8. SHEPI'OCHABXEHUE B CUCTEMAX BEHTUWIALIUN

W3BecTHO, dYTO CHCTEMBl BEHTWLSIIWUHU SIBISIOTCS BTOPBIM IO
3HAYUMOCTH, a JJIsI OOLIECTBEHHBIX M NMPOMBIIUICHHBIX 3JaHUH HEPEIKH H
MEePBBIM, IMOTPEOHUTENEM TEMJIOBONW DHEPTHMU IIOCJE CHCTEMBI OTOILICHHS.
ITomuMo TemnoBOW »SHEPruMM MPUTOUYHBIE BEHTUISLIMOHHBIE CUCTEMBI
MOTPEONIAIOT 3JEKTPUYECKYI0 DHEPrHI0, Ha COOTHOIICHMS MEXIy HHMH
TaKOBO, YTO TEIJIOBas DSHEPrHs cocTaBisieT mnpumepHo 90% obmero
MOTPEOICHNUS PHEPIOPECYPCOB.

Cpeon  sHeprocOeperalomIMX  MEpONPHUSTHH,  CBS3aHHBIX  C
COBEPIICHCTBOBAHUEM IIPOIIECCOB M HJIEMEHTOB BEHTWIAMOHHBIX CHCTEM,
MOXHO BBIJICJIMTH:

- OpaBWIBHBIA  1OAGOP  BEHTWISATOPAa B  COOTBETCTBHH  C
a9POJUMHAMHUYECKOHN XapaKTEPUCTUKON CETH;

- IpUMEHEHHE YacCTOTHO-  PEryJHpyeMoro  3JIEKTPONpUBOJA
BEHTHJIITOPOB C LIEJBIO PETyIMPOBAHMS pacxo/ja BO3IyXa;

- TEIUIOBYI0O W3OJIIIIMIO BO3AYXOBOJOB B MECTaX MpPOKIAAKH C
TIOHIDKEHHOH TEMIIepaTypoil BO31yxa;

- UCIIOJIb30BAHUC TCIIJIOTHI BCHTHIIALIMOHHBIX BI)I6I)OCOB; COBMECCTHOC

MIpUMEHEHHE 00Ie0OMEHHON 1 MECTHON BEHTWISIINN.

Bo3nyiiHble 3aBechl

BOB,I[yH.IHBIe 3aBEChbl NPEAHA3HAUCHBI JJI UCKIIFOYCHUA (HOJ'IHOFO nim
IIaCTI/I‘IHOI"O) INPOHUKHOBCHUS XOJOAHOIO BO3JyXa B 060rpeBaeMoe
MOMCIICHUE YCPE3 OTKPLITYHO JABEPbL WJIM BOPOTA. C srToi Lejib B CTBOPE
JABEpHU WX BOPOT CO3HACTCA 30HA IIOBBIHNICHHOTO OAaBJICHUA, YTO
JOCTUTACTCA HAIIPABJICHHBIM IIOTOKOM BO3ayXa B BHU/C TUIOCKOM CTpyH,

UMEIOIIEr0 BBICOKYIO CKOpOCTb. Bo3xaymHas 3aBeca IpENATCTBYET
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MPOHUKHOBCHUIO XOJIOJHOTO BO3AyXa BHYTPh IOMEIICHHS W BBIXOIY
TETJIOTO BO3/AyXa U3 TOMEIICHUS.

Pacxon Bo3zmyxa depe3 mpoeM ABEPH WIIM BOPOT 3aBUCHT OT PA3HOCTH
JaBICHUI W TEMIIEpaTyp BHYTPH W CHApY)XH, a TaKXKe HalpaBICHUS H
CcKopocTu BeTpa. Teruiblif BO3AyX BHYTPU IOMEILEHHUS HMEET MEHBIIYIO
IUIOTHOCTb IO CPABHEHMIO C XOJIOJHBIM BO3JYXOM. OTO BBI3BIBAET Pa3HUILY
JIaBJICHUI B mpoeMe JBepH. XOJOAHBIH HapyXHBIH BO3AYX BpBIBACTCS B
MOMEIICHUE Yepe3 HIDKHIOI YacTh poeMa JIBEPH, a TEILIbIA BbIJaBIMBACTCS
Yyepe3 BEPXHIOIO JacTh.

TenoBble MOTEpH M3-3a MPOHUKHOBEHHS XOJOJHOTO BO3AyXa depes3
HE3alMIIECHHbIC IBEPH M BOPOTa MPOHNOPLUHOHAIBHEI PACXOMY XOJOIHOTO
BO3IyXa IIPOHHMKAIOMIETO B IIOMEIICHWE, M Ppa3sHOCTH TeMIIepaTyp
BHYTPEHHETO M Hapy>KHOTO BO3AyXa. 3ajaya BKJIIOYAETCA B OINpPECIICHHU
pacxoja Bo3AyXa 4epe3 MpoeM BopoT WM JBepH. CyIIecTBYeT HECKOJIBKO
METOAMK pacueTa pacxoja. Eciam TemmnepaTypa BHYTPEHHEIO U Hapy>KHOTO
BO3/lyXa M3BECTHBI, TO MOIYT OBITh OIIpENeNIeHbl WX IUIOTHOCTH H,
CJIC/IOBATENIFHO, pa3HMIA JABICHUI M pacxoJ]] BO3AyXa depe3 ABEpPHOU
npoeM. C ydeToM NeHCTBHS BETpa PacxoJl BO3/LyXa MOXKET OBITh ONpeeseH

u3 ypaBHenwus [8]:
05

L, =BH [0,333- Kg-(g-H-2p/p) +0,25v/2J (41)
rae B- mupuna nsepu, M; H-eicota nsepn ,M; Kg- xosdbdunment pacxona
Bo3ayxa ( I HesammmeHHbx agepeii 0,8- 1,0); g = 9,81 m/c?, yckopenne
CBOOOMHOTO MajieHus; Ap- pa3sHUIA MJIOTHOCTEH BO3AYIIHBIX Macc; pO -
CpenHssi IUIOTHOCTh BO3AYLIHBIX MAacc; V- CKOPOCTb BeTpa MO YIJIOM K
nBepH, M/c; 0,25- yacToTHbIN akTop HampasiaeHus BeTpa. OOIMX pacxoa0B

BO3AyXa HYepe3 OTKPHITYI0 IBEpb MpEACTaBiIseT coboil CyMMy pacxojoB,

00pa3yronmxcst BCIEICTBUE Pa3HUIIBI TaBIICHUH W BO3JIEHCTBUS BETPA.

47



Bosmymnas 3aBeca cozgaeT Oappep B OTKPHITOM IIPOEME JBEPH,
KOTOPBII NpEAOTBpAILAET HeXeJlaTeNbHbIN pacxon BO3yXa.
O¢ddexTnBHOCTE 3aBechl ompenenseTcss KodPPHUIMEHTOM pacxoja BO3IyXa
4yepe3 BOpOTa (IBEPhb), KOTOPBIH 3aBHCHUT OT pacxoja BO3AyXa B 3aBece,
KOHCTPYKLIMH 3aBEChl (OJHOCTOPOHHSS WM JBYXCTOPOHHSS, yriia IOJadu
BO3/lyXa).

IIpy mnpoexkTHpoOBaHMM BO3AYIIHBIX 3aBeC Yy BOpPOT (IBEpH)

HeOGXOZ[I/IMO OIpCACIINTb LBP - KOJMYCCTBO HApPY’>KHOTO BO31YyXa,

BPBIBAIOIIErOCs. B BOpOTa Npu paboTe 3aBechl, B M/4; Q-pacxo] Temia Ha
HarpeB HapyXHOTO BO3JyXa, BPBHIBAIOLIErOCs B IOMENeHHEe, B KBT; b-
HIMPHHY LIENN 3aBECHI B M; L3-pacxon Bo3ayxa Ha 3aBecy B M/,

IIpu mpoexkTHpoBaHHE 3aBeC y J1Bepedl OOILIECTBEHHBIX 3IaHMI

KOJIMYECTBO HAPY>KHOT'O BO3/1yXa, IPOHMKAIOUIET0 B IIOMEIIEHUE MOXKHO
paccuMTaTh, HAPUMEP HONb3YACh popmynoit s L, .

11 Ipou3BOACTBEHHBIX MOMEUICHUM MAaCCOBBII PAcXoll HAPY:KHOIO
Bo3ayxa Ggp (KI/C), MOCTYNAKOIIETO Y€PE3 BOPOTA NPU OTCYTCTBHH 3aBECHI,
COTJIaCHO PEeKOMEHJAIMAM [9], MOXKHO HaiTH, pyKOBOACTBYSCH ITPaBUIAMHU

pacyuerta aspaunuvu. I[J'I?[ S,HaHHﬁ co CPaBHUTCIILHO HEOOJIBIINMHU

TETIOBBIACTICHUSIMU
G, = A+(a+K-v)-F, (42)
rie A m o - pacxoXsl BO3/yXa, ONpEAeNseMble B 3aBUCHMOCTH OT
pacdeTHOH TemmepaTypbl ty HApyXXHOTO BO3AyXa JUIS IPOCKTHPOBAHMS
OTOIUICHHUSA. OTH BeIWYMHBI Haxomsrcs mo Tabm 10; K- ycrmoBHBIH
k03¢ ¢unneHt, st BOpoT pazmepoM 3x3 M koadduiment K pasen 0,25, mis
BopoT pazmepom 4x4 M- 0,20; V-ckopocTh BeTpa B M/c; F- mromans ceueHust
IIaXT ¥ OTKpPHIBaeMBIX (pamyr B (oHapsx B M (3HaueHHME A U «

npuBeaeHsl B Tadn. 10 [9]).
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TemnoBas momHOCTh (KBT), HeoOXxommmas ajisi HarpeBa BO3IyXa,

BPBIBAIOMIETOCS B BOPOTa, 0€3 3aBeCHl HaXOIATCS 10 (popmyIe:
Q=G, ¢, (t, -t,)k (43)

rae G, -MaccoBbIif pacxoj BphIBalOLIErocs Bo3ayXa (KI/c), Cp-

TeIIOeMKOCTh Bo3ayxa (kxJ[x/(kr-K)), tg- Temmeparypa BHYTpEHHETO
BO3AyXa; ty- TeMIeparypa HapyXHOTO Bo3ayxa; k-xoa¢¢urmenrT,
YUUTHIBAIOIIUH (paKTHYECKOe BpeMsl OTKPBIBAHHS BOPOT B TEUCHHE daca

(k= z’/ 60 , 7 - BpeMsI OTKPBIBAHUSI BOPOT B MHUHYTAX).

TennoBas momHocTh (KBT), HeoOxonumast A HarpeBa BO3AyXa,

BPBIBAIOLIErocs B BOPOTa ¢ pabOTaIOIIeH 3aBeCcoil, HAXOAUTHCS IO (popMyIe:
3

Q=G’w -c,-(t, ~t, )k, (44)

3HaueHHe A WM @ TpU OMNpeleNIeHHH HapyXKHOTO BO37yXa,

MOCTyHAaromero 4epe3 BoOpoTa npru OTCYTCTBUU BOS,I[yH.[HOﬁ 3aBEChI

Tabmuna 10
Pasme | Buyrpenns | 3Haue Temmneparypa HapyKHOTO BO3ayXa ty, °C
pHI s HUS -10 -15 -20 -25 -30 | -35 | -40
BOPOT, | TEMIEpaTyp | & #
M a BO3NyXa, | A,
°C Kr/c
3x3u +5 a - - 1,27 1,38 | 1,46 | 1,51 | 1,55
4x4 +15 - 1,27 1,4 1,5 155|158 | 1,6
3x3 +5 A 6,0 50 58 6,6 74 | 81 | 89
+15 6,5 7,3 8,0 88 | 94 | 100
4x4 +5 A 10,0 11,6 13 14,5 16 | 175 | 19
+15 12,7 13,9 15 16,3 | 175 | 188 | 20

Pacuer  BoO3mymHOI  3aBechl  NIPOM3BOAWTCA MO  rpaduKy,

npuBeZieHHOMY Ha puc.3. Ha rpaduke mpuBeneHBI KpHBBIE BCACBIBAHUS H
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HarHetanusi. KpuBbIMH HarHeTaHUsl CIIEAYeT IOJIb30BaThCS, KOTZAa BOPOTa
HAXOSATCSl MOJ HEMOCPEACTBEHHBIM BO3JCHCTBHEM BeTpa. YTOJI HAKJIOHA
CTPYH BO3[yXa K IUIOCKOCTH BOPOT MPU OOKOBBIX 3aBECaX PEKOMEHIYETCS
3amaBath « = 45° M HIDKHUX 3aBeC BO M30eKaHNE «HAJIHUIIAHUS) CTPYH Ha
MoJ ciemyeT orpaHmduThes yrimom « = 40-35° Ilpm pacuere 3aBec C
HIDKHEH TMojadedl clelyeT WCIONb30BaTh KPHBOW BcackiBaHus. [lo ocu

abcIuce  OTJIOKEHO OTHOCHTEIbHOE KOJHUYECTBO BO3aYyXa, KOTOpPOC

3

HeoGX0/IMMO TIOIaBATH TETUIOBoi 3aBecoit ( =G, /G, ,

3aeck G, - pacxon

BO3lyXa, oOecreuuBaeMblii  3aBecoi; G, - pacxon  Bo3ayxa,

BPHIBAIOIIETOCS B IIOMECIICHHME IIPHM HAIMYUH TEIUIOBOH 3aBechl), Kg-
k03(h¢UIneHT pacxoja Bo3ayxa (OTHOCHTENBHBIN pacxoja BO3IyXa,
MPOPBIBAIOLIETOCS B TIOMEIIECHNE) NpH paboTaromel TeroBoit 3aBece. Uem
OoJipIie MTPOM3BOANTEIHHOCTH MO BO3AYXY TEIUIOBOH 3aBece, TeM MEHBINE
OTHOCHTENIbHAs JONS BO3AyXa, MPOPHIBAIONIETOCS B MOMeEmeHHe. B

pacueTtax HNpOU3BOAUTCIBHOCTHU TEIUIOBOM 3aBECHI II0 BO3AYXY 3a4at0TCsA

o 3
BenmnunHOH Kg u mo rpaduxy Ha puc.3 maxomsar (=G, / G,. . a zareM
o 3
HeoOX0oUMBIH pacxos Bo3ayxa, kak G, =(- G, .
/UA’Q, mZz
A : T T T T T
s = Q OOCHOCmOpOHHAS PP L
’ o S~ —-— Bracsibanue
\ oL=45°
g6 NN
g4 b NN TN
g g
A8, DPOH ~
\ < gc/r/r;ﬁp \
a2 N \ ‘i'\r
I
o 2z 2% 26 a5 7

Puc. 3 3aBucumocTs K03 HUITEHTa pacXo/a OT OTHOCUTEIHLHOTO

pacxoJa Bo3ayXxa B 3aBeCe

50



Pacxox Temna (xkBTu) 3a mepmon BpemeHH u (B dHacax) 0Oe3

JIEHCTBYIOILEH 3aBECHI:
Qn:GBP’Cp'(tB_tH)'n'k’ (45)

Pacxox Temma (kBT 4) 3a mepmon BpemMeHH n (B Hacax) C
JIEHCTBYIOILEH 3aBECOM:
Qn =G -Cp - (tg ~tgp)-n -k, (46)
Pacxop Temia Ha mporpeB BO3AyXa, BPBIBAIOLIETOCS B TOMEIICHNUE,
YUUTBHIBAETCS B TEINIOBOM OajiaHce P pacieTe OTOIICHHS.
OTHOcUTENbHAsT SKOHOMHMSI TEIJIOBOM JHEPruH (OTHOCUTEIHHOE
CHIDKEHHE MOTeph uepe3 IpoeMbl) NpH paboTaroliel TemIoBoil 3aBece

MOJKET OBITh BBIYHCIICHA 110 Cleayroleit Gpopmyie:

A K t, —t,
_Q:l_—q |‘<q_|_q.|3:—|?:> , (47)
QIIOT Kq+q tB _tH

rZie - TEIUIOBBIE TOTEpH uepe3 MpoeM Oe3 AeHCTBYIOmEeH TeIruIoBOi
3aBECHI.

Ecmu tenmoBotii OanaHC 34aHUS MPEICTABUTH KakK
Qg =Qorp + Qi + Qrior —Qra» (48)
rae Qg — MakcuMalnbHas (TpY pacueTHBIX YCIOBUSX) Harpyska mo
oTomIeHuIo, a ( Qpyp - TEMIOBBIE MOTEPH, CBA3AHHBIE C NPOHUKHOBEHHEM

XOJOZHOTO BO3ayXa 0e3  JeicTBYIOmIEH  TEIIOBOH  3aBeChl,  TO

OTHOCUTCJIIbHOC YMCHBIICHUC MaKCHUMAaJbHOW OTONUTEIHLHOM Harpysku I1pu

o o o 3
JACUCTBYIOIICHU TCIIJIOBOU 3aBECC ( QO ) MOXXHO 3a11McaThb B BUJAC
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3 K P
Q Q t, -t

=0 —g_cmor. 3 K 4+q-—2 (49)

Q° Q" K + q P _tP

o 0 a4 B H
VYpaBHEHHE TIONY4YEHO IPU YCIOBHM HEU3MEHHOCTH OCTalbHBIX
COCTaBIIIOMIUX TEIUIOBOro OanaHca. B ypaBHeHHe BXOAAT JBa IapaMmerpa:
JONd TOTeph 4epe3 HE3alUIICHHBIH IpoeM OT MAaKCUMaJIbHOU

OTONHUTENBHONW HAarpy3Kd U TeMIeparypa BO3IyXa, II0JaBaeMoro B

MIOMEILEHUE BO3AYIIHON TEIJIOBOM 3aBECOM.

IIpumep
Paccunrate  sHeprocOeperatommii  3pdexkT OT  TpUMEHEHUs
BO3JIyLIIHOW TEIUIOBOI 3aBECHI Y BOPOT IIPOU3BOJICTBEHHOTO TIOMELIECHHS IPU

CIENYIONINX YCJIOBHSAX: pasMmep BOpOT 4x4 M; IUIOIIAAh CEUSHHUS IMIaXT
F=2M% pacderHas TeMmIepaTypa HapyXHOTO BO3IyXa t,= -26 °C;

BHyTpeHHsist Temiepatypa [, = +15 °C, ckopocts Betpa v = 3 M/c, Bopora

OCTalOTCSI OTKPBITBIMH B  TCUCHHU 20 MumH exedacHO. 3aBeca
JIByXCTOPOHHSAA ¢ OOKOBOI! Io1aueif Bo3ryxa.
Pemenue

IMonp3ytoch  Tabm. 10, ompemenuM — KOJWUYECTBO  BO3/AyXa,

MOCTYTAIOIIET0 B IIOMEIIEHHE Yepe3 BOPOTa MPH OTCYTCTBUH 3aBECHI:

G, = A+(a+K-v)-F, G, =163+(15+0,20-3)-2=205 «r/c;

G,, =20,5-3600 = 73800 kr/g;
3anaemes K =0,4 ( mpu K —0 npon3BoauTenbHOCTH 3aBECHI 110

BO3AyXy OymeT MaKCHMaJbHOW); TOTJa MAaCCOBBI pacxo] BO3IyXa,

MPOPBIBAIOMICTOCA B IOMCIICHUEC IPHU HAJTUIUEC TEIIOBOM 3aBCChI, 6y)_IGT
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G’ =04G,; G =0,4-73800=29520x2/u;;

Gjp =29520/3600 = 8,2x=/ c.

Ilo rpaduxky Ha puc. 3 ompenensieM, 4TO OTHOCHTCIBHBIA PacXoj
BO3AyXa, IIOJaBa€MOTO BO3IYIIHOW 3aBecoif, cocraBmier ( = 0,65.

MaccoBslii pacxoll BO3Ayxa, I0AABAEMOI0 BO3AYLIHON 3aBECOM COCTABIISET
G =q-G’ =0,65-29520=19188  kr/u.
3

TemnoBast MOIIHOCTB, 3aTpaynBaeMas Ha IOAOTPEB BO3IyXa:

- 6e3 3aBechl

Q=20,5-1,005- [15-(-26)] - (20/60)=281,6 kBrT;

-C 3aBeCOW MPOM3BOIUTEIHHOCTRIO 19188 Kr/4 Mo Bo3ayXxy

Q=8,2-1,005- [15-(-26)] - (20/60)=112,7 kBr.

MakcumanbHas SKOHOMHs TeMIoBOi dHepruu Oyner npu K, —0 u
TeopeTHdecku coctaBuT 281,6 kBT, npum 3TOM pacxonq BO3AyXa,

[10J1aBaEMOr0 3aBeCOi JoJkeH ObITh 73800 Kr/4.

Wcxoanble JaHHbIE

Tabmuma 11

Ne Pazmepst F,M2 tH °C tB °C V, M/c K T ,MUH
Bapu- | BOPOT, M
aHTa

1 3x3 1,2 -10 +15 5 0,25 10

2 4x4 2 -15 +16 4,9 0,2 11

3 3x3 13 -20 +17 4,8 0,25 12

4 4x4 2,1 -25 +18 4,7 0,2 13

5 3x3 1,4 -30 +19 4,6 0,25 14

6 4x4 2,2 -35 +20 4,5 0,2 15
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7 3x3 15 -40 +25 4,4 0,25 16
8 4x4 2,3 -40 +15 4,3 0,2 17
9 3x3 1,6 -35 +16 4,2 0,25 18
10 4x4 2,4 -30 +17 4,1 0,2 19
11 3x3 1,7 -25 +18 40 0,25 20
12 4x4 2,5 -20 +19 3,9 0,2 21
13 3x3 18 -15 +20 3,8 0,25 22
14 4x4 2,6 -10 +21 3,7 0,2 23
15 3x3 1,75 -10 +22 3,6 0,25 24
16 4x4 1.9 -15 +23 3,5 0,2 25
17 3x3 1,65 -20 +24 3,4 0,25 26
18 4x4 1.8 -25 +25 3,3 0,2 27
19 3x3 1,55 -30 +15 3,2 0,25 28
20 4x4 1,7 -35 +16 3.1 0,2 29
21 3x3 1,45 -40 +17 3,0 0,25 30
22 4x4 1,6 -40 +18 2,9 0,2 28
23 3x3 1,35 -35 +19 2,8 0,25 26
24 4x4 15 -30 +20 2,7 0,2 24
25 3x3 1,25 -25 +21 2,6 0,25 22
26 4x4 2 -20 +22 2,5 0,2 20
27 3x3 1,15 -15 +23 2,4 0,25 18
28 4x4 2,25 -10 +24 2,3 0,2 16
29 3x3 1,1 -10 +25 2,2 0,25 14
30 4x4 2,45 -40 +15 2,1 0,2 12
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