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154 



!" ##$%

&## ! ! !

!""" ' # ! ! !
(()
*
! +# ! ! !,-
.%

/#$#
s 0# ! ! !/1%#
23
& " # ! ! !

456-1
&'#

3

o 

)
3 " ## 0## +## ' ## &###

7893: 73; < =>?<; ?@AB-; B)<: 7C>; DE*

'() (! * %
'! +%,- ./ (01) %
2! .3+! * %

F456$789
F456$: ; 8
F456$: 9;

!" ##0%

&## ! ! ! !

!""" ' # ! ! ! o G GGG
! o 

(() H3HI
*
E +# ! ! !,- !
O) 

/#$#
J:G

0# ! ! !/1%#
<=& " # ! ! !

456- !
1 !
&'#

!

! &## " ## $## 0##

7893: 73; < =>?<; ?@AB-; B)<: 7C>; DE*

'() (! * % >456$78;
'! +%,- ./ (01) % R2=0,440 
2! .3+! * % R2=0,462 

>- 0# ?#9# @A.-* ) ! BC2%.D) .! * %EFGHI %*- J%K) ! BC2,%0- * ,D+(! ) %0L (n= 784I

B0( 2,%0- 1 *- M! AN%A.-* ) ! B0(N2%.D) .! * N$%'D) (D/ ! O) %'! +(01) (D* MA%1%C$ A.P,- 1D
* MA%Q)(AP* KDM. 2,1-01-) N$%A.P,- MAR.A(D/ #S%,! 1,1R0(D* %,.! B0( 1/ (D) ) - 0L *- M! AN
%A.- * ) ! B0(N2%.D) .! * N0L%,%A.D,- 1RKNM(3 ,D+(! ) - $ * A.P,- 0L * - J%K) ! BC2,%0- ! M(N+%
* 466T ( 466: 26 ; 6U96 .- M# euro GVWX2,%0RKN0D+! # YDJ) ! 01DB) (D*- M.N2(Z%,D'%.- * ) (D
'(01) %+,R2%,D+(! ) P* $ +J1(D *- J%K) ! BC 2,%0- 2,1DA,%01%Z%96 .- M# DR,! X2,%0RKN0D+! $
%%A.- * ) ! BC2%.D) .! * %[ - Z%B,DJ) (%$ %* ) (DA.P,- 0L 2,1-2%JA%0L ) (MA%( [ %,J1! ) (MA%#

G! 1-.-* ) - [ - Z.%AOD * 2Z-* .%A(0L 1/ (D) ) - 0L ) %%A.-* ) ! BC 2%.D) .! * N$K%A () \
.D) M- * ) ! BC) %AZ%JP* GERD total ) %2,%0RKN0D+! * +! M2! J%,0D E* MA%Q) (A JD.D,/ () %\
0K( * 466T ,# U: : ] $ %* 466: ,# U: ?] I ! ,%1 () .D) M-* ) ! BC) %AZ%JP* GERD business 
E* MA%Q) (AJD.D,/ () %0K( * 466T ,# U: 6$9] $%* 466: ,# U: : $; ] I# ^ MA%Q)(A( JD.D,/ () %0K(
1%'DO)! B0( / (3J1- () .D) M-* ) ! B0(NGERD gov ( GERD he %%A.- * ) ! B0(N2%.D) .! * N* ,D\
+(! ) %0L * J* P0L [ %J%) - 0L '%.%0L [ - Z-KDM101D) (OM1D#S(D1(JD) .-_(A! * %) ! ) %.! / (%M. M.%\
.- M.- 01) (D(M.! .) D+! *2 Z-*R ) %%A.- * ) ! BC2%.D) .! * N0D0L 1* (N1%) - 0L 1 A%2(.%ZD/ 'RJ1\
A(/ ! ,%1 2! 1(! / D/ ) ! * ! 01DM) ! B0( +! M2! J%,A( * MA%'( [ %J%) - 0L ,D+(! ) P* DR,! 2DKMA(0L#

! "#" $ %&' ' ()( * &+, -' . /0( 12, 0&
* 234(. ' , 05 672. 1& 8. 97+' (. * . :; , 05. +' (3-
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bo JK&LM NNLM ( MOLI J&MLP

a, HL( &J( HLJ( I H HLI ( PM HL( &( &
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# :, &*; " ( :6 # $79:%( ) ! E W' $%- " F%C' 8( :%# %?X)! E%8( :7A1

F%%8$; ' ! 7( :' ; . :7( ( 7A%- :*' A@! 7A)&+" # ( %B= - )+7( +%# @: 9, *+%B= HIJ 8%- )*%>
# )( :7 . %87<' (1) 8<) $79:%( L# W' $%- " Y$%8&%# %?U *! E%8( :7A. :( :. )<( :7 *:, ; . ( :7A>
*; " C%D) # *- LC!; " ( ( :&: - %+, 9%# 7 ; . :7( :C"+" <&%( :7; ( ) ! ; ( :7 /+)01 ] : ^ N( 7&* O41

5 %87<7A78( %! ;" (( :&%# 7 *; ) ! %# )( 7 ; )$L# ( %8<) . )&$%$79:%( L# DA)&: 8<) $79:%>
( L# D*' 97$%# )C"$7<)+" # ( :7 8' 6" # - C"# ( ) # " 8)A( %B= - $)! " :( +7( *" # ( %B! : ( )&C)8L#
GERD business : GERD he ( ) - $)! ' A@! 79%# 9%*- %8)$! 71 _:( :7 $79$7*A: - %&);" # )C"
+76 # " $)\( :7 0)$8; :7A *&%. - <:&%# )( 7 %88; :)C"# )( :7 :( +7( *" # ( %B! : ( )&C)8L# # *7&>
+%$; 7 *; &%<( :! +#) #" 6*; 79% ( :6 ( )&C)8L# ( ) 0)8)( :) : $%; # LA # *7&+%$; 7 0:; ( 7*' 1
U . %87<' 7: 9 - %87A. ' A7 *:, - $L0, #" A)B( :7( :)DA)& ( ) # " 8)A( %B= - $)! " # 9%*- %8)$! 7
$79:%( L# %88; :)C"# )C"# *- L<( :7 %0:7 +7 ; . :7( ( 7 ' # ; 9<, 8( :)A@! # - C"# +)&67 :(( " ! E
! ; " ( ( :&L# 1
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! " #$%" &'(

) * +" , - . " / $ . " 01- 2, 3 . * 456, +7/ / 385. 9 - : $%; (1) 
: %" #" : " / 7, < 0$=3- / 5. >; 0- 47 ?0- : 8- . - @A *, <- : / 3$B

C- : $%#$+ - 45D/ 3$/ 3"
?0$: / 3- 0-, +/ $ . " 01- 2, 3 A " 01- 2, 3 +9 3$/ / 7, <

+9 3$/ / 7, < - #B" 2/ 3" BE, 7, <
A *456, +7/ / 383 +9 3$/ / 7, < - #B" 2/ 3" BE, 7, < - #B" 2/ 3" BE, 7, < + 0- 8; 4- 40+$: / 3$=-

FGGH FGG( FGGH@FGG( FGGH@FGG(

bo I FGJI FKKJ( HK( J( I L( JL

" J GJFMG& GJM( ML GJMLHI GJMLF(
" F GJGLN( GJGHFM GJGI FM GJGI FG
" M @GJGFI K GJGGKF @GJGMMI @GJGF( I
" ( @GJGGHI @GJGMHL @GJGGKL GJGGKF
" * GJGMHG @GJGNFI @GJGHK( @GJGGLH
" & GJFHI N GJ&N( G GJ(&( L GJHI GN
"% GJFF&L GJFI GH GJFI MG GJFHML

A *8" D/ 38 R2 GJ&N( GJ&LN GJ&NM GJ&NI

O3, +#" B$: / - *1$8 HK HK HK HK

! "#$%&
Y - ' ( ) *+ , -+. / 01. %! 2 3 euro 4. %*5 6+#23 %7 3 " +*58 -29/ 3 -%! $2*$%:
xgh - $* ;%*<53 *2=> *+9?+" @3 GERD he 3 euro *+, -+. / 01. %! 2 3 ! 2<, 2" +-. %-%! $2* / :
z - #+;-/ " *$%*$%(FTE) 3 <%9;2-#%6+"+A $ -2#3 20/ 3 2! @B*%0 B$. #6$%, -+. / 01. 5. C

3 , -2. %*;+. C:
p - B$. #6+ , +;%*;@3 *+ 8 B* B/ " *2=. $:
r - B$. #6+0%" *2<;%9 6+" +3 . #2D-2#3 2023 5. C *+ EFFF B29+B*5. C G$-8 , -#%;3 @-<;3 +

, -#%8 5<?23 %! 2:
u - 3 <9+H*$9 /- 6+*$#+.0$: , -2. %*; B/ " *2=. $ 3 8 $+<;+. C B$. #1. 5. C , 2*+" EFF ;5<I

8 $%<#9+A. @3 :
w - / " #$+?, -+. / 01. 5. C3 / <?/! +. C3 $%" #5 3 5<29$. C;%. C*2B2! $$:
h - #+<265 B/ " #9$%" B+ *+/ 9$ $ ;%. C*$9$ # 3 59<#;+?.%*$%8 3 5J<#58 3 B$. #6$%+9K

;53 *5. C #+3 2" 23 2:
xgb - $* ;%*<53 *2=> *+9?+" @3 GERD business 3 euro *+ , -+. / 01. %! 2 3 ! 2<, 2" +-. %

-%! $2*/ I
L <#+. 23 +*%, +-+8 %;-5 8 2" %B/ (2) " B+ #6$2-/ 6+" +*5. C -%! $2*@3 %/ -2, %0<9$. C

, 29+#+?5: J%3 MFFN -I 3 , ?53 $* ;%*<53 *2=. $ *+9?+" @3 GERD he *+ , -+. / 01. %! 2
3 ! 2<, 2" +-. %*+ 3 5" +0*2=> , -+. 5 3 -%! $2*+. C 65?*+3 %; *$%. 2 3 5J<#5 *$J 3 , ?53
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!" #$" %&' " ( )* ! " +, -+. / ' GERD business 0#+12 32452 6$. " +, 789 ' : ; ; < =2( . . >!+-&' +?
" !$ !" #$" %&' " ( )*! " +, -+. / ' 1!>" $%8 " + 1+. +" !+ ! =(>' / 7 ' @( %A( . +=*$ " + ' &. +7" ( )B
A=+*& ' =$@!( " +*C1&-( >. $*&. ( ' +" !$ ' !D, %>$ " !9 !" #$" %&' " ( )*! " +, -+. / ' %>, ( E" !*?
#' + ' &9%>$@( 0A=>& >F " !$7%>( " $7 E!*>1!$ =$@!( " / ' G . E+ , #/ =&*C 8. ( %#DA" !( " ( . +" $
( "+, -+. +*C GERD he ' . ' / *C1+. +" &*C E+#+*C52

H @=8A!$ A=>&7D#&*C >F !$" " &*C ( 17+)" !+7I *&*C "+7' !D, %>& ' A-&' " + ' >=(%#
' &. +7" ( )*! A=+*& ' 1+. +" &*C =$@!( "+*C F !+- 8. >!+- A=+*87I *&*C ' 8%-8@+*C ' !$?
. >& ' &%( , !*C #$*C" ( E( @!!G' A-&' #$" ' &=+J"!$ ' >=+%#+- ' . ' / *C , ( E$7" &*C E+#+*C2
K+%#+" +' !+7I *$ ! #=8. " $ . ( ' &7+)" !$" !+ %I 87$F " $ A+=+F $#=& ' %A/ -*>&" " !, / '
=$@=$%7! . E+ >F !$" " $7 >+#=8. " !$" !$ ' %$, #( =>$ L MN2 O( 9" + >+8' +9&BG9$ 87$F " &
' %A/ -*>&" " !, A( #D@( ' & . E+ #$7 >F !$" " $7 ' &%#IA!- ' F ( . $E8 (2), + " !$ ' F ( . $E8
(1). P>" +*>+ #( G9$ !"#$" %&' " ( )B "+, -+. / ' GERD total ( 1E!*>( " + " + A=+*87I *$@(
' %$, #( =>$ ! " #" $ ! =(>' (78 ' A( -I *>$" !8 > "+%&*$" !$F >+#=8. " !( " &F ! ' . >!+-+E" ( ?
)*! 1+. +' *>( Q=(>' (7( ' $7 ' A-&' + ' %8F !$ A( >&#&' " !$ " + ' >=(%#' &. +7" ( )*! A=+*&
' =$@!( " +*C2 R+#( F !+%#G7$9$E! =(>A+#=87$F & !" #$" %&' " ( )B "+, -+. / ' " + 1+. +" !+
! =(>' / 7 ' %$, #( =>$ ' &, ( " +' *>&F 8*>$E" ! ! %$, #( =>$ 1!>"$%8 ' *+-$7 @( %A( . +=*$
0' A=>$E!*>$" !8 " + A=+*87I *$@( ' @( %A( . +=*$5 #( ' !$E, ( )B >+#=8. " !$" !+ ' %$, #( =>$
1+. +S ! =(>' (78 #=+*!-+ %' / 7 A( >&#&' " & ' A-&' "+ ' >=(%# @( %A( . +=*>& 1+. +" &*C
=$@!( " / ' 2 P>" +*>+ #( G 9$ 7$9$E!" +%&*$" !$ =&" , 8 A=+*& >+#=8. " !( "&F ! ' %$, #( =>$

%" ! &'" ( )*

+ , - " . / 0 " 12& 0" 34/ 5. 2 0 , 678. - 9112: 70 ; / #&'< (2) 
#'" ! " #" 19. = 3&>2/ 170 &<3/6&?, : 2. =

@/ #&' ! &- / 67A12&12"
B3&#12/ 3/ . - 1& 0 " 34/ 5. 2 C " 34/ 5. 2 - ; 2&119. =

- ; 2&119. = / ! ?" 512" ?D. 9. =
- ; 2&119. = / ! ?" 512" ?D. 9. =

C , 678. - 9112: 2 / ! ?" 512" ?D. 9. = - 3/ : < 6/ 63- &#12&>/

EFFG EFFH EFFGIEFFH EFFGIEFFH

bo J* GKL( HEGLE JJMNLJ J* NGLE

" ' FLJMMG FLJ( KN FLJ( HE FLJMGJ

" E IFLEM( G IFLG* ( E IFLGFEK IFLEKHM

" O FLFFNM FLFJJG FLFJHM FLFFN(

" H IFLFJEN IFLFE( J IFLFJJN IFLFJ( M

" , FLFFF* IFLF( EG IFLFFMF FLFFFM

" ( FLHEFN FL( F* E FL* EFG FLH* HK

al IFLF( H( FLE* FG IFLFJ* ( IFLFN* K

" " FLJNHK FLEF( K FLJ( MF FLJNFJ

C , : " A12: R2 FLN* * FLKEJ FLNH( FLNH(

P2. - ! " ?&#1/ , 4&: J( E JGM J( E J( E
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! "#"$ %&'( ) ' *+ (FTE) , %"-' ! . &/ ) 0%12 3' ( . 4. ) 0%1 ) 3-. ) "5 0" ) . #"*0' 65 3&"7. 8
4' %04109. ) 0' 65 0": -"#/ ) 0" ! "#"0%" %&'( ) / * ) 7"-1* ; ' 93' #"&71 3&") #' 3' #' ! 0%1
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( , %100A' ! *"60%"0AFKL

<

M) ( ; >B#0%"*A7 9+, B ' ##(%"-. ) "0%" 3%B7%+ (, %100. 7? 0%1(">120. 7?8 94' 3%1$
) . *"60%10%" ( , %100' 67% ) . #"*0' 67% 3&"7. ) ; ' 93' #"&71 &1; %' 0/ ) , %0%, ">0%1
( , 0%1*9( . - 9%B #>" #"0. 7? ( I JJN &<8 " 0%17' ! "&#(%1* #>" #"0. 7? ( I JJK &< O' 0' ) 0%1
9%-" ' ##(%"-. ) "0%" %04109. ) 0' 67%GERD business ! . -" ) %B: 9( " 0%2 %04109. ) 0' 67%
GERD he 0" 3&"7+*A71; ' ) ; ' 93' #"&71 &1; %' 0+ ) I JJK &<8 " 4": 218 7' 3' 4) %1&#("
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7( ' C&'( ) ' *' ) . , ) ' ; / >01* >%7( ! %1 3&"7+*A7. 7? ) ; ' 93' #"&71 &1; %' 0+< P(0"7( " 4' 821
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&1; %' 0/ )< M( . 9: "01 ) . 0%: %, ' ; A412 ! . 5 9: +4: %1, ! -B#/ ) ) . 0%: "*A7. 7? ( 4&+#0' @
67%#' : -"#01; ' ' 9( "7' ) "0%" 31-01; ' 7( "9+ 3&"7. E) 9: "H0%: " FTE) ( "4&+#0%' 0. 7?
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) &1; %' 0%1 3' ( . 4. ) 0%1 ) 3-. ) "-" 0" ) . #"*0' 65 3&"7. ) I JJK &<8">1*19(7(1 ) I JJN &<
) 3-. ) + 41; ' 0%1 , ' 20" ! . -' (%#104. D%: ' ) "5<

P9( "7' ) "01 3"&", 14&. , ' #1>+ !"$#>" &' ( )*+, - . / &*01 2*3/ 4+)*- *%5678*4+)' 9
! . -. %94' 40%1 ' #, %1001 0%2 ) , ' #1>+ #>" ) 9(. 94: %7? ! "#"0. 7? &1; %' 0/ ) 1+&'31*9: %7?<
Q%-" ' ##(%"-. ) "0%" 0" ). #"*0' 65 3&"7. %04109. ) 0' 67%8 ( "&/ ) 0' 0" : -"#/ ) GERD he, 
*" : %GERD business 0" 3&"7+*A71; ' ) ; ' 93' #"&71 ! . -" ) &1; %' 0"7? R+&'3. O' -+#0%' @
) ' CS"7?' #0%1* ). &"H0%1 0%29(" 0%2 ) 7"-. , ( ! %' &(1 ! "#"0. 7? &1; %' 0/ ) 1+&'31*9: %7?
E3' &4"! < T<U %T<TF< O' &/ ) 0. ) ">0" 0"4' , %"94! . -" 9%-" ' ##(%"-.) "0%" +#(%"-+ 3&"7+*A7. 7?
) +9-+; "7? ) %1#(. ). 9' : %7? 417?0' >' ; %%< V/ ) 0%12 ) 4., , ' #1>+ ' : " ( "-' 9%B8 21 ; B94' 65
WXV %": 4.) 0' 653"4104' ) "8 " ) , 0%1*9(. , 94' 30%+ 4":2 1 3' (%' , +&! "0%( "7*%8) 0%1) %1>@
: %, 94' 30%+8">13' (. 4.) 0%18 ) 3-.) "*A0" ). #"*0' 65 3&"7. ) 41* ; &+3%1 &1; %' 0/ ) <

P#&(+710%1 ( ; &+3. ( , %100. 7? ' ! *"60%"*A7. 7? 4&(17? 717? ) ) %B: 9( . , 94' 30%+
' ! 0%2. -' ) 9: "H0%: %#141&, %0"7*%, ' #1>+ #>" &1; %' 0/ ) R+&'3. O' -+#0%' ) ' CS"7?' #C

8YZ ' #1> 3' 6&1#0%!" : $ E! 1( ( , %1001*G >%7( ! " *1#0' 941: ! "#") 7( ' C&'() ' *' ) . 7? 0" [ PPP D%&,
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! "#$! "%&'( ) ( *#+, - . ", /0 /#+", ! 12 3 4! ( ) - #! "# 0&- "( *0 5/( )0$6)7)8 2 09*0+( )8 2 "#&-7
2 79, : ")8 ;#)8! , ' , +"" . 7*, ! (&( ' &#)7&0$6)# &'( 2 7$( <! "#! "( - /1%! ") , 2 ( ! "( 2 7&($! , =
<) " 5/( )7> ! ( ;, ? "( 9; 5, -7;72 ! 7 2 5*72 "! ;#! 972 ! , <) " ! ( : *(&12 GERD he . 7* . ( /&- ,
! "9: ">5/-7 2 7/( @! "# 2 7%9-7? 5, -7;72 ! 7? 2 5*72 "# "! ;#! 972 ! , <) " ! ( : *(&12 GERD 
business ! ( 5/( )0$6)#+, 2 +, 95, &( /)# , /( - 0;/-7? 72 ( ! "0 9"A ! #+( ;72 ! #+, > /#' ( ;72 =
! "# 2 79, : "#+, , &&- "( *72 ( ! "( 0&- "( *05/( )0$6)7)8 2 9#: ;, /- # . (&( B " /, -2 , $0 C;( . 3 DE
" DD F ! #: 9 GH3 I , %! ( ;#%9;2 "#/&- "J>%# 2 ;#$+/05"# /#+", ! 12 , 51@! "#! "# , D /, : 2 ( /=
;, <) " -? "#! ! 7)8 , . $( <! "($6)7)8 -2 "A: 9-7*, 2 951*)-7! ! ": " 5, ;A+, 2 # 5/-7 -? "#! ! 7)8
, 5"90$6)7)8 "! ;#! 972 ! , <J ! ( : *(&12 > ( , . ! "%7*, 5/-7 -? "#! ! #$ K0&- "( * 5/( )0$6)7)8
2 09*0+( )8 2 "#&-7 2 79, : ")8 ;#)8! , ' , +"">- ;7? %# /, ' ( ;#$ , 9;( ;! "#$)#)87 &'( /1%! ") , =
2 ( ! "( 5, - ", ? 0 2 7&($! , <) " 5/( )7 2 /#+", ! ( )8 5, - , 9;( *( &#)7&0$6) ( 3

I , &#' 02 -+'A&! "($6)7 , 9"#? -? "#! ! 7)8 , . $( <! "($6)7)8 - /1%! ") , 2 ( ! "# 2 7&($=
! , <) " 5/( )7 2 regionach Niemiec i Austr ii )8( /( : ;#/7- , 2 ( * 9"A 2 -+'A&! "# 2 79, : "?
9;, 5! "#? &, 5( 9, 2 ( ! "( C2 9: (@! ": &#;#/? "! ( )$" 2 ? , &#'0 -# -? "#! ! 7? " </#&! ", /, ) - =
! 7? " 5/( 2 "# LLMH" . 7*, , ! , 2 7%9-# ! "%? , &#'0 (1)- 5,/ ;( . 3 N3O " N3L3

P( 5, &9;(2 "# , 9- ( ) , 2 ( ! 7)8 5( /( ? #;/12 ? , &#'0 (2) ? , %! ( 9;2 "#/&- "J> %# ! (
2 7&($! , <J 5/( )7 2 /#+", ! ( )8 P"#? "#) " F09;/"" ! "# 2 5*72 ( *7 9;( ;79;7) - ! "# 5, -7;72 =
! "# ;( : "# )#)87> $( : Q "! ;#! 972 ! , <J ! ( : *(&12 GERD he ! ( 5/( )0$6)#+, 2 /#+", ! "#>
0&- "( * - ( ;/0&! ", ! 7)8 2 9#: ;, /- # . (&(B " /, -2 , $0 2 '") - . "# 5/( )0$6)7)8 , +1*#? >

! " #$%" &'&

( ) *" +, - " . /$ - " 01, 2+/ - ) 345+*6. . /74- 8 , 9$%: (2) 
9%" #" 9" . 6+; 0$</, . 4- =: 0, 36 >, 5: 9. /, - , ?@" +; , 9. /$A

B, 9$%#$* , 34C. /$. /" *8 /$. . 6+;
D0$9. /, 0, +*. $ - " 01, 2+/ E " 01, 2+/ *8 /$. . 6+;

*8 /$. . 6+; , #A" 2. /" AF+6+; * 0,7:
E ) 345+*6. . /7/ , #A" 2. /" AF+6+;

, #A" 2. /" AF+6+; 3, 30*$9. /$<,

GHHI GHHJ GHHI ?GHHJ GHHI ?GHHJ

bo I KGLMN GGO&MI I JLKMK I OI HMJ

" P HMHGHI HMHLLL HMHPI H HMHPOJ
(G ?HMPI OJ ?HMGPI & ?HMPGI I ?HMPJNH
(O HMHI HN HMHJP& HMHI LO HMHI PL
(R HMHOLH HMHPOL HMHLOJ HMHOGO
(9 ?HMHHGI HMHI P& HMHHGJ ?HMHHHO
(N HMJL&& HMJKHG HMLGI N HMJ&KL
al ?HMHHKK ?HMHI OK ?HMHI HG ?HMHHNK
(9 ( MPHGP HMP&I J HMPHPG HMPHKP

E ) 7" C. /7 R2 HMKKO HMNPP HMKNH HMKKO

Q/+*#" A$9. , ) 1$7 && J& && &&
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! " #$%" &'(

) *+" , - . " / 0$ . " 12- 3, 0 . * 456, +7/ / 085. 9 - : $%; (2) 
: %" #" : " / 7, < 1$=0- / 5. >0$9 0$, 0 ?; *2100

@- : $%#$+ - 45A/ 0$/ 0"
B1$: / 0- 1- , +/ $ . " 12- 3, 0 C " 12- 3,0 +9 0$/ / 7, <

+9 0$/ / 7, < - #D" 3/ 0" DE, 7, <
C *456, +7/ / 080 +9 0$/ / 7, < - #D" 3/ 0" DE, 7, < - #D" 3/ 0" DE, 7, < + 1-8; 4- 41+$: / 0$=-

FGGH FGGI FGGHJFGGI FGGHJFGGI

bo KL&FML KGI KM( I FNNMI &I LGM(

" % JGMGHGI JGMGFFI JGMGLKL JGMGHI H
" F JGMGF&H JGMGGNI JGMGF( O JGMGFLF
"% GMGI HO GMGKGH GMGKGF GMGI I K
" I GMGLFO GMGLLH GMGLLO GMGLH&
" * JGMGLGO JGMGGOL JGMGGOH JGMGGKF
" & GM&HFK GM&I I F GM&I NO GMKOH(
al JGMFFGN JGMFGOO JGMLNFF JGMFFFO
" " GMGO&G GMG( HO GMG( OG GMGOF&

C *8" A/ 08 PF GMOG& GM(H( GM(&O GM(( I

Q0, +#" D$: / - *2$8 I & I & I & I &

! "#$%&'# () *$&'+$,-' ' ( . +'$/ +$"0*1! HRST core ! 2' , +* '3 $#45! &5, 6 +$! 0. 0! 07
8+5&&'#'39 . 3, 5. ( -: , 59 0 ! 5"0#'9 ; 0+545! &59 0. . +'$/5! $&'( ; 0+0"4$/ ( . +'$/
; )$, ( -: , 5, 6 ! ( "/( <$, 6 ! '3. +5 ! 5"0#' , 6 43, 6&020<' '= $ 4$#>3 '&43&"5! &0?@&$A
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gdzie: oznaczenia jak w modelu (2) bez zmiennej u, p, r 

! " #$%" &

' ( ) " *+, " - .$ , " /0+1*. , ( 234*) 5- - .63, 7 +8$%9 (1A) 
8%" #" 8" - 5*: /$; .+- 3, $9/+2$<( 6.* :

= +8$%#$) +23>- .$- ."
?/$8- .+/+*) - $ , " /0+1*. @" /0+1*. ) 7 .$- - 5*:

) 7 .$- - 5*: +#<" 1- ." <A*5*:
@( 234*) 5- - .6. ) 7 .$- - 5*: +#<" 1- ." <A*5*:

+#<" 1- ." <A*5*: ) /+69 2+2/) $8- .$; +

BCCD BCCE BCCDFBCCE BCCDFBCCE

bo BGBHI DBHJ &DBHB BKCHL

al CHBJKI CHEBJJ CHDI LC CHBJ&&
a2 CHCBI J CHC&ED CHC&DG CHCBK&
a3 CHCBD& FCHCCDI CHC&CG CHCB&E
a4 FCHCBGK FCHCECI FCHCBCB FCHCBLD
as CHI CI K CHI G&B CHEJGK CHI BJE
a6 CHCEBK CHBB&B CHCI I B CHCBJC

@( 6" >- .6 R2 CHLE& CHJED CHLLI CHLLI

! " #$%" B

' ( ) " *+, " - .$ , " /0+1* . , ( 234*) 5- - .63, 7 +8$%9 (18) 
8%" #" 8" - 5*: /$; .+- 3, $9/+2$<( 6.* :

= +8$%#$) +23>- .$- ." ?/$8- .+/+*) - $ , " /0+1*. @" /0+1*. ) 7 .$- - 5*:
) 7 .$- - 5*: +#<" 1- ." <A*5*:

@( 234*) 5- - .6. ) 7 .$- - 5*: +#<" 1- ." <A*5*:
+#<" 1- ." <A*5*: ) /+69 2+2/) $8- .$; +

BCCD BCCE BCCDFBCCE BCCDFBCCE

bo BC&HD DEHL &&I HL BBGHJ

al CHD&ED CHEBDI CHDLCB CHDCEB
a2 CHCBL& CHC&EB CHC&E& CHCDC&
a3 FCHCDEI FCHCECB FCHCBBJ FCHCDED
a4 CHI DBJ CHI I GC CHEKEJ CHI I DC
as CHCEJE CHBBDG CHCI JD CHCDDE

@( 6" >- .6 R2 CHLDL CHJEB CHLLE CHLLE

198 



! " #$%" &
' ( ) " * +, " - $ , " ./+0* 1 , ( 234* ) 5- - 163, 7 +8$%9 (1A) 

.$: 1+- 3, ; 9.+25 <+498- 1+, +=>" *?+8- 1$@

A+8$%#$) +23B- 1$- 1"
C.$8- 1+.+*) - $ , " ./+0*1 D " ./+0*1 ) 7 1$- - 5*?

) 7 1$- - 5*? +#@" 0- 1" @E*5*?
D ( 234*) 5- - 161 ) 7 1$- - 5*? +#@" 0- 1" @E*5*?

+#@" 0- 1" @E*5*? ) .+69 2+2.) $8- 1$: +

FGG& FGGH FGG&=FGGH FGG&=FGGH

bo FI JKI JFKJ IGJKL FFMKI

" I GK&I F& GKH&HJ GK&NGN GK&GOI
" F =GKGGJG =GKGHMF =GKGFNL =GKGGLF
" % GKG&&I GKG&OJ GKG&JN GKG&MG
a4 GKGMNM GKGJH& GKGMON GKGMNH
" ( GKHHJF GK&JJF GKHGIN GKHMMN
a6 GKG&I H GKGNHH GKGJ&M GKGFNF

D ( 6" B- 16 PF GKNHH GKOGL GKNLF GKNHF

! " #$%" H

' ( ) " *+, " - $ , " ./+0*1 , ( 234*) 5- - 163, 7 +8$%9 (1 B) 
.$: 1+- 3, ; 9.+25 <+498- 1+, +=>" *?+8- 1$@

A+8$%#$) +23B- 1$- 1" C.$8- 1+.+*) - $ , " ./+0*1 D " ./+0*1) 7 1$- - 5*?

D ( 234*) 5- - 161 ) 7 1$- - 5*? +#@" 0- 1" @E*5*? ) 7 1$- - 5*? +#@" 0- 1" @E*5*?
+#@" 0- 1" @E*5*? ) .+69 2+2.) $8- 1$: +

FGG& FGGH FGG&=FGGH FGG&=FGGH

bo OLKF I MKI &HKI OLKG

" I GK&OGF GKMLMM GKHONI GK&OI &
" F =GKGFGL =GKGNLL =GKGHNH =GKGFFL
"% GKGMM& GKGJNH GKGJI I GKGMMG
" H GKH&HN GK&&GI GK&HHH GKHH&F
" ( GKGJNI GKI I HH GKI I NN GKGJLH

D ( 6" B- 16 PF GKNI O GKNO& GKNHJ GKNI H
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! " #$%" &

' ( ) " * +, " - $ , " ./+0* 1 , ( 234* ) 5- - 163, 7 +8$%9 (1A) .$: 1+- 3, ; 1$7 1$* 1 <9( /.11

= +8$%#$) +23>- 1$- 1"
? .$8- 1+.+* ) - $ , " ./+0* 1 @" ./+0*1 ) 7 1$- - 5* A

) 7 1$- - 5* A +#B" 0- 1" BC*5* A
@( 234* ) 5- - 161 ) 7 1$- - 5* A +#B" 0- 1" BC*5* A

+#B" 0- 1" BC*5* A ) .+69 2+2.) $8- 1$: +

DEEF DEEG DEEFHDEEG DEEFHDEEG

bo I I FJF KF&LJG KDD&JL KDFMJ&

a, EJKL&& EJKLKD EJKM&G EJKLKL

" D EJEG&I EJELLD EJEM&N EJEGNE

83 EJEDFD EJEEI K EJEKLF EJEDEN

" G HEJEEDI HEJEKFM HEJEKEE HEJEEEF

" ( EJMKF& EJMNI G EJMLMK EJ&I KG

86 HEJKGKF HEJDNI K HEJDFDI HEJKMLE

@( 6" >- 16 R2 EJ&N& EJ&LF EJ&NG EJ&&F

! " #$%" M

' ( ) " *+, " - $ , " ./+0*1 , ( 234*)5- - 163, 7 +8$%9 (1 B) 8%" .$: 1+- 3, ; 1$7 1$* 1 <9( /.11

= +8$%#$) +23>- 1$- 1"
? .$8- 1+.+* ) - $ , " ./+0* 1 @" ./+0*1 ) 7 1$- - 5* A

) 7 1$- - 5* A +#B" 0- 1" BC*5* A
@( 234* ) 5- - 161 ) 7 1$- - 5* A +#B" 0- 1" BC*5* A

+#B" 0- 1" BC*5* A ) .+69 2+2.) $8- 1$: +

DEEF DEEG DEEFHDEEG DEEFHDEEG

bo NGDJG KDMLJL KELI JL KEMLJI

" J EJKI LM EJKNEL EJKNDN EJKI KG

" D EJE&&D EJELI N EJELDD EJE&MG

" % HEJEELF HEJEKGL HEJEKDN HEJEEGD

" G EJMGI E EJMI MG EJMI NE EJMDF&

" ( HEJKLDD HEJDI LF HEJD&&E HEJKI &E

@( 6" >- 16 O2 EJ&M& EJ&MI EJ&LF EJ&FM
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! " #$%" &

' ( ) " * +, " - $ , " ./+0* 1 , ( 234* ) 5- - 163, 7 +8$%9 !" # $
.$: 1+- 3, ; 9.+25 <.+86+, +=> ( *?+8- 1$@

A +8$%#$) +23B- 1$- 1"
<.$8- 1+.+* ) - $ , " ./+0* 1 > " ./+0*1 ) 7 1$- - 5* ?

) 7 1$- - 5* ? +#@" 0- 1" @C*5* ?
> ( 234* ) 5- - 161 ) 7 1$- - 5* ? +#@" 0- 1" @C*5* ?

+#@" 0- 1" @C*5* ? ) .+69 2+2.) $8- 1$: +

DEEF DEEG DEEF=DEEG DEEF=DEEG

bo HF&IE FJDIE GFKIJ HDLIH

a, EIDMMM EIMGDF EIM&JE EIM&MM

a2 EIE&LF EIEF&G EIEHHH EIEGLK
a. =EIEDJ& EIEEJ& =EIEMGE =EIEDDJ

N

" G EIEMJH =EIEJHH =EIED&G =EIEMJJ
a. EIDDGJ EIJDHJ EIGDGJ EIFKEL
O

" J EIDDEG EIDM&L EIDFEM EIDG&F

> ( 6" B- 16 R2 EIJKG EIJ&J EIJKH EIJKF

! " #$%" K

%&' ( ) * + ( , - + ( ./ * 0) 1 + &234) ' 5, , 163+ 7 * 8- 9: !" ; $
89( .- <1* , 3+ =: .* 25 >.* 86* + * ?@&) A* 8, 1- B

A +8$%#$) +23B- 1$- 1"
<.$8- 1+.+* ) - $ , " ./+0* 1 > " ./+0* 1 ) 7 1$- - 5* ?

) 7 1$- - 5* ? +#@" 0- 1" @C*5* ?
> ( 234* ) 5- - 161 ) 7 1$- - 5* ? +#@" 0- 1" @C*5* ?

+#@" 0- 1" @C*5* ? ) .+69 2+2.) $8- 1$: +

DEEF DEEG DEEF=DEEG DEEF=DEEG

bo JFFIJ FJDIF GJEIL JMEIM

a, EIMKFG EIMG&E EIMJFG EIMGLM

a2 EIEKD& EIEFLJ EIEHFL EIEHDL

" M =EIEEEF =EIEJMF =EIEFHK =EIEDLM

" G EIDH&J EIJMH& EIGGML EIGED&
" P EIDDDH EIDMMM EIDFKF EIDGKH
O

> ( 6" B- 16 R2 EIJJK EIJ&H EIJ&J EIJ&D

CD"



! " #$%" &

' ( ) " * +, " - .$ , " /0+1* . , ( 234* ) 5- - .63, 7 +8$%9 (2A) 
8%" #" 8" - 5*: /$; .+- 3, $9/+2$<( 6.*:

= +8$%#$) +23>- .$- ." ?/$8- .+/+*) - $ , " /0+1*. @" /0+1* . ) 7 .$- - 5*:
) 7 .$- - 5*: +#<" 1- ." <A*5*:

@( 234*) 5- - .6. ) 7 .$- - 5*: +#<" 1- ." <A*5*:
+#<" 1- ." <A*5*: ) /+69 2+2/) $8- .$; +

BCCD BCCE BCCDFBCCE BCCDFBCCE

bo GHEGIB EG&IG GGJKIB GHLLIJ

a, CIG&&D ' I GLBE CIGJHD CIG&B&
a2 FCIB&JG FCIDKJB FCIDCKH FCIBKEH
a3 CICCLK CICGK& CICGHL CICCLH
a, FCICGBJ FCICDK& FCICGDK FCICGJL
as CIEBCK CIHECD CIHGJG CIEHE&
a6 FCICJEJ CIBEJB FCICGHG FCICLHL
a1 CIGLEL CIBGE& CIGLCD CIGLCC

@( 6" >- .6 R2 CILHH CIKGG CILEJ CILEJ

! " #$%" GC

' ( ) " *+, " - .$ , " /0+1*. , ( 234*)5- - .63, 7 +8$%9 (28) 
8%" #" 8" - 5*: /$; .+- 3, $9/+2$<( 6.* :

= +8$%#$) +23>- .$- ." ?/$8- .+/+*) - $ , " /0+1* . @" /0+1*. ) 7 .$- - 5*:
) 7 .$- - 5*: +#<" 1- ." <A*5*:

@( 234*) 5- - .6. ) 7 .$- - 5*: +#<" 1- ." <A*5*:
+#<" 1- ." <A*5*: ) /+69 2+2/) $8- .$; +

BCCD BCCE BCCDFBCCE BCCDFBCCE

bo GHLJIC HG&IE GGHKIK GJE&IG

a, CIG&&C ' I GLBH CIGJKG CIG&GG
a2 FCIB&&H FCIDLJE FCIDBGC FCIBKHH
aJ CIEGCK CIE&BH CIHCL& CIEECE
a, FCICJHC CIBBD& FCICGLB FCICLJJ
as CIGLJD CIBCK& CIGLKG CIGJ&L

@( 6" >- .6 R2 CILHE CIL&& CILEE CILEE
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! " #$%" &&

' ( ) " * +, " - .$ , " /0+1* . , ( 234* ) 5- - .63, 7 +8$%9 (2A) 
/$: .+- 3, ; 9/+25 <+498- .+, +=>" *?+8- .$@

A +8$%#$) +23B- .$- ."
C/$8- .+/+* ) - $ , " /0+1* . D " /0+1* . ) 7 .$- - 5* ?

) 7 .$- - 5* ? +#@" 1- ." @E*5* ?
D ( 234* ) 5- - .6. ) 7 .$- - 5* ? +#@" 1- ." @E*5* ?

+#@" 1- ." @E*5* ? ) /+69 2+2/) $8- .$: +

FGGH FGGI FGGH=FGGI FGGH=FGGI

bo HJJ KLM FNHOLJ HMGOLN HJ&NLJ

" L GLGF&G GLGI MG GLG&FF GLG&JN

" F =GL&HKK =GL&OGG =GL&F&I =GL&I OI

" & GLGH&G GLGHKJ GLGHMJ GLGH&M

" I GLGJHO GLGHGG GLGMKN GLGJFI
" P GLIMJO GLINFI GLMF&O GLINKO, 
" N =GLG&GF GLG&&G =GLGFKF =GLG&GH

HJ GL&GFN GL&I KH GL&GGM GL&GKF

D ( 6" B- .6 R2 GLKKJ GLOGJ GLKOG GLKKJ

! " #$%" &F

' ( ) " *+, " - .$ , " /0+1*. , ( 234*)5- - .63, 7 +8$%9 (2B) 
8%" /$: .+- 3, ; 9/+25 <+498- .+, +=>" *?+8- .$@

A +8$%#$) +23B- .$- ."
C/$8- .+/+* ) - $ , " /0+1* . D " /0+1* . ) 7 .$- - 5* ?

) 7 .$- - 5* ? +#@" 1- ." @E*5* ?
D ( 234* ) 5- - .6. ) 7 .$- - 5* ? +#@" 1- ." @E*5* ?

+#@" 1- ." @E*5* ? ) /+69 2+2/) $8- .$: +

FGGH FGGI FGGH=FGGI FGGH=FGGI

#+ FFM&LG &I I I LM &OI HLI FFFGLN

" L GLGMJG GL&GHM GLGI FN GLGMHF

" F =GLFGHK =GLH&KM =GLFGFN =GLF&NH

" & GLNFMG GLIJOM GLNOMI GLNHFN

" I =GLGKMK GLGFNH =GLGOFJ =GLGKI F
" P GL&I HM GLF&&N GL&I MI GL&MGG, 

D ( 6" B- .6 R2 GLK&J GLKKO GLKHN GLKFGG
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! " #$%" &'

( ) * " +, - " . /$ - " 01, 2+/ - ) 345+*6. . /74- 8 , 9$%: (2A) 0$; /, . 4- < /$8 /$+ / = : ) 10//

> , 9$%#$* , 34?. /$. /"
@0$9. /, 0, +* . $ - " 01, 2+/ A " 01, 2+/ *8 /$. . 6+B

*8 /$. . 6+B , #C" 2. /" CD+6+B
A ) 345+*6. . /7/ *8 /$. . 6+B , #C" 2. /" CD+6+B

, #C" 2. /" CD+6+B * 0,7: 3, 30*$9. /$; ,

EFF' EFFG EFF' HEFFG EFF' HEFFG

#, I JGKLF I GKFLF GKJML& KJFJLM

" L HFLF' I K HFLFEI J HFLF&NF HFLF' KN

" E HFLFE' N HFLFFJJ HFLFEK& HFLFEF&

" % FLFGI ' FLFI &F FLFI && FLFGI E

" G FLF&' N FLF&&F FLF&&M FLF&GE
" O FLI JJM FLK&I M FLKE&& FLI KEI

P

" ) HFLE&F' HFLEF&E HFL&JI J HFLE&MK

" % FLFJ' F FLFME' FLFMKE FLFJ&&

A ) 7" ?. /7 QE FLJFI FLM' K FLMKM FLMMG

! " #$%" &G

( ) * " +, - " . /$ - " 01, 2+/ - ) 345+*6. . /74- 8 , 9$%: (2B) 0$; /, . 4- < /$8 /$+ / = : ) 10//

> , 9$%#$* , 34?. /$. /"
@0$9. /, 0, +* . $ - " 01, 2+/ A " 01, 2+/ *8 /$. . 6+B

*8 /$. . 6+B , #C" 2. /" CD+6+B
A ) 345+*6. . /7/ * 8 /$. . 6+B , #C" 2. /" CD+6+B

, #C" 2. /" CD+6+B * 0, 7: 3, 30*$9. /$; ,

EFF' EFFG EFF' HEFFG EFF' HEFFG

#, KJK' LG KNE&LK I MGMLK MNN&L&

" L HFLF' ' & HFLFEKF HFLF&MM HFLF' GE

" E HFLF&I N HFLFFGE HFLFEI I HFLF&&N

" % FLKI NG FLKGJ' FLKI F& FLK' ' &

" G HFLENNI HFLEKKK HFLE' I G HFL' FKE

" ) FL&FFM FLFJJK FLFNGJ FLFNJM

A ) 7" ?. /7 Q1 FLM' J FLKKJ FLKNG FLMFK

204 



! " #$%" &'

( ) * " +, - " . /$ - " 01, 2+/ - ) 345+* 6. . /74- 8 , 9$%: (2A) 
0$; /, . 4- <: 0,36 =0,97, - , >? )+@, 9. /$A

B, 9$%#$* , 34C. /$. /" =0$9. /, 0, +*. $ - " 01, 2+/ ? " 01, 2+/ *8 /$. . 6+@
*8 /$. . 6+@ , #A" 2. /" AD+6+@

? ) 345+*6. . /7/ *8 /$. . 6+@, #A" 2. /" AD+6+@
, #A" 2. /" AD+6+@ * 0, 7: 3, 30*$9. /$; ,

EFFG EFFH EFFG>EFFH EFFG>EFFH

#, EHFI JG E&&HJH EGKLJL E&H' JG

" J >FJFG&M >FJFGI H >FJFGFH >FJF' F&
" E >FJ&EEF >FJFHGG >FJFM&F >FJ&GEK
" G >FJFEEE FJFF&H >FJF&FK >FJFE&&
" H FJF&GE FJFHFL FJFGGG FJFEMF
" ) >FJFLE& FJEEL' FJF' ' M >FJFFLK
" I FJI &H' FJEH&K FJHEFE FJI E&F
al FJ&ME' FJ&I KF FJ&I HK FJ&' KF

? ) 7" C. /7 R2 FJMK' FJMMM FJMMM FJMML

! " #$%" &I

( ) *" +, - " . /$ - " 01, 2+/ - ) 345+*6. . /74- 8 , 9$%: (2B) 
9%" 0$; /, . 4- <: 0, 36 =0, 97, - , >? )+@, 9. /$A

B, 9$%#$* , 34C. /$. /" =0$9. /, 0,+*. $ - " 01, 2+/ ? " 01, 2+/ *8 /$. . 6+@

*8 /$. . 6+@, #A" 2. /" AD+6+@ *8 /$. . 6+@ , #A" 2. /" AD+6+@
? ) 345+*6. . /7/ , #A" 2. /" AD+6+@ * 0,7: 3, 30*$9. /$; ,

EFFG EFFH EFFG>EFFH EFFG>EFFH

#, EEGI JM &' ' FJH &KL&JH &LFMJK

" J >FJF' FF >FJFEEI >FJFGEH >FJFI KL
" E >FJ&&I K >FJF' LK >FJFMI F >FJ&G' G
" G >FJFM&M FJGHHG FJ&H' M FJF&GF
" H FJI HHK FJEGMI FJHEI E FJI MGL
" ) FJ&I ME FJ&I EL FJ&' LM FJ&' ' G

? ) 7" C. /7 R2 FJMMG FJM' G FJMI & FJMKG
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