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B H a C T O H u e e  B p e M R  n n f l  KpMOCTaTkipOBZLHHfl C B e p X I I p O B O ~ W X  MarHl i -  

TOB @M~MY€!CKMX YCTaHOBOK ( ~ C K O ~ M T ~ ~ M ,  neTeKTOpb1 9aCTUU, T O K ~ M ~ K U )  

kiCnOnb3yHJTCR n ~ y x @ a 3 H b 1 e  nOTOKn rWIkiH. O ~ H M M  H 3  OCHOBHbIX n a p a M e T -  

POB, n 0 3 B O n R K l U H X  OCYueCTBHTb H ~ O ~ X O ~ U M ~ I ~ ~  KOHTPOnb K a K  pa6osax, 
T a K  M a B a p k i f i H b 1 ~  PeXCIiMOB KPMOreHHbIX CHCTeM TaKMX YCTZLHOBOK, CIIyXkiT 

napoconepxmae n o T o K a  renun B o w a m n a m ~ ~ x  K m a n a x .  B OCHOBHOM ~ T H  

K a H m b I  AMeKlT KOnbUeBbIe  M K p y r n b I e  n O n e p I 3 H b I e  CeYeHI3.R. 

A H ~ J I H ~  pa60~  - nOKa3bIBaeT,  9TO llpeAllOYTkiTeJlbHbIM RBnReTCR 

cnoco6 M3MepeHHR UCTMHHOrO O ~ L ~ M H O ~ O  n a p O C O n e p X a H H R  4 O C H O B ~ H H ~ I ~ ~  

H a  nPkiMeHeHkiM eMKOCTHOr0 MeTOna.  npki 3TOM kiCnOJIb3yeTCR pa3JIki9Ue 

n k i 3 1 1 e ~ ~ p ~ s e c ~ a x  n p o ~ a q a e ~ o c ~ e f i  X M ~ K O ~ ~  (t ) M napo~ofi ( E ) @as 
nOTOKa, a ~ @ @ ~ K T M B H ~ F I  nH3IIeKTpM9eCKaR nPOHMUaeMOCTb ~ B Y X @ ~ ~ H O I ' O  

IIOTOKa ( E  OnH03Ha9HO CBR3aHa C B ~ J T M ~ H H O ~  4. ~ o M ~ u ~ R  n 0 T O K  B 3JIeK- 

T p m e c K o e  none u k i 3 ~ e p r r ~  s ~ a s e ~ a e  eMKocTki  C M e m y  s n e K T p o n a M k i ,  MOX- 

HO Onpen€!lIMTb BenA9MHy E ( d ) ,  a CneAOBaTf?JIbHO, M 3Ha9eHHe I IapOCOnep-  n@ 
XaHHR 4. 

B ~ m y  M a n o r o  OTJIMWR C B O ~ ~ C T B  X M ~ K O ~  H napo~ofi @a3 r e n k i R  AE/E 
0 = 

= ( E ~  - E ) /cO .̂ 4.10 -2 n p k i  T "- 4 K o6ecnese~wr n o r p e m H o c T a  k i 3 ~ e -  
n 

peHMR 84 H a  YPOBHe HeCKOJTbKHX IIPOUeHTOB H ~ O ~ X O ~ A M O  M3MePRTb 3Ha-  

9eHMR eMKOCTH C T09HOCTbKl OKOnO 6C/ c=Io-~. 06ecneW?HMe H y X H 0 f i  

TOWOCTM n p k i  H e n o c p e n c T s e H H o M  k i 3 ~ e p e ~ u ~  ( ~ a n p a ~ e p ,  npa n o M o u k i  

MOCTOB~IX c x e M  15 61  ) n p e n c T a B n R e T  o n p e n e n e H s b r e  TPYAHOCTM, n o c K o n b K y  

TMnM9HbIe BenM9kiHbI eMKOCTM C MMeK)T 3Ha9eHMR IIOPRAKa ~ M K O @ ~ P ~ A  15/. 

B k i n k i ~ o ,  n03TOMY B H a C T O R u e e  B p e M R  ~au6onee m H p O K 0  MClTOJIb3yeTCR 

B ~ I C O K O ~ ~ C T O T H ~ I ~  MeTOP. (BY-M~TOA) M3MePeHMR C /' - ''I. ~ P H  3TOM 

CMrHLUIbHaFI eMKOCTb BKnIO9aeTCR B H ~ K O T O ~ ~ $  p e 3 0 H a T O p  ki ee 3HaYeHHe 

OnpeAenReTCR n p H  ki3MepeHMM p e 3 0 H a H ~ H 0 f i  9aCTOTbI fO.  
B e c b ~ a  B a X H b I M  @BKTOPOM n p M  M3MepeHkiM eMKOCTM C MIIM Pe30HZLHC- 

~ 0 f i  9aCTOTbI f,, RBnReTCR HX 3aBMCkiMOCTb OT paCnpeAf?JIeHMR @a3 n 0 T O K a  

no Ce9eHAKl ki3MepMTeJIbHOrO KaHaJIa n p k i  @ ~ ~ K c ~ ~ ~ o B ~ W H O M  4. C O O T B ~ T C T B ~ I O -  

UaFI  n 0 r p e U H O C T b  k i 3 ~ e p e H k i f i  paCTeT n p M  yBf?JIkiYeHkiM HeOAHOpOAHOCTki 

3 n e K T p M 9 e c K o r o  nonrr. Ann YMeHbmeHkiR 3~0 f i  " C O ~ C T B ~ H H O ~ ~ "  / 2 * 8 / n O -  

rpeIIIHOCTU HYXHO CO3naBaTb B U3MepMTeJlbHOM KaHaJIe  none, 6na3~oe  
K OAHOpOAHOMY. Ha~6onee npOCT0 3TO YCIIOBHe BbInOJIHReTCR B Y3KkiX 

KOnbUeBbIX 3a30pZ 19' I/. H ~ K O T O ~ ~ I ~  aBTOPbI MCllOJIb30BaJIM A a T W K H  

C TaKMMEl 3a3OpaMki  / 5  * 11/ p.JIR M3MepeHUR napOCOP.epXaHkiR 4 B T P Y ~ Z .  
B  TOM c n y g a e  n o T o K  renun c n o ~ o m m  nepexonsoro y Y a c T K a  n o c T y n a e T  



I U 3  ~ p y 6 b 1  B H 3 M e p ~ ~ e J I b H b 1 f i  K o J T ~ u ~ B o ~ ~  KaHNl  AaTqMKa M M3MepeHHOe 3Ha- 

q e m e  HCTHHHOrO 0 6 - b e ~ ~ o r o  IIapOCOnepXaHMR nPMpaBHHBaeTCR K senkiwi- 
H u e  4 B ~ p y 6 e .  O ~ H ~ K O  3 T 0  AOnYUeHMe MOXeT 6 b 1 ~ b  HeKOPPeKTHO ' I 2 / ,  

T a K  K a K  C p e n H n e  CKOpOCTki @a3 nOTOKa, KOTOPbIe B 3 H a Y ~ ~ e J l b H 0 f i  CTeneHM 

o n p e n e n n m T  sennumy 4, S ~ B U C R T  OT r e o ~ e ~ p ~ r ~ e c ~ o f i  ( P O P M ~ I  K a H a n o B  / I 8 ' .  

O ~ H H  H 3  C ~ O C O ~ O B  HenOCPenCTBeHHOrO M3MePeHMR napOCOAepXaHMR 

nOTOKOB B ~py6ax  OCHOBaH H a  B q - M ~ T O A ~ ,  KOrAa MCnOnb3yeTCR pe3OHaHC * 
B "AIIMHHo~~ ~ H H U U "  M 3  TOHKMX nPOBOAHMKOB, P a 3 M e U e H H b I X  B M3MePMTeJIb- , 
HOM 0 6 - b e ~ e  I2 ' * *  7 / .  O A H ~ K O  M3-3a ~ k i J l b H 0 f i  HeOAHOpOAHOCTM n 0 n R  ~ 6 n M 3 M  I 

npOBOnHMKOB OTMeqeHHZLH BbIUle C O ~ C T B ~ H H Z L H  nOrpeUlHOCTb (6 4) C06CT Ta- .) 

KHX naTQiKOB MOXeT 6 b 1 ~ b  AOBOnbHO BeJIMKa (6onee AeCRTH IlpOUeH- 

TOE / 2  * 7 / )  . a p y r n ~  H ~ ~ O C T ~ T ' K O M  TaKMX AaTlMKOB RBlIReTCR B03MYLLIeHMe 

nOTOKa nPOBOnHMKaMH C COOTBeTCTBYH)JU,kiM BnMRHMeM H a  BeJIMqHHY 4. 
A n R  &i3MepeH&iR n a p o c o n e p X a H u R  I$ B KpyrJ IbIX ~ p y 6 a x  HaMM ~ b 1 6 p a ~  

MeTOA I2 * IIOJlHOCTbH) U C K J I ~ Y ~ ~ H ) ~ M ~ ~  B03MYUeHWe IIOTOKI.  TOT MeTOA 

lTpennOJlaraeT,  qTO AaTYMK BbInOJTHeH C UCnOnb30BaHMeM "AJIMHHO~~" nMHMM 

TMna M e a H n p a ,  HaHeceHHofi  H a  BHeUlHmH) IIOBepXHOCTb M3MepMTeJIbHOrO 

K a H a n a  H3 ~ n 3 n e ~ ~ p n q e c ~ o f i  T P Y ~ K M  (pkic.1). n p ~  B036yXAeHMM B nHHMM 

p e 3 o ~ a ~ c a  H a  nep~oi i  M o n e  ~ o n e 6 a ~ ~ f i  ( n u n o n b ~ o r o    kina) p a c n p e n e n e H u e  

n o T e H u u a n a  n o n R  H a  nOBepXHOCTM T P Y ~ K W  6 n ~ 3 ~ 0  K rapMOHMrIeCKOMY. 

npn 3TOM AJIR nOCTaTO'IH0 AJIMHHOrO naTIIUK8 M MaTIOrO U l a r a  M e a H A p a  

0 6 e c n e s n ~ a e ~ c ~  l2  ' 8 /  BbICOKZLH OAHOpOAHOCTb n O n R  B H3MePMTenbHOM 

o 6 ~ e ~ e  M, CJleAOBaTC3lbI40, OTHOCMTeJlbHO MNIZLH BenMqMHa C O ~ C T B ~ H H O ~ ~  

n o r p e u H o c T u  u 3 ~ e p e ~ n f i  (6 $)co6cre . 
Ann o u e a K n  norperuaoc~efi u O ~ T M M M ~ ~ U M M  n a p a M e T p o B  AaTQiKa xena- 

TtXbHO nOnyYMTb CpaBH&iT€?JIbHO TOqHbIe aHanMTMYeCKMe COOTHOUleHHR. ~ P H  

3TOM W R  OnpeAeneHHR pe30HaHcHof i  qaCTOTbI fn WCnOJIb3YeTCR COOTHO- 

MHAYKTMBHOCTM H eMKOCTM AaTUiKa.  M H A Y K T M B H ~ I ~ ~  n a p a M e T p  L3@ H e  3 a ~ ~ -  
CUT OT napOCOAepXaHMR 4, M AJIR er0 OUeHKM M O H O  MCnOnb30BaTb M3BeCT- 

HbIe @ O ~ M ~ A ~ I  AnR MHOrOnpOBOAHbIX IIMHMfi ' I 4 ' .  

BenMsMHa eMKOCTM C3@ 3aBHCMT OT M3MePReMOrO n a p o c O A e p X a H M R  

M CyIlleCTBeHHO BnMReT H a  n a p a M e T p b 1  AaTUiKa.  A n R  0UeHKM C3@ PaCCMOTPUM 

T H I I M Y H ~ I ~ ~  AJIMHHLI~~ AaTqMK C MWlbIM ULarOM HaMOTKM M e a H A p a ,  KOrAa 

AMcKpeTHoe p a c n p e n e n e H M e  n o T e H u u a n a  n o n R  MOHO ~ ~ M ~ H U T J ,  H e n p e p b I B -  

HbIM. O n p e ~ e n R R  KOMnOHeHTbI nOJIR AnR ~ a ~ 0 f i  K B ~ ~ M C T ~ T M C T U ~ ~ C K O ~ ~  3a- 
AaqM H3BeCTHbIMM MeTOAaMM / I 3 / ,  MOXeM BBeCTM ~ @ @ ~ K T U B H Y K )  eM- 

K O C T ~  1 5 1  : c3@ = Q $ / ~ w ~ ,  me W, - o H e p r u n  3 n e K r p e r e c K o r o  nonn, a 
Q3@ - ~ @ @ ~ K T U B H ~ I ~  3aPRAbI Ha  M e a H A p e  M 3 K p a H e .  B b ~ p a ~ e H ~ e  W R  eM- 

KOCTU C 3 @ ~ 0 x e ~  6 b 1 ~ b  IIpeACTaBJIeHO B BMAe 

me a - ~ ~ O M ~ T ~ M Y ~ C K M ~ ~  @ ~ K T O ~  AaTYuKa, a AJIR A M ~ ~ ~ K T P ~ ? ' ~ € ? C K O ~ ~  np0- 
HMUaeMOCTM A B ~ X @ ~ ~ H O ~ O  nOTOKa MCnOnb30BaHO n p ~ 6 n u x e ~ u e  (4) r O M 0 -  

4 

reHHOCTU PaCnpeAeJIeHMR @as. BBMAY BeCbMa MaTIOrO Pa3JIUYMR Au3lIeKTpM- 

s e c K u x  C B O ~ ~ C T B  @a3 renm ( A t  / t n  <<I  ) ~ ~ B U C M M O C T ~ H )  n a p a M e T p o B  ( 2 ) ,  
(3) OT 4 M O H O  n p e ~ e 6 p e s b ,  TO eCTb CqMTaTb XapaKTepPiCTHKy nMHefiH0fi - 
H = Const. C TO CYUeCTBeHHO Y n p O U a e T  K W ~ M ~ ~ O B K ~  AaTqUKa. Benusw~a 



BBMAY MUOCTH n a p a M e T p a  (a  . A€/€o) YCnOBHe (7) HaKJlFiAbIBaeT AOBOJIbHO 

XeCTKHe T ~ ~ ~ O B U H F I  H a  TOBHOCT~ H ~ M ~ P ~ H H F I  f O. 
A ~ n ~ ~ ~ k i ~ C ? J l b ~ b l f i  B K J l W  B nOI'peuLHOCTb k i 3 ~ e p e ~ H f i  ( 8 4 ) 06ycnosne~ 

T 
3aBHCHMOCTbH) A H ~ ~ ~ K T P H I I ~ C K O ~ ~  lTPOHHUaeMOCTH CMeCH OT T e M n e p a T y p b I  

= €A@ 
( T ) .  &R renki~'l6' ( ~ 3 4 ~ ) ~ ~ ~  I < S T / T  H nplr T-4Ksro s ~ a r e -  

H u e  H e  n p e s b I u a e T  0,576 npu p e a n b H o M  y p o ~ H e  ~ n y ~ ~ y a u u f i  T e M n e p a T y -  

p b I  ( 8 T ) ;  2 - 1 0 - ~  K. 
O C H O B H ~ I ~  n a p a M e T p b 1  C03AaHHbIX H 3 ~ e p H ~ e n e #  HCTHHHOrO O ~ % ~ M H O ~ O  

n a p 0 C O A e p X a H H R  rWIHH B KpyrJ lbIX ~py6ax  C AaTsHKaMM M e U A p O B O r O  TH- 

na npHBeAeHb1 B ~a6nuue.  M ~ n O n b 3 0 ~ U k i ~ b  ABa BHAa npOBOAHHKOB MeaHApa:  

n p o B o n o K a  A a a M e T p o M  0,4 MM H n o n o c K u  TOIIWHOC~ 100 MKM. Ann ~ 0 3 -  

~ Y X A ~ H H H  ~one6a~uCi  H C%eMa C H r H U a  npHMeHHnHCb eMK0CTHbIe ULTbIpH 

(CM. P H C . ~ )  . & ~ O K - C X ~ M ~  H 3 ~ e p e H k i f i  n p H B e A e H a  H a  pHC. 2, B COOTBeTCTBHH 

c KOTOPOC~ r e H e p a T o p  ~ a s a m u e f i c ~  s a c T o m 1  (FKZI) n o n a e T  H a  naTrurK cwraan, 
I ~ O C T ~ ~ ~ I O U U ~  sepe3 AeTeKTOp (A) H a  ~ K C T P ~ M U ~ H ~ I ~ ~  P e r y n R T O p  (3P)  . 

1 3 P  y n p a ~ n ~ e ~  pa6o~oCi r K 9 ,  n o . n . ~ e p x a i ~ a ~ ~  ~ ~ ~ O H U C H Y I O  IIaCTOTY. CO BTOPO- 

r0 BbIXOAa rKr I  CUI 'HU IIOAaeTCR sepe3 AeJIHTC?Jlb H a  C W T H ~ I ~ ~  BXOA ~ G M e p a .  

B ~ ~ M H  CWTa 3aAaeTCH n p O r p a M M H 0  O A H O K ~ H C T ~ J I ~ H O ~ ~  3BM 1816 BE48. 
MH@OPM~LIHR 0 KOnHlIeCTBe HMllynbCOB B eAHHHUy BpeMeHH CsHTbIBaeTCR 

n p o u e c c o p o l v l ,  06pa6a~b1sae~c~  H B~IBOAMTCR sepea n a p a n n e n b a b r f i  HHTep- 

@ e k  n ~ 6 0  H a  6 n o ~  H H n H K ~ H H ,  nu60 Wpe3 H ~ ~ e p @ e f i ~ ~ ~  J tOrHKy H a  

M a r s c T p a n b  KAMAK. 
M 3 ~ e p e H k i R  lTpOBOAHJIUCb B AHana3OHe naBJleHHfi P =  0,13 + 0,18 Mna, 

COOTBeTCTByIoWX T e M n e p a T y p a M  HaCbILIleHUR T, = 4,s + 4,9 K. n p H  3TOM 

BenkiWiHbI A €  COCTaBnFfJIH (3,6 + 2,9). me to = 8,85. IO-'%/M - 
AH3JleKTpHseCKaR nOCTORHHaR. ~ O ~ P ~ L U H O C T ~  H3MepeHHR P ~ ~ O H U C H O ~ ~  

( %3CTOTbI 6bma H a  YpOBHe (Sf).,, / f  0 2 3 W O  06ecnesrmo l lOrpeUl-  

I HOCTb OlTpeAeJIeHUH BeJlHlrUHbI ( 8 4)H3M 5 1%. C ~ M M ~ ~ H ~ R  3 K C n e p H M e H T U b -  

HaR nOrpeUlHOCTb H3MepeHHR I I a p O C O A e p X U U R  ( 6 4 )  = ( W n H H  + 

+ f H e  n p e B b I I L I U a  (1 +2) %. O U ~ H ~ H H ~ R  YHCneHHbIMH MeTO- 

AaMH C O ~ C T B ~ H H ~ R  llOrpeILIHOCTb k i3~e~e~k i f i  ( 6 r # ~ ) ~ ~ ~ ~ ~ ~  = (1 + 2) %. 
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m o e  B.B. H np. P8-89-887 
P-onancnslfi AaTQIiK ~ q m n o r o  0 6 a e ~ ~ o r q  papoconepxamq r q  
c KananoM Kpyrnoro ceqemm 

On~can  ea~cororlacromuii P ~ ~ O H ( L H C H L ~  L I B ~ K ,  npemmtmu- AJIR ~ s ~ e p e m s n  
nmnnoro  O ~ = M H O ~ O  napoconepmm rennu B -me Kpyrnoro nonepewom ceqeiinn. 
llpnmwn neRcrem n a m r a  ocnosa~  Ha paan- mmexTpnueclacx nponnwe~ocrefi KOM- 

nonem norolca. A a m ~  npencraanner co6ofi " ~ H H H ~ "  nmmo m a  Mewpa, manecempn 
Ha eneuHloK) noeepmom nnmelcrpnqec~oi3 rpy6u. Ta~as i  ~ o ~ c r p y s q ~  o6ecnewaer 
Bs lCOKylo  OZlHOpoZWOCI% n0nR 6 H3MePHTMbHOM 0 6 x e ~ e  H nOnHOCI1K) HCKJXK)YBeT BOBMY- 

w n e  e HeM noroxa. Xapamepncm~a n a m u a  np-uecm nmefina, un, cyurecmenno 
yrrpouer ero K ~ ~ J I H ~ ~ O B K ~ .  llpriaenensl pacueniue coomouewin AJIR ouenxn norpeunocrefi 
H O ~ M H ~ ~ W W  napMeTpoe narwica. llorpeuwoc~s nsMepem n c m o r o  O ~ % ~ M H O ~ O  na- 
poconepmnnn He npeeslruaeT 1 + 2%. n o ~ a 3 w a  e o 3 ~ o m o m  Hcnonssoeanm naTwKa 
m n  ns~epennii e npyrnx cpeaar. 

Patbra eunonnena e O~IU~HHCTUT~TCKOM H ~ Y W O - M ~ T O ~ ~ ~ ~ K O M  OTnenemn OMm. 

l l p q i ~ ~ ~  %-ennor0 mcnfrylm m e w  1tccn8~10&. Ay6Ha 1989 

Danilov V.V., et al, P8-89-887 
Resonant-fipe Transducer of the Helium Void h c t i o n  in a Channel 
of Round Cross Section 

A radio-frequency resonant-type transducer designed for the measurements of helium 
void fraction in a channel of round cross section is described. The measurement principle 
is based on the difference in the values of dielectric susceptibilities of different flow compo- 
nents. The sensor ie a "long h e "  meander-type depointed onto an outer surface of a dielectric 
tube. Such a design allows high degree of electric field homogeneity in the measurement volume 
as well as excludes any flow distortion inside the transducer. The transducer operation charac- 
teristic is practically close to linear, which peatly simplifies the gauging. Both the formulae 
for the estimation of errore and for the optimization of the transducer characterintics are 
presented. The measurement error of the void fraction doesn't exceed 1+2% for the helium 
flow. The transducer can be also used with fluids other than helium. 

The investigation has been performed at the Scientifical-Methodical Division, JINR. 
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