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B pa6oTe onncaH AHCKpeTHbIH BOJIOKOHHO-OilTHqecKHH H3MepHTeJib ypoBH51 
)KMKOro a30Ta C qyBCTBHTeJlbHbIM 3JieMeHTOM B BMe U-o6pa3HOro H3rn6a 
BOJIOKHa. A6comOTHa51 norpemHOCTb cpa6aThlBaHH51 npn6opa ( +0,5 ... -0, 4) MM, 
IIOTepn B norpy)KeHHOM AaTqnKe 20 AD. B KaqecTBe qyBCTBHTeJibHOro 3JieMeHTa 
ncnoJib30BaHo rpaAHeHTHOe onTnqecKoe BOJIOKHO KK-125 / 50. Ilpn6op npeA
Ha3HaqeH AJI51 pa60Tbl C KpHOCTaTaMH eMKOCTbIO 12,5 JI )KMKOro a30Ta. 

Pa6oTa BhlnOJIHeHa B Jia6opaTOpnn BbICOKnx sHeprna OUSIH. 

Coo6~em1e Om,e,111rneHHOl'O HHCTHT)'Ta ll,!lepHblX HCCJie,!IOBaHHH. Jzy6Ha, 1994 

Angelov A.Kh., Romanov Yu.I. 
Discrete Fibre-Optical Measuring Device 
of Liquid Nitrogen Level 

P8-94-15 

A discrete fibre-optical measuring device of liquid nitrogen level with the a 
sensitive element as a U-fibre bend is described in this paper. The absolute error 
in device operation is (+0.5 ... -0.4) mm, the losses in the sensor immersed in the 
nitrogen -20 dB. The KK-125/50 gradient optical fibre is used as a sensitive 
element. The device is aimed to operate with cryostats of a 12.51 liquid nitrogen 
capacity. 

The investigation has been performed at the Laboratory of High Energies, 
JINR. 
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1. BBEJI,EHllE 

IlpH pa6oTe Ha :meKTJXMl>H3HqecKHX ycraHOBKaX (3<l>Y) C ycrpoiicTBaMH, 

HCilOJib3YIOID;HMH X<~KHe a30T H reJIHH, HanpHMep, KpHoreHHJ>le MHmeHH, 

CBepxnpOBOASIUJ;He MarHHTbl H T,A, ueo6XOAHMO AOCTaToquo Toquo H HaAeX<HO 

H3MepSITb ypoBeHb Kpnoreuuoii xc~KOCTH npu MHHHMaJihHblX TeilJIOBMAe

neuusix B xc~KOCTH. Bo MHornx cnyqasix npu pa6oTe c a30THblMH u re.n:neBhIMH 

KPHOCTaTaMH Tpe6yeTCSI He TOJibKO nepHOAHqecKH H3MepSITb ypoBeHb KpHOreH

HOH - X<~KOCTH, HO H pemcrpHpoBaTb MOMeHT AOCTmKeHHSI onpem~JieHHOro 

ypoBHSI BO BpeMSI IlOAJIHBa X<~KOCTH B yCJIOBHSIX CHJibHOro napeHHSI. 

B JIHTepaType onHcaHo 6onbmoe KOJIHtJeCTBO pa3JIHqH1,1x AaTqnKOB ypoBHH 

H ypoBHeMepoB · [ 1-5 ], o6naAarom;Hx PSIAOM HeAOCTaTKOB: HeAOCTaToquoii ua

AeX<HOCTbIO, qpe3MCpHb1MH TeilJIOBl,IAeJieHHSIMH, BJIHSIHHeM MarHHTHblX noneii, 

6on&mHMH ra6apHTaMH H T,A, OAHaKo B03pacrarom;ue Tpe6oBanusi K 

TeXHHqecKUM xapaKTel)HCTHK<lM U3MepHTeJieii, pacmupeuue HOMeHKJiaTypbl 

H3MepsieMblX KpH0reHHblX X<~KOCTeii; 3KCTpeMaJibHble yCJIOBHSI 3KCilJiyaTaU,HH 

3aCTaBJISIIOT HCKaTb HOBble TexnuqecKue pemeHHSI B 3Toii o6nacrH H3MepuTeJib

uoii TeXHHKH. OAHHM 113 nepcneKTHBHblX uanpaB.lleHHH pa3BHTHSI SIBJISleTCSI 

HCil0Jlb30Bam1e OilTHqecKHX, B · qaCTHOCTH, BOJIOK0HH0~0ilTHqecKHX ypoBHeMe

poB AJISI Kpuoremn,1x cpeA, 

Huxce onucaH AHCKpeTHblii ypoBHeMep xc~Koro a30Ta c ncnoJib30BauueM 

B0JI0K0HH0ro CBeT0B0Aa C qyBCTBHTeJibHblM 3JieMeHTOM B BJ{Ae U-o6pa3HOro 

H3rn6a B0JI0KHa [ 6 ]. 

2. BOJIOKOHHO-OIITl11IECKl10 JI,AT1Il1K YPOBH5I 

BOJIOKOHHble CBeT0B0Abl, pauee HCil0Jib30BaBmHeCSI B OCH0BH0M B JIHHHSlX 

CBSl3H, B HaCToSim;ee BpeMSI HaX0ASIT mnpoKoe npnMeHeHHe B H3MepHTeJibHOH 

TexHnKe B Kaqecrne nepBnqu1,1x npeo6pa3onaTeneii HHcpopMau,nn npn H3Me

peHun Q>H3nqecKHX H MeXaHH'leCKHX BeJIHqHH (7 ]. OHH ot'>JiaAaIOT PSJA0M 

YHHKaJibHblX CB0HCTB, o6ecnetJHBarom;ux H3MepeHHSl B Tex. cnyqagx;. KOrAa 

npuMeueHue Apyroro poAa npeo6pa3oBaTeneii ueajxpeKTHBHO HJIH HeB03Mox.::.. 

HO. BeccnopHbIM npeuMym;eCTB0M npeo6pa30BaTene:U Ha OCH0Be 3./IeMeHTC>B !30-

JIOKOHHOH 0ilTHKH SlBJISIIDTCSl HX MaJible pa3MepbI H Macca, IlOMeX03am;mtieu-
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• 
HOCTb, no;rnasi B3pbIBO- H nO)Kapo6e3onaCHOCTb, cnOCOOHOCTb KOHTpo;rnpoBaTb 

npou;eCCbl B arpeCCHBHbIX H KpHOreHHblX cpeAaX, B TPYAHOAOCTynHbIX MeCTax. 

IIpo6neMa KOHTpoJISI ypoBHSI KPHOreHHbIX )KIIAKOCTeii SIBJISleTCSI OAHOH H3 

HaH6onee Ba)KHbIX Ha coapeMeHHbIX YCKOpHTe.TibHbIX yCTaHOBKaX. 

BoJIOKOHHO-OnTHqecKHe H3MepHTe.TIH ypoBHSI, OTBeqarom;He COBpeMeHHbIM 

Tpe6oaaHHSIM, AOJI)KHbl: 

a) HMeTb BbICOKYIO qyBCTBHTeJibHOCTb; 

6) 6bITb npoCTbIMH no KOHCTPYKD;HH, B MOHTa)Ke, HaJiaAKe H 

OOCJiy)KHBaHHH; 

B) HMeTb MaJible pa3MepbI H Macey; 

r) OOJiaAaTb BbICOKOH HaAe)KHOCTbIO H MaJIOH BOCnpHHMqHBOCTbIO K B03-

AeHCTBHIO BHelliHHX q:,aKTOpoa; 

A) HMeTb B03M0)KH0CTb paOOTbI B CHCTeMax aBTOMaTHqecKOro KOHTpoJISI H 

ynpaBJieHHSI 3ct>Y. 
IIpo6neMa KOHTpoJISI ypoBHSI KpHOreHHbIX cpeA c yqeTOM nepeqHCJieHHbIX 

Tpe6oBaHHH K H3MepHTeJISIM MO)KeT 6bITb pemeHa C nOMOIIJ;bIO nepBnqHbIX npe

o6pa30BaTeneii Ha OCHOBe ~meMeHTOB BOJIOKOHHOH onTHKH, HMeIOIIJ;HX, KaK yKa-

3bIBaJIOCb Bhlme, HeocnopHMble npenMym;eCTBa nepeA TPaAHD;HOHHbIMH Me

xaHHqeCKHMH H SJieKTpHqeCKHMH npeo6pa30BaTeJISIMH [ 1-5 ]. 
B· pa60Te npHBeAeHhl 'pe3yJihTaThI sKcnepHMeiITaJihHbIX ncCJieAOBaHHii 

H3MepHTeJISI ypoaHsi, CBHAeTeJihCTByrom;Hx o pa6oTocnoco6HoCTH AaTqHKa B 

cpeAe c noKa3aTeneM npenowieHHSI n 2::l,21. MeTOAHKa sKcnepHMeHTOB c 
' ' ' }K '' 

AaTqHKOM CBOAHTCSI K H3MepeHHIO HHTeHCHBHOCTH CBeTOBOro nOTOKa Ha BbIXOAe 

CBeTOBOAa B ABYX nOJIO)KeHHSIX: KOrAa AaTqHK (qyBCTBHTeJibHbIH SJieMeHT) no

rpy)KeH B H3MepSieMyIO cpeAy H KOrAa OH HaXOAHTCSI Bhlllie rpaHHD;hl pa3AeJia 

ra3 - )KffAKOCTb. 

.IIpeAeJihHO npocro.ii (no KOHCTPYKD;HH) AaTqHK ypoBHSI H3roTaBJIHBaeTCSI 

CJieAyIOIIJ;HM o6pa3oM: Ha yqaCTKe qyBCTBHTeJibHOro SJieMeHTa C BOJIOKOHHOro 

CBeTOBOAa YAaJISIIOTCSI 3aIIJ;HTHaSI H OTpa)KaIOm;asi o6oJIOqKH, B pe3yJihTaTe qero 

cepAu;eBHHa CBeTOBOAa KOHTaKTHpyeT c OKpy)Karom;e.ii cpeAOH. I-farn6 CBeTOBOAa 

npHBOAHT K KOHBepCHH qaCTH MOA HH3mero nOpSJAKa (HaXOASIIIJ;HXCSI BAaJIH OT 

"oTceqKH") B MOAbl BbICmero nOpSJAKa (HaXOASIIIJ;HeCSI B6JIH3H "0TceqK11")' KO

TOphle pacnpoCTpaHSIIOTCSI nOA yrnaMH, 6JIH3KHMH K KpHTHqecKHM. Ilpn KOH-, 

TaKTe qyBCTBHTeJibHOro SJieMeHTa C KpnoreHHOH .)KIIAKOCTbIO AJISI CBeTOBbIX ny
qe.ii, pacnpoCTpaHsirom;HXcsi noA yrnaMH, 6nH3KHMH K KPHTnqecKHM, Hapyma

eTcsi yCJIOBHe no.n:HC:iro BHyTpeHHeI'O OTpa)KeHHSI. OHH nOKHAaIOT CBeTOBOA H 

BbIXOASIT B )KffAKOCTb, qro npHBOAHT K pe3KOMY yMeHhllieHHIO HHTeHCHBHOCTH 

· cBeroBoro cnmana, naAarom;ero Ha q:,ororipHeMHoe yCTpo.iiCTBo. 

·. B onnchlBaeMOM AaTqHKe ypoaHSI npnMeHeH ABYXCJIOHHhlii BOJIOKOHHhlH 

CBeTOBOA, HMeIOm;Hii cepAu;eBHHY II o6onoqKy, y KOTOporo Ha yqaCTKe AJIHHOH 
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15 MM YAaJieHo 3am;HTHOe noJIHsnmeHoaoe noKpbITHe, a caM OH n3omyT II HMe

eT paAHYC R, onpeAeJISieMhlii KaK [6] 
n1 + 1 n0 + n1 ---

1 
r<R< p, 

nl - no - nl . 

rAe: n0, n 1 - noKa3aTenn npenoMJiemrn MaTep11ana cepAu;eBHHhl n 06onoqK11 

cooTBeTCTBeHHo; r - paAnyc 06onoqK11; p - PaAHYC cepAa;eBHHhl Bo

JIOKHa. 

Ilpn H3rn6ax C TaKHMH paAIIYCqMH B o6onoqKy H3 cepAu;eBHHhl '«Bbl

AaBJIHBaeTCSI>> 10 ... 100 % CBeTOBOro H3JiyqeHHSI. CBeTOBble ny~ B MeCTe Kpy'.ro

ro H3rn6a pacnpoCTpaiisiroTcsi B o6onoqKe 6naroAapsi BhlnonHeHHIO ycno:snsi 

nOJIHOro BHyTpeHHero OTpa)KeHHSI Ha rpaHnu;e pa3AeJia o6onoqKa - B03AYX

ll3MeHeHHe YPOBHSI HMIITIIPYeTCSI nepeMem;eHHeM qyBCTBHTeJibHOro SJieMeHTa 

nepneHAHKYJISipHo noaep1'HOCTn KpnoreHHOH )KIIAKOCTH. Ilpn KOHTaKTe 

AaTqnKa C )KHAKOCTbIO AJISI 60JiblliHHCTBa nyqe.ii, pacnpoCTpaHSIIOIIJ;HXCSI no 060-

JIOqKe B MeCTe H3rn6a, YCJIOBHe nOJIHoro BHyTpeHHero OTpa)KeHHSI HapymaeTCSI 

H OHH BbIXOASIT B KpnoreHHYIO )KIIAKOCTb, qTo q:,nKcnpyeTCSI q:,oronpHeMHbIM yc

TPOHCTBOM. IIepenaA ypoBHSI MOIIJ;HOCTH npn KOHTaKTe AaTqnKa c KpnoreHHOii 

cpeAOH B cnyqae ero BbIIlOJIHeHHSI H3 ABYXCJIOHHOro BOJIOKOHHOro CBeTOBOAa 

Tllna KK-125/ 50 c qnCJIOBOH anepTypoii NA= 0,2 n paAHYCOM H3rn6a 1 MM co

CTaBIIJI 30 AB npn norpemHoCTn H3MepeHnsi ±0,4 MM. Ilp1rnu;nn pa6oThI 

AaTqHKOB KpHoreHHbIX cpeA Ha OCHOBe U30myToro CBeTOBOAa MO)KeT 6bITb 

OnHcaH npn6JIH)KeHHO CJieAyIOIIJ;HM Bbipll)KeHHeM: 

· j 1 npn n = .. n 6 · K-
. - Onp11n = n 

' }K, 

rAe: K - Kos<P<t>nu;neHT nepeAaq11 qyBCTBHTeJ!bHOro · sneMeHTa, nOA KOTOpbIM 

noHnMaeTcsi OTHomeH11e MOm;HOCTeii Ha BhlXOAe n BXOAe ycipoiiCTBa; n - noKa-

3aTe.n:h npeJIOMJieHHSI cpeAbI B npOCTpaHCTBe Me~y Topu;aMH CBeTOBOAa; n · II 
. ' ' ' ' ' 6 

n - noKa3aTe.TIII npenoMJieHIISI B03Ayxa II KplioreHHOH )KHAKOCTH •. 
}K 

B KaqeCTBe H3MepsieMbIX cpeA ncnOJib30BaJIHCb C)KH)KeHHhle ra3hl: a30T 

(n)K = 1,21), Knc.nopOA (n)K = 1,18), reJIHH (n~ = 1,025). PaAHYC H3rn6a 

qyBCTBHTe.TII>Horo sneMeHTa onpeAeJISieT rny6nHy MOAYJISID;HH n nOTepn cBeTo

Bo.ii 3Heprnn. 'OAHaKO Aa)Ke npn oqeHb KPYTbIX H3rn6ax ' R s o;5-0,2 MM 

U:o6pa3Hhl.ii AaTqnK He pearnpoBan Ha %HA~Hii re.n:nii. B TO )Ke Bpeirn OH c ~bI

coKo.ii TOqHOCTbIO pernCTpnpOBaJI YPOBHH )KIIAKHX a30Ta H KHCJIOPOAa. 

HaCTOSIIIJ;aSI pa6oTa, B. OCHOBHOM, riOCBSIIIJ;eHa. aHaJIH3y 3KCnepnMeHTaJib

HbIX HCJieAOBaHHH B03M0)KHOCTe.ii ncnOJib30BaHHSI BOJIOKOHHO-OnTnqecKoro 

ypoBHeMepa )KHAKOro a30Ta C qyBCTBi:i.TeJibHbIM SJieMeHTOM B BHAe u-o6pa3HOro 
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• 
(KpyToro) H3m6a BOJIOKHa, 1103TOMY B Ta6Jim:i;e HCKJIIOtJeHa HH(pOpMau;1rn: 0 

pa6oTe ypoBHeMepa c )KH,!J;KHM KHCJiopoAOM. 

TEXHlfqECKHE XAPAKTEPHCTHKH BOJIOKOHHO-OITTlfqECKOro ,ll;ATqHKA 
YPOBH.SI )Klf,ll;KOro A30TA 

lf3MepsieMasi cpeAa (cxonKeHHhIM ra3) 

Il0K333TeJib npeJI0MJieHJ-ISI )KHAK0M qJ33hl 

CKOpOCTb 113MeHeHHSI yp0BHSI )Kl{'AK0M q>33hl, MM/c 

llyBCTBHTeJihHhIM sneMeHT 

Om11qeCKOe B0JI0KH0 

A6cOJIIOTH3SI_norpewHOCTh cpa6aThIB3HHSI, MM 

r.ny611Ha M0'AYJISIU.1111, % 
Ilorep11 u norpy)KeHH0l\,f A~a_r_q_11_K_e~•~A~1i _____ _ 

330T 

1,21 

-1 

U-o6pa3HhIM 

rpaAHeHTHOe,KK-125/50 

+o,5;-0,4* 

-20 

-10 

*Ilp11 yMeHhIIIeH1111 ypoBHSI Kp11oreHH0M )KHAK0CTH (+) 6011hwe, qeM np11 ee yseJI11qeH1111 (-), 
qyo o6I,sicHSieTCSI CHJihHbIM napeHHe_M Ha rpaHHU.e p33,leJl3 11 H3JIHil3HHeM. 

IlpH H3MeHeHHH ypoBH51 KpHOreHHhIX )KH,!J;KOCTeii Ha6JIJOAaeTC51 KOppe

JI51D;H51 Me)l(Ay CKOpOCTbIO H3MeHeHH51 ypOBH51 H BapHan;Heii CHl'HaJia Ha BblXOAe 

H3MepHTeJibHOro YCTPOHCTBa. IlpH H3MeHeHHH ypoBH51 )KH,!J;KOro a30Ta rrpH 

Ilp51MOM XOAe (T.e. IIOBblIDeHHH ypoBH51) CO CKOpOCTbIO 10 MM/C IIOrpemHOCTb 

cpa6aTblBaHHH COCTaBJIHeT ±0,4 MM, a IIPH o6paTHOM XOAe OHa paBHa 

±0,5 ... 0,6 MM. Co CHH)KeHHeM CKOpOCTH rrepeMem;eHHH ypOBHH rrorpemHOCTb 

rrpH o6paTHOM XOAe yMeHhmaeTCH H CTpeMHTCH K rrorpemHOCTHM rrpH IIPHMOM 

XOAe, 'ITO OCYl,HCHHeTCH TeXHHKOH IlpoBeAeHHH 3KCnepHMeHTa. IlpH H3MepeHHH 

ypoBHH HCIIOJib30BaJICH KpHOCTaT C OTKpbITOH ropJIOBHHOH, 'ITO H onpeAeJIHJIO 

3HatJHTeJihHblH TeMnepaTypHbIH rpaAHeHT B BepTHKaJihHOM HanpaBJieHHH: B 06-

JiaCTH C OOJiee BbICOKOH TeMnepaTypoii npOHCXOAHT KOffAeHcaD;HH BJiam H ee HC

napeHHe, 'ITO Bhl3bIBaeT JIO)KHOe cpa6aTbIBaHHe npH nOBblmeHHH TeMnepaTyphl. 

3. PEI'MCTPMPYIOIIJ,MI IJACTh YPOBHEMEPA 

3JieKTpH1IeCKaH cxeMa AHCKpeTHOro BOJIOKOHHO-OIITH'IeCKOro ypOBHeMepa, 

paCClJHTaHHOro AJIH'pa6oThl C AhIOapaMH OObeMOM 17 ,5 JI )KH,!J;KOro a30Ta, IIOKa-

3.aHa Ha pHc.1. 0Ha COCTOHT H3 rrepeAaTlJHKa MK-H3JiyqeHHH, q:>OTOIIpHeMHOro 

yCTpoiieiBa "AaTlJHKa. IlepeAaTlJHK 0K-H3JiyqeHHH c tJacToToii MOAYJIHD;HH 

-1 KI'u; co6paH Ha MHKpocxeMe M3, TpaH3HCTopax T4, TS. MK-cBeTOAHOA 

(VJJ:3) THIIa AJI107 H AeTeKTOP OIITHlJeCKOro U3JiyqeHHH (VJJ:l) THIIa <I>JJ:256 

pa3Mem;eHbl B OIITHlJeCKUX po3eTKax. JJ:aTlJUK (U-o6pa3Hhlii qyBCTBHTeJibHhlH 

SJieMeHT) H CBeTOBOAhl 3aKJIIOlJeHI:>I B Tpy6Ky H3 Hep)KaBeIOm;e:u CTaJIH mHaMeT-
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P11c.l. 311eKTp11qecKasi cxeMa yposHeMepa )KHJIK0ro a3oTa (V,!JJ - <l>,0:256; Ml - Kl40Y):i:6; Tl, 
T3, T4, TS -KT315; T2- KT361; v,n:2 -AJI307; M2- Kl76JIA7; r,n:1 - ,0:3Mlll-l; M3 -
Kl55JIA3; V,0:3 -AJI1071i). 

P11c.2. BHeIIIHHM BHA yp0BHeMepa 
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p0M 5 MM, AJIHHOH - 60 CM). JLn:sr Il0AKJIIoqemrn K 3JieKTpHqecKHM 6JIOKaM K0H
D;hl CBeTOBO~OB CHa6:xceHhl 0ilTHqecKHMH BHJIKaMH; Cl>oTonpHeMHHK co6paH Ha 
MHKpocxeMe Ml li TpaH3HCTopax Tl, T2. MOAYJIHpoBaHHoe MK-H3nyqeHHe 
nepeAaTqHKa qepe3 IOCTHpyeMhIH COeAHHHTeJib [8] n CBeT0B0A KK-125/50 

. C 1.JYBCTBHTeJibHhIM 3JieMeHTOM Il0AB0AHTCSI K cporonpHeMHHKY VJ]J ypoBHeMe
pa. 3JieKTpHqecKHii CHrHaJI ycHJIHBaeTcsr MHKpocxeMoii Ml H nocrynaeT Ha 
BX0A HHTerparopa (Tl, T2). 

CBeTOBOH (VJJ:2) H .aKyCTHqecKHH (rJJ:l) HHAHKaTOphl CJiy)KaT AJISI 
perncTpa:a;Hu yp0BHSI KpHoreHHOH )KIIAK0CTH (no npephIBaHHIO CBeT0B0ro H 

aKyCTHqecKoro cHrnaJioB). 3neKTpHqecKasr cxeMa ypoBHeMepa pa3Mem;eHa B 
MeTaJIJIHqecK0M K0pnyce pa3MepoM 80x60x40 CM. 3ByKOBOH CHrHaJIH3aTOp 
CM0HTHP0BaH B-pyqKe - MaHHilY JIIlT0pe. IlpH6op HMeeT BCTpOeHHhIH HCT0qHHK 
nHTaHH.SI OT 6aTape.ii:, BKJIIOqaeMhIH KYPK0BhIM MexaHH3M0M. BHemHHii BRA 
AHCKpeTH0ro B0JI0K0HH0-0ilTHqecKoro YP0BHeMepa noKa3aH Ha pHc.2. 

B · 3aKJiroqeHHe aBTophl Bhlpa)KaIOT npH3HaTen&H0CT& · Il.H.By.ii:JioBy n 
JI.A.Eq>HMOBoii 3a noMom;& B pa6oTe. 
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