepatopa: C NepekpecTHbIM
HanpaBfeHWeM BO3JYLWHbIX NOTOKOB, MPOTMBOTOYHBIM M NapannesnbHbiM BapuaHToM aBwxeHus notokoB. Ocoboe BHU-
MaHue crefyeT yaenuTb repMeTu3aLmm OKOH U YCTaHOBKE KauyeCTBEHHbIX CTEKNONaKeTOB, KOTOPbIE HEe TOMbKO He Mo3-
BOMST HAarpeToMy BO3AYXY BbIXOAMTb HAPYXY, HO Takxke OyayT BINOMHATb PYHKLMIO CONHEYHBIX KOMIEKTOPOB.

Knioyeeble cnoea: 3HeproapeKTMBHLIA [OM, CUCTEMA OTOMMEHUs, COXPaHEHWe Tenna, perynmpoBaHue
Temneparypsl

Features of heating and heat preservation
of energy-saving houses

© Vladimir P. Yashchenko, Alisa V. Babik
Irkutsk National Research Technical University,
Irkutsk, Russian Federation

Abstract. The article considers passive houses in which the annual energy consumption does not exceed 10-15 kil-
owatts per hour per square meter. The main feature of energy-saving houses is the maximum preservation of tightness
by increasing the thickness of thermal insulation, installing windows with laminated glazing, using the correct ventilation
and air conditioning system, minimizing the effect of cold bridges, as well as proper insulation of the foundation, which
significantly reduces heat loss compared to conventional houses. When using all the necessary recommendations, it is
possible to obtain a building whose heating and cooling costs will be less than that of houses dependent on gas networks
and heating plants. For heating an energy-efficient home, the best option is to create a ventilation system with heat re-
covery and an underground air duct system. Recuperation is the process of using the heat of waste gases. There are
several types of recuperators: plate, rotary and with an intermediate coolant. There are also different schemes for the
movement of air inside: with cross-flow, countercurrent and parallel flows. Particular attention should be paid to sealing
windows and installing high-quality double-glazed windows so that they not only prevent heated air from escaping, but
also additionally absorb the heat of sunlight.
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B ycnoBumsix pocTa LEeH Ha ycryrn oTonsieHus
OCTPO BCTAeT BOMPOC O MOBbILLEHUN IPPEKTUB-
HOCTW COXpaHeHWs KOM(OPTHON Temnepatypsl
BHYTPU Joma. YeM Bblle YpoBEHb 3Heproad-
(PEKTUBHOCTM 30aHUs, TEM HWXEe 3aTpaTbl Ha
3Hepruto, koTopas noTpebyeTtcs Ans co3gaHus B
HEM KOMMOPTHbIX AN NPOXuBaHUs ycrnosun. B
AaHHoW paboTe paccmaTpuBalOTCA NacCUBHblE
[OMa, rOe exerogHbld pacxod JHeprum Ha

OTOMNMEHNE U Xn3HeobecneyeHne He npesbilla-
et 10-15 kBTu/M?. CoxpaHeHue Tenna BHYTPYU
coopyxeHus obecneumBaeTca 3a CYET COXpa-
HEHUS| TepPMETUYHOCTU KOHCTPYKLMK, yBenuue-
HUA TONWWHBI TENOU30NALMN, MaKCUMaribHOro
yCTpaHeHns BCeX MOCTUKOB X0fi0fa, YCTaHOBKU
OKOH CO creumanbHbIMU cTekrnonaketamu. Tak-
X€ BaXHYK poSfib MrpaeT npaBusibHas Temnno-
nsonaumsa yHgameHTa.
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[MaccuBHbI IOM — COOPYXEHUe, BO3BEAEH-
HOe Mo cTaHgapTy M obecneynBatoLlee MOHU-
XEHHoe noTpebneHvne Tennoson aHeprum. OT-
[enbHas cuctema otonneHus nmbo OTCyTCTBY-
eT, Nnb0o UMEET HEBLICOKY MoLyHOCTb [1]. Ana
Poccun, 3a MCKNOYEHMEM HECKONbKUX permo-
HOB, CTPOWTENbCTBO Takoro goma 6byget 3a-
TPYOHEHO UMK Xe COBCEM HEBO3MOXHO. 34aHNS
Takoro Tuna nosly4Ynsim M3BeCTHOCTb Mocne pac-
NpoCTpaHeHnss ux B 'epmaHum, rge oHuM Hanbo-
nee nonynspHsbl [2].

OfHa v3 rnaBHbIX YacTel naccuBHOro goma
— otonsnieHne. [lom MOXeT oTannMBaTbCs 3Mek-
TPUYECKUMM  KOHBEKTOpPaMW, KaMUHaMK, COf-
HEYHbIMW KONMeKTopamu, HO cambiM 3ddek-
TUBHbIM BapuaHTOM $IBMSETCA MCMONb30BaHue
BEHTUNALMM C pekynepaumen Tenna. B aHepro-
cbeperaowmx goMax WUMeeTcs BO3MOXHOCTb
noaaepxusatb KOMMOPTHYK TemnepaTtypy B
TeYeHue BCero roga, a He TOMbKO B OTOMUTENb-
HbIW Nepuod. B naccuBHbIX JOMaxX NpUMeHsieTcs
KOMMMEKCHas cucteMa OTOMMEHUs, BEHTUALMUM
W KOHOWLMOHUPOBAHMS, OHa MO3BONSAET pPacxo-
[0BaTb 3Hepruo 6onee 9KOHOMHO, YeM U OTNu-
4aeTcs OT KOHBEKLMOHHOW CUCTEMbI OTOMMNEHNS.
Ho ana xonogHbIX UM OYeHb XapKux pervoHoB
W MeCT C pe3kuMu nepenajamu TemnepaTyp
€QMHCTBEHHbIM BapuaHTOM OCTalTCs Tpaguuu-
OHHble CUCTEMbl OTOMMEHUS W OXMAXOEHUS.
KomnnekcHble e cUcTeMbl aeansHO nogonayT
ANS PaNOHOB C YMEPEHHbIM KnumaTom [3].

Obs3aTenbHbIn 3NIEMEHT 3HEProapdekTmB-
HOro Joma — MPUTOYHO-BBITSXKHAA MeXaHude-
ckas BEHTUNAUMS C peKkynepauuen Tenna u cu-
CTeMOW NoA3EMHbIX BO34yXOBOOB.

Pekynepauus — npouecc, npy KOTOpoM Ten-
N0 BHYTPEHHEro BLITSXKHOrO BO3ayxa, Bblbpa-
CblBaeMoe B XONOAHbIN NEPUOA, YTUIU3NpyeTcs
ANS Harpesa NnocTynatwoLLero BHYTPb HapPY»KHOro
Bosgyxa [4].

B cucrteme 9HeproaheKkTUBHON BEHTUNS-
LMW MOTYT NMPUMEHSATLCA TPU BUAA pekynepaTo-
pOB.

1. [lnacmuHyamsie.

MNpn NpUMEHeHUN Takoro pekynepartopa uc-
XOAAWMA W3 30aHUS BO3AyX MNPOXOAMT 4epes
BEHTUNALMOHHBIN KaHamn, oT4aeT Tenno nnactu-
HaM TennoobMeHHWKa, a CBeXuW BO3dyX, No-
CTynawwui ¢ ynuubl, NOrowaeT Tenno aTmx
MnacTuH, HarpeBaeTcs M NogaeTcs B nomelye-
Hus. Takum 06pa3om, HaKoOMneHHoe Tenno co-

XPaHAETCS 1 He BbIBETPUBAETCS, YTO NO3BONSAET
NPaKTUYeCKN MOMHOCTbIO YCTPaHUTL Temnepa-
TypHble nepenagbl. B Takom pekynepartope
MOXHO 3afaTb PasHble CXeMbl ABUKEHMS BO3-
Ayxa: NpOTMBOTOYHOE, MEPEKPECTHOE W mapar-
nenbHoe ABmxeHne notokos. Hanbonbwmn KMo
Oyoet uMeTb NEepekpecTHasi CXeMa [ABWXKEHMS
BO3[yxa, TaK Kak B JaHHOM crnyyae nnowiagb
TennoobmeHa pekynepaTtopa Oyget Hambonb-
Len.

cBEXnA
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Puc. 1. MpuHyun pa6omsl nnacmMuH4Yamo20 pexkynepamopa

2. PomopHeie.

Takve pekynepatopbl npeacTaBnsaT coboi
BpaLawowminca bapabaH — poTop, KOTOPbIN W
BbINOMHSAET PYHKUMIO TennoobMeHHuka. BbiTs-
TMBaeMblii 13 MOMELLEHNs BO3OyX HarpesaeT
pOTOpP, KOTOPbIA MpW CBOEM BpalleHun oThaet
TEenno HapyxHoMmy Bo3ayxy. Tak Kak BO3ayLUHble
MOTOKM NPOXOAAT Yepe3 pekynepartop no pas-
LeNbHbIM BEHTUNALMOHHBIM KaHanam, OHU He
CMeLUMBaloTCs, a TennoobmeH NpoucxoauT uc-
KNIOYMTENBHO Yepe3 BpallatoLwmiica bapabaH.

3. C npomexymouyHbIM mernioHocumenem.

3JTa cuMcTeMa COCTOMT K3 ABYX TennoobmeH-
HUKOB, OMH M3 KOTOPbIX pa3meLlleH B BEHTUNS-
LIMOHHOM KaHane C NOTOKOM BbITSHKHOrO BO3AY-
Xa, a BTOPON — B KaHane € NpUTOYHbIM BO3aY-
XOM. BbITSKHOW BO3ayX, NPOXOASA Yepes nepshblii
TennooOMeHHWK, HarpeBaeT MNPOMEXYTOUHbIN
TENIOHOCUTESb, KOTOPbIN Yepe3 ApYyron Tenso-
OOMEHHUK OTAaeT 3TO Tenno BO3dyxy, MOCTY-
natowemy ¢ ynuubl. TakoW BapuaHT HaumeHee
adhdekTmBeH [5].

YTunusaums npoucxoaut B crieuuanbHbIX
TennoobMeHHbIX annapatax U npoYux yTunusa-
TOpax TennoThbl. Takas BEHTUNAUMS NO3BONseT
HE TONbKO HarpeTb KOMHATbI, HO U OXNaauTb KX,
NPOBETPUTb NOMELLEHNS, HE AoMNycKkas nonaja-
HUA 3arpsABHEHNIA 1 HENPUATHBIX 3aNaxoB U3BHE.
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XonoaHbin i
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Puc. 2. lpuxyun pabomsl pOMOPHO20 peKynepamopa

OTtBOA BO3AyXa NPOUCXOAMT Yepes CaHyasbl W
TeXHn4yeckme nomewieHns. Ons obecneyeHus
BO34yxooOMeHa HeobxoaMMO WMETb 3a30pbl
BENMUYMHON HE MeHee OQHOro CaHTUMeTpa Mex-
Lly NoSioM v aBepbMu [6].

Puc. 3. Mpuxyun pabomsl pekynepamopa ¢ NPOMeXymoyH
bIM mensioHocumesnem

[ns nyJwero perynMpoBaHusi Temnepatypbi
B MOMELLEHNAX NaCCUBHbIX JOMOB HEobXoammo
yCTaHaBNMBaTb CTEKNONaKeTbl C HECKONbKAMM
Kamepamu, 3anofiHEHHbIMW ra3aMil C  HW3KOM
TENMonpoOBOAHOCTbLIO, @ Kpasi CTEKON AONOMHMU-
TENbHO YTENMNATb TEPMOU3ONSLMOHHBIMU NPO-
Knagkamu. PacnonaraTb OkHa enaTenbHO npe-
MMYLLIECTBEHHO C I0XHON CTOPOHbI, TaK Kak Toraa

OHW BbLIMOMHSAT ewe M (YHKUMID COSHEYHbIX
KONNEKTOPOB, Npomnyckas Yepes cebs CONHEYHbIV
CBET M He Bbinyckas Tenno obpatHo [7].

dakTnyeckn otonneHne B IHeproaddek-
TUBHbIX gomax He Tpebyetca. OCHOBHOE BHU-
MaHue yaensieTcsl YCTpaHeHUo 3a30poB, Yepes
KOTOPblE MOXET MPOCOYNTHCA XOSIOAHbIA BO3-
AyX, 1 noabopy npaBunbHbLIX TEMNON30MNALMOH-
HbIX MaTepuanos. Cama Tennon3onaumns LOnx-
Ha pacnonaratbCsi HeNpPepbIBHO N0 BCEMY KOH-
TYpy 30aHus,, @ OCOBEHHOE BHMMaHWE HYXHO
yOoenuTb MecTam COYNEeHEHUs Kpbiln W nepe-
KPbITUA CO CTEHaMM, MPUMbIKAHUA CTEH K (PyH-
[AMEHTY W OKOHHbIM pamam. OcHOBHasi gons
TENnonoTepb MNPUXOAMTCA Ha (yHAAMEHT W
KPOBMIO, ANA WX yTenneHuss Heobxogumo noa-
Bupatb CTpouTENbHBIE WM TEMNOU3OMNSALMOHHbIE
matepuanbl ¢ MUHUManbHbLIM KO3hduULMeHTOM
TennonpoBOAHOCTU. Hanpumep, XOpowo wuc-
nonb3oBaTb 3KOBATy C TennonpoBOAHOCTHIO O,
037 -0, 042 Bt/ (m-°C) [8].

TpeboBaHus K KayecTBy CTpOWUTENbCTBA
9HeproahHeKTMBHOrO AOMa BeCbMa BbICOKM,
TaK Kak Ans perynupoBaHus TemnepaTtypbl B
MOMELLEHNSAX NACCUBHbIX LOMOB HEOBXOAUMBbI
TWwaTtenbHbIM Noabop pacnosioXeHns W BblBe-
PEHHbIA NPOEKT AOMa W Yalle BCero UCrnonb3o-
BaHuWe Gonee Ooporvx matepuanoB. AT Mepsbl
OKynatoTCsA NOCNe HECKOMbKNX NET UCMONb3oBa-
Hua [9, 10].
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