https://mir-klimata.info/archive/special project/metodika rascheta i/

Bot oHa!

MeToauka pacyeta u
NPOEKTUPOBAHUSA CUCTEM
obecnevyeHns MUKpoKnMmaTa B
NoMeLLeHNsaX nnaBaTernbHbIX
baccenHoB

3a nocnepgHue rogbl 3HA4YMTENBHO BO3POCIIN TEMIMbI CTPOUTENBCTBA U PEKOHCTPYKUNN HaCTHbIX
KOTTeOXen, JOMOB 3FIMTHON 3aCTpOIZKI/I, CNOPTUBHbLIX N 0300POBUTENbHbLIX LIEHTPOB C yCTpOIZCTBOM B
HUX 3aKpbITbIX MJ1aBaTesNibHbIX BaccenHoB. K coxaneHuto, npenycMartpuBaemblie Ond NOMELLLEHNN
baccenHoB NHXEeHEPHble peLlleHnd no co3gaHnio B HUX Tpe6yeM0ro TeMnepaTtypHO-BJ1aXXHOCTHOIo
peXxnma 3a4acTyro He Oal0T XKelaeMblX pe3yrnbTaToB.
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Puc. 1

Huskasa achdekTBHOCTL NpeaycMaTpUBaeMblX TEXHUYECKNX PeLLEeHNI 06 bACHSAETCS Kak 3KOHOMUEN
cpencTB B NpoLiecce CTPOMTENbCTBA, Tak U OTCYTCTBMEM METOAMYECKOW NUTepaTypbl MO pacyeTy 1
NpoeKTUpoBaHuio cuctem obecneyveHus mukpoknumata (COM) B nOMeLLeHUAX 3aKpbITbIX
nnaeaTenbHbIX 6accenHoB pas3nMyHOro HasHavyeHus. HegoctatoyHoe BHUMaHWe K Bonpocam
obecneveHnss MUKPOKMNMMaTa npu CTPOUTENBCTBE U PEKOHCTPYKLUW MoMeLLeHnin 6acceriHoB



npmBoAnINO K HeratuBHbIM NOCNEACTBUAM B Npouecce nx akcniyataunmn: aKTUBHOW KOHAEHCaUMn
Bnarn Ha orpaxgarmnx KOHCTPYKUUAX, 06p330BaHI/II-O FpI/I6KOBOIZ nneceHun, Kopposnn
MeTarnmmyeckmnx n rHneHnro aepeBAHHbIX KOHCprKLI,I/IIZ, HecoOnaeHNo CaHNTaAPHO-TUTUEHNYECKNX
yCHOBMI;I no TreMmneparype, BNaXxHOCTU N NOABUXHOCTU BO34yXa B 30HE HAXOXOEHUA nogen.

CnenyeT OTMETUTb, YTO NOMELLIEHNS 3aKPbITbIX NiaBaTeNbHbIX GAaCCENHOB OTHOCSTCS K KaTeropum
NOMELLEHWI C BRaXHbIM PEXXMMOM, UMEIOLLUM CBOM OTNINYUTESNbHbIE OCOBEHHOCTUN MpK
hopMMPOBaHNM B HUX TEMMOBbLIX U BNAXHOCTHBLIX MOTOKOB, ONpPeaensoLmMx BbIGOP TOro UM MHOTO
TEXHUYECKOro peLLeHust no obecrneveHmnto Tpebyembix caHUTapHO-TMrMeHnYecknx ycnosuii. MNpouecc
hopMrpOBaHUS TEMSO-BNAXHOCTHOIO PEXMMA B TaKUX MOMELLLEHUAX NPEACTaBeH Ha cxeme (puc.
1) 1 MOXeT ObITb ONMCaH creaytoLen CUCTEMON YpaBHEHWIA TENNOBOIO M BraXXHOCTHOro 6anaHcos:

Qorp.+Qucn.+Qocs.Qn. QoT.+Qnp=Qya,

Wwuen.+Wn.+Wnp.=Wyga. (1)

PaccmoTpuM 0COGEHHOCTU KaXkaon 13 COCTaBMNALLNX, BUALWNX Ha (DOPpMUPOBaHME TEMNIo-
BMaXXHOCTHOIO pexuma.

MHTEHCMBHOCTb TENOBOrO NOTOKa Yepes orpaxgaroLme KOHCTPYKUmmn (Qorp) asnsetcsa yHKUnen
Temneparypbl N BAAXXHOCTN HAPYXXHOTO Y BHYTPEHHEro Bo3ayxa, TemnepaTypbl Ha BHYTPEHHEN
NMOBEPXHOCTU OrpaKaatroLLMX KOHCTPYKLUMI N TENIOMU3NYECKNX XapaKTEPUCTUK COOTBETCTBYIOLLLENO
orpaxgeHusi, To ecTb.

Qorp=f(tH, t8, IH,@B,tor,Ror), (2)

roe tH, IH — pacyeTHble 3MMHME TemnepaTypa 1 TENNOCOAEPKaHWE HapYyXXHOro Bosayxa
npuvHMMatroTcsa B cootBeTcTBMM cOo CHMIM 2.01.01.82. ¢ y4eTOM TENNOBON UHEPLMM 34aHud, Tabn. 5*
CHwull 11-3-79**;

tB — pacdeTHada Temnepartypa BHYTPEHHEro BO3ayxa 4115 MOMELLEHNI nraBaTefbHbIX baccerHoB
npuvHMMaeTcsa B cootBeTcTBMM cO CHMIM 2.08.02- 89* Ha 1-2°C Bblle TeMnepaTypbl MOBEPXHOCTU
BOoAbl B ©6acceriHe. Mpy aTOM TemnepaTtypy NOBEPXHOCTU BOALI B 6accelriHe HeOOX0AMMO
noadepxvBaTtb Ha ypoBHe 26—28°C, a B ne4yebHbix 6acceriHax Ha 4—8°C Bhiwwe. Taknum obpasom,
HopMUpyemas TemnepaTypa Bo3gyxa B 6accenHax — 27-30°C.

Ror — TpeGyemoe conpoTtuBneHue Tennonepeaaye, M2+°C/BT, xapakTepusaylollee cTeneHb
TENNOBOW 3aLLMTbI OrpaXaatoLelt KOHCTPYKLMK, onpeaenseTcs no opmyre:



Ro = ne(tB-tH)/(tB-tor)-LB (3)

N — KO3(hPULNEHT, 3aBUCSLLMIA OT OPUEHTALNN OTPAKOEHNS OTHOCUTENBHO HAPY)XKHOMO BO34YXa,
npuvHMMaeTca no 1abn. 3 CHull 11-3-79*%;

[na nomelleHnit nnaBaTenbHbIX GaccenHOB TemnepaTypHbI nepenag (tB — tor) sensaertcsa
onpegensoLwLmmM napameTpoM, He AONyCKaloLLMM BbiNafeHNe KoHAeHcaTa U yBnaXHeHus
MaTepuana KOHCTPYKUUI, rae TemnepaTtypa BHYTPEHHEN MOBEPXHOCTU OrpaXaaroLmxX KOHCTPYKLUMIA
(tor) mormkHa 6bITe Ha 1-2°C BbIle TeMMepaTypbl TOYKM pochl (tp) NpyY HOPMUPYEMBIX 3HAYEHMAX
TemnepaTtypbl U OTHOCUTENBHON BMAXHOCTU BHYTPEHHErO BO3ayXa.
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HopmMupyemas oTHoCUTENbHAsA BIIAXXHOCTb BHYTPEHHENO BO3ayXa (PB) B MOMELLEHMAX
nnaesaTenbHbIX HaccenHoB NpuHMMaeTcs B cootBeTcTBUM cO CHUM 2.08.02-89* paBHon 50—65%, HO
KOHKPETHOE e€e 3Ha4YeHNe B KaXX4OM OTAEINbHOM Clydae AUKTYeTCS CTENEHbI0 3alunThl
orpaxgaroLLmMx KOHCTPYKLMIA.

Mcxonsa us paccumtaHHOro 3HaveHus Tpebyemoro conpoTtusnenns tennonepegade (Ro)
onpefenseTcs TepMmnyeckoe ConpoTMBIEHNE COOTBETCTBYIOLLEN OrpaxaatoLLen KOHCTPYKUmm (RK),
no KOTOpPOMY noabupaeTcs MaTepuan v TOMLWMHA KOHCTPYKTUBHbIX CIOEB OrpaXaeH s C y4eToM
KoadhhunumeHTa TENNONPOBOAHOCTN MaTepumarna cooTeeTcTBytoLero cnos (A, Br/m°C):

b= RkeA= (Ro- 1/LB- 1/LH)*A (4)

roe LB n LH — coOTBETCTBEHHO KOSh(PULMEHTBI TENNOOOMEHA Ha BHYTPEHHEN U HAPYKHOW
NMOBEPXHOCTAX orpaxaeHnn (Bt/m2+°C).



MpUHsSITbIE HA OCHOBE pacyeTa Nno XOrogHOMY NEPUOAY roAa KOHCTPYKTUBHbLIE PELLEHUS LOMKHbI
ObITb NPOBEPEHbLI HA YCMOBUS TEMMOYCTOMYMBOCTM B TEMMLIN Nepuog roga ¢ y4eToM AOnyCTUMOMN
amMnnnTyabl konebaHun TemnepaTypbl BHYyTPEHHEN MOBEPXHOCTU OrpaXaeHUn B COOTBETCTBUN C
pasgenom 3 CHull 11- 3 79*,

Puc. 3

Mpu ycTponcTee Bxoga B nomelLeHne 6accenHa CoO CTOPOHbI HAPY>KHOrO Bo3ayxa BbiIGop
KOHCTPYKLMN BXOLHbIX ABEPEN OOIMKEH UCKMoYaTh MHUNbTPaUUIo, Npu aTom Tpebyemoe
CONpPOTMBIIEHNE Tennonepenayve HapyxHbix Aseper (RaB) AomkHO ObITe He meHee 0,6 Ro.cT.
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Puc. 4

lMocne okoH4YaTenbHOro Bbl6opa KOHCTPYKTUBHBLIX peLleHni ( Unn yTOMHEHUS (PaKTUYeCKNX
3Ha4YeHW CoNPOTUBNEHNI Tennonepenaye CTPOUTENbHbIX KOHCTPYKLMIA PEKOHCTPYMPYEMbIX
3[aHUN) paccYnTbIBAETCsl CyMMapHOEe 3Ha4YeHMe TEMMOBOro NOTOKA, TEPSEMOrO B XONOLHbIN U
nocTynaroLLero B TenSibIN Nepnoapl roga Yepes CTpouTeSibHbIE OrpaxaeHns:

Qor = 1/Rore(te- tH)*For, (5)

raoe For — nnowanb COOTBETCTBYHOLLEN OrpaXaaroLent KOHCTPYKLUN, M2,

KonnyectBo TennoTbl, NOCTynaroLLee B TEMMbIA Nepuos roga ¢ y4eToM TENMOoNOCTYNNEeHNNn oT
COJTHEYHOWN pagnaumm Yepes CBETONPO3paYHble OrpaXKaeHus!, 3aBUCUT OT UX OPUEHTaLMK n
TeNNodun3nNYECKNX XapakTeEPUCTUK N paCCUNTbIBAETCS NO METOAMKE, U3NOXEHHOW B CnpaBoYHUKe
NPOEKTUPOBLLMKa YacTb 11. BeHTuUnauusa n koHanumMoHnposaHue Bo3gyxa. Ctponnsagar 1978r.:



Qorn=(q’sF’or+q”+For”)sKotHn+(tH-tB)*For/Ror (5’)

rae q’, q” — COOTBETCTBEHHO TEMNOBbIEe NOTOKM Yepes3 0ByYeHHY0 1 HEOGyYEHHYHO CONTHEYHOIA
paguaumer NoBEPXHOCTM OrpaXKAatoLLMX KOHCTPYKLMI, KOTH.N — KO3 PULIMEHT OTHOCUTENBHOIO
MPOHMKAHWA COMHEYHOW pagnaumnmn.

Konun4yecteo tennoTsl (Qu, BT), nocTynatoLLee B NOMELLEHME C UCNAPAOLLMMCS NMOTOKOM Briaru
(Wwn), onpegensieTcs U3 BblpaXKeHUs:

Qu = 0,68«( Wn+Wn) (6)

rae Wun — cymmapHoe KonmuyecTBo Brarm (r/4), McnapsioLLencsa ¢ OTKPbITON BOAHOM NOBEPXHOCTH
3epkana 6acceiiHa 1 CO CMOYEHHbIX MOBEPXHOCTEN, NpUMeratoLLmMxX K BOAHOMY 3epkarny
OnNpeaennTCcs U3 BblpaXKeHUs:

Wwu= woTtkeFoTk + wcmeFcm, (7)

rae wotk wem — f(tB, fB, PB PHac,VBn.,A) — MHTEHCUBHOCTb UCNAapEeHNs Bnarn B yCroBUAX
TemnepaTypHO-BNaXXHOCTHOIO peXunma 3akpbITbiX MraBaTenbHbIX 6acceiHoB B OCHOBHOM 3aBUCUT
OT pasHuLbl NapumanbHbiX aBNeHni BOASHOMO napa Npy HOpMUPYEMbIX 3HaYEHUSIX TeMnepaTtypbl U
BMaXKHOCTN BHYTpeHHero Bo3ayxa (PB) u npy nonHom ero HacblweHun(PHac) npy Temneparype
BoAbl B 6accenHe (tw).

Ha MHTEeHCMBHOCTbL MCNapeHnst BNarn aHaunTenbHoe BINAHNE OKa3biBaeT CKOPOCTb ABMKEHMUS
BO3AyXa Haj NMoBEPXHOCTbO BoAbl (VB.M.), a Takke COCTOSTHME BOAHOMO 3epkana npu pasnuyHon
aKTUBHOCTM Kynatowmxcs — (A).

HopmMupyemMas NoABUXKHOCTE BO34yXa B 30HE HAaXOXAEHUSA MNOAEN U HAZ MOBEPXHOCTbIO BOAbI
coctaBnset 0,15-0,2 m/c.



Mo akTMBHOCTM UCMNOMb30BaHNSA BacCenHOB X MOXHO pa3fennTb Ha: neyebHble 6acceriHbl (Tennble
BaHHbI) C HEMOABWKHOW OTKPbLITOWM BOAHOW MOBEPXHOCTLIO, HeGonbLuMe YacTHble 6accenHbl ¢
OrPaHNYEHHbIM BPEMEHEM UCMONb30BaHWs, 0OLEeCTBEHHbIE BaccelHbl (B TOM YMcne oTenewn) ons
OTAbIXa C HOPManbHOW aKTMBHOCTbLIO KynatoLLMXCH, CNOPTUBHbIE BaccelHbl, 6accenHbl ANs oTAbIXa
1 pasBrievyeHni 1, HakoHeL,, akBanapky ¢ HECKONbKUMU Buaamn 6acCenHoOB CO 3HaYUTENbHbIM
BONTHOOGpasoBaHMEM 1N BOOHBIMW FOpKaMMU.

Vcnonb3yemoe B OTEYECTBEHHOW MPaKTUKe NPOEKTUPOBAHMS BblpaXKeHWe A58 onpe AerieHus
KonmyecTBa Bnaru, McnapsoLeecs ¢ OTKPbITON He KUMSLLEN BOOHOM NOBEPXHOCTH (popmyrna 2.59
"CnpaBOYHMK NPOEKTUPOBLLMKA YacTb11. BeHTUNAUUSA n KoHAMLMOHUPOBaHME Bo3ayxa"), He
YYUTbIBAET YCNOBMI UCNAPEHNSA NpU akTUBHON GapbaTtauumn Boakbl B 6acceriHax ¢ pasnnyHon
AKTMBHOCTbLHIO KynatoLLMXCcs, Npy 06pa3oBaHMM NCKYCCTBEHHbIX BOSTH U Tak ganee.

3AmMnupuyeckne 3aBUCMMOCTH, pekoMeHayeMble uHckumu (8) n HemeLkmmmn cneumanuctamm (9,10)
Hanbornee NosnHO y4YMTbIBaOT N3MEHEHMS! YCIOBUI UCNapeHUst Bnarv B 3akpbITbix 6acceiiHax ¢
PasnNMYHOM aKTUBHOCTbLIO KyMatoLLMXCS:
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Puc. 6
WoTk=A+*0*(dm-d1)/1000+FoTk (8)

Wortk = e*(Pw-P1)/1000+FoTk (9)
WoTtk={0,118+[0,01995°A<(Pw-P1)/1,333]}*FoTk (10)

roe WOoTK — KONMYecTBO Braru, UCNapsoLLENCs C OTKPbITON BOAHOW MOBEPXHOCTM NraBaTeNbHOro
bacceliHa, kr/vyac, F — nnowagb OTKPbITON BOAHOW NOBEPXHOCTU, M2, 0= (25 + 19 « Vn.B) —

KO3 hULMEHT UCNapeHuUst, Kr/M2e4ekr Bnaru, Vn.e — CKOPOCTb BO3AyXa HaJ NOBEPXHOCTLIO BOAbI,
dw, dl — COOTBETCTBEHHO, Brarocogep’kaHne HacbILLEHHOro BO3ayxa v Bo3ayxa npw 3agaHHom
Temneparype u BNaxHocTu (r/kr cyxoro Bo3ayxa), Pw, Pl — naBneHune BogsiHbIX NapoBs
HaCbILEHHOro BO3ayxa Npu TemnepaType BoAbl B 6accenHe 1 Npu 3agaHHbIX TeMnepaType u
BNaXXHOCTN BO3yXa, € — 3SMMNUPUYECKU Ko3d. paBHbln: 0,5 — Ons 3aKpbITbIX MOBEPXHOCTEN
baccelHa, 5 — ansa HEMNOABMXHbLIX OTKPbITbIX MOBEPXHOCTEN BaccelHa, 15 — HeBonbLINX YaCTHbIX
BaccenHoB C orpaHMYeHHbIM BPEMEHEM 1cnornb3oBaHus, 20 — Anst o6LwecTBeHHbIX 6accelnHoB ¢
HOpMarbHOM aKTUBHOCTBLIO Kynaromxcs, 28 — ansa 6onbLumnx 6accenHoB s otabixa u
passriedeHun, 35 — Ans akBanapKkoB U 3HA4YMTENbHbIM BONTHOOOpasoBaHnem; A — KoadhprumeHT
3aHATOCTU BaccenHa nogbMu:1,5 — ons urpoBbix 6GaccernHOB C aKTUBHbIM BONTHOOOpPa3oBaHMEM,
0,5 — onsa 6onbluMx obLecTBeHHbIX baccerHoB, 0,4 — ansa 6acceriHoB oTenen, 0,3 — ans
HebomnbLLMX YacTHbIX BaccelrnHoB.

CpaBHuTenbHbIE pacyeThbl, NPOBeAEHHbIE NO BbilleyKasdaHHbIM (dOpMyraM, NokasbiBaloT Ha
3HaUYNTENbHOE pacxoXdeHne B KONUYecTBe NCNapSIoLLENcs Briarv Npy OHUX U TEX XKe YCNOBUSAX.
Tak, npu Temnepatype Boabl 26°C, Temneparype Bo3ayxa 28°C, oTHocuTeNbHOM BnaxHocTn 60% n
noaBmxHocTK Bo3ayxa 0,2 m/c; ansa nnaesatenbHOro 6acceriHa ¢ HopMasribHOM akTUBHOCTBIO
KynaroLmxcsa 1 nnowansto 6accerHa 354 M2, KONMYECTBO UCNAPSOLLENCS BRarn coctaBuT
cooTBeTcTBEHHO: 107(8), 72.5(9), 68.3(10) Kkr/y. Kak nokasbiBaeT npakTunka, pesynbTathbl
nonyyeHHble ANng ykaszaHHbIX ycnosun no dopmyne (9) n (10) — 6onee TovHble. KonnuecTso Bnarwu,



paccuynTaHHoe no nHCKo MeToauke (8) CUIbHO 3aBbILLEHO ANS Takoro Tuna 6accenHoB 1 Gonee
noaxoauT Ans YCrOBUI UTPOBbLIX 6acCenHOoB.

Haunbonee yHnBepcansHomn aensetca opmyna (9), B KOTOPON aMNMPUYECKMI KOIPPULMNEHT "e"
AaeT BO3MOXHOCTb y4eCTb U Hanbornee BbICOKYH MHTEHCMBHOCTb UCnapeHns B 6acceriHax ¢
aKTMBHbBIMW UIPamMu, ropkamm U 3Ha4MTeNbHbIM BOTHOOOPa3oBaHNEM, a TakkKe 1 B MasbIX
MHONBMAYaNbHbIX MraBaTenbHblX bacceriHax. Vicnonb3oBaHne Hamu STON METOAMKN NP
pa3paboTke u peannsaummn TEXHUYECKNX PELLEHMIA CUCTEM BEHTUNALMN psaga o6bekToB Aano
BbICOKME pe3yrnbTaThl. [pakTnyeckn BO Bcex criydasx o6bemM Bo3ayxa, pacCHUTaHHbIN N0 3TOMY
Bblpa)eHuto, obecneynsan Tpebyembli TeMNepPaTypPHO-BNAXKHOCTHBIN PEXMM MOMELLLEHNN
BacceliHOB B Te4eHMe BCEX NepMogoB roaa.

[lna nogcyeta konu4vecTBa Bnaru, I/ICI'IapﬂIOLLI,eI‘/‘ICﬂ CO CMOY€HHbIX I'IOBerHOCTeI;I nona
cnpaBensiMBo BblpaXeHne:

Wcewm = 0,006¢(te-tm)*Fem (11)

[MoBepxHOCTb UcnapeHns Fcm onpenensieTcs B NPOLEHTHOM OTHOLUEHUN K OTKPbLITOW BOAHOM
NMOBEPXHOCTU 1 NpUHMMaeTcs paBHon 20—40% OTKPbITOM BOAHOM NOBEPXHOCTU. [Npuyem, 4em
Bonblue nnowaab BOOHOro 3epkana 6accenHa, TeM MeHbLUe NPOLEHT.

TeI'IJ'IOI'IOCTyI'IJ'IeHI/lﬂ M BNnaronoctynneHnd ot Kynarwmnxca mMoryTt ObITb NOACYUTaHbI NO (bopmynaM:

Qn =neqn, (12),

Wn = newn (13),

roe gin — KonmyecTBo TennoTbl (BT) u win — konn4yecTBo Bnaru (r/4ac) NpMHUMAaKTCS NpKU YCrioBUSIX
nerkon mamndeckon paboTbl AN HOPMUPYEMbBIX TEMMEPATYPHO-BIIXKHOCTHBLIX NapamMeTpoB B
nomeLleHnsix 6accenHoB paBHbiMu: gn — 132 BT/yac, wn — 225 r/yac.

TennoBblgenexHms ot I'IpI/I60pOB ocBelleHnA onpenenaTca U3 BblpaKeHuaA:

Qocs = n*Nocs (14)



roe NocB — ycTaHOBOYHas MOLLHOCTb NpubopoB ocBeLleHns (BT), n — koachduumneHT nepexoaa
3NEKTPUYECKOM IHEPIM B TEMNNOBYIO NPUHUMaETCS Ang namn HakanmesaHua — 0,92; ons
NIOMUHUCUEHTHbIX namn- 0,55; 4na noABeCHbIX BEHTUNMPYEMbIX NoTonkos — 0,65; Ans nogBeCHbIX
BEHTUMMPYEMbIX NOTONKOB M BbITSXKOM Yepes nnadgoHsl — 0,5.

B nomeLlleHnsix BaHH 6accenHoB, kak npaBunno, NPOEKTUPYETCA CUCTEMA BEHTUNALINN,
coBMelLleHHaa C OTOMJIEHNEM. |_|03TOMy Npn TakKnx cxemMax coctaBnaroLlas Qort B 6anaHcoBoOM
YpaBHEHUN, paCcCHUTbIBaeMad 13 yCrioBnA KoMneHcaunm TennonoTepb Yepes orpaxkgarwwme
KOHCTPYKUMWU, HE Y4UTbIBAETCA. WcknoveHne cocTaBnsaoT AONOSTHUTENBHO npegycmMmatTpmnBaemMblie
MNCTOYHUKN TennonomynneHmﬁ KaK Hanpumep o6orpeBaeMble Nnornbl, BUTPaXun, AeXypHoe
oTonneHne n gpyroe.

TennonocTynneH1s n BNaronocTynfeHns ¢ NpuTodHbIM Bo3gyxom (Qnp) n (Wnp) onpenensetcs 3
BblpaXXeHWM:

Qnp = Gnpelnp (15),

Wnp = Gnpednp (16)

Konunuectso yaansemon Tennotbl (Qya) v Bnarn (Wya) BEHTUNSALMOHHBIM (BbITS>KHBIM) BO34YXOM
OMnpeaensaeTcs U3 BblpaXKeHUs:

Qya = Gyaelya (17); Wya = Gyasdya (18)

roe Gnp, Gya — COOTBETCTBEHHO KOMMYECTBO NMPUTOYHOMO U YAANsieMOro Bo3gyxa npuTo4YHo-
BbITSKHOM BEHTUNAUMEN, Kr/yac; Inp, lyq — TennocogepkaHne NpUToYHOro 1 yaansemoro Bo3ayxa
KoK (Kkar.) Ha kr. Bo3ayxa; dnp, dyg — BriarocogepkaHme npuToYHOro 1 yaanaemoro Bo3gyxa r/kr
Cyxoro Bosgyxa.

I'IepeqmcneHHble napamMeTpbl ABMAKTCA onpeaenarwmmMmm npun pacyeTe npon3BognTENTbHOCTU
BEHTUNALMNOHHOIO OGOpy,EI,OBaHI/ISl no BO34yXYy, Tenmy 1 Xonoay, a tTakxke rnpu Bbl60pe
I'IpI/IHLI,I/II'IlllaJ'IbHO-TeXHOJ'IOFI/I‘-IeCKOIZ CXeMbl aBTOMaTU4ECKOro perynmpoBaHun4.

OpHUM 13 ocHOBHLIX NapameTpoB COM sBnsieTcs MMHUManbHO TpebyeMoe KONMYECTBO HAPYKHOMO
Bo3ayxa (Gnp), KoTopoe onpeaenseTcs M3 yCcroBus yaaneHnsa n3bbiTKOB Briaru, T0 eCcTb:

Gnp = W/(dB —dH) (19)



BenuuvHa BnarocogepkaHusi BHyTpeHHero Bo3ayxa (ds) onpeaensetca no "I-d" gnarpamme
BMaXXHOro BO3Jyxa B COOTBETCTBUU C HOPMUPYEMbIMU 3HAYEHUAMU TeMnepaTypbl (tB) 1 BNaXHOCTH
(fB). BenmunHa BnarocogepxaHnsa Hapy>kHoro Bosgyxa (dH) onpegensetcs no "l-d" guarpamme
BMaXXHOro BO3Jyxa B COOTBETCTBUMN C pacyeTHbIMU 3Ha4YeHnsaMKU (napameTpbl "B" Ans XonogHoro 1
Tennoro nepuonos roga — CHwulM 2.04.05.91) Temnepatypsbl (tH) 1 Tennocogepxarus (IH).

PaccuntaHHas no Bnare BenvynHa Bo3ayxoobMeHa He JoSMKHA OblTb HUXE HOPMUPYEMbIX
MUHUMAIbHbIX 3HAa4YeHUI N0 0ObLEeMY NOMELLEHNS 3aKpbITOro 6acceriHa, KoTopasi B COOTBETCTBUM CO
CHwI1 2.08.02.89 npuHumaeTcsa paBHon 3—5 kpaTHOMYy 06bemy B 4ac. [Npuyem, bonbLuas BenuymHa
OTHOCUTCHA K 06 bEMY BbITSXKHON CUCTEMbI BEHTUMALIMMN.

BTopeiM onpeaenstowmm napametpom COM saBnseTcs ee TennonponsBoanTensHocTb (QB) kBT, TO
€CTb, KONMMYECTBO TEMNNOThl, KOTOPOE HEOOXOAUMO 3aTpaTUTL Ha HarpeB KONMYeCcTBa Hapy>KHOro
Bo3ayxa (Gnp) oo TemnepaTypbl NIPUTOYHOrO Bo3ayxa (tnp):

QB = 0,278-Gnp(tnp-tH) (20),

roe — (tnp) onpepensetcs no "I-D" gnarpamme BNaXKHOro BO3ayxa Kak To4ka nepeceyeHunss MMHNm
MOCTOSIHHOIO BaroCOAEepKaHns HapyXHoro Bosgyxa (dH) ¢ niydom npouecca :

(E=Qo6/W) (21),

roe — Qo6 — n3bbITkM 0bLLero Tenna B NOMELLEHNM B COOTBETCTBUM C BanaHCOBLIM YpaBHEHNEM
6e3 yyeTa konmyecTsa TEMNOTbI, MOCTYNaLLEn ¢ NPUTOYHBIM BO3Ayxom (Qnp).

3aecb He06X0aNMMO OTMETUTL OCHOBHYH OCOBEHHOCTL MU BbIGOpe NPUHUMNNANBHOM
TEXHOJIOMMYECKOM CXEMbI MPUTOYHO-BLITSXKHON BEHTUNSILMM GacceinHoB. [leno B ToM, YTO
BO34yX00OMeH 41151 pa3nnyHbiX NepuoaoB rofa NnoaBepXeH 3HauYnMTeNbHOMY U3MEHEHMIO 13-3a
pes3Koro yBernvyeHns rpagvMeHTa nepenaga BnarocoaepkaHusi BHyTPEHHErO M Hapy»KHOro Bo3ayxa B
XONOAHbIV Nepuod roaa B CpaBHEHMM ¢ TennbiM neproaomM. C y4eToM ykasaHHON 0CoBeHHOCTH,
MakcumMarnbHoe(onpegensioLlee BblGop BEHTUNSILMOHHOW YCTaHOBKM MO
BO34yXOMNpPOM3BOANTENBHOCTI) KONIMYECTBO NPUTOYHOIO BO3Ayxa TpebyeTcs B TENMbIV nepuog roaa.
EcTecTBeHHO, nofaBaTh Takoe KONMYEeCTBO HapYy)KHOro BO3ayXa B XONMOAHbI Nepuo roaa
HepaLuMoHanbHO, TaK Kak 3TO NPMBOAUT K 3HAYUTENBHOMY Nepepacxody TEmnna Ha ero Harpes U K
PE3KOMY CHUXXEHMIO BNaXHOCTW BHYTPEHHEro Bo3ayxa.

Ona obecneyeHns B XonogHblii nepmnoa HopMmnpyembix yCJ'IOBI/IIZ MUKpPOKInnmaTa B DaccelHe n
OKOHOMUWM TOMJINBHO-3HEPIreTUYECKNX PeCypCoB BEHTUITALNOHHBLIE YCTAHOBKN NPOEKTUPYKOTCA C



nepemMeHHol peunpkynsumen. MNpu 3ToM KONMYECTBO HapY)XHOro Bo3ayXxa nodaeTcs U3 pacyeTa
MWHUManbHO TPeBGYeMOro B XONOAHbIV Nepuop U3 yCcrioBus yaaneHus n3bbiTka Bnaru.

B manbix 6acceliHax ¢ He3HaYMTESNTbHOW MOLLHOCTbI0 BEHTUNSLIMOHHOIO o6opy,q0|3aH|/|;|
paunoHanbHee NpUMMEeHATb BEHTUNALMOHHbIE YCTAHOBKU C NJ1aBHbIM NN CTYyNEeHYaTbIM
perynmpoBaHnem Bo3ayxXonpomnm3BoanTENIbHOCTU B XOJSTOAHbIN N TEeNbIn nepunoabl roaa.

CHmxeHns BO3ayXonpon3BoanTesibHOCTN BEHTUNTALUNOHHBLIX YCTAHOBOK MOXHO TakXe OO0CTUYb,
NpUMeHAA OCYyLUUTENN BO3AyXa U yCTaHaBnnBasa UX Mo NnepumMeTpy orpakgaroLinx KOHCprKLI,I/IIZ. |_|pI/1
3TOM OCyLWInTeNn Bo3ayXxa pekoMeHayeTcAa NPpUuMeHATb B MalnbIX U CpeaHUX no o6be|v|y baccenHax
npum /J,e(*)I/ILLI/ITe aHepr006ecnequMﬂ ana cucrtemMm BeHTUnaumin.

B Tennbiii neprop roga Heob6xoanMmo NpoBoAUTL NMPOBEPKY BO3AyXOOOMEHA, pacCYMTaHHOro Mo
Brare, Ha TennomsobITKA U MPU TEXHUKO- SKOHOMUYECKON LiernecoobpasHOCTU CHUXKATb
BO34yX00OMeH 3a CYET NPUMEHEHNS YCTaHOBOK OXIaXaeHus1 Bo3ayxa.

B xonogHbin nepunoa roga C Lesnbio 3KOHOMUK Tensia Ha nogorpes BEHTUNALMOHHOIO BO34yXa,
MOTyT NPUMEHATCA YCTaHOBKN, YTUIMN3NPYKOLLNE TennoTy Bbl6pOCHOFO BO34yxa. [na nomeweHui
baccenHoB pekomMmeHOyeTCA NPpUMEeHATb peKynepaTtuBHbIE TENNTOYTUINN3ATOPbl HENOCPEACTBEHHOIO
OENCTBUA U C NPOMEXYTOYHbIM TEMITOHOCUTENEM.

HarpeB NPUTOYHOIO HAPYXHOro Bo3ayxa B TeI'IJ'onTI/IJ'II/I3aLI,I/IOHHOIZ YCTaHOBKE MOXET ObITb
onpeneneH no cneaywwemMmy ypaBHeHUO TeNyioBOro ©anaHca:

QT.y.=LH.pe0,278(tH.y.-tH.x.)=Ly.X.*p(ly1-1y2) (22)

roe LH.p., Ly.X. — COOTBETCTBEHHO KOJIM4YECTBO HAPY>XHOIro NpMUTOYHOIo BO3ayxa, NnoctynarLiero
yepes TennbIN KOHTYP U KONMMYEeCTBO yaandemMoro Bo3gyxa 4epes XOJTOAHbIN KOHTYpP
TeI'IJ'onTI/IJ'II/I3aL|,I/10HHOIZ YCTaHOBKMU;,

tH.X, tH.y. — COOTBETCTBEHHO TEMMepaTypa Hapy»XHOro BO3ayxa A0 M Mocre Tennoro KoHTypa
TennoyTunusaTopa;

ly1, ly2 — cOOTBETCTBEHHO TennocoaepKaHue (Kox/Kr) yaansemoro Bo3gyxa 4o v Nocre XOnoaHoro
KOHTYypa Tennoytunuaartopa.



Mpu 3TOM, BbIOOP TMNA U KOHCTPYKTUBHO-TEXHOMOMMYEC KON CXEMbl TEMMOYTUAN3aLMOHHON
YCTaHOBKU 3aBUCUT OT 3aaBaeMblX NPOEKTUPOBLUMKOM paLMOHarnbHbIX 3HaYeH tH.y. n ly2 n
koahbpunumneHTa ahpekTMBHOCTU TennoodbmeHa EyT.

Mpu NpoekTpoBaHNM CUCTEMbI BEHTUMASALMN O4EHb BaXKHO Y4UTbIBaTb OCOBEHHOCTYU
pacnpegeneHns NPUTOYHOIO M BbITSXKHOrO BO3ayxa, obecneymsas KOMMOPTHYO NOABMXHOCTb B
30He obuTaHMA noaen. YuntbiBas, YTo NPUTOYHBIV BO3OYX UMEET BbICOKYHO TemnepaTypy tnp 228°C,
HU3KYI0 OTHOCUTENbHYIO BriaxHoCTb (15—-20%) 1 BbICOKYIO CKOPOCTb, €ro LenecoobpasHo nogasarb
BAOJb CTEH M OKOH MO NepumMeTpy NoMeLLeHUs (0COBeHHO 3TO OTHOCUTCH K BaccenHam ¢ ManbiMu
obbemamu). Takoe pacnpeneneHvie Bo3ayxa No3BonsaeT ysenuunsath "nornoTuTenbHYy
CNocobHOCTL" NPUTOYHOrO BO3Ayxa obecneunsas nogaepxaHve TemnepaTypbl y MOBEPXHOCTH
orpaxgaroLLMx KOHCTPYKLMI Bbllle TeMnepaTypbl TOYKM POChI OKpYKatoLLero sosayxa. [pu atom
yAarneHve BRaXxHOro Bo3ayxa NpovusBOAMTCS U3 BEPXHEN 30HbI NOMELLEHUS. OTO CBSA3aHO C TEM, YTO
BMNaXHbIN BO3OYX fierye Cyxoro v nof nepexkpbitTmem BrnarocofepxaHve Bosgyxa 3HauuTerbHO
BblLLE, YeM B 30He NpebbiBaHMA Niogen.

MpY HAaNUYMK 3HAYUTENBHON NOBEPXHOCTU BEPXHEro CBETA (MepeKpbITUE 13 CTEKNOMNaKeToB) YacTb
MPUTOYHOrO BO34YyXa NOAAETCS B BEPXHIOK 30HY HACTUMAOLLMMM CTPYSIMU C BbICOKOW CKOPOCTLIO CO
CTOPOHbI OOHOW 13 NMPOAOIbHBLIX CTEH, a yAaneHne NPoU3BOAUTCS CO CTOPOHBI APYroi NPOAONbHOM
cTeHbl. [pu Takol cxeme [OCTUraeTCsl MoBbiLLEHWE TeMnepaTypbl MOBEPXHOCTU OCTEKNEeHUs (Mpw
Boree BbICOKOW TeMnepaType NogaBaeMoro Bo3ayxa B BEPXHIOK 30HY) B XOMOAHbIN nepuog 1
CHATUE Nneperpesa (Npy OXNaxxaeHUM NPUTOYHOro BO3dyXa) B XapKui nepuod roga.

Mpu npoekTnpoBaHnn COM GacceiHoB HEO6X0AUMO NpeaycMaTpuBaTh YCTPOMCTBA 4151 CHUXKEHMS
YPOBHS1 a3poANHaMUYECKOro 1 MEXAHUYECKOrO LLYMOB OT paboTatoLero BEHTUSALMOHHOIO
obopynoBaHus. Kak npaeuno, WwyMornywmuTenu (nnactuHyatble unmn tpybyatslie B 3aBUCUMOCTU OT
KOHUrypaLmm Bo3aAyXOBOAOB) YCTaHaBNMBAOTCA Ha 06enx CTopoHax BeHTunsTopa. Pacuet
nrowaam NonepeyHoro cevennst rmymnTens (Sw) Begetcst U3 ycroeusi 4ONyCTUMON Mo
LWyMooBpa3oBaH1o CKOPOCTM BO34yXa B KMBOM CEYEHUM MYLUMTENS, KOTopasi IPUHMMAETCS B
npegenax 4—5mv/cex.

Sw = Le/Vgon (23)

CHWxeHMe aspoaMHaMUYECKoro WymMa, pacnpoCcTpaHsaemMoro nNo BO34yxoBogam, 4oCTUraeTcs
YMEHbLLEHNEM CKOPOCTU BO3AYyXa 3@ CYET YBESIMYEHUS CEYEHMST BO3AYXOBOAOB. CHM3UTL YPOBEHb
LUyMa Ha KOHEYHbIX y4acTkax MOXHO Takke C MOMOLLbI0 COeQUHEHUSI METaNSIMYECKUX BO34yXOBOAOB
N BO3AyXopacnpeaenuTernbHbIX YCTPONCTB MOKMUMYM LLYMOMOrMoLLaLLIMMM BO30YyX0BOAAMN TUNa
"Sonodec".

MpuToyHasa BEHTUNALMOHHASA YCTaHOBKA MPU NPOEKTUPOBAHNM AOIKHA KOMMNIEKTOBATLCA HAabopom
dunbTpos rpybor (EU3) n ToHkon (EUS) o4mcTkm npuToyHOro Bo3ayxa. dPunbTpoBanbHbIMM
mMaTepuanamm onsa ounbTpoB rpybor O4MCTKM MOTYT ObITb METaANNU3MPOBaHHLIE UK
CMHTETUYECKME CeTKN B BuAe naHenen. B dunbTpax TOHKON OYMCTKN MPUMEHSETCS CTEKIOTKaHb CO
cneumanbHOW NPOonNUTKOW. B OCHOBHOM 34eCb MPUMEHSAIOTCA KapMaHHbIe S4erKoBble PUnbTPbI, TGO
hVNbTPbl CO CMEHHBIMU MIAacTUHaMU.



Mo pes3yrnbTataM pac4eToB Tens10-B1aXHOCTHOro ©anaHca nomelleHnsa 6acceriHa, a Takke aHanmsa
KPpyrnorogn4HbIiX pexxmmvos pa6OTbI BEHTUNMALMNOHHOIO O60py,EI,OBaHI/1$|, COOTBETCTBYIOLLMNX
TEXHU4YEeCKOMY 3aaHNI0, NPOBOAUTCA, COBOCTBEHHO, NnpoeKkTnpoBaHne COM, T0 ecTb,
pa3pa6aTb|BaeTC$| npuHUnnmManbHO-TEXHOJ1I0ONrM4YEeCKaa cxemMa 06pa6OTKI/1, nogavn n yganeHua
NPUTOYHO-BbITAXKHOIO BO3AyXa, Bbl60p O60py,EI,OBaHI/I$| N NpuBA3Ka €ro K O6'beMHO-I'IJ'IaHI/1pOBO‘-IHbIM
peweHnamMm 3gaHun4.

MonHas npuHUMnuansHo-TexHonornyeckast cxema COM, npeactaBreHHas Ha pyc. 2, BKIIOYaET B
cebsl NPUTOYHBIV U BbITSXKHOM KOHTYPbI, B3aMMOYBsi3aHHble Mexay coboi no BO3AyXY.

MpuTo4HbIN KOHTYP COM cobupaeTcs M3 PyHKUNOHaNbHbIX GI0KOB KOHANLIMOHEPOB, BKITHYAKOLLNX
Mo Xo4y BO34yxa: BO3AYLUHbIV KranaH ¢ 3NeKTPoNpmMBOAOM ANS perynmpoBaHus nocTynneHus
HapY)XHOro BO34yxa, BO3AYyLIHbIE PUbTPbI FPYOOM U TOHKOW OYUCTKM, IIIMKONEBLIA PEKYNepaTUBHbIN
TEeNNOOOMEHHUK, IAe HAaPYXKHbIN BO34YX OT pacyeTHbIX NapaMeTpoB 3UMHEro nepuoaa A4orpeBaeTcs
00 BbIGpaHHOM onTUManbHOM TeMMNepaTypbl, 3@ CHET TEMNMOThI yaansaemoro Bo3ayxa,
TennoobMeHHUK 1-ro nogorpesa, B KOTOPOM NMPUTOYHBIN BO3ayX Aorpesaetcsa Ao +10-15°C 3a cyet
NCNONb30BaHUA TENNTOHOCUTENS NMOBbLILLEHHBIX NAapaMeTpoB (neperpetas BO4a CUCTEMBI
TennocHabXeHus), kKamepa CMeLUMBaHNA yaansaeMoro u NpUTOYHOro Bo3ayxa (peumpkynauus), rae
MPUTOYHBIN BO34YX 3@ CHET CMELUMBAHNSA C yaanseMblM BO34YyXOM LOTPEBAETCS N YBMAXKHAETCS B
XOMnoAHbIN nepuog roga, cekumns 11-ro nogorpesa, B KOTOPOW MPUTOYHbBIV BO34YX OOrpeBaeTcs Ao
pac4yeTHOM MPUTOYHOM TeMnepaTtypbl U, Kak NPaBuo, Ha 3TOM TENNTO0OMEHHMKE YCTaHaBMMBaETCS
y3ern perynupoBaHnga TemnepaTtypbl NPUTOYHOIO BO34yXa, BEHTUNATOPHAsA CEKLMS N CeKLms
ryLweHns wyma.

[na cHatusa neperpesa nomMeLleHnsa bacceiHa B Tensbin nepwuoa roga npn Hannydmn oonbLmnx
nrowagen OCTeKNEHHbIX I'IOBerHOCTeIZ B q.)yHKLI,I/IOHaJ'IbHOIZ CXeme npenycmatpmBaeTcd yCTaHOBKa
oXnaxgaeHma nputTo4yHoro Bosayxa, BKroYarwlias TennoobMeHHNK-0XNaanTenb C XONOANNbHOM
MaLUMHOM (J'II/I6O npamMoro ncnapeHuA, nnbo ¢ NPOMEXYTOYHbIM TeI'IJ'IOHOCI/ITeJ'IeM).

Mocne rnywmMTens Bo3ayx no BO3OyxoBogam rnogaetcs B 6acceiHoByto 30HY. Mpu aToM
opraHu3saumsi Bo3ayxoobmMeHa B noMeLleHun 6acceiHa NnpuH1UMaeTcsl ¢ y4eToM 06 beMHO-
MNaHUPOBOYHBIX N KOHCTPYKTUBHBIX PELLEHWI 3aaHus. MpUTOYHBIN BO3AYX MOXET NoaaBaThCcs B
HECKOSIbKO 30H, MPUYEM B HEKOTOPLIX CryYasx (Hanuuue BUTpaxen, oHapeit, BEpXHEro
OCTEKINEHUs 1 TaK Aanee) TemMrnepatypa NPUTOYHOro Bo3ayxa MOXeT BbiTh Bbile HOPMUPYEMON
TemnepaTypbl BHYTPEHHErO BO3yXa, YTO CBSA3aHO C HEOBXOANMOCTLIO KOMMEHcaLuUM TENonoTepsb,
MoBbILLEHNEM TeMMepaTypbl BHYTPEHHEN MOBEPXHOCTM OrpaXkaeHust U npeaynpexaeHuemM
BbINafeHns KoHOeHcaTa.

BbITS>KHOW BriaXKHbI BO3AYX yOANseTCcsa U3 BEPXHEN 30HbI (Mo4 NepeKpbITUEM) U NO BO34YXOBOAAM
NocTynaeT B BbITAXHOW arperart, BKIoYatoLWwmi: BO34YLUHbIA ABYXCTYNEHYaTbln (PUNbTP, BbITSXKHOM
BEHTUNATOP, CEKLMIO CMELLMBAHMS (PELUPKYNSALMS) peKynepaTUBHbIV IMMKONEBLIN TEMOOOMEHHUK,
B KOTOPOM U3 yaansiemoro Bo3ayxa B XOroAHbIN nepuog oTbmnpaeTcsa Tenno, NoHmxasa TeMmnepatypy
BblOpacbiBaeMOro Bo3ayxa [0 paunoHasnbHbIX 3a4aHHbIX 3HAYEHUI, U HApYXXHbIN BO34YLLUHbIN
KrnanaH c anekTponpueoaoM. Npn HeobxoauMoCcTn 4O U NOCIE BEHTUNATOPA YCTaHABNMBAKOTCS
rywunTenu wyma.



B uensx cobniogeHns npaem noxapHoi 6e30MacHOCTV Ha HarHeTaTerlbHON CTOPOHE MPUTOYHOIO
BEHTUNATOPA U BCACbIBAOLLIEN CTOPOHE BbITSXKHOTO BEHTUMSATOPA MPU NPOX0AaXx BO34YyXOBOA0B
Yyepes orpaxaaroLime KOHCTPYKLMM YyCTaHaBMNMBAKOT OrHe3adepKnBatoLLme Knanaxa.

B kayecTBe Bo3gyxopacnpenenuTenei NpMMEHSIIOTCS pasnnyHble perynupyemMble YyCTPONCTBa,
No3BONSAOLLME PABHOMEPHO pa3aaTh U yaanuTb Bo3ayx, obecrneyrBasi B 30He HaxoxXaeHus nogei
HOPMUpYeMble NapaMeTpbl N0 TEMNepaType U CKOPOCTU ABUMXKEHUS BO3AYXa.

MpencTaBneHHas Knaccuyeckas npuHUUNMansHo-TexHonormdeckas cxema COM 3aKpbITbiX
NoOMeLLEHNI NrnaBaTerbHbIX 6acCenHOB MOXET ObITb B KaXXOOM OTAENbHOM CryyYae ckoppe
KTUpOBaHa B 3aBUCUMOCTM OT 06 bEMHO-NNaHNPOBOYHBIX PELLEHWN 30aHUs, paioHa 3acTPOVKN,
HasHayeHns GacceiHa 1 B COOTBETCTBMU C TEXHUYECKMM 3aaHMeM Ha NPOeKTUPOBaHue.

PaccmMoTpuM Ha KOHKPETHOM NPUMEpPE NPUMEHEHME NPUBEAEHHON MeToANKN NpoekTupoBaHus COM
nnaBaTeribHbIX 6accenHoB.

TpebyeTcs 3anpoektupoBaTb COM 3akpbITOro nnasaTenbHOro 6acceiHa, NpucTpaMBaemMoro K
CYLLECTBYIOLLIEMY 34aHUI0 TEHHUCHBbIX KOPTOB ([eTckaa Akagemus TeHHuca "Banepu", r. Mocksa).

MpuctpanBaemoe 3aaHme 6accenHa ¢ BEPXHUM CBETOBbIM NMPOEMOM, NEPEKPLITLIM CTEKINOMNakeTamm
C ABOWHbBIM Ccnoem octekneHusi. Conpotuernenne Tennonepegadve octeknenuns Re.np.=0,4 m2-°C/BT.
CTpouTenbHble orpaxaaroLLme KOHCTPYKUUK BaccenHa, KpoMe BEPXHErO NEPEKPLITUS, KOHTaKTa C
HapYy)XHbIM BO3yXOM HE MMEIOT.

O6was nnowaab nomeLLeHnsa bacceriHa — (17¢25) = 425 M2, cpeHsia BeicoTa — 6,8 M.

Pa3mepbl BogHOro 3epkana 6accenHa — (1320) = 260 m2. Fopu3oHTanbHas npoekumns
MOBEPXHOCTM OCTEKNEHNS BEPXHEro cBeToBoro npoema — (10+25) = 250 M2, yron HaknoHa K ropu
30HTY — 150, opneHTaumna — toro-3anag.

baccenH npegHasHadeH onga otabixa nocre CnopTUBHbLIX 3aHATUN. KonnyecTBo 04HOBPEMEHHO
Haxoasawmxesa nogen B 6accenHe — 20 vyenoek. OcBeLLEHNE OCYLLLECTBNAETCA
NIIOMUHUCLEHTHBIMW NamnamMmu no nepumMmeTpy 6accenHa B konmyectse 20 wT., MowHocTeo 200 BrT.
Kaxxgas. B npoxogax mexay vawen 6accenHa v gyweBbiMy kKabrHaMmu NpeaycMOTPeEHbI
nogorpeBaemMble Nosbl.



PacuyeTHble napameTpbl HAPY)XHOrO BO3AyXxa NPUHUMAOTCA: — AN XONOA4HOro nepnoga — tH = -
26°C; IH = -26 kmx/kr; dH = 0,24 r/kr; ans Tennoro nepnoga — tH = 28,5°C; IH = 54 kox/kr; dH = 10
r/kr. Hopmmpyemas TemnepaTypa Boabl B 6accenHe — 27°C. PacyeTHble napameTpbl Bo3gyxa B
nomeLyeHnn daccennHa — tB = 29°C; ?B = 65%; dB = 16,3 r/kr., IB = 71 KOX/Kr.

Pacuet HaumMHaem ¢ onpeaeneHna TennoBoro NOToka, TepAemMoro B XONOAHbIN U nocTtynawLiero B
TennbIn nepmnoabl roga Yepes orpaxgarwwme CTpounTesibHble KOHCTPYKLUMX NOMELLEHNA baccenHa.

TennoBol NOTok Yepe3 CTeHbl HaccenHa, ABNSWUMUCS BHYTPEHHUMUW CTPOUTENbHLIMU
OrpaxgeHnsIMM NOMELLEHUI C He3HaUYMTENbHON (MeHbLUe 5°C) pasHuuen TemMnepaTyp BHYTPEHHETO
BO34yXa NPUHUMAEM, PaBHbIM HYIHO.

Tennosow NOTOK Yepe3 BepxHee OCTekneHne onpegenseTca U3 BoipaxeHus (5):

Qor=1/Rore(teB—tH)*For=1/04+(29-(-26))*250=34375 BT.

[anee HeobxoaQnMO NPOBEPUTL OrpaxaaroLLme KOHCTPYKLUMK Ha cobniodeHne ycrnosum
HeBblNaAeHNs KoHOeHCaTa Ha UX BHYTPEHHUX NOBEPXHOCTAX. Takyto NpoBepky TpebyeTcs NpoBecTy
TONbKO ANS BEPXHEro octekneHns. CornacHo BbipaxeHuto (3), TemnepaTtypHbli nepenag (ts-tor),
XapaKTepu3yloLLMin BO3MOXHOCTb BbiNadeHns koHaeHcaTa byaeTt paBeH:

(te-tor) = n (tB-tH)/RoreLB= 1+(29-(-26))/0,4+8,7= 15,8°C,

roe LB — onpenensietcs no 1abn. 4 CHull 11-3-79**.

Torga TeMneparypa BHyTpeHHeIZ NOBEPXHOCTU OCTEKIEHNA 6y,1:|,eT paBHa:

tor =t8-15,8 = 13,2°C.

TemnepaTypa TOYKM poCbl BHYTPEHHENO BO34YXa NPU 3af4aHHbIX BHYTPEHHUX TEeMMepaTypHo-
BMNa)XHOCTHbIX YCIOBUSIX onpegenntcs no I-d gnarpamMmme Ha nepeceveHnmn IMHUA NOCTOSIHHOMO
Bnarocogepxanus des= 16,3 r/kr ¢ kpneon HacbiweHus (¢=100%), To ecTb tp = 21,8°C.



[nsa BbINOMHEHNS YCNOBMI HEBbINAAEHUSA KOHAEHCATa TeMnepaTypa Ha BHYTPEHHEN MOBEPXHOCTU
orpaxaeHus gomkHa 6biTb Ha 1-2°C Bhbilwe tp, To ecTb tor>22,8°C, 4To 3HAaUNTENBHO BbILLE
dakTmnyeckoro 3HauveHus tor.c. = 13,2°C.

Tak Kak N3MeHUTb CcTpouTernbHOE pelwleHne He npeacrtaBndeTcda BO3MOXHbIM, ANA obecneyeHns
HeBbINageHUs KoHaeHcaTa Heobxoaumo B 30HY OCTEKIeHuna nogatb CYXOIZ BO34yX C TeMHepaTypoﬂ
Bbllle TeMnepaTtypbl BHYyTPEHHEro Bo3yxa paBHOMEPHO pacnpeneneHHbiMn HacTunatrowmmMmnca
CTpysAMUM C OTHOCUTEJIbHO BbICOKOWN CKOPOCTbIO, obecneunBasi Taknm o6paso|v| noBbIlLEHNE
TeMnepartypbl orpaxaeHna n HU3KyK CTeneHb KOHTakKTa BHYTPEHHEro BliaXHOro Bo3ayxa C
HI/I3KOTeMI'IepaTypHOIZ NOBEPXHOCTbIO OCTEKIEHUA.

B Tennbin nepuopg roga KONMYECTBO TENNOThI, MOCTyNakLee B MOMELLEHNE Yepes
CBETONPO3payHble OrpaxaeHus, onpegenntca U3 solipaxeHus (5'):

Qor.n = (q’*For'+q”«For”’)sKoTH.n. +(tH-tB/Ror)+For.

B cBs3M ¢ TeM, YTO B JAHHOM MOMELLLEHNN OBYyYEHUIO CONHEYHON paamnaumnm noaBepraeTcsi TONbKO
ropu3oHTarnbHas He3HauYNTeNbHO HaKkNnoHeHHas (<150) NoBepXHOCThb, TO cocTaBnsoLwas (q”)
TENMOBOro NoToka Yepes Heobry4eHHYH NOBEPXHOCTL B pacyeTe He yunThiBaeTcsi. B AaHHOM
pacyeTe Takke He yunTbiBaeTCa COCTaBnsaioLwas TennoBoro notoka (tH-te)/Ror. B cBA3M C
He3HauMUTENbHOW pasHULEN TEMMNePaTyp HAPY>KHOrO U BHYTPEHHEro BO3ayxa B TEMSbIN Nepunog
roga.

3HauyeHune (q’) TEns10BOro noToKa 4Yepes3 ropn3oHTaribHyr0 HakKrnoHHyH NOBEPXHOCTb, o6nyquHyro
NPSIMOW COMHEYHOWM paguaumnen onpeaenmTca N3 BblpaKeHus:

q’ = (qr.n..K3+qr.p.) K1-K2,

roe qr.n., qr.p. — COOTBETCTBEHHO TEMSIOBLIE NOTOKM OT NPAMOM U pacCEAHHON CONMHEYHON
paguaumm, noctynarLen B MOMeELLEHME B NIOSE Yepe3 OANHAPHOE OCTEKITEHME CO CTEKIOM
TOMWMHOM Ao 3,5 MM., NpMHUMaroTCs paBHbiMK 521 1 80 kkan/dyacem2 (pacyeTHbin Yac 11-13,
wupoTa r. Mocksbl 560);

KOTH.N — KO3 PULMIHT OTHOCUTESTBHOIO NPOHUKAHNSA CONTHEYHOW paauauumn ansa BOMHOro
OCTEeKNEHUs TonwuHom Ao 3,5 MMm. npMHMMaem pasHbim 0,9;

K1 — KO3(hp1LNSHT, y4nTbIBaIOWNI 3aTEHEHME NepensieTaMu U 3arpsisHeHne atmocdepsl,
npuHMmMaem paBHbiM — 0,75;



K2 — KO3(p(PMLNSHT, y4nTbIBaIOLWUIN 3arpAa3HeHue cTekna, npuHuMaem pasHbiM — 0,95;

K3 — K03(hpULMSHT, yHUMTHIBAIOLLMIA YrON HaKrMoHa 3anofHEHNSA CBETOBOro npoema (npu <150),
npuHMmaeTcs pasHbiM — 0,97.

C y4eToM BCeX BblLLeYyKa3aHHbIX 3HA4Y€HWI, TENMOBOM NOTOK OT COSTHEYHOW paguaumm B NOMeLLeHNE
©accelHa cocTaBuT:

Qor.n1.=((521+0,97+80)+0,75¢0,95+0,9+250)1,163 = 109138 Br.

YyunTbIBas 3Ha4YNTESNbHOE KONIMYECTBO Temnsia CoSTHEYHOM pagnauunn, nomynarou_leﬂ yepes BerHI/IIZ
CBETOBOM npoem, Ana CHATUA neperpesa noMeleHna n napHUKOBOIo SQ)(beKTa B 30HE OCTEKI1EHUA,
Heob6xoaMMo B TENSbIN nepmnoa roga B BEpXHOK 30HY nogaBaTb OXJTaXOEHHbIN BO34yX paBHOMEPHO
pacnpeneneHHbiMn HacTunarLwmmMm CTpyamun.

TennonocTynneHusi B noMmelLeHne 6acceliHa oT KynatoLmxcs U 3puTenein CocTaBuT:

Qn = negn = 20132 = 2640 BT.

TennoBbIAENEHNS OT OCBELLEHNS TIOMUHUCLIEHTHBIMW flamMnaMn COCTaBUT:

Qocs.=n*Nocs.= 0,55+(20-200)=2200 Br.

TennoBow NOTOK, MOCTYNalLLMA B MOMELLEHNE OT UCTOYHMKA OBOrpeBa nomna cocTaBnseT:

Qnon = 14500Br.

KonunuecTBo TennoTbl, NocTynarLee B NOMeLLEHNE C NCNapALLMMCS NOTOKOM Briaru,
onpefennTcs u3 BolpaxeHns (6):



Qu=0,68:Wn+1000=0,68 +(WoTtk+Wcm+Wr)*1000=0,68+(45,8+3,25+4,5)1000=36414 BT.

roe WoTk. onpegenuTcs ns Bolpaxenns (12):

Wortk=[e+(Pw-P1)/1000)]*FoTk=20+(34,8-26,0)+260/1000 = 45,8 Kkr/4,

roe "e" — amnmpuyeckmin KoahULMEHT Ans YCnoBuin obLLecTBEHHbIX 6GaceiHOB C HOpMarnbHOM
aKTUBHOCTbLIO KynarLLMXCs NpUHUMaeTcs paBHbiM "20";

Pw — faBneHne BOAsIHbIX NApOB HACbILLEHHOro BO3ayxa Npu TemnepaTtype BoAbl, paBHomn 27°C,
coctaBuT 34,8 6apa;

P1 — napumanbHoe faBreHne HacblLLEHHbIX BOASHBIX NapoB npu Temnepatype Bo3gyxa 29°C u
OTHOCUTENBHOW BriaxkHOCTU 65% coctaeut 26,0 6apa.

KonunyecTso Bnaru, ncnapsioLeecs co CMOYEHHOW noBepxHocT nona Wem onpegenutes no
BblpaxeHuto (11):

Wem=0,006+(tB-tM)Fcm=0,006+(29-23,8)+104=3,25kr/u,

roe t8 — Temneparypa Bo3gyxa B nomeLleHnn 6accenHa pasHa 29°C;

tMm — TemnepaTtypa Bo3gyxa B MOMELLEHMNM NO MOKPOMY TEPMOMETPY OnpeaenseTcs Kak Touka
nepeceyveHnst MIMHUM MOCTOSIHHOTO Tennocoaepxanus 1B = 71 kox/kr ¢ kpueon 100% HacbILWeHUs, To
ecTb tm = 23,8°C;

FcM — noBepxHOCTb CMOYEHHOTO nona npuHMMaeTcs pasHon 40% OT nnowaan OTKPbITON BOAHON
NoOBEPXHOCTU, TO ecTb Fcm = 260+0,4 = 104 m2.

KonunyecTtBo Bnaru, Bolgensemoe nogbmMmn,CocTaBuT:

Wn=newn=20+225=4,5 kr/u.



MuHMManbHO Tpebyemoe KONMYECTBO Hapy»XHOro BO3ayxa B XONOAHbIN nepuod roaa onpeaenuTcs
13 yCnoBwus yaaneHusi n3bbITKOB Bnaru no BoipaxxeHuto (19):

Gnp=((Wwn+Wn)/(dB-dH))+1000=((49,05+4,5)/(16,3-0,24))+1000= 3334 Kkr/u.

MakcumarnbHoe Konu4ecTBo Bo3ayxa TpebyeTcs nogaTh B TENMbIA NEpMOS rofa 1 3TO KONMYECTBO
OyneT paBHo:

Gnp.n=(53550/(16,3-10,0))+1000= 8500 kr/4. unu

Lnp=8500/1,2=7080 mM3/u.

O6bem nomelleHns baccerHa V6=425+6,8=2890 m3,Toraa MMHMMarnsHoO Tpebyemblii
BO34yx000MeH no o6bemy nomeLeHus coctaBuT: Lo6=2890+3= 8670 m3/4. MakcmansHo
Tpebyemoe KonmyecTBo Bo3ayxa no obbemy coctaBuT: Lo6=28905= 14450 m3/u.

Mcxoaqa U3 nornyyvyeHHbIX pesyrnbTaToB, NPMHMMAETCH NPUTOYHAs YCTaHOBKA, paccymMTaHHasa Ha
cpenHee nNo o6beMy KONMYECTBO MPUTOYHOIO BO3ayxa, To ecTb 11550 mM3/4. BbITSXHasa ycTaHOBKa
NpYHMMaeTCcsa N3 pacdeTa MakcumarnbsHO Tpebyemoro KonmyecTsa Bo3gyxa no 06bemy, TO €CTb
14450 m3/4, obecneunBas Takmm obpasom 20% paspskeHne B nomelleHnn bacceriHa.

[ns xonogHoro neproga roga npuHMMaeTCd CUCTeEMa BEHTUNALUKN C NEPEMEHHON peuunpKyrnsumen.
MakcrmanbHoe KONMYeCTBO PELMpPKYNALMOHHOrO BO3ayxa npuHumMaeTcs paBHbiM 70%, 4To, C
HebonbLWKMM 3anacom, obecnednBaeT nogavy MMHUManNsHoO TpebyeMoro KonmyecTea HapyXHoro
BO34yXxa B XONOAHbIV Nepuod roga Ans yaaneHnsa nsbbitka snaru, 7o ectb 3450 m3/4. KonnyecTtso
TennoTbl, KOTOPOE HEOHXOAUMO 3aTPaTUTb HA HAarpPeB HAPY)KHOIO (CMELLAHHOro) Bo3ayxa 40
Temneparypbl NpUTOKa, onpeaenuTcs ua BolpaxeHus (20):

QB=0,278-Lnp+(tnp-tcm)

[ns ganbHenwmnx pacyeToB BOCMNOSb3yeMcs rpadpuyecknm MeTo4oM NOCTPOEHUS MPOLLECCOB
06paboTkn NPUTOYHOro BO3ayxa ¢ ucnornb3oBaHeM "I-d" guarpammel, NpUBeOEHHON Ha puc. 3.

Ha none "I-d" anarpammbl (ons r. Mocksbl 6apomeTpuyeckoe AaBneHne 745 MM.pT.CT.) HAHOCUM
TOYKM C NapameTpamun BHyTpeHHero (18=29°C, ?B=65%, dB=16,3 r/kr) n HapyxHoro Bo3gyxa (tH=-



26°C, IH=-26 kox/kr, dH=0,24 r/kr). Ha nnHun coeamHeHnsa napameTpoB BHyTpeHHero (T. "B")u
HapyxHoro (T. "H") Bo3gyxa onpeaensieMm Touky cmecu (1."C"), 4ns 4ero Ha JIMHUU CMECU HapY»XKHOro
1 BHyTpeHHero Bo3ayxa (H-B) ot 1. "B" oTmepsiem oTpe30ok, paBHbii 30% BCel ee ANnHbI,
yKasblBaloLLMIN Ha MPOLEHTHOE OTHOLLEHME MPUHATOrO KONMYeCTBa Hapy>KHOro Bosayxa. [NapameTpbl
T."C" — (tcm=13,2°C, lcm=42,5 kgx/kr, dcm=11,6 r/kr).

[Nanee no BbipaxkeHuio (21) onpeaensiem HanpaeneHue nyya npouecca (E), xapaktepuayoLiero
MPOLIECC acCUMUMALMK Tenna 1 Brary B NOMELLEHUN MPUTOYHLIM BO3AYXOM:

E=3,6¢(Qu+Qn+Qocs+Qnon-Qorp)/(WoTtk+Wcm+Wn)=3,6(36414+ 2640+2200+14500-
34375)/(45,8+3,25+4,5)=1436 Kax/Kr.

Uepes Touky "B" npoBoanm NuHMO napannenbHyto nydy npouecca (E=1436) oo nepeceveHus ¢
TNIMHMEN NOCTOsIHHOro Bnarocogepxannsa dem=11,6 r/kr. NMonyyeHHasn Touka "T" xapaktepnsyet
napameTpbl NPUTOYHOro Bo3ayxa: (tnp=34,3°C, Inp=64,8 kox/kr, dnp=11,6 r/kr). Torga Tennosas
MOLLIHOCTb TENO0OMEHHMKA MPUTOYHON YCTAHOBKM COCTaBUT:

Qnp=0,278+11550-1,2+(34,3-13,2)=81300 Br.

Ha a1y TennoByto MOLHOCTb C 3anacoM He Gonee 20%, a Takke C y4eToM napameTpoB
TEeNMoHOCUTENS, 3a1aBaEMOro TEXHUYECKUM 3aaaHneM, noabmpaeTcs Tenoo6MeHHNK MPUTOYHOM
YCTaHOBK!.

Ha aton ctagumn MOXHO ObIno 6bl U 3aKOHYUTL pacyeTbl U NogobpaTh O4HY NPUTOYHO-BLITSXKHYHO
YCTaHOBKY C npounssoamTensHocTbio L=11550 m3/4 n no Tenny Q=98 kBT.lMpwn oLeHke
€0MHOBPEMEHHbIX 3aTpaT 3TOT BapuaHT 6oree 3KOHOMUYEH B CPABHEHUN C ABYMS MPUTOYHO-
BbITSXKHbIMW YCTaHOBKaMn. Ho 6onee aetanbHbI TEXHUKO-3KOHOMUYECKUI pacHeT C y4eTOM

06 BEMHO-NNAHMPOBOYHBIX U KOHCTPYKTUBHBLIX OCODEHHOCTEN 34aHMS NOKa3bIBAET, YTO, C TOYKM
3pEeHnNs IKCMyaTaunoHHbIX 3aTpaT, 3KOHOMUYHEE 3anpOeKTMPOBaTh ABE UOEHTUYHbBIE MPUTOYHO-
BbITSXKHbIE YCTAHOBKM, paboTatoLmne B XonogHbIv nepuog B pexume 50% peumpkynauun. MNpun aTom
O[lHa yCTaHOBKa MOXeT ObITb pe3epBHON. B Tennkin nepuog paboTtatoT 06e yCTaHOBKM.

B aTom crniyyae, npu noctpoeHun npouecca Ha "lI=d" guarpamme, otpesok "B-H" byaet
Xapakrepn3oBaTb 00LLEee KONMYECTBO BO3AyXa, MPOXOASALLEro Yepe3 BEHTUIALNOHHYK YCTaHOBKY,
TO ecTb 5750 M3/4, a oTpe3sok "B-C’™" — KONMYeCTBO HapY>KHOro BO34yxa, NOCTyNnatoLLEero B
nomeLleHne baccerHa, T.e. 2875 m3/4. Konnyectso Tennotsl, Tpebyemoe Ansa Harpesa NpUTOYHOrO
Bo3gyxa (ot t'cm= +2,0°C po t'np=38,2°C), cocTasuT:

Q’'np=0,278+5750+1,2+(38,2-2,0)=69440 BT.



Kak BuaHo 13 "I-d" gnarpaMmmbl TOHKM CMECU 1 B MEPBOM 1 BO BTOPOM BapuaHTax HaxogsT A B 30He
"TymaHa", TO eCTb B Kamepe CMELLUNBaHUSA HapyXHOro 1 BHYTPEHHEro Bo3ayxa OyaeTt npoucxoanTb
KOHAEHcauus Bnarn n BO BTOPOM BapuvaHTe BO3MOXHO 00reieHeHE NOBEPXHOCTEN B TOM YUCIIE U
huUNbTPOB rPyOGON OUNCTKM, T.K. BO3OYLLHBIA PEXMM CMELLMBAHUSA HEYCTONYMBLIN, a Temneparypa
cMecun JoBONbHO HU3kasd (fem= +2,0°C).

YUT00BbI n36exaTb 3TUX HENPUSATHOCTEN, a Takke C Lenbtlo 6ornee TOYHOro perynMpoBaHns
TemnepaTtypbl MPUTOYHOrO BO34yXa, B MPUTOYHON YCTaHOBKE npedycmaTpuBaeTcs ABa
TennoobmeHHVKa — NepBOro 1 BTOporo nogorpesa. Mpu aTom, Kamepa CMeLlMBaHWS yCTpanBaeTcs
nocne TennoobMeHHMKa NepBoro No4orpesa, B KOTOPOM BCE KONMYECTBO HApPY>KHOMO BO3AYXa,
TpebyemMoro Ansi XoNo4HOro nepuoga HarpesaeTcs 40 TeMnepaTypbl 6e3onacHov Ans 3aMmep3aHus
B HeM TennoHocutens, T.e. 15°C (puc. 4, 1. K1). MNMocne 50% cmelunmBaHNsi BHYTPEHHETO U
MOAOrPEeTOro B NepBOM TeMNOOBMEHHMKe, NPUTOYHBIA BO34YX B NONHOM obbeme ¢ napameTpamu B
Touke "C" (tcm=22,0°C, dcm=8,2 r/kr, ) nocTynaeT B kanopud)ep BTOPOro NO4OrpeBsa, rae
HarpeBaeTcsa 40 NapamMeTpoB NpUTOYHOro Bosayxa (1. K2 — tnp=38,1°C, dnp=8,2 r/kr).

|_|O[J,60p TENNOOOMEHHMKOB (I'IpI/l OBYX MPUTOYHO-BbITAXHbIX yCTaHOBKaX) B 3TOM Clly4ae BeeTCHd Ha
TennoBble Harpy3kn COOTBETCTBEHHO paBHbIE:

Q1=0,2782875°1,2+[15-(-26)]=39323 Br.

Q2=0,2785750+1,2+(38,1-22,0)=30883 Br.

CymmapHas TennoBas BEHTUNALMOHHAs Harpyska Ha cuctemy TennocHabxeHust ¢ yyetom 20%
3anaca CoCTaBuT:

Qcym=(39323+30883)1,2=84247 Br.

B cBSA3M ¢ HE3HAYNTENBHOM TEMNTOBOW MOLLHOCTbLIO TEMITO0OMEHHUKOB, a TakXe C Lenbio
NOBbILUEHNS HAAEXHOCTN paboTbl CUCTEMbI B XONOAHLIN Nepuoa roga MOXHO 3anpoeKkTMpoBaTh
3NEKTpUYECcKMe TENTO0OMEHHMKN, OCOBEHHO NEPBOro NogorpeBa, YTo NPUBEAET K CHUXXEHUIO 3aTpaT
Ha aBTOMaTM3aLmIo, HO NPU 3TOM MOTYT NOBbLICUTCS SKCNIyaTauMOHHbIe 3aTpaThl U3-3a BbICOKON
CTOMMOCTW 3NIEKTPOIHEPTUN.

C uerbio 3KOHOMUU TOMNBHO-3HEPTETUHECKMX PECYPCOB MOLOIPEB HAPYXKHOIo BO3Ayxa A0
paLMoHarnbHON TeMnepaTtypbl B TENNO0GMeHHVKe 1-ro NogorpeBa MOXeT OCYLLECTBATLCS 3a cYeT
TennoobMeHa Hapy>KHOTO 1 yAanseMoro Bo3ayxa B TENMoyTUIM3aLMOHHON YCTaHOBKE.



[ns onpegeneHnsa napameTpoB 1 BbIGopa KOHCTPYKLMM TENOYTUNN3ALMOHHON YCTaHOBKU
BOCMNOMb3yeMcst popmyron (22):

QyT=LH.p*1,2:0,278(tHy-tHx)=LH.p*1,2(ly1-1y2)=2875+1,2+0,278 [15-(-26)]=39323 BT,

Toraa ly2=18-(39323+3,6/2875+1,2)=71,0-41,03=29,97 ko/Kr.

BTopyto xapakTepHyto TOUKy Ansi yAanseMoro Bo3ayxa nocre TennoyTunmsaTopa MoXHO
onpeaenvTb no 6eapasMepHoOMy KOMMMEKCY 3EKTUBHOCTU TENNoobMeHa, 3Ha4YeHNe KOTOPOTo Mo
yaansiemomy Bo3ayxy 6yaeT paBHo:

Ey=(tys-tyk)/(tyB-tH)=(lyB-lyk/lyB-IH)=(64,1-28,7)/[64,1-(-26)]=0,43

roe —tys u |yB — COOTBETCTBEHHO TeMnepartypa un TennoconepxaHne yaandemoro so3ayxa 4o
XOnoAHOro KOHTYpa TenyioyTnunmnaatopa;

tyk, |yK — COOCTBETCTBEHHO TEMMNepaTypa 1 TennocogepXaHne yoanaemoro sosgyxa nocrne
XOnoAHOro KOHTYpa TenyioyTunmaatopa;

tyk=tyB-EyT(tyB-tH)=29-0,43[29-(26)]=5,4°C

Onpepgenue Ha I-d guarpamme To4Ky YTK C napameTpamMu yXOasLero Bo3ayxa nocne
TennoyTunusartopa, BUAMM, 4TO NpoLecc TennoobmeHa NAET C aKTUBHOW KOHAEHcaumen Bnaru gns
Yyero HeobxoaUMO NPeayCMOTPETb YCTPOMCTBO CreLmanbHOro NogaoHa ¢ Tparnom Ans yaaneHus
KoHOeHcaTa.

[na Tennoro nepruoda noctpoeHune npovecca Ha "lI-d" gnarpamme HadynMHaeM C onpeaenieHns TOYKHN,
XapakTepuayoLLen napameTpbl HAPYKHOro Bo3ayxa (T.Hn-tHn=28,5°C, IHn=54 kox/kr, dHn=10 r/kr).
Mpouecc oxnaxaeHns HapyXHOro Bo3ayxa B BEHTUMNALMOHHOW YyCTaHOBKE ByAeT NpoXoanThb no
TNIMHUKN NOCTOSIHHOIO BNarocoAepXaHusi.

TennoBnaXxHOCTHOE OTHOLLEHUE B TENSbIN nepwuoa roga 6y,1:|,eT PaBHO!:



En=3,6(Qcym.n/W)=3,6(109138 =36414=2640=2200)/53,55=10100 Kap/kr

Tennosoi NOTOK OT NOAOrPeBa Mosos B IETHEM TENMOBOM GanaHce He YYUTbIBAETCS, TaK Kak B
Tennbii nepuon Noaorpes MNoroB OTKMIOYEH, a AN Harpesa NonoB UCMONb3yeTCs TeNo CONHEYHON
pagvaumu.

Ha none "I-d" gnarpammbl HAGHOCKMM NUHUIO NOCTOAHHOIO Bnarocogep»aHus d=10 r/kr ot To4km "H"
00 nepeceveHuns ee ¢ kpmon HacbiweHnss 7=100%. MonyyeHHasa Todka "O" xapaktepunsyet
naeanbHbIA MPOLECC OXNAXAEHNSA B UCNapuTene XonoaunbHon ycTaHoBkK. Ho, kak npasuno,
3(pPEKTUBHOCTL TENNTOOOMEHA HECKOSBKO HUXKE U pearibHbIM NapaMeTpPOM MOXHO CYMTATb TOUKY
nepeceveHnst MMHUM MNOCTOSIHHOTO BriarocoAep kanns ¢ kpueon ¢=85%.

M3 nonydeHHon Taknum obpasom Touku "Tn" (pmc.4) ¢ napametpamu: tnp.n=16,3°C, dnp.n=10.0 r/kr
NpoBOAUM NUHUIO, NapannensHyto nydy npouecca En=10100 kmk/Kr, XxapakTepuayoLemy npoLecc
accMMmnNaLMK Tenna v Bnarm NPUTOYHbIM BO3AYXOM A5 HALUMX KOHKPETHbIX YCIOBUIA, A0
nepeceyeHns C IMHUEN HOPMUPYEMOW TeMnepaTtypbl Bo3ayxa B 6accenHe t=29°C. MNMonyyeHHas
Touka "Bn" ¢ napametpamu tBn=29°C, ¢BN=47% XapakTtepmnayeT COCTOSHNE BO3yXa B NOMELLEHNN
GaccerHa B TennbI Nepuog roga.

XOJ'IOD,OI'IpOI/I3BO,D,I/1TeJ'IbHOCTb BEHTUISILIMOHHOW CUCTEMbI COCTaBUT:

Qxon.n=0,278+11550+1,2(tH-tnp.n)=0,278+11550+1,2+(28,5-16,3)=47000
BT.

K ycTaHoBKe NpuHUMatOTCS ABe (hPEeOHOBbIE XONOANUMbHbIE MAaLUUHbI MPSIMOro UCNapeHus
NPON3BOANTENBHOCTLIO NO XOrioay 24 kBT kaxaas.

B I'IpI/IHLLI/II'IlllaJ'IbHO-TeXHOJ'IOFI/I‘-IeCKOI‘/‘I cxeme I'IpI/ITOl-IHOIZ YCTaHOBKU UCNapuUTerib NPOEKTUPYETCA
Mexay TennoobmeHHnkamn 1-ro n 2-ro noaorpesa.

Cnepytowmm atanom B npoektrpoBaHun COM siBrnsieTcs pa3paboTka cxemMbl opraHu3auum
Bo3ayxoobmMeHa. Ha aTom aTane Heo6xoanMo yunTbliBaTb BCE OCOBGEHHOCTM apXUTEKTYPHO-
CTPOUTENbHBLIX N 06 bEMHO-NNaHNPOBOYHBIX PELUEHWIA 3aaHNS.

[na Hawwmx yCJ'IOBI/II‘/‘I npuv Hann4nm BepxHero ceeta n 3HAYUTENBHON pa3Huue BbICOT NPOAOIIbHbIX
CTEeH npeano4vTuTesibHada cxema Bo3,qyx006meHa 6y,£|,eT cnenyowasn:



— MPUTOK NEPErpeToro 3uMoN 1 OXNaXK4eHHOro NeToM Bo3yxa OCYLLECTBNSAETCA B BEPXHIOK 30HY
(h=8 M) BAOMb OCTEKNEHUSA HACTUNAKLMMNCA CTPYSIMU, AN YEro NCMNOMb3YHTCA cneumanbHO
N3roTaBnMBaemble LLEeNeBbIe Bo3ayxopacnpeaenutenbHble pelweTki pasmepom (1000x40 mm).
HavanbHasa cKOpOCTb CTPYM MPU TaKoW KOHCTPYKLIMM COCTaBMSAET 3—6 M/C, 4TO Npu LWUMPUHE
CBETOBOro npoema B ropmnsoHTe 10 M gBAAeTCS 4OCTaTOYHbIM A5 3GEKTUBHON aCCUMUIIALIAN
Tenrna v Braru NPUTOYHbLIM BO34YXOM B 30HE CBETOBOIO MPOEMa;

— yaaneHue otpaboTaHHoro Bo3gyxa B konuyectse 70% (10100 m3/4) npegycmaTtpumBaeTecs Takke
13 BepxHew 30Hbl (h=4,5 M) C IPOTMBONOMOXHOW CTOPOHbI NPUTOKA.

[na Tennoro nepuoaa npegycMaTtpuBaeTcs B Ka4ecTse 00LLe0OMEHHON BEHTUNALMM nogada
NPUTOYHOIO BO3A4YyXa BAOMb O4HOMO M3 NMPOXOAOB Ha BbICOTE 3 M. 1 yaaneHne oTpaboTaHHOro
BO3yXa M3 HWXXHEN 30HbI MPOTMBOMONOXHOrO npoxoaa B pasmepe 30% (4450 m3/4).

Pa3pa60TaHHa$| CXeMa pealnn3oBaHa Ha BbllLleyKa3aHHOM 00bekTe n npeacTasreHa Ha puc. 5.

YUT06bI OKOHYaTENbHO ONpeaenuTb XapakTePUCTUKY MPUTOYHBLIX U BbITSKHLIX BEHTUNALMOHHbIX
arperatoB, He0GX0UMO NPOBECTM adPOANHAMUYECKME PacyeThbl BEHTUNSALMOHHOW CETU, BbIABMB MO
UX pesynbTaTtam pacronaraemMblii Hanop BeHTUnsitopa. Mo Bo3gyxonpov3BoanTENbHOCTU YCTaHOBKM
1 pacnonaraeMomy Hanopy nogéupatoT TWM, MOLLHOCTb U 06OPOTLI AreKTPOABUraTens, AnamMmeTpsbl
LLIKMBOB U TUM Nepeaayn.

OkoHyaTenbHO BbiIGpaB NpMHLUMNNanbsHO-TexHoormyeckyto cxemy COM v nogo6bpas
COOTBETCTBYHOLLEee 06opyAoBaHMe NPUCTYNALOT K pa3paboTke YHKLMOHANBHOW CXeMbI
aBTOMAaTMYECKOro perynnpoBaHnsa napaMmeTpoB 1 ynpasneHns paboToi o6opynoBaHus.

PerJ'II/IpyeMbIMI/I napameTpamMmun B NoOMeLLEeHNnAX ©accenHoB sBMSOTCS TeMnepartypa u
OTHOCUTEIIbHadA BNa)XHOCTb BHYTPEHHETO BO3ayxXa. |_|pl/l 9TOM CUrHan oT AaT4ynka TemMnepartypbl
BHYTpPEeHHEero Bo3ayxa nocrtynaeT Ha ynpasndloLline ©roKM TENJTOBOro 1 X0NoAMIbHOro
O60pyJJ,OBaHI/1$|, a CuUrHan ot gatyuka BriaXXHOCTHU NMOCTynaeT Ha ynpasndlowine ©noku
O60pyJJ,OBaHI/1$|, perynupyroLiero Bo3gyxonpon3soamnTeribHOCTb CUCTEMbI (BOB,EI,yLLIHbIe 3aCITOHKMN.
AneKTponpmnBog BEHTUITATOPOB N Tak ,u,anee).

KoHTponupyembiMi napameTpamu ABRSOTCS TeMnepaTtypa obpaTHOro TenyoHOCUTENS 1
Temnepartypa Bo3zyxa nocne tennoobMeHHuka 1-ro nogorpesa. CurHan ot 3TUX AaTYMKOB
nocTynaeT Ha ynpaenstoLime Groku arneKTpoaBUraTens BEHTUNATopa, LMPKYISLMOHHOIO Hacoca U
perynupyroLLero knanaHa Ha TenfoHocuTene, OCyLecTBIss 3alwmUTy TENSOBOrO (M XONOANIBHOro)
060pyAoBaHNs OT pa3mMopaxmBaHusl.



Bonee BbICOKYO HaOEXHOCTb PaboThbl TEMNOBOro 060PYA0BaHMS MOXHO 06ECNEYNTb, MPUMEHSIS B
KayecTBe TENJIOHOCUTENS (XONOAOHOCUTENS) ATUIEHININKONEBLIE CMECU, HE3aMep3atoLLme npu
HU3KMX TemnepaTypax.

B cnyyae npumeHeHMs TeNNOyTUNM3aunoHHbIX YCTaHOBOK B cucteme COM, KOHTpONUpyembim
napameTpoMm JormxHa ObITb TeMnepaTypa BO34yXxa Ha BbIXO4e U3 TENNOYTUmM3aTtopa no XornogHoMy
KOHTYpY (Ha cTopoHe BbIOpOCHOro Bo3ayxa). CurHan ot 3Toro gatymka AOMKeH NocTynaTtb Ha
ynpaensaowmuin 6ok 3awmTsbl OT 0bmMep3aHnsa TennoobmeHHuKa (06pasoBaHmsa negsaHon wyobhbl).

BhlwenprBegeHHas meToamka bbina npuMeHeHa npu npoektnposaHun COM 6onbLioro konnyectea
6accenHOB pasnNYHOro HasHavyeHUs1 OT HEGOMNbLUMX KOTTEAXHbIX 4O aKBanapKoB.

an/IHLI,I/II'II/laJ'IbeIe CXEMbl HEKOTOPbIX N3 HUX NMpuUBeOEHbI HNXE.

HanbonbLlunii MHTEPEC, B CBA3M C paccmaTpmBaeMon Npobnemon, npeactaBnseT nomeLleHne
pasBrekaTenbHoro komnnekca Aksanapka MarHMToropckoro MeTannypruyeckoro KomouHaTa (puc.
6), rae Ha TeppuTopumn 2740 M2 NoA BbICOKMM Kyrnornom (BbiCOTa OKoro 15 M) pasmeLleHo nsaTtb
B©accelnHoOB pasnn4YHOro HasHauveHnsa obuuen nnowaabto 1087 m2:

1 — 0300pOBUTENBHO-CMNOPTUBHbLINA 6accenH — 354 m2;

2 — BaccelH ans otabixa U passneveHun — 362 m2;

3 — MaccaxHblh bacceiH — 68,3 M2;

4 — peTckmn baccerH — 156,9 M2;

5 — BacceliH ¢ BoasiHbiMy ropkamm — 146 m2.

Kak yxe ykasbliBanocb paHblue, OCHOBHOM "BPeAHOCTBIO", MO KOTOPOWN onpeaenstoTca Tpebyembli
BO3QyXO00OMEH B MOMELLEHMSX NiaBaTenbHbIX DaCCENHOB, ABMSETCA BRara, MCnapstLLascs ¢
OTKPbITOM BOAHOM M CMOYEH HOWM NOBEPXHOCTEN, a TakKe OT Ntogen, HaxoasLwmnxcsa B 6accenHe.
CymMapHoe Konn4ecTBo Briark, NCNapsitoLLENCs C OTKPbITOM BOAHOM NOBEPXHOCTU, pacCHUTaHHOE
no dopmyne (9), coctaBut 273,7 Kr/4, B TOM YnCrie: C MOBEPXHOCTU NrnaBaTtenbHoro 6accernHa ¢
HOpMarbHOM aKTUBHOCTbLIO Kynaromxesa — 72,5 kr/4, 6acceriHa Ansa oTAabixa U passrieyeHnn —
103,8 kr/4, 6baccenHa ans maccaxa — 14 kr/y, getckoro 6acceriHa 31,1 kr/y n 6acceriHa c ropkamu
52,3 kr/u.



CymmapHas nnowaab 6accenHoB coctaengaeT 1087 m2. CMoveHHasi NOBEPXHOCTb MPUHUMAETCS B
pa3mepe 20%, 10 ecTb 217,4 M2. Torga KONMYECBTO Braru, UCNapsitoLLencsa ¢ 3ToM NOBEPXHOCTH,
npv Temnepartype BHYTpeHHero Bo3ayxa 28°C n oTHocUTENbHOM BNaxHocTb 60%, coctaBut 7,56
Kr/u.

KonnuecTBo Bnaru ot Haxogsawmxcs B 6acceriHe nogen npu nerkon dounsnyeckom padore u
BblLLEYyKa3aHHbIX TEMMEPaTYPHbIX YCroBusiX, coctaBnT 0,225 kr/4 Ha Yyenoseka, Npu
OAHOBPEMEHHOM HaxoXOEeHUN B 30HE oTAbIxa 127 YenoBek, KONMYECTBO MCNAPSAOLLENCS Braru
coctaBut WB = 27,3 Kr/u.

Takum o6pasom, CyMMapHOe KOnn4ecTBO Braru, nocTynatowlei B 6acceitHoBbIN KOMMNEKC
COCTaBWUT:

>Wwuen=>xWot+Wcm+Wn=308,56 kr/v

PacueTHble napameTpbl "B" Hapy)XHOro Bo3ayxa Ans netHero nepmoaa (ropog MarHMToropck):
Temnepartypa 27,4°C, TennocoaepxaHue 52,3 kax/kr. NMapameTpbl BHyTPEHHeEro Bo3ayxa t8=28°C,
OTHOcUTENbHas BNaxHOCTb 60 %. Mpun 3TUX yCNnoBusX, 3Ha4eHne BnarocogepkaHusi Bo3gyxa
coctasuT: dH — 9,8 r/kr, dB — 14,3 r/kr.

Torga Konn4yecTso Bo3ayxa cocTaBuT — 59 625 m3/u.

Mcxoosa 13 nonydeHHbIX pesynbTaToB pacyeTa TpebyemMoro KonmyecTsa Bo3gyxa K yCTaHOBKe
NPUHATO ABE NPUTOYHO-BLITSXKHBIX CUCTEMbI Ha 6a3e LeHTpanbHbiX koHnauumoHepos AIRSET 2000.
21.15 (DAICHI) npovnssoanTenbHOCTLIO MO Bo3ayXy 35 Thic. M3/4 kaxaas.

PacueT TennoBoro 6anaHca B NOMELLEHUNAX NMaBaTeNbHOro 6accenHa He oTNMYaeTcsa kKaknmm nnbo
0COBEHHOCTAMU U NPoOBOASATCA MO BblLLIENPUBEAEHHON METOOMKE.

PesynbTaThl pacyeTa TeNno-BNaXHOCTHOro 6anaHca npueeneHsl Ha "I-d" anarpamme (puc. 7). C
y4eToOM NPOBEAEHHOrO aHanum3a KpyrnorognyHbixX pexmmoB paboTbl CUCTEMbI MUKPOKNMMAaTa
BaccerHoBOro komnrekca Akeanapka, paspaboTaHa npMHUUnNManbHas cxema o6paboTkn NPUTOYHO-
BbITSDKHOro Bo3ayxa (puc. 8).

MpuToYHble arperatbl cobuparTcs U3 pyHKUMoHanbHbIX 6nokoB koHamumMoHepoB AIRSET 2000.
21.15 (DAICHI), BkntoyatoLmx No Xo4y Bo3ayxa: BO3AyLU HbIl KramnaH ¢ 3NeKTponpusogoM Ans
perynmpoBaHus NOCTYNMNEHNSA HAPYXXHOro BO3AyXa, BO3AYLUHbIAN (OUNBTP rpyOoM U TOHKON OYMCTKM,



rMUKONEBbLIN PeKynepaTUBHbIA TENNMOOOMEHHWK, rAe HApYXHbIN BO34YyX OT pacyeTHbIX NapaMeTpoB
3uMHero nepuoga (-34°C) porpeaetca go (-11°C), TennoobmeHHUK | nogorpesa ¢ napameTpamu
TennoHocutensa 110/70°C, B KOTpOM NpUTOYHBIN Bo3ayx oT — 11°C pgorpesaetcs go 12,8°C,
Kamepa CMeLUMBaHWs YOansieMoro 1 NpMToYHOro Bo3ayxa, rae NPUTOYHbIA BO34YX 3a cyeT
CMeLUnBaHNA ¢ yaansembiM Bo3ayxom gorpeaetcs o 25°C, cekums |l nogorpesa, B KOTOPOK
BO34yX HarpesaeTcs 4o Temnepatypbl nputoka (38°C), BEHTUNATOPHAA CEKLUUSA U CEKLUS MMyLLEHUS
wyma.

Mocne rnywnTens Bo3ayx No BO3AyxoBodaM nogaeTcs B 6baccenHyto 30Hy ¢ Temnepatypou 38°C.
Meperpes Ha 10°C no cpaBHeHMWIO C TeMNepaTypon BHYTPEHHEro BO34yxa CBA3aH C
HeobX0AMMOCTbIO KOMNEHCaLUnM TenmnonoTepb U NOBbILLEHNS TemMnepaTypbl MOBEPXHOCTH
OrpaxkaatoLLmx KOHCTPYKLMIA, NCKMoYas BbiNageHne Ha HUX koHaeHcaTta. OpraHusaums
BO34yxoobMeHa B MOMeLLeHNsiX baccerHa NpUHATa € y4eTOM 06 beMHO-NTaHNPOBOYHbIX U
KOHCTPYKTUBHbIX pelleHun 3aaHns. MNputodHbIA Bo3gyx NOAaeTcs B HECKONbLKO 30H (puc. 6). Nogaya
MPUTOYHOrO BO3AYyXa BAOMb BUTPaXeW NPOU3BOAUTCH perynmpyemMbiMy HanonbHbIMMpeLLeTKaMm
Tvna AR-9 "IMP Klima, cosgaBas HacTUaloLLyoCa Ha NOBEPXHOCTb CTeKNa N30TEPMUYECKYIO CTPYIO
¢ Bblcokon TemnepaTypon (38°C ) 1 HU3KOW OTHOCMTENbHON BriaXXHOCTbIO (18%), obecneumnsaroLLyto
3alLMTy BUTpaxen OT KOHAEeHcaumm Bnaru.

OcHoBHasa mMacca NPUTOYHOrO BO34yxa pacnpenensercs NPUTOYHbIMU BO3AYLLHBIMW COMfaMu Tuna
VS-4E "IMP Klima", o6ecneuynsaioumMmm BO3MOXHOCTb PErysIMpoBaHNs HanpaseHnst NoToka B
npeaenax +30°C. AspoanHaMmnyecKkne XxapakTepucTnkm 3TMX TUMOB BO3ayxopacnpenenurenen
Nno3BONAT pasgatb 6onbLIo 06bem Bo3ayxa cBOGOAHBIMU N30TEPMUYECKUMN CTPYSMU NPK
BbICOKOWM HadarnbHou (oceBon) ckopocTn Vo>10 M/C Ha 3HaunTenbHoe pacctosiHme. [Mpn aTom,
Tpebyemas B 30He 06UTaHMA NOABMXKHOCTL Bo3ayxa VTp = 0,2 m/c no xoay cTpym obecnednBaeTca
3a c4eT 0bpaTHbIX BO3AYLUHbIX MOTOKOB (BEHTUMALUSA METOOOM pa3baBneHns).
Bosgyxopacnpeaenvtenu ycTaHOBIEHbl Ha BbicOTe 4 M, KONMYECTBO BO3ayxopacnpenenurenem un
nx pasmep nogobpaHbl C y4eTOM yria packpbiTusa CTpyu, Tpebyemoro Konnyectasa NpUTOYHOro
BO3YyXM U MaKCUMaIIbHOrO PacCTOSAHNA OO TOYKU, rae oceBasd CKOPOCTb CTPyU nagaeT oo
HopMaTmMBHOro 3HadeHust Vo = V1p = 0,2 m/c.

BbITS>KHOW BriaXKHbIV BO3AYX yOAnNseTCcsa U3 BEPXHEN 30HbI (MO4 NepEKpbITUEM) U NO BO34YXOBOAAM
NocTynaeT B BbITAXHOW arperart, BKIoYatoLWwmni: BO34YLUHbIA ABYXCTYNEHYaTbll (PUNbTP, BbITSXKHOM
BEHTUNATOP, CEKLMIO CMELLNBAHUS, PEKyNepaTUBHbIN MMNKONEBLIN TEMNNOOOMEHHMK, B KOTOPOM U3
yAansemMoro Bo3ayxa B XONO4HbIV Nepunod oTompaeTcs Tenso, NoHWxkas TemnepaTypy
BblGpacbiBaemMoro Bosayxa ¢ +28°C o +15,6°C 1 HapyXHbI BO34YLUHbIN KanaH ¢
AIEKTPONPUBOAOM.

[poBeneHHble nyCKo-Hanaao4Hble paGOTbI noaresepannn nNpaBuiibHOCTb NMPUHATBIX TEXHUYECKNX U
TEXHOSOMMYECKNX PELLIEHNIA CUCTEM obecneyeHns MUKPOKINMmMaTa B D©accenHoBOW 30HE KOMIMIEKca
AkBanapka, BKro4aroLen OonbLUOe KONMNYECTBO NiiaBaTernbHbIX 6acceltHoB pas3nn4yHoro
Ha3Ha4eHu4.

MpakTnka MOHTaXHbIX 1 NYCKO-Hanago4Hblx paboT nokasbiBaeT Ha yao6CcTBa Y SKOHOMUYHOCTb
MPUHATON NPUTOYHO-BbBITSXKHOW BEHTUMSALMN U LEHTPaNbHOrO KOHAMLMOHMPOBaHWS Ha b6ase
dyHKUMOoHanbHbIX 6riokoB AIRSET 2000 (DAICHI).



AHmoHos l1.[1., k. m.H., cneyuanucm komnaHuu OO0 "CUTIC-KOHANLMNOHEP"



