


 BBEREHWE

B HACTOAIEE BPEMA B PaCnOPSXEHUU 3SKCNEPUMEHTATOpPOB WUMeeTcs
WIMPOKKMiA- Habop AMINEKTPUIECKMX. NETEKTOPOs - C’ Pa3nMyHO  NOPOroBoW

LlYBCTBMTeI'IbHOCTbIO K 3apsi>XXeHHbIM YacTuuam: OT NONIMMEPHDbIX AETEeKTOPOoB.

[0 HeopraHudeckux (ctekna, - kpuctainsl) {1,2]. UccnepnosaHo Bonbluoe
KOsiM4ecTBO 06pasuos creknia [3,4]. Oka3anocCb, 4TO BCE .OHU 3HAYUTESIEHO
pPa3nu4aloTcs: NO - CKOPOCTW TPasneHus, - 3¢ HeKTMBHOCTU - perucTpaumm,

‘TepMqucxoﬁ CTaGMI'IbHOCTM ", 0COOEHHO 3HAYUTENbHO, NO KOHU.eHTan,MW )

npumeceit ypaa. MNpeAcTasniano \UHTepeC U3roTOB/IEHWE MaTepuanos u3
d)ocd)aTos rae  NpUMecHbI - GOH MOr ObiTb 3HAYUTENLHO cuuxen 4yTO
UMeeT GONbLWOE 3HAYEHUE - NpU Mcnonbaoaauuu NeTEeKTopoB B ﬂp.epHo-
d)uamecmx 3KcnepvmeHTax, rae ¢OH HeliTPOHOB AI0CTATOHHO BESINK [2 ]

U.eﬂbIO HaCTOHUJ,eM paﬁOTbl HBI’IFIGTCH . I'IOLlpOGHOG Mccnep.oaanue

- PErUCTPAUMOHHLIX  CBOWCTB AETEKTOPOB U3 ~docdarHoro  crekna 'K

paccMOTpEHUE 'BO3MOXHOCTEN MCNOML30BaHWUA UX B SAEPHO- cbuamecmx
3KCNEPUMEHTAX ANA perucTpaumu yu ‘uaeHTUOUKAUMK TAXeNbIX Yactu, B
naHHOM pa60Te vccneaosanoce d)occbaTHoe CTEKno, paspa60TaHHoe 7]

- W3rOTOBNIEHHOE ~ B [OCYNApCTBEHHOM ONTUYECKOM  UHCTUTYTE (CaHKT-,

I'IeTep6ypr), cocras KOTOpOro cnep.ylouum.

 P,Os-68%(Mon), . Na0-25%,
7 AlkO3 - 4,5%, ZnO - . 25%. B
I'InOTHOCTb cTekna COCTaBnFIeT 29r/ cm®,

3Kcnepuueu'ranbuau--|ac'rb

O6pa3u.b| heTexTopos u3 ¢$ocharHoro CTeKna (d)C) npeacTasnsnm co6ou '

nOnMpOBaHHbIe NAACTVHLI TOJUMHOA ~ 2 MM. O6Gny4yeHue  NPOBOAWUNOCH
MHOrO3apfAAHLIMU UOHaMKu . ¢ Z=8:56 B uHTepsane 3Hepruin ot 0,1 no
8 MaB/a.e.M. ' HA ' BHEWHUX - Ny4vKax ycxopmeneu NP OUAU. Crekna

* obny4anuce nop yrnamu 10, 305 45 1 '90° k noBepxHocTu. Tpy U3MepeHun -

3¢ HEKTUBHOCTU perucTpaumm yron onxp.enml GomGapaupyIoLMUX HacTuL, B:

[ETEKTOp - NNaBHO ~ MeHanca - "ot 90° o - HynsA. - Ons°  TpaBneHus

MCNonbL30BaANUCEL - pacTsopbl -HF 1. NaOH ' npu KOMHaTHOW Temneparype. .

Tocne | .TpassiieHus V3MepanucL ‘NNOTHOCTb - TPEKOB. U UX OCHOBHbIE
napameTpsbl (pmamertp, pnuHa, yron BX0J1a) C-UCNOMNL30BAHUEM ONTUYECKOr0
Mquocmna, nonyaBTomaTuqecxoro ONTUYECKOrO aHa.nuaaTopa MOP
(ABCTpMSI) - TeNneBU3WOHHOro - -~ aBTOMaTU4ecKoro - CKAHUPYIOLLEro
ycTpoicTBa. - Mccnep.oaanacn: 'BO3MOXHOCTb  TEPMUYECKON - perpeccuu
* CnefoB UOHOB W OCKOJIKOB AienieHus npu TemnepaTypax 100, 150, 200, 250
n 300°C B Teyenue 1, 5 u 15 4. UaMepanocb U3MeHeHne ANuHLI TDEKOB U
ux KOIIVHeCTBO B 3aBUCUMOCTH OT TeMnepaTyps ¥ NPOAOIKUTENEHOCTH.
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1~ Introdu’ctidn

In our previous paper (1] the‘-comp'uted differential cross sections. for elastic’
and inelastic scattering of hydrogen; deuterium and tritium’ p-atoms in the ground:
states on p, d;'and t nuclei, respectively, have been-reported.for symmetric cases ™
of collisions: R e T T L N : o "

o pu(F) +p — pp(F5) + Py S -
CduF)+d o dp(F)+d, (1)

G(F) bt (B G '
for a full set of total orbital angular momenta, total spins of a three-particle- .
system (p-atom + a nucleus) ‘and for all possible initial, I}, and ﬁnal,'F s spins of
p-atoms.- . U e e T e e R TR

The knowledge of differential cross sections is necessary for describing a broad.
spectrum of different phenomena in muon physics [2,3]. Among these the slowing -
down, thermalisation and diffusion of p-atoms in 'mixtures of hydrogen isotopes: '
are of great interest from the point-of view of the muon catalyzed fusion kinetics
studies [4-6]. ~ R R SRR R

In order to describe the transport of p-atoms in targets containing mixtures of
different hydrogen isotopes it is also necessary to know the differential scattering -~
cross sections for asymmetric cases: . o e S

tptd—tptd,  dpttodptt,

dupodutn  pabdopdd T
thtp—tutp  purtopptil,

(elastic scattering) and

tutd—dptt,  putd—dptp,
dptt—tprd, ikpopatb oo 0
Cdpdpopptdy oppAtotEEp

-

(isotope ’t‘zx‘ch’a.nge proceése?). Pfesénta;tipn of such époé,é sections is the aim of this
paper, 0L o N e b S R
Recently, the values of the reactance matrix’ t;(E) and corresponding partial
cross sections o7;( E) for reactions (2,3) have been published [7] for different values -
of the total orbital momentum J. The results [7] have been obtained in the
adiabatic representatibn‘[8];‘thefe tlie Coulomb three-body problem is reduced -
to the multichannel scattering with one or two open channels and a great number ™
(~ 250) of closed ones [9,10]. "So'far thése calculations’ are estimated as more -
accurate. - - P A TR R e e
' Using the available values of phase shifts and an algorithm of computation

similar to that reported in [1]- we calculated ‘the differential cross sections for

o ‘bmsznfq‘r:a} WESRTYT | 2
SRMIMX mocaegosausd |
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processes (2,3) in a w1de range of CMS collision energies (up to a few hundreds -
" of eV) It is worth mentioning that ‘the calculations are done for the scattering of .

p-atoms on bare nuclei, so for energies below ~ leV the necessary corrections for
the electron screening and for molecular effects would have to be introduced [11].
" In contrary, an evaluation of these effects [12] show that they are neghglble above

the eplthermal region (E > 1 eV'), in comparison with the errors appearing due to -
“uncertainities in the initial values of’ t;’J(E) In such cases presented differential -

cross sections may be used without the above mentioned restrictions.
2. Formulae. ’ S , I

7 - When considering rea.'ctioris (2,3), where the mass 'Ma of the muonic atom ag
. is different from the mass My of the b nucleus (a,b = p, d or t) the system of three

- particles,’ a-u-b; for large internuclear: dlsta.nces can be consrdered as a pair. of
states (Flg 1). : i

S

Ethr ) El

bita (2) —— (2) bita

aptb (1) == (1) ap+?b

Fig:1. Structure of energy levels for a- p-b systems in the a.symp-
.. totic region of large internuclear distances.

_ ‘We label with index 717 the lower state; ap + b, wittr the mass M, of the
muonic atom aj greater then the mass My of the nucleus b. The higher state

727 (by + a) is separated by the energy gap Einr; which is equal to isotopic shift.
of the ground state energy level of a muonic atom due to the replacement of -

nucleus a with nucleus b. The energles E, and E, are CMS collision energies in
‘lower and upper channels, respectlvely In such a system the elastic scattering

157,252 and isotopic exchange 1— 2 2 1 are possible, dependmg of the =

' colhsron energy (the transition 1 — 2 has a threshold character). The values of
the threshold energies E,p, are 48. 04 eV, 134 7 eV and 182 8 eV for d-t,. p—d and
. p-t systems, respectlvely

The differential cross section. for the tra.nsmon i =37 (e and j denote the

‘initial and final states, respectlvely) for collision energy E (E = E;) is

do; : St e g2 i
% 4]1c2 Z(2J+1)( i S,’Ij(E))PJ(cosﬂ) i - (4)

. ;Table 1.'._El$stic‘scattering, tp+d - ty +d

E, eV

tot

o, cm-

-H1y

‘_ﬂo_ By . /327 _ﬂa_’

Be Bai Po

-0.100E-02

0.200E-02°

0.300E-02
0.400E-02

0.500E-02
0.600E-02

0.700E-02
0.800E-02
0.900E-02

~.0.100E-01
0.200E-01°
0.300E-01:

0.400E-01

.-0.500E-01

0.600E-01

-~ 0:700E-01
. 0.800E-01
- 0.900E-01

0.100E4-00
0.120E+400

.0.140E+4-00

0.160E4-00

‘0.180E+400:

0.200E+00
0.300E4-00

0.400E4-00.,
0.500E+00:

0.600E+00
0.700E-+00
0.800E+400

.0.900E+00
0.100E+01

0.120E+01
0.140E+01
0.160E+01

0.180E+01

0.100%-18

0.112E-18:
0.114E-18°

0.115E-18
0.117E-18

0.118E-18.
0.119E-18"

0.120E-18

0.121E-18

0.122E-18
0.129E-18
0.135E-18

0.141E-18:

0.145E-18
0.150E-18
0.155E-18
0.160E-18

0.164E-18"

0.169E-18

0.178E-18"

0.188E-18

“0.197E-18
0.206E-18

0.215E-18
0.257E-18

10.294E-18
0.327E-18

0.355E-18
0.379E-18
0.401E-18
0.419E-18

0.435E-18

0.462E-18
0.483E-18
0.500E-18

0.513E-18

0.000
0.000
0.000
0.000
0.000

0.000.

0.000
0.000
0.001
0.023
0.063
0.101
0.138
0.172
0.204
0.234

*0.261

0.285
0.304

0.343-

0.376
0.403
0.426
0.445
0.505

'0.531
-0.543
0.548.

0.550
0.551
0.550
0.549
0.546

0.543.
0.540-
0.537

0.500 0.000 0.000-.0.000:
0.500 0.000 0.000 0.000-
0.500 0.000 0.000: 0.000
0.500 0.000 0.000 0.000:
0.500.0.000 0.000:.0.000:
0.500 0.000 0.000- 0.000:

0.500 0.000 0.000° 0.000

0.500 0.000 0.000.,0.000:
0.500 0.001 0.000: 0.000:
:0.500 0.035 0.001: 0.000
:0.498 0.094 0.005 0.000:
*0.496 .0.152 0.012- 0.000:
:0.493 0.207.0.022 0.000

0.489 0.259 0.034 0.000

0.484 0.307 0.048- 0.000:
0.179 0.351 0.063. 0.000:
0:474:0.392 0.078-0.001"
0.470.0.430 0.090 -0.004

10.4780,471'0.066 -0.025
0.466 0.533 0.100:-0.030
0.455 0.585 0.135-0.036,
0.444,0.629 0.168:-0.041
0.433 0.666 0.200 -0.045°

0.423 0.698 0.231 -0.050 |

0.380 0.797.0.360.-0.067:
0.349-0.845,0.452.-0.080
'0.326 0.869 0.519--0.090

0.310 0.882 0.568 -0.099

0.297 0.890 0.605 -0.107
| 0.288 0.894.0.634 -0.113:

0.230 0.897.0.657--0.119-
0.274.0.932 0.734 -0.186 -

’026009350 766 -0.199 -

0.258 0.937 0.788 -0.210
0.253 0.938 0.806 -0.221
0.250 0.939 0.819 -0.231

" ...conlinued

0.000-0.000 0.000 ] -
0.000 0.000 0.000.| -
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0,000
0.000 0.000 0.000
0.000 0.000 0.000"|°
0.000°0.000.0.000 |-
0.000 0.000°0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.001 0.000 0.000

0.002 0.000 0.000

0.002 0.000 0.000
0.002 0.000 0.000 ;-

0.002 0.000 0.000 .

0.002 0.000 0.000
0.003 0.000 0.000 |
0.003 0.000 0.000 |-
0.004 0.000 0.000 | .
0.004 0.000 0.000 | -
0.004 0.000 0.000

10.005 0.000 0.000

.0.005 0.000 0.000
-0.095 0. 008 0. 003
-0.102 0.009 0.004
-0.108 0.011 0.004
-0.113 0.012 0.004

-0.118 0.013 0.005




Table 1. (continued).

tu+d—tu +d

E, eV

tot 2
aif', em’

S

Ao

B B2 3

CBa o Bs

/j 5

0.200E+01
0.300E+01
0.400E+01

0.500E+01

0.600E+01
'0.700E+01
.0.800E401
0.900E4-01
0.100E402
| 0.150E+02
0.200E+02
0.210E+02
0.220E+02
0.221E+402
10.222E402
'0.223E+02
'0.224E402
10.225E402

0.226 E+02'

| 0.227E+02
0.228E402
0.229E+02

10.230E+02-

0.240E+02
0.250E+02
0.300E+02
0.350E+02
0.400E+02
0.450E+02

0:500E+02 |-

0.580E4-02

0.680E+402

' 0.780E+02
. 0880E+02

0.524E-18

‘0:551E-18

0.557E-18
0.554E-18
0.545E-18
0.534E-18
0.522F-18
0.508E-18

0.495E-18"

0.432E-18
0.424E-18
0.522E-18
0.983E-18
0.102E-17

0.102E-17"

0.101E-17
0.964E-18
0.908E-18
0.847E-18
0.786E-18

0.730E-18 -

0.680E-18

0.637E-18

0.432E-18
0:372E-18"

0.296E-18

0.261E-18
0.235E-18
0.216E-18
0.208E-18
0.187E-18
0.153E-18
0.123E-18
0:100E-18

0.534:

0.522
0.511
0.501

0.492°
0.483:

0.475
0.467
0.460
0.431
0.406
0.359
0.184
0.167
0.152
0.141
0.133
0.130
0.129
0:132
0.137
0.143
0.151
0.230
0.260
0.311

0.320°

0.330
0.345
0.374
0.452
0.507
0.509
0.486

0.453

0.247
0.239

0.235°

0.231
0.228
0.224
0.219

.0.215
0.210:

"0.940 0.831 -0.240.

0.944 0.868 -0.283
0.947 0.893 -0.323

0.949 0.915 -0.357%

0.919 0.936 -0.387
0.948 0.957 -0.416
0.946 0.980 -0.442

:0.9421.005 -0.468

0.938 1.032 -0.-192

0.1790.907 1.242
0.128. 0.731 2.224
0.099:0.405 3.014
0.050 -0.524 3.349
0.048-0.603 3.225
0.047 -0.664 3.067
0.048 -0.704 2.884
0.049 -0.723 2.684
0.052 -0.723 2.476
0.056 -0.705 2.271
0.059 -0.674 2.074
0.064 -0.632 1.888
0.068 -0.583 1.719
0.072 :0.529 1.569
0.098 -0.039 0.827
0.096 0.224 0.719
0.075 0.406 0.835
0.049- 0.314 0.910
0.031° 0.160 0.915
0.024 -0.027 0.856
0.035 -0.250 0.640

0.075-0.573 0.357"

0.129 -0.747 0.263

"0.174 -0.810 0.295

0.213 -0.840 0.368

-0.6:19
11152
-1.096
0.686
0.970
1:243
1.492
1:710

1891

2.033
2.136
2.205
2.244

'2.258
1.834
1.349

0.857:"

1.023

1381

1.842
2.378
3.130

3.387

-3.317
3.124

-0.123- 0.014°

-0.1460.020

-0.170. 0.028"
-0.192 0.038

-0.211- 0.048

-0.231 0.060.
-0.253 0.073

-0.2770.090
-0.304. 0.109
-0.609..0.300
-3.807 1.329

-7.860:1.847-.

0.005

0.008
0.011
0.015
0.019
0.025
0.031
0.039
0.050
0.203
2.745
6.780

-13.382 0.908 14.073
-13.367 0.631 14.354
+13.156:0.340 14.432
-12.765° 0.04514.309
-12.221:-0.240 14.002

-11.559-0.507 13.540 |

-10.822 -0.747 12.961
:10.039 -0.956.12.300
29.242-1.134 11.588
-8.464 -1.280°10.863
-7.724-1.397 10:148

-2.950 -1.669
-1.245 -1.499

0.151.-1.059
20.328 -1.044

10.432-1.153-

0.544.-1.308
10847 -1:437
1.027 -1.462
0.722 -1.224

0.179 -0.975

-0.464 -0.714

5.017
2.890
0.814
0.573
0.541
0.570
0.574
0.704
0.977
1.341
1.796

-2.327

st wen e LS T

0. 980E+02

0.833E-19

0.245 -0.853 0.474

-2.852

-1.178 -0.417

- Table 2. Isotopic exchémgé,;p +d —dp+t,

By = 48.042 eV

E, eV a1,y cm? iz Bo ; Bi By Bs Pa I Ps. Pe
Eh- + 0.10E-02 |-0.289E-23°|-0.058| 0.498 -0.086. 0.007-. 0.000 0.000 0.000 0.000 |-
Epyy + 0.10E-01 | 0.926E-23 | -0.137 | 0498 -0.208- 0.005 0.005 0.001 0.000 0.000 |-

E,.;, + 0:10E+00 | 0.351E-22 | -0.321°{ 0.468 -0.542: 0.076 . 0.100 0.034 0.000 0.000
Eu + 0.50E400 | 0.146E-21| -0.235| 0.435 -0.702 -0.071 0.577.0.445 0.008 0.000
Eyp + 0.10E+01 | 0.340E-21 | -0.065 | 0.452 20.678 -0.490. 0.949 1.055 0.028°0.000
Eye + 0.20E401§ 0.918E-21 | 0.125 | 0.502 -0.633 -1.261 “1.310 2.089 0.082 0.001
Ex.'+ 0:30E+01{-0.174E-20°| '0.218°| 0.541 -0.608 -1.834 -1.455 2.849 0.148 0.003
Euy + 0.40E+01 | 0.281E-20 | 0.270 | 0.565 -0.589 -2.237 1.503 3.397 0.216 0.006
Ein + 0.50E4+01'| 0.407E-207|-0.300-| 0.580 -0.572-2.517 ~1.501 3.789 0.285 0.010
E,. + 0.70E+01 | 0.7065E-20°|" 0.333(-0.590 -0.538 -2.852.'1.428 4.288 0.421:0.020
Eine + 0.10E402 | 0.119E-19-}© 0.352 | 0.588 -0.481°-3.081--1.234 4.663 0.627.0.046
En 4+ 0.15E402 -0.188E-19{ * 0.363 | 0.572 -0.370°-3.204 0.798°4.8871.017.0.127
Es + 0.20E4-02°| 0.231E-19 | - 0.372:] 0.555 -0.236 -3.218.0.247 4.892 1.509 0.274
B+ 0.25E+02:4:0.255E-19 +0.385"| 0.538 -0.082-3.182-0.414 4.752 2.117.0. 503
E;; "+ 0.30E+02-|-0.266E-19 | 0.402°| 0.522 '0.091-3.103 -1.171 4.476 2.833 0. 822 | -
By + 0.35E+02:(:0.271E-19-| - 0.421- 10.5050.273 -2.980 -1.986 4.070 3.617-1.224 : :
E,.. + 0.40E+02 0.273E-19 | - 0.443:| 0.487 : 0. 457: -2.817 -2. 823 3.548 4.435 1.694
Eyy 4+ 0:45E402 | 0.273E-19 |- 0:465°| 0.470.: 0. 636" 2 618 -3.647. 2. 930 5.248 2.215
Byt 0.50E402] 0.271E-19 |- 0.486°| 0.453 '0.806°-2:387 -4.434 2.233 6.029 2.774
-~ Table 3. Isotopic exchange, du+t > tu+d. -

E, eV~ U;‘it, cm? Ba1 'ﬂo"/ "ﬂl,"_k ﬂz ﬂs ﬂ4 ﬂs ) ﬂ
0.100E-02 0.136E-18‘ -0.058 | 0.498 -0. 086 0. 007 0 000 0 000 0.000 0. 000
0;200]3-02 -0.961E-19 | -0.075 10.499 -0. 112 0. 004 0 001 0.000 0. 000 0.000
0.300E-02 { 0.787E-19 | -0.087 | 0.500-0. 131 0. 001 0.001 0.000 0.000 0.000 -
0.400E-02 | 0.682E-19 {--0.096 | 0. 501-0.146 -0. 002 0.002 0. 000 0.000 0.000-
0.500}:_‘,-02r 0'.6'12E-19 .0'105, 0.501 -0.159 -0. 004 0.003 0. 000 0.000 0.000_
0.600E-02 | 0.559E-19 | -0.112 | 0. 502 -0.170 -0. 007 0.004 0.001 0.000 0.000
0.700E-02 | 0.519E-19 | -0.119 | 0. 503 -0.181.-0.009 0.004 0.001 0.000-0.000
0.800E-02 0.486E719 -0.125 0 503 -0. 191 -0.010 0. 005 0. 001 0. 000 0 000‘

contmued .




B

Table 3. (continued) ~ du +t - tu Fdoio

E, eV

tot

Bo B Po fs B Bs  Bs

o3y, em? | iy
0.900E-02 0.459}3-19 ~0.131.{ 0.504 -0.200 -0.012 0.006 0.001 0.000 0.000
" 0.100E-01 | 0.436E-19 | -0.136°| 0.504 -0.208 -0.013-0.007 0.001 0.000 0.000
0.200E-01 | 0.315E-19-| -0.186 | 0.502 -0.288 -0.009 0.016 0.004 0.000 0.000
, 0.300E-01 |:0.262E-19-] -0.220 | 0.498 -0.345. 0.002 0.026 0.007 0.000 0.000 |-
'0.400E-01 | 0.232E-19 |'-0.246°{ 0.493 -0.390 0.016 0.035.0.009 0.000 0.000 |
"0.500E-01 | 0.212E-19:|:-0.266| 0.488 -0.426 0.029 0.045 0.012 0.000 0.000
0.600E-01 | 0.198E-19°|:-0.282 | 0.483 -0.456  0.042 0.054 0.016 0.000 0.000
~ 0.700E-01 | 0.187E-19 |-0.296°| 0.478 -0.482 0.054 0.064 0.019 0.001 0.000 |-
-0.800E-01 | 0.178E-19°| -0.306 | 0.474 -0.505-0.063 0.075 0.023 0.001 0.000
- 0.900E-01 | 0.172E:19:|-0.315 | 0.470 -0.525 0.072 0.086 0.028 0.001 0.000
0.100E+00 | 0.166E-19 | -0.322 | 0.467 -0.542. 0.079.0.098 0.033 0.001.0.000
0.120E+00 | 0.158E-19°|-0.332 | 0.463 -0.572-°0.084 0.124 0.046 0.001 0.000 |-
0.140E+00 | 0.152E-19 | -0.337-| 0.458 -0.597 0.089 0.151 0.061 0.001 0.000. |
0.160E+00 | 0.147E-19 | -0.339:| 0.455 -0.616 0.090 0.177.0.076 0.002 0.000
0.180E+00 | 0.144E-19 ['-0.339°| 0.451 -0.632 0.090 0.204 0.093 0.002 0.000
0.200E400 | 0.142E-19 | -0.337 | 0.449 -0.645 0.088 0.230 0.111 0.002 0.000 | . -
¢ | 0.300E+00 | 0.136E:19 | -0.312:| 0.438 -0.684 0.058 0.357 0.211 0.004 0.000 |-
* | 0.400E+00 | 0.137E-19 | -0.274 | 0.434 -0.698' 0.004 0.472 0.324 0.007 0.000
| 0.500E+00 | 0.140E-19 | -0.234 | 0.433 -0.701 -0.064 0.575 0.443 0.010 0.000
0.600E+-00 | 0.144E-19 | -0.196 | 0.434 -0.699 -0.140'0.667 0.564 0.012 0.000
“| 0.700E400 | 0.148E-19 | -0.159 | 0.437 -0.695"-0.222 0.749 0.687 0.016 0.000
0.800E+00 | 0.153E-19 | -0.125 | 0.440 -0.689 -0.306 0.823 0.809.0.019 0.000
0.900E+00 | 0.159E-19 | -0.094 | 0.445 -0.684 -0.393 0.889 0.930 0.023 0.000
0.100E+01 | 0.164E-19 | -0.065 | 0.450 -0.678 -0.481 0.948 1.050.0.027 0.000
0.120E401 | 0.178E-19 | -0.012 | 0.460 -0.667 -0.655:1.056 1.289 0.037 0.000
| 0.140E+01 |:0.200E-19 | 0.031 | 0.448 -0.661 -0.705 1.148 1.435 0.045 0.001
| 0.160E+01 | 0.217E-19 | 0.068 | 0.449 -0.656 -0.805 1.225 1.598 0.054 0.001
0.180E+01 | 0.225E-19 | 0.099 | 0.468 -0.649 -0.993 1.282 1.814 0.067 0.001
0.200E+01 | 0.226E-19 |. 0.125 | 0.501 -0.633 -1.253 1.311 2.082 0.082 0.001
0.300E+01 | 0.292E-19-| - 0.219 | 0.539 -0.609 -1.824 1.456 2.8410.147.0.003
0.320E+01 | 0.305E-19 | 0.231 | 0.546 -0.605 -1.923 1.471 2.970 0.161 0.004
0.340E+01 | 0.319E-19 | 0.243.| 0.552 -0.601 -2.010 1.483 3.088 0.175 0.004
0.360E+01 | 0.332E-19 |  0.253 | 0.556 -0.597 -2.088 1.492 3.195 0.188 0.005
0.380E+01 | 0.346E-19 | 0.262 | 0.560 -0.594 -2:159 1.500 3.294 0.202 0.005
{0 400E+01 | 0.359E-19 | 0. 270

0.563 -0.591 -2.224 1.506 3.385 0.215 0. 006 |

...continued

Table 3. (continued)

dutt >ty "

E, eV

cr.’,‘;’, cm?

130 : ﬂl,: ,32 ﬂ.‘_i .B-‘l Bs - Ps. 1

0.420E+01

‘| 0.440E+01
0.460E+01-

0.480E+01
0.500E+01
0.600E+01
0.700E+01

'| 0.800E+01"

0.900E4-01
0.100E+02
0.150E+02
0.200E+02
0.250E+02
0.2705+02
0.280E+02

0.290E+02'

0.300E+02
0.350E+02
0.400E+02

4 0.450E+02

0.372E-19
0.385E-19
0.399E-19
0.412E-19
0.425E-19
0.487E-19
0.545E-19

0.642E-19
0.680E-19
0.777E-19
0.775E-19
0.734E-19
0.713E-19
0.703E-19
0.693E-19
-0.683E-19.
0.635E-19
-0.592E-19
0.555E-19

0.597E-19°

0.277
0.284

'0.296
0.301
°0.321
0.333
0.342
'0.348
0.353
“0.364
0.373
0.385
0.392
0.395
0.398
10.402
0.421
0.443
0.466

0.290

0.568-0.587 -2:293 1.508 3.478 0. 'é29A0 007
0.571 -0.583 -2.354..1.508 3.563 0.243.0.007
0.574-0.580 -2.410 1.508 3.642 0. 257 0.008

,0;576'-0.576 -2.461 - 1.507 3. 714.0.270 0.009 |

0.578 -0.573_ -2.508 '1.505 3.781 0.284 0.010
0.586 -0.558 -2.704 '1.4804.068 0.351 0.014

0.589'-0.540 -2.844 1434 4.281 0.419 0.020.| =

0.590 -0.522 -2.946 '1.377 4.441 0.486 0.027 |,
0.589 -0.503 -3.022 1.312°4.565 0.555 0.036.

0.587-0.484 -3.076 1.241 4.657 0.624 0.046
0.572-0.372 -3.200 0.807 4:884 1.013 0.126 |
0.555 -0.239 -3.216 0.255 4.891 1.505 0.273
0.538 -0.083 -3.181 -0.408 4.752 2.114 0.502
0.531°-0.015 -3.154 -0.704 4.657 2.392 0.620 |,
0.528 0.019 -3.139 -0.856 4.602 2.535 0.683 |
0.525° 0.054 -3.121 -1.009 4.542 2.681 0.750
0.52170.089 -3.102 -1.165 4.477 2.830 0.820’

0.505° 0.272 -2.981-1.9814.072 3.615'1.222' |-

0.487-0.455 2818’2814305344291690 :
0.4700.636 -2.617 3615292752002218‘
0.453 0. 805 -2.387 —4 431 2. 232 6.029 2 776

0.500E+02

0.524E-19

0.487

5

. _Ta.blé 4. Elvasti'c*s(:atfte_l'ilig, d}l: +t ——» du +t TN

Ly eV

cr.,., , c1712

.4‘1.30“ 131 ’ ﬂz ‘ ﬂa ﬂ4 ﬂs ﬂs’f

'0.100E-02
:0.200E-02
“0.300E:02"
"0.400E-02

0.500E-02

0156E19
0:167E-19
0:175E-19
0:182E-19
0.189E-19

-0.024
-0.044
-0.056
-0.064
-0.069

~0504 0031 0011 0009000000000000 -

0.507 -0.054 -0.023 -0.021:0:001 0.001 0.000-
0.510°-0:066 -0.033 -0.031°0.003 0.001.0.001-
0.513-0.073 -0.041 -0.040 0.004 0.002 0.001

‘0515 -0.076 -0.047 0048000500030001

contmucd -




" Table 4.. (continued)

dp+ t— die +t

0.380E+01

0.136E-18

0.115

TE7 eV a3y, cm? flaz o B P2 B 34 Bs Bs
0.600E-02 0.194F-19 --0.074 | 0.516 -0.079 -0.052 -0.056 0.006 0.003 0.002
" 0.700E-02 | 0.200E-19 | -0.077 | 0.517--0.080 -0.057 -0.063 0.007.0.0040.002
0.800E-02 [ 0.205E-19 | -0.080 | 0.518 -0.081 -0.061 -0.069 . 0.008 0.005 0.003.
‘| 0.900E-02-{ 0.210E-19 | -0.083 | 0.519 -0.081 -0.064 -0.075 0.008 0.005 0.003
- 0.100E-01:} 0.214E-19 | -0.085 | 0.520 -0.082 -0.067 -0.080 .0.009 0.006 0.004
0.200E-01 | 0.252E-19 | -0.108 | 0.523 -0.097 -0.080 -0.115 0.015 0.010 0.007°
_0.300E-01 | 0.282E-19 | -0.122 | 0.523 -0.109 -0.086 -0.132 0.019 0.012 0.010
~0.400E-01| 0.308E-19:| -0.132 | 0.523 -0.119 -0.088 -0.142.0.022 0.014 0.011
0.500E-01"| 0.332E-19 | -0.140 | 0.523 -0.128 -0.090 -0.147. 0.024 0.015 0.012
0.600E-01| 0.353E-19 | -0.149 | 0.523 -0.140 -0.091 -0.150 0.027 0.016 0.013
'0.700E-01 | 0.372E-19 | -0.153 { 0.523 -0.146 -0.093 -0.151- 0.028 0.016 0.013
“0.800E-01 | 0.391E-19 | -0.157 [-0.524 -0.152 -0.095 -0.152 0.030 0.017.0.013
‘0.900E-01 | 0.409E-19 | -0.160 | 0.524 -0.157 -0.097 -0.152 .0.031 0.018 0.014
0.100E+00 | 0.425E-19 | -0.163 | 0:525.-0.161 -0.100 -0.152 0.032 0.018 0.014
-0.120E+00 | 0.455E-19 | -0.166 | 0.527 -0.167 -0.107 -0.150 -0.034 0.019 0.014
0.140E+00| 0.483E-19 | -0.169 | 0.528 -0.173 -0.112 -0.149 0.036 0.020 0.014
0.160E+00-| 0.508E-19 | -0.171 | 0.530 -0.177 -0.117 -0.147 0.037 0.021 0.014
0.180E+00 | 0.532E-19 | -0.172 | 0.531 -0.180 -0.122 -0.146 -0.038 0.022 0.014
0.200E400 | 0.555E-19 | -0.173 | 0.532 -0.182 -0.126 -0.144 .0.039 0.023 0.013.
'0.300E4D0 | 0.649E-19 | -0.172 | 0.538 -0.185 -0.145 -0.139,0.041 0.025.0,013
0.400E-+00 | 0.722E-19 | -0.167 | 0.543 -0.181-0.162 -0.137 - 0.043 0.028.0.013
'0.500E-£00 | 0.783E-19 | -0.161'| 0.548 -0.172-0.177 -0.137 0.044 0.030 0.013
0.600E+00 | 0.834E-19 |-0.153 | 0:552 -0.160 -0.190 -0.139- 0.045 0.032 0.013
0.700E4-00 | 0.879E-19 | -0.145 | 0.557 -0.147 -0.203 -0.143 0.045 0.034 0.014
0.800E+00 | 0.918E-19 | -0.137 | 0.560 -0.132 -0.215 -0.148  0.045 0.037.0.014
[ 0.900E400°| 0.953E-19 | -0.128 | 0.564 -0.116 -0.225 -0.155 0.045 0.039 0.015
0.100E+01 | 0.985E-19 | -0.120 | 0.567 -0.101-0.235 -0.162 0.045 0.042 0.016
0.120E401 | 0.104E-18 | -0.096 | 0.574 -0.055 -0.254 -0.184 . 0.042 0.047 0.018
0.140E+01 |- 0.108E-18 | -0.032 | 0.582: 0.063 -0.269 -0.224 0.025 0.053 0.020
0.160E+01 | 0.112E-18 { 0.009 | 0.585 0.141 -0.273 -0.255. 0.012 0.059 0.022
0.180E+01 | 0.115E-18 |- 0.010 | 0.587 0.147-0.280 -0.266 0.013 0.064 0.024:
0.200E+01 [ 0.119E-18 | -0.024 | 0:588 0.090 -0.292 -0.259 0.027.0.068 0.026
0.300E+4-01 | 0.130E-18 | 0.059 | 0.590° 0.260 -0.282 -0.351 -0.004 0.092 0.037
0.320E+01 | 0.131E-18 | 0.074 | 0.588 0.290 -0.274 -0.368 -0.011 0.097 0.039.
0.340E4+01 | 0.133E-18 | 0.088 | 0.586 0.320 -0.264 -0.385 -0.018 0.101 0.040
0.360E401.| 0.134E-18° 0.102 | 0.583 0.348 -0.252 -0.401 -0.026 0.105 0.042'

0.580-0.375 -0.238 -0.416 -0.033 0.109.0.044"

...continued
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: Table 4..~,"(cont/i7_1ued)‘

dp+t—dutt

E, eV.

tot
0'22 N cm?

‘ﬁo ,31 ,vﬂz ' ",33 E ,34 ,35 ,36‘

'0.400E+01

0.420E+01

0.440E+01,

0.460E+01

'0.480E+01
0.500E+01-

,0.600E+01
0.700E+01

0.800E+01

0.900E+01
0.100E+02

0.150E+02
10.200E+4-02

0.250E+02
0.270E+02

0.280E+02-
'0.290E402 |

0.300E+02
0.350E+02

0.400E+02
0.450E+402"
| 0.500E+02

0.137E-18.
0.139E-18
0.140E-18,
0.141E-18.
0.142E-18
0.143E-18
0.149E-18

0.153E-18
0.157E-18

0.161E-18.
0.164E-18
0:177E-18
0.184E-18.
0.187E-18.
.0.187E-18:
‘0.187E-18
10.187E-18"}.
0.187E-18 |-
:0.184E-18

0.180E-18
0.175E-18
0.169E-18

-0.128-
-0.139
0.151

0.162
0.172
0.182
0.225
0.261

0.291
0.316
0.339

0.425

.0.486

0.529
0.543

0.549

:0.555

10.560 .
10.581
-0.595
0.605-
-0.612

0.576 0.401 0222 -0.430 -0.041 '0.112 0.046 '
,0.572 0426 0206 -0.445 -0.049-0.116 0.048
0567 0450 -0.188 0458 -0.057. 0.120 0.050
10.562,0.472 -0.169 -0.470° -0.065 01230052
0.556 0.493 - 0149‘0482 -0.073 0.126 0.054

-0.551° 0.513 -0.127 -0.492 -0.081 - 0.128 0.055

0.517.0.596 -0.008 -0.528 O 118-.0.138 0.063
0.479 .0.658 0.128 0 548 -0.158- 0 145 0.073.
0.437-.0.699 -.0.271 -0. 542 . -0. 195 0 147, 0 081
0.395.0.720 0. 411 -0.512 -0. 227 0 143 0.089
0.355.0.727 . 0. 547 -0. 462 -0.254 . 0.136 0.097.
0.189°.0.611 '_1 059. 0. 003 -0.297 0.056 0.120 |
0.098 .0.398 1. 278 0 577 0 213 -0. 035 0.128 |
0.059 0 184 -1. 290 1. .087.-0. 032 -0. 099 0.121
-0. 053 0. 108:1.257 1. 258 0. 058 0 113 0. 115

0.051 °0.072°1.235 1.337 0.106-0.118 0,112°] "
0.050 0.037- 1.210 1.411:0.156 -0.121 0.108 |-

0.049.0.004:.1: 182 1.480-0. 207-0.122 0.105
0.055 -0,139{1.910 :1:759-0.482 -0, 105 0.084
0.068 -0.247:.0.804 .1.934 -0.773 -0. .048 0.063

10.086 -0.323 0.587 2.022.1. 061 0.042 0.045

0.104 -0.375 0.368 .2.038 :1.340- 0.163 0.034
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Table 5. Elastic scattering; du + p = du +p

-E, eV

tot
<L) em?

Bo B ,35 ﬁsl B Bs ﬂs

- 0.100E-02
0.200E-02:
- 0. 300E 02-

'0.400E-02
0.500E-02
0.600E-02
~'0.700E-02
0:800E-02
0.900E-02
“'0.100E-01

.' 0.200E-01.

" 0.300E-01

* 0.400E-01
*0.500E-01°

" 0.600E-01

“120.700E-01

© 0.800E-01

“0.900E-01

10.100E+00

| 0.120E+00
0.140E400°
0:160E+00.

0:180E4-00
0.200E+00

0.300E+00,
0.400E+00

0.500E-+00
'0.600E+00
0.700E+00
0.800E+00
‘| 0.900E+00
0.100E+01
0.120E+01
0.140E+01
0.160E+01
0.180E+01

0.236E~19
0.221E-19
0.217E-19
0.213E:19

0.209E-19.

0.207E-19

0.202E-19°

0.208E-19

‘0.207E-19

0.199E-19

0.182E:19
‘0.168E-19

0.167E-19
0.150E-19
0.150E-19

0. 141E 19

0.134E-19
0-129E:19
0.125E-19
0.116E-19
0.108E-19
0:101E:19
0.955E-20
0.900E-20
0.689E-20
0.541E-20
0.436E-20
0.356E-20
0.292E-20
0.246E-20
0.208E-20
0.182E-20
0.143E-20
0.121E-20
0.113E-20
0.114E-20

0.005

0.011
'0.016
0. 020°

0.024

'0.027
‘0.031
"0.033
'0.035
‘0.038

0.056

0.070-
0.081

0.095

0103
0.114°

0.124

0:134:
'0.142°
-0.160°

0.177
0.194
0.210
0.226
0.302
0.375

0.444

0.512
0.575
0.631
0.673
0.717
0.727
0.653
0.500
0.320

'0.499 0.007 0.004 0.000 0.000 0.000 0.060
0.498 0.016° 0.005 0.000°0.000 0.000 0.000-|

0.498 *0.023 0.007.0.000 0.000 0.000 0.000.

-0.497~ 0 03070.008°0.000 0.000 0. 000 0.000 |
0.497-0.036 -0.010 0. 000 0.000 0.000 0.000 |’

0.4;96 0.041°0.012.0.000 0.000 0. 000 0. 000
0.496 -0.045 °0.013 0. 001 0.000 0.000 0,000

0.495 0.049° 00140001000000000000 o
0. 495 10.052 00160001000000000000

0.494 0.056°0.017 0. 001 0. 000 0.000 0.000

'0.490 ~0.0820:030 0.002 '0.000 0.000.0.000
-0.486 ° 0:103 0.042 0.004 0.001 0.000 0.000
0.483°0.118-0.051 0.005°0.001 0.000 0.000 |
0.479 0.1370.062.0.007 0.001 0.000 0.000"
"0.477 '0:149° 0.069 0.009 0.002 0.000 0.000 |’

0.47470.164 "0.078 0.011°0.002 0.000 0.000

£0.471 0.178" 0.087.0.013 0.003 0.000 0.000"
0.468 10.191+0.095 0:015'0.003 0.000 0.000°
0.465 0.202 0.102 0.017-0.003 0.000 0.000! |
0.460 '0.2260.118 0.022 0.004 0.000 0.000°
0.4540.249'0.135 0.028 0.006 0.000 0.000 |:

0.448 0.272"0.152 0.034 0.007 0.000 0.000
0.442 0.291°0.168 0.040.0.008 0.000 0.000
0.436 0.312 0.185:0.046 0.010 0.000 0.000
0.405 :0.401 0.274 0.087 0.019 0.000 0.000
0.369--0.478 0.373 0.141 0.032 0.000 0.000
0.330 0.539 0.479 0.211 0.051 0.000 0.000

:0.287 0.588.0.595.0.301 0.075 0.000 0.000

0.241 0.616-0.715 0.410 0.106 0.000 0.000
0.192 0.621 0.837 0.541 0.146 0.000 0.000
0.146 - 0.597 - 0.947 0.686 0.192 0.000 0.000
0.097 0.395:0.712 0.866 0.727 0.376 0.143

0.025 0.224 -0.700 1.029 1.051 0.582 0.220 |

0.000 -0.022 0.549 1.092 1.369 0.807 0.302
0.035 -0.285 0.285 1.021 1.590 0.986 0.367
0.117 -0.504 -0.052 0.839 1.704 1.120 0.416

...continued
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Table 5. ,“y(éon{‘zfnue;l)

dye + p'—‘»"du +p-

-0.114 -0.095 2.109 -0.460 -8.27

E, eV | o}t cm-» JOM Bo /3.1 Ba By Ba . PBs ‘/36'
0.200E+01 | 0.121E- 20 | 0.147 | 0.220 0615 -0.359 0.610° 1.694 1.166 0.430
0.300E+01 | 0.214E-20 | -0.216 | 0.606 -0.583 -1.185 -0.308 1.182 1.037 0:371
0.400E+01 | 0.349E-20 | -0.208 | 0.747'-0.276 -1.361 -0.686 0.819  0.876 0.298
0.500E-+01:| 0.497E-20 | -0.141 | 0.808 -0.008 -1:410 -0.919 0.622 0.810.0.266
0.600E+01 | 0.651E-20 | -0.072 | 0.839 0.207 -1:430-1.084 0.512 0.782 0.245
0.700E+01 | 0.808E-20 | -0.012 | 0.857 0.384-1.435 -1.223" 0.443 0.773 0.232
0.800E+01 | 0.969E-20 | 0.038 | 0.869 0.534 -1.450-1.355 0.412 0.783 0.224
-0.900E+01 | 0.113E-19 | 0.079 | 0.877 0.663 -1.464 -1.480"0.400 0.800 0.219
0.100E+02 | 0.130E-19 | 0.111 | 0.882° 0.774 -1.482 -1.601 ' 0.406 0.824 0.215
0.150E+02.| 0.224E-19 | *.0.175 |-0.898 1:147 -1.685 -2.183 0.675 '0.990 0.201
0.200E+02 | 0.353E-19 | 0.138 |:0.904° 1.306 -2.056 -2.669  1.275" 1.171 0.185
0.250E+02 | 0.566E-19 |~ 0.059 | 0.891 1.287-2.558 -2.914 2.196. 1.282 0.155
0.300E+02°{ 0.975E-19 | ~0.009 | 0.840 1.105-3.017 -2.757 3.247. 1.250 0.117
0.350E+02 | 0.182E-18 |.-0.029 |-0.746 0:803 -3.262 -2.148 .4.152 1.033 0.079 |-

- | 0.400E+02| 0.325E-18'| 0.005 | 0.629:0.471 3,229 -1.265 4.698 0.691 0.055 | .+ -

| 0.450E+02 | 0.442E-18 | 0.072-( 0.516 '0.178 -2.991 -0.335 *1.873:0.308 0.049 |
'0.470E+02 | 0.451E-18 | .0.103 | 0.475 0.079 -2.865 '0.011  £:861: 0.159 0.052 | - ..
0.490E+02 | 0.440E-18 | 0.134 | 0.438 -0.008 -2.730 0.335 -1.817 0.0170.058 |
0.500E+02 | 0:429E-18 | 0.149 | 0.421 -0.047 -2.660 0.483 4.784 -0.052 0.062
0.510E+02 | 0.417E-18 | '0.164 | 0.405 -0.084 -2.591 0.634 -1.746 -0.118 0.066
0.530E+02 | 0.390E-18 70.193 | 0.375 -0.151 -2.452 0.908 -1.656 -0.245 0.076 |
0.550E+02 | 0.362E-18 | 0.220 | 0.349-0.209 -2.315 1.158 4.552 -0.363 0.088
0.135E-+03 | 0.150E-18 | 0.360 | 0.151 -0.666, 0.980 3.772 -2.574 -2, 166 3.757.
0.140E+03 | 0.148E-18 | 0.335 | 0.158-0.728 1.076 3.739 -3.146 -2.36.1 4.291
0.145E+03 | 0.149E-18'|* 0.326 | 0.154 -0.707 1.232" 3.514 -3.832 -2.128 41.909
0.150E+03 | 0.151E-18 | 0.325 | 0.149-0.669 1.398 3.211-4.539 -1.795 5.547 |
0.155E403 | 0.155E-18 | 0.330 | 0.144 -0.613 '1.562 2.823 -5.252 -1.368 6.200 |
0.160E+03 | 0.160E-18 | 0.339 | 0.138 -0.548 1.717 2.372 -5.933-0.857 6.837
0.165E+03 | 0.164E-18 | 0.352 |0.132-0.469 1:851 1.860 -6.566 -0.278.7.450
0.170E+03 | 0.170E-18 | .0.370 | 0.123-0.382 1.962 1.307 -7.092 0.356 7.987 |
0.175E+03 | 0.174E-18 | 0.388 | 0.122-0.287 2.033 0.716 -7.585 1.026 8.526 |
0.180E+03 | 0.179E-18 | 0.409 | 0.118-0.190 2.087 0.119 -7.987 1.707 8.988
0.185E403 | 0182E 18 | 0.431

5 2.3729.364 |
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Table 6. Isotopic kexchange, du4+p—opn+d, Ep = 1314.709 eV

T E, eV

tot ~ 7

aigf, em® | fus

B B B B B B B

Eumr + 0.10E-02
Eqnr + 0.50E-02
Eupe +:0.10E-01
E,i, + 0.50E-01
E.r + 0:10E400
Euse + 0.50E4+00
Eu + 0.10E401
Ene + 0.20E401

E.i 4 0.10E+402
E.i +.0.15E402
E.. + 0.20E402
“Eiy + 0.25E402
E;:4+0.30E402
Eg7 +.0.35E402
En 4+ 0:40E402
Eh: + 0.45E4+02

Eupe -+ 0.50E401

0.571E-22 | 0.015
0.127E-21 | 0.027
0.179E-21 | 0.039
0.392E-21: | 0.087
0.547E-21 | 0.124
0.118E-20 { 0.270

0.168E-20 |- 0.359-

0.248E-20 | 0.442
0.442E-20 | 0.463
0.694E-20 | 0.382

0.887E-20 | 0.310.

0.104E-19 | 0.257
0.117E-19 | 0.212

0.130E-19 | 0.179

0.141E-19 }.0.139
0.156E-19'} 0.130

0.169E-19-| 0.111
0.182E-19 | 0.094°

0.000 0.000 0.000
0.000 -0.000 0.000
0.000  0.000.0.000
0.000 -0.000 0.0C0

0.500 0.022 0.000- 0.000

-0.500°0.040 0.001 - 0.000.

0.499 0.058 0.002° 0.000

0.497 0.131-0.009  0.000" -
10.4940:185 0.018 0.001 - 0.000 0.000:0.000
0.47070.403 0.089 0.003 -~ 0.002 0.000°0.000
0.441 0.536 0.174°0.006° 0.007 :0.000 0.000
0.391'0.658 0.312 0.008 - 0.026 - 0.000.0.002
0.296 0.700 0.539 -0.009 * 0.107 -0.001 0.022
0.223 0.637 0.658 -0.106 - 0.181 -0.000 0.149
0.187 0:631 0.743 -0.279 . 0.008 -0.004 0.449
0.163-0.683°0.922 -0.502" -0:541 '0.010.0.969
0.146'0.764'1.239 -0.753 -1.518.0.014'1.711
0.133 0:851'1.706 -0.977-"-2.899 “0.007 2.650
0.118 0.898 2.321 :1.136 -4.651 :0.018 3.771
0.112 0.958 2:964-1.225  -6.470.-0.067 4.859
0.104 0.953 3.646 -1.210 -8.347-0.142 5.948

Eine+.0.50E+02

0.099 0.908 4.297 -1.105 -10.114 -0.242 6.943

“Table 7. Isotopic e’xchahge,ﬂp;l-l— d—du+p

'”E, gV‘

1ot
091 cm

LI ﬂz‘ ﬂs,"ﬂ;'ﬂ;y b

<0 100E-02
| 0.200E-02
| 0.300E-02
'0.400E-02
'0.500E-02
0.600E-02
0.700E-02
0.800E-02
0.900E-02

0.724E-17
0.511E-17
0.416E-17

0.360E-17
0.322E-17

0.294E-17
0.272E-17
0.254E-17
0.239E-17

0.015
0.020
0.024
0.027
0.029
0.031
0.033
0.035
0.037

0. 500 0.022.0.000,0.000 0.000 0 000 0. 000

'0.500 0. 030 0. .000 0.000 0.000 0. 000 0. 000

0.500 0. 035 0. 001 '0.000 0. 000 0. 000 0. 000

0.500 0.040 0.001 0. 000 0.000 0. 000 0. 000
0.500 10.044 0.001 0 000 0.000 0. 000 0.000
0.500 0.047 0.001°0.000 0.000 0. 000 0.000.

0.500 0.050 0.001 0.000 0.000 0.000 0.000
0.500 0.053 0. 001 0.000 0.000 0.000 0.000
0.499 0.056 0.002 0.000 0.000 0.000 0.000

...continued
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- Table 7. V(Cohtinued) pu+d—dutp ’

E, eV

tot 2|

021 ,em

bo B P f‘jﬂ; B Bs B

0.100E-01

0 200E-01

0.300E-01

0.400E-01°
"0.500E-01"
~ 0.600E-01
0.700E-01°

0.800E-01

0.900E-01

0.100E+00
0.120E4-00

-0.140E+00

0.160E+00
0.180E+00

0.200E+00.
0.300E+00.
0.400E+00'
0.500E+00
0.600E+00
0.700E+00
| 0.800E+00
0.900E+00.
0.100E+01:
0.120E401"

0.140E401

0.160E4-01°
0.180E4-01
0.200E401"
0.300E+01-
0:400E+01°
0.500E+01.

0.600E+01

0.700E+01
0.800E+01
0.900E+01

0.227E-17

0. 159E—17‘
0:129E-17.

0.112E-17
0.994E-18
0.905E-18
0.836E-18

10.780E-18.

0.734E-18
0.694E-18

0.632E-18

0.583E-18
0.544E-18
0.511E-18

0.484E-18

0.392E-18
0.338E-18

-0.302E-18

0.275E-18
0.255E-18

0.239E-18
0.226E-18
0.215E-18

0.198E-18

0.185E-18.
0.175E-18

0.166E- 18
0.159E-18

0.137E-18

0.125E-18
0.116E-18
0.110E-18
0.105E-18
0.101E-18

0.977E-19

0.039
10.055
0.068
0.078

-0.087

0.096
0.103
0.111

0.117.
0.124.
0.136
0.146

0.156

0.166

0.175
0.213

0.244 -

0.270

0.293

0.312
0.330

0.345

0.359

.0.383
0.403 .
0.419
0.431°
0.442
0.469"
0.471
0.463:

0.449
0.433

'0.416

0.399

0.499 0.058 0.002_0.000.0.000_0.000 0.000
0.499 0.082 0.003 * 0.000 0.000" 0.000 0.000

-0.498 0.101 0. 005 0.001 0.000" 0.000°0. 000°
'0.498 0. 117 0.007 -0.001-0.000° 0.000 0.000 |
.0.497 0.131 0.009;0 001 0.000:0.000 0. 000’

0.497 0.143 0.010.:0.001 0.000 -0.000 0.000
0.496 0.155 0.012 :0.001:0.000  0.000 0.000

10.495 0.165 0.014 0001 0.000° 0.000 0.000 |-
0.495 0.175 0.016 0001 0.000" 0.000 0000

0.494 0. 185 0. 017,:,0 001,0.000:0.000 0.000_}, ’
0.493 0.202 0.021 0.001 0 000 0.000 0.000

‘0.492 0.219 0.025 0. 00‘1 0.000 0. 000 0. 000

0.491 0.233 0.028 0.002 0.001 0.000 0.000 |
0.489 0.248 0.032 0.002 0.001 0.000 0.000-
0.488 0.261 0.035. 0.002 0.001 0.000 0.000
0.482 0.318 0.053 0.002 0.001 0.000 0.000
0.476 0.364 0.071 0.003 0.002 0.000.0.000
0.470 0.403 0.089 0.003.0.002 0.000 0.000
0.464 0.436 0.107 0.004 0.003 0.000 0.000

0.458 0.466 0 124 0.004 0.004 0.000 0.000 | -
0. 452 0. 492 0.141 0. 005 0.005° 0.000 0 000°| !
'VO 446 0. 515 0.157 .0. 005 0.006 0. .000 0.000

0441 0.536 0. 174f0006 0.007 : 0.000 0.000-

10,430 0.571,0.204° 0.006 0.010 0.000 0.000

0. 419 0.600 0.234: 0.007.0.0140.000 0.001

10.409 0.623 0.261° 0.008 0.018 0.000 0.001'| .
0.400 0.642 0.287 0.008 0.022 0.000 0.00L |
10391 0.658 0.312° 0.008 0.026 " 0.000 0.002 | -
'0.351 0.700 0.414 0.006 0.051 0,000 0.006| -
10:320 0.707 0.487° 0.000 0:079 *0.000 0.012 |-

0.296 0.700 0.539 -0.009 0.107 - £0.001 0.022
0.276 0.687 0.577 -0.022 0.133 -0.001.0.037

10.259.0.673 0.605 -0.038 0.155 - 00010056‘ .
i024606590626 -0.057.0.171 00010081~ :
‘023406470643 00800180 00000111

~.continued ¢




Table 7. (continued) pp+d— du+p

;E‘, eV

tot 2
021 s CT

B B B B B By Be

- [0.100E+02
0.150E+02
0.200E+02

0.250E4-02-

0.300E+02
0.350E+02
0.400E402
0.450E+02

0.947E-19
0.835E-19
0.757E-19
0.708E-19

0.674E-19

0.647E-19
-0.643E-19
0.639E-19
.0.637E-19

0.382
0.310
:0.257
'0.212
:0.179
0.139

0.111

'0.130.

0.223 0.637 0.658 -0.106 - 0.181 0.000 0.149
0.187 0.631 0.743 -0.279 - 0.009 0.004 0.448
0.163 0.682°0.921 -0.501 -0.539 0.010 0.966
0.146 0.763 1.238-0.752 -1.515 0.014 1.708
0.133 0.851 1.705 -0.976 "-2.895 0.007 2.647
0.118 0.897 2.319 -1.135 -4:644 -0.018 3.765
0.112 0.958 2.962 -1.224 -6.463 -0.067 4.853

0.104 0.953 3.645 -1.210° -8.345 -0.142 5.946

0.500E+02

Table 8.

-0.094

10.099 0.908 4.296 <1:105 -10.111 -0.242 6.941

Elasti¢ sééttering;’py + d—pp+d. \

E,eV : ‘

tot 2
o3d,-em

o - Lﬂlr [ﬂ;,{‘ﬂa o ﬂs« ﬂ;k:'

0.100E-02
0.200E-02
0.300E-02
0.400E-02-
0.500E-02°
0.GOOE-02
0.700E-02
0.800E-02

| 0.900E-02

| 0.100E-01
0.200E-01°
10.300E-01
0.400E-01
0.500E-01
0.600E-01
0.700E-01

.0.614E-19
0.624E-19.

[0.631E-19.

'0.641E-19

0.699E-19

0.601E-19.
0.609E-19-

0.619E-19.
0.629E-19

0.635E-19
0.638E-19

0.665E-19,
0.684E-19:

0.712E-19
0:.724E-19

0.735E-19

0007
-0.011

<0.014:

-0.016
-0.018

-0.019:

-0.020
-0.021
-0.022
-0.023
-0.032
-0.038
-0.044
-0.048
-0.053
-0.056

0 501 -0. 009 0 003 0 004 0.000 0.000 0 000
0.502 -0.013 -0.006 -0.007 Q.OOO 0.000 0.000
0.503 -0.016 -0.009 -0.009 0.000 0.000.0.000
0.504 -0.017 -0.011 -0.012 0.000-0.000 0.000
0.504 -0.018:-0.013 -0.014 0.000 0.000 0.000

0.505 -0.019.-0.014 -0.015 0.001 0.000 0.000 |~

0.505 -0.020:-0.015 -0.017.0.001 0.000 0.000
0.505 -0.020 -0.017 -0.019 0.001 0.000 0.000
0.506 -0.021-0.018 -0.020 0.001 0. .000 0.000.
0.506 -0.021-0.018 -0.022 0.001 0. 001 0.000
0.508 -0.028:-0.024 -0.032 0.002 0.001 0.001°
0.508-0.035™-0.026 -0.038 0.002 0.001°0.001"

0.509--0.041 -0.028 -0.042 0.003 0.002 0.001: |

0.509 -0.046 -0.029 -0.045 0.003 0.002 0.001
0.509 -0.051 -0.030 -0.047-0.004 0.002 0.002

0.509 -0.056 -0.031 -0.049 0.004 0.002 0.002

...continued
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i,

.TabJIe 8. (coﬁiinﬁéti)

pp+dSpp+d

Bs

/35 - ﬁsr._ '

E, CV ‘ a.',i’,‘, em? | i B B B Bs

0800E 01 0.747E-19 | -0.060 | 0.509 -0.061 -0.032-0.050 0.005. 0.002 0.002
0.900E-01.| 0.756E-19 | -0.063 | 0.509 -0.065 -0.032 -0.051 0.005. 0.002 0.002
0.100E+00 | 0.765E-19 | -0.066 | 0.510 -0.069 -0.033 -0.051 - 0.006 0.002 0.002
0.120E+00 | 0.782E-19 | -0.071 | 0.510 -0.076 -0.036 -0.052 0.006 0.003 0.002
0.140E+00 | 0.797E-19 | -0.075 | 0.511 -0.083 -0.038 -0.053 0.007 0.003 0.002 |
0.160E+00 | 0.812E-19'| -0.079 | 0.511 -0.088 -0.040 -0.053 0.008 0.003 0.002
0.180E+00 | 0.825E-19,| -0.083 | 0.512-0.094 -0.041 -0.053 . 0.008 0.003 0.002
0.200E+00 | 0.837E-19 | =0.086 | 0.512 -0.099 -0.043 -0.053 0.009.0.004 0.002
0.300E+00 | 0.888E-19 | -0.098 | 0.514 -0.117 -0.050 -0.053 .0.011 0.004 0.002
0.400E+00 | 0.930E-19 | -0.105 | 0.516 -0.129 -0.056 -0.052 0.013 0.0050.002 | -
0.500E+00 | 0.963E-19 | -0.110 | 0.517 -0.137 -0.061 -0.052 0.015 0.006 0.003 | -
0.600E+00 | 0.990E-19 | -0.113 | 0.518 -0.141 -0.066 -0.052  0.016 0.006 0.003
0.700E400 | 0.101E-18 | -0.115 10.520 -0.144 -0.071 -0.053 0.018 0.007 0.003
0.800E+00 | 0.103E-18 | -0.115 | 0.521"-0.144 -0.075 -0.054 0.019 0.008 0.003
0.900E+00 | 0.105E-18 | -0.116 | 0.522 -0.144 -0.079 -0.055 0.020 0. 009 0.003
0.100E+01 | 0.106E-18 | -0.115 | 0.523-0.143 -0.084 -0.057 - 0.021 0.009 0.004 | - -
0.120E+01 | 0.108F-18 | -0.113 | 0.525-0.138-0.092 -0.061" 0.024 0.011 0.004 |
0.140E401 | 0.110E-18 | -0.111 | 0.527 -0.133-0.099 -0.065" 0.026 0.013 0.005
0.160E+01 | 0.111E-18 | -0.108 | 0.529 -0,127 -0.105 -0.069_0.028 0.014 0.005
0.180E401'| 0.112E-18 | -0.105 | 0.530 0121 <0.111-0.073 0.030 0.016 0.006 |°
0.200E+01 | 0.113E-18 | -0.102 | 0.532-0.115-0.116 -0.076 0.031 0.017 0.007
0.300E+01 | 0.116E-18 | -0.081 | 0.537 -0.078 -0.139 -0.092 0.039 0.025 0:010
0.400E+01-| 0.117E-18 | -0.055 | 0.542-0.031-0:156 -0.110 0.043 "0.033 0.013
0.500E+01 | 0.116E-18 | -0.026 | 0.545 0.021-0.168 -0.129 0.044 0.041 0.016
0.600E+01' | 0.115E-18 |* 0.003 | 0.548 0.073 -0.178-0.149 0.043 0.049 0.020
0.700E+01 | 0.114E-18 | 0.031 | 0.550 0.124-0.184 -0.170 0.040 0.058 0.025
0.800E+01 | 0.113E-18 | 0.058 | 0.551 0.174-0.186--0.192 0.034 0.066 0.029
0.900E+01 | 0.111E-18 | 0.085 | 0.551 0.223:0.184 -0.215 0.027 0.076 0,035
0.100E+02 | 0.110E-18 | 0.110  0.550 0.271:0.177-0.238 0.016 0.085 0.041°
0.150E+02 | 0.102E-18 |  0.213 | 0.531 0.465 -0.096-0.333 -0.067 0.127 0.081
0.200E+02 | 0.946E-19 |* 0.284°| 0.506 0.579 '0.038 -0.362 -0.188 "0.149 0.132 |
0.250E+02 | 0.882E19 | 0.333 | 0.473 0.621 0.193-0.307 -0.324 0.146 0.192
0.300E+02 | 0.830E-19 | 0.367 | 0.439° 0.602 0.341-0.167 -0.419 0.114 0.257"
0.350E+02 | 0.803E-19 | 0.388 | 0.410 0.529 0.453 0.046 -0.529 0.057 0.317
0.400E+02 | 0.748E-19 | 0.408 | 0.379 0.429 0.549  0.315 -0.591 -0.015 0.395
0.450E+02 | 0.717E-19 | 0.420_ | 0.353 ‘0306 0.586  0.604 -0.571 -0.089 0461
0.500E+02 0.430

0.692E-19

0.331 0.177 0.583 0.890 -0.506 -0.155 0.534
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Table 9.

Elastic scattering, ¢y +‘p —' jt”‘ +p

E, eV

tot "2
0115 €T

1

;ﬂo ﬂl “ﬂz ﬂa ﬂ4‘ ’ﬂls -’hﬂs

0. 100E 02
0.200E-02
0.300E-02

0.400E-02°

-0.500E-02
0.600E-02
0.700E-02

-~ 0.800E-02

“0.900E-02

0.100E-01

0.200E-01°

"0.300E-01

- 0.400E-01"

0.500E-01

" 0.600E-01

0.700E-01
- 0.800E-01
"0.900E-01
0.100E+00
0.120E%00
.0.140E+00
0.160E+00
"0.180E-+00
0.200E-+00
0.300E+00
0.400E+4-00
0.500E+00
0.600E+00
0.700E+00
0.800E+00
.0.900E+00
'0.100E+01
0.120E4-01
0.140E+01
0.160E+01
'0.180E+01

-0.458E-19

0.452E-19
0.446E-19
0.437E-19

-0.434E-19

0.431E-19

0.414E-19
0.420E-19
'0.419E-19

0.417E-19

0.383E-19

0.372E-19
0.360E-19
0.343E-19
0.327E-19
0.315E-19
0.303E-19
0.297E-19
0.288E-19
0.270E-19
0.257E-19
0.245E-19
0.234E-19
0.223E-19

0.182E-19 |

0.153E-19
0.130E-19
0.111E-19

,0 963E-20

0.839E-20
0.739E:-20
0.650E-20
0.511E-20

0.409E-20
0.335E-20
10.278E-20

0.005
0.010
0.013
0.017

0.019

0.022
0.024
0.026
0.028

0.030°

0.043
0.053
0.062

10.070
0. 078
'0.086
10.093
10.099

0.105

0.117

0.129
0.140

0.151"

0.161

.0'210
0.255

0.301

10.344
.0.381
.0.425
10.466

0.504

0.580

0.648

0.708"
10.749

0495 -0.001 0.015 0.014 0.000 0.000 0.000
0.495°0.005 0.016 0. 015 0.000 0.000 0 000

‘0.494°0.011 0. 017 0. 015 0.000 0.000 0, 000
0. 494 °0.0150.018 0. 01() 0. 000 0.000 0. 000

0.494 ,0.019 0.018 0.016 0.000 0.000 0.000
0.494 0.023 0.019 0.016 0.001 0.000 0.000
0. 493 '0.026 0.020 0.017 0.001 0.000 0.000

0. 49.5 10.029 0. 021 0. 017 0.001 0.000 0.000
0.493 - 0. 031 0.021 0.018 0.001 0.000 0.000
0.492 0.033 0.022 0.018 0.001 0.000.0.000 {

0.490 0.051 0.029 0.022 0.001 0.001 0.000°
0.488 '0.064 0.035 0.025 0.002 0.001 0.000

0.486 '0.075 0.040 0029 0.003 0.001 0.000

0.484 0.085 0.045 0.033 0.003 0.001 0.000

0.482 "0.095 005000370004 00020001 )

0.481 0. 104 0,055 0.041 0. 000 0.002 0.001
0.479. 0.111 00600045000600020001

.0.477 0.119 0.064 0.048 0.007 0.002 0.001°

0.475 0 125 0.069 0.052 0.008 0. 003 0. 001
0.472 0. 139 0 078 0.060 0. 010 0.004.0. 001

‘0468 015200870067001200040002 -

0.465 0.163 0.096 0.075 0. 014 0.005 0. 002

0.461 0.174 0. 105 0.083 0. 017.0.006 0.002 |
0. 438 0 185 0.114 0.091 0.019 0.007 0. 003

0.440 0. 232 0.157-0.130 0. 035 0.014 0. 00:)

0.421 027002000171005300230009 =
.0.401 030802460216007700340013
0.379 033802910262010500470018 .
10.359 '0.359 0.332 0.308 0.135 0 063 0.024

0.334° 0.384 038073 362.0.173 0083 0032

0. 309 0 403 0.427.0. 417.0. 217 0.107 0. 041 )
[0.283 .0.414 0 469 0.473 0. 265.0.135 0. 001
0. 228 10.423 0. 552 0.596 0.386 0.208 0. 078

0.171 0. 408 0. 616 0. 723 0 535 0.3030.113

.0.114 0. 365 0. 655 0. 852 0. 724 0.432 0 162

0. 063 0.293 0. 657 0 968 0. 938 0. 584 0. 215

...continued
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_Table 9. (continued)

tht+p—tp+p.

E, eV

ﬂo‘ N ﬂl Ba | Ba

Ba

ai‘i‘ em?® | i Bs™ " Bs
'0.200E+01 | 0.237E-20'| 0.768 0023 0188 0599 1.055 1.182 0.773 0.284
0.300E+01 | 0.165E-20 | 0459 | 0.157 -0.475 -0.519 0.718 '2.154 1.711 0.596
0.400E+01'| 0.208E-20 | '0.055 | 0.559 -0.537 -1.661 -0.341"" 2.011" 1.924 0.646 |
0.500E+01 | 0.300E-20 | -0.066 | 0.794-0.242 -2.068 -1.018  1.577 1.758 0.563
0.600E+01 |-0.420E-20 |-0.060 | 0.901 0.061 -2.176 -1.397* 1.274 '1.603 0:487
0.700E+01 | 0.559E-20 {-0.022 | 0.952 0.305 -2.204-1.635 ~ 1.105 1.500 -0.430 |
0.800E+01 | 0.711E-20 | 0.019 | 0.978 0.501-2.214" 1818‘;;1.0_19 1.442 70.390 | -
0.900E+01 | 0.875E-20 | -0.053 | 0.992 0.658 -2.220-1.970 " 0.984 1.409 0.360
(0.100E+02 | 0.105E-19 | 0.081 | 0.999 ,0.787-2.239 -2.106" 0.996 1.396 0.336
'0.150E+02 | 0.221E-19 | 0.118 | 1.003 1.141-2.517.:2.643  1.497 1.449.” 0.254
0.200E+02 | 0.427E-19 | 0.057 | 0.972:1.180-2.990 -2.886  2.488 1.487 0.188 |-
0.250E+02 | 0.891E-19 | -0.012 | 0.889 0.982-3.410-2.620 " 3.654 1.336 0.121 | .
0.300E+02-| 0.204E-18 |.-0.029 | 0.754 0.647 -3.533 -1.844 ~ 4.570° 0.972 0.068 |
0.350E+02 | 0.408E-18 |~ 0.015 | 0.604 0.299-3.333 -0.814  5.004 0.494 0.043
0.360E+02 | 0.441E-18 | 0.028 | 0.575 0.237°:3.264 -0.607 5.034 0.396 0.042 |
0.370E+02 | 0.464E-18°| 0.043'| 0.548 0.178-3.190 -0.404 "~ 5.048 0.301 0.042
0.380E+02 | 0.476E-18 | 0.058 | 0.521 0.122-3.111-0.206 5.047 0.207 ' 0.043
0.390E-+02 | 0.477E-18'| 0.074'| 0.496 0.070 -3.028-0.014 --5.034 0.116 0.044
0.400E+02 | 0.470E-18 | 0.090 | 0.472 0.021 -2.942 0.171 5.009 :0.027 0.047
0.410E+02 | 0.456E-18 | -0.106 |-0.450 -0.025 -2.855 0.348 4.975-0.059 '0.051
0.420E+02 | 0.438E-18 |- 0.122.| 0.428 -0.067 -2.768 0.518 4.933 -0.141 -0.055
'0.430E+02 | 0.418E-18 | 0.138 | 0.408-0.106 -2.680 0.680 .4.883-0.221 0.060
'0.440E3-02 | 0.398E-18 | .0.154 | 0.389.-0.142 -2.592 0.834 - 4.828 -0.298 0.066 |
0.450E4'02 | .0.378E-18 | 0.169 | 0.371'-0.176 “2.505 0.980 4.767 :0.371 0.073 |-
0.500E+02 | 0.297E-18.| 0.238 | 0.298 -0.307 -2.096 - 1.601. . 4.420-0.693 0.114 |
0.183E+03 | 0.192E-18 |- 0.421 | 0.069 -0.043 3.096 -0.564 -10.356 2.364 10.296 |’
'0.185E+03 | 0.191E-18 | 0.421 | 0.071-0.030 3.123 -0.755 -10.573 2.602 10.518
0.190E+03 |-0.192E-18 | 0.430 |.0.073 0.039: 3.133 -1.287 -10.920.. 3.216°10.968
0.203E+03 | 0.194E-18 | 0.47Q. | 0.072 0.205. 3.048 -2.418 -11.275 4.553 11.669
0.213E+03 | 0.193E-18 | 0.504 | 0.072 0.320 2.929 -3.146-11.255 - 5.423 11.922
0.223E403 | 0.189E-18 |-'0.535 |-0.072 0.415 2.797 -3.728-11.110 6.124°12.027
0233E+03‘ 0.072 0.494" 2661 -4.193 -10. 887

0.184E-18

0.562
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_Table:10. Isotopic exchange, tu+p — pp+1t, Euy, = 132-‘51 fiv : Table 11. (continued) pu + 1t — tu+p
E, eV a{‘;‘, em? | fuz | Bo . B B B Ba Bs  Bs v ] : ‘ R A
. B tot 2 N <
~Eun + 0.10E-02 | 0.198E-22 | 0,021 [-0.500 0.032 0.001 0.000 0.000 0.000.0.000 Eev ;””1’ "", P ﬁ"; ﬁ‘. ﬁ ﬂ“ P :ﬂs_ e
Ege + 0.50E-02 '0-441%-;; gggz g igg g ggg g 83?, 8 ggg gggg gggg gggg 0.000E-02 | 0.115E-17 | 0. 050, 0.199-0.075 0,004 0,000 0,300 0.000 0.0
B L O0E01 | 0.158E.21 | 0.119 | 0.49 0.178 0.02 0.000 0.000 0000 0.000 3005 01| 6 Tooers | oz | 408007 0005 0000 0.000 000 0.0
E, W‘+ 0.10E400 | 0.194F-21 |.0.167 | 0. 485 0.250 0. 044 0.001_0.000 0.000 0.000 ' 0.300B-01 062618 0‘050 ,0‘49(‘5 0135 0.013 0.000 0,000 0,000 0.000
E”"; 0.50E--00 | 0.448F-21 | 0.338 | 0.431° 0. 498 0.207 0.015 0.000 0.000 0.000 0100501 |-05.11F 15 0101 | 004 0‘153 0,018 0.000 -6.000 0.000 6.000
B 4 0.10E-+01.| 0.678E-21 | 0.420 | 0.374 0.607 0.376 0.038 0.000 -0.001 0.000 0.5005-01 | 0183515 0116 | 07103 0174 0.022.0.000 0,000 0.000 0.000.
Eune + 0.20E4+01 | 0.109E-20 |-0.470 | 0.293 0. 653 0.621 0.088_0.000 -0.003 0.003 0.600E-01 | 0.440E-18 | 0127 | 0.491 0.190 0.026 0.000 0.000 0.000 0.000
E’hr’; 0~50E+01 0.222E-20 | 0.441 | 0.172 0.539 0.989 0.220 -0.030 -0.022 0.032 .  0700E-01 0'46,E'18, “0"131 0,190 0.205 0.030 0,000 0.000" 0.000 0000
‘EW + 0.10E+02 { 0.383E-20 | 0.371 | 0.107 0.353 1.255 0.411 -0.257 -0. 103 0. 180 . O.SOOE 01 0.38[‘)E-18 "0t14(‘5 0.489 0.219 0.034.0.000 0'000:'0'000‘0'000 )
B + 0.15E+02 | 0.513E-20 | 0.330 | 0.093 0.233 1.479 0.618 -0.765 -0.254 0.466 Bpetthes 03sibis 0154 | 0187 6.2320.035 0.000" 0.000 0.000 0.000 |
£ + 0.20E+02 | 0.621E-20 | 0.302 | 0.096 0.129 1.756 0.879 -1.532 -0.475 0.876 - 0.100E400 | 0340515 0163 | o 1sé 0.214 0.042 0,000 0.000 0.000 0000
P + 0.25E+02 | 0.717E-20 | 0.278 | 0.106 0.020 2.078 1.203-2.472 -0.757 1.367 | 01206400 | 0.310E 18 0177 | 0483 0.266 0.050 0.001.0.000 0.000 0,000
Ethr’+ 0.30E+02 0.803E-20 | 0.255 | 0.120 -0.102 2.414 1.579 -3.474 -1.078 1.888 0'1-»10E'00 »"()'OS"E:IS 0.151 0'480 0‘286 0'039 0'001 0'000 0.000 0.000
: ;‘E”" -|-0:35E+02 0.882E-20 {.0.233 | 0.135 -0.234 2.738 1.985 -4.451 -1.417 2.397 0.16'0}3100’» o'iséEils 0.203 0478 0.304 0'087 0.001 0,000 0.000 0.000
B + 0.40E+02 | 0.953E-20 | 0.210 | 0. 150 -0.378 3.026 2.411 -5.342 -1.759 2.866 0.180E400 | 0.9535-18 0215 0'1}5 0.321 0.075 0.002 -0.000 0000 0.000
'Ethrf+ 0.45E+02 | 0.102E-19 | 0.188 | 0.165 -0.519 3.272 2.830 -6.120 -2.092 3.283 0'200}3» 00 0.240'13 18 ‘0'226 0,472 0.337 0,083 0,002 0‘000 0‘000 0‘000- ;
1+ 050E+ 7E-19 | 0. 178 -0.661 3.463 3.242 -6.759 2409 3.633 | ‘ o0 ) 0.2408-18 11022 ; ; 0000- 0000 0 0an |
| Ey.+0.50E402-| 0.107E-19 | 0.168.] 0. : 0.300E+00 | 0.197E-18 | 0.270-1°0.459 0.102 0.124 0.006 0.000 0.000 0.000 |:
P - T T VDTN PO RS 0.400E-+00 | 0.172E-18 | 0.305 | 0.446 0.452 0.163 0.009 0.000 0.000 0000 | -
‘ T T - | 0.500E+00 | 0.155E-18 | 0.333 10.433.0.491 0.201 0.013 0.000 0.000 0.000
= ' : 0.600E400 (.0.143E-18 | 0.356 | 0.421.0.523 0.238 0. 018 -0.000- 0.000 0.000.
, 0.700E+00 | 0.134E-18 | 0.375 | 0.409 0.549 0.272 0. 023 0.000 0.000 0.000 |
: T At B : 0.800E+00 | 0.127E-18 | 0.391 | 0.398 0.570 0.306 0.027: 0.000. 0.000 0.000 |
Table 11. Isotopic exchange, pu +t — tut p.. - 0.900E+00 |. 0.121E-18 | 0.404 | 0.387 0.587.0.338 0.032° 0.000 0.000 0.000
‘ o e e 0.100E-+01 | 0.116E-18 | 0.416:( 0.377 0:602 0.368 0.037- 0.000 -0.001 0.000.| - -
2 , o o 0.120E+01 [ 0.109E-18 | 0.434 | 0.358 0.624 0.426 0.047 0.001-0.001 0.001
LB eV oty em® | i | Bo P P2 Bz B Bs. B 0.140E+01 |, 0.104E-18 | 0.448 | 0.340 0.638 0.479 0.057. 0.001 -0.001 0.001 | .-
T , v o R 0.160E-+01 | 0.994E-19 | 0.457 | 0.324 0.646 0.527 0.067 - 0.001 -0.002 0.002.
"0.100E-07 | 0.3475 17 | 0.021 | 0.500 0.031 0.001 0.000 0.000 0.000 0.000 0.180E-+01 | 0.961E-19 | 0.464 | 0.809 0.650 0.572 0.077. 0.000 -0.002 0.002 | .
10.200E-02 | 0.245E-17 | 0.027 | 0.500 0.041 0.001 0.000 0.000 0.000 0.000. 0.200E+01 | 0.934E-19 | 0.468 | 0.205 0.651 0.613 0.087_0.000 -0.003 0.003 |, -
0.300E-02 | 0.200E-17 | 0.032 |.0.499-0.048 0.002 0.000 0.000 0.000 0.000° 0.300E-+01 |.0.849E-19 | 0.470 [.0.241 0.628 0.777 0.133 -0.004 -0.007 0.009 | . ‘-
0.400E-02 | 0.173E-17 | 0.036 | 0.499 0.054 0.002 0.000 0.000 0.000 0.000 0.400E-+01 | 0.802-19 | 0.458 | 0.202 0.586 0.895 0177 -0.013..0.013 0.018 |
0.500E-02 | 0.155E-17 | 0.039 | 0.499 0.059 0.003 0.000-0.000 0.000 0.000 0.500E+01 |.0.773E-19 | 0.441 | 0.174 0541 0,982 0.217 -0.030 .0.022 0,032 |
0.600E-02 | 0.141E-17 | 0.042 | 0.499 0.063 0.003 0.000 0.000 0.000 0.000 0.600E-+01 |.0.750E-19 | 0.425 |-0.154 0,498 1.050 0.255 -0.054 -0.093 0.051
0.700E-02 | 0.131E-17 | 0.045 | 0.499 0.067 0.004 0.000 0.000 0.000 0.000 0.T00E+0L | 0.730E-19 | 0,400 | 0.138 0.458 1.107 0.292 -0.086 .0.0.15 0.075 | .
0.800E-02 | 0.122E-17 | 0.047 | 0.499 0.071 0.004 0.000 0.000 0.000 0.000 | 0. 800E+01 (0.714E-19 | 0395 | 0.126 0.422 1.157 0.328 -0.133.-0.062 0.104 | . -
-..continued ...continued
s - oy
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‘ Table 11. (continued) pp +"t —tu+p ’

Table

12. (édntinued) ppr+t — pu+t

0.700E-01

0.361E-19

-0.092

E, eV U"i', cm? | fin Bo ﬂlv ﬂz >ﬂ3 Ba ﬂs ﬂs
0.900E+01 0.698E—19 0.382 [ 0.117 0.389 1.202 0. 365 0 188 -0. 081 0. 138
0.100E+02 | 0.684E-19 | 0.371 | 0.110 0.359 1.246 0.402 -0.255 -0.102 0.178
0.150E+02 | 0.626E-19-| 0.330, | 0.095 0.237 1.473 0.609 -0.761 -0.252 0.463
0.200E+02 | 0.584E-19 | 0.302 | 0.097 -0.134 1.749 0.868 -1.524 -0.472 0.871
0.250E402 |-0.552E-19 | 0.278 | 0.108: 0.026 2.070 1,189 -2.459 -0.753 1.359
0.300E+02 | 0.529E-19 | 0.255 | 0.122 -0.096 2.405 1.563 -3.457-1.072 1.878
0.350E+02 | 0.510E-19 | 0.233 | 0.137 -0.227 2.726 1.967 -4.430 -1.410 2.384
0.400E+02 | 0:493E-19 | 0.209 | 0.152 -0.371 3.014 2:394 -5.320 -1.752 2.855
10.450E+02 | 0.479E-19. | 0.188 | 0:166 -0.513 3.260 2.811 -6.096 -2.082 3.268
0.500E4+02.| 0.465E-19:| 0.167 | 0.179 -0.655 3.451 3.224 -6:733 -2.398.3.618

" Table 12. Elastic scattering, pu +1 — pu +t.:

E eV oty em? o fig Bo By Pa v P Bs . Bs Bs
0.100E-02 | 0.230E-19 {-0.016 |:0.502 -0.020 -0.005:-0.008 0.000 0.000 0.000
0.200E-02 | 0.237E-19 |-0.024 { 0.504 -0.027 :0.012 -0.014 0.001 0.000 0.000 |
0.300E-02 ] 0.243E-19 | -0.028 | 0.505-0.031 -0.017.-0.018 0.001 0.000 0.000°
0.400E-02 | 0.247E-19 | -0.031 | 0.507 -0.034 -0.021-0.023 0.001 0.001 0.000°
0.500E-02 | 0.251E:19 | -0.034 | 0.508'-0.035 -0.024 -0.027 0.001 0.001 0.000
0.600E-02-| 0.255E-19 | -0.036 | 0:509 -0.036 -0.027 -0.030 0.002 0.001 0.001
10.700E-02 | 0.259E-19 | -0.038 | 0.509 -0.037 -0.030 -0.034 0.002 0.001 0.001

| 0.800E-02'| 0.261E-19 | -0.039°| 0.510 -0.037 -0.032 -0.037 0.002 0.001 0.001
0.900E-02 | 0.264E-19 | -0.041 | 0.511 -0.038'-0.034 -0.040 0.002 0.002 0.001
0.100E-01 | 0.267E-19 | -0.042 | 0.511-0.039 -0.036 -0.043 0.003 0.002 0.001
0.200E-01°|'0.289E-19' | .-0.057 | 0.514 -0.050 -0.045 -0.062 0.005 0.003 0.002
0.300E-01°| 0.308E-19.| -0.067 | 0.515 -0.059 -0.050 -0.072.0.006 0.004 0.003
0.400E-01 | 0.323E-19 | -0.075 | 0.515-0.067 -0.052 -0.078 0.008 0.005 0.004
0.500E-01 | 0.336E-19 | -0.082 | 0.515 -0.075 -0.054-0.083 0.009 0.005 0.004
0.600E-01 | 0.349E-19 | -0.087 | 0.516 -0.082 -0.055 -0.085 0.010 0.006 0.004

0.516 -0.089 -0.056 -0.087 0.011 0.006 0.005

contmuecl

22

E, eV assy em? | fin Ba B B2 Bs  Bi P50 Pe
0.800E-01 | 0.372E-19 | -0.096 | 0.516 -0.094 -0.057 -0.088 0.012 0.006 0.005
0.900E-01 | 0.382E-19 | -0.100 | 0.516 -0.100 -0.058 -0.089 0.013 0.007 0.005
0.100E+00 | 0.391E-19 | -0.104 | 0:516 -0.105 -0.059 -0.090 0.014 0.007 0.005
0.120E+00 | 0.410E-19 | -0.110 | 0.517 -0.114-0.063"-0.090 0.015 0.007 0.005
0.140E+00 | 0.427E-19 | -0.115 | 0.518 -0.123 -0.066 -0.090 0.016 0.008 0.005
0.160E+00 | 0.443E-19 | -0.120 | 0.519 -0.130 -0.069 -0.089 0.017 0.008 0.005
0.180E+00 | 0.457E-19 | -0.124 | 0.519 -0.136 -0.071 -0.088 - 0.019 0.009 0.005
0.200E+00 | 0.471E-19 | -0.127 | 0.520 -0.142-0.074-0.088 0.019 0.009 0.005
0.300E+00 | 0.531E-19 | -0.140 | 0.523 -0.164 -0.084 -0.084 0.023 0.011 0.005
0.400E+00 | 0.579E-19 | -0.148 | 0.525 -0.178 -0.093 -0.081 0.026 0.012.0.006"
0.500E+00 | 0.620E-19 | -0.153 | 0.527 -0.187 -0.100 -0.079 0.029 0.013.0.006.
0.600E+00-| 0.655E-19 | -0.156 | 0.529 -0.193 -0.107 -0.078 0.031 0.014 0.006
0.700E+00 | 0.684E-19 | -0.158 | 0.530 -0.196 -0.113 -0.078 0.033 0.015 0.006
0.800E+00 | 0.710E-19 | -0.159 | 0.532 -0.198 -0.119 -0.079 0.035 0.016 0.006
0.900E+00-|-0.733E-19 | -0.159 | 0.533 -0:198 -0.125 -0.080 0.037 0.018 0.007 |
0.100E401 | 0.752E-19 |-0.159 | 0:535 -0.197 -0.131 -0.082 0.039 0.019 0.007
0.120E+01 |-0.787E-19 | 20.157 | 0.538 -0.192 -0.142 -0.088 0.042 0.022 0.008
0.140E+01 | 0.815E-19 | -0.154.{ 0.540-0.185.-0.152 20.094 0.046 0.025 0.009
0.160E+01 | 0.839E-19'| -0.15Q | 0.543 -0:176 -0.162 -0.100 0.048 0.027 0.010
0.180E+01 | 0.861E-19 | -0.145 | 0.545 -0.167 :0.171 -0.105 -0.0510.030 0.011
0.200E+01 | 0.879E-19 | -0.139 | 0.548 -0.157.-0.180 -0.110" 0.053 0.033 0.012
0.300E+01| 0.949E-19 |,-0.107 | 0.558-0.097 -0.217 -0.139 0.059 0.045 0.017.
0.400E+01'| 0.991E-19 | -0.072| 0.566 -0.030 -0.245-0.170 0.060 0.058 0.022
0.500E+01 | 0:102E-18 | -0.036'| 0.5730.037 -0.266 -0.202 0.059 0.071 0.027
0.600E+01 | 0.103E-18 {-0.001 | 0.578 0.103-0.282-0.235 0.055 0.085:0.033 |
0.700E+01-| 0.104E-18 | 0.032 | 0.582 0.168 -0.292 -0.271 0.048 0.099 0.039
0.800E+01 | 0.105E-18 |- 0.063 { 0.584  0.231-20.295 -0.308 "0.037 0.114 0.047
0.900E+01 | 0.105E-18 | 0.093 [ 0.585 0.291 -0.292 -0.345 0.024 0.129 0.054
0.100E402 | 0.105E-18 | 0.120 | 0:584 0.348 -0.283 -0.382 0.008 0.144 0.063
0.150E+02 | 0.103E-18 | 0.227 | 0.561 0.569 -0.168 -0.531 -0.103 0.211 0.109-
0.200E+02 | 0.101E-18 | 0.295 | 0.521 0.690 0.011 -0.590 -0.231 0.250 0.151
0.250E+02 | 0.973E-19 | 0.340 | 0.475 0.739 0.209 -0.567 -0.355 0.261 0.187
0.300E+02 | 0.942FE-19 | (.370 | 0.429° 0.7330.386 -0.470 -0.434 0.243 0.204
0.350E4-02 | 0.910E-19 | 0.390 | 0.386 0.693 0.538 -0.327 -0.481 0.206 0.213
0.400E+02 | 0.878E-19 | 0.405 | 0.349 0.634 0.647 :0.157 -0.468 0.159 0.203
0.450E+02 | 0.846E-19 | 0.417 | 0.316 0.566 0.726 0.023 -0.426 0.108 0.190
0.816E-19 | 0.427 | 0.288 0.767 0.198 -0.339 0.061 0.166

0.500E+02

0.496
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Peaynbraru'
U36upaTenbHOCTb TpaBJIeHUNA, -iyac-rau-renbuoc-rb AeTeKkropa M
a¢dpPEKTUBHOCTL perucrpaumu.

W3BECTHO, 4TO TPEK Npu TpasleHun NPOXOaUT TPW CTaguu, NpU KOTOPbIX
nmeeT pa3nuynyio ¢opmy. [ 5 ]. Ha nepsoit ctaaun TpasneHnss NONHOCTbLIO
" BbIABANIETCA NATEHTHLIN Tpek (30Ha AedeKToB); BTOPas CTaaus OXBaThIBAET
NpoOUECC TPaBNEHWA KOHYCa, - oGpaaoaaHHoro WOHOM, A0 €ro -NoAHOro
BLITPABNNBAHUA; TPETbA - CBA3aHa C _pacTpasnueaHueM cdepuyeckoi
NOBEPXHOCTN MNPU BLIPABHUBAHMU CKOPOCTEN TpasfeHust B 30He Tpeka.
Ecnu Ha nepsbix ABYX .CTaauAx CYLLECTBYET 3aBUCUMMOCTL AMaMeTpa Tpeka
noHa ot. dE/dX, TO Ha TpeTbeh - AvamMeTp Tpeka 3aBUCUT OT AINHbI
.NaTeHTHOro Tpeka MoHa, T.e. OT ero aHeprum [ 5 .. DakTU4EeCKu BENUHUHOM,
xapakTepuayiouleii 4yBCTBUTENLHOCTb, - ABSAETCA CKOPOCTbL . TPasBneHua
BAONb Tpexa Vi unn nabuparenbHoCTb TpasneHua VvV, T. €. oTHouUleHue Vi/Vus
rne Vu - CKOPOCTb TpaBiieHna Matepuana. Ha pvnc 1 npencrasneHst
3aBMCUMOCTU CKOPOCTU TpaBneHus ¢docdarHoro crekna B 40% pactsope
HF n 10N NaOH ot TeMnepatypbl. B pacTeBopax wenoiYn TpaBneHue
MaTepuana npoucxoauT 605nee WHTEHCUBHO, H4TO 3HAYUTENLHO CHUXAeT
nM3buparensHoCTb ; TpasneHus.  3TO  HarnsgHo WMANIOCTPUPYIOT
Mukpodotorpadpum = (puc. 2). Ha puc.3 npencTaBneHsl PeaynbLTarhb
pas’nuyHoil gnutensHocTu TpasneHun ( 40% HF npu 20°C ) TpekoB  UOHOB
Ar, NeprneHAVKYNApHO BXOAALMX B AeTeKkTOp, C pa3nu4Hon aHepruen. C
yBEJSIMYEHNEM: BPEMEHM TpaslieHu AnameTpbl Tpexoa VNOHOB C Pa3fNyHON
3Heprwem cuanee pa3nu4aioTca.

) )J.nn‘mp.enmcbuxauvm 3apsXeHHbIX -4acTuy, ¢ noMowbilo PC Heobxoamumo
UMETb He TONbKO [OCTATO4HYI0 YYBCTBUTENBHOCTb, HO U KPYTYIO
3aBucumocTb -V ot dE/dx. ‘Ha pwuc.4 npeacrasneHa 3aBUCUMOCTb
U3BUPaTeNbHOCTV TPABNEHUA TSXENbLIX YCKOPEHHbLIX  MOHOB OT - YAENbHbIX
*MOTePb 3HEPrun ANA AaHHOrO CTekna. YaenbHbie. NoTepmM 3Heprum UOHOB
paccuuTaHsbl - cornacHo nporpamme pabotol [ 6] B COOTBETCTBUM C UX
3Hepruei. MOXHO BuAeTb, 4TO MOpOr 4yscTBUTENbHOCTU PC npu- V~1
HaxoauTca B paiioHe 9-10 MaB'mr-lcm?. B uccnenyeMoMm crexne aedexTbl

- CTPYKTYpbI, CO30aBaeMble UOHAMU KUCROPOAA, HE MPUBOAAT K BLIABNEHUIO
Tpekos 8 061aCTM MakCUManbLHbIX NOTEpb 3Heprum 3TMx MOHOB B BellecTse
[7]. Kak snaHo u3 puc. 4, npeacTaBneHHaa 3aBUCUMOCTbL B6GAM3u .nopora
VMEEeT - acumnToTu4eckuii xapaktep. B 3rom paitoHe 9¢hEPEKTUBHOCTL
peructpauum mMoxet 6biTb MeHblue, Yem Ang Gonee BbLICOKUX 3HadeHui V.
Tak, MOHB HeoHa; Bxoaswme nepneHavkynapHoO B AeTekTop ¢ aHepruen 0,1
- 0,5 MaB Ha HyknoH, HabnoAAITCA B BUAE menkux yrnybneHuia, Ho € 25-

V. ; MKkM/ Hac
N - -
m @
.

-]
)

0 40 80
Puc.1.” CKopocn, Tpaaneva ®C 8 40% HF (xpuaaﬂ 1) n 10N NaOH
: ' (praan 2) aaaawcumocw OT TemnepaTypbl pactBopa -
Puc.2. wapocbomrpacbum TPEKOB WOHOB 40Ar c 3Heprweﬁ 104 MaB,

BXOOSAWMX B AETEKTOP NOA, YrNOM 30%u ﬂpOTpaBneHHle B 40% HF
(a) n 10N NaOH (6)

" . 50% 2ddEKTUBHOCTLIO pervctpauumn. [na ockonkos aenewns B ®C . npu

TpaBneHun 34 B KOHUEHTPUPOBAHHOW . MIABUKOBOW Kkucnote
3 deKTUBHOCTL perucTpauum cocrasnser ( 9214)%, npu 3TOM auameTp

. cnepa pocturaet okono 1,5 mkm:. Ecnu TpasneHwe npoBoaUTL B 20%

pactsope NaOH po Toro xe:anameTtpa TPeEKos, ‘3¢ dEeKTUBHOCTL OCKOJIKOB -
CHUXaeTCs A0 (7515)%. WoHbl, BxOAALWME. B DETEKTOP NOA. YrNOM 90° u
UMEIOLIME - MOHU3AUMOHHbLIE ~ NOTEPU’  Bbille  MOPOrOBbLIX  3HAYEHUA,
perucTpupylotca - co - 100% .9 PeKTMBHOCTLIO. . U3BECTHO, .. YTO " Npw

;- YMEHbLWEHUN yrna BXxoAa uoHa s A€TEKTOp ymMeHbluaeTca n36upaTenbHoCTL -

. TpaBneHna. u, cnepoBarenbyc, ons HUX yBENUYMBAETCS ﬂOpOI’ perncrpauum. .

Ana ManCTpau,Mm Ha MMKpOCbOTOI’paCbMVl (puc. 5a)- nApeacTasneHsl - Tpekm
VIOHOB aproxa, exoasiiue nop yrnamu 15 u 90° B fetektop ¢ onunaxoaumu'

notepsamu 3Heprum n npOTpaaneHHble 8 10N pacmope NaOH TpeKM MOHOB

“
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Puc.3. 3asucumocTs gnametpa D npoTpaBneHHbIX pa3nuMyHoe Bpems B
40% HF npu 20°C TpexoB uoHoB Ar, NepneHANKYNAPHO BXOASILLUUX B
netekTop ¢ 9Hepruen 100, 140 n 203 MaB

v Pc i
15
»
V%
5 H/
O .
,*/'/ ;
0 0 ) 0 0

d%; MaB-cmimr !

Puc:4. 3aBucMMocCTb U36GMpaTensHOCTM TPaBNEHUSI TPEKOB YCKOPEHHbIX
WOHOB OT UX yaenbHbix notepb dE/AX B ®C. YpenbHbie nortepu

- NOHOB AnA paHHoro coctaBa ®C nocyuTaHu! Mo nporpamme [6]~

cornacno UX 3Heprun . : .

Puc.5. ‘MukpodoTorpadum Tpekos Ar, Bxoaswmx 8 ©C nog yrnom 90°
(qeprle KPY>XKU Ha puc. 5a) n noA yrnom 159 (csetnble Tpexu Ha
puc.-5a u 56). TpaBnesue NpPoBOAUNOCH NPU TemnepaType 20 B

10N NaOH (puc 5a) u B 40% HF (puc. 56).- -

C yrnom onp,a 90° 66inu npOTpaBneHu npqmo c noeepxnocm CDC n umenun
BUA . TEMHbIX' pr>|<|<os B TO Bpemq Kak Tpexu MOHOB . Mo, yrnom 15°
TpaBMHMCb TONbKO Ha TakoM rny6uHe cnos’ (OCTDOKOHe‘-IHbIe _cBetnble

. TPeKu), rae nepneraukynsipHo HanpaeneHHue UOHbI Nepecekanu nonorme 7

ux MOHMSaLl,MOHHbIe norepu [OCTUrany NOporoBoi BENIMYUHBI. Heoﬁxop,umo
3aMeTuTb, 4TO Npu TpaBneHun AieTekTopa B KOHUEeHTpupoBaHHoh HF Tpem
noa. - yrnom 15° TPaBuUNUCh Henocpep.CTBeHHo C NOBEPXHOCTU _CcTekna
(pMC 56). 3To ceup.eTenbcmyeT 0 3aBMCUMOCTHU nopora BbISIBJIEHUS: TpeKa

- He TONbLKO OT yrna sxoga MoHa B p.eTeKrop, HO M oT Bbl6p3HH0l'0 paCTaopa

4ns TpasneHusi. SHepreTMHECKUin NOPor PerncTpaumn OCKONKOB AeNeHns B
®C onpepensanca no nornouiexunio “ux ‘8° Al-onere, TonwmHa' KoTopoi

R; mxm

o M M 4T
Pucs 3aBMCMMOCTb npoﬁer-aneprm ans voxos “%Ar;. 66Zn 132Xe B ®C.
TOHKM - 3|<cnepumeHTaan_7|e p.aHHble, JWIHMM e ‘pacquHble
“3HaueHus : SR
5
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meHsanacb. OCKONkW OT AeneHwus anep 23%Cm Bxoavnu . B ReTexTop noa,
yrjioM ~90°. O6nyyeHne npoBOAMNOCHL B Bakyyme. N3 akcnepuMeHTaNbHOro
COOTHOIIEHMs npober-sHeprua ana ockonkos B AlL [8] noporosbie
3HAYEHUS SHEPTrUM pPEerucTtpaumMM OCKONKOB Haxoauwnucb B paioHe 7-
10 MaB. B panbHedwem 310 3HaYeHue 6biNo MOARTBEPXAEHO oGayveHuem
&C yckopeHHbIMU noHamun Ge 1 Xe. Bo3ppawasicb K puc. 4, MOXHO BUAETH,
4TO NPU yBEUYEHUW yAenbHON “oHU3aUMK. 136upatenbHOCTL TpaBneva
BO3pacTaeT 'V “ANA- UOHOB C YAENbHOoW MoHu3auuein ~35 MabB- ‘Mr-tom?
- BenmymnHa Vi/Vim AOCTUIAET 3HaYeHns ~17-18.

fv‘

Beugy TOro, 4TO nopor 4ysCcrBUTENnbHoCTM PC [0CTAaTOYHO BLICOK, B
nocneaHux MUKpPOHax npobera He €034a10TCs TpaBUMble
nedeKTul,0THOCALUMECA K A/ePHON . COCTaBNAInWEW YAEnNbHLIX NoTepb
_9HEepruM, n TpeK nocne TPaBNeHUs MoNy4aeTCs HECKONbKO Kopoye, Yem
. UICTMHHbIN npo6er noHa B 3TUX hevexTopax [1]. BAna yyeta atoro adpdexra
6bin NpoBeAeHb KanMBPOBOYHLIE M3MEPEHUS HA MyyKax WOHOB C Pa3HbIM
Z. Onna nerKux NOHOB p,eq)uu.m npobera cocraensier 2-3 MKM, @ /11 UOHOB
Z>40 - nopsaka 1mkm. ItoT addexT Heo6X0aAUMO y4yuThHIBaTL . NPU
-onpeaeneHnn 3Hepruu MOHOB NMyTEM U3MEPEHWUs . uX npobera B ®C. Ha
puc. 6 Ana  npvMepa nNpenCTaBNeHbl 3KCNEPUMEHTANIBHO  MOsyYeHHbIe
SaBVICVIMOCTM npoﬁer-aueprvm ons vonos *%Ar, %6zn n 132Xe, a na puc. 7
NoKa3aHbt pacrnpenenexva AnvH uoHos Xe u Ti ¢ aHepruein 124 n 190 MaB.
-Mony4yeHHble AMNHLI MOHOB XOPOLLO COrNacyloTCH C pacyeTHLIMA AAHHBLIMU,
TO4HOCTb U3MEPEHUN IHEPIMK MO ANWHE 3aBUCUT OT npobera uoHa B ®C 1
cocrasnsieT nopsaka 5% B o6nactn E~1 MaB/a.e.Mm. Ans npo6eros UOHOB
2100 MKM TOYHOCTb U3MepeHua aocturaet ~1-2%.

o i 50
: 48.801NT T 'N Ti
P L=037120.65m - AL 30°
132Xe 3ou : .- ) )
19,881 ’ 1 L-{36.22 0. 9uxn
38, B . |.
20,80
20.08 20. 00+ . !
12, 5 10, 281 , N -
8000y ad | e l“‘. 8000 AR N NN ;
18.00 12,88 - 14.80 16,00 ©32.08 34,00 36.80  3%.00  40.00
Lowim E L.

Puc 7 Pacnpep.eneane ANVH Tpekos MOHOB Xe mTi, onn.ﬂumx B AeTexTop
nop, yrnom 45%¢ 3aHeprueit 124 n 190 MaB, cooTBEeTCTBEHHO

s

3aBMCUMOCTL ANaMeTPOB TPEKOB, nporpaBneHHblxe'AB% HF 1 10N NaOH,
OT 3HEPrun MOHOB NPeACTaBneHa Ha puc.8. MonyyeHHbie B AaHHOM paboTe
pe3ynbTarbl HAXOAATCA B XOPOWEM cornacuu ¢ peaynstatamu pabotot [9 ],
BbIMONIHEHHO Ha ®C apyroro cocTaBa U C. ucronb3oBaHnem NaOH- B
Kayectee. TpasuTens. MOXHO BMAETb, 4YTO Npu- GONbLIMX 3HEPrUsax
HACTyNaeT - HacblWweHue, - NO3TOMY * uenecoobpasHo npu: mp.enmq)wxau.mm
UOHOB C Nomouibid AvameTpos pabotarb B 061aCTU NPONOPLVOHANBHOCTH,
rae 3HepreTudeckoe paspelieHue ‘cocTasnaeT 2-3%. HauuHas ¢ aHepruv
6onee 60 MaB npu anamerpax rnopsaka 80 MKM, 3aBUCUMOCTb AnamMeTpa oT
3HEeprun ' CTaHoBWUTCSH Gonee cnaboi m aHepremqecxoe paapemenwe :
yxyAlaercs.
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Puc.8. - 3aBucuMmocCTb p.namerpoa nNpoTpaBneHHbix B 48% HF u ‘10N NaOH .
:  TPEKOB Pa3NNHLIX NOHOB, BXOAAWIMX HOPMANBHO K MOBEPXHOCTH .
®C, n3y4aemMoro B aHHOM paﬁore M B [9], oT ux savepruu. Nepeoe. -
, TpaBVInOCb B 48% HF npn 20 Ocs Tequne 8 cyToK, a BTopoe -17 -

. vacos 810N NaOH npu 55 o%c .
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TepMuyeCcKasi YCTOWYMBOCTb NaTEHTHbIX TPEkoB B ®C

BaxHbiM CBOMCTBOM AU3NEKTPUYECKUX DETEKTOPOB ABASIETCHA TepMuyeckas
yCTOMYMBOCTb  PAAMEUMOHHBLIX HapYLIEHWA CTPYKTYPbl  3apsXXKeHHbIMU
yacTuuamu. TepmMuyeckass CTOMKOCTb NAaTEHTHLIX TPEKOB OCKONKOB AeNneHus
anep 24cm B ®C npeactasneHa Ha puc.9 (a,6,8). MoXHO BuaeTb, 4TO
HarpeBaHue npu Temneparype 100 0C B TeyeHue Gonee 54 BLI3bIBAET
YKOPOUYEHWE TPEKOB OCKONKOB AENEHUS U YMEHbLUEHUE WX KonuYecTsa.

27

72 it M1
{0 0D weo)
“u 61
& a5 a5
t
0 0 20 ¢ a 0 TT
, 4oC

@ & w & A x %0y
Puc.9. 3asucvMocTb OT TEeMnepaTypbl oTxura (nocne obnyyexns):
a) ANMTENbHOCTWU HarpeBaHus OTHOCUTENbHON CPeAHel ANuHbl
1(t)/120°C) ockonkos aenenuns 2*4Cm ( kpusbie 1, 2 ) 1 oros*’Ar
( kpuBble 3, 4);
6) OTHOCUTENbHOI cpefHein ANUHb l(t)/l(20°C) TPEeKoB OCKOJSIKOB
244Cm u ux konuuecTsa N(t)/N(20°C) ana 14 (kpuebie 1, 3)n 154
{ KpuBbie 2, 4.) HarpeBaHus;
B)  3dHEeKTUBHOCTM perucTtpaymuu £ OCKOJIKOB AeneHus 24cm
nonukap6oHarta Makrofol E ( xpueast 1),
nonuatunenurnukonsTepedTanara Melinex-E  (kpusaga 2) u
¢ocdartHoro crekna ( kpusad 3 )

. .

-~ d S ’

Tpeku : aproua (220 MaB) ykopauusaioTCA BbicTpee OCKONKOB - Aenexus
{(puc. 9a). HanBonbwan pasxuua mMexay HUMu HabniopaeTca nocne 100° u

A/MTENbHOTO - TPABEHU  C  NpaKkTAYECKU NONHbIM COXpaHeHVIeM
3¢v¢ve|<msHocm peructpauum = OCKONKOB nenenms. Heoﬁxop.umo
OTMETWUTb,4TO B nepsble . 4acbl OoTXKura npu 150 °C AnvHa Kax OCKONKOB
DeneHus, Tak W -MOHOB yMeHblaloTcs 6bicTpee, YeM B nocnepyowue.
(puc. 9a). 310 06CTOATENHCTBO A CBMAETENECTBYET O BECbMA CNIOXHOM
XapakTepe - BOCCTAHOBAEHMUS 30Hbl nedexros, 06pa3yembix TFI)KeanMM
uoHamu B DC, NPUBOASLLEM - K NOCTENEHHOMY  YMEHbLUEHWIO CKOpPOCTU
TpaBneHus BAONb- cnepa. PeayanaTbl puc. 96 caup.ereanTBynoT 4TO npu
200 °C ocraeTcs Bcero nuwb ~70% TPeKoB OCKOAKOB [ENeHWs OoT
nepsoHaYanbHOro KONMYecTsa, NpuyeM nx AnMHa ymeHoluaeTcs 6onee, yem
Ha 50%. 3TO HEOGXOAMMO YUMTHIBATL NMPU UCNONb30oBaHUN OC B KayecTse
hetektopa B ¢GU3MYECKOM IKCNEpUMeHTe. [lNs CpaBHeHust Ha puc. 98
NOKa3aHo uaMeHeHue 3GQPEKTUBHOCTU PErucTpaummn OCKONKOB AeNeHUs B
Tpex Hanbonee MUCNGNb3YeMbiX AETeKTOpax NPU MX HarpesaHuu nocne
06ny4eHus no 300°C. '

COGc'raeg_mblﬁ don netextopa docdarHoro crexkna

Mpy NpoBEAEHUM IKCMEPUMEHTOB MO MOWUCKY W perucTpaumu peaxvx

" cObBLITUI . eneHns sAep BEeCbMa CylLIECTBEHHbIM SBASETCS Hanuuue

¢doHOBbIX 3 dekToB B AeTektope. B ®C MMUTUPOBATb UCKOMbIA addexT
MOTYT TPeKU OCKOJIKOB CNOHTAHHOrO AesieHus aaep- TAXenbiX 31eMeHTOB,
cogepxawmxca B martepuane = Aetextopa;  TpPeku | OCKONkoB  OT
MHAYLUMPOBAHHOIO APYTUM  U3NydeHUeM AOeNeHus Saep WM Taxenbix
dbparMeHToBs, reHepupyembix B fAeTekTtope (GpOHOBLIMU HacTuuamu; Gurypsb
TpaBneHusa p.ed)enoa CTPYKTYpbi:- TPELUUH, LapanvH, Ny3bipbKos. B &C
TPEKM OT CMOHTAHHOTO ASNEHUs NPUMECHDBIX Aaep, yCTPaHSoTCA C MOMOLLIbIO
omkura npu Temnepartype Gonee 350 °C (cm. puc. 9). B, Mccnep.yeMOM &C
KOHU.eHTanMﬂ DENALLMXCA 3NEMEHTOB B Ny4Kax HEATPOHOB He Mpesbiwana
108 , 4TO Aonycmwlo ANa UCNOSL30BaHUA B (HU3U4ECKOM 3KCﬂepMMeHTe Ha
MHTGHCMBHle nydkax TAXeNbIX WOHOB. Durypsl TpaBneHma Pa3/INiHbIX
nedextos @C nocne npeasapuTENLHOTO TPABNEHNUS HAI@XHO OTNnHaloTCs:
oT VICKOMbIX,TpeKOB VNOHOB. '

Mneu-rud:uxau.un aapnxenuux qac-ruu ] ¢paruen~ron ;-

KaK 6bU10 noxaaaHo paHee, ans un.eumdmxauuu 3apqerHb|x qacmu n.
n3MepeHus  ux snepruu MOXHO ucnons3osate ux npober 8 ®C. B 3TOM
c/yqae - MCronb3yloT | IKCNEPUMEHTANBHO : NOMYYEHHbIE Kanuﬁpoaoquble
kpuBble ( CM. puc. 6 7) nu60 pacquHue p.aHHble ecnu cocras MaTepMana
n3secTeH [6].

ans CnEKTpOCKOﬂVIM OCKOJSIKOB p.enenvm 6bim aﬂp06MDOBaHbI asa MeTop.a.
9 . :



' up,eumcbuxauuw B nepsoM 6bina MCNONL30BaHa TOHKAas MutieHb: 235U i
5-MKM  @MIOMVHVEBLI - MOFNOTUTENRb  ANS  NOMYYEHUS  CYILECTBEHHOIO
- pasnvavs B YAENLHOM WMOHW3auMKM AByX rpynn ockonkos [10].- Mpu

KpaTKOBPEMEHHOM TpaBieHUU B 48% HF Tpekos OCKOJIKOB AeneHus ( Ao
AvaMeTpa  npumepHo 20 MKM), MEepneHAUKYNAPHO BXOAALIMX B ®C, no-

pacnpefeNeHnio ANanaTPoB TPEKOB Gbiiv ONpeseneHbl CPeaHne aHepriv
nerxkoil U TSXenoi rpynn. OCKONKOB C TOYHOCTbIO 5-8% [ 11]. B Apyrom
Cy4ae B OCHOBY METOAa Gbina NONOXEHa 3aBUCUMOCTb AVaMeTPa CUNbHO
PaCTPaB/IEHHbIX TPEKOB OCKONKOB AENEHNA D, NepneHanKynapHO BXOASIIX
B ASTEKTOP, OT VX 3Heprm1 E: D>=CE"2,rpe C - 'KOHCTaHTa, 3aBuCAWas OT
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Pvnc10 A Kanu6poaoquaq Kpuaaq "D(E), nOCTpoeHHan no u“3MepeHnsiM
AMameTpoB  CenapupoBaHHLIX OCKOJIKOB BbIHYXAEHHOTO AEneHns

‘ ,235U (oGoanaqeubl xak “ff’ ) Ha Macc-. cenaparope UAD Y3AH u

" YCKOPEHHbLIX WOHOB "Xe u 'Zr paanwmou ‘QHepruu. TpaBneHue
‘ npoeonunoc:: 48% HF B Teuyenve 3 4 (kpuBasa 1), 24 4 ( xpuBan 2')
1 6 cytok { kpuBasa 3 - ans Tnxenux d)parmemoa ni4- p.m nerxou
rpynnbt ¢parMeHToB ). :

B. Pacnpep.enemqe p.uaMeTpoa Tpexoa ocxonxoa BbIHYX/IEHHOMO

‘menemvs 23U (@) u cnoutanHoro - penewus  2%°Fm  (6),
NEepneHAMKYNAPHO - BxoaswmMx B OC ( ToYkv ),” W pacrnipeaenexve
OCKOJIKOB [IENIEHUA TEX XE CaMbiX AAep, MONYYEHHOE C MOMOUbIO
" MOMYNPOBOAHMKOBbIX AETEKTOPOB (nMHUA). 3HAUEHUs SHEPrun Ha
ocu ° ‘aBcumcc - -COOTBETCTBYIOT pMaMeTpaM
KannbpoBOYHbLIX ~ “3KCNepumeHToB - puc. 11A.
KOMIWYECTBA TPEKOB B Pa3HbIX TOYKax CNEKTPa cneayowue: & .
ey NYNu=1,3; NY/Ny=3,9; Nuy/Ny= 29
8Fm . NNy =1,33; Ny/Ny=20; NwNy=15
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Puc.11.A. 3aBUCUMOCTb M36MPaTENbHOCTM  TpasneHua V=Vi/Vm . ot
octatrouHoro npobera ans uoHos 2*Mg, 2Mg, %’Al, 8si B ®C.
CnaoWHbie AIMHUA - pe3ynbTaThl ~KannbpoBKM  YCKOPEHHbLIMU
TAXENbIMM - voHamu.  Touku - 9KCMEepUMEHTANbHLIE  AaHHbI,
nofiyueHHble B patote [17] no Mawenun maCTepHoro pacna,ua
236py; ¢ BbUTETOM 28Mg '

B. 1) Mquod)OTorpad)uu - TPEKOB  OCKOMIKOB  AefleHus  saep
nayToHus ( 2 GonbluMe KpyxKa) U uoHa 25Mg (ManeHbKVIVI Kpyr ),
BLINETAloLLMX MK pacnage 3TuX saep.

- 2). MUKPOGOTOrpaduy TPEKOB MOHOB 6620 (p,nquHble) n 3s

( kopoTkue ), Bxoaswme B PC nom yrnom 30° « MOBEPXHOCTU C
SHepruen 5,0 MaB/a.e.Mm. - . .

12 -

martepuana aetekropa 1 BpemeHu Tpasnenus. AToT MeTon, Gbin npeanoxex
n anpoﬁupoaaH B.paborax [ 12, 13 ] ana uaMepeHus aHepruv OCKOIIKOB
CI'IOHTaHHOI'O nenenus 252Cf, qu.yuvupoaaHHoro nenenuvs spep 2%2Th u
39Pu. C paspeuleHuem nopsgka 1-2MsB. B pnaHHoit  paGote
WUCCNenoBanoChb 3HepreTUveckoe . pacrnpepesieHue OCKOMKOB aeneHus
TennosbIMu HeTpoHaMu afep 235 u cnoHTaHHoro AeneHun apep 25 6Fm
nonysenHoro B peakumu 2*Bk+?’Ne, roe oH sBnseTca  npakTudecku
€AVHCTBEHHOMN N0MIMOXMUBYLLEA aKTUBHOCTLIO (2,63 4), ob6pasyiouieiica npu
pacnage 2°Md. B TOM Cnyuae Apa OTAGYM BBINETanM U3 MULIEHN
6epknus ( 0.3 Mr/cM?) u TOpM03VIJ1VICb B cronke u3 10 anioMUHUEBLIX
doner TonwmHon 0.22 MI‘/CM O6nyyeHune ®©C OCKOIIKaMVl neneHns apnep
ypaHa -  (ucnons3oBanachb- TOHKaAA  MUlleHb ~ 50 MKI‘/CM Ha . 2.5-MKM
NaBCaHOBO - NOANOXKE) - U depMus  NPOBOAUNOCL B BakyyMme  4epe3s
Konnumarop,. obecneumsalowuiA  NoONagaHne OCKONKOB B AETEeKTOp noA
yrnom :~90°.. Ha puc. 10 npuBefeHbl: MOAy4YEHHbLIE 3KCNEePUMEHTaNbHLIE
pe3ynbrarbl. U ANA  CPaBHEHUA LAaHHbLIE,  MOMyYEHHbIE C  NOMOLbBIO
NONYNPOBOAHWKOBLIX - AeTekTopos . [ 14 1.  KanubposouHas kpusas D(E)
(puc. 10A) 6bina nUCTPOEHa NO U3MEPEHUAM JMaMeTpPOoB  TPEKOB
CEenapupoBaHHLIX OCKOMKOB JIEfIEHUs1 ypaHa TEMoBbLIMM HeWTPOHaMKU Ha
yctaHoske -UAD  Yabekckoit AH (r.TawkeHT). U3 nosyyeHHbIX [aHHLIX
BUAHO, 4YTO = U3y4yaemMoe - CTeKNno WMeeT pa3pelieHue He Xyxe, 4eMm
vcnone3yemoe” B - pabore [12]° ¢ocdarHoe - Crekno, no - cocrasy
oTnuyaloweecs oT U3y4aemoro B faHHoi pabote. MopoGHble pe3ynbTaThl C
UCTOYHNKOM KanudOPHUA- 1 UCMNOSIL3OBAHVEM  M3Y4aemoro ap.er crekna
6binn I'IOIIY‘-IeHbI rpynnoi B.A. HMKonaeBa [ 151]..

Cnempocxonvuo KnaCTepos, 'amwccvm KOTOpLIX - ABAETCA 4pe3BblMaliHO
pPeaKuMm npoueccoM v HabnioaaeTca, Kak Npasuso, B-YCNOBUSIX BbICOKOro
doHa a-yacTu (2 10'%cm?), nposoasT ¢ nomobio DC, UCNoNbL3ys MeToa,
pennuK [16 ]. Ha puc.11 I'IOKa3aHbl KpuBbIE ANA UAeHTUdGUKaUUnN KnacTepos

%Mg, ‘BblflETAOWWMX: 113 36py [ 17 ]. - Pa3pelweHue p.eTeKTopa no - 3apsay
cocTasnser AZ-—d:O 2un aTOMHOMy Becy AA—i2

NMpumeHenue

Ha ocHoBe BbileckasaHHOro p.eTexTopu u3s ©C MoryT 6biTb Mcnonbaosaubl
Ana onpepenexua: 3Hepl‘MM VOHOB, cnempocxonuu OCKOJIKOB ~ fiefieHus,
MAEHTUOUKALMU  TAXENBIX  3APAXKEHHBIX YacTuu, B TOM uucne u
OCTaHOBUBLUUXCH B oﬁbeme CTeksia, UCMosL3YA reoMeTpuio "Tpek B Tpeke”,
npu 6ombapAauposke p.eTeKTopa nepnexaukynspHo HanpaBneHHuMu K

NOBEPXHOCTU YCKOPEHHBIMU TAXENbIMU OHaMK (cm.puc. 5). @C nossonsaer

_BBOAUTb TEPMU4ECKUM CNOCOGOM B  MOBEPXHOCTHBIA Coit U -06bem

LeTeKkTopa 3Ha4uTesnbHbie  KOJMYECTBa WCCNeAyeMbiX 3eMeHToB ' ( A0
HECKONbkUXx % -no- Becy [18]) 06e3 CyWeCTBEHHOro U3MeHeHus

13



- pErucTpUpYIOWnX CBOIACTB, YTO SIBNSIETCS CYWECTBEHHbIM npeuMymeCTBoM
nepea APYrUMU AN3NEKTPUHECKUMU p.eTeKTopaMM 3710 Mcnonb3yeTcs npu
“3MepEHUsX XapaKTepucTuk MHOrony4eBbix COGbITMIA ‘B oGbeme cTekna
[ 19 ], BO3HWKAIOWMX NP pacnaae saep.

®C, XapaKTepUCTUKN KOTOPOFO MPEACTaBNEHbI 3AECh, 651U UCMONB30BAHbI

B 3KCnepumMmeHTax no- onpep.eneano nepuoaa nonypacna.u.a CMOHTaHHOrO

neneHuvs  TaAXenbix - aaep, KﬂaCTepHOFO pacna.u.a no wnccnepoBaHUio

yrnoaoro pacceﬂHMn UOHOB [31].

- ABTOpbI  BbpaXaloT 6naro.uapHOCTb npodeccopy 10.U.OraHecsiHy ‘3a

BHMMaHue K ° paboTe, ' nonesHbie O6GCyxaeHUs -1 NOAAEPXKY,

B.M.MNepentirHy 33 NOMOWbL NPV IPOBEAESHWM o6ny4eHNt - MoHaMK,

K.U.MepkuHoit, T.W.PbiGakoBoii 3a MOMOWb B MOAYYEHUN - AOCTOBEPHbIX

. peayneTaros Mamepe'Hw;u A.[.BensieBy 3a ocywecrsneHue - obnydeHus
. NETEeKTOpOB cenapupoBaHHLIMK OCKonkamu. aeneHus, O.B. TMMO(beeBOM 3a:

nomolb Npu odopmneHun paboTsl.

10.
11.
12.
13.
14,
15,

Pa6ota BbinonaxeHa npu duHaHcoBoi noanepxke POOU N96-02.17975.

imvrepatypa

- Fleischer R:l. et al.,. Nuclear Tracks in Solids: Principles and
Applications (University of Cahfornua, Berceley, 1975); Phys Rev/188~ -

(1969), 563.

-.Aepensirux B.M. v ap.; NT3,4, (1964) 64 rITS 1(1968) 43- 46

TpetbsikoBa C.l. JuccepTauus Ha cTeneHb A0KTOpa ¢u3.-maT. Hayk

. “AuanekTpuyeckne AETEKTOpLI, UX npumeHeHMe B aKcnepumeHTaanow

fA0EepHOMN d)uauxe"
Price P.B. et al., Nucl.'Instr. Meth B21 (1987) 60- 67
Hukonaes B.A: n gp:, NT3, 2 (1976), 8-17..

- Ziegler |.F. et al., The Stopping and Range of lons in Solids, Pergamon‘

Press, New York (1985)

OtrancypeH O. u ap., Proc. 8th Intern Cont of NucI Photograph and

SSNTD, 1972, Bucharest, IFA, 231-241.
Fulmer C.B., Phys. Rev. 108 (1957), 1115-1120.

' Fiedler G. et al.; Nucl. Instr. Meth, 147 (1977), 36-39.
,,NlcolaevVA Nucl Instrum. Meth, 147 (1977), 283-285.

Nicolaev V.A. Instrum.. Exper Techniques,4 (1976), 88-89.
Aschenbach et al., Nucl. Instr. Meth. 116 (1974), 389- 395
Siegert G et al., Z. Naturforch 28a (1973), 544-552.
Schmitt H.W. et al., Phys. Rev. 137B (1965) 837- 845,

g Kopchenov V.E. et al Nucl. Tracks Fladlat Meas 11 (1986), N4/5 221-
227

14

16. Wang S. et al., Phys. Rev. c39 (1989), 1647-1655. .
17..

18.

19.

IOcconya M. 1 ap., MuceMa B X3T®, 62 (1955), 685-689. :
Perelygin V.P. et al., Proc. of the Internat. Conf. on Nucl. Track Registr. . .
in Insulating Solids, Clermont-Ferrand,. 1969, v.1, 28-36. '

‘ F‘iedler,G.et al., Nucl. Instr. Meth. 173 (1980), 85-92.

Pykonuce noctynuna B uanatenbckuit otaen
3 anpens 1996 roaa.

16



&
X
S
A
e AR
S AL
R
ot AR
S AN
L
&)
AN
o
2
X
B0
eSS SESN

R0
00

PN
20000
R
...s..:.:

()

3

X0
X
A5
A8
A
XX
K5
S
8

S

du+p — du+p

3

.

!
W0
)

5

0
)
)
0

AR
QONOLOOOOO0OA0OOOAAAX
AN
AN
O N
Y
AR

K0

(X
(LX)
QO
)
(XXX
100000009
o

¢
X
O
)
ooo
S

b )

g%mf“ &
A0 /.
MO
Y
QNN
DR,
N
SN
Q0
AR
SO0
SO0
RURNR
SR
e
SOSOAER000
A
SO

)
M

",

00

A OO0

AR,
et
A
AN
AR
SNG
SRR
SO
BN
QRS
N
ASABNEN
R
RO
QR0
O
SRR
SO
e
N
SO
OGS
L
N
a0

K0

AR

&
\

<

Q-
...& 0.

¢

(OO0
:.....

KOO0

................................ (OO0

.:

)

(OO
XA

AR

N

(AR

0
NN
RN
)

)
S
S0
e

N

(X0

K0

...

=<

[

X

)

Fig. 5. Differential crbss'sec‘tionsv doy, [d{2 for the dp + p‘ela.svtic scattering.

27

A
< AXIRANY
SHK
%
ool
B0
- RN
R
RO
RO (X3
RS

R
_z?oo"ooo... __
(A

o

S

faa
2SS

22
g

s

i
12

-,

I

QIS

SO

==

SR

NN
titts\w

N
\
N

du+t — du+t

\
A\

A
A
0000...... XX ,.:.‘
000“."000.......:.:.‘

iy

g

o

()

XSS

0%
.:..............
AORAE
410099044
OG0
ARG
A
..... ooooooooo%ooooo
OGO
XAAERN
A0
SO0
ARG
AR
(XX
AUAIKEAGS
BB
S0

4
0

¢

S

.s

4

>

S

oelay
AR
SRRNNNS
AN
KK

’.o

O
e

%

3

- 9%z [em? /sr]

: T A
QNQh.w% T 00—FFk - 000+30

)
)
X
)
)
BB
)
X
o
oo
e

R
20
5
o
5
o
o

%
5
X%

)

)
oooo:

()
(XX XX)
049004,
oo:.o

)
X/

Q

2
0

Y

Fig. 4. Differential cross sections dogs/d{) for the du + ¢ elastic scattering.

--26



<>

A
N
NS
A -
AR
90999090088
AAAKN8,
AXNBBE
QRGN
QORI
480000000000
MAI000 0000004
1000004000900 00 ¢ :
KB,
DBOKENN
AR
$309000000.46000NSE
1009990000
RS

LI
30

00
A0S
0
KRN
AN
MOGRER
OO0
I .......::
OO0

000
1499,
KRS
oltodeeke!
BOIXRRS

RN

DR

AR

X

A
109,
%

OSEEIEAI

X

O

N

QOO
SR
N
\

QXX

S Q0
QRN
QR

QLR
000000"000000000“0000003 L
R LT -
OO0

RN~
R
TN
LR
QD
NS
&

R

OOQOMX)

20
085
B0

VA
oooo.. u

slic scatter

ing. -

22/d for. the pp+ d ela

l:cross sections. daas

1a.

Fig. 7. Different

29

pu+d = d,@-}p

i
SESR

A8
O

i

T
XKLL
@eﬁwaama»“..,;
Rt :
QOO .
SN
EEtiiy
OO0
OO
OO
e
OO
NN

39 1
) yi
X!

S

G
(N

SR

A LTI T
e

{4

ST
SR

RS
S5

<SIRY

S

S

-~

b

<>

SCS

&

£

Fig. 6. Differential cross sections doy, /dQQ for the isotopic exchange

pu+d— dp+p.

28



A
OOOOURN
AN
OO0
OOOO0000N
QOO0
(X000
- AKXV
OO0
OOOKXXX
OOOCOOXNN
$00.0.00900040 8
: (XXX OO0
It (OO0
' (XXOOOOOOOXXH)
0400000009009,
OOOOOOOO0
OO00 (X
QOO
.....ooooooooooooo:
2990000,

:.:.3..“."..“
AR
Q0008
Q8
OO
ey R
e
R
“_v.....ooo.oo....,..... NG
PR
- OO0
K-
e
&

| 020-32 000+30 -

Fig. 9. Differential cross sections da,/dS} for the isotopic exchange

pptt—=iptp

31

— SIS
S S

S %@e.....
S R o
h A
< ARSI

AN
AN
AR
OAO0OOOOO0O000
COLOOCO0OCONN)
OO
ARSI
- AOOACONCOCO0000
ARSI
AR
SRS
ididddedaannasnnnnee
AN
A AROAOO00O00OCOO000O0NNN)
A
LOOOOOOOABCOOONO0N0000)
XA AR
AN
XA
XN

) S eI

$

AR
IR0
AR
XA
NN
OO
AN AR
XA
T SRR ASAEACXXAXXXNN0)
R NN
AN
D AN
AN
AN
S AOSSKEIANAY
ORI
OSBRI
SN
0000“0".“........................\
ettt

oo:::.:\
A0
R

252

<O

0:‘

AR %
ST ,,
SLU0NNA
WY
&)
)

Fig. 8. Differential cross sections do,{/d§) for the ¢+ p elastic scattering.

30°




pu+t — pu+t.

o

[em?/sr]

: A5
: A5
A0
G5
SEB0060
e
SEB0
ASEND
BARBBBONED
0ERNN
QXX

A
:.:o:o

o
5o
o

e

o

SOG0%
A0
ooy
%.ooooo.ooo 000 000 (XX 0000
X0

22
&5

ooy
2

=5

s
122253
==

25

#

K .:“.. .&

0RO

o SO
KRR

X

O
DOOORIOOO0O0 )
BB
RN
e
SO0
WILE0 000, QOO
::.:2. oo: %o .o 50
AR
OKOOOCXHKHIARY
e
SO0 0
XOOOOOOOVVOARRNG
K0 SO0
e
4
ORI
RN
SRRy
R RRRRANNIRD

. Fig. 10. Differential cross sections doa,/dS for the pp +  elastic scattering.

32



