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$4EE<>FD<< E?54GNM<= ?D<<5D: AB  (4?<=4 E?<=><)  =  44  E<, DC   (4?<=4 
?5D544) = 46 E<, BE + FD ( >5E64F 7DG4<) =  92 E<.

�>=EFDG<D>64=<5 6O>D>=>< =4 >E=>65 E=OFOE <5D>> 6E5744 =4G<=45FEO E ?<=<< 
E5D54<=O E?<=><: MF> 65DF<>4?L 4?<=>= 44 E<. �4F5< =4G5DF<F5 7>D<7>=F4?L=O5 
?<=<< 4  ?<=<N F4?<< < ?<=<N ??5G.

1. ,<D<=4 E?<=>< 
 BE (L<D<=4 ?>?>6<=O E?<=><)  D46=4  >>DG6=>EF< 7DG4<, 45?5==>= =4 4, <<=GE 
1 E<, F> 5EFL: (92 : 4) 3  1 = 23 3 1 = 22 E<.

2. ,<D<=4 ?5D544
 FD (L<D<=4 ?>?>6<=O ?5D544) D46=4  >>DG6=>EF< 7DG4<, 45?5==>= =4 4, ??NE 1 E<, 
F> 5EFL: (92 : 4) + 1 = 23 + 1 = 24 E<.

3. �OD57 7>D?>6<=O E?<=><
�?O F>7> GF>5O >D<64O 6OD574 7>D?>6<=O E?<=>< <454?L=> E>>F65FEF6>64?4 
>>DG6=>EF< L5<, D4745?<F5 >>DG6=>EFL 6OD574 7>D?>6<=O =4 16 <  ?>?GG<F5 
AG 4  7?G5<=G 6OD574 7>D?>6<=O. $4745?<F5 >>DG6=>EFL 7>D?>6<=O =4 6, GF>5O 
?>?GG<FL AH 4  L<D<=G 6OD574 7>D?>6<=O.

�D<<5D: >>DG6=>EFL L5< = 38 E<.
�?G5<=4 6OD574 7>D?>6<=O = AG = 38 : 16 = 2,38 E<.
,<D<=4 6OD574 7>D?>6<=O = �H = 38 : 6 = 6,3 E<.

�4 5<EE5>FD<E5, ?D>E>4OM5= G5D57 F>G>G �1, >F?>6<F5 1,5 E<. �4F5< E ?><>MLN 
?5>4?4 =4G5DF<F5 >D<6GN 6OD574 7>D?>6<=O.

4. �OD57 7>D?>6<=O ?5D544
$4EG5F L<D<=O 6OD574 7>D?>6<=O ?5D544 F4>>= 65, >4> 4?O 6OD574 7>D?>6<=O 
E?<=>< (KC = AH = >>DG6=>EFL 7>D?>6<=O, D4745?5==4O =4 6).
'F>5O ?>?GG<FL 7?G5<=G 6OD574 7>D?>6<=O ?5D544 (CJ), D4745?<F5 >>DG6=>EFL 
7>D?>6<=O =4 6, 4 74F5< 4>546LF5 2 E<.

�D<<5D: >>DG6=>EFL 7>D?>6<=O = 38 E<.
�?G5<=4 6OD574 7>D?>6<=O = CJ = (38 : 6) + 2 = 6,3 + 2 = 8,3 E<.

�4 5<EE5>FD<E5, ?D>E>4OM5= G5D57 F>G>G %1, >F?>6<F5 2,5  E<. �4F5< =4G5DF<F5 
>D<6GN 6OD574 7>D?>6<=O E ?><>MLN ?5>4?4.

5. �?5G>
�4 ?<=<< ??5G4 >F<5DLF5 E ?><>MLN FD4=E?>DF<D4 G7>? 18° E> EF>D>=O E?<=>< 
(HH1) < 26 ° 4  E> EF>D>=O ?5D544 (KU), 4 74F5< =4 ?>?GG5==OE ?<=<OE >F?>6<F5 
65?<G<=G L<D<=O ??5G4 (6 =4L5< ?D<<5D5 L<D<=4 ??5G4 = 14 E<).

6. �D>=<4
'F>5O >?D545?<FL 6OE>FG ?D>=<O BL, D4745?<F5 4?<=G E?<=>< ?>?>?4<, 4  74F5< 
4>546LF5 1 E<, F. 5. BL = (44 : 2) + 1 = 23 E<.
�D>654<F5 ?<=<N ?D>=<O LL1 =4 6OE>F5 23 E< =44 ?<=<5= F4?<<, GF>5O ?>?GG<FL 
>4D>4E E?<=>< < ?5D544.
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�5 E?54G5F ?GF4FL ?<=<N ?D>=<O E ?<=<5= >5E64F4 7DG4<! �5OG=> 
F>G>4 6OE>FO 7DG4=>= >?5F>< D4E?>?>65=4 =<65 ?<=<< ?D>=<O. �D< 
?>EFD>5=<< 6O>D>5> 4?O 5>?LL<E D47<5D>6 <?< >G5=L 6O?G>?>= 
7DG4< MF4 D47=<F4 >E>55==> 74<5F=4

7. �<=<O =44 7DG4LN
�G6=4 5M5 >4=4 >?>D=4O F>G>4 4?O F>7>, GF>5O =4G5DF<FL >D<6GN ?<=<N ?D>=<O: 
6OE>F4 ?<=<< =44 7DG4LN.
�OE>F4 ?<=<< =44 7DG4LN = LM = {(4?<=4 E?<=>< <<=GE  6OE>F4 ?<=<< 
?D>=<O <<=GE  7?G5<=4 ?D>=<O E?<=><), 45?5==4O 3} ??NE 1 E<, 
?<5> {(A� 3 BL 3 AG) : 3} + 1 E<, ?<5> {(44 3 23 3 2,38) : 3} + 1 = 7,2 E<.
�4G5DF<F5 ?<=<N =44 7DG4LN =4 7,2 E< 6OL5 ?<=<< ?D>=<O.

�4 5<EE5>FD<E4E, ?D>E>4OM<E G5D57 F>G>< B1 < B2, >F?>6<F5 E> EF>D>=O E?<=>< 3 E<, 
4 E> EF>D>=O ?5D544 4  2,3 E<. �4F5< E ?><>MLN ?5>4?4 =4G5DF<F5 ?<=<N ?D>=<O.

�5D4F<F5 6=<<4=<5: ?>E>>?L>G <O EFD><< 6O>D>=>G E> E7<5>< (?>?>6<=4 E?<=>< 
< ?>?>6<=4 ?5D544), <E?>?L7GNFEO F>?L>> ?>?>6<==O5 <5D>< >>DG6=>EF5=.

�D<<5D: L<D<=4 E?<=O = 36 E<. 
�>?>6<=4 ?<=<< =44 7DG4LN ?> E?<=>5 = MN1 = 36 : 2 = 18 E<.
,<D<=4 ?5D544 = 34 E<, ?>?>6<=4 ?<=<< =44 7DG4LN ?> ?5D54G = N2M1 = 34 : 2 = 17 E<.

8. �47>64O =47DG4=4O 6OF4G>4
'F>5O =4G5DF<FL =47DG4=GN 6OF4G>G, =5>5E>4<<> >F?>6<FL =4 6O>D>=>5 ?>?>-
6<=O ?5D544 E?54GNM<5 <5D><: 6OE>FG 7DG4< < ?>?>6<=G <567DG4=>7> D4EEF>O-
=<O.

�D<<5D: 6OE>F4 7DG4< = ON = 27 E<. 
�>?>6<=4 <567DG4=>7> D4EEF>O=<O = NP = 19 : 2 = 9,5 E<.

�4F5< =4D<EG=F5 ?5D6O= ?GG =47DG4=>= 6OF4G>< RN, =4G<=4O >F E5D54<=O ??5G4 
(R) 4> 6OEFG?4 7DG4< (N). �4G5DF<F5 6F>D>= ?GG 6OF4G>< SN =4 D4EEF>O=<< D4E-
F6>D4 6OF4G>< SR. �=4G5=<5 D4EF6>D4 6OF4G>< = 1720 >>DG6=>EF< 7DG4<.

�D<<5D: >>DG6=>EFL 7DG4< = 92 E<, D4EF6>D 6OF4G>< = 92 : 20 = 4,6 E<.

�?<=4 6F>D>7> ?GG4 6OF4G>< 4>?6=4 5OFL F4>4O 65, >4> < 4?<=4 ?5D6>7>: RN = SN.

�?O F>7> GF>5O 6OD>6=OFL ?<=<N ??5G4 (?>E?5 F>7> >4> 6O 74>D>5F5 6OF4G>G), 
6F>DGN G4EFL ?<=<< ??5G4 (S&) E?54G5F ?D>65EF< ?>4 G7?>< 72 ° >> 6F>D><G ?GGG 
6OF4G>< SN.

�4F5< 6>EEF4=>6<F5 4?<=G >FD57>4 ?<=<< =44 7DG4LN, 4>546<6 E> EF>D>=O ?D>=<O 
65?<G<=G D4EF6>D4 6OF4G>< =4 MF>= ?<=<<.

9. �OF4G>< =4 F4?<<
$47=<F4 <564G >>DG6=>EFLN 7DG4< < >>DG6=>EFLN F4?<< 4  MF> 65?<G<=4, >>F>-
DGN =5>5E>4<<> G5D4FL E ?><>MLN 6OF4G5>. -FG 65?<G<=G E?54G5F D4E?D545?<FL 
<564G 7 547>6O<< 6OF4G>4<<:
ï 2 6OF4G>< =4 ?5D545, D4E?>?>65==O5 =4 65DF<>4?L=OE ?<=<OE, >?D545?O5<OE 
65?<G<=>= <567DG4=>7> D4EEF>O=<O. �5OG=> <E D4EF6>D =5 ?D56OL45F 3 E<;
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-F>F <5F>4 ?>76>?O5F ?D>EF> < E 5>?LL>= F>G=>EFLN ?>?GG<FL =4456=GN 
D45>GGN >E=>6G, =4 >>F>D>= ?>E?5 ?D5>5D47>64=<= <  444?F4F<< =4 
5475 D54?L=OE <5D>> ?57>> ?>EFD><FL 6O>D>=>G (=4 74>47) 4?O >?<5=F4  
?N5>7> F5?>E?>65=<O

$47?<G=O5 64D<4=FO D4E?D545?5=<O D4EF6>D>6 6OF4G5> 746<EOF >F 
F5?>E?>65=<O G5?>65>4, 4?O >>F>D>7> LL5FEO >45644. �E?< D47=<F4 
<564G >>DG6=>EFLN 7DG4< < >>DG6=>EFLN F4?<< >G5=L 5>?LL4O, F> 55 
<>6=> G5D4FL, E45?46 4>?>?=<F5?L=O5 6OF4G><

�D<<5D D4EG5F4 6OF4G5> ?D< >>DG6=>EF< 7DG4< = 92  E< <  >>DG6=>EF< F4?<< = 
68 E<:
>>DG6=>EFL 7DG4< 4  >>DG6=>EFL F4?<< = 92 3 68 = 24 E<;
24 : 2 = 12 4  65?<G<=4, >>F>DGN =G6=> G5D4FL =4 ?>?>6<=5 6O>D>=><;
12 3 1 (½ D4EF6>D4 6OF4G>< =4 E5D54<=5 E?<=><) = 11 E<;
11  :  4  3  2,75  E<  4  ED54=55 7=4G5=<5 >464>= 6OF4G><. �>6=> G5D4FL ?> 2,5  E< 
6 >464>= 6OF4G>5 =4 E?<=>5 < ?5D545 < 3 E< (½ D4EF6>D4) 6 5>>>6OE 6OF4G>4E.
�D>65D>4: 1  E< (½ D4EF6>D4 6OF4G>< =4 E5D54<=5 E?<=><) + 2,5  E< (D4EF6>D 
6OF4G>< =4 E?<=>5) + 2,5 E< (D4EF6>D 6OF4G>< =4 ?5D545) + 2 ô 3 E< (½ 5>>>6>= 
6OF4G><) 4  12 E<, F> 5EFL 65?<G<=4, >>F>DGN E?54G5F G5D4FL.

�OE>F4 6OF4G5> =4 E?<=>5 >5OG=> =5 <5=O5FEO. �OF4G>< =4 ?5D545 <>6=> 4>6>-
4<FL 4> 6OE>FO 2 E< =<65 65DE=5= F>G>< 7DG4<.

10. �?5G564O 6OF4G>4 =4 E?<=>5
�?5G56O5 6OF4G>< =4 E?<=>5 D4E?>?474NFEO ?>E5D54<=5 ??5G4 ?>4 G7?>< 90 ° 
> ?<=<< ??5G56>7> L64 (D<E. 1).

$4EF6>D 6OF4G>< = ±  1 E<, 4?<=4 6OF4G>< = ±  7 E<.

%?54G5F >F<5F<FL, GF> MF4 6OF4G>4 =4 E?<=>5 D54>> 45?45FEO =4 <745?<OE =55>?L-
L<E D47<5D>6; E 4DG7>= EF>D>=O, >=4 E>65DL5==> =5>5E>4<<4 4?O 5>?LL<E D47-
<5D>6 <7-74 6OEFG?4 6 65DE=5= G4EF< ?<D4. �D< <E?>?L7>64=<< FO65?OE F>4=5= 
(=4?D<<5D, ?D< ?>L<65 ?<464>>6 <?< ?4?LF>) >=4 ?>76>?O5F G5<D4FL ?<L=<= 
>5N5< F>4=<, =5E<>FDO =4 =<7>GN ??4EF<G=>EFL <4F5D<4?4. �D< D45>F5 E <O7><<<, 
?57><<< <?< M?4EF<G=O<< <4F5D<4?4<< MFG 6OF4G>G 45?4FL =5 EF><F.

�4 MF>< ?>EFD>5=<5 547>6>= 6O>D>=>< ?<D4 74>>=G5=>.

�E?< E45?4FL D4EF6>D 6OF4G5> E?<L>>< 5>?LL<<, MF> <>65F ?D<65EF< > 45D>D-
<4F<< <745?<O

ï 2 6OF4G>< =4 E?<=>5 (>EL >464>= 6OF4G>< ?D>E>4<F =4 D4EEF>O=<< 1/4 L<D<=O 
E?<=><); <E D4EF6>D >5OG=> =5 ?D56OL45F 3 E<;
ï 2 5>>>6O5 6OF4G><; ?>?>6<=4 D4EF6>D4 MF>= 6OF4G>< =5 ?D56OL45F 4 E<;
ï 1 6OF4G>4 =4 E5D54<=5 E?<=><. �>?>6<=4 D4EF6>D4 6OF4G>< >5OG=> D46=4 132 E<.
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�DO<4O 6OF4G>4
�4<5>?55 G4EF> 6EFD5G45FEO ?DO<4O 
6OF4G>4. �5 D4EF6>D D46=><5D=> D4E-
?D545?5= ?> >55 EF>D>=O >F 65DF<>4?L-
=>= >E<. �5?<G<=4, >>F>DGN E?54G5F 
G5D4FL 6  6OF4G>G, 45?<FEO ?>?>?4<, 
<  ?>?GG5==>5 7=4G5=<5 >F>?44O645FEO 
E  >55<E EF>D>= >F F5=FD4?L=>= >E< 
6OF4G><.

�>D<7>=F4?L=4O 6OF4G>4
�>D<7>=F4?L=4O 6OF4G>4 >5OG=> D4E-
?>?4745FEO 6  5>>G ?<D4. �5 D4EF6>D 
D46=><5D=> D4E?D545?5= ?> >55 EF>-
D>=O >F 7>D<7>=F4?L=>= >E<.

�4>?>==4O 6OF4G>4
�4>?>==4O 6OF4G>4 D>D<<DG5FEO 
?GF5< D476>D>F4 55 F5=FD4?L=>= >E<. 
'4M5 6E57> >=4 45?45FEO 6  5>>G ?<D4, 
4  55 D4EF6>D D46=><5D=> D4E?D545?O-
5FEO ?> >55 EF>D>=O >F =4>?>==>= >E<.

$47?<G=O5 F<?O 6OF4G5>

�OF4G>4  4  MF> G4EFL F>4=<, G44?5==4O ?>ED54EF6>< L64, >=4 E?G6<F 4?O 
F>7>, GF>5O <745?<5 >4> <>6=> F>G=55 ?D<?574?> >  F5?G. �EL 6OF4G>< 
>5OG=> O6?O5FEO ?DO<>= ?<=<5=, E >55<E EF>D>= >>F>D>= G5<D45FEO >4<=4-
>>6>5 >>?<G5EF6> F>4=<. � 746<E<<>EF< >F EF<?O <745?<O <?< F<?4 <E?>?L-
7G5<>= F>4=<, GF>5O =4<5>?55 F>G=> ?>6F>D<FL >>=FGDO F5?4, 6OF4G>< 
<>6=> ?5D5=>E<FL < 6<4><7<5=OFL.

$4EF6>D 6OF4G>< 

�EL 6OF4G><

$<E. 1

�EL

$<E. 2

�EL

$<E. 3
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'5DF56 D>D<O, D4E?D545?5=<5 G4EF5= D4EF6>D4 <  D4E?>?>65=<5 MF>= 6OF4G>< 
746<EOF >F 6O5>D4 =4?D46?5=<O D4E>D>O, 4 F4>65 >F 6<44 F>4=<.

�4 D<E. 5 < 6 ?D54EF46?5=O D47=O5 64D<4=FO D4E?>?>65=<O ?DO<>= 6OF4G><.

�E?< 65EL D4EF6>D 6OF4G>< D4E?>?>65= E >4=>= EF>D>=O >F 55 
F5=FD4?L=>= >E<, 57> 65?<G<=4 =5 4>?6=4 ?D56OL4FL 2 E<, GF>5O 
=5 6>7=<>4?> ?D>5?5< ?D< E5>D>5 <745?<O, ?>E>>?L>G 4?<=4 ?GG5= 
F4>>= 6OF4G>< <>65F E<?L=> D47=<FLEO! �E?< D47=<F4 4?<= ?GG5= =5 
?D56OL45F 1 E<, 55 <>6=> E>><?5=E<D>64FL

2 E<

�EL 6OF4G><

$<E. 4

�DO<4O 6OF4G>4, D4EF6>D >>F>D>= 
D46=><5D=> D4E?D545?5= E >55<E 

EF>D>= >F F5=FD4?L=>= >E<

$<E. 5

�DO<4O 6OF4G>4, D4EF6>D >>F>D>= 
?>?=>EFLN ?5D5=5E5= =4 >4=G EF>D>=G 

>F F5=FD4?L=>= >E< 6OF4G><

$<E. 6

�DO<4O 6OF4G>4, 5>?LL4O G4EFL D4EF6>D4 
>>F>D>= G5<D45FEO E >4=>= EF>D>=O >F >E<

' MF>= 6OF4G>< >D4==5 >7D4=<G5==4O >5?4EFL 
?D<<5=5=<O, G4M5 6E57> >=4 <E?>?L7G5FEO ?D< 
L<FL5 ?D<?574NM<E >>DE465= <  >>DE5F>6, 
L6O >>F>DOE GE<?5=O 74 EG5F 6EF46?5==OE 
>>EF>G5> (7<5><E EF5D6=5=, E?G64M<E 4?O 
G>D5??5=<O <745?<O), <?< 6 <745?<OE <7 ?>?>-
E4F>= F>4=<.
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�D<<5D ?D<<5=5=<O ?DO<>= 6OF4G>< E D4E?D545?5=<5< 
D4EF6>D4 ?> >4=G EF>D>=G >F >E< 

'F>5O ?>?GG<FL 6O>D>=>G ?<D4, ??>F=> ?D<?574NM57> 
> 7DG4< (E<. D<EG=>>), =5>5E>4<<> <E?>?L7>64FL ?DO<GN 

6OF4G>G E D4EF6>D><, ?5D5=5E5==O< =4 >4=G EF>D>=G >F 
F5=FD4?L=>= >E< 6OF4G><.

%=4G4?4 =4G5DF<F5 547>6GN 6O>D>=>G ?<D4 ?> E=OFO< 
<5D>4<, 4 74F5< =4=5E<F5 >E< 6OF4G5> < ?<=<< ?>4D574 
(D<E. 1).

�5>5E>4<<> 6<4><7<5=<FL 6OF4G>< =4 F4?<<, GF>5O 
>=< E>>F65FEF6>64?< D>D<5 6OEFG?4 7DG4< (D<E. 2).

$<E. 1 $<E. 2

�47DG4=4O 
6OF4G>4

�<=<O 
=44 7DG4LN 

�<=<O 
?D>=<O �<=<O 7DG4<

�DO<4O 6OF4G>4 
=4 F4?<< <7<5=5=4 74 
EG5F F>7>, GF> 55 D4EF6>D 
?5D5=5E5= =4 >4=G EF>D>=G 
>F F5=FD4?L=>= >E< 
6OF4G><

�DO<4O 
6OF4G>4 
=4 F4?<< 

�<=<O 
D47D574
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�D<<5D ?D<<5=5=<O =4>?>==>= 6OF4G><, 
6>L54L5= 6 ?>4D57 

$4E?>?>65=<5 6OF4G>< 6 MF>= <>45?< 746<E<F >F D>D<O 
?>4D574 <  >5N54<=5==>7> D4EF6>D4 46GE 6OF4G5>: 

5>>>6>= < 6OF4G>< =4 F4?<<.

%=4G4?4 =4G5DF<F5 547>6GN 6O>D>=>G ?<D4 ?> E=O-
FO< <5D>4<, 4  74F5< =4G5DF<F5 465 6OF4G>< (5>>>-
6GN <  6OF4G>G =4 F4?<<), 4  F4>65 ?<=<< ?>4D574 
(D<E. 1).

�4>D>=F5 465 6OF4G><: ?D< MF>< E4<4 E>5>= >F>D>5FEO 
=>64O 6OF4G>4 6 ?<=<< ?>4D574 (D<E. 2).

$<E. 1

�>>>64O 6OF4G>4 

�<=<O ?>4D574

�OF4G>4 =4 F4?<<

�<=<O 6OD574 
45>>?LF5

�4>>=G5==4O 6O>D>=>4 
E <7<5=5==>= 6OF4G>>= 

$<E. 2

�>64O 6OF4G>4 
6 ?>4D575

%5D54<=4 
?5D544


