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85#*!0#6! @+18+7!. Q( 8!$26# *#/# %# *./)0-%!( C#($#( 3;/#J 20% 1#/#0-%2: 
"2*4!%!, # %+1%#9%) *)"(!0+%%; *)" %256#0-%2/2 852')0D %# C#($%!( 5+&72*!( 

720);( 1.3$5)9#D$-3; 82*3D"%2. 

R%C2D 2@3$#*!%2D, G2 3.$$J*2 *80!*#J %# 5+1.0-$#$! $;/2*!( ) /#0-62*!( 

5215#(.%7)* 027262$!*%2/2 $5#%3825$., J 85!&%;$$; 2@S5.%$2*#%!( 1%#9+%- 
72+'),)J%$# 19+80+%%; 027262$!*)*, 72+'),)J%$# 2825. 5.(., +%+5/+$!9%!( 

827#1%!7)* $5#%3825$. $# )%C!( 8#5#6+$5)*. 
  23$#%%) 527! %# C#($! =75#:%! %#"(2";$- 1#5.@)4%) "!1+0+*21!, "23*)". 

+7380.#$#,): ) 6+$2"!7 $;/2*!( 5215#(.%7)* ;7!( %+6#J, # $#724 * *./)0-%)& 

/#0.1) 52152@0;D$-3; $# *!/2$2*0;D$-3; +0+7$52*21! 1 7!302$%!6! $;/2*!6! 

@#$#5+;6! ) *)$9!1%;%) "!1+0+*21! *!@.(2%+@+18+9%2/2 *!72%#%%;. 
= "#%26. %#*9#0-%26. 823)@%!7. *5#(2*#%) *)"1%#9+%) 232@0!*23$), 

85!&%;$) "23$2*)5%) 1%#9+%%; *7#1#%!( *+0!9!%, 2$5!6#%!( 85! 852*+"+%%) 
C#($%!( +738+5!6+%$)*, $# 1 :( *5#(.*#%%;6 1#85282%2*#%# 6+$2"!7# 
5215#(.%7. C#($%2/2 027262$!*%2/2 $5#%3825$., G2 1#@+18+9.J "23!$- *!327. 

$29%)3$- 5+1.0-$#$)*, . 8+5C. 9+5/. *#/2*!( %256 82$;/)* ) 827#1%!7)* 
+'+7$!*%23$) /#0-6.*#%%;, @+1823+5+"%-2 82*’;1#%!( 1 @+18+72D +7380.#$#,): 
027262$!*%2/2 $5#%3825$.. 

T2"2 *!62/ "2 2@0#"%#%%; 027262$!*%2: *)"7#$7!, &2/2 82$29%2/2 

2@30./2*.*#%%; $# +7380.#$#,):, 25/#%)1#,): 5.(. 323$#*)*, $+(%202/)9%!( 3(+6 

027262$!*%2/2 $5#%3825$., *!62/ "2 852+7$. %# @+18+9%+ 8+5+*+1+%%; 0D"+& ) 
*#%$#4)* 027262$!*%!6 $5#%3825$26, 30)" 1*+5$#$!3; "2 /#0.1+*2/2 3$#%"#5$. 1 
@+18+7! 027262$!*%2/2 $5#%3825$. . *!52@7#( 1 .(!026 720): *)" 0,005 "2 

0,050. I#%# 6+$2"!7# $;/2*!( 5215#(.%7)* 82*%)3$D 1#@+18+9.J *!72%#%%; 
*!62/ ,-2/2 %256#$!*%2/2 "27.6+%$. (UA=10.100185790.007: 2006). 

>52/5#6# 5215#(.%7. 8#5#6+$5)* 027262$!*%2/2 $5#%3825$. #"#8$2*#%# 
"0; 5)C+%- 852+7$%!( 1#"#9 1# "28262/2D 1#32@)* $+(%202/)9%2: 0)%): 
#*$26#$!12*#%2/2 852+7$.*#%%; 8)"1+6%2/2 $5#%3825$. (EV> “>)"1+6%!& 
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5215#(.%7. $+(%202/)9%!( 8#5#6+$5)*, %+2@()"%!( %# 3$#"): “852+7$” $# “52@29# 
"27.6+%$#,);” 85! 52152@,) 852+7$. %2*!( C#($, 5+72%3$5.7,): $# 8)"/2$2*,) 
%2*!( /25!12%$)*, # $#724 85! #%#0)1) 3$#%. ")D9!( 3!3$+6 8)"1+6%2/2 

$5#%3825$. ($+(%202/)9%+ 8+5+21@52J%%;, 8+538+7$!*%+ 80#%.*#%%;). 
L0/25!$6 5)C+%%; 1#"#9, 02/)9%# 3$5.7$.5# 852/5#6! 1#@+18+9.J .62*! 

52@2$! 852/5#6 * #*$26#$!12*#%26. $# #*$2%26%26. 5+4!6#(. 

?256#$!*%) 823!0#%%;. 
<AUE 12.1.003-83 UUNE. O.6. A@G!+ $5+@2*#%!; @+128#3%23$! (UUN>. 

O.6. W#/#0-%) *!62/! "2 @+18+7!). 

<AUE 12.1.005-88 UUNE. A@G!+ 3#%!$#5%2-/!/!+%!9+37!+ $5+@2*#%!; 7 

*21".(. 5#@29+& 12%X (UUN>. W#/#0-%) 3#%)$#5%2-/)/)J%)9%) *!62/! "2 82*)$5; 
52@292: 12%!). 

<AUE 12.1.012-90 UUNE.  !@5#,!;. A@G!+ $5+@2*#%!; @+128#3%23$! 

(UUN>.  )@5#,);. W#/#0-%) *!62/! "2 @+18+7!). 

<AUE 12.2.003-91 UUNE A@25."2*#%!+ 852!1*2"3$*+%%2+. A@G!+ 
$5+@2*#%!; @+128#3%23$! (UUN> A@0#"%#%%; *!52@%!9+. W#/#0-%) *!62/! "2 

@+18+7!). 

<AUE 12.2.112-86 UUNE E5#%3825$ 5."%!9%X& Y0+7$52*21%X&. A@G!+ 
$5+@2*#%!; @+128#3%23$! 7 82"*!4%26. 323$#*. (UUN> E5#%3825$ 5."%!72*!& 

+0+7$52*21%!&. W#/#0-%) *!62/! @+18+7! "2 5.(262/2 370#".). 

<UE= 101.00185790-001-2003 >)"1+6%) /#5#4) "0; "!1+0+*21)*.  !62/! "2 

23%#G+%%; $# +7380.#$#,):. 
UA= 10.1-00185790-002-2005 >5#*!0# $+(%)9%2: +7380.#$#,): *./)0-%!( 

C#($. 
?>LA> 10.0-1.01-05 >5#*!0# @+18+7! . *./)0-%!( C#($#(. 

?>LA> 10.0-5.31-81 R%3$5.7,); G2"2 @+18+9%2: 823$#%2*7! 5.(262/2 

370#". %# 5+&7!. 

?>LA> 10.9-7.09-82 E!69#32*) *!62/! @+18+7! "2 23%2*%2/2 /)5%!92-

$5#%3825$%2/2 2@0#"%#%%; "0; *./)0-%!( $# 30#%,+*!( C#($. 
?>LA> 10.0-7.11-80 Z"!%) *!62/! "2 3!/%#0)* ) 1%#7)* . 8)"1+6%!( 

*!52@7#( ) %# C#($%26. $5#%3825$). 
?L>N N.01.009-2004 >5#*!0# 824+4%2: @+18+7! "0; 8)"85!J63$* *./)0-%2: 

8526!302*23$) =75#:%!. 

IU> 3.3.1.95-2002 >)"85!J63$*# *./)0-%2: 8526!302*23$). 
IU#%>)? 2.2.7.029-99 <)/)J%)9%) *!62/! G2"2 82*2"4+%%; 1 8526!302*!6! 

*)"(2"#6! $# *!1%#9+%%; :( 70#3. %+@+18+7! "0; 1"252*’; %#3+0+%%;. 
E= 12.44.1031-83 <!52*21X C#($%X+ <6 (<)52*21! C#($%) <6). 

=62*!, +7380.#$#,); ) $+(%)9%)& 3$#% 027262$!*)* $# 5.(262/2 370#". 

82*!%%) *)"82*)"#$! *!62/#6 <AUE 12.1.003, <AUE 12.1.005, <AUE 12.1.012, 

<AUE 12.2.003, <AUE 12.2.112, UA= 10.1-00185790-002, ?>LA> 10.0-1.01, 

?>LA> 10.0-7.09, ?L>N N.01.009, IU> 3.3.1.095, “E!69#32*) %256! ) $+(%)9%) 
*!62/! @+18+9%2: +7380.#$#,): "!1+0-%!( 027262$!*)* (6#C!%) . *./)0-%!( 

C#($#(”. M#7):*7#-I2%@#3, M#7?IR, 1975. – 11 3. 
E+56)%!. 
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 !725!3$#%2 $+56)%!, G2 *!725!3$2*.D$-3; * %256#$!*#( “A3%2*%) 
82024+%%; "2 852+7$.*#%%; 8)"1+6%2/2 $5#%3825$. "0; %2*!( $# ")D9!( 

*./)0-%!( C#($”: 85!3$2*@.5%!& "*)5, %#*#%$#4.*#0-%!& 8.%7$, 85!&6#0-%2-

*)"85#*%!& 6#&"#%9!7, 8+5+*#%$#4.*#0-%!& 8.%7$; “>5#*!0# $+(%)9%2: 
+7380.#$#,): 1#0)1%!,- =75#:%!”: 5.(26!& 370#", 82$;/, 82$;/ 8#3#4!53-7!&, 

720)&%!& 1%#7, 3!/%#0, 3!/%#0-%!& 1%#7, 3$5)029%!& 8+5+*)", /#0-6.*#%%; 
30.4@2*+, /#0-6.*#%%; +73$5+%+, /#0-6)*%!& C0;(, .(!0. 

P0#3!')7#,);. 
>2 $!8. 027262$!*#: 
– +0+7$52*21%!& (72%$#7$%!& #@2 #7.6.0;$25%!&); 

– "!1+0+*21%!&; 

– /)52*21%!&. 

W# 85!%,!826 521*#%$#4.*#%%; 5.(262/2 370#".: 

– 82$;/#6! 1 521*#%$#4.*#%%;6 9+5+1 "%2; 

– *#/2%+$7#6! 1 /0.(!6 7.12*26. 

 !62/! "2 2@0#"%#%%; 027262$!*%2: *)"7#$7!, &2/2 82$29%2/2 

2@30./2*.*#%%; $# +7380.#$#,): 
1. >)" 9#3 8+5+*+1+%%; 0D"+& ) *#%$#4)* . *!52@7#( 1 .(!026 720): *)" 

0,005 "2 0,050 027262$!*! 82*!%%) @.$! 2@0#"%#%) 7202"72*!6! /#0-6#6!, 

"!%#6)9%!6 /#0-6.*#%%;6 ) "2"#$72*!6! 38+,)#0-%!6! 1#32@#6! /#0-6.*#%%; 
1#*2"3-72/2 *!/2$2*0+%%; (3!3$+62D +0+7$526#/%)$%!(, 6#/%)$%!( 5+&72*!( 

/#0-6 $# )%.). 

H0+7$52*21! @+1 "2"#$72*!( 1#32@)* /#0-6.*#%%; 82*!%%) 1#3$232*.*#$!3; 
. *!52@7#( 1 .(!026 720): %+ @)0-C+ 0,020. 

2. I2 23*2J%%; 3+5)&%2/2 *!52@%!,$*# 027262$!*)*, 2@0#"%#%!( 

"2"#$72*!6! 1#32@#6! /#0-6.*#%%;, 624%# 1#3$23.*#$! +0+7$52*21!, 2@0#"%#%) 
$)0-7! 7202"72*!6! /#0-6#6! ) 3!3$+62D +0+7$52"!%#6)9%2/2 /#0-6.*#%%;. 

V27262$!*! 2@2*’;172*2 82*!%%) @.$! 2@0#"%#%) *!6)5%!7#6! C*!"723$). 
3. >)" 9#3 +7380.#$#,): 027262$!*)*, G2 %+ *)"82*)"#D$- *!62/#6 8. 1, . 

*!52@7#( 1 .(!026 720): @)0-C+ %)4 0,005 $5+@# 85!&6#$! C*!"7)3$- 5.(. 

82$;/#, G2 *)"82*)"#J 5215#(.%72*)& "0; %#&@)0-C2/2 .(!0. %# ")0;%7#( 

"2*4!%2D, 5)*%2D "2*4!%) 82$;/# 80D3 "2*4!%# /#0-62*2/2 C0;(.. >5! 

,-26. . *!52@7#( 1 .(!026 720): *)" 0,021 "2 0,030 **2"!$-3; 2@6+4+%%; 
C*!"723$) "2 2,5 6/3. 

= *!52@7#( 1 .(!026 720): *)" 0,031 "2 0,040 C*!"7)3$- 82*!%%# @.$! 2@-

6+4+%# "2 2,0 6/3, # *#/2*# %256# 82*!%%# @.$! "2 80 % *)" 5215#(.%72*2:. 
= *!52@7#( 1 .(!026 720): *)" 0,041 "2 0,050 6#73!6#0-%# C*!"7)3$- %+ 

82*!%%# 8+5+*!G.*#$! 1 6/3, # *#/2*# %256# 82*!%%# @.$! 60 % *)" 

5215#(.%72*2:. 
4. >+5+*)57# 3$#%. /#0-62*!( 3!3$+6 82*!%%# 1")&3%D*#$!3; 6#C!%)3$26 

027262$!*. 724%2: 16)%! "2 829#$7. *!72%#%%; 16)%%2/2 %#5;"., :(%)& 

2/0;" ) 5+/.0D*#%%; – +0+7$5230D3#5+6 5+62%$%2: 16)%! G2"2@!, 2/0;" 6+-
(#%)726 ")0-%!,) C#($%2/2 $5#%3825$. – G26)3;,;, 1# /5#')726 )1 1#8!326 . 

7%!/. “A/0;")*...”. 
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B+/.0D*#%%; $# 2/0;" /#0-62*2: 3!3$+6! 82*!%%) 852*2"!$!3- * 0272-

62$!*%26. /#5#4) #@2 * 6)3,;(, ;7) 38+,)#0-%2 2@0#"%#%) "0; $#7!( ,)0+&. 

5. B+/.0D*#%%; 7202"72*!( /#0-6 82*!%%2 852*2"!$!3- *)"82*)"%2 "2 

)%3$5.7,): 1 +7380.#$#,): 027262$!*)*. E2*G!%# /#0-62*!( 7202"27 027262$!*# 
82*!%%# @.$! %+ 6+%C+ 15 66, # 8527#$ 3$#0+*!( @#%"#4)* %+ 82*!%+% 

8+5+*!G.*#$! 10 66. 

6. >)329%!,) 82*!%%) 1#3!8#$!3; 9!3$!6 8)3726, *202/)3$- ;72/2 1/)"%2 1 
?>LA> 10.0-7.09 82*!%%# @.$! %+ @)0-C+ 7 %. >+5+*)57# ) 5+/.0D*#%%; 
8)329%!,- 82*!%%) 852*2"!$!3- 6#C!%)3$26 027262$!*# 8+5+" *!:1"26 %# 
0)%)D. 

7. = 7#@)%) 6#C!%)3$# 82*!%%) @.$! 1#32@! 852$!824+4%2: @+18+7! 1/)"%2 1 
?L>N N.01.009. 

8. I2 7+5.*#%%; 027262$!*#6! . *!52@7#( )1 8)"*!G+%!6 .(!026 720): 
82*!%%) "28.37#$!3; 6#C!%)3$! 027262$!*)*, G2 1%#(2";$-3; * C$#$) ")0-%!,- 
C#($%2/2 $5#%3825$., ;7) 852&C0! "2"#$72*+ %#*9#%%; 82 *2")%%D 

027262$!*)* )1 1#"#%2D C*!"7)3$D * 370#"%!( .62*#( ) 6#D$- *)"82*)"%!& 

"28.37. 

9. <)5%!9) *!52@7!, G2 6#D$- 8)"*!G+%!& .(!0 720):, 1# .3)6# 8#5#6+$5#6! 

(75)6 5216)5. .(!0.) 82*!%%) *)"82*)"#$! *!62/#6 ?>LA> 10.0-1.01. 

10. = *!52@7#( 1 .(!026 720): *)" 0,005 "2 0,050 $!8 5+&27, 5#").3! 

1#275./0+%-, 521C!5+%%; ) 1*.4+%%; 720):, 1%2C+%%; /202*7! 5+&27, 3$#% 

8+5+*2")* 3$5)029%!(, .0#C$.*#%%; 720):, *2"2*)"*)"%) 7#%#*7!, 3!/%#0! 720): 
82*!%%) *)"82*)"#$! *!62/#6 ?>LA> 10.0-1.01. 

11. A"!% 5#1 * 8)*527., # $#724 8)" 9#3 5+62%$. 720): #@2 8)"5!*) S5.%$., 

82*!%%2 852*2"!$!3- 6#57C+&"+53-7+ %)*+0D*#%%; 720):. 
12. U$5)029%) 8+5+*2"! * *!52@7#( )1 1#*!G+%!6 .(!026 82*!%%) @.$! 

2@0#"%#%) 85!3$52;6! #*$26#$!9%2/2 #@2 "!3$#%,)&%2/2 .85#*0)%%;. P#%#*7! 

"0; $;/ 3$5)029%!( 8+5+*2")* 82*!%%) @.$! 8+5+75!$). 
<5#')7! *3$#%2*0+%%; 3$5)029%!( 8+5+*2")*, G2 6#D$- #*$26#$!9%+ #@2 

"!3$#%,)&%+ .85#*0)%%;, 52152@0;J %#9#0-%!7 ")0-%!,) C#($%2/2 $5#%3825$., 

.1/2"4.J ")0-%!9%!& /)5%!92$+(%)9%!& )%38+7$25 ) 1#$*+5"4.J "!5+7$25 C#($!. 

13. 3 6+$2D 1#82@)/#%%; 3#62*)0-%2/2 *)"(2". *#/2%+$27, G2 *)"9+8!0!3- 
8)" 9#3 5.(. %#*#%$#4+%!( ) 82524%)( *#%$#4%!( 82$;/)* %# .(!0#( 5+&72*2/2 

C0;(. *)" 0,020 "2 0,050, $5+@# 1#3$232*.*#$! 1#82@)4%) 7#%#$!, G2 6#D$- 
5215!*%+ 3$#$!9%+ 1.3!00; %+ 6+%C+ 60 7?, ;7) 1’J"%.D$- 23$#%%D *#/2%+$7. 

82$;/# 1 027262$!*26, #@2 .02*0D*#9) 1#*2"3-72/2 *!/2$2*0+%%; 1 #*$26#$!9%2 

8#"#D92D .825%2D *!072D, "28.G+%) "2 +7380.#$#,): * .3$#%2*0+%26. 

825;"7.. 

>)" 9#3 5.(. 8#3#4!53-7!( *#/2%+$27 ) 82$;/)* %# .(!0#( *)" 0,020 "2 0,050 

%# *)"3$#%) *)" 10 6 "2 15 6 1# %!6! 82*!%+% 5.(#$!3; "5./!& 027262$!*, ;7!& 

02*!$- *#/2%+$7!, G2 *)"9+8!0!3; *)" 82$;/#. 
14. I0; 3*)$02*2/2 821%#9+%%; 82$;/# %# 23$#%%)& *#/2%+$,) 82*!%+% @.$! 

*3$#%2*0+%!& 0)($#5 1 9+5*2%!6 3*)$026. P20! 027262$!* 1%#(2"!$-3; * (*23$) 
82$;/#, 0)($#5 .3$#%2*0DJ$-3; %# 8+5+"%)& 12*%)C%)& 3$)%,) 8+5C2: * %#85;67. 

5.(. *#/2%+$7!. 
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'2G'4G1 E0'4G1 F'/G=HIGGJ 

 

i – .(!0 720):, ‰; 

ic –  3+5+"%)& .(!0, ‰; 

i  – 7+5)*%!& .(!0, ‰; 

w0 – 23%2*%!& 8!$26!& 28)5 5.(., ?/7?; 

w ! $# w"! – "2"#$72*!& 8!$26!& 28)5 *)"82*)"%2 85! 15.C+%%) ) *)" 75!*2:, 
?/7?; 

w  – 1#/#0-%!& (72680+73%!&) 8!$26!& 28)5, ?/7?; 

m, m0 $# mn – 6#3# *)"82*)"%2 *#%$#4. (*#%$#428)"&26%)3$-) *#/2%#, $#5! $# 
82$;/#, $; 
mn.!. $# mn.". – 6#3# *)"82*)"%2 82524%-2/2 $# %#*#%$#4+%2/2 82:1"#, $; 
g – 85!3725+%%; *)0-%2/2 8#")%%;,  g = 9,81 6/32

; 

ai – 85!3725+%%; 82$;/#, 6/3; 
a0 – 5215#(.%72*+ 85!3725+%%; 85! 15.C+%%); 
F – 3!0# $;/!, ?; 

F# – "2$!9%# 3!0# $;/!, ?; 

B – /#0-62*# 3!0#, ?; 

B$ $# B% – /#0-62*# 3!0# *)"82*)"%2 82 19+80+%%D ) 5+&72*!( +0+7$526#/%)$%!( 

/#0-6 (HMB<), ?; 

l – C0;(, 6; 

V – C*!"7)3$- 5.(., 6/3; 
A – $5#%3825$%# 52@2$#, $·76; 

&' – +%+5/2J6%)3$- $;/2*2: @#$#5+:, 7 $·/2"; 

( – +0+7$5!9%# J6%)3$- @#$#5+:; 
t – 9#3; 
tx ! tP  – 9#3 *)"82*)"%2 (2023$2/2 ) 52@292/2 (2".; 

I – 3!0# 3$5.6., L; 

U – %#85./#,  ; 

P – 82$.4%)3$-, 7 $. 
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1. 4KL1<G1 <=G1 1 /=<=H1  '/ =LEGME 

 

#$%&'(& ')(&: *!52@%!9# 82$.4%)3$- C#($!, 7#$+/25); C#($! 82 /#1. $# 
8!0., (#5#7$+5!3$!7!  *#%$#4)*, 80#% ) 82"2*4%)& 852')0- 720): /25!12%$., 

16)%%!& *#%$#4282$)7 ")0-%!,-, $!8 ) (#5#7$+5!3$!7! *#/2%)*, 1#/#0-%# 
25/#%)1#,); $5#%3825$. (2"%2-, "*20#%72*#, 1 1#75)80+%%;6 #@2 @+1 1#75)80+%%; 
027262$!*)* 1# 6#5C5.$#6! ) 323$#*#6!). 

*+(,-(&  )').& !, !)%/("/: *!@)5 $!8. 027262$!*#; *!72%#%%; $;/2*2/2 

5215#(.%7. (*!1%#9+%%; 6#3! 82$;/# ) 7)0-723$) *#/2%)* . 323$#*), 5)C+%%; 
/#0-62*!( 1#"#9, 8+5+*)57# 6#3! 82$;/# G2"2 %#/5)*#%%; "*!/.%)* +0+7$52*21#); 
*!1%#9+%%; 7)0-723$) 027262$!*)* $# :( 852".7$!*%23$); 5215#(.%27 *!$5#$! 

+%+5/):; *!@)5 23%2*%2/2 .3$#$7.*#%%; 1#5;"%2: 9! $;/2*2: 8)"3$#%,): 
+0+7$52*21%2/2 $5#%3825$.; *!1%#9+%%; 7)0-723$) "!1+0+*21)* "0; 1#@+18+9+%%; 
16)%%2: 852".7$!*%23$) ")0-%!,) $# 1# +7202/)9%!6! ;723$;6! "!1+0;; 852@)/ 
82$;/#, ;7!& 624+ 1#@+18+9!$! 1#8#3 +%+5/): 6#(2*!7# /)52*21# 1# 2"!% ,!70 

1#5;"7!. 

B215#(.%27 *!72%.D$- 275+62 "0; 724%2/2 $5#%3825$%2/2 /25!12%$. ) 
724%2: 0#%7! $5#%3825$. (1@)5%!&, 6#/)3$5#0-%!&) 1# *#%$#4282$2726 %#&@)0-C 

%#*#%$#4+%2: 16)%!. 

 

2. 4K@1  3KFE INIM3 '4'/= 

 

E!8 +0+7$52*21# 1# 38232@26 +%+5/2823$#9#%%; $;/2*!( "*!/.%)* 
(#7.6.0;$25%), 72%$#7$%)) *!@!5#D$- *)"82*)"%2 "2 *!62/ >N, 1%#D9! 

7#$+/25)D C#($! 82 /#1. $# 8!0. $# )%C!( .62* 52@2$!. 

I0; 6#/)3$5#0-%!( *!52@27 1 *+0!7!6 *#%$#4282$2726 85!&6#D$- 
+0+7$52*21! 6#32D 14, 28 $, )1 3+5+"%)6 *#%$#4282$2726 – 8...10 $, "0; *!52@27 

*+%$!0;,)&%!( /25!12%$)* $# "0; "2826)4%!( 28+5#,)& – 5, 7, 10 $, 7+5.D9!3-, 
%#85!70#", [1, 3. 501; 2, 3. 50-54] ) 5!3. 1, 2. 

 

3. '@ '@M= 4KL1<GKL <=GKL 

 

U852G+%. ")&3%. 3(+6. $5#%3825$. (5!3. 3, )) 1#6)%DD$- 5215#(.%72*2D 

(5!3. 3, 0, - 9! 1). >5! 2@52@,) "0; *3)( 6#5C5.$)* *!1%#9#D$- 5215#(.%72*. 

"2*4!%. $5#%3825$.*#%%; l, 3+5+"%)& ic ) 7+5)*%!& ip .(!0!. 

I0; 3(+6! 6#/)3$5#0-%2/2 $5#%3825$. (5!3. 3, 0) 1# 5215#(.%72*) "2*4!%! 

85!&6#D$- l1-2, l1-3, l1-10, l1-11; "0; ")0-%!9%2/2 $5#%3825$. "2 /5.82*2: 
5216!%2*7! 2 (5!3. 3, -) – l2-4, l2-5, l2-6; "0; 3(+6! 5!3. 3, 1 ;7 5215#(.%72*. 

85!&6#D$- 3+5+"%-21*#4+%. "2*4!%. l+- = l1-12. 

?#85!70#", 3+5+"%)& .(!0 6#5C5.$. 1-2 ("!*. 5!3. 3, 0) 

 
 !

2-1

1

1
2-1.

-

l

HH

l

il

i 2"

k

k

+ "" , (1)
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"+ i $# l – .(!0 ) "2*4!%# *)"82*)"%2/2 +0+6+%$# 6#5C5.$. 1-2 (85!3$2*@.5%!& 

"*)5 – /5.82*# 5216!%2*7# 2); 
1

2-1

k

ll " – "2*4!%# 521/0;".*#%2/2 6#5C5.$.; 3" & 

32 – *)"6)$7! *)"82*)"%2 7)%,+*2/2 ) 829#$72*2/2 8.%7$. $5#%3825$.*#%%;. 
 

 

 

 

 

 

 

 

 

#) 
 

 

 

 

 

 

 

 

 

 

 

 

 

@) 

 

 

 

B!3. 1. A@0#3$) 5#,)2%#0-%2/2 1#3$23.*#%%; *#/2%)*, 72%$#7$%!( ) 
#7.6.0;$25%!( +0+7$52*21)* 5)1%!( *#/2*!( 7#$+/25)&: ) –  #7.6.0;$25%) 
+0+7$52*21!; 0 – 72%$#7$%) +0+7$52*21!; 45 – *!52@%!9# 82$.4%)3$- C#($!;  

l – *)"3$#%- $5#%3825$.*#%%;  
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#) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

@) 

 

 

 

B!3. 2. A@0#3$) +'+7$!*%2/2 1#3$23.*#%%; +0+7$52*21)* . *!72%#%%) B>: ) – 

LB>10 (#7.6.0;$25%!&) )  10 (8)"*!G+%2: 9#3$2$!); 0 – LB>14 

(#7.6.0;$25%!&) )  14 (8)"*!G+%2: 9#3$2$!) 
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#) 
 

 

 

 

 

 

 

 

 

@) 

 

 

 

 

 

 

 

 

 

 

 

 

*) 
 

 

 

 

 

/) 
 

 

 

B!3. 3. U852G+%) 3(+6! C#($%2/2 027262$!*%2/2 $5#%3825$.: ) – ")&3%#;  
0 – 5215#(.%72*# 6#/)3$5#0-%2/2 $5#%3825$.; - – 5215#(.%72*) ")0-%!9%2/2 

$5#%3825$. (1-: 0#%7! $5#%3825$.); 1 – 3+5+"%-21*#4+%# 5215#(.%72*# 

>5!3$2*@.5%!&  

         "*)5 

>5!3$2*- 
  @.5%!&  

     "*)5 
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= $26. *!8#"7., 720! * (1) l – 2"%#72*) "2*4!%! +0+6+%$)* C0;(., 5)*%) 
%#85!70#", *)"3$#%) 6)4 8)7+$#6!, # k – 7)0-7)3$- 521/0;%.$!( +0+6+%$)* C0;(., $2 

 1
.1 2

k

+

i

i
k

# "
$

.                                                         (2) 

W# 7+5)*%!& .(!0 6#5C5.$. 85!&6#D$- %#&@)0-C!& )1 1#$;4%!( .(!0)*. I2 

%!( *)"%23;$- .(!0! $!( ")0;%27 6#5C5.$., "2*4!%# ;7!( "23$#$%; "0; 
"23;/%+%%; 82$;/26 3$#02: C*!"723$) 5.(. (50...100 6). P20! %# 6#5C5.$) J 
")0;%7# 1 *#47!6 852')0+6, G2 )3$2$%2 *)"5)1%;J$-3; *)" %256#0-%2/2, ) ")0;%7# 
1 %256#0-%!6 852')0+6 (.(!0! "2 5‰ 1) 38.3726 . *#%$#4%26. %#85;67.), 

6#5C5.$ 521@!*#D$- %# "*) (9! @)0-C+) 9#3$!%!, "0; 724%2: 1 ;7!( 1%#(2";$- 
3+5+"%)& ) 7+5)*%!& .(!0!. 

>2"#0-C!& 5215#(.%27 624%# *!72%.*#$!, 720! 720): 6#5C5.$)* %+1%#9%2 

*)"5)1%;D$-3; *)" %256#0-%2/2 852')0D: 

1) "0; “$!82*2/2 6#5C5.$.”, . ;723$) ;72/2 85!&6#D$- 6#5C5.$, G2 6#J 
%#&@)0-C!& 7+5)*%!& .(!0. I#%) 5215#(.%7. 82 $!82*26. 6#5C5.$. 

*!725!3$2*.D$- "#0) & "0; *!1%#9+%%; 7)0-723$) 027262$!*)* $# )%C!( 

827#1%!7)* 82 )%C!( 6#5C5.$#( $5#%3825$%2/2 /25!12%$.; 

2) "0; 5215#(.%72*2/2 (1*+"+%2/2) 6#5C5.$. )1 3+5+"%-21*#4+%!6! 

8#5#6+$5#6! $5#%3825$%2: 3(+6!, ;7!& 85+"3$#*0+%!& 3(+62D 5!3. 3, 1, 

2$5!6#%2: C0;(26 82"#0-C2/2 3852G+%%; 3(+6! 5!3. 3, 0. = ;723$) 8#5#6+$5)* 
1*+"+%2/2 6#5C5.$. 5!3. 3, 1 85!&6#D$-: 

– 3+5+"%-21*#4+%# *)"3$#%- $5#%3825$.*#%%; 
 

$

$
"

n

 6

n

 6

+-

Q

lQ
l

1

1 ; (3)

– 3+5+"%-21*#4+%!& 3+5+"%)& .(!0 

 

$

$
"

n

 6

n

c 6

+-

Q

iQ
i

1

1 ; (4)

– 3+5+"%-21*#4+%!& 7+5)*%!& (5215#(.%72*!&) .(!0 

 

$

$
"

n

 6

n

" 6

p.+-

Q

iQ
i

1

1 ; (4[ )

– 5215#(.%72*!& *#%$#4282$)7, ;7!& "25)*%DJ 3.6#5%26. *#%$#4282$27. 

*3)( %#*#%$#4.*#0-%!( 8.%7$)* $5#%3825$%2/2 /25!12%$. 

 
$"
n

2 6+6 QQ
1

. , (5)

"+ l – "2*4!%# 6#5C5.$.; Q 6.2 – 16)%%!& *#%$#4282$)7 n-/2 %#*#%$#4.*#0-%2/2 

8.%7$.. 
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>5! %#;*%23$) 6#5C5.$)* 1 *#47!6 852')0+6 720): 5215#(.%27 

027262$!*%2/2 $5#%3825$. %+2@()"%2 *!72%.*#$! 275+62 "0; 724%2/2 1 $#7!( 

6#5C5.$)*. 
I2 *#472/2 *)"%23;$- 852')0) 1 .(!0#6! *)" 0,005 "2 0,050 ("2 50‰), %# 

;7!(, *)"82*)"%2 "2 85#*!0 @+18+7!, 82 C#($%!( *!52@7#( (85! "2$5!6#%%) 5;". 

"2"#$72*!( *!62/) "28.37#J$-3; 1#3$23.*#%%; 027262$!*%2/2 $5#%3825$.. 

E!8! *#47!( 852')0)*: 
– @5+63@+5/2*!& – 6#J 38.37 . *#%$#4%26. %#85;67.; 

– .702%%!& – 6#J 8)"&26 . *#%$#4%26. %#85;67.; 

– 370#"%!& – 6#J ;7 38.37!, $#7 ) 8)"&26! . *#%$#4%26. %#85;67.. 

 

4. 4K/G=HIGGJ M1NOM'231 4=C'G14 E 2'23=41 
4.1. /+#+(P"%Q 7.-;,.) -.:-+A6")6 

 

 !1%#9#D$- 6#3. 82$;/#, 85!8.3$!6. 1# 19+80+%%;6 (2"2*!( 720)3 
027262$!*# 1 5+&7#6!. >+5+*)5;D$- :: G2"2 /#0-6.*#%%; ) %#/5)*#%%; $;/2*!( 

"*!/.%)*, "0; #7.6.0;$25%!( +0+7$52*21)* – "2"#$72*2 1# 5215;"%!6 3$5.626 

$;/2*2: @#$#5+:. 
W .5#(.*#%%;6 .3)( 2@6+4+%- 6#3! 82$;/# 5215#(2*.D$- 7)0-7)3$- *#/2%)* 

. 323$#*). >5! ,-26. %+2@()"%2 $#724 *5#(.*#$! %#;*%)3$- . 82524%)( *#/2%#( 

%+521*#%$#4+%2/2 1#0!C7. /)53-72: 6#3! ), 1# %+2@()"%23$), 8+5+*+1+%%; * 
82524%;72*26. %#85;67. 5)1%!( *#%$#4)*. 

\7G2 8#5#6+$5! $5#3! 6#5C5.$)* 3.$$J*2 *)"5)1%;D$-3;, 7)0-7)3$- *#/2%)* 
5215#(2*.D$- "0; 724%2/2 6#5C5.$. 275+62; 85! *!72%#%%) 5215#(.%7. "0; 
“$!82*2/2 6#5C5.$.”, # $#724 1# 3(+62D )1 3+5+"%-21*#4+%!6! 8#5#6+$5#6!, 

**#4#D$-, G2 7)0-7)3$- *#/2%)* . 323$#*) "0; *3)( 6#5C5.$)* 82*!%%# @.$! 

2"%#72*2D. 

 

4.2. <.76*5%9+ 9+*+ 7.5;#+ :+ :&!7(!"";9 

 

M#3# 82$;/#, $: 
m2 = m7 + mc , 

"+ m7  $#  mc – 6#3# *)"82*)"%2 027262$!*# ) 323$#*#, $. 
I0; 5+4!6. $;/! "2$!9%# 3!0# $;/!  027262$!*#, ?: 

 
%%
&

'
((
)

*
+" )

g
wgmF "2'

,1000
, (6)

"+ w" – 3.6#5%!& 3$#$!9%!& 8!$26!& 28)5 5.(. 82$;/#, ?/7?; 8 = 1,07 – 

72+'),)J%$, G2 *5#(2*.J )%+5,)D 2@+5$2*!( 6#3 82$;/#. 
W*)"3! 85!8.3$!6# 1# 19+80+%%;6 6#3# 82$;/#, $:  

 

%%
&

'
((
)

*
+

"
)

g
wg

F
m

"

 '
2 ,1000

. , 
(7)

"+ F'.  – 6#73!6#0-%# 1# 19+80+%%;6 3!0# $;/! 027262$!*#, ?: 
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 - 7 ' gmF ... 1000" ; (8)

"+ m7.  – 19)8%# 6#3# 027262$!*#, $2@$2 6#3#, 85!70#"+%# "2 *+".9!( 23+&;  

m7.  = m7; 9 – 72+'),)J%$ 19+80+%%; 027262$!*#. 
W#/#0-%!& 8!$26!& 28)5 5.(. 82$;/#, ?/7?: 

 iwwww "! !" .++" 0 , (9)

"+ w" = i, ‰ – "2"#$72*!& 8!$26!& 28)5 5.(. *)" .(!0. C0;(., ?/7?. 

?# 23%2*) *!5#1)* (7) – (9), **#4#D9!, G2 
g

,1000
 =108 6-132

 $# ) = )0   

()0 = 0,04...0,05 6/32
), "28.3$!6# 1# 19+80+%%;6 6#3# 82$;/# 85! 15.C+%%), $: 

 

 !00 108

1000

aiwww

m
m

"! !

7
2 +.++
"

-
, (10)

# 85! *3$#%2*0+%26. 5.3) "28.3$!6. 6#3. 82$;/# *!1%#9#D$- 1# '256.02D (10), 

**#4#D9!, G2 )0 = 0 ) w ! = 0; ;7G2, 75)6 $2/2, 5.( *)"@.*#J$-3; %# 85;6)& 

")0;%,) 720):, $2 "28.3$!6# 6#3# 82$;/#, $: 
 

 !iw

m
m 7

2 .
"

0

1000 -
. (11)

= '256.0#( (10) ) (11) 1%#7 “80D3” *)"%23!$-3; "2 *!8#"7. 5.(. %# 8)"&26, 

“6)%.3” – %# 38.37. 

W%#9+%%; 72+'),)J%$. 19+80+%%; 3$#0+*!( 720)3 C#($%!( 027262$!*)* )1 
5+&7#6! 1# "#%!6! A.A. B+%/+*!9# %#*+"+%) * $#@0. 1. 

E#@0!,; 1 

F#5#7$+5!3$!7# 720): 

U$#% 82*+5(%) 5+&27 
B215#(.%72*!& 72+'),)J%$ 

19+80+%%; 720)3 9 

 ./)0-%) C#($!  

>275!$) 5)"7!6 *./)0-%!6 ) 8252"%!6 @5."26 0,07…0,08 

 202/), 85#7$!9%2 9!3$) 0,09 

M275), 9!3$) 0,12…0,13 

U.(), 85#7$!9%2 9!3$) 0,17 

>23!8#%) 8)3726 0,18…0,24 

>275!$) 8)3726, 521"#*0+%!6 . 5+1.0-$#$) 828+5+"%-2: 82:1"7! 0,14…0,18 

U0#%,+*) C#($!  

 202/), @5."%) 0,11 

W#0)125."%) C#($!  

]!3$), 3.() 0,21…0,25 

>275!$) 5)"7!6 1#0)125."%!6 @5."26  

@+1 /0!%!3$!( "26)C27 0,23 

)1 /0!%!3$!6! "26)C7#6! 0,10…0,11 

>23!8#%) 8)3726 0,25 

W%#9+%%; 23%2*%2/2 8!$262/2 2825. 5.(. *#/2%)* w0 *)"5)1%;D$-3; "0; 
%#*#%$#4+%!( ) 82524%)( *#/2%)* ($#@0. 2). I0; 23$#%%)( w0 @)0-C+, 237)0-7! 

823$)&%) 370#"2*) 2825! *%#30)"27 $+5$; * 8)"C!8%!7#(, 729+%%; 720)3, 2825. 

82*)$5;, ."#5)* ) 720!*#%- $# )%C2/2 *)"%23;$-3; "2  6+%C2: 6#3! 82524%-2/2 

*#/2%#, (29# #@320D$%!& 28)5 %#*#%$#4+%2/2 *#/2%# @)0-C+, %)4 82524%-2/2. 
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E#@0!,; 2  

A3%2*%!& 8!$26!& 28)5 5.(. (2"2*2: 9#3$!%! C#($%!( *#/2%)* 

 ./)0-%) *#/2%! B."%) *#/2%! 

A3%2*%!& 8!$26!& 

28)5, ?/7? 
A3%2*%!& 8!$26!& 

28)5, ?/7? 
M)3$7)3$-, 

63 

%#*#%$#4+%) 82524%) 
 #%$#428)"&26%)3$-, $

%#*#%$#4+%) 82524%) 
1,1 10 12 4,15 7 10,5 

2,5 9 11 5,5 6 10,5 

3,3 7 9 7,2 5,5 8 

5,6 6 7 10,0 5 8 

N)0-C+ 5,6 8 10 14…20 4 6 

I0; C#($%2/2 5.(262/2 370#". 85! *)"3.$%23$) "230)"%!( 9! %256#$!*%!( 

"#%!( 1%#9+%%; w0 624%# 5215#(.*#$! 1# +68)5!9%2D 1#0+4%)3$D, 

1#85282%2*#%2D * [3, 3. 110], ?/7?: 

"0; %#*#%$#4+%!( *#/2%)* 
 

3

1
 -

. 5,10 mw (, " ; (12)

"0; 82524%)( *#/2%)* 
 

3

1
 -

0. 2,10 mw 2, " . (13)

W# "#%!6! *!852@.*#%- I<R, 23%2*%!& 8!$26!& 28)5 5.(. C#($%!( *#/2%)* 
6#J 0)%)&%. 1#0+4%)3$- *)" C*!"723$): 

 BV4w +"0 , (14)

"+ 4 $# # "230)"%) 72+'),)J%$!; V – *1;$2 1 [4, 3. 236]. 

= $#@0. 2 1%#9+%%; w0 *./)0-%!( *#/2%)* "#%) "0; 3+5+"%-2: C*!"723$) 5.(. 

2,5 6/3. 
I2"#$72*!& 8!$26!& 28)5 5.(. 85! 15.C+%%) "0; *./)0-%!( C#($ 624%# 

85!&%;$! 5)*%!6 %.0D, # "0; 5."%!(, 1 2/0;". %# %+2@()"%)3$- 8+5+3$#%2*7! 

*#/2%)* %# 1#36)9+%!( 720);( . %#*#%$#4.*#0-%!( 0D7)*, 85!&6#D$-  
w ! = (0,5…1,0)w0. \7G2 8+5+"@#9#J$-3; 15.C+%%; 82$;/# %# 75!*)&, $2 

*5#(2*.D$- "2"#$72*!& 8!$26!& 28)5 5.(. *)" 75!*2:, ?/7?: 

 

R

4
w"!

1" , (15)

"+ 41 – "230)"%!& 72+'),)J%$; R – 5#").3 75!*2:, 6. 

I0; *./)0-%!( *#/2%)*, 1# "#%!6! "230)"4+%- R.H. N)0#%#, 
 /00S4 2401 " , (16)

"+ S0 – 4253$7# @#1# *#/2%#, 6; a – 72+'),)J%$, G2 *5#(2*.J 1#*#%$#4+%%; *#/2%)* 
("0; %#*#%$#4+%!( *#/2%)* a = 1, "0; 82524%)( a = 0,85); : – 72+'),)J%$, G2 

*5#(2*.J *80!* 3$#%. 82*+5(%) 5+&27 ("0; 3.(!( 5+&27 : = 1, "0; 6275!( ; = 0,45). 

I0; 5."%!( *#/2%)* %256#$!*%) 1%#9+%%; w"! %# 75!*!( 1#0+4#$- *)" 

5#").3# 75!*2:: 
 

B#").3 75!*2:, 6 8 12 15 20 25 30 

w"!, ?/7? 11 10 9 8 7 6 
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\7G2 75!*# 6#J "2*4!%. l"! 6+%C., 9!6 "2*4!%# 82$;/# l2, $2 * '256.0. 

(10) 8)"3$#*0;D$- 3725+/2*#%+ 1%#9+%%; "2"#$72*2/2 8!$262/2 2825. 5.(. *)" 

75!*2:, ?/7?: 

 

2

"!"!

"!
l

lw
w "1 . (17)

B+726+%".J$-3; 85!&6#$! 5215#(.%72*+ 85!3725+%%; C#($%2/2 82$;/# 85! 

15.C+%%) )0 = 0,04...0,05 6/32
, # 5215#(.%72*!& 72+'),)J%$ 19+80+%%; – 1# $#@0. 1. 

>)"3!8#%%; 8)37. 85! *!1%#9+%%) "28.3$!62: 1# 19+80+%%;6 6#3! 82$;/# %+ 
8+5+"@#9#D$-, 85!&6#D9! *)"82*)"%+ 1%#9+%%; 72+'),)J%$# 19+80+%%;. 
>)"3!8#%%; 8)37. – 5+1+5*, ;7!& *!725!3$2*.D$- 1 6+$2D 1@)0-C+%%; 19+80+%%; 
027262$!*%!( 720)3%!( 8#5 1 5+&7#6! 85! *!72%#%%) 6#%+*5)* 1 %#*#%$#4+%!6 

323$#*26, 852(2"4+%%) 1#@5."%+%!( ")0;%27 ) +0+6+%$)* 720): *+0!72: 75.$23$), 
# $#724 85! 15.C+%%) 82$;/# %# 7+5)*%26. 8)"&26). E5!*#0+ 725!3$.*#%%; 
8)329%!,;6!, "2 $2/2 4, %+6240!*+ 9+5+1 2@6+4+%. 6)3$7)3$- :(%)( @.%7+5)* ) 
%+1#"2*)0-%2: 52@2$! * .62*#( 8)"*!G+%2: *202/23$). 

F2"2*) ;723$) $# 827#1%!7! 85!1%#9+%%; 3.9#3%2/2 5.(262/2 370#". C#($ 
%#*+"+%) * $#@0. 2. 

I28.3$!6. 6#3. 82$;/# 1# 19+80+%%;6 *!1%#9#D$- "0; %#&@)0-C *#47!( 

5+4!6)* $5#%3825$.*#%%;: 
– "0; 5."%!( C#($ 15.C+%%; %#*#%$#4+%2/2 82$;/# %# 3+5+"%-26. 8)"&26) 

%# 1#36)9+%!( 720);( @)0; %#*#%$#4.*#0-%!( 0D7)* – 5215#(2*.D$- 1# 
'256.02D (10); 

– "0; *./)0-%!( C#($ 85! %256#0-%26. 852')0) 720): 2@6+4.*#0-%!6 624+ 
*!;*!$!3; 2"!% 1 %#3$.8%!( 5+4!6)*: 

1)15.C+%%; 82524%-2/2 82$;/# %# 3+5+"%-26. (3+5+"%-21*#4+%26.) 

8)"&26) – 1# '256.02D (10); 

2)*3$#%2*0+%!& 5.( 82524%-2/2 82$;/# %# 7+5)*%26. 8)"&26) – 1# 
'256.02D (11); 

3)15.C+%%; %#*#%$#4+%2/2 82$;/# %# /25!12%$#0-%)& (i = 0) ")0;%,) 720): 
%#*#%$#4.*#0-%2/2 8.%7$. – 1# '256.02D (10). 

W 2$5!6#%!( 1%#9+%- 6#3! 82$;/# "2 82"#0-C2/2 5215#(.%7. 85!&6#D$- 
$., 85! ;7)& 7)0-7)3$- *#/2%)* * 323$#*) *!;*!$-3; 6+%C2D, 6#D9! %# .*#1), G2 

%# C#($%26. 027262$!*%26. $5#%3825$) 7)0-7)3$- *#/2%)* "0; 2@2( %#85;67)* 

85!&6#D$- 2"%#72*2D. 

I0; *#47!( 852')0)* 720): 1 .(!0#6! "2 0,05, G2 (#5#7$+5!1.D$-3; 
3+5+"%)6 i+  ) 7+5)*%!6 i" .(!0#6!, ;7) 6#D$- 1%#9%+ 82C!5+%%; %# *./)0-%!( 

C#($#(, 85! *#%$#4%!( 8+5+*+1+%%;( 2@6+4+%%; 6#3! 82$;/# 1# 19+80+%%;6 

624+ *)"1%#9#$!3; "0; %#3$.8%!( 5215#(.%72*!( 5+4!6)*: 

– 85! %#;*%23$) 8)"&26)* $)0-7! * 82524%-26. %#85;67. – 15.C+%%; 
82524%-2/2 82$;/# %# 3+5+"%-26. 8)"&26), *3$#%2*0+%!& 5.( 82524%-2/2 

82$;/# %# 7+5)*%26. .(!0); 
– 85! %#;*%23$) 8)"&26)* $)0-7! . *#%$#4%26. %#85;67. – 15.C+%%; 

%#*#%$#4+%2/2 82:1"# %# 3+5+"%-26. 8)"&26), *3$#%2*0+%!& 5.( %#*#%$#4+%2/2 

82:1"# %# 7+5)*%26. .(!0); 
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– 85! %#;*%23$) 8)"&26)*, ;7 . 82524%;72*26. $#7 ) . *#%$#4%26. 
%#85;67#( (370#"%!& 852')0-), 5215#(.%72*) 5+4!6! *3$#%2*0DD$- %# 8)"3$#*) 
#%#0)1. 72%75+$%2/2 852')0D. 

>5! 8#3#4!53-7!( 8+5+*+1+%%;( "28.3$!6. 1# 19+80+%%;6 6#3. 82$;/# 
*!1%#9#D$- "0; %#&@)0-C *#472/2 *!8#"7. – 15.C+%%; %#*#%$#4+%2/2 82:1"# %# 
7+5)*%26. 8)"&26). 

<5#%!9%# 7)0-7)3$- 82524%)( *#/2%)* . 323$#*): 
  !

m<m

mm
Z

6

722
2 +
"

0

. -
, (18)

"+ <6 – 72+'),)J%$, G2 *5#(2*.J 8+5+*+1+%%; * 323$#*) 6#$+5)#0)* ) 
%+521*#%$#4+%2/2 1#0!C7. /)5%!92: 6#3!, C6= 0,10...0,15. 

<5#%!9%# 7)0-7)3$- %#*#%$#4+%!( *#/2%)* . 323$#*): 
  !

mm

mm
Z 7-.2

- +
"

0

-
. (19)

W "*2( 1%#9+%- Z2 $# Z- "2 82"#0-C2/2 5215#(.%7. 85!&6#D$- 6+%C+, 
72$5+ 275./0;D$- "2 ,)02/2 6+%C2/2 1%#9+%%; Z, # ;7G2 521*#%$#4+%%; * 
8+5+7!"#9) 1")&3%DJ$-3; 82 "*# *#/2%# 2"%29#3%2, $2 "2 ,)02/2 8#5%2/2 9!30#, ) 
*!1%#9#D$- 6#3. 82524%-2/2 ) %#*#%$#4+%2/2 82:1")*, $: 

 
76222 mmCmZm ++" )( 0. ; (20)

 
7--.2 m)mm(Zm ++" 0 . (21)

= $26. *!8#"7., 720! 725!3%) 728#0!%! ) 8252". 8+5+*21;$- . 16)C#%!( 
323$#*#(, * '256.0#( (18) – (21) 1#6)3$- *#%$#428)"&26%23$) m $5+@# **2"!$! 
1*+"+%. *#%$#428)"&26%)3$-, $: 

 

)
m

m
-

Q

Q
-

m
=m

2,! 6

 6.2
2!

1(1

, 
(22)

"+ Q 6 $# Q 6.2 – 16)%%!& *#%$#4282$)7 %#*#%$#4.*#0-%2/2 8.%7$. *)"82*)"%2 82 
725!3%!( 728#0!%#( ) 8252"); m $# m2,!. – 6#3# *)"82*)"%2 725!3%!( 728#0!% ) 
8252"! * 2"%26. *#/2%), $. 

^256.0# (22) 85!8.37#J, G2 *)"%2C+%%; 6#3! 8252"! * 323$#*) "2 6#3! 
725!3%!( 728#0!% . %-26. "25)*%DJ *)"%2C+%%D 16)%%!( *#%$#4282$27)* 
8252"! ) 725!3%!( 728#0!%. 

 

4.3. F!-!$8-)+ 9+*% 7.5;#+ :+ #+(P96$+"";9 
 

>+5+*)57. *!72%.D$- "0; %#&@)0-C *#472/2 5+4!6. – +73$5+%2: 1.8!%7! 
%#*#%$#4+%2/2 82$;/# %# 38.37., 75.$)3$- ;72/2 "25)*%DJ 7+5)*%26. .(!0. &!, 
85! "2$5!6#%%) .62*!, G2 82*%!& /#0-62*!& C0;( 82$;/# "25)*%DJ 3.6) 
")&3%2/2 l' $# 8)"/2$2*92/2 l2 /#0-62*2/2 C0;(. ) %+ 8+5+*!G.J C0;(., 

%2562*#%2/2 85#*!0#6! @+18+7! (

=l  (40 6 – "0; *#%$#4%!( 82$;/)*, 20 6 – "0; 

8#3#4!53-7!(). >5!8.3$!6# 1# /#0-6.*#%%;6 6#3# %#*#%$#4+%2/2 82$;/#, $:  
 

%%
&

'
((
)

*
#+

#

"

(.,p

2(

(

=

(

"
-.2

wi
tVl

V
g

#
m

254
, 

(23)
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"+ w,.( – 23%2*%!& 8!$26!& 28)5 5.(. %#*#%$#4+%2/2 82$;/#, ?/7?; #" – 3.6#5%# 
/#0-62*# 3!0#, 5+#0)12*#%# 027262$!*26 (82$;/26) 85! +73$5+%26. 

/#0-6.*#%%), ?; V( – C*!"7)3$- 82$;/# * 829#$72*!& 626+%$ /#0-6.*#%%;, 6/3;  
t2 – 9#3 8)"/2$2*7! /#0-6 "2 "):, 3. 

>5! 2@0#"%#%%) 027262$!*# /#0-6#6!, G2 ")D$- %# 85!%,!8) 3!0! 

19+80+%%; (7202"72*) /#0-6#, /#0-6.*#%%; "*!/.%#6!), ) HMBE 3.6#5%# 
/#0-62*# 3!0#, ;7. **#4#D$- 823$)&%2D, ?: 

 #' = #  + #6 = 1000gm79 + >6?@6, (24)

"+ >6 = 0,15…0,20 – 72+'),)J%$ $+5$; 82021)* 5+&72*!( /#0-6 2@ 5+&7!; A@6 – 

1#/#0-%# 3!0# 85!$;/#%%; (1# 5#(.%27 %#6#/%)9.*#%%;) 5+&72*!( /#0-6 "2 

5+&27, ?; 

 
.. B52$C616 l@n@ " , (25)

"+ n1 – 7)0-7)3$- 5+&72*!( /#0-6; @6.2$C = (60…70)10
3
 ?/6 – 8!$26# (%# 1 6 

"2*4!%! /#0-6#) +0+7$526#/%)$%# 3!0# 85!$;/#%%; 5+&72*2/2 /#0-6# "2 5+&7!); 

l5.B – "2*4!%# 2"%2/2 5+&72*2/2 /#0-6# 82 12%) 72%$#7$. &2/2 1 5+&72D, 6. 

]#3 8)"/2$2*7! /#0-6 "2 "):, 3: 
 t2 = 1,4 + tx, (26)

"+ tx – 9#3 (2023$2/2 (2". 85!*2". /#0-62*2: 3!3$+6!, G2 1#0+4!$- *)" $!8. 

/#0-6# (624%# 85!&%;$! tx = 3 3). 
 

P202"72*+ /#0-62 1 5.9%!6 85!*2"26: 3 
2"%21#()"%!& /*!%$…………………………. 3,5 

"*21#()"%!& /*!%$…………………………… 1,0…1,5 

P202"72*+ /#0-62 1 8%+*6285!*2"26………..….. 2,0 

H0+7$52"!%#6)9%+ /#0-6.*#%%;………………….. 1,2…1,7 

H0+7$526#/%)$%+ 5+&72*+ /#0-62:  

3 %!1-72D 8)"*)372D 5+&72*!( /#0-6……… 0,3…0,5 

3 *!3272D 8)"*)372D 5+&72*!( /#0-6……… 0,8…1,0 
 

O*!"7)3$- 82$;/# * 829#$72*!& 626+%$ /#0-6.*#%%; V( 85! 5.3) 
027262$!*# * 626+%$, 828+5+"%)& 829#$7. /#0-6.*#%%; * $;/2*26. 5+4!6), 
85!&6#D$- 1# +0+7$526+(#%)9%2D (#5#7$+5!3$!72D 027262$!*#; 85! 5.3) 
027262$!*# . *3$#%2*0+%26. 5+4!6) /#0-6.*#%%; %# 3#627#$%26. .(!0) 
(38.37.) – *)"82*)"%2 "2 2@6+4+%- C*!"723$), 8+5+"@#9+%!( )%3$5.7,);6! 1 
+7380.#$#,):, #0+ %+ 6+%C 3 6/3. 

>+5+*)57# 85!&%;$%23$) 1# .62* /#0-6.*#%%; 6#3! 82$;/#, G2 

5215#(2*.J$-3; 1# 19+80+%%;6, 624+ @.$! $#724 1*+"+%# "2 *!1%#9+%%; 
"28.3$!62: C*!"723$) 5.(. V',2 %#*#%$#4+%2/2 82:1"# %# 38.37. i! . 5+4!6) 
+73$5+%2/2 /#0-6.*#%%;, 85! ;726. *!$5!6.J$-3; %2562*#%!& 85#*!0#6! 

@+18+7! /#0-62*!& C0;(.  

I28.3$!6# C*!"7)3$- 5.(., 6/3: 
  ! 2=2=

(

==',2 tatalaV #+" 2
2 , (27)

"+ )=  – .82*)0-%+%%; 82$;/#, 6/32
: 

 
 ! %%

&

'
((
)

*
#+"+" 5(.,

-.2

k
""= iw

gm

B
,wb) 010

108

1
; (28)
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-.2

"
"

gm

#
b " , 

"+ b" – 8!$26# /#0-62*# 3!0# 82$;/#, ?/7?. 

\7G2 *!;*!$-3;, G2 V',2 6+%C+ '#7$!9%2: C*!"723$) 5.(. V, 82$5)@%2 #@2 

16+%C!$! C*!"7)3$- 5.(. "2 "28.3$!62: #@2 16+%C!$! 7)0-7)3$- *#/2%)* ) 
82*$25!$! 5215#(.%27. 

O*!"7)3$- 5.(. 16+%C.D$- C0;(26 8+5+(2". 1 8#5#0+0-%2/2 1’J"%#%%; 
"*!/.%)* %# 8230)"2*%+ $# 8+5)2"!9%!6 *)"70D9+%%;6 "*!/.%)*. >5! 38.37. 82 

3#627#$%26. .(!0. 3!0# $;/! %+/#$!*%#. >5! +0+7$52"!%#6)9%26. /#0-6.*#%%) 
3$5.6 ) C*!"7)3$- 5.(. 1%#(2";$- 1# +0+7$526+(#%)9%!6! (#5#7$+5!3$!7#6!, # 
85! 38.37. %# 6+(#%)9%!( /#0-6#( C*!"7)3$- 5.(. %+*!1%#9+%#, $26. :: 
85!&6#D$- 5)*%2D V',2. 

 

4.4. F!-!$8-)+ 9+*% 7.5;#+ :+ "+#-8$+"";9 5;#.$%A ,$%#6"8$ !(!)5-.$.:+ 

 

>+5+*)57# **#4#J$-3; 85!&%;$%2D, ;7G2 "2$5!6.D$-3; .62*!: 

 IC! _ ID, (29)

"+ IC! – $5!*#0!& 3$5.6 "*!/.%#, G2 85!&6#D$- 1# (#5#7$+5!3$!72D 

+0+7$52*21#; ID – +7*)*#0+%$%!& 3$5.6 "*!/.%# 1# 5+&3, L: 

 

=

)tI(
ID

2

2" , (30)

"+ E – 72+'),)J%$, G2 *5#(2*.J "2"#$72*+ %#/5)*#%%; "*!/.%)* 85! *!72%#%%) 
+0+7$52*2126 7)%,+*!( 28+5#,)& (1/)"%2 1 "230)"%!6! "#%!6! "0; *./)0-%!( 

C#($ ` = 1,4 85! *)"3$#%) $5#%3825$.*#%%; "2 1 76, ` = 1,25 85! *)"3$#%) 1...2 76, 

` = 1,15 85! *)"3$#%) @)0-C+ 2 76, "0; 5."%!( C#($ ` = 1,4…1,5); I – 3$5.6 

"*!/.%#, L; t  )  T – $5!*#0)3$- *)"82*)"%2 5.(. 85! 3$5.6) IC!  ) 5+&3#, (*. 
U!0. 3$5.6. *!1%#9#D$- *)"82*)"%2 "2 +0+7$526+(#%)9%!( (#5#7$+5!3$!7 

1# 1%#9+%%;6! 3!0! $;/!, 5215#(2*#%2D "0; 3+5+"%-2/2 (3+5+"%-21*#4+%2/2) 

.(!0. 6#5C5.$.; ;7G2 6#5C5.$ 521@!$!& %# 7)0-7# ")0;%27 – 1# 3!02D $;/!, G2 

*)"82*)"#J 3+5+"%-26. .(!0. 724%2: ")0;%7! 6#5C5.$.. W# %#;*%23$) 
3#627#$%!( 38.37)*, %# ;7!( 1#3$232*.D$- +0+7$52"!%#6)9%+ /#0-6.*#%%;, 
*5#(2*.D$- 3$5.6 ,-2/2 5+4!6. 52@2$! "*!/.%)*. 

I2$!9%# 3!0# $;/!, 5+#0)12*#%# 2"%!6 "*!/.%26 %# "#%)& ")0;%,) 
6#5C5.$., ?: 

– "0; 82524%;72*2/2 %#85;67. 

 

'-

ci2o
22xi

n

iw
gmF

+
" .

. ; (31)

– "0; *#%$#4%2/2 %#85;67. 

 

'-

ci(.o
-.2!i

n

iw
gmF

#
" , (32)

"+ n'- – 7)0-7)3$- $;/2*!( "*!/.%)* +0+7$52*21#. 
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]#3 5.(. 82$;/# 82 ")0;%,) 6#5C5.$. "2*4!%2D li ((*) 1) C*!"7)3$D  

Vi (6 · 3-1
) *!1%#9#D$-, 725!3$.D9!3- %#@0!4+%!6 6+$2"26 “3$#0!( 

C*!"723$+&”, (*: 
 

iF

i
i

VK

l
t

60
" , (33)

"+ @F = 0,75...0,9 – 72+'),)J%$ C*!"723$), G2 *5#(2*.J 8+5)2"! 8.37. ) 
/#0-6.*#%%;. 

E5!*#0)3$- 5+&3., (*: 
 

3++"
!iF

i

%iF

i
!

VK

l

VK

l
=

6060
, (34)

"+ li – "2*4!%# i-/2 +0+6+%$# 6#5C5.$., 6; GH – $5!*#0)3$- 8#.1 1# ,!70 ("0; 
*./)0-%!( C#($ 85!&6#D$- GH = 30...40 (*, "0; 5."%!( – 1# $#@0. 3). V%i $# V!i – 

C*!"7)3$- 5.(. 82$;/# %# ,-26. +0+6+%$) *)"82*)"%2 85! (2023$26. ) 52@2926. 

(2"), 6/3. 
E#@0!,; 3  

]#3 1#*#%$#4+%%; ) 521*#%$#4+%%; 2"%2/2 *#/2%# (<)8525."#) 

]#3 521*#%$#4+%%; * 8+5+7!"#9), (* M)3$7)3$- 
*#/2%#, 63

 

]#3 1#*#%$#4+%%;, 
(* %# 2"!% *#/2% %# "*# *#/2%! 

2,2 1,5 0,58 0,38 

4,0 2,0 0,67 0,42 

8,0 3,0 0,83 - 
 

\7G2 6#5C5.$ 370#"#J$-3; 1 2"%)J: ")0;%7! "2*4!%2D l% = l! = li 1 
823$)&%!6 .(!026 i+, %# ;726. "2$5!6.J$-3; *3$#%2*0+%# C*!"7)3$- 5.(. 

+0+7$52*21# V% 85! (2023$26. (1 82524%;726) ) V! 85! 52@2926. (1 *#%$#4+6) 

(2"), $2 $5!*#0)3$- 5+&3#, (*: 
 

HVK

l

VK

l
=

pF

p

xF

%
! 3++"

6060
. (34[)

\7G2 8+5+*)57# 1# '256.02D (29) %+1#"2*)0-%#, 82$5)@%2 16+%C!$! 

7)0-7)3$- *#/2%)* ) 82*$25!$! 5215#(.%27. 

= 9!302*!( 5215#(.%7#( "2,)0-%)C+ *!1%#9#$! 7)0-7)3$- *#/2%)* . 323$#*) 
1# 82$.4%)3$D $;/2*2/2 85!*2". (521")0 4.4), # 82$)6 1# /#0-6.*#%%;6 (521")0 

4.3), G2 "#J 6240!*)3$- "0; 85!&%;$2: 6#3! 82$;/# 1#"#$! C*!"7)3$- &2/2 5.(.. 

 

4.5. F!-!$8-)+ 9+*% 7.5;#+ :+ -.:-;,"%9 *5-69.9 5;#.$.D >+5+-!D 
 

M#73!6#0-%2 "28.3$!6!& 5215;"%!& 3$5.6 $;/2*2: @#$#5+: #7.6.0;$25)*, L: 

 
(

p

!DI0(

0)C.max
t

@@<
I " , (35)

"+ <( – %26)%#0-%# +0+7$5!9%# J6%)3$- $;/2*2: @#$#5+:, L·/; @0 = 0,8...1.1 – 

72+'),)J%$, G2 (#5#7$+5!1.J '#7$!9%!& 3$#% $;/2*2: @#$#5+: (*)"%2C+%%; 
'#7$!9%2: J6%23$) "2 %26)%#0-%2:); @!DI = 1,5 – 72+'),)J%$ /5#%!9%2/2 5+4!6. 

5215;".; t
(
! – 9#3 %26)%#0-%2/2 5215;"%2/2 5+4!6., /2". 
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 +0!9!%# @!DI %+ 6#J %2562*#%!( 1%#9+%-. I#%+ 1%#9+%%; 5+726+%".J$-3; 
85!&6#$!, 7+5.D9!3- $!6, G2 5215;" @#$#5+: 3$5.6#6!, ;7) 1%#9%2 

8+5+*!G.D$- %26)%#0-%+ 1%#9+%%;, 85!1*2"!$- "2 1%!4+%%; J6%23$) @#$#5+:, 
5215;"%2: %#85./! ) $+56)%. 30.4@!. 

I0; $;/2*!( @#$#5+& #7.6.0;$25)* C#($%!( +0+7$52*21)* %26)%#0-%!6! J 
$5!- #@2 8’;$!/2"!%%) 5215;"%) 5+4!6!, G2 *)"82*)"#D$- 85!&%;$$D 5)1%!( 

72%3$5.7$!*%!( 8#5#6+$5)* #7.6.0;$25)* 8)" 9#3 :(%-2/2 852+7$.*#%%;.  
M#73!6#0-%# 1# $;/2*2D @#$#5+JD 3!0# 3$5.6. $;/2*2/2 "*!/.%#: 
– 85! 8230)"2*%26. 1’J"%#%%) "*!/.%)* +0+7$52*21# 

 0)C'- II .max.max " ; (36)

– 85! 8#5#0+0-%26. 

 

'-

0)C
'-

n

I
I .max

.max " . (37)

W 5)*%;%%; 5.(. 82$;/# (6) *!1%#9#D$- 6#3. 82$;/#, "28.3$!6. 1# 
5215;"%!6 3$5.626 @#$#5+: 85! 3$#026. &2/2 5.3) %# 3+5+"%-26. 8)"&26) 
75.$)3$D ic, $: 

 

 !c

0)C.'
'-n

iwg

F
nm

+

1
"

0

, (38)

"+ 0)C.'F 1  – "2$!9%# 3!0# $;/! +0+7$52*21#, "28.3$!6# 1# 5215;"%!6 3$5.626 

@#$#5+:. 
I2$!9%# 3!0# $;/! +0+7$52*21# 0)C.'F 1  *)"%23!$-3; "2 2"%2/2 $;/2*2/2 

"*!/.%#, ;7. *!1%#9#D$- *)"82*)"%2 "2 +0+7$526+(#%)9%!( (#5#7$+5!3$!7 

"*!/.%# "#%2/2 $!8. +0+7$52*21# 1# *)"26!6 1%#9+%%;6 Im)%.0)C 1 '256.0! (35) 

$# 3!0! 3$5.6. "*!/.%# Im)%.'-.  *)"82*)"%2 "2 *!5#1. (36) #@2 (37), 85!&%;*C! "2 

.*#/! *)"82*)"%+ /5.8.*#%%; "*!/.%)* 85! 5.3) 82$;/# 82 5215#(.%72*26. 

+0+6+%$. 6#5C5.$.. ?#85!70#", "0; *!52@27 1 %256#0-%!6 852')0+6, %# ;7!( 

6#3. 82$;/# 2@6+4.J 82524%;72*!& %#85;627, 85!8.3$!6# 1# $;/2*2D 

@#$#5+JD 6#3# 82524%-2/2 82$;/#, $ : 
 

 !c2.,

0)C.''-
.2.n

iwg

Fn
m

+

1
" . (38[)

 

4.6.  !:6(P5+5% -.:-+A6")8$ 9+*% 7.5;#+ 

 

?# 8)"3$#*) #%#0)1. 2$5!6#%!( 5215#(.%72*!( "#%!( .3$#%2*0DD$- 
"28.3$!6. 7)0-7)3$- *#/2%)* . 323$#*) 1 .5#(.*#%%;6 .3)( 2@6+4.*#0-%!( 

'#7$25)*. W# %+2@()"%23$) 5215#(.%7! 82*$25DD$-. 
 

5. 4K/G=HIGGJ M1NOM'231 INIM3 '4'/14  

3= RL F '<EM3K4G'231 
 

H0+7$52*21%!& 8#57, G2 2@30./2*.J $5#%3825$%!& /25!12%$ (C#($.), 

370#"#J$-3; 1 5+&32*!(, "2826)4%!( ("0; 6#%+*52*2: 30.4@! ) "2826)4%!( 

$5#%3825$%!( 28+5#,)&), 5+1+5*%!( 6#C!% ) 6#C!%, G2 1%#(2";$-3; * 5+62%$). 
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>5! "*20#%72*)& $5#%3825$%)& 3(+6) (8+5C# 0#%7# – 1@!5#0-%# 30.4@#, "5./# 
0#%7# – 6#/)3$5#0-%!& 027262$!*%!& $5#%3825$) 275+62 *5#(2*.D$- 
+0+7$52*21! 8+5C2: 0#%7!.  

P)0-7)3$- 5+&32*!( +0+7$52*21)* *!1%#9#D$- "0; 724%2/2 6#5C5.$. 275+62, 

# 85! *!725!3$#%%) 3852G+%2: 5215#(.%72*2: 3(+6! 1# 5!3. 3, 1 )1 
3+5+"%-21*#4+%!6! 827#1%!7#6! 1%#(2";$- *)"5#1. 1#/#0-%. 7)0-7)3$- 5+&32*!( 

+0+7$52*21)* 1 %#3$.8%!6 52182")026 :( 82 6#5C5.$#(. P)0-7)3$- "2826)4%!( ) 
5+1+5*%!( 6#C!% .3$#%2*0DD$- "0; $5#%3825$%2/2 /25!12%$. * ,)026. * 
1#0+4%23$) *)" 1#/#0-%2: 7)0-723$) 5+&32*!( 6#C!% ) .62* :(%-2/2 *!725!3$#%%;. 

M240!*# 1# @#0#%326 9#3. 7)0-7)3$- 5+&3)* 2"%2/2 +0+7$52*21# * 16)%.: 

 

=

@t
r - 6
-

60
" , (39) 

"+ t 6 – $5!*#0)3$- 16)%!, /; @- – 72+'),)J%$ *!725!3$#%%; 16)%%2/2 9#3. ("0; 
#7.6.0;$25%!( +0+7$52*21)* @- = 0,7, "0; 72%$#7$%!( @- = 0,8); = – 

5215#(2*.D$- 1# '256.0#6! (34) $# (34'). 

W#/#0-%# 7)0-7)3$- 5+&3)* "0; 1#@+18+9+%%; *#%$#4%!( (1 725!3%!6! 

728#0!%#6! – r $# 8252"2D – r2) $# 8#3#4!53-7!( (r2)+) 8+5+*+1+%-, %#85!70#" 

8+5C2/2 6#5C5.$. 85! $5#%3825$) . *)"275+60+%!( 323$#*#(: 

 
1

1.1
11101 2)+

nn

2 6n 6
2)+n r

mZ

QK

Zm

@Q
rrrr ++"++" ,    (40) 

# * 16)C#%!( *#%$#4%!( r1.6 ) *)"275+60+%!( 8#3#4!53-7!( 323$#*#(: 

 

1
1.1

11.01 2)+

n!

2 6 6
2)+61 r

Zm

QQ
@rrr +%

%
&

'
(
(
)

* +
"+" ,    (41) 

"+ @ $# @2 – 72+'),)J%$ %+5)*%26)5%23$) *#%$#4282$27)* *)"82*)"%2 725!3%!( 

728#0!% ) 8252"! ("0; *./)0-%!( C#($ 1# *)"3.$%23$) #7.6.0DD9!( J6%23$+& –

1,5, 1# :( %#;*%23$) – 1,25 "0; 8526)4%!( /25!12%$)* 5."%!( C#($ – 1,35); Z $# Z2 

– 7)0-7)3$- *#/2%)* *)"82*)"%2 1 725!3%!6! 728#0!%#6! ) 1 8252"2D; m2! –

*!1%#9#J$-3; 1# '256.02D (22); Q 6., Q 6.2 – 16)%%) *#%$#4282$27! 725!3%!( 

728#0!% ) 8252"! *)"82*)"%2.  

P)0-7)3$- 8#3#4!53-7!( 5+&3)* *3$#%2*0DD$- 1 .5#(.*#%%;6 

8#3#4!5282$27)* $# 72%75+$%2: 3(+6! $5#%3825$., 85!&6#D9! 82 2"%26. 

323$#*. %# 724+% *)"275+60+%!& 6#5C5.$. 
P)0-7)3$- 5+&32*!( +0+7$52*21)* "0; 8+5C2/2 6#5C5.$. 

 

1

01
1.

-

!DJ+7
r

r
n " . (42)

I#0) *!72%.D$- #%#02/)9%) 5215#(.%7! "0; )%C!( 6#5C5.$)* #@2 4 85! 

)"+%$!9%!( .62*#( $5#%3825$.*#%%; 1# ,!6! 6#5C5.$#6! *!1%#9#D$- 
5215#(.%72*. 16)%%. 852".7$!*%)3$- 5+&32*2/2 +0+7$52*21#, 2@30./2*.D92/2 

6#5C5.$, "0; ;72/2 *!72%#%2 5215#(.%27, *!5#4+%!& * 2"!%!,;( $5#%3825$%2: 
52@2$! ($ · 76), # 82$)6 5215#(2*.D$- 7)0-7)3$- 5+&32*!( 6#C!% "0; )%C!( 

6#5C5.$)*, **#4#D9!, G2 :( 852".7$!*%)3$- @."+ $#72D 4+. 
W6)%%# 852".7$!*%)3$- 1# /)5%!92D 6#32D 2"%2/2 5+&32*2/2 +0+7$52*21#, 

G2 2@30./2*.J 6#5C5.$ "2*4!%2D l1 , $ 76: 
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  !
1.

11.1
1

!DJ+7

2 6 6

n

lQQ@
4

+
" . (43)

P)0-7)3$- +0+7$52*21)* i-/2 6#5C5.$. "2*4!%2D li: 

  !
1

.
.

4

lQQ@
n i2i 6 6i

!DJ+i7

+
" .  (44)

>5! 1#75)80+%%) +0+7$52*21)* 1# %#*#%$#4.*#0-%!6! 8.%7$#6! 1#/#0-%# 
7)0-7)3$- 5+&32*!( 6#C!%  

  !  !  !!DJ+i.7!DJ+.7!DJ+.7!DJ+.7 n...nnn +++" 21 . (45)

= '256.0) (45) 724+% "2"#%27 3.6! 275./0;D$- "2 ,)02/2 9!30#. >5! 

$5#%3825$.*#%%) @+1 1#75)80+%%; +0+7$52*21)* 1# %#*#%$#4.*#0-%!6! 8.%7$#6!, 

$2@$2, 720! 1# 726#%"2D "!38+$9+5# +0+7$52*21 624+ @.$! 385;62*#%!& %# 
@."--;7!& %#*#%$#4.*#0-%!& 8.%7$, 1#/#0-%. 7)0-7)3$- 5+&32*!( 6#C!% 

 
!DJ+i.7!DJ+.7!DJ+.7!DJ+.7 n...nnn +++" 21 . (46)

= '256.0) (46) 3.6. "2"#%7)* 275./0;D$- "2 ,)02/2 9!30#.  )"6)%%)3$- . 

5215#(.%72*!( '256.0#( (45) $# (46) 624+ @.$! )3$2$%2D, @)0-C+ 9!302 @."+ 
85! 5215#(.%7. 1# *!5#126 (45), $2@$2 85! 1#75)80+%%) +0+7$52*21)* 1# 
%#*#%$#4.*#0-%!6! 8.%7$#6!. 

\7G2 "2 5215#(.%7. 85!&6#0#3; 3(+6# 5!3. 3, 1, $2 1# '256.02D (40) 9! (41) 

*)"5#1. 1%#(2";$- 1#/#0-%. 7)0-7)3$- 5+&32*!( +0+7$52*21)*, # 1# '256.02D (43) –

:( 16)%%. 852".7$!*%)3$- 1# 3.6#5%!6 16)%%!6 *#%$#4282$2726 725!3%!( 

728#0!% ) 8252"!, 85!926. 1#6)3$- "2*4!%! 6#5C5.$. . *!5#1) (43) 8)"3$#*0;D$- 
3+5+"%-21*#4+%. *)"3$#%- $5#%3825$.*#%%;. >2$)6 1# ")&3%!6!  *#%$#4282$27#6! 

%#*#%$#4.*#0-%!( 8.%7$)* *!1%#9#D$- 7)0-7)3$- 5+&32*!( 6#C!%, %+2@()"%!( "0; 
:( 2@30./2*.*#%%;, # 1# '256.02D (45) 9! (46) 1*)5;D$- :( 1#/#0-%. 7)0-7)3$-. 

R%*+%$#5%# 7)0-7)3$- 52@29!( (5+&32*!( ) "2826)4%!() +0+7$52*21)* 
 n7.!DJ+ = @&(-(n7.!DJ+ + n7.',2) = @&(-n7.!,0 (47)

"+ @&(- = 1,15...1,20 – 72+'),)J%$ )%*+%$#5%23$), G2 *5#(2*.J 5+1+5* 385#*%!( 

6#C!% ) 6#C!%, ;7) 1%#(2";$-3; * 5+62%$) (624%# 725!3$#$!3; $#7 3#62 

%256#$!*#6!: "0; *./)0-%!( C#($ %# C)3$- 52@29!( +0+7$52*21)* – 2"!% 

5+1+5*%!&; "0; 5."%!( – %# 8’;$- +0+7$52*21)* – 2"!% 5+1+5*%!&, ;7G2 82 

3$2*@.5. . 70)$) 6240!*!& 38.37 ) 8)"&26 +0+7$52*21#; 85! @."--;7)& 

852".7$!*%23$) "0; 724%2/2 /25!12%$. 82*!%%!& @.$! 5+1+5*%!& +0+7$52*21; 
85! 5)1%2$!8%26. 8#57. 5+1+5* 85!&6#D$- 275+62 "0; 724%2/2 $!8. 

+0+7$52*21#).  
 

6.  '/ =LEG'M M1NOM'231 @=3= IS 1 /= J<GKL 23'N14 

6.1. M8(P)8*5P 5;#.$%A >+5+-!Q 8 :+-;,"%A *5.(8$ 
 

H%+5/2J6%)3$- $;/2*2: @#$#5+: #7.6.0;$25%2/2 +0+7$52*21#, ;7 85#*!02, 

82*!%%# @.$! "23$#$%-2D "0; 1#@+18+9+%%; 5+&32*2: 52@2$! +0+7$52*21# 1# 
52@29. 16)%.. A37)0-7! $5!*#0)3$- 1#5;". @#$#5+: @0!1-7# "2 $5!*#023$) 52@292: 
16)%!, # 5+&32*!& +0+7$52*21 82*!%%!& 1%#(2"!$!3; * 52@2$) %# *3)( "2@.*%!( 

16)%#(, %# 724+% 52@29!& +0+7$52*21 $5+@# 6#$! %+ 6+%C+ "*2( @#$#5+&, $2@$2 

6)%)6#0-%# 7)0-7)3$- 52@29!( @#$#5+&: 
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!,07!,00)C nn .. 2" ,  (48)

$# )%*+%$#5%!( @#$#5+& 

 
!,00)C&(-&(-0)C n@n .. " , (49)

"+ @&(- = 1,1. 

P)0-7)3$- @#$#5+&, G2 2"%29#3%2 1#5;"4#D$-3;, "25)*%DJ 7)0-723$) 
52@29!( +0+7$52*21)* n7.!,0, # 7)0-7)3$- 1#5;"%!( 3$20)*, *)"82*)"%2 "2 

%256#$!*)* "0; *./)0-%!( C#($, 85! n7.$(- <10: 

 2. +" &(-7+C nn , (50)

85! n7.&(- >10: 

n+C = n7.&(- + 4. 

>+5+*!G+%%; 7)0-723$) 1#5;"%!( 3$20)* %#" 7)0-7)3$D @#$#5+&, G2 

2"%29#3%2 1#5;"4#D$-3;, %+2@()"%+ "0; 1#@+18+9+%%; 5+62%$. @#$#5+& ) 
852*+"+%%; )%C!( 52@)$, 82*’;1#%!( 1 :(%-2D +7380.#$#,)JD. 

 

6.2. F!-!$8-)+ 9.T(%$.*58 -.>.5% 5;#.$.D >+5+-!D  
7-.5;#.9 -.>.&.D :98"% >!: DD :+98"% 

 

M240!*# 1# +%+5/2J6%)3$D 7)0-7)3$- 5+&3)* +0+7$52*21# 852$;/26 52@292: 
16)%! "25)*%DJ *)"%2C+%%D 5215;"%2: +%+5/2J6%23$) $;/2*2: @#$#5+: "2 +%+5/):, 
G2 *!$5#9#J$-3; +0+7$52*2126 1# 2"!% 82*%!& 5+&3 (,!70). 

 !$5#$! +0+7$5!9%2: +%+5/): 1# ,!70, *)"%+3+%) "2 *+".9!( 720)3%!( 8#5 

+0+7$52*21#, *!1%#9#D$- 82 6+(#%)9%)& 52@2$), 152@0+%2: 82:1"26 "0; *!8#"7., 

720! 6#5C5.$ 85+"3$#*0+%!& 2"%)JD ")0;%72D, 5)*%2D *)"3$#%) 
$5#%3825$.*#%%;, 7 $·/2":  

  ! !6!<=5<=K"H llFF) ++4" #
..

6

.. 10278,0 , (51)

"+ 0,278·10
-6

 – 8+5+*)"%!& 72+'),)J%$ 6+(#%)9%2: 52@2$!, ?·6 (I4), * 
+0+7$5!9%., 7 $·/2"; FK.<=, F5.<= – 3$#0+ 1%#9+%%; 3!0! $;/! +0+7$52*21# 
*)"82*)"%2 85! (2023$26. (1 82524%;726) ) 52@2926. (1 *#%$#4+6) (2"), ?;  

l  = l! –  !"#$%& '&()(*+* " ! %!'* %&,(-'.*, '; l" – /"0 0%& "1 2+&%3 

'&%0"(*"&%%- 040.+(!"!/& %& .1%50"$6 ,*%.+&6 +(&%2,!(+*"&%%-, '. 

7"0 0%%-' l" '&()(*+ *'!"%! ,! !"#*8+32- %& "1 (1/!. )4-6*, %& -.!'* 

"$+(&+& 0%0(91: 040.+(!"!/& ;* 0 +&.!< #, -. ,($ "$.!%&%%1 '&%0"(!"$6 

!,0(&51= %& .1%50"$6 ,*%.+&6. >&  !241 %$'$  &%$'$ ?@A  4- "*9143%$6 )&6+  

l" = 400…500 '  4- (* %$6 – 600...800 '. 

B%0(9!8'%12+3 +-9!"!: ;&+&(0:, .C+·9! :  

 
 #$## U%&' .

310 ! , (52)

 0 &# – .!0D1518%+, E! 6&(&.+0($/*8 D&.+$F%$= 2+&% +-9!"!: ;&+&(0:,  
&# = 0,8…1,1; U#.  – 20(0 %- (!/(- %& %&,(*9& ( !;*+!. .143.!2+1 040'0%+1" * 

;&+&(0: %& 20(0 %< (!/(- %* %&,(*9* 040'0%+&  4- 4*#%$6 &.*'*4-+!(1" 1,15, 

 4- .$24!+%$6 2,0 C). 

G!#4$"& /& 0%0(9!8'%12+< ;&+&(0: .143.12+3 5$.41" 040.+(!"!/& ;0/ :: 
/&'1%$: 
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()

*#
+$,

-

'
r

.

.

"
! , (53)

 0 .* – HH? 040.+(!"!/&, E! "(&6!"*8 *21 "$ $ "$+(&+ "1  "0 *F$6 .!412%$6 ,&( 

 ! )+0,2043%!9! 9%1/ & +-9!"!: ;&+&(0: (/&  !241 %$'$  &%$' ?@A ,($ 

"1 2*+%!2+1 1%+0%2$"%!9! ;*.2*"&%%- .!412%$6 ,&( .* = 0.5...0,6). 

I.E! "$.!%*8+32- *'!"&  

 r,.+$ / r,, (54)

+! /&'1%& ;&+&(0: * 20(0 $%1 (!;!F!: /'1%$ %0 ,!+(1;%& (r,.+$ "$/%&F&<+3 /& 

D!('*4!< (53), r, – /& D!('*4!< (39)). 
 

7.  !" #"$ % &'(")&) *+*&,- # (" .  ,-'"!% -,/ 

7.1. %0123456789:5; <=<450171>? 
 

?1=2%& /'1%%& ,(! *.+$"%12+3 (0=2!"!9! 040.+(!"!/& ,($ "$"!/1 ,4&%!"!9! 

"&%+&#!,!+!.*, + · .': 

 # $

 012*

i

ini3"i3"

 0123"
n

lQQ
'

.

1
..

.

%
! ; (55)

(!/(&6*%.!"& '12-F%& ,(! *.+$"%12+3 (0=2!"!9! 040.+(!"!/&, + · .': 

 
4 34 0123" 012"52 nn'' .... ! , (56)

 0 n4.3.  +& n .4. – .143.12+3 "1 ,!"1 %!  !;!"$6 /'1% 1 (!;!F$6  %1" %& '12-53. 

J+($'&%0 /%&F0%%- '12-F%!: ,(! *.+$"%!2+1 ,!(1"%<<+3 /  !2-9%*+$' 

(1"%0' ,(! *.+$"%!2+1 )&6+%$6 040.+(!"!/1" +& ,($ %0/& !"143%$6 (0/*43+&+&6 

,!(1"%-%%- "$)*.*<+3 )4-6$ ,1 "$E0%%- +06%1F%$6 ,!.&/%$.1". 

 

7.2. #650?5? <8<0@9A 8? <=<450171>86B 50?8:C105 
 

C$+(&+* 0%0(91: /& (0=2, "1 %020%*  ! "0 *F$6 .!412%$6 ,&( 040.+(!"!/&, 

"$/%&F&<+3 /& D!('*4!< (51)  4- +$,!"!9!  '&()(*+* &;! /& 260'!< (($2 3, 6) 

 4- 20(0 %3!/"&#0%!: "1 2+&%1 +(&%2,!(+*"&%%-. 

C$+(&+& 0%0(91: /& (0=2 %& )$%&6 /'1%%!9! 2+(*'* ,0(0+"!(<"&43%!: 
*2+&%!".$ ,($ +(&%2,!(+*"&%%1 .!%+&.+%$'$ 040.+(!"!/&'$, .C+·9! : 

 

7"*

()

7)

-
-

"""
.

. ! , (57)

 0 ." – HH? +-9!"!: '0(0#1 ." = 0,9…0,95; .7 – HH? ,0(0+"!(<"&43%!9! 

&9(09&+* (%&,1",(!"1 %$.!"!9! .7 = 0,9...0,95; (+*+%!9! .7 = 0,86...0,92;  "$9*%&-

90%0(&+!(& .7 = 0,75…0,8); ,($ +(&%2,!(+*"&%%1  &.*'*4-+!(%$'$ 

040.+(!"!/&'$, .C+·9! : 

 

83+$*

()

7)

-
-

.

.

. """
! , (58)

 0 .0$ – 0%0(90+$F%$= HH? +-9!"!: ;&+&(0:, .0$ = 0,47; .3.7 = HH? /&(- %!9! 

,($2+(!< ( 4- %&,1",(!"1 %$.!"$6 /&(- %$6 ,($2+(!:" .3.7 = 0,85...0.92). 
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K$+!'& "$+(&+& 0%0(91: %& )$%&6 /'1%%!9! 2+(*'* ,0(0+"!(<"&43%!: 
*2+&%!".$ "1 %020%&  ! 1 +·.' "&%+&#* (%0++!), E! +(&%2,!(+*8+32-, 

.C+·9! /+·.': 

 

1

.

.
lZm

-
-

7 

7)

79:7 ! . (59)

>&9&43%& /'1%%& "$+(&+& 0%0(91: %& +(&%2,!(+*"&%%-, .C+ · 9! : 

 # $.... ini3"i3"79:70$3" lQQ-' %! , (60)

 0 # $.. ni3"i3" QQ %  – 2*'&(%& +(&%2,!(+%& (!;!+& (%0++!) ,! "216 '&()(*+&6 

9!($/!%+*, + · .'. 
 

8. #)D$-  !" #" .  /!,',&/#'""E  

('-EF" G ,' ,E. # G %$F!,'"H$I 

8.1. #6J90 3:5?5437?88K >?0K281A C92:5?8L9A 
 

K($ 1% $"1 *&43%!'* 2,!2!;1 /&(- * .143.12+3 (!;!F$6 /&(- %$6 ,($2+(!:" 

 n3.7 = n*.5$, , (61)

1%"0%+&(%$6 

 n3.7.5$, = 1,1n*.5$, . (61L )
H143.12+3 (0/0("%$6 /&(- %$6 ,($2+(!:" ,($='&<+3 %0 '0%) ! %!9! ,($ n3.7 

M 10 1 %0 '0%)  "!6 ,($ n3.7 >10. K($ 9(*,!"!'* /&2!;1 /&(- * ;&+&(0= .143.12+3 

(0/0("%$6 &9(09&+1" ,($='&<+3 n3.7. 03. = 1 ((1 )0 2), & :6 /&9&43%& .143.12+3 

 
 0373

6 #-:

5$,*
5$,73 n

n

n
n ..

.

.
.. %! , (62)

 0 n#-:.6  – .143.12+3 ;&+&(0=, -.1 /&(- #&<+32- ! %!F&2%! "1  ! %!9! 

,0(0+"!(<"&F&. 

N*'&(%& ,!+*#%12+3 +(&%2D!('&+!(1" /&(- %!-,0(0+"!(<"&43%!: 
,1 2+&%51:, .C·O: 

 

73

73732
;<

<n&
<

.

..

"
! , (63)

 0 &2 – .!0D1518%+ ,!,$+*, &2 = 0,9…1,1; <37 – %!'1%&43%& ,!+*#%12+3 /&(- %!9! 

,($2+(!<, .C·O; .37 – 20(0 %1= .!0D1518%+ ,!+*#%!2+1  /&(- %!9! ,($2+(!<. 

 

8.2. #6J90 3:5?5437?88K 5K@171A C92:5?8L9A. 
 

H143.12+3 (!;!F$6 ,0(0+"!(<"&43%$6 &9(09&+1" +-9!"!: ,1 2+&%51: 
 

2,

0=

7 
I

I
n

.

! , (64)

 0 I0= – 0D0.+$"%$=  2+(*' +-9!"!: ,1 2+&%51:, O; I,2 – %!'1%&43%$= "$,(-'%$= 

2+(*' ,0(0+"!(<"&43%!9! &9(09&+*, O. 

BD0.+$"%$= 2+(*' +-9!"!: ,1 2+&%51:, O: 

 # $
 012*

: *

 012*

0=
n

I
n

I
.

..

0

. 1 &'
&'

&
%

%! , (65)
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 0 n*. 012 – .143.12+3 (0=2!"$6 040.+(!"!/1"; >0 = 1,15 – .!0D1518%+,  "(&6!"*<F$= 

,!91()0%%- !6!4! #0%%-  "$9*%1" ,1  F&2 /*,$%!.; I*.:  – +($"&4$= 2+(*' 

040.+(!"!/&, O; > = 1,1...1,15 – .!0D1518%+, E! "(&6!"*8 2,!#$"&%%- 2+(*'* ,1  

F&2 '&%0"(1"; ? – "1 %!2%& +($"&412+3 2,!#$"&%%- 040.+(!"!/!' 2+(*'* /& F&2 

(*6*, 
;

;;!' ; ;; – +($"&412+3 2,!#$"&%%- 2+(*'* 040.+(!"!/!' /& F&2 (*6* * 

"&%+&#%!'* 1 ,!(!#%-.!"!'* %&,(-'.&6, 6": 

 
:  ; ;&; ! , (66)

 0 ;:  – +($"&412+3 (*6* /& (0=2, ;:  = t! + t , 6"; &  – .!0D1518%+ (0#$'* (!;!+$ 

+-9!"$6  "$9*%1" ((!/(&6!"*<+3 /& 2,051&43%!< '0+! $.!<), &  = 1 ,($ 

;0/*,$%%1= (!;!+1  "$9*%1" *,(! !"# F&2* ;: .. 

P!/(&6*%.!"* .143.12+3 &9(09&+1" !.(*94-<+3  ! ;143)!9! 514!9! F$24&. 

K($=%-+$=  ! *2+&%!".$ ,0(0+"!(<"&F ,0(0"1(-<+3 %& ,0(0"&%+&#*"&43%* 

/ &+%12+3. 

 

9. - (-'M/" & + & N ,)#" G #$F&',&) F)(*+*# ('N) 

 

P!/(&6*%!. 4!.!'!+$"%!: "1 .&+.$ ,!)$(<8+32- %&  $/040"!/$ 

"1+F$/%-%!9! 1 /&(*;1#%!9! "$(!;%$5+"&, -.1 /&2+!2!"*<+32-  4- ,0(0"0/0%%- 

4< 0= 1 "&%+&#1" * "$(!;.&6 )&6+ / *6$4!' .!41: "1  0,005  ! 0,050 1  !,*E0%1 
 ! 0.2,4*&+&51: * "2+&%!"40%!'* ,!(- .* [9]. 

 

9.1. #6O9289 2?89 2=K 01>0?O3843 
 

9.1.1. C$61 %1  &%1  4- "$.!%&%%- (!/(&6*%.* 4!.!'!+$"%!: "1 .&+.$ ,1  

F&2 ,0(0"0/0%%- 4< 0= 1 "&%+&#1" %&"0 0%1 " ,.,. 1, 3. 

I.E! 8 ,(!D14!9(&D& '&()(*+1", "$.!%&%& %& !2%!"1 (0/*43+&+1" 

'&(.)0= 0(23.!9! %1"04<"&%%-, +! "$/%&F&<+3 (!/(&6*%.!"1 *6$4$ .!41:, ‰: 

– ,($ /(*)0%%1 
 

1

211000
L

@@
i3 

 
! ; (67)

– ,($ 9&43'*"&%%1 
 

2

431000
L

@@
i6

 
! ; (68)

– 20(0 %1= %& '&()(*+1 
 

"

$(
2

L

@@
i

 
!1000 , (69)

 0 @1, @2 – "1 '1+.$ ,(!D14< .!41: %& "1 (1/.* "$(!;.$  !"#$%!< L1, '; @3, @4 – 

"1 '1+.$ ,(!D14< .!41: %& "1 (1/.* "$(!;.$  !"#$%!< L2, '; L1 –  !"#$%& 

"1 (1/.& "$(!;.$, E!  !(1"%<8 2*'&(%1=  !"#$%1 2!2+&"&, '; L2 –  !"#$%& 

"1 (1/.& "$(!;.$, E!  !(1"%<8 2*'&(%1=  !"#$%1 2!2+&"& 1 9&43'!"!9! )4-6*, 

'; @(, @$ – "1 '1+.$ ,(!D14< .!41:, "1 ,!"1 %! " .1%51 1 %& ,!F&+.* '&()(*+*, '; 

L" –  !"#$%& '&()(*+*, '. 
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9.2. -1>0?O3814 7?@171A 810P6 C15K@? 
 

9.2.1. ?4- "2+&%!"40%%- "&9!"!: %!('$ ,!+-9& ,($ 4!.!'!+$"%1= "1 .&+51 * 

"$(!;.&6 / ,1 "$E0%$'$ *6$4&'$ .!41: '&2& =!9! (!/(&6!"*8+32- ,! /(*)0%%< 

%& (!/(&6*%.!"!'* ,1 =!'1 1 ,0(0"1(-8+32- ,! 9&43'*"&%%< %& '&.2$'&43%!'* 

*6$41. 
9.2.2. ?!,*2+$'& '&2& %&"&%+&#0%!9! 2!2+&"& /& *'!"$ /(*)0%%- %& 

(!/(&6*%.!"!'* ,1 =!'1, +: 
 

3 $

3 4

*$.2
iw-

iw-
mm

%%

   (
!

0

0

110

1101000 )
, (70)

 0 w4 – ,$+!'$= !,1( (*6*  $/040"!/& (w4 = 25Q/.Q); w$ – ,$+!'$= !,1( (*6* 

%&"&%+&#0%!: (*6!'!: ! $%$51 2!2+&"&, Q/.Q (+&;4. 2). 

9.2.3. H143.12+3 "&9!%1" (20.51=) " 2!2+&"1 
 

0mV%

m
Z

3

.$.c

%
!

'
, (71)

 0 ? – %&2$,%& '&2& "&%+&#*, +/'3
; V – '12+.12+3 .*/!"& "&9!%&, '3

; %3 – 

.!0D1518%+ /&,!"%0%%- "&9!%& (20.51:) /& (0/*43+&+&'$ "$'1(1" .!'1218< )&6+$ 

('!#%& ,($=%-+$ %3 = 0,9). 

J+($'&%0 /%&F0%%- Z !.(*94-<+3  ! %&=;4$#F!9! '0%)!9! 514!9! F$24& Z'. 

9.2.4. K! !+($'&%1= .143.!2+1 "&9!%1" "$/%&F&<+3 '&2$ %&"&%+&#0%!9! +& 

,!(!#%3!9! ,!+-91" 

 )mV%(Zm 3$.2 0%*! ' ; (72)

 0mZm 7.2
*! . (73)

9.2.5. K0(0"1(.& "&9!"!: %!('$ ,!+-9& ,($ 9&43'*"&%%1 %& '&.2$'&43%!'* 

*6$41 "$.!%*8+32- )4-6!' "$/%&F0%%- ;0/,0F%!: )"$ .!2+1 (*6* (*6!'!9! 

2.4& * %& "1 (1/.&6 .!41: / ,1 "$E0%$' ,(!D140' 1 ,!(1"%-%%- :: /1 )"$ .12+< 

(*6*, -.& /&;0/,0F*8+32-  $/040"!/!'. 

R0/,0F%& )"$ .12+3 (*6*, .'/9! : 

 

1

1000

174 %
 

(!
Q

)w-(i-)w-Q(i

,

l
V 46$66

4A7

)
, (74)

 0 l6 –  !,*2+$'$= QKOJK 10.0-1.01 9&43'!"$= )4-6, '; Q – "1 %!)0%%- 

,($=%-+!: '&2$ 2!2+&"&  ! /F1,%!: '&2$  $/040"!/&. 

9.2.6. C04$F$%& +-9!"!9! /*2$44- %&"&%+&#0%!9! 1 ,!(!#%3!9! ,!+-91", .Q: 

 )iw(gm)iw(gmF c6$.2c4*$  % ! ; (75)

 )iw(gm)iw(gmF c77.2c4*7 %%%! . (76)

 0 w7 – ,$+!'$= !,1( (*6* ,!(!#%3!: (*6!'!: ! $%$51 2!2+&"&. 

C1 ,!"1 %!  ! '06&%1F%!: 6&(&.+0($2+$.$  $/04- (?! &+!. R 16-18) 

"2+&%!"4<<+32- )"$ .!2+1 (*6* %&"&%+&#0%!9! V$ 1 ,!(!#%3!9! V7 ,!+-91". 

I.E! V$ "$-"$+32- ;143)!< /& V4A7, +! +(0;& ,($=%-+$ " 0.2,4*&+&51: 
)"$ .12+3 (*6*, E! %0 ,0(0"$E*8 V4A7. I.E! V$ M V4A7, +! ,($='&8+32- 

)"$ .12+3, -.& "2+&%!"40%& /& '06&%1F%!< 6&(&.+0($2+$.!<  $/04- V$. 

9.2.7. S($"&412+3 (*6* %&"&%+&#0%!9! 1 ,!(!#%3!9! ,!+-91" %& '&()(*+1, 6": 
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$

"
$

V,

L,
t

750

060
! ; (77)

 

7

"
7

V,

L,
t

750

060
! . (78)

9.2.9. T&2 (0=2* (5$.4*), 6": 

 
)7$ Qtt; %%! , (79)

 0 Q) – +($"&412+3 ,0(0;*"&%%- 4!.!'!+$"& " ,($2+!";*(%!'*  "!(1, " ,*%.+1 
%&"&%+&#0%%-,  ! &+.!"$6 !,0(&51= F$ /*,$%!. " '125-6 ,0(0+$%&%%- 

+(&%2,!(+%$6 '&912+(&40= +& 1%. ("$/%&F&8+32- 6(!%!'0+(&#0' ,! )&6+1). 
9.2.9. H143.12+3 (0=21", E! '!#0 "$.!%&+$ ,!+-9 ,(!+-9!' /'1%$ 

 

 

,54(
 

;

T
n ! , (80)

 0 ;,54( – F&2 (!;!+$ 4!.!'!+$"%!: "1 .&+.$ ,(!+-9!' /'1%$, 6". 

9.2.10. K!"%$= F&2 (!;!+$  $/043%!9! 4!.!'!+$"& " /'1%* / ,0(0"0/0%%- 

"&%+&#1" 

 
 7$4 n)tt(; %! , 6". (81)

9.2.11. H143.12+3 (0=21", E! %0!;61 %! "$.!%&+$ ,(!+-9!' /'1%$  4- 

/&;0/,0F0%%- ,(! *.+$"%!2+1  143%$51, -.& !;24*9!"*8+32- 

 

V%Z

Q&

3

3"$

'
+

*
! , (82)

 0 &$ – .!0D1518%+ %0(1"%!'1(%!2+1 "$ &F1 "&%+&#*. >& "1 2*+%!2+1 &.*'*4<<F$6 

8'%!2+0= &$ = 1,5. K($ %&-"%!2+1 8'%!2+1 "$/%&F&8+32- /& (!/(&6*%.!', &40 
,($='&8+32- (1"%$' %0 '0%)0 %1# 1,25; Q3" – /'1%%$= 2*'&(%$= "&%+&#!,!+1. 

 143%$51 ("*9144-, ,!(! &, '&+0(1&4$ +& *2+&+.*"&%%-), +//'. 

9.2.12. H143.12+3 4!.!'!+$"1", %0!;61 %&  4- /&;0/,0F0%%- /'1%%!: 
,(! *.+$"%!2+1  143%$51 

 

 

*
n

n
+

! .  (83)

9.2.13. H143.12+3 (!;!F$6 /'1%, ,(!+-9!' -.$6 '!#0 ,(&5<"&+$  $/040"!/ 
,($ ! %1= /&,(&"51, "$/%&F&8+32- /& D!('*4!< 

 

47

#7
3

TWq

V
n

,
! ,  (84)

 0 B7 – !;’8'%& '&2& ,&4$"&, 9/4; V# – '12+.12+3 ,&4$"%!9! ;&.&, 4; q7 – ,$+!'& 

"$+(&+& ,&4$"&, 9/.C+·9! ; W – ,!+*#%12+3  $/043%!9! &9(09&+*, .C+. 

 

9.3. #:5?817=<88K P1Q=671A 49=;41:59 =141P156797  

>? <41=1@9R86P6 O?0?45<06:564?P6 26><=K 

 

9.3.1. 7 /"’-/.* / +!.2$F%12+< "$64!,%$6 9&/1"  $/043%$6 '&)$% 

/&2+!2*"&%%- :6 '!#4$"0 %0 ,!"2< %! "  1<F$6 ,1 /0'%$6 "$(!;.&6 )&6+, & 

+143.$ +&',  0 !;2-9 2"1#!9! ,!"1+(-, E! %& 6! $+3  4- ,(!"1+(<"&%%- "$(!;!., 
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2,(!'!#%$= (!/;&"$+$ "$64!,%1 9&/$  ! 9(&%$F%!  !,*2+$'!9! "'12+* :6%16 

!+(*=%$6 .!',!%0%+1" " &+'!2D0(1 (!.$2* "*9405< +& !.$241" &/!+*). 7 

%0(!/;&"40%$6 "$64!,%$6 9&/&6 2&'$6 '&)$% ,($ ;* 3--.$6 (0#$'&6 (!;!+$, 

E!  !,*2.&<+32-, .!%50%+(&51- !.$2* "*9405< +&.!# %0 ,!"$%%& 

,0(0"$E*"&+$ 0,08% /& !;2-9!', & !.$241" &/!+* – 0,07%. 

9.3.2. Q0!;61 %& "$+(&+& ,!"1+(- %& ,(!"1+(<"&%%- "$(!;!., E! 

!;24*9!"*<+32- '&)$%&'$ /  $/043%$' ,($"! !' (Q,), * '0+(&6 .*;1F%$6 %& 

6"$4$%* ,! F$%%$.* (!/(1 #0%%- "$64!,%$6 9&/1" "$/%&F&8+32- /& D!('*4!<: 

 

2

2

NO

NO

,
a

%
Q ! q,NCkA,  (85)

 0 
2NO% – '&.2$'&43%& .!%50%+(&51- !.$241" &/!+* " %0(!/;&"40%$6 "$64!,%$6 

9&/&6  "$9*%1", % /& !;2-9!'. K($='&8+32- (1"%!< 9(&%$F%!  !,*2+$'1= "04$F$%1 
0,07%; 

2NOa – 9(&%$F%!  !,*2+$'& .!%50%+(&51- !.$241" &/!+* " &+'!2D0(1 

"$(!;!., % /& !;2-9!'. K($='&8+32- (1"%!< 0,0002%; q, – ,$+!'$= "$61  

"$64!,%$6 9&/1", '3
/6"·..2.; NC – 2*'&(%& %!'1%&43%& ,!+*#%12+3 '&)$%, E! 

! %!F&2%! ,(&5<<+3 * "$(!;51 (&;! " 2$2+0'1 ,!241 !"%! ,(!"1+(<"&%$6 

"$(!;!.), ..2.; kA – .!0D1518%+ ! %!F&2%!2+1 (!;!+$ 1 2+*,0%- %&"&%+&#0%%- 

 "$9*%1", E! /&40#$+3 "1  .143.!2+1 '&)$% n*, -.1 0.2,4*&+*<+32- " 2$2+0'1 
,!241 !"%! ,(!"1+(<"&%$6 "$(!;!.. K($='&8+32-: ,($ n* = 1  kA = 1; ,($ n* = 2  

kA = 0,85; ,($ n* = 3 1 ;143)0 kA = 0,6. 

9.3.3. C1 ,!"1 %!  ! "2+&%!"40%!: /& D!('*4!< (83) ,!+(1;%!: .143.!2+1 
4!.!'!+$"1" n* "$/%&F&8+32- %0!;61 %& "$+(&+& ,!"1+(- %& ,(!"1+(<"&%%- 

"$(!;!. /& D!('*4!< (85) 1 ,!(1"%<8+32- / .143.12+< 2"1#!9! ,!"1+(-, -.0 

%& 1= 0 " ,!241 !"%! ,(!"1+(<"&%1 "1 .!+%1 "$(!;.$. 

Q& ,1 2+&"1 53!9! ,!(1"%-%%- ,($='&8+32- !2+&+!F%0 (1)0%%- ,(! .143.12+3  

 $/043%$6 4!.!'!+$"1", E! '!#*+3 ;*+$ "$.!($2+&%1 %&  143%$51. 
 

10. - (-'M/" & + & N ,)#" G #$F&',&) $"*-H$I")N) 

+ & N ,)#'N) (.$- # ('N)) 

 

10.1. J2%!"%1 /& &F1 (!/(&6*%.*: "$/%&F$+$ "&9!"* %!('* ,!+-9&; ,(!;19 
,!+-9&, -.$= '!#0 /&;0/,0F$+$ /&,&2 0%0(91: '&6!"$.& 91(!"!/& /& ! $% 5$.4 

/&(- .$; %0!;61 %* .143.12+3 ,!+-91"  4- ,0(0"0/0%%- /&,4&%!"&%!9! !;’8'* 

"&%+&#* %& ,(!+-/1 /'1%$.  

C&9!"* %!('* +(0;& "$/%&F$+$ ,124- (!/(&6*%.*  !,*2+$'!: '&2$ 

,($F1,%!: F&2+$%$ ,!+-9&, "$6! -F$ / %!'1%&43%!9! +-9!"!9! /*2$44- 91(!"!/&, / 
%&2+*,%!< ,0(0"1(.!< :: /& *'!"$ 0.2+(0%!9! 9&43'*"&%%- %& %!('&+$"%1= 

 !"#$%1 9&43'!"!9! )4-6*. 

10.2. ?!,*2+$'& '&2& ,($F1,%!: F&2+$%$ ,!+-9&, + 
 

# $iwwg

F
m

( 

$
4 -%
!

0

1000
,  (86)

 0 F$ – %!'1%&43%0 +-9!"0 /*2$44- 91(!"!/&, .Q ( 4- 91(!"!/1" +$,* @6 

S712.44.1031 ,($='&<+3 F$ = 2,4.Q); w0 – !2%!"%$= ,$+!'$= !,1( (*6* 
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(*6!'!9! 2.4& * ,($F1,%!: F&2+$%$ ,!+-9& Q/.Q; w(  –  ! &+.!"$= ,$+!'$= 

!,1( (*6* "1  .($"$6, Q/.Q. 

 # $
./

r

&S
w #

( 

%
!

120
,  (87)

 0 S# – #!(2+.& ;&/& "&9!%& (20.51:), '; & – )$($%& .!41:, '; r – (& 1*2 .($"!:, '; 

D – .!0D1518%+, E! "(&6!"*8 ",4$" /&"&%+&#0%%- "&9!%& (20.51:) ( 4- 

%&"&%+&#0%!9! D = 0,85,  4- ,!(!#%3!9! D = 1,0); E – .!0D1518%+, E! "(&6!"*8 
",4$" 2+&%* ,!"0(6%1 (0=!. ( 4- 2*6$6 E =1,0,  4- '!.($6 E = 0,45). 

>%&. “,4<2” " /%&'0%%$.* D!('*4$ +(0;& /&2+!2!"*"&+$ ,1  F&2 (*6* %& 

,1 =!', “'1%*2” – ,($ 2,*2.*. 

10.3. H143.12+3 (*6!'$6 ! $%$53 " ,($F1,%1= F&2+$%1 ,!+-9&: 

– %&"&%+&#0%!9! 

 

03

4
$

mV%

m
z

%
!

'
;  (88)

– ,!(!#%3!9! 

 

0

4
7

m

m
z ! .  (89)

K($='&<+3 '0%)0 /%&F0%%- /  "!6 +& !.(*94-<+3  ! %&=;4$#F!9! 

'0%)!9! 514!9! F$24& z. 

10.4. 7+!F%<<+3  !,*2+$'* '&2* ,($F1,%!: F&2+$%$ ,!+-9&: 

– %&"&%+&#0%!9! 

 # $03$4
mV%zm %! ' ;  (90)

– ,!(!#%3!9! 

 
074

mzm ! . (91)

10.5. G&2& ,($F1,%!: F&2+$%$ ,!+-9&, E! /& !"!43%-8 *'!"1 9&43'*"&%%- %& 

%!('&+$"%1=  !"#$%1 9&43'!"!9! )4-6* l;, + 
 

iww
l

v
m

( 

;

4A7

;

%  
!

0

2

2

110

1000)
.  

(92)

10.6. >& "&9!"* %!('* ,!+-9& ""&#&<+3 '&2* ,($F1,%!: F&2+$%$, E! 

/& !"!43%-8 *'!"1 
 ;4 mm 0 .  (93)

7 (&/1 %0"1 ,!"1 %!2+1 (0/*43+&+1" (!/(&6*%.1" *'!"1 (93) .143.12+3 (*6!'!9! 

2.4& * ,($F1,%!: F&2+$%$ ,!+-9& +(0;& /'0%)$+$ %& ! %* ! $%$5< 1 (!/(&6*%!. 

,!"+!($+$ / /&2+!2*"&%%-' (92)  ! "1 ,!"1 %!2+1 (0/*43+&+1" *'!"1 (93). 

10.7. K(!;19 ,!+-9&, -.$= '!#0 /&;0/,0F$+$ /&,&2 0%0(91: '&6!"$.& 

91(!"!/&, /& ! $% 5$.4 =!9! /&(- .$, ' 

 

# $iwwgm

F
L

( 4

7 -%
!

0

"
,  (94)

 0 F – "$.!($2+&%$= /&,&2 0%0(91: '&6!"$.& 91(!"!/&, .Q·' ( 4- 91(!"!/& @6 

S712.44.1031 B = 9,4·10
3.Q·'); . – HH? '06&%1/'1" 91(!"!/& / *(&6*"&%%-' 

"$+(&+ ,1  F&2 =!9! (!/9!%*, . = 0,6. 
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10.8. Q0!;61 %& .143.12+3 ,!+-91"  4- ,0(0"0/0%%- /&,4&%!"&%!9! !;’8'* 

"&%+&#* *,(! !"# /'1%$ 

 

# $30-TTq

TRQ
n

4*3",

 3"

  
! ,  (95)

 0 R – .!0D1518%+ (0/0("* ,(! *.+$"%!2+1 "1 .&+.$; Q3" – /'1%%$= "$ !;*+!., +; 
;3" – +($"&412+3 "$ !;*"%!: /'1%$, 6" (F&2 (!;!+$ "1 .&+.$ " /'1%* ,($='&8+32- 

/& %!('&'$ +06%!4!91F%!9! ,(!0.+*"&%%- %& 30 6" '0%)0 +($"&4!2+1 /'1%$);  

;4* – +($"&412+3  !2+&".$ 4< 0=, .!4$ /*,$%-8+32- "1 .&+.& "&%+&#1"; q, – 

"&%+&#!,1 =!'%12+3 ,!+-9&; ;  – +($"&412+3 (0=2*, 6" 

 
321 111 %%%%! 7$ ttT ,  (96)

 0 G1, G2, G3 – +($"&412+3 ,0(0;*"&%%- ,!+-9& "1 ,!"1 %! " ,($2+!";*(%!'* 

 "!(1, * ,*%.+1 %&"&%+&#0%%- 1  ! &+.!"$6 !,0(&51= (/*,$%!.) * '125-6 

,0(0+$%&%%- +(&%2,!(+%$6 '&912+(&40= +& 1%., "$/%&F&8+32- 6(!%!'0+(&#0' %& 

)&6+1 &;! ,($='&8+32-: G1 = 15 6"  4- "&9!%1" 1/ 94*6$' .*/!"!', G1 = 10 6" – 1/ 
 !%%$' (!/"&%+&#0%%-', G1 = 7 6"  4- 20.51=%$6 ,!+-91"; G2 = 10 6"  4- "216 

+$,1" "&9!%1", G2 = 7 6"  4- 20.51=%$6 ,!+-91"; G3 – "1  5 6"  ! 10 6". 

T&2 (*6* ,!+-9&, 6": 

– %&"&%+&#0%!9! 

 

$

"
$

0,75V

L
t

60
! ;  (97)

– ,!(!#%3!9! 

 

7

"
7

0,75V

L
t

60
! . (98)

I.E! %&"&%+&#*"&43%$= ,*%.+ !;24*9!"*8 +143.$ ,1 9!+!"F1 "$;!:, +!  

R  = 1. C *216 1%)$6 "$,& .&6 

 
# $

#,

3"
$

Fq

Q
K-10,640,75R

%
%! ,  (99)

 0 F# – '12+.12+3 ;*%.0(& * %&"&%+&#*"&43%!'* ,*%.+1, +; &$ – .!0D1518%+ F&2* 

%& 6! #0%%- "&%+&#* "1  ! %!9! !F$2%!9! "$;!< * ;*%.0(. 

K($ F!"%$.!"1= ( "!2+!(!%%1=), & +&.!# ,($ ! %!2+!(!%%1= ;0/ /&F$E0%%- 

260'&6 (!;!+$ "$='&43%!: '&)$%$ 

 

3"

,
"$

60T

t
KK !! . (100)

K($ ! %!2+!(!%%1= 260'1 (!;!+$ 1/ /&F$E0%%-' 

 

"

3
"

3"

3,
$

60T

t
K

60T

tt
K !!

%
! , (101)

 0 &" – .!0D1518%+ '&)$%%!9! F&2*; t, – +($"&412+3 (!;!+$ "$='&43%!: '&)$%$ / 
"$='&%%- ,(!+-9!' /'1%$, 6"; t3 – +($"&412+3 /&F$E0%%- !F$2%!9! "$;!< ,($ 

/"!(!+%!'* 6! 1 "$='&43%!: '&)$%$ ,(!+-9!' /'1%$, 6": 

 

".max

A3
3

V,

NL
t

850
! , (102)
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 0 N – .143.12+3 (!;!F$6 5$.41" "$='&43%!: '&)$%$ " /'1%*, ,($='&8+32- /& 

5$.4!9(&'!< !F$2%$6 (!;1+ &;! !;F$24<8+32- /& D!('*4!<: 

 

)A3

3"

TLmb

Q
N ! ; (103)

 0 Vmax." – '&.2$'&43%& '&%0"(!"& )"$ .12+3 '&)$%$, '/6"; LA3 –  !"#$%& 
!F$2%!9! "$;!<, '; m – "$='&43%& ,!+*#%12+3 ,4&2+&, '; b – )$($%& /&6"&+* /& 

! $% 5$.4, '. 

I.E! %&"&%+&#*"&43%$= ,*%.+ !;24*9!"*8 n !F$2%$6 "$;!:", +! 1 /'1%%$= 

"$ !;*+!. 1 .!0D1518%+ F&2* %& 6! #0%%- "&%+&#* 

 
2!
!

n

1i
3".i3" QQ ; (104)

 # $3   !
!

n

1i
$.i$ KK 11 , (105)

 0 Q3"1, Q3"2, … , Q3".n – 20(0 %3!/'1%%$= "&%+&#!,!+1. / .!#%!9! !F$2%!9! 

"$;!<, E! ,! &8 "&%+&# * ;*%.0(, +; &$1, &$2, … , &$.n, – .!0D1518%+ F&2* 

%& 6! #0%%- "&%+&#* / .!#%!9! !F$2%!9! "$;!<. 

I.E! * %&"&%+&#*"&43%$= ,*%.+ %& 6! -+3 "&%+&#!,!+!.$ / !F$2%$6 +& 

,1 9!+!"F$6 "$;!:", +!  ! /'1%%$6 "$ !;*+.1" !F$2%$6 "$;!:" +(0;&  ! &"&+$ 

/'1%%1 "&%+&#!,!+!.$ ,1 9!+!"F$6 "$;!:", & .!0D1518%+ F&2* %& 6! #0%%- 

"&%+&#* ,!"$%0% "(&6*"&+$ +143.$ "&%+&#!,!+!.$ "1  !F$2%$6 "$;!:". 

C&%+&#!,!+1. %&"&%+&#*"&43%!9! ,*%.+*, E! !;24*9!"*8 ! $% &;!  0.143.& 

,1 9!+!"F$6 "$;!:", 6&(&.+0($/*8+32- +143.$ /'1%%$' "$ !;*+.!' Q3". 

 

11. %-)&+'F) - (-'M/"&/ S'M," .  *+*&,- # (" .  

,-'"!% -,/ 

 

%064=?2 1. P!/(&6*%!. +(&%2,!(+* / &.*'*4-+!(%$'$ 040.+(!"!/&'$ %& 

"*9143%1= )&6+1. 
 

11.1. #6O9289 2?89 9 >?2?R9 01>0?O3843 
 

H9!54$5 4-$5: "$(!;%$F& ,!+*#%12+3 )&6+$ 1,5 '4%. + "*9144- %& (1., )&6+& 
3-: .&+09!(1: ,! 9&/*, ,! ,$4* %0 %0;0/,0F%&; "&%+&#%1 "&9!%$ +$,* C?H-2,5, 

,&2&#$(23.1 – CK@-18; "&%+&#, E! +(&%2,!(+*8+32-, – .&'’-%0 "*9144- 

%&2$,%!< E143%12+< 0,85 +/'3
, ,!(! & %&2$,%!< E143%12+< 1,4 +/'3

; ,4&%, 

,(!D143 1  !"#$%$ '&()(*+1" /& ($2. 3, - 1 +&;4. 4, "1  %&"&%+&#*"&43%$6 

,*%.+1" 4-6 1 7-9 +(&%2,!(+  "!4&%.!"$= (,0()& 4&%.& –  143%$F%$= +(&%2,!(+ 
 ! 9(*,!"$6 (!/'$%!"!. 2 1 3,  (*9& 4&%.& – '&912+(&43%$= +(&%2,!(+ "1  

9(*,!"$6 (!/'$%!"!.  ! ,($2+!";*(%!9!  "!(* 1; "1  %&"&%+&#*"&43%$6 

,*%.+1" 10 1 11 +(&%2,!(+ ! %!4&%.!"$= – '&912+(&43%$= +(&%2,!(+  ! 

,($2+!";*(%!9!  "!(*; +(&%2,!(+*"&%%- / 1=2%<8+32- " /'1)&%$6 2!2+&"&6 (" 

! %!'* 2!2+&"1 8 "&9!%$ / "*9144-' 1 ,!(! !<), 040.+(!"!/$ /& 

%&"&%+&#*"&43%$'$ ,*%.+&'$ 1 2!2+&"$ /& 040.+(!"!/&'$ %0 /&.(1,40%1. 
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S($"&412+3 /'1%$ 6 9! ; "$ !;*"%$6 /'1% – +($, (0'!%+%& – ! %&. H!41- 900 ''; 

(0=.$ – "!4!91, ,(&.+$F%! F$2+1. 
I-4-J5  A3 -!8$(8: "$;(&+$ +$, 040.+(!"!/&, !2%!"%0 *2+&+.*"&%%- 

/&(- %!: ,1 2+&%51:; "$/%&F$+$ .143.12+3 "&9!%1" * 2!2+&"1, .143.12+3 

040.+(!"!/1" 1 +-9!"$6 ;&+&(0=, !2%!"%1 ,!.&/%$.$ +(&%2,!(+*. 

 

S&;4$5- 4 

?&%1  ! ,($.4& * 1 

Q&"&%+&#*"&43%1 ,*%.+$ 
K!.&/%$.$ 

2 3 4 5 6 7 8 9 10 11 

>'1%%$= "&%+&#!,!+1., +:           

,! "*9144<  400 500 200 150 150 150 100 150 350 450

,! ,!(! 1 80 150 30 25 25 50 40 60 70 90 

?!"#$%& '&()(*+* 

 '1# ,*%.+&'$,  
2-1 3-1 4-2 5-2 6-2 7-3 8-3 9-3 10-1 11-2

.' 1,45 1,25 0,3 0,4 0,5 0,3 0,4 0,5 2,05 1,75

7.4!% .!41: '&()(*+1" (2,*2.  

* "&%+&#%!'* %&,(-'.*), ‰; 
2-1 3-1 4-2 5-2 6-2 7-3 8-3 9-3 10-1 11-2

20(0 %1= 4 5 3 3 3 3 3 3 3 5 

.0(1"%$= 8 14 5 5 5 5 5 5 10 12 

 

11.2. #6J90 56C3 <=<450171>? 

 

>91 %! / ($2. 1 ,($='&8'! -. +-9!"$= /&21; 2,&(0%$= 040.+(!"!/ 2OG8?. 
 

S06%1F%& 6&(&.+0($2+$.& 040.+(!"!/& 2OG8? 
>F1,%& '&2&, + 16 

U$($%& .!41:, '' 900 

?!"#$%& ,! ;*D0(&', '' 9470 

?&%1 F&2!"!9! (0#$'*:  

,!+*#%12+3, .C+ 4·12 = 48 

2$4& +-9$, Q 23·10
3
 

)"$ .12+3 (*6*, .'/9 7,2 

 

@&43'!"& 2$2+0'&: .!4! .!"0 9&43'! / (*F%$' ,($"! !', E!  18 %& ! %* 

20.51< 040.+(!"!/&, 1 040.+(! $%&'1F%& 9&43'!"& 2$2+0'& +-9!"$'$  "$9*%&'$. 

 

S-9!"1  "$9*%$ 
S$, ?KSP-12 

H143.12+3  "$9*%1" 4 

Q&,(*9&  "$9*%&, C 130 

@! $%%$= 2+(*', O 113 

S($"&4$= 2+(*', O 50 

S-9!"& ;&+&(0- 
S$, 26112SQVU-500 

Q!'1%&43%& 8'%12+3, O·9 500 

N0(0 %- (!/(- %& %&,(*9&, C 129 

B%0(9!8'%12+3 ;&+&(0:, .C+·9!  130 

Q!'1%&43%$= (0#$' (!/(- * 5-9! $%%$= 



 38

C&%+&#%1 "&9!%$: +$, C?H 2,5, '12+.12+3 .*/!"& 2,5 '3
, .!41- 900 '', 

#!(2+.& ;&/& 1650 '',  !"#$%& 2900 '', '&2& 1,36 +. 
K&2&#$(23.1 "&9!%$: +$, CK@ 18, .!41- 900 '', .143.12+3 ,!2& .!"$6 '1253 

18,  !"#$%& ,! "$2+*,&<F$6 F&2+$%&6 (9&;&($+) 5300 '', '&2& 1,7 +. 
 

11.3.  J01J4? 76O9286O 2?86O 
 

P!/(&6*%.!"& 260'& '&912+(&43%!9! +(&%2,!(+* "1 ,!"1 &8 ($2. 3, #. W: 
(!/(&6*%.!"1  &%1 /"0 0%1 " +&;4. 5. 

S&;4$5- 5 

?&%1 '&912+(&43%!9! +(&%2,!(+*  ! ,($.4& * 1 ( $". ($2. 3, #) 

>'1%%$= "&%+&#!,!+1., + 7.4!%, ‰ 
G&()(*+ ?!"#$%&, .' 

"*9144- ,!(! $ 20(0 %1= .0(1"%$= 

2-1 1,45 400 80 4 8 

3-1 1,25 500 150 5 14 

10-1 2,05 350 70 3 10 

11-1 1,75 450 90 5 12 

723!9!  1700 390   
 

J2.143.$ 040.+(!"!/ %0 /&.(1,40%! /& %&"&%+&#*"&43%$'$ ,*%.+&'$ 1 
,(!D143 '&()(*+1" ;4$/3.$=  ! %!('&43%!9!, ,! &43)$= (!/(&6*%!. 

"$.!%*8'! /& (!/(&6*%.!"!< 260'!< ($2. 3, 6, +!;+! ,! 20(0 %3!/"&#0%$6 

6&(&.+0($2+$.&6 +(&%2,!(+%!: 260'$. 

>& D!('*4!< (3) 20(0 %3!/"&#0%& "1 2+&%3 +(&%2,!(+*"&%%- 

 59,1
540420650480

75,154005,242025,165045,1480
121 !

%%%
(%(%(%(

!!  ll23,  .'. 

>& (4) 20(0 %3!/"&#0%$= 20(0 %1= *6$4 

 4,4
2090

5540342056504480
. !

(%(%(%(
!223,i  ‰. 

>& D!('*4!< (4´) 20(0 %3!/"&#0%$= .0(1"%$= *6$4 

3,11
2090

1254010420146508480
.. !

(%(%(%(
!(23,i  ‰. 

>& (5) (!/(&6*%.!"$= "&%+&#!,!+1. %&"0 0%!: 260'$ ( $". ($2. 3, 6) ,! 

"*9144< 

1700450350500400 !%%%!3"Q  +; 

,! ,!(! 1 
390907015080.. !%%%!73"Q  +. 

 

11.4. #6>8?R<88K 49=;41:59 7?@1897 3 :1:5?79 
 

>& D!('*4!< (10)  !,*2+$'& '&2& ,!(!#%3!9! ,!:/ & /& *'!"!< /(*)0%%- 

=!9! %& 20(0 %3!/"&#0%!'* ,1 =!'1 ,($ m* = 16 +; K = 0,09 ( $". +&;4. 1);  

i23, = 4,4 ‰; wA.7  = 11 Q/.Q ( $". +&;4. 2); w(   = 0; -0 = 0,04 '/22
 

73
04,01084,411

09,016100
. !

(%%
((

!77m  +. 
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>& D!('*4!< (11)  !,*2+$'& '&2& ,!(!#%3!9! ,!:/ & /& *'!"$ 2+&4!9! 
(*6* =!9! ,! .0(1"%!'* ,1 =!'1 ,($ wA.7 =11 Q/.Q ( $". +&;4. 2); i( = 11,3 ‰. 

6,64
3,1111

09,0161000
. !

%
((

!77m  +. 

>& (10)  !,*2+$'& '&2& %&"&%+&#0%!9! ,!:/ & /& *'!"$ (*6* =!9! %& 
9!($/!%+&43%1=  14-%51 .!41: ;14- %&"&%+&#*"&43%!9! ,*%.+* wA.6 = 9 Q/.Q 

1108
04010809

090161000
,

,

,
m .,.7 !

(%%
((

!  +. 

G&2& "*9144- * "&9!%1 m = 2,5 · 0,85 = 2,12 +; '&2& ,!(! $ * "&9!%1  
m7 = 2,5 · 1,4 = 3,5 +;  0 2,5 – '12+.12+3 "&9!%&, '3

; 0,85; 1,4 – %&2$,%& E143%12+3 
"1 ,!"1 %! "*9144- 1 ,!(! $. 

>& "$(&/!' (22) /"0 0%& "&%+&#!,1 =!'%12+3 "&9!%* 

34,2

5,3

12,2
1

1700

390
1

12,2
!

4
5

6
7
8

9
 ( 

!7 m  +. 

G&2& +&($ "&9!%* "1 ,!"1 %!  ! 6&(&.+0($2+$.$ "&9!%* 1,36 +. K($='&8'! 
.!0D1518%+, E! "(&6!"*8 ,!;1#%0 ,0(0"0/0%%- "&%+&#1" * ,!(!#%-.!"!'* 
%&,(-'.* 1 %0(!/"&%+&#0%$= /&4$)!. 91(23.!: '&2$, (1"%$' 0,15. 

@(&%$F%* .143.12+3 ,!(!#%16 "&9!%1" " 2!2+&"1 "$/%&F&8'! /& D!('*4!< 
(18) "1 ,!"1 %!  ! '0%)!9! /%&F0%%- '&2$ ,!(!#%3!9! ,!+-9& 64,6 +: 

4,28
34,215,036,1

166,64
!

(%
 

!7Z ; 

9(&%$F%* .143.12+3 %&"&%+&#0%$6 "&9!%1" /& (19): 

924
342361

161108
,

,,

,
Z, !

%
 

! . 

K($='&8'! 25 "&9!%1" * 2!2+&"1, !2.143.$ :6%- 9(&%$F%& .143.12+3 
!;'0#*8+32- (*)&%%-' %&"&%+&#0%!9! ,!:/ & %& 9!($/!%+&43%1=  14-%51 )4-6* 
;14- %&"&%+&#*"&43%!9! ,*%.+*. 

>& D!('*4!< (20)  1=2%& '&2& ,!(!#%3!9! ,!:/ & 

8,5816)34,215,036,1(25. !%(%(!77m  +. 

>& "$(&/!' (21) '&2& %&"&%+&#0%!9! ,!:/ & 

51081634236125 ,),,(m ,.7 !%%(!  +. 
 

11.5. %<0<7904? P?:6 C15K@? >? @?=;P37?88KP 

 

K0(0"1(.* "$.!%*8'!  4- %&=;143) "&#.!9! "$,& .* – 0.2+(0%!9! 
9&43'*"&%%- %&"&%+&#0%!9! ,!:/ & %& 2,*2.* .(*+12+< 11,4 ‰. 

>& D!('*4!< (24) '&.2$'&43%& 9&43'!"& 2$4&, E! '!#0 (0&41/*"&+$ 
040.+(!"!/ ,($ ".4<F0%%1 +143.$ 040.+(! $%&'1F%!9! 9&43'*"&%%- &;! (&/!' / 
%&.4& 0%%-' 2+!-%.!"!9! (.!4! .!"!9!) 9&43'&, 

H4.3. = 1000 · 9,81 · 16 · 0,09 = 14126Q, 
& ,($ ".4<F0%%1 +143.$ .!4! .!"!9! 9&43'&, E! ",4$"&8 %& ! %* 20.51<, 

7063
2

14126
!!*

3.4H  Q. 
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>& "$(&/!' (28) 

11,03,119
5,10881,9

14126
01,0 !4

5

6
7
8

9
 %

(
(!;-  '/22

, 

&  !,*2+$'& )"$ .12+3 (*6* ,!:/ & ,($ +($"&4!2+1 ,1 9!+!".$ 9&43'  !  1: 3 2 /& 

D!('*4!< (27) 

# $ 65,2311,0311,04011,02
2 !( (%((!4A7V  '/2 = 9,5.'/9. 

C 1%)!'* "$,& .*, .!4$ (0&41/!"&%& 9&43'!"& 2$4&  !(1"%<8 7063 Q, 

*,!"143%0%%- ,!:/ &, (!/(&6!"&%0 /& D!('*4!< (28), -; = 0,043 '/22
, & 

 !,*2+$'& )"$ .12+3 (*6*, (!/(&6!"&%& /& (27), 

V4A7 = 1,86 '/2 = 6,23 .'/9. 
J+#0, /& 9&43'*"&%%-' /&2+!2*"&%%- 2!2+&"& 1/ 25 "&9!%1"  !,*2+$'0, &40 

"1 2*+%12+3 '!#4$"!2+1 %&.4& 0%%- 9&43' %& !;$ "1 20.51: 040.+(!"!/& ""! $+3 

+"0( 1 !;'0#0%%- )"$ .!2+1 (*6* ,!:/ & ,! (!/(&6*%.!"!'* 2,*2.*. 
 

11.6. %<0<7904? P?:6 C15K@? >? 8?@097?88KP 5K@176O 276@3897 <=<450171>? 
 

K0(0"1(.* "$.!%*8'! "$6! -F$ / +-9!"!9! %&"&%+&#0%%- 040.+(!"!/& %& 
20(0 %3!/"&#0%!'* *6$41, ,($,*2.&<F$, E! ",4$" .!(!+.$6  14-%!. .!41: ;143)!: 
.(*+!2+1 %& %&9(1"&%%-  "$9*%& %0/%&F%$= 1 %$' '!#%& /%0"&#$+$. C1 ,!"1 %!  ! 

+06%1F%!: 6&(&.+0($2+$.$ 040.+(!"!/& +($"&4$= 2+(*'  "$9*%& I4, = 50 O. 

N$4& +-9$, E! ,($6! $+32- %& ! $%  "$9*%  4- ,!(!#%-.!"!9! %&,(-'.* 

,($ m7.7 = 58,8 + /& D!('*4!< (31) 

# $
2220

4

4,4118,5881,9
!

%((
!*xF  Q; 

 4- "&%+&#%!9! %&,(-'.* ,($ m7., = 108,5 + /& D!('*4!< (32) 

# $
1233

4

449858819
!

%((
!*

,,,
F  Q. 

C1 ,!"1 %!  ! 040.+(!'06&%1F%$6 6&(&.+0($2+$. (?! &+!. R) 5$' 

/%&F0%%-' 2$4 +-9$ "1 ,!"1 &<+3 /%&F0%%- 2$4$ 2+(*'*  "$9*%& ?KSP-12 1 
)"$ .!2+1 (*6* 040.+(!"!/& 2OG8?, -.1 /"0 0%1  ! +&;4. 6. 

S&;4$5- 6 

Q&,(-'!. (*6* 
K&(&'0+( 

,!(!#%-.!"$= "&%+&#%$= 

N$4& +-9$, Q 2220 1233 

N$4& 2+(*'*, O 65 50 

N+&4& )"$ .12+3 (*6*, .'/9 ('/2) 12,7 (2,6) 11,5 (3,2) 
 

S($"&412+3 (0=2* /& D!('*4!< (34) 

1,5330
2,38,060

1590

6,28,060

1590
!%

((
%

((
! ;  6". 

K($=%-")$ .!0D1518%+, E! "(&6!"*8  ! &+.!"0 %&9(1"&%%-  "$9*%& ,($ 

"$.!%&%%1 '&%0"(1", B = 1,25, "$/%&F&8'! 

3,48
1,53

3,10507,1265
25,1

22

!
(%(

!0I  O. 
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J2.143.$ I:  > I0 (50 > 48,3), %&9(1"&%%-  "$9*%1" /%&6! $+32- "  !,*2+$'$6 

'0#&6. H(&E0 "$.!%&+$ (!/(&6*%.$ 2,!F&+.* /& (!/ 14!' 11.6, ,!+1' /& 11.5. 

 

11.7. %<0<7904? P?:6 C15K@? >? 01>0K286P :503P1P 5K@171A J?5?0<A 
 

?&%1 +-9!"!: ;&+&(0: 2×112 SQVU-500, -.!< !2%&E0%! 040.+(!"!/ 
2OG8?: 040.+($F%& 8'%12+3 500 O·F, %!'1%&43%$= (!/(- %$= (0#$' – 

,’-+$9! $%%$=. 

K($='&8'!: &# = 1,0 (;&+&(0- "1  &8 %!'1%&43%* (!/(- %* 8'%12+3); 

& 0L = 1,5 ((!/(&6*%.!"0 ,0(0"&%+&#0%%- +-9!"!: ;&+&(0: /& 2+(*'!'). 

G&.2$'&43%$= (!/(- %$= 2+(*' ;&+&(0: /& (35) 

150
1

5,11500
.max  

!!
  !"I   . 

!"#$%& #'#()*%+%,- .#*#/0-1#2% /+- 3*4.4+-225 )53%+6" /+63427+: 487 

1%)6*6 /+63426 /+%" 8#(97: ,’;/2-27 .%8'7/%+2%; /+- .%8'7/%+2% +('&1#26" 

/+63426 8#(97< ,’;/2-27 .-*-'#'=2%. 

>*6 .%8'7/%+2%$4 ,’;/2-227 /+63427+ ,- ?%*$4'%& (36) $-(86$-'=26: ,- 

0-)-*#;& 8)*4$ /+6342- 

150.max.max    !"#$ II   , 

.*6 .%8'7/%+2%-.-*-'#'=2%$4 ,’;/2-227 

75
2

150
.max   #$I   . 

@6$ 8)*4$-$ +7/.%+7/-&)= ,- #'#()*%$#"-27126$6 "-*-()#*68)6(-$6 86'6 

)536, A% .*6"%/5)=85 2- /+6342: .*6 86'7 8)*4$4 150   F%&. !" = 8500 B, .*6 

86'7 8)*4$4 75   F%&. !" = 3000 B. 

>*6 .%8'7/%+2%-.-*-'#'=2%$4 ,’;/2-227 )53%+6" /+63427+ +7/.%+7/2% /% 

?%*$4'6 (38) /%.48)6$- ,- *%,*5/26$ 8)*4$%$ 0-)-*#< $-8- .%*%C2=%3% .%<,/- 

,- 4$%+%& 8)-'%3% *4"4 :%3% 2- 8#*#/2=%$4 .7/:%$7 4,4 ‰ 

4,79
)4,411(81,9

30004
.  

"!

!
 ''m  ), 

)# C 2- (#*7+2%$4 .7/:%$7 11,3 ‰ 

# $
8,54

3,111181,9

30004
.  

"!

!
 ''m  ). 

D)C#, 2- .7/:%$7 4,4 ‰ 2#$-; %0$#C#225 $-86 .%<,/- ,- *%,*5/26$ 

8)*4$%$, %8(7'=(6 *%,*-"42(%+# ,2-1#225 $-86 .%)53- 79,4 ) 07'=E# *-27E# 

.*6:25)%< $-86 64,6 ), - 2- .7/:%$7 11,3 ‰ $-;)=85 %0$#C#225, 5(# 484+-;)=85 

.#*#"%/%$ .*6 *487 .%<,/- .% 9=%$4 .7/:%$7 2- .%8'7/%+2# ,’;/2-225 /+63427+, 

.*6 5(%$4 /%.48(-;)=85 ,- *%,*5/26$ 8)*4$%$ 0-)-*#< $-8- .%<,/- 

# $
4,155

3,111181,9

85004
.  

"!

!
 ''m  ). 

F 4*-"4+-225$ 487" *%,3'524)6" %0$#C4+-'=26" ?-()%*7+ .*6:$-;$% 

8%8)-+ 7, 25 +-3%27+ GHI-2,5. 
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11.8.  !"#$%&##' ()*+(,-.) &*&(./,0,")0 .$ 12#+,1 3/,45(.!0#,-.) 

 

J%C'6+- ,- 0-'-28%$ 1-84 (7'=(78)= *#:87+ %/2%3% #'#()*%+%,- ,- (39): 

4,5
1,53

8,0660
 

!!
 $r  *#:84. 

>*6:$-;$% 5 *#:87+. 
>*6:$-&16 (%#?797;2) 2#*7+2%$7*2%8)7 +-2)-C%.%)%(4 1,5, ,+#/#24 $-84 

37*261%< $-86 2,34 (22), ,$7227 +-2)-C%.%)%(6: +437''5 1700 ), .%*%/6 390 ) 
(/6+. )-0'. 5) 7 (7'=(78)= .-8-C6*8=(6" *#:87+ 4 (.% (7'=(%8)7 +7/%(*#$'#26" 
$-*E*4)7+), ,- ?%*$4'%& (41) +6,2-1-;$% ,-3-'=24 (7'=(78)= *#:87+ /'5 
,-0#,.#1#225 ,$722%3% +-2)-C%.%)%(4 37*8=(%< $-86 + ,$7E-26" )- .-8-C6*7+ 4 
+7/%(*#$'#26" 8%8)-+-": 

574
34,225

)3901700(5,1
0  "

!

"!
 r  *#:87+. 

I7'=(78)= *#:8%+6" #'#()*%+%,7+ /'5 +8=%3% )*-28.%*)2%3% 3%*6,%2)4 ,- (42) 

4,11
5

57
.   ()*+,n . 

>*6:$-;$% .%.#*#/2=% 12 *#:8%+6" #'#()*%+%,7+ 2 J8H. 
K%,*-"42(%+- (, 4*-"4+-225$ (%#?797;2)- 2#*7+2%$7*2%8)7 +-2)-C%.%)%(4) 

,$722- .*%/4()6+278)= %/2%3% *#:8%+%3% #'#()*%+%,- ,- ?%*$4'%& (43) 

411
12

59,1)3901700(5,1
 

!"!
 -  ) · ($. 

I7'=(78)= *#:8%+6" #'#()*%+%,7+ /'5 %08'43%+4+-225 2-+-2)-C4+-'=2%3% 
.42()4 2 (/6+. )-0'. 7, $-*E*4) 2-1) ,- +6*-,%$ (44) 

5,2
411

45,1)80400(5,1
2.  

!"!
 ()*+,n  

)- 72E6" 2-+-2)-C4+-'=26" .42()7+: )*#)=%3% – 3,0; /#85)%3% – 3,1; 
%/62-/95)%3% – 3,4. 

F-3-'=2- (7'=(78)= *#:8%+6" $-E62 .*6 ,-(*7.'#227 <" ,- 
2-+-2)-C4+-'=26$6 .42()-$6 ,- ?%*$4'%& (45) 

134333.  """ ()*+,n , 

0#, ,-(*7.'#225 ,- 2-+-2)-C4+-'=26$6 .42()-$6 ,- (46) 

0,124,31,30,35,2.  """ ()*+,n , 

)%0)% )*#0- .*6:25)6 12 $-E62, %8(7'=(6 ,- +6"7/26$6 /-26$6 .*6:25)- 
%*3-27,-975 )*-28.%*)4 0#, ,-(*7.'#225 $-E62 ,- 2-+-2)-C4+-'=26$6 
.42()-$6. 

H'5 %08'43%+4+-225 .#*E%< '-2(6 )*-28.%*)4 (/7'=2612%3%) .*6:$-;$% 
%/2%8#(97:27 #'#()*%+%,6  J8H: *%,*-"42(%+6: %0853 )*-28.%*)2%< *%0%)6 
.#*E%< '-2(6 , 4*-"4+-225$ (%#?797;2)- 2#*7+2%$7*2%8)7 1,5 (/6+. )-0'. 4,  
*68. 3, $) +7/ +60%<+ /% .42()4 2 

3484,0)175175230(5,12  !""! -  ) · ($ 

7 +7/ +60%<+ /% .42()4 3 

3304,0)210140230(5,13  !""! -  ) · ($. 
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F 4*-"4+-225$ )%3%, A% .*%/4()6+278)= %/2%8#(97:2%3% #'#()*%+%,-  J8H 

04/# $#2E#, 27C #'#()*%+%,- 2 J8H, .*6:$-;$% /'5 %08'43%+4+-225 

2-+-2)-C4+-'=26" .42()7+ 4, 5, 6 7 7, 8, 9 .#*E%< '-2(6 )*-28.%*)4 .% /+7 

$-E626  J8H; 48=%3% 1%)6*6 #'#()*%+%,6. 

H'5 %08'43%+4+-225 /%.%$7C26" %.#*-97: + .*68)%+04*2%$4 /+%*7 .*6 

.*%"%/97 +6*%0%( 7 +6(%2-227 72E6" %.#*-97: .*6:$-;$% (0#, *%,*-"42(4) )*6 

#'#()*%+%,6  J8H.  

 
L8=%3% #'#()*%+%,7+ M6. 

#'#()*%+%,- *#:8%+6" /%.%$7C26" 72+#2)-*26" (./0$ = 1,15) 

2 J8H 12 - 13 

 J8H 4 3 8 

 

11.9. 6,"/$25#,( ()*+(,-.) .'7,0!2 8$.$/&9 ) "$/'4#!2 -.,*)0 

 

G*-"%+4&16, A% 2- (%C27$ #'#()*%+%,7 2 J8H 48)-2%+'#27 /+7 0-)-*#<  

112 MBNO-500, - 2- #'#()*%+%,7  J8H – %/2- 0-)-*#5 )%3% C )6.4, (7'=(78)= 

*%0%16" 0-)-*#: ,- +6*-,%$ (48) 

62)34(21222.  "!"!! (!  !"n  0-)-*#<. 

I7'=(78)= 72+#2)-*26" 0-)-*#: ,- ?%*$4'%& (49) 

68621,1.  ! /0$ !"n  0-)-*#:. 

I7'=(78)= ,-*5/26" 8)%'7+ ,- (50) 

724682.  " " /0$,+" nn  8)%'6. 

 

11.10. :&/&0)/($ ;,<*!0,-.) /,8,.! &*&(./,0,"$ 2=>8? 8&" "$;)#!  

.'7,0,1 8$.$/&1 2×112 @ABC-500 3/,.'7,; /,8,%,1 ";)#! 
 

G6)*-)6 #2#*37< #'#()*%+%,%$ ,- %/62 *#:8, +7/2#8#27 /% +#/416" (%'7826" 

.-*, ,- ?%*$4'%& (51) 

03,8)5001590)(4122342220(10278,0 6

..  "!"!!! %

&1! (G) · 3%/, 

/# 2220 7 1233 – 86'- )536 + B=&)%2-" +7/.%+7/2% .*6 "%'%8)%$4 7 *%0%1%$4 

"%/7, +7/2#8#2- /% %/2%3% /+6342-, *%,*-"%+-2- ,- ?%*$4'-$6 (31) 7 (32). 

P2#*3%;$278)= )53%+%< 0-)-*#< ,- +6*-,%$ (52) 

12912925000,110 3  !!!! %

 -  (G) · 3%/. 

J%C'6+- ,- #2#*3%;$278)& 0-)-*#< (7'=(78)= *#:87+ ,- (53) 

0,8
03,8

5,0129
.  

!
 )02r  *#:87+. 

D8(7'=(6 $%C'6+- ,- 1-8%$ (7'=(78)= *#:87+ ,- ?%*$4'%& (39) /%*7+2&; 5, )% 

#2#*3%;$278)= 0-)-*#< /%8)-)25 /'5 *%0%)6 #'#()*%+%,- .*%)53%$ *%0%1%< ,$726. 

 

11.11. D-#,0#) 3,($"#!(! &*&(./,0,"#,7, ./$#-3,/.5 

 

B%*$-)6+2- ,$722- .*%/4()6+278)= %/2%3% *#:8%+%3% #'#()*%+%,-, 

*%,*-"%+-2- ,- 4$%+%& 8)%+7/8%)(%+%3% +6+%,4 ,$722%3% +6/%04)(4, ,- (55) 
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 277
12

59,1)3901700(
.  

!"
 ()*+32-  ) · ($. 

K%,*-"42(%+- $78512- .*%/4()6+278)= *#:8%+%3% #'#()*%+%,- ,- (56) 

19944243277.  !! ()*+2/+-  ) · ($, 

.*6:25)2- /'5 #'#()*%+%,7+ /-2%3% )6.4. 
G6)*-)- #2#*37< ,- *#:8 2- E62-" ,$722%3% 8)*4$4 .#*#)+%*&+-'=2%< 

.7/8)-297< /'5 C6+'#225  ,-*5/26" .*68)*%<+ ,- ?%*$4'%& (58) 

38
9,047,05,0

03,8
.  

!!
 '1!  (G) · 3%/. 

>6)%$- +6)*-)- #2#*37< 2- E62-" ,$722%3% 8)*4$4 .#*#)+%*&+-'=2%< 
.7/8)-297<, +7/2#8#2- /% %/2%3% )%22%-(7'%$#)*- 2#))% 

408,0
59,134,225

38
.  

!!
 '4"'!  (G) · 3%// () · ($). 

F$722- +6)*-)- #2#*37<: 2- $-378)*-'=2%$4 )*-28.%*)7 ,- (60) 

135659,1)3901700(408,0.  !"! 232-  (G) · 3%/; 

4 .#*E7: '-297 
1114,0)330348(408,01.  !"! ,!0&432-  (G) · 3%/; 

/%.%$7C26$6 #'#()*%+%,-$6 .*6:$-;$% %*7;2)%+2% 50 (G) · 3%/.  
F-3-'=27 ,$7227 +6)*-)6 #2#*37< 

1517501111356  "" 32-  (G) · 3%/. 
 

11.12.  !8)/ ,-#,0#,7, ,8*$4#$##' "$/'4#,1 3)4-.$#E)1 
 

>#*#/0-1-;$% 72/6+7/4-'=26: ,-*5/ 0-)-*#: ,-*5/26$ .*68)*%;$ FLI 
150/230: +6(%2-225 K>, 2%$72-'=26: +6.*5$'#26: 8)*4$ 155  , 2%$72-'=2- 
+6.*5$'#2- 2-.*43- 230 G, 2-.*43- C6+6'=2%< $#*#C7 (380/660) ± 10 %, IIH 0,93. 

I7'=(78)= ,-*5/26" .*68)*%<+: 
– /'5 13 72+#2)-*26" #'#()*%+%,7+ 2 J8H – 26; 
– /'5 8 72+#2)-*26" #'#()*%+%,7+  J8H – 8 (48=%3% 34 *%0%17 ,-*5/27 

.*68)*%<). 
>%)4C278)= %/2%3% ,-*5/2%3% .*68)*%& 

3

. 10 155 230 35,63 'P % ! !   (G) · A. 

Q2+#2)-*2- (7'=(78)= ,-*5/26" .*68)*%<+ ,- ?%*$4'%& (61R) 
n3.'./0$ = 1,1·34 = 37 E). 

!4$-*2- .%)4C278)= )*-28?%*$-)%*7+, A% C6+'5)= ,-*5/27 .*68)*%<, ,- (63) 

1170
93,0

6,35349,0
 

!!
 "(5  (G) · A. 

 

:/!(*$4 2. K%,*-"42%( )*-28.%*)4 , (%2)-()26$6 #'#()*%+%,-$6  
 

11.13.  !2)4#) 4$#) ) "$4$%) /,"/$25#(5 
 

G6"7/27 /-27: $-)#*7-', A% )*-28.%*)4;)=85, – ,-'7,2- *4/- A7'=278)& + 
2-86.97 2,5 )/$

3
; .'-2, .*%?7'=, /%+C626 /7'52%( )- <"25 .*%/4()6+278)= ,-  

*68. 4 7 )-0'. 7; )*-28.%*) %/2%'-2(%+6:, #'#()*%+%,6 ,-(*7.'#27 ,- 8%8)-+-$6, 
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,- $-*E*4)-$6 – 2# ,-(*7.'#27; )*6+-'78)= ,$726 – 7 3%/; E6*62- *#:(%+%< (%'7< 
750 $$; 2- 3%'%+26" +7/(-)%126" (%'75" ,-8)%8%+-27 *#:(6 K33; 8)-2 *#:%( – 
168)7, 84"7. 

M-0'695 7  

H-27 /% .*6('-/4 2 

D*)6 
>%(-,26( 

1 2 3 4 5 6 7 

F$722- .*%/4()6+278)= %*)7+, ) 400 350 370 450 430 300 500 

G7/8)-2= )*-28.%*)4+-225, ($ 1,4 1,5 1,5 1,6 1,6 1,7 1,8 

!#*#/27: 4('%2 (%'7< (8.48( + +-2)-C2%$4 
2-.*5$(4), ‰ 

4 4 4 4 4 4 4 

 

F-/-17 *%,*-"42(4: +60*-)6 )6. #'#()*%+%,-, +6,2-16)6 (7'=(78)= +-3%27+ 4 
8%8)-+7, (7'=(78)= #'#()*%+%,7+, 48)-2%+6)6 %82%+27 .%(-,26(6 )*-28.%*)4, 
+60*-)6 %82%+2# 48)-)(4+-225 )53%+%< .7/8)-297<. 

 

 

 

K68. 4. !"#$6 )*-28.%*)4: -) /7:82-; 0) *%,*-"42(%+- 
 

11.14.  !8)/ .!3)0 &*&(./,0,"$ ) 0$7,#)0 
 

>*6:$-;$% 5( )53%+6: ,-870 #'#()*%+%, I14 (/6+. H%/-)%(   1). 

M#"2712- "-*-()#*68)6(- #'#()*%+%,- I14 

H-27 1-8%+%3% *#C6$4: M53%+7 /+63426: 
S-0-*6)27 

*%,$7*6, $$: 

F
1
7.
2
- 
$
-8
-,

 )
 

O
6
*
6
2
- 
(
%
'
7<

, 
$
$

 

.
%
)4
C
2
78
)=

, 

(
G
) 

86
'
- 
)5
36

, 
B

 

E
+
6
/
(
78
)=

 

*
4
"
4

, 
(
$

/3
 

)6
.

 

(
7'
=
(
78
)=

 

/
+
6
3 4
2
7+

 

2
-.
*
4
3-

 

/
+
6
34
2
-,

 G
 

3%
/
6
2
2
6
:

 

8)
*
4
$

, 
 

 

)*
6
+
-'
6
:

 

8)
*
4
$

, 
 

 

/
%
+
C
6
2
- 
.
%

 

0
4
?
#*
-"

 

E
6
*
6
2
- 

+
6
8%
)-

 

14 750 2·55=110 23,5 · 10
3
 12,8 PM-46 2 250 204 81,6 5200 1350 1650
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G-2)-C27 +-3%26 (H%/-)%(   3): )6. GS-4,0, $78)(78)= (4,%+- 4,0 $
3
, 

+-2)-C%.7/:%$278)= 12 ), (%'75 750 $$, C%*8)(- 0-,- 1250 $$, /%+C62-  

3820 $$, $-8- )-*6 3000 (3. 

>-8-C6*8=(7 +-3%26: )6. G>S18, (%'75 750 $$, (7'=(78)= .%8-/(%+6" $789= 

18, /%+C62- .% +68)4.-&16" 1-8)62-" 5300 $$, $-8- )-*6 1700 (3. 
 

11.15. D8/,8($ 0!2)4#!2 4$#!2 
 

H7:824 8"#$4 )*-28.%*)4 (*68. 4, !) ,-$725;$% *%,*-"42(%+%& (*68. 4,  ). 

D8(7'=(6 #'#()*%+%,6 2# ,-(*7.'#27 ,- $-*E*4)-$6 7 .*%?7'= (%'7< +6)*6$-26: 7 

,-/%+%'=25; +6$%3-$ >*-+6' 0#,.#(6, *%,*-"42%( +6(%24;$% ,- 8"#$%& 

(*68. 4,  ) 7, 8#*#/2=%,+-C#26$6 "-*-()#*68)6(-$6. 

!#*#/2=%,+-C#2- +7/8)-2= )*-28.%*)4+-225 ,- ?%*$4'%& (3) 

61
500300430450370350400

81500713006143061450513705135041400
,

,,,,,,,
l+$  

""""""

!"!"!"!"!"!"!
 ($. 

!#*#/27: 4"6' (%'7< (+72 C# *%,*-"42(%+6:) ic = ip = 4 ‰; 84$-*2- ,$722- 

.*%/4()6+278)= 487" %*)7+ )*-28.%*)2%3% 3%*6,%2)4 Q32 = 2800 )/,$. 
 

11.16.  !"#$%&##' ()*+(,-.) 0$7,#)0 5 -,-.$0) 
 

H'5 *4/26" E-") *%,*-"42(%+6$ ; +6.-/%( ,*4E#225 2-+-2)-C#2%3% 

.%)53- 2- .7/:%$7 .*6 ,-0*4/2#26" (%'75" 07'5 2-+-2)-C4+-'=26" '&(7+, 5( 

2-:07'=E +-C(6: )- *%,.%+8&/C#26: /'5 *%,3'524)6" 4$%+. 

F- ?%*$4'%& (10) .*6 6 = 0,21 (/6+. )-0'. 1); w = 5 B/(B (/6+. )-0'. 2); 

a = 0,05 $/8
2
; w3( = 0,5w&(; w&( = 2,5 B/(B /%.48)6$- ,- ,1#.'#225$ $-8- 

2-+-2)-C#2%3% .%)53- 

174
050108525

210141000
 

!""

!!
 

,,

,
m $.'  ). 

H%.48)6$- (7'=(78)= 2-+-2)-C#26" +-3%27+ ,- +6*-,%$ (19) 

312
1003

14174
,

,
Z$  

"

%
 . 

>*6:$-;$% 12 +-3%27+. 

T-*-()#*68)6(- .%)53-: 

– $-8- +-2)-C4 + %/2%$4 +-3%27 

m  = 2,5 ·4 = 10 ); 

– /7:82- $-8- .%*%C2=%3% .%)53- 

50140312  "! ,m '.'  ); 

– $-8- 2-+-2)-C#2%3% .%)53- 

1701410312  ""! )(m $.'  ); 

– /%+C62- .%)53- 

l' = 5,2 + 12·3,82 = 51 $. 
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11.17. :&/&0)/($ ;$-! 3,.'7$ "$ 7$*+;50$##'; 
 

J-(86$-'=2- 3-'=$%+- 86'- ,- ,1#.'#225$, *#-'7,%+-2- #'#()*%+%,%$ .*6 

#'#()*%/62-$712%$4 8.%8%07 3-'=$4+-225 16 3-'=$4+-227 (%'%/(-$6 ,- 

?%*$4'%& (24) 

28840210148191000  !!! ,,7 3.#  B. 

>6)%$- 3-'=$%+- 86'- 

17
819170

28840
 

!
 

,
b  B/(B. 

F- +6*-,%$ (26) 1-8 .7/3%)%+(6 3-'=$ /% /7< .*6 tp = 1,4 8 

t' = 1,4 + 1,4 = 2,8 8. 

F- ?%*$4'%& (27) /%.48)6$- .%1-)(%+- E+6/(78)= 3-'=$4+-225 

2-+-2)-C#2%3% .%<,/- 2- 8.48(4 4 ‰ .*6 3-'=$%+%$4 E'5"4 40 $ 

2438217082170401702 2 ,,,),,(,V#8'  !%!"!!  $/8. 

F- (28) 4.%+7'=2#225 .*6 3-'=$4+-227 2-+-2)-C#2%3% .%<,/- 2- 8.48(4 

170
108

1745
,!9  

"%
  $/8

2
. 

 

11.18. :&/&0)/($ ;$-! 3,.'7$ "$ #$7/)0$##'; .'7,0!2 40!75#)0 &*&(./,0,"$ 

 

F- )#"2712%& "-*-()#*68)6(%& #'#()*%+%,- I14 )*6+-'6: 8)*4$ /+6342- 

PM-46 /%*7+2&; 81,6  . 

P?#()6+26: 8)*4$ .*6 : = 1,5: 

6,42
63

5,10355,583
5,1

22

 
!"!

 )I  . 

D8(7'=(6 4$%+- (29) +6(%24;)=85 (I"( U I)), 2-3*7+-225 /+63427+ ,2-"%/6)=85 

+ $#C-" 2%*$6. 

!)-'- 86'- )536 #'#()*%+%,-, +7/2#8#2- /% %/2%3% /+6342-: 

– .*6 "%'%8)%$4 "%/7 (*4" .%*%C25(%$) ,- ?%*$4'%& (31) 

2943
2

)48(5081,9
 

"!!
 &xF  B; 

– .*6 *%0%1%$4 "%/7 (*4" , +-2)-C#$) ,- (32) 

843
2

)45(17081,9
 

%!!
 &(F  B. 

@6$ ,2-1#225$ 86' )536 +7/.%+7/-&)= 8)*4$6 )- E+6/(%8)7 *4"4, 

%)*6$-27 +7/.%+7/2% /% #'#()*%$#"-27126" "-*-()#*68)6( /'5 /+6342- PM-46 

7, )-0'. 8. 

M-0'695 8  

B-.*5$%( *4"4 
>-*-$#)* 

.%*%C25(%+6: +-2)-C26: 

!6'- )536, B 2943 834 

!6'- 8)*4$4,   83 35 

!)-'- E+6/(78)= *4"4, $/8 6 9 
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K%,*-"42%( )*6+-'%8)7 "%'%8)%3% "%/4 +6(%24;$% ++-C-&16, A% 

E+6/(78)= "%'%8)%3% "%/4 Vx = 21 ($/3%/ (6 $/8). >*6 *%,*-"42(4 )*6+-'%8)7 

*%0%1%3% "%/4 tp.x (+-2)-C26: 2-.*5$%() .*6:$-;$% E+6/(78)= *%0%1%3% "%/4 

Vp.x = 12 ($/3%/ (3,24 $/8); E+6/(78)= .%<,/-, 2# .#*#+6A4&14 /%.48)6$4 .% 

3-'=$4+-22&, $-E6278) ,%0%+’5,-26: +6)*6$4+-)6, ,-8)%8%+4&16 +7/.%+7/27 

$#)%/6 *#34'&+-225 E+6/(%8)7. M*6+-'78)= .-4,6 2- (729#+6" .42()-" 

)*-28.%*)4+-225 +6,2-1-;$%, .*6:$-&16 )*6+-'78)= 2-+-2)-C#225 %/2%3% 

+-3%2- .7/ '&(-$6 2 "+, *%,+-2)-C#225 :%3% + .#*#(6/-17 – 0,67 "+  

(/6+. )-0'. 3) 7 *#,#*+ 1-84 2- 72E7 ,-)*6$(6 ;()3 = 15 "+. 

M-(6$ 162%$, )*6+-'78)= .-4, ,- 96(' 

;1 = (2 + 0,67) + 15 = 47 "+. 

M*6+-'78)= 96('4 .*6 .< = 0,8 ,- ?%*$4'%& (34): 

6347
6024,38,0

1600

600,68,0

1600
 "

!!
"

!!
 (9 "+, 

4 )%$4 168'7 t( = 5,5 "+; tp.( = 10,5 "+. 

F 4*-"4+-225$ *%,3'524)6" %0$#C4+-'=26" ?-()%*7+ .*6:$-;$% 8%8)-+ 7, 

12 +-3%27+ GS-4. 

 

11.19.  !"#$%&##' ()*+(,-.) &*&(./,0,")0 

 

J%C'6+- ,- 0-'-28%$ 1-84 (7'=(78)= *#:87+ %/2%3% #'#()*%+%,- + ,$724 ,- 

?%*$4'%& (39) 

6,4
63

8,0660
 

!!
 $r . 

>*6:$-;$% 4 *#:86 7 .% %/2%$4 .-8-C6*8=(%$4 *#:87 2- (*6'%, )%0)% 

48=%3%  r'!+ = 2. 

F-3-'=2- (7'=(78)= *#:87+ /'5 ,-0#,.#1#225 ,$722%3% +-2)-C%.%)%(4 

37*261%< $-86 , 4*-"4+-225$ .-8-C6*8=(6" ,- +6*-,%$ (41) 

342
1012

35,12800
01  "

!

!
 r  *#:86, 

)4) .*6:25)6: (%#?797;2) 2#*7+2%$7*2%8)7 +-2)-C%.%)%(4 K = 1,35 /'5 

.*%$7C26" 3%*6,%2)7+ *4/26" E-"). 

I7'=(78)= *#:8%+6" #'#()*%+%,7+ /'5 +8=%3% )*-28.%*)2%3% 3%*6,%2)4 ,- 

?%*$4'%& (42) 

5,8
4

34
1.   ()*+,n . 

>*6:$-;$% 9 #'#()*%+%,7+. 

Q2+#2)-*2- (7'=(78)= #'#()*%+%,7+ ,- +6*-,%$ (47) 

112,19  ! /0$n . 
 

11.20. D-#,0#) 3,($"#!(! &*&(./,0,"#,7, ./$#-3,/.5 
 

>*%/4()6+278)= %/2%3% *#:8%+%3% #'#()*%+%,-, *%,*-"%+-2- ,- 4$%+%& 

8)%+7/8%)(%+%3% +6+%,4 ,$722%3% +6/%04)(4, ,- ?%*$4'%& (55) 
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498
9

6,12800
.  

!
 ()*+32-  ) · ($. 

K%,*-"42(%+- $78512- .*%/4()6+278)= *#:8%+%3% #'#()*%+%,- ,- +6*-,%$ (56) 

35856243498.  !! ()*+2/+-  ) · ($, 

.*6 )*6,$722%$4 *#C6$7 7 24 *%0%16" /25" 2- $7859=. 

K%,*-"%+-2- .*%/4()6+278)= *#:8%+%3% #'#()*%+%,- +7/.%+7/-; (*-A6$ 

/%8532#225$ /'5 #'#()*%+%,7+ )-(%3% )6.4.  

G6)*-)6 #'#()*612%< #2#*37< ,- 96(', +7/2#8#27 /% +#/416" (%'7826" .-* 

#'#()*%+%,-, ,- ?%*$4'%& (51) 

42,2)7001600()8342943(10278,0 6

..  "!"!! %

&1!  (G) · 3%/. 

G6)*-)6 #2#*37< ,- *#:8 2- E62-" ,$722%3% 8)*4$4 .#*#)+%*&+-'=2%< 

48)-2%+(6 ,- ?%*$4'%& (57) 

6,5
9,095,05,0

42,2
.  

!!
 '1!  (G) · 3%/. 

>6)%$7 +6)*-)6 #2#*37< 2- E62-" ,$722%3% 8)*4$4 .#*#)+%*&+-'=2%< 

48)-2%+(6, +7/2#8#27 /% 1 ) · ($ 2#))%, )%0)% /% 1 ) · ($ +-2)-C4, A% 

)*-28.%*)4;)=85, ,- ?%*$4'%& (59) 

029,0
6,11012

6,5
.  

!!
 '4"'!  (G) · 3%// () · ($). 

F-3-'=27 ,$7227 +6)*-)6 #2#*37< 2- )*-28.%*)4+-225 ,- ?%*$4'%& (60) 

-32.)0. = 0,029 · (400 · 1,4 + 350 · 1,5 + 370 · 1,5 + 450) × 

× 1,6 + 430 · 1,6 + 300 · 1,7 + 500 · 1,8 = 118,44 (G)·3%//,$. 

 

11.21.  !8)/ ,8*$4#$##' .'7,0,1 3)4-.$#E)1  

 

P?#()6+26: 8)*4$ )53%+%< .7/8)-297< ,- ?%*$4'%& (66) 

926
9

250511
250512163

151

9
 

!"
"!! 

),,(
,,,

,
I)=  , 

/# tx + t( = 16 "+ – )*6+-'78)= 8.%C6+-225 #'#()*%+%,%$ 8)*4$4 ,- 1-8 *4"4 4 

+-2)-C2%$4 7 .%*%C25(%+%$4 2-.*5$(-"; 9 = 63 "+ – )*6+-'78)= %/2%3% *#:84; 

25,0
63

16
  '  – +7/2%82- )*6+-'78)= 8.%C6+-225 #'#()*%+%,%$ 8)*4$4 ,- 1-8 

*4"4; , %3'5/4 2- +#'6(4 .6)%$4 +-34 8.%C6+-225 8)*4$4 .7/ 1-8 .#*#8)-2%+%( 

8%8)-+- 2- (729#+6" .42()-" +7/(-)(6 .*6 *%,*-"42(4 .*6:$-;$% : = 1,5. 
H'5 C6+'#225 (%2)-()2%< $#*#C7 .*6:$-;$% +6.*5$26: -3*#3-)  

 M>O-1000/275; 2%$72-'=27 +6.*5$'#26: 8)*4$ 7 2-.*43- – +7/.%+7/2% 100   
)- 275 G (H%/-)%(   7). 
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12. 6DF6=GHADI JDID>D@K ADLD @6=AM:D6@H  

F= ?D:D>DLDN MHO=MAKG >=@P>=@KOAKG :=IP@Q   

@= >D  :6DL6=>H =AAR 

 

!41-827 $-)#$-)6127 .-(#)6 )- $%+6 .*%3*-$4+-225 2-/-&)= (%*68)4+-1-$ 

.#*8%2-'=26" (%$.’&)#*7+ (8)4/#2)-$, 72C#2#*-$, .*%#()4+-'=26(-$ )- 

+1#26$) 0#,'71 $%C'6+%8)#: /'5 *7E#225 8('-/26", 3*%$7,/(6" )- 

0-3-)%+-*7-2)26" *%,*-"42(%+6" ,-/-1. 

D)*6$-+E6 0-,%+7 ,2-225 , .*%3*-$4+-225 4 GBF 16 2- (4*8-" .7/+6A#225 

(+-'7?7(-97<, .*-()612% (%C#2 $%C# 8)+%*6)6 .*%3*-$4, 5(- 04/# +6(%24+-)6 

*%,*-"42(6 +6)*-) (%E)7+ .*%)53%$ *%(4 ,- 8.%C6+-225 #'#()*%#2#*37< -0% + 

,-'#C2%8)7 +7/ ,2-1#225 > *%,*-"%+4+-)6 *7+25225 , %/26$ 2#+7/%$6$ 

> = 10, )%/7 

5 + > = 15, 

-0%, +,-3-'7, +6(%24+-)6 *%,*-"42%( +6"%/4 (%8$712%3% (%*-0'5 2- %*07)4. 

B-5+278)= 841-826" +6/-2= , .*%3*-$4+-225 + (26C(%+6" $-3-,62-", 

070'7%)#(-" GBF +87" *7+27+ -(*#/6)-97< )- 070'7%)#(-" $78) /%,+%'5; 

(%*68)4+-1-$ >I 8-$%8)7:2% +6+16)6 04/=-5(4 $%+4 .*%3*-$4+-225. 

>%1-)(%$ (%C2%< .*%3*-$6 +68)4.-; 0'%(-8"#$- (8"#$- .*%3*-$6). 

>*6('-/ 8"#$6 .*%3*-$6 (SD!M19.701-90(V!D5807-85)) 

 

G7/.%+7/2% /% 0'%(-8"#$6 (8)%*. 52) (%'#()6+%$ -+)%*7+ 2-+1-'=2%3% 

.%87026(- 04'- 8)+%*#2- .*%3*-$- )53%+%3% *%,*-"42(4 #'#()*%+%,2%< +7/(-)(6 

2- $%+7 Borland Delphi 7. 

G*-"%+4&16 3*%$7,/(78)= .*%3*-$6, + 2-+1-'=2%$4 .%87026(4 2-+#/#2% << 

.#*E4 1-8)624, 5(- ,- /%.%$%3%& /7-'%3%+%3% +7(2- /%,+%'5; ++#8)6 2#%0"7/27 

/-227 )- %)*6$-)6 *%,*-"42(%+4 (7'=(78)= +-3%27+ + 8%8)-+7. 

L ,-'#C2%8)7 +7/ (7'=(%8)7 $-*E*4)7+, /%+C626 E'5"4, 4"6'4 )- 72E6" 

.-*-$#)*7+ .*%3*-$-, 4 "%/7 *%,*-"42(4, .*%.%24; .*6:25)6 (%*68)4+-14 )%: 

16 72E6: )6. '%(%$%)6+-, +-3%2- -0% /#(7'=(- +-*7-2)7+ 9=%3% %0'-/2-225. 

D)*6$-27 *#,4'=)-)6 /%,+%'5)= +60*-)6 %.)6$-'=27 .-*-$#)*6 

/%.%$7C2%3% 16 %82%+2%3% )*-28.%*)4+-225 '%(%$%)6+-$6 )- $%C4)= 04)6 

,-8)%8%+-27 + *%,*-"42(%+6" *%0%)-" 8)4/#2)7+, (4*8%+6" )- /6.'%$26" 

.*%#()-", 2- +6*%0269)+7 )%A%. 
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!'7/ +7/,2-16)6, A% %82%+2%& $#)%& *%,*-"42(4 '%(%$%)6+2%3% 

)*-28.%*)4 ; +6,2-1#225 (7'=(%8)7 %/6269= *4"%$%3% 8('-/4, A% .%)7$ /-; 

,$%34 +6,2-1#225 #?#()6+2%8)7 *%0%)6 :%3% (.*%/4()6+2%8)7, ,-)*-) #2#*37<) )- 

+60%*4 %0'-/2-225 /'5 ,-0#,.#1#225 96" .%(-,26(7+ .*6,2-1#225. J#)- 

/%853-;)=85 +6(%2-225$ )53%+%3% *%,*-"42(4. 

!"#$- .*%3*-$6 )53%+%3% *%,*-"42(4 $-; )*6 0'%(6: +6,2-1#225 (7'=(%8)7 

%/6269= *4"%$%3% 8('-/4 8%8)-+- (+-3%27+, 8#(97:) /'5 .*6:25)%3% )6.4 

'%(%$%)6+- ,- 4$%+-$6 ,1#.'#225 "%/%+6" (%'78 '%(%$%)6+- , *#:(-$6, 

.%)4C2%8)7 )53%+6" /+63427+ #'#()*%+%,- )- +#'6162%& 3-'=$%+6" ,486'= 

'%(%$%)6+-. 

I7'=(78)= %/6269= *4"%$%3% 8('-/4 ,- ,1#.'#225$ '%(%$%)6+- 

+6,2-1-;)=85 -2-'7)612% 1#*#, /%.48)6$4 $-84 .%)53- (10), A% + 8"#$7 

.*%3*-$6 .%,2-1-;)=85 86$+%'-$6 m' = m(6), z1 = z(6). 

J#)%/6(- )53%+%3% *%,*-"42(4 2# /-; ,$%36 +6,2-16)6 $-84 .%)53- ,- 

4$%+-$6 .%)4C2%8)7 )53%+6" /+63427+ #'#()*%+%,- )- 3-'=$%+6" ,486'= 

'%(%$%)6+- (,- +6('&1#225$ %/2%3% +6.-/(4, 5(6: $6 +6(%*68)-;$%). M%$4 + 

8"#$7 .*%3*-$6 +6(%24;$% .#*#+7*(4 z1 ,- 4$%+%& 2-3*7+-225 )53%+6" /+63427+ 

#'#()*%+%,- 8)*4$-$6 2-+-2)-C#225, A% .*%.%*97:27 ,- #'#()*%$#"-2712%& 

"-*-()#*68)6(%& /+6342- 86'-$ )536. H'5 9=%3% +6(%*68)%+4;$% 

%0168'&+-'=26: 96(': 

z2 = z1, 

z2 = z2 - 1, 

%.#*-97< .#*#+7*(6 (31), (32), (33), (34), (30), (29). 

>*6 9=%$4 /'5 .%*7+25225 +6(%*68)%+4;)=85 #(+7+-'#2)26: )- 

2%$72-'=26: 8)*4$6 2-+-2)-C#225 /+6342-. 

H'5 37*%+%,7+ )- /6,#'#+%,7+ %0$#C#225 $-86 .%)53- ,- .%)4C278)& )53%+6" 

/+63427+ (%28)*4()6+2% +6('&1#2%. 

 2-'%3712% %*3-27,%+-2- .#*#+7*(- z ,- 3-'=$4+-225$ .%)53-. >*6 9=%$4 

/'5 .%*7+25225 +6*-"%+4&)=85 E+6/(%8)7 *4"4 .%)53-: .%1-)(4 3-'=$4+-225 V0 

/'5 .*6:25)%< *-27E $-86 .%)53- )- /%.48)6$- V#8' ,- 2%*$-)6+2%& +#'6162%& 

3-'=$%+%3% E'5"4. L /-2%$4 0'%97 8"#$6 $%C# 04)6 -'=)#*2-)6+26: -'3%*6)$, 

5(A% + ,-+/-227 ,-/-2- 8)-'- E+6/(78)= *4"4 V0, 2-.*6('-/, ,- +6$%3-$6 

0#,.#(6 *4"4 /%*%C27$6 ,2-(-$6. L 9=%$4 +6.-/(4 ,’5+'5;)=85 $%C'6+78)= 

*%,*-"4+-)6 $-84 .%)53- ,- 4$%+%& 3-'=$4+-225 )- (7'=(78)= %/6269= *4"%$%3% 

8('-/4 8%8)-+- %/2%,2-12%. 

!('-/-&16 0'%(-8"#$4 .*%3*-$6 (8)%*. 52), $6 +6"%/6'6 , )%3%, A% 

.#*#+7*(4 $-86 .%)53- ,- 3-'=$4+-225$ )*#0- +6(%24+-)6 %8)-22=%&. @# 

/%,+%'5; /78)-)6 /%.48)6$4 E+6/(78)= *4"4 /'5 %8)-)%12% .*6:25)%< $-86 

.%)53-. 

K%0%17 +7(2- .*%3*-$6 “K%,*-"42%( )*-28.%*)4 , -(4$4'5)%*26$6 

#'#()*%+%,-$6 2- +437'=27: E-")7” 2- $%+7 Borland Delphi 7 ,- .*6('-/%$ 1, 

2-+#/#2% 2- 8)%*. 53 )- 54. 
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12.1. S*,(--2&;$ 3/,7/$;! /,"/$25#(5 &*&(./,0,"#,1 0)4($.(!  
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=/*12#$3*4, 9:* 

@7+09$3*4 

!8!9*(/7/C', )/6/0 

I+8' *56+, 9? 

 
+
&

 

;#!(6/J)#$3*4, 

9:*/6/0 

?'&(16', : 

 
+
&

 

I*(1) %'3/7+F, G 

I*(1) *(+7'8+F, G 

,/#3*(19*+7#' >7+09$3*4, 
9)/6/0 

D$#$)'84#+F ('0$13 
7&+317'##5, ) 

K/(3*9' B'C', )) 

.'84)/7' 3+8' (!F9/7+" 
!8!9*(/)'6#$*$7, 9? 
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=
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3. #.45(65, 4,/,*-./17-1*, 8,4-514 ',5-,<514 ',=&5(' ( 7.*3(>514 ?&@9)(' 

.'B'(+*#$ (/C)$(+, )) 

 +&  

7'6/#' 
D
$3
*9
$3
*4

, 
)

3
 

:
'#
*'
2
/
&
$0

- 

F
/
)
#
$3
*4

, 
9
6 

,
/
8
$5

, 
)
)

 

0/72+#' >+(+#' 7+3/*' 

K
/
(
3*
9
' 

B
'C
',

 )
)

 

D
'3
' 
*'
(
+

, 

9
6 

:'6/#+ 716$84#$ 

M:.-1,0 

:.-1,0 
1,0 1800 600 1500 850 1300 500 520 

M:.-1,2 

:.-1,2 
1,0 2200 600 1800 850 1300 550 580 

M:.-1,3 

:.-1,3 
1,3 2300 600 2000 850 1300 550 640 

M:.-1,4 

:.-1,4 
1,4 2500 600 2400 850 1230 650 680 

M:.-1,6 

:.-1,6 
1,6 2900 600 2700 850 1200 800 720 

:.-2,5 2,5 4400 900 2800 1240 1300 800 1150 

:.-3,3 3,3 5900 900 3450 1320 1300 1100 1280 

:<-1,4 1,4 2500 600 2400 900 1300 1200 830 

:<-2,2 2,2 3000 900 2975 1240 1300 1300 1270 

:<-3,3 3,3 5900 900 3575 1350 1550 1100 1880 

:<-5,6 5,6 10000 900 4900 1350 1550 1500 2535 

:<,1,5 1,5 2,7 600 2400 950 1450 1200 820 

:<,2,5 2,5 4,5 900 2900 1240 1500 1650 1360 

:'6/#+ (10#$ 

:.-0,7 0,7 2100 750 1250 850 1220 500 550 

:.-1,2 1,2 3600 750 1850 1000 1300 600 810 

:.-2,2 2,2 6600 750 2950 1200 1300 1000 1450 

:.-4,0 4,0 12000 750 3820 1320 1550 1250 3000 

:.-8,0 9,0 27000 750 7700 1350 1550 1100 6000 

I!9N$F#$ &/AC0+ 

=I1,5 

(1 3!9N$5) 
1,5 1800 600 2000 950 1450 1050 800 

=I3,5  

(1 3!9N$5) 
3,5 1200 900 3130 1350 1600 2200 1400 
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4. #.45(65, 4,/,*-./17-1*, ',=&5(' )0; ?./.'.9.55; 0A).> 

='(')!*(+ 

O3#/7#$ (/C)$(+, )) 

 +& 

7'6/#!*9+ 
,
1
* 
#
'"
+
8
1

 

7
+
(
/
B
9
+

, 
6(
'0

 

E
+
38
/

 

&
/
3'
0
9
/
7
+
"

 )
$3
N
4
 

,
/
8
$5

, 
)
)

 

 
5
6/
7
! 
C1
3+
8
8
5
 

C%
$&
9
+

, 
9
?

 

K
/
(
3*
9
' 

B
'C
',

 )
)

 0/72+#'

(B!C 

1('"1-

7'##5 

C%$&9+) 

>
+
(
+
#
' 7+3/*' 

7$0 

6/8$79+ 

(!F9+ 

D
'3
',

  
9
6 

:=.-12 12 600 60 1500 4550 1030 1530 1640 

:=.-18 18 900 60 1500 4550 1325 1530 1650 

==I-600 
(1 3!9N$5) 8 600  1500 2800 1050 1530 1000 

==I-900 
(1 3!9N$5) 

6/
(
+
C/
#
*'
8
4
#
' 

12 900  1500 2800 1350 1530 1100 

:P@-10. 6-30 10 600 85 3300 5330 1075 1510 2140 

:P?1-10= 6-30 10 600 70 3300 5330 1075 1510 2110 

:P@-15. 6-30 15 900 85 3300 5330 1400 1510 2470 

:P?1-15= 6-30 15 900 70 3300 5330 1400 1510 2440 

:P?2-10. 6-50 10 600 85 3300 5225 1075 1510 2280 

:P?2-10= 6-50 10 600 70 3300 5225 1075 1510 2280 

:P?2-15. 6-50 15 900 85 3300 5225 1400 1510 2530 

:P?2-15= 6-50 15 900 70 3300 5225 1400 1510 2530 

:P?H-6. 40-80 6 600 50 3000 4620 1070 1200 1870 

:P?H-6= 40-80 6 600 25 3000 4620 1070 1200 1875 

 

5. #.45(65, 4,/,*-./17-1*, -;=&'14 ,*:+:0;-&/514 2,-,/.> 

?'&(16' B'*'(!A, : 

3!(!0#5 9$#N!7' 

Q'*'(!5 

?
/
)
$#
'8
4
#
' 

J)
#
$3
*4

, 
G

·6
/
0

 

;
#
!(
6/
J)
#
$3
*4

, 
 

9
:
* 

· 
6/
0

 

9
$#
N
!7
' 

&
(
+

 C
'(
5
0
$ 

&(+ 

&’5*+6/0+##/)1 

(/C(50$ 

;8!9*(/7/C 

66  ?K@-300 300 24,5 120 80 65 4,5 G-=-2D

66  ?K@-350 350 27,0 120 80 65 5 G-:-2D 

96  ?K@-500 500 56,0 173 115 94 GD8<-600 

112  ?K@-500 500 67,0 202 135 110 GD8<-900 

112  ?K@-550 550 72,0 202 135 110 G-=10 

154  ?K@-550 550 100 278 135 151 G-=14 

154  ?K@-600 650 110,0 278 185 151 G-=14 
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6. #1?1 0&*&+&-1'(' : 9,0.<5&7-( '() *,-.=&/(@ 8,4-1 

:+(/B9+ C$ 37$2+) 3*(1)!#!) 

&/7$*(5 ,'*!6/($5 >'"*+ &/ 

&+81 *' )!*'#1 
)'6$3*('84#$ 0$84#+%#$ 

:+(/B9+ C 

7+"$0#+) 

3*(1)!#!) 

&/7$*(5 

 1&+9/7$ 

7+(/B9+ 

,10, 10,- 7,- 7,- 7,- 

,14, 14,- 10,- 10,- 10,- 

,14D, , 14 ,10 ,10 ,10 

?!6'C/7$ *' 

B!C&!%#$ &/ &+81 

, 28    

,10, 10,- 7,- G-=7 G-=7 

,14, 14,- 10,- 8G-=3 4,5G-=2 

,14D, , 14 ,10 4,5G-=2 8G-=3 

, 28 4,5G-=2 G-=10 G-=10 

8G-=3 8G-=3 G-=14 GD8-2 

G-=10, 

G-=14 
G-=10 GD8-2 GD8< 

G-=28 GD8-2  GD8<  

GD8-2, GD8< GD8< 2GD8<  

2GD8<    

?!B!C&!%#$ &/ &+81 

'B/ I + II 9'*!6/($A 

&/ 6'C1 

:14    

8G-=3  G-=7 G-=7* G-=7* 

G-=10 4,5G-=2 4,5 G=-2* 4,5G-=2* 

G-=14  8G-=3 8G-=3* 8G-=3* 

G-=28 G-=10 G-=10* G-=10* 

GD8-2 GD8-2  G-=14* GD8<* 

GD8< GD8< GD8-2* 5G-: 

2GD8<  GD8<* G-:7 

:14  2GD8<* .6 

  5G-:, G-:7  

III 9'*!6/($A &/ 6'C1

'B/ #'09'*!6/(#$ 

  <7, .6  

8G-=3** G-=-7** 5G-: 5G-: 

G-=10** 4,5G-=2** G-:7 G-:7 

G-=14** 8G-=3** <7 .6 

GD8-2** G-=10** .6  

GD8<** GD8**   

2GD8<** GD8<**   

5G-:, G-:7 5G-:, G-:7   

?!B!C&!%#$ &/ 

('&*/7+) 7+9+0') $ 

31R85(#+) 

7+0$8!##5) 6'C1 

<7 <7, .6   
 

=(+)$*9': 

* – 085 7+9/(+3*'##5 #!/B"$0#+F 0/C7$8 6/8/7#/6/ $#2!#!(' 7+(/B#+%/6/ 

/B’J0#'##5; 

** – C' 1)/7+ &$0"/01 0/ /%+3#+" 7+B/A7 #' 7$03*'#4 #! B8+2%! 1000 ). 
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8. #.45(65, 4,/,*-./17-1*, 9,/;)514 ?()7-,53(> 9 5,?('?/&'()51*&'1+1 

'1?/;+0;6,+1 

='(')!*( HM,-155/23@  HM,-75/120D 

:+9/#'##5 -= -= 

?/)$#'84#+F 7+&(5)8!#+F 3*(1), G 155 75 

?/)$#'84#! 7+&(5)8!#' #'&(16', : 230 120 

?'&(16' 2+7+84#/A )!(!2$, : (380/660)±10% (380/660)±10% 

,,<, % 93 86 

,/!R$N$J#* &/*12#/3*$ 0,82...0,88 0,82..,0,88 

80  ?K-350 66  ?K-300 

96  ?K-350 36  ?K-300 

112  ?K@-500  

126  ?K@-500  

 +&+ C'(50#+" B'*'(!F 

126  ?K@-550  

D'3', 96 550 250 

.'B'(+*#$ (/C)$(+, )) 730×710×1662 620)675×1135 

  

9. B,/,*-./17-1*, ',5-,<(', C& -/,57?&/-:A-D7; 

D'*!($'8 
,13917'*$3*4, 

)) 

?'3+&#' 

S$84#$3*4, */)
3
 

G#*('N+*: 

(50/7+F 

3/(*/7'#+F 

0($B#+F 

 

250-0 

20-0 

10-0 

 

0,9-1,0 

0,8-0,9 

0,75-0,86 

40-0 1,4-1,5 
:'&#59 

3-0 1,3 

I8'#!N4 50-0 1,4-1,6 

:16$885 B1(! (50/7! 250-0 0,65-0,75 

:16$885 9')’5#!: 

(50/7! 

9(1&#! 

0($B#! 

 

150-0 

250-0 

3-0 

 

0,7-0,9 

0,8-1,0 

0,6-0,8 

:16$84#+F &+8 1-0 1,0-1,3 
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10. B,/,*-./17-1*, /:4&+14 &)1513D 7&7-,', 

 +& (1"/)/A 

/0+#+N$ 

3/3*'7' 

D$3*9$3*4, 

µ, )
3
 

D'3' 

(B!C 7'#*'21), 

q0, * 

O3#/7#+F 

&+*/)+F /&$( 

(1"1, w, ?/9? 

:.1,0 1,0 0,525 24 

:.1,1 1,1 0,59 24 

:.1,3 1,3 0,625 24 

:.1,4 1,4 0,66 24 

:.1,6 1,6 0,69 24 

:.2,5 2,5 1,13 9 

:.3,3 3,3 1,26 13 

1=ID3,0 3,0 1,483 10 

1=ID3,5 3,5 1,575 10 

30 =ID3,0 3,0 1,05 15 

30 =ID3,5 3,5 1,43 15 

:<,2,5 2,5 1,442 10 

=I3,5 3,5 1,43 15 

 

11. #.45(65, 4,/,*-./17-1*, -;=&'14 .0.*-/&)'1=:5('  

8,4-514 .0.*-/&'&9(' 

;
8
!9
*(
/
0
7
+
61
#

 

:
+
9
/
#
'#
#
5
 &
/

 

7
+
B
1
"
/
C'
"
+
3*
1

 

=
/
*1
2
#
$3
*4

, 

9
:
* 

?
/
)
$#
'8
4
#
' 

#
'&
(
1
6'

, 
:

 

I
*(
1
)

, 
G

 

,
,
<

, 
%

 

D
'3
',

 9
6 

;8!9*(/7/C 

;<--7= -: 6 80 93 78 200 4,5G-=-2D 

<= --10 -: 10 100 100 - 225 G-=7, G-: 7 

<= --12 -: 12 130 113 82 420 GD8<, 2GD8< 

; -16 -: 16 140 135 - 400 G-= 10 

; -23,5 -: 23,5 185 147 - 415 G-= 24, :14 

;<--25= -? 25 250 113 85 460 7,-14, 10,-2 

; -31 -? 31 250 145 - 550 ,10 

; -46 -? 45 250 204 90,2 550 ,14 
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E #;=&'( 4,/,*-./17-1*1 0&*&+&-1',  

-, .0.*-/&+.4,5(65( 4,/,*-./17-1*1 )'1=:5(' 

 

=(+  7+C#'%!##$ 3+8, 0$T%+" #' &/AC0 7 (!2+)$ *56+, 9/(+3*1T*435 

C'8!2#$3*T 0/*+%#/A 3+8+ *56+ 8/9/)/*+7' 7$0 >7+09/3*$ (1"1 F  = f(v).  '91 

C'8!2#$3*4 #'C+7'T*4 *56/7/T "'('9*!(+3*+9/T 8/9/)/*+7' 

U9S/ *56/71 "'('9*!(+3*+91 8/9/)/*+7' 31)$3*+*+ C #'7'#*'217'84#+)+, 

59+)+ J "'('9*!(+3*+9+ /&/(1 (1"/7$ &/AC0' W 1 &/ 7'29/)1 &(/R$8T 9/8$A *'  

W 2 – &/ 8!69/)1, */ */%9+ 1, 2 B101*4 7$0&/7$0'*+ 3*'8+) (!2+)') (1"1 &/AC0'.  

=(+  N4/)1  

F 1v1 = F 2v2 = const. 

V0!'84#/T *56/7/T "'('9*!(+3*+9/T J 6$&!(B/8$%#' C'8!2#$3*4, &(+ 59$F 

&/*12#$3*4 *56/7/6/ 07+61#' &(+ 73$" (!2+)'" #'7'#*'2!##5  

F v = const. 

<85 !8!9*(/7/C$7 &/3*$F#/6/ 3*(1)1 >7+09$3*4 (1"1 C'8!2+*4 7$0 #'&(16+ 

#' C'*+39'%'" 07+61#', 59' #! C'8!2+*4 7$0 3*(1)1 #'7'#*'2!##5, */)1 A" *56/71 

"'('9*!(+3*+91 B101T*4 &/ !8!9*(/)!"'#$%#+" "'('9*!(+3*+9'" 07+61#'. 

H'8!2#$3*4 v(I) #'C+7'T*4 >7+09$3#/T "'('9*!(+3*+9/T, F!(I) – 

!8!9*(/*56/7/T. ?/)$#'84#+) (!2+)/) (/B/*+ 07+61#$7 >'"*#+" !8!9*(/7/C$7 

J 6/0+##+F, &(+ 59/)1 0/&13*+)' *!)&!('*1(' #'6($7'##5 /B)/*/9 0/356'J*435 

C' /0#1 6/0+#1 (/B/*+. =(+ N4/)1  

" = "max. 

 

') 
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B) 

 
 

 56/7' (') "'('9*!(+3*+9' 8/9/)/*+7' *' !8!9*(/)!"'#$%#$ "'('9*!(+3*+9+ 

07+61#' (B), C7!0!#$ 0/ /B/01 9/8!3' 7!01%/A /3$; F#.! – 3+8' *56+ /3$; v – 

>7+09$3*4 #' /B/0$ 9/8!3'; " – ,,< &(+7/01; $ – 3+8' 3*(1)1 07+61#' 
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1. F0.*-/&+.4,5(65, 4,/,*-./17-1*, -;=&'&=& )'1=:5, F G-7H 9 2,-,/.IA 

66#JK-250 ( 66#JK-300, 9'.).5, )& &2&): *&0.7, .0.*-/&'&9, 

5"GL (4,5"GH2M) 
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2. F0.*-/&+.4,5(65, 4,/,*-./17-1*, -;=&'&=& )'1=:5, F G-6 9 2,-,/.IA  

66#JK-250 ( 66#JK-300, 9'.).5, )& &2&): *&0.7, .0.*-/&'&9, 

5"GL-1 (4,5"GH2) 
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3. F0.*-/&+.4,5(65, 4,/,*-./17-1*, -;=&'&=& )'1=:5, F G-10E 9 2,-,/.IA 

80#JK-350, 9'.).5, )& &2&): *&0.7, .0.*-/&'&9, 8"GH-1 



 68

4. F0.*-/&+.4,5(65, 4,/,*-./17-1*, -;=&'&=& )'1=:5,  H#G-12 9 

2,-,/.IA 112#KJN-550, 9'.).5, )& &2&): *&0.7, .0.*-/&'&9, "GH10  

9 -1/17-&/5&A 717-.+&A *./:',55; 
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5. F0.*-/&+.4,5(65, 4,/,*-./17-1*, -;=&'&=& )'1=:5,  G#-10 9 2,-,/.IA 

90#KJN-350 (88#K$-400), 9'.).5, )& &2&): *&0.7, .0.*-/&'&9, 

"GH7-600 ("GL7-600)  
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6. F0.*-/&+.4,5(65, 4,/,*-./17-1*, -;=&'&=& )'1=:5,  H#G-12 9 

2,-,/.IA 96#JK-350, 9'.).5, )& &2&): *&0.7, .0.*-/&'&9, "M-8   
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7. F0.*-/&+.4,5(65, 4,/,*-./17-1*, -;=&'&=& )'1=:5,  H#G-12 9 

2,-,/.IA 112#JK-350, 9'.).5, )& &2&): *&0.7, .0.*-/&'&9, "M-8   
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8. F0.*-/&+.4,5(65, 4,/,*-./17-1*, -;=&'&=& )'1=:5,  G#-10 9 2,-,/.IA 

102#KJN-550, 9'.).5, )& &2&): *&0.7, .0.*-/&'&9, "GH7-900 
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9. F0.*-/&+.4,5(65, 4,/,*-./17-1*, -;=&'&=& )'1=:5, F#-23,5 9 2,-,/.IA 

161#KJ$-650, 9'.).5, )& &2&): *&0.7, .0.*-/&'&9, "GH14  
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10. F0.*-/&+.4,5(65, 4,/,*-./17-1*, -;=&'&=& )'1=:5, F#-26 9 2,-,/.IA 

182#KJ$-650, 9'.).5, )& &2&): *&0.7, .0.*-/&'&9, "GH28 
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11. F0.*-/&+.4,5(65, 4,/,*-./17-1*, -;=&'&=& )'1=:5,  H#G-12 9 

2,-,/.IA 112#JK-350, 9'.).5, )& &2&): *&0.7, .0.*-/&'&9, "M8-2  
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12. F0.*-/&+.4,5(65, 4,/,*-./17-1*, -;=&'&=& )'1=:5, F#-31, 9'.).5, )& 

&2&): *&0.7, .0.*-/&'&9, $-10  
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13. F0.*-/&+.4,5(65, 4,/,*-./17-1*, -;=&'&=& )'1=:5, F#-46 (F#-47), 

9'.).5, )& &2&): *&0.7, .0.*-/&'&9, $-14 -, 14$G-2"  
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14. F0.*-/&+.4,5(65, 4,/,*-./17-1*, -;=&'&=& )'1=:5,  $-809", 9'.).5, 

)& &2&): *&0.7, .0.*-/&'&9, 14$G-1 ( 14$G-2  
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16. #;=&', 4,/,*-./17-1*, )19.0.'&9,  M40  
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GF$!MFK !L"K" PQ#FG"#RG" 

 

1.  ('#3&/(* #' 6/(#W" &(!0&(+5*+5" / =/0 /BS. (!0. &(/R. Q.G. ,1C-

#!N/7'. – XC0. 2-!, &!(!('B. + 0/&. – D.: ?!0(', 1976. – 552 3. 

2.  !"#/8/6+5, /(6'#+C'N+5 + Y9/#/)+9' *('#3&/(*' / =/0 (!0. &(/R. :.G. =/-

#/)'(!#9/. – D.: ?!0(', 1977. – 222 3. 

3. I&+NW# G.<. O&*+)+C'N+5 3+3*!) >'"*#/6/ 8/9/)/*+7#/6/ 

*('#3&/(*'. – G8)'-G*': ?'19', 1981. – 224 3. 

4. :/&(/3W (10#+%#/6/ *('#3&/(*'. – ,.: ?'19. 01)9', 1974. – :W&. 13. – 

316 3. 

5. -'C7+*+! + 3/7!(>!#3*7/7'#+! >'"*#/6/ + 9'(4!(#/6/ *('#3&/(*'. – 

D.: ?!0(', 1973. – 360 3. 

6. I&('7/%#+9. =/0C!)#WF *('#3&/(* >'"* + (10#+9/7 / =/0 /BS. (!0. 

..U. =!F3'"/7+%', X.=. -!)+C/7'. – D.: ?!0(', 1985. – 565 3. 

7. :/8/*9/739+F I.G. -10#+%#'5 Y8!9*(/7/C#'5 *56'. – D.: ?!0(', 1981. – 

390 3. 

8. OB/(10/7'#+! &/0C!)#/6/ *('#3&/(*' + >'"*#/F &/7!("#/3*+: 

,'*'8/6. – D.: Z?X[X16/84, 1984. 

9.  ('#3&/(* >'"*#+F 8/9/)/*+7#+F. =!(!7!C!##5 8T0!F $ 7'#*'2$7 7 

7+(/B9'" C 1"+8/) 9/8$A 7$0 0,005 0/ 0,050. H'6'84#$ *!"#$%#$ 7+)/6+. I*'#0'(* 

D$!#7168!&(/)1 M9('A#+ IOM10.1.00185790.007: 2006. – 47 3. 

10. O3#/7#W! &/8/2!#+5 &/ &(/!9*+(/7'#+T &/0C!)#/6/ *('#3&/(*' 085 

#/7W" + 0!F3*71TS+" 16/84#W" >'"*. – D.: X.< +). I9/%+#39/6/, 1985. –  

356 3. 

11. -'3%!* >'"*#/6/ Y8!9*(/7/C#/6/ *('#3&/(*': M%!B. &/3/B+! /  

G.G. -!#6!7+%, D.,. D!"!0'. – ,.: MD, :O, 1988. – 56 3. 

12. =('7+8' B!C&!9+ 1 716$84#+" >'"*'" / ?=GO=10.0-1.01-05. – ,., 2005, 

398 3. 

13. I*'#0'(* 7+S/6/ #'7%'84#/6/ C'98'01. ,7'8$R$9'N$F#$ (/B/*+ 

7+&139#+9$7. H'6'84#$ 7+)/6+ 0/ 0+&8/)#+" &(/!9*$7 $ 0+&8/)#+" (/B$* / 

M&/(50#.: :.O. I'8/7, O.D. ,1C4)!#9/, :.V. =(/9/&!#9/. – <.,  ?.G M9('A#+, 

2000. – 52 3. 

 



 !"#!$%&' "()!&&* 

 

 !"#!$%&  !"#$%&'(  !"#$%&'()*+,  

-)./)*"01  !"#$%&'( 2+#)!%3)*+,  

-)()*4#% 5*6"&73 8&%/)!73)*+,  

914,#)* :%*!) 8&%/)!73)*+,  

;*)($1#% <7#/)(74 <7#/)(7*&% 

 

 

 

 

= >=8?@A -  

B8?CA D  E - 2 CF<A D  C=8AG: =C@ 

 

A%*,%!1&+3 .)$7H&+# 

 

 

<"($/#% /% ("'%6I*%&&4: G.:. J*%&)* 

 

 

 

 

 

 

:7'.+$%&) ') '(I#I 28.12.07. K)(L%/ 60 84/16. 

:%.7( )M$"/. =+N)6(%M74. @L. '(I#. %(#. 5,7.  

 H!.-*+'. %(#. 5,9. C+(%O 300 .(+L. >%L. P 1. 

 

 

 

:7'6)/)*!"&) ') '(I#I /% *7''(I#)*%&) 

I A%07)&%!1&)LI 67(&+,)LI I&7*"($+/"/7. 

G*7')0/*) .() *&"$"&&4 ') 9"(O%*&)6) ("Q$/(I 9- P 1842. 

 

49005,  9&7.()."/()*$1#, .()$.. -. 2%(#$%, 19. 

 



 

 ! "   # $ % & % $ '  
 


