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1"B4F8"1"B4F8" E,8D,H"D4"H"E,8D,H"D4"H"

)@$"&:,>4,)@$"&:,>4,

1. ',>,D":\>Z6 F,8D,H"D\ 4 "&(JFH" 1994(@*" >"BD"&4: &,D$":\>J` >@HJ &F,< (@FJ*"DFH&"<-R:,>"<,
BD,*:"("b 4< BD,*FH"&4H\ 4>L@D<"P4` @ BD@&@*4<ZN >"P4@>":\>ZN 4FF:,*@&">4bN B@ BD@$:,<"<

8@F<4R,F8@(@ <JF@D", $,2@B"F>@FH4 FBJH>48@& F b*,D>Z<4 4FH@R>48"<4 ^>,D(44 4 FH@:8>@&,>46
b*,D>ZN 4FH@R>48@& ^>,D(44 F 8@F<4R,F84< <JF@D@<.

2. % >"FH@bV,< *@8J<,>H, F@*,D04HFb 4>L@D<"P4b, BD,*FH"&:,>>"b & @H&,H"N, B@:JR,>>ZN @H
(@FJ*"DFH&-R:,>@& & B,D4@* F 1 >@b$Db 1995(@*" B@ 31 b>&"Db 1996(@*".

E?)+C/!=3+
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?G%+GY, A?9IQ+==Y+ ?G '?EI)!CEG%-Q9+=?%

',D<">4b

[A@*:4>>Z6 H,8FH >" ">(:46F8@< b2Z8,]

AD42>"&"b &"0>@FH\ BD@$:,<Z 8@F<4R,F8@(@ <JF@D" *:b &F,N 8@F<4R,F84N *,D0"&, ',D<">4b
F $@:\T4< J*@&:,H&@D,>4,< &@FBD4>b:" BD4*">4, BJ>8HJ "7@F<4R,F846 <JF@D" FH"HJF"

B,D&@@R,D,*>@(@ BJ>8H" B@&,FH84 *>b ="JR>@-H,N>4R,F8@(@ B@*8@<4H,H" 7?AI?E ??=. % P,:bN

BD4*">4b @$FJ0*,>4b< ^H@(@ BJ>8H" B@&,FH84 *>b $@:\T,6 P,:,>"BD"&:,>>@FH4 ',D<">4b BD4>b:"

"8H4&>@, JR"FH4, & D"2D"$@H8, B:">" D"$@HZ (>" 1996-1998(@*Z), BD4>bH@(@ >" HD4*P"H\ &H@D@6 F,FF44
="JR>@-H,N>4R,F8@(@ B@*8@<4H,H".

',D<">4b D"FF<"HD4&",H &>,F,>4, FJV,FH&,>>@(@ &8:"*" & BD@&,*,>4, @$FJ0*,>46 B@ ^H@<J

BJ>8HJ B@&,FH84 *>b 4 & &ZB@:>,>4, &ZT,JB@<b>JH@(@ B:">" D"$@HZ & 8"R,FH&, @*>@(@ 42 F"<ZN

BD4@D4H,H>ZN >"BD"&:,>46 *,bH,:\>@FH4. % ^H4N P,:bN ',D<">4b D,(J:bD>@ BD,*FH"&:b:" 7?AI?E
??= *@8:"*Z @ BD@&,*,>44 >"P4@>":\>ZN 4FF:,*@&">46 B@ BD@$:,<, 8@F<4R,F8@(@ <JF@D".
A@F:,*>46 H"8@6 *@8:"* $Z: 42*"> & 8"R,FH&, *@8J<,>H" ?D(">42"P44 ?$X,*4>,>>ZN ="P46

A/AC.105/593/Add.1@H 24 b>&"Db 1995(@*". % >,< F@*,D0":@F\ @B4F">4, >"JR>@-4FF:,*@&"H,:\F84N
<,D@BD4bH46 & @$:"FH4 8@F<4R,F8@(@ <JF@D", " H"80, D"FF8"2Z&":@F\ @ &ZD"$@H8, ',D<">F84<
8@F<4R,F84< "(,>HFH&@< ()!C!) FHD"H,(44 B@ ^H4< &@BD@F"<.

="JR>Z, 4FF:,*@&">4b ',D<">44 & ^H@6 @$:"FH4 &,*JHFb :4$@ >" >"P4@>":\>@6 @F>@&,, :4$@
L4>">F4DJ`HFb & D"<8"N 8@>HD"8H@&, 2"8:`R",<ZN F +&D@B,6F84< P,>HD@< 8@F<4R,F84N 4FF:,*@&">46
4 H,N>484 (+EG+7) 4 +&D@B,6F84< P,>HD@< 8@F<4R,F84N @B,D"P46 (+E?7) +&D@B,6F8@(@

8@F<4R,F8@(@ "(,>HFH&" (+7!). ="JR>Z, 4FF:,*@&">4b F@FD,*@H@R,>Z & @F>@&>@< &

") G,N>@:@(4R,F8@< 4>FH4HJH, 8@F<4R,F84N B@:,H@& 4 b*,D>ZN D,"8H@D@& G,N>4R,F8@(@ J>4&,DF4H,H"
#D"J>T&,6(" (3KCC/GI#E) 4 b) O,>HD, BD48:"*>ZN >"JR>ZN 4FF:,*@&">46 %"NH$,D(-%,DHN@&,>
(K'!=).

]H4 *&" JRD,0*,>4b BD@*@:0":4 F&@` D"$@HJ, & N@*, 8@H@D@6 $Z:4 B@:JR,>Z F:,*J`V4,

@F>@&>Z, D,2J:\H"HZ:

· 3KCC/GI#E BD@*@:0": F&@` *,bH,:\>@FH\ & @$:"FH4 D"2D"$@H84 4 &Z&,D84 <@*,:,6.
#Z:" 2"&,DT,>" D"$@H" >"* BD@,8H@< +7! MASTER (1,<>"b ^H":@>>"b <@*,:\

<,H,@D4H>@(@ 4 8@F<4R,F8@(@ <JF@D")1. +7!/+E?7 *:b 42R,>4b 4 @BD@$@&">4b $Z:4

B,D,*">Z >,F8@:\8@ 7) A1I, >" 8@H@DZN F@*,D0"HFb *">>Z, <@*,:4 4 BD48:"*>@,
BD@(D"<<>@, @$,FB,R,>4,. ?H8DZH@, D"FBD@FHD">,>4, +7! MASTER 2"B:">4D@&">@ >"
>"R":@ 1996(@*";

· @F>@&>"b P,:\ 4FF:,*@&">46 K'!=, 8"F"`V4NFb 8@F<4R,F8@(@ <JF@D", 2"8:`R",HFb &
42JR,>44 4 D"2D"$@H8, D"*4@:@8"P4@>>ZN FD,*FH& 4 <,H@*@& ">":42", F B@<@V\` 8@H@DZN
<@0>@ $Z:@ $Z @B@2>"&"H\, 8:"FF4L4P4D@&"H\ 4 @BD,*,:bH\ 8@F<4R,F84, @$X,8HZ,
>"N@*bV4,Fb >" >4284N @8@:@2,<>ZN @D$4H"N (=??), (,@FH"P4@>"D>ZN @D$4H"N ('E?) 4
(,@FH"P4@>"D>ZN B,D,N@*>ZN @D$4H"N ('A?)2,3,4. A@:JR,>4, *">>ZN D"*4@:@8"P4@>>ZN

1Final Report of ESOC-Contract 10453/93/D/CS, ESA/ESOC(MAS), 1994.

2Magura, K. and Mehrholz, D.: "Measurement and analysis techniques for satellite observations used at
FGAN-FHP". Technical Report No. 8-93, FGAN-FHP, Wachtberg-Werthhoven, December 1993.

3Leushacke, L., Mehrholz, D., Perkuhn, D., Peters, H.G.: "Radar detection of mid-size space debris". Final
report No. 6-94, ESA/ESOC Contract No. 10182/92/D/IM, FGAN-FHP, Wachtberg-Werthhoven, November 1994.
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42<,D,>46 @H*,:\>ZN 8@F<4R,F84N @$X,8H@& BD@42&@*4HFb & D"$@R,< D,04<, F:,0,>4b

F 4FB@:\2@&">4,< D"*4@:@8"P4@>>@6 F4FH,<Z F:,0,>4b 4 B@:JR,>4b 42@$D"0,>46

(G3C!). =" @F>@&, ^H4N *">>ZN @BD,*,:b`HFb H"84, L424R,F84, F&@6FH&", 8"8 D"2<,D,
L@D<", @$X,<, B@*:4>>@, *&40,>4,, <"FF", @D$4H" 4 BD@*@:04H,:\>@FH\ BD,$Z&">4b >"
@D$4H,. C"*4@:@8"P4@>>@, >"$:`*,>4, @BD,*,:,>>ZN F8@B:,>46 8@F<4R,F8@(@ <JF@D"
& D"$@R,< D,04<, :JR,&@6 8@>P,>HD"P44 B@2&@:b,H B@:JR4H\ *">>Z, @ B:@H>@FH4

B@BJ:bP44. ):b &Z&,D84 <@*,:4 ^H" 4>L@D<"P4b <@0,H $ZH\ F@B@FH"&:,>" F

D,2J:\H"H"<4 42JR,>4b <@*,:,6 2"F@D,>>@6 8@F<4R,F8@6 FD,*Z. ]H" *,bH,:\>@FH\

L4>">F4DJ,HFb (:"&>Z< @$D"2@< )!C! 4 +7!/+E?7.

#@:,, B@*D@$>"b 4>L@D<"P4b @ *,bH,:\>@FH4 ^H4N *&JN JRD,0*,>46 BD4&@*4HFb & D"2*,:"N !

4 % >40,.

I. ;@*,:4D@&">4,;@*,:4D@&">4, 44 BD,*JBD,0*,>4,BD,*JBD,0*,>4, 8@F<4R,F8@(@8@F<4R,F8@(@ <JF@D"<JF@D" (3KCC3KCC/GI#EGI#E)

!!. ;@*,:4D@&">4,;@*,:4D@&">4, 8@F<4R,F8@(@8@F<4R,F8@(@ <JF@D"<JF@D"

3KCC 2"&,DT4: D"$@HJ >"* <@*,:\` 8@F<4R,F8@(@ <JF@D" +7! MASTER. +7!/+E?7 *:b

42JR,>4b 4 @BD@$@&">4b $Z:4 B,D,*">Z >,F8@:\8@ 7) A1I, >" 8@H@DZN F@*,D0"HFb *">>Z, <@*,:4
4 BD48:"*>@, BD@(D"<<>@, @$,FB,R,>4,. ?H8DZH@, D"FBD@FHD">,>4, +7!MASTER 2"B:">4D@&">@ >"
>"R":@ 1996(@*".

%%. I&,:4R,>4,I&,:4R,>4, 8@:4R,FH&"8@:4R,FH&" @D$4H":\>@(@@D$4H":\>@(@ <JF@D"<JF@D" && $J*JV,<$J*JV,< 44 BD,*@H&D"V,>4,BD,*@H&D"V,>4,

B@b&:,>4bB@b&:,>4b *@B@:>4H,:\>@(@*@B@:>4H,:\>@(@ <JF@D"<JF@D"5

1" B@F:,*>4, (@*Z D@:\ <@*,:4D@&">4b 8@F<4R,F8@(@ <JF@D" 2>"R4H,:\>@ 42<,>4:"F\, "
LJ>8P44 H"8@(@ <@*,:4D@&">4b FJV,FH&,>>@ D"FT4D4:4F\. A,D&@>"R":\>@ ^H" D"$@H" BD@&@*4:"F\
& P,:bN @B4F">4b H,8JV,(@ F@FH@b>4b @D$4H":\>@(@ <JF@D", @*>"8@ & >"FH@bV,, &D,<b @>"

BD4@$D,H",H $@:,, &"0>@, 2>"R,>4, F H@R84 2D,>4b ">":42" $J*JV4N FP,>"D4,& 4 BD4<,>4H,:\>@ 8

<,D"< B@ @F:"$:,>4` &@2*,6FH&4b <JF@D". % >"FH@bV,, &D,<b >,@$N@*4<@ @H<,H4H\, RH@ >" ">":42
$J*JV4N FP,>"D4,& @8"2Z&",H &@2*,6FH&4, Db* L"8H@D@&, &ZN@*bV4N 2" D"<84 R4FH@ <"H,<"H4R,F8@(@
@B4F">4b ^H@6 BD@$:,<Z, >"BD4<,D

· L"8H4R,F8"b $J*JV"b R"FH@H" 2"BJF8@&

· >"*,0>@FH\ <@*,:4 &Z2Z&",<ZN FH@:8>@&,>4,< D"FB"*@&

· FH"H4FH4R,F84, @H8:@>,>4b, @F@$,>>@ F JR,H@< B,D&@>"R":\>ZN >4284N @P,>@8

&,D@bH>@FH4 FH@:8>@&,>46.

A@^H@<J *:b R4FHZN D,2J:\H"H@& BD4<,>,>4b <@*,:4 8 H@<J 4:4 4>@<J 8@>8D,H>@<J FP,>"D4`

$J*,H &F,(*" N"D"8H,D>" >,@BD,*,:,>>@FH\, @*>"8@ D,2J:\H"HZ ">":42" $J*JV4N FP,>"D4,& <@0>@
4FB@:\2@&"H\, >"BD4<,D, *:b 8@<B"D"H4&>@(@ F@B@FH"&:,>4b ^LL,8H4&>@FH4 <,D B@ @F:"$:,>4`
&@2*,6FH&4b 8@F<4R,F8@(@ <JF@D" 4 *:b @P,>84 @BD,*,:,>>ZN H,>*,>P46.

3KCC/GI#E 2"&,DT4: D"$@HJ >"* L4>">F4D@&"&T4<Fb ',D<">F84< 8@F<4R,F84< "(,>HFH&@<
()!C!) 4FF:,*@&">4,<, & D"<8"N 8@H@D@(@ $Z: BD@">":424D@&"> Db* $J*JV4N FP,>"D4,& BJH,<
4<4H4D@&">4b F4HJ"P44 F JR,H@< @$X,8H@& D"2<,D@< $@:,, @*>@(@ F">H4<,HD" & *4"<,HD,,
>"N@*bV4NFb >" @D$4H"N &ZF@H@6 *@ 2 00084:@<,HD@&. ):b ^H4N P,:,6 4FB@:\2@&":"F\ FB,P4":\>"b
FH"H4FH4R,F8"b *@:(@FD@R>"b <@*,:\.

4Leushacke, L. and Mehrholz, D.: "Determination of physical characteristics of space debris". Final Report
No. 6-95, DARA Contract No. 50 ST 9003, FGAN-FNP, Wachtberg-Werthhoven, July 1995.

5Bendisch, I. and Rex, D. "The long-term evolution of orbital debris - new findings concerning collisional
cascading", 46th IAF Congress, Oslo, Norway, October 1995 (paper-no. IAA.-95-IAA.6.4.08).
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):b JF@&,DT,>FH&@&">4b 4FB@:\2@&"&T4NFb *@ >"FH@bV,(@ &D,<,>4 *@:(@FD@R>ZN <@*,:,6 $Z:

BD@42&,*,> Db* 42<,>,>46. AD,0*, &F,(@ 42 <@*,:4 +7!MASTER (]B@N" = 1995,0),8@H@D"b b&:b,HFb
F"<Z< F@&D,<,>>Z< 4>FHDJ<,>H@< ">":42", $Z:@ &2bH@ B,D&@>"R":\>@, 8@:4R,FH&@ @$X,8H@& D"2<,D@<
$@:,, @*>@(@ F">H4<,HD". ]H@ BD4&,:@ 8 F@8D"V,>4` 8@:4R,FH&" B,D&@>"R":\>ZN @$X,8H@& D"2<,D@<
$@:,, @*>@(@ F">H4<,HD" B@ FD"&>,>4` F D">,, 4FB@:\2@&"&T4<Fb R4F:@< @$X,8H@&. ]H4 D,2J:\H"HZ
@$XbF>b`HFb 4FB@:\2@&">4,< &MASTER$@:,, D,":4FH4R,F84N <@*,:,6 4FH@D4R,F84N D"FB"*@&. #Z:@
F@8D"V,>@ >, H@:\8@ B,D&@>"R":\>@, 8@:4R,FH&@ @$X,8H@&. =" @F>@&, >,F8@:\8@ $@:,, D,":4FH4R>ZN
4 @FH@D@0>ZN BD,*B@:@0,>46 @H>@F4H,:\>@ <"FFZ &ZD"$@H"&T4N D,FJDF FBJH>48@& 4 8@DBJF@& D"8,H

$Z:" F*,:">" $@:,, >428"b @P,>8" @$V,6 <"FFZ >" @D$4H,. #Z:4 JRH,>Z 2">,F,>>Z, & 8"H":@(4

@$X,8HZ, *">>Z, @ 8@H@DZN >, <@*,:4D@&":4F\, " $Z:4 &2bHZ 42 4FH@R>48@&, B@2&@:b`V4N JFH">@&4H\
4N F H@R>@FH\`. % >@&@< B,D&@>"R":\>@< @$X,<, @$X,8H@& F8@D,, >,*@@P,>4&"`HFb B@F:,*FH&4b

&2"4<>ZN FH@:8>@&,>46, R,< BD,*B@:"("`HFb >,D,":\>Z, D4F84, 4, H"84< @$D"2@<, >" ,, @F>@&,
F@FH"&:,> <4>4<":\>Z6 FP,>"D46 >" $J*JV,,.

A@*D@$>Z, N"D"8H,D4FH484 >,8@H@DZN BD@">":424D@&">>ZN FP,>"D4,& <,D B@ @F:"$:,>4`

&@2*,6FH&4b 8@F<4R,F8@(@ <JF@D" b&:b`HFb F:,*J`V4<4:

E@ND">,>4, "FH"HJF"-8&@": · >Z>,T>bb R"FH@H" 2"BJF8@& 4 D"FB"*@& >"

@D$4H,>48"84N @$V4N <,D B@ @F:"$:,>4` &@2*,6FH&4b

<JF@D"

EP,>"D46 !: · BD,*@H&D"V,>4, &2DZ&@&* F 2005(@*"
· F@8D"V,>4, FD@8" >"N@0*,>4b >" @D$4H, &ZD"$@H"&T4N

D,FJDF 7! *@ 25 :,H B@F:, 4N "8H4&>@6 ^8FB:J"H"P44
F:,*J`V4< @$D"2@<: 30 BD@P,>H@& F 2000(@*",
75 BD@P,>H@& F 2005(@*", 100BD@P,>H@& F 2010(@*"

EP,>"D46 %: · BD,*@H&D"V,>4, &2DZ&@&* F 2000(@*"
· F@8D"V,>4, FD@8" >"N@0*,>4b >" @D$4H, &ZD"$@H"&T4N

D,FJDF 7! F:,*J`V4< @$D"2@<: 100BD@P,>H@& F

2000(@*"
EP,>"D46 E: · BD,*@H&D"V,>4, &2DZ&@&* F 2010(@*"

· F@8D"V,>4, FD@8" >"N@0*,>4b >" @D$4H, &ZD"$@H"&T4N

D,FJDF 7! F:,*J`V4< @$D"2@<: 30 BD@P,>H@& F

2005(@*", 50 BD@P,>H@& F 2015(@*", 100BD@P,>H@& F
2020(@*"

EP,>"D46 D: · B@:>@, BD,*@H&D"V,>4, &2DZ&@& F 1995(@*"

*E JR,H@< 8@:4R,FH&" 8@DBJF@& D"8,H, &F, ,V, >"N@*bV4NFb >" @D$4H,, *,:",HFb *@BJF8 >" @*4>
&2DZ& & (@*.
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EN,<" 1. ]LL,8H4&>@FH\ <,D B@ @F:"$:,>4` &@2*,6FH&4b <JF@D"

):b <@*,:4, BD4&,*,>>@6 & FN,<, 1, *@BJFH4<@, BD,*B@:@0,>4, BD@*@:04H,:\>@FH4 B@F:,
^8FB:J"H"P4@>>@(@ FD@8" >"N@0*,>4b >" @D$4H, F@FH"&:b,H 25 :,H. 32 ^H@6 FN,<Z b&FH&J,H, RH@ <,DZ
B@ @F:"$:,>4` &@2*,6FH&4b <JF@D", BD4>4<",<Z, & D"<8"N D,":4FH4R,F84N FP,>"D4,& !-E, <@(JH
F@8D"H4H\ 8@:4R,FH&@ @$X,8H@& $@:,, R,< >" 50 BD@P,>H@& B@ FD"&>,>4` F@ FP,>"D4,< F@ND">,>4b
"FH"HJF"-8&@". E *DJ(@6 FH@D@>Z, D,":42"P4b ^H4N FP,>"D4,& $J*,H BD,*FH"&:bH\ F@$@6 J&,:4R,>4,
B@BJ:bP44 8@F<4R,F8@(@ <JF@D" 2" F:,*J`V4, 100 :,H & R,HZD, D"2" B@ FD"&>,>4` F B@:@0,>4,< &
>"FH@bV,, &D,<b.

EN,<" 2. C"2$4&8" 8@:4R,FH&" @$X,8H@& >" 100-:,H>46 B,D4@*
BD4 FP,>"D44 F@ND">,>4b "FH"HJF"-8&@"

% FN,<, 2 *",HFb D"2$4&8" 8@:4R,FH&" @$X,8H@& >" 100-:,H>46 B,D4@* BD4 FP,>"D44 F@ND">,>4b
"FH"HJF"-8&@". 32 >,, b&FH&J,H, RH@ &2DZ&Z &>@FbH FJV,FH&,>>Z6 &8:"* & J&,:4R,>4, 8@:4R,FH&"

<JF@D". % H@ 0, &D,<b LD"(<,>HZ, @$D"2@&"&T4,Fb & D,2J:\H"H, B,D&4R>ZN FH@:8>@&,>46, H.,.
FH@:8>@&,>46 & $"2@&@6 B@BJ:bP44, &8:`R"b LD"(<,>HZ &2DZ&@&, $J*JH F H,R,>4,< &D,<,>4

BD,*FH"&:bH\ &F, $@:\TJ` @B"F>@FH\. AD4$:424H,:\>@ R,D,2 70 :,H @>4 $J*JH F@FH"&:bH\ @F>@&>J`
R"FH\ B@BJ:bP44. %H@D4R>@, FH@:8>@&,>4,, H.,. FH@:8>@&,>4,, 8@(*" @*4> 4:4 @$" @$X,8H" b&:b`HFb
LD"(<,>H"<4, @$D"2@&"&T4<4Fb & D,2J:\H"H, BD,*Z*JV4N FH@:8>@&,>46, >, $J*JH, F@(:"F>@ ^H@6
<4>4<":\>@6 <@*,:4, 4(D"H\ F8@:\-:4$@ 2"<,H>@6 D@:4 & H,R,>4, F:,*J`V4N 100 :,H.

;@0>@ BD4&,FH4 *@&@*Z @ H@<, RH@ & P,:bN >,*@BJV,>4b FJV,FH&,>>@(@ D@FH" 8@:4R,FH&"
@$X,8H@& D"2<,D@< $@:\T, 1 F< F H,R,>4,< &D,<,>4 <@(JH $ZH\ BD4<,>,>Z <,DZ B@ BD,*@H&D"V,>4`
&2DZ&@&. % FN,<, 1 B@8"2">Z D,2J:\H"HZ, 8@H@DZ, <@(JH $ZH\ B@:JR,>Z >" @F>@&, BD,*B@:@0,>4b @
B@:>@< BD,*@H&D"V,>44 &2DZ&@& (8D4&"b 5,FP,>"D46 D) F F"<@(@ >"R":" JR4HZ&",<@(@ & <@*,:4 FD@8"
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(1995(@*). % ^H@< F:JR", >, $J*,H *@B@:>4H,:\>ZN LD"(<,>H@&, @$D"2@&"&T4NFb & D,2J:\H"H, &2DZ&@&,
@*>"8@ ^H" <,D" >, BD4&,*,H 8 42<,>,>4` 8@^LL4P4,>H" FH@:8>@&,>46. % D,2J:\H"H, FH@:8>@&,>46
@$D"2J,HFb H"8@, 0, 8@:4R,FH&@ LD"(<,>H@&, 8"8 ^H@ B@8"2Z&",HFb & FN,<, 2 *:b FP,>"D4b, & 8@H@DZ6
&8:`R,>Z &2DZ&Z. ]H@ @$XbF>b,HFb H,< L"8H@<, RH@ & $J*JV,< $@:\T"b R"FH\ LD"(<,>H@& $J*,H
@$D"2@&Z&"H\Fb & D,2J:\H"H, FH@:8>@&,>46 $@:,, 8DJB>ZN @$X,8H@&. ! $@:\T4>FH&@ LD"(<,>H@&,
@$D"2@&Z&"`V4NFb & D,2J:\H"H, &2DZ&@&, b&:b`HFb <,:84<4 (<,>,, 10 F<). =" @F>@&, F"<ZN

B@F:,*>4N D"FR,H@& F 4FB@:\2@&">4,< <@*,:,6 $J*JV,(@ 3KCC B@:JR4: F:,*J`V4, &Z&@*Z:

· <@0,H $ZH\ *@8"2">@, RH@ & H,R,>4, F:,*J`V4N 100 :,H LD"(<,>HZ FH@:8>@&,>46 $J*JH
F@FH"&:bH\ @F>@&>J` R"FH\ 8@:4R,FH&" @$X,8H@& D"2<,D@< $@:,, 1 F<. 7"F8"*4D@&">4b
FH@:8>@&,>46 & H,R,>4, 100 :,H >, BD@42@6*,H, B@F8@:\8J $@:\T"b R"FH\ D"2DJT4H,:\>ZN
FH@:8>@&,>46 $J*,H BD@4FN@*4H\ <,0*J B,D&@>"R":\>Z<4 @$X,8H"<4, " >, <,0*J

LD"(<,>H"<4;
· F*,:">@ BD,*B@:@0,>4, @ H@<, RH@ FJV,FH&J`V4, @$X,8HZ <,>,, RJ&FH&4H,:\>Z 8

&2"4<>Z< FH@:8>@&,>4b<, R,< ^H@ J8"2Z&":@F\ & D">,, BD@&,*,>>ZN ">":42"N. G,< >,
<,>,,, >,@$N@*4<@FH\ & <,D"N B@ @F:"$:,>4` &@2*,6FH&4b <JF@D" *@8"2">". G@:\8@ F

B@<@V\` HV"H,:\>@ D"2D"$@H">>ZN BD@(D"<< B@ D,T,>4` BD@$:,<Z <JF@D" 8@F<4R,F8"b

*,bH,:\>@FH\ <@0,H $ZH\ BD@*@:0,>" & $J*JV,< $,2 8"84N-:4$@ >,BD4,<:,<ZN D4F8@&
FH@:8>@&,>46, @F@$,>>@ & B@bF, &ZF@H @H 800 *@ 1 1008<;

· B@<4<@ <,D B@ BD,*@H&D"V,>4` &2DZ&@&, >,@$N@*4<@6 4 P,:,F@@$D"2>@6 <,D@6 B@
@F:"$:,>4` &@2*,6FH&4b <JF@D" b&:b,HFb F@8D"V,>4, FD@8" >"N@0*,>4b >" @D$4H,

&ZD"$@H"&T4N D,FJDF FBJH>48@& 4 8@DBJF@& D"8,H BD4$:424H,:\>@ *@ 25 :,H. ]H@ <@0,H
$ZH\ *@FH4(>JH@ 2" FR,H F>40,>4b B,D4(,,& @D$4H F B@<@V\` *&4("H,:b 4:4 J*":,>4b F

@D$4HZ H"80, F B@<@V\` *&4("H,:b;
· & H,R,>4, F:,*J`V4N 100 :,H 8@:4R,FH&@ @$X,8H@& D"2<,D@< $@:,, 1 F< J&,:4R4HFb & 3-

4 D"2", *"0, ,F:4 $J*JH B@F:,*@&"H,:\>@ BD4<,>bH\Fb &ZT,JB@<b>JHZ, <,DZ B@

@F:"$:,>4` &@2*,6FH&4b.

B. C"*4@:@8"P4@>>@,C"*4@:@8"P4@>>@, @$>"DJ0,>4,@$>"DJ0,>4, 44 2"<,DZ2"<,DZ @D$4H":\>@(@@D$4H":\>@(@ <JF@D"<JF@D" (K'!=K'!=)

C9E *:b F:,0,>4b 4 B@:JR,>4b 42@$D"0,>46 (G3C!) K'!= 4FB@:\2J,HFb (:"&>Z< @$D"2@< *:b
42JR,>4b <,H@*@& 4 FB@F@$@& 8:"FF4L48"P44 4 4*,>H4L48"P44 F"<@:,H@& 4 FBJH>48@&. 7D@<, H@(@,
*@ @BD,*,:,>>@6 FH,B,>4 G3C! 4FB@:\2J,HFb *:b B@:JR,>4b D"*4@:@8"P4@>>ZN *">>ZN @$

@D$4H":\>@< <JF@D,. % @F>@&>@< F ^H@6 P,:\` $Z:4 D"2D"$@H">Z *&" D,04<" D"$@HZ: D,04<

F:,0,>4b *:b 2"<,D" @H*,:\>ZN @$X,8H@&, >"N@*bV4NFb >" =??, 'E? 4 'A?, 4 D,04< D"$@HZ F
L48F"P4,6 :JR" *:b F$@D" *">>ZN @ 8@:4R,FH&, 8@F<4R,F84N @$X,8H@& & @BD,*,:,>>ZN D"6@>"N

8@F<4R,F8@(@ BD@FHD">FH&".

G3C! F@FH@4H 42 J28@B@:@F>@6 C9E F:,0,>4b 4 C9E *:b B@:JR,>4b 42@$D"0,>46 F &ZF@8@6

D"2D,T"`V,6 FB@F@$>@FH\`. KJ>8P4@>4D@&">4, @$,4N C9E @$,FB,R4&",HFb B"D"$@:4R,F8@6 ">H,>>@6
*4"<,HD@< 34 <. #Z:4 D"2D"$@H">Z <,H@*Z 4 ":(@D4H<Z ">":42" N"D"8H,D4FH48 F4(>":@&

J28@B@:@F>@6 C9E, @$D"$@H84 F B@<@V\` ]%; D"*4@:@8"P4@>>ZN 42@$D"0,>46, B@:JR,>>ZN >"
@F>@&, *">>ZN C9E F &ZF@8@6 D"2D,T"`V,6 FB@F@$>@FH\`, 4 @BD,*,:,>4b L424R,F84N F&@6FH&
8@F<4R,F84N @$X,8H@&, >"BD4<,D, D"2<,D", L@D<Z, ("$"D4H@&, HD",8H@D46, <"FFZ, @D$4HZ 4 FD@8"
FJV,FH&@&">4b >" @D$4H,. ]H4 <,H@*Z 4 FB@F@$Z HD,$J`H *":\>,6T,6 *@D"$@H84 4

F@&,DT,>FH&@&">4b, F H,< RH@$Z 4N <@0>@ $Z:@ BD4<,>bH\ & @H>@T,>44 R"FH4P 8@F<4R,F8@(@ <JF@D"
FD,*>4N ("$"D4H@& (D"2<,D 1-50 F<).

1. C"*4@:@8"P4@>>@, @$>"DJ0,>4, 8@F<4R,F8@(@ <JF@D" FD,*>4N D"2<,D@&

?F>@&>"b P,:\ 4FF:,*@&">4b +7! (8@>HD"8H +7!/+E?7, 2/93-12/94)2"8:`R",HFb & 42JR,>44
^LL,8H4&>ZN F H@R84 2D,>4b 2"HD"H <@*4L48"P46 C9E F:,0,>4b & *4"B"2@>, L F4FH,<Z G3C! *:b
@$>"DJ0,>4b >" =?? LD"(<,>H@& 8@F<4R,F8@(@ <JF@D" D"2<,D@< $@:,, 1 F< & P,:bN J:JRT,>4b 4
BD@&,D84 4<,`V4NFb <@*,:,6 FD,*Z, F@*,D0"V,6 8@F<4R,F846 <JF@D.
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#Z:4 BD@">":424D@&">Z >,8@H@DZ, B@*N@*Z 8 BD@$:,<, B@4F8" >,$@:\T4N @$X,8H@& >" $@:\T4N

&ZF@H"N & @BD,*,:,>>ZN JR"FH8"N 8@F<4R,F8@(@ BD@FHD">FH&". =" @F>@&, &Z&@*@& $Z:4 D"2D"$@H">Z
8@>P,BP44 <@*4L48"P44 BD4$@D>@(@ @$@DJ*@&">4b, >"Db*J F HD,$@&">4b<4 & @H>@T,>44

JF@&,DT,>FH&@&">>ZN D"*4@:@8"P4@>>ZN >"$:`*,>46 4 <,H@*@& @$D"$@H84 *">>ZN.

?FJV,FH&4<@FH\ BD,*:@0,>>@6 8@>P,BP44 $Z:" @BD@$@&">" 13-14*,8"$Db 1994(@*" BJH,<
4FB@:\2@&">4b F4FH,<Z G3C! & H,R,>4, 24 R"F@& & D,04<, D"$@HZ F L48F"P4,6 :JR"3. % BD@,8H, B@
42<,D,>4` JR"FH&@&":4 F:,*J`V4, D"*4@:@8"P4@>>Z, FH">P44 4 FH">P44 @BH4R,F84N >"$:`*,>46:

C"*4@:@8"P4@>>Z, >"$:`*,>4b: K'!=, %"NH$,D(-%,DHN@&,>, ',D<">4b C9E K"6:4>(*,6:F,
E@,*4>,>>@, 7@D@:,&FH&@

?BH4R,F84, >"$:`*,>4b: '!?, M,DFH<@>F@, E@,*4>,>>@, 7@D@:,&FH&@ 3!#I,
O4<<,D&":\*, S&,6P"D4b

O,:\ ^H@(@ BD@,8H" F@FH@b:" & H@<, RH@$Z @$>"DJ04H\ & 8@>8D,H>@< D"6@>, >" &ZF@H, @8@:@
800 8< &F, @$X,8HZ <4>4<":\>@(@ D"2<,D" 4 F@B@FH"&4H\ *">>Z, @$>"DJ0,>4b F BD@(>@2"<4,
B@*(@H@&:,>>Z<4 >" @F>@&, 4FB@:\2@&">4b <@*,:4 8@F<4R,F8@(@ <JF@D". ;4>4<":\>Z6 D"2<,D
@$X,8H@&, 8@H@DZ, <@(JH $ZH\ @$>"DJ0,>Z F B@<@V\` F4FH,<Z K'!= G3C! >" ^H@6 &ZF@H,,
F@FH"&:b,H @8@:@ 3 F">H4<,HD@&. AD,*&"D4H,:\>Z6 ">":42 F&4*,H,:\FH&J,H @$ @$>"DJ0,>44

2>"R4H,:\>@ $@:\T,(@ R4F:" @$X,8H@& B@ FD"&>,>4` F BD@(>@2"<4, F@FH"&:,>>Z<4 >" @F>@&, <@*,:4
+7!MASTER (& N@*, BD@,8H" F JR"FH4,< C9E & M^6FH"8, (ES!) & BD@(>@2"N, F@FH"&:,>>ZN >" @F>@&,
<@*,:4MASTER,$Z:@ J8"2">@ R4F:@ @$X,8H@&,8@H@D@, $Z:@ :4T\ >,2>"R4H,:\>@<,>\T,L"8H4R,F84
@$>"DJ0,>>ZN). % K'!= BD@*@:0",HFb D"$@H" B@ ">":42J *">>ZN, @$X,< 8@H@DZN F@FH"&:b,H

>,F8@:\8@ F@H,> (4("$"6H@&.

2. ?BD,*,:,>4, L424R,F84N N"D"8H,D4FH48 8@F<4R,F8@(@ <JF@D"

O,:\ F@&<,FH>ZN 4FF:,*@&">46 =!E!/K'!= (8@>HD"8H )!C!,1/90-6/95) 2"8:`R",HFb &

@BD,*,:,>44 4 F@B@FH"&:,>44 L@D<Z, D"2<,D", B@*:4>>@(@ *&40,>4b, <"FFZ 4 BD@*@:04H,:\>@FH4
BD,$Z&">4b >" @D$4H, <JF@D" D"2:4R>ZN &4*@&, @$D"2@&"&T,(@Fb BD4 D"FB"*, FBJH>48@& & D,2J:\H"H,,
>"BD4<,D, FH@:8>@&,>46 4:4 &2DZ&@&.

E4FH,<" K'!= G3C! BD4<,>b:"F\ *:b 42<,D,>4b (DJBBZ 42 30 @$X,8H@& 8@F<4R,F8@(@ <JF@D"
(D"2<,D@< F&ZT, 50 F<), @H@$D">>ZN =!E!, T,FH4 >,$@:\T4N <,H"::4R,F84N FL,D & N@*,

^8FB,D4<,>H" =!E! ?)+C!7E-I (FL,DZ *4"<,HD@< 5 F<, 10 F< 4 15 F< *:b 8":4$D@&84 42<,D,>46
@D$4H":\>@(@ <JF@D"), " H"80, HD,N >,$@:\T4N <,H"::4R,F84N FL,D (*4"<,HD@< 5 F<, 10 F< 4 15 F<)
4 *4B@:,6 (*&JN BD@&@*@& *:4>@6 13,1 F< 4 *4"<,HD@< 0,1 F<) & N@*, ^8FB,D4<,>H" ?)+C!7E-II.

AD@&@*4:4F\ R"FHZ, 42<,D,>4b 4 ">":42Z & P,:@< 44 @$X,8H@& (&8:`R"b FBJH>484

D"*4@:@8"P4@>>@6 8":4$D@&84), 4 >" @F>@&, B@:JR,>>ZN D,2J:\H"H@& B@*(@H@&:,>Z @P,>84 D"2<,D",
L@D<Z, B@*:4>>@(@ *&40,>4b, <"FFZ, @D$4HZ 4 BD@*@:04H,:\>@FH4 BD,$Z&">4b >" @D$4H,. ]H4
D,2J:\H"HZ 4(D"`H B@:,2>J` D@:\ *:b <@*,:4D@&">4b &@2*,6FH&4b F@BD@H4&:,>4b & &,DN>4N F:@bN

"H<@FL,DZ, *:b &Z&,D84 42<,D,>46 & F:JR", @$D"2@&">4b LD"(<,>H@&, *:b D"2&4H4b H,@D,H4R,F8@6
$"2Z 8@F<4R,F84N <,H@*@& @$>"DJ0,>4b 4 @B@&,V,>4b, " H"80, *:b D"FF<@HD,>4b <,H@*@& "8H4&>@(@
J*":,>4b.

3. E@&D,<,>>Z, D"*4@:@8"P4@>>Z, <,H@*Z *:b >"$:`*,>4b 2" 8@F<4R,F84< <JF@D@<

O,:\ 4FF:,*@&">4b +7! (8@>HD"8H +7!/+E?7, 2/95-3/98) F@FH@4H & H@<, RH@$Z B@&ZF4H\

&@2<@0>@FH4 FJV,FH&J`V,6 F4FH,<Z K'!= G3C! B@ @$>"DJ0,>4` 8@F<4R,F8@(@ <JF@D" FD,*>4N

D"2<,D@& >" =?? (D"2<,D 1-50 F<) 4 F:,0,>4` 2" >4< *:b &Z&,D84 4 F@&,DT,>FH&@&">4b

B@*(@H"&:4&",<ZN & >"FH@bV,, &D,<b <@*,:,6 FD,*Z.

% D"<8"N ^H@(@ 4FF:,*@&">4b $J*JH BD@*,:">Z &F, >,@$N@*4<Z, D"$@HZ B@ B@&ZT,>4`

N"D"8H,D4FH48 "BB"D"HJDZ 4 F@2*">4` FB,P4":\>ZN <,H@*@& >"$:`*,>4b, " H"80, ":(@D4H<@&
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@$D"$@H84 F4(>":@& 4 *">>ZN. ?04*",HFb, RH@ ^H@ B@2&@:4H @$>"DJ04&"H\ 8@F<4R,F846 <JF@D
D"2<,D@< 2 F< >" &ZF@H, 1 0008<. ="R"H" D"$@H" B@ 42JR,>4` &@BD@F" @ H@<, 8"84< @$D"2@< ^H4
N"D"8H,D4FH484 @$>"DJ0,>4b <@(JH $ZH\ ,V, $@:,, J:JRT,>Z F B@<@V\` ^8FB,D4<,>H@& BD4

4FB@:\2@&">44 $4FH"H4R,F8@6 C9E.

C"*4@:@8"P4@>>Z, 42<,D,>4b &,DN>4N FHJB,>,6 D"8,H !C3!= >" 'A? B@<@(JH B@>bH\ BD@P,FF

@$D"2@&">4b 8@F<4R,F8@(@ <JF@D" & D,2J:\H"H, LD"(<,>H"P44 >" ^H4N @D$4H"N. ?P,>84 <"FFZ 4

$"::4FH4R,F8@(@ 8@^LL4P4,>H", &@2<@0>@, B@<@(JH @H&,H4H\ >" &@BD@F @ BD4R4>"N BD@P,FF"

@$D"2@&">4b <JF@D".

E B@<@V\` F4FH,<Z K'!= G3C! $Z:4 BD@&,*,>Z D"*4@:@8"P4@>>Z, 42<,D,>4b @$X,8H@&

8@F<4R,F8@(@ <JF@D" D"2<,D@< 1 < 4 &ZT, >" 'E? & P,:bN @BD,*,:,>4b 4N D"2<,D@& 4 B@*:4>>@(@

*&40,>4b, " H"80, JFH">@&:,>4b H@R>@FH4, F 8@H@D@6 <@0,H $ZH\ D"FFR4H">" @D$4H" ^H4N @$X,8H@&.
]H4 D"$@HZ BD@&@*bHFb & F@HDJ*>4R,FH&, F 3>FH4HJH@< "FHD@>@<44 #,D>F8@(@ J>4&,DF4H,H" (3!#I),
S&,6P"D4b.

4. AD@(>@2Z, 8"F"`V4,Fb &@2&D"V,>4b & "H<@FL,DJ 8@F<4R,F84N @$X,8H@&,
F@2*"`V4N $@:\T@6 D4F8

O,:\ ^H@(@ BD@,8H" F@FH@4H & H@<, RH@$Z BD4 &@2&D"V,>44 & "H<@FL,DJ 8@F<4R,F84N @$X,8H@&,
F@2*"`V4N $@:\T@6 D4F8, @$,FB,R4H\ K,*,D":\>@, <4>4FH,DFH&@ &>JHD,>>4N *,: >"*,0>Z<4

BD@(>@2"<4, 8"F"`V4<4Fb @8@> &@2&D"V,>4b @$X,8H@& & "H<@FL,DJ (&D,<,>>"b 4 >"2,<>"b BD@,8P4b
HD",8H@D46), @P,>8"<4 BD@FHD">FH&,>>@(@ B@:@0,>4b @$X,8H" 4 @P,>8"<4 D4F8". % D"<8"N

F@(:"T,>46 @ F@HDJ*>4R,FH&, K'!= BD,*@FH"&4: +7!/+E?7 *">>Z,, B@:JR,>>Z, F B@<@V\` C9E
F:,0,>4b 2" 8@F<4R,F84<4 @$X,8H"<4, F@2*"`V4<4 $@:\T@6 D4F8, & P,:bN B@*H&,D0*,>4b

,&D@B,6F84N BD@(>@2@& &@2&D"V,>4b @$X,8H@& & "H<@FL,DJ.

EE. )DJ(4,)DJ(4, >"JR>@>"JR>@-4FF:,*@&"H,:\F84,4FF:,*@&"H,:\F84, BD@,8HZBD@,8HZ

M@Hb $Z:@ BD4>bH@ D,T,>4, @ ,&D@B,6F8@< &8:"*, & F@2*">4, <,0*J>"D@*>@6 8@F<4R,F8@6

FH">P44, *,bH,:\>@FH\ & @$:"FH4 ">":42" 2"V4HZ 4 FH@:8>@&,>46 ^:,<,>H@& COF& ',D<">44 ,V, >,
&@2@$>@&:,>".

A@<4<@ >,8@H@DZN L4>">F4DJ,<ZN >" 8@<<,DR,F8@6 @F>@&, 4FF:,*@&">46, 8"F"`V4NFb <,D B@
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