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BBELIEHVE

Hactoswmin  katanor COAEPXWT Habop apXMTEKTYPHbIX, MNAHMPOBOYHBIX, KOHCTPYKLIMOHHBIX, CTPOUTENbHBIX,
NHXEHEPHbIX, TEXHONOM MYECKMX 11 MHBIX MPOEKTHbIX PELLEHMA ([anee N0 TEKCTY — TEXHNYECKIX U MPOEKTHbIX PELLIEHNI
UMK PELLIEHNA), MPUMEHSAEMbIX NPW NPOEKTUPOBAHMN XMNbIX U OBLLECTBEHHbBIX 3[aHUA BLICOKOI 3KOMOrMUYecKon v
JHEPreTnyeckoin 3cheKTMBHOCTH (0OBEKTOB «36MIEHOr0 CTPOUTENLCTBA ).

Llenb kaTanora - uichopmaLMoHHOE COAENCTBUE NPOEKTUPOBLYMKAM U CTPOUTENAM NPU CO3[AHNMN

HMK 00HEKTOB «3EJIEHOr0 CTPOUTENILCTBA>.

BbIOOp peLLeHunit Katanora HanpaeneH Ha [OCTVWKEHWE B MPOEKTaX KPUTEPUEB YCTOMYMBOCTUA CpeMbl 0OMTAHMS:
yenoBeka (sustainability in building construction) unu, uHbIMK CNOBAMK, KPUTEPUEB «3ENIEHOrO CTPOUTENbCTBA,
ycraHoBneHHblx [OCT P 54954-2012 «OueHka COOTBETCTBMA. IJKONOTMYECKMEe TPeDOBaHMSA K OObEKTaM
HE[BIKUMOCTH >

YpoBeHb YCTOAYMBOCTM Cpedbl 0OMTaHWA NpOeKTa B LENOM WAW YPOBEHb OTAENbHbIX KPUTEPUEB «3eNeHOro
CTPOMTENBCTBA» [N NMPOEKTA MOXET ObiTb 0D03HAYEH 3aKA3UMKOM Ha MPEANPOEKTHON CTaauv B OOLLIEM BUIE UK
cd)opMynmpoaaH UM B 3afjaHMN HA MPOEKTMPOBAHWE 00bEKTa KOHKPETHO B COOTBETCTBUM C napamerpamin oo
OTEYECTBEHHOM Wny 3apy0eXHON PEATUHIOBOA CUCTEMOI OLIEHKM B 00NACTI «3ENEHOTO CTPOUTENBCTBA.

TexHU4eCcKMe 1 NPOEKTHbIE PELLEHNS Karanora CONPOBOXAAKTCS MHADOPMALIMER O BO3MOXHOM BenuuuHe Gannos,
KOTOpblg MOryT BbiTb MONYYeHb! MPU MX NPUMEHEHMM B MPOEKTE B COOTBETCTBUM CO CTaHzapToM CTO HOCTPON
2.35.4-2011 «3eneHoe CTPOMTENbCTBO. 3MaHMS XUble W OOLLECTBEHHbIE. PEATMHIOBAas CMCTEMA OLEHKMN
YCTONYMBOCTH CPefbl 0OUTAHUS».

MpenycMOTPEHHbIE MPOEKTOM TEXHUYECKME U NPOEKTHbIE PELLIEHUS Katanora, TakiM 00pasoM, NO3BONSIKT C BbICOKON
CTENeHbK NPOrHO3MPOBATL BEPOSITHOCTL CO3MaHUS NPOEKTa C YPOBHEM YCTOAYMBOCTU Cpefbl 0OUTaHUS npoekTa
Tpebyemoro knacca, Heob6xoaumoro Ans ceptucoukaumu o0bekta Mo napameTpam «3efeHOr0 CTPOUTENbCTBA»
B CO0TBETCTBIM C TpeBoBaHuamu CTO HOCTPOW 2.35.4.



CTPYKTYPAKATAJIONA

TexHU4ecKue 1 NPOEKTHbIE PeLLIEHNS CrPYNMMPOBaHbI N0 Pasaenam karanora. HaumeHoBaHUs pasaenos BO MHOOM MOBTOPSIOT
HAMMEHOBAHMS PA30en0B NPOEKTHOIM OKYMEHTALMK. TO CAeNaHo Ans T0ro, 4tobbl NOUCK v BbIBOP peLueHuit Gbinn Hanbonee
yI0DHBI NS Pa3HbIX CMEUNANMCTOB, YYaCTBYHOLLMX B CO3aaHMM npoekTa. O[HAKO Takoe pacnpefeneHne PeLLeHuit No pasnenam
Karanora [0CTaTO4HO YCNOBHO U He NpuHUMNMansHO. MHOTME peLLeHnst HOCAT YHUBEPCANbHbIA XapakTep, U UX MpUMEHeHue
MOXET HaXO[uTb CBOE OTPAXEHME B PA3HbIX Pa3fenax npoekra.

Karanor npefycmarpuBaer BKIOYEHWE B PA3fienbl NMIODbIX TEXHUYECKUX W MPOEKTHbIX PELLEHWIA, KOTOPbIE MOTYT WUMETb
Pe3yNbTUPYIOLLEE BIMSAHWE HA OOMH WNK OHOBPEMEHHO HEckoNnbkKo U3 10 Kateropuit «3eneHoro CTpouTeNnsCcTea». OfHako
MOCKONMbKY BCE PELLEHNS PacnpenensTcs no pasaenam no yHKUMOHANLHOMY NPU3HAKY, TO KaXbld pa3nen karanora, kak
NPaBmno, UMEET CBOK Pe3yNbTUPYIOLLYI0 HANPABNEHHOCTb, OrPAHUUYEHHYK) OHOA-TPEMS! 0A30BbIMU KATErOPUSAMM «3ENEHOTr0
CTPOMTENbCTBA» W OJHOM UM [IBYMS YHUBEPCANbHbIMK KaTeropusamu («3HeprocOepexeHne u 3Hepro3adeKTMBHOCTb»,
«JKOHOMUYECKAS AQDEKTUBHOCTL»).

06LLas CTPyKTypa pasfenos Karanora W nepeyeHb BCEX KATeropuil «3eNeHOr0 CTPOUTENbCTBA», MO KPUTEPUAM KOTOPbIX
OLIBHMBAGTCS BNUSIHUE TEXHUUYECKMX M MPOBKTHbIX PELLIEHUI Katanora, NpeACTaBneHa Ha cxeme 1.

CXEMA T
PA3JIE/TbI KATAJIOTA KATETOPUW «3EJTEHOTO CTPOUTENTbCTBA»

/ KomahopT 1 KauecTBo
Pa3ﬂ9ﬂ BHELLIHE/! Cpeab!

PeLueHna nnaHpoBOYHoIA Ka4ecrB0 apXuTeKTypsl
OpraHM3aLyu 3eMefibHoro W INAHUPOBKM 0GbeKTa

yyuacTka v no nauawadry

o

KomaopTt u 3konorus
BHYTPEHHEN Cpefbl

JHeprocOepexeHne
1 3HepProadeKTUBHOCTb 00beKTa
Pa3pen

ApXuTeKTypHble, [pUMeHeHve anbTepHaTUBHOM
KOHCTPYKTUBHbIE 1 0GbeMHo- W BO30DHOB/SAEMOW 3HEprun 00bekTa

MNaHNPOBOYHbIE peLLeHNns
PaunoHanbHoe BOAONONb30BaHNE

KauecTBO CaHWUTapHO! 3aLLTHI
W yTUIn3aumnm 0TX0A0B

Pa3ﬂe,| 9KONOrUs CO3MaHvs, aKCnAyaTauy

PeLuieHuA o 060pyA0BaHII0, M yTUNH3aUAY 0DbeKTa

NHXeHEePHbIM CUCTeMam KauecTeo NoaroToeKH
31aHuA, CNCTeémam raso- u W YNPaBNEHNS NPOEKTOM
TeNNoCHabXeHNs

\ JKOHOMUYecKast 3PAEKTUBHOCTb

FRLY



Kaxmbii pasaen MMeeT CBOW TUTYbHbIA NUCT, KOTOPbIA COABPXMT MHADOPMALMID O KPUTEPUSX «3ENEHOM0 CTPOUTENbCTBA,
Ha KOTOPbIE MOrYT OKa3blBaTb BMMSHUE PELLEHNS, CrPYNNMPOBAHHbIE B PA3fene.

Kaxpoe TeXHM4eCcKOe UM NPOEKTHOE PeLeHne UMeeT OANHAKOBbIA (hopMaT (KapTouKy) 0TO6pPaXEHUS MH(hOpMaLIUK,
KOTOPbIA COQEPXMT:

KatanoXHblit HOMEP TEXHUYECKOrO (MPOEKTHOr0) peLUeHns (Hanpumep, HoMep 2.1 03HAYaeT, YTO PeLLIEHUe HAXOAUTCS
B pasfene «2» 1 ero NopsakoBbIi HOMeP B pasaene «1»);

HAMMEHOBAHWE (HA3BaHME) TeXHUUYECKOrO (MPOEKTHOr0) PELLEHMS;

Ha3BaHWe KpUTEPMEB (MAPAMETPOB), HA KOTOPbIE BNUSIET AN MOXET 0KA3aTb BANSHUE PELLEHME;

Cnocod, KOTOPLIM MOXHO ONPENENUTL CTENeHb BANSIHUS PELLIEHUs Ha NPOEKT (NyTeM pacyeta pesynbTaTa B pamkax
MPOeKTa unu hakToM CaMmoro MpUMEHEHIS);

KonnyecTBo 6annoB, KOTOPbIE MOTYT ObiTb NONYYeHbI B PE3Y/bTate NOCTUXEHUS NPOEKTOM ONPeNeneHHOro
YPOBHS MapaMeTpOB Pa3HbIX KPUTEPUEB U3-3a UCMOMb30BAHNS PELLEHNS B MPOEKTE;

UNMIOCTPALIMN (PUCYHKK, CDOTO, TPACPMKL), JAIOLLME BU3YaNbHOE MPECTABNEHNE O CYTU PELLIeHNs *;
KpaTKoe OMuCaHue peLLeHns *;

0co0ble Tpeb0oBaHNS, KOTOPbIE NPEAbSBNAOTCH B Cy4Yae Peann3aLmn PeLLeHns B NpoekTe *;

001aCTb NPUMEHEHUS PELLIEHNS *;

TEeXHUYECKNE XapaKTePUCTUKM (NapameTpbl) PeLLeHns *;

MHCDOPMALIMA O METOMIAX W MPAKTUKE MPUMEHEHNS ™.

*“ [pu HAMMYMK B KAPTOUKE PELLIEHNS.



PUHLIANBI BbIBOPA PELLEHNN
3 KATAJIONA

BbIOOP KaXA0ro TeXHUYECKOr0 U MPOEKTHOrO PELLEHs Karanora MOXeT npeaycmarpusarb JOCTIKEHUe pe3ynbTara no 0HOMY
UNKU HECKONbKUM KPUTEPUAM B PA3HbBIX KATErOPUAX «3EN1EHOr0 CTPOUTENBCTBA>».

[MpMOpUTET OTAENbHBIX KATErOPUI «3€NIEHOr0 CTPOUTENBCTBA» WM MX COBOKYMHOCTW B LIENIOM [N MPOEKTa CTPOUTENbCTBA
onpenendeTca 3aaaHieM Ha NPOeKTMPOBAHKE, PELLIEHUEM 3aKa34MKa.

O[HaKO CTemneHb 3T0ro BO3AEACTBIS 3aBUCHT OT DOMBLLONO Yucna DaKTOPOB, MHOTUE U3 KOTOPbIX d)yHKLlVIOHaJ'IbHO CBsA3aHbl
mexay cobod. OOHO W TO Xe PELUEeHWe B PasHbIX YCMOBUSX MOXET [aBaTb KAk MOMOXWTENbHBIA, TaK W OTPULATENbHbI
pe3ynbTar. Tak, HanpuUMep, PELLIEHUS, HANpPaB/eHHbIE HA NOBbILLEHNE KOMCDOPTA W 3KOMOrmn BHYTPEHHE cpedbl 34aHNA MOryT
ObiTb CBSA3aHbI CO 3HAYUTENBHBIMU 3KOHOMUYECKUMU M3LEPXKKAMM, @ CHIKEHUE SHEPTETUYECKUX 3aTpaT BECTU K YXYMLLEHUO
MapameTpoB BO3yLLHO-TENNOBOIO M CBETOBOIO KOMCDOPTA MOMELLIEHUA 1 3[aHNIA. [103TOMY NOMCK ONTUMANBHOTO PELLEHNS
no BbIDOPY peLeHuit OyaeT CBSA3aH C BbIMOMHEHNEM KAK TEXHUYECKMX, TAK N IKOHOMUYECKNX PACYETOB MO MPUMEHEHMK) 9TUX
PeLUEHM. Be3yCﬂOBHbIM npu 31oM ABngAetcd Tpedosanne 0043aTenbHOr0 CODNIOAEHNA MUHMMATBHBIX TPEOOBAHMA W YCNOBUH
0e30macHOCTH, NPeayCMOTPEHHbIX TEXHUYECKUMM DErniaMeHTamu, 1 00eCNIeUMBAIOLLIEN WX BbINONHEHNE HOPMATUBHO-TEXHUYECKON
[IOKyMeHTaLmen B 00macTvt CTPOUTEeNbCTBA.

Bbi6op peweHuit cnegyet NPOM3BOAUTD, UCXOASA U3:
®  (DYHKUMOHANBHOTO Ha3HaueHs 00bekTa;

®  DEXMMOB JKCMayarauuy;
®  KNMMATUYECKNX XAPAKTEPUCTHK;
®  [JOCTYNHOCTM PECYPCOB (BOAHbIX, SHEPTETUYECKHUX, BO3OOHOBNSIEMbIX);

®  3KOHOMWUYECKUX MOKasarened (MPUBENEHHbIE 3aTpaTbl, YUCTbIA AUCKOHTUPOBAHHbIA NOXOM, CPOK OKYNaemocTy,
LIEHA XM3HEHHOrO LNKNa).

[Py UCONBb30BAHNM B 3[aHIM HECKOMbKMX PELLIBHU OIHOHANPABNEHHOr0 AeiCTBIS (Hanpumep, B cdepe aHeprochepexeHus)
HEOBXONUMO YUUTBIBATL X COBMECTUMOCTb 11 B3AUMHOE BIIUSHHE.



OCHOBHbIE OF PAHASEHIA )
/1 YCI0BVIA TPV BblbOPE PELLEHNV

Mpu MofieNMpOBaHNKM NPOEKTA U BbIGOPE PeLIeHUit CNelyeT YYUTbIBATb CNEAYIOWNE OrpaHUYEHNS U YCNOBHS:

1. TexHu4eckne u NpOEKTHbIE PELLEHUs MOANeXar KOMMYECTBEHHON OLIEHKE MO Mmapametpam CYLLECTBYIOLLEN OTEYECTBEHHOM
HOPMATUBHO-METOANYeCKOn 0asbl, YCTaHABNMBAIOLLIEH MUHUMANbHBIA YPOBEHb DE30MmacHoOCTH (TOﬂbKO [Bd MNOKd3dTens
OMPenensatTCa No 3KCNEPTHOM OLEHKE C y4acTUeM Cneumanin3mpoBaHHbIX COBeTOB).

2. 3HaUMMOCTb OT/ENbHbIX KATEropuit 1 BECOMOCTb FPynn Mokasartenei no PeruoHam CTpaHbl KOPPEKTUPYETCS C Y4eToM
KNMMATUYECKMX (DakTOPOB 1 PECYPCHbIX NPUOPUTETOB B COOTBETCTBIM CO cTaHaapTom CTO HOCTPOW 2.35.68-2012 «3enexoe
CTPOMTENBCTBO. YUeT pernoHanbHbIX 0COOEHHOCTEN B PEATUHIOBOM CUCTEME OLIEHKN YCTOMYMBOCTM CPE/bl ODUTAHNS ».

3. PacyeTbl 9HeproaddeKTUBHOCTU PELLIEHUI BLINOMHAOTCA MO METOAMKE, MpedycMOTPeHHoM cTaHzaptoM CTO HOCTPOW
2.35.4. Mpumep pacyera HannbHOM OLEHKN 33 NPUMEHeHWe 3HeprocOeperatoLliero peLLeHns npusedeH B Mpunoxennn A
K Katanory.

4. K peilTMHrOBOM OLEHKE W CepTMCMKALMA [OMYCKAOTCA MPOEKTbI 3[aHWA, BbINONHEHHbIE B MOMHOM COOTBETCTBUM C
NIEACTBYIOLLIEA HOPMATUBHOI 630 ¥ NPOLLIBALLIME FOCYAAPCTBEHHYIO NI HErOCYAAPCTBEHHYIO 9KCNEPTU3Y B YCTAHOBNEHHOM
nopsiaKe.

5. 06LLast cucTeMa OLeHKM 00beKTa (cepTudvkalmn) npeaycMatpuBaeT Ty arana OLEHKM N0 CTAAMSIM ero XU3HEHHOro LuKna:

® DEATMHrOBas OLIEHKa NPOEKTHBIX PELLEHW (3Tan NPOEKTMPOBAHKS);
® DeNTUHIrOBas OLEHKA NOCTPOEHHOrO 3MaHNs (3Tan CTPOUTENbCTBA);
® DENTUHIOBas OLIEHKA AKCMNYyaTMpyeMoro 3aaHus (3ran akcnayarauum).

6. PeiiTMHroBas OLiEHKA MPOEKTOB MO KPUTEPUSM «3NEHOr0 CTPOMTENLCTBA» MPOBOAMTCA  AKCMEPTAMU—OLEHLLMKAMM,
o0nagarLLmM1 COOTBETCTBYHOLLIGN KBanMdhukaumen W akkpeauTaumen (OOMyCKOM) Ha BeleHMe Takux paboT B COCTaBe
YNOMHOMOYEHHbIX  (AKKDEAWUTOBAHHbIX) 3KCMEPTHbIX OpraHoB. Ceptucpukaums MPOEKTOB N0  KPUTEPUAM  «3eMEHOr0
CTPOUTENbCTBA» MPOBOAMTCS 3KCMEPTHBIMK OpraHamu (OpraHamu no OLEHKe COOTBETCTBMA) B CUMCTEMAX [0OPOBOMBLHOM
CcepTudmKaumm, 3aperucTprupoBanHbIx B Poccuinckon Penepaunm.

OBbLLME TOJOMERNA

[pUMEHEHIE TeX UMM MHbBIX PELLIEHHIA O OCTUraEMOMY pe3yanaTy CHWXeHWe BOA0NoTPeOIeHns, rofoBoro pacxoaa TensoBoin
W 3NEKTPUYECKOI 3HEPTUM W T.M.) OLEHNBAETCS B COOTBETCTBYHOLLMX Dannax.

Mo cymme 0annoB ONPEmENstoTcs YPOBEHb COOTBETCTBMS MPOEKTA B LEAOM TPeOOBAHUSM «3EMEHOr0 CTPOMTENbCTBA»
W NEPCNEKTMBA ero cepTudnkaLmm No COOTBETCTBYHOLLIEMY KNaccy.

Craxpaprom CTO HOCTPOW 2.35.4 Ans NpOeKTOB XMmbiX ¥ OGLLECTBEHHbIX 3[aHM NPedyCMOTPEHa CeayioLas rpasaums
DannbHbIX OLEHOK:

Knaccebl
«3ENEHbIX> 3MaHMII A B C D (E) (F) (G)

Cymma 6annos 520-650  420-519  340-419 260-339 170-259 100-169 0-99
CepTuchukaumum noanexar 3naxns KnaccoB «A», «B», «G» 1 «D». [Ins nonyyeHns ceptuchukara HauBbICLLIEr0 YPOBHS (Knace
«A») NPOEKT nomxeH Habparb He meHee 520 6annos. MpoekT, HabupatoLLmit MeHee 260 6annos, CEPTUCUKALIMIA HE NOANEXKKT.

nﬂaHMpyeMbIVI KNacc 3haHns no «3eneHoMy CTPOUTENBCTBY» MOXET DbITb NPeaBapuTeNnbHO 0003HAUEH 3aKa3UNKOM B KAuecTBe
Lenu unu nonyyeH B pedynbrare MOAENUPOBAHNA, BbINONHEHHOIO N0 3aJdHNI0 3dKa34MKa.






PelwleHna nnaHMpoBOYHON
opraHusauuu 3emenbHoOro

yyacTKa 1 no nangwadry

KOMOOPT W KAYECTBO BHELLIHEW CPE[Ibl

07 JKOHOMUYECKAA SOOEKTUBHOCTD




HanmeHoBaHue TeXHUYECKOro (I'IpOEKTHOFO) pelueHna
PacteHusd, He TpebytoLwime nonmBa

Homep 1 HanmeHoBaHue KpuTepus (NapameTpa) «3ef1IeHOro CTPOUTENbCTBA»
Cnocob onpeaenexuna bannbl

no CTO HOCTPOW 32.35.4
S
BogocHabxeHue 30aHua pacdemHo 0-5
Pacxop anekTpoaHeprum pacyemHo 0-15
ﬁ
(ToMMOCTb rof0BbIX IKCMYaTALMOHHDIX 3aTpaT pacyemHo 0-20
S
(ToMMOCTb NpUBeJEHHBIX COBOKYMHbIX 3aTPaT N0 LMKY XM3HU 06beKTa pacyemHo 0-20
OnucaHue Ha Tepputopun yyacTka BbICafuTb pacTeHna, PUCNOCobneHHble K MeCTHOMY KNMMATy, KoTopble He TpebytoT
TeXHONoruu nonusa. lonnB fonyckaeTcs B TeueHue roda, Moka pacteHns npuxnBaotca. Mo ncreyeHnu 31oro nepruoja nonms

JI0/KEH MPeKpaTUTbCA.

06nactb [puneratowLas Tepputopna NiobbIX 3AaHNIA.
npUMeHeHus

HanmeHoBaHue TeXHUUECKOro (I'IpOEKTHOFO) pelueHuna
JKOMapKOBKM

Homep 1 HaumeHoBaHue KpuTepus (NapameTpa) «3ef1IeHOro CTPOUTENbCTBA»
Cnocob onpeaenexuna bannbl

no CTO HOCTPON 32.35.4
S
(03eneHeHHOCTb TeppuTOpUN pacdemHo 0-7
Onucanune Ha TeppuTopun yyacTka BbiCaAnTb pacTeHnA, NPUCNocobneHHble K MECTHOMY KNMMATY, KOTopble He TpebytoT
TeXHoNoruu nonusa. lonnB JonyckaeTca B TeueHue roda, NoKa pacteHnsa npuxnBaoTca. o ucreyeHnm 31oro nepruoga nonme

J0J1>KEH NPeKPaTUTbCA.

06nactb [puneratowas Tepputopna NiobbIX 3AaHNIA.
npUMeHeHuA
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ApXUTeKTYpHble,
KOHCTPYKTUBHbIE
00beMHO-NNAHUPOBOYHDbIE
pelueHus

o7 KAYECTBO APXUTEKTYPbI W MNMAHWPOBKI ObbEKTA

oj KOMOOPT 1 3K0NOT A BHYTPEHHEN CPE[Ibl

JHEPTOCBEPEXEHIE 1 SHEPTOIOOEKTIIBHOCTD

07 JKOHOMUYECKAA SOOEKTUBHOCTD



HanmeHoBaHue TeXHYeCKoro (I'IpOEKTHOFO) peluexHuna

AaporenbHaa Tennon3onALm

Homep 1 HanmeHoBaHue KpuTepus (NapameTpa) «3ef1eHOro CTPOUTENbCTBA»
(Cnocob onpeaenexuna bannbl

no CTO HOCTPOI 32.35.4
) .
06ecneyeHHOCTb NOME3HOI MNOLLAAbI0 pacyemHo 0-5
Pacxop TennoBoi SHepruu Ha 0ToNNeHMe 1 BEHTUNALMIO 34aHNA pacyemHo 0-25
Pacxog anekTpoaHeprum pacyemHo 0-30
YnenbHblii CcyMMapHblii pacxo NEPBUYHON IHEPrIN Ha CUCTEMbI UHKEHEPHOTO
A YMMapHBI pacxof mep P P pacyemHo 0-20
obecneyenns
7
(TOMMOCTb ANCKOHTUPOBAHHbIX MHBECTULMOHHDIX 3aTpaT pacyemHo 0-20
S
(ToMMOCTb FO0BbIX IKCMAYaTALMOHHDIX 3aTpaT pacyemHo 0-20
S
(ToMmoCTb NpUBEAEHHbIX COBOKYMHbIX 3aTPAT MO LMKAY XU3HM 00beKTa pacyemHo 0-25
Wnnioctpauun

Puc. 1: 1—kneawuin Cnoi; 2 — adporenibHaA Tenaou3oNALNs; Puc. 2. YctaHoBKa aaporenibHol
3 — naponpoHuLiaeMoe coeauHeHIe; 4 — apMuUpyLLmii Cnoi; Tennon3onaLun
5 — rpyHTOBKa; 6 — NOKpbITHE

Onucanue HenasHo pa3pabotaHHas Ha OCHOBe a3porens Tennon3oNALMA ABNAETCA UCKYCCTBEHHBIM MOYNPO3PayYHbIM
TeXHoNnoruu matepuanom, 061aJatoLLMM caMoil HU3KOM NIOTHOCTBIO Cpeau NoObIX U3BECTHBIX MOPUCTBIX TBEPABIX
matepuanos. PazpabotanHoe B 1980 rogy BeLLecTBo NoOAyyeHo u3 rend, B KOTOPOM XKMAKNI KOMIOHEHT Obin
3aMeHeH Ha ras, B pe3ynbrare Yero noayymnca NPOYHbIA Matepuan ¢ Ype3BblyaitHo HU3KOM TeNNONPOBOAHOCTHIO
A=10,016 Br/m K, uto enaet ero ugeanbHbIM AnA UCNONb30BaHIUA B KAYeCTBE TENOU30NALMOHHOTO.
TonwmHa Tennonsonaumun coctasnset Bcero 10—40 Mm, HO 3GEKTUBHOCTD BbliLe, YeM Y TOACTbIX NaHenei
13 CTEKNOBONOKHA, AOMUHUPYHOLLMX Ha PbIHKe B HacToALlee Bpema. HebonbLuas ToNLLMHa 3TUX NaHeneli
M03BONAET NOBbICUTH TENNO3ALLUTHbIE CBOICTBA OTPAXAAOLLMX KOHCTPYKLMA, MUHAMANbHO COKPALLAA NNoLadb
BHYTPEHHero NpoCTPaHCTBa.
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06nactb Tennon3onAUMOHHbIE NaHenu ana 3Hepl'03¢(|)6KTVIBHbIX 3[1aHWil B (Jiyyae BbICOKOW CTOMMOCTH BHYTPEHHUX

npuMeHeHus nnoLyageit.

KonuuectBeHHble Tenonon3onALMOHHbIE NaHenm ¢ aporenem obnagatot yJ'IpraHI/I3KOI7I Ten1I0nNpoBOAHOCTbIO, B 2-3 pasa

U KayeCcTBeHHble MEHbLLE, Yem'y naHeneii Ha 0CHoBe TPaANUUOHHBIX MaTepKnaos. MaHenu Ha ocHoBe dalporena nponyckaT
XapaKTepUCTuKun BOAAHDIE Napbl, HO OTTAJIKUBAIOT MUAKYI0 BOAY, UTO CHUMKAET PUCK 06pa303aHV|$| nneceHun unn CTpyKTYpPHbIX

NOBPEXEHMNIA.

XapakTepuctukin matepuana:

MPOYHOCTb Ha Ckatue: > 100 Klla;

conpotusnenve auddysum soaaHoro napa (p pakrop): 10;

npeaen NPoYHOCTY NpY PacTAXeHN nepneHaMKynApHo nosepxHocTu: > 20 Klla;
MNOTHOCTb: = 150 Kr / W%,

TonwWMHa nadeneii: 10, 15, 20, 30, 40 mm;

pasmep naHenu: 580 x 390 Mm.

Mpoussoputenn Sto AG.

Ccoinku «  http://www.sto-aevero.de/details.html
«  http://www.cabot-corp.com/Aerogel/Building-Insulation
«  http://www.constructiondigital.com/innovations/sto-ag-cabot-create-aerogel-insulation

HaumeHoBaHwe TexHYeCKOro (NPOeKTHOro) peLuenua
BaKyyMHble TENI0N30NALUOHHDbIE NMaHENN

Homep 1 HaumeHoBaHMe KpuTepus (NapameTpa) «3eN1eHOro CTPOUTENbCTBA»

N Cnoco6 onpepenexns
no CTO HOCTPOV1 32.35.4 e

i .

06ecneueHHOCTb NONE3HOI NNOLLAZAbI0 pacyemHo

Pacxop TennoBoIi IHEPrUN Ha OTONAEHIE U BEHTUAALMIO 3AaHNA pacyemtxo

Pacxoa aneKTpoaHeprum pacyemHo

YaenbHblit CyMMapHblii pacxoi NepBIUYHOI SHEPTIM Ha CUCTEMbI UHXKEHEPHOTO

pacyemHo

obecneyeHus
.

(TOMMOCTb INCKOHTUPOBAHHBIX NHBECTULIMOHHDIX 3aTpaT pacyemHo
5

(ToMMOCTb rOA0BBIX IKCMNYATALMOHHBIX 3aTpaT pacyemHo
S

(ToMMOCTb NpUBEJEHHBIX COBOKYMHbIX 3aTPaT MO LNKNY XM3HM 06beKTa pacyemHxo

bannbl

0-5

0-25

0-15

0-20

0-20

0-20

0-25
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Wnnoctpauun

1
2
4 3
Puc. 1. GrpykTypa naHeneii: Puc. 2. CneBa — maT U3 MUHepanbHoii BaTbl,
1 — MHOrOCN0IHOE NOKpPbITUE NaHenei; (NpaBa — BaKyyMHas Tenson3onsALnoHHas
2 — MeLLOK 0CHOBbI NaHenu; naenb. Tepmuyeckoe conpoTuBIeHne —
3 — (npeccoBaHHoe KBapLieBOe AAPO NaHENM C NOKPbITUEM; O/\NHAKOBOE
4 — (BapOYHbII LI0B
| V!
i [ B
Puc. 3. BakyymHble naHenu u xectkue naHenm Puc. 4. Npouecc Tennon3onALMm CTeHbl ¢
13 NeHoNonNypeTaHa, NOAroTOBNEHHbIE AN NpUMeHeHneM BaKyyMHbIX NaHenel v XeCTKux
MOHTaXa Ha CTPOUTENbHON NoLLaKe naHenei neHononnypetaHa
Onucanue (paBHUTENbHO HEJABHO BaKyyMHbIe TENN0U30AALMNOHHbIE NAHENV HALLAN HOBOE NPUMeHeHe — B CTPOUTENbHOI
TeXHonoruun MPOMBbILLNEHHOCTH. ITI NaHenn obnagatot 6onee yem B 10 pa3 MeHbLLEI TENNONPOBOAHOCTHIO N0 CPABHEHUHO
C 00bIYHbIMIN MaTepuanami, 4to no3BONAET CyLeCTBEHHO YMEHbLUMTb TOALLNHY CTeHbI B IHEProIGPeKTUBHOM
30aH1u. BakyyMnpoBaHHbIi MaTepuan 3Tux naHeneil — cunmnKaresb, MMeeT CnelmanbHoe NOKpbITHe Ha 0CHOBe
anomuHneBoil Gonbru. [lanenue rasa B naHenn coctaBnset npubansutenHo 1 Mbap, anemeHTbl metot
MOKpbITUe M3 nonncTpona. Takum 06pa3om, naHenn 3aLuLieHbl T BO3AeCTBUA 0CTPbIX NPeSMETOB BO Bpems
TPaHCNOPTMPOBKIA U MOHTaXa. OZHUM 13 HeLLOCTATKOB NaHeneli ABNAETCA TO, YTO OHY U3TOTABAUBAIOTCA 3apaHee
1 IMEIOT OnpeeneHHble pa3Mepbl, T03TOMY UX MOATOHKA M0 TpebyeMbiM pa3mMepaM Ha CTPOUTENbHON NNOLLaAKe
HeBO3MOXHa. [lpyrim HeoCTaTKoM ABNAETCA LieHa, KoTopas MoxeT 6oniee uem B 10 pa3 npeBbiLaTh LieHy
TPaZANLMOHHBIX TEN0M30AMPYHOLLMX MaTepuanos.
06nactb PeKoHCTPyKLMA 1 HOBOE CTPOUTENBCTBO BbICOKOIHEProIhGEKTUBHBIX 3AaHMIA, B KOTOPbIX NPOCTPAHCTBO
npumeHeHus OrpaHNYeHHo, a TOMLLMHA TeNNON30NALMN UMeeT HoNbLIOe 3HaYeHNe.
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KonuuectBeHHble
U KayecTBeHHble
XapPaKTepUCTUKn

Mpoussoautenu

Ccbinku

TennonpoBoAHOCTb MMEIOLLNXCA B NpoAaXke naHeneii MoxeT gocturatb 0,004 Br/(m « K) (npu n3amepeHun no
LeHTpy naHenu), unn 0,006—0,008 Bt/(m « K) nocne yueta TennoBbix MOCTOB (MOBbILIEHHAA TENNONPOBOAHOCTH
BAONb KPaeB NaHenu), a Takxe Heu3beXHoii NoCTeNeHHON NoTepi Bakyyma C TeYeHNeM BpeMeH.
(onoctaBneHue TeNNOBOrO CONPOTMBAEHNA BaKyyMHbIX NaHeNeil 1 00bIYHON TeNNON30AAL MM HA eAUHULY
TONLLMHBI NOKA3bIBAET NperMyLLecTBa NepBbIX: CTaHAAPTHAA MUHepanbHasA BaTa MMeeT TenaonpoBOAHOCTb
0,044 Br/(m « K), naHenu u3 xectkoit nonuypetanosoii neHbl — 0,024 Bt/(m « K). 370 03HauaeT, uto
TennonpoBOAHOCTb BaKyyMHbIX MaHeNeil CoCTaBAAET 0KONO OfHON NATON 0T TeNAONPOBOAHOCTI 00bIYHON
N30MALNN 1, CNeJI0BaTeNbHO, UMEET MPUMEPHO B NATb pa3 bonbLuee TeNs0BOe CONPOTUBAEHME HA eAMHMLY
TONWWMHDI. YT0ObI 06€CneunTb TeNN0BOE CONPOTUBNEHME, UAEHTUUHOE BaKYYMHOI nanenu, Tpebyetca 154 Mm
MIHEepanbHol BaTbl UK 84 MM neHononnypeTaxa.

0AHaKO «CTOMMOCTb TEMIOBOrO COMPOTUBIEHIA HA EAMHIALLY TOALLMHbI» 3HAUUTENBHO BbILLE, YEM
y TPaAMLMOHHBIX MaTepuanoB. Kpome Toro, Bo3ayx byaeT nocTeneHHo MPOHMKATb B naHenu. Mpy cHpKeHun
YPOBHA BaKyyMa B NaHe/N BeSINYMHA, XapaKTepu3ytoLLas ee TeNnnoBoe CONPOTUBIIEHME, CHUNKAETCA.

Dow Corning, ThermoCor, NanoPore™.

*  Vacuum insulation in the building sector: systems and applications,
http://www.ecbcs.org/docs/Annex_39_Report_Subtask-B.pdf
Annex 39: High performance thermal insulation (HiPTI), The IEA Energy Conservation in Buildings and Com-
munity Systems (ECBCS) Programme Annex 39

HaumeHoBaHwe TexHYeCKOro (NPOeKTHOro) peLuenua

BHeLLHWe cTaBHU

Homep 1 HaumeHoBaHMe KpuTepus (NapameTpa) «3eN1eHOro CTPOUTENbCTBA»

(Cnocob onpeaenenuna bannbl

no CTO HOCTPOW 32.35.4

)

KauecTBo apxuteKkTypHOro 0bnuka 3ganua pacyemHo 0-12

Pacxop anekTposHeprum pacyemHo 0-15

YnenbHbIi CyMMapHbIN pacxod NepBUYHOI IHEPTUMN HA CUCTEMbI MHMKEHEPHOTO

A YMMAPHBIN pacxon nep P P pacyemto 0-20

obecneueHus
.

(ToUMOCTb ANCKOHTUPOBAHHbIX MHBECTULMOHHDIX 3aTpaT pacyemHo 0-20
.

(ToMMOCTb rof0BbIX IKCMYaTaLMOHHDIX 3aTpaT DacyemHo 0-20
.

(ToMmoCTb NpuBeAEHHbIX COBOKYMHbIX 3aTPaT MO LMKNY XU3HM 00beKTa DacyemHo 0-25
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Unnioctpauun

16

Puc. 1. (xema ponbcrahm (Warema, lepmanus): Puc. 4. MprMepbl BHELLHMX BEHELIMAHCKIX XKanio3i,
1 - Kopob; YCTAHOBAEHHDIX Ha XWibix somax (. Opaiibypr u r. luman,
2 — KpbilLiKa CMOTPOBOTO OKHa; [epmanus)

3 — HanpasnawLLmil npodunb;
4 — KoHLeBOIl npodunb;

5 — namenb pyNoHHbIX CTaBHei;
6 —Ban

Puc. 2. Tlpumep ponbCTaBHeil, YCTaHOBIIEHHBIX Ha
OKHaX Xunoro goma (r. lapmwtaat, lepmanus)

Puc. 5. HapyHble Xanio3u Ha unom ome B CopeHTo
(MTanus): coueTaHna MapKiu3 13 TKaHu ¢ MeTalInyeckUMm
PONbCTaBHAMM

e

il

i} HE 1

{11

“THN Puc. 3. Npumep ponbcTaBHeli, yCTaHOBNEHHbIX HA 0QUCHOM
3naHun (r. JapmwTagt, lepmanns)




Onucanme
TexHonoruu

O6nacTtb
npUMeHeHus

KonnuectBeHHble
M KauecTBeHHble
XapaKTepuCTuKm

Mpoussoautenu

Ccbinku

(oBpeMeHHble HapyXHble Xanw3u — 3T0 YCTPOICTBA, MO3BOMAIOLME NPeAOTBPaLLATL MoMajaHue (BeTa
NTenna CoNHeyHbIX yyeli B nomeLLeHue. B xonogHoe BpemaA rofja OHI C03Aak0T AONONHUTENbHOE CONPOTUBNEHNE
TennoBOMy MOTOKY M3 MOMELIEHMA M CHIKAKOT BO3AYXOMPOHULAEMOCTb 3AaHMiA. OHM Takxke ynyywarwt
3BYKOW3OMIALMIO, UTO aKTYaNbHO ANA 0QUCOB 1 XKIUAbIX NOMELLEHWIA, PACNONOXKEHHDBIX HA 0XKMBNEHHDBIX YIMLAX.
BHewHMe Xanmo3n COCTOAT W3 BepTUKaNbHBIX WAW FOPU3OHTANbHBIX MAACTH, TaK HA3blBaeMbIX Nameneii.
(nekTp maTepnanos, npUMeHAEMbIX ANA U3rOTOBNEHNA Xanko3M, AOCTATOUHO LWMPOK: TKaHb, MNACTUK, MeTann,
[iepeBo. BHelLHue anto3u, U3roToBNeHHble U3 aniOMIUHIA, TaKxe ABNAKTCA 3aLUTON MOMELLEHNIA 0T B310Ma
1 MOCTOPOHHUX N3, @ TaKXKe 3aLMLLAIOT OKHA B PErMOHaX, NOJBEPXKeHHbIX BO3AEACTBINK YparaHoB 1 TOPHAZO.
Hanbonee TMNUYHBIMK KOHCTPYKLMAMI COBPEMEHHDBIX HAapPYXHbIX CTaBHeil ABNAKTCA ponbCTaBHM (puc. 1, 2
1 3), padLuTopbl, UK BeHeLMaHcKKe WTopbl (puc. 4) n mapkusbl (puc. 5). BHewwHme xanto3u obnaaatT Takoil xe
KOHCTPYKLMeNt, KaKk 1 00bluHble. Ho AnA yCTaHOBKM Ha ynuLe HECKONbKO MHaye CMPoeKTUpoBaH KapHu3. 0Tanuna
COCTOAT B yNyULLEHHON 3aLyTe MeXaHN3Ma, UToObI Hit CHET, HU JOXAb He MOT ero NoBpeAnTb. [pUBOA BHELIHMX
CTaBHel MOXET ObITb KaK pyuHbIM, TaK 1 INeKTPUUEeCKIM. INeKTPONPUBOA B CBOI0 0Uepesib MOXET yNpaBAATbCA
KaK 00bIYHbIM KNaBULLHBIM NepeKAouaTenem, Tak i MynbToM ¢ AUCTaHLMOHHBIM ynipaBeHnem. Ytobbl xaniosn
He HapyLann 3CTETUYHOCTb apXMTEKTYPHOTO CTPOEHMA, LBET NaMenieil BblONpaloT B COOTBETCTBMI C LIBETOM
dacaga 3paHuns.

Kunble, kommepueckue 11 06LIECTBEHHDIE 3AAHNA. 3AAHMA C HONBLUNM YMCTIOM OKOH, BLIXOAALLMX HA HXKHYH
CTOPOHY, ABNAKTCA NYULUNMM KaHAUAATAMM ANA NPUMEHEHINA 3TOM TEXHONOTUM.

anto3n agnatotca Hanbonee 3GHEKTMBHbIMI B XKapKoM KNMMare, Tie OHI MOTYT YMeHbLUIMTb MOCTYN/eHe
COJIHEUHOTO TeM/ia Yepe3 0KHa B TEMNbIil NEPUOZ r04a, a TaKiKe CHU3UTb TeNNoNoTepy U HOUALTPALMIO 3UMOIA.
WccnenoBanus, npoBeeHHble ¢ MOMOLLbK MOJENMPOBaHNA, NPe/CKa3blBAIOT CHIXKEHWE 3aTpaT SHEprui Ha
OXNaXeHNe B XapKom 1 TennioM Knumarte Ha 6-7%. [ina bonee NpoxnagHoro KNMmata IKOHOMUA SHeprun
He CTOMb 3HaunTenbHa. OFHAKO, KOTZA YMCIO KapKUX [Hell HEBENMKO M MOMELLEHIA, PacrioNnoXeHHble no
nepuMeTpy 3AaHNA, Mano UCNoNb3yeTcA B HEBHOE BPeMA (UNble 34aHNA), NPUMEHEHNe HapYXHbIX Xanto3u
No3BoAAET 06X0AUTLCA 663 CUCTEM KOHAMLIMOHNPOBAHMA BO3JYXA.

[lononHuTeNbHble MPeNMYLLECTBA PONNIET BKAKYAET C034aHIe 6e30MacHOCTH, KOHUAEHLMANbHOCTY 1 3aLLMTHI
oT cTixum. Kanio3n YCTpaHAIOT BUAUMOCTb B 34aHMM 1 0becnieunBaloT Gumyeckuii bapbep, Yacto caepxuBas
TIAL, OT MOMbITOK B37IOMA. YBENNUYEHHAA (EKPETHOCTb M CHIDKEHUE CBETA U LUyMa TakKe U3 BOCTPEOOBaHHbIX
KauecTB poNbCTaBHeii. HakoHeL, 60/bLUNHCTBO PONbCTaBHEI 00€CMeUNBaIOT NOBbILLEHHYH 3ALLUTY OT CUbHBIX
LUTOPMOB (Hanpumep, yparaHHbIX BETPOB).

WAREMA International GmbH; Schlotterer Rollcom.de GmbH & Co. KG u apyrue.

* IEA ECBCS Program Annex 46. Subtask B. Energy Efficient technologies for government/public buildings

* PHYSIBEL, Energy Saving and (02 Reduction Potential from Solar Shading Systems and Shutters in the EU-25,
European Solar Shading Organization, 2005_09A_ES-S0, December 2005

* [OCT P 54863-2011 Manto3un u ctaBHu. OnpeaeneHne JONOAHUTENBHOTO TePMIYECKOrO CONPOTUBNEHMA
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HanmeHoBaHue TeXHYeCKoro (I'IpOEKTHOFO) peluexHuna

¥4 BHellHue UKCMpoBaHHble
COJTHL@3aLLUTHbIE YCTPOMCTBA

Homep 1 HaumeHoBaH1e Kputepus (napameTpa) «3eNeHoro CTpOUTENbCTBAY
(nocob onpegenenna  bannbl

no CTO HOCTPOI 32.35.4
w
KauecTBo apxutekTypHOro 0bnuka 3aHus pAacyemHo 0-12
Pacxoa aneKkTpoaHeprim pacyemHo 0-15
YnenbHblii CcyMMaPpHBIA pacxoz NePBIYHON SHEPTUN HA CUCTEMbI UHXEHEPHOro
A YMMapHBI pacxof nep P P pacyemHo 0-20
obecneyeHus
S
@ (TOMMOCTb AMCKOHTUPOBAHHDIX NHBECTULMOHHDIX 3aTpaT pacyemHo 0-20
S
(ToMMOCTb FO0BbIX IKCMITyaTaLMOHHbIX 3aTpaT pacyemHo 0-20
N
(ToMMOCTb NpUBeJEHHbIX COBOKYMHbIX 3aTPaT M0 LMKy XM3HU 00beKTa pacyemdo 0-25
UnniocTpauun

Puc. 1. Topn30HTaNnbHbIA CONHLE3ALMUTHDIIA Puc. 2. BankoHbl 1 CONHEYHble NAHeM UCNONb3YHTCA B KauecTBe KO3bIpbKOB
KO3blpeK C GUKCMPOBAHHBIMM Xanio3i Haj ANA 3aLLKUTbI OKOH OT NONaAaHNA CONHEYHbIX Nyyeld.
OKHOM 3/aH1A MHCTUTYTa Pobepta MonaaBu, MaccuBHblit gom B 1. lapmwTaar (fepmaHua)

YuuBepcuTer wrata KanudopHua,
JlaBuc. Zimmer Gunsul Frasca Architects LLP

Puc. 4. CoBMmeLLIeHHaA KOHCTPYKLNA COMTHLE3ALLUTHONO KO3bIpbKa
1 BepTMKaNbHbIX pebep Ha 3aaHn HaunoHanbHoit nabopatopun
B0306HOBNAEMON 3Heprum B T. fonfeH, Konopago (CLLA)

Puc. 3. BepTukanbHble CONHLe3aLLUTHble pebpa
Ha 3paHmun oduca B r. Cuatn (CLLUA)
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Wnnioctpauun

Onucanune
TeXHONnoruu

Puc. 5. YcraHoBKa 0KHa BO BHeLLHeM C10€ Tennon3oNALMN Ha paccToAHUM 0T NI0CKOCTH dacaja
C03/1aeT xopolLee ero 3ateHeHue. Kunoit fom B I. OpankdypT-Ha-Maline (fepmanua)

Ha3HaueHne cucTeM 3aTeHeHMA OKOH 3aKNKYaeTcA B MOBbILIEHUM TenioBoro M BU3YanbHOro KOM(I)OpTa
B MOMELLEHNAX, B CHUKEHUN XONOAUbHOIA Harpy3ku, a TakXKe B npeaoTBpalleHnn 6nmkoB. Pa3nuuHble
COJIHLE3aLLNTHbIE yCTp0|7ICTBa MOTYT BbIMONHATb OAHY WK BCE BbllL€yKa3aHHblE ¢yHKuMM.

K YUy BHELHNX ¢MKCMp0BaHHbIX COJIHUE3aLLNTHDbIX yCTPOﬁCTB OTHOCATCA pa3inyHble KO3bIPpbKK, BEPTUKAJIbHbIE
pe6pa, d TaKXe Apyrue snemeHTbl 3AaHuA, ¢opma N Matepunan U3rotoBneHnA KOTOPbIX onpeaenanTca
dPXUTEKTYPHbIM XapaKTepOM 3aHUA.

[OPU30HTaNbHbIE HABECbl PA3NNYHOTO TWMA, WAN KO3bIPbKM, ABNAIOTCA Haubonee pacnpocTpaHeHHoi
Pa3HOBUAHOCTBIO CUCTEM QUKCUPOBAHHOTO 3aTeHEHIA OKOH U NPOCTEMLLNM YCTPOACTBOM /ISt NPeoTBpPaLLEHNs
NONafiaHA CONHEUHbIX Iyueid, HanpaBeHHbIX Moj GONbLIMM YIOM K TOPU3OHTY. B ceBepHOM monywwapum
3TW YCTPOICTBA B MeEPBYl 0uepeb WUCMONb3YIOTCA Ha l0XHOM (acade. B Gonee HU3KMX LWIMPOTaX MX TaKxKe
NCNOMb3YIOT Ha BOCTOYHOM W 3anagHoM dacajax. B Temnom knumarte, Hanpumep, Ha (peau3eMHOMOPbE,
B KOTOPOM HE0OX0ANMO 0XNaXkIeHIe 3aHINA, HABEC YaCTO U3TOTABANBAETCA U3 XKaNko3i Ui NepdOPUPOBAHHbIX
KOHCTPYKLMA, obecneunBatoux Gonee dPGeKTUBHYIO eCTECTBEHHYI0 BeHTMNAUMIO 3paHuil. (oBpeMeHHble
Pa3HOBUAHOCTA HAPYXHbIX CONHLE3ALMTHBIX YCTPOICTB, MpUMeHsieMble B €BPOMEACKUX 1 APYrUX CTpaHaX,
CyNpaBNAeMbIMY XaNko3u 1 CTaBHAMY ONIACaHbI OTAENBHO.

[na nonyuenna HanbonbLuero SpdeKTa oT NpUMeHeHNA CUCTEMbI CONHLE3ALUMUTbI 1 ee OKYNAaeMoCT! OHa A0MKHA
ObITb NPaBUIbHO 3aNpPOEKTPOBAHA 1 ee QKT JoMKeH ObITb yuTeH Npi peLLeHnr Bonpoca 0 HeobxoanMoCTh
MCTEMbI OXNAX[JeHUA 3haHWA, a TakKe pacyete M nogbope xonoawnbHoro obopynoaHuA. Bo MHorux
ctpaHax CegepHoit, LlenTpanbHoii 1 K0xHoii EBponbl, B pernoHax ¢ HU3KOW BAAXKHOCTbIO HapYXKHOTO BO3AYyXa,
COMHLIe3aLLMTHbIE YCTPONCTBA HAXOAAT LUMPOKOE NPUMEHeHMe 1 N03BONAIOT 06X0ANTbCA 63 cucTem oxnaxaeHus
3[aHWi.

Jlaxe B (TpaHaX, pacnojioXeHHbIX 10BOJIbHO [1aNIeKO Ha CeBepPeE, C MPOXnaaHbIM KNUMAToM (BKntoyaa ckaHan-
HaBCKune CTpaHbI), LINPOKO UCMONb3YIT CMCTEMbI CONMHLE3ALLNTDI. KCTpaHaM, Hanbonee LINPOKO Ucnonb3yoLwnum
CUCTembl COJTHLE3ALLNUTBI, OTHOCUTCA Fepmava, pacnonoXeHHaa Ha 51 rpagyce CEBEpHOVI LINPOTHI. [ina HoBoro
CTpouUTeNIbCTBa N NPOEKTOB KanUTaJiIbHOro PEMOHTA 3/1aHMiA, B KOTOPbIX Tp66yETCﬂ 3dMeHa CMCTEMDI OXJTaXK1eHUA,
NPUMeEHEHNE CONTHLE3ALLNTHBIX CUCTEM MOXKET 0Ka3aTbC(A MEHEE }J,OpOFOVI aJ'IbTepHaTVIBOVI, yem KOHAnLKoHep.
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Mpoussoautenu

Ccbinku

20

Kunble, KoMmmepueckue 11 06LLeCTBEHHbIE 3AAHNA.

(ConHue3awwmTHbIE yCTPOVICTBa Hanbonee 3¢¢EKTI/IBHbI B XApKOM KJiUMaTe, rAe OHW MOryT YMEHbLUUTb
nocTynneHne COJIHEYHOro Tenna yepe3 OKHa B Tensblit nepuoa roaa. B (EBEPHbLIX peroHax npumMeHeHne
COJIHLE3aLLNTHDbIX yCTPOVICTB MOXET N03BONNTL U3beXxaTb MCMONb30BaHUA CUCTEM OXNaXAeHUA. 3haHuaA
C60NbLUNM YNCNOM OKOH, BbIXOAALLIMX Ha H0XHYI0 CTOPOHY, ABNAKOTCA NYULLUMIN KaHAWAATaMK ANA NPUMEHEHUA
3TOi TEXHONOTUN.

YMeHbLUaA unu y(TpaHAA HeobX0AMMOCTb B CUCTEMAX OXNaXAEHUA 3[aHWUA, CONHLE3ALUMTHbIe CUCTEMbI
NO3BONAKT CYLECTBEHHO CHU3UTb KaNTaNlbHbI€ 3aTPaTbl U pacXoq ﬂOTpEﬁﬂﬂEMOVI JHeprun.

MHorouucnenHble APXUTEKTYPHDbIE U CTPOUTENbHbIE KOMMAHWUIA.

* Shading systems. Solar shading for the European climates. European Commision
Energy Research Group, University College Dublin.
http://www.es-so.com/documents/EurCommOnSolarShading.pdf

* Design Guide: Horizontal Shading devices and Light Shelves
ATE 598 Building Energy Analysis Il Final Project Report MSBE, Spring 2010, ASU.
http://www.public.asu.edu/~kroel/www558/Shaily%20Vipul%20Assignment%203.pdf

* Energy-Efficient Window Treatments. DOE.
http://energy.gov/energysaver/articles/energy-efficient-window-treatments

* (arey, L.. Can Overhangs Save Your Home Energy and You Money?. http://voices.yahoo.com/can-overhangs-
save-home-energy-money-4907506.html

* High performance commercial facades/ LBNL. http://gaia.lbl.gov/hpbf/techno_a.htm

« B. Ahmadkhani Maleki. 2011. SHADING: PASSIVE COOLING AND ENERGY CONSERVATION INBUILDINGS. Interna-
tional Journal on Technical and Physical Problems of Engineering. December 2011, Issue 9, Volume 3, Number
4, Pages 72-79



HaumeHoBaHue TeXHUYECKOro (MPOEKTHOTO) peLLeHns

«3eneHble» KpoBnu

Homep 1 HaumeHoBaHKe KpuTepua (NapameTpa) «3eN1eHoro CTPOUTENbCTBA»

Cnocob onpeaenexuna bannbl

no CTO HOCTPOW 32.35.4

S

03eneHeHune 3aaHUA pacyemto 0-7

Pacxoz TennoBoli 3HEpriv Ha OTONMEHNE U BEHTUNALIAK 3[aHNA pacyemHo 0-25

Pacxoa anekTpoaHeprim pacyemHo 0-15
S

(TOMMOCTb AMCKOHTUPOBAHHbIX NHBECTULMOHHbIX 3aTpaT pacdemHo 0-20
S

(ToMMOCTb FO0BbIX IKCMTyaTaLMOHHbIX 3aTpaT pacyemto 0-20
S

(ToMMOCTb NpUBeJEHHBIX COBOKYMHBIX 3aTPaT M0 LMKy XM3HU 00beKTa pacyemHo 0-25

Unnoctpauun

Onucanune
TeXHONoruu

06nactb
npMMeHeHus

KonuvecTBeHHble
1 KauecTBeHHble
XapaKTepUCTUKM

«—— [pYHT C pacTeHnAmMiN

_d——— [IpeHaXHblii 1 KOPHE3ALUTHbIN CI0

Puc. 1. MpuHumMnuanbHas cxema
«——— Tennousonauua YCTPOICTBA «3€N1eHOI» KPOBNIU

«———— [IpeHaxHblii cnoit
Kom6uH1poBaHHbIil rugpou3onaunoHHblii matepuan RESITRIX

“———— (CHOBaHue

«3eneHas» KpoBNA — 3T0 NPOCTPAHCTBO, CO3/1aHHOE [100aBNEHMEM MOBEPX TPAAMLMOHHONA KPOBENbHOIA
CUCTEMbI JIONONHUTENbHBIX CNIOEB MIOAOPOAHOMO FPyHTA M pacTeHuii. He cnefiyeT nytatb «3eneHylo» KpoBiio
C TPAAMLIMOHHBIM CaJIOM Ha KPbILLIE, KOT/Ia PACTEHNA Pa3MELLAKTCA B OTAEbHO CTOALLNX KOHTEHepaX (Kajikax)
Ha IKCMTyaTMpyeMoii KpoBe/bHOI Teppace UM NoLLaAKe Ans NapKoBKIA.

KommepueCKme, 00LLeCTBEHHDIE 1 XKIfble 3AaHNA Mpu HOBOM CTPOUTENBCTBE W KaNTaJIbHOM PEMOHTE.

(oBpeMeHHble «3e/eHble» KPOBAM MOXHO Pa3fieNIuTb Ha HECKOMbKO TUMOB, B 3aBUCUMOCTH OT TUMA 03eIeHeHNA
1 BMAA dKCMyaTaLum:
1. UHTeHCMBHbIe «3eneHble» kpoBau. (i B NOHOM CMbIC/IE 3TOMO COBa:

a) 03eneHeHue BKIoYaeT B e He ToNbKo HeBoNbLLMe pacTeHus, HO U KyCTapHUKIA U epeBbs;

0) BblcaxnBaloTCA HebonbLune pacTeHnA (ra30HHaA Tpaga, LBETHI).
2. IKCTEHCMBHDIE «3eNeHble» KPOBJIM:

a) nCnonb3yeTcA TONbKO TPaBAHOI NMOKPOB;

6) pacTeHnA pa3MeLLaloTCA B CNeLabHbIX eMKOCTAX C NOYBEHHbIM CyOCTpaTOM.
WHTeHCMBHbIE «3eNeHble» KPOBAY YalLie ABAAIOTCA IKCMAYaTUpyeMbIMU.
JKCTEHCUBHbIE «3efieHble» KPOBN (YacTo HedKCMyaTupyeMble) XapakTepuyloTca: MabiM BeCOM, HU3KUMIA
KanuTanbHbIMU BNOXEHUAMM, HebOMbLIMM pa3HOOOpa3neM MpPUMEHAEMbIX pPacTeHMiA, MUHUMANbHBIMU
TpeboBaHNAMM N0 06CNYXMBaHMIO.
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HanmeHoBaHe TeXHUYECKOro (I'IpOEKTHOI'O) pelieHna

KpoBeJibHble MaTtepuasbl C BbICOKOM 0TpaX<atoLLien
CMoCoOHOCTBIO (X0N0AHAA KpbILLA)

Homep 1 HaumeHoBaHKe KpuTepus (NapameTpa) «3eNIeHOro CTPOUTENbCTBA»
(noco6 onpepenennss  bannbl

no CTO HOCTPOW 32.35.4
W v
@ Pacxo TennoBoi SHEPrIM Ha OTOMAEHIE U BEHTUAALIAK 3AaHNA pacyemHo 0-25
.
Pacxog anekTpoaHeprum pacyemHo 0-15
S
(ToMMOCTb ANCKOHTUPOBAHHbIX MHBECTULMOHHDIX 3aTpaT pacyemHo 0-20
S
(ToMMOCTb ro0BbIX IKCMAYaTALMOHHDIX 3aTpaT pacyemHo 0-20
S
@ (ToMmOoCTb NpUBEAEHHbIX COBOKYMHbIX 3aTPAT MO LMKNY XU3HM 00beKTa pacyemHo 0-25

Wnmoctpauun

Puc. 1. OTpaxatoLLiee X1AKOCTHOE MOKPbITUE KPOBNA Puc. 2. OTpaxatoLLas Mem6paHa KpbiLum

Puc. 3. benaa metannuyeckas Kposna Puc. 4. [lekopatusHble Yepenuupl C TpaxaroLLield
MOBEPXHOCTbIO
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Onucanune
TeXHonoruu

O6nactb
npUMeHeHus

KprLLIa ABNAETCAYACTbI0 060710YKI 30aHNA, yepe3 KOTopyto OHO NoJIy4aeT 3HauuTeSIbHoe KonMYeCTBO CONHEYHOTo
TENJia NETOM U TePAET TENNO 3UMoid. TeMHas, He 0TpakatoLad CoJIHEYHbIE Ny4n NOBEPXHOCTb KPOBJIN NOMNOLLAET
JHEPruto CoJHUA 1 nepefaeT ee NOMELLEHNAM 34aHNA U, KPOME TOr0, MOBbILLUAET TEMNEPATYPY OKPYKAIOLLETO
30aHuA BO3AyXa, (03dBaA TaK Ha3blBaeMblid 9¢¢EKT «TENNOBOro 0CTpoBa». (nocobHoCTb KPOBJ 0TPaXaTb
Tenno, noctynatouiee C CONHEeYHoi BHEPFMEVI, BblpaXaeTca K09¢¢I/ILI,I/I€HTOM 0TpaXeHus, 0003HavakLLMM YacTb
CONHEeYHoit JHepruu, 0Tpa)KaEMOI71 KprLIJeVI. [lpyraﬂ XapPaKTepPUCTKa — TENNOBOE U3JTyYeHUE ABNAETCA Mep017|
CnocobHoCTH KpPbILKX U3Ny4aTb NOrOLLIEHHOE TENNO OﬁpaTHO B BO3A4yX. 06a cBoiicTBa N3MePAIOTCA No LiKane
0T HYyNA A0 €ANHULbI, U YEM BbiLLE UX 3HAYEHUA, TEM «MPOXJIdAHEE» KPbILLa.

XonogHble KpbilLK, KaK NpaBuiio, MMeloT benyio rMaaKylo NOBepXHOCTb, HO Takxke MOTYT MMeTb 11 Apyroil LiBeT.
[ina Toro uToObI Kpbla CYMTanacb NPOXNaAHON, KOIGPULNEHT CONHEYHOTO OTPAXKEHNA JOMKEH NPeBbILLATL
0,67 (npu npoBefeHnn ucnbitaHuin B cootetcTBum ¢ ASTM (1549, ASTM E903 mnmu ASTM E1918), a BennuntHa
ko3pduumeHTa TennoBoro n3nyyeHua npesbiwatb 0,75 (Npu npoBeeHUN ucnbiTakuii B cooteTcTBUM ¢ ASTM
(1371 unu ASTM E408).

MoKpbITUA XONOAHBIX KPblW MOYT 6biTb W3rOTOBAEHbI C WCMONb30BaHWEM OO0MbLINHCTBA TPAANLMOHHBIX
KPOBeSbHbIX MaTepuanoB. Kaxblii KpOBEbHbIN MaTepuan, NpUMeHAEMbIil NPy U3rOTOBAEHNI XONOAHDBIX KPbiLL,
XapaKTepU3YeTCA Pa3fnyHbIM YPOBHEM OTPAXKEHWA W WU3NYYeHUs, a TakKe UMeEET PasNuuHble KanuTabHble
3aTpatbl. 1A 30aHIMiA ¢ NNOCKUMM KpblLamie, Kak NpaBuio, NPUMEHAITCA MeTafnnueckas KpoBna, XuaKue
MOKPLITUA 1 MeMOpaHbl. 11 HAKNOHHDBIX KPbill NPUMEHAITCA MeTaNNYeckan KpoBnA, 0TparkatoLLe MNTKN
1 MOKPBITUA U3 apXUTEKTYPHBIX Yepenuu.

TexHONOMUM XONOAHbIX KPbILL AENATCA Ha NATb OCHOBHbIX KaTeropuii:
- achanbroBble uepenuupi (1),

- XKMAKOCTHbIE NOKPbITUA (2),

- MembpaHbl (3),

- MeTananyeckan Kpoens (4),

- nuTkK (5).

OTpaxatoLLye NOKPbITUA KPbILLM BKIIOUAIOT KPAcKM U 31acTOMepHble NOKPbITUA, KOTOpble MOTYT ObITb HaHEeCeHbl
Ha MeTal 1 NNOCKYK MOBEPXHOCTb Kpbill. [PUMEHAIOTCA TakKe akpunoBble U Kepamuueckue akpuoBble
3NeKTPOMETpUYECKIMe NOKPbITUA KpbiLum. HecmoTpa Ha 60NbLLYH CTOUMOCTb KPOBENbHDIX 3N1eKTPOMETPUYECKIX
MOKPBITHIA N0 CPABHEHINIO C OBHOCTOMAHBIMM MW NONNKEPAMUYECKUMU KPOBEbHBIMI MOKPHITUAMM KPbILLM, OHYA
TaKxe HaXOAT NPUMEHeHe, NOCKONbKY 06ecneurnBaloT JONONHUTENbHYIO TeNNOM30NALMIO Kpbiwn. B kauecTse
KpOBEIbHOr0 MaTepuana AnA XON0AHbIX Kpbill HAXOAAT LUMPOKOe NpUMeHeHNe OAHOCNONHbIE apMUPOBaHHble
CTEKJIOBOJIOKHOM  OTpaXatoLyne MemOpaHbl WM [BYXCIOAHbIE (3HABMYEBbIE TEPMOMAACTHbIE MOKPLITUA
CNOANGUPHBIM YKPENAAIOLMM CTI0EM.

(oBCEM HeJaBHO MOABUANCH KPOBESbHble MaTepuanbl AA XONOAHbIX KPbill M3 apXUTEKTYPHOI uepenuubl,
a Takke OETOHHOI UK BOSIOKHUCTON YepeniLibl C ONTUYECKMMI CBOICTBAMM, XapaKTePHbIMI A1A NPOXNAAHO
KpbiLwn. X0TA paHHMe BePCUM XONOAHDBIX KPbILL UMeNI Hen3MeHHO Oenblil LBeT, No3aHee NoABUANCL BapHaHTbl
MPOXNAAHbIX KPbILL W3 LBETHOI Yepenuubl ¢ J0CTaTOYHO XOPOLLMMI TEXHUYECKUMU XapaKTepUCTUKaMi.

TexHONOrMA 0UHAKOBO Xopowuo p860T36T BNHOObIX KN NMaTUYeCKUXYCNOBUAX, 0AHAKO OHA (BA3dHa CO CHUXKEHNEM
X0NoANUNbHOM Harpysku v no3tomy Haxogut NPUMEHEHNE B PErNOHAX C KapPKUM U YMEPEHHBIM KITMMATOM.
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KonuyecrBeHHble InAa 3aaHuii, B KOTOPbIX Tp66YETCﬂ O0XNaXJeHne, TEXHONOrNA XONOAHbIX KpbIW MOMET CTaTb JKOHOMUYECKN

N KayeCcTBeHHble 3¢(|)EKTI/IBHbIM cnocobom COKpalLieHUA pacXoAoB Ha 3NEKTPOSHEPTN0, CBA3AHHbIX C KOHAULIUOHUPOBAHNEM

XapaKTepucTukun BO34yXa B 3AaHUN. Ina MPOMbBILINEHHbIX U APYruX 3/1aHUiA, 060py,HOBaHHbIX TONbKO CMCTEMaMI BEHTUNALUN
N OTOMNEHWA, XONOAHbIE KPbIWW MOTYT YNyywuTb YCnoBuA I'IpEﬁbIBaHI/IFI MOfeld 1, CneaoBaTeNnbHo, KX
npon3BoANTENbHOCTD. B xonogHom Knumarte JaHHaA TeXHONOMUA MOXeT YBEJINYNTb TEMOBYI0 HArpy3Ky, Tak
KaK YacTb CONHEYHOIA JHepruu, OTpa)KEHHOVI I'IpOXJ'IE]}J,HOVI KprLLIEI71, B NPOTUBHOM CJly4ae 6bina 6bl nornoLLeHa,
4yTo MpuBeno Obl K CHUKEHMIO Harpy3kun Ha oTonjieHue. Cnenyloume NATb ¢aKTOpOB BNUAKT Ha SKOHOMUKY
TEXHOJIOTNK XONOAHbIX KPbILL:
1) 0TpaXatoLan CN0COOHOCTD MO OTHOLLIEHUHO K CONHEYHBIM Nydam;

2) BAUAHMeE BO3PacTa KPOB/M Ha ee 0TPaKatoLLyIo CMoCOOHOCTb. boNbLUIMHCTBO KPOBeSbHbIX MaTepuasnoB
TepAlT 0k0/10 20% OT X HAYaNbHOI BENNYNHBI KOIPOMLNEHTA OTPaXKeHNA C TeYeHneM BpeMeHH;

3) RONOAHWTENbHAA MepBOHAYAbHAA CTOMMOCTD (€C/IM OHA CYLLIECTBYET) XONOAHOIA KPbILLKM N0 CPaBHEHUHO
C 06bIYHON KpblLLEil;

4) nononHUTeNbHble pacxodbl (€CM TaKOBbIE UMEIOTCA) Ha 06CNYKIBaHIE XONOAHOI KpbILLK;
5) noTeHuwanbHoe yBenuueHne NPOJOMKUTENbHOCTI CPOKA CYKObI KPbILLIM.

MepBbie Tpu GaKTOpa BANAKT Ha OKYNAeMOCTb NPUMEHEHNA TEXHONOTUIN X0NIOAHOI KpbiLwi. Bce nAaTb GakTopos
0Ka3bIBAIOT BNAAHIE NPU PaCUeTe KM3HEHHOTO LMKNa.

Tabnuua 1. CpaBHUTENbHAA CTOUMOCTD U TEXHUUECKIE aHHbIE
(nctounmk C. Bretz, LBNL, npeactaBneHHble Ha http://ecomall.com/greenshopping/greenroof.htm)

TpaanumoHHaa 06blyHana BapuaHTt OTpaxatowan YBenuueHue, YBenuueHue
TEXHONOrNA 0TpaXaloLas TexHonorum CMoCOOHOCTb ~ OTpaXKatoLLleld CTOUMOCTH
CnocobHOCTb «XONOAHbIX «XONOAHOM CnocobHOCTH
KPbiLL» KpbILLu»
AcdanbroBas 5-15% benas 31-35% 15-30% <1%
yepenuua achanbroBas
(cTeknoBONOKHO, yepenuua co
OpraHuyeckue cneLyanbHbIMu
nm rpaHynamu
KOMMO3WTHbIE)
[nuHAHaA 25-35% benaa runAHas 70-80% 35-55% =35%
yepenmua yepenuua
Yepenuua 10-30% benas 70-80 40-70% =20%
Ha OCHOBe yepenuua
LieMeHTa Ha 0CHoBe
LieMeHTa
MeTannuyeckas 70% benas 70-80% 0-10% Het
yepenuua MeTannnyeckan
yepenuua
lTnockas kposnA 5-10% [nockas KpoenA 40% 30-35% Het
cachanbroBON cachansToBoit
0CHOBOIA 1 0CHOBOI 1
C710eM TeMHOr0 cnoem benoro
rpaBuA rpaBus
lnockas kposna 5-10% lnockas Kpoena 60% 50-55% =20%
C OUTYMHbIM €0 CBET/IbIM
MOKpbITUEM rpaBUitHbIM
MOKpbITHEM
YepHas 5-10% benag 70-80% 60-75% =20%
0AHOC/I0/HaA 0AHOCN0HAA
MembpaHa membpaHa
Mpoussoputenn WcuepnbiBatowwmit nepeyeHb NPoN3BOAMTENEI U MOCTABLUNKOB X0NOAHbIX KPbILL MOXHO HAilTI Ha BeO-CTpaHuLe,

RoctynHoii uepe3 URL: http://www.coolroofs.org
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HanmeHoBaHwe TeXHNYECKOro (MPOEKTHOrO) peLLeHns

HenpepbiBHbIN BO3AYLLHbINA Hapbep AN
NOBbILIEHNA BO3AYXOHENPOHULIAEMOCTH
000N104KI 3[1aHUA

Homep 1 HaumeHoBaHe KpuTepuA (MapameTpa) «3eNeHoro CTPOUTENbCTBAY
Cnocob onpeaenexuna bannbl

no CTO HOCTPOW 32.35.4

\ ,

AkycTiyecknii kompopt pacyemHo 0-16

Pacxop TennoBoli SHEPruN Ha OTONJIEHME W BEHTUAALMIO 34aHNA pacyem-o 0-25

Pacxop anekTposHeprum pacyemHo 0-15
S

(TOMMOCTb AMCKOHTUPOBAHHbIX NHBECTULMOHHbIX 3aTpaT pacdemHo 0-20
S

(ToMMOCTb FO0BbIX IKCMTyaTaLMOHHbIX 3aTpaT pacyemto 0-20
w

(ToMMOCTb NpUBeJEHHBIX COBOKYMHBIX 3aTPaT M0 LMKy XM3HU 00beKTa pacyemHo 0-25

Unmoctpauun

~] Y 3 L

II|\~""‘-- Foam
Sealant
[ | =
Puc. 2. lpumep ynnotHeHnA 3a30pa Mexay
OKHOM U CTeHOIA
| 1 1 Window head:
7] Ve
/ —
I - '
7/
7/
7/
7/
7/
7
Puc. 1. KoHuenuua «HenpepbIBHOR AUHUM» 7 =

NpY M306paxeHnin BO3AYLUHOTO 6apbepa

Insulating
Air Sealant

N

L —

Puc. 3. Tlpumep ynnoTHeHIA 3a30pa BOKPYT KONOHHbI
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Onucanune HenpepbIBHbI bapbep:
TeXHONOrUK * YCTPaHAET HEKOHTPONMPYEMbIe NOTOKI BO3JyXa Yepe3 HennoTHOCTH B 000N104Ke 3aaHNA;

e CHUKAET PACX0A JHEPTN Ha Harpes, 0XJ1aXAEHUE U KOHTPONDb BJIaXHOCTU BO3AYXa B 3[aHIK;

* UCKNIOYAET NPOHUKHOBEHWE BOAbI OT A0XKAA, NPENATCTBYET BbICOKOMY COAEP*KAHUI0 BNaru
N THUEHUIO APEBECUHDI;

« CHUXAEeT BEPOATHOCTb 06pa30BaHiA NECEHI U3-3a KOHAEHCALIAM Ha XONOAHbIX MOBEPXHOCTAX,
C0371aBaeMblIX NPy paboTe KOHAULMOHEPa;

+ MOBBILLAET JONTOBEUHOCTb HAPYXKHbIX OTPaXKAEHUI 1 NOAOCTEN APYIUX KOHCTPYKLMIA 34aHNA, UCKII0UaeT
NpeXAeBPEMEHHYH KOPPO3UI0 METANNNYECKIX KOHCTPYKLNIA HapYXHbIX CTeH;

« YNYYLIAET KOHTPOJIb LLYMa, BO3MOXHOCTY OTHETYLLEHUA U IbIMOYAAIEHNS;
« CHUKAET BEPOATHOCTb 00pa3oBaHNA COCYNEK Ha BHELUHMX Gacafiax 3MMOIl U pacTpecKuBaHme KNaaKu.
TpeboBanua:

. npanmbelVl I10,£l60p COCTaBNALWNX HEﬂpeprBHbII7I 6apbep MaTtepunaioB, KOMMNOHEHTOB 1 METOA0B NX
CTbIKOBKIM ANA o6pa303ava repMeTn4Horo CnoA;

. BO3,£|,)ILIJHbII7I 6apbep, 3JIEMeHTbI, MeCTa UX CTbIKOBKIA 1 nepeceyeHna AOoJKHbI ObITb UeTKO 0003HaueHbl Ha
yeprexax n C A0NOAHUTENIbHbIMK I'IOApOﬁHOCTﬂMVI ONnCaHbl C MOMOLLbH aPXUTEKTYPHbIX AeTaneit;

+ MaTtepuan BO3AyLIHOro bapbepa JoMmKeH UMeTb KOHCTPYKLIMOHHYI0 0nopy, YToObl BblAepXuBaTh
MaKCMManbHoe NoNoXMTeNbHOE 11 0TpULLaTeNbHOe AaBNeHre aTMOCPepHOro Bo3ayXa, 1 06naaatb
B037YXONPOHNLLAEMOCTb0 He 6onee 0,02 n/c*m? npu nepenaze faBneHna B 75 Ma;

o cyulecTByowine 3aaHuA, noanexalline KanutanbHOMY PEMOHTY, 0C00eHHO pacnonoeHHble B X0JIOAHOM
VNN XapKoMm 1 BJIaXKHOM KNUMaTaXx, J0JIXHbI ObITb YMJIOTHEHbI B COOTBETCTBUN C TEMU XKe (TaHAAPTAMMU,

YTO 1 HOBbIE 3[1aHUA.

06nactb MpuUMeHAETCA ANA repMeTU3aL M KOHAULIMOHMPYEMbIX MOMELLIEHII N06Oro Ha3HaueHIs.
npUMeHeHus

KonuuectBeHHble  JKOHOMMA HEPrAN OT MOBbIWEHNA TEPMETUYHOCTA 3AaHUA MPU NPUMEHEHUM HENpPepbIBHOMO BO3AYLIHOMO
M KauyecTBeHHble 6apbepa — ot 10 go 40% B 3aBUCUMOCTY OT KNUMATa.
nokKasarenu Tpe6oBaHuA k repmeTnuHoCTY. [lokasatenn yTeuku BO3AyXa AnA 34aHINA NO PasiMUHbIM CTPAHAM:

« Benukobputaua: He biwe 0,72 n/c*m? npu 75 Ma Ha M? nnowaam nosepxHocTy (ATTMA, BSRIA);

« CWWA: 1,25 n/c*m? npu nepenape aasnenus g 75 Ma (ASHRAE Standard 189.1, 2013);

« KaHapa: He 6onee 0,1 n/c*m? npu 75 Ma AnA 3nemMeHTOB BO3ayLUHOTO 6apbepa;

« [epmaHua (Hemewkinit IHCTUTYT naccuHbIx aomoB): 0,6 n/c npu 50 Ma.

Cebinku WHdopmauma o MeTogax U NpaKkTUKe NPUMEHEHNA:

* «U.S.Army Corps of Engineers Air Leakage Test Protocol for Building Envelopes, Version 3, February 21, 2012»
— http://www.wbdg.org/references/pa_dod_energy.php

* Wagdi Anis. 2001. «The Impact of Airtightness on System Design». ASHRAE Journal, 43:12. Atlanta,
GA: ASHRAE

* Zhivov, Alexander, David Bailey, Dale Herron, Don Dittus, Michael Deru, and Colin Genge.
2009. Testing and Analyzing US Army Buildings Air Leakage. Proceedings of the 30th Air Infiltration and
Ventilation Center (AIVC) Conference: Trends in High-Performance Buildings and the role of Ventilation,
and the 4th International Symposium on Building and Ductwork Air Tightness (BUILDAIR). Berlin, Germany,
p 285 — http://toc.proceedings.com/11542webtoc.pdf

* Whole Building Design Guide. Air Barrier Continuity: A quick guide to sealing air leakage pathways in
buildings. http://www.wbdg.org/pdfs/usace_airbarriercontinuity.pdf
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HanmeHoBaHue TeXHNUYecKoro (I'IpOQKTHOFO) peweHna
CoNHLe3aLLUTHDBIE NNEHKU

Homep 1 HanmeHoBaHIe KpuTepus (NapameTpa) «3eN1eHoro CTpOUTENbCTBAY

- Cnocob onpenenenna  bannbl
o CTO HOCTPOIA 32.35.4 5
Pacxon TennoBo SHeprui Ha OTONNEHME 11 BEHTUAALMIO 30aHNA pacyemHo 0-25
Pacxod aneKTposHeprin pacyemHo 0-15
S
(Toumoctb JUCKOHTUPOBAHHbIX UHBECTULIMOHHDBIX 3aTPaT pac4emHo 0-20
|
(TouMOCTb FO0BbIX IKCMTyaTaLMOHHbIX 3aTpaT pacyemmo 0-20
.
(ToumocTb npuBeAEHHbIX COBOKYMHDBIX 3aTPaT M0 LUKNY XKU3HU 00bekTa pac4emHo 0-15
Unnioctpauun
06blyHOE NUCTOBOE CTEKNO Ctekno + 3epkanbHas nneHka 20% nNpo3pa4yHocTb
% h i : . I I r‘f
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Onucanue ConHue3aWMTHbIE NAEHKKM C METANNMUECKUM HanbineHnem 06M1adaloT CNoCOBHOCTbIO OTPaXKaTb MHPPAKpaCcHble

TeXHONOrum (TennoBble) nyum, uTo NO3BONAET M36eXaTb NeperpeBa NOMeLLEHNIi B XapKoe BpeMaA (4acTb TeNN0BOIA JHepriv
CONMHEYHOTO U3NyYEHNA OTPAXKALTCA CTEKNOM) M YMEHbLUMTb TeNNIONOTEPM 3UMOIl (NpenATCTBYA Nepeaye Tenna
yepe3s 0KHO).

06nactb Kommepueckme, 0011eCTBEHHbIE 1 XWIble 3AaHNA NPU HOBOM CTPOUTENLCTBE U KaNUTANbHOM PEMOHTE.

npUMeHeHus

KonuyecrBeHHble an/IMEHEHI/Ie COJIHUE3ALMTHBIX MJIEHOK CHUXKAET TennonoTepu Ha 20-40%, TemM cambIM CHUXaA 3aTpartbl
U KayeCcTBeHHble Ha 3JIEKTPO3HEPT IO 1 OTONNEHNE.
XapaKTepucTukun

“pOMBBOAMTGﬂM MHorouncneHHble npousBoauTeni.
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HanmeHoBaHe TeXHNYECKoro (I'IpOEKTHOFO) pelieHna
(TeKNOBONMOKHUCTbIE C3HABUY-NaHeNN

Homep 1 HaumeHoBaHMe KpuTtepus (MapameTpa) «3eNeHOro CTPOUTENbCTBA»
P puTep Pametp p (Cnoco6 onpegenexus bannbl

no CTO HOCTPOW 32.35.4

7

KauecTBo apxutekTypHOro 06nuKa 3aaHus pacyemHo 0-12
S

0becneyeHHOCTb 34aHNA eCTeCTBEHHbIM 0CBeLLeHNeM pacyemHo 0-10

Pacxop Ten0BoV SHeprum Ha OTOMNEHME U BEHTUAALMIO 30aHNA pacyemHo 0-25

Pacxoz anekTpoaHeprum pacyemHo 0-15
S

(ToMMOCTb ANCKOHTUPOBAHHDBIX NHBECTULIMOHHDIX 3aTpaT pacyemHo 0-20
)

(ToMMOCTb rof0BbIX IKCMyaTaLMOHHDBIX 3aTpaT pacyemHo 0-20
S

(ToMmOoCTb NpUBEAEHHbIX COBOKYMHDIX 3aTPaT MO LMKNY XM3HM 00beKTa pacyemHo 0-25

Unnioctpauun

-
i
Puc. 1. PeMOHT 30aH1A C NpUMeHeHeM Npo3payHbIX CTeH Puc. 2. 3ameHa okoH ¢ ncnonb3oBanmem cuctembl KalWall.

ancrembl Kalwall. 06wwectBenHas bubunmoteka, r. Muunran Cutu, HauanbHaa wkona Annexa. Pouectep, Hoto-Xamnwmp (CLUA)
Muuuran Cuti, Unamnana (CLLA). Apxutektop: XenbmyT A1

(Tpenku cnesa:
« Tennonzonauna (ko3pduumeHt TennonposoaHocTit ot 2.8 10 0.28 Br/(m? K);
« NPOHMKHOBEHNE pacceaHHoro seta ot 3 Ao 50%;
* K03QdULMEHT NPOHUKHOBEHNA CONHeyHoro Tenna ot 1 o 0.4;
* BbICOKOIPHEKTUBHAA TeNNON30NALNA U3 CTEKNOBOOKHA, a3POrens Unm HaHorens;
« Jlerkue naHenn u HagexHole Kpennexua obecneynBalot ObicTpyto bopky.
(Tpenku cnpasa:
* Kpenkiue naHenu Tuna CHABNY NpoBepPeHbl Ha NPOYHOCTD B TeyeHue 50 neT;
+ KOHLEBble NNacTHbI NPOTUBOCTOAT 303K U He TpebyloT yxoza;

1 B~ « BHYTPEHHAA KOHCTPYKLMA TNA XaHeKomba 13 ABYTaBPOBbIX MIHU-0aNOK MOXeET ObITb
{ _ = TepMUYECKIN pa3opBaHa;
o + MNACTUHbBI NaHeNM He BbI0TCA, YA0BNETBOPAIOT BbICOKMM MPOTUBONOMXAPHbIM TPeObOBaHNAM
o HL\h] MOAXOAAT K Pa3NIMUHbIM BHYTPEHHUM UHTEPbepaM.

Puc. 4. (xema CTEKNOBONOKHUCTOI COHABUY-NAHENN
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UnniocTpauun

David Lamb Phatography

Phaote by Andre Ball, The Prisce Graup

Puc. 3. 306 m? nonynpo3pauHoro nepekpbiTua Skyroof® Lkona 6yaywero B 1. Ounagensua (CLUA).
ApxutekTop: [pynna «[pucko»

Onucanune
TexXHonoruu

O6nactb
NpUMeHeHuA

KonuvectBeHHble
M KauecTBeHHble
XapaKTepucTuKm

Mpoussoputenn

Ccbinkm

(TeKNnoBONOKHUCTblE (3HABMY-NMAHeN 06nafalT BbICOKUMN N30NMpyrLwnumu (BONCTBaMM, KOHCprKTI/IBHOVI
NPOYHOCTBIO, CNOCOBHOCTBIO K nepeaayve pacceAHHOro CBeta. JTa TEXHONOTMA COYeTaeT B cebe (I)yHKLl,l/II/I xopowlo
KOHTPONUPYeMOro eCTeCTBEHHOI0 0CBELLIEHNA C BbICOKOI 3Hepr03¢¢EKTI/IBHOCTbl0. MaHenu nerkue, Hebblowmeca
N NPOCTbie B MOHTaXe.

MaHenu npeacTaBnAnT 060/ KOMMO3WUTHbIA C3HABMY, C03AaBaEMbIil ABYMA Kpenko CoeANHEHHbIMK
noiynpo3payHbiMiu naacTiHaMi U3 CNELanbHO pa3pa60TaHHOro dPMUPOBAHHOIO CTEKJI0BONOKHA, MeXAay
KOTOPbIMW 3aXat 3aM0MHEHHbII HaHOTeneM Uu aporesiem XaHEKOMO, 3roTOBNEHHDII METOA0M IKCTPY3nn 13
AJIIOMUHNA NN TEPMUYECKI NPEPBAHHOT0 KOMMO3UTHOIO MaTepliana.

061LecTBEHHbIE 3[aHNS.

Manenu umetot pasmepbl 4o 1.5 M B LnpuHY 1 4o 6 M B AnuHy, 70 MM uau 100 MM TONLLMHOI.

[lna yBenuueHna TENNOM3ONALMOHHBIX XapaKTePUCTUK MaHeNu 3anofiHAITCA Nnb0 HaHorenem, nn6o
asporenem. TennonpoBOAHOCTb NaHeneil A1 pa3NuHbIX BapuaHTOB NaHeneil Bapbupyetca mexay 3.0 Br/(m? K)
n 0.28 Br/(m? K). KoadpduumeHT npoHukanua conHeyroro Tenna (SHGC) Bapbupyetca ot 0.10 o 0.65. Xota
HeKoTopble NaHenu CofepXart roproyne easytolme cmonbl (Temnepatypa BocnnameHeHus 6onee 430 °C), ol
MOTYT NPOTMBOCTOATL NaMeHI ¢ TemnepaTypoii 650 °C B TeyeHue 0AHOTO Yaca 6e3 NPOHMKHOBEHNA MNAMEHH.

Kalwall Corporation.

*  www.kalwall.com
High-Performance Translucent Building Systems http://www.kalwall.com/pdfs/systems-4.pdf
The World's Most Powerful Daylighting System  http://www.kalwall.com/pdfs/aerogel.pdf
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HanmeHoBaHe TeXHNYECKoro (I'IpOEKTHOFO) pelieHna

Homep 1 HanmeHoBaHue KputepusA (NapameTpa) «3eN1eHOro CTPOUTENbCTBA»
no CTO HOCTPOW 32.35.4

) .
0 AKyCTUYEeCKMil KOMGOPT

Pacxon TennoBoii IHeprun Ha OTONMEHIE U BEHTUAALMIO 3AaHNA
Pacxo anekTposHeprum
S
(TOMMOCTb AMCKOHTUPOBAHHDBIX NHBECTULIMOHHDIX 3aTpaT
S
(ToMMOCTb roA0BbIX IKCMNYaTALMOHHbIX 3aTpaT

w
e (Toumoctb npuBeAEHHbIX COBOKYMHbIX 3aTPAT N0 LUKNY XU3HU o6bekTa

WUnnioctpauun

Puc. 1. Mlpumep cxembl ycTpolicTBa TambypoB B

(Cnoco6 onpegenexus

pacyemHo
pacyemHo
pacyemHo
pacyemHxo

pac4emHo

pac4emHo

Puc. 2. lpumep Tambypa, BbIropoxkeHHoro B Bectubione

3[aHIN C CYLLeCTBEHHBIM JTIACKIM NOTOKOM npu Bxoae B obwexutme

Puc. 3. I'Ipmmep TUMIYHOTO TaM6ypa, M3roTOB/IEHHOI0 B 3aBOACKUX YCJTIOBUAX
N CMOHTWPOBAHHOI0 Ha BX0Ae B 0¢VICH06 3/laHne

30

bannbl

0-16

0-25

0-20

0-20

0-25




OnucaHue
TexHonoruu

O6nacTtb
npuMeHeHus

KonnuecrBeHHble
U KayecTBeHHble
XapPaKTepPUCTUKN

Mpounssoautenu

Tambyp npeacTaBnseT coboil YacTb NOMELLEHNA MEX/Y HAPYXHOIl 1 BHYTPEHHei ABEPbMU WK HeOONbLLYI
NPUCTPOIIKY K 3MaHWI0 Mepen WK 3a ABEPbMU A 3aWUTbl OT BETPa, XONOAA M Xapbl U T. M. BxopHbie
Tambypbl NpeACTaBAT 060/ BO3AYLWHO-TENNOBbIE W03bl Y BX0AA B 34aHue (puc. 1). Tambyp ymeHbluaeT
NHOUIBTPALMIO HAPYXXHOTO BO3AYXa M IKCOUIBTPALMIO KOHAWLMOHMPOBAHHOTO BO3AYXa MpU OTKPbIBAHUM
HapY>Hoii IBEpY. ITO CHINKAET NOTPeOIeHIne IHEPTUI Ha OTOMNIEHME 34aHNA 11 HA CUCTEMbI KOHAMLIMOHUPOBAHUA
B03yXa. TamOypbl Takxe MOTYT ObITb WCMONb30BaHbI ANA MOBbILEHNA OE30MAacHOCTM 3haHMAl MyTem
NPEeAOTBPALLEHNA HECAHKLMOHMPOBAHHOTO MPOHMKHOBEHMS. Tambypbl MOTYT ObiTb YCTaHOBNEHDI KaK B HOBbIX,
TaK 11 B CYLLECTBYIOWMX 34aHKAX. Kak npaBuno, Tambypbl NPOEKTUPYIOTCA 1 MOHTUPYIOTCA N0 UHAUBUAYAbHBIM
3aKa3am (puc. 2), 0iHaKo HeKoTopbie GMPMbl BbIMYCKAIOT I1EMEHTbI TUMOBbIX TAMOYPOB B 3aBOACKMX YCIOBHUAX,
KOTOpble MOryT 6biTb CObpaHbl Ha MecTe (puc. 3). [INA AanbHENLLEro CHIXKEHNS UHOUBTPALMN B MPOCTPAHCTBO
MeXAy ABYMA ABEPbMI Tambypa MOXET NoJaBaTbCs BO3AyX ANA (03[aHNA TakK Ha3blBaeMOro «B03/yLIHOMO
3aMKa».

Kommepueckue, 06LLecTBEHHbIE 1t MHOTOKBAPTUPHbIE XUMble 3aHNA (HOBbIE U PEKOHCTPYUpyeMble).

Llenbto Tambypa ABNAETCA CHIXKEHUE MHQUIBTPALIMM U FKCOUIBTPALIMN BO3YXa U, TAKUM 06pa30M, CHIXKeHMe
3HepronoTpebneHus Ha OxnaxkaeHue, 060rpeB M KOHTPONb BAAXHOCTU BO3AyXa B 3AaHWM, KOTOpoe UMeeT
BXOZHbIE ABEPY C MHTEHCMBHBIMM JIOACKUMU NOTOKAMU. 3T AiBEPU, KaK NPaBWII0, UCMOMb3YIOTCA NOCETUTENAMM
30aHMA U UMEIT 6oee BbICOKMI KOIOGULMEHT WUCMONb30BAHMA, YeM [Bepu, NMpeAHa3HAueHHble AiA
NCNonb30BaHUA MepcoHanom. Pacxop Bo3dyxa uepe3 He3alMLLEHHble [BEpHble MPOeMbl 3aBUCUT OT €ro
pa3mepa, YacToTbl OTKPbIBAHWA ABEPEil 1 AaBNEHNA BETPa Ha Bepy. Bo3BpaT nHBECTULMIE Ha CO3aaHMe Tambypa
3aBUCMT OT CTOMMOCTM YCTaHOBKM Tambypa, TMa WUCMONb3yeMoid CUCTEMbl KOHAULMOHMPOBAHNA (TONbKO
otonneHne unu KB), Knumatinueckux yCnoBuii, CTOMMOCTM SHEPIUH, YPOBHA NKOACKOTO NOTOKA uepe3 ABepb U
pAfAa Apyrvx napametpos. Mpu HU3KOI CTOMMOCTY TamMbypa, YCTAHOBJIEHHOTO B KOHANLMOHMPYEMOM 3/aHNM,
CPOK OKYMAeMOCT! MOXKET ObITb MeHee 0HOr0 ropa.

Tambypbl ANA HOBBIX MW PEKOHCTPYMPYEMbIX 3AaHIA 00bIYHO NPOEKTUPYIOTCA APXUTEKTOPAMM U
YCTaHAB/MBAIOTCA CTPOUTENbHBIMI GUpMaMK.

HanmeHoBaHe TeXHUYECKOro (I'IpOEKTHOFO) peLuenna

TennonsonupytoLas 6eToHHasA onanyoka

Homep 11 HaumeHoBaH1e Kputepus (napameTpa) «3eNeHOro CTPOUTENbCTBA»

(nocob onpepenenna  bannbl

no CTO HOCTPOW 32.35.4

\ .

0becneyeHHOCTb MONE3HON NNOLLAABI0 pacyemHo 0-5
W ~

AkycTyecknii kompopt pacyemHo 0-16

Pacxoz TennoBoli SHEPriv Ha OTONAEHIE U BEHTUNALIAK 3[aHMA pacyemso 0-25

Pacxop anekTpoaHeprum pacyemHo 0-15
S

(TOMMOCTb AMCKOHTUPOBAHHbIX NHBECTULNOHHbIX 3aTpaT pacyemHo 0-20
S

(ToMMOCTb rof0BbIX IKCMTyaTaLMOHHbIX 3aTpaT pacyemdo 0-20
.

(ToMMOCTb NpUBeAEHHDbIX COBOKYMHBIX 3aTPaT M0 LMKy XM3HU 00beKTa pacyemso 0-25
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Unnioctpauun

Puc. 1. CbopHas onanybka 13 neHononuypeTaHa Ana Puc. 2. Hobiii opuc pupmbl Rayalton Homes

ol it 13
; e Ll Tl
Cplsi ol FPE i TS

CeKLNi CTeH, C06paHHaﬂ Ha CTpOMTEJ’IbHOVI nnotlaake C N0J3eMHOM YaCTbi0 CTeHbI, BbIMOMHEHHON

NCNoNb3oBaHWeM CTaHaapTHoi TexHonoruuu ICF

Puc. 3. NMnocknit 6nok ICF Puc. 4. Yrnosoii 6nok ICF

Onucanune
TeXHONOruu

32

TennousonauvnonHaa onanybka (ICF) (puc. 1) BbinonHeHa u3 610KOB, U3rOTOBNEHHbIX U3 MEHOMONYPETaHa,
KoTopble cob1paloTcA 11 3anoHATCA 6eTOHOM Ha CTPOUTENbHOI NoLaaKe. [leTanu KOHCTPYKLMI U TEXHUYeCKue
xapaktepuctukn cuctem ICF BapbupytoTca, HO 00bluHO Tennmomsonupylowas onanybka cocTouT u3 Cnos
TenoM30NALIM Ha BHELLHel CTOPOHE, (oA 6eToHa nocepeaHe 11 C10A TEN0U30AAL MM Ha BHYTPEHHEI CTOPOHE.
Onany6ka ICF nocne 3aTBepaeBaHuA 6ETOHa 0CTAeTCA Ha MeCTe B KauecTBe MOCTOAHHOTO dNeMeHTa KOHCTPYKLMN
cTeHbl. Onanybka, BbIMOMHEHHaA M3 MNOTHOTO MoaMypeTaHa, dopmupyeTca M3 ONOKOB, CTEHKN KOTOPbIX
(BA3aHbI C MOMOLLbIO NNACTUKOBLIX UM MeTaninyeckux Kpennexuii. Onanybka obecneunBaet HenpepbiBHYH
TennoM30onALNI0 1 3BYKOBOI 6apbep, a TakKe ABNAETCA OCHOBOIA 1A TMNCOKAPTOHHBIX NaHeNieil ¢ BHYTpeHHell
CTOPOHbI 11 0CHOBOIA AANA LUTYKATyPKM, BHELLHei 00LLMBKIA 3[aHINA UK KNPNIYA C BHELLHeN CTOPOHbI. «[Tnockue»
6noku (puc. 3) obecneunBaloT HenpepbIBHYH TOLLMHY 6ETOHA, UTO XapaKTepHo AnA 00bluHoli onany6ku. Horaa
auctembl [CF umetoT BaenbHbIin poduib, Mpu KOTOPOM ToNLLMHA CNoA GeTOHa BapbupyeTca BAOb onany6ku.
HekoTopble pa3HOBMAHOCTY TennoM30AMPOBaHHON onanybku 06pasylT cuctemy BepTUKANbHBIX OETOHHbIX
KOMIOHH 11 TOPU30HTaNbHbIX 6anoK, KoTopble MONHOCTbIO MHKANCYNMpoBaHbl B Tennousonauuio. Cuctema ICF
obecneunBaeT NPOYHYI0 CTPYKTYpY 34aHNA, €ro Tenaou30nALMIo, BO3YX0-, BOAO- 1 NAPOHENpOHIULAeMOCTb, a
TaK)xe 0CHOBY Al KpenyieHsA BHyTpeHHeii 1 BHeLwHeil 0bnuuosku. C(uctema ICF co3paeT nnoTHble orpaxpatovune
KOHCTpyKLMH, obecneumsatoLime nHduabTpauumio, He npesbiwaiowyto 0,35 B yac. Cuctembl ICF pasnnyatotca no
Mny u3onAuum, Gopme NONOCTU U CNOCOBY COeAMHEHIA TENNON30MALMOHHDBIX C0eB. OCHOBHbIE GOpMbl 6OKOB
— nnockie, yrno.ble (puc. 4), a Takxe obecneunBatoLLme CeTKY KONOHH 1 6anok.



06nactb
npuMeHeHus

KonuyecTBeHHble
N KayecTBeHHble
XapaKTepuCTUKM

Mpoussoautenu

CcoInku

NaeanbHbiMu obnactamu NPUMEHEHUA CUCTEM ICF aBnatoTca onanyﬁkm ANA N0A3eMHOM YacTh CTEHbI 1
nojBana, a TakKe CTeHbI XUNbIX 1 001LeCTBEHHDBIX 3AaHWIA C BbICOTON, He I'Ip€BbILIJaIOLI.|,€I7I NATU STaXeil.

Cuctembl ICF umeroT cnepytowime npenmyLLecTBa: COKpalLieHne CPOKOB CTPOMTENbCTBA, COBMECTUMOCTb TUX
QucTeM ¢ MioObIMK BUAAMM BHYTPEHHel WM BHELUHeld OTAeNKI MOBEPXHOCTeil, COMPOTUBEHME BAUAHUK
HACeKOMBbIX, MOBBILIEHHAA NPOYHOCTb, YMEHbLUEHE YPOBHA LYMa, CHIKEHNe MHQUILTPaLMK, 3HaUUTeNbHasA
9KOHOMNA JHEPIUH, CHUXKEHME MOLLHOCTY 1 KanuTanbHbIX 3aTpaT Ha cuctembl OBKB, a Takxe bonbLuas (30 cm)
LUMPUHA NOZOKOHHNKOB.

MepBbiii xunoii gom ¢ Tennousonupyoweir onanybkoi (ICF) 6bin noctpoed B 1997 rogy. HomuHanbHoe
conpoTMBNeHMe Tennonepesaue cteH coctanano R = 5,283 m* (/Bt, a nepekpbitua R = 7,044 m?-(/Br).
Mpu HEOOXOAMMOCTY MOXHO YBENNYUTL TONLLMHY YTENAAIOLe NaHenu C BHYTPEHHeli CTOPOHbI AU CHapyXu
B npegenax o 200 MM, B pe3ynbTate Yero TeopeTueckuil MakCcMMyM BennuuHbl R AnA CTeHbl Bo3pacTeT [o
R-10.6 m* (/Br.

(roumocTb JoMa ¢ Mcnonb3oBanmem TexHonorun ICF npu obpalieHun K onbITHOMY noapAnunKy bynet He bonee
yem Ha 0.5-4% 6onblue, yem JepeBAHHOTO KapKacHoro J0Ma TaKoil Xe KOHCTpYKLM. Heobxoaumo HaHUMaTh
OMbITHOTO MOAPAZUMKA, YMEIOLero NpaBubHO NoAOMpaTb 060pyLOBaHIMe CUCTEM OTOMMEHIA 1 OXNAXKAEHNA.
[Jloma, noctpoenHble ¢ ucnonb3oBaHnem cuctembl ICF, ABNAIOTCA BbICOKOIHEPrOIQGEKTUBHBIMU M HYKAAIOTCA
B 3HauuTeNbHO MeHee MOLHbIX cuctemax OBKB nmo cpaBHeHuio ¢ TpagmumoHHbIMU Zomamu. [pumeHeHne
cucTem 60onbLLEId MOLLHOCTI NPUBOJWT KaK K CHUXKEHNI0 IQOEKTUBHOCTM MX UCNOIb30BAHNA, TAK 1 K HEHYKHbIM
KanuTanbHbIM 3aTpaTam.

AAB Building Systems , AMF Corp., Feather Lite, Inc., Lite Form, Inc., GREENBLOCK Worlwide, Foam Block, Lite
Form, Inc., American Polysteel Forms, Quad-Lock Building Systems, R-Forms, Reward Wall, Termoformed Block
Corp., Therm-0-Wall.

*  Gary Brown and Steve <iller.
Enhancing ICF Performance. http://www.amvicsystem.com/wp-content/uploads/2012/11/EPICF.pdf
* Insulated Concrete Form Systems. Oregon Residential Energy Code. January 2012 No. 18.
http://www.chs.state.or.us/external/bcd/programs/energy/energy_publications/ResPub_18.pdf

HaumeHoBaHue TeXHUYeCKoro (I'IpOGKTHOFO) peliexna

YMeHbLLeHNe TennoBbIX MOCTOB

Homep N HaUMEHOBaHWE Kputepna (napameTpa) «3€J1EHOr0 CTPOUTENbCTBA»

(nocob onpegenenns  bannbl

no CTO HOCTPOI 32.35.4

Pacxoz TennoBoli JHEpriv Ha OTONAEHE U BEHTUNALIAK 3[aHNA pacyemHo 0-25

Pacxoa aneKTposHeprim pacyemHo 0-30
S

(TOMMOCTb ANCKOHTUPOBAHHbIX UHBECTULMOHHDIX 3aTpaT pacyemdo 0-20
S

(ToMMOCTb rof0BbIX IKCMYaTaLMOHHDIX 3aTpaT pacyemso 0-20
S

(ToMMOCTb NpUBeAEHHBIX COBOKYMHBIX 3aTPaT N0 LMKy XM3HU 06beKTa pacyemHo 0-25
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Wnnioctpauun

34

Puc. 2. HenpepbiBHas Tennosas usonauus. 3o6paxenne
HenpepbIBHOTO TeNNOBOro 6apbepa 00010uKIA 30aHN.
KpacHbimin Kpyramu nokasaHbl MeCTa noTeHLUanbHbIX
TenNoBbIX MOCTOB (NpeocTaBneHo Passivhous Institute)

Puc. 4. Tipumep pekOHCTPYKLIMN 3AaHNI C NPUMEHEHIEM
BHELLHUX NMOANOPOK 0aNKOHOB A1A yCTPaHeHus
TenoBbIX MOCTOB

Puc. 1. lpumep TenNoBbIX MOCTOB:
«AKBa-06alLHaA», Yukaro.

W306paeHns caenaHbl Tepmorpagom
kopnopauuu Fluke, npegoctasnenbl Building
Science Corporation 1 [13iiBom Po6u

) Double glazed | = . ) .
cH;alf:r?eT:;tréglde door gives access HIL Continuity of wall insulation
d tobalcony ———+
fixings for Floaling floor to comply
balustrading

Halfen HIT system

g

Softjoits =——1—"__ ||| |

Suspended ceiling to comply
with Approved Document E

s
Puc. 3. TennousonuposaHHoe NpucoeanHeHue
*ene300eToOHHOr0 6aNKoHa K Mexay3TaxxHoMy
nepekpbiTto pupmbl HALFEN DEHA npepotBpaluaet
00pa3oBaHue TennoBoro MocTa

Puc. 5. TennoBble MOCTbI, 06pa3oBaHHble Npy
nepeceyeHni NANT MeXITaXKHbIX NePEKPbITHii U
cTeH 3aaHus (ASEIPI)



WUnnioctpauun

Puc. 6. ina NPeAo0TBPALLEHNA TENNOBLIX MOCTOB NP YCTAHOBKKE OKOH 1CN0Ib30BaNnCb KpOHLIJTEVIHbI
B npenenax oA Hapy)KHOVI TennonsonAuun

Onucanune
TeXHONorum

06nactb
npUMeHeHUA

KonnuectBeHHble
M KauecTBeHHble
XapaKTepucTuKm

WU3rotoBuTenu

Ccbinkm

Tennogoit MoCT npeacTaBAAeT 000/ KOHCTPYKLMK 3[aHNMA, M3TOTOBEHHYI0 W3 MaTepuana, obnajatwlero
XOpoLLeli TennonpoBOAHOCTbIO, U Mepecekalowyl C10i TennoM3onALAN 3haHuA. TennoBble MOCTbI MOTYT
BO3HMKATb B Pa3NnyHbIX MecTax 0007104k 30aHnA. TennoBble MOCTbI MOTYT ObITb CleflyHOLLMX Pa3HOBUAHOCTeIA:
- NOBTOPAIOLLMECA TenNoBble MOCTbI B NpeJenax CTPOUTENbHOTO InemeHTa (CTPYKTYpa KapKaca coopyeHus).
OHV yuuTbIBaKOTCA NP pacyeTe 06LLero ko3dpuuneHTa Tenfonepeaaum AemeHTa;

- Ten/oBble MOCTbl, 00pa3oBaHHble B yrnax i Npi nepeceyeHusx 3MeMeHTOB KOHCTPYKLAM 3[aHNA: B MecTax
YCTaHOBKIN OKOH 11 iBepeil, NepeceyeHusa CTeH 11 KpbILLK, ABYX CTEH Ha Yrax 34aHus;

- U30/IMPOBaHHbIe Tens0Bble MOCTbI, HanpuMep, 6anKoHbI, epecekaloLuyye (0 TeNNON30NALMN.

PaznuyHble TUMbI 30aHNIA.

JlononHuTenbHble noTepu Tensia 3a CYET TENNOBLIX MOCTOB NMPUBOAAT K YBENUYEHUIO PACXOAa SHEPIUN Ha
OTOMEHME W OXNaXJeHue 3MaHUR, CHUKEHU Temnepatypbl BHYTPEHHUX I'IOBerHOCTeVI C BO3MOXHOI
KOHZeHcaLueil Bnaru u 06pa3OBaHI/I€M nneceHn. Mx BnuAHne 0cobeHHo CyLECTBEHHO B 34aHUAX C HU3KUM
I'IOTp€6IIEHI/|€M JHEPrun UNn B TaK Ha3biBaeMbIX BbICOKOB(I)d)eKTI/IBHbIX 3naHuax. 06uiee BANAHME TENOBbIX
MOCTOB Ha I'IOTpEﬁHOCTb B TennoBoi JHEPrumn yBenuyUBaeTCA U MOXET AOCTUTATb 30%. Bnuanue TennoBbix
MOCTOB Ha ﬂOTpeﬁHOCTb B SHEPIUN Ha OXNaXKAeHWe 30aHNA 3HAUNTEJIbHO HUMXeE.

(TpouTenbHble KOMNAHMI.

»  Mark Lawton. The Impact of Thermal Bridges on Effective Thermal Resistance and Energy Use in Mid and
High Rise Buildings. http://www.fpinnovations.ca/MediaCentre/Seminars/FpiNrcan/the_impact_of_ther-
mal_bridges_on_ effective_thermal_resistance.pdf

ASIEPI. An effective Handling of Thermal Bridges in the EPBD Context. http://www.asiepi.eu/fileadmin/
files/Files/SummaryReports/ASIEPI_ThermalBridges_SummaryReport.pdf

»  ENISO 10211-1:1995 Thermal bridges in building construction - Heat flows and surface temperatures - Part
1: General calculation methods. Standard available via national standardization platforms as printed version
or download

Erhorn-Kluttig, H.; Erhorn, H.: Impact of thermal bridges on the energy performance of buildings. Informa-
tion paper P148 (2009). http://www.buildup.eu/publications/2345

*  Schild, P: Good practice guidance on thermal bridges and construction details - Part 2: Good examples.
Information paper 189 (2010). http://www.buildup.eu/publications/8241
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HanmeHoBaHe TeXHNYECKoro (I'IpOEKTHOI'O) pelieHna

JHeprocbeperatoLie NneHKu

Homep 1 HaumeHoBaHMe KpuTepus (MapameTpa) «3eleHOro CTPOUTENbCTBA»

(Cnoco6 onpegenexus bannbl

no CTO HOCTPOW 32.35.4
Pacxoz TennioBoli 3HEPriv Ha OTONJIEHNE U BEHTUNALIK 3AaHNA pacyemHo 0-25
Pacxof1 aneKTposHepriu pacyemHo 0-15
.
(TOUMOCTb AMCKOHTUPOBAHHbIX UHBECTULMOHHDIX 3aTpaT pacyemHo 0-20
.
(ToMMOCTb rof0BbIX IKCMYaTaLMOHHDIX 3aTpaT pacyemHo 0-20
S
(ToMmoCTb NpuBeeHHbIX COBOKYMHDIX 3aTPaT N0 LMKNY XMU3HM 00beKTa pacyemHo 0-25
Onucanune (oBpemeHHas 3Heprocbeperaiowian nieHka npeacTaBaAeT 060 MHOTOCNOMHDIA KOMNO3WT. Ha Kaxablii (ol
TeXHonoruun MNeHKU TONLMHOA B HECKONbKO MMKPOH METOAOM Ma3MeHHOro paspAaa B aTMocdepe aproHa HaHoOCMTCA
(BEPXTOHKMIA Cnoit MeTanna. B cootBeTcTBUM C pa3paboTaHHOI TexHOMOTMed UCNONb3YIOTCA AparoLeHHble
W peaKko3emenbHble MeTannbl. TonwuHa CnoA MeTanna OYKBanbHO HECKONbKO MOMeKyf, MOITOMY CTeneHb
3a/1epXu1BaHIA BUAMMOTO (BETa 0YeHb He3HAUUTeNbHA, @ CTOUMOCTb NPAKTUYECKN He OTANYAETCA 0T CTOUMOCTI
00bIYHOI NAEHKIA.
O6nactb Kommepueckite, 06LLeCTBEHHbIE U XWNble 34aHNA NPU HOBOM CTPOUTENbCTBE U KanUTabHOM PEMOHTe.
npuMeHeHus
KonnuectBeHHble  (TpykTypa JHeprocOeperaiolux neHoK No3BONAET UM «PeryanpoBaTb» Temnepatypy B 3faHUN 1 SKOHOMUTL
1 KayeCcTBeHHble NEKTPOIHEPrIAD, 0TPAXKas BbICOKUI NPOLIEHT TenNa, UAyLLero B NoMeLLeHIne CHapYKu IeTOM 1 HanpaBnALLerocs
XapaKTepucTuKm U3 nomeleHna Hapyxy. Kpome Toro, 3Heprocbeperaioluas nneHka NpenATcTBYeT yTeuke UHGOpMaLuM u3
nomeLLieHns 1 B 15—20 pa3 cokpaLLaeT B NOMeLLeHUI HaNpAXKEHHOCTb INEKTPOMArHUTHBIX NOfIeiA, C03aBaeMblX
MOLLHBIMI BHELUHUMY Pajino- U Tenenepefalolumu ycTpoictBami. OZHOBPEMEHHO MAEHKW MOBbILAKT
MPOYHOCTb CTeKNA A0 8 K Ha KB. CM, CTEKNO CTAHOBUTCA 6€30CKONIOUHBIM.
Mpoussogutenu MHorouucneHHble nponssoauTeNu.
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HaumeHoBaHMe TEXHUYECKOro (ﬂpOEKTHOFO) pelieHna
JHeproddpdeKTUBHbIE 6ANKOHDI

Homep 1 HaumeHoBaHMe KpuTepus (NapameTpa) «3eNIeHOro CTPOUTENbCTBA»
no CTO HOCTPOV1 32.35.4

KauecTBo apxutekTypHoro 0bnuka 3ganua

AKyCTYeCKuii KompopT

Pacxop TennoBoii IHeprun Ha OTOMEHIe 1 BEHTUAALMIO 3AaHNA
Pacxon aneKkTposHeprum

(TOMMOCTb AMCKOHTUPOBAHHDBIX NHBECTULMOHHDIX 3aTpaT
(ToMMOCTb roA0BbIX IKCMAYaTaLMOHHDIX 3aTpaT

(Toumoctb NpKUBeAEHHbIX COBOKYMHbIX 3aTPAT N0 LUKNY XU3HU o6bekTa

Unnioctpauun

Puc. 1. MudpakpacHoe n3o6paxeHue TennoBoro MocTuka, 0bpasyemoro
6ankoHom

. Double glazed | - . .
Halfen ast-in door gives access HJ" Continuity of wall insulation
channels provide tobalcony ~—————

fixings for | Floaling floor to comply

balustrading

- ’Soft’joints/ -.L

N\ Suspended ceiling to comply
with Approved Document E

1 / with Approved Document E

Puc. 2. TennonzonupoBaHHoe NpucoeauHeHe xene306eToHHOro 6ankoHa
K MexayaTaxHomy nepekpbitito upmbl HALFEN DEHA npegoTBpalyaet
06pa3oBaHue TenNoBOr0 MoCTa

(nocob onpenenexuna

pacyemHo
pacyemHo
pacyemHxo
pacyemHo
pacyemHo
pacyemHo

pacyemxo

i

bannbl

0-20

0-20

0-25

Puc. 3. MpucoeanHerme 6ankoHa K 3aHui0

(OpaHK¢ypt-Ha-MaiiHe, [epmanma)

npu NOMOLLIK METaNYeCKNX KpOHLIJTEVIHOB
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Unnioctpauun

Puc. 4. ”pVIMEp PEKOHCTPYKLUN 3/1aHuil B Fepmava CNPUMEHEHIEM BHELLIHUX NOANOPOK 0anKkoHoB AN YCTPAHEHNA TEMJIOBbIX
MOCTOB: a 11 6 — MeTaNINYecknx KONOHH, B — KeNe300eTOHHbIX KONOHH

OnucaHue
TeXHONOrnm

38

)

Puc. 5. locne peKoHCTpyKLMM XInoro
3aaHuA B 1. [paw (ABCTpKA) 6anKkoHbl
3aCTeKneHbl U PacnonoxeHbl B npegenax
TennoBoro bapbepa 0007104KI 3aHNA

— __- | ——— ST el

Byayun BaxHON YaCTblo COBpEMEHHOTO 3AaHuA, 6ankoHbl 037aKT NPoONEMbl apxUTEKTOPaM U UHXKEHepam
npu CTpOUTeNbCTBe 3HeprodddekTUBHbIX 3aaHuii. [pu MCNONb30BaHNI CTaHAAPTHBIX pelueHnii 6ankoHoB WX
KOHCONbHblE COeANHUTENbHbIE 3MeMeHTbl NepecekalT Tennou30NALMOHHBIA CNOA 34aHNA M 00pasyloT Tak
Ha3blBaeMble TenjoBble MOCTUKY (pUC. 1), YTO NPUBOAWT K 3HAUUTENbHBIM NOTEPAM Tenna 1 YBeANYeHNo pacxoaa
3Heprun 3aaHuem. bonee Toro, npu AnuTenbHOM BO3AENCTBUM KOHAEHCALMN HA LITYKATYPKY W NAKOKPACOUHble
MOKPLITUA UX KauecTBO YXYALLAETCA M MOABAAETCA pUCK 00pa3oBaHuA nnecenu. [lna pewweHus 3tux npobnem
Obin pa3paboTaH pAg METOANK, N03BONAIOLLNX MO0 OTAENUTL OaNKOHBI OT HECYLLMX CTPOUTENbHBIX KOHCTPYKLIMIA
30aH1A, 60 BKMKUNTB MX B 00LLWIA KOHTYP, CO3AaBaeMblii Cioem Tennon3onaAumi. K nepBoil Kateropuu 0THOCATCA
peLLeHus, (BA3aHHbIe C HapyLIeHreM TennoBbIX MOCTUKOB MyTeM C03AaHNA TennoBbix 6apbepos, OTAENAILLMX
KOHCTPYKLMW 6ankoHa OT HeCyLiMX KOHCTPYKLMIA 34aHNA U MEXAYITaXHbIX nepekpbiTuil. K Takum petseHnam
OTHOCATCA:
- GanKoHbI C TENI0M301MPOBAHHBIM NPUCOEANHEHNEM XeNe300eTOHHOT0 aNKoHa K MeXy3TaxHOMY
nepekpbITio (puc. 2);
- GanKoHbI, NpUCOeAMHAEMbIE K HECYLLMM KOHCTPYKLMAM 34aHINA C TOMOLLbIO NIOCKMX MeTannmueckux
KPOHLUTeIHOB, KOTOPble He3HAUUTENbHO HapyLIaKoT TennoBoli 6apbep 3aaHua (puc. 3);
- GanKoHbI, NOAAePXKMBaEMble METaIMYECKIMU UNK Xee300eTOHHbIMYU KONOHHAMI M0 BCEM YeTbipem
yrnam (puc. 4a, 6 u B).
Ko BTOpOIi Kateropuu OTHOCATCA pelleHna, MpU KOTOpbIX OANKOH BKMIOYEH B TennoBylo 060M0uKy 3haHMA u
NMeeT 3HAUMTeNbHYI0 MOBEPXHOCTb OCTEKAEHUA C OTKPbIBAKLMMUCA/Pa3ABUrAONUMIACA OKHAMU (puc. 5).
Takue pelueHis 4acTo NPUMEHAIOTCA NPU PEKOHCTPYKLIMN 3[AHMIA.



06nactb
npuMeHeHus

KonuuecrBeHHble
U KayeCcTBeHHble
XapaKTepUucTukun

Mpoussoautenu

CcoInku

MHoro3TaXkHble Xunble 3qaHuA.

JlononHutenbHble noTepu Tensia 3a CYET TENNOBLIX MOCTOB NPUBOAAT K YBEJIMYEHNIO PaCX0d SHEPTN Ha oTOM)IE-
H1e 1 oXNaxaeHue 30aHNit, CHUKEHMI0 TEMNEPATYPbl BHYTPEHHUX I'IOBEpXHOCTEVI C BO3MOMHOI KOHAeHCaLmeit
Bnaruun 06pa30|3aH|/|eM nneceHu. /Ix BnAHme 0C06eHHO BaXHO B 30aHNAX C HU3KNM I10Tp€6J'I€HI/IEM SHEPruu nnn
TaK Ha3blBaeMbIX BbICOK03¢¢EKTVIBHbIX 3naHuiA. 06Lee BANAHKME TeNNOBbIX MOCTOB Ha I'IOTpEﬁHOCTb B TeN/oBoit
JHEPrun yBennYnBaeTCA U MOXET 0CTUrATb 30%. Bnuanue Ha I'IOTpEﬁHOCTb B JHEPrun Ha oXNnaKaeHune 31aHne
3HaUUTEJIbHO MEeHbLLE.

JlononHutenbHble 3aTpatbl Ha 6aNKOHbI C TENNON30MPOBAHHBIM NPUCOEAMHEHNEM, A TAKXKE NPUCOEAUHAEMbIE
C MOMOLLbH KPOHLLTEIHOB, HE3HAUNTENbHbI. bonee cyLLecTBEHHbI JONONHUTENbHbIE 3aTPaTbl NPU NPUMEHEHNI
NoAJEPKMBAIOLLIMX OANKOHbBI KONOHH. [0100H0E pelLeHne, NPUMEHEHHOE NPU CTPOUTENBCTBE YETbIPEXITAXKHOTO
unoro koonepatga B I. 0T7aBa (KaHaga), NpuBeno K JONONHUTENbHbIM 3aTpaTaM B $773 Ha Kax/blil 0ankoH.
JKOHOMMS SHEPrI He BCerzia No3BoNAeT ObICTPO OKYNUTb N006HbIe 3aTpaTbl. 01HaK0 NOJ06HOE KOHCTPYKTUBHOE
peLLeHMe UMEET TaKxKe Apyrie NPeMMyLLECTBa, CBA3aHHbIE ¢ MOBbILIEHHOA NPOYHOCTbIO CTEHDI, MOBbILLIEHHBIM
KOMQOPTOM KMIbLIOB 1 3alLMTON BHYTPEHHEN OTAENKM 3[aHWA, YTO MOMXET ONpaBAaTh AOMONHUTENbHbIE
Pacxofibl C TEYEHUEM BPEMEHH.

CTpOI/ITefle blé KOMMNaHUN.

* Mark Lawton. The Impact of Thermal Bridges on Effective Thermal Resistance and Energy Use in Mid and High
Rise Buildings. http://www.fpinnovations.ca/MediaCentre/Seminars/FpiNrcan/the_impact_of_thermal_
bridges_on_ effective_thermal_resistance.pdf

* ASIEPI. An effective Handling of Thermal Bridges in the EPBD Context. http://www.asiepi.eu/fileadmin/files/
Files/SummaryReports/ASIEPI_ThermalBridges_SummaryReport.pdf

* EN1SO 10211-1:1995 Thermal bridges in building construction - Heat flows and surface temperatures - Part 1:
General calculation methods. Standard available via national standardization platforms as printed version or
download

* Erhorn-Kluttig, H.; Erhorn, H.: Impact of thermal bridges on the energy performance of buildings.
Information paper P148 (2009). http://www.buildup.eu/publications/2345

* Schild, P.: Good practice guidance on thermal bridges and construction details - Part 2: Good examples.
Information paper 189 (2010). http://www.buildup.eu/publications/8241

* Mark Zimmermann: ECBCS Project Summary report “Annex 50 Prefabricated Systems for Low Energy
Renovation of Residential Buildings, March 2011

39



HaumeHoBaHe TeXHYECKoro (I'IpOEKTHOFO) pelieHna
JHepro3QdeKTUBHbIE 06/IMLIOBOYHBIE MOAYNNA

Homep 1 HanmeHoBaHe Kputepus (NapameTpa) «3eN1eHoro CTponTeNbCTBax

N Cnoco6 onpepenexus
o CTO HOCTPOI 32.35.4 peA

i .

069Cﬂeq9HHOCTb none3Houn nioLlaabko pac4emHo

Pacxon TennoBon SHEPrun Ha oTornJieHne 1 BEHTUNALNIO 31aHNA pac4emHo

Pacxo/1 3NeKTPO3Heprim pacyemxo
§

(:TOI/IMOCTb ﬂMCKOHTMpOBﬂHHle WHBECTULMOHHDbIX 3anaT pa(‘lemHO
§

CTOVIMOCTb rofaoBbIX 3KC|'|J'|yaTaLW|0HHbIX 3dTpar pac4emHo
§

CroumocTb npuBeaeHHbIX COBOKyI'leIX 3aTpart no I.WIKJ'Iy XKU3HU 06bEKTa pac4emHo

UnniocTpauum

40

Puc. 1. U3rotoBneH1e n MOHTaX KpynHbIX NaHeneli pacaaa Puc. 2. PekoHcTpyKuma xunoro 3gaHnsa 1952 roga

PeKOHCTPynpyemoro 3aanua B . Ipau (ABcTpus). NOCTPOIiKHA, BbINoNIHeHHaA B 2009 roay WBeliLapcKoil
Ooto npepoctasneHbl pupmoii Gap-solution GmbH, Austria apxuTeKTypHoil pupmoii Beat Kaempfen Architects

(B0 PeKOHCTpYKLMM — CpaBa 1 NOCNe — CleBa)

™ N
™ o~ ™
Dy ) n
1 ™ l N N
=L ! |
e
Puc. 3. InemeHTbl (acapa co BCTPOEHHbIMMU Puc. 4. LIBeiiuapcknin KOHLENT pemMoHTa dpacafa ¢
Teneckonnyecku CoefNHAEMbIMIA BO3LYXOBOAAMN. MCTI0b30BAHMEM MalTbiX MOAYTIel.
www.empa-ren.ch/A50.htm www.empa-ren.ch/A50.htm

bannbl

0-5

0-25

0-15

0-20

0-20

0-25




OnucaHune
TexHonoruu

O6nacTtb
npuMeHeHus

KonuvectBeHHble
M KayecTBeHHble
XapaKTepucTuKm

KoHuenuua KanuTanbHOro pemoHTa 3aHuil C UCN0/b30BaHNEM MOZY/bHBIX IEMEHTOB, 3r0TOB/IEHHbIX

B 3aBOACKIX YC(IOBMAX, Obina pa3paboTaHa cneumanuctamu u3 Asctpuu, Yexun, Opaumn, Hupepnaznos,
Moptyranum, LLBeuwn n LLeliapun B pamkax npoekta MexayHapoaHOro SHepreTiyeckoro areHTcTBa Annex
50 nporpammbl ECBCS Annex 50. KoHuenuua pa3paboTaHa npenmyLLecTBeHHO A1 TUMOBDIX XMIblX JOMOB,
cocTaBnAwLLMX npumepHo 40% eBponeickoro XuaniHoro Gonaa. KoHuenuma kanuTanbHOro pemoHTa
obecneunBaeT JOCTUKEHNE B PEKOHCTPYNpPYeMbIX JOMax yPOBHS 3Hepro3dPeKkTMBHOCTI 1 KomdopTa,
COMOCTAaBMMOTO C COBPEMEHHbIMI TpeBOBaHUAMM ANA HOBbIX 34aHWI C HU3KMM NOTpebNeHeM SHeprim:
3050 kBt/(Mm*rop) Ha oTonNeHKe, OXNAXAEHME U ropAYee BOAOCHAOXeHNe. KoHuenuuna BKNoYaeT B cebs
MNCNoNb30BaHMe CHOPHDIX 31eMEHTOB OrpaXkAaloLLNX KOHCTPYKLMIA C XOpOLLeli TeNNoU30ALMeid, BCTPOEHHbIMM
3N1eMeHTaMM CMCTEM OTOMMEHNA, BEHTUNALM, TOPAYEr0 BOAOCHAOKEHNA 1 CONHEYHBIX CUCTEM.

PeKOHCTPYKLMA MHOTOKBAPTUPHDIX XXUbIX 3aHNA.

Pa3paboTaHHas KoHLenuua obecneunsaer:
* BbICOKOE KaueCTBO 1 IKOHOMMUECKYH 3OOEKTUBHOCTb, JOCTUraeMble MPU M3FOTOBJIEHNM MOZyeli B
3aBOJCKMX YCTIOBMAX;
+ MOBbILLEHNE NPUBJEKATENILHOCTI OTPEMOHTMPOBAHHbIX 3aHWIA 33 CYET C037aHNA JONONHUTENbHBIX
none3HbIX NNoLLajieil Ha Yepiakax v yBeNMUeHNA NoLaaM KBapTUp 3a CYeT UCNOb30BaHUA 6aNKoHOB;
+ COKpaLLeHe CPOKOB NPOBEeAeHMA PEMOHTA 1 BbINOHEHNeE PaboT ¢ MUHMMANbHBIMU NOMeXaMu AN
XKUTbLIOB.
JazepHoe ckaHupoBaHue GacajjoB 3aHNil 03BONAET NOAYUNTH NOAPOOHYH0 NHGOPMALII AA NPOEKTUPOBAHIAA,
TOYHOTO U3roTOBNEHIA COOPHBIX IMEMEHTOB 11 MOHTaXa MOZYMeil.

[LlecTb AEMOHCTPALMOHHBIX TPOEKTOB, OCYLLECTBAEHHbIX B pamkax Annex 50, BKNKoYaniu B cebs peMOHT 3aHuii B
Ascrpuu, Hupepnangax v LLBeiiiapun c 0bLymm KonnuectBoM KBapTup, paBHbIM 364. Pe3ynbTaTbl 06cne0BaHmil
3TX 3aHWI IOKa3anu, YTo 3HepronoTpebneHme bbino cokpaiLieHo Ha 80—90%. Kpome Toro, yCTaHOBKa COMHEUHbIX
CMCTeM Ha 00MbLUNHCTBE U3 3TUX 3aHUIl NO3BONMNO JOBECTY JalbHeilLlee CHUXKEHNE SHepronoTpebnenua sTux
30aHIiA 0 BeNMYKH, 6M3KuX K Hynio. Tabnnua, npuBeaeHHasn Hike, NOKa3biBaeT BeNNYNHY HeprocbepexeHns
Ha 06beKTax B ABCTpUM.

WnniocTpauum lon Obwas ~ Yucno  YnenbHas notpebnsiemas Y nensHas
CTPOMTENbCTBA  MAOLLANb, KBAPTMP  SHEPTWs HA OTONMeHMe n  notpedbnsiemas
M2 ropsiyee BofocHabxexue 3Hepring Ha
kBT u/M2 B ron OTOMNNEHME U ropaYee
(nO PEKOHCTPYKLMK) BONOCHADXeHue
KBT u/m? B rog (nocne
PEKOHCTPYKLMK)

1970 1.240 3x16 184 9,6
1959 1.298 2x19 225 9,6
1952 858 9x14 142 13,6
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Cebinkm * Mark Zimmermann: ECBCS Project Summary report “Annex 50 Prefabricated Systems for Low Energy
Renovation of Residential Buildings, March 2011

* Peter Schwehr, Robert Fischer, Sonja Geier: Retrofit Strategies Design Guide,
ISBN 978-3-905594-59-1, March 2011

* René L. Kobler, Armin Binz, Gregor Steinke, Karl Hofler, Sonja Geier, Johann Aschauer, Stéphane Cousin, Paul
Delouche, Francois Radelet, Bertrand Ruot, Laurent Reynier, Pierre Gobin, Thierry Duforestel, Gérard Senior,
Xavier Boulanger, Pedro Silva, Manuela Almeida: Retrofit Module Design Guide,

ISBN 978-3-905594-60-7, March 2011

* Reto Miloni, Nadja Grischott, Mark Zimmermann, Chiel Boonstra, Sonja Geier, Karl Hofler, David Venus:
Building Renovation Case Studies, ISBN 978-3-905594-61-4, March 2011

» www.empa-ren.ch/A50.htm

HaumeHoBaHwe TexHNueCKoro (NpoeKTHOro) peLeHua
JHepro3QpPpeKTUBHbIE OKHA

Homep 1 HanmeHoBaHue KpuTepus (NapameTpa) «3eN1eHOro CTPOUTENbCTBA»
(Cnocob onpeaenexuna bannbl

no CTO HOCTPOI 32.35.4

\ .

AKyCTrYeckuii kKompopt DAacyemHo 0-16

Pacxop TennoBoi SHepruu Ha 0ToNNeHMe U BEHTUNALMIO 34aHNA pacyemHo 0-25

Pacxog anekTpoaHeprum pacyemHo 0-15
\

(TOMMOCTb AMCKOHTUPOBAHHDBIX NHBECTULMOHHDIX 3aTpaT pacyemHo 0-20
)

(ToMMOCTb FOf0BbIX IKCMITYaTaLMOHHbIX 3aTpaT pacyemHo 0-20
S

(ToMmOoCTb NpUBEAEHHbIX COBOKYMHbIX 3aTPAT MO LIMKNY U3HM 00beKTa pacyemHo 0-25

Wnnoctpauun

( U-Factor =0.25

\ SHGC = 0.39

39% of solar heat
gain transmitted

!
d

70% of visible
light transmitted

Puc. 1. BaxHble sHepreTnyeckine XapakTepucTuki OKOH: KodpduumeHt Puc. 2. JHeprodpdekTuBHbIe ABYXKaMEpPHbIe OKHa
Tennonepefauu, Uw; KosdpduuneHT NPOHMKHOBEHIA Tenna T CONHLa, (lassic + (PROTEC, laHus).
SHGG; ko3 dmuneHT cBeTonponyckanma, VT Koapduunent rennonepegaun Uw = 0,77 W/m*K
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Unnioctpauun
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11620 ()
. b
Puc. 3. OnHoKamepHoe LUTOPMO3aLLUTHOE OKHO ¢ Puc. 4. [IByxkamepHoe Tension3oinpoBaHHoe 0KHO
antomuHuesoii pamoit UPVC (NEUFFER, lepmaHua). (Optiwin, ABcTpua 1 fepmanina). KoHCTpyKUMS pambl
Kosduuuent tennonepegaun Uw = 0.75 W/m’K BK/II0YAET TepMiyecKie NPOKNaaKi 13 npobKkn u
Jloka3aTenbcTBo 2-naHenu NBX-antoMuHueBble 0kHa Tennou3onALMoHHoii netbl, Uw = 0,70 Bt/(m* K)

(Neuffer, lepmanus). Tennonzonauus Uw = 0,75 Br/m?

Onucanune
TeXHonoruu

O6nacTtb
NpUMeHeHus

OkHa CI'IOCO6CTB)I|0T NPOHUKHOBEHII0 IHEBHOI0 CBETA B 3[1aHIE U obecneunBaoT 0bMTaTENAM 34aHNA BM3yaJ'IbeIl7l
KOHTAKT C 0pr>|<a|0u4e|71 cpep,017|. OHW 3alWMILAIT OT BO3[EIACTBUA BHELLHel peapbl 1 OT NOCTYNnNIEHNA Tensa
CONTHEYHO JHepruu (KOT0paﬂ MOXeT CnocobCTBOBaTH COKpalLieHuto I'IOTpEﬁJ'lEHVIFI JHEPrU Ha OTOoMneHNEe
B 3MMHMUiA nepuoa roga). B To xe BpemA OKHa ABNAKTCA HauMeHee TEI'IJ'IOVI3OJ'II/IpyI0LI.lEl7I YacTblo 060104KM
30aHKA. CTapble OKHa, KaK npaBwio, UMeT 0AHAPHOE OCTEKJIEHWE, THWIbIE WU NOBPEXAEHHbBIE PaMbl UK
Pambl, B KOTOPbIX UMEKTCA TEMNEPATYPHbIE MOCTUKH, TPECHYTbIE CTEKJIA, 3dMKK, KOTOPbIE HE pa60Ta|0T, d TaKXe
BO34yXONpOHULIaemble€ pambl. 3ameHa TaKnX OKOH MOXeT CYLECTBEHHO yny4lIUTb BVISyaJ'IbeIVI W TennoBoii
KOM(I)OpT, MO3BOJIAT 3KOHOMUTD SHEPTUID, A TAKXKE CHU3UTb YPOBEHb OTOMUTENbHbIX 1 XONOAUNbHbIX HArPy30K Ha
Knnmatunyeckoe o6opy)103aHV|e N ero pasmepeol.

Bbi6op BapraHTOB 3HEProIdeKTUBHbIX OKOH 3aBUCUT OT KTUMATYECKNX YCIOBUIA. B X0noaHOM Knnmate BaXkHoI
XapaKTepUCTUKOI OKHA ABNAETCA CMOCOOHOCTb COXPAHATL TENNO BHYTPY 3[aHWUA, B TO BpeMA Kak CMOCOOHOCTb
6NOKIMPOBATL MPUTOK TeMNa 0T CONHLA U CHIXKEHNE UHOUABTPALUK B YCIOBUAX NOBBILIEHHON BAAXXHOCTU ABNAIOTCA
NPUOPUTETHLIMM 3afla4amu B Teniom Knumate. OCHOBHbIMI SHepreTYecKUMI NapameTpbl OKHa ABNAIOTCA
ero TennonpoBOAHOCTb, NMPOHULAEMOCTb CONHEYHOTO W3NYYeHMA, CBETOMPOHMLAEMOCTb U TepMeTUUYHOCTD.
Haubonee 3HauumbiMi GakTopamm, KOTopble HeOOXOANMO YUNTbIBATL NPYU BbIOOPE OKOHHbIX CUCTEM, ABAAKTCA
ko3dduumeHT TennonpoBogHocTh Uw, KoadduumeHT npoHnKkHOBeHNA Tenna ot conHua (SHGC) u koadpuument
cgetonponyckanua (VT). 3Tn GpakTopbl nokasaHbl Ha puc. 1. Kpome Toro, KoagpduumeHT Bo3ayxonpoHuuanma (AL)
OKOHHOr0 NakKeTa ABNAETCA KPUTUYECKOI MePOIi repMETUYHOCTY BCeil OKOHHOI CUCTEMbI. [@pMETUUHOCTD 06bIYHO
n3MepAeTca B Kybuuecknx meTpax B MUHYTY B034yXa, yTeKaeMoro uepes nnolladb YCTaHOBEHHOTO OKHA Npu
onpefeneHHoM nepenaze AaBneHus. YTeuka Bo3yxa 00bluHO BblpaxkaeTca B m/min/m?,

KOMMEP%CKME, 00LLeCTBEHHDIE 1 KUble 3AaHNA npu HOBOM CTPOUTENIbCTBE U KaNTaJIbHOM PEMOHTE.
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KonuuectBeHHble B Tabnuue Huxe nepeuncneHbl BapuaHTbl OKOH, KOTOpble MPeAnaralotca AnA PasfnyHbIX KAUMATUYeCKux
W KayecTBeHHble  yC/I0BUIA. XapaKTepucTuKN 3Hepro3p¢eKTUBHOTO OKHA PeKOMEHAYITCA B 3aBUCUMOCTIA OT KAUMaTa — HU3KIN
XapaKTepucTukn  kodpduumeHt SHGC and Tennoro Knumarta u HU3Koro koadppuumenta Uw ana xonogHoro Knumarta. AnoMiH1eBble
paMbl OKOH PeKOMEHAYIOTCA A PErOHOB, Ie BO3MOXHbI yparaHbl 1 TpebyHTcA NpouHble pambl.
Bun crexknonakera Bu pamsl Knumar U SHGC VT AL
OnHOKaMepHbIi, AntoMuHueBas, ¢ Kapkui, tennbin < 2.7 0.33 0.56 0.06
Huakuit SHGC, n3 TEPMON30NSILIMEN
HU3KOAMMUCCUOHHOMO CTEKNa
OnHoKamepHbIi, Hemetannnyeckas Kapkui, tennblit, < 1.9 0.3 0.51 0.06
Huskuit SHGC, n3 CMELLAHHbIA
HU3KOAMMUCCUOHHOMO CTEKNa
ONHOKAMEPHbIi, Hemetannuueckas CMELLAHHBIN, <20 0.49 0.54 0.06
BbICOKMiIt SHGC, 13 NpOoXNaaHbIA,
HU3KO3MUCCUOHHOMO CTekna XONOAHbIA
LIByxKamepHbli, Hewmetannnyeckas MpoxnagHbIn, <14 0.25 0.40 0.03
Bbicokuit SHGC, n3 XOMOAHbIM
HU3KOAMMUCCUOHHOTO CTekNa
[IByxkamepHbIi, Hewmetannnyeckas MpoxnagHbIn, <15 0.38 0.47 0.03
Bbicokuit SHGC, n3 XOMOOHbIN,
HU3KOAMMUCCUOHHOTO CTekNa 0YeHb XONOAHbIA,
cyGapKTuyeckuin
[IByXKamepHbIi, Hemetannnyeckas, MpoxnaHbI, <1.0 0.40 0.50 0,03
Bbicokuit SHGC, n3 TENNON30NMPOBAHHAY ~ XONOMHBIA,
HU3KOAMMUCCUOHHOMO CTEKNa 0YeHb XONOMHbIA,
cybapKTuyeckui
B HacToALiee BpemMA Ha pbiHKe UMEKOTCA MHOTOYUCIEHHbIE MOJEM BbICOKOIPGEKTUBHBIX OKOH ANA PasNNyHbIX
KNUMaTnyeckinx yaioBuit. Ecim npeAnonoxuTb, 4to JecATUNETHUI NOPOr OKYNaeMocTh npuemieMm, yCTaHoBKa
3Heproa(GeKTUBHbIX OKOH NPX HOBOM CTPOUTENLCTBE UM NPY KaNUTaNbHOM PeMOHTe ABNAETCA SKOHOMUYECK
0MPaB/AHHOI BO BCEX KNMMATUYECKIX YCNOBUAX. B 3TiX Cyyanx 3ameHa Ha CTaHZapTHbIe OKHA NP KanuTabHOM
PeMOHTE UK YCTaHOBKA OKOH, OTBEYAIOLNX MUHUMANbHbIM TPeOOBAaHUAM HALMOHANbHOTO CTaHAApTa, Mpu
pacyeTe CpoKa OKyNaeMoCTI MOXHO CUUTaTb Hen30eXHbIMU U3epKami.
Mpoussoautenu MHorouncneHHble NPOU3BOANTENN OKOH.
Cconkn *  |EAECBCS Annex 46 Subtask B

«  Efficient Windows Collaborative: http://www.efficientwindows.org/index.cfm
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HanmeHoBaHue TeXHUYECKOro (I'IpOEKTHOFO) pelieHna
(BeToBble TPyOb!

Homep n HanmeHoBaHue Kputepua (NapameTpa) «3ef1eHOro CTPOUTENbCTBAY
no CTO HOCTPOI 32.35.4

2.17

S
Q 0becneyeHHOCTb 3/aHIA €CTECTBEHHBIM OCBELLEHIeM
Pacxop TennoBoli SHEPrun Ha OTON/IEHME 1 BEHTUAALMIO 34aHNA
Pacxop anekTposHeprum
N
(TOMMOCTb AMCKOHTUPOBAHHDIX NHBECTULMOHHDIX 3aTpaT
7
(ToMMOCTb ro0BbIX IKCMNYaTALMOHHbIX 3aTpaT

N
@ (Toumoctb NPUBEAEHHDIX COBOKYMHbIX 3aTPAT MO LINKNY XXU3HU obbekTa

UnniocTpauum

Puc. 1. CBeToBasn Tpyba SkyVault — ycTpoiictBo,
obecneynBaloLLee ecTecTBEHHOE 0CBeLLeHUe 60MbLLNX
MOMELLIEHWIA ¢ BbICOKUMY MOTONKAMU.

Tpy6a anametpom 74 cm BbinyckaeTca AnuHoi fo 30 m
(Solartube International)

|| -

(Cnoco6 onpepenexus

pacyemHo
pacyemHo
pacyemHo
pacyemHxo

pac4emHo

pac4emHo

Puc. 3. (BeToBble Tpy6bl 06eCneunBaloT ecTecTBeHHOE

0CBELLeHIe Ha cKnage

bannbl

0-10

0-25

0-15

0-20

0-20

0-25

Puc. 2. (BeToBas Tpyba Sun Dome, ycTaHOBNEHHAA B 34aHUM LUKOMIbI.
http://www.castledaylighting.com/commercial.html
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OnucaHue
TexHonoruu

06nacTtb
npUMeHeHus

KonnuecTtBeHHble
M KauyecTBeHHble
nokasarenu

Mpoussoautenu

Ccbinku
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3J'IEKTpI/IHECK06 ocBelleHne ABNAeTCA 0CHOBHbIM nmpeﬁmenem JHEPIUK B KOMMeEPUYECKUX 3AaHUAX. 3Heprm|,
ﬂOTpe6ﬂﬂ6Maﬂ CUcTemamm ocBeLLeHnA, BblAenAaeT B 06(ﬂy)KI/IBaEMOE nomeLleHne Tenno, 4nA yaaneHua Kotoporo
Takxe Tpe()yETCﬂ JHEPruA B Tennblit nepuoa roaa. (OpHaKo B XonoaHblii nepuoa roaa BbiaenAaemoe Tenyio CHUXaet
Harpy3ky Ha CMCTEMbI OTOMJIEHNA 34aHUA. OnHum n3 nyyLmnx cnocobos YMEHbLUUTb 3aTPATbl IIEKTPOIHEPTUH,
pacxonyemoﬁ Ha 0CBeLleHNne, ABNAETCA UCNONb30BaHWe AHEBHOIO (BETA, KOrAad 3TO BO3MOXHO, U MPUMEHEHNe
CUCTEM NCKYCCTBEHHOTO OCBELLIEHNA TONBKO NPU HeobXxoaMMOCTH. HEPEKJ'IIOLIEHI/IE MOXHO OCYLLECTBNATD BPYUHYIO,
HO Camblil HafeXHbIiA K 9¢¢€KTI/IBHbII7I (N0oco6 3aKniuaeTca B UCMOAb30BaHMM CUCTEMbI aBTOMATAYECKOrO
ynpaBJieHUA.

MpumeHeHe CBETOBBIX TPYO ANA CHUKEHIA PACX0fiA INEKTPOIHEPTIAM He ABNAETCA HOBOI KOHLENLMeA, 0fiHaKo
B MOCTeAHMe roAibl Obi JOCTUTHYT 3HAUMTENbHDIA TEXHONOTMYECKMi Mporpecc B 3Toii 0bnacti. CoBpeMeHHble
(BeTOBble TPyObl BKIIOYAKT B CebA HapyXHblil CBETOMPUEMHDIA Kymoji, oTpaaiowlyto Tpyby, mo Kotopoii
(BET MOMafiaeT B 30Hy NpebbiBaHUA Nioieid, ¥ MH3Y, KOTOPas PaBHOMEPHO PaccenBaET CBET MO OCBELLAEMOId
30He. «AKTUBHbIE» CUCTEMbI JIHEBHOTO OCBELLEHMA MOTYT Takxke BKMIOUaTb BPaLLAILLEecs 3epKano, KOTopoe
OTCIEXMBAET JABIXKEHNE COMHL.

[Ina aBTomaTiyeckoro KOHTPONA YPOBHA OCBELUEHHOCTW B MOMELLEHUN UCNONb3yeTca ¢0T03J’IEKTpI/I'4€CKVII71
Aatumk. Ecnu HeobxoauMmblii YPOBEHb OCBELUEHHOCTW B NOMELLEHN AOCTUTAETCA 3a CHET €CTECTBEHHOMO (BETA,
CUCTEMA aBTOMATUYECKOTO KOHTPOJIA NO30HHO OTKNIOYAET JlaMMbl UCKYCCTBEHHOTO OCBELLEHUA. KOHTpOJ’Ib MOXeT
3dTparnBatb namnbl, PaCnonoKeHHble N160o ToNbKo BONN3M OKOH, 11160 BO BCEM NOMELLIEHMI.

Hebonblune cucTembl KOHTPOAA MOTYT ObiTb WUCMONb30BaHbI TONbKO ANA YNPABNEHUA OCBETUTENbHBIMM
npubopami, pacnonoxeHHbIMU BOAN3M OKOH, B TO BPEMA KaK pyriie cUcTeMbl byayT ynpaBaTh OCBelLleHneM
BCEro 34aH1A, 000py0BAHHOMO CMCTEMOI eCTECTBEHHOTO OCBELLIEHNA.

Munbie 1 KOMMepyeckne 3aaHNA, WKONbI, CKNaackne noMeLLeHua, CnopTUBHbIE 3aNbl.

YpoBeHb JKOHOMUM SHeprun 3aBUCUAT, FMABHLIM 00pa3oM, 0T BYX GaKTOPOB: YPOBHA eCTECTBEHHOIO 0CBELLeHMA
W BENMYMHbI 3aMeLlaeMOil Harpy3ki Ha CMCTeMbl JMeKTPUYecKoro ocgelleHns. Ecnu B [HeBHoe Bpems
eCTeCTBEHHOe 0CBeLLEeHNe MOXET MOAHOCTbI0 3aMEeHUTb NEeKTPUYeCKoe, IKOHOMUA B 3[AHIM, PACNONOKEHHOM
Ha tore, MOXeT npeBbicUTb 40% OT rof0BOr0 pacxoda MeKTPOIHEPrAN Ha OCBeLLeHNe. B ceBepHbIX pailoHax
bonee TMNMYHO CHIKEHMeE pacxoda NeKTpodHeprun Ha ~ 30%. [inA 3aaHuii, 060pyAOBaHHBIX TONBKO CUCTEMOI]
BEHTUNALIAN, CPeHUIA CPOK OKYNaemocTu CoctaBnAeT oT 4 Ao 9 net. [inA 3haHuii, 060pya0BaHHbIX CUCTEMOIA
KOHAMLMOHUPOBAHNA BO3flyXa, MOXHO OXWAaTb AOMONHUTENbHYIO SKOHOMMIO INEeKTPo3Heprum Ao 25% B
3aBMCMMOCTY OT IQGEKTUBHOCTU CUCTEMbI KOHAMLMOHUPOBAHNA BO3AYXA.

MHorouncneHHble U3roToBUTENN.

*  http://www.nrel.gov/learning/re_solar_process.html



PewwieHns no o6opynoBaHuio, PA3IIEN 3
WHXXEeHePHbIM CUCTeMaM
3[1aHUA, CUCTemMam

ra3o- u TennocHabxexnus

bA30BbIE KPUTEPUK

07 KOM®OPT 11 3K0/T0r A BHYTPEHHEW CPEbI

07 JKONOrnA CO3AAHUA, SRCNNTYATALIAW U YTUITN3ALIAN OB BEKTA
oj PALINOHAJIBHOE BOAOMOb30BAHUE

oj [IPUMEHEHWE ANIGTEPHATUBHOW 11 BO30BHOBIAEMOI SHEPTIAW

PE3YNBTUPYIOLLWNE KPUTEPUIA

JHEPTOCBEPEMEHWE U SHEPTO3OOEKTUBHOCTD

oj JKOHOMUYECKAA SOOEKTUBHOCTD



HaumeHoBaHwe TexHnueckoro (NpoeKTHOro) peLueHua

ABTOMaTIYeCKoe perynupoBaHue
BHYTPEHHero oCBelLLeHus

Homep 1 HaumeHoBaHMe KpuTepua (NapameTpa) «3eNIEHOro CTPOUTENbCTBA»

- (Cnocob onpenenedna  bannbl
o CTO HOCTPO 32.35.4 13
) .
(BeToBOi KOMOPT pacyemHo 3-15
Pacxog anekTposHeprum pacyemHo 0-15
YaenbHblil CcyMMapHbIid pacxo NepBUYHOI SHEPTUM HA CUCTEMbI UHXKEHEPHOTO
A YMMapHBIA pacxof nep P P pacyemHo 0-20
obecneuenus
S
(ToMMOCTb rof0BbIX IKCMITyaTaLMOHHbIX 3aTpaT pacyemHo 0-20
S
(ToMmoCTb NpuBeAEHHbIX COBOKYMHbIX 3aTPAT MO LMKNY XU3HM 00beKTa pacyemHo 0-25
UnniocTpauum
2 2 2
MopcobHble \_}\/
nomeLleHnaA
Tyanetol JlecTHMUpI .. Kopugopesl
L Llenn anekTpoocseLleHna
eloje|eje]e
[ T T [ 1 uy p—
2 - [aTYNKM NPUCYTCTBUA
LLP - pacnpegenvtenbHbIn WnUT
Puc. 1. MpuHumMnmManbHas cxema aBTOMaTNYeCKoro perynmpoBaHnA BHYTPEHHEro 0CBeLLeHuA
Onucanue B TeueHne cyTok NoCTOAHHO 3MeHAETCA NOTPEOHOCTb B OCBELLEHMIA Pa3NIMUHbIX MOMELLeHI 6€3 NOCTOAHHOIO
TeXHonornu NPUCYTCTBIA NIOAEIA — NECTHUYHBIX KNETOK, NMGTOBbIX 1 00LLMX KOPUAOPOB XUMbIX 3daHNA U T. 4. [peanaraetca
ANA CHUKEHWUA W ONTUMM3ALMKA YPOBHA NOTPeONeHUA INeKTPOIHEPTIAN B pa3Hoe BPeMA CYTOK, B BbIXOAHbIE
N paboune [HYM, NPUMEHATb CPeACTBA aBTOMATM3aLMI Ha OCHOBE MPOrpamMMMpyeMbIX MUKPOMPOLECCOPHDIX
KOHTpO/INepoB.
O6nactb 3naHna ntoboro HasHaueHns, B KOTOPbIX eCTb MOMeLLeHIA 6e3 NOCTOAHHOTO NPUCYTCTBUA NOAEIA.
npuMeHeHnaA
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HanmeHoBaHe TeXHUYECKOro (I'IpOEKTHOI'O) peweHna

ABTOMaTNUecKoe perynnpoBaHune

HaPYy>KHOT0 OCBELLEHUA

Homep 1 HaumeHOBaHMe KpuTepus (NapameTpa) «3eNeHOro CTPOUTENbCTBA»

. Cnoco6 onpegenenua  bannbl
o CTO HOCTPOIA 32.35.4 Pea
) .
(BeToBOI KOMOPT DacyemHo 3-15
Pacxoz anekTpoaHeprum pacyemHo 0-15
YnenbHblii CyMMapHBbIA pacxoz NepBUYHON SHEPrum Ha CUCTEMbI UHXKEHePHOro
A YMMApHBIN pacxoaTiep P P pacyemHo 0-20
obecneueHns
.
(ToMMOCTb rof0BbIX IKCMYaTaLMOHHDIX 3aTpaT pacyemHo 0-20
S
(ToMmoCTb NpuBeEHHbIX COBOKYMHDIX 3aTPaT N0 LMKNY XMU3HM 00beKTa pacyemHo 0-25
WUnnioctpauuu
_ e r \
s - - —P
] t
wWHO - wy
T—AaTLWIK YPOBHA €CTeCTBEHHOIO OCBELWEHUA
LWHO - WwnT Hapy»KHOro ocBeLeHns
LY - WmT ynpaBneHna c KOHTponiepom
Puc. 1. NpuHuMNManbHaa (xema aBTOMATUUECKOro perynupoBaHuA Hapy»HOTo OCBeLLeHNs
Onucanune B anekTpowwimMTax yCTaHaBAMBAKOTCA aBTOMATbl C YCTPOACTBAMU AUCTAHLMOHHOTO YNpaBAeHUA No CUTHanam
TeXHONOruK KOHTpon/epoB. KoHTpon/epbl NPOrpaMMUPYIOTCA Ha BKIIOYeHIe 0CBELLEHNA NPY AOCTUMKEHUM HUXKHEro Nopora
eCTeCTBEHHOr0 OCBeLLeHUA JaTumka (cymepki). [pu JOCTUXKEHNIM BepXHEro nopora ecTeCTBEHHOr0 0CBeLLeHMA
(pacceT) — ocBelLeHue BbiKloYaeTcs. B anekTpowyutax Heobxoaumo npuMeHATb aBTOMATbl € YCTPOIACTBaMM
AVNCTaHLMOHHOIO yripaBNeHuA (Mo CUrHanam KOHTponsiepa).
06nactb [puneratowias TeppuTOpUA 3AaHNIA CO CPEAHEN U Manoil NPOXOAUMOCTBIO.
npuMeHeHuA
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HaumeHoBaHwe TexHUUECKOTo (MPOEKTHOr0) peLLeHusa

A3p030/1bHble YINOTHUTENN ANA BO3JYXOBO/I0B

Homep n HanmeHoBaH1e Kputepua (NapameTpa) «3eN1eHoro CTpoUTENbCTBAY

(noco6 onpegenexus bannbl

no CTO HOCTPO 32.35.4
Pacxop TennoBoi SHepruu Ha OTonNeHme 1 BEHTUNALMIO 34aHNA pacyemHo 0-25
Pacxog anekTpoaHeprum pacyemso 0-15
S
(TOMMOCTb ANCKOHTUPOBAHHDIX NHBECTULIMOHHDIX 3aTpaT pacyemHo 0-20
S
(ToMmOCTb rof0BbIX IKCMyaTaLMOHHDIX 3aTpaT pacdemHo 0-20
S
(ToMmOoCTb NpUBEAEHHbIX COBOKYMHbIX 3aTPAT MO LIMKNY KU3HM 00beKTa pacyemHo 0-25
UnniocTpauun
Puc. 1. Cuctema ynnoTHeHUA BO3AYX0BOA0B
Onucanune TexHonorus ynnoTHeHNA BO3AYXOBOAOB U3HYTPU 3aK/I0YaeTcA B CO3AAHMN U3ObITOYHOrO AaBNeHUs B Cucteme
TeXHonoruun BO3AYXOBOJO0B C pacnblieHMeM YacTuL repmeTuka. B nepuod ocywiecTBneHus repmeTusaunyt nponu3BOAUTCA

50

BpeMeHHas 6110KMPOBKa CUCTeMbI, KOT/ia BCe 3anfaHNpOBaHHble 0TBEPCTUA B BO3AYX0BOAAX, a TaKXKe BEHTUIATOPDI
1 Tenno0OMeHHMKM 3aKpbIBAKTCA, U YaCTUYKM FepMeTUKa BbIHYKAEHbl ABUrATbCA B HANPaBNEHUM HENNOTHOCTeN
B BO3JYX0BOZaX. YCKOpeHue B03ayXa NPy NPOXOXAeHN Yepe3 HenOTHOCTA NPUBOAUT K U3MEHEHMI0 TPaeKTopuu
YacTMYeK repmeTrKa, OTAENEHUIO UX OT MOTOKA U 0CAXAEHUI0 Ha KpaAX Leneil B Bo3ayX0BoAax. [paBunbHbiii BbIOOp
pa3Mepa YacTuL B COYeTaHNM C pacxo4oM BO3AyXa B BO3AYX0BOAAX 0becneynBaeT ux npebbiBaHue BO B3BELIEHHOM
COCTOAHUM BO BpeMA ABUXKEHNA BAOb BO3AYXOBOAO0B, U NLLb HEHOMbLLON NPOLEHT YacTUL, 0CeAAeT HA UX CTEHKaX.
Ha puc. 1 nokasaH BO34YXOBOA ONUCAHHON CACTEMbI, MPUMEHAEMbIA ANA YNAOTHEHNA HEOONbLLON BbITAXHON
CMCTeMbl 1abopaTopHOro NOMeLLEHIA.

TexHonorna a3po30/bHbIX YNAOTHEHWA NO3BONAET NTMKBUANPOBATb YTEUKN Yepes Lienu B BO3AyX0BOAAX, KOTOpble
paHee ObiNN HeOCTYNHbI. ITa TeXHONOrUA Oblna NepBoHayanbHo paspabotaHa B Lawrence Berkeley HaumoHanbHoit
nabopatopun (LBNL) u ctana npumeHaTbea ¢ 1999 roga ana AOMOB, NpeAHa3HaueHHbIX ANA NPOXIUBAHUA OAHOI
eMbl, @ HaunHaa ¢ 2003 rofa crana Kommepueckn JOCTynHoin ana 6onblumx 3aanuii (Carrie and Modera 1993,
Modera et al. 1996).



O6nacTtb
npuMeHeHus

KonnuyectBeHHble
U KayeCcTBeHHble
XapaKTepucTukun

Mpounssoautenu

Ccbinku

HanmeHoBaHue TeXHUYeCKoro (I'IpOQKTHOFO) pelueHna
be3BoaHbIN nuccyap

Homep n HanmeHoBaHwe KputepuaA (NapameTpa) «3ef1eHOro CTPOUTENbCTBAY

Q0099

Munbie, KOMmMmepyeckune, 06pa3OBaTEJ'IbeIe N NPOMbILLNEHHDbIE 3aHUA.

BennurHa 3K0HOMUY SHEPTIK B pe3ynbTaTe NpUMeHEHNS TeXHONOTM a3PO30/IbHOT0 YNNOTHEHMS BO3YXOBOAOB
MOMXET 3HaUNTENbHO BapbUPOBATLCA B 3aBUCMMOCTM OT MECTOMONOXKEHWS, [TNHBI U COCTOSIHMSA BO3AYXOBO/OB.
Ucnbitanua, nposeseHHble Ha 10 3panusx LBNL mpu cpeHem ypoBHe YTeuku B03AyXa, HarHeTaemoro

BEHTUNIATOPOM, B 23% NoKasanu, YTo 3Ta TEXHONOTMA NO3BONAET CHU3UTL noTepto BO3AyXa Ha 87%.

Xetex, RenewAire, Fantech, Aeroseal.

« U.S. Patent #5,522,930
«US. Patent #5, 980,984

« M. P.Modera, 0. Brzozowski, F. R. Carrié, D. J. Dickerhoff, W. W. Delp, W. J. Fisk, R. Levinson, and D. Wang

Sealing Ducts in Large Commercial Buildings with Aerosolized Sealant Particles., Lawrence Berkeley
Laboratory Report LBNL-42414

« (arrié, F.R., and Modera, M. P. 1993. Particle Deposition in a Two-Dimensional Slot from a Transverse Stream.
Aerosol Science and Technology, vol. 28, No. 3. March 1998, Lawrence Berkeley Laboratory Report LBL-34829

+  Modera, M. P, D.J. Dickerhoff, 0. Nilssen, H. Duquette, and J. Geyselaers, August 1996, Residential Field

Testing of an Aerosol-Based Technology for Sealing Ductwork. Proceedings of ACEEE Summer Study,
Pacific Grove, CA. Lawrence Berkeley Laboratory Report, LBL-38554

no CTO HOCTPOW 32.35.4

AkycTinueckuii komdopt

BogocHabxeHne 3panma

Bonocbeperatowas apmatypa

(TouMOCTb FOA0BbIX IKCMATYaTaLMOHHbIX 3aTpaT

CroumocTb NPUBEAEHHDIX COBOKYMHbIX 3aTPAT MO LUKNY XKU3HU o6bekTa

(noco6 onpepenexus

pacyemxo
pacyemxo

(hakmuyecku
pacyemtxo

pacyemHxo

bannbl

0-16

0-5

0-20

0-25
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Wnmoctpauun

— 1

i

Puc. 1. BHewwHuii BA 6e3BoaHOro Nuccyapa Puc. 2. NonepeuHoe ceueHne 6e38oaHOTO MUCCyapa:

1
4
*"/“’ff

OnucaHme

O6nactb
npUMeHeHus
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1 — CTOK B KaHanu3aumio;
2 — XnpKaa noByLIKa;
3 — aunboH

=
=
e

e Puc. 3. (xema moyeobpabatbiBaloLueil KacceTbl 6e3B0AHOr0 NUCCyapa:
_— 1— nocTynneHue mouu;

2 — XuaKan NOBYLUKa;
3 — CTOK B KaHanu3auuio

be3BoaHble muccyapbl He TpebylT BOAbI ANA CMblBa MUCCYapoB 1, KaK OObIUHbIE MUCCyapbl, MOTYT ObiTb
MOAKMOUEHbI K CTaHAAPTHOI (50 MM) ApeHaXHoi Tpybe.

(neumanbHas KacceTa-noBylIKa ANA 3anaxa BMOHTMPOBaHa B 0e3BOAHbIA MuCCyap AnA NpefoTBpalLeHua
MOCTyNeHNA 3anaxa, KOTopblil 00pasyeTca B ApeHaxHbIx Tpybax. [epmeTnyeckue xuakue nOBYyLIKN, KOTOpble
He TONbKO MPeJoTBPALLAIOT 3anax, HO 11 OCYLLeCTBAAKT MUKPOOMONOTNYeCKINiA KOHTPONb, 6binn pa3paboTaHbl
pasfinuHbIMU Gupmamm no Bcemy Mupy AnA 6e3BofHbIX nuccyapoB. 0QHAKO 3TU KaCCeTbl-NOBYLLIKM TpebyioT
PErynApHOi 3aMeHbl, YT0 NPUBOANUT K YBENMUYEHUI0 IKCMYaTaLMOHHBIX pacxofoB. [laHHaa TexHonorua Gbina
pa3pabotaHa B LLIBeiiuapun B 1890-x rogax 1 Mcnonb3oBanach B pa3nnuHbix yactax EBponbl ¢ 1960 roga n g CLUA
€ 1990-x ropi0B.

06beKTbI ¢ BbICOKOI MPOXOAMMOCTbIO, TaKne Kak GONbHULbI, KONNeAX, NapKi, NPUAOPOKHbIE OCTAHOBKM,
J€TCKNe MIOWAKM, CTOPTUBHbIE U PeKpeaLyoHHble 06BEKTbI U T.A. MOTYT U3BNIEKaTb MAKCUMANbHYH BbIrody
0T 3TOT0 NPUCNOCOBNEHNS, TaK KaK TEXHUYECKOe 06CTYKIBaHINE 3HAUUTENIbHO COKPALLIEHO, CHIXKEH BaHAAN3M,
a aTMoC(epy TyaneTa He HapyLIAIOT HENMpUATHbIE 3anaxi.



KonnuyectBeHHble
W KayecTBeHHble
XapaKTepucTukun

Mpounssoautenu

Ccbinkm

be3BoAHbliA nuccyap umeet K0p0TKVII7I CPOK OKYNnaemocCTih — 0T OHOr0 A0 TPEX NET, N03BONIAET COXPAHUTb [0
170 m* Bobl 1 YMEHbLLAET Harpy3Ky Ha CUCTemy KaHanusauui. besBogHble Nccyapbl NO3BONAKT COKPATUTD
MH(I)paCprKTypy, H906X0,U,VIM)H0 ANA BOJOCHAOXEHUA M OUMCTKN CTOYHbIX BoA. Moua uenoseka COAePKUT
3HaYuTENbHYI0 YaCTb NUTATENbHbIX BELLECTB, HeobXoaMMbIX AnA paCTEHVII7I, TaKNX KaK a30T, (I)OC(I)aTbI W Kanuii,
N MOXET C yCnexom ncnosib3oBatbCA Ana CeibCkoro X03AiCTBa U NMPOMbILLNEHHbIX Leneit.

Waterless.com, Kohler, ZerofFlush, Falcom, Toto, Sloan and other.

«  AmyVickers. Handbook of Water Use and Conservation. WaterPlow Press Amherst, MA. 2002

HaumeHoBaHwe TeXHUYeCKoro (MPOEKTHOro) peLLeHns

BeTporeHepatopbl

Homep 1 HanmeHoBaHue KpuTepusA (NapameTpa) «3eN1eHOro CTPOUTENbCTBA»

(Cnoco6 onpegenexus bannbl

no CTO HOCTPOI 32.35.4
Pacxon aneKkTposHeprum pacyemHo 0-45
YnenbHbIi CyMMapHbII pacxo NEPBUYHOI SHEPTUMN HA CUCTEMbI MHMKEHEPHOTO
A YMMapHBI pacxof nep P P DacyemHo 0-20
obecneyeHus
)
@ licnonb3oBaHme BO30OHOBAAEMDIX SHEPrOPeCypCoB pacyemHo 0-30
S
(ToMMOCTb roA0BbIX IKCMAYaTaLMOHHBIX 3aTpaT pacyemHo 0-20
S
(ToMMOCTb NpUBEJEHHBIX COBOKYMHbIX 3aTPaT MO LUK XM3HM 00beKTa pacyemso 0-25
Unnioctpauun

Puc. 1. Betporenepatop
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OnucaHue
TexHonoruu

06nactb
npuMeHeHus

KonuvectBeHHble
M KauecTBeHHble
XapaKTepucTuKm

BeTporeHepaTopbl — reHepaTopbl 3MEKTPUYECKOi SHEPrui, NpeHa3HaueHHble 1S NPEBPALLEHNA SHeprian
BETPA B ANeKTpuYeckyto. (erogHa BETPOreHepaTopbl — BbICOKOTEXHONMOMMYHOE U3ZeNNe MOLIHOCTbIO OT 5 KBT
A0 4500 KBT egnHMuHoli MOLIHOCTY. BeTporeHepatopbl COBPEMEHHbIX KOHCTPYKLMI MO3BOAISIOT UCMONb30BaTh
3KOHOMUYECKM IQPEKTUBHO IHEPTUI0 laxke CamblX (N1abbix BETPOB — 0T 4 MeTpoB B ceKyHay. C momoLLbio
BETPOreHepaTopoB CETOAHA MOXHO He TONbKO MOCTaBNATb NEKTPOIHEPTUID B «CETb», HO U PelaTh 3afaui
NEKTPOCHAOMeHNA IOKANbHBIX WM OCTPOBHDBIX 00HEKTOB 11000/ MOLLHOCTIA.

OTKpbITble TEPPUTOPUN C XOPOLUMM BETPONOTEHLMANIOM: NONIA, OCTPOBA, MENKOBOAbE, FOpbl.

MOoLLHOCTHAA NUHEeKa NPOMbILLNIEHHBIX BETPoreHepaTopoB cerogHA npoctupaetca ot 100 KBt go 5000 KBt
eANHNYHON YCTAHOBNEHHON MOLLHOCTU.

HanmeHoBaHue TeXHYeCKoro (I'IpOGKTHOFO) peLeHna

BoaoagdekTuBHble ayLieBble HacaLKu

Homep 1 HaumeHoBaHMe KpuTepus (NapameTpa) «3eNIeHOro CTPOUTENbCTBA»

(Cnocob onpeaenenuna bannbl

no CTO HOCTPO 32.35.4
@7 BopocHabxeHue 30aHus pacyemHo 0-5
@7 BogocbeperatoLas apmarypa (hakmuyecku 5
Pacxoz TennoBoi SHEPrIN Ha ropAYee BOAOCHAOXeHNe pacyemHo 0-20
@w (ToMMOCTb FOA0BbIX IKCMAYaTALMOHHDIX 3aTpaT pacdemHo 0-20
@7 (ToMmoCTb NpUBEAEHHBIX COBOKYMHbIX 3aTPAT MO LIMKNY XKU3HM 00beKTa pacyemHo 0-20

Wnnioctpauun

Puc. 1. lywesas Hacaaka Sava Spa 5.7 nuTpa B MuH. (1/MUH) Puc. 2. lywesas Hacaaka Tri-Max 1.9/3.8/5.7n/muH
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OnucaHue [JlyweBble HacazKu C HU3KNUM noTpebneHnem BOAbI MO3BONAIOT IKOHOMUTD BOAY 6e3 ywiepba Ana KompopTa

TeXHoNnoruu notpebutens. TexHonorns, 0CHOBaHHaA Ha KOMNEHCALM JaBEHNA, TapaHTUPYET OLLyLLEeHMe CUMbHOI CTPYM C
MeHbLLMM PacxoAoM BOAbI NPU NOCTOAHHOI CKOPOCTU NOTOKA, He 3aBUCALLIEN 0T aBNeHna BoAbl. HekoTopbie
MOZENV NO3BONAIT U3MEHATb Pacxof, Hanpumep, 1.9 n/MuH, 3.8 n/MuH unu 5.7 n/muH. U3meHeHue pacxoga
M03BONAET UCMONb30BaTb CTPYHO C HU3KNUM PacxofoM 1.9 1/MUH BO BpeMA HaMblIMBaHIA LIAMMyHeM, a 3aTem
nepekYMUTb Ha CTPYI0 C pacxofoM 3.8 uan 5.7 n/MUH AN ononackuBaHma.

O6nactb 37a TeXHONOrA NPeAHa3HaueHa ANs XMWiblX 1 KOMMepYeCKUX 34aHIi ¢ fyLIeBbIMU NOMeLLeHUAMI (Hanpumep,
npumeHeHus oTefieil, CIOPTUBHBIX 327108, 0QUCOB, 6acCeliHOB, CayH) 1 MOXeT ObITb UCNOb30BaHa 419 HOBbIX MPOEKTOB 1 NpH
PEKOHCTPYKLMK (3aMeHe CTapbiX AyLUeBbIX HACAAOK).

KonnuectBeHHble Ha pyw npuxogutca noutn 17% Bozbl, MCMOb3YeMOil B XUAbIX 3AAHUAX, UTO COCTaBAAET npumepHo 30 ranaoHoB

M KauecTBeHHble BOAbl Ha CeMbld B JeHb. [puMeHeHue BogocOeperaLLyx AyLeBbIX HaCaAoK NPUBOAUT K CyLIECTBEHHON

XapaKTepucTuKm 3KOHOMMUM BOADI, TeM/a Ha ee NOJOrPeB U CHUXKAET Harpy3Ky Ha KaHanN3aLMOHHYK CUCTEMY, UTO, B KOHEYHOM
uTOre, COKpaLLAeT 3aTPaTbl Ha KOMMYHasbHbIe YCyru. IHepro3dPeKTUBHbIE HacaaKku noTpebaatot ot 1.9 Ao 5.7
NUTPa B MUHYTY, B TO BpeMs Kak MeHee 3pdeKkTuBHble — Bonee yem 9.5 nuTpa B MUHYTY.

CcbinKm *  www.niagaraconservation.com/water_conservation/products/showerheads

HanmeHoBaHue TeXHNYEeCKoro (I'IpOQKTHOFO) pelieHna

il Bos0>0deKTUBHbIN NoANB
Homep 1 HaumeHoBaH1e KpuTepus (MapameTpa) «3eNeHoro CTpOUTENbCTBAY
10 CTO HOCTPOI 32.35.4 Cnoco6 onpegenexus bannbl

N

o NaHawadtHoe opolueHue (hakmuyecku 1-5
S

0‘ BopocHabxeHue 3aaHus pacyemHo 0-10
w

@‘ YTunusauusa ctokos (hakmuyecku 0-15
S

0 (ToMmOCTb rof0BbIX IKCMyaTaLMOHHDIX 3aTpaT pacdemHo 0-20
S

@ (ToMmOoCTb NpUBEAEHHbIX COBOKYMHbIX 3aTPAT MO LIMKAY XU3HM 00beKTa pacyemHo 0-20

UnniocTpauum

: Kposna

anﬂ WcTouHnkn foxzaeBoii - «cepoii Bofbl»

- | l l l — B ol
[a30H
(s B l l l l l
HapyXHoyo #—’l =
€T - 3acbinka GuabTpyIoLMM Cucrema oumcTki
I'(':;:il"maﬂ" TPYHTOM «CEPON BOABLI Puc. 1. ”pI/IHLlVII'IVIaJ'IbHaﬂ (Xema OpraHu3auumn

Kane/bHOro Nonm1ea «cepoit» BoAoil
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Onucauune B cnyuae npumeHeHna AnA pacTeHuii, TpebyloLuux NoNMBa, MCNONb30BaTb ANA 3TOr0 COOPaHHYI0 AOXAEBYH0

TexHonorum 0bpaboTaHHylo Bofy, He WUCMONb30BaTb OObIYHbIE Pa3bpbI3rMBaTENM, a YCTAHOBUTb CMCTEMY MppUrauuu,
Hanpumep, C NONBOM HENOCPEACTBEHHO NOA KOPHU PacTeHMiA. ITOT TN NOANBA ObiN NPUAYMaH Kak 0CHOBHOE
(pPencTBO OpOLUEHMA MpK HeboMbLUMX 3aTpaTax BOAbI U CPeAcTB. KanenbHblil NonuB uaeaneH Ana niobbix
BIIOB pacTeHWid, yaobeH B OONbLUMHCTBE CyyaeB U HeZOPOr MO CPaBHEHMK C Apyrumin cnocobamu. Ero
MOXHO NPUMEHATL B PYYHOM peXume, NoJiaBas BOAy NpU MOMOLLM OTKPbITUA-3aKPbITUA KPAHOB, N MOXHO
CHabauTb aBTOMATUYEeCKMM YNpaBneHnem, TeM camblM 3anporpaMmnupoBaTh NOANB Ha LeNblil rof, YuuTbIBaA
AOXAb 1 3aM0po3KI. OCHOBHBIM 3MIEMEHTOM CMCTEMbI KaneibHOTo NouBa ABMAETCA KanenbHas Tpybka —
OHa NpeaCTaBnAeT 060/ WNAHT ¢ OTBEPCTUAMU. BHYTpY LWNaHra cnpATaHbl NACTUKOBbIE <KanenbHULb» —
OHM KOMMEHCUPYIOT pa3HuLY AABEHMIA B Havane W KoHue Tpy6Kku. bnarosapa um kannm BbIXOZAT U3 TpyoK
C 0/AMHAKOBOI CKOPOCTbIO B Nt060IA ee yacT, 3T0 JaeT paBHOMEpHbIil NOMVB.

06nactb Mpuneratoas Tepputopna NobbIX 3aaHNIA C J0CTAaTOUHBIM KONMYECTBOM 3e/1EHbIX HaCaXAeHWH, TpebyroLux
npuMeHeHus nonvBa.

HanmeHoBaHue TeXHUYECKOro (I'IpOEKTHOFO) peliexna

Bo3nyxooxnaautenb KOCBEHHOTO
NCNApUTENbHOTO OXNAXKAEHUSA

Homep 1 HaumeHoBaHwe KpuTepus (NapameTpa) «3ef1eHoro CTpOUTeNbCTBa»
(Cnocob onpegenexns bannbi

no CTO HOCTPOI 32.35.4

Pacxop TennoBoi SHeprum Ha OTonNeHMe 1 BEHTUNALMIO 34aHNA pacyemHo 0-25

Pacxoa anekTpoaHeprim pacyemHo 0-15
\

llcnonb3oBaHme BTOPUYHBIX SHEPropecypcos pacyemHo 0-30
S

(ToMMOCTb rofi0BbIX IKCMyaTaLMOHHDIX 3aTpaT pacdemHo 0-20
\

(ToMmOoCTb NpUBEAEHHbIX COBOKYMHbIX 3aTPAT MO LIMKNY XU3HM 00bEKTa pacyemHo 0-25

Unnioctpauun

i

=
. |
L - I /
| | =
T
Puc. 1. 06wuii BUA Moayna BO3AYX00XNaAMUTeNA Puc. 2. Cekuus TennomaccoobmeHa (06LLmii BUA)
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Unnioctpauun

OnucaHue
TeXHONoruu

Puc. 3:
1— 06pabatbiBaemblii BO3AYX NOCTYNAeT B TeN10Macco0OMeHHbIi
annapar;

2 — OXNaXAeHHbIA pabounii BO3AYX NOCTyNaeT B MOKpbIe (cepble)
KaHabl, MHOrOKpaTHO NpoXoAA uepe3 TennoobMeHHNK;

3 — pabounii Bo3ayx, KOTOpbIil ObiN HanpaBieH BO BNaXHble KaHabl
1 3abpan Tenno obpabaTbiBaeMoro Bo3ayxa, BbIopacbiaeTca
Hapyxy;

4 — 0bpaboTaHHbIIi BO3AYX, NPoiiAA uepe3 cyxue (3eneHble)
KaHanbl, nepegaeT Tenno pabouemy Bo3ayxy.

Mocne npoxoxzeHua yepes TennoobmMeHHIK 0bpabaTbiBaemblit
BO3/yX COXpaHAET (BOe NepBOHayabHOe BNarocofepxaHiue

1 MeeT Temnepatypy, 6113Kyto K TemnepaTtype TOUKHN poch
Hapy»HOro BO3ayXa

Puc. 4. Tubpuaas koHdurypawuusa oxnagutens Boayxa:
a — TepMOAMHaMIYeCKIil mpoLecc,

6 — cxema rubpupHoro Bo3ayxooxnaguTens.

1 - ypansemblil Bo3ayXx;

2 — KOAIEHCATOP X0NOAWNbHOM MaLUNHDI;

3 — ynanaemblil BO3AyX Nocie TensomMaccoobMeHHOro
annapara;

4 — HapyHblil BO3AYX;

5 — TennomaccoobmeHHbIIi annapar;

6 — ucnapuTenb X0N0AMNbHOI MaLLNHDI;

7 — BEHTUNATOP NPUTOYHON CUCTEMDI

(McTemMa  OXMax[JeHWA BO3AyXa C WMCMONb30BAHUEM XONOAWNbHBIX KOMMPECCOPOB WM MOAKMIOYEHHAA
K LIEHTPaNbHO CETU X0M10A0CHAOXKEHNA ABNACTCA OAHIM 113 OCHOBHbIX NOTpebUTeNeil 3NeKTPOIHEPTIAN B 30aHINN,
0C00EHHO PaCMONOXEHHOM B KapKoM Knumate. B To BpeMs Kak B apKoM 1 BNaXXHOM KnuUMate NpuUTOUHbIil
BO3/YX OXNAXK/AETCA C LeSIbI0 OCYLLECTBAEHNA KOHTPOA BAAXHOCTU I CHUKEHWA TeMMEpaTypbl, B XKapKkom
CYXOM KNumate MexaHuyeckme XoNoAuNbHbIe arperaTbl MCNOMb3YI0TCA B OCHOBHOM ANA CHIMKeHIUA TemMnepaTypbl
BO3AyXa. B 0bomx TMNax Knumata oxnaxzaeHue HapyKHOro Bo3ayXa B TeueHue HOMbLUE YacTi roa MoXeT
OCYLLeCTBAATBCA C UCMOMb30BaHMEM MPOLECca KOCBEHHOTO WCMApUTENbHOTO OXAaX[eHWUA, YTo NpUBOAUT
K CYLLECTBEHHOMY CHIDKEHMIO IKCMNYaTaLMOHHbIX PacXofoB, 0COGEHHO BO BpeMsA MUKOBbIX dNEKTPUUECKNX
Harpy3ok. B cyxom knumate KocBeHHOe MCMapUTENbHOE OXNAXAEHUe MOXeET 0becneunTb BC AU GonbLuyo
YyaCTb Tpebyemoli Harpy3KK Ha OXNaxieHue B TeueHne rofia. B apyrux Knumatnueckmx ycnoBuaAX 3Ty TeXHONOMI
NyyLLe MCNo/b30BaTh B COYETAHNM C XONOAMbHBIM KOMNPECCOPOM, UTO 3HAUUTENBHO CHU3NT (10 65%) pa3mep
(cebecToMMOCTb) 1 Harpy3Ky (3KCMNyaTaUMOHHbIE PacXoAbl) Ha MeXaHUUeCKIe CUCTeMbl OXNAXAEHNUA U, TaKUM
obpasom, notpebnenue snexkTpuueckoin dHeprum. (yliecTBYIOT pa3inuyHble MHeHnA 06 3QdeKTUBHOCTM W
TpebyemoM ypoBHe 00CTyXNBaHUA annapaToB UCNAPUTENbHOMO OXNaXKAEHNA BO3AyXa. bonbLUNHCTBO U3 3TUX
BO3/1yX00X/afuTeNel 0CHOBAHO Ha CTaPbIX TEXHONOTIAX, KOTOPblE IECTBUTENBHO MMET HEKOTOPbIEe NpobnemMbl
c obcnyxuBaHuem. Kpome Toro, 3aduKcupoBaHo MHOTO ClyyaeB, KOrfia annapaTbl UCNApUTENbHOTO OXNaXAeHNA
NCNONb3YIOTCA B HENOAXOAALLMX YCTIOBUAX (anNapaThbl KOCBEHHOTO UCMAPUTENbHOTO OXNaXAeHUA Hed(OEKTUBHbI
BO BMAXHOM KAuMare), T.e. AOMKHbI paboTaTb BMecTe C annapaTamil MEXaHUYEecKoro OXNMaxzaeHna Ana
MOKPbITUA NUKOBbIX HAPY30K UM AOMKHbI paboTaTh B NEPUMOS rofia, KOTA HapyXHblil BO3YX MMEET BbICOKYI0
OTHOCUTENbHYI0 BNAXHOCTD.
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KoceHHOe ucnaputenbHoe oOXnaXaeHue 0ObIYHO MPOU3BOAWTCA B anmaparax, MpeAcTaBRANLIMX 06Ol
MOBEPXHOCTHBIIA TeNN00OMEHHUK MW Kamepy OPOLLUEHUA C MPUMEHeHUeM PacnbINAWMX GOPCYHOK, yepe3
KoTopble NpoxoauT obpabaTbiBaemblii yaansemblii BO3AYX, OTAENEHHDIA OT NPUTOYHOTO BO3AYLIHOTO MOTOKA
BOJIOHENPOHMLIaeMoii MeMOpaHoil. B oTnnume 0T NpAMOTO WUCNAPUTENbHOTO OXAAXAEHUS NMPU KOCBEHHOM
NCNapuTeNbHOM OXNIaXKAIEHMM BNIAXKHOCTb PUTOYHOT0 BO3/1YXa B pe3ynbTate NpoLiecca 06paboTkin He U3MeHSAETCA.
K uncny Hanbonee 3OQEKTUBHbIX annapaToB KOCBEHHOrO WCMAPUTENbHOrO OXNAKAEHUA OTHOCATCA
BO3JYXOOXNAAUTENM C  TEMNOMAccOOOMEHHUKOM (puc. 2), npuHUMM  paboTbl  KOTOPOro  UCMonb3yet
3anaTeHToBaHHbIi npouecc «M-uuknay. LInkn MucoweHKo 3aKnioyaeTca B YHUKaNbHOM Cnocobe cMaunBaHua
MNACTUH TeNNO0OMEHHMKA B MHOTOCTYNEHYATON KaHabHOIA cucteme (puc. 3), uTto obecneunBaeT ONTUManbHoe
CHUKEHWe TemnepaTypbl NMPUTOYHOrO BO3AyXa NPW AOCTUKEHUN MAKCUMaNbHO BO3MOMHOM SHTanbnuu
pabouero Bo3gyxa. MHorocTyneHuarblii (20 cTyneHeil) npouecc 06paboTKu BO3AyLIHbIX MOTOKOB MO3BOAAET
CHUXaTb TemnepaTypy o6pabaTbiBaeMoro NPUTOYHOTO BO3JyXa HIDKe TeMNePaTypbl N0 BRAXHOMY TEPMOMETPY
1 NpUBNMXATBCA K TeMNepaType TOUKI POCbl HapyXXHOro BO3AYXa.

B 3maHmAX ¢ BbICOKUM NoTpebneHrem xonoda Takue annapatbl MCNONb3YHTCA B COUETAHUU C XONOAUNbHLIMM
MaLUMHAMU NPAMOTO PaclMPeHna Ans NPeABapUTENbHOTO OXNaXKAEHNA NPUTOUYHOro Boayxa. (xema TaKoil
TMOPUAHON TEXHONOTM MOKa3aHa Ha puc. 4. HapyxHblil BO3AYX BMeCTe C peLupKyNALMOHHBIM Nojaetca
B KOXYX annapaTta KOCBEHHOro McnmaputenbHoro oxnaxzaeHus. Okono 45% 3Toro Bo3dyxa WCMonb3yetca
B KauectBe pabouero motoka ANA KOCBEHHOTO WCMAPUTENbHOTO OXAAXAeHUs NpuUTouHoro Bo3ayxa. Mocne
NPOXOXAEHIA Yepe3 TennoodMeHHNK KOCBEHHOTO UCMApUTENbHOMO OXNaXkAeHUA NPUTOYHDIIA BO3AYX MPOXOAMT
yepe3 ucnapuTeNb XoN0AUAbHONA MALLMHBI 1 3aTeM NOJAETCA B NOMELLIEHIe C NOMOLLbIO BbICOKOI(OEKTUBHOMO
BeHTUNATOpA. Paboumil Bo3ayX Nocie npovecca npAMOro UCNapUTENbHOTO OXNaXAeHNA, KaK NPaBINo, XONOAHee,
YyeM HapyKHblil BO3AYX, 1 NOITOMY UCMONb3YeTCA ANA 0XNaXAEHNA KOHAEHCATOPa XONOAUNbHOM MaLLHBI.

KommepquKme n 06LI.l€CTBEHHbIe 30aHunA C I'IOTpGGHOCTbIO B 0XJlaXJ€HUK, BKNIOYaA KOMNbIOTEPHbIE LIEHTPbI,
KNUHUKK, LLKONbI, CKNaAbl, NOMeLLeHNA TeEXHNYeCKoro 06(J'Iy)KI/IBaHI/Iﬂ nnap.

OxnaauTtenu Bo3ayxa KOCBEHHOT0 UCNapUTeNbHOTO TUNa notpednaAT 0 90% MeHbLLe SHeprun No CPaBHEHNI0
C TPaANLMOHHBIMM CUCTEMaMK OXNaxaeHns Bo3Ayxa. Koapduument sneproadpextusHoctu (EER) Takoro
BO3/lyX00XNaauTeNs, onpeaensemblii OTHOLIEHUEM X0/1040NPOU3BOAUTENLHOCTY K NOTpebnAemoli
3NeKTPUYECKOil MOLLHOCTI, N0 AaHHbIM HaumoHanbHoli nabopatopuu Bo3obHoBnAemoi sHeprum CLUA, B
CTaHAApTHOM KoHdurypaumm moxet gocturatb 11.7.Wh/Wh 1 6,36 Bt / Bey npu ucnonb3oaHuu B rubpuaHoii
KoHurypaumu.

Coolerado Corp.

+ NREL. 2010 Coolerado 5 Ton RTU Performance: Western Cooling Challenge. NREL REPORT/PROJECT NUMBER:
TP-550-46524

« NREL 2012 Dew Point Evaporative Comfort Cooling: ESTCP Energy and Water Projects Demonstration
Plan SI-0821

« REPORT/PROJECT NUMBER: TP-7A40-56256-1

« NREL 2007 FEMP Technology Installation Review: Coolerado Cooler Helps to Save
«  (ooling Energy and Dollars. REPORT/PROJECT NUMBER: DOE/GO-102007-2325

«  http://www1.eere.energy.gov/femp/pdfs/tir_coolerado.pdf

« REPORT/PROJECT NUMBER: TP-550-46524

+ M50A AIR CONDITIONER. Coolerado.com

« (60 AIR CONDITIONER. Coolerado.com

« Coolerado LEED Contribution Summary. Coolerado.com



HanmeHoBaHue TeXHIUeCKoro (I'IpOGKTHOFO) pelieHna

Bo3ayLHble 3aBechl

Homep 1 HanmeHoBaHme Kputepus (napameTpa) «3eN1eHoro CTPOUTENbCTBAY

o CI'IOC06 onpeneneHna
o CTO HOCTPO 32.35.4 PeR
Pacxog TenfoBOI SHEPTIAM Ha OTOMNIEHNE U BEHTUALIAI 3AaHNS pacyemHo
Pacxo,q 3IEKTPO3HEPrin pacdemHo
§
CTOVIMOCTb roA0BbIX 3KC|'|J'|yaTaL|,V|0HHbIX 3daTpar pac4emHo
§
CroumocTb I'Ipl/IBEAEHHbIX COBOKyI'leIX 3anaT no I.WIKJ'Iy XKU3HU 06'bE‘KTa pacqemﬁo

Unnioctpauuu

Puc. 1. MpuHuMnmManbHas cxema paboTbl 3aBechl Puc. 2. MpuHuMnManbHas cxema paboTbl 3aBechl
LMbEpYHOLLEro TN U BO3yXOHArpeBaTens LnbEpyHOLLEro TN C BO3AYXOHArpeBarenem
Onucanue Bo3pywwHble 3aBecbl NpeHa3HaueHbl AA pa3feNeHua 30H C pa3Hoii TemnepaTypoii. 3aBeca obpasyet
TexHonoruum HEeBUAVMYIO iBEPb, He aBas TENNOMY BO3AYXY BbIXOAUTb HAPYXKy U He BNYCKas XONOAHbI BO3AYX B
nomeLLeHue.
O6nactb 3;aHusA NPON3BOACTBEHHOTO Ha3HAUEHNS, KOMMEPYECKHEe 30aHNA.
npUMeHeHns
KonuuectBeHHble  YcTaHOBKa Ha BOPOTa 3aBeC LWMOEPYHOLLEro TUNA € BO3AYXOHArpeBATENAMIA N0O3BOAET IKOHOMUTD
W KayecTBeHHble 10 80% TeNNoBOoil MOLLHOCTI HA KOMMEHCALMIO TENNONOTEPD Yepe3 OTKPbITble BOPOTa.
XapaKTepuCTUKK

bannbl

0-25

0-15

0-20

0-25
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HanmeHoBaHe TeXHUYEeCKoro (I'IpOQKTHOFO) pelieHna

BbICOK0IQdeKTUBHbIE YHUTA3bI

Homep 1 HanmeHoBaHme Kputepus (napameTpa) «3eN1eHoro CTPOUTENbCTBAY

(Cnoco6 onpegenexus bannbl

no CTO HOCTPOI 32.35.4

07 BojocHabxeHve 3naHns pacyemHo 0-5

Pacxoz TennoBoi SHEPrIN Ha ropAYee BOAOCHAOXeHNe pacyemHo 0-20

Pacxog anekTposHeprim pacyemHo 0-15
0\‘ (ToMMOCTb FO0BBIX IKCMAYaTaLMOHHDIX 3aTpaT pacyemHo 0-20
@W (ToMmOoCTb NpUBEAEHHbIX COBOKYMHDIX 3aTPAT MO LIMKNY XKU3HM 00beKTa pacyemHo 0-20
UnniocTpauun

r 4

Puc. 1. 06wuit BUA yHUTa3a C HUSKUM Puc. 2. (xema yHUTa3a C HU3KUM Puc. 3. KHonka yHuTa3a ¢ ABOIHbIM
PacxofoMm BOAbI PacxofoMm BOAbI CMbIBOM
Onucanue BbicokoadeKTUBHDIIT yHUTA3 OTNMYAETCA CMbIBOM C CYLLECTBEHHO H0Mee HI3KIMM PaCX00M BOAbI 10 CPaBHEHMIO
TEXHONOruun C 00b1YHbIMK yHUTa3aMI. OH MCMONb3YeT 6 IMTPOB Ha Pa30BbIil CMbIB, B TO BpeMs Kak 00bIuHbIi pacxog — 13.2.
finonckasa dupma Toto Hauana npogasatb Takue yHuTasbl B CLUA B 1989 rogy, 1 oHW nonyumnm pacnpocTpaHeHue
B 1990-x roaax. Bbicoko3dPeKTUBHDIN YHUTA3 MOXKET ObiTb ¢ 0AMHAPHBIM (4.2 NUTPa) 1 C ABOIHBIM CMbIBOM
(6 nuTpoB). MHorum nonb30BaTeNAM He HPaBUANCH PaHHIE MOAENN BbICOKOIDPEKTUBHBIX YHUTa30B, MOCKONbKY
ANA LOCTVXKEHNA XKeNaemMoro pesynbraTa NPUXOANN0Cb CMbIBaTb ABaX.Abl, HO B 1994 rofy 31a npobnema 6bina
peLLeHa NPaKTUYeckin NOAHOCTbIO.
06nactb 3[aHNA W COOPYXeHUA C BbICOKO NPOXOAMMOCTbIO (Hanpumep, 6uU3HEC-LeHTpbI, asponopTbl, 60NbHMLbI,
npuMMeHeHus KOnneaxu, CNopTUBHbIE 11 peKpeaLnoHHble 00beKTbl, TyaneTbl B NapKax, Ha 0CTaHOBKaX ANA OTAbIXA, AETCKUX
nnoLaaKax u T.a.).
KonuuectBeHnble  (ornacHo aHanu3y, npoBegeHHoMy [eopriem YaneHom (HaumoHanbHaa accoumauma CaHUTapHO-TEXHUYECKUX
1 KayeCTBeHHble noapanuukos CLLA), pacxon Bogbl, MCNONb3yeMoil AnA CMbiBa B TyaneTax, ocTaBaAeT noytin 40 npoLeHToB ot
XapaKTepuCcTKM BCero BoAON0TpebneHna B JoMaLLHeM X03AICTBe.
Mpoussoautenn MHorouncnenHble npoussogutenu, Hanpumep, Kohler B CLUA, Toto B finonuu, Caroma B ABcTpanun.
CcbinKu *  Amy Vickers. Handbook of Water Use and Conservation. WaterPlow Press Amherst, MA. 2002
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HanmeHoBaHe TeXHUYECKOro (I'IpOGKTHOFO) pelieHna

BbITecHAOLLaA BeHTUNAL KA

Homep n HanmeHoBaHue Kputepus (NapameTpa) «3eN1eHoro CTpOUTENbCTBAY

(Cnocob onpeaenenua bannbl

no CTO HOCTPON 32.35.4
Pacxop TennoBoi SHeprum Ha OToNNeHMe 1 BEHTUNALMIO 3[aHNA pacyemto 0-25
Pacxop anekTpoaHeprum pacyemHo 0-15
S
(ToMMOCTb FO0BbIX IKCMNYaTALMOHHDIX 3aTpaT pacyemHo 0-20
S
(ToMmOoCTb NpUBEAEHHbIX COBOKYMHbIX 3aTPAT MO LKA XU3HUM 00beKTa pacyemHo 0-25
Unnioctpauun
Ym BHM_02_DblScnd2.plt rpaduK pacnpepenenua rpaduK pacnpepeneHua
A Temnepatypbl no BbicoTe we
—
25 =g IJ 25 [
= I 16°C =
=20 | [| =20
2 | =
215 wC g5
2 H
= =
10 210
& &
o 05 05
- - I i i
[ o5 S e R O A g 0 = 0
Cgrrent::rf)ss-sectionPoﬂsition isZ=2m 16 18 20 22 24 26 16 18 20 22 24 26
Display “T" scalar and V" vector fields TemnepaTypa B nomelzieHuu, °C TemnepaTypa B nomettieruy, °C
Puc. 1. Cxema nogaun Puc. 2. NepemelumBatoLLas Puc. 3. BoitecHAtoLLad BEHTUAALMA:
BO3/1yXa HU3KOCKOPOCTHBIMM BEHTUNALMA: BO3ayXopacnpeaenexue BO3AyXopacnpeneneHue
BO3AyXopacnpeaenuTenamin Ana cuctem 0CyLLeCTBAAETCA peLleTkamm ¢ 0CYLLeCTBNAETCA HU3KOCKOPOCTHBIMMA
BbITECHANOLLEA BEHTUNALMN MOBOPOTHBIMM a3 BO3/yXopacnpeaenuTenamin
Onucanue BbiTecHAoLLLaA BeHTUNALNA —3TONOAAua CaboHEN30TepMINYeCKoro (OXax AeHHOr0) Bo3ayXa HenocpeCTBEHHO
TeXHONOruK B pabouyto 30Hy NomeLLeHIA C Manoii CKOPOCTbHO 1 HebonbLUNM TemnepaTypHbIM nepenagom (At = 3 °C). Mpn
BEHTUNALMN BbITECHEHMEM BO3[YX MOCTYNAET B HINKHIOK 30HY 11 He CMeLLMBAETCA ¢ BO3AYXOM nomeleHns. OH
BbITECHAET ero BBepX, C034aBad IPGeKT «nnaByyecTin 1 BOCXOAALLEro pacnpeaeneHus». YaaneHue BbITeCHEHHOro
Tennoro 1 3arpA3HeHHOro BO3AyXa 0CYLLeCTBAACTCA U3 BePXHeil 30HbI BLITAXHON BeHTUNALMeNA. Takum 06pasom,
B MoMeLLeHn 06ecneynBaeTca MOCTOAHHBIA MPUTOK YMCTOTO BO3AYXa B 0OCNYKMBAEMylo 30HY, KOTOpbIil
MOAHUMAET K NOTONIKY TeNblid U 3arpA3HEHHDbIA BO3AYX.
O6nactb 06LiecTBEHHbIE 34aHNA.
npuMeHeHuA
KonunuectBennble  llcnonb3oBaHue BbiTecHALLe BeHTUNALIM 0becneunBaeT Hanbonee BbICOKYH 3OPEKTUBHOCTb MO YAaneHuo
1 KayecTBeHHble Tennou30bITKoB: KoadpduumeHT 3QPeKTBHOCTM Bo3ayxooOMeHa Kt Gonblue 1. 3T0 M03BOAAET CyLLECTBEHHO
XapaKTepucTuKm CHU3UTb pacxof Bo3ayxa. [loMMO 3TOro BbITECHAIOLIAA BEHTUAALMA NO3BONAET COKPATUTb PACX0f dHeprum Ha

OXNaX[eHue B03JyXa CMCTeMbI KOHANULMOHMPOBaHUA 10 40%.
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HanmeHoBaHue TeXHNYEeCKoro (I'IpOQKTHOFO) pewieHna

FEOTepMaJ'I bHbl€ TerNnN0Bbi€ HACOChI

Homep n HanmeHoBaH1e Kputepus (NapameTpa) «3eN1eHOro CTPOUTENbCTBAY

Cnoco6 onpegenexus bannbl

no CTO HOCTPOI 32.35.4

Pacxop TennoBoi SHepruu Ha 0ToNNeHMe U BEHTUNALMIO 34aHNA pacyemHo 0-25

Pacxoz TennoBoi SHEPrIN Ha ropaYee BOAOCHAOXeHNe pacyemHo 0-20

Pacxog anekTposHeprim pacyemHo 0-30

YenbHbIii CcyMMapHbIii pacxo NepBUYHOI IHEPrIN Ha CUCTEMBI UHXKEHEPHOT0

A YMMapHBI pacxof nep P P pacyemHo 0-20

obecneyennsa
\

licnonb3oBaHme BO306HOBNAEMDIX SHEPrOPeCYpCoB pacyemHo 0-30
)

(TouMOCTb ro0BbIX IKCNITYaTaLMOHHbIX 3aTpaT pacyemHo 0-20
)

(ToMMOCTb NpUBeJEHHbIX COBOKYMHbIX 3aTPaT N0 LMKy XKM3HU 00beKTa pacyemdo 0-25

Unnioctpauun

1
ham
Puc. 1. (xema reotepmanbHoro Tens0Boro Hacoca Puc. 2. Tennooii Hacoc OCHSNER ana HarpeBa Bobl
[0 Temnepatypbi 55 °C
OnucaHune B bonblumHCTBE 3AaHNIA ANA Lieneil KOHAULMOHUPOBAHMA BO3JyXa U HarpeBa BOALI UCMONb3YIOTCA [iBE OCHOBHblE
TexXHonorum TexHonorumi: 06opyA0BaHMe HA OCHOBE CropaHWA TOmAuBa (KOTAbI, ra30Bble BO3JYX0- U BOAOHArpeBatenu),
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KomnpeccopHoe 060pynoBaHue (XoNoAMbHbIE MALLMHBI, KOHAULMOHEPbI HA OCHOBE TEMOBbIX HACOCOB, CNANUT-
CUCTEMbl, BO3AYLLHbIE TENIOBbIE HACOCbI 414 NOAOTPEBA BOZbI, KOTOPbIE NepeaatoT BbIOPOCHOE TENNO HapyKHOMY
BO3AYXY MPU MOMOLLYM TPaAMPHI UK KOHAEHCATOpa C BO3AyLHbIM oxnaxpeHuem). Hanbonee 3ppektnsHoe
060pynoBaHue, paboTaloLee Ha CropaHv TONANBa, MeeT IdpdekTBHOCTL 0010 90% (KMJ 0.9). dpdekTnBHOCTL
KoMNpeccopHoro 060pyA0BaHNA ropasfo BbiLe U npubnuxKaeTca k 5.0, Ho B 060py0BaHMK, KOTOPOE OTAAET TENsI0
HapyxHoMy B03ayxy, Kak KIJL, TaKk 1 MOLLHOCTb 3aBUCAT OT TemnepaTypbl OKpy>aloLLiero Bo3ayxa. XonoaunbHas
MaLUMHA 1 CNANT-CUCTEMA UMEIOT CaMyI0 HU3KYH0 OXNaAaloLLy CMoCOBHOCTb 1 HU3KYH0 3OPEKTUBHOCTD NpH
TemnepaTypax Hapy»Horo Bo3ayxa, COOTBETCTBYHLLIX TENSOMY Nepuoay roaa, koraa Tpebyetca obecneynBatb
HanbONbLLUYI0 XONOANNbHYI0 HArpy3Ky. Bo3ayLuHbIil TeNN0BOIA HACOC, KOTOpbIA 06ecneunBaeT HarpeB BO3ayXa,
XapaKTep13yeTcA CaMoil HU3KOI TENN0BOI MOLLHOCTBIO M HIU3KOA IQGEKTUBHOCTBIO NPI HI3KOIE TemMnepaType
Hapy’KHOr0 B03ayXa U Haubonblueii NoTpebHOCTN B Tensie. ITO 03HAYAET, YTO KOMNPECCOPHbIE XONOANNbHbIE
annapatbl, NofobpaHHble WCXOAA W3 MAKCMMaNbHbIX Harpy30K MO HarpeBy WAN OXNAKAEHWIO, UMeKT
CYLLEeCTBEHHDIIA 3aMac NPaKTUYeCKN ANA BCeX APYTIAX PEXMMOB SKCTyaTaLmi.



OnucaHue
TexHonoruu

O6nacTtb
npuMeHeHus

KonuuyectBeHHble
U KayeCcTBeHHble
XapaKTepucTukun

[eoTepmanbHaa TennoBble Hacocbl (GSHP) obecneunBalT BbICOKYl0 3(OEKTUBHOCTL KOMMPECCOPHOMO
000pyz0BaHMA 1 MCMONb3YI0T BO306HOBNAEMbIE FeoTepMabHble pecypcbl (MoA3eMHble BOAbI, MOBEPXHOCTHbIE
BOAbI WK camy 3emnio) AnA otBoAa Tenna. OCHOBHbIM MpeUMyLLeCcTBOM UCNO/Ib30BaHUA Te0TepMaibHOr0
pecypca ABAAETCA T0, YTO OH UMeEeT OTHOCUTESIbHO NOCTOAHHYI0 TeMnepaTypy B TeyeHue roga. 310 N03BoNAeT
TaK|M TeNNOBbIM Hacocam paboTaTb € BbICOKOI SOPEKTUBHOCTBIO 11 6oNee paBHOMEPHOI! MOLLHOCTbI0 B TeUeHme
BCro rofja, He3aBUCUMO OT BHELLHUX YCIOBUIA.

[pn UCnonb30BaHUM reoTepManbHbIX TEMNOBbIX HACOCOB 3eMAIA, B KOHEYHOM CYeTe, ABNAETCA UCTOYHMKOM
Tenna (B pexume oborpeBa) 1 TennooTBOZOM (B pexume oxnaxpeHus). [lepenag Temnepatypbl Mexay
3[)aHIeM ¥ TPYHTOM 3HauuMTeNbHO MeHblue, Yem B 060pyA0BaHMN, NepefaloLyem Tenno HapyKHOMY BO3AyXY,
TaK Kak Ha rnybuHe Gonee 2 MeTpoB TemnepaTypa 3eMiN 0CTAeTcA OTHOCUTENbHO MOCTOAHHON B TeueHue
ropa. Takum 06pa3om, reoTepmanbHblii TEN0BOI HACOC PabOTaeT C BbICOKOW IPHEKTUBHOCTBIO U MOCTOAHHOIA
Tennonpou3BOAUTENbHOCTbIO HE3aBUCMMO OT TeMMepaTypbl HaPYXKHOro BO3AyXa.

(ywecTByI0T JBe OCHOBHble Pa3HOBUAHOCTM reoTepMainbHOro TeMNoBOr0 Hacoca, KoTopble MPUMEHAIOTCA B
HEXUTbIX 3[aHINAX: TN «BOAA-BOAA» U TUM «BOAA-B03AYX». B 0601x TMNax 060py0BaHIA B HacoCe LMpKyMpyeT
XKIAKOCTb (00bIUHO BOAIA, XOTA B CUCTEMAX 3aMKHYTOTO TWMa, paboTaloLLX B XONOAHOM KNUMaTe, B Hee MOXKeT
ObiTb 406aBNEHO HEKOTOPOE KOMMYECTBO aHTMdPKU3a) Yepe3 TenNOOOMEHHNUK, KOTOPbIA BbIMOMHAET YHKLMN
KOHZeHCaTopa B pexume 0XNnaxeHus u ucnaputens B pexume Harpesa. LInpkynupytoLLas XuaKkoCTb HaXoANTCA
B KOHTaKTe C reoTepMasbHbIM Pecypcom nocpeaCcTBOM Apyroro TennoodMeHHuKa. PasHuLia Mexay AByMA TUnamu
3aK/iyaeTcA B 0becneunBaeMoil Harpy3Ke: B TUMe «BoJa-Bofa» 0CYLLECTBAAETCA IOJOTPEB U 0XNaxAeHue BObl,
KOTOpasA LMPKyNMpyeT yepe3 TennoodMeHHIKN CUCTeM KOHANLMOHMPOBAHKA, HarpeBasa Mu 0xNaxaan Bo3ayX.
Hacocbl 31010 T!Na TaKke MOryT 6bITb UCMONBb30BaHbI ANA NPOU3BOACTBA FoOpAYEis BOADI ANA ObITOBbIX LieNeil.
TennoBble HacOCb TMNA «BOJA-BO3AYX» HArpeBAOT UM OXNAXAKT HENOCPeACTBEHHO BO3AYX (B 3aBUCUMOCTH OT
pexxMa paboTbl) aHaNOrMYHO KOMNPECCOPHBIM CUCTEMAM J/IA KOHAMLMOHNPOBAHNA BO34yXa.

B cuctemax BEHTURALMM W KOHAWLMOHUPOBAHUA MCMONb3YIOTCA, KaK NMPaBuio, KOMNPECCUOHHbIE TennoBble
Hacocbl ¢ 0OpaTHbIM KnamaHoM W ONTMMW3MPOBAHHBIM TeNNOOOMEHHUKOM, MO3BONAKOLNE U3MEHATb
HanpaeneHue TENI0BOTO NOTOKA. PeBepCMBHbIN KNanaH MeHAET HanpaBNeHne ABUXKEHUA XNaJareHTa, 1, Takium
06pa3om, TeNNoBOI HacoC MOXeT obecneynBatb N1MOO HarpeB, MO0 OxnaxkaeHue 3haHnA. TennoBoi Hacoc
NHOTAQ UCMONb3YeTCA ANA HArpeBa WA NpeABapUTENbHOMO MOAOTPeBa BOAbI ANA 6acceiiHOB MM ObITOBbIX
BOJOHarpeBateneli; TennoBasA SHepruA, BblbpacbiBaemMasA cACTEMAaMU KOHAMLMOHUPOBAHMA, MOXeET ObiTb
CNONb30BaHa ANA HarpeBa BOAbI.

TennoBble Hacocbl pasnnyaiotca no cgoemy KINJ, xapaktepusyiowemy oTHOLIEHWUe NPOU3BEAEHHON NONE3HON
TennoTbl K 3atpayeHHoii pabote. Kl yBenuumBaetca C ymeHblueHMeM pasHULbI B TemnepaTypax Mexay
NCTOYHMKOM TENna 1 HarpeBaemoii U oxnaxxaaemoi Cpesioi.

KM moxHo yBennunTb B npoLiecce NpoeKTMpoBaHIA, BbIOMpas cuctembl 0TONAEHNA, paboTatoLume npu HU3KOM
HayanbHoOW Temnepatype BOAbl (Hanpumep, ANA TemablX MOAOB WAKN MOTOOYHOTO NYYUCTOTO OTOMAEHNA
T=35°C), n npu BbIbOpe NCTOYHIKA Tenna ¢ BbICOKO CpefHen Temnepatypoi (Hanpumep, 3emau, T =10 °C).
KM/l TennoBoro Hacoca B 3ToM Cyuae MoxeT npeBblcuTb 0,72. (uctembl ropAYero BoA0CHabXeHNA 1 oTonNeHNA
CMCNONb30BaHNeM 00bIYHbIX PaANaTopoB TPebyIOT BbICOKO TeMnepaTypbl BOAI, UTO NPUBOANT K yMeHbLIEHIH
KMJ, koTopblid B 3TUX Cyyasnx MoxeT 0biTb Mexay 0,21 0,4.

B cywecTBylOWMX 3[aHNAX IKOHOMUA SHEPrUM MOXeET ObiTb JOCTUTHYTA MyTeM 3aMeHbl Hed(PGeKTUBHBIX
UCTOYHUKOB Tenna 1 xonoaa Ha bonee 3dpdekTnBHOe 060pyaAOBaHME HA OCHOBE reoTepMabHbIX TeMOBbIX
HacocoB. JlocTuraemblii ypoBeHb 3KOHOMUW OyAeT 3aBUCETb OT TUMA 3AAHUA M €ro Harpy3ok, napameTpoB
3aMeHAeMOro 000pyA0BaHNA 11 KNUMATUYECKIX YCIOBUIA.

B Tex CNly4aAx, Koraa reotepmalibHble TenJ10Bbl€ HACOCbl 3AMEHAKOT CUCTEMDbI, NPUCOEANHEHHDIE K LEHTPANIbHbIM
(MCTeMaMm TennocHabxeHnA, A0NONHUTENbHAA IKOHOMMA MOXET ObITb AOCTUTHYTA 3a CYET YCTPAHEHUA NOTEPD
napa un KoHJeHCaTa, a TaKXe TENIoN0TeEPb B pr6ax CMCTeM TenNocHabXeHnA. IKoHOMNUA JHEPruu, Kak npasuio,
BblLLi€ B Cy4asAXx, Korfa OTONUTENbHbIE U X0JTOAWIIbHbIE HArpy3Ku bonee C6aJ'IaHCI/1p0BaHbI, 4yem B Cyyasx, Koraa
0/1Ha 13 Harpy30K AOMUHMNPYET.
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Mpoussoautenn TennoBble HaCcOCbI M3roTaBNMBAKTCA pasnuuHbiMi dupmamu, Hanpumep, ClimateMaster, McQuay International.
Trane, OCHSNER and WaterFurnace, u ycraHaBnmBalotca ux cybnogpagumkamu.

Ccoinku « ASHRAE, 2007.HVAC Applications Handbook. Chapter 32, Geothermal Energy. American Society of Heating, Re-
frigerating and Air-Conditioning Engineers, Atlanta, GA

Kavanaugh, S, Gilbreath, C., and Kilpatrick, J., 1995. Cost Containment for Ground-Source Heat Pumps: Final
Report Submitted to the Alabama Universities-TVA Research Consortium and the Tennessee Valley Authority.
University of Alabama, December 1995

IEA ECBCS Annex 46. Subtask B
The Canadian Renewable Energy Network. http://publications.gc.ca/collections/Collection/M92-251-2002E.pdf

(. Tian and N. Liang. State of the Art of Air-source Heat Pump for Cold Regions. ICEB02006, Shenzhen, China.
Renewable Energy Resources and a Greener Future Vol.VIIl-12-5

EGEC. GROUND SOURCE HEAT PUMP : A GUIDE BOOK. European Geothermal Energy Council

HanmeHoBaHMe TEXHNYECKOro (I'IpoeKTHOFO) pewieHna
[MOKue WnaHrn ¢ LywweBoil HacaaKkou ana
onoJslackMBaHuaA CTON0BON NOCY bl

Homep 1 HaumeHoBaHKe KpuTepua (NapameTpa) «3eN1eHOro CTPOUTENbCTBA»

10 CTO HOCTPOM 32.35.4 Cnocob onpeaenexuna bannbl

BogocHabxeHue 30aHus pacdemHo 0-5

Pacxoz TennoBoii SHEPriM Ha ropAYee BOAOCHAOXeHNe pAacyemHo 0-20

(ToumocTb rooBbIX JKCNJyaTalOHHbIX 3aTpaT pac4emHo 0-20

9
@w Bogocbeperatowas apmatypa (hakmuyecku 5
o
o

(Toumoctb NPpUBEAEHHbIX COBOKYMHDbIX 3aTPAT N0 LUKIY XIU3HU obbekTa pac4emHo 0-20

UnniocTpauun

Puc. 1. llpumep rubKoro LwnaHra ¢ aywiesoii HacaaKoi Puc. 2. llpumeHeH1e rnbKoro WnaHra ¢ fywieBoi HacagKoil
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Onucanue [M6Kme wWwnaHrm ¢ }J,)'LIJEBOVI HaCafIkoii yacTo NPUMEHAKTCA B KOMMEPYECKUX KYXHAX 1A YAdJIEHNA NULLEBDIX

TeXHONOruu 0TXO10B Nepe/l MbITbeM MOCYAbl.
O6nacrb JTa TexHONOMMS NPpeAHa3HaueHa Ana KOMMEPUECKIX KyXOHb 1 MOXET ObiTb CMONb30BaHa NA HOBbIX MPOEKTOB
npUMeHeHns UNN NPY 3aMeHe CTaporo 060pya0BaHNS.

KonuvectBeHHble Pacxon BoAbI Ny UCNONB30BAHNM TUNMYHBIX MOZeNei oT 7,6 N/MUH 0 22,7 n/MuH. HekoTopble npou3BoauTent
M KauecTBeHHble pa3paboTanu Hacajku, Co3aaroline BOAAHYK CTPY, NO3BONAWLLYI0 YBENNUUTb IQGEKTUBHOCTD CMbIBA NP
XapaKTepucTuKm NCNONb30BaHNM TONbKO 4,8 N/MUH BOAbI UM MeHbLue. HapAdy ¢ yMeHbLUeHneM noTpebneHna Boabl CHUXKaeTcA
CMoNb30BaHMe TENN0BOIA SHEPr AN Ha MOAOrPEB BOAbI 1 COPOC BOAbI B KaHaNU3aLMi0. 3amMeHa TUNNYHON HacaaKy,
koTopas notpebnset Ao 11,3 nuTpa BOAbI B MUHYTY, Ha BogocbeperatoLLyo Mogenb No3BoAET (GKOHOMUTb OT
$300 no $500 B rog npu MCMONb30BaHMIA B TeUeHMe OHOTO Yaca B ieHb. [p1n yBeNUYEH!IN NPOAOMKUTENBHOCTH
NCNONb30BaHNA A0 3 YaCcoB B i6Hb IKOHOMMUA cocTaBuT Mexay $900 1 $1050 B rop.

Mpoussoputenn http://www.allianceforwaterefficiency.org/Commercial_Food_Service_Introduction.aspx

CcbInku *  http://www.epa.gov/watersense/docs/prsv_fact_sheet_2-4-13_508.pdf
»  www.fishnick.com/equipment/sprayvalves

HaumeHoBaHue TeXHUYECKOro (MPOEKTHOTO) peLLeHIs
[MAPOaKKYMynupytoLLme eMKoCTu

Homep 1 HaumeHoBaHMe KpuTepus (NapameTpa) «3eNIEHOro CTPOUTENbCTBA»

“ Cnoco6 onpenenexus
o CTO HOCTPO 32.35.4 Pea
i
CroumocTb MNCKOHTUPOBAHHbIX MPUBEIEHHDbIX 3aTPaT pac4emHo
.
CroumocTb r0OA0BbIX SKCMIYaTALMOHHDbIX 3aTpaT pacyemHo
)
CroumocTb NpuBeAEHHDIX COBOKYMHDbIX 3aTPaT M0 LIUKNY XKU3HN 06'bEKTa pac4emHo
Unnioctpauun
(yeTymK XonoaHo
1 BOAb
s ] 0T MCTOYHMKa
~ ] _ZI__—[?%_ - BOZLOCHa0XeHus
JATUMK YPOBHA |
| | Knanan canektponpusonom
K noTpebuTtento l

.q:'_': - .::.--. @

Tngpoakkymynatop XBC (pe3epsyap)

Puc. 1. (xema akkymynaLum Bobl

bannbl

0-20

0-20

0-25
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Onucanue [inA KOMMEHCaLMN MaKCUMabHO-YacoBbIX PACXOA0B BOAbI YCTaHABNMBAKTCA baKku-akkymynaTopbl. B otcyTcTue
TexHonoruu B0Z0pa306opa, Hanpumep, Houbk, 6aKky 3aNONHATCA 10 MAKCUMAbHOTO YPOBHA. B TeueHne MakcumanbHoro
B0Z0Pa36opa NPoNCXoaMT ONOpoXHeHHe baka.

O6nactb Kunble oma, 34aHNA C BLICOKMMM NUKOBBIMM Harpy3kamil Ha CMCTeMy BOAOCHabXeHuA.

npumeHeHnA

KonuuyecrBeHHble CHuxatoTca 3aTpatbl Ha NpucoeanHeHNne K CeTam BOJOCHAa0XeHuA, YMEHbLLAKTCA CeYEHUA BHYTPUNIOLAAHBIX
N KayecTBeHHble (eTel, CMArYaTCA PEXNUMbI pa60Tb| HaCoCOB Li€HTPaN30BaHHbIX ceTei.
XapaKTepUCTuKun

"pOM3BOAMTEJ‘IM MHorouncneHHble nponssoauTenu.

HaumeHoBaHue TeXHUYECKOro (I'IpOGKTHOFO) pelieHna

[paBUTALIMOHHBIN TeNNO0OMEHHNK
1A AyLIeBbIX KabuH

Homep 1 HanmeHoBaHue KpuTepus (NapameTpa) «3ef1eHOro CTPOUTENbCTBA»
(Cnocob onpeaenexuna bannbl

no CTO HOCTPON 32.35.4
Pacxoz TennoBoii SHEpriK Ha ropavee BOAOCHabXeHNe pacyemHo 0-20
Pacxop aneKkTposHeprum pacyemHo 0-15
S
llcnonb3oBaHue BTOPUYHBIX SHEPrOpecypcoB pAacyemHo 0-30
S
(ToMMOCTb rof0BbIX IKCMITyaTaLMOHHbIX 3aTpaT pacyemHo 0-20
S
(ToMmOoCTb NpuBEAEHHbIX COBOKYMHbIX 3aTPAT MO LMK XU3HM 00bEKTa pacyemHo 0-20
UnniocTpauun
Hot Drain Water from
Showers and Sinks
To Fixtures Pre-hs\?;teec:
To Water
Heater
Incoming Cold
Water
Puc. 1. Cxema Puc. 2. 06wmii Bug
TennoobMeHHIKa TennoobMeHHINKa

Drain Water
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OnucaHue
TexHonoruu

O6nacTtb
npUMeHeHus

KonnuectBeHHble
U KayeCcTBeHHble
XapaKTepucTuku

MpounssoauTenu

Ccbinku

[paBuTaLMOHHbIN TennoobMeHHuK (GFX) npeactaBnAeT coboii BepTMKaNbHbIA MPOTUBOTOUHDIIA TENT00OMEHHNK,
KOTOPbIil M3BNEKAET TeNJI0 U3 KaHaNM3aLMOHHON (Cepoit) BOAbI AnA NOAOTPEBa X0N0AHOM BOAbI C NOCEAYIOLUM
NCNoNb30BaHNeM ee AnA Aywa. [laHHbIil Ten1006MeHHNK COCTOUT U3 LieHTpanbHoli MegHoli Tpybbl 50—100 mm
(Mo KoTopoii TeyeT TennaA CTOYHaA BOAA) U CNUPany U3 MeaHoi Tpybbl 12 MM, HAMOTaHHOI BOKPYT LieHTpanbHON
Tpy6bl. Tenno nepesaeTca oT CTOYHOIA BOAbI, MPOXOAALLEI N0 6OMbLUOI LEHTpanbHoI Tpy6e, K X0N0oAHOI Boge,
[BVDKYLLIEICA BBEPX 0 CMMPan, MIOTHO MPUTIeraloLLei KBHeLLHel CTOpOHe 3Toi Tpy6bl. [nAyBenuyeHua nnoLaan
KOHTaKTa 1 ynyyLLeHua Tennonepeaauy Cnupanb HeMHOro crntoweHa. Cuctema yTunmsaumm BbIGPOCHOTO Tenna
C TPaBUTALMOHHBIM TENN00OMEHHMKOM HAXOAMUT MpUMeHeHNe AnA NoAorpeBa BOoAbl ANA AyLeN, B KOTOPbIX
noTpebHOCTb B X0ON0AHOI Bofie 1 COPOC Tensoi CTOYHOI BOAbI OT AyLUa NPOUCXOAAT OfHOBPEMEHHO.

[opAuee BofOCHabXeHe ABNAETCA OJHUM U3 OCHOBHbIX NOTpebUTeNneil TENNOBOIA SHeprui B 30aHNAX CTYAeH-
yeckux 00LLexuTil 1 apmeiickux bapakoB. lTpubausutensbHo 80—90% 3Heprim ropayeit Boabl BbibpacbiBaeTca
B KaHanu3auuio. [paBuTaLMOHHbIA Tenno06MeHHUK Obin pa3paboTaH U3HaUanbHO ANA NPUMEHEHUA B XMibe.
3Ta TeXHONornA COBMECTUMA CO BCEMM TWUMAMM CUCTEM BOAAHOTO OTOMAEHUA, B TOM UMCNe UCMONb3YHOLLKX
CONHEYHble BOJOHArpeBaTesibHble CUCTEMbI. PekoMeHAYeTca ANA KaHaNM3aLMOHHbIX CMCTEM, MOAKMIOUEHHDIX
K HECKONbKIM JyLUaM, a Takxe AnA ApeHaxa 0T KOMMepueckix NocyA0MOEUHbIX MaLLKH.

IKOHOMUA SHEPUM NPOUCXOANT BCNECTBIE MCMONb30BAHMA TEMNA CTOUHOI BOAbI AN1A IOA0TPEBa XONOAHOM BOAbI,
npeaHa3HaueHHoN AnA NCNoNb30BaHNA B AyLue. [IoA0rpeB X0N0/HOI BOAbI 3a CYeT BbIOPOCHOTO Tenna NpuBOAMUT
K YMEHbLUEHINI0 pacxofia TeMJI0BOIA SHEPriv Ha Harpes ropaueii Boabl. B AononHeHue K cbepexennio sHeprum
rPaBUTALIMOHHbIA TENNO0OMEHHMK NO3BONAET YMEHbLUNTD pa3mep 6aKoB XpaHeHNA ropaueii BOAbI U, B Clyyae
HarpeBa BoZbl B CONHEYHDbIX HarpeBaTeNiax, yMeHbLUNTb Tpebyemyto NoLab CONHEYHbIX BOAOHArpeBaTenei.
Bbino ycTaHoBNEHO, uTo 3Ta TexHonorua cbeperaet 25-30% ot 06LLEro KoNMUECTBa SHepriM, HeobXoANUMON
ANA Harpesa BoAbl AnA aywa. Mpu cpeaHem pacxode Ucnonb3oBanna 114 nMTPoB B AieHb Ha OHOTO YeoBeka
nTemnepatype Harpea 43 °C, B 3aBUCUMOCTY OT MECTOMOJOKEHNA U KNMATA, CUCTEMA FOPAYEro BOAOCHAOXeHNA
MOXET NoTpebnATb 10 60% 0T 06LLIEro roZ10BOro NOTpebAeHNA TEN0BOI SHEPTUN XKINbIMIA 30aHUAMM, 6apakam
1 00LLEXUTUAMN.

http://www.gfxtechnology.com

*  JJ.Tomlinson, GFX Evaluation, Oak Ridge, TN: Oak Ridge National Laboratory,August2000,
www.eere.energy.gov/buildings/emergingtech/printable/page2d.html)

HanmeHoBaHMe TeEXHNYECKOro (MPOEKTHOrO) peLLeHus

[paBUTALIMOHHDIII TENN00OMEHHIK
N4 NOCYA0MOEYHbIX MALLVH

Homep 11 HaumeHoBaHue Kputepus (napameTpa) «3eeHOro CTPOUTENbCTBA»

(Cnocob onpepaenexus bannbl

no CTO HOCTPON 32.35.4
Pacxoz TennoBoli 3Hepriv Ha ropayee BOAOCHabXeHue pacyemxo 0-20
Pacxoa aneKTposHeprim pacyemHo 0-15
.
@ llcnonb30BaHme BTOPUYHBIX SHEPropecypCoB pacyemdo 0-30
S
o (ToMMOCTb ro0BbIX IKCMyaTaLMOHHDIX 3aTpaT pacyemmo 0-20
S
(ToMmMOoCTb NpuBeSEHHbIX COBOKYMHbIX 3aTPAT MO LMK XIU3HU 06beKTa pacyemxo 0-20
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Wnmoctpauun

Hot water

- Cold water in

| Preheated cold water
£ to plumbing fixtures
=1 anto water heater

.:; Heat Exchanger

= Drain water

Puc. 1. Mpumep cxembl NpUCOeAMHEHNA rpaBUTaLMOHHOTO  Puc. 2. 061wil BUA Tennoo6MeHHIKOB,
Tennoo6MeHHIKa K NOCyA0MOEUHOI MaLluHe yCTaHOBNEHHDIX NapannenbHo

Onucanune
TexHonoruu

06nactb
npuMeHeHus

KonuuecrBeHHble
U KayeCcTBeHHble
XapaKTepUCTuKun

Mpoussoautenu
Ccbinku
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TemnepaTypa BOAbl, MOCTYNawLeid B MOCYAOMOEYHYl0 MaluuHy, 0bbluHo bnuska k 80 °C. Temnepatypa
CTOYHOA BOAbI, MOCTYNaKLLied OT MOCYAOMOEUYHO MALUMHBI, BapbUpyeTca B 3aBUCMMOCTU OT 3ajiaHHON
TemnepaTypbl B NOCYAOMOEYHOI MalLMHe, PACXOAA BOAbI M PACCTOAHNA MEXAY NOCYAOMOEYHOI MALLUHOI 1
Tenn006MeHHUKOM. Pe3ynbTaTbl MCCe0BaHII, ONUCAHNE U Pe3ysbTaTbl KOTOPbIX MOXHO HaiiTu B pasgene
«(cbInKI», CBUAETENbCTBYIOT 0 TOM, UTO X0/10AHAA BOAONPOBOAHAA BOAA C HAYanbHoli Temnepatypoii 10 °Cnocne
NPOX0XAeHnA yepe3 TennoobMeHHUK umeet Temnepatypy 21 °C. lpu 6onee BbICoKoIi HaUaNbHoI Temnepatype
ee 3HaueHue Nocse NPOXOX/eHNA TeNN00OMEHHIKA MOXeT focTurath 28 °C.

JDPeKTUBHOCTb  peKynepauum Tenna B  TennooOMEHHUKAX, MpeHA3HAUeHHbIX ANA  NpUMeEHeHnA
C MOCYAOMOEUHbIMM MaLUMHAMK, BapbupyeTca Mexay 60 u 85%.

TexHonorua ana pekynepauun Tenna cep0171 BOAbl W3HauanbHO Obina pa3pa60TaHa NCKNIOYNTENbHO ANA
NMPUMEHEHNUA B XWUNbIX AOMaX ANA YyTUIU3aLUUK Tenna CTOYHON BOAbl OT ﬂyLI.IEI?I. B manbHeliwem 6bino
06Hapy>KEHO, YTO 3Ta TEXHOJIOTNA ABNAETCA 3(I)¢EKTVIBHOI71 I S3KOHOMUYHOWN AnA pekynepauun Tenna CTOYHOIA
BOAbl OT NOCYAOMOEYHbIX MallWH KOHBEVIEPHOI’O T!Na B ManblX i 60NbLINX pectopaHax B COYE€TaHUN C bakom
HaKonuTenem FOpﬂl-IEVI BOAbI U/unu MPOTOYHbIMK ra30BbIMIW BOAOHATPEBATENAMMN.

JKOHOMMUA SHEPruM BO3HUKAET BCNeACTBIE MCMONb30BaHMA 0TPAbOTaHHOTO Tenna CTOYHOI BOAbI ANA NOAOrpeBa
XONOAHOI BOAbI, NOCTYNAIOLLEN B NOCYAOMOeYHY0 MawnHy. MoforpeB XonoaHo BoAbl B rPaBUTALMOHHOM
Tennoo6MeHHIKe NPUBOANT K yMEHbLUEHMI0 MCONb30BaHMA ropAYeii BoAbl. B jononHeHme K 3Heprocbepexennto
3Ta TeXHONOrA NO3BONAET YMEHbLUUTL pa3mep 6aka HaKonuTenA ropaveil BOAbI U, B Cyyae UCMOb30BaHNA
COJHEYHON SHepriv ANA Harpesa BOAbl, YMEHbLINTb pa3Mepbl U KOUYECTBO COMHEYHbIX BOAOHArpeBaTeieil.
B cnyuae ucnonb3oBaHuA B HeboNbLMX pecTopaHax unu Kade, KOraa nocyoMOeYHas MallMHa KOHBEepHOro
Tina paboTaeT B CpefiHeM 2 yaca B AeHb, 365 AHeil B rofly, 3aTpaTbl Ha 3Ty TEXHOMOMI MOTYT OKYNUTbCA MeHee
yeM 3a 3,7 rofa. B Gonblumx pectopaHax monHoOro 06CNyXnBaHWA, Npeanaralownx 3aBTpaK, 00ed u yxuH, B
KOTOPbIX NOCYA0MOEYHAA MalLMHa paboTaeT 7 YacoB B AeHb WK AONbLUE, OKYNaeMOCTb PacxoA0B MOXeET ObiTb
AOCTUTHYTa B TeYeHwe NepBoro roa.

http://www.gfxtechnology.com/; Retherm, Watercycles, PowerPipe.

* J.J.Tomlinson, GFX Evaluation, Oak Ridge, TN: Oak Ridge National Laboratory,August2000,www.eere.energy.
gov/buildings/emergingtech/printable/page2d.html

* (harles Zaloum, Maxime Lafrance, John Gusdorf Drain Water Heat Recovery Characterization and Modeling.
Final report. Sustainable Buildings and Communities Natural Resources Canada, Ottawa July 19, 2007

* Zaloum, Gusdorf, Parekh, Performance Evaluation of Drain Water Heat Recovery Technology at the Canadian
Centre for Housing Technology, 2006

* Vasile, C. F, Residential Waste Water Heat Recovery System: GFX, Center for the Analysis and Dissemination
of Demonstrated Energy Technologies (CADDET), No. 4, December 1997

* Bell, Todd, Don Fisher, and Richard Young. 2007. Specifying dishwashers & water heaters for energy. Food
Service Technology Center (FSTC) Seminar. San Ramon, CA: FSTC. Accessed 07 November 2008,
http://www.fishnick.com/education/presentations/Spec_Dish_Water_Heaters.pdf



HanmeHoBaHe TeXHNYECKOro (I'IpOEKTHOI'O) pewieHna

B |1H0YKUMOHHbIE CBETUIbHIKM

Homep 1 HanmeHoBaHwe KpuTepuA (napameTpa) «3ef1eHOro CTpouTeNbCTBa»
(Cnoco6 onpegenexus bannbl

no CTO HOCTPO 32.35.4
Pacxop aneKkTposHepruu pacyemHo 0-15
YnenbHbliA CyMMapHBIA pacxoz NePBUYHON SHEPruI Ha CUCTEMbI UHXKEHEPHOro
A YMMAPHBIN pacxon nep P P pacyemHo 0-20
obecneyeHns
S
(ToMMOCTb rofJ0BbIX IKCMYaTaLMOHHDIX 3aTpaT pacyemdo 0-20
S
(ToMmoCTb NpUBEEHHbIX COBOKYMHDIX 3aTPaT N0 LMKNY XMU3HM 00beKTa pacyemHo 0-25
Unnioctpauun
YO u3nyuenue benblit nloMuHoGop
N - CBET
3eKTPOHbI
nogmmoqeﬂme CTeKNAHHAA
Kk Gannacry konfa
/ aToMbl pTyTU
,.-"ll
¥’
KaTyLLKa MHAYKTUBHOCTM 3N1eKTPOMArHuTHoe none
Puc. 1. HaYKUMOHHbIE CBETUIBHUKIA
Onucanue WHgykumonHaa namna — 3Heprocbeperatowinii MCTOYHUK (BeTa, MPUHLMN paboTbl KOTOPOro OCHOBAH Ha
TeXHONoruun 3N1eKTPOMArHUTHOI MHAYKLWUM 1 Ta30BOM paspade ANA reHepauuu BUAMMOro ceeta. OCHOBHbIM OT/IMYMEM OT
CYLLeCTBYIOLLMX Fa30pa3pASHbIX NaMn ABNAETCA 0€33N1eKTPOAHAA KOHCTPYKLMA — OTCYTCTBIUE TePMOKATOZ0B U
HUTEl HaKaNa, YTo 3HAUNTeNbHO YBENUUMBAET CPOK CNTyObl. MHAYKLIMOHHAA NaMna COCTOMT 13 TPeX OCHOBHbIX
YacTeii: ra30pa3pALHON TPYOKM, BHYTPEHHAA NOBEPXHOCTb KOTOPO NOKPbITA NIOMUHO(OPOM, MArHUTHOTO KOAbLa
nnu crepxHA (Gepputa) ¢ MHAYKUMOHHON KaTYLLKOM, 31eKTPOHHOro 6annacta (reHepaTopa BbICOKOUACTOTHOTO
TOKa). INEeKTPOHHbI 6annacT BbipabaTbiBaeT BbICOKOYACTOTHBIA TOK, MPOTEKAWLWMIA MO UHAYKLNOHHOI
KaTyLLKe Ha MarHUTHOM KONbLie UK CTepXKHe. INEeKTPOMArHUT 1 UHAYKLUMOHHAA KaTyLKa C034aloT ra3oBblit
pa3pAn B BbICOKOYACTOTHOM 3IEKTPOMATHUTHOM MoJie, U NOJ BO3AENHCTBUEM YNbTPadUONeToBOro U3NyyeHua
paspAada NpoUCXoAuT (BeyeHne MoMuHodopa. KOHCTPYKTUBHO 1 Mo npuHLMMy paboTbl namna HanomuHaet
TpaHchopmartop, rae UMeKTCA NepBrYHaA 00MOTKa € BbICOKOUYACTOTHBIM TOKOM 1 BTOPUYHAA 00MOTKa, KoTopas
npeacTaBnAeT cob0i ra3oBblil pa3pag, NPONCXoAALLMIA B CTEKNAHHON TpyOKe.
06nactb Kommepueckue 1 0611eCTBEHHbIE 30aHNA.
npuMeHeHus
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HanumeHoBaHIe TeXHIYeCKoro (I'IpOEKTHOFO) peweHna

NHTErpaLna HU3KoTeEMNEPaTypHbIX
JHEPreTUYecKnX NoToKoB B CUCTEMAX
OTAENbHbIX 3AaHNI U KBAPTanoB

Homep 1 HaumeHoBaHMe KpuTepus (NapameTpa) «3eNeHOro CTPOUTENbCTBA»

N Cnoco6 onpepenexns
no CTO HOCTPOI 32.35.4 el

Pacxoz TennoBoli SHEPri Ha OTONMIEHNE N BEHTUAALMIO 3[aHNA pacyemHo

Pacxoz TennoBoli SHEPriK Ha ropavee BOAOCHabXeHNe pacyemHo

Pacxon aneKkTposHeprum pacyemHo

YnenbHbIit cyMMapHbIiA pacxoz NepBUYHON SHEPrIAN Ha CUCTEMbI MHXKEHePHOTO

pacyemHo

obecneyeHus
S

licnonb30BaHue BTOPUYHbIX SHEPropecypCoB pacyemHo
w

licnonb3oBaHme BO30OHOBAAEMDIX SHEPrOPeCypCoB pacyemHo
S

(ToMMOCTb roA0BbIX SKCMAYaTaLMOHHBIX 3aTpaT pacyemHo
S

(ToMMOCTb NpUBEJEHHBIX COBOKYMHbIX 3aTPaT MO LUKy XM3HM 00beKTa pacyemHo

Wnnioctpauun
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Syitem C
30°C e | ¥EED | ggec
— T2 — T4 —

» W3 : Wa NCNnonb30BaHNA SHEPTUN

W=Wi+Wa+ Wit W,

CACTEMbI HarpeBa BOfibl 3a CYET CONHEYHOM SHepruu (A), uMmeloLieli

XpaHunuLe yepe3 Tpyby D, pacnonoxkeHHyto B BepXHeii YacTh XpaHUMLLa

Puc. 1. KoHuenuma KackaaHoro

Puc. 2. I'Ipmmep NPUMEHEHNA XPaHWINLLIA TeNJa, NO3BONIAKOLLErO NHTErpaLuio

bannbl

0-25

0-20

0-30

0-20

0-30

0-30

0-20

0-25

LMPKYNALMOHHDIN HacoC (B) 1 TeNN006MEHHMK, pPacnoNoMXeHHbIil B HINKHEl YacTu
XPaHUINLLA, C CUCTEMOIA HarpeBa Bozibl 3AMKHYTOr0 TUNa, BKJIoYakoLLeil B cebs KoTen
n TennoodmenHuK (C), pacnonoXeHHblii B BEpXHEi YacTin XpaHunuiLa. XonoaHas
BOAA NMOCTYNaeT uepe3 Tpyby E, pacnonoxeHHyto BHI3Y XpaHUANLLA, U NOKMAAET



Unnioctpauun

Exhaust Air

+

|———" ——  «ReturnWater

1
‘ st ——u  Supply Heated water
y *]"':"": i——.  Supply Chilled water

Outdoor Air - Supply Air

Puc. 3. Mlpumep cuctembl mofjorpeBa u oxnaxxaeHna nputouHoro Bo3gyxa THermoNet (ABB), uHTerpupytoLLeii cuctemy pereHepanim
Tenna 11 xon04a 3 yAanAaemoro Bo3ayxa C LeHTpa/bHOIl CMCTemoli Tenno- 1 XoN0f0CHabxeHna

DX Cooling and
Heating  Cooling Dehumidification Reheat

HWCoil (W Coil  Coil DX Coil
Outdoor Air Supply Air
F 3 F 3
Solar Water
Heating Panel @) Radiant Room
Heating/Cooling
1 . Panel
From/to é‘
Local Boiler
—
=y Hot Water kL J
Storage — Shower
Tank MakE'up Grey
Watel' Water
)

Puc. 4. (xema MHTErpupoBaHMA SHEPreTUYeCKIX CUCTEM: BOZONPOBOAHAA BOAA NpeABapUTENbHO HArpeBaeTCs, UCMoNb3ya Tenno
CTOYHOII BOAbI (HaNpuMmep, OT AyLua, CTUPabHbIX MALUMH U T.N. ), U NOCTyNaeT B XpaHunuiLe Tenna. Boga, Harpetas 3a cuet
CONHEYHOI JHeprun, NepeiaeT Tenno B XpaHULLE Yepe3 TennoodMeHHIK, paCnoNoXeHHbIA B HUXHEN YacT XpaHUINLLA, a ropAYas
BO/La, HarpeTas B 6oiinepe U OT CUCTEMbI LIEHTPAIbHOTO TeNNoCHabXeHIs, nepeaaeT Tenio B XpaHUNKLLe Yepe3 Teno00MeHHMK,
panonoXeHHbIi B BepXHeil YacTv XpaHunua. lopAadas BoAa U3 BepXHeil YacTh XpaHUKLLA NOCTYNaeT B Kanopudep KOHAULMOHepa
ANA NoJ0rpeBa NPUTOYHOrO BO3JyXa, a TaKXKe UCMOb3yeTcA ANA HarpeBa BOAbI HA HyX Ay ropAyero BojocHabxenua. Boga,
YACTUYHO OXNAXEHHasA B Kanopudepe KOHAMLMOHEPA, UMeeT J0CTaTOYHO BbICOKYH0 TemMepaTypy AnA UCMONb30BaHUA B NaHeNAX
PajNaLMOHHOT0 0TONNeHNA. XoNoAHaA BOAA OT CUCTeMbI X0N0A0CHa0XeH A NOCTYNaeT B TenN00OMEHHIK KOAULMOHepa Ans
OXNaXAEeHNA NPUTOYHOTO BO3yXa 1, NOKWAAA ero, UMeeT JOCTaTOUHO HU3KYHo TemnepaTypy, AN Toro yto0bl 0Ha Morna ObiTb
NCNONb30BaHa B NAHeNAX paAnaLnoHHoro oxnaxaeHus. [pu HeobxoaMMOCTM OCYLLKN NPUTOYHOTO BO3AyXa AONONHUTENIbHOE ero
OXNaXAeHue MOXET 0CYLLeCTBAATLCA B UCNapuTeNe HeOOMbLUOI XONOAUbHOI MaLLWHbI, TENO KOHAEHCATOPa KOTOPOI MOXeT ObITb
CMONb30BaHO AA OrpeBa NPUTOYHOr0 BO3AyXa 0 TemnepaTypbl Nofaui B noMelLeHns. YacTb Tenna KoHAeHcatTopa MoXeT ObITb
YTUNM31POBAHA Yepe3 XpaHunuLLe Tenna



OnucaHue
TexHonoruu

06nactb

3ﬂaHVI€ I'IOTpEﬁJ'IﬂET JHEPrUIo Ha 0TONNEHNE, OXJ1aKAE€HWE, Harpes BOAbI ANA bbITOBOrO I'IOTpGﬁJ'IeHI/Iﬂ, ocBelleHune
NHa 6bITOB)'|0 TEXHUKY. Pa3J'II/I‘4HbIey|IJOBHI/I Kauye(TBa sHeprun H€06X0}1I/IMbI ANA3TUX Lenei (Hanpmmep, KayecTBo

Heprum, HeobXxoAUMOil AnA NPON3BOACTBA ropAYeil BObI, HarpeBaemoli mpumepHo Ao 55 °C Bbiwe, yem Ana
HarpeBa KomHaTbl 710 20 °C). Kpome Toro, KauecTBo JHeprin, NOCTynaloLLeil 0T pailoHHOM UK MeCTHON CUCTeMbl
OTOMNEHNA 1 OXAXEHNs, BbilLie, YeM KauecTBO OONbLUIMHCTBA MOTOKOB BbIOPOCHOI SHEPrin, KOTOpble MOryT
ObITb ZOCTYMHbI B 34aHNI WIN JOCTABAATBLCA K 3[aHMI0 SKOHOMUYECKI IOOEKTUBHBIM CnocoboM. 3Ti BTOPUYHDIE
MOTOKW HEprM MOTyT BKJIoyaTb B cebA M3NWWKNA Temna OT OAM3NeXallux NpOMbILLIEHHbIX 00beKToB,
KaHanu3awmu, Tensno ot KOHAEHCATopa XoNOANNbHbIX MALLWH, BO3BPATHbIE NOTOKM BOAbI CACTEM OTOMNEHUA UMK
OXNaXKAEHNA 30aHNA WM LIeHTPaN30BaHHbIX CUCTEM TennocHabXeHnA 1 XonofocHabxeHua, Boja, HarpeTas

B COJIHEYHbIX MaHeNAax, u T.n.

MHTGFpI/IpOBaHVIe N BTOpPUYHOE WUCNONb30BAHIE SHEPIUKM OT WUCTOYHWKOB HU3KOI0 KayecTBa C CUCTEMAMM,
NOCTaBJIAKOLLNUMUI SHEPTUI0 BbICOKOT0 Ka4eCTBa, MO3BOJIAET CHIXATb 06LI.WII7I pacxod sHeprun n ee CToUMOoCTb.

3paHuA ¢ 60nbLINMI 1 pa3HOOOPA3HBIMU SHEPreTUYeCKIMI CUCTEMAMMU.

npuMmeHeHnA

KonuvectBeHHble
1 KayecTBeHHble

XapaKTepuCTuKkun N NHTErpaLna NOTOKOB SHEPTUN PA3IMYHOT0 KayeCTBa MO3BOJIAET:

- COKpATUTb 06LLMIl pacxoZ NOTPebNEeHNA SHEPTUN 1 COKPATUTb OTXOADI;
- NOBBICUTb 3$GEKTUBHOCTb UCMONB30BAHIA TONNNBA;

KaCKaﬂl/IPOBaHVle (I'IOBTOpHOQ UCNoNb30BaHMe) NOTOKOB JHEPrun n3 obnacreit, Tpe6y|ow,|/|x JHEPruo BbICOKOro
JHEPreTuyeckoro ypoBHa K ﬂOTpeﬁl/ITeﬂﬂM, KOTOpbI€ MOTYT UCNOb30BATb SHEPTUID bonee HU3KOTO KauecTga,

- YMEHbLIUTb pPa3mep 06opyu03aH|/|ﬂ 1 pacnpeaenunTeNibHbIX ceTeil, a TaKxe pacxod 3HEPrun Ha Harpes

N oXJlaXeHune;
- CHU3UTb TENNOBbIE NOTEPU B CETAX;

- COKpPATUTD Bbl6p0(bl B aTMOc¢epy MapHUKOBBIX ra30B 1, (Jie0BaTEIbHO, COKPATUTD 0bwme 3daTpartbl.

NMpouzBogutenu WHxeHepHble GrpMbI 1 MOCTABLLMKI KOMMOHEHTOB dHeprocheperatuimx cuctem.

CcoInku

»  [EAECBCS Annex 49. Low Exergy Systems for High Performance Buildings and Communities. Annex 49 Report
*  Evaluation of European District Heating Systems for Application to Army Installations in the United States.

ERDC/CERLTR-06-20

HanmeHoBaHe TeXHNYECKOro (I'IpOEKTHOFO) pelueHna

WHpakpacHble oborpesatenu

Homep n HanmeHoBaHe Kputepus (NapameTpa) «3eN1eHoro CTpoUTeNbCTBaY

N Cnocob onpepenexuns
o CTO HOCTPOV 32.35.4 PeR
Pacxon TenoBon JHEPruit Ha OTONNIEHNE U BEHTUNALINIO 3AaHNA pac4emHo
Pacxon 3NEKTPO3HEPrin pac4emHo
y
CTOVIMOCTb rofo0BbIX 3KC|'|J'|yaTa|.I,V|0HHb|X 3anaT pa(‘lemHO
y
CTOMMOCTb NPUBEZIEHHBIX COBOKYMHBIX 3aTPaT N0 LMKy XKU3HI 06bEKTa pacyemHo
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bannbl

0-25

0-15

0-20

0-25



Unnioctpauun

Puc. 1. 06orpes KoHBEKTOpaMM Puc. 2. 06orpes nHdpakpacHbIMM 0borpeBaTenamu
Onucanue MpumeHeHne nHGpakpacHbIX oborpesateneli NO3BONAET OCYLYECTBAATL NOKANbHbIA 060rpeB OTAENbHbIX 30H
TexXHonorum Pa3nNyHOro HasHaueHuA. Mpu 3TOM B pa3HbIX YacTAX NOMELLEHUA BO3MOXHbI MOAAEPXaHUe U PerynupoBKa

PEXIUMOB C Pa3NIMYHON TemnepaTypoii.
O6nactb lMomeLLeHIA C BpeMeHHbIM UK NepuoamMyeckium npebbiBaHnem Niofeil.
npUmMeHeHus
KonuuectBeHHble  [0710Bas 5KOHOMIA IHEpriuv B nomeLuieHnm 12 x 6 x4 m? (r. C16) npu oTonneHnn uHpakpacHbiMu 06orpeBaTensmu
1 KayecTBeHHble 110 CPaBHEHMIO C OTOM/IEHMEM KOHBEKTOpamu cocTaBmT 15%.
XapaKTepucTuKm

HanmeHoBaHe TexHYeCKoro (I'IpOQKTHOFO) pewieHna

icnonb3oBaHue KOHAeHcaTa oT KOHAULWOHEPA

Homep 1 HaumeHoBaHMe KpuTepua (MapameTpa) «3eNeHOro CTPOUTENbCTBA»

Cnocob onpenenelna  bannbl

no CTO HOCTPOV 32.35.4
97 BonocHabxeHue 3panma DacyemHo 0-5
@7 YTunusauusa ctokos DacyemHo 0-15
S
0 (ToMMOCTb roA0BbIX IKCMAYaTaLMOHHBIX 3aTpaT pacyemHo 0-20
@7 (ToMmMOoCTb NpUBEJEHHbIX COBOKYMHbIX 3aTPaT MO LKA XM3HM 06beKTa pacyemdo 0-20
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1 KauecTBeHHble
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(C noBbiLIeHNEM Yyrpo3bl HEXBATKWU BOAbI MPUMEHEHWE KOHAEHCATA, 06pa303aHHoro B OXNaXaaloLlen cexuum
KOHANLNOHEPA, Mony4yaeT BCe bonbluee pacnpocTpaHeHne B CNy4dadAx, Koraa BO3MOXHO WCMOJib30BaHKE
TEXHNYECKON BOAbI. B oxnaxaatLueid cekumm KOHAMLNOHEPa B pe3yNnbraTe CONMPUKOCHOBEHUA C MOBEPXHOCTbIO
TennoobMeHHIKa BO31yXa, UMELEero TeMnepaTypy HMXKe TOYKM pocbl, KOHACHCUPYETCA COAepXallaAca B
BO3AyXeBnara, KoTopaa C06|/IpaeTCﬂ BMOAZAOH,d3daTEM NOCTYNAET B LLJ1AHT, I'Ipl/l(OE}ZI,I/IHeHHbIVI K KaHan13aLnOoHHOM
cucteme. KonaeHcar, no CyLlecTBy, ABNAETCA }J,VICTVIJ'IJ'II/IpOBaHHOIZ BO/0iA C HU3KUM cofep*KaHnem MnHepanbHbIX
BeLLecTB, HO Npu 3TOM MOXKET COAEPKATb 6aKTep|/||/|. KonpeHcar, OﬁpaBOBaHHbIVI B cucTeme KOHANLUMOHUPOBAHUA
BO34YyXa, MOXET NpuBecTn K 06pa303aHm0 NIernoHenn n apyrux 6a|<Tepm7| B BO3AyXe U, KaK 0b10 YCTaHOBNEHO,
MOXeT ABUTbCA I'IpI/NI/IHO|7| BCMIbILLKM 3a60neBaHuii B 60an|/|uax, MOTEJIAX N Ha KPYU3HbIX CyLAaX. OnacHoctb
3dpaXeHna BO3ayXa NernoHennoii B pe3ynbrate KOHAEHCaUWuu BNarn B CUCTEMaXx KB Hactonbko Beamka, uto
noABUNNCb KOMMEPYECKN JOCTYNHbIE CPEACTBA AN1A NPEAO0TBPALLEHNA POCTa MI/IKpOﬁOB B KOHAEHCaTe. 06p&60TKa
KOHJ1eHCaTa N03BONAET UCKNIYUTD J'II06yl0 BO3MOXHOCTb 06pa3OBaHI/IFI a3p03one|71, Hecywwunx 6a|<Tep|/w|, KoTopble
MOryT nonactb B AblXaTejibHbl€ NYTU. KonneHcat moxer ObITb MCNONb30BaH )14 N0A3€MHOro opoLLeHna uu
npouecca oxnaxAaeHua B rpaaupHAxX, npu ycnoBun bronornyeckoii 06p&]60TKVI BoAbl. PacnbineHna KoHaeHcaTa
(Hanpm\nep, C NOMOLbK CMPUHKNEPOB, YCTAHOBJIEHHbIX Ha ra3oHax) aepyert n3beratb U3-3a BO3MOXHOCTH
nonagaxusA 6a KTepI/Il7I B bIXaTeJIbHblE€ NYTI YEJI0BEKA, HAX0AALLEroca BONM3N 0T MecTa pacnbineHna. Pa3p360TaHbI
FI/I6pI/I)J,HbIe CUCTEMDI, KOTOPbIE UCMOJIb3YIOT COYETAHNE KOHAEHCATA U N0X/eBoii BOAbl, NoCTynawLLKX B 06LLmiA

pe3epByap.

Hanbonee 4acTo KOHAEHCAT OT KOHAMLIOHEPOB UCMONb3YETCs ANA:

- OPOLLEHNS Fa30HOB (MPY OTCYTCTBUN BUONOTUYECKOI OUNCTKN UCMONb3YETCA TONbKO ANA
N0/13eMHOT0 OpOLLEHNS);

- HaMONHEHNA NNABATeNbHbIX 6ACCEIHOB (MPU HANMYMN BUONIOTNYECKOI OUNCTKI);

- BTpaZupHAX (MOXeT NofaBaTbCA HENOCPEACTBEHHO 6€3 PerynupyloLMX KnanaHoB);

- IPOMBILLEHHbIX NPOLIECCOB U B KAUECTBE NOAMUTOYHOI BO/bI B NApOBOA CUCTEME.

B bonbinx Kommepueckix 30aHNAX KoAMuecTBo 00pa3oBaHHOro B cuctemax KB KonAeHcata, Kak npasuo,
AOCTAaTOYHO AnA obecneueHna notpedHOCTM B Boje ANA NaHAWwadTHoro opowenna. (6op u npumeHeHune
KOHAeHcaTa Haubonee LienecoobpasHbl B KnuMate ¢ BbICOKOW BAAXHOCTbI) HApYXHOro Bo3ayxa. Konnuectso
KOHZEHCUPOBAHHOM BOAbI MOXeT BapbMpoBaTbcA oT 12 fo 40 n B cyTkn Ha 100 KBaApaTHbIX MeTpPoB
KOHAULMOHMPYEMOTO NOMELLEHMA 1 BO MHOTOM 3aBMCUT OT MECTHOTO KNMaTa, pa3HOBUAHOCTI MCMONb3yeMmoli
CMCTEMbI BEHTUAALMN W KOHANULMOHMPOBAHMA BO3AYXa U Ha3HaueHuA 3aaHuA. OducHoe 3haHne naowagblo
1000 kBaapaTHbIX METPOB MOXKET NPOU3BOAUTL 6onee 60 M* KOHAEHCATa B rof,.

*  Bob Boulware. Air Conditioning Condensate Recovery. Environmental Leader. January 15, 2013

*  (SA. 2009. US General service administration (GSA).
Design Build Guidance Criteria Water Efficiency Requirements

*  Fraser Allport. The structure of H20. April/May 2010. The NAWIC IMAGE.org.
http://www.daengineering.com/publications/docs/Structure%200f%20h20.pdf

»  AWE. Condensate Water Introduction. 2010. Alliance for Water Efficiency.
http://www.allianceforwaterefficiency.org/Condensate_Water_Introduction.aspx



HanmeHoBaHue TeXHUYECKOro (I'IpOEKTHOFO) peLeHna
KoreHepauus

Homep 1 HanmeHoBaH1e KpuTepus (NapameTpa) «3eNeHoro CTPOUTENbCTBAY

7 Cnoco6 onpenenequst  bannbl
o CTO HOCTPOIA 32.35.4 s
Pacxop Tenn0Boi SHeprum Ha OTOMNEHME 1 BEHTUAALMIO 30aHNA pacyemHo 0-25
Pacxoz TennoBoli SHepriM Ha ropayee BoZOCHabXeHue pacyemHo 0-20
Pacxof aneKTposHeprin pacyemHo 0-30
YaenbHblii CyMMapHblil pacxof, NepBUYHON SHEPTUN Ha CUCTEMbI MHXKEHEPHOT0
A YMMapHBIA PACIOA nep P P pacyemHo 0-20
obecneyeHns
5
llcnonb30BaHme BTOPUYHBIX SHEPropecypcos DacyemHo 0-30
) .
MuHMI3aLmMA BO3AEIACTBIA OT IKCNNYaTaLN U YTUAN3ALIAN 34AHNA thakmuyecku 4
S
(TOUMOCTb AMCKOHTMPOBAHHbIX UHBECTULMOHHDIX 3aTpaT pacyemHo 0-20
5
(ToMMOCTb rof0BbIX IKCMNYaTaLMOHHBIX 3aTpaT pacyemHo 0-20
S
(ToMmoCTb NpuBEAEHHbIX COBOKYMHDIX 3aTPaT N0 LMKNY XM3HM 00beKTa DacyemHo 0-25
Onucanme KoreHepauma npeactasnAet coboit BbICOKOIQPEKTUBHOE UCMONb30BaHME NEPBUYHOTO UCTOYHMKA SHEPrim —
TeXHonornu rasa unu au3enbHoro TonauBa, AnA NonyyeHna AByx Gopm nonesHoi 3Heprum — TennoBoil U SNeKTPUYECKoil.

[MaBHOE MpPeMMYLLECTBO KoreHepatopa neped O0ObIYHbIMI TEMNOINEKTPOCTAHUMAMI COCTOUT B TOM, UTO
npeobpa3oBaHie SHepriav 3hecb MPOUCXOAUT C Oonblueil IOEKTUBHOCTbIO. WHBIMI COBaMM, CACTEMA
KoreHepaLuu No3BoseT UCMOb30BaTb TO Tenno, KOTopoe 06bluHO MpocTo TepAeTcs. Mpu 3TOM CHUKAETCA
NOTPe6HOCTb B MOKYMHOI HEPriin Ha BENMUNHY BbipabaTbiBaeMblX TEMMOBOI 1 SNEKTPUUECKON JHEPruM, UTo

CI'IOC06CTByET YMEHbLLEHNIO NPOU3BOACTBEHHbIX PACX0A0B.

06nactb 31aHuA Mo6oro Ha3HaueHus.
npuMMeHeHus

KonuuyectBeHHble HPEI/IM)ILI.I,ECTBaMVI KOreHepPaLNOHHbIX YCTAHOBOK ABNAKTCA:

N KayecTBeHHble - HI3KaA No CPaBHEHUHO C Tapm¢aM|/| LEHTPAN30BAHHbIX CUCTEM CTOUMOCTb kw Yada,

XapaKTepUCTuKun - MeHbLLIne NoTepu npu nepeaaye TennoBon JHEPrui B CPaBHEHNN C LLEHTPANIbHbIMU TENJIOTPACCAMIA.
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HanmeHoBaHe TeXHUYEeCKoro (I'IpOGKTHOFO) pelieHna

KOHJIeHCaLOHHbIe KOT/b!

Homep 1 HanmeHoBaHme Kputepus (napameTpa) «3eN1eHoro CTPOUTENbCTBAY
no CTO HOCTPOI 32.35.4

Pacxop TennoBoi SHepruu Ha 0TonNeHe U BEHTUNALMIO 3[aHNA
Pacxop TennoBoV SHEPriN Ha ropAYee BOAOCHAbKeHe

Pacxon JNEKTPO3HEPrin

YnenbHblii cymmapHblil pacxoz NepPBUYHOI SHEPTIM HA CUCTEMbI MHXKEHEPHOTO
obecneyeHusa

N
@ (ToumocTb rofoBbIX 3KCNJTyaTallMOHHbIX 3aTpaT

N
@ (Toumoctb NPUBEAEHHDIX COBOKYMHbIX 3aTPAT MO LINKNY XXU3HU obbekTa

Unnioctpauuu

Onucanune
TeXHONnoruu

76
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Puc. 1. MonepeuHoe ceyeHue NpocToro
KoHpeHcaumoHHoro kotna (CIBSE, 2009):

1 — BeHTUNATOp, NOAAEPKMBAOLLWIA TATY;
2 — YyTyHHble CEKLN KOTNA;

3 — [ipeHaX KOHAEHCaTa

(noco6 onpenenenus

pacyemHo
pacyemHxo
pacyemHo
pacyemHo
pacyemHo

pacyemHo

Puc. 2. KonaeHcaumoHHbii boinep Viessmann Vertomat

bannbl

0-25

0-20

0-30

0-20

0-20

0-25

KoHpeHcaumoHHble KOTbl NpeAcTaBAAT co60ii BogoHarpeBatenu, Bbicokuii KITJ kotopbix (06biuHo bonee 90%)
JOCTUTAETCA 33 CYeT UCMOMb30BAHNA OTXOAALLEr0 Tenia B AbIMOBbIX Fa3ax ANA NpeABapUTENIbHOMO Harpesa

XONOAHOI BOAbI, I'IOCTyI'IalOI.IJ,EVI B Koten. (Boe Ha3BaHue TaKne KOT/bl nojyyunu noTomy, 4to BOAAHbIE Napbl,
06pa3yl0umecn Npn ropeHNm, KOHAEHCUPYIOTCA B BOAY, KOTOPAA BbIXOAUT U3 CUCTEMbI YEPE3 APEHAX. 06paTHaFI
BOAa, NocTynatoLiaa npu HU3KOIA Temneparype B KOHAEHCALMOHHDBIA Tenn000MeHHUK, OXNaXpaaeT AbIMOBble
rasbl. Ecam TeMNepatypa BoAbl I'IpVI6]'IVI3VITeJ'IbH0 55 °C, BOpAHON Map B AbIMOBbIX ra3aX KOHAEHCUPYETCA U
BblAeNAeT CKpbITOE TEMJIO. Yem Huxe Temneparypa 06paTHOI7I BOZbl, TeM 60NbLUe KONMYeCTBO KOHAEHCUPyemoro
napa n Tem BbliLle Bq)q)eKTVIBHOCTb koTna. KoHAeHCaLMOHHbIe KOT/bI MoryT pa60TaTb Ha ra3e Win Ha XUAKom

Tonyinee.



O6nactb
npUMeHeHus

KonuyecTBeHHble
1 KauecTBeHHble
XapaKTepUCTUKM

Mpoussoautenu

CcoInku

KoHAaeHcaLmoHHbIe KOT/Ibl B HACTOALLIEe BPeMA B 3HAUUTENbHOI CTeNeH 3aMeHAIOT NPUBbIYHbIE TPAAULNOHHbIE
TUNbI KOTNIOB B CUCTEMAX Pa3fIMYHOrO pa3mMepa W Ha3HAYEHNA: OT XWbIX 0AHOCEMENHbIX JOMOB [0 CUCTEM
LieHTpanbHoro TennocHabxexua. OHM yacto ucnonb3ytotca B EBpone n, B MeHblueil cTeneHn, B (eBepHoil
Amepuike. KoHAeHCaLMOHHBIN KOTen ABNAETCA Hanbonee SKOHOMMUHBIM, KOrAa 0becneunBaeT 6a30Byio Harpy3ky
B COYETaHUN C MeHee SOPeKTUBHBIMU KOTamIn ANnA obecneyeHra NoTpebHOCTY B Tensie NPy NUKOBbIX Harpy3Kax.
KoHpeHcaumoHHble KOTbl 3KOHOMUYHDI, Koraa oHu pabotaiot ot 1500 go 2500 yacoB B roa. [inA nyueil
JKOHOMUKM KOHJEHCALMOHHbIe KOTAbl JOMKHbI pabotatb 6onee 2500 uacoB B rof. HuskotemnepatypHble
CUCTeMbl OTOM/IEHUA (Hanpumep, Tensible MONbI WK NOTONOYHbIE CMCTEMbI TyYnCTOro oborpesa) MoryT pabotatb
npu Temneparype 06patHoii BoAbl Hike 30 °C B TeueHe BCero 0TONMTENbHOTO (e30Ha, UTO ieIaeT TaKue CMCTembl
naeanbHbIMM A1A NPUMEHeHNA KOHAEHCALNOHHbIX KOT/OB.

KM KoHOeHCauuoHHOro KoTna npu MONHOW Harpy3ke moxeT npesbiwatb 90% u gocturatb 95% npu
YACTUYHOI Harpy3ke. JKOHOMMA SHepriv Npu NpUMeHeHUN KOHZEHCALMOHHbIX KoTnoB coctanaer 10-20%
N0 CpPaBHeHMo ¢ 00bIuHbIMYM KoTnamu be3 kondeHcauuu. K[ kotna najaet, koraa obpatHas Boja nocTynaet
B KOTeJ1 C Temnepatypoli, npeBbiwaklieil 55 °C, uTo CHKaeT ypoBeHb KOHAEHCaLMI NapoB B TeNN000MeHHIUKe.
KoHneHcawmnoHHble KOT/b MY 3TOM MeHee HaJieXHbl, TpebyloT NpodeccuoHanbHOI YCTaHOBKN 1 PErynsapHOro
obcnyxuBanua. B Benukobputanum u CLIA cToMmMoCTb KOHAEHCALMOHHBIX KOTNIOB M UX YCTaHOBKM Ha 50%
MPeBbILLAET aHANOrNyHble 3aTpaTbl Ha TPaAULMOHHbIE KOTAbl. (OrnacHo MCCNefoBaHmio, NPOBOAMUBLLEMYCA
B BenukobputaHum B 2006 rofty, JONONHMTENbHbIE 3aTPaTbl Ha YCTAHOBKY KOHAEHCALMOHHOTO KOT/A OKYNakTCA,
B 3aBUCUMOCTY OT LieH Ha TonnuBo, 3a 3—5 net (Building Research Establishment: Information Papers 10-88 and
19-94).

MHorouncneHHble npousBoanTeni.

»  (IBSE. 2009. Energy Efficient Heating. KS14

»  ASHRAE Handbook.2008. HVAC Systems and Equipment. Chapter 31

»  BRE. 1988. Building Research Establishment: Information Paper 10/88. Performance of gas-fired condensing
boilers in family housing

*  BRE. 1994. Building Research Establishment: Information Paper 19-94 Condensing boilers: a review of their
performance in practice

HaumeHoBaHMe TeXHUYEeCKOro (MPOeKTHOro) peLueHna

KoHTponnepbl ApKoCTY CBETA

Homep 11 HaumeHoBaHKe KpuTepua (NapameTpa) «3eN1eHOro CTPOUTENbCTBA»

Cnocob onpenenenuna bannbl

no CTO HOCTPON 32.35.4
) .
@ (BeToBoil KOMdoOpT pacyemxo 3-13
Pacxop TennoBoi SHeprum Ha OTONNEHME 11 BEHTUNALMIO 3[aHNA pacyemmo 0-25
Pacxop aneKkTposHeprum pacyemxo 0-30
YnenbHbIin CyMMapPHbII pacxo NEPBUYHOI SHEPTUN HA CUCTEMbI MHMKEHEPHOTO
A YMMapHBIA PACoR nep P P pacyemHo 0-20
obecneyeHus
S

(ToMMOCTb ro0BbIX IKCMAYaTaLMOHHBIX 3aTpaT pacyemxo 0-20
5

(ToMmoCTb NpUBEAEHHbIX COBOKYMHDIX 3aTPaT N0 LMKNY XM3HM 00beKTa pacyemxo 0-25
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Puc. 1. KoHtponnepbl ApKOCTH (BETa

(nctembl JNEKTPUYECKOro OCBeLLleHNA ABNAITCA OCHOBHbIM I'IOTpEﬁI/ITEJ'IEM JHEPrun B 06LIJ.ECTB€HHbIX n
KOMMepPYeCKNX 34aHNAX. Tenno, BblienAemoe iamnamu, Takxe NOCTynaeT B MOMeLLIeHNE I MOXeT ObITb YAaneHo
13 Hero cucrtemamm KOHANLUOHUPOBAaHNA BO3ayXa B Tennblid nepuoa roaa. B XONOAHbIA nepuoa rofia 31o Tenno
Urpaet noJIoKNUTENbHY POJib, NOCKONbKY CHUXKAET I'IOTpEGHOCTb B OTOMNEHNN.

OAHI/IM N3 nyymnx cnoco6oB YMEHbLLUNTb PacXoA 3NEKTPOSHEPTU Ha OCBELLeHe — BKNKOYaTb C(BET TONbKO
no mepe H€06X0,£|,I/IMOCTI/I. 370 MOXHO CAeNnatb BPy4Hy0, HO CaMbiM HaE€XHbIM U 3¢¢EKTMBHbIM cnocobom
ABMAETCA NPUMEHEHEe CUCTEM aBTOMATIIYECKOr0 KOHTPONIA.

KOHTpOJ'Ib APKOCTI (B€Ta OCHOBAH Ha WCNOJIb30BaHNU ONTUYECKOr0 AaT4yuKa AnA U3mepeHusa oCBeLeHHOCTH
B pa6oqe|7| 30He. Ecmn Tpe6yeMb||7| YpOB€Hb OCBELLEHHOCTI AOCTUTHYT, AATYMK NOAAET CUTHAJT Ha OTK/IIOYEHNE
pAaaa namn. Takue cuctembl MOTYT ynpaBNATb pAfamMn 0CBETUTENbHbIX ﬂpl/lﬁOpOB BONU3N OKOH UNK B uenom
3[dHNK, NOABEPKEHHOM BO3/1eMCTBUIO THEBHOIO (BETa. (nctembl KOHTPONA MOryT ObITb 3aMporpamMmmMnpoBaHbl
TakKUM o6pa30M, yTo06bl U3MEHATD APKOCTb OCBETUTEJNIbHbLIX I'IpVI60pOB 4514 noaepaHuna Tp66YEMOr0 YPOBHA
0CBeLeHHOCTK. Hap,nemaw,me YPOBHUN O0CBELLEHHOCTU ANA nomeLLeHui Pa3NIMyHOro Ha3Ha4yeHUA MOKHO HaiiTn
B (neLnann3npoBaHHbIX CMPaBOYHbIX nocobusx. yﬂpaBJ’IﬂTb CUcTemamm ocBeLLieHnA MOXHO nnéo (TyneHyato,
OTKNKYaA pAdbl OCBETUTENbHbIX ﬂpl/lﬁOpOB, nnéo MJIaBHO, MEHAA APKOCTb I'Ipl/l60p08 OCBELLEeHNA nyTem
N3MEHEHNA YPOBHA MOLLHOCTHI.

0ObwecTBeHHbIe, KOMMepYecKune, Xunblie 1 npoMblLLINEHHbIE 31aHUA.

Ecnn npeanonoxuTb, uTo ecTecTBEHHOE AHEBHOE OCBELLEHNE MOXET 06ecneyntb JOCTAaTOYHO (BETa, uTOObI
NCKIOUMTb HEOOX0AMMOCTb B UCKYCCTBEHHOM OCBELLEHUN B CPeAHEM Ha 6 YacoB B [JieHb, CPeAHuii pacxop
ANEKTPUYECKON IHEPTUN HA OCBELLIEHNe MOXET ObITb CHIKEH Ha 25% B 3aHIK, paboTaloLLem KpyrnocyTouHo.
YpoBeHb 3KOHOMUM SHEPTYUI 3aBUCHT, IPEX e BCEro, 0T Tpebyemoro ypoBHA APKOCTY 1 OFHOPOJHOCTY OCBELLEHMA
MOMeLLieHIs, KONNYECTBA U PaCcnoNoKeHNA OKOH. YPOBEHb HePaBHOMEPHOCTY OCBELLEHUA 1 Hanuyme 6n1KoB,
KoTopble 661111 6bl Henpuemnembl B 0uce, MOryT ObITb JOMYCTUMBI B Ka3apMe.

JKOHOMMA 3NEKTPOIHEPIUI 33 CYET KOHTPONA APKOCTA OCBETUTENbHBIX NPUOOPOB CyLieCTBEHHA B i0ObIX
KNMMaTIyeckmx ycnoBuaXx. Mpn 3Tom pacxof rasa Ha 0TonseHue yBeNMUMBAETCA TaKxKe B N1060i KNuMaTnyeckoli
30He3a CYeT CHUXKEHMA YACTU OTONUTENbHO HArpy3Ki, NOKPbIBAEMOI TEN/IOM, BbIAENALNMCA OT 0CBETUTENbHDIX
npu6opos. B Lenom KoHTpoNb APKOCTY OCBELLEHMA NO3BONAET IKOHOMUTD IHEPruio B NtoboM MecTe, Npu 3Tom
HanbonbLuasA SKOHOMUA LOCTUTAETCA B TeX KNUMATUYECKNX 30HaX, rAe AOMUHNPYET NOTPEOHOCTb B OXNaKAEHMIA.
(pok 0KynaemocTy 3aBUCUT OT MeCTa pacnonoXeHua 3aaHua n konebnetca ot 1,5 roga (Hanpumep, B Manepmo,
Wranua) po 4 net (Hanpumep, B Tamnepe, OuHnAHANA).

Honeywell, Aube, Lux, Robert Shaw, White Rodgers u gpyrue.

*  http://www.energyautomationinc.com



HanmeHoBaHe TeXHUYECKOro (I'IpOEKTHOI'O) pelieHna

ABTOMaTVBI/IpOBaHHbIe KYXOHHbI€ BbITAXKKU

Homep 1 HanmeHoBaHIe Kputepus (NapameTpa) «3eN1eHOro CTPOUTENbCTBAY

Cnoco6 onpegenexus bannbl

no CTO HOCTPOI 32.35.4
S
KoHTponb n ynpaBneHue cucteMamm HXeHEPHOro obecneyenna 3fanma (hakmuyecku 5
Pacxon Tenn0BoW SHeprum Ha 0TONNEHMeE 1 BEHTURALMIO 3[aHNA pacyemHo 0-25
Pacxof1 aneKTpoIHeprim pacyemHo 0-30
YaenbHblil CyMMapHblil pacxof NepBUYHON SHEPTUN Ha CUCTEMbI MHXKEHEPHOT0
A YMMapHBI pacxof nep P P pacyemHo 0-20
obecneyenus
S
(ToMMOCTb rof0BbIX IKCNITyaTaLMOHHbIX 3aTpaT pacyemHo 0-20
S
(ToMmoCTb NpuBEAEHHbIX COBOKYMHDIX 3aTPAT MO LMKNY XU3HM 00beKTa pacyemHo 0-25
UnniocTpauun
Temperature
Air Purge Unit Sensor 1/O
Processor
W g gx @
Optic
Sensor J
Puc. 1. (xema KOHTpONIA BbITAXHOTO 30HTa (UMbl
Onucanue K coBpeMeHHbIM KyXOHHbIM CUCTeMaM BEHTUAAL MM NPeAbABNANTCA 6onbLune TpeboBaHNA, YeM NPOCTO yAANATb
TEXHONOrum Tenno 1 AbIM Npu camoil HU3Koli cebecToumocTi. Bnagenbupl 1 MeHemxepbl, paboTatoLume B pecTopaHHOIl

NPOMbILUNEHHOCTY, XOTAT UMETb CUCTeMBI, KOTOpble ABNATCA 607ee SHeprodddeKTUBHbIMY, TPebYIOT MeHbLLero
obcnyxnBanma, 6onee yaobHble U N03BONAKT C0bMOAATL OoNee CTporue CTaHAAPTbI K KAueCTBY BHYTPEHHEro
B03AyXa. Elle HecKonbKo NeT Ha3aj cuctemMa KOHTPONA ANA KyXOHHOI BEHTUNALMN COCTOANA B OCHOBHOM 13
PYYHOT0 BK/I0YaTeNa/BbIKI04aTena 1 MarHUTHOTO pene N nyckatens And Kaxaoro BeHtunAtopa. lputouHas
N BbITAXHaA BeHTUNALNA nubo pabotana npu 100%-Hom pacxofe Bo3jyxa, nubo oTCyTCTBOBana BoobLue.
(oBpemeHHble CUCTEMbI OCHALLEeHbI MUKPOMPOLIECCOPHBIM YNPaBAeHNEM C laTYMKaMI, KOTOPble aBTOMATUYeCKU
U3MEHAIOT CKOPOCTb BPALLEHMA BEHTUNATOPA B 3aBUCUMOCTI OT 3arpy3KU KyXHU 1/uni BpemeHn cyTok. OaHa u3
(TpaTeruii ynpaBneHuA 0CHOBaHa Ha KONMYECTBe BbIAENANLLEroca Tenna, AbIMa 11 NapoB Mpu MPUTOTOBIEHNN
nuwm (To ecTb, Yem bonbLue Tenna 1 AbiMa/napoB 06pasyeTca B NpoLiecce, Tem UHTEHCMBHee JOMKHbI paboTaTb
CUCTEMbI BEHTURALIN).

31 CUCTeMbl BKNKYAKOT B e0A TeMnepaTypHblii JaTYMK B FOPAOBMHE BbITAXXHOIO 30HTA 11 OMTUYECKNIA JATUMK,
PacnonoXeHHbIN Ha BXOZE B 30HT Ha KOHLLE KanoToM, a Take YacToTHOro npeobpa3oBatena AnA perynupoBaHis
CKOPOCTY BpaLLeHNA BeHTunATopa. (cTema ynpaBneHua U3MeHAeT Pacxog yaanaemoro v npuToYHoro Bo3ayxa
Mpu MOMOLYN YacTOTHbIX npeobpa3oBatenieil. 3T npeobpa3oBateny MOMYYaloT KOMaHZY OT LiEHTPanbHOro
npoLeccopa, KOTopblii NoNyyaeT BXOAHbIE AaHHbIE 13 ABYX UCTOUHIKOB: (1) nHdpakpactoro (MK) nyya, kotopblii
nepeceKaeT 30HT BAONb ero ANMHHON CTOPOHbI, 1 (2) TeMNepaTypHOro aTumKa, YCTaHOBAEHHOTO B BITAXKHOM
Bo3ayxoBoze. [Tomexu Ha nyT! uHOpPaKpacHoro Nyya WaN yBenuueHne Temnepatypbl BO3AyXa B BbITAXHOM
BO3JYXOBOAE CUTHANN3UPYIOT 0 HEoOX0AMMOCTM YBeNUYeHUA pacxofa yAanAemoro uepes 30HT BO3AyXa OT
W3HaYaNbHO 3aJlaHHOT0 MUHUMAIBHOTO 10 MAKCMMANBHOTO.
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CcoInku

KyXHI/I, XapakTepusyowuneca HeCTabunbHbIMI Harpy3kamMi Ha o60pyp,03aHme, Hanuumem 60NbLUNX BbITAXKHBIX
30HTOB 1 00NbLLOI NpoA0JIKNTENbHOCTBH UX pa60Tb| (60ﬂbHI/IleI, A0Ma npecTapenblX, WKObl U YHUBEPCUTETDI,
cynepmapkeTbl CUX 0TAEIaMU AENNKaTECOB U HEKapHﬂMI/I). KyXHI/I PecTopaHoB UMEIOT 30HTbI MEHbLLEr0 pa3mepa
n pa60Ta|0T B bonee (TalMOHAPHOM peXxume.

ABTOMaTU3MpOBAHHAA CUCTEMA KyXOHHOI BEHTUNALMM MOXET COKPaTWUTb Pacxof Heprim, notpebnsemoli
BEHTUIATOPaMU, B [1Ba pa3a. [leMOHCTPaLIMOHHbIN 06pa3eL] Takoil cUcTeMbl ObiNl YCTAHOBMEH Ha KyXHe FOCTUHHNLLbI
InterContinental Mark Hopkins 8 Can-OpaHuucko, Kanudophua. B xope memoHcTpaumm 6bino BbisBNEHO,
YyTO Pacxof dHepruu, NoTpedbnAemoil TpeMa BEHTUNATOPAMM KYXOHHON BEHTUAALMM, COKpaTUNCA Ha 62%. B
LOMONHEHe K IKOHOMUY INEeKTPUYECKOI IHeprin, noTpebnaemoi BeHTUNATOPaMH, SHepria Obina (3KOHOMIEHa
TaKe 3a CYET CHIKeHIA TeNNOBOI HAarpy3KI Ha NPUTOYHYI0 YCTaHOBKY. (peiHAA CKOPOCTb BEHTUNATOPA U PaCcXoz
MPUTOYHOTO BO3AyXa COkpaTunmnch Ha 30%. 061wan rogosan skoHommA KyxHu otens Mark Hopkins ot npumenenns
HOBO/ CUCTEMbI KyXOHHOIH BeHTMnALMM cocTaBuna $19 500, B TOM uncie 3a CYeT CHIKeHUa notpebneHus
anekTpoaHeprun $9910 1 rasa $9460. OpueHTMPOBOYHAA CTOUMOCTb 060PYOBAHIA C €r0 YCTaHOBKOI COCTaBMNA
$ 15000, 4To NO3BONNO OKYNUTb UHBECTULIMM MEHEE YEM 3 OAUH FOf.

Melink, ElSaver.

»  Demand Control Ventilation for Commercial Kitchen Hoods. ET 07.10 Report Southern California Edison
Design & Engineering Services Southern California Edison. June 30, 2009
FishNick. 2004. Demand Ventilation in Commercial Kitchens. An Emerging Technology Case Study. Melink
Intelli-Hood® Controls. Commercial Kitchen Ventilation System

* Intercontinental Mark Hopkins Hotel. FSTC Report 5011.04.17. Food Service Technology Center. November
2004

*  Melink, S.K., Kitchen Hood Using Demand Ventilation, ASHRAE Journal, 2003

*  http://www.elsaver.lv/index.php/ru/web/show/56

HanmeHoBaHe TeXHNYECKOro (I'IpOEKTHOI'O) pelieHna

JlokanbHag BeHTUNALMS

Homep 1 HanmeHoBaHIe Kputepus (NapameTpa) «3eN1eHOro CTPOUTENbCTBAY

10 CTO HOCTPOM 32.35.4 (Cnoco6 onpegenexus bannbl

P&ICXOJZII TennoBon JHEPIUIA Ha OTOMNIEHNE U BEHTUNALINIO 3AdHNA pac4emHo 0-25

Pacxop aneKTpo3Heprun pacyemHo 0-15

N
@ (ToMmOoCTb rof0BbIX 3KCNJ1yaTallOHHbIX 3aTpaT pac4emHo 0-20

.
@ (ToMmoCTb NpuBEAEHHbIX COBOKYMHDIX 3aTPaT MO LMKNY XMU3HM 00beKTa pacyemHo 0-25
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Unnioctpauun

Velocity
magnitude (m/s)

NpWTOK BO3AyXa 13
HanonbHbix BP

w 1 \ :il

Y(,") 1

Puc. 1. JlokanbHaq BeHTUNALMA Puc. 2. Bnnaxue nokanbHoli (MHAMBIUAYaNbHOI) BEHTUNALIM HA KOMPOPTHOE
C MOMOLLbHO CMIeLManbHbIX YCTPOIACTB COCTOAHMe yenoBeka ¢ nomowybio CFD-mozennpoBaHna u MHCTPyMeHTaMbHbIX

06nactb
npUMeHeHus

KonuuecTBeHHble
1 KauecTBeHHble
XapaKTepuUCTUKM

I/I3MepeHI/Il7I Ha MaHeKeHaXx

06LLECTBEHHbIE 30aHNA.

MpumeHeHNe NOKANbHOTO MPUTOKA BO3AYXa B 30Hy MpebbiBaHMA YeNoBeKa B 3aBUCAMOCTI OT Ha3HaueHWs
NOMeLLEHNs 1 BUAA 3arpA3HeHIii NO3BOAET CHU3UTb Pacxof Hapy»Horo Bo3ayxa ot 20 o 30% no cpaBHeHMI0 C
nepemelLNBatoLLeli BeHTUNALMEIA Npn obecneyeHnin KoMGOPTHbIX YCTIOBMIA.

[LInpoko n3yyaetcs BANAHNE NOKanbHOI (MHAMBUAYaNbHON) BEHTUNALIM Ha KOMOPTHOE COCTOAHME YeroBeKa C
nomotbto CFD-MofienMpoBaHus 1 MHCTPYMEHTANbHbIX 3MEPEeHNIi Ha MaHeKeHax.

HaumeHoBaHwe TeEXHNYECKOTo (MPOEKTHOrO) peLLeHus

MEX&]HVBI/IpOBaHHbIe MaPKOBOYHbIE CUCTEMDI

Homep 1 HaumeHoBaHMe KpuTepus (NapameTpa) «3eNeHOro CTPOUTENbCTBA»

(nocob onpeaenenuna bannbl

no CTO HOCTPOW 32.35.4
\ ,
0 0becneyeHHOCTb NONE3HON NNOLLAABI0 pacyemHo 0-5
) .
0 KomdopTHOCTb 06beMHO-NNAHNPOBOYHBIX PeLLEHNIA pacyemso 0-5
Q7 0becneyeHHOCTb CTOAHKaMU ANA aBTOMOGuNel pacyemHo 0-5

Unnioctpauun

Puc. 1. MexaHu3MpoBaHHble NapKOBOYHbIE CUCTEMbI. BapuaHT 1 Puc. 2. MexaHu3poBaHHble NapKoBOYHbIE CUCTEMbI. BapuaHT 2

81



Onucanue MexaHu3upoBaHHble napkoBouHble cuctembl (MIMC) — Komnnekc nogbemMHO-TPaHCMOPTHOTO 060pyoBaHMA,

TeXHONOrumn Npe/iHa3HaueHHblil 4119 NPUEMKI 11 NAPKOBKM TPAHCTIOPTHBIX CPEACTB.
06nactb MpenHa3HaueHbl As pa3MeELLeHns B CTECHEHHbIX TOPOACKUX YCIOBUAX, TAe MpUMEHEHNE TPAANLIMOHHDBIX
npumeHeHus (XeM MapKUHIOB HEBO3MOXHO, a pa3Hoobpasie mogeneit MIC no3BonsieT NPUMEHATD X B CaMblX Pa3fIMUHbIX

COYETaHNAX, NPUTrOAHBIX A1 N0ObIX BAPUAHTOB 3AHMWIA.

KonuyecTBeHHble Pa3melLieHre TPaHCMOPTHBIX CPeACTB AAMHONM A0 5.5 M, WupKHON J0 2.3 M, BbICOTON A0 2.3 M U Maccoit
W KauecTBeHHble 103000 Kr.

XapaKTepUCTuKun

HanmeHoBaHe TeXHUYECKOro (I'IpOEKTHOI'O) pewieHna

gl 060pOTHDIN BOZONPOBOS
Homep 1 HaumeHoBaHwe KputepuA (napameTpa) «3ef1eHOro CTPOUTeNbCTBA»
. (Cnoco6 onpegenenua  bannbl
no CTO HOCTPOW 32.35.4
S
BopocHabxeHue 30aHua pacyemHo 5-10
S
YTunusauusa ctokos (hakmuyecku 4-15
w
(ToUMOCTb FOf0BbIX IKCNITyaTaLMOHHbIX 3aTpaT DAcyemHo 0-20
S
(ToMmOoCTb NpUBEEHHbIX COBOKYMHDIX 3aTPaT MO LMKNY XM3HM 00beKTa pacyemHo 0-20
Wnnioctpauun
BaHHas komHaTta BaHHas komHaTa .
R e AT
pt 5 =
| KaHanu3auua «cep0|7| BOAbI» |
i ay
vy KaHanu3auua «cepoi Bogbl» ;I,ll.ll:l
06BoaHON nopava
| Tpy6onposoa OUMLLEHHOI
o — NoANuTKa U3
\ |'BonbI s’ CUCTEMbI X03ANCTBEHHO-
: NUTbEBOr0 BOAONPOBOAA
r EnETnE Cucrema (c paspbiBom CTpym)
.l | OUMCTKM C
, [ Puc. 1. MpuHumMnranbHaa cxema
L. E-™ pesepeyapom | 06opoTHoro BoaoNpoBoAa
5 < }f- [ B CUCTEMY HApYKHO ===
KaHanu3aLum
Onucanue (uctema  BOAOCHAOXKeHMA [ENUTCA Ha MUTbEBOIA W TEXHOMOMMYECKMA BOAOMPOBOAbI, ANA MOAMUTKM
TeXHONornu TeXHOMOTMYEeCKOro BOAONPOBOAA UCMOMb3YIOTCA COBPAHHbIE U OUNLLEHHDIE «Cepble» 11 A0KAEBbIE CTOKM.
06nactb 31aHuA Mo6oro Ha3HaueHus.
npumeHeHus
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HanmeHoBaHe TeXHNYECKOro (I'IpOEKTHOI'O) pewieHna

Oxnaxpatowue 6anku

Homep 1 HanmeHoBaHwe KpuTepuA (napameTpa) «3ef1eHOro CTpouTeNbCTBa»
(Cnoco6 onpegenexus bannbl

no CTO HOCTPOI 32.35.4

Pacxop TennoBoW SHeprum Ha OToNNeHMe 1 BEHTUNALMIO 34aHNA pacyemHo 0-25

Pacxop aneKkTpoaHeprum pacyemHo 0-15
W

(ToMMOCTb roA0BbIX IKCMAYaTaLMOHHDIX 3aTpaT pacyemHo 0-20
w

(ToMmoCTb NpUBEAEHHbIX COBOKYMHDIX 3aTPaT MO LMKNY XM3HM 00beKTa DacyemHo 0-25

Unnioctpauun
S
Sy

Puc. 1. NMaccusHble oxnaxaatowue 6anku (Trox Technik)

Puc. 3. (xema paboTbl NaccMBHOI OXNaxpatoLLieii Puc. 4. (xema paboTbl aKTUBHOI OXNaXAAloLLeit
6anku (Ramsey, 2010) 6anku (Ramsey, 2010)

Onucanue Oxnaxgatowme 6anku NpUMEHAKTCA B CUCTEMaX OXNaXKAEHUA NOMELLIEHNA U MOTYT BbiTb 160 YCTaHOBNEHbI

TeXHONoruun 3anoanuuo B MOABECHOW MOTONOK, 1160 (BOOOAHO MoABelleHbl nog NOToNKoM. OHU COCTOAT W3 ANUHHOMO
KOpryca, B KOTOpblil BMOHTUPOBAH TennoobmeHHUK ¢ pebpuctoii Tpy6oi, rae LMpKYAMpYeT oXnaJeHHas
BOAa C Temnepatypoii okono 14—16 °C. Oxnaxpatowme 6anku MoryT ObiTb UHTErPUPOBAHBI CO CBETUNbHUKAMIA,
ANHAMUKAMK 1 Apyrumi ycTpolicTBamu. (yLwecTBYIOT Ba TUMa OXNaXAatoLLmX 6anoK: naccuBHbIe U aKTUBHbIE.
(1cTeMbl € NacCMBHBIMY Hankamu 0CHOBAHbI UCKNIOUMTENbHO HA UCMONb30BaHIUM KOHBEKTUBHOTO TennoobmeHa,
BbI3BAHHOIO HM3KOIA (B peXUMe OXNaXKAEeHMA) UK BbICOKOI TeMnepaTypoli NOBEpXHOCTU Tenno0bMeHHHKa.
Bo3myx nomeluenna, HarpeTblii B 30He npebbiBaHuA Miofeli, NOJHUMAETCA BBepX, NPOXoAA uyepe3 6anky,
0XNaXJaeTcA v onyckaeTca 06paTHO B pabouyto 30Hy nomeLueHns. [laccuBHble oxnax gatoLume 6anku nyyLue Bcero
NCNOMb30BaTb B COYETAHUM C NAHENAMU CUCTEMbI IYYCTOTO OTONJIEHNSA, YCTAHOBIIEHHBIMU BAONb NepuMeTpa
MoMeLLeHIs, 11 OTAENbHOI CUCTEMOIA BEHTUAALMM, 06ecneunBatoLLel Tpebyemoe KaueCTBO BO3AyXa.
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AKTUBHble Ganku MpUCOEAMHAKT K BO3AYXOBOAAM C WHAYKLUMOHHBIMM COMMAMM, Yepe3 KOTopble BO3AyX
nocTynaet B Kopnyc 6anku. Bo3aylwHble cTpyw, NojaBaemble Yepes Conia, NePEMELLMBAIOTCA ¢ OKPYXKaoLLMM
BO3/yXOM 11 CO34aI0T B NOMeLLEeHMN LMpKynaumio. OxnaxaeHHas Boa c Temnepartypoii ot 13 o 15 °CnoggoauTca
K TennoobmeHHUKy. OXnaxkAeHHbIi 1 OCYLIEHHbIA HApYXHbIA BO3AYX MOCTynaeT K 6anke mo BO3AYXOBOAY
C Temnepatypoii 0kono 13 °C. MpuTouHblil BO3AYX CMELUIMBAETCA C BO3JYXOM NOMELLEHMA B COOTHOLUEHIM 2:1.
AKTMBHbIE 1 MacCUBHble 6anki NpeHa3HaueHbl A4 paboTbl B «CyXoM pexkime» 6e3 00pa30BaHMA KOH/EHCTA.
B HekoTopbIX MopienAX aKTUBHbIX OaNOK, NpeHa3HaueHHbIX A YCTaHOBKM BEPTUKANbHO, NPeyCcMaTPUBAETCA
MOAAOH. MaccuBHbIE FOPU3OHTANbHbIE OANKN He MOTYT MMeTb MOAAOHA W3-3a TOrO, YTO OH MepeKpbiBa
6bl 061aCTb NOZ TENN00OMEHHNKOM, MeLLAs LMPKYNALMN BO3/YXa, NOCTYNAOLLIEro C KOHBEKTUBHbBIM MOTOKOM.

Oxnaxpatowne 6anku MOryT NpUMEHATbCA B Pa3NIMUHbIX 3JaHNAX, B TOM uucie oucax, LWKonax, KpynHbix
0bLiecTBEHHbIX 3MaHNAX. WX npumeHeHne 0cobeHHO LenecoobpasHo B MOMELLEHMAX C CYLIECTBEHHbIMM
U36bITKAMI ABHOTO Tenna.

CucTembl € oxnaxgaoLwumi 6ankamu no CpaBHeHKo C CUCTeMaMi BO3AYLUHOTO HarpeBa U OXNaXAeHUA UMetoT
CnepyloLye npenmyLLecTBa:
- MOHWKEHHDIIA PACX0f, JHEPrUN 3a CYET YMeHbLUeHIA TpebyeMoil MOLLHOCTY BEHTUIATOPA;
- BO3YXOBO/ibl MEHbLLEro pa3mepa;
- bonee paBHOMepHoe pacnpedeneHine 1 6onee HU3KIe CKOPOCTU BO3AYXa B NOMeLLEHIM,
yTO NPUBOANT K bonbLuemy KomdopTy ntoaels;
- CHIDKeHUe 3aTpaT Ha 00CyXuUBaHMe CUCTEM B (BA3I C YMEHbLUEHeM KONNYeCTBa ABUratoLLMXCA
yacTeil M MexaHU4eckoro 060pyAoBaHIA, He0OX0AMMOr0 AIA TAKKUX CUCTEM.

Halton, Trox, DADANCO-MESTEK, Trane, Franger.

(IBSE. 2005. Sustainable low energy cooling: an overview. SINSE knowledge Series: KS3
o ASHRAE. 2008. ASHRAE Handbook. HVAC Systems and Equipment
»  Sevcon. 2011. Chilled Beams. http://en.wikipedia.org/wiki/Chilled_beam

*  Peter Rumsey. 2010. European Technology Taking Hold in the U.S.: Chilled Beams. HPAC Engineering.
January 1,2010



HanmeHoBaHue TeXHUYECKOro (I'IpOEKTHOFO) peweHna
[laHopaMHble TUQTbI

Homep 1 HanmeHoBaH1e KpuTepus (NapameTpa) «3eNeHoro CTPOUTENbCTBAY

10 CTO HOCTPOI 32.35.4 Cnoco6 onpegenexus bannbl

°7 KauecTBo apxutekTypHOro 06nunKa 3aaHus pacyemHo 0-12

Unnioctpauun

o3
l.'lﬂ &

1
¢ o purpae
.-.-].[nlu.] '.I'Iltixl']r

AO0|

Puc. 1. MlaHopamHblIii nudT. BapuanT 1 Puc. 2. MaHopamHblit nudT. BapuaHT 2
Onucanue MaHopamHble TUTbl MOTYT pa3MeLLaTbCa Kak U3HYTPK, TaK U CHAPYXW 3haHNA. [Ju3aliH naHopamHbIX NMGTOB
TeXHONoruun pa3pabaTbiBaeTcA NHAMBUAYANbHO C LieIblo C03AaHNA FapMOHNK C XapaKTepoM 3[aHUsA 1 CO3AHUA OLLLyLeHIs

MPOCTPAHCTBA, CBETA U BO3AYLUHOCTIA.
Mpo3payHocTb CTeH NUGTa MOXKET U30aBUTb HEKOTOPLIX Mlodeil OT UyBCTBA AUCKOMOPTA NPU HAXOXIEHUN
B OFPaHMYEHHOM NMPOCTPAHCTBE.

O6nactb ToproBo-pa3BnekateNbHble 1 OU3HEC-LiEHTPbI, FOCTUHNLbI, SUTHbIE XWNble J0MA.
npUMeHeHus
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HanmeHoBaHe TeXHUYEeCKoro (I'IpOGKTHOFO) pelieHna

ﬂepememmsammaﬂ BEHTUNALUA CTPUMEHEHNEM
CNeLnanbHbIX BO3,£|,)’XOp&CI'Ip€,£I,€J'IVIT€J'I€M

Homep 1 HanmeHoBaHme Kputepus (napameTpa) «3eN1eHoro CTpOUTENbCTBAY

- Cnoco6 onpegenenua  bannbl
no CTO HOCTPOM 32.35.4 PeA

) .

Bo3aywHo-TennoBoii komdopt hakmuyecku 20
) .

AkycTinueckuii komdopt pacyemHo 0-16

Pacxop TennoBoli SHEPrun Ha OTONJIEHME W BEHTUAALMIO 34aHNA pacyemHo 0-25

Pacxon anekTposHeprum pacyemHo 0-15
S

(ToMMOCTb rofJ0BbIX IKCMyaTaLMOHHDIX 3aTpaT pacyemdo 0-20
N

(ToMMOCTb NpUBeJEHHbIX COBOKYMHbIX 3aTPaT N0 LMKy XKM3HU 06beKTa pacyemHo 0-25

Unnioctpauum
Puc. 1. Bosayxopacnpenenutens Puc. 2. Matematnueckoe MoAeNNpoBaHue
«reHepatop Komoptar nepemeLLnBaloLLeil BEHTUNALNM, peanu3yemoil npu
nomoluy BI'K Ha bonbLuoii negoBoii apeHe (r. Coun)
3ByKonornouawouwiasn
06511 oBKa N “reHepaTop
.M S - Komgpopra”
HarnpasJieHe MakCcumyMa * ¥ AMH HanpaB/ieHne Makcumyma Brk
lwymounsnyyeHumaA 4 LymounsnyyeHumA ~6°
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Puc. 3. BozgyxopacnpegeneHue ¢ nomoLLbio
MPUTOYHOI PELLETKM C MOBOPOTHBIM XKaNko3u
B HanpaBneHun K 06CNyX1BaeMoli 30He

Puc. 4. Bozpyxopacnpegaenenue ¢ nomolwbio BrK



OnucaHue
TexHonoruu

06nactb
npUMeHeHus

KonuuyecrBeHHble
N KayecTBeHHbIe
XapaKTepucTukun

Mpounssoautenu

lpn peanusauuu nepemelLMBaloLLeli BEHTUNALUM MOMeELLEHUA NPUMEHeHUe BO3JyXxopacnpejenutens
«reHepatop Kom@opta» (BIK) BMecto npuTOuHOI pelweTk M03BONAET YMEHbLIMTb HEePaBHOMEPHOCTb
CKOpoCTeil 1 Temnepatyp B nomelLieHuu. Mpu HacTeHHoN ycTaHoBKe BIK u yrne HaknoHa xanto3u Ha yron B 45°
obecneunBaeTca onTUManbHad nofava Bo3yxa B pabouyto 30Hy. Makcumym 3ByKkousnyuenna BIK HanpasneH B
CTOPOHY, IPOTUBOMOMOXHYH HANPABIEHUO NPUTOYHON CTPYH, YTO NO3BONAET yMEHbLUMTb LIYMOBOE BO3eiCTBME
MPUTOYHbIX CTPYI Ha MtoJel, HAXOAALLMXCA B BEHTNUPYEMOM MOMELLIEHINH, 1 TeM CaMbIM MOBbICUTb KauecTBO
BHyTpeHHeli cpesbl. ToBbilweHHoe (Ha 5—8 [16) 3arnyweHue Lyma, pacnpocTpaHALLeecs N0 BEHTUAALMOHHbIM
KaHanam OT BEHTUNATOPA, MO3BONAET CHU3UTb 3aTpaTbl HA MepONpUATUA MO 3aLyuTe OT LyMa B CACTEMAX
MPUTOYHOI BEHTURALMN.

06LiecTBEHHbIE 3AaHNA.

«[IMHaMInYeCKuit MUKpOKNMMAT» N03BONSET, NOAAEPKIBAA KOMOOPT Npi Gonee BbICOKOIA TeMnepaType B Tennblit
Nepuozi rofia, 0TBECTM OT YesloBeKa 60NbLLe TENNOTbI, ueM NPy CTaLMOHAPHOM pexume. Kpome Toro, oCTUraeTcs
9KOHOMNA 3Hepropecypcos. Hanpumep, Npu noBbiLLeHN KOMGOPTHOA TeMnepaTypbl Ha 1°C MOXHO YMeHbLUMTb
notpe6nexue xonoaa npumepHo Ha 20% 1 CHU3UTL Pacxoz NPUTOYHOTO BO3AYXa.

000 «ApkTOC».

HaumeHoBaHwe TeXHYECKOro (MPOeKTHOro) peLuenua

[lporpammupyembInt TepMoCTaT

Homep 1 HaumeHoBaHMe KpuTepus (NapameTpa) «3eNIEHOro CTPOUTENbCTBA»

(Cnocob onpeaenenuna bannbl

no CTO HOCTPOIA 32.35.4
) .
Bo3aywHo-TennoBoil Komdpopt (hakmuyecku 20
Pacxon Tenn0BoW SHeprum Ha OTOMNEHME 1 BEHTUNALMIO 34aHNA pacyemHo 0-25
YaenbHblil CcyMMapHbIi Pacxofi NePBUYHON SHEPTUM HA CUCTEMbI MHXKEHEPHOTO
A YMMAPHBI pacxon nep P P pacyemHo 0-20
obecneyeHus
S
(TouMOCTb FO0BbIX IKCNAYaTaLMOHHbIX 3aTpaT pacyemHo 0-20
.
(ToMMOCTb NpUBeJEHHBIX COBOKYMHbIX 3aTPaT N0 LMKy KM3HU 06beKTa DacyemHo 0-25
Wnnoctpauun

.'/-'.-'_
i

Am o @
(L] l%l -

s

— Puc. 1. 06wuii BUA TMNMYHOTO NPOrpaMMUPYEMOro TepmocTaTa
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OnucaHue
TexHonoruu

06nactb
npUMeHeHus

KonuuecrBeHHble
N KayecTBeHHble
XapaKTepuCTuKun

Mpoussoautenu

CcoInku

TepMOCTaT MOXeT ObITb 3anporpammMminpoBaH Ha U3MEHEHKE TEMNEPATYPbl BO3AYXa B NOMELLEHIN B Hepaﬁotlee
BpemA (Hanpmmep, anAa O(I)I/ICHbIX NoMelLieHuiA) n NPon3BOACTBEHHbIX «NPOCTOEB» (Hanpvlmep, B nometleHnax
CKnagunpoBaHuA 1 OTNPaBKK rpy3OB). JKOHOMUA JHEPrum [OCTUra€TCA 3a CYET CHUMKEHWA Temnepatypbl
BO34yXa B MOMELLEHUN MPU €ro OTarIuBaHUM W MOBbILEHUA TEMNEPATYPbl NMPU €ro OXNaXAECHUU, 4TO
NPUBOANUT K CHUKEHUKD TennoBoi 1 X0NOAUNbHON Harpy3okK Ha CUCTembl BEHTUIALNUNA U KOHAULWOHUPOBAHUA
BO34YyXa. Qs HEKOTOPbIX noMeLLEeHUiA TEPMOCTAT MOXET ObITb 3anporpaMmMnpoBaH Ha TeMnepatypy Bo3ayxa
B nometLeHnn, Oﬁe(ﬂeLII/IBalOLIJ,)’IO TOJIbKO 3aLUUTY OT 3aMepP3aHuA B Hepa60uee Bpema. B 6onbLunHCTBE Xe
Jly4aeB NpeanoyTUTENbHBIM ABNAETCA MEHEE PASUKANIbHOE CHAXKEHWE UK NOBbILLIEHNE TEMNEPATYPbI BO3AYXa.
Korga cuctema BbIXOAUT M3 «Hepaﬁouero peXuma», OHa [0MKEH CHaya)la obecneyutb 6OJ'IbLIJyI0 Harpysky
N0 CPaBHEHUK C HOPMaJlbHbIM «pa60twuv| peXxunmom». PQKOMeHﬂyeTCﬂ NnocTeneHHoe HapallBaHWE Harpy3ku
npu nepexoae u3 «Hepa6oqero pexuma», yT06bI HE BbI3BaTh 3HAYUTENIbHYI0 MUKOBYIO HArpy3Ky, KOTOPAA MOXET
npuBecTn K CyLeCTBEHHOMY MOBbILLEHN0 CTOUMOCTI 3JIEKTPOIHEPTUN, onjay1BaemMon no NMUKOBOMY Tapmq)y.

3haHnA pasnMYHOTO Ha3HaueHMA (06LeCTBEHHble, KOMMepYeckue, NPOMbILLNEHHbIE), UMetowe pabouuii
1 Hepaboumii pexxumbl GyHKLMOHNPOBAHWA, a TaKKe Xuble JoMa.

Hu3kue KanuTanbHble 3aTpaTbl Ha 3Ty TeXHONOMMI0 06eCneynBatOT KOPOTKMIl CPOK ee oKynaemocTu. Onpesenutb
ONTUMANbHbIE NapameTpbl BO3AYLUHOI Cpefbl, NOAAEPXKIBaeMble TEPMOCTATOM NPY PasNNYHbIX PeXMMaX
(YHKLVOHNPOBAHMA 3AAHINA, MOXHO IMNMPUYECKIAM NYTEM.

Honeywell, Aube, Lux, Robert Shaw, White Rodgers and others.

*  http://www.energyautomationinc.com/

*  |EAECBCS Annex 46. Subtask B

HanmeHoBaHe TeXHUYECKOro (I'IpO@KTHOFO) peLluexna

ﬂpHMOTOQHbIe MNPUTOYHbIE CUCTEMBI BEHTUNALINIA

Homep v HanmeHoBaHue Kputepua (NapameTpa) «3eNeHoro CTPOUTENbCTBA»

(Cnocob onpegenexus bannbl

no CTO HOCTPON 32.35.4

\ ;

06ecneyeHHOCTb NONE3HOI NNOLAbI0 pacyemmo 0-5

Pacxop TennoBoi SHeprum Ha OTONNEHNE 11 BEHTURALMIO 30aHNA pacyemmo 0-25

Pacxoa aneKTposHeprim pacyemHo 0-30
5

(TouMOCTb rof0BbIX IKCNITyaTaLMOHHbIX 3aTpaT pacyemxo 0-20
.

(ToMMOCTb NpUBELEHHDIX COBOKYMHDIX 3aTPaT MO LMKAY XM3HM 00beKTa Dpacyemmo 0-25
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Wnmoctpauun

Hapy»Hblil BO3ayx Harpet/oxnaxgeH

[TputoyHas Kamepa
peKynepaumeii SHeprum

Bo3ayxopacnpegenutenb

v

yIansemoro BO3yxa

lomelLeHue,

(ucTeMa oXnaxzaeHua 1 oTonneHna B KOTOPOM Pa3A€NneHbl

obecneynBaroLLas HegocTatoLLne Hafp)’3KVluﬂ0 CKpbITON
Harpy3Ki1 no ABHoI TensoTe W ABHOM TENNOTE

Puc. 1. (xema NpAMOTOYHOI NPUTOYHOI CUCTEMbI BEHTUAALN C AOMOAHUTENBHOM CUCTEMOIN OTOMNEHMA U OXNAXKAEHNA

Dual Temp Coil
Evaporator Coil
Condenser Coil

Discharge Air— Pyic, 2. [lpumep NPAMOTOUHOI MPUTOYHOI CUCTEMbI
BEeHTUNALMY, BKNKOYAKOLLEN B 204 Tenno00MeHHUK,
NOAKMIOYEHHDIN K CETAM C ropAYeit U X0NoAHOM BOLOM,

a TaKxe UCnapuTesb 1 KOHAEHCATOP X0N0AUNbHOM MALUHBI
ANA ryboKoro oXNaXAeHNA B03ayXa C €ro 0CyLLKON

(’“ 1 NOCIeYOLLMM BTOPUYHBIM NOJO0rPEBOM
L )
Onucanune [pAMOTOYHAA NPUTOYHaA CMCTeMa BeHTUNALMM 0becneynBaeT nogauy 100%-HOro Hapy»KHOTo BO3JyXa B Kaxzoe
TexHonornu MoMeLLeHKe 34aHNA Yepe3 0TAEeNbHYI0 CUCTeMy BO3AyX0BoZ0B. 061Lmil pacxos BO3Ayxa onpesenseTca:

- pacxofoMm BO3fyXa, HeOOX0ANMOr0 ANA COONIAEHNA CAHUTAPHO-TUTEHNYECKUX TPeOOBaHNIA;
- Harpy3Koil no CKpbITOi TensoTe (NOTPBHOCTbIO B KOHTPONE Haf YPOBHEM BAXHOCTU BO3JyXa
B MOMeELLEeHUN);
- PacxofoM BO3/yXa Ha KOMMEHCALMI0 BO3AYXa, YAANAEMOro U3 NOMeLLeHIs (BaHHOI, KyXHN)
B C1yyae HeobxoammocTy;
- PacxofoM BO3/iyXa, HEOOXOANUMbBIM /Al CO3aHUA MOANOPA B 34aHNK ANA NPeA0TBPALLEHNA MHOUALTPaLMK,
YTO N03BONIAET yMEHbLUUTb PACX0f; JHEPriAV Ha HarpeB/oxNaxAeHne BO3AYXa U ANA KOHTPONA BAXKHOCTI
B MOMeLLEHNAX.
Kak npaBuno, Takaa npuToYHas cucTema paboTaeT npu MOCTOAHHOM pacxofie Bo3ayxa. B bonblumHcTBe Ciyyaes
ONVCaHHaA BblLLe CUCTEMA He CoCobHa Cama YA0BNeTBOPUTL Be TEMJI0BbIe HAarpy3Ky B OMeLLeHMAX, U TpedyeTca
LONONHMTeNbHasA cuctema(Mbl) Ans obecneyeHs HeLOCTaloLLei Harpy3Kin N0 ABHOMY 1 CKpbIToMy Teny. Takyto
CUCTeMy He CiefiyeT nyTaTb C CUCTEMaMK, KOTopble 06bIYHO Ha3bIBAKT NPUTOUHbIMYU cucTeMamm co 100%-Holl
nofiaueli Hapy»HOro B03/yXa, PaCXof KOTOPOro BbIOUPAIOT Tak, uTo6bl yA0BNETBOPUTD BCE HArpy3kil MO ABHOI
N ckpbiToil Tenote. OnucaHHaa cuctema nopaet obbluHo He Gonee 20% NO CpPaBHEHMIO ¢ TPAAMLMOHHBIMU
NPAMOTOYHBIMI CUCTEMAMIA.
TepmoaunHammueckoe COCTOAHNE MPUTOYHOTO BO3AyXa MOXKET BapbUPOBATbCA, HO KaK MUHUMYM OH JLOMKeH ObiTb
06paboTaH 0 TemnepaTypbl TOYKI POCbI, UTOObI NPUHATD Ha Ce6A BCI0 HArPy3KY NO CKPbITON TennoTe (KOHTPONb
BNAXXHOCTI BO3yXa B NOMELLEHIM) U YaCTUYHO CHATb Harpy3ky Mo ABHOI TensoTe ¢ napannenbHoi CUCTeMbl,
npeAHa3HaueHHON A4 KOHTPOAA TeMnepaTypbl BO3JYXa B NOMeLLeHIsX.

06nactb 06LLeCTBEHHDBIE, KOMMEPYECKME 1 XKUIble 3[AHNA.
npuMMeHeHus
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KonuuectBeHHble BaxHble ¢aKTOpr, KoTopble H606X0)1I/IMO YUYUTbIBATD NPU OLEHKE IKOHOMUYHOCT 3TOM CUCTEMBI:
N KayecTBeHHble - CHUMKEHMe MOLLIHOCTW XONOAUNbHON YCTaHOBKH (vacto npeBbliLlatoLLiee 40%), cBA3aHHOE

XapaKTepuCcTukun

- CHUXEHNEe MOLLHOCTU HacoCa, (BA3dHHOE C COKpALLEHNEM pa3mepa XONOAUNbHOM MaLUWHbI;

CCOKpaLLeHnemM pacxoaa Hapy»HOro Bo34yXa u nosHoit peKynepaLwlelh JHEPrumn yaanaemoro Bo3ayxa;

- YMEHbLUEHWNE ANAMETPOB MPUTOUHDBIX U BbITAXKHBIX BO3AYX0BOA0B B (BA3M C COKPALLEHUEM PACXOA0B

MPUTOYHOTO 1 yAanaemoro Bo3ayxa (c 15 4o 20% no cpaBHeHMIo C pa3mepami Bo3ayX0BOZ0B
aIlbTePHATMBHOI CCTEMbI, paboTaloLLieii C NepeMEHHbIM Pacxodom BO3AyXa);

- YMEHbLLEHNE Pa3MEPOB CTPOUTEJIbHBIX KAHANO0B 1 COOTBETCTBYHLLAA SIKOHOMUA CTPOUTEJIbHBIX MaTEPIA/OB,
CTPOUTEJIbHbIX 06bemMoB 1 TPy#o3atpart B (BA3U CO 3HAYUTENbHBIM YMEHbLUEHUEM pa3Mepa BO3YX0BOA0B;

- COKpaLLieHNe pa3MepoB, CTOMMOCTY 1 3aTPAT Ha MOHTAX NPUTOYHOI YCTAHOBKH;

- COKpaLLieHNe pacxofia SNeKTPOIHEPrun, NoTpedbnaeMoil BEHTURATOPAMM, XONOANNbHON MALLMHOI

N HacoCamu.

He MeHee BaXHbIMI GaKTOPaMI4 IPY CPABHEHMN ONUCAHHOI CUCTEMbI CaHANOraMu SIBNAETCA YNyyLLIeHIne KauecTBa
BO3/yXa B 00CTYKMBAEMbIX MOMELLEHNSAX 1 MPeOTBPaALLEHNE He0OXOAMMOCTY B 0POrOCTOALLEN NMKBUAALIAN

nneceHu, KoTopaa MOXET 06pa3OBbIBaTbCﬂ B pe3ynbrate BbICOKOW BNAXXHOCTM BO3[yXa B NOMeLLEeHUAX.

B 3naHuax, B KOTOPbIX YaCTo UCMOJIb3YeTCA TOJIbKO YaCTb NOMeLLIEHWIA, MOXHO n3bexatb CyLLeCTBEHHbIX NoTePb
JHEPIUN Ha 06pa60TKy He000CHOBAHHO BbICOKOrO 06bema HAPYXXHOro BO3AyXa. (nctema no3BonseT U3MeHATb
o6bem MPUTOYHOI0 BO3AyXa B NOMELLEHUA W PETYIMPOBATDL TEMNEPATYPY BO34YXa B OTAENbHbIX MOMELLEHUAX B
3aBUCUMOCTI OT UX NCNONb30BAHUA MPU MOMOLLINA JO0NONHUTENLHOM CUCTEMbI OTOMNEHNA 11 OXNNAXKAEHUA BO34YyXa.

B pe3ynbrate 3HeprocbepexeHne MoxeT coctaBaATh ot 15 o 30%.

ﬂpoussonmenu MHorouncneHHble npon3BoanTeN BEHTUNALUOHHOIO 060py,U,OBaHI/IFI.

Ccoinkm *  Annex46. Energy and Process Assessment Protocol. Appendix J.6 & Appendix L.-2.1.9,2.1.14 & 2.2.39

»  ASHRAE Advanced Energy Design Guide for K-12 School Buildings (HV14)
»  ASHRAE Handbook Systems and Equipment: Chapter - Air Handling and Distribution
»  Stanley Mumma DOAS and Building Pressurization. ASHRAE Journal, August 2010

HanmeHoBaHe TeXHUYECKOro (I'IpOGKTHOFO) peLluexna

Pekynepauus Tenna ot Komnpeccopa

Homep 11 HaumeHoBaHWe KpuTepua (NapameTpa) «3eNeHoro CTPOUTENbCTBA»

-~ CI'IOC06 onpeaeneHuna
o CTO HOCTPOV 32.35.4 PER

Pacxo/1 TenN0BO SHEPTUN Ha OTOMMIEHNE 1 BEHTUNALIMIO 31aHNA pacyemxo

Pacxo,u 3NEKTPO3HEPTUK pac4emHo

YenbHbiii cyMMapHbIii pacxos NepBUYHOI SHEPTIN Ha CACTEMbI UHKEHEPHOTO

pacyemHo

obecneyenus
§

Wcnonb3oBaHue BTOPUYHbIX 3Hepr0pecypc03 pac4emHo
y

CTOI/IMOCTb roA0BbIX 3KC|'|J'|yaTaU,I/|0HHbIX 3aTpar pacdemHo
§

CTOI/IMOCTb I'IpVIBEB,EHHbIX (OBOKyI'IHbIX 3anaT no I.I,I/IKﬂy KU3HU 06'b€KTa pa(‘lemHO

20

bannbl

0-25

0-30

0-20

0-30

0-20

0-25



Unnioctpauun

) I -

Tenno
0.85E

—

CoaTthii BOIAYN

IneHTPHYECTED
- (noneawan pabora)
Puc. 1. IHepreTuueckmit 6anaHc Komnpeccopa Ana Puc. 2. BuHTOBOI MeaMLMHCKIIA KOMNpeccop
Npou3BOACTBA (KATOro BO3AyXa Powerex SOS

OnucaHue
TeXHONoruu

06nactb
npUMeHeHus

KonuyecrBeHHble
N KayecTBeHHble
XapaKTepucTukun

Mpoussoautenu

Ccbinkm

Puc. 3. TennoobMeHHUK Knacca «oxnaxaaroLLas
Xuakoctb-Boga» Ingersoll Rand ERS ncnonb3yet
TENNOBYH0 HEPTI, COAEPKALLYIOCA B OXNaXAAtOLLEl
KOMMPECcop XUAKoCTH, Ans Harpesa Bofbl Ao 70 °C

(OkaTblii BO3AYX UCMONb3YETCA HACTONKO LWNPOKO, UTO OH YaCcTo paccMATPUBAETCA Kak YeTBepTas KOMMOHEHTa
pecypcocHabeHna 1 NpefoCTaBAAETCA NOTPEOUTENHO HapAAY C NEKTPOIHepriei, IPUPOAHBIM Fa3oM 1 BOOIA.
Okono 85% INEKTPUYECKOA IHEpruM, KOTOpas MCMOMb3YeTCA BO3AYLIHbIM KOMMPEccopoM, npeobpasyetcs
B Tenno. obouHoe Tenno MoXeT ObITb HAaMpaBNEHO Ha OTOMNEHME MOMELLEHWN, HarpeB BOAbI, MOAOrPeB
BEHTUIALMOHHOTO BO3AyXa M MOANUTOUHOIA BOAbI ANA KOTNOB. (MCTEMbI peKynepauum Tenna AOCTYNHbI Ais
KOMMPECCOPOB C BO3AYLUHBIM U ¢ BOAAHBIM OXNaXKAEHUEM.

JIna NHeBMATMYECKOTO KOHTPONA CUCTEM BEHTUNALMIA U KOHAULMOHMPOBAHMA, B MEAULMHCKIX YUPEXAEHUAX
(Hanpumep, ANA aNnNapaToB MCKYCCTBEHHOI BEHTUNALMN NETKIX, NPUBOAA MHCTPYMEHTOB B CTOMATONOTYECKMX
KabuHetax).

”paBI/IJ'IbHO 3aNpoeKTUPOBAHHbIE CUCTEMbI peKynepaLun Tensia MoryT Ucnonb3oBatb OT 50 00 90% oT BeAMYMHDI
BblﬁpaCbIBaEMOVI TensnoBoit JHEpPrun and Harpesa BoAbl N Bo3ayXa.

The Ingersoll Rand, Atlas Copco.

*  DOE OIT Heat Recovery with Compressed Air Systems. Compressed air systems fact sheet # 10.
http://www.compressedairchallenge.org/library/factsheets/factsheet10.pdf
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HanmeHoBaHe TeXHUYEeCKoro (I'IpOGKTHOFO) pelieHna

PeKynepauvm Tenna ot XonognnbHON MaLLIUHbI
C BOAAHDIM OXJlaKAEeHUEM

Homep 1 HaumeHoBaHwe KputepuaA (NapameTpa) «3ef1eHoro CTpoUTeNbCTBa»
Cnoco6 onpegenexus bannbl

no CTO HOCTPOI 32.35.4

Pacxop TennoBoi SHepruu Ha 0TonNeHe U BEHTUNALMIO 3[aHNA pacyemHo 0-25

Pacxog anekTpoaHeprum pacyemHo 0-30

YnenbHblii CcyMMapHBIA pacxod NePBIUYHON SHEPTUI HA CUCTEMbI UHXKEHEPHOro

A YMMapHBI pacxof mep P P pAacyemHo 0-20

obecneyeHns
7

llcnonb30oBaHue BTOPUUHBIX SHEPropecypCos pacyemHo 0-30
S

(ToMMOCTb rOA0BbIX IKCMAYaTALMOHHDIX 3aTpaT pacyemHo 0-20
S

(ToMmoCTb NpUBEAEHHbIX COBOKYMHbIX 3aTPAT MO LIMKNY XU3HM 00beKTa pacyemHo 0-25

UnniocTpauuu

Chilled Water
Pump

Puc. 1. Pekynepauus Tenna ot Xon0ANNbHOI MALLVHBI,
umeloLei ofuH KongeHcatop (McQuay Int):

1 — LMPKYNALMOHHBIN HACOC Ha XONOAHOI BOAE;

2 — UMPKYNALMOHHDII HACOC KOHAEHCATOPa;

3 — TeNN00OMEHHMK;

4 — UMPKYNALMOHHBIA HACOC TeNN00OMEHHIKA;

5 — 3-Xo[0BOi1 00BOAHON KNanaH;

6 — rpagupHs

Chilled Water Boiler Loop
Pump

ondenser Cooling Tower

ater Pump

Puc. 2. TennoBoit Hacoc, yCTaHOBNEHHbIN Ha CACTEME
peKynepaLui Tenna XonoAubHOM MaLLMHbI, N03BONAET
YTUAN3MPOBATL HU3KOMOTEHLMANbHOE Tenso

3-Way Bypass
alve nnepesectTi ero B BbICOKOMNOTEHLaJIbHOE TENJI0

(McQuay Int)
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OnucaHue
TexHonoruu

O6nactb
npUMeHeHus

KonuyectBeHHble
N KayeCcTBeHHbIe
XapaKTepucTukun

Mpoussoautenu

CcbInku

3HauuTenbHOE KONMMYECTBO TeMmnoTbl, BblpabaTbiBaeMoe XONOAWMbHBIMM - MalMHamMK, BblOpacbiBaeTca
BaTmMochepy npu nomoLLm rpagmpeH. OHO COCTOUT U3 TeNNOTbI, BbIAENACMOIA B 34aHNM, U TENNOTbI, 00pa30BaHHOIA
B pe3ynbTate paboTbl Komnpeccopa.

licnonb3oBaHue 3T0ii TeNNOTbI AnA 000rpeBa 3AaHIUA U NPUTOTOBAEHIA FOpAYeil BOAbI TPOBOANT K 3HAUMTENbHON
3KoHomum 3Heprumn. Hanpumep, 1400 kW xonoaunbHas maliuHa npousBoguTenbHoctblo 1400 KW xonopa
Bbiaenaet 1760 kW Tenna. K coxaneruto, Bbigenaemoe Tenso CoaepXuTca B BoAe, BbIXoAALLEIA U3 KOHAEHcaTopa
¢ Temnepatypoii 30—35 °C, uTo npeACTaBAAET OnpeseneHHyI0 C0XKHOCTb AA ero yTuan3awmui. Yrobbl nobiCcUTb
KauecTBO BblenAemMoil TenoTbl, He0OX0ANUMO YBENMUMTD TeMnepaTypy BOAbI. ITOr0 MOXHO JOCTUTHYTb ABYMA
cnocobamm: HenocpeaCTBEHHOI peKynepaLmeii Tenna, BblAENAEMOro XoN0AUNbHONA MALUKUHO, 1 NPU NOMOLLK
TEeNNoBbIX HAacOCOB.

Pekynepauus Tenna, BblAensaemoro XonoAnbHOIM MALLMHO, LienecoobpasHa TONbKO NPU HANYNK UCTOYHNKA
BbipabaTbiBaeMOoro Tensia v noTpe6HoOCTH B Tense.

(ucTembl pekynepawuy Tenia oT XONOAUNbHOIN MALMHBI ObIBAIOT ABYX BMAOB: C OJHUM KOHZeHcaTopom (1)
1 C ABOIHBIM (CnnT) KoHAeHcaTopoM. Ha puc. 1 npeacTaBieHa cxema pekynepawuy Tenia ¢ UCNoNb30BaHueM
OIHOT0 KOHAeHcaTopa. XonoaunbHas MaluMHa, paboTaowias no 3Toi Cxeme, MOXeT BblpabaTbiBaTb BOAY
¢ Temnepatypoit o1 40 fo 43 °C, koTopas MOXeT 6bITb MCNONb30BaHA ANA OTOMAEHWUA 3[aHUA Wan Ans
npe/BapuTeNbHOrO HarpeBa ropAyei Bodbl. Ha puc. 2 nokasaHa cxema pekynepawuu Tenna ¢ MCnosb3oBaHuem
[BOVIHOTO KOHJEH(aTopa, Mpu NMpUMEHeHN KOTopoii He TpebyeTca TennoobmeHHUK. CucTeMbl C JBONHBIM
KOHZeHCaTopOM BCTPEUaIoTCA yaLlle, yeM ¢ 0AHUM. Koria xonoaunbHble MaLLMHbl BbipabaTbiBaloT Body ¢ bonee
BbICOKOIH TemnepaTypoil, UTo Mo3BONAET yTUAN3MPOBATb BbIOPOCHOE TeMNo, X X0NO0A0NPON3BOAUTENLHOCTD
NajiaeT no CPaBHeHo C 00bIYHBIM pexxmom (6e3 yTunnzawum Tenna). o3Tomy B KaXOM KOHKPETHOM Cllyyae
Heo6X0A1MO NPON3BOAMTL IKOHOMMYECKYI0 OLIeHKY Lieneco00pa3HOCTI 0AHOBPEMEHHOTO NPOU3BOACTBA X0N0AA
1 BOAbI ANA 0TONEHNA. BONbLIMHCTBO TPAANLMOHHDIX TMAPABAMYECKIX CUCTEM OTONAEHNA paboTatoT Ha Bofe,
uMetoLLeli HavanbHylo Temnepatypy 80 °C. Mpu ncnonb3oBaHMK Tensa, pekynepupoBaHHOIO OT XONOANIbHOI
MaLUNHbI, CACTEMA OTOMNEHNA AOMKHA ObiTb B COCTOAHUM QYHKLMOHMPOBATL NpU TeMnepaType BOAbI, PaBHON
T0nbK0 40—43 °C, 40 MOXET NOTPeHOBATL U3MEHEHNA B TUME NPUMEHAEMOI CUCTEMDbI OTOMNEHNA 1 YBENNYEHNA
KanuTanbHbIX W JKCNNyaTaLnoHHbIX 3aTpar. (OBpemeHHble HU3KOTeMNepaTypHble OTOMUTENbHble CUCTEMb
(Hanpumep, cUCTeMbI Ty4nCTOro OTONEHNA) He TpebytoT TemnepaTypbl BoAbl Bbilwe 30 °C.

B cnyuasx, korga Tpebyetca 6onee BbicOKas TemnepaTypa BOAbl, B AOMONHEHNE K LMPKYNALMOHHOI CiCTeMe,
OXNaXAIoLLEeA KOHAEHCATOP XONOAWNbHON MALUMHBI, NPUMEHAETCA TeMNOBOI HAcOC, KOTOPbIA NpeBpaLlaeT
HU3KONOTEHLMaNbHOe TeNNo LMPKYNMpYIoLLeid BOAbI B BbICOKOMOTEHLMANbHOE Tenso (LMpKyaupylLwas Boaa
MOXeT HarpeBaTbcA, Hanpumep, Ao 60—70 °C).

Tennora, pekynepupoBaHHas 0T XONOANIbHOI MALUMHbI C BOAAHBIM OXNIaX/eHeM, MOXeT ObiTb CNoNb30BaHa
B 31aHNAX C NOTPEOHOCTbI0 B OAHOBPEMEHHOM Harpese i oxnaxaeHuu. Tennoas 3Heprua Moxxet TpeboBaTbCA
ANA 0TONNEeHWUA, NPOM3BOACTBA ropAYeil BOAbI, @ TaKxe ANA BTOPUYHOTO NOAOTPeBa Npu OCyLIEHUN BO3ayXa.
K uncny o6bekToB, And KOTOpbIX JaHHAA TEXHONOMUA MOXeT ObiTb PPeKTUBHA, OTHOCATCA: MOMeLLeHNs,
B KOTOpbIX HeobXoAMMO OCyLIeCTBAATb KOHTPOMb BAAXHOCTA BO3AyXa (nabopatopuu, OnepauuoHHble
nomelLieHnA 6ONbHML, My3eu, KapTUHHble ranepen), a TakKe 34aHUA, B KOTOPbIX Temno Moxer ObiTb
MCNoNb30BaHO ANA NOAOTPeBa ropAyeit BoAbl AnA 6acceilHoB, AyLIEBbIX, CTUPKM 1 MbITbA NOCYAbI (FOCTUHMLI,
KazapMmbl, 00LWexuTnA).

IKOHOMMA HEPrin Ha HarpeB BOAbI 3a CYET UCNONb30BAHNA BbIOPOCHOTO TeN/a X0N0ANUNbHOM MALLNHBI CHIXKAET
Harpy3Ky v yMeHbLUaeT pa3mepbl (1 KanuTanbHble 3aTpaTbl) Ha FPAAUPHI 1 KOTAbI, paboTatoLLme Ha TONMBE UK
NEKTPUYECTBE; TaKXKe B Cyyae NpuMeHeH!s JaHHON TEXHONOMM YMeHbLLAETCA Pacxof NOANUTOYHOI BOAbI ANA
rPAAVPEH, CHKAKOTCA PACXOAbl Ha ee XUMMUeCKyIo 00paboTKy, Kak 1 pacxodbl Ha KaHanu3aumio.

Koapduument nonesHoro peitcteua (KMZJ) xonoamnbHbIX MalnH C yTunau3aumeli BbIOPOCHOMO Tenaa MoXeT
pocturatb 20% B pexxume HarpeBa, 5-7% B pexume oxnaxaeHua. 06wuin KN4 npn ucnonb3oaHum ana
OTOMNEHNA 1 OXNAXAEHUA cOcTaBnAeT okono 11%.

McQuay, York.

*  Brian Key. Recovering Heat From Chilled-Water Systems. HPAC Engineering. Jan. 1, 2009
*  Johnson Controls. Optimize your facility’s energy utilization with free heat.

YORK® Model YK heat recovery chiller
*  McQuay International. 2002. Condenser Water Heat Recovery
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HanmeHoBaHe TeXHUYEeCKoro (I'IpOQKTHOFO) pelieHna

(BeToANOHbIE CBETUNBHUKM

Homep 1 HanmeHoBaHme Kputepus (napameTpa) «3eN1eHoro CTPOUTENbCTBAY

(Cnoco6 onpegenexus bannbl

no CTO HOCTPO 32.35.4
Pacxop anekTposHeprum pacyemHo 5-30
YnenbHblit cyMMapHbIiA pacxoz NepBUYHOI SHEPTIAN HA CUCTEMbI MHXKEHEPHOTO
A YMMAPHBI pacxon nep P P pacyemHo 0-20
obecneyeHus
S
0 (ToMMOCTb rofJ0BbIX IKCMyaTaLMOHHDIX 3aTpaT pacyemdo 0-20
)
(ToMMOCTb NpUBeJEHHBIX COBOKYMHbIX 3aTPaT N0 LMKy XKM3HU 06beKTa pacyemHo 0-25
Wnnoctpauun

OnucaHue
TexHonoruu

06nactb
npumMeHeHus

KonuuecrBeHHble
N KayecTBeHHble
XapaKTepuCTuKkun

924

BepxHui nposopa
W3nyyvatowmi Kpuctann

«— [pocBeumnBaoLWmn Kopnyc

+— BblBOAbI
_,_n—'-'_.-.

Puc. 1. TunnyHbIii CBETOAMOA 11 €70 KOHCTPYKLMA B paspese

(BeToAMOHAA Namna COCTOUT U3 LIOKOMEil pa3ninyHbIX CTaHAAPTOB, BCTPOEHHOTO 610K MUTAHIA MOCTOSHHOMO
TOKa (3T0 M03BONAET U3/yyaTb HeNpepbiBHbIA CBETOBOIA MOTOK) 11 CMeLManbHO CMPOEKTUPOBAHHOIA MNaTbl €O
(BEPXMOLLIHbIMI CBETOAMOAAMIA. SDKOe CBEUEHME, BO3HMKAIOLLIEe NPU NMPOXOXKAEHUN Yepe3 MoynpoBOaHNK
NEKTPUYECKOTO TOKA, — 3TO 11 €CTb 0CHOBA PaboTbl CBETOANOAA. Bce 3T0 NoMeLLeHO B anioMUHUEBDIIi KOpMy,
4To CNOCOBCTBYET TEMNOOTBOALY U HEMPEPBIBHOMY CPOKY CITyX0bl.

Kommepueckme 1 0611eCTBEHHbIe 30aHIA.

MoTpebneHue cBETOANOAHON NaMMbl B 1BA Pa3a IKOHOMUUHEE IOMUHECLLEHTHOIA Ui B 5—10 pa3 JKOHOMUYHee
00bIYHbIX NaMn HakanuBaHua. (BETOAMOAHbIE NamMbl 06NafAlT MPOAOMKUTENBHBIM CPOKOM ClyXObl —
HenpepbIBHOE (BEUeHe COCTABAAET OT 5 NeT. Bbicokas (BeTOOTAaua AMOAA U €ro MUHUManbHoe noTpebneHne
CNocobHbI Ce0 OKYNUTD yXKe Mocne NofyroAa SKCANyaTaLyu.



HanmeHoBaHIe TexHMYeckoro (I'IpOEKTHOFO) PeLeHnd

CUcTembl KOMOUHUPOBAHHOIO OCBELLEHNA

Homep 1 HanmeHoBaHwe KpuTtepua (napameTpa) «3eneHoro CTPOUTeNbCTBA»
Cnoco6 onpegenexus bannbl

no CTO HOCTPOI 32.35.4
) .
(BetoBoli KomdopT pacyemxo 3-13
Pacxon TennoBoi SHeprum Ha OTONNEHNE 11 BEHTURALMIO 3[aHNA pacyemxo 0-25
Pacxon aneKkTposHeprum pacyemHo 0-30
YnenbHbIin CyMMapPHbII pacxo NEPBUYHOI SHEPTUN HA CUCTEMbI MHMEHEPHOTO
A YMMapHBIA PACIOR nep P P DacyemHo 0-20
obecneyeHus
S
(ToMMOCTb rof0BbIX IKCMAYaTaLMOHHBIX 3aTpaT pacyemxo 0-20
w
(ToMmOoCTb NpUBEAEHHDIX COBOKYMHDIX 3aTPaT MO LMKNY XM3HM 00beKTa pacyemHo 0-25
Unnioctpauun

Puc. 1. HactonbHbiit Puc. 2. 06wiee ocBeLLeHMe NOMeLLeHNS ¢ Puc. 3. HactonbHag namna
0CBeTUTENbHbIIA Npnbop AnA NCNONb30BaHNEM OTPAXAIOLLUX NOBEPXHOCTEN (0 CBETOANOLOM
MECTHOTO 11 00LLEro OCBELLIEHNS (odmcHoe 3naHue B (3Tne, WTaT BawmHrToH)

Puc. 4. Cuctema KombUHMPOBAHHOTO 0CBeLLeHIA B rMaBHOM oduce dupMbl SHI International nocne pekoHcTpykumi (npoekT dupmbl Finelite, Inc.)
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KombuHupoBaHHoe obLuee UCKYCCTBEHHOE OCBELLEHWe MOMeLLeHNA npeacTaBnAeT coboii couetanme obiero
PaCCeAHHOr0 C MeCTHbIM HanpaBNeHHbIM 0CBelLeHreM. [lononHeH1e 06LLero ocBeLLeHNA MeCTHbIM No3BonAeT
CYLLUECTBEHHO COKPATUTb 3HepronoTpebneHne Mo CpaBHEHUH) C NMPUMEHEHUEM UCKNIOUMTENbHO 06Lero
OCBELLEHMA, NOTOMY 4To 6oee BbICOKME YPOBHU OCBELYEHHOCTU TPeOyHTCA TONbKO B OFPAHUUYEHHBIX MeCTax
npe6biBaHuA Niopeii. [py NPOeKTUPOBaHNI OCBELLIEHNA B IOMELLEHUI CBETUNbHIKM HaNPaBNEHHOTO OCBELLeHIA
MOryT ObITb pacnonoXeHbl TONbKO Bo3/e paboumx MecT, B To BpemMA Kak CUCTEMA PacCeAHHOr0 OCBELLeHUA
bynet obecneunBatb OTHOCUTENbHO 6onee HW3KMIA OOLMIA YPOBEHb OCBELUEHHOCTM. Takum 06pa3om, no
CPaBHEHMIO C TPAANLMOHHBIM M3aiiHOM, KOTOpbIN OMMPAETCA TONbKO Ha MCNOb30BaHMe 06LLEero pacceaHHoro
(BeTa, KOMOUHMPOBAHHOE OCBELLEHIE NO3BONAET CHU3UTb CPEAHUIA YPOBEHD OCBELLEHHOCTU B MOMELLEHMN U
yMeHbLUUTb 06LLee KONMUECTBO HE0OXOANMBIX CBETUbHIKOB. KOMOMHMPOBaHHOE OCBeLLEHMe TpebyeT C03AaHNA
ANA KaX[0ro paboyero MecTa ypoBHA 0CBELLEHHOCTH, HEOOXOANMOTO ANA BLINONHEHMA BIA3yalbHbIX 3ajau.
Moabop MeCTHbIX 0CBETUTENBbHBIX NPUOGOPOB ONpeaenaeTca:
- XapaKTepoM BU3yasbHbIX 34ay, BbINONHAEMbIX YJIOBEKOM Ha 0CBELLIAeMOM MecTe;

- CneLmduUecKMI aHHbIMM 06 0CBELLIAEMOM NPOCTPAHCTBE, KOTOPbIE BKAIOUAIOT B ce6s HOpMaLIAt
06 oTpaXkaTeNbHol CNOCOBHOCTI CTeH, NOTONKA, Noa 1 Mebenu;

- (aKTOpamm, KOTopble MOTYT BANATL Ha BIA3yalbHblii KOMOPT, HaNpUMep, HaMuMeM NPAMbIX 671KOB,
(0371aBaeMblX NOCTYNAIOLLIM Yepe3 OKHA CBETOM, CyLLECTBYHOLLMMI CBETUIbHUKAMU N APYTUMU
BHYTPEHHUMI UCTOYHMKAMU CBETa;

- BO3DACTOM KA1, HAXOAALMXCA B NOMELLEHN,

KombuHupoBanHoe ocBewieHne Haubonee 3QPEKTMBHO B KPYMHbIX W CPeAHUX OGUCHBIX MOMELLEeHUAX
KOMMepYeckinX 1 aAMUHUCTPATUBHBIX 34aHIIA.

(penHuii ypoBeHb OCBEILEHHOCTU B MOMELLEHNM C KOMOWHMPOBAHHBIM OCBELLEHUEM HIKE, YeM Mpu
TPaZULMOHHOM PaccesHHOM OCBELLEHIAM, HO MPU 3TOM C037aeTcs Gonee BbICOKMI BU3yanbHblii Komdopr. [na
Niofieli, paboTaloLLuX rMaBHbIM 00pa30M Ha KOMMbIOTEPE, MEHee APKWiA CBET, KaK NPaBUNo, NPEANOYTUTENEH.
370 NPOUCXOAUT NOTOMY, UTO SKpaH KOMMbIOTEPA CaM U3/YYaeT CBET, @ U30bITOUHASA OCBELEHHOCTb NOMELLEHNS
4acTo Bbi3bIBaeT 6Ky, Mpu paboTe ¢ GyMakHbIMU JOKYMEHTAMI AN BINOSHEHWI AIPYTUX 3a/1ay, TPeOYIoLLX
bonee APKOro OCBELLEHNSA, LieNecoodpasHo NCNob30BaTb NPUBHOP MECTHOTO OCBELLEHNA. 3aUacTyH CBETUNbHIK,
C0371AI0LLNIA PACCEAHHOE OCBELLEHIE, MOXET MoTPeonaTb TonbKo 20—28 W, uTobbl 06ecneynts KOMQOPTHbIIi
yPOBEHb 0CBelLEeHHOCTU. Korla COTPYAHMKY BbINONHAIT BU3yaNbHble 3aJaul, Tpebylolme bonee BbICOKOTO
YPOBHS OCBELLEHHOCTY, OHU MOTYT BK/IOUMTb HACTONbHYI0 1amny, noTpednsioltyto 8—12 BT. KombuHnposaHHas
CACTeMa OCBelLeHUs CMocobHa 3avacTylo obecneuntb ypoBeHb ocelleHHocTh B 1000 niokc u Gonee. B
NOMELLEHIN C NPABUIIbHO CNPOEKTUPOBAHHOI CUCTEMOE OCBELLIEHNS B HOBOM WA PEKOHCTPYUPOBAHHOM 3aHINM
C COBPEMEHHBIM GNYOPECLIEHTHbIM UI CBETOANOAHbIM 0BLLIMM OCBELLEHIEM, A TAKXKE PEryNAPYeMbIM MECTHbIM
OCBELLEHNEM, UCMONb3YIOLMM CBETOBbIE AMOAbI, MNIOTHOCTb SHEPTUM HA OCBElLEHUe MOXET ObiTb 5.5 BT Ha
KBaJPATHbIl METP 1 HIKe.

NA.

StanWalerczyk, Lighting Wizards, September 15, 2012. TASK AMBIENT LIGHTING

*  Task/Ambient Lighting: Efficient, Stylish and Portable. California Energy Commission’s Public Interest Energy
Research Program Technical Brief. PIER Buildings Program. September 2008

 Eley, C, T.M.Tolen, J.R. Benya, F. Rubinstein, R. Verderber, principal investigators. Advanced Lighting
Guidelines: Final Report. Prepared for the U.S. Department of Energy, California Energy Commission,
and Electric Power Research Institute, 1993

o www.finelite.com



HanmeHoBaH1e TexHUYecKoro (I'IpOQKTHOFO) peweHna

Cuctembl HU3KOTEMNEPATYPHOI0 OTOMNIEHNA

M /1 BbICOKOTEMMEPATYPHOO OXNaX AeHNS
Hd OCHOBE MJ1aCTMACCOBbIX MdTOB
07 06ecneyeHHOCTb NoNe3HOI NIOLLAAbI0 pacyemto 0-5
Pacxon Tenn0BoVi SHepruI Ha OTONEHME 1 BEHTUAALMIO 30aHNA pacyemHo 0-25
Pacxofi aneKTposHeprin pacyemHo 0-15
@7 (TOMMOCTb FOBOBbIX IKCTyaTaLWOHHbIX 3aTpaT pacyemHo 0-20
eﬁ (T0MMOCTb NPUBELEHHBIX COBOKYMHBIX 3aTPAT N0 LMKAY KWU3HU 00beKTa pacyemHo 0-25
UnniocTpauun

Puc. 1. KpenneHue oTonuTeNbHbIX
1 OXNaXaloLLIAX MATOB HENOCPECTBEHHO
K IOBEPXHOCTY MOTONIKA

Puc. 2. OtonuTenbHble 1 0XNaxaatoLL e MaTbl, Puc. 3. LleHTpanbHblii y3en cucteMbl X0N0A0CHA0XKEHNA 3[aHNA:
YCTaHOBNeHHbIe Ha NaHenAX NOABECHOro NoTo/ka 1 — TennoobMeHHIK; 2 — LMPKYNALMOHHDIN HACOC;

3 — maHoMeTp; 4 — TepmMOMETp; 5 — paclumpuTenbHbIil 6ak
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Bo3ayLHble cucTemMbl KOHANLMOHNPOBAHKMA BO3AyXa 00eCneunBatT OTONNEHUE U OXNAXAEHUe 3AaHNA TONbKO
3a CYyeT KoHBeKL M. Ho HarpeB 1 oxnaxaeHne MOXHO OCYLLIECTBAATD 3a CYET COYETaHNA U3NYYEHNA 1 KOHBEKLMN
BHYTPYU NMOMeLLieHIs. ITa MeToAMKa peann3yeTca Npu NOMOLLYM CO3aHMA TENNION U/UN X0N0AHOM NOBEPXHOCTH
B KOHAMLMOHNPYEMOM NomeLLeHIn AnA ero o6orpesa 1 oxnaxaeHns. (UCTeMbl, yCTPOEHHbIE N0 3T0I MeTOAMKe,
Ha3blBaIOT CUCTEMAMM PAJMALIMOHHOTO HarpeBa W OXNAXAEHWA, X0TA TONbKO 0K0Mo 60% TennoBoil 3Heprum
nepenaeTca 3a cyet unyyenua. Ecin Harpes/oxnaxjeHune noBepxHOCTe NPOU3BOANTCA C NPUMeHeHeM Bogbl
B KauecTBe TPAHCMOPTHOI Cpefbl, Takylo CUCTeMY Ha3blBAKT MAPABAMYECKON CUCTEMOIN NyYncToro Harpesa/
oxnaxaeHua. 00bIYHO CUCTeMbI PAANALIMOHHOTO OTOMIEHMA U OXNAXKAEHUA NPUMEHAIOTCA B COUYETaHUU C
ABTOHOMHBIMI CACTEMAMI BEHTUNALMM, OCYLLECTBAAIOIMMU KOHTPOSb BAAKHOCTU BO3yXa B MOMELLEHIN,
KOMNeHcaLuio 06bema yaansaemoro BbITAXHbIMI CMCTEMaMI BO3/YXa, @ TakKe CO3/Al0LLMMN MOANOp BO3AyXa
ANA NpefoTBPALLEHNA HexenatenbHol WHOUALTPALUU Hapy)HOro Bo3Ayxa. V3-3a Gonbluoli NoBepPXHOCTH
TennoobMeHa Npu UCMONb30BAHMIA CUCTEM NYYUCTOTO OTOMIEHUA U OXNAXAEHUA (KaK MPaBUO, OHA 3aHMMaeT
noyTi BeCb NOTOJOK, a MHOTAA 1 CTEHbI), TeMnepaTypa Tenno- 1 X0N040HOCMTENA He3HAUNTENbHO OTIMYAeTCA
0T Temnepatypbl BO3AyXa B MOMeLLeHUN. ITU CUCTEMbI UCMONb3YIT OTHOCUTENLHO HI3KYI0 TeMnepaTypy Boabl
ana otonnenua (okono 40 °C) n Bbicokylo Temnepatype Bogbl (~ 17 °C) ana oxnaxzaenua. HebonbLuoil nepenag
Temnepatyp no3BoaAeT UCMoab30BaTb MO0 TeNNOBbIE HACOCHI C 0YEHb BbICOKUM KOIQOULMEHTOM Noe3HOro
peicteua (KMMO), nnubo obpatHyl BOAy W3 OXNaxjalluero TennooOMeHHUKA MPUTOYHON Kamepbl, n60
anbTepPHATMBHbIE UCTOUHUKN OXNAXKAEHUA ANA AaNbHEALIET0 CHIKEHNA NOTPEONEHNA SNEKTPOIHepTUN.

(ywLecTBYI0T pa3ninyHble BIAbI CUCTEM NTYYUCTOTO OTOMAEHUA 1 OXNaxaeHua. OfHa 13 cucTem, paspaboTaHHas n
LUMPOKO MCnonb3yemas B [epmaHum B TeueHue 6onee uem 15 neT, cOCTOUT M3 NNACTUKOBBIX KANUANAPHBIX MaTOB,
KOTOpble, TaK e Kak 1 noaBoAALLme TpyObl i GUTUHIY, M3TOTABAMUBAKOTCA U3 NOAUNPONMAEHA. IT MaTbl 16O
yCTaHABNMBAIOTCA NOBEPX NEPEKPLITHIl 10 UX OLUTYKATypuBaHuA (puc. 1), nnbo Kpenatca K naHenam noABeCHOro
notonka (puc. 2). bnarogapa rmbKocTI NNaCTMaCCoBbIX MaTOB 3Ta CUCTEMA MOXET ObITb UCMONb30BaHa He TONbKO
B HOBOM CTPOUTENbCTBE, HO M NP PEKOHCTPYKLIAN 3aHMiA. XonoaHble NOTONKKM MOTYT 06eCneunTb MOLLHOCTb A0
80 Br*uac/m?, uTo, KaKk NpaBUo, AOCTAaTOYHO, €CAIN 37aHIe XOPOLLO M30NIMPOBAHO 11 UMEET OTAESbHYH CCTEMY
BEHTUNALNN.

06ecTBeHHbIe, Xunble 1 KOMMepPYeCKne 3aaHnA.

ﬂpmmeHeHme CUCTEM NYYUCTOrO HarpeBa WU OXNaXAeHUA B COYETAHUM C OTAE/bHOM CUCTEMOIA BEHTUNALAN
MO3BOMAET 3HAYUTENIbHO YMEHbLUUTD KONMYECTBO TPAHCMOPTUPYEMOro BO3YXd 3d CYET 0TKA3d OT PELUPKYNALNK
BO34YyXa. PazneneHue ¢yHKLl,VIl7I MeXay paAualuuoOHHbIMK CUCTEMaMK U CUCTEMaMI BEHTUNALUW HE TONbKO
MOBbILLAET YPOBEHD KOM(I)OpTa, HO N'YBEJINYNBAET Ka4eC(TBO BO3yXa B NOMELLEHIN, A TaKXKe YNPOLLaeT KOHTPOJIb
N 30HUPOBAHNE CUCTEMDI. PaaunaumnoHHble CMCTEMbl TaKKe CHUXKAKOT BAMAHME HEMosHON repMeTUYHOCTU
B034YyX0BOA0B, NOCKOJIbKY pacxod NPUTOYHOTO W yaanAaemoro Bo3ayXa 3HaUUTe/IbHO CHUXKAETCA, 1 I'IpVITOquIl71
BO34yX OﬁpaﬁaTblBaETCﬂ NPUMEPHO A0 TeEMNEPATypbl BO3AYyXa B NOMELLEHUN. Kpome TOro, NPoCTPaHCTBO,
3aHMMaemoe CUCTEMOIN BEHTUNALM, YMEHbLLAETCA I'IpVI6J'IVI3VITEJ'IbH0 Ha 80%. Hapﬂny C COKpalLieHnem pa3mepa
BEHTWIALUNOHHDIX LLAXT, YMEHbLUEHNEM PA3MEPOB BEHTUNALMOHHOIA CMCTeMbl JaHHAA TEXHONOrNA MOXeT
npuBecTn K COKPALEHUD PaCCTOAHNA MEXAY MNO3TaXHbIMU NEPEKPbITUAMUI (paCCTOFIHI/IEM mexay nonom u
MOTOIKOM), UTO JONONHUTENbHO CHUXKAET KanuTasbHble 3daTpartbl.

(lina Heiz- und Kiihlelemente GmbH; BEKA Heiz- und Kiihimatten GmbH.

» Stetiu, C. and H.E. Feustel. Development of a Model to Simulate the Performance of Hydronic/Radiant Cooling
Ceilings. LBL-Report, LBL-36636 (1994)

* Feustel, H.E. and C. Stetiu. Hydronic Radiant Cooling - Preliminary Assessment
Energy and Buildings 22 (1995) 193-205

* Stetiu. C., H.E. Feustel, and Y. Nakano. Ventilation Control Strategies for Buildings with Hydronic Radiant
Conditioning in Hot Humid Climates. Lawrence Berkeley National Laboratory, Internal Report (1996)

* Stetiu, C. Radiant Cooling in US Office Buildings: Towards Eliminating the Perception of Climate-Imposed
Barriers. Lawrence Berkeley National Laboratory, LBNL-41275, 1998 Ph.D. Thesis, Energy and Resources Group,
University of California, Berkeley, 1997

* |EAECBCS Annex 46



HanmeHoBaHe TeXHNYECKOro (I'IpOEKTHOI'O) pewieHna

Cuctembl 0XnaxaeHus
C 6a|<aM|/|-a|<KymynﬂTopaM|/| X0J1044

Homep 1 HanmeHoBaH1e KpuTepus (NapameTpa) «3eNeHOro CTPOUTENbCTBAY

no CTO HOCTPOW 32.35.4

Pacxop TennoBoIi IHEPTIN Ha OTONAEHIE U BEHTUAALMIO 3AaHNA

Pacxop aneKkTpoaHeprum

N
@ (ToumocTb rofoBbIX JKCNJ1yaTallMOHHbIX 3aTpaT

w
@ (Toumoctb npuBeAEHHbIX COBOKYMHbIX 3aTPAT N0 LUKNY XU3HU 06bekTa

Unnioctpauun

FULL STORAGE

Cooling load
(met by storage)

Tons (kW)

Time of day
PARTIAL STORAGE - LOAD LEVELING

Chiller runs
continuously

(met by storage)

Tons (kW)

Cooling load

(met by chiller)

Time of day

PARTIAL STORAGE - DEMAND LIMITING

Reduced on-peak
deman

(met by storage)

Cooling load

Tons (kW)

(met by chiller)

Time of day

(noco6 onpenenenus

pacyemHo
pacuemHxo
pacyemHxo

pac4emHo

Full storage — Cuctema, paccuuTaHHas Ha NOHYH Harpy3ky.

Partial storage — load leveling — (uctema, paccuntaHHaA Ha
CPenHIOH Harpy3ky.

Partial storage-demand limiting — Cucrema, nosgonaiowas
YaCTUYHO CHIXKATb MUKOBYHO Harpy3ky.

Chiller on — XonogunbHas malunHa pabotaer.
Chiller off — XonoaunbHas maluuHa He pabotaer.
Charging storage — bak-akkymynatop 3apaxaeTca.

Chiller runs continuously — XonoaunbHaa mawmHa pabotaer
NOCTOAHHO.

Cooling load — XonoaunbHas Harpy3ka.

(met by chiller) — obecneunBaemas XonoANAbHOI MALLKHOAA.
(met by storage) — obecneunBaeman 6akom-akkyMynATOPOM.
Time of day — Bpems aHa.

Tons (kW) — kBr.

Puc. 1. Pa3HOBUAHOCTY CMCTEM OXNaXAeHUA ¢ bakaMu-aKKyMynAaTopamu xonoaa

Onucanune
TeXHONoruu

0-25

0-20

0-25

bannbl

0-30

(nctembl oxnaxaeHuna ¢ 6aKaMM-aKKyMyﬂﬂT0paMM X0i0A4a — 3T0 TEXHOJIOMNA, KOTOPAA YMEHbLUAET 3aTpatbl
3J'I€KTpI/1lJECKOI7I JHEPrun 3a CHET NepeHoca BpemeHn paGOTbI XONOAUNbHLIX MaLLWH C nepnoaa MUKOBOIA Harpysku

3J'IEKTpI/1lJECKOI7I cetu. ﬂpI/I MUKOBOIA Harpyske cetn xonoaunbHoe 060py£l0BaHVIe OTKNIOYAEeTCA Unn pa60TaeT
CMOHKEHHOI MOLYHOCTbIO MO CpaBHEHNI0 CX0noaunn bHOW Harpy3K0|71 3[aHIA, U pa3HiLa B Harpy3Ke BOCNONHAETCA
3a CYeT MCMOSb30BaHUA OXNAXKAEHHON BOAbI UM NbJa, BblpaﬁoTaHHbIX 6aKaMM-aKKyMyﬂﬂT0paMM BHe MUKOBOIA
Harpysku. Xota 06Lee ncnonb3oBaHme SHEPrumn CUCTEMbI MOXKET YBENNYUTLCA 113-3a NOTEPb X0N104a NPUXPAHEHUN
N TPAHCNOPTUPOBKE, CHUXEHNE NUKOBOIA Harpysku u cmeLleHne I'IOTp€6J'IEHVI$| 3J'IEKTpI/1lJECKO|7I JHEPruni Ha nepnoa
 bonee HU3KMMMU Pacle€HKamMi MOXKET NPUBECTN K C)lLI.I,ECTBEHHOVI IKOHOMUI 3KCNJTyaTaLMOHHbIX 3aTpaT.
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Onucanune
TexXHonoruu
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(yLecTByeT MHOT0 Pa3HOBMAHOCTEIT CUCTEMBI C HakaMu-aKKyMynsTopamin X004, B kauecTBe XoniofoHocuTeNs
yallle BCero NPUMEHSETCA BOAia, KOTOPas XPaHUTCA B XONOAHOM BUJE, B BUAE NbAa WK NEAAHON CyCeH3uu,
a TaKKe CMecb BOAbI C Pa3NNYHbIMI IBTEKTUYECKUMM CONAMIA, 0Opa3ytommu aHTUpu3. bak-akkymynatop
MOXET ObITb 3apsXeH HeMoCpeCTBEHHO NMyTem UCMapeHIns XONOAUNBHOTO areHTa B UcnapuTene, NoMeLLeHHOM
B 0aK, N NP MOMOLLY CUCTEMbI C BTOPUYHBIM XONIOA0HOCUTENEM, NPe/ICTaBNAILLNAM, KaK NPaBino, cMecb BOAbI
cravkonem. (ucTeMbl € 6akamin-akkyMyNATOPaMU B 60bLUIMHCTBE CYYaeB He PaCcCUNTaHbl Ha SKOHOMIK SHEPT UM
KaK TakoBOIA, 3Ta TEXHONOTS NO3BONAET CHU3UTb (UHAHCOBbIE 3aTPaThl Ha IHeproodecneyeHne. JOHeKTUBHOCTb
TaKuX CUCTEM COCTABAAET 95—-99% 3a cueT HebONbLLNX NOTEPb SHEPTIAM MPI XPAHEHUN 1 TPAHCTIOPTUPOBKE.

YcTaHOBKa cuCTeMbI € 6akamu-akKyMynATopamu Xonoaa U nepeobopyaoBaHime CTapoil CucteMbl Ha CUCTeMY,
MO3BONANLLYI0 XONOAWIbHBIM YCTAHOBKaM paboTaTb B Nepuoi BHENMKOBOTO MoTpebneHns 3neKTposHeprum,
0C00eHHO LienecoobpasHo Npu HOBOM CTPOUTENLCTBE AN NPY 3aMeHe CTaporo 06opyaoBaHuA. B 3Tux cnyyaax
OyneT [oCTUraTbCA Takke IKOHOMMA CPeACTB 3a CueT npuobpeTeHUs XONOZUIbHBIX YCTAHOBOK MeHbLUEro
pa3mepa i ¢ 6onee BbICOKOI SPPEKTUBHOCTBIO PaboTbI B pexxume NOHOI Harpy3Ku.

(ucTembl OxnaxaeHna ¢ bakamu-akKymynATopami MoryT ObiTb [BYX Pa3HOBUAHOCTENA: PacCUMTaHHble Ha
MOMHYI0 WK HA YACTUYHYKO XONOAWNbHYI HArpy3Ky. bak-akkyMynATop cucTembl, PacCyMTaHHOM Ha NONHYlO
Harpy3ky, noabupaeTtca U3 pacyeTa yA0BNETBOPEHUA MUKOBOI HArpy3Ki TONbKO 3a CYET XON0AUbHOM eMKOCTI
6aka. (UCTeMbl, paccyMTaHHbIe HA YACTUYHYIO Harpy3Ky, 06ecneynBatoT NUKOBYIO HAarpy3Ky 3a CYeT CoYeTaHus
XONOAUNBbHON HArpy3KK, MOAYYaeMoil HEeNoCPeACTBEHHO OT XOMOAMAbHOW MALMHLI U XONOAHOW BOAbI,
nocTynatoLLeii 13 6aka. Ha puc. 1 nokasaHbl cLieHapum coueTaHus XoNoAUNbHOIN Harpy3KK 30aHNA U XONOAUIbHBIX
Harpy3ok, obecreunBaemblx XoNOAWNbHOA MalMHON 1 bakom-akkymynatopom (Pacific Northwest National
Laboratory, 2000).

B cucteme, paccumTaHHoi Ha NONHYIO HArpy3Ky, XoN0AWIbHAA MallMHa paboTaeT npy NOHON Harpy3ke B Yachl
CHEMUKOBOIA HArpy3Koii 1 MONHOCTbIO 3apAXKAET bak-aKKyMyNATOP A PaboTbl B MUKOBbIE Uachl. B nnKoBble Yachl
noTpebHOCTb B X0/0/e 00€CNeUMBAETCA UCKNIOUMTENBHO OT 6aka-akkyMynaTopa. 3T0T TN CUCTEMbI MPUBOANT
K MCMOMb30BaHMI0 X0NOANNbHOI MaLLMHbI 60NbLLIEr0 pa3mepa i, CliefoBaTesIbHO, Gonee JOpOroii N0 CPaBHEHMH
C aNbTEPHATUBHBIM BapUaHTOM. TeM He MeHee Takas CACTeMa NO3BOAET MOAYUYUTb HaMBONbLLYIO IKOHOMMIO
KCTYaTaLMOHHbBIX PACXOL0B 3a CYET CMeLLeHIs PaboTbl XoNOAUNbHOI YCTaHOBKY Ha Bpems Gonee JeLieBoro
Tapuda Ha INeKTPoIHeprito. icnonb3oBaHme Takix cucTem Haubonee IOPeKTUBHO B Cyyasx, Koraa pasHuua
MeX[ly Tapuhamu CyLLECTBEHHA, a NPOAOMKUTENbHOCTb NMKOBOTO NepUojia HeBENKa.

K ,El,perI?I KaTeropu OTHOCATCA CUCTEMbI, PACCHUTAHHbIE HA OCPEAHEHHYIO HArpy3KY, a4 Takxe CUCTEMDbI,
Nno3BONAKLLINE TONbKO YaCTUYHO CHUMKATb MUKOBYK HArpy3ky. 06e Pa3HOBUAHOCTU CUCTEMDI obecneunBatot
Harpysky B NUKOBbINA nepuoj 3a cyer pa60TbI X0NOAUABHON MALLMHBI COBMECTHO C UCMONb30BaHNEM X00/a,
HaKonneHHoro B bake. B nep|30|7| Pa3HOBUAHOCTI CUCTEMBI X0J10NbHAA MalllHa pa60TaeT C NOMHOI Harpy3K017|
B TeueHue 24 4acoB B CYTKI. bak 3apPAXaeTca, Korja Harpy3ka MeHbLle npon3BoAuTeSIbHOCTU X0N0AUAbHOM
MaLlUWHbI, U Pa3pAXaEeTCA, KOrfa Harpy3ka npesbllldeT Npou3BoAUTENbHOCTb XONOAMNBHON MaLLMHbI. TaKoli
BapUaHT CUCTeMbl MUHUMU3UPYET pa3mep U CTOUMOCTb XONOAMNBHON MaLLNHBI W 6aKa-aKKymynﬂTopa, HO
npuBoaANT K MeHbLUeid SKOHOMUK CpeAcTB Ha NEKTPOSHEPINIO B MUKOBOM pPeXKme pa60Tb| Nno CpaBHEHUIO
C cuctemamMia, pacCYUTAHHBIMW Ha obecneyeHne nonHoit Harpy3ku. Takue cuctembl 3¢¢eKTVIBHbI B Cnyyadax,
Koraa pasHuua B Tapmd)ax YMEPEHHaA, a TaKKe OTHOLLEHNE NMKOBOI0 3HAY€HNA Harpy3Kku K CpEﬂHeVl BeJinylHe
BEJINKO 1 NPOAOIKNTENbHOCTb Nepuoda ¢ MUHUMANbHOM Harpy3K0|7| CyLiecTBeHHaA. (nctema, no3ponaioLLas
TOJIbKO YaCTYHO CHUXATb NMKOBYHO HArpy3Ky, NpeacTaBnAaeT cobolii «30/10TYI0 CEPEANHY» MeXay npeablayLwumn
ABYMA CUCTEMaMM. B Takoii cucteme pa60Ta X0NOAWAbHON MaLUWHBI B MUKOBbIIA nepuon «3amMeiaeTca»,
HO He NONHOCTbI0 MPeKpaLlaeTca. Takum 06pa30M, pasmep U CTOUMOCTb CUCTEMDI, A TaKKe SKOHOMUA 3aTPaT
Ha 2N1eKTPO3HEPruio, Kak NpaBKno, HaXoaATCA B npefenax, XapakTepHbIX AnA ABYX APYriX BapUaHTOB CUCTEMDI.
B nocnepHeii Pa3HOBUAHOCTU CUCTEMDI NPOU3BOAUTENBHOCTD, obecneunBaemas Xon0auNbHOI MALLNHOM, MOXKET
PEryNupoBatbCa A1 CHUKEHNA paCX0[a SNEKTPOSHEPT N 1 NOBbILLEHNA 3¢¢6KTI/IBHOCTI/I pa60TbI X0N0AUAbHOM
MalllHbl B peXXume NUKOBO Harpysku.
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(uctembl OXMaxzeHna ¢ Hakamu-akkymynaTopamn Xonoa MOryT HailT MpuUMeHeHne B ClyyasX, KOrAa
XONOAMNbHAA HArpy3ka MOXET ObiTb CMelieHa Mo BpeMeHW Mpu MUKOBOM NOTPEeONEHUN 3NeKTPOIHepruu.
Haunyuwime obnactv npumeHeHna — oduCHble 30aHNA, 60NbHULBI 11 LIKOMbI, HO OHI MOTYT 6bITb 3GOEKTUBHI
1 B APYrUX 3AAHNAX.

Lienecoobpa3HocTb NpUMEHeHNA 3aBUCUT OT CeytoLLX GaKTopoB:

- CTPYKTYpbl TapUGOB Ha INEKTPOIHEPTIALD;

pa3HULbl B Harpy3Kax Npu NUKOBOM Pexume 1 BHe MKOBOT0 PEXIUMa;

KNWUMATa, T.K. B 30HaX C BbICOKUMM AHEBHBIMI TEMMEpaTypaMu 1 NPOXaAHbIMI HOYaMM TaKue CUCTeMbI
0C06€eHHO (OEKTUBHbI;

Heo6X0AUMOCTI B YBENNYEHUN NPOU3BOAUTENBHOCTU CYLLECTBYIOLLE CUCTEMbI OXNaXKAeHNSA, 3aMeHe

(Taporo XoNoANNbHOro 060pyA0BAHNA, @ TAKXKe NPU HOBOM CTPOUTENbCTBE;

Hanuuma cB06OAHOTO NPOCTPAHCTBA ANA pa3MeLLeHNA 6aKOB-aKKyMyNATOPOB.

OCHOBHbIM MpeuMyLLECTBOM CMCTEM OXNaXZAeHUA C bakaMu-akkymynaTopamu ABAAETCA WX CMOCOOHOCTb
CYLECTBEHHO CHU3UTb PAcXOAbl Ha 3NEKTPO3Hepriio, 0C06eHHO CMCTEM, MCNOMb3YIOLLMX SNEKTPOIHEpruio B
KauecTBe OCHOBHOIO WCTOYHWKA SHEPTAM ANA XONOAUNbHBIX MALUMH. ITU CMCTEMbI KOMNEHCMPYIOT MUKOBbIIA
Pacxofi INEKTPOIHEPrIAM, 3aMEHAIOT JOPOTYI0 INEKTPOIHEPTUI B MNUKOBOM pexime noTpebneHna Ha MeHee
JOPOTYI0 3NEKTPOHEPI M0 B HOUHOE BPeMA AN BbINONHEHMA TOM e paboTbl. Kpome Toro, BO MHOTIMX Cllyyasx
cuCTeMbl ¢ 6akamin akkymynaTopamn GpakTuuecku noTpebnAIT MeHblLe SHeprun 3a cyeT bonee IQHpeKTMBHOMO
NCNONb30BaHNA XONOAWIbHBIX MALMH U NOCTOAHHOM TemnepaTypbl OXNaXAAKLLMX YCTPONCTB, a TaKxe
NOAJEPXKaHNA NOCTOAHHOI OXNaXjaloLedi Temnepatypbl. X0NoAWbHbIE MALMHBI MOTYT MMeTb MeHbluue
pa3mepbl, paccunTaHHble Ha obecneueHue cpepHeil, a He MUKOBOI Harpy3kW, YTo MPUBOAUT K CHUNKEHMIO
KanuTanbHblx 3aTpat. CHiKeHMe 3aTpaT 3a CYeT YMeHblUEHUA Pa3MepoB XONOAWIbHON MALLMHbI MOXeET
KOMNEHCUPOBATb AONONHUTENbHbIE 3aTPaTbl HA YCTAHOBKY 6akoB-aKKyMynATOPOB.

MHorouucneHHble nponsBoauTenn.

»  W.Chvala. Technology Potential of Thermal Energy Storage (TES) Systems in Federal Facilities. 2001.
PNNL Report 13489

»  (harles E. Dorgan and James S. Elleson. Design Guide for Cool Thermal Storage. American Society of Heating,
Refrigeration and Air-Conditioning Engineers, Atlanta, Georgia, 1993

*  Pacific Northwest Laboratory. December 2000. Thermal Energy Storage for Space Cooling. Federal Energy
Management Program (FEMP), Federal Technology Alert (FTA). Richland, Washington

Andrepont, J.S. 2005. Developments in the thermal storage:Large applications, low temps, high efficiency,
and capital savings. Proceedings of AEE. WEEC. September 2005

»  ASHRAE Handbook. 2008. HVAC Systems and Equipment. Chapter 50
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HanmeHoBaHe TeXHUYEeCKoro (I'IpOGKTHOFO) pelieHna

CucTembl CONHEYHOro HalrpeBad BOAbI

Homep 1 HaumeHoBaHwe KputepuaA (NapameTpa) «3ef1eHoro CTpoUTeNbCTBa»
(Cnoco6 onpegenexus bannbl

no CTO HOCTPOI 32.35.4
Pacxop TennoBoi SHepruu Ha 0TonNeHe U BEHTUNALMIO 3[aHNA pacyemHo 0-25
Pacxop TennoBoli 3Heprun Ha ropavee BofoCHabxeHue pacyemHo 0-20
Pacxog anekTposHeprim pacyemHo 0-30
YnenbHblii CcyMMapHBIA pacxoz NePBIYHON SHEPTUI HA CUCTEMbI UHXEHEPHOro
A YMMapHBI pacxof nep P P pacyemHo 0-20
obecneyenns
\
licnonb3oBaHme BO306HOBNAEMDIX SHEPrOPeCypCoB pacyemHo 0-30
)
(ToMMOCTb FO0BbIX IKCNITYaTaLMOHHbIX 3aTpaT pacyemHo 0-20
N
(ToMMOoCTb NpUBeJEHHbIX COBOKYMHbIX 3aTPaT N0 LMKy KM3HU 00beKTa pacyemdo 0-25
UnniocTpauun
Puc. 1. (xema BapuaHTa cUCTeMbl Insulated Manifold
COJTHEYHOrO HarpeBa BOfbl. T
Collector S
KomnoHeHTbI cuctembl: Fluid Out
- KONNeKTop;
- KOHTpOAEp; Selective Absorber

- baK-akKkymynatop;

- TpybonpoBoz ¢ ropAayveii BOAON;
- pe3epBHblil BOJOHArpeBaTeb; ez o
- TpybonpoBoA ¢ X0N0AHOI BOAON CpC Reﬁector_/

Double-walled glass tube
with evacuated spacing

Back-up

Heating Fluid Supply

Fluid Out

Cold Water

Puc. 2. OcHoBHbIe 3n1eMeHTbI BaKYYMHOrO0 KoeKTopa
una Sydney tube.

Ha cxeme: KoHLbI Tpy6bl cpe3aHbl, uTobbl

NoKa3aTb HauNHKy Tpy6bl; neBas Tpyba

OCHaLLieHa L0NONHUTENbHbIM Napabonnyeckum
KOHLIEHTPUPYIOLLMM OTpaXkatenem

Puc. 3. ConHeyHble naHen ¢ BakyyMHbIMU Tpy6amu, Puc. 4. LlentpanbHas KotenbHas B I. bpeactpyn (Janua)
yCTaHOBJIEHHbIMI Ha Kpbiwwe Putep Cropt C NPUCOELMHEHHOI CUCTEMOIE MNOCKUX MaHENbHbIX
(r. BanbaeHbax, [epmanua) COSTHEUHDIX KONNEKTOPOB
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TexHonoruu

06nactb
npuUMeHeHus

KonuyecTBeHHble
1 KauecTBeHHble
XapaKTepUCTUKM

Mpounssoautenu

CcbInku

(ncTembl  CONHEUHOTO Harpeea BOJbl 00bIYHO NCNoJib3ylTCA ANA Harpesa NUTbEBON BOAbI, OTOMNEHUA
NoMelLLieHuiA, BblpaﬁoTKM Tenna, NPUMeHAEMOro B Npon3BoACTBEHHbIX npoLeccax, U Aaxe AnA npon3BoacTBa
XoJiofda AJiA XpaHeHUA NPOAYKTOB U 0XJlaXXAeHUA 34aHuit. Cuctembl NCNONb3YKT SHEPTUK0 COJIHLA ANA HarpeBa
KNOKOCTU, KOTOPAA 3aTEM NEPEHOCUT COJTHEYHOE TENNO NPAMO UNWN KOCBEHHO K MECTY €ro I'IOTpE6J'IEHI/1ﬂ.
(onHeuHas cuctema Harpeea BOAbl COCTOUT U3 CONMHEYHOrO KOJNEKTOpPA C COEAUHALLUMUN pr60nposonamm
N KOHCTPYKUMUAMKN ONA MOHTaXa 3TUX KOJIIEKTOPOB, TEMNOHOCUTENA (Boga mnu cmecb BOAbl C FUKONEM),
6aKa-aKKymynﬂTopa FOpﬂLIQVI BOAbl (32 UCKNIOUEHMEM (Jly4aeB NPUMEHEHNA CUCTEMDBI ANA NOAOrpeBa BOAbI
B 6acceiiHe), LUPKYNALNOHHbBIX HACOCOB, 6aKa-paCLI.IVIpVITeJ'Iﬂ n yCTpOVICTB 6e3onacHocTn 1 KOHTpoONA. TaK Kak
COJIHEYHbIE MaHenn 419 Harpesa BOAbI 00bIYHO He ABNAIOTCA OCHOBHBIM I €ANHCTBEHHbIM CTOYHNKOM TenJa,
B CUCTEMY BKJTHOYAKOT BCNOMOraTeNbHbliA (pe3epBHb||71) Harpesareb, HeobXxoaMMblii Ana NOKPbITUA HEAO0CTATKA
B Tenne B nepuoAbl BbICOKOro Cnpoca SHEPruu unu npn CINLKom Manoii BeNnuMHe CONHEYHoro n3nyyeHus.
(ncTembl CONHEUHOro Harpesa BOAbl ObIBaIOT aKTUBHbIE U MAacCUBHble. AKTUBHAA CONHEYHas cucTema Harpesa
BOAbl UCNONb3YET HACOChl ANIA LUPKYnAUUKW BOAbI WK Cmecn aHTM¢pMBa mexnay 6aKOM-aKKyMyJ'IﬂT0p0M
N KOJINEKTOpamu. AKTMBHblE CUCTEMbI, KaK npaBuno, 1opoxe, Yem nacCBHbIE CUCTEMDI, HO OHU TaKXe 00bI4HO
bonee 3¢¢EKTI/IBHbI. laccuBHblE CUCTEMBI HE MUMEHT Hacoca u APYIuX: ABUMKYLLUXCA yacTeid. 3TN CUCTEMbl
OMnpatoTCA Ha U3MEHEHIEe TemnepaTypbl TENIOHOCUTENA B CONNHEYHDBIX KONNEKTOPAX, PACMONIOKEHHDIX Ha KPblLLe
(FpaBI/ITaLlI/IOHHbIe CUNbl) ANA C03aaHNA LUpKynAaumun B cucteme.

CyI.I.I,ECTBy}OT YeTblpe 0CHOBHbIX TiiNa CONHEYHbIX KONJIEKTOPOB, UCNOJIb3yeMblX B 00NbLUNHCTBE CMCTEM: NOCKIE
MaHen, BakyymHble prﬁanble KOJINEKTOPbI, KOHLEHTPUPYHOLLME (napaﬁonmquKme) KOJUIEKTOPbI U KOM6I/IHaL|,I/II/I
Konnektopa ¢ ﬁaKOM-aKKyMyﬂﬂTOPOM, KoTopble 006bI4HO ncnonb3yTca and HeBOMbLLIMX XUMbIX NOMELLEHWA.

3a UCKNIYeHreM (ly4yaeB, Koraa CywecTBYET OMACHOCTb B 3aMep3aHWK TENNIOHOCUTENA B KOJINEKTOPAX,
BOAa ABNAETCA OCHOBHbIM BWAOM TEMNOHOCUTENA B CUCTEMAX COJIHEYHOrO Harpesa BOAbI. OHa umeet HU3KYI0
(TOUMOCTb, €€ MHOro, U nNpUMeHeHne BoAbl COBMECTUMO CO BCEMU MaTepuanami, UCnoib3yembiMi B ITUX
uctemax. Boga 06bluHO NPUMEHAETCA B MACCMBHBIX CUCTEMAX W CUCTEMaX C UCNOb30BaHNEM KOJIIEKTOPOB
C BaKYYMHbIMK pr6arvw|. B xonogHbix Knumartax B KauecTBe TenoHOCUTENS ncnonb3yeTca cmecb aHTm¢pM3a,
0C00eHHO B CMCTEMaX C NOCKIMIA CONHEYHbIMUA KOJINeKTopamu.

30aHNA C BbICOKNM I'IOTpEﬁJ'IEHI/IEM FOpﬂLIeI7I BOAbI: bonbLune MHOrOKBApPTUPHbIE WJible 10Ma, 06LI.l€)KI/ITI/Iﬂ,
Ka3apmbl, PeECTOPaHbl, MEANLINHCKINE YUpEXAEHNA, TOCTUHNLDI N T.A4.

PasnuyHble XapakTepuCTUKM UCNOMBb3YIOTCA ANA OLEHKM W CPaBHEHMA CONHEYHbIX CMCTEM HarpeBa BObI.
Hanbonee BaxHbIMM W3 HUX ABNAKTCA CONHEYHaA coctaBnAwwan/dpakumn (SF), yaenbHaa BenuumHa
notpebnexua conHeyHoit 3Heprun (SE) n 3G HeKTUBHOCTL CoNHeuHbIx cuctem (SN).

SF onpepender, kakyl 4acTb OT obwieit noTpebnAemoii TenaoBOI SHepran B CUCTeMe COCTaBAAET Tenno,
BbIpab0TaHHOE 3a CYeT CONHEUHON JHepruu.

SN onucbiBaeT COOTHOLIEHNE MeXAY rOAO0BbIM KOAMYECTBOM TENOBOA SHeprun, nocTynawliein B 6ak-
aKKyMynATOp, 11 BeNYNHOI 061ero/rnobanbHoro u3nyyeHusa, KOTopbIii onajaeT Ha NOBEPXHOCTb KONEKTOpa.
SE onucbIBaeT rofoBoe KONMYECTBO IHEPruI, NONAZaKoLero B 6ak-akkymynatop ¢ 1 M? Nnowwaan ConHeuHoro
KonnekTopa.

(onHeuHble BOAOHArpeBaTeNl OKYyMaKTCA B TeueHue CPoKa CBOel CyXObl, KOTOPbI MOXeT COCTaBNATH
0 30 net. XoTA CONHeYHble BOJOHArpeBaTeNy CTOAT JOPOXe, YeM 00bluHble BOJOHArpeBatesn, CTOUMOCTb
notpebnaemoro UM TonnuBa paBHa Hyto. (ONHeYHble CUCTeMbl HarpeBa BOAbI MOTYT NPUMEHATLCA B M06OM
knumare. CpoK OKynaemocTIn CUCTeM COSIHEYHOTO HarpeBa BOZAbl 3aBUCUT OT LieNnoro paja GakTopos, BK/oyas
KNMMaT, KoNnuecTBo NoTpebnAaemoil ropayeil BoAbI, CTOUMOCTI TPAAULIMOHHBIX BUAOB TONNNBA, SPPEKTUBHOCTU
1 pa3mepoB/maciuTaba cuctembl. Yem Bbilue 3HaueHnA xapaktepuctuk SF, SN u SE, croumoctb TonAnBa u pasmep
CMCTEMDI, TeM KOpoUe CPOK OKynaemMocCTy.

B HacToALee BpemaA B Mupe CyLecTBYeT 60NbLLoe Uncio GupM-Npou3BOANTENeil CONHEYHbIX CUCTEM HarpeBa
BOAbI 1 X KOMMOHeHTOB. K x uncny otHocaTea: Arcon ([lanua), Paradigma (fepmanua), Solid (Asctpus) v ap.

»  ASHRAE. 2013. District/Central Solar Hot Water Systems Design Guide

*  SolarThermal Systems, Peuser, Felix A.; Remmers, Karl-Heinz; Schnauss, Martin; Solarpraxis AG, Germany,
2002 Planning and Installing Solar Thermal Systems. A Guide for Installers, architects and engineers.
Second Edition. Earthscan. London, Washington, DC. 2010

*  VDI-Richtlinien 6002, Part 2, Solar Heating for domestic water. Application in student housing,
senior citizens” homes, hospitals, swimming baths and campgrounds, VDI, Diisseldorf, 2000
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HanmeHoBaHe TeXHUYEeCKoro (I'IpOGKTHOFO) pelieHna

CoNnHeuHbli KonnekTop

Homep 1 HanmeHoBaHme Kputepus (napameTpa) «3eN1eHoro CTPOUTENbCTBAY
no CTO HOCTPOI 32.35.4

Pacxop TennoBoi SHepruu Ha 0TonNeHe U BEHTUNALMIO 3[aHNA

Pacxop aneKkTposHeprum

YaenbHblii CyMMapHblii pacxozi NepBIYHOI SHEPTUI Ha CUCTEMbI UHXKEHEPHOTO
obecneyeHus

7
9 lcnonb3oBaHme B0O306HOBNAEMbIX JHepropecypcoB
N
(ToumocTb rofoBbIX 3KCNJTyaTallMOHHbIX 3aTpaT

S
@ (TOUMOCTb NpUBEAEHHbIX COBOKYMHBIX 3aTpaT MO LNKAY XU3HM 06beKTa
UnniocTpauum

FAN UNIT
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% PROFILED SHEET PROVIDES
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(noco6 onpenenenus

pacyemHxo
pacyemHxo
pacyemHxo
pacyemHo
pacyemHo

pacyemHo

Puc. 1. (xema cucTembl € CONHEYHBIM KOMNEKTOPOM Puc. 2. (xema conHeyHoro KonnekTtopa

NS NOJ0rPeBa Bo3Ayxa

bannbl

0-25

0-30

0-20

0-30

0-20

0-25

Puc. 3. Bua KaHaaCKol LIKONbI, PaCcnonoXeHHOI B Puc. 4. Bua KaHaACKoro LieHTpa 0TAbIXa, KOTOPbIIA HAX0ANUTCA
ApKTMUECKOM perioHe, C CONHEYHbIM KOSEKTOPOM Ha CeBepHOI TePPUTOPMH, C CONHEYHBIM KONNEKTOPOM (CneBa)
(Conserval Engineering, Inc) (Conserval Engineering, Inc)
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OnucaHue
TexHonoruu

06nactb
npumMeHeHus

KonuuyecrBeHHble
N KayecTBeHHble
XapaKTepuCTuKun

Mpoussoautenu

CcbInku

CONHeYHblii KONNEKTOP CUCTEMbI MOAOTPEBA HAPYXKHOTO BO3AYXa COCTOUT M3 TEMHOTO LiBETA NepHOPUPOBAHHBIX
MaHeneid, YCTAaHOBNEHHbIX Ha HKHOW CTeHe 37aHWA. JlOMONHUTENbHbIA BEHTUNATOP WAM BEHTUNATOP
CYLLeCTBYHOLLE CUCTEMbI BEHTUNALMI 3aHIA 3aTATUBAET HapYXKHbIii BO3AYX B 3faHNe yepe3 nephopaumio B
MaHenu 1 BO3AYLUHOE NPOCTPAHCTBO MEXAY NephOPUPOBaHHOI NaHENbHo 1 CTeHOiA 3naHus. CONHeuHas SHeprus
MOTIOLAETCA TEMHOI MaHeNblo, U TeNNo NepeaaeTcs BO3AYXY, MPOXOAALEMY yepe3 Hee. JIETOM HapyKHblii
BO3/yX MOCTYNAeT HeMocPeCTBEHHO B CUCTEMY BEHTUMALMAM WM KOHAVLMOHUPOBAHWUA B 00X0[ CONHEUHOMO
KonnekTopa. Bo3ayx, nocTynatowmii yepe3 nephopauuto, ABUXKETCA BBEPX B MONOCTH, 00pa30BaHHOIl Mexy
nephopUPOBaHHOI NAHENbH) U CTEHOIA.

B 0bwiecTBeHHbIX 3[aHMAX C CyLLECTBEHHbIMM TPeOOBaHUAMU K BEHTUNALMOHHBIM CMCTEMAM, Y KOTOPbIX
UMeeTCA (BOOOAHAA MNOLLa/ib Ha H0XKHOI CTOPOHe dacada AnA 00ANLOBKM CONHEUHbIMI NaHenamu. lpumepamu
00LLIeCTBEHHbIX 3[aHMIN ABAAIOTCA 00MbHNLBI, LWIKONbI, Ta00PATOPIK CO 3HAUUTENIbHBIM YMCTIOM MECTHBIX 0TCOCOB
1 KpyMHble pecTopaHbl. 3[aHNA, rae [OMYCKAeTcA YTUAM3aLmMN Tenna BbITAXHOMO BO3JyXa WM peLypKynaLmm
BO3AyXa C QunbTpauueli, He BXOAAT B UnCNI0 00BEKTOB, ANA KOTOPbIX AaHHAA TEXHONOTMA MOXeT ObiTb
3 HeKTUBHON.

JKOHOMUA, 3HAUNTENbHAA AA BCEX KNUMATUYeCKMX 30H, rae Tpebyetca otonneHue. (uctema 0KynaeTca 3a Cpok
0T 3 210 12 neT 3a CYeT CHUMKEHUA PaCcXofl0B Ha OTOMNeHue.

www.solarwall.com

*  http://www.nrel.gov/learning/re_solar_process.html

HanmeHoBaHe TeXHNYECKOro (I'IpOEKTHOFO) peweHna

CI'IEKTpaJ'IbHO ycoBepLIeHCTBOBAHHbIE
CUCTeémbl 0CBELLEHUA

Homep 1 HaumeHOBaHMe KpuTepus (NapameTpa) «3eNeHOro CTPOUTENbCTBA»

(nocob onpeaenenuna bannbl

no CTO HOCTPOI 32.35.4
) .
(BeToBOI KOMOPT DacyemHo 0-10
Pacxoz anekTpoaHeprum pacyemHo 0-30
YnenbHblii CyMMapHBIA pacxoz NepBUYHON SHEPrui Ha CUCTEMbI UHXKEHePHOro
A YMMapHBI pacxof nep P P pacyemso 0-20
obecneyeHns
S
(ToMMOCTb rofJ0BbIX IKCMYaTaLMOHHDIX 3aTpaT pacyemHo 0-20
S
(ToMmoCTb NpuBeeHHbIX COBOKYMHDIX 3aTPaT N0 LMKNY XMU3HM 00beKTa pacyemHo 0-25
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Unnioctpauun

OcBeLLeHve 10 peKOHCTPYKLIAM:
L|BeToBaA Temnepatypa namn
3500K, CRI 75. YcTaHoBneHbl
Haubonee YacTo UCMOb3yeMble B
3[1aHNAX QYOPECLIEHTHbIE NaMbl.

Onucanune
TeXHonoruu

O6nactb
npumMeHeHus

KonuyecTBeHHble
1 KauecTBeHHble
XapaKTepUCTUKM

Mpoussoautenu

Ccbinkm

106

(nekTpanbHo yCoBepLLEHCTBOBAHHOR
0CBeLLieHue:

LiBeToBas Temneparypa namn 5000K,
(RI 82. bonbLas ApKOCTb 3TUX Namn
KOMMEHCUPYET MOHUKEHHbII YPOBEHDb
0CBELLEHHOCTH, N3MepAeMblii B
NIOMeHax, YTo aeT B pe3ynbrate
OANHAKOBBII BU3yaNbHbIil 3QdeKT
LOCTUraeTca Npu MeHbLLEM Pacxofe
3Heprum.

Puc. 1. Jlamnbl Tennioro BeTa (CieBa] U CNEKTPaNbHO YCOBEPLIEHCTBOBAHHAA CUCTeMa (CnpaBa)

Ha cuctembl ocBeLLeHA npuxoauTca npuban3utenbHo 30% noTpebaseMoit B HEXUNbIX 3AAHNAX INEKTPOIHEPTUN.
WcTouHnKOM CBeTa B TaKuX 33aHNAX, KaK NpaBuno, ABNAKTCA GnyopecLieHTHble CUCTEMbI OCBELLEHMA.
lpoBeneHHble B 3To 06nacTM UCCNENOBAaHMA MOKA3anyM, 4TO LBET WM31yyaeMoro (BeTa MOXeT BIUATb
Ha 3Hepro3IhPeKTMBHOCTb CMcTeMbl 0CBeLeHMA. [lcnonb30BaHme GyopecLieHTHOTo 0CBeLLeHNA ¢ bonee BbICOKOI
LIBETOBOI TemnepaTypoii MoXeT NpuBecTu K 3koHomun 20—40% SHeprum no cpaBHeHUto ¢ Hanbonee yacto
nCnonb3yemMbIMin GyopecLieHTHbIMI 0CBETUTENbHBIMIA CUCTEMAMU. IKOHOMUA MOXeET ObITb JOCTUTHYTA MyTeMm
NPOCTOIA 3aMeHbl Namn.

JpdeKTUBHOCTD OCBELLEHNA N3MepAeTcA B JloMeHax Ha BaTT. JlloMeH ABMAETCA W3MepeHUeM CBETOBOI
NPON3BOAUTENBHOCTY TAMMbI 1 UCMONb3YETCA NPV pacyeTe 0CBELLEHNA AA JOCTUXKEHNA BU3YaNbHOro KOMopTa
MpY BbINOJHEHUN Pa3NMYHBIX BUAOB AeATENbHOCTU. ViccnefoBaHnA BbIABMAM, YTO peakLyA YenoBeyeckoro
rMasa Ha yBefueHne JONM CUHEro (BeTa B (BETOBOM MOTOKE Takad e, Kak 11 Mpu yBeNuueHun ypoBHsA
0CBELLEHHOCTI — MPOUCXOAMT YMeHbLIEHIe 3pauKoB, OKpy»KaloLLiee NPOCTPAHCTBO KaXeTcA CBeTree.

llyTem CneKTpanbHOro yCoBepLIeHCTBOBAHNA LIBETOBbIX XapaKTepUCTMK (NyopecLieHTHOro OCBeLLEHMA 3a CYeT
yBeNueHns JONN CUHEro LBeTa CTaHOBUTCA BO3MOXKHBIM CHUDKEHUe JHepronotpebneHns AnA AOCTUXeHUsA
TOTO e YpOBHA BM3yaNbHOro Kom¢opTa. 3meHeHue LBeTa npu GnyopecLeHTHOM OCBeLLeHIN A0CTUraeTcA
CPaBHUTENbHO NIETKO, NyTeM U3MeHeHIUA COCTaBa CMeci NIOMMHOQOPOB, HAHOCUMBIX HA BHYTPEHHIOK CTEHKY
CTeKNAHHOI pnyopecuenTHoil Tpyoki. Mpu JobaBneHnm bonbluero KonuyecTBa CMHero NloMUHoOGoOpa B CMecb
docopa BeT cTaHOBUTCA BUyanbHO bonee 3gdeKTnBHLIM. lpeanoxeHa HOBaA XapakTepucTuKka AnA pacyeta
ocBeLeHns, S/P, koTopas npeAcTaBNAeT 060/ OTHOLLEHE KONMYECTBA (BETa, KOTOPOe BANAET Ha nepudepuitHbie
doTopeLenTopbl, K CBETY, KOTOPbIii BO3AEICTBYET Ha LieHTpasbHble (oTopeLientopbl 3peHns. S/P xapaktepusyer
BNMAHNE OCBELLEHNA Ha 3peHie — YeM BbilLe 0THoLLeHKe S/P, Tem Bbile BU3yanbHaA 3PeKTMBHOCTD. Jlamnbi
c bonee BbicoknM S/P nmelot bonee BbICOKIe 3HaueHna koppenupyemoii LiBeToBoii Temnepatypbl ((CT) n nHaekca
usetonepegaun (CRI).

Kommepueckue n 061iecTBeHHbIE 31aHNA.

(neKTpanbHo YCOBEPLUEHCTBOBAHHbIE CUCTEMbI OCBELUEHUA UMEKT Ty Xe CTOUMOCTb, YT U TPAANLMOHHDIE
cucTembl. OHN 06eCneynBatoT NOCTOAHHOE CHIKEHME HArpy3KM Ha CMCTEMY OCBELLEHUA, UTO 0COOEHHO BaXHO ANA
nep1opa C NUKOBOI Harpy3KOii, M NPUHOCUT 0COBEHHO OLLYTUMBbII SKOHOMUYECKIN 3$dEKT B pailoHax, rae BBeaeH
NOBbILUEHHbIV TapUd HA INEKTPOIHEPTIKD BO BPEMA NUKOBBIX HArpy30K. lepro oKynaemocTvt UHBeCTULMIA Npu
MOZIEpHI3aLMI CUCTEMbI HAXOAUTCA B Npegenax ot 110 3 net.

General Electric, Philips, Sylvania u pag apyrux npo3goguteneii Bbinyckatot cBeTunbHuku ¢ (CT nHpekcom 6500,
8000, n 17 000 K.

»  DOE FEMP 2012. New and Underutilized Technology: Spectrally Enhanced Lighting
» |EAECBCS Annex 46



HanmeHoBaHe TexHYeckoro (I'IpOEKTHOFO) peLeHna

TennoBble dKKYMYNATOPbI

Homep 1 HanmeHoBaHwe KputepuaA (napameTpa) «3ef1eHoro CTpouTeNbCTBa»
Cnoco6 onpegenexus bannbl

no CTO HOCTPOI 32.35.4
Pacxon Tenn0BoW SHeprum Ha OToNNEHMe 1 BEHTURALMIO 34aHNA pacyemHo 0-25
Pacxoz anekTpoaHeprum pacyemHo 0-30
YnenbHblil CcyMMapHbIil Pacxofi NEPBUYHOI SHEPTUM Ha CUCTEMbI MHXKEHEPHOTO
A YMMapHBI pacxof nep P P pacyemHo 0-20
obecneyeHns
S
(ToMMOCTb rof0BbIX IKCMYaTaLMOHHDIX 3aTpaT pacyemHo 0-20
w
(ToMmoCTb NpuBeAEHHbIX COBOKYMHbIX 3aTPaT MO LMKNY XU3HU 00beKTa pacyemHo 0-25
UnniocTpauun
Tuppoakkymynatop [BC (pesepsyap) s Tpexxop080ii Knanan
7 TennoobmenHnK () ;
Tennou30NMPOBaHHbIil o — E}'“‘g{h S 0T 3BTOHOMHOJA
= — VIR DR KoTenbHoit (T1)
Jlatunk yposHs | | 1
| see ey S K @BTOHOMHOIA
i | ff 2 Ly KoTenbHoit (T2)
HacocHan H (4eTumK XonogHoit
6 ) YCTaHOBKa I BO/IbI
K noTpebutento [ S 4 _ OTUCTOYHMKa
— 3 e N e
= @ J ! LTy D'll_\ BOJOCHA0XeHMA
I
oT notpe6uTento (T4) sS————— __) Knanau ¢ anexTponpusosom
~—" - e
Puc. 1. (xema akkymynawum ropayei Bogbl
Onucanue Tennosoil akKyMynATOp — 3T0 BEPTUKaNbHAA CTaNbHAA eMKOCTb LMAUHAPUYECKO GOPMbI, BHYTPYU KOTOPOI
TeXHONnornu Hakannueaetca ropAyas Bofa. CHapyXu, ANA CHNKEHUA Tennonotepb, EMKOCTb U30AMPYeTCA TePMOCTORKUM

noponoHoM. [penmyLiecTBo TennoakKyMynaTopa B TOM, YTO OH He JOMycKaeT MoTepu TEnnoBOI SHepruu,
HaKannuBaA u3bbITOYHOE Tensno, KOTOPOE MOXKET XPaHUTb 0 LECTU CYTOK 1 Gonblue ¢ nocneaytLLeil oThayell
notpeburento.

"pOM3BOAVITE!WI MHorouncneHHble nponssoauTenu.
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HanmeHoBaHe TeXHUYEeCKoro (I'IpOGKTHOFO) pelieHna

TennoBble NYHKTb

Homep 1 HanmeHoBaHme Kputepus (napameTpa) «3eN1eHoro CTPOUTENbCTBAY
no CTO HOCTPOI 32.35.4

Pacxop TennoBoi SHepruu Ha 0TonNeHe U BEHTUNALMIO 3[aHNA
Pacxop TennoBoV SHEPriN Ha ropAYee BOAOCHAbKeHe

Pacxon JNEKTPO3HEPrin

YnenbHblii cymmapHblil pacxoz NepPBUYHOI SHEPTIM HA CUCTEMbI MHXKEHEPHOTO
obecneyeHusa

N
@ (ToumocTb rofoBbIX 3KCNJTyaTallMOHHbIX 3aTpaT

N
e (Toumoctb NPUBEAEHHDIX COBOKYMHbIX 3aTPAT MO LINKNY XXU3HU obbekTa

Unnioctpauuu
~220B
BKT-5
tHB tHOM
top Cncrema
U3 TC oTonneHunA
tOEP GHP G
BTC 4—pg——L— =7

Puc. 1. OyHkumoHanbHaa cxema AUTI

0,25

e e e
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5 o =4

Notpebnsemas Tennora, lkan

=
=)
S

00

1203 405 6 7 8 9 101 1213141516 17 18 1920 21 2 23 4 25
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Puc. 3. Tpadmk cyTouHoro notpebneHuA TennoBoli sHepri oducHbIM 3aaHnem ¢ AUTT
npy aBTOMaTNYeCkoM nodacaHoM MOrogHOM 1 CyTOUHOM PeryanpoBaHum

Puc. 2. AUTI odmcHoro 3panuna

(noco6 onpenenenus

pacyemHxo
pacyemHxo
pacyemHo
pacyemHo

pac4emHo

pacyemHo

bannbl

0-25

0-20

0-30

0-20

0-20

0-25

Onucanue OcHaLweHve 38aH1A aBTOMATU3MPOBAHHBIMYU UHAMBUAYANbHBIMIA TennoBbiMu nyHKTamu (AUTIT) cnpumeHeHnem
TeXHONoruu norofo3aBucumoli  aBToMatukn. Vnameupyanshbiit Tennosoit nyHkT (UTM) npepctanAer coboit nyHKT
NOAKNIYEHNA CUCTEM OTONNEHMA U BOAOCHA0XKEHNA 34aHNA K pacnpeaennTeNbHbIM CETAM.

"pOM3BOﬂMTeﬂM MHorouncneHHble nponssoanTenn.
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HanmeHoBaHe TexHNYecKoro (MPOEKTHOTo) peLueHns
TEI'IJ'IOI/IHepLI,I/IOHHbIe OTONUTEJIbHbIE ﬂpl/l60pbl

Homep 1 HanmeHoBaHue KpuTepus (NapameTpa) «3eNeHOro CTPOUTENbCTBAY

10 CT0 HOCTPOI 32.35.4 (Cnoco6 onpegenexus bannbl

Pacxopn Tenn0BoV SHeprum Ha OTOMNEHME 1 BEHTURALMIO 3[aHNA pacyemmo 0-25

Pacxop aneKkTposHeprum pacyemmo 0-15
S

(ToMMOCTb ro0BbIX IKCMAYaTaLMOHHBIX 3aTpaT Dpacyemmo 0-20

N
@ (Toumoctb npuBeAEHHbIX COBOKYMHbIX 3aTPAT N0 LIUKNY XU3HU o6bekTa pac4emHo 0-25

Unnioctpauun

KoMHaTHbli bnok JlaTunk noroaHbIX
TepMOperynaTop ynpasneHusa yCnoBYiA

>

— | I_‘

r
INeKTpoCUeTUNK
ABYXTapuGHbIil

| |
Mepekniouatenn

TapudoB

Koutpaktop .

TennoHakonutenb

Puc. 1. lpuHuMNManbHas cxema paboTbl TenoreHepupyHLLEro 0TONUTENbHOTO NpUbopa

Onucanune Paguatop-TennoHakonuTtenb notpebnAeT 31eKTPOIHEPrk BO BpeMA AeliCTBUA <HOYHOrO», feLieBoro Tapuda

TexXHonoruun W HAKaNJUBAET SHEPIUI0 B BIE TeMNa B TeNNIOHAKONUTENIbHOM CepAeUHMKe U3 MarHe3uToBbIX 6710k0B (1). logaua
NEKTPO3Hepri Ha TpybuaTble IneKTpoHarpeBaTeny NPOUCXOAMT MO CUrHaNaMm Tailmepa. MaHomeTpuyeckuii
Tepmoperynatop (5) ynpaenseT ypoBHeM 3apAAKi TennoHakonuTena (Temnepatypoil TeNOHAKONUTENbHOMO
aapa). Hactpoilka MaHOMETpUYECKOro TepmoperynATopa MOXeT MpOM3BOAUTBCA Kak B PYUYHOM pexume,
C MCNONb30BaHMEM pyuku (4), Tak U B aBTOMATMYECKOM pexume (C MCnonb3oBaHuem 60Ka ynpaBneHus
W [aTynKa MOrOAHbIX YCNOBMIA). 3alyuTOil OT NMeperpeBa CRYXUT GUMeTannyecknii TepMonpesoXpaHUTeNb.
JhdekTuBHbIA Coi TennonzonAunmM (2) obecneunBaeT XpaHeHue 3anmaceHHol B TeMNOHAKONUTeNe SHepriut
kKak B Tepmoce. Tenno oTgaercA npubopom no mepe HeobxoaMmocTn beclwymHo Gnarofapa BCTPOEHHOMY
BeHTUNATOPY. Bbl ycTaHaBNMBaeTe 3HaueHue Tpebyemoro ypoBHaA TemnepaTypbl B NOMeLLEHNM Ha KOMHaTHOM
Tepmoperynatope. [lpu NOHWXeHUM TemnepaTypbl TepMOCTAT BK/KYAeT BCTPOEHHbIA B TeMoHaKonuTeNb
BeHTUnATOp (7). Bo3ayx, npoxoaa uepes cneumanbHble KaHanbl TEN0HAKONUTENbHOMO CePAEYHIKA, HAarpeBaeTca
1 nocTynaet 06patHo B oTanauBaemoe nomelwenue. lpu JOCTUXEHUN 3a4aHHOI TemnepaTypbl B NOMeLLeH!K
KOMHaTHbIIi TeDMOPEryYNATOP OTKNKYAET BEHTUAATOP.

ﬂpoussonmenu MHorouncneHHble nponssoanTenn.
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HanmeHoBaHe TeXHUYECKOro (I'IpO(:‘KTHOFO) pelierna

PekynepaTop KamepHblii

Homep 1 HaumeHoBaHwe Kputepus (NapameTpa) «3eNeHOro CTPOUTENbCTBA»
(nocob onpenenenuna bannbl

no CTO HOCTPON 32.35.4

Pacxoa TennoBoi SHEPrUN Ha OTONAEHKE U BEHTUAALMIO 3AAHUA pacyemHo 0-25

Pacxop anekTposHeprum pacyemno 0-15
S

llcnonb30BaHme BTOPUYHBIX SHEPropecypcos pacyemmo 0-30
S

(ToMMOCTb ro0BbIX IKCMAYaTaLMOHHBIX 3aTpaT pacyemxo 0-20
.

(ToMmOCTb NpUBELEHHDIX COBOKYMHDBIX 3aTPaT NO LMKNY XM3HM 00beKTa pacyemHo 0-25
Onucanue (CocToNT U3 pa3feneHHoi Ha 1B YaCcTV 3aCNOHKOI KaMepbl. YAanseMblid BO3JyX HarpeBaeT 0fHY YacTb Kamepbl,
TeXHonornu 3aTeM 3aC0HKA M3MeHAeT HanpaBneHue BO3AYLUHOTO MOTOKA Takum 00pa3om, YTO MPUTOUHBIA BO3AYX

HarpeBaeTCA OT HArpeTbiX CTEHOK Kamepbl. 3arpA3HeHIe 1 3anaxm MoryT nepeAaBaTbCA U3 yAanAemoro Bo3yxa
B NPUTOYHBIA.
06nactb 3aHnA Ntoboro HazHaueHus.

npumeHeHnA

KonuuectBeHHble  XapakTepusyetca BblCOKOW I¢pdekTuBHOCTbIO (70-80%).
¥ KayecTBeHHble
XapaKTepuCTUKK

HanmeHoBaHe TeXHUYECKOro (I'IpO(:‘KTHOFO) pelienna

[InacTMHYaTBINA TennooOMeHHUK

Homep 1 HaumeHoBaHwe Kputepus (NapameTpa) «3eNeHOro CTpOUTENbCTBa»
(nocob onpeaenenuna bannbl

no CTO HOCTPON 32.35.4

Pacxoa TennoBoi SHEPrUN Ha OTONMEHKE U BEHTUAALMIO 3AAHUA pacyemHo 0-25

Pacxop anekTposHepruu pacyemmo 0-15
S

llcnonb30BaHme BTOPUYHBIX SHEPropecypcos Dacyemmo 0-30
S

(ToMMOCTb ro0BbIX IKCMNYaTALMOHHBIX 3aTpaT pacyemxo 0-20
.

(ToMmOCTb NpUBELEHHDIX COBOKYMHDbIX 3aTPaT NO LMKAY XM3HM 00beKTa pacyemHo 0-25
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Unnioctpauun

Fresh Air

From Outside | | Stale Air
From House
Automatic "
Damper Closure * b — Motor

Outdoor air stream
Stale Air
"' To Outside
H;%\; Exhaust air stream
_‘""-_ .. .-.
‘“E—T:":_‘“"*:f// N
Faf
sad_ resh Air
Fixed-plate heat exchanger (crossflow) . | Totouse
Recovery Core
Puc. 1. lnacTuHyaTbIN TENNO0OMEHHUK C Puc. 2. (xema yTunu3atopa tenna ¢ INacTMHYaTHIM
nonepeyHbIMI NOTOKaMI BO3AYX TennoobmeHHnKom Gupmbl Lifebreath
Onucanune [pumeHseTca B cucTemax OTONEHUA, BEHTUNALN U KOHAWLMOHMPOBAHUA BO3AyXa ANA peKkynepauun Tenna
TexHonoruu 1 X0N0Aa YAaNnAemMoro Bo3ayxa B LieNsx NOAHOM0 WK YaCTUYHOTO HarpeBa 11 OXNaXAeHNA NPUTOYHOrO BO3AyXa.

YcTpoiicTBO COpepuT pAf NapannienbHbIX MACTH, U3rOTOBAEHHbIX 13 aNlOMIHIA, MNACTMACCbl, HepKaBeloLLelt
CTanu UM CUHTETUYECKOTO BOJIOKHA, KOTOPbIe MONapHo 00pa3ytoT ABe CUCTEMbI KaHAMOB, N0 KOTOPbIM NPOXOAAT
MOTOKN MPUTOYHOTO W yAanAeMoro BO3AyXa, HanpaBeHHble 1160 NOA MPAMBIM YrOM ApYyr K Apyry, nu6o
HaBCTpeuy Apyr Apyry.

B nnactuHyatom TennoobmeHHWKe ABHaA TennoTa YAandemoro noToka Bo3dyXa NepefaeTcA uyepes
pasgenuTeNbHble MAACTUHBI MOTOKY NPUTOYHOrO BO3AYxa 0Oe3 u3MeHenuA Bnarocopepxanua. Korpa
TemnepaTypa Bo3JyXa OAHOTO M3 BO3[YLIHbIX NMOTOKOB AOCTArAeT TemnepaTypbl TOUKM POCbI, MPOUCXOAUT
KOHAEHCaLNA COfepXaLleroca B HeM BOAAHOMO Mapa. B 3umMHuMX ycnoBuaAx 310 ABNeHUe 00ObIYHO NPOUCXO[UT
B MOTOKe Y/3anAeMoro Bo3ayxa npu UCnonb30BaHuNM ero A1 HarpeBaHA X0N0AHOT0 NPUTOYHOTO BO3AYXa. JleTom
KOHAEHCaLNA BOAAHOTO Mapa B MPUTOYHOM BO3/yXe MOXET MPOUCXOAMTb NMpK TennoobmeHe ¢ yaansembim
BO3MYXOM B YCNIOBUAX BMAXHOr0 Knumata. Ytobbl MCKMKUUTD BO3MOXKHOCTb 3aXBaTblBaHWA MPUTOYHBIM
BO3JYLUHBIM MOTOKOM KOHZEHCMPOBAHHOIA BAry U He AaTb eli NonacTb BHYTPb MOMeLLEHNA, pekynepaTopl
000pyayIoTCA Kanneynosutenamu.

13-3a Toro yTo B CUCTeMe MOXeT MPUCYTCTBOBATb BNara, CyLLeCTBYeT pUCK ee 3aneJeHeHUs B X0N0AHOe Bpems
roga, no3ToMy npeaycMaTpuBaeTca CUCTeMa pa3MopakUBaHuA.

KoHCTpyKumu mnacTMHYaTbix TennooOMeHHUKOB MOryT ObiTb C MOMEPeYHbIMU MOTOKAMU MPUTOYHOTO
1 yaanAaemoro Bo3fyxa (puc. 1) uam ¢ ux npoTMBOTOKOM. B KOHCTPYKLMK, 06ecneynBaioLLel BCTpeUuHbIe MOTOKM
yAnAemoro 1 PUTOYHOTO, 3TV MOTOKI NOABOAATCA C NPOTUBOMONOXKHDIX KOHL0B Tenn000MeHHNKa.
Tennoo6MeHHMKIN C NPOTUBOTOKOM 60siee IQPeKTUBHDI, YeM C MOMepeyHbIMIA MOTOKaMK, HO TpebyoT boMbLunX
3aTpaT JHepruM BEHTUNATOPOM. BOMbLUMHCTBO NpoM3BOAUTENell NpeanaraldT MOAYNbHble KOHCTPYKLAM
Tennoo6MeHHIKOB B ANana3oHe pacxodoB BO3AyXa yepe3 Moayb MotyHocteid o1 0,01 go 5 m* /c npu obiwem
pacxofie BO3Ayxa npesbilwalowmm 50 m*/c.

[ina cokpaleHua notpebneHne SHeprm Ha paboTy BEHTUNATOPa B MPOMEXYTOUHbIE Mepuoabl rofa (oCeHblo
1 BECHOI1), a TaKKe UCMOb30BaHA HAPYKHOr0 BO3AyXa ANA OXNaX AeHIsA IETOM B HOUHOE BpemA TenI000MeHHIK
MOeT ObITb CHabXeH baiinacom.

06nactb lpuUMeHAeTCA ANA peKynepaumn TeNNoTbl U3 yAanAeMoro B03ayxa B XMiblX, KOMMEpUeCKIX, 00LLEeCTBEHHDIX
npumeHeHus 1 NPOMBILLNEHHBIX 34AHNAX.
[ina BeHTUNMPYeMbIX TONbKO 3AaHNii (6e3 OXNaxAeHUA 1 KOHTPONA BAAXHOCTI) peKynepaunin SHeprim, Kak
npasuno, 6onee IKOHOMUYECKN IPPEKTUBHA, B XONOAHDBIX M YMEPEHHDIX KNUMATUYECKUX YCNOBUAX.
[InA KOHAMLMOHMPYEMBIX 34aHMIA 3Ta TEXHONOTMA NPUMEHIIMA BO BCEX KNMMATUYECKUX YCTIOBUAX.
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KonuuectBeHHble  J$deKTMBHOCTb Nepefaum SHepriv Mexay noTokami yaanaemoro U NPUTOYHOTO BO3AyXa ONpefenseTca Kak
1 KauecTBeHHble OTHOLLIEHWe 3Heprun, akTUyecku nepesaHHoI 0T 0HOr0 NOTOKA BO3AYXa APYromy, K MakCMManbHO BO3MOXHON
XapaKTepucCTKm nepeaaye JHeprun Mexay 3TUMN NOTOKaM.

(penHee 3HaueHne ANA TMNMYHOTO NAACTMHYATOO TennoobMeHHNKa — 75% (ot 60 fo 85%).

MpOTMBOTOYHDIIA TENNO0OMEHHIK 13 CUHTETMYECKIX MaTepuanoB komnaHuu Brink (Huaepnanabt) — 95%

(www.brinkclimatesystems.nl).

[nacTHyaTble TenNO0OMEHHIUKN ABNAIOTCA NPOCTbIMI CTAaTUYECKUMU YCTPOICTBAMMN 11 He NpefCTaBNAKT PUCK

nepeHoca 3arpA3HeHmin Mexzy Bo3ayLUHbIMU NOTOKAMN.

0nHaKo OHW JOBONbHO FPOMO3AKIE, 11 MPUTOYHBIE M BbITAXHbIE BO3AYXOBOAbI AOMKHbI HAXOAUTHCA BOMU3M

Apyr ot Apyra.

Cebinku *  ASHRAE Handbook.2008. HVAC Systems and Equipment. Chapter 25

»  L.D. Danny Harvey. A handbook on low-energy buildings and district energy systems. Earthscan.
Sterling, VA. 2006

e |EAECBCS Annex 46. Subtask B

*  ASHRAE. 2011. Advanced Energy Design Guide for Small to Medium Office Buildings.
Achieving 50% Energy Savings toward a Net Zero Energy Building http://www.brinkclimatesystems.nl

HanmeHoBaHIe TexHMYecKoro (I'IpOEKTHOI'O) peLueHna

Homep 1 HaumeHoBaHwe KpuTepus (NapameTpa) «3eNeHoro CTPOUTeNbCTBa» traicmaars | B
no CTO HOCTPOM 32.35.4 ’
Pacxop Tenn0BoM SHEprum Ha OTOMNEHNE 11 BEHTURALMIO 30aHNA pacyemxo 0-25
Pacxop anekTposHepruu pacyemuo 0-15
S
l\cnonb3oBaHue BTOPUYHBIX SHEPropecypCoB pacyemso 0-30
S
(ToMMOCTb ro0BbIX IKCMNYaTaLMOHHBIX 3aTpaT pacyemxo 0-20
S
(ToMmoCTb NpUBEAEHHDIX COBOKYMHDIX 3aTPaT NO LMKNY XM3HM 00beKTa pacyemxo 0-25
Wnnioctpauun
Regeneration Exhaust Air
Exhaust air S —
Stream
Outdoor air
Stream
Dry Supply Air
Rotating
wheel
Rotary Heat Exchanger (wheel
otary Heat Exchanger (wheel) Exhaust Air
Puc. 1. (xema poTopHOro TennoobMeHHIKa Puc. 2. KonamunoHep ¢ potopHbimM TennoobmenHukom (Engelhard/ICC Corp)
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OnucaHue
TexHonoruu

06nactb
npuMeHeHus

KonuyecTBeHHble
1 KauecTBeHHble
XapaKTepUCTUKM

Mpoussoautenu

B cuctemax otonneHus, BEHTUNALMA M KOHAWULMOHMPOBAHMA BO3MyXa POTOPHbIA TennooOMeHHUK Knacca
«BO3/YX-BO3JYX» W «IHTANbMUIAHOE KONECo» 0ObIYHO MCMONb3YeTcA ANA pereHepauiy BblbpacbiBaembix
B aTMocdepy Tenna, xonoga WnM BRark, COAEPALLMXCA B YHanaemMom BO3AyXe. TOT Mpouecc urpaet
BaXHYI0 POfb ANA MOAAEPXaHMA HeoOXOAMMOro KauecTBa BO3JyXa B KOHAWLMOHMPYEMOM MOMELLEHNN
Mpu OJHOBPEMEHHOM CHIXKEHUM JHEPronoTpebneHns 1 CTOUMOCTU. IHEPTUA MOXET ObiTb pereHepupoBaHa
B BUAe ABHOIN (TemnepaTypbl) M CKPbITOil (BNArocogepxanua) TennoTbl. JTa TEXHONOMMA TaKxe nonayyuna
Ha3BaHMe «IHepro-pereHepaLMoHHOr0 BeHTUNATOPa». POTOPHbIA TeNN00OMEHHIK COCTOUT 13 BpaLLatoLLeroca
LUMNUHAPA, 3aN0NHEHHOTO BO3AYXONPOHMLAEMOI Cpeol, C 60NbLLOI NNoLazblo BHYTPEHHEA NOBEPXHOCTI.
MapannenbHble, npoxoaALLMe 6AU3K0 APYT K APYTY NOTOKM NPUTOUHOTO U YAANAEMOT0 BO3/yXa NPOXOAAT yepe3
COOTBETCTBYHOLLME MONOBMHBI 3TOT0 LAMNHAPA B NPOTUBOMONOMXHBIX HanpaBneHNAX. Tennoo6MeHHNK foMmKeH
ObITb M3rOTOBNEH M3 MaTepUana, CnocobHoro nepeaaBaTh SHEPTIAKD TONbKO B BUAE ABHOIA WA NONHON (ABHOI 1
CKpbITON) TenoTbl. IBHAA TeNNoTa NepefaeTca B NpoLecce NOrnoLweHra TennoobMeHHKOM TenoTbl ropAYero
BO37yXa 1 BbileNleHNA Tenna B NoTok ¢ 6onee Hu3Koii Temnepatypoii. CKpbiTas TennoTa nepeajaeTca B pesynbrare
aacopbuum Tenn00bMEHHNKOM NapoB BO/bI 113 NOTOKA C 6onee BbICOKOI BNAXHOCTbIO 1 CNApEHNeM Bnarv B
noToKe ¢ 6onee HU3KOI BNAXKHOCTbH Bo3ayXa. Takum 06pa3om, BMaxHbIii BO3AYX OCYLIAETCA, a CYXOil BO3AYX
yBnaxHaetca. Mpu nepesaye nonHoi TennoTbl 06a NpoLiecca NPOUCXOAAT OAHOBPEMEHHO. TennoobMeHHUKY,
npeAHa3HaueHHble NPeUMYLLECTBEHHO ANA peKynepawiu ABHOA TeNoTbl (He NOKPbITble BRAroNornoTuTeNnem),
MOTYT TaKXe nepefaBaTb BRary uyepe3 MeXaHW3M KOHAEHCaLu U MOBTOPHOrO McnapeHua. TennoodMeHHMK
MOXET ObITb U3rOTOBNEH U3 METaNa, MUHEPaNbHbIX UK CUHTETUYECKUX MaTepUanoB.

B potopHoM TennoobmeHHIKe BO3MOXHO NepeTekaHue BO3ayXa CO CTOPOHbI MOTOKA C BbICOKMM CTAaTUYeCKIM
[1aBNeHeM K MOTOKY € 6onee HU3KMM CTaTYeCKMM JaBJieHneM, uto 06yCNIoBAEHO Hannuiem Heobxoaumoro
3a30pa MexJy BpaLialoLMMcA POTOPOM W dNeMeHTaMK KOpMyca, UTo ABNAETCA HeXenateNbHOM ABNEHUEM,
CHIKAWMUM  3ODEKTUBHOCTb [AHHOTO 000pyA0BaHMA. YacTUHO BbIlLEYNOMAHYTOE ABMEHUE YAALTCA
MUHUMU3NPOBATD, NpeayCMaTpUBaA CEKLMI MPOAYBKM UK LETOUHOE YNNOTHeHIe No 0604y TennoobMeHHNKa.
Bo mHorux mogenax, rae AoMycKaeTcA peuupkynAuMA Bo3ayxa, He3HauuTeNbHOe MepeTekaHue Bo3jyxa He
UMeeT 3HaueHua. Bpavuaiowmeca TennoobMeHHMKI 060pyA0BaHbI 3NEKTPONPUBOAOM C NEPEMEHHOI CKOPOCTbH
BpaLLeHNA AN perynupoBaHInA CTeneHIn yTUnn3awim TennoTbl. |pyrm MeTofoM KOHTPOAA YPOBHA TennoobmeHa
MeXay ABYMA NOTOKaMM (Hanpumep, B NepexoAHbIil nepuoz roaa) ABNAETCA YCTaHOBKa baiinaca Ha NpUTOYHOM
B03/1YX0BO/€, KOTOPbIii HANPABAAET NPUTOUHDIA BO3AYX WM €0 YacTb B 06X0Z TennoobMeHHMKa.

Kommepueckie 1 aAMUHICTPATUBHbIE 3[aHUA ¢ GONBLIMM PAcXOAOM HapyXHOrO BO3ZyXa ANA YTUIN3aLMN
SHEprUN, CofepXalleiica B yHanseMom Bo3ayxe. PoTopHble TenNoOOMEHHUKA He PEKOMEHAyHTCA K
NCMONb30BaHMI0 TaM, e He AOMYCKAeTCA MOAMELLMBAHNE YAAnseMoro BO3AyXa K MPUTOYHOMY BO3AYyXY
(Hanpumep, B 60NbHILAX, NaOOPATOPHSX, BbITAXKY U3 BAHHOI 1 TYaNeToB).

ObopyzoBaHue, obecneunBaloliee pekynepauuio Temna, ABAAETCA BAXKHbIM  KOMMOHEHTOM  CMCTEMb,
paboTatoLLieli MCKI0UNTeNbHO Ha HapYXKHOM BO34yXe, 1 N03BOMIAET SKOHOMMTb SHEPIUI0 HA HAarpeB, OXNaxaeHue
N YBNaXKHeHWe 3a CYeT YTNU3aumun TennoTbl BbibpacbiBaemoro B atMochepy Bo3ayxa. 06bIUHO pOTOpHble
TennoobmeHHKM Nof6MpaioTca Takum 06pa3om, uTobbl CKOPOCTb BO3JyXa B NOMEPeYHOM CeYeHMI HaXOANNACh B
AnanasoHe ot 1,5 10 3,0 M/ceK. IQHeKTMBHOCTb ONpeAeNnaeTca OTHOLIEHUEM SHeprun, GaKTUYeCKN nepeaaHHoN
0T OZHOr0 NOTOKA APYroMy, K MaKCUMAsbHO BO3MOXHOI Nepefaye SHepruu Mexay STUMI MOTOKaMU, U MOXeT
BapbupoBaTbeA 0T 65 A0 80%. [p1 oaMHAKOBbIX pacxodax Bo3ayxa B noToKax YPGeKTBHOCTb Nepesaun ABHOI
TennoTbl MoXet Aocturatb 85%. Kpome Toro, cnocobHOCTb K nepefaue CKpbITON TENOTbl MOXeT YBeNUYUTb
06wyt 3gdeKkTnBHOCTL NpumepHo Ha 10—15%, B 3aBUCUMOCTI OT MaTepuanoB 11 MOKPbITIN, NPUMEHAEMbIX
ANA WU3roToBNeHnA TennoodMeHHIKa. [loTepu AaBneHMA Ha npeofosieHue CONPOTUBNEHUA TennooOMeHHIKa
C(pPaBHUTENbHO HeBeNMKM 1 06bIuHO cocTaBnAtT oT 100 ao 175 MMa. Takue TennoobmeHHMKI He TPebyHoT 3aLyuTbl
0T 3aMep3aHuA.

[pumeHeHre pOTOPHOTO TennooOMeHHUKA YBenuuMBaeT (ebecToMmocTb CUCTEMbI, @ Takxe Tpebyemyio
MOLLIHOCTb BEHTUNATOPA (MO CpaBHEHMK0 C WCMOMb30BaHMEM MNACTMHYATOTO TennoobmeHHMKa). Hanuuue
POTOPHOTO TennoobmeHHUKa TpebyeT, uToObl Ba NOTOKA BO3AyXa MPOXOAMAN PAKOM APYr C APYroM U uTobb
BO3/1yLUIHbIE NOTOKM Ob1111 Obl OTHOCUTENBHO YNCTBIMM (B NPOTUBHOM C/lyuae He0bXoANMa GUALTPaLNA NOTOKOB).
[oBOPOTHbI MexaHn3M TpebyeT nepruoanYeckoro 0CMOTPA U TEXHNYECKOT0 00CTyKNBaHNA.

MHorouncneHHble nponssoauTenn.

113



HanmeHoBaHe TeXHUYEeCKoro (I'IpOQKTHOFO) pelieHna

TpybuaTbIi TenNnoooMeHHUK

Homep 1 HaumeHoBaHwe KputepuaA (NapameTpa) «3ef1eHoro CTpoUTeNbCTBa»
(Cnoco6 onpegenexus bannbl

no CTO HOCTPO 32.35.4

Pacxop TennoBoi SHepruu Ha 0TonNeHe U BEHTUNALMIO 3[aHNA pacyemHo 0-25

Pacxog anekTpoaHeprum pacyemHo 0-15
\

llcnonb3oBaHue BTOPUYHBIX SHEPropecypcos pacyemHo 0-30
)

(ToMMOCTb rofi0BbIX IKCMyaTaLMOHHDIX 3aTpaT pacdemHo 0-20
.

(ToMmOoCTb NpUBEAEHHbIX COBOKYMHDIX 3aTPAT MO LIMKNY XKU3HM 00beKTa pacyemHo 0-25

UnniocTpauun

Casing .
! Puc. 1. Cxema Tennosoii Tpy6Ku:
1 — paboyas XuaKoCTb MCNApAETCA, MOTNOWAA TennoByo

I
|
I
{ s T @ JHEPruio; 2- nap nepemeLlaeTca BAoab noaoCTu K XoJ104AHOMY

©) &)

N \

Wick  Vapour Cavity
' /

N \‘ |I I

A\ <— =R

NN r KOHLY TPYOKY; 3 — nap KOHAeHCMPYeTCA 06paTHO B XUAKOCTb

Y. 1 NOTOLLAETCA Cloem HanonHuTena (Gutunem); 4 — pabouas

R
XIAKOCTb TeyeT 06paTHO B HaMpaBNeH!M ropAYero KoHLa TpyoKy;
5 — Koxyx; 6 — utunb
Typical AC System Building

Low Humidity

Comforable At Pic. 2. (xeMa NPUMEHEHMA CMCTeMbl peKynepavLum
QRS CTennosbIMY TPYOKaMK 1S OCYLLIKI BO3AYXA:
1 — Tennblit HAPYHblil BO3AYX;
2 —TennooOMeHHUK A NpeaBapuUTeNbHOro OXnaxaeHns
over 3 Retent o HAPYXKHOIO BO3AYXa; )

3 — NpeaBapuTeNbHO OXNaXAeHHbII BO3AYX;
4 — TennoobMeHHIK Ans rnyboKoro OXnaxgeHus n oCyLLKK

Heat Pipe
2. Existing Cooling

Pre-Cooled
Air
74 OF / 96.8 %

55 OF /98.6 %RH

Increased BO34yXa,;
/ Dehumidification 5 — nepeoxnax/ieHHbIli BO3AYX; 6 — Tennoo6MeHHIK ans
HoHumid oA 1-5:5;;; il BTOPMYHOTO HarpeBa Bo3ayx; 7 — TennoBble TpyoKy;
8 — NPUTOYHbII OXNAXAEHHDIIA 1 0CYLLIEHHbIN BO3AYX
Onucanue OnHoli 13 pa3HOBMAHOCTEI peKkynepaTopoB Tenna ABAAIOTCA Tennosble TPY6KN. OHM BLIMAZAT KaK 00bluHble
TexXHonoruu BOAAHbIE WW NapoBble TennooOMeHHUKW ANA HarpeBa BO3AyXa, 3a WCKNKYEHWEM TOro, yto TpyoKu

Tennoo6MeHHIKa He coellnHeHbl Mexay co00ii 1 TenooOMEeHHIK, UCMONb3yHoLLKil TeNoBbIe TPYOKN, paaeneH
Ha 1B CeKLWI: NCnapuTenb 1 KoHaeHcatop. Tenniblii BO3yX MPOXOAUT Yepe3 CTOPOHY, ABNAHLLYIOCA UCNApUTENeMm,
a XONOAHbIN BO3/IYX NPOXOAMT uepe3 KoHzeHcatop. Tennoo6MeHHIKM NpeiHa3HaueHbl AN YTUN3aLAm CKpbITOi
TENNOTbI, OHAKO OCaXeHNe BMaru Ha pebpax KoHeHcaTopa No3BOMAET YaCTUYHO YTUNM3UPOBATD CKPbITYHO
TENNOTY, YT0 NPUBOAMT K MOBBbILLEHNIO 00LLiei SGHEKTUBHOCTM peKkynepaLnin SHeprin. 06bIYHO TPYOKM Takoro
TennoobMeHHIKA M3roTaBNNBAIOTCA 3 MaTepuanos, 06najatoLux BbICOKO TENNONPOBOAHOCTbIO, TaKUX KaK
MeZlb NI anloMUHMiA. TTpoLiecc Npou3BOACTBA OpraHN30BaH ClefyloLuM 00pa3oM: MpIt MOMOLLYM BaKyyMHOTO
Hacoca B TpyOKax C030aeTcsA BaKyyM, KOTOPbI YaCTUHO 3aN0NHAKT paboueii unm oxnaxaalolLei XuaKocTbio.
XapaKTepucTuku XUAKOCTM nopobpaHbl B COOTBETCTBAM C HeoOXOAuMoiA paboueii TemnepaTypoii. 3aTem
TeNNoBble TPYOKM HAarpeBaloT 10 TeMNepaTypbl KUMEHNUS XUAKOCTIA U TePMETUZUPYIOT B FOPAYEM COCTOSHIAM.
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OnucaHue
TexHonoruu

O6nacTtb
NpUMeHeHus

KonuuyectBeHHble
U KayeCcTBeHHble
XapaKTepucTukun

Mpounssoautenu

Ccbinku

Paboune uakocTu BbIOMPAIOT B 3aBMCMMOCTIA OT Temnepatyp, Mpu KOTOpbIX TennoBble TPYObl AOMKHbI
dyHKLIMOHMPOBATD. [p1n upe3BblyaitHO HU3KNX TemnepaTypax (2—4 K) ncnonb3yioT xuakuii rennii, npu pabote B
YCII0BUAX O4YeHb BbICOKMX Temnepatyp — pTyTb (523-923 K), Hatpuii (873—1473 K) unu unauit (2000-3000 K).
MonasnAiowiee OONbLWMHCTBO TennoBblX TPybOK ANA HU3KOTEMMEPaTypHOTO MPUMEHEHMA UCMONb3yHT
onpepesneHHble coueTaHna ammnaka (213—-373 K), metaxonosoro cnupta (283—403 K), 3tanona (273—403 K) unn
BoAbl (303—473 K) B kauecTBe paboueil XuakocTu.

l3meHeHue HaknoHa TennoBoli TPYOKN KOHTPONMPYeT KONMUeCTBO Tenna, KOTopoe OHa MOXeT nepegatb. Mpu
ropAvyem KoHLe TennoBoii TpyOKu, pacmonoXXeHHOM HIpKe JIMHIAW TOPU30HTA, YNYYLLAETCA NOTOK KOHAEHCaTa
00paTHO B UcnapuTenb TenioBoi Tpybku. Ha npakTuke n3meHeHue Hak/oHa OCyLLeCTBNAETCA nyTeM NOBOPOTa
Tennoo6bMeHHINKa OTHOCUTENbHO LieHTPa ero 0CHOBAHIA 1 OCYLLECTBAAETCA B CIeAYIOLLNX CTYYasX:

- NPY M3MEHEHUN PeXIMa paboTbl CUCTEMBI C OTOMMEHNA HA OXNAXJEHME;

- ANA KOHTponsA 3QdeKTMBHOCTY TennoobmeHa C Lielblo NoAAepKaHuA Xenaemoli Temneparypbl NPUTOUHOTO
BO34YyXa;

- INA CHKeHNA 3OPeKTUBHOCTY TenNooOMeHa C LieNbio NpeaoTBpaLLeHna obneaeHeHna TennoobMeHHNKa.

TexHonoruA Tennonepeaauu npu ABKeHUN paboueli XUAKOCTU B KanuniApax Obina 3anateHToBaHa B 1942 rogy, u
ee npuMeHeHHe B BIAE TEXHONOMM TeN0BbIX TPYOOK 6bino no3aHee pa3paboTaHo GefepanbHbIMI areHTCTBaMIA
(LUA. B Hauane kocmuyeckoit nporpammbl CLLA NASA ncnonb3oBano TennoBble TpyOKM B KauecTBe CpeAcTBa
00pbObl ¢ HarpeBOM CTOPOHbI KOCMMYECKOro KopabnA, moABepratollelica BO3AENCTBMI0 COSTHEUHbIX Nyyei,
yT0 NO3BOAANO 00eCneynTb HOPMaNbHY PaboTy UYBCTBUTENbHONM K BbICOKIM TemmepaTypam 3NeKTPOHUKN.
B Teuenue yxe bonee 60 net TennoBble TPYOKN MCNONb3YIOTCA ANA pekynepauum sHeprun B cuctemax OBKB,
B MEANLIMHCKNX 1 TaOOPaTOPHbIX yupexaeHUAX 1 B PON3BOACTBEHHBIX NPOLIECCaX.

JTa TEXHONOTMA NO3BONAET SKOHOMUTb SHEPIUI0 3a CYeT NpefBapUTENbHOrO OXNAXKJEHUA UAM MoaorpeBa
NPUTOYHOTO BO3YXa U UMEeT HIU3KII CPOK OKYNaemoCTI HBeCTULMIA. OHa He ZonycKaeT NonaaaHuna 3arpA3HeHuii
W3 yAanAemoro B03ayxa B IPUTOYHDIN, MOTOKM KOTOPbIX U3071MPOBaHbI. Tenio00MeHHKM C TennoBbIMM TpyOKamu
He UMEIOT JBIKYLLMXCA YacTeil, 1, CNefoBaTeNbHO, ero TexHneckoe 00CNYKnBaHNe OrpaHNUMBACTCA YNCTKOIA
TENN000MEHHNKOB.

JQdeKTUBHOCTL TENNOBbIX TPYOOK, Kak NPaBUAo0, HaxoauTCA B npeaenax ot 50 go 70%.

JQdeKTMBHOCTL Tennonepeaaun TenioBbIx TPYOOK 3aBUCUT OT Au3aitHa TeNNOOOMEHHNKA 1 ero opueHTaLuu.
( yBenuueHnem KonuuectBa pAdoB Tpybok yBennumsaetca obwan S>OPeKTUBHOCTL TennoobMeHHMKa.
Mpw yaBOEHNUM Yncna pAROB OAHOPAAHOTO TennoobMeHHMKa, MetoLLero 3¢pdekTnBHOCTb 60%, IOHeKTUBHOCTL
CABOEHHOrO TennoobmeHHUKa Bo3pacTtaeT Ao 75%. KonuuectBo nepegasaemoro Tennosoit Tpybkoii Tenna
YBeNNYNBAETCA NPUONU3NTENbHO NPOMOPLMNOHANbHO KBAAPaTy ee BHYTPEHHero AMameTpa U NpakTUYeckn He
3aBUCUT OT e JTUHBI.

W3yuenne TexHonorum TennoBoi TPyOKu, UCMONb3yemoli AN1A KOHTPONA BAAXKHOCTA BO3AyXa, NPOBEAEHHOE B
3naHun nabopatopun EPA B r. MeHcakona, wrat Onopuaa, nokasano okynaemocTb 3T0il TEXHONOTAN B TeueHue
15 mecAweB. IT0T CpoK ByAET pasHUTLCA B 3aBUCUMOCTY OT KNUMATUYECKIX YCOBIIA, IPGEKTUBHOCTU CMCTEMDI
OBKB n cToMmoCTI 3HEpruu.

Thermacore, Innergy tech, Dectron Internationale, Heat Pipe Technology Inc., v ap.

»  ASHRAE Handbook. HVAC Systems and Equipment. 2012. ASHRAE, Atlanta

»  Heat Pipe Effectiveness Study. Gulf Breeze Laboratory Installation Pensacola, Florida http://www.epa.gov/
oaintrnt/energy/hpipe.htm

*  Michael West and Richard Combes, Advantek Consulting. Melbourne, Florida. Optmimizing 100% Outside Air
Systems with Heat Pipes http://www.heatpipe.com/homepage/mktg_materials/papers/HPT%20White%20
Paper%20Final%20-%20D0AS.pdf
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HaumeHoBaHe TeXHYECKOro (I'IpOEKTHOFO) pelieHna
TpureHepaums

Homep 1 HaumeHoBaHwe KputepuaA (NapameTpa) «3ef1eHoro CTpoUTeNbCTBa»
(Cnoco6 onpegenexus bannbl

no CTO HOCTPOW 32.35.4
Pacxop TennoBoi SHepruu Ha 0TonNeHe U BEHTUNALMIO 3[aHNA pacyemHo 0-25
Pacxoz TennoBoi SHEPrIN Ha ropAYee BOAOCHAOXeHNe pacyemHo 0-20
Pacxog anekTposHeprim pacyemHo 0-30
YaenbHbIii CyMMapHbI Pacxof NEPBUYHOI SHEPrM Ha CUCTEMDI UHXKEHEPHOTO
A YMMapHBI pacxof nep P P pacyemHo 0-20
obecneyeHms
w
llcnonb30oBaHme BTOPUYHBIX SHEpropecypCos pacyemHo 0-30
N
Mcnonb3oBaHue 030H06e30MacHbIX XNafareHToB (hakmuyecku 4
.
(TOMMOCTb AMCKOHTUPOBAHHbIX NHBECTULMOHHDIX 3aTpaT pacyemdo 0-20
.
(ToMMOCTb rof40BbIX IKCMYaTaLMOHHDIX 3aTpaT pacyemHo 0-20
w
(ToMmoCTb NpuBeAEHHbIX COBOKYMHbIX 3aTPAT MO LIMKNY XU3HU 00beKTa pacyemHo 0-25
Onucanue TpureHepauma ABNAeTCA COBpeMeHHbIM 1 SOPEKTUBHBIM peLueHrem, 6a3npyLLMMCA Ha COBMECTHOM (B 0AHOM
TexXHonoruu LMKNe) Npou3BOACTBE TPeX JHepreTyecKUX MapaMeTpoB. INEKTPOIHEPrAA U Tenno BbipabaTbiBaloTcA npu
MOMOLLY KOreHePaLMOHHDIX Fa30MopLUHeBbIX ycTaHOBOK (KY). leduumt TennoBoit MOLYHOCTI B XONOAHDIN NepUOA,
rofla MOKpbIBaeTCA aBTOHOMHON ra3oBoi koTenbHoid (ArK). B Tennblit nepuoa roga xonop BbipabaTbiBaeTca
B abcopOUMOHHBIX OPOMMCTO-NUTUEBBIX XOMOAMUNbHBIX MawmHax (ABXM) 3a cuet ytunmsaumm «6pocoBoii»
TenNoTbl BbIXNOMHbIX 3308, ABAAIOWNXCA NOOOUHBIM pe3ynbTaToM NPOKU3BOACTBA 3NeKTpo3Heprim. ABXM
paboTaloT Ha ropAyeil Boge OT KOTNOB-YTUAU3aTOPOB AbIMOBBIX [a30B KOreHepaLMOHHBIX YCTaHOBOK U ropAYeii
BOZe, OXNaXAatoLei pybaLuKn LWANHAPOB 1 KapTep ABUraTeNA.
06nactb 31aHua Nboro HasHaueHus.
npuMeHeHus

KonuuectBeHnble  [Ipumenenne ABXM no3BonaeT cHU3MTD neTHee sHepronotpebnenune Ao 30%. INeKTpo3Heprua «CoOCTBEHHOTO»

1 KayeCcTBeHHble MpON3BOACTBA JelLeBse NMeKTPOIHeprun LieHTpanu3oBaHHbIX ceTeil B 1,7-2,3 pa3a. [HBectuummn B Ko- 1

XapaKTepuCTuKM TPUreHepaLuio MoryT OKynaTbCA 3a CYeT COKpALeHWA 3aTpaT Ha npucoefuHenne K cetam (MoctaHoBneHue
lpaButenbctBa PO ot 27.12.2004 N2 861). Ucnonb3oBanue faByxpexumHbix ABXM, cnocobHbix B XonogHoe
BpemA BblpabaTbiBaTb Tenno, ewe 6onbLue yBenuumut SGhexT.
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HanmeHoBaHe TexHUYeCKoro (I'IpOEKTHOFO) peweHna

(BoboaHOE oxnaxaeHne (QPUKYINHI)

Homep 1 HanmeHoBaHue KpuTepus (NapameTpa) «3eNeHOro CTPOUTENbCTBAY

(Cnoco6 onpegenexus bannbl

no CTO HOCTPOW 32.35.4
Pacxopn Tenn0BoV SHeprum Ha OTOMNEHME 1 BEHTURALMIO 3[aHNA pacyemmo 0-25
Pacxoz anekTpoaHeprum pacyemso 0-15
N
(ToumocTb r0A0BbIX IKCMIYaTALMOHHDIX 3aTpaT pacdemHo 0-20
5
(ToumocTb npuBeAEHHbIX COBOKYMHbIX 3aTPAT N0 LIUKNY XU3HU 06beKTa pac4emHo 0-25
Unnioctpauun
Wcnaputenb/TennoobmeHHmK Wcnaputenb/TennoobmeHHMK
> g7 > j
| Hacoc <20 Kourp. Haoc 8% Kourp.
~8C —
TPB TPB
s T il
éyxaﬂ rpanupHs KongeHcatop (yxan rpagupHa KonpeHcatop
Puc. 1. MpuHUMN CucTeMbI € YaCTUYHBIM QPUKYMHIOM Puc. 2. puHLMA cucTeMbI € NONHBIM GPUKYANHIOM
Onucanue B page ciyuaes, Hanpumep, B OM3HeC-LiEHTpax C NOBbILIEHHbIM OCTEKNeHeM, 0XNaXAaTb BHYTPEeHHNI BO3AYX
TeXHonornu MPUXOAMUTCA YXKe B MapTe-anpesie 13-3a BHYTPEHHUX TEMNONPUTOKOB U BO3AENCTBUA CONHEYHOW pajuaLnm.

[OHATHO, YTO NpN JOCTaTOYHO HU3KMX TEMMepaTypax HapyKHOro Bo3dyXa HeobXoAMMO WCMONb30BaTb €ro
noTeHunan 6e3 BKNIOYEHUA XOMOAWNbHBIX MAWMH. [loNONHMTENbHBIA PEXIM eCTeCTBEHHOro C(BOOOAHOrO
OXNaXAeHNA (GPUKYNMHT) NPUMEHAKT BO MHOTMX CUCTEMaX KOHAULMOHMPOBaHMA. [TpuHumMn ero pabotsl
33KMI0YaeTCA B HeMocpefCTBEHHOM WCMONb30BAHUM XONOAHOTO HApYXHOT0 BO3JyXa B OCEHHe-3UMHUiA
nepuog rofa AnA oxnaxzaeHna pabouero nomewyeHus. [ng 310ro (ucrema KOHAMLMOHUPOBAHUA OCHALLALTCA
LONONHUTENbHBIM KOHTYPOM 0XNaX/€eHNA C He3aMep3akoLLeli UAKOCTbI0 (BOAHBIM pacTBOPOM He3amep3aloLLeit
XKuakocty). Pexxum (Bo60AHOT0 0XNaxJeHNA N03BONAET COKPATUTb BpemA paboTbl KOMMpeccopa, ABNALLEroca
TMaBHbIM NOTpebuTeNeM INEKTPOIHEPriM CMCTEMbI KOHANLMOHUPOBAHIA, 1 TeM CaMbIM CYLLLeCTBEHHO MOBbICUTb
ee IKOHOMUYHOCTb. [lpeun3noHHble KOHAMLMOHEpbl C CMCTEMON QPUKYIMHIA NO3BONAIT CYLIECTBEHHO
YMEHbLINTb SKCMNYaTaUMOHHble 3aTpaThl MPU KPYrNOroAMYHOM WUCNONb30BaHUN KoHauumoHepa. (uctema
dpuKynuHra BKMlouaeT B cebA [Ba KOHTypa OXNaXAeHUA — (QPEOHOBBIN U FNKONEBbIN, PeXUMbI PaboThl
KOTOPbIX U3MEHAIOTCA B 3aBUCUMOCTI OT TeMMepaTypbl HAPYKHOTO BO3AyXa.

Pe>xum yacTnuHoro GpuKynuHra ncnonb3yeTca npu Temneparype HapykHoro Bo3ayxa Hinke 20 °C. OpeoHoBblii
KOHTYp paboTaeT B pexume YacTUYHOI Harpy3ki. [MKONeBbII KOHTYP YaCTUYHO 0XNNAX/aeT BO3/YX B MOMELLEHNN
1 OXNAX[AET KOHAEHCATOP PPeoHOBOro KOHTYpa.

Pexxum nonHoro GpukynuHra UCnoab3yetca npu TemnepaType HapyxHoro Bo3gyxa Hike 8 °C. OxnaxpeHue
BO3/lyXa OCyLIECTBAAETCA MONHOCTbIO 3@ CYeT [NNUKONeBOr0 KOHTYpa, KOMMPEccop BbIKMIoYeH. Pexium
MaKCMMAsbHOI SKOHOMIM N0 CPABHEHMIO C 0ObIYHBIM KOHANLIMOHEPOM.
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06nactb 3naHuna ¢ 60NbLLON MNOLLAAbI0 OCTEKNEHNA.

npUmMeHeHus
Mpounssoputenn MHorouucnenHble Npon3BoauTeNi.
Ccoinku »  W.Chvala. Technology Potential of Thermal Energy Storage (TES) Systems in Federal Facilities. 2001.

Q0006
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PNNL Report 13489

*  (harles E. Dorgan and James S. Elleson. Design Guide for Cool Thermal Storage. American Society of Heating,

Refrigeration and Air-Conditioning Engineers, Atlanta, Georgia, 1993

*  Pacific Northwest Laboratory. December 2000. Thermal Energy Storage for Space Cooling. Federal Energy

Management Program (FEMP), Federal Technology Alert (FTA). Richland, Washington

*  Andrepont, J.S. 2005. Developments in the thermal storage: Large applications, low temps, high efficiency,

and capital savings. Proceedings of AEE. WEEC. September 2005
»  ASHRAE Handbook. 2008. HVAC Systems and Equipment. Chapter 50

HaumeHoBaHue TeXHUYECKOro (MPOEKTHOTO) peLLeHIs

[1BycTyneHyatble abcopOLOHHbIE
6pOMUCTO-NUTHEBBIE XONOAMNbHbIE MALLINHDI

Homep 1 HanmeHoBaHue Kputepua (NapameTpa) «3ef1eHOro CTPOUTENbCTBAY

. (nocob onpegenenus
no CT0 HOCTPO/1 32.35.4 b

Pacxop TennoBoii 3HEPrun Ha OTON/IEHKE 1 BEHTUAALMIO 30aHNA pacdemHo
Pacxop TennoBoli SHeprun Ha ropayee BofocHabxeHue pacyemto
Pacxop anekTposHeprim pacyemtxo
YnenbHblii CyMMapHBIA pacxoz NepBIUYHON SHEPTUI Ha CUCTEMbI UHXKEHepPHOro

pacyemto
obecneyeHns
Wcnonb30BaHme BTOPUYHDBIX JHEPropecypcoB pacyemtxo
Wcnonb30BaHme 030H0OE30MaCHBIX XNIaareHToB (hakmuyecku
(TOMMOCTb ANCKOHTUPOBAHHDBIX NHBECTULIMOHHDIX 3aTpaT pacyemHo
(ToMMOCTb ro0BbIX IKCMNYaTALMOHHbIX 3aTpaT pacyemto
(ToMMOCTb NpUBeJEHHbIX COBOKYMHbIX 3aTPaT M0 LNKNY KM3HU 00beKTa pacyemto

bannbl

0-25

0-20

0-30

0-20

0-30

0-20

0-20

0-25



Unnioctpauun

MpupoaHbiii

OtonneHue,
Bentunaums,
BC

B (KB

Puc. 1. MpuHumnuanbHas cxema obecneyenna o6bekTa

Xonog 3NEKTPOIHEPrIAei 11 TENIOM C NOMOLLbH aBTOHOMHOI Fa30B0iA
koTenbHoli (ATK) n abcopbumoHHoii 6pomucto-nutneBoit
X0noAnnbHoN MatmHbl (ABXM)

[pagupHa
Onucanme HEKOTOprE BUAbI a6C0p6LlVIOHHbIX MaLlUnH MoryT pa60TaTb B ABYX PEXUMAX — OXJaKAEHWNE 1 Harpes.. T.eB
TexHonorum XONOAHbI nepuoaroia 060py£l,0BaHVI€, paHee BblpaﬁaTbIBaBLLlee OXNaXXAEHHYI0 BOAY, CNYKNUT ANA NPON3BOACTBA

ropﬂqeﬂ BOAbI WK, Hanpumep, ANA 0TonaeHUA U NOA0rpeBa BEHTUNALMOHHOIO BO3AYXa.

O6nactb 31aHuA Mo6oro Ha3HaueHus.
npuMeHeHus

KonuuectBeHHble YcTaHOBKa Takmx 36C0p6Ll,I/IOHHbIX MalLWH No3BONAET CHU3UTb 3ﬂeKTp0I'IOTp€6ﬂ€HI/Ie Ha 20%.

N KayecTBeHHble
XapaKTepUCTuKun

HanmeHoBaHwe TexHUYEeCKoro (MPOeKTHOro) peLueHna

ABCopOLIMOHHbIE OPOMUCTO-NIUTHEBDIE

X0n0AnnbHbIE MalLUWUHbI 0AHOCTYNEHYATbIE

Homep n HanmeHoBaHue Kputepua (NapameTpa) «3eN1eHoro CTpOUTENbCTBAY
no CTO HOCTPON 32.35.4

Pacxon TennoBoit JHEPrUN Ha oTonJieHne U BEHTUNALNIO 34aHNA

Pacxof aneKTposHeprim

YnenbHblii CymMapHbIil pacxos NepPBUYHOI SHEPrIAN Ha CMCTEMbI MHXKEHEPHOTO
obecneyeHus

S
@ Wcnonb3oBaHue BTOPUYHbIX 3HEpPropecypcos
N
licnonb3oBaHme 030H06€30NaACHBIX XNalareHToB
\
(roumocTb JNCKOHTUPOBAHHbIX UHBECTULIMOHHDIX 3aTpaT
S
(ToumocTb rofoBbIX JKCMJTyaTalNOHHbIX 3aTpaT

S
e (roumocTb NPUBEAEHHbIX COBOKYMHDbIX 3aTPAT MO LUKNY XU3HU o6bekTa

(Cnocob onpegenexus

pacyemHo
pacyemHo
pacyemHo
pacyemHo

(hakmuyecku
pacyemto
pacyemHo

pacdemHo

bannbl

0-25

0-15

0-20

0-30

0-20

0-20

0-25
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OnucaHue
TexHonoruu

06nactb
npuMeHeHns

KonuuyecrBeHHble
N KayecTBeHHble
XapaKTepUCTuKun

A6copbumoHHble bpoMucTo-NuTHEBbIE X0NOAWAbHbIe MawmHbl (ABXM) — 3T0 0TAenbHbIA Knacc YCTpoicTs,
KOTOpbIIi MCMonb3yeT 6e30macHble ANA OKpYyXaloweid Cpefbl TeXHonoruu AnA BblpaboTku xonoga AnA
KOHAWULMOHMPOBAHMA BO3JYXa 1 MHbIX NPOLEeCcoB oxnaxaeHusa. Hekotopbie Tunbl ABXM moryT BbipabarbiBath
Tenno. ABXM paboTalT Ha HaTypanbHbIX XOMOAWIbHbIX areHTax (xnajareHTax), a B KauecTBe TOMMBa
NCMONb3yIOTCA: HeTb, ra3 WM WX MPOM3BOAHbIE, OMOTONNMBO, Map, ropAvas BOAA, COMHEYHaa SHeprus
UnM n30bITOK TEnnoBOW JHeprun ra3oBblx TYpOUH — MOPLLUHEBbIX 3MeKTpOCTaHuuiA. MpuHUMN AeicTBUA
abCOpOLIMOHHBIX XONOAMNbHBIX MALLMH OCHOBAH Ha TOM, UTO BOJA B YCIIOBUAX BaKyyMa MCMapAeTCaA Mpu HU3KNX
Temnepatypax U npu UCMAPEHNU YHOCUT TENJIo OT BO3JyXa cUCTeMbl KOHAMLMOHUpoBaHuA. B ABXM pactBop
opomuctoro nutua (LiBr) — oueHb CunbHbIii abcopbeHT BoAbl — nornowaeT nap (mepeHocAwmin Teno
OXNnaxjatoLLei Bofbl), NpeBpawadAcb B pa3daBNeHHbll pacTBOP, KOTOPbI OTKAuMBAeTCA B reHepatop, rae
BbiNapuBaeTCA, HarpeBascb OT rOPAYEro napa, BOAbI, BbIXNOMHBIX ra30B U T.NM. KOHLEHTPUPOBaHHbI pacTBOP
LiBr Bo3Bpalaetca B abcopbep, a BoAAHONM Nap HanpaBNAeTCA B KOHAeHCaTop, YTobbl MpoLecC NOBTOPUACA.
beclymHOCTb X0noANNbHOrO LKKNa, IKON0rMyeckas 6e30nacHOCTb pacTBOpa HPOMUCTOrO IUTUA 1 HEBbICOKas
LieHa CnocobCTBYHOT pacumpenmio npumeHeHna ABXM. O1aenbHo cniefiyeT 0TMETUTb, UTO 3a CYeT TMKBUAALNN
NHBECTULMOHHbIX 3aTPAT Ha NpUCoeMHeHNe NapOKOMNPECCOPHBIX X00AMNbHbIX MALLUH K 3N1eKTPOCETAM MOXKHO
NpodUHaHCUPOBaTb BCHO NPOrpaMMy pa3BUTUA IHEpro3GPeKTUBHOCTI 11 IKONIOrMYHOCTU 06beKTa CTponTeNbCTBa
1 LONONHUTENbHO C03[3aTb UHBECTOPY/AeBenonepy IKOHOMUYeCKUin SPhexT.

3naHuna no6oro HazHaueHus.

OnHoctyneHuatble ABXM npeaHasHaueHbl AnA BbIpaboTKin X0n0Aa. TunoBoii Ko3PULIMEHT NoNe3HOro AeilCTBIA
ofHocTyneHyatbix ABXM, pabotatowwix Ha ropaueit Boge ¢ twr =85 °C, £ =0,82.

HanmeHoBaHe TeXHNYECKOro (I'IpOEKTHOFO) pelieHna

X00AnbHble WKadbl-BUTPUHbI
C SHepro3GQeKkTUBHbLIM OCBELLeHIeM

Homep n HanmeHoBaHe Kputepus (NapameTpa) «3eN1eHoro CTpoUTENbCTBaY

(nocob onpegenenna  bannbl

no CTO HOCTPOI 32.35.4
) .
(BeToBOIl KOMOPT pacyemHo 3-15
Pacxop TennoBoi SHeprum Ha 0TONNEHMe U BEHTURALMIO 3[aHNA pacyemHo 0-25
Pacxoq anekTposHeprim pacyemHo 0-55
YnenbHblii CyMMapHBIA pacxoz NepBIUYHON SHEPTUI HA CUCTEMbI UHXKEHePHOro
A YMMapHBIA pacxof nep P P pacyemHo 0-20
obecneyenns
8
(TouMOCTb rO0BbIX IKCMITyaTaLMOHHbIX 3aTpaT pacyemHo 0-20
.
(ToMmOoCTb NpUBEAEHHbIX COBOKYMHbIX 3aTPAT MO LIMKNY XU3HM 00beKTa pacyemHo 0-25
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Unnioctpauun

Puc. 3. Affinium LDM400/405
(BETOAUOAHbIE MOAY/M BbINYCKAKOTCA
JAnHoin 1475 mm 1 1675 Mmm ¢ LBETOBOI

Puc. 1. XonogunbHbiii WKad-BUTPUHa Puc. 2. [laTunk ABUXeHuA Temnepatypoii 4100 K unu 5600 K.

Puc. 4. OcgetutenbHblii npubop NV40 4nA BepTUKANbHOI YCTAHOBKM B XONOAWNbHOI Kamepe UCMoNb3yeT 7 CBETOAMOAHDIX MOAyneit
npon3BoANUTeNbHOCTbIO 1170 NtomeHOB Npy notpebnAemoii MowHocTi 18 BT c uBeToBoi Temnepatypoit 4000 K

OnucaHue
TexHonoruu

06nactb
npMMeHeHus

KonuyecTBeHHble
1 KauecTBeHHble
XapaKTepUCTUKM

Mpoussoautenu

Ccbinkm

(ofiepXmMmoe X0NOANbHbIX BUTPUH B Mara3uHax, kak npaBuso, 0CBELLaeTca Npu NOMOLLM GyopecLeHTHbIX
namn. byayum focTatouHo SPGeKTUBHLIMU 11 HafeXHbIMM, GNyopecLieHTHbIe laMMbl NyyLLe BCero paboTatoT npu
KOMHaTHOI1 Temnepatype ot 16 0 27 rpaaycos no Lienbcuio. (BeToBOW NOTOK AN1A NOMUHECLEHTHBIX NaMN MOXeT
ynacTb Ha enbix 60% npu HU3KON TemnepaType OKpyXatoLLero Bo3ayxa. (BeToanoAHaA NoACBeTKa, HaNpoTUB,
paboTaert fiyyLLe Npu HU3KNX TeMnepaTypax.

(BeToAMOAHbIE NaMMbl, YCTaHOBMEHHble B XONOAWbHbIX LKadaX, MO CPaBHEHMIO (O CTaHAAPTHbIMM
dnyopecLeHTHbIMI CMCTEMAMI OCBeLLieHNA 06ecneunBaoT NYYLLMil LBET, YeTKOCTb, APKOCTb 11 MOHIKEHHOe
notpebneHne SHepruv Npu OAHOBPEMEHHOM CHUKEHWM PACXOfOB Ha OOCNYXMBaHME W IKCMyaTaLuio.
[pmeHeHMe Takux CUCTEM OCBELLEHNA B COYETaHMM C AaTYMKAMI IBUKEHMA MonyyaeT Bce bonee WMpoOKoe
pacnpocTpaHeHue. Ecnu paHblie npuMeHeHWe [ATYMKOB MPUBOAMNO K Pe3KUM WU3MeHeHWAM B YpOBHe
0CBELLIeHHOCTH, HOBbIe AaTUMKI U NPOrPaMMMPOBaHME CBETOANOAHBIX CBETUIbHIKOB MO3BONAKT NOCTENEHHO
N3MEHATb YPOBEHb OCBELUEHHOCTM C WCMONb30BAHMEM CLEHApPUEB, B KOTOPbIX YPOBEHb OCBELLEHHOCTU
MOBbILLAETCA Npu NpubaKeHn yenoseka. lpn oTCyTCTBUM Nl0AeiA B TeueHne HEKOTOPOro neproda BpemMeHu
CHUKeHUe YPOBHA 0CBELLEHHOCTU Ha 509% 3HaUUTENbHO YMEHbLLAET 3aTpaTbl SHepriu.

HoBble 1 noanexatuue MOAEPHU3aL K XONOANNbHbIE BUTPUHDI B CynepMapKeTaX, NPOAYKTOBbIX
1 cneunann3npoBaHHbIX Mara3iHax.

3ameHa (nyopecLeHTHbIX N1amMn Ha CBETOAMOAHbIE MONOCHI MO3BOMAET CHU3UTbL MOTpedneHne SHeprum Ha
ocBeLLeHIe Ha 60%. JkoHoMUA MoXeT docTuratb 70% unw 6onblue NpU UCMONb30BaHUM [ATYMKOB ABUKEHNS.
[pn nepexode Ha ocBeLLeHne ¢ NPUMeHeHeM CBETOANOAHbIX 0CBETUTENbHDBIX MON0C Mara3uH MOXET OKyNuTb
nHBecTULMm yepe3s 2-3 ropa. Kpome Toro, NOCKObKY CBETOANOAHbIE CBETUIbHUKN BbIAENSAIOT MEHbLLE Tensa no
CpaBHeHuto ¢ GnyopecLeHTHbIMI NaMNamu, LOMONHUTENbHAA IKOHOMMA IHEPTUN LOCTUTALTCA 33 CYET CHIKEHUS
Harpy3Ku Ha XoNoAWbHbIA KOMNPECCop, KOTopas, Mo KOHCePBATUBHbIM OLIeHKaM, CoCTaBnAeT 79% oT pasHuLbl
B MOLLHOCTM CUCTEMbI OCBeLleHns. Hanpumep, B cnyyae npuMeHeHUA NATUABEPHON XONOAWIbHON BUTPUHDI
AONONHUTENbHAA SKOHOMUA SHEPrUI MOXET COCTaBUTb 24%.

Osram Sylvania, GE Lighting, Philips u apyrue.

»  LEDlighting fits perfectly in refrigerated display cases. LEDs Magazine. October 2012
*  PG&E. LED Refrigerated Display Case Lighting. http://www.pge.com/mybusiness/energysavingsrebates/
rebatesincentives/ref/lighting/lightemittingdiodes/refrigerateddisplaycase.shtml
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HanmeHoBaHe TeXHNYECKOro (I'IpOEKTHOI'O) pewieHna

YacToTHOE perynnpoBaHune

3J'IEKTpO,£I,BI/IFaTEJ'IEI7I HACOCOB

Homep 1 HanmeHoBaHIe KpuTepus (NapameTpa) «3eNeHoro CTPOUTENbCTBAY

. Cnoco6 onpegenenua  bannbl
o CTO HOCTPOIA 32.35.4 PeA
Pacxop TennoBoii IHeprin Ha ropAyee BogocHabxeHme pacyemdo 0-20
YnenbHbliA CyMMapHBIA pacxoz NepBUYHON SHEPruI Ha CUCTEMbI HXKEHEPHOro
A YMMAPHBIN pacxon nep P P pacyemHo 0-20
obecneyeHns
.
(ToMMOCTb rof0BbIX IKCMYaTaLMOHHDIX 3aTpaT pacyemdo 0-20
S
(ToMmoCTb NpuBeeHHbIX COBOKYMHDIX 3aTpaT N0 LMKNY XMU3HM 00beKTa pacyemHo 0-25
Unnioctpauun
s 80777120
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8 oo b b b i b AT L ycraoBkM, MY
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S § &§ & § § 8§ 8§ § §8 § 8§ 8§ § &
S 25228 8¢g2¢:g¢g¢g¢ess8 PO
£ 2222 g 3 I I I T 3 3 3 MBvepenm
Puc. 1. Pe3ynbratbl u3mMepeHnit xapakTepucTik pabotbl yctanoskm «fugnp Mpo» ¢ nomowybio MUK
Onucanune PerynupoBaHue npou3BOAUTENBHOCTU HACOCOB MOCPEACTBOM YACTOTHbIX PerynaTopoB C034AeT IKOHOMUIO B
TeXHonornu 3KCnAyaTaumun 1, Kpome Toro, COXpaHAET MOHOPeCypc 000pyA0BaHMA, YNYYLLAeT akyCTUYecKyl 00CTaHOBKY B
3[AHNM 3@ CYET CHIDKEHNA CTPYKTYPHBIX WymoB. ONTUMU3NPYETCA COCTaB HACOCHbIX TPYNN Kak B YacTi 3aTpar
Ha 3NEKTPOIHEPruIo, Tak M B YACTU HAJEXHOCTI paboTbl (yBENMUMBAETCA KOMNYECTBO pabounx HacocoB npu
CHUDKEHUN NOAAUM Kaxoro 13 HuX). [TOHATHO TaKkxe, UTO peLLeHIe NOBbICMT KauecTBO YnpaBieHna cucteMamm
1 TeM CaMbIM UHTErpanbHOe KayecTBO BHYTPeHHel Cpefibl B 3AAHNAX.
06nactb 30aHuA Mo6oro HasHaueHus.
npumeHeHus
Mpoussoautenu MHorouncneHHble Nnpou3BoauTeNin.
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HanmeHoBaHIe TeXHYeCKoro (I'IpOEKTHOFO) peLeHna

INEKTPOHHBIIA KoY NS KOHTPONS
JHepronoTpebneHus

Homep 1 HanmeHoBaHIe Kputepus (NapameTpa) «3eN1eHOro CTPOUTENbCTBAY

7 Cnoco6 onpeneneHns bannbl
no CTO HOCTPOIA 32.35.4 i
Pacxon Tenn0BoW SHeprum Ha OToNNEHMe 1 BEHTURALMIO 34aHNA pacyemHo 0-25
Pacxoz anekTpoaHeprum pacyemHo 0-30
YnenbHblil CcyMMapHbIil Pacxofi NEPBUYHOI SHEPTUM Ha CUCTEMbI MHXKEHEPHOTO
A YMMapHBI pacxof nep P P pacyemHo 0-20
obecneyeHns
S
(ToMMOCTb rof0BbIX IKCMYaTaLMOHHDIX 3aTpaT pacyemHo 0-20
S
(ToMmoCTb NpuBeAEHHbIX COBOKYMHbIX 3aTPaT MO LMKNY XU3HM 00beKTa pacyemHo 0-25
UnniocTpauun
«SMGBIE. oy gy - POWERCARE,
H L FROM
: N LIGHTING
: : POWER SUPPLY
- 4 CORE! ;
If| g RELAY 1]20A — E
KEY BOX
: : L FROM
H RELAY H AIR CONDITIONER
3 COREL 2 ZOA'—N POWER SUPPLY
: L FROM
1| RELAY 3|20A, i OUTLET
= i — O, N
MASTER SWITCH i : POWER SUPPLY
| | Lo
<.................’ R »
Puc. 1. Mpumep Aepxatena And neKTPOHHOIO Puc. 2. Mpumep 610K-AnarpamMmmbl CACTEMbI yNpaBReHUA NPy NOMOLLM
FOCTUHUYHOTO KNloYa FOCTUHUYHOTO NEKTPOHHOTO K/Tloya
Onucanue JNeKTPOHHaA KapTa-K/ioy NO3BONAET CHXKATb NOTpebneHne 31eKTPOIHeprun B roCTMHLAX NyTeM KOHTPONA

TexHonorun

BHQPFOHOTpeﬁﬂeHMﬂ Ha OCBELLEHIE, SNEKTPUYECKNE I'IpVI60pr WHa CUCTEMbI BEHTUNALNN N KOHANLWOHUPOBAHKA.

(ywecTBytT 1Ba BUAA Takoil cuctembl. MepBblil BUA ynpasnAeT noTpebneHuem SHeprun Npu NOMOLLK
3NEKTPOHHOTO KNKYa-KapTOUKM 1 JONONHUTENbHBIX AATYNKOB, KOTOPbIE ONpeAeNnaAT npUcyTCTBUeE rocTeit. Bropoii
npeAcTaBnAeT c060il aBTOHOMHOE YCTPOCTBO, COCTOALLEE TONBKO U3 INEKTPOHHOTO KNtoYa-KapTouky, KoTopas
dUKCupyeT NpUCYTCTBYE TOCTA, €CAM KNOY HAXOAUTCA B iepXaTenie, 11 ero 0TCYTCTBI, eCAM iepXaTeNb NyCToll,
1 TaKuM 06pa3om Mo3BONAET CBECTU NOTPebeHIe SHepri K MUHUMYMY. TaKie KapTbl CTanl YHUBEPCANbHbIMM
B FOCTUHMYHON UHAYCTPUM, 0cobeHHO B EBpone. Pa3nuuHble Npou3BoauTeNy BbIMycKakT cuctembl, bnaroapa
KOTOPbIM KOMMbIOTEP ONpeAendeT HaX0XAeHe FOCTA B KOMHaTe 1, COOTBETCTBEHHO, KOPPEKTUPYeT noTpebneHue
3Heprun. CucTema noAAepXuBaeT Temneparypy Bo3ayxa B NOMELLEH!M Ha MUHUMANbHOM YPOBHE (B X0NOAHbIN
nepuos roga) npu OTCYTCTBUM FOCTA 1 Ha 6onee KOMGOPTHOM YPOBHE MPU €r0 HAaXOXKAEHUM B MOMELLIEHNI.
37a Xe CUCTemMa KOHTPOAMPYET YPOBEHDb OCBELLEHHOCTU MOMELLEHMA 11 MOAAYY SNEKTPOIHEPru K po3eTkam,
K KOTOPbIM MOAKMIOUEH TeNeBU30p W Apyrue NeKTpuueckue npubopbl (3a UCKMOUYEHUEM XONOANNbHUKA U
YacoB), KOFA roOCTb HAXOAMUTCA B KOMHATe, U OTK/KOYAeT CBET W NUTaHUe npubopos, Korda roctb yxoaut. Kak
TONbKO KapTa BbIHUMAETCA U3 [iepaTens, 0CBeLLEeHIe B MOMELLEHNI TacHeT, 1 CUCTeMa KOHANULMOHNPOBAHMA
NEPEKNIYALTCA HA PEXUM C MOHUKEHHOIA TemnepaTypoii. Ha BpemA npebbiBaHNA B NOMELLEHNI FOCTb MOXET
yCTaHOBWTb toBYt0 TeMnepaTypy BO3Ayxa nyTem BbiGopa TemnepaTypbl Ha LdpoBom TepMocTate. TexHonorusa
yNpaBNeHUA SNEKTPUYECKUMM PO3ETKAMU 11 BbIKNKYATENAMI MOXeT 6biTb NPOBOAHOIA AN 6ecnpoBOAHON,

yCTpaHAA HEOGXOD,VIMOCTb B MOHTae NpoBoA0B B npouecce yCtaHOBKN CUCTEMDbI.
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06nactb
npuMeHeHus

KonuuectBeHHble
1 KauecTBeHHble
XapaKTepUCTUKM

Mpoussoputenn

Ccbinkm

KomHaTbl B rOCTUHILIAX, OUCbI, NOMELLEHNS AN COBELLAHII, LIKONbHbIE KNACCHl.

(uctema ynpaBneHus, 0CHOBaHHas Ha MPUMEHEHNN dNIEKTPOHHOI KapTbl-K/ioua, MOKET 3HAUUTENIbHO CHU3WUTb
5HEpro3aTpaTbl Ha CUCTEMbI KOHZMULMOHNPOBAHUA BO3AYXa, OCBELLIEHME U PabOTY ObITOBBIX NPUOOPOB B HOBbIX
W PEKOHCTPYMUpYEMBIX 3LaHUAX. B 3aBUCUMOCTY OT XapaKTepa UCMONb30BaHMA NOMELLEHIA CUCTEMA CHIKAeT
noTpe6eHne IHeprui B rocTUHUYHOM HOMEPE Ha 25—45% 1 UMEeT CPOK OKYNaeMoCTI MHBECTULI 0T 110 2 NeT.

Energize, Messerschmitt Systems AG, Intronics.

ACEEE. 2004. Emerging Energy-Saving Technologies and Practices for the Buildings Sector as of 2004 Re-
search Report A042 - August 1, 2004

*  Energize. www.entergize.com/keycardsystems.html

*  Keyard and PIR systems. http://gosmartpower.com/smartpower-products/energy-management/key-card-
and-pir-systems/

HanmeHoBaHue TeXHIYeCKoro (I'IpOEKTHOFO) peweHna

JHeprodpGeKTUBHbIE TUPTbI

Homep 1 HaumeHoBaHMe KpuTepus (NapameTpa) «3eNIeHOro CTPOUTENbCTBA»

(Cnocob onpeaenexuna bannbl

no CTO HOCTPOI 32.35.4
Pacxop anekTposHeprum pacyemHo 0-15
YnenbHblii CcyMMapHBIA pacxoz NepBIUYHON SHEPTUI Ha CUCTEMbI UHXEHePHOro
A YMMAPHBIN pacxon nep P P pacyemHo 0-20
obecneyeHns
S
licnonb3oBaHue BTOPUYHBIX IHEPrOpeCypCoB pacyemHo 0-30
N
0 (ToMMOCTb FOA0BbIX IKCMTYaTaLMOHHbIX 3aTpaT pacyemHo 0-20
7
@ (ToMmoCTb NpuBeeHHbIX COBOKYMHbIX 3aTPaT N0 LIMKNY XU3HU 00beKTa pacyemHo 0-25
Unnioctpauun

MoTpe6neHie SHepruy s

BbIPABOTKA SHEPT U

il I11103HE BYL0QRAIGG

MOJTHOCTbIO 3ATPYXKEHHAR CJIETKA 3ATPYXKEHHAR
KABUHA NPV IBYXEHN BHW3 KABVHA NPV ABUMKEHUM BBEPX

Puc. 1. (xema pabotbl indra ¢ Puc. 2. (xema BbIpaboTkm Puc. 3. Kabuna nudra co
pereHepaLiyei 3NeKTposHepriu ANEeKTPOIHEPruN (BETOAVOAHBIM 0CBELLEHINEM
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Unnioctpauun

Puc. 4. XonoaunbHblii LWKag-BUTPUHA

i

;

LTI
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' i
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Puc. 5. PereHepaTuBHbIil YaCTOTHbII perynaTop

Onucanue lpn ncnonb3oBaHWM pereHepaTUBHOTO NPUBOAA SHepruA, Noiyyaemas MpWU reHepaTOpHOM pexume,

TexXHonoruu npeobpa3oBbiBaeTcA B TPexpazHoe HanpseHue B MONHOM COOTBETCTBUM C MapameTpami CeTi 3[aHuA W
BO3BpALLAeTCA 00paTHO B INEKTPUYECKYH0 CeTb 3AaHNA, T OHA MOXET ObITb MCMONb30BaHa ApYrUMU CUCTEMAMIA,
MOAKMOUEHHbIMI K ceTW. DaKkTUYeCkn NMONHOCTBbIO HArpyXKeHHas KabuHa NuQTa, ABMKYLIAACA BHU3, MOXKET
nepefaBaTb 3HAUNTENbHYI0 JOAI0 SHEPriAN coceHeMy NuTY, paboTaloLiemy Ha NoAbEM.

06nactb 31aHnA Ntoboro HazHaueHus.

npuMeHeHus

KonuuectBeHHble YacToTHO-perynupyemblii NpUBOA MOXET MCMONb30BaTbCA KaK B COYETaHUU C pefyKTOpHON NebedKoi, Tak

1 KauecTBeHHble N C 6e3penyKTopHOI. B coueTaHum ¢ pefiyKTopHONl nebefkoii UCMONb30BaHWe YACTOTHO-PEryNMpyemoro

XapaKTepuCTKm npuBoda no3BonAeT CHU3UTb noTpebneHme 3neKkTposHeprun MMdTom Ha 35%. B CBOI0 ouepeab npumeHeHue
0e3penyKTOpHOIA Nebeiku CHUXKaeT noTpedbneHue INeKTpoIHeprim ewe Ha 10—18%.

3.5 HanmeHoBaHMe TeXHNYECKOro (MPOEKTHOrO) peLLeHus
[ ]

7
JOheKTUBHbIE KYXOHHbIE BbITAXKKY

Homep 1 HaumeHoBaHme KpuTepus (NapameTpa) «3eN1eHOro CTPOUTENbCTBAY

- (Cnocob onpenenenna  bannbl
no CT0 HOCTPO/A 32.35.4 Hh
\ ,
0becneyeHHOCTb NOME3HON NNOLLAABIO pacyemHo 0-5
Pacxon TennoBoli SHeprun Ha 0ToN/IeHKe 1 BEHTUAALMIO 34aHNA pacyemHo 0-25
Pacxop aneKkTposHepruu pacyemmo 0-15
S
(ToMMOCTb rofL0BbIX IKCMNYaTaLMOHHBIX 3aTpaT pacyemHo 0-20
S
(ToMmoCTb NpUBESEHHbIX COBOKYMHDbIX 3aTPaT N0 LMKNY XM3HM 00beKTa pacyemxo 0-25

125



Unnioctpauun
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Puc. 1. BbITAXHOI 30HT 6€3 orpaHUeHNIA NOTOKa (a), 30HT € BepTUKaNbHbIMY NaHenamu (6, B, 1)
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Baffle Filters Baffle Filters
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" Removable Grease Cup ¥

AFF Grease Cup g{l A A AFF
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Puc. 2. (xeMbl 30HTa Hajl 0ZIMHAPHBIM (a) ¥ CABOEHHBIM () 060pYI0BaHIEM, PACTIONOXKEHHDIM Ha PACCTOSHUM OT CTEH
NOMELLEHNS. BbITSXHOIA 30HT Hajl KYXOHHbIM 060pY0BAHNEM, PACTIONOXKEHHDIN HA PACCTOAHIM OT CTEH NOMELLIEHNS,
TpebyeT 6onbLLero pacxoaa Bo3ayxa i, COOTBETCTBEHHO, SHEPIUN Ha ero nepemeltieHie. Kpome Toro, 3HaunTeNbHoe
KONINYECTBO SHEPTIAM UCMONb3YETCA 1A HArpeBa, OXNaXeHINA U TPAHCMOPTUPOBKIA BO3AYXa, PeAHA3HAUeHHOro A
KOMMEHcaLyn yaansaemoro Bo3yxa

Puc. 3. Bo3aywHble cTpyn, NnosaBaemble B HaNpaBAeHUH BbITAXHOMO
0TBEPCTA 30HTa (a); MOAEPHN3UPOBAHHDIIA YETBIPEXCTPYWHDIN
B03AyXxopacnpegenutens (6)

Puc. 4. 3a30p Mexay KyXOHHbIM
000pya0BaHMEM 1 CTEHOI MOMeLLEHNA
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OnucaHue
TexHonoruu

O6nactb
npUMeHeHus

KonuyecTBeHHble
1 KayecTBeHHble
XapaKTepUCTUKM

Mpoussoautenu

Ccbinkm

Mnoxoii AU3aliH BbITAXHBIX 30HTOB, HEJOCTATOYHbIA Pacxof YAanAemoro BO3AyXa M MOJauya MPUTOYHBIX
CTYiA nonepek KOHBEKTMBHbLIX MOTOKOB Haj KyXOHHbIM 000pyZoBaHMEeM MOTYT MPUBECTU K yTeuke Tenna
1 BbIeNIeHWiA 0T 3T0ro 060py0BaHMA B MOMELLEHME, YTO NOBbILLAET TEMIOBYIO HATPY3KY 1 yBeMYNBAET 3aTpaThl
Ha KOHAMLMOHNPOBaHMe B03AyXa NoMeLLeHuA. BepTukanbHble KOHLEBbIE MaHeNN MOTYT ielLeBo U IQHeKTUBHO
pewwnThb 3T npobnembl. Ecnm ycTaHoBKa TopLieBbIX NaHenei npefycMoTpeHa Ha Tane NpoeKTUPOBaHNA KyXHI,
3T0 NPUBEAET K CHIKEHMI0 PAcX0fl0B NPUTOYHOIO M YAANAEMOr0 BO3AYyXa, UTo, B CBOK 0uepeab, NO3BOANT
COKPaTUTb pa3Mepbl 11 SHepruio, noTpedbnaemyto BeHtunatopamu (puc. 1).

Mo Mepe BO3MOXHOCTV HE0OX0ANMO ONTUMANBbHO pa3MeLLaThb KYXOHHOe 000py0BaHME MO OTHOLLEHNIO K CTEHAM
MOMeLLEHNA 1 Apyr Apyry, uto6bl NOBbICMTb I(OEKTUBHOCTb YNAaBNMBAHNA MeCTHbIMM OTcocamu. KyxoHHoe
060pyno0BaHMe HeObX0AMMO YCTaHaBNMBATb BONM3N CTEH 1 MOMAPHO (CMMHOM K CMHe»). Kak npaBuno, npu
O[IHAKOBOM KyXOHHOM 060pyS0BaHNM 1 3)dEKTUBHOCTY YNABAMBAHNA MECTHBIMI 0TCOCAMU Tpebyemblil pacxof
yAanAemoro Bo3iyxa Hal 0AUHOYHbIM 060pyA0BaHIeM, PaCTIONOXKEHHBIM NOcepeMHE NOMELLEHNA, NPeBbILIAeT
Pacxof BO3JyXa Yepe3 30HT, PaCroNoKeHHbIi y CTeHbl. YCTaHOBKA (ABOEHHOIO 30HTa Hajfj CABOEHHBIM KyXOHHbIM
000py0BaHMEM PaBHOCUbHA N0 SOPEKTUBHOCTI CTyYalo, Koraa 060pyA0BaHIe PACcMoNoXKeHo BOU3M CTeHbl,
X0TA OTCYTCTBME Qu3nyeckoro 6apbepa Mexzay ABYyMA CEKUMAMY 30HTa fieNlaeT Takylo KoHdurypauuio bonee
BOCPUMMUMBOIA K NONEPEYHBIM NOTOKaM (puc. 2).

YeTbipexcTpyiiHble BO3ayXopacnpeaenuteny, nofaioLme Bo3ayX B HaNPaBNeHUN BLITAXKHOIO 30HTa, HapyLIakoT
TeyeHMe KOHBEKTUBHBIX MOTOKOB, B pe3ynbrate Yero Temno, Xup, AbiM W BOAAHOA Map He 3aTArMBAlOTCA
B BbITAXKHOIA 30HT, @ MOMAJAKT B KYXOHHOE MPOCTPAHCTBO, YBENNYNBAA HArPy3Ky Ha CUCTEMbl BEHTUNALMN
N KOHAMLMOHMPOBAHUA Bo3ayxa. MpeobpasoBaue 3Tux Auddy30poB B ABYCTOPOHHUE, MOAAIOLIME BO3AYX
napannenbHo NNOCKOCTW BbITAXHOTO 30HTA, WIN MOKPbITUE MPUTOYHOTO OTBEPCTMA NepdOPUPOBAHHBIMMA
NNACTUHAMU C BEPTUKANbHLIM BbIMYCKOM BO3AyXa 3HAUUTENbHO ynydywat 3PGeKTUBHOCTb YnaBnuBaHUA
BbITAXKHbIX 30HTOB (puc. 3).

Hepeako KyxoHHoe 060pynoBaHMe PacmonoXeHO Ha CaMOM Kpaio, pAAOM C BepTUKaNbHOI MAOCKOCTbIO,
OrpaHNYMBAIOLLEN BbITAXHOI 30HT. He3HauuTenbHblii (BeC 30HTa Haj KYXOHHbIM 000pyZoBaHMeM, a TaKke
3a30p MeXJy KyXOHHbIM 000pyZl0BaHNEM U CTEHOIA NOMELLIEHNA TOXe CYLLECTBEHHO CHIKAKT I(OEKTUBHOCTD
yNaBNNBAHMA BLITAXHBIM 30HTOM. YTeuKi Tenna 11 AbiMa B OMeLLEHIe KYXHH, B KOHEUHOM CYeTe, YBeNNYNBaT
pacxodbl Ha OXNaxkaeHne v BeHTUNALMI. Pa3melLieHne KyXOHHOTO 0060pYAOBaHUA BMOTHYIO K CTEHE MOXeET
3HaUUTENbHO NOBLICUTD IPPEKTUBHOCTL PabOTbI BbITAXKHON BeHTUNALMM (pUC. 2 1 4).

PectopaHbl 1 Kade ntoboro pasmepa.

OnucaHHble YCOBEPLUEHCTBOBAHUA CUCTEM KyXOHHOW BEHTUNALMM MPUBEAYT K 3HAUUTENbHOIA IKOHOMUM:
CHVXKEHUIO Pa3MepoB BEHTUIATOPOB, COKpaALLeHWIo NOTPebneHNA HepriM, CHIDKEHMIO PACcXoAa HapyXKHOMO
BO3yXa W PacxoZioB TEMNOTbI HA €ro OTOM/EHUE U OXNAX[EHWe, @ TaKXKe K YNyyLleHnio YCNoBuiA Tpyaa npu
MUHUMANbHbIX 3aTpaTaX.

MHorouncneHHble 3roToBUTENMN KYXOHHbIX BbITAXXHbIX 30HTOB 1 OpraHu3aLin, 3aHUMatoLLneca MOHTa>KoM
cncTem BeHTunALnN.

»  [EAECBCS Annex 46. Energy and Process Assessment Protocol. Appendix D
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NMPUNOXEHUE A

ANTOPUTM PACHETA BANNIBHON OLIEHKK
3A NIPUMEHEHWE SHEPTOCBEPETAKLLETO PELLEHIA

(Ha npumepe ymusausayuu menjiomesl 6bImAKH020 8035)/X0)

WcxopHble paHHble:
Ha3HaueHue 3[aHNA — odUCHoe;
 ITAXHOCTb 34aHUA: 5 dTaxell;
« 061was nnowagpb 3aaHua (S): 1200 m%
nonesHas niowaab 3aaHusa: 830 m%
«  MNoWaab, NPUXoAALLAACA Ha 1 coTpyanuKa: 10 m%
« ynenbHble BHyTPeHHIe TennoBbiaeneHus: 18 Br/m%
pacyeTHas TemnepaTypa HapyHoro Bo3ayxa B Tennblit nepuog roga: 28 °C;
*  CPefHuIi ypoBeHb 0CBELLEHHOCTU NoMeLeHna: 250 NIK;
« HarpeB NPUTOYHOIO BO3JYXa OCYLLIECTBAAETCA OT FOPOACKON TeN0BON ceTu, Tapud (t) Tennosoii sHeprum: 1,6 py6/kBrey;
« Tapud Ha aneKTpuYeckylo sHepruio (e): 3,5 py6/kBrey;
* pacxoZ NpUTOYHOr0/HapyHoro Bo3ayxa: 5000/5000 m*/uac;
+  (TOMMOCTb BEHTUNALMOHHOI YCTaHOBKM 6e3 Tennoytunusatopa: 300 000 py6.;
* CTOMMOCTb BEHTUAALMOHHOI YCTAHOBKIA C TENNOYTUAN3ATOPOM (BK/H0YAA AONONHUTENBHYI0 CTOMMOCTb Ha YCTPOIICTBO YBEAUUYEHHOI
BEHTUNALMOHHON Kamepbl Npu npumeHeHun Tennoytunusatopa 100 000 py6.): 500 000 py6.;
* (peaHerofoBoil KoadpduuneHT 3ppekTUBHOCTI yTUAN3aLMN: | = 0,6;
pacyeTHOe KONMYeCTBO rpajycocyTok otonutenbHoro nepuoga: FCOM = 5000 °CecyT;
*  PEXUM IKCMATyaTaLum CAcTeMbl BeHTURALMMN: 12 yacoB B cyTki (n), 5 AHeli B Hegento (m) (60 yacoB B Hegento).

Pacyer:

PeiiTUHrOBaA OLEHKa NPUMEHEHNA PaccMaTPUBaEMOro TexHueckoro petwerns no CTO HOCTPOW 2.35.4 ckna/ibIBaeTca U3 YeTbIPEX KaTeropuii:
pacxof TeNI0BOI SHEPruin Ha OTONJIEHMeE 1 BEHTUNALMIO 3[aHNA, CTOUMOCTb FOZ0BbIX IKCMAYaTaLMOHHbIX 3aTPaT, UCNONb30BaHIUe BTOPUYHBIX
HepropecypcoB, CTOMMOCTb NPUBELEHHBIX COBOKYMHbIX 3aTPAT NO LK XNU3HN 00bEKTa.

1. PacueT no KaTeropum «pacxon TennoBoi JHEPrU Ha OTONNEHNE U BEHTUNALINIO 3AaHNA»
KonuuectBo TennoTbl 3a rofi, Heobxoaumoe Ha Harpes NPUTOYHOro0 BO3AYyXa, be3 NMPUMEHEHUA TENNOYTUNN3ALUNA:

200 n -m
senm = 0;335'L°FCOH'ﬁ07024i

12 5
6 = 0,335 # 5000 + 5000 » =« =« 24 = 71 785 714,3 Bm » u/200.

Konnuectso Tennotbl 3a roa, H606X0,EII/IMO€ Ha Harpes NPUTOYHOI0 BO3A4YyXa, C NPUMEHEHNEM TEMNOYTUIN3aLUK:

200 — (200 .
eeHm.ym — Qeenm e 1- m

200 m = 717857143 1—0,6 = 28714 285,7 Bm » u/200.

6eHm.ym

FOLI,OBaﬂ SKOHOMWA TENJIOTbl HA HAarpeB NPUTOYHOI0 BO34YXa COCTABUT:

AQ = Q%0 — Q2% m = 71 785 714,3 — 28 714 285,7 = 43 071 428,6 Bm /200,
yneanaﬂ 3KOHOMMA TENOBOI JHEPrnn COCTABUT:
4q =£=43071428,6= 35 892 86 Bmoey _ 359 KBm-q.
S 1200 "7 M2 e 200 " Mm% e 200

Mo Tabnuue B.3 [1] 6a30Bblit ypoBeHb yAeNbHOr0 pacxoAa TEMOBOA JHEPTUN HA CUCTEMbI OTOMIEHUA U BEHTUNALMN OQUCHOTO 3aHUA

C yAeNbHbIMM BHYTPEHHUMI TennoBbigeneHuamn 18 Br/m? npu uncne rpapycocytok otonutensHoro nepuoga 5000 °CecyT cocTaBndet
20,5 Br-u/(m2-°CocyT), wm g, = 20,5-5000 = 102 500 Breu/(m2ron) = 102,5 kBT-u/(m2rop).

CHuxeHue 6a30Boro YAEJIbHOr0 pacxoda TensnoBoit JHEPruK Ha oTonneHue n BEHTUNALNIO 34aHWUA NPU UCNONb30BAHUN TEMNOYTUIN3ALNN

COCTABUT:
dae =29 1000 = =22 4 100% = 35%
qﬁﬂj’ - Q5a3 (Ul 102’5 0= 0,
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[lna Kateropun «pacxod TeNNOBOW SHEPrN Ha OTOMAEHWE U BEHTUAALMI 34aHNA» [1] CHKeHne 6a30BOrO YAENbHOMO pacxofa TennoBoi
SHeprin Ha oTonNeHue N BEHTUNALMIO 3AaHNA Ha 35% COOTBETCTBYeT 15 6annam peiTMHrOBOM OLLEHKN.

2. [Ina onpedeneHuA peiiTUHIOBOI OLEHKM MO KaTeropui «CTOMMOCTb FOAOBbIX JKCMNYaTaUMOHHbIX 3aTpaT» HeobXoauMo onpepenuTb
CYMMapHbIil FOA0BOIA pacxoz Heprun (11 TeNOBOI U INEKTPUYECKOIA) 3AaHNEM.

[0710BaA 3KOHOMMA PeCypCoB B nepecyeTe Ha pyb/n COCTaBUT:

AD=AQ et =43071,4+1,6 =68914,24 py6/200.
Mo Tabnuue B.7 [1] 6a30Bblit ypoBeHb yAENbHOTO pacxoda TEMIOBOI JHEPTIN HA CMCTEMY TOpAYET0 BOAOCHAOXeEHMA OQUCHOTO 3haHNA C
NNOLLazbIo, NPUXoAALLeca Ha 1 coTpyaHIKa, 10 M2, 1 pexxinmom 3KkcnnyaTauum 60 yac/Hes. coctaBnaeT 4,5 kBreu/m*rop.
061ww1it 6a30BblIii ypoBEHD YAENbHOTO PacxoAa TeNNOBON HEPTUN Ha CUCTEMbI OTOMAIEHNA, BEHTUAALNM 11 TOPAYEro BOAOCHAOXEHNA COCTaBUT
q,=102,5 + 4,5 =107 kBr-u/m’rop.
(roumocTb NoTpebneHHoN TeNNOBOIA SHEPTIAN 3a ro COCTABUT:

Cronn =qneteS=1071,61200 = 205 440 pyo/z00.
Mo Tabnuue B.5 [1] 6a30Bblil ypoBEHb YAENbHOrO PacXofa 3MEKTPOIHEPrui Ha CUCTEMY KOHAWLMOHMPOBAHUA OQUCHOTO 3[aHWA npu
CpeaHeCyTOUHbIX TennoBblaeneHnax 18 Br/m? n pacueTHoii Temnepatype Hapy»HOro Bo3ayxa B Tennblit nepuop roaa 28 °C coctanaert 25,5
KBTeu/m2rog.
Mo Tabnuue B.9 [1] 6a30Bbiii ypoBeHb pacxofa INeKTPOIHEPriAv Ha CUCTEMbI OCBELLEHNA OPUCHBIX 3AAHNIA CO CPEAHUM YPOBHEM OCBELLEHHOCTH
250 NK ¥ pexxumom dKcnnyaTauum 60 yac/Heq. coctaBnaet 70 kBreu/m>rop.
Mo Tabnuue B.10 6a30Bblli YpoBeHb YAENbHOO pacxofa NEeKTPOIHEPriAN Ha CUCTEMbl UHXeHepHOro obecneyeHna 3aaHNi STaXHOCTbIO
5 3Taxei 1 ¢ pexxumom kcnyaTaumn 60 yac/Hep. coctanset 10,5 kBreu/m*rop.
(ymmapHblit 6a30Bblii ypOBEHD yIeNbHOr0 Pacxo/ia 3NeKTPOIHepTUN CoCTaBuT g = 25,5 +70 + 10,5 = 106 KBT-u/m’rop.
(ToumoCTb NOTPE6EHHOI 3NEKTPUYECKOI SHEPTIN 3a FOf COCTABUT:

C=q,eeeS=106935¢1200 = 445 200 py6/200,
06U.laﬂ CTOUMOCTb I'IOTp€6J'I€HHbIX 3ad rog pecypcoB COCTaBuUT:

C = Cpomy + C,, = 205 440 + 445 200 = 650 640 py6/200.

OTHOLWIEHMe cpenHero,q030|7| CTOMMOCTA  3KCMTYyaTALUMOHHBIX 3dTPAT Ha CUCTEMbl WHMEHEPHOIO o6opyn03ava C UCNonb30BaHnemM

TennoyTUNM3aLun 1 6e3 Hee COCTaBUT:
C—-A45 650640 —68914,24

ac = C 650 640 0,894,
4TO ANA KaTeropum «CTOMMOCTb FOA0BbIX IKCNATyaTaLMOHHbIX 3aTpaT» [1] cootBeTCTBYeT 10 6annam peiiTHrOBON OLLeHKN.
3. PacueT no Kateropum «1Cnonb30BaHue BTOPUYHBIX IHEPropecypcoB».
,[lOJ'Iﬂ BTOpI/ILIH0I7I JHEPruu B rofoBom 3Hepr06anche 3[dHNA COCTABUT:

Ag et 359 1,6

= = 0,106 = 10,6%,
Gnet+q,ee 10716+ 10635 %

yTO ANA KATETOpUM «MCNoNb30BaHMe BTOPUYHDIX IHepropecypco» [1] cootBeTcTBYeT 10 6annam peiiTUHIOBOI OLIEHKIA.

4, Heobxo1mo 0TMeTUTb, UTO NPUMEHEeHIe MPUTOYHO-BLITAXKHOI YCTAHOBKM C peKynepaLiveli TennoTbl BbITAXHOIO BO34yXa ABNAETCA
OQHOI U3 COCTABNALLEN MOJENN «3eNeHOr0 CTPOUTENbCTBA» U TaKKe BAUAET Ha NpUCYXAeHUe 6aNN0B 34aHNMI0 B LeOM MO KaTeropum
«CTOMMOCTb NPUBEAEHHDIX COBOKYMHDBIX 3aTPaT N0 LMKAY XM3HN 06beKTan [1].

KanutanbHble 3aTpaTbl Ha CTPOUTENbCTBO PACCMATPUBAEMOrO 3AAHNA COCTABAT:

- CYYeTOM YCTPOICTBA BCEX «3€MeHbIX» peLueHnit: 78 MaH pyo.;

- 6e3 «3eneHbix» peLueHInit (TpaaULMOHHbII BapuaHT): 75 MiH pyb.
JKCnnyaTaLnoHHbIe 3aTPaThl Ha BCe 3haHMe 3a 15 neT cocTaBAT:

- NPY YCTPOIACTBE BCEX «3€MIEHbIX» peLueHuil: 6,56 MH pyb.;

- 6e3 «3eNeHbix» peLueHInii (TpaauLMOHHbII BapuaHT): 9,75 MiH py6.
(ToMMOCTb NpUBeJEHHbIX COBOKYMHbIX 3aTPaT MO LNUKNY XM3HU 3AAHNA COCTABUT:

- NPU YCTPOIACTBE BCEX «3eMIEHbIX» peLueruil: 84,56 MiH pyo.;

- 03 «3eneHblx» peLueHnii (TpaauuUMOoHHbIA BapuaHT): 84,75 MnH pyo.

410 ANA KaTeropum «CToumoCTb NPUBEAEHHDIX COBOKYMHbIX 3aTPAT N0 LNKNY XKU3HU o6bekTa» [1] COOTBETCTBYET 15 6annam.
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3.35 (BeToAMOAHbIE CBETUNbHUKM

3.36 (ncTemMbl KOMOUHIPOBAHHOTO OCBELLEHNA
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3.53 XonogunbHble WKadbl-BUTPUHDI C IHEPTOIPEKTUBHBIM OCBELLIEHNEM

3.55  JneKTPOHHbIA KMoy ANA KOHTPONA SHepronoTpebnenna

3.56  JHeproddeKkTuBHbIE NNPTI

3.57  J(¢eKTnBHbIE KyXOHHbIE BbITAXKKM

YaenbHblii CcymMMapHblil pacxop NepBUYHOI SHEPrUM Ha CUCTEMbI HKeHepHOro o6ecneyeHus

2.1 A3porenbHaa TennonsonAuua

2.2 BakyymHble Tennon3onALNoHHbIe naHenu

23 BHewwHue cTaBHK

3.1 ABTOMATMYeCKOe perynupoBaHue BHYTPEHHEro 0CBeLLeHNs
3.2 ABTOMATMYeCKOE perynnpoBaHue HapyXHOro 0CBeLLEeHNA
3.5 BetporeHeparopsi

3.12 [eoTepmanbHble TennoBble HacoChl

3.17 WHAYKUMOHHbIE CBETUNBHUKN

3.18 WHTerpaumna Hu3KoTeMnepaTypHbIX SHepreTyecKInX NOTOKOB B CUCTEMAX OTAEMbHbIX 3aHNIi 1 KBapTanoB
3.21 KoreHepauua

3.22 KoHaeHcawLnoHHbIe KOTbl

3.23 KoHTponnepbl ApkocTy (BeTa

3.24 ABTOMaTI3MPOBAHHbIE KYXOHHbIE BbITAXKN
3.31 [porpammmpyemblii TepmocTat

3.33 Pekynepauus Tenna ot Komnpeccopa

3.34 Pekynepavusa Tenna ot XonoAuIbHON MaLLUHbI
3.35 (BeToaMOAHbIE CBETUNBHUKN

336  (uctembl KOMOMHMPOBAHHOTO OCBELLEHUSA
3.39 (ncTembl CONHEUHOr0 HarpeBa BoAbl
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YpenbHblit CyMMaprIVI pacxon nepBuquﬁ JHepruun Ha cuctembl UH}KeHepHoro o6ecneyenna

(ConHeuHbli KonnekTop

(neKTpanbHO yCOBepPLIEHCTBOBAHHbIE CUCTEMbI OCBELLEHUS

Tennosble akkymynaTopbl

Tennosble NyHKTbI

Tpurexepauma

[ByxcTynenyatble abcopbLMOHHbIe OPOMUCTO-NUTIEBBIE XONOANNbHbIE MALUIMHDI
A6copbLMOHHbIe HPOMUCTO-NUTUEBbIE XONOANTbHBIE MALUMHbI OAHOCTYMEHYaTble
XonogunbHble WKaQbl-BUTPUHBI C IHEProIddeKTUBHBIM 0CBELLEHNEM

YacToTHOe perynupoBaHue aneKTpoaBuUraTeneli HacocoB

INeKTPOHHbIN KNKY ANA KOHTPOASA JHepronoTpedneHus

JHeprosdpdekTnBHbIE NUPTHI

Wcnonb3oBaHue BTOPUYHDIX dHepropecypcos

Bo3ayxooxnagutenb KOCBEHHOrO MCNAPUTENIbHOTO OXNaXAeHNs

[paBUTALMOHHDIN Tenn00OMEHHMK ANA AyLIeBbIX KabUH

[paBuUTaLMOHHBIN TeNNO0OMEHHMK AiA MOCYA0MOEYHBIX MALUMH

WHTerpauma Hu3KoTeMNepaTypHbIX SHePreTMYeCKNX NOTOKOB B CUCTEMAX OTAENbHbIX 3AaHNIA U KBAapTanoB
KoreHepauma

Pekynepawua Tenna ot Komnpeccopa

Pekynepawus Tenna ot XoNnoAWbHOIM MALLMHBI € BOAAHBIM OXNaXJeHnem
Pekynepatop kamepHbiii

MnacTuHyaTbIiA Ten1006MeHHNK

PoTOpHbII TenN00bMEeHHNK

Tpy6uartblil TennoobMeHHNK

TpureHepauma

[ByxcTyneHuatbie abcopOLMOHHbIe OPOMUCTO-NUTIEBbIE XONOANTbHbIE MALUMHDI
AbcopbumoHHble 6poMUCTO-INTHEBbIE XONOANNbHbIE MALLMHBI 0AHOCTYNEHYATbIe
JHepro3QdeKTuBHbIE MUTHI

Ucnonb3oBaHne Bo306HOBNAEMbIX JHepropecypcoB

BeTporeHepatopbl

[eoTepManbHble TeNoBble HacoChl

WHTerpaums HU3KoTeMnepaTypHbIX SHEPreTUUEeCKIX NOTOKOB B CUCTEMAX OTAE/bHbIX 3AaHNil 1 KBapTanoB
CuCTeMbl CONHEYHOTO HarpeBa Bofbl

ConHeuHblii KONNeKTop

MuHuMUM3auma Bo3AeACTBUA OT IKCNNYaTaLUM U YTUAN3ALMM 3[aHUA

KoreHepauua

Tpurexepauma

[ByxcTynenyatble abcopbLMOHHbIe OPOMUCTO-NUTUEBBIE XONOANNbHbIE MALUIMHDI
A6copbLMOHHbIe HPOMUCTO-NUTUEBbIE XONOANTbHBIE MALUMHbI OAHOCTYMEHYaTble
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@ Croumoctb AUCKOHTUPOBAHHDIX NHBECTULINOHHDIX 3aTpaT

2.1 AsporenbHaa Tenaon3onALna

2.2 BakyymHble Tennon3onALnoHHbIe naHenu

23 BHelwHue cTaBHY

24 BHewHue GuKCcMpoBaHHbIe CONHLE3ALLMTHDIE YCTPOCTBA

2.5 3eneHble KpoBnK

2.6 KpoBenbHble MaTepuanbl ¢ BbICOKOI 0TpaX<atoLLieil CnocoBHOCTbIO

2.7 HenpepbliBHbIA BO3AYLUHDIN 6apbep ANA NOBbILLEHUA BO3AYXOHENPOHULAEMOCTH 060M10UKM 34aHNA
2.8 ConHue3aLWMTHBIE NNEHKN

2.9 (TeknoBONOKHUCTbIE COHABUY-NAHENN

210  Tambyp

2.11 TennousonupytoLan 6eToHHas onanybka

212 YmeHblueHue TennoBbIX MOCTOB

213 JHeprocbeperatoLye nneHKn

214 JHepros¢deKTnBHbIE OANKOHDI

215 JHeproaddekTnBHbIE 0611LOBOYHBIE MOZYNM

216 JHeproddekTUBHbIE OKHA

217 (BetoBble Tpy6bI

33 A3p030/bHble yNNOTHUTENM AA BO3AYXOBOJO0B

3.14  [napoakkymynupyoLLme eMKoCT!

3.21 KoreHepauua

3.49  TpwreHepauus

3.51  [lByxcTyneHuatble abcopOLMOHHbIE 6POMMCTO-NUTIEBbIE XONOANIbHbIE MALLHI
3.52  AbcopbumoHHble 6poMUCTO-NUTIEBbIE XONOAWNbHBIE MALLUHBI OAHOCTYNEHYaTble

)
@ CroumocTb ro0BbIX KCM1yaTaLlMOHHDIX 3aTpaT

1.1 PacTeHns, He Tpebytowume nonuBa

2.1 A3porenbHaa TenaonsonAuna

2.2 BakyymHble Tennon3onALMoHHbIe NaHenu

23 BHewwHue cTaBHK

24 BHewwHne puKcMpoBaHHbIe CONHLe3aLUTHbIE YCTPOICTBA

2.5 3eneHble KpoBK

2.6 KpoBenbHble MaTepuanbl C BbICOKON OTpaxaloLLieil CnocoBHOCTbI0
2.7 HenpepbliBHbIN BO3AYLUHDIN 6apbep ANA NOBbILEHUA BO3AYXOHENPOHNLAEMOCTH 000M10UKM 34aHNA
2.8 ConHue3aLUmMTHbIE NAEHKK

29 (TeKnoBONOKHMCTbIE C3HABUY-NAHENN

210  Tambyp

211 Tennom3onupyrowian 6eToHHas onanybka

212 YmeHblueHue TennoBbIX MOCTOB

213 Heprocbeperatolye naeHKm

214 SHepro3deKkTuBHbIe HaNKOHbI

215 JHeproaddekTnBHbIE 061MLIOBOYHBIE MOAYNM
216 JHeproadpdeKTuBHbIE OKHA

217 (BetoBble Tpy6bl

3.1 ABTOMaTIYeCKOe perynupoBaHue BHYTPEHHEr0 OCBELLEHN
3.2 ABTOMaTIYeCKoe perynupoBaHue HapyxHOro 0CBeLLeHuA
33 A3p030/bHble yNNOTHUTENM AA BO3AYXOBOJO0B

3.4 be3BoaHblil nuccyap

35 BetporeHepatopsi
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CroumocTb rofi0BbIX JKCNNyaTalOHHbIX 3aTpaT

BoaoagdeKTnBHbIe AyLIeBble HacAAKM

BonoadpdekTuBHbIit nonns

Bo3ayxooxnaautenb KOCBEHHOrO MCMAPUTENbHOTO OXNaXAeHNA
Bo3ayLHble 3aBecbl

Bbicoko3ppeKTUBHbIE YHUTA3bI

BbiTecHsIowan BeHTUNALMA

[eoTepmanbHble TennoBble HACoChI

[MOKue LWnaHri ¢ ayLweBoil HaCAAKON ANA ONONACKMBAHMUA CTONOBOI NOCYAbI
[MapoaKKyMyAMpYIoLLMe eMKOCTH

[paBUTALMOHHDIN Tenn00OMEHHMK ANA AyLIeBbIX KabUH

[paBMTALMOHHDIN Tenn00OMEHHMK AAA NOCYAOMOEYHbIX MALLMH
WHAyKLMOHHbIE CBETUABbHIKN

WHTerpauma Hu3KoTeMNepaTypHbIX SHePreTMYeCKNX NOTOKOB B CUCTEMAX OTAEMbHbIX 3AaHNIA U KBapTanoB
WndpakpacHble oborpesatenu

Wcnonb3oBaHme KOHAEHCATa 0T KOHAMLMOHEpA

KoreHepauua

KoHpeHcaumoHHble KoTnbl

KoHTponnepbl ApKocTy BeTa

ABTOMATM31POBAHHbIE KYXOHHbIE BbITAXKN

JlokanbHas BeHTUNALNA

060poTHbII BOAONPOBOA

Oxnaxpatowme banku

lNepemelunBatoLLAA BEHTUAALNA C NPUMEHEHNEM CneLuanbHbIX BO3AyXopacnpeaenuteneit
[porpammmpyemblil TepmocTar

[pAMOTOYHBIE MPUTOYHBIE CUCTEMbI BEHTUNALAN

Pekynepawua Tenna ot Komnpeccopa

Pekynepauua Tenna ot XoN0AUNbHOI MaLLUHBI

(BeToamnoaHble CBETUNBHMKM

(ncTembl KOMOUHUPOBAHHOIO OCBELLEHMA

(uctembl HU3KOTEMNEPATYPHOr0 OTONNIEHNA 1 BbICOKOTEMNEPATYPHOI0 0XJ1aXAeHUA Ha 0OCHOBE NM1aCTMACCOBbIX MaTOB

(nctembl oxnaxaeHua ¢ 6akami-akkymynaTopami Xonopa

(ncTembl CONHEYHOTO HarpeBa BOAbl

ConHeuHblil KonnekTop

(neKTpanbHo ycoBepLUIEHCTBOBAHHBIE CUCTEMbI OCBELLieHIsA

TennoBble akKymynATopb

Tennosble NyHKTbI

TennouHepLnOHHbIe 0TONUTENbHbIE NPUOOPbI

Pekynepatop kamepHbiii

[nacTMHYaTbIN Tenn00OMEHHMK

PoTOpHbII TenN00bMeHHNK

Tpy6uarbiil Tenn00OMeHHNK

TpureHepauma

Opukynuur

[IByxcTyneHyatble abcopbLnoHHble 6pOMUCTO-NUTHEBDIE XONOANIbHbIE MALLMHBI
AbcopbumoHHble 6poMUCTO-INTHEBbIE XONOANNbHbIE MALLMHBI 0AHOCTYNEHYATbIe
XonoaunbHble WKadbl-BUTPUHBI € SHEProIPGEKTUBHBIM OCBELLEHNEM

YacToTHOe perynupoBaHue aneKTpoaBuraTesneli HacoCoB

INeKTPOHHbIA KMoy ANA KOHTPONA SHepronoTpebneHna

JHepro3pdeKTuBHbIE NUTHI

JhdeKTUBHbIE KyXOHHDbIE BbITAXKM
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Croumoctb npuBeeHHbIX COBOKYMHbIX 3aTpaT Mo LUKNY XU3HN o6bekTa

Pactenna, He Tpebytowe nonnBa

AsporenbHas TennononALmA

BakyymHble Tennon3onALNOHHbIE NaHenu

BHewwHue cTaBHK

BHewwHue GuKcMpoBaHHbIe CONHLE3ALUUTHBIE YCTPOIACTBA
3eneHble KpoBNK

KpoBenbHble MaTepuanbl C BbICOKOI OTpaXatoLLeil CnocoBHOCTbI
HenpepbliBHbI BO3AYLUHDIN 6apbep ANA NOBbILLEHUA BO3AYXOHENPOHNLLAEMOCTI 060N10UKM 34aHNA
(onHLe3aLNTHbIE MAeHKI

(TeKNoBONOKHNCTbIE COHABUY-NAHENN

Tambyp

Tennomsonupytowan 6eToHHas onanybka

YMeHbLueHue TennoBbIX MOCTOB

JHeprocbeperatoLuye NneHKN

IHeprosdpdeKTnBHbIE OANKOHDI

JHeproaGheKTnBHbIE 06NMMLOBOYHBIE MOAYNN
JHepro3QdeKTuBHbIE OKHa

(BeToBble Tpy6bI

ABTOMaTiyeckoe perynupoBaHie BHYTPEHHErO 0CBeLLeHIs
ABTOMATMYeCKOE perynupoBaHue HapyXHOro 0CBeLLEeHNA
A3p0307bHble yNNOTHUTENM AA BO3AYXOBOAO0B

be3BoaHblil nuccyap

BeTporeHepatopbl

Bono3pdekTuBHble ayLieBble HacaaKu

BonoadekTuBHbIN noans

Bo3ayxooxnaautenb KOCBEHHOr0 MCMAPUTENbHOTO OXNaXAeHNA
Bo3aywHble 3aBech

Bbicoko3ppeKTUBHbIE YHUTA3bI

BbiTecHsoLwan BeHTURALMA

[eoTepmanbHble TensoBble HacoCh

[MOKue LnaHri ¢ ayLweBoil HaCaAKON ANA ONONACKMBAHUA CTONOBON NOCYAbI
[MApoaKKyMyAMpYIoLLMe eMKOCTU

[paBuUTaLMOHHBIN TeNNOOOMEHHMK AN AyLUeBbIX KabuH
[paBMTALMOHHDIN Tenn00OMeHHMK A1 NOCYAOMOEYHbIX MALLKUH
WHAyKLUMOHHbIE CBETUNBbHIKN

WHTerpauuna Hu3KkoTeMnepaTypHbIX SHepreTMyeckux NoTOKOB B CMCTEMAX OTAENbHDBIX 34aHNIA U KBapTanoB
WndpakpacHble oborpesatenu

Wcnonb3oBaHme KOHAEHCATa OT KOHAMLMOHEpA

KoreHepauma

KoHpeHcaumoHHble KoTnbl

KoHTponnepbl ApKoCTM CBeTa

ABTOMaTI31POBAHHbIE KYXOHHbIE BbITAXKN

NokanbHas BeHTURALMA

060poTHbII BOAONPOBOA

OxnaxpatoLume 6anku

MepemeLunBatoLLaA BEHTUNALNA C IPUMeHeHNeM CnelmanbHbIX Bo3ayxopacnpeaenuteneit
[porpammmpyemblil TepmocTar

MpAMOTOYHbIE MPUTOYHDIE CUCTEMbI BEHTUNALIN

Pekynepauus Tenna ot komnpeccopa

Pekynepauus Tenna ot XoN0ANNbHON MaLUMHbI

(BeTOAMOAHbIE CBETUIbHUKM

C1cTembl KOMOUHUPOBAHHOTO OCBELLEHNSA
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Croumoctb npuBeeHHbIX COBOKYMHbIX 3aTpaT Mo LUKNY XU3HN o6bekTa

(uctembl HU3KOTEMNEPATYPHOI0 OTONNIEHNA 1 BbICOKOTEMNEPATYPHOI0 0XJ1aXAeHUA Ha 0CHOBE N1acTMaCCOBbIX MaTOB

(uctembl oxnaxaeHus ¢ 6akamin-akkymynaTopami Xonoga

(C1cTeMbl CONHEYHOTO HarpeBa BoAbl

(ConHeyHblil KonneKkTop

(neKTpanbHo yCoBepLLIEHCTBOBAHHBIE CUCTEMbI OCBELLeHIs

Tennogble akkymynATopbl

Tennogble NyHKTbI

TennouHepLmOHHbIe oTONUTENbHbIE NPUBOPBLI

Pekynepatop kamepHbiii

MnacTuHYaTbIiA Tenn006MeHHNK

PoTOpHbII TenNoobMeHHNK

Tpy6uarblil TenN00OMeHHNK

Tpurexepauma

Opukynuur

[ByxcTyneHuatbie abcopbLMOHHbIe OPOMUCTO-NUTUEBbIE XONOANNbHbIE MALUMHDI
A6copbLmoHHbIe 6POMUCTO-NUTUEBbIE XONOANNbHBIE MALUMHbI OAHOCTYMEHYaTble
XonoaunbHble WKaQbl-BUTPUHBI C IHeproIddeKTUBHBIM 0CBELLEHIEM

YacToTHOe perynupoBaHue 3neKTpojiBuUraTeneli HacoCoB

INeKTPOHHbII KNK0Y ANA KOHTPOAA JHepronoTpebneHus

JHepro3pdeKTuBHbIE NUTHI

JpdeKTUBHbIE KYXOHHbIE BbITAXKN
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