[TocriedHue HECKOMbKO nem UHOPMaUUOHHbIL GrosiemeHs bbii nocesiueH npobnemam sHepeocHab-
KeHUs1 U sHepaornompeberuss; pybpuka «Cucmemsl xusHeobecnedeHusi» He bbinia ebioesieHa 8 camo-
cmosimenbHbIl pa3den. Celivac, Koeda npobremsl 3Hepaemuyeckoli 6e3onacHocmu, a criedosamernbHO
obecrieyeHus xusHedesmernsHocmu modell npuobpenu Ons cmpaHbl cmpameaudyeckoe 3HadyeHue, Mbi

aKkueHmupyem eHuMaHue Ha amoll rpobniemve.

B py6puke 6ydym ony6nukosaHbi cmambsu U HaWUX MOCMOSIHHbLIX 88MOPO8 U agmopoe, myBuKyoujuUX-
cs 8 Blonnemene enepsble. Cpedu Hux cnedyem ommemums OOKMOpa MexHUYeCKUX Hayk rnpogeccopa
Cr6ryullT A. I. ComHukosa, dg8e cmambU Komopoao nybruKkyromes 6 3moM 8blfycke, a makxe e2o
coaemopos 8 cmamee « TepMoOuHamMu4ecKue ocobeHHOCMU U MpuMep MpoeKmuUpos8aHus MexHoroau-
yeckoli KeasupeuyupkynsyuoHHol CKB» dupekmopa o passumuto A. B. ManbKkosa, HadarnbHUKa mMexH.
omdena A. A. Bondsipesa u uHxeHepa M. C. Usawko (BAO «TepmoTexHonoauuy).

O CB%13U1 PACHETHOW OTOMNUTEABHOW
TEMMNEPATYPbI N MOWHOCTU CUCTEMBbI
OTONAEHWNSI C OTHOCUTEABHOW NAOLLAABLIO
OCTEKANAEHWSI NOMELWLEHNSI 1 SAAHUNS

A. M. CoTtHukos (CNeryHullT)

TpaduuuoHHbIe ycmoliyueble U He obcyxdaembie
npedcmassieHus o eduHol Orisi 8cex criydaes pac-
yemHol «nsamudHeeoyHol» HapyxHolU memnepa-
mype 0nsi onpedeneHusi Mernonomeps, cghopmu-
po8aHHbIE MO fem Ha3al, HUKaK He y4umbiearom
mernnopuU3UYECKyo npupody nomepb Mersiomsi
pasHbIMU 02paxOeHUsIMU, COBPEMEHHYI0 Miowadk
ocmekneHus u noamomy cooepxxam memooudecKue
owubKU. dmMo 0CobeHHO 8a)KHO Mpu CO8PEMEHHOM
yereyeHuu apxumekmopoe ocCmekneHueM MHoeux
obuwecmeeHHbix 30aHutl, docmuearowum 60-80%
u bonee obuweli nnowadu pacada. B amux

HbIl ydem MeosneHHbIX U ObiCmpbIX MerioebixX
rnomepb». Kak npumep, ykaxem Ha npensioxeHne
B. 1. KopkuHa [13] 06 yyeTe mMaccuMBHOCTM CTEH.
OH npeacTaBun B KayecTsBe rnpumepa, 4Yto And
mMonensHoro 3ana KasaHckoro cobopa B C.-[le-
TepOypre npu TonwMHe CTeH 8=2,8 M pacyeTHas
Temneparypa gorkHa obitb f,,,=—15°C, a He Kak
npuHaATo t,,,=—26°C. B npeaene ans snaHus 6es
OKOH €€ HY>XHO onpeaensTb ¢ y4eTOM TOMbKO UHep-
LIMOHHOGTW CTEH, a Takke KpoBnu. MNpopornkasa aTy
MbICIlb, MOAYEPKHEM, YTO B OPYroM npeaerbHOM

yCriosusiX akmyarbHa Memoouka, [10380/1s-
towasi 0ocmamoyHo Ob6BLEeKMUBHO OUEHUMb
rpasoMepHOCMb  MPUMEHAeMO20 HOPMUPO-
gaHUs pacyemHol omornumesibHol memrie-
pamypbl Ons noMeuseHutl 30aHus, umerowux
r108bIWEHHBIU NPOYEeHM ocmekrneHus ghacada,
0C06eHHO Onisi yaroabix noMeweHull npu 3a-
OaHHoU eernuduHe AorMycmumMo20 MOHUXEeHUSs
memrepamypbl 6030yxa 6 HUX.
IundbpepeHumpoBaHHbiA  noaxon (puc. 1)
[OIDKEH Y4YUTbiBaTb OCOOEHHOCTWU TEemnmorno-
Tepb Yepes CBeTornpoemMb! (HasbiBaeMble bbic-
MmpbIMU) N Yepes MacCuBHbIE HENpo3payHble
orpaxgeHusi (HasbiBaemble MeOneHHbIMU).
Ocoboe BHUMaHMe 3TOMY BOMPOCY YAerneHo
B MoHorpadmax u crartbsix C. A. Ynucrosmya
[16-20], rme cneuvanbHO peKoMeHAyT
«...npedycmampusams OugghepeHyuposaH-

tH.noa

thpx]

Puc. 1. Bosdelicmeue «bbicmpbix» mennonomepb 4epes okHa

Ha memnepamypy 8030yxa 8 MoMEeWeHUs U e20 8HyMpPeHHUX
rosepxHocmel 80 8pemMeHU [pU CHWXEeHUU memMrepamypsl
HapyxHoz0 o30yxa om pacqemHol 00 abCcomomHo-MUHU-
marnsHou




cnyyae [AOns 30aHUsi M3 CIJIOWIHOTO OCTEeKIeHUd
(kpomMe KpoBnM) HapyXXHas pacyeTHas Temmnepary-
pa [gormkHa ObiTb NpUHATaA BNM3KON K abCconTHO-
MUHUMaITbHOW. MOXHO NpeanoXxuTb ABa BapuaHTa
MEeTOUKM NMOBEPOYHOro pacyeTa Hapy»KHOW Temre-
paTypbl ONA onpenesieHns pacyeTHbIX TEmnnono-
Tepb NOMeLLEHNs U 30aHnS.

BapuaHT 1: pacuyeTr Ha OCHOBe YycpegHEeHWA
BO3ENCTBUIA Ha NOMELLLEHNE YepPes3 OKHA U CTEHbI.
B obwem cnyyae ana peanbHOro 3gaHus ¢ oau-
HaKOBOW OTHOCWUTENIbHOW MMOLaAbI0 OCTeKNeHuUs
Joon =0...1 BCEX MOMELLEHUI, KPOME YITOBbIX, pac-
4yeTHasa Temneparypa asia Kaxaoro sgaHust UHAUBK-
AyanbHa v MOXeT onpeaensaTbCs No 3aBUCUMOCTMU:

Uy = z;kkm:tHaﬁc in./ K. (l jox)+[ o km Ik, (1 /m )} H. pm/ DT )v (1 )

roe f, — OTHOCUTErbHas Nnoliafb OCTeKneHus
B jONsIX OT 00LLen nnowaam BepTukanbHbIX Orpa-
AeHnin. PacyeTHble TennonoTepu Yepes HapyXHble
OrpaXkAeHUsi MOMELLEHUSA 1 30aHUS NpU Takon Me-
ToAMKe orpeaensioT no opmyrne:

Oy pon= 2l E (1

rae t, (D T,) — PAcyeTHas Temneparypa Ha-
pyXHOro Bo3ayxa Ans onpefeneHusa TensionoTepb,
BblibMpaemass B 3aBUCMMOCTV OT MACCUBHOCTYU
HapYy)XXHOro OrpaxaeHus npu nepuofe CyTOYHbIX
konebanuin D _=YRS, 1 OCHOBHOW TernmouHep-
LIMOHHOM XapaKTepMCTI/IKVI Hapy>KHOW CTEHbl — ee
nocTosHHOM BpemeHn 7, =2.c,, p,, 3, /(3600a ).

BapuaHT 2: ynpouieHHbIn meToq Bbibopa HPT
ANg  pacyeTa TennonoTtepb. Takyl MeToauKy
MOXHO MOJSIyYUTb HA OCHOBE YPaBHEHWs, OMUCbI-
BalOLLEro CHWMXEHWe BHYTPEHHEN TemrepaTypbl
npy  yBeSIMYEHUN HEKOMIMEHCHPYEeMbIX ObICTPbIX

Tennonotepb Yyepes okHa (puc. 1), cneapylowen
38BUCUMOCTbIO:
Aty (0) = by (€)= Lyt e min =
agTE, [1-6,,(M)]+7,.6 0, [ £ +1/T]/3600At 3)
kw\F(m B oo
rae  6,,=At,, .0/ At, — oTHOCMTENbHaS
TemnepaTtypa MOBEPXHOCTW OrpaaeHusl, Kak

COOTHOLLUEHNE COOTBETCTBYIOLWMX MpupaLleHuii
TemnepaTtyp MOBEPXHOCTU U CKa4KooOpasHoOro
U3MEHeHWs1 TemnepaTypbl BO3ayxa B NOMELIEHUN,
Geapaam.; M =Bi’Fo=agt /(c, Py, ) — KOMMNEKC-
HbI TENNoMU3NYECKUN KPUTEPUIA FOMOXPOHHOCTH,
npeanoxeHHolin A.B. JlbikoBbim [14] ans nonyorpa-
HUYeHHOro maccuBa; Al .~ — [OMYyCTUMOE MOHW-
XeHvne TemnepaTypbl BO3dyxa B oOTarnivMBaeMom
NOMeLLEHUN aHHOTO Ha3Ha4YeHUsi OT ee PacHeTHOMN
BESTMYUHDBI MPU MOHWKEHUN HaPY)XXHOW Temneparty-
pbl OT ee pacyeTHOro 3HayeHus, °C, (otpuuartenb-
Ho), onpepensiemoe no [1]; F_— nnowaab okoH
AaHHOTO nometeHus, Mm% XF , — NroliaaL BCexX

= tH.aEE.min )+ Z k!l,oepJFH,uzp,i [tB H.pacu ( em? " em ):I (2) i

Hernpo3payHblX (BHYTPEHHUX U HaPYXKHbIX) Orpa-
AeHnn n obopyaoBaHus (me6enu), obpallleHHbIX B

rnomeLueHue, M% o, — CpeaHni KoaPMULNEHT KOH-
BEKTUBHOIO TErnoobMeHa Ha Henpo3payHbiX Mo-
BEPXHOCTAX OrpaxgeHun nometlenus, Bt/(m?-°C),

- 3aBUCSLLUMA OT YCrOBUA LBWXEHUSI BO3ayxa Y Mo-

BEPXHOCTEN, TUNa CTPyM (HACTUNbHBLIX, OTPbIBHbIX),
KpaTHOCTM Bo3ayxoobmeHa; k.  — KoadhduumneHt
Tennonepenayn okHa, Bt/(m% °C) V., — 0bbem
nomelleHns, M k — KpaTHOCTb BO3AyxoobmeHa B
NMOMELLEHUN C BO3AYLUHBLIM OTOornsieHneM (npv Hanw-
YN HarpeBaTenbHbIX NPUOOPOB NPUHUMAKDT k,=0).

Ecnn npennonommb 4TO M3BECTHbI 3HAYEHMS

a,=2 B1/(M*-°C), k =2 B1/(m?.°C), npuHATL AONyCcTyn-
Moe MOHMKEHWe TemnepaTypu At ...==3°C n npe-
Hebpeyb He3Ha4YuTeNbHOW akkyMynsumein nocryna-
IOLLIero Yepes OKHa Xonoga BO3[4yXOM MoMeLleHus
V_.CsP;/(36007) no npoluectsnmn 4acos — A,eCATKOB
4YacoB NepexofHOro TemrnepaTypHoOro pexvma B rno-
MeLLeHNU C «OObIYHBIMY OTOMSIEHNEM U MPUHMMAS,
yto 1-6,,,=0,43M """ [14] npu M>1 nocne psipa
npeobpasoBaHui chopmynbl (3) nonyynm cregyto-
Liee BblpaXeHue:

#ex ) = by aemin =

=13(F, /ZE, ) (+k1,. /3)" {3600‘*

o PasrPar

At ypy (T) =t

j s (4)

roe InOM— VHOM/EF =0,5[1/(1/a+1/b+1/h)] — xapak-
TEPHLIA pasmep HOMeIJ.I,eHMﬂ Kak OTHOLLUEeHWe ero
obbema K nrowaam Bcex orpaxkaeHuii u obopyno-
BaHus, M, C,, p,, A, — YCPEAHEHHLIE Tennounan-

HEeCKne XapaKTepUcCcTukn martepuaroB BHYTPEHHUX

_CNoeB OrpakaeHun nomMeLleHuns; T — Hambonbluas

HenpepbiBHaA MNPOOOIMKATENBHOCTL HabnioaeHus
TeMnepartypbl HApPY)XHOro Bo3ayxa B AaHHOM MyHK-
Te, HIKE HEKOTOPOTO 3HAYEHUs 7, , onpe/ernsiemas
no AaHHbiM [2—12]. Takue AaHHble AN pasHbiX
ropofdoB Poccun HaHeceHbl B BUAE TOYEK Ha CBO/-
Hbl rpaduk Ha pucyHke 2. Mo dopmyne (4) Bbl-
MOSHeHbl pacyeTbl 3aBUCMMOCTU At B DYyHKLUN
OT BpPEMeHW t unu HeobecrnevyeHHoCcTU 1—p npu
pa3HOW OTHOCUTENbHOW MNMOWAAN OCTeKIeHUs
FJz 030-0,05...0,8, 3TN JIMHUU HaHeceHbl Ha TOT
xe rpachuk. pur BO3AyLLIHOM OTOMMEHUM JOMNONHY-
TEMbHO YYUTBIBAKOT KPaTHOCTb BO3AyxoobmeHa wn
Ha puc. 2 pacyeTbl BeOyT Npv U3BECTHOM KOMMIEK-
ce F /ZF (1 kpanM/3)=O,05...O,8.

[ns cpaBHeHWnsA ¢ 6bicmpbiMU TENNONOTEPAMMN
Yepes OKHa MHEPLIMOHHOCTb NpoLIecca OXaXKaeHNs
BHYTPEHHUX MOBEPXHOCTEN HAPYKHbIX OrpaXKaeHnin
MOXHO OLI,eHMTb Mo ypaBHEHMNIO:

M, [C)=—2 A;, (1;)[1 exp(Z, /r)] (5)

roe AtH(r) — MakcuMarnbHasi HerpepbiBHasi Npo-
AOIKUTENbHOCTb MOHWKEHUA Hapy>KHOW Temnepa-
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Puc. 2. CeodHast Homozpamma Orisi orpedernieHus pacyemHoli memrnepamypbl HapyHo20 8030yxa 8 XorooHbItl nepuod 200a
Lpx ™ty age.min A ey € 386UCUMOCMU OM OMHOCUMENbHOU MIouwadu OKOH 110 OMHoweHuto k obwed nnowadu oepaxdeHull u
obopydosarusi (mebesiu) nomeweHus F /SF ,=0.02...0,8 npu k =0, o, =2 Bm/(m?°C), k=2 Bm/(m?-°C), dorycmumom noHu-
XKeHuu memnepamypbi 6030yxa € romeweHuu At, . =—3°C [1] u makcumansHoU HerpepbieHOU MPoA0IKUMETbHOCMU HU3-
Kux memrepamyp HapyXHo20 8030yxa 6 pasHbix 2opodax: ® — C.-[Temepbypa [2]; O — . Kupoe [3]; B — 2. ApxaHaenbck [4];
O - e. Yuma [5]; () — 2. Hebokcapel [6]; A — 2. Cbikmbiekap [7]; W — e. [ckoe [8]; ® - 2. Camapa [9]; + — a. Teepb [10]; A —
2. Mxesck [11]; ® — 2. Awxabad [12]. Touku Ha 8epmukasibHOLU OCU cOOMeEemcmaylom pacyemHol pazHocmu memiepamyp
At ., Mexdy HopMmupyemotl pacdemHol memnepamypod no napamempam «b» npu obecrneverHocmu p=0,92 u abconomHo-

HPX
MUHUMasLHol memnepamypod t 8 0aHHOM ryHKmMe, 3ma pasHoCmb cocmaesnisem 6 cpedHem At,, ~10—15°C. [ly4ok

H.abc.min

NUHUU 8 MPasoM HUXKHEeM yeily HOMOEpammbl UCNonb3yrom 01151 onpedesieHus YUCTIEHHO20 3HaYeHUs roKa3amenst CmeneHu
m & 3agucumocmu Al =At, (1-p)™, 20e 1—p — eeposSMHOCMb HerpepbIeHOL MPOJoMKUMELHOCMU (HeobecrneyeHHOCMU)

nepuoda ¢ t,<t,.

Typbl OT t0HOro pac4eTHOro 3Ha4eHUs B JaHHOM
nyHkre (puc. 2), ata 3aBUCUMMOCTb MPUBIMKEHHO
OMNMUCbIBAETCS COOTHOLIeHUeM: Al (t)=At, (1-p)™,
roe m — nokasarerib CTeneHu, onpeaensemblii no
PUCYHKY 2; Af,  — 3Ha4YeHue pasHOCTV TemnepaTyp,
ornpegensdemMoe npu [OaHHOM HeobecnevyeHHOCTH

1-P; 7, =3 6upucs, )I36000,), Ter — NOCTOSIHHAS Bpe-
MeHU 3KChHOHEeHUManbLHOro nNepexonqHoro npoLecca
M3MEeHeHVA TemnepaTtypbl BHYTPEHHEN MOBEpPXHO-
CTU HapYXHOW CTeHbl. [1OACHUM AaHHY0 METOAMKY
XapaKkTepHbIM NPUMEPOM.

Mpumep. Onpefenutb pacyeTHylo TemnepaTy-
py HapyXHOro Bo3gyxa no npegnaraeMon MeTo-
AuKe Ons onpegerieHns pacyeTHbIX TENONOTepb
TUMOBOIO (He YrIOBOro) JXWUIOro nomMelleHus
Ha npomexyTtodyHom aTtaxe B C.-[leTepbypre,
ecnu  [oMnycTUMOE MOHWXKeHue Temnepary-
pbl cornacHo [1] coctaBnsier At =-3°C.
eomeTpuyeckne xapakTepUCTUKU MOMELLEHUS:
F =6-3=18 m?, F_=F_/[7=18/7=2,6 M2, h=3 M,
vV, =F.h=183=54 »®, ZFoap=2(3-6+3-3+3~6)=90 m?
(nrowagbio Mebenn U akkymynsauuen ew Tern-
noTel npeHebperaem — B 3anac), XapakTepHbiii
pasmep roMelleHUss B 3TOM Cryvyae paBeH:
Lo Voo 2F 5 =94/190=0 6™,

Beluvcnsiem oTHocuTenbHy nnow@anb OKOH
OaHHOro MNOMEeLEeHUS: FOK/ZFOZP=2,6/90=O,O3. Mo

rpacpuky pucyHky 2 ans C.-letepbypra (e) aTomy
3HaveHuto cooTBeTcTByeT Al =21°C, yemy cooT-
BETCTBYET pacyeTHasn HapyXHas TemnepaTypa ons
onpejerneHns TenmornoTepb M pacyeta CUCTEMbI
OTOINIIEHNS B TAKOM TUMOBOM >XUSTOM MOMELLEHUM
npu t, - =-36°C" [15]" B C.llerepbypre
t,p=—36+21=-15°C, a makcumanbHasi Henpe-
pbiBHas NPOAOIPKUTENBHOCTL Bonee HU3KKX Temre-
paTyp no AaHHbiM [2] coctasnser t(f,<—15°C)=250
4 (~10,5 cyTok).

Ons cpaBHeHUs «BbICTPbIX» TennonoTepb (Ye-
pe3 OKHa) C «MeAneHHbIMU» (4epe3 HapyXKHble
CTeHbl) OfpefenuM CHWXKEHUEe TemnepaTypbi
BHYTPEHHEN NMOBEPXHOCTM HAPY)XHOW CTEHbI 3a 3TO
Bpems, ecnm k =0,4 Bt/(M*°C), o,=2 B1/(M>°C).
lNpeasapuTenbHO BLIMUCIIMM OCHOBHYHO AWHAMUYECKYH
XapaKTepUCTUKY SKCMOHEHLMANbHOTO U3MEHEHNS TeM-
nepaTypbl BHYTPEHHEW MOBEPXHOCTW HApPYXHOW CTe-
Hbl — ee rocTosiHHOW BpemeHn npu ¢, =840 [x/(kr-°C),
p,~1000 kr/m?, 3,=0,50 m u o, =2 Bt/(m?-°C). B aToM
cnyyae T_ =(840-1000-0,50)/(3600-2)=58 u. 3a Bpe-
M 1=250>3T =174 4=~7 CyT NPOLECC U3MEHEHMS
TeMmrnepaTypbl BHYTPEHHEW MOBEPXHOCTM MOXHO
CYUTATb YCTAaHOBMBLUMMCS, @ CHUXEeHUe Temnepa-
Typbl Mo copmyrie (5) cocraBut: At, =0,4(-21)[1-
exp(—250/58))/2=—4,2°C, Toraa Kak Mo YCroBuio
CHWKEeHMe TemrnepaTtypbl BO3gyxa B MNOMELLEHWUN



Npu Takom pacyeTte ByaeT pasHo Af,=-3°C, a cama
Temnepatypa cHuautes ao t,=21-3=18°C, yrto fo-
MyCTUMO ANS XUIbIX noMeLueHu [1].

MoBTOopuM pacueT Ansi criydas, korga paccmar-
pvBaemMoe romeLleHe yrrioBoe U UMeeT CrroLIHOe
OCTeKJ'IeHVIe B oatom cnysae F [3F -(a+b)h/

.= (316)3/90=0,30. Mo pucyHky 2 ans 3Toro cnyyas

AL "=g° C, yemy coorsetctsyet f,, =—36+8=-28°C,
T. €. HECKOJTbKO HIPKE PacyHeTHOM,

HaHHbIii pacyeT cCopepXkuT 3anac no HecKosbLKUM
npuuMHam. llepBasi — 3aTO HeyyeT akKyMynsuuu
TennoTel obopyfoBaHueM (Mebernbio) NomMeLLLeHns.
BTopass — 970 BO3MOXHOCTb MOBbILLIEHUS TEMMo-
oTAAuM HarpeBaTeslbHbIX NPUBOPOB B MHTEpBane
Temnepatyp ot t,=-15°C Ao obuienpuHATon Ha-

PYXHOW pacyeTHOVW TemnepaTypbl Ans OTONMeHUst

B C.-lMetepbypre t . =—26°C B cuny nosbiLLeHus
TemnepaTtypbl TEMnrnoHOCUTENs — ropsiyert Boabl —
no rpaduiky. TpeTba — B NpefnoKeHHOW MeToauke
UMeloTCa U Apyrue 3anachbl, Hanpumep 3a CYeT yye-
Ta HanbonbLUuen U3 HabngaeMbIX 3@ MHOMME rofbl
NPOJOIMKATENLHOCTN CHWXEHWs {, (t), a He apyroi,
Hanpumep cpeaHen.

BbiBoa. B kaxagom nomeLueHumn, NCXoas m3 ero
Ha3Ha4eHWsi, OTHOCUTENbHOW Mrollaan OCTeK-
NeHnst 1 OOoNyCTUMOro MOHWXKEHUsI TemrnepaTypsbl
MOXET ObITb BbIYMACIIEHA «CBOSI» pacdeTHasl Tem-
nepatypa O OnpeferneHnst TersionoTepb 3Toro
NMoMeLLeHns, ogHaKko Aa)ke Mpu CMroLHOM OCTekK-
NEeHUN CHWKEHNEe OT HOPMMUPYEMOW TemnepaTypbl
MOXET COCTaBUTb HECKOITbKO rpalyCoB.
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