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6o6paKoe B.<l>., no11ywK1-1H B.H. 
n1-1KOBOilbTMeTp Ha OCHOBe paAl-10'laCTOTHOro 
BblCOKOTeMnepaTypHoro CKBl-1Aa 

P13-92-41 

Paapa6oTaH 1-1 l-1CCileAOBaH nl-1KOBOilbTMeTp Ha OCHOBe paAl-10'laCTOTHOrO 
BblCOKOTeMnepaTypHoro CKBl-1Aa. 4yBCTBl-1TeflbHOCTb np1-16opa 40 nB/r,/ 12 . 

noKaJaHO, '!TO 'lYBCTBl-1TeflbHOCTb ceepxnpOBOAHl-1KOBblX BOilbTMeTpoe BblWe 
'lYBCTBl-1TeflbHOCTl-1 11y11w1-1x no11ynpoBOAHl-1KOBblX npl-1 BblXOAHOM l-1MneAaHce 
l-1CTO'lHl-1Ka c1-1rHa11a MeHee 10 OM. 4yBCTBl-1TeilbHOCTb BOilbTMeTpa MO>t<eT 
6b1Tb nOBblWeHa, ec111-1 l-1CnOilb30BaTb ceepxnpOBOAAlUYIO KaTyWKY 1-1HAYK· 
Tl-1BHOCTl-1, CBA3b1Bato(Uyto l-1JMep1-1TeI1bHYIO uenb co CKBl-1AOM. 

Pa6oTa BblnOilHeHa B na6oparnp1-11-1 He1'.1TpOHHOi°1 Q)l-131-1Kl-1 0111All1. 

OpenpHHT Om.e1111HeHHOro HHCTHTYTa s111epHbl.X HCCJJe,'.IOBaHHH. )ly6Ha 1992 

nepeeoA aeTopoe 

Bobrakov V .F ., Polushkin V .N. 
The Picovoltmeter Based on the Radiofrequency 
High-Tc SQUID 

P13-92-41 

The picovoltmeter based on radiofrequency high-Tc SOU ID has been deve
loped and investigated. The noise referred to the input of the instrument was 
about 40 pV /Hz 1 12 • The sensitivity of high-Tc superconductor voltmeters has 
been shown to be higher than the sensitivity of the best semiconductor ones 
while output impedance of the signal source is less than 10 n. Using supercon
ducting coil coupling input measurement circuit to the SQUID, the sensitivity 
of the voltmeter can be appreciably improved. 

The investigation has been performed at the Laboratory of Neutron 
Physics, JINR. 

Preprint of the Joint Institute for !liuclear Research . Dubna 1992 • 



BaeneHne 

IlOSIBJleHHe 
0

BUCOKOTeMnepaTypHoro 

.. CKBH_,Ua [1] nepsoHat1aJ1bHO paccMaTpHBaJIOCb 

f 
pa.llHO'laCTOTHOrO 

B Ka'leCTBe 

3K30TH'leCKoro q>aKTa, IlO)lTBepll(JlaIOmero cymecTBOB~HHe KBaHTOBUX 

3qiq>eKTOB B BUCOKOTeM~epaTypHUX csepxnpOBO.UHHKaX. 0,UH~KO 
. .. \ . 

Hem1rn.naHHO BUCOKaSI 'IYBCTBHTeJibHOCTb H C03,UaHHe MeXaHH'l~CKH 

CTa6HJlbHOH KOHCTPYKUHH .naT'IHKa, su.nepmHBa10meA MHoroKpaTHUe 

TepMOUHKJIHPOBaHHSI OT KOMH~THOA TeMnepaTypu .no TeMnepaTypu 

. )KH,UKOrO a30Ta H o6paTHO, IlOCTeneHHO <lJOPMHPYIOT oonacTh, B 
./ 

"KOTOJlOH era npHMe_HeHHe . SIBJJSleTCSI npe,nnO'ITHTeJlhHUM. . TaK' 

MarHHTOMeTp Ha OCHOBe BUCOKOTeMnepa,TypHoro CKBH,lla C . ycnexoM. 

. MomeT 6UTh HCilOJlh30BaH npH pew~HHH pH.na reo<!JH3H'leCK'HX 3a,Ua'I . 

[2], B Me,llHUHHe npH · npose,neHHH 3K_cnpecc-.nHarHOCTHKH cep.ne~HOA. 

.neHTeJlbHOCTH [3), B ctJH3H'leCKHX 3KcnepHMeHTax [4), 0,UHHM H3 

Tpa.nHuJoHHL!X npHMeHeHHH ~H3KOTeMnepaTypHux 'cKBH.llOB HBJI~eTcH 

C03,UaHHe Ha ere OCHOBe csepxnposo.n~HKOBUX BOJlhTMeTpOB, 

tJys_cTBHTeJI,hHU~ soJI~TMe,:p Ha oc_HoBe BTcn:..cKBH.zta TaKme Mc>r 6u 

HaHTH npHMeHeHHe, . . HanpHMep, npH C03,UaHHH ycTaHOBOK ,UJISI 

,HCCJJe.llOBaHHSI pe3H~THBHoro COCTOSIHHSI B -· BUCOKOTeMnepaTypHUX. 

csepxnposo,nHHKax •. npe.nsapHTeJJhHue pactieTu noKa3UBaK>T: TaKHe 

H3MepHTeJibHUe CHCTeMU C BTCn . -CKBH.llOM ' 6y.uyT HMeTh 

~YBCTBHTeJJbHOCTh Ha .1-2 nopH.uKa suwe 'IYBCTBHTeJJhHOCTH 

~HCTe~ Ha·nonynpoBO.llHHKOBUX 3JleMeHTax H,- 'ITO HeMaJIOBamHo;•_npH 

·npH6JIH3HTeJlbHO 0.llHHaKOBUX ra6apHT.HUX pa3Mepax, a TaKme 

CTOHMOCTH HX, H3rOTOBJleH~SI H 3KcnnyaTaUHH. 
' ' • . t 

Y'IHTUBaSI Bee BUWe CKa3aHHOe, HaM npe.uc:aBJISIJIOCh 

HHTepecHUM. C03.llaTb · H ·scecTopoHHe HCCJle.llOBaTh · BOJlhTMeTp Ha 
I • 

OCHOBe pa3pa6oTaHHUX B. Hawe a. na6opaTOpHH BTCil-CKBH.llOB [ 5). 

Pe3yJihTaTU 3THX HCCJle,llOBaHHH npe.llCTaBJJeHU B HaCTOHme8 CTaTbe, 

·· q,yHKUHOUam,uaSI cxeMa H KOHCTpyKUHSI BOJlbTMe1:pa 

o6maH H.lleOJIOrHSI. nocTpoeH~SI BOJihTMeTpa Ha OCHOBe 

BTCil-CKBH.lla TaKaH me, KaK H .llJlSI HH3KOTeMnepaTypHor~ 

csepxnposo.itHHKOBtiro BOJJhTMeipa, [ 6). l1To6u -06ecnet1HTh ManuA 

yposeHh co6cTBeHHUX . WYMOB H. BUCOKOe BXO.llHOe conpOTHBJleHHe, 
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c11c-reMa 6una. riocTp'oeHa 

nocne.ucrnaT8JlbHOll ': 'b6panioA 

q>aKTli'IeCKH · KaK ; . yc11JI11TeJih' . 'Ci 

CB5!3bl0 •·no HailpH:>!<eHHIO.'", IlOJlH.aH 

q>yHKUHOHaJihHaH cxeirn ·npe.uctairneHa Ha ·p11c; 1. 
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PHC. 1. C!JyHKUHOHaJihH3.51 cxeMa , BOJlbTMeTpa, Ha OCHOBe -

BTCil-CKBH)la. Rs' LM' R/31- BXO,UHaH·~3~epHT8JlbHaH uenh, 1~---

CKBH)l, 2 - HCTO'IHHK pa.um:iqacTOTHoro · TOKa cMemeHHH, 3 
KOJie6aTeJihHhlll KOHTYP, C'IHTI.rna10m11A HHq>OpMaUHIO co CKBH)la, 4 -

.MaJIOWYMHmHA pa.u11oqacTOTHhlll ycHJIHTe:rib, 5 -- HH3KO'IaCTOTHhlll 

6JIOK, 6 - cornacy10mHA BH,Ueoyc11JIHTeJih. . 

. . ·\. 

HCTO'IHHK H3M8pHeMoro CHrHaJia .'. Es C aKTHBHh!M · 

Bh!XO,UHh!M HMrrenaHCOM R ·, HHJlYKTHBHOCTb
0 

·, LM li pe3HCT0p . s 
o6paTHoA CBH3H ~

131 
cocTa~JIHIOT sxo.uHyIO ·H3MepHTeJihHYJO uenh, 

pacnonomeHHYIO B: KpHOCTaTe. npH : TeMnepa Type )Kli,UKOrO a30Ta . B 

Heno~pe,ucTBeHHOll 6JIH30CTH OT 'cKBHJl~. BXO,UHaH H3MepHT8JlbHa51 
,I ,, . - ._.., 

uerih CBH3aHa co CKBH.UOM nocpe,UCTBOM ~3aHiHoA HH.UYKTHBHOCTH M 

.. MelK~Y ·LM H KOHTypoM KBaHTOBaHHH ·cKB.H.Ua ·Ls. TOK, C03Jl~BaeMhlA 

HCTO'IHHKOM none3Horo cHrirnna E B H3MepHTeJihHOA • rienH; . . s . • ' 
KOMil~HcHpyeTcH TOKOM o6paTHOA CBH3H oT_ HailpHmemrn Ha. R131 . CaM 

C~BH.ll Bh!CTynaeT B Ka'IeCTBe HYJih-HH,UHKaTopa MarHHTHoro IlOTOKa ' 

,B KaTyWKe HH.UYKTHBHOCTH LM' 
,cxeMhl C'IHTh!BaHHH, npeo6pa30BaHH51 H ycHJieHHH CHrHaJia 

• • ' • j • • 

CKBH,Ua o6h!'!Hhl. OHH MHOrOKpaTH0° onncaHhl s JIH'.\'epaType, 

HailpHMep, ~-[s]. OTJIH'IHeM B HaweA CHCTeMe HBJIHeTCH TOJibK~_TO~ 
, • • • f • ,. • ·• I, ~ ' 

.'ITO c., ,ue_JiblO. pacw~peHHH ct>YHKUHOHaJibHh!X B03MO)KHOCTeA . B. uenH 

,o6paTHOll CB513H npe,uycMOTpeHa OilTpOHHaH, pa3B513Ka,. a. B. caMOM 

6JioKe o6pa THOA CB513H ( 6 Ha pHC. 1) n'cnoJib 3 yeTCH I1JiaBa10mee 

~ - ~. l:-~- •· •• ,.. I - ,~"'":::--• . 
.,i,ch' ,.dt.,! Ulf ii>') r t. 

r~~=~.aur· n~t~:1c:itl!l~:Jnt.l 1, 
riN\ Jfi!!';> f LI - f., J. " f ~;.;,i~ifr-10 1 ErH\ , i 
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IlHTaHHe. B naHHOM cnyqae 

~na6oToq~y~ 3eMnHHYID lliHHY 

MU HMeeM BO~MOZHOCTh pa3BH3aTh· 

ueneA npeo6p~soBaHHH H. jcuneHHH 

CHrHana CKBHna OT 3eMnHHOA lliHHU•HCTQqHHKa CHrHana. BnaronapH 

3TOMY IlHKOBOnhTMeTp MOZeT 6UTh Hcnonh30BaH KaK 

nH~~epeHUHanhHUA ycHnHTenh B qeTupexToqeqHQM MeTone H3MepeHHH 

Hanp~zeHHH: 9TO, oco6eHHO BaZHO, HanpHMep, IlpH H3MepeHHH 

nnoTHOCTH KpHTHqecKoro TOKa B CBepxnpoBonHmeA KepaMHKe, Karna 

qepe3 o6pa3eU •nonzeH nponycKaThCH TOK .B HeCKOnhKO necHTK.OB 

aMnep. 

t{To6u nonyqHTh npencTaBneHHe 0 pacnonozeHHH 

OCHOBHUX 3neMeHTOB nHKOBOnhTMeTpa, Ha pHC.2. naHO 

cxeMaTHqecKoe H3o6pazeHHe ero KOHCTPYKUHH. 

to RF-amplifier 

TEST 

"" 

-78K 

· 'JJ- metal . 

PHC.2.. KOHCTPYKUHH BTCTT-CKBHn-Bon&TMeTpa. 

CKBHA 1 H H3MePHTenbHbie 11e~H 2 noMemeHu 

· BHYTPh BllCOKOTeMnepaTypHoro cBepxnpoBonHmero 3KpaHa 3. JlnH 
C • ' '.\ .• ,• ~ 

YM8Hhlli8HHH B3'aHMHOro BmrnHHH Ka6enH, HnymHe K H3MepHT8IlhHllM 
' , 

uenHM, H Ka6enh' CB.H3UBaIDIUHA Kone6aTenhHUA KOHTYP CKBHna C 

Ma~owy~HIUH~ npenycHnHTeneM, npo~ymeHu q~pes pa3Hue Tpy6KH ui 
HepzaBeromeA cTanH. ·4, 5. BcH · 3Ta BcTaBKa pacnonozeH<!, B. 

CTE?KnonmicTHKOBOM KpHOCTaTe, 3anonHeHHOM ZHnKHM a30TOM. 'l!To6u 
,·•: , .. 
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CHCTeMe 'H36UTQqHoro HH3KoqaCTOTHOro wyMa, H36ezaTh B, 

nopoznaeMoro CKaqKaMH BHXpeA MarHHTHOr'O IlOTOKa •·B 

CBepxnpoBonHmeM 3KpaHe, KOTopue MoryT perHC!PHPOBaThCH 

.. H·~·nocpencTBeHHO cKBHnoM, cBepxnpoBonHmHA 3KpaH .' no.nzeH 6uT& 

oxnazneH B B03MOZHO ManoM BHewHeM MarHHTHOM none. '11mi 3TOro 

ne~en 3anHBKOA a3oTa KpHocTa; noMemaeTCH e nep~annbeewA 3KpaH 

(5 H,a .. pHC. 2.). nocne 3anHBKH a30Ta Heo6xonHMOC:Th BO BHeWHeM 

nepJ\1aJIJ10CB0M 3KpaHe OTnanaeT, . T. K> 3KpaH H3 Y-Ba-Cu-0 C 

n_o?aBK,aMH cepe6~a HMe_~T nepBoe KpHrnqecKoe none Hc1 z.79 H, KaK 
UOKa3anH no.JlrOBp,eMeHH!le· ·Ha6nID,!leHHH npH 'noMomH MarHHTOMeTpa Ha 

OCHOBe BTCTT-CKBHna c qyBCTBHTenhHOCThID ~ 1, 5 10-
13

Tn/ru
1
1

2
., 

,(. ' .·, . ' . , ' . ·, - ' ,, 

none 3eMnH. He npoHHKaeT BHYTPh Hero [7]. 

MeTonHKa npHrOTOBneHHH CKBHna. nonpo6Ho' oirncaHa 

paHee B [8]. 3nech MU H~ 6yneM UOBTOpHO H3naraTh ee, a TOnhKO 

3aMeTHM, qTQ B ycTaHOBKe Hcnonh30BancH nByxnupoqHllA CKBHn H3 ~· 
YBaCuO C nHaMeTpaMH o'TBepcTHA . 1, 2. . MM H nnHHOA 5 MM. 

l13MepHTen&HaH KaTywKa LM 6u.rra HaMOTaHa MenHllM npoBonoM 

nuaMeTpOM 1 00 MKM II CO):(CPJK:lJia 80 BIITKOB. 

lliyMOBhle xapaKTepHCTHKH nHKOBOil~TMeTpa 

OCHOBHllMH HCTQqHHKaMH wyMOB B BTCTT-CKBHn-BonhTMeTpe 

HBnHIDTCH pe3HCTOpU BO BxonHoA H3MepHTen~HOA · uenH H 

Hen·ocpencTBeHHO caM cKBHn. B TaKoM cnyqae· BllpazeHHe nnH 

cyMMapHOA cneKTpanhHOA nnoTHOCTH· HanpHZ8HH5! lliYMOB 6yneT HMeTh 

cnenyromHA BHn: 

rne Sr 
V 

SL= Sr+ Ss 
V V V' 

cneKTpan&HaH nnoTHOCTh 

(1) 

HanpHZeHHH lliYMOB, 

H3MepHTen&HoA co3naB aeMllX aKTHB HUM B xonHUM HMnenaHCOM 

RT' 6e3 yqeTa o6palHPij" !~~H3H·, s5 
- npHBeneHHaH KO 

uenH 

Bxony 
: .. -~· .: .• ,1:t~_.tu· ::·· V ~ . . 

BOnhTMeTpa ~cn~KTpan~H~H nnoTHOCTh wyMo~oro HanpHZeHHH, 

co3naBaeMaH CKBHnOM. 

s~ ~<~~~T~ri/" 
•me Ri:R~ +R1 +R13i, "R1 · 

<r ~..,. _i,""; ~, ·5·· 

(2.) 

cqnpOTHBneHHe KaTylliKH 



HH.llYKTHBHOCTH LM' T rnyMOBaH TeMnepaTypa RT' kb 
IlOCTOHHHaH EonbUMaHa. 

nocKORhKY Bee conpOTHBneHHH H3MepHT8RbHOH · uenH 

HaXO)lHTCH1B mH)lKOM a30Te, TOT= 78 K. 

CneKTpanbHaH ITROTHOCTb rnyMOB' nopomnaeMUX CKBH.llO,M,. 

s s 
Sv =S<ftT/M, ( 3) 

rne s: - cneKTpanhHaH nnOTHOCTb rnyMoBoro ITOTOKa 
CKBH)la. 

TaKHM o6pa30M, cyMMapHaH cneKTpanbHaH nnOTHOCTb 

rnyMa no HanpHmeHHID B o6nacTH HH3KHX qaCTOT, Korna BUilORHHeTCH 

ycnoBHe WT<<M~~/(RTT), 

L ·. s 2 
Sv = RT ( 4kbT .+ RTS<f,/M ) , (4) 

rne ~ KPYTH3Ha 

BpeMeHH HHTerpaTopa, 

.o6paTH011 CBH3H. 

npeo6pa3oBaHHH CKBH)la, T - IlOCTOHHHaH 

~ - K03~~HUHeHT npeo6pa30BaHHH neTnH 

' -9 
B HarneM BORbTMeTpe RT~ 0,1 OM, M ~ 4,Sx10 rH. KaK 

3TO MOmHo BH)l8Tb H3 rpa~HKa Ha pHC,3, cneKTpanbHaH ITROTHO~Tb 

rnyMoBoro IlOTOKa CKBH)la 6e3 BXO)lH011 H3MepHTenhHOl1 uenH npH 

f>10 ru s 112~ 2x10~4 <ti /ru112 
<fl 0 

.. ---.JO -J 
N 

-:::-
N 
I 

" e,o 

>. ..., 
"iii 
C 
(l} 

'O 

(l} '" I' .'Pl\' (/J """ ;g -4, '""" "'"' 10 
1 10 10 2 10 3 

Frequency (Hz) 
10 4 

PHC.3, CneKTpanbHaH ITROTHOCTb 
CKBH)la 6e3 BXO)lHOl1 H3MepHTenhHOl1 uenH. 

rnyMoaoro IlOTOKa 

cornacHo (4), (SL) 112~ 40 nB/ru112 B o6nacTH 6enoro 
V I • ' • 

rnyMa. naHHU11 pe3ynbTaT HaXO.llHTCH B xoporneM COOTBeTCTBHH c· 
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i·.J··l 

. ' 

1t 
' 
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I 

3KcnepHMeHTanhHO onpeneneHHOH cneKTpanhHOH 
L . . 

rnyMoBoro HanpHmeHHH sv, npencTaaneHHOH Ha pHc.4. 

N :, 
N 
I 

" > 

10 -• 

~10 _,. 
'iii 
C 
<1> 

'O 

i I ~ 10 •II •""I • "" "J "" • I 
. 10 _, 1 10 10 2 

Frequency (Hz) 

nnoTHocTb·IO 

PHC.4. CyMMapHaH cneKTpanhHaH nnOTHOCTb rnyMOBoro 
HanpHmeHHH BORhTMeTpa. ' 

CpaBHeHHe c Tpa.llHUHOHHhlMH npH6opaMH 

nnH Toro, qro6u onpenenHTh MecTo pa3pa6oiaHHoro 

BORbTMeTpa 

He06XO)lHMO 

(ycHnHTenH) 

cpaBHHTh ero 

B cnomHBrnewcH 

OCHOBHUe napaMeTpU 

KnaccH~HKaUHH, 

c napaMeTpaMH 

nyqfuHx, nonynpOBO)lHHKOBUX ycHRHTen~11. ITOCTpoeHHUX Ha OCHOBe 

COBpeMeHHUX ManornyMHmHx noneaux TpaH3HCTOpOB. 

B03hMeM O.llHH H3 HaH6onee ManornyMHmHx ycHnHTene11, 

coo6mett~e ·o,· KoTopoM He~aaHo noHBHnocb a [ 9). nepBu11 KacKa.ll 

AaHHofd f6HnHTenH nocTpoeH Ha noneao~ TpaH3HCTope 2SK117~~c 

J-KaHanolli,. HM8IDIUHM cne)lyIDmHe OCHOBHUe napaMeTpu: 

-cneKTpanhHaH 
SFET~1 2HB/ru· 1/2. 

V. , ' 

nnoTHOCTb rnyMoBoro 

-cneKTpanhHaH ITROTHOCTb rnyMoaoro TOKa 
srET~0,25 io-15A/ru1/2. 

HanpHmeHHH 

TaKHM o6pa30M, npH ~UXO)lHOM conpOTHBneHHH HCTOqH~Ka 

cHrHana R
5

~o IlOCTpOeHHUl1 HaMH CBepxnpoBO.llHHKOBUl1 

IlHKOBORbTMeTp B 30 pa3 nyqrne nonynpoBO.llHHKOBOro. 

B )lel1CTBHTenbHOCTH, peanbHUe HCTOqHHKH CHrHanoB o6na)laIDT 

KOHeqHUM 3Ha'qeHHeM BUXO)lHOro conpoTHBneHHH. TT03_TOMY none3HO 

.7 



cpaBHli,Th .. caepxrpc:iao.nHttKOUUe Ii no,nynpoBO.UHliKOBUe ycttJittTeJili C 
• • <, , ·.,.c • , ., •>, ; , 1 ,' :·: •• : ·'.l,., '' .. • I:•· .. •'' •'•' _,,.. ! , 

yt1eTOM R , TO e.CTh, npttH51Th BO BHliMaHtte liX lllYMOBOH TOK. nonHa51 s .: ';'.; ',' i •~. '' '• ,, , . ' ,· :· , .• :, ! • • a• I ~, • • . • 

cneKTpanhHa5l IlJIOTHOCTh lllYMOBOro . Hanp51ZeHli51 .UJI51 

CKBli.U-IlliKOBOJlhTMeTpa .naHa B BUp~meHlili (4). JJI51 

nonynpoao.nHttKoBoro ycttnttTeJI51 3TOT me napaMeTp ttMeeT cne.ny10mttil 

Bli.ll [10]: 

(SFET)1/2= (SFET+ R2S~ET)1/2. 
V~ V S 1 

( 5) 

fpaqmKli • .UJI~ . (S;) 
1

/
2 

Ii 

Rsnpe.ncTaBJieHU: Ha •'1jii-I'c
1
• 5, KpliBUe 1 

(S~~T)l/2 B 3aBliCliMOCTli 

Ii 2 COOTBeTCTBeHHO. 

.. 

Ill 
d 

2000 

N 
:x: ., 
> 
0. 

> 
Vl 

3 
10 "---------=====' 

0 01 10 
. Rg' S2 

OT 

. , . , PliC '. 5. . r'paetJliKli IlOJIHI,IX CileKTpa·nhHUX IlJIOTHOCTell 
rnyMoBoro Hanp51ZeHli51 B 3aBliCliMOCTli OT BUXO.UHOrO conpOTliBJieHli51 
ttCTO'IHttKa none3·Horo cttrHana. 1 - aucoKoTeMnepaTypHuil 

·cKBtt.n=-m-ikoBoJihTMe'Tp, 2 - ycttnttTeJih c' noneBiiM. TpaH3liCTopoM Ha 
Bxo.ne, 3..: Hli3KOTeMnepaTypHµH CKBli)t-IlliKOBOJlhTMeTp . 

;., ·: f' 
. . JJI51 cpaBHeHtt51 noKa3aHa nttHli51 3, KoTopa51 ·npttHa.nnemttT 

:.\ , ~ ~ '. • • l • \ ' ' ' • j , • , , \ , • _' •·1 ,: -! , .I f ; • • , ~ • 

'BOJlhT_Me_:i:py Ha OCHO~e nT-CKB 11.na' pa60Ta10mero nptt TeMnepa Type 
, ,• 'I • ·, , ', 1 • · 1 ••• ' , ' • , i: ~ • :~ ,, , '. . ; ., • 
Zli.UKOro reJili51 [ 6] . OT'leT JiliBO B li.UHO, t{TO pa3 p'a6oTaHHUH 

O 

• 

f' "1• ., ' • • ' 

BUCOKOT_eMnepaTypHUH CKBli.U-IlliKOBOJihTMeTp liMeeT npettMymecTBO . ·'; ' . , . . . . ., 

n~pe,[( nonynpoBO,[(HHKOBbJM BTIJlOTb ,[(O Rs = s's OM ·~' KaK H cne -, 
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OCIIOBC Pa.LlHO~aCTO_THoro BTCn..:cKBll,[(a Co CJle,[(YIOllllIMll xapaKTe~l!C

TIIKaMII: · 

'IYBCT~liTeJihHOCTh B o6nacTH 6enofo lllyMa 

BXO.UHOe conpOTHBJieHHe Ha Il0CT051HHOM TOKe 

nonoca ~acTOT 

.nonycTttMoe CHHetJa3Hoe Hanp51zeHtte no Bxo.ny 

.UHHaMH'leCKHH .nttana3oH 

40 nB/ru112 ; 

104 
OM; 

0+20000 ru; 
' 50·MKB; 

120 .nE. 

(M.eHee 
npH H3MepeHHH CHrHaJIOB OT •HH3KOOMHUX HCTO'IHHKOB 

5,5 OM) 'IYBCTBHTeJihHOCTh CBepxnpOBO.UHHKOBoro 

BOJlhTMeTpa 

npH6opaMtt. 

TeMnepaTypu 

BUllle no cpaBHeHHIO C JIY'llllliMH nonynpOBO.UHliKOB,UMli .. 

Y'IHTJ,!Ba51 TO ~6CT051TeJihCTBO, 'ITO pa66t1H~ 

BUCOKOTeMnepaTypHUX 

nonynpOBO.UHHKOBUX 3JleMeHTOB 

KepaMH'leCKHX 

~epeKpuBaIOTC51, 

CKBH.UOB H 

C03.UaHHUH. 

nHKO~OJI~TMeTp cne.nyeT .paccMaTpHBaTh KaK OCHOBY .UJIH pa3pa6oTKH 

B 6y.nymeM rH6pH.UHUX CBepxnpoBO.UHHK-nonynpoBO.UHHK HHTerpaJihHUX 
' '. • ,, < , ' 

_MHKpo_cxeM. ueneBoro Hf13 Ha '-!eHH51 . .UJI51_ H3MepeHH5l, YCHJieHH51; 

n_peo6pa30BaHH51 cna6ux 3JieKTpH'-!eCKHX CHrHaJIOB. B .naHHOM BH.ne. 

CTOHMOCTh caMHX CKBH.UOBCKHX CHCTeM 'H HX 3KCnnyaTaUHH 'B 

ycJIOBH51X a30THoro ·ypoBH51 oxnaz.neHH51 6y.neT npH6JIHZaThC51 K 

COOTBeTCTByiome11 CTOHMOCTH nonynpOBO.UHHKOBUX 

npeBOCXO.U51 nptt 3TOM HX no 'IYBCTBHTeJihHOCTH. ECTh 

Ha.ne51ThC51, 'ITO OHH Hati.nyT- umpoKoe npHMeHeHHe 

CtJH3Ht1ecKoro 3KcnepHMeHTa. 
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