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BBE/JIEHHE

XapaKTepHOﬁ OCOOCHHOCTBIO OOJIBIIMHCTBA AIMHUHHUCTPATHUBHO- O6HI€CTB€H-
HBIX W IIPOMBINIIICHHBIX 3,HaHHﬁ ABJACTCA HAJIMYKMC MCXaHHMYCCKHX O6HI€O6M€H-
HBIX 1 MCCTHBIX CUCTCM IIPUTOYHO- BBITSDKHOU BCHTUJISAIINH. Ha HarpcB HAPY>XKHO-
ro Bo3ayxa B 3UMHUM Iepuoag Tp€6YIOTCH SHAYUTCIIBHBIC 3aTpaThbl TCIJIOTHI, 4 B
JICTHUM Imepuoa TCIUIOIIOCTYINUICHUA C IIPUTOYHBIM BO3AYXOM COCTABJIAKOT CYHIC-
CTBCHHYIO JOJITO X 06I[ICI‘O KOJINYCCTBA.

OnHuM M3 TyTel YMEHBIIEHUS 3aTpaT TeIula SIBISETCS YTUIU3alUs TeTUIOTHI
YAQISIEMOT0 BBITSDKHOTO BO3JyXa JUIsl MPEABAPUTEIBLHOIO HArpeBa XOJIOHOTO
HapyXHOro Bo3ayxa. C 3TOH LENbl0 MOTYT HMPUMEHSITHCS PA3IUYHBIC CXEMHBIC
pemenus [1]:

1. C pekymepaTUBHBIMHU BO3TyX0-BO3IYIIHBIMU TEIIIO0OMEHHUKAMH

2. C pexkynepaTUBHBIMU BOJI0-BO3AYUIHBIMU TEIJIOOOMEHHHKAMH U MPOMeE-
KYTOYHBIM TETUIOHOCUTEIIEM

3.C pereHepaTUBHBIMH TEII00OOMEHHBIMU anmapaTtamu (TA)
4.C TemIoHacOCHOM yCTaHOBKOM.

Camoil yHUBEpCAJIIBHOM, HO U CaMOW JOPOTOCTOAIIEH SIBISIETCS CUCTEMA C
TEIUIOBBIM HacocoM. CHucTeMbl ¢ pereHepatuBHbIM TA 00s1aJal0T TEM CYIIECTBEH-
HBIM HEJIOCTaTKOM, YTO BEJIMKA BEPOSTHOCTH MOMAJAaHUS yNAISIEMOr0 BO31yXa B
npuTouHblii. Hanbonee npueMaeMbIMH SIBISIIOTCS CUCTEMBI C PEKYIEepaTUBHBIMU
BO3/lyXO- BO3AYIIHbIMU TA UM ¢ peKkynepaTUBHBIMU BOJO-BO3AYLIHBIMH TEIIO00-
MEHHUKAMH U IIPOMEKYTOYHBIM TEIUIOHOCUTENEM. /{1 yTHIN3alUN TEMIOTHI BO3-
IyXa, yIATAEMOTO M3 IPOU3BOJCTBEHHBIX NOMelleHn kateropud A, b u E, co-
JIEpPKAIIETO B3PBIBOOIIACHBIE, TOPHOYME, JETKOBOCIUIAMEHSIOIIMECS WA BPEIHbBIC
BellecTBa 1 1 2-T0 KJIacCOB OMACHOCTH MOTYT OBITh UCIIOJIb30BaHbl CUCTEMBI 1, 2
1 4 TUIIOB, TPUMEHEHHUE CUCTEMBI 3 HE JIOIYCKAETCH.



CUCTEMA YTUIIM3ALIMAU TEIUIA C BO3AYXO-BO3AYIIHbBIM
PEKVYIIEPATHUBHBIM TEIVIOOBMEHHHWKOM

1.1 TEOPETUYECKHUE OCHOBBI PACUETA

[IpeumyiecTBa TaHHOM CUCTEMBI 3aKIIFOYAIOTCSI B HAMMEHBIIUX TEPMOJHMHA-
MUYECKHUX MOTEPSX, CBSI3aHHBIX C OOECIEUYEHUEM TEMIIEPAaTypHOTO Haropa, HeJo-
CTaTKOM SIBJISIETCSI HEOOXOAMMOCTh Pa3MELIEHUSI IPUTOYHON U BBITSHKHOW KaMephbl
B OJAHOM Mecte. [IpuHIMN nelcTBUS CUCTEMBI C peKylnepaTuBHbIM TA BuacH u3
puc. 1.1: moTok Temoro ynanseMmoro Bo3ayxa G, nmogaercs B TEII000MEHHUK 3, B

KOTOPOM OH II€PCAacT CBOIO TCINIOTY HAI'PCBACMOMY IIOTOKY XOJIOJHOI'O BO3YyXa,

Haro€TaCMbIM BCHTUISITOPOM 1.
1 3

Puc. 1.1 Cxema gBUXEHMS IOTOKOB TEIUIOHOCUTENIEH B TEIUIOYTHIN3ALMOHHONW YCTaHOBKE
C peKyIepaTHBHBIM BO31yX0-BO3AYIIHBIM TA; 1,2- MpUTOYHBII U BBITSDKHOW BEHTHIIATOPHI, 3-
pexynepatuBHblit TA, 4- TennooOMeHHUK —Kanopudep st 1orpesa Bo3ayxa, G, , Gy — pacxoibl
Hapy>KHOT'0 U YJAJIIEMOI0 IOTOKOB BO3yXa

JlaBlIeHHS TTIOTOKOB OOOHMX TEIJIOHOCUTEJICH B TEIIIOOOMEHHUKE HEBEIIMKU U
OTIINYAIOTCA HCCYIICCTBCHHO. ODTO MO3BOJSAET IIPUMCHUTDb B Ka4YCCTBC TEII000-
MEHHHUKA — peKylepaTopa TOHKOCTEHHBIE MaTepralbl, 00€CIIeUNBAIONTUE BEICOKYIO
KOMITAKTHOCTD ITIOBCPXHOCTH TENJI000MEHa.

KOHCTpYKI_[I/II/I HECKOJbKUX BHI0B HJ'IaCTI/IHLIaTO'pe6pI/ICTI>IX TEII000MEHHH-

KOB IMTOKa3aHbl HA PUC.2.
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Puc. 1.2 Konctpykuuu opeOpeHus MIaCTUHYATO-PEOPUCTHIX BO3yX0-BO3AYIIHBIX TEILIO-

0OMEHHUKOB: a) 0e3 opebpenus, 6) TpeyroibpHOe, B) MOdyKpyrioe, r) [1-o6pasHoe, 1-Hecymue
IUTaCTHHBI, 2- pedpa
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OCHOBHBIMH KKOHCTPYKTUBHBIMH XapaKTEPUCTUKAMU ILJIACTUHYATO- peOpH-
cThiX TermooOMeHHUKOB (ITPTO) sBnsroTcs Tun opedbpenusi, BbicoTa pedpa (Mex-
MJJACTHHYATOIO KaHaa), TyOMHA TEIIOOOMEHHUKA 10 X0y TeTUIOHOCUTENSA. ITH
XapaKTEPUCTHKHU OTPEICIIAIOT BEIMUNHY YACIBHON MOBEPXHOCTH TeIiooOMeHa Fy
(M?*/m%), 1 cBOGOIHOrO 0OBEMa TEMIOOOMEHHHMKA Ul HPOXOAa TEIIOHOCHUTENEH
Vra(m3/m®), npuxoasmuxcs Ha eMHUILY 00bEeMa TEIJI000MEHHON HACAIKH.

YBennueHue MoBEPXHOCTH TEITIOOOMEHA MEK/Ty TTIOTOKaMH BO3TyXa HIIA CTe-
MEHNW KOMITAKTHOCTH Fy mocTHraercs kak TUIOM OpeOpeHHUs], TAK U YMEHBIICHUEM
paccTosHUS MEXKTy IIacTHHaMH |3 (cM. Tabm. 1).

KonndecTBeHHO pa3BUTHE MOBEPXHOCTH TEIJIOOOMEHA OMPENEISeTCS BEJH-
quHOUW K03 duiimenTa opeOpeHus .

KoaddurmenTsl opeOpeHns TUIACTHH CO CTOPOHBI KaXKIOTO IMOTOKAa BO3AyXa
(Hapy>XKHOTO M yAQJISIEeMOT0) PaBHBI:

F F _+F F
Y, =¥ =—=-2"P =142 1.1
" g F}’l."[ FﬂJ F}’l/l ( )
Y=1+ :1+L=3 (1.2)
cos f 0.5
-1t [1-o0pa3Horo opeOpeHus u cootHoeHuu lo/l; =8
‘I’:1+l—3:1+%:1,125, (1.3)

2
rie l3- paccrosHue Mex Ty mIacTUHaMH, |- paccrosHue MEXIY pEOpamu.

- JUTS TTOJTYKPYTJIoTo opedpenus ls= 2R:
27R V4

¥ =1+=—=1+==257 (1.4)
4R 2
JIist IIoCKUX HEOpeOpPEeHHBIX KaHaloB W =1.
[Iar pa3menieHust HeCyIMX IacTHH (pocBeT) |3 u3MeHsercs B npenenax ot 110
10MM, ToJNIITMHA HECYIIIMX TUIACTUH U pebep coctaBisier 0=0,15 mm.

V ienbHas MOBEPXHOCTH TEIIO0OMEHA HECYIIUX IUIACTUH Ha 1M° 06beMa

TEMJI000MEHHUKA COCTaBIISIET
F=/(I3+6)=1/(1+0,00015), m*/m® (1.5)

[T1o1maae KUBOTO CEUSHHMS IJIsl TPOX0/1a 000UX TTOTOKOB BO3/1yXa, MPUXOIS-

mascsa Ha 1M? QPOHTATBEHOrO CeYeHHs
fee=1- w F16, Mm% m? (1.6)

Tepmuueckass 3dpdextuBHocts [IPTO omnpenensieTcss Takke NPUHATON €ro
riyOuHOM | Mo Xomy BO3Iyxa M THIPOJAMHAMHUYECKAM PEXHMOM PabOThI, OCHOB-
HBIM (PaKTOPOM KOTOPOTO SIBJIIETCS CKOPOCTh BO3Ayxa B KaHajax. Jlyisg obecrneue-
HUS JIOCTATOYHOM WMHTEHCHMBHOCTH TEIJIOOOMEHa MAaccoBasi CKOPOCTh BO3IyXa B
s)kuBoM ceuennu IIPTO moimkHa cocTaBiIAThH

N=3-4 ke/m’c.

CoOTBETCTBEHHO NpU BEJIMYMHE MAaccOBOTrO pacxonaa Bo3ayxa G, miomanb
xuBoro ceuenust [IPTO f .. MoxkeT ObITH ONpe/CIICHA MO0 PacXOAy yIaIsIeMOro
MOTOKa BO3/lyXa C 00ECIEUEHUEM TAKOTO € CEUEHHUs JJI1 MPUTOYHOIO BO3AyXa
10 3aBUCUMOCTHU



fomc = 2Gy (17)
vp
CootBeTcTBEeHHO oAb GpporTansHoro ceuenus [IPTO
Fop=Tocdl Toce (1.8)

['my6uny TerooomenHou Hacanku [IPTO T.e. rimyOuny ero padodero oorema
| pexomenayercst [4] TpUHUMATH B 3aBUCUMOCTH OT CYPOBOCTH KJIUMarTa B pa-
OHE IPOEKTUPOBAHMUS, KOTOpas ONpPEAEIAETCS YUCIOM TIpagycodacoB Z 3a OTO-
IIUTEIbHBIA ITIEPUON:

2=ty (1.9)
rae ., 7 - CpenHss TeMIlepaTypa Hapy»KHOT'O BO3[yXa 32 OTOIUTENIbHBIN I1e-
PHOI U €ro MPOJOJKUTEIBHOCTD B Y.
['myOnHa Tem00OMEHHNKA IPUHUMAETCS B CIEAYIOLUX Mpeaenax :

Z> -5000 |=0.3m
-6000 < Z < -5000 | =0.5m
Z < -6000 | =0.75m

O0BEM TerT00OMEHHOTO afapara onpeaesieTcs no Gopmyiie:
Via=Fyl, (1.10)

O¢ddexTuBHOCTH pabOTHI TEMIIOOOMEHHOMN MOBEPXHOCTH HECYIIMX IUIACTUH U
pebdep paznuyHa 1o AByM NpuyruHaM. Bo-nepBbIX, MOBEPXHOCTh HECYIIUX IJIACTUH
OMBIBAETCS TOTOKAMU I'PEIOIIET0 U HArpEeBa€MOIo BO3AyXa ¢ 00EuX CTOPOH, TOrAa
KaK MOBEPXHOCTb pedep B KaXKJIOM KaHaje OMBIBAE€TCA TOJIBKO OJHUM IOTOKOM.
Bo- BTOpBIX, B M€CTE€ KOHTaKTa pedep ¢ HeCyllel MIaCTUHON BO3HUKAET KOHTAKT-
HOE TEPMUYECKOE COMPOTHUBJIEHHE, yYMEHblIaromee Kod(QPUINEHT TepMUYECKON
() PEKTUBHOCTH ATOM TETII0OOOMEHHON MOBEPXHOCTH.

Hns paccmatpuBaeMbix [TPTO ¢ BBICOKMMM CTETIEHSIMUA KOMITAKTHOCTH BBICO-
Ta pedpa uzmensercs B npeaenax ot 0,5 1o 5 MM, mosromy Kod3hOUIIHMEHT TEPMU-
yeckoi 3((EeKTUBHOCTH pedpa 77, BBICOK U MOXKET ObITh MPHUHAT paBHbIM 1. Ha
s dextrBHOCTH paboThl pedpa B [IPTO B 3HauUMTENHHON Mepe BIUSET MIOTHOCTh
KOHTaKTa pedep ¢ HecylMMH iacTuHaMu. Kak nmokasanu uccienoBaHusl, BEIUYH-
Ha KOHTAKTHOro TepMuueckoro compotusieHus B IIPTO opuenTHpOoBOYHO CO-
crasiseT Kgr =0,7.

Takum o00pa3zoM, Ha 3(P(DEKTUBHOCTH €€ paboThl HEOOXOAUMO BBOIUTH
yMEHBIAIONUH KO3(PPUIIUEHT, YIUTHIBAIOIINN KOHTAKTHOE TEPMUUYECKOE COIPO-
TUBJICHHUE U pa3esieHue MOBEPXHOCTH pedep Ha JBa MOTOKA BO3AyXa

~JUIsL TPEYTOIBHOTO opedpenus ¢ yriaom S =60°

Y, =1+ Ko 1407 =17 (1.11)
cos 2-0.5
-1 [1-o0pasHoro opedpenus u cootnomrenun  lo/l; =8

\P3¢=1+ﬁ:1+ 07 _ 043, (1.12)
) 2-8

- JUTS TTOJTYKpYTJioro opedpenus ls= 2R:
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¥ =1+d'”'k“=1+”2'02’7=1,53 (1.13)

e 2d

D¢dexkTHBHAA IUIOMAAb TEITIOOOMEHHON TOBEPXHOCTH, NPUXOJANIAACS Ha
KaKJIbIM ITOTOK BO3/IyXa:
1
F;([J =V F Vo (114)
[Ipu oauHAKOBBIX KO>(P(HUIHMEHTaX OpeOPEHUS CO CTOPOHBI KaXKIOTO TEILIO-
HOCHUTCJIA, T.C. CO CTOPOH HAIr'p€BACMOI'O U yAAJLIEMOI'O IIOTOKOB BO311yXa4, Koa(b-
(UIMEHT TEIIONepeIaul MKy HUMH, OTHECEHHBIM K IOJIHON moBepxHocTH TA

CO CTOPOHBI KaXXKI0I'0 TCINIOHOCHUTCILA, OIIPCACIIACTCA YPABHCHHUCM !

1
K :ﬁ y (1.15)

oy  a,

TA€ ap, Ay - KOYPQOUUIUEHTHI TEIUVIOOTAAYN CO CTOPOHBI HAPYKHOTO U yAaJIs-
€MOI'0 BO3/yXa.

TexHuko-a3xoHOMUYecKast 3PheKTUBHOCTh yTHiM3anuu Temiotel B [IPTO B
3HAYUTEIIBHOM MEpPE ONPENEIIACTC UHTEHCUBHOCTBIO TEIUIONEPENAUYA MEXKIY I10-
TOKAMH yAAJIS€MOI0 U HapyKHOI'O HAarpeBaeMoro BO31yXa W 3aTpaTaMmu Ha Ipe-
OJI0JICHUE UMU a3pOJUHAMHUYECKOTO CONPOTUBIICHU. [[1s pacuera TEIIo0T1ayu B

[TPTO B pab6ore [1] npeasioxeHbl ypaBHEHUS BUJIA:

Nu=A-Re" (di] Pr®*, (1.16)
a nys pacuera (pakropa TpeHuss @aHHUHTA, UCIIOJIB3YEMOTO MPU OTPEICTICHUU

IIOTEPH IABJICHUS, YPABHEHUE

f=4-Re" (di] } (1.17)

rne A, A1, n, ny — SMIUPUIECKUE KOIPPUITUCHTHI, TTOTYICHHBIC I Pa3Iy-
HbIX KOHCTpyKIMil [TPTO 1 pexxuMoB ABMKEHHUS TIOTOKOB BO3/lyXa U COJIEpKaIlH-
ecs B Tabnuie 2 [1]. Onnako Gonee yaoOHO MCIIOIB30BaTh 00OOIIEHHBIC pacyeT-
HbIC YpaBHEHUsI, IpuBeeHHBIC B padoTe [3]. s TypOyJIeHTHOTO peKruMa JIBHKE-
HUS BO3]lyXa, OOBIYHO MMEIOIIETO MECTO B BO3yXOBO3YIIHBIX TEIJIOOOMEHHH-
Kax, Ko GUIMEHTH! TEIJIO0TAa4M B TIaJKUX KaHajaxX Mpu JOO00M THre opedpe-
HUS MOTYT OBITh pacCUMTaHbI IO (popmyIie

St-Pr'® =0.114 - f°%.Re "', (1.18)

rae St, f — uncima Cranrona u @aHHuHTA.
st="2% (1.19)

vpe

rae V, C, p - CKOpOCTh, yZelIbHas MaccoBasi TeIJIOEMKOCTh U IJIOTHOCTh BO3-
nyxa, o - KO3QQGUIUEHT TEII00TAAYH.
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Tabmumal .2
BenuunHbl pacyeTHBIX KO (OUIIMEHTOB

Tun I/do Re A n A1 N1
ope-
OpeH
us
a, 2 >70 <2000 7,88 | 0,00 20,5 -1,0

2000-8000 | 0,076 | 0,627 | 0,041 | -0,188

7 7

o >70 <1200 199 | 0,09 | 9,26 | -0,934
1200-5000 | 0,005 | 0,92 | 0,065 | -0,257
5
20-50 | 100-1400 1,26 0,2 8,09 -0,86
1400-5000 | 0,019 | 0,77 | 0,302 | -0,41

7
8 >70 <2000 0,873 | 0,27 | 529 | -0,796
2000-10000 | 0,019 | 0,77 | 0,279 | -0,41

7

10-35 <1000 0,873 | 0,27 | 529 | -0,796
1000-10000 | 0,089 | 0,73 | 0,279 | -0,41

[Ipu ABMKEHMM B KaHAJIaX C TJIAJKUMU pedpamu Jiroooit popmbl (63 TypOy-
musupyromux npoceyek) u npu 1800<Re<10000 uyucno daHHUHTa MOXKET OBITH
paccuuTaHo 1o gpopmyJie

f=0.078 Re "* (1.20)

[Toacrasnss ypaBuenus (1.19) u (1.20) B (1.18), momyunm 0600IICHHYIO 3a-

BUCHUMOCTb JUIsI pacyeTa K03 (UIIMEHTOB TEII00TAaun B 00X kaHanax [IPTO:

-0.245
a=29,5v~c~p1;e— Br (121)

0.666 2
T

rjae
Re=vd./v . (1.22)

BenuuuHbl yAENbHON IIOTHOCTH p, k2/M°, Kod(Q(PHIMEeHTa KHHEMATHIECKOM
BS3KOCTH V, M%/c, HAXOJATCA MO CIPABOYHBIM JAHHBIM B 3aBUCUMOCTH OT CpeIHEN
TeMIiepaTypbl Bosayxa (cM. Takke l[lpunoskenuwe 2), mzobapHasi TEIIOEMKOCTbH
Bo3ayxa c, k/{oc(keK), a Takxke unucio Pr MoryT ObITh IPUHSATHI TOCTOSIHHBIMU U
paBabeiMu ¢=1,01; Pr=0,705.

DKBUBAJICHTHBIN quamMeTp KaHama d, pacCUMTBIBACTCS 1O OJHOM U3 3aBHCH-
MOCTEH B 3aBHCHIMOCTH OT BEJIMYMHBI TIPOCBETA U TUTIA pedpa:

- JuIs TpeyrojsHoro peopa  d,=0,666 I3,

- JUTSI TTOJTYKPYTJIOTO d,=0,778 I3

- st [1-o6pa3Horo d,=1,78 I3

Cpennsisi TemmepaTypa OMNpeAeNsieTcsl HadalbHOM TEeMIEepaTypoil MOTOKOB
BO3/lyXa U TIIyOMHOW HarpeBa W oxjiaxnaeHus ux B [IPTO. Jlna npubnmkeHHOM
OIICHKHU CPEIHEHN TeMIEepaTypbl MOXXHO MPUHITH BeTUYHHY Kodduimenta sdpdek-
TUBHOCTH Teruiooomenuuka E7=0.5, torna
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tH,Cp:((tHﬂ' t. +O,5(ty1- tH1))/2:O,75 t,,+ 0,25 ty] (123)

t,,,=0,75 t,;+0,25t,;

Jlns TeruioBoro pacyeTra yaoOHO HCIOIB30BaTh K03 duiueHT 3P hekTuBHO-
CTH TETJIOOOMEHHMKA, BBIPAKEHHBIN uepes3 IIyOMHYy HarpeBa HapyKHOTO BO3IyXa
fyy —1
E, =-1 AL (1.24)
Ly =t
rae tys, tw, t,— TeMmeparypbl HapyKHOTO BO3JyXa Ha BXOJ€, BBIXOJAE U3
TEIJIOOOMEHHUKA W TeMIeparypa yJalseMoro Bo3ayxa Ha Bxoxe. [[ns mepe-
KPECTHOM CXEMBI ABMKEHUS TEIUIOHOCUTENEH, 00buHO mpuMensiemoi B [IPTO, u
.. N o G,c
COOTHOIIICHMSI TEIJIOEMKOCTEH MOTOKOB TEIJIOHOCUTENel W =—"-£ =1, temmnepa-
C
y-B
TypHBIH KO3 PUIeHT 3 (HEeKTUBHOCTH TEIIIOOOMEHHUKA 110 HAPYKHOMY BO3JIyXY
MOXET OBITh pACCUUTAH O PopMyJie

E, =1—exp(e " -1), (1.25)
rac NH — YHUCJIO CAMHUI TCIUIONICPCHOCA K HAPYKHOMY BO3OYXY.
N, =& (1.26)
G,c

rie Gy, Fr— pacxon Hapy>XKHOTO BO3/1yxa U IMOBEpXHOCTh Tertooomena [TPTO
C €r0 CTOPOHBI, ¢ — YJIeJIbHasi MacCcoBasi H300apHasi TEIJIOEMKOCTh BO3TyXa.

AdBpOoAMHAMHUYECKOE COMPOTHUBJICHNE JBM)KCHHIO MTOTOKA BO3yXa PACCUHTHI-
Baetcs 1o ¢opmyie [1]:

2 )d

COOTBETCTBEHHO 3aTpaThl MOIIHOCTH BEHTUJISITOpA Ha MPEOJI0JICHUE adpOH-
HAMHYECKOT'O COMMPOTUBJICHUS TETNIOOOMEHHUKA
N, —0001- 26
P11,
rae AP— a’poaMHaMUYeCcKOe CONPOTUBIEHUE, [1a, ¥4 ,ij, —K.I.J. BEHTUIIATO-
pa U MEXaHUYECKOM mepeaaun OT Bajia IBUTATEIIsl K BaJly BEHTWISTOPA.
JIns Kak10ro MHTEpBaia TeMIIepaTypbl HAPY>KHOTO BO3/1yXa B OTOMUTEIbHbBIN
MepUO KOJIMYECTBO YTUIIU3UPOBAHHON TEIJIOTHI 3aBUCUT OT BEJIMUMHBI 3TON TEM-
nepaTypbl U MPOJAOKUTETLHOCTH €€ CTOSIHUSI B COOTBETCTBHUH C (POPMYJION:

AP =4 f(VZ_P)i | (1.27)

, KBm, (1.28)

QizEH(tw -tH1)GHC'Tin/24, (129)
a KOJIMYECTBO TCILJIA, HOTpe6JI$IeMOF0 M3 TCIINIOCCTH JJIA1 JOI'pE€Ba BO3yXa
Qui=(ty; - ty2) Gy c - Tin/24, (1.30)

rae 7 N— OpoaoJKUTEIIBHOCTh MHTEPBAJIOB OTOIMMTEIBHOIO IIEpHUOaa U YU C-
JIO 4aCOB pa6OTI)I CHUCTCMbI TCIUIOYTUJIN3allU B CYTKH.
3a BeCh OTOIUTEIIHLHBIN MEpruoa KOJIN4YCCTBO YTHHH3HpOBaHHOﬁ TCIIJIOTHI CO-

CTaBUT: 0,, = in. , (1.31)
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d KOJIMYCCTBO JJICKTPOIHCPIUK HA ITPUBOA ITPUTOYHOI'O U BBITSAKHOT'O BCH-

THJISTOPOB 36=li Ng-2:T:.1/1506N24 , KBTu. (1.32)

rae P- KOIMYeCTBO MHTEPBAJIOB TEMIEPATYP, &, /s0s — K.ILJ. SJICKTPOIBUTA-
TEJIS.

OHepreTudeckuii KOdPPUIMEHT >PPEKTUBHOCTH YTHIM3AIUH TETUIOBOU
YHEPrUH

Ko=Q,.,../3 (1.33)
1.2 Meroauka pacuera cucteMbl Temjoyruiauzanuu ¢ [IPTO

Hcxoonvie oannvie
1.PaiioH npoekTUpoOBaHUA
2.Temneparypa yaajisgemMoro Bosayxa t,;
3. Yucno yacoB pabOThI CUCTEMBI TEIJIOYTHIIN3ALUU B CYTKH 7
4. Pacxozpl IPUTOYHOTO U yaansemoro Bo3ayxa G,u G,
5. XapakTepucTuKa TerI000MEHHHUKA:
- paccTOsIHME MEXKAY HECYIIUMU 1uiacTuHamH | (BpIcoTa KaHaua),
-TUI OpeOpeHus
6. Tapudnbl Ha TEIJIO- U IIEKTPOIHEPTHUIO

Ilocnedosamenvrocms pacuéma

1. IIo cnpaBOYHBIM AaHHBIM ISl 33JJaHHOTO pallOHA MPOECKTUPOBAHUS OMpeE-
JETSIOTCS  MPOJOJKUTEIIBHOCTh CTOSIHUSI MHTEPBAJIOB TEMIEpaTyp Hapy>KHOIO
BO3]lyXa, a TAaKXKe YMCIo TpagxycoyacoB Z o dopmyse (1.9), u mo Hemy npuHuMa-
eTcs rTyOrHa TermiooOMeHnHuKa .

2. Tlo UCXOAHBIM JAHHBIM HAXOASATCA KOHCTPYKTHUBHBIE XapaKTEPUCTUKHU
[TPTO: xoaddunuent opedpenust ¥ mo coorsercrBytoier Gpopmyse (1.2) - (1.4),
yA€NbHbIE MOBEPXHOCTU TEIIOOOMEHa M *kuBoro ceuenus F 1., mmomans
¢dponTaneHoro ceueHus [IPTO u ero o0vem Vi, 1o (1.8) u (1.10) d, , paccuntsi-
BaeTcs K03(pPuuueHT 3pPEeKTUBHOCTH OpeOPEHUs Yo 110 (11-13) 1 apdexTuBHas
Iomaab Teriooomena o (1.14).

3. [Ins kaxxaoro MHTEpBaia TEMIEPATYP HAPYKHOTO BO3yXa PACCUUTHIBAOT-
Csl OPUEHTUPOBOYHO CPEAHUE TEMIIEPATyphl TEILUIOHOCUTENEN t, ., U t, o, 10 (1.14),
3aTeM MO CIPABOYHBIM JAHHBIM HAaXOJATCA TEMIO(PU3NYECKUE CBOMCTBA MOTOKOB
BOo3ayxa: p,v,A,Pr. Ilpu aTom cpeansis yaenabHas TEIIOEMKOCTb U unciio [Ipanaris
JUIs 000MX TIOTOKOB BO3JyXa MOTYT OBITh NMPUHATHI MOCTOSHHBIMH W PaBHBIMU
c=1,007 xIx/(xr-K), Pr=0,705.

[TockonbKy OTKJIOHEHHsS] KOHEeUHBbIX pacueTHbIX BennuuH (N u E) 3a otonu-
TeJIBHBIM TepUoj] HEeBETUKH (CM. Tabd. 1.3), TOMyCTUMO ONMpPEeACIUTh TeTUIOhU3H-
YECKHE CBOMCTBA MOTOKOB BO3/yXa M PACUETHBIC BEJIIMYMHBI TOJIBKO JJI CpeaHEN
TEMIEPATypPbl HAPYKHOTO BO3/yXa B paillOHE MPOEKTUPOBAHUSI.

JlomycTMo Takxke mpeHeOpedb WHTEpBaIaMHu MPOJAODKUTEIIBHOCTHIO MEHEE
10 u.
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4. YTOYHSIIOTCS CKOPOCTH TOTOKOB BO3/lyXa B JKUBBIX CEUYCHHSIX TEIJI000-
MenHuKa 1o (1.7), uncna monobus Re,, Re, mns xaxmgoro noroka mo (1.16- 1.22) ,
OIIpENENA0TCA KOAPPUIUEHTHI TEIIOOTAAUN aH U o, 1o (1.21).

5. Onpenensercs ko3¢ dunuent terionepenaun K mo (1.15), yucno equHuIy
TeIuIonepenoca K HapyxHomy Bo3ayxy Ngy mo (1.26), remmepaTypHbiit k03ddu-
1ueHT 3G (HEKTUBHOCTH TEINIOOOMEHHHKA TI0 HApy>)KHOMY BO3ayxy E, 1o (1.25).

6. Onpenensercs KOIUYECTBO TEIIOThl Qj, YTUIU3UPOBAHHON B KaXJIOM HH-
TepBaje TeMIeparyp HapyXHOro Bo3ayxa mo (1.29) , 3a Becb OTONUTEIBHBIN Te-
puox o (1.31), moctynusiieit u3 TemiaoceTu 1o (1.30).

7. o (1.17), (1.27), (1.28) paccuuthiBatoTcs uncio MaHHUHTA, adPOIMHAMU-
YeCKOE€ CONPOTHUBIIEHHE IO TMOTOKY HApYy>KHOTO BO3/yXa, MOTpediseMas MOII-
HOCTb, puHuMas #, =0.8, K.1I.J1. Mexanudeckoi nepeaaun 7,=0.9 ; o (1.29) pac-
CUHMTBIBACTCS PACXO]T AJICKTPOIHEPTHH 32 OTONMMUTEIBHBIN TIEPUO, TPUHUMAS K.IT.1T.
ANEKTPOABUTATENS #,0 = 0,85; mo (1.33) paccunThiBaeTCss SHEPreTUYECKUN KO (-
(ULHEHT.

Pe3ynpTaThl TEIIOTEXHUYECKOTO pacyeTa CHCTEMBI TETUIOYTHIIH3AIINHN C
ITPTO cBomsTcs B Tabdi. 1.3 (CM. mpumep pacuera).

Ilpumep pacuema
HcxonHbie TaHHbBIE:
- pailoH NMPOEKTUPOBAHUS- T. APXaHTEIIbCK,
- KOJMYECTBO NMPUTOYHOIO U yjansemoro Bo3ayxa G, =G,=7200 kr/y,

- TeMIepaTrypa yJaasieMoro Bo3ayxa t,;=25°C,
- opeOpeHHEe KaHAJIOB — TPEYTOJbHOE ¢ BEIUUYMHOMN 3a30pa MEKIY HECYIIH-
MM [UTACTHHAMU [5=5 mMm,

- peXUM pabOThl CUCTEMBI — 16 4aCOB B CyTKH.

Jns r ApxaHrenbcka nIpoJI0KUTENBHOCTD OTONIUTENBHOTO IEPHUOAA COCTAB-
nsieT 251 CyTKH, cpeqHss TEMIIEpaTypa OTOIMTENLHOrO epuoaa -4,7°C:
Yucno rpaayco4acoB OTOMUTEIBHOTO MEPUOAA

Z=1t,,r=-4,7-251- 24=-28312 rpan - u,
COOTBETCTBCHHO IIPHHUMAaEM ITyOnHy TermioooMennuka =750 mm

1. [Io MCXOIHBIM JaHHBIM ONpENesieM KOHCTPYKTUBHBIE XapaKTepHu-
ctuku [IPTO:
KoadduumeHt opedpenus st TpeyroyibHo# Ghopmbl pedep

S W

;=l+—=3,
cos 60 0.5

VYenbHasi MOBEPXHOCTh TEIMJIOOOMEHA HECYIIMX IJIACTHH Ha IM® oOBeMa
TEIIOOOMEHHHMKA COCTABIISICT
F1=1 /(l3+6)=1/(0,005+0,00015)=194 , n?*/n®
[To1maas KUBOTO CEUCHHMS IS TPOX0/1a 000OUX TTOTOKOB BO3/AyXa, MPUXOISI-
mascs Ha 1M? QPOHTANBEHOIO CEeYeHHs
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flee=1- w F19,=1-3-194-0,00015=0,913 m?l m?

[py BeJMYMHE MACCOBOI CKOPOCTH BO3IyXa pN=3 k2/M?c, pacxojie yaais-
emoro Bosayxa G, mmomans xuBoro ceuenus [IPTO f .. mMoxer ObITh Onpenene-
Ha TI0 3TOMY Pacxofy ¢ 00ecredeHNeM OANHAKOBOTO CeUEHHS U AJIS IPUTOYHOTO
BO3[yXa II0 3aBUCHMOCTH
2G,

vp
CootBeTcTBEeHHO oAb PppoHTansHoro ceuenus [IPTO

£ =

aHce

=2 -7200/(3-3600)=1,33 m?

Fop=Freel Toee =1,33/0,913=1,45m?
O0BEM TETO0OMEHHOTO arapaTa onpeaesieTcs no Gopmyre:
Vy=F,1=1450,75=1,09%%
Jlist TpeyronsHoro opedpenus ¢ yriom =60 s¢pdexTuBnblii ko3pdumuent
opeOpeHus

Y, =1+ K =1+ 0.7 _
2cos 2-0.5

3. AHaJOTMYHO )KMBOMY CEUCHHIO Ha JIBa MMOTOKA paclpeaeisieTcs: Takxke (-
(dexkTUBHAs TUIOMAAh TETUIOOOMEHHOW TMOBEPXHOCTH, C TMOMPABKONW TeOMeTpHue-
CKOM MOBEPXHOCTH Ha 3P(PEKTUBHYIO Yepe3 YMEHbIIEHHE KO3 uimenta opedpe-
HUS :

F, =V, F'y,, =109-194-17 =360 M>

4. Jlis KaKA0ro MHTEpBaja TEMIEPATyp HAPY>KHOTO BO3/lyXa OMpee-
JIsieM CpeJIHUE TeMIIepaTypbl TEINIOHOCUTENEH, MO CIPABOYHBIM JJAHHBIM
HaxO0JMM COOTBETCTBYIOIIHNE UM TEII0(PU3NIECKUE CBOMCTBA BO3yXa.

5. PaccunThIBaroTCA XapakTEPUCTHKH 1O 11.5-8 paznena 1.2 mo popmy-
aam (1.25)-(1.33)

JIns cpenHen TeMIiepaTypsl
Re=vd,/v =2,5:0,00333/14,5-10°=683

Re0245 29.5-2,5-1,07-1,3-683 -0,245
a, = 29,5V C-p Pr0.666 = 0,705 0.666

1 1 B )
K= I =7 I =25Bm/ m° K
a, a, 50 50

X

=50Bm/ MK,

_KF, 25360
G,c  2-107-1000

H b

E, =1-exp(e ™ —1)=1—exp(e ™ —1)=0,63
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Tabmuna 1.3

Pe3ynbTaThl TEMIIOTEXHUYECKOTO pacuera cucteMsl ¢ [IPTO
Nu=4,2 ;En=0,63, k=25 Bm/m*°K

Temneparypbl HApYKHOTO BO3AyXa

ts, °C -35 | -30 | -25 | -20 | -15 | -10 | -5 0 +8
tacp, -20 |-16,2|-125 |-88 |-5 |-1,2 |25 |63 [12.2
tyep ,°C 10 | 11,3 | 125 | 138 | 15 | 16,3 | 175 | 18,8 | 20,8
Pr. 1,41 [ 1,37 1,34 |1,34 [1,32 [1,29 [1,28 [1,22 |1,24
ppxr/m® | 125 [ 125 | 1,24 123 | 1,23 (122 | 1,21 |1,205 1,205
Vi10®, 11,8 | 12 | 12,4 | 12,6 | 128 | 13,3 | 135 | 13,8 | 14,1
vy 108 14,2 | 14,2 | 142 | 144 | 146 | 146 | 146 | 151 | 151
Mm?/c

Vi 78 | 80 | 82 |82 |83 |85 |86 | 90 | 89
vy, MlC 88 | 88 | 89 [ 89 |89 |90 |91 | 91 | 91
Reu, 2046 | 2072 | 2050 | 2018 | 2015 | 1986 | 1970 | 2022 | 1975
Rey 1919 | 1919 | 1934 | 1922 | 1896 | 1911 | 1928 | 1872 | 1872
O, 63,6 | 63,4 | 636 | 63,9 | 63,8 | 64,1 | 642 | 63,8 | 64,4
O, 64,6 | 64,6 | 645 | 64,6 | 64,8 | 64,7 | 64,6 | 650 | 65,0
K, 25,6 | 256 | 25,6 | 25,7 | 25,7 | 25,8 | 25,8 | 25,8 | 25,9
BT/(Mzc)

ti,°C 45| -2 | 05 | 29 | 54 | 78 |103 | 12,7 | 16,7
Qilx | 13 | 49 |12,02| 244 | 416 | 628|772 | 96,2 | 69,4
Qui, IMTuc| 125 | 47 | 115 | 235 | 40 |60.7 | 74,2 | 93,1 | 66,2

Kak BHIHO W3 pe3ynbTaTOB pacyeTa, M3MEHEHHE TEMIIepaTypbl HAPYKHOTO
BO3JlyXa HE MPHUBOJUT K CYIIECTBEHHOMY M3MEHEHHUIO Kod(dumumeHTa Terionepe-
Jlayy, MOATOMY JOIYCTHUMO OINPEICIATh €ro BEIWYMHY U KodpdumueHT 3ddek-
TUBHOCTH TOJIBKO JIJISI CPETHEH TeMIIepaTyphl OTOIMUTEIIBHOTO TIEPHOIA.



15

2. CucTeMa YTUJIM3AIMHU TEIUIA BBITAKHOTO BO31yXa C MPOMEKYTOYHBIM
TemsioHocurenem (CYIIT)

Jlannasi cucreMa 00J1aJaeT HEKOTOPHIMU MPEUMYIIECTBAMHU 110 CPABHEHUIO C
cucremamu lu 3 (cM.”BBenienne)”. a UMEHHO:
- o0ecrnieunBaeTCsl a’poJIMHAMUYECKasi HE3aBUCUMOCTh IMOTOKOB MPUTOYHO-
ro U yJIajasieMoro BO3/yXa, UCKIIouarolas MornajJaHue MociaeAHero B 00-
CIIy’KMBaeMoO€ TTOMEIIICHHE,

- o0ecrmeynBaeTcsi BO3SMOXKHOCTh pa3MEIIeHHs MPUTOYHON U BBHITSXKHOM Ka-
Mep Ha JTI000M 11eJ1eCO00pa3HOM PaCCTOSTHUU OJ[HA OT APYIOH,

- olecrmeynBaeTcsi BO3MOXHOCTHOOBEAMHEHNUS TPUTOYHON U BBITSKHON CH-
CTEMaMHU Psi/Ia YyCTAaHOBOK.

Henocratkom cucremsl CYIIT no cpaBHeHuto ¢ cucremMamu | u 3 saBisiercs
0oJiee BBICOKAsI BEJIMYMHA HEOOPATUMBIX TEPMOJUHAMUYECKUX MOTEPh, CBA3AHHAS
C HEOOXOJIMMOCTBIO O0ECIIeYeHusl TEMIIEPATYpPHBIX HAIOPOB B ABYX TEIJIOOOMEH-
HBIX 0JIOKaX, a Takxke 00Jee BRICOKAsT METAITIOEMKOCTb.

Cxema yTHUIM3alMK TEIUIAa BBITSYKHOTO BO3/lyXa C IPOMEXYTOYHBIM TEIIOHO-
cutesnieM (CYIIT) coctout u3 nByX OJIOKOB TEIJI0O0OMEHHUKOB (puC.3), B OJHOM
U3 KOTOPBIX TEILIOTA OT YHAAISIEMOT0 BO3yXa IEPENaeTCs MPOMEKYTOUHOMY TEll-
JIOHOCUTENIO, @ B IPYTOM OHA MEPEXOJIUT OT HEr0 K HArpeBaeMOMY HapyKHOMY
BO3JIYXY.

Gyt Gpy ty to
— — -
Ly iyi ty2

.

Puc. 3 Cxema YCTAHOBKHU: 1- TemI000OMEHHUK MMPUTOYHOI'O BO3AYyXA, 2- HaCOCHI;
3- TEII00OMEHHUK BBITSXKHOIO BO3yXa.

Kaxx b1t 13 6JI0KOB MOXKET COCTOSITh U3 HECKOIBKUX BOJAOBO3AYIIHBIX TEILIO-
OOMEHHHMKOB, YCTAaHOBJICHHBIX MapaJUieIbHO U MocienoBarensHo (puc.4). B 3aBu-
CUMOCTH OT BBIOPAHHBIX CKOPOCTH BO3/1yXa BO (PPOHTATHLHOM CEYCHHUH U TITyOUHBI
U3MEHEHHS €T0 TEMIIEPATYPHI.

B 3aBucuMocTH OT BRIOpAaHHBIX CKOPOCTH BO3/IyXa BO (DPOHTAIILHOM CEUEHUU
U TIyOUHBI U3MEHEHHUsI ero TeMIiepaTypbl. B TemiooOMeHHOM 0i0Ke peanu3yercs
MepPEKPECTHAsT MHOTOXO0/I0OBAsi CXeMa JABUKCHUS JKUIKOCTH ¢ TapalIeIbHON pasia-
4eil ee B TEIUIOOOMEHHUKH M OJTHOXOJIOBasi CXeMa JIBIDKCHHS BO3yXa. B kauecTse
MPOMEKYTOUYHOTO TEIIIOHOCUTENS 11eJ1ecO00pa3HO UCIOIb30BATh HE3AMEP3atOUTYI0
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KUIAKOCTh (aHTU(DPHU3) ¢ UHTHOUTOPOM Il MPETOTBPAIICHUS KOPPO3UH TPyOO-
MPOBOJIOB U TEMIOOOMEHHUKOB.

Goo
r:vcf

|
2 //
3 G,
Tommmmmmmmmees b
/
N
N T L |- “T_@_-‘_ '.—
.-‘ ‘ V4 G_OTI\‘\_Bs ‘( i///[
| _‘_‘ _Z_égl //__;4_/,%——-
T e //
CoCien
+ | ~r» ) ‘ |I SN /
s (UL
_..| ‘A'.,ﬁ T}?@{P@’ , \
747(H H/»—. BT
L LA T I

Puc. 4 Cxema 6510Kka BOJIOBO3AYIIHBIX TEMJIO0OMEHHUKOB
2.1 TeopeTnueckre OCHOBBI U PaCYETHBIE 3aBUCUMOCTH

B kauecTBe BOJOBO3AYIIHBIX TEINIOOOMEHHUKOB, U3 KOTOPHIX (POPMUPYIOTCS
MPUTOYHBIN U BBITSHKHOM TEIUIOOOMEHHBIE OJIOKH, I€1€CO00pa3HO UCIOJIb30BATh
YeThIpEXPsAIHbIE KaTopudephl U3 PeOPUCTHIX OUMETANIMYECKUX TPYO ¢ HAKaTHBIM
opebpenrieM KCk 4, TeXxHUYECKHE XapaKTEPUCTUKUA KOTOPBIX MPUBEACHBI B CIpa-
BOYHOI nuteparype [4]. B obiiem ciydae TermiooOMEHHBIN 0JIOK MOXKET COCTOSITh
U3 HECKOJIbKUX TEIUIOOOMEHHUKOB, YCTAHOBJIEHHBIX 0 (PPOHTY Mg, U MO INIyOHHE
n., . HezaBucumo ot tunopasmepa kainopudepa KOHCTPYKIUs peOPUCTBIX TPpyO U
pa3MellleHne uX B MyYKe OJAMHAKOBBI: TPYObI PaCHOJIOKEHBI B IIAXMATHOM MOPS /-
K€ C TonepeyHbIM maroM S1=41,5 MM U npoaoabHbIM maroM S;=36 mm. Ilpu Ta-
KOM pa3MelleHUH TpyO B myuke oHM 3aHuMaroT 0,35 muiomanu GpoHTaIbHOTO ce-
YeHHs, TaKUM 00pa3oM IUIONIA/b >KUBOTO CEUEHMs JJIi ONPEIEICHUS CKOPOCTU
BO3/lyXa B HEM UMEET BUJL

F.c=0,35 Fy, (2.1)

KoHcTpykius pedbpuctoit TpyObl puBeAeHa Ha pUC. 5.
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6p=0,5

H hp=10

-\_\-\_\_\-‘_‘—‘——k_,_f

219

Dp= 39
216
5136
T

(]
g

t=2.8

Puc. 5 Koncrpykius opedpenus Tpyd BOAOBO3IYIIHBIX TEIII000MeHHUKOB THa KCk

Koaddunment rtemmorexHuyeckond 3¢pGheKTUBHOCTH pedep 3aBUCUT OT He-
CKOJIBKUX (PaKTOPOB B COOTBETCTBUU C 3aBUCUMOCTHIO:

_exp(mh) —exp(—mh) 1 (2.2)
P exp(mh) +exp(—mh) mh' '
0.5
2a
S 7 2.3
"= 7s, (2.3)

rae A, ,0, - K03(pPUIHUEHT TEIIONPOBOJHOCTH U TOJILIIMHA peldpa, ¢, - Kod(-
(GUIUEHT TEIUIOOTAAa4YM OT BO3JyXa K HapyXHOW NMOBEPXHOCTH PEOPUCTHIX TPYO.
OH paccuuTbIBaeTcs 1o popMmyie:

-0.54 -0.14
a, =’1“o.23(d"j (hj Re,*®Pr* | (2.4)
t t t

rie A, — K03 PHUIMEHT TEIUIONPOBOJIHOCTH BO3ayXa, t,h — mar pacrnosoxeHus
U BbIcOTa pebpa, d, —HapyxHbIi auameTp TpyO, Re,Pr — uucna PeitHonbnaca u
[Ipanaras.

Pasznuune TemmepaTyp OocHOBaHHS pedpa M €ro BEpIIUHBI YYUTHIBACTCS KO-
sbdunrenTom >3¢gdekTuBHOCTH pedpa B hopMmyse MpUBEACHHOTO KO3 dHUIIMEeHTa
TEIUIOOTA4YM K HAPY>KHOM MOBEPXHOCTH TEINIOOOMEHHUKA:!

F F
a,, =aH(Fp E,+ mpj : (2.5)

F

rne F, \F., , F— noBepxnocts pebep, ocTaBuieiicss 4acTu IIAAKON TpyOBbI,
NI0JIHAsl Hapy>KHas MOBEPXHOCTh, E, — ko puument a¢ppexruBHOCTH pedpa.
Yucno PeliHosbaca, XapaKTEpU3YIOLIEE PEKUM JBUKEHUS IOTOKA BO3AyXa B
My4YKe U 3 peOPUCTHIX TPYO CO CKOPOCTHIO V !
vt
Re,=— , (2.6)

14

8

/1€ Ve— KOG OUITMEHT KUHEMAaTHUECKON BI3KOCTH BO3TyXa.
KoaddunmeHT Tenmooraaum co CTOPOHBI BOBI:

o, = " 0.023Re% PrO® | (2.7)
w d w w
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rae Re,,Pr - ancina Pelnonpaca u [IpaHarns, XapakTepu3ylolne TEYEHUE
KUJKOCTH B TPyOKax TEIJIOOOMEHHUKA.

Yucio Pertnonnca: Re, = wd, : (2.8)

rae O,vw — BHYTpEHHHUI JauameTp TpyObl, K03()(UIIMEHT KHHEMATHYECKON
BA3KOCTH KHUJIKOCTH IPU CPEIHEN ee TeMIepaType.
CKOpOCTh ABUKEHUSI MTPOMEKYTOUHOTO TEIJIOHOCUTENSI B TPyOKaxX Terioo0-

MCHHHUKOB:

we— G« (2.9)

pOK‘ f.mlx n(ﬁp ne.rl

IJIE Py — IUIOTHOCTD YKUIKOCTH, Ty —TUIOMIAAB KHUBOTO CEYCHHS TPYOOK OJI-
HOTO XOJa TeIUNIOOOMEHHUKA, Ng,— KOJIMYECTBO TEMJIOOOMEHHHKOB, YCTAaHOBIICH-
HBIX IO (POHTY TEIIOOOMEHHOTO OJIOKA.

Tennoduznyeckue CBOMCTBA )KUIKOCTH MOTYT OBITh MPUHSATHI MTOCTOSHHBIMH,
pacCYMTaHHBIMU Ul CpEAHEN TeMIepaTyphl >KUIKOCTU 1., 3a OTOMMUTEIbHBIH
NEepUOJ KaK MOJYCYMMBI COOTBETCTBYIOIINX CPEIHUX TEMIEpaTyp BBITSHKHOTO U
IPUTOYHOTO BO3AyXaA.

Koadduument temnonepenayn B peOpUCTOM BOJOBO3IYIITHOM TEIIOOOMEH-
HUKE:

1
. , 210)
7+(7+73+Rk)§”0p
a a A

n.np w 3

TI€ Oy np 0y — KOIPPHUIIMEHTH TEIUIOOTAAYU CO CTOPOHBI BO3IyXa M BOJBI,
0s5As — TOJIMHA U KOAI(P(OULMEHT TEIJIONPOBOAHOCTU 3arpsA3HIIONIMX OTIOKEHUH,
Wop — KO3 (pULIMEHT opedpeHnst TpyOOK TEIIOOOMEHHUKA, R, — KOHTAaKTHOE Tep-
MUUYECKOE COMPOTUBIICHHE OUMETANIMUECKUX TPYO (Ha CThIKE BHYTPEHHEU CTallb-
HOU ¥ Hapy>KHOW aJTIOMUHHUEBOU TPYO).

OO6mast TertoTexHuyeckass A(PQPEKTUBHOCTb CHUCTEMbl YTUJIM3AIMH Teria
CVIIT E, 3aBucut or yacTtHbIX Ko3(puuueHToB 3¢dekTuBHOCTU E,py v Eyy Ais
TEIMJI000MEHHBIX OJIOKOB, YCTAHOBJICHHBIX HA MPUTOKE U BBHITSHKKE U MOXKET OBITH
OIICHEeHA M0 BennurHe KodpduimerTa 3pPeKTUBHOCTH, BRIUUCIECHHOTO 10 Harpe-
BY NPUTOYHOT'O BO3]yXa:

t,—t 1
E =21 = : 2.11
o tyl —tHl 1 G ezga ( )

H

W
E G

160 60—y

E

rae t,; t,, —Temneparypa Hapy»KHOTO BO3/lyXa Ha BXOJI€ B IPUTOUHBIN OJIOK U
BBIXOJIE U3 Hero, t,; — TemnepaTypa ynajasieMoro BO3AyXa Ha BXOJE B BBITSKHOU
010K, &, — MONPaBOYHBIA KOIPPUIMEHT HA KOHAECHCALUIO BIaru, E,e , Ey - KO-
sbdunrienTsl 3PPEKTUBHOCTH HArpeBa HAPY>KHOTO (MPUTOYHOIO) BO3/AyXa B MPHU-
TOYHOM OJIOKE U COOTBETCTBEHHO KOA((DUIIMEHT OXJIAXACHUS YIAIsIeMOro BO3AY-
Xa B BEITSDKHOM OJtoke, W,y - COOTHOIIIGHHE TEIIOEMKOCTEH ITOTOKOB TEIIIOHOCH-
TeJiel B MPUTOYHOM TEIJI0O0OMEHHOM OJIOKE.
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Pacxonpl npurouHoro Bo3nyxa G, u yaansemoro Bozayxa G, u Ux Temmepa-
Typsl t, U t, onpenenstoTcs pacueToM BO3AYLIHOTO U TEIUIOBOTO PEXMMOB IOMeE-
IIICHUM.

B 6510ke MO>KHO BBIAECTUTH COCTABIISIIOIINE €T0 TEINIOOOMEHHBIE HJIIEMEHTHI :

- TEII00OMEHHHK,

- XOJ1 TeII000MEHHUKA 110 BOJIE,

- TIOTEepeYHbIN psAn TpyO xo/a.

Koaddumuent addexruBHOCTH (110 TEMIepaType BO3yXa) OJHOTO MOmepey-
HOTO pfAsa TpyO, B KOTOPOM MMEET MECTO MEePEKPECTHAsI CXeMa JBUKECHHUS BO3IY-
Xa U KMJIKOCTH, MPUYEM MOTOK BO3AyXa IMEpEeMeIlaH, a MOTOK >KUIKOCTH - HET,
MOKET OBITh paccuuTaH 1o gopmyie[S]:

“Ne1:Wip -1
E,, =1-exp| ——— |, (2.12)
6lp
ko3 puieHT 3gpekTuBHOCTH (IO TEMIEpaType BO3AyXa) OAHOTO X0Aa:
Eslle_(l_Eslp)np ’ (2'13)
a 0 TEMIIEpaType BOBL:
EDIC]x:EBIXWBIX . (214)

351ech n, — YUCIO PsIOB TPYO MO IiTyOMHE B OJHOM XOAY T.€. IO HarpasJe-
HUIO ITIOTOKA BO3yXa.

Koaddumment 3ppextuBHOCTH OAHOrO TEMIOOOMEHHUKA MO TeMIepaType
KUIKOCTH:

E.,=1-(1-E)", (2.15)
a I10 TCMIICPATYypC BO3AyXa:
E
E61 = ﬁlﬂ ) (2.16)

6l
Koaddumment sdpdextuBHOCTH HarpeBa HApYXHOTO (IIPUTOYHOTO) BO3AYyXa
BO BCEX 71,; TEIUIOOOMEHHHMKaxX OJoKa:

B =120 = 1= (1-E,)" (2.17)

arcl Hl

3nech rae N, — KOJIMYECTBO TEIIOOOMEHHUKOB, YCTAHOBIIEHHBIX TITyOWHE
TEMJI000MEHHOTO 0JIOKa, X— YHCJIO XOJI0B MPOMEXKYTOUHOTO TEIJIOHOCUTENS B
TEII000MEHHUKE, 71, — YUCJIO NOTIEPEUHBIX PSIIOB TPYO B OJHOM TEIIIOOOMEHHUKE
0 IIIyOHHE.

AHAJIOTUYHO MOKHO TIOJYYUTh 3aBUCUMOCTH JUIsI COOTHOIICHHUS TETJIOEMKO-
CTEU MOTOKOB TETUIOHOCUTEINIEH B KAXKJOM U3 3THUX JJIEMEHTOB.

Pexomenmyemoe [4] oOiiee COOTHOIIEHUE TEIJIOEMKOCTEM MOTOKOB TEILIO-
HOocuTeNel (COOTHOIIEHHUE BOISTHBIX SKBUBAJICHTOR) B TEIJIOOOMEHHOM OJIOKE:
W = Gl _ 0.55+0.4 (G; —0.006(p, —30), (2.18)

o
onc ¢ onc ¥y
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e G, Cyey Cs — MACCOBBIN PACXO MPOMEKYTOYHOTO TETUIOHOCUTEIS (MKHU/I-
KOCTH), YZEJIbHbIE TEIUIOEMKOCTH MXHUAKOCTH M BO31yXa, ¢, — OTHOCUTEJIbHas
BJIQYKHOCTb YAQISIEMOTO BO3AyXa.

CoOOTHOIIIEHHE TEIJIOEMKOCTEH MOTOKOB TEIUIOHOCUTENICH B OJHOM XOJIy
terooOMeHHuKa Wy, B 0lHOM nonepedHoM pany xona W, B OHOM TEmao00-
MmenHuke oimoxa W, :

W, =2l Pl (2.19)
-G X X
W n, n
W, =Wyn, =—"—"+ S (2.20)
Wy =Wn.,, (2.20a)
YucIto eAMHUIL TEILIONEPEHOca K BO3AyXY B OJJHOM IIOTIEPEYHOM PSIy XOa:
k Fn
L, = (2.21)
" G,e,n,

rae Fi1, K, - HapyxHas MOBEpXHOCTh OJTHOTO TEINIOOOMEHHHUKA M KO3 hu-
LUEHT TEIUIONepeauu, PUBEACHHBIN K HEH, n, — YUCIIO MONEPEUYHbIX PSIIOB TPYO
B x01y ( B TeriooOMeHHUKe). Beruncnenusiit koadduimrent >pheKTuBHOCTH s
CUCTEMBI Ejy MO3BOJISIET ONPEACIUTh TEMIIEpaTypy Ha BbIXOJAE W3 OJ0Ka MPUTOY-
HBIX TETUIOOOMEHHUKOB I10 M3BECTHBIM HAaYaJIbHBIM TEMIIEpaTypam TEIUIOHOCHUTE-
nen
t,=0,+ Eo (tyl _tul): t,+ Euso (talcl _tnl) ) (2-22)
rae t,.; — TeMrepaTypa >KUIKOCTH Ha BXOJI€ B MPUTOYHBIN OJIOK.
TemnepaTypa >KMJIKOCTU Ha BBIXOJE M3 MPUTOYHOrO OJI0Ka TEII00OMEHHHU-

KOB:
t3102 = tJICl _(tHZ _tl-tl )/VO (2'23)
KonuuecTBo Tema, Mojay4eHHOrO U3 TEIIOCETH:
Qm = GnC@ (tn - tlzZ ) ' (224)
A>poIMHAMMYECKOE COIPOTUBJIEHUE TEIIO0OMEHHUKOB:
AP =1.62(v,,p,)" "'n.? | Ia. (2.25)
[MapaBIMYecKOe CONPOTUBIIEHUE TEII0O0OMEHHUKOB:
AP —C. w', Ia, (2.26)
rae C,., (ITa ¢® )/m* — kodpduuuent, onpeaenseMslii o Tabauue (MIpHUIo-

KEeHHUe 2), B 3aBUCMMOCTH OT BUJIa TPUMEHSIEMOTO TEIIIOHOCUTES.
3aTpathl 3JIEKTPOIHEPTUU Ha MOAAaYy BO3[yXa Yepe3 TEIJI00OMEHHUKH- Tel-
JOYTUIIN3aTOPBI:
I n
A4,=(N,,+N,)z,,——, kKBmu. (2.27)
206
r1e Ngu, Ng — 3aTpaThl MOIITHOCTH Ha MPUTOUYHYIO U BBITSIKHYIO BEHTUJISTOP-
Hble ycTaHOBKU 10 (1.25), n — uncno yacoB pabOThl CUCTEMBI TEIJIOYTUIM3ALUN B
CYTKH.
3aTpaThl MOIHOCTH HA MOJAa4y IPOMEKYTOUYHOTO TEIIOHOCUTEIIA:
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AP AP
N, :0.001(M+AP JG—”"‘,KBm, (2.28)

o "),

rie APy ;AP , AP,,— NOTEPU AABIECHUS B IPUTOUYHOM , BBITSDKHOM OJIOKax
U B TpyOOIpOBOJaX, #, —K.II.J. Hacoca.

3arpaThl 2JIEKTPOIHEPTUN Ha HACOCHYIO YCTAHOBKY:
A,.=N,z, N24, kBmu. (2.29)

HC - om

CTOMMOCTH HACOCHOU YCTAaHOBKMU:
K=Noe 11, (2.30)

rae [, — CTOMMOCTb OJHOTO KBm yCTaHOBIEHHOW MOIIIHOCTHA HACOCHOM yCTa-
HOBKH.

CroumocTh QJICKTPOOHCPIUHU, BanaquHOﬁ Ha IIoJa4dy BO3yXad U IIPOMCIKY-
TOYHOI'O TCIINIOHOCHUTCIIA YCPC3 TEINIOOOMEHHHKH

=4y + Ayl , (2.31)

rae 1],, — Tapud Ha SIEKTPOIHEPTHIO0, py6./KBmy .
CTOMMOCTh YTHIIN3UPOBAHHOM TEIJIOBOM YHEPTHUM 332 OTOMMUTEIBHBIN IEPUOI:

T5= Qo.nLims, (2.32)
rae 1], — Tapud Ha TEIIOBYIO SHEPTHUIO, pyo./I kan.
["on0BBIC TpUBEIEHHBIC 3aTPAThl HA YTUIU3AIHNIO TEIUIA:
3=a, K, + Oxn, py6./200, (2.33)

rne a, = 0.1- pacueTHblli KOA(DOUIMEHT aMOPTH3AIMN CYMMapHBIX Kamu-
TaJabHBIX K, BIOKEHUH B TEIUIOYTUIN3ALUOHHYIO YCTAHOBKY.

I"onoBoii s3KkoHOMUYECKH# D PeKT: 11= T»- 3, py6./200. (2.34)

CpoK OKyIaeMOCTH yYCTaHOBKH: T=K,/11, nem. (2.35)
CebecToOMMOCTh YTHITM3UPOBAHHOTO TEILIA:

Lyms=3/ Qo.n, pyo/T e (2.36)

2.2Metoauka pacuera TerioyTuin3aunoHHo yctanoBku CYIIT

Hcxoouwvie oannwvie:
[TpuHUMAaIOTCS aHAJTOTHYHO 11.1.2, KpoMe XapaKTepUCTHK TEITIO0OMEHHHKA
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Ilocnedoosamenvnocmo pacuema

1.IIpuanMaeTcs MaccoBasi CKOPOCTh BO3yXa BO ()POHTATHPHOM CEYCHHH TETI-
1006MEHHOTr0 6J10Ka B nipefenax vp=4 - 4,5 xe/u?c 1 onpejensercs ero BeJIMYuHa
F4p o pacxony G, HapyxHOro Bo3ayxa u 3aBucumocTH (1.15), npuHumaercs ot-
HOCUTEJIbHAS BIAXKHOCTh yJaIsieMoro Bo3ayxa ¢,=60%.

2. Onpenenstorcst Benuauubl W, , F,y., Z 1o popmynam (2.18), (2.1), (1.19).

3. Onpenensiercss 4ucio psSAOB TPYO MO riIyOMHE TEII00OMEHHOro OJoKa B
COOTBETCTBHH C JJAHHBIMH Ta0. 2.1.

Tabnuma 2.1
Benuuuna z Yucno psgoB Tpyo
1o rayoune (Nu'np)
Jo -5000 8
Ot —5000 mo- 26000 | 12
Csaimie - 26000 16

4. Ilo crnpaBOYHBIM JaHHBIM (IIPUIIOKEHUE 2) BBIOMPAETCS TUIIOPA3MEP H
KOJMYECTBO MapauIeIbHO W TOCJICIOBATEILHO YCTAHOBJICHHBIX YETHIPEXPSITHBIX
onmeramummyeckux kanopupepos KCk 4, obecneunBas Tpedyemyro Benuuuny kg,
0J10Ka, OTIPEeACISIIOTCS HapyKHasl TTOBEPXHOCTh TeIJIooOMeHa Fi1, KOIW4ecTBO XO-
JIOB TTPOMEKYTOYHOT'O TEIJIOHOCHUTENS X U J)KUBOE ceueHHUe xoja f,.;, OJHOro Tem-
JOOOMEHHUKA.

5. Omnpenenstorest BenuuuHbl G, , Wep, Wy, , Wy no ¢opmynam (2.18),
(2.19), (2.20), (2.20a).

6. Jlms xaxaoro MHTEpBajga HapY>KHBIX TEMIIEpaTyp, a TakkKe I CpeaHei
TEeMIIepaTypbl OTOMUTEIBHOTO MEPUO/Ia HAXOMATCS CPEIHUE TeMIEpaTyphl MOTO-
KOB BO3/lyXa B MPUTOYHOM U BBITSHKHOM TEIIOOOMEHHBIX Onokax 1o (1.14),
CpeAHss TemIeparypa >KUIKOCTU 1,.., OIperenseTcss Kak IMojlycyMMma COOTBET-
CTBYIOIIUX CPEIHUX TEMIIEpaTyp MOTOKOB BO3IyXa.

[To cipaBOYHBIM JTaHHBIM HAXOAATCS TEIUIO(GU3UYECKUE CBOMCTBA MOTOKOB
TEIJIOHOCUTENEN: KOA(h(DUIIMEHTH! TEMIONPOBOIHOCTH U BA3KOCTH, uncia [Ipana-
TJIS; TIPU 3TOM CPEIHSIS YACIbHAS TEIJIOEMKOCTh W 4ucio [Ipanaris mias obomx
MOTOKOB BO37yXa MOTYT OBITh TPHUHATHI TOCTOSHHBIMH W paBHbIMU ¢=1,007
kJ[x/(xr-K), Pr=0,705, remnodusnueckne CBONWCTBA >KUJIKOCTH MOCTOSHHBIMHU U
pPaBHBIMU UX 3HAUEHUSAM TPHU Ly cp.

7. PaccunThIBatOTCSl BEIMYUHBI CKOPOCTEN JNBUKECHUS TEIUIOHOCUTENEN B KU-
BBIX ceUeHUsax V, W 1o dopmyiam (1.22), (2.9).

8. I1o cipaBOYHBIM JTaHHBIM MMPUHUMAETCS TOJIIIMHA 3arPS3HCHUN CO CTOPO-
Hbl TIPOMEKYTOYHOTO TEIIOHOCUTENS (J,=0 ISl XMMOYHUIIICHHOW BOJBI W aHTH-
¢bpu3a), KOHTAKTHOE TEPMHUECKOE CONPOTUBIICHNE MEXIY BHEIIHECH U BHYTPCHHCH
Tpybamu GuMeTaMdecKoro termooomennuka R,=0.0002 (v2K)/Bm.

B cOOTBETCTBUMU C KOHCTPYKTHBHBIMH JTaHHBIMH Ha puc. 2.3 K03 GUIIHCHT
opeOpenus y,,—13, BHyTpeHHUit quameTp Tpyoku Uy, = 13.6 rm, HapyxHsiii d,=18
mm, quametp pedbpa D,=39 mm, Tommuna pedpa §,=0.5 mm ,1mar pa3memieHus pe-
oep t=2.8 mm, KOdPPUITUEHT TEIIONPOBOIHOCTH aMtOMUHUA Aa= 170 Bm/(mK)
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paccuuThIBatOTCS BenuuuHbl Re,, o, m, E,, a,, 1o dopmynam (2.6), (2.4), (2.3),
(2.2), (2.5).

9. OmpenenstoTcss BENUYHHBI Rew, ow, K, Ny, 1o dopmynam (2.8), (2.7),
(2.10), (2.21).

10. PaccunteiBatoTcsi BeMUUUHBl  Egpp , Egrx, Eserx, Eser, Eer 0 popMynam
(2.12), (2.13), (2.14), (2.15), (2.16), paccunTtbiBaroTCs KOIPPHUIHUCHTHI 3HPEKTHB-
HOCTU E40, Eygo, Eo TPUTOUHBIX, BBITSKHBIX TEINIOOOMEHHUKOB U CUCTEMBI B Ii€-
aoM o ¢opmyinam (2.17), (2.11). Ilpunumaercs E,o= Ejq. Koappuuuent &,
onpezensiercs no pekomengauusmM [ 1,c. 193].

11. Jlnsa kaxk1oro HHTEpBajia TEMIEPATyp PACCUUTHIBAIOTCS BETUIHHBI {2, Q;,
Qo.n., Qm mo popmynam (2.22), (1.26), (1.27), (2.24

12. PaccuutsiBarorcss BenuuuHbl AP, AP, AP,., AP,, 1o dopmyram
(2.25), (2.26).

13. IlpunuMas k.mm.a. Bentuisaropa 7, =0.75, k.o.4. Hacoca #, =0.8, K.1.4. Me-
XaHU4ecKkou nepenauu #,=0.9 paccunTeiBaroTCAa BENUYUHBL Ny , Ny Ny Aoy Aoe
o ¢popmynam (1.25), (2.27), (2.28), (2.29).

14. BoeisicusaroTcst Tapudsl Ha 3JeKTpo- U TerodHepruto (I[lo MupoBbM 1ieHaM
1],,=2,50 pyo6/xkBmu, l],,,= 800 py6/['kan ), onpenenstorcs BEIUYUHbI J,, T, 10
(2.31), (2.32).).

Pe3ynbTaThl TEMJIOTEXHUYECKOTO pacuera CBOASATCS B TaOiuily (cm. Tad.
1.3).

15. Ilpunumaercs L],=360 py6./kBm 1 paccuynThIBa€TCs CTOUMOCTh HACOCHOM
ycTtaHoBkU K, 1o (2.33), a mo mAaHHBIM TaOauIbl (MIPUIOKEHHE 2) BBIOUpaeTCs
CTOMMOCTb OJIHOTO Kajopudepa, pyo., U onpeAessieTcss ux o01asi CTOUMOCTb.

16. Ilo cipaBoYHBIM AaHHBIM [4] mOOMpaeTCsl BEHTUIISTOP BBITSHKHOM ycTa-
HOBKM THna BI[14- 46 Ha paccunTaHHbIE NMPOU3BOAMUTENBHOCTh U JABIICHHUE, U
HaXOJMTCS €r0 CTOMMOCTH 1O TadJ1. (MpuitokeHue 3).

17. OnpenensitoTcsi CcyMMapHbI€ KaluTajlbHbIE 3aTpaThl HA BEHTUISITOP U TeT-
JT0OOMEHHHUKHM T10 TaOJIMIlaM, HA HAaCOCHYIO YCTaHOBKY 1o 3aBucuMoctH (2.30), mo
(2.33), (2.34), (2.35), (2.36) pacCUMTBHIBAIOTCS CyMMapHbIE KaluTaJIbHbIE 3aTPaThl
Ha HACOCHYIO YCTAHOBKY, BEHTWJIATOP M TEIUIOOOMEHHHKH IO CIPAaBOYHBIM JIaH-
HBIM, TOJIOBbIC TIPUBEACHHBIC 3aTPaThl HA YTWJIM3AIMIO TeIia 3, TO0BOM 2KOHO-
muyeckuii ¢ dext I, cpok okymaemoctu yctaHOBKH T, c€0€CTOUMOCTD YTUITU3H-
poBaHHOTO Terma L.

2.3. IIpumep pacuera

HcxoaHsle maHHble

e PaiioH npoektupoBanus r. bapHayn;

e Temmnepatypa ygaisemoro Bozayxa ty = 24°C;

e Pacxon nputo4Horo u ynansemoro Bozayxa G, = Gy = 32000 kr/u;
e Yuco yacoB paboOThl CUCTEMbI TEIJIOYTHIIM3ALMU B CYTKU N = 8 u;
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e XapaKTepucTHKa TEIMIOOOMEHHHUKA: 4YeTbIpexpsanubiii kamopudep KCk-4 u3
OMMeTaNInYECKUX TPyO

o Jlns ropona baphayna npoaoKUTEIBHOCTh OTOMMTENBHOTO IEPUOJia COCTAB-
asiet 218,75 cyTok, cpenHss TeMIeparypa OTONUTEeNbHOro mepuoga - 8,8°C,
IPOAOKUTEIBHOCTD CTOSIHUSL TEMIIEPATYP B Ka)KJIOM UHTEpPBAJIE:

ct% -45|-40(-35|-30|-25|-20|-15|-10| -5 | O 8

t,u| 1 | 11 | 40 |118|245|377|638|830|860|1010 (1120

1. TlpwHEMaeM MacCOBYIO CKOPOCTh BO3AyXa BO (DpOHTAILHOM CEUCHUH TEILIO-
0OMeHHOrO0 61oKa vp = 4,5 Kr/(M*-¢) u onpenensieM Benudauny Fy, 1o (1.15):
op = 32000 _ 1,98 M2,
3600-4,5
2. Ompenensem Wy, Fy. mo popmynam (2.18), (2.1), (1.19):

Wo= 0,55 + 0.4-1 — 0,006(60 — 30) = 0,77:
Face = 0,352 = 0,7 M.

Z = tyept=-8,8218,75-24 = - 46200 rpan-u

w

OrmpenernsieM 4iciao TpyO Mo riryOrHe Terioo0MeHHoro 010ka (N, Ny) = 16.
4. TlpunumaeMm OumeTaindeckuil yeTbipexpsannbiii kagopudep KCk4 Nel2
KonnuecTBo Teni000MeHHUKOB 10 (PpoHTY Ngp=1
KonnuecTBo Tem1000MEHHUKOB 10 TiyOuHe Ny,=4
IToBEpXHOCTH TEMIOOOMEHA F1=166,2 m?
JKusoe ceuenune Tpyo OJHOTO X012 TemI000MeHHuKa fix = 0,0051 M2
[Tnomane ¢pponTansHOro ceuenus Fgp = 2,49 M2
Yucno X010B MPOMEKYTOUHOTO TETIOHOCUTENA X = 4
Yucno TpyO B mONEPEYHOM pAAY Ny, = 9 mT.
O6miee uncio Tpyo N = 144 mir.
Ko>pULMEeHT ruapaBIndecKoro ConpoTUBIIEHNS ¢, = 734,50 KIla-c?/m*
Croumocts 22800 py0.
5. Omnpenensiem BenuurHbl Gy, Wi, Wi, 10 popmynam (2.18), (2.19), (2.20):
8,889-1,007
x = —0’77.4’19 = 2,774 kr/c;

Wy = 254 =077,

W1, =0,77-4 =3,08.
6. Jlng kaxaoro MHTEpBaJIa HAPY)KHBIX TEMIIepaTyp, a TaKXKe JJIs1 CPEIHEH TeM-
nepaTypbl OTOMUTEIHLHOTO TEPHOIa HAXOMATCS CPEAHHE TeMITepaTyphbl MOTO-
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KOB BO3/lyXa B IPUTOYHOM U BBITSDKHOM TEeTUIOOOMEHHBIX Ookax 1o (1.14) u
CpEeIHssl TEMIIEpPaTypa KUIKOCTH tycp OMpPEnEsieTcs: Kak MoJlyCyMMa COOTBET-
CTBYIOIIMX CPEIHUX TeMIEepaTyp MOTOKOB Bo3yXa. [lo cripaBoYHbIM TaHHBIM
HAXOJATCA TeriopU3nuUecKue CBOMCTBA MOTOKOB TEIJIOHOCUTENEH, Termiodu-
3UYECKUE CBOMCTBA )KUJIKOCTH MPH tyep. U1 CpeiHel TeMnepaTypbl HApyKHO-
IO BO3/lyXa 32 OTONMUTEIbHBINA MEPUO]T
tup = 0,75:(-8,8) +0,25-:24 = -0,6°C;
tyep = 0,25:(-8,8) + 0,75-24 = 3,8°C;
txep = (-0,6+3,8)/2 = 1,6°C.
7. PaccuuThIBalOTCSA BEIUYUHBI CKOPOCTEU JBUXKEHHUS TEILIOHOCUTENEH B JKUBBIX
CEUEHMSIX: /ISl HAPYKHOT'O BO3/1yXa Vyep U Oy 10 opmynaM (1.22) u (2.9)
Viep =32000/(3600*1,26*0,7)=7,349 m/c
Ox= T 0,136 m.
999,4-0,00511-4

8. PaccumtbiBaeM BeanuuHbl Rey, o, M, Ep, onp 0 popmynam (2.6), (2.4), (2.3),
(2.2), (2.5):

7.349-0,0028
11.248-10° — 182942,

18) -0, 54[ 10, 5} -0,14

€s =

22181072

— 0,65 04 — 2.0(.
Oy = 0,0028 1829,42°°°0,721 64,204 Bt/m“-°C;

2,8 2,8

2:64,204 \0:° _
‘[170-0,0005] = 38,868,

e38,868'0,0105 _ 6738,8680,0105 1
e38,868'0,0105 + ef38,868~0,0105 38 8680,0105

0,8 0,05
O = 64,204 ( 0,9479 + —j 61,059 Br/m?>-°C.

0,85 0,85
9. OmpenenstoTcs BEMHUUHBI Rey, 0, K, Nyip mo dopmynam (2.8), (2.7), (2.10),
(2.21):

0 23(

E, = = 0,9479;

0,136:0,0136 _ |
Rex = 789-105 = 1033.9;
=090 113.1033.99813,594 — 784,164 Br/a?-°C:
=0,0136
1
k = 1 = 27,508 Bt/m>°C;
61,050 + (784,164 ¥ O’OOOZJB
2750816621
Neip =g 889-1007-4 - 0:1277.

10.PaccuuteiBatotcsi BenMuuHBl Egip, Egsix, Exix, Exi, Esi 1o  dopmynam
(2.12)...(2.16), , Eygo, Eo mo (2.17) 1 (2.11):

-0,1277-3,08 _

1
Euip=1- exp( 308 ) =0,1002;

le =1-(1— 0,1002)* = 0,3445;
Exx = 0,3445:0,77 = 0,2652;
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E,q =1— (1-0,2652)* = 0,7085:
0,7085

Es = W =0,23;
Euo = 1 — (1 — 0,23)" = 0,6485;
Eo=" L 11625=05024.
0,6485 077

[Tpunumaem (p = 1,1625.

11.JI514 KakI0TO MHTEpBaJla TEMIIEPATYphbl HAPYKHOTO BO3AyXa 3a OTOMUTEIbHBIN
MePUOJ] PACCUYUThIBaeM BEIUUYUHBI tp, Qi, Qon, Qm 1o dopmynam (2.22), (1.26),
(1.27), (2.24). {ns unTepsana —45°C:

tn = -45,0 + 0,5024(24 — (-45,0)) = - 10,3°C;
Qi = 0,5024(24 — (-45))32000-1,007-10°-1-8/24 = 0,372 I'JI;
Qon = 871,87 I'1x;
Qmi = 32000-1,007*%10°(24 — (-10,33)*1*8/24 = 0,31 Tk .
12.PaccuuThIBaIOTCA a’pOJAMHAMHYECKOE COTPOTUBJICHUE TEIIIO0OMEHHUKOB APy,
TUIPABINYECKOE COMPOTUBIICHUE TEINIO0OMEHHUKOB APy 1o popmynam (2.25)
u (2.26):
AP, =1,62:(7,349-1,44)17-412 = 471,795 Tla;
AP, = 734,50-0,1362 = 13,6 KI]a.

13.ITpunumas K.I1.JI. Bentunsitopa 1 = 0,75, Hacoca Ny = 0,8, 35eKTpoABUTATENS
Noms = 0,85, MexaHnueckon nepenadu 1, = 0,9 paccunThIBarOTCs 3aTpaThl BEIU-
quHbI Ng, Ny, As, Ax 10 Gopmynam (1.25), (2.28), (2.27), (2.29):

471,795-8,889
N, = 0,001 1.440.7509 ~ 4,315 kBr;
2,7744
Ny = 0,001(2-13585,5 + 0,2 )1000-0,8: 0,7878 xBT;
A, =2-4315-1-8/(24-0,85) = 3,38 kBT1u;
Ax=0,7878-1-8/24 = 0,263 kBTu.

14. YyuutsiBas Tapudbl Ha 1eKTpo- U TerwtodHepruto (1., = 2,50 py6/kBty; L, =
800 py6/I'kan), ompenensiercsi CTOUMOCTh JJIEKTPOIHEPTUHU, 3aTPAauy€HHOW Ha
Mo/Iauy BO3/AyXa U MPOMEKYTOYHOTO TEIJIOHOCUTENSI Yepe3 TEII00OMEHHUKU
Dy, CTOUMOCTD YTUIN3UPOBAHHOMN TEMIOBOM YHEPTUH 3a OTONMUTENBHBIN EPUOT
T, mo ¢hopmynam:

3, =(19883,18 + 1379,56)-2,50 = 53156,85 pyO0.;
T,=871,87-800/4,19 = 166473 py0.
PesynbpTaThl pacyeToB CBOASTCS B TAOIUITY.
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Tabmuma 3
Pesynbprarsl Temiotexanyeckoro pacuera cucreMbl CYIIT

ty, °C | -45 |-40|-35|-30|-25| -20 | -15 | -10 | -5 0 8
T, 4 1 |11 |40 (118|245| 377 | 638 | 830 | 860 |1010|1120
tw2,°C (-10,3|-7,9|-5,4]-29|-0,3| 2,32 | 49 | 7,44 19,96 | 12,4 | 16,4

%_I}K 0,37 |38 |12,7|34,3| 65 | 90,4 | 136 | 156 | 138 |134,9|100,5

IQE;K 0,3713,812,6(34,1| 64 | 87,8 | 131 | 149 |129,7|125,4| 92,0
Ag,
kBT1u
A}K,
kBTu

3,4 |37,8/140 (418 |880| 1374 | 2357 | 3110 | 3267 | 3889 | 4406

0,26 |2,89(10,5| 31 | 64 | 99,0 |167,6| 219 | 226 |265,4|294,5

> Ap=19883,18 kBtu
> Ay =1379,56 xBtu
S Qon = 871,872 I'Ix

15.1Tpunumaercs Iy = 360 pyO/kBT u paccuuThiBaeTCs CTOMMOCTH HACOCHOM
yctaHoBku Ky, BBIOMpaeTcsi CTOMMOCTh OAHOTO Kajopudepa U onpeaersieTcs
o011ast CTOMMOCTb.
K =0,78901-360 = 284,04 py®.
Croumocts kanmopudepa 22800 py0.
16.ITo cripaBOYHBIM TaHHBIM NMPUHUMACTCS BEHTUJISATOP BBITSDKHON YCTAaHOBKH TH-
na BI[14 — 46 Ne4 ¢ momHocThIO ABurarens 4-5,5 kBT, u ero croumocts 7555
pyo.
17.0npenensroTcss CyMMapHbIe KalMTAJIbHBIC 3aTpaThl HA HACOCHYIO YCTAHOBKY,
BCHTWJISATOP M TEIUIOOOMEHHHWKH I10 CIIPaBOYHBIM JaHHBIM, MO (QopMyiam
(2.30), (2.33), (2.34), (2.35), (2.36) paccUnTHIBAIOTCSI TOAOBBIC MTPUBEIICHHBIC
3aTpaThl HA YTHIM3ALMIO TeIia 3, TrofoBoi 3koHoMuYeckuii sddekT I, cpok
OKYITa€MOCTH YCTaHOBKH T, ce0€CTOUMOCTb YTHIIM3UPOBAHHOTO Teruta [y

3=0,1-42155,04 + 53156,85 = 57372,35 py6/rox;
K, = Ky + Ki + Kp = 284,04 + 22800 + 2:7555 = 42155,04 py6;
T1="72 829,38 — 57372,35 = 15457,03 py6/rox;
T =42155,04/15457,03 = 2,727 et
L = 57372,35/ 871,872 = 65,80 py6/T'[k.
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3. CucremMa HCIAPUTETBHOTO OXJIAKICHUS
NPUTOYHOT0 BEHTHJISIMHOHHOTO BO3yXa

3.1 TGOpeTHIIeCKI/Ie OCHOBBI U PAaCUCTHBIC 3aBUCHUMOCTH

[TpyHIMIT AEHCTBUS MCIAPUTENBHOTO OXJIAXKIACHHUSI OCHOBaH Ha TOM (pakTe,
YTO HEHACBIIIEHHBIN BIAarod BO31yX 00jazaeT coCOOHOCTHhIO BOCIPHUHSATH OIpe-
JICIIEHHOE KOJIMYECTBO BOJSHOTO Mapa, o0ecreunBasi TEM CaMbIM OXJIaXICHUE B3a-
MMOJICHCTBYIOIIEN C HUM BOJBI 3a CUET OTBEAECHUs TEIUIOTHI HcnapeHus. Teoperu-
YECKHUM IPEJIEIIOM OXJIAKICHUS ABIISIETCA TEMIIEpAaTypa MOKPOIo TEPMOMETpPA BO3-
nyxa. Takum o0pa3oM, OXJIaXKIAEHHOW B TpaJHMpHE BOJOM MOXHO OXJIAJIUTh
HapYKHBIA MPUTOUHBIN BO31yX. [IpenMyiiecTBOM Takoro crnocoda sBisieTcs Mmpo-
CTOTa CXEMBbI U COOTBETCTBEHHO HU3Kasi CTOMMOCTb IO CPABHEHUIO C “‘MallMHHBIM
” OXJIQXKJIEHUEM, HEJAOCTAaTKOM — HeOoJbllas TiyOnuHa MOHMKEHUS TeMIIepaTyphbl
BO3/yXa.

[IpyHIMNIManbHAsA cXeMa UCHAPUTEIBHOTO OXJIAKIAEHUS IPUTOYHOIO BO3AyXa
IIpUBEEHA Ha puc. 6.

N

Puc.6 [IpuHnunuanpHas cxeMa UCIApUTENBHOIO OXJIaKIEHUS IIPUTOYHOTO BO3yXa!
1-noBepXHOCTHBIN TEMII00OMEHHUK, 2- BEHTWISTOPHAS TPalupHs

JlanHast cxema IpeaCcTaBisieT cOOOM CUCTEMY KOCBEHHOTO HMCIApUTENIbHOTO
OXJIQXKJICHUS BO3/lyXa, B KOTOPOI BOJA OXJIAKJAETCS HAPYKHBIM BO3IyXOM B Ipa-
JUpHE 2, a 3aTeéM HacoCOM TOJaeTcd B TOBEPXHOCTHBIA TEMIO0OOMEHHUK-
BO3/IyX0OXJIAJUTENb, B KAUECTBE KOTOPOIO MCIOJIb3yeTCsl OJOK MPUTOYHBIX TEM-
JOOOMEHHUKOB CHUCTEMbl YTWJIM3ALMK C TPOMEXKYTOUYHBIM TEIJIOHOCUTEJIEM
(CVIIT). ITpouecchl oxJaxaeHUs BOAbI B TPaJUPHE U BO3/1yXa B TEIJIOOOMEHHUKE
Ha h-d nuarpamme mokasaHbl Ha puc.7.
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h

L5 P=100%
ez

tac

h,

Puc.7 Ipomeccel oxymaxaeHus mpuTo4HOro Bo3ayxa (1-2) u Bozsl (3-4) Ha h-d auarpamme:
tun —TEeMIepaTypa Hapy>KHOT'O BO3/1yXa 10 MOKPOMY TEPMOMETPY, Lyc2, tyes- TEMIIEpATYpa BOABI
Ha BXOJI€ U BBIX0JI€ U3 MOBEPXHOCTHOTO TETNIOOOMEHHHKA

JIns TEIIoTEXHUYECKOro0 pacdera JAaHHOW CUCTEMBI HCIIAPUTENIBHOIO OXJIa-
XKICHUS HEoOXOIMMO pacroyiaraTb 3aBHCHUMOCTBIO, BKJIIOYArOUIEH B ce0s KOH-
CTPYKTHBHBIE U TEIJIOTEXHUYECKHUE XapAKTEPUCTUKH TEIJIOMACCOOOMEHHBIX arla-
paToB, a TAKXKE PEKUMHBIE MTAPAMETPBI UX PaOOTHI.

JIns rpaapHU OCHOBHBIMHU PEKHMHBIMH ITAPAMETPAMU SIBIISIIOTCS MAaCCOBBIE
CKOPOCTH BO311yXa (¢ X BOABI (w B TPAJUPHE:

qe.epzve.ep 'pf;:Ge.ep/ Fop ) (3 1)

Qw=G./ Fop. (3.2)
rne Gq.p , G, — MaccoBble pacxo/pl HApY>KHOT'O BO3AyXa U BOJABI Uepe3 Ipa-
TUpHIO, F,,- PpoHTaNBHAS —IIJIOLIAAb OPOCUTENS TPAAUPHU, Ve .p, Ps — JTUHEHHAS
CKOPOCTb M IJIOTHOCTh BO3/TyXa.
B TemnorexHMUecKux pacdeTrax rpaaupeH OOBIYHO HCIIOIB3YIOT BEIUYHUHY
OTHOCHTEJIHFHOTO pacxo/ia BO3IyXa:

j~3=G‘62p/G9fc (33)

r7e an, b — KO3 PHUIMEHTDI, pacCUUTHIBAEMbIC IS pad0dero (yCIOBHO JIH-
HEWHOI0) y4acTKa JIMHUU paBHOBecHs ¢p=1.0 .

KomMmrinekcHON XapakTEepUCTUKOM, OMPEENSIIONIEH TerIoMaccooOMeH B Opo-
CUTENE TPagupHU, SBISIETCA YHUCIO E€AUHUIl MOJIHOIO TeIionepeHoca (IHTalb-
AW )OT BOABI K BO3IYXY:

N,, =AZ""h,, (3.4)
rae A,m — KodpPUIUEHTHI, XapaKTePU3YIOIIHe TeIIIOMacCOOOMEH B OPOCHUTE-
Jie OTpeIeNICHHOW KOHCTPYKIHH, h,, — BBICOTa OpOCHTEIIS.
JIJ1st IPOTUBOTOYHOM CXEMBI JIBMIKEHHUS BOJBI U BO3JyXa B OPOCHUTENE Tpa-
TUpHU KOADPUIMEHT IHTATBIHITHON 3P HEKTUBHOCTH TPATUPHH CBA3aH C BEIHYH-
HOU Nh,:
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E = hZ "_ hnl _ 1- eXp(Nhebh/le /cwc — Nhg) (35)

i h —h - l_bhﬂ’a /COIC eXp(Nhgbh//{’a /CJIC _Nhg) ’

orcl nl

rae h,;,h2 — sHTanBENMU BO3yXa Ha BXOJIE M BBIXOJIC M3 TPaJupHH, Dh — KO3)-
(bUIMEHT, paCCUMTHIBAEMBIX I padodero (yCIOBHO JMHEHHOTO) ydacTKa JIMHHUH
paBHOBecusi p=1.0, C,—ynelibHasi TEIMJIOEMKOCTb KUJIKOCTH, A/ -3HTAJBINS HACHI-

IIIEHHOT'O BO3yXa HaJl IOBEPXHOCTHIO BOABI P TEMITEPATypE i,
[IpeneOperass moTepssMH TEIJIa B CUCTEME TEIJIOBBIC Harpy3KH alllapaTtoB U
CHUCTEMBI B II€JIOM MOT'YT OBbITh BBIpaXKE€HbI OAIAHCOBBIMU YPABHEHHUSMH.
TenmoBo#t motok Q, OTBEJACHHBIN B IpaUpHE OT OXJIAXKIAEMOM BOJIBI, OIpe-
JesieTCs YpaBHCHUEM:

QX: Esze.ep(h Hofcl'hnl) ) (36)

- OTBEJECHHBIM OT BO3JyXa B MOBEPXHOCTHOM TEIIOOOMEHHUKE- BO3yXO-
oXJIaJuTeNe HAPYKHOTO BO3/IyXa:
QX=EHGHC6(t31'tWZ) ) (37)
rae E,, G,, ¢s - xo3hdunueHT 3pPeKTUBHOCTH TETUIOOOMEHHHMKA- BO3TyXO-
OXJIQJUTENs, PACX0/l HApY>KHOTO BO3/1yXa U €ro yielbHas TeIIOEMKOCTD,
- TIOJIBEJICHHBINA K IUPKYIUPYIOIIEH BOJIE B TIOBEPXHOCTHOM TEIJI0OOOMEHHU-
Ke:
QX:GJICCJIC (tDIC]-tJICZ) (38)

rae— pacxoa G, ,Cy — PacXo/ U y/elbHas TeII0EMKOCTh BOIBI.
N3 ypaBuenutii (3.6)-(3.8) cinenyert:

ol G.c Ec, G

¢ = Eest.zp(h.;:c _hnl)( Coe _ GH ] (39)
1o onc

B JaHHOC YPAaBHCHHUC BXOIAT ABC HCU3BCCTHLIC M3 MCXOAHBIX NAHHBIX BCJIH-
YKWHBI, @ UMCHHO TCMIICPpATypPa BOAbI Ha BBIXOAC N3 BO3AYXOOXJIAAUTCIIA t,c; ¥ DH-
TaJIbIINA HACBIIICHHOI'O BO3AYXa IIPH TOM TCMIICPATYPC h’;;c, KOTOPBIC CBA3aHbI

MEXTy COO0M COOTHOIIICHUEM

14

h, =a,+bt

5 Lo s (3.10)

rae an, bn — xoaddunmeHThI, paccunThiBaeMble ISl pabodero (yCJIOBHO JIH-
HEWHOI0) y4acTKa JIMHUU paBHOBecHs ¢p=1.0 .

Koaddurment:

bh=(1"sc1 = h"se2 ) (tertoe2), (3.11)

rae s, tex — TeMIepaTypHble TPaHUIlBl paboyvero y4acTka JMHUUA PaBHOBE-
cusl.

[IpyHrMas COOTHOLICHWE YAECIbHBIX TEIUIOEMKOCTEM BOJBI M BO3IyXa
Cx/Cs=4 M BBOJS B 3aBUCHMOCTS (3.9) BENMUMHY A4 ,IPUXONM K BBIPAKCHUIO

E +bt  —h 4G
o~ = 2 (% c’”’“ ””[Egp—zgj. (3.12)

oHc
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E (4G,
OO003HauUMM KOMITIEKC 4, = —2 (E—Gp —~ 28] (3.13)
CDIC H H

H BbIPA3HUM HUCKOMYIO TCMIICPATYPY BOJbI HA BXOJC B I'paAHUPHIO Ll

tJIC] = tHl — Al (ah — hHl) (3.14)
Ab, +1
TermoBoM NOTOK B rpaavupHC IIPU SHTAJIIBIINHA HAPYKHOI'O BO3yXa hH]
QXZEepGe.ep (h "DfC]_hH]) y (315)

a KOJIMYCCTBO XOJOJ4, BBIpa60TaHHOFO 3da IIPOAOJIDKUTCIIBHOCTE IICPHOJAA Tj
JaHHOI'O COCTOAHUA HAPYKHOI'O BO3aYyXaA,
Qxi= Qx i . (3.16)
Temmeparypa BO3lyXa Ha BBIXOJAE U3 TEILIOOOMEHHUKA — OXJIAAUTENA t,, U
TEMIIEpaTypa BOJBI Ha BBIXOJIE U3 TPATUPHU {ye2:

tH2=tH1 - Qx/(GH Cs); (317)

o=t - Qx/(Ggfc Cg,c) . (318)

3.2 MGTOIII/IKa pacducTa CUCTCMBI UCITAPUTCIIBHOI'O OXJIAXKIACHUA

1. [lpunumaercs TemriepaTypa MPUTOYHOTO BO3JlyXa B JIETHUW MEPUO]
tnpztyx-3OC M OTHOCHTEJIbHASI BIAYKHOCTH ,,—60%, 1o h-d auarpamme mim no taod-
JMIAM HAXOJUTCS SHTAIBIIHS MPUTOYHOTO BO3AyXxa h,, , 3aTeM 1O CIPaBOYHBIM
JTAHHBIM YCTaHABIIMBAIOTCS MIPOIOJKATEILHOCTH TIEPUOIOB MPEBBIIICHUS YHTAb-
MUY HAPY)KHOTO BO3TyXa HAJ SHTAIBITHEH MPUTOYHOTO BO3IyXa.

2. [IpuHUMAaeTCsT peKOMEHTyeMasl TUIOTHOCTh OPOIICHUS JIJIST BEHTHUIISITOPHBIX
rpagupeH B npenenax Oy = 1.2 — 1.8 ke/(m?c), a 3atem 1o (3.2) onpenensercs mio-
maas opocutens F,,, npuHuMas pacxon xxuakoctu G,. paBHBIM pacxoay Ipu pac-
YETE CUCTEMBI C TPOMEKYTOUHBIM TETUIOHOCUTEIIEM.

3. [IpuHKrMaeTcs CKOPOCTh BO3yXa B OpocuTene Vq,,=2.2 — 2.4 m/c, onpene-
JsieTCsl TUIOTHOCTh Hapy’»KHOTO BO31yXa, 3areM 110 (3.1), (3.3) Haxonsarcs Qe Gq.op ,
As.

4. Tlo cripaBOYHBIM JTAHHBIM B COOTBETCTBUU C 33JJaHHBIM THIIOM OPOCHUTEIIS
HAXOMAATCS BEIUUUHBI A, m, h,, 1 paccunTbiBaeTcst Yucio Ny 1o (3.4).

5. TlpuHMMaeTCs OPUEHTUPOBOYHO TPEBHIIIICHUE TEMIIEPATypPbl BOIBI HaJ
TEMIIEpaTypoil MOKpPOTO TEpMOMETpa HapyXHOro Bo3zayxa t,,; B Tpemenax
teo=tuns+3, b=t 1+6°C u paccuntsiBaroTes mo h-d-guarpamme wim mo tabnumamM
COCTOSIHHSI BIIQ)KHOT'O BO3/yXa BEeJTHMUYHMHEI Dy, an, a 3atem E., mo ¢popmynam (3.11),
(3.10), (3.5).

6. Ilo ypaBaenusm (3.13) u (3.14) onpenensieTcss TemnepaTrypa BOJbI Ha BXO-
1€ B TPAIUPHIO t,.; JJIT paCUETHOTO COCTOSIHUS HAPY)KHOTO BO3/yXa, JJIS 3TOTO KE
nepuoza onpeaessroTes BemauHbl Qx, Qxi, 2, L2 1o (3.15)- (3.18).

7. YTOYHSIOTCS BEJIMYMHBI an U Dp, U MPU pacXx0okICHUU ¢ PaHee HMPUHATHIMH
6omnee 5% m.5- 6 pacdeT MOBTOPSIETCS.
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8. JIns BcexX MepuoIOB COCTOSIHUSI HAPYKHOTO BO3IyXa C MpeBbImeHneM N,

HalJg SHTAJIbIIUEH IIPUTOYHOI'0 BO3yXa IMOBTOPAKOTCA PACUYCTHI 110 II. 5- 6.

9. CocraBnsercs Ta6JII/IHa IMOJIYYCHHBIX PC3YJILTATOB pa6OTBI CHCTCMBI HCIIa-

PHUTCIIBHOI'O OXJIAKIACHUA].

3.3 Ilpumep pacuera
JUTS TIEPBOTO MHTEpBaa sHTaIbIuH (ty = + 22,5°C, ¢0,=60%)

. IIpuHrMaeM Temneparypy NpUTOYHOTO BO3/1yXa

tp, =24 -3 =21°C.
[To cipaBOYHBIM TaHHBIM [4] IPUHUMAEM MPEBBILICHUE SHTAIBIUU HAPYHKHOTO
BO3/yXa HaJl SHTAJIbINUEN NPUTOYHOTO Bo3yXa |y, = 45,31 kJx/Kr.

. I[IppyanMaeM peKOMEHIyeMYyIO INIOTHOCTh OPOIICHUS I BEHTHIATOPHBIX Tpa-
aupeH Qy = 1,5 kr/(M%c), a 3atem o gpopmyie (3.2) onpeaenseM IWIOMAnb Opo-
cutens Fop:

= 277

Fop =1,85 M2

. IIpuHMMaeM CKOpPOCTh BO34yXa B OPOCHUTENE Vi op = 2,3 M/C, ONIPEAEIAEM IIJIOT-
HOCTB BO3]lyXa, 3aTeM 1o ¢popmyinam (3.1), (3.3) Haxogum Ggp U As!
Oo.rp = 2,3-1,185 = 2,726 xr/(c-Mm?),
Gerp =2,726-1,85 = 5,042 xr/c=18150 kr/u.
5,042
Ae = 2774~ 1,817
. Ilo cipaBOYHBIM JAaHHBIM B COOTBETCTBUU C 3aIaHHBIM THIIOM OPOCHUTEJS TIPH-
HuMaeMm BemmuuHbl A = 0,479 Mm%, hy, = 2,9 M, m = 0,996 u paccuuThIBaeM
yucio eauuut] N, o popmysie (3.4):
Nps = 0,479-1,817°%%1.2 9 = 1,386
. OpueHTHPOBOYHO IPUHUMAEM TPEBHIIIICHUE TEMITepaTyphbl BOABI HaJ TEMIIEpa-
TYpOll MOKpPOrO TEPMOMETpPA HAPYXKHOTO Bo3ayxa tys B mpenenax ty =
19,90°C, tx; = 18,10°C u paccuuthiBaeM 1o h—d aumarpamMme BETWIHHBI Dy, an, a
3areM omnpeaenseM E, no popmynam (3.11), (3.10), (3.5):
bn = 4’1%%366_2 18?12(’)27) = 3,1425 KJIx/(xrK)
an=4,19-13,62 —3,1425-19,90 = -5,4680 K/[x/xr

B 1 —exp(1,386-3,1425-1,817/4,19 —1,386) a
T 1-3,1425-1,817/4,19-exp(1,386-3,1425-1,817/4,19 — 1,386)
. Ilo ypaBaenusim (3.13) u (3.14) onpenensiem Temneparypy Uyi; TEIIOBON MOTOK
Qx IIpH SHTANBIINK HAPYKHOTO BO3AyXa Nyi, KonmdecTtBo xomoaa Qyi, Temrepa-
TYpY tiwx 1 TEMIIEpaTypy tyo Mo popmynam (3.15) — (3.18):

0,5213( 45,042 j |
A1="119 10.5219-8.889 1’817] =0,3365;

E 0,52
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_22,52-0,3365 (-5,4680 ~ 48,95) .
0.33653.1425 + 1 =19,85°C;
Qx = 0,52-5,042+(4,19-13,57 — 48,95) = 20,79 KB;

Qxi = 20,79-224 = 4656 KBru;
20,79

k1

—_ == ¥ 0.
tH2 - 22,5 - 8,889'1,007 - 20,2 C,
_ _ 20,19 _ .00
t)1(2 - 19,85 - 2’774.4’19 - 18,1 C.

7. YTOYHSIOTCS BEIIMYMHBI an U Dp, ¥ IPH pacXOXkIEHUH C paHee MPUHSATHIMU 00-

nee 5% pacyeT myHKTaM 5—6 OBTOPSIETCSI.
_4,19(13,57 - 12,23)

bh=""7985 1806 - >4
an = 4.19-13,57 —3.14-19,85 = -5,468
3,14—31425
Ab =>=22222100 = 0,08%
5,468 — (-5,4680)
2 1002 0,22%

CocraBnsiem CBOOHYIO Ta6JII/IHy pa6OTBI CUCTCMBbI HCIIAPUTCIIbHOT'O OXJIaXKIC-
HUA.
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Tabmumna 4

PC3y.TII>TaTI>I TCINIOTCXHUYCCKOI'O pacdycTa CUCTEMBbI UCIIAPHUTCIIBHOI'O OXJIAXKACHU A

hHll

kJx/ | 48,9 | 51,9 55 58,6 62,4 | 659 | 695 73
KT

T, 4 224 156 141 86 55 28 4 5
ta, °C | 22,5 | 23,56 | 24,72 | 26,00 | 27,08 | 28,36 | 29,40 | 30,40
tw1, °C | 17,5 | 18,36 | 19,20 | 20,16 | 21,12 | 22,28 | 23,24 | 24,08
Eé' 19,9 | 20,88 | 21,90 | 22,91 | 24,00 | 25,05 | 26,04 | 26,95
Exg, 18,1 | 19,05 | 19,90 | 20,91 | 21,90 | 22,90 | 23,80 | 24,70
Erp 0,52 | 0,49 0,50 0,47 0,47 0,47 0,47 0,43
A1 0,34 | 0,314 | 0,324 | 0,301 | 0,30 0,30 0,30 0,28
E’é' 199 | 20,85 | 21,86 | 22,95 | 23,97 | 25,06 | 26,04 | 26,98
h)Kl”,

kkan/ | 13,6 | 14,47 | 15,25 | 16,38 | 17,33 | 18,33 | 19,26 | 20,35
KT

S];"T 20,8 | 21,41 | 22,50 | 23,70 | 24,35 | 25,71 | 26,31 | 26,57
Sﬁ;{( 4656 | 3340 | 3172 | 2038 | 1339 720 105 133
tw, °C | 20,2 | 21,2 22,2 23,4 24,4 25,5 26,5 27
E,)Kcz' 18,1 19 19,9 20,9 21,9 22,8 23,8 24,7
hmzrr,

kkan/ | 12,2 | 12,8 13,6 14,5 15,4 16,3 17,1 17,9
KT

bn 3,14 | 3,68 3,46 3,94 3,92 3,9 3,98 45
an -5,46 | -16,2 | -11,83 | -21,9 | -214 -21 -23 -36,4
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(3.14)

(3.15)
(3.16)
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Tenopusnueckue CBOMCTBA BO3AYyXa
(k0> PUIMEHT KHHEMATHYECKOH BA3KOCTH Bo3ayxa V- 10°, m?/c)
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[Tpunoxenue 2

ts,
°C

0

1

2

3

4

5

6

7

8

9

-40

10,0

9,959

9,88

9,797

9,716

9,635

9,554

9,47

9,39

9,31

-30

10,8

10,72

10,6

10,57

10,50

10,42

10,34

10,3

10,2

10,1

-20

11,8

11,69

11,6

11,49

11,39

11,30

11,20

11,1

11,0

10,9

-10

12,4

12,37

12,3

12,24

12,17

12,11

12,05

12,0

11,9

11,8

0

13,3

13,20

13,1

13,03

12,94

12,86

12,77

12,7

12,6

12,5

0

13,3

13,37

13,5

13,54

13,63

13,72

13,81

13,9

14,0

141

10

14,2

14,25

14,3

14,43

14,52

14,61

14,70

14,8

14,9

15,0

20

151

15,15

15,2

15,34

15,44

15,53

15,62

15,7

15,8

15,9

30

16,0

16,10

16,2

16,29

16,38

16,48

16,58

16,7

16,8

16,9

40

17,0

17,06

17,2

17,26

17,36

17,46

17,55

17,6

17,8

17,8
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[Tpunoxenue 3

Tenopusnyeckue CBOMCTBA BOAbI HA JIUHUM HACHIILCHUS

t°C| pl0° | p, h, Cp, b | v10 | Pr
Ha | xeln® |kloclk |xdocl(ke | Bml(m 6
2 K) K) Mle

0 [1.013 | 999.9 0 4.212 0.56 | 1.789 | 135
10 | 1.013 | 999.7 42 4.19 0.58 | 1.306 | 9.45
20 | 1.013 | 998.2 | 83.9 4.18 0.597 | 1.006 | 7.03
30 | 1.013 | 995.7 | 126 4.17 0.612 | 0.805 | 5.45
40 | 1.013 | 992.2 | 168 4.17 0.627 | 0.659 | 4.36
50 | 1.013 | 988.1 | 209 4.17 0.64 | 0.556 | 3.59
60 | 1.013 | 983.1 | 251 4.18 0.65 | 0.478 | 3.03
70 | 1.013 | 977.8 | 293 4.19 0.662 | 0.415 | 5.28
80 | 1.013 | 971.8 | 335 4.20 0.669 | 0.365 | 2.23
90 | 1.013 | 965.3 | 377 421 0.676 | 0.326 | 1.97
100 | 1.013 | 958.4 | 419 4.22 0.684 | 0.295 | 1.75
110 | 1.43 | 951.0 | 461 4.23 0.685 | 0.272 | 1.6
120 | 1.98 | 943.1 | 504 4.25 0.686 | 0.252 | 1.47
130 | 2.7 | 9348 | 546 4.27 0.686 | 0.233 | 1.35
140 | 3.61 | 926.1 | 589 4.29 0.685 | 0.217 | 1.26
150 | 4.76 | 917.0 | 632 4.3 0.684 | 0.203 | 1.17
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[Ipunoxenue 4.
XapakTepucTHKH OnMeTaindeckux kajgopudepos KCk 4 (n,=4)

XapaKTepucTUKa No Tunopazmepa kanopudepa

6 7 8 9 10 11 12
ITosepxnocts Temo- | 17,4 | 21,5 | 255 | 29,6 | 37,7 | 110 | 166,2
obmena F, ,m?
IInomanes ceueHUs 1,111,121 (1,11 1,111,211 |3,41|5,1
TpyO OJHOTO X042
f.wc]x, M2 103
[Tnomans hponTans- | 2,67 | 3,29 | 3,92 | 4.55 | 5,81 | 16,6 | 24,9
Horo ceuenust Fgp ,
M%10

Yucmo X008 Temwio- | 6 6 6 6 6 4 4
HocuTens X
Yucno Tpy6 B mome- | 2 2 2 2 2 6 9
PEYHOM pALY X0/,

Hp
O61ee yncio Tpyo 48 |48 |48 |48 |48 |96 | 144
KoadpummenT ru-
PaBJIMYECKOIO COIPO-
tuBiIeHNI Cy, IO
BOJIE, 1341144 153|21,8|17,9|38,4|735
110 pacTBOPY, 17 18,1 | 19 2751226 |48.4|92,6
ITa- c?/m*10*
Croumocts, Teic.py0. | 3,7 |42 |47 |49 |59 |155|228




No BenTunsa- | MoiHOCTb Ilena, pyo.
Topa JIBUTATES,
kBt
2 0.12-0.37 1993
1.1-2.2 3041
2.5 0.37-0.75 2734
2.2-3.0 3416
4-5.5 4297
3.15 0.55-0.75 4321
1.1-2.2 4351
4 1.1-2.2 5953
4-5.5 7555
7.5 10171
5) 4-11 9986
15-18.5 11509
22-30 17576
6.3 5.5-7.5 12255
11-15 13599
18.5- 22 20958
8 15- 22 23422
30- 45 40673
10 15 38206
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IIpunoxenue 5.

XapakTepUCTUKH HEHTPOOeKHbIX BeHTWIsiTopoB BIl14-46
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[Tpunoxenue 6

XapaKkTepUCTUKH OPOCUTEIed BEHTUIATOPHbBIX IPAAUPEH

Ho-
Meb Beicora
CXe- 1
Tun opocurens MEL opocurenst | A, M m
hop, ;M
Ha
puc
1 2 3 4 5
KanenbHblil — gepeBsiHHBIE Tpe-
YToJIbHbIE OPYCKH:
SL I3z, 52 =229 Sa =10 | g5 | 122244 | 0205 | 05
S1=S,=152 mm, S3=76 Mmm 15 1,22-2,44 10,308 | 0,5
o1 =132, 8= 305w 52270 g5 | 122244 | 0246 | 0,42
Su= T, S =457, S =5T g5 | 122244 | 0,236 | 047
SL= 132w, 8= 229w, 52210 g6 | 122244 | 0275 | 049
KanenpHo-1nenounsii. Bapuant
Ne:
1 17 4,7 0,324 | 0,733
2 17 3,7 0,284 | 0,532
3 17 2,7 0,286 | 0,571
4 18 4,73 0,185 | 1,008
5 19 4,65 0,235 | 0,757
6 20 4,16 0,135 | 0,847
7 21 3,7 0,177 | 0,774
8 22 5,54 0,162 | 0,587
9 22 4,62 0,171 | 0,547
10 22 3,7 0,155 | 0,794
11 22 2,78 0,125 | 0,886
AcOecTOLeMEHTHBIN IBYXbspYC-
HBIN C HAKJIOHHBIMU JTUcTamMu BY-1 23 4.7 0,227 | 0,626
U pacCTOSTHUEM MEXIy HUMU 35
MM (ALIBB-2-35)
AcOecTOleMEeHTHBIH 0THOAPYCHBIIN
C BEpTUKAJILHBIMU JIUCTAMHU U pac-
CTOSTHUEM MEXAY HUMHU: 15 MM 24 2.8 0.468 | 0,657
(ALIBB-1-15)
25 mm (AIIBB-1-25) | 24 2,8 0,441 | 0,663
35 mm (ALIBB-1-25) | 24 2,8 0,368 | 0,518
45 mm (ALIBB-1-25) | 24 2,8 0,345 | 0,527
[Tnockue acbecTolieMeHTHbIE JTH- o5 122244 | 0288 | 07
CTBI B OJIMH SIPYC: S1=37,5Mm
S1=31,1mm 25 1,22-2,44 | 0,360 | 0,72
S1=24,8 Mm 25 1,22-2,44 | 0,393 | 0,76
S1=18,4 mm 25 1,22-2,44 | 0,458 | 0,73
BomHucteie acOecTorieMEeHTHBIE 26 1,22-2,44 0,69 0,69




JIUCTHI B OJIUH sApyc: Si1= 37,5 MM

S1=24,8 Mm 26 1,22-2,44 | 0,72 | 0,61
S1=50,1 mm 26 1,22-2,44 | 0,59 | 0,68
S1=37,5Mmm 27 1,22-244 | 0,36 | 0,66
S1=18,4 mm 28 1,22-2,44 | 0,56 | 0,58
S1 =54 mmMm, |1 = 146
MM 29 | 122244 | 061 | 0,73
S> =54 mwm, |2 = 146 e ! '
MM
S1 =27 mm, I = 146
MM, 29 | 1,22-2,44 | 101 | 0.8
S2 =27 mm, | = 146 e ' '
MM.
S1=27wmmMm, |1 =146
MM,
S2 = 57wt | = 146 29 1,22-2,44 | 0,678 | 0.79
MM.
S1 =54 mm, |1 = 146
MM, 29 | 1,22-2,44 |0.814 | 0,79
S2=27wmm, I, =178 e ' ’
MM.
BonnucThie ac6ecTOLEMEHTHBIE
JIUCTBHI:
S1= S = 60 M, 29 1,22-2,44 | 0534 | 0,71
l1 =l =178 mmM.
Sl =27 MM, |1 =73
MM, 29 | 122244 | 0436 | 0,72
S, =222 mm, |2 = e ' '
74,6 MM.
JI;IQJIlaCTMaCCOBBII/I COTOOJIOKOBBIA: 30 397 0.334 | 0.599
Ne2 30 2.79 0.321 | 0,603
Ne3 30 1.84 0.323 | 0,496
Ned 30 0.96 0.483 | 0,184
[TnactmaccoBslii U3 nepdopupo-
BaHHBIX JcTOB (L[BII-25), 6 = 0,4 31 3,1 0,363 | 0,700
MM
[InacTtMaccoBslii U3 roppupoBaH-
HbIx juctoB (JITIT-15), 6 = 1,5 mm 32 2,9 0,479 10,996
IImacTMaccoBBIM U3 IMCTOB BBHICO-
TO# BoHBI 30 MM M 11arom 60 MM, 33 1 0,411 |1,131
0 =2 mMm: Nel
Ne2 33 2 0,455 | 0,737
Ne3 33 3 0,217 | 1,765
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[Ipunoxenue 7
CopneprxaHue MOSICHUTEJILHOM 3aIIUCKU U KOHTPOJIbHbIE BOIPOCHI
0 KypCOBOMY IIPOEKTY

ConeprkaHne OSICHUTEITLHOW 3aIUCKH:

1.CxeMbl yTHIHM3aIUU TEIUIa YAAISIEMOTO BO3AyXa C IJIACTHHYATO- pedpu-
CTBIM BO3AyX0-BO3QyIIHBIM TeruiooOMeHHUKOM (ITPTO), ¢ mpoMeXyTOYHBIM TeTI-
noHocutenem (CYIIT), cxema MCMApUTENBHOTO OXJIAXKCHHUSI, IIPOIECCHl U3MEHE-
HUSI COCTOSIHUSI BO3/IyXa MPH HCMAPUTEIFHOM OXJaxXaeHnHn Ha h — d amarpamme.
Onucanue paboThl CXEM, UX PACUETBHI.

2. Ockuzbl [IPTO ¢ yka3zaHuem pa3MepoB TEIJIOOOMEHHHKA, KOHCTPYKLUS
opeOpenusi TIacTHH; ACKu3bl TernoooMeHHbIXx O01okoB CVYIIT u3 Kck-4, koH-
CTPYKIHS OpeOpeHust TPyOOK , SCKU3 OPOCHUTEIIS TPaIUPHHU.

ROHI’I’IpOJZbele 60NnpocCyl.

1.

Kakue ycnosus pa6otsl [IPTO no3BomisitoT o6ecneunTs BHICOKYIO TEILIO-
TEXHUUYECKYIO () (PEKTUBHOCTh O€3 yBEIMUYEHUS] METANIOEMKOCTH JTaHHOM
CUCTEMBI TEIIOYTHIIN3AIHUH 7

Ot kakux paxTopoB 3aBUCUT KO3 duineHt 3pPpexkTuBHOCTH pedpa?
Kakumu ¢akropamu omnpenensercs kodpuUuueHT TepMmuueckoi s¢dek-
TUBHOCTHU opeOpeHHoi noBepxHocTH Ko),?

Ha kakue mapameTpsl MOBIHSET YBEIMYCHUE ITyOUHBI | TermiooOMeHHNKA
[TPTO?

Kak 0OBSICHUTH OTpHUILIATENIbHYIO CTENIEHb BIUAHMS yncia Re Ha ko3pdu-
LUEHT TerooTAauu B popmyie (1.12) ?

Kak n3menutcs koappunuent spdexruBnoctu [TPTO npu yBennuenuu: -
IIMPUHBI TEITIOOOMEHHUKA D, - riiyOuHbI | Tpr HeM3MEHHOW TOBEPXHOCTH
terooOmena  F,,?

[Tokazath Ha h-d —guarpamMme mporecchl U3MEHEHHsI COCTOSIHUS yaajsie-
MOTO U MPUTOYHOI'O BO3yXa.

Ha xakux mapaMmerpax OTpa3uTCs 4aCTUYHOE 3aMep3aHue KOHAEHcaTa B
KaHajax yJaiasieMoro Bo3ayxa ?

KakuMu KOHCTPYKTUBHBIMH CIIOCOOAMHU MOKHO TOBBICUTH KOA(DDHUITUEHT
sapdextuBnoctu [IPTO?

10. Kakumu peXMMHBIMU MapaMeTpamMu CIoco0aMy MOYKHO MOBBICUTH KO3 (-

¢unuent r¢pdextuBnoctu [TIPTO?

11. C kaxo# uenbto B cucreme teroytunuzanuu CYIIT :

- YCTaHABJIMBAIOT HECKOJIBKO TEMII0000MEHHUKOB 110 ()pOHTY ?

- MPEeIyCMaTPUBAIOT HECKOJIBKO XOJIOB MO MPOMEKYTOUHOMY TEIJIOHOCUTE-
J10?

12. Kakumu mpeumyIiiecTBaMu W HEIOCTATKaMHU O0JaaeT CHCTeMa TeTuio-

yrwmszanuu CYTIT?

13. CKOJIBKO TETJIOOOMEHHBIX TPYOOK B pAaCCUMTAHHOM cXeMe MPUXOJUTCS Ha:
- OJIMH IIOIIEPEYHBIN PsiZ 110 BO3AYXY,
- OJIMH XOJ I10 BOJE,
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- Ha BECh TEINIOOOOMEHHUK ?

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

Kak uzmenurcs pexum padotsl CYIIT npu yBennuenun pacxoga npome-
KYTOUYHOT'O TETUIOHOCUTENSA?

Ha kakue BenMYMHBI BIUSET PailOH MPOCKTUPOBAHUS CUCTEMBI TEIIOYTH-
JI3anuu ?

C yem cBsA3aHO MOHATHE MPUBEIAECHHOTO KO3(PPUIIMEHTA TEII00TAaYN 7
Kak W3MEHHTCS COOTHOILIEHHUE TEIUIOEMKOCTEN MOTOKOB BO3AyXa U IpPO-
MEXYTOYHOI'0 TEIJIOHOCUTENS MPU YBEIMYEHUHN KOJUYECTBA TEIJIO0OMEH-
HUKOB 1O Ti1yOuHe ?

Kakumu ¢akropamu ompenensieTcs a’poJIWHAMUYECKOE COMPOTUBICHHE
kamopudepa?

Kakumu axktopamu omnpezensercs TUIAPOAMHAMHUECKOE CONMPOTUBIICHHE
kanmopudepa?

B ueM 3akirouaercs pazinuve KOHTAKTHOIO TEPMUYECKOTO COMPOTHUBIIE-
Hus B [IPTO u xanopudepax KCk?

OObsicHUTE BIUSHUE HA YUCIIO equHUIl Teronepenoca Np, B OTpUIIaTeNh-
HOM CTENEeHM OTHOCUTEIHHOTO Pacxoj/ia BO3/yXa A U B MOJOXKUTEIbHOM-
BBICOTBI OpOCUTES N,y

C yem cBs3aHO BiMsHHME Ha 3(D(DEKTUBHOCTH TPATUPHHU XaPAKTEPUCTUKU
pabouero yJyactka JMHUU paBHOBECHs Dp,?

Kakoli mapameTrp ABISIETCA NPEACIBHOW TEMIIEPATYPOU OXJIAKICHHOW B
rpagupHe BOABI ?

Ha xakoM OCHOBaHMM pacyeT COBMECTHOI'O TEIIO- U MaccOOOMEHa B Ipa-
JIMPHE BBITIOIHSAETCS 10 SHTAIBIUIHOMY Haropy?

CkpbiTas wiaM siBHas TEIJIOTa SBISETCS MpeoOJiafaroiiel B TEMIoBOM
Harpyske rpagupHu’?

B ciayuyae paBeHCTBa KakMX mapaMeTpoOB BO3yXa U BOJIbI OXJIAKJICHUE BO-
II6I HEBO3MOXKHO: tyw1 1 ty;, d w1 w1 dgs, N1 1 hey ?

Kakue U3 pacxogoB TEMIIOHOCUTENEH MOTYT U3MEHATHCS JJIs1 YBEIUYECHUS
oxyaxaeHus Bosayxa: Gesp,, Guyy Goe ?

B kakoM ciydae Npu MOBBINIEHUH TEMIEpPaTypbl HApy»KHOTO BO3ayXa
TeMIepaTypa OXJIaKJICHHOW BOJIbI HE UBMEHUTCH ?

Kak y4uThIBatoTCSi 0COOEHHOCTH KOHCTPYKIIUU OPOCHUTENS B pacyeTe d¢-
(EeKTUBHOCTH pabOTHI IPaIupPHU?

Kakas cxema ABWKEHUS TETJIOHOCUTEIECH PEAIM3yEeTCs B TpagupHe?



BapuaHTsl 3a1aHMii HA KYPCOBYIO padoTy
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[Ipunoxenue 8

Ne | Tunm |3, | Topon t,,0 | G= Il u | I'panup-
opeb | MM C G, HSl
THIC. Cx | Op
KI/4 e- oc
Ma | uT.
1 A 1 AcTpaxaHb 25 15 8 33 |1
2 U 1 bpsiack 26 2,5 10 |33
3 A 1 Boponex 27 43 33
4 I 1 Bounrorpan 28 6,2 32
5 A 2 HBanoso 29 8,3 31
6 U 2 Kazaub 30 12,6 10 | 30
7 A 2 Kypck 29 1,2 12 | 30
8 I 2 Maruwuro- 28 2,2 12 | 30
TOPCK
9 A 3 MockBa 27 3,6 8 30 |4
10 U 3 MypmaHck 26 54 8 29 |1
11 A 3 H.Hosropox | 25 7,2 8 29 |2
12 I 3 C.ITerepOypr | 24 8 8 29 |3
13 | A 5 Camapa 23 9 8 29 |4
14 |y 5 ExarepuH- 22 10 16 |29 |5
Oypr
15 A 5 OpenOypr 24 11 16 |29 |6
16 I 5 Ilensa 26 14 16 |28
17 | A 6 [Tepmb 28 16 27
18 | 6 [TeTpo3a- 27 15 26 |1
BOJICK
19 | 6 CapatoB 26 13 10 |26 |2
20 I 6 Ps3aun 25 9 10 {26 |3
21 A 10 | CmoieHck 24 7,5 25 |1
22 U 10 | Tseps 23 12 25 |2
23 A 10 | Tyna 22 8,5 10 |25 |3
24 I 10- | ViuegaHOBCK 21 10,5 10 |25 |4
25 A 1 Ya 23 12,5 8 24 |1
26 | 1 Apxanrensck | 21 15 10 |24 |2
27 n 1 Bsarka 22 17 24 |3
28 I 1 H.Tarun 23 19 24 |4
29 A 1 Hosopoc- 23 12,5 23
CHUHCK
30 U 1 PocrtoB 24 16 10 |22 |1




o1

31 | A 1 YensOunck 23 14 8 22
32 |y 1 bapnayn 24 14 10 | 22
33 | H 1 BnaguBoctok | 25 15 9 22
34 I 1 WpxyTtck 23 16 8 21
35 | A 2 KpacHosipck | 26 18 8 20
36 |y 2 Hogocu- 25 15 8 19
OupcK
37 | 2 Omck 24 14 8 18
38 I 2 TioMeHb 23 16 10 |17
39 | A 3 XabapoBck 24 14 12 |17
40 | 3 Yura 25 15 12 | 17
41 | H 3 [Tensa 27 19 16 |16
42 I 3 [Tepmb 23 12 16 |15
43 | A 5 ITerpo3a- 24 13 8 15
BOJICK
44 | CaparoB 25 12 15
45 | 5 Psi3anp 24 14 15

Ycnosnvie obo3nauenus:

I3 — paccrosiHMEe MEX Ty HECYIMMHU TUIACTUHAMH,
t,;,°C- HauanbHas TeMIEepaTypa yaansieMoro Bo3ayxa,
G,= G, — pacxo/ipl HAPYKHOTO U yJAIIEMOI0 BO3/IyXa,
M- YUCJIO YacOB pabOThI CUCTEMBI B CYTKH,

THUIT OpeOpeHUs:

|- Ge3 opebpenus
A - TpeyroibpHOe opeOpeHue

U —nmodyKpyriioe opeOpeHue

M —m-o0pa3Hoe opedpeHue
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