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#$��&�+!� ��!/&&/ № 1 

���!�+�!!/ %��, -" ��.&Ь #$� &"+�!!�, � #"&'�!"%&� 
 

 5B0 @>1>B8: 282G8B8 <5B>48:C @>7@0EC=:C A8; @V70==S V ?>BC6=>ABV, 70B@0GC20=>W =0 
@V70==S, 0=0;VB8G=8< A?>A>1><. "7=09><8B8AS 9 ?@8410B8 =028G:8 @>1>B8 7 4>2V4:>2>R ;V-
B5@0BC@>R. 

 

�����Ь!� ���" "%&� 
 

�;S 282G5==S 4VW A8;8 >?>@C @V70==R ?@89=SB> WW @>7:;040B8 =0 B@8 270є<=> ?5@?5=-
48:C;S@=V A:;04>2V A8;8, A?@S<>20=V ?> >ASE :>>@48=0B 25@AB0B0: $E - >AP>20 A8;0; $C - @04V0-
;P=0 A8;0; $z - B0=35=FV0;P=0 A8;0, S:C 728G09=> =07820RBP A8;>R @V70==S [1] . 

"AP>20 A8;0 $E 4Vє C74>26 703>B>2:8, ?@8 ?>74>26=P><C B>GV==V ?@>B84Vє <5E0=V7<C 
?>40GV. 

$04V0;P=0 A8;0 $C - 2V468<0є @V75FP, WW @50:FVS 738=0є 703>B>2:C. 
%8;0 @V70==S $z A?@S<>20=0 ?> 4>B8G=V9 4> ?>25@E=V @V70==S, 287=0G0є ?>BC6=VABP, I> 

28B@0G0єBPAS =0 @V70==S N@. 
%:;04>2V A8;8 @V70==S ?@8 B>GV==V @>7@0E>2CRBP ?> 0=0;VB8G=V9 D>@<C;V: 

Pz(x,y)=10%@tx
S
C
V

n�p, !   (1.1) 

45 %@- :>5DVFVє=B, I> 2@0E>2Cє C<>28 >1@>1:8; E,C,n - ?>:07=8:8 AB5?5=R; t - 3;818=0 @V70=-
=S, <<; S - ?>40G0, <</ >1; V - H284:VABP @V70==S, </E2, �@ - C7030;P=5=89 ?>?@02>G=89 :>5-
DVFVє=B, I> 2@0E>2Cє 7<V=C C<>2 ?> 2V4=>H5==R 4> B01;8G=8E. 

p p p p zp pK K K K K K ,     (1.2) 

45 �¼@ - ?>?@02>G=89 :>5DVFVє=B, I> 2@0E>2Cє 2;0AB82>ABV >1@>1;R20=>3> <0B5@V0;C; 

p p zp pK ,K ,K ,K - :>5DVFVє=B8, I> 2@0E>2CRBP 2V4?>2V4=V 35><5B@8G=V ?0@0<5B@8 @V7FS.  
#>BC6=VABP @V70==S @>7@0E>2CєBPAS 70 D>@<C;>R: 

zP V
N

1020 60
, :�B     (1.3) 

45 $z  - A8;0 @V70==S, !; V - H284:VABP @V70==S, </E2. 
 

#$����� $"��'/��!!/ �����!!/ 

�87=0G8B8 A8;8, I> 4VRBP ?@8 ?>74>26=P><C B>GV==V 703>B>2:8 7V AB0;V 40) 7 <565R 
<VF=>ABV σ2 = 700 #0, @V7F5< V7 ?;0AB8=>R 7 B25@4>3> A?;02C &5�10. �87=0G8B8 ?>BC6=VABP 
@V70==S. �;818=0 @V70==S t=3 <<, ?>40G0 S=0,8 <</>1, H284:VABP @V70==S V=67 </E2. 

�5><5B@8G=V ?0@0<5B@8 @V7FS: D>@<0 ?5@54=P>W ?>25@E=V - @04VCA=0 7 D0A:>R;  
φ= 60°; φ1= 15°; ´(= -5°; α = 12°; » = 0; r = 1<<. 
$>72'O70==O 

1. %8;8 @V70==S ?@8 B>GV==V:  
 

Pz(x,y)=10Cpt
x
S

y
V

n
Kp 

1.1 �87=0G0є<> 7=0G5==S ?>ABV9=>W 8 ?>:07=8:V2 AB5?5=V2 [2], 

Cpz=300 E=1,0 C=0,75  n=-0,15 

Cpx=339 E=1,0 C=0,5  n=-0,4 

Cpy=243 x=0,9 C=0,6  n=-0,3 

1.2 �87=0G0є<> 7=0G5==S ?>?@02>G=8E :>5DVFVє=BV2: 

p p p p zp pK K K K K K  

K¼pz=

n

B

750
; n=0,75[2], 

K¼pz=

75,0

750

700
=0,95. 



 

K¼px=

n

B

750
; n=1[3], 

K¼px=

1

750

700
=0,93. 

K¼py=

n

B

750
; n=1,35[2], 

K¼py=

35,1

750

700
n=0,91. 

 

#>?@02>G=V :>5DVFVє=B8, I> 2@0E>2CRBP 35><5B@VR @V7FS [2]. 
K pz = 0,94;                     K pE =1,11;             K pC =0,77; 

K pz = 1.25;                      K pE = 2;                 K pC  =2; 

K pz= K pE= K py=1; 

Krp - 2@0E>2CєBPAS BV;P:8 4;S @V7FV2 7V H284:>@V70;P=>W AB0;V 
$z=10∙300∙31∙0,80,75∙67-0,15∙0,95∙0,94∙1,25=4050 ! 

$x=10∙339∙31∙0,80,5∙67-0,4∙0,93∙1,11∙2=1685,5 ! 

$y=10∙243∙30,9∙0,80,6∙67-0,3∙0,91∙0,77∙2=1611 ! 

 

2. #>BC6=VABP @V70==S 

zP V 4050 67
N 4,43

1020 60 60 102
:�B 

 

 

�����!!/ !� #$��&�+!� ��!/&&/ №1 
�8:>=0B8 @>7@0EC=>: A8;8 @V70==S ($z) V ?>BC6=>ABV, 70B@0GC20=>W =0 @V70==S ?> 7040-

=><C 20@V0=BC. 
�8EV4=V 40=V =02545=> 2 B01;8FV 1. 

#>@O4>: 28:>=0==O @>1>B8 

1. �>@8ABCRG8AP V=AB@C:FVєR V ;VB5@0BC@>R [1;2], 282G8B8 <5B>48:C 9 28:>=0B8 @>7-
@0EC=>: 70 70240==S<. 

2. %:;0AB8 72VB 70 D>@<>R 1. 
(>@<0 1 

1. !09<5=C20==S @>1>B8. 
2. *V;P @>1>B8. 
3. �0240==S. 
4. $>7@0EC=>: A8;8 @V70==S 9 ?>BC6=>ABV, 70B@0GC20=>W =0 @V70==S. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

&01;8FS 1 
�0@V0=B8 70240==S 4> ?@0:B8G=>3> 70=SBBS 1 

!><5@ 
20@V0=BC  0B5@V0; 703>B>2:8 

$568< @V70==S �5><5B@8G=V ?0@0<5B@8 

@V7FS* 

t, << S, << 
V, 

</E2 φº αº ´º »º r, << 

(>@<0 ?5-
@54=P>W ?>-
25@E=V 

1 2 3 4 5 6 7 8 9 10 11 

1 %B0;P 20, σ2=550  #0 4 0,7 140 45 8 10 5 1 
$04VCA=0 7 
D0A:>R 

2 %V@89 G02C= %+10, !�160 5 0,78 60 60 8 5 10 1 #;>A:0 
3 %B0;P 12)18!9&; !�180 1 0,21 265 90 12 10 0 2 $04VCA=0 7 

D0A:>R 4 %B0;P 14)17!2;!�200 1,5 0,195 250 90 12 10 0 2 

5 %V@89 G02C= %+30, !�220 1,5 0,26 150 45 10 5 -5 2 #;>A:0 
6 %V@89 G02C= %+20, !�210 2 0,35 155 45 10 12 0 

1 
$04VCA=0 7 
D0A:>R 

7 %B0;P 38)�, σ2=680  #0 3 0,61 120 60 8 10 5 

8 %B0;P 35, σ2=560  #0 1,5 0,2 390 60 12 15 0 

9 %V@89 G02C= %+15, !�170 4,5 0,7 65 90 8 5 0 
1 #;>A:0 

10 %V@89 G02C= %+10, !�160 3,5 0,6 65 45 10 10 5 

11 %B0;P 40 )!, σ2=700  #0 1,5 0,3 240 60 12 10 -5 

2 
$04VCA=0 7 
D0A:>R 

12 %B0;P %B3, σ2=600  #0 5 0,8 240 60 10 5 0 

13 %B0;P 40), σ2=750  #0 1,0 0,15 240 90 12 10 -5 

14 %B0;P %B5, σ2=600  #0 3,5 0,52 130 45 8 10 5 

1 #;>A:0 15 %V@89 G02C= %+20, !�180 4,0 0,87 75 60 8 5 10 

16 %V@89 G02C= %+20, !�200 2,5 0,25 100 45 10 5 0 

17 %B0;P 20), σ2=580  #0 1,0 0,125 180 45 12 15 0 
2 

$04VCA=0 7 
D0A:>R 18 %B0;P 50, σ2=750  #0 2,0 0,25 150 60 10 12 5 

19 
�@>=70  �@ ��! 10-4, 

!�170 1,5 0,15 130 60 6 20 10 

1 
#;>A:0 
7 D0A:>R 

20 
�0BC=P � F� 52-4-1, 

!�100 2,5 0,3 80 90 8 25 -5 

21 %V@89 G02C= %+30, !�220 1,5 0,1 130 45 10 8 0 
15 #;>A:0 

22 %V@89 G02C= %+20, !� 200 3 0,4 90 90 8 10 -5 

23 %B0;P30)!3�, σ2=800  #0 5 0,8 10 60 12 12 -5 

2 $04VCA=0 
7 D0A:>R 

24 %B0;P 30 ) , σ2=780  #0 2,5 0,2 100 45 10 10 2 

25 %B0;P 45, σ2=650  #0 4 1,2 90 60 8 15 0 

26 %B0;P 15), σ2=687  #0 2,0 0,35 100 45 6 8 5 1,5 

27 �>2:89 G02C= �+30, !� 163 3,0 0,5 120 90 8 10 0 
1 

#;>A:0 28 %B0;P 20)!$, σ2=700  #0 4,5 0,06 80 60 12 5 -5 

29 %B0;P 30�, σ2=550  #0 1,5 0,35 120 45 10 12 10 
2 

30 %B0;P 35)�%�, σ2=700  #0 2,5 0,05 40 90 8 5 0 

           

 

* �;S 2AVE 20@V0=BV2 ?@89=SB8 @V75FP V7 ?;0AB8=>R 7 B25@4>3> A?;02C. 
 

 

 

 

 

 

 

 

 

 



 

#$��&�+!� ��!/&&/ №2 
$"�$�)'!"� $��� ' $���!!/ #$� &"+�!!� �!���&�+!�  %#"%"�"  

 

 5B0 @>1>B8: 282G8B8 <5B>48:C @>7@0EC=:C @568<C @V70==S 0=0;VB8G=8< A?>A>1><. 
"7=09><8B8AS 9 ?@8410B8 =028G:8 @>1>B8 7 4>2V4:>2>R ;VB5@0BC@>R. 

 

�����Ь!� ���" "%&� 
 

"1@>1:0 703>B>2:8 B>GV==S< 74V9A=RєBPAS ?@8 :><1V=0FVW 42>E @CEV2: @V2=><V@=>3> 
>15@B>2>3> @CEC 45B0;V - @CEC @V70==S (01> 3>;>2=>3> @CEC) V @V2=><V@=>3> ?>ABC?0;P=>3> @C-
EC @V7FS C74>26 01> ?>?5@5: >AV 45B0;V - @CE ?>40GV. �> 5;5<5=BV2 @568<C @V70==S 2V4=>ASBP-
AS: 3;818=0 @V70==S t, ?>40G0 S, H284:VABP @V70==S V. 

�;818=0 @V70==S - 25;8G8=0 H0@C <0B5@V0;C, I> 7@V7CєBPAS, 70 >48= ?@>EV4, 28<V@R20-
=89 2 =0?@S<:C, ?5@?5=48:C;S@=><C >1@>1;5=V9 ?>25@E=V, B>1B> ?5@?5=48:C;S@=><C =0?@S-
<:C ?>40GV. #@8 G>@=>2V9 >1@>1FV, S: ?@028;>, 3;818=C @V70==S ?@87=0G0RBP @V2=>R CAP><C 
?@8?CA:C, B>1B> ?@8?CA: 7@V7CRBP 70 >48= ?@>EV4 

D d
t h ,<<

2
                             (2.1) 

45 h- ?@8?CA:, <<; D - 4V0<5B@ 703>B>2:8, <<; d - 4V0<5B@ 45B0;V, <<. 
#@8 G8AB>2V9 >1@>1FV ?@8?CA: 70;568BP 2V4 28<>3 B>G=>ABV 9 H>@AB:>ABV >1@>1;5=>W 

?>25@E=V. 
#>40G0 - 25;8G8=0 ?5@5<VI5==S @V6CG>W :@><:8 V=AB@C<5=B0 I>4> >1@>1;5=>W ?>25@-

E=V 2 =0?@S<:C ?>40GV 70 >48=8FR G0AC (E28;8==0 ?>40G0 S<) 01> 70 >48= >15@B 703>B>2:8. 
#@8 G>@=>2V9 >1@>1FV ?@87=0G0RBP <0:A8<0;P=> <>6;82C ?>40GC 28E>4SG8 V7 6>@AB:>ABV V 
<VF=>ABV A8AB5<8 %#��, <VF=>ABV ?;0AB8=:8, ?>BC6=>ABV ?@82>40 25@AB0B0; ?@8 G8AB>2V9 >1-
@>1FV - 70;56=> 2V4 =5>1EV4=>3> ABC?5=S B>G=>ABV 9 H>@AB:>ABV >1@>1;5=>W ?>25@E=V. 

,284:VABP @V70==S - 25;8G8=0 ?5@5<VI5==S :@0?:8 @V6CG>W :@><:8 V=AB@C<5=B0 I>4> 
?>25@E=V @V70==S 2 =0?@S<:C @CEC @V70==S 70 >48=8FR G0AC. ,284:VABP @V70==S 70;568BP 2V4 
@V6CG8E 2;0AB82>AB59 V=AB@C<5=B0 9 <>65 1CB8 287=0G5=0 ?@8 B>GV==V ?> B01;8FSE =>@<0B8-
2V2 [4] 01> ?> 5<?V@8G=V9 D>@<C;V 

v
vm x v

C
V K ,

T t S
                              (2.2) 

45 %v - :>5DVFVє=B, I> 2@0E>2Cє C<>28 >1@>1:8; m, E, v - ?>:07=8:8 AB5?5=V; & - ?5@V>4 ABV9-
:>ABV V=AB@C<5=B0; t - 3;818=0 @V70==S, <<; S - ?>40G0, <</>1; �v - C7030;P=5=89 ?>?@02>G=89 
:>5DVFVє=B, I> 2@0E>2Cє 7<V=8 C<>2 >1@>1:8 AB>A>2=> B01;8G=8E 

v mv nv uv v rvK K K K K K ,              (2.3) 

45 mvK  - :>5DVFVє=B, I> 2@0E>2Cє 2?;82 <0B5@V0;C 703>B>2:8; nvK  - :>5DVFVє=B, I> 2@0E>2Cє 
AB0= ?>25@E=V 703>B>2:8; uvK - :>5DVFVє=B, I> 2@0E>2Cє <0B5@V0; V=AB@C<5=B0; 

vK - :>5DVFV-

є=B, I> 2@0E>2Cє 3>;>2=89 :CB C ?;0=V @V7FS; rvK  - :>5DVFVє=B, I> 2@0E>2Cє @04VCA ?@8 25@-
H8=V @V7FS - 2@0E>2CєBPAS  4;S @V7FV2 7V H284:>@V70;P=>W AB0;V. 

#@8 =0;03>46C20==V 25@AB0B0 =5>1EV4=> 2AB0=>28B8 G0AB>BC >15@B0==S H?8=45;S, I> 
70157?5GCє @>7@0EC=:>2C H284:VABP @V70==S.  

1000V
n

D
 , >1/E2                             (2.4) 

"A=>2=89 B5E=>;>3VG=89 (<0H8==89) G0A - G0A, ?@>BS3>< S:>3> 2V41C20єBPAS 7=SBBS 
AB@C6:8 157 >A>18AB>W CG0ABV @>1VB=8:0  

0

L
T i,

S n
 E2                               (2.5) 

45 L - H;SE V=AB@C<5=B0 C =0?@S<:C @>1>G>W ?>40GV, <<; i - :V;P:VABP ?@>E>4V2. 



 

 

L=l+y+&, <<                               (2.6) 

45 l - @>7<V@ >1@>1;R20=>W ?>25@E=V C =0?@S<:C ?>40GV; 2 - 25;8G8=0 2@V70==S, <<; & - 25;8-
G8=0 ?5@51V3C, <<, &= 1÷2 <<. 

 

y=t∙ctgφ,                                  (2.7) 

45 t - 3;818=0 @V70==S; φ - 3>;>2=89 :CB C ?;0=V @V7FS. 
 

#$����� $"��'/��!!/ �����!!/ 

!0 B>:0@=>-328=B>@V7=><C 25@AB0BV 16�20 ?@>2>48BPAS G>@=>25 >1B>GC20==S =0 ?@>-
EV4 20;0 D=68 << 4> d=62h12 <<. �>268=0 >1@>1;R20=>W ?>25@E=V 280; 4>268=0 20;0 l1= 430 

<<. �03>B>2:0 - :C20==S 7V AB0;V 40) A <565R <VF=>ABV σ2=700  #0. %?>AV1 :@V?;5==S 703>B>-
2:8 - C F5=B@0E B0 ?>2V4:>2><C ?0B@>=V. %8AB5<0 %#�� =54>AB0B=P> 6>@AB:0. #0@0<5B@ H>@-
AB:>ABV ?>25@E=V R0=12,5 <:<. !5>1EV4=>: 281@0B8 @V70;P=89 V=AB@C<5=B, ?@87=0G8B8 @568< 
@V70==S; 287=0G8B8 >A=>2=89 G0A. 

$>72'O70==O 

1 �8:>=0==S 5A:V7C >1@>1:8 

 
 

2 �81V@ @V70;P=>3> V=AB@C<5=BC 
�;S >1B>GC20==S =0 ?@>EV4 20;0 7V AB0;V 40) ?@89<0є<> B>:0@=89 ?@>EV4=89 @V75FP ?@S<89 

?@0289 7 ?;0AB8=:>R V7 B25@4>3> A?;02C &5�10 [2] 01> [3]. (>@<0 ?5@54=P>W ?>25@E=V @04VCA=0 7 
D0A:>R [3]: 35><5B@8G=V ?0@0<5B@8 @V6CG>W G0AB8=8 @V7FS:  

´= 15°; α=12; »=0[3]; 

φ=60°; φ1 =15°;[3],  
r=1 <<; f=l <<; [3] 
3. #@87=0G5==S @568<V2 @V70==S 
3.1. �;818=0 @V70==S. #@8 G>@=>2V9 >1@>1FV ?@8?CA: 7@V70є<> 70 >48= ?@>EV4, B>4V 

D d 68 62
t h 3

2 2
<< 

3.2. #@87=0G0є<> ?>40GC. �;S G>@=>2>W >1@>1:8 703>B>2:8 7 :>=AB@C:FV9=>W AB0;V 4V0-
<5B@>< 4> 100 << @V7F5< ?5@5B8=>< 16x25 ( 4;S 25@AB0B0 16�20) ?@8 3;818=V @V70==S 4> 3 
<<: 

S=0,6÷1,2 <</>1 [2]. [3]. 

�V4?>2V4=> 4> ?@8<VB:8 1 4> 707=0G5=>W B01;8FV 9 ?0A?>@B=8< 40=8< 25@AB0B0 (482. 
�>40B>: 1 4> 40=8E <5B>48G=8E 2:07V2>:) ?@89<0є<> S=0,8 <</>1. 

3.3 ,284:VABP @V70==S, I> 4>?CA:0єBPAS <0B5@V0;>< @V7FS 
v

vm x y

C
V K

T t S
, </E2 

45 
v

C =340; E=0,15; 2=0,45, m=0,2, &=60 E2 [2]. [3] 
#>?@02>G=89 :>5DVFVє=B 4;S >1@>1:8 @V7F5< 7 B25@4>A?;02=>R ?;0AB8=>R 



 

v mv nv uv vK K K K K  

nv

mv r

�

750
K K ( ) , [2]. [3] 

45 rK =1; nv =1 [2], 

B>4V 1

mv r

750
K K ( ) 1,07

700
 

nvK =0,8 [2] 01> [3], 

8vK =0,65 [2] 01> [3], 

vK =0,9 [2]01>[3]. 

0,2 0,15 0,45

340
V 1,07 0,8 0,65 0,9 70,6

60 3 0,8
</E2 

3.4. +0AB>B0 >15@B0==S, 2V4?>2V4=0 4> 7=0945=>W H284:>ABV @V70==S 
1000 V

n
D

 , >1/E2 

1000 70,6
n 330,6

3,14 68
 >1/E2 

�>@5:BCє<> G0AB>BC >15@B0==S H?8=45;S 70 ?0A?>@B=8< 40=8<8 25@AB0B0 n4=315 

>1/E2. 
3.5. �V9A=0 H284:VABP @V70==S 

4
n D n

V
1000

, </E2;  

4
3,14 68 315

V 67,3
1000

 </E2  

4. "A=>2=89 G0A 

o

L
T i

n S
, E2 

,;SE @V7FS L=l+y+&, << 

�@V70==S @V7FS y=t∙ctgφ=3∙ctg 60º=3∙0,58=1,7 << 

#5@51V3 @V7FS &=1,3 <<. 
&>4V L=280+1,7+1,3=283 <<. 

0

283
T 1,12

315 0,8
 E2. 
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�8:>=0B8 @>7@0EC=>: @568<V2 @V70==S 0=0;VB8G=8< A?>A>1>< (70 5<?V@8G=>R D>@<C-

;>R) ?> 7040=><C 20@V0=BC 4;S >1@>1:8 =0 B>:0@=>-328=B>@V7=><C 25@AB0BV 16�20. 
�8EV4=V 40=V =02545=> 2 B01;. 2. 

#>@S4>: 28:>=0==S @>1>B8 

1. �>@8ABCRG8AP V=AB@C:FVєR 9 4>40B:>2>R ;VB5@0BC@>R, 282G8B8 <5B>48:C 287=0-
G5==S @568<C @V70==S. "7=09><8B8AS 7 4>2V4=8:>< [2] 01> [3]. "7=09><8B8AS 7 C<>2>R 70-
240==S. 

2. �8:>=0B8 5A:V7 >1@>1:8. 
3. �81@0B8 @V70;P=89 V=AB@C<5=B. 
4. #@87=0G8B8 3;818=C @V70==S. 
5. �87=0G8B8 ?>40GC. 
6. $>7@0EC20B8 H284:VABP @V70==S. 
7. �87=0G8B8 G0AB>BC >15@B0==S H?8=45;S 9 A:>@53C20B8 ?> ?0A?>@BC 25@AB0B0. 



 

8. �87=0G8B8 4V9A=C H284:VABP @V70==S. 
9. $>7@0EC20B8 >A=>2=89 B5E=>;>3VG=89 G0A. 

&01;8FS 2 

�0@V0=B8 70240==S 4> ?@0:B8G=>3> 70=SBBS 2 
!><5@ 20@V0=-

B0 �03>B>2:0, <0B5@V0; V 9>3> 2;0AB82>ABV �84 >1@>1:8 9 ?0@0<5B@ H>@AB:>ABV D, 

<< 
d, << 

l, 

<< 

1 2 3 4 5 6 

1 #@>:0B. %B0;P, σ2=500  #0 "1B>GC20==S =0 ?@>EV4 Ra=12,5 <:< 90 82h12 260 

2 
�8;82>: 7 :V@:>R. %V@89 G02C= %+ 20, 

!�160 "1B>GC20==S =0 ?@>EV4 Ra=12,5 <:< 120 
110 

h12 
310 

3 �C20==S. %B0;P 12)18!19&, !�180 "1B>GC20==S 2 C?>@ Ra=1,6 <:< 52 50e9 400 

4 #@>:0B. %B0;P 14)17!2, !�200 $>7B>GC20==S 2 C?>@ Ra=3,2 <:< 90 93H11 30 

5 �8;82>: 157 :V@:8 %+30, !�220 $>7B>GC20==S =0 ?@>EV4 Ra=3,2 <:< 80 83H11 50 

6 
�8;82>: 7 :V@:>R. %V@89 G02C= %+ 20, 

!�210 $>7B>GC20==S =0 ?@>EV4 Ra=12,5 <:< 120 124H12 100 

7 #@>:0B. %B0;P 38 )�, σ2=680  #0 "1B>GC20==S =0 ?@>EV4 Ra=12,5 <:< 76 70h12 315 

8 "1@>1;5=0. %B0;P 35, σ2=560  #0 $>7B>GC20==S =0 ?@>EV4 Ra=3,2 <:< 97 100H11 75 

9 
�8;82>: 7 :V@:>R. %V@89 G02C= %+ 20, 

!�210 "1B>GC20==S 2 C?>@ Ra=12,5 <:< 129 120h12 340 

10 "1@>1;5=0. %V@89 G02C= %+10, !�160 #V4@V70==S ACFV;P=>3> B>@FS Ra=12,5 
<:< 

80 0 3,5 

11 �C20==S. %B0;P 40)!, σ2=700  #0 $>7B>GC20==S =0 ?@>EV4 Ra=3,2 <:< 77 80H11 45 

12 "1@>1;5=0. %B0;P %B3, σ2=600  #0 #V4@V70==S ACFV;P=>3> B>@FS Ra=12,5 
<:< 

90 0 5 

13 #@>:0B. %B0;P 40), σ2=750  #0 "1B>GC20==S 2 C?>@ Ra=0,8 <:< 68 62e9 250 

14 "1@>1;5=0. %B0;P %B5, σ2=600  #0 $>7B>GC20==S =0 ?@>EV4 Ra=12,5 <:< 73 80H12 35 

15 �8;82>: 7 :V@:>R. %V@89 G02C= %+ 20,!�180 "1B>GC20==S =0 ?@>EV4 Ra=12,5 <:< 62 58h12 210 

16 �8;82>: 7 :V@:>R. %V@89 G02C= %+ 20,!�200 #V4@V70==S 2BC;:8 Ra=3,2 <:< 80 40 2,5 

17 �C20==S. %B0;P 20), σ2=580  #0 $>7B>GC20==S =0A:@V7=5 Ra=1,6 <:< 48 50H9 50 

18 "1@>1;5=0. %B0;P 50, σ2=750  #0 #V4@V70==S B>@FS 2BC;:8 Ra=3,2 <:< 60 20 2,0 

19 
�8;82>: 7 :V@:>R. �@>=70 �@ ��! 10-4, 

!�170 "1B>GC20==S =0 ?@>EV4 Ra=1,6 <:< 88 85e12 140 

20 #@>:0B. �0BC=P � F� 52-4-1, !�220 $>7B>GC20==S 2 C?>@ Ra=3,2 <:< 48 53H11 65 

21 "1@>1;5=0. %V@89 G02C= %+ 30, !�220 #V4@V70==S B>@FS Ra=1,6 <:< 65 0 1,5 

22 "1@>1;5=0. %V@89 G02C= %+ 20, !�220 "1@>1:0 2 C?>@ Ra=3,2 <:< 74 80H11 220 

23 �C20==S. %B0;P 30)!3�, σ2=800  #0 "1@>1:0 =0 ?@>EV4 Ra=12,5 <:< 105 115H12 260 

24 #@>:0B. %B0;P 30) , σ2=780  #0 #V4@V70==S B>@FS Ra=1,6 <:< 80 0 2,5 

25 "1@>1;5=0. %B0;P 45, σ2=650  #0 "1@>1:0 =0 ?@>EV4 Ra=1,6 <:< 72 80H9 100 

26 #@>:0B. %B0;P ,)15, σ2=700  #0 $>7B>GC20==S =0 ?@>EV4 Ra=3,2 <:< 90 95H11 60 

27 �C20==S. �>2:89 G02C= �+30, !�163 "1B>GC20==S =0 ?@>EV4 Ra=12,5 <:< 115 110h7 150 

28 
�8;82>: 7 :V@:>R. %V@89 G02C= %+ 15, 

!�163 "1B>GC20==S 2 C?>@ Ra=6,3 <:< 150 142h8 70 

29 #@>:0B. �@>=70 �@ �� 9-4, σ2=500  #0 $>7B>GC20==S 2 C?>@ Ra=12,5 <:< 60 69H11 50 

30 #@>:0B. %B0;P 35�2, σ2=618  #0 #V4@V70==S B>@FS 2BC;:8 Ra=6,3 <:< 100 80 3,0 
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:20;VB5BV2. �5B0;P >45@6Cє >AB0B>G=C D>@<C 9 @>7<V@8; 

4) B>=:5 B>GV==S - 4>72>;Sє ?@8 7@V70==V 4C65 B>=:8E AB@C6>: >45@6C20B8 =0 ?>25@E-
=SE 45B0;V H>@AB:VABP 0,40..0,20 R0 9 B>G=VABP 5-7-3> :20;VB5BV2. 

�87=0G5==S @568<V2 @V70==S ?>;S30є C 281>@V ?> 7040=8E C<>20E >1@>1:8 =09283V4=V-
H>W :><1V=0FVW 3;818=8 @V70==S, ?>40GV 9 H284:>ABV @V70==S, I> 70157?5GCRBP =09<5=HC 
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1.  �87=0G5==S 3;818=8 @V70==S t << V G8A;0 ?@>E>4V2 V. #@8 G>@=>2><C B>GV==V 25AP ?@8?CA: 
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1. �8EV4=V 40=V: @V4 V @>7<V@ 703>B>2:8 - ?@>:0B, AB0;P 45; σ2=550  #0; D=80 <<; d=68 
<<; 1=275 <<; C<>28 28:>=0==S >?5@0FVW - 703>B>2:0 2AB0=>2;RєBPAS 2 A0<>F5=B@C20;P=89 
?0B@>= 7 ?V4B8A=CB8< F5=B@>< 704=P>W 101:8. 
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1. �8:>=0==S 5A:V7C >1@>1:8. 

 
2. �81V@ @V70;P=>3> V=AB@C<5=BC. 
 �;S >1B>GC20==S 20;0 7V AB0;V 45 ?@89<0є<> B>:0@=89 ?@>EV4=89 @V75FP ?@S<89 ?@0-

289 V7 ?;0AB8=>R V7 B25@4>3> A?;02C &5�10 [2] 01> [3] φ=45°; 1 =10°; A=4<< (B>2I8=0 ?;0A-
B8=:8); �E!=25E25 (?5@5B8= 45@602:8); 1@=1,5! (28;VB @V7FS). 

3. #@87=0G5==S @568<V2 @V70==S. 
$>7@0EC=>: @568<V2 @V70==S 28:>=0є<> 2 B@048FV9=V9 ?>A;V4>2=>ABV 7 28:>@8AB0==S< 

40=8E @>1>B8 [7]. 
3.1. �;818=0 @V70==S. #@8 G>@=>2V9 >1@>1FV ?@8?CA: 7@V7Cє<> 70 >48= ?@>EV4, B>4V  

D d 80 68
t h 6
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<< 

3.2 #@87=0G0є<> ?>40GC. �;S 45@602:8 @V7FS ?5@5B8=>< 25x25 <<, 4V0<5B@0 >1@>1:8 
4> 100 << V 3;818=8 @V70==S 4> 8 << @5:><5=4CєBPAS ?>40G0 S=0,5&0,7<</>1; 
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?>40GV ;V<VBCє ?>BC6=VABP 5;5:B@>4283C=0. #>40G0, ?@8?CAB8<0 ?>BC6=VABR 5;5:B@>4283C=0, 
=5 >1<56Cє <0:A8<0;P=C ?>40GC S=0,7 <</>1. &0:0 ?>40G0 є =0 25@AB0BV ( 73V4=> 7 ?0A?>@B-
=8<8 40=8<8), >B65, WW V ?@89<5<> 4;S 28:>=0==S B5E=>;>3VG=>3> ?5@5E>4C >1@>1:8 Ø68 . 
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</E2., $z=6630 !, NQ=10,7 :�B. 

�87=0G0є<> ?>?@02>G=V :>5DVFVє=B8 4;S 7<V=5=8E C<>2 @V7FS. ' 40=><C ?@8:;04V =5-
>1EV4=> 2@0EC20B8 BV;P:8 ?>?@02>G=89 :>5DVFVє=B 70;56=> 2V4 <56V <VF=>ABV >1@>1;5=>3> 



 

<0B5@V0;C σ2. �;S σ2=550  #0 7=0E>48<> Kmv=1,18, 
zpK 0,92 ,

QmNK 1,09 . 

"B65, 4;S 7040=8E C<>2 >1@>1:8 =>@<0B82=V 7=0G5==S V, $z V NQ  AB0=>2;SBP: 
V=100∙1,18=118 </E2.; $z=6630∙0,92=6100 !; NQ=10,7∙1,09=11,6 :�B. 

�=0945=89 @568< =5 <>65 1CB8 74V9A=5=89 =0 7040=><C 25@AB0BV, B><C I> 5D5:B82=0 
?>BC6=VABP, =5>1EV4=0 =0 @V70==S NQ=11,6 :�B, 28I5 ?>BC6=>ABV =0 H?8=45;V, ?@8?CAB8<>R 
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№ �03>B>2:0, <0B5@V0; V 9>3> 2;0AB82>ABV �84 >1@>1:8 9 ?0@0<5B@ 
H>@AB:>ABV D, << d, << l, << 

1 2 3 4 5 6 

1 #@>:0B. %B0;P 45, σ2=600  #0 $>7B>GC20==S =0 ?@>EV4, Ra=3,2 <:< 97 100!10 120 

2 #@>:0B. %B0;P 2)13, σ2=600  #0 "1B>GC20==S =0 ?@>EV4, Ra=3,2 <:< 80 70h10 300 

3 #@>:0B. %B0;P ,)15, σ2=700  #0 $>7B>GC20==S 2 C?>@, Ra=12,5 <:< 90 95H12 50 

4 
�8;82>: 7 :V@:>R. %V@89 G02C= %+ 15, 

!�197 "1B>GC20==S 2 C?>@, Ra=12,5 <:< 100 94h12 150 

5 #@>:0B. �0BC=P � F� 52-4-1 !�220 $>7B>GC20==S =0 ?@>EV4, Ra=12,5 <:< 48 54H12 70 

6 �8;82>:. +02C= �+ 60-2. !�240 $>7B>GC20==S, Ra=3,2 <:< 70 63h10 60 

7 #@>:0B. %B0;P 40), σ2=700  #0 "1@>1:0 2 C?>@, Ra=12,5 <:< 66 70H12 100 

8 "1@>1;5=0. %+ 24, !�207 "1@>1:0 2 C?>@, Ra=3,2 <:< 120 114h10 250 

9 �C20==S. +02C= �+33 !�163 "1@>1:0 =0 ?@>EV4, Ra=12,5 <:< 110 116H12 150 

10 "1@>1;5=0. %B0;P 20), σ2=550  #0 "1@>1:0 2 C?>@, Ra=1,6 <:< 80 70h7 200 

11 #@>:0B. %B0;P 40)!, σ2=700  #0 "1@>1:0 =0 ?@>EV4, Ra=3,2 <:< 74 80H10 75 

12 #@>:0B. %B0;P 18)�&, σ2=700  #0 "1@>1:0 =0 ?@>EV4, Ra=12,5 <:< 170 155h12 125 

13 "1@>1;5=0. %B0;P 65�, σ2=700  #0 "1@>1:0 2 C?>@, Ra=12,5 <:< 62 70H12 80 

14 
�8;82>: 7 :V@:>R. %V@89 G02C= %+ 21, !� 

205. 
"1@>1:0 2 C?>@, Ra=12,5 <:< 125 113h12 275 

15 �C20==S. +02C= �+ 35 !�163 "1@>1:0 =0 ?@>EV4, Ra=3,2 <:< 138 150H10 100 

16 "1@>1;5=0. %B0;P 1)13, σ2=500  #0 "1B>GC20==S =0 ?@>EV4, Ra=3,2 <:< 90 81h10 175 

17 #@>:0B. %B0;P 1)18!9&, σ2=550  #0 "1@>1:0 2 C?>@, Ra=12,5 <:< 42 50H12 90 

18 
�8;82>: 7 :V@:>R. �@>=70 �@��! 10-4, 

!�170 "1B>GC20==S =0 ?@>EV4, Ra=1,6 <:< 105 100h7 85 

19 
�8;82>: 7 :V@:>R. %V@89 G02C= %+ 40, 

!�210 "1@>1:0 =0 ?@>EV4, Ra=3,2 <:< 60 69H12 45 

20 "1@>1;5=0. %B0;P 35, σ2=560  #0 "1@>1:0 =0 ?@>EV4, Ra= 1,6 <:< 115 100h7 280 

21 #@>:0B. %B0;P 38 )�, σ2=680  #0 "1@>1:0 =0 ?@>EV4, Ra= 1,6 <:< 85 90H7 110 

22 
�8;82>: 7 :V@:>R. %B0;P 35)�%�, σ2=800 

 #0 "1B>GC20==S, Ra=12,5 <:< 95 90h12 70 

23 #@>:0B. %B0;P 20, σ2=420  #0 "1@>1:0 =0 ?@>EV4, Ra=1,6 <:< 65 70H7 50 

24 "1@>1;5=0. %B0;P 50, σ2=900  #0 "1@>1:0 2 C?>@, Ra=12,5 <:< 55 51h12 35 

25 "1@>1;5=0. %B0;P 50), σ2=650  #0 "1@>1:0 2 C?>@, Ra=3,2 <:< 32 35H10 20 

26 �8;82>: 7 :V@:>R. %B0;P 30 �, σ2=480  #0 "1@>1:0 =0 ?@>EV4, Ra=1,6 <:< 100 92h7 195 

27 #@>:0B. %B0;P 30) , σ2=1000  #0 "1@>1:0 =0 ?@>EV4, Ra=12,5 <:< 75 80H12 120 

28 #@>:0B. %B0;P 30, σ2=600  #0 "1@>1:0 2 C?>@, Ra=3,2 <:< 116 98h10 115 

29 �8;82>: 7 :V@:>R. +02C= �+), !�250 "1@>1:0 =0 ?@>EV4, Ra=12,5 <:< 95 115H12 180 

30 #@>:0B. %B0;P 65�, σ2=700  #0 "1@>1:0 =0 ?@>EV4, Ra= 12,5 <:< 150 128h12 300 
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B@V2 A25@4;0. ,>@AB:VABP ?>25@E=V ?VA;S A25@4;V==S Ra=12,5÷6,3 <:<, B>G=VABP ?> 11-14 :20-
;VB5BC. �@040FVS 4V0<5B@V2 A?V@0;P=8E A25@45; ?>28==0 2V4?>2V40B8 �"%& 885-64. �;S >45@-
60==S 1V;PH B>G=8E >B2>@V2 (8-9 :20;VB5B) V7 H>@AB:VABR ?>25@E=V R0=6,3÷�,2 <:< 70AB>A>2CRBP 75-
=:5@C20==S. �8:>=02GV 4V0<5B@8 AB0=40@B=8E 75=:5@V2 2V4?>2V40RBP �"%& 1677-75. $>73>@B0==S 70-
157?5GCє 283>B>2;5==S >B2>@V2 ?V428I5=>W B>G=>ABV (5-7 :20;VB5B) =87P:>W H>@AB:>ABV 4> R0=0,4 <:<. 

�8:>=02GV @>7<V@8 4V0<5B@V2 @>73>@=5=P V7 V=AB@C<5=B0;P=8E AB0;59 =02545=V 2 �"%& 

11174-65, V7 ?;0AB8=:0<8 7 B25@4>3> A?;02C �"%& 1173-65.  

�V4<V==>R @8A>R ?@87=0G5==S @568<C @V70==S ?@8 A25@4;V==V є B5, I> 3;818=0 @V70=-
=S t=D/2, ?@8 @>7A25@4;R20==V, 75=:5@C20==V 9 @>73>@B0==V. 
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#>@S4>: ?@87=0G5==S V=H8E 5;5<5=BV2 @568<C @V70==S 0=0;>3VG=89 ?@87=0G5==R @5-
68<V2 @V70==S ?@8 B>:0@=V9 >1@>1FV. 

%5@54=V 7=0G5==S ?@8?CA:V2 =0 4V0<5B@, I> 7=V<0RBPAS 75=:5@0<8 9 @>73>@B:0<8 2 4>-
40B:C 4. 
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$18, 70B>G5=5 70 <5B>4>< �.�. �8@>20, 2φ =118°; 2φ0= 70°; 4;S 75=:5@C20==S - FV;P=89 75=:5@ 
D=24,9 << 7V AB0;V $18, φ=45°; αp=10°; 4;S @>73>@B0==S - FV;P=0 @>73>@B:0 D=25 <<, φ=5° 7V 
AB0;8 $18.  

2. �81V@ @568<C @V70==S. 
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#> ?0A?>@BC 25@AB0B0 2AB0=>2;Rє<> =091;86GC ?>40GC 4> @>7@0EC=:>2>W S=0,56 
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1

01

l l 125 12
t 0,98

S n 0,56 250
E2. 

1
02
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t 0,93

S n 0,56 250
E2. 

1
03
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t 1,0

S n 1,6 90
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&01;8FS 4 
�0@V0=B8 70240==S 4> ?@0:B8G=>3> 70=SBBS 4 

№  0B5@V0; 703>B>2:8 V 9>3> E0@0:B5@8AB8:8 
�V0<5B@ >B2>@C D <<, ?0@0<5B@ 

H>@AB:>ABV, <:< 

�>268=0 >B2>@C 
1,<< 

1 2 3 4 

1 %B0;P 12)!2, σ2=800  #0 18!7, Ra=1,6 50 

2 %B0;P 12)!3�, σ2=950  #0 25!5, Ra=0,4 60 

3 %V@89 G02C= %+30, !�200 30!5, Ra=0,4 80 

4 %V@89 G02C= %+20, !�210 35!7, Ra=1,6 90 

5 %B0;P 38)�, σ2=680  #0 28!7, Ra=1,6 55 

6 %B0;P 35, σ2=560  #0 38!8, Ra=6,3 75 

7 %V@89 G02C= %+15, !�170 45!9, Ra=3,2 45 

8 %V@89 G02C= %+10, !�160 17!7, Ra=1,6 50 

9 %B0;P 40)!, σ2=700  #0 45!9, Ra=6,3 100 

10 %B0;P %B3, σ2=600  #0 50!9, Ra=6,3 60 

11 %B0;P 40), σ2=750  #0 22!5, Ra=0,4 95 

12 %B0;P %B5, σ2=600  #0 16!5, Ra=0,4 30 

13 %V@89 G02C= %+20, !�180 38!9, Ra=6,3 85 

14 %V@89 G02C= %+20, !�200 50!9, Ra=3,2 50 

15 %B0;P 20), σ2=580  #0 20!5, Ra=0,4 40 

16 %B0;P 50, σ2=750  #0 30!7, Ra=1,6 60 

17 �@>=70 �@ ��! 10-4, !�170 28!7, Ra=1,6 55 

18 �0BC=P � F� 52-4-1, !�220 40!9, Ra=3,2 80 

19 %V@89 G02C= %+30, !�220 23!5, Ra=0,4 45 

20 %V@89 G02C= %+20, !�220 32!7, Ra=1,6 35 

21 %B0;P 30)!3�, σ2=800  #0 20!7, Ra=1,6 60 

22 %B0;P 30) , σ2=780  #0 55!8, Ra=3,2 110 

23 %B0;P 45, σ2=650  #0 48!9, Ra=6,3 96 

24 %B0;P 20, σ2=500  #0 50!8, Ra=3,2 100 

25 %8;C<V= ��4, !�50 35!7, Ra=1,6 60 

26 +02C= �+35, !�163 42!9, Ra=6,3 50 

27 %B0;P 38)%, σ2=950  #0 22!5, Ra=0,4 45 

28 %B0;P 50, σ2=900  #0 37!9, Ra=6,3 70 

29 +02C= �+20, !�280 32!7, Ra=1,6 65 

30 +02C= �+60, !�250 27!5, Ra=0,4 55 
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 5B0 @>1>B8: �82G8B8 <5B>48:C ?@87=0G5==S @568<C @V70==S ?> B01;8FSE =>@<0B8-
2V2. "7=09><8B8AS 9 ?@8410B8 =028G:8 @>1>B8 7 =>@<0B820<8.  
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(@575@C20==S - >48= V7 A0<8E ?@>4C:B82=8E <5B>4V2 >1@>1:8. �>;>2=89 @CE (@CE @V-
70==S) ?@8 D@575@C20==V - >15@B0;P=5; 9>3> @>18BP D@570, @CE ?>40GV 728G09=> ?@S<>;V=V9-
=89, 9>3> @>18BP D@570. (@575@C20==S< <>6=0 >45@60B8 45B0;P B>G=VABR ?> 6-12 :20;VB5BC 
H>@AB:VABR 4> R0=0,8 <:<. (@575@C20==S 74V9A=RєBPAS 70 4>?><>3>R 1030B>7C1>3> V=AB@C-
<5=B0 - D@578. (@578 ?> 284C @>7@V7=SRBP: F8;V=4@8G=V, B>@F52V, 48A:>2V, ?@>@V7=V 9 2V4@V7=V, 
:V=F52V, D0A>==V; ?> :>=AB@C:FVW - FV;P=V, A:;04>2V 9 71V@=V. 

#@8 B>@F52><C D@575@C20==V (>1@>1:0 B>@F52>R D@57>R) 4V0<5B@ D@578 D ?>28=5= 
1CB8 1V;PH5 H8@8=8 D@575@C20==S �, B>1B> D=(1,25÷1,5)�. 

�;S 70157?5G5==S ?@>4C:B82=8E @568<V2 @>1>B8 =5>1EV4=> 70AB>A>2C20B8 7<VI5=C 
AE5<C D@575@C20==S ( є A8<5B@8G=0 AE5<0), 4;S G>3> 2VAP 703>B>2:8 7<VICєBPAS I>4> >AV D@5-
78. 

#@8 F8;V=4@8G=><C D@575@C20==V @>7@V7=SRBP 7CAB@VG=5 D@575@C20==S, - :>;8 25:B>@ 
H284:>ABV (=0?@S<>: >15@B0==S D@578) A?@S<>20=89 =07CAB@VG =0?@S<:C ?>40GV; V ?>?CB=5 
D@575@C20==S, :>;8 25:B>@ H284:>ABV 9 =0?@S<>: ?>40GV A?@S<>20=V 2 >4=C AB>@>=C. �CAB@V-
G=5 D@575@C20==S 70AB>A>2CRBP 4;S G>@=>2>W >1@>1:8 703>B>2>: 7 ;820@=>R :V@:>R, 7 1V;P-
H8<8 ?@8?CA:0<8. #>?CB=5 D@575@C20==S 70AB>A>2CRBP 4;S G8AB>2>W >1@>1:8 =56>@AB:8E, 
?>?5@54=P> >1@>1;5=8E 703>B>2>: 7 =57=0G=8<8 ?@8?CA:0<8. 

�;818=0 @V70==S (D@575@C20==S) t C 2AVE 2840E D@575@C20==S, 70 28=SB:>< B>@F52>3> 
D@575@C20==S 9 D@575@C20==S H?>=>:, S2;Sє A>1>R @>7<V@ H0@C 703>B>2:8, I> 7@V7CєBPAS 
?@8 D@575@C20==V, 28<V@R20=89 ?5@?5=48:C;S@=> >AV D@578. #@8 B>@F52><C D@575@C20==V 9 
D@575@C20==V H?>=>: H?>=:>28<8 D@570<8 - 28<V@RRBP C =0?@S<:C ?0@0;5;P=><C >AV D@5-
78. 

 #@8 D@575@C20==V @>7@V7=SRBP ?>40GC =0 >48= 7C1 Sz ?>40GC =0 >48= >15@B D@578 S V 
E28;8==C ?>40GC S  <</E2., S:V ?5@51C20RBP C =0ABC?=><C A?V22V4=>H5==V: 

S<= S∙n= Sz∙z∙n,     (5.1) 

45 n - G0AB>B0 >15@B0==S D@578, >1/E2.; z - G8A;> 7C1V2 D@578. 
#@8 G>@=>2><C D@575@C20==V ?@87=0G0RBP ?>40GC =0 7C1; ?@8 G8AB>2><C D@575@C20=-

=V - ?>40GC =0 >48= >15@B D@578. 
,284:VABP @V70==S - >:@C6=0 H284:VABP D@578, 287=0G0єBPAS @V6CG8<8 2;0AB82>ABS<8 

V=AB@C<5=B0. �W <>6=0 @>7@0EC20B8 ?> 5<?V@8G=V9 D>@<C;V [2] [3], 01> 281@0B8 ?> B01;8FSE 
=>@<0B82V2 [4], [7]. 

 

#$����� $"��'/��!!/ �����!!/ 

!0 25@B8:0;P=>-D@575@=><C 25@AB0BV 6$12 ?@>2>48BPAS B>@F525 D@575@C20==S ?;>A:>W 
?>25@E=V H8@8=>R �=80 <<, 4>268=>R 1=400 <<, ?@8?CA: =0 >1@>1:C h= 1,8 <<. "1@>1;R-
20=89 <0B5@V0; AV@89 G02C= %+30, !�220. �03>B>2:0 ?>?5@54=P> >1@>1;5=0. "1@>1:0 >AB0B>-
G=0, ?0@0<5B@ H>@AB:>ABV >1@>1;5=>W ?>25@E=V R0=3,2<:<. !5>1EV4=>: 281@0B8 @V70;P=89 V=-
AB@C<5=B, ?@87=0G8B8 @568< @V70==S 7 28:>@8AB0==S< B01;8FP =>@<0B82V2, 287=0G8B8 >A=>2-
=89 (B5E=>;>3VG=89) G0A. 

$>72'O70==O: 
�A:V7 >1@>1:8 



 

 
1. �81V@ V=AB@C<5=B0 
�;S D@575@C20==S =0 25@B8:0;P=>-D@575@=><C 25@AB0BV 703>B>2:8 V7 G02C=C >18@0є<> 

B>@F52C D@57C V7 ?;0AB8=:0<8 7 B25@4>3> A?;02C ��6 [2] 01> [3], 4V0<5B@>< 
D=(1,25÷1,5)�=(1,25÷1,5)∙80=100÷120 <<. #@89<0є<> D=100 <<; z=10, �"%&9473-71 [2] 8;8 
[3]. 

�5><5B@8G=V ?0@0<5B@8 D@578: φ=60, α=12, ´=10, »=20, φ1=5°. %E5<0 2AB0=>2;5==S 
D@578 - 7<VI5=0.  

2. $568< @V70==S 
2.1 �;818=0 @V70==S 
�040=89 ?@8?CA: =0 G8AB>2C >1@>1:C 7@V7CRBP 70 >48= ?@>EV4, B>4V 

t=h=1,8 << 

2.2 #@87=0G5==S ?>40GV 
�;S >45@60==S H>@AB:>ABV R0=6,3 <:< ?>40G0 =0 >15@B S0=1,0÷0,7 <</>1 [4]. 

&>4V ?>40G0 =0 7C1 D@578 

0 1,0
0,1

10
z

S
S

z
 <</7C1 

2.3 #5@V>4 ABV9:>ABV D@578 

�;S B>@F528E D@57 4V0<5B@>< 4> 110 << V7 ?;0AB8=:0<8 7 B25@4>3> A?;02C 70AB>A>2C-
RBP ?5@V>4 ABV9:>ABV 

&=180 E2. [4] 

2.4 ,284:VABP @V70==S, I> 4>?CA:0єBPAS @V6CG8<8 2;0AB82>ABS<8 V=AB@C<5=B0 
 �;S >1@>1:8 AV@>3> G02C=C D@57>R 4V0<5B@>< 4> 110 <<, 3;818=0 @V70==S t 4> 3,5 <<, 

?>40GV 4> 0,1 <</7C1. V=203 </E2 [4], 
 � C@0EC20==S< ?>?@02>G=8E :>5DVFVє=BV2 �mv=1; �nv=1;?@8 80

0,8
100

B

D
 K�V=1; Kφv=1 

[4], 

mv nv �V vV V· � ∙ � ∙ K ∙ K =203∙1=203 </E2. 
+0AB>B0 >15@B0==S H?8=45;S, 2V4?>2V4=0 4> 7=0945=>W H284:>ABV @V70==S 

1000 1000 23
643

3,14 100

V
n

D

>1/E2 

�>@5:BCє<> ?> ?0A?>@BC 25@AB0B0 n=630 >1/E2. 
�V9A=0 H284:VABP @V70==S 

p

D n 3,14 100 630
V 197,8

1000 1000
 </E2 

2.5 )28;8==0 ?>40G0 S<= Sz∙z∙n =0,1∙10∙630=630 <</E2. *5 7=0G5==S A?V2?040є 7 ?0A-
?>@B=8<8 40=8<8 25@AB0BC. 

3. #>BC6=VABP, 70B@0GC20=0 =0 @V70==S 
#@8 D@575@C20==V G02C=C B25@4VABR 4> !�229, H8@8=V D@575@C20==S 4> 85 <<, 3;818-

=V @V70==S 4> 1,8 <<, ?>40GV =0 7C1 4> 0,13 <</7C1, E28;8==V9 ?>40GV 4> 660<</E2 
N@=3,8 :�B [4], 
3.1 #5@52V@:0 4>AB0B=>ABV ?>BC6=>ABV 25@AB0B0 
#>BC6=VABP =0 H?8=45;V 25@AB0B0 NH?=Nд∙ η  
Nд =7,5 :�B; η =0,8 ( 70 ?0A?>@B>< 25@AB0B0) 
NH?=7,5∙0,8=6 :�B. 
&><C I> NH?=6 :�B >N$=3,8 :�B, B>1B> >1@>1:0 <>6;820. 



 

4. "A=>2=89 G0A 
0

<

L
T

S
, <:< 

45 L=l+l1. 
 �;S B>@F52>3> D@575@C20==S D@57>R 4V0<5B@>< 100 <<, H8@8=V D@575@C20==S 80 << 

11=23 << [4], 

0

400 23
0,67

630
T E2 

 

�����!!/ !� #$��&�+!� ��!/&&/ №5 
�8:>=0B8 @>7@0EC=>: @568<C @V70==S ?> B01;8FSE =>@<0B82V2 ?> 7040=><C 20@V0=BC. 
�8EV4=V 40=V =02545=> 2 B01;. 5.  

#>@S4>: @>1>B8 0=0;>3VG=89 ?>?5@54=P><C. 
&01;8FS 5 

�0@V0=B8 70240==S 4> ?@0:B8G=>3> 70=SBBS 5 

№ 
�84 703>B>2:8 V WW 
E0@0:B5@8AB8:0 

�, 
<< 

1, << 
h, 

<< 

�84 >1@>1:8 9 ?0@0<5B@ H>@AB:>ABV, 
<:< 

 >45;P 25-
@AB0B0 

1 %V@89 G02C= %+30, !�200 100 600 5 &>@F525 D@575@C20==S, Ra=12,5 6P12 

2 %V@89 G02C= %+20, !�210 150 500 4 &>@F525 D@575@C20==S, Ra=1,6 6P12 

3 %B0;P 38)�, σ2=680  #0 80 400 6 &>@F525 D@575@C20==S, Ra=12,5 6P12 

4 %B0;P 35, σ2=360  #0 90 480 3,5 &>@F525 D@575@C20==S, Ra=1,6 6P12 

5 %V@89 G02C= %+15, !�170 50 300 3,5 *8;V=4@8G=5 D@575@C20==S, Ra=3,2 6P82� 

6 %V@89 G02C= %+10, !�160 80 250 1,5 *8;V=4@8G=5 D@575@C20==S, Ra=3,2 6P82� 

7 %B0;P 40)!, σ2=700  #0 70 320 4 *8;V=4@8G=5 D@575@C20==S, Ra=12,5 6P82� 

8 %B0;P %B3, σ2=600  #0 85 600 1,5 *8;V=4@8G=5 D@575@C20==S, Ra=3,2 6P82� 

9 %B0;P 40), σ2=750  #0 10 100 5 (@575@C20B8 ?07, Ra=6,3 6P12 

10 %B0;P %B5, σ2=600  #0 12 80 8 (@575@C20B8 ?07, Ra=6,3 6P12 

11 %V@89 G02C= %+20, !�180 20 120 10 (@575@C20B8 ?07, Ra=6,3 6P12 

12 %V@89 G02C= %+20, !�200 15 75 8 (@575@C20B8 ?07, Ra=6,3 6P82� 

13 %B0;P 20), σ2=580  #0 8 110 8 (@575@C20B8 ?07, Ra=6,3 6P82� 

14 %B0;P 50, σ2=750  #0 12 120 6 (@575@C20B8 ?07, Ra=6,3 6P82� 

15 �@>=70 �@ ��! 10-4 !�170 100 300 4 &>@F525 D@575@C20==S, Ra=12,5 6P12 

16 �0BC=P � F� 52-4-1, !�220 60 180 1,5 &>@F525 D@575@C20==S, Ra=12,5 6P12 

17 %V@89 G02C= %+30, !�220 180 200 4,5 &>@F525 D@575@C20==S, Ra=12,5 6P12 

18 %V@89 G02C= %+20, !�220 110 280 2,5 &>@F525 D@575@C20==S, Ra=12,5 6P12 

19 %B0;P 30)!3�, σ2=800  #0 80 320 5 *8;V=4@8G=5 D@575@C20==S, Ra=12,5 6P82� 

20 %B0;P 30)!, σ2=780  #0 115 300 3 *8;V=4@8G=5 D@575@C20==S, Ra=3,2 6P82� 

21 %B0;P 45, σ2=650  #0 40 280 1,8 *8;V=4@8G=5 D@575@C20==S, Ra=1,6 6P82� 

22 %B0;P 20, σ2=500  #0 35 400 3,5 *8;V=4@8G=5 D@575@C20==S, Ra=6,3 6P82� 

23 %8;C<V= ��-4, !�50 55 250 4 &>@F525 D@575@C20==S, Ra=6,3 6P12 

24 %B0;P 30) , σ2=950  #0 70 310 4,5 &>@F525 D@575@C20==S, Ra=12,5 6P12 

25 %B0;P 18)�&, σ2=700  #0 85 350 2,5 &>@F525 D@575@C20==S, Ra=3,2 6P12 

26 +02C= �+50, !�250 120 300 5 &>@F525 D@575@C20==S, Ra=12,5 6P12 



 

#$��&�+!� ��!/&&/ №6 
$"�$�)'!"� $��� ' $���!!/ #$� !�$���!!� �'��� �'�+�%&�) �"��% 

 

 5B0 @>1>B8: 282G8B8 <5B>48:C @>7@0EC=:C @568<C @V70==S ?@8 7C1>=0@V70==V ?> B01-
;8FSE =>@<0B82V2. #@8410B8 =028G:8 @>1>B8 7 =>@<0B820<8. 
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#@>DV;P 7C1V2 7C1G0AB>3> :>;5A0 CB2>@RєBPAS H;SE>< 2840;5==S <0B5@V0;C 70?048=8 
=0ABC?=8<8 A?>A>10<8 >1@>1:8: D@575@C20==S<, AB@C30==S<, 4>210==S<, ?@>BS30==S<, H5-
2V=3C20==S< V H;VDC20==S<. 

$>7@V7=SRBP 420 <5B>48 =0@V7C20==S 7C1V2: 
- :>?VR20==S - :>;8 D>@<0 @V6CG>W :@09:8 V=AB@C<5=B0 2V4?>2V40є D>@<V 70?048=8 7C-

1G0AB>3> :>;5A0 (48A:>2V, ?0;PF52V <>4C;P=V D@578, 7C1>4>210;P=V 3>;>2:8); 
- >1:0BC20==S - ?>25@E=S 7C10 28E>48BP C @57C;PB0BV >1@>1:8 V=AB@C<5=B><, C S:>3> 

:@09:8, I> @V6CBP - S2;SRBP A>1>R ?@>DV;P A?>;CG5=>W @59:8 01> ?@>DV;P 7C10 A?>;CG5=>3> 
:>;5A0 9 ?V4 G0A >1@>1:8 V=AB@C<5=B V7 703>B>2:>R CB2>@RRBP A?>;CG5=C 7C1G0ABC ?0@C (G5@-
2'SG=V D@578, 4>21 S:8, H525@8 B0 V=.). 

 5B>4 >1:0BC20==S <0є =0ABC?=V ?5@52038 2 ?>@V2=S==V 7 <5B>4>< :>?VR20==S: 
- B8< A0<8< V=AB@C<5=B>< 40=>3> <>4C;S <>6=0 =0@V70B8 7C1G0ABV :>;5A0 7 1C4P-S:8< 

G8A;>< 7C1V2; 
- 70157?5GCєBPAS 1V;PH 28A>:0 B>G=VABP V =87P:0 H>@AB:VABP ?>25@E=V 7C1V2 :>;5A0, I> 

=0@V70RBPAS; 
- 4>AS30єBPAS 1V;PH 28A>:0 ?@>4C:B82=VABP >1@>1:8 7024S:8 157?5@5@2=>ABV ?@>F5AC 9 

CG0ABV 2 @>1>BV >4=>G0A=> 1V;PH>W :V;P:>ABV ;57. 
�8A:>20 9 ?0;PF520 <>4C;P=V D@578 S2;SRBP A>1>R D0A>==V D@578, ?@>DV;P 7C10 S:8E 

?>2B>@Rє ?@>DV;P 70?048=8 :>;5A0, I> =0@V70RBPAS. "1@>1:0 ?@>2>48BPAS ?> <5B>4C :>?VR-
20==S. #0;PF52V <>4C;P=V D@578 70AB>A>2CRBP 4;S >45@60==S H52@>==8E V 7C1G0AB8E :>;VA 
1V;PH>3> <>4C;S. �>;>2=8< @CE>< (@CE>< @V70==S) є >15@B0==S D@578 =02:>;> A2>єW >AV. $C-
E>< ?>40GV є @CE D@578 C74>26 >AV 703>B>2:8. 

#@8 >1@>1FV G5@2'SG=>R D@57>R (<5B>4 >1:0BC20==S) @CE @V70==S - >15@B0==S D@578, 
@CE ?>40GV - ?>ABC?0;P=89 @CE D@578 C74>26 >AV 703>B>2:8. 

�C1>@V70;P=89 4>21 S: 28:>=0=89 C 283;S4V 7C1G0AB>3> F8;V=4@8G=>3> :>;5A0 9 >A=0-
I5=89 @V6CG8<8 :@09:0<8. �>;>2=89 @CE (@CE @V70==S) ?@8 7C1>4>210==V - 72>@>B=>-
?>ABC?0;P=89 @CE 4>21 S:0, @CEV2 ?>40GV 420: @CE >1:0BC20==S ?> 4V;8;P=8E :>;0E 4>21S:0 V 
:>;5A0, I> =0@V70єBPAS, B0 @04V0;P=5 ?5@5<VI5==S. �C1>4>210==S 70AB>A>2CRBP 4;S =0@V7C-
20==S 7>2=VH=VE V 2=CB@VH=VE 7C1V2 ?@S<8E V :>A>7C18E :>;5A. 

�;818=0 @V70==S ?@8 G>@=>2><C =0@V70==V 7C1V2 (R0=12,5 <:<), S: ?@028;>, ?@89<0-
єBPAS @V2=V9 3;818=V 70?048=8 t=h=2,2∙m, 45 m - <>4C;P :>;5A0, I> =0@V70єBPAS, <<. 

�28G09=> G>@=>2V G5@2'SG=V D@578 ?@>DV;RRBPAS B0:8<8, I>1 =8<8 <>6=0 1C;> =0@V-
70B8 7C18 =0 ?>2=C 3;818=C, 0;5 70;8H0RG8 ?@8?CA: =0 >AB0B>G=C >1@>1:C ;8H5 1VG=8<8 
AB>@>=0<8 7C10. /:I> ?>BC6=>ABV 9 6>@AB:>ABV 25@AB0B0 =54>AB0B=P>, ?@8?CA: =0 G>@=>2C 
>1@>1:C 7@V7CRBP 70 420 ?@>E>48: ?5@H89 ?@>EV4 h=1,4m, 4@C389 ?@>EV4, h=0,7m. 

+8AB>2C >1@>1:C C 420 ?@>E>48 70AB>A>2CRBP BV;P:8 ?@8 7C1>4>210==V F8;V=4@8G=8E 
:>;VA 48A:>28<8 4>21S:0<8 7 <>4C;5< 6 << V 28I5 ?@8 H>@AB:>ABV 28I5 R0=1,6 <:<. 
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2,5-1,25 15�40-50%TI� 15A40-50CM2K 
15�40-
50% 2� 

15�40-50% 2�, 
� 

54%40-50% 2� 

0,25-0,63 15�,24�40%&I� 24�40%1� 24�40%1� 24�40%1�, � 63%,24�40%1� 

0,63-0,32 24A16-25%T2K 24A16-25%2� 24�16-25%2� 24�11-25%1�, � 63%,24�16-25%1� 

�@C3;5 2=CB-
@VH=є 

20-10 24A50%1� 24A5CCM2K 24�50% 2� 24�50% 1�, � 54%50% 1� 

2,5-1,25 24�40%2� 24�.%1� 24�40CM2� 24�40% 2�, � 54%40% 2� 

0,25-0,63 24�25%2� 24�25%2� 24�25%1� 24�25%1�, � 63%,24�25% 2� 

0,63-0,32 24�16%TI� 24�16C2K 24�16%2� 24�16%1�, � 63%,24�16%�� 

#;>A:5 ?5-
@8D5@VєR 
:>;0 

20-10 15�50% 2� 15�50% 1� 15�50 3K 15�50 ��, � 63%,54%,24�50% 2� 

2,5-1,25 15�40% 2� 15�40% 1� 15�40 3� 15�40 ��, � 63%,54,%24�40% 2� 

0,25-0,63 15�25%1� 15�25% 2� 15�25% 1� 15�25% 1�, � 63,C54C,24A25C1K 

0,63-0,32 15�16%1� 15�16% � 15�16% 1� 15�11% 1�, � 63,%54%,24�16%1� 

#;>A:5 B>@-
F5< :>;0 

20-10 15�50% 1� 15�50% 1� 15�50% 2� 15�50 2� 63%,54%,24�50% 2� 

2,5-1,25 15�40% 1� 15�40% 1� 15�40 2� 15�40 2� 63,54%,24�40% 2� 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

З4>інG5ння т45?. Д2 

0,25-0,63 15�25% 2� 15�25% 1� 15�25 �� 15�25 �� 63,54%,24�25%1� 

0,63-0,32 15�25% 2� 15�25% 1� 15�25 �� 15�25 �� 63%,54%,24�25%1� 

�57F5=B@>25 
7 ?>74>26-
=P>R ?>40-
G5R 

20-10 15�50%2� 15�50%1� 15�50% 2K 15�50% 2�, � 63%,54%,50% 2� 

2,5-1,25 
15�24�40-
50%TI� 

15�40-50%2� 
15�40-
50% 2K 

15�40-50% 2�, 
� 

63%,54,C4O-50CM2K 

0,25-0,63 15�,24A40%&IK 15A,24A40%2K 15�,24�40%1� 
15�, 24�40%��, 

� 
63%,54%15�40%1� 

0,63-0,32 24AJ6-25CT2K 24�16-25%�1� 24�16-25%2� 24�11-25%1�, � 63%,54C,15A1625C2K 

�57F5=B@>25 
7 @04V0;P=>R 
?>40G5R 

20-10 15�50%TI� 15�50%2� 15�50%1� 15�50%1�, � 63%,54%50%1� 

2,5-1,25 15�40-50%TI� 15A40-50C2K 15�40-50%1� 
15�40-50% 1�, 

� 
63%,54%40-50%1� 

1,25-0,63 15�,24�40%T2� 15�,24�40%TI� 15�,24�40%2� 
15�, 24�40%2�, 

� 
63%,54%15�40%2� 

0,63-0,32 24A16-25CT2K 24A16-25CTlK 24�16-25%2� 24�16-25%2�, � 63%,5%15�1625%2� 



 

�>40B>: 3 
&01;8FS �3 

#�$� �&$� ,"$%&�"%&� #"��$)!� � ���#"���!� �  ���%� ,"$%&�"%&� 
 

�;0A H>@AB:>ABV 

#0@0<5B@8 H>@AB:>ABV 4;S 4>:C<5=B0FVW, @>7@>1;5=>W 
4> 1975 @. (�"%& 2789-73) 

#0@0<5B@8 H>@AB:>ABV 70 
�"%& 2789-73 (2V4?>2V40є 

:@0I><C @S4C) 
 

Rz R0 

1  320 50 

2  160 25 

3  80 12,5 

4  40 6,3 

5  20 3,2 

6 2,5  1,6 

7 1,25  0,8 

8 0,63  0,4 

9 0,32  0,2 

10 0,16  0,1 

11 0,08  0,05 

12 0,04  0,025 

13  0,1 0,012 

14  0,05 0,012 

 

�>40B>: 4 
&01;8FS �4 

%�$��!Є �!�+�!!/ #$�#'%��� !� ��� �&$, -" �!� �.&Ь%/ ��!��$�-
 � � $"��"$&�� �, '    

 

#@8?CA: �V0<5B@ >B2>@C, C << 

11-18 19-30 31-50 51-80 

#V4 75=:5@C-
20==S 0,5-0,8 1,0-1,5 1,6-1,8 3-4 

�030;P=89 
?V4 G>@=>25 
9 G8AB>25 
@>73>@B0==S 

0,30 0,35 0,40 0,55 

#V4 G>@=>25 
@>73>@B0==S 0,25 0,25 0,30 0,40 

#V4 G8AB>25 
@>73>@B0==S 0,05 0,10 0,10 0,15 

!02545=V ?@8?CA:8 287=0G0RBP 3;818=C @V70==S 4;S 75=:5@V2 V @>73>@B>:. 
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