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BBE)l,EHHE 

CHCTeMhI BeHTHJUIl.lHH H KOH)J;Hl.lHOHHpOBauIDI noanyxa 

I1pe,nHMHaIJ:eHbI ,nJUI.06eCneIJ:eHIDI aopsrapyeaux napanerpoa B03,nYIIIHOH 

cpeasr npoH3Bo)J;cTBeHHhIx H X<HJIbIX nOMeIIJ;eHHH, a TaIOKe 

TeXHOJIOfHqeCKHX nponeccoa. 
B CHCTeMbI BeHTHmDJ,HH H KOH,nHIJ,HOHHpOBaHHR B03)J;yxa BXO,nRT 

PMJIH'IHhIe YCTpoHcTBa, 06eCneIJ:HBaKlmHe TepMOBJIaX<HOcTHylO 

06pa60Txy, nonasy, pasnoxepaoe pacnpenenenae H ynanenae aosnyxa B 

nOMem:eHIUIX PMJlHIJ:HOfO HMHaIJ:eHIDI. KOH)J;Hl.lHOHHpOBaHHe B03.L\Yxa 

BBJUIeTCH 60JIee BbICOKOH cryneasro BeHTHJIHIJ,HOHHOH TeXHHKH H 

npe.L\YcMarpHBaeT aBTOMaTHIJ:eCKOe peryrrupOBaHHe napaMeTpOB 

B03.L\YIDHOH cpeztsr B 3aBHCHMOCTH OT H3MeHHIOIIJ;HXCH yCJIOBHH 

napyaororo aosnyxa, 
B 06IIJ,eM CJIyIJ:ae pacser CHCTeM BeHTHJIHIJ,HH H 

KOH)J;Hl.lHoHHpoBaHHR aosnyxa npOH3Bo,nHTCH na OCHOBe TenJIOBbI,neJIeHHH, 

BJIarOBbI,neJIeHHH, coziepxcaaaa Bpe)J;HhIX npauecea. Ofiecne-reaae 
rpefiyeasrx napaaerpos B03,nyIIIHOH cpensr B nOMeIIJ,eHHSIX PMJIHqHOfO 

HMHaIJ:eHHH pernaxearapyerca COOTBeTCTBYIOmHMH crpoHTeJIbHbIMH 

HOpMaMH H npaBHJIaMH ( CHHn ), TeXUHqeCKHMH YCJIOBHSlMH ( TY ) H 

,npyrHMH HopMaTHBHhlMH ,nOxyMeHTaMH. 

HaCTORm:ee yqe6HOe rrocofiae no,nrOTOBJIeHO aa OCHOBe KOHcneKTa 

JIeKl.lHH no xypcy "3HepreTHIJ:eCKHe CHCTeMbI 06eCneqeHHSI 

)[(H3He,neRTeJIbHOCTH IJ:eJIOBeKa", IJ:HTaeMOMY cryaearaa <paxyJIbTeTa 

npOMbIIIIJIeHHOH 3HepreTHKH. IIoc06He COCTOHT H3 xerupex rnas, 
BKJIIOIJ:aKlmHX B ce6R CBe,neHHSI 06 OCHOBHbIX TepMo)J;HHaMHqeCKHX 

napasrerpax BJIaX<Horo B03)J;yxa, 0 TenJIOBOM H BJIa)[(HOCTHOM fianaacax 
nOMemeHHH, 06 OCHOBHbIX cxessax BeHTHJIRl.lHH H KOMHl.lHOHHpOBaHHR 

.aoaayxa. PaccMoTpeHhlMeTo,nhIpaCIJ:e.Ta OCHOBHbIX npOIJ,eCCOB H 

nOCJle,nOBaTeJIbHOCTb HX nocrpoenaa na I - d zmarpaeeae. 
YQe6HOe nocofiae npenaaanaseao )J;JIR cTy,neHTOB <paKYJIbTeTa 

npOMbIIIIJIeHHOH asepreraxa, BbIIlOJIHRIOIIJ,HX BhInYCKHble 

KBaJIHcPHKaQHoHHble pa60TbI, xypcosue H JJ;HnJIOMHble npoexrsr no 

cooraercrayiourea TeMaTHKe. 

~~"",.. ~.~\•..t~ 

YW< 628.84(07)
 
M382
 
liIiK 38.762.2Jl7
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THnOBOH COCTaB CYXOH qaCTH soanyxa 

Ta6JlHIJ;a Ll 

(1.5) 

(1.4) 

(1.3) 

.9n =11 p; 

~. (1.2)
Pn = s; .r; 

~(KrK). 

~(KrK); 

,0TKy,l:la 

HJlH 3HaJI, qTO 

Pc _ 0,76·13600·9,81 =1,293, Kr/M3; 

Pc =-R-T - 287·273 
c c 

5 

R 
n 

= IJ . R _ 8314 
IJ 

n 
-18=461 

R, = IJ . R _ 8314 
IJ 

c 
-29=287 

Pn =R n .t; 
Pn 

Pn ·.9n =R; .Tn 

MJI BO,WIHOrO napa 

,l:lJUI sonsaoro napa 

B asrpasceaaax (1.3) H (1.4) COOTBeTCTBeHHO: 

IJ .R =8314 .ll:)I(/(KMOJlb'K) - yHHBepCaJIbHaJI ra30BaJI nOCTOJlHHaJI; 

IJc =29 Kr/KMOJlb H IJn =18 Kr/KMOJlb - MOJleKYJUlpHaJI Macca cyxoro 

B03~a H BO,l:lJlHOrO napa. 

Ilpencrasnaror npaKTHqeCKHH aarepec sacneaasre 3HaqeHHJI 

nJlOTHOCTH cyxoro B03~a H BO,l:lJIHOrO napa npn HOPMaJIbHblX YCJlOBHJlX, 

T.e. npa 6apoMeTpHqeCKOM ,l:laBJleHHH P6 = 760 MM.pT.CT. H reaneparype 

t = °°C. Pacser npOH3BO,l:lHTCJI na OCHOBaHHH Bblpa)l(eHHH (Ll) H (1.2) H 

HX 3HaqeHHJI COCTaBJUIlOT: 

,l:lJUI cyxoro sosnyxa 

B supaxeaasx (Ll) H (1.2), COOTBeTCTBeHHO: r; H Pn , Pc H Pn , 

Be H Bn, Tc H Tn' R;H Rn - napIJ;HaJIbHOe zraaneaae, nJlOTHOCTb, 

y,l:leJlbHhIH 061>eM, rexneparypa H ra30BaJI nOCTOJlHHaJI cyxoro B03~a H 

BO,l:lJlHOrO napa. 

fa30BaJI nOCTOJlHHaJI MO)l(eT 6hITb onpezteneaa H3 yHHBepCaJIbHOH 

ra30BOH nOCTOJlHHOH H COCTaBJlJleT COOTBeTCTBeHHO: 

,l:lJUI cyxoro soaayxa 

---------_._._--­ - -

I ~, 

Pc . (Ll)
Pc =R 

c 
.T 

c 
' 

Be =1/ Pc 

4 

,0TKy,l:la 

HJlH 3HaJI, qTO 

Pc = Rc -t; 
Pc 

Pc' Be = R; .T; 

.N!! KOMnoHeHThI CYXOH 
Conepxaaae, % 

0603HaqeHHe
nln qaCTH sosnyxa 

no 061>eMY no Macce 

1 A30T Nz 78,13 75,55· 
2 KHCJIOPO,l:l O 2 20,90 23,10 

3 
Apron, HeOH H ztpyrae 
HHepTHhIe rassr Ar, Ne ..• 0,94 1,3 

4 YrneKHCJlhIH raa CO2 0,03 0,05 

CMeCb CYXOH qaCTH B03~a C aexoropuu KOJIHqeCTBOM BO,WIHhIX 

napos Ha3hIBaeTCJI BJIa.>KHhIM B03~OM. ATMoc~epHhIH B03~ TlUOKe 

npeacraanaer C060H BJla.>KHhIft B03~ HJlH aosnymao-napoayro CMeCb. 

CYXaJI sacrs BJIIDKHOrO B03~a (6e3 BO,l:lJlHhIX napos), B CBOIO osepeas, 
JIBJUIeTCJI CMeCblO HeCKOJThKHX THnOBhIX ra30B, a TaK)I(e MO)l(eT conepxars 
xapaxrepaue ,l:lJUI naaaoro paaoaa KOMnOHeHThI. THnoBoH COCTaB CYXOH 

sracra araoceepaoro B03~a npaseaea B Ta6JI. 1.1. 

rJl8B8 I. TEPMO~HKA BJIAJKHOrO B03,n:YXA 

1.1. Cocmae U OCH06Hble napilMemp6l6Jltl3lCHOZO 6030yxa 

C ,l:lOCTaTOqHOH ,l:lJUI TeXHHqeCKHX pacseroa TOqHOCTblO, 

paccaarpasas sosnyx KaK 6HHapHYK> CMeCb CYXOH sacra H BO,l:lJlHOrO 

napa, MO)l(HO CqHTaTb,qTO KaKOT,l:leJIbHhIe KOMDOHeHThI (CyxOH B03~, 

BO,WIHOH nap), TaK H HX CMeCb (BJla.>KHhIH sosnyx) nO,l:lqHHJIlOTCJI 3aKOHaM 

H,l:leaJIbHhIX ra30B. Torna, aa OCHOBaHHH ypaBHeHHJI Knaneapoaa­
Meaneneesa, MO)I(HO sanacars: 

):lJUI cyxoro sosnyxa 
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,llIDI BO,lVlHorO napa 

Pn 0,76·13600·9,81 =0,822Pn Kr/M3. (1.6)s; .t; 461· 273 

B BhIpllJKeHHRX (1.5) H (1.6) COOTBeTCTBeHHO: 0,76 
6apOMeTPHlfeCKOe ,llaBJIeHHe, M pT.CT.; 13600 - 3nJIOTHOCTb pryra, Kr/M ; 
9,81 - ycxopeaae cB060,llHOro rraaeuaa, ulc";2 273 - a6comoTHaJI: 

rexneparypa no nncane KeJIbBHHa, COOTBeTCTByro~aJI:TeMneparype 0 °C. 

napOMeTPHqeCKOe ztaaneaae aTMoc«pepHQrO B03,llJXa B 

COOTBeTCTBHH C 3aKOHOM }J;aJIbTOHa paBHO cyMMe napQHaJIbHhIX ,llaBJIeHHH 

CYXOH sacra nosnyxa H noztsnoro napa 

P6 =Pc +Pn . (1.7) 

CMeCb, KOTOpaJI COCTOHT H3 cyxoro nosnyxa H neperperoro 

sonaaoro napa, Ha3hIBaJOT HeHaChI~eHHhIM BJIIDKHbIM B03,llJXOM, a CMeCb, 

COCTORIIJ;YlO H3 cyxoro aosnyxa H uacsnneaaoro sonsaoro napa, 

HaChI~eHHbIMBJIllJKHbIM B03,llyxOM. 

A6COJIlOTHOH BJIIDKHOCTblO sosnyxa D Ha3hIBaeTCR Macca sonaaoro 

napa, coztepxatuaaca B 1 M
3 

BJIIDKHOro aosnyxa 

t; 3 , xr/M , (1.8)D=Pn =Rn.r 

rne Pn - nJIOTHOCTb sonaaoro napa, Kr/M3
; P - napnaansaoe naaneaaen 

aoztsaoro napa, ITa; Rn = 461 ,lJ;)KI(xr'K) - fa30BaJI: nOCTOmHaJI: .llIDI 

BO,lVlHOro napa; T - a6COJlJOTHaJI: TeMIIeparypa BJIIDKHoro B03,llJXa, K. 
A6cOJlJOTHaJI: BJIllJKHOCTb B HaChI~eHHOM COCTomHH npa ,llaHHOH 

TeMneparype Ha3hIBaeTCR BJIarOeMKOcTblO B03,llJXa 

PH 3
D H ::: PH = - , Kr/M, (I.9)

R7I·T 

3rne PH - nJIOTHOCTb aonsaoro napa B HaChI~eHHOM COCTOR:HHH, xr/M ; 

~ - napnaansaoe ztaaneaae BO,lVlHoro napa B HaChI~eHHOM COCTomHH 

(ynpyroCTb BO.AAHhIX rrapos) , ITa. 

6 

., 

," 
OTHOCHTeJIbHaR BJIa)KHOCTb B03,llyxa npe,llCTaBJIReT C060H 

OTHOIIIeHHe KOHQeHTpaQHH BO,lVlHorO napa B HeHaChImeHHOM soazryxe K 

KOHUeHTPaQHH BO,lVlHOrO napa B HaChI~eHHOM COCTORHHH npa 

O,llHHaKOBhIX resmeparypax H ,llaBJIeHHR:X. BeJIHlfHHa OTHOCHTeJIbHOH 

BJIllJKHOCTH onpenensercs B ztonax HJIH npouearax H MO)KeT 6hITb 

BhIpllJKeHa 

? ( P
n - Pn =~J'100,%. (UO)rp = -- D

I' PH PH H 

Ilapuaansaoe ,llaBJIeHHe BO,llRHOrO napa B HaCbI~eHHOM COCTORHHH 

npa ,llaHHOH TeMnepaType MO)KeT 6bITb onpeneneao no CnpaBO'lHbIM 

Ta6JIHUaM, C nOMO~blO CneUHaJIbHOH naarpasoasr HJIH aHaJIHTHlfeCKH no 

H3BeCTHhIM 3MnHpHQeCKHM 3aBHCHMOCTRM. 

BJIarOCO,llep)KaHHe BJIllJKHOro sosnyxa d npencraanser C060H 

OTHOIIIeHHe MacChI BO,lVlHorO napa K e,llHHHue MaCChI cyxoro soanyxa, 

CO,llep)KaIQerOCR B CMeCH 

d---Gn _ Pn .1000 , ttvs , (1.1 1) 
- G 'Pcc 

IlO,llCTaBHB B asrpaaceaae (1 .11) 3HaqeHHR Pc H p; H3 ypaBHeHHH 

(I.I) H (1.2), BeJIHQHHY d MO)KHO aupaaars 

d = Pn .Rc .r .1000 = Pn ·287 -T .1000 =622. Pn , ttsr, (1.12) 
R . T . Pc 461 -T .Pc Pcn 

BhIPa3HB BeJIHlfHHY napUHaJIbHOrO ztaaneaaa cyxoro soanyxa Pc H3 

ypaBHeHHR (1.7) H nO,llCTaBHB ee B ypasaeaae (1.12), MO)KHO sarracars 

d=622. Pn ,r/xr. (1.13) 
P6 -Pn 

ECJIH Maccy BO,lVlHOrO napa sapaaars B xr, TO BJIarOCO,llep)KaHHe 

npansro 0603HaQaTb 6yKBOH X , H rorna BhIpIDKeHHe (I. 13) npHHHMaeT 

BH,ll 
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p
x = 0,622· n , xr/xr , (1.14)

P6-Pn 

TenJIOCO~ep)KaHHe BJI8.)f(J{Oro sosnyxa npe~CTaBJI5IIOT KaK CyMMy 

TenJIOCO~ep)KaHH5ICYXOH qaCTH B03~a H BOMHoro napa 

I=Ic +In ,~Kr. (1.15) 

Ilpa 3TOM TenJIOCO~ep)KaHHe CYXOH qaCTH B03~a npa H3BeCTHOH 

TeMneparype t, °C MO)KHO BhIpa3HTb 

Ie = ce . t , K/1,>KJKr , (1.16) 

rae c - TenJIOeMKOCTb cyxoro B03~xa, K~(Kr "C),e 
Tennocoztepxaaae BOMHoro napa npa H3BeCTHOH reemeparype 

t, °C H H3BeCTHOM BJIarOCO~ep)KaHHH d, tlsr BhIpa)KaeTC5I 

d
In =(r + Cn . t)· -, K/1,>KJKr, (1.17)

1000 

rne r - CKphITa5I TenJIOTa napOO6pa30BaHH5I BOMHoro napa, ~Kr; cn­

TenJIOeMKOCTb BOMHOro napa, ~(Kr "C). 
.z:vm npaKTHqeCKHX HH)KeHepHhIx pacseros MO)KHO npH6JIH3HTeJIbHO 

npaaxrs: ce= 1,0 K):VK/(Kr 0C); cn =1,8 ~(Kr 0C); r =2500 ~Kr. 

Toraa BhIpa)KeHHe (1.17) MO)KHO aanacars 

d
I=1,0·t+(2500+1,8·t)·-,

1000 
~Kr . (1.18) 

1.2. lIpuH~unbl nocmpoeuus 1- d i)uazpaMMbl 6Jlfl3lCHOZO 
eosoyxa 

JI. K. PaM3HH, HCnOJIb3Y51 BhIpa)KeHHe (1.18), npeMO)KHJI 

I - d zraarpaxay, KOTOpa51 llIHpOKO npHMeH51eTCB B pacserax cymxn, 
BeHTHAAUHH, KOH~HUHOHHPOBaHHB B03~a H zrpyrax pacxerax, 
CB5I3aHHhIX C H3MeHeHHeM COCTOBHH5I BJI~OrO B03~a. 3Ta ~HarpaMMa 

BbIpa)KaeT rpaqiaaecxyro 3aBHCHMOCTb OCHOBHhIX napaaerpos B03~a, 

TaKHX KaK t, rp, Pn , d , I npa 3~aHHOM 6apOMeTpHqeCKOM ~aBJIeHHH. 

8 

.,. 

,.,. 

',," 

t4' I I· I I 1.1 I I I \ I I I I I I tJ.-!!.¥ 
.,' J. !!oW 

~.x II I I I I; I I I··· .Hf£~/IIt../_,tp....... IO Mf
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PRe. 1.1. I - d ~HarpaMMa BJIa)KHoro B03~a 
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06~HH BH,l:l ,l:lHarpaMMbl npasenea aa pac.Ll , I - d ,l:lHarpaMMa 

nocrpoeaa B KocoyrOJThHOH CHCTeMe KOOp,l:lHHaT C yrJIOM Me)f(,l:ly OCHMH 

I H d a =135°. Ha OCH a6CQHCC B COOTBeTCTByro~eM MaClIITa6e 

OTKJHI,lJ,blBaIOTCH 3HaqeHHH BJIarOCO,l:lep)l(aHHH d , sepea xoropue 

npOBOAHTCH BepTHKaJIbHbIe JIHHHH nOCTOHHHoro BJIarOCO,l:lep)l(aHHH 

d=const. 
ITo OCH opztanar B COOTBeTCTByro~eM MaCWTa6e OTKJIa,D,bIBaJOT 

3HaqeHHH rennoconepxaaait, Qepe3 noayseaaue TO~ npOBO):{HTcH 

JIHHHH nOCTOHHHbIX TennOCO,l:lep)l(aHHH 1= const non yrJIOM a= 135° K 

JIHHHHM d =const . 
Ha nonyneaaoa TaKHM 06PaJOM CeTKe, COCTOHIll:eH H3 

napaJIJIeJIorpaMMOB, CTPOHTCH JIHHHH H30TepM t =const H KpHBbIe 

nOCTOHHHblX OTHOCHTeJIbHbIX BJIa)l(HOCTeH rp =const. 
AHaJIH3 Bblpa)l(eHHH (1.18) nOKaJbIBaeT, 'ITO npa t =const 

3aBHCHMOCTb OCHOBHbIX napauerpoa B03.z:lYXa I H d OT rexneparypsr 
$lBJIJleTCH JIHHeHHoH. CJIe,l:lOBaTeJIbHO, H30TepMbI HBmnoTCH npHMbIMH 

JIlIHHHMH, JIe)l(~HMH aa nOJIe 1- d ,l:lHarpaMMbI. ,Z:{rrH nocrpoeaas 

H30TepMbI npHHHMaK>T naa KpaiiHHX COCTOHHHH BJIa)l(HOrO aosnyxa npa 

rp =0% H rp =100%. ITPH COOTBeTCTByIOIIJ;HX 3HaqeHHJlX rexnepatypu 
no ypaBHeHHHM (1.18) H (1.13) MH npHHHTOrO 6apoMeTPHqeCKOrO 

,l:laBJIeHHH P6 pacCqHTbIBaK>T qHCJIeHHbIe 3HaqeHIDI I H d. 3TH 3HaqeHHR 

HaHOCHT na nOJIe I - d ,l:lHarpaMMbI B BH):{e OT,l:leJIbHbIX roses, xoropsre 

coe,l:lHHHIOT Me)l():{y C060H npHMoH JIHHHeH. 3TH JIHHHH Ii HBJIHlOTCH 

H30TepMaMH. Kpaaaae JIeBbIe TO~ 3THX JIHHHH (npa rp =0%) 
COOTBeTCTByroT COCTOHHHIO a6COJIIOTHO cyxoro soszryxa (d =0), KpaHHHe 

npassre TOqKH (npa rp = 100%) - COCTOHHHIO nOJIHOro HaCbI~eHHH 

BJIll)KHOrO B03.z:lYXa npa ,l:laHHOH 'resmeparype. 

COe,l:lHHHB IIJIaBHOH KpHBOH TOqxH, cooTBeTcTBYIO~He COCTORHHIO 

nOJIHOrO .HaCbI~eHHH BJIa)l(HOrO B03.z:lYXa npa PaJJIHqHbIX 3HaQeHH$lX 

resmeparyp, nonyqHM JIHHHIO OTHOCHTeJIbHOH BJIa)l(HOCTH rp = 100% HJIH 

HH)l(HlOIO norpaaasayro KpHByIO. 

,Z:{rrH nOCTPoeHHH KpHBbIX OTHOCHTeJIbHOH BJIa)l(HOCTH npa ztpyrnx 

3HaqeHHHX rp npensaparemao onpenensror anaroconepxasaa, 
OTBeqaJOIIJ;He COOTBeTCTBYIO~eMY HaCbI~eHHIO npa PaJJIHqubIX 

TeMneparypax BJIa)l(HOrO B03):{yXa, a 3aTeM COe,l:lHHHIOT TOqKH C 

O,l:lHHaKOBbIMH 3HaqeHHHMH rp llJIaBHbIMH KpHBbIMH. ITPH 3TOM qHCJIeHHOe 

3HaqeHHe napQHaJIbHOrO ,l:laBJIeHHH BO):{HHOrO napa ,l:lJIR ,l:laHHOH 

TeMneparypbl paCCqHTbIBaeTCH aa OCHOBaHHH BbIpa)l(eHHH (1.10) 

P; =rp'P/j'	 (1.19) 

rne	 rp - rexyuiee saaseaae BeJIHqHHbI OTHOCHTeJIbHOH BJIa)l(HOCTH, 

BbIpa)l(eHHOe B ,l:lOJIHX; P/j - napnaansaoe nasneaae BO):{HHOrO napa B 

aacsnueaaoa COCTOHHHH npa ,l:laHHOH rexneparype, onpenenaessoe no 

CnpaBOqHbIM Ta6JIHQaM. 

,Z:{rrR nOCTPoeHHR JIHHHH napQHaJIbHOrO ,l:laBJIeHHR napa C npaBOH 

CTOpOHbI ,l:lHarpaMMbI aa JIHHHH, napaJIJIeJIbHOH OCH opzranar, HaHOCHTCR 

IIIKaJIa napQHaJIbHbIX ,l:laBJIeHHH, HaqHHaH C P = 0 ,l:l0 BeJIHqHHbIn 

B03MO)l(HOrO 3HaqeHHR P B zmanasoae ,l:laHHOH ztaarpasessr. MaCIIITa6n 

3TOH uncansr BbI6HpaeTCH B03MO)l(HO KpynHbIM, HO C TaKHM pacserox, 
qT06bI JIHHHH Pn He nepecexanacs C KpHBOH rp =100% . 

Ha BepTHKaJIHX. no JIHHHH d =const, npOXO,l:lR~HX sepca TOqKH 

nepeceseaaa npHMbIX t C KpHBOH rp = 100% , OTKJIa,D,bIBaK>TCH B 

npHHHTOM MaCIIITa6e OTpe3KH, COOTBeTCTBylOIIJ;He no BeJIHqHHe 

napQHaJIbHbIM ,l:laBJIeHHHM BOAAHblX napos, HaCbIlIJ,aK>~HX B03):{yx rrpa 

,l:laHHblX resmeparypax. CooTBeTcTBYIOlIJ,He 3HaqeHHH napQHaJIbHbIX 

,l:laBJIeHHH onpe,l:leJUIIOTCR H3 Ta6JIHQ. COe,l:lHHHB nJIaBHOH KpHBOH BepXHHe 

TOqKH OTJIO)l(eHHblX OTpe3KOB, CTpOHT HCKOMyIO KPHBYIO napQHaJIbHOrO 

,l:laBJIeHHH BOAAHoro napa. 

Kpoue 3TOro, aa nOJIe I - d ,l:lHarpaMMbl CTpOHTCH JIHHHH 

resmeparyp "ssosporo" TepMOMeTPa, a no ee nepHMeTPY - 3HaqeHHH 

yrnossrx K03<pqlHQHeHTOB, OCHOBHbIe npe,l:lCTaBJIeHHH 0 KOTOpbIX 

H3JIO)l(eHbI B nOCJIe,l:lYIOl.QHX naparpadiax. 

1.3.	 Ymo80U K03qJ(IJU~ueHm U u306pfl3lCeHue OCH06HbIX 

npoueccoe U3MeHeHUR cocmORHUR 6Jla:HC1l0l0 6030yxa 6 

I -d oUalpaMMe 

I13MeHeHHe COCTOHHHR BJIa)l(HOrO soanyxa xapaxrepaayercs 

TepMOBJIa)l(HOCTHbIM COOTHOIlleHHeM HJIH yrnoBbIM K03<p<PHQHeHToM. 

Ocy~eCTBJIHeMbIH npouecc B I - d ,l:lHarpaMMe H306pa)l(aeTCH npHMbIMH 

JIHHHRMH (JIyqaMH), npOXOAAl.QHMH sepes TOqKH, COOTBeTcTByIOIIJ;He 

HaqaJIbHOMY H KOHeqHOMY COCTORHHIO BJIa)l(HOrO soanyxa. 

Paccaorpaa npOH3BOJIbHbIH npouecc, H306pa)l(eHHbIH aa pHC. 1.2. 

10 11 
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(1.20) 

(1.25) 

(1.22) 

B = 12 - II ·1000, K,l:VK/Kr BJIarH . 
d2 -dl 

M 2K Sina
B=--=-­

MIK Sinp 

TaK KaK a + p =135° ,TO yron p MOX<HO BbIpa3HTb xepea yrOJI a 

TpHrOHOMeTpHqeCKOe BblpIDKeHHe yrJIOBOrO K03q,q,HQHeHTa 

COCTOHT B CJIe~IOIqeM. Ilposeaa sepes TOqKY M, JIHHHIO I MI =const, a 

sepes TOqKy M2 JIHHHIO dM2 = const , IIOJIyqHM TpeyrOJIbHHK M jM2K. B 

nOM cnysae BeJIHqHHY yrnosoro K03q,q,HQHeHTa MO)I(}JO BbIpa3HTb 

B= 1M 2 -IM I .1000=M2K (1.21) 
dM 2 -dMI MIK 

IIpHMeHHB reopesry CHuyCOB, BbIpIDKeHHe (1.21) MOX<HO sanacars B 

CJIe~IOIqeM BH,l:\e: 

p =135°- a .(1.23) 

IIo,l:\cTaBHB (1.23) B (1.22), OKOHqaTeJIbHO MO)I(}JO sanacars 

B - Sin a (1 24) 
- Sin(135° - a) . 

Hau60JIee xapaxrepasre IIpOQecCbI H3MeHeHHB COCTOBHHB BJIIDKHOro 

B03):IyXa H H306pIDKeHHe HX aa 1- d ,l:\HarpaMMe IIpe,l:\CTaBJIeHbI sa 

pHC. 1.3. 
Ilpouecc 1-2 xapaxrepasyerca aarpeaov BJIIDKHOro B03~xa IIpH 

IIOCTOJIHHOM BJIarOCO,l:\epX<aHHH dl = d2 = const. BeJIHqHHa yrJIOBOrO 

K03q,q,HD;HeHTa IIpH 12 > II COCTaBHT 

(I2 - II ) ·1000 (I2 - II ).1000 
~= = =~ 

d2 -dl 0 

Ilpouecc 1-3 XapaKTepH3yeTCB narpeaox BJIIDKHOrO B03):IyXa H ero 

,l:\OIIOJIHHTeJIbHbIM yBJIIDKHeHHeM, T.e. IIpOTeKaeT IIpH O,l:\HOBpeMeHHoM 

IIOrJIOIqeHHH TenJIOTbI H BJIam. BeJIHqHHa yrJIOBOrO K03q,q,HIJ;HeHTa IIpH 

13 > II H d3 > d} COCTaBHT 

of# 
III 

5 
u 
Cl 
a.! 
xl

(:51
I 
I 

12 

o 

Puc. 1.2. rpa¢U1.IeCK(]Jl unmepnpemauus eupascenus Y2Jl08020 
K03¢¢U"IUeHma 

IIpe,l:\IIoJIoX<HM, 'ITO aasansnoe COCTOJlHHe BJIIDKHoro B03):IyXa 

XapaKTepH3YeTCJI TOtIKOH M1 C IIapaMeTpaMH II H d
l 
, a KOHeqHOe _ 

TO'IKOH M2 C napaaerpaan h H d2 • Torna OTHOmeHHe Pa3HOCTH 

TeIIJIOCO,l:\ep)l(aHHH K Pa3HOCTH BJIarOCO,l:\epX<aHHH B YKa3aHHbIX ronxax 

0603HaqaeTCJI B H Ha3bIBaeTCJI YrJIOBbIM K03q,q,HIJ;HeHToM 
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(1.28) 

(1.29) 

15 

dA,DoIB dc.r 

d . e/ue
I .. 1 Y I 

(16 -II ).1000 = -(LV) .1000 > 0 
6S = d

6 
-d} -(~d) 

Puc.1A. Hsotipaoceuue na 1-d ouaepauue npouecca cuetuueasus 
6030yxa 06YXpasnuuuux cocmosuuii 

til 

1.4. Ilocmpoeuue 6 I-d i)uazpilMMe npoueccoe CMelUU6aHUR 

nomOK06 eosoyxa CPfl3JlUIIHbIMU napaMempaMu . 

Ilponecc 1-5 xapaxrepasyerca OXJIa)I(,LleHHeM BJIa)I(HOro sosnyxa 
npa nOCTOJlHHOM BJIarOCO,Llep)l(aHHH ds =dl . BeJIHqHHa yrJIOBOrO 

K03cf!cf!HUHeHTa rrpa Is < II COCTaBHT 

(1s -11).1000 (1s -h)·1000
64 == = ==-00 

ds -dl 0 

Ilponecc 1-6 xapaxrepasyerca OXJIa)I(,LleHHeM soanyxa Hero 

ocyureaaea, 'r.e, nporexaer npa O,LlHOBpeMeHHOM BbI,LleJIeHHH TeUJIOTbI H 

BJIarM. BeJIHqHHa yrnosoro K03cf!cf!Hu,HeHTa UpH 16 < II H d6 < d} 
COCTaBHT 

Ha pHc.1A H306pa)l(eH npouecc CMeIIIHBaHHJI ,LlBYX UOTOKOB 

sosnyxa C Pa3J!HqHbIMH napaaerpaxa. 

I . K/I.JIC/K2 

(1.27) 

{l,3</d ~ 

:<1.,rJ .v 
CI s,d 5J 

I .K/l,JIC/K2 

63 = (14-11).1000 = 0·1000 =0 
d4-dl d4-dl 

14 

Puc. 1.3. Xapaxmepuue npoueccu usueneuus COCmOJlflWl6!la:JICflOZO 

6030yxa 

(h -ld·1000 0 ( )
62 = d > 1.26

d3 - I 

Ilpouecc 1-4 nporexaer npa UOCTOJlHHOM TenJIOCO,Llep)l(aHHH 

14 =11 C O,LlHOBpeMeHHbIM nOrnOlIJ;eHHeM BJIarH d4 > dl . Jlys sroro 
npou,ecca npOXO,LlHT no JIHHHH I = const, a CaM nponecc Ha3bIBaerCJI 

a,LlHa6aTHQeCKHM. BeJIHqHHa yrnosoro K03cf!cf!HUHeHTa COCTaBHT 

·f" I
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TIpe;:J;nOJIO:>KHM, qTO nepasra nOTOK B KOJIHqeCTBe LA 

XapaKTepH3yeTCJI napaxerpaxa TOqKH A aa nOJIe I - d naarpasoau: IA, 

dA' tA; BTOpOH - B KOJIHqeCTBe LB COOTBeTcTByeT nOJIO:>KeHHIO TOqKH B C 

napaaerpaxa I B' dB' t B' rIPH 3TOM COOTHOIlIeHHe 

L
-.!l =n 
LA ' 

r.e. 1 xr B03;:J;yxa COCTOJlHHjJ, cooraercrsyronrero TOqKe A, CMeIlIHBaeTCjJ C 

n xr B03;:J;yxa COCTOjJHHH, cOOTBeTCTBYIO~ero TOqKe B. Tennocoztepxanue 
CMeCH Ie B KOJIHqeCTBe (1 + n) xr 6Y;:J;eTpaano 

Ie .(l+n)=IA +n·IB, (1.30) 

OTKy;:J;a 

Ie = I A +n·IB (1.31)
l+n 

AHaJIOrHqHhIM 06pa30M asrpaxeaae BJIarOCO;:J;ep:>KaHHjJ MO:>KHO 

npe;:J;CTaBHTb B CJIe;:J;YIO~eM BH;:J;e ; 

de _ dA +n·dB (1.32)
1000 -1000'(1+n) 

113 BhIpa:>KeHHH (1.31) H (1.32) MO:>KHO aanacars 

I A -Ie =n·(Ie -IB) (1.33) 

dA -de _ n·(de -dB) 
(1.34)

1000 1000 

Pa3;:J;eJIHB (1.33) na (1.34), nonyqHM ypasaeaae npjJMoH JIHHHH, 

npoxonanrea xepes TOqKH A H B H TOqKY C Koop;:J;HHaTaMH Ie H de: 

I A - Ie. 1000= Ie - IB .1000 . (1.35)
dA -de de -dB 

H3 BhIpa:>KeHHjJ (1.35) crrenyer, 'ITO TOqKa C, XapaKTepH3YIO~ag 

COCTOjJHHe CMeCH ,lJ,BYX nOTOKOB, JIe:>KHT aa npjJMoH AB. Ee nOJIO:>KeHHe aa 

:noH npjJMoH MO:>KHO onpenerrars CJIe;:J;YIO~HM 06pa30M. 

PaccMOTpHM ;:J;Ba TpeyroJIbHHKa AC,n; H CBf. Hcxo,lJ,jl H3 nO,lJ,06HH 

3TUX TpeyrOJIbHHKOB, MO:>KHO sarracars 

AC = A,l( IA -Ie (1.36) 
CB cr Ie -IB 

H3 BbIpa:>KeHHjJ (1.33) CJIe;:J;yeT, 'ITO 

I A -Ie 
n= (1.37) 

Ie -IB 

Torna, nO;:J;CTaBHB (1.37) B (1.36), nonyqHM 

AC IA -Ie LB (1.38)-= =n=­
CB Ie -IB LA 

BhIpa:>KeHHe. (1.38) nOKa3hIBaeT, 'ITO TOqKa C nemrr npHM)'IO AB 
aa oTpe3KH, .ofiparno nponop:u.HOHaJIbHhIe KOJIHqeCTBaM sosnyxa, 

BCTynaIO~HM B CMeCb. 
AHaJIHTHqeCKH OCHOBHhIe napauerpsr CMeCH nnyx nOTOKOB 

Pa3JIHqHOrO COCTOjJHHjJ MO:>KHO onpenemrrs cne;:J;YIOmHM 06pa30M: 

Ie = I A +n·IB (1.39) 
. n+1 ' 

de = dA +n·dB (1.40) 
n+1 

t = t A «n!» (1.41) 
e n+1 ' 

cnrTypn
HAY4HO-HH~PMAUUOHHN~ 

UEHTP 
C-nPiepliypr, YA.MuOHa. 4epH~ 4f/21 
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1.5. Cnocotiu U npu60pbl OJlR onpeoeneuus napflMempo6 
6Jlt13ICHOlO 6030Yxa 

O).\HHM H3 BIDKHeHIlIHX napaxerpoa BJI8.)J(HOrO B03,L()'Xa, 

n03BOJlllK)~HM npa H3BecTHoH rexrreparype onpenenars ace OCTaJIbHble 

napaaerpsr, HBJIHeTCH OTHOCHTeJIbHaH BJI8.)J(HOCTb tp. Cy~ecTBYeT 

HeCKOJIbKO cnocofios onpeneneaas OTHOCHTeJIbHOH BJI8.)J(HOCTH: 

a) XHMHqeCKHH; 

6) cnocof Ha6JI1o).\eHml TOqKH pOCbI; 

B) cnocof BOJIOCHHOro rarpoxerpa; 
r) nCHxpOMeTpHqeCKHH. 

TIpH60pbl, npn nOMO~H KOTOpblX npOH3BO,1.\HT H3MepeHHH nepssnra 
TPeMH cnOC06aMH, Ha3b1BaIOTCH rarposrerpaaa, a no xerseproay cnocofiy 

- nCHxpOMeTPaMH. 

XHMHqeCKHH crrocof 3aKJIlOqaeTCH B CJIeJ.\YlO~eM. TIPH nOMO~H 

acnaparopa Me).\JIeHHO oT6HpalOT HeKOTopblH 06'beM aosnyxa, BJI8.)J(HOCTb 

xoroporo H3MepHIOT. Ilepen BXO).\OM B acnaparop B03).\yX npOXO).\HT sepes 
HeCKOJIbKO	 U - 06Pa3HbIX Tpy60K, 3anOJIHeHHblX Be~eCTBOM, aKTHBH(j 

norJIO~aIO~HM BOMHble napu. TaKHM seniecrsoa MO:lKeT 6bITb 

XJIOpHCTblH KaJIbU,HH CaCh HJIH <pOC<pOPHblH anranpan P20S. TIo 

npapocry MaCCbI Tpy60K ).\0 H nOCJIe onsrra MO:lKHO nO).\CqHTaTb no 
~	 I 3CneIl,HaJIbHOH MeTO).\HKe KOJIHqeCTBO BO).\HHblX napes B M B03).\YXa, a 

CJIe).\OBaTeJIbHO Hero OTHOCHTeJIbuyIO BJIa:lKHOCTb. 

3TOT cnocof CBH3aH C ).\OCTaTOqHO 60JIbIIIHMH TeXHHqeCKHMH 

TPY).\HOCTHMH, a KpOMe roro, He06xo).\HMO 3HaTb HaqaJIbUYIO 

KOHu,eHTPaIJ,HIO BOMHblX rrapoa, qTO rpetiyer ).\onOJIHHTeJIbHblX 

H3MepeHHH. Ilosroxy nOT MeTO).\, KaK npaBHJIO, He npHMeHHeTCH. 

Ilpexne qeM nepetrra K paCCMOTPeHHIO cnocofia Ha6JIIO).\eHHH TOqKH 

-pecsr; Heo6xo).\HMO' BbI&BHTb ee 4JH3HqecKYIO CYIIl,HOCTb. TeMnepaTYPOH 

TOqKH POCbI Ha3bIBaeTCg 'ra resmeparypa, ).\0 KOTOpOH UY:lKHO OXJIAAHTb 

aeaacuuteaasrjt B03,L()'X, qT06bI OH CTaJI aacsnueaasna rrpa coxpaaeaaa 
nOCTOgHHOro anaroconepscaaaa. Fparpasecxas aareprrperanaa sroro 

nOHHTHg npencraaneaa aa pHC. 1.5. 

18 

dB
 

I 

d. 

Puc. 1.5.	 Onpeoeneuue meunepamypu mouxu POCbl C nououuao 
I - d OUQZPQMMbl 

TIpe).\nOJIO)KHM, qTO rrapaaerpu BJI8.)J(HOrO B03J.\Yxa orrpenensrorcs 
nOJIO:lKeHHeM TOqKH A aa nOJIe 1-d ).\HarpaMMbI. TIPH 3TOM 

resaneparypa soaayxa COOTBeTcTByeT H30TepMe d, aero 

nnaroconepzcaane - ds- ECJIH H3 TOqKH A npoaecra JIYq npou,ecca no 

JIHHHH dB = const ).\0 nepeceneana C norpaaasaok KpHBOH rp = 100% H 

.nposecra xepea TOqKY nepeceseaas H30TepMY t~, TO OHa H 6y).\eT 

COOTBeTCTBOBaTb 3HaqeHHIO reuneparypu TOqKH POCbI ).\AA COCTOgHHH 

BJIa:lKHOrO B03J.\Yxa rrpa ).\aHHbIX yCJIOBHHX. 

TIPH H3BeCTHOH rexneparype BJIa:lKHOrO B03,L()'Xa t~ H resmeparype 

TOqKH POCbl t~ sa OCHOBaHHH Bblpa:lKeHHH (1.10) BeJIHqHHa 

OTHOCHTeJIbHOH BJIa:lKHOCtH MO:lKeT 6b1Tb onpeneneaa 

rp= 
pP 

AB·IOO, % (1.42) 

PA 

rne pI - napu,HaJIbHOe ).\aBJIeHHe HaCbI~eHHoro BOMHoro napa npa 

resnreparype TO~ POCbI t~; p] - napu,HaJIbHOe ).\aBJIeHHe 

B 
nacranreanoro Bo).\gHOrO napa npa ressneparype soaayxa t A . 

l!HCJIeHHble 3HaqeHHg p~ H p~ onpenenaiorcs no ).\HarpaMMe KaK 

oTpe3KH non JIHHHeH napuaansnoro ).\aBJIeHHg BO).\gHOrO napa B 
P B 

HaCbI~eHHoM COCTOHHHH npa cooTBeTCTBYIO~HX TeMnepaTypax tA H tA . 
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O,n:HOH 113 aaafionee pacnpocrpaneaaax KOHCTpyKU;HH npafiopa ,n:JIH 

onpe,n:eJIeHHH OTHOCHTeJIbHOH BJIWKHOCTH B03,n:yxa HBJIHeTCH rHrpOMeTp 
Anmoapna H Fpose. OH OCHOBaH na npaanane aafimoneaaa MOMeHTa 

nOHBJIeHHH POCbI aa BHyTpeHHeH OTnOJIHpOBaHHOH n030JIOqeHHOH CTeHKe 

qeTbIpexrpaHHOrO cocyzta, 3anOJIHeHHOro )l(H,n:KHM 3qmpoM, npn 

conpHKOCHOBeHHH B03.D:yxa C 3TOH CTeHKoH. IIpH nOHBJIeHHII xoaaeacara 

aa KOHTpOJIbHOH CTeHKe npafiopa, Ha6mo,n:aeMOM BH3YaJIbHO sepea 

CMOTpOBoe OKHO, C noaomsio CneU;HaJIbHOH MeTO,n:HKH lPHKCHPYlOT 

3HaqeHHH resmeparypsr 3lPHpa H resmeparypsr sosnyxa aa axone B 
rarpoverp, qTO n03BOJIHeT onpenenars no J - d ,n:HarpaMMe HJIH C 

noaoursro Ta6JIHU; BeJIHqHHY coorsercrsyromero napU;HaJIbHOrO ,n:aBJIeHHH 

,n:JlH no,n:CTaHOBKH B asrpasceaae (1.42). 
3TOT cnocof HBJIHeTC.II ,n:oporOCTO.llI.IJ;HM, CB.II3aH C 60JIblllHMH 

TeXHHqeCKHMII Tpy,n:HOCTHMH H n03ToMY npHMeH.lleTC.II peznco. 

IIpHHU;Hn ,n:eHCTBH.II BOJIOCHHOro rarpoverpa 

OCHOBaH Ha CBOHCTBe qeJIOBeqeCKOrO BOJIOCa 

H3MeH.llTb CBOlO ,n:JIHHY B 3aBHCHMOCTH OT 
OTHOCHTeJIbHOH BJIWKHOCTH soanyxa. 06I.IJ;HH BH,n: 

BOJIOC.IIHOrO rarpoverpa npasenea aa pHC. 1.6. 
O,n:HH KOHeu; BOJIOCa yxpennea aenonaaxno 

B rosxe 1, a zrpyroa 06epHyT noxpyr BaJIHKa 2 H 

HaT.llHYT rpY30M 3. K BaJIHKy npaxpenneaa CTpeJIKa 
4, KOTOpaR nepeueutaerca no nrxane ,n:eJIeHHH 

OTHOCHTeJIbHOH BJIWKHOCTH 5. IIpe,n:BapHTeJIbHa5I 

rpanyaposxa lllKaJIbI npoH3Bo,n:HTCH ,n:JIH Ka)l(,ll;orO 

npafiopa OT,n:eJIbHO nyTeM novemeaas ero B cpeny, 

OTHOCHTeJIbHaR BJIWKHOCTb KOTOpOH H3BeCTHa. 

06blqHO TaKOH npaoop npHMeH.lleTC.II B 6bITy HJIH 

npoaaaoncrseaaax nOMern;eHIDIX., He Tpe6ylOI.IJ:HX 

BblCOKOH TOqHOCTH H3MepeHHH napaMeTpOB 

B03,n:YIIIHOH cpenu. 

Puc. 1.6. BOJlOCRHOU euepouemp 

Ilpesote qeM nepeara K paccuorpeaaro nCHxpOMeTpHqeCKOrO 

cnocofia onpeneneaaa OTHOCHTeJIbHOH BJIWKHOCTH soaayxa, He06xo,n:HMO 

yCTaHOBHTb lPH3HqecKYlO cyumocrs nOHHTHH rexneparypsr MOKporo 

repxoaerpa, KOTOpaR HMeeT 60JIbliiOe aaaseaae B TeXHHKe BeHTHJIHU;HH H 

KOH,n:HU;HOHHpOBaHH.II sosnyxa. 

ECJIH ueaacumeaaua soanyx npaxonar B conpnxocaoaeaae C 

noaepxnocrsto TOHKOH nJIeHKH sonsr, TO B pe3YJIbTaTe nponeccos TenJIO­

H Macco06MeHa 6y,n:eT npoacxonars KaK nepenoc TenJIOTbI, TaK H nepeaoc 

BJIarH (MaCCbI BeI.IJ;eCTBa) B HanpaBJIeHHH 60JIee HH3Koro nOTeHU;HaJIa. IIpH 

resmeparype neaacsnueaaoro sosnyxa asnne rexneparypa BO,n:bl, a 

resmeparype BO,n:bl - nsnne TeMneparypbI TOqKH pocsr, nepenoc TenJIOTbl 

6y,n:eT npoacxonars OT nosnyxa K nOBepXHOCTH sonsr, a nepenoc BJIarH ­

OTnOBepXHOCTH Bo,n:bI B B03.D:yx. 
IIpH 3TOM rexrreparypa sosnyxa nOHH)l(aerC.II, a ornaaaessaa HM 

.IIBHaR TenJIOTa 6y,n:eT 3aTpaqHBaTbC.II aa qaCTHqHOe HcnapeHHe anara. 

Hcnapasurasca sa CqeT HBHOH TenJIOTbl aosnyxa snara nocrynaer 06paTHO 

B aosnyx, B pe3YJIbTaTe sero yaeJIHqHBaeTCH ero BJIaroco,n:ep)l(aHHe II 

napnaansaoe ,n:aBJIeHHe BO,n:.llHbIX napos. BCJIe,n:CTBHe 3Toro· 

YBeJIHqHBaeTCH H TenJIOco,n:ep)l(aHHe BJIWKHOrO B03.D:yxa npaKTHqeCKH zro 

ero nepsoaavansnoro ypOBHH. TaKHe nponeccu Ha3blBaIOTCH 

a,n:Ha6aTHqeCKHMH, T.e. npOTeKaIOI.IJ;HMH npa nOCTOHHHOM 

renrroconepacaaaa. 11306pWKeHHe nponecca B I - d ,n:HarpaMMe 

rrpaseneao aa pHC. I.7. 

I, K/{:»C/K2 qJA
 

A
 

<;J 
~ 

10001 
-<] 

d,21K2 

d HdA A 

Puc. 1.7. Onpeoeneuue meunepamypu MOKp020 mepuouempa C nOMOUlblO 

I - d OUQ2PQMMbl 

IIpe,n:noJIO)l(HM, qTO napasrerpsr BJIWKHOrO sosnyxa onpenensrorcs 
nOJIO)l(eHHeM TOqKH A aa nOJIe I - d nnarpasoasr. IIpH 3TOM resmeparypa 

aosnyxa COOTBeTcTByeT H30TepMe t~ (resmeparypa cyxoro repuouerpa), 

I 

,. 
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a ero snaroconepscaaae - dA' EcJIH H3 T01fKH A nposecra JIY'I npouecca 

no mnnm: I A =const ,QO nepeceseaaa C norpaaasaoa KpHBOit f/J =100% 

H nposecra qepe3 T01JICY nepecesenns H30TepMy t1,TO OHa H 6Y,lleT 

COOTBeTCTBOBaTb 3HaqeHHIO TeMnepaTYPM MOKpOro repaosrerpa ,llIDI 

COCTOJIHmr BJlmKHoro sosnyxa npx ,QaHHLlX yCJIOBHJIX. Ilpa 31'0M 

BeJIH'lHHa d:t 6y.ner COOfBeTCTBOBaTL snaroconepzaamo sosnyxa B 
p

HacbllUeHHOM COCTOJlHHH, a t A • rexneparype TO'lKH pOCM. 

TaKHM 06pa30M, resmeperypoa MOICpOro repaosrerpa JlBIDIeTCJI 

TlUCaJI TeMTIeparypa, KOTOPYJO npHHHMaer H8CI.III{eHllLdi BlIaxan.di soanyx 
B npouecce acnapeaas npa YCJlOBHH coxpaaeaas nOCTOJlHHOro 

TeTIJIOCO,llep)f(aHHJI sosnyxa,paaaoro Ha'laJILHoMY. CnenyerHMeTL B BH,Dy, 

'ITO CTpOI'OCTL 31'0ro COOTHomeHHJI cnpasennaaa TOJII.KO A1UI 

rexneparypt« B03~a tM= 0 °C. Bo scex OCTaJILHLIX' CJIY'laJIX paBeHCTBO 

rermoconepxaaaa He c06JIIO,llaeTCJI, T. e. aa I - d ,llHarpllMMe JlHHHH 

resmeparyp MOxporo repxoaerpa He COBIIll,lUUOT B nOJIHOH Mepe C 

JlHHHJIMH nOCTOJlHHOrO TeTIJlOCO,Qep)f(aHIDI. Ho paCXO~HHe sro 
HeBeJIHKO H B npllKTH'leCKHX HH)f(eHepHblX pacserax sro 06CTOJlTeJII.CTBO 

MO)f(HO He )"IHTldBiITL. 

Pa3HOCTL resmeparyp M~ nOKa38HHJIMH cyxoro H MOKpOro 

TepMoMeTpOB Atnc = tX- t~ H83J>IBaerCJI ncaxpoaerpasecxon 

pa3HOCThIO. 

no ee BeJIH'lHHe MO)f(HO O,IlH03Ha1JHO cY,llHTh 0 COCT01lHHH BJI8)f(Horo 

soanyxa, qeM Mem.me era Pa3HOCTL, TeM B03,llyX 60JIee HacLllIleH BJIaroK. 

TIPH t~ =t1 nCHXoMeTpH'leCKlUI Pa3HOCTh Jtnc = 0, T. e. B03,llyX 

H8XO,IUlTClI B HacMIneHHOM COCTOJIHHH (f(J = 100 %). 
,. Ha OCHOBellpllHUHlIa onpencneaas nCIfXPOMeTpH1JecKoii pa3HOCTH 

pa3pa6OTaHLI nplf6opI.I ,llIDI onpe,QeJIeHHJI BeJIH'lHHI>1 OTHOCHTeJILHOH 

BJl8)f(HOCTH soszryxa - nCHXpOMeTpI.I. HaH60Jlee pacnpocrpaseanaa 

KOHCTp)'KUIDI npH60pa npeacraanena na pHC. 1.8. 

2 

tc 
iN 

Puc. 1.8. Ilcuxpouemp Puc. 1.9.Acnupauuonuuii 
ncuxpouemp ACMaHa 

I1cHxpOMeTP COCTOHT H3 .L\BYX O.L\HHaKOBblX TepMOMeTpoB, 

3aKpenJIeHHI.IX aa 06rueH pasaxeI. O.L\HH H3 3THX TepMOMeTpOB 2 CJIy)l(HT 

.L\JIX H3MepeHHX revneparypsr B03.L\yxa Ie H HaJI.IBaeTCX CYXHM 

TepMoMe1'poM. ):ijJyroH TepMoMeTP 3 npenaaaaasen .L\JIX H3MepeHHX 

TeMneparypI.I B03.L\yxa no MOKpOMy repuoaerpy. PryTHbIH pesepsyap 
sroro repaoxerpa 06epHyT 6aTHcToBOH TKaHblO 4, aenpepsrsno 
CMa'lHBaeMOH BO.L\OH, naxoztsmetica B KOJI6e 5. Ha OCHOBaHHH 

H3MepeHHbIx BeJIH'IHH Ie HIM onpe.L\eJIXIOT OTHOCHTeJIbHyID BJIIDKHOCTb 

qJ C nOMoruLIO I - d .L\HarpaMMI.I, CneUHaJIbHI.IX rpWHpOBO'lHblX 

. Ta6JIHU IDIH rparpaxon. 

)l;aHHlUI KOHCTPYKUHX ncaxpoverpa urapoxo npHMenxeTcx .L\JIX 

KOHTpOJIX B03,llyIIIHOH cpensr B nOMerueHHXX PaJJIH'IHOro HaJHaqeHHX, HO 

06JIa,L\aeT 60JIbIIIOH HHepuHoHHOCTblO H 3Ha'lHTeJIbHOH norpenraocrsio 
npa H3MepeHHH resmeparyp. IIpH He06xo,llHMOCTH 6bIcTPoro H 60JIee 

TOqHOrO onpezteneaas COCTOXHHX soanyxa HCnOJIb3yeTcx ncaxpoverp 

ACMaHa, nOKaJaHHbIH aa pHC. 1.9. 
I1pHHUHn ero ,lleHCTBHx aHaJIOrH'IeH, HO CYXOH H MOKpI.IH 

TepMOMeTpI.I 38KJIIO'IeHbI B CneUHaJIbHI.Ie MeTaJIJIHqeCKHe TPy6KH, qepe3 

KOTOpI.Ie npHHy,llHTeJIbHO nponysaerca B03,llYX C nOMorublO BeHTHJIXTOpa C 

MeXaHH'IeCKHM npaaoztox, pacnOJIO)l(eHHOrO B aepxaea qaCTH npafopa. 

I1pH 3TOM HHTeHCHBHOCTb nponecca acnapenas BJIarH 3Ha'lHTeJIbHO 
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yBeJIHqHBaeTCH, qTO n03BOJUleT 60Jlee TOqHO onpeaeaars rexneparypy 
MOKpOrO repaoxerpa, a MeTaJIJIHqeCKHe Tpy6KH 3am;Hm;aIOT TepMOMeTpbI 
OT B03.n;eHCTBHH BHeIUHHXH3Jl)"IaTeJIeH.-

IICHXpOMeTpbI ACMaHa HCrrOJIb3YlOTCH 06bl'lHO npa BbllIOJIHeHHH 
aaysasrx HCCJIe)lOBaHHH COCTOHHHH B03)lyIUHOH cpena, Hana,aKe CHCTeM 

BeHTHJIHQHH H r.rr. B xasecrse npauepa na pHC. 1.10 npaseneaa 

HOMorpaMMa )lJUI onpeneneaas BeJIHqHHhI OTHOCHTeJIbHOH BJIIDKHOCTH no 

nOKll3aHHHM cyxoro tc ::: 14 °C H MOKporo tM ::: 10 °C TepMoMeTpoB. 

u~ MU 
o 
crJ~

;W 
0 

22 A

WI 
~ 18 ~ 
ii 16 §i 
~ 15 14 ~ 
~ 12~ 
§ltD 10 ~ 
&! 8 &! 
m 6 m 
~ .5 4 ~ 
~ ~ 

o 
20 30 40 .50 60 70 80 90 100, % 

Puc. 1.10. HOM02pCllJ.fMa OJlIl onpeoenesuu BeJlU'IUHbl omHOCUmeJlbHOU 

enaxcuocmu B030yxa 

113 ToqKH nepeceseaas H30TepMbI MOKporo repaoxerpa 

(roPH30HTaJIbHWlJlHHHH) C H30repMOH cyxoro TepMOMeTpa (HaKflOHHWl 

JIHHHjI) onycxaercn nepneH.n;HKYJlHp na IUKaJIy OTHOCHTeJIbHOH 

BJIIDKHOCTH, rne H /f!HKCHPYeTCR ee aaaseaae, pasnoe B paCCMaTpHBaeMOM 
npHMepe cp =60 %. 
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rJl808 2. TEllJIOBOH If B.JIAJKHOCTHLID liAJIAHCbI 
nOMEIIJ;EHIDI 

2.1. B",6op poclfimHbIX nopOMempo6 Hopy:NCHOZO U 6HympeHHezo 
6030Yxa 

PaCqeTHWl 'resmeparypa Hapy)KHOrO soanyxa npHHHMaeTCjI B 

3aBHCHMOCTH OT Hll3HaqeHHjI CHCTeMbI BeHTHJUlUHH HJlH 

KOH)lHQHOHHpOBaHHjI H KJIHMaTHqeCKHX yCJIOBHH MeCTHOCTH. 

YCTaHOBKH .n;nH CHCTeM BeHTHJIjlQHH H KOH)lHQHOHHpOBaHHjI no 

CTeneHH ooecneseaas aanaaaoro MHKpoKJIHMaTa B nOMem;eHHH cornacno 

CHHII nonpaaneneorcs B 3aBHCHMOCTH OT pacseraux napawerpos 

aapyxaoro B03)l)'Xa aa TpH rpYIIIIbI: A, E, B. 
.rvm TenJIOrO nepaona rona paCqeTHOH rearreparypoa napysnoro 

aoszryxa HBnRlOTCH: .n;JIH rpynnsr A (t~) - cpezmas rexneparypa caxoro 

)KapKOrO MecRua B nonaeas: ,Il,Jlll rpynnsr B (t~) - MaKCHMaJIbHOe 

snaseaae TeMnepaTYpbI, xoropoe 6b1JIo saperacrpapoaaao aa sees nepaon 

Ha6mo.n;eHHH B IIOMeHb B .n;aHHOM reorpaoasecxox nYHKTe; .n;IDl rpynrna 

E (t~) - cpezmee 3HaqeHHe H3 YKl13aHHblX asnne reaneparyp 

. tT _ V~ + t~ ) - . 
S - .

2 
.rvm XOJIO,ll,HOrO nepaona rona pacseraoa revneparypoa Hapy)KHOrO 

aosnyxa RBJUIIOTCjI: )lJIjI rpyrmsr A (tl) - Cpe.n;HSUI resmeparypa caaoro 

XOJIO)lHoro MeCjfQa B nonneas; .D:JIH rpyrmsr E (t:) - pacseruaa 
reaneparypa .n;JIH npoexrapoaanas OTOnJIeHHjI (cpeasa» rexneparypa sa 

- X 
-'nUb HaH6o.rree XOnO;LJ;HLIxcyrOK IIO,ll,~);,Il,IDl rpyrmsr B (tB) -

MHHHMaJIbHoe 3HaqeHHe TeMnepaTYpbl, KOTopoe 3aperHcTJlHpOBaHO 3a 

sees nepaon Ha6JIIO)leHHH B nonneas B ,Il,aHHOM reorpaqiasecxoa nyaxre, 
lJHCJIeHHhIe 3HaqeHHH pacsernsrx napaxerpoa napyxaoro soanyxa 

)lJUI KOHKpeTHoro reorparpasecxoro nyasra npHHHMaJOTCjI no 

KJIHMaTOJIOl1fqeCKHM .n;aHHblM B COOTBeTCTBHH co CHHII. 

PaCqeTHWl resmeparypa BHYTpeHHero sosnyxa B pa60qeH 30He 

noaemenas Bbl6HpaeTCR B 3aBHCHMOCTH OT xapaKTepHCTHKH IIOMew:eHHR 

H xareropaa BblIIOJIlUIeMblX B HeM pa60T. 
Pa60qeH 30HoH CQHTaeTCjI IIpOCTJlaHCTBO BhICOTOH no nsyx xerpoa 

nan yposaea IIOJIa HJIH IIJlOm;a,I(KH 06cny)((HBaHHR, aa KOTopoH HaxO.n;HTCH 

paeosee MeCTO. IIoCTojlHHblM pa60qlfM MeCTOM CtlHTaeTCR TO MeCTO, rae 
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pa60TaIO~HH HaxO~HTCjl 60JIbIIIyIO xacn, (fionee 50 % csoero pafiosero 
BpeMeHH HnH fionee ~BYX tIaCOB aenpepuano). 

Ilpa onpeneneaaa pacseraux MeTeopOnOrHtIeCKHX yCJIOBHH B 

nOMe~eHHH ytIHTbIBaIOTCjl cnocooaocrs tIenOBetIeCKOrO opraaasaa K 

aKKJIHMaTH3a:QHH B pasaoe BpeMH rona, HHTeHCHBHOCTb npoH3Bo~HMOii 

pa60TbI H xapaxrep TellJIOBbI~eneHHHB pa60tIeM nOMe~eHHH. 

Ilpa ysere HHTeHCHBHOCTH 'rpyna see B~bI pa60T nenarcs aa TPH 

xareropaa: nerxae, cpenaett TIDKeCTH H Tjl)l(eJIbIe. Creneas TIDKeCTH 

rpyna onpenenaerca BeJIHtIHHOH 3aTPatIeHHOH 3HeprHH. 

CHcTeMbI ofecrreseaas napaaerpos B03~a BHYTpH noxemeaas 
nonpaanensrorcs aa KOM<popTHble H TeXUOnOrHtIeCKHe. Cacrexsr, 
06eCnetIHBaIO~He C03~aHHe B03~IIIHOH cpenu, npe~Ha3HatIeHHOH Mjl 

rpyna H OT~bIXa xerrosexa, Ha.3blBaIOTCjl KOM<pOPTHbIMH H onpenensrorcs 
caHHTapHo-rHrHeHHtIeCKHMH HOpMaMH. TeXUOJIOrHtIeCKHe CHCTeMbl 

06eCnetIHBaIOT C03~aHHe B03~YIIIHOH cpenu, 6JIarOnpHjlTCTBYIO~eH 

ycnemnoay npoTeKaHHIO TeXHOnOrHtIeCKoro npouecca. B 
rrpoasaoncraeaaax noxeuteaaax, rne mona HaxOMTCjl nnarensaoe 
epexa, TeXHOnOrHtIeCKHe CHCTeMbI ~On)I(HbI 06eCnetIHBaTb H CaHHTapHO­

rHfHeHHtIeCKHe ycnoaas, T. e. ycnosas KOM<pOpTHOCTH. 

Ilapaaerpu aoanyxa B nOMe~eHHH HOpMHpYJOTCjl B 3aBHCHMOCTH OT 

nepaona rona. Pa3nHtIaIOT TPH OCHOBHbIX nepaona rona: xono~HbIH, 

TenJIbIH H nepexonautt. Ilepexonasra CtIHTaeTCjl nepaon, xorna cpenaas 
resmeparypa aapyzororo B03~a COCTaBnjleT +8 DC. QHcneHHbIe 

saaxeaaa OCHOBHbIX napasterpos B03~a B nOMe~eHHH B 3aBHCHMOCTH 

OT nepaona rona pernaxearapyrorca CRull. 

2.2. PaclIem mennonocmynneuuii 6 nouetueuue 

TellJIOBbI,lJ.eneHHjI oT'pa60TaIO~erO060PY~OBaHHjlC aneKTpHtIeCKHM 

npHBO~OM sa CtIeT nepexoaa MeXaHHtIeCKOH 3HeprHH B rennoayro 
onpenennorcs H3 Bblpa)l(eHIDI 

Q06 =1000 . Nycm • n- kucn •k6 BT (2.1) 

rne Nycm - yCTaHOBJIeHHaH MO~HOCTb npaaona anexrponaararena B 

pacsere aa eMHH:Qy 060PY~OBaHHjl, KBT, onpenenaercs 3~aHHeM; n ­
KOnHtIeCTBO e~HHH:Q 060PY~OBaHHjl (anexrponaararenea); kucn ­

K03<p<PH:QHeHT acnomaosaaaa MO~HOCTH 3neKTpO~BHraTeJIjl, 06bltIHO 

pexoaeanyercs npHHHMaTb 0,8; k6 - K03<P<PH:QHeHT onaoapexesaocra 
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pafiorsr 060PY~OBaHIDI, onpenenaeauf 3a,n,aHHeM, MO)l(eT 6blTb npHUjIT 

paBHblM 1. 
BenHtIHHa Q06 OT nepaoaa rona He 3aBHCHT. 

Tennonocrynneaas OT OCBe~eHHH Mjl rennoro H XOJIO~HOrO 

nepaozta rona paCCtIHTblBaIOTCjl 

Qoc =1000 . Noc . n .k6 • a BT (2.2) 

rae Noc - MO~HOCTb O~HOH OCBeTHTenbHoH yCTaHOBKH, KBT; n - tIHCJIO 

OCBeTHTenbHblX yCTaHOBOK; k - K03<p<pH:QHeHT o~HoBpeMeHHOCTH pa60Tbl6 

OCBeTHTenbHblX yCTaHOBOK: B xono~H nepaozt MO)l(HO npHHHMaTb 

k =1,0, B Ti:!nnblH nepnon =0,5 - 0,6 - no 3~aHHIO; a ­
6 

k6 

K03<p<PH:QHeHT, )"IHTblBaIO~HH THn OCBeTHTenbHOH yCTaHoBKH, 

pernaaearapyesrail CHHll. 

rne F - nOBepXUOCTb nona B nOMe~eHHH, M qoc= 40 BT/M2 
nopaa 

Tennorrocrynneaas OT OCBe~eHIDI MOryT 6blTb paccaaraau H 

~pyrHM cnocofiov 

Qoc = F 'qoc ·k6 
BT - (2.3) 

2 
; ­

OCBe~eHHOCTH 1M2 nOJIa B COOTBeTCTBHH co CHHn; k6 - K03<p<PH:QHeHT 

O~HoBpeMeHHocTH pa60TbI OCBeTHTenbHblX yCTaHoBoK. 

Tennorrocrynneaas OT 06CJIY)l(HBaIO~erO nepcoaana ,LVIjl 

xononaoro H rennoro nepaonoa rona paCCtIHTblBaIOTCjl H3 BblpIDKeHHjl 

r.w)
 1 BT, (2.4)
Qon =m-(QJl61/ + 100~ . 3,6 

rne m - tIHCnO pa60THHKOB; QJl61/ - jlBHble TenJIOBbI~eneHHjl OT onaoro 

xenoaexa, K)VK/tI; r = 2250 K)VK/Kf - cspsrras TenJIOTa 

nap006pa30BaHHH; W - BnarOBbI,lJ;eneHHe OT onaoro xenosesa, tl«.n 
lIHcneHHble 3HatIeHHH QJl61/ H Wn onpenensrorca B COOTBeTCTBHH 

co CRull B 3aBHCHMOCTH OT TeMneparypbl B03~a BHYTPH nosremenaa H 

CTeneHH rsxecra rpyna. 
Tennonocrynneaas OT COJIHetIHOH panaanaa xepea CBeTOBbIe 

(oxonasre) npoeMbl paCCtIHTblBaIOTCjl TOnbKO ~JIjl remroro nepaozta rona 
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Qcp =Focm •qocm . Aocm •K , BT (2.5) 

2rne F - cyMMapHaH nOBepXHOCTb OCTeKlIeHHH, M ; qocm - nJIOTHOCTbocm 
rennosoro nOTOKa, nepenaaaexoro aa cser COJIHe'lHOH paJ{HaQHH, 

3aBHCjIIlJ;aH OT opHeHTaQHH CBeTOBhIX npoeaos no CTOpOHaM CBeTa H 

reorpa<!>H'leCKOH mHpOTbI paccaarpasaeuoro 061>eKTa, BT/M2; Aocm 
3MnHpH'leCKHH K03<!><!>HlJ;HeHT, 3aBHCjIIlJ;HH OT BH~a OCTeKlIeHHH; K ­
3MnHpH'leCKHH K03<!><!>HQHeHT, 3aBHCHIlJ;HH OT np03pa'lHOCTH CTeKOJI. 

qHCJIeHHhIe 3Ha'leHHH %cm' Aocm H K onpenensiorcs B 

COOTBeTCTBHH co ClIHli. 

Tennonocrynneaas sepea BHemHHe orpaxnenaa H3BHe aa CqeT 

60JIee BhICOKOH resmeparypsr aapysororo sosnyxa B TenJIhIH nepaoa rona 
npH npoeKTHpOBaHHH CHCTeM KOH,I{HQHOHHpOBaHHH paCCqHThIBalOTCH B 

TOM cnysae, eCJIH pacseraas TeMneparypa aapysororo soanyxa 
npessnnaer paC'leTHYIO TeMneparypy sosnyxa BHYTpH nOMem;eHHH aa 

5°C H 60JIee, T. e. t~ - t£ ~ 5°C; npa npOeKTHpOBaHHH CHCTeM 

BeHTHAAQHH - aa 10°C, T. e. t~ - t£ ~ 10°C. 

Qozp = Fozp . Kozp . (t~ - t£ ) BT (2.6) 

rne Fozp - nOBepXHOCTb saenmero orpaxneaas sa BbI'leTOM nOBepXHOCTH 

2
OCTeKJIeHHH, M , Kozp - K03<!><!>HlJ;HeHT TenJIOnepe~aqH sepes orpaxnemrs, 

BT/(M2 .oC); ti'£ H t£ - COOTBeTCTBeHHO, pacseraaa resmeparypa 

aapysaroro B03;J;yxa H B03~yxaBHyTpH nOMem;eHHH, °C. 

TenJIonocrynJIeHHH H3BHe He paCCqHThIBaIOTCH ~JIjI nOJIOB, 

pacnonoxeaasrx aa rpyare HJIH HaJ{ nO~BaJIaMH. ):VIH COBMeIl{eHHOH 

KpOBJIH CJIe~eT OT~eJIbHO paCC'lHTblBaTb TenJIOnocrynJIeHHH ~JIjI 

nOMem;eHHH sepxaero erazca. 

K03<!><!>HlJ;HeHT rennonepeaasa paCC'lHThIBaeTCH C yqe-rOM scex 

TepMH'leCKHX conpOTHBJIeHHH 

1
K - --~---;-:----:-;-­ BT/(M

2 0C) , (2.7) 
ozp -lja8 +:LO;/A, +ljaH 
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rne a; H a; , COOTBeTCTBeHHO, K03<!><!>HlJ;HeHT TenJIOOT~a'lH OT soanyxa 

BHYTPH nOMeIlJ;eHHH K CTeHe H OT HapYJKHOH nOBepXHOCTH CTeHbI K 
2 

HapYJKHOMY B03~YXY, BT/(M .0C); OJ - TOJIIlJ;HHa OT~eJIbHbIX CJIOeB, 

COCTaBJIHIOIlJ;HX CTeHY, M; A, - K03<!><!>HQHeHT TenJIOnpOBO~HOCTH 

MaTepHaJIOB, H3 KOTOpbIX BhInOJIHeHa CTeHa, BT/(M '0C). 
qHCJIeHHhIe 3Ha'leHHjI K03<!><!>HQHeHTOB TenJIOOT~a'lH Onpe~eJIjIIOTCH
 

pacseroa no ypaBHeHHHM KOHBeKTHBHOrO TenJIo06MeHa HJIH B
 

COOTBeTCTBHH C peKOMeH,I{aQHHMH ClIHli. K03<!><!>HQHeHTbI
 

TennonpOBO~HOCTH MaTepHaJIOB BhI6HpalOTCH no CnpaBO'lHbIM Ta6JIHQaM.
 

,lVuI nOMeIlJ;eHHH sepxaero eraxa npa OTCYTCTBHH xepztavaorc
 
nepexpsrrns (COBMem;eHHaH KPOBJljl) rennonocrynneaas xepea KpOBJIIO
 

pacC'lHThIBaIOTCH no <!>0pMYJIaM (2.6) H (2.7) OT~eJIbHO OT 60KOBbIX
 

noaepxaocrea CTeH. Ilpa HaJIH'lHH xepnasaoro nOMeIlJ;eHHH
 

rennorrocrynneaas, KaK npaBHJIO, He paCC'lHThIBaIOTCH.
 

TenJIonocrynJIeHHH OT HarpeThIX nOBepXHOCTeH 060PY~OBaHHH H
 

Tpy60npoBO~OB onpenenaiorcs H3 sstpaxeaaa
 

Qno8 =a- Fno8 . (tno8 - t8 ) ,BT , (2.8) 

rne a - K03<!><!>HQHeHT TenJIOOT~a'lH OT nosepxaocra K oxpyxaiouteay
 
2.oC);
 2 

. B03~y, BT/(M - BeJIIflIHHa nosepxaocra, M ; tno8 H t8 ­Fno8 
COOTBeTCTBeHHO, rexneparypa nosepxaocra H pacseraas reaneparypa
 
B03~a BHYTpH nOMeIlJ;eHHH, °C.
 

B 06IlJ;eM cnysae K03<!><!>HlJ;HeHT TennOOT~a'lH npa resmeparype
 

nOBepXHocTH tnoe> 150°C paCC'lHTbIBaeTcH KaK cyMMa K03<!><!>HQHeHToB
 

TenJIOOT~a'lH KOHBeKTHBHOrO H nysacroro, T. e. a =a K + a!/. Ilpa 

. rexneparypax nosepxuocrea MeHee 150°C nysacryio COCTaBJIjIIOIlJ;YIO 

MO)l(}lO He ysartraars. 

K03<!><!>HQHeHT TenJIOOT~a'lH H3nyqeHHeM MO)l(}lO paccxarars na 

OCHOBe 3aKOHa CTe<!>aHa-J)OJlhQMaHa 

2a!/ = Cnp . --!!Q!L _ T6 BT/(M • 0C) , (2.9)[(T)4 ( )4]
t6 100 100tno6 ­

2·K4);
 
rae Cnp - npHBe~eHHhIH K03<!><!>HQHeHT nyseacrrycxaaaa, BT/(M Tno6
 

H ~ - COOTBeTCTBeHHO, reaneparypa nOBepXHOCTH H oxpyzcaronrero 

soanyxa, K. 
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KOHBeKTHBHbIH K03<pqJHI.l;HeHT TerrJIOOT.n;atIH paCCtIHTbIBaeTCSI, KaK 

rrpaBHJIO, .n;AA yCJIOBHH eCTeCTBeHHOH KOHBeKI.J;HH rro ypaBHeHHIO 

KOHBeKTHBHoro rennoofiaena B KpHTepHaJIbHOH <popMe 

a = c . ..1,6 •(Gr. Pr)n BT/(M2 '0C) , (2.10)
K e ' 

rne c - 3MrrHpHtIeCKHH K03<P<PHI.l;HeHT rrpOrrOpI.l;HOHaJIhHOCTH; ..1,6 _ 

K03<P<PHI.l;HeHT rennonposonaocra soanyxa, BT/(M '0C); .e - JIHHeHHbIH 

onpenenoonraa pasaep, M, Gr H Pr - KpHTepHH rro.n;06HJI, 

COOTBeTCTBeHHO, Tpacrodia H Ilpaaarns; n - 3MnHpHtIecKHIf nOKaJaTeJIb 

creneaa. 
PaCtIeT TenrrOBbUI;eJIeHHH OT OCTbIBaIOII.l;HX H1.n;eJIHIf (MaTepHaJIOB) 

npoH3Bo.n;HTCSI no BbIpaJKeHHIO 

G Mom ItIlO'l tKOII) 1Quam = uam ' Cp . ~ Mom - seam • 3 6 BT, (2.11) 
, 

rne Guam - Macca MaTepHaJIa, xr; C;am - TerrJIOeMKOCTb MaTepHaJIa, 

~(Kr 0C); t~~-:" H t~~':n - COOTBeTCTBeHHO, resmeparypa MaTepHaJIa B 

HatIaJIe npouecca OCTbIBaHHJI H B KOHI.l;e, °C. 
ECJIH MaTepHarr HaxO.n;HTCSI B nOMe~eHHH no nOJIHOrO OCTbIBaHHSI, 

TO ero rexrreparypa B KOHI.l;e npHHHMaeT 3HatIeHHe rexneparypa 
OKpYJKaIOII.l;erO soanyxa, 

TenJIOBbI)];eJIeHHJI C nOBepXHOCTH narperoa BO.n;bI OpHeHTHpOBOtIHO 

MOJKHOonpenenars no 3MnHpH'leCKOH 3aBHCHMOCTH 

Q:~~ =(5,7+ 4,1·W). (t60 0 - t
60 30 

) . F , BT (2.12) 

rne W - CKOpOCTb .n;BH)I(eHHSI sosnyxa Ha)]; nOBepXHOCTbIO BO.n;bI, M/C; 

t60 0 H t6 030 - COOTBeTCTBeHHO, resmeparypa nOBepXHOCTH BO.n;.bI H 

sosnyxa, °C; F - nOBepXHOCTb sepxana H~napeHHJI BO.n;bI, M2. 

TenJIorrocryrrJIeHHJI sa cxer CHCTeMaTHtIeCKHX npopusos napa OT 

.n;eHCTBYIO~ero 060py.n;OBaHHJI -repea HerrJIOTHOCTH MO)I(HO OI.l;eHHTb no 
BbIpaJKeHHIO 
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.. 

1Qnap =2250.D._ BT (2.13)
3,6 ' 

rae 2250 I<,llJK/Kr - CKPbIT~ rennora napo06paJOBaHHJI; D - KOJIHtIeCTBO 

napa, nocrynaroutero B noxenteaae, Kr/tI. 

~ B03MO)l(HbIX ztpyrax cnysaes BbI)];eJIeHHJI rennorsr pacser 
rrpoH3Bo.n;HTCSI B COOTBeTCTBHH co CneI.l;HaJIbHO peKOMeH.n;yeMbIMH 

MeTO)];HKaMH HJIH no 06II.l;eH3BeCTHbIM 3aKOHOMepHocuM. 

~ COCTaBJIeHHSI TenJIOBOrO 6arraHca nOMeII.l;eHHSI ace HMeIOII.l;HeCSI 

TenJIOnocrynJIeHHSI CyMMHpyIOTCJI. 

2.3. Pacuem mennoestx nomepe nOMe~eHueM 

TenJIOBbIe norepa paCCtIHTbIBaIOTCJI TOJIbKO .n;AAxononaoro nepaona 
rona, 

TenJIOBbIe norepa xepeaOCTeKJIeHHbIe CBeTOBbIe (oxoaaue) npoeMbI 

onpeneasrorcs H3 aupaxeaaa 

Qocm BT (2.14).&: -t:)=Focm ·Kocm 

. rne Focm - nOBepXHOCTl. OCTeKJIeHHbIX OKOHHbIX npoexos, M 
2

; Kocm ­

2 
K03cPcPHU:HeHT renaonepezrasasepea OKOHHbIe npoensr, BT/(M '0C); t: H 

t: -COOTBeTCTBeHHO, pacseraaa resmeparypa aayrpeaaero H aapyxaoro 
soaayxa, 0c. 

1IHCJIeHHbIe saaseaaa npHHHMaIOTCSI B COOTBeTCTBHH coKocm 
CHill. 

Tennoasre -,norepa sepes saetnaae orpaJK,ZJ;eHHSI (creau, nOJIhI, 

nOTOJIKH) paCCtIHTbIBaIOTCSI H3 BbIpaJKeHHSI 

Qozp BT (2.15)=Fozp . K ozp .V: -t: ). n 

rne Fozp - nosepxaocrs orpaxneaaa (aa BbItIeTOM nosepxaocra OKOHHbIX 

2;
H naepasrx npoexos), M Kozp - K03cP<PHI.l;HeHT TenJIOnepe.n;atIH xepea 

orpascreaae, BT/(M
2•0C); n - 3MnHpHtIeCKHH nonpaaoxasdl 

K03<p<PHI.l;HeHT, 3aBHcSlmuH OT xapaxrepa orpascaaromax KOHCTpyKI.l;HH. 
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Q:J;6 

aaaseaae a npHHHMalOT paaaoe 3,0. Ilpa 60JIblIIeH npo,aOJI)f(HTeJIbHOCTH 
OTICpblBaHHH BOpOT norepa TenJIOTbl paCC'iHTblBlllOTCH 
MeTo,aHKe, JIH60 KOJIHlfeCTBO nocrynaromero soaayxa npHHHMlllOT, HO He 
60JIee 75% OT 06'beMa nOMe~eHHH, 

~CJIeHHOe saaseaae qUllrP onpeztensercs no CHHlI B 3aBHCHMOCTH 

OT IIIHpHHbl ~eJIH 

CHaBeTpeHHoH CTOpOHbl (Ta6JI. 2.2). 
TenJIOnOTepH aa aarpesaaae MaTepHaJIOB H rpaacnoprasrx cpezrcrs, 

nocrynaioutax B noesemeaae, MOJKHO paccxarars H3 Bblpa.)l(eHHH 

QMllrn =~ .I G.warn'c; .B .&: -t.warn )
3,6 

2.4. Pacuem U36blmO'IHOU mennomu 8 1I0MeU{eHUU 

rne T - npo,aOJIJKHTerrbHOCTb HaxO>K,l:leHHH MaTepHaJIOB H rpancnoprasrx 

Cpe.l\CTB B nOMe~eHHH, q; 

H3BHe O.l\HOPO,aHbIX MaTepHaJIOB, xr; 

MaTepHaJIOB; KJ\:)I(/(KrDC); 

nocrynaiomero B nOMeJ:I(eHHe, DC; 
yqHTblBlllO~HH HHTeHCHBHOCTb nOrJIOIQeHHH TenJIOTbI, 'iHCJIeHHOe aaase­
HHeKOTopOro pernaaearapyercs CHHIT. 

,!LruI B03MO)f(HbIX npyrax cnysaes 
IOTCH no CneUHaJIbHbIM MeTO,aHKaM. 

AmI COCTaBJIeHHH 'renrroaoro 
norepa CyMMHpyIOTCH. 

1136blTO'iHWI TeIIJIOTa, BbI.l\eJIfllO~WlCH 

aa OCHOBaHHH ero TenJIOBOrO 
COCTaBJIJIeTCH H3 C)'MMapHbIX 
rennonoreps nOMe~eHHeM. 

TenJIOBbIe norepa B TellJIblH 
rennoro nepaona rona see 
H36bITO'iHhIMH H rorna 

AmI xonozraoro 
K8.K Pa3HOCTb Me)f(.lly cyMMapHhIMH TenJIOrrocryIIJIeHIDIMH H cyMMapHblMH 
TenJIOrrOTepHMH, T. e. 

n 

(2.16)BT 

e 

Ilmfl1lCOBliTa 

QUllrP =qUHfjJ . .e .cp . (t: ­ t: ). a·} 03 

t H 

cl H 1'7::Jti.·'IJrlYXaTYPKa G'wr. 

B 

Puc. 2.1. Hautionee pacnpocmpaneunue K01lCmpYKl1 uu ocpa:JICOeHUU; 

a - tioxoeue Cme1lbl; 6 - Kp08JlJl; 6 - Me:JIC3ma:JIC1Ible nepexpumus; 
z - nOJlbl 

a 
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K03q>qlHUHeHT 'rennonepenaxn K
0 2P 

onpe,neJlJfeTCH no q,opMyJIe 

(2.7) C YQeTOM crpyxrypsr Orpa)l()leHHH. Hexcropsre HaH60JIee 
pacnpocrpaaeaaue KOHCTpyKUHH orpIDK,lleHHH npHBe,neHbI na pHC. 2.1. 

QHCJIeHHbIe 3HaQeHHH rronpaaosnoro K03<pq>HnHeHTa 
npHHHMlllOTCH B COOTBeTCTBHH CpeKOMeH,naQHHMH CHHII. 

Termoasre .norepa .Ha ·nO.l\orpeB .HHq>HJIbTpyro~ero . aapyaororo 
sosnyxa paCC'iHTbIBaeTcH no BbIpa.)l(eHiHO 

rzte qUHfjJ - KOJIHlfeCTBO soaayxa, nocrynaronrero xepea I M ,aJIHHbI lQeJIH B 

cexynny, Kr/(M'C); .e - ,ltJIHHa I1..(eJIH, M; CP - TenJIOeMKOCTb soanyxa, 

K..Q)J(/(Kr·DC); a - 3MnHpH'ieCKHH nOnpaBO'iHbIH K03q>q>HUHeHT: a =0,5 _ 
,amiOKOHHhIX npoevon, a= 2,0 -,aM BOpOT H nsepea, 

ITPH Henpo,nOJI)!CHTeJIbHOM OTKpbIBaHHH BOpOT (no 15 MHH B csreay) 
pacser TenJIOnOTepb raxzce npoH3BO,aHTCH no <popMyJIe (2.16), HO 

"'llIlIIII 

no ClIeUHaJIbHOH 

B KOTOpOM Hax0mlTCH sopora, 

H CKOpOCTH serpa ,ami OKOH H ,aBepeH, pacnOJIOJKeHHbIX 

BT, (2.17) 

LG.warn - c)'MMapHWI xacca nocrynasmax 

c; -TenJIOeMKOCTb O.l\HOPO,aHblX 

tuam - rexneparypa MaTePHaJIa, 

B - 3MnHpH'ieCKHH K03q>q>HPHeHT,. 

rennoaue norepa paCC'iHTbIBa­

fiananca nOMe~eHHH ace TenJIOBhIe 

B nOMe~eHHH, onpenensercs 
fianaaca. TenJIOBOH 6aJIaHC nOMe~eHHH 

TeIIJIOnocrynJIeHHH H cyseaapaux 

nepaon OTCyTCTByIOT, n03TOMY .l\JIH 

HMelOl.lVieCH rennonocrynneaas HBJIJIIOTCH 

(2.18)= L Q::eTlJlonocrn
 

rrepaona rona H36hITO'iHWI TenJIOTa onpezrenaercs
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""lIIll 

Q~6 =L Q~enJIonocm - L Q~enJIonom (2.19) 

BeJIHqHHa H36hITOqHOH TeruIOThI HBJIJleTCg O,lJ;HHM H3 OCHOBHhIX 

cPaKTOpoB, orrpenensiomax Tpe6yeMhIH B03,lJ;yxo06MeH B nOMe~eHHH. 

2.5. B/u'JICIIOCmllb'ii. 6aJlallc nOMe~ellUR 

KOJIHQeCTBO BJIarH, HCIIapglO~eHCg C OTKphIThIX BO,lJ;HhIX 

IIoBepXHocTeH, MO)l(eT 6hITb paCCQHTaHOIIO 3MnHpHQeCKOH 3aBHCHMOCTH 

W =O,211.(a+O,0174.W).F. P2 -ll srk: , (2.20)ucn P6 

rae a - 3MUHpHqeCKHH K03cPcPHQHeHT; W - CKOpOCTb ,lJ;BH)I(eHHg aosnyxa 
Ha)]; acnapmonreacs nonepxaocrsro, we; II - IIapQHaJIbHOe ,lJ;aBJIeHHe 

(ynpyrocrs) BO,lJ;mhIX rrapos B soanyxe npa ero rexneparype H 

OTHOCHTeJIbHOH BJI~OCTH, ITa; P2 - IIapQHaJIbHOe ,lJ;aBJIeHHe (ynpyrocrs) 

aonaasrx napos aa JIHHHH HaCbI~eHHR (IIpH ffJ =100%) npa TeMIIepaTYpe 

noaepxaocra HCIIapj!JO~eHCgBO,lJ;hI, 11a; P6 - 6apOMeTpHQeCKOe ,lJ;aBJIeHHe 

B IIOMe~eHHH, ITa; F - nosepxaocrs sepxana HCIIapeHHJI, M
2

. 

lfuCJIeHHhIe 3HaQeHHR 3MIIHpHQeCKOrO K03cPcPHQHeHTa a B 

,lJ;Harra30He revneparyp sosnyxa IS-30°C MO)l(HO IIpHHHMaTh B 

3aBHCHMOCTH OT reaneparypsr IIoBepXHocTH HCIIapRIO~eHcR BO.n;bI IIO 

Ta6JI.2.1. 

Ta6JIHQa 2.1 

3HaQeHHg 3MUHpHQecKoro Koo4>cPHQHeHTIl. a B3aBHCHMOCTH OT 

reaneparypsr IIoBepXHocTH HCIIapRIO~eHcRBO.n;hI 

BO~ 

t rroB ' 

°C 
)];030 )];040 )];050 ):(060 ):(070 ):(080 )];090 

)];0 

100 

a 0,022 0,028 0,033 0,037 0,041 0,046 0,051 0,060 

):(mI TeIIJIOrO rrepaozta rona, xoraa BJIarOCO,lJ;ep)l(aHHe napyxaoro 
aosnyxa 60JIbIIIe, QeM anaroconepscaaae sosnyxa BHyTpH IIOMe~eHHg, 

KOJIHqeCTBO BJIarH, IIocryIIaIO~eH C HHcPHJIbTpYIO~HM B03,lJ;yxOM, 

onpeaenaercs H3 BhIpIDKeHHR 

dH-d6)WJ1HiJ =qUII,p" l ( 1000 ' Kr/c. (2.21) 

rae qUlliJ - KOJIH'Iecmo B03,I{JX8, nocrynaiomero xepes 1M ,llJlHHl>I meJIH B 

ceKYH.lJ;Y, Kf/(M'c); e - llJIHHa meJIH, M; dH H de - COOTBeTCTBeHHO 

BJIaroco.n;ep)J(aHHe Hap~Oro H sayrpeaaero B03)lyX8, rtia, 
QHCJIeHHlde 3HaqeHIDI qUlliJ onpenensrorcs B 3aBHCHMOCTH OT 

mHpHHhI meJIH H CKOpOCTH serpa ,lJ;M OKOH H naepea, pacnOJIO)J(eHHhIX C 

HaBeTPeHHoit CTOpoHbI, no TaGJI. 2.2. 

Ta6JIHQa 2.2 

3HaQeHHJI qUHiJ B 3aBHCHMOCTH OT lliKpHHhI ~eJIH H CKOpOCTHserpa 

Illapaaa meJIH H CKOPOCTL serpa, wc 

MaTepHaJI 

nepenneroa ,lJ;0 1 no 2 .n;o3 ,lJ;04 .n;05 

1 MM, MeT8JUI 0,69.10.3 108.10.3 , 1 33,10,3, 1,53'10,3 2 14'10,3, 

1,5 MM, nepeso 1,55'10,3 2,53-10'3 3,11'10'3 3,50.10.3 4,86:"10.3 

KOJIHqeCTBO BJIarH, BhIllemno~eDcR OT 06CJIY)I(HBaIO~ero 
nepcoaana, onpeaensercs B COOTBeTCTBHH C HOPM8MH B 3aBHCHMOCTH OT 

TeMIIepaTYPhI soaayxa BHyTpH nOMemeHHR H HHTeHCHBHOCTH rpyna 
(CM. 11pHJIo)J(eHHe, Ta6JL 11-4). 

KOJIH'leCTBO BJIarH, nocrynaromea aa CQe-r CHCTeMaTH'IecKHX 

npopsrsoa napa OT ,lJ;eHCTBYIOmero o6opy.n;oBaHHR, onpenexsercs 
yCJIOBHRMH 3KcnnyaT8.QHH TeXHOJIOfWleCKHX YCTaHOBOK H OIleHHBaeTCJI 

"3MIIHPH'lecKH, B pa3Mepe ~ 2 % OT 06mero pacxoza napa, HJIH 

CneUUaJILHLIMH MeTO}.(HK8MH. 
BoWO)J(HhI H npyrae BH,ltLI BJIarOnoC1)11JIeHIm B nossemeaae, 

xapaerepaue JVU[ KOmcpe1'llbIX TeXHOJIOrH<fecKHX npoueccos, B nOM 

crryqae BJIarOBhIlleJIeHHR onpe.n;eMIOTCJI cneQHaJILHhIMH MeTO,lJ;HK8MH HJ1H 

OIIhITHldM nyreM. 
ECJIH B nOMemeHHH HMelOI'C}I BJIaronOrJIOmaIOIIUle yCTaHOBKH HJIH 

MaTepHaJIbI, TO He06xo,lJ;HM0 ysecrs KOJlH'leCTBO norJIOmeHHoit BJIarH. 

Torna GaJIaHCBJI~OCTH B nOMemeHHH 

Wzn6 =I:Wenaeonocm. - I:WnOG1l . (2.22) 

35
34 Н

А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



---------------

----------------------

Fnaaa 3. CHCTEMIJI BEHTHJIH:U;HlI 

3.1. KnaccufjJul<a~UR cucmeu eeumunsuuu u ux OCH06Hb,e 

~lleMeHmb' 

OCHOBHOH 3a,J:latIeH BeHTHJI.SlQHOHHbIX CHCTeM HBlliIeTCH C03~aHHe B 

nOMelQeHH.SIX pa3JIHtIHOrO Ha3HatIeHH.SI B03~YIIIHOH cpensr, 

Y~OBJIeTBOpjJ:IQlQeH CaHHTapHO-rHrHeHHtIeCKHM TPe60BaHHHM HJIH 

TeXHOJIOrHtIeCKHM YCJIOBH.SIM npoassoztcraa, 3TO ~OCTHraeTC.SI 

otiecneseaaea aeofixonaaoro B03.Q)'Xoo6MeHa sa CtIeT UHPKYJI.SIQHOHHOro 

~BH>KeHH.SI B03~mHoH cpeasr, 06'beM KOTOpOH B HeCKOJIbKO pas 60JIbme 

061>eMa	 sesranapyeaoro nOMelQeHH.SI. Ilpn 3TOM 06eCnetIHBaeTC.SI 

yztaneaae H3 nOMelQeHH.SI orpaforaemero (aarpssaeaaoro) B03~a H 

sasseaa ero CBe>KHM (npHTOtIHI:JM). 

OTHomeHHe 061>eMa BeHTHJI.SIUHOHHoro soszryxa L K 061>eMY
6 

BeHTHJIHpyeMoro nOMelQeHH.SI VnoM HaJl:JBaeTCH xparaocrno 

B03~yxo06MeHa(UHpKYJI.SlQHH) 

L
n=_6_ (3.1)

VnoM 

CHCTeMI:J BeHTHJI.SIQHH MO>KHO KJIaCcH<pHUHpoBaTb no HeCKOJlbKHM 

OCHOBHI:JMnpH3HaKaM. 

Ilo cnocofiy ncpexemeaas aosnyxa Pa3JIHtIaIOT CHCTeMI:J 

eCTeCTBeHHOH H MeXaHHtIeCKOH (npHHY~HTeJIbHoH) BeHTHJI.SIQHH. Ilpa 
eCTeCTBeHHOH BeHTHJIHQHH B03~YX nepeMelQaeTC.SI no~ ~eHcTBHeM 

rpasaranaoaaoro ~aBJIeHH.SI, B03HHKalOIQerO sa CtIeT Pa3HOCTH 

nJIOTHOCTeH XOJIO~HOrO H narperoro aosnyxa H non ~eHcTBHeM aerpoaoro 

~aBJIeHH.SI. ECTeCTBeHHl:Je CHCTeMI:J. BeHTHJljJ:QHH xoryr 6I:JTb 

HeopraHH30BaHHbIMH H 0pTaHH30BaHHI:JMH. 

B HeOpraHH30BaHHI:JX cacrexax eCTeCTBeHHOH BeHTHJI.SIUHH CMeHa 

B03.Q)'Xa B nOMelQeHHH npoacxoznr sepes lQeJIH, oTBepCTH.SI H ~pyrHe 

HennOTHOCTH B orpIDK,ll;alOlQHx KOHCTPYKQH.SIX. Ilo-npyrosry 3TOT cnoco6 

B03.Q)'Xoo6MeHa HaJl:JBalOT eCTeCTBeHHI:JM npcserpasaaaev. 

B OpraHH30BaHHbIX CHCTeMax eCTeCTBeHHOH BeHTHJIjJ:QHH CMeHa B03.L\YXa 

B nOMemeHHH ocyru:eCTBJUIeTCH sa CtIe-r oTKpblBaHHH cP0pTOqeK, OKOHHbIX 

«PPaMYr, cneU:HaJIbHbIX cPoHapeH H r.n, Ho-ztpyrosry :nOT crroco6 

B03AYxoo6MeHa Ha3LIBaIOT a3PaIUleH. Taxae CHCTeMM MOryT 6blTh BhIrrOJIHeHbI 

KaK 6e3 cneQHaJIbHOH cera B03AYXOBOAOB (6ecKaHaJIhHble CHCTeMbI), TaK If C 

rrpHMeHeHHeM cnenaansssrx B03.L\YX0BOAOB (KaHaJILHaH cacresra). 

IfCnOJIb30BaHHe CHCTeM eCTecTBeHHoH BeHTHJIHQHH OrpaHHtIeHO H3-3a 

He3HatIHTeJIbHOrO pacnonaraesroro nepenana ~aBJIeHHit 

Ilpa MeXaHHtIeCKOH BeHTHJUIQHH B03~YX nepexemaerca non 

~eHCTBHeM BeHTHmITOpa (rrpaayznrrensao), TaK KaK CJIO)I(Hl:Je CHCTeMI:J 

06pa6oTIGf H pacnpeneneaaa B03.l{)'Xa o6JI~aJOT 3HatIHTeJIbHI:JMH 

rH~paBJIHtIeCKHMH nOTep.SlMH. Hepenxo npHMeHHIOT H CMemaHHl:Je 

CHCTeMI:J npa O~HOBpeMeHHOM ~eHCTBHH npHHY~HTeJlbHOH H 

eCTeCTBeHHOH BeHTHJIjJ:QHH. 

Ilo cnoco6y rronaxa H ynanenaa B03.l{)'Xa CHCTeMI:J ~eJIHTCH na 

npHTOtIHl:Je H BI:JU>KHl:Je. lIpHTOtIHl:Je CHCTeMI:J npezmaanaxeaa ~JI.SI 

nonasa csexero B03.zlYXa B noxeureaae, a BI:JT.SI>KHble - ~JI.SI ero yaaneaas. 

BI:JT.SI>KHble CHCTeMI:J BeHTHJI.SIQHH B 3aBHCHMOCTH OT MeCTa 

y~aJIeHH.SI Bpe~HbIX BI:J~eJIeHHH, a npHTOtIHl:Je B 3aBHCHMOCTH OT MeCTa 

no~aqlf CBe>KerO B03~xa nonpaanenarorcs aa MeCTHbIe, o6IQeo6MeHHI:Je 

H KOM6HHHpoBaHHl:Je. 

Ilpa MeCTHOH BblT.SI>KHOH BeHTHJI.SIQHH orpafiorasmati B03~YX 

y~aJl.SleTC.SI aenocpencreemro OT HCTOtIHHKa 3arp.Sl3HeHIDl, KOHKpeTHOro 

pafosero MeCTa HJIH yxacrxa TeXHOJIOrntIeCKoro nponecca. B KatIeCTBe 

rrpaxepoa MO>KHO npHBeCTH YCTpOHCTBO BblTjJ:)KHbIX mKa<pOB XHMHtIecKHX 

JIa60paTopHH, 30HT aan TepMHtIeCKOH nesuo, MeCTHble OTCOCI:J OT 

3aTOtIHOrO CTaHKa, CBapOtIHOrO nOCTa, TeXHOJIOrHtIeCKHX BaHH H r.n., 

npHBe~eHHl:Je aa pHC. 3.1. 

(}a 6 B e 

;-----...---------

Puc. 3. J.	 CxeMbl «oucmpyxmuenux peuienuii uecmnou 6blmJlXHOU 

6eHmWlJll/UU: 
a - 6blmJJXHOU utKarjJ; 6 - Koxyx-omcoc am 3amO~HOZO 

cmauxa; 6 - oeyxtiopmoeois omcoc om meXHO/lOZUtteCKUX 
6aHH; Z - MecmHblU omcoc am ceapouuoeo nocma; 

o- 30Hm HaO mepuuuecxoii ne~blO 
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i ----- ---

TIPH MecTHoi!: npmOqHoi!: BeHTHJUlU:HH CBe)l(HH B03JlYX nO.uaeTCSI 
JIOKaJIbHO, HenOCpe.uCTBeHHO aa padoxee MeCTO. TIpHMepoM TaKOH 
BeHTHmn.J;HH MO:>KeT 6b1Tb B03.uymHOe zrynmposamre, sosnymaas saseca H 

r.n., npHBe.ueHHbIe aa pHC. 3.2. 

A, ,~, i.-,~-_ 1::
•r t » \\\ \~\ ........ :::: ................ ~
 

IIJ'I\\ \, .... ,.......................
 • 
I / P3 l \ l \ P3'>,
1111\\ a \\. ,-.. 6.r'"" 
I/;I"V ~\\, IIf ex 

Puc. 3.2. Cxeuu KOHcmpyKmU6HblX petaeuuii uecmuoii npUmO'lHOU 

6eHmUJIJI.lfuu: 
a - 6030yWHblU O)'Ul; 6 -6030YWHaR saeeca 

KOHCTpyKTHBHO CHCTeMId BeHTHJIjJQHH BeCbMa pa3Ho06pa3HbI, HO· 
B 06m;eM cnyxae MOX<HO BbI.ueJIHTb 06m;He OCHOBHbIe 3JIeMeHTbI, 

npaseneaaue B Ta6JI. 3.1. 

3.2. Ocuoenue cxeuu opzanusauuu 6030yxoo6Meua U MemoObl 
ux p acuema 

OpraHH3aQHjJ aoanyxoofiaeaa 3aBHCHT OT xapaxrepa 

pacnpeneneaas Bpe,UHbIX BhI,lleJIeHHH, apXHTeKTypHo-nnaHHpoBO~IX 

penreaan noaeureaaa, ero Ha3HaQeHHjJ. TIPH 06IIJ:e06MeHHoH BeIITH.JUIIJ;HH 
He06xo,UHMo,qm6bI BeCbnO;l:{aBaeMbIi!: .aoanyx yqacTBOBaJI ,BUOrnOIIJ:eHHH 
Bpe,UHbIX BhI.lleJIeHHH H Y.llaJIjJJIcjJ nOCJIe roro, KaK HX KOHu;eHTpa.IJ,IDI 

.uOCTHrHeT pacserasrx 3HaqeHHH. B03.llYX .ll0JI)I(eH pasaoaepao 
pacnpezrensrscs no nOMeIIJ:eHHIO, 'ITO ofecnesaaaerca B3aHMHbIM 
pacnOJIO:>KeHHeM npHT01IHIdX H BbITjJ:>KHbIX OTBepCTHH. Hau60JIee 

xapaxrepaue npHHQHIIHaJIJ:,HbIe cxexa B03,IJyX006MeHa npaseneasr aa 
pHc.3.3. 

38 

... 

Ta6JIHQa 3.1 

OCHOBHbIe 3JIeMeHThI CHCTeM BeHTHJlJlI.tHH 

TIpHTOqHlde CHCTeMId I BIdTlDKHlde CHCTeMbI 

I. Boanyxonpaesmoe yCTpoHcTBO .uJISI11. BIdTlDKHlde oTBepcTHR,
 
no.uaqH aosnyxa B cHcTeMY cHa6:>KeHHhle :>KaJII03HHHIdMH
 

2. TIpHTOqHajJ xastepa, B KOTOpOH pellleTKaMH HJIH CeTKaMH, .uAA 

paCIIOJIox<eHId BeHTHJIJITOpld H npyroe ynanenas soaayxa 

ofiopynoaaane .uJIjJ 06pa60TKH 2. BhlTlDKHaJlKaMepa, B KOTOpOH 

sosnyxa pacnOJIO:>KeHhI BeHTHJIjJTOPbI 

3. Cers B03.uYXOBO.llOB .uJIjJ 3. Cers B03,UyxOBO.llOB .LJ:JIjJ c60pa 
TpaHCnOpTHpoBKH H pacnpeneneaas H TpaHCnOpTHpoBKH yaanseaoro 
nparoxaoro soanyxa soaayxa 

4. TIpHTOqHhle HaCa,lJ:KH HJIH 4. YCTpOHCTBO,UJIjJ OlfHCTKH 
orsepcraa .llJIjJ nonaxa aosnyxa B yaansevoro soaayxa 

pa60'l}'10 30HY S. BIdTSDKHaH nraxra, xepea 

S. )J(aJI103HHHbIe pemerxa, CeTKH, KOTOpylO B03,Uyx Y.llaAAeTCSI B 
.lle<pJIeKTOpbI H r.n.; YCTaHaBJIHBaeMbIe aTMoc<pepy 

UpH asrxozre soanyxa H3 npHTO~bIX 6. Perynapyroruae ycrpoacrsa 

orsepcraa (xnanamr, 3a,UBH:>KKH, npatiopsr 

6. Perynapyronrae YCTpoi!:CTBa H r.n.) 
(xnanaaa, 3aCJIOHKH, npH60pbI H r.n.) 

~m~ a 6 

~I: :::::~IBbIT;r& dtt 
I B 

Bb~
 2

npHrOK~ : : : ;1 ~~ 5m-­; : : 

Puc. 3.3. Ilpusuunuassnue cxeMbl Op2aHU3alfUU eosoyxoooueua: 

a - C6epxy - 6HU3; 6 - C6epxy - 66epx; 6 - CHU3Y - 66epx; 

2 - CHU3Y- 6HU3 
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Cxesra «CBepxy-BHH3» npenycaarpasaer paCCpe,lJ;OTOqeHHyK> no 

o6beMY rronasy nparosnoro soanyxa B BepXHIOIO sacrr, nOMem;eHHR 

(y nOTOJIKa) H paccpenoroseaasrrt OTBO,lJ; oTpa6oTaBIIIerO B03,D;yxa H3 

HIDKHeH qaCTH nOMem;eHHR (y nOJIa). 

Cxexa «caepxy-ssepx» npe,D;yCMaTPHBaeT paCCpe,lJ;OTOqeHHbIH no 

,lJ;JIHHe nO,lJ;BO,lJ; aosnyxa B,lJ;OJIb 60KOBOH CTeHbI H3 BepXHeH qaCTH 

nOMem;eHHR BHH3 H paCCpe,lJ;OTOqeHHbIH OTBO,lJ; oTpa6oTaBIIIerO B03;:J;yXa H3 

BepXHeH qaCTH nOMem;eHHR B,lJ;OJIb npOTHBOnOJIOJKHOH CTeHbI. 

06e 3TH cxesrsr neJIeC006pa3HO npHMeHRTb, eCJIH npHTOqHbIH 

B03;:J;yX B XOJIO,lJ;HbIH nepaozt rona HMeeT resmeparypy HH)Ke reaneparypsr 
B03;:J;yXa B nOMelI.{eHHH, qTO Ha6JIIO,lJ;aeTCR npa HaJIHqHH TenJIOH36bITKOB. 

B 3TOM crrysae npHTOqflbIH B03;:J;yX npOXO,lJ;HT no BceH BbICOTe 

nOMelI.{eHHR, nornomaer TeIIJIory H nocrynaer B paoosyro 30Hy 

aarpersns. 3TO n03BOJIReT npHHHMaTb paJHOCTb resmeparyp npHTOqHOrO 

H aayrpenaero noszryxa /)"tp = 5 -10°C. CMeIlIHBaHHe npHTOqHOrO H 

BHYTpeHHero soaayxa C03,lJ;aeT B pa60qeH 30He CJIa6bIe BTOpHqHbIe TOKH 

(nO,lJ;BH)KKH B03;:J;yxa), 6JIarOnpHRTHbIe ,lJ;JIR yCJIOBHH pa60TbI 

06cJIy)KHBaIOlI.{erO nepcoaana. 
Cxeua «CHH3y-BBepX» npenycuarpasaer paCCpe,lJ;OTOqeHHyK> no 

o6beMY nonaxy npHTOqHOrO soanyxa B HH>KHIOIO xacrs nOMelI.{eHHR (y 
nOJIa) H paCCpe,lJ;OTOqeHHbIH OTBO,lJ; OTPa60TaBIIIerO B03,D;yxa H3 sepxaea 
qaCTH nOMelI.{eHHR (y nOTOJIKa). 

Cxesra «CHH3y-BHH3» npenycaarpaaaer paCCpe,lJ;OTOqeHHbIH no 

,lJ;JIHHe nO,lJ;BO,lJ; nosnyxa B,lJ;OJIb 60KOBOH CTeHbI H3 HH)KHeH qaCTH 

nOMelI.{eHHR ssepx H paCCpe,lJ;OTOqeHHbIH OTBO,lJ; OTPa60TaBIIIerO B03;:J;yXa 

H3 HH)[(HeH qaCTH nOMelI.{eHHR B,lJ;OJIb npoTHBOnOJIO)KHOH CTeHbI. 

06e 3TH cxeMbI neJIeCOo6paJHO HCnOJIb30BaTb rrpa OTCYTCTBHH 

TenJIOH36bITKOB B nOMelI.{eHHH. B 3TOM cnysae Pa3HOCTb resmeparyp 
npHT0qHoro HBIIYTPeHHero . B03;:J;yxa . He ,IlOJI)KHa npeBbIllIaTb 

M =3-5°C.p 

B o6m;eM cnysae pacser B03;:J;yXoo6MeHa B cacreaax BeHTHJIRnHH H 

KOH,lJ;HnHOHHpOBaHHR B03,D;yxa npOH3BO,lJ;HTCR HCXOM H3 06eCneqeHHR 

HopMHpyeMbIx napaaerpos sa cser y,lJ;aJIeHHR H3 nOMem;eHHR Bpe,lJ;HbIX 

BbI}J;eJIeHlm. OCHOBHhIMH BH,lJ;aMH Bpe;:J;HhIX BI>I,D:eJIeHHHRBJIRIOTCR rasoaue 
BhI,lJ;eJIeHHR, nsrns, TenJIOTa H snara. 

Pacser B03,D;yxoo6MeHa npa BI>I,D:eJIeHHH Bpe,lJ;HhIX raJOB 

oCylI.{eCTBJIReTCR H3 BbIpa)KeHHR 

40 
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L= Gr 3 (3.2)C -C ' M /q , 
2 t 

me Gr - KOJIHqeCTBO Bpe,lJ;HhIX raJOB, Mr/q; C2 - npenensao ,lJ;OrryCTHMaJI 
3 

KOHneHTpaI.J;HR Bpe,lJ;HhIX raJOB B B03;:J;yXe nOMem;eHHR, Mr/M ;
 

C =(0,25 - 0,3)C2 - KOHneHTPau;HR Bpe,lJ;HbIX raJOB B npHTOqHOM
t 
3 

B03;:J;yXe, Mr/M . 

Ilpezrensao ,lJ;OnycTHMlUI KOHneHTPaI.J;HR ,lJ;JIR Pa3JIHqHbIX raJOB 

npHHHMaeTcR B COOTBeTCTBHH co CRHll. Ilpa O,lJ;HOBpeMeHHOM 

BI>I,D:eJIeHHH HeCKOJIbKHX Bpe,lJ;HbIX raJOB pa3HOHanpaBJIeHHOrO ,lJ;eHCTBHR 

KOJIHqeCTBO BeHTHJIRnHOHHoro noanyxa paCCqHTbIBaeTCR no Ka)K}J;OMY 

KOMnOHeHry B OT,lJ;eJIbHOCTH H npHHHMaeTCR HaH60JIbIlIee snaseaae. 
Pacxer B03;:J;yxoo6MeHa npa BbI,lJ;eJIeHHH nhIJIH npOH3BO,lJ;HTCR 

aHaJIOrlf'lHbIM 06paJOM, T.e. H3 BbIpa)KeHHR (3.2). Ilpeziensao ,lJ;OrryCTHMaJI 

KOHneHTpaI.J;HR nbIJIH onpenensercs HOpMaTHBHbIMH ,lJ;oK)'MeHTaMH. 

Pacser aosnyxoofiaeaa npa BbI,ll;eJIeHHH H36hITOqHOH TenJIOTbI 

oCyII.{ecTBJIReTCR no lj>opMYJIe 

L = B Q 6 )' M
3/q , (3.3) 

cp 'PB'rtyo-tnp 

rne QU36 - H36bITOqHaJI TenJIOTa, BI>I,D:eJIRIOm;aJlCR B nOMem;eHHH, K,[{JK/q;

c: -TenJIOeMKOCTb B03,D;yxa, K,[{JK/(Kr'oC); PB - nJIOTHOCTb sosnyxa, 

Kr/M3; tyO H tnp - COOTBeTCTBeHHO, resmeparypa y,lJ;aJIReMOrO H 

npHTOqHOrO sosnyxa, °C. 

BeJIHqHHa H36hIToqHOH TenJIOTbI QU36 ,lJ;JIR COOTBeTcTByK>m;ero 

nepHo,na rO;:J;a onpe,lJ;eJIReTCR Ha OCHOBaHHH TennOBoro 6aJIaHCa 

nOMem;eHHR (CM. n. 2.4). 
Tesmeparypy y,lJ;aJIReMOrO B03;:J;yxa npa HaJIHqHH B nOMelI.{eHHU 

TenJIOH36bITKOB MO)KHO onpeaenars H3 BhIpIDKeHHR 

°C (3.4).tyo =tp 3+a.(H-2), 

rzte H - BblCOTa IIOMemeHUR, M; a - 3MIIUpUqeCKUH K03<p<puuueHT, 

yqHTbffialOmUH IIpupOCT TeMIIepaTYPbI aa Ka)[(}J;bIH MeTp BbIIIIe OTMeTKU B 

2 M, °C/M: }J;JIR nOMemeHUH C MaJIblMU TeIIJIOBbI}J;eneHURMH a =0,5 °C/M, C 

60JIbIIlliMH - a =0,7 -1,5 °C/M. 

41 Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



42 

3.3. Onpeoeneuue mennoeux uaepyso« na 6enmWlRl(UIO U 
paclliim I<QJloputPepo6 

d.2/K2 

HJIH no ll>0pMyJIe 

H36bITO'iHOH TenJIOTbI QU36 

paCC'iHTbIBaeTCR BeJlll'iHHa 

lJ:epe3 TO'iKY 1 npoBO,AjIT rryq npouecca nozi YfJIOM e . 

. H3MeHeHHR BJIarOCO,Aep)l(aHHR, 

nocrpoars rrys nponecca H3 

d z = const .Tpe6yeMaJI creneas 
yCTaHOBKe, a, CJIe,AOBaTeJIbHO, 

onpe,AeJIHTCR napaxerpaxa 
npOBe,AeHHbIX sepcs TO'iKH 1 H 

napaaerpos B03~a, 

oCYlQeCTBJUleTCR no lIHHHH 2-3-1, rae 2-3 

sanopaipepaoa yCTaHoBKe 

3-1 - npou;ecc nO,AorpeBa H 

(3.5)ijf M3/q 
L = (dyo - dnp ). PB' 

Texneparypa B pa60'ieH 30He tp.s npHHHMaeTCR no CHHII. 

Pacser B03~006MeHa npa HarIH'iHH H36bITO'iHbIX BJIarOBbIJJ;eJIeHHH B 

nOMelIleHHH oCylQeCTBJIReTCR no ll>0pMYJIe 

B03,AYX, nO,AaBaeMbIH B noxemeaae aa BeHTHJIRU;HIO, 

He06xo,AHMO aarpers ,AO onpe,AeJIeHHOH rexneparypu, 
coorsercrsyromea resmeparype npHTOqHOrO B03,Ayxa tnp B 

3aBHCHMOCTH OT npHHRToH cxexsr B03,Ayxo06MeHa, Ha3Ha'ieHHR 

nOMelIleHHR, HHTeHCHBHOCTH BbI,AeJIeHHR TenJIOTbI H BJIarH H T.n. 

Ilpe,ABapHTeJIbHbIH nonorpes B03,Ayxa oCylQeCTBJIReTCR B 

xanopatpepaux yCTaHOBKax. ,llJIR onpeneneaas TenJIOnpOH3-

BO,AHTeJIbHOCTH xanoparpepasrx yCTaHoBOK npOH3BO,AHTCR pacser 
TennOBOH RarpY3KH na BeHTHJUlU;HIO c noaomsre vnocrpocaaa 

npouecca H3MeHeHHR napaxerpos B03,Ayxa na I-d ,AHarpaMMe. 

Pacser TenJIOBOH HarpY3KH oCylQeCTBJIReTCR ,AJIR XOJIO,AHOrO nepaona 
rO,Aa. IlocJIe,AoBaTeJIbHocTb nocTpoeHHR npou;ecca paccMoTpeHa Ha 

pHc.3.4. 

HaHOCHTCR na nOJIe I - d ,AHarpaMMbI TO'iKa 1, COOTBeTCTByIOlIlaR 

pac'ierHbIM napaxerpaa snyrpeaaero B03,Ayxa ,AJUI XOJIO,AHOrO nepaoaa 
rona npa H3BeCTHOH resmeparype H OTHOCHTeJIbHOH BJIa)I(HOCTH. 3aTeM 

HaHOCHTCR TOqKa 2, COOTBeTCTByIOlIlaJI pacqeTHbIM napasrerpaa 

aapyxaoro B03~a ,AJUI XOJIO,AHOrO nepaona rona npa H3BeCTHOH 

rexneparype H OTHOCHTeJIbHOH BJIa)l(HOCTH. ITo HaH,AeHHbIM aa 

OCHOBaHHH TenJIOBOrO H BJIa)I(HOCTHOro 6anaHCOB nOMelIleHHR 

rne ijf - KOJIHqecTBO BJIafU, BbI.AeJImOlQeHCR B nOMelIleHHH, r/q; dyo H 

dnp - COOTBeTCTBeHHO, anaroconepscaaae y,AaJIReMOrO H nparosnoro 

B03~a, orrpenenaexoe no 1- d .AHarpaMMe, r/KI'. 

ECJIH B nOMelQeHHH HMelOTCR pa3JIHqHbIe BH,AbI Bpe,AHbIX 

BbI.AeJIeHHH, TO B03~006MeH pacCqHTbIBaeTCR no KaJK,lJ:0MY H3 HUX 

OT,AeJIbHO H B xauecrse pacseraoro npHHHMaeTCR MaKCHMaJIbHbIH 

B03,Ayxo06MeH. 

..... 

H H36bITOqHbIM BJIarOBbI,AeJIeHHRM ijfU36 

yrJIOBOrO K0311>11>HIJ;HeHTa e = QU36/ijfU36 • 

Puc. 3.4. K pacuemy mennoeoic HazpY3KU na eenmunsuuto 

HapY)l(HbIH B03,AYX nonorpesaercx B KaJIopHll>epHoH yCTaHoBKe 6e3 

'r.e. npa & =+00. 3'1'0 n03BOJIReT 

T01JKH 2 BepTHKaJIbHO ssepx no JIHHHH 

nonorpesa B03,Ayxa B KaJIopHll>epHoH 

H TeMneparypa npHTOqHOrO B03~a
 

TO'iKH rrepeceseaaa 3 nyqeH npouecca,
 
2. TaKHM 06pa30M, npouecc H3MeHeHHR 

nO,AaBaeMOrO na BeHTHJUIIJ;HIO nOMelQeHHR, 

- nponecc nonorpesa B03,Ayxa B 

npa nOCTORHHOM BJIarOco,Aep)l(aHHH; 

YBJIa)I(HeHHR B03,Ayxa Henocpe,ACTBeHHo B 

nOMelQeHHH sa cser HMelOlQHXCR TaM TenJIO- H BJIarOH36bITKOB. 

TaKHM 06pa30M, TenJIOBaJI aarpysxa aa BeHTHJUlU;HIO onpe,AeJIHTCR 

ua OCHOBaHHH npouecca 2-3 H MO)l(eT 6bITb supaxeaa no ll>0pMYJIe 

(3.6)Q6ellm =(h -Iz)-G6 ._1, BT 
3,6 
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6 ( x) 1
QeeHm = o, ·cp ·~np -tH .-, BT (3.7)

3,6 

rne h H 12 - COOTBeTCTBeHHO, rennoconepxaaae nparosaoro H 

Hapy)KHOrO B03.L{)'Xa, K,lVK/Kr; Ge - KOJIHqeCTBO BeHTHJUI~HOHHOro 

B03~yxa, Kr/q; C; - TenJIOeMKOCTb sosnyxa, K,lVK/(Kr·°C); tnp H t: ­
COOTBeTCTBeHHO, resmeparypa nparosaoro H Hapy)KHOrO sosztyxa B 
XOJIOWlhIH nepaon rona. 

Ilpa H3BecTHoi{ TenJIOBOH narpysxe aa BeHTHJUI~HIO 

paccsarsmaercs rperiyesraa noaepxaocrs aarpesa KaJIOpH<pepHbIX 
yCTaHoBoK 

IF = QeeHm 2
M (3.8) 

K K.M ' cp 

rne K - K03<P<PH~HeHT rennonepenasa xanopadiepa, BT/(M
2.0 C); Mcp ­

cpe~HHH resmeparypaua aanop, "C. 
K03<p<PH~HeHT rennonepezia-ra H cpenaaji reuneparypauk 

Hanop paCCqHThIBaIOTcjI B 3aBHCHMOCTH OT THna KaJIOpH<pepa H 
BH~a TenJIOHOCHTeJIjI. B xaxecrae TenJIOHOCHTeJIjI 06hIqHO 
HCnOJIb3YIOTCjI BO~jlHOH nap HJIH ropasaa sozta, Ilpa 
HCnOJIb30BaHHH B xaxecrse rperomea cpensr BO~jlHOrO napa 06hIqHO 
npHHHMaIOT O~HOXO~OBhIe cxexsr xanopatpepaux yCTaHoBoK C 
napaJIJIeJIbHhIM coenaaeaaev. Ilpa HCnOJIb30BaHHH B xaxecrne 
TenJIOHOCHTeJIjI ropasea BO~hI pexoaeanyercs npHHHMaTb 
MHorOXO~OBhIe cxexsr KaJIOpH<pepHhIX yCTaHoBoK C 
nOCJIe~OBaTeJIbHhIM HJIH napaJIJIeJIbHhIM coenaaesnesr. Hexoropae 

···BO~MO)KHhIe cxexsr npacoeaaaesas KaJIOpKepepHMX yCTaHoBoK 
npe~CTaBJIeHbIHa pHC. 3.5 H 3.6. 
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a 

1 

3 

"4 -6 
2%'<...5 

Puc. 3.5. Cxescu npucoeounenus «anopudiepnux ycmauoeo« npu 
UCnOJlb30eaHUU e xauecmee menJlOHOCUmeJlR eoasnoeo napa: 
a - OOHOXOOOeaR napannenenas OOHopRoHaR cxeua; 
6 - OOHOXOOOeaR napannenenas oeyxpsona» cxeua; 
I - naponpoeoo, 2 - napoeois eeumun», 3 - «onoencamuuis 
eeumun», 4 - euaposameop, 5 - CJlUeHaR npo6Ka, 6 ­
KOHoeHcamonpoeoo 

a 

1 

Puc. 3.6. Cxeuu npucoeouuenun «anoputpepnux ycmanoeox npu
 
UCnOJlb30eaHUU e xauecmee menJZOHOCUmeJlR 20pR'leU eoin«:
 
a - oeyxxoooeax nocneooeamensnas OOHOpROHaR cxeua;
 
6 - MH020XOOOeaR nocneooeamenvnas oeyxpsonas CXeMa;
 
1- npnuas. JlUHUJl cemeeoii eoou, 2 U 5 -eooRHble eeumunu,
 

3 -xanau, 4 -CJlUeHaR npoiixa, 6 -otipamnas JlUHUR
 

cemeeoii eoou 
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TIPH HCnOJIb30BaHHH B xasecrse TenJIOHOCHTeml BO,LVIHOrO napa MaCCOBOH CKOpOCTH sosnyxa (W6· P6) B npenenax 8-12 KrI(M2·C). 

HJIH rOpJlqeH BO.n;bI cpe.n;HHH reaneparypasrti aanop paCClIHTbIBaeTCJI, Onpenensior ,n;JU1 BbI6pauHOH Mo.n;eJIH xanoparpepa npoxozmoe ceseaae 
COOTBeTCTBeHHO, no BbIpaJKeHHIO no B03.LJ:YXY 

_ tnp+tH D 

!!:.tcp - tHac - _ ,C (3.9)	 16 = G6/ (W6·P61 M
2 (3.14) 

HJIH 
3aTeM BbI6HPalOT HOMep xanopmpepa H cxesry ero BKJIIOqeHHJI, 

!!:.t - tn +to tnp +tH	 npeasaparensuo onpenenaa H3 BeJIHlIHHbI Tpe6yeMoH nOBepXHOCTH 
cp - ~ DC (3.10)

2 2 aarpesa (CM. BbIpaJKeHHe 3.8) KOJIHlIeCTBO KaJIOPH<pePOB, n = IF /F •K K 

rne tHac - resmeparypa HacbIII.\eHHOrO napa npa COOTBeTCTBYlQII.\eM 
)	 TIocJIe sroro onpeaenaror HCTHHHoe 3HalIeHHe 16 H IF npa npHHJlTOM 

n H BbIIIOJIHJIIOT YTolIHeHHbIH pacser npa <paKTHliecKoH MaCCOBOH,n;aBJIeHHH, °C; tnp H t N - rexneparypa nparoxaoro H aapyssnoro } 
CKOpOCTH (W6 .P6)' COnOCTaBJIJIIOT pacserayro BeJIHlIHHY nOBepXUOCTH 

aosnyxa, °C; tn H to - resmeparypa BO,n;bI B npJlMOH H 06paTHOH 
aarpesa KaJIOpH<pepHOH yCTaHOBKH IF C <paKTHlieCKH npaasroa. 

JIHHHJlX TenJIOBOH cera, "C. Pemeaae ClIHTaeTCJI npaBHJIbHbIM, eCJIH paC'IeTHaJI BeJIH'IHHa 
Pacser K03<P<PHD;HeHTOB rennonepenasa KaJIOPH<pePOB 

nOBepXHOCTH aarpesa npeaocxozrar <paKTHlieCKYIO He 60JIee, lIeM aa 20 %. 
npOH3Bo.n;HTCJI B 3aBHCHMOCTH OT rana KaJIOpH<pepHbIX yCTaHoBOK 

(rana opefipeaas Tpy60K) H aaaa TenJIOHOCHTeJIJI no 3MnHpHlieCKHM 3.4. OCHo6Hbie cxeuu cucmeu ecmecmeeuuou 6eHmWlR~UU u 
3aBHCHMOCTJlM. IIPH HCnOJIb30BaHHH B KalIeCTBe TenJIOHOCHTeJIJI ux pacuem 
Bo.n;JlHOrO napa HJIH rOpJllIeH BO,n;bI K034><PHD;HeHT rennonepenasa 
paCClIHTbIBaeTCJI B 06II.\eM aane, COOTBeTCTBeHHO, no ypaBHeHHJlM 

B KalIeCTBe npaxepoa eCTecTBeHHoH BeHTHJIJlD;HH paccvorpeau 
2 0C) cxevsr KaHaJIbHOH BbITJI:lKHOH BeHTHJIJID;HH 6e3 OpraHH30BaHHOrO nparoxaK=c·(W6·pJn, BT/(M (3.11) 

aosnyxa H npHTO'lHO-BbITJI:lKHOH KaHaJIbHOH cxeasr C opraHH30BaHHbIM
HJIH 

npHTOKOM sosnyxa, npaseneaasre aa pHC. 3.7 H 3.8. 

K =c,(W6'P6)n ·W6~' BT/(M
2 0C) , (3.12) Pacser CHCTeM C eCTecTBeHHoH BeHTHJIJlD;HeH CBO,n;HTCJI K 

conOCTaBJIeHHIO pacxeraoro rpaaarauaoanoro ,n;aBJIeHHJI M rr H 
rae c - 3MnHpHlieCKHH K03<p<PHD;HeHT nponOpD;HOHaJIbHOCTH; W6 ­

3 cysosapaoro conpOTHBJIeHHJI no rpaxry ,n;BH:lKeHHJI aosnyxa M K B 
CKOpOCTb sosnyxa, M/C; P6 - nJIOTHOCTb aosnyxa, Kr/M - CKOpOCTb; W60 0 } BeHTHJIJlD;HOHH~X KaHanax. PaclieTHoe rpaBHTaD;HOHHoe ,n;aBJIeHHe 
BOJlbI, M/C; n H m _. nOKaJaTeJIH CTeneHH, onpenenseasre ionsrrssra onpeaensercs npa -resrneparype aapyxaoroaosnyxa +5 °CH rrpen­
nyrea, ) nOJIaraeTCJI, xro ace OHO pacxonyercs aa npeononeaae 

A3PO,n;HHaMHlIeCKOe conpOTHBJIeHHe KaJIOpH4>epHoH yCTaHOBKH no conpOTHBJIeHHJI no rpaxry BbITJI:lKHOrO xaaana, 
CTOpOHe aosnyxa onpenensercs no 3MnHpHlieCKOH 3aBHCHMOCTH rpaBHTaD;HOHHoe .n;aBJIeHHe paCC'IHTbIBaeTCJI no <popMyJIe 

M K = c.(W6· P6)n, IIa (3.13)	 M r p =g.h·(PH -P6)' TIa , (3.15) 
2Pacserasre 4>OPMYJIbI ,llJUI K034>4>HD;HeHTa rennonepenasa H rne g = 9,81 M/C - ycxopenae csofionaoro rraneaaa; h 

asponaaaaasecxoro conpOTHBJIeHHJI HeKOTopbIX THnOB KaJIOpH4>epOB BepTHKaJIbHOe paCCTOJlHHe OT D;eHTpa OKOHHoro npoeMa 

npaseaeasr B IIpHJIO:lKeHHH, Ta6JI. II-B. COOTBeTCTBYIOII.\erO 3TaJKa no yCTbJl BbITJI:lKHOH uraxrsr, M; PH H P6 ­
Pacser KaJIOpH<pepHbIX yCTaHOBOK 06bIliHO BbInOJIHJlIOT B 

COOTBeTCTBeHHO, nJIOTHOCTb aapyzcaoro H sayrpeaaero aosnyxa, 
ClIe,n;YIOII.\eH nOCJIe,n;OBaTeJIbHOCTH. IIpe,n;BapHTeJIbHO 38,nalOTCJI BeJIHlIHHOH 3 

Kr/M . 

4746 Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



I ~ 

w' .~: 
~ 

./'\ 
'" 

P 307Q~ l 

.:rsr« 11(,. 

:'.:fI/A ~·~-;~:--:E~!:\~;:e It, ~ -e: ""'~,J,.';- ~"":" -- • 

6 

..c:: 

r-, I

I a- 81 ' 

~z. ----.-,.' 
,,1" "'_.",•••¢* ""-j::..~~...;..,.;."~.~ -~ '';':7 ":.:. .. -. ~. '.,'.- r - -, ~ ·M• .:;; ~.~'" y.. ~:. -~~ ~'~' 7'" 

Puc. 3.7. CXeMQ ycmpoiicmea Puc. 3.8. Ilpunuunuaneuax CXeMQ 

6blmR:JICHOU 6eHmUJlRtlUU 6e3 npUmO'lHO-6blmJl:JICHOU 6eHmUJlRtlUU c 

0PZQHU306QHHOZO npUmOKQ 0PZQHU306QHHblM npumoxou 6030YXQ: 

6030YXQ l-eosoyxonpueuuu«; 2-KQ/lOpU¢ep; 

3-npUmO'lHble KQHQ/lbl; 4-:J/CQ/l103UUHble 

petaemxu; 5 - eumsocuue KQHQ/lbl; 

6 -C60pHbIU KQHQJl; 7 -WQxmQ 

Pacxer cera KaHaJIOB ocy~eCTBJHIIOT ):{JHI Ka)l():{oro ysacrxa 
OT):{eJIbHO H 06bl'IHO HaqHHalOT C BeTBH, ):{JUI KOTOpOH pacseraoe 
rpaBHTaIlHOHHOe ):{aBJIeHHe HMeeT HaHMeHbillee saaseaae, r.e. ):{lliI 

KaHaJIOB sepxaero sraxa 3):{aHIDI. ITPH pacsere CeTH B03):{yxOBO):{OB 

)KHJIbIX H 06IllecTBeHHbIx 3):{aHHH npe)K):{e scero npoassonar 
opaearapoaoaaua BbI60pHX .npOXO):{HbIX CeqeHHH, HCXO):{jl H3 

):{OrrycTHMbIX cxopocrea ):{BH)KeHHjI soanyxa. ITPH 3TOM CKOpOCTb soanyxa 
B xananax sepxnax 3Ta)I(eH npHHHMaeTCjI W =0,5- 0,8 Mic, B xaaanax 
HH)KHHX 3Ta)I(eH H C60pHbIX xaaanax aa sepnaxe W = 1 Mic, B BbITjl)KHOH 

IIIaxTe W =1-1,5 Mic. 
ITo opHeHTHpOBOquO npHHflbIM pasaepax KaHaJIOB aa ysacrxax 

CeTH B03):{yxOBO):{OB npH npaasrux CKOpOCTjIX sosnyxa onpenenstor 
CYMMapHbIe norepa ):{aBJIeHHjI aa rpeaae H MeCTHbIe conpOTHBJIeHMjI. 

IToTepH nanopa aa rpeaae paCCqHTbIBalOTCjI no <popMYJIe )J;apcH 

e. p·w2 

M TP =~i' d~' 2
1 

, ITa, (3.16) 
1 
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rne ~i - K03<P<PHllHeHT conpOTHBJIeHIDI TpeHHIO, £i - npOTjl)KeHHOCTb 

pacseraoro ysacrxa, M; d, - onpenenmontati JIHHeHHbIH pasxep 

soanyxoaona, M; p - nJIOTHOCTb sosnyxa, Kf/M 
3

; Wi - CKOpOCTb B03):{yXa, 

M/C. 

)J;JUI onpeneneaas K03<p<PH:QHeHTa conpOTHBJIeHMjI TpeHHIO MO)I(HO 

HCnOJIb30BaTb <POPMYJIY ArrbTIIIYJIjI 

111111, 

~i =0,11.(°,0001 + 68 J
O
,25 (3.17) 

d, Re.1 ' 

rne Rei =Widi / V - qHCJIO PeHHOJIb):{ca,IJ;lliI coorsercrnyromero yxacrxa 

B03):{yxoBo):{a. 

B xaxecrse JIHHeHHOro onpenensrotuero pasxepa B <poPMYJIax 

(3.16), (3.17) H qHCJIax Re npHHHMaeTCjI: ):{JUI KaHaJIOB xpyrnoro ceseaas 
- BHyTpeHHHH ):{HaMeTp aosnyxosona; ):{lliI KaHaJIOB aexpyrnoro cesenaa ­
3KBHBaJIeHTHbIH ):{HaMeTp, KOTOpbIH paccsarsrsaercs H3 Bblpa)l(eHHjI '. 

d _ 4·/
3- - (3.18)

II ' M 

rae / - npoxonaoe ceseaae KaRaJIa, M 
2

; n -nepaverp KaRaJIa, M. 

IToTepH aarropa aa MeCTHbIe conpOTHBJIeHHjI paCCqHTbIBalOTCjI H3 

BbIpa)l(eHHjI 

p·w2 
MM =IIII .. -_1- ITa (3.19) 

'f'1 2 ' 

'rne Illfi - cysoaa K03<p<PHllHeHTOB MecTHblX 'cOnpOTHBJleHHH. qHCJIeHHbIe 

3HaqeHHjI HeKOTopbIX K03<p<pHllHeHToB MeCTHbIX conpOTHBJIeHHH 

npaseneau B ITpHJIO)l(eHHH, Ta6JI. IT-14. 

3aTeM nO):{CqHTbIBaIOTCjI cyxxapasre norepa nanopa no rpaxry 
BeHTHlliIllHOHHbIX KaRaJIOB 

M K =1,1· (MTP +MM)' ITa , (3.20) 

rne 1,1 - K03<p<pHllHeHT sanaca,
 
ECJIH M K < M r p aa 10 % H xenee (,IJ;JIjI Ka)K):{oro sraxa), TO
 

npaasrsre npOXO,IJ;HbIe cexeuas KaHaJIOB npHHHMalOTCH KaK
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Puc. 3.10. Cxeua npUmO'lHO-eblmRJlCHOU npuuyoumenenou eenmunsuuu 

30aHUR otnuecmeennoeo Ha3Ha'leHUR: 
I - 6blmRJlCHaR uiaxma, 2 - eblmRJlCHOU eeumunsmop, 

3 - C60pHbiU IWHaJI, 4 -npumosnue peuiemxu, 5 - eumsocnue 
peuiemxu, 6 -eumsocnue xauanu, 7 - eosoyxonpuewnas 
uiaxma, 8 -npumounue eosoyxoeoou, 9 - npumonuuii 
eenmunsmop, 10 -peeynupytoiuuii «nanan, 11 - xanopupep 

7 

K 3.n;aHHKM 061l{eCTBeHHoro HaJHaqeHHK OTHOCKTCK xnyfisr, 
xaaorearpsr, My3eH, a.n;MHHHcTpaTHBHhIe H yqe6HhIe nOMe~eHHK H 

B KaqeCTBe npHMepoB npHHy.n;HTenbHoH BeHTHJIjlI{HH 
paccaorpeasr nexoropste ranoaue cxeasr OpraHH3a.I.{HH B03)J;YXoo6MeHa 
B nOMell{eHIDIX paanasaoro HaJHaqeHRK. 

Ha pRC. 3.10 npaseneaa cxessa npHTOqHO-BhITjl)l(HOH 
npHHy.n;HTenbHoH CHCTeMbI BeHTHnKI{HH 3.n;aHHK 061l{eCTBeHHoro 

HaJHaqeHRK. 

(3.21 ) M 
2f= v 

1 ~ 11 1 
1 

Benaxana paspexeaas, coanasae­
4 Moro .n;e<pneKTopoM, npa H3BeCTHhIX 

I ::;poe;: / I _ CKOpOCTH BeTpa, 06.n;YBaIO~ero xonsuo, H 
CKOpOCTH nosnyxa B narpyfixe, a, 
cnenosarensao, KOnHqeCTBO ynanseuoro 

- soaayxa, paCCqHThIBalOTcK no 
cneuaansaoa MeTo.n;HKe. 

B ornensnsrx cnyxaax, npa 
pacxere . aspanaa 3.n;aHHH no 
cnenaansmaa MeTo.n;HKaM, xpoae 
rpasarauaoaaoro naaneaas yqHThIBalOT 
TaK)I(e serpoaoe naanenae, 06ycnoB­
nennoe YCTOHqHBhIM aanpaaneaaex 
BeTpa B TeqeHHe npo.n;on)l(HTenbHoro 
BpeMeHH. 

3 
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Puc. 3.9. KOHcmpYK/fUR oedmexmopa: 

1 -/fUJIUHOpU'leCKUU nampyiio«; 2 -OUrjJrjJY30P; 

3 -xonsuo; 4 -30Hm 

rne V - 06'beM aosnyxa, M
3/q; W -CKOPOCTb aosnyxa, M/C. 

KaK orjrexanocs BhIlIIe, B CHCTeMaX eCTeCTBeHHOH BeHTHnU{HH 
.n;BH)I(eHHe sosnyxa ocyutecranaercs B OCHOBHOM aa cxer 
rpaBHTal{HOHHOrO ziaaneaas. ,IJ:nK ero YBenHqeHHK B YCTbe BhITK)I(HOH 
maxrsr YCTaHaBnHBalOT cneuaansnue HaCa,lJ;KH-.n;e<pneKTophI. 
YCHneHHe TKrH npoacxonar 6naro.n;apK paapexeamo, B03HHKaIO~eMY 

npa 06TeKaHHH .n;eepneKTopa BeTpOM. Paspeaceaae, cosnasaeaoe 
.n;eepneKTOpOM, H KOnHqeCTBO yztanaeuoro aoaayxa 3aBHCKT OT. 
CKOpOCTH serpa, KOHCTpyKI{HH .n;eepneKTopa, CKOpOCTH aosnyxa B 
narpyfixe .n;e<pneKTopa. Oznra H3 KOHCTpyKI{HH .n;e<pneKTopa 
npaseneaa aa pHC. 3.9. 

oxoasarensasre. B npOTHBHOM cnysae ztenaerca nepepacxer 
npOXO.n;HhIX CeqeHHH B03.n;YXOBO.n;OB B CTOpOHy HX YBenHqeHHK .n;nK 
YMeHblIIeHHK CKOpOCTH nosnyxa H, COOTBeTCTBeHHO, CHH)I(eHHK noreps 
naaneaas no He06xo.n;HMOrO ypOBHK. CeqeHHK BeHTHnKI.{HOHHhIX 
KaHanOB paCCqHThIBaJOTCK H3 ypaBHeHHK pacxozta 
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r.n, KaK npaBHJIO, 
yCTaHoBKOH aeofixonaaoro 
no,n;BaJIbHOM nouemeaaa, a 
TaKHX nOMeIQeHlliIX 06hIqHO 
MaTepHaJIOB B aazte npHCTaBHhIX 

CneIJ.HaJIbHhIX HHIlI B 

Onaa H3 cxea 

t 
5 

1 
4 

3,..,.' ; - ! 

.2. AI

CXeMhIBeHTHAAIJ.HH 3,n;8.HHH 

osem, paasoofipasau H 
BhInOJIHjleMhIX pa60T H rana 
B03,n;yXOBO,n;hI B TaKHX 

COOTBeTCTBHH co craaaaproa. 
Oco60 BIDKHylO POJIb 

npeznpasrasx 

Me)l()J;y C060H. Oztaa H3 cxea 
MauIHHhI npeacraaneaa aa pHC. 3.12. 
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Puc. 3.12. Ilpuuuunuansnax cxeua eeumunsuuu uexa 

6YMa2ooellamellbHou MaWUHbl: 
1 - eosoyxosatiopnan peuiemxa; 2, 7 - coom8emcm8eHHO, 

mennoynoeumens emopou U nepeois cmyneuu; 3, 8 ­
«anopudiepu; 4, 9, 11 -eeumunsmopu; 5 - nomonosnuennadxno«; 
6 -6030yxopacnpeoellumellbHble KOllOHKU; 10- 6yMMawuHa 

ITPHTOqHbIH soanyx 3a6HpaeTCjI C yJIHIJ.hI, npoxonar 
TerIJIoyJIOBHTeJIb BTOPOH cryneaa 2 , rne qaCTH1iHO aarpesaerca aa cser 
TenJIOThI y,n;aJIjfeMOH napOB03,LJ;yIlIHOH CMeCH. 3aTeM xacrs aosnyxa nOCJIe 
,n;onOJIHHTeJIbHOrO nonorpesa B KaJIOpHQ>epe 3 BeHTHAATopOM noztaercs B 
qep,n;aqHOe nOMeIQeHHe, orxyzta xepea nOTOJIOqHhIe nJIaQ>oHhI 5 
cfipacsraaerca B uex, ,D;pyrM xacrs nparosaoro aosnyxa 
nocpeacrsoa CHCTeMhI aoszryxopacnpeneneaaa nonaercs B pa6oqylO 
30UY sepes CneIJ.HaJIbHhIe KOJIOHKH 6. 

" 1­

A-A 

"'410 ,)0",," • .;.......... L '.N " "".. ~v ~ .... '" ~ 

A-+ 1 

• ..t','! 
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npoassoncraeaaoro Ha3HaqeHHjI 

3aBHCjlT, rrpexne scero, OT xapaxrepa 
yCTaHOBJIeHHOrO ofiopyzroaaaas. 

nOMeIQeHHHX 06hI1iHO BhInOJIHm<>T 
MeTaJIJIHqeCKHMH KpyrJIOH, npaaoyronsaoa HJIH xaanparaon Q>OpMhI B 

CHCTeMhI BeHTHAAIJ.HH BhInOJIHjllOT na 

IJ.eJIJllOJI03Ho-6YMa>KHOH npoMhIIlIJIeHHOCTH, rne 
o6IQeo6MeHHWI H TeXHOJIOrHqeCKajl BeHTHJIjlIJ.HjI Hepa3phIBHO CBjl3aHhI 

BeHTHJIjlIJ.HH nexa 6YMaro,n;eJIaTeJIbHOH 

Puc. 3.11. Cxeua npUmO'lHO-8blmJl:JICHOU npuuyoumensuoii eeumunsuuu 
30aHUJl npouseoocmeeunoeo Ha3Ha'leHUJl: 
1 U 2 -npumouuue eeumxauepu, 3 -npumounue tuaxmu, 
4 -eanopudiepei, 5 -npumouuue uenmpotiescnue eeumunsmopu, 
6 -npumounsiii 8030YX0800, 7 -npumounue peuiemxu, 8­
:JICall103UUHble petaemxu, 9 -eumsscnue oceeue eeumunsmopu 

nparoxasre BeHTHmll-lHOHHhIe KaMephI C 
ofiopyzroaaaas pacnonaraiorcs B 

BhITjI>KHhIe - aa sepztaxe, B03,LJ;yXOBO,n;hI B 
BhInOJIHjllOT H3 HeMeTaJIJIHqeCKHX 

KaHaJIOB, no,n;IlIHBHhIX nOTOJIKOB, 

KOHCTPYKIJ.HjlX CTeH H nepespsrraa H T.n., 
yqHThIBM apxHTeKTypHO-nJIaHHpOBOqHble peurenas 3,n;aHHjI. 

opraHH3aIJ.HH aoaztyxootiaeaa B 3,n;aHHH 
npOH3Bo,n;CTBeHHoro Ha3HaqeHHjI npasezteaa aa pac.J .11. 
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Cxexa COCTaBJIReTCR .D:JIR HaH60JIee npOTR:lKeHHOH BeTBH cera 

B03.D:YXOBO.D:0B, a ee paC1.JeT Ha1.JHHaWT C HaH60JIee Y.D:aJIeHHOrO 

yxacrxa. Ilensio a3P0.D:HHaMH1.JeCKOrO pacsera RBJIReTCR onpeneneaae 

noreps aanopa (conpOTHBJIeHHR) CHCTeMbI B03.D:YxopaCnpe.D:eJIeHHR H 

COnOCTaBJIeHHe 3TUX rroreps co CB060.D:HblM .D:aBJIeHHeM BeHTHJIjlTOpa. 

" 

'" 

4.1. KAaccutjJuKa,.UR cucmeu KOHOU,.UoHup08a1lUR 8030yxa U 

ux OCH0811ble :JJle.Me1lmbl 

CHCTeMbI KOH.D:HU;HOHHpoBaHHR B03.D:yxa no HaJHa1.JeHHIO MO:lKHO 

nO.D:paJ.D:eJIHTb aa KOMq>opTHble, TeXHOJIoru1.JeCKHe H KOMq>OPTHO­

TeXHOJIoru1.JeCKHe. B nepaox cnysae 06eCne1.JHBWOTCR nopuapyeaue 
napaxerpsr B03.D:YWHOH cpensr .lJ:JIjI 1.JeJIOBeKa, 00 BTOpOM cnysae ­

napaMeTpbl TeXHOJIoru1.JeCKOrO npou;ecca, TpeTHH cnytIaif npe.D:nonaraeT 

06eCne1.JeHHe HopMHpyeMblx napasrerpoa TeXUOJIOrH1.JeCKOrO npouecca B 

yCJIOBHRX nOCTORHHoro npe6b1BaHHR 06cny:lKHBalO1IJ,erO nepcoaana. 

Ilo npaauany u;eHTpaJIH3aI.J;HH HX q>yHKU;HH CHCTeMbI 

KOH.D:HU;HOHHpOBaHHR PaJJIH1.JWOT: uenrpansnue, MeCTHble, HeaBTOHOMHble 

H aBTOHOMHble. 
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I'naaa 4. CHCTEMbI KOH,lUl:O;HOHHPOBAHIDI B03WXA 

IlOTepH aanopa na rpeaae H MeCTHble conpOTHBJIeHHR 

paCC1.JHTblBaWTcR no MeTO.D:HKe, H3JIO:lKeHHOH B n. 3.4, .D:JIR Ka)I(,l(OrO 

Y1.JaCTKa OT.D:eJIbHO, a 3aTeM CyMMHpywTCR• 

IlpHMeHHTeJIbHO K paC1.JeTHOH cxesre, npHBe.D:eHHOH aa pHC. 3.13, 
xapaxrep H 1.JHCJIeHHble 3Ha1.JeHHR K03q>q>HU;HeHToB MeCTHblX 

conpOTHBJIeHHH MO:lKHO npe.D:CTaBHTb CJIe.D:yW1IJ,HM 06paJOM: 

yuacmox 1: aosnyxopacnpenena'rens IfIstt =1,4; OTBO.D: 

90° 1fI90 =0,4; KOHq>y30p IfIK =0,1. Bcero LIfII =1,9. 
yuacmox 2: TPOHHHK aa npoxozte IfITP = 0,1; KOHq>y30p 

IfIK = 0,1. Bcero LIfII = 0,2. 
yuacmox 3: TPOHHHK aa npoxone IfITP = 0,1; OTBO.D: 90° 

1fI9o =0,4; KOHq>y30p IfIK =0,1. Bcero LIfII =0,6. 
yuacmox 4: OTBO.D: 90° 1fI9o = 0,4; TPOHHHK aa npOXO.D: e 

IfITP =O,l;oTBo.D: 90° 1fI90 = 0,4; .D:Hq>q>y30p nOCJIe BeHTHJIjlTOpa 

IfIII = 0,2. Bcero L 1fI4 = 1,1. 

ECJIH B cxeMe npHT01.JHOH HJIH BblTIDKHOH BeHTHJIjlU;HH HMewTcR . 

npyrae 3JIeMeHTbI, aarrpaxep, xanoparpepsr, :lKamo3HHHble pemerxa, 

peryJIHpYWIIlHe KJIanaHbI HJill .3aCJIOHKH H r.n., TO HX conpOTHBJIeHHe 

paCC1.JHTblBaeTCR OT.D:eJIbHO H BKJIW1.JaeTCR B cyMMapHoe COnpOTHBJIeHHe 

cera B03.lJ:YX0BO.D:OB. 

1 (~)3 (~J 2 (~J
4(~) 

Puc. 3.13. Pacuemuan CXeMa npumounoii cucmeuu nfJUHYiJumeJlbHOU eeumunsuuu: 
1-4 -uouepa.yuacmxoe; Vi ­ V4'~ 06biiMbl s03iJyxa iJJ1.R 

coomeemcmeytotueeo ysacmxa; WI - W4 - cxopocmu iJsU:JICeHUR 

eosoyxa ua coomeemcmeytotueu yuacmxe; \ - omeoo 90°; H 
mpoisnux na npoxooe; > - KOH¢Y30p; Ell -eosoyxopacnpeoenumese 

B03.D:YX na TeXHOJIOrH1.JeCKHe Hy)l(,l(bI 3a6HpaeTCR H3 uexa, 

npOXO.D:HT nepBYW cTyneHb TenJIoyJIOBHTeJIR 7 H nOCJIe 

.D:0nOJIHHTeJIbHOrO nonorpesa B xanopatpepe 8 BeHTHJIRTOpOM 9 
nO.D:aeTCR non KOJInaK MaWHHbI 10 aa CyWKy 6yMa:lKHOrO nOJIOTHa. 

Y.D:aJIReTCR napososnynmas CMeCb oceasnr BeHTHJIRTOpOM 11 B 

aruocdiepy. 
PaC1.JeT CHCTeM npHT01.JHOH H BblU:lKHOH BeHTHJIRU;HH 

npOH3BO.D:HTCR no 061IlenpHHRTOH MeTO.D:HKe na OCHOBaHHH 

paC1.JeTHOH cxeMbI. B Ka1.JeCTBe npaxepa aa pHC. 3.13 npaseneaa 

O.D:Ha H3 cxeja npHT01.JHOH CHCTeMbI npHHY.D:HTeJIbHOH BeHTHJIjlU;HH. 
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Puc. 4.2. j{eyxpJliJHbzu eosoyxonaepeeamen»: 

1 - xopnyc, 2 - mpybxu 

-+­

5 IIIII·IIIII~IIII -: 

1 ~ II I l1 II 

I 

I ... 
II r "11E- ~.)1' t 

II .-..-. I:t:l . 

Puc. 4J Ilpunuunuanenax CXeMaCYX020 eosoytunozo rjJWlbmpa: 

1 - snexmponpueoo; 2 - «amytuxa iJJlR nauamueauun 
rjJWlbmpa/fUOHH020 ssamepuana; 3 - xopnyc; 4 - HenoiJeU:JICHaJl 

peuiemxa; 5 - rjJWlbmpylOU/uu suimepuan; 6 - noocmaexa 

Bbr.;'(od -+­
IOp.6Odbl 

6XOd 

IOp.600bl 
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B QeHTPaJIhHbIX cacrevax HCTOqHHKH xorrozra H TennOTEJ 

QeHTpanH30BaHhI. Pacnpezieneaae soanyxa no OT.n;enhHbIM nOMe~eHHHM 

npOH3Bo.n;HTCH C nOMomhlO pa3BeTBneHHhIX CeTeH B03.n;yxOBO.n;OB. 

MeCTHbIe HeaBTOHOMHbIe CHCTeMbI HMelOT QeHTpanH30BaHHbIe 

HCTOqHHKH xonona H rennorsr, 06pa6oTKa sosnyxa npOH3Bo.n;HTClI B 

MeCTHbIX KOH.n;HQHOHepax, xoropsre pacnonaraior aenocpeacrseaao B 

06cny)l{HBaeMhIX HMH nOMemeHHlIX. B 3TOM cnyxae CHCTeMa 

pacnpeztenarensnsrx B03.n;yxOBO.n;OB OTCyTCTByeT. IIHTaHHe MeCTHbIX 

HeaBTOHOMHbIX KOH.n;HQHOHepOB TennOHOCHTeneM H xnanoaocareneu 
npOH3Bo.n;HTClI C nOMO~hlO TPy6onpOBo.n;OB, coe.n;HHlIIO~HX 3TH 

KOH.n;HQHOHepbI C QeHTpanhHhIMH HCTOqHHKaMH rennorsr H xonoaa. 
ABTOHOMHhle CHCTeMbI OTnHqalOTCa TeM, qTO B Ka)I{)l;OM 

KOH.n;HQHOHHpyeMoM nOMe~eHHH yCTaHaBnHBaIOT aBTOHOMHbIe 

KOH.n;HQHOHepbI C HH.n;HBH.n;yanhHhIMH, BCTpoeHHbIMH B 06~HH xopnyc 
KOH.n;HQHOHepa, xononansnsnra MaIIlHHaMH. 

no pe)l{HMy pa60TbI KOH.n;HQHOHephl noztpasnenarorcs na 
xpyrnoroznoursre, nOMep)I{HBaIO~He TPe6yeMhle napaaerpsr sosnyxa B 

TeqeHHe scero rona, H ce30HHbIe, ocymecranarontae .n;JUI xonozmoro 
nepaona aarpes H yanaxaeaae, a )l;JUI rennoro nepaozta - oxnaxneaae H 

ocynrenae aosnyxa. 
no .n;aBneHHIO, paseasaevovy BeHTHJUlTOpOM, CHCTeMbI 

KOH.n;HQHOHHPOBaHHlI B03.n:yxa pa3nI{qaIOT: HH3Koro .n;aBneHHH 

(AP < 1,OKIla), cpennero nasneaaa (l,OKIla < L1P < 3,OKIla), H BhlCOKOro 

naaneaas (M > 3,0 KIla). 

no cxeae o6pa6oTKH aosnyxa CHCTeMhI KOH.n;HIIHOHHpOBaHHH 

6bIBalOT npllMOTOqHhIMH, xapaxrepasre TeM, qTO ofipafiorxe B 

KOH.n;HQHOHepe nOMe)I{HT TOJIhKO Hap~hIH (cBe)l{Hif) soanyx, H 

peIIHPKYJUlQHOHHhle, xaPaKTepH3Y1O~eClI 06pa6oTKoH B KOH.n;HQHOHepax 

CMeCH aapyscaoro H qaCTH penapxynauaoaaoro (orpaooraamero) 
sosnyxa, 

OCHOBHhlMH 3neMeHTaMH CHCTeM KOH.n;HQHOHHpOBaHHH aosnyxa 
aansrorcs: 1) B03.n;YIIlHhle q>HnhTpbI, npennasaaseaasre .n;nH OqHCTKH 

aapyscaoro H penapxynsnaoanoro aosnyxa OT nbIJIH; 2) 
aosnyxoaarpeaarena (KaJIOpH<}>ephI), ofiecrrevaaaroutae Heo6xo.n;HMhlH 

nonorpes aoaayxa; 3) opocarensnas xavepa, axmoxarouraa B cefia 
cncrexy rpyfionposoztos C <}>0PCYHOqHhlMH yCTpoHCTBaMH, 

rrpeaaasaaseaayto .n;rrg Pa36phI3rHBaHHg BO.n;hI; 4) <}>OpCyHKH. B 
xasecrse npaxepos aa pHC. 4.1 - 4.4 npaseneasr aexoropsre 

KOHCTPYKQHH OCHOBHhlX 3rreMeHTOB. 
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¢HJIbTp 

opOCHTeJIbHaR 

KaMepa 

KaJIOpH¢ep I-oro nonorpeaa. 
zanopmpep 2-oro noaorpeaa 

,.--

XOJIO,ll;liJIbHaR 

MamliHa 

}I{aJII03IiIiH aR 
penrerxa 

Puc. 4.5. IIpuHlIUnUOJlbHClJl CXeMa npRMOmolJHOU CUCmeMbl 
xonouuuonupoeanus 603Oy.w 
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peQHpKyJISlUHOHHoro sosnyxa He )],onycKaeTC51, H KOH)],HQHOHepbI 

pa60TalOT TOJIbKO na aapyscnoa sosztyxe. IIpHHQHnHaJIbHa51 cxesra 

npSlMOTO'lHOH CHCTeMbI KOH)],HQHOHHpOBaHH51 B03)],yxa npHBe)],eHa Ha 

pHc.4.5. 

B TenJIbIH: nepnozt rona HapY)l(HbIH B03)],yX B nOJIHOM KOJIH'IeCTBe 

Lo npoxozmr xepes <pHJIbTP, rne oCYlQeCTBJI51eTC51 ero O'iHCTKa, 

nocrynaer B opOCHTeJIbHylO xasrepy, B KOTOpOH pa36pbI3rHBaeTCSl 

OXJI8.)K)J,eHHaH nona, HMeIOlQasr resmeparypy HH)I(e reemeparypsr TO'iKH 

POCbI. 

IIpH KOHTaKTe B03.lJ.YXa C KaneJIbKaMH BO)],bI OH OXJIa)I()J,aeTC51 H 

OCyWaeTCH, npaofiperaa B KOHQe opOCmeJIbHOH KaMepbI saaaaaoe 

nnaroconepxaaae npa HaCbIlQeHHH, 06bI'IHO paBHOM ffJ = 95 %. TaK KaK 

npa 3TOM resmeparypa B03.lJ.YXa CTaHOBHTC51 HH)I(e He06xo)],HMOH 

resmeparypsr nparosaoro B03)J.yXa, TO )J,JUl )],OBe)],eHH5l )],0 YKa3aHHOH 

resmeparypsr B03.lJ.YX nOCJIe opOCHTeJIbHOH xasrepsr HanpaBJI51eTc51 B 

KaJIOPH<pep BTOpOro nonorpesa, B KOTOpoM OH narpesaercs )],0 3a)J.aHHOH 

resmeparypsr. 
Bo H36e)l(aHHe MeXaHH'IeCKoro ssmoca xanerrs BO)J,bI na ssrxozte H3 

opOCHTeJIbHOH xaxsepsr YCTaHaBJIliBaeTCH )l(aJII03HHHiUI peruerxa 

~-" 
~-" 

t 
flXob 

-+-

Puc. 4.4. ([>OpCyHKU: 
a - npRMOmOlJHaR 
6 - Y2J106aR 

a 

6 

4 

3 

60bw 

ollwob 

80ba 

1 

()X.Jl(I.}KOtnnaR 

.. 

.. 

Puc. 4.3. IIpuHlIUnUaJlbHaR cxeua 
opOCUmeJlbHOU xauepu: 1-6030yxo­
pacnpeoenumens, 2-xonnexmopu; 
3 -POPCYHKU, 4-KanJIeYJl06UmeJlb, 
5-nooooH, 6-Hacoc, 7-nepeJlU6HOe 
ycmpoucmeo 
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4.2. IIp.RMomoll.HaR cxeua o6pa6omKu eosoyxa npu HllJlUIIUU 
6 nOMelU,eHUU meMoU36",mKo6 

~ 

l' .. 
<:l 

I:Q 

1 

(ctllU\n) 

B 06lQeM cnyxae, pacxer CHCTeM KOH)],HQHOHHpOBaHIHI soanyxa 

npOH3BO)],HTCSl na OCHOBe H36bITO'iHbIX TenJIOBbI)],eJIeHHH, 

BnarOBbl)J,eJIeHHH, coztepxaaaa Bpe)],HbIX ra30B HJIH nbIJIH. B )],aHHOM 

cnysae, paCCMaTpHBaeTCSl BapHaHT pacxera, OCHOBaHHbIH TOJIbKO aa 

H36bITO'lHbIX TenJIOBbI)],eJIeHHSlX. 

IIPSlMOTO'lHble cxesrsr 06bI'IHO npHMeHSlIOT B rex crryxaax, xorna 

no YCJIOBHSlM 3anbIJIeHHOCTH HJIH 3ara30BaHHOCTH HCnOJIb30BaHHe 
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Puc. 4.6. Ilpouecc oopatiomsu 6030yxa 6 menJlblU nepuoo 20Qa 

TIPH 3TOM CJIe~eT yqHTbIBaTb zraa 06CTOjlTeJIbCTBa: so-nepssrx, jl;AA 

npenorspanteaas MeXaHHqeCKOrO ynoca xanens BJIafH B cncrevy 
B03j1;YXOBOjl;OB Ha BbIXOjl;e H3 opOCHTeJIbHOH KaMepbI BeJIHqHHa 

OTHOCHTeJIbHOH BJI~HOCTH He jl;OJI)I(Ha npessnnars qJ= 95 %; BO-BTOpbIX, 

anaroconepxanae ofipafiarsrsaevoro sosnyxa na ssrxone H3 

opOCHTeJIbHOH KaMepbI jl;OJI)I(HO COOTBeTCTBOBaTb pacsersoay 
BJIarOCOjl;ep)l(aHHIO B03.L\YXa BHyTpH nOMeIl.\eHHjI (B TOqKe 2), TaK KaK B 

nouemenaa OTCyTCTBylOT BJIarOBbIjI;eJIeHHjI. Yser 3THX «paKTOPOB 

n03BOAAeT na nOJIe I ­ d jl;HarpaMMbI HaHeCTH TOqKY 0, 
xapaxrepaayioiuyio napasrerpsr sosnyxa aa auxone H3 opOCHTeJIbHOH 

KaMepbI. 

,I:{njl eroro caaxana OCYIl.\eCTBJIjllOT nocrpoeaae JIHHHH HH)I(HeH 

norpaaaxnoa KpHBOH tp> 100 % H JIHHHH OTHOCHTeJIbHOH BJIa)l(HOCTH 

rp= 95 %. TOqKa 0 6Yjl;eT aaxoznrrsca na nepeceseaaa nyxa d2 =const, 
nposeneanoro H3 TOqKH 2 BepTHKaJIbHO BHH3, H JIHHHH OTHOCHTeJIbHOH 

BJIa)I(HOCTH tp> 95 %. COejl;HHHB TOqKH 1 H 0 np.SlMOH JIHHHeH, nOJIyqIDOT 

nys npouecca oxnaacaeaas H ocyureaas soanyxa B opOCHTeJIbHOH KaMepe 

KOHjI;HllHOHepa. TIP0jl;JIHB nyx npouecca 1 - 0 no nepecexeaas C JIHHHeH 

(KaruIeyJIOBHTeJTh). 06pa60'TaHHbIH B03.LO'X BeHTH.JUITOpoM nO~aCTCjI B 

noveuremre. 
Bona, C06HpIDOll(MCjI B nOMOHe 0poCl-lTeJIbHOH KaMepbI, nocrynaer B 

XOJIO~HJIbHYIO MaIIIHHY, rne OHa OXJIaJK,l{aeTCjI ~O He06xo~HMOH 

reuneparypsr, H HaCOCOM no CHCTeMe rpytionpoaoztoa nonaercs B 

«pOpc)'HKH, pacnonoxeansre B opOCmeJThHOH KaMepe. 

B XOJIO~IH nepaon rona Hap)')KHbIH B03.LO'X B nOJllIOM xonasecrse Lo 
nocrynaer B KaJIOPH«pep nepsoro noztorpesa, B KOTOpOM OH 

rronorpesaerca ~o TOH TeMneparypbI, npa KOTOpOH ero rennoconepsanae 
6Yjl;eT COOTBeTCTBOBaTb pacsemovy rennoconepsamuo a,nHa6aTHqecKoro 

nponecca YBJIa)l(HeHHjI. 3aTeM B03j1;YX nocrynaer B opOCHTeJIbHylO 

xasrepy, rne npOHCXojl;HT a)l;Ha6aTHqeCKHH npouecc YBJIa)l(HeHHjI, B 

pe3YJIbTaTe xoroporo B03j1;YX nonysaer 3a)1;aHHOe anaroconepscaaae npa 
OTHOCHTeJIbHOH BJI~HOCTH qJ = 95 %. 

Ilpa a)l;Ha6aTHQeCKOM npouecce acnapeaaa resmeparypa soaayxa 
aa ssrxone H3 opOCHTeJIbHOH xasrepsr ~OCTaTOqHO 6JIH3Ka K 

resmeparype MOKporo repvouerpa, KOTOpM 06bIqHO HH)I(e 3a)1;aHHOH 

revneparypsr npHTOqHOrO sosnyxa, n03ToMY jl;JIjI ztoaeneaaa 
revrreparypsr nosnyxa jl;0 3a)1;aHHOH OH rronaepraercs 
jl;OnOJIHHTeJIbHoMY aarpesy B xanopmpepe sroporo noztorpesa. 

Y3eJI OXJIa~eHHjI H nonaxa BOjl;bI B opOCHTeJIbHylO xaxepy 
pafioraer B rpefiyeaoa pe)l(HMe. 06pa60TaHHbIH B03~yxBeHTHJIjlTOPOM 

nonaercs B nosretneaae. 
Ilocrpoeaae npouecca 06pa6oTKH aoszryxa oCYll(eCTBJIjleTCjI aa 

OCHOBe npHHjlTOH npjlMOTOqHOH CHCTeMbI KOHjI;HllHoHHpOBaHHjI 

soanyxa. IlOCJIejl;OBaTeJIbHOCTb nocrpoenaa npoueccos B 1- d 
naarpasose jl;JIjI TenJIOrO nepaona rona paCCMOTpeHa na pHC. 4.6. 

HaHOCHTCjI aa none I ­ d jl;HarpaMMbI TOqKa 1, coorsercrayrouraa 

pacsernsar napaaerpasr napyxaoro B03.L\YXa ,Z:(JIjI rennoro nepaona npn 

H3BecTHoH rexneparype t~ H OTHOCHTeJIbHOH BJI~HOCTH qJ~. 3aTeM 

HaHOCHTCjI TOqKa 2, cooTBeTcTBYlOII.\M pacxerasrv napaxerpasr 

sayrpeaaero soanyxa npa H3BeCTHOH rexneparype tI H OTHOCHTeJIbHOH 

BJIa)l(HOCTH qJI. AHaJIH3 B3aHMHOrO pacnonoxeaaa TOqeK 1 H 2 na I ­ d 
jl;HarpaMMe nOKa3bIBaeT, qTO 06I1.\ee aanpasneaae npouecca 06pa60TKH 

nosnyxa B TerrJIbIH nepaon CBOjl;HTCjI K ero OXJIaJK,l{eHHIO H ocyuremno. 

3TOT npouecc peanasyerca B KaMepe oponrenas KOHjI;H.l(HOHepa sa cser 

pa36pbI3fHBaeMoH BOjl;bI, rearreparypa KOTOpOH jl;OJDKHa 6bITb HH)I(e 

resmeparypsr TOqKH POCbI ofipafiarsraaesroro soaayxa. 
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PUC. 4.7. IJP011£!CCbl o6pa6omKU 6030yxa 6 XOJlOOHblU nepuoo200a 

-', 

.. 

d.2!X2 

d 2d1 

3TOT npouecc peanasyerca B xasrepe opOIlIeHHH KOH;::J;HUHOHepa aa 
cxer pa36pbI3rHBaeMOH BO;::J;bI, resmeparypa KOTOpOH ztonzcaa 6bITb ssmre 
resmeparypsr TOqKH POCbI ofipaoaruaaexoro B03;::J;yxa. ITPH 3TOM B 
opOCHTenbHOH xasrepe KOH;::J;HUHOHepa oCyIII,eCTBnHeTCH npouecc 
a):\Ha6aTHqeCKOrO YBJIa)KHeHHH B03;::J;yxa. 

Ilponecc a):\Ha6aTHqeCKOrO YBna)KHeHHH xapaxrepnayerca 
paBeHCTBOM. Me)K):ly .KonHl,JeCTBOM TellJIOTbI, rronyqeHHbIM rrOBepXHOCTblO 
)KH;::J;KOCTHOT OKpY)KalO~erO B03;::J;yxa, H KOJIHqeCTBOM TenJIOTbI, 
aarpaseansnr na acnapeane, Ilocrynaioutaa K nOBepXHOCTH )KH;::J;KOCTH OT 
Hapy)KHOrO B03;::J;yxa HBHaJI rennora nonaocrsro 3aTpaqHBaeTCH aa 
acrrapenae qaCTH )KH):\KOCTH, nepexozrs npa 3TOM B CKPbITYlO TenJIOTy 
BO;::J;HHbIX rrapos. 06pa30BaBIIIHeCH BO):\jlHbIe napsr nocrynaior B 
OKPY)Karo~HH B03;::J;YX, YBenHqHBM ero BnarOCO;::J;ep)KaHHe H 
rennoconepxanae. TeM caMbIM B03;::J;YXY xoxmeucapyercs CHH)KeHHe ero 
TerrJIOCO;::J;ep)KaHHH B CBH3H C paCXO;::J;OM HBHOH TenJIOTbI na acnapenae. 
TaKHM 06pa30M, ;::J;AA rrpaKTHqeCKHX pacxeroa MO)KHO npennonarars, qTO 
a):\Ha6aTHqeCKHH rrponecc YBna)KHeHHH B03;::J;yxa ocyurecrsnaercs no 
JIHHHH nOCTOHHHoro TerrnOCO;::J;ep)KaHHH I = const. 

62 

tp> 100 %, onpeztenmor TOqKY m, TeMrrepaTYpa B KOTOpOH C H3BeCTHhIM 

rrpH6nH)KeHHeM rrpHHHMaeTcH B xasecrse KOHeqHOH resmeparypu 

OXJIa)K):\aro~eHBO;::J;bI aa BbIXO;::J;e H3opocarensnoa xaxepsr tm . 

3aTeM onpenenaior resmeparypy rrpHTOqHOrO B03;::J;yxa B 
noventenae. 3a cser HMelO~HXCH B noueuieaaa TellJIOH36bITKOB 
resmeparypa B03;::J;yxa B pa60qeH 30He 6Y;::J;eT rrOBbIIlIaTbCH, qTO ztaer 
OCHOBaHHe npanavars TeMrrepaTYPY rrpHTOqHOrO B03;::J;yxa na 4-6 °C 
HH)Ke, qeM pacsernaa resmeparypa B03;::J;yxa B rrOMe~eHHH. Ilapauerpsr 
rrpHTOqHOrO B03;::J;yxa xapaKTepH3YIOTcH rrOnO)KeHHeM TOqKH 3, 
pacnOnO)KeHHOH na nHHHH d2 =const H OTcToH~eH OT TOqKH 2 no 

3HaqeHHlO TeMnepaTYpbI na 4-6 "C. 
B TennbIH nepnon rona aa cser 60nee BbICOKOH 'resrnepatypsr 

oxpyzcarotnero B03;::J;yxa npoacxoznrr eCTecTBeHHbIH noztorpes B03;::J;yxa B 
B03;::J;YXOBO;::J;ax H caMOM BeHTHnHTope. Bena-rana sroro nonorpesa 
ou.eHHBaeTCH B 1,5-2 "C. 3TO n03BOMeT onpenemrrs nonoxeaae TOqKH 4, 
xapaxrepasyiomea napasrerpsr sosnyxa na BbIXO;::J;e H3 xanopmpepa 

sroporo nonorpesa. TOqKa 4 pacnonoxena na nHHHH d2 = const H 

OTCTOHT OT TOqKH 3 no 3HaqeHHlO TeMnepaTYpbI na 1,5-2 "C. 
TaKHM 06pa30M, OKOHqaTenbHO npouecc 06pa60TKH _B03;::J;yxa B 

rermsra nepaozt rona ;::J;nH rrpHMOTOqHOH CHCTeMbI KOH;::J;HU.HoHHpoBaHHH 
B03;::J;yxa npa HaJIHqHH B rrOMe~eHHH TOnbKO TennH36bITKOB OCym:ecTBAAeTCH 
no nHHHH 1 - 0 - 4 - 3 - 2, me 1 - 0 - nponecc OXJIa)K):\eHHH H oCyIIIeHHH 
napysororo soanyxa B opocarensaoa KaMepe KOH):\HUHOHepa; 0 - 4 - npouecc 
nO;::J;OI-peBa sosnyxa B xanoparpepe BTOpOro nonorpeaa; 4 - 3 - nponecc 
eCTeCTBeHHoro noztorpesa B03;::J;yxa B B03):lyxOBO;::J;ax H BeHTHnHTOpe; 3 - 2 ­
eCTeCTBeHHbIH nonorpes B03;::J;yxa B rrOMe~eHHH sa cqer HMelOlII,HXCH TaM 
TerrnOH36bITKOB. 

ITocne;::J;OBaTenbHOCTb rrOCTpOeHHH rrpouecca 06pa6OTKH B03):lyXa B 
1-d ~HarpaMMe;::J;M xononnoro nepaona rona paCCMOTpeHa aa pHC. 4.7. 

HaHOCHTCH aa none I ­ d ;::J;HarpaMMbI TOqKa 1, cooTBeTcTBYlO~aH 

pacserauu napaaerpav Hapy)KHOrO B03;::J;yxa ;::J;nH xonozmoro nepaozta 

rona npa H3BecTHoH TeMnepaType t; H OTHocHTenbHoH Bna)KHOCTH rp;. 
3aTeM HaHOCHTCH TOqKa 2, COOTBeTCTBYIO~aJI pac-rerasnr napasrerpax 

~ t X ~ sayrpeaaero B03;::J;yxa npa H3BeCTHOH resmeparype 6 H OTHOCHTenbHOH 

Bna)KHOCTH rp;. AHaJIH3 B3aHMHoro pacnonoxeaas TOqeK 1 H 2 aa I - d 
;::J;HarpaMMe nOKa3bIBaeT, qTO ofimee aanpasneaae npouecca 06pa6oTKH 
B03;::J;yxa B xono;::J;HbIH nepaozt CBO;::J;HTCH K era narpesanmo H YBna)KHeHHlO. 
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C yqeTOM ycnosan paCCMaTpHBaeMOrO sapaaura aa none I - d 
,llHarpaMMbI HaHOCRT TOtIKy 0, xapllKTepH3YIOm)'IO napaxerpsr soanyxa aa 
nsrxone H3 opOCHTenhHOH xaxrepu. ,lVul eroro caasana ocymecransror 
nocrpoeaae nHHHH HH:>KHeH nOrpaHHqHOH KpHBOH tp=100% H nHHHH 

OTHOCHTenhHOH Bna:>KHOCTH tp=95 %. TOqKa 0 6Y,lleT HaxO,llHThCR na 

nepecesenaa nysa d2 =const, nposeneanoro H3 TOqKH 2 BePTHKanhHo 

BHH3, H nHHHH OTHocHTenhHoH Bna:>KHOCTH tp=95 %. Ilposenx sepes 
TOqKY 0 nyx npouecca anaatiara-recsoro yBna:>KHeHHR no nHHHH 

10 =const , a xepes TOqKY 1 nHHHIO nyxa npouecca aarpesaaaa sosnyxa 

B xanopmpepe nepsoro nonorpesa, nonysaior TOqKY 4 nepecesenaa 3THX 
nHHHH, napaxerpsr KOTOpOH onpenensror COCTORHHe aosnyxa na axone B 
opocarensnyto xasrepy. 

3aTeM onpenensior resmeparypy npHTOqHOrO soanyxa B 
nosreuteaaa. 3a cser HMeIO~HXCR B nOMe~eHHH TennoH36bITKOB 
resmeparypa sosnyxa B pa60qeH 30He 6Y,lleT nossnuarsca, qTO ztaer 
OCHOBaHHe npHHHMaTh resmeparypy npHTOqHOrO sosnyxa na 4 - 6 °C 
HH:>Ke, qeM pacseraaa resmeparypa sosnyxa B novemenaa. Ilapaaerpu 
npHTOqHOrO aoszryxa XapaKTepH3yIOTcR nOnO:>KeHHeM TOqKH 3, 
pacnonoxeaaoa aa nHHHH d2 = const H orcroameii OT TOqKH 2' no 

3HaqeHHIO resmeparypa aa 4-6 "C, B XOnO,llHhIH nepaon rozta eCTeCT­

aenaoro nonorpesa aosnyxa B soanyxoeonax He npOHCXO,llHT. 
TaKHM 06pa30M, OKOHqaTenhHO npouecc o6pa6oTKH sosnyxa B 

XOnO,llHhIH nepaon rona ,llilll npRMOTOqHOH CHCTeMbI KOH,llHQHoHHpoBaHHR 
sosnyxa npa HanHqHH B noueureaaa ronsxo TennoH36bITKOB 
ocyurecranxerca no nHHHH 1-4-0-3-2, rne 1-4 - npouecc aarpesa 
aapyzororo soanyxa B xanopaoepe nepsoro nonorpesa; 4-0 - npouecc 
a.llHa6aTHqeCKOrO YBn~eHHR B03,llyxa B opocHTenhHoH KaMepe 
KOH,llHQHOHepa; 0-3 - npouecc -aarpesa sosnyxa a-xanopatpepe aroporo 
nonorpesa; 3-2 - eCTeCTBeHHhIH npouecc nonorpesa sosnyxa B 
noxeutenaa sa cser HMeIOrn:HXCR TaM TennOH36bITKOB. 

IIpH HanHqHH B nOMe~eHHH ronsxo TennOH36hITKOB MaCCOBbIH 
pacxon KOH,llHQHOHHpyeMoro noaayxa ,llilll Tennoro H XOnO,llHOrO 
nepaonos rona MO:>KHO paccsarars no BbIpa:>KeHHIO 

GT ,X 
6 

_ 
-

Cp 

QT,x 
U36 / 

~ T,x T,X)' xr C 
' t; -tnp 

, 
(4.1) 

rne QU36 - H36bITOqHaJI rennora B noxeuteaaa, COOTBeTCTBeHHo, ,llnR 
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'rennoro HnH XOnO,llHOrO nepaona rona, BT; cp ~ 1.005 - rennoeaxocrs 

soaayxa, K,l(x</(Kr'°C); t;,X H t;pX - COOTBeTCTBeHHO pacsernas 

resmeparypa soanyxa BHyTpH noxemeaas ,llnR renrroro HnH XOnO,llHOrO 
nepaoaa H resmeparypa nparosnoro soanyxa B cooTBeTcTByIOrn:HH 
nepaon (CM. 1-d ,llHarpaMMbI, pHC. 4.6 H 4.7). 

06beMHbIH pacxozt KOH,llHQHOHHpyeMoro soanyxa COCTaBHT no 
nepaonaa rona 

vT•X = G;'x ,3600 M3/q 
6 , (4.2) 

P6 
3,

rne P6 ~ 1,2 - nnOTHOCTh soanyxa, Kr/M

Xonononpoaaaonarensaocrs KOH,llHQHOHepa paCCqHTbIBaeTCR no 
naafionee aanpazcenaoay pezcaxy pa60ThI xononansnoa yCTaHOBKH, T.e. 
.n,nR rennoro nepaozta rona: 

QXOJl (4.3)=G; .(11-10), KBT 

rne G;- MaCCOBhIH pacxon KOH,llHQHOHHpyeMoro sosnyxa B TennhIH 

nepaon, xr/c; II H 10 - COOTBeTCTBeHHO, rennoconepxanae napysororo 

soaayxa H aosnyxa na ssrxone H3 opocarem.aoit KaMephI, K):VK/Kr 

(CM. I -d naarpaasry, pHC. 4.6). 
Temronpoaasonarensnocn, xanoparpepa nepsoro nonorpesa, 

pafiorarornero ronsxo B xono,llHhIH nepaon rona, paCCqHThIBaeTcR H3 
Bhlpa:>KeHHR 

QJ =G{ ·(14 -II)' KBT , (4.4) 

~ ~ 
. rzie G6 

x 
- MaCCOBbIH pacxen KOH,llHQHOHHpyeMOroB03,llyxa B XOnO,llHbIH 

nepaon rona, xr/c; 14 H II - COOTBeTCTBeHHo, TennocO,llep)l{aHHe soanyxa 

nocne xanopaoepa nepsoro nonorpesa H na axone B Hero, K,U)l{/Kr 

(CM. I -d ,llHarpaMMY, pHC. 4.7) 
Tennonpoaaaoaarensaocn, xanopmpepa nroporo nonorpesa, 

parioraromero H B TennhIH, H B XOnO,llHhIH nepaonsr rona, paCCqHThIBaeTcR 

pasnensno H COCTaBillIeT: 
,llnR rennoro nepaozta rona 

Q;2 =G; ·(14 -10 ) , KBT , (4.5) 
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rne 14 H 10 - COOTBeTCTBeHHO, rennocozrepacaaae na ssrxoae H axone 

xanopmpepa, K)J;)I{/Kr (CM. 1 - d .n;HarpaMMy, pHC 4.6); 

.n;ml xonozmoro nepaona rona 

Q~ = G; .tt, -10 ) , KBT , (4.6) 

rne 13 H 10 - COOTBeTCTBeHHO, rennoconepscaaae aa ssrxozre H axone 

KaJIOPH<pepa, K)J;)Kf'Kr (CM. 1 -d zmarpaaxy, pHC. 4.7). 

KOJIHqeCTBO BJIarH, y.n;aJIHeMOH H3 nparosaoro sosnyxa B TeIIJlbIH 

nepaon rona npa ero ocyurenaa, COCTaBHT , 

3wJo =G; ·(dl -d2 ) ' 10- , xr/c , (4.7) 

rae dl H d2 - COOTBeTCTBeHHo, snaroconepxaaae nosnyxa aa axone H 

ssrxozre opOCHTeJIbHOH xasrepar, r/Kr (CM. 1 -d zraarpaseay, pHc.4.6). 

KOJIHqeCTBO BJIarH, nornouraeaoji rrpHTOqHbIM B03.n;yxOM B 

XOJIO.n;HbIH nepaozr rona rrpa ero yBJIa)I(HeHHH, COCTaBHT 

3wn~ZJ1 = G; .(d2 - dd . 10- , xr/c , (4.8) 

rzte d2 H dl - coorsercrseaao, anaroconepxaaae aosayxa na axone H 

nsrxone opOCHTeJIbHOH xasrepsr, r/xr (CM. 1 -d .n;HarpaMMY, pHC. 4.7). 

Kparaocrs B03.n;yxo06MeHa rro nepaonaa rona paCCqHTbIBaeTCH 

VT,x 
n =_6__, q-l , (4.9) 

Vn oM 

~- 3r.n;e VnOM - OVbeM KOH.n;HI.{HOHHpyeMoro IIOMeliIeHHH, M . 

MOru;HOCTb 3JIeKTpHqeCKOrO .n;BHraTeJIH .n;JIH npasona BeHTHJIHTOpa 

paCCqHTbIBaeTCH H3 Bblpa)l(eHHH 

V·p·M·k
N = RET (4.10)

3 3600.1000'173' , 
3/q;

rne V - npOH3Bo.n;HTeJIbHOCTb onaoro BeHTHJIHTOpa, M p = 1,2 ­
3; MrrJIOTHOCTb sosztyxa, Kr/M - pacnonaraeasni Harrop BeHTHJIHTOpa, TIa; 

173 = 0,8 - K03<P<PHI.{HeHT rrOJIe3HOrO .n;eHCTBHH 3JIeKTP0.n;BHraTeJIjf; k = 1,1 
- K03<P<PHI.{HeHT 3arraCa. 
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Tpe6yeMbIH pacxon BO.n;bI na oponreaae onpeztenxercs H3 

ypaBHeHHH TerrJIOBOrO 6aJIaHca 

QXOJl =G600'Cp'~m-t:~0), KBT, (4.11) 

rne QXOJl - xOJIo.n;orrpoH3Bo.n;HTeJIbHOCTb ozraoro KOH.n;HI.{HOHepa, KBT; 

G600 - MaCCOBbIH pacxon BO.n;bI aa oponreaae, xr/c; t m - resmeparypa 

BO.n;bI aa ssrxozre H3 opOCHTeJIbHOH xauepsr, onpenenaeaas rro 1 - d 

.n;HarpaMMe (PHC. 4.6, reaneparypa B TOqKe m), "C; t:~o - resmeparypa 

BO.n;bI aa axone B opOCHTeJIbHylO KaMepy (na ssrxone H3 XOJIO.n;HJIbHOH 

MallIHHbI), rrpHHHMaeTcH aa 4 - 6 °c HIDKe qeM t m' HO He HH)I(e +5 °C; 

CP = 4,19 - TerrJIOeMKOCTb BO.n;bI, K,lVK/(Kr·°C).
 

Maccossra pacxon BO.n;bI aa opoureaae MO)l(eT 6bITb asrpaxea
 

G600 = (QXOJl 6X ), Kr/c. (4.12) 
cp ' t m -t600 

06'beMHbIH pacxozt BO.n;bI COCTaBJIHeT 

- G 600 ·3600 3/V600 - , M q (4.13) 
P600 

rne P600 ~ 1000 - IIJIOTHOCTb BO.n;bI, Kr/M
3 

4.3. IIpJlMOmOIlHQR CXeMa o6pa6omKu 6030yxa npu HQ.1ZUIlUU 

6 nOMeU(eHUU menno - U enaeoustiumsoe 

TIoCJIe.n;OBaTeJIbHOCTb npouecca 06pa60TKH soanyxa B 1 - d 
.n;HarpaMMe .n;JIH TerrJIDro, nepaozta rona IIpH HllffHliHH B noaemeaaa TeIIJIO 

- H BJIarOH36bITKOB paccxorpeaa na pHC. 4.8. 

HaHOCHTCH aa none 1 - d .n;HarpaMMbI TOqKa 1, cooTBeTcTBylOIIIM 

paCqeTHbIM napaxerpaa aapysoioro soanyxa .n;JIH TerrJIOrO nepaozra npa 

~ tT v T 3H3BeCTHOH rexneparype /I H OTHOCHTeJIbHOH BJIa)l(HOCTH CP/I' area 

HaHOCHTCH TOqKa 2, cooraercrsyroutaa paCqeTHbIM napaxerpaa 

tT nayrpeaaero sosnyxa IIpH H3BeCTHOHv rexneparype 6 H 

OTHOCHTeJIbHOH BJIa)I(HOCTH cpr. 3a.n;aIOTCH resmeparypoit IIPHTOqHOrO 

soanyxa t~ H CTpOHT H30TepMy tI = const. 3aTeM npa H3BeCTHbIx 

H36bITOqHblX TeIIJIOBbI.n;eJIeHHHX QU36 H BJIarOBbI,LJ;eJIeHHHX WU36 B 
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d ,2/K2 

cp= 100% 

cp;; 
I/ ­ tp > 95% 

11 

d3 d2 d1 

Puc. 4.8. Ilpouecc otipaiiomxu 6030yxa 6 mennuu nepuoo eooa npu 
HQJlU'iUU 6 nOMeU/eHUU menno- U 6J1ac0U36blmK06 

rrOMe~eHHH paCCqHTbIBaeTCR BeJIHqHHa yrJIOBOrO K03cP<PHIIHeHTa 

e =QU36 /WU36, H H3 TOqKH 2 CTpORT rtys nponecca H3MeHeHHR 

rrapaaerpos soanyxa B rrOMeIIIeHHH nozt yrnoa e LlO nepecexeaaa C 

H30TepMoH t~ = const. TOqKa nepecexenaa 0603HaqaeTCR IIH<PPOH 3 
H COOTBeTcTByeT rrapaMeTpaM rrpHTOqHOrO B03Llyxa, rrOLlaBaeMoro B 
rrOMeIIIeHHe. 

IIpH H3BeCTHOM BJIarOCOLlep)l{aHHH nparosnoro B03L\YXa d3 H3 TO~ 

3-,npOBOL\RT nyqrrpOIIeCCa . d3 =const LlO nepeceseaas C JIHHHeH 

tp =95 % B TOqKe O. Ilapaxerpu aosztyxa B TOqKe 0 coorsercrsyror 

COCTORHHIO nosztyxa na BbIXOLle H3 opOCHTeJIbHOH xaxepsr. 
3a cser 60JIee BbICOKOH reaneparypu oxpyzcarontero soaayxa B 

TerrJIbIH rrepHOLl rOLla rrpOHCXOLlHT eCTeCTBeHHbIH rroLlorpeB B03Llyxa B 

B03LlYXOBOLlax H caMOM BeHTHJIRTOpe npasrepao aa 1,5-2 "C. 3TO 
rr03BOJIReT onpenenars rrOJIO)l{eHHe TOqKH 4, xapaKTepH3YIO~eH 

napaxerpu aosnyxa na BbIXOLle H3 xanopadiepa sroporo rroztorpesa. 

TOqKa 4 pacnonozcena aa JIHHHH d3 = const H OTCTOHT OT TOqKH 3 rro 

3HaqeHHlO rexneparypu na 1,5-2 "C. 
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TaKHM 06pa30M OKOHqaTeJIbHO npouecc 06pa60TKH sosnyxa B 

TerrJIbIH rrepHoLl rOLla LlJIR rrpRMOTOqHOH CHCTeMbI KOHLlHIIHoHHpOBaHHR 
B03L\Yxa npa HaJIHqHH B rrOMeIIIeHHH TerrJIO- H BJIarOH36bITKOB 
oCYIIIeCTBJIReTCR rro JIHHHH 1 - 0 - 4 - 3 - 2 , me 1 - 0 - npouecc 

OXJIa)I{):\eHHR H ocymenaa napyzcnoro B03L\YXa B opOCHTeJIbHOH xaxepe 
KOHLlHIIHoHepa; 0 - 4 - rrpollecc rroLlorpeBa B03L\YXa B KaJIOpH<pepe 
sroporo nozrorpesa; 4 - 3 - nponecc eCTeCTBeHHoro nonorpesa sosztyxa B 

B03LlYXOBOLlax H BeHTHJIRTOpe; 3 - 2 - nponecc eCTeCTBeHHoro nonorpesa 

H YBJIa)I{HeHHR sosnyxa nenocpencrseaao B rrOMe~eHHH sa cser 
HMelO~HXCRTaM TerrJIO- H BJIarOH36bITKOB. 

IIOCJIeLlOBaTeJIbHocTb npouecca 06pa60TKH B03L\Yxa B I - d 
LlHarpaMMe LlJIR XOJIOLlHOrO nepaona rona paCCMOTpeHa na pHC. 4.9. 

cp{ 
rp= 95% 

\ 
9'= 100% 

tX	 d ,2/K211. 

d1 dz d3
 

Puc. 4.9.	 Ilpouecc otipaiiomxu 6030yxa 6 XOJlOOHblU nepuoo zooa npu 
HQJlU'iUU 6 nOMeU/eHUU menno- U 6JlacoU36blmK06 

HaHOCHTCR Ha none I - d LlHarpaMMbI TOqKa I, cooTBeTcTBylOIIIaR 

paCqeTHbIM napaaerpax napyaororo sosztyxa LlJIR XOJIOLlHOrO nepaozta 

rona npa H3BeCTHOH resmeparype t; H OTHOCHTeJIbHOH BJIa)I{HOCTH rp;. 
3aTeM HaHOCHTCR roaxa 2, cooTBeTcTBylOIIIaR pacserasn« rrapaaerpaxr 

BHYTpeHHero soaayxa npa H3BeCTHOH resmeparype t; H OTHOCHTeJIbHOH 

rp;. t; HBJIa)l{HOCTH 3aL\aIOTCR resmeparypojt rrpHTOqHOrO soaayxa 
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CTPORT H30TepMy t; =const. 3aTeM npa H3BeCTHbIX H36bITOtIHbIX 

TenJIOBbI~eJIeHHjjX QU36 H BJIarOBbI~eJIeHHjjX B nOMem:eHHHW u36 

paCCtIHTbIBaeTCR BeJIHtIHHa yrnoaoro K03epqIHIIHeHTa e =QU36/WU36 H H3 

TOtIKH 2 CTpORT JIYtI npouecca H3MeHeHHR napaverpos B03~a B 

nOMem:eHHH non yrJIOM e no nepeceseaas C H30TepMou t; =const. 
TOtIKa nepeceseaas 0603HatIaeTCR IIHeppOU 3 H coorsercrayer 
napaverpav nparosnoro sosnyxa, nonasaeaoro B noveutenae. 

Ilpa H3BeCTHOM BJIarOCO~ep)l(aHHH npHTOtIHOrO aoanyxa d3 H3 

TOtIKH 3 nposonsr JIYtI npouecca d3 =const zto nepeceseaaa C JIHHHeU 

qJ =95 % B TOtIKe O. Ilapaxerpu aosnyxa B TOtIKe 0 cooTBeTcTByIOT 

COCTORHHIO noanyxa na ssrxone H3 opOCHTeJIbHOU xasrepsr, B 
opOCHTeJIbHOU KaMepe KOH~HIIHoHepa ocym:ecTBJIReTCR ~Ha6aTHtIeCKOe 

YBJI~HeHHe B03~YXa, xapaxrepasyromeeca rrporexaaaen npouecca npa 
10 =const, JIYtI xoroporo npOXO~HT sepes TOtIKy O. Ilpouecc nonorpesa 

B03~yxa B KaJIOpHepepe nepBoro no~orpeBa OCYTQeCTBJIReTCR npH 

H3BeCTHOM H nOCTORHHOM BJIarOCO~ep)l(aHHH aapyxaoro aosnyxa no 

JIHHHH d] =const. TOtIKa nepeceseaas JIytIeu rrpouecca 10 =const H 

d1 =const 0603HatIaeTCR IIHeppOU 4 H xapaxrepasyer COCTORHHe aosnyxa 

aa ssrxone H3 xanopmpepa nepsoro rrozrorpesa (sxona sosnyxa B 

opOCHTeJIbHyIO xasrepy). 

TaKHM 06pa30M, OKOHtIaTeJIbHbIH npouecc 06pa60TKH sosnyxa B 

XOJIO~HbIH nepaon rona ~JIR npRMOTOtIHOH CHCTeMbI KOH~HIIHoHHpoBaHHR 

sosnyxa npa HaJIHtIHH B nOMem:eHHH TenJIO- H BJIarOH36bITKOB 

ocymecrsnaercs no JIHHHH I - 4 - 0 - 3 - 2 , rne 1 - 4 - npouecc nonorpesa 

aapyscaoro soaztyxa B xanopaoepe nepsoro rronorpesa; 4 - 0 ­
~a6aTHtIeCKHH npouecc yBJIIDKHeHHR, B03~yxa(c,0~HoBpeMeHHbIM ero 

OXJI~eHHeM) B opOCHTeJIbHOH KaMepe KOH~HIIHoHepa; 0 - 3 - rrpouecc 
rronorpesa soanyxa B xanoparpepe sroporo noztorpeaa; 3 - 2 -npouecc 
eCTeCTBeHHoro no~orpeBa H YBJI~HeHHR B03~yxa Henocpe~cTBeHHo B 

nOMem:eHHH sa CtIeT HMeIOm:HXCR TaM TenJIO- H BJIarOH36bITKOB. 

4.4. CxeMPlI o6pa6omKu 6030yxa c peu.upKyJIRu.ueu 

C IIeJIbIO 3KOHOMHH sarpar 3HeprHH na noztorpes B03~xa B 

XOJIO~HbIH nepaon rona HCnOJIb3YIOT Pa3JIHtIHbIe cxesrsr 06pa60TKH 

soazryxa C peIIHpKyJIjjIJHeH (c B03BpaToM tIaCTH OTPa60TaBIllerO B03~a 

06paTHo B IIHKJI). Cxexsr 06pa60TKH sosnyxa pa3JIHtIaIOTCR tIHCJIOM 
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peIIHpKyJIRIIHH, MeCTOM nonana peIIHpKyAAIIHoHHoro B03~a, ero 

KOJIHtIeCTBOM (~OJIeH OT ofimero pacxona soanyxa) H T.n. B ~aHHOM 

YtIe6HoM noc06HH paccMaTPHBaIOTcR cxeMbI KOH~HIIHOHHPOBaHHR C 

O~HOH peIIHpKyJIRIIHeH H nO~BO~OM peIIHpKYJIRIIHOHHoro soanyxa no 
xanopmpepa nepsoro nozrorpesa H nOCJIe Hero. IlpHHIIHnHaJIbHaR cxesaa 
KOH~HIIHoHHpOBaHHR soanyxa B XOJIO~HbIH nepaon rona ~JIR nOMem:eHHR 

C TenJIO- H BJIarOH36bITKaMH H nO~MeIllHBaHHeM peIIHpKyJIRIIHOHHoro 

aosnyxa no xanoparpepa rrepsoro nonorpesa npaseneaa aa pHC. 4.10. 

Ls6Ir 

B
I-o B 
H Lp 

B~I • 
eseoe nOlNelUeHue 

LpI-o KQJIOputJep IInoi)ozpefla
 

OpOCUmeJUlHaR KaMepa KaMepa
... 
> > 

, q, < , 

~SCIC
 
KaJlOputJep I noooe: 

. CMelUUflaHUJl
:!i -- L 

~ 

Puc. 4.10. Ilpuuuunuansnan cxeua KOHOUI.lUOHUpOealfUR -6030yxa c 
nooueuiueanueu pel.luPKYJlJll.lUOHH020 eosoyxa 00 xanopudiepa 

nepeoeo noooepeea 

K napyaorosry B03~YXY B KOJIHtIeCTBe LI/ npoH3Bo~HTCR 

nO~MeIllHBaHHe peIIHpKyAAIIHoHHoro B KOJIHtIeCTBe Lp no xanopatpepa 

nepaoro nonorpesa. ,D;aJIbHeHIllHH npouecc 06pa60TKH aosnyxa 

ocym:ecTBJIReTCR no aHaJIOrHH c npRMOTOtIHOH cxessoa 06pa60TKH 

aosnyxa ~AA XOJIO~HOrO nepaona rona (CM. n. 4.2). IlocJIe~oBaTeJIbHocTb 

npouecca 06pa60TKH aosnyxa B I - d ~HarpaMMe ~JIR XOJIO~HOrO 

nepaona rona paccvorpeaa na pHC. 4.11. 

71 

BeH11JUJlIl.1nO, 

.. 

Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



I , K,11;JIC/K2 
1	 

cp; 
e 

\ 
cp= 100% 

tX	 d ,2/K2H 

d3 d4 d2 

Puc. 4.11.	 Ilpouecc 06pa60mKu 6030yxa 6 XOflOOHblU nepuoo 200a c 
npuueuenueu pel/UpKYflR1.IUU U CMeUlU6aHueM nomOK06 00 
xanopuipepa nep6020 n0002pe6a 

HaHOCHTCSI	 aa nOJIe I - d ,l:\HarpaMMbI TOqKa 1, coorsercrayroutaa 

pacsernau rrapauerpaa aapyxaoro B03,1:\yxa npa H3BecTHoH Ht; 
OTHOCHTeJIbHOH BJIaJl<HOCTH rp: . 3aTeM HaHOCHTCSI TOqKa 2, 

COQTBeTcTBYIOI.QasI pacaerasnanapaaetpaa BHYTpeHHero B03):lyXa npa 

XH3BeCTHOH ~	 t X 
H ~ BJIaJl<HOCTH rp6' B6 OTHOCHTeJIbHOH	 COOTBeTCTBHH C 

paCCMaTpHBaeMOH cxesroa KaMepa CMeUIHBaHHSI napyxaoro H 

peQHpKyJISlQHOHHoro B03,1:\yxa HaxO,l:\HTCSI nepe,l:\ KaJIOpH~epOM nepBoro 

nonorpesa, T.e. CMeIlIHBaIOTCSI ztaa nOTOKa B03,1:\yxa, COCTOSlHHe KOTOpbIX 

onpe,l:\eJISIIOTCSI nOJIOJl<eHHeM TOqeK I H 2. B 3TOM cnysae npouecc 

H3MeHeHHSI napauerpos B03,1:\yxa rrpa HX CMeIIlHBaHHH nporexaer no 

JIBHHH 1 - 2. Ilapaaerpsr TOqKH CMeIIleHHSI ,l:\BYX nOTOKOB 

xapaxrepasyiorca nOJIOJl<eHHeM TOqKH 3, JIeJl<aI.I.J;eH aa npSlMoH 1-2, 
KOOp,l:\HHaTbI KOTOpOH MOryT 6bITb onpeneneau H3 COOTHOIIleHHSI 

paCXO,l:\OB soanyxa, rrponopuaoaansao COOTHOIIleHHIO cooTBeTcTBylOI.QHX 

,l:\JIHH orpeaxos npSlMoH 1-2 (CM. n. 1.4) 
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dl 

Lo LH L
H-=-=>/2- 3 =-./1- 2, (4.14)

11- 2 12- 3 Lo 

rne LH H La - COOTBeTCTBeHHo, pacxozt aapyscaoro aosnyxa H nOJIHbIH 
3 

pacxon nparosnoro B03):lyXa, M jq. TIPH 3TOM 06lQHH pacxon B03,1:\yxa Lo 
onpenenaercs pacxerosr nernero peJl<HMa, a BeJIHqHHa 

peQHpKYJIjIQHOHHoro B03,1:\yxa L (COOTBeTCTBeHHO, H KOJIHqeCTBOp 

aapyxaoro B03,1:\yxa LH ) onpenensercs 3a):\aHHeM. 

Ilapauerpsr TOqKH 3 xapaxrepasyior COCTOSlHHe B03,1:\yxa aa BXO,l:\e B 

KaJIOpH~ep rrepsoro rronorpesa. 3aTeM 3a):\aIOTCSI reaneparypoit 

npHTOqHOrO B03,1:\yxa H CTpOSlT H30TepMY =const. TIpHt;	 t; 
H3BeCTHbIX H36bITOqHbIX TenJIOBbl):\eJIeHHSlX QU36 H BJIarOBbI,I:\eJIeHHSlX 

WU36 B nOMelQeHHH paCCqHTbIBaeTcSI YfJIOBOH K03~~HQHeHT 

G =Q U36 /WU36' H H3 TOqKH 2 CTpOSlT JIyq npouecca H3MeHeHHSI 

napaaerpos B03,1:\yxa B nOMelQeHHH nozt YfJIOM e ,1:\0 nepecesenas C 

H30TepMoH t; =~onst. TOqKa rrepecesenas 0603HaqaeTCSI QH~POH 4 H 

COOTBeTcTByeT . napaaerpasi npHTOqHOrO B03,1:\yxa, nonasaeaoro B 

noaemeaae. TIPH H3BeCTHOM anarocoztepzcaaaa npHTOqHOrO B03,1:\yxa d4 

H3 TOqKH 4 npOBO,l:\SlT nys npouecca d4 =const ,1:\0 nepeceseaas C 

JIHHHeH rp = 95 % B TOqKe O. Ilapaaerpsr B03,1:\yxa B TOqKe 0 
cooreercrsyror COCTOSlHHIO B03,1:\yxa na BbIXO,l:\e H3 opOCHTeJIbHOH 

xaxepsr. B opOCHTeJIbHOH xaxepe KOH,I:\HQHoHepa OCYlQeCTBJISleTCSI 

a):\Ha6aTHqeCKOe YBJIlDKHeHHe B03,1:\yxa, xapaxrepasyionreecs 

-npOTeKaHHeM npouecca npa 10 =const, JIy.f.l. xoroporo- npOKO,l:\HT xepea 

TOqKY O. 
Ilpouecc nonorpesa B03,1:\yxa B xanoparpepe nepsoro nonorpesa 

OCYlQeCTBJISleTCSI rtpa H3BeCTHOM H nOCTOSlHHOM BJIarOCO,l:\epJl<aHHH 

B03,1:\yxa nOCJIe ero CMeIlIeHHSI no JIHHHH d3 =const. TOqKa nepeceneaaa 

JIyqeH npouecca 10 =const H d3 =const 0603HaqaeTCSI QH~POH 5 H 

xapaxrepasyer COCTOSlHHe B03,1:\yxa na BbIXO,l:\e H3 xanopatpepa nepsoro 

nonorpesa (BXO,l:\a B03,1:\yxa B opOCHTeJIbHYIO KaMepy). 

TaKHM 06pa30M, OKOHqaTeJIbHbIH npouecc 06pa60TKH B03,1:\yxa B 

XOJIO,l:\HbIH nepaon rona ,l:\JISI paccaarpasaeaoii cxeMbI 

KOH,I:\HQHoHHpoBaHHSI B03,1:\yxa npa HaJIHqHH B nOMeIll,eHHH TenJIO- H 
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BJIarOH36bITKOB oCyIl(eCTBJUleTCR rro JIHHHH (l - 2) - 3 - 5 - 0 - 4 - 2, rne 
(l - 2) - 3 - npouecc H3MeHeHHR COCTORHHR aoanyxa B xaxepe 
CMeUIHBaHHR; 3 - 5 - npouecc nonorpesa sosnyxa B xanopmpepe nepsoro 
nonorpeaa; 5 - 0 - a,ll;Ha6aTHqeCKHH npouecc yBJIIDKHeHHR sosnyxa 
(c O,l:\HOBpeMeHHbIM ero OXJIIDK,LleHHeM) B opOCHTeJIbHOH KaMepe 

KOH,l:\HU;HOHepa; 0 - 4 - npouecc nonorpesa soaayxa B xanopmpepe 

sroporo nonorpesa; 4 - 2 - npouecc eCTeCTBeHHoro nonorpesa H 
YBJIa)l(HeHHR aosnyxa aerrocpencrseaao B rrOMeIl(eHHH sa CqeT 

HMelOllIHXCR TaM TerrJIO- H BJIarOH36bITKOB. 
llpHHU;HrrHaJIbHaR cxesra KOH,lJ;HU;HOHHpOBaHHR sosnyxa B XOJIO,l:\HbIH 

nepaon rona ,l:\AA noaemeaaa C TerrJIO- H BJIarOH36bITKaMH H 

rrO,l:\MeWHBaHHeM peU;HpKyJIRU;HOHHoro' B03.z:IYxa rrOCJIe xanopmpepa 

nepsoro noztorpesa (nepen opOCHTeJIbHOH KaMepOH) npaseneaa aa 

pHc.4.12. 
Paccaarpaeaexas cxeaa OTJIHqaeTCR OT rrpe,l:\bI,l:\YllIeH TeM, qTO 

HapY)l(HbIH B03,l:\YX nepen CMelllHBaHHeM C peU;HpKyAAU;HoHHbIM 

noztsepraerca npenaaparensaovy HarpeBaHHIO B xanopmpepe nepsoro 
nonorpesa. B OCTaJlbHOH qaCTH era cxeaa rrOJIHOCTblO rrOBTOpReT 
rrpensurymyro. Ilocnenoaarem.aocrs nocrpoeaas nponeccos 06pa60TKH 

soanyxa B I - d ,l:\HarpaMMe paCCMOTpeHa aa pHC. 4.13. 
HaHocHTcR aa none I - d ,l:\HarpaMMbI TOqKa I, COOTBeTcTBylOllIaR 

paCqeTHbIM napasrerpaa aapyxaoro soanyxa ,l:\AA XOJIO,l:\HOrO nepaona 

rona npa H3BecTHoH resaneparype t; H OTHOCHTeJIbHOH BJIIDKHOCTH rp;. 

3aTeM HaHOCHTCR TOqKa 2, coorsercrayiomaa pacsernsrx napaaerpau 

~ t X	 ~ BHYTpeHHero nosnyxa npa H3BeCTHOH resmeparype 6 H OTHOCHTeJIbHOH 

X B	 ~ ~ BJIIDKHOCTH rp6' COOTBeTCTBHH C paCCMaTpHBaeMOH cxexoa xaxepa 

CMelllHBaHHR aapysororo H peU;HpKYAAU;HOHHoro B03.z:IYxa HaxO,l:\HTCR 

nocne xanopaoepanepaoro nonorpesa (rrepen opOCHTeJIbHOH saxepojt). 
TaKHM 06pa30M, COCTORHHe sosnyxa nepezt opOCHTeJIbHOH KaMepOH 

oCTaeTC.lI HeH3MeHHbIM npa CMeWHBaHHH rrOTOKOB sosnyxa KaK no 

xanopadiepa nepsoro nonorpesa, TaK H rrOCJIe Hero. 3TO rr03BOJIReT 
yCJIOBHO npaasrs, qTO cvemasaaae oCyIl(ecTBJIReTCR zro xanopmpepa 

nepsoro nonorpesa H, rrOJIb3YSlCb MeTO,l:\HKOH, npaaeneaaoii asnne, 

MO)l(HO onpenenars KOOp,l:\HHaTbI (rrOJIO)l(eHHe) TOqKH cxeureaaa, 

0603HaqeHHOH U;H<ppOH 3. Ilapaxerpu soanyxa na BbIXO,l:\e H3 xanopmpepa 
nepsoro nonorpesa onpenensrorca rrOJIO)l(eHHeM TOqKH 4, SlBJIRIOIl(eHCR 

TOqKOH nepeceseaas nyua npouecca d1 =canst, nposeneaaoro H3 

TOqKH I, H rry-ra npouecca, nposeaeaaoro H3 TOqKH 2 sepes TO~ 3. 
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L"Yr _ .1 _ , 

B4:J B 
rr 

L p 
B~ ..I--i 

KOHdu euue 

4:J Lp 

Puc. 4.12. IIpUHI1UnUaJlbHaR cxeua xonouuuonupoeanux 8030J.xa c 
noometuueauueu pe11upKYflJl.11UOHH02o 803i)yxa nocne 
«anoptupepa nep8020 noooepeea 

I , K,!1;:J/C/K2	 X 

t X J qJ6 

Xt H 

cp= 95% 

d ,2/K2 

\ 
tp = lOOOiO 

t' 

°!1,~t 

I 
l:~ 
" 

6 

d1 do d2 
Puc. 4.13.	 Ilpouecc o6pa6omKU 803i)yxa 8 XOflOi)HbIU nepuoo eooa C 

npuueneuueu pel1uPKYflJl.I1UU U CMeUlU8aHUeM nomOK08 nocne 
«anoptupepa nep8020 noooepeea 
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Ilapaaerpu B03,D;yxa B TOqKe 4 xapaxrepasyror COCTORHHe B03,D;yxa na 
BXO,D;e B opOCHTeJIbHylO KaMepy. B opOCHTeJIbHOH KaMepe 

ocymecrsnaercs a,D;Ha6aTHqeCKOe yBJIIDKHeHHe B03,D;yxa, 

xapaxrepasyioureecs npOTeKaHHeM npouecca npa h =10 =const, rrys 

KOTOpOro npOXO,D;HT sepea TOqKY O. 
Ilpa H3BeCTHhIX H36bITOqHbIX TenJIOBbI,D;eJIeHHRX QU36 H 

BJIarOBhI,D;eJIeHHRX WU36 B novenrenaa paCCqHThIBaeTCR yrnosoa 

K03epepHQHeHT e = QU36/WU36' H H3 TOqKH 2 CrpORT JIYq npouecca 

H3MeHeHHR rrapaaerpos B03,D;yxa B noaeutenaa rrozt yrnosr s ,D;O 

nepecesenas C JIyqOM npouecca, npOBe,D;eHHhIM H3 TOqKH 0, npa 

do = const. TOqKa rrepecesenas 0603HaqaeTCR QHepPOH 5 H 

cOOTBeTCTByeT napaaetpav npHTOqHOrO B03,D;yxa, nonasaevoro B 

nouemeaae. 
TaKHM 06paJOM, OKOHqaTeJIbHbIH npouecc o6pa60TKH B03,D;yxa B 

XOJIO,D;HhIH nepaozi rona ,D;JIR paccaarpasaeaoa cxeuu 
KOH,D;HQHOHHpOBaHHR B03,D;yxa npa HaJIHqHH B rrosreutenaa TenJIO- H 

BJIarOH36hITKOB oCYlllecTBJIReTCR no JIHHHH 1 - 4 - (4 - 2) - 3 - 0 - 5 - 2, 
rzte 1 - 4 - npouecc noztorpesa aapysotoro B03,D;yxa B KOJIHqeCTBe LII B 

xanopadiepe nepsoro nonorpeaa; (4 - 2) - 3 - npouecc H3MeHeHHR 

COCTORHHR Hapy)I(HOrO B03,D;yxa B KOJIHqeCTBe LII C peQHpKYJIRQHOHHhIM 

B03,D;yXOM B KOJIHqeCTBe L B KaMepe CMeIlIHBaHHR; 3 - 0 ­p 

a,D;Ha6aTHqeCKHH npouecc yBJIIDKHeHIDI B03L1yxa (c oLlHoBpeMeHHbIM ero 

OXJIa)I():leHHeM) B opOCHTeJIbHOH xasrepe KOHLlHQHoHepa; 0 - 5 - npouecc 

noziorpesa B03L\Yxa B xanopmpepe sroporo noziorpesa; 5 - 2· - rrpouecc 

eCTeCTBeHHoro nOLlorpeBa H YBJIa)I(HeHHR B03L\Yxa HenocpeLlcTBeHHo B 

novemenaa sa CqeT HMelOlllHxcR TaM TenJIO- H BJIarOH36hITKOB. 

4.5. HpOMblUlJleHHble ycmauoesu o6pa6oml<u 6030Yxa 

Hapszty C epOpCyHOqHhIMH KOH,D;HQHoHepaMH 06111ero HaJHaqeHIDI sa 

npOMhIIIIJIeHHbIX npe,D;npIDITHRx npHMeHRlOT PaJJIHqHOrO pona yCTaHoBKH 

,D;JIR o6pa60TKH B03,D;yxa C QeJIblO H3MeHeHHR omroro HJIH ,D;BYX ero 

napaaerpos. O,D;HOH H3 TaKHX yCTaHOBOK RBJIReTCR B03,D;yxoOXJIa,D;HTeJIb C 

opomaeuoii HaCa,D;KoH, npenaasaaseaaua ,D;JIR OXJIa)I()J;eHHR H oCyIlIeHHR 

B03,D;yxa. lIpHHQHnHaJIbHaR cxeva yCTaHOBKHnpHBe,D;eHa aa pHC. 4.14. 
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''HIJIU (AOiJ xOAeu 

8eIthWAfltnlJp 

PUUIJIIUV CMV KOPI!U---Rtk1t!QH 

OjJtJl'umIAUlQI f/CfTlpoUtm60 

Puc. 4.14. Bosoyxooxnaoumenu C opotuaeuoii nacaoxoii 

B03L1YXOOXJIa,D;HTeJIb COCTOHT H3 MeTaJIJIHqeCKOH KaMephI 

npRMoyrOJIbHOrO CeqeHHR. B HH)KJIeH qaCTH 3TOH KaMepbI HaxO;D;HTCR· 

nOMOH, B KOTOphIH CJIHBaeTCR aarperaa BO,D;a. Ha,D; nOMOHOM B CTeHKe 

KaMephI HMeeTCR OTBepCTHe ).VIR BXO,D;a ofipafiarsraaesroro B03,D;yxa. 

lIOCTyIIaIOlllHH sepes 3TO orsepcrae B03L\YX npOxO,D;HT CHH3Y asepx sepea 

oponraesrsta CJIOH (opouraesryro HaCa,D;KY) MeTaJIJIHqeCKHX HJIH 

epapepopoBhIX KOJIeQ. 3TOT CJIOH HaJhIBaeTCR pa60qHM CJIOeM. 

Pa60qHH CJIOH KOJIeQ opouraercs XOJIOLIHOH BOLloH HJIH, eCJIH 

rpeoyevaa resmeparypa oxnazcrarourea cpezna HH)I(e 0 °C, TO paCCOJIOM. . "',:fl 
OPOIlIalOlllHM yCTpOHCTBOM MOryT RBJIRTbCR )I(eJI06a orxpsrroro THna,
 

nepdopaposaaaue rpyfisr, epOPCYHKH rpytioro pacnsma H T.n.
 

. OXJIa)I():leUHe . B03,rorxa npOHCXO,D;HT B pe3YJIbTaTe KOHTaKTa ero CO
 

CMOqeHHOH nOBepXHOCTblO KOJIeQ paoosero CJIOR, a TaK)I(e qaCTHqHO H
 

npa acrpese ero C KanJIRMH opomarouteii )KHLlKOCTH B npOCTpaHCTBe HaLl
 

opouraevon HaCa,D;KoH. Ha,D; 0POIlIalOlllHM yCTpOHCTBOM pacnonaraerca
 

BTOPOH CJIOH TaKHX )I(e KOJIeQ, HO MeHbIlIeH TOJIlllHHhI, )J;JIR yJIaBJIHBaHHR
 

xanenex BOLlhI, YHOCHMhIX npoxonamaa nOTOKOM B03,D;yxa. 3TOT CJIOH
 

HaJhIBaeTCR OT60HHhIM CJIOeM. IIpH BbIXOLle H3 oT60HHoro CJIOR B03,D;YX
 

rrpaofiperaer 3a,D;aHHOe COCTORHHe H BhIXOLlHT H3 xaxepst sepes
 
."OTBepCTHe, pacnOJIO)I(eHHOe B BepXHeH ero qaCTH. Ha OCHOBe
 

paCCMOTpeHHOH cxeusr HCnOJIb3YlOTCR H ztpyrae paJHOBH,D;HOCTH
 

yCTaHoBOK, BbIIIOJIHRlOlllHX aHaJIOrHqHbIe epYHKQHH.
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B rrpOH3BO,ll,CTBeHHhIX rrOMeI.QeHHRX C BbICOKHM ypoaaex 
TerrJIOBhI,ll,eJIeHHH H He3HaqHTeJIbHhIMH BJIarOBhI,ll,eJIeHHSlMH ,ll,JISl 

nonnepscaaas aopxapyeasrx 3HalleHHH OTHOCHTeJIbHOH BJIa)f(HOCTH 

B03HHKaeT aeofixoztavocrs ,ll,OrrOJIHHTeJIbHOrO ,ll,0YBJIa)f(HeHHSl aosnyxa 

HerrOCpe,ll,CTBeHHO B rrOMeI.QeHHH. HaH60JIee pacnpocrpaaeanaa CXeMa 

,ll,0YBJIa)f(HeHHSl soazryxa sa cser MeJIKO,ll,HCrrepCHOrO Pa36pbI3rHBaHHSl 

BO,ll,bI C rrOMOI.Qb1O C)f(aTOrO soanyxa npasezreaa na pHC. 4.15. 

1~ 1 1 4~ 2 ~r;< ~._._---J-;
 
r--~~------~,------~j------'
+C...L.-._- - 3 7 - . ---i·5.-­

t KpoN6I In" nplJQyllfil mfJ!llol1jJ!/4tJ&J6 I ~ 2 
I 
f 

2 : , --J 

.L 
~ 

Puc. 4.15. Cxeua ycmpoiicmeacucmeuu oOy6JlQ:JICHeHUR e030YXQ 

Y CTaHOBKa COCTOHT H3 !pOpCyHOK I, rpyoorrposona 2 ,ll,JISl rrO,ll,allH 

C:lKaTOrO B03,D,yxa, rpyoonposona 3 zms noztasa BO,ll,bI K !pOpCyHKaM, fiasxa 

C urapoaua KpaHOM 4 H cerxaroro !pHJIbTpa ,l],JISl aozna 5. ,l.J;JISl nonasa 

C:lKaTOrO aosnyxa B CHCTeMe npezrycsrorpea CrreI..UlaJIbHbIH B03,ll,YlIIHbIH 

xoxsnpeccop 6. Bona H3 aononpoaozta nocrynaer B 6aqOK, B KOTOpOM C 

nOMOI.QbIOuraposoro xpaaanonnepzeraaercs rrOCTOSlHHhIH yposeas BO,ll,bI. 

YBJIa)f(HeHHe nosnyxa rrpOHCXO,ll,HT BCJIe,ll,CTBHe rrOJIHOrO acrrapenaa 

pa36pbl3rHBaeMOH BO,ll,bI sa cner HMelOI.QHXCSl B rrOMeIIIeHHH 

TenJIOH36bITKOB. Ilo3ToMY KOJIHlleCTBO pa36phI3rHBaeMoH aonsr CHCTeMOH 

ztoynnasnerrax ,ll,OJI)f(HO 6hITb paBHO KOJIHqeCTBY HCrrapSlIOI.QeHCSl aoztsr, 

norpecaoti ,ll,JISl rrOBbIlIIeHHSl OTHOCHTeJIbHOH BJIa)f(HOCTH aosztyxa zto 

aaaannoro 3HaqeHHSl. 

B OT,ll,eJIbHbIX cnysasx ,ll,JISl ztoyanazorenax soanyxa npassenaerca 

BO,ll,jjHOH nap, nyrea ero rrO,ll,MelIIHBaHHSl K YBJIa)f(HjjeMoMY B03,ll,YXY B 

BeHTHJIjjI\HOHHOH HJIH TeXHOJIOrHqeCKOH xaaepe HJIH nerrocpencrseaao B 

nOMeIIIeHHH. IlpHMeHeHHe napa ,ll,JIjj YBJIa)f(HeHHjj soaayxa aecsua 

orpaaaseao BCJIe,ll,CTBHe nenpaxrnoro sanaxa, a raiose HeH36e)f(HOrO 

78 

nOBbIlIIeHHSl TeMnepaTypbI, sro He)f(eJIaTeJIbHO, ocofieaao B JIeTHHH 

nepaozt rona. 
B rrpaKTHKe KOH,ll,HI\HOHHPOBaHHjj B03,ll,yxa B rrpoH3BO,ll,CTBeHHhIx 

nOMeI.QeHHRX lIIHpOKO rrpHMeHSlIOT rnansorpytinsre H peopacrsre 
B03,ll,YXOOXJIa,ll,HTeJIH. OXJIa:lK,ll,eHHe soaayxa B TaKHX ycraaosxax 06hIqHO 

oCYI.QeCTBJISleTCjj 6e3 H3MeHeHHjj ero anaroconepzcaaas, r.e, npa 

reanepatype rrOBepXHOCTH TerrJIoo6MeHHHKa BhIlIIe reaneparypsr TOqKH 

POCbI OXJIa:lK,ll,aeMOrO sosnyxa. IlpHHI\HrrHaJIbHaSl KOHCTPYKI\Hjj 

rrranxorpytinoro B03,ll,yxoOXJIa,ll,HTeJISl rrpencraanena na pHC. 4.16. 

rr 

............. 

JlJ11 IMl1MIIM II HII--

II !il 
L;.. I 

Puc. 4.16. rJlQoKompy6Hbiu eosoyxooxnaoumesn» 

B03,D,yXOOXJIa,ll,HTeJIb COCTOHT H3 rpytisarsrx 3MeeBHKOB, rro 
.,KOTOpbIM nponycxaercs XJIa,ll,OHOCHTeJIb. 3MeeBHKH' 3aKJIIOqeHbI B 

'~ 
MeT8JIJIHlleCKHH KO~. B HH:lKHeH qaCTHKO~a pacnonoacen rrQMOH C 

Tpy6KOH ,ll,JIjj OTBO,ll,a KOH,ll,eHCaTa. ,l.J;BH)f(eHHe sosnyxa sepes 

B03,ll,YXOOXJIa,ll,HTeJIb otiecrresaaaerca C rrOMOI.QblO I\eHTpo6e)f(HOrO 

BeHTHJISlTOpa. B xasecrse OXJIa:lK,ll,aJOI.QeH cpensr MO)f(HO HCrrOJIb30BaTb 

sozty, paccon HJIH !ppeoH B 3aBHCHMOCTH OT revneparypaoro pe)f(HMa 

pa60TbI B03,ll,YXOOXJIa,ll,HTeJISl. OXJIa:lK,ll,eHHe soanyxa OCYI.QeCTBJIjjeTCjj sa 

cser KOHBeKI\HH npa o6TeKaHHH B03,ll,yxOM rpyfiaoro nysxa, ,l.J;JISl 

YBeJIHlleHHjj HHTeHCHBHOCTH TerrJIoo6MeHa co CTOpOHbI soaayxa qaCTO B 

xasecrse nosepxaccra oxnaxctenaa npasreaxror opefipeuaue C 

Hapy:lKHOH CTOpOHbI Tpy6KH. KOHcTpyKTHBHoe BbIIlOJIHeHHe annapara npa 

3TOM OCTaeTCjj rrpe)f(HHM. 
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B lIpaKTHKe ofiecneaeaaa 3a,n;aHHOrO MHKpOKJIHMaTa B 

lIPOH3BO.n;CTBeHHbIX lIOMeIIIeHHgX C HHTeHCHBHblMH BJIarOBbl.n;eJIeHIDIMH 

B03HHKaeT lIoTpe6HOCTb ocymenas sosztyxa 6e3 H3MeHeHHg ero 

reaneparypsr. B 3TOM crrysae lIpHMeHHlOTCg yCTaHOBKH ocymenas 

sosztyxa C lIOMOIIIblO BJIarOlIOrJIOIIIaIOrnHX BeIIIeCTB. 

Ilpouecc ocymeaas sosnyxa C nonoutsro )l(H.n;KHX 

BJIarOlIOrJIOIIIaIOIIIHX BeIIIecTB Ha3blBaeTCH a6cop6U;HeH. Ocymeaae 
soanyxa npa HelIocpe.n;CTBeHHOM ero B3aHMo.n;eHCTBHH C BO.n;HblMH 

pacraopaxa COJIeH OCHOBaHO na TOM <l>H3HqeCKOM gBJIeHHH, qTO npa 

O.n;HHaKOBblX rexneparypax lIapU;HaJIbHOe .n;aBJIeHHe napa nan 

lIOBepXUOCTblO pacrsopa HH)I(e, qeM lIapU;HaJIbHOe .n;aBJIeHHe napa Ha,n; 

lIOBepXUOCTblO BO.n;bI. 3TO cnocoficrsyer yaaneaato BOAAHblX napoa H3 

soaayxa, lIOHH)I(ag ero snaroconepxanae. YCTaHOBKH, pa6oTaIOIIIHe lIO 

3TOMy lIPHHU;HlIY, Ha3blBaIOTCH aficopfepaxa. 

Ocymeane soaztyxa C lIOMOIIIblO rsepztsrx BJIarOlIOrJIOIIIalOIIIHX 

BeIIIecTB aassraaercs a,n;cop6U;HeH. JlImeHHe a,n;COp6U;HH 3aKJIlOqaeTCg B 

lIorJIoIIIeHHH BO.n;HHbIX napoa nosepxaocrsro raepzrux lIOrJIOTHTeJIeH 

(ancopfearos). TaKHMH lIOrJIOTHTeJIgMH MOryT 6blTb aKTHBHpOBaHHblH. 

yrons, CHJIHKareJIb H ztpyrae BeIIIeCTBa C KaIIHJIJIHpHO-lIOpHCTOH 

CTpYKTYPOH. BCJIe.n;cTBHe Pa3BHTOH BHyTpeHHeH nosepxaocra 

KaIIHJlJlgpOB npa npoxoacneaaa soanyxa xepea CJIOH ancopoeara 
lIpOHCXO.n;HT HBJIeHHe KaIIHJIJIHpHOH KOH)J;eHcau;HH, ,qTO CHH)I(aeT 

snaroconepxanae sosnyxa. YcTaHoBKH, pa60TalOIIIHe lIO 3TOMy 

lIpHHI.{HlIy, Ha3blBalOTCH ancopfiepaxa. 

DOJIee nonpofiasre caeneaas 0 KOHCTpyKU;HHX TaKHX yCTaHOBOK H 

MeTo.n;HKe HX pacsera lIpHBOAATCH B ClIeU;HaJIbHOH nareparype H B .n;aHHoM 

yqe6HOM nocofina 3TH sonpocsr He paCCMaTpHBaIOTCH. 

IIPlIJIOJKEHIDI 

Ta6JIHI.{a II-I 

Pacserasre napaaerpsr napyaororo sosnyxa 

3Ha'ieHlij{ resmeparypsr , ·C 
Cpenaas 

ropo.n; 
Ilepaon OTHOCHTeJIbHali 

ro.n;a rpyrrrra rpyrma rpylIlIa BJIa)l(HOCTb 

A E B q> , % 

1 2 3 4 5 6' 

TenJIblH 18,4 25,7 33,0 58 
ApXaHreJIbCK 

XOJIO.llHbIH - 17,0 - 32,0 - 45,0 83 

Acrpaxaas 
TelIJIblH 29,3 35,2 41,0 41 
XOJIO,1J,HbIH - 11,0 -22,0 -32,0 81 

Bapnayn 
TelIJIbIH 24,0 29,5 35,0 52 
XOJIO,1J,HbIH -23,0 - 38,0 -52,0 77 

Bparcx 
TelIJIbIH 22,5 28,8 35,0 50 
XOJIO.llHbIH - 30,0 - 44,0 -58,0 75 

Bonrorpaa 
TelIJIbIH 28,6 34,8 41,0 41 
XOJIO.n;HbIH - 14,0 - 25,0 - 35,0 79 

Exarepaafiypr 
TenJIbIH 21,1 29,1 37 35 
XOJIO.llHbIH - 21,0 - 32,0 -43,0 79 

Hsaaoso 
TelIJIbIH 22,2 30,1 38,0 57 
XOJIO.llHbIH - 16,0 - 28,0 - 46,0 86 

MPKYTCK 
TenJIbIH 22,6 28,8 35,0 56 
XOJIO,1J,HbIH -23,0 - 35,0 - 50,0 77 

KHeB 
TeIIJIbIH 23,5 31,3 39,0 55 
XOJIO.n;HbIH -10,0 - 21,0 -32,0 83 

KpaCHO,1J,ap 
TenJIbIH 28,6 34,3 40,0 50 
XOJIO,1J,HbIH - 6,0 - 17,0 - 36,0 77 

MHHCK 
TelIJIbIH 21,4 27,7 34,0 68 
XOJIO,1J,HbIH - 10,0 - 22,0 -39,0 86 

MocKBa 
TelIJIbIH 21,4 28,5 35 58 
XOJIO)J;HbIH - 15,0 - 26,0 - 42,0 83 

MypMaHCK 
TelIJIbIH 15,2 24,1 33,0 68 
XOJIO.llHbIH - 14,0 - 26,0 - 39,0 86 

HH)I(HHH TenJIbIH 21,6 28,8 36,0 56 
HOBrOPO.ll XOJIO,1J,HbIH - 17,0 - 28,0 - 41,0 86 

fIeTp03aBO,1J,CK 
TelIJIbIH 19,2 26,1 33,0 62 
XOJIO,1J,HbIH - 14,0 - 26,0 - 40,0 81 

~ 
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1 2 3 4 5 6 

IICKOB 
rennsra 
XOnO,lUlbIH 

20,6 
- 11,0 

26,3 
- 23,0 

32,0 
- 41,0 

62 
86 

Ilsrnropcx 
rennsni 
xono,nHblH 

26,3 
- 8,0 

33,2 
- 16,0 

40 
- 33,0 

53 
80 

POcToB-Ha­ rennsra 27,2 32,6 38,0 45 
~oH)' xono,nHbIH - 10,0 - 22,0 - 33,0 82 
CaHKT­ renmaa 20,3 26,2 32,0 57 
Ilereptiypr xononasia - 12,0 - 26,0 - 36,0 85 

Caparos 
rennsra 
xono,nHblH 

25,7 
- 17,0 

32,9 
- 28,0 

40,0 
- 38,0 

42 
77 

Csroneacx 
rerrnsra 
xono,nHIJH 

21,1 
- 13,0 

27,6 
- 24,0 

34,0 
- 40,0 

62 
85 

CO'i1i 
rennsrf 
xono,nHbIH 

25,7 
0,0 

30,4 
- 2,0 

35,0 
- 13,0 

68 
68 

CbIKTbIBKap 
TennbIE 
xono,nHbIM 

19,9 
- 20,0 

27,0 
- 32,0 

34,0 
- 45,0 

60 
84 

TOMCK 
rennsra 
xono,nHbIH 

22,5 
- 25,0 

29,3 
- 39,0 

36,0 
- 55,0 

60 
78 

TIOMeHb 
renmaa 
xono,nHbIH 

22,4 
- 22,0 

29,7 
- 33,0 

37,0 
- 45,0 

54 
77 

Y<l>a 
TennhIY 

xononasm 
23,4 

- 19,0 
30,2 

- 31,0 
37,0 

- 42,0 
53 
82 

Qem1611HcK 
rennsn 
xonoznsra 

22,8 
- 21,0 

30,9 
- 32,0 

39,0 
- 45,0 

53 
78 

JlK)'TCK 
Tennhn 

XOnO,lHhIH 

23,1 
- 48,0 

30,6 
- 56,0 

38,0 
- 64,0 

53 
80 

OKOH'IaHlie Ta6nllIUJ II-I Ta6nHQa Il-2 

OnTHMaJIhHbIe HOpMhl rexmeparypu, OTHocHTelIhHoH BlIWKHOCTH H 

CKOpOCTH ,nBH:lKeHHH aoanyxa B pa60QeH 30He rrpoaanoncrseanax 
nOMeIQeHHH 

Ilepnozt rona 
Kareropas 

pa60T 

Tesmeparypa, 
°C 

OTHOCHTelIhHaH 

BJIWKHOCTh, 

<p, % 

CKOpOCTh 

soanyxa 
He fionee, 

M/C 

nerxaa - I 20 - 23 40-60 0,2 

XOlIO.n;HhIHH 
cpe,nHeH 

TH:lKeCTH II-a 
18 - 20 40-60 0,2 

nepexonasrii cpe,nHeH 

TH:lKeCTH II-6 
17 - 19 40-60 0,3 

TH:lKelIaH- III 16 - 18 40-60 0,3 

JIerKaH - I 22 - 25 40-60 0,2 
cpe,nHeH 

TH:lKeCTH II-a 
21 - 23 40-60 0,3 

TenJIhIH 
cpe,nHeH 

TH:lKeCTH II-6 
20 -22 40-60 0,4 

TH:lKelIaH-III 18 - 21 40-60 0,5 

Ta61IHQa Il-3 

3HaQeHHH K03cPQlHQHeHTa a , YQHThlBaIOIQerO THn oCBeTIiTelIhHoH 

yCTaHOBKH 

THn oCBeTHTelIhHoH yCTaHoBKH 

JIIOMMHHCQeHTHble orxpsrrsre naansr 
To :lKe, saxnsrrsre MaTOBhlM CTeKJIOM 

a 
0,9 
0,6 

JIaMnhI HaKaJIHBaHHH orxpsrrsre 1,0 

To :lKe,aaxpsrrsre MaTOBhlMH KOJInaKaMH 0,7 

82 83 
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Ta6JIHua TI-7 

00 
Vt 

Fpanycsr reorpadnrsecxoa llIHPOTbI 

XapaKTepHCTHKH 
IOrO-BOCTOK ceBepo-BocTOK

OCTeKJIeHHOH lOr BOCTOK H sanan 
ceaepo-sarran

IIoBepxHocTH 
IOrO-3an~ 

35 45 55 65 35 45 55 65 35 45 55 65 35 45 55 65 

OKHa C ,nBOHHLIM 

OCTeKJIeHHeM (nse PaMbI) C 
128 145 145 169 99 128 145 169 145 145 170 170 76 76 76 76

,nepeBSlHHLIMH IIepeI1JIeTaMH 

To )Ke, C MeTaJIJIHqeCKHMH 163 186 186 210 128 163 186 210 186 186 210 210 93 93 93 93 
nepeIIJIeTaMH 

<I>oHapL C ,nBOHHLIM 

BepTHKaJILHLIM 

OCTeKJIeHHeM 

(IIpRMoyrOJILHLlii:) C 

MeTaJIJIlflieCKHMH 151 186 186 198 128 163 198 198 186 186 210 210 99 99 99 99 
rrepeIIJIeTaMH 

To )Ke, C ,nepeBRHHLIMH 140 169 169 175 116 145 175 175 169 169 186 186 87 87 87 I 87 
nepenrrerava I 
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Ta6JIHQa II-8 

K03«p«PHQHeHTbI TeIlJIOOTLlaqH U B OT BHyTpeHHerO soanyxa 
K I10BepXHOCTH CTeH 

XapaKTepHCTHKa BHyTpeHHHX
 

I10BepXHOCTeH
 

CTeHbI, I10JIbI, I10TOJIKH rnazncae, 
cOBMeII.J,eHHbIe KpOBJIH H T.I1. 

IIOTOJIKH H CTeHbI C BbICryIlaIOII.J,HMH 

pe6paMH 

UB
 

BTl (M2'.OC
 

8,7 

7,5 

Ta6JIHQa II-9 

K03«p«P HQHeHT TeIlJIOOTLlaqH U U OT napyxoroa I10BepXHocTH CTeH K 

oxpyxarouicsry B03LlYXY 

XapaKTepHCTHKa HapY)l(HbIX I10BepXHOCTeH 

Hapyscnsre creasr, I10KphlTHH, I1epeKpbITHH H 

T.I1., nenocpencrseaao COIlpHKaCalOII.J,HeCH C 

HapY)l(HbIM B03LlYXOM 

Ilepexpsrras HaLl XOJIOLlHbIMH I10LlBaJIaMH, 

C006II.J,alOII.J,HMHCH C HapY)l(HbIM B03LlYXOM 

IIepeKpbITHH qepLlaqHbIe H nan XOJIOLlHbIMH 

I10LlBaJIaMH co CBeTOBhlMH I1pOeMaMH 

To )l(e, 6e3 CBeTOBbIX I1pOeMOB 

Uu
 
BTl (M2 '.oC )
 

23,0 

17,5 

11,6 

5,8 

Ta6JIHQa II-10 

3HaqeHHH K03«p«PHQHeHTa TeIlJIOIlpOBOLlHOCTH A. LlM nexoropsrx 
MaTepHaJIOB 

MaTepHaJI A. , BT I (M . 'C) 

oeToH 1,55 

rYLlpOH 0,7 

Py6epoH):l 0,5 

KHPIlHqHaH KJIa):lKa 0,7-0,8 

IIlTYKaTypKa H3BeCTKOBaH 0,6-0,7 

IIlnaKOBaTa 0,08 

CTaJIb 40 

Ta6JIHQa II-II 

3HaqeHHH K03«p«PHQHeHToB rennorrepeztasa kaCT LlJIH OKOHHbIX 

( cseroaax) I1pOeMOB 

KOHCTPYKQHH H THII I1pOeMa 

OLlHHapHhlH nepenner (onanapaoe 
OCTeKJIeHHe ) 

OLlHHapHbIH I1epeIlJIeT ( LlBoHHoe 

OCTeKJIeHHe) 

.ll:BOHHOH I1epeIlJIeT pa3LleJIbHbIH 

( LlBoHHoe OCTeKJIeHHe) 

BepTHKaJIbHoe OCTeKJIeHHe H3 

cTeKJIo6JIOKOB (194 x 194 x 96 MM) 

87
 

kaCT, Br I (M2 .oC) 

5,80 

2,90 

2,68 

2,33 

86
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Ta6JIHIJ.a I1-13 

Pacserasre cJ>OpMynbl. )J,njl K03cJ>cJ>HIJ.HeHTa TerrnOrrepe)J,aqH K HCOrrpOTHBneHHjI KaJIOpHcJ>epOB 

COrrpOTHBneHHeK,Bm/(M2 .DC), rrpa TerrnOHOCHTene: 
O)J,HOro pxnaMapKa BO)J,a, )J,BHX<YI.ij~CjI CO CKOpOCTblO WB ,M/C 

KaJIOpHcJ>epoBxanopadiepa rrap 
0,25 -1,00,02 -0,25 MK,IIa 

21,22' (W . p)0,257 • WB 0,192 17,75' (W' p)O,343 • WB0,143 1,485' (W' p)I,69 

16,4' (W' p)0,289. WB 0,158 

17,75 . (W' pt
351 KBI> 

12,9' (W' p)0,393 • WB 0,108 1,2' (W . p)I,7614,1' (W . p)0,366
 

14,4 . (W . p)O,331 • WB0,14
 

K3I1I1 

1,72' (W. p)I,7510,5 . (W . Pt 446 • WB 0,034K4I1I1 11,6' (W' pt
42 

16,55 . (W . P)0,501 . WB 0,12222,23 . (W . P)0,384 • WB 0,201 3,29- (W' p)2,OI18,55' (W· p)0,49
 

16,5 . (W . P)0,455
 

KcI>CO 

4,23- (W' p)I,9420,75 . (W' p)O,381 • WB0,178 14,75' (W' p)O,517 - WB0,138K<1>I>O 

2,16' (W' p)I,6220,8 . (W - P)0,32 • WB 0,13-KBC-I1 

2,75' (W - p)I,6519,7' (W' p)0,32. WB 0,13-KBI>-I1 

1,2' (W _p)I,7612,9' (W' p)O,395 • WB0,106'16,4' (W' p)O,289 . WB0,158-K3BI1 
446 1,72' (W' p)I,7510,5' (W . pt . WB 0,03414,4' (W . p)0,331 • WB 0,14-K4BI1 

15,35' (W . p)0,371 • WB 0,081 1,48' (W' p)I,7318,96' (W' p)0,302. WB 0,149-CT,lJ,-9B 
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Ta6JIHl.\a Il-14 

K03cPcPHQHeHTbI MeCTHbIX COnpOTHBJIeHHH HeKOTOpbIX3JIeMeHTOB 

B03.l.\YXOBO.l.\OB 

NQ 
n/n 

3JIeMeHTbI B03.l.\YX0BO.l.\OB 

3HaqeHH5I 

K03cPcPHQHeHTOB 

MeCTHblX 

COnpOTHBJIeHHH tV 

1 BHe3anHOe paCIIIHpeHHe tV "" (l - fI Fi * 
2 Baesanaoe cyzcenae tV = 0,5 (l - fI Fi 
3 KOH<bY30P 0,1 

4 )l;H<bcPY30P 0,2 

5 OTBO.l.\ 90° 0,4 

6 TPOHHHK aa npoxozie 0,1 

7 KOJIeHO 90° 1,2 

8 B03.l.\yxopaCnpe.l.\eJIHTeJIb 1,4 

9 )J{arrI03HHHa5I peIIIeTKa: 

BXO.l.\ 

BbIXO.l.\ 

1,2 

2,2 

10 30HT BblT5I)I(HOH IIIaxTbI 1,3 

* B Ta6JI. Il-14: f, F - MeHbIIIee H 60JIbIIIee npOXO.l.\HOe cesenae. 

Eu611uozpatjJU'leCKUU cnUCOK 

ArrbTIIIYJIb A)l;. fH.l.\paBJIHqeCKHe cOnpOTHBJIeHHSI. M.: Heztpa, 1982. 

lieJIbCKHH All., JIOTBHHOB M.)l;. BeHTHJl5IQHSI 6YMarO.l.\eJIaTeJIbHbIX 

MaIIIHH. M.: JIeCHa5I npOMblIIIJIeHHOCTb, 1990. 
liOrOCJIOBCKHH RH., Illernos Rll., Pa3YMOB H.H. OTOnJIeHHe H 

BeHTHJI5IQHjf. M.: CTpOHH3.l.\aT, 1980. 
fOJIy6KOB Ii.H., Ilsrasxoa 1i.H., POMaHOBaT.M. KOH.l.\HQHO­

HHpoBaHHe aosnyxa, OTOnJIeHHe H BeHTHJI5IQHjf. M.: 3HeprOH3.l.\aT, 1982. 

fOJIy6KOB Ii.H., POMaHoBa T.M., Fyces B.A. llpoeKTHpoBaHHe H 

3KCnJIyaTaUHjf yCTaHOBOK KOH.l.\HQHOHHPOBaHH5I B03.l.\yxa H OTOnJIeHHSI. 

M.: 3HeproaTOMH3.l.\aT, 1988. 
)J{ypaBJIeB Ii.A CnpaBOqHHK MacTepa-BeHTHJI5IQHOHII.\HKa. 

M.: CTpOHH3.l.\aT, 1983. 
JIeBHTaH Ii.M. BeHTHJI5IQHSI ua npezmpusraxx QeJIJIIOJI03HO­

6yMa)I(HOH npOMbIUlJIeHHocTH. JI.: JIeCHa5I npOMbIlIIJIeHHOCTb; 1972. 

Hecrepenxo AB. OCHOBbI TepMO.l.\HHaMHqeCKHX pacseroa 

BeHTHJI5IUHH H KOH.l.\HQHOHHpoBaHHSI soaayxa. M.: BbIClIIa5I lIIKOJIa, 1965. 

IlpoMblUlJIeHHa5I TenJI03HepreTHKa H TenJIOTeXHHKa: CnpaBO'iHHK! 

Ilo.l.\ pen. B.A. Fparopsesa, RM. 30pHHa. M.: 3HeproaTOMH3.l.\aT, 1983. 

CTpOHTeJIbHble HOpMbI H' npasana. OTOnJIeHHe, BeHTHJI5IQH5I H 

KOH.l.\HQHoHHpoBaHHe aosnyxa. CHHIl. M.: Crpoiiaaaar, 1994. 

90 91 
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Pe.wucrop H ll'OppeJm)p H.llHOBHKOBa 
TeXH.pe~ JUI.Tmosa TeMIIJI8H 2004, Boo. 52 
llo.zm. x nesara 1.07.04 ~MaT 6Ox84/16. liywaranm.N!!l. 
lle'lan. 04K:et'HlUI. Y'I.-J!3Jl.JL 6,0 Ycn.ne'l.n. 5,58 
THpaxc 100310. M3D...M!S2. UeHa «C»52. 
~591 
PH30rpacp roy HIlO Camcr.IIC'J'ql6yprclCoro rocyJ18PC11lCHHOro TeXHOJlOI"B'lecxOro 
~ pIIC1'H'J'CJJWIlIOIIIDICJlO8. 19S09S, C...fieTep6)'1X'. yJI.HB8Ba 'Iepuwx, 4. 
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