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Xopowo 113BeCTHblM B TeXHOnor1111 113rOTOBneHl1R csepxnpOBOAR~ero 
coeA11HeH11R Nb 3Sn RBnReTcR MeTOA peaKTl1BHOH A11~~y31111 1tl. Ha 
nepsoM 3Tane nony4alOT Ha H110611esoH noAnomKe coeA11HeH11R,6ora
Tble onosoM: Nb5 Sn 6 11 NbSn2 /6yAeM o6o3Ha4aTb 11x s AanbHeHweM 
KaK _Nb+Sn /, a 3aTeM npOBOART OKOH4aTenbHYIO TepMoo6pa60TKY' 
np11 KOTOPOH o6pa3yeTCR COeAl1HeH11e Nb3Sn. noHRTHO, 4T0 mena~ 
TenbHblM RBnReTCR KOHTpOnb cocTaBa noKpblTl1R Nb+Sn nocne nepso
ro 3Tana, TaK KaK KOfll14eCTBOM aTOMOB onosa onpeAenReTCR 11 Ton
~11Ha cnoR Nb 3sn: , 

B pa6oTe MeTOAOM o6paTHoro pacceRHl1R /ynpyroe pacceRHl1e Ha 
6onbw11e yrnbl/ npoaHan11311posaHbl nneHKl1 411CTbl~ 3neMeHTOB Nb 11 
Sn, KOTOPble 6b1n11 np11rOTOBneHbl Ha noAnOmKaX 113 MOHOKpl1cTann11-
4eCKOrO KpeMHl1R nyTeM 3neKTpOHHO~nna3MeHHOrO 11cnapeHl1R B BaKy
yMe - 1 o-4 na, a TaKme nneHKl1 Nb+Sn, np1-1roTosneHHb1e s pe3ynb
TaTe COBMeCTHOro HanblJleHl1R Nb 11 Sn. 

To11~11Ha nJleHOK onpeAeJlReTCR MeTOAOM 11HTep~epeH~l111 MOHOXpo
Man't4eCKoro CBeTa C noMO~blO Ml1KpOcKona Varian C T04HOCTblO 
He xyme +50 HM. Hcc11eAODaH11e o6pa3~0B npoBOAl1110Cb ny4KaMl1 110-
HOB 3 H-;+, 4He+ c 3HeprneHEo=3,0 M3B. PacceRHHble 4acT11~b1 
per11cTp11posa1111Cb KpeMHl1eBblM nosepXHOCTH0-6apbep·HblM AeTeKTOPOM 
c 3HepreT114eCKl1M pa3peweH11eM 18 K3B, pacnonomeHHblM no;:, yr110M 
135° K nepBl14HOMY ny4KY 110HOB. CneKTPbl per11cTp11posan11cb MHOro
KaHaJlbHblM aHa1111aaTOPOM T11na ·DIDAC Ha 1000 KaHanax. 

3Hepr11R E 1 pacce11sa10~,x7R OT nosepXHOCTl1 4acT11~ onpeAenR
eTcR no 113BeCTHOH $0PMyJle 2 : 

E1=Ksc ·Eo, /1/ 

rAe K80- K11HeMaT114eCKl1H $aKTOP pacceRH11R, 3a011cR~11H OT yrna 
pacceRHl1R 11 aTOMHblX Mace 4aCTl1~ ny4Ka 11 Ml1WeH11.Bc11eACTBl1e 3Hep
reTl14eCKl1X noTepb 4acT11~ ny4Ka np11 ero npoxomAeH1111 4epe3 
nneHKY cneKTpbl 11Me10T pa3HYIO Wl1Pl1HY ~E,'OA11H 113 cneKTPOB cxe
MaTl14eCKl1 11ao6pameH Ha p11c.l. MemAY w11p11HOH cneKTpos ~E 11 
TOJ1~11HOH nneHOK d cy~eCTByeT AO onpeAeJleHHOH TOJ1~11Hbl Jll1HeHHaR 
3aBl1Cl1MOCTb 

~E- [S].d, /2/ 

rAe [S] - napaMeTp 3HepreT114ecK11x noTepb. Ko3<1J<1)11~11eHT [S] 3a-
011c11T OT Kl1HeMaTl14eCKOro ~aKTOpa pacceRHl1R K SC 11 TOpM03HOH 
cnoc·o6HOCTl1 MaTep11a11a n11eHKl1. TeopeTl14eCKl1 [SJ Bbl411CJlReTCR 113 
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3.0M3BW 
PHc,1. 3HepreTWieCKHH cneKTp 

4H + qacTHu; e , ynpyro pacceHHHhlX 
Ha nneHKe HH06HH TOJintHHOH 
0,93 MKM, 

3aBHCHMOCTH aTOMHOro TOPM03HOro 
Ce4eHHff OT 3HeprHH HOHa. 3Haff ts 

01 ...,.........ry / 
1 

/ (,, ,..__ 1 eenHllHHY {Sl, MOlKHO 3HepreTH4ec-
~~ """ .,..,,.. "" 900 KYIO wKany cneKTpa nepeeecn1 

8 rny6HHHYIO, 
AHanH3 cneKTPOB o6paTHOro 

pacceRHHff cepHH nneHOK HH06HR 
H onoea pa3HOCI TOnlijHHbl noaeonHn nony4HTb 3aBHCHMOCT"1 L\E= f(d) 
Ailff "10HOB ny4Ka 3He+ H 4He+ /pHc.2/. no yrny HaKnOHa npR
MOnHHeHHOH 4aCTH 3aBHCHMOfTeH AEmf(d) Bbl4HCI1eHbl 3Ha4eHHR 
{SJWi:i =780 38/HM; ·; {$] S~e =650 38/HM; [S]t~e =900 38/HM; 

· 4He 
{S]80 =750 38/HM, nocTORHCTBO napaMeTpoe {S] AO ToniqHHbl nne-

HOK - 1,3 MKM n03B011ReT onpeAenRTb COCTae nneHOK Nb+SnAO 
TaKOH lKe TOnlijHHbl: nnoiqaAb cneKTpa A /cM. pHc.1/ 6e3 la4eTa HaK-
noHa nnaTo H3-3a TaK Ha3b1BaeMoro skewing -3¢1<l>eKTa 3/ npo-
nopt1HOHaI1bHa KOnH4eCTBY aTOMOB eeiqecTaa B eAHHHl.le 061,eMa N / 4/: 

A-=AE ,H=QOa Nd, /3/ 

rAe Q - o6iqee 4Hcno t.1aCTHLI, nonaAalOlijHX Ha MHWeHb; n - Tenec
HblH yron aKT"1BHOH noeepXHOCTH AeTeKTOpa; a- AH~~epeHt1HaI1bHOe 
Ce4eHHe ynpyroro pacceRHHR*. 
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PHc.2. 3aBHCHMOCTb 3HepreTHtieCKOH IIIHPHHhl cneKTpOB L\E 
HH06HeBhlX H OJIOBHHHblX nneHOK OT HX TOJIIIUiHbl ,r:vrn 
3He+ /a/ H· 4 He+ /6/. 
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* K 4 + BeJ1H4HHbl SC , a AilR pa3Hbl', 3JleMeHTOB H He 4acTt-1~ ny4Ka 
npHBeAeHbl B npHnomeHHH. 
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4 + PHC. 3. 3HepreTHtieCKHe cneKTpbl tiaCTHD; He, ynpyro pac-
ceHHHblX OT Nb+ Sn nneHOK; TOJintHHa nneHKH 
)20 HM /a/ H 330 HM /6/, 

COOTHOWeHHe aTOMHblX KOHt1eHTpa1.11-111 Bbl4HCJ1ReTCR C nOMOlijblO /2/ 
H /3/: 

Nsn Asn aNb [Slsn aNb Hsn 
-: = _,._:z:·-;•--:•----:• 
NNb ANb asn [S]Nb aSn HNb . /4/ 

Ha OCHOBe 3TOro BblpalKeHHR onpeAeneH COCTaB nneHOK Nb+Sn, 
3HepreTl-14eCKHe cneKTpbl KOTOPblX npHBeAeHbl Ha pHc.3. CneAYeT 
OTMeTHTb, 4TO H3-3a 6nH30CTH 3Ha4eHHH 3HeprHH HOHOB, pacceHea10-
lijHXCR OT aTOMOB Nb H Sn, HaXOARlijHXCR Ha noeepXHOCTH, 3Hep
reTl-14eCK_He cneKTPbl Nb H Sn HaKnaAblBalOTCR APYr Ha APYra. no3-
TOMY T04HOCTb onpeAeneHHR COCTaea 3aBHCHT OT T04HOCTH pa3no
meHHR cneKTpa no OTAeilbHblM 3JleMeHTaM, a COOTBeTCTBeHHO OT T04-
HOCTH H3MepeHHR BblCOT nnaTO Hsn H HNb• H paeHa - 1 aT%. 

Ha PHC.4 npHBeAeH cneKTp, xapaKTepH3YIOlijHH Nb3Sn, npHrOToe
neHHblH Ha noAnOmKe H3 HH06HR. XOTR O CTeXHOMeTpHH COeAHHeHHR 
Nb3Sn npoiqe H T04Hee CYAHTb no H3MepeHHIO KPHTH4eCKOH TeMnepa
TYPbl nepeXOAa e ceepxnµOBOAR!ijee COCTORHHe, o6paTHOe pacceRHHe 
AaeT AOnOJlHHTeJlbHYIO HH~OpMal.lHIO O paBHOMepHOCTl-1 pacnpeAeileHt-1R 
KOMnOHeHT no rny6HHe. no nonomeHHIO 3aAHero $POHTa cneKTpa oKo-
110 KaHana 510 /p1,1c.4/, HCnOJ1b3YR napaMeTp 3HepreTH4eCKHX 
noTepb, MOlKHO 01.1eHHTb TOJllijHHY cnoR Nb3Sn / ~1,3 MKM/. 
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Puc. 4. 3HepreTH'!€CKHH crreKTP 4 He+, yrrpyro pacceHHHblX 
~b3Sn - rrneHKH, rrpurOTOBneHHOH Ha HH06HH. 
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3Ha4eHHR KHHeMaTH4eCKOro ¢aKTOpa pacceRHHR Ksc H AH¢
¢epeH~HanbHOro ce4eHHR ynpyroro pacceRHHR u AnR HeKo
TOpMx 3neMeHTOB nepHOAH4eCKOH Ta6nH~M MeHAeneeaa 

Z2 -aT. 
HOMep 

3 
4 
5 
6 
7 

m2 -aT. 
Macoa 

6,94I 
9,!0248 

I0,8II 
I2,0III5 
!4,0007 

u,m2 . 

4,77!3E-5I 
I,I288E-50 
I,9674E-50 
2,96!9E-50 
4,23!3E-50 

Ksc 

0,!0272 

0,!9356 
0,26347 
0,30492 
0,36548 

t 

tij 
'.! rJ 

~~ 

3Jle
MeBT 

0 
F 
We 
l-Ja. 
119 
Al 
Si 
p 
s 
Cl 
Ar 
K 
Ca 
Sc 
Ti 
V 
Cr 
Mn 
Fe 
Co 
Hi 
Cu 
Zn 
Ga 
Ge 
As 
Sf. 
Br 
K.
Rb 
Sr 
V 
Zr 
Nb 
Mo 
Tc 
Ru 

Z2 -aT. 
HOMep 

8 
9 

Ia 
II 
!2 
!3 
14 
I5 
16 
I7 
18 

. 19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

3! 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4! 
42 
43 
44 

m2 -aT. 
Macca 

!5,9994 
IS,9984 
20,!79 
22,9898 
24,305 
26,98154 
28,086 
30.9738 
32,064 
35,453 
39,948 
39.098 
40,08 
44,956 
47,90 
50,942 
51,996 
54,938 
55,847 
58,9332 
58,?I 
63,546 
65,38 
69,72 
72,59 
74,9216 
78.96 
79,904 
83,80 
85,4678 
87,62 
88,9059 
9I,22 
92,9064 
95,94 
98~2 

IOI,07 

a,m2 

5,6973E-50 
7,4!79E-50 
9,229IE-50 
I,l322E-49 
I,3539E-49 
I,6012E-49 
I,86I7E-49 
2,l487E-49 
2,4488E-49 
2, '7761E-49 
3,I248E-48 
3,4793E-49 
3,858IE-49 
4,2664E-49 
4,6889E-49 
5,I309E-49 
5,5888E-49 
6,0698E-49 
6,5667E-49 
7,0870E-49 
?,62I3E-49 
8,I836E-49 
§,7605E-49 
9,3605E-49 
9,9778E-49 
I,0614E-48 
I,I272E-48 
I,I946E-48 
I,2642E-48 
I,3356E-48 
I,4090E-48 
I,4843E-48 
I,56!6E-48 
I,6408E-48 
I,722IFr-48 
I,8054Fr-48 
I,8905:Fr-48 

Ksc 

0,41703 
0_,48124 
-0,50295 
0,54816 
0,56668 
0,600II 
0,61247 
0,64150 
0,65!38 
0,67890 
0,70938 
0,70407 
0,7IOI9 
0,73722 
0,75124 
0,76424 
0,76844 
0,77940 
0,78258 
0,79272 
0,79202 
0,80625 
8,8III4 
0,82!8! 
0,82823 
O,S33II 

0,84094 
0,84267 
0,8494! 
0,85212 
0,85549 
0,85742 
0,86078 
0,86313 
0,86716 
0,87008 
0,87346 

s 
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JlHTEPATYPA 

3JieMeHT Z2 -aT. m2 -aT. 
a,m2 Ksc 1. CaepxnpoeoAR~He MaTeJ)l1an~ /noA peA. E.H.CaaH4Koro/. HOMep Maoca 

"MeTannyprHR11
, H., 1976. Rh 45 102,9055 I,9776E-48 0,87558 2. Ziedler J. Thin Sol id Fi Jms, 1973, l9, p. 289. 

Pd 46 106,4 2,0667E-48 0,87941 3. Br1ce D.K. Thin Sol id Films, 1973, 19, p. 121. Ag 47 107,868 2,l577E-48 0,88095 

1 
4. Feng 1.S.-Y. et al. Thin Solid Films, 1973, 19, p. 175. 

CJ 48 II2,40 2,2508E-48 0,88547 
In 49 II4,82 2,3458E-48 · 0,88774 llt 

Sn 50 II8,69 2,4428E-48 0,89120 
Sb 51 121,75 2,5417~8 0,89379 
Te 52 127,60 2,6427E-48 0,89840 
I 53 126,9044 2, 7453E-48 0,89787 
Xe 54 131,30 2,8501E-48 0,901I2 
Cs 55 132,9054 2,9567E-48 0,90226 
Ba 56 137,34 3,0655E-48 0,90525 
LCl 57 133,906 3,I760E-48 0,90628 

~.J. 72 I...,8,49 5,0700E-48 0,92628 
Ta 73 !80,£4E' 5,2II9E-48 0,92725 
w 74 183,85 5,3558E-48 0,92835 
Ile. 75 186,207 5,50I7E-48 0,92923 
o~ 76 190,2 5,6495E-48 0,93066 
Ir 77 !92,22 5,7992E-48 0,93136 
Pl 78 195,09 5,9509E-48 0,93234 
Au 79 196,9665 6,l046E-48 0,93296 
I-lg 80 200,59 6,2602E-48 0,93413 
TL BI 204,37 6,4l79E-48 0,93531 
Pb 82 207,19 6,5774E-48 0,93616 
IH 83 208,9804 6,7389E--48 0,93669 
Po 84 209 6,9022E-48 0,93670 
At 85 2IO 7,06'16E-48 0,93699 
Rn 86 222 ? ,2353E-48 0,94029 
Fr 87 223 7,4045E-48 0,94055 
Ra 88 226,0254 7,5?58E-48 0,94132 
Ac 89 227 ?,7490E-48 0,94157 r Th 90 232,038! 7,9243E-48 0,94280 
~ 91 231,0359 8,IOl3E-48 0,94256 
u 92 238 ,03 8,2806E-48 0,94420 

I 
PyKOnHCb nocTynHna B H3AaTeflbCKHH OTAen 

29 AeKafipR 1981 rOAa. 
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