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EoraH'I fl., Haab A., Ca6o A. Pll - 11800 

OnpeaeneHHe npo6eros a -qacrHU s MHoroKoMnoHeHTHbiX 

sewecrsax 

0UHC8H M8TeM8TK'IeCKHil ( Ha OCHOBe dE/dx ) Me TOll paC'IeTa npo6e

f'OB (R P) a -'laCTKU B pa3nK'IHbiX MHOf'OKOMTIOHeHTHbiX sewecrsax. UenbiO 

pa60Tbl HBnHnOCb onpeaeneHHe KOHUeKTp8UHH H pacnpeaeneHKH Gopa B TOHKHX 

nosepXHOCTHbiX cnogx nonynpoBOilHHKOB, creKnosKilHbiX Merannos " 6Konoru

'leCKHX MarepHanos. 3Ha'leHHH R P s 38BHCKMOCTH or norepu 3HeprHu a -
'18CTHU H XHMH'IeCKHX COCT8BOB HCCneayeMbiX MarepH8TIOB npeacrasneHbl 

B ra6nuuax. YcranosneHo, s K8KHX npeaenax ne>KaT 3Ha'leHHH R anH pa3-

nH'IHbiX COellHIIeHHi!, p 

Pa6ora SbinOnHeHa B na6oparopHH Hei!TpOHHOil ljlK3HKII OJ.1fll1. 

Coo6weHHe 06heaHHeHHoro HHCTHTyra smepHbiX HccneaosaHHli. lly6aa 1978 

Bogancs J., Nagy A,, Szabo A. Pll - 11800 
Calculation of a -Particle Ranges in Multicomponent 
Substances 

A method for calculating a -particle ranges (R ) in multicom
ponent substances is described on the basis of dE/dx. The aim of 
the present work is to obtain the B concentration and its distribu
tion in thin skin s~rfaces of semiconductors, glass metals and 
biological objects. R P values versus a -particle energy losses and 
chemical comp<?_unds of substances under investigation are shown 
in tables. The RP limits for different compounds are given. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1878 06'bet1HHeHHb1/l HHCTII'f'Yl' RJlepHb1JC HCCfletlOBBHBil fly6HB 

BBEAEHHE 

B npeAbiAY~Hx pa6oTax /1-6/ 6blnH H3no>KeHbl pe3ynL
Ta Tbl HCCneAOBaHHH no onpeAeneHHIO KOHD;eHTpaD;HH H pac
npeAeneHHX 6opa B KpeMHHH. HcnonL3yeMax MeTOAHKa 
OCHOBaHa Ha H3MepeHHH noTepL 3HeprHH a·qaCTHU, OCBO· 
6o>KAaiO~HXCX B peaKUHH 10 B (n, a ) 7Li. 10 B + BBOAHncx 
B o6pa3D;bl nyTeM HOHHOH 6oM6apAHPOBKH B o6naCTH 3Hep

rHH HMnnaHTaD;HH 20-80 K3B. 
,IJ,nx onpeAeneHHX npo6eroa (ii P ) HOHOB 6opa, HMnnaH

THpOBaHHbiX B KpeMH.HH, HCfiOnL30BanaCL npH6nH>KeHHaX 

cllopMyna: 

- -3 
RP = 3,46·10 ·~Ea 

rAe ~E - H3MepeHHble noTepH 3HeprHH a -qacTHU I K3BI, 
a -

cllopMyna npHMeHHMa AnX ~E < 100 K3B; R - B MKM. 
a - P 

B 6onee o6~eM BHAe 
E -~E 

- o a -1 
R p = f (dE/ dx) dE . 

Eo 

111 

,IJ,nx pacqeTa TOPM03Hoii cnoco6HOCTH (dE/dx) pa3-
nHqHbiX MaTepHanOB 3HaqeHHX TOpM03HbiX ceqeHHH (f ) 6bl· 
nH 3aHMCTBOBaHbl H3 pa60Tbl /7/: a 

dE 1 dE 5 n 
f =- =-.- = I a E • 

a dS N dx n=O n 
rAe dE/dS - fiOTepx 3HeprHH, OTHeCeHHaX K noaepXHOCTHbiM 
nnocKOCTXM I amoM. eM - 2 I, N - qHcno aTOMOB B OAHOM 
eM 3MaTepHana, an - K03cllcllHUHeHTbl nony3MnHpHqecKoro 

nonHHOMa. 
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TaK KaK B pa6oTe /7/ aenH'I8Hbl Ea .u.aabl B e,u.8H8U.ax 
3B.10-1 5.ai/IOM·CM-2,TO np8 pacqeTaX TOpM03HbiX cnoco6-
HOCTeH (dE/dx) 6blll8 np8MeHeHbl nepeBO,U.Hble KOJ4x}J8-
IJ.BeHTbl. TaK, uanp8Mep, B cnyqae KpeMH8JI: N = 
= 5,024.1022 aiiiOM ·CM - 3 , a KOJ4x}J8U.8eHTbl ,ll.llJI a-'laCTHU. 
a 0 = 291,24, a 1 = 0,2843, a 2 = -3,9016·10 - 4 , a 3 = 
= 1,8292·10-7 , a 4 = -3,8303· 10-11, a5= 3,0119·10-15. 

Ha npaKT8Ke qacTo BCTpe'laiOTCJI 3a,u.a'l8, peweuue 
KoTopblx Tpe6yeT onpe.u.enea8ii npo6eroa 3apJI:>KeHHbiX qac
T8U. B MHoroKoMnoueHTHbiX aew:ecTaax. TaK, uanpHMep, 
nepe.u. uaM8 cTaB8nacL 3a,u.aqa onpe,u.eneHHJI KOHU.eHTpaU.HH 
8 pacnpe.u.eneH8JI 6opa no rny68He B pa3n8'1HbiX nonynpoao.u.
H8KOBbiX (Si, Si0 2 ) MaTepuanax 8 TaK Ha3biBaeMbiX 
CTeKnOB8,U.HbiX MeTannax, HMeiOW:HX o6w;uii JlleMeHTHbiH 
cocTaB Fe NibCr PdB (a+ b+ c ""80, d+ e == 20). a c e 

HapJI.U.Y c JT8M8 aew:ecTBaM8 83y'lanocb cTeKno MapK8 
3C-5 ,u.nJI aaKyyMHbiX naMn 8 npH6opoa, 8MeiOw:ee cne,u.yiO
w:uii cocTaB: SiO 2-68t1o, B20 3-20t1o, Al 2 Og3t1o. Na 20 -4~ 
8 ~0-0~. 3TOMY COCTaBy COOTBeTCTByeT np86nH3HTellbHO 
"X8M8'1ecKoe coe,u.8aeuHe" Si 212 :Al 10 Na 24 K 200 625 B 109 . 

H3MepJinacL TaK:>Ke Koau.eaTpaU.HJI 6opa B pacTHTenL
HOM aew:ecTBe - n8CTLJIX KYKYPY3bl. Ilpu6nH3HTenLHLiii 
X8M8'1eCK8H COCTaB - H51 C 23 0 26 6bln 3aTeM, y:>Ke nocne 
onpe.u.eneHHJI KOHU.eHTpaU.8H 6opa, YTO'IHeH: c230 26H 50 B. 

METO)QIKA PACfJETOB Rp 
,ICJIJI PA3JIHfJHhlX BEII!ECTB 

-Pac'leT Rp ,u.nJI MHoroKoMnoueHTHLIX aew:ecTB npoao-
JJ.BTCJI MeTO,U.OM 'IHCneHHOrO HHTerp8pOBaH8JI, KOTOpbiH MO:>K
HO 8nmocTp8poaa Tb ua np8Mepe SiO 2 · )J,nJI npoae,u.eH8JI 

pac'leTOB B l/la6A. 1 ,U.aHbl 8CXO,U.Hble KOHCTaHTbl ,U.llJI HH
TepecyiOW:8X uac JneMeHTOB /7/. 

Ben8'18Ha dE/dx ,u.nJI Si02 onpe.u.enJieTCJI no cllopMyne: 

dE 5 i 5 i 
-- = n' (2 ~ a. E + ~. b. E ) , 
dx i=O 1 i"'O 1 

ai - 8CXO,U.Hble KOHCTaHTbl ,U.llJI K8Cnopo,u.a, B3JITble 83 
l/la6A. 1, bi - 8CXO,U.Hble KOHCTaHTbl ,U.llJI KpeMH8JI, B3J1Tble 

4 

-------·-------------------------------------------------------------------------------------------

. 83 111a6A. 1, n' - '18Cno "MoneKyn" B o.u.uoM cM 3, no.u.eneu
uoe ua aen8'18HY 10 22 

, A· S lO -22 
n = ~· • 

r.u.e A - '18Cno Aaora.u.po, S - y,u.enLHbiH aec, M - Mone-
KynJipHwii aec. 

B cnyqae Si0
2 

n' = 2,197 MOAeKyA·CM-3• KoJ4x}l8-
IJ.BeHTW nonyJMn8p8'leCKoro non8HOMa ,u.nJI SiO 2 nonyqeuw 
cne,u.yiOW:8M o6pa3oM: 
co = 2,197 /2.2,590·10 1+ 5,797 ·10 11 = 241,16, 
c 1 = 2,197 12 ·7 ,330 .1o-2 + 5,659 ·10-2/ = o,446oo, 
C2 = 2,197/2 ·-8,050·10 - 5+ -7,766 ·10 -

5
/ = 

= -5,2434 ·10 - 4 , 
c 3 = 2,197 /2·3,517·10-8+ 3,641·10-8/ = 2,3453·10-7

, 

c 4 = 2,197 /2. -7,100.1<J12+ -7,624 .1o-12; = 
= -4,7947.10- 11, 

c 5 = 2,197 /2·5,462 ·10-16 + 5,995 ·10 -lr = 3,7171 ·10 -l~ 

cl>opMyna dE ,u.nJI SiO : dE = ~ c. E i . 
dx 2 dx i=O 1 

dE = 241,16E 0 +0,4460E 1-5,2434·10-4E 2 +2,3453·10-7E 3
-

dx 

-4,7547·10- 11E 4 +3,7171·10-
15"E 5 

Pac'leTbl Rp ua ocuoae nony'leHHbiX dE/dx npoao,u.8-
nBCb ua 3BM Ji3CM-6 no np8ae.u.euuoii HB:>Ke nporpaMMe. 

P E3Y Jlh TAT hi H BhiBO,llhl 
-

Ta6Au14a 2 noKa3WBaeT nonyqeauwe aen8'18HW RP ,u.nJI 
Si0

2 
B MKM. IlepBaJI Bell8'18Ha COOTBeTCTByeT JHepr88 

/1471-1/ K3B, a nocne.u.uu- /1471-300/ K3B. 

Ha pucyHKe noKa3aHW 3aB8C8MOCT8 RP oT noTepL 
JHepr8ii a -qacT8U. B ueKoTopwx MaTep8anax. 
_ )J,nJI ocTanLawx 8ccne,u.yeMwx uaM8 aew:ecTB 3Ha'leH8JI 

R P .u.auw B 111a6A. 3. 
H3 I/I06A. 2 8 3 8 pucyHKQ B8,ll.HO, B KaK8X npe,u.enax 

ne:>KaT 3Ha'leH8JI R p ,u.nJI pa3nB'IHWX coe,u.8HeH8ii. 
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Ta6;w~a 2 
-

3Ha'leHHJI RP .n.n11 SiO 2 o 3aBHCHMOCTH oT noTepa 3Hepraa 
a-'laCTHU AE = 10(j-1) + i /K3B/, j - HOMep CTpOKH, 
i - HOMep CTOn6u;a. 

!K_ I 2 3 4 5 6 7 8 9 10 

I 3.2227-03 6.4443-03 9.6650-03 1.2885-02 !.6!03-Q~ 1.9321-02 2.2537-02 2.5753-02 2.8968-02 3.2181-02 
2 3.5394-02 3.8605-02 4.1816-02 4.5025-02 4.8231-0P. 5.1441-02 5.4648-02 5.7853-02 6.I058-02 6.4261-02 
3 6. 74G1-02 7.0665-02 7.3866-02 7.70G5-C2 8.G2G4-
4. 9.9434-02 1.0263-01 !.0582-0I I.WOI-OI !.1219-
5 !.3130-01 !.3449-0I !.3767-01 I. 4085-01 I. 4'10:2-
6 !.6308-01 1.6625-01 !.6912-0I 1.?259-01 1.7576-
7 !.9475-01 I. 9791-01 2.0107-0I 2.0423-0I 2.0739-
8. 2.2632-01 2.2947-0I 2.3263-0I 2.3578-01 2.3892-
9 2.5780-0I 2.6094-0I 2.6408-0I 2.6722-0I 2.7036-

10. 2.8918-01 2.9231-01 2.9544-0I 2.9857-0I 3.0170-
II 3.2046-0I 3.2359--01 3.267!--01 3.2983-01 3.3295-
12 3.5165--01 3.5477-0I 3.5788--01 3.6099-0I 3.61!0-
I3 3.8275-0I 3.8585-0I 3.8895--01 3.9206-0I 3.9516-
14 4.1375-0I 4.1684--0I 4.1994-01 4.2303-0I 4.2612-
15 4.4465--01 4,4774-0I 4.5082-0I 4.5391-0I 4.5699-
16. 4. 7517--01 4. 7851-0I 4.8162-0I 4.8469-0I 4.8777-
17 5,0519--01 5.0926-0I 5.1232-0I 5.1539-01 5.Hl45-

I8 I 5.3682-0I 5.3988-0I 5.4291-0I 5.4599-0I 5.4905-
19 5,6736-0I 5.7041--01 5.7346-0I 5,7651-0I 5.7955-

2o I 5.9781-0I 6.0085-0I 6.0389-01 6,0693-0I 6.C997-
21 6.2818-0I 6.3121--01 6.3424-0I 6.3727-0I 6.4030-
22 6.5845-0I 6.6147-0I 6.6450-01 6.6'752--01 6.7051-
<V 6. fl,864-0I 6.9165-01 6.9467-01 6.9768-0I 7.0069-,(,0 

24 7 .1874-0I 7.2175-01 7.2475-0I 7.2775-0I 7.3076-
25 7 .48?6-0I 7 .51?5-0I 7.54?5-01 7.5775-0I 7.6C74-
26 7.7869-0I 7.8168-01 7.846?-0I 7.8765-0I 7.9064-
2'l 8. 0854--0I 8.II52-01 8.1450-0I 8,1748-01 8.2046-
28 8.3831-0I 8.4128-0I 8.4.425-0I 8.4'122-0I 8.5019-
29 8.6799--0I 8.7096-01 8.7392-0I 8.7688--01 8. 79B4-
30 8.9760-0I 9.0055-0I 9.0351-0I 9.0646-0I 9.0942-; 
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B paMKax ,u;aHHoii pa6oTbl Mbl He o6cy>K,D,aeM npH'IHH 
pacxo>K,D,eHHH paCC'IHTaHHbiX no cl>opMyne /1/ 3Ha'leHHH H 
3KCnepHMeHTaRbHbiX ,IJ;aHHbiX. 3TH BOnpOCbl no,u;p06HO .IJ;HC
KyTHpYJOTC.fl B pa6oTaX /8-22/, 

0TMeTHM, 'ITO KOHUeHTpaUH.fl 6opa B H3MepeHHbiX o6-
pa3UaX, onpe.u;eneHHa.R Ha ocHoae pac'leTHbiX dE/dx , 
xopowo cornacyeTC.fl c TeopeTH'IeCKHM co.u;ep)l(aHHeM 6opa, 
paCC'IHTaHHbiM no XHMH'IeCKOMY COCTaBy. 
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