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ND<7>=Fzl?L=O5 >>>D4<=4FO < 6OE>FG F>G><, =4 >>mD}F> 6LL>JIIIOJLEL <7<5D5=<O < 74=>EOF 6

?4]t{/&, Tllxeo<eFpa.
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ll.5.4 �> D7G?LF4F4< <7<5D5=<= 6OI<EJUINF >>>D4<=4FO F4E5><EF4 (E1l15D4) E ?><>-

MLN ?D>7D4<<">= >,".?""."<O <7 >5D4?r>= 74E5G><. �>7D5Lr>EFL <7<5D=<= (%��) ND?7>=-
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?>65D><.

11.7 �7<5D5=?O ?D? >?D545?5rr<? 45E>?NF?>= 6OE>FO ?>OE>6, F>?M<=O EF5=>> ?

12



18-18/046 <?

EJI>O >D4E><, 6OE>FO < 7=4>4 HaxJlecFa ?>OE>6 D575D6G4D4
11,7.1 �7<5D5=<O ?D< >?D545?5=<< 6OE>FO ?>OE>6 D575D6G4D4 6LL>?=ONF <5N4><
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6O?>?=ONFEOE=4D'6<'}rirE?5EF'?D<E�4<�45FEO7=4>_?>?>6<F5?L=,=,5EJI<?>OE'GN=zlE>lLFEO
6OL5, =4E>4<FEO , 6=5L=5= END>=O ?>OE4, GF> =zlE>4<FEO =<65, >FD<F4F5?L=O=, 5E?< ?>OE, GF>

=4E>4<FEO 6OL5, =4E>4<FEO E 6=GFD==5= END>�O ?>OE4" GF> =4E>4<FEO =<65. �D< <7<5D5=<< <7

E5D54<=O D575D6G4D4 7=4> =4E?;EFN D<>E<DG5FEO 6 ?D>N>>?5, => 4L 6L?<E?5=<= 6OE>F ?>OE>6

?> 12.8.3.1 tl,12.8.3.2 MF4 <=D>D<4F<O =5 <E?>?L7G5FEO,

11.7.7 $57G?LF4FO <7<5D5?<= 6 E>>F65FEF6<< E l1.7.1;l1.7.6 74=>EOF 6 ?D>N>>?, D>D<4

>>F>D>7> ?D<6545=4 6 ?D<?>65?<< � @.2.7).

11.8�7<5D5??O?D<>?D545JI5?�<75><5FD<G5E>?E?4D�<5FD>6<45E>?NF=>=6OE>FO
6rFGID5==?E 45F4?5= ? >5>D}4>64?<O D575D6G4D4

11,8.1 �7<5D?m 4<4},r5FD ?>?5D5G=>7> E5G5=}1,1 F<?<=4D<.r5E>>= 4sF4?< <?< L<D<=G <

6OE>FG ?DO<>G7>?L=>N ?>?5D5G=>7> E5G5=<O >4> ED54=55 <7 �5 <5=55 G5< 46GE <7<5D5=<=

.r*..?rrD*Gr5<, DG?5F>>= =r? 
""r4-,.*","E>>= 

?<=5=>>=, �7<5DOEr7 F<65 =4>JI>= >E< 45F4?< >

65DF<>4?< =tl>JI44=O< EFD><F5?L=O< GD>6=5< < 4?<=G 45F4?< DG?5F>>= < DE7G?LF4FO <7<5D5=<=

.uir."r"uro' 6 ?D>F>>>?'D>D<4 >>mD>N ?D<6545=4 6 ?D<?>65=<<_ � (�,2,8), �=4G5=<O 4?<=O

74?<EO6zlNF E> a"*>" "-", aa?r 45F4?L =4DG6=<, G65?<G<64NM< >5N5< D575D6G4DF < E> 7=4>><

"+", 5E?< 6=GFD5==OO - G<5=LLtlNM4Jl >5N5< D575D6G4D4,

11.8'.2 �OE>ry ?<6=5= < 65DE=5= 7D4=<FO 45F4JI< >?D545?ONF F<5><5FD>< <5m4><

FD<7>=><5FD<G5E>>N =<65?<D>64"rO, ?>E?54>64F5?L=> <7<5DOO 65DF<>4?L=O5 GIJILI (75=<F=O5

D4EEF>O=<O) < D4EENO=<O =4 =<7 < 65DE >464>= 45F,L<, �7<5D5=<5 D4EENO=<= 6LL>?=ONF 6

D56<<5 (<7<5D5=<O D4EEF>O=<= 557 >FD464F5?OD T,rxeo<eFpa <?< =4 >F$>4F5?L-<4D>G,

GEF4=46?<645<GN 6 E>>F65FEF6},NM<E F>G>:t%,

?D<<5G4=<5 - � E?GG45 =56>7<>6=>EF< 6O?>?=5=<O <7<5D5=<= <7}rG7D< D575D6G4D4

4>?GE>45FEO 7=4G5=?O 6OE>FO � ?4D4<5FD>6 6F/FD5==<E 45F<5= < >5>DG4><=<O >?D545?OFL ?>

EFD><F5?L=>= 4>>G<5=:74lF< =4 D575D6G4D <?< ?> D57G?LF474< ?D54O4GM5= ?>65D><,

l7
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11.8.3 �D< <E?>?L7>6aL<< E>4=5D4 D�r7<5DO 45F4?5= < 6OE>F4 <E =<74 < 65DE4 E=<<{lNFEO
E> c>aIra ?D< ?><>M< ?D>7Dal<<=>7> >55E?5G5=<O D<D<O-?D><76>4<F5JIO c>:l=epa.

�E5 D57G?LF4FO <7<5D5=<= 74=>EOF 6 ?D>F>>>?, D>D<4 >>F>D>N ?D<6545=4 6 ?D<?>65=<<
� (�.2.8).

11.9 �7<5D5=<O ?D< >?D545?5=<rr 45E>?NF=>= 6OE>FO GD>66O ? ??>F?>EF?
lr(<4>>EF?, =4E>4OM5=EO 6 D575D6G4D5 ?DF ?>65D>5

1 1.9.1 �5E>r?m=GN 6OE>FG GD>6�O < ??>F=>EFL 6<4>>EF<, =4E>4OM5=EO 6 D575D6G4D5 ?D<

<7<5D5=<OE, >?D545JIONF 6 E>>F65FEF6<< E 9.1.5 < 9.1.4 ��%& 8.570.

$57G?LF4FO <7<5D5=<= 74=>EOF 6 ?D>F>>>?, D>D<4 >>mD>N ?D<6545=4 6 ?D<?>65=<< �
(�.2.5).

12 �5D45>F>4 D57G?LF4F>6 ?7<5D5=6=
12.1 �D5464D�F5JtL?4/ >5D45>F>4 D57G?LF4F>� G7?>6OE ? ??=5=6OE ?7<5D5=rr=,

6O?>?=5L=OE F4E5><5FD>< ??? E>4�5D><
12.1.1 �LrLrE?ONF 7=4G5=<'l ND<7>=F4JIL=LD( =LrD46?5=<= �, 65DF<>4.?L=L?< Gr?>6 V

(75=<F=L6 D4EENO=<= z) < =4>?>==LD( D4EEF>O=<= D ?D>7D4l?rl=L?r.r >55E?5G5=<5< Fi65><5FD4 <?<

cKur=epa.

12.1.2 �L7GrrE??Er7 7=4G5=<O 7>D<7>=F4JL=LD( ?D>?>65=<= ,S ?> 7=4G5=<O< HalKJIoEI{bD(

D4EEmO=<= D < 65DF<>4?L=LD( G?>6 �<?< 75=<F=L?< D4EEF>O6<= J ?D7D4<<=LL >55E?5G5?<5<

F4E5><5F4 <?< c>zr=epa ?> D>D<G?4<:
S = D . cos < - ?D< <7<5D5=<< 65DF<>i?JIL=LD( G7?>6; ( l2,1)

S=D,sinZ - ?D< <7<5D5=<< 75=<F=LD( D4EEF>O=<=.
12.1.3 �D< <7<5D5=<?(, 6O?>JI=5==LD( <5F>4>< F<N=><5FD<G5E>>rc �<65?<D>64=<O,

6L7LEJUINF ?D56OL5=<O h <564l F>G>4<<, =4 >>F>DO5 6O?>JLO?>EL 6<7<D6zl=<5 ?D< ?><>M<

F4E5><5FD4, ?> D>D<G?4<:
= = D,sin V +l'- In -np" <7<5D5=<< 65DF<>4JIL=N,D( G7?>6; (|2.2)

= = D,cos Z + l' - ln _ npn <7<5D5=<< 75=<F=L>< D4EEF>O=<=.

745 I' - <7<5D5�=4O DG?5F>>= 6OE>F4 Fa65><5FD4 (6OE>F4 57> ND<7>�Far?L=>= >E<) =44 F>M(>=

75>457<G5E>>= E5F<;

I " - <7<5D5==4O DG?5F>>= 6OE>F4 >FD$>4F5JUI-<4D><, GEF4{46?5==>= =4,4 F>,>>= 6<7<D>64=<O,

�E?< l' :0, F> 6LFi<EJIONF ?D56OL5=<5 <564/ ND<7>=F4?L=>= >ELN Fa65><5FD4 < F>G>>=,

=4 >>F>DGN >EGM5EF6JlO?>EL 6<7<D>>L<5.

12.1.4 �D<D4M5=<O 7>D<7>=Frr?L=OE >>>D4{=4F 4, " D <564/ F>G>:<< 75>457<G5E>>=

E5F< < mG>alIt{< =4 6=GFD5O=5= < 6=5L=5= ?>65DE=>EF< EF5=>< D575D6G4D4 6OG<EJIONF ?>

D>D<G?4<:
,E = D, E>s<, cosc = ý, cosc

by=D.coýr/.sino=,S.sinc, (12.3)

��54-4<D5>F<>==L='7>?(47<<'F)=:LD46JI5=<OENG><75>457<G5E>>=E5F<=4mF?E''
>>>D4<=4FO >>ND>= >?D545JIONF - ??>E><= G7>? 6 7>D<7>=F4?L=>= ??>E>>EF< ?> G4E>6>= EFD5?>5

>F =4?D,r6?5=<O >E< 45EF<EE 4> =4?D46?5=<JI =4 44=�GN F>G(G,

.-<D5>F<>==O= GN? (47<<GF) E 6OG<E??Er7 ?> D>D<G?5:

4=4�%+$, 02.4)

.4a df%- 4"Da>F<>==L= Gm? (47<<GF) EmD>=O 75>457<G5E>>= EsF?;

� - "r"5D">rrO= 
7>D<7>=F4�L=L= G7>� =4 F>G>G, ND<7>=F4JIL?O5 >>>D4,I=l?FO >>F>D>=

>?D545?ONF.
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12.1.5 �>D<7>=&<L=O5 >>>D4<� 4FNt %, � < 6OE>F4 � F>G5> =4 6=GFD5==5= < 6=5L=5=

?>65DE=>EF< E&5=>< D575D6G4D4 < 4DG7<E F>G5> D575D6G4D4 >F=>E<F5?L=> F>G5> 75>457<G5E>>= E5F<

(?D<D4rF5=<O 7>D<7>=F4?L=LrE >>>D4?{4F �E < �G 6OII<EJL{NF 6 E>>F65FEF6<< E D>D<'?>= l2.3, 4

?D56OL5=<O = 6 E>>F65FEF6<< E D>D<G?>= 12.2) 6LF,?-rE?ONr ?> D>D<G?4<:

% = %�E + ,E

Y -Y�% +�.G (12,5)

� -��E +h

r45 % �% , Y'% - 7>D<7>=F<L=O5 >>>D4<=4FO F>G5> 75>457<G5E>>= E5F<.

12.1.6 �OG<E?5=<O 6 E>>F65FEF6<< E 12.1.1 _ 12.1.5 6Lm>?=ONF ?D>7D4<<=O<

>55E?5G5=<5< F4E5><5FD4 <?< E>4=5D4 =5?>ED54EF65==> 6 ?D>F5EE5 <7<5D5=<=.

12.2 �5D45>F>4 D57G?LF4F>6 <7<5D5=<= ?D? �?D545?5=<< 547>6>= 6OE>FO D575D6G4D4

12.2.1 �47>6GN 6OE>FG D575D6G4D4 � u 6LFI<EJ]ONF >4> ED54I55 4D<D<5F<G5E>>5 <7 6E5E

<7<5D5=<= ?> D>D<G?5:
?

ZHu,
_ i=l

5- ?

745 � 6,- j -F>5 <7<5D5==>5 7=4G5=<5 547>6>= 6OE>FO D575D6G4D4;

� - >5M55 >>?<G5EF6> <7<5D5=<= 547>6>= 6OE>FO.

6LFG<E?5=<O ?> 72.2.16O?>?=ONF 6 ?D>F>>>?5, D>D<4 >>F>D>7> ?D<6545=4 6 ?D<?>65=<<

� (�.2.2).

12.2.2 �E?< <7 <5FD>?>7<G5E><E <EE?54>6Lr<= >?D545?5=4 ?>ENO==iF ?>?D46>4 >

D4EEF>O=<N <7<5DO5<><G 75>457<G5E><< ?D<5>D>< (>>=EF4=F4 ?D<5>D4), F> MF4 ?>?D46>4 <>65F

5OFL 66545=4 6 D57G?LF4FO <7<5D5=<= E <E?>JIL7>64=<5< D>D<G?:

D %! +Y,z + �| ;
(l2.7)

= (12.5)

E!",,_Xi+c'*,rr",=Yr*E *, "- =Hi*c,}, ttz,Bl

745 %- >?D545?5==4JI <7 <5FD>?>7<G5E><E <EE?54>64=<= ?>EmO==< ?>?D46>4 > D4EEF>?r<N,

<7<5DO5<><G 75>457<G5E><< ?D<5>D>< (>>=EF4=F4 ?D<5>D4),

12.� �5D45>F>4 D57G?LF4F>6 <7<5D5=<= ?D< >?D54=I5=?< 6OE>FO F>G5>

75>457?G5E>>= E5F< ? ?<74 ?D?5<>-D4744F>G=>7> ?4FDG5>4

12.�.1 �OE>ry F>G>< 75>457<G5E>>= E5F< �|! 
"D" 

6O?>?=5=<< <7<5D5=<= c=apy)Icr

D575D6G4D4, 6LFI<E?ONF ?> D>D<G?4<:

= F9 = � u - h! - l'i - 5%����<5D5=<O 6LL>JLOJI= Tzrxeo<eFo<, GEF4=>OI5==O< =4�

F>.F>>= 75>457<G5E>>= E5F<, 6OE>ry >>F>D>= >?D545JIONF;

�{: = � u 
_ hf + h[" - <7<5D5=<O 6LL>?�rI?< T.lxeo<eTpo<, GEF:l=>6?56Il/� �

?D><76>?L=>= F>G>5, (12,9)

7rc � 5 - 547>64O 6OE>F4 D575D6G4D4;

=f - ?D""ur,o"=<5 <5r(4/ 7>D<7>=F<L=>= >ELN F4E5><5FD4 < F>.r>>= <7<5D5=<O 547>6>=

6OE>FO (74<5D=>= ??4=>>=), 6L7I<E?5?�>5 6 E>>F65FEF6<< E 72,1,3; 
15
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l! - <7<5D5="< DG?5F>>= 6OE>F4 F4E5><5FD4 (6OE>F4 57> 7>D<7>=F4?L=>= >E<) =44 F>G>>=

75>457<G5E>>= E5F<;

=f% - ?D"""r1a5=<5 <564G 7>D<7>=F{r?L=>= >ELN F4E5><5FD4 < F>G>>= 75>457<G5E>>= E5F<,

6OE>FG >>F>D>= >?D545?ONF, 6LF.I<E?5==>5 6 E>>F65FEF6<< E 12.1.�.

12.3.2 �OE>ry F>G5> 75>457<'5E>>= E5F� �{% ?D< 6LI?>?=5=<< <7<5D5=<= <7=GFD<

D575D6G4D4, 6LItI<E?ONF ?> D>D<G?5:

={| =?{'-?,, (12.10)

745 h?- ?D56OL5=<5 <564G F>G>>= >4E4=<O 4=<M4 7DG7>< DG?5F>< < 7>D<7>=F4JIL=>= >ELN

F4E5><5FD4.

12.3.3 �OE>ry =<74 ?D<5<>-D4744F>G=>7> ?4FDG5>4 - 6OE>FG ><5DF6>=> ?>?>EFrl � 
">

?D< 6O?>?=5=<< <7<5D5=<= E=4DG6< D575D6G4D4, 6L7I<EJlONF ?> D>D<G?5 (5E?< <7<5D5=<O

6O?>?=OJl< =4 65DEG ?D<5<>-D4744F>G=>7> ?4FDG5>4):

�<?=�G-h! +h'o+6o-do. (12.1l)

r45 h"17 - ?D56OL5=<5 <564G ND<7>IIF-">>� >""a F4E5><5FD4 < 65DE>< ?D<5<>-Dar744NG=>N

?47DG5>4;

57 - F>?M<=4 EF5�>< ?D<5<>-D4744NLl>N ?4FDG5>4;

do - 6=5L=<= 4<4<5FD ?D<5<>-D4744NG=>N ?4FDG5>4,

�D<<5G4=<5 - �E?< ?D<5<>-D4744F>G=L= ?4FDG5>> 747=GF 6=<7 <7=GFD<, F> >?D545JIOFL

6OE>FG (<5DF6�=> ?>?>EF< <>6=> F>?L>> <7IrGFD<, ?<5> <E?>?L7>64FN D57G?LFt?O >?D545?5=<O

<7=GFD< < E=4DG6<, 6LL>?=5F=O5 F>744, >>744 6=GFDL D575D6G4D4 5O? 4>Ery?,

12.3.4 �OE>ry =<74 ?D<5<>-D4744F>G=>N ?4FDG5>4 - �OE>ry <<5DF6>=> ?>?>EF? � trno

?D< 6O?>JI=5=<< <7<5D5=<= <7=GF< D575D6G4D4 F4E5><5FD><> 6LFI<EJUINF ?> D>D<G?5:

� <? = h, + hir, 02,12)

745 h'|1 - ?D56OL5=<5 <564G 7>D<7>=F4?L=>= >ELN F4E5><5FD4 < =<7>< ?D<5<>-D4744F>IL>7>

?4FDG5>4, <7<5D5==>5 <7=GFD< D575D6G4D4. _

12.3.5 �OE>F4 =5>>�FD>?<DG5<>7> >EF4F>4 ?D<D46=<645FEO =>?N, 5E?< 6 F5E=<G5E>><

4>>G<5=F4F<< =5 7444=> 55 4DG?)5 7=4G5?<5.

?D545?L=GN (<4>E<<4?L=GN) 6OE>ry =4?>?=5=<O ?D<D46=<64NF 6OE>F5 65DE4 65DE=57>

?>OE4 D575D6G4D4 < 6OG<E?ONF ?> D>D<G?4< (12.13) <?< (l2.14), 5E?< 6 F5E=<G5E>>= 4>rEG<5=F4F<<

=5 7444=> 55 4DG7>5 7=4G5=<5.

12.7.6 �OG<E?5=<O 6 E>>F65FEF6<< E 12.3.1 - 12.7,6 6O?>?�ONF 6 ?D>F>>>?5, D>D<4

>>F>D>�>?D<�545=46?D<?>65=<<�$.2.4).�O.4.rE?5=<O4>?'E>45FEO�,L>?=OFL?D>7DilI\,f<�O<
>55E?5G5=<5< F4E5><5FD4 =5?>ED54EF65==> 6 ?D>F5EE5 <7<5D5=<=,

12.3.7�7<5D5=<O�?O6O?>?=5�<O6LFL?E?5=<=?>12.3.1-12.3.5,4>?'E>45FEO�LL>?=OFL
?> E>4=G ?D< ?><>M< ?D>7D4Id<=>7> >55E?5G5=<O D<D<O-?D><76>?<F5JIO E>4=5D4,

12.4 �5D45>F>4 D57G?LF4F>6 <7<5D5?<= ?D? >?D545?5=<? >>>D4?=4F F>G5>

75>457<G5E>>= E5F< <5F>4>< ?>?<7>?><5FD<<
12.4.1 �E?< 7>D<7>=F4?L=O5 >>>D4<=4FO F>G5> ?>JI<7>�><5FD<II5E>>7> E>44 >?D545JIOJ]<

?D>7DilI\,t<=O< >55E?5GN=<5< Fa65><5FD4 =5?>ED54EF65�=> 6 ?D>F5EE5 <7<5D5=<= 6 E>>F65FEF6<<

E 11.5.1 - 11.5.8, 6LF.l<E?ONF =56O7>< ?>?<7>=><5FD<G5E>>N E>44 G'E < <J >4> D47=>EFL

>>=FD>?L=OE < <EE>4=L? 7>D<7>=F<L=LrE >>>D4<=4F, cooTBeTcTBeItHo, ?5D6>= <?< >>=FD>?L=>=

F>G>< ?>?<7>=><5F)<G5E>>N E>44.
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|2,4.2 �E?< 7>D<7>=F4?L=O5 >>>D4<=:?O F>G5> ?>JI<N=><5FD<.I5E>>7> E>44 ?5
>?D545JIO?< ?D>7D4<<=O< >55E?5G5=<5< F4E5><5FD4, 4 6 ?4<OFL F4E5><5FD4 <?< 6 ?D>F>>>?
74?<EO64I< <7<5D5==O5 7=4G5=<O ND<7>=F4JIL=LD( < 65DF<>4JIL=LD( G7?>6 < D4EEF>O=<=, m
ND<7>=F4?L=O5 >>>D4<=4FO mG5> ?>?<N=><5F<G5E>>N E>44 6L7<EJIONF 6 E>>F65FEF6<< E
?D<?>65=<5< �.

12.4.3 �> 7=4G5=<O< =56O7>> yE = V G, ?>JIGG5=�O< 6 E>>F65FEF6<< E 12.4-1 ??< |2.4.2,

6OG<EJUlNF >F=>E<F5?L=GN < ý < >F=>E<F5?L=GN 61? 
" 

JI<=5==O5 =56O7>< ?>JI<N=><5FD<G5E>>7>

E>44 ?> D>D<G?4<:

\Ps 
= G +Y ; 5G,- Y?.N><,

D
(12.17)

745 $ = I S{,1rl_, - ?5D<<5FD ?>?<7>=><5FD<G5E>>7> E>44.

�=4G5=<5 >F=>E<F5?L=>= ?<=5==>= =56O7>< 4>?6=> ?564FL 6 4>IryE>45<LD( ?D545?4E
+0,02 '>. �E?< 7=4G5=<5 >F=>E<F5?L=>= ?<=5==>= =56O7>< 6L?lr?> <7 4>IryE>45<LD( ?D545?>6, N
<7<5D5=<O G7?>6 < 4?<= ?<=<= ?>?<7>=><5FD<G5E>>7> E>44 ?>6mDONF.

12.6 �5D45>F>4 D57G?LF4F>6 <7<5D5=<= ?D< >?D545?5=<< ED54=57> 6IIGFD5==57>

D44?GE4 F<?<=4D<G5E>>= G4EFF D575D6G4D4, D44<4?L=OE >FrE?>=5=<= 6=GFD5==5=

?>65DE=>EF? F<?<IFD<G5E>>= G4EF? D575D6G4D4, EF5?5?? =4>?>�4 < =4?D46?5??O =4>?>?4
>E<

l2.6.1 �5D45>F>4 D57G?LF4F>6 <7<5D5?<= ?D< >?D545?5=<< ED54=57> 6IIGFD5==57> D44<GE4
F<JI<=4D<G5E>>= G4EF< D575D6G4D4, D44<4?L=LIE >F>?>=5=<= 6=GFD5==5= ?>65DE=>EF<

F<JI<=4D<G5E>�= G4EF< D575D6G4D4, EF5?5=< =4>JI>=4 < =aLD46JI5�<O =4>JI>=4 >E< D575D6G4D4
6LL>?=ONF ?> D>D<G?4<, ?D<6545==O< 6 ?D<?>65=<< �.

12.6.2 �>?D46>4 6 ED54=<= D44}ryE F<?<=4D<G5E>>= G4EF< D575D6G4D4 74 EG5F ?<=5==>=
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75>457<G5E>>= E5F< < D575D6G4D4 6LL>?>ONF FO?L>> =4 >><?LNF5D5. $57G?LFttFO <7<5D5=<=, 7{L<-
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- 7D44G<D>6>G=GN F45?<GG ?> D>D<5, ?D<6545r?r>= 6 ?D<?>65=<r,r �;

- ME><7 D575D6G4D4 ?> D>D<5, ?D<6545==>= 6 ?D<?>65=rF< �;
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