
02 [2015] 

YAK 676.164.3. 082 .3 

YcnOBUI Ofipa30BaHUI HaKUnU 
Ha nOBepKHocmu mennoofiMeHaBh napHhlK 
annapamOB npu BblnapUBaHUU 
cgnh$amHhlKlIlenOKOB 

B. A. CYCJlOB, 

CaH KT-neTep6yprcK~i1 

TeXHOJlOr~4ecK~i1 YH~BepC~TeT 

pacrarensusrx nOJl~MepOB 

H a K~ne06pa30 B aHl1e ua nOBep XH O­
CTI1 renno ofineua su napuux annaparo a 
(BA), cornacuo onsrry axcnnyarauau Bbl­
napuux CTaHl.\I1 f1 (BC) uenm on oauo- Sy­

Ma>KH OrO np0l1 3BOACTBa (l.\6n ), nsnaer­
Cl1 npW-1I1H0 f1 3H a4IHenbHoro CHI1>KeHI1l1 
I1 X np0I13 BOAI1TenbHOCTI1. B Hal1 60nee 
Tl1 )KenbIX ycnO BI1 l1X HaXOA l1T Cl1 nepaue 
no napy f,1nf,1 ronoaau e BA, euna pas a­

1OU1f,1e U1en OKa BbI COKOf1 KOHl.\eHTp al.\l1f,1 
11 otiorpeaaexue napo» C MaKCI1Maflb­
HOf1 no 6aTapee TeM nepaTypOf1. n pl1 
3TOMnp0I1 3B OAf,1TenbHOCTb 6aTapef1 on­
penenaer ca 3<!> <!>eKTf,1 BHOCTblO patioru 
neps ux armaparos. 

Cnenyer OTMeTI1Tb, 4TO HaKl1ne06pa­
30BaH f,1e Cpa3Hofi creneuuo f,1 HTeHC I1 B­

HO CTI1 npucyuie BceM naporeuepa pyio­
U11-1 ~\ nOBepXH OCTl1M rennoobaeua. Y no­
BepXH OCTf,1 Tenn o06MeH a B npen enax 
KOHl.\eHTpal.\ f,1 0HH orOnOrpaH f,1 4HOrOCn0l1 
BMeCTax l.\eHTpOB napooti paaoeauaa ua­
6nlOAalOTCR 3Ha411 TeflbHbie nOBblW eHI1R 
KOHl.\eHTpal.\l1f,1 paCTBo pa BcneAC TBf,1e 

PI1C. 1. Cxena 3KCnepl1MeHTanbHoro creuna AnR I1ccneAOBaHI1R renno ofineua npa 
Bblnapf,1B aHI1f,1 orpaoo ra auu x pacrs opos l.\6n 

ucnapeuan >K f,1AKOCTf,1 B 06pa3y lO U1l1eCl1 
ny3blpbKI1 , npf,1 BOARU1l1 e K06pa30Ba HI11O 
HaK f,1 nl1 . n 03TOMY OAHOfi f,1 3 xapakrepu­
CTf,1K I1HTeHCf,1BHOCTf,1 06pa30BaHI1R HaKf,1­

nf,1 MO>KeT6blTb3Ha 4eHI1e MaCC OBOro Ha­
npl1>KeHf,1R nOBepXH OCT f,1 rennoofiaeaa ­
u = WjF, rne: W- KOnl14eCTBO asmapeu­
Hofi BBA snara: F- ncaepxuocrs renn o­
06MeHa BA. 

OAH aKo Haf,1 60nee I1HTeHCf,1BHO Ha­
Kf,1 nb ofipaayercs HanOBepXH OCTI1 r enno­

06MeHa B MeCTax npexpauieaaa (Mf,1Hf,1 ­
ManbH oro) OpOW eHI1R ee >K f,1AKOCT blO, T. e. 
B 06naCTf,1 06pa30BaHf,1 l1 Kp11 3f,1Ca Kl1n e­
Hf,1R f,1 B 3aKp f,13 f,1C HbIX30Hax. Kpf,1 3f,1cbl B 

naporeuepa pyouief rpytie MoryT f,1MeTb 
HeoAHopoAH oe npoI1 CXO>KAeHf,1 e 11 nOA4f,1 ­
HRIO TCR pa3HbiM 3aKO HO~\epHOCTl1M. 

B HaCTOl1U1ee BpeMl1 Haf,1 60nee non­
HOf,1 3Y4eHbl npoueccu r ennoofi-ieua npa 
Kf,1neHf,1f,1 BOA bl 11 peKoMeHAOBaHbl pac­
4eTHbie ypas HeH I1R, ycr anaana aaioU1 l1e 
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3aBj,fOfMOCHf Me>t<AY Kpj,fTj,f4eCKOM nnor ­

HOCTblO ren nosoro nOTOKa j,f pe>t<j,fMH bl­

Mj,f napaxerpaaa pafioru 3HepreTj,f4eC­

koro 060 PYAOBaHj,f11 Tenfl OBOMj,f aTOM HOM 

3HepreTj,fKj,f, pa60 TalOl!1j,fX npl-1 BbICOKl-1 X 

AafleHl-1 I1 X l-1 rexn epary pax [1, 2]. BCusn 
Bblnap j,fBalOT l!1efl0 4Hble, neHo06pa3YIO­

l!1l-1e pacr so pu npl-1 Hl-13 Kj,f X CKO pOCTI1X 

l.\l-1 PKYfll1l.\j,fl-1 (w'" 0,01 M/C ) nOAnpaxr u­

4eCKl-1 aTMoccPepHblM Aa B fl eHl-1 e ~1 (0,15 ­
0,09 Mna) [3] . Cnenoea rensno, n0,l106­

Hble peKOMeH,l1al.\l-1 l-1 He MoryT 6blTb pac­

n p O CTp a H eH ~ Ha 06flaC Tb pa60 T ~ pe­

>t< l-1MHbIX napaaerpos BC l.\6n . 

Pa60Tbi no j,f3yyeHj,f1O rennoxacco­

06MeHa npa Bblnapl-1BaHl-1l-1 BOAH blX pa­

CT BOpOB l-1 oTpa60TaHHbiX l!1eflOKOB l.\6n 

Ha xatpenpe npOMblWfleHHOMTenfl03Hep­

reTj,fKj,f Cnnypn npOBOAI1TCI1 C 1970 
ron a. Afll1 3TOM l.\efll-1 B 1977 r . 6blfl cnpo­

eKTl-1p OBaH l-1 cMoHmpoBaH 3KCnepl-1MeH­

Tafl bHblMcTeHA (P"C. 1), npeacrasnmo­
l!1j,fM OAHOTpy6HbiM BA C napoaux 060­

rpe ao a . OCH OBH OM pa 60YeM yaCTblO 

CTeH,l1a 6blfl a Kl-1nI1Tl-1flbHal1 rpyoa Cuaty­

paflbHblMl-1 no OTHOWe Hl-11O Knpoasuuneu­

HblM BA pa3MepaMj,f. fl-1APOAj,f HaMj,f yeC­

Kj,fe l-1 Tenflo06MeH Hbie napan er pu patio ­

Tbl CTeH,l1a nossonanu OXBaT l-1Tb sees Aj,f ­

anasou parioru npOMblWfl eHH blXycrauo­

BOK. B KayeCT Be pa604j,fX paCTBop OB l-1 C­

non saosanacs BOAa, yepH blM cyn sdiar ­

HblMuieno«. nOflyy eHHblMOT BapKl-1 XBOi:i­

HblX nopon ApeBeCl-1Hbl l-1 BOAHbli:i ripen­
rl-1 APOfll-13aT [4]. 

Ha P"C. 2 npencr asneuu sxcnepa­
t4eHTaflbHble 3aBl-1Cj,fMOCTj,f no l-1 3MeHe­

Hj,f1O flOKaflbHblXK03cPcPl-1l.\l-1eHTOB renno­

OTAaYl-1 a B 3aBl-1Cl-1M OCH1 OT 3HayeHj,fM 

MaCCOBblX pacxonaux napocoAep >t<aHj,fM 

napop acrsopuoji CMeCl-1 no nn j,f HeTpy6bl 

npl-1 nOCTOI1HH oi:i rennoso ji Harp y3 Ke, 

CKO pOCTl-1 l.\l-1PKYfll1l.\j,fl-1 l-1 KOHl.\eHTpal.\j,fl-1 

pacrsopa. Cornacso pn c, 2, C YBefll-1ye­

Hj,feM 3HayeHj,f M napoconepxauua npo ­

j,fCXOAl-1T B03paCTaHl-1e K03cP cP j,f l.\j,feHTO B 

TenflOOTAaYl-1 npl-1 Kl-1neHl-1l-1 neHHblX pa­

CTBOpOB. npl-1 AOCTl-1>t<eHj,fl-1 oripeneneu ­

HblX 3HayeHj,f Mx,p' 3aBl-1 CI1 l!1 l-1X OT pe>t< l-1M­

HblX napaa erpos pa60Tbi YCTaHOBKl-1 l-1 

cP l-1 3l-1 KO-Xl-1Ml-1ye CKl-1 X CBOi:iCTB pacrao­

pOB, Ha6fl lOAafloc b naneuue a , nnas uoe 
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Ma CCOBblC pacxon nsrc uap oconep aouur s , x 

Pac , 2. V13MeH eHl-1e j,fHTe HCl-1BHOCTj,f TenflOOTAaYl-1 B 3aBl-1 Cl-1MOCTl-1 OT 

napo conepxauas napouienokoaoji CMeCl-1 npa q = 50 KBT/ M' j,f W =0,05 M/C:o 
1 - b = 20 %; 2 - b = 30 %; 3 - b = 40 % a.C.B. 
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Pl-1c. 3. Bflj,fI1Hj,fe napocoaepx aaas Ha q'Pl l-1 ua xapaxre p CMeHbl pe>t<j,fMOBTeyeHl-1 11 

npa Kpj,f3 l-1Ce (pw = const): AB- Kpl-13l-1C nepaoro poria: CB - paBH oBecHaH 

nflOTHOCTb re nnoaoro nOTO Ka qPOB.; BDE - cpua >t<l-1AKOCTl-1 co CTeHKl-1 l-1 l-1CnapeHj,fe 

nfleHKj,f >t<j,fAKOCTj,f ; EG- KPl-13 j,fC OpOWeHl-1H; a,b.C, d, e - CxeMaT j,fYHOe 

l-1 306pa>t<eHl-1e CMeHbl pe>t< j,fMOB Kj,f neHl-1H; 1-1 - Ce4eHj,feKpl-13 j,fCa [5, 6] . 
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nOBV1ii npV1 KV1neHV1V1 n e uo ofip aay o­
(.. -9El ·0 

'i Ll1V1X paCTBopOB L\5n. KPV13V1C cPV1KCV1­-0 
c:e a:ic.; poaanca B TOYKe Hayana YBenV1yeHV1i1-~i==-- - ­0 :.::e':l . ~ 7"~_ t_- ~- --­e: renneparypu CTeHKV1 Tpy6bl V1 nane­:.:: ---I ­I:: -58 •u Q) o=l 

HV1i1 K03cPcPV1ljV1eHTa TennOOTAayV1.Q) 
I- :.::::r 4/ -, • = ..0 Ani1 0606Ll1eHV1i1 B3i1Tbl on srr u. npo­e- 38- T I ­l- I ­
u BOA V1BWV1eCi1 C W" = 0,015-0,025 M/C,-2{t~==F' -- ' - j_. " .=--c. = 0 ~ 

~. _._ .:.:: .... ~{t. . -- - _ .. . - ._- - _._ - . '1- - ­:t pw= 25 K'/(t~'.c), KOHljeHTpaljV1eii pacr­~ 0I- l ­0 sopa B= 20 % V1 30 'l«. Pe3ynbTaTbi 0606­0e: 1:-0,03 -0,02 -0,01 0 0,01 0.G2 0,03I:: Ll1eHV1i1 npeACTaBneHbl Ha p..,c. 4. 
Cornacuo puc. 4 KpV13V1C KV1neHV1i1Ilapoconepssaaue, X 

.1 -2 B neHo06pa3ylOLl1V1X pac r s o p ax L\5n 

06pa3yeTCi1 nOA06Ho MexaHV13MaM 06­

PV1C. 4, 3aBV1cV1MoCTb qHP = f(x) npn KV1neHV1V1 BOAHO,O npeAlV1APonV13aTa: pa30BaHV1i1 KpV13V1COB npV1 KV1neHV1V1 

pw = 25 K'/(M'.C); 1 - B< 30 %; 2 - B> 30 % a.c.s. BOAbl [7,8]. 
B COOTBeTCTBI~V1 C pV1C. 3,4, B otina­

cn~ l~ an b l X napoCOAep)f(aHV1ii x neHHblii 

Am pacrsopoe BblCOKOii KOHljeHTpaljV1V1 TV1nOBai1 3aBV1CV1MOCTb KpV1TV1yeC­ pacrsop 3a HV1M a e T 60nbwylO -racr s no­

V1 pe3Koe - Am paCTBopoB C HV13KOii KOH­ Koii nnOTHOCTV1 TennOBO,O nOTOKa OT nepe-uioro CeyeHV1i1 kaa ana. KPV13V1C 

ljeHTpaljV1eii. nOKa3aHHoe YXYAweHV1e MaCCOBO,O paCXOAHO,O napOCOAep­ TennOOTAaY I~ B 3TOr,j cny-iae npOV1CXOAV1T 

TennOOTAayV1, 06ycnoBneHHoe BbITeCHe­ )f(aHV1i1 npV1 KV1neHV1V1 BOAbl npencras­ V13-3a HapyweHV1i1 BCTpeYHbIMV1 nOTOKa­

HV1eM npV1CTeHHoii nneHKV1 pacrsopa na­ neua Hd p ac. 3. HaMV1 ua OCHOBaHV1V1 fl V1 , V1 A POA V1 Ha r.1 V1 y e CKOM YCTOMYV1BOCTV1 

posoa npocnoiiKoii, Ha3b1BaeTCi1 KpV13V1­ o n bIT H bl X A a H H bl X, non y Ye H H bl X Ha np V1CTeHHoii neHHoii nneHKV1: nY3blpbKV1 

COM rennootiaeua V1 CBi13aHO C V1HTeHCV1B­ CTeHAOBoii yCTaHoBKe, riocrpoeua sa­ napa, ABV1)f(YLl1V1eCi1 OT CTeHKV1, npensr­
HblM HaKV1ne06pa30BaHV1eM. BV1CV1MOCTb q = f(x) Ani1 KPV13V1CHbIX YC- CTBYIOT npOHV1KHOBeHV11O pa c r a o p a K 

PV1C. 5. Cxena aunapnoji CTaHljV1V1 cPV1PMbl «P03eH6naA» [7]:
 
- - - - - nap, - - - - -Ll1enOK, - - - - KOHAeHcaT; 1,21., lA, II, III, IV, V, VIA, VIB - nOpi1AKOBble Hor·jepa KopnycoB; 1 -6aK
 

cna6010 uienoka: 2 - 6aK ncnyynapeuuoro tuenoka: 3 - nonorpesarenu uienoua: 4 - noaepxuocruua KOHAeHcaTOp;
 

5 - 6apOMeTpV1YeCKV1ii KOHAeHcaTOp; 6 - pacuniparena KOHAeHcaTa; 7 - KOHAeHcaTOOTBOAYV1KV1; 8 - 6aK kperucoro uienoka.
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PI-1e. 6. lt13MeHeHl-1e renneparypu 

pacrsopa 1-1 CTeHKI-1 Kl-1n51Tl-1flbHo(1 

Tpy6bl B npouecce Kpl-131-1Ca Kl-1neHI-151 

cynsdiaraoro uienoxa: B; 30 % a.c.s .: 
pw; 55,6 Kr/(M 2.c); q,.,; 44 KBT/M 2; 

X ;0,01 

CTeHKe . B pesynsrare CTeHKa Kl-1n51Tl-1flb ­

HO(1 Tpy6bl nOKpblBaeTC51 OneCH51IOUlI-1M 

pacraop napon, 1-1 MelOUlI-1M HI-1 3KylOTen­

flonp oBoAHOCTb . lt1HTeHCI-1B HOCTbTenflo­

06MeHa npl-1 3TOM peako CHl-1lKaeTC51 . 

Ha p v c . 3 r l-1A PoAI-1 HaMl-1 ye cKYIO 

MOAefl b Kpl-1 31-1C a xapa xr epaayer rut ­

HI-1 51 AB . B n p ou ecr e Bbln apl-1B aHI-1 51 

neHHblX pacr aopo a nOA06Ha 51 MOAefl b 

pa3BI-1TI-1 51 Kpl-1 31-1 Ca Ha6fl lOAaeTCl1 Ha 

np51M OTOYHbI X y-r acr aax CMewa HHblX 

cxen B( LJ,5n , rne neper peTbl ii OTHO­

CI-1 Tefl bHO r e nn ep arypu HaCblUleHl-1 l1 

pacr sop nOAaeTCl1 B B/A, paocrao­
UlI-1 (1 nOA tio nee HI-1 3KI-1 M AaBfl eHl-1 eM 

( p III C. 5, B/ A V; VIA ; VI B) . Ilpa 3TOM 

B03HIIIKaeT aAI-1a 6aTHOe BCKl-1naHl-1e 

pacru cpa . npl-1BOA51Ulee K asuuepa c­

cMoTpeHHo (1 MOAefll-1 . 

( nOBblWeHl-1eM napoconepxauas 
B neHHOM pacrsope pacre r KOfll-1ye­

CTBO napa . nap npens rc r ayer npo ­

HIIIKHOBeHl-11O nOTOKa pacrso pa 1-13 OC­

HOBHoro 06beMa K CTeH Ke. 06p a30­

BaBWal1C51 neua r auxe cnocoticreyer 

BblTeCHeHl-11O lKl-1AKOCTI-1 1-13 npwcre s­

HO(1 06 fl aCTI-1 . n p l-1 AOCH1 lKeHI-11-1 Kp l-1­

Tl-1yeCKo(1 nflOTHOCTI-1 r enn os c ro nOTO­

«a YCT oii YI-1 BOCTb lKl-1 AKI-1X nn eao s, 

504030 2010 

KOIIUellTpaUIISI pacr nop a, B, % a.C.B. 

o 

3,5 

3 

PI-1C. 7. 3aBI-1CI-1MOCTb q,pt OT w(j 6t ' A 1-1 B npl-1 Kl-1neHl-11-1 cMece(1 1-1 pacrsopo a B
H

rpytiax: 1 - yepHbl(1 cYflb~aTHbl(1 uieno«, rpytia c d » 49 MM, P ; 0,1 ,"1na, 

wo; 0,05 M/C; 8t 
H A

; 5°(, b < 30 %; 2 - TO lKe, HO b > 30 % a.c.a.: 3 - CMeCb• 

6e H 30fl -M lt1 n~, rpytia c d « 10 MM; p ; 0,2 Mna, wo; 4 M/ C; 8tH•A; 25 0(; 3 - TO lKe, 

HO 8t ;50 0
( 

" A 

npOH I-1 3blBalOUlI-1 X AByx~a 3 H bl ii norpa­

HI-1YHbl(1 CflO(1 aapyur aerca, 1-1 CTeHKa 

nOKpblBaeTC51 cnflOWHblM cnce» napa. 

lt1 ccfl eAOBaH I-1 51 nOKa3b1Ba1OT, YTO 

YC flO BI-1 51 Afl51 pa3 BI-1T I-111 Kp l-13 1-1Ca 1-1 

B03HIi1KHOBe HIi111 nfl eHOYH OrO Kl-1 ne HIi1 51 

pac r eo p a 6 bl CT pee AOCTli1r a lOT Cl1 Ha 

auxon e 1i1 3 Tpy6bl , rne napocone px a ­
Hli1 e n OTOKa CMeC Ii1 MaKCIi1M aflbH O. 

3TIi1 M YCflOBli1l1M Ha puc . 3 CO OTBeT­

CTByeT TOY xa ex . 

nOCKOflbKY B YCflOBI-1 51 X Kp l-1 31i1 Ca 

CTeHKa ua y yaCT Ke nfle HOY HOro Kl-1 ne­

HI-151 neper pea aer cs.vpaa aua Kp1i13 1i1­

ca 6YAeT nepexeuiar sca HaBCTpe Yy 

nor oxy pacrso pa C fi on ee HIi13K IIIMI-1 

napOCOAeplKaHIi151MI-1Ii1 nOBblweHHblMI-1 

3HayeHIi1l1MIi1 q,P' Ha HeKOTopOM pac­

CT051 HIi1 I-1 OT au xon uo ro CeyeHl-1 l1 TPy­

6~ pacnpOCTpaHeHl-1e nfleHOYHOrO 

Kli1neHIi1 11 npexpararcs, 1-1 nonoxeune 
rpaHI-1l\bl pelKl-1MOB Kl-1 neHIi111 CTa6li1flli1 ­

3Ii1pyeTC51 . B 3TIi1X YCflOBIi151 X yCTaHaB ­

nn eae rcn YCTo(1Y Ii1B bl(1 paB HoBec Hblii 

pelKli1M, np li1 KOTOpOM 6YAyT OAHOBpe­

MeHHO cOCY UleCTBO BaTb ny3blp bKOBoe 

Kli1 ne Hli1e B rpytie Ii1 nfl eHOYHOe Klllne­

Hl-1 e Ha BblXOAe 1i1 3 Hee ( PI-1C. 2) . (0­

or uerc r ay icui ee 1i13 MeHeHI-1e pelK li1 MO B 

ua pac . 3 nOKa3aHO KaK nepe xo n 1-13 

TOYKI-1 a B TOYKY b. 3a BIi1C Ii1 MOCTb Kpl-1 ­

Tli1y eCKo (1 nflOTHOCTIi1 Afl51 paBHOBec­

Horo Tenfl OBoro nOT OK a OT napoco ­

Aep lKaHli1 l1 gP f (x) Ha Pl-1c . 3 060 ­.. H ; 

3HayeHa flli1H li1 e ii BO. 

B 06 flaCTIi1 BblCOK Ii1 X napoconepx a­
Hl-1ii nOTOKa Kpl-131i1 C Tenfl OOTAaY Ii1 np o­

Ii1 CXOA Ii1 T B peayn sra r e BbICbI XaH I-1 11 

nfleHKIi1 lKIi1 AKOCT Ii1 , rne B Ceye Hli1 1i1 Kpli1­

31i1Ca AIi1 Cnep CH O- KOflbl\e BO e TeyeHl-1e 

CMeHl1eTCl1 AI-1 Cnep cHbiM. HaYIi1H al1 C 

CeyeHli1 l1 Kl-1 nl1T li1 flb Ho(1 Tpy6bl, rne nneu ­

Ka pacTBopa Ii1Cn apl-1flaCb nOfl HOCTblO, 

npoli1CXOAI-1T pe3KI-1 (1 pOCT ren neparypu 

CTeHKIi1 (PI1C. 6) . Ha pwc. 3 3TO fll-1Hli1l1 

BDL nOA06Hbl(1 BI-1 A Kpli131i1Ca Ha B( 

LJ,5 n ~I-1K cl-1pyeTCl1 Kpa(1He penxo. OH 

MOlKeT nponansrsca npli1 Kl-1neHli11i1 BOAbl 

nOA HIi13KIi1M AaBfleHl-1eM (P < 16 ,"1 n a) . 

B 3TOM cnyx ae Ha Kpl-1BOii q'Pl ; f (x ) 

(fl l-1 Hl-1 l1 DF, pac , 3) Ha6fl1O AaeTC51 pes ­

KO HlllcnaAalOUlI-1(1 yyaCTOK, rAe BY3KOM 

AI-1 ana30He napoconepacasvji npoucxo­

AI-1 T 3HaYI-1 Tefl bHOe CHl-1lKe Hl-1e KpI-1 TIi1­

yeCKo (1 nfl OT HOCTI-1 Tenfl OBoro nOTOKa . 

Ilapoconepx aaae TOYK I-1 0 ua KPI-1B O(1 

q' Pl ; f (x) uaauaaor rp aHIi1YHblM x,po' 
OHO BB OAI-1TCll KaK6e30nacHoe 3HayeHIi1 e 

63 tlennonosa 6yMara KapTOH 
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KOHueHTpaUIHl paCTBOpa, B, % a.C.B. 

P ~ C. 8. 3 a B~ c~ M o CTb Kp~T~Y eC K O ~ nnOTH O CT~ TennOBO,O nOTO Ka OT 

KOH l\eHTpal\IH1 cynsdiaraoro urenoxa: P = O, l Mna; pw = 50 K'/(M2.C ); 8t , = 5° C 

napOCOJlepJKaHIHI, X 

. 1 6 3 

HOCT~ TennOBO,O nOT OK a gnH BOg bl, 

np~B egeHH bl x B [5]. 
):\aHHble, np~BegeHHble Ha puc . 7, 

nokaaua ao r HeogH03H aYHY lO 3aB~ C~ ­

MOCTb Kp~T~Y eCKOfi r ertno ao ii uarpys­
K~ OT KO H l\e H T p a l\ ~ ~ pacr so pa. n p~ 

YBen~Y eH~~ go 10 % a.C.B. KOHl\eHT­
pauu« pacrsopa 6eH30n-MVln ):\ K P~ T ~­

yeCKaH nnOTH OCTb TennOBO IO nOTO Ka 
Y Ben~Y~BaeTcH . Onuaxo npu gan bH efi­

uie n YBen ~ Y e H ~ ~ KO Hl\e H T p a l\ ~~ ­
Kp~T~ Y e C K aH nnOTHO CTb YMeHbwaeTC H. 

Ha pu c. 7 n p ~ gaHHoM MacwTa6e 
oce~ 3 HaYe H~ H TOyeK K p ~ T ~YeCKO~ 

nnOTHO C T ~ TennOBO ,O nOT OKa gnH K ~ ­

nsui er o cyns rpar uo ro uienoxa uaxon st­

CH B npenenax HyneBo fi O T M e T K ~ . 3 T ~ 

}l{e gaHHble npencrasne au ua pac. 8 B 

tionee KpynHo M MacwTa6e. KaK B~ gH O 

ua puc, 7, xapaxr ep 3a B ~C ~ MOCT ~ KP~­

T~ Y e C K O ~ n nO T HOCT~ n p~ ~ 3MeH e H ~ ~ 

KOHl\ eHT p al\~~ paCT Bop OB He MeHH eT­
CH. Onuako, gnH cynbcjJaTHblx yepHblX 
uienox oa OHfionee pe3K ~ fi . 3KCTpeMYM 
H axog~TcH B npenenax 33 % KOHl\eHT­

pauu« . q'Pl YB e n~Y~BaeTCH go 35 % 
a.C.B., np~ 6 0n b w ~ x KO Hl\e H T p a l\ ~ HX ­

q'Pl y MeHb waeTcH, YTO 06bHcHHeTcH 
~ 3 M eHeH~ eM np « K ~ n e H~~ r ennodi a­
3 ~ Y e C K~ X csojicr a urenoka. B nep ay io 
OYepegb - 3HaY eH~fi K03cjJcjJ~l\~eHTa 

nOBe pxHoCTHO'O HaTH )i{ eH~H. 

MaccoBaH CKOp OCTb np~ pa 3n~Y ­

HblX napoconepx aaaax K~ nH llle ,o pa­
crso pa r aiose HeogH03HaYH O B n ~ ile T 

ua Kp~T~YecKYIO nnOTHOCT b Tenn OB O­

P ~C. 9. 3aB ~c ~ Mo CT b Kp~T~Y eCKO~ nn OTH O CT~ re nnosoro nOTOKa OT 
napoconepxaana: B< 30 % a.c. a: 1 - pw = 90 K,/(M'C); 3 - pw = 20 K,/(M 2C) 

napoccne px aana [5].4eTKo pasr paua­ n ynb Cal\~HM~; g aBneH~eM, non KOTO­
Y ~ T b np~ Y~ Hb l Kp~3 ~ ca Kpa~ He TpygHO pblM K ~ n~T paCTB Op; pasv epaM~ K~­

~ no:noMy y xygweH~ e r enn oornas« nilT~llbHbl X Tpy 6 ~ CO CTO H H~eM ~ x 

06 blYHO npocr o Ha3blBalOT KP ~3~CO M nOB ep xH O CT~ . 

r ennoornas«. a cooTBeTCTBYlO lllYIO eMy KaK cnenyer ~3 puc. 7, Kp ~ T~YeC ­

K p ~ T ~ Y e c KY IO nnOTHOCT b TennOBO,O Ka il nnOTHOCT b TennOBO,O nOT OKa npn 

nOTO Ka 0603HayalOT q'Pl' K ~ ne H ~ ~ ~ c cn eg o B aHHbl x H a M~ pa­
Kp~T~Ye C K aH nn OTH OCTb re nno­ CTB OpOB 3 HaY~ T en bHO H ~ )i{ e onblTHblX 

sor o nOT OKa onpe ne naercs cjJ~ 3~KO ­ gaHHbl x, npu aeneuuux a B TO pa M ~ pa­
x ~ M~ YeCK~ M~ CB0 ~ CT BaM ~ Bblnap ~ ­ 60Tbl [9] ~ nOY T~ B 100 paa H~)i{e Ta6­

BaeMO, O pacr aopa: ere pacxono s ~ n~ YHbIX gaHH blx no Kp~T~Ye C K O ~ riner­

ro nOTOKa. KaK B ~ g HO Ha p ac, 9, np~ 

3ag a H Ho ~ KOHl\ eHTp al\~~ pacTBop a 

3aB~C~MOCT~ q'Pl = f( x), nonyYeHH ble 
gnH pana 3 Ha Ye H ~fi p w, npen cr aans ­
lOT c060fi nepecexao urueca n~H~~ . C 
pOCT OM pw Kp~T~ Y e CKaH nn OTH OCTb 
B03paCTa eT np~ ManblX x ~ yMeHbwa­
eTCH np« 60nb w~x. TOYKY nepeceve­

H~il n~H ~ fi q,p, (X), B KOTO P O~ np on c­
X O g ~ T CMeHa xapax repa 3a B~C~MOCT~ 

q' Pl = f( pw), Ha 3blBalO T TOYKO fi ~H B e p ­

C ~ ~ . HeogH03H aYH OCT b Bn~ilH~H p w ua 
Kp ~T~YecKYIO nnOT HOCT b np « K ~ ne H~~ 

caasa ua C ~ 3M eH eH~ eM M ex aH~ 3M a 

Kp~ 3~ ca K~ neH~H [4] . n p ~ K~ ne H ~ ~ 

pacr sopa AO TOY K~ ~H B epc~~ ( n p~ OT-
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pnuaren suu x ~ ManblX nOnO>K ~Tenb­

HblX x) YBelll<1'leHl<1e MaccoBoi-i CKOPO­
CH1 npu ny3blpbKOBOM Kl<1 neHI-1l<1 cno­

c06CTByeT YAalleHl<11O napa co CTeHKl<1 . 
n0 3TOMY C B03paCTa HI-1e M pw aospac­

r aer 1-1 q,p j ' n p l<1 Kl-1neHl<1l<1 pacr ao pa 
nc cne TO'lKI-1 I-1HBepCl-11-1 npa 601lbWl<1 X 
x KP~3l<1C CB~3aH CBbI CbIXaH l<1eM nlleH­
KI-1 >K~ AK OCT l<1 . YBenl<1 'le Hl-1e MaccoBoi-i 
CKOpOCTl<1 npl-1 BOAI-1 T K CPblBY nlleHKl<1 
>Kl<1AKOCTl<1 co CTeHKl<1 1-1 KYMeHb we H1-11O 
B Hei-i pacxc na. eCIll<1 nrreuxa COXpaHl<1 ­
na cs. An ~ l<1 C na p eH l<1 ~ ocr asureac a 
nll eHKI-1 norpetiyer cs MeHbwe renn cru , 

'l TO 1-1 OTpa>KaeTUI Ha q Kp j' 

II-1 A p a B Ill<1 'l e C K a ~ Cl<1CTeMa, COCTO~­
uiaa 1-1 3 COTeH napannell bHbl X K l<1n~ ­

TI-11l bHblX KaHaIlOB, COeAI-1HeHHblX Ha 
BXOAe pacraopa B BA npl-1eM Hoi-i KaMe ­
poji, MO>KeT O K a 3 a Tb C ~ HeyCToi-i4l<1Boi-i. 
B Hei-i B03MO>K HO nonsneu ae Ha BXOA e 
1-1 au xone l<1 3 KaHallOB nYllb Cal..\l<1i-i pac­
xona . np l-1 3TOM YB enl<1'leHl<1e paCXOAa 
Ha BXO Ae B OA HO M I-1nl<1 HeCKOnbK I-1X 
xauanax cosnaner no BpeMeHl<1 co CH l<1­
>KeHl-1 eM pacxona Ha BXOAe B ocr ans­
HbIX. npl-1 nOCTOll HHOM nOABOAe r enno­
T ~ K nOToKy paCTBopa BpeMeHHoe 
YMeH bwe Hl-1e er o pacxc ua B kanarre 
npl-1 BeAeT K POCTY n a p O C OA e p >K aH I-1 ~ 

AByxepa3H oi-i CMeCl<1 . nynbcal..\ l-1 l<1 pacxo­
na 1-1 n a pO C OAe p >K aHI-1 ~ conposo x na­
IOTC~ nynbC al..\l-1 ~ Ml<1 A a B n e H l<1~ . npl-1 
0AHI-1 X 1-1 r ex x e cpeAHI-1 X no BpeMeHI-1 
3Ha'l eHI-1 11X MaccoBoi-i CKOpOCT I-1 1-1 pac­
XOAHoro n a pO C OAe p>K a HI-1 ~ KpI-1 TI-1 'l eC­
K a~ nnOTH OCTb re nnosoro nOTOKa An ~ 

pe>K I-1Ma C n Yll b C al..\ l-1~ M I-1 pacxona OKa­
3blBaeTCil MHorO MeHbwe (AO 5 pas 
[5 ]) , 4eM A n~ 6ecnynb Calj l-10 HHor o. 
A Il ~ npenorspauienaa B03Hl<1 KHO BeHI-1 i-i 
o n aC H~ X nYllbCal..\ l-1 i-i pacxo Aa Kl<1 n~­

Tl-1nb Hble Tpy6bl wai-i 6 l<1py IOT. 
OTHOCI-1 TenbHO6e3 H a K l-1n Ha~ pa60Ta 

K l-1n~ Tl-1nb H o ro ny'l Ka BA B03MO >KH a B 
npl-1 nOAAep>KaHI-1 I-1 nIlOTHOCT l<1 TennOBO­
ro nOTOKa Ha CTe HKe W.r/ F AIlIl nlO60ro 
Kl-1n ~Tl-1 n bH OrO ny'l Ka BOBcex pac4eTHbix 
pe>KI-1 MaXHl<1 >Ke Kpl-1 Tl<1 'leCKoro 3H a 4eHl<1~ , 

paCC'll-1TblBaeMoro no ypaBHeHl-1 1O [ 10] 

rne W= S(l-b/ B) - KOnl-1 4eCTBO su na­
peHHoi-i B BA snar«, Kr/c; r - renncr a 
n ap o 0 6 pa 3 0BaHI-1 ~ , B 3 ~ Ta ~ 1-1 3 r enno ­
epl-131-14 eCKI-1 X Ta61l1-11..\ no renneparype 
BTOpl-1 4HO rO napa, A>K/ Kr; F - K l-1 n~­

Tl-1llbHa ~ nOBepXHOCTb BA, M2, b ~ B ­
B XO A Ha~ l<1 B ~XO A Ha~ KO Hl..\e HTpal..\l-11-1 
pacrsopa. % a.c .s .: pw = 4· S/(n.]j;.d 2) 

-Ma C CO B a~ CKOpOCTb pacr aopa. Kr/ 
(M2 .C); M , - HeAor peB pacr sopa AO 
r enn eparyp u uacuuieuaa. 0 ( ; S - pac­

xog pacraopa B BA, Kr/ c; n - KOIll<1'le­
CTBO K l-1 n~ T l<1 n b H bIX B BA KaH anOB ; d ­
BHyTpeHHI-1i-i 3KBI-1 BaneHTHbl i-i Al-1 aMeTp 
K l-1 n~ Tl<1 nb HO ro KaHalla. 

n o 3 T O~1Y ypaBHeHl-1 1O MO>KHO pac­
C41-1 TaTb3Ha'le HI-1e Kpl<1TI-14 ecKoi-i nnOTH O­
cm ren noaoro nOTOKa Cnorpeumocrs o 
AO15 % npu Bblflapl-1 BaHl-1 1-1 cyll bepaTHblx 
'lepHblX l11enOKOB B Al<1 ana30He KO Hl..\e H­
Tpal..\ l-1 i-i b = 10 - 60 % a.C.B. ; MaccoBoi-i 
CKOpO CTI-1 pw = 20 - 160 Kr/(M 2· C) ; Be­
nl-1'll-1H bl uenorp eaa uienoka AOr ennepa­
ryp u HaCbl14eH I-111 Ha axone B Kl-1 n~ Tl-1nb­

HylO rpytiy M , = 0 - 30 ° C. 
B np cue cce npe Allara eM oi-i patio­

Tbl Hai-iAeHbl KpI-1Tl<1 4eCKl-1e nll OTH OCTI-1 
r enno au x nOTOKOB npu BblnapI-1B aHl<1l<1 
cyn bep aTHblx l11en OK OB B BA l.\6n 1-1 co­
oTBeTCTB YI014 l<1e Kpl-1 Tl-1'leC Kl-1e napo­
cO Ae p>Ka Hl<1~ napouienoxoao ji CMeCl<1 . 

3Hall 06naCTI-1 c Y 14eCTBOB aHI-1~ Kp1-1 31-1 ­
CO B npl-1 Kl-1 neHI-1I-1, 3aBI-1 CI-1M OCTI-1 l<1 Me­
XaHl<13 Mbl I-1X np OI-1C X O>KA e HI-1~ MO>KH O 
M eH~ ~ pe>K l<1M Hble napanerpu paeo r u 
BA cor nacuo npl-1BeAeHHoMy pac-rer­
HOM y yp aBHe Hl-11O 3Ha'lI-1 Ten bHO 
YMeHbWI-1Tb HeraTI-1 BHOe Bn l-1 ~H l-1e Kpl-1­
3l<1COB ua paoory aunapuor o 060py­

A O BaH I-1~ : YIlY'lW I-1Tb Tenn OO TAa4Y 
(y Ben l-1 4l-1 Tb np 0l<13 BOAl<1 TenbHOCT b), 
YMeHbWl<1T b HaKI-1 ne06pa3 0BaHI-1 e B 
Tpy6ax BblnapHbl X anna paTO B l.\6n 
(YIlY4W I-1Tb TennOO TAa 4Y 1-1 YBen l<1 'l l<1 Tb 
nP01-13 BOAI-1TenbHOCTb ). 
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