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HaAemHOCTb pa60T~ CBepxnpOBOAR~HX /Cn/ CHCTeM, KpHOCTa6H
JlH31t1pyeMbiX r.e!11·1eM, B 3Ha4HTeJlbHOJ1 Mepe 3aBHCHT OT yCTOsi14HBO

CTH K HMnYJlbCH~M Tennos~,qeneHHRM. Q~eHKa YCJlOBHH TenJlOBOH CTa

~JlbHOCTH Allfl norpymH~X cHcTeM npoaoAHnacb ~meKcoHoM 111 , CT~
apToM121 lo1 MHOrHMH ,qpyrHMH, B pe3YJlbTaTe 4ero HaKOnJleH 06WHp

H~H MaTepHaJl. npHMeHHTellbHO K Cn-cHCTeMaM, HanpHMep yCKOPHTe

neH, KPI-10CTan•1pyeMbiX He,qorpeTbiM HJll-1 CBepXKPHTH4eCKHM rena-teM, 
HeKOTOPble peayJlbTaTbl nplo1Be,qeHbl B /3/ H /4/ CQOTBeTCTBeHHO. 

8 nocne,qHee BpeMR pacTeT HHTepeC K CHCTeMaM, B KOTOPbiX 8 Ka-

4eCTBe KpHoareHTa npe,qn04THTeJlbHO HCnOJlb30BaTb BbiHym,qeHHble 

noToKH ,qeyx¢a3Horo rem1fl/5,6. 7/ • O,qHaKo 3KcnePHMeHTaJlbHOe Hc

cne,qoeaHHe Tennonepe,qa4H K ,qayx¢eaHOMY ren~~ a yc~oa~RX ~M

ny~bcHoro aHepros~,qeneH~R He nposo,q~nocb, XOTR npe,qnonaraeM~e 

OC06eHHOCT~ T8KHX np04eCCOB· ,QOJl>KHbl 6b1Tb AOBOilbHO C.y~qe·cT

BeHH~MH. 

B ,qaHHO~ pa6oTe c,qenaHa nonbiTKa socno~H~Tb OTMel.leHHbiH npo-

6en, y,qen~B OC06oe 8HHM8HHe 838~MOC8R3H KOJ1~4eCT8eHHbiX X8P8K

TepHCTHK ~ccne,qyeMblX Ten1108b1X nPOL\eCC08 H pe>KHMOB Tel.leHHR 

A8YX$83HbiX noToKo8 renHR 8 rop~aoH:'iaJlbHbiX KaHanax. B~6op opl-1-

eHT8L\HH KaHallOB o6ycnosneH OCo6eHHOCTRMH peaJlbHbiX KOHCTPYKL\HH 

CO csepxnpOBO,QR~HMH MarH~TaMH/S-?/ , HCnOJlb3Y~~HMH A11R KPHOCTa-

61-111111384111111 ABYX$83H~H renHH. THnHI.IHble KaHaJlbl T8KHX CHCTeM HMe

~T Ce4eHHe B $OpMe Kpyra /Tpy6~/ HnH KOnb4a. 
Uenb HaCTOR~eH pa60Tbl cocTOHT a Hccne,qosaHHH HecTa4HOHap

HoH Tenenepe,qai.IH K renH~, ABHmyweMyCR 8 KaHanax K011b4e8oro 

Cel.leHII1R. 3THM o6ycnaBJ1HBaeTCR KOHCTPYKL\HR 3KCnepHMeHT8IlbHOro 

o6paa4a, cxeMaTH4eCKH Hao6pameHHoro Ha pHc. 1. OH npe,qcTaBilR

eT co6o~ BaKYYMHPOBaHHY~ KepaMH4eCKY~ Tpy6Ky C HanblneHH~MH Ha 
BHeWHeH nosepxHOCTH yrnepo,QH~MH nneHK8MH AilHHOH 4,2 H 57 MM, 

KOTOpble CJlymaT OAHOBpeMeHHO M8110HHepl\HOHHbiMH HarpeBaTeJlRMH H 

TepMOMeTpaMH /HT/. KepaMH4eCKa~ Tpy6Ka noMe~eHa B Tpy6Ky H3 
CT811H AI1R C03A8HHR KOilbl\eBOrO KaHana C paBHOMePHbiM 3830POM. 

nepe,q y4aCTKOM c nneHKaMH H nocne Hero BblnonHeHbl Yl..laCTKI-1 rH,q

PDAHHaMHI.IeCKoH CT86HI1H3al\HH nOTOKa. 

3KcnepHMeHTbl npOBOAHJlHCb npH nOCTORHHOM ,qasneH~~ 129 Kna, 

a ,qpyrHe napaMeTp~ ,qayx¢aaHoro noToKa ren~R H3MeHRI1HCb a cne

AYto~Hx ,q~ana30H8X: OTHOC~TeJlbHaR 3HT8flbni-1R X = 0· + 1 , MaCCQ

Ba~ CKOPOCTb m ~ 20 7 140 Kr/M 2c. Ha o6pa3e4 nOAaBanCR HMnynbC 
MO~HOCTH CTyneH48TOH ¢oPMbl C AJlHTeilbHOCTbiO nepe,qHero $pOHTa 
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PHc. 1. 3KcrrepHMeHTanbHhffi 
o6pa3eQ. I - KepaMHqecKaH 
Tpy6Ka, 2 - CTanbHaH Tpy6-
Ka, 3 - yrnepo,IJ;Hhie nneHKH. 

He 6onee 20 MKC, npi448M nocne ¢poHTa MOtL\HOCTb TenJlOBbiA8I18HI-1R 
a HT cTa6HilH3Hpoaanacb cne41-1aJ1bHOH 3Il8KTPOHHO~ CI-1CTeMo~. ~a

MepeHHR Ha4HHailHCb 4epe3 20 MKC nocne nOAa414 HMnYilbCa MOtL\HO
CT14 14 npOI43BOA141114Cb C 14HTepBailOM 50 MKC 14IlH 6onee. nnoTHOCTb 
Tennoaoro noToKa q aapbHpoeanacb a npeAenax oT 0,5 AO 
50 KBT/M2 . Donee AeTanbHOe onl4caHI4e 14CnOilb3oaaHHOro o6oPYAo
aaHI4R MO>KHO HaHTH B/8/. 

nepeA 06CY>KAeHH8M pe3yilbTaTOB 3KCnepHM8HTOB CI18AY8T OTMe
THTb, 4TO npH CTyneH4aTOM HMnYilbCe MOtl\HOCTH oco6eHHOCTI4 AHHa
MHKI-1 H 1-1HT8HC14BHOCTb TennonepeAa4H K CTaTH48CKOMY Kp1-1oareHTy 
/4TO RBI1R8TCR nP8A8.flbHbiM CJly4aeM npo4ecca npH BbiHY~AeHHOM Te-
48HI4H/ 3aBI-1CRT OT apeMeHI4 T , nilOTHOCTH TenilOBOrO noTOKa Q 
H AaBilCHHR p 121 • npH paCCMOTpeHHH TennonepeAa4H K ABH>KYW,8My
CR ABYX¢a3HOMY KPHOareHTY He06XOA1-1MO Y41-1TbiBaTb no Kpa~Hel1 Me
pe ew.e pacxoAHOe Maccoaoe napocoAepmaHI4e x 14 Maccoay~ cKopoCTb 
m noToKa, 4TO yaenH4HBaeT 414C110 nepeMeHHbiX 1-1 ycno}I(HReT aaAa-
4Y. npH 3TOM MO}I(HO Q}I(HAaTb, 4TO B1114RH14e 3THX napaMeTpOB no

TaKa Ha AHHaMHKY HeCTa4HOHapHo~ TennonepeAa41-1 o6ycnoaneHo aa
BHCHMOCTb~ CTPYKTYPbl nOTOKa OT m 14 X . 

3aaHCI4MOCTb CTPYKTYPbl noToKa oT ero pe}I(14MHbiX napaMeTpoe 
06bi4HO OT06pa}l(a8TCR B B14A8 KaPT pe>Kit!MOB Te4eHI4R. Ha pHC. 2 

fiJ''.----------,,------, 
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PHc. 2. Pe~w Te~eHHR 
gByx~a3Horo renHR B ropH-
30HTanbHOM ~erreBOM KaHane 
TIPH P = 1 ,3·10 5 ITa H 3a3o
pe A= 1 MM. v>K -H vr -co
OTBeTCTBeHHO ITPHBe,n;eHHbie 
CKOPOCTH ~,IJ;KOH H ra30BOH 
~a3. 1 - o6rracTb roMorea
Horo pacnpe,n;eneHHH ~ag; 
2 - o6naCTb C CHMMeTpHq
Hb~ pacnpegeneaHeM ~a3 oT
HOCHTenbHO OCH KaHana; 3 -
o6naCTb c pacnpe,IJ;eneHHeM 
~a3, 3aBHCH~ OT BepTH
KanbHOii KOOP,D;HHaThi. 



npHBeAeHa TaKaR KapTa/9/ AIIR ropH30HTaiibHOrO nOTOKa reiiHR, 
AononHeHHaR HaWHMH nocneAHHMH 3KCnepHMeHTa!lbHbiMI<1 AaHHbiMH. 
KaK BHAHO 1-13 3Toro PHCYHKa, 8 HCCileAOBaHHOM Al<1ana30He Macco
BbiX CKopocTe~ 1-1 napocoAep~aHH~ AIIR noToKa ABYX$a3Horo reni<1R 
xapaKTepHbl cneAYIO~He CTPYKTYPbl: nyabiPbKOBaR, paccnoeHHaR, 
npepbiBHCTaR, AHCnepcHO-K011b'-'eaaR, 3MYilbCI<10HHaR. B CBR31<1 c 
TeM, ~TO HarpesaTeJlb-TepMOMeTp nP6ACTaBI1ReT C060~ 06TeKaeMbl~ 
nOTOKOM rOPH30HTaJlbHbl~ '-'HilHHAP, C noMo~biO 3~Cnepi<1MeHTailbHOrO 
o6pa34a MO~HO nOilY~HTb KoppeKTHble KOIIH~eCTBeHHble peayilbTaTbl 
npH pe~HMax Te~eHHR, KorAa pacnpeAeneHHe $as 6nHaKo K roMo
reHHOMY HIIH HMeeT 41-1IlHHAP1<1~eCKY~ Clo1MM6Tpl<1~ •. no3TOMY OCHOBH06 
BHHMaHHe YA6Il6HO nYS.biPbKOBOMY, 3MYilbCI<10HHOMY 1<1 AHCnepcHO
KOilb'-'6BOMY pe~HMaM Te~eHHR ABYX$a3H0ro re!llo1R. 

06cYmAeHHe pe3YilbTaTOB Ha4HeM·Cp Cily4aR, KOrAa pacnpeAe
fi6HHe $as cpaBHHTeilbHO paaHoMepHo ·no Ce4eHI<110 KaHana, T.e. 
C nySbiPbKOBOro H 3MYilbCHOHHOrO pe~HMOB, o6osHa46HHbiX Ha pHC .2 
o6naCTbiO 1. XapaKTepHble sasHCHMOCTH neperpesa TennoOTAa~e~ 
noaepXHOCTH OTHOCHT6IlbHO TeMnepaTypSI HaCbllqeHI-111 L\ T:::T-T

6 
OT BpeMeH~ r ADR 3T~X CTpyKTyp np~ BeAeHbl Ha p~c. 3 -
KPHBble 1-d*. 3AeCb H Aanee paccMoTpeHbl oco6eHHOCTI<1 npo-
4eccoa AIIR HT AilHHO~ 4,2 MM npH senH~HHax q , 3Ha4HT6IlbHO 
npeBbiWaiOW,HX KPI<1TH\..f6CKYIO, H 3Ha\..f6HHRX r OT 1 QQ MKC AO 1 C. 
8 3TOM HHTepsane npoHexoAHT poeT nneHKH napa Ha TennoOTAa~w,e~ 
nosepxHOCTH. B AailbHe~weM 3TOT npo4ecc 6yAeM Ha3biBaTb pemHMOM 
H6CTa'-'1<10HapHoro nneHO\..fHOrO Kl<1n6HHR. ~3 PHC. 3 BHAHO, \..ITO MaC
COBaR CKOPOCTb H paCXOAHOe napoCOA6pmaHHe npaKTI<1\..f6CKH He 0Ka-
3b1Ba~T BilHRHHR Ha HHT6HCHBHOCTb H AHHaMHKY T6nilOOTAa~H B Ha-
4ane Ae~cTBHR Tennosoro HMnYilbca. 0AHaKo c ysen~\..feHHeM speMe
HH 3TO BIIHRHHe npoRBilR6TCR B TOM, \..ITO HaH6onee 6biCTpblti poeT 
TeMnepaTYPbl Ha6Il~Aa6TCR np~;~ 60ilbWI<1X napOCOAepmaHHRX H M6Hb
WHX MaCCOBbiX CKOPQCTRX. TaKme MOmHO BHA6Tb, 4TO napoCOAep~a
HHe OKa3biBa6T 3aMeTHO 60ilbW66 BIIHRHI<1e Ha HHT6HCHBHOCTb Ten
nonepeAa~H, 46M MaCCOBaR CKOPOCTb. C YM6HbW6HH6M MaCCOBO~ 
CKOPOCTH H CHHm6HH6M OTHOCHT6IlbHO~ 3HTailbnl<11<1 nOTOKa AO HYilR, 
xapaKTep HeCTa41<10HapHo~ TennonepeAa4H K ABHmy~eMyCR Kp~;~oareH
Ty CTaHOBHTCR nOXOmi<1M Ha CQOTB6TCTBYIO~He 3aBHCHMOCTH AilR He
CTa4HOHapHO~ TennonepeAa4H a 6onbWOM o6beMe. 3To MomeT no
cnymHTb ocHoso~ AnR noeTpoeHHR MOAen~;~ HecTa4HOHapHoro nneHo~
Horo KHnCHHR ABYX$a3HO~ CM6Cio1 npH ny3b1PbKOB0M H 3MYilbCHOHHOM 
pemHMaX T646HHR. 

* 3KcriepHM6HTan:&Hbie TOl.IKH Ha 3TOM ¥i nocnep;yrom;HX pHCYHKax 
He Bb~enHnHCb, nOCKOnbKY OHH npaKTHl.leCKH CnHBaiDTCH. 
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PHC. 3. 3aBHCHMOCTH neperpeBa T(r)-Ts oT BpeMeHH r nocne no

~aqH HMTIYnbca MO~OCTH npH roMoreHHOM pacnpeAeneHHH ~a3 B no
ToKe. P ~ 1,3·105 ITa. 

11' q<tBT •M2 X m,Kr·M-2 .c - 1 

6,9·10 3 0,05 120 
2 6,9·10 3 0,05 42 

3 6,9·10 3 0,05 25 
4 6 9·10 3 o, 3 120 

' 5 6,9·10 3 0,5 120 
6 I 31·104 0,05 120 

' 7 I 31·104 0,3 120 
' 8 2 13·10 4 0,3 120 
' 

4TO KacaeTCR TennonepeAa4~ K CTaTH4eCKOMY KpHoareHTY B yc

noBHRX HeCTa4HOHapHOrO nneH04HOrO KHneHHR, TO B nepBOM npH-

6nHmeHHH 3TOT npo4eCC MOmHO CMOAeflHPOBaTb, OCHOB~BaRCb Ha Cfl£

AyiD~HX Aony~eHHRX: 
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- 8 MOMeHT 'nn nepexo,qa K HeycTaHOBli!BWeMyCfl ni1eH04HOMY Kl•me
H~~ TOil~HHa nneHKH napa pasHa Hyn~, a TeMnepaTypa nosepxHo
CTH - aem14HHe T0 . 
- TeMnepaTypa rpaHH4bl 11 nap-HH1.QKOCTb 11 pacTy~eH nneHKH pasHa T0 
Ha nPOTRmeHH~ scero npo~ecca. 
- noToK Tenna 4epea rpaHH~Y naposo~ nneHKH c ~H.QKOCTb~ nonHo
CTb~ pacxo,qyeTCfl Ha HCnapeHHe mH,QKOCTH. 

TePMO.QHHaM~4eCKHe cso~cTaa renHR He aaBHCRT oT TeMnepaTyp~ 
H onpe,qeilfi~TCfl Ha Il~HHH HaC~eHHfl. 

$opM8IlbHOe peWeH~e T8KO~ 3a,Qa4H MOmHO Ha~T~ B BH,Qe .QBOHH~X 
CTeneHHbiX PfiAOB /!O/ • npH 3TOM TeMnepaTypa TenilOOT,Qa~~e~ no
sepxHOCTH 5y,qeT onpe,qenATbCA cne,qy~~HM s~pameHHeM: 

1 
T(r)~ T(O,r)~ T 0 +

Ar /1/ 

r,qe Ar- Tennonposo.QHOCTb, BK - K03¢¢H~HeHT~ PA.Qa, a- TeMne
paTyponposo,qHocTb, h - y,qenbHafl TennoTa ~cnapeHHR, Pr- nnoT
HOCTb, HH,QeKC r OTHOCHTCfl K raay. 

He OCTaHaBilHBaACb 3,QeCb Ha BOnpocax CXOAHMOCTH PRAa /1/, 
HCnOI1b3YeM 3TO BbiPa>KeHt.1e TOilbKO .Qilfl BblfiBileHHfl aBTOMO,QeJlbHbiX 
nepeMeHH~x npo4ecca. nocne npeo5paaosaHHH H3 /1/ MOmHO nony-
4HTb: 

cP 
[T(r) -T J

o h /2/ 

r,qe Cp- TennoeMKOCTb rasa. TaKHM o5paaoM, asToMo,qeilbHble ne-
peMeHHble MoryT 5b1Tb nPeACTa8neHbl s B~Ae [ T( r) - T 0 ] Cplh ; 
qv' r- r nn;hYXrp r/Cp . Mo>KHO TaK>Ke OTMeTHTb, 4TO Bei1H4HHa r nn 
MHoro MeHbwe xapaKTepHblx speMeH paccMaTpHsaeMbiX npo~eccos, 
T.e. 'nn << r, cne,qosaTeilbHO, r- 'nn =t r . nposepKa c HCnOilb
sosaHHeM 3KcnepHMeHTai1bHbiX ,qaHHbiX /11/ noKasana, 4To TaKa~ no,q
xo,q snonHe o6ocHosaH. 

nonpo6yeM HcnonbaosaTb 3TH asToMo,qenbHble nepeMeHHble AI1A 
CIIY48R ABYX$83HO~ CMeCH. npH 3TOM npe,QCTaBJlReTCfl IIOrH4HbiM 
BMeCTO CBOi1CTB >KH.QKOCTH B /2/ BBeCTH cynepn03H4H~ CBOHCTB 
>KHAKOH H rasosoH ¢as noToKa, 4TO snonHe onpas,qaHo .QIIR roMo
reHHoH CTPYKTypbl, T. e .. BMeCTO y,qeilbHOH TenJlOTbl HCnapeHHfl h 
HCnOIIbSyeM y,qeJlbHY~ 3HeprH~, He06XOAHMY~ .QIIR HCnapeHHA >KH.QKOH 
$asbl hA8= (1- x) h. Tor,qa sosMomHble asToMo,qe.nbHble nepeMeHHble 
npo4ecca nepexoAa K HecTa~HOHaPHOMY nneHo4HOMY KHneHH~ ,qsyx
¢a3HOH CMeCH npHo6peTYT BH.Q 
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PRe. 4. 3aBHCHMOCTH ~T(r) npH roMoreHHOM pacnpe,n;erreHHH ¢a3 B 

KDOPA><HaTax[T(r)-T
0 

+ 0,5]/(1 -x), qyr/(1-x) /o6o3Haqe~ 

HHH COOTBeTCTByroT pHC, 3/, 

c qjr 
[ T( r) - T ] P 

0 
h(l-x) h(l-x)y'.\rpr/Cp 

npir1 nOCTORHHOM AaBneHHH 3am1Cb aBTOMOAeJlbHbiX nepeMeHHbiX He

CKOJlbKO ynpo~aeTCR V1 npV1HHMaeT BV1A 

1 
[ T(r)- T 0]

--
1 -X 

131 

Pa6oTocnoco6HoCTb npeAilO>+<eHHoei MOAeilH B ycnoB1.1RX ny3b1PbKOBoro 

H 3MYilbCHOHHoro Te4eHH~ AeMOHCTpV1pyeTCR Ha PHC. 4. 3AeCb B KO

OPA~HaTaX [ T(r)- T
0 

+ 0,5]/(1- X)* ; qyr/(1-x) KP~BbiM~ 1-8 

* 3Ha'l!eHHe 0,5 BBe,IJ;eHO B BL!paJKeHHe /3/ ,IJ;ITH y,n,o6CTB3 rrpep;

CTaBrreHHH 33BHCHMOCTefi B rrorapH¢MHqeCKHX KOOp,IJ;HHaTax, T.K. 

rrpH r ~ 100 MKC aenHqHHa T(r)- T0 = 0. 
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npe,qcTaBileH~ HCXOAH~e 3aBHCHMOCTH ~T(r) 1 H3o6pameHH~e Ha pHc.3. 
npH 3TOM B Ka4eCTBe To B3RTa TeMnepaTypa HT npH r = 100 MKC: 

~3 PHC. 4 BHAHO, 4TO KpHe~e 1-8 npaKTH4eCKH CilHBa~TCR 8 AHana-
30He 3Ha4eHH~ r H ~T, COOTBeTCTBY~~HX nP04eCCY·¢oPMHPOBaHHR na
POBO~ nneHKH. 3To CBH,qeTeilbCTByeT 0 TOM, 4TO HeCMOTPR Ha ,qo
BOilbHO npH611HmeHH~e O~eHKH, HCnOI1b30BaHH~e npH B~BOAe /3/, QC
HOBH~e WaKTOpW, KOTOp~e BilHR~T Ha AHHaMHKY H HHTeHCHBHOCTb Ha-
4a11bHOrO npo4ecca HecTa4HOHapHoro nneH04Horo KHneHHR, Y4TeH~ 
AOCTaT04HO KoppeKTHO. 0AHaKO C Te4eHHeM BpeMeHH Ha611~AaeTCR 
paccnoeHHe KPHB~X B 3aBHCHMOCTH OT CKOPOCTH H napaco,qepmaHHR 
noToKa, 4TO oco6eHHO xapaKTepHo AI1R nys~pbKOBoro pemHMa. 
3TO 06bRCHReTCR, nomany~, He TOilbKO He nOilHOCTb~ rOMOreHH~M 
pacnpeAeneHHeM Was H s~HRHHeM CKOPQCTH noToKa Ha ¢oPMHposaHHe 
naposo~ nneHKH, HO H HapacTaHHeM ,qasneHHR s cpasHHTeilbHO npo
TRmeHHOM Y3KOM KaHane 8 npo~ecce HCnapeHHR 4aCTH mHAKOCTH,Ko
TOpOe MO>KeT 6b1Tb AOBOilbHO 3Ha4HTe11bHbiM. 

nepe~,qeM Tenepb K H3110meHH~ 3KCnepHMeHTa11bH~X pesyilbTaTOB, 
nony4eHHbiX npH ,qpyroM pacnpe,qeneHHH Wa3 B nOTOKe. npH napoCQ
,qepmaHHRX CBbiWe 0,75 - 0,8 H OTHOCHTeilbHO BbiCOKHX MaCCOBbiX 
CKOPQCTRX peanHsyeTCR AHCnepCHO-KOI1b4eBoH pemHM Te4eHHR ABYX
Wa3HO~ CMeCH, cooTseTCTBYID~H~ Ha pHc. 2 o6nacTH 2. 0TnH4HTenb
HaR OC06eHHOCTb 3TOrO pemHMa 3aKI1~4aeTCR B TOM, 4TO pacnpe,qe
neHHe >KHAKO~ H rasoo6pa3HO~ $a3 HepaBHOMepHO no Ce4eHHID KaHana, 
HO npHMepHO CHMMeTpH4HO OTHOCHTeilbHO era OCH. npocne,qHM, KaK 
HSMepeHHR B CTPYKType nOTOKa OTpamaiDTCR Ha xapaKTepe HeCTa~HO
HapHO~ Tennonepe,qa4H. 

Ha pHc. 5 npHseAeHbl AaHHble ~T(r), nony4eHHble npH AHCnepcHo

KOIIb~esoM /1-3/ H 3MYIIbCHOHHOM /4-6/ pemHMaX Te4eHHR. 3TOT pH

CYHOK noKa3biBaeT, 4TO B Ka4eCTBeHHOM OTHOWeHHH BJlHRHHe paCXOA
HOrO napoco,qep>KaHHR npH AHCnepCHO-KOilb4eBOM pe>KHMe Ha xapaKTep 
HeCTaUHOHapHoH Tennonepe,qa4H COXpaHReTCR nPHMepHO TaKHM me, 
KaK H npH roMoreHHOM pacnpe,qeneHHH $a3. T.e. s nepeble MOMeHTbl 
speMeHH I r ::; 2 ~ 5 • 1 0 2 MKC AfiR KPHBbiX 1-3/ OTHOCHTeiibHaR 3H

TanbnHR He OKa3biBaeT 3aMeTHOrO B.nHRHHR Ha HHTeHCHBHOCTb Ten
nonepe,qa4H, HO a ,qanbHe~weM HaH6onee 6blcTp~~ poeT neperpeea 
/npH nP04HX paBHbiX yCIIOBHRX/ Ha6IIIOAaeTCR npH 60IIbWHX 3Ha4eHHRX 

X • 3To HIIIIIOCTP~PYIOT KPHBble 1 H 5, 4 COOTBeTCTBeHHO AIIR AHC

nepCHO-KOI1b4eBoro H 3MYI1bCHOHHOrO Te4eHHR. npH AHCnepCHO-KOnb
~eBOM pemHMe Te4eHHR o6pa~aeT Ha ce6R BHHMaHHe TaKaR OC06eH
HOCTb HeCTa~HOHapHO~ Ten.nonepe,qa4H, KaK HanH4He xapaKTepH~X 
H3IIOMOB KPHBbiX ~T(r), OTMe4eHHbiX Ha pHC. 5 KpeCTaMH. nocne 

HHX CKOPOCTb pacTa neperpeaa pe3KO yae11H4HBaeTCR. npH roMoreH
HOM pacnpeAeileHHH ~a3 nOA06H~X H3.nOMOB, CBHAeTenbCTBY~~HX 0 
Ka4eCTBeHHOM H3MeHeHHH MexaHH3Ma TennoOTAa4H, He Ha6n~,qaeTCR. 
MoMeHTbl epeMeHH rKp, COOTBeTCTBY~~He H3110MY KPHBbiX ~T(r), 3a-
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PHc. 5. 3aBHCHMOCTH rreperpeBa T(r)-T8 OT BpeMeHH r npH gHcnepc

Ho-Kono~eBoM peEHMe Te~eHHH IKPHBhle 1-3/ H roMoreHHOM pacnpe

AerreHHH ~as /4-6/, P 1,3·105 ITa, m = 120 Kr·M-2c-1. 

II' q , BT·M-2 X 

I , I, 6,9·103 0,8 
2, 2' I 31·104 0,8 , 
3, 3' 2,13·104 0,8 
4 6,9·108 0,3 
5 6,9·103 0,5 
6 1,31·104 0,3 

BHCRT K8K OT pemHMH~X napaMeTpOB nOTOKa, TaK HOT MO~HOCTH 

Tennoeoro HMnynbca. npH4eM aHanH3 3KCnepHMeHTanbH~X A8HH~X no

Kaa~eaeT t 4TO eenH4HHa npoH3BeAeHlo1R q.rKP RBnReTCR $YHK~Hei:1 

TOnbKO napaMeTpOB X, m, p H He 38BHClo1T OT nnOTHOCTH Tennoeoro 

noToKa, T.e. 

q.rKp = C(m, x, P). /4/ 
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3TO HililiOCTpHpyeTCR npeACTaBileHHeM A8HHbiX ~T(r) B KOOpAHHaTaX 
[T(r)- T 0 + 0,5)-c qr - /KPHBble 1'- 3' Ha pHc. 5/. 3aBHCH
MOCTb /4/ Me}f{AY TKp H q Mo>f<eT 06bRCHRTbCR BbiCbiX8HHeM nileHKI-1 
}f{HAKOCTH Ha noeepXHOCTH TenilOBbiAeilRIO~ero 3IleMeHTa. ~eHCTBH
TeilbHO, ecnH C4HT8Tb, 4TO BCR 3HeprHR TenilOBOrO HMnYilbCa pac
XOAYeTCR Ha HCnapeHHe }f{HAKOCTH, YCilOBHe Bb1Cb1X8HHR nileHKH TQil
~HHOH 0 HMeeT BHA 

r"P 

J q(r)dr = h8. 
0 

!51 

npH CTyneH48TOM HMnynbce MO~HOCTH /T.e. npH q = <XIl.St I COOTHO
weHHe /5/ npeo6pa3yeTCR K BHAY 

Q•TKP = h(P}a(x.m,P), /6/ 

aHanorH4HOMY no CTPYKType eblpameHH~ /4/. TaKHM o6pa3oM, 3aeH
CHMOCTH /4/ H /6/ n03BOnR~T onpeAenHTb B3aHMOCBR3b MemAY Ton
~HHOH nileHKH mHAKOCTH Ha noeepxHOCTH TenilOBbiAeilR~ero 3JleMeH
Ta H xapaKTepHCTHK8MH HeCTa4HOH8PHOH TenilOOTAa4H AilR AHCnepc
H0-KOilb4eBoro pem~t~Ma. 

HaKoHell, paccMoTpHM npo1.1eccb1 HeCTai.IHOHapHoH TennonepeAa .. m 
nPH pemHMax Te4eHHR, KOrAa CTPYKTypa pacnpeAeneHHR ~a3 no ce-
4eHH~ KaHana cy~eCTBeHHO MeHReTCR C eepTHKailbHOH KOOPAHHaToH. 
K T8KHM pemHMaM OTHOCRTCR paCCilOeHHbiH H npepbiBHCTbiH, 06beAH
HeHHble Ha PHC. 2 B o6IlaCTb 3. CneAyeT OTMeTHTb, 4TO KOHCTpyK
I.IHR 3KCnepHMeHTailbHOrO o6pa31.18 n03BOilReT nOilY4HTb IlHWb npeA
ea PHTeJlbHble pe3YI1bT8Tbl, 4TO 06YCilOBileHO pa3I1H4HRMH B nPOI.IeC
cax Teni100TAa4H AilR aepxHeH H HHmHeH o6pa3yiO~HX 1.1HilHHAPH4eCKO
ro HT. He npeTeHAYR Ha nonHOTY aHanHaa, ocTaHoaHMCR TOilbKO Ha 
paccnoeHHOM pem~t~Me KaK npeAenbHOM cny4ae HepaeHOMepHoro pac
npeAeneHHR ~a3 no eepTHKanH. XapaKTepHble 3aBHCHMOCTH ~T(r) npH 
paCCilOeHHOM pemHMe .Te4eHHR npHBeAeHbl Ha PHC. 6 - KPHBble 1 H 2. 
3AeCb me npeACTaBileHbl 3aB~CHMOCTH 6.T ( T), COOTBeTCTBYIOtqHe Ten
IlOOTAa4e K nOTOKY 4HCTOH }f{HAKOCTH - KpHBaR 3, H 4HCTOrO napa -
KPHBaR 4. H3 pHC. 6 BHAHO, 4TO B Ha4a!le AeHCTBHR HMnYilbCa MO~
HOCTH fr 5 2·10 3 MKC/ HHTeHCHBHOCTb TenilOOTA84H K paCCJlOeHHOMY 
noTOKY 6IlH3Ka K HHTeHCHBHOCTH Ten!lOOTAa4H K 4HCTOH mHAKOCTH. 
C Te4eHHeM BpeMeHH KpHBaR 1 , COOTBeTCTBYIO~aR ABYX~a3HOMY noTo
KY C napOCOAepmaHHeM X = 0,3, 3aHHMaeT nPOMemyT04HOe nonomeHHe 
MemAY KPHBbiMH 3 /X = 0/ H 4 /X.= 1/. 

anR Ol.leHKH HHTeHCHBHOCTH Ten!lOOTAa4H K paCCilOeHHOMY nOTOKY 
Hc3MH 6bl!la CAe!laHa nOnblTKa CMOAe!lHPOBaTb 3TOT nPOI.IeCC, HCnO!lb-
3YR A8HHble npeAeilbHbiX CI1y4aea npH X ~ 1 H X ~ 0. 8 nepBOM npH-
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PHc. 6. 3aBHCHMOCTH neperpeaa T(r)-T 5 oT BpeMeHH r rrpH pac

cnoeHHOM TeqeHHH /1,2/ H B YCflOBHHX AB~€HHH OAHO¢a3HOrO KpHO

areHTa /3, 4/. P ~ I ,3·105 Ila, rn ~ 25 Kr·M-2c-1 . 

N' q X 

I 6, 9-103 0,3 

2 1,31·104 0,3 

3 6,9·103 0 

4 6,9-103 

5 - pacqeT rro ¢opMyne /71 

6IlHmeH~H OTBOA Tenna OT aepxHeH H HH~HeH 4aCTeH TepMOMeTpa

HarpeaaTenB MOmHo paccMaTPHBaTb KaK TennonepeAa4y K napy H mHA

KOCTH COOTB€TCTBeHHO, 4TO HnnOCTPHPY€T BCTaaKa Ha pHC. 6. 
npvt Ta~oM nOAXOAe cpeAHHH no nepHMeTpy neperpea nneHKH onpeAe

n.ReTCR KaK 

~T(r)~~T. (r)¢+~T_, ~(r}(l-¢), 
¢~ 1 "'~o 

171 

rAe ¢~AriA,.+ Ar - HCTHHHOe o6beMHOe napocoAep)t(aHHe, I'!.Tq,..,(r), 

6.T¢=l(r) - 3aBHCHMOCTH neperpeaa TenilOOTAaiOtQeH noaepXHOCTH AilR 
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~HAKOCTH H rasa CQOTBeTCTBeHHO. B Ka4eCTBe 3aBHCHMOCTH HCTHH
HOrO o6beMHoro napocoAep~aHH~ ¢ OT Maccoaoro pacxoAHoro napo
COAep~aHIII~ X Ail~ KOilbl...leBbiX rOPIII30HTailbHbiX KaHailOB MO~HO HC
nOilb30BaTb Bblpa~eH~~te /12/ , nOilY4eHHOe AilR paccnoeHHb/X pe>K~~tMOB: 

¢(x) ~ [ 1 + 1-x ( ~) 4/7 ( ry,. ) 1/7 1 -~ 
x p* Tfr 

/8! 

rAe Tf - AHHaMH4eCKa~ a~aKoCTb. PeaynbTaTbl pac4eTa ~T(r) a co
OTBeTCTB~~ C Bblpa>KeH~RM~ /7/ ~ /8/, rAe 8 Ka4eCTBe !'J.T.p~ 

0
(r) ~ 

to.T<f>=l(r) HCnOilb30BaillltCb 3Ha4eHI.o1~ KpVIBbiX 3 H 4, npeACTaaneHbl Ha 
3TOM ~e PHCYHKe KPHBO~ 5. H3 PVIC. 6 BHAHO, 4TO COOTHOWeHHe /7/ 
cnpaaeAilHBO TOilbKO npH OTHOCHTeilbHO 60ilbWHX epeMeHaX - B YCilO
BH~X AaHHoro 3KcnepHMeHTa npH r G 8 • 1 0 3 

MKC. B Ha4ailbHble Mo
MeHTbl epeMeHH peailbHblei npoLteCC !.o1AeT 6onee HHTeHCHBHO, 4eM nPeA
CK83biBaeT MOAeilb. 3TO MO~eT 6b1Tb CB~3aHO C HailH4llteM TOHKO~ 
nileHKH ~HAKOCTH, 48CTH4HO loo1Illl1 noilHOCTb~ nOKpb!Ba~~e~ aepXH~~ o6-
pa3YIOIL\YIO TenilOBbiAeilRIO~ero 3IleMeHTa, 4TO cnoco6CTBYeT 111HTeHcH
¢HK8l...\HH TenilOOTA84111. 

~eTailbHoe ~e HCCileAOBaHHe TenilOOTA84VI np111 pe~loo1M8X Te4eHII1~, 
KOrAa B38HMHOe pacnpeAeileHI.o1e ¢a3 CYIL\eCTBeHHO 38BHCHT OT aepTH
K8IlbHOi1 KOOPAHHaTbl ,· LteileCo06pa3HO npoaeCTH C HCnOilb30BaHHeM 
ceKLt~~tOHHpoeaHHoro no nepii!MeTpy TennoBbiAeil~~w.ero aneMeHTa 181 • 

TaKHM o6pasoM, 3KcnepHMeHTallbHbJe AaHHble 111 pesyJlbTaTbl MOAe
JlHposaHH~ CBHAeTeJlbCTBYIOT 0 TOM, 4TO CTPYKTypa ABYX¢a3Horo no
TOKa CYIL\eCTBeHHO BJlHReT Ha AHH8MIIIKY H IIIHTeHCHBHOCTb HeCTaLtHO
H8PHO~ TennonepeAa4H K reilH~. npH AHCnepCHQ-KOilbl...\eBOM pemHMe 
4eTKO ¢HKC!.o1pyeMoe apeMR nepeXOAa K KP11t3HCY o6paTHO npo~OPUVIO
HailbHO nilOTHOCTIIt TenilOBOrO nOTOKa, 4TO 06b~CHReTCR AHH8MHKOi1 
BbiCbiX8Hloo1R nneHKVI Ha TennooTAci~~ei1 noeepxHoCTI-1. B ycnoBHRX 
3MYilbCI-10HHOrO Yl nY3biPbKOBOrO pe~HMOB 38BJ..1CI-1MOCTI-1 neperpeaa 
TenilOOTAaiOW,eei noeepxHOCTH OT BpeMeHI1 He YIMeiOT xapaKTepHbiX H3-
Il0MOB, KOTOPble MO~HO 6bJilO 6bl HHTepnpeTI.o1POB8Tb KaK Ka4eCTBeHHOe 
llt3MeHeHHe MexaHH3Ma TennonepeAa4H. Ha48IlbHbli:1 npoLtecc HecTaLtHO
HapHoro KHneHHR npH 3THX pe~HM8X Te4eHHR 88TOMOAeJleH OTHOCH
TeflbHO nepeMeHHbiX [T(r)- T0 ]/(1-x) ; qyr/(1 -x). 
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