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Mel'OllOM 

OnpeJ:leneH XIIMII'lecKHA cocraa caepxnpoaoJ:lRWHX nneHoK NbTi 

M8l'OAOM ynpyroro paCCeRHHR 'l8Cl'HU 3 He. noK838HO, 'll'O 8H8JlH3 COCT8B8 
llJl8HOK H8 OCHOBe nony'leHHh!X 3H8'!8HHH napaMeTpOB SHepreTII'leCKHX 
norepb [s] MO)KHO npoBOlllll'b no ronwHHhi nneHOK 10000 J... To'!Hocrb 

onpeneneHHR XIIMH'leCKoro cocraaa np11 sroM He xy)Ke 0, I a r. o/o 11 MO>Ker 
6hiTb cymecraeHHO yaenH'leHa, 

P a6ora BhmonHeHa a Or ilene HOBhiX Meronoa ycKopeHII g 01151H. 

llpenpBHT 06-.e.lliiHeHHOrO BHCTBTYT& aJlepBWX BCCneJlOB&HBI • .llY6H& 1977 

Buch J. et al. 
Pl4 - 10446 

Determination of the Chemical 
Composition of Thin NbTi Films ty Elastic 
Scattering of 3 He 

The chemical composition of the superconducting 
NbTi films has been determined by elastic scattering of 

3He. It is shown that the chemical analysis of thin 
films based on the obtained energy loss parameters (s], 
C&n be performed for the films of thickness up to 
10.000 A. 

The accuracy of determination of the chemical 
composition in this case is not worse than 0.1 atom.% and 
can be essentially increased. 

The investigation has been performed at the 
Department of New Acceleration Methods, JINR. 

Preprint of the .Joint Institute for Nuclear Research. Dubna 1977 

© 1977 061oeOuHeHHWU UHC8U8.)18 JI~Pifi>IX UCCAe008QHUU)b6Ha 

B nocne.IJ.Hee apeMR B cPHJHKe Taep.IJ.oro Tena, noaepx
HOCTeH H TOHKHX nJieHOK HaqHHaiDT WHpOKO llpHMeHHThCR 

R,IJ,epHO-cPHJHqeCKHe MeTO,IJ,hl aHaJIH3a /1,2/. 
B OHMY coaMeCTHO c JlHcl> 6hma pa3pa6oTaHa ycTa

HOBKa H OCBOeHa MeTO,IJ,HKa ,IJ,JIJI onpe,IJ,eJieHHH XHMHqecKOrO 

COCTaBa TOHKHX llJieHOK C HCllOJib30BaHHeM ynpyroro pac-
CeHHHR 3 He/J/. 

OcsoeHue 3Toii MeTO.IJ.HKH BhiJBaHo Heo6xo.IJ.HMOCThlO 

nonyqeHHJI caepxnposo.IJ.BIUHX nneHOK NbTi c BhiCOKHMH 

3JieKTpuqeCKHMH napaMeTpaMH H O,IJ,HOpO,IJ,HOCTblO cPH3HKO

XHMHqecKHX H MeXaHuqeCKHX CBOHCTB Ha 60JibWOH llJIO

rua.IJ.H B CBR3H C pa3pa60TKOH YCKOpHIDIUHX lt.1eMeHTOB -

peJoHaTopos KOJihUeTpoHa I fo = 500 MF14/ · 
B .IJ.aHHoii pa6oTe npuBO.IJ.HTCH aHaJIH3 xuMuqecKoro co-

cTasa caepxnpoBO.IJ.RIUHX nneHoK NbTi. llneHKH NbTi 
pa3JIH'IHoro cocTasa, a TaK>Ke qucTbie nneHKH Nb H Ti 
6biJIH llpHrOTOBJieHbl Ha llO,IJ,JIO>KKaX H3 MOHOKpHCTaJIJIBqecKO

ro KpeMHH.H MeTO,IJ,OM 3JieKTpOHHO-nJia3MeHHOrO /3ll/ HC

napeHHJI B BaKyyMe. YcTaHOBKa H KOHCTPYKUHR 3ll HCnapu
Teneii onucaHhl a pa6oTax /5,6/. llpuMeHeHue Kpuocop6uuoH

Horo H MarHHTOpa3pH.IJ.HOrO HaCOCOB ll03BOJIJIJIO BeCTH npo

uecc KOH,IJ,eHCaUHH nneHOK B 6e3MaCJIJIHOM /cyXOM/ BaKyyMe 

npu P::: 8 ·10 -8 Top. 
Hccne.IJ.yeMhie o6pa3Uhl ycTaHaanuaanuch B KaMepe pac

CeHHHJI B MHOrOll03HUHOHHOM ,IJ,ep>KaTeJie H llO,IJ,BepraJIHCh 
3 

6oM6ap.IJ.HPOBKe KOJIJIHMHpoaaHHhlM nyqKoM HOHOB He c 
3Heprueii E 0 = 3,0 M3B. AHaJIH3HpyeMaR nnoma.IJ.h o6paJ.ua 

paBHHJiach 1,5 MM~ CneKTphl pacceRHHhlX qacTH.U perucT

pupoaanucb noaepxuocTHo-6apbepHhlM KpeMHHeBhlM .IJ.eTeK

TopoM, pacnono>KeHHhlM no.IJ. yrnoM 135 °· 3HepreTuqecKoe 

paJpeweHue cnernpoMeTpuqecKoro KaHana cocTaBJIRJIO 
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20 ICJB. CneKTphl perHcTpHpoaanHCb 
aHanH3aTopoM HMnynLcoa THna DIDAC 

AHanH3 JHepreTH'leCKHX cneKTpoa 

MHoroKaHanLHLIM 
Ha 1000 KaHanax. 

OT Hccne.n;yeMLIX 
rrneHOK l103BOnHeT Onpe.n;enHTb aTOMHbie MaCChi pa3nH'lHbiX 
3neMeHTOB, npHCYTCTBYIOII.(HX B rrneHKaX HnH Ha HX ITOBepx
HOCTHX, a TaK~e HX pacnpe.n;eneHHe l10 TOnli.(HHe rrneHOK. 

Ha puc. 1 H 2 rrpe.n;cTaaneHLI 3HepreTH'leCKHe crreKTpbi 
nneHoK Ti H Nb pa3nH'lHOH TOnli.(HHLI, KOH.n;eHcHpoaaHHbiX 
Ha KpeMHHeBLie rro,n:no~KH. 

3epKanLHaH rroaepxHOCTb no.n;no~eK, nonyqaeMaH a pe-
3ynbTaTe Tll.(aTenbHOH MeXaHH'leCKOH o6pa60TKH H XHMH· 
'leCKOH rronHpOBKH a napax HCl npH TeMnepaType 950 °C 
l103BOnHna onpe.n;enHTb TOnli.(HHY rrneHOK C TO'IHOCTbiO ±30] 
MeTO)];OM MHOrOKpaTHOH HHTep$epeHUHH MOHOXpOMaTH'lec
KOrO caeTa Ha MHKpocKone VARIAN. 
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Puc. 1. 3Hepze111u~ecKue cneK111pbl ~ac111Ufl He, ynpyzo 
pacceRHHbiX 0111 nAeH01i 111u111aHa pa3/IU~Hoii 1110/IIJIUHbl. Ma111e
pua/l noO.iiOJKKU - KpeMHUU. 
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fOOD 

Puc. 2. 3Hepze111ut~ecKue cneK111Pbl t~ac111Ufl lue, ynpyzo 
pacceJIHHbiX 0111 nAeHoK Huo6uJI pa3AUt~Hoii 1IIOAUIUHbl. Ma-
111epuaA nOOAOJICKU.- KpeMHUU • 

3HeirB.& E 1 pacceaaaiOmBxc.a OT rroaepxHocTei rrneHOK 
qacTBU He orrpe.n;en.aeTCJI no cllopMyne I' 7,8/ 

E E K E I 
m1 cos8 +(m~-m1 sinS) X 12 

1"" 0 "" 0 ' /1/ ffil+lll2 

r.ne Eo - 3HeprBJI qacTBU ITY'IKa B M3B; K sc- KBHeMaTB
'leCKBB cllaKTOp pacCeJIHBJij m~, m 2 - aTOMHble MaCChi 'laC· 
TBU ny'IKa B MBWeHB; 8z 135 - yron pacce.&HBJI a na6opa

TOpHoi CBCTeMe KOOp,nBHaT. 

Bcne.n;cTBBe 3HepreTB'IeCKBX noTeph ny'IKa npB ero npo
xo>K,neHBB 'lepe 3 nneHKY CITeKTPbl BMeiOT pa3HYJ0 WBpBBY. 
Me>K,ny TonmaHoi nneHOK d B WBPBHoii cneKTpoa L\E /on
pe.n;enseTCJI Ha ITOnOBBHe BbiCOTbl CDeKTpoB/ CytUeCTByeT • 
)1;0 onpe.n;eneHHOB TOnlllBHbl nneHOK • 3aBBCBMOCTh /9/ 
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Puc. 3. 3aaucu.Mocm& :JHepzemu'lecKoii wupuHbl cneKmpoa 
11E mumaua u uuo6u.11 om mOAUIUHbl nAeHoK. 

11E- [ S ]. d , /2/ 
0 

r.n:e [S ] - napaMeTp 3HepreTuqecKHX noTeph B :JB/A. 
Ha puc. 3 npe.n;cTaBJieHhi JaBHCHMOCTH 11E oT TOJIIUHHhi 

nneHOK Ti H Nb. no yrny HaKJIOHa npJIMhiX BhlY:HCJieHhl 3Ha

qeHH.H [S] Ti = 68 :JB/A H [S] Nb = 81 :JB/A. 
IlapaMeTp 3HepreTuqecKHX noTeph [S] JaBHCHT OT Ksc 

H JIHHeHHhiX noTeph 3HeprHH dE/dx /TopM03HaJI cnoco6-

HOCTh/ /IO/: 

dE I [S]= Ksc dx Eo 

BenuquHa dE/ dx 

+ _1 __ dE I 
cos8dX K · 

/3/ 

B 6onee o6meM su.n:e Bhipa)l{aeTCJI 

qepe3 MaccosyiO TopM03HYIO cnoco6HOCTh 

1 dE 
f = N ""(IX', /4/ 

6 

~ 

I ~ ~ 

r.n:e N - KOJIHY:eCTBO aTOMOB aemecTBa B e.n;HHHUe o6beMa 

I CM-3 /. 

KaK BH.n;Ho H3 puc. 3, aeJIHY:HHhi 11E .n;n.11 Ti H Nb c Bhi" 

coKoii TOY:HOCThlO JIO)I{aTC.H Ha npJiMhie. 3To 03HaqaeT 

llOCTO.HHCTBO napaMeTpOB 3HepreTHY:eCKHX llOTeph ~]Ti H 

(S) Nb B .n;aHHOM HHTepBaJie TOJIIUHH llJieHOK /.q,nJI THTaHa 

.n:o d = 13360 A, .n;nJI HH06HJI .n:o d = 10200 A/. TaKHM 

o6pa30M, HCllOJih30BaHHe llOJiyY:eHHhlX 3HaY:eHHB [S]Ti H 

[S ] Nb .D:JIJI aHaJIH3a cocTaaa nneHoK NbTi .n:o TOJIIUHH 

llOpJI.n;Ka } .MI<M llpH 4JHKCHpOBaHHOM yrJie pacceJIHHJI He 

Tpe6yeT 3HaHHJI 3aBHCHMOCTH TOpM03HOrO Ce'ieHHJI OT 3Hep

rHH. 

llpu aHaJIHJe nneHOK NbTi TOJIIUHHOH .n:o 4000 A, 
a TaK)I{e nneHOK 6onee TOJICThiX /.n:o 7000 A/, HO c MaJihiM 

co.n:ep)l{aHHeM Huo6HJI /o6pa3Uhi .N287 H 88/ nony'iaiOTCJI 'JHep

reTHY:eCKHe cneKTphi c oT .n:enhHhiMH nuKaMH I eM. puc. 4/, 
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Puc. 4. 3uepzemu'le:_~<ue cneKmpbl 'lacmuij 3 He, ynpyzo 
pacceJIHHblX om uuo6uu- mumauoa&IX nAeHoK. 
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nno~a~L KOTOphlX A /B OTcqeTaX/ COOTBeTCTByeT 
BepxuocTnoii KonueuTpau;uu N I CM -2 I H paBua12/: 

s 

A=Q·O·a·N =Q·fl.a.N.d, s 

no-

/5/ 
. 3 

r~e Q - 'IHcno na~aiO~Hx ua nnenKy qacTHU He, onpe~e-
neuuoe no HJMepeuuro ToKa nyqKa /Ms Bcex npo:Be~ennhlx 
3KCnepHMeHTOB 3TO 3Ha'leHHe OCTaBanocL flOCT01lHHhlM 
H 6hlnO paBHO Q = 9,89 .}Ql4qaCTHU 3 He/; 0 - TeneCHhlH 
yron aKTHBHOH nOBepXHOCTH ~eTeKTOpa; a - ~H4Ktlepeu

IJ;HanLHOe ceqeuue ynpyroro paccesuus, onpe~eneuuoe no 
«llopMyne Pe3ep4!op~a /11/: 11 

m1 2 12 2 z z e2 2 I cos®+ [ 1-( lilsin®) ] I 
ac= ( 1 2. ) m 2 2 ' /6/ 

2 E 0 • Sln e [1- ( ~sine) ] % 
2 

r~e Z1, Z2- aTOMHhle HOMepa 'laCTHU nyqKa H 3neMeHTOB 
auanH3HpyeMhlX nnenoK, e - Japs~ 3neKTpoua. 

3uaqeuus K sc H a ~ns uarnero cnyqas, ucnonLJyeMhle 
npu auanHJe 3HepreTH'IeCKHX cneKTpoB, npe~cTaBnenhl B 
ma6A. 1. · 

CooTnorneuue aTOMHLIX Konu;enTpau;uii Bhl'IHcnseTcs no 
cne~yro~eMy Bhlpa)l(euuro: 

N Ti An aNb 

NNb c= AN~.-;; Ti-' 
/7/ 

a co~ep)l(aHHe 3neMeHTOB B aTOMHhlX npou;enTax nonyqaeM 
H3 COOTHOUieHH.Il 

N Ti + NNb= 100%. /8/ 

CneKtPhl OT 6onee TonCThlX nnenoK NbTi I d = 
= 4000 A 7 10000 A; Bcne~CTBHe 3nepreTnqecKHX noTepL 
nonyqaroTcs 6onee cnO)I(HOii «llopMhl, npoucxo~HT ux pacrnu
peuue H uano)l(euue /eM. puc. 5/. To'IHOCTL auanHJa 
B 3TOM cnyqae JaBHCHT OT TO'IHOCTH palnO)I(eHHil cneKTpOB 
no OT~enLHhlM 3neMeHTaM. PeJynLTaThl pac'leToB ~ns Bcex 
uccne~oBaHHhlX nnenoK NbTi npuBe~eHhl B ma611. 2. 

,ll;ns o6pa3u;a N!!95 nno~a~u, cooTBeTCTBYIO~He qucTLIM 
3neMeHTaM Nb H Ti, JarnTpHxoBaHhl I puc. 5/. 
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Ta6AUf4a 1 
3uaqeuus KHHeMaTnqecKoro «llaKTopa pacce.IIHH1l K sc H 
~H4Ktlepeuu;uanLuoro ceqeuus ynpyroro paccesuus a ~ns 
He!<OTOPLIX 3neMeHTOB nepuo~uqecKOH Ta6nHIJ;hl. 

3ne- Z2-aT. m2-aT. 
MeHT HOMep Mace a a Ksc 

Li 3 6~93 4,691E-26 2,019E-Ol 
Be 4 9,01 9,561E-26 3,039E-01 
B 5 10,81 1,579E-25 3,7f;6E-01 
c 6 12,01 2,329E-25 4,163:C-01 
N 7 14,00 3,253E-25 4,?38E-01 
0 e .. 15,99 4,319E-?.5 5,213E-01 
F 9 18,99 5,553E-25 5,791E-01 
Ne 10 20,18 6,A85E-25 5,984E-01 ! 

Na 11 ~·?. '98 8,394E-25 6,375E-01 

I ~f 12 24~31 l,001E-24 6,536E-01 
13 26,98 1,180E-24 6,820E-Ol 

Si 14 28,08 1,371E-24 6,924E-01 
I p . 15 30,97 1,578E-24 7,167E-01 

s 16 32,06 1,798E-24 7,249E-01 
C1 17 35,45 2,034E-24 7,477E-01 I Ar 18 39,95 2,286E-24 7,727E-01 
K 19 39,10 2,r:45E-24 7,684E-01 
Ca 20 40,08 2,822E-24 7,?34E-01 

! Se 21 44,_95 3,117E-24 7,953E-01 I 

Ti 22 4?,90 3,424E-24 8,066E-01 
v 23 50,94 3,744E-24 8,170E-01 

I Cr 24 51,99 4,078E-24 8,204E-01 
Mn 25 54,94 4,427E-24 8,292E-01 
Fe 25 55,84 4,789E-24 8,317E-01 

I Co 27 58,93 5,167E-24 8,398E-01 
Ni 28 58,71 5,557E-24 8~392E-01 
Cu 29 63,54 5,964E-24 8.505E-01 
Zn 30 55,37 6,384E-24 8,544E-01 

' 

Ga 31 69,?2 6,819E-24 8,628E-01 
Ge 32 72,59 7,267E-24 8,679E-01 
As 33 74,92 7,730E-24 8,717E-01 
Se 34 78,96 8,208E-24 8,779E-01 
Rr 35 79,91 8,698E-24 8,792E-01 
Kr 36 83,80 9,204E-24 8,845E-01 
Rb 37 85,47 9,723E-24 8,866E-01 
Sr 38 87,62 1,025E-23 8,892E-01 
y 39 88,90 1,080E-23 8,907E-01 
Zr 40 91,22 1,136E-23 8,934E-01 
Nb 41 92,90 1,194E-23 8,952E-Ol 
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IIpo,.lJ.on)l(eHHe ma6AUtlbl 1 

3ne- Z2 - aT. m2- aT. 
a MeHT HOMep Macca 

Mo 4;.; 95,94 1,2E::3E-23 
'l'c 1:? 'J8,00 1,313£-23 
Ru 4-J 101,07 1,375£-28 
Hh 45 102 ,QO 1,439£-23 
t'rl 46 106,40 1, 503E-2::3 
llg, 47 107,87 1,570E-23 
8d 48 112,40 1,637E-23 
In 49 114,82 1, 706E-23 
0!1 50 118,G'd 1,777E-23 
Sh 51 121,75 1,849E-23 
Tr- 52 1~7,60 1,92c::E-23 
I 53 126,~0 1,997E-23 
x~ ~A 131,30 2,073E-23 
Ca 55 132,90 2,150E-:.:3 
Ba 56 137,34 ::~ .~ 29li:-23 
La 57 138,91 2,310E-23 
Hf 72 178,49 3,687E-23 
1'a 73 180,94 3,790E-23 w 74 183,85 3,894E-23 
H•· 75 186,20 4, OOOE-23 
Oa 76 190,20 4, 108E-~~3 
Ir 77 192,20 4,217.t.:-23 
Pt 78 195,09 4,327E-23 
Au 79 196,96 4,439£-23 
Hg 80 200,59 4,552£-23 
T1 81 204,37 4,666E-23 
Ph 82 207, 19 4,782E-23 
'3i E3 208,98 4,900E-23 
Po 84 210,00 S,Ol9E-23 
At 85 210,00 5,139£-23 
Rn 86 222,00 5,261E-23 
Fr 87 223,0') 5,384E-23 
Ra 83 ".:'26,00 S,S08E-23 
Ac 89 227,00 5,6:"4E-23 
1'h ()0 ?3~, 03 5,762E-23 
Pa 91 231,00 5,890£-23 u 92 238,03 6,021E-23 

10 

Ksc 

8,98::3E-01 
9,004E-01 
9,032E-01 
9, 049E-01 
9,079E-01 
9,091E-01 
9,126E-01 
9,143E-Ol 
9,170E-Ol 
9,190E-01 
9,226E-01 
9,221E-01 
9,~47E-01 
9,2SEE-01 
9,278E-01 
9,286E-01 
9,440E-01 
9,447E-01 
9,4S6E-nl 
9,462E-01 
9,473E-01 
9,479E-01 
9,486E-01 
9,491E-01 
9,500E-01 · 
9,509£-01 
9,516E-01 
9, 520E-01 
9,522E-01 
9,522E-Ol 
9,547£-01 
9,549E-Ol 
9,55f>E-Ol 
9,55?E-01 
9,56f>E-Ol 
9,564E-01 
9,577E-01 

Onpe,.lJ.eneHHe cocTaBa nneHoK MO)I(HO ocymecTBHTL H 

H3MepeHHeM BbiCOT nnaTO cneKTpOB ,.l].nB COOTBeTCTBYIOJ..QHX 

3neMeHTOB HTi H H Nb /B oTcqeTax Ha KaHan/, T .K. B o6meM 

cnyqae npH yaenuqeHHH TOnJ..QHHLI nneHKH Ha aenuquHy 

ox KonuqecTao aKTOB pacceBHHB BLiqucnBeTcB H3 I 11/,/12/. 

H 

oE 
H=Q·r!-a.N .ox=Q·r!·a·N·--

[Sl 

8E=[S).8x, 

/9/ 

/10/ 

r,.l].e 8 E - 3HepreTuqecKaB UIHPHHa KaHana /B HarneM cny-

qae OHa paBHa 2, 13 K 3B/. 
TaK KaK aHanH3 npoH3BO,.lJ.HTCB npu HeH3MeHHOH reo

MeTpHH In H e - llOCTOBHHbi/ H O,.l].HHaKOBOM qucne qac

THU 
3 He I e - llOCTOBHHO/, nonyqaeM: 

H "'N ·a [S] 
Ti Ti Ti Ti' 

/11/ 

HNb "'NNb.aNb [S] Nb 

H 

NTi HTi a Nb [S]Ti 
--- = --- • --- ---- . 
N H a [S l 

Nb Nb Ti Nb 
/12/ 

Ta6Aut~a 2 

XHMHqecKHH COCTaB HH06HH-THTaHOBbiX nJieHOK 

06pa3eu N'·87 No88 N·92 M93 N'95 No% -----
:16..J37 22& ~l 
53,13 60,51 61,9 

XHMHqecKHH 90_.2 

COCTaB BaT .o/o 9,5 --------
NTi :NNb ----------------

90,02 
9,98 

11A 
58,6 

---------
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Puc. 5. 3Hepzemut~ecKue cnenrpbr t~ac11ru~ 
Ce.RHHbiX 0111 HU06uii- 111UlllaH06biX nAeHOK. 

. -. 

"' I 

,. 

3Ha'leHHJI [S ] Ti H [S] Nb onpe,AeneHbl B 3TOB pa6oTe. 
3uaqeuuJI H Ti u H Nt. uaii,AeHbl H3 cooTaeTCTBYJOUUIX 
cneKTpoa /.AnJI o6pa3ua ~93 noKa3aHbl ua puc. 5/. 

Cpaaueuue pelynLTaToa no onpe,AeneuuJO cocTaaa Me
TO.AOM pa3nO>KeHHJI cneKTPOB H C HCnOnL30BaHHeM napaMeT· 
poa 3HepreTH'IeCKHX noTepL [S] no c)opMyne /12/ ,Aano 

pacxo>K,Aeuue ue 6onee 0,1 a•·*· 
PelynLTaTbl TaKoro >Ke nopJI,AKa nony'laJOTCJI npu on

pe,Aeneuuu cocTaBa nneuoK no xapaKTepucTH'IeCKOMY peuT
reuoacKOMY H3ny'leHHJO / ,AaHuble nonyqeubl ua 3neKTpouuoM 
MHKpo30H.Ae JXA-5A FyJEOL/. 

lloawweuuJI TO'IHOCTH onpe,AeneuuJI cocTaaa nneuoK 
.AO 3Ha'leuuii 6onee 0,1 a•.~ MO>KHO ,A06HTLCJI yaenuqeuueM 
CTaTHCTHKH • yaenH'IeHHeM BpeMeHH o6ny'leHHJI nneHOK. 
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Bbreoobi 

1. Ocaoeua MeTO.AHKa auanu3a cocTaaa nneuoK NbTi 
~ 0 

Tomuuuou .D.O 10000 A c noMo~LIO ynpyroro pacceHHHH 
3He ua 6onLwue yrnbi. 

2. H3MepeHbi 3HepreTH'IecKue cneKTpbi nneuoK THTaua 
H HH06HH pa3nH'IHOH TOniUHHbl. 

3. Ilony'leHbl 3Ha'leHHH napaMeTpOB 3HepreTH'IeCKHX 
noTepb [S] Ti = 68 :JB/A u [S] Nb = 81 :JB/A .AnH 
3HeprHH 'laCTHQ 3He 3,0 M:JB, KOTOpLie MO>KHO HCUOnb-
30BaTb ,IJ,nH 6LICTporo XHMH'IeCKoro auanu3a nneuoK c Toq
HOCTbiO )J.O 0,1 am.%. 

4. TO'IHOCTb onpe)J.eneHHH XHMH'IeCKOrO COCTaBa nneHOK 
NbTi MO)I(eT 6LITb e~e 3Ha'IHTenbHO yaenuqeua. 
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