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1. BBE,lJ,EH~E 

B nocneAHee BpeM~ w~pOKoe np~MeHeH~e B HaYKe ~ TexH~Ke nony­
4a~T 6~CTp~e Hepa3pywa~~~e MeTOA~ onpeAeneH~~ rny6~HH~x npo$~­

ne~ KOH4eHTpa4~~ 3neMeHTOB B pa3n~4H~x MaTep~anax, OCHOBaHH~e 

'I I"	 Ha ~cnonb30BaH~~ ~AepHO-$~3~4eCK~x MeTOAOB aHan~3a. CpeA~ H~X 
~' 
.1 l!	 ,h 

/ f,,""/;r	 I. MomHO OTMeT~Tb MeTOA~, OCHOBaHH~e Ha ~3MepeH~~ pe3ep$OPAOBCKoro'~J T' 
b	 06paTHoro pacce~H~H /POP/, ~AepH~X peaK4~~ ~ xapaKTep~CT~4eCKO­

• lÇ ~ ',' 
}'. ro peHTreHOBCKoro ~3ny4eH~~ /XP~/. nOcneAH~~, MeTOA XP~, o6na­


'. l~ ~'i •
 
~!t li- Aa~~~~ XOpOW~M MaCCOB~M pa3peweH~eM ~ cnoco6HOCTb~ aHan~3~pOBaTb 

~~~ tI; ~'iA 11./ :i" " '~' l 
l r~.. I 60nbw~e rny6~Hbl, np~MeH~eTC~ B Tex cnY4a~x, KorAa ~cnonb30BaH~e 

I, 

TpaA~4~OHHoro MeTOAa POP An~ ~3Bne4eH~~ KOH4eHTpa4~OHH~X npo$~­

.r 
~), 

.ot I ne~ He npeACTaBn~eTC~ B03MomHbIM. MeTOA XP~ Hawen w~pOKoe npaKT~­.! 
~ 

-r I,: 
.~	 

4eCKoe np~MeHeH~e np~ ~ccneAOBaH~~ KOpp03~~, A~$$Y3~~, pacnpe­
II 
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AeneH~~ ~MnnaHT~pOBaHH~X aTOMOB B nonynpoBOAH~Kax ~ MeTannax
.~f. ~ 

npu BbICOK~X auepraax ~MnnaHTa4~~ ~ To A. Paap aõor Ke ~ np~MeHeH~~i·,
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MeTOAa nocB~~eH P~A pa6oT, KOTop~e MomHO Knacc~$~4~poBaTb 

TpeM~ rpynnaM~: 

1/ MeTOAbl, o cuoaauuae Ha ~3MeHe H~~ 3Hepr~~ nY4Ka 11-7 I; 

2/ MeTOA~, OCHOBaHH~e Ha ~3MeHeH~~ op~eHTá4~~ M~weH~ K nY4KY 
~ ne r exropy 18-12/; 

3/ MeToA, oCHOBaHHbl~ Ha ~3MepeH~~ OTHoweH~~ ~HTeHC~BHocTe~ f3­
~ a' -,~3nY4eH~~ ~ccneAyeMblx 3neMeHTOB 113/ . 

1/ 06~a~ $opMyn~poBKa MeToAa ~3MeHeH~~ 3Hepr~~ ny4Ka 6blna Aa­
Ha yme B pa6oTe / 1/, rAe Y4~T~BanOCb KaK T~pMomeH~e ~OHOB B M~­

,
 

'I' 
~ '" ~ 

I! 

;(1 weH~, TaK ~ norno~eH~e ~3ny4eH~~. Ho BB~AY 6onbw~x MaTeMaT~~eCK~X 
J. 

TPYAHocTe~, np~cy~~x MeTOAY XP~ B ero o6~eM B~Ae, B pa6oTe / 11 

nOAPo6HO paCCMOTpeH TonbKO 4acTH~~ cnY4a~,' KorAa ~ccneAyeMoe 
pacnpeAeneH~e KOH4eHTpa4~~ OAHOpOAHO AO HeKoToporo ~CKOMoro 3Ha­
4eH~~ rny6~H~ B o6pa34e. B pa60Te fip~BeAeH~ AaHH~e no onpeAene­

~"	 H~~ ronumn nneHOK AI20 g ~ Ta20s,'HaHeceHHblx Ha MeTann~4eCK~e . 
nonnoxx« AI ~ Ta COOTBeTCTBeHHO. 3T~M me MeTOAoM B paõor ax /2,3/ 
npOBOA~nOCb onpeAeneH~e OTHOC~TenbHO~ KOH4eHTpa4~~, nonomeH~~ 

~ Ton~~H~ TOHKoro OAHopOAHoro cno~ np~Mec~ Cu B MHorocnO~H~x 

M~weH~X Ag.-Cu-Ag ~ Ge-Cu-Ge. Cy~ecTBeH'H!=IM BKnaAoM B pa3B~T~e 

MeTOAa ~3MeHeH~~ 3Hepr~~ ~B~n~Cb oaõors 14,51, B OCHOBe KOTOpblX 
nem~T oco6~~ B~6op 3Hepr~~, np~ KOTOpOM COOTBeTcTBy~~~e npo6er~ 

B ~ccneAyeMoM 06pa34e pa3n~4a~TC~ MemAY co6o~ Ha OAHY ~ TY me
Lr	 Ben~4~HY. B pe3ynbTaTe ~cnonb30BaH~~ 3Toro nOAxoAa 6~no Ha~AeHO 

"	 / l pacnpeAeneH~e aTOMOB 4~HKa B o6pa34ax an~M~H~~, ~oABepraBw~xcR 
,;,	 i 

r '4 
" TepM~4ecKoMY oTm~ry. Pa60Ta B 3TOM HanpaBneH~~ Hawna CBoe oTpa­

! , ! • -"T ,I 1 ' I \, 1 , ' meH~e r aroxe B paõor ax 18,7/. 
1:i 
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2/ ~3MeHeH~e yrnoB naAeH~R ~OHOB Ha M~weHb 6~no ~cnonb30Ba­
H6 B pa60Te /8/ np~ ~CCneAOBaH~~ OK~CH~X nneHOK Ha 06pa3uax ap­
CeH~Aa rann~R, nOABepraBw~xCR 'TepM~4eCKoMY oTm~ry. CBoe AanbHe~­
wee pa3B~T~e MeTOA ~3MeHeH~R yrna Hawen B pa60Tax /9,10/, B KOTO­
p~x Ha OCHOBe MOAen~pOBaH~R Kp~B~X 3aB~c~MoCT~ B~xOAa XP~ OT yr­
na HaKnOHa M~weH~ 6bln~ onp eneneua Ton~~Hbl U~HK-c~n~KaTHblx nne­
HOK ~ pacnpeAeneH~e no rny6~He aTOMOB M~wbRKa, ~MnnaHT~pOBaHH~X' 

B KpeMH~~. OAH~M ~3 aap~aHTOB peweH~R np06neM~ ~3Bne4eH~R npo~ 

$~nR KOHueHTpau~~, B paMKax MeTOAa ~3MeHeH~R yrna,RB~n~Cb ~ pa­
60Tbl /11, 12/ , B KOTOpblX OCy'~eCTBnReTCR OC06bll:1 auõop OC~ ap auie­
H~R M~weH~, «orna np~ I]lo60~ op~eHTaU~~ M~weH~ BblnOnHReTCR ycno­
B~e paBeHCTBa HaKnOHa M~weH~ K nY4KY ~ yrna HaKnOHa M~weH~ K Ae­
TeKTOpy. ~cnonb30BaH~e 3Toro nOAXOAa n03Bon~no onpeAen~Tb npo­
$~nb KOHueHTpaU~~ aTOMOB mene3a B cnoe H~KenR, HaHeceHHOM Ha 
nOAnomKY mene3a. 

3/ ~, HaKOHeu, B pa60Te /13/ 6~na ~ccneAOBaHa TaKme B03Mom­
HOCTb onpeAeneH~R OAHOBpeMeHHO nOBepXHOCTHO~ ~ 06beMHO~ KOHU~HT­

pau~~ 3neMeHTa BHYTP~ ,06pa34a nocpeACTBOM ~3MepeH~R OTHoweH~R 

~HTeHC~BHOCTe~ $- ~a -~3nY4eH~~, 06ycnoBneHHaR 3HepreT~4eCKO~ 
3aB~ç~MOCTb~ MaCCOBoro K03$$~u~eHTa norno~eH~R peHTreHoBCKoro 
~3nY4eH~R. 

HaCTOR~aR pa60Ta npeACTaBnReT c060~ AanbHe~wee ~ccneAOBaH~e 
B03MomHOCTe~ MeTOAa XP~ B onpeAeneH~~ rny6~HH~X npo$~ne~ KOH­
ueH1paU~~ B pa3n~4H~x M~Tep~anax. ~cnonb3Y~TCR KaK ~3MeHeH~e 

3Hepr~~ HaneTa~~~x ,~OHOB BOAopOAa ~ ren~R-4, TaK ~ ~3MeHeH~e yr­
na HaKnOHa M~weH~ K nY4KY. Pa60Ta B~nonHeHa Ha 3neKTpOCTaT~4e­
CKOM YCKop~Tene O~H~ B ~HTepBane 3Hepr~~ 1,5-3,5 M3B. 

2. METOA~KA 3KCnEP~MEHTA 

nOAP06Hoe on~caH~e MeTOA~K~ ~3MepeH~~ np~BeAeHO B /14/. YKa­
m~M Ha OCHOBH~e oc06eHHoCT~ 3Kcnep~MeHTa. ~OHH~~ nY40K OT YCKO­
p~TenR Konn~M~pOBanCR '4 A~a$parMaM~, nocneAH~e ABe - A~aMeTpOM 
1 MM, ~ nonaAan Ha M~weHb, YCTaHoBneHHY~ Ha MHoron03~U~OHHOM 
AepmaTene M~weHe~. 4~cno 4aCT~U, naAa~~~~ Ha M~weHb, onpeAenR­
nOCb no ~3MepeH~~ 3apRAa, nepeHOC~Moro ny4KoM Ha 3TY M~weHb. 

KOHCTPYKU~R npeAOCTaBnReT B03MomHOCTb HaKnOHRTb nnOCKOCTb M~we­
~ OTHOC~TenbHO HanpaBneH~R nY4Ka Ha 15°, 30°, 45° ~ 70°. B~XOA 

xãpaKTep~cT~4ecKoro peHTreHOBCKoro ~3nY4eH~R ~3MepRnCR S«LO -Ae­
TeKTopOM, KOTOp~~ pacnonaranCR nOA yrnoM 90° no OTHoweH~~ K Ha­
npaBneH~~ nY4Ka. Ha nYT~ OT M~weH~ K AeTeKTOpy peHTreHOBCKoe ~3­
nY4eH~e npOXOA~T OKOWKO ~3 MeTann~3~pOBaHHoro Ma~napa Ton~~Ho~ 

10 MKM, cno~ B03Ayxa Ton~~HO~ 5' MM ~ 6ep~nn~eBoe OKOWKO AeTeKTO­
pa Ton~~Ho~ 25 MKM. ~Mnynbc~ OT AeTeKTopa 4epe3 npeAyc~n~Tenb 

,~ yc~nHTenb HanpaBnRn~Cb Ha MHoroKaHanbH~~ aHan~3aTOp ~MnynbCOB. 

Yc~n~Tenb 06ecne4~BaeT cTa6~nbHocTb HyneBoro YPOBHR Ha B~XOAe 

~ ~HA~Kau~~ ~MnynbcoB caMOHanomeH~~. onOK-cxeMa per~CTpau~~ XP~ 
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~MeeT C4eT4~K pa604ero BpeMeH~, KOTOp~~ CYMM~pyeT MepTBoe speMR 
AeTeKT~pOBaH~R B npeAyc~n~Tene, yc~n~Tene ~ MHorOKaHanbHOM aHa­
n~3aTope ~MnynbcoB ~ aBTOMaT~4eCK~ B~AaeT pa604ee BpeMR C4eTa 
Ha CBeTOBoe Ta6no 3Toro np~60pa. 3HepreT~4ecKoe pa3peweH~e cneKT­
pOMeTpa, ~3MepeHHoe Ha n~H~~ 6,4 K3B 57Co, COCTaBnReT 220 3B. 
3$$eKT~BHoCTb C4eTa AeTeKTopa onpeAenRnacb no ~3MepeH~~ BblXOAa 
peHTreHOBCKoro ~3nY4eH~R OT 241Am ~ ~3MepeH~~ B~XOAa XP~ Ha M~­
weHRX, 4~cno aTOMOB B KOTOp~X onpeAenRnoc~ no OAHOBpeMeHHOMY 
~3MepeH~~ ynpyroro pacceRH~R Ha ny4Ke ~OHOB 4He. Ynpyroe pacceR­
H~e ~OHOB ~3MepRnOCb c nOMo~b~ nOBepXHOCTHo-6apbepHoro AeTeKTO­
pa, YCTaHOBneHHoro nOA yrnoM 135° no OTHoweH~~ K naAa~~eMy nY4Ky. 

3. METOA PAC4ETA 

OnpeAeneH~e npO$~nR KOHueHTpau~~ no rny6~He OCHOB~BaeTCR Ha 
peweH~~ ypaBHeH~R, CBR3~Ba~~ero 8~XOA XP~ OT ~ccneAyeMoro 3ne­
MeHTa c ero KOHueHTpa4~e~ C(x) B oõpaaue : 

L R cose 
Y(E ) =:(.Q. - r C(x) a(E(E / x/cos rn) exp(-tLx/cosl/J)dx, /1/ 

o A o o 

rne Y(E ) - ~3MepReMbl~ BblXOA XP~ np~ 3Hepr~~ n~4Ka E o; e - 3$$eK­o 
T~BHOCTb per~cTpau~~ peHTreHoBcKoro ~3nY4eH~R; Q - 4~cno 4acT~U, 

naAalOUl~x Ha M~weH s ; L - 4~cno Aaoranpo ; A - aToMHbl~ aec uccnenye­
Moro 3neMeHTa~ R - np06er ~OHOB B M~weH~; e ~ l/J - yrn~ MemAY HOP­
Manb~ K 06nY4aeM00 nOBepxHocT~ ~ HanpaBneH~RM~ oc~ nY4Ka ~ oc~ 

AeteKTopa COOTBeTCTBeHHO; x - KooPA~HaTa rny6~H~ no HopMan~ 

K nOBepXHOCT~ 06pa34a; O'(E (E o' x / cos e)) - ce4eH~e auxona XP~ np~ 

B036ymAeHH~~ ero ~OHaM~ c 3Hepr~e~ E, 3aB~cR~e~ or 3Hepr~~ nY4Ka 
Eo ~ rny6~H~ B 06pa34e x; ~ - MaccoB~~ K03$$~4~eHT norno~eH~R 

XPt.1. 
AnR HaxomAeH~R KOH4eHTpa4~oHHoro npO$~nR C(x) aHan~3~pyeMaR 

rny6~Ha B 06pa3ue pa36~BaeTcR Ha onpeAeneHHoe 4~cno cnoeB N, rAe 
B KamAoM i -M cnoe KOH4eHTpa4~~ C i C4~Ta~TCR nOCTORHH~M~ ~ MorYT 
6b1Tb Ha~AeH~ c nOMo~b~ ~3MepeH~R BblXOAa XP~ np~ pa3H~x 3Hepr~RX 

E r- E2 , ...• E N uane r aouiax ~OHOB. npw 3TOM nonyuae r ca C~CTeMa ypas­
HeH~~ B~XOAOB XP~ AnR 3aAaHHblX 3Hepr~~ nY4Ka ~OHOB. PeweH~e Té­
KO~ C~CTeM~ ypaBHeH~~ OTHOC~TenbHO KOH4eHTpau~~ C i BO Bcex i-x 
cnORX Tpe6yeT BbI4~cneH~R ~HTerpanOB' B036ymAeH~R XP~ B npeAnona­
raeMblX cnORX 06pa34a Ha OCHOBe Ta6n~4Hblx AaHHblX dE/dx /15/, ce4e;, 
H~~ B~XOAa Xp~/16/ ~ MaCCOBblX K03$$~u~eHTOB nOrno~eH~R peHTre80B­
CKoro ~3nY4eH~R .• 

B HaCTOR~e~ pa60Te paCCMOTpeHa B03MomHOCTb onpeAeneH~R KOH­
ueHTpaU~OHHoro npO$~nR Ha OCHOBe annpOKC~MaU~~ 3aB~C~MOCT~ ce4e­
H~R BblXOAa XP~ a~) OT rny6~H~ B 06pa3ue ypaBHeH~eM B~Aa 

a(x) =:a(O) exp(-vx/cos(J), /2/ 

rne napaaerp v onpenenaer ca nonY3Mn~p~4eCK~M COOT.H.oweH~eM B~Aa/l1/ 
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o{E 1)
 
v == 6,87(1 - --.)S(E 1 ) /E I
O

O'(EO) /3/ 

rne E 1 == 0,8 x E O; S(E 1) - 3Ha4eHII1e TOpM03HOi1 cnoc06HoCTII1 B MaTpll1­
4é MII1WeHII1 AnR 3Heprll1111 E1.np04eAypa paC4eToB BWrnRAII1T cneAY~~II1M 
06pa30M. npll1 uexoropoã MII1HII1ManbHO~ 3Heprll1111 E 1 ycxooeuaue 1I10Hbl 
npoxoART B 06pa34e paCCTORHlI1e, paBHoe np06ery RI' npeAnOnOmll18 
nOCTORHCTBO KOH4eHTpa4111111 Ha Anll1He 3Toro np06era, onpeAenll1M ée 
HeKoTopoe cpeAHee 3Ha4eHII1e <01>' YBenll14eHve 3Heprll1111 1I10HOB AO He­
KOToporo 3Ha4eHII1R E2 npll1BOAII1T K YBen1l14eHII1~ np06era 1I10HOB B MII1We­

,HII1 (R2), 4TO, B CBO~ o-repen s , npu Hanll14111111 npoóana npuaene r K 1113­
MeHeHII1~ paCC4111TblBaeMOrO 3Ha4eHII1R CpeAHei1 KOH4eHTp a4111111 «~ ». 
TaKII1M 06pa30M, MOmHO nOnY4111Tb PRA 3Ha4eHII1~ <02 >, <03> , ... , <ON> , 
yMeHbweHlI1e II1nll1 YBenll14eHII1e KOTOpblX B cpaBHeHlI1111 C <01> 6YAeT rOBO­
pll1Tb COOTBeTCTBeHHO 06 YMeHbWeHlI1111 II1nll1 B03paCTaHII1111 KOH4eHTp a4111111 
C rny6I11Ho~. AnR KOnIl14eCTBeHHo~ 04eHKII1 npo<plI1nR KOH4eHTpa4~1I1 He06­
XOAII1MO pacc4111TaTb 3Ha4eHII1R KOH4eHTpa4111111 B cnORX R ~R l' R3- R 2' •••• 

R N- R N- 1 • PaCCMOTpll1M B 06~eM cny-rae ABe 3Heprll1111 E i - 1 ,E i 111 COOT­
BeTCTBY~~lI1e np06érll1 R i- l' R i • 'AnR 3Heprll1111 E i-1 MomHO a aruic ar b 
ypaBHeHlI1e BwxoAa XP~: 

Ri - 1 x 

r a (E (E , _x-)) e -p. ~ dx, 
O i-I cos ()

Y (E i .... 1) = K <°i-r > /4/ 

rne K = f·Q· L/A. 
AHanOrll14HO AnR 3Heprll1111 E i 

Ri -/J._%­

Y(E i) = K<C i > r u(E (E 1 ' ~--)) e cos t/J dx • /5/

O coe ()
 

II1nll1, pa36111BaR oõnacr b II1HTerpll1pOBaHII1R (O, Ri) Ha II1HTepBanbl 
(O, Ri-I) 111 (Ri-I, Ri), aan-nuex BblpameHlI1e /5/ B BII1Ae 

R 1-1 x Ri x 
X -p. CõSifj x -p.co s"ílJY(E i)=K<C i _1 > 

o
r O'(E(E i' -))

cosê .
e dx + KOi R 

r 
1
o(E(E i , -))e

COS{) 
áx. , 

i- /6/ 

3AeCb C i - II1CKOMaR KOH4eHTpa4111R B cnoe (Ri-I' Ri)' ~cnonb3YR npll1­
6nll1meHII1e /2/, nonY4111M AnR Hee Ha OCHOBaHlI1111 ypaBHeHII1~ /4-6/ B~pa­
meHlI1e 

<d't > (1 - exp (-,8 (E i ) Ri)) - <ci-I> (l - exp (-,8 (E i ) R i-I ))
C i /7/------------------------- , 

exp (-,8 (E i ) R i) - exp (-,8(E i )R i -1) 

4 

rAe 

{3(E ) = (Ji/coslj;) + (v(E ) /COS()),
i i 

6 87 a(E 1 i )
 
v (E ) == -'- (I - __o -) S (E 1 i ); E 1 ,i == 0,8 . E i .
i E a(E i ) •
 

COOTHOWeHlI1e /7/ n03BonReT Bbl4111Cnll1Tb Bce 3Ha4eHII1R 01' 02' ... , C N' 
rAe 3Ha4eHII1e 01 OTomAeCTBnReTCR co cpeAHe~ KOH4eHTpa4I11e~ <01>' 
onpeAenReMO~ npll1 M~HII1ManbHO~ 3Heprll1111 E1. 

3aMeTII1M. 4TO BO Bcex npIl1BeAeHH~X B~we COOTHOWeHII1RX /4-7/ nOA 
np06eroM nOHII1MaeTCR 3<p<peKTII1BHbl~ np06er 1I10HOB B' MII1 weH111 , npeACTaB­
nR~~II1~ co60~ TY 4aCTb nonHoro np06era, KOTopaR onpeAenReT 99% 
B~xOAa XP~. 3Ta Benll14111Ha onpeAenRnaCb paC4eTH~M nYTeM. Pe3ynbTa­
T~ paC4eTa OTHOCII1TenbHO B~xoAa XP~ HII1KenR npll1 npOTOHHOM B036ym­
AeHlI1111 c 3Heprll1e~ 3 M3B npeACTaBneH~ Ha pll1c.l. Ha OCII1 a6c4111cc PIl1­
cyHKa HaHeceHa rny6111Ha B 06pa34e /MKM/, Ha OCII1 0pAII1HaT - OTHowe­
HlI1e B~XOAa XP~ C AaHHo~ rny6l11H~ K non~OMY B~XOAY co Bcero np06e­
ra. Ha 3TOM me pIl1CYHKe, B Ka4eCTBe npll1Mepa, nYHKTlI1pHWMII1 nll1HII1RMII1 
OTMe4eHW cnOIl1, HaxOAR~lI1eCR Ha paCCTORHlI1111 di, d2 , d g OT nOBepx~ 

HOCTII1 MII1WeHII1 111 KOTOPWM COOTBeTCTBY~T 90 , 95 , 99% nonHoro B~XO­
Aa XP~ QDOTBeTCTBeHHO. KaK BII1AHO 1113 pIl1CYHKa, Ha4111HaR c onpeAeneH­
HO~ rny6l11H~ B~XOA XP~ OCTaeTCR npaKTII14eCKII1 nOCTORHH~M. Benll14111Ha 

1.() I I••••••• • • 11121... 

Y/YR 
0.8 

0.6 

a.4 

d1 d2 d3 R
0.2 

6 12 . 18 24 30 X 
PHc.l. 3aBHCHMOCTh OTHOCHTenhHoro Bh~OAa XPH HHKenH rrpH 
rrpOTOHHOM B036Y)i\,I:J;eHHH c 3HeprHeii 3 M3B. 'Ha OCH a6'CIJ;HCC ­
rny6HHa B 06pa3IJ;e /MKM/. lIa OCH OPAHHaT - OTHOIlIeHHe HH­
TerpanbHoro auxona XPH c nannoã r-rryõunsr K nonnoxy Bh~OP;y 

co Bcero rrp06era. 
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d 3 , KOTOPO~ COOTBeTcTByeT 99% BWXOAa xP~, ~ B3~Ta HaM~ B Ka4eCT­
Be 3$$eKT~BHoro npo6era. OHa COCTaBn~eT OKono 0,7 nonHoro npo­ j'.6era. 

OnpeAeneH~e npo$~n~ KOH4eHTpa4~~ on~caHHWM MeTOAOM npOBOA~nOCb 

B oõpaaue Ni/ Fe / Ní , KOTOPbl~ õun nparoroeneu nYTeM HanbrneH~~ cno­
eB H~Ken~ Ton~~Ho~ 20 MKM Ha o6e CTOpOHbl $onbr~ mene3a c nocne~ 

AY~~M TepM~4eCK~M OTm~rOM. ~n~ ~ccneAOBaH~~ KOH4eHTpa4~oHHoro 

npo$~n~ aTOMOB Fe, A~$$YHA~pOBaBW~X B Ni, ~cnonb30Ban~Cb npOTO­ :,
H~ c 3Hepr~~M~ OT 1,4 AO 3,5 M38 np~ yrne naAeH~~ ~x Ha M~weHb
 
O = 45~ 3Hepr~~ npOTOHOB nOA6Hp~n~cb TaK~M o6pa30M, 4T06w COOT­

BeTcTBy~~~e ~M npo6er~ B H~Kene pa3n~4an~Cb Ha nOCTO~HHY~ Ben~­
 J 
4~HY, ~ B 4aCTHOCT~ Ha 2 MKM. 3TO COOTBeTcTByeT Ton~~He 30HA~­

pyeMwx cnoeB B 1,4 MKM. Pe3ynb~aT~ onpeAeneH~~ npo$~n~ KO~4eHT­

pa4~H Fe B o6pa34e Ni /Fe /Ni on~caHHblM MeTOAOM nox aa aau Ha pac . 2. 
Ha oc~ a6c4~cc p~CYHKa npeAcTaBneHa rny6~Ha B o6pa34e, Ha oc~ 
oPA~HaT - KOH4eHTpa4~~ mene3a. 3T~M me MeTOAOM npOBeAeHO onpe­
AeneH~e npo$~n~ KOH4eHTpa4~~ Cu B o6pa34e AI-Cu/Si, np~rOTOBneH­
HOM ,H~nbrneHHeM cnnaaa Al/99%/ ~. CU/2%/ B B~Ae nneHK~ Ton~~Ho~ 
2 MKM Ha nOAnomKY KpeMH~~ c nocneAY~~~M TepM~4eCK~M OTm~rOM~ ~3­

MepeH~~ npoB6AHn~cb Ha ~Y4Ke ~OHOB 4He, YCKopeHH~X B ~HTepBane 
3Hepr~~ OT 1,4 AO 2,4 M38, np~ yrnax ~aAeH~A ~OHOB Ha M~weHb 
O= 75°, 60 o, 450 

, 20°. TaKoe ~3MeHeH~e 3Hepr~t.1 ~ yrno a o6ecne­
4~no onpeAeneH~e npo$~n~ pacnpeAeneH~~ aTOMOB MeA~ B an~M~H~~ 

~ KpeMHH~ B npeAenax OT 1 AO 6 MKM. Pe3ynbTaT~ paC4eTOB npeA­
CTaBneH~ Ha p~c.3, ~3 KOToporo B~AHO, 4TO AaHH~e, nony4eHH~e ny­
TeM ~3MçpeH~~ B~XOAa XP~ np~ pa3H~X yrnax naAeH~~ ~OHOB Ha M~­
weHb. XopOWO CB~3~Ba~TC~ MemAY co6o~. 

c,f riorpewHOCTb B onpeAeneH~~ KOH­
toO I 4eHTpa4~~ on~caHHblM MeTOAOM ~Me­1 

eT Tp~ ~CTo4H~Ka OW~60K. nepB~~ -
~3 H~X o6ycnoBneH norpewHOCT~M~ 

-
r ­ ~3MepeH~~ ~HTeHC~BHOCT~ XP~, Ky-

I 
r-r­

0.75I ~ I I I I I I Aa BXOA~T: ouraõica B cnpeneneua« 
r­

~ 

4~Cna 4aCT~4, naAa~~~x Ha M~­
>-­ weHb; ow~6Ka B onpeAeneH~~ nno­

r ­

~aA~ n~Ka Ha cneKTpe;ow~6Ka 3$­
ClSOI- I I I I I I I I II $eKT~BHOCT~ cuer a ner exropa . I 

-( 

n 
PHc.2. rrpO~Hnb KOH~eHTpa~HH Fe 
B oõpaaue Ni /Fe IN!, nonYQeHHhli1 
c nOMO~bw H3MeHeHHH 3HeprHH npo­
TOHOB OT 1,4 AO 3,5 M3B npH yrne 

1125 

.. ~lO = 45°· Ha OCH aõcuacc - rny6H­
Io 

O 4 8 12 16 20 Ha B o6pa3~e. Ha OCH 0PAHHaT ­

X MKM KOH~eHTpa~HH mene3a.
 

J 

PHc.3. rrpO~Hnb pacnpeAe~eHHH 
)C G = 75' aTOMOB Cu B o õpaaue AI-Cu /Si , 

IV 16 I­ • G :: 60'<, norryveaasrá c nOMoi4bw H3MeHeHHH 
N A e = 45' aaepraa YCKopeHHhIX HOHOB 4He7 14 o' G :: 20'~ OT 1,4 AO 2,4 M3B npH yrnaxx e = 75 0, 60 0, 45 0, 20°. Ha OCHo 12 
u a6~~Hcc - rny6HHa B o6pa3~e. Ha 

OCH opAHHaT - KOH~eHTpa~HH MeAH.10 I­ DJ 
r I8 

AI teU Si 3Ta ow~6Ka COCTaBn~eT 5-7%. BTO­
61-­ pa~ rpynna OW~60K - 3TO oWH6K~ 

..."<
Ta6n~4HblX: AaHHblX, xoropue ~cnonb­• 
3Y~TC~ npu pacuer ax (dE/dx, u(E), 
,d. 3Ta ouiaõxa COCTaBnReT - 15%.I " "'C\J 
TpeT~~ ~CT04H~K oWH6oK o6ycnOB­

I ,0 ~ I neu np~6n~»<eH~Ml-1, ~cnonb3Y~MbIM~ 
°A o • 

.1 .J. -lo 4 5 6 B YKa3aHHoM MeToAe. BenH4~Ha1 2 3 
~MKM 3TO~ OW~6K~ c~nbHO 3aB~C~T OT 

Toro, HaCKonbKO ~cnonb3yeMoe np~6nH»<eH~e cooTBeTCTByeT Ae~cTB~~ 

TenbHOCT~. 

4. 3KcnEP~MEHTAnbHAR npOBEPKA nPAB~nbHOCT~ METO~A 

npaB~nbHOCTb ~cnonb30BaHHoro HaM~ MeTóAa onpeAeneH~R KOH4eHT­
pa4~OHHoro npo$~n~ npoBepAnaCb Ha p~Ae o6pa34oB c OAHOpOAHWM 
pacnpeAeneH~eM KOH4eHTpa4~~ no rny6~He. ~n~ ~ccneAOBaH~~ Hcnonb­
30Ban~Cb MaCC~BHble OAHopOAHwe oõp aauu 'Si, Ti, Fe, N!, Cu ~. Cd. 
~3MepeH~~ npQBOA~n~cb B AByX pe»<~MaX. B nepBoM ~3 HHX ~3MepeH~~ . 
npOBOA~n~Cb np~ ~3MeHeH~~ 3Hepr~~ HaneTa~~HX ~OHOB BOAopOAa 
/OT 1,5 AO 3,0 M3B/ np~ OAHOM ~ TOM »<e yrne HaKnOHa M~weHH K OC~ 

nY4Ka. Ba BTOPOM pe»<~Me ~3MepeH~~ npOBoA~n~Cb npH ~3MeHeH~~ yr ­
na HaKnOHa M~weH~ K OC~ ~Y4Ka /OT 75° AO 45°/ np~ He~3MeHHQ~ 
3Hepr~~ ny4Ka ~OHOB. Pe3ynbTaTw onpeAeneH~~ KOH4eHTpa4H~ np~ pa3­
H~X 3Hepr~~x npOTOHOB npeACTaBneH~'B Ta6n~4e, ~3 KOTOPO~ B~AHO, 

4TO B npeAenax OW~60K ~3MepeH~~, An~ Bcero ~HTepBana rny6~H 30H­
A~pOBaH~~, paCC4~TWBaeMa~ KOH4eHTpa4~~ ~ccneAyeMwx 3neMeHTOB 
oCTaeTC~ nOCTO~HHO~. OA~H ~3 pe3ynbTaToB onpeAeneH~a KOH4eHTpa­
4~~ /An~ H~Ken~/ np~ pa3HWX 3Hepr~~x nY4Ka npOTOHOB ~ pa3HWX 
yrnax HaKnOHa M~weH~ K nY4KY nOKa3aH Ha p~c.4. 

B AononHeHHe K npOBeAeHHWM H3MepeH~~M Ha 4~CT~X MeTannax 6wnH 
~ccneAoBaH~ oõpaauu FesoNi 30 B20 ' npencr aanaouure coõoã $onbry 
Ton~~Ho~ 20 MKM, B KOTOPWX' npennone r anoc s paa aoxepaoe oacnpene­
neH~e aTOMOB Fe ~ Ni. ~3MepeH~~ npOBOA~n~Cb Ha nY4Kax npOTOHOB 
c 3Hepr~~M~ OT 1,4 AO 3, O M'38 npa ABYX yrnax O =. 75 ° ~ O = 45°. 
~aHH~e, nony4eHH~e Ha OCHOBaH~~ 3T~X ~3MepeH~~, OTpa»<eHW Ha 
puc . 5. Ha p~CYHKe caer nue Kpy»<K~ OTHOC~TC~ K 3Ha4~HH~M KOH4eJ-n­
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'I'aõrraua c,f·
Pe3YJIb1'a1'bI onpenerrenaa xouuerrr-pauaa (r/r) ! 0.7
HeK01'opb~ qHC1'b~ Me1'aJIJIOB rrpH pa3Hb~ 3HeprHHK
 
rryqKa rrp01'OHOB
 I" 

~ A 
, ~ B 

3HeprHH rryqKa rrp01'OHOB /M3~/ Fe t3JIe­ 0.6[ ~ 
MeH1'bI 1,5 2,0 2,5 3,0 ~ ? 9' 9 9~ , ? ~ ~t ? j +i + ~ 

l + 
si 1,011 1,036 0,950 1,002 

I' os"t
Ti 1,019 1,060 0,917 1,005 ~ 
Fe 1,097 0,924 0,976 0,979 
Cu 1,015 0,963 1,028 1,046 Ni
Cd 1,044 0,995 0,964 •• 

+ ~ ?t? i1?~ ? t ~, ?+ +~ + + 4
PHC.4. 3aBHCHMOCTb paccaa-ruaae ­

I MOH KOHll,eH1'pall,HH HHKenH B OgHO­
0.31

O 3
I I I I I I 

I 6 9I 
I pogHOM OÕpa311,e qHC1'OrO HHKenH 12 15 18 21 
I 01' 3HeprHH rryqKa ~p01'OHOB /1,5fI 
I 

X,M KM. 
f3,0 M3B/ H 01' yrJIa HX rrageHHH 

Pnc . 5. Pacrrper.;eJIeHHe a1'OMOB Fe H Ni B 06pa3IVlX Fe Ni B ,I Ha MHilleHb /75 f45°/. so so 20norryvenaoe Me1'ogoM H3Mepe-HHH asrxorta XPH npa H3MeHeHHH
1/ I I I I 

f--+'+ -rft--...,-; 3HeprHH rrpOT'OHOB B naanason e 1,4f3,0 M3B nprr vr'rrax ()=75° 
L - j~i- __ ~-l- -;J" H () =45°,
 
I / I ,,/ ',/ pal.\1-11-1 Fe 1-1 Ni, nonyveunue npl-1 06­

I ,," I " I "
 

-)t.- ---jt----....;" nY4eHI-11-1 $onbrl-1 c OAHO~ 1-13 ee CTO­
/ " 

/ / pOH IAI, a TeMHwe - c APyro~ 
/ " " " ff 18/. OAHbpOAHOCTb YKa3aHHWX 06­ 0.7 

" " 
75' 6d' ~o ~ pa3l.\OS nposepRnaCb nYTeM nocne­ Lc. r.AosaTenbHoro .XI-1MI-14eCKOro CTpas­

nl-1SaHI-1R cnoes I-1cCneAyeMo~ $onbrl-1 1-1 1-13MepeHI-1R SWXOAa XP~ nocne 
0.6 ~ ~ ~ ,K~~Aoro 3Tana CTpaSnI-1SaHI-1R. TOn~I-1Ha Ka*AoraYAaneHHoro cnOR co­ ~ 9, -!? ~. 9 ,9

CTasnRna -1 MKM. ~3MepeHI-1R SWXOAa XP~ nposOAl-1nl-1Cb ~a nY4Ke 
1-10HOS olHe c 3Heprl-1e~ 1, 5 ·~13B npl-1 yrne HaKnOHa MI-1WeHI-1 K OCI-1 nY4­ , I 

' xa e == 75°, 4TO 06ecne41-1sano 30HAI-1pOSaHI-1e MI-1HI-1ManbHO S03MO*HO~ 0.5 
rny6l-1Hw. CTpaSJ1I-1SaHl-1e 1-1 nocneAy~~ee 1-13MepeHI-1e SWXOAa XP~ npl-1 I 
1-10HHOM s036Y*AeHI-1I-1 npOSOAl-1nOCb c o6el-1x CTOpOH $onbrl-1 InocneAo­ I 
saTenbHO CTpaSnl-1SanOCb no 12-15 cnoes TOn~I-1HO~ -1 MKM C Ka*Ao~ 

I 
(}'4

fTOPOHW $onbr~/. AaHHwe 1-13MepeHI-1~ nOKa3aHW Ha pl-1c.6, rAe TeMHwe
 
1-1 cseTnwe KsaApaTW OTHOCRTCR K KOHl.\eHTpal.\I-1RM Fe. onpeAeneHHWM ~ ~# 4. ~ A ~ 4 4 ~ ~ ~ +
 
c pa3HWX CTOpOH $onbrl-1 AO rny61-1HW -12 MKM, TpeyronbHI-1K~ OTHO­

CRTCR COOTseTCTseHHO K TeM *e Senl-141-1HaM AnR HI-1KenR. KaK SI-1AHO
 0.3 '- II I I I 

1-13 pI-1CYHKa, KOHl.\eHTpal.\1-11-1 *ene3a 1-1 HI-1KenR s npeAenax OWI-160K no o 2 4 6 8 10 12 14 16 
sce~~rny6I-1He AO -12 MKM OCTa~TCR nOCTORHHWMI-1 c o6el-1x CTOpOH X,MKMl
<!>On b rl-1. \ PHc.6. PacrrpegeJIeHHe aTOMOB Fe H ~i B 06pa311,aX resoNi30B20'

npeAcTasneHHwe pe3ynbTaTw 1-13MepeHI-1~ Ha 41-1CTWX MeTannax K Ha rrOJIyqeHHOe Me1'ogoM rrOCJIegoBa1'eJIhHOrO 1'paBJIeHHH H H3MepeHHH
06pa31.4aX Fe50 Ni 30 B20 nonr aepxnaor npaBl-1nbHOCTb npI-1HRTO~ MeTOAI-1KI-1 Bwxoga XPH Ha rryqKe HOHOB 4He c 3HeprHeH 1,5 M3B H yrJIe
onpeAeneHI-1R rny61-1HHwx npo$l-1ne~ KOHl.\eHTpal.\I-1~. e = 75° rrOCJIe Ka~goro 31'arra 1'paB~eHHR • 

.8 
9 
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TEMATHqECKHE KATErOPHH OYBRHKAUHA 

OBnE~HHEHHOrO HHCTHTYTA H~EPHUX 

HCCRE~OBAHHA 

Hu~eKc TeMaTHKa 

1. 3Kcnep~MeHTanbHaR ¢~3~Ka B~COK~X 3Hepr~~ 

2. TeopeT~4eCKaR ¢~3~Ka e~coK~x 3Hepr~~ 

3. 3KCnep~MeHTanbHaR He~TpOHHaR ¢~3~Ka 

4. TeopeT~4ecKaR ¢~3~Ka H~3K~X 3Hepr~~ 

5. MaTeMaT~Ka 

6. ~AepHaR cneKTpOCKOn~R ~ paA~OX~M~R 

]. ¢~3~Ka TR~en~X ~OHOB 

8. Kp~oreH~Ka 

9. YcKOPHTenH 

IU. ABTOMaTH3a4HR OOpaOOTKI-1 3KCnep~Mt!HldilbH~~ 

AaHH~x 

11. B~4~cn~TenbHaR MaTeMaTHKa 1-1 TexH~Ka 

12. X~M~R 

13. TexHHKa ¢H3~4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TeepA~X Ten 1-1 ~HAKOCTeH 

RAePH~MH MeTOAaM~ 

15. 3KcnepHMeHTanbHaR ¢H3~Ka RAePH~x peaK4HH 

npH HH3KHX 3Hepr~RX 

16. Ao3~MeTpHR 1-1 ¢~3HKa 3a~~T~ 

17. TeopHR KOHAeHC~poeaHHOrO COCTORH~R 

18. Hcnonb3oeaHHe pe3ynbTaToe 1-1 MeTOAOB 
¢YHAaMeHTanbH~X ¢~3~4eCK~X HCcneAOBaHHH 
9 CMe~H~X o6naCTRX HayKH ~ TeXHHKH 

19. D~o¢~3HKa 

Hn&XSMOB P,A, H AP• 14-86-820 
OnpeAeneHHe rnyi5HHHbiX npocllnneA KOH~euTpa~HH sneHeHTOB 
M8TOAOM BOSI5}'-.ct8HHJI xapaKT8pHCTHtJeCKoro peiiTreHOBCKOrO 
HSnyqeHHJI YCKOpeHHNMH HOHaMH 

flpHBOAHTCJI ODHCSHHe Hepaspywa~ero MeToAa onpeAeneHHJI rny6HH 
~X KOH~eHTpa~HOH~ npociiHneA OpH ~eTeKTHpOBaHHH XapaKTepHCTH­
tJeCKOro peHTreHOBCKOro HsnyqeHHR, B036Y*AaeMoro DYtJKaMH HOHOB 
BO~OPOAa H renHR-4 C 3HeprHRMH 1,0~3,5 M38 OT sneKTpOCTaTHlJ8CKO 
ro ycKopuTenJI OIUIH, 3KcnepHMeHTan&uan npoaepKa npeMaraeMoro Me 
TOAa nposeAeHa no HSMepeHHIO XPH ua o~uopo~llblX o6pas~ax tJHCTbJX 
MeTannos H Ha o6pas~ax Fe60Ni30 B 20 • O~uopo~HOCT& nocne~HHX npo­
BepRnac& MeTO~OM nocn~oBaTeJl&Horo TpaBJJeJIHR H HSMepeHHR BbiXOAa 
XPH Ha nytJKe HOHOB 4He c 3Hepruei-i 1,5 M3B npu CKOJlh3JIIl(eM yrne 
na~eHHJI uoHos ua MHWeHh nocne Ka*Aoro 3Tana TpaaneHHR. llpe~cTaB 

neHbl pesyn&TaTbl aHanusa o6pas~os KaK c uapacTaiOII(HM, TaK H co 
cna~aiOII(HM C rny(5HHOA KOH~eHTpai~UOIIHbiMH npotjJHJlJIMH HCCneAyeMb!X 
3JleMeHTOB, 

Pa60Ta BblnOJlHeHa B na6opaTOPIIH IICHTpOIIIIOA 41H9HKH mum. 
Coo6rueHHe Olh.enHHeHHoro HHCTHryra IIJlepHbtX HccnenoaBHHii . .llyi5Ha 1986 

lleoeson O.C.BuHorp~oBoH 

Ilkhamov R.A. et al. 
Depth Concentration Profile Determination 
by PIXE Method 

14-86-820 

The rion-destructive method for the depth concentration pro­
file determination by means of particle induced X-ray emission 
is presented. For this purpose 1 II+ or 4 He+ particles with ener­
gy from 1.0 to 3,5 MeV of the Van de Graaff accelerator of JINR 
have been used. The proposed method has been experimentally 
tested both on pure elements and on a Fe5oNi30B20 homogen~ous 

sample. The results of the last one are in good agreement with 
the results of destructive analysis performed on the etching 
~amples. Application of the method for the samples bothwith in-· 
creasing and decreasing concentration profiles are also presen­
ted. 

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