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oUp HquuaxDhDopa 

B. A. Cycnos, 

A. T. H., cn6 rTY Pfl 

YBeJllol4eHIoIe npoIol3BOAIoITeJlbHOCTIoIl.\eJlJlIOJl03Ho-6YMa}/{HbIX 

KOM6101HaTOB uepaspueuo CB~3aHO C B03paCTaHIoIeM nOTOKa OT­

pa60TaHHbiX Bap04HbiX paCTBopOB, nOAJle}/{aU1Io1X pereuepauua 

10111101 He~Tpa111013al.\1oI1o1 101, CJleAOBaTeJlbHO, C nOBblweHloIeM uarpys­
Klol Ha sunapuue CTaHl.\1oI101 (BC ). nOBblweHHble HarpY3KIoI BC pe­
uraorca 3a KynKo~ uceoro 0 6 0PYA OBaHIoI~ C YBeJlIol4eHHO~ npo­
1oI 3BOAIoITe11bH OCT blO IoIJlIol peK OHCTPYKl.\1oI101 C 3TO ~ l.\eJlblO craporo. 

np01ol3 BOAIoITe11bH OCTb 101 Ten110 Ba~ 3cjlcjleKTIoIBHOCTb pasnav­
HblX TloInOB BC B 3 H a 4 Io1 Te 11 b HO ~ Mepe onpeAe11~IOTC~ K0111014e­

CTBOM CTyneHe~ BblnapIolBaHIoI~ , n OBep XHOCTblO rennoconeua 
Be. cxe M o ~ nlolTaHloIil pacrsopo« 101 pe}/{IoIMOM patioru eunap­
HblX annaparos (BA). 

Ha Bbl60p OnTIoIMaJlbHOrO 4101CJla cryneHe~ oAHoBpeMeHHo 

BJllolillOT ~l H O}/{eCT B O napanerpos. fJlaBHble 1013 HIoIX - 3TO CTO­

IoIMOCTb caMO~ BC 101 CpOK ee aMOpTIoI3al.\loIlo1, pacxon napa A11il 

BblnaplolBaHloIil , ero CTOIolMOCTb 101 3KOJlOrlol4eCKail 6e30nacHoCTb 

Be. Y npeAnplolilTIoI~ , patioraiourax B pasublX reorpatpaseckaxyc­

JlOBIoI~X , 3TIoI cjlaKTopbl pasuue. TaKIoIM 06pa30M, OnTloIMaJlbHOe 

4 101 C11 0 cryneHe~ B Ka}/{AOMOTAeJlbHOMCJlY4ae AOJl}/{HOHaxoAIoITb­

Cil Ha OCHOBaHloI 1oI TU1aTeJlbHOrOTeXHIoIKO-3KOHOMIoI4ecKoro cono­

craeneuas HeCKOJlbKIoI X aapaaaros TeXH0110rIol4eCKIoIX cxe M Be. 

Pacxcn csexero napa, nocrynaiourero ua 060rpeB nepso­
ro xopnyca Be. nplol HeIol3MeHHo~ ee np01ol3BoAIolTe11bHoCTIol Teo­

peTIol4ecKIoI YMeHbwaeTCil B 06paTHo~ nponopuua npa yBeJlIol­

4eHioliol K0111ol4e CTBa cTyneHe~ BblnaplolBaHlolil. QAHaKo BC11eA­

craae rennoaux noreps 101 nocreneuuoro YBeJlIol4eHIoI~ TenJl OTbI 

napooepaaoaa-u-a npa nepexone napa 1013 «opnyca B xopnyc, 
06yCJlOBJleHHOrO nOHIoI}/{eHloIeM AaBJleHIoI~, TaKail 3aBiolCiolM OCTb 

He BbIAep}/{IolBaeTCil. Peansuoe 1oI 3MeHeHiole pacxona csexero 
napa, orae ceuuoe K 1 «r BblnaplolBaeMo~ BC BOAbl (YAe11bHbl~ 

pacxon, Gy) B 3aBiolCiolMOCTiol OT KOJllol4eCTBa «opnycos npuse­
AeHo Ha pac. 1. 

nplolBeAeHHble AaHHbie nOKa3b1Ba1OT, 4TO uenecootipasuo 
IoIcno11b30BaTb weCTIol- 101 Aa}/{e nilTiolcryneH4aTbie Be. C yMeHb­

weHloleM 410lCJla cTyne He ~ BC npu Helol3MeHHbl X Ha4aJlbHbiX 101 
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PIoIC . 1. 1i13MeHeHioleYAeJlbHoro pa CXOAa csexero napa 

Hd 1 Kr BblnaplolBaeMO~ BOA 

KOHe4Hbi X napaxerpa x Ten JlOHOCIoITeJlil noauuraorca rennosue 
HarpY3KIoI BA. BCJleACTBlole 3TOro B ycnosaax aocxonauiero te­
4eHIol~ U1eJlOKa cTa 6 101Jl lol 3 1o1 py eTcil npouecc ero KloIneHIoI~. np l! 

4pe3MepHOM yBeJl 101 4eH 101 101 KOJllol4eCTBa cTyneHe~ BblnapIolB aH~~ 

uacrynaer CHIoI }/{e HloI e 3KOHOMIoIIol, nOJlY4aeMO~ OT YM eHbweH~~ 

pacxona csexero napa. 

BC C pa3BIolTO~ nOBepXHOCTblO TenJlo06MeHa sunapuux 
annaparos (BA) 06ecne4101BalOT BblCOKYIO npouaeon atens­
HOCTb. n03TOMY sanocnenune30 ner Ha OTe4eCTBeHHbiX npen­
npnaranx nOilBIoIJlIolCb BC - rlolraHTbl. Ii1 x np01ol3BOAIolTeJlbHOCTb 

no BblnapeHHo~ snare AOCTlolrJla 600 T/4, a cyMMapHail noaepx­
HOCTb rennoofineua BA npeaucnna 25000 M'. 60JlbWlolHCTBO 

Be. patioraouui x B orpacnu B HaCTOilU1ee BpeMil, IolMelOT npo­
1oI3BOAIoITeJlbHO CTb AO 200 T/4 no aunapeuuoji snare 101 CY14Map­

HylO nosepxnocn, B/A - AO 12 000 M' . BCTaeT sonpoc 0 Bbl60­

pe HanpaBJleHlolil nOBblweHloIil np01ol3BOAIoITeJlbHoCTIoI: oAHa 

Kpy n Hail BC Ha npeAnplolilTlol1ol IolJlIol HeCKOJlbKO He6 oJlbWIoI X Be [ 
TO~ }/{e cYMMapHo~ np01ol3BOAIoITeJlbHOcTblO. 

C uenuo cpaaueuaa TenJlOBO~ 3cjlcjleKTIoIBHoCTIoI Be. nony ­
41olBWlolX B Hawe~ crpaue Halol60JlbWee pacnpocrpaueuae, [ 
pa3HO~ nOBepXHOCTblO rennootiaeua 101 np0lolpIolTeJlbHOCTb 1J 

6blJl O npouaeeneuo COnOCTaBJleHloIe IolX TenJlOTeXHIoI4eCKIoI Xxa­

paKTepIol CTIoIK. 

B HaCTOilU1ee BpeMil 3cjlcjleKTIolBHOCTb parioru BC Ol.\€H,1Ba­

ercs no Jl1060My 1013 ABYX nokasareneji : 
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Ta6JH111a 1. 

Ol\eHKa HCnapHTellbHOii CnOC06HOCTH HeKOTOpblX BblnapHblX cTaHlIHii 

<lJHpr~a	 Cxena nwra- n pOl'I3BO- KOHlleHTpa- KOllH4eCTBO THn W·10', 
nocras- HHH «opnycos AH TellbHocTb llHHuienoaa KopnycoB annapara Kr/Kr'M'
 

ll\H K CTaHllHH no au napeu- AOHnocne
 
UiellOK OM Hoii BOAe, au napaaa-


T/ 4ac HIr1 H, °/0
 

3HCO	 IV--)V--)VI--) 116 24/5 5 6 Tpy64. 2,03 ­

ryTlleiiT	 --)IIl--)II --)1 Bocxo- - 3,70
 

IIl--)IV--)V--) 187 22/62 5 AHUiH ii
 

--)II --)1 nOTOK
 

!,IHTCy6 HC H V--)V1--)IV--) 127 20/52	 -«-«-« 3,90 
.> 

--)IIl--)II --)1 

POJeH61laA IV 2,57­
'; 

V--)III --)1--)I 81 22/60 6 -{(-«-« -5,70 
.> 
VI 

PaMeH	 IV~VIA ",
 

V IIl--)
 
.> 

VIB 140 22/60 8 - « -« ~ « -10,00 

--)IA--)IB--)II 4,47­

IV---7VIA 170 22/60 8 -«- «-« 

/! '"V IIl--)

/!


VIB 

---7IA--)lB---7 II 

IV---7V IA 450 22/60 8 -«- {{-« 

V /! IIl ---7 
VIB /! 

--)IA---7 IB II 

32 19/60 5 -«- «-« V "
 
IV---7III ---7II --)1
 

P03eH- V ", 125 19/60 5 -«-«-«
 

nea- IV---7 III---7II--)1
 

CBeH- V---7IV--)III ---7
 
.> 

COH	 VI 57 15/ 55 -«-« -« 6,00­

--)II ---7 IA--)IB -12,10 

nap-	 V---7IV---7IIl ---7 161 22/62 6 -«-«-« 
/!


COHH VI
 

BHTTe- II ---7IA-B 

MO P V IV---7III ---7 
/!

2,90 

VI 225 24/ 49 -«-«-« 

/! 
lAB 

--)II ---7 ICO 

AHA- VI---7V ---7 IV---7 tlnacra H4aTbi ii: 

puu --)IIl II --)IB 600 18/55 naAIOUiaH 2,17 

'" IA nlleHKa 
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- KOnVly eCTBY norpetinaenoro BCcsex ero napa, OTHeceH­
uoro K KOnVl yeCTBY VlC napJ1 eMOCi BCsonu - ygenbH oMy pacxo­
gy napa - G,. = DjW; 

- KOn Vl yeCTBY VlC napJ1eMOCi sonu C1 M2nOBepxHoCTVI Ten­
no06MeHa BC - Vl cnapVlTenbHoCi cnoc06 HoCTVI nOBepxHOCT VI 
rennoorineua - U= Wj F. 

npeg CTaBnJ1 eTCJ1, YTO gnJ1 npaKTVly eCKVlX l.\elleCi B xasecrse 
KpVlTepVlJ1 ol.\e HK VI patioru BC uenecootipasuee npVlH 51Tb Vlc na­
pVl TenbHYIO cnocoouocn, nOBepxHOCT VI r ennoorixeua. OTHeceH­
HylO K KOnVlyeCTBY nOTpe6nJ1eMO rO napa: 

W = ~=~ . 
y 0 (0 . F) , 

rne W - KOIlVly eCTBO BblnapVlBaeM OCi sonu: 0 - pacxon rpeio­
utero napa; F- noaepxuocrs renn ootia eua Be. 

Pe3Yll bTaTbi co nocr asneua a r ennosoa 3cjJcjJeKTVl BHoCTVI 
pa31lVl YHbiX BC no gaHH oMynoxaaarenio npVlBegeHbl Bratin. 1. 

DOll bWVlH CTBOBCpatioranu no npoTVl BOTOYHOCi, VlIlVI 61lVl3­
KOCi K HeCi, cxene nVlTaHVl51 «opnycoe . npVl 3TOM, cornacuo 
Ta 61l . 1, nyYwylO 3cjJ cjJe KTVl BHOCTb nokasaru- BC cjJVl pM «P03eH­
nes - CBeHCOH» VI «PaMeH». BC 3TVl X cjJVlPM npn yM epeHH oCi 
npoVl3BogVl Tell bH oCTVI VlMenVi He60ll bwy lO nosepxa ocr s r enno­
06MeHa BA, YTO cnocotic r uoaano CHVI}f{e HVlIO BnVl J1 HVl 51 p51 AaOT­
pauarensuux 5lBneHVl Ci . 

B nepeyio osepens - CHVI}f{e HVl e uepaauoxe puocr« nara­
HVl J1 U1eIlOKOM VI HepaBHoMepHocTVI ocorpesa napo« BceCi Ten­
lloo6MeHH oCi nOBepxHoCTVI BA. 

Hepaauonepaocn, otiorpesa VI nVlTaHVl51 KVln51TVl ll bHbI X Ka­
HanOB npueonwr K VlX rennos of paasepse: OTKIlOHeHVlIO npa­
paU1eHVlJ1 3HTallb nVlVl pacrs opa BoTgellbHoM xauane Kcpenue­
My 3Ha yeHVlIO 3TOCi BeIlVl4V1Hbl gn51 scex Ka HaIlOB. 

TennOBa51 paasepxa oriycnaanasaer pa3nVl YH bie pe}f{VlMH ble 
HepaBHO MepHOCT VI xauana. K npVl Mepy, 3TVl M.o6yclloBneHa 
nYllbCal.\VlJ1 pacxona aunapua aea or o pacrso pa B xaaane. 
annors go onpoKVlgblBa HVl J1 l.\VlPKYIlJ1l.\ VlVI . nYllbCal.\VlJ1 npuao­
gVlT KCH VI }f{eHVI 10 rennootineu a VI YCVlne HVlIO HaKVl neo6pa30Ba­
HVlJ1 KVlnJ1TVlll bH OCi nOBepXH OCTVI . TaKVlM06pa30M, 4pe3MepHoe 
YBell Vl yeHVle nOBepXH OCTVI renn ootiaeu a BA YMeHbwaeT pas­
HOMepHOCTb otiorpesa VI nVl TaHVlJ1 KVl n51 TVlllb HbIXKaHanOB, CHVI ­
x aer VlX CTa6V1 ll bH OCTb paooru. Me}f{n pOMbIBOYHbICi nepuon 
akcnnyarauu« VI 3KO HOMVl YHOCTb Be. An51 CHVI }f{eHVl J1 nynsca­
l.\VlCi nepen BXOgO MBKVl nJ1 TVl nbHble Ka Hallbl MO}f{HO YCTaHaBnVl­
ears yCTpoCiCTBO B BVige ceTKVI CnocnegYlOlljeCi ee 06J13aTellb­
HOCi OYVlCTKOCi. KpoMe r oro, PJ1g napannensuo patioraiouiax BC 
c yMepeHH oCi noseoxuocruo rennootiaeua 3HaYVITell bHO ner­
ye 3KcnllyaTVI posars. 

npOVl3BogVlTenbHOCTb BC onpenenaercs ypaBHeHVleM Ten­
llonepegaYVi 

Q= Lv. r = L:k. . F . LIt (1) 
" I 1 " 

rne Wi - KOllVl4eCTBOBbinapeHHO Ci B BA snaru : r
i 

- r ennora na­
poo6p a30BaHVl 51 ; ki - K03cjJ cjJ Vl l.\ Vl eHTTenllonepegayVI ; F; - no-

BepXHO CTb renn ootixeua: LIt , - TeMn epaTypHblCi uanop B OT­
gellbHblX xopnycax. 

1t1 3 ypaBHeHVl J1 (1) cnenyer , YTO uekor opoe YBellVlyeH Vl e 
npOVl 3BogVlTellbH oCTVI geCi CTBylOU1e Ci BC(npa nOCTOJ1HH OCi no­
BepxHoCT VI ren nooti se ua VI HeVl 3MeHHOM rexn eparypao« Hd­
nope) nocraraer ca C YBellVlyeH Vl eM K03 cjJ cjJ Vl l.\ Vl eHTa r ennone­
pegaYVi nyTeM VlHTeHCVlcjJVlKal.\VIVI npouecca renno otin eua, npa 
Vl3blCKaHVIVI 3cjJ cjJe KTVl BHbiX MeTogoB60Pb6bl CHaKVlne06pa30­
BaHVl eMBycnOBVl J1 X YBeIlVlye HVlJ1 cTa6V1nbHoCTVI Bbl napVlBa HVlH 

neHHblX pacrs opos. 
K03cjJcjJVll.\Vl eHT rennone penaxa B BA paCC YVl TbIBa eTC51 no 

ypaBHe HVlIO 

k= 1 
(R/{OHO+ Rem+ Rno/(+ R,wn) , 

rne - RHo,, : Rem: RHH: RH - COOTBeTCTBeHHO TepMVl4eCKVle co­O un 
npOTVlBlleHVl51 r ennootin eay npa KOHgeHCal.\VIVI naporaaosos 
CMecVI ; CTeHK VI KVl n51 TVl ll bHO ro xauana: HaK Vl nVl VI npVl KVl neHVI~ 

paCTBopOB . 
06U1ee TepMVlyeCKOe conpora aneuwe npVl KO H ge HCa l.\ VI ~ 

RHH, cknanuaa erca Vl3 TepMVl yeCKOrOconpor ueneuaa n ll e H K~O
KOHg eH caTa R" g Vl cjJ cjJ Y3V10HHo ro conpOTVl BlleH Vl51 R VI conpo­o 
TViBneHVl J1 Ha rpauuue pasnena cjJa 3 RilJ 

t - t 1 
RHo", =~=a = R, + R,p + Ro • 

TepMVlyeCKOe COnpOTVlBneHVle nlleHKVI KOHgeH caTa R = l/a,
H 

3aBVl CVlT OT ee TOnU1V1Hbl VI pe}f{ Vl Ma TeyeHVl J1 . C YBellVl yeHVleM 
BblC OTbl xaxana BHVI }f{HVIXero CeyeHVlJ1 XTOilU1 V1 Ha nlleHKVI KO H­

neucara YBenVl YVI BaeTC J1, YTOnpaaonar KCHVI}f{e HVl IO K03<P<PVI­
uaesra r ennoom ax« Ct ' AIl 51 onpeneneaua cpenaero K03<p­

H 

cjJ Vl l.\VleHTa r ennoornaxa npa KOHgeHCal.\ VI VI BogJ1H OrOnapa Ha 
eeprux ansuux nOBepXHOCTJ1 XHa pac. 2 npuaeneua HOM orpaM­
Ma [1]. Honorpa-o-a n03BOn51 eT HaCiTVI Ct ' no suc ore n nosepx­

H 

HOCTVI rennootineua. renneparypuo« sancpe LIt = tHO- t, ~ 

re xn eparyp e Ha cblU1eHVlJ1 napa. 
ECIlVI BnOTOKenapa VlMeeTCJ1 uexor opoe KOnVlyeCTBOnp»­

MecVI HeKoHgeHCVl pYIOU1 V1 XCJ1 ra30B, TO B npouecce xounenca­
l.\VIVI VlX napunansuoe gaBlleHVle YBeIl Vl YVIBaeTCJ1 no Mepe npa­
6IlVl}f{eHVl51 K nOB epXHOCTVI KOHgeHCal.\VlVI . npVl 3TOM peansuas 
renneparyp a HaCblU1eHVlJ1 Ha nOBepXH OCTVI KOHgeHCal.\VI VI CHVI ­
}f{aeTC51 . B pesynsrare nOn HaJ1 pa3HOCTb rewnepary p Me)t{AY 
OC HOBHblM06beMOMnOTOKa VI nOBepXH OCT blO yMeHbWaeTC51, YTO 
YKa3blBaeTHa gVlcjJ¢Y3V1 0HH oe conpor aeneuue Bnpouecce KOH ­
AeH Cal.\VlVI . AVl cjJ¢Y3V1 0HHoe re pnnsecxoe conpor aeneuae CIl OH 
onpenenserca no ypaBHeHVlIO 

rue Ct, - KOHBeKTVl BHblCi K03cjJcjJ Vl l.\ Vl eHTr ennoornaxa aT napo­
ra30BoCi CMecVI K nneHKe KOHgeHcaTa; t VI t - TeM nepary­

no n M 8 
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rne Ero = p"o/p = 0,01- 0,7 - Ha4 allbHoe conepxau ae B03Ayx a 

B BOARHOM n ape; 

no= o: -P".no,J/P; Re paCCYVlTblB a eT CR no CKOp OCTVl na­
pora soa oji CMec Vl nepen nY4KOM; B Ka4eCTBe onpenenaiouiero 
pas nepa B KpVlTepVlRX nOA 06VlR ypaBHeHVlR ucnonsayerca 3K ­

BVl Ball e HTHbli'l AVlaMeTp d,.,,=4!/n . 
Co nporvaneaae R", otiycncsneao CKa4 KOM renneparypu Ha 

rpauaue pasnena <jJ a 3 . L1 3 pana 3 Kc n e p VlMe HTall bHbiX nccne­
AOBaHVli'l cnenyer. 4TO npVl KOHAeH Cal1VlVl 4 VlCTOro BOARHoro 

napa C AaBlleHVleM P> 104 lla ( 061la CTb patioru BC l.\6n) C AO­

CTaTOYHblM n pVl6nVl>t<eHVleM MO>t<H O C4VlTaTb, 4TO rexneparyp­
Hbli'l CKa YOK 6t", OTcyTCTByer. 

Bce BA, Kp OMe nepscf cry neua BC, 0 60rpeBalOT CR BTOpVl4 ­

HbIM" napaxa, n onY4eHHblMVl B peaynsrare BblnapVlBaHVlR OT­

pa60T aHHbiX uienoxoa Vl, B pesynsrare 3TOro, Ha cbllJjeHbl He­

KOH AeHCVlp YlOlJjVlMVlCR ra3aMVl. 1t13BeCTHo, 4TO 0 A Vl H npoueur 

HeKOHAeH cVlpylOlJjVl XCR ra30B B rpeouien nape YBenVlYVlBaeT 

repMVl4eC Koe conpOTVlBneHVleTenno 0 6 MeHynpVlKoHAeHC al1 VlVl 

BABoe . Aei'lCTBeHHbli'l nyrs nOBblweHVlR Tenll 00TAa4Vl npVl KOH­

AeHCal1VlVl n apa B 3TVlX YCIl OBVlRX, oc06eHHO B BA, pafi oraoumx 
nOA BaKyyM oM , - YCVlneHH aR BeHTVlIlRI1VlR KVln RH 1Il b HJ,1 Ka BA. 

OHa AOCTVlraeTCR n pVl nponycke AO 10-TVl % rpetouiero napa 

BMeCTe C KOHAeH caToM 4epe 3 KOHAeHc aTooTB oA4Vl KVl. «Heuc­
nOllb30BaHHb1Ci» npa 3TOM B BA nap Mo>t<eT B A anbHeCiweM Vl C­

me r3 - K0 3<jJ<jJVll1Vl eHT MaccooTAa4Vl; R, - paAVlyc Tpy6bl; D ­
K03<jJ <jJ Vll1Vl e HT AVl<jJ<jJy3VlVl ; Nuo - AVl<jJ<jJy3VloHHoe 4Vlcno Hyc­

censra. 
Ha OCHOBaHVlVl VlcclleAoBaHVli'l no Tenn o0 6MeHy npa KOH­

AeHCal1"Vl BOA RHoro nap a Vl3 napora aosux cMecei'l, BKnlO­

y aR Vl CCll eAOBaHVlR cn 6 rTY Pll Hd xadienpe npoMblwlleHH oi'l 

Tenl1 03HepreTVl KVl ( n n ) , cpeAHVli'l K0 3<jJ<jJVll1VleHT MaC COOT­

AayVl AIlR Tpy6 npVl Re = 350 - 4800 Mo>t<eT 6 blTb pacc-urrau 
no ypaBHeHVlIO 

Nu=r3'Rr 
o D' 

pu napa B ero 06beMe Vl y n OBepXHOCTVl; r ­ r ennora n apoofi ­

pa30 Ba HVl R; r3 - K0 3qJ(jJVll1VleHT MaCCOOTAa4Vl; m"OVl - OTHOCVl­

rensuue Ma CCOBble KOHl1eHTp al1VlVl n apa B 0 6 b e Me Vl y nosepx­

HOCTVl; i,,,""o' Vl i: - renno conepxaaas KOHAeHcaTa y nosepx­
HOCT" Vl CTeH KVl. 

CpeA HVli'l K0 3<jJ<jJVll1VleHT MaC COOTAa4Vl npVl nlleH04Hoi'l KOH­

AeHCa l1VlVl napa Vl3 nOTOK a napoaosnyun-oji CMecVl Ha nosepx­
HOCTVl MO>t<eT6 blTb onpenenen n o 3aBVlCVlM OCTVl 

.., 
2 s e ss so' 2. J ...·K 

nOllY4eHH OMY B pesynsrare VlcclleAoBaHVli'l COTp YA HJ,1 Ka MJ,1 Ka ­

<jJeApbl nn Cn6 rrv pn: 

(2 )RH =1,658.10.3 .U.B 0.37, 

Nu. = 0,0044Re°,37Pf ·75Kqn , 

a v ' w .L v 
rAe Nu = - - . Re = - . Pr = - • - Se3 p a3 Me p Hbie KOMn­

"Jc g ' v ' a' 
ne xcu: R,,"=l/ a. 

BIlJ,1RHJ,1e nnOTHOCHl rennosoro nOTO Ka Y4VlT biB anocb Kp Vl­

repue« Kq". llokaaarem,creneau« n » YBell J,1 4 J,1 Ba eTCR OT ( ­ • ) 

AnR BOAb l AO 0, 1 5 AnR uienoka, KOHl1eHTpal1J,1eCi 6 0 % Vl nnor­

PJ,1 c. 2. HOMorpaM Ma AIlR pac-r era cpenuero K0 3<jJ<jJVlI1VleHTa 

TennOOTAa4 J,1 npu nlleH04Hoi'l KOHAeHCal1J,1Vl Hen OABVl>t<Horo 

napa ua Be pTJ,1 Kan bH OCi nOB epXHOCTJ,1 

~1 
2 • 

~;~; m__g
i ~ •, 

rne U ­ J,1Cn apJ,1TenbHaR cnocotiaocrs noaepxuocn- rennoofi­
Me Ha BA; B ­ KOHl.1e HTp al.1Vl R pacrsopa Ha su xone Vl3 BA. 

yp aBHeHJ,1e (2) noxaauaaer. 4TO npnpocr TepM Vl 4ecKoro 

conpoTVlBlleHJ,1R HaKVlnJ,1 nponopl1J,1 0HaneH J,1 CnapVlTenbH oi'l 

cnocofiuocru noaep xuocra rennootiaeu a BA J,1 KOH l1e HTp a­

11J,1J,1 pacrso pa. 4eM VlHTeHCJ,1BHee KVlnVlT pacrsop B BA, TeM 

60nbwe HaKVlnVl crnara e r c a Ha e ro n OBep XHOCTJ,1 rennco ti­
MeHa, 4TO 0 6bRcHReTcR pe 3KVlM YBen Vl4eHVl eM KOHl1e HTpa l1J,1 Vl 

pacr sop a B 06n acTVl 0 6 pa 30 Ba H Vl R napos or o nysupa Y no­

aepxaocru rennoo tineua . 
CHVl>t< eHVle VlHTeHCVlBHOCTVl HaKVlne oSpa3 0B aHVlR A OCTVl­

raercs npa Bbl n a p Vl Ba H Vl Vl pacrs opos B pe>t<VlMe «nanao ur as 
nneu xa». n pVl TaKOM p e>t< Vl Me pacrso p A o n>t<eH J,1CnapRTb cR 

C nOBepXHO CTJ,1 pasnena <jJa3, a He KVlneTb Ha n OBepXH OCTJ,1 

rennootiaeu a. B 3TOM cnys ae napoo tipa aoaauae A OIl >t<HO 

OCYlJjeCTBIlRTbCR npVl CHVl>t<alOlJjJ,1XCR 3H a4eHJ,1R X KOMn n eKca 

k 
q 

= q.lj(r .p .v ) npJ,1y BenVl4eHJ,1J,1 KOHl1eHTpaI1VlVllJj enOKa. Ten­

nOOTAa4 a B Ta KOM pe>t<J,1M e, B pesynsrare VlccneAO Ba HVlCi CO­

TPYAHJ,1KOB Ka<jJeAP bl nn c ns rTY Pll, MO>t<eTS blTb p aCC4J,1TaH a 

no ypa BHeHJ,11O 

nOllb30BaTbCR B rennosoa cxexe Be. 

TepMVl4ecKoe conporuaneaae CTeHKVl KVlnRTVlnbHoro KaHa­

na Rem Mo >t<eTHe YYVlTblBaT bCR B BVlAY ManoCTVl BeIlVl4VlHbl. 

BenVl4VlHa cpenaecyro-moro npnpocra repxa vecxoro CO­

npOTVlBlleHJ,1 R Ha KJ,1nVl MO>t<eT 6 blTb onpeAelleHa no ypaBHeHJ,1 IO, 

HOCTVl rennosoro n OTOKa (28 ­ 35) KBT/M 2• 

C uenuo VlCKnlO4eHVlR Ha KVlneoS pa30 Ba HVlR B annaparax 
npVl Bbln apVlBaHVlVl lJjenOKOB C TeMneparypHblMVl HanopaMVl, 

Bblwe KOTOp blX B03HVlKaeT KVlneHVl e B nlleHKe, Ha plotc. 3 n peA­

CTaBneHa 3a BVl CVl MOCTb 6t =f(b). 

49 '. .... :.. l\enmonma 6YMdJ'l KapTOH 
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PlitC. 4. Tennocrnava npa Kl-lneHl-l1it eonu I-l pacrsop oe B 

ycnosaax BblHy}f(geHHora gBI-l)f(e HlitR : 1 -BblHy}f(geHHoe 

g Bl-l)f(eH l-le ogHocjJa3 Ho~ }f(l-lgKOC TIit; 2 - aona, q=810 KBT/M 2; 

3 - sona, q = 2 30 KBT/M 2; 4,5- KlitnRll\ l-le cyn bcjJaTHble 

urenoka, q = 2 0 KB T/M2I-l q = 8 0 KB T/M2COOTBe TCTBe HHO 

n p l-l 06eCneyeHI-ll-l rexneparypa ux uanopos .1t Me}f( gy 

CTeHKo~ Tpy6bl lit ll\enO KOM HI-l)f(e pekoneunoaauusrx ua puc. 3 

Be p o RTHo CTb B0 3H I-lKHOBeH I-lR Kl-lneHI-lR I-l, cnenosarensao. Ha ­

Klitn lit CHI-l)f(a eTCR. 

Pe)f(l-lM litHTeHCI-lBHOrO I-lCnapeHlitR 06eCneylitBaeTCR n p l-l 

nonase B Kl-lnRTl-ln bHb le Ka Han bl pacrsopa C era aenorpeao» 
go renn eparypu Ha Cblll\eHI-l R nplit MepH O Hd 5 - 10°C. 

Cornacuo I-lc cn ego BaHI-lR M n o rennootiaeay I-l nposonns u x 
B Cn6 f TY pn Ha xadienpe IlB, npn Kl-ln eHlitl-l p aCTBo pO B B YC­

noaasx aocxonsuiero g Blit)f(e HI-lR gByxcjJa3 HO~ CMeCIit n e p e HOC 

Te nnOTbl OT nOBepXHOCTIit Tenno06MeHa B RgpO nO TOKa oCYll\e ­

CTBn ReT CR nY3blpb KaMIit nap a lit K OHBeK l.\ lit e ~ }f( l-lgKOCTIit. Te nno­

Ta6nlitl\a 2. 

nOKa3arenH creneaa npH OCHOBHblX pelKHMHblX napawerpax, 

BnHlllOlI\HX aa HHTeHCHBHOCTb rennoo6MeHa 

PemlitM Tennosan CKOpOCTb l{oHl\eHTpa l\litH Henorpes 

TeyeHlitH Har py 3Ka CMeCIit pacrBopa pacrsopa, 
q, KBT/M ' w, ~1/c B,% DC 

n Y3blp b KOB bl ~ 0,75 - 0,36 - 0,19 

neHH b l ~ - 0,19 0,7 - 0,1 

Alit Cne pCHo - 0,7 - 0,35 

KOn b l\eB O ~ 

06MeH npn Kl-lneHl-l1it neaootipasyiouiax pacr sopoa onpenens­
eTCR B OCHOBHOM COBMeCTHblM B03ge~CTBliteM pe}f(l-lMH blX na­
panerpos (q, W, 8t , b), koropoe npOR BnReTCR Yepe3 Mex a­

H 

HI-l3 M cjJO pMl-lpOBa HI-lR I-l nepepacnpeneneuaa n o BblCOTe rpy­
6bl 30H C TlitnO BblMI-l p e)f( litMaM Iit Kl-lneHI-l R - n Y3 bl pbK OBbiM 

( BKnlOyaR 3KoHoMa~3epHbl~ y yaCToK), 3MynbCI-lOH HbIM, nucnep­
CHO-KOnbl.\eBbIM lit 30Hbl yxygweHHorO rennootisieua. 

B ra fin, 2 npencrasneaa creneas Bn litRH litR nepe-uicneu­
Hbl X pe}f( l-lMHblX napanerpoa aa I-lHTeH CI-lBHOCTb re nnootineua 
a npl-l p a3 n litYHbiX p e )f(litM a X Te y eHlit R gB y xcjJa 3H ora nOTOKa B 

KlitnRTlitnbHO~ rpyrie. 
l.\ ucno 06pa3YIOll\litxCR Ha CTeHKe Tpy6bl naposux nY3blpe ~ 

lit KOn l-lye CTBO rerinoru. nepeuoc uaoe napo«. B03paCTaeT C 

POCTOM q. 1{0n l-lyeCTBO rennoru, nepeuoca noe nyTeM KOHBeK­

l.\1it1it }f( litg KOCTI-l B cny-iae Manbl X napoconepx aaas. onpenens­
eTCR CKOpOCTblO Te y eH I-lR pacrsopa. B 3aB I-lCI-lMOCTI-l OT COOT­

HOWeHI-lR q lit W sxnan KlitneHI-lR B npouecc rennootinena MeH ~ ­

e TCR. l{a K cnenyer 1-l 3 ratin. 2 lit puc. 4, npu Man blX CKOpOCTRX 

n OTOKa K03cjJcjJl-ll.\l-le HT rennoorna-r a n p a KTl-ly e CKI-l He aaaucar 
OT CKOpOCTIit, onpenenaercs B OCHOBHOM Me XaHI-l 3M OM nepena ­
ylit rerinoru aa cxer napootipaaoeauaa I-l C YBen l-lyeHl-leM nnor­
HOCTI-l rennosoro nOTOKa B03paCTaeT (Kp l-lBbl e 1 I-l 2 ) . C YBen ~­

ye Hlite M CKOpO CTIit n OTOKa 3a BI-lCI-lMOCTb (X = f(q) CTaHOBlitTC~ 

H e cY ll\e CTBeHHo ~ Ha cjJo He aoapacraiouief 3a BI-lCI-lMOCT~ 

(X = f(w) : Kp l-lBble 2, 3, 4 I-l 5 0 6b egl-lH RIOTcR B Kp l-lBYIO 1 . 

111 3 PI-lC. 4 cnegyeT, YTO B 3aB I-lCI-lMOCTI-l OT COOTHOWe HI-lR q 
lit W BO BKnag Kl-lneH I-lR MO}f(HO BblgenlitTb Tplit xapaxrepuuxy sa­

CTKa: paaaaro ro Kl-lneHI-lR - (X = j(q) ; y-racnca KOHBeKTI-lBHoro 

rennootiaeua -(X = (we,); y-racrxa COBMeC THOrO BnlitRHlitR Ha 

rennoorna-r y Me XaHlit 3MOB nepena-ra rennoru aa c-er napoofi­
paaoaauna lit KOHBeK TI-lBHoro 06Me Ha aa ever CKOpOCTI-l gBVt­

}f(eHVtR g By x cjJ a 3Horo nOTOKa. 1{0 Hl.\eHTpal.\ I-lR Vt BenVt YlitHa He­

norpesa YClitnl-lBalOT ge ~ cT B l-l e YKa3aHHbix MexVMoB nepe­
g aY I-l rennoru . 

Ilpa HVt3Klit X rennosu x uarpyskax lit 3Ha YVt Ten bHbiX CKOpO­

CTRX l.\l-lp KynRl.\1-l 1-l 60nb wylO -r acrs Tpy 6 bl 3a HI-lMaeT 3 Ko HoMa~­

3epHbl~ yyaCTOK, xapaKTep I-l 3YIOll\Iit~CR HI-l3 KI-lMIit 3 Ha Y e HlitR M ~ 

K0 3cjJcjJl-ll.\l-leHTOB TennooTgaYI-l. CooT Be TcTBeHHo, npl-l Bb'COK~X 

Uel1J1lOnooa 6yMara KapTOH '.' •• " :" 50 
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r enno s u x uarpyskax V1 HV1 3KV1 X CKOpOCTil X l.(V1 p Kymll.(V1V1 B aepx­

He~ yaCTV1 Tpy 6 bl npeoonanaer pe}l{ V1 M yxygweHH o ~ Te nn OOT­

AayV1, B CBil 3V1 C yeM cpenuss V1HTeHCV1BHOCTb rennoorineua 
TaK}I{e nanaer. 

Me po ~ OTHOWe HV1il Ten n OBOrO nOTOKa K CKOpOCTV1 l.(V1PKY­

nill.(V1V1 pacrsopa ogHoBpeMeHHO YYV1TbI B alOll.\V1~ ero uenorpes. 
ssnserca KOMnne KC K,,;" = q/(p ', wo '" i"J . 

lo1 3 peaynsraros npoaeneua oro 0606ll.\eH V1il , npencraeneu­
HblX Ha pV1C, 5 BV1gHO, YTO YCTaHaBnV1BalOTcil aee xapaxr epuue 
06naCTV1 BMlilH V1il KOMnneKCHblX nepeneuuux B 3a BV1 CV1 MOCTV1 

OT KpV1TepV1il k,,;" >0,05. Anil nepsof - npu OTHOCV1 TenbHO HV13 ­

KV1 XTe nnOBbI X aarpysxax V1 BbICOKV1 X 3Hay e HV1ilX uenorpeaa.on­

p egen ileMo ~ , xapakr epuo YBen V1y eHV1e V1HTeH CV1 BHOCTV1 r enno­

OTAayV1 C YMe HbweH V1 eM BenV1YV1Hbl aenorpeea YBenV1yeHV1eM 

Tenn OBOH HarpY3KV1 . Bo BTOPOH 06naC TV1, xapakr epasyo uieji ­
cs BbICOKV1 MV1 TennOBblMV1 Harpy3KaMV1, Man blMV1 3Hay eHV1 il MV1 He ­

norpesa V1 onpe ge nileMo~ «: > 0,0 5, V1HTeHCV1BHOCTb rennooo­
MeHa B0 3p aCTaeT C YBenV1ye HV1 e M Ben V1 YV1 Hbl uenorpesa . no­

nyyeHHail 3aBV1 CV1 MOCTb onacsreaercs y p a BHeHV1eM 

o,'S ) " 0.6 ( )fila , =Ak k Pr p " lp ' 0."; , 
II.OHB w ~\ ln nn 

rAe A = 12,5 , n = 0,2 14 np V1 k >0,05, M H

A= 29 10,n = - 0,277 npV1 k" ,">0,05,
 
R m = 1/0!..
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PV1 C. 5. 0 6 0 6 ll.\eH V1e onsrr uux gaHHblx n o V1HTeHCV1BHO CTV1 

re nnootiaeaa npn KV1 ne HV1 V1 neHHbl X pacrsopoe llbfl: 
1 - yepHblH cynbcjJaTHbl~ uienok: 2 - BOgHblH 

npenrunponaaar: 3 - sona 

B HaCTO il ll.\ e~ patiore 6e3 yyeTa 3KOnO rV1yeCKV1 X noxasare­
neH npencraaneuu OCHOBHbl e nOn O}l{eHV1 il , onpenenmouiae 
Bbl60p HOBOH BC V1 nokaaauu uanpasneawa gnil V13MeHeHV1il 

TeXHonO rV1 yeCK V1 X pe}l{V1MOB C uenuo noeuureuaa n p oV1 3BogV1­

Ten bHOCTV1 ge~ CTBYJOll.\ V1X Be. 
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