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1. BBEAEHl1E 

npoHHKHOBeHHe noCTORHHOro MarHHTHOro nonR B caepxnpOBOAHHK 
ll poAa pesKo yaenH4HBaeT 11· 51 aenH4HHY ero B4 HMneAaHca Z 
= R+ iX, rAe R - noaepxHOCTHoe conpoTHaneHHe, a X nponop4Ho­
HanbHO rny6HHe npOHHKHOBeHHR B4 nonR a. 0AHaKO, a npHH4Hne, 
B03MOmH~ ycnOBHR, npH KOTOpblX HMneAaHC ace me He 04eHb aenHK. 
Oco6eHHO aamHy~ ponb npH 3TOM HrpaeT aenH4HHa xapaKTepHOH 16 1 

/
11 nHHHHHrOBOH 11

/ 4aCTOTbl f , nponop4HOHanbHaR CHne saKpenneHHR 
. BHXpeH noTOKa H, cneAOBaT~nbHO I l,? 1·, KPHTH4eCKOH nnoTHOCTH 
TOKa Jc B CBepxnpoBOAHHKe. B cny4ae AOCTaT04HO 6onbWHX 3Ha-
4eHHH Jc, TaKHX, 4TO nHHHHHroaaR 4aCTOTa fp ui JC cy~eCTBeHHO 
npea~waeT 4aCTOTY B4 nonR ~ noTepH B caepxnpOBOAHHKe OTHOCH­
TenbHO Manbl, B 4aCTHOCTH, MoryT 6b1Tb cy~eCTBeHHO HHme noTepb 
a TPaAH4HOHHblX /HanpHMep, MeAHblX/ B4 ycTpOHCTBax. TaKaR CH­
Tya4HR npeACTaBnReT HHTepec npH npaKTH4eCKOM npHMeHeHHH, Ha­
npHMep, npH C03AaHHH pe30HaTopoB, pa6oTa~~HX BO BHewHeM Mar­
HHTHOM none 18·10I . AnR ny4wero oTBOAa Tenna, 4TO yaenH4HBaeT 
AOnyCTHMble YPOBHH B4 MO~HOCTH, a TaK~e no 3KOHOMH4eCKHM coo6-
pameHHRM nepcneKTHBHblM npeACTaBnReTCR caepxnpoBOAHHK B BHAe 
AOCTaT04HO TOHKHX cnoea. 

B HaCTOR~ee epeMR HCCneAOBaHHR B4 napaMeTpOB CBepxnpOBOAHH­
KOB C y4eTOM 3aKpenneHHR BHxpeH npoBOARTCR, rnaBHblM o6pa30M, 
c 4enb~ aHanHsa CHn nHHHHHra, a TaK~e c 4enb~ npoeepKH HeKo­
TOPblX TeopeTH4eCKHX MOAeneH /CM., HanpHMep, pa60Tbl 111"171/. 1pH 
3TOM 06b14HO HccneAY~TCR o6pa34bl co 3Ha4eHHeM nHHHHHrOBOH 3c­
TOTbl, He npeeblwa~~eH eenH4HHbl r

2 
~ 10 8 r4, 4To e PRAe en; Jee 

HH~e xapaKTepHblX 4acTOT /f - 109 14/ CB4 pe30HaTopoB. . 
B AaHHO~ pa6oTe npHBeAeHa 04eHKa 3Ha4eHHH B4 napaMeTpOI 

CBepxnpOBOAHHKa B nOCTORHHOM MarHHTHOM none µoHe-1 T Ha 4;c­
TOTax f -1 □ 9 r4 AnR cny4aR fp » f /cM. pa3Aen 2/. TaKHe .o1-

coKHe 3Ha4eHHR nHHHHHroeo~ 4aCTOTbl fp MOryT 6b1Tb peanH30ea­
Hbl B CBepxnpOBOAHHKax C 6onbWHMH KPHTH4eCKHMH TOKaMH Jc­
-10 10 A/M 2. B 4aCTHOCTH' 04eHKa ee/1H4HHbl fp AnR nony4eHHblX Ha­
MH 118 ,191 ceepxnpoBOAR~HX nneHOK Nb-Ti AaeT 3Ha4eHHe fp r ,­
PRAKa HeCKOnbKHX rr4. PesynbTaTbl 3KcnepHMeHTanbHoro Hccne1 J ­

BaHHR TaKHX nneHOK, a TaKme HX cpaeHeHHe C TeopeTH4eCKHMH 
04eHKaMH, npHBeAeHbl COOTBeTCTBeHHO B pa3Aenax 3 H 4 AaHHO~ 
pa60Tbl. 



2. OCHOBHhlE COOTHOWEHHR H OUEHKH 

PacCMOTPl1M cny4aH noCTOHHHOro MarH11THOro nonR He >>Hc1• nep­
neHA11KY11HPHOro nosepxHOCTl1 nnocKoro csepxnpoBOAHL11ero 06paa4a. 
noA 81111HH11eM 11HAY411POBaHHblX B4 noneM B np11nosepXHOCTHOM cnoe 
TOKOB s11xpesaH peweTKa cosepwaeT Ko11e6aH11~ 11,2/ e61111a11 no110-
meH11H paBHOBeC11H. np11 aMn1111TYAaX 84 nonH Ha ,MeHbWl1X HeKOTOpo­
ro noporosoro 3Ha4eHl1H Hp, 3Tl1 K011e6aHl1H MOmHO C411TaTb Ma11blMl1 
11 aan11caTb AllH Hl1X 1111Heapl130BaHHble ypaBHeHl1H 11 •2• 71 , Be1111411Ha 
n11HHl1HrOBOH 4aCTOTbl f onpeAellHeTCH np11 3TOM 113 YC110B11H pa-

p - 6 seHCTBa Cl111bl BH3KOro TpeHl1H 11 KBa311ynpyro11 Cl111bl, 0 ycnosneH-
HOH aaKpen11eH11eM s11xpeA noToKa. B MOAe1111 Am11T11MaHa-PoaeH61110-
Ma 11 ,31 Be1111411Ha 3TOH KBaa11ynpyroA Cl111bl BblpamaeTCH 4epe3 Kp11-
Tl14eCKY~ nnoTHOCTb TOKa B 06paa4e JC' 4TO BeAeT K cneAY~llleMy 
BblpameH11~ AllH n11HHl1HrosoA 4aCTOTbl fp: 

112 
f P = (µOHe /¢0) • JCpN/BC2(0)' /1/ 

-7 -15 
rAe µo=4rr -10 ,rH/M; ¢0=2-10 B6 -KBaHT noToKa; PN - YAenb-
HOe conpOTl181leH11e B HOpMallbHOM COCTOHHl111 8611113~ Kpl1Tl14eCKOH 
TeMnepaTypbl TC; B C2 (0) - se1111411Ha BTOporo KP11Tl14ecKoro 
nonH 8 OTCYTCTBl1e napaMarHl1THblX 3(j)(j)eKTOB /np11 T = 0 /. 
BecbMa 61111aKaH 04eHKa A11H f P no11y4aeTcH 1201 11 np11 11cno11baosa-
H1111 pe3y11bTaTOB MOAe/111 Jla6ywa 1211. . 

B cny4ae OTHOCl1Te11bHO BblCOKl1X 3Ha4eHl1H fp > f: 

X = (f /f ) 2 « 1, 
p 

/2/ 

BblpameHl1H A11H nosepXHOCTHOro conpOTl1B11eHl1H R~ 11 r11y611Hbl 
npOH11KHOBeHl1H B4 nonH A p MoryT 6b1Tb npeACTasneHbl B cneAY~llleM 
B11Ae *: 

rrµ cf, 3/2 112 
R =( o o ) Belo) 

p 2 

,1,. 1/2 
Ap:::('f'O )1/2 

2rrµ 0 

B3/4 

p 112 
V 

PN 

B 5/4 

p 3/2 
V 

r2 
' /3/ 

/4/ 

rAe B::µo He - 11HAYK411H MarH11THOro nOJlR B 06pa34e /np11 He»Hc/· 
Bb1pameH11e 113BeCTHblX /CM., Hanp11Mep, /l, 7• 141 / napaMeTPOB R , 

A p 4epe3 BeJ111411HY o6oeMHOH Cl111bl n11HH11Hra P V : p 

Pv(B, T) = B-J c (B, T), 

* HHep4110HHblMl1 CBOHCTBaMl1 / 11MaCCOH 11/ s11xpeA noTOKa np11 
f -10 9r4 o6bl4Ho131 MomHO npeHe6pe4b. 

2 

/5/ 

..... 

j, 

$ 

npeACTaBnHeTCH HaM YA06HblM AllH aHa1111aa 3aB11Cl1MOCTeH R 11 A 
OT nonR B 11 TeMnepaTYPbl T, TaK KaK 3aBl1C11MOCTb p v<B, f) xopg-
wo on11cwsaeTcH151 11aaK0HaM11 noA0611H 11

• 

E111e OA11H samHblH napaMeTp - noporosaH aMn1111TyAa- B4 nonH 
Hp - 06b14Ho114104eH11saeTCH H3 YCJ10811H 

H ~ Jc •Ap 111111 
p I 

H :: (cf, 112 ; 217µ )112 • p 112/ B 1/4 
p O O V ' /6/ 

MomHo noKa3aTb, 4TO np11 aMn1111TyAaX B4 nonR H a = HPaMn1111TyAa 
KOJ1e6aH11A s11xpeA 1201 pasHa TaK Ha3blBaeMOMY 11paCCTOHHl1~ B3al1Mo-
AeAcTBl1H11 15•17•221 d, onpeAeJ1H~L11eMy MaKC11MaJ1bHOe o6paTl1MOe 
CMe111eH11e s11xpesoA peweTK11: 

d~ µ >.2 J /B ::(,1,. /2rrB) 112 
0 p C 'f'O ' 

Hae 6YAYT AaJlee 11HTepecoBaTb CJ1eAY~lll11e 3Ha4eHl1H 4aCTOTbl 
B4 nonR f 11 BHewHero nonR H e : 

r = ·10 9 r4, µOH = 1 T 
e ' 

171 

/8/ 

He06XOA11Mble np11 C03AaHl111 KOJ1JleKTl1BHOro YCKOPl1TeJ1H KOJ1b4eBblX 
3JleKTPOHH0-110HHblX crycTKOe 18•101 , a TaKme xapaKTepHble AJlH PRAa 
APYrHX np1111omeH11A. AnR BblnOJlHeHHR YCJ10B11R /2/ ceepxnpoBOAH11K 
AOJlmeH HMeTb BeCbMa Bb1COKl1e 3Ha4eHl1R Kpl1Tl14eCKOro TOKa: J

0
(B-1T) 

-1o 10 A/M 2 /CM. <!>OPMYilY /1//. Xa~aKTepHble napaMeTpbl TaK11X ceepx­
npoBOAHl1KOB MOmHO npHH~Tb paBHblMH no nOPRAKY BeJ111411Hbl CJ1eAy~-
11111M 3Ha4eHl1RM: 

Pv-10 10 H/M3; B02 (0)-lOT; pN_5.10-7-0M.M. /9/ 

CoOTBeTCTBY~IIIHe 04eHKH BeJ1114HH B4 napaMeTpoB /3/, /4/, /6/ 
ceepxnpoBOAH~1Ka TaKOBbl: 

Rp-3°10-4 OM; AP-10-6 M; HP-10 4 A/M -10 2 3. /10/ 

Be11H4HHa nHHHl1HroeoA 4aCTOTbl f p /1 / np11, 3TOM paBHa 10 10r4 » f. 
H3 no11y4eHHblX 04eHOK /10/ cneAYeT, 4TO TOJ111111Ha ceepxnpOBOA­

HHKa AOJlmHa 6b1Tb nopRAKa HeCKOJlbKHX Ml1KPOH. Aanee, ee1111411Ha 
A06pOTHOCTH pe3oHaTopoe Q C xapaKTepHblM11 B 0611aCTl1 f -1 o9 r4 3Ha-
4eHHRMH -10 2 HX 11reoMeTpH4eCKoro (j)aKTOpa 11 'G=GR= const paBHa 
npH 3TOM Q -10 6 • 3Ha4eHHR rioporoewx aMnJlHTYA Hp / J 0/ COOTBeT­
CTBY~T YCKOPR~IIIHM HanpRmeHHRM nOPRAKa HeCKOJlbKHX MB/M. Pea11b­
Hble me 3Ha4eHHR npeAeJlbHblX aMnJlHTYA B4 nOJlR 6YAYT-onpeAeJ1RTbCR 
TaKme TenJlOOTBOAOM BCJ1eACTBl1e AOBOJlbHO 60J1bWOH BeJ1114HHbl no­
eepXHOCTHOro conpOTHBJleHHR R • 

A11R 04eHKH npeAeJlbHblX 3Ha4tHHH B4 HMneAaHca 11cno11bayeM napa­
MeTpbl ceepxnpoBOAHHKa V 3 'Ga, 11Me~111ero MaKCl1MaJ1bHOe 3Ha4eHHe 
Cl1Jlbl nHHHHHra /23,24/: 
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Pv /4,2 K; 1T/-1011 H/M 3;pN-5·10-7 0M•M;Bci0);..35 T. /11/ 

CooTBeTCTBY~~He senH4HHbl 84 napaMeTpOB 

R -2•10-
5 

OM;.\p-0,3,10-6 M;H-2,4,10 4A/M -300 3, /12/ p p 

BHAHMO, onpeAenR~T HX npeAenbHO B03MOmHwe B HaCTOR~ee BpeMR 
3Ha4eHHR B o6naCTH /8/. 0TMeTHM, 4TO BenH4HHa RP /12/ npHMep­
HO Ha TPH nopRAKa HHme senH4HHbl nosepXHOCTHoro conpOTHBneHHR 
Rau - 1-0-

2 
OM o6W4HOH /''TennOH 11

/ MeAH / Pcu- 2 • 10-8 OM •M/ Ha 
TOH me 4aCTOTe. ~OCTH4b 3Ha4eHHH /12/ 84 napaMeTpos csepxnpo­
BOAHHKa AOBOnbHO TPYAHO, H COOTBeTCTBY~~He H3MepeHHR K Ha­
CTOR~eMy BpeMeHH e~e He npOBOAHnHCb. 

Pa3pa6oTaHHaR HaMH TeXHOnOrHR HaHeceHHR nneHoK 119,25 / n03BO­
nReT ABHraTbCR s HymHOM HanpasneHHH no YMeHbWeHH~ 84 HMneAaH­
ca cs.epxnposoAHHKa s 6onbWOM none H

0
.nepeHAeM K on1,1caHH~ pe-

3ynbTaTos HCcneAOBaHHR Hanb1neHHblX Nb-Ti-nneHOK "1 "13rOTOBneH­
HblX Ha HX OCHOBe csepxnpoeoAR~HX pe30HaTopos /CnP /. 

3. 3KCnEPHMEHTAJlbHblE PE3YJlbTATbl ~ml Nb-Ti-nJJEHOK 
H PE30HATOP08 

HccneAOBaHHble HaMH 1.1"1nHHAPH4eCKHe pe30HaTopw /p1,1c. 1 / co­
CTORnH 1,13 ABYX nonoBHHOK, COeAHHReMblX MeXaHH4eCKH C Hcnonb3Q­
BaHHeM HHAHeBOH npoKnaAKH. 3TH nonOBHHKH Bb1Ta4HBanHCb "13 MeAH 
( Pc ( 300 K)/ Pc ( 10 K) = 50), Ha BHyTpeHH~~ nosepXHOCTb KOTOpOH 
3aTlM HanblnRnacub nneHKa Nb-Ti Ton~HHOH -/3+5/, 1 o-6 M. nneHKH 

He __ 

~ 
4 

1 

2 
I 

PHc.l. CxeMaTHqecKoe Hso6pcl)KeHHe 
~aeMOH qacTH 3KCnepHMeHTanb­
HOH YCTaHOBKH: I - CBepxnpOBOAR­
~e KaTymKH, cos,a;ruo~e B o5nacTH 
pesoHaTopa 5nH3KOe K 0,IJ;HOpO,a;HOMY 

3 IlOCTORHHoe MarHHTHOe none H ; 

Fl--~ ~ft ----4- 2 - 6onTw, ocyiqecTBnRro~e Me~a-
5 rmqecKoe C)KaTHe ABYX IlOllOBHHOK 

_ pesoHaTopa; 3 - BWeMKa MR HffAHe-
6 BOH npOBOllOKH, ocy~eCTBnRro~eft 

sneKTpHqecKHll KOHTaKT nonOBHHOK 

~ 

pesoHaTopa; 4 - OTBepCTHR MR Bq 
BBO,IJ;OB /neTnH CBH3H H H3MepHTenb­
HOH neTnH; IlOKa3aHo O,IJ;HO H3 Tpex 
OTBepCTHn/; 5 - MeAHbIH KOpnyc pe-
30HaTopa IAHB.MeTp 185 MM, MHHa 
47 MM, co5CTBeHHaR qaCTOTa Ha 
BOnHe E 010: f= I' 35 rru,/; 6 - Ham1-
neHHOe Nb-Ti-noKpWTHe pesoHaTo-
pa / TO~Ha = 3 MKM/. 

... , 

p 

,,··,, 

IL 
Pv.max 

c/ 
I 

I 
I 
I 

I 
I 

I 
I 

I 

/, 
; 

:,o 
/ 

u, 
' 'o 

\ 
\ 

\ 
\ 
\ 
\ 
I 
I 
I 

01 
I 

PHc.2. THnHqHhlft BH,IJ; saBHCHMo­
CTH HOpMHPOBaHHOH Ha MaKCHManb­
HOe 3HaqeHHe 06'beMHOH CHJTul 
IlHHHHHra P y(5) OT npHBe,a;eHHoro 
sHaqeHHR b= B/B 02 (T) HHAYKU.HH 
nonR BB o6pasu,e Nb - 40Bec.% 
Ti. 3KcnepHMeHTanbHbie ,a;aHHWe ( o) 
nonyqeHb1 npH TeMnepaType T = 

0 

{, 
I 

I 
d 
I 

b=B/Bc2(T) 

I 
I 
I 
I 
I 
I 

= 6,2 K. CnnomHoft nHHHeH Hso-
6pa)KeHa saBHCHMOCTb P /P 

rn b(l - b) • V V,max 

npHrOTOBnRnHCb COBMeCTHblM BaKyyMHblM HanblneHHeM 119,251 Nb H Ti 
"13 OTAenbHblX :meKTPOHHo-ny4eBblX HcnapHTeneH B BaKyyMe - 5 , 1 o-5 na 
co CKOpOCTb~ -0,1 MKM/MHH. 0AHOBpeMeHHO c HaHeCeHHeM Ha pe30-
HaTop nneHKH HanblnRnHCb o6pa34b1- 11CBHAeTen1,1 11 Ha ManblX /-1 CM 2 / 
noAnomKax 1,13 MeAH 1,1 KpeMHHR. TeMnepaTypa noAnomeK so epeMR Ha­
nwneHHR 6b1na pasHa - 600 °C. 8ecosoe COAepmaHHe Ti s cep1,11,1 06-
pa34os 6wno 20+60%, npH4eM 3TO COAepmaHHe BAOnb nosepxHOCTH 
pe3oHaTopa /scneACTBHe era spa~eHHR np1,1 HanwneHHH/ 6wno 6nH3Ko 
K noCTORHHOMY, CsepxnpOBOAR~He 11cTaTH4eCKHe11 xapaKTepHCTHKH 
nneHOK (TC, Bc2, JC ) H3MepRnHCb KaK pe3HCTHBHblM, TaK H HHAYK­
THBHblM (Tc) MeTOAOM 118•19 •26 •271 • 84 napaMeTpbl nneHOK onpeAenR­
nHCb "13 pe3ynbTaTOB H3MepeHHR A06pOTHOCTH 1,1 co6CTBeHHOH 4ac­
TOTbl pe3oHaTopa, noMe~eHHoro s MarHHTHoe none /p1,1c.l/ 1,1 so36ym-
AaeMoro Ha eonHe E010 /'G =170 OM/. ---

H3MepeHHR Ha cep1,11,1 npeABapHTenbHO npHrOTOBneHHWX 06pa340B 
noKa3an1,1 118,271 , 4TO MaKCHManbHWe 3Ha4eHHR KPHTH4eCKHX TOKOB 
B none µOHe ~1 T HMenH nneHKH C COCTaBOM, 6nH3KHM K Nb -
40 sec.% Ti. CoOTBeTCTBY~~He 3Ha4eHHR A06pOTHOCTH pe3oHaTopa 
TaKme 6blnH MaKCHManbHblMH. 8enH4HHa KPHTH4eCKHX TOKOB npH T = 2 K' 
µ 0H e = 1 T /non~ nepneHAHKynRpHo nosepxHOCTH 06pa34os/ 6b1n1,1 pae-

HW Jc= /4+ 5/, 10 A/M 2, a HX 3aBHCHMOCTb OT nonR xopowo onHCbl­
sanaCb /181 <l>YHKL1HeH / 113aKOHOM nOA06HR 11

/ Pv (b) rn b(l - b) , rAe 
b= B/B 02 (T) /p1,1c. 2/. 

THnH4HblH pe3ynbTaT H3MepeHHR A06pOTHOCTH Q pe3oHaTopa npeA­
CTaBneH Ha PHC. 3 AnR cny4aR pe30HaTopa C noKpblTHeM Nb -
40 sec.% Ti. 0TMeTHM, 4To s o6nacTH noneH H < /3+5/· 1033 e-
AD6poTHOCTb H3MeHRnacb CKa4KaMH; COOTBeTCTBY~~ee H3MeHeHHe 
co6CTBeHHOH 4aCTOTW 6wno TaKme CKa4KOo6pa3HblM, aHanorH4HO 
Ha6n~AaBWHMCR B APYrHX pa6oTax 128·291. 3TH CKa4KH A06poTHOCTH 
CBR3aHbl co CKa4K006pa3HblM npOHHKHOBeHHeM BHewHero nonR He B 
cTeHKH pe3oHaTopa, oxnamAeHHoro np1,1 He =0. np1,1 AanbHeHweM 

5 
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PHc.3. THnHqHhlft BHA 3KcnepHMeHTanbHOH npH T=2K 3aBH­
CHMOCTH(O)A06poTHOCTH pe3oHaTopa npH yBenHqeHHH npH­

JIOiKeHHoro K HeMy IlOCTO.RHHOro IlOJI.R He . B o6JiaCTH Ma.JlblX 
I< 5 •IO 3 3/ noneft Be.JIHqHHa He c~ecTBeHHO OTJIHqaeTC.R 
OT IlOJI.R B CTeHKax pe3oHaTopa H3-3a 3KpaHHpyro~x· 

CBOHCTB CBepxnpOBOA.R~ero noKphlTH.R; <•>- KOHeqHoe 
3HaqeHHe A06pOTHOCTH npH yMeHbmeHHH IlOJI.fl He OT Be.JIHqH­

Hbl µ0H e ::: I , 5 T AO HYJI.R. IlpH TaKOM YMeHbmeHHH H 8 
A06pOTHOCTb Bee BpeM.R OCTaeTC.R HH)Ke COOTBeTCTBYJO~X 
3HaqeHHH AJI.R B03pacTaro~ero IlOJI.R H3-3a 3aXBaTa IlOTOKa 

B CTeHKax pe3oHaTopa. IlyHKTHpHa.R KPHBa.R npHBeAeHa JIHIDb 
AJI.fl HarJI.RAHOCTH PHCYHKa H He OTpaiKaeT Ha HaqanbHOM 
yqacTKe CKaqKoo6pa3HOro H3MeHeHH.fl A06pOTHOCTH Q(He). 

eospacTaH1111 nonR /He> 5 • 10 33/ npo11cxo.q11T 6011ee nnaeHoe 11sMe­
HeH11e .qo6pOTHOCTl1, 11 MOmHO C411TaTb, 4TO none He npaKTl14eCKl1 
nOJlHOCTblO npoH11KaeT B CTeHKl1 pe30HaTopa, 4TO no3BOJ1ReT npo­
eeCTl1 cpaBHeH11e C np11ee.qeHHblMl1 BblWe Mo.qeJ1bHblMl1 04eHKaM11. 

4. 06CYmAEHHE PE3YnbTAT08 

npem.qe ecero OTMeTl1M, 4TO 11CXOAHOe 3Ha4eH11e .qo6pOTHOCTl1 
Q o"' 9 . 10 6 COOTBeTCTByeT BeJ111411He 110CTaT04Horo11 noeepXHOCTHOro 
conpoT11e11eH11R: 

- 5 
Ro='G/Qo ,,,2.10- OM, /13/ 

4TO BblWe 3Ha4eH11i1, nony4eHHblX .qpyn1M11 aBTopaM11 /29,30/ AJ1R 611113-
KOro no COCTaey MaCCl1BHoro Nb-Ti. 0.qHaKO B 60J1bW11X / =1 T / 
eHeWHl1X no11Rx ycpe.qHeHHoe 3Ha4eH11e R='G/Q noeepxHOCTHoro co-

6 . 

j 
I 

I 
;j 
l 

/ 

npon1BJ1eH11R Nb-Ti -nneHoK /cM. p11c.3/: 

- -3 R "" 1 , 7 · 1 0 OM, /14/ 

np11MepHO Ha nopR.qOK MeHbWe eeJ111411Hbl 129~06yc11oe11eHHOH BR3Kl1M 
TpeH11eM np11 ABl1meHl111 e11xpei1. CoOTBeTCTByl0~11e 04eHKl1 84 napa-
MeTpoe R r, 8 r np11 npeo611a.qaH1111 BR3Koro TpeH11R nony4aJOTCR /1,1 31 

no <t>opMyJlaM o6bl4Horo CK11H-3$$eKTa B ee~eCTBe C 3$$eKTl18HblM 
y.qenbHblM conpoT11e11eH11eM 1311 p r =p N(B/B 02 (0) )-,: AnR 11cc11e.qoeaH-
HblX nneHOK 3Tl1 04eHKl1 11MelOT c11e.qy10~l1H 811,Q /B .. 1 T; f = 1 '4 r4/: 

4 -8 4 -2 -6 Pr = 3, .to OM•M; Rr::: 1, .10 OM; 8r=2,5 .10 M, /15/ 

r.qe 8 r - r11y611Ha npOHl1KHOBeH11R B4 nOJlR. 0TMeTl1M' 4TO eem1411Ha 
Rr /15/ xopowo cornacyeTCR c 3Kcnep11MeHTaJ1bHblM11 .qaHHblMl1 pa6o­
Tbl129,: nepeC411TaHHblMl1 Ha Hawy 4aCTOTY. 

YMeHbWeH11e' _no cpaeHeHl1IO C Rr / 15/' BeJ111411Hbl noeepXHOCTHOro 
conpOTl1BJ1eHl1R R /14/MomeT 6b1Tb o6cRCHeHO BblCOK11Ml1 3Ha4eHl1RMl1 
n11HH11Hroeoi1 4acT0Tbl r 11cc11e.qoeaHHblX Nb-Ti - nneHoK. Aei1cTe11-
Te11bHo, 11cnOJ1b3YR 3KC~ep11MeHTaJ1bHble .qaHHble AJ1R napaMeTpoe 3Tl1X 
nneHoK: 

6 -7 4 9 2 pN= ,7.10 OM•M; J 0 = -to A/M; 

Bci0)=-0, 69 (dB cJdT)T ::.20 T, 
noJ1Y411M c11e.qy10~YIO 04eHKYCAJ1R BeJ111411Hbl fp /1/: 

/16/ 

rP=3,4-to
9
r4. /17/ 

3Ha4eH11e n11HH11Hroeoi1 4aCTOTbl /17/ Nb-Ti-nneHOK cy~eCTBeHHO 
npeBblWaeT eeJ111411HY f p / 3aee.qOMO MeHbWYIO 1 rr4 / AJlR 06pas4oe 
113 MaC01BHoro Nb-Ti, 11cc11e.qoeaHHOro B pa6oTe1291, 4TO, Bl1A11MO, 
11 o6cRCHReT pa3J111411e 3KCnep11MeHTaJ1bHblX ,qaHHblX AJlR noeepXHOCT­
Horo con~OTl1BJ1eH11R. CTOJlb BblCOKl1e 3Ha4eHl1R n11HHl1Hroeoi1 4aCTOTbl 
(x =(f/fJ)) = 0,2) no3BOJ1RIOT Bb1411CJ111Tb B4 napaMeTpbl no <l>OPMY-
JlaM /3/ 11 /4/, 4To .qaeT c11e.qy10~11e 3Ha4eH11R: 

R = 3 · 10-3 OM; p ,\p = 1,2•10-6 M.· /18/ 

TeopeT114eCKOe 3Ha4eH11e noeepXHOCTHOro conpOTl1BJleHl1R RP /18/ 
YAOBJ1eTBop11TeJ1bHO cornacyeTCR C 3KCnep11MeHTaJ1bHblMl1 .qaHHblMl1/14/, 
a 04eHKa r11y611Hbl npOHl1KHOBeHHR ,\/18/noKa3blBaeT, 4TO nneHKa 
Nb-Ti l1Me11a AOCTaT04 HYIO TOJ1~11 HY <- 3,\ p ). 

0TMeTl1M, 4TO 3Kcnep11MeHTaJ1bHOe onpe.qeneH11e T04HOro 3Ha4eHl1R 
nl1HHl1Hroeoi1 4aCTOTbl fp npe.qcTaBJlReT 113BeCTHYIO TPYAHOCTb /7,11,12/ I 
.qame np11 npoee.qeH1111 11sMepeH11i1 sae11c11MocT11 84 napaMeTpoe oT 4ac­
TOTbl 84 no11R 11 cpaeHeH1111 HX C TeopeT114eCKl1Ml1 BblpameH11RMl1 /CM., 
Hanp11Mep / 2•141 /: 
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1/2 1/2 
R(x) = R [ 2 (l + x) --=.!..] ; 

P x(l+x) 
o(x) =A [ (1+x)

112
+ 1 112 p ] 

2(1 +x) /19/ 

2 
X = (f/fp) , 

rAe RP, AP onpeAenR~TCR ¢opMynaMH /3/, /4/; a - rny6HHa npo­
HHKHoseHHR. TaKoe cpasHeHHe AaeT 6onee T04HY~ 04eHKY fp, 4eM 
3Ha4eHHe /1/, onpeAeneHHOe C noMO~b~ MOAenH 111 H3 senH4HH~ 
11CTaTH4eCKHX11 napaMeTpOB JC , B cJO), PN • l13MepeHHe 4aCTOT-
HWX aaBHCHMOCTeH 84 napaMeTpOB HaMH He npOBOAHnOCb. 8cneACTBHe 
3Toro TeopeTH4eCKaR 04eHKa npoBOAHnacb no ¢opMynaM /3/, /4/, 
a He no 6onee T04HOH ¢opMyne /19/, 4TO, OAHaKo, nHWb He3Ha4H­
TenbHO H3MeHHT senH4HHbl 84 napaMeTpOB /18/. KpoMe Toro, scneA­
CTBHe HeKOTOPOH HeT04HOCTH onpeAeneHHR fp MW npeHe6peranH 
TeM ¢aKToM, 4TO nosepxHOCTHOe conpoTHBneHHe Top4eswx /nepneH­
AHKYnRpHblX non~_ He / CTeHOK peaoHaTopa HeCKOnbKO BblWe ycpeA­
HeHHOH 04eHKH R/14/.3TO CBR3aHO C TeM, 4TO nosepXHOCTHOe co­
npoTHBneHHe o6e4aHKH peaoHaTopa /rAe BHXPH noToKa napannenbHbl 
84 TOKaM/ MeHbWe cpeAHeH senH4HHW /14/. 0TMeTHM Aanee, 4TO 
AOnonHHTenbHble noTepH B HHAHeBOM CTblKe B HaweM cny4ae Hecy­
~eCTBeHHW. 04eHKa noKaawsaeT, 4TO 3TH noTepH BnHR~T Ha eenH-
4HHY A06pOTHOCTH HccneAOBaHHoro pei;~aTopa nHWb npH Manwx 
/-10 -6 OM/ 3Ha4eHHRX nosepXHOCTHOro conpon,aneHHR. 

0TMeTHM, 4TO ecnH Oi.teHKa fp /17/ aaBblWeHa, TO TOn~HHa nneH­
KH Nb-Ti 6nH3Ka K rny6HHe npOHHKHOBeHHR Of /15/ AnR cny4aR 
ManblX /< 1 ffi.t/ nHHHHHrOBblX 4aCTOT, npH 3TOM 84 none npOHHKaeT 
a MeAb, HMe~~y~ npH TeMnepaType T=2 K nosepxHOCTHOe conpOTHB­
neHHe Rcu (2K) .::-1 , 5. 1 o-3 OM, 6nHaKoe K senH4HHe R / 141, nony4eH­
HOH B onwTax. 8 3TOM cny4ae, OAHaKo, HaHeceHHe AOnOnHHTenbHOH 
nneHKH Nb-Ti AOnmHO yMeHbWaTb 3Ha4eHHe A06pOTHOCTH scneACTBHe 
6onbWHX 3Ha4eHHH nosepXHOCTHoro conpOTHBneHHR Nb~Ti /15/ npH 
Manb1x f P . .QnR nposepKH TaKoro npeAnonomeHHR Ha nosepxHOCTb 
peaoHaTopa 6bina HanwneHa AOnonHHTenbHaR nneHKa Nb-Ti TOH me 
TOn~HHbl /-3 MKM/ H COCTaBa. npH 3TOM, OAHaKo, 3Ha4eHHe A06poT­
HOCTH He yMeHbWHnOCb, a He3Ha4HTenbHO ysenH4HnOCb, 4TO RBnReT­
CR nOATBepmAeHHeM npaBHnbHOCTH Oi.teHKH senH4HHbl nHHHHHrOBOH 
4aCTOTW fp /17/. 

5. 3AKJll04EHl1E 

CneAyeT OTMeTHTb, 4TO HCcneAOBaHHe Ha 4aCTOTax -109ri.t 84 
napaMeTpos o6pa3i.tOB Nb-Ti C TaKHMH BblCOKHMH 3Ha4eHHRMH fp > 
>10 9 f4 npOBOAHTCR, HaCKOnbKO HaM H3BeCTHO, snepswe /CM. TaKme 
ynoMHHaHHe B pa6oTe1171 06 onpeAeneHHH CT3HTOHOM senH4HHW A -
-2 ·10-6 M AnR Nb3Sn a none -ST/. CHnbHoe aaKpenneHHe BHkpeH 
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B HccneAOBaHHblX nneHKaX Nb-Ti npHBOAHT K yMeHbWeHH~ npHMep­
HO Ha nopRAOK senH4HHW nosepxHOCTHOro conpOTHBneHHR no cpas­
HeHH~ co cny4aeM cna6oro nHHHHHra 129 ~npHBeAeHHaR a pa6oTe 
04eHKa noKa3blBaeT, 4TO B npHH4Hne B03MOmHO yMeHbWeHHe nosepx­
HOCTHoro conpOTHBneHHR R' csepxnpOBOAHHKa B CMeWaHHOM COCTOR­
HHH /npH f -10 9 f4, B -1 T npHMepHO Ha TPH nopRAKa no cpaBHe­
HH~ C o6bl4HOH / 11TennoH 11

/ MeAb~. Ha 6onee HH3KHX 4aCTOTaX 3TO 
YMeHbWeHHe 6yAeT e~e 6onbwe /TaK KaK Rpcn f 2 , Rcu Cll f112/, 4TO 
MomeT 6WTb samHWM npH npaKTH4eCKOM npHMeHeHHH. 

3aMeTHM TaKme, 4TO csepxnpoB~AHHKH II POAa (Nb3 Sn, NJ:>..,;Ti) 
HaXOART a nocneAHee speMR see 6onbwee npHMeHeHHe npH co3AaHHH 
06bl4HblX / 113KpaHHpyeMWX11

/ pe30HaTOPOB /30,32/: 8blCOKHe 3Ha4eHHR 
nHHHHHrOBOH 4aCTOTbl 3THX csepxnpoBOAHHKOB / f p > 1 0 9 f4/ MoryT 
cy~eCTBeHHO noHH3HTb senH4HHY 11ocTaT04HOro11 nosepXHOCTHOro 
conpOTHBneHHR H ysenH4HTb AOnycTHMWH yposeHb 84 MO~HOCTH B TOM 
cny4ae, KOrAa 3TH senH4HHbl onpeAenR~TCR nOTOKOM, aaxBa4eHHWM 
npH nepeXOAe B csepxnpoBOAR~ee COCTORHHe /CM., HanpHMep, pa-
60Tb114·331/ • 

ABTOpbl 6narOAaPRT UJ. 6eHe4Ka H 11. 8aepa aa none3Hble AHCKYCCHH 
H nOMO~b npH npoBeAeHHH HeKOTopwx H3MepeHHH. 
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