International Atomic Energy Agency INDC(JPN)-144

Vy/ \QV Distrib.: L
A\

INDC INTERNATIONAL NUCLEAR DATA COMMITTEE

COMPILATION OF EXCITATION FUNCTIONS FOR

THE PRODUCTION OF THE RADIONUCLIDES 1231, 123Xe AND 12305

BY CHARGED-PARTICLE INDUCED REACTIONS

A. Hashizume, Y. Tendow, K. Kitao*
RIKEN
(The Institute of Physical and Chemical Research)
Nuclear Data Group

*. National Institute of Radiological Sciences

October 1990

IAEA NUCLEAR DATA SECTION, WAGRAMERSTRASSE 5, A-1400 VIENNA






INDC(JPN)-144
Distrib.: L

COMPILATION OF EXCITATION FUNCTIONS FOR
. : . o 123 123 123
THE PRODUCTION OF THE RADIONUCLIDES I, Xe AND Cs

BY CHARGED-PARTICLE INDUCED REACTIONS

A. Hashizume, Y. Tendow, K. Kitao®
RIKEN
(The Institute of Physical and Chemical Research)
Nuclear Data Group

* National Institute of Radiological Sciences

October 1990



Reproduced by the IAEA in Austria
October 1990

90-04838



Compilation of Excitation Functions for the Production of
the Radionuclides 1231, 123x¢ and 123¢s by Charged-Particle
Induced Reactions

Abstract

Available experimental data of charged-particle induced nuclear reactions
for the production of the radionuclides 1231, 123xe¢ and 123¢s are
reviewed and gresented in graphical courves. Included are the reactions
124Te(p,2n)12 I, 127I(p,5n)12 Xe, 124%e(p,pn)123xe, 1227¢(d4,n)1231,
127I(d,6n)123Xe, 127I(d,p5n)123I, 121Sb(a.2n)1231, 133Cs(p,spallation)123Xe,
natpa(p,spallation)123xe, natpa(p,spallation)123xe, 124xe(p,2n)123cs,
natLa(p,spallation)116”136Cs, 10944 (180, 4n)123mgsg,

I. Introduction

Owing to the suitable nuclear decay properties, 1231 is
considered one of the best radionuclides for in vivo diagnostic
nuclear-medical studies wusing single-photon emission computed
tomography. Although more than twenty kinds of reactions have

1231, selection should be

been proposed for the production of
made from seQeral essential points of view, that is, the cost of
enriched isotope for a target, ease of recovery and recovery
percentage of the isotope after irradiation,vbeam requirements

whet

=g

er the kind of incident bheam and its energy are easily
available, production yield rate, chemical separation yield, ease
of chemical process after irradiation and impurities of other
radicactive iodine isotopes in the final product. Among them,
excitation function is one of important factors to determine the

production method. The excitation funections to produce 1231,

123ye and 123cs were compiled in this report,

II. Reactions to produce 1231 and 123xe

124Te(p,Zn) reaction: This reaction has bheen used most
extensively in the routine production of 1237, Its excitation
function was obtained by Kondol) and is shown in Fig. 1. In the

figure, ’'ind' shows independent cross section. By using a 99.87 %
isotopically enriched 124Te target, cross sections were

determined with uncertainties of 4-12 % except at the lowest



energy. The cross sections were also measured with a 91.86 %
enriched isotope as a target.l) As a whole, the cross sections
were obtained at precision of about 10 %,

There are many reports concerning practical production

vyields of 1237, The reported values are sgscattered in a wide

n

range., A part of the reasons may he attributed to the loss of

1231 during irradiation. If the precaution is not taken, the

product yield will be depend on the bheam intensity because of
loss of iedine during irradiation.

127I(p,5n)123Xe reaction: The excitation functions have

2-6) Their functions are

shown in Fig. 2. The values reported by Lagunas-Solar et al.6)

been reported by five different authors,

are most elaborated ones hy taking into account various errors in
the measurement. Each author took precautions against the loss of
the target or reaction products during irradiation. Paans and

Wilkins have measured the bheam current directly; Dik;ié4) and

5) 27 24

Syme® used monitor reactions such as Al(p,3pn) Na and

n
12C(p,pn)llc. One of the reasons for differences among these
absolute cross sections may be attributed to bheam current

integration.

124Xe(p,pn)123Xe reaction: The (p,pn) and (p,2n) reactions

123Xe, ancestor of 1231, from practical

are important to obtain
point of view., However their cross sections had not been measured
until recently. In 1989, Kurenkov(7) measured cross sections
between the proton energy 17 and 33 MeV with precision of about
18 % using 99.9 % isotopically enriched 124y, target. The
excitation function is shown in Fig. 3. In his measurements, the
threshold is not so clear. The yield curve obtained by

Firouzbakht(s) with thin target shows sharp rise from 16 MeV to

20 MeV,

122 )123

Deuteron induced reactions: The Te(d,n I,

127I(d,Sn)123Xe and 127I(d,p5n)123I reactions have bheen

reported.g’lo) Zaidig) insisted that the 122Te(d,n) reaction

123

could produce I with higher purity than obtaining from the



124Te(p,n) reaction. The cross sections are plotted in Fig. 4-6.

There is only one measurement concerning the absolute value for
(d,n) reaction.

Alpha induced reactions: The 121Qh( Zn)lzq 123Sb(o(',4n)
1231 and also 122Te(d,3n)123X9 reaction were drawn attention

among alpha induced reactions. The excitation function for

121Sb(q,2n)123

I has heen measured from the interest in comparing
them with a nuclear reaction theory.ll) As shown in Fig. 7,
absolute cross sections in the energy range from threshold to 27
MeV have been measured and compared with a statistical theory

being taken into account the competition with ¥-decay.

The production yield rate of 123$b(d,4n) has heen measured in
12)

The 122Teby,3n) reactionls) is one of thods to produce

1241, 125 I and others;

123Xe with small impurities such as
however its cross section is not found in our survey.

Other reactions: Among other reactions explained above, IHe
induced reactions with 122Te, and 12?TP targets have a high 12?XP
yield compared with alpha particle induced reactions.14) However
there are no reports on measurements of cross sections.

It is known that the spallation reaction induced by high
energy protons have relatively high yield of 123%e, Peekl
Adilbishls) reported spallation cross sections when 1qus natBa
and "2%a yere bhombarded by high energy protons. The results are
shown in Fig. 8-10. In the figure, ’cum’ indicate that cross

sections are cumulative, Adilbish15) also reported 123y

127

"D

oducing cross sections when 1 was bombarded by 660 MeV

in

protons. The value is 3.81z0.4 mb. As there is one point for
127I+p reaction, this deta is not presented in a figure. The
cumulative cross sections for producing 123Xe decrease slowly

with increasing incident protoh energies from 300 MeV to 660 MeV,



ITI. Reactions to produce 123¢4
124Xe(p,2n)12305 reaction: The precursor of 123Xe is 12305

(T1/2=5.87 m). As 123¢¢ is far apart from the nuclear stability

rgy ions, Yield curve including

“Xe(p,pn) reaction was studied by Firouzbakht(7). The cross

sections were measured by Kurenkov(7) which was shown in Fig. 11.

Sharp rise of curve 1is suggested from 16.0 MeV which is

experimental threshold obtained by extrapclating to zero point in

linear representation of excitation curve, The theoretical
threshold obtained from Wapstra’s table(ls), is 15.58 MeV,

3

Spallation: High energy protons or "He incident ions

0

combined with on line isotope separator have been used to produce
23,

—

ecti

D)
n
Lo}
o}

s, but there is only a report for absolute cross n

17)

o,

0

measurements in our survey. Cross sections to oduce Cs

3
~

n
isotopes by La + p(600 MeV) was shown in Fig. 12,
Heavy ion induced reactions: many combinations of targets

10 18

and incident ions such as B, 120, 14N and QO have heen

12303. However, no cross section was

utilized to produce
reported in our survey except a relative value of execitation
function for 109Ag(180,4n)123m08 reaction.lg) Figure 13 shows

relative cross sections for this reaction.

IV, Eye guide curves for excitation functions

The smooth lines in the Fig.1-10 are made for eye guide which
were obtained by unweighted least squares fit to some order of
poweres of exponent or a combhination of several Gaussian

1271(1’),5n)123)(e reaction,

distribution functions. In case of the

the curve bhetween 68 and 85 MeV is not a real least squares fit
but is connected smeoothly by hand and this curve was replaced by
a comhination of Gaussian distribution functions. This procedure
was needed hecause the experimental points were very dispersed
hetween those obtained by Paans and hy Dikéié. It seems there is

no reason that sharp resonances are observed in this energy range



and in this mass region. More experimental data are necessary in

this energy range to solve the discrepancies,

V. Experimental conditions

Kinds of reactions, bheam energies employed and methods of
degrading the energies and method of beam current measurements
reported are shown in Table I. Here, each report has been
numbered in the second column and these numbers correspond to the
first column in Table II and III, The targets, kinds of
radiation detectors used, stopping powers employed are shown in
Tabkle II. The half-lives, energies of radiations detected, their

intensities employed and errors are shown in Table III.

Acknowledgement - We would like to thank Dr J.J. Schmidt,head of
Nuclear Data Section of International Atomic Energy Agency, Dr.
H.D. Lemmel and Dr. K. Okamoto gave us con
encouragement for publishing this report. We would like to thank
Dr., F.E. Chukreev for referencing of charged particle EXFOR file,
We would like to thank for the staff of National Nuclear Data
Center in Brookhaven National laboratory and those of NEA Data
Bank for the original authors of some EXFOR files, We wish to
thank Misses Y. Kidachi for reading excitation function data from

original reports.



1 *

10.

11,

12'

13.

14.

15,

16.

17.

18.

19,

20,

21,

22,

23,

24,
25,

26.

References

K. Kondo, R.M.Lambrecht and A. P. Wolf, Int. J. Appl. Radiat,.
Isotop. 28, 395(1977).

S. R. Wilking, S. T. Shimose, H. H. Hines, J. A. Jungerman,
F, Hegedus, and G. L. DeNardo, Int. J. Appl. Radiat. Isotop.
26, 279(1975).

A, M. J. Paans, W. Vaalburg, G. Van Herk, and M. G. Woldring,
Int. J. Appl. Radiat. Isotop., 27, 465(1976).

M. Dikéié and L. Yaffe, J. Inorg. and Chem. 39, 1299(1977).
D. B. Syme, E. Wood, I. M. Blair, S. Kew, M. Perry, and P.
Cooper, Int. J. Appl. Radiat. Isotop. 29, 29(1978).

M. C. Lagunas-Solar, 0. F. Carvacho, Bo-Li Liu, Y. Jin, and
Z. X. Sun, Int. J. Appl. Radiat. Isotop. 37, 823(1986).

N. V. Kurenkov, A. B. Malinin, A.A. Sebyakin and N. I.
Venikov, J. Radiocanal. Nucl. Chem.,letters 135, 39(1989).

M. L. Firouzbakht, Ren-Rui Teng, D. J. Schlyer and A, P.
Wolf, Radiochm. Acta 41, 1(1987).

J. H. Zaidi, S. M. Qaim, and G. Stocklin, Int. J. Appl.
Radiat. Isotop. 34, 1425(1983).

R. Weinreich, 0. Schult, and G. Stocklin, Int. J. Appl.
Radiat. Isotop. 25, 535(1974).

O. W. B. Schult, Nuc. Instr. and Meth., 146, 301(1977).

A, Calboreanu, C. Pencea, and O, Salagean, Nucl. Phys., 383,
251(1982).

R. M. Lambrecht, A. P. Wolf, F. Helus, M. Untucht and W. Maier-
Borst, Int. J. Appl. Radiat. Isotop., 27,675(1976).
E.Lebowitz, M. W. Greene and P. Richards, Int. J. Appl.
Radiat. Isotop., 22, 489(1971).

N. F. Peek and F. Hegedus, Int. J. Appl. Radiat. Isotop, 30,
631(1979).,

M. Adilbish, V. G. Ghumin, V. A. Khalkin, 0. Knotek, M. Ja
Kuznetsova, Ju V. Norseev, V. I. Fominykh and N. G. Zaitseva,
Int. J. Appl. Radiat. Isotop, 31, 163(1980).

A. H. Wapstra and G. Audi, Nucl. Phys. A432,1(1989).

H. L. Ravn, S. Sundell and L. Westgaard, J. Inorg. and Chem.,
37, 383(1975).

Ch. Droste, W. Neubert, S. Chojnacki, T. Morek, K. F.
Alexander and Z. Wilhelmi, Nucl. Phys. A192, 595(1972).

C. F. Williamson, J. P. Boujot, and J. Picard, Rapport CEA-R-
3042(1966) .

W. H. Barkas, and M. J. Berger, Tables of Energy Losses and
Ranges of Heavy Charged Particles. Publ. 1133, Nat. Acad. Sci.
Washington, D.C.,p.103(1964).

J. F. Janni, Air Forces Weapons Lab. Technical Rep. No. AFWL-
TR-65-150(1966); C. Tschalar, Rutherford lab. Rep. RHEL/R
146(1967).

R. L. Auble, Nuclear Data Sheets B7, 363(1972).

R. Strippler, D. Lode, h. Schrader and F. Munnich, Z. Phys.
242, 121(1971).,

G. E. Erdtmann and W. Soyka, Rep. Jul-1003-AC(1974).

C. M. Lederer and V. M. Shirley (Eds), Table of Isotopes, 7th
edn(John Wiley, New York, 1978).

R.C.Ragaini, W. D. Walters, G. E. Gordon and P. A. Baedecker,
Nucl. Phys. A115,611(1968}).



27. D. Nachtingall, ’'Tables of Specific Gamma-~Ray Constants’,
Verlag Karl Thiemig KG, Munchen(1969).

28. J. F. Janni, Atomic Data and Nuclear Data Tables, 27,415
(1982).



dno AKwepsae Japeagdo 29501 ' ’
peaey P P 1V LS S0l (81) ASOIQ "UD L1 SOya,  (UP O VBV
s9 ' . Jo suotjoes
mmwowmﬁownwowpanﬁ~5Eho: - - 009 (L1) uAuy* 1y 91 wonﬁﬁnacam.avngua:
Jojtuow T103] no
dno fepuaruy 19pvaBap TV 2Ll $*.2 '9°82 ‘Lve (L) Aojuaany A'N Gl monNﬁAcu_nvwx¢Nﬁ
dno fspuruy lapeagap 1V 09°'0 + LS'¥1 80°0 ¥ L2 (1) nueaioqred’'Vv 1 Iepp(Uzo)as ,
€g
08 (o1) ITNYOS ' H ' A0
4 . .
BNy (xdP)TY,, T10) pPayo®3s 1°§§ mm (o1) yoraiutamntd ¢l Iegptusdip)r, o
08 (o1) ITNY2S g A’ 0
‘ . . [
BNy (ed'P)TY,, 1103 payouss 1°9% mm (o1) yotaautray'y 2Z1 ez (U9 PII, 4
uo~mﬂcm_vv>~m T10] Pa)}0¥3s vL A (6) TPYOZ 'H'L 11 Tegp(u'P)al,oy
4 - - 3] " .

BNy, (udetd) Ty, 099 (s1) YSTQTIPY'N 01  oXg, (Tuds‘d)r .,
dgd - - . . .
az«wwcam.nwﬁ«bw 099 (51) YSYATYPY'W 6  ¥Xg, (Teds'd)el, g,
‘8N bﬁx_&v~<ww Japeadap (08D wmeHAAan.Qvamam:
.aZvam=m~gv~<hN Iapwlgap uoqae)d 02¢ 06§ (v1) Ha3ad '4'N 8 oxmuﬁﬁﬂaamhavmommﬁ

Jojtuouw nj
dno Kwvpuvaej Japeassp v AN G°LZ '9'8Z2 ‘'L°VE (L) AONUBINY*A‘N | oxmwﬁncﬁ.ﬁvwwiﬁ
187108
dno Aepeiey T1T0J pPayoels 98¢ §'0 F G§°L9 (9). -seunde1'O'W 9
o~mA=n.avoN_ 110J payoelg 0°8¢ S°0 ¥+ G'6SI (g) swds-g'q ¢
BN dg‘d)tv
_NmmmA:.av:Umw O0To400ayduds ur
_o:En::oNﬁ snipel pajuwyy 0S¥ A S8 (v) STSHIA'W b
dno fwpuaevg *OTO40 JAY 44 veov 9°0 > 99 (¢) SUBEQ° W'V ¢
dno fepuarg 1103 pajoe3sg’ beSY G0 ¥ 29 (2) SUTHITM Y'S 2 Megplus'dir, o
uz.q(u’d)ng 08°'0 + 0221 62'0 + 81'62
&8> supeab 1103 Pay2e3s  QOI°'I + $6°6 0€°0 + 61°82 (1) opuoy*y 1 Iggplugid)ar, .,
EEETEELGEED 2AUuuyd AZI3uUd [ EIN) TA9W)
1UdIJIND wedyg wedq JO POYlI3W AB3aoug unwiurll AJTIouy JUIPIOU] SIDUIADJIY Joyiny 3satTd *OpN uoT130wWay

*$3T1dI2u3 wesaq puwv

EUOT30WdX JO SpuUTy

1 °21q®L



A®Y 661 3%
APY 9°2'(T1)0D

A®} 66T 1%
A®Y 9°2'(11)eD

APH 1 2®
A®q g '(171)9D

(11)99

A®Y 299 1%

A®Y 6°Z ‘®D
ARPY 6V1 239
A®Y ¢ '(11)°D

APH EE°T 13®
A®Y g ‘(TT)90

AW EE'T 2®
APY 8¢ (TT)30

APHEE*T 1%
(WHMA)A®Y 9°2

(gg) Tuuep

(12) Tuuep

(0z)asBasg ¥
seyI8g

IT7 JO suorinyos snoanby

€(€on)et1 ‘2(fON)eg
t€oNsSpy Jo suoTqanyos snoanby

TV (ww g-o)ut

§SOUNOTYY U
€

MOPUTIM TV WN Q0E£-~082

J973WBIp wuw G

Yy ut
o/8 |
Omdq.

Jaurejuod
‘eTp wo ¢
L°0-1L1°0
oo®g ‘108D

‘ruqw I

‘yjgusT ww Q|
Jo aynsdso ® ul s8d wxvmﬂ

(payooyo a21amM S3SSOT 9X)
pasn sB8M )YOBIE G
8S2UNOTY3} UT WO G0 0
f*eIp WO G6°0) TV JOo £31A8O

JBTNOaTO ® 03Ul passaad T1eN

(paqO2YyD 2a9M E638SOT 9X)
adey aaTsaype uUTyl YjIs

(AW 2Z-1 3noqe)

APH 0§ vw&
APH G <

APH G < d

4

g 103

IHD

payeas pue passaxdwod ST aspmod
wo/3 g0 ‘IN

A®W T ST _ssauyoryl
a 103 €01y pus 1y

‘10D

STT0J TV AQ paaaao0d
SSaUOTYY ABN 1
(£31A130® 9X J10]

pPa3oayo svM suF 8l Furroon)

“YOTYL ASH 2

‘I8N

‘1103 Bl ww 160°0

YsTQTTIPV'H

YSTATTIPYV'H 6

¥d938d Jd°N 8

AONUBINY'A'N L

I810Ss
-ssunieTD'W 9

swis'g4°a §

OTISHTIA'W ¥
VAR

sused W'V €

‘(11)°D (61) uoSWBITTTIM AQq P8312A00 2PTPOI UNTIT] SUTHTIMN'Y'S 2
STTOJ TV pPU® Nn) Yyiim palio8lg
wo/8] Bw 10°0+50° 1
(T1)°D (61) uosweITTTIM % LB'66 ‘% mm.am“mh¢mﬁ opuoj iy 1
1010913(Q aamog Burddossg 198awe], Joyany 1satg °‘ON
S3ATT-~JTRY Pu® SJ03129319p ‘sasmod Burddols ‘siafae] II 2198l



sIoyine Lq

(11)°n - U2AT8 ST [1833p ou ‘3afael ulyl 21s0aQ ‘Yo t1
*dUuTT uo aojevarvdos adojdosy
*suo0q0ad 3uUapIOUT I03 % 21
SEM SBS3UHOTY] 338aB] 07 anp B50]
1038TTT3UTOS AFxsug D _00F1 10 GOET PI3IBAY
oryserd 7y -t 2JI3M 99fJ1e] ‘eIp WO Z pus Buojy
(11)3D wog ‘J9puI[4LO ®L Ut ®I Jo & L UaBy*A'H 91
nOopuiM TV wn (0g-082 ‘‘wie |
J232weTp ww ¢ ‘YjFusy ww Q7
{11)°n (8Z) Tuuep Jo a1nsdeo v utr sed wvaH AOHUSANY*A°'N GT
s3u1yoeq [y uo pajrvaodeayg
(171)8D (01) uosweTITTIM NEO\mE b'0-2'0 nuesroqred'yv ¢l
) ITNYDSS 4 M°0
(¥1)8D (01) uosweTT[TIM 9a0Q® S¥Y Juweg yotaaurapm*yg €1
(,wo/3uw
L)s1Y0o) uayrdyjzaiiod uz ITNYSS g M0
(11)°D (61) uoswerTTIm ANEo\uw 1'0)s32712d 18N yotraauram 'y 21
Builxdoeq 1L wn Q1 ‘wn gz
uo SSauyoIyl ,wWwo/Bu G p-p
(r1)89 (61) uosweIT[IM (% mv.mmvmhmmﬂ ﬁ:m 3L Te®an3e®N TPIeZ2'H'C 11
1019093 3( Jamod Surddoiag 3983%9] Joyjyny 38114 °'ON
(panutquoo) I 2198}



S 1181240

‘g UOT30985 E5030 1073 JUOK
€ 18303 qQng

9JTIT~JT®H

aouspunqe a3nTo&qe LBJI-BUUBH
awyq peap Fuijunon

80°¢ £3TA110% PdA128Q0
0'2 UOT38IQTITEO JO30939p BUWS)

® *0 Asa-suwed jo uoijdaosqu-j71a§
02 852U)0oTY3 39B8J%8)

L I
AN o
[ .
LTNONNAM--0O
u,
B
1]

80" 1

.

OCOWnWOOoO

W e e

®

G°21-%v°S J103d9 TTBIBAQ0
*po30aTfau puw [TBWS AT9ATI3BVTdJI
aJ8 9)FT~-JTeYy ‘4LAOUdTOT}1J°

193Uunoo ‘sey318uUdjuUT LvI~-vuwed
*popNIoOuUyl d8J® SUOT3IOBVIJ
Joj3iuow ‘8ISATYUB BAIND £BOIP

‘geaxe j}wad ABaeua-TIng

10118 TTBISAQ
1 usyy 8831 uof3Ba393UT JUIIINYD
1 usyy 88T uU0T3991300 W3 pua(g
[ £3twrojTun 38338,
o1 ADuayoTr3})e 1039338(Q
[ JO0J1d TBOT38T13838
€ ’ A®Y 6Vv1 pus

(A®Y [1G)JI03TUOK UdBIMIIQ OT3}IBY

G621

1 10333 TT1®I8A0
uo01310981300 uotridiosqe Led-y

swayos KLwda(Q

£09101338 J10300139(Q

L3tTwaojrun 3933w,

uot3vaFajul TvaI3O0ads puw weaqg

VW WOWMNN

Z1 J0Jd33 TT19I9A0
Trew8 £a9A 8807 TY1003Y
Z usvyy S8BT L1 1wIojyTun 33339
¥ € usyj 8637 10ad9 Buyjuno)

(ve)

(e2)

(z2)

(22)

(z2)

0S

€8

SI0JJ® O13BWI3BAS g
810Ja3 axenbs uwaw 300y @

810°0 *
6v1 Y 66°1 g,y sudg g'd ¢

v e60l
9°668
2 o¢ee
1°8L1

Yy 11z ®Xez1 OT8NTIA'W 14

1°8L1
6°8¥1 - oan~ suBed ‘[ W'Y €

61 - BUTHTIM'YU"S (4

3Xez1

651 ye-etl Tezy Opuoy 1

SUOT]1098 86010 103 s8J043F

Aw9oop
103393y

(%)

L1

{aoN)

kg 2/13 qonpoag aoyany 38y ‘oN

*8UO(]1098 SE0J0 JOJ B80JJ3 pue pasn slel-wvuwed Jo s3T13T8U3}UT JII 2T19Rl



(=a®)

aoanos
£ Aouaror3je

—

paspusiyg
1030933Q

~—

30anos paepusvyg
€ (9A1389T21)4A0UdTIOTJId 1030939(Q

Z1-01 10343 118IBAD

91-¢ J0J1Id TI®BIJA0
. saoyine ayl 4£q
pa3aodax 2a¥9 BI0aJ8 JO [7e319p ON

o1 TT® 1340
*POIIPIBUOCD Iaom

309339 £JIvpuodOI8 puw IWy]y peIp
uoyydaosqe-31as Lva-vuwen

4 90Jn08 pasvpuevls

81 (popnIour 8a3Yy30)a01as [9310}
01 PTo1£L Awva-vuuen
ol ADOUdFOTI IO J030933(Q
€ J01J9 TeOI318613183S
1 Lxqowoad
20anos pue L¥sswv apironuorpey
sunjoa arnsde)

. £318Udp §8H

£318uUa23uUy weaq jJo 309339

usyl} 8say 3U23and wneag
€83UYOTY] I3qI08Qqe® U030Id

Janod Puirddoas

ABasud uojouad

NN=MWD ™M

o

(uoyjviA®p
pivpusls dUO0)Ljuyevjzasoun Tej30}
8UFINOI uoI}evaIIJUT
83aduvpunqe LAvi-svuuwen
3UB18U0D £8OO(Q
£338woad BUuijluno)
ADUBTOTII3 I039939(Q
g890anos uoy3vIqiIed
UOF38JIBFI33U} JUBIINO-wBOg
4 S*L .
A9 L9 83T3UTBII3IOUN £BI9uUd Tvl0]}
882UjOYYy 398383 BN
£318Udp 3033W3) TN
entea e3uvy
ABidus wesq JUIpIoOU]

LR I N N B A T I B B e B o]

(9z) 98

(g2) €S

(s2)

9'8

-(ve) 0S

(sz) 6y

6°28

1

6S1

6bl1

ote
8Ll
8yl

61°'0¢¢
66°LL1
16°8%1

ote

8L1 4 80'2 @X

y zo-et I

Yy 802 93X

Yy 802

3ITNYOS E°M°0

4 €°€1 g,  WOTSIuTen'y

ITNYOS E°M°0

y 1z . 9x yotvaautan-y

€2l

£z1 TPI®Z°H'C

cz1 USTATIPY'H

Xeq1 SELY S ERY

oxnmﬁ AONUBINY A*N

xey10S§
€21

£l

[

[

L

-gsungeq'o‘'w 9

BUO]}098 B8BOJIO JOJ BIOIIY

10339y

SE N

"1

A>oxvn
g

2/1y qonpoad dJoyjny 3814 ‘ON

(panuriyuoo)

IIT S1q%L



*sJoyine £q U3ATR ST T183Iap ON

‘85
€2l
(up ‘0, Ul JO Iusupluquoq

§8010 Aq Payoayo s®vM 30npoad - - G'66 s g°1 moan~ 931803q Yy L1
002 810JJ3 [®©303 pPai31safing
*A{eaT309dseu mown~ pus
movn~ .mowm~ J073 Dslma.o+wm.~
pue 9°0+8°'t ‘8°0+t°6 Buysn
pa2zZy(ewIou 9J¥ SI2QUNU ssew
JO uoT3IdUN} ® 8B SAIND PIOTA
0S pPa2318WII88 918 0393
UOTI}Da8[TOD 80INOSs ‘BOINOS-UOY
3333w} ayy jo asousvwmrojaad o3y
anp sUOT3IE¥N3ONY(J Louarorjyig - - - wOnmﬁ UABY*A‘H 91
21 10339 Tej}0] v'e T1e°1vL
L°ON O3 J8}3J SJ0JJd JI9Y3}0 I04 £'8 ¥9°98¢
[AS PIT14A ALvl-wvuuwe) - S'v 9€° L6 w o .8°6 mOnwﬁ AOYUBANY*A*N SI
09 9'v1
2’1 6°81
S0 APH G°92 3%
Jo0Jxae y1eotrdLl
1> J0I3a BurjuNnon (L2) £8 661 yeg'el Iggp NUES10QTED"Y [A¢
Aed5p {X] (AST]
BUO(}D038 B8E0JO JOJ BJIOIaH J03 " 3oy ku hm N\NP 39npoad Joyiny 3Isjd °ON

{ponuIiauo0d)

III ®e71qel



T 614

JUBWYdLIUS Dldoos! /8766 UM 3L L ¢

JuaWydldua 01doos!  98° 16 UMM 3L ¢ (1) 0puoy "y
( ABIN ) ADHINA
o€ T4 0¢ Sl 0l
/
/
7 1
I 1 /
YT 70
V17 7
\,__d 7
X e
/
~ —
MR N s
== lhl
.ﬂw..l == = FH—6

* DU

_MNNACNQQ. )91 vrel

Ol

00l

0001t

0000t

(QUJ ) U01}123S SS0J)



2 b4
(9) 4D|0S-SOuUNBoT ") ‘KW & *(G) dWAS

‘() 2SHIQ "IN X% ‘(€) subod P WOV $ 0 f(2) SUDIIM

( ABIWN ) ADYANA

‘8 Q¢

" 'S¢

oGl oct oll 06 0/ 0S 019

|
i
)
T
\_

/.V vk

G — |0N

[

] ]

Y /

Vo |

<~ X 3!

N

L+ X
0| By To ket
o {
4&0
°pU ) uc ¢d
b X mml G ad)i 7

ol

001

0001

( QW) U01128S SSO0U)



St

ot

( ABIW ) ADH3INS
g2

(L) Aoxuadny A °N

02

Sl

o
N

Nc_

—0— \ 10

ol

0l

00l

0001

( gU ) UO0I128G SS0U)



(6) IPIDZ *H '

( ABIN ) ADY3NS

—001

ol

qe o¢ (4 02 cl Ol
/
3
/
|
f
ﬁw
| #
—1— 1
T Inul./. @
= 4
4
K\ ]
7
‘o C\ Ca
pu! _mml bvmhmﬁ

0001

(qui) U01123S SS0J4)



G "bty
(0Ll ) 3}NhYas -°0
( ABIN ) ADYINI
001 06 08 01 09 0S o
1*0
/
/
‘ O
KNP\ Q
\Fﬁ. !
/
J
4
N\
- 0l
/
/
3\\\
N = 001
/.b.,|o|o/L7o
] .
0001
oul o uqg
Ny melmbv_hm;

(QU) U0I123S SSO0J)



(O

b4

(O1l)Y HPYIS *0O
(ABIN ) ADYANA
001 06 08 . 0L 09 0} ov
\ |
/
/
~o
N 0!
\\
/
A
Z
AN \D\\o
//O/PIO\Q\Q|DIO!OI.IO\\O\\ ool
Q. 0001
° U m,
P | oo, (UGASPOL

S (gW) U0l128S SSO0UD



(1)

( ABN ) ADHINS

nuDaJogd) 'y

oc 52 02 Sl 01
\ [*0
/
\ :
e |
| o
/1] o
1 (W2}
\ S
f oL W
D
(@]
4 =+
\ ©
\N\ U
z 001 -~
3
~ O
= —
I
=S=St== 0001
00001
*DU uz4o
NS, _mml ’ Emsﬁ



(G1) ysiqiipy "W
*D1DP JUdpuUIdBpUl SMOUS B[IJD PISOP D ¢ Pl) H3dd 4 N o

(ABW ) ADHINA

00. 009 005§ ooy 00t
ot

0s

ool
*puUl® *WnND mx.nmlco._.yo__oam,avmu e

( QW ) UO0l129G SSO0JU)



6 ‘b4
(G1) Usiqupy "W
*DIDPp juspuadapul SMOYS 3[dd!d pasod o ‘(1) MI9d 4 °N o

( ABW ) AODdIN3
002 009 005 oov 00€

Ol

0s

001

,UE,,E:U OX ., ( coSo__oam,avom 1o

(QUi) U0!11238S SS0U)



0oL

0f bL4
(S1) ysiaipy W

*0)10p Juapuadapul SMOUS 3o P3SOP D ‘(| ) H3d4 4 °N

( ADN ) ADY3INI

009

00S ooy

v

(e}

00t

ot

0s

*pul ¢ *WnNo

9X

4

N ( uoi1pjpds ¢d o7 1o

001

( QU ) U0l128S SSO0U)D



1L by

( ABIN ) ADH AN

(L) AOMUBUNY ‘A °N

G¢ o€ G2 02 Gl

/

m

7

4
— \wx%
e
T 5% ?&rw\‘m_v\\,
3 LA B L
o]V S uz4d)ya
p D, (UZdyx

Ol

001

0ool

( qul) UO0l1D38S SSO0J)



21 by
(L1) UADY °71 °H

d3dNNN SSVIN

ov1i Gel o€l G2l 0cl! Sl Otl
o}
9-
/
f
: .0l
f
ol
-
/
;
.0l
/
\
\A ,.01
\
Q. .01
AN \
= : o
N a5
Fan \F\
L1 - _o_
, Ol
°pulé cwnd S) (U0I1D|IDAS *d YD) 1o

9€1-911

(Qul) U0I123S SS0JD



€1 b4

(81 ) 83¥soug °*Ud
( ABIN ) ADHINA
021 o1l 001 06 08 0L 09 0S o
iy
Y
\|
% O _ yx
I / Lu
N /|
%// \\
N
|
m [
U:RNNACV mWNv@<&oN

ol

( 9A11D|9J ) U0l128S SS0J)



