AHATOINWN NMPOTACEBWY,

K.T.H., [OUeHT Kadeapbl «TennocHaGXeHUe W BEHTUNALUSA»

OHEPIO3dPEKTVBHBLIE
30AHNA N TEXHOIOM

MCMNONb30OBAHUE 3HEPTVWN B CUCTEMAX UHX>XEHEPHOTO OBECMNEYEHUSA 34AHUWA CBA3AHO C MOTPEBJ/IEHUEM
MEPBNYHbBIX QHEPTETUYECKWX PECYPCOB, T.E. OPTAHUYECKMX TONNNB, N HETPAOAVWNLWNOHHbBIX BO3OBHOB/TAEMbIX
MNCTOUYHUKOB 3HEPTUW, A TAKXXE C NMOTPEBJ/IEHVEM KOHEYHOW BbICOKOOPIAHU3OBAHHOWN, HAMPUMEP

3NEKTPUYECKOW, 3HEPTW, NOABEAEHHOW HEMOCPEACTBEHHO K YCTAHOBKAM CUCTEM.

Ha/M3 UCMOJMb3yEMbIX TEXHU-
AHECKMX peweHunii nossonset
onpegenuTb TpU OCHOBOMOJNAraw-
WMX HanpaBfieHUs MpU CO3JaHWK
3HEproaPheKTUBHOro 3aaHus:

¢ obecneyeHne KOMGOPTHOIO
MUKPOK/MMaTa MOMELLEHNIA;

e MaKkcuManbHOe WUCno/b3oBa-
HMe 3HEpruM OKpYyXarLlel cpefbl;

e ONTUMM3ALMNSA IHEPTETUYECKMNX
3/1EMEHTOB WHXXEHEPHbIX CUCTEM
3[jaHNA 1 caMOro 34aHua Kak egu-
HOro Lenoro.

YKa3aHHble HanpaBfieHUd B3au-
MOCBSi3aHbl M COBMECTHOE UX pe-
LIeHMNEe AO/MKHO 06ecneynTb OCHOB-
HYI0 3afady - co3faHue KoMopT-
HOI cpefbl 06MTaHUA YesnoBeKa.

OcyLLEeCTBAEHNE YKa3aHHbIX MPUH-
L1NOB BO3MOXXHO Ha OCHOBaHWM No-
NOXXEHWIA CUCTEMHOrO aHanmsa. Me-
TOAONOTNSA CUCTEMHOTO aHann3a Hav-
60nee 4acTo MCMONb3yeTcs Ans no-
CTPOEHMUS U peann3auun matematu-
YECKUX MOAENeN CNOXHbIX 06LEKTOB.
[aHHbIA nogxof Mcnonb3oBaH B ANs

NOCTPOEHUA MaTeMaTUYeCKUX Mofe-
Neil TENI0OBOrO peXxxuma 34aHus, co-
CTOALWMX U3 OMUCAHUS COBOKYMHO-
CTW BCeX (M3NYECKUX (haKTOPOB W
NpOLEccoB, ONpeAensonx Tenao-
BYt0 06CTAHOBKY B €r0 MOMELLEHMSAX.
Martematuyeckme Mogenu No3BonsoT
BbIMOMIHUTb 06N aHaNM3 B3anMo-
[eiiCTBUSA OTAeNbHbIX (haKTOPOB Ha
«YpOBHe cucTeM». Hanpumep, npu
NMPOEKTUPOBaHUN 3HeproaheKTuB-
HOrO 3aHNs He0b6XOAMMO MpaBU/b-
HO BbIGpaTb apXUTEKTYPHO-NaHNPO-

BOYHOE peLueHwe. Mpu 3TOM [OMKHbI
OblTb YYTEHbl OPUEHTALMWA 3[4aHUS,
Tonorpagus y4acTka, XapakTepucTu-
KW TPYHTa, KO/MYECTBO COMHEYHOI
paguauuu, BeTPOBble XapaKTepu-
CTUKM, 0CafiKW, Ha/uuMe BOLOEMOB
W pacTUTeNbHOCTH. MepeuncneHHble
(hakTopbl B TO WU UHOIA CTEMeHm
BAMSIOT Ha 3KCM/yaTauuioo 3aHus,
T.e. Ha 3HepronoTpebneHue. Moatomy
BbIGOP OpMEHTaLMM 3[aHUS MOXET
GblTb CAENaH TOMbKO MOC/e OLEHKU
BCexX (DaKTOPOB OKpYXKatoLLeld cpefbl.



AHanM3 MaTeMaTUYecKnX Mogeneit
3[aHWs Ha «YPOBHE CUCTEM» MO03BO-
NSET BbIGPATb ONTUMAbHOE PeLLeHne
€ro pacrofoXeHWs AN KOHKPETHbIX
YCMOBUIA MECTHOCTW U KAMMaTa.

OrpaxgatoLLye KOHCTPYKLMN - 3TO
Hapy>XHble CTeHbI, MOKPbITUS, Yepaa-
K1 U3 Pa3NUYHbIX MaTepPUanoB v pas-
HOW KOHCTPYKLWW, OKOHHbIE 3arnon-
HeHWs W3 fepeBa, naacTmacc, MeTan-
Na UM KOMMO3WLMOHHbLIX MaTepua-
NOB CO CTEK/NOMakeTaMn u 6e3 HuXx,
YINOBble COMPSXKEHUS CTEH, CTbIKO-
Bble COMPSHKEHWS NaHeneid, Tenno-
NPOBOAHbIE BK/IOYUEHWS W T.A.

Kaxgas 13 MHXEHEPHbIX CUCTEM
obecneyeHnss MWUKpOKAMMaTa 3ga-
HWIA - 3TO COBOKYMHOCTb 060pYy-
[l0BaHWs, MpWGOpPOB U Marucrpa-
Neid, BbINOJHSAIOLWMX pasHble 3a4aun
N MMEIOWMX pasnyHble (YHKLWN.

BosgylwHas cpefa 3gaHuii npeg-
CTaBNseT co6oii CMeCb HEKOHAEHCM-
PYHOLLMXCA N KOHAEHCUPYIOLLMXCA Fa-
30B HeafileKBaTHO BefyLumx cebs npu
M3MEHEHWW TEMIOBOTO U BNAXHOCT-
HOTO PeXXMMOB MOMeLLEeHNI. KoHaeH-
calMs BOASHOTO Mapa Ha noBepx-
HOCTU WUAU BHYTPW OrPaxaatoLimx
KOHCTPYKLMIA Cepbe3Ho yXyaLlaeTt
MUKPOKNMAT NOMELLEHNIA 1 Tenno-
3alUMTHbIE Ka4yecTBa KOHCTPYKLWNA.

CyllecTByeT HeO6XOAMMOCTb pac-
CMOTpPEHUst 0COBEHHOCTEN NPOEKTU-
pOBaHWs 3[4aHUi U COOPYXEHWI He
TONbKO Ha «YpPOBHE CHUCTEM», HO W
Ha YPOBHE OTAENbHbIX 3NEMEHTOB

SHeprist 3eM/IM - COMHLA - BETpa - BUO3HepreTHka

Puc. 1. SHeproc6eperatowmnini gom

VIH)XEHEPHBIX CUCTEM, OTpaXaatoLinx
KOHCTPYKLUiA. CONpsXKEHNE OKOHHbIX
6/10KOB C HapYXHbIMU CTEHAMW, Bbl-
MOJHEHWE CTbIKOBLIX COEAMHEHMIA Na-
He/bHbIX 3faHuiA, OpraHn3aums npu-
TOKa U YfianeHus Bo3gyxa B nomeLe-
HUAX, BbIGOP W YCTaHOBKA Harpesa-
Te/bHbIX NPMB0POB, NOArOTOBKA BO3-
JyXa UMElOT He MeHblUee 3HaueHue,
ueM BbIGOp BapuaHTa OrpaxaaroLL el
KOHCTPYKLWM, UHXEHEPHBIX CUCTEM

CBeToBOI1 (hoHapb

COnHeuHbIii anemeHT
BeTporexeparop

CreHa aHeproaekTBHOro Aapa
CseToBog Solatube

Abimoxog

Ca. Tex. cTosk

Oxnaxpawwas noBepxHoCTb
Tpeiowan noBepxHoCTL
BythepHblii Gak

Tennosoii Hacoc

reo3oHa

AKBaKamuH (Ha ApoBax UnM nennerax)
Tennwiii non

CTaHuuA G1ONOrMYeckoil 0UncTKM
AKKyMyNSTOp Tenna

(C BEWecTBOM MAOKMTENbHO! | nnaBnenus)
[lexopaTuBHbIii Gacceiin

Pewerka kaHana pekynepauuy
COMHEYHbIE JNEMEHTBI
Bo3/yxo3a60pHas pewerka
TpyHTOBbIN TENNOOGMEHHUK

CtabunbHas
TemnepaTtypa FpyHTa

Vﬁ\l\ﬂ |§U.Hl

NN apXUTEKTYPHO-N/TaHNPOBOYHO-
ro peweHus. lepeyncneHHble 3aga-
YN ABNAKTCA YUCTO KOHCTPYKTUB-
HbIMN N TENNOTEXHNYECKNMMU.

PEANN3ALMNA KOHUEMLIMN
OHEPIOCBEPEXEHUNA

SHeprocoepexeHne 3faHWin cBs-
3aHO C 9KOHOMWEN TennoBoWA, 3nek-
TPUYECKOW W B MEHbLUEA CTeneHu

N\
AHH

NK

MeXaHWU4ecKomn aHeprum. OueHKa ux
3HepronoTpe6ieHns BbINONHAETCA
no ypoBHIO 06LLero pacxofa 3Hep-
ru, BK/IKOYAIOLLLEro BCe NepeyncneH-
Hble BWAbI, UCMO/Ib3yeMble Ha OTO-
nNeHne, BEHTUNALMIO, ropsyee BOAO-
cHabXeHue 3faHua. CTpouTenbHble
HOPMbI rOCyfjapcTB pernamMmeHTupyroT
3HepronoTpebneHne 3gaHuii. Espo-
neiickvie HOpPMbI yCcTaHaBNMBatoT No-
TpebneHne aHeprum Ha yposHe 80-
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ennosalnTHble KayecTsa
CTeKNONakeToB 3aBUCAT OT
MCNONb30BAHUA MPU UX
W3rOTOBNEHNN CMeLuanbHbiX CTeKon
C HM3KOIMUCCUOHHBIM CeNeKTUBHbIM
NMOKPbITUEM W KONMUYecTBa WX
B u3genuu. Bcnepcteue 3Toro
04eBUAEH MNepexod K MpUMeHeHWo
[ByXKaMepHbIX CTEKN0NakeTos,
B KOTOPbIX fBa CTekna 06bl4HO
UMEOT HU3KO3MUCCUOHHOE MATKOe
nokpeitTue. lpu 3TOM CTeEKno,
HeMnocpe/iCTBEHHO KOHTaKTMpyliee C
BHYTPEHHUM BO3AYXOM, Mnperpaxpaet
NyTb 3HEPrAN U3 MOMELLeHns K
HapYXHOMY BO3ZyXy.

100 kBTtu/(M2rog). Ho yxe pa3pa-
60TaHbl KOHLENUMM 3Heproadgek-
TMBHOTO foMa C Hopmoii 15 kBT-u/
(M2rog), KoTopble peanusykTcs B
EBpone B paiioHax, nexatynx Ha Lwu-
poTe toxHee 50° nmapannenu (cTaH-
[apT «MaccMBHOTO [OMa»).

OrPAXKOAIOLLVE
KOHCTPYKLMW 3OAHNA

CoBpeMeHHble orpaxjeHus 3fa-
HWI BCerga sBNAOTCA HEOAHOPOA-
HbIMW, UMelT pebpa XecTkocTu,
6eTOHHbIE BCTaBKWU, MeTaNIMYecKue
CBS3W U KPENaeHus, T.e. TENN0OMpPO-
BO/HbIE BKNIOYEHUWSA, OKasblBatoLLne
BAWAHWE Ha NepeHoc TennoTsl. Ha-
NUYKE NOBbILLEHHbIX CTOKOB TENJ0-
Tbl MOXET YBeUUYUTb CyMMapHble
TennonoTepu 3faHuii Ha 10-20%.

OueHKy TennosawmUTHbIX Ka-
4eCTB OrpaXAatoLynX KOHCTPYKLMWiA
1 pacyeT TennonoTepb NMOMeELLeHWi
Heob6X0AMMO BbIMONHATL C YYETOM
BCEX TeMnN0MNPOBOAHbIX BKNOYEHUIA,
T.e. MO MpUBELEHHOMY CONPOTUB-
NeHWIo Tensonepejave.

BennuunHbl npuBefeHHOro conpo-
TUB/IEHMA TeNnonepefaye orpaxpa-
IOWMX KOHCTPYKUUA U MEeTOAUKK
MX pacyeta NPMHUMAOTCA B COOT-
BETCTBUU C [e/CTBYIOLMMN HOpMa-
TUBHbLIMW [JOKYMEHTaMu, B YaCTHO-
ctn B Pb no TKI 45-2.04-43-2006
«CTpouTenbHas TENMoTeXHNKa».

Mpu nNpoekTUpoBaHWUM U CTpO-
UTENbCTBE 3KCMEPUMEHTaNbHbIX ”
3HeproaeKTUBHbLIX 3haHUIA Npu-
BeJeHHbIe COMPOTUBNEHUA Tennone-
pefjaye orpaxpeHwii npu 060CHO-
BaHWMU MOTYT ObITb MPUHATbLI BbILLE
HOPMAaTUBHbLIX BEIMYUH UNN OTNIN-
4yaTbCA OT HUX.

[ina akcnepumeHTanbLHOro Kpyn-
HOMaHeNbHOro XWoro goma, no-
CTPOEHHOro B MOCKBe B MMKpOpaii-
OHe HWKYNMHO-2, pacyeTHble comnpo-
TUBNEHNS Tensonepegaye orpaxpa-
IOLMX KOHCTPYKLUIA NPUHATHI:

e CTeH - 3,28 m2°C/BT;

e nokpblTusa - 4,39 m2°C/BT;

¢ OKOH - 0,60 mM2-°C/BT.

B Benapycu B OCHOBY 3KCnepu-
MEHTaNbHOro 3((eKTUBHOIO 374a-

HUA NPUHAT TUMOBOW MPOEKT na-
HeNbHOro Xunoro goma cepumn 111-
90 ¢ «TensbIM» YepfakoMm. Pacuet-
Hble NpUBeieHHbIe COMPOTUB/IEHUA
Tennonepegaye orpaxparoLmx KoH-
CTPYKLUMIA [NA HEro paBHbl:

* OKOHHble 3amnofiHeHusa -
1,2 m2-°C/BT;

e CTEHOBble MaHenn co cpefHUM
3HayeHuem - 4,0 m2°C/BT.

K npumepy, MHOroaTaxHoe 3Hep-
roaeKTUBHOE XWUN0e 34aHue B
Hblo-Aopke MMeeT cneaytolume Be-
NUYKHBI CONPOTUB/IEHNA Tennonepe-
flaye orpaxjatoLmx KOHCTPYKLWIA:

* OKOHHble 3anofiHeHUs -
0,43 m2-°C/BT;

¢ HapyXHble CTeHbl - 1,49 M2°C/BT;

¢ nokpbiTua - 4,0 m2°C/BT.

Mpu peweHnn 3agay 3KOHO-
MUW TENNOTbl C YYETOM 3HEpro-
3((EKTUBHOCTN CUCTEM. MHXKEHEP-
HOro 060pyAoBaHWA 3aaHuii Lene-
c0o00pa3HbIM ABAAETCA MOBbILLIE-
HWe MPUBELEHHOrO COMpoTUBAe-
HUA Tenaonepefayve Hapy>HbIX CTeH
Jilo] 3,0 M2°C/BT. JanbHeiiLunii
poct R"p cTeH no3BonfeT nony-
YNTb 3KOHOMMIO TEM/IOTHI B 3faHUU
Ha KXyt TEPMUYECKYI0 efuHuLY
He 6onee 4%, npu 3TOoM BO3pacTa-
€T 3Ha4YMMOCTb pacxofa IHepruu Ha
BEHTUIALMIO 1 OTOMEHNe. ITO CBA-
3aHO C TeMm, 4TO YyBenu4yeHwe TON-
WMHbl YTENUTENS BbI30BET KOH-
CTPYKTUBHbIE M3MEHEHUA BCEX Y3-
NIOB CTEHbI, B pe3y/bTaTe Yero WH-
TeHCUMULMPYeTCA NepeHoc TensoThl
yepes TensI0NnpoBOAHbIE BKIHOYEHUS.

Mpn TennousonaunM Hapyx-
HbIX CTeH 3KChayaTupyembiX 3fa-
HWIA Haunbonee felleBbIM SBNSAET-
€A CNoco6 YTEenieHns ¢ YKpbITUEM
N30N1ALUN NETKUMU UNUN TAXKENbIMM
WTYKaTypHbIMKU CUCTEMaMK, Npu
001N 0BKE KMPMMYOM CTOMMOCTb
yTenneHns sospactaeT Ha 30-40%,
a npu BbINONHEHNUN BEHTUNNPYEMO-
ro gacaga - B 1,9-2,0 pasa.

Bo BHOBb MOCTPOEHHbIX 3[4aHUAX
e/JMHOBPEMEHHbIe 3aTpaTbl Ha Tenno-
N30M1ALMIO OFpaXatoLLnX KOHCTPYK-
Lnii okynarTcs B TedeHue 9-10 ner.

K sHeproc6eperatoLm TeXHO0-
rMAM B 3HepProadeKTUBHbIX 3fa-

HUAX OTHOCUTCA U UCNONb30BaHUe
«TensbIX» 4YepAakoB.

CyuiecTBeHHOe BAWUAHWE Ha NOA-
flepXXaHne MUKpoOKumMata B nome-
LLEHNAX U Ha Pacxof 3Heprum WH-
XXEHepHbIM 060pyAOBaHVEM 3aaHUi
0Ka3blBaeT KOHCTPYKLUMA W pa3me-
pbl UX OCTEKNEHUS.

MoBblLLeHMe TeNNO3AWUTHBIX Ka-
YeCTB COBPEMEHHbIX OKOH MOXeT
6bITb OCYLLECTBIEHO TOMbKO C Of-
HOBPEMEHHbIM MOBbIWEHNEM CO-
NPOTUBNEHNA Tennonepefaye OKOH-
HOro 6510Ka, CTeK/I0NakeToB W ys3-
NOB MPUMbIKaHWNs OKOHHbIX 6/10KOB
K Hapy>HOI CcTeHe.

Ba3oBble OKOHHble W (hacagHble
npounn ns M3rotoBneHus 6n0-
KOB COBPEMEHHbIX 3Heprocbeperato-
LLMX CBETOMPO3PaYHbIX OrpaxaeHuii
[O/KHBI UMETbL MOBbILLEHHOE COMpo-
TUBNEHWE Tensonepegade, 6113Koe K
HOpPMaTVBHOMY CONPOTUB/EHMIO BCEV
KOHCTPYKLUWKX. DTO TpeboBaHWe Ana
npotuneidi MBX BbIMOAHSETCA NpW
3anoNHeHUN Kamep 3t heKTUBHLIM
TENJ0U30MPYOLWMM  MaTepunasnom,

yBenuyeHneM LWprHbl 610ka 4o 100—

120 MM ¥ CTBOPOK A0 70 MM.

Mpu unsroToBneHUn 6N0KOB U3
[peBeCHHbI, NOBbILLIEHVEe CONPOTMB-
NeHus Tennonepefadye [oCTUraeTcs
nyTeM 3amMeHbl B TPEXNamMepHOM Kie-
eHOM 6pyce cpefjHero cnos Ape.e-
CWHBI Ha CNOM N3 MOMMEPHOr0 Ma-
Tepuana ¢ KoappuLnueHToM Tenno-
npoBogHoctn X < 0,05 B1/(M-°C).

OCHOBHOE BNAHWE Ha NPUBeSEH-
HOe CONpPOTMBNEHME Tennonepesaye
OKOH O0Ka3blBalOT Temnno3aluTHble
KayecTBa cTeknonakeTos. [MepeHoc
TennoTbl Yepe3 CTeKnomakeT npo-
NCXOANT M3NyYeHneM, KOHBEKLMei
1 TennonpoBoAHOCTbIO. MoBbIWaTh
Tenno3alUTHble KauyecTBa ero MoX-
HO, YMeHbLUAA NN U3MEHAS UHTEH-
CUBHOCTb M MEeXaHuW3M MpoLeccoB
nepeHoca TennoTbl, YYNTbIBasA Mpu
3TOM TpeboBaHWA YCNOBWIA NeTHel
M 3MMHell aKcnayaTauuu.

[ns ymeHblUEHNS KOHBEKTUBHO-
ro Tenn006MeHa B MeXCTEKONbHOM

Bbixnon
*

MpupoAaHbIiA rasz

ANeKTPo3aHeprusi

Bo3agyx

Puc. 2. MpuHynnuanbHaa cxema
MWKPOTYPOGUHHOTO KOoreHepaTopa:
1- 610K CUMOBOIA 3NEKTPOHUKU;

2 - reHeparop; 3 - Komnpeccop;

4 - TypbuHa; 5- pekynepaTuBHbIN
TENM006MeHHNK; 6 - KOTes-yTamsartop;

7 - GaiinacHbIi rasoxon;

8 - Kamepa cropaHus

NPOCTPaHCTBE CTEKIOMaKeTOB He-
06X041MO c034aTb BaKyyM Mopsifka
10'2-20 3MM pT. CT. UK 3aMOSHUTL
Kamepbl WHEPTHbIMW rasamu - ap-
FOHOM, KPWUMTOHOM AW Ap.

TOT (hakT, 4TO COBPEMEHHbIE
OKOHHble 6/10KM UMEIOT Y3Kue KO-
po6Ku, BANSET Ha NOBbILIEHNE Te-
nnonoTepb 4epe3 OTKOCbl HapyX-
HbIX CTEH M BO3MOXHOCTb KOHJEH-
caummn BOAAHOrO Mapa W3 BO3fAyxa
noMeLLeHNn. ITO yKasblBaeT Ha He-
06X0MMOCTb 0C060r0 BHUMAaHUA K
TENJI0BOMY PEeXUMY WX Y3/0B CO-
NPSHXKEHNA C HaPYXXHbIMU CTEHaMU.

PacueTbl TemmepaTtypHbIX nonei
ONA Pas3NNyHbIX YCNOBWIA comps-
XKEHWS Y3M0B CO CTeHamn Kupnuy-
HbIX, MaHeNbHbIX 34aHWIA nokasanw,
4TO Havnbonee NPOCTbIMK U 3thhek-
TUBHLIMU peLUeHNAMU SBNSeTCA Te-
N0N30NALMA CTEH WU OTKOCOB C
Hapy>HOW 1 BHYTPEHHEeN CTOPOH.

Mcnonb3oBaHne yKaszaHHbIX pe-
KOMeHJauuii no3BonseT nosy4atb
OKOHHble 3aMo/fiHeHUA C [ABYXKa-
MepPHbIMK CTek/nonakeTamu, Ko-
appuumeHT Tennonepeayun Ko-
TopbIX paBeH K = 0,8 BT/(M2°C),
a CconpoTWB/EHWe Tennonepejaye
RT = 1,25 m2°C/BT.

TEMNOCHABXXEHUE

TennocHabXeHne 3Heproaddek-
TUBHbIX 34aHWUii MOXeT 6bITb 06e-
CMEYEHO LEeHTPann30BaHHbIMU W
[eLeHTPann30BaHHbIMK (aBTOHOM-
HbIMK) cUCTEMaMU.

B kayecTBe aBTOHOMHbIX WMCTOY-
HUKOB TENIOCHABXKEHUS MOTYT 6bITh
MCMNONb30BaHbl KOTENbHbIE Ha MpU-
POLHOM rase ¢ 06bIYHbIMU AN KOH-
[IEHCALMOHHBIMU  KOTNaMU, MUHW-
T3OL, Ha 6ase noplwHeBbix [ABC,
rasoTyp6UHHbIX ABurateneid u gp.

MpuHUMNManbHas cxema MUKPO-
TYp6MHHOrO KoreHepaTopa npeg-
CTaBfleHa Ha puc. 2.

MuWKpOTYp6UHHAsA YyCTaHOBKaA
MOXET paboTaTb B Te4eHUe Aau-
TENbHOTO BPEMEHW NPU HU3KUX
Harpyskax, B T.4. B PeXuMe X0no-
CTOro xoga. MIx npumeHeHue BO3-
MOXHO Ha 06bekTax C 60MbLUOM
LMKNMYHOCTBIO Harpysok.

CucTema TpuUreHepauum cocTont
13 KOTeHepaLWOHHOW YCTaHOBKM,
[OMOMHEHHOW OAHUM WU HECKONb-
KUMU XONOAUBHLIMU arperatamu.

Ons oxnaxzaeHusi KoHAeHcauu-
OHHOVi BOAbI XONMOAUNBLHOW Maluun-
Hbl NPeayCcMOTpeHa ncnapuTenbHas
6awHa (rpagupHs).

B cxemax TpureHepauuu 6onee
pacnpocTpaHeHbl aGCopBLUNOHHbIE
yCTaHOBKW. [locTOMHCTBaMK a6-
COPBLMOHHBIX YMNNEPOB ABNseTCA
HW3Koe NOTPe6ieHNe 3NEKTPOIHEP-
T, NOYTW MONHOE OTCYTCTBME [BU-
XKYLLMXCSA YacTel, T.e. HU3KUIA ypo-
BEHb LIyMa 1 BUGPALWU, U UCMONb-
30BaHMe BOJAbl B KauyecTBe KOMMO-
HeHTa XnagoareHTa. A6COPOLUOH-
Hble YCTAHOBKM paGoTalT Ha Te-
NMIOBOA 3HEPruu, YTUIM3UPYEMOid



Ha CTaHUuuu TpureHepauun (oTpa-
6oTaHHble rasbl, ropsyas Bofa, nap).

Mpn opraHusayuy TennocHabxe-
HWA 30aHWUIA OT KOFeHepaLWoHHbIX 1
TpUreHepaLMoHHbIX YCTaHOBOK 06-
was 3pdeKTMBHOCTL MCNO/Mb30Ba-
HWUA TOMMUBA, OTHECEHHAs KO BCeW
3KOHOMWMW Ha MPOU3BOACTBO TENJIO-
Thbl, MOXeT gocTuratb 90-100%, Tak
KaK OfjHO W TO >Xe TOMAUBO OfHO-
BPEMEHHO UCMOMb3YeTCs Ha Nonyue-
HVe W 3NeKTPO3HEPrUM, U XOnofa.

MepcneKTMBHLIMK 06bEKTAMM /1A
CUCTEM TPUTeHepaLumn ABNAI0TCA, Ha-
npumep, 60/IbHUYHbIE KOMMIEKCHI.
OHu paboTatoT 365 AHell B rogy, SB-
NATCA KPYNHenWwmMMmn notpebuTens-
MW 3neKTpuyecTsa (MCMOMb30BaHUE
MeULMHCKOI annapaTypbl, OCHalle-
HWe onepaLMoHHbIX U Np.), TeNOTbI
(oTonneHue, nap 418 CTepuAn3aLum
WHCTPYMEHTa) W X0/oja ANs HYX[
KOHAWLMOHMPOBaHUA Bo3fyxa. Ha
TakuX 06beKTax KOMOUHMPOBaHHbIE
CUCTEMbI BOMHOTO M TPOIHOrO Aeit-
CTBMA Ha MpakTWKe [oKasan CBO
3 heKTUBHOCTb, NOCKO/bKY paboTa-
0T B MOCTOSAHHOM peXume.

CUNCTEMbI OTOIMJIEHNA

OCHOBHbIMW HanpaBieHNAMMN No-
BbllLEHNA 3PPEKTUBHOCTUN CUCTEM
OTON/EHNA ABNAKOTCA NPUMEHEHNe
TEXHUYECKUX peLLeHunit n 06opyaoBa-
HWA, NO3BONSAIOWMX MOAAEPXKUBATD,
YCTPaHWUTb MW COKPaTUTb N36bITOY-
Hblli HarpeB MOMELLEHWI 3LaHWIA.

CokpalleHune 3aTpaT Ha aHeproc-
HabXeHve cucTem OTOMAeHMS [o-
CTUraetca nyTem:

* MNPUMEHEHUs perynupyembix,
aBTOMaTU3MPOBAHHbIX CUCTEM;

* MPUMEHEHUS NPepbIBUCTOrO
oTonnexus;

* YCTPOWACTBA NI0KaNbHbIX CUCTEM;

* MPUMEHEHUS HU3KOoTeMmnepa-
TYPHOrO OTOMNEHMA W Ap.

BEHTUNALUNA
N KOHANLIMOHNPOBAHWE

PelueHvre BONPoOCoB Mo 3KOHOMUWN
3Heprun B CUCTEMAX BEHTUAALUYU
n KB HaumHaeTcs npu pa3paboTtke
NPOEKTHOW [OKYyMeHTauun Ha 3fa-
HVe nnn 06bEKT. DHeprocoepexxkeHmne
AB/IAIETCA MHOTOM/aHOBOW 3afayeil n
3aTparvmsaet Bce 3Tanbl MPOEKTUPO-
BaHWA OT Bbl6Opa WMCXOAHBIX AaH-
HbIX [0 MPOEeKTa aBTomaTusauuu.

Hanpumep, Tennosas MOLLHOCTb,
notpebnsemas NPUTOYHON CUCTEMOVA
BEHTUNALMN B 3MMHWIA Nepuog roga
[19 nojorpesa NMPUTOYHOTO BO3AY-
Xa, onpegensieTcs no gopmyne:

Q = LPH(hB-hH), (1)

roe Q - TennoBas MOLLHOCTb, BT;
L - npoussoauTensHoctb, m3c;
pH- MJOTHOCTb HapyXHOro BO3-
noyxa, Krim3
hBun hH- cOOTBETCTBEHHO 3H-
Tanbnns BHYTPEHHEr0 U HapyX-
HOro BO3AyXxa, KIPK/KT.

A MOLWMHOCTb Ha Bany BEHTU-
naTopa yKa3aHHOI7I CUCTEMbI - NO

thopmyne:
N=n"r(5, (2

rae N - mowHoCcTb npusofa, KBT;

p - AasneHwue, Ma;

N - KospduymeHT nonesHoro
[eiicTBUA BEHTUNATOPA;

P - koathpuumeHT 3anaca Moly-
HOCTW.

W3 npuBeaeHHbIX GOpMyn BUAHO,
4TO YMeHblUeHne aHepronoTpebne-
HWUA 3aBUCUT OT YMeHbLUeHUA Be-
NNYNH, BXOAALMUX B HUX, B OCHOB-
HOM OT MPOW3BOAUTENBHOCTU BEH-
TUNALWOHHON CUCTEMbI MO BO3JYXY.

BaxKHoe 3HayeHne Ha noTpebne-
HWEe 3HEepPrMm CUCTEMON BEHTWUNA-
umn n KB umeet BbI6GOP NpaBusb-
HO nofauu v pacrnpeaeneHns npu-
TOYHOrO0 BO3fyXa B MOMELEHUN.
KomtopTHbIe ycnoBus B HeMm fo-
CTUTalOTCH 3a CYET CMeLWWBaHWA
NPUTOYHOTO U BHYTPEHHErO BO3-
fyxa A0 npuemMneMbiX KOHAULWIA
Unu 3ameleHns oTpaboTaHHOrO
BO34yXa, a Takxke Bbl6opa pabo-
yeil pasHocTu Temnepatyp Atp =

~BH ~rg'

OfHuM 13 cnoco6oB NOBbILLe-
HUA 3M(PEKTUBHOCTU CUCTEM SB-
NAETCA MCMO/Mb30BaHWNE BbITECHAIO-
Weil BeHTUNAUMKU. Ee npeumylie-
CTBO 3aK/l04aeTca B MOBbILLEHWN
3(h(heKTUBHOCTN BO3LYyX006MEHa B
paboueii 30HE U CHVWKEHUU 3Hep-
rosaTpaT Ha NOAroTOBKY BO3AyXa.
KOHBEKTMBHbIE MOTOKN MepeHocAT
YMCTbIA MPUTOYHBI/ BO3AYX B 30HY
[blXaHUA YenoBeka.

B cucTtemax BbITECHAOLLEN BeH-
TUNALUM NPUTOYHbLIA BO3LYX MO-
[laeTcs uyepe3 BO3AyXxopacnpepenu-
TeNu, pacrnofioKeHHble Ha YpOBHe
nona 6o BCTPOEHHbIe B MOA, B
06CNYXXMBAEMYIO 30HY MOMELLEHNS.
Ero Temnepatypa Ao/mkHa ObiTb Ha
1-8°C Hwxe TemnepaTypbl BO3ayxa
B MOMELLEHUN.

YpaneHue 3arpsisHEHHOro BO34Yy-
Xa, BbITECHAEMOrO B BEPXHIOIO 30HY,
OCYLLeCTBNAETCA NOJ NOTONKOM Mo-
MeleHnin. Cxema ABVMKEHWS NOTO-
KOB BO3[yXa MokasaHa Ha puc. 3.

YcToilunBas paboTa BbITECHAO-
ek BEHTUAALWUM obecneynBaeTcs
npu ycnosuu, 4To 06bEMbl Mofa-
BAEMOr0 BO3AyXa paBHbl CyMMe
06beMOB BO3flyxa B KOHBEKTUB-
HbIX MOTOKax Haf TennoBbIMU MC-
TOYHWKaMKN Bbllle YPOBHS 06cCny-
XXVNBAEMON 30Hbl.

V2 = V2 + V3 +
+ V4 +..+ Vi, ?3)

rge VI - 06bem nojaBaemMoro BO3-
nyxa, m3u;

V2, V3, V4, Vi - 06bembl BO3aY-
Xa B KOHBEKTMBHbIX MOTOKax, M3u.

Mpumepom MCNONbL30BaHUA Bbl-
TECHAIOLWEN BEHTUNALUN CRYXUT
nojaya BO3fyXa W3-Mof Kpecen B
TeaTpasbHO-KOHLEPTHBIX 3anax.

BO3OBHOB/IAEMbIE
NCTOYHUKWN SHEPT NI

K OCHOBHBIM HeTpaguLWOHHbIM
N BO30OHOBMSAEMbIM WUCTOYHUKAM
3Heprun B PB MOXHO OTHeCTW ru-
[pO-, BETPO3HEPreTUYECKNEe U reo-
TepMasibHble pecypchbl, COMTHEYHYIO
3Hepruto, 6uomaccy, TBepable 6bl-
TOBble OTXO[pbl.

Haunbonee nepcnekTUBHO B 3HEP-
roateKTUBHbLIX 34aHUAX UCMONb-
30BaHMe COMTHEYHOI 3Hepruun. Con-
HeYyHoe MU3nyyeHue NocTynaeT K no-
BEPXHOCTU 3eM/IN HEPaBHOMEPHO, U
ero npeobpasoBaHume B npoLecce
MCNOMb30BaHNA CBA3AHO C onpe-
LeNeHHbIMKU 3aTpaTamMu.

B npakTnyeckom nMcnonb3oBaHUu
CONIHEYHOI 3Heprum paspabaTtbiBa-
10TCA fBa OCHOBHbIX HampaBneHus.

[MepBoe HanpaBfieHMe, MeHee 3a-
TpaTHOE M WNPOKO NMPUMEHSEeMOe,
B TOM uucne n B cucrtemax OBK,
CBfi3aHO C npeobpa3oBaHneM con-
HEYHOl 3HEpPrun B HU3KOMOTEH-
LManbHy TEMaoBYK C fanbHeii-
UM ee MPUMEHEHUEM B Harpe-
BaTeNIbHbIX Npubopax pasnnuyHbIX
TEPMUYECKNX YCTPOMCTB M cUCTe-
Max TennocHabxeHus.

Puc. 3. Cxema
[BUXEHUA MOTOKOB
BO3/yXa BbiTeCHALWEWR
BEHTUNSALUN

B HEMPOM3BOCTBEHHbIX
nomeLl,eHnsax

BTopoe HanpaBneHue, Tpebyio-
lee 6onee BbICOKMX 3aTpaT, CBS-
3aHO ¢ npeo6pa3oBaHWeM B 3NeK-
TPUYECKYIO 3HEPTHIO.

B0O3MOXHOCTM MCNONb30BaHUA
3HepPrmmn conHua CBA3aHbl C Hanu-
4ymemM NPUeMHWKOB 3HEpruu.

Hanbonee pacnpocTpaHeHHbIMU
W [eleBbIMA SABAAIOTCA MIOCKME
NPUEMHUKN 3Heprun. Ho oHu Mme-
Hee 3(h(PeKTUBHbI, YeM BaKyyMHble
KONNEKTOpbI.

B BakKyyMHbIX Konnektopax no-
rnoLaroLLas NoBepXHOCTb HaXoAUT-
€A B CTEKNAHHOM LunuHape (Tpy6e)
BbIMOMHEHHOM MO NPUHLMNY Tep-
moca - ofjHa TpyOKa BCTaBfieHa B
[pYyryto ¢ 60nbWnUM ANamMeTpoM, a
NPOCTPAHCTBO MEeXJy HUMW Baky-
YMWUPOBaHHO.

Uunuugpuyeckne TpybyaTble
KONNEKTOPbl MMET psg npeumy-
LLeCTB MO CPaBHEHWIO C MOCKUMU
Konnektopamu. Mpu Mx 1cnonb3o-
BaHWN MOXHO:

* Mony4nTbL BONiee BbICOKME pa-
6oune TemnepaTtypbl B cUCTEME Te-
nnocHabxeHuna (120-160°C);

* YMEeHbLWWTb TENMOBbIE MOTEPK;

* yBEMYUTb KOMMYECTBO npe-
06pa3oBaHHOI 3HepruM npu oau-
HaKOBbIX paboumx naowaasax no-
BEPXHOCTW NOrNOTUTENS.

OpAHaKo nNiocKue KOMNeKTopbl
HaMHOro fellesne, YeM LUINHAPK-
yeckme, U MO3TOMY B OCHOBHOM
MCMONb3YIOTCA B CUCTEMAaxX Temnno-
CHabXEeHUA 3[aHUIA N COOPYXEHWIA.

MNOCKNIA KONNEKTOP C cenekuu-
OHHbIM MOKPbITMEM NaHenn u nNpo-
CTeLWNM NPO3payHbIM MOKPbITUEM
Kopnyca CuMTaeTcsl CaMblM BbIF0f-
HbIM [18 HU3KOTeMMNepaTypHOro
npeobpa3oBaHUA COMHEYHON 3Hep-
rmn B yCnoBusx ctpaH Esponbl. ©





