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Beeoenue

KypcoBoii MpoeKT COCTOUT M3 TEIIOBOTO M THAPABINYECKOTO PACUYETOB INIACTUHYATOTO
BOJIOHArpeBaTeIsl M CMECHTEIBHOIO TEIJIOMAacCOOOMEHHOTO ammapara (jea’partopa),
COOTBETCTBYIOIIMX THIUYHOMY pEKHUMY paOOThl 3THUX anmaparoB B TEIUIOBOHW CXeMe
KOTEJILHOM.

[InacTuHYyaTble TEMJIOOOMEHHMKH HMEIOT psj MPEUMYIIECTB IO CPaBHEHHUIO C
TpyOuaThIMU ¥  HAYMHAIOT IIMPOKO MPHUMEHSTHCS B  OTEYECTBEHHBIX CHCTEMax
TeriocHaOkeHusi. VX 3HauuTeNnbHAas CTOMMOCTH OIpeAessieT 1eJIeco00pa3HOCTh 110
BO3MOXXHOCTH  TOJIHOTO  HCIOJb30BaHUSl  pacCIoJiaraéMbIX  HAMOpOB  MPUMEHEHUEM
MHOTOXOJIOBBIX CXEM JBIDKCHUS TEIJIOHOCHTENEH C IIeJIbl0 yMEHbIIeHUus TpeOyeMoit
MOBEPXHOCTU TeruioooOMeHa. B cooTBeTcTBUM C coxeplkaHHEeM KypcoBOW palOThI
IUTACTUHYATBIA  BOJIOHarpeBareib MpelHa3HayeH JUid  MpeJBapUTEIbLHOrO  Harpena
XUMOYUIICHHON BOJBI IIepe]] Mojaueii ee B Jea’paTop. ITO MO3BOJSET YMEHBIIUTD TEIJIOBYIO
HArpy3Ky Ha Jiea’parop, COKpPaTUTh Pacxo]] Mapa U YMEHbBIIUTh YacThb aKTUBHOTO O0bema
KOJIOHKHM Jiea’paTopa Ha JOTPEB BOJAbI, COOTBETCTBEHHO YyBenuuuBas 3(PGEKTUBHOCTh
JecopOLMK PaCTBOPEHHBIX B HEH ra3os.

I[eaapaum[ SBIISICTCA  3aKJIIOYMTEILHOMN cTaJuel MOJArOTOBKHU IMUTATESIbHON U
MOJAMUTOYHOMN BOAbI, €€ HA3HAYUCHUC 3aKJIIOYACTCA B YHAAJICHUHW PACTBOPCHHBLIX B BOIC
KOPPO3UOHHO- aKTUBHBIX I'da30B: IABYOKHCH YTJICpOAdAa U KHCJIOpPOJA. CTPYﬁHLIe AcadpaTopbl
SIBIAIOTCS  HauOoJee paCHpOCTpaHeHHOﬁ KOHCTPYKI_[Heﬁ, HpI/IMeHHeMOﬁ B CXCMax
BOAOIIOATOTOBKHM CHCTEM TEIMI0CHAOKEHHS. HarpeBaeMaﬂ BOJa U rpefoumﬁ nap ABUIXKXYTCA B
AcaspaTope NPOTUBOTOYHO: IIO MEPE ABUKCHUA BBEPX IIap KOHACHCUPYCTCA, CKOPOCTH €ro
YMCEHBIIACTCA, BOJa IABWIKCETCA BHHU3, INOCTCIICHHO IIOBbIIIAA TEMIICPATYPY W IIOHUIKAA
COACPIKAHUC PACTBOPCHHLIX I'da30B.

1. I]enu u 3a0auu vinonnenus Kypcogo2o npoekma

BrimonHeHne npoekTa npeanonaraeT NpakTUYECKOe 3aKpEINIEHUE 3HAaHUH, ITOJTyY€HHBIX
CTYACHTOM TpU U3ydeHuu KypcoB “Ternomaccooomen”, “TepmoanHamuka ;
nproOpPETarOTCsl HABBIKU BBIIOJHEHHUS KOHCTPYKTOPCKOTO ¥ OBEPOYHOI'O pacueToB
TEIIO0OMEHHBIX anmnaparoB. BelnmonHeHue KypcoBoil paboThl peAHAa3HAYEHO TaKKe
MOArOTOBUTH CTY/AE€HTA K MOCIEAYIOLIEMY BBIITOJIHEHUIO KYPCOBOT'O MPOEKTA 110 AUCLUIIIINHE
“ TenmoreHepupyroOIME YCTAHOBKH .

2.Cooeporcanue noACHUMENbHOU 3aNUCKU

[TosicHuTEbHAS 3alIMCKa KYpPCOBOTO ITPOCKTA AOJI’KHA COACPIKATDh:

- pacueTt IMJIAaCTUHYATOrO BOJOHArpeBarTeIsd C OIpCACIICHUEM  NOBCPXHOCTU
TCHHOO6MCHa, yucCila IUIaCTUH, 4YuCila XOJO0B H CKOpOCTCfI TCHHOHOCHTGHCﬁ, OTCPb
JAaBJICHUS, TCMIICPATYP,

- TEIJIOTEXHUYECKUN H KOHCTPYKTI/IBHHﬁ pacCyYCThL CprﬁHOF 0 Jcasparopa, pacucT
I[eCOp6I_II/II/I KHCJIOPOJa B OTCCKaAaxX Acasparopa.

- rpa(bnqecm/lﬁ Marepuajil. CXCMYy JABUKCHUA TEIUIOHOCHUTEIEM B ILIACTMHYATOM
BOAOHArpeBareiIC, YCpPTCKU pa3pe3a KOJIOHKU ACadpaTopa U cUTYaToi TapeJIKU.

-3alaHuC Ha KprOBOfI IIPOCKT



3. BAJJAHUE HA KYPCOBOM ITPOEKT

CryneHt ['pynma

1.Tema: Pacuer miacTHHYATOrO BOJOHATPEBATENS U CTPYHHOTO Jea’paropa
2.MlcxonHble JaHHBIC NI TPOCKTUPOBAHMS:
e Pacxon "Hexunsamiero nmoroka Boabl Gx=Gp 7 = , TeMIiepaTypa Ha BXoje tx1=

Ha BeIxone tyo=ty; =  ; momycTUMbIE OTEpH NaBieHUs: APx = ;
e JlomycTuMBbIE pacxo U MOTEPH JIaBICHUS TPEIOIIETO TEIJIOHOCUTEIIS:
Grg= , APrg = ; Ha4asibHas Temneparypa tr; = ;

o KOHCTpYyKTHBHBIE JaHHbIE IUIACTUHBI F1 u ko3pduumentsr 11 pacuera
Ter1ooOMeHa ¥ TUAPOANHAMHUKH :

e HomuHaabHBIN pacxo aea’pupoBaHHON BOAbI Go=
e JlaBnenue B Aeasparope Py= ;
e HavansHoe coneprkanue kuciopoja B aeapupyemont Boge Cor= X

e JlaBnenue rperouiero napa Pry=

PykoBoautens paboTs



Bapuanmul 3a0anuii

No APy APr; [, [um [Py, Gun  [tun (CRUE P |Co2

klla [k[la [°C IJZIaCT. mIla mHa  [°C m/a  °C mIla Mr/KT
M

1 50 70 20 | 03 |05 | 25 | 70 2 140 | 0,3 | 85
2 60 75 25 | 05 (014 | 5 80 4 135 | 0,2 | 80
3 70 80 22 | 06 (013 | 7 90 6 130 | 04 | 7,6
4 80 85 23 [ 0,24 (012 | 12 | 100 | 7,0 | 125 | 0,3 | 6,7
5 75 80 24 | 0,3 | 0,11 | 18 65 | 3,0 | 110 | 045 | 5,8
6 65 80 18 0,240,122 | 50 75 | 2,0 | 120 | 0,25 | 5,3
7 55 70 20 | 0,3 |0,13| 70 85 | 45 | 115 0,5 7,9
8 45 60 22 1024|014 | 110 | 95 | 75 | 150 {055 | 75
9 40 60 24 | 05 (013|140 | 60 | 50 | 145 (035 | 7,1
10 50 60 25 {03 (012|190 | 70 | 70 | 130 | 0,2 | 6,8
11 60 70 23 (0,24 (011|150 | 80 | 3,0 | 125 | 0,4 | 6,2
12 70 80 21 | 03 |015| 75 90 | 6,0 | 115 | 05 | 5,7
13 65 15 20 { 03 (011 70 67 | 25 | 105 | 0,3 | 52
14 55 65 18 | 0,24 013 | 36 74 | 30 | 150 | 04 | 8,2
15 50 70 19 | 0,3 10,14 | 22 82 | 45 | 125 | 04 | 74
16 45 65 17 | 05 10,13 | 10 94 | 42 | 120 | 05 | 7,0
17 40 50 21 | 06 (012 25| 59 | 41 | 110 | 0,3 | 6,6
18 45 55 22 | 03 (011 | 6 69 3 115 | 04 | 6,0
19 50 70 23 [ 0,24 (012 | 15 | 83 3 118 | 05 | 55
20 35 50 25 (0,24 0,13 | 14 95 | 15 | 135 | 0,2 | 50
21 30 45 24 1 03 (0,14 | 6 76 | 3,8 | 140 | 0,15 | 4,9
22 50 55 25 (0,24 (0,12 | 50 85 3 140 | 04 | 6,5
23 50 55 25 | 03 (011 23 70 | 12 | 120 | 04 | 7,0
24 60 58 27 10,24 (0,12 | 12 75 | 14 | 125 |1045| 7,5
25 40 45 30 [0,24 (015 | 8 80 | 15 | 130 | 05 13
26 30 40 26 (0,24 (014 | 4 90 | 0,8 | 135 [ 0,55 | 6,5
27 40 50 24 | 0,3 | 0,15 | 45 85 | 30 | 140 | 06 | 7,0
28 50 60 28 | 05 (0,14 | 70 82 | 35 | 145 | 03 | 75
29 60 68 29 | 06 0,13 | 92 76 | 6,2 | 150 | 0,4 | 8,0
30 50 58 27 | 06 (012|140 | 82 | 85 | 130 | 05 | 5,2
31 40 48 24 | 06 (011|185 | 8 | 79 | 135 | 0,6 | 5,8
32 30 38 26 | 0,3 (014 | 20 70 | 24 | 140 | 05 | 6,2
33 20 28 25 ({024 |013| 35| 76 | 08 | 145 | 0,4 | 6,8
34 25 30 23 (0,24 (012 | 8 72 | 1,2 | 130 | 045 | 7,2
35 35 42 22 | 03 (0,13 | 12 74 | 32 | 125|035 7,8
376 | 45 52 21 | 0,3 |0,14 | 23 85 | 36 | 135 | 0,3 | 8,0
37 55 62 23 | 05 0,15 | 45 78 | 45 | 145 | 04 | 6,8
38 50 65 24 | 05 0,15 | 68 80 | 52 | 140 | 045 | 75
39 40 52 25 | 05 (014 | 91 82 | 75 | 135 | 05 | 7,6
40 35 45 26 | 06 (0,13 | 143 | 84 | 35 | 130 | 0,4 | 8,0
41 35 50 25 10,24 (0,14 | 40 25 5 135 | 0,2 | 50
42 70 80 25 (0,24 | 0,15 | 45 80 | 65 | 120 | 0,3 | 7,0
43 40 80 22 1024|015 | 3 75 |15 | 125 | 04 | 75
44 45 90 24 |1 03 (0,12 | 3 80 1 130 | 0,6 | 6,5




45 65 | 100 | 20 | 0,3 | 0,13 | 5 85 2 135 | 05 | 80
46 75 95 21 | 024|014 | 8 82 | 25 | 140 | 055 | 9,0
47 85 90 23 | 03 |017 | 15 78 8 145 | 0,35 | 10,0

YcnoBHble 0003HaYEHUS
APx;— nonmycTumbie MOTEPH 1aBICHUS
APry— TO e 10 TPEroIIEMY TEIIIOHOCUTEIO
tx1— HauanbHAs TEMIIEpaTypa XOJI0JHOTO TEIJIOHOCUTETIS,
Pn — naBnenue B neaspatope
Gun — pacxo/1 HEKUIIAIIETr0 TOTOKA BOJIbI
tun - TEMIIEpaTypa HEKUIIAIIETO TOTOKA BOJIbI
Gin - pacxoJ] KUIISIIETro MOTOKa BOJIBI
tin - TEMIEpaTypa KUISIIEro MOTOKa BOIbI
Prq - naBnenue rperoiero napa
Co2 — HavanbHask KOHLUEHTpALUs KUCIOPOoia

4. TEOPETHUYECKHUE OCHOBbBI TEIUVIOBOI'O W T'MAPABJIIMYECKOI'O
PACYETOB INIACTUHYATOI'O BOAOHATI'PEBATEJIA

XUMOYHIIICHHAs: BOJA TEpel Jea’palldeil HarpeBaeTcsi ¢ Ielblo Oosiee OBICTPOro
JOTpeBa ee /0 TeMIEepaTyphl HACHIINIEHUS M, COOTBETCTBEHHO, YBEIMUYEHUS YACTU BBICOTHI
Jead’palliOHHON KOJIOHKH I yIAJIeHUs KHUCIOPOa U ABYOKUCH YIiepoa.

Pacyer Temia000MEHHHMKA BBINONHIETCA 10 JOMYCTUMBIM IOTEPSIM JaBJICHUSA
terioHocuteneld.  llenmecooOpa3sHOCTh  MCIIONB30BaHMSI  PacIojiaraeMbIX  JAaBJICHHUIN
TEIUIOHOCHUTENEH Ha MHTEHCU(DHUKAIIUIO TeTNI000MEHa 0OUYEBH/IHA, TOCKOJIbKY OHA MPUBOAMT K
YMEHBIIIEHUIO TETIO0OOMEHHOM MOBEPXHOCTH U CTOUMOCTH TETJIO0OMEHHHKA.

Pacnonaraemblii mepeman AaBiieHUN TpPEACTaBiIsSeT COOOM JOMYCTUMYHO BETUYHHY
NOTEPh JABJIEHUS IPEIOMIEro TemoHocuTenss AP, u narpeBaeMoro APx . O0s3aTeabHbIMU

JUTsE oOecTieueHus IBISIOTCS PacXo/l U KOHEYHasi TeMIlepaTrypa HarpeBaeMoro TeTIOHOCUTES,
TOTJa KaK pacrojiaraéMble TOTEepH JaBieHHs MO OOOMM TEIUIOHOCHTENSIM B pe3yibTare
pacdeTa MOT'YT OKa3aThCsl HEIOUCIIOIb30BAHHBIMU.

Cnemgyer OTMETUTh, YTO JOOMBATHCS aOCOJTIOTHOTO COOTBETCTBUS PpaCYETHOMN
TEMIEPaTypbl HATPETON BOJABI 33JJaHHOW BENWYHHE HEIeIeCcO00pa3Ho, MOCKOIbKY peajbHbIe
YCIIOBUS 3KCIUTyaTalldd HE BBIAEPKUBAIOTCS TOYHO, OKAa3bIBAIOT BJIUSHUE HEYYTCHHbIE
dakTopbl ((hakTHuecKas MHTEHCHBHOCTD 3arpsi3HEHUN ), IPUMEHSIETCS PEryIupOBaHue.

[Ans  mpenoTBpauieHusi BCKUIIAHUS 1€a9PUPOBAHHON BOJIBI B HACOCHBIX YCTaHOBKAX
OHa HECKOJIBKO OXJIaX/IaeTCs, 3Ta TEIUIOTa OTBOJAUTCS XMMOYHUIIIEHHOW BOJIOM B
TUTACTUHYATOM TETNIOOOMEHHUKE (CM. cXemy Ha puc. 1)

TemmnepaTypa TperOLIEro TEIIOHOCUTENS U1 SBIsAETCA TEMIIEpAaTypoOll HACBIIIEHUS B

Jlea’dpaTope v ONpeIeIIsieTCsl BEIMYMHOM 3aJTaHHOTO AaBJICHUS B HEM Pj.

L[CJ'IBIO pacucTa IMIaCTUHYATOr0 BOJOHArpeBaTCIIA ABJIACTCA ONPCHACICHUC BCIUMYUHBI
MMOBCPXHOCTHU TEMI000MEHA CKOpOCTCﬁ JIBMOKEHHS M KOJIMUECTBA XOJI0OB TEINIOHOCHUTEIICH.

I[J'IH pacucTta TEI000MEHHUKA TEMIICpaTypa HarpCTOﬁ BOABI HPHUHUMACTCHA paBHOfI
TCMIICPATYpC HCKHUIAMICTO IIOTOKa : o=t ; pacxond TpCroUICro TCINIOHOCUTCIIA PpPaBCH
pacxony ﬂeaBpHpOBaHHOﬁ BO,HBI:GzzGag » pacxo XOJIOAHOI'O TCIIJIOHOCHUTECIIA paBCH pacxony
HCKHUITAIICTO IIOTOKA: G= Gun ;pacxon HeaSPHpOBaHHOﬁ BOABI PpaBC€H CYMMC pacXOIOB:
Gz)e:GKn+GHn
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tx2 = tun
tx1 2 /

Puc.1 Cxema nmomorpeBa XUMOYHIIICHHOM BOJIbI

1-neaspatop,2-miacTUHYATHI BOJJOHArpeBaTesb; 3- HacoC.

MeXnnacTUHHBIE KaHallbl INIACTHHYATBHIX TEMI000OMEHHUKOB 06pa3OBaHI>I CMCEXKHBIMU
ropupoBaHHBIMHM IUJIACTUHAMM, MPUYEM HamNpaBieHUE ToPp y CMEXKHBIX IUJIACTHH -
IPOTUBONOJOXKHOE. TeM camMbIM CO3JaeTcd  paBHOMEpHAas CETKa OINOPHBIX TOYEK,
HUCKIIIOYAKOIINX I[C(bOpMaIII/IIO IUIACTUHBI B CTOPOHY KaHa/la € MCHBIIMM OaBJICHUCM
TEIMJIOHOCUTEJIS.

B meneBuIHBIX KaHajmaxX CJIOXHOW (POPMBI TEIJIOHOCUTENb COBEPIIACT H3BUIMCTOE
MIPOCTPAHCTBEHHOE TPEXMEPHOE IBMIKEHHE, CIOCOOCTBYIOIIEE MOBBIIICHHON TypOynH3aluu
notoka. HecMoTps Ha Gombiioe pazHooOpa3ue TUIIOB rOQpUpPOBaHMSI IUIACTUH, YCTaHOBIIEHbI
HEKOTOPBIC O6IIII/I€ 3aKOHOMCPHOCTH, CYHICCTBCHHLIC JIA THUAPOJUHAMUYCCKHUX U
TETJI000OMEHHBIX MPOIECCOB.

Tak, ¢ yBenmnueHueM yria HaKJIoHa rodp K BEPTUKAIH TUIPABINIECKOE COMPOTUBIICHNE
U KO03((PUIMEHT TEMI00TAaYM BO3pACTAlOT. YBEIMUEHHUE 1Iara Mexay rpedHsMu rodp mnpu
HEN3MEHHOM WX BEICOTE IIPUBOJUT K Ooiee 3aMCTHOMY YMCHBIICHHUIO IMOTCPh AABJICHUSA HaA
CAWHUIY JJIMHBI INIACTUHBI 110 CPABHCHUIO C YMCHBIICHUCM K03(1)(1)I/IHI/IGHT3 TCIIOOTAAYH.

Broicotra TOdp, mar uX pacrnoNokKeHHs OmpeneNsercs Ienbilo  obecreueHus
ONTUMAJIIBHOI'O THUAPOAHMHAMHUYCCKOTO PpeXKHUMa pa60T1,1 TEINIOOOMEHHHKA B 3aJaHHbIX
YCIIOBUSIX SKCILTyaTaI[iy.

TunuyHass 3aBUCUMOCTh  THUJIPABIMYECKOTO  COMPOTUBIEHUA U  Kod(dduimenrta
TEINIOOTAAYN OT CKOPOCTHU ABMIKCHUSA TCIIJIOHOCUTCIIA B MEXKIIIACTUHHBIX KaHallaX IMOKa3aHa
Ha puc.



['myOuHa M3MeHeHus: TeMrepaTypbl TEIUIOHOCUTENS 33 OJUH XOJ ONpeaeNseTcs JIMHON
IacTuHbl.  bmaromapst BBICOKOM  MHTEHCHUBHOCTHM  TEIUIOOOMEHA, TOHKOMY  CIIOIO
TEIUIOHOCUTENST MeXAy IulacTuHamMu (3-7 M) BO MHOTHX CJly4asx  93Ta IIyOuHa
COOTBETCTBYET 33JJaHHOM T.€. MOKET OBITh MPUMEHEHA OJJTHOXO0/I0Basi CXeMa TEIJIOHOCUTEIIEH.
Crnenyet 3aMeTUTh, 4TO, HAPALY C OTMEUEHHBIM paHee MPEUMYIIECTBOM, OJTHOXO/I0Basl cXxema
JIBUKEHHS TEIUIOHOCUTENCH MPHUBOIUT K YBEJIWYEHHBIM pacxoiaM TEIUIOHOCUTENeH B
KaHajax, OJMMKHMM K BXOAHBIM marpyOkaM. [Ipm MHOroXoHOBBIX CXeMax JBHKEHUS
TEIUIOHOCUTENICHT HEPaBHOMEPHOCTb JABI)KCHHS TEIJIOHOCUTENEH M0 MEKIJIAaCTUHHBIM
KaHajaM YMEHbILIAeTCsl.

HlupuHa ™IaCTUHBI OMNpENeNseT NPOMYCKHYI0 CIIOCOOHOCTh KaHaua, BIMSET Ha
BBIpaBHUBAHMUE IIOJII CKOpPOCTEH II0 CEUEHUIO0 KaHaja M, TEeM CaMblM, Ha IIOJHOTY
UCIIOJIb30BaHUS TEIIOOOMEHHO MOBEPXHOCTH IJIACTHHBI.

Crnoxnasi reomeTpuyeckasi (opMa MEXKIUIACTUHHBIX KaHAJIOB CIHOCOOCTBYET BBICOKOM
TypOynu3aluyu MOTOKa, HUHTEHCUBHOMY TEIJIOOOMEHY, YMEHBIICHUIO OTIOXKEHHH 4YacTHI] U
coJiell, ompenenss, B TO K€ BpPeMs, 3HAYUTEIbHBIE TPYAHOCTH TEOPETHUYECKOIO H3y4eHUS
MPOLIECCOB TUAPOIUHAMUKH U TEIUIONEPEHOCA.

[lo 5To#l mpuYMHE NPAKTUYECKU EAUHCTBEHHBIM IyTEM H3YYEHHS ASTHX MPOLIECCOB
ABIIIETCS DKCIEpUMEHTANbHbINH. Pe3ko yMmeHbIIaeT 00beM JKCIEpPUMEHTa MpPUMEHEHUE
M3BECTHOM aHaJOrMHM MepeHoca TeIuia M uMmiynbca [17], mo3Bossiomiel mo BeIUYuHE
TUAPABIMYECKOTO CONPOTHUBJICHUS CYAUTh OO0 HMHTEHCHBHOCTH TeriooOMeHa. ABTopam
JaHHOW paboThl yJalloCch MOKa3aTh ISl IUIACTHH ¢ TodpamMu OJHOTO THMA, HO Pa3IUYHBIM
yrinmoM  ux  HakiaoHa  (30,45,60 rpaaycoB)  yOOBJIETBOPUTEIHLHOE  COOTBETCTBHE
TUAPABIMYECKUX MOTEPh JaHHBIM IO TeraoooMmeHy. OAHAaKo A IPYrMX THUIIOB IUIACTUH
JIOCTaTOYHOM TOYHOCTH pacyera Ha OCHOBE ITHX PE3yJIbTaTOB MOJYUYUThH HE YAAETCA.

KoaddunnenTsl rupaBIudeckoro COMPOTHBICHUS IIACTUHYATBHIX TEINIOOOMEHHHKOB
HAMHOTO BBIIIE, YeM B TpyOax NpU OJUHAKOBBIX yuciax PeiHonbaca. OgHaKo CKOPOCTH
TEUEHUsI MOTOKOB MEXAY IJIACTUHAMU 3HAUMUTEIbHO MEHbILE U HaxoasTcs B npenenax ot 0.1
no 1 wm/c B 3aBUCHUMOCTM OT THMa IUIACTUH W YCJIOBHM OKCIulyatauuu. JlnMHa myTH,
HeoOXoauMas JUIsl JOCTHXKEHUS TpeOyeMol TeMIiepaTypbl TEIIOHOCUTENS], B MIACTHHYATHIX
TErI000MEHHUKAaX BO MHOTO pa3 MEHbIIIE, 4YeM B TpyOax, TaK YTO MOTEPH JABJICHUS B UTOTE
OKa3bIBAIOTCS HEPEJKO MEHBIIIMMH, YeM B TPYOUaThIX TEIJI0O0OMEHHHUKAX.

FI/I,Z[paBJ'II/ILICCKOe COIIPOTUBJICHUE MHOTI'OXOJOBBIX INIACTHUHYATBHIX TEeIIOOOMEHHUKOB
OTCYCCTBCHHOT'O H SaPY6e)I(HOFO MMPONU3BOJACTBA, O6pa3OBaHHBIX N3 TUIACTHH PAa3JIMYHOIO
TUIIa, paCCUUTBIBACTCSA 110 YPABHCHHUIO BU/JIA:

2
L
AP= YL y 2.1)
2 d,

raed - YCIOBHBIH KOI((HIMEHT MECTHOro CONpOTHBIeHMs; L, , d.,-mpuBeieHHas
JUIMHA MEXIUTACTUHHOTO KaHaJla W ero OSKBUBAJICHTHBIM JuaMeTp; 0 - IUIOTHOCTH
TETUIOHOCHUTENSI; X , W-9HCII0 XOJ0B M CKOPOCTb JIBH)KECHUS TEIIOHOCUTEIIS.

BennuuHoi { yuMTHIBAIOTCS MECTHOE COMPOTHBIICHHE HAa BXOJIE U BBIXOJIE U3 YIIIOBBIX
OTBEPCTUH TUTACTHH M COMNPOTHUBICHHE MO JUIMHe KaHama. KosdduuumeHnt wmectHOTrO
COIIPOTHRJICHUS { 3aBUCHUT OT THIIA IUIACTUHBI M PEXKUMa JBUKCHUS TETUIOHOCHTES ( Yuclia
Peiinonbaca Re):

- AZ :ﬁ v 2 (22)
Re™ w™\d,) ' '

4



rac Az, n, -BCJIMIMHBI, ITIOJTYYCHHBIC SKCTICPUMCHTAIIBHO JUISI KAXKXAO0I'0 THIIA IUIACTHH; V -
KHHEMATHYCCKas BA3KOCTh TCIINIOHOCUTECIIA.

[Toacrasnss (2.2) B popmyiy (2.1), momyuanm

AP = B, Xw*™ 2.3)
e
B, = Ap L (v . (2.4)
2 d,ld,

CymiecTBeHHYIO JI0JIF0 OOIIMX MOTEPh JABJICHUS MOTYT COCTABISTH MOTEPH BO BXOJHBIX
Y BBIXOJIHBIX NATpyOKax (IPY CKOPOCTH TEIIOHOCUTENCH B HUX CBBILIC 2,5 M/C):

e,
AP, Jris 2 (HTPW?YTP 5 )

€ CyppsWypp - KOIPQUIMEHT MECTHOTO CONPOTHBICHHS NAaTpyOKa M CKOPOCTb

(2.5)

JBYDKEHUS TEIUIOHOCUTENS B HEM. B cootBercTBuH C [2] &)p =15.

3aBUCUMOCTD IS pacdera Kod(h(GHUIIMEHTOB TEIUIOOTIaYH OT BOJBI K CTEHKE IJIACTHHBI
o B KaHaJIaxX TETUIOOOMEHHUKA MJEHTUYHA 3aBUCUMOCTH I TPyOUaThIX TEMI000OMEHHUKOB
Y UMEET BUI:

1

Pr

Nu= 4 Re" pr'™| — (2.6)
Pr,.,
NI
A Wda m, m
a=—24, Prt, (2.7)
d, 1%

rne  Nu,Re,Pr - uncna nonobus Hyccenvra, PeitHonbaca, [lpannrns; A,,n,,m,, 1
ONBITHBIE BETMYUHBI, TOTYYEHHBIE SKCIEPUMEHTAIBHO JIJIS1 KAYKJOTO TUIA IJIACTHUH U PEKUMA
nBUxkeHus; A, V-Kod(DQUIMEHTh TEIUIONPOBOAHOCTH U KHHEMAaTHYeCKOW  BSI3KOCTH
TETUIOHOCHUTEIIS.

Jis GOJBIIMHCTBA CIy4aeB MOYKHO NPHUHATH m, = 04, a MOCIEAHUM COMHOMKHUTEIEM B

dbopmyne (2.6) MOXKHO TpeHeOpeUb, HE PHUCKYS JOMYCTUTHh CYIIECTBEHHYIO OIIMOKY. DTO
00YCIIOBJIEHO T€M OOCTOSITEILCTBOM, UTO B MPAKTHUYECKUX PAacyeTax MPUXOIUTCS, BO-TIEPBBIX,
OKpYIJIATH YHUCIO XOJOB W IUIACTHH JIO IEJIOTO YHWCJA, a BO-BTOPHIX HMEET MEeCTO
3HAYUTEIbHAS HEOTIPEICICHHOCTh BEJTMUYNHBI TEPMUYECKOTO COMTPOTHBIICHUS 3arPS3HSIONINX
OTJIO)KEHUH. DTO JienaeT HelenecooOpa3HbIM ydeT (akTOpoB, Mallo BIUSIOIMX Ha
TETUTOO0T/Iaqy.

Jnst ynmobctBa pacuera Kod(ppuUIMEHTa TEIUIOOTAAaYd, OCOOEHHO TIPHU HECKOJIbKHUX
3HAUYEHUSIX CKOPOCTEH TetuioHocuTes, popmyny (2.7) menecoodpa3Ho MPUBECTU K BULY:

a=Bw", (2.8)
rac
A (dy\"
Blel—(—aj Pr’* (2.9)
dy\ v
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- Kod3(puImeHT, BKIIOYAONINN B ce0s MOCTOSHHBIE BEIWYUHBI U TEIUIOU3UICCKUE
XapaKTEPUCTHKU TEIUIOHOCHTENS, NPAKTUYECKH TIOCTOSHHBIC JUISI  PAaCCYUTHIBAEMOTO
TEMIIEPaTypHOTO PEKUMA.

Tepmuueckue  CONPOTHBIICHHS  TEIUIONPOBOJHOCTH, Kak HM B TPyOUaThIX
TETIOOOMEHHHUKAX, COCTOSAT U3 HECKOJIBKUX BEITHUYUH:

R,=R,+R.+R., (2.10)

rac RX? RF - TCPMHUYCCKUEC COIPOTUBJICHUSA TCIIJIOIPOBOJHOCTH CJIOCB SanHBHCHI/Iﬁ (¢10)

CTOPOHBI HAarpeBacmMoro U rperomero TGHHOHOCHTCHCI;'I; RCT_ TEPMHUYCCKOEC COIIPOTHBIICHUC
TOJIIKWHBI CTCHKH IIJIACTHUHBI.

5CT

1
ﬂ’CT
rae Oy, Aoy -TONMMHA U KOIDPHUIUEHT TEIUIONPOBOJHOCTH MaTepHana CTEHKH.

Rer = (2.11)

OOBIUHO 9TO JHUCTOBas HepxaBewInas crtaidk Ttommuuod 0.5, 0.8, wm 1.0 mm, c
K03 (GUIMEHTOM TETUIONPOBOITHOCTU A, =153 Bml(mK).

KoHkpeTHble BENTMYMHBI TEPMUUECKUX COMPOTUBICHUM OTIOKEHUN HAKUIIU U JIPYTHX
3arpsi3HEHUN BBIOMPAIOTCS 10 CIPABOYHBIM JAaHHBIM B 3aBUCUMOCTU OT CTENEHHU OYMCTKHU
TEIJIOHOCUTENIEH, TEMIIEPATYPhl U CKOPOCTH UX JABUKEHHUSL.

Cs3p  kOd(¢uIMeHTa TemIonepeaayn k& B IUIACTHHYATOM TEIUNIOOOMEHHUKE C
YaCTHBIMU TEPMUYECKHUMH COIIPOTUBICHUSIMU OIIPEIEISIETCS BHIPAKEHUEM:

1 1 1 1
—:—+—+Rz:a—(1+a)+RZ, (2.12)

k a)( I X
r7ie COOTHOIIEHUE KOI(PPHUIIMEHTOB TEIIOOTAUH:

a=—". (2.13)
or
C yuerom (2.8):
1 1
L L (2.14)
k B, ,w}
[ToncranoBkoii (2.8) B (2.13) momyuum:
a= | Wy (2.15)
Bfl WF

BaxxHoli pacueTHON XapakTEPUCTHUKOM SBISIETCS COOTHOLIEHUE TEIUIOEMKOCTEN
IIOTOKOB TEIUIOHOCHTEJICH:

W= 2xCx (2.16)
Grer
rae GX, GF, CX, Cr — MacCCOBBIC paCXO}IBI nu yHeHBHBIe MaACCOBBIC TCIIJIOEMKOCTHU
XOJIOOJHOTO 1 FOprquO TeHHOHOCHTeHeﬁ.

21.]'[5[ CMEKHBIX MEKIUIACTHHHBIX KaHAJI0B COOTHOIICHHUE TEINIOEMKOCTEH
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w, f.p.C
Wi _ Wx 1iPxCx (2.17)
w.f, pre,
raec fl — IJiomaab CCUCHUS MEXKIIJIACTUHHOI'O KaHaJia.

IIpy cUMMETPUYHON CXeMe ABUKEHUS TEIJIOHOCUTEIIEH COOTHOIIEHHUE TEIIOEMKOCTEN
TETUIOHOCHUTEJICH Il CMEXKHBIX KaHAJIOB PAaBHO COOTHOUICHHUIO ISl TETJIO0OMEHHHKA B
LEJIOM, T.€..

Wy =W,

HecymecTtBeHHoEe pa3nuuue CpelHHX IUIOTHOCTEW W YAEIbHBIX TEIUIOEMKOCTEH
TPEIOLIETO M HArpeBacMoOro  TEIJIOHOCUTENEHM  MO3BOJSAIOT C  HE3HAYUTEIbHOU
HOTPEIIHOCTBIO IPUHATE:

W, = ‘;"V—X (2.18)
r
U, COOTBETCTBEHHO, a= % (W, ™. (2.15a)
ri

[Ipy BBINOJHEHUU KOHCTPYKTOPCKOTO pacueTa BOJOHArpeBareis OObIYHO 3aJaHHBIMU
BEJIMYMHAMU SIBJISIOTCS HE CKOPOCTH, a JOIYCTUMBbIE MIOTEPU JaBJIECHUS B TEIIIOOOMEHHUKE 110
Ka)JIOMy TEIUIOHOCHUTEIIO, [I03TOMY LIEIECOOOpa3HO BEIMUYUHY d ONPEACIUTh IO ATUM
HOTEPSIM.

N3 (2.3) , B HpenanosioKeHUH CUMMETPUYHOW CXEMbl JBUKEHHS TEIJIOHOCHUTENEH

CIIITYeT:
2-n,

APy _ By [ Wy (2.19)
AP, B, \w,. )
OTKy/1a
Wy _\y. —[APBrp P (2.20)
w, © |APB,,)
2-n,
WIH W, =w, Br, (2.22)
AP, ,
u nanee u3 (2.15) u (2.20) momydaem:
2-n,
o= Bxa| APBr, 1 2.22)
Bfl APFBXZ
2-n,
UK a= hW;‘g Bry : (2.22a)
B, AP,

[Ipy wucronb3oBaHMM B KauyecTBE TPEIONIET0 TEMJIOHOCUTENS HACBIIIEHHOTO mapa u
TeMIlepaTypHOM Hamope MeXTy TJIEHKOH KOHJEHcaTa M CTeHKOH miacTuHel Gomee 10°C
KOA((ULHMEHT TeIIO0TAaun PacCUYUThIBaeTCs Mo (hopmMylie BUaa:

Nu, = A, Re}? Prg*. (2.23)
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3neck uncio PeliHomnbaca:
L
Re, = -1 (2.24)
roc Vi
rae (- IUIOTHOCTh TEIJIOBOTO IMOTOKA; I, O,V - YIElbHas TEIUIOTa KOHJEHCALUHU,

IUIOTHOCTh W KOX(PPUIIMEHT KUHEMATHUYECKOH BSI3KOCTH KOHJEHCAaTa MpH TeMIeparype
KoHzeHcauuu. [IpuBenennas JuivHa kaHana L, npuHsATa B KadyecTBe XapaKTepHOIO pa3Mepa.

I1oTHOCTE TEILIOBOTO ITOTOKA:

q=oacAt= aXaAt =% : (2.25)

Tac oy =0r- KO3(1)CI)I/II_[I/ICHT TCILIOOTAa4YMu OT IINICHKHW KOHJCHCATa K CTCHKC IIJIaCTHHBI

(T.e. OT rperoero TemioHocurens); At =t,, —t., -reMnepaTypHbIi Harlop MeXJy CTCHKOU U
IVIeHKONW  KoHAeHcaTta; Q,F -temnoBas Harpy3ka M HOBEPXHOCTh  TEIIOOOMEHA
BOJIOHArpeBaTeIsl.

C yuetoM (2.24) u (2.25) BelpaxkeHue (2.23) MOXKET OBbITh IPEAICTABICHO B BUJE!

acl, aAt L, "

= Prot | 2.26
Ak A r pPgVe « ( )
OTKy/1a
a, =B At (2.27)
rie
1 0.4
A Jin, L
B, ;= % (rovi 1 Pre™ (2.28)
1

Koa¢ppunuentom B, yuuThIBacTCs ONpEAENsIOMNIl KOHCTPYKTHUBHBIM IMapamerp

IJIaCTUHBI LH n TeHHOQ)I/I?vI/I‘-IeCKI/Ie CBOMCTBA IJIEHKU KOHJEHCATA.

[110THOCTH TEMIOBOTO MOTOKA C Y4eToM (2.27):
1

q=B At . (2.29)

ITpu temnepatypHom Hanope At, <10°C ko3dduuueHT Temnooraayn MOMKET OBITh

paccuuTaH 1o q)OpMYJ'IeZ
Ny

3
Gy =118 2P| g apn (2.30)
v LAt

1 COOTBETCTBCHHO INNIOTHOCTH TCIIJIOBOI'O ITOTOKA:

1-n,
q=BrAtg (2.31)
raeB,, - KOMIUIEKC, YYHTBIBAIOUIMM TEMIO()U3NUECKUE CBOWCTBA TEINIOHOCUTENS U

OIpe eI KOHCTPYKTUBHBIHM NapaMeTp IUIacTUHbI L, .
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3 Na
B, =115 29| (2.32)
ra v L

K™=

Bennuunsl k03)(QUIMEHTOB M MOKa3aTeln CTENEHH, WCIOJIb3yeMble B IMPHBEICHHBIX
dopmynax, a TakKe KOHCTPYKTHBHBIC XapaKTEPHUCTUKH HEKOTOPHIX THUIIOB OTEUECTBEHHBIX
TUTACTHH MPUBECHBI B IPHIIOKEHUH 4.

Ha moBepxHOCTH TUIACTHH B MpoOIecce SKCIUTyaTalluu oOpasyeTcs CIIOW 3arps3HEeHUi
(OTIIOKEHMIT), TEPMUUYECKOE COMTPOTHBIIEHHE KOTOPOTO YXYALIAET Terlonepeaaqy.

3arps3HeHUsT MOTYT OBITH  PE3yJlbTaTOM  KPUCTAUIM3ALUU  COJIEH  YKECTKOCTH,
CYCICHIUPOBAaHUA U TMPHIUNAHUA K TOBEPXHOCTH MPOAYKTOB KOPPO3UHM M APYIHX
MHUKPOYACTHII.

B BomonarpeBaTensix CHUCTEM  TEIUIOCHAOKEHUS  OCHOBHBIMH  KOMIIOHEHTaMH
3arpsA3HEHUN SBISIOTCA KapOoHaT W Cynb(ar Kanblus, CHIMKATBl, OKCHUIBI JKeJe3a.
OTtnoxeHusi, coaepkanme cyabhaT U CHIMKAT KaJbIUS XapaKTePH3YIOTCS MOBBIIICHHON
TBEPJOCTHIO M TIPOYHOCTHIO COCTMHEHHS C TIOBEpXHOCTHIO. Criol 3arps3HeHuid popmupyercs
B T€YCHHE HEKOTOPOTO MPOMEKYTKa BPEMEHU U €T0 XapaKTEPUCTUKU 3aBHCAT OT CKOPOCTH U
TEMIIepaTypbl TOTOKA, TEMIIEPATyphl W IIEPOXOBATOCTH TEIIOOOMEHHOW MOBEPXHOCTH, OT
KOHIICHTPALMU 3arpsi3HSIONINX BEHIeCTB B Boje. [loBbIIeHHAs TypOYJIEHTHOCTh TOTOKOB
TEIUIOHOCHUTEJICH, XapaKTepHas JUIs IUIACTMHYATHIX TEIUNIOOOMEHHUKOB, YMEHBIIACT
MHTCHCUBHOCTh O0pa30BaHMsA OTJIOXKEHHWH, HO W B OITOM CIydae HMX TOJIIMHA MOXET
BO3pacTarh JOCTATOYHO OBICTPO TMPH COBMECTHOM *° OJArompusTHOM ~  BIUSHUU
OTIPEICIIIOMUX (PaKTOPOB.

C yBenuyeHHEM TOJIIMHBI OTJIOKEHUH CeYeHNE MEKIUIACTHHHOTO KaHala yMEHBIIACTCS,
CKOPOCTH JIBIKEHHSI TETUIOHOCUTENISI BO3pACTAET U P HEKOTOPOIl ee BEIMYMHE JTabHENIIee
HapacTaHWe OTJIOKEHUH MPEeKpaIaeTcs, MPHOIMKasICh K aCHMIITOTUYECKON BETMYMHE.

Jlns  ompeneneHus CPEAHETO 33  MEXIPOMBIBOYHBIA  IIEPHOJ koa¢duLreHTa
TEIUIOTIepelayd  NPUHUMAETCS  pacdeTHas BeJIMYMHA  TOJIIMHBI  OTJIOXKEHHHA  WIH
TEPMHUYECKOTO COMPOTHBIICHUS, TPHUBEACHHAs B TPWIOKEHUH 5. B cooTBEeTCTBUH C
pacueTaMy, BBIIOJIHEHHBIMH  PSJOM  aBTOPOB, BBICOKAs  TypOynM3amusi TOTOKOB
TETUIOHOCHUTEJICH B MEKIUTACTHHHBIX KaHaJIaX CIOCOOCTBYET YMEHBIICHHUIO OTIIOKEHUH B HUX
B 4-5 pa3 1o cpaBHEHUIO C TPyOUaThIMHU.

B cooTBercTBMM ¢ Ha3HAaYeHHWEM BOJOHATpeBAaTe]ed pacxoa HarpeBaeMou BOJBI
SBIISIETCST OCHOBHBIM IIOTOKOM, BEJIMYMHA W TEMIIeparypa KOTOPOTO OOycIOBIIeHA
COOTBETCTBYIOIIMM  pAacyeToM, HalpuMep, CHUCTEMBbI  OTOIUIEHUS WJIH  TOPSYETro
BOJIOCHAOKeHMs. BenmnunHbl pacxona W KOHEUHOW TeMIepaTyphbl TPEIOIIETr0 TeTIOHOCUTEIS
KaK BCIIOMOTaTeIbHOTO NMOTOKA MOTYT U3MEHSTHCS, 00ECTIeYnBasi, OJIHAKO, HATPEB OCHOBHOTO
MIOTOKA BOBI JIO 3aIaHHON TEMITEPaTypHI.

JlommycTiMEBIE TTIOTEPH ABJICHHS TI0 «XOJOJHOMY» M PEIOLIEMY TEIIOHOCHTENAM AP, ,

n APF.LZ’ MOTYT OBITH YCTAHOBJICHBI IIO TEXHUYCCKHM WM TEXHUKO-D3KOHOMHWYCCKHUM
COOOpaKCHUSIM.

OueBHsiHA 11€J1€CO00PAa3HOCTh HMCHOJIb30BAaHUSI PACIONIaraéMbIX IOTEpPh JaBJICHUS Ha
WHTEHCU(PUKAIMIO TEII0O00MEHA, OJTHAKO B IOJHOM MEpe ATO MOXET OBITh PEealn30BAHO
JIUIIB 110 OJJHOMY TEIIJIOHOCHUTENI0, KaK MPaBUiIo, OCHOBHOMY.

[To BcmomorareabHOMY TEIUIOHOCHUTEIIO PACXOA W TOTepU JaBJICHUS MOTYT OBIThH
BBIHYK/ICHHO YMCHBIIICHBI. 9T10 YMCHBUICHUEC CBA3aHO C TEM O6CTO$IT€J'IBCTBOM, 9qTO B
IUTACTUHYATHIX TEIUIOOOMEHHUKAX YHCIIO KaHAJIOB JUIS MPOXoJa OOOUX TEeIMJIOHOCHUTENeH
OJINHAKOBO, U, €CIIM OHO OIpPENEeseTCs] OCHOBHBIM MOTOKOM TEIUIOHOCHUTENS, TO, B 00IIEM
ciIydae, TpelelbHbIE PAacXO/Ibl U TOTEPH JIaBJICHUsS] 00OWX TEIUIOHOCHTENICH HE MOTYT OBIThH



14

WCITOJIb30BaHbI TTOJIHOCTHIO OJTHOBpeMEHHO. [1o 3Toi mpuunHe BBIOOP CKOPOCTEH JIBMIKEHUS
Ka)KI0ro TEIIOHOCUTEJS TI0 COOTBETCTBYIONIECH BEIMUMHE TOMYCTUMBIX MOTEPh JABICHUS HE
MPEJCTABIISIETCS KOPPEKTHBIM, XOTSI W BCTpedaeTcs B Jureparype [5,10]. Ananormynoe
3aMeyaHHe CIPaBEIMBO M IO OTHOIICHHIO K HCIIOJIb30BAHHUIO CPEIHEro TEeMIEPaTypHOTro
Haropa Ipu BeIOOpE 11eJ1ecO00pa3HON CKOPOCTH ABMXKEHUS TEIIJIOHOCUTENSL 110 TOW MPUYMHE,
YTO 3TOT HAIOP SIBJISETCA NEPEMEHHOM, 3aBUCSILEH OT CKOPOCTH.

KoHcTpykTOpckuii  pacdeT IUIAaCTUHYATOTO TEMJIOOOMEHHHMKA CBSI3aH C BbIOOpOM
CKOPOCTEH M XOJOB IO Ka)XJI0MYy TEIUIOHOCHUTENIO, IPU 3TOM IOBEPXHOCTh TEII00OMEHa
MOJKET M3MEHAThCA TMPAKTHUYECKU HEMPEepPhIBHO, YTO MO3BOJSET B MAKCHUMAJIbHOM CTENeHU
MCIOJIb30BaTh MOTEHLMAIBl 33/aHHBIX UCXOJHBIX JAHHBIX.

Haubonee ynoOHa [y BBIIOJHEHMsI TAKOIO pacueTa METOAMKA, OCHOBaHHas Ha
IpUMEHEHUH uKcen enuHull TerionepeHoca N u temnoBoil addexrusHoctu E, Bce mmpe
MPUMEHSIONIASICS B TEIUIOTEXHUYECKOU JuTeparype [5,7,16,19]. Ona no3BosisieT onpeaensthb
KOHEYHBIC TEMIIepaTyphl TEIJIOHOCHUTENIEH W TEIUIOBYIO HAarpy3Ky 10 HadallbHBIM
Temneparypam 0e3 uTepauui, HEU30EKHbIX IpPU PACUETE C MHCIIOJIB30BAHUEM CpEIHEN
pa3HOCTH TeMIepaTyp.

Koadduumentsr s¢pdhexktuBHOCTH  TEIIOOOMEHA [0 HAarpeBaéMoMy XOJIOJHOMY
TEIUIOHOCUTENI0 £, U TIperoleMy TEIUIOHOCUTEN0 E,. ONpefensioTcss MO CIEAYIOUM

3aBUCHMOCTAM:

— txz _t)m E. = tm _trz (2.33)

X 1 I 1
tFl - tXl tFl _t/n

rae ty,,t;,ty,,t,, - HayagbHBIE M KOHEYHBIC TEMIIEPATYPhl XOJOJHOIO MU TOPSIYETO
TEIJIOHOCUTENIEH.

COOTBETCTBEHHO TEIMJIOBYIO Harpy3ky TeMmIOoOOMEHHMKAa MOXHO pacCYUTaTh IO
bopmyre:
Q=E,(t;, —t;1)Gycy . (2.34)

Koapduument spdpexruBHOCTH sABNseTCs QyHKIMENH ynuciaa eIUHUI] TeronepeHoca N ,
COOTHOILIEHUS] TEMJOEMKOCTEeH MOTOKOB TeIUIOHOCUTeNneil W cxeMbl OTHOCUTENBHOIO
JBYDKEHUS TeruloHocuTenei. OH MOXeT ObITh pacCYUTaH MO THMIAPOAMHAMUYECKUM YCIOBHUAM
TEII0O0OMEHa, a 3aTeM 10 HayaJbHBIM TEMIIEpaTypaM TEMJIOHOCUTENIEH MOryT OBITh
oTpeieIeHbl HCKOMbIE KOHEUHbIE TEMIIEPaTyphl.

Yucno enuHUI TEIUIONEPEHOca 10 OCHOBHOMY TEIIOHOCUTEITIO:

kF

Gyey

N, = , (2.35)
rae k,F - kodppuuueHT Teruionepenayd U TEIUIOOOMEHHas NOBEpPXHOCTh; G,,C,
MacCCOBBIN pacxo/1 U yelbHas TeIJIOEMKOCTh HarpeBaeMoOro TETNIOHOCUTEIS.

[MoxacraBnss (2.12) u (2.8) B (2.30), moxyunm:

L _j1+a g Sl (2.36)
N, |B,w" F
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Tak KaK KaXIbli KaHal OrPaHUYEH IBYMs IUIACTUHAMH, TO IIOJHAs TEILIOOOMEHHas
IIOBEPXHOCTb MHOI'OXOZIOBOTO  IUIACTHHYATOTO — TEINIOOOMEHHUKA onpezensercs
BBIPKCHUEM:

F=2Fn,X=n,F , (2.37)

A MaCCOBBIM pacxo TCIIOHOCUTEIIA G B MEXIUIACTMHHBIX KaHallaX MOKHO BbIPA3UTH
3aBUCUMOCTBIO:

whpn,, — wf pF
2X  2XF

1

rac fl,l’lk - IJiomaab KHMBOT'O CCUYCHHA OJHOI'O KaHajla M 4YUCJIO KaHaJIOB B ITAKCTC

G=winp = , (2.38)

IJIaCTUH (OI[HOM XOI[y); L - IUIOTHOCTH TCIUIOHOCHUTCIA, 7, - 4YHCIO IUIACTUH B

TEIJIOOOMEHHUKE; F, - MOBEPXHOCTh TEIJIOOOMEHA OJHOW IIACTHHBL, X - YHCIIO ITaKETOB
(X0/10B) IO J1IaHHOMY TETJIOHOCUTENIO.

N3 (2.33), nosy4uM CKOpOCTh MOTOKA TEMJIOHOCUTEIIS:

2GXF
w=——, (2.39)
Ffp
[ToxcraBUB BeMUUMHY pacxoja HarpeBaeMoro Teronocutens B (2.31), momxydnm:
1 | 1+a iR, f,Cy Py Wy | (2.40)
Nx | B, wh 2F, X,

rac XX - YHUCJIO XO40B I10 HArp€BaeMOMY TCIIJIOHOCUTCIIHO.

BenuunHa CKOPOCTM OCHOBHOIO TEIUIOHOCUTENS W, B MEXKIUIACTUHHBIX KaHanax
JOJKHA, C OJAHOW CTOPOHBI, 0OeCreurnBaTh HEOOXOTUMBIA TETMIOOOMEH, a C JPYroi - He
TPUBOJIUTH K TIPEBBIILEHUIO JIOYCTUMBIX TIOTEPh AaBIeHUs AP, .

JlomycTHMOE YHUCIIO XOJ0B HArpeBacMoro TEIUIOHOCHUTENS MO MOCIETHEMY YCIOBHUIO
cnenyet u3 (2.3):

AP.
Xy =—24_ . (2.41)
BXZWX ’
[ToacraBnss (2.41) B (2.40) , momyuum:
3-n,
1 (1+a iR, B, ,W; " f,Cy py . (2.42)

N B, Wy 2AP, ,F

Pemenne JAaHHOI'0 YpaBHCHUA OTHOCHUTCIIBHO CKOPOCTH ABWIKCHHA TCIIJIOHOCUTCIIL W,

II0O3BOJISACT HaI\/'ITI/I cec BeJ'II/ILII/IHy, y,ZIOBJ'IeTBOpﬂIOH_[y}O 3a1aHHbIM YCJ'IOBI/U{M 110 TGHHOO6MeHy 158
TUAPABIMYECKOMY COMPOTUBIICHUIO.

B o0miem cimydae, 9uCIIO XOI0B KaXK0TO TEIJIOHOCUTENSI MOXKET OBITh PA3IUYHBIM, T. €.
X, # X,. Takasg «HEecUMMeTpUYHas» CXeMa JBM)KEHUS TEIUIOHOCUTENEH MO3BOJsEeT Oonee

rHOKO HCITOJIb30BaTh 3aIaHHBIC BCJIIMYMHBI OJOMYCTHMBIX IIOTEPhL MOABJICHHUA W pacxonga

BCIIOMOTATENBHOIO  TEIUIOHOCHTENS, OCOOEHHO Korpa Benmwduusl APy, u AP,

CYILIECTBEHHO pa3nuuHbl. [103TOMY 11€7€c000pa3HO TOCHe pacyeTa BETHMYHHBI TTOBEPXHOCTH
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TEII00OOMEHAa M KOJIMYECTBA IUIACTUH #,, IO YCIOBUSAM OCHOBHOIO TEIJIOHOCHTEIs
OIIPEJIETUTH KOJIMYECTBO XOI0B I'PEIOIIET0 TEINIOHOCUTES X /.
[Toncrasisis B (2.3) CKOPOCTB IPEIOIIET0 TEIUNIOHOCUTENS W, 110 (2.34), noxy4nm:
26, X, ) "
— r’*r
AP, =B, X, o f , (2.43)
pFnrm 1

OTKYZa, MCXOAsd M3 IOIyCTUMOW BEJIMYUHBI IOTEPh AaBiieHUA AP, , 4UCIO XOI0B

/)
paccuuThiBaeTcs o popmye:

2-n,

1
APF-H &N p[“nrw fl 1
B, 2G,. '

X, = (2.44)

PaznuuHoe COOTHOIIEHHE 4YHCIa XOJ0B XX n XF 06YCJ'IOBJII/IBaeT HCO6XO,I[I/IMOCTB

NPUMEHEHUS Pa3MYHbIX 3aBUCHUMOCTEH Ui  pacuera KOI(P(UIUMEHTOB TEIUIOBOI
3 PEKTUBHOCTH.

B mpocreifiem cinysae X, =X, (cM. puc.5), B 3TOM ciyyae IO BCEM XOJaM
NPUHUMAETCS TMPOTUBOTOYHAS WM TNpAMOTOYHas cxema JBwkeHUs. KosadduiueHt
3(QPEKTUBHOCTH IO XOJOAHOMY TEIUIOHOCUTEII HpPU HPOTUBOTOYHOM MABMXKEHUU E .
paccuuThiBaeTcsa 1o hopmye:

Ey s = 1_eXp(NxWx _Nx) )
1_Wx eXp(Nx\Nx - Nx)

(2.45)

Koadduument s¢ppekTnBHOCTH TIPH MPSIMOTOUHOM CXEME IBUKCHUS TETNIOHOCHTEIICH:
_I—exp(=N,W, - Ny)

E = 2.46
IIpy onMHAKOBOM TEIUIOEMKOCTH IIOTOKOB, T.€. pu W, =1, nomy4yaem:
NX
=—, 2.47
1—exp(—2N,)
Evoy = > L (2.48)

ITpu HeM3MEHHOM TEMJIO0EMKOCTH MOTOKA TPEIOIIEro TEMJIOHOCUTENS, YTO UMEET MECTO,
HampuMmep, MpH KOHJEHCALlMM TMapa B TMapoBbIX BOJOHArpeBaTessax, KOA(QQPHUIMEHT
3 PEKTUBHOCTH ONpeaessiercs no popmyne:

E, =1-e"x, (2.49)

OO0bIYHO TPUHUMAETCS Kak Ooinee 2P peKTuBHAS MPOTUBOTOUHAS cxeMa. M3 BeipakeHus (
2.40 ) yucio eUHUL TEIJIONEePEeHoca:

U S Lol /79

(2.50)
1- WX 1- EX.HB
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[Ipu ogHOXOMOBOM cxeMe ABWXKEHMS, T.e. Ipu  Xxy=Xr =1, CKOpOCTh HarpeBaeMoro
TETUIOHOCHUTENSI Wy SIBIISICTCSI €MHCTBCHHON HE3aBUCUMOW IEPEMEHHOW, OMpeIeIsIonei
Tpebyemyro 3 dextuBHOCTh Harpepa. [loacrabiss (2.50) B (2.42) nmosiyduM ypaBHEHHUE ISt
OTIPENIEIICHUS 3TOH CKOPOCTH:

1-W, _| 1+a +R f,Cy oy Wy (2.51)
| 1_WXEX.HB B Wnl ‘ 2F1XX ,
T1E,
X.IIB

rae BenuuuHbl Wx U @, B COOTBETCTBUU C BbIpaxkeHUsAMH (2.21) u (2.22a) BKITIOYAIOT
B c€0sl HICKOMYIO IIEPEMEHHYIO Wy .

Ecnu xoTs OB IO OJHOMY TEIJIOHOCHUTENIO YHWCIIO XOJAOB PaBHO 1, a mo apyromy -
IMPOU3BOJIbHOC, TO B TaKOM CXeMe MOXKHO BBIACINUTD O0JI0KH C NpsAMOTOYHBIM U

IPOTMBOTOYHBIM JBHKeHHeM. COOTHONIEHHE TEMIIOEMKOCTEH MOTOKOB TemoHocuTenei Wy

JJI1 OJHOI'O O110Ka 6YIICT, O4YCBHUAHO, OTINYATBCA OT COOTHOIICHUA AJIA TEIIOOOMEHHHMKA B
OCJIOM.

HOCKOHBKy CKOPOCTb  ABMIKCHHUA  KAXKAOTO TCINIOHOCHUTCIIA BO BCEX  KaHaIax
TEIJI000MEHHUKA OJMWHAKOBa, TO COOTHOIICHUC TEINIOEMKOCTEH ITIOTOKOB AJIg ABYX COCCIHUX

KaHAJIOB PABHO COOTHOIIEHHIO IS K300 OTAeIbHOro xona W',
B cootBerctBun ¢ (2.34) maccoBBIf pacxoj] TEIIOHOCHUTENSA, MPOXOJAIIETo depes
CEYEHUE OJIHOTO KaHaJa:

2XG

g=whp="", (2.52)

nin

a COOTHONICHHE TEIUIOEMKOCTEM IMOTOKOB I KaXXJgoro Xxoja IIo XOJIOAHOMY
TCIIJIOHOCHUTCIIIO!

c w G,c X
\N):Ié:g)()(= X= XX X1 (2.53)
gFCF WF GFCFXF
a 1o TopsYeMy:
1
Wl=—. (2.53a)
I W)j(L
OMHAKOBBIN THAPOAMHAMUYECKUN PEIKUM ONPEICIISACT PABHYIO BEJTHUHHY
k03 duIMeHTa TeImIoNepeIauH M0 BCEM X0aM, MOITOMY 00II[ee YHUCIIO ¢THHHMIL
TEIIONIEPEHOCA PACTIPEIENIACTCS PABHOMEPHO 110 BCEM XOJ1aM H JUTS OJHOTO XO/a 10
XOJIOZTHOMY TETUIOHOCHTEITIO COCTABHT:
N kF
N, =—2% = , (2.54)
X X GX CX x X
a 1o TopsAYEMY:
N = NIWL . (2.54a)

PaCCManI/IBaeMaSI CXeMa JABUXXCHUA TEIUIOHOCHUTEIIEN B INIACTUHYATOM TEINIOOOMEHHHUKE
COOTBETCTBYET CXEM€ IOCIEeJ0BATEIbHOIO COEIMHEHUS! TEeIMIOOOMEHHBIX ammapaToB IO
OJIHOMY TEIJIOHOCHUTEII0, U MapajyielbHOro - 1Mo JApyroMmy. B Takoil cxeme koapduuueHT
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3¢ peKTUBHOCTH Al TEIIOHOCUTENSI ¢ MHOTOXOJIOBBIM JIBIDKEHHEM B COOTBETCTBHUH C [7]
OTIPEIeIIIeTCS BEIPAKCHUEM:
_ 1 X-r 1 r
E=1- (1_ EHB) (1_ EHM) J (2-55)
e E,, Ep, - ko>bduumueHtsl >P(EKTHBHOCTH OJHOTO MPOTHBOTOYHOTO U
HOPSIMOTOYHOTO XO0/a TETMIOOOMEHHUKA; 7 - KOJIUYECTBO YETHBIX XOJOB; X - MOJHOE YUCIO
X0JI0B MHOT'OX0JIOBOT'O TEIIJIOHOCUTEIIS.
Koaddurments 3heKTHBHOCTH XOJ0OB COOTBETCTBEHHO PABHBI:
1 1y7/71
,_ l—exp(-N"+NW")

= , 2.56
B 1—W'exp(-N'+ N'W") (2:56)
1—exp(-N'=N'W")
EIIYM = TG . (2.57)
B COOTBCTCTBUHU CO CHeIIYIOIlII/IM ypaBHeHI/IeM TCIIJIOBOT'O 6aJIcha:
Ex(trl - ZXI)GXCX = Er(trl - tXl)GFCF ) (2-58)

nepecyet ko3 durmerTa 3pPEKTUBHOCTH C OJJHOTO TETUIOHOCUTEIIS HAa IPYTOM BBITIOTHSACTCS
o popmyre:
EW,=E,. (2.59)

4.2PACYHET BOAOHAT'PEBATEJIA 1O JOITYCTUMBIM ITIOTEPAM JABJIEHUSA U
PACXOAY I'PEIOIIEI'O TEIINIOHOCUTEJIA

[lenecooOpa3HOCTh HCIIONB30BaHMS PACIOJAara€MbIX JABJICHUM TEMJIOHOCUTENEeH Ha
MHTECHCU(PHUKALMIO TEIUIOOOMEHa O4YEBHJIHA, IOCKOJIbKY OHA IMPUBOAMT K YMEHBIICHUIO
TEMI000MEHHOM MOBEPXHOCTH U CTOMMOCTH TETNIOOOMEHHHKA.

Takasg 3amaya sBIAETCS TUIWMYHOM Ui BOJAOHArpeBaTENEl, YCTAaHABIWBACMBIX B
TEIUIOBBIX MYyHKTaX LIEHTPAJIM30BAHHBIX CHUCTEM TellocHaOxeHus. Pacronaraemslii nepernaj
JaBJICHUM B MOJAOIIed M OOpaTHOM MarucTpaisiX TEIUIOBOM CeTH B MECTe€ YCTaHOBKHU
BOJIOHArpeBaTesis MpeiICTaBIseT coO0N AOMYyCTUMYIO BETMUYHMHY MOTEPDh JaBJICHUS T'PEIOIIETO
TertoHocutens AP .

Pacxon HarpeBacmMoro TCEIJIIOHOCUTCIIA GX OMpCACIICTCA  PaACUCTOM CHCTCMBI

OTOIJICHUS, TOPSYEro BOJOCHAOXKEHWS, a JUId TEXHOJIOTMYECKOIO BOJOHArpeBaTels -
TpeOOBaHUAMH TE€XHOJIOIMH. Bennuuna nomyctumoit norepu jgasienus APy, ; 00ycioBieHa

YCTaHOBJICHHBIM HAaCOCHBIM OOOpYJOBaHHEM M MOTEPSIMH JaBJIEHUS B KOHTYpE LUPKYISIUU
JTAHHOTO TEMJIOHOCUTEIIS.

Jlorukoii pacuera mpeaycMaTpUBaeTCs ONpe/IesIeHne TOBEPXHOCTH TeII000OMEHa Mpexkie
BCETO UCXOJs W3 33JaHHBIX YCIOBHHM MO OCHOBHOMY, T.€. Harpe€Ba€MOMY TEILUIOHOCHUTEIO.
[Tpu TOM 0O0sA3aTeNnbHBIMU 1711 00ECHEUEHHUs SIBJISIOTCS pacxo] M KOHEYHas TeMIeparypa
HarpeBaeMoro TEIUIOHOCHUTENs, TOrJa KaK pacrojlaraeMble IMOTepu JaBJIEHHS MO 000uM
TEIJIOHOCUTENIIM M PacxoJ TPEIOLIEr0 TEIUIOHOCUTENS B PE3YNbTAaTe pacdyera MOTYT
0Ka3aTbCsl HEJOUCIIOIb30BAHHBIMH.

Ilocrneoosamenvrocmo paciuema.
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1. Haxonurcst Tpedyembrit koadduiueHT 3¢ (HEeKTUBHOCTH HArpeBa X 0J0ITHOTO
temoHocurens E, . 1o gopmyine (2.33).

2. Ompepensercss MUHUMAIBHO BO3MOXXKHOE COOTHOIICHUE TEIUIOEMKOCTEH ITOTOKOB
TeIIoHOCUTene W, Iuid TemnooOMEHHMKA B 11e10M 110 (2.16).

3. [IpuHUMast MPOTUBOTOYHYIO CXEMY JABHMIKEHUS TEINIOHOCHUTENEH, 110 (2.45)
oIpeJieNIsIeTCs YMCI0 eQUHUL TerionepeHoca N, , obecneunBaromiee TpeOyeMyro BETUIHHY

k03¢ dunmenTa 3ppekTuBHOCTH E ) 1p .
4. BBIUUCIIAIOTCS KOMIUIEKCHI BEMUYUH B, ,By,, B, B, 1o (2.9)u (2.4).

5. Ilo cipaBOYHBIM TaHHBIM (I MPHIIOKEHHIO 2) TPUHUMAIOTCS PACUCTHBIC BETHUMHBI
TEPMUYECKOTO CONPOTHBIICHUS 3arpsi3HEHUN R, R,- CO CTOPOHBI HArPEBAEMOT'0 U TPEIOILETO
TEIIOHOCUTENEH, onpenesitores 1o (2.11) tepmuueckoe conpoTusiaenue R, a no (2.10) -
R,.

6. 1o cipaBOYHBIM JTaHHBIM JIJIsl BRIOPAHHOT'O THIIA TUIACTUH OINPEIEIISIFOTCS JHAMETPBI
naTpyOKOB TEIUIOHOCUTEJICH, CKOPOCTH JIBUKCHUS TEIJIOHOCHUTENICH B HUX 110 BEIMYMHAM
pacxoJIoB, (110 rPEoIIEMy TEIUIOHOCUTEIIO - OPUEHTUPOBOYHO), U ,E€CIIU CKOPOCTH
MPEBBIIIAIOT 2.5 M/c, TO 10 (2.5) HaxXOAATCS MOTEPH JIaBIeHUS B MaTpyOKax u
COOTBETCTBEHHO YMEHBIIAKOTCS JTOIMYCTUMBIE IOTEPH B TEIIOOOMeHHUKE AP, ;, AP, ;.

7. BeraucnseTcst 0xxu1aeMoe COOTHOIIeHHE KOA(pGUIIMEHTOB TEIJIOOTAAYN d B
MPEIOJIOKEHUN CUMMETPUYHOM CXeMbl ABIKEHUS 110 (2.15a).

8. U3 ypaBHeHwus (2.42) HaX0IUTCS CKOPOCTh IBUYKEHUSI HATPEBAEMOI'0 TEIUIOHOCUTENS B
MEXIUTACTUHHBIX KaHalax W, , P KOTOpOH o0ecreunBaroTcs TpedyeMoe YUCI0 eAUMHHULL

TCIIOIICPCHOCA NX " JOITYCTUMBIC ITOTCPU NAaBJICHUA APX.H .

9. Ompegensiercst YMCaA0 XOA0B X, HarpeBaeMoro TeIoHocuTens 1o (2.3), koropoe
okpyrisiercst 1o uenoro uncna. Oxpyrienue X , B OOJNBIIYIO CTOPOHY A0 X , , MIPUBEAET K
YBENTMYECHHIO ITTUHBI TyTH TETUIOHOCUTENS B TETIJIOOOMEHHHKE W, K HEOOXOIUMOCTH
YMEHBLIEHHS CKOPOCTH 110 YCIOBHIO HE MPEBBILIEHHS IOIMYCTUMBIX OTEPD JABICHU AP, .
YMeHbIIIeHHe CKOPOCTH OyIeT COMPOBOXKAATHCS MOBBIIICHUEM YUCIIA SANHHII TETJIONepeHoca
U TEMIIEPATYPHI ,, HATPEBAEMOI'O TEIIJIOHOCUTEIS.

OxpyrieHne B MEHBLIYIO CTOPOHY 10 X , ,, IPUBEIET K YMEHBUICHUIO JJIUHBI IIyTH

TCIIJIOHOCUTEIIS U €TI0 HCAOT'PEBY. HOBTOMY HeO6XOI{I/IMO COOTBETCTBCHHO YMCHBIIINUTD
CKOPOCTB TCIJIIOHOCUTECIIAA W, , YBCJIMYUBAsSI YHUCIIO CAUHHUI TCIIJIOIIEPCHOCA NX 110 YCJIOBHUIO

obecrieueHus TpeOyeMoi TeMIeparTypsl /.
Hcnonb3yemast 4acTh IOIyCTUMBIX TIOTEPH AaBJIeHUs APy ; U 5TOM yMEHBUINTCS.

10. Ilo BennuuHam X ,,, X  ; ONPENEHAIOTCA COOTBETCTBYIOIIUE CKOPOCTH JIBHKEHHSA
HarpeBaeMoro TEINIOHOCUTENS W, ,, 110 3aBUcuMocTd (2.40) u w, , 1o (2.3).
11. Tlo (2.38) paccunThIBalOTCSA NOBEPXHOCTU TEIIIOOOMEHHUKA I, u F, 17

JanbHEHIIero pacucTa IPUHUMAIOTCS YUCIIO XOO0B U CKOPOCTH HArp€BacMoro
TCIIJIOHOCHUTCIISL, COOTBETCTBYIOIIIHC MEHbIIIEH BEIUYNHE IMOBCPXHOCTHU.
12. Ilo I[IPUHATBIM BCINYUHAM W, XX OnpeACIICTCA YUCIIO KaHAJIOB B IIAKETE 71, ;. JUIA

ABWIKCHUSA XOJOAHOI'O TCINIOHOCUTECIIA U TAKIKE OKPYITIACTCA A0 LEJIO0Tro Yrucja €
ocJIeAyromuM YTOYHCHHUEM BCJIIMYNMHBI CKOPOCTH W, , HHACJIA INIACTHH 7, W IIOBEPXHOCTH

termoooMeHa 1o (2.38).
13. HaxoauTcst 4UCII0 XO/I0B TperoIiero Termjaonocutens X, 1o (2.44), o0ycioBieHHoe

BEIMYMHOMN AOMMYCTUMBIX ITOTCPH JaBJICHUA AP T 1 YUCJIOM IIJIaCTHH.
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IIpn X,> 1 4ncno X04OB OKpYrIseTcss [0 LeNoro yuciaa B Oonpuryro (X, , ) U B
MEHBUIYI0 CTOPOHY (X, ,,), HaXOmATCs CKOPOCTH W, , mno (2.3) u w,, mno ( 2.39).
OxpyrieHre B OOJBIIYI0 CTOPOHY COOTBETCTBYET MOJHOMY HCIOJB30BAHHIO JIOIMYCTHMBIX
noTeph JaBneHus AP, ;, ¥ yMEHBUIEHHOMY DPacXojy TPEIOLIEr0 TEIUIOHOCUTENS, YTO HE

BCETJIa IOMyCTUMO H 11EIeCO00pa3HO.

Ilpu pacueme mennoobmeHHUKA — OXAAOUMENS 0eA3PUPOBAHHOU B800bL 8eCb €€ PACX00
0019iCeH ObIMb NPONYWeH uepe3 menio0OMeHHUK, NOIMOMY NPUHUMAEMCS OKpyeieHue
MONLKO 8 MEHbULYIO CIOPOHY, NPU IMOM UCHOIb3YEMC JUllb YaACmb OONYCMUMBIX NOmMepPb
oasieHusl.

15. Tlo BenMuMHaM MOIYIEHHBIX CKOPOCTEH IBUKEHUS TEIUIOHOCUTENCH Wy, Wy |, W) ¢

PaCCUUTHIBAIOTCSA KOAP(PHULUUEHTHI TEMIOOTIAYH &y, &y s,y 5 10 (2.8), KOO PHULUEHTHI
Teronepenauu k,,,k, 1no (2.12), cooTHOIIEHHE TEIIOEMKOCTEH MOTOKOB TEILIOHOCUTEIIEH

B Kananax Wy, , Wy , 1o (2.17), uncno equnun teronepenoca N, ,,, N, ; 1o (2.35);
YTOYHSIOTCS BeIM4YMHBI pacxona G, ,,,G, x 10 (2.38) ¥ ruapaBINYeCKUX NOTEPD
AP, ,AP. . no (2.3).

16. CpaBHuBaroTcss Mexay coOoil umcna xomnoB X, u X, U B 3aBUCHMOCTH OT HX
COOTHOIIEHUS, BO3MOXKHbI CUMMETPUYHBIE U HECUMMETPUYHBIE CXEMbl JIBUKCHHS, T.€. C
pPaBHBIM YHCJIOM XOJOB TEIUIOHOCHTeNed u ¢ pasnuuHbiM. Ilpn X, = X, peanusyercs
CUMMETpUYHAs!, OOBIYHO MPOTHUBOTOYHAS CXeMa JBI)KEHHUS TEIJIOHOCHUTENEH, pacyeT KOTOpoi
BBITIOJIHSIETCH qanee 1mo 1.16.1-16.2.

Hecummerpuynas cxema ¢ X, =1 u X, # lpaccuursiBaercs no m.17.1-17.6, cxema
cX,#1ln X, =1-nomn.18.1-18.5.

16.1 PaccuutbeiBaercs kodduimeHt 3(hPeKTHBHOCTH HarpeBa X0JI0HOTO
temoHocurens E, . 1o (2.45).
16.2 Onpenensercs pacueTHasi KOHEUHas TeMIepaTypa TEINIOHOCUTENS £, 10 (2.33) .
17. Tlpyu HecUMMETPUYHON CXeMe C OJHOXOJOBBIM JIBUKEHHEM II0 HarpeBaeMoMy
TEIUIOHOCUTEN0, T.e. mpu X, =1, OJHa 4YacCTb XOHOB TIPEIOLIET0 TEMIOHOCUTENS
OKa3bIBaeTCsl MPOTHBOTOYHOM, a JApyras - NpsIMOTOYHOH, Ko3pduuneHTs 3pdekTuBHOCTH
KOTOPBIX PA3JIUYHBI.
17.1 PaccuuTHIBAETCA YMCIIO €IMHHUIL TeIvonepeHoca N i, MPUXOJAMIEECS HA OJUH
XOJ] Tperollero TemjaoHocuTens mo (2.54), W COOTHOIIEHHE TEeIIOeMKOCTEH
TIOTOKOB B coceHMX KaHamax Wx* mo (2.53).
17.2 [IpuHUMaeTcs YHUCIO XOAOB 7 C TPSIMOTOKOM (ueTHBIE XOABI), U C
OPOTUBOTOKOM X — 7 (HEUETHBIE XO/IbI).
173 Tlo (2.54a) wu mo (2.53a) mHaxomsrcs BenwuuHsl N,., W, onpenensiorue
OXJIQX/IEHUE TPEIOLIETO TEINIOHOCUTENS B X0J]aX TEIIO0OOMEHHHMKA.
17.4 PaccunthiBatorcss Ko3(duumeHTs 3()PEKTUBHOCTH OXJIaXIEHUS TI'PEIOLIETo
TEIUIOHOCHUTENST B IPSIMOTOYHOM X0y IO (2.57) U B NPOTHUBOTOYHOM XOAY IO
(2.56).
17.5 Omnpenensercs ko3pduuenT 3pPeKTUBHOCTH OXTaXKASHHs TeIUIOHOCUTENs E .
no (2.55), a nmo (2.59) mepecuntsiBaeTcsi B KOIPOUIHEHT >PPEKTUBHOCTH
HarpeBa XOJIOAHOTO TeruioHocuTens E , .
17.6 Ilo (2.33) paccuuTbIBaeTCs TEMIIEpaTypa HarpeToro TEIIOHOCUTENS { o, .
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[Ipu HECUMMETPUYHOU CXE€ME JIBUKEHHUS MOTOKOB TEMJIOHOCUTENEH C OJTHOXOJAO0BBIM
JBIKEHUEM IO TperolieMy TeIUIOHOcHTemo (X, =1) oxHa 4acTb XOJOB HAarpeBacMoro

TCIINIOHOCHUTEIIA TAKXKE ABJIACTCA HpﬂMOTO‘IHOfI, a apyras - HpOTHBOTO‘IHOﬁ.

18.1 OmpepensieTcst YUCIIO eIUHUIL TeruionepeHoca N )1(, MPUXOJIAIIEECs Ha OJTUH X0/

HarpeBaeMoro TeIIOHOCUTENS 110 (2.54).

18.2 [Ipuaumaercs uymcimo xomoB I ¢ mpsmorokom  (YeTHBIE XOIbl), U C

IPOTUBOTOKOM X, —I (HEUYETHBIE XObI).

18.3 PaccuuthiBatorcst  ko3pdunueHTsl 3 (PEKTUBHOCTH  HArpeBa  XOJOJHOTO
TEIJIOHOCHUTEIS B MMPSMOTOYHOM X0y 10 (2.57) 1 B MpOTUBOTOYHOM 110 (2.56).

18.4 Ompenensercs Kod(urmeHT ¢ dexTuBHOCTH HarpeBa
TEIJI000MEHHHKA B 11eJ10M 110 (2.55).
18.5 o (2.33) paccuuTbIBaeTCs TEMIIEPATypa HATPETOrO TEIIOHOCUTENS £ o, .

E ., nna

19. TlomyueHHBIE pe3yJabTaThl, COOTBETCTBYIOIIHME CKOPOCTSM JABMXKEHUS TPEIOIIETO
TEIUIOHOCUTENSI W, ,, U W, ., CPaBHHBAIOTCI Mexay coboii u BblOMpaeTcs

Hpe,[[HO‘lTI/ITCJ'IBHHﬁ BapHUaHT.

Ecau xe Hal"peBaeMLIﬁ TCIIJIOHOCHUTCJIb CYLICCTBCHHO HE NOI'PEBACTCA OO 3aJJaHHOM
TEMIICPATYpPbI, TO TEI000OMEHHUK CJICAYCT MICPECUNTATD, YBCIINYUBAs IMOCIICAOBATCIBHO

YHCJIO KaHAJIOB B ITIaKCTC.
CJ'IGI[y@T OTMCTHUTB, YTO ,Z[O6I/IBaTBC5{ a0COJIFOTHOI'O COOTBETCTBUSA pacquHoﬁ

TEMIICPATYPhI HaneTOﬁ BOJIbI 33JJaHHOMN BEIIMUMHE Heuenecoo6pasHo, ITOCKOJIBKY pCaJIbHBIC

YCIIOBHSI 9KCIUTyaTalliy HE BBIIEPIKUBAIOTCSA TOUHO, OKA3bIBAIOT BIUSHUE HEYYTEHHBIC
dakrops! (hakTHUECKas UHTEHCUBHOCTD 3arpsi3HEHUN ), IPUMEHSIETCS pEryJIMPOBaHHUE.

Ipumep pacuema

PaccuuraThe nnacTMHYATHIN BOJOHArpeBarcjib € IINIaCTUHAMM THIIA 0.5 151 CUCTCMbI

OTOIUICHUA Ha CJICAYIOIINUEC YCIIOBUA:
® pacxodbl TEIUIOHOCHUTEIICH

Ke Ke
G, =6.5?, GF.LZ =10?,

e TeMIeparypsl TemoHocurenen: ¢, =70°C,t,, =105°C,¢,, =130°C ;
° AOIIYCTUMBIC IMOTCPU JABJICHUA:

AP}, =08-10°Ia, AP} ;; =1-10°Ia;

L TEXHUYCCKUEC XaPAKTCPUCTUKHU IIJIACTUHBI:

F =057, f; = 0.003x°,d, = 00096, 5, = 0.0005m,

L, =084m,D,,,, =02m;

e TemwiopU3NIECKNe CBOMCTBA TEIJIOHOCUTENIEH TPU HMX CPEIHUX TeMIepaTypax

tyop =875°C, typ =120°C:

Ke oM Bm
Py = 965;, v, =0326-10 6 T,lX = 068]!4-—]( ,
Pr, =195;
Ke M Bm
Pr = 943,1; sV = 0.2527, ﬂr = 0.686ﬁ,
Pr, =147;

® TEPMHUYECKOE COMPOTHUBICHHWE CJOEB  3arps3HEHUH CO  CTOPOHBI
TEILUIOHOCUTEIIEN

obounx
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4 MK
R, +R,=04-10 B
e K03} ULHEHTHI pacUeTHBIX YPaBHEHHUI:
A =0135; 4, =288; n, =0.73; n, =0.25.

Pesyrnbmamsi pacdyema

1. Tpebyembrii kodbdunueHT 3PEHEKTUBHOCTH TEIJIOOOMEHHHUKA II0 HarpeBacMoOMy
TETUIOHOCHUTEJIIO:

E, =0.583

2. MuHIManbHO BO3MOYKHOE COOTHOIIIEHNE TEIUIOEMKOCTEN TOTOKOB TEIIOHOCUTENIEH:
W, =0.65

3. Yuciio CAUHUII TCIUIONICPECHOCA 110 HAarp€BacMOMYy TCIIJIOHOCHUTCIIFO:
N, =114

4. PacueTHbIC KOMIIICKCHI BEJINYHH:

B

X1 ™

)

0.73
Br1:24,8 KBm (ﬁj

B,, = 92.9;<17a(£j
M

5.TepMI/ILIeCKO€ CONMPOTUBJICHNUEC CTCHKU IINIACTHUHBI:
4 M R
Bm '

g |0

Br;=85,1 KHCI(

R, =0.327-10

o0111ee TEpMUYECKOE COMTPOTUBIICHHUE 3arPS3HEHUN U CTEHKH TUIACTHHBI:
R, =0.727-10" M*K/Bm

6. CKOpOCTH TETUIOHOCHUTENICH B MaTpyOKaX TEIIO0OOMEHHHUKA:
6.5

Wxmrr = 9650785 0.1°

M
=086—,
c

10
Wrmre = 54370785 0.1°

M
=135—,
c

THAPAaBINYCCKOC COITPOTUBIICHUE HaTPY6KOBI
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965

AP, o =15-086 = 0.54xla ;
943
AP e =15-135° = =129xla;

pacmojiara€MbpI€ IIOTCPU AABJICHUSA 110 TpaKTaM TEIJIOHOCHUTEIICH:

AP, ; =08-10° =540 =0.795-10°I1a
AP, ; =1-10° =129-10° = 0987-10° I1a .

7. IlpeanonaraeMoe COOTHOIICHHE KOA(D(UIIMEHTOB TEIIOOTAaYH MPU CUMMETPHYHOM
CXEME IBUKEHUS TEIUIOHOCUTEIIEI:
a=0.812

8. CKOpOCTB HarpeBacMoro TCIrJIOHOCUTECIIA, YAOBJICTBOPAOIIAs YCJIOBUAM Tpe6yeMor0
TEIJI000MEHA U AOIIYCTUMBIM ITOTEPAM HABJICHUA, OMIPCACIIACTCA PCIICHHUEM
YpaBHCHUA:

1 [ 1+0812 27) 12.13-92.9- w3 0%
= —+ s
114 (2286-w}" 795

M
oTkyga w, = 0.67—.
c

9. Uncno X0710B HAarpeBaeMoro TETIOHOCHTEIS:
X, =1725

IIpuaumaem X, ., =2, X,, =1.

10. CxopocTu ABMXKEHHUSI HarpeBaeMoro TETJIOHOCUTENSI, COOTBETCTBYIOIINE IPHHSATHIM
YUCIIaM XOJI0B!
wy  =0.61m/c

M
Wiy = 0257

11. TloBepxHOCTH TETIIOOOMEHA, COOTBETCTBYIOIIUE CKOPOCTSIM:
_ 2 _ 2
F,=9v", F,=T74m".
OpHEeHTUPYACH HA MEHBIIIYIO MOBEPXHOCTH, ISl JAIBHEHIIIETO pacuyeTa MPUHUMAEM

X, =2,w, =061,
C

12. Yucno kaHAJIOB B MaKeTe (OJTHOM XOJ1y) HarpeBaeMoro TEeIJIOHOCUTEIIS:
Ny =3.68,

[IpuHMMaem Ny x =4,
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YTOUYHSIEM CKOPOCTH:

M
w, =0.56—.
c
OmnpenensieM NOBEPXHOCT TEIUIOOOMEHA BOIOHATPEBATENSI M YHUCIIO IUIACTHH:
8
— 2 - _
F=8wm", nm—05—16

13. Yucno x0/10B IPErOIIeTro TEIIOHOCUTES:
X, =177.

14. Tlpuanmaem X rwm.=1, 9TOOBI OOECHEYUTH MPOXOJ Yepe3 TEIUIOOOMEHHUK BCETO
o0beMa JieadpupPOBAHHON BO/IBI.
COOTBETCTBEHHO CKOPOCTb I'PEIOMIETO TETNIOHOCHTEIIS:

Wy = 0,44%

@akTHyecKUe PacXOoIbl IPEIOLIEr0 TEIIOHOCUTEIS:
G, ==10.«xe/c

Jpyrue xapakTepuCcTUKH pexkruMa paboThl BOJOHATPEBATEIS:
¢  Kk03(h(ULHEHT TEMIO0TJa41 CO CTOPOHBI HATPEBAEMOTO TEIIJIOHOCUTEIIS:

o, = 2286-056"7 = 1497 = 1527 .
MK
e k03 UIHMEHTHI TEIUIOOTIAYU CO CTOPOHBI IPEIOLIETO TETNIOHOCUTEIIS:
KBm
a,,, =248-044°7 =136 K
o, ; = 248-0737 = 197 2"
I.F . . YRR
e  k0dh(UIHEHTHI TeTIoNepeIadn:
k,, =4.69 xBm/m*K
kg =5.26, kBm/m*K
®  YHCJIa SUHUI] TEIUIONepeHOCca!
4.69-8 138. N 526-8 154
o =g5.419 0 N T s g TP
® COOTHOIIEHHE TETNIOEMKOCTEH TTOTOKOB TETNIOHOCUTEJICH B COCEIHUX KaHaIax:
iy, =222 s, =222 g7gs
oM10-1 TR 832 T

®  TUAPABINYECKUE NOTEPHU MO TPAKTAM TEIIIOHOCUTENEM:
AP, ,, =851-044>°% =20xlla
AP, =929-2-056""" = 674«xlla .
[TpuHsThIE Ynca Xon0B Temnonocutened X, =2, X, ,, =1, onpenensror 1

JalbHEHIIero pacCCMOTPEHHUS O/IHY CXEMY C HECUMMETPHYHBIM JIBIKCHUEM
(X, =2,X,,, =1, nyakTsl MeToguku pacyera 18.1-18.5).
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18.1 [Ipy HeCcUMMETPpUYHON CXeMe JBWIKEHUS YHCIO EAWHUI] TeIIONepeHoca,

MpUXoaAIECeCda HAa OAWH X0 Harp€BacMoOro TCIIOHOCUTEIIA:

A 1.38 0.60
X = o T
18.2 IlpyHrMaeM KOJMYECTBO MPSMOTOYHBIX XOHOB 7 =1, KOJMYECTBO
MPOTUBOTOYHBIX XOJI0B X —r=2—-1=1.
18.3 Koapdunment a¢hpexTuBHOCTH MPOTUBOTOYHOTO X0/1a:
E\ s = 1= expl-0.69+0.69:1.38) = 0376, k03hdHULUEHT 3PPEKTUBHOCTH

1-138 exp(-0.69 +0.69 -1.38)
MpsAMOTOYHOI'O xoaa.
1 1—exp(—0.69 - 0.69-1.38)
Eme = 1+138

=034

18.4 Koapdumment >hdeKTHBHOCTH HArpeBa XOJOJHOTO TEIUIOHOCHTENS B

Teroodmennuke: £, =1—(1-0.376)(1-0.34) = 0.59
18.5 TemnepaTypa HarpeToOro TEMIOHOCUTES:
ty, =70+059(130-70) = 1054

ITomy4eHHBIE pe3yJIbTaThl CBEJCHBI B CIIETYIOLIYIO TA0IHILY.

Gx, tx1 tx2
A A A
< A A A A A A
tr2
A\ 4 A
¥ r Gr, tr1
Puc.2 Cxema qBMKeHUS TEIJIOHOCUTENEH
Bennunnbt
HanmeHoBaHMe napameTpoB napamMeTpoB
Uucnno X0/10B IPEroIIEero 1
TETUIOHOCUTEJS
Uwucio Xo/10B HarpeBaeMoro 2
TETIOHOCHUTEIIS
TTOBEpXHOCT TEII00OMEHa, M’ 8
CKOpOCTh TPEIOIIETO TETUIOHOCUTETS, 0.44
m/c
CKOpOCTh HarpeBaeMoro 0,56
TEIUIOHOCHUTEIISL, M/C
TemnepaTypa HarpeToro 105.4
TEIUIOHOCHTEIS, txo'C
[Torepu naBieHUs TPEIOIIETO 20
TerionocuTens, klla




IloTepu naBiieHHsI HATPEBAEMOT'O 67.4
TEeIJIOHOCUTeNs, klla
Pacxon rperoiiero TersIOHOCHUTEIS, 10

Ke/c

26
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4.3.Pacuet neasparopa
KoHcTpykTHBHAs cxema Jea’palliOHHON KOJIOHKH TpEJICTaBICHa Ha PUC. 3.
Kursiiye v HeKHITAIIEE MOTOKU BOJIBI OCTYMAIOT Ha BEPXHIOK CHTYATYIO TapEJIKy KOJIOHKH;
o6pasyromascsi cMech BOJIBI co cpeHeii Temmeparypoii ) zy mpoxoaut uepes oTBepcTHs B
00BbeM BepXHETO (IIEPBOT0) OTCEKa KOJOHKH. [I0BepXHOCTh CTPYH MpeicTaBisieT co00i
MOBEPXHOCTh TEILIOMAacCOOOMEHa MEXTy BOJIOH U TIOTOKOM I1apa, NEPEKPECTHO
MIEPECEKAOIIETr0 CTPYH BOJIBI.

Puc.3 PacueTtHas cxema JieaspaliliOHHON KOJIOHKH

Beinensronuecs u3 BoAbI KUCIOPO U YIIIEKUCIIBIH ra3 ¢ 4acThIo apa 00pa3yroT
NIOTOK 6binapa, BEINYMHA KOTOporo coctasisieT npumepHo 0,002 ot pacxona neadpupyemMoit
BOJIbI, KOTOPBII OTBOAMTCS U3 BEPXHEHN YaCTH KOJIOHKH.

Ctpyu BOZbI IONAAAIOT 3aTEM Ha HUYKEPACIIOJIOKEHHYIO TapelIKy HUJKHEr0 OTCEKa ¢
temnepatypoii t) gy, KOTOpas yBenmumzach 3a cueT KOHASHCALMY HA HUX Mapa.
JlanpHelinee NOBBILIEHUE TEMIIEPATYPhI BOJIbI IPOUCXOIUT B HMDKHEM OTCEKE C ITPOJOJIbHBIM
o0TeKaHHEeM CTpYi MapoM.

4.3.1 banancosvle ypasHeHus
1 .IlpeneOperas BO3BMOXXHBIMU TMOTEPSIMH Tapa, MaTEepHANbHBIN OalaHC MO MOTOKaM
TEIUIOHOCHUTENIEH ompeiesieTcss ypaBHEHUEM

Dr.n, + ZG[(.H. + ZGH.H. = Gzz.B. + Dy (4-1)
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rne D'm, ZGK.U. ,ZGH.H., Gz, Dppmr - pacxonsl Tperoliero mnapa, KUIMAIUX |
HEKHUIISIIUX TOTOKOB BOJIBI, ICA3PUPOBAHHOM BOIbI M BBIMApa.
Kunsiue moToku ZGK- ;7 - TIPEJCTABISICT COOOW BOIY, IEPErpeTyr0 OTHOCHUTEIBHO

TEeMIIEpaTypbl HACHIIICHUS B Jiea’dpaTope, MOATOMY MpPH MOCTYIUICHUHW B Jiea’dpaTop, TIe
JIaBJICHWe HHUKE, MOTOK BOJBI BCKUITAET, oOpa3ys BTOPWUYHBIA Tap. BTopuunblli map KoOH-
JIEHCUPYETCsS Ha TMOBEPXHOCTH BOJABI HEKHUILAIIETO IOTOKA, O0OecreurBas €€ 4YaCTUYHBIN
HarpeB. JlorpeB Boabl 10 TpeOyemol Temreparypbl 00eCleunBaeTCs MoJadeii TPEroIIero
napa.

Pacxon rpetomero napa D ;7 00ycliOBlIeH MOTPEOHOCTSAMH Ha JIOTPEB HEKUITSIIIUX T10-
TOKOB BOJIBI JIO TEMIIEPATypbl HACHIIICHUS B JieadpaTope W HA KOMIICHCAIIUIO YIAIsIEeMOTO
BhITIapa. Pacxon neaspupoBanHoii Boabl Gz 3 pacCUMTHIBACTCS KaK CyMMa 3aJIaHHBIX TTOTOKOB
BOJIbI U CKOHJICHCHPOBABIIIETOCS HAa X MTOBEPXHOCTH TPEIOIIIETO mapa.

MartepuanbHbIid 0agaHC MO yAaIsIeMOMy KUCIOPOIY M YTIIEKHCIOMY Ia3y HMEET BUJT

Gin* Cex.c02=Gos" Copx.co2tDepin CSbll’l.COZ’

I'ne Cex.o02, Cevix.02, Conn.o2 —COAEPKAHUE KUCIOPO/IA B IOCTYIAOIIEH BOJIE,

JIea’pUPOBAHHOI BOJIE U BBITIAPE; AHATOTHYHO 10 YTIIEKHCIOMY raszy

Gin Cex.02=Gos " Covix.02F Dapin* Copin.o2 )

HOBepO‘IHHﬁ pacucT HeaSpaHHOHHOfI KOJIOHKHM 3aKJIK4YacTCAd B  OIIPCACICHHUHA
TEMIICPATYpPhl BOJAbI U KOHLICHTPpAlIUU PACTBOPCHHBIX I'da30B B HEeW Ha BBIXOJE U3 BCPXHETO U
HMXXHETO OTCCKOB KOJIOHKH

2. KonmnuectBo Bropu4HOro napa DprMoxkeT ObITh ONpeneneHo u3 ypaBHEHHsI TeIUIOBO-
ro Oajauca

GK.H.hK.H. = DBT.hS + (GK.H. - DBT.)' hﬁ.B. (4.2)

rae hx.z, W, hs” - sHTANBINK KUTIAIIEH, TeadpHUPOBAHHON BOJIBI M HACBIIIIEHHOTO Mapa
MIpH JaBJICHUH B AeaspaTope. 3 3Toro ypaBHeHHs CllelyeT

DBT. _ GK.H.(I:K.H. - hﬂ.B.) _ GK.H. (hK.H. - h,ﬂ.B.). (4.3)

hy —h,, r

rae I - CKpbITas TENJIoTa napoo6pa30BaHH;1 IIpH JaBJICHUU B A€a3paTope.
3. TenmoBoit ITIOTOK, nepeﬂaBaeMHﬁ BTOPUYHBIM n T'pCrOIUM Imapom u
BOCHpI/IHI/IMaCMHﬁ BOJOIH B ACaspaTopeC MpU HArpeBe €€ 10 TCMIICPATYpPhbl HACLIIICHU A,

QD. = ZGH.H.(hH.H. + hﬂ.B.) (4-4)

Qﬂ_ = DBT.r + Dn.[hn. - hs ] (4.5)

rae hp, hs” - SHTaIBIMU TPEOIIEro mapa W BOJbI MPH TEMIIEPATYpe HACHIIICHHS B Je-
asparope (OHa paBHA SHTAJBITHHU JICA3PUPOBAHHOM BOJIBI Ny7.5 ).
4. PacxoJ Tperolero mapa Ha JoTpeB BOABI ONpeesseTcs u3 ypapHeHuu (4.4) u (4.5)

D = ZGH.H. (ha.B. - hH.H.)_ Dy, r
n. =

- (4.6)
hn. - hS
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C YUCTOM KOMIICHCAIIWH Ha BBIIIAP PACXO/ I'PCOMICTO IMapa COCTABUT
’
Dn. = Dn. + DBbIIT. (4-7)

VYpasuenus (4.1), (4.3), (4.6), (4.7) mO3BOJSAIOT ONPEACTUTh PACXO] JACa’pUPOBAHHOMN
BoJbI G 5.
5. CpenHsist SHTAIBIUS CMECH TPEIOIIET0 U BTOPHYHOTO Hapa
!

Duh +D, h.
hﬂ.CP.= < L .S, (4.8)
Dn. +Dy,

6. Pacxon BozbI yepe3 BEPXHIOIO TapelKy T. €. OCTyHaloulei B nepBblil (BepXHUil) OT-
CeK
o _
GB - GHn. + GKH. - DBT. (4-9)
7. Cpennsisi TemriepaTypa cMeCH BOJbI Ha BEpXHEH Tapenke, ¢ KOTOPOil OHa MOCTYMAaeT B
MIePBBIi (BEPXHUI) OTCEK,

t@® — GHH.tHH. + (GKH. — DBT.)tS (4.10)
BX . .
GHH. + GKH. - DBT.

8. KosmuecTBo mapa, CKOHICHCHPOBABIIIETOCS B | - BOM PaCCUUTHIBAEMOM OTCEKE,

D,(;) _ Gg.) (hz(siglx. ~ hg}.) (4.12)

(1)
hH.CP. - thlX

rae G, h$) . h{) - pacxon Bojk!, mocTymaroleii B pacCUNTHIBAEMBIH OTCEK, €€ IH-
TaJIBIUS Ha BBIXOJ/IE M BXOJIE B OTCEK.

9. Pacxox BOJBI Ha BEIXOJIE M3 PACCUNTHIBAEMOT0 OTCEKa W Ha BXOJE B CIICIYIOIINHA OT-
CEK YBEJIMYMBACTCS HA PAcX0]] CKOHJICHCHPOBABIIETOCs B PACIETHOM OTCEKE Iapa:

G =Gy + DY (4.12)
10. Pacxon mapa, moCcTynaromiero B paCCUYMThIBAEMbINA OTCEK,
”
DY =D4"+DY (4.13)

rae D{™- pacxon mapa, MOCTYMAIOMmEro B BHIIEPACTIONOKEHHBIH OTCEK «TPAH3UTOMY.
Jl1s BepXHEro oTceka 3TOT pacXoJ] paBeH BeluunHe Boinapa Daair.

4.3.2 Tennomaccoobmern 6 cmpyiHoU 0ea’payuoHHOU KOJOHKe

Pacuer TennomaccooOMeHa B 1e3palliOHHON KOJIOHKE 3aKJII0OUAEeTCsl B ONIPEACIICHUH
TEMIIEpaTypbl BOJIbI 1 KOHIEHTPAIUX PACTBOPEHHBIX I'a30B HA BBIXOJI€ U3 OTCEKOB KOJIOHKHU U
pacxopna rperomero napa. TemnoBol pacyeT BeIeTcs OCIEN0BAaTENbHO, HAYNHASL C BEPXHETO
OTCEKa.

Jnuna ctpyu L nmpuHMMaeTcs paBHOW pacCTOSTHUIO MEX]Ty HUKHEH MII0CKOCThIO
BBIIIEPACIIONIOKEHHOM TapeJIKA ¥ BUAMMBIM (THHAMHYECKUM) YPOBHEM BOIbI N, Ha
HIDKEPACIIOJIOKEHHOM TapellKe TOTO K€ OTCEKa.

Bricorta orcexka H mpuHMMaeTcs o 4yepTexy KOJIOHKU

H=L-+h.. (4.14)

s nea’palimoHHOM KOJOHKHA MaJIO mpou3BoauTenbHOCTH puHUMatoT L=350 — 500
MM.
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JluameTp OTBEpCTHil B Tapenakax NpUHUMAOT B mpenenax 0o=5-8 mm, mnpuyem
OTBEPCTHS PACIIOIATalOT B BEPIIMHAX TPEYTOJBHUKOB C IaroM Sq¢=18-20 sum.

TemooOMeH B OTCEeKe OIpenessieTcsl MOBEPXHOCThIO paziena (a3 u KodppuiueHTaMmu
TEIIOMAacCOOOMEHA MJIM YHCIOM €IMHHUIl TEIJIONEpPeHoca MEXy CTPYSIMU BOJbI U MOTOKOM
napa.

1.Yucno enuHuIl TEIUIONEpPEeHOCa B OTCEKE OT Iapa K HarpeBaeMoil Bojle MpH
MOTEPEYHOM OOTEKaHUU CTPYH MapoM

2 34— w0

ton 0.7
dO

N wo?, (4.15)

n

rze Wo, W, — CKOpOCTb UCTEUCHHS CTPYH U MOTOKA napa, 4 — KodpPHUIueHT,
A=0.03+0.06(P,-0.1), (4.16)
rae Py — naBinenue B neasparope, Mlla.

2.I1pu po1oTbHOM OOTEKAHUU CTPYH MapoM

0.5

N, =0.129[ = w2, (4.17)

t.np d 0.7
0

3. Koadpdunuent 3ppexTuBHOCTH TEMI000MEHa MEX 1y BOJOW U TApOM B OTCEKE
E =1-¢ N.) = tsblx _tsx (4 18)
t T Xp(_ t) = t —t ) :
s tex
rae , tex, Lo, ts — TEMIIEpATYpa BOJBI HA BXOJIE M BBIXOJE U3 OTCEKA, TEMIIEpaTypa
HACBIIICHHOTO TIapa.

4. CKOpOCTh UCTEUYCHUS CTPYH BOJIbI OIIPE/ICISETCS BBICOTON THAPOCTATHIECKOTO
YPOBHSI BOJIbI Ha TapeJike, KOTOPbIA MpUHUMaeTCs 00bI4HO B ipenenax h, = 50-80 aum.

Wo=ax-uo (2gh.)”, (4.19)

rac ai - KOB(l)(l)I/IHI/IeHT, y‘II/ITI)IBaIOHII/Iﬁ ABWIKCHUC BOAbI HA TAPCJIKE, IIPU JUAMETPEC
oTBepcTuit 5-8 Mm ¥ TommMHE THUIIA Tapenku 4-6 vm BemmunHa a1-= 0.9, (o — kodppument
pacxoja OTBEPCTHS, OPUEHTUPOBOUHO 1o = 0.75.

5. CkopocTb napa npH MornepeyHoM BX0/I€ B ITy4OK CTPYH MEpPBOI0O OTCEKa

W = D}7 + DBbm (420)
" p,L(AD, —nyd,)

a ITPpHU BBIXO/JIC

Do , (4.21)

Wn.ebtx =
p,L(7D, —n,d,)

rae D1,D2 — nuametpsl BHelIHeH ¥ BHYTPEHHEH OKPY>KHOCTEH pa3MelleHns OTBEPCTHM
B Tapeike, Ni,N2 — KOJMYECTBO OTBEPCTUM, pa3MELICHHBIX HA BHEIIHEH M BHYTPEHHEN

OKPYXHOCTAX, pPn — IDIOTHOCTH I1apa.

Cpe,Z[HSISI CKOpPOCTH Imapa W, paCCUMThIBACTCS U3 YCIIOBUI :

HpI/I Wn.gx/Wn.gblx S 1.25 Wn = (Wn-ex +W}'l-8bl)€)/21
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HpI/I Wn-sx/Wn-eblx > 125 an(Wn-6x+Wn-6blx)/|n(Wn-gx/Wn-eblx)- (422)
6. Koappunment ahpexTuBHOCTH BBIZICTCHUS KHCIOPO/Ia U3 BOJIBI B OTCEKE

E,, == —Con 21 oip(-N,,), (4.23)

C

6x

TAC Cex, Corix — KOHOCHTPALIUA KUCJIOPOAa B BOAC HAa BXOAC U BBIXOAC U3 OTCCKA, No2 —
YHUCJIO CAUHHUI MAaCCOIICPCHOCA B OTCCKE.

7. Ilpu monepeyHoM OMBIBAaHUH CTPYH MApOM IOJ1 AABJICHHEM O0JIbIIe aTMOC(HEPHOTO

. -0.5
9.2 s o3 DV
N02nn = B dOTWOO SWS S(G_KJ 1 (424)
rae B — onpITHEI KO3 PUIIHEHT.
B=[10.5+45(P, - 0.1)]/10* . (4.25)
8. ITpu mpo0JIbHOM OMBIBAaHUH
L 0.5
Noznp = 0.0485(d—J WO_O'3 . (4.26)
9. HachIIleHHOCTE BOIBI Fa30M
On=CeuuxlCu , (4.27)

Tac ¢, — nOpeaciibHasA KOHOCHTpauuA rada B BOAC, COOTBCTCTBYHOIIASA COCTOSAHHIO
HACBhIIICHUSA IIPU JaHHOM JaBJICHUU U TEMIICPATYpPC.

4.3.3 3asucumocmu 0151 KOHCMPYKMUBHBIX PACHENO8
1.0611ee KOIMYECTBO OTBEPCTUIN B AHUILE TAPEIKU

4Gﬂ.B.a2

Nope = —70———
”doWopg.B

ome

: (4.28)

rae a2 — KodPUIMeHT 3anaca Ha 3arpsi3sHeHUE, TpUHUMaeMbIi B ipeaenax 1-1.1, pyp-
IJIOTHOCTB JI€a3PUPYEMOM BOJBI.

2. lnameTp BHEIIHEN OKPY>KHOCTH pa3MEILEHUS] OTBEPCTHUM
D1=Dm-2S, (4.29)
rae Dm — BHYTpeHHUH JUaMeTp Tapenku.
3. KonudecTBO OTBEPCTMH B JHMINE, DPA3MENIAEMbIX Ha BHEIIHEH OKPYXHOCTH
nuamerpom Dy :

N1=rD1/Sq . (4.30)

3. uameTrp Kaxaou CleAyromen, ONmKe K IEHTPY, OKPYKHOCTH JUIsl pa3MEIICHHS
OTBEPCTHI

Di.1=Di-1.72Sq. (4.31)

4.3.4.1locnedosamenbHocmy paciema KOJOHKU
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5.1 PaccumtsiBatorcst Bemmunnbl Dpr, D, himcp,Ge®, to® mo 3aBucumoctam (4.3),
(4.7), (4.8), (4.9), (4.10).

5.2 TlpuauMarotcs auameTp otBepctuii o, BeicOTa h, M OnpeaesaoTcess BenuIuHbI L, Wo
o (4.14) u (4.19).

5.3 Beruucnstorcst 0011ee KOJIU4ecTBO OTBEPCTHI B AHUIIE TapelKu Nome 1o (4.27) ,D1
o (4.29), ny o (4.30).

5.4 OnpenenstoTcst AMAMETPbl OKPYKHOCTEH U UX KOJIMYECTBO JJISi pa3MEIIeHUs BCeX
otBepctril 1o (4.31). KonmudecTBo oTBEpCTHil N2 Ha OKPY)KHOCTH HAaWMEHBIIIETO JTHAMETPa
JOTIONHSIETCS /0 MAaKCHMallbHO BO3MOXKHOT'O, COOTBETCTBEHHO YBEIMUYMBAETCs oOI1ee
KOJIMUeCTBO OTBepcTHit 10 No M yTOUHsIeTCSl ypOBEHb BOJIBI N..

5.5 Haxomutcs  OpHEHTHPOBOYHO  pacxoJ  Mapa B  BEPXHEM  OTCEKe

DY = ﬂ+ D, » Onpesensiercss ero MmIOTHOCTh 10 TabiauIaM HAchILEHHOIo Mapa, u
110 (4.20)-(4.23) onpenensieTcs: CPeIHsISI CKOPOCTh mapa Wi,.

5.6 PaccuuteiBatorcsi BenuuuHbl A, Nus, Et mo (4.16), (4.15), (4.18), 3arem
oTpezieNisieTCsl TeMrepaTypa Ha BbIXOJAE U3 mepBoro orceka mo (4.18) u komuvecTBo mapa,
CKOH/JICHCHPOBABIIETOCS B BEpXHEM OTceke, 1o (4.11).

5.7 Omnpenensitorcs: BenuuuHbl Nty Et mo (4.13), (4.18), a 3arem HaxoauTcs
TeMIepaTypa BOJIbl Ha BBIXOJ/I€ U3 HIXKHETO oTceka 1o (4.18).

5.8 lnsa BepxHero otrceka paccuuTbiBatoTcs BeMWUuHBl B, Nozuwn, Eo2, Cewx, @u TO
3aBucuMocTsM (4.25), (4.24), (4.23), (4.27).

5.9 Jlnd HIWKHEro OTCeKa paccUuThIBAIOTCS BeIWMYUHBI Nozwp, FEo2,Coux , @u TIO
3aBUCUMOCTM (4.26), (4.23), (4.27).
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[Tpunoxenus

[Tpunoxenue 1
KoHnTposiabsHbie BOpocCh
I[To pacueTy mIacTUHYATOrO BOJIOHATPEBATEIA

Hcnonw3ys pe3ynbTaThl pacueTa miactuHuaToro BojgoHarpesarens (IIBH) onmpenenutsb
TEeMIIepaTypy HarpeBaeMoi BOJIbI IIPH YCIOBHH:
1.1 monHOrO yfajneHuss XUMUYECKOU MPOMBIBKON OTJI0KEHUN HAKUIIH CO CTOPOHBI

KaXXJ0ro TerJI0HOCUTECIIA,

1.2 Bo3pacTaHusi TEPMUYECKOTO COMPOTUBIICHUS OTJIOXKEHUI HAKUIIU B 2 pa3a;
1.3 TOBBIIIEHUS TEMIIEpaTyphI Iperolneii Boas! Ha Bxoze B IIBH na 10°C;

1.4 IOHMKeHNs HAYaIBHOM TeMIepaTypsl HarpeaeMoii BojsI Ha 10°C;

1.5 yBennueHnus pacxoja rperouei Boabsl Ha 30% 1 coXpaHEHUH HEU3MEHHON

BCIIMYHHBI KOS(b(I)I/II_II/ICHTa TCIIOOTAAYH,

1.6 ymeHblueHus pacxoja HarpeBaemMon Bojibl Ha 20% 1 cOXpaHEHUH HEU3MEHHOU

BCJIMYHHBI KOS(b(I)I/II_II/ICHTa TCIIOOTAAYH,

1.7 nonmxenus kodddunrenta Teronepeaaun terionepenaun Ha 20%;
1.8 ymeHbIlIeHUs pacxo/ia TPEIOIIETo TeIJIOHOCUTENs 10 BednunuHbl G.C.=G,Cx u

COXpaHCHHUH BCINYUHBI KOBq)(bHHI/IeHTa TeIUIoNepeaayu ,

1.9 YBCJIIMYCHUS [TIOBCPXHOCTHU teroooMena Ha 20% u COXpaHCHHUH BCIINYMUHBI

koa(duImenTa Teronepeadm;

1.10 yMeHbIIeHHUs] MOBEPXHOCTH TerioooMeHa Ha 20% U coXpaHEHUU BEIUYUHBI

koa(duImenTa Teronepeadm;

2.

10.
11.

12.

B yem 3akirouaercs SKOHOMHUECKAs II€JIECOOOPAa3HOCTh IOJIHOTO HCIOJIb30BAHMS
pacrojaraeMbIx HallOpoB TEIJIOHOCUTENEH ?

Kakum crocoboM MOKHO TOBBICHTH TEeMIIEpaTypy HarpeBa BOJbI 0€3 yBETUYCHHUS
MOBEPXHOCTHU TEII000MeHa ?

B uem 3akmiouaroTcss pe3yibTaThl TMOBBIMIEHHON TypOyiaH3alid TOTOKOB B
TUTACTUHYATBIX BOJIOHArpEeBaTEINsAX ?

Kak MOXHO BbIpasuTh uyuciao eauuuil tertonepeHoca N=KF/GC depe3 Temmeparypbl
TeIJIOHOCHUTENEH ?

Kak nmoBnusieT yBenuueHue pacxoja HarpeBaeMoro TeIIOHOCUTENS Ha U3MEHEHUE

ko3 durpenta termonepenaun K u N?

B yem 3akmrogaercs mpenMyIIecTBO CHMMETPUYHON CXEMBbI TIBHKEHUS TETNTIOHOCUTENEH
M0 CPAaBHEHUIO C HECUMMETPHUYHO?

OOBACHUTD, TOYEMY TIPU OJIMHAKOBBIX CKOPOCTSIX JIBH)KEHUS TETUIOHOCUTENEH B
miactuH4aThix TA mocturarotcs 6osee Boicokue K , uem B TpyOuarsix. [TosCHUTH 3TO 110
¢dbopmyne obmiero Buna Nu= A Re Pr.

Kak obGecnieunBaeTcst ”3MEHEHUE HAMPABJICHHUSI IBUYKEHUS TETUIOHOCUTEEH
KOHCTPYKIIUEH «TPAaHUYHOM TIIACTUHBI»?

IIo PacUCTy KOJIOHKHU JI€aspaTopa

OO0O0CHOBATH IO YEPTEKY JJIUHY CTPYHU BOJIBI.

OOBscHUTE BIMSHUE KOHCTPYKTHBHBIX M PEXKHMHBIX XapaKTePUCTUK aea’paropa  (
h.,do,We,Wp,L,Dimap, Noms) Ha TeMOEpaTypy HarpeBaeMoii Bojibl ?

[TosicHUTh cXeMy TBW)KEHUS TEIUIOHOCHTEJICH B KOJIOHKE Jiea’paTropa MEePEeKPECTHYIO U



13.
14.
15.
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20.
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MIPOJOJIBHYIO.

[Ipennoxutk crnoco6 mnoBeimeHUs 3((HEKTUBHOCTH HAarpeBa BOJBI BO BTOPOM OTCEKE
nea’paropa.

OO0BsicHUTH paznmuuue KodhdumeHToB 3HPEKTUBHOCTH HArpeBa BOJBI B IIEPBOM H BO
BTOPOM OTCEKax KOJIOHKHU Jiea’spaTopa.

[Tokazath 1o 4YepTeKy BO3MOXKHBIE MECTa 3aMEpOB TEMIEpaTyp BOJbl Ha BXOJE B
BEPXHMI OTCEK, Ha BBIXOJE U3 OTCEKOB.

[Io maHHBIM pacyeTa MOMYYUTHh TOYHOE KOJIMYECTBO BOJIbI, IMOCTyHarouie B Oakx-
aKKyMYJISITOP JI€adpUPOBAHHOMN BOJIBI.

OT uero 3aBUCUT KOJIMYECTBO CKOHJCHCHPOBABIIETOCS B OTCEKax napa ?

B yem 3akitovaercs HazHaueHHe 0aka akKyMyJsiTopa B Jieadparope ?

OO0bsacHUTh 00pazoBaHWE BTOPUYHOrO Iapa MpU MOoJaye KHUIISIIEro MOTOKa BOJBI B
nea’paTop.

C kakoil UedbI0 MIpeaycMaTpUBAIOT HE OJMH, a HECKOJbKO OTCEKOB B KOJOHKE
neasparopa ?

[Tpunoxenue?.

TpynoeMKOCTh BBITIOTHEHUSI KypCOBOU PabOThI

Conepsxanue pabOTHI YueOHbIE HEAENHU

112[3]4]|5|6|7]8]9]10{11]12]|13|14

1.

BO,I[OHarpeBaTeJ'Iﬂ

Pacuer mmactuaUaTOTO

1.1. Pacyer ckopocTel
TEMJIOHOCHTENEH M YMCIIA XONOB  [-===|----

1.2. Pacuer KOHEUHBIX TEMIIEPATYP
TETJIOHOCHUTENIEH 1 IOBEPXHOCTH
rerooOMeHa

2. Pacuet neasparopa

2.1. KOHCTpYKTHBHBIN pacuer
[rapeIku ==

2.2. Pacuer TeruiooOMeHa B
OTCeKax Jearparopa

2.3. Pacuetr MmaccooOMeHa

2.4. OdopmiteHNE TTOSICHUTEIBHOM
BANMCKU ==
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[Tpunoxenue 3.

PacTBopuMoOCTb KHCIIOpOAa B BOjie (MI/KT) B 3aBUCUMOCTH OT TeMIIepaTypbl BOJIbI U

JIABJICHUSI HACBIIIEHHOW MapOBO3/yIIHOW CMECH HaJl HEel

Temmne- [aBnenue JlaBneHne HaCBHILIEHHON apOBO3AYILI-
patypa CyXOro BO3- Hoil cMecu,MITA
sogpl, °C | nyxa 735 0,1 0,2 0,3 0,4
MM PT.CT.
0 14,2 14,11 28,31 42,51 56,71
5 12,44 12,33 24,77 37,21 49,65
10 11,04 10,9 21,94 32,98 44,02
15 9,92 9,75 19,67 29,59 39,51
20 9,02 8,81 17,82 25,84 35,86
25 8,24 7,97 16,21 24,45 32,7
30 7,6 7,27 14,87 22,47 30
35 7,12 6,71 13,83 20,95 28,07
40 6,74 6,23 12,97 19,71 26,45
45 6,41 5,78 12,19 18,6 25,01
50 6,13 5,36 11,49 17,62 23,75
60 574 4,57 10,31 16,05 21,8
70 5,44 3,71 9,15 14,6 20,03
80 5,25 2,71 7,96 13,21 18,46
90 517 1,47 6,64 11,81 16,98
100 5,15 - 4,98 10,13 15,28
110 5,18 - 2,79 7,97 13,15
120 5,30 - - 517 10,47
130 5,48 - - 1,35 6,83
140 5,70 - - - 1,8

[Tpunoxenue 4.

XapakTepucTHKA TeNVI000MEHHBIX IJIACTHH BOJOHAarpeBarTesei

HauMeHOBaHHE XapaKTePUCTHKH
[ToBepXHOCTH TEILIOOOMEHA, M2 0.3 0.5 0.6 0.24
ToumumHa Mm 1 1 1 0.5
OKBHUBAJCHTHBII JHaMeTp KaHaja, 8 9.6 8.3 5.8
MM
[nomans ceyeHus kanana, me10° 1,1 3 2.45 1
[IpuBeneHHas IMHA KaHANA, M 1.1 0.8 1.01 0.72
2 4
PacueTHbie KO3(PPUUUEHTHI:
A1°10 1 1.3 1.35 1.18
5
A 19. 15 15 10.5
3
A3 322 | 201 240
ni 0.7 | 0.7 | 0.73 0.78
3 3
Ny 02 | 0.2 | 0.25 0.15
5 5
N4 02 | 0.2 | 0.25
5 5
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[Tpunoxenue 5
OpueHTHPOBOYHbIE 3HAYECHUS TEPMUYECKUX CONPOTUBJICHUI 3arpsi3HEHU I
MOBEPXHOCTEH MJIACTHH BOJOHArpeBarteeii [1]

TemnoHocuTeNb R.+107,
M2KIBm
Boma xectkas 2.5
Bona peunas 1.7
Boma xotnosas 0.4
Boma rexanueckas 2.3
Boma TEXHUYECKAs CWJIBHO 55
3arpsi3HEHHHAS

[Tpunoxenue 6
Tennoduznueckue cBOCTBA BOABI HA TMHUU HACHIIICHUS

t,C | P10° | p h, Cp, A, 1106, Pr
Ia | xelv® wloclke | klocl(keK | Bml(mw | mPlc
) K)

0 |1.013 | 999.9 0 4.212 0.56 1.789 13.5
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 4.21 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 2.7 934.8 546 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




