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B nocne,QHee 8peMR WHpOKOe npHMeHeHHe HaXOART MarHHTHMe 
CHCTeM~ CO C8epxnpo80AR~HMH 06MOTKaMH. B TaKHX CHCTeMaX OKa-
3~8aeTCR ~enecoo6pa3H~M ocy~eCT8nRTb oxna~,QeHHe He nyTeM no
rpy~eHHR C8epxnp080AR~HX OfiMOTOK 8 8aHHY C KHnR~HM renHeM, 
a e peaynbTaTe ero npoKa4KH no KaHanaM, npoxOAR~HM 4epea 
oxna~,QaeM~~ 3neMeHT. TaK, HanpHMep, npe,QnonaraeTCR oxna~AaTb 
MarHHT~ YCKOPHTenbHO-HaKOnHTenbHOrO KOMnneKCa Ill. 

npe,QnaraeMaR pa6oTa nOC8R~eHa HCCne,Q08aHH~ Te4eHHR napO~HA
KOCTHO~ CMeCH renHR 8 Kpyr080M KaHane nOCTORHHOrO pa,QHyca, 
CTeHKH KOTOporo paBHOMepHO Harpeea~TCR. B ~HnHHAPH4eCKO~ 
CHCTeMe KOOPAHHaT, OCb Z KOTOPO~ C08na,QaeT C OCb~ KaHana, 
paccMaTpHBaeTCR CTa~HOH~PHOe, a3HMyTanbHO-OAHOPOAHOe Te4eHHe 
CMeCH. CKopoCTb nOTOKa V HMeeT TOnbKO z-cocTaBnR~~y~. npe,Q
nonaraeTCR, 4TO TennoeaR 3HeprHR, nocTyna~~aR OT cTeHKH Tpy6~, 
Bbi,QenReTCR O,QHOPOAHO BO B<;eM Ofi"beMe KaHana C nOCTORHHO~ M~
HOCTb~ Ha e,QHHH~Y Ofi"beMa Q H paCXO,QyeTCR TOnbKO Ha H3MeHeHHe 
arperaTHOrO COCTORHHR renHR H ero KHHeTH4eCKO~ 3HeprHH, no3-
TOMY TeMnepaTypa C4HTaeTCR noCTORHHO~, paBHO~ TeMnepaType Ha
C~~eHHR. CHnO~ TpeHHR H ,QHCCHna~He~ 3HeprHH Ha KOH~ax KaHana 
npeHe6peraeTCR, TaK KaK pa,QHYC KaHana /Tpy6~/ R MHOrO MeHbWe 
ero ,QilHHbl L. 

Tor,Qa OCH08H~e ypaBHeHHR /6anaHca Mace~, CHn H 3HeprHH ,QilR 

cpe,QHHX no epeMeHH H no ce4eHH~ KaHana 8enH4HH/ MoryT 6b1Tb 
aanHcaH~ e 8H,Qe 121 

pv = G = M/11R 2 = const, /1/ 

dv 2 dP G-- +r·- +-- =0, 
dz R dz 

/2/ 

dh dv · 
G-- + Gv- = Q. 

dz dz 
/3/ 

3AeCb p - nnoTHOCTb; M - nonH~~ Maccoe~~ pacxo,Q; P- ,Qaene
HHe; h - 3HTallbnHR e,QHHH~~ Mace~ CMeCH; r - KacaTenbHOe HanpR
~eHHe y CTeHKH Tpyfi~. 

Ar.R napo~~AKOCTHO~ cMecH, ¢a3bl KoTopo~ Haxo,QRTCR e TepMo
AHHaHH4eCKOM paBH08eCHH, p H h CBR3aH~ C BeJlH4HHO~ napOCOAep
~aHHR CMeCH X ¢opMynaMH 

p= e" , 
f+(p-l)x 

/4/ 
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h = h" + t.hx, /5/ 

r.qe p=p"/p'; t.h=h'-h" ; O_:::x.::; 1. /lanee, KaK 11 a <)>opMy-
nax /4/,/5/, BeJ111411Hbl, OTHOCR~I1eCR K napoBO~ <)>a3e, 6y.qeM OT
Me4aTb WTPI1XOM, K mi1AKO~ <)>a3e - ABYMR WTp11xaM11, K CMeCI1 -
6e3 WTPI1XOB, 

H3 /4/ 11 /1/ cne.qyeT 

v = c, ll+(p-1) x]. !6! 
p 

HHTerpl1pyR /3/ 11 11CnOJ1b3YR /5/ 11 /6/, nony411M a~pameHI1e, 
0n11c~aa~~ee CBR3b Mem.qy BeJ111411HO~ napoco.qepmaHI1R H KOOPA11Ha
TO~: 

- . 2 c 2· 2 
[1 + (p-t)C ](x-xo)+ p-1) C (x2-xo2)=-.J:L.(z-zo). 171 

p" 2 t.h 2p" 2 t.h t\hC 

B cny4ae, Kor.qa 

(p -l)C 2 

p "2f1h 
H 

(p -1)2C 2 

2p" 2 6h 
<< 1' 

4TO 11MeeT MeCTO np11 CKOPOCTRX nOTOKa, MHOro MeHbWHX CKOPOCTH 
3ByKa, OOJ1y4aeM J111He~HY~ CBR3b: 

Q 
X - X O = -(z- Z O) • 

t.hC /8/ 

HanpRmeHHe Ha.cTeHKe Tpy6~ CBR3aHo c 411CJ10M Pe~HOilb.qca Re, 
nnoTHOCTb~ noToKa Maccbl, npoTeKa~~ero 4epe3 ce4eHHe KaHana 
/M"i:JCCOBO~ CKOpOCTb~/ C 11 nJlOTHOCTb~ p <)>OpMyJ1aMI1 131 

c 'C 2 
T=---, 

VRe P 
Re=~ 

JL ' 191 

r.qe JL - K03<)>$H411eHT 
OT 06JlaCTI1 3Ha4eH11~ 

BR3KOCTH, a C 11 n - KOHCTaHT~, 3aBHCR~He 
Re,Hanpi1Mep: 

c = 0,023; n 5, ecnH 3 · 1 0 4 < Re < 1 0 6; 

c = 0,038; n = 4, ec1111 5·10 3 <Re<3·10 4 • 

HHTerPI1PYR /2/ c y4eTOM /6/ 11 /9/, nony411M 

- 2 2c'C 2 
(p-l)C (x-x ) + ~"""':::=: 

t.P=P0 -P= p" 0 p"Rzy2RC 

z 

J 'tJp[1+(p-_1)x]dz. /10/ 
zo 

TaKI1M o6pa3oM, 3HaR 3aBI1C11MOCTb ft(X), Hanpi1Mep, cornacHo 14,5/ 
AilR roMoreHHO~ CMeCI1 

2 

~~:. 

,ilfi"' 

,"\:j 
~~ 
;• 

1·~, ·~· ,J ..... :·.· 

if 
:~i 
.I 

I ·. 
\ 

:i;j{. 

'•'• 
!I 
'~~/ 

l 

( "[ (- ) ] . - ll ft x) = p 1 + p -1 x , r.qe 11 = - /11/ 
I' 

no; <)>opMyJ;'IaM /7 I, /4/, /6/, /10/ MOIKHO B~4HCJ111Tb x, p '· v 11 P 
B 11~60~ T04Ke KaHaJla np11 113BeCTH~X 11X Ha4aJ1bH~X 3Ha4eHI1RX, 

CornacoeaHI1e 3Kcnepi1MeHTaJ1bH~x .qaHH~x o noTepRx .qaeneHHR 
C 8~4HCJ1eHH~MI1 no <)>OpMyJle /10/ C y4eTOM /11/ He 04eHb xopo-
wee 131 • · 

3.qecb HYmHo OTMeTI1Tb, 4TO npe.qcTaaneHHe peanbHoro napoml1.q
KOCTHoro OOTOKa C HepaccJ1aHBa~11MI1CR <)>a3aMI1 B BH.qe rOMOreH
HO~ CMeCH A0CTaT04HO XOpOWO Oni1C~BaeT 06DeMHble xapaKTepi1CTHKH 
p,b, HO peaJlbHaR xapaKTepHCTI1Ka p y noaepXHOCTI1 MOmeT cy~eCT
BeHHO OTJ1H4aTbCR OT /11/, TaK, MOmHO C411TaTb, 4TO noaepXHOCT
H~~ CJ10~ CMeCH np11 MaJl~X 3Ha4eH11RX X co.qepmHT 04eHb MaJlO ny-
3~pbKOB napa, a npH 60J1bWHX - 04eHb MaJlO KaneJleK m11AKOCTH, 
TO eCTb 

0 < X < X <X*, 
- non 

X*< X <X <1, 
llOB -

r.qe xnon- napoco.qepmaHHe a noaepxHOCTHOM cnoe; x* - ·HeKoTopoe 
3Ha4eHI1e napoco.qepmaHHR, pa3rpaHI1411Ba~ee cocTORHI1e: nap B ml1.q
KOCTI1 11 mi1AKOCTb B nape, 

B 3TOM cny4ae noaepxHOCTHo-HeroMoreHHO~ CMec11 AJlR /L 6onee 
no.qxo.qHT <)>OpMyJla 

I' { , IL ' 

I',' ec1111 x* < x < 1 . 
/12/ 

eCJ111 0 < X < X * , 

npHMeHI1M noJ1y4eHH~e <)>opMyJl~ .qnR aHaJ1113a 0m11.qaeM~X pe3yJ1bTa
TOB Ha KpHoreHHOM cTeH.qe OHMY 161 111111 .qpyrHx no.qo6HbiX CI1CTe-
Max 111 • . 

B ycnoa11Rx pa6oT~ Kp~oreHHoro cTeH.qa OHMY ypaBHeHI1e /8/ xo
powo B~OOJlHReTCR, a nepBbl~ 4JleH B npaBO~ 4aCTH ypaBHeHI1R /10/ 
npi16JlH3HTeJ1bHO B 20 paa MeHbwe'aToporo. 

PaCCMOTPI1M Ha OCHOBaHI1H /10/ B~pameHHe t\P/t\P'', r.qe 

t\P" = ~ 2 
(z- z 

0
) 

p "R ~ Re" 
/13/ 

- nepena.q .qaa11eH11R npH Te4eHH11 no KaHany 4HCTO~ mHAKOCTH. Tor.qa 
npH ~ onpe.qenReMoM 113 /11/, 

1 ~=A+ jV1 + (;; -1) xlt +(p -l)x] dx, 
t.P" x- xo xo 

a npH ~ onpe.qeJlReMOM 113 /12/, 

/14/ 
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r + o,5(p-I) (X+ x 0 ), 
ecn~-1 O~x<x*, 

1\P 

hP" 

x*-xo - . x -x* n-:: 
-- [ 1 +0,5(p-1 )(x*+ x

0
)1+---·./ ll [1 +0,5(jJ-l ){x + x*)), 

x-x 0 x-x
0 

ecrn1 

V jl. l1+0,5(p-l) (X+x
0

) 1. ecm-1 

x 0 <.x~. a 

x*·: x 0 , 

x ·. x*, 

/15/ 

rAe A=(p-1)R'\JRe"Q/2cGt\h- MaJlaR Bef111414Ha, He 3aBI1CRl!.laR OT 
Bell14414Hbl napOCOAepH<aHI1R Ha BXOAe x 0 . 

8 OTCYTCTBI1e Tennonpi4TOKa B KaHane, KOrAa X=Xo, 14MeeM 

~ = 'J1+ (p-l)x
0
'{1 + (p -1)x

0
], 

t\P, 

{

I+ (p -t) xo • 
t\P 

i\P, = \I p [ 1 + \ji -1) x 0 ], 

ecnl4 x
0 

< x* , 

eCJl14 X O ', X* , 

/14'/ 

/15'/ 

~3 $OPMY1l /15'/ 11 /15/ BI4AH0 0 4TO B 11noeepXHOCTHO-HerOMO
reHHOH11 MOA€1114 napOH<14AKOCTHOH CM€C14 /MOA€1114 0 KOrAa npl4 MaJlbiX 
B€1li1414HaX napoCOA€PH<aH14R X onpeAellReTCR H<14AKOH $a3oA, a npl4 
6onbWI4X - napoeoA $a3oA/,ecnl4 Tennonpi4TOK e KaHane HacTOJlbKO 
Mall, 4TO 

i\x = X- X O < !_nfi_:_ ~ (l__+ (p -~_::_:_ 
p -l 

/16/ 

AllR Kpl4oreHHoro cTeHAa OHMY .'\x < 0,1, e oKpecTHOCTI4 x.., B03Mo
H<eH 6onbwoA nepenaA AaBneHI4R npl4 MeHbweA eeni4414He napocoAep
H<aHI1R CMeCI4. PeanbHY~ 3aBI4CI4MOCTb nepenaAa AasneHI4R OT napo
coAepH<aHI4R, a BM€CTe C TeM 14 BR3KOCTI1 0 y noeepXHOCTI4 KaHana 
MOH<Ho nony414Tb Ha onbiTe. 

npeACTaBJlReTCR 11HTepeCHbiM HaHT14 CBR3b MeH<AY reoMeTpi44€CK14-
M14 xapaKTepi4CTI4KaMI4 CI4CTeMbl TennocoeMa I Alli4HoA L, A14aMeTpoM 
KaHanoe D, 414CllOM KaHanoe m I 14 ee napaMeTpaMI4 I hP 11 MOlJ.IHOCTb~, • 2 • 
nony4aeMoA CI4CTeMoA Ha eA14HI41..1e All14Hbl Oe =m11R Q /. 3anl4weM 
/10/ B npi46Jli1H<eHHOM BI1Ae /npeHe6peraR nepBbiM 4Jl€HOM B npasoA 
4aCTI1 /10/ 14 3aBI1CI4MOCTb~ ~ OT X nOA 11HTerpanoM/: 

2cG 2L -1\P ~ ---[1 t0,5(p-l)x]. /17/ 
"R0 -R P \ e 
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3AeCb 11 Aanee npeAnonaraeTcR, 
/8/, nony414M 

4TO XQ =0. 3aMeHRR G cor nacHo 

• 2 3 
i\P = 64c Qr:_L __ _ [1 +(p -1) x]. 

"2P "t\h2 v'Re'm2 D 5 x 2 
/18/ 

nonaraR AOnyCT14MbiM 113MeHeHI4e B€Jl14414Hbl napoCOAepH<aH14R B CHC
TeMe AO 1, nony414M cneAY~l!.lee BblpaH<eHI4e, onpeAellR~ee AOnyCTI4-
MY~ All14HY C14~T€Mbl: 

2 , n,Re 
L=(~ _P __ _ v __ 

32 (p +1) c 

i\h2 
-. -

2
- hP. m 2 • of>. J 1 I 3 

Qr 
/19/ 

3Ta $opMyna MoH<eT 6b1Tb none3HoA npl4 npoeKntpoeaHI414 CI4CTeMbl. 

1. 

2. 

3. 

4. 

5. 

6. 

Ta6n11~a 

0,005 

10 50 I 120 

20 80 I 190 

50 I 150 350 

flHTEPATYPA 

0,01 

380 

600 

1100 

np14 Re=10 5
; Qe=4 BT/M; 

i\P= 105 na 414Cll€HHaR 3aB14-
CHMOCTb L OT m 14 0 np14BeAeHa 
e Ta611141..1e, rAe L 14 D BblpaH<eHbl 
B MeT pax; noA•~epKHYTble 1..114$pb1 
paBHbl L npl4 COOTB€TCTBY~l!.I14X 
m 14 D. 

ABTOPbl nollb3Y~TCR CJly4aeM 
Bblpa314Tb 6naroAaPHOCTb 3a o6-
CYH<A€H14R 14 nOMOlJ.Ib B AaHHOH 
pa6oTe A.~.Areeey, B.$.6ypi4Ho
ey, B.H.npRHI44HHKosy 14 APYr14M 
COTPYAH11KaM Kp14oreHHOH rpynnbl 
OHMY. 
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PyKoni1Cb nocTyn11na e 143AaTellbCK14A OTAen 
5 AeKa6pR 1980 roAa. 
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