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NMPUMEHEHUE MAJIOYTJIOBOI'O NPUBJIN)XEHUA
B TEOPUU NMPOXOXXAEHUA 3APAXEHHbIX HACTUL
YEPE3 BELLIECTBO

A. 1. TonmaueB?), J1. ®opnaHo?

1) Poccuiickunin HoBbIV YHUBEpCUTET, MockBa, Poccus
2) YuuBepcuTeT Kanabpuu, KoseHua, Utanus

Manoyrnosoe npubamxkeHne CBA3aHO C NPEANOoSIOKEHNEM O TOM, YTO MNpU
YNpYrom CTOIKHOBEHUN MeXAY HaneTarolmMM MOHOM U HEMOABWMXXHbLIM aTOMOM
MULUEHM pacCesiHne MOHA MNPOUCXOAMT MPEUMYLLECTBEHHO Ha Hebosblune
yrnbl. Manoyrnosoe npubnmxeHue no3sonseT yrnpocTuTb MHTerpo-anddepex-
LUManbHOe TPaHCNOPTHOE YpaBHEHME, CBEeCTU ero K auddepeHunanbHOMY
YPaBHEHMIO B YaCTHbIX NPOM3BOAHBIX M MOMYYNTb pelleHre psiaa 3aad B aHa-
nutuyeckom Buae /1-5/. B paboTe /2/ HanaeHo pacnpeaeneHme no npoberam
3NEKTPOHOB, AOCTUILIMX HEKOTOPOW rnybuHbl D nonybeckoHeuYHon (onbru.
OpaHaKo, NHTErpMpoBaHUE pacnpeaeneHns No NponAeHHbIM PpacCTOSHUSM Mpy-
BOAUT K 6eCKOHeYHOMYy cpeaHeMy npobery. 3TO CBSI3aHO C TeM, YTO B MONy-
6eCKOHEYHON MULLEHN YacCTUL@ MOXET MHOrOKpaTHO nepecekaTb MIOCKOCTb
x = D, n cpegHui npober HapacTaeT B TO BPeMS, Kak KoopAMHaTa YacTulpbl He
MeHsieTcs. Ecnm e TOoNWmMHa MULLEHN KOHEYHa U paBHa D, TO YacTuua MoXeT
nepecekaTb MMOCKOCTb x = D TOMbKO OAWH pa3 — B MOMEHT BbIXxoda M3 Mu-
LLIEHWN, U CpeaHuI Npober CTaHOBUTCS KOHEYHbIM. B HacTosiwen pabote mano-
yrnoBoe npubnmxeHme NpMMeHeHOo ANs pelleHns 3aaad 06 oTpa)keHnn n nNpo-
XOXAEHUN 3apsHKEHHBIX YacTUL, Yepe3 MULLIEHb KOHEYHOW TOJILLMHBI.
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The small angle approximation
in the theory of ion multiple scattering
in the matter

The small angle approximation is valid in two cases:
= scattering of heavy ions of arbitrary energy;

= scattering of high energy ions.

The one-velocity equation of transfer in the general case of
ion—solid interaction represents an integro-differential equa-
tion containing the collision integral and it takes a form:

af (x,0)
0 ax

cos = collision integral (1)

2

collision integral = J 0(0,0") [f(x,0") — f(x,0]dO’
0

The distribution function f(x,8) depends on the depth x
and the angle @ between ion velocity and target normal.

, 0f(x6) _ 9f(x6)

CcoS Fpe = 302 (2)
Firsov theory [3] -
0 ->90° -0 cosO — sinb sin@ ~ 0
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analytical solution
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We used the small angle approximation and started from
equation (2) without simplifying assumption about grazing
angles of ion incidence. We got the integral equation for the
reflection function. We obtained solution of the integral equa-
tion in a form of series. The reflection functions for different
incidence angles are presented in Figure 2. Therefore, the
results of theory [3] are generalized for the case of arbitrary
angles of ion incidence, from 68, = 0° (normal incidence) to
0, = 90° (maximal oblique incidence).
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Figure 1

Angular distribution of reflected ions obtained from the Firsov
theory, see equation (4), for different grazing incidence an-
gles of bombarding ions.



5

angular distribution
3,0

25

20 |

1,5 |

1,0

05

0,0

0 30 60 90
ejection angle, degrees

Figure 2

Angular distribution of reflected ions obtained from eq. (2).
Incidence angles are equal to 0° (normal incidence, red line),
60° (green line) and 75° (blue line).



