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@OpMe ~ ~ 0 6 ~ 0  AnR IlOAKnlOqeHMR YPOBHeMepOB K aBTOMaTH3MpOBaHHUM 

Ha  OCHOBe KOMnblOTePOB CMCTeMaM, HO H e  0 6 e c n e q u ~ a e ~  B03MOMHOCTM 

BeAeHHf l  f lp f l~oh 3aflMCM CaMOnMCUeM HnH M C ~ O I l b 3 O B a H M ~  npOCTUX 

atianoroeux p e r y n n T o p o e  Y ~ O B H R .  Y p o e ~ e ~ e p u  c aHan0roeut.I BUXO- 

AOM, no MHeHHlO aBTOpOB, ~au6onee YHMBepCanbHM, I lOCKOnbKy no- 
3BOnROT npoBoAMTb KaK M3MepeHMe M ~ a 6 f l l O ~ e H H e ,  T a K  H 3anMCb 

H aBTOMaTMqeCKOe f l O ~ A e p M H B a H M e  YPOBHR MMAKOCTH. K p o ~ e  TOrO,  

n p e o 6 p a 3 0 ~ a ~ w e  atianoroeoro c u r H a n a  B uu@poeoh A o e o n b H o  n p o c ~ o  
OCYUeCT BUT b . T 

- Y c ~ o f i u u ~ o c ~ b  f lpM TeMf lepaTypHblX I l e p e f l a A a X  M TepMOuMKnMpO- 

B a H u u .  B K p u o c T a T a x  ~ M K O C T H ~ I ~  n p e o 6 p a 3 o ~ a ~ e n b  n o q ~ u  B c e r A a  pa- 
6 0 ~ a e ~  B 6 o n b u w x  TeMnepaTypHUX r p a A H e H T a x  n npw 6 0 n b U M ~  TeMne-  

PaTYpHblX f l e p e f l a A a X .  Bce 3 T 0  He  AOnMHO CKa3blBaTbCfl  Ha  H ~ O ~ X O ~ ~ M -  I 

M O ~  TOqHOCTM n p e o 6 p a 3 0 ~ a ~ u ~  YpOBeHb-eMKOCTb . 
- Y C T ~ ~ H ~ H U ~  BnHRHMR B n a r M .  Ha XonOAHUX OTKpUTblX YqaCTKaX 

I 
K p w o c T a T o e  B c e r A a  K o H A e H c u p y e T c n  a ~ M o c @ e p H a R  enara.  KOHCTPYK- 

I 

uMfl eMKOCTHOr0 A a T q H K a  AOJllKHa UCKnlO'4aTb nOf laAaHMe B n a r H  B 3 a -  
I 

3 0 p  MeMAy M3MePUTeJlbHblMM 3neKTpOAaMl4, I lOCKOJlbKy M3-3a  OcleHb 

6 o n b u o k  ~ b l 3 n e K T p M q e ~ ~ o f i  IlpOHMuaeMOCTM BoAbl AaMe ManeHbKOe K o -  

n M q e C T B 0  BOARHOrO KOHAeHCaTa MOMeT CyueCTBeHHO MCKa3MTb pa6o- 
T Y  eMKOCTHOr0 n p e o 6 p a s o ~ a ~ e n ~ .  

- Y C T ~ ~ H ~ H U ~  BnMRHMR napa3UTHUX ~ M K O C T ~ ~ .  n o n e 3 ~ a R  eMKOCTb 

AaTqMKa O ~ ~ N H O  COCTaBnReT 100  n@. KOHCTPYK~MR n p e 0 6 p a 3 0 ~ a ~ e n f l  

AonmHa w c K n w a T b  BnuRHue  n a p a s u ~ ~ u x  e ~ ~ o c ~ e f i  / ~ e m ~ y  u s ~ e p w ~ e n b -  

HUMH 3neKTpOAaMM M KpMOCTaTOM M K ~ ~ ~ J I R M H / ,  flOCKOJlbKy f lOCneA- 

HMe MOrYT 6b lTb flame 6 o n b u e  M 3 ~ e p M ~ e n b ~ o f i  eMKOCTH M npM CBOMX 

HeKOHTpOnHpyeMUX M3MeHeHMRX M O r y T  BHOCMTb CePbe3HMe flOMeXM. 

- M a n e H b ~ a R  I lpOAOnbHaR TennOflpOBOAHOCTb. P a 6 o ~ a ~  B TeMne-  

I I 
p a T y p H U X  r p a A H e H T a X  KpMOCTaTa, ~ M K O C T H M ~  AaTqUK YPOBHeMePa 

He  AOflMeH f lepeHOCMTb 6 o n b u w e  KOnM'4eCTBa T e l l n a  M3 Tef lnblX WJ- 

c ~ e h  B KpHOreHHYlO lKHAKOCTb.  TO T P ~ ~ O B ~ H U ~  HyMHO ~ 0 6 n l O ~ a T b  

oco6o M e c T K o  AnR u a ~ e p w ~ e n e h  y p o e ~ n  m n A K o r o  renun, n o c K o n b K y  

T e n n o T a  n a p o o 6 p a 3 o ~ a ~ u ~  renun o q e H b  M a n a .  

- Y c ~ p a ~ e ~ w e  c u r H a n a  ~ y n e ~ o h  e M K o c T u  / n y c ~ o r o  ~ a ~ r u ~ a / .  
~ O C K O ~ ~ K ~  MH@oPMB~MR 06 YPOBHe MMAKOCTM COAepMMTCR B M3MeHeHMM 

eMKOCTH, B M X O A H O ~  C M r H a n  YpOBHeMepa AOnMeH 6blTb f l p O f l O p 4 M O H a ~ b -  

HUM 3TOMY M3MeHeHMlO, a H e  n 0 n H 0 h  eMKOCTM AaTqMKa.  

- B ~ I C O K ~ R  qYBCTBHTenbHOCTb H C T ~ ~ H ~ ~ H O C T ~ .  AJlR KPMOreHHblX 

M M A K O C T ~ ~  pa3HMua B A H ~ ~ ~ K T ~ u ~ ~ c K O ~  npOHMuaeMOCTM MMAKOCTH 

M naps OqeHb Maria.  TO B e A e T  K H ~ O ~ X O ~ U M O C T U  M3MePeHMR OUeHb 

ManeHbKHX M ~ M ~ H ~ H H ~  B eMKOCTM AaTqMKa.  Ann MMAKOrO r e n M R ,  H a -  

flpMMep, 3 T H  M3MeHeHMR nOPRAKa 3 % ,  qTO CTaBMT OqeHb MeCTKHe 

T ~ ~ ~ O B ~ H M R  KaK K qyBCTBMTenbHOCTM, T a K  M K C T ~ ~ U ~ ~ H O C T M  M3MepM 

~ e n b ~ o f i  CXeMU. 

- H a n u q u e  a H a n o r o e o r o  B u x o A a .    TO T p e 6 0 ~ a ~ M e  C B R ~ ~ H O  c BO- 

3 ~ M ~ a l 0 u e h  H ~ O ~ X O ~ U M O C T ~ ~ O  flOAKnlOqeHMR YpOBHeMepa K CaMOflMCuy 

unw K a H a n o r o B o M y  P e r y n R T o p y  y p o ~ ~ ~ .  
- ~ U H ~ ~ H O C T ~ ,  ~ ~ O M ~ X O ~ C T O ~ ~ U B O C T ~ ,  Manble pa3Mepb1, f lpOCTOTa 

CXeMbl, AeUeBM3Ha M Ap.  ~ T M  T ~ ~ ~ O B ~ H H R  H e  CBR3aHU C KPMOreHHUM 

nPMMeHeHMeM YpOBHeMepOB, HO RBnRloTCR eCTeCTBeHHblMH AnR TaKOrO 

BMAa ~ ~ M ~ O P O B .  

3. KPATKMfl 0630P M CPABHEHME XAPAKTEPMCTMK 
CYqECTBYtOqMX CXEM M3MEPEHMR MAJbIX EMKOCTEPI 

M 3 ~ e p e ~ M e  ManblX ~ M K O C T ~ ~  RBnReTCR XOpOUO p a 3 p a 6 0 ~ a ~ ~ o h  06- 
naCTblO ~ ~ ~ K T ~ O H H O ~  TeXHMKM. C Y ~ ~ C T B Y ~ T  6 o n b u o e  '4MCnO TaKMX M3' 

MePMTenbHblX CXeM, HO, K COlaneHMlO , A a n e K O  H e  BCe  YAOBneTBOpRtOT 

BUUeM3nOMeHHblM T ~ ~ ~ O B ~ H U ~ M  Ann flpMMeHeHMR B KpMOreHHblX YpOBHe- 

M e p a x .  

n e p ~ a ~  OCHOBHaR rpyflna CXeM AnR M3MePeHMR ManblX ~ M K O C T ~ ~  

OCHOBblBaeTCR H a  MOCTaX n e p e M e H H O r 0  TOKa, B OAHOM f l neqe  KOTO- 

DUX BKnOqeHa M3MepReMaR eMKOCTb. OCHOBH~IM CYUeCTBeHHblM HeAO- 

CTaTKOM BCeX MOCTOBUX CXeM RBnReTCR H ~ ~ M H ~ ~ ~ H O C T ~  BUXOAHOrO CM- 

r H a n a  npu 6 0 n b u o ~  p a 3 6 a n a ~ c e .  M O C T ~ I  T u n a  B M H C T O H ~ / ~ ~ ~ /  UYBCT- 

BMTenbHbl K l lapa3MTHUM eMKOCTRM. M O C T ~ I  TMna 6 n y ~ n e h ~ a  C ~ M n b ~ 0 f i  

M H ~ Y K T U B H O ~  CBR3bO MeMAy f l n e u a ~ M /  l 5  6 /  I l03BOflRDT AOCTMraTb 

qyBCTBMTenbHOCTM l o - '  fl@ M n p e ~ e n b ~ o h  C T ~ ~ U ~ ~ H O C T U  Kp0- 
Me TOTO, MOCTU HeqYBCTBMTenbHbl K f lapa3HTHblM eMKOCTRM. O A H ~ K O  
OHM ~ p e 6 y n ~  n p u M e H e H u n / 3 /  B u e o A H u x  eMKocTHUx  n p e o 6 p a 3 0 s a ~ e n e h  



n HMeOT CflOMHytO CXeMy, EKJlO~aO~yo @ a 3 0 ~ y ~ ~ ~ ~ ~ ~ e f l b H b l k  BOnbTMeTP , 
1 B KauecTee nHAnKaTopa pa36ana~ca. f l o a ~ o ~ y ,  HecMoTpR Ha TO,  TO , 

A ~ R  ~ P ~ ~ H ~ H O H H M X  @ n ~ n u e c ~ u x  n c c n e ~ o e a ~ n k  ~ T H  MOCTM eHe B C R K O ~  

KOHKYPeHUnH, nCilOJlb30EaHHR 6 YpOEHeMepaX OHH He COBCeM n0A- 
XOARUH. 

B ~ o p a ~  ocHoeHaR rpynna n 3 ~ e p n ~ e n e k  Manux e ~ ~ o c ~ e k  ocHoeuaa- 
eTcn Ha 6ucoKouacToTHb~x r e  
JlReTCR H ~ M ~ P R ~ M O ~  eMKOCTb0 
6 ypOEHeMepaX,OHn Hey~06Hb1 TeM, uT0 He YCTpaHROT CnrHafl Hyne- 
60k eMKOCTn n, KPOMe T O r O ,  He MMeOT ~ ~ O C T O ~  BO3MOMHOCTH A n R  

a ~ano roeo ro  euxoAa. 
Apyran rpynna cxeM ocHoebleaeTcR Ha sb1pa6a~b1ea~nn nMnynbcoe 

T 
A 

I 

T Y ~ H O ~  C T ~ ~ H ~ ~ ~ H O C T ~ O .  K p o ~ e  TOrO,  OHa He YCTpaHReT CnrHafla 
~yneeok  eMKocTn n T yeT UacToToMepa n 3 ~ e p e ~ n ~  AnnTenbHo- 
C T M  nMnynbca. cXeMa7'5 ~ p e 6 y e ~  CJIOMHO~ KOHCTpyKunn eMKOCTHOr0 I 

npeo6pa306a~en~, ee a~anoroebtk c n r ~ a n  n o n y u a e ~ c ~  c ~ e n n ~ e k ~ b l ~ n  I 
ncKameHnnMn, npn nonoqu ~ P O M O B A K O ~  cxeMb1. I 

C y q e c ~ e y o ~  n Apyrne cxenu: c nc o n b 3 0 e a ~ n e ~  nHTerpanbHoro 
I 

npeo6paoosa~en~ uacrora- an ~ r e ~ n e ~ ~ / ,  n cneunanbHoro npeo6pa- i 
7 '09 W ~ ~ e p e c  npeAcrasnaer cxeMa c An- 

I 
30EaTeJlfl eMKOCTb-uaCTOTa 
OAH~IM y4eouTenet.I HanpRmeHnR/17/. Bce OHM nMeoT ceon npenMyqecT- 

B cxeMe 
a c x e ~ a  1 ' 7 1  HenocTaTouHo uyecTenTenbHa.  TOT K O P O T K ~ ~  nepeueHb 
o c ~ o e ~ u x  cyqecTeyoqnx cxeM n a ~ e p e ~ n ~  Manux e ~ ~ o c ~ e k  no~aau -  
EaeT, UTO HeCMOTpR Ha 6onbu10e pa3~006pa3ne MeTOAOB, C TOUKU 

3 p e ~ n ~  npuMeHeHnR B eMKocTHux KpnoreHHux YpoeHeMepax c Henpe- 
PblBHblM OTCUeTOM, BOnpOc 06 0n~n~af lbHok  H ~ M ~ P H T ~ J ~ ~ H O ~  CXeMe 
OCTaeTCR A 0  CMX nOp 6 K ~ K O ~ - T O  CTeneHH OTKPUTMM. 

'a 

4.  IlPEflJlATAEMMH EMKOCTHMH YPOBHEMEP 
/lflR KPClOrEHHMX KCIAKOCTEH 

Hnme onucaH YpoeHeMep, pa3pa60~a~Hu i  aeTopaMn, yAoeneTeopR- 
IOunk, no HX MHeHnO, PaCCMOTPeHHblM BbluIe T ~ ~ ~ O B ~ H H R M  K KPHOTeH- 
HMM yp0BHeMepat.t. 

1 .  ~ J ~ ~ K T ~ O H H ~ R  H3MepHTeJlbHaR CXeMa 
f l p e ~ n a r a e ~ a ~  aneKTpoHHaR cxeMa OTHOCHTCR K rpynne epeMR- 

MMnynbCHMX. f lnR @OpMnp0BaHHR MMnynbCOB 6 Hek HCnOflb3yeTCR HH- 

PPic.1. npki~qPinHaJIb~aH 3JIeKTpHseCKaH CXeMa eMKOCTHOr0 YpOBHeMe- 
pa. M, - 7413 /K155TJll/, Mz, M3 - 74121 / ~ 1 5 5 ~ r l / .  

TerpanbHuk o~Hoen6pa~op 741 21 /K155AT1/. OH 06ecneuneae~ nntiek- 
 yo ~ ~ B H C ~ M O C T ~  AnnTenbHocTn reHepnpyeMoro nMnynbca t - Rsc 

C = 10 n@ 5 1000 MK@ n R = 2 i40 KOM. C T ~ ~ H J ~ ~ H O C T ~  
o ~ ~ o e n 6 p a ~ o p a  oueHb xopouan: 6 t / t  5 0,5% B TeMnepaTypH0t.i Ana- 
naao~e  - 1 O ~ C + ~ O ~ C  n B ~ n a n a a o ~ e  nnTaoqero HanpRmeHnR 4,75+ 
15.25 B. B cxene/7/ Tame ncmonbsoeaH O ~ H O E ~ ~ ~ ~ T O P  741 21 Ann 
C O B A ~ H H R  YpoeHeMepa, HO TaKoe CxeMoTexHnuecKoe peuIeHne He noa- 
XOAHT Ann co3AaHnR Ha ero octioee KpnoreHHux ypoeHenepoe. Ann 
renneeoro ypoeHeMepa, HanpnMep, 0,5% C T ~ ~ M ~ ~ H O C T M  HeAocTaTouHo 
A ~ R  ~ ~ M ~ P ~ H H R  3%-ro n 3 ~ e ~ e ~ n ~  eMKocTn,  TO nMeeT MecTo npn 3a- 

Huk I ~ o J ~ H o ~  eMKOCTH, a He n3MeHeHHD eMKOCTH, n He 06ecneuneae~ 
aHanoroeoro euxoAHoro CnrHana. 

f lpn~unnnanbt ia~ cxeMa eMKocTHoro ypoeHeMepa npeAcTaeneHa 
Ha PHC. 1 . 

Ha pnc.2 n o ~ a 3 a ~ u  epeMeHHue AnarpaMMu cnrHanoe B p a 3 ~ u x  TOU- 

Kax cxenu, noRcHRoqne ee pa6o~y .  Tpnrrep U ~ n a ~ a  MI-I R B ~ R ~ T C R  

TaKToeuM reHepaTopoM c nepnoAon reHepnpyeMux nMnynbcoe T /cnr-  
Han l/. M2 - n 3 ~ e p n ~ e n b ~ u k  0 ~ ~ 0 e n 6 p a ~ o p ,  re~epnpyoqnk nMnynb- 
cu AnnTenbHocTbo t, / c n r ~ a n  2/, a M3 - ~o~net icnpyoqnk O ~ ~ o e n 6 -  
paTop, re~epnpyoqnk n~nynbcu  AnnTenbHocTbo t o  / c n r ~ a n  3 / .  Ha EM- 

xoAe MnKpocxeMu MI-2 nonyuaeTcR P ~ ~ H O C T ~  aeyx nMnynbcoe A t  = 
= t, - to / c n r ~ a n  4 / ,  nocne uero aTa nocneaoeaTenbHocTb nnnynb- 



" I J ~ u - ~ ?  COB u ~ ~ e r p u p y e ~ c ~  U ~ ~ O Y K O ~  ~g , 
R4, C3 / c u r ~ a n  5/ .  Ecnu K BUXO- ulvrl r> ~y c x e M u  n o A K n n w a e T c R  MuKpoaM-  

nepne~p,  TO ~ ~ ~ H C T O P U  R g  H RL,, u 
K p o M e  T o r o ,  o n p e g e n n a T  H TOK, u I - ~ 7 m "  n p o ~ e ~ a n q u k  qepea MHKpoaMnepMeTp .  

i 
B n p e ~ c ~ a e n e ~ ~ o h  c x e M e  c y q e c T -  

B y e l  BO3MOMHOCTb BaPbUPOBaHHR 

e e n u q u H  T u Rx. npuee~en p e K o -  

MeHAaQUU K UX B U ~ O P Y  H OAHOBpe- 

1 - _ - - - - - - - - - -  'a M e w 0  o u e H u M  napaMeTp. npeflna- 

AU r a e ~ o h  c x e M u .  Ann M u K p o c x e M u  

74121 u M e e T  M e c T o  tx=0,7.Rx.cx, 

Ann n p a e u n b ~ o h  p a 6 o ~ u  M u K p o c x e -  

Mbl 741 21 BpeMR BOCCTaHOBneHMR tB, H ~ O ~ X O A U M O ~  AnR n e p e 3 a p R A K M  

K o H A e H c a T o p a  c,, nocne O o p ~ w p o a a H u ~  r e H e p u p y e M o r o  M M n y n b c a  

tB = 0,7- (6. l o 3 )  . C x ,  rAe tB M3MepReTCR B CeKyHAaX,  a C x  - B @a- 
p a A a X .  O q e e u ~ ~ o ,  qTO HYMHO HMeTb T > tmax + tB = 0 ,7(Rx + 
+ 6OOO)cmaX. C ~ p y r 0 k  C T O ~ O H U ,  A t  = 0,7RXAcx. nocne HHTeTpU-  

POBaHUR UMnynbCOB C f i nUTenbHOCTbn  A t  U I lepUOAOM CneAOBaHUR T 
MU nonyqun HanpRmeHue  

M 

T ~ K U M  06pa30t.1, H a  B u x o A e  c x e w  n o n y q a e T c n  H a n p n m e H u e ,  nponop- 
QHOHanbHOe M3MeHeHHD eMKOCTM A a T q U K a ,  KOTOPOe, B CBOD O q e p e A b ,  

~ U H ~ ~ H O  3aBMCHT OT YPOBHR M ~ M ~ P R ~ M O ~  MUAKOCTU. 

P ~ C C M O T P H M  o c H o s H M e  n p e u M y q e c T e a  n p e ~ n a r a e ~ o h  u 3 ~ e p u ~ e n b ~ o h  

c x e M U  : 

~ O C K O ~ ~ K Y  tma,/At AJlR MUAKOrO r e n U f l  MOMeT 6 U ~ b  n o p R A K a  30,  Mbl 

n O n y q U M  3Ha'AUTenbHyKI OTHOCMTenbHYD nOrpeWHOCTb B H3MePeHMM A t  
M C o o T B e T c T B e H H o  B onpeAenetiuu ~ P O B H R  /- I S % / .  B npeAnaraenok 
H a  pUC.1  CXeMe 06a o ~ ~ o ~ w 6 p a ~ o p a  BKntWeHbl  B c ~ o e o 6 p a s ~ y a  MO- 

CTOBYa CXeMy.  M 3 - 3 a  TOTO, qTO MX XapaKTepUCTUKU CXOMU, BnMR- 

H u e  BHewHux  @ a K T o p o s  / ~ a n p u ~ e p ,  T e M n e p a T y p b l  o~pymaaqek c p e ~ u /  
3Hac(UTenbHO YMeHbwaeTCR. ~ P M  CneQUanbHOM no~6ope  MMKPOCXeM 3 T 0  

BnMRHMe MOMHO CBeCTU K MMHMMYMY. Bce 3 T O  nO3BOnReT npOBOAUTb 

u a ~ e p e ~ u e  M a n u x  A t  H a  Ootie 6 o n b w u x  t c n o r p e w H o c T b a ,  6 n u 3 ~ 0 h  

K I lOrpeWHOCTU O A H O B U ~ ~ ~ T O ~ ~  AnR OAMHOqHOrO H M n y n b C a  6 t / t ,  
~ . e .  0,5%. T ~ K H M  o 6 p a a o ~ ,  s u w e o n u c a H H a n  c x e M a  MomeT n p u M e H n T b -  

CR Aame B y p o e H e M e p a x  Ann m u A K o r o  renwfl. 
- ~ P R M O ~ ,  6 e 3  AOnOnHUTenbHUX CXeMOTeXHUqeCKUX CpeACTB,  n O n y -  

q e w e  a H a n o r o e o r o  B b l x o A t i o r o  c u r H a n a .  

- C ~ ~ ~ C T B ~ H H O  MeHblUUe ~ p e 6 o a a ~ u ~  K KOHCTPYKQMM eMKOCTHOr0 

n p e o 6 p a 3 0 ~ a ~ e n ~ .  n o c ~ o n b ~ y  B ~ I X O A H O ~  c u r H a n  n p o n o p u u o H a n e t i  

Ac,/cmax, TO CHMMalOTCR ~ p e 6 o e a ~ n ~  K 6 ~ 0 h  a 6 c o n a ~ ~ o k  B e n u -  

r u H e  Ac,. n o a ~ o ~ y ,  s ornuuwe o r  pa6o~b1?", ~ M K O C T H ~ I ~  A a r r w r  
MOMeT 6 b l ~ b  BblnOnHeH TOnbKO C I lOMO~bK)  ABYX KOaKCUanbHblX T P Y ~ O K ,  

a eMKOCTb MOMeT 6 b l ~ b  I lOPRAKa HeCKOnbKO AeCRTKOB n@. 
- C x e ~ a  B u A a e T  H a  c B o e M  B u x o A e  n u ~ e h ~ u h  c u r H a n  flame npu 

6 o n b w u x  YAenbHblX M3MeHeHURX hcX/cX B OTnM4Me OT CXeM C MOCTa- 

MU n e p e ~ e ~ ~ o r b  T o K a .  

- Ocyqec~sne~a  B O ~ M O M H O C T ~  H e n o c p e A c T s e H H o r o  y c T p a H e H u R  

C M r H a n a  ~ y n e B 0 k  eMKOCTU. C Y ~ ~ C T B Y ~ T  TaKMe B03MOMHOCTb KOMneH- 

CaQMU TeMnepaTypHMX M ~ M ~ H ~ H M ~  eMKOCTM C B R 3 b l B a K ) ~ e r O  AaTqHK KO- 

a K c u a n b H o r o  ~ a 6 e n ~  npu nonoqu n o A K n a q e H u n  M A e H T u w o r o  ~ a 6 e n ~  
K K O M n e H C U p y O ~ e M Y  O A H O B U ~ P ~ T O P Y .  /Ann I ~ O ~ H O ~  KOMneHCaQUU T o r -  

Aa HyMHO YCTaHOBMTb R q  + R2 = 30 KOM, a C z  HyMHO AOnOnHUTb 

nepeMeHHblM KOHAeHCaTOPOM AJlR ~ O ~ C T ~ O ~ K U  "~ynf l "  M ~ M ~ P U T ~ ~ R / .  

- B O ~ M O M H O C T ~  YCTaHOBneHHR " ~ y n R "  U M ~ K C U M ~ ~ ~ H O ~  BenUqUHbl 

O T C q e T a  B na6yo TOqKY ~ K T U B H O ~  AnUHbl eMKOCTHOr0 npeo6paaoea- 
 en^ . 

- C x e ~ a  0 6 n a d a e ~  xopowek ~ O M ~ X O ~ C T O ~ ~ U B O C T ~ ~ ,  I lOCKOnbKy 

MeTOA M3MepeHMR M C n O n b 3 y e T  UMpOTHO-MMnYnbCHYlO MO~YnRQMlO. Hym- 

HO TaKMe OTMeTUTb,  qTO AnR YMeHbWeHMR BnMflHMR napa3UTHUX eM- 

~ o c ~ e k  n o A K n m q e H u e  e M K o c T H o r o  n p e o 6 p a 3 o ~ a ~ e n ~  c n e A y e T  ocy- 
q e C T B n R T b ,  KaK  nOKa3aHO Ha  PUC. 1 , a H e  TaK,KaK B p a 6 0 ~ e / ~ / ,  
nOCKOnbKy  BUXOA "C" MHKpOCXeMM 74121 H M ~ K O O M H ~ I ~  M ~ O A K ~ O ~ ~ H H ~ I ~  

K HeMY B H ~ U H U ~  3 n e K T p O A  A a T q U K a  H r p a e T  POnb 3 K p a H a  AnR qyBCT- 

BMTenbHOrO B H y T p e H H e r O  3 n e K T p O A a .  
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q U K a .  C K O H C T P Y M ~ O B ~ H H ~ ~ ~  TaKMM o 6 p a s o ~  ~ M K O C T H U ~  npeo6paaoea- 
T e n b  MOMeT MeCRuaMU He f l pepMBHO p a 6 0 T a ~ b  6 e 3  OnaCHOCTM n o n a A a -  

HUR B H e r o  B n a r u .  Ecnu ~ c e - T ~ K U  snara n o n a R a e T  B A a T q u K  / H a -  

npunep, ecnu e ro  B ~ I H Y T ~  143 m u A K o r o  a s o ~ a  u o c T a e u T b  O T K P ~ I T ~ I M  

H a  B 0 3 A y x e / ,  f l p O A y B K a  Tef lnb lM BO3AyXOM U n U  CYXMM a 3 0 T O M  B T e -  

W H U e  HeCKOnbKMX MMHYT BOCCTaHaBnUBaeT  e r 0  ~ ~ ~ O T O C ~ O C O ~ H O C T ~ .  

r e n ~ e ~ b l e  KPHOCTaTbl  p a 6 0 ~ a l O ~  B 3aMKHyTOM UMKne ,  T a K  q T O  no- 
naaatiue snarw B A a T q u K  A n n  renuesoro y p o e H e M e p a  B npouecce e ro  
p a 6 0 ~ b l  UCKnlOqaeTCR. &lR r e n M R  = 3,9%, q T O  RBnReTCR 

o q e H b  ~ a n e H b ~ 0 k  B ~ ~ u ~ u H o ~ . C  ~ p y r o k  CTOPOH~I, M ~ M ~ H ~ H M ~  n u ~ e k ~ o -  
r o  paawepa A n n  ~epmaeenqek c T a n u  npu o x n a m a e H u u  OT KoMHaTHbtx 

AO renueeux T e M n e p a T y p  c o c T a s n n e T  AH/H = 0,3%. 3 ~ o  n p u B o A u T  

K K O ~ ~ ~ ~ H U R M  eMKOCTH f l p e 0 6 p a 3 0 B a ~ e n f l  f lOpRAKa 10% M3MeHeHMR, 

0 6 y c n o ~ n e ~ ~ o r o  a a n o n ~ e ~ u e ~  MUAKHM r e n u e M .  K p o ~ e  T o r o ,  ecnu 
A a T q U K , C A e n a H  H 3  TOHKOCTeHHMX T P ~ ~ O K  M3 H e p M a B e l o u e k  C T a n U ,  

U 3 - 3 a  H M ~ K O ~  Tef lnOf lpOBOAHOCTU T P Y ~ O K  T e M n e p a T y p a  B K ~ M A O ~  TOq-  

K e  A a T q U K a  6 y A e ~  O ~ ~ C ~ O B ~ H B ~ T ~ C R  TeMnepaTypHb lMM r p a A U e H T a M U  

B KPUOCTaTe .  f l p U  H3MeHeHMU YPOBHR MMAKOrO r e n M R  T e M f l e p a T y p H b l e  

r p a A U e H T M  T a K M e  U3MeHRlOTCR H M O r y T  f lPUBOAMTb K ~ e p b e 3 ~ 0 k  H e -  

~ H H ~ ~ H O C T U  YpOBHeMepa .  KOHCTPYK~~IR,  fl03BOnRIOU(aR IlpeOAOJleTb 3TM 

H ~ ~ U H ~ ~ H O C T U ,  f l p e A C T a B n e H a  H a  pUC.4 .  HWMHRR q a C T b  A a T q U K a  C A e -  

n a H a  u 3  T e n n  n o e o A R q e r o  M a T e p u a n a  - M e A u .  / T a ~ o e  pewetiue uc- 
n O n b 3 O B a H O  BP8', A a T q U K  U 3 r O T O B n e H  U 3  ~ ~ T Y H U / .  B ~ P X H R R  , 
n o A A e p m u s a o q a R  q a c T b  A a T q u K a  u a r o ~ o e n e ~ a  143 H e p m a e e n q e k  c T a n u  

A n f l  n p e A o T B p a q e H u R  6 o n b u o r o  T e n n o n p w T o K a  B ~ M A K H ~  renuk. BHYT- 
P ~ H H M ~  s n e K T p o A  - T O H K H ~  K a n u n n n p .  flpu 3 ~ 0 k  K O H C T ~ ~ K ~ M H ,  ecnu 
Y p O B e H b  MHflKOrO r e n M R  K a C a e T C R  M ~ A H O ~  qaCTM A a T q U K a ,  M 3 - 3 a  

B ~ I C O K O ~  Tef lnOf lPOBOAHOCTM MeAM T e M n e p a T y p a  ~ K T M B H O ~  q a C T M  A a T -  

q U K a  YCTaHaBnUBaeTCR O ~ H O ~ O ~ H O ~  no ~ c e k  A n U H e  M H e  MeHReTCR 

n p U  U3MeHeHHU YpOBHR MHAKOCTU. T ~ K U M  06pa3ot.1, UCKnOqaeTCR H e -  

~ M H ~ ~ H O C T ~  n p e 0 6 p a 3 0 e a ~ e n ~ .  

6un M 3 r O T O B n e H  ~ M K O C T H M ~  A a T q H K  A n U H 0 k  70 CM H eMKOCTblO 

100  n@. f l p ~  nOMOqU KOaKCManbHOrO ~ a 6 e n ~  A n w ~ o k  2 M M eMKOCTblO 

150 fl@ A a T q M K  flOAKJllOqeH K M ~ M ~ P M T ~ ~ ~ H O ~  CXeMe.  B ~ X O A H O ~  C M r H a n  

npu a a n o n ~ e ~ ~ b l x  50 CM A a T q u K a  = 0,6 B.  Ha puc.5 n o ~ a 3 a ~ a  3 a -  

n u c b  B b l x o A H o r o  curtiana ypoetienepa, A e M o H c T p u p y n q e r o  n o H u m e H u e  

y p o e t i ~  MMAKOCTM B 6 a ~ e  ~ B O T H O T O  3 ~ p a ~ a  renuesoro A t m a p a  c qa- 
CTUqHO HaPYUeHHblM M30JlRuMOHHMt-i BaKYYMOM. M a n e H b ~ U e  ~ 0 n e 6 a H U R  

B HHMHeM nPaBOM yrny CBR3aHM C aBTOMaTMqeCKMM flOAKnlOqeHMeM 

6 o n b w o r o  KOMflpeCCOpa U RBJlRlOTCR p e 3 y n b T a T O M  ~u6pauuu 3AaHMR. 

He Ha6n lOf la lO~cR 3 n e K T p M q e C K U e  HaBOAKH B MOMeHTU BKJllOqeHMR KOM' 

npeccopa,  TO r o e o p u T  o xopowek ~ o M ~ x o ~ C T O ~ ~ U B O C T U  y p o e H e n e p a .  

Ha puc.6 n o ~ a 3 a ~ a  s a n u c b  ~ ~ O B H R  B x o p o w e M  a3OTHOM A b o a p e .  Bun- 
HO, q T O  YpOBHeMep  0 6 e c n e q u ~ a e ~  KpaTKOBpeMeHHYlO C T ~ ~ U J ~ ~ H O C T ~  

0,01% OT MaKCMManbHOrO M3MePReMOrO YPOBHR M COOTBeTCTBYlO~YlO 

qYBCTBMTeJlbHOCTb 0,05 MM. H ~ ~ H H ~ ~ H O C T H  eMKOCTHOr0  AaTYMKa ,  8 0 3 -  

H u K a c q u e  B c n e A c T B u e  T e n n o e o r o  pacwupetiun u c m a T u R  K O H C T P ~ K ~ M M  

A a T q U K a  B n p O u e C C e  M3MeHeHMR YPOBHR MUflKOrO a 3 0 T a ,  K a K  M eC-  

TeCTBeHHtJe  ~ o n e 6 a H u n  a ~ ~ o C @ e p H o r O  A a B n e H U R ,  H e  flO3BOJlRlOT AO- 

CTMqb  n p b I B e ~ e ~ ~ 0 k  O T H O C M T ~ ~ ~ H O ~  nOrpeWHOCTM AyqIJ le 1%. AnR  6 0 n b -  

UMHCTBa I l p a K T U q e C K U X  n p U ~ e H e H U k ,  OAHaKO, T a K a R  flOrpeUJHOCTb 

B n O n H e  n p u e m e M a .  
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P y ~ o n n c b  nocTynnna B n a n a ~ e n b c ~ n f i  oTnen 
29 MapTa 1988 rona.  

B~J ' IH~KoB H . B .  , 4 ~ 0 6 ~ ~  6 .  M .  8-88-21 3 
Ypoenenepu HenpepueHoro orcuera  ann Kpuorennux 
mna~oc re f i  

P a c c ~ o r p e n u  neKoropue Buau YPOBHeMePOB. npo~eaeno  cpaenenwe cygecrByo.uux 
ypoenenepoe c nenpepuenun orcqeron, OCHOBaHHUX Ha pa3nwqe B f l n3ne~rpwuec~ok  
nponnuaenocrn n3nepnewx ra3a n IKH~KOCTH.  0606genu T ~ ~ ~ O B ~ H H R  K enKocrnuH 
ypoenenepan Ann Kpnorennux mnn~ocre f i .  npencraenenu 3neKrponnan cxena aria w3- 
nepeHua e n ~ o c r e f i  c pa3peuenuet-t 2. l o - '  u K O H C T P Y K ~ H H  enKocrnux npeo6pa30eare- 
nefi aria nnaKoro aaora u W H ~ K O ~ O  renna. Texnuuec~ne  napanerpu ypoenenepa flna 
I H a K O r O  a30Ta: aKTHBHaf4 anb4Ha 50 CM, nOrPeUIHOCTb U3MePeHUR YPOBHR 1%, KpaT- 
KOBpeWHHaR c r a 6 ~ n b n o c ~ b  0,012, pa3peuenue 0,05 nn; BnR mwaKoro renwa: aK- 
THBHaR AnnHa 60 C n ,  nOrpeILIHOCTb H3MePeHUn YPOBHR 5%, KpaTKOBPeHeHHaR cra6wnb- 
nocrb  0.2%. pa3peuenue 1 nn. 

Pa6ora sunonnena B na6opa~opnu s u c o ~ u x  3neprnfi OHAH. 

llpenpm 06aearole~noro mcmryra we- u c c n e n o M .  &&a 1988 

Ve l i chkov  I.V.. Drob in  V.M. 8-88-21 3 
Cryogenic L i q u i d  Cont inuous - Reading Level  Mon i to rs  

The o p e r a t i o n  o f  a v a r i e t y  o f  l i q u i d  l e v e l  meters b r i e f l y  i s  cons idered.  
The now-ex i s t i ng  cont inuous- read ing l e v e l  m n i t o r s  based on the  d i f f e r e n c e  
between t h e  d i e l e k t r i c  cons tan t  o f  t h e  gas and t h e  l i q u i d  measured a r e  compa 
red. The c o n d i t i o n s  on cryogen ic  a p p l i c a t i o n  o f  these l e v e l  mon i to rs  a r e  i l -  
luminated.  An e l e c t r o n i c  c i r c u i t  f o r  capac i t ance  measurement w i t h  r e s o l u t i o n  
2 . 1 0 - ~  and c o n s t r u c t  ion  o f  c a p a c i t o r  t ransducers  bo th  f o r  1 i q u i d  n i t r o g e n  
and l i q u i d  he l i um a r e  presented. The parameters o f  t h e  l e v e l  meters  a r e  f o r  
l i q u i d  n i t r o g e n :  a c t i v e  l engh t  - 50 cm, accuracy - 12, s h o r t  t ime  s t a b i l i t y  
0,01%, r e s o l u t i o n  - 0.05 mn; f o r  l i q u i d  he l ium:  a c t i v e  l engh t  - 60 cm, accu- 
racy  - 5%. s h o r t  t ime  s t a b i l i t y  - 0,2%, r e s o l u t i o n  - 1 mn. 

The i n v e s t i g a t i o n  has been performed a t  t h e  Labora tory  o f  H igh  Energ ies ,  
JINR. 

Reprint o f  the Joint Inrtitute for Nuclear Fkmrch. Dubm 1968 




