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�45BD4FBDA4 DB5BF4 №1 
�BE?V8:9AAO VA64DV4AFABW А$ 

1. !46K4?ьAV C<F4AAO 

1. �>A;V465==O 2?;82C G0AB>B8 A83=0;C =0 �! V=20@V0=B=>W 
0=B5==>W @5HVB:8 (��$) B0 ?>;>65==O 7040=8E =C;V2 . 

2. �>A;V465==O 2?;82C =><5@V2 5;5<5=BV2 ?V4@5HVB:8 O:V 
15@CBь CG0ABь C D>@<C20==V �! ��$ =0 �! ��$. 

3. �>A;V465==O 2?;82C 0<?;VBC4=>3> @>7?>4V;C 2 5;5<5=B0E 
?V4@5HVB:8 =0 �! ��$. 

4. �>A;V465==O 2?;82C H8@8=8 �! 5;5<5=B0 ?V4@5HVB:8 =0 
@57C;ьBCNGC �! ��$. 

5. �>A;V465==O 2?;82C ?>;>65==O 7040=8E =C;V2 =0 
@57C;ьBCNGC �! ��$. 

2. !46K4?ьA4 @9F4 
1. �>A;V48B8 ��$ ?>1C4>20=V =0 >A=>2V 7<VH0=>3> A8=B57C. 

 2. �>A;V48B8 ��$ ?>1C4>20=8E =0 >A=>2V ?>5;5<5=B=>3> 
A8=B57C. 

3. &9BD9F<KAV 6V8B@BEFV 
�>A;V465==O ?@8=F8?V2 ?>1C4>28, <5B>4V2 A8=B57C B0 

5D5:B82=>ABV ��$ V7 28:>@8AB0==O< ?@>3@0<>20=8E G0AB>B=> 
V=20@V0=B=8E =C;V2 4>2V;ь=>W :V;ь:>ABV 4;O C<>2 A:;04=>W � " V 
25;8:>W 0?@V>@=>W =5287=0G5=>ABV 2V4=>A=> G0AB>B8 70204. 
!5E09 =5>1EV4=> 74V9A=N20B8 ?@89>< :>@8A=8E 

@04V>28?@><V=N20=ь >4=>G0A=> 2V4 K 465@5; V=D>@<0FVW ?@8 
=0O2=>ABV N 465@5; 70204, ?@8G><C NK ü . !0?@O<:8 =0 465@5;0 
V=D>@<0FVW 0?@V>@V =52V4><V V 7040NBьAO 77>2=V 2 <560E ( )3600 2  

3@04CAV2. !0?@O<:8 =0 465@5;0 70204 2V4><V V =5 70;560Bь 2V4 
=0?@O<:V2 =0 465@5;0 V=D>@<0FVW. �>@8A=V 28?@><V=N20==O B0 702048 
є H8@>:>A<C3>28<8 28?@><V=N20==O<8 V7 =52V4><>N A5@54=ь>N 
G0AB>B>N B0 H8@8=>N A?5:B@0 7 =52V4><8<8 B@820;>ABO<8 B0 G0A>< 
28?@><V=N20==O. 
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�;O F8E C<>2 ��$ ?>28==0 <0B8 K =570;56=8E 3>;>2=8E ?5;NAB>:, 
=0?@O<:8 O:8E <>6CBь >?5@0B82=> 704020B8Aь. �;O 70157?5G5==O 
70204>70E8I5=>ABV 2 A:;04=V9 � " ��$ ?>28==0 <0B8 =C;V 2 �% 2 
=0?@O<:0E =0 N 465@5; 70204 =570;56=> 2V4 =0?@O<:V2 3>;>2=8E 
?5;NAB>: B0 2 H8@>:V9 A<C7V <>6;828E G0AB>B 70204. �>;>2=V ?@><5=V 
4>FV;ь=> @50;V7C20B8 =0 >A=>2V 0=B5==8E @5HVB>:, I> 7040<> 
?>A;V4>2=VABN ),(),...,(),...,(1 ñññ Kk fff . �;O D>@<C20==O N =C;V2 ?@8 
<V=V<C<V A5@54=ь>3> @V2=O 1VG=8E ?5;NAB>: 4>FV;ь=> 
28:>@8AB>2C20B8 5;5<5=B8 �$ 7 :@C3>2>N �%, O:V 7040<> 
?>A;V4>2=VABN ),(),...,(),...,(1 ñññ NKnKK vvv +++ . �;O 70157?5G5==O 
G0AB>B=>W V=20@V0=B=>ABV ?VA;O :>6=>W �$ B0 :>6=>3> 5;5<5=BC ��$ 
4>FV;ь=> 2:;NG8B8 ?52=V G0AB>B=V DV;ьB@8 2V4?>2V4=> ),( 0 ôkú  B0 

),( 0 ônK +ú  O:V ?V4:;NG5=V 4> A?V;ь=>3> AC<0B>@0. � @57C;ьB0BV AC<0@=0 
�% A8=B57>20=>W ��$ <0B8<5 283;O4 AC<8: 
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   – :>;>20 G0AB>B0; 
%?V22V4=>H5==O (1) 4>FV;ь=> ?@54AB028B8 O: @>7:;04 ?52=>3> 

287=0G=8:0 70 5;5<5=B0<8 ?5@H>3> @O4:0 C 2V4?>2V4=>ABV 4> 28@07C 
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� Fь><C 28?04:C 5;5<5=B8 2 (2) hK , )( nKh +  є 107>28<8 DV;ьB@0<8 
(�(), 7 O:8E A:;040NBьAO DV;ьB@8 ),( 0 ôkú  B0 ),( 0 ônk +ú ; ( )NKk += ,...2,1  

– =><5@ AB>21G8:0; ( )NKh += ,...2,1  – =><5@ @O4:0; ),( 0 ôkú  B0 ),( 0 ônK+ú  

– 04’N=:B8 ?@8 @>7:;04V 287=0G=8:0 (2) 70 ?5@H8< @O4:><. �=0G5==O 
04’N=:BV2 2 (1) 4>@V2=NNBь: 

, 

(3) 

�=0;VB8G=> �% 0=B5==8E @5HVB>: ),( ñkf , I> D>@<CNBь 3>;>2=V 
?@><5=V, <>6=0 70?8A0B8 C 283;O4V =0ABC?=>W DC=:FVW:  

õ
=

2=
P

p

mkpkmkk jpAf
0

))(exp(),,( ôôôô , (4) 

45 pkA  – @>7?>4V; 0<?;VBC4 ?> p-8E 5;5<5=B0E k-B>W �$; 
K – :V;ь:VABь �% �$ O:V 2E>4OBь 4> A:;04C ��$; 

 P – :V;ь:VABь 5;5<5=BV2 2 �$; 
 )sin(ñô

c

d
=  – G0A 70B@8<:8 28?@><V=N20==O <V6 ACAV4=V<8 

5;5<5=B0<8 �$, O:5 70;568Bь 2V4 2V4AB0=V d <V6 ACAV4=V<8 5;5<5=B0<8 
�$ V :CB0 ?04V==O ñ  ?;>A:>W E28;V =0 �$; 
 A – H284:VABь A2VB;0; 
 )sin( mkmk

c

d
ñô =  – 70?V7=5==O A83=0;C <V6 ACAV4=V<8 5;5<5=B0<8 

�$ ?@8 ?@8E>4C E28;V 7 =0?@O<:C 3>;>2=>3> <0:A8<C<C mkñ  �! k-B>W 
�$. 
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�;O 28?04:C @V2=><V@=>3> @>7?>4V;C 0<?;VBC4 ?> p-8E 5;5<5=B0E 
k-B>W �$, :>;8 1=pkA  �% 0=B5==8E @5HVB>: ),( ñkf , I> D>@<CNBь 
3>;>2=V ?@><5=V, <>6=0 70?8A0B8 C 283;O4V =0ABC?=>W DC=:FVW:  
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)2/))(sin((

)2/))((sin(
)2/)()1(exp(

)2/)(exp()2/)(exp(

)2/)(exp()2/)(exp(

)2/)(exp(

)2/)(exp(

1))(exp(

1))(exp(
))(exp(1),,(

0

mk

mk
mk

mkmk

mkmk

mk

mk

P

p mk

mk
mkmkk

N
Nj

jj

jNjN

j

jN

j

jN
jpf

ôô
ôôôô

ôôôô
ôôôô

ôô
ôô

ôô
ôôôôôô

, (5) 

 

�=0;VB8G=> �% 5;5<5=BV2 ��$ ),( ñnKv +  <>6=0 70?8A0B8 C 283;O4V 
=0ABC?=>W DC=:FVW: 

))(exp(),,( )()()()( nKmnKnKmnnK jpAv ++++ 2= ôôôô , (6) 

 

45 )( nKA +  – 203>289 :>5DVFVє=B ?5@54 n-B8< 5;5<5=B>< 2 ��$; 
 ],1[)( Pp nK +  – G8A;> @V2=5 ?52=><C =><5@C 5;5<5=B0 �$; 

 )sin( )()( nKmnKm
c

d
++ = ñô  – 70?V7=5==O A83=0;C <V6 ACAV4=V<8 

5;5<5=B0<8 �$ ?@8 ?@8E>4C E28;V 7 =0?@O<:C 3>;>2=>3> <0:A8<C<C 
mnñ  �% n-B>3> >48=>G=>3> 5;5<5=BC ��$. 

 �;O <V=V<V70FVW 0?0@0BC@=8E 28B@0B 5;5<5=B8 ��$ 4>FV;ь=> 
@50;V7C20B8 H;OE>< 28:>@8AB0==O 5;5<5=BV2 �$, I> D>@<CNBь 
3>;>2=V ?@><5=V. 
 �0DV:ACє<> 7<V==C ô  2 D>@<C;0E (5) B0 (6): 

)sin( 00 hh
c

d ñôô == , (7) 

45 h0ô  – G0A 70B@8<:8 28?@><V=N20==O <V6 ACAV4=V<8 5;5<5=B0<8 
�$, O:89 70;568Bь 2V4 =0?@O<:C h0ñ  =0 h-B89 =C;ь 2 �% ��$. 
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&>4V FV DC=:FVW 1C4CBь 70;560B8 BV;ь:8 2V4 G0AB>B8   V =01C4CBь 
7<VABC G0AB>B=>W E0@0:B5@8AB8:8 DV;ьB@0. 
&>4V �( hk , O:V 2E>4OBь 4> A:;04C 287=0G=8:0 (2) <0NBь 

=0ABC?=89 283;O4: 

õ
=

2=
P

p

mkhkpkmkhhk jpA
0

0)0 ))(exp(),,( ôôôô . (8) 

�;O 28?04:C @V2=><V@=>3> @>7?>4V;C 0<?;VBC4, :>;8 1=pkA  �( 
hk , O:V 2E>4OBь 4> A:;04C 287=0G=8:0 (2) <0B8<CBь =0ABC?=89 283;O4: 

÷÷
ø

ö
÷÷
ø

ö
2
2

22=
)2/))(sin((

)2/))((sin(
)2/)()1(exp(),,(

0

0
0)0

mkh

mkh
mkhmkhhk

N
Nj

ôô
ôôôôôô , (

9) 

�=0;VB8G=> :><?;5:A=V G0AB>B=V E0@0:B5@8AB8:8 �( )( nKh + , O:V 
2E>4OBь 4> A:;04C 287=0G=8:0 (2) <0NBь =0ABC?=89 283;O4: 

))(exp(),,( )(0)()()(0)( nKmhnKnKnKmhnKh jpA +++++ 2= ôôôô . (10) 

�=0;V7 287=0G=8:0 (2) ?>:07Cє, I> ?@8 h0ôô =  287=0G=8: 
?5@5B2>@NєBьAO 2 =C;ь 2 FV9 B>GFV B><C, I> ?5@H89 @O4>: 1C45 
4>@V2=N20B8 h-B><C ?@8 4>2V;ь=><C 7=0G5==V :>;>2>W G0AB>B8  . � (2) 
284=>, I> :V;ь:VABь =C;V2 2 �% ��$ 4>@V2=Nє =0 >48=8FN <5=H5 
:V;ь:>ABV @O4:V2 (K+N) C 287=0G=8:C. /:I> ),( ônKv +  – 5;5<5=B0@=V 
28?@><V=N20GV 7 :>;>2>N �%, B> :V;ь:VABь 3>;>2=8E ?@><5=V2 2 ��$ 
1C45 4>@V2=N20B8 :V;ь:>ABV K  0=B5==8E @5HVB>:, I> 2E>4OBь 4> 
A:;04C ��$. � :@09=ь><C 28?04:C A8=B57>20=0 ��$ <>65 <0B8 >48= 
?@><V=ь 1=K , B0 4>2V;ь=C :V;ь:VABь =C;V2 2 �!. � D>@<C; (8) B0 (10) 
287=0G8<> AB@C:BC@=V AE5<8 �( hk  B0 )( nKh + . ' 2V4?>2V4=>ABV 4> F8E 
28@07V2 4>FV;ь=> @50;V7C20B8 AE5<8 ?0@0;5;ь=>3> B0 ?>A;V4>2=>3> 
B8?C. �;O ?@8:;04C =0 @8A. 3.1,0 B0 @8A. 3.1,1 ?>:070=> AE5<8 
?>A;V4>2=>3> B8?C.  
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$8A. 3.1, 0 

 
$8A. 3.1, 1 

�87=0G8<> 28<>38 4> 5;5<5=BV2 �$. 
�;O 70157?5G5==O O:VA=>3> ?@89><C :>@8A=8E 28?@><V=N20=ь 

3>;>2=V ?@><5=V ?>28==V <0B8 25;8:89 :>5DVFVє=B ?V4A8;5==O. �;O 
Fь>3> 04’N=:B8 ),( 0 ôKú  B0 ),( 0 ônK +ú  ?@8 @>7:;04V 287=0G=8:0 (2) 70 
?5@H8< @O4:>< =5 ?>28==V 4>@V2=N20B8 =C;N. #@8 0),( 0 =ú ôk  >48= 
01> CAV ?@><5=V ��$ AB0NBь @V2=V =C;N. �:070=0 28<>30 
70157?5GCєBьAO ?@8 @50;V70FVW 5;5<5=BV2 ��$ @V7=8<8 5;5<5=B0<8 �$, 
I> є >1<56CNG8< D0:B>@>< :V;ь:>ABV =C;V2. 
$>73;O=5<> 4;O ?@8:;04C 20@V0=B ?>1C4>28 ��$, O:0 @50;V7Cє 420 

H8@>:>A<C3>2V =C;V B0 <0є >48= >A=>2=89 ?@><V=ь. &0:0 AE5<0 
?>28==0 @50;V7>2C20B8 287=0G=8: 3-3> ?>@O4:C 7 42><0 =C;O<8 2 
4>2V;ь=8E 7040=8E =0?@O<:0E 02ô  B0 03ô : 
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F ô ô02ü ô03ü ôm1ü ôm2ü ôm3ü ü( )
f11 ô ôm12( )

21 ô02 ôm12( )
31 ô03 ôm12( )

d12 ô ôm22( )
22 ô02 ôm22( )
32 ô03 ôm22( )

d13 ô ôm32( )
23 ô02 ôm32( )
33 ô03 ôm32( )

ùú
ú
ú
û

ùú
ú
ú
û

=

 

(11) 

#@8 @>7:;04V 287=0G=8:0 (2) 70 5;5<5=B0<8 ?5@H>3> @O4:0 
287=0G=8: ),( 01 ôú  1C45 4>@V2=N20B8: 

)](exp()(exp(

)(exp()(exp([

3023320322

3033320222

23323322

3332

2322

1

mm

mm

jpAjpA

jpAjpA

ôôôô
ôôôô

222
222=

=2=ú
û

ù
ú
û

ù



=ú

. 
(12) 

#>:;045<> 132 == AA , 32 pp = . &>4V 28@07 (10) <0B8<5 283;O4: 

0)]]()[(exp(

)]()[([exp(

320203

3203021

=+2+2
2+2+=ú

mm

mm

jp

jp

ôôôô
ôôôô

. (13) 

�=0;V7 @V2=O==O (13) ?>:07Cє, I> ?@8 @V2=>ABV =><5@V2 5;5<5=BV2 
)( nKv +  B>1B> ?@8 32 pp =  04’N=:B ),( 01 ôú  AB0є @V2=8< =C;N, I> 2545 4> 

2B@0B8 ?@><5=O ��$. �2V4A8 28?;820є =0ABC?=0 C<>20 @>1>B8 ��$: 2AV 
5;5<5=B8 )( nKv +  ��$ ?>28==V AB>OB8 =0 @V7=8E ?>78FVOE. 
4. "C<E ?45BD4FBDABW @B89?V 
#@>3@0<=0 <>45;ь 1C45 2 ?>40;ьH><C 28:>@8AB>2C20B8Aь 4;O 

?@>2545==O ;01>@0B>@=8E @>1VB ?> 4>A;V465==N ��$ ?@8 7<VH0=><C 
A8=B57V, B><C 2>=0 ?>28==0 <0B8 7@CG=89 V=B5@D59A :>@8ABC20G0, 
?@>AB>BC 22545==O B0 282545==O @57C;ьB0BV2 O:V ?>28==V 
2V4>1@060B8AO 2 3@0DVG=V9 D>@<V. &0: O: �! ��$ ?@54AB02;OєBьAO C 
283;O4V 287=0G=8:0 284C (2.7) B> @>1>B0 ?@>3@0<8 1C45 72>48B8Aь 4> 
>1G8A;5==O Fь>3> 287=0G=8:0.  &0:>6 4;O ?>@V2=O;ь=>3> 0=0;V7C V7 
V=H8<8 B8?0<8 A8=B57V2 ?@>3@0<0 ?>28==0 >1G8A;N20B8 �! ��$ 
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B0:>6 ?@8 ?>5;5<5=B=><C B0 ?@><5=52><C A8=B57V. $57C;ьB0B8 
>1G8A;5=ь 1C4CBь ?@54AB02;5=V 2 ?@O<>:CB=V9 �5:0@B>2V9 A8AB5<V 
:>>@48=0B 2 ;V=V9=><C B0 ;>30@8D<VG=><C <0AHB01V. #@O<>:CB=0 
A8AB5<0 :>>@48=0B C ?>@V2=O==V V7 ?>;O@=>N ?@8 V=65=5@=8E 
@>7@0EC=:0E є 1V;ьH 7@CG=>N, >A>1;82> ?@8 28A>:8E =0?@O<;5=8E 
2;0AB82>ABOE 0=B5=8 B0: O: <0AHB01 :CBV2 ?> >AV 01AF8A <>65 1CB8 
7040=89 2 H8@>:8E <560E. �! 0=B5= V7 28A>:8<8 70E8A=8<8 
2;0AB82>ABO<8, 0 A0<5 B0:>N є ��$, G5@57 <0;89 @V25=ь 1VG=8E V 704=VE 
?5;NAB>: BO6:> 7>1@078B8 2 ;V=V9=><C <0AHB01V, B><C �! B><C �! 
B0:>6 1C45 ?@54AB02;5=0 V 2 ;>30@8D<VG=><C <0AHB01V. &0:>6  2 
B0:><C <0AHB01V 1C45 4>1@5 284=> 3;818=C <=C;O=. �030;ь=89 
0;3>@8B< @>1>B8 ?@>3@0<=>W <>45;V ?@54AB02;5=89 =0 @8A. 4.1. 

"1G8A;5==O �! ��$ 1C45 ?@>2>48B8Aь ?@8 D>@<C20==V >4=>3> 
B0 42>E =C;V2. � ?5@H><C 28?04:C 1C45 >1G8A;N20B8AO 287=0G=8: 
4@C3>3> ?>@O4:C, 0 C 4@C3><C 28?04:C – 287=0G=8: B@5Bь>3> ?>@O4:C. 

�;O <>45;N20==O >1@0=89 V=B53@>20=89 1030B>DC=:FV>=0;ь=89 
?@>3@0<=89 ?0:5B MathCAD, 01@52V0BC@0 @>7H8D@>2CєBьAO O: 
Mathematical Computer Aided Design, I>  ?5@52>48BьAO O: 
<0B5<0B8G=5 02B><0B87>20=5 ?@>5:BC20==O, I> V 3>2>@8Bь ?@> 
?@87=0G5==O ?0:5BC.  �;3>@8B< 7040G 2 ?0:5BV MathCAD >?8ACєBьAO 2 
7030;ь=>?@89=OB8E <0B5<0B8G=8E B5@<V=0E V ?>7=0G5==OE. #>@O4 V7 
F8< ?0:5B <0є @>728=CBV 70A>18 @>1>B8 V7 B5:AB>2>N, 3@0DVG=>N B0 
V;NAB@0B82=>N V=D>@<0FVєN O2;ONG8 2 AC:C?=>ABV @>728=5=89 
V=B53@>20=89 70AV1 V7 5;5<5=B0<8 HBCG=>3> V=B5;5:BC 4;O 
02B><0B870FVW 28@VH5==O 7040G >1G8A;N20;ь=>3> E0@0:B5@C.  
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$8A. 4.1 �030;ь=89 0;3>@8B< @>1>B8 ?@>3@0<=>W <>45;V 

!0 @8A. 4.2 ?@82545=89 D@03<5=B ?@>3@0<=>W <>45;V ��$ ?@8 
7<VH0=><C A8=B57V. /: 284=> V7 @8AC=:0 2AV 28@078 70?8A0=V C 283;O4V 
AB0=40@B=8E <0B5<0B8G=8E :>=AB@C:FV9 ?>A;V4>2=VABь @>7<VI5==O 
O:8E 2V4?>2V40є ?>A;V4>2=>ABV >1G8A;5==O.  

%?>G0B:C 2 <>45;V 22>4OBьAO ?>G0B:>2V 40=V: 2V4AB0=ь <V6 
5;5<5=B0<8 @5HVB:8 – d; :V;ь:VABь 5;5<5=BV2 – N ; 4>268=0 E28;V – λ;  
=0?@O< 3>;>2=>3> <0:A8<C<C ?V4@5HVB:8 – θ1; =0?@O<:8 D>@<C20==O 
=C;V2 – θ01 V θ02; =><5@0 5;5<5=BV2 ?V4@5HVB:8 I> 15@CBь CG0ABь C 
D>@<C20==V �! ��$ – j B0 k. �CB>2V =0?@O<:8 D>@<C20==O 3>;>2=>3> 
?@><5=O B0 =C;V2 ?>4V;5=V =0 57,3, F5 7@>1;5=> 4;O B>3> I>1 7=0G5==O 
25;8G8= 22>48;8AO 2 3@04CA0E, I> 1V;ьH 7@CG=VH5 =V6 2 @04V0=0E, 
0=0;>3VG=5 7@>1;5=> V 2 ?>40;ьH8E >1G8A;N20;ь=8E DC=:FVOE. 
�>5DVFVє=B8 0<?;VBC4=>3> @>7?>4V;C 7040NBьAO C 2V4?>2V4=>ABV V7 

#>G0B>: 

�81V@ B8?C A8=B57C 

�2545==O 40=8E 

"1G8A;5==O 287=0G=8:0 �! 
��$ 4;O n-7=0G5=ь :CBV2 

#>1C4>20 �! ��$ 

�V=5Fь 
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D>@<C;>N (1.13), I> 4>72>;Oє ?@>2>48B8 4>A;V465==O ?@8 
@V2=><V@=><C, :>A8=CA>W40;ь=><C 0<?;VBC4=><C @>7?>4V;0E B0 
@>7?>4V;V :>A8=CA =0 ?’є45AB0;V.  � <>45;V B0:>6 ?5@5410G5=>, I> 
?V4@5HVB:0 <>65 A:;040B8AO O: V7 =5 =0?@O<;5=8E 5;5<5=BV2 B0: V7 
=0?@O<;5=8E. � O:>ABV =0?@O<;5=8E 5;5<5=BV2 28:>@8AB>2CNBьAO 
A8<5B@8G=V 2V1@0B>@8 01> @C?>@8 2 ?;>I8=V �.  

�! A8<5B@8G=>3> 2V1@0B>@0 7>1@060єBьAO 28@07>< 

. 

Fe ñ( ) cos k l sin ñ( )( ) cos k l( )2

cos ñ( )=
,

 
 

45 l – 4>268=0 ?;5G0 2V1@0B>@0; k = 2Ã/λ – E28;ь>25 G8A;>. 
�! @C?>@0 2 ?;>I8=V � 287=0G0єBьAO 28@07>< 

Fe ñ( ) sin 0.5 k l sin ñ( )( )
0.5 k l sin ñ( )

1 cos ñ( )+
2

=
,

  

45 l – @>7<V@ @>7:@82C @C?>@0 2 ?;>I8=V �.   
�<V=0 B8?C 5;5<5=B0 @5HVB:8 2V41C20єBьAO H;OE>< 2:;NG5==O B0 

28:;NG5==O 2V4?>2V4=>W :>=AB@C:FVW 2V4?>2V4=>3> 28@07C V7 >1G8A;5=ь 
(=0 @8A 4.2 28:;NG5=89 28@07 ?><VG5=89 725@EC G>@=8< :204@0B><. 
�87=0G=8:8 2 ?@>3@0<=V9 <>45;V >1G8A;NNBьAO 70  2V4><8<8 
<0B5<0B8G=8<8 ?@028;0<8. 
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$8A. 4.2. (@03<5=B ?@>3@0<=>W <>45;V 4;O 4>A;V465==O ��$ ?@8 

7<VH0=><C A8=B57V 
�;O ��$ V7 D>@<C20==O< >4=>3> =C;O >1G8A;NєBьAO 287=0G=8: 

4@C3>3> ?>@O4:C, 0 4;O ��$ V7 D>@<C20==O< 42>E =C;V2 >1G8A;NєBьAO 
287=0G=8: B@5Bь>3> ?>@O4:C. �87=0G=8: 4@C3>3> ?>@O4:C 
>1G8A;NєBьAO 70 2V4><8< ?@028;><, O: @V7=8FO 4>1CB:V2 5;5<5=BV2 
3>;>2=>W B0 ?>1VG=>W 4V03>=0;59. �87=0G=8: B@5Bь>3> ?>@O4:C 
>1G8A;NєBьAO 70 ?@028;>< B@8:CB=8:V2, ?@8 Fь><C ?5@HV B@8 4>40=:8 
є 4>1CB:0<8 5;5<5=BV2, I> AB>OBь =0 3>;>2=V9 4V03>=0;V V C 25@H8=0E 
42>E B@8:CB=8:V2 C O:8E >4=0 AB>@>=0 ?0@0;5;ь=0 3>;>2=V9 4V03>=0;V 
287=0G=8:0. �=0;>3VG=> CB2>@NNBьAO 4>40=:8 V7 7=0:>< <V=CA 45 70 
>A=>2C 15@5BьAO ?>1VG=0 4V03>=0;ь. 

!0 @8A. 4.3 7>1@065=89 D@03<5=B B>W 6 <>45;V 45 282>4OBьAO 
@57C;ьB0B8 >1G8A;5=ь. /: 284=> V7 @8A. 4.3 ?@>3@0<0 1C4Cє �! ��$ V7 
D>@<C20==O< >4=>3> B0 42>E =C;V2 2 ?@O<>:CB=V9 A8AB5<V :>>@48=0B 2 
;V=V9=><C B0 ;>30@8D<VG=><C  
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$8A. 4.3. (@03<5=B ?@>3@0<=>W <>45;V 4;O 4>A;V465==O ��$ ?@8 

7<VH0=><C A8=B57V (>1;0ABь ?>1C4>28 3@0DV:V2) 
<0AHB010E. &0:>6 1C4CNBьAO �! ?V4@5HVB:8 B0 5;5<5=B0 @5HVB:8, I> 
є 4C65 7@CG=8< ?@8 4>A;V465==V ��$ . 

�=0;>3VG=> ?>1C4>20=V ?@>3@0<=V <>45;V 4;O 4>A;V465==O ��$ 
?@8 ?@><5=52><C B0 ?@8 ?> 5;5<5=B=><C A8=B570E C 2V4?>2V4=>ABV V7 
<5B>48:>N A8=B57C, I> >?8A0=0 2 4@C3><C @>74V;V. 

5. #BDO8B> 6<>BA4AAO ?45BD4FBDABW DB5BF< 

5.1. �4CGEF<F< CDB7D4@G 8?O @B89?N64AAO ;@VL4AB7B 
E<AF9;G (iarsmes.mcd) B0 4>A;V48B8 2;0AB82>ABV ��$ ?@8 7<VH0=><C 
A8=B57V (?@8 70?CA:C ?@>3@0<8 2 =V9 265 1C4CBь 2AB0=>2;5=V ?>G0B:>2V 
40=V – 4>268=0 E28;V, :V;ь:VABь 5;5<5=BV2 @5HVB:8, 2V4AB0=ь <V6 =8<8 
B0 =0?@O<>: D>@<C20==O 3>;>2=>3> ?@><5=O, =0?@O<:8 D>@<C20==O 
=C;V2 2 ��$, 0<?;VBC4=89 @>7?>4V; <V6 5;5<5=B0<8 @5HVB:8 1C45 
2AB0=>2;5=89 @V2=><V@=89, B8? 5;5<5=B0 @5HVB:8 – =5=0?@O<;5=89). 

5.1.1. !0B8A=C2H8 :;02VHC <F9> >B@8<0B8 3@0DV:8 �!, ?@8 
7040=8E ?>G0B:>28E 40=8E, ��$ ?@8 D>@<C20==V >4=>3> B0 42>E =C;V2, 
�! ?V4@5HVB:8 B0 �! 5;5<5=B0 2 ;V=V9=><C B0 ;>30@8D<VG=><C 
<0AHB010E. � �! ��$, >A>1;82> 2 ;>30@8D<VG=><C <0AHB01V, ?>28==V 
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A?>AB5@V30B8AO GVB:V =C;V 3;818=>N ?>@O4:C 200 4�, ?>;>65==O O:8E 
?>28==> 2V4?>2V40B8 7040=8< =0?@O<:0< D>@<C20==O =C;V2 (7<V==V 
ñ01 V ñ02 2 ?@>3@0<V). #@>3@0<0 2 @568< @CG=>3> >1G8A;5==O, B><C 
?@8 :>6=V9 7<V=V ?>G0B:>28E 25;8G8= =5>1EV4=> =0B8A:0B8  <F9>. 

&0:>6 =5>1EV4=> ?0<’OB0B8, I> >1G8A;5==O 3@0DV:V2 70:V=GCєBьAO =0 
>AB0==ь><C, I> 7=0E>48BьAO 2 40=89 <><5=B =0 5:@0=V, 0 4;O 
>1G8A;5==O V=H8E =5>1EV4=> 7@>18B8 ?@>:@CB:C 2=87 V =0B8A=CB8  
<F9>. 

5.1.2 �>A;V48B8 2?;82  G0AB>B8 A83=0;C =0 �! ��$ B0 ?>;>65==O 
7040=8E =C;V2. �;O Fь>3> =5>1EV4=> >B@8<0B8 �! ��$ ?@8 4>268=V 
E28;V (7<V==0 ) 71V;ьH5=>W B0 7<5=H5=>W 2 B@8 @078 2V4=>A=> 
2AB0=>2;5=>W 25;8G8=8. 

5.1.3 �>A;V48B8 O: 2?;820є :V;ь:VABь 5;5<5=BV2 ?V4@5HVB:8 =0 
@57C;ьBCNGC �! ��$. �;O Fь>3> =5>1EV4=> 7<V=N20B8 7=0G5==O 
7<V==>W N 2 ?@>3@0<V =0 5 5;5<5=BV2 <5=H5 B0 =0 10 1V;ьH5 2V4=>A=> 
2AB0=>2;5=>3> 7=0G5==O B0 >B@8<0B8 �! ��$ ?@8 F8E 7=0G5==OE. 

5.1.4 �>A;V48B8 2?;82 =0?@O<:C 3>;>2=>3> <0:A8<C<C 
?V4@5HVB:8 =0 @57C;ьBCNGC �! ��$. �;O Fь>3> >B@8<09B5 �! ��$ ?@8 
7=0G5==OE 7<V==>W ñ1 2V4?>2V4=> – 30 B0 15 3@04CAV2. 

5.1.5 �>A;V48B8 2?;82 =><5@V2 5;5<5=BV2 ?V4@5HVB:8 O:V 15@CBь 
CG0ABь C D>@<C20==V �! ��$ =0 �! ��$. �;O Fь>3> 2AB0=>2VBь 
:V;ь:VABь 5;5<5=BV2 ?V4@5HVB:8 N=10 B0 ?@8 j=1, k= 3 B0 j=3, k=7 

>B@8<09B5 �! ��$. 
5.1.6 �>A;V48B8 2?;82  0<?;VBC4=>3> @>7?>4V;C 2 5;5<5=B0E 

?V4@5HVB:8 =0 �! ��$. �;O Fь>3> >B@8<09B5 �! ��$ ?@8 7=0G5==OE 
7<V==8E  D=0, p=3 (:>A8=CA>W40;ь=89 0<?;VBC4=89 @>7?>4V;) B0 ?@8 
D=0,5, p=3  (@>7?>4V; :>A8=CA =0 ?’є45AB0;V). #@8 Fь><C 2AB0=>28B8 
N=10,  j=1, k= 3. 

5.1.7 �>A;V48B8 2?;82 H8@8=8 �! 5;5<5=B0 ?V4@5HVB:8 =0 
@57C;ьBCNGC �! ��$. �;O Fь>3> 2AB0=>2VBь N=4, j=1, k=3, =0,1, D=1, 

p=1,  (@V2=><V@=89 0<?;VBC4=89 @>7?>4V;), l=0.05 (d > l) B0 28:;NGVBь 
28@07 Fe=1 V7 >1G8A;5==O (:;0F=VBь ;V2>N :=>?:>N <8H:8 ?> FV9 
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>1;0ABV B0 2 >B@8<0=><C <5=N 2815@VBь ?C=:B <Disable Equation=) B0 
0=0;>3VG=> 2:;NGVBь 2 >1G8A;5==O =0ABC?=89 70 =8< 28@07 281@02H8 
?C=:B 2 <5=N  <Enable Equation=. *59 28@07 є �! A8<5B@8G=>3> 
2V1@0B>@0. &0 >B@8<09B5 �! ��$. �0;V 0=0;>3VG=> 28:;NGVBь F59 28@07 
V7 >1G8A;5==O B0 2:;NGVBь =0ABC?=89, O:89 є �! @C?>@0 2 ?;>I8=V �, 
2AB0=>2VBь  l=0.3. "B@8<09B5 �! ��$. 

5.1.8 �>A;V48B8 2?;82 ?>;>65==O 7040=8E =C;V2 =0 @57C;ьBCNGC 
�! ��$. �;O Fь>3> 2:;NGVBь 2 >1G8A;5==O 28@07 Fe=1, 0 V=HV 
28:;NGVBь, 2AB0=>2VBь N=10. "B@8<09B5 �! ��$ ?@8 7=0G5==OE 
25;8G8= ñ01=15ð,  ñ02=40ð B0 25;8G8= ñ01=θ1, ñ02=40ð . 

5.1.9 #> @57C;ьB0B0< >B@8<0=8E 4>A;V465=ь 7@>18B8 28A=>2:8, 
O: 2?;820є B0 G8 V=H0 25;8G8=0 =0 @57C;ьBCNGC �! ��$ , V G8<  

2V4@V7=ONBьAO �! ��$ ?@8 D>@<C20==V >4=>3> B0 42>E =C;V2. 
5.2. �4CGEF<F< CDB7D4@G 8?O @B89?N64AAO CB9?9@9AFAB7B 

E<AF9;G (iarpoel.mcd) F4 8BE?V8<F< 6?4EF<6BEFV �А$ CD< 
CB9?9@9AFAB@G  E<AF9;V. 

5.2.1 #@8 7040=8E ?0@0<5B@0E >B@8<0B8 �! ��$ ?@8 D>@<C20==V 
>4=>3> =C;O (2 Fь><C 28?04:C @5HVB:0 <VAB8Bь 420 5;5<5=B8) B0 ?@8 
D>@<C20==V 42>E =C;V2 (@5HVB:0 <VAB8Bь B@8 5;5<5=B8) B0 �! 
5;5<5=B0 2 ;V=V9=><C B0 ;>30@8D<VG=><C <0AHB010E. 

5.2.2. �>A;V48B8 2?;82  G0AB>B8 A83=0;C =0 �! ��$ B0 
?>;>65==O 7040=8E =C;V2 C 2V4?>2V4=>ABV V7 <5B>48:>N 2 ?. 1.2. 

5.2.3. �>A;V48B8 2?;82  0<?;VBC4=>3> @>7?>4V;C 2 5;5<5=B0E 
@5HVB:8 =0 �! ��$ C 2V4?>2V4=>ABV V7 <5B>48:>N ?. 1.6.  

5.2.4. �>A;V48B8 2?;82 H8@8=8 �! 5;5<5=B0 ?V4@5HVB:8 =0 
@57C;ьBCNGC �! ��$ C 2V4?>2V4=>ABV V7 <5B>48:>N ? .1.7.  

5.2.5 �>A;V48B8 2?;82 ?>;>65==O 7040=8E =C;V2 =0 @57C;ьBCNGC 
�! ��$. !0?@O<:8 ?>;>65==O =C;V2 7040NBьAO B0:V 6 O: V 2 ?.1.8.  

5.2.6  #> @57C;ьB0B0< >B@8<0=8E 4>A;V465=ь 7@>18B8 28A=>2:8, 
O: 2?;820є B0 G8 V=H0 25;8G8=0 =0 @57C;ьBCNGC �! ��$ ?@8 
?>5;5<5=B=><C A8=B57V, V G8< 2V4@V7=ONBьAO �! ��$ ?@8 D>@<C20==V 
>4=>3> B0 42>E =C;V2. 



�<FB@<DEь>4 
CB?VF9IAV>4 

 �!�%&�$%&�" "%��&� � !�'�� '�$��!�  

��$�А�!�� '!���$%�&�& «��&" �$%Ь�А 
#"��&�)!��А» 

%<EF9@4 GCD46?VAAO O>VEFN 6V8CB6V84є �%&' ISO 9001:2015  

(-22.06-

05.02/2/172.00.1/  

/��2.2-2021 

Е>75@C?яD № 1 �D>  68 / 17 

 

 17 

5.3. �4CGEF<F< CDB7D4@G 8?O @B89?N64AAO CDB@9A96B7B 
E<AF9;G (iarluch.mcd) F4 8BE?V8<F< 6?4EF<6BEFV �А$ CD< 
CDB@9A96B@G  E<AF9;V CD< HBD@G64AAV B8AB7B (�А$ @VEF<Fь 86V 
CV8D9LVF><) F4 86BI (�А$ @VEF<Fь FD< CV8D9LVF><) AG?V6 6 �!. 

5.3.1 "B@8<0B8 3@0DV:8 �!, ?@8 7040=8E ?>G0B:>28E 40=8E, ��$ 
?@8 D>@<C20==V >4=>3> B0 42>E =C;V2, �! ?V4@5HVB:8 2 ;V=V9=><C B0 
;>30@8D<VG=><C <0AHB010E. 

5.3.2. �>A;V48B8 2?;82  G0AB>B8 A83=0;C =0 �! ��$ B0 
?>;>65==O 7040=8E =C;V2 C 2V4?>2V4=>ABV V7 <5B>48:>N 2 ?. 1.2.  

5.3.3 �>A;V48B8 O: 2?;820є :V;ь:VABь 5;5<5=BV2 ?V4@5HVB:8 =0 
@57C;ьBCNGC �! ��$. �>A;V465==O ?@>2>48B8 4;O :>6=>W ?V4@5HVB:8 
7<V=NNG8 >4=>G0A=> 7=0G5==O 7<V==8E N1, N2, N3 2 ?@>3@0<V =0 5 
5;5<5=BV2 <5=H5 B0 =0 10 1V;ьH5 2V4=>A=> 2AB0=>2;5=>3> 7=0G5==O B0 
>B@8<0B8 �! ��$ ?@8 F8E 7=0G5==OE. &0:>6 >B@8<0B8 �! ��$ ?@8 
@V7=8E 7=0G5==OE N1, N2 V N3. 

5.3.4 �>A;V48B8 2?;82 =0?@O<:C 3>;>2=>3> <0:A8<C<C :>6=>W 
?V4@5HVB:8 =0 @57C;ьBCNGC �! ��$. �;O Fь>3> >B@8<09B5 �! ��$ ?@8 
@V7=8E 7=0G5==OE θ1, θ2, θ3. 

5.3.5. �>A;V48B8 2?;82  0<?;VBC4=>3> @>7?>4V;C 2 5;5<5=B0E 
?V4@5HVB:8 =0 �! ��$. �;O Fь>3> >B@8<09B5 �! ��$ ?@8 7=0G5==OE 
7<V==8E  D=0, p=3 (:>A8=CA>W40;ь=89 0<?;VBC4=89 @>7?>4V;) B0 ?@8 
D=0,5, p=3  (@>7?>4V; :>A8=CA =0 ?’є45AB0;V). #@8 Fь><C 2AB0=>28B8 
N1= N2= N3=10. 

5.3.6 �>A;V48B8 2?;82 ?>;>65==O 7040=8E =C;V2 =0 @57C;ьBCNGC 
�! ��$. �;O Fь>3> 2AB0=>2VBь @V2=><V@=89 0<?;VBC4=89 @>7?>4V; 
(D=1, p=1) V >B@8<09B5 �! ��$ ?@8 @V7=8E 7=0G5==OE θ01, θ02, θ03 B0 
?@8 AC<VI5==V >4=>3> V7 <0:A8<C<V2 ?V4@5HVB:8 V7 =C;5< (:>;8 θ01= 
θ1 01> θ02= θ2 01> θ03= θ3). 

6. "5DB5>4 D9;G?ьF4FV6 

#> @57C;ьB0B0< >B@8<0=8E 4>A;V465=ь 7@>18B8 28A=>2:8, O: 
2?;820є B0 G8 V=H0 25;8G8=0 =0 @57C;ьBCNGC �! ��$ ?@8 
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?@><5=52><C A8=B57V, V G8< 2V4@V7=ONBьAO �! ��$ ?@8 D>@<C20==V 
>4=>3> B0 42>E =C;V2. 

4. #>@V2=OB8 >B@8<0=V @57C;ьB0B8 ?@8 @V7=8E B8?0E A8=B57V2 B0 
7@>18B8 2V4?>2V4=V 28A=>2:8, O: 2?;820є B0 G8 V=H0 25;8G8=0 =0 
@57C;ьBCNGC �! ��$ , V G8< 2V4@V7=ONBьAO �! ��$ ?@8 D>@<C20==V 
>4=>3> B0 42>E =C;V2. �87=0G8B8 ?5@52038 B0 =54>;V:8 :>6=>3> B8?C 
A8=B57C. 

�:070=V 4>A;V48 ?@>25AB8 4;O ��$ ?>1C4>20=8E =0 >A=>2V 
7<VH0=>3> B0 ?>5;5<5=B=>3> A8=B57C. 

%BC45=B>< <>6CBь 1CB8 28:>=0=V 2AV ?C=:B8, O:I> 4>72>;Oє G0A 
2V42545=89 =0 ?@>2545==O ;01>@0B>@=>W @>1>B8, 01> 281V@:>2> 70 
281>@>< 28:;040G0. 

7. �@VEF ;6VFG. �2VB ?>28=5= <VAB8B8: 
1. %B@C:BC@=V AE5<8 DV;ьB@V2, I> 4>A;V46C20;8AO C 

;01>@0B>@=V9 @>1>BV. 
2. "AF8;>3@0<8 2V4?>2V4=> 4> ?. 2, 4-9. 

3. $>7@0E>20=V 7=0G5==O 2V4=>H5==O A83=0;/HC< 2V4?>2V4=> 4> 
?. 3-5, 7-8. 

4. �8A=>2:8. 
8. �BAFDB?ьAV F9EFB6V C<F4AAO 

1. #>OA=8B8 ?@8=F8?8 ?>1C4>28 ��$ =0 >A=>2V ?@><5=52>3> 
?>5;5<5=B=>3> B0 7<VH0=>3> A8=B57C. 

2. /: 2?;820є ?>;>65==O <0:A8<C<C �! C ?@>AB>@V =0 H8@8=C 
?@><5=O. 

3. � G><C ?>;O30є V=20@V0=B=VABь 4>A;V46C20=8E 0=B5==8E 
@5HVB>:? 

4. /: 2?;820є 0<?;VBC4=89 @>7?>4V; 2 5;5<5=B0E ?V4@5HVB:8 =0 
�! ��$? 

5. /: 2?;820є :V;ь:VABь 5;5<5=BV2 ?V4@5HVB:8 =0 @57C;ьBCNGC �! 
��$? 

6. +8< 287=0G0єBьAO B0 >1<56CєBьAO :V;ь:VABь =C;V2 B0 
<0:A8<C<V2 �! ��$? 
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7. /: 2?;820є G0AB>B0 A83=0;C =0 �! B0 ?>;>65==O =C;V2? 
8. +8< 287=0G0єBьAO 3;818=0 =C;V2 2 �! ��$? 

 

�VF9D4FGD4 

1. �>20;5=:>  . �. %8=B57 V=20@V0=B=8E 0=B5==8E @5HVB>: // 
�VA=8: ��&�, 1999 – 79 / &5E=VG=V =0C:8. – A. 178 – 184. 

2. �>@>B=V:>2 �. �., �5;V=Aь:89 ".�., �>20;5=:>  . �., 
�>20;5=:> ".  ., �>;>A .. "., +CE>2 �. �. #>5;5<5=B=89 V 
7<VH0=89 A8=B57 V=20@V0=B=8E 0=B5==8E @5HVB>:. // �VA=8: 
��&�, 1999 – 711 / &5E=VG=V =0C:8. – A. 133 – 138. 

 



�<FB@<DEь>4 
CB?VF9IAV>4 

 �!�%&�$%&�" "%��&� � !�'�� '�$��!�  

��$�А�!�� '!���$%�&�& «��&" �$%Ь�А 
#"��&�)!��А» 

%<EF9@4 GCD46?VAAO O>VEFN 6V8CB6V84є �%&' ISO 9001:2015  

(-22.06-

05.02/2/172.00.1/  

/��2.2-2021 

Е>75@C?яD № 1 �D>  68 / 20 

 

 20 

�45BD4FBDA4 DB5BF4 №2 
�BE?V8:9AAO 9?9@9AFV6 @V>DBE@G:>B6B7B !�+ FNA9D4 

1. !46K4?ьAV C<F4AAO 

1. �>A;V48B8 0<?;VBC4=>-G0AB>B=V E0@0:B5@8AB8:8 
<V:@>A<C6:>28E !�+ ?5@5B2>@N20GV2 G0AB>B8 B0 DV;ьB@V2. 

2. �>A;V48B8 G0A>2V E0@0:B5@8AB8:8 <V:@>A<C6:>28E 

?5@5B2>@N20GV2 G0AB>B8 B0 DV;ьB@V2. 
2. !46K4?ьA4 @9F4 
1. �:A?5@8<5=B0;ь=5 4>A;V465==O G0AB>B=8E <V:@>A<C6:>28E 

E0@0:B5@8AB8: !�+ ?5@5B2>@N20GV2 G0AB>B8 B0 DV;ьB@V2. 
3. &9BD9F<KAV 6V8B@BEFV 
%<C6:>2>N ;V=VєN ?5@540GV =07820NBь B0:C ;V=VN, 2 O:V9 

?@>2V4=8: AB@VG:>2>3>, :@C3;>3> 01> :204@0B=>3> ?5@5B8=V2 
@>7B0H>20=89 =0 45O:V9 2V4AB0=V 2V4 <5B0;52>W ?;>I8=8 (>A=>28) 01> 
?><VI5=89 <V6 42><0 <5B0;528<8 >A=>20<8. #@>ABV@ <V6 
?@>2V4=8:>< V >A=>20<8 <>65 1CB8 70?>2=5=89 ?>2VB@O< 01> 
4V5;5:B@8:><. �V=VW 7 4V5;5:B@8G=8< 70?>2=5==O<, I> 28:>=CNBьAO 
4@C:0@Aь:8< A?>A>1><, =07820NBьAO 4@C:0@Aь:8<8 A<C6:>28<8 
;V=VO<8. $>7@V7=ONBь 420 >A=>2=V B8?V2 A<C6:>28E ;V=V9: (@8A. 3.1) V 
A8<5B@8G=V (@8A. 3.2) 

 
0)    1) 

$8A. 3.1. !5A8<5B@8G=V A<C6:>2V  ;V=VW: 
0 – 7 ?>2VB@O=8< 70?>2=5==O<; 1 – 7 4V5;5:B@8G=8< 

70?>2=5==O< 

 

!5A8<5B@8G=0 4@C:>20=0 A<C6:>20 ;V=VO є ?;0AB8=>N 
4V5;5:B@8:0, =0 >4=V9 AB>@>=V O:>W =0=5A5=V ?@>2V4=8:8 (?@>2V4=V 
A<C6:8) AE5<8, 0 =0 V=HV9 – <5B0;V7>20=5 ?>:@8BBO, I> AB2>@Nє 
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?;>I8=C, I> ?@>2>48Bь (7075<;5=C). &0:0 ;V=VO O2;OєBьAO ?@>AB>N 2 
=0;0HBC20==V, 283>B>2;5==V V 5:A?;C0B0FVW. 

!54>;V:0<8 =5A8<5B@8G=>W A<C6:>2>W ;V=VW є 2V4ACB=VABь 
5:@0=C20==O V ?V428I5=V 2B@0B8 (C ?>@V2=O==V 7 A8<5B@8G=>N ;V=VєN). 
#@>B5 O:I> 4V5;5:B@8G=0 ?@>=8:=VABь ?V4:;04:8 ;V=VW 28A>:0, B> 
5;5:B@8G=5 ?>;5 :>=F5=B@CєBьAO 2 >1;0ABV <V6 ?@>2V4=8:>< V 
7075<;5=>N ?;0AB8=>N, 0 B><C 2B@0B8 =0 28?@><V=N20==O =525;8:V.  

*O >1AB028=0 4>72>;Oє CA?VH=> 28:>@8AB>2C20B8 =5A8<5B@8G=V 
;V=VW 2 V=B53@0;ь=8E !�+ AE5<0E (WE =07820NBь <V:@>A<C6:>28<8 
;V=VO<8 ?5@540GV). %:>@>G5==O 3010@8BV2 2 <V:@>A<C6:>28E 
V=B53@0;ь=8E !�+ AE5<0E 70157?5GCєBьAO 70 @0EC=>: 281>@C 
4V5;5:B@8:0 7 28A>:>N 2V4=>A=>N 4V5;5:B@8G=>N ?@>=8:=VABN (õ  – 
?>@O4:C 10). 

 
0)     1) 

$8A. 3.2. %8<5B@8G=V A<C6:>2V ;V=VW: 0 – 7 ?>2VB@O=8< 70?>2=5==O<, 1 – 
7 4V5;5:B@8G=8< 70?>2=5==O< 

' A8<5B@8G=V9 4@C:0@Aь:V9 A<C6:>2V9 ;V=VW (@8A. 3.2,1) 
F5=B@0;ь=89 ?@>2V4=8: ?><VI5=89 <V6 42><0 4V5;5:B@8G=8<8 
?;0AB8=0<8 7 <5B0;V7>20=8<8 7>2=VH=V<8 ?>25@E=O<8. &0:V ;V=VW 
2>;>4VNBь E>@>H8< 5:@0=C20==O<, ?@>B5 2>=8 A:;04=V C 283>B>2;5==V 
V =0;0HBC20==V, 28<030NBь 4>B@8<0==O <5E0=VG=>W A8<5B@VW 4;O 
70157?5G5==O <0;8E 2B@0B =0 28?@><V=N20==O. *5=B@0;ь=89 
?@>2V4=8: A8<5B@8G=>W A<C6:>2>W ;V=VW 2 7V1@0=><C 283;O4V 
01A>;NB=> =54>ABC?=89 4;O @53C;N20==O, I> AB2>@Nє ?52=V 
=57@CG=>ABV ?@8 =0;0HBC20==V AE5<. 

�8A>:>4>1@>B=V A<C6:>2V ;V=VW (B01;8FO. 3.1) 70AB>A>2CNBьAO C 
B><C 28?04:C, :>;8 =5>1EV4=>, I>1 4>1@>B=VABь =5=020=B065=>W 
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' <V:@>A<C6:>28E ;V=VOE, 28:>=0=8E =0 4V5;5:B@8:C 7 <0;8< 
7030A0==O< (B8?C :5@0<V:8), >A=>2=5 465@5;> 2B@0B >1C<>2;5=5 
:V=F52>N ?@>2V4=VABN <5B0;C. %B@C< 2 ?@>2V4=8:0E ;V=VW 
:>=F5=B@CєBьAO 2 H0@V, B>2I8=0 O:>3> @V2=0 ?@81;87=> B>2I8=V A:V=-

H0@C Eô  (=0 3;818=V A:V=-H0@C IV;ь=VABь AB@C<C =0 1 !n, B>1B> 2 2,7 
@078 <5=H5, =V6 IV;ь=VABь AB@C<C =0 ?>25@E=V ?@>2V4=8:0). � 
1V;ьH>ABV 28?04:V2 4>A8Bь, I>1 B>2I8=0 ?@>2V4=8:0 V 7075<;5=>W 
?;0AB8=8 A:;040;8 3-5 A:V=-H0@V2. ' B01;8FV. 3.2 ?@82545=V 7=0G5==O 
B>2I8=8 A:V=-H0@C ?;V2>: @V7=8E <5B0;V2, ?>4V;5=V =0 :204@0B=89 

:>@V=ь 7 G0AB>B8 
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72V4:8 28BV:0є, I> G8< <5=H5 ?8B><89 >?V@ ?V4:;04:8 ò
i
 (2 

"<  A<), B8< 1V;ьH5 70BCE0==O.  
!0 @8A. 3.5 ?>:070=0 70;56=VABь 70BCE0==O (287=0GC20=>3>, 2 

>A=>2=><C, 70BCE0==O< =0?V2?@>2V4=8:>2>W ?V4:;04:8) =0 >48=8FN 
4>268=8 E28;V 2 <V:@>A<C6:>2V9 ;V=VW 2V4 G0AB>B8 4;O B@ь>E 7=0G5=ь 
?8B><>3> >?>@C :@5<=VN ?@8 B>2I8=V :@5<=Vє2>W ?V4:;04:8 h = 250 

<:<. 
#@8 @>7@0EC=:C 70BCE0==O V 4>1@>B=>ABV G0AB> :>@8ABCNBьAO 

?>=OBBO< ?>2=>3> 7030A0==O ;V=VW  l  4;O @57>=0=A=>3> 
G25@BьE28;ь>2>3> 2V4@V7:0 ;V=VW: 

QQ
l

785,0

4
==

ð

 

û �C  (3.14) 
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$8A. 3.4. �@0DV: 70;56=>ABV 
2B@0B <V:@>A<C6:>2>W ;V=VW 

2V4 
h

W
 

 $8A. 3.5. +0AB>B=0 
E0@0:B5@8AB8:0 70BCE0==O 
=0 >48=8FN 4>268=8 E28;V 
2  <V:@>A<C6:>2V9 ;V=VW 7 
:@5<=Vє2>N ?V4:;04:>N 
@V7=>3> ?8B><>3> >?>@C 

 

�>1@>B=VABь G25@BьE28;ь>2>3> @57>=0B>@0 =0 <V:@>A<C6:>2V9 
;V=VW 4>@V2=Nє:  

QQ

QQ
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+

=

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;V=VW, I> 287=0G0єBьAO 2B@0B0<8 2 ?@>2V4=8:0E; 
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;V=VW, I> 287=0G0єBьAO 2B@0B0<8 2 =0?V2?@>2V4=8:>2V9 ?V4:;04FV, 
.õò

id
Q 

 
 V:@>A<C6:>20 ;V=VO =5 4>72>;Oє @50;V7C20B8 AE5<8 7 28A>:>N 

4>1@>B=VABN; 25;8G8=0 4>1@>B=>ABV B0:>W ;V=VW 702B>2H:8 0,25–1,0 << 
70;56=> 2V4 <0B5@V0;C ?V4:;04:8, 2;0AB82>AB59 ?@>2V4=8:0 V @>1>G>W 
G0AB>B8 7<V=NєBьAO 2 <560E 2V4 20 4> 400. 

4. "C<E ?45BD4FBDABW GEF4AB6>< 

� ;01>@0B>@=V9 @>1>BV 28:>@8AB>2CNBьAO <>45;V !�+ 
?5@5B2>@N20GV2 G0AB>B8 (Balanced_Diode_Mixer.emp; 
Diode_Mixer.emp; FET_MultIplier.emp; RatRace.emp); !�+ DV;ьB@V2 
(3D_Comb_Filter.emp; 5Ghz_Interdigital_Filter.emp; 8GHz_LPF.emp; 

18Ghz_LPF.emp;). �0=V <>45;V AB2>@5=V C A5@54>28IV <>45;N20==O 
Microwave Office. 

5. #BDO8B> 6<>BA4AAO DB5BF< 

1. �0?CAB8B8 A5@54>28I5 Microwave Office, 2V4:@8B8 ?0?:C 7 
<>45;O<8 DV;ьB@V2: File/Open project/48A: A/?0?:0 
MWO/Examples/Mixers 2V4:@8B8 <>45;ь Balanced_Diode_Mixer.emp. 

1.1. �=OB8 =0ABC?=V E0@0:B5@8AB8:8 4;O ?>G0B:>28E C<>2: 
Conversion loss (4�/<�B), Current output (time graph), �+) (!+ (IF (=0 
?@><V6=V9 G0AB>BV) Low pass filter), Spectrum analyzer, Isolation RF to 

LO (?5@5EV4=5 ?>A;01;5==O ?@8 ?5@5B2>@5==V 7 28A>:>W =0 =87ь:C 
G0AB>BC, 4�/<�B), LO to RF (?5@5EV4=5 ?>A;01;5==O ?@8 ?5@5B2>@5==V 
7 =87ь:>W =0 28A>:C G0AB>BC, 4�/<�B), 287=0G8B8 ?@87=0G5==O DV;ьB@C. 

1.2 �=OB8 70;56=VABь E0@0:B5@8AB8: DV;ьB@C 2 70;56=>ABV 2V4 
?0@0<5B@V2 <0B5@V0;C ?@>2V4=8:0 (Schematics\EM Structures\Condactor 

materials+=0B8A=CB8 ?@02>N :;02VH5N <8HV V 281@0B8 Create New 

Material). 

a) Perfect conductor – AB>WBь ?> 70<>2G0==N. 

a) Material name – 01; Compute properties from physical 

parameters; condactor thickness: (5; 100 mil); material conductivity: (50; 

1000). 
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2. �V4:@8B8 <>45;ь Diode_Mixer.emp, ?>2B>@8B8 4>A;V48 ?. 1. 
3. �V4:@8B8 <>45;ь FET_MultIplier.emp, ?>2B>@8B8 

4>A;V48 ?. 1. 

4. �V4:@8B8 <>45;ь RatRace.emp, ?>2B>@8B8 4>A;V48 ?. 1. 
4.1. �=OB8 70;56=VABь E0@0:B5@8AB8: DV;ьB@C 2 70;56=>ABV 2V4 

B8?C <0B5@V0;C 4;O =86=ь>3> B0 25@E=ь>3> H0@V2 – 8 70;56=>AB59 
(Schematics\EM Structures\Enclosure\Boundaries). 

4.2. �=OB8 70;56=VABь E0@0:B5@8AB8: DV;ьB@C 2 70;56=>ABV 2V4 
:V;ь:>ABV B0 B>2I8=8 H0@V2 ?@>2V4=8:0. (Schematics \ EM 

Structures \ Rat Race \ Enclosure \ Dielectric layers). �<V=8B8 ?>G5@3>2> 
?>G0B:>2C B>2I8=C H0@V2 Layer 1 B0 Layer 2, =0 7=0G5==O, >B@8<0=V 
?><=>682H8 ?>G0B:>25 7=0G5==O =0 :>5DVFVє=B8 (0,2; 0,6; 1,25; 2, 5). 
�>40B8 >48= H0@ <0B5@V0;C Add Above, Add Below. '1@0B8 25@E=V9 
H0@. 

5. �0?CAB8B8 A5@54>28I5 Microwave Office 2001, 2V4:@8B8 
?0?:C 7 <>45;O<8 DV;ьB@V2: File/Open project/48A: A/ ?0?:0 MWO 
2001/Examples/Filters 2V4:@8B8 <>45;ь 5Ghz_Interdigital_Filter.emp. 

5.1 �=OB8 �+) (Stopband, Passband, Return loss), 287=0G8B8 
=0?@O<:8 ?@>BV:0==O AB@C<C 2 @568<V 2D, 3D View, Animate play, 

287=0G8B8 ?@87=0G5==O DV;ьB@C. 
5.2 �=OB8 70;56=VABь E0@0:B5@8AB8: DV;ьB@C 2 70;56=>ABV 2V4 

B8?C <0B5@V0;C 4;O =86=ь>3> B0 25@E=ь>3> H0@V2 – 8 70;56=>AB59 
(Schematics\EM Simulations\Enclosure\Boundaries). 

�=OB8 �+) (Stopband, Passband, Return loss), 287=0G8B8 
=0?@O<:8 ?@>BV:0==O AB@C<C 2 @568<V 2D, 3D View, Animate play, 

287=0G8B8 ?@87=0G5==O DV;ьB@C. 
5.3 �=OB8 70;56=VABь E0@0:B5@8AB8: DV;ьB@C 2 70;56=>ABV 2V4 

:V;ь:>ABV B0 B>2I8=8 H0@V2 ?@>2V4=8:0. (Schematics\EM 

Simulations\Enclosure\Dielectric layers). �<V=8B8 B>2I8=C H0@V2 (1/5, 
2/5, 3/5, 4/5, 6/5, 7/5, 8/5, 9/5, 2) 2V4 ?>B>G=8E 7=0G5=ь. �>40B8 H0@ 
<0B5@V0;C Add Above, Add Below. '1@0B8 25@E=V9 H0@. 
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�=OB8 �+) (Stopband, Passband, Return loss), 287=0G8B8 
=0?@O<:8 ?@>BV:0==O AB@C<C 2 @568<V 2D, 3D View, Animate play, 

287=0G8B8 ?@87=0G5==O DV;ьB@C. 
6. �V4:@8B8 <>45;ь 3D_Comb_Filter.emp. �8:>=0B8 4>A;V48 ?.1 

4;O Schematics\EM Sight_Iris, _No Iris\Enclosure. �=OB8 �+), 3>4>3@0D 
V<?540=AC, 287=0G8B8 ?@87=0G5==O DV;ьB@C. 

7. �V4:@8B8 <>45;ь 18Ghz_LPF.emp. �8:>=0B8 4>A;V48 ?.1 4;O 
Schematics\EM LPF2 \Enclosure. 

8. �V4:@8B8 <>45;ь 8GHz_LPF.emp. �8:>=0B8 4>A;V48 ?.1 4;O 
Schematics\LPF EMSight\Enclosure. 

�=OB8 �+) (Stopband, Passband, Group dalay, &), 287=0G8B8 
=0?@O<:8 ?@>BV:0==O AB@C<C 2 @568<V 2D, 3D View, Animate play, 

287=0G8B8 ?@87=0G5==O DV;ьB@C. 
 

6. "5DB5>4 D9;G?ьF4FV6 

1. �0 >B@8<0=8<8 E0@0:B5@8AB8:0<8 !�+ ?5@5B2>@N20GV2 
G0AB>B8 287=0G8B8 WE ?@87=0G5==O B0 >A=>2=V ?0@0<5B@8. 

2. �0 @57C;ьB0B0<8 4>A;V465=ь V @>7@0EC=:V2 7@>18B8 28A=>2:8. 
3. $57C;ьB0B8 4>A;V465=ь V @>7@0EC=:V2 >D>@<8B8 C 283;O4V 

72VBC, O:89 ?V4;O30є V=482V4C0;ь=><C 70E8ABC. 
7. �@VEF ;6VFG. �2VB ?>28=5= <VAB8B8: 

1. %E5<8 4>A;V46C20=8E ?@8AB@>W2 B0 @57C;ьB0B8 4>A;V465=ь. 
2. $57C;ьB0B8 @>7@0EC=:V2 B0 2V4?>2V4=V 3@0DV:8. 
3. �@>18B8 28A=>2:8: ?@> >1’є< 28:>=0=>W @>1>B8, G8 4>AO3=5=0 <5B0 
@>1>B8, G8 ?@0:B8G=V @57C;ьB0B8 A?V2?0;8 7 B5>@5B8G=8<8. 

8. �BAFDB?ьAV F9EFB6V C<F4AAO 

 1. -> =07820NBь A<C6:>2>N ;V=VєN ?5@540GV? 
 2. /:V є B8?88 A<C6:>28E ;V=V9? 
 3. � O:><C 4V0?07>=V E28;ь 28:>@8AB>2CNBь <V:@>A<C6:><V 
;V=VW? 
 4. /: 70;568Bь :@8B8G=0 G0AB>B0 ?>?5@5G=>W 5;5:B@8G=>W 
?>25@E=52>W E28;V =09=86G>3> ?>@O4:C 2V4 B>2I8=8 ?V4:;04:8? 
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 5. -> B0:5 &�  E28;O? 
 6. /: 287=0G0єBьAO 4>268=0 E28;V 2 A8<5B@8G=V9 A<C6:>2V9 
;V=VW, I> ?@0FNє 7 :>;820==O<8 B8?C &� ?  
 7. /: A?V22V4=>A8BьAO 4>268=0 E28;V 2 A8<5B@8G=V9 B0 =5 
A8<5B@8G=V9 A<C6:>2V9 ;V=VW? 

 8. -> B0:5 3@0=8G=0 ?>BC6=VABь A<C6:>2>W ;V=VW? 
 9. /:V A:;04>2V 7030;ь=>3> 7030A0==O A<C6:>2>W ;V=VW? 
 10. -> B0:5 A:V=-H0@ ?@>2V4=8:0? 

�VF9D4FGD4 

1. $04V>B5E=V:0: �=F5:;>?548G=89 =02G0;ь=89 4>2V4=8:: 
=02G0;ь=89 ?>AV1. / �0 @54. ..�.  07>@0, Є.�.  0GCAь:>3>, 
�.�. #@0248 – �.: �8I0 H:., 1999. – 838 A.: V;. 

2. *8?>@5=:> �.�.  5B>48 V 70A>18 >1@>1:8 !�+ A83=0;V2 C 
@04V>B5E=VG=8E A8AB5<0E: !02G0;ь=89 ?>AV1=8:. – �8B><8@: 
�5@602=89 C=V25@A8B5B «�8B><8@Aь:0 ?>;VB5E=V:0», 2021. 141 

A. ISBN 978-966-683-570-6 

3. Proakis J.G. (2006). Digital Signal Processing, Principles, 

Algorithms, and Applications. 4-th Edition. – New Jersey: Prentice-

Hall, Inc. Upper Saddle River, NJ, USA, 1077. 
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�45BD4FBDA4 DB5BF4 №3 
�BE?V8:9AAO 4?7BD<F@V6 B5DB5?9AAO E<7A4?V6 

6 J<HDB6V= ?VAV=AV= А$ 

1. !46K4?ьAV C<F4AAO 

1. �>A;V48B8 >A=>2=V 2;0AB82>ABV �#( 4V9A=8E B0 :><?;5:A=8E 
@04V>A83=0;V2. 

2. �>A;V48B8 >A=>2=V 2;0AB82>ABV ,#( 4V9A=8E B0 
:><?;5:A=8E @04V>A83=0;V2. 

2. !46K4?ьA4 @9F4 
1. �:A?5@8<5=B0;ь=5 4>A;V465==O >A=>2=8E 2;0AB82>AB59 

48A:@5B=>3> ?5@5B2>@5==O (C@’є (�#() B0 H284:>3> ?5@5B2>@5==O 
(C@’є (,#(), I> 28:>@8AB>2CNBьAO ?@8 F8D@>2>W >1@>1FV 
@04V>A83=0;V2. 

3. &9BD9F<KAV 6V8B@BEFV 
!03040є<> 7030;ь=V 2V4><>ABV ?@> B@0=AD>@<0FVN (C@'є 

=5?5@5@2=>3> 2 G0AV A83=0;C. �7 B5>@VW A8AB5< 2V4><>, I> 70 
4>?><>3>N B@0=AD>@<0FVW (C@'є >1<565=>W 2 G0AV DC=:FVW )(tf  <>6=0 
287=0G8B8 A?5:B@ )( jF  V =02?0:8 G5@57 >15@=5=C B@0=AD>@<0FVN 
(C@'є <>6=0 7 A?5:B@0;ь=>W DC=:FVW )( jF 287=0G8B8 DC=:FVN 
70;56=>ABV 2V4 G0AC )(tf  


+

2

2= dtetajF tj )()(  (3.1) 

 


+

2

= 
ð

 dejFtf tj)(
2

1
)(  (3.2) 

 

 

 

 

ftetf Tt ð2sin3)( 2=  (3.3) 
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%?5:B@0;ь=0 DC=:FVO )( jF  є :><?;5:A=>N 7 4V9A=>N B0 
CO2=>N G0AB8=0<8, V=0:H5 :06CG8, 7 <>4C;5< B0 D07>N. +0AB> 
>1G8A;NєBьAO ;8H5 <>4C;ь )( jF  70;56=> 2V4   01> f B0 
7>1@06CєBьAO O: 0<?;VBC4=89 A?5:B@. /:I>, =0?@8:;04, DC=:FVO 
70;56=>ABV 2V4 G0AC є E0@0:B5@8AB8:>N =0?@C38 C 2>;ьB0E, B> 
@>7<V@=VABь A?5:B@0;ь=>W DC=:FVW )( jF ?@8 V=B53@C20==V 70 G0A>< 
(A5:C=48) 1C45 �ц�%�%� /)/1/(* == . �;O ?@8:;04C =0 @8A. 3.1 

7>1@065=> 70;56=VABь )(tf  4;O AB@C<C 2 @57>=0=A=><C :>=BC@V 2V4 
AB04VW 71C465==O 4> 730A0NG>3> :>;820==O (2 0<?5@0E) 

 
$8A. 3.1. �>A;V46C20=0 DC=:FVO ftetf Tt ð2sin3)( /2=  7V AB0;>N 

730A0==O cT 2=  B0 G0AB>B>N 1/1 2= cf ð  

 

�V4?>2V4=89 0<?;VBC4=89 A?5:B@ )( jF  >1G8A;5=89 V7 (3.1) (2 
0<?5@0E =0 35@F), 7 <0:A8<C<>< ?@8 12 2= E  7>1@065=89 =0 
@8A.3.4, 0. 

224 )417(5,7

6
)(

+2
=


jF  (3.4) 

�8A:@5B=0 B@0=AD>@<0FVO (C@'є 48A:@5B87>20=>3>, 
>1<565=>3> 2 G0AV A83=0;C. 

#5@5945<> 4> >1G8A;5==O 48A:@5B=>W B@0=AD>@<0FVW )( jFd =  

=0 107V ?>A;V4>2=>ABV 281V@>: A?>G0B:C >1<565=>3> 2 G0AV A83=0;C. �0 
>A=>2C 2V7ь<5<> 730A0NGC DC=:FVN )(tf   (482. @8A.3.1). �>=0 1C;0 
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28<V@O=0 2 B>G:0E G0AC an nTt = , ?@8G><C V=45:A n  ?@>1V30є 2V4 0 4> 
12N . +5@57 aT  ?>7=0G8<> ?5@V>4 48A:@5B870FVW (@8A.3.2). 

 
$8A.3.2. �8A:@5B87>20=V DC=:FVW 7 #5@V>4>< 48A:@5B870FVW cTa 2.0=  

:V;ь:VABN 281V@>: 50=N  AC<0@=8< G0A>< 28<V@N20==O cNTa 10=  

' Fь><C 28?04:C 7030;ь=89 G0A A?>AB5@565==O (>1'є< 281V@>:) 
AB0=>28B8<5 N - :@0B=5 2V4 ?5@V>4C 48A:@5B870FVW 

aNTT =  (3.5) 

�>1CBV 281V@:>2V 7=0G5==O DC=:FVW )(tf  2V4><V BV;ь:8 4;O 
48A:@5B=8E B>G>: G0AC anT  , B>1B> 7 =5?5@5@2=>W 7<V==>W t 28=8:;0 
48A:@5B=0 anT . #>AB0є 70240==O: V7 48A:@5B=8E 7=0G5=ь 0<?;VBC48 

)( anTf  287=0G8B8 2V4?>2V4=C A?5:B@0;ь=C DC=:FVN. *5 >1G8A;5==O 
=07820NBь 48A:@5B=>N B@0=AD>@<0FVєN (C@'є )( jFd  (�&() (=0 
2V4<V=C 2V4 B@0=AD>@<0FVW (C@'є =5?5@5@2=>3> A83=0;C). �;O 
>B@8<0==O 0;3>@8B<C >1G8A;5==O 48A:@5B=>W B@0=AD>@<0FVW (C@'є 
=5>1EV4=> 70<V=8B8 C (3.1) t  =0 anT :  

)(tf  G5@57 )( anTf  
tje 2
 G5@57 anTj

e
2

 
(3.6) 

4;O >1G8A;5==O 7 48A:@5B=8<8 25;8G8=0<8. 
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�?@>:A8<Cє<> V=B53@0; C (3.1) 2V4?>2V4=> 4> (7.33) O: AC<C 
?@O<>:CB=8:V2 7 28A>B>N )( anTf  B0 H8@8=>N aT  

õ  )()( aa nTfTdttf  (3.7) 

 =>65==O =0 25;8G8=C V=B5@20;C 48A:@5B870FVW =5 2E>48Bь 2 
>7=0G5==O �&(. �@0E>2CNG8 :@C3>2C DC=:FVN, 4VAB0=5<> 0;3>@8B< 

õ õ

õ
2

=

2

=

2

=

2

2=

==

1

0

1

0

1

0

sin)(cos)(

)()(

N

n

N

n

aaaa

N

n

nTj

ad

nTnTjTnTf

enTfjF a



 

 (3.8) 

�8@07 (3.8) =5 є 7025@H5=>N D>@<>N 70?8AC �&(, 0;5 9>3> 2A5 
6 <>6=0 ?>@V2=OB8 7 @V2=O==O< (3.1) B@0=AD>@<0FVW (C@'є 4;O 
=5?5@5@2=8E A83=0;V2. "18420 2848 B@0=AD>@<0FVW <0NBь B0:V A?V;ь=V 
2;0AB82>ABV: 

0) O:I> 70;56=0 2V4 G0AC DC=:FVO ?0@=0, B>1B> nn ff 2= +  B> 
A?5:B@0;ь=0 DC=:FVO B0:>6 ?0@=0 B0 4V9A=0; 

1) O:I> 70;56=0 2V4 G0AC DC=:FVO =5?0@=0, B>1B> nn ff 2= 2  B> 
A?5:B@0;ь=0 DC=:FVO =5?0@=0 B0 CO2=0; 

2) )( jF B0 )( jF 2  (01> 2V4?>2V4=> )( jFd B0 
)( jFd 2 :><?;5:A=>-A?@O65=V. 
�@V< B>3>, �&( <0є I5 >A>1;82>ABV, O:V 1C4CBь @>73;O=CBV 

40;V: 
3) ?5@V>48G=0 2V4=>A=> 0@3C<5=BC   7 ?5@V>4>< aTð2  B0 

?5@V>48G=0 2V4=>A=>  
0@3C<5=BC f  7 ?5@V>4>< aa fT =1 ; 

4) 4>@V2=Nє 70 7=0G5==O< B@0=AD>@<0FVW (C@'є ;8H5 ?VA;O 
?5@5<=>65==O 7 V=B5@20;>< 48A:@5B870FVW aT ; 

є) >1G8A;NєBьAO ;8H5 4;O 48A:@5B=8E 7=0G5=ь k . 



�<FB@<DEь>4 
CB?VF9IAV>4 

 �!�%&�$%&�" "%��&� � !�'�� '�$��!�  

��$�А�!�� '!���$%�&�& «��&" �$%Ь�А 
#"��&�)!��А» 

%<EF9@4 GCD46?VAAO O>VEFN 6V8CB6V84є �%&' ISO 9001:2015  

(-22.06-

05.02/2/172.00.1/  

/��2.2-2021 

Е>75@C?яD № 1 �D>  68 / 41 

 

 41 

�:A?>=5=FV0;ь=0 DC=:FVO, I> >?8A0=0 28@07>< (3.8), <0є 
?5@V>4 2%: �V4?>2V4=> 4> Fь>3>: 

 

 

&
>1B> 
A?5:B@ ?>2B>@NєBьAO ?5@V>48G=>, 2V4?>2V4=> aTz ð 2=  G8 
2V4?>2V4=> 7 azff = , 45 f  – 4>2V;ь=5 FV;5 G8A;>, 1,2 =f .... ' B>9 G0A, 
O: ?5@V>48G=0 70;56=0 2V4 G0AC DC=:FVO (@O4 (C@'є) <0є 48A:@5B=89 
A?5:B@, A?5:B@ 48A:@5B=>W DC=:FVW, >45@60=>W 28<V@N20==O< 281V@>:, 
?5@V>48G=89. � ?5@V>48G=>ABV �&( <>6=0 2AB0=>28B8 28<>38 I>4> 
G0AB>B8 281V@>: (48A:@5B870FVW) af . 

 
$8A. 3.3. �0;56=VABь <V6 728G09=>N B0 48A:@5B=>N B@0=AD>@<0FVO<8 
(C@’є  >1<565=>3> ?> G0AB>BV A83=0;C: 0-728G09=0 B@0=AD>@<0FVO 
(C@’є; 1->12V4=0 �&( 7 cTa 25,1= ; 2->12V4=0 �&( 7 cTa 8,0=  

÷
÷
ø

ö
÷
÷
ø

ö
ú
û

ù
ú
û

ù
+=

a

dd
T

jFjF
ð 2)( . (3.9) 
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%?5:B@8 �&(, O:V ?>2B>@NNBьAO, =5 ?>28==V ?5@5:@820B8AO, 
I>1 =5 70H:>48B8 >48= >4=><C (@8A.3.3). *5 <0є <VAF5 C @07V, :>;8 
=091V;ьH0 G0AB>B0 A83=0;C maxf  =5 ?5@528ICє ?>;>28=8 G0AB>B8 
48A:@5B870FVW af : 

aff
2

1
max ü , 

aT

ð 2

2

1
max ü  (3.10) 

*O 28<>30 <0є =072C B5>@5<8 ?@> 281V@:8 (48A:@5B870FVW), 
B>1B> G0AB>B0 48A:@5B870FVW ?>28==0 1CB8 1V;ьH>N, =V6 ?>42V9=5 
7=0G5==O <0:A8<0;ь=>W G0AB>B8. 

$>73;O=5<> ?C=:B 4). /:I>, =0?@8:;04, )(tf  >?8ACє 3@0DV: 
=0?@C38, B> 728G09=0 B@0=AD>@<0FVO (C@'є 73V4=> 7 (3.1) 2=0A;V4>: 
V=B53@C20==O ?> G0AC 28<V@NєBьAO C 2>;ьB0E =0 35@F. ' @V2=O==V (3.8) 
�&( V=B53@0; 70<V=5=> AC<>N, 0 <=>65==O =0 G0A 2V4ACB=є. &><C 
0<?;VBC40 �&( <0є @>7<V@=VABь 28<V@O=>3> 7=0G5==O. "B65, �&( 
(3.7) =5>1EV4=> 4><=>6C20B8 =0 V=B5@20; 48A:@5B870FVW aT  4;O B>3>, 
I>1 2>=0 2V4?>2V40;0 70 7=0G5==O< 728G09=V9 B@0=AD>@<0FVW (C@'є 
(3.1) 

)()(  jFTjF da =  (3.11) 

' ?C=:BV e) =5?5@5@2=8< 0@3C<5=B>< є :>;>20 G0AB>B0  , O:0 
<>65 =01C20B8 1C4ь-O:>3> 7=0G5==O. �2V4A8 28?;820є, I> )( jFd  

<>6=0 >1G8A;N20B8 4;O 1C4ь-O:>3> 7=0G5==O, ?@>B5 F5 =5 2V4?>2V40є 
4V9A=>ABV, >A:V;ь:8 2 ?@02V9 G0AB8=V @V2=O==O (3.8) <0є<> ;8H5 
>1<565=5 G8A;> 48A:@5B=8E 40=8E )( anTf ; B><C 0<?;VBC48 <>6=0 
>1G8A;8B8 ;8H5 4;O >1<565=>3> G8A;0 48A:@5B=8E G0AB>B. 

�>6=0 A?5:B@0;ь=0 ;V=VO A:;040єBьAO 7 >4=VєW 4V9A=>W B0 >4=VєW 
CO2=>W G0AB8=8. "B65, V7 N =0O2=8E 281V@>: <>6=0 287=0G8B8 
0<?;VBC48 B0 D078 4;O N/2 48A:@5B=8E G0AB>B, O:V 7=0E>4OBьAO 2 
V=B5@20;V 2V4 0=f  4> 2aff =  . �V4?>2V4=V A?5:B@0;ь=V ;V=VW 
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?>2B>@NNBьAO 2 V=B5@20;V 2V4 2af  4> af . � >1;0ABV <V6 0=f  B0 

aff =  <>6=0 ?>1C4C20B8 N  ;V=V9 4;O G0AB>B 

k
NTa

k

ð 2
=  (3.12, 0) 

k
NT

f
a

k

1
=  (3.12, 1) 

�5 1,...,1,0 2= Nk . /:I> 2 @V2=O==V (3.8) 70<V=8B8   =0 k , B> 
4VAB0=5<> 728G09=C D>@<C 70?8AC �&( 

õ

õ
2

=

2

=

2

2

=

=÷÷
ø

ö
÷÷
ø

ö
=

1

0

/

1

0

2

)()(

)(
2

)(

N

n

N

ad

N

n

nTj

a

a

dkd

knj

ak

enTfkjF

enTfk
NT

FjF

ð



ð 

 (3.13) 

�5 1,...,1,0 2= Nk . 

�8A:@5B=V 7=0G5==O G0AB>B8 @>7B0H>20=V =0 2V4AB0=V  , 01> 
2V4?>2V4=> f >4=5 2V4 >4=>3>: 

a

kk

aa

kk

NT
fff

NT
kk

NT

1

2
)1(

2

1

1

=2=

=2+=2=

+

+
ðð

 (3.14) 

�2V4A8 28E>48Bь, I> A5;5:B82=VABь, B>1B> A?5:B@0;ь=5 
@>72'O70==O 28<V@N20==O, >15@=5=> ?@>?>@FV9=5 G0AC A?>AB5@565==O 

aNT . !0 ?@0:B8FV <0:A8<0;ь=0 G0AB>B0 A83=0;C 287=0G0єBьAO 
3@0=8G=>N G0AB>B>N 0=B85;V7V=3>2>3> DV;ьB@0. �<?;VBC4=0 
E0@0:B5@8AB8:0 Fь>3> DV;ьB@0 70 3@0=8G=>N G0AB>B>N A?040є 4> =C;O 
=5 ?5@?5=48:C;O@=>, 0 7 45O:8< =0E8;><. &><C G0AB>B0 48A:@5B870FVW 
B0 3@0=8G=0 G0AB>B0 ?>28==V @V7=8B8AO 1V;ьH, =V6 242>є. +0AB>BC 
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48A:@5B870FVW 2818@0NBь 2 5...20 @07V2 1V;ьH>N, =V6 3@0=8G=0 G0AB>B0 
A83=0;C. 

/:I> C<>20 B5>@5<8 I>4> 281V@:8 28:>=CєBьAO, B> 
A?5:B@0;ь=0 DC=:FVO 2=0A;V4>: ?5@5:@820==O =5 45D>@<CєBьAO. *O 
B5>@5<0 A2V4G8Bь ?@> 2V4<V==VABь >:@5<8E A?5:B@0;ь=8E ;V=V9. �;O 
B0:>3> «A?5:B@0;ь=>3> @>74V;5==O» <V@8;>< A;C68Bь =5 G0AB>B0 
48A:@5B870FVW af , 0 AC<0@=89 G0A A?>AB5@565==O aNT  

#D<>?48 3.1. � DC=:FVW 73V4=> 7 @8A.3.1 ?@>BO3>< 10 A 7@>1;5=> 
281V@:8 G5@57 ?@><V6>: G0AC 2 0,2 A: ?5@V>4 48A:@5B870FVW cTa 2,0= ; 

G0AB>B0 48A:@5B870FVW �цf a 5= ; AC<0@=89 G0A A?>AB5@565==O 
A 10 =NT  a ; :V;ь:VABь 281V@>: 50=N . 

%?5:B@0;ь=0 DC=:FVO, I> >1G8A;NєBьAO 73V4=> 7 (3.10), 
?5@V>48G=0 7 1102,022 2=== cTa ððð . �<?;VBC48 <>6=0 
>1G8A;8B8 4;O 2AVE 50=N  48A:@5B=8E G0AB>B k . �3V4=> 7 (3.14) 2>=8 
7=0E>4OBьAO >4=0 2V4 >4=>W =0 2V4AB0=V 12,02 2= cNTa ðð . 

#>A;V4>2=VABь 281V@>: A:;040єBьAO 7 B0:8E 7=0G5=ь: 
 

n  
cnTa ,

 

)( anTf

 

0 0 0 

1 0.2 
1.0

576 

2 0.4 
1.7

620 

3 0.6 
2.0

714 

& 

47 

& 

9.4 

& 

0.0

014 
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"B65, <>6=0 287=0G8B8 0<?;VBC48 9 4;O 2AVE V=H8E 7=0G5=ь 
G0AB>B8. �<?;VBC4=89 A?5:B@, >1G8A;5=89 73V4=> 7 (3.15), 7>1@065=> 
=0 @8A. 3.4, 1. �7030;V V7 N  7=0G5=ь 0<?;VBC48 =570;56=8<8 є BV;ь:8 

2/N . %?5:B@8, O:V ?>2B>@NNBьAO, ?5@5:@820NBьAO. "G5284=>, I> 
G0AB>B0 281V@>: 70=04B> =87ь:0. 

#D<>?48 3.2. ' 4@C3><C 4>A;V4V G0AB>BC 48A:@5B870FVW 1C;> 
71V;ьH5=> BV;ь:8 2 420 @078: ?5@V>4 48A:@5B870FVW c1,0Ta = ; G0AB>B0 
48A:@5B870FVW �цf a 10= ; AC<0@=89 G0A A?>AB5@565==O cNTa 10= ; 

:V;ь:VABь 281V@>: 100=N . 

%?5:B@0;ь=0 DC=:FVO <0є :>;>2C G0AB>BC 
1201,022 2=== cTa ððð . �Aь>3> <>6=0 >1G8A;8B8 0<?;VBC48 4;O 
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100=N  48A:@5B=8E G0AB>B k , O:V 7=>2C 7=0E>4OBьAO =0 2V4AB0=V 
1_6,0/2 cNTn a = >4=0 2V4 >4=>W. �<?;VBC4=89 A?5:B@, O:89 ?@8 Fь><C 

>B@8<0є<>, 7>1@065=> =0 @8A. 3.4, 2. "G5284=>, I> G0AB>B0 
48A:@5B870FVW 4>AB0B=ь> 28A>:0, B><C ?5@5:@8BBO 7=8:0NBь.  

4. "C<E ?45BD4FBDABW GEF4AB6>< 

�;O 4>A;V465=ь �#( B0 ,#(, I> 28:>@8AB>2CNBьAO ?@8 
F8D@>2V9 >1@>1FV @04V>A83=0;V2 28:>@8AB>2CєBьAO ?’OB89 @>74V; 
?@>3@0<8 Numeri. 

5. #V87BFB6>4 8B 6<>BA4AAO DB5BF< 

1. "?@0FN20B8 =5>1EV4=89 B5>@5B8G=89 <0B5@V0; 2 
@5:><5=4>20=><C ?5@5;V:C ;VB5@0BC@8. 

2. "?@0FN20B8 <5B>48G=V 2:07V2:8 4> ?@>2545==O ;01>@0B>@=>W 
@>1>B8, COA=8B8 <5BC @>1>B8 B0 ?@8=F8? WW 28:>=0==O. 

3. �82G8B8 B5E=VG=V >?8A8 ?@8;04V2, I> 2E>4OBь 4> A:;04C 
;01>@0B>@=>3> @>1>G>3> <VAFO, 0 B0:>6 A?5FV0;V7>20=>3> ?0:5BC 
?@8:;04=8E ?@>3@0< #�" . 

4. �8:>=0B8 =5>1EV4=V ?>?5@54=V @>7@0EC=:8. 
5. �V4?>2VAB8 =0 ?8B0==O A0<> B5ABC20==O, 3>B>2=>ABV 4> 

28:>=0==O @>1>B8. 
6. �;O :>6=>3> ?C=:BC B@5Bь>3> @>74V;C ?@>@>18B8 B0 

70?@>?>=C20B8 A2V9 20@V0=B <5B>48:8 4>A;V465=ь 2 7030;ь=><C 
283;O4V V7 >1ґ@C=BC20==O< 28:>@8AB0==O :>=:@5B=>W <>45;NNG>W 
?@>3@0<8 V7 ?0:5BC ?@8:;04=8E ?@>3@0<. �0@V0=B <5B>48:8 
4>A;V465=ь C73>48B8 V7 28:;040G5<. 

7. �81@0B8 B8? V AB@C:BC@C <>45;NNG8E A83=0;V2 B0 
@>7@0EC20B8 :>=:@5B=V WE ?0@0<5B@8 V 4V0?07>=8 WE <>6;828E 7=0G5=ь. 
#V43>BC20B8 ?@>3@0<C <>45;ь V7 C@0EC20==O< ?@>2545=8E @>7@0EC=:V2 
B0 C73>48B8 WW 7 28:;040G5<. 

8. #@>0=0;V7C20B8 V 70?@>?>=C20B8 <>6;82VABь @>7H8@5==O V 
?>3;81;5==O 4>A;V465=ь AB>A>2=> >A>1;82>AB59 ?@>F54C@8 �#( ?@8 
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>1@>1FV @04V>A83=0;V2. �0?@>?>=C20B8 20@V0=B8 4>40B:>28E 
4>A;V465=ь 2 4>?>2=5==O ?@>3@0<8 @>74V;C 3. 

6. #BDO8B> 6<>BA4AAO DB5BF< 

3.1. �>A;V48B8 >A=>2=V 2;0AB82>ABV �#( 4V9A=8E @04V>A83=0;V2 
4;O ?0@=>W B0 =5?0@=>W :V;ь:>ABV 2V4;V:V2 SN  @50;V70FVW )( ktS . 

�>A;V48B8 5D5:B8 :><?;5:A=>-A?@O65=>W 2V4?>2V4=>ABV 2V4;V:V2 B0 WE 
A8<5B@8G=VABь 2 <560E A<C38 0=0;V7C. �>A;V465==O ?@>25AB8 4;O 
@V7=8E D>@< A83=0;V2 B0 B8?V2 «2V:>=». 

3.2. �>A;V48B8 >A=>2=V 2;0AB82>ABV �#( 4V9A=8E 
@04V>A83=0;V2, @50;V70FVO O:8E A8<5B@8G=0 2V4=>A=> ?>G0B:C V 
A5@548=8 @50;V70FVW. 

3.3. �>A;V48B8 >A=>2=V 2;0AB82>ABV �#( 4V9A=8E A83=0;V2 2 
70;56=>ABV 2V4 :V;ь:>ABV 2V4;V:V2 @50;V70FVW SN , I> >1@>1;ONBьAO. 

3.4. �>A;V48B8 >A=>2=V 2;0AB82>ABV �#( :><?;5:A=8E 
@04V>A83=0;V2. 

3.5. �>A;V48B8 ;V=V9=VABь �#( 4V9A=8E B0 :><?;5:A=8E 
@04V>A83=0;V2. 

3.6. �>A;V48B8 2?;82 =0 �#( @04V>A83=0;C 9>3> 70B@8<:8 C 
G0AV )()( 3ntStS kkH ñ=  

3.7. �>A;V48B8 2;0AB82>ABV �#( 4>1CB:C @04V>A83=0;V2 
)()()( 21 kkk tStStS =  (4V9A=8E, :><?;5:A=8E). � O:>ABV >4=>3> 7 

20@V0=BV2 4@C3>3> A83=0;C )(2 ktS  281@0B8 A83=0;8 )sin()(1 kk ttS = ; 

)cos()(1 kk ttS = ; ktj

k etS
ñ=)(1 . 

3.8. �>A;V48B8 2;0AB82>ABV �#( @04V>A83=0;V2 7V 72>@>B=V< 
?>@O4:>< G0A>28E 2V4;V:V2 C @50;V70FVW )()( ktStS NskH 2= . 

3.9. �>A;V48B8 2;0AB82>ABV �#( A83=0;V2 ?@8 4>4020==V 4> 
A83=0;ь=>W @50;V70FVW 2V4;V:V2 SN  =C;ь>28E 2V4;V:V2 0N . 



�<FB@<DEь>4 
CB?VF9IAV>4 

 �!�%&�$%&�" "%��&� � !�'�� '�$��!�  

��$�А�!�� '!���$%�&�& «��&" �$%Ь�А 
#"��&�)!��А» 

%<EF9@4 GCD46?VAAO O>VEFN 6V8CB6V84є �%&' ISO 9001:2015  

(-22.06-

05.02/2/172.00.1/  

/��2.2-2021 

Е>75@C?яD № 1 �D>  68 / 48 

 

 48 

3.10. �>A;V48B8 2;0AB82>ABV �#( A83=0;V2, I> D>@<CNBьAO 
H;OE>< 22>4C C <0A82 A83=0;ь=8E 2V4;V:V2 SN  =C;ь>28E 2V4;V:V2 <V6 
:>6=8<8 AC<VA=8<8 A83=0;ь=8<8 2V4;V:0<8. 

3.11. �>A;V48B8 2;0AB82>ABV H284:>3> ?5@5B2>@5==O (C@’є 
(,#() 4;O C<>2 ?C=:BV2 3.1 – 3.3. 

3.12. �>A;V48B8 2;0AB82>ABV 72>@>B=>3> �#( (��#() A83=0;V2 
?VA;O WE 7AC2C 2 G0AB>B=V9 >1;0ABV 287=0G5==O )()( ffXfY kk ñ= , 0 
B0:>6 ?@8 >?5@0FVW V=25@AVW A?5:B@0 ?@8 )()1()( kxky k2= . 

7. "5DB5>4 D9;G?ьF4FV6 8BE?V8:9Aь. 
4.1. #> :>6=><C ?C=:BC 4>A;V465=ь @>74V;C 3 28:>=0B8 

O:VA=89 0=0;V7 >B@8<0=8E @57C;ьB0BV2 V 28O28B8 >A=>2=V 70;56=>ABV B0 
2;0AB82>ABV �#(, ,#(, 72>@>B=>3> �#(. "1@>1:C 28:>=0B8 H;OE>< 
0=0;V7C G0A>28E B0 A?5:B@0;ь=8E 4V03@0< @04V>A83=0;C. 

4.2. #> :>6=><C ?C=:BC 4>A;V465=ь 7=OB8 :V;ь:VA=V 
E0@0:B5@8AB8:8 ?0@0<5B@V2 �#(, ,#(, ��#( 2 70;56=>ABV 2V4 
B@0=AD>@<0FVW 28EV4=>3> <0A82C 2V4;V:V2 B0 ?>1C4C20B8 2V4?>2V4=V 
3@0DV:8, 3VAB>3@0<8, B>I>. 

4.3. �8:>=0B8 ?>@V2=O;ь=89 0=0;V7 >B@8<0=8E @57C;ьB0BV2 
4>A;V465=ь V 28O28B8 >A=>2=V 70;56=>ABV @57C;ьB0BV2 �#(, ,#(, 
��#( 2V4 WE ?0@0<5B@V2 B0 ?>?5@54=VE ?5@5B2>@5=ь. 

4.4. #> :>6=><C ?C=:BC 28:>=0B8 B5>@5B8G=89 @>7@0EC=:8 V 
?>@V2=OB8 WE @57C;ьB0B8 V7 >B@8<0=8<8 5:A?5@8<5=B0;ь=8<8 
@57C;ьB0B0<8. 

4.5. #> @57C;ьB0B0< 28:>=0=8E 4>A;V465=ь B0 @>7@0EC=:V2 
7@>18B8 >1ґ@C=B>20=V 0=0;V7 V 28A=>2:8. 

4.6. $57C;ьB0BV2 4>A;V465=ь >D>@<8B8 C 283;O4V 72VBC, I> 
?V4;O30є V=482V4C0;ь=><C 70E8ABC. 

8. �@VEF ;6VFG. �2VB ?>28=5= <VAB8B8: 
1. �=0;VB8G=5 ?@54AB02;5==O �#(, ,#(. 
2. $57C;ьB0B8 4>A;V465=ь B0 @>7@0EC=:V2 V 2V4?>2V4=V 3@0DV:8. 
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3. �@>18B8 28A=>2:8: ?@> >1’є< 28:>=0=>W @>1>B8, G8 4>AO3=5=0 <5B0 
@>1>B8, G8 ?@0:B8G=V @57C;ьB0B8 A?V2?0;8 7 B5>@5B8G=8<8. 

9. �BAFDB?ьAV F9EFB6V C<F4AAO 

1. �0B8 287=0G5==O �#(, ,#(, ��#(. 
2. �0B8 ?>@V2=O;ь=89 0=0;V7 2;0AB82>AB59 �#( V ,#(. 
3. /:V >A=>2=V 2;0AB82>ABV �#(? 
4. /:89 2?;82 =0 �#( @04V>A83=0;C <0є ?>?5@54=є 

?5@5<=>65==O =0 203>2C DC=:FVN «2V:=0»? 
5. /: 2?;820NBь =0 �#( @04V>A83=0;C 4>4020==O 4> <0A82C 

A83=0;ь=8E 2V4;V:V2 SN  =C;ь>28E 2V4;V:V2 0N ? 

6. /: 2?;820є =0 �#( @04V>A83=0;C 4>268=0 9>3> @50;V70FVW C 
G0A>2V9 >1;0ABV 287=0G5==O? 

7. !025AB8 >A=>2=V 20@V0=B8 28:>@8AB0==O �#(, ,#(, ��#( 
2 @04V>B5E=VG=8E A8AB5<0E. 

8. /:V >A=>2=V 2;0AB82>ABV �#( 4V9A=8E @04V>A83=0;V2? 
9. /:V >A=>2=V 2;0AB82>ABV �#( :><?;5:A=8E @04V>A83=0;V2? 
10. /: 2?;820є =0 �#( 7AC2 @04V>A83=0;C C G0AV? 
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�45BD4FBDA4 DB5BF4 №4 
�BE?V8:9AAO FD4є>FBDV= CB?ьBFG F4 DB5BK<I ;BA LFGKA<I 

EGCGFA<>V6 �9@?V  
 

1. !46K4?ьAV C<F4AAO 

1. �>A;V48B8 FD4є>FBDVW CB?ьBFG V DB5BGV 7BA8 DV7A8х HFGGA8х 
EGCGFA8>V6 Зе@?V. 

2. �>A;V48B8 >A=>2=V 2;0AB82>ABV HFGGA8х EGCGFA8>V6 Зе@?V. 
2. !46K4?ьA4 @9F4 
1. "7=09><8B8Aь 7 B@0є:B>@VO<8 ?>;ь>BC V @>1>G8<8 7>=0<8 

@V7=8E HBCG=8E AC?CB=8:V2 �5<;V, =02G8B8Aь 287=0G0B8 B@820;VABь 
A50=AV2 72’O7:C <V6 =075<=8<8 A?>AB5@V30G0<8 V HBCG=8<8 
AC?CB=8:0<8 �5<;V. 

3. &9BD9F<KAV 6V8B@BEFV 
$CE HBCG=8E AC?CB=8:V2 �5<;V (,%�) 74V9A=NєBьAO ?> 

5;V?B8G=8E >@1VB0E 7 5:AF5=B@8A8B5B><, I> =01;860єBьAO 4> 0. � 
70;56=>ABV 2V4 28A>B8 =04 ?>25@E=5N �5<;V >@1VB8 ?>4V;ONBьAO =0 
4C65 =87ь:V (< 1 B8A. :<), =87ь:V (1-10 B8A. :<.), A5@54=V (10-25 B8A. 
:<.) V 28A>:V (> 25 B8A. :<). !0@O4C 7 28A>B>N >@1VB8 206;82>N WW 
E0@0:B5@8AB8:>N, I> 287=0G0є 5:A?;C0B0FV9=>-B5E=VG=V ?>:07=8:8 
4;O :>@8ABC20GV2, є 35>AB0FV>=0@=VABь. "@1VB0 =07820єBьAO 
35>AB0FV>=0@=>N, O:I> 2>=0 є >4=>G0A=> 28A>:>N, 5:20B>@V0;ь=>N 
(A?V2?040є 7 ?;>I8=>N 5:20B>@C) B0 4>1>2>N G8 A8=E@>==>N (?5@V>4 
>15@B0==O AC?CB=8:0 ?> >@1VBV 4>@V2=Nє ?5@V>4C >15@B0=O �5<;V). ' 
@5HBV 28?04:V2 >@1VB0 B0 AC?CB=8:, I> ?> =V9 @CE0єBьAO, =07820NBьAO 
?5@V>48G=8<8 01> 0A8=E@>==8<8. !0 Aь>3>4=VH=V9 45=ь VA=Cє 1030B> 
AC?CB=8:V2 B0 AC?CB=8:>28E A8AB5<, I> ?@0FNNBь =0 @V7=8E >@1VB0E, 
<0NBь @V7=5 ?@87=0G5==O B0 5:A?;C0B0FV9=V E0@0:B5@8AB8:8. 
!0?@8:;04 =V1V;ьH 2V4><V 35>AB0FV>=0@=V A8AB5<8 Inmarsat, Emsat V 
Turaya 5D5:B82=> 28:>@8AB>2CNBьAO 4;O =040==O 
B5;5:><C=V:0FV9=8E ?>A;C3 @CE><8< A?>6820G0< C F5=B@0;ь=8E 
@09>=0E �5<=>W :C;V, A8AB5<8 =0 A5@54=ь>@1VB0;ь=8E ?5@V>48G=8E 
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AC?CB=8:0E (GPS, ��"!�%% V 2 ?5@A?5:B82V ������") 2 >A=>2=><C 
28:>@8AB>2CNBьAO 4;O =040==O =02V30FV=8E ?>A;C3 C 3;>10;ь=8E 
<0HB010E, 0 A8AB5<8 =0 =87ь:>>@1VB0;ь=8E ?5@V>48G=8E AC?CB=8:0E 
(=0:HB0;B Iridium, Globalstar V Orbcomm) 70157?5GCNBь 3;>10;ь=89 
72O7>:, 2:;NG0NGV ?>;O@=V @09>=8 �5<=>W :C;V.  

�8A>B0 >@1VB B0 ?5@V>48G=VABь @CEC ?> =8< AC?CB=8:V2 
287=0G0NBь @>7<V@ @>1>G8E 7>= V 4>ABC?=VABь AC?CB=8:>28E A8AB5< 
(45B0;ь=89 >?8A 482. C [1,2]), I> є 206;828<8 ?>:07=8:0<8 4;O 
A?>6820GV2 B5;5:><C=V:0FV9=8E B0 =02V30FV9=8E ?>A;C3. "B65 
206;82>N 7040G5N 4;O :>@8ABC20G0 1C4ь-O:>W AC?CB=8:>2>W A8AB5<8 
є 287=0G5==O @>1>G8E 7>= ,%� V B@820;>ABV A50=AV2 72O7:C <V6 
=075<=8<8 ?C=:B0<8 A?>AB5@565==O V ,%�. �;O 28@VH5==O FVєW 
7040GV 4>FV;ь=> A:>@8AB0B8AO ACG0A=8< :><?’NB5@=8<8 V<VB0B>@0<8 
?>;ь>BC ,%�, O:V 28:>@AB>2CNBь @50;ь=V 5D5<5@848 (:>>@48=0B8 B0 
?0@0<5B@8 @CEC) VA=CNG8E :>A<VG=8E 0?0@0BV2, @>7@07@0E>20=V 
AB0=FVO<8 A?>AB5@565==O. #@8:;04>< B0:>3> 5<VB0B>@0 є ?@>3@0<0 
NOVA for Windows, @>7@>1;5=0 :><?0=VєN Northern Lights Software 
Associates (NLSA). �0=0 ?@>3@0<0 є 157:>HB>2=>N 45<>-25@AVєN V 
B><C <>65 1CB8 2AB0=>2;5=0 ABC45=B>< A0<>ABV9=> 7 
48AB@81CB82=>3> D09;C (=040єBьAO 28:;040G5<). #>@O4>: 
2AB0=>2;5==O B0 28:>=0==O @>1>B8 ABC45=B>< =02545=> =86G5. 
4. #BDO8B> 6<>BA4AAO DB5BF< 

4.1. �;O CAB0=>2:8 ?@>3@0<8 =0 :><?ьNB5@ 70?CAB8B8 
28:>=02G89 D09;. #@89=OB8 C<>28 ;VF5=7V9=>W C3>48 V =0B8A=CB8 
Next. ' 3@0DV 22545==O A5@V9=>3> =><5@C ?5@HC G0AB8=C 70?>2=8B8 
;0B8=Aь:8<8 ;VB5@0<8 ))), 4@C3C G0AB8=C 70;8H8B8 ?>@>6=ь>N. 
#V4 G0A CAB0=>2:8 ?@>3@0<8 V3=>@C20B8 CAV ?>2V4><;5==O ?@> 
=5<>6;82VABь CAB0=>2:8 D09;V2, =0B8A:0NG8 Next. #VA;O 70:V=G5==O 
CAB0=>2:8 ?@>3@0<8 >1>2’O7:>2> ?5@57020=B068B8 :><?’NB5@. 

4.2. �020=B068B8 ?@>3@0<C NOVA, 420 @078 :;V:=C2H8 ?> O@;8:C 
=0 @>1>G><C AB>;V Windows. ' 2V:=0E, I> 7’O2;OB8<CBьAO, =0B8A=CB8 
A?>G0B:C OK, 0 ?>BV< Continue.  
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4.3. �0 =><5@>< C A?8A:C 3@C?8 >1@0B8 420 ,%� (B01;.1). 
&01;8FO 1 

�0@V0=B8 70240==O 4> ;01>@0B>@=>W @>1>B8 71  

7 20@V0=BC !0720 (=><5@) AC?CB=8:V2 
1 A-1 (ASTERIX), EKRAN 1  

2 ADEOS, INMARSAT 2-F1 

3 QUAKESAT, KOREASAT 5 

4 KOMPASS, FEDSAT 

5 KYOKKO 1 DEB, FALCONSAT 3 

6 EGYPTSAT 1, NAVSTAR 10 

7 GENESIS 2, NADEZHDA 3 

8 BRAZILSAT B2, NATO 2A 

9 OKEAN 1, TELSTAR 1  

10 OLYMPUS 1, KITSAT 3 

11 DNEPR 1 DEB, TRANSIT 5B 3 

12 DYNAMICS EXPLORER 1, MOLNIA 1-29 

13 TOPSAT, LANDGEOS 2 

14 RADUGA 10, INMARSAT 2-F1 

15 METEOR 1-11, EUTELSAT 1-F1 

16 EXPLORER 22, EQUATOR S 

17 OKEAN 1, GALAXY 1 

18 IKONOS 2, EKRAN 20 

19 IRIDIUM 10, EUTELSAT W3 

20 INTERCOSMOS 25, ORBCOMM 7 

21 ITALSAT 1, EXPRESS 4A 

22 GENESIS 2, NATO 3D 

23 NAVSTAR 15, ORBCOMM FM 15 

24 ITALSAT 2, MERIDIAN 1 

25 EUTELSAT W5, OKEAN O 

26 ENVISAT, INMARSAT 4-F2 

27 GLOBALSTAR M025, FALCONSAT 3 
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28 VIKING, ARABSAT 2A 

29 XTAR-EUR, COSMOS 2177 

30 ELEKTRON 1, ORBCOMM FM 10 

31 EUTELSAT 1-F5, FOTON M-2 DEB 

32 COSMOS 2205, INMARSAT 3-F5 

33 INTELSAT 4A-F1, MICRO LABSAT 

34 IRIDIUM 80,  GALAXY 1R 

35 NATO 2A, OKEAN 4 

36 GEOSAT, INMARSAT 2-F4 

37 ABRIXAS, ANATOLIA 1 

38 AGILE, COSMOS 1687 

39 COBE,  E-BIRD 

40 YOGAN 1, OLYMPUS 1 

 

4.4. ' ?@02><C AB>2?G8:C 2V:=0 View Creation Wizard 

(70:;04:0 Satellites) ?>7=0G8B8 :C@A>@>< Default Sat, 0 ?>BV< 9>3> 
2840;8B8 7 :>;>=:8, =0B8A=C2H8 =0 Delete. ' F5=B@0;ь=><C 
AB>2?G8:C Database 7=09B8 =0728 ?>B@V1=8E AC?CB=8:V2 V ?> G5@7V 
?5@5BO3=CB8 WE C ?@0289 AB>2?G8: (@8A. 1.1). �;O H284:>3> ?>HC:C 
?>B@V1=8E AC?CB=8:V2 <>6=0 2V4DV;ьB@C20B8 3@C?8 AC?CB=8:V2 70 
>7=0:>N WE =0;56=>ABV 4> :>=:@5B=8E A8AB5<, 28:>@8AB02H8 
70:;04:C ;V2>@CG 7 :@0N 2V:=0. 

4.5. #@>?CAB8B8 70:;04:C Observers V 7@07C ?5@59B8 =0 
70:;04:C Display 2V:=0 View Creation Wizard. "1@0B8 @>7<V@ :0@B8 
Large V B8? View from Space (@8A.1.2). 
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$8A.1. �V:=> View Creation Wizard V7 70:;04:0<8 

 
$8A. 2. !0;0HBC20==O 283;O4C :0@B8  

4.6. ' 70:;04FV Title 225AB8 0=3;V9Aь:8<8 ;VB5@0<8 A2>є 
?@V728I5 V =0B8A=CB8 Create. 

4.7. �;O =0;0HBC20==O =091V;ьH ?>2=>3> 3@0DVG=>3> 
2V4>1@065==O ,%�, 2:;NG0NG8 ?>:07 >@1VB AC?CB=8:V2 B0 WE 
?@>5:FV9 =0 �5<;N, ?>B@V1=> :;V:=CB8 ?@02>N :=>?:>N <8HV =0 
5;5:B>==V9 :0@BV �5<;V V >1@0B8 C <5=N, I> 7O28BьAO, ?C=:B 
Configure View, 70:;04:C Map B0 2V4<VB8B8 30;>G:0<8 CAV >?FVW O: 



�<FB@<DEь>4 
CB?VF9IAV>4 

 �!�%&�$%&�" "%��&� � !�'�� '�$��!�  

��$�А�!�� '!���$%�&�& «��&" �$%Ь�А 
#"��&�)!��А» 

%<EF9@4 GCD46?VAAO O>VEFN 6V8CB6V84є �%&' ISO 9001:2015  

(-22.06-

05.02/2/172.00.1/  

/��2.2-2021 

Е>75@C?яD № 1 �D>  68 / 55 

 

 55 

?>:070=> =0 @8A. 3. #VA;O 281>@C CAVE >?FV9 :0@B0 <0B8<5 283;O4 O: 
=0 @8A. 4. 

4.8. #@>25AB8 0=0;V7 B@05:B>@V9 @CEC B0 7>= 2848<>ABV 
:>6=>3> ,%� (73V4=> 20@V0=BC 70240==O). �;O Fь>3> =0 ?0=5;V 
?@>:@CB:8 (?@02>@CG 2V4 :0@B8) =0B8A=CB8 7=0G>: STOP V ?>BV< 70 
4>?><>3>N :;02VH  C ?@8A:>@5=><C @568<V 45:V;ь:0 @07V2 
?@>:@CB8B8 :>6=89 ,%� =02:>;> �5<;V. #>4828B8Aь =04 O:8<8 
:@0W=8< ?@>E>48Bь 7>=0 2848<>ABV :>6=>3> ,%�.  

 
$8A. 3. �81V@ >?FV9 2V4>1@065==O :0@B8  
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$8A. 4. �83;O4 :0@B8 ?VA;O 281>@C CAVE >?FV9  

�;O 7@CG=>ABV ?5@53;O4C @CEC ,%� <>6=0 >15@B0B8 �5<=C 
:C;N =0 :0@BV, :;V:0NG8 ;V2>N :=>?:>N <8HV =0 ?>B@V1=V9 B5@8B>@VW, 
01> 27030;V ?5@59B8 4> ?;>A:>W @>73>@=CB>W :0@B8, 28:;8:02H8 
?@02>N :=>?:>N <8HV <5=N B0 >1@02H8 2 =ь><C Map Style B0 
Rectangular map. !0;0HBC20==O >?FV9 2V4>1@065==O 28:>=0B8 
0=0;>3VG=> ?. 4.7 (@8A. 3). 

4.9. #5@53;O=C2H8 @CE 7>= 2848<>ABV >1>E ,%�, >1@0B8 =0 
H;OEC WE ?@>E>465==O 42V :@0W=8 (<VAB0) B0 2AB0=>28B8 =0 WE 
B5@8B>@VW ?> ?C=:BC A?>AB5@565==O – Observers. �;O Fь>3> ?>B@V1=> 
?@02>N :=>?:>N <8HV 28:;8:0B8 <5=N Configure View B0 C 70:;04FV 
Observers C40;8B8 ?C=:B Default (@8A. 5).  
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$8A. 5. �AB0=>2;5==O ?C=:BV2 A?>AB5@565==O  

#>BV<, =0B8A=C2H8 C 2V:=V :=>?:C Set Up Observers, 2V4:@8B8 107C 
<VAB B0 7=09B8 2 =V9 420 ?>B@V1=8E <VAB0 (@8A. 6).  

 

 
$8A. 6. �070 40=8E <VAB B0 A?8A>: ?C=:BV2 A?>AB5@565==O 
�0;V 70 4>?><>3>N <8HV ?5@5BO3=CB8 >18420 <VAB0 7 B01;8FV 

Main City Database C A?8A>: Observers list. /:I> =5 240єBьAO 7=09B8 
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?>B@V1=5 <VAB>, B> 9>3> <>6=0 2@CG=C 2=5AB8 4> A?8A:C ?C=:BV2 
A?>AB5@565==O. �;O Fь>3> ?>B@V1=> 287=0G8B8 =0 :0@BV :>>@48=0B8 
40=>3> <VAB0 (=025AB8 :C@A>@ C ?>B@V1=5 <VAB> :0@B8) V 
28:>@8AB>2CNG8 <5=N Edit Location  =0720B8 ?C=:B, 2AB0=>28B8 9>3> 
H8@>BC (Latitude), 4>23>BC (Longitude) V 28A>BC (Elevation), 0 ?>BV< 
715@53B8 C A?8A:C <VAB, =0B8A=C2H8 Add to Observers List. 

#>25@=C2H8Aь 4> 2V:=0 2AB0=>2;5==O ?V=:BV2 A?>AB5@565==O 
(@8A.5) ?5@5BO3=CB8 <8H5N 7 ;V2>3> AB>2?G8:0 C ?@0289 ?>B@V1=V 
?C=:B8 A?>AB5@565==O B0 =0B8A=CB8 Ok. &5?5@ >1@0=V ?C=:B8 
A?>AB5@565==O <0NBь 7’O28B8AO =0 :0@BV C 283;O4V ?@O<>:CB=8:V2 7 
=0720<8 2V4?>2V4=8E <VAB. 

4.10. #@>25AB8 0=0;V7 B@820;>ABV A50=AV2 72’O7:C <V6 :>6=8< 
,%� V ?C=:B>< A?>AB5@565==O, 70?8A0B8 ?0@0<5B@8 ,%� C <><5=B8 
2E>465==O C 7>=C @04V>2848<>ABV ?C=:BC A?>AB5@565==O V C <><5=B8 
28E>4C 7 =5W. �25@=VBь C203C, I> >18420 <><5=B8 2E>4C V 28E>4C 
A?>AB5@V30G0 V7 7>=8 2848<>ABV AC?CB=8:0 B0 ?0@0<5B@8 ,%� 
3@0DVG=> 2V4>1@060NBьAO C 25@E=ь><C ?@02><C :CBV 2V:=0 ?@>3@0<8 
(420 AB>2?G8:8 «?0@0<5B@-7=0G5==O» =0 @8A.4). �84V;5==O >1>E 
AB>2?G8:V2 75;5=8< :>;ь>@>< A2V4G8Bь ?@> ?5@51C20==O A?>AB5@V30G0 
C 7>=V 2848<>ABV AC?CB=8:0, 0 2V4?>2V4=> ?5@H89 V >AB0==V9 <><5=B8 
:>;ь>@>2>3> 7010@2;5==O F8E AB>2?G8:V2 є <><5=B0<8 2E>4C V 
28E>4C A?>AB5@V30G0 7 @>1>G>W 7>=8 AC?CB=8:0. !0 <><5=B 2E>4C 
A?>AB5@V30G0 2 @>1>GC 7>=C AC?CB=8:0 ?0@0<5B@ Until <0є 7=0G5==O 
00:00:00, 0 =0 <><5=B 28E>4C ?@0:B8G=> 4>@V2=Nє 7=0G5==N 
Duration, O:5 E0@0:B5@87Cє B@820;VABь A50=AC 72’O7:C <V6 AC?CB=8:>< 
V A?>AB5@V30G5<. 

4.11. �8?8A0B8 7 1078 40=8E 45B0;ь=C E0@0:B5@8AB8:C ?> 
:>6=><C ,%�, O:89 2:070=89 C 20@V0=BV 70240==O. �;O Fь>3> 
?>B@V1=> 709B8 C :>=B5:AB=5 <5=N C 25@E=V9 G0AB8=V 2V:=0 ?@>3@0<8 
(@8A.4) Setup-Satellites, 28:;8:0B8 2V:=> 1078 40=8E AC?CB=8:V2 
(@8A.7.) V 7=09B8 70 0;D02VB>< ?>B@V1=V ,%�. � ;V2>W G0AB8=8 2V:=0 
28?8A0B8 C 7>H8B >A=>2=V :5?;5@>2V 5;5<5=B8 AC?CB=8:V2, WE ?5@V>48 
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>15@B0==O (Period) V B@820;VABь ?5@51C20==O =0 >@1VBV �5<;V (Satellite 

age), O:V <>6=0 ?>10G8B8 =0B8A=C2H8 :=>?:C  . 

 

 
 

$8A. 7. �070 40=8E <VAB B0 A?8A>: ?C=:BV2 A?>AB5@565==O.  
 

' 28A=>2:0E 287=0G8B8 ?@8=0;56=VABь >1@0=8E AC?CB=8:V2 4> 
:;0AC 28A>:> >@1VB0;ь=8E 35>AB0FV>=0@=8E 01> =87ь:>>@1VB0;ь=8E 
?5@V>48G=8E 0?0@0BV2. !025AB8 E0@0:B5@8AB8:C 2V4?>2V4=>3> :;0AC 
,%� V7 707=0G5==O< WE ?5@5203 B0 =54>;V:V2.    

�@VEF ;6VFG: 
1. &5<0 V <5B0 ;01>@0B>@=>W @>1>B8; 
2. $57C;ьB0B8 0=0;V7C @CEC V B@820;>ABV A50=AV2 72’O7:C <V6 
A?>AB5@V30G0<8 V ,%� 2V4?>2V4=> >1@0=>3> 20@V0=BC 70240==O;  
3. �5B0;ь=0 E0@0:B5@8AB8:0 >1@0=8E ,%� ; 
4. �8A=>2:8. 
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�BAFDB?ьAV ;4C<F4AAO 

1. #>OA=VBь, 28:>@8AB>2CNG8 ;01>@0B>@=V ?;0:0B8, O:V ?0@0<5B@8 
287=0G0NBь ?@>AB>@>2> G0A>25 ?>;>65==O ,%�.  
2. !0254VBь :;0A8DV:0FVN ,%� 70 28A>B>N >@1VB. 
3. #>OA=VBь I> є 7>=>N 2848<>ABV ,%� B0 A?>AB5@V30G0. 
4. /:8<8 >A=>2=8<8 2;0AB82>ABO<8 2>;>4VNBь AC?CB=8:8 =0 
35>AB0FV>=0@=8E >@1VB0E? 
5. /:8<8 >A=>2=8<8 2;0AB82>ABO<8 2>;>4VNBь AC?CB=8:8 =0 =87ь:8E 
>@1VB0E? 
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�45BD4FBDA4 DB5BF4 №5 

�BE?V8:9AAO I4D4>F9D<EF<> 4AF9A EGCGFA<>B6<I E<EF9@  

 

1. !46K4?ьAV C<F4AAO 

1. �>A;V48B8 >A=>2=V E0@0:B5@8AB8:8 475@:0;ь=>W 0=B5=8 2 
?@>3@0<V MANAGAL. 

2. $>7@0EC20B8 >A=>2=V ?0@0<5B@8 475@:0;ь=>W 0=B5=8. 

2. !46K4?ьA4 @9F4 
1. "7=09><8B8Aь 7 E0@0:B5@8AB8:0<8 475@:0;ь=>W 0=B5=8, 

=02G8B8Aь 0=0;V7C20B8 E0@0:B5@8AB8:8 0=B5= B0 ?@>2>48B8 
@>7@0EC=:8. 

3. &9BD9F<KAV 6V8B@BEFV 
 �75@:0;ь=V 0=B5=8: 

1. $C?>@=>-?0@01>;VG=V  
2. "A5A8<5B@VG=V 
2 "4=>475@:0;ь=V 
2 �2>E475@:0;ь=V (70 AE5<>N �0AA53@5=0 01> �@53>@V) 
3. #5@8AC=>::>?=V 
4. "DA5B=V 
 �53:> 70157?5GCNBь 28A>:C A?@O<>20=VABь, H8@>:>A<C3>2V, 
<0NBь ?>@V2=O=> ?@>ABC :>=AB@C:FVN. #@8 28A>:8E G0AB>B0E 28<>38 
4> B>G=>ABV 283>B>2;5==O 4C65 6>@AB:V (2V4E8;5==O ?>@O4:C ). 
�@C3>20 ?>;O@870FVO 70157?5GCєBьAO :>=AB@C:FVєN >?@><V=N20G0 01> 
22545==O< 4>40B:>28E 5;5<5=BV2, I> CA:;04=8Bь V 71V;ьH8Bь <0AC 
:>=AB@C:FVW. #@>0=0;V7C202H8 B01;8FN <>6=0 A:070B8, I> =091V;ьH 
?V4E>4OI89 4;O %�% B8? 0=B5=8 – >4=>475@:0;ь=C ?0@01>;VG=C, B<>C 
@>73;O=5<> WW 1V;ьH 45B0;ь=>. �V4><>,I> 475@:0;ь=V ?0@01>;VG=V 
0=B5=8 VA=CNBь ?@O<>D>:CA=V (Prime Focus) B0 >DA5B=V (Offset).  
 #@O<>D>:CA=V 0=B5=8 <0NBь I5 >4=C =072C – >A5A8<5B@8G=V. 
�75@:0;> ?@O<>D>:CA=>W 0=B5=8 – ?0@01>;>W4 >15@B0==O, 0=B5=0 
:@C3;0, WW 35><5B@8G=0 2VAь 71V30єBьAO 7 5;5:B@8G=>N 2VAAN.  �0728G09, 
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=0 FV9 65 >AV V @>7<VICєBьAO :>=25@B5@, O:89, O: ?@028;>, :@V?8BьAO 4> 
:@0W2 @5D;5:B>@0 70 4>?><>3>N B@ь>E 01> G>B8@8 ABV9>:. 
 "DA5B=0 0=B5=0 є 28@V7:>N 7 ?0@01>;>W40. /: ?@028;>, 28@V7:0 
CB2>@NєBьAO ?5@5B8=>< ?0@01>;>W40 V F8;V=4@0, >AV O:8E ?0@0;5;ь=V. 
&0:8< G8=><, 475@:0;> >DA5B=>W 0=B5=8 <0є D>@<C 5;V?A0, 0 =0?@O< 
5;5:B@8G=>W >AV 0=B5=8 2V4@V7=OєBьAO 2V4 =0?@O<C 35><5B@8G=>W >AV 
475@:0;0 =0 45O:89 :CB. /: ?@028;>, 5;5:B@8G=0 2VAь =0 20...30 
3@04CAV2 28I5 70 35><5B@8G=C 2VAь. 

�5><5B@VN ?@O<>D>:CA=>W V >DA5B=>W 0=B5= =02545=> =0 
@8AC=>:. 5.1. "1842V 0=B5=8  <0NBь  V  ?5@52038  V =54>;V:8.  

 
   (1)    (2) 

$8AC=>:. 5.1 – �5><5B@VO ?@O<>D>:CA=>W (1) V >DA5B=>W 0=B5= (2) 
 

!0?@8:;04, O:I> @>73;O40B8 ?@O<> D>:CA=C 0=B5=C, B> 2 =V9  
5D5:B82=VH5 28:>@8AC=>:B>2CєBьAO ?;>I0 475@:0;0. "DA5B=0 0=B5=0 
<0є B0:C 6 5D5:B82=C ?;>IC, O: ?@O<>D>:CA=0 0=B5=0 0;5 7  
4V0<5B@><, @V2=8< @>7<V@C >DA5B=>W 0=B5=8 ?> <5=HV9 >AV. &>1B>, 
704;O B>3>,I>1 >B@8<0B8 5D5:B82=C ?;>IC >DA5B=>W 0=B5=8, B@510 
?><=>68B8 WW DV78G=C ?;>IC =0 :>A8=CA :CB0 <V6 5;5:B@8G=>N V 
35><5B@8G=>N >AO<8. � B8?>28E 0=B5= DV78G=0 ?;>I0 
28:>@8AC=>:B>2CєBьAO =0 86-90%. � V=H>3> 1>:C, 2 ?@O<>D>:CA=V9 
0=B5=V G0AB8=0 ?>25@E=V 70BC;OєBьAO :>=25@B5@>< V 5;5<5=B0<8 9>3> 
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:@V?;5==O, 0 2 >DA5B=>W 0=B5=8 – =V. &><C 0=B5=8 <0;>3> 4V0<5B@C, 4> 
1,5 <5B@0, 2 O:8E :>=25@B5@ <>65 70BC;8B8 G0AB8=C ?;>IV 1V;ьH5 
10%, @>1;OBь, O: ?@028;>, >DA5B=8<8, 0 0=B5=8 25;8:8E @>7<V@V2 
G0ABVH5 1C20NBь ?@O<>D>:CA=8<8. 

"A:V;ь:8 4;O 70157?5G5==O 7040=>3> :>5DVFVє=B0 ?V4A8;5==O 
4V0<5B@ 0=B5=8 1C45 1V;ьH5 70 1,5 <, 0 B0:>6 :>=25@B5@ =5 1C45 
70:@820B8 1V;ьH5 10% ?;>IV 0=B5=8, B> >15@5<> B8? >4=>475@:0;ь=>W 
?0@01>;VG=>W 0=B5=8 – ?@O<>D>:CA=C.  
 

�?4EF<6BEFV F4 ;4EFBEG64AAO CDO@BHB>GEABW B8AB8;9D>4?ьABW 
C4D45B?VKABW 4AF9A< 

#0@01>;VG=V 0=B5=8 >AB0==V< G0A>< 2A5 1V;ьH H8@>:> 
70AB>A>2CNBьAO 2 :>A<VG=8E V @04V>@5;59=8E ;V=VOE 72'O7:C. ' 1888 
@>FV 2V4><89 =V<5Fь:89 DV78: �. �5@F 2 A2>WE 4>A;V40E 2 !�+ >?B8FV 
2?5@H5 70AB>AC202 O: D>:CACNG89 ?@8AC=>:B@V9 ?0@01>;VG=89 
F8;V=4@.  

�75@:0;ь=V ?0@01>;VG=V 0=B5=8 є =091V;ьH ?>H8@5=8< B8?>< 
=0?@02;5=8E 0=B5= 2 A0=B8<5B@>2><C, 45F8<5B@>2><C V G0AB:>2> 
<5B@>2><C 4V0?07>=0E E28;ь. 

,8@>:5 28:>@8AC=>:B0==O 475@:0;ь=8E 0=B5= ?>OA=NєBьAO 
?@>AB>B>N V ;53:VABN :>=AB@C:FVW, <>6;82VABN D>@<C20==O 
=09@V7=><0=VB=VH8E 4V03@0< A?@O<>20=>ABV, 28A>:8< ���, <0;>N 
HC<>2>N B5<?5@0BC@>N, 25;8:8< :>5DVFVє=B>< ?5@5:@8BBO ?> 
G0AB>BV. �5O:V B8?8 475@:0;ь=8E 0=B5= <>6CBь 70157?5GC20B8 4>A8Bь 
H284:5 3>940==O ?@><5=O 2 7=0G=><C A5:B>@V :CBV2.  �75@:0;ь=V 
0=B5=8 є B0:>6 =091V;ьH ?>H8@5=8< B8?>< 0=B5= 2 :>A<VG=><C 
72'O7:C V @04V>0AB@>=><VW, V A0<5 70 4>?><>3>N 475@:0;ь=8E 0=B5= 2 
40=89 G0A @50;V7>20=V 3V30=BAь:V 0=B5==V A8AB5<8 7 5D5:B82=>N 
?>25@E=5N @>7:@82C, 28<V@N20=>N B8AOG0<8 :204@0B=8E <5B@V2. 

"A=>2=8<8 5;5<5=B0<8 ?0@01>;VG=>W 0=B5=8 є <5B0;5289 
2V41820G (475@:0;>), I> <0є D>@<C >4=VєW 7 ?0@01>;VG=8E ?>25@E>=ь, 
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>?@><V=N20G 7 5;5<5=B0<8 :@V?;5==O, @>7<VI5=89 C D>:CAV B0:>W 
?>25@E=V, V 682;OG89 DV45@ F (@8AC=>:. 5.2). 

 
$8AC=>:. 5.2 

#0@01>;>W4 >15@B0==O 71C46CєBьAO A;01>=0?@02;5=8< 
>?@><V=N20G5< (=0?@8:;04, @C?>@><), @>7<VI5=8< C D>:CAV, V 
?5@5B2>@Nє AD5@8G=89 D@>=B E28;V 2 ?;>A:89. "?@><V=N20G 0=B5=8 
28:>=CєBьAO B0:, I>1 <0965 2AO 28?@><V=N20=0 =8< 5=5@3VO 
?@O<C20;0 C 1V: 2V41820G0. �>AO3=C2H8 2V41820G0, 5;5:B@><03=VB=V 
E28;V 71C46CNBь =0 9>3> ?>25@E=V 28A>:>G0AB>B=V AB@C<8, O:V 
AB2>@NNBь A2>W 5;5:B@><03=VB=V ?>;O. ?0@01>;VG=8E 0=B5=0E 
28:>@8AC=>:B>2CNBьAO >?B8G=V 2;0AB82>ABV @04V>E28;ь. �5><5B@8G=V 
2;0AB82>ABV ?0@01>;8 B0:V, I> ?@><5=V, I> =0?@02;ONBьAO 7 D>:CAC V 
2V418BV 2V4 ?0@01>;8, AB0NBь ?0@0;5;ь=8<8 >AV ?0@01>;8 (@8AC=>:. 
5.3), B0: I> 4>268=0 H;OEC 2V4 D>:CAC 4> ?0@01>;8 V ?>BV< 4> ;V=VW 
@>7:@82C, I> ?@>E>48Bь G5@57 :@0W ?0@01>;8, >4=0:>20 4;O 1C4ь-O:>3> 
:CB0. &0:8< G8=><, 2 @>7:@82V ?0@01>;VG=>W 0=B5=8 CB2>@NєBьAO 
A8=D07=0 ?>25@E=O V 28?@><V=N20==O 0=B5=8 28O2;OєBьAO 
3>AB@>=0?@02;5=8<. 
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$8AC=>:. 5.3 

' 45:0@B>2V9 A8AB5<V :>>@48=0B ?0@01>;>W4 >15@B0==O 
287=0G0єBьAO @V2=O==O< (?>G0B>: :>>@48=0B 71V30єBьAO 7 25@H8=>N 
?0@01>;>W40) fz=y+x 422

. 

�V0<5B@ @>7:@82C ?0@01>;>W40 3D  V 9>3> D>:CA=0 2V4AB0=ь f  

72'O70=V <V6 A>1>N A?V22V4=>H5==O<: 

)tg(θ=D @а>E 2/4f3 
, (5.1) 

45 @а>E2θ
 – :CB @>7:@82C ?0@01>;>W40. 

 

�<5VD >BAHV7GD4JVW F4 DB;D4IGAB> 4AF9A< 

�81V@ B8?0 475@:0;0, >?@><V=N20G0 V B@0:BC, I> :0=0;V7Cє 
5=5@3VN 4> >?@><V=N20G0.  

#>-?5@H5 O: 28I5A:070=>, >A:V;ь:8 4;O 70157?5G5==O 7040=>3> 
:>5DVFVє=B0 ?V4A8;5==O 4V0<5B@ 0=B5=8 1C45 1V;ьH89 70 1,5 <, 0 B0:>6 
:>=25@B5@ =5 1C45 70:@820B8 1V;ьH5 10% ?;>IV 0=B5=8, B> >15@5<> 
B8? >4=>475@:0;ь=>W ?0@01>;VG=>W 0=B5=8 – ?@O<>D>:CA=C. 
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#>-4@C35, O:I> @>1>G0 G0AB>B0 0=B5=8 ��ц=f D 2,2  (4>268=0 
E28;V @@=fc=λ 36,136/ ). "B65, O: B@0:B DV45@0 :@0I5 
28:>@8AB>2C20B8 ?@O<>:CB=V9 E28;52V4 7 ?5@5E>4>< =0 :>0:AV0;ь=89, 
>A:V;ь:8 :@C3;V E28;52>48 =5 28:>@8AB>2CNBьAO G5@57 WE 
?>;O@870FV9=C =5ABV9:VABь. 

#>-B@5Bє, =5>1EV4=> >B@8<0B8 B0:C 4V03@0<C A?@O<>20=>ABV (�%), 
2 O:>W H8@8=0 3>;>2=>W ?5;NAB:8 ?> @V2=N ?>;>28==>W ?>BC6=>ABV 
@V2=0 2 �- B0 !-?;>I8=0E V O:0 E0@0:B5@87CєBьAO 28A>:8< ABC?5=5< 
A?@O<>20=>ABV, B>1B> 3>;G0BC �%. &><C, 2 O:>ABV 475@:0;0 A;V4 
281@0B8 ?0@01>;>W4 >15@B0==O, O:89 ;53H5 283>B>28B8 =V6 
?0@01>;VG=89 F8;V=4@. #@8 Fь><C >?@><V=N20G 0=B5=8 ?>28=5= <0B8 
�% C 283;O4V BV;0 >15@B0==O V <>6;82VABь 7'є4=0==O 7 E28;52>4=8< 
B@0:B><. 

!09:@0I8< 2 40=><C 28?04:C  1C45 E28;52>4=>-@C?>@=89 
>?@><V=N20G, 7024O:8 ?@>AB>BV :>=AB@C:FVW, 2V4=>A=V9 ;53:>ABV 
74>1CBBO ?>B@V1=>W D>@<8 �% V E>@>HV9 4V0?07>==>ABV. !09;53H5 
70157?5G8B8 >4=0:>2C �% 2 >1>E ?;>I8=0E ?@8 >?@><V=N20GV C 
283;O4V 2V4:@8B>3> :V=FO :@C3;>3> E28;52>4C, 7 @>7<VI5=8< =0 9>3> 
:V=FV :>=VG=8< @C?>@><. �;5 2 Fь><C 28?04:C 1C45 =5>1EV4=89 
?;02=89 01> ABC?V=G0AB89 ?5@5EV4 2V4 ?@O<>:CB=>3> E28;52>4C 4> 
:@C3;>3>, O:89 28:>=CєBьAO 2 157?>A5@54=V9 1;87ь:>ABV 2V4 @C?>@0. 
�;O 715@565==O A8<5B@VW @>7?>4V;C ?>;O 2 @>7:@82V 70AB>ACє<> 2 
:>=AB@C:FVW ?V4B@8<CNGC HB0=3C, 2>=0 є :>?VєN B@0:BC DV45@0 V 
A8<5B@8G=0 9><C 2V4=>A=> >AV ?0@01>;>W40, ?@8 Fь><C 71V;ьH8BьAO 
<VF=VABь :@V?;5==O >?@><V=N20G0. 

�=H8< 20@V0=B>< >B@8<0==O �% >?@><V=N20G0, >4=0:>2>W 2 
>1>E ?;>I8=0E є 70AB>AC20==O ?V@0<V40;ь=>3> @C?>@0 7 @5B5;ь=> 
?V4V1@0=8<8 @>7<V@0<8 AB>@V= ?@O<>:CB=>3> @>7:@82C. � 40=><C 
28?04:C 6>4=>3> ?5@5E>4C =5 1C45 ?>B@V1=>. �;5 ?V41V@ B0:8E 
@>7<V@V2 є 4C65 206:8< 70240==O<. 
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&0:>6 =5>1EV4=> 70157?5G8B8 <0;89 @V25=ь 1VG=8E ?5;NAB>: 
4�=q 202 . �0=C 28<>3C @50;V7>2C20B8<5<> 70 4>?><>3>N 281>@C 

?52=>3> @04VCAC @>7:@82C 475@:0;0 0=B5=8, O:89 >B@8<0є<> 2 E>4V 
@>7@0EC=:C.  

4. #BDO8B> 6<>BA4AAO DB5BF< 

  4.1. � ?@>3@0<V MMANA-GAL BASIC 2V4:@8B8 <>45;ь 
475@:0;ь=>W 0=B5=8: File – open - VHF beams - mirror.maa ?@>25AB8 
<>45;N20==O B0 715@53B88 >A=>2=V E0@0:B5@8AB8:8 0=B5=8 4;O 
?>G0B:>28E C<>2. 
  4.2. �>A;V48B8 70;56=>ABV E0@0:B5@8AB8: 0=B5=8 2V4 
 - G0AB>B8 A83=0;C (?>G0B:>20, <0:A8<0;ь=0 V A5@54=є 7=0G5==O 7 
4V0?07>=C); 
 - B8?C 75<;V, I> 2@0E>2CєBьAO; 
 - B8?C <0B5@V0;C 0=B5=8; 

 - 28A>B8 ?V42VAC 0=B5=8. 
  �;O 70?CA:C =0B8A=CB8 Start. �;O <>45;N20==O 4>40B:>28E 
?0@0<5B@V2 – Plots – Detailed (01> V=H89 284 0=0;V7C), @8A 5.4. 
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$8A. 5.4 

5. "5DB5>4 D9;G?ьF4FV6 8BE?V8:9Aь. 
  �8:>=0B8 0=0;V7 >B@8<0=8E 3@0DV:V2 B0 ?@>0=0;V7C20B8 
70;56=VABь ?0@0<5B@V2 0=B5=8 (:><?;5:A=>3> >?>@C Z = R+jX, 

?0@078B=>3> :>5DVFVє=B0 AB>OG>W E28;V �%) (SWR), :>5DVFVє=B0 
?V4A8;5==O Ga (Gain), 4�) 2V4 G0AB>B8 A83=0;C; B8?C 75<;V, I> 
2@0E>2CєBьAO; B8?C <0B5@V0;C 0=B5=8; 28A>B8 ?V42VAC 0=B5=8. 
 

�@VEF ;6VFG 
1. &5<0 V <5B0 ;01>@0B>@=>W @>1>B8; 
2. $57C;ьB0B8 0=0;V7C >B@8<0=8E 3@0DV:V2; 

4. �8A=>2:8. 
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1. *8?>@5=:> �.�.  5B>48 V 70A>18 >1@>1:8 !�+ A83=0;V2 C 
@04V>B5E=VG=8E A8AB5<0E: !02G0;ь=89 ?>AV1=8:. – �8B><8@: 
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