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The Study of the HTSC Ceramic Shields with Fli.rxgate 

.Tesla meter 

With the fluxgate teslameter. at liquid nitrogen temperatures the investi
gations of the tube shields made of different HTSC ceramics were carried out. 
-The critical parameters of the· shields were determined, the behaviour of- the 
shields in the fields exceeding critical were studied. :The conclusion on possible 
·application of HTSC shields operating at liq~id nitrogen temperatures has been 
made. 

The inyestigation has been performed. at the Laboratory of Neutron Phy: 

sics, JiNR. 
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BBE.UEHHE 

3Jie!CTpH'ieCKHe H MarHJiTH!Ie CB08CTBa CBepxnpOBOllHHKOB (en) 

OTKpllJIH YHHKaJih_Hue B03MOlKH_OCTH llJIR nporpecca B caMUX pa3JIH'IHUX 

06JiaCTRX HayKH .H TeXHHKH, B 'iaCTHOCTH, B TeXHHKe cneuHaJihHUX 

lflH3H'ieCKHX H3Mepe~H8. C OllH08 CTOpOHU, KOJIJieKTHBHUe KBaHTOBUe 

sqxpeKTU_ CBepxnpoBOllHMOCTH TI03BOJIHJIH C03llaTh 

CBepX'IYBCTBHTeJihHUe ycTpo8CTBa llJIH H3MepeHHR CJia6u~ 'MarHHTHUX 

TIOJie8. C npyro8 CTOpOHU, MeTaJIJIH'ieCKHe caepxnpoBOJIHHKH H, 

oco6eHHO, OTKpUTUe _ B TIOCJieJIHHe ronu .- BUCOKOTeMnepaTypHue 

cnepxnpOBOllRmHe (BTCn) OKCHllHUe KepaMHKH TI03BOJIRDT 

ocymecTBJIRTh 3(fl(fleKTHBHOe SJieKTpOMarHHTHOe 3KpaHHpoBaHHe. 

3anaqa pa6oTu 3aKJID'ianach B nony'leHlrn sKcne·pHMeHTaJihHUX 

oueHOK KPHTH'ieCKHX noJie8 ,llJIR. UHJIHHllpH'IeCKHX 3KpaHOB . H3 -· BTCn 

OKCHllHUX KepaMHK pa3JIH'iHOro COCTaBa C uenhn non6opa 

no.nxo.nsimero 9K3~Mnnsip~ B 

CKBl1.ll-raJihBaHOMeTpa. 

Ka'leCTB'e SJieKTpoMarHHTHOro 

3KPAHbl l-13 Hl-13KO'.fEMnEPATYPHblX CBEPXnPOBO.lIH11KOB 

sKpaHa."· 

Cl>H3H'ieCK08 OCHOB08 ,'pa60TU Cn-sKpaHOB RBJIReTCR sqxpeKT 

Me&tccHepa- OKc-empeJihlla (1 J, BHewHee MarHHTHoe none y6usaeT B 

CBepxnpoDO.llHHKe cornacHO 3aKOHY 

B(x)=B(O)•exp(-X/A), 

rne B(O)~ MarHHTHaR ~HllYKUHR Ha TIOBepXHOCTH CBepxnpOBOllHHK~; 

x- paCCTORHHe OT TIOB~pXHOCTH;. 

A- JIOH,llOHOBCKaR rny6HHa npoHHKHOBeHHR, 

. . . . . '. ~1 
.lIJIR HH3KOTeMnepaTypHUX CBepxnpoBOllHHKOB AE!lO M, TI03TOMy 

CJia6ue TIOJIR _B CBepxnpOBO,llHHK · o6U'IHl1X pa3Mep0B npaKTH'ieCKH He 

·npOHHKanT. 

ECJIH BeJIH'IHHa BHeWHe_ro TIOJIR cpaBHHMa co 3Ha'iem;1eM 

KpHTH'ieCKOro TIOJIR en, OH MOlKeT nepe8TH '°a npoMelKyTO~Hoe 

COCTORHHe. npH 3TOM o6pa3eU pa36HBaeTCR Ha 'IepenyDmHeCR 
·• 
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CBepxnpoBOllHUlHe H HOpMaJihHUe o6JiaCTH, H B Hero npOHliKaeT 

MarHHTHOe noJie. none. npH KOTOpOM o6pa3eU H3 cBepxnpoBOllHHKa 

nepeXOllHT B npoMelKyTO'IHOe COCTOHHHe, onpeneJIHeTCH ero (flopMo8 H 

KpHTH'ieCKHMH CB08CTBaMH MaTepHaJia . .lIJIH 3KpaHa B BHlle UHJIHHJipa 

C TIJIOCKHM llHOM H OTHOWeHHeM BHyTpeHHero JIHaMeTpa K BHeWHeMy 

6onee o: 707 3TO TIOJie (nepneHllHKYJIHpHOe OCH UHJIHHJipa) MOlKHO 

onpeneJIHTh no COOTHOWeHHD [2,3): 

Hn=Hc·((l-(b/a)2)/2)1/2, 

rne He- KpHTH'ieCKOe TIOJie CBepxnpoBOllRUlero MaTepHaJia; 

a,b- BHeWHH8 H BHyTpeHHH8 JIHaMeTpU UHJIHHJipa. 

HanpamaHHOCTh aKCHaJihHOro nOJIR, npH KOTOpOM TOJICTOCTeHHU8 

UHJIHHllp nepeXOllHT B npoMelKyTO'IHOe COCTORHHe, npH6JIHlKaHHO paBHa 

KpHTH'ieCKOMY noJID MaTepHaJia: 

Ha'"He· 

.UJIR HH3KOTeMnepaTypHl1X MaTepHaJIOB 3HaqeHI-rn He ( HlC llJIR 

cnepxnpOBOllHHKOB BTOporo po.na ) npH TeMnepaType lKHllKOro reJIHR 

o6U'IHO llOCTHraeT BeJIH'IHH necRTKOB H COTeH 3pcTell, H name 

TOHKOCTeHHlle 3KpaHU B 3eMHOM none He nepeXOllRT B npoMemyTO'IHOe 

COCTOHHHe. HanpHMep, B HaWeH Jia6opaTOpHH H3 CBHHUOBOH lflOJihrH 

TOJimHHOH 0,3 MM H3roTaBJIHBaJIHCh UHJIHHllpH'IeCKHe 3KpaHl1 pa3MepoM 

150X13 MM llJIR CKBl1.U-MarHHTOMeTpOB c OCJia6JieHHeM BHeWHHX 

MarHHTHUX nonen 6onee qeM B 10
8 

· pa3 [4]. orpaHH'ieHHR Ha 

K031fl(flHUHeHT 3KpaHHpOBaHHR HaKJiallUBaJio none, npoHHKaDmee qepe3 

ropJIOBHHY 3KpaHa. 

nocKOJlbKY 3HaqeHHR He HH3KOTeMnepaTypHUX caepxnpOBOllHHKOB 

BUCOKH, npH 3KpaHHpOBaHHH 3eMHUX none8 TaKHMH cn-3KpaHaMH 

OCHOBHUe TPYllHOCTH 3aKJID'ianTCR B yMeHhWeHHH "3aMopomeHHoro" 

MarHHTHOro ITOJIH, .lIJIR 3TOro JIH60 .yMeHbWanT HanpRlKeHHOCTh 

MarHHTHOro nOJIH. B KOTOpoM OXJialKJiaeTCR cn-3 KpaH. JIH60 

onTHMH3HpynT pemHMU OXJiamneHHR 3KpaHOB. 

ObM:f.i,.i;:; 1<1ii.,l1 :-:r.CTITIT • , . 
~,zshJI Hi.:: :i~a::m.:.umfi t 

6MS/K'10TEH,~ i _ ___,,,.. ,.. ... 



B~COKOTEMnEPATYPH~E cn-3KPAH~ 

C OTKpbITHeM BblCOKOTeMrrepa TY pHOA CBePXTIPOBO,!lHMOCTI1 IIOHBHJlaCb 

B03MOmHOCTh C03,llaHHH cn-3KpaHOB, pa6oTaJOmHx rrpH TeMrrepaType 

mH.llKOro a3oTa. Bren HMeJOT cymecTBeHHble OTJJHqHH OT o6uqHblX 

caepxrrpOBO.llHHKOB, 

rpaHy J!HpOBaHHOA 

B rrepayJO oqepe.llb BCJJe,llCTBHe HX 

CTPYKTYPbI H nmo3e¢cOHOBCKHX CBOACTB 

MemrpaHyJJhHblX rpaHHU, 3KpaHHpyJOmHe 

C BeJJHqHHOA HlCG-

CBOACTBa BTCn- KepaMHK 

MOmHO CBH3aTb rrepBbIM KpHTHqecKHM IIOJJeM 

MemrpaHyJJhHblX CBH3eA, rrpH KOTOPOM HaqHHaeTCH rrpOHHKHOBeHHe 

MarHHTHoro IIOJJH B BTCn. THrrHqHble 3HaqeHHH HlCG- HeCKOJJbKO 

3pCTe.ll, qTO cpaBHHMO C 3eMHblM ITOJJeM. BeJJHqHHa HlCG CHJJbHO 

3aBHCHT OT TeXHOJJorHH IIpHrOTOBJJeHHH o6pa3ua. B rrepBOM 

rrpH6JJHmeHHH OHa pacTeT c pOCTOM TpaHcrropTHOro KpHTHqecKoro 

TOKa MaTepHaJJa [5,6]. 

3KpaHHpyJOmHe CBOACTBa BTCn-KepaMHK H3yqaJJHCb Ha IIJJOCKHX 

06pa3uax - cM., HarrpHMep, pa6oTbl [7-9], H 06pa3uax 

UHJJHH.llpHqeCKOA ¢opMbl [10-13]. HCCJJe,llOBaHHH IIJJOCKHX o6pa3UOB 

IIOKa3aJJH, 

3KpaHaMH 

3KpaHaMH 

[8], npH 

qTo BTCn- 3KpaHbl MoryT 

H3 Me.llH Ha qacTOTax .llO 

ycrrewHO KOHKypHpoBaTb C 

coTeH KHJJorepu [8,9] H· c 

H3 µ-MeTaJJJJa HaqHHaH C o6JJaCTH oqeHb HH3KHX qacTOT 

3TOM OTMeqaeTCH yJJyqweHHe 3KpaHHpyJOmHx CBOACTB C 

yaeJJHqeHHeM KpHTHqeCKHX rrapaMeTpOB caepxrrpoBO.llHHKOB [7]. 

HccJJe.llOBaHHH UHJJHH.llpHqecKHX o6pa3UOB IIOKa3aJJH, qTQ TaKHMH 

3KpaHaMH MOmHo yMeHbWHTb ITOCTOHHHOe MarHHTHOe IIOJJe .llO oqeHh 

MaJJblX BeJJHqHH H, B03MOmHO, BIIJJOTb ,llO "MarHHTHOro BaKyyMa". 

BH.llHMO, HaH60JJbWee 3HaqeHHe aKCHaJJbHOro 3KpaHHpyeMoro IIOJJH, 

6,5 3, 6blJJO .llOCTHrHyTo Ha o6pa3ue H3 YBa2Cu307-o B [13]. 

TEXHOROfHH H3fOTOBREHHH 3KPAHOB 

HaMH HCCJJe,llOBaJJHCb 3KpaHbl, BblITOJJHeHHble B ¢0pMe UHJJHH,llpa C 

.llHOM, .llJIHHOA 90 MM, BHeWHHM ,llHaMeTpOM 25. MM H TOJJmHHOA CTeHOK 

3 MM. H3rOBJJeHHble H3 HTTpHeaoA BTCn -KepaMHKH C no6aBJJeHHeM 

cepe6pa H H3 BHCMYTOBOA KepaMHKH. .llOIIHpoaaHHe cepe6poM 

HTTpHeBOA KepaMHKH IIOBblwaeT e~ KpHTHqecKHe rrapaMeTpbI, qTQ 

.llOJJmHO yJJyqwHTb KaqecTBO 3KpaHOB H3 3Toro MaTepuana. KepaMHKa 
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MexaH6KepaMHqecKHM 

3aaepwaJOmeM 3Tarre a 

Ag-Sn-Cu (70% Ag) 

rrpHrOTaBJJHBaJJaCb TpanHUHOHHUM 

crroco6oM H3 rropOlllKOB OKCH.llOB. Ha 

rropowoK BTCn .uo6aBJ15!,1CH. nopOWOK CIIJJaBa 

B KOJIHqecTBe 9-11%. CMeCb TmaTeJibHO 

rrepeMeWHBanacb H rrpeccoBaJJaCb rH.llpocTaTHYeCKH B 3JJaCTHqHoA 

¢opMe rrpH naaJJeHHH 7-10 K6ap. 3aTeM rrpeccoaKa crreKaJlaCh rrpH 

TeMrrepaType 950-960 °C B TeqeHHe 6-8. qac H rronBepranach 

OKHCJJHTeJJbHOMY OTmHry rrpH TeMrrepaType 400 °CB TOKe ~HCJJOpona 

B TeqeHHe 4-6 qac. 

3KpaHbl H3 BHCMYTOBOA KepaMHKH CHCTeMbl 2223 H3rOTaBJJHBaJJHCb 

aHanorHqHbIM crroco6oM, crreKaJIHCh rrpu TeMrrepaType 840-850 °c B 

TeqeHHe 20-30 qacoa, oxnamnanHCh co 

KOMHaTHOA TeMrrepaTypu D 803.UYWHOA 

CKOpOCTblO 1 

aTMOC¢epe. 

°C/MHH .llO 

nnoTHOCTb 

KpHTHqecKoro TOKa, H3MepeHHaH D KOpOTKHX 06~a3uax-cnuneTeJIHX, 

rrpu 77 K HO re , COCTaBJIHJia: .llJIH HTTpHenoro (.llOIIHpoBaHHoro 

cepe6poM) BTCTT 300-400 A/CM~ .llJIH BHCMYTOBOro BTCTT 80-150 A/cM? 

3KCnEPHMEHTARbHAH YCTAHOBKA 

cxeMa ycTaHoBKH H306pameHa Ha puc.1. 

KepaMuqecKHA 3KpaH 1 C ¢epp030H.ll0DblM naTqHKOM 2 

IIOMemaJICH DHYTPH COJI8HOH.lla 3, 3anananwero DHewHee none. 

CoJieHOH.ll Ha WTaHre orrycKaJJCH D a30Tl!bIA .llbJOap 4. BCH CHCTeMa 

pacrronaranacb DHYTPH ycTaHODJJel!HOro aepTHKaJJbHO .llDYXCJIOAHoro 

UHJIHH.llpHqecKoro ¢eppoMarHHTHOro 3KpaHa 5 C K03¢¢HUH811TOM 

OCJia6JieHHH 3eMHoro MarHHTHoro IIOJIH OKOJIO 100. 

<I>epp030H.llODUA naTqHK rrp1rneHHJICH .llJIH H3MepeHHH MarHHTHoro 

IIOJIH BHYTPH KepaMuqecKoro 3KpaHa. 3.lleCh HCIIOJlb30DaJICH 

Tp~xo6MOTQqHuA ¢epp030H.ll 

Jl8HTQqHblX cepneqHHKax H3 

cTepmHenoro 

aMop¢Horo 

THrra [14] Ha .llDYX 

MaTepHaJia CoFe5SilOB15 

pa3MepaMH 30X0,5X0,02 MM KamnuA. 3TOT .llaTqHK 6un ITO.llKJJJOq~H K 

H3MepHTeJibHOMY rrpeo6pa3oDaTeJJJO 6, 

rrepeMarHHqHDaJOmero TOKa n o6MOTKY 

ocymecTBJIHBWeMy rronaqy 

B036ymneHHH ¢epp030H.lla H 

CP~M CHrHana C ero H3MepHTeJihHOA o6MOTKH H3MepHTeJibHbIA 

rrpeo6pa30DaTeJJb aHanoruqeH OIIHCBHIIOMY D [15). OTJIHqHe 

3aKJIJOqaJIOCb TOJibKO D rrapaMeTpax uerru OTpuuaTeJibHOA o6paTHOA 

CDH3H, qTo Bbl3DaHO Heo6XO.llHMOCTbJO H3MepHTb IIODUWeHl!Ue 3HaqeHHH 

5 
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KAMAK 

IBM PC AT 

PHC.1. CxeMa'3KCnepHMeHTanbHO8 ycTaHOBKH. 

-4JOO 4.~o 

PHC.2. H3MepeHHH HHnYKUHH BHYTPH 3KpaHa, H3,OTOBneHHO,O 

Ha OCHOBe BHCMYTOBOA KepaMHKH. no OCH a6CUHCC OTnomeHU 

3HaqeHHH HanpHmeHHOCTH BH8WHero nonH ,3, no OCH opnHHaT -

HHnyKUHH BHYTPH 3KpaHa, re. 
6 

(i 
I~ ii 

) 

' 

(l 
\,1~ 

HHnyKUHH Ma,HHTHoro nonH. Buxon npeo6pa3oBaTenH 6un nonKnDqeH 

K onHoMy H3 axonoa 

npeo6pa3oBaTenH AUTT 7. 

coneHoHn 3 

KOTOporo MOmHO 

nonKnDqeH 

6uno 

MYRbTHnneKcopa aHanoro-uH¢poaoro 

K ,eHepaTopy 

ycTaHaBnHBaTb 

TOKa 8, nocpencTBOM 

Tpe6yeMoe 3HaqeHHe 

Ma,HHTHO,O nonH. HanpHmeHHe. nponopuHOHanbHOe ycTaHOBReHHOMY 

TOKY coneHoHna, nonaaanocb Ha BTopoA axon AUn. reHepaTop TOKa 

ynpaanHncH c auxona UH¢po-aHanoroaoro npeo6pa3oBaTenH (UATT) 9. 

AUTT H UAn, BUilORHeHHUe B CHCTeMe KAMAK, o6MeHHBaRHCb 

HH~OpMauHe8 qepe3 KpeAT-KOHTponnep C KOMilbDTepoM THna IBM 

PC/AT. 

3KcnepHMeHT 3aKnDqancH B H3MepeHHH HHnYKUHH Ma,HHTHO,O 

nonH BHYTPH BTCn -OKCHnH?,O KepaMHqecKoro 3KpaHa KaK ~YHKUHH 

npHnomeHHo,o BHewHero Ma,HHTHoro nonH. nepen HaqanoM 

oxnamneHHH non6opoM TOKa coneHoHna BHYTPH KepaMHqecKoro 3KpaHa 

ycTaHaBRHBanocb none C 6nH3K08 K HYRD aKCHaRbHO8 KOMilOHeHTO8, 

nocne qe,o B nhDap IlOCTeneHHO 3aRHBancH ~HnKHA a3OT. H3MepeHHH 

npoaonttnHcb nocne oKoHqaHHH npoueccoa oxna~neHHH. 

PE3YflhTAT~ H OECYJUEHHE 

Ha pHC.2 npencTaBneHU pe3yRbTaTU H3MepeHHH HHnyKUHH BHYTPH 

BTCn -3KpaHa, H3,OTOBneHHO,O Ha OCHOBe BHCMYTOBOA KepaMHKH. 

KepaMHKa xapaKTepH3yeTCH HH3KHM ypOBHeM KPHTHqecKoro nonH 

nopHnKa onHoro 3pCTena, UHKR nepeMa,HHqHBaHHH CHMMeTpHqeH. 

Ha pHc.3 noKa3aHa 3KCnepHMeHTaRhHaH 3aBHCHMOCTb HHnyKUHH 

BHYTPH BTCTT -3KpaHa, H3,OTOBneHHO,O H3 HTTpHeBoA KepaMHKH C 

no6aaneHHeM cepe6pa, OT BHewHero nonH. naHHaH KepaMHKa HMeeT 

3HaqHTeRbHO 6onee BUCOKOe 3HaqeHHe KpHTHqecKoro nonH, OKORO 

12 3, H MO*eT 6UTb HCilORb3OBaHa nnH 3KpaHHpOBaHHH 3eMHO,O 

Ma,HHTHO,O nonH. 

HHTepeCHO 6uno nonyqHTb OTBeT Ha aonpoc: He npOHHKaeT RH 

co apeMeHeM Ma,HHTHOe none B BTCn- 3KpaH? B CBH3H C 3THM 6unH 

npoaeneHu nonroapeMeHHue 

H3,OTOBReHHO,O Ha OCHOBe 

H3MepeHHH 

HTTpHeBo8 

IlORH BHYTPH 3KpaHa, 

KepaMHKH C no6aaneHH8M 

cepe6pa, npH ~HKCHpOBaHHOM 3HaqeHHH BHewHero Ma,HHTHO,O nonH. 

7 
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PHC.3. H3MepeHHH HH.llYKUHH BHYTPH 3KpaHa, H3rOTOBneHHOro Ha 

OCHOBe HTTpHeB08 KepaMHKH C .uo6aaneHHeM cepe6pa. 

H3MepeHHH Te l!Ce, qTo H Ha pHC.2. 

2.0Ci 

1.00 

0.00 

-1.00 

-2.tJCi I 

0.()() 

~""'--~.......,.,._-~_ ... ,..,,.~,~~":V--. .. ...-.;.J,~~~-"V'~ 

~ 
8.0tJ 

111111,,~ 

I 6.00 24.00 

E.UHHHU!l 

PHC.4. H3MepeHHH HH.llYKUHH BHYTPH 3KpaHa, H3rOTOBneHHoro Ha 

OCHOBe HTTpHeBo8 KepaMHKH c .uo6aaneHHeM cepe6pa. no OCH 

a6CUHCC - BpeMH a qacax, e,llHHHUa OCH Op.llHHaT COOTBeTCTByeT 
-3 10 re. HanpHl!CeHHOCTb BHewHero nonH 6 3. Haqano KOOp.llHHaT 

COOTBeTCTByeT 21 qacy MOCKOBCKoro BpeMeHH. 

8 

3KpaH' nocTeneHHO oxnalK,llaRCH .llO TeMnepaTyp11 lKH.llKOr'O a3oTa B 

"HyneBOM" BHBWHBM MarHHTIIOM none, nocne qero aKcHanbHaH 

K0Mn0He11Ta BHew11ero MarHHTHoro nonH ycTaHaBnHaanacb 

nonOBHHe 3HaqeHHH HanpHl!CeHHOCTH nonH "npo6o.H" 3KpaHa, 

Pe3ynbTaT11 npe.ucTaBnem,1 Ha pHC.4. KaK MOlKHO YBH,lleTb, 

paBH08 

6 3. 

3a 24 

qaca B npe.uenax norpewHOCTH H3MepeHH8 none BHYTPH 3Kpa11a He 

H3MeHHnOCb, 

nonyqe111111e pe3ynhTan1 xapaKTBpH3YIOT npOHHKHOBeHHe 

aKCHanbH08 KOMilOHeHTU cTaTHqecKoro MarHHTHoro nonH B 

CBepxnpOBO.llHIUHA 3Kpa11, B HHTepBane 311aqe11H8 B6RH3H HHlKHero 

KpHTHqecKoro nonH, HlCG" UHRHH.llpHqecKHe 3KpaHU, H3rOTOBRBHHUe 

Ha oc11oae HTTpHeaon KepaMHKH, .uonHpoaa1111on cepe6poM, HMeJOT 

y.uoaneTBOpHTenbHUe KpHTHqecKHe CB08CTBa. TaKHe 3KpaHU MoryT 

611Tb HCnOnb30BaHU .llRf! 3Kpa11HpOBaHHH 3BMHOro MarHHTHoro nonH 

npH C03.llaHHH pa3nHq1111x 3KCnepHMBHTanbHUX ycTaHOBOK, B-

qacTHOCTH CKBHn-ranbBaHOMeTpa. 

ABTOpU aupal!CaJOT npH3HaTenbHOCTb E.B.BacHnbeBy 3a 

nocTaHOBKY 3a,llaqH, B. H. nMHTpHeBy H !if. A. JKyitoBy 3a H3r'OTOBneHHe 

KapKaCOB, C.C.THXOMHpoaon 3a HaMOTKY KaTyweK, Jle XaH Xbeny H 
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