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MOHUTOPUHI MUKPOKITIMMaTa — OCHOBa COo34aHnA 3P EKTUBHbBIX CUCTEM U

30aHnAa ¢ MMHAMaAllbHbIM SHepFOI'IOTpe6J'IeHVIeM

A.m.H., npogh. A.I. ComHukoe®,
HI'T «ABOK Cesepo-3anad»

MOHUTOPMHI MUKpOKNMMaTa OOLLECTBEHHbIX W MPOMbBIWSEHHBIX 30aHUW — HE TOMbKO OCHOBHOW, HO W
€AVHCTBEHHbIN Ccnocob onpegeneHna akTUYeCKUX Harpy3ok, OObIMHO [Janekux OT pacyHeTHbIX BENWYUH, U
napameTpoB BO34YLUHOW cpeabl. [1py NPOEKTMPOBaHUKN HOBbLIX 34aHUA OH Henpuemsiem, Kpome 06beKTOB-aHarnoros,
3aTo AN OEeWCTBYIOLWMUX UMM PEKOHCTPYMPYEMbIX COOPYXEHUW, OCHAaLlaeMblX CUCTEMaMM MWUKPOKNUMAaTa, OYeHb
acbdektuBeH. MeTtog Tenno-, Bnaro-, Napo- M rasoBo3gyLUHbIX OanaHCcoOB Marno WM3BECTEH MPOEKTUPOBLLMKAM W
MoaToMy noka elle mano BocTpeboBaH. OgHako Ta mMHGOpMauums, KoTtopas MoxXeT ObiTb MomnyyeHa, sIBNAeTCA
OOBEKTUBHOWM XapaKTEPUCTUKON NapaMeTPOB U HArpy3oK U SBMSETCA OCHOBOW MPOEKTUPOBAHMSA CaMOZOCTATOYHbIX B
3HEpPreTMYeCcKoOM OTHOLLUEHUWN 3OaHWN. DTOM cTaTben U BONbLUOK MaBol U3 NOAroTOBIIEHHOW KHUATH' aBToOp XoTen
03HaKOMUTb UHXEHEPHYIO OBLLECTBEHHOCTL C METOAMKON MCMNONb30BAHWUS MOHUTOPUWHIA, MOSICHEHHOW XapakTepHbIMMU
npuMmepamm, OCHOBaHHbIMUN Ha bakTUYECKMX 3aMepax.

[naBHasi coBpeMeHHas MMpoBas TEHAEHUUSA NPOEKTMPOBaHUA — pa3paboTka n co3gaHne camogoCTaTOuHbIX B
3HEpPreTMYEeCKOM OTHOLUEHUW 34aHWMWA NpU y4eTe COBMECTHOrO AEWCTBMS BHELUHUX KNUMATUYEeCKMX (hakTopoB
(TemnepaTtypbl HapyXHOro BO34yxa, €ro BIAXHOCTM, COMIHEYHOW paguaumu, o6navyHoOCTM, €eCTEeCTBEHHON
OCBELLEHHOCTN, BeTpa 1 Ap.). OTO AOCTUraeTCa apXUTEKTYPHO-MNaHMPOBOYHBLIMU peLLeHnaMN 30aHns (ero bopMon,
OpueHTauuen no CTopoHaMm CBeTa, Mnowagbid  CBETONPOEMOB, TEPMUYECKMM  COMPOTUBMNEHWEM U
BMNaronpoHULIAEMOCTbIO HaPYXXHbBIX OFPaXKOEHUA) U UX CMOCOBHOCTBLH) CaMOCTOSTENBHO MOAAEPXKMBATL NapameTphl
Bo3ayxa (ts, ¢g), ra30BbIi N 0O30HO-UOHHBIA COCTaB BO3Ayxa (codepkaHue 4Yactul, asposonen, koHueHTpaumio CO; 1
Op.), YPOBEHb Llyma MNpyv MUHMMAanbHOM «BMeELLATeNbCTBEY» TPAAWMLUMOHHBIX WHXEHEPHbIX CUCTEM OTOMMEHMWS,
BEHTUNALMUN, KOHOULMOHUPOBAHNS U NOHU3ALMMN.

CamodocmamoyHbIl B 3HEPreTUYECKOM OTHOLUEHUM OOBbEeKT — Xunoe, obLieCTBEHHOE, MPOU3BOACTBEHHOE
noMeLLeHne WnM 3gaHue C OTHOCUMTENbHO HEGONbLMMWU yAemnbHbIMUA TennounsdbiTkamu ¢gr=20-40 Bm/Mm° MOXHO
npeacTaBuTb rpacuMKoM rofoBbIX pexumoB paboTsl (puc. 1 a,6) ¢ nogaepxaHneM TemMnepaTypbl Ha pasHOM YpPOBHE,
BKMoYas Hepaboyee BpeMs. Becb rogoBo LMk paboTbl BEHTUNSILMOHHBIX CUCTEM Takoro 06beKkTa COCTOUT U3 Tpex
nepvoaos:

e XxonogHbin (pexum ), koraa 6e3 ncnonb3oBaHMA TENNOThl AaXe NPU HanNM4MM yTUnmM3aTopoB He yaaeTtcs
nogaepxartb TeMrnepartypy Bo3oyxa He HUXE 15 min, 8 B Hepaboyee BPeMs — 13 epas; (OOBIMHO 3TOT pexum
B YMepeHHoM knumaTte npogomkaetcs 5—10% roaoBoro BpemeHu);

° nepexogHbin (pexmm 1), Korga 3a CYET €eCTECTBEHHbIX BO3MOXHOCTEM 34aHMS U BO3AEWCTBUS
KNMMaTonorm4eckmx pakTopoB nogaepKmBaeTcsa TemnepaTtypa Bo3ayxa B UHTEPBANE 13 min—tB.max 0€3 nnu
C MMHUMarnbHbIM NOTPebneHneM TENMOTbl U XONo4a, UCMONb30BaHUEM YTUNM3aUUM U HETPALULMNOHHBIX
WCTOYHUKOB TEMMOThI (3TOT pexum MmoxeT npogorkatbcs 80-85% roqoBoro BpemeHn);

e Tennbit (pexum lll), npu HapyxHON TemnepaType Bbllle 3HA4YEHWUA B WHTepBane f,,—Ipmq, Koraa 6es
NPUMEHEHNsT XonoAa B NOMELLEHUAX C TeNNomnsbbiTkamu He 0OOUTUCE (STOT PEXMM MOXET MPOAOKATLCS
5-10% rogoBoro BpemeHu). B XxonogHOM 1 TENNOM pexuMe roga UCMonb3yT npegnaraeMyto MeToauky.

Ewe oamH npumep nogobHbix pas3paboTok Mbl HaxoauMMm B cTaTbe [3], rae onucbiBaloTCA aHeproadeKkTuBHLIE
pewerns CKB odumcHoro 3gaHua Kommerzbank B r. ®paHkdypt Ha ManHe (Fepmanuns). MNpeanoxeHHble cnctemsl
KOHANLIMOHMPOBAHNS MPU HU3KUX HapyXHbIX Temnepatypax oT —5°C go 10°C ucnonb3yloT TennoyTunusaumio u
MEeXaHU4eCcKylo BeHTUNnsauuio, a npu TemnepaTypax 10-24°C — eCTEeCTBEHHYH BEHTUNAUUKO AONns  CHATUA
TennomsobITKOB, a Npu Gonee BbICOKUX TeMMepaTypax — BOAOOXNaKAAOLWME MALLMHbI ANst OXITAXOEHNUS HAPY)KHOMO
Bo3gyxa. 1o Hawemy MHEeHWo, OOHAKO, BEpPXHWW npeden HapyxHon Temnepatypbl 24°C BHO 3aBbllleH, 3TOW
rpaHuuen gomkHa 6biTb Temnepatypa 15—-17°C, 4To NO3BONMT NogdepXvBaTb B TEMNOe BpeMsi roga Temneparypy
t3=22-24°C. MOXHO npuBecTn 1 Apyrne npumepbl 3HEproaddeKTUBHbIX peXxnMoB dyHkuMoHuporaHus CKB n CB
pasnUyHbIX 30aHun.

AHanornMyHble pexumbl N8 dHEeProdaMEKTUBHLIX >XMBOTHOBOOYECKUX 3[aHWMA onucaHbl B cratbsx [1, 2]
ABTOpbI, paccMaTpyBasi COBMECTHO MPU pasHbIX HapYXHbIX TeMnepaTypax Tennonotepu noMellennst Oy, SBHbe U
MOMHbIE TENMOBLIAENEHNS XMUBOTHBIX (., MMHUMANbHbIA BO34YXOOOMEH M3 YCIOBWS NModayy KUCopoaa U yaaneHus

YINeKUCroro rasa, BO3MOXHOCTU €CTECTBEHHOro B03ayxoobmeHa (e.ug, aBTOPbl BbIOEMSAOT YeTblpe BO3MOXHBLIX
pexvnma obecneyeHns MUKpOKNMMaTa B TakoM 3gaHum (puc. 1,6).

1 ..
aBTOPOM CTaTbW NOAroToBMEHa KHUra «MpoekTupoBaHmne 1 pacy€T CUCTEM BEHTUNALNN N KOHAULMOHUPOBAHNA BO3gyXa»
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PucyHok 1, a. YcnoBHbIN rpachuk ronoBbIX peXXMMOB paboTbl CUCTEMbl BEHTUNALUM (NpaBbii KBaapaHT) npu
NPOEeKTMPOBaHUM CaMOAOCTAaTOYHOrO 34aHUA Ha OCHOBE KOMNNeKca aHeprocoeperarowmnx MeponpusaTum,
KNMMaTM4YeCKNX BO3AENCTBUA M MHEPLUUNOHHBLIX CBOMCTB 00bekTa: pexum | — xonogHbin, pexum Il -
nepexogHbin, pexum lll — Tennbin. O603HaYeHUA rPaHMYHBbIX TOYEK: 71 — NpY NogaepXaHUM B NOMeELLEeHUU
MWHUManbLHO AONYCTUMOW TeMNEePaTypPbl /3 ., x; 2 — TO XKe, NPU NOAAEPKAHUMN 15 ., x; 3 — TO XKe, NpU
noaaepXaHwum 1z ., r; 4 — TO Xe, Npyu NoaaepxKaHMM TeMnepaTypbl B NOMELLEHMN B UHTEepBane Mexay
ONTUMarnbHOM U AONYCTUMOW B TENSbIN NEPUOA roAa 53=1p ,um 715 00n.7- JIEBBIN KBAAPAHT — 3aBUCUMOCTb
pacuyeTHOM TeMnepaTypbl BO34yXxa B NOMeLLEeHMU B TENNbIN nepuog roga 6e3 KOHAMLUMOHMPOBaHUS OT
cpenHeu exeHenenbHOM TemMnepaTypbl HApPY)XHOro Bo3ayxa no AaHHbIM [7]: nuHusA | — npu npoueHTe
HeyaoBneTBopeHbix PPD=10%; nuHus Il — npu PPD=20%; nuHus lll — npn PPD=35%

PucyHok 1, 6. Fpadmk roaoBbIX peXXMMoB paboTbl CUCTEMbI BEHTUNALUUN 3HeproadeKTMBHOro
XXMBOTHOBOAYECKOro 3a4aHus no AaHHbIM [2]. Ha rpacdhmke yka3aHbl YeTbipe BO3MOXHbIX peXxuma
nogAaepxxaHuA MUKpoknumara: | — pexxum Heo6xogumoro HarpeBa npu 15y<—22°C; Il — pexxum ectecTBEHHOM
BeHTUNALMU B MHTepBane temnepartyp ty=—22...3°C; lll - peXxumMm MHTEHCUBHON BEHTUNALUM (aspauumn)
nomMeLleH1s B UHTepBarne temnepartyp 75=3...13°C; IV — peXXxMmM NCKyCCTBEHHOIO OXNaXXAeHUs HapyXHOro
Bo3gyxa npwm ;> 13°C
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Bonbloe BHMMaHMe HOBbIM TEHAEHUMAM NPOEKTMPOBAHNS, OCHOBAHHBbIM Ha U3y4YeHUN PaKTUYECKUX PEXUMOB
OOBEKTOB M [OMNYCTMMOM W3MEHEeHWW MapaMeTpoB BO3QYLUHOW cpefbl, yaeneHo B crtatbe B.A. BbpocanuvHa,
E.A. KonimakoBonn n B.[. KopkumHa [4]. OcHoBowm 3TOM paboTbl nmocnyxunm obcrnefoBaHNst PEKOHCTPYMPYEMbIX
MY3EeMHO-UCTOPUYECKUX 3O0aHUR. [ns nydwero noHWMMaHWs AarbHEenWero WU3NoXeHus Mbl npuBedem Hambonee
BaXHbl€ BbICKa3biBaHNA aBTOPOB:

«Ans GonblUMHCTBA PEKOHCTPYMPYEMbIX 30aHUMA MPOEKTUPOBAHWUID CUCTEM MOAAEpPXKaHUs MUKpOKMMaTa
JOIKHbI MpeaLlecTBoOBaTb PacyeTHO-TEOPETMYECKUE U HATypHble UccrenoBaHus, 06beM M Maclutab KOTopbIX
onpefensieTcss MHOTMMW MPUYMHAMKU, HO OAHOW M3 HUX AOMKHa ObiTb 06s13aTEnbHO MCTOpUYeckast U KynbTypHas
LEHHOCTb 3[1aHusl, er0 MHTEPLEPOB M NpPOM3BEAEHWUA UcKyccTBa. B pesynbTate mccrnefoBaHui <...> NpoOU3BOAAT
BbIGOp NpuHUMNUanbHblX nyTelr obecneveHuss Tpebyembix MNapaMeTpoB  MUKPOKNMMaTa npu  YCNOBUU
MaKCUMarbHOro WCMONb30BaHUA KIMMaTooGpasylolmnx CBOWCTB CaMOro coopyxeHusi. [lpu pacyeTe
BO3[yXOOOMEHOB CpaBHWUTENbHO HeGomnblMe JdonycTUMble koneGaHusi TemnepaTypbl BpsSa M NO3BOMAT
MCMonb3oBaTh TeMnyoakKyMynupyloLe CBOWCTBa 060pyA0OBaHWsl, MaTepUanoB 1 KOHCTPYKLWI, XOTS (hopMUpoBaHue
AVHaMUYEeCcKoro pexvMa TemrepaTypbl MOXET MPUBECTM K CHWXKEHMWIO KONMYecTBa BO3AyXa B pacyeTHbIl (Kak

npaBwno, OHEBHOM) nepuog. Ham npepcrtaBnsieTcs, YTo BenuumHa Atfg MOXET ObiTb yBenuuyeHa B 2—3 pasa npu
ycnoeum cobnofeHnsa 4onyCTUMbIX KonebaHun gg».

Hwxe ByaeT nokasaHo, Kak hakTnyeckn Habniogaemble BpEMEHHbIE psdbl U3MEHEHUSI HAPY>KHbIX U BHYTPEHHUX
napameTpoB B NoMeLleHnn 6e3 Bo3gyxoobMeHa XxapakTepusyoT ecmecmeeHHy0 CorMpomuensiemMocms NOMELLEHNA 1
30aHMsA B LENIOM U3MEHEHUI0 MUKPOKNMMarta npyv MMHMMarbHOM BMeLLATenbCTBE WHXEHEpPHbIX cuctem. B psage
OOBEKTOB Ha MpOTsShHKEeHMM OOnbLUMX MHTEpPBArioB BpeMEHW HabrogalT (3amepsT) TemnepaTtypy M BRaXHOCTb
BHYTPEHHEro Bo3ayxa W, COOTBETCTBEHHO — HAPYXHOro. OTU HabnoAeHUs MOryT NPOBOAUTLCH B Pa3Hble BPEMEHHbIE
WHTepBarnbl (OTONUTEmNbHbLIA Nepuog, TENNblA Nepuon, OCEHHE-BECEHHUIN Nepuod) B pasHblx 06bekTax (My3emnHbIX,
NCTOPUYECKMX, KyNbTOBbIX, NPaBUTENbCTBEHHBIX, TOCTUHMYHBLIX HOMepax Ans VIP-nepcoH, apxuax, hoHaax, ckrnagax
N ApYrmx OTBETCTBEHHbIX C TOYKM 3peHus TpeboBaHW K MUKpPOKIMMaTy nomelleHus). Hanbonee nHTepecHsl criyyaw,
Korga W3 MHXEHepHbIX CMCTeM paboTaeT TONMbKO OTOMMEeHMEe, a TEennoBMaXHOCTHble MapamMeTpbl hopmMupyroTcs
CTUXUIHO Nof BIMSIHUEM BHELUHEN cpelbl U CBOWCTB OrpadkAeHui. MI3BecTHble AaHHbIE Takoro Tuna, K coxareHuio,
He NoABepralvTcsa Cepbe3HOMY aHanmay, YTo No3Bonumno 6bl oyeHUMs caModocmamoYHOCMb OAHHOIO OObeKTa.

MNpuBeaeM xapakTepHbI NpuMep 06paboTkM BpeMeHHbIX PSiA0B COBMECTHOrO M3MEHEHWNSI NapamMeTpoB B
My3elHbIX NoMelleHusix anst paspaboTtkm camopoctatouyHbix CKB. B nogobHbix obbektax 06blMHO MPOM3BOAAT
perynsipHble U3MepeHns TemnepaTypHO-BNAXKHOCTHLIX NapaMeTpoB Ans OLEHKU UX COOTBETCTBUSI Kak TpeboBaHWsAM
30aHus, Tak U 0OBbEKTOB 3KCMOo3uUMK. MokaxeM, YTO pe3ynbTaTbl U3MEPEHHbBIX BPEMEHHbIX PAOOB 13(7), ¢r(T), dp(t)
COBMECTHO C COOTBETCTBYHOLUMMUN psiAaMU U3MEPEHUIN HAPYXHbIX NapaMeTpPOoB fx4(T), @x(T) MOXHO MCMONb30BaTh ANS
npeanaraemMoro Hamu noaxoda K MNpPOeKTMpoBaHuioo. [lpu 3TOM MOXHO u36exaTb W3ObITOYHBIX PELUEHUA 1©
COOTBETCTBYHLLUMX PACXOAO0B XONo4a Ha OXNaXAeHUe UMW OXNaXOeHWe-oCyLLleHUe BO3[yxa, Brarm Ha yBrnaxHeHue
BO3lyXa, UCMONb3ysi U3BECTHYIO camMo00CmamoYHOCMb 06 bEKTA, €ro TENMOo- U BNaroyCTonyMBOCTb K BO3MYLLEHUSIM.

OTy 0COBGEHHOCTb OTMeYana, Hanpumep, U3BECTHbIN CNELMANUCT N0 MUKPOKNUMATy 1 npobneme COXpaHHOCTM
My3enHo-ncTopnyeckux 3gaxHun L. Mapk [6]:

«B0O MHOMMX MCTOpPUYECKNX 30aHUAX C YCTApeBLUMMK CMCTeMamy 06orpeBa M BEHTUNALMM UMK Jaxe npu nx
OTCYTCTBUM COXpaHSAETCs TEenroBoW KOMGOPT B YCMOBMAX CYTOYHbIX W CE30HHbIX KonebaHui TemnepaTypbl U
BNa>XHOCTU Hapy>XHOro Bo3gyxa: caMun 3aaHna U Haxoadawmeca B HUX My3eﬁHbIe Konnekuun He noHecnun Kakoro-nmbo
ywepbay.

Kak nonoxutenbHbIi npuMep camodocmamoYyHOCMU 30aHuNs, B 3TOW CTaTbe MPUBOAMTCA rpadhuk NraBHOro
roou4HOro u3mMeHeHusa TtemnepaTypbl Bo3gyxa (oT 16°C B aHBape o 23°C B mone) U COOTBETCTBYHOLMIA rpaduk
rOAVYHOr0 M3MEHEHUs1 OTHOCUTENbHOW BraxHoCcT Bo3gyxa (oT 33% B sHBape o 50% B uione) B mysee «[Jom u
ctyamsa ®paHka Jlnonga Panta», Oyk Mapk, AnnuHowc, CLUA, 6naronpuaTHbIX O COXPAHHOCTU Kak 34aHus, Tak 1
ero akcnosvumn. Kak gonyctumble ykasbiBaloTcs U bonee wmpokne roguyHele npegensl t3=7-27°C, pp=30-75% wn
OOHOBPEMEHHO OTMEeYaeTCd HedoMmyCTUMOCTb pe3KMX CYTOYHbIX MepenagjoB. Hanmpumep, B 3agaHum  Ha
NpOEeKTUpPOBaHME CUCTEM MUKpoknumata [ocynapctBeHHoro Pycckoro Mysesa (FPM, C.-leTtepbypr) cyTo4Hble
konebaHuns napaMeTpoB B 3anax orpaHnyeHsl no Temnepatype 3°C, no BnaxHocTn — 5%.

/13 MHOro4McneHHbIX MmaTepuanoB U3MepeHuin napamMmeTpoB BO34yLIHON cpeapbl kopnyca beHya PM B TedyeHune
1998 r. npu otcytcTBMM CKB Hamu oTobpaHbl Hanbornee xapakTepHble 3aBUCMMOCTU B 3ane 68 (puc. 2, a,6,8).
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2) PucyHok 2. XapaktepHble rpadmku (BpeMeHHble psabl)

il 2 M3MeHeHUs NnapameTpoB Bo3ayxa B 3ane 68 kopnyca
BeHya 'PM 6e3 KOHAWLMOHMPOBaHUA U Noga4u
Hapy)XHOro Bo3gyxa B BeCeHHe-neTHun nepvog 1998 r.:

[15 a—man 1998 r.;
6 — aBrycT- ceHTA6pb 1998 r.;
8 — bonee getanbHble faHHble B nepuog 29.04 —
Il 12.05.1998 r.;
+10 2 — B3aMMOCBSA3b 3KCTPEMYMOB NMapHbIX 3HAYEHUN

ta(ty) (x) v pp(tp) (e)npu ko3 huLMeHTax Nnepeaaun
k.. =050 (nk, =-2%\°C (2),u4t0o

15t

COOTBETCTBYET d=:8,5 2/ke n koadduumeHTax
Koppensauuu He 6onee 0,1.

5
18 20 22 24 26 28

Mpu aHanu3e BpeMEHHbIX PSAAOB 0OHapyXXeHa NONoXUTenbHasi CBA3b SKCTpeMarbHbIX 3HaYeHUn B nape #3(7)—
11(t) ¢ KoadbduumeHTom nepegaun k, , =0,50 n oTpuuatenbHasi cBsidb B nape ¢p(7)-5(z) C KOIPPULMEHTOM

nepepawm k,  =-2%\°C. [ina panbHeliwero aHannsa Ha puc. 2,6 HaHeCeHsl 3aAaHHble NapameTpbl BO3AYLIHOM

cpefbl U UX OTKINOHEHUS: 1 5,y =2012°C 1 g ony=45+3%. MNMoBbILEHNE MMM NOHWXEHUE (haKTUYECKU Habnoaaembix
napamMeTpoB OT 3afaHHbIX 3HAYEHWU OTTEHEHbl. BnonHe o4YeBMOHO, YTO MpU NPaBUIBHOM YNpPaBrieHUM CUCTEMOM
OTOMSIEHUS! B XONOAHbIA Nepuog roga MoXHO OXMAaTb B NMOMELLEHNM NMOHUKEHHOW BIAXXHOCTM BO34yXa, a B NETHUX,
OCOBEHHO MUKOBLIX YCIOBUAX, — MPEBLILEHUS TEMNepaTypo M BNaXHOCTbIO BO34yXa MakCMMarbHO [OMYCTUMbIX
3HaYeHUN.

npl/l HanuuMmM NoaobHbIX SKCNepnMeHTaribHbIX AaHHbIX U NMpU y4yeTe €CTEeCTBEHHOM TeﬂﬂoyCTOVIHMBOCTM 30aHnA
HeJoCTawee KoJmM4YeCcTBO XoJioda Anda noanepXaHuda TemMnepatypbl npu NnosiHomn peunpkyndaumum  u“n be3
MCMoJ1b30BaHNA HAPY>KHOro BO3lyXa MOXHO ornpenenntb n3 BblpaXeHuaA:

AQon.m = (ZHAmax - tHAO ) ktBt” (qm( + qoep + qB ) = (tHAmax - ZHAO ) ktEl” [kOKF;)K + aKAcp (1 - enoe )ZF;)zp + Lpeu chB :I 4 (1)
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TA€ Goxs Gop» B — YOENbHbLIA MOTOK TEMMOThl, NMOCTYNalwLWeNn K OKHY, K OCTallbHbIM OrpaXXaeHusiM U BO3OyXYy B
nomewieHumn, KBT/°C; fym.x — MakcMMmarnbHas (pacdeTHasl) TemnepaTtypa HapyXHOro BO3gyxa, yuyuTblBaemas npu
npoektupoBaHun, °C; tyo — TemnepaTypa HapyXHOro BO3Adyxa, Mpu KOTOPOW COOTBETCTBYyKLlas TemnepaTypa
BHYTPEHHero Bo3fyxa 6e3 MCMonb3oBaHUA €ro OXNaKAEHWA HaxoaMTCH Ha BEpXHeM Npeaene fpma=ip,TAlp.
AHarnornyHoe KonmMyecTBO XOriofa Ha OCyLUeHWe BO3gyXa C LErbio CHUXKEHUSI ero BNnaroCoAepXaHus Ha BenuuuHy
Adg=dp max—dpoon W, COOTBETCTBEHHO, CHWXEHWUSI OTHOCUTENBHOM BMAXHOCTM BO3AyXa HA  A@s=0gmax—@B.oon
OnNpeaensioT Mo ypaBHEHWIO:

AQx.ocym = Lpeu IOB (dBAmaX - dB.()on )inapa 4 (2)

rae  dpmax—dpoon — MaKCMManbHasi pasHOCTb HabmogaemMoro v AOMyCTUMOrO BriaroCOAEpXaHusi Bo3dyxa B
NOMELLEHUN, iyq,~2500 kJIx/kr=2,5 kJI/T — 3HTanbNusA napa. MosACHMM NPMMEPOM METOAWKY NHXEHEPHOro pacyeTta
Tpebyemoro pacxofa xornoga B CyLEeCTBYIOLLEM CaMOAOCTaTOMHOM 34aHW.

Mpumep 1. B 3KCNO3NLIMOHHOM 3ane cyLlecTBytoLero mysesi pasamepamu 1=50 M, b=20 m n h=4 m, o6vemom V,,,,=4000 M,
nnowaabio BCeX OrpaKOEeHWUN, KpoMe OCTEKIEHMs, ZE@ = 2512]142, niowaaplo ocTekneHus F,=48 M, ¢ koaphULMEHTOM

Tennonepegayun octeknenus k,=2,3 BT/(M2‘OC) npu pacxofe peLmpKynsLMOHHOro Bo3ayxa L,.,~16000 M*/u=4,46 M>/c v cpeaHem
KO3PPULIMEHTE KOHBEKTUBHOIO TEMNOOBMEHA Ha MOBEPXHOCTSX x,=3 BT/(M*°C) B MMKOBbIX NETHWUX YCIOBUSIX B TEYEHWE NSATH
YyacoB (7=5 4), B3aMMOCBSA3b BHYTPEHHEW W HapYXXHOW TemnepaTypbl OMNUCLIBAETCS KO3I(MMUUMEHTOM nepenayn ktBtH =0,50

(puc. 2, 1). Tennodusnyeckue KOHCTaHTbI MaTepuanoB CIOEB OrPaXXAEHWid, NMPUMbIKAIOLWMX K BO3OYLIHOW cpege NpUHSATb
¢1,=840 Jix/(xkr-°C), py=1000 xr/m’, 2,~0,7 Br/(m°C), Tennodmanueckuit kputepuit M B MOMEHT 7=5 4 cOCTaBrsieT:
M=Bi2Fo=32-5'3600/(840-1000~0,7)=O,27, yemy no popmyne 1-6,,,~0,43M "% cootsetcrayeT 1—6,,,~0,58.

OnpenenuTb pacyeTHbId pacxod Xorioda B YCMOBUSX MUKOBbIX FETHUX OTKIOHEHUN HapyXHoW TemnepaTypbl
Aty max=tHmax— g —=30-23=7°C " npu NMUKOBBbIX OTKITOHEHUSIX BRarocoepxaHus BO3ayxa B 3ane

Adp pnax=dB max—Ap.00n=13—10,5=2,5 T/KT B NpeanonoXxeHnn ydyeta TENSOTbl, HAKOMNEHHON OrpaXKaeHUSIMU M BO3AYXOM, U Npu
YCNOBWU, YTO cUCTeMa paBGoTaeT Ha MOMHOM PeLmpKynALMN.

Heobxoaumbln pacxog xonoga, MCMonb3yeMbll Ans  OXNaXOEeHWs PeuupKynsauMoOHHOro Bo3gyxa W NoaAepKaHus
TemnepaTypbl Ha BEpXHEM YpOBHe, no dhopmyre (1) coctaBnseT:

A0, 0, =(30-23)-0,50[2,3-48-107+3-0,58-2512-10 °+4,46-1-1,2]~35 xBm,

yemy COOTBETCTBYET CHUXEHne Temnepartypbl oXnaxgaemoro PEeUNpPKYNSLMOHHOTO BO3ayxa Ha
Aty =AQs o/ (LpeyCrpp)=35/(4,46-1-1,2)=6,5°C. Heobxoammbin pacxof xonoda Afs OCYLIEHUs PeLMPKYNALMOHHOTO Bosdyxa W
NnoAaAepXaHnsi OTHOCWUTENbHOM BraXHOCTW BO3gyXa B MOMELLEHUM My3esi Ha BepxHem ypoBHe Mo dopmyne (2) paBeH:
AQpeu=4,46:1,2(13-10,5)2,5=33,5 xBm. B pesynbTate Takoro pacyera o0WKA pacxod Xoroda Ha OxNaXAeHue U OCyLUeHue
PELMPKYNALUMOHHONO BO34yXa B TMUKOBbLIX JETHMX YCMOBUSX W NpW  y4yeTe CamMoOAOoCTaTOMHOCTM OObekTa COCTaBWT:
0,=35+33,5=70 xBm. TennoBnaxHOCTHOE OTHOLUEHWE MNpOLecca OXMaXAeHUS—OCYLUEHUS PeLMpKYNsILMOHHOIO BO3dyxa npu
NMKOBOWM XONOAWMbHONM Harpy3ke B BO34yXooxiaguterne paBHo: 53,0=Qx/Gg,7w,m=—7O/[4,46'1,2(10,5—13)10’3]=15700 x/[ic/ke. Ons
OOCTUXKEHUS 3TOro npouecca A4OCTaTOYHO XONoAHOW Boabl ¢ TemnepaTtypamu 5—10°C. [na nogbopa aBTOHOMHOIO KOHAWLMOHEPa
Bblumcnsem otHowenne Aipo=0,/L,.,p5=70/(4,46:1,2)=13 «x/ic/ke, 4to noTpebyeT BbIGOpa 06OPYAOBaHWS OOHOMO U3
npovssoauTenen.

Bbi6op Harpysku cucteMbl OXNaXAeHUSA LLKOSbHbIX KNaccoB Mo hakTnyeckum BpeMeHHblM psgam. MNpeanaraemas Huxe
MeToamka Bblbopa CUCTEMbl OXNaXOEHWS LUKOMbHBIX KNaccoB paspaboTaHa Ha OCHOBE MCMOMb30BaHWSA OMbITHLIX AaHHbIX,
onybnukoBaHHbIX B kHure [1. Kpyma u B. PoGeptca [5], n. 1.5, 0 cBA3M MakcumanbHbIX Habnogaemblx TemnepaTtyp Bo3ayxa B
LUKOSbHBIX Knaccax 6e3 BEHTUNALWM £p . M COOTBETCTBYIOLLMX MM MAKCUMarbHbIX TEMNepaTyp HapY>XHOMO BO3AYXA #yma.x (PUC. 3).

32

b iiass. O " PucyHok 3. OnbITHbIe AaHHble O CBSA3U MaKCUManbHbIX
30 Ha6niogaeMbix TeMnepaTyp Bo3ayxa B LWWKOJMbHbIX Knaccax
28 6e3 BEHTUNALUMU {3 1, U COOTBETCTBYIOLMX UM
26 MaKkCcUManbHbIX TeMnepaTyp HapyXHOro Bo3ayXa 7/ max.

O603Ha4YeHnA: NMHUA 1 — WKONbHbIE KNacCbl C OKHaMuy,
24 OpueHTUpPOBaHHbIM Ha K0-3 n K0-B; nuHma 2 — To xe,
22 OpueHTUpoBaHHbIMU Ha C-3. Mpu pa3Hon opueHTauumn
20 e | | - OCTeKIIeHUsl Mo cTpaHaMm cBeTa ycpeAHeHa 3aBUCUMOCTb
18l MaKCMMYMOB UccrieAoBaHHbIX TemnepaTtyp B chopme

Ly me :-?( AZLB.max/AtH.max:()35-
16 18 20 22 24 26 28 30
AHaﬂMSMpyﬂ npencrtasfieHHble Ha puUC. 3 [aHHble, O6Hapy)KV|BaeM OOCTaTO4YHO YeTKyl0 B3aMMOCBA3b CYTOYHbIX

MaKCUMYMOB 3TuX TeMnepaTyp. Pasbpoc OnbITHbIX TOYEK OTHOCUTENBHO YCPEOHSIIOLLMX NPSAMBIX (MUHUU 1 1 2), XapaKTepuaytoLwui
KOPPENSILMOHHYIO CBSI3b MakCUMyMOB, MOXHO cuuTaTb HebomnbluMMm. He uMes AaHHbIX O MOMELLEHMSIX KIacCcoB, BCE Xe
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ncnosnb3yem 3T 3aBUCUMOCTU OnA Bbl60pa yAenbHOro pacxoga xonopa, OTHOCA ero K O4HOMY YY€eHWUKY, o6bemy n nnowagun
orpa>|<p,eH|/||7|, npuxogAawnxca Ha ogHOro 4enoseka.

Mpumep 2. Bbumcnutb ygenbHbin pacxon xoroga ans CKB B LWKONbHOM Knacce, pacxXxo4yemoro Ha CHWXeHue
TemnepaTtypbl Bo3gyxa B MOMELUEHUN M HA OXNaxAeHue noJaBaeMoro B o6beme CaHWTapHOW HOprI Hapy>XHOro BO34yXxa,
ucnonk3ys AaxHble puc. 3. MycTb yaensHas nnowaab nona Ha oHoro yyeHuka coctaenset F,, ,=1,5 m ’/gen, BbICOTA MOMELLEHUS
h=3 M, Toraa yaensHblii 06bem nomewieHns Vg, 0=4,5 M */aern. MpUHUMaEM COOTHOLLIEHWE CTOPOH knacca |h 1 bh, B aTom cryyae
onpeaensioLnin pa3mep nomeLLeHus Lyosi=Vpord/ 2F 50p~h/2=1,5 M, yaenbHasi nnowaab orpaxgeHumn
Foopy0=Vaonyd/lnor=4,5/1,5= 3 M fuen, ua KOTOPbIX Ha OKHa MpUXOauUTCA F,,,=0,2 m ’fuen, KOI(PULMEHT Tennonepenayn okHa
k=2 Bm/(m’-°C). PacueTHylo (ONTUMarbHyto) TeMnepaTypy BO3ayxa B MOMELLEHUM MPU UCTOMNb30BAHUM OXTTaXAEHNS BO3yXa B
CKB npumem 13=24°C, MmakcmmanbHO Habntogaemyto — 6e3 BeHTUNaAUMKM knacca (ans nvHum 1 Ha puc. 3) npumem 7z ,,,,,=30°C, 4to
COOTBETCTBYET MakCMMarbHOW HapyXHOW TeMnepatype fx,.—30°C. YAenbHbIi pacxoq HapyXHOro Bo3gyxa Ha OOHOMO y4eHuka
npumem /y;,,=30 M /(wuen). Tennoduanieckne XapaKkTepucTUKW CIIOeB OrpaxaeHWn (Cy, Aus Pu) MPUMEM TEMU Xe, YTO U B
npegpiayLeM npuMepe, NoaToMy Kputepuii M=Bi’F0=0,055 .

OnpepenuM yaernbHblid pacxoq Xonoaa Ansi MOMEHTa BPEMEHW 7=3 u MOCME Hayana 3aHaTWi B LiKone npu 7p=9 u Ha
oXnaxzaeHue Bo3ayxa NMoMeLLeHUs U OrpaXkaaroLLmMX KOHCTPYKLMIA No dhopmyne (1), 3anucaHHon Yepe3 yaernbHble BeNUYUHbI:

vy() Q /n ( B.max )':kUKE)K o K.cp( nos)z o02p.yo +chka (1+1/T)/3600:| =
=(30-24)[2 -0,2 +3-0,62-(3-0,2)+1000-1,2-30(1+1/3)/(4,5-3600)] =50 Bm/uen,
rae KoaMMULIMEHT KOHBEKTUBHOIO TeNnoobMeHa NPUHAT Ok ,=3 ]_'3m/(/vz2 -°C), a komnnekc 1—6,,,~0,43M" O'2:0,43(0,055~3»)'0’2:0,62.

[ononHuTenbHO y4TeEM XONnoA Ha CHWXEHMEe TeMnepaTypbl HapYyXXHOro Bo3dyxa A0 ONTUMarbHOW TemnepaTypbl B MOMELLEHUMU MO
copmyne:

AGyy =AO, /1y, = Ly 1o (L — 1y ) = 30-1000-1,2(30 — 24) / 3600 = 50Bm / uex .

B vTore o6LMin yaenbHbIA pacxo Xonoda Ha CHYDKeHUe TemnepaTypbl BO3[yXa B MOMELLEHUM U OXNaXKAEHWNE HAPYXHOMO
Bo3gyxa 6e3 ero ocyweHus coctaBut ¢,=50+50=100 Bm/uen wnu, OTHOCS 3Ty BENMYMHY K Nnowagu rnona, nonyvyaem
@5 =G5/ Fny0=100/1,5=67 Bm/»’.

B 3akniodeHne criegyeT 3amMeTUTb, YTO TakKOM MEeTO[ pacyeTa, OCHOBaHHbIA Ha (PakTMYecKux 3amepax
TemnepaTtyp B HEBEHTUNMPYEMOM OBbEKTE, YCMELHO KOHKYPUPYET U 3aMeHsIeT TPaguULMOHHbBIA pacyeT XOonoaunobHowm
Harpy3kn Ha OCHOBE CJIOXXeHUA BCeX COCTaBANWMX TENNONPUTOKOB U MO3TOMY oonbLie COOTBETCTBYET pealibHO
omm,u,aemoﬁ cuUTyaumm Ha obbekTe. Mo I'Ipep,J'IO)KeHHOIZ MeToaunke U AaHHbIM U3 pa3HbIX MCTOYHUKOB onpenerneHbl:

. dhakTMyeckme KOHBEKTUBHbIE TEMMOBbIAENEHUS OT N0AEN U OPrTEXHUKK;
o hakTnyeckas xonogunbHas Harpyska Xusoro noMeLLeHuns;
° ONHaAMUYECKME XapaKTEPUCTUKN Pa3HbIX MOMELLEHMI, KaKk 00 BEKTOB NoadepXaHus TemnepaTypsbl;
o 0000LLEeHHblEe XapakTEPUCTUKM KOHBEKTMBHOIO TEMIooOMeHa Ha MOBEPXHOCTSAX MOMELLEHUS Mpu pasHomn
KpaTHOCTM BO3ayxoo0bmMeHa.
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