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&01;8FO 4.4. #>@V2=O==O G0AB:>28E 4V9 0:B>@V2 2 <560E :;0AB5@0 @568<V2 >1@>1;5==O 
?VA;O DLE

$" )"  )" �5:B>@ ?@V>@8B5BV2 :;0AB5@0 (0.500; 0.500). 
�5:B>@ ?@V>@8B5BV2 :;0AB5@0 7 C@0EC20==O< 203><>ABV 
:;0AB5@0 (0.032; 0.032).  0B@8FO 22060TBLAO 
C73>465=>N 7024O:8 @>7<V@=>ABV 2E2.
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&01;8FO 4.5. #>@V2=O==O G0AB:>28E 4V9 0:B>@V2 2 <560E :;0AB5@0 @568<V2 ?>?5@54=L>3> 
>1@>1;5==O PVD

$& �& && �& �5:B>@ ?@V>@8B5BV2 :;0AB5@0 (0.745; 0.186; 0.069). 
�5:B>@ ?@V>@8B5BV2 :;0AB5@0 7 C@0EC20==O< 203><>ABV 
:;0AB5@0 (0.148; 0.037; 0.014).
�;0A=5 7=0G5==O <0B@8FV »max= 3,104, V=45:A 
C73>465=>ABV �'=0,052, 2V4=>H5==O C73>465=>ABV 
�'=0,090.
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!09203><VI8< ?V4D0:B>@>< :;0AB5@0 T 284 V>==> ?;07<>2>3> B@02;5==O.
&01;8FO 4.6. #>@V2=O==O G0AB:>28E 4V9 0:B>@V2 2 <560E :;0AB5@0 @568<V2 =0=5A5==O �# 

$! &# �% % &( �5:B>@ ?@V>@8B5BV2 :;0AB5@0 (0.516; 0.155; 

�5:B>@ ?@V>@8B5BV2 :;0AB5@0 7 C@0EC20==O< 
203><>ABV :;0AB5@0 (0.041; 0.012; 0.006; 

�;0A=5 7=0G5==O <0B@8FV »max= 4,183, 
V=45:A C73>465=>ABV �'=0,061, 2V4=>H5==O 
C73>465=>ABV �'=0,068.
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4.2. �>A;V465==O O:>ABV 3@02VN20==O 7@07:V2 D>@< V=B03;V>4@C:C. 
"A:V;L:8, O: 79OA>20=> 28I5, B5E=>;>3VG=V ?0@0<5B@8 DLE B0 

?@>5:B>20=V ?0@0<5B@8 D>@< T 203><8<8 70A>10<8 70157?5G5==O O:>ABV D>@<, 

B> 4>A;V465==O 1C;> ?@>2545=> =0<8 704;O 287=0G5==O 270T<>729O7:C 
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287=0G5==O =0 FV9 >A=>2V =0?@O<:V2 FV;5A?@O<>20=>3> D>@<C20==O O:>ABV �, 

4;O ?V428I5==O O:>ABV �(�. 

4.2.1. �>A;V465==O 2V4?>2V4=>ABV ?@>DV;N 3@02V9>20=8E HB@8EV2 
D>@<8 70?@>5:B>20=8<. 

�>A;V465=>  ( 2 (157 70E8A=>3> ?>:@8BBO, ?V4@>74.

�AB0=>2;5=>, I> 2AV �, FVTW  ( <0NBL ACBBT2V 2V4E8;5==O 2V4 7040=>3>  

35><5B@8G=>3> ?@>DV;O V 70728G09 T =5A8<5B@8G=8<8 (B01;. 4.7). #@8:;048 

<V:@>H;VDV2 D0:B8G=> >B@8<0=8E ?@>DV;V2 �, =02545=> C B01;. 4.8.

!572060NG8 =0 ACBBT2V 2V4<V==>ABV ?@>DV;O, I> 1C2 >B@8<0=89 

3@02VN20==O<, V 70?@>5:B>20=>3>, 7 ?>3;O4C <>6;82>W B0:B8;L=>ABV 2V418B:V2 

(=09ACBBT2VH>3> ?0@0<5B@C ��) ?5@5206=0 1V;LHVABL @568<V2 283>B>2;5==O V 

?@>DV;V2 70157?5GCT  4>AB0B=L> 28A>:C 2V4?>2V4=VABL D0:B8G=>W H8@8=8 �, 

3130%) 70?@>5:B>20=><C (@8A. 4.2) (0:B8G=0 3;818=0 HB@8E0 

7<V=NTBLAO ACBBT2VH5 3 2V4 60 % 2V4 70?@>5:B>20=>3> 4> <0965 200% (@8A. 4.3)

!530B82=8< D0:B>@>< T B5, I> B0:0 3;818=0 ?>45:C48 4>AO30TBLAO G5@57 
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D>:CAC20==O ;075@=>3> 28?@><V=N20==O V CB2>@5==O ?>BC6=>3> B5?;>2>3> 

O4@0 CA5@548=V HB@8E0 ?V4 G0A 3@02VN20==O =0 ?5@5BO6FV :0CAB8:8 

28?@><V=N20==O [157]. � >:@5<8E 28?04:0E FV :@0?;5?>4V1=V 28ABC?8 

2V4>:@5<;5=V 2V4 4=0 HB@8E0 H0@>< <5B0;C 20330 <:< (@8A. 4.4). &0:V 6 

28A=>2:8 I>4> 45D>@<C20==O D>@<8 HB@8EV2 G5@57 ?>@CH5==O D>:CAC20==O 

;075@=>3> ?@><5=N ?V4 G0A 3@02VN20==O ?V4B25@46CNBLAO V 40=8<8 4>A;V465=L 

<>@D>;>3VW ?>25@E=V �� FVTW  ( 70 4>?><>3>N 5;5:B@>==>W <V:@>A:>?VW (@8A. 

4.5), 45 284=>, I> ?> F5=B@0;L=V9 G0AB8=V HB@8E0 28=8:;8 703;81;5==O 

(=02545=> <>@D>;>3VN BV 6 HB@8EV2, I> 9 =0 @8A. 4.4).
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$8A 4.2. (0:B8G=0 H8@8=0 HB@8EV2  ( 2 ?>@V2=O=> V7 70?@>5:B>20=8< ?@>DV;5<

$8A 4.3. (0:B8G=0 3;818=0 HB@8EV2  ( 2 ?>@V2=O=> V7 70?@>5:B>20=8< ?@>DV;5<

� B01;. 4.8 284=>, I> 2AV HB@8E8, =570;56=> 2V4 70?@>5:B>20=>W D>@<8 

<0NBL B@8:CB=89 ?@>DV;L 70 7040=8E H8@8= HB@8EV2. �0 ?V4AC<:0<8 

>1@>1;5==O 7>1@065=L H;VDV2 7 28:>@8AB0==O< ?@>3@0<=8E 70A>1V2 4>40B:C 

(?V4@>74. 2.6.5) 1C;> 2AB0=>2;5=> D0:B8G=C ?;>IC ?5@5B8=C �, 

D>@<8 (@8A. 4.6) ?>@V2=O=> V7 70?@>5:B>20=>N, =02545=>N 2 B01; 2.5 ?V4@>74. 

2.4.2. +5@57 ACBBT25 2V4E8;5==O ?@>DV;N 2V4 70?@>5:B>20=>3> ?;>I0 ?5@5B8=C 

�, ?5@51C20T ?5@5206=> 2 <560E 4 3 % 2V4 70?@>5:B>20=>3>. !09:@0IV 

35><5B@8G=V ?0@0<5B@8 <0NBL �, =525;8:>3> @>7<V@C  (7 2 V 7 3, @8A. 4.6).

$4>F8G=4 H8D8=4 HFD8E4, % 

$4>F8G=4 7?858=4 HFD8E4, %



4) 5) 6)

7) 4) 5)
$8A. 4.4. �5D>@<C20==O D>@<8 HB@8EV2 G5@57 ?>@CH5==O D>:CAC20==O ;075@=>3> ?@><5=N 
?V4 G0A 3@02VN20==O: 0 3 HB@8E 5 =30 <:<); 1 3 HB@8E 9 ( = 60 <:<); 2 3 HB@8E 11 

<:<); 3 3 HB@8E 24 ( =80 <:<); 4 3 HB@8E 28 ( =100 <:<); 5 3 HB@8E 30 (
<:<). &CB 3 70?@>5:B>20=0 3;818=0 HB@8E0 <:<



4) 5)

6) 7)

4) 5)
$8A. 4.5. �;5:B@>==> <V:@>A:>?VG=V 4>A;V465==O 71V;LH5==O 3;818=8 �� D>@<8 G5@57 

?>@CH5==O D>:CAC20==O ;075@=>3> ?@><5=N ?V4 G0A 3@02VN20==O: 0 3 HB@8E 5 ( =30 <:<); 
1 3 HB@8E 9 ( = 60 <:<); 2 3 HB@8E 11 ( <:<); 3 3 HB@8E 24 ( =80 <:<); 4 3 HB@8E 28 

=100 <:<); 5 3 HB@8E 30 ( =100 <:<). &CB 3 70?@>5:B>20=0 3;818=0 HB@8E0 <:<

"B65, E>G0 D0:B8G=0 H8@8=0 HB@8EV2 V WE 3;818=0 2 A5@54=L><C T 

1;87L:8<8 4> 70?@>5:B>20=8E, ?;>I0 ?5@5B8=C HB@8EV2, O:0 287=0G0T WE 

D0@1>T<=VABL, 2V4@V7=OTBLAO 2V4 70?@>5:B>20=8E ACBBT2VH5 (@8A. 4.6).

�0@VN20==O ?>BC6=>ABV 28?@><V=N20==O ?V4 G0A 3@02VN20==O 2?;820T 

ACBBT2> =0 O:VABL 2V4B2>@5==O 70?@>5:B>20=8E 35><5B@8G=8E ?0@0<5B@V2 



HB@8EV2: 7=865==O ?>BC6=>ABV 28?@><V=N20==O ;075@=>3> CAB0B:C20==O 

4>72>;OT 70157?5G8B8 :@0IC O:VABL 2V4B2>@5==O 35><5B@8G=8E ?0@0<5B@V2 

HB@8E0 (@8A. 4.7). &0:>6 2?;82 <0T 70?@>5:B>20=0 D>@<0: B@0?5FVT?>4V1=0 

D>@<0 4>72>;OT >B@8<0B8 1V;LHC 2V4?>2V4=VABL 35><5B@8G=8E ?0@0<5B@V2 

HB@8EV2, B>4V O: 70 D0@1>T<=VABN (?;>I5N ?5@5B8=C HB@8E0) ?@>5:B>20=V 

?@>DV;V <0965 =5 <0NBL 2V4<V==>AB59 (@8A. 4.8).

$8A 4.6. (0:B8G=0 ?;>I0 ?5@5B8=C HB@8EV2  ( 2 ?>@V2=O=> V7 70?@>5:B>20=8< 
?@>DV;5<

4.2.2. �>A;V465==O O:>ABV ?>25@E=V 3@02V9>20=8E HB@8EV2 D>@<8 
?VA;O 

�V4?>2V4=> 4> @>7@>1;5=8E ?@8=F8?V2 10;L=>3> >FV=N20==O =0 >A=>2V 

?>@V2=O==O 7V 7@07:>< 70 5 10;L=>N H:0;>N: (?V4@>74. 2.6.6, B01;. 2.7), 

?@>2545=> >FV=N20==O O:>ABV ?>25@E=V �,

$57C;LB0B8 9>3> ?>:070;8 (@8A. 4.9), I> ABC?V=L ?>H:>465==O ABV=>: �, 

ACBBT2> 70;568BL 2V4 ?>BC6=>ABV >1@>1:8: 7=865==O ?>BC6=>ABV 

28?@><V=N20==O ;075@=>3> CAB0B:C20==O 4>72>;OT O: 70157?5G8B8 :@0IC 

O:VABL 2V4B2>@5==O 35><5B@8G=8E ?0@0<5B@V2 �, (@8A. 4.6), B0: V 70157?5G8B8 

$4>F8G=4 ??>I4 ?5D5F8=G, %



:@0IC O:VABL ?>25@E=V HB@8E0 (@8A. 4.9). "AB0==T T >A>1;82> 206;828< 

D0:B>@>< 70157?5G5==O =0;56=>3> @V2=O 04357VW �# 4> ;0BC==>W >A=>28. 

$8A 4.7. �5><5B@8G=V ?0@0<5B@8 HB@8EV2  ( 2 70;56=> 2V4 ?>BC6=>ABV 
28?@><V=N20==O

$8A 4.8. �5><5B@8G=V ?0@0<5B@8 HB@8EV2  ( 2 70;56=> 2V4 70?@>5:B>20=>W D>@<8 
HB@8E0

(8D8=4,% �?858=4, % �?>I4, %

/:VABL 3@02VN20==O 70;56=> 2V4 ?>BC6=>ABV ;075@=>3> 
28?@><V=N20==O

�DO<>>GF=89

&D4?5FVO, 60°

&D4?5FVO,  75°

�5><5B@8G=V ?0@0<5B@8 HB@8EV2 @V7=>W D>@<8

�?>I4, % �?858=4, % (8D8=4,%



$8A 4.9. %BC?V=L ?>H:>465==O HB@8EV2 <>45;L=>W D>@<8 2 10;0E

$8A 4.10. %BC?V=L ?>H:>465==O HB@8EV2 <>45;L=>W D>@<8 2 10;0E 70;56=> 2V4 
?>BC6=>ABV 28?@><V=N20==O

� ?>3;O4C O:>ABV ?>25@E=V HB@8EV2  :@0IV ?0@0<5B@8 <0NBL ?@O<>:CB=V 

?@>DV;V (@8A. 4.11). &0:V 28A=>2:8 I>4> AB0=C ?>25@E=V HB@8EV2 

?V4B25@46CNBLAO V 40=8<8 4>A;V465=L <>@D>;>3VW ?>25@E=V ?@>1V;L=8E B0 

4@C:0@AL:8E 5;5<5=BV2 <>45;L=>W D>@<8 70 4>?><>3>N 5;5:B@>==>W 

<V:@>A:>?VW ( @8A. 4.12, 4.13).

!FG?V=L ?>H>>465==O ?>65DE=V HFD8E4, 54?8

�>H>>465==O, 54?8



&0:V @57C;LB0B8 A2V4G0BL ?@> =5>1EV4=VABL C2545==O ?>?@02>G=8E 

:>5DVFVT=BV2 C @>1>G><C ?>B>FV 

$8A 4.11. %BC?V=L ?>H:>465==O HB@8EV2 <>45;L=>W D>@<8 2 10;0E 70;56=> 2V4 
70?@>5:B>20=>W D>@<8 HB@8E0

4) 5)

6) 7)
$8A. 4.12. $57C;LB0B8 5;5:B@>==> <V:@>A:>?VG=V 4>A;V465=L <>@D>;>3VW 4@C:C20;L=8E 

5;5<5=BV2 7 =093V@H>N O:VABN ABV=>: HB@8EV2: 0 3 HB@8E 1 (2,25 10;V2); 1 3 HB@8E 20 (
10;V2); 2 3 HB@8E 28 (2,38 10;V2); 3 3 HB@8E 30 (2,88 10;V2

�DO<>>GF=89

&D4?5FVO, 60°

&D4?5FVO,  75°

�>H>>465==O, 54?8



4.3. �>A;V465==O 0;LB5@=0B82=8E B5E=>;>3V9 70157?5G5==O O:>ABV 
D>@< V=B03;V>4@C:C ?>@V2=O;L=89 0=0;V7 O:>ABV 4@C:0@AL:8E 5;5<5=BV2, 
3@02V9>20=8E V7 70AB>AC20==O< >1;04=0==O Jura DLE B0 Piranha ¿ Pico 

(<>45;L=0 D>@<0 3).
�;LB5@=0B82=V 20@V0=B8 &# 283>B>2;5==O �(� 7 C@0EC20==O< 4V9 0:B>@V2 

3 D0:B>@V2 2?;82C =0 4>AO3=5==O 3;>10;L=>W <5B8 3 O:VA=>W D>@<8 

V=B03;V>4@C:C (B0:>W, I> 70157?5GCT >B@8<0==O <0:A8<0;L=>W :V;L:>ABV 

2V418B:V2 =0;56=>W O:>ABV (GVB:>ABV V B0:B8;L=>ABV)) 1C;> 287=0G5=> =0<8 7 

C@0EC20==O< 203><>ABV D0:B>@V2 70157?5G5==O O:>ABV (@8A. 4.1): 

:>@53C20==O @568<V2 DLE (?>BC6=VABL 28?@><V=N20==O, 284 

>1;04=0==O, I> 2V4@V7=OTBLAO B@820;VABN V<?C;LAV2 28?@><V=N20==O); 

:>@53C20==O ?0@0<5B@V2 HB@8EV2 (=570;56=8E 2V4 7040=8E 48709=>< 3

284 ?@>DV;N, A8<5B@8G=VABL ?@>DV;N, :CB =0E8;C ABV=>: HB@8E0, 3;818=0 (C 

287=0G5=8E <560E), A?V22V4=>H5==O 3;818=8 V H8@8=8); 

:>@53C20==O @568<V2 >1@>1;5==O ?VA;O DLE (EV<VG=>3> >G8I5==O, G8 

EV<VG=>3> V <5E0=VG=>3> >G8I5==O).

&0:>6 2@0E>20=> <>6;82>ABV =0O2=>3> >1;04=0==O 4;O 4>A;V465=L 

(0;LB5@=0B82=V ;075@=V A8AB5<8 3@02VN20==O). �>@53C20==O @568<V2 

?>?5@54=L>3> >1@>1;5==O PVD (B@820;VABL, V=B5=A82=VABL B0 284 V>==>

?;07<>2>3> B@02;5==O ;0BC==>W ?;0AB8=8 C :0<5@V 20:CC<=>3> =0?8;5==O 

?5@54 =0=5A5==O< 70E8A=>3> ?>:@8BBO) B0  :>@53C20==O @568<V2 PVD (B>2I8=0 

70E8A=>3> ?>:@8BBO (G0A =0?8;5==O), 2V4A>B:>289 A:;04 307>2>W AC<VHV Ar3

2 :0<5@V =0?8;5==O, A:;04 (;53C20==O) E@><>2>W <VH5=V, B5<?5@0BC@0 

?V4:;04:8 (D>@<8) ?V4 G0A PVD) 20@B> 1C45 4>A;V48B8 2 ?>40;LH><C, >A:V;L:8 

=0O2=5 >1;04=0==O =5 =040T B0:>W <>6;82>ABV. 



4) 5)

6) 7)
$8A. 4.13. $57C;LB0B8 5;5:B@>==> <V:@>A:>?VG=V 4>A;V465=L <>@D>;>3VW 4@C:C20;L=8E 
5;5<5=BV2 7 =09:@0I>N O:VABN ABV=>: HB@8EV2: 0 3 HB@8E 4 ( 10;V2); 1 3 HB@8E 7 (

10;V2); 2 3 HB@8E 10 (0,38 10;V2); 3 3 HB@8E 15 (0,63 10;V2

4.3.1. �>A;V465==O D>@<8 HB@8EV2.
�;O  ( 2, @57C;LB0B8 4>A;V465=L O:>W =02545=> 2 ?V4@>74. 4.2, 1C;> 

70?@>5:B>20=> ?5@5206=> 4@V1=V (H8@8=>N 4> 100 <:<) HB@8E8. &><C 

?>40;LH5 4>A;V465==O H8@H8E (4> 300 <:<) HB@8EV2 4>72>;8;> 4>40B:>2> 

CB>G=8B8 >A>1;82>ABV WE D>@<>CB2>@5==O, 0 B0:>6 70;56=VABL 2V4 ?0@0<5B@V2 

;075@=>3> CAB0B:C20==O. !040;V 1C45<> ?>7=0G0B8 284 >1;04=0==O Jura DLE O: 

�1, Piranha ¼ Pico 3 �2.

�8O2;5=>, I> =094@V1=VHV HB@8E8 (H8@8=>N 4> 40 <:<, 3;818=>N 4> 

40 <:<) ?VA;O DLE, =570;56=> 2V4 B>3>, I> WE 70?@>5:B>20=> ?@O<>:CB=8<8, V 

=570;56=> 2V4 284C >1;04=0==O, 702648 <0NBL B@8:CB=89 ?@>DV;L (@8A. 4.14).



0) 1) 2) 3)

4) 5) 6) 7)

$8A. 4.14. #@8:;048 D0:B8G=> >B@8<0=8E ?@>DV;V2 3@02V9>20=8E ��: 0 3 3 HB@8E 13; 4 7 3
HB@8E 20; 0, 4 3 �1, 157 >G8I5==O; 1, 5 3 �2, 157 >G8I5==O; 2, 6 3 �1, 7 >G8I5==O<; 3, 7 3

�2, 7 >G8I5==O<. ×400.
�0 C<>28 70AB>AC20==O �2 71V;LH5==O H8@8=8 V 3;818=8 4> 60 <:< 

4>72>;OT >B@8<0B8 HB@8E 73;0465=>W, C<>2=> B@0?5FVT?>4V1=>W D>@<8 V7 

70>:@C3;5=8< 4=>< (@8A. 4.15).

0) 1) 2) 3)

$8A. 4.15. #@8:;048 D0:B8G=> >B@8<0=8E ?@>DV;V2 3@02V9>20=8E ��, HB@8E 23: 0  3 �1, 157 
>G8I5==O; 1 3 �2, 157 >G8I5==O; 2 3 �1, 7 >G8I5==O<; 3 3 �2, 7 >G8I5==O<. ×400.



�8:>@8AB0==O �2  70 H8@8=8 100 <:< B0 3;818=8 803100 <:< 4>72>;OT 

B0:>6 >B@8<0B8 C<>2=> B@0?5FVT?>4V1=C D>@<C HB@8E0 V7 45I> 70>:@C3;5=8< 

4=>< (@8A. 4.16). 

0) 1) 2) 3)

4) 5) 6) 7)

$8A. 4.16. #@8:;048 D0:B8G=> >B@8<0=8E ?@>DV;V2 3@02V9>20=8E ��: 0 3 3 HB@8E 1; 4 7 3
HB@8E 12; 0, 4 3 �1, 157 >G8I5==O; 1, 5 3 �2, 157 >G8I5==O; 2, 6 3 �1, 7 >G8I5==O<; 3, 7 3

�2, 7 >G8I5==O<. ×400.
�1V;LH5==O 70?@>5:B>20=>W H8@8=8 HB@8E0 4> 140 <:< (HB@8E8 303

4>72>;ONBL >B@8<0B8 HB@8E8 B@0?5FVT?>4V1=>W D>@<8 7 28:>@8AB0==O< �2, 0 

C G0AB8=V HB@8EV2 3 V �1 (@8A. 4.17). !0 HB@8E0E =525;8:>W 3;818=8 (20 <:<, 

@8A. 4.17 2, 3) ?VA;O >G8I5==O =0 <56V �� #� ?@>O2;ONBLAO 7>=8 2V4?0;C, I> 

<>65 ?@8725AB8 4> 7=5<VF=5==O AB@C:BC@8. 

�;O HB@8EV2 3;818=>N 40 <:< (�1, @8A. 4.17 4, 6) B@0?5FVT?>4V1=0 

D>@<0 ?>G8=0T 2B@0G0B8AO, =0 2V4<V=C 2V4 �2 (@8A. 4.17 5, 7). �1V;LH5==O 

3;818=8 3@02VN20==O 4> 80 <:< ?@872>48BL 4> ?>2=>W 2B@0B8 

B@0?5FVT?>4V1=>3> ?@>DV;N HB@8E0 4;O �1 (@8A. 4.17 V, ;), 0;5 715@V30TBLAO 

B0:89 ?@>DV;L 4;O �2 ((@8A. 4.17 :, <).



0) 1) 2) 3)

4) 5) 6) 7)

V) :) ;) <)

$8A. 4.17. #@8:;048 D0:B8G=> >B@8<0=8E ?@>DV;V2 3@02V9>20=8E 4@C:C20;L=8E 5;5<5=BV2: 
0 3 3 HB@8E 30; 4 7 3 HB@8E 33; 0, 4 3 �1, 157 >G8I5==O; 1, 5 3 �2, 157 >G8I5==O; 2, 6 3 �1, 

7 >G8I5==O<; 3, 7 3 �2, 7 >G8I5==O<. ×200.

�;O HB@8EV2 H8@8=>N 300 <:< (@8A. 4.18) 4;O �2 28B@8<CTBLAO 

28A>:>O:VA=89 B@0?5FVT?>4V1=89 ?@>DV;L 4;O @V7=8E 3;818= 3@02VN20==O (@8A. 

4.18  1, 3, 5, 7), B>4V O: 4;O �1 ?@>DV;L T C<>2=> B@0?5FVT?>4V1=8< 7 ACBBT28<8 

=5@V2=>ABO<8 4=0 V ABV=>: (@8A. 4.18 0, 2, 4, 6).

�030;><, 4>A;V465==O D>@<8 �, 4>72>;OT 7@>18B8 28A=>2>:, I>, 

=572060NG8 =0 ?@>5:BC20==O D>@<8 HB@8EV2 ?@O<>:CB=>N, 6>45= 7 ?@>DV;V2 



=5 T ?@O<>:CB=8<. �87=0G5=V, 2V4?>2V4=> 4> @>7@>1;5=>W <5B>48:8, :CB8 

=0E8;C ABV=>: HB@8EV2 3 3 p (@8A. 4.19).  

0) 1) 2) 3)

4) 5) 6) 7)

$8A. 4.18. #@8:;048 D0:B8G=> >B@8<0=8E ?@>DV;V2 3@02V9>20=8E ��: 0 3 3 HB@8E 42; 4 7 3
HB@8E 44; 0, 4 3 �1, 157 >G8I5==O; 1, 5 3 �2, 157 >G8I5==O; 2, 6 3 �1, 7 >G8I5==O<; 3, 7 3

�2, 7 >G8I5==O<. ×100.

&0:>6 20@B> 70C2068B8, I> B@048FV9=> ?@>5:B>20=89 4;O 

B@0?5FVT?>4V1=8E ?@>DV;V2 («70?;5G8:8», @8A. 2.1 0) =5 1C;> 

28O2;5=> =0 6>4=><C HB@8E>2V =0 1C4L O:8E AB04VOE >1@>1;5==O.

&0:>6 =5<0T GVB:> 2AB0=>2;5=>W :>@5;OFVW <V6 :CB>< =0E8;C ABV=>: 

HB@8EV2 B0 ?>BC6=VABN ;075@=>3> 3@02VN20==O 4;O >1>E 4>A;V46C20=8E 

;075@=8E A8AB5< (@8A. 4.20). �10G0TBLAO ;8H5, I> �2 =0 A5@54=V9 ?>BC6=>ABV 

>1@>1;5==O 70157?5GCT 1V;LHC AB01V;L=VABL D>@<8. &0:8< G8=><, 20@B> 

?@>5:BC20B8 V 2@0E>2C20B8 ?V4 G0A ?@8;03>46C20==O, I> D0:B8G=89 ?@>DV;L  

HB@8EV2 T B@0?5FVT?>4V1=8< 7 :CB>< =0E8;C ABV=>: 533 p. &0:89 28A=>2>: 
<>6=0 7@>18B8 V =0 >A=>2V 0=0;V7C ?>?5@5G=>3> ?5@5B8=C HB@8EV2 <>45;L=>W 

D>@<8 1 V 2 (@>74V; 3 V ?V4@>74. 4.2).









3@02VN20==O 24,1 %, B> A8AB5<0 �2 3 9,8 %, B>1B> 2 2,5 @07C <5=H5. �;818=0 

3@02VN20==O �2 T AB01V;L=> 1V;LH>N, =V6 70?@>5:B>20=89 ?@>DV;L, =0 B>2I8=C 

�#. "B65, ?VA;O =0=5A5==O �# ?>E81:C, D0:B8G=>, 1C45 CAC=CB>, I> 1C;> 

?V4B25@465=> ?>40;LH8<8 4>A;V465==O<8 D>@<8 ?VA;O PVD, 45 2AB0=>2;5=>, 

I> B>2I8=0 �# AB0=>28BL 334 <:<.

&0:>6 2AB0=>2;5=>, I> ;075@=0 A8AB5<0 �2 4>72>;OT 70157?5G8B8 

AB01V;L=V, 7 ACBBT2> <5=H8< AB0=40@B=8< 2V4E8;5==O< @>7<V@8 HB@8EV2 (@8A. 

4.23, 4.24). �>A;V465==O AB01V;L=>ABV 2V4B2>@5==O 70?@>5:B>20=8E H8@8=8 V 

3;818=8 �, 7 ?>1C4>2>N :>=B@>;L=8E %a� :0@B ,CE0@B0 [158] ?V4B25@48;> I> 
;075@=0 A8AB5<0 �2, =0 2V4<V=C 2V4 �1, 70157?5GCT AB0B8AB8G=> 2V4?>2V4=V 

70?@>5:B>20=8< ?0@0<5B@8 3;818=8 3@02VN20==O (@8A. 4.24) =0 2AVE 

4>A;V465=8E ?0@0<5B@0E �,. �84=>, I> 3;818=0 3@02VN20==O �2, O: 265 

707=0G0;>AO 28I5, T AB01V;L=> 1V;LH>N, =V6 70?@>5:B>20=89 ?@>DV;L, =0 

:>=B@>;L=V9 :0@BV =01;865=0 4> F5=B@0;L=>W ;V=VW, =5 28E>48BL 70 25@E=N B0 

=86=N :>=B@>;L=V <56V.  

/:I> 70 AB01V;L=VABN 3;818=8 3@02VN20==O �2  <0T =570?5@5G=V ?5@52038 

?>@V2=O=> 7 �1, B> 70 H8@8=>N HB@8E0 70 2AV<0 4>A;V465==O<8 <>6=0 7@>18B8 

28A=>2>:, I>, @>7:84 @57C;LB0BV2 4;O CAVE 3@C? �2 T <5=H8< (@8A. 4.23 1), =V6 

C �1, 0;5 G5@57 =54>A:>=0;VABL =0;0HBC20=L >1;04=0==O �2, O:5 =5 T 

?@87=0G5=8< 4;O >?5@0FVW DLE V 28:>@8AB>2C20;>AO 7 5:A?5@8<5=B0;L=>N 

<5B>N, A5@54=T 7=0G5==O H8@8=8 CAVE HB@8EV2  <0T A8AB5<0B8G=C ?>E81:C 2 

1V: 71V;LH5==O =0 10 25% (@8A. 4.25). � ?>40;LH><C F5 ?>B@51CT C@0EC20==O 

?V4 G0A D>@<C20==O @>1>G>3> ?>B>:C ?V43>B>2:8 D09;V2 DLE.

4.3.4. /:VABL ?>25@E=V 3@02V9>20=8E HB@8EV2. 
/: 265 707=0G0;>AO 28I5, 2 4>A;V465==OE, ?@>2545=8E I>4>  ( 2, 

28O2;5=> ACBBT2V ?>H:>465==O ABV=>: �, ?V4 G0A 28:>@8AB0==O ;075@=>W 

A8AB5<8 �1 (?V4@>74V; 4.2). 



�8:>@8AB0==O 5:A?5@8<5=B0;L=>3> &# 3@02VN20==O ;075@>< �2 (O:89, 
2;0A=5, =5 T A?5FV0;V7>20=8< >1;04=0==O< 4;O 3@02VN20==O D>@<), :>B@89 <0T 
ACBBT2> 28IC G0AB>BC V<?C;LAV2, >B65 T 1V;LH ?@5F87V9=8<, <0;> =0 <5BV 
2AB0=>28B8 9>3> (G8 9>3> 0=0;>3V2 =0;56=>3> ?@87=0G5==O) 2;0AB82>AB59 I>4> 
70157?5G5==O O:>ABV �, =0 ;0BC=V. #@8?CI5==O I>4> 9>3> A?@><>6=>ABV 
70157?5G8B8 28A>:C O:VABL 3@02V9>20=8E ?>25@E>=L ?>2=VABN ?V4B25@48;>AO. 

�=0;V7CNG8 AB0= �, 2V4?>2V4=> 4> @>7@>1;5=>W <5B>48:8 V H:0;8 
>FV=N20==O =0<8 70?@>?>=>20=> :>5DVFVT=B O:>ABV ABV=>: HB@8E0 ý��ÿ�ÿ��
O:89 E0@0:B5@87CT AB0= ?>25@E=V HB@8EV2 287=0G8<> B0::ý���ÿ�ÿ�� = a1 2 ý��ÿ���a����ýmax ����

' D>@<C;V 4.1. ýmax ���� 3 =0928I89 ABC?V=L ?>H:>465==O 70 CE20;5=>N 
H:0;>N (2 =0H8E 4>A;V465==OE ýmax ���� = 4 ý��ÿ���a���� 3 >FV=:0 AB0=C 
HB@8E0 70 CE20;5=>N H:0;>N, ý��ÿ���a���� = 0, ýmax ����aa���������������

!0 @8A. 4.2634.28 =02545=> @57C;LB0B8 >FV=:8 AB0=C ?>25@E=V �, 

157?>A5@54=L> ?VA;O >?5@0FVW DLE >1><0 ;075@=8<8 A8AB5<0<8 B0 ?VA;O 

EV<VG=>3> >G8I5==O 2V4 =0?;82V2 V A:>;V2, I> 28=8:0NBL 2=0A;V4>: 

3@02VN20==O O: 1030B>ABC?5=52>3> ?@>E>465==O ;075@=8< ?@><5=5<. � F8E 

@57C;LB0BV2 4>A;V465=L 284=>, I> 4;O >1>E ;075@=8E A8AB5< AB0= ?>25@E=V 

HB@8EV2 ?VA;O EV<VG=>3> >G8I5==O ACBBT2> ?>:@0ICTBLAO.

�84=> ACBBT2> :@0I89 AB0= ?>25@E=V ?VA;O >1@>1:8 �2, O:89 70 CAVE 

3;818= (@8A. 4.26),  @568<V2 3@02VN20==O (@8A. 4.27) B0 ?@>DV;V2 (@8A. 4.28) T 

:@0I8< 157 EV<VG=>3> >G8I5==O, =V6 4;O �1 =02VBL ?VA;O >G8I5==O. )>G0, 

728G09=>, F5 =5 >7=0G0T, I> EV<VG=5 >G8I5==O ?>25@E=V 2 @07V 28:>@8AB0==O 

�2 =5 T =5>1EV4=8<, >A:V;L:8 >G8ICT O: #�, B0: V ABV=:8 V 4=> �� (@8A. 4.29). 

&0:>6 GVB:VH5 ?VA;O >G8I5==O ?@>O2;ONBLAO :@0W �,. /:VABL ?>25@E=V �, V7 

70AB>AC20==O< �2 70 @V7=8<8 ?0@0<5B@0<8 ?>@V2=O==O T 28I>N =0 203









$8A. 4.26. �>5DVFVT=B O:>ABV ABV=>: HB@8E0 D0:B8G=> >B@8<0=8E ?@>DV;V2 
3@02V9>20=8E �� 4;O @V7=8E ;075@=8E A8AB5< 70 @V7=8E 3;818= 3@02VN20==O (?VA;O DLE B0 

DLE  V >G8I5==O). 

$8A. 4.27. �>5DVFVT=B O:>ABV ABV=>: HB@8E0 D0:B8G=> >B@8<0=8E ?@>DV;V2 
3@02V9>20=8E �� 4;O @V7=8E ;075@=8E A8AB5< 70 @V7=8E @568<V2 3@02VN20==O (?VA;O DLE B0 

DLE  V >G8I5==O). 

4.4. �>A;V465==O O:>ABV 70E8A=>3> ?>:@8BBO PVD.
�>A;V465==O<8 2AB0=>2;5=>, I> =0 =0O2=><C >1;04=0==V PLATECOAT 

[77], :>B@5 ?@87=0G5=> 4;O =0=5A5==O �# =VB@84C E@><C =0 =V:5;52C, 0 =5 

;0BC==C D>@<=C ?;0AB8=C, =5 240TBLAO >B@8<0B8 704>2V;L=C O:VABL B0 04357V9=C 

�1 �1, >G8I5==O �2 �2, >G8I5==O

�1 �1, >G8I5==O �2 �2, >G8I5==O



ABV9:VABL �# =V ?@8 O:><C @568<V 3@02VN20==O, ;075@=V9 A8AB5<V B0 >1@>1FV 

?VA;O DLE (@8A. 4.30).

$8A. 4.28. �>5DVFVT=B O:>ABV ABV=>: HB@8E0 D0:B8G=> >B@8<0=8E ?@>DV;V2 
3@02V9>20=8E �� 4;O @V7=8E ?@>DV;V2 3@02VN20==O (?VA;O DLE B0 DLE  V >G8I5==O). 

0) 1) 2) 3)

4) 5) 6) 7)
$8A. 4.29. &@0=AD>@<0FVO #� B0 ?>25@E=V �, ?V4 G0A >1@>1:8: 0 3 3 �1;  4 7 3 �2; 0, 

4 3 >4@07C ?VA;O DLE; 1, 5 DLE  V >G8I5==O; 2, 3, 6, 7 3 ?VA;O PVD 7 <5E0=VG=8< 
>G8I5==O< B0 157 =L>3>. ,B@8E 7 30. �1V;LH5==O  ×100.

�1

�1, >G8I5==O

�2

�2, >G8I5==O

&D4?5FVT?>4V5=89, 60 &D4?5FVT?>4V5=89, 75 �DO<>>GF=89,90



0) 1)

2) 3)
$8A. 4.30. �0E8A=5 ?>:@8BBO =0 #� B0 �� ?VA;O PVD: 0, 1 3 �1;  2, 3 3 �2; 0, 3 3 157 

H;VDC20==O V ?>;V@C20==O =0?;82V2 ( 7>=0 3 V 6, 2V4?>2V4=>, @8A. 2.3) ; 1, 2 7 H;VDC20==O< 
V ?>;V@C20==O< =0?;82V2 ( 7>=0 4 V 5, 2V4?>2V4=>, @8A. 2.3). ,B@8E 7 24. �1V;LH5==O  ×400.

"A=>2=>N ?@8G8=>N FL>3> 210G0TBLAO =5>1EV4=VABL :>@53C20==O 

@568<V2 PVD, =0A0<?5@54 B5<?5@0BC@8 D>@<8 ?V4 G0A =0?8;5==O, >A:V;L:8 

?0@0<5B@8  $ 4;O 70157?5G5==O 04357V9=>W <VF=>ABV ?0@8 =V:5;L 3 =VB@84 

E@><C V ;0BC=L 3 =VB@84 E@><C T @V7=8<8.

�>A;V465==O O:>ABV �#, 4>72>;8;> ?V4B25@48B8 ?@8?CI5==O ?@> 

206;82VABL 70157?5G5==O 28A>:>W O:>ABV ABV=>: �, =0 5B0?V DLE: 04357V9=89 

72'O7>: T ?>@CH5=8< =0 4V;O=:0E, 45 A?>AB5@V30NBLAO A:>;8 B0 2V4H0@C20==O 

ABV=>: (@8A. 4.31, 0, 1), 0 B0:>6 7=5<VF=5==O ?>25@E=V (@8A. 4.31, 2). 

�AB0=>2;5=>, I> B>2I8=0 �# =0 #� AB0=>28BL 3,1 5,0 <:<, 0 

4@C:C20;L=8E 3 33,8 <:<. �;O @V7=8E ?0@0<5B@V2 �, =0 @V7=8E 5B0?0E 

A?V22V4=>H5==O B>2I8=8 =0 @V7=8E 4V;O=:0E AB0=>28BL 1,432,5 @078. *5 

A2V4G8BL ?@> ?>B@51C ?>40;LH>3> 2V4?@0FN20==O ?0@0<5B@V2 ?@>F5AC  PVD.



0) 1)

2) 3)
$8A. 4.31. �0E8A=5 ?>:@8BBO =0 ?@>1V;L=8E 5;5<5=BV2 B0 4@C:C20;L=8E 5;5<5=B0E 

?VA;O PVD: 0, 1 3 �1;  2, 3 3 �2; 0, 3 3 157 H;VDC20==O V ?>;V@C20==O =0?;82V2 ( 7>=0 3 V 6, 
2V4?>2V4=>, @8A. 2.3) ; 1, 2 7 H;VDC20==O< V ?>;V@C20==O< =0?;82V2 ( 7>=0 4 V 5, 2V4?>2V4=>, 

@8A. 2.3). ,B@8E 7 10. �1V;LH5==O 0, 1, 3 ×400; 2 ×200.

4. 5.  �:A?5@8<5=B0;L=V @57C;LB0B8 V>==> ?;07<>2>3> >1@>1;5==O 
?@>1V;L=8E 5;5<5=BV2 D>@< V7 70AB>AC20==O< 35;V:>==>3> @>7@O4C 
�0 4>?><>3>N  �� 2AB0=>2;5=> 206;82VABL C4>A:>=0;5==O ?@>F5AC 

=0=5A5==O  70E8A=>3> "A:V;L:8 ?5@H8< B@820;8< 5B0?>< ?@>F5AC 

=0=5A5==O  70E8A=>3> ?>:@8BBO 2 CAB0=>2FV PLATECOAT [77] T V>=>

?;07<>25 B@02;5==O (>G8I5==O) ?@>BO3>< 1,532 3>4. D>@<8 ?>78B82=> 

70@O465=8<8 V>=0<8 0@3>=C 7 ?>40G5N 0@3>=C 2 :0<5@C 70 @>1>G>3> B8A:C 

2 @V7=8E F8:;0E 10 <10@ (7 :V;L:0@07>28< 2V4:0GC20==O< @>1>G>W 307>2>W 

AC<VHV 4> 10 <10@), B> C4>A:>=0;5==O FL>3> ?@>F5AC T 4>FV;L=8<. /: 

=0?@O<>: B0:>3> C4>A:>=0;5==O 1C;> 70?@>?>=>20=> >1@>1;5==O ?>25@E=V 



3@02V9>20=8E D>@< <>48DV:>20=8< 465@5;>< ?;07<8 (?V4@>74. 2.5), I> 1C;> 

@50;V7>20=> 4;O  ?@>1V;L=8E 5;5<5=BV2.

!0 @8A. 4.32 =02545=> @57C;LB0B8 5;5:B@>==> <V:@>A:>?VG=8E 

4>A;V465=L 5B0?V2 <>48DV:C20==O ?>25@E=V 4>A;V46C20=8E ;0BC==8E 7@07:V2 

70;56=> 2V4 @568<V2 >1@>1;5==O ?;07<>N

0) 1)

2) 3)
$8A. 4.32. �;5:B@>==> <V:@>A:>?VG=V 4>A;V465==O 5B0?V2 <>48DV:C20==O ?>25@E=V 

4>A;V46C20=8E ;0BC==8E 7@07:V2 70;56=> 2V4 @568<V2 >1@>1;5==O ?;07<>N: 0 3 4> 
>1@>1;5==O; 1 10 E2., AB= 3,5 <�/A< cF 100 �, &H ~120º%; 2 =30 E2., AB
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