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Inc.), * . *56@ P-CAD (*)%. : *' 3=%, 56F 5689*- 3F Altium). U$-3 K? C3: 8*  >*9:696- A)* -
'*  :6 >:6 " -$ 5*8  )$56:$ %. 6) A) *.$  9:6J: *8A AltiumDisigner. ^ - *%' 3<65 . 6J6, P6 P-
CAD - *" A) - *<>)$#*=-6F 969A' ?:-6 %.3 %/ : /< A5: *F- %, 5$1 :6 >: 6" -$ 53) <: A56) *-$1  
9' *. , . : *- %' ?K3? 9:6 / 5. 3) P-CAD A C6: 8*.  AltiumDisigner <6>)6' ?I >/ 56- 68$.$  
#*% -*  )9:6 ) *<@/ --?  - 6)6F %$%. / 8$ )  : *85*1 ) / ' $5$1 93<9:$ I 8%.) . U/ 6" 13<-6  >*-
>- *#$.$ , P6 9: 6J: *8*  P-CAD I  *-J'6 86) -6( , . 68A "3' , M3%.,  568*-<  - *) / </ -6  *- -
J' 3=%, 56(  86)6( , . 6" .6 )  . *568A )$J' ?<3, ?5 9: / <%. *) ' / -6  )  9:6J: *83, . 68A <6%'3-
) -$=  9/ : / 5' *< -/  >*)@<$ ) 3<96) 3<*I  >*J*' , -69:$=- ?. $8 96-?.. ?8. e/  96)’?>*-6  > 
. $8, P6 A :6 >: 6" -$ 53) / ' / 5. :6-- 6F *9*: *. A:$  3 56- %. : A5. 6: 3) <: A56) *-$1  9' *.  3%-
- AI ) ' *%-*  . / : 83-6'6 J3?. 

N:$  : 6>:6 " K3 9:6 / 5.A - 6)6F 8*M$-$  J6' 6) -/  >*)<*- -? 96' ?J*I  )  %.) 6: / --3  
56- %. : A5K3F, P6 >*" / >9/ #AI 9*: *8/ . :$  56896- / - . 3) %9/ K3*' 3>6) *- $1 5689’( . / :-$1  
.*  : 6" 6. 6. / 1- 3#- $1 %$%. /8 , >*9$%*-3 )  . / 1- 3#- 68A >*) <*- -3 (\L ), > A: *1A) *-- ?8 
86@'$ )6%.3 )$J6. 6) ' / --?  K3IF 56- %. : A5K3F )  9/ ) -$1  )$: 6" - $#$1 A86) *1, )  ?5- *=-
56:6. M3 . / : 83-$  3 9:$  83- 38*' , -$1  >*. : *. *1. 

W6- %. : A( ) *--?  96)$--/  >*" / >9/ #$.$ : 
- >*<*-A M)$<56<3(  (J*" *: $.$  56896- / - . 3) )9'$ ) *( .,  -*  M)$<53%.,  FF : 6"6.$ ); 
- : 3) / -,  9/ : / M56<, 8/ - M$= >* <69A%. $8$=; 
- 8*5%$8*' , -A - *<3=- 3%.,  9:$  83- 38*' , - 3= ) *: . 6%.3; 
- . / : 8*' , -3 : / @$8$ 56- %. : A5K3F; 
- ><*. - 3%.,  56- %. : A5K3F 9:6 . $<3?.$  >6) - 3M- 38 )9' $) *8 .  
^ $13<- $8$ <*- $8$ <'?  56- %. : A5. 6:*  I  / ' / 5. :$ #-3 %1/ 8$ (CA- 5K36- *' , -3 *"6  

9:$-K$96 )3) 3 \L . 
c . *9 56- %. : A( ) *--?  96' ?J*I  )  : 6>" $. .3 %1/ 8$ -*  ) A>'$  : 3>-$1  : 3) - 3) %5' *<-

-6 %.3 3 6C6: 8' / --3  F1 A )$J' ?<3 %5' *<*' , - $1 6<$-$K, . 
N:$  9:6 / 5. A) *--3  56- %. : A5. $) -$1  ) A>' 3) ?5 >*%6" 3) 8/ 1*- 3#-6J6 3 / ' / 5. : $#-

-6J6 6" ’ I <- *--?  ) 13<-$1  / ' / 8/ - . 3) 86@-*  )$<3' $.$  . *53 >*<*#3: 
- )$" 3: 9:6 %. 6: 6)6F J/ 68/ . : 3F 3 56896- A) *' , -6F %1/ 8$; 
- )$>- *#/ --?  J/ 68/ . : $#-$1  : 6>83: 3) . $96)$1 %5' *<*' , -$1  6<$-$K, ; 
- :6 >: 6" 5* </ . *' /=  3 %5' *<*' , -$1  6<$- $K, )  K3' 68A. 
N:$  )$: 3M/ - -3 K$1 >*<*# :6 >J' ?<*( . , %? 9$. *--?  83- 383>*K3F ) . : *.  M)$<56<3F 

#/ : /> 53-K/ )A M)$<53%.,  96M$: / --?  %$J-*' 3); >*" / >9/ #/ --?  %. 3=56%.3 <6 9/ : / M56<, 
- *<3=- 6%.3 3 8/ 1*- 3#-6F 83K- 6%.3; )$>- *#*( . , %? >*%6"$  ) 3<) / </ - -?  . / : 8*' , - 6F / -/ -
:J3F; >*%6"$  >*1$%.A ) 3< L^f  (8/ 1*- 3#- $1, 5' 38*. $#-$1 , : 3>- 68*- 3. - 6J6 )$<A )$ -
9:6 83- ( ) *-, ); 86- . *@-*  6" ' *%.,  56- %. : A5. $) -6J6 ) A>'*  (8/ . : $#-$=  9:6 %. 3: :6>-
83P/ --?  / ' / 8/ - . 3) .*  F1 83@56- . *5. -$1  >’ I <- *-,  – )$>- *#*( . , %? J/ 68/ . :$ #-3 :6>-
83:$ , 566: <$- *.$  / ' / 8/ - . 3) 3 96' 3) F1- 31 56- . *5. 3)). 
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L*<*#* ) $>- *#/ --?  )83%.A 56- %. : A5. $) -$1  ) A>' 3) - *>$) *I . , %? %1/ 8- $8 568-
96-A) *-- ?8, . 6" .6 )$>- *#*I . , %? 69. $8*' , -*  53' , 53%.,  86<A' 3) 3 :6 >96<3' %1/ 8$ >* 
-$ 8$. 

Y/ .*  %1/ 8-6J6 56896- A) *--?  – >*" / >9/ #$.$  )$%65A ><*. - 3%.,  <6 ) 3<-6 ) ' /- -
-? , A- 3C356) A) *.$  CA-5K36- *' , -3 ) A>'$  )  8/ @*1 6<- 3IF *"6 53' , 561 86</ ' /=  56896-
- / - . 3) %9/ K3*' 3>6) *-$1  5689’( . / :-$1  %$%. /8 , )$>- *#$.$  - *=8/ - MA >83- -A 6<$-$ -
K(  \ cL – >83--*  %5' *<*' , -*  6<$-$K?, '6J 3#-6  >*) / : M/ -*  %1/ 8-6 , - / >*' / @- 3%.,  
/ ' / 5. :$ #- $1 9/ : / ) 3: 65. 

W6- %. : A( ) *--?  ) A>'*  >*) / : MAI. , %? :6 >: 6" 56(  =6J6 . 696'6J3F 3 86- . *@-6F 
6" ' *%.3 56- %. : A5. $) - 6J6 ) A>'* , :6 >83PA( . , %? / ' / 8/ - .$  3 >)’?>5$ 83@ -$ 8$ > A:* -
1A) *-- ?8 M)$<56<3F, %. 3=56%.3 <6 9/ : / M56<, . / : 8*' , -6J6 : / @$8A, - *<3=-6%.3, 6%6-
" '$ )6%. /=  56- 5: / . -6F . / 1-6' 6J3F. 

g '?  96J'$" ' / -6J6 >*%)6I--?  8*. / : 3*'A  - *9:$ 53- K3 56@- 6F . / 8$ 96%3" -$ 5* 
- *)6<?. , %? 56- . :6' , -3 9$. *--? , >* ?5$8$ - / 6" 13<-6  J6. A) *. $%? <'?  ><*#3 ' *" 6:* -
. 6:- 6F : 6" 6.$  )$5' *<*#A. 

h*" 6: *. 6:-3 :6 " 6.$  )$56- A( . , %? 56@- $8 %. A</ - . 68 %*86%. 3=-6 >J3<-6  > 
J: *C3568, ?5$= )%. *-6 ) ' / -$=  : 6" 6#6(  9: 6J:*86(  5A: %A. i : *C35 )$56- *--?  : 6" 6.$  
%. A</ - . 68 56- . :6' ( I . , %? )$5' *<*#/8 . N/ : /< )$56- *-- ?8 ' *" 6: *. 6: - 6F :6 " 6.$  
)$5' *<*# 69$. AI %. A</ - . 3), P6" ) $>- *#$.$  F1 93<J6. 6) ' / - 3%.,  <6 )$56- *--?  : 6"6-
.$ . g6 )$56- *--?  ' *" 6: *. 6:- 6F :6 " 6.$  <69A%5*( . , %? %. A</ - .$ , ?53 8*( .,  . / 6: / .$ -
#-3 >- *- -? , P6 - / 6" 13<-3 <'?  )$56- *--?  K3IF : 6" 6.$ .  

 C6: 8' / --?  56@- 6F ' *" 6: *. 6: -6F : 6" 6.$  >*53- #AI. , %? )$%- 6)568, </ %. $%'6  
>*>- *#*( . , %? / . *9$ 9: 6) / </ --?  <*- 6F ' *" 6: *. 6:- 6F : 6" 6.$  = 6. :$ 8*-$=  )$%- 6)65. 
L)3. > ' *" 6: *. 6: -6F : 6" 6.$  6C6: 8' ( I . , %? -*  *: 5AM*1 C6: 8*.A A4, ?53 >*96) -( -
( . , %? > 6<- 3IF %. 6:6-$ . \ / 5%. 96)$- /-  " A.$  : A569$%- $8 *"6 <: A56) *-$8  -*  9: $- -
. / :3. ^ $56:$ %. *--?  56' , 6:6)$1 #6:-$'  <6>)6' ?I . , %? '$ M/ <'?  3' (%. : *. $) - $1 8* -
. / : 3*' 3). L) 3. >M$) *I . , %? > ' 3)6J6 " 65A *: 5AM3) C6: 8*.A A4. \ $. A' , -*  %. 6: 3- 5* 
>)3.A 6" 6)’?>56)6 <: A5AI . , %? -*  9:$- . / :3. 

L)3. > ' *" 6: *. 6:- 6F :6 " 6.$  C6: 8AI. , %? ) 3<96) 3<-6  <6 >83%.A 3 96)$- /-  83%-
. $.$  . *53 %. : A5. A: -3 / ' / 8/ - .$ : 

. $. A' , -*  %. 6: 3- 5* (<6<*. 65 g ); 
8/ .*  : 6" 6.$ ; 
. / 6: / . $#-3 ) 3<686%.3, - / 6" 13<-3 <'?  )$56- *--?  :6 " 6.$ ; 
96: ?<65 )$56- *--?  :6 " 6.$ ; 
69$% 6. : $8*-$1  : / >A' , . *. 3); 
) $%-6 ) 5$ >* : / >A' , . *. *8$ : 6" 6.$ . 
L*1$%. ' *" 6: *. 6:-6F : 6" 6.$  ) 3<" A) *I . , %? . 3' , 5$ >* - *?) -6 %.3 - *' / @-6  6C6: -

8' / -6J6 >)3.A > K3IF : 6" 6.$ . h*" 6: *. 6:-*  :6 " 6.*  96<*I . , %? 3 >*1$P*I . , %? " / >96%/-
: / <- ,6  93%'?  FF )$56- *--?  >J3<-6  > J: *C3568, ?5$= )%. *- 6) ' / -$=  : 6" 6#6(  9:6J:* -
86(  5A: %A. W6@-*  ' *" 6: *. 6:-*  :6 " 6.* , P6 )$56- *-*  3 >*1$P/ -*  >* J: *C3568, 6K3-
- ( I . , %? >* " *' , -6(  %$%. / 86( , ?5A )%. *- 6) ' / -6  : 6" 6#6(  9:6J: *86(  5A: %A. D6"6-
.$ , ?53 >*1$P/ -3 3> >*93>- / -- ?8, >*: *16) A( . , %? > 83- 38*' , -6(  53' , 53%.(  " *' 3). N:$  
>*1$%.3 : 6" 6.$  %. A</ -.  </ 86- %. : AI : / >A' , . *.$  )$56- *- 6F :6 " 6.$  .*  )3<96)3<*I  -*  
56- . :6' , -3 9$. *--?  >* . / 86(  ' *" 6: *. 6:- 6F : 6" 6.$ . 
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 " $%&(  1 
)+ "  +) - ." -/ +) "%" ( " 1&3 4& $686 %-   

. "4 8 )  : ; <6 44>  . " / @" 4 +4 ) &< . " /@ ’; )+  4 -A   
)6   " C" ) " ) +A4 &34-A  8 - 8 )+/  

 
1.1  " $ " C( +44>  )+ A4 &34" 1"  $6 <%644>   

46  %" 8 ( &%4" -. "4 8 )  : . ) "  8 D.:   " C" ):  
 

 " $%"' ()  ( " +,"- . - 013 ( " +, ’4 0. %-56 0) %" ' " 0" 0. 6- 18- 56 9590.+  – 9( ; )<-5=  
( " +,; . (9 0. "%. 058-56 , 96. +" 0. 6- i8-56 , ,%". ( 0-" -( "- 90%>( 0" %9@( 56, 0. 6-";" A18-
-56  1 35%"' - 5856 %"'10, B"  ,%53" <C0@ 3 %. $>; @0)01 <" 35, >9(> +)D5-5 , C()  31<," -
31<)E $)<) - 5+ 0) ( 05(" -0. 6- 18-5+  35+"A)+ . F" 9; 1<" 3- 190@ . 0) , 13 %" $%" ' (5  ( " +," -
- . - 013 ( " +, ’4 0. %-56 9590.+  1 90)<1H 35, >9(> ( "- 90%>( 0"%9@( "H <" ( >+. - 0)K1H 35-
$- )8)4 0@9C <. %L )3- 5+5 90)- <)%0)+5 MNPQ, 0. 6-";" A18- "H <" ( >+. - 0)K1H – MNRQ, 
,%"A%)+- "H <" ( >+. - 0)K1H – MNFQ. 

F%"K.9 %"$%"' (5  35%"'>  9( ; )<)E0@9C $ <3"6 . 0) , 13: 
– 1-= . 0),  – - )>( " 3"-<" 9; 1<-)  %"$%"' ()  (TQ ); 
– 2-= . 0),  – <" 9; 1<-" -( "- 90%>( 0"%9@()  %" $%" ' ()  (QP ). 
T)  . 0) ,1 TQ  35( " - >E0@9C ,", . %. <-C ) - ) ; 1058-)  1 %"$%)6>- ( " 3) , . %. 31%()  

35%" '> .  . $>;@0)0"+  TQ  ' ><. - )>( " 3"-0. 6- 18-5=  $310, 3 C( " +> +190C0@9C 359- "3-
(5  ,%" -" 31 ,%5-K5,5  ," ' ><" 35 35%" '> , - )>( " 3" " ' V%>- 0" 3) -5=  , 1<61< <" H6 %.) ;1-
$)K1H, ) - ) ; 1$ ,%" 3. <. -56  <" 9; 1<L . -@. 

W " 9- " 31 <" 9; 1<-" -( "- 90%>( 0"%9@( "H %" $%" ' (5  ; . L )0@ %. $>; @0)05 Y>- <)+.- -
0) ; @-56  0) , " D>( " 356 <" 9; 1<L . -@, %. $>;@0)05 TQ , ) - ) ; 1$ 1- Y" %+)K1=-56 1 , )0.- -
0-56  +)0. %1) ; 13, - )=- " 31D56 <" 9CA-. -@ 1 , . %9, . ( 053 %"$350(> 31085$- C- "H 0) $)%>-
'1L - "H - )>(5  1 0. 6- 1(5 ; <" 9; 1<5 ) - ) ;" A18- 56 ,", . %. <- 16 %"$%" ' "( , 356" <C85 $ >+"3 
$) ' . $, . 8. --C  - )='1; @D . Y. ( 053-"A"  H6 $)90" 9>3) --C . Q" 9; 1<-" -( "- 90%>( 0"%9@()  
%"$%"' ()  $) ( 1- 8>E0@9C 35, >9( "+  , " 3-"A"  ( " +,; . ( 0> ( "- 90%>( 0"%9@(" -
0. 6-";"A i8- "H <" ( >+. - 0)K1H -)  35%1', 35A" 0" 3; . -- C+ 1 35,%" ' " 3>3)-- C+ ="A" <"-
9; 1<- " A" $%)$()  (85 <" 9; 1<- "H , )%01H 35%"' 13). 

N0)<1H %" $%" ' (5  ( "- 90%>( 0"%9@( "H <" ( >+. - 0)K1H 3 ,%"K.91 ,%" 3. <. --C  QP  
390)- " 3; . -1 QNRZ 2391:2010 -)  35%" '5  3916 A) ; >$.=  ,%" +59;" 3" 901, 3 0" +> 859;1 = 
-)  ( " +,"- . - 05 ( " +, ’4 0. %-56 9590.+ . 

1.  "$&') &" *+-. +&&/. R. 6- 18-.  $)3<)--C  (R[) %"$%"' ; CE0@9C $)+" 3- 5( "+  35-
%"'>  (,%5 - . " ' 61<-" 901 – %)$"+  $ %"$%" ' - 5( "+ ). W" -"  E " 9-" 3- 5+ 3561<-5+  <" (>-
+. - 0"+  <;C %"$%" ' (5  35%" '> . R. 6- 18-.  $)3<)--C  390)- " 3; 4E " 9- " 3-.  ,%5$- )8. --C , 
0) ( 05(" -0. 6- 18-1, 0. 6- 1(" -. ( " -" +18-1 35+"A5 <" 35%" '> ; 90)<1H %"$%" ' (5  ( "- 90%>(-
0"%9@( "H <" ( >+. - 0)K1H, HH 9( ; )<, ,"%C<"(  $<)3) --C  0) , %5=+)- -C %. $>; @0)013 %"$%"-
' (5 . F%5 - . " ' 61<-" 901 3 R[  +" L >0@ ' >05 0) ( "L  35+"A5 <" , 1<A"0" 3(5  9.%1=-"A"  
35%" ' -5K03). 

Z %"$<1; )6 R[  $)<)4 0@9C >+" 35 . ( 9, ; >)0)K1H, $' . %1A)--C , 0%)- 9, " %0>3)--C , 
" 9-" 3-1 90%>( 0>%-1, ,%"A%)+-1 0) 1- D1 0. 6- 18-1 6)%) ( 0. %5905(5  (Y" %+)  = 0" 8- 190@ 
,%. <90)3; . --C  1- Y"%+)K1H, D35<( 190@ HH , . %. 03"%. --C , "' ’E+ 1 D35<( " <1C $)-
, )+ ’C0" 3>4 856 , %590%" H3, +) ( 95+) ; @-)  9," L 53)-)  , " 0>L - 190@ 0" B" ). W ( "- 90%>(-
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0"%9@( 56 35+"A)6 3( )$>E0@9C +)9) , A) ' )%505, 35+"A5 <" . ; . +. - 0- "H ' )$5, 0. 6-";" -
A18-" 901 ( "- 90%>( K1H, <" 05,"%"$+1%13, %13-C >- 1Y1( )K1H, . %A"- " +1(5  = 0. 6- 18-"H .9-
0. 05(5 , 0. 6- 1(5  ' . $, . (5  0" B" . 

T.  <" $3"; CE0@9C 3( ; 4 8)05 <" R[  35+" A5, C(1 9>, . %. 8)0@ 35+"A)+  90)- <)%013 
1 -"%+)053- 56 <" ( >+. - 013 "%A)- 13, B"  $<1=9- 44 0@ - )A;C< $) ' . $, . ( "4 , "6"%" -"4  
$<"%"3’C 1 ,%5%"<5. 

R. 6- 18-.  $)3<)--C  %"$%" ' ; C40@ 1 $)03. %<L >4 0@ > ,"%C<(>, 390)-" 3; . -" +> 
$)+" 3-5 ( "+  1 %"$%" ' -5 ( "+ . F%5 35( "- ) - -1 QP  $1 $A" <5 $)+" 3-5 ()  1 %"$%" ' - 5()  3 
R[  +" L >0@ ' >05 3- .9. -1 $+1-5  = <"," 3- . --C . R. 6- 18-.  $)3<)--C  35( " - >E0@9C 31<-
," 31<-"  <" QNRZ 3973-2000, QNRZ 3974-2000. 

2.  "$&') &+ 02404*68'/ . T)  K1= 90)<1H QP  %"$%"' ; C4 0@9C ( "- 90%>( 0"%9@(1 
<" ( >+. - 05, 3 C( 56 $- )6" <C0@9C 0. 6- 18-1 1 0. 6- 1(" -. ( "- " +18-1 " ' V%>- 0>3)--C  <" K1-
; @-" 901 %" $%" ' (5  <" ( >+. - 0)K1H - " 3"A" 35%" '>  -)  " 9- " 31 ) - ) ; 1$> R[  $)+" 3- 5()  1 %1$-
-56  3)%1)- 013 +" L ;5 3"H , " ' ><" 35 35%" '> , ,"%13- C; @-"H " K1- (5  0. 6- 18-56  %1D. -@ $ 
>%)6>3)-- C+ ( "- 90%>( 053-56  1 . ( 9, ; >)0)K1=-56 " 9" ' ; 53" 90.=  %" $%" ' ; 4 3) - " A" 0) 
19- >4 856 35%" ' 13, )  0) ( "L  , )0. - 0- 56 +)0. %1) ; 13. 

R. 6- 18-)  ,%"," $5K1C , 19;C ,"A " <L . --C  0) $)03. %<L . --C  > 390)- " 3; . -" +> 
,"%C<(> E " 9-" 3"4  <;C %"$%" ' (5  .9( 1$- " A" 85 - )310@ 0. 6- 18-"A"  ,%". ( 0>. \ ' 9CA 
%"' 10 390)- " 3; 4 E0@9C $) ^ \NR  2.118-73. 

3. 9; ='*&6> 024"=? . T)  90)<1H .9( 1$-"A"  , %". ( 0> ,%"%" ' ; C4 0@9C ,%5-K5," 31 
( "- 90%>( 053-1 %1D. --C , B"  <)4 0@ $)A) ; @-.  >C3; . --C  ,%" ' ><" 3> 1 ,%5-K5,  %" ' " 05 
35%" '> , )  0) ( "L  <) -1, C(1 35$- )8)4 0@ , %5$- )8. --C , " 9- " 3-1 , )%)+. 0%5 1 A) ' )%50-1 
%"$+1%5 %"$%"' ; 4 3) -"A"  35%" '> . 

_9( 1$-5=  ,%". (0 , 19;C ,"A " <L . --C  0) $)03. %<L . --C  > 390)-" 3; . -" +> ,"%C<-
(> E " 9-" 3"4  <;C , . %. 31%(5  0. 6- 18- " A" , %". ( 0> 85 %"' " 8"H ( "- 90%>( 0"%9@( "H <"-
( >+. - 0)K1H. \' 9CA %" ' 10 390)-" 3; 4 E0@9C $) ^\ NR 2.119-73. 

4.  "$&') &6> 024"=? .  " $%"' ; C40@9C ( "- 90%>( 0"%9@(1 <" ( >+. - 05, 3 C( 56 
$- )6"<C0@9C " 90)0" 8-1 0. 6- 18-1 %1D. --C , B"  <)4 0@ ," 3-.  >C3; . --C  , %" ' ><" 3> %"$-
%"' ; 4 3) -"A"  35%"'> , 1 3561<-1 <) -1 <;C %" $%"' (5  %"' " 8"H <" ( >+. - 0)K1H. 

R. 6- 18-5=  ,%". (0 , 19;C ,"A " <L . --C  0) $)03. %<L . --C  > 390)-" 3; . -" +> ," -
%C<(> E " 9-" 3"4  <;C %"$%" ' (5  %" ' " 8"H ( " - 90%>( 0"%9@( "H <" ( >+. - 0)K1H. \ ' 9CA %"'10 
390)- " 3; 4 E0@9C $) ^ \NR  2.120-73. 

5. A4*24C=+ 24C4) 4D . 4=GI "&? +8'D. T)  K1= 90)<1H QP  35( " - >4 0@9C 0)(1 %"-
' " 05: 

·  %"$%"' ()  ( " - 90%>( 0" %9@( "H <" ( >+. - 0)K1H -)  35A" 0" 3; . --C  1 35,%" ' " 3>3)- -
-C <" 9; 1<-"A"  $%)$()  35%"'> , $)9" '13 0. 6-";"A 18- "A" " 9- )B. --C , - . 90)- -
<)%0- " A" " ' ; )<- ) --C ; 

·  ," 3-.  ( " +,; . ( 0>3)--C  %"$%" ' ; . - "H <" ( >+. - 0)K1H; 
·  - . " ' 61<-1 . ; . ( 0%58-1 %" $%)6>- (5  0) %" $%)6>- (5  -)  , " 0>L - 190@;  
·  9( ; )<) --C  , . %. ; 1(> ,%"<>( K1H, B"  , 1<; CA)E 361<-" +> ( "- 0%";4 , %"$%"' ()  

+. 0" <5(5  HH , . %. 31%(5 ;  
·  9( ; )<) --C  ,%". ( 0> 0. 6- 18-56  >+"3 -)  35%1'; 
·  %"$%"' ()  0. 6- ";"A 18- "H <" ( >+. - 0)K1H; 
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·  35A"0" 3; . --C  <" 9; 1<-"A"  $%)$() , ,", . %. <-1 35, %" ' " 3>3)--C  <" 9; 1<-"A"  
$%)$() ; 

·  ( "%. A>3)--C  ( " - 90%>( 0"%9@( "H <" ( >+. - 0)K1H $) %. $>; @0)0)+5 35A" 0" 3; . --C  
1 ,", . %. <- 16 35,%" ' " 3>3)-@ <" 9; 1<-"A"  $%)$()  $ - )<) -- C+ <" ( >+. - 0)+  ;1-
0. %5 «\ »;  

·  ,%5=+) ; @-1 35,%" ' " 3>3)--C  <" 9; 1<-" A" $%)$()  1 ( " %. ( K1C ( "- 90%>( 0"%9@-
( "H <" ( >+. - 0)K1H $) %. $>; @0)0)+5 ,%5=+) ; @-56  35,%" ' " 3>3)-@ $ - )<) -- C+ 
<" ( >+. - 0)+  ; 10. %5 «\ 1». 

\ K1- 4 3)--C  35( "- ) -"H QP  1 ,%5=-C00C %1D. --C  ,%" 35%" ' -5 K03" 0) 35(" -
%590)--C  - " 3"A" 35%" '>  ,%" 3" <50@ , %5=+) ; @-)  ( " +191C, $) %. $>; @0)0)+5 %" ' " 05 
C( "H 9( ; )<)E0@9C ) (0 390)- " 3; . - "H Y" %+5. a (0 3+1B>E: 

1) 31<, " 31<- 190@ %" $%" ' ; . -"A"  35%" '>  $)<) - 5+ > R[  35+"A)+  1 %. ( " +. - <)K1H 
B" <" =" A" 35%" ' -5 K03); 

2) %. $>; @0)05 "K1- 4 3)--C  0. 6- 18-"A"  %13-C %" $%"' ; . - " A" 35%" '> ; 
3) %. ( " +. - <)K1H B" <" 35A" 0" 3; . --C  >90)- " 3; 4 3) ; @-"H 9.%1H; 
4) $)>3)L . --C  1 ,%"," $5K1H B" <" <"",% )K4 3)--C . 
a (0 ,%5=+) ; @- "H ( " +191H $)03. %<L >E HH A" ;" 3). [ )03. %<L . --C  ) ( 0) ,%5=+) ;@-

-"H ( " +191H " $- )8)E $) ( 1- 8. --C  QP , $) ( 1- 8. --C  <1H 0. 6- 18-"A"  $)3<)--C , ,"A " <L .- -
-C ,%. <90)3; . -56  -"%+)053-" -0. 6- 18- 56 0) . ( 9, ; >)0)K1=-56 <" ( >+. - 013, )  0) ( "L  
<" $31; -)  35%" ' -5 K03" 85 35( "%590)--C  - " 3"A" 35%" '> . 

 
@ 6 . ) -34+  $6 <%6 4 4>  

 

J" ?+ – 9Y"%+>3)05 3 90><. - 013 03" %81 0) ,%)( 058-1 - )358(5  ,"  9( ; )<) --4  
0. 6- 18-"A"  $)3<)- -C -)  35( "- ) --C  <" 9; 1<-" -( "- 90%>( 0"%9@( "H %" ' " 05 3>$;) , , %5-
; )<>, ' ;" ()  85 1- D"H 9( ; )<" 3"H 8)905-5  ( " +,"- . - 013 ( " +, ’4 0. %- 56 9590.+ . 

 
$EGHEI IJ  HKJ LENOQRHTOUOGVW 

 

[  +. 0"4  ' 1; @D . Y. ( 053- "A" 0) 03"%8"A" 35( "%590)- -C 8)9>, 31<3. <. -"A"  3 
- )38) ; @-" +> ,%"K. 91 -)  ; ) ' "%)0"%-> %" ' " 0>, 9; 1< ,%" 3.905 <" +)D-4  , 1<A" 0" 3(> 
<" 35( "- ) --C  %" ' " 05. F%5 K@" +> - . " ' 61<-" : 

– 3538505 " ,59  ; ) ' " %)0"%- "H %" ' " 05;  
– , 1<A" 0>3)059C <" %" ' " 05 $ 35( "%590)-- C+ %. ( " +. - <" 3) -"H ; 10. %)0>%5; 
– " $- )="+5059@ 1$ $%)$( )+5 0. 6- 18- " A" $)3<)--C  -)  <" 9; 1<-" -

( "- 90%>( 0"%9@(> %"' " 0>, C(1 E -)  ( )Y. <%1; 
– ," 30" %505 +)0. %1);  ; . ( K1H $ 35( ; )<. -- C+ " 9-" 3- 56 . 0) , 13 , %". ( 0>3)- -C 

0) 35%" ' -5 K03) ( " +, ’4 0. %13; 
– <)05 31<, " 31<1 -)  ( " - 0%";@-1 , 50) --C . 

 

$EGHEI IJ  HO KEXOYEUOYI O[ YOXOUW 

W5( " - >3)05 ; ) ' "%)0"%-> %"' " 0> - . " ' 61<-"  3 0) ( 1= ," 9; 1<" 3-" 901: 
1. \0 %5+)05 > 35( ; )<)8) 0. 6- 18-5=  ",59  0) 1- 90%>( K14 ,"  . ( 9, ; >)0)K1H -)  

,%5;)<, 0. 6- 18-.  $)3<)--C  -)  %"$%" ' (> C( "A" - . " ' 61<-"  9( ; )905. 
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2. \0 %5+)05 > 35( ; )<)8) 1- Y" %+)K14 ,%" $)+" 3- 5()  1 0"A", 60" 35( "- >3)-
05+.  K4 QP . 

3. N0)%)- -"  3538505 0. 6- 18- 5= ", 59 0) 1- 90%>( K14 ,"  . ( 9,; >)0)K1H ,%5; )<>.  
4. W5,5 9)05 . ( 9, ; >)0)K1=-1 6)%)( 0. %5905(5  ,%5;)<>, 35+"A5 <" . %A"-"+1(5  

= 0. 6- 18- "H .90. 05(5 , 35+"A5 <" , ) ( >3) - -C, 0%)- 9," %0>3)--C  1 $' . %1A)--C  ,%5;)<>. 
5. W56"<C85 $ . ( 9, ; >)0)K1=-56 6)%) ( 0. %5905(  , %5;)<>, 9( ; )905 0. 6- 18-.  

$)3<)- -C -)  QP  B" <" HH %" $%" ' (5 . 
6. N)+" 901=-"  35$- )8505 0. %+1- 35( "- ) --C  , . 3-56  . 0) , 13 1 90)<1= %"' 10. 
7. T) ,5 9)05 $310 ,%" 35( "- ) -> %" ' " 0> $) 390)-" 3; . - "4  Y" %+"4 , <" <)3D5 

<" $310> 9( ; )<. -.  0. 6- 18-.  $)3<)--C  -)  QP  ($%)$"(  R[  ," <)E0@9C > Q" <)0(> a ). 
 

. "4 )  " ( D4& @- ) 6 44>  
 

1. c"  0) (.  MNPQ, MNRQ? 
2. F" 9; 1<" 3- 190@ 35( "- ) --C  - )>( " 3"-<" 9; 1<- "H %"$%" ' (5 . 
3. \ 9-" 3-1 90)<1H <" 9; 1<-" -( "- 90%>( 0"%9@( "H %"$%"' (5 . 
4.  ";@ 0. 6- 18-"A"  $)3<) --C  3 ,%" 3. <. - -1 <" 9; 1<-" -( "- 90%>( 0"%9@( "H %" $%"-

' (5 . 
5. d5+ $) ( 1- 8>E0@9C <" 9; 1<-" -( "- 90%>( 0" %9@()  %"$%" ' () ?  
6. [ +190 %"$<1; 13 0. 6- 18-" A" $)3<)--C  -)  <" 9; 1<-" -( "- 90%>( 0"%9@(> %"$%"' -

(>. 
7. d5 +" L -)  ( "%. A>3)05 $)03. %<L . -.  0. 6- 18-.  $)3<)--C  -)  <" 9; 1<-" -

( "- 90%>( 0"%9@(> %"$%" ' (>? 
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1.2 . ( 68 - ^ &. 6 _ &> & . "4 8 )  : . ) - <46  @" C: %" <6   
4 : ( D" <" 1"   &<4>  &8 

 
_; . +. - 0-"4  ' )$"4  9>8)9- 56 ( " +, ’4 0. %- 56 0) %" ' " 0" 0. 6- 18-56  9590.+  E +1-

( %"96. +5. e- 0. A%); @-"4  +1( %"96. +"4  (eN) E %C< . ; . +. - 013, C( 5= +)E . ; . ( 0%58-1 
+1L$’E<- ) --C . 

LN – 35%1', C( 5= +)E 3. ;5 (> B1; @- 190@ %" $0)D>3)--C  . ; . +. - 013 1 ( " +, " - .- -
013, B"  . ( 313) ; . - 0-1 . ; . +. - 0)+  $358)=- "H 96. +5. 

9P"I "&?  – 8)905-)  eN, B"  %.) ; 1$>E Y>- ( K14 ' ><@-C( "A" . ; . ( 0%"%)<1" . ; . +. -
- 0) (_ _ ), - ) ,%5( ; )<, 0%)- $590"%5, %. $590"%5 1 0. 1-., C()  35( "- ) -)  - . ," <1; @-"  31< 
( %590) ;)  0) -.  +" L.  ' >05 35<1; . -)  C( 9)+" 901=- 5= 35%1'. 

Q4I 04&"&?  – 8)905-)  eN, B"  %.) ; 1$>E Y>- ( K14 ' ><@-C( " A" _ _ . P" +,"- . -0 
+" L ;5 3" 35<1; 505 C( 9)+" 901=-5=  (( " +, ; . ( 0>4 85=) 35%1' 0) 31<<1; 505 31< eN. 

[)  Y>- ( K1"- ) ; @-"4  " $- ) ( "4  eN , " <1; C40@ -)  ) - ) ;"A" 31 0) K5Y%" 31, ( ; )95Y1-
( )K14 , " <) -"  > 0) ' ;5K1 1.2.1. 

R&+P4T4-'  LN $)90" 9" 3>4 0@ <;C , . %. 03" %. --C  0) " ' %" ' (5  95A-) ; 13, C(1 $+1-
- 44 0@9C $) $) ( "- "+  - . , . %. %3- "H Y>- ( K1H (96. +5 ," %13- C- -C, , 1<95; 4 3)81, Y1; @0%5, 
A. - . %)0"%5 1 0. 1-.). 

U6V24-'  LN $)90" 9" 3>4 0@ <;C , . %. 03" %. - -C 0) " ' %" ' (5  95A-) ; 13, C(1 $+1-4 -
4 0@9C $) $) ( " -"+  <59( %. 0- "H, - ) ,%5( ; )<, <31=( " 3"H, Y>- ( K1H (96. +5 K5Y%" 356 , %5-
90%"H3, " ' 859; 4 3) ; @-56  $)9" ' 13, 0%5A. %13, ;"A18-56  . ; . +. - 013 1 0. 1-.). 

g"A18-1 eN 35( " - >4 0@ ", . %)K1H ( "- ’4 - ( K1H (e), <5$’4 - ( K1H (dh ), 1- 3. %91H (Te) 
0) ' 1; @D 9( ; )<-1 ;" A18-1 ", . %)K1H. 

N( ; )<- 190@ eN 6)%)( 0. %5$>4 0@ 90>, . - .+  1- 0. A%)K1H, 0" '0"  ( 1; @( 1904 3 eN: 
  = lgN, 

<.   – ( " . Y1K1E-0 90>, . -C 1- 0. A%)K1H, K. K1;.  () '"  " ( %>A; . -.  <" K1;"A" ) 859;" ; N – 
( 1; @( 190@ . ; . +. - 013 1- 0. A%); @-"H +1( %"96. +5. 

[)  ( "- 90%>( 053-" -0. 6-";" A18- 5+ 35( "- ) -- C+ (, . %D)  K5Y%) 3 ," $- )8. - -1 
+1( %"96. +5) eN ," <1; C4 0@ -)  0%5 A%>,5  (0) ' ;5KC 1.2.2): 

– - ) , 13, %"31<-5 ( " 31 (K5Y%5 1, 5, 6, 0) 7 – ' . $( "%, >9-1 31=9@( " 31); 
– A1'%5<-1 (K5Y%5 2, 4, 8); 
– ,; 13( " 31, 3) ( >>+-1, ( . %)+18-1 (K5Y%) 3). 
[ ) ; . L -"  31< ( 1; @( " 901 ( " +,"- . - 013 0) . ; . +. - 013, )  0) ( "L  0. 6-"; " A1H 35A" 0"3-

; . --C  %"$%1$- C4 0@ +) ;1 (i eN), 9.%. <-1 (NeN), 3. ;5 (1 (WeN) 0) - )<3. ;5 (1 (TWeN) 1--
0. A%); @-1 96. +5. T) ,%5( ; )<, WeN $) ' 1," ; C%-"4  0. 6-";"A 1E4 +19050@ ³  500 . ; . +. -
- 013, )  $) i \F -0. 6-";" A1E4 – ³  1000 (0) ' ;5KC 1.2.3). 

F" ( )$- 5(  90>, . -C 1- 0. A%)K1H E " 9" ' ; 53" 3)L ;5 35+ <;C K5Y%" 356 eN. d5+ 
+. - D5+ E . ; . +. -0, 05+ 35B)  ="A" D35<( " <1C (0) ' ;5KC 1.2.4). 

Z +1( %" 96.+  D5%"( "A" $)90" 9>3)--C  , . %D)  ' >( 3) 3 , " $- )8. - -1 eN – P; . (9-
,"%0-56  – _; ' . $( "%, >9-56  ," ' >0" 356 – k.  

J '=24; =P+. +&&/  – +1( %". ; . ( 0%"--5= 35%1', B"  35( "- >E , . 3-> Y>- ( K14 ,. -
%. 03"%. --C  0) " ' %"' (5  95A- ) ; 13, 9( ; )<. - 5= $ . ; . +. - 013 0) ( " +,"- . - 013 -)  $)A) ; @- 1= 
, 1<( ; )<K1. l )%)( 0. %5$>E0@9C +) ;5+  " ' 9CA"+  35, >9(> 0) 3. ;5 ( "4  -" +. - ( ; )0>%"4. 

Q420G;6 eN 9; >L )0@ <;C $)6590> +1( %"96.+  31< ( ; 1+)058-56  0) +. 6) - 18-56  
3,;5 313. 
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[)  Y"%+"4  ( "%, >9> 0) %" $0)D>3)-- C+ 353" <13 ( "%, >95 eN , " <1; C40@ -)  
D190@ 05, 13, C(1 %1$- C0@9C ( 1; @( 1904 353" <13 0) %"$0)D>3)-- C+ H6 31<-" 9-"  ,;" B5-
-5  " 9-" 35. T)='1; @D ," D5%. -1 ( " %, >95 05,>  2 (DeP), 3 – ( %>A;1 (R\ ), 4 (FP), 5 – 
+1( %"( "%, >95 (( %590) ; " >0%5+>3)81), 1 (SIP). 

i) 0. %1) ;5  ( "%, >913 – ,; )90+)9) , ( . %)+1() , ,"; 1+.%, 9( ;" , +. 0) ;" ( . %)+1() , 
+. 0) ;", " ; 1+.%. F" $- )8. --C  +)0. %1) ;>  0) 05,>  ( "%, >9> , " <)E0@9C 0)( 5+5 ; 10. %)+5: 

a  – ,; )90+)9" 35= 05,>  4; 
_ – +. 0) ;"," ; 1+. %-5=  05,>  2; 
h  – 9( ; " ( . %)+18-5=  05,>  4; 
i  – +. 0) ; " ( . %)+18- 5= +1( %" ( "%, >9 05,>  2; 
T – ( . %)+18-5=  +1( %"( " %,>9; 
N – 9( ; " ( . %)+18-5=  05,>  2; 
  – ,; )90+)9" 35= 05,>  2; 
n  –,; )90+)9" 35= +1( %" ( "%, >9. 
k. $( "%, >9-1 +1( %"96. +5 3 ( 1- K1 ," $- )8. --C  +)4 0@ 8. %.$ <. Y19 K5Y%>, C()  

3( )$>E -)  ( "- 90%>( 053-.  35( "- ) --C  353" <13: 
1 – $ A- >8( 5+5 353" <)+5; 
2 – $1 90%18(" 35+5 (, )3>8( " 35+5) 353" <)+5; 
3 – $ L "%90( 5+5 353" <)+5; 
4 – -)  $)A) ; @- 1= ,; )905-1 - . %"$<1; . -1; 
5 – %"$<1; . -1 (- ) ( ; . E-1 -)  , ; 13(>); 
6 – $ ( " - 0) ( 0-5 +5 ,;" B5- ( )+5 ' .$ 353" <13 (( %590); ). 
 

R) ' ;5KC 1.2.1 – . KELẀ RVEaRJ R LWLUbNE QOdI EebIf  &8 
 

@RHTYgQE R GWH &8 @OdI EebI IJ  
1bI bYEUOYW: 
- A)%+" - 18- 56 95A- ) ; 13 
- , %C+" ( >0-56 95A- ) ; 13 
- 95A- ) ; 13, B"  $+1- 4 4 0@9C ; 1- 1=-"  
- 95A- ) ; 13 9, . K1) ; @-"H Y" %+5 D>+> 
- 1- D1 

 
^N 
^^  
^g  
^i  
^F  

. ONgUEUOYW R VKieR: 
- 90%>+> 
- - ) , %>A5 
- 1- D1 

 
PR 
PT 
PF 

( OTReIR bKbNbI UW: 
- e 
- dh  
- Te 
- e-dh  
- e-Te 
- dh -Te 
- e-Te/dh -Te 
- e-dh -Te 
- e-dh -Te/e-dh  
- dh -Te/dh  
- %" $D5%4 3)81 
- 1- D1 

 
gh  
gg  
gT  
gN 
ga  
g_  
gk  
g  
gP 
gi  
gQ 
gF  



 15 

F%"<" 3L . --C  0) '; . 1.2.1 
@RHTYgQE R GWH &8 @OdI EebI IJ  

%bUbVUOYW: 
- )+, ; 10><-1 
- 1+, >; @9-1 
- 8)90" 0-1 
- Y)$" 31 
- 1- D1 

 
Qa 
Qh 
QN 
Qn 
QF 

CETEUÒ gI VaROI EKf IR Lj bNW: 
- ) - ) ; " A" 31 
- ( " +' 1- " 3)-1 
- K5Y%" 31 
- ' )$" 31 +)0%58-1 ( %590);5  
- 1- D1 

 
la  
lP  
lg   
li  
lF  

/ OHgKJUOYW: 
- )+, ; 10><-1 
- 8)90" 0-1 
- Y)$" 31 
- 1+, >; @9-1 
- 1- D1 

 
ia  
iN  
in  
ih  
iF  

^ RKf UYW: 
- 3. %6- 16 8)90"0 
- - 5L - 16 8)90"0 
- 9+>A" 31 
- %. L . ( 0" %-1 
- 1- D1 

 
nk  
nT  
n_  
n  
nF  

@RHLWKi GEeR: 
- 359" ( "H 8)90" 05 
- , %" +1L - "H 8)90" 05 
- - 5$@("H 8)90" 05 
- D5%" ( " 9+>A" 31 
- 1+, >; @9- 56 95A- ) ; 13 
- , " 30" %4 3)81 
- $850>3)--C  1 31<03" %4 3)--C  
- 1- <5( )K1H 
- , " 901=- " A" 90%>+> 
- " , . %)K1=-1 
- <5Y. %. -K1=-1 
- 1- D1 

 
ZW 
Z  
ZT  
ZP 
Zh  
Z_  
Zg  
Zi  
ZR 
ZQ 
ZN 
ZF  

^ OYNgGEeR: 
- 1+, >; @913 , %C+" ( >0- "H Y" %+5 
- 1+, >; @913 9, . K1) ; @-"H Y" %+5 
- )<%.9-56 90%>+13 
- %" $%C<-56 90%>+13 
- 1- D1 

 
a^  
an  
aa  
a  
aF  

8 j bNW ` OUOegUKWGR d dEYJHOGWN dG’JdVON: 
- +)0%58-1 
- +)0%5K1 ; 1- 1=-1 
- 1- D1 

 
oi  
og  
oF  



 16 

F%"<" 3L . --C  0) '; . 1.2.1 
@RHTYgQE R GWH &8 @OdI EebI IJ  

8 j bNW $@: 
- +)0%5K1 " , . %)053-56 [F  
- +)0%5K1 , " 901=- 56 [F  
- " , . %)053-1 [F  
- , "901=-1 [F  $ +" L; 531904 " <- " %)$"3"A" , %"A%)+>3)--C 
- , " 901=-1 [F  
- [F  -)  o iQ  

 
 i  
 W 
 Z  
 R  
 _  
 o  

4 EXOYW bKbNbI URG: 
- <1" <13 
- 0%)- $590" %13 
- %. $590" %13 
- ( " - <. - 9)0" %13 
- ( " +' 1- " 3)-1 
- Y>- ( K1" - ) ; @-1 
- 1- D1 

 
TQ 
TR 
T  
T_  
TP 
Tn  
TF  

8 j bNW aẀ YOGWj QYWLUYO[G: 
- %. A190%5 
- 9>+)0" %5 
- - ) , 139>+)0" %5 
- ; 185; @-5(5  
- D5Y%)0" %5 
- <. D5Y%)0" %5 
- ( " +' 1- " 3)-1 
- )%5Y+. 058-" -; " A18-1 , %590%"H 
- 1- D1 

 
h  
hi  
hg  
h_  
hW 
hQ 
hP  
ha  
hF  

@bYbUGOYi GEeR LWTI EKRG: 
- 8)90" 05 
- 0%53); " 901 
- - ) , %>A5 (90%>+>) 
- , " 0>L - " 901 
- %13-C (>$A" <L >3)81) 
- ) - ) ; " A"-K5Y%" 31 
- K5Y%"-)- ) ; " A" 31 
- 95- 0. $)0" %5 8)90" 05 
- , " <1; @-5(5  8)90" 05 ) - ) ;" A" 31 
- , " +- " L >3)81 8)90" 05 ) - ) ; " A" 31 
- ( "<-( "< 
- 1- D1 

 
FN 
FQ 
FT  
Fi  
FZ  
Fa  
FW 
Fg  
FP 
F_  
F  
FF  

8 j bNW Hl bYbK GUOYWIIOTO l WGKbIIJ : 
- 35, %C+;C81 
- , . %. 03" %4 3)81 
- 90) ' 1; 1$)0" %5 - ) , %>A5 - . , . %. %3-1 
- 90) ' 1; 1$)0" %5 90%>+> 
- 90) ' 1; 1$)0" %5 - ) , %>A5 1+, >; @9-1 
- 96. +5 >, %)3; 1--C  1+, >; @9-5 +5 90) ' 1; 1$)0" %)+5 - ) , %>A5 
- 96. +5 <L . %.;  30" %5- - " A" L 53; . - -C 
- 1- D1 

 
_W 
_i  
_T  
_R 
_P 
_Z 
_N 
_F  
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F%"<" 3L . --C  0) '; . 1.2.1 
@RHTYgQE R GWH &8 @OdI EebI IJ  

8 j bNW dEUYWNVW: 
- , )953-1 
- ) ( 053-1 
- 1- D1 

 
ki  
k  
kF  

8 j bNW $@: 
- , " 901=-1 [F  $ +" L ; 531904 ' )A)0" %)$" 3" A" . ; . ( 0%58- " A" , . %. , %" A%)+>-
3)--C  
- , " 901=-1 [F  $ >; @0%)Y1"; . 0" 35+ 905%)-- C+ 1 . ; . ( 0%58-5+  $) ,5 9"+  1- Y"%-
+)K1H 
- )9" K1)053-1 [F  
- 1- D1 

 
   
 

 n  
 

 a  
 F  

8 j bNW QOYRGI JIIJ : 
- )+, ; 10><-1 (%13-C 95A- ) ;>) 
- 8)9" 31 
- 8)90" 0-1 
- ( " +, )%)0" %5 - ) , %>A5 
- 1- D1 

 
Na 
NW 
NN 
NP 
NF 

8 j bNW OXeWLKi GEKf IWj  dELOXRG: 
- +1( %" , %"K.9" %5 
- +1(%", %"K. 9" %-1 9.(K1H 
- 96. +5 +1( %" , %"A%)+- " A" >, %)3; 1--C  
- Y>- ( K1" - ) ; @-1 %" $D5%4 3)81 
- 96. +5 95- 6%" - 1$)K1H 
- 96. +5 >, %)3; 1--C  , . %. %53)-- C+ 
- 96. +5 >, %)3; 1--C  33" <"+ -353" <"+  (96. +5 1- 0. %Y. =9>) 
- 96. +5 >, %)3; 1--C  , )+ ’C004 
- Y>- ( K1" - ) ; @-1 , . %. 03" %4 3)81 1- Y" %+)K1H 
- 96. +5 9, " ; >8. --C  $ +)A190%); ;4  
- 8)9" $)<)3) ; @-1 96. +5 
- +1( %" ( ) ; @( >;C0" %5 
- ( " - 0%" ; . %5 
- ( " +' 1- " 3)-1 96. +5 
- 9, . K1) ; 1$" 3)-1 96. +5 
- 1- D1 

 
Wi  
WN 
WZ 
W  
Wk 
WT 
WW 
WR 
Wn 
Wa 
Wh 
Wl  
W  ̂
WP 
Wp 
WF 

) YWmbYW: 
- 05,> J (>- 13. %9); @-5=) 
- 05,> RS ($ %" $<1; @-5+ $) , >9( "+ ) 
- 05,> D ($ $)0%5+( "4 ) 
- 05,> T (; 185; @-1) 
- <5- )+18-1 
- q +1<0) 
- ( " +' 1- " 3)-1 (05, 13 DT, RST 1 0., .) 
- 1- D1 

 
RW 
R  
Ri  
RR 
RQ 
Rg 
RP 
RF 
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R) ' ;5KC 1.2.2 – " LI OGIR Ubj I OKOTReIR j EYEVUbYWLUWVW &/8  
 

@KRGVOGR &/8  1RXYWHIR &/8  
4 EQRGQYOGRHIWVOGR  

aẀ YOEI EKOTOGR &/8  
AEYEVUb-
YWLUWVW UOGLUO-

QKRGVOGR 
s=1...30 NVN 

UOIVO-
QKRGVOGR 

s=0.01..1 NVN 

UOIVO-
QKRGVOGR 

XETEUO-
VYWL-
UEKf IR 

XRQOKJYIR 
IE  / "@  

LUYgVUgYEj 

/ EUbYREK 
QRHVKEHVW 

a ; 4 +" -
" ( 95<-)   
( . %)+1()  

N(;" , %1<D.  
( . %)+1()  

N(;" ,  
%1<D.  

( . %)+1()  

N(;" ,  
( . %)+1() , 
, " ; 1)+1<-1 

, ; 13(5 , 
A. Y)>950 

0" B"  

i " - " ( %590);  ( %. +- 14, 
%1<("  ( %590);  9), Y1%), 

D, 1- . ;1 

) OGn WIE 
QRHVKEHVW 

s, NN 
0,3..1,0 0,2..0,5 0,2..0,5 0,2..1,0 1,0..0,6 

 OdNRY 
QRHVKEHVW 

b´ l, NN 

W1< 10610 
<" 75́ 75 

W1< 10610 
<" 50́ 50 

i ) ( 95-
+) ; @-1 
50́ 50 

i ) ( 95-
+) ; @-1 
80́ 80 

W1< 1́ 1 , %5 +) ; " +> 90>-
, . -1 1- 0. A%)K1H  

<" 8́ 8 , %5 - )<359" ( " +> 
) OGn WIE 
QYOGRH-
IWVE s, 

NVN 

15..25 0,5..1(5) 
^ . " +. 0%1C 35$-)8) -
E0@9C 0. 6- " ;" A1E4 
35A" 0" 3; . --C  eN 

0,1..1,0 

o WYWIE 
QYOGRH-
IWVE b, 

NN 

0,15..1,5 0,1..1 R. 9)+.  0,001..0,005 

8 QOLRX 
GWTOUOG-

KbIIJ   
QELWGIWj  

+ +   
(R, C R L) 

R 1 C $358)=-"  " 0%5+>4 0@ 
$) , ; 13( " 3"4  0. 6- " ; " A1E4;  

L – %1<(" ; R, C 1 L +" - 0>4 0@ 
> 35A;C<1 <59( %. 0-56 +1- 1)-

04 %-56 . ; . +. - 013 

 

R > 35A;C<1 
- ) , 13, %" 31<-
-5 ( " 356 %.-
$590" %-56 
<" %1L "( ,  

C > 35A;C<1 
( " - <. - 9)0"-
%13 $ $)( %5-
05+ D)%"+  

R 1 C > 35-
A;C<1 i \F -

90%>( 0>% 

8 QOLRX  
GWTOUOG-

KbIIJ   
EVUWGIWj  

+ +  

W90)- " 3; . --C  ' . $( " %, >9-56 <1" <13 1 0%)-$590" %13 
(> A1' %5<- 56 eN 390)- " 3; . - -C , 1<( ; )<"(  , ; 13( " 356 

eN 1 ( %590); 13 - ) , 13, %" 31<-5 ( " 356 eN) 

k1, " ;C%-1 , " ; @" 31 i \F - 
0%)-$590" %5 " <. %L )-1 $) 
, ; ) - )%-" -. , 10)( 91) ; @-"4  
0. 6- " ;" A1E4 -)  ( %. +- 1E-

31= , 1<( ; )<K1 
8 QOLRX OX-
YOXVW (QRH-
TOIVW) QRH-

VKEHVW R 
d’pHI EIIJ  

_; . ( 0%" -" -
; 10" A%)Y1C, 

" ' %" ' ()  +1(-
%" , " %" D( "+  

_; . ( 0%" -" -
; 10" A%)Y1C, 

; )$. %-)  0. 6-" -
;" A1C 

[ ’E<- )--C  . ; . +. - 013 
$ , 1<( ; )<( "4  , )C--
- C+, $3)%4 3)-- C+, 
0. %+" ( " +, %. 91E4, 
9( ; . 4 3)-- C+ 1 0.<. 

n " 0" A%)Y1C, %. - 0A. - ", -
%" +. - . 3) ; 10" A%)Y1C, . ;. -

( 0%" - " ; 10" A%)Y1C 
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F%"<" 3L . --C  0) '; . 1.2.2 

@KRGVOGR &/8  1RXYWHIR &/8  
4 EQRGQYOGRHIWVOGR  

aẀ YOEI EKOTOGR &/8  
AEYEVUb-
YWLUWVW UOGLUO-

QKRGVOGR 
s=1...30 NVN 

UOIVO-
QKRGVOGR 

s=0.01..1 NVN 

UOIVO-
QKRGVOGR 

XETEUO-
VYWL-
UEKf IR 

XRQOKJYIR 
IE  / "@  

LUYgVUgYEj 

%OLJTIg -
UWq LUg-

QRIf  RI Ub-
TYEaR[ 

i ) ; 5= 
W1< +) ;" -
A" <" 9.-
%. <-@" A" 

W1< +) ;" -
A" <" - )<-
359" ( " A" 

W1< +) ;" A" 
<" - )<359"-

( " A" 

W1< 9.%.<-
-@" A" <" 

- )<359" ( " A" 

8 UgQRIf  
RI UbTYEaR[  

1,2 1,2 1..>4 2..>4 3..>4 

3 EL  
YOdYOXVW 
R GWTOUOG-

KbIIJ  

W1< ( 1; @( "6 
05L - 13 <" 

( 1; @( "6 +19C-
K13 

Q. ( 1; @()  635-
; 5-  ) '"  A" <5-  

Q. ( 1; @()  
A" <5-  

W1<  
( 1; @( "6  
<- 13 <" 
( 1; @( "6 
+19CK13 

N0)- <)%0-1 eN – 
( 1; @()  <- 13,  

$)+" 3; . -1 eN – 
( 1; @()  %" ( 13 

" XLJT 
QEYUR[ 

1…1000 ' 1; @D.  1000 
' 1; @D.  
1000 

1…1000 

N0)- <)%0-1 
eN – ' ><@-

C( "H; $)+"3-
; . -1 eN – 
' 1; @D.  
10 000 

 

4 EHRqI RLUf W59" ()  
W1<  

9.%. <-@"H 
<" 359" ( "H 

N. %. <-C Q>L.  359" ()  
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R) ' ;5KC 1.2.3 – " LI OGIR bKbVUYWeIR jEYEVUbYWLUWVW &8 
8 UgQRIf  RI UbTYEaR[ 

AEYEVUbYWLUW-
VE NEKWq (/ &8) LbYbHI Rq (8 &8) GbKWVWq (<&8) 

I EHGbKWVWq 
(4 <&8) 

. RKf VRLUf  
GbI UWKRG  

IE  VYWLUEK 
+. - D)  10 +. - D)  10 ' 1; @D)  100  

. RKf VRLUf  
UYEI dWLUOYRG  

IE  &8 
5…100 50…1000 50…10 000 ' 1; @D)  500 

. RKf VRLUf  
bKbNbI URG  

IE  &8, NbI rE  
10…100 1000 10 000 100 000 

8 UgQRIf  gIR-
GbYLEKf I OLUR 

N0)- <)%0-1 eN 
eN, 35A" 0" 3; . -1 $) <" , " +" A"4   

D) ' ; " -)  
[ )+" 3; . -1 eN 

8 UgQRIf   
RI UbTYEaR[ 

i eN, NeN (WeN) WeN, NWeN NeN, WeN, NWeN 

/ RI RNEKf IWq 
OXLJT bVOI ONR-
eIO GWQYEGHE-
I O[ QEYUR[ &8 

1…100 10…1000 (1 ' 1; @D. ) 100..10000 

1YgQE &8  
(UEXKWaJ 2.4) 

F; 13( " 31 eN ^1' %5<-1 eN 
T) , 13, %" 31<-5 (" -
31 (+" - " ; 10-1) eN 

<WVOI gGEIR 
` gIVa R[ 

 R QYWdI EebIIJ   
(UEXKWaJ 2.4) 

a - ) ; " A" 31 (; 1- 1=-1) ' 1, " ;C%-1: , 1<95-
; 4 3)81 3916 05, 13, , " ' >0" 31 . ; . ( 0%"-
--1 , %5; )<5 (%)<1"- 1 0. ; . , %5=+)81 = 
1-.); -)  i \F -90%>( 0>%)6: 35+1%4 3)-
; @-1 , 1<95; 4 3)81 -)  , " ; @" 356 i \F -

0%)-$590" %)6 (+) ;"  , " D5%. -1) 

o 5Y%" 31 eN ' 1, " ;C%-1: Rgg  1 - ) , 13-
, %"31<-5 ( " 31 $) , )+ ’C0" 3>4 81 , %5-
90%"H (<>L.  , " D5%. -1); -)  i \F -

90%>( 0>%)6: - ) , 13, %" 31<-5 ( " 31 $)-
, )+ ’C0" 3>4 81 , %590%"H 1 +1( %"-

_\i  (<>L.  , " D5%. -1) 
%OQgLUWNE  

UbNQbYEUgYE 
I EGVOKWr I fO-
TO LbYbHOGWnE, 
TEKgdR dELUOLg-

GEIIJ  

W1< 0 <" 70°N; 
, " ' >0" 3) ) , )%)-

0>%) 

W1< -25 <" 80°N; 
, %"+59; " 3. " ' ;) -

<- ) --C  

W1< -55 <" 125°N; 
) , )%)0>%) 31=9@-
( " 3" A" , %5$-) -

8. --C , )31)K1=-.  1 
( " 9+18-.  " ' ; )<-

- ) --C  

e- D1 <" , >905+1 
0. +, . %)0>%5, A)-
; >$1 $)90"9>3)--C 
" ' A"3" %44 0@9C 

" 9" ' ; 53" 

" LI OGIE   
` OYNE 

F%C+" ( >0-5=  
, )%); . ; . , 1, .< o 5; 1- <% k. $( " %, >9-.  35( " - ) - -C 

<EYREI UW 
FIP, SIP, DIP, 

QIP 0) 1-. 
R\ -5, R\ -8, 

R\ -18, R\ -78 F)953" 3)-5= ( %590);  

. YOV NRl  
GWGOHENW 

1,25 ) '"  2,5 ++ 
[)  <>A)+5 ( " ;)  

Æ5 ++ 
0,15..0,2 ++ -)  ( %590);1 

. RKf VRLUf  
GWGOHRG 

FP: $ <3"6 ) '"  
8" 05%@"6 ' " ( 13  -)  <3"6, 0%@"6 ) '"  8" 05%@"6 ' " ( )6 

 QbYbGEl IO 
14, 16, 20, 24, 28, 

40, 64 8, 10, 12  1$-)  

 
G OLOXKWGWj 
GWQEHVEj 

<" 12, 18, 22, 36, 
42, 48 

4, 6, 16  1$-)  

/ EUbYREK  
VOYQgLg 

[ 358)=-"  , ; )90+)9) , ( . %)+1()  1 +. -
0); -9( ;" . P" +' 1- )K1H +. 0) ;)  1 9( ;) .  

FP: +. 0); -9( ;"  = 1-. 
^ ; )$>% <;C , )953)K1H 
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R) ' ;5KC 1.2.4 – . KELẀ RVEaRJ aẀ YOGWj &8 
 

) WQOGR j EYEVUb-
YWLUWVW OHI OTO 

GWQYJNKJeE 

. RKf VRLUf 
Ubj I OKOTRe-
IWj  VYOVRG 

HKJ 
" LI OG-

IWq 
QYWIaWQ 
YOXOUW 

8 VOYOeb-
Ib  QOdIE-

ebIIJ , 
I EdGE 

 RV 
YOd-

YOXVW 

eEL  
dEUYW-
NEIIJ  
QbYb-
VKi -

ebIIJ , 
IL  

LQOlW-
GEIE QO-
Ugl I RLUf, 

N<U 

@KOnE 
GWQYJ-
NKJeE, 
NVN2 

NEL-
Vg-
GEI-
IJ  

HW-
` gdR[ 

@YWVKEHW @YWNRUVW 

C&@" ( >  4& &8 

F%5-K5,  
- )958.- -

-C 

QRg –
<1" <-" -
0%)-$59-
0" %-)  ;" -

A1()  

1962 <" 500 60    

P108; P109; 
P121; P128; 
P156; P194; 
P202; P215; 
P216; P217; 
P218; P221; 

P240;   
P511 

N, " 8)0(> 
+) ;5  35-
A;C< A1'-
%5<-56, 

<) ;1 – +" -
- " ; 10-56 

eN 

0"= L.  

 (_)Rg –
0%)-$59-
0" %-)  ;" -
A1()  $ (%.-
$59053-" -
E+- 19-5+ ) 
%. $59053-

-5+  
$3’C$( "+  

1963 <" 200 <" 10    
P114; P201; 
P205; P210; 
P211; P231 

 

0"= L.  

TNRg –
0%)-$59-
0" %-)  ;" -
A1()  $ ' .$-
, " 9.%.<-

- 1+ 
$3’C$( "+  

1963 
1966 

<" 30 
<" 20 

<" 70 
2..12 

   P115 

F%" 90) 
( " - 90%>(-
K1C, 359"-
()  8>0;5 -
3190@ <" 

, . %. D( "<, 
, . %D)  

+" -" ; 10-)  
eN 

0"= L.  

e2g – 1- 0.-
A%); @-) 

1- L . ( K1=-
-)  ; " A1()  

1975 
1976 
1980 

35 
20 
10 

0,085 
0,05 
0,01 

31 4..5 2..3 
P541; 

P 582; 
P 584 

F%" 90) 
( " - 90%>(-

K1C,  
<;C TWeN 

3. ; 5()  
D35<( " <1C 
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F%"<" 3L . --C  0) '; . 1.2.4 

) WQOGR j EYEVUb-
YWLUWVW OHI OTO 

GWQYJNKJeE 

. RKf VRLUf 
Ubj I OKOTRe-
IWj  VYOVRG 

HKJ 
" LI OG-

IWq 
QYWIaWQ 
YOXOUW 

8 VOYOeb-
Ib  QOdIE-

ebIIJ , 
I EdGE 

 RV 
YOd-

YOXVW 

eEL  
dEUYW-
NEIIJ  
QbYb-
VKi -

ebIIJ , 
IL  

LQOl WGE-
IE QOUg-
l I RLUf, 

N<U 

@KOnE 
GW-

QYJN-
KJeE, 
NVN2 

NEL-
Vg-

GEI-
IJ  

HW-
` gdR[ 

@YWVKEHW @YWNRUVW 

F%5-K5,  
, . %. ( ;4 -

8. --C  
90%>+> 

Rgg  – 
0%)- -

$590" %-" -
0%)-$59-
0" %-)  ;" -

A1()  

1963 10 10 340 7 4 

P130; P131; 
P133; P134; 
P136; P155; 
P158; P185; 
P230; P243; 

P 559; 
P596; P599 

T)=' 1; @D 
, " D5%. -1, 
>- 13. %9)-
; @-1, <.-

D. 31 

0"= L.  

_Ng 
(Rg_N) – 
. +10. %-" -
, "3’C$)-)  

;" A1()  
(0%)-$59-
0" %-)  ;" -
A1()  $ . +1-
0. %-5 +5 

$3’C$( )+5) 

1967 
1974 

2 
0,7 

30 
43 

  7..8 

P100; P137; 
P138; P187 
P223; P229; 
P500; P570; 

P1500; 
Pi 193; 
P 193 

T)=' 1; @D 
D35<(" -
<14 81 eN, 
<" %" L 81 

RRg, <>L.  
, " D5%. -1 

&8 46  / "@ -8 )  : . ) :  6A  

N0)058-
-5=  %.-

L 5+ 

\ <- " () -
- ) ; @-1 

90%>( 0>-
%5: %-

i \F  (+. -
0); -" ( 95<-
- ) , 13, %"-
31<-5(  $ 
( ) - ) ; "+   
%-05,>) 

1970 200 0,1 68 4..5 1 P 501 

F. %D1 "<-
- " () -
- ) ; @-1 

90%>( 0>%5, 
, . %. D(" -
<" 901=(1 

0"= L.  

n-i \F  
(+. 0); -
" ( 95<-

- ) , 13, %"-
31<-5(  $ 
( ) - ) ; "+   
n-05,> ) 

1973 100 0,1 36 5..7 1..3 

P132; P565; 
P 505; 

P568; P573; 
Pi 1609; 
P 1611; 
P1624; 

PN1626; 
P1801; 
P1809 

Q" +1->-
4 81 eN -)  

i \F -
90%>( 0>-

%)6. N>+1-
9-1 $ RRg 
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F%"<" 3L . --C  0) '; . 1.2.4 
 

) WQOGR j EYEVUb-
YWLUWVW OHI OTO 

GWQYJNKJeE 

. RKf VRLUf 
Ubj I OKOTRe-
IWj  VYOVRG 

HKJ " LI OG-
IWq 

QYWIaWQ 
YOXOUW 

8 VOYOeb-
Ib  QOdIE-

ebIIJ , 
I EdGE 

 RV 
YOd-

YOXVW 

eEL  
dEUYW-
NEIIJ  
QbYb-
VKi -

ebIIJ , 
IL  

LQOlW-
GEIE QO-
Ugl I RLUf, 

N<U 

@KOnE 
GWQYJ-
NKJeE, 
NVN2 

NEL-
Vg-
GEI-
IJ  

HW-
` gdR[ 

@YWVKEHW @YWNRUVW 

0"= L.  

i T\F  
(+. 0); -
- 10%50-
" ( 95<-

- ) , 13, %"-
31<-5( ) 

1975    -  
P 558; 
P1601 

Q;C . ; . (0-
%58-"  

, %"A%)+" -
3)-56 
F[F  

0"= L.  

P" +, ;. -
+. - 0)%-1 

90%>( 0>%5: 
Pi \F  

(( " +, ;. -
+. - 0)%-)  

i \F -
90%>(0>%)) 

1973 30 1,0 320 6..7 3 

P176; P564; 
P 188; 

P537; P561; 
Pi 581; 
P 587; 
P 588; 
P 590; 

Pi 1603; 
PN1626; 
P 1561 

Q;C 96.+  
-)  WeN $ 
)30" - "+ -
-5+  +. 0"-
<"+  L 53-
; . --C , -) -
, %5( ; )<, 
<;C [F  

Q5- )+18-
-5=  %.-

L 5+ 

Q5- )+18-1  
96. +5 

(<3"-, 8" -
05%5- ) '"  
D.905-
Y)$-1) 

     9  

Q;C <5-) -
+18-56 [F  
$ <" 31;@-
- "4  35'1-

%( "4  

F. %. 03"-
%. --C  

$)%C<13 

F[N -
, %5; )<5 $ 
$)%C<"35+ 
$3’C$( "+  

1975 
i . -D  
20 i^

K 

i . -D  
20 +(WR 

-)  ' 10 

60 +(+ 2 
-)  ' 10    

Q;C [F , 
Y1; @0%13, 
<)085(13 
(" ' %" ' ()  

$" ' %)L . -@) 

 
Z 0) ' ;5 K1 1.2.5 $" ' %)L . -"  RRg 96. +5 (U 9," L 53)--C  +5 W, , . %. 35B. --C  (" -

%59-"A"  95A-) ;>  - )< 95A-) ; "+  , . %. D( " <5 1 W, ( " . Y1K1E-0 %"$A) ; >L . --C  ,"  356" <> 
10, 0%5 3)%1) - 05 35( "- ) --C  353" <13). 
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R) ' ;5KC 1.2.5 – ) )(  Lj bNW  
 

) WQOGR  
j EYEVUbYWLUWVW  

OHI OTO GWQYJNKJeE 
@YWVKEHW 

4 EdGE 

 RV 
YOd-
YOX-
VW 

/ EV-
LWNE-
Kf IE  
YOXO-
eE eE-
LUOUE, 
/ 1a 

3 EL dE-
UYWNEI-
IJ  QbYb-
VKiebI -

IJ , IL  

8 QOl WGEIE  
QOUgl -

I RLUf, N<U 

8 Ug-
QRIf  

RI UbT-
YEaR[ 

. RKf -
VRLUf 
UWQRG 

&8 
OHIRp[ 
LbYR[ 

) bN-
QbYE-
UgY-
IWq 

HREQE-
dOI 

8 4% 
&I rR 

VYE[IW 

@YWNRUVW 

N0)- -
<)%0-1 

1965 125 10 10 
i eN 
NeN 

(WeN) 

k1;@-
D)  
200 

1 
2 
3 

P155 
P133 

X74nnn 
X84nnn 
X54nnn 

Q>L.  , " D5-
%. -1, +)4 0@ 
3. ; 5(> D35-
<( " <14, 31<-
- " 9-"  <. D. -

31 

q 35<-
( " <14-

81 
1967 125 6 22 

i eN 
NeN 

k1;@-
D)  20 

1 
2 
3 

P131 
P130 

X74hnn 
X84hnn 
X54hnn 

q 35<( " <1C 
35B) , - 1L > 
90)- <)%0-56 
RRg eN, , %5 

' 1; @D1= 
9, " L 53)- 1= 
, " 0>L - " 901 

i ) ;" -
, " 0>L-

-1 
1968 3 30 1 

i eN 
NeN 

30 
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Q>L.  3. ; 5()  
D35<( " <1C, 
35( " %590"-
3>4 0@9C <;C 
iF  eN, 31<-
- " 9-"  <" %" A1 

i ) ;" -
, " 0>L-
-1 -)  

, " ; @"-
356 
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%)6 $ 
' )%’E-
%"+  
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@ 6 . ) -34+  $6 <%6 4 4>  
 

J" ?+  – 3538505 ( ; )95Y1( )K1=-1 " $- ) (5  eN; " 9" ' ; 53" 901 - ) , 13,%"31<-5 ( " 356 
1 A1' %5<-56  eN. 

 

$EGHEI IJ  HKJ LENOQRHTOUOGVW 
 

1. W538505 " ,59  ; ) ' " %)0"%- "H %" ' " 05 1 %. ( " +. - <" 3) -> ; 10. %)0>%>. 
2. W1<, " 31905 -)  ( " - 0%";@-1 , 50) --C . 
3. F1<A" 0>3)05 ' ; ) -(  $310> $ ; ) ' "%)0"%-"H %"' " 05, C( 5= ," 35- .-  +190505: -) -

$3> 0) +. 0> %"' " 05, 0; >+)8. --C  9 eiN (0) ' ;5KC 1.2.6), ",59  $)%>'1L -" A" 
) - ) ;"A>. 

 

R) ' ;5KC 1.2.6 – "d I EVW, dE JVWNW VKELẀ RVgi Uf LJ &8 
: NOGIR QOdI EebIIJ  &8 

. KELẀ RVEaRqIR OdI EVW &8 
s  1 s  2 

N. %1C eN   
R. 6- " ; " A1C 35A" 0" 3; . --C    
W5< " ' %" ' ; 4 3)- " A" 95A- ) ;>   
W5( " - >3)-1 Y>- ( K1H 1 , %5$-)8. --C  (0) ' ; 5KC 2.2)   
R5,  ; " A1(5    
R5,  ( " %, >9> (9. 102-104 [1])   
i )0. %1);  ( "%, >9> eN (0)' ; 5KC 3.13 [1])   
P1; @( 190@ 353" <13   
^ ) ' )%50-1 %" $+1%5 eN, ++   
Q" , >905+)  0. +, . %)0>%) - )3( " ; 5D- @" A" 9.%. <" 35B) , " ' ; )90@ 
$)90" 9>3)--C  

  

F%5( ; )< – "d I EVW, dE JVWNW VKELẀ RVgi Uf LJ &8 
 

: NOGIR QOdI EebIIJ  &8 . KELẀ RVEaRqIR OdI EVW &8 
. 176:4 7 s 2 

N. %1C eN 176  
R. 6- " ; " A1C 35A" 0" 3; . --C  T) , 13, %" 31<-5 ( " 3)  
W5< " ' %" ' ; 4 3)- " A" 95A- ) ;> a - ) ; " A" 35=  
W5( " - >3)-1 Y>- ( K1H 1 , %5$-)8. --C  (0) ' ; 5KC 2.2) F1<95; 4 3)8 - ) , %>A5 0. ; .95A-

- ) ; 13 
 

R5,  ; " A1(5  Pi QF  
R5,  ( " %, >9> (9. 102-104 [1]) 201.14-1  
i )0. %1);  ( "%, >9> eN (0)' ; 5KC 3.13 [1]) F; )90+)9)   
P1; @( 190@ 353" <13 14  
^ ) ' )%50-1 %" $+1%5 eN, ++ 19.5 6 6.5  
Q" , >905+)  0. +, . %)0>%) - )3( " ; 5D- @" A" 9.%. <"-
35B) , A) ; >$@ $)90" 9>3)--C  

-45...+70 °N 
F" ' >0" 3) 

 

 

$EGHEI IJ  HO KEXOYEUOYI O[ YOXOUW 

1. Q. D5Y%>3)05 >+" 3-1 ," $- )8. --C  $)<) -56  eN (0) ' ;5KC 1.2.7). 
2. W5$- )8505 <;C " <- 1EH eN (31<+18. - "H 3 $)3<)--1) $)%>'1L -5=  ) - ) ;"A. 
3. P"%590>4 859@ %. ( " +. - <" 3) - "4  ; 10. %)0>%"4, $) , " 3-5 05 <;C <3"6 eN 0)' -

;5K4  1.2.6. 



 26 

4. W5( "- )05 $310 ,%" %" ' " 0>, C( 5= +19050@ 0) ' ;5K4  1.2.6. 1 0; >+)8. --C  eN, 
B"  3( )$) -1 3 $)3<)- -1. 

 

 
R) ' ;5KC 1.2.7 – <EYREI UW dEGHEI IJ  
 

 

<EYREIU  <EYREIU  <EYREIU  

1 

P142_T 8k 
P142_T 10 
P142_F 1k 
P 140ZQ5k 
P140ZQ13 
P 140ZQ608 
P1408ZQ1 
P 514ZQ2k 
P 544ZQ1k 

4 

P590PT12 
P590PT9 
P590PT8 
P590PT1 
P543PT1 
P547PF1 
P190PR2 
P190PR1 

7 

P555Ri 8 
74HC273D 
P555h 9 
P555h_ 8 
74HC373D 
P555 _ 4 
74HC374D 
P176hQ2 
P1561a^ 1 

2 

P 140ZQ17 
P154ZQ1 
Pi 551ZQ1 
P1407ZQ1 
P 1401ZQ2k 
P521Na1 
P521Na4 
74TN05 
74aN14D 
P1121Na1 

5 

P572FW1a  
P 572Fa 1k 
P572FW5a  
P1107FW1 
P1108Fa 2_ 
74HC192N 
74HC193N 
P113FW1W 
P112611W1 
P594Fa 1 

8 

P561FZ 4 
P561R 2 
CD4067 
LM318N 
CD4011 
CD4511 
155 Z 2 
Pi 132 Z 9k 
500 Z 410 
P 565 Z 6Q 

3 

P140ia 1 
P 525FN2 
Pi 525FN3 
P525FN2 
P525FN1 
P 1100NP2 
P 1100NP3 
P162PR1 
P190PR2 

6 

LM324D 
P 198TR5 
P 1533ga 1 
P555ga 4 
LM393D 
P555g 13 
LM339D 
74YC04D 
P533ZQ1W 

9 

556 R 4 
P 558  2k 
P573  22 
P 558  2 
kP573  22 
P 1601  1 
Pi 1609  2k 
PN1626 n 12a  
P573 n 4a  
P 556 R 2 

 

. "4 )  " ( D4& @- ) 6 44>  
 

1. W5<5 0. 6-"; " A1= eN. 
2. W5$- )8. --C  ( " +, "- . - 013 1 . ; . +. - 013. 
3. W5<5 35( " - ) -@ 353" <13 ' . $( "%, >9-56  +1( %"96.+ . 
4. W5<5 ( "%, >913 31085$- C-56  0) $)%>'1L - 56 eN. 
5. F" $- )8. --C  eN. 
6. W5$- )8. --C  90>, . -C 1- 0. A%)K1H. 
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1.3 . "4 8 )  : ; <6 4 4>  $’ t %4 6 4D  @ - ( 6%&<.  
4 6 4 +8 +4 4>   " $/ & &<  

 
" LI OGIR QYEGWKE I EI bLbI IJ  

YOdNRYRG HKJ TGWIUOGWj d’pHI EIf  
 

1.  1$@')  $ 0. 6-";" A18-56  ,%585-  -.  +" L.  ' >05 35( "- ) -)  -)  394 <" 3L 5-> A35-
- 0) ) '"  - )%1$)-)  -)  394 A;5' 5->  «A; >6" A"» " 03" %>. F"  +" L ;5 3" 901 " 03" %5 
, 1< %1$@'>  , " 0%1' -"  %" ' 505 - )9( %1$- 5+5. 

2. ^ ;5 ' 5->  $)A35- 8>3)--C  ) '"  <" 3L 5-> $A35- 8>3)--C  <;C 90) ; . 356 <. 0) ; .=  %.-
( " +. - <>E0@9C %"' 505 -.  +. - D.  " <-"A"  <1)+. 0%) – 1...1,25Æ %1$@'5 , )  <;C 
) ; 4 +1- 1E356 1 ,; )90+)9" 356 – <3)-0%5 <1)+. 0%5. 

3.  1$@')  ," 35--)  - )%1$)059C 01; @(5  -)  <1; C-K1 '1; @D"H <" 3L 5-5  $A35- 8>3)--C  
-)  10...20%. 
R%5 A%>,5  $A35- 8>3)--C : 
S – ( "%" 0(1, 
N – -" %+) ; @-1, 
L – <" 3A1. 
Q;C " <. %L )--C  ," 9)<"(  $ $)$"%"+  E , ’C0@ " 9-" 3-56  31<65; . -@ <;C $" 3- 1D- @"H 

%1$@'5 : d, e, f, g, h 0) 8" 05%5 31<65; . --C  <;C 3- >0%1D- @"H – E, F, G, H. 
\ 9-" 3-1 31<65; . --C  <;C $" 3- 1D- @"H %1$@'5 35$- )8)4 0@ 3. %6-1 31<65; . --C , )  

<;C 3- >0%1D- @"H – -5 L -1 31<65; . - -C <1)+. 0%13. Q%>A. A%)-5 8-.  31<65; . --C  $) ;. -
L 50@ 31< 90>, . -C 0" 8-" 901 %1$@'5  (<;C $" 3- 1D- @"H – 3-9 /9 – - )=A%>' 1D) /, )  <;C 3->-
0%1D- @"H 4-8). 

Q;C ,"; . AD. --C  35' "%> <", >9(> $)<) -"  >+" 3> ( ; )9> 0" 8-" 901 %1$@'5 : 
0" 8-5=  – <;C " 03"%13 $" 3- 1D- @"H %1$@'5  <. 0) ; .= , 
9.%. <- 1= – <;C %1$@'5  $)A) ; @-"A"  $)90" 9>3)--C , 
A%>' 5= – <;C A; >656 " 03" %13 1 , " 3. %6"-@ (0) ' ;5KC 1.3.1). 
 

R) ' ;5KC 1.3.1 – " LI OGIR VKELW UOeI OLUR YRdf XW 
 

P; )9 0" 8- " 901 %1$@'5  4-5 6-7 8-9 
F)%)+. 0% D" %90( " 901 Ra, mkm 0.8-1.6 1.6 3.2 

 

4. W $’E<- >3) ; @-56  <. 0) ; C6 %1$@')  - )%1$)E0@9C 01; @(5  3 " <- 1= <. 0) ;1, 1- ) ( D.  <. -
0) ;1 -.  ' ><>0@ 90CA>3)059C (9059( >3)059C) A35- 0"+ . 

5. W A35- 0" 356 $’E<- ) -- C6 <. 0) ;1 ,%5059( >4 0@9C " <-)  <" " <- "H A"; 13( "4  A35- -
0), 1 $)3L <5 ," 35- -)  ' >05 +" L ; 53190@ $' 1; @D505 $>95;;C  ,%5059(> $) %)6>-
-"(  <" <)0( " 3"A" " ' . %0> A35- 0). 

6. W >+" 3-56  ," $- )8. -- C6 +. 0%58- "H %1$@'5 3( )$>4 0@ ' >( 3> i , -" +1- ) ; @-5=  
<1)+. 0% (Æ=12 ++), 61< (01; @(5  <;C ' )A)0" 350( " 356 %1$@', ! n=2 ++), ( %"( 
(01; @(5  <%1'-5=  ! =1 ++), ' >( 35 LH – 01; @(5  <;C ; 13"H %1$@'5 , ,";.  <" , >9(> 
(6H), <" 3L 5-> $A35- 8>3)- -C (-"%+) ; @-)  <" 3L 5-)  $A35- 8>3)--C  N -.  390)-" -
3; 4 E0@9C, l = 30 ++): 
i 12 - 6T; 
i 1261 - 6T; 
i 1262( 1) LH-6T-30. 
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" LI OGIR QYEGWKE HKJ r UẀ UOGWj ` RVLgi eWj d’pHIEIf  
 

1. Q" 3L 5-)  $’E<- ) --C  D05Y0) $ <. 0) ;;4  , " 35--)  ' >05 -.  +. - D"4  " <-"A"  <1)-
+. 0%) D05Y0). 

2. Q" 3L 5-> " 03" %> , 1< D05Y0 -.  ' )L ) -"  %"' 505 ' 1; @D"4  <3"6 <1)+. 0%13  
D05Y0). 

3. \ 03"%5 , 1< D05Y0 ," 35--1  ' >05 - )9( %1$- 5+5. 
 " $%1$- C40@ ( "- 90%>( 0"%9@(1, 0. 6-"; " A18-1 1 35+1%4 3) ; @-1 ' )$5. W $)A) ; @-" -

+> 35, )<(> K1 ' )$5 -.  $' 1A)4 0@9C. 
Q4&; ? 2G=? 42; W=4X ' )$"4  - )$53)E0@9C ," 3. %6-C <. 0) ; .= , ,"  C( 1= 3"-)  ( "- -

0) ( 0>E $ , " 3. %6-.4  1- D56 <. 0) ; .=  > 9( ; )<) ; @- 1= " <5- 5K1, 3>$;1, ,%5; )<1. 
 "$&4P4T') &4X ' )$"4  - )$53)E0@9C ," 3. %6-C $)A"0" 3(5 , ,"  C( 1= 3"-)  390)-" -

3; 4 E0@9C -)  ," 3. %6-4  $)059( -" A" ,%590%"4  3. %90)0), 31<- " 9-"  C( "H $) <"," +"A"4  
3( )$) -56  %"$+1%13 35$- )8)E0@9C ,";" L . - -C " ' %" ' ; 4 3) ; @-"A"  1- 90%>+. - 0). 

Y6I '2X-+PW&4X ' )$"4  - )$53)E0@9C ," 3. %6-C <. 0) ;1 ) '"  $)A"0" 3(5 , ,"  C( 1= 
3"-)  390)-" 3; 4 E0@9C -)  ," 3. %6-4  35+1%4 3) ; @-"A"  ,%5;)<> <;C 35$- )8. --C  ,%)-
35; @-"A"  %"$+1B. --C  31<-" 9-"  - .H $) $)<) -5 +5 %"$+1%)+5 , " 3. %6-1, B"  , . %. 31%C-
E0@9C. 

 
4 EI bLbIIJ  YOdNRYRG IE  VYbLKbI IJ  

 
F%)35;)  - ) - .9. --C  %"$+1%13 -)  ( %.9; . - -C (( %.9; . -5 (5  0. 6- 18-1) 35$- )8)-

4 0@9C QNRZ ISO 129-1:2007. W1<, " 31<-"  <" $)$- )8. - 56 90)- <)%013 391 %"$+1%5 ," -
<1; C4 0@ -)  Y" %+" >03"%4 4 81 (C(1 31<-" 9C0@9C <" " ( %. +56 , " 3. %6"-@ <. 0) ; .= ) 1 (" -
"%<5- >4 81 (C(1 35$- )8)4 0@ %"$+1B. --C  , " 3. %6"-@ > " <- 1EH 1 01EH L  <. 0) ;1). \ 90) - -1 
," <1; C40@9C -)  9,%CL. -1 1 - .9, %CL. -1. N,%CL. -5 +5 - )$53)4 0@9C %"$+1%5 <. 0) ;1, 
C(1 36" <C0@ 3 %"$+1%-5= ; ) - K4A 9( ; )<) ; @-"H " <5-5 K1 1 %" ' ; C0@ ' . $," 9.%. <- 1= 
3,;53  -)  0" 8- 190@ 1 - )<1=- 190@ HH Y>- ( K1" ->3)--C . T.9,%CL. -5 +5 - )$53)4 0@9C %"-
$+1%5, C(1 31<-" 9C0@9C <" 31; @-56  ," 3. %6"-@ <. 0) ; .=  (1 -.  3,; 53)4 0@ -)  %"' " 0> 
,%5;)<>). 

Q;C 3%)6>3)--C  3$)E+" <1H <. 0) ;1 $ 1- D5+5 <. 0) ; C+5 9( ; )<) ; @-1 %"$+1%5 -. -
" ' 61<-"  ,%"90)3; C05 31< ( "- 90%>( 0"%9@( 56 ' )$, $) ' . $, . 8>4 85 ,%5 K@" +> ,%C+5= 
$3’C$"(  +1L " 9- " 3- 5+5 1 <" ," +1L - 5+5 , " 3. %6-C+5 <. 0) ;1. 

[ )90" 9" 3>4 0@ 0%5 " 9- " 3-1 +. 0" <5 - ) - .9. - -C %"$+1%13: 
1) =442. 6&+? &6>: 391 %" $+1%5 ,%"90)3; C4 0@ 31< " <- 1EH ( "- 90%>( 0"%9@( "H ') -

$5. o .=  +. 0"< $) ' . $, . 8>E - )=0" 8- 1D1 %"$+1%5 >916 . ; . +. - 013 <. 0) ;1 31< ' )$5; 
2) P+&8XT4-6>: 391 %"$+1%5 ,%"90)3; C4 0@ ," 9; 1<" 3-"  (; ) -K4 A"+ ). o .=  +. -

0"< <" $3"; CE $) ' . $, . 8505 359" (> 0" 8- 190@ > %" $+1B. - -1 ( " L -"A"  - )90>,-"A"  . ;. -
+. - 0) 31<-" 9-"  ,", . %. <- @"A"; 

3) =4I C'&4-+&6>: %"$+1%5 $)<)4 0@9C 31< <. ( 1; @( "6 ' )$, )  9)+.  $)90" 9" 3>-
4 0@9C ,"E <- ) --C  ( "" %<5- )0-"A"  1 ; ) -K4 A" 3"A" +. 0" <13. Q" $3"; CE $) ' . $, . 8505 , 1<-
35B. --C  0" 8-" 901 35A" 0" 3; . --C  31<," 31<) ; @-56  %"$+1%13. 
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@ 6 . ) -34+  $6 <%6 4 4>  
 

J" ?+  – 3538505 ,%)35;)  ( " - 90%>4 3)- -C $’E<- ) -@ $) <", " +"A"4  A35- 013 1 
Y1( 9>4 856 D05Y013. T)  " 9- " 31 K@"A" ) - ) ; 1$> 35( "- )05 (%"$%" ' 505) 95- 0.$ " <-"A" -
<3"6 35<13 $’E<- ) -@ ) '"  <)05 +" L ; 531 3)%1)- 05 $’E<- ) -@. W538505 1 - ) ' >05 - )358"(  
35$- )8. --C  ( "- 90%>( 0"%9@( 56 ' )$ 1 - ) - . 9. --C  ( "- 90%>( 0"%9@( 56 %"$+1%13 -)  <. 0)-
; C6 1 9( ; )<) ; @-56  " <5-5KC6. 

 
$EGHEI IJ  HO QYEVUWeI O[ YOXOUW 

 

1. \ $- )=" +5059C $ " 9-" 3-5 +5 0. "%. 058- 5+5 31<" +" 90C+5: 
1) ,%" A35- 0" 31 $’E<- ) --C ; 
2) ,%" Y1( 9>4 81 D05Y05; 
3) ,%" ,%5$- )8. --C  ( "- 90%>( 0" %9@( 56, 0. 6-";"A 18- 56 1 35+1%4 3) ; @-56  

' )$. 
2. \ $- )=" +5059C $ 0. 90" 35+5 $)<)8)+5 $)90" 9>3)--C  A35- 0" 356 $’E<- ) -@. 
3. F%")- ) ; 1$>3)05 391 <.3’C0@ 3)%1)- 013 ( "- 90%>( K1= 1 3( )$)05 <" , >B. -1 ," -

+5; (5 . 
4.  " $%"' 505 , %)35; @-1 3)%1)- 05 A35- 0" 356 $’E<- ) -@. 
5. \ $- )=" +5059C $ 0. 90" 35+5 $)<)8)+5 $)90" 9>3)--C  D05Y0" 356 $’E<- ) -@ 

(%59>- (5  1.3.1, 1.3.2). [- )=05 ,%)35; @-5=  3)%1)-0 9.%.< D.905 $’E<- ) -@. F" C9- 505 
," +5; (5  ( "- 90%>( 0"%) 3 - . ,%)35; @-56  3)%1)- 0)6. 

 
1

2

3

1 2

 
 WLgI OV 1.3.1 – <EYREI UW r UẀUOGWj d’pHI EIf  

 
 

 
 WLgI OV 1.3.2 – <EYREI UW ` RVLgie Wj r UẀUOGWj d’pHI EIf  
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6. F%")- ) ; 1$>3)05 391 11 3)%1)- 013 ( "- 90%>( K1= D05Y0" 356 $’E<- ) -@ 1 3( )$)-
05 -)  <" , >B. -1 , " +5; (5 . [- )=05 ,%)35; @-5=  3)%1)-0 ( " - 90%>( K1H. F" C9- 505 , " +5-
; (5 . 

7.  " $%"' 505 , %)35; @-1 3)%1)- 05 D05Y0" 356 $’E<- ) -@. 
8. \ $- )=" +5059C $ " 9-" 3- 5+5 ,%)35; )+5 B" <" - ) - .9. --C  %" $+1%13, ( ""%-

<5- )0- 5+, ; ) -K4 A"35+ 1 ( " +' 1- " 3) -5+  +. 0" <)+5. 
9. W5' %)05 ( " - 90%>( 0" %9@(1 ' )$5 -)  <. 0) ; C6 1 ,%"90)3505 %"$+1%5. 

 
. "4 )  " ( D4& @- ) 6 44>  

 
1. R5,5  A35- 013 1 A35- 0" 356 $’E<- ) -@. \ 9" ' ;5 3" 901 H6 $)90" 9>3)--C  1 ( "-9 -

0%>4 3)- -C. \ 9- " 3-1 ,%)35;)  35' " %> <" 3L 5-5  1 <1)+. 0%) A35- 013. 
2. R5,5  D05Y013 1 $’E<- ) -@ $) <", " +"A"4  D05Y013. \ 9- " 3-1 ,%)35;)  >90)-

-" 3(5  D05Y013. 
3. W5<5 ( %1,5; @-56  <. 0) ; .= . 
4. T. <" ; 1(5  1 , . %. 3)A5 ( "- 90%>( K1= >90) -" 3(5  D05Y013, ," ( )$) -56  -)   

%59>- ( )6 1.3.1, 1.3.2. 
5. r (1 35<5 ' )$ $)90" 9" 3>4 0@9C , %5 %"$%"' K1 ( "- 90%>( 0" %9@("H <" ( >+. - 0)K1H? 
6. c"  0) (.  ( "- 90%>( 0"%9@()  ' )$)? 
7. c"  0) (.  0. 6-";" A18-)  ' )$)? 
8. c"  0) (.  35+1%4 3) ; @-)  ' )$)? 
9. c"  0) (.  Y" %+" >03"%44 81 1 ( "" %<5- >4 81 %"$+1%5? 
10. N>0- 190@ ( ""%<5- )0- " A" +. 0" <> ,%"90)3; . --C  %"$+1%13. 
11. N>0- 190@ ; ) -K4 A" 3"A" +. 0" <> ,%"90)3; . - -C %"$+1%13. 
12. N>0- 190@ ( " +' 1-" 3) -" A" +. 0" <> ,%"90)3; . --C  %"$+1%13. 
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1.4 @ - $4 6 3 +44>  %"@ : 8 . &< & @" 86%".  
 

F" 9)<(5  ," <1; C4 0@9C -)  0%5 35<5: ," 9)<(5  $ $)$"%"+ (  " 03. >   3) ;) ), ," 9)-
<(5  $ - )0CA"+  (  " 03. <   3) ;) ), , . %. 61<-1 ," 9)<(5  (  " 03. < >   3) ;) ). 

Z 1975 %"K1 ' >;"  $)03. %<L . -"  E<5-5= <;C 3916 ( %)H- 90) - <)%0 <", >9( 13 1 "9-
-" 3-56  31<65; . -@, C(1 ' >;5  - )$3) -1 ( 3) ; 10. 0)+5 0" 8-" 901. 

P3) ; 10. 05 0) (1: 0,1; 0; 1...17. W 859; 13-5 (> 3( )$) -1 ( 3) ; 10. 05 0" 8-" 901 3 959-
0. +1 " 03"%>, 3 $- )+. --5 (> – 3 9590. +1 3) ;) . W , %5;)<" ' ><>3)- -1 ( 3) ; 10. 05 0.1; 0; 
1...5 – <;C . 0) ; " - 13, ( ) ; 1'%13, ( 1-K. 356 +1%; 6...12 – <;C 9,%CL. -56  %"$+1%13; 
13...17 – <;C <" 31; @-56  %"$+1%13. 

 " $+1B. --C  ,";C  <" , >9(> 31<-" 9-"  - >; @" 3"H ; 1- 1H (-" +1- ) ; @-"A"  %"$+1%>) 
," $- )8)4 0@: 3. ; 5( 5+5 ; )05- 9@( 5+5 ; 10. %)+5 – %"$+1B. --C  ," ; 13 <", >9( 13 " 03"%13, 
+) ;5 +5 – 3) ; 13. F";C <" , >9( 13, B"  ,%5+5( )4 0@ <" - >; @" 3"H ; 1- 1H ,"; 13 <" , >9( 13 
" 9-" 3-"A"  " 03" %> 1 " 9- " 3-"A"  3) ;) , ," $- )8)4 0@ H 1 h: 

·  ,";C  31< # (%) <" h (H) >03"%44 0@ ," 9)<(5  $ $)$"%"+ ; 
·  j, js, k, m, n %)$"+  $ H – , . %. 61<-1 ," 9)<(5 ; 
·  31< p <" z 3 9, " ; >8. - -1 $ H – - )0CA5. 
Wi<, "3i<- i %" $A;C- >05+ ,"; C+ <" , >9( 13 " 03" %13 (%, ' , ) ...) ,";C  <" , >9( 13 3)-

; 13 %)$"+  $ ,"; .+  <" , >9(> " 9- " 3-"A"  3) ;)  h <)4 0@ 01 L  , " 9)<(5 , ) ;.  3 9590. +1 3) ;) . 
^%)-5 8-1 31<65; . --C  +1- 1+) ; @-56  %"$+1%13 -)  ( %.9; . -- C6 3( )$>4 0@ " <- 5+ 1$ 

9," 9" ' 13, $" ' %)L . -56  -)  %59>- (> 1.4.1. 
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G) gNOGIWNW dI EebII JNW QOKRG HOQgLVRG d GVEdRGVOi  QYEGOYge G Hgl VEj  eWLKOGWj 
dI EebIf  TYEIWeIWj  GRHj WKbIf  

 
 

 
 WLgI OV 1.4.1 – 8 QOLOXW dOXYEl bIIJ  TYEIWeIWj  GRHj WKbIf   

NRI RNEKf IWj  YOdNRYRG IE  VYbLKbII Jj  
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^%)-5 8-1 31<65; . --C  %" $+1%13 <. 0) ; .= , C(1 $" ' %)L . -1 -)  ( %.9; . --1  3 
$’E<- ) - -1, 3( )$>4 0@ > 35A;C<1 <%"'>  (," 9)<() ): 3 859; 13- 5(> – <;C " 03" %>, 3 $-) -
+. --5 (> – <;C 3) ;) . 

T)  9( ; )<) ; @-" +> ( %.9; . - -1 +" L >0@ - )3" <5059C " ( %. +1 31<65; . --C  01; @(5  
" <- 1EH $1 9,%CL. -56  <. 0) ; .= . T) ,%5( ; )<, $)<)4 0@ A%)-5 8-1 31<65; . --C  ," 9)<( " 356 
+19K@ 3) ; 13 1 " 03" %13 > ( "%, >9)6, 9, %CL. -56  $ , 1<D5, - 5( )+5 (%59. 1.4.1, ) ). 

^%)-5 8-1 31<65; . --C  -5 $@( "H 0" 8-" 901 (31< 12-A" ( 3) ; 10. 0> 1 A%>' 1D. ), B"  ," -
30"%4 4 0@9C -)  ( %.9; . -- C6 ' )A)0" %)$13, , 19;C - " +1- ) ; @-56  %"$+1%13 +" L -)  -.  -) -
-" 9505, )  3( )$)05 3 0. 6- 18-56  35+"A)6. 

T)  ( %.9; . - -1 ," $- )8)E0@9C %"$+1% $ ="A" ( 3) ; 10. 0"+  <" , >9(>. 
 . ( " +. - <" 3) -1 05,5  ," 9)<"(  > 9590. +1 3) ;)  1 9590. +1 " 03" %> $) ; . L -"  31< 

,%5$- )8. --C  , " <) -1 3 0) ' ; 5K1 1.4.1. 
 
R) ' ;5 KC 1.4.1 –  bVONbIHOGEIR UWQW QOLEHOV g LWLUbNEj GEKE R OUGOYg 
 

 bVONbI HOGEIR QOLEHVW s  
Q/Q AEYEVUbY 

< LWLUbNR OUGOYg < LWLUbNR GEKE 
$ dEdOYON 

1 

F" 31; @-. , . %. +1B. --C  i 
, " 3" %" 05 <. 0) ; .=  

R" 8-1 
 

^%>'1 

H7   H7  H8  H9   H8 
----; ----; ----; ----; ---- 
h6    g6    h8   h9   h7 

H11   H12 
-----; -----; 
h11   h12 

H7   H8 
----; ---- 
h6    h8 

H9  H11  H12 
----; -----; ------ 
h9    h11    h12 

2 

\ ' . %0)--C  3) ; 13 3 " , " %)6 
( " 3$)- -C 1$ $+)B>3)-- C+ 
$’E<- )--C , 3 C( 56 , " 0%1'-
-5=  31<- " 9-"  3. ; 5( 5= $)-

$"% 

H7   H7  H8  H9  H8  H11 H11 
----; ----; ----; ----; ----; -----; ----; 
f7     e7    e8   d9   d9    c11   c11 

H11  H11  H12  H7 
-----; -----; ------; ---- 
d11  b11   b12    e8 

F8   F9  F8  D11  F9 
----; ----; ----; ----; ---- 
h8    h9   h6  h12   h8 

@bYbj RHIR 

3 

T. %>6" +1 $’E<- )--C  $ 35-
( " %590)-- C+ Y1( 9>4 856 
, %590%" H3, B"  %" $' 5%)-

4 0@9C <;C " A;C<>, %. +"- -
0>, $)+1-5  <. 0) ; .=  0" B"  

H6   H6  H5  H6   H7   +7   H7 
----; ----; ----; ----; ----; ----; ----; 
k5    js5   m5   n5  js6   k6    m6 

H7 
---- 
h6 

JS6  K6  M6  N6  Js7   K7 
----;  ----; ----; ----; ----; ----; 
h6    h5    n5   n5   h6    h6 

N7 
----; 
h6 

$ I EUJTENW 

4 T. %>6" +1 $’E<- )--C  
H6   H6  H7  H7  H7   H7 
----; ----; ----; ----; ----; ---- 
p5   z5     p6   z6    s6    n7 

P6   P7  R7   S7   T7   U7 
----; ----; ----; ----; ----; ---- 
h5   h6   h6   n6    n6   h7 

 
@ 6 . ) -34+  $6 <%6 4 4>  

 
J" ?+  – 3538505 1 " 0%5+)05 - )358(5 390) -" 3; . --C  35<13 ," 9)<"(  C( > 9590.-

+1 3) ;) , 0)(  1 3 9590. +1 " 03"%>. T)  " 9- " 31 K@"A" %"$%" ' 505 " <-> , <31 9( ; )<) ; @-1 
" <5-5 K1 $ $)$- )8. -- C+ 35<> ," 9)<"( . 
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$EGHEI IJ  HKJ LENOQRHTOUOGVW 
 

F%5 , 1<A" 0" 3K1 <" 35( "- ) --C  ; ) ' "%)0"%-"H %" ' " 05 - . " ' 61<-"  3538505: 
·  35<5 ," 9)<"( ; 
·  35' 1% ," 9)<"(  1 A%)- 58-56  31<65; . -@ %"$+1%13 -)  ( %.9; . -- C6. 
Q;C 35( "- ) --C  ,%)( 058- "H %" ' " 05 90><. - 0> 35<)4 0@ ( 1; @()  ( %.9; . -@ $'1%- 56 

" <5-5K@ 1 <. 0) ; .= , 1 -)  H6 " 9- " 31 90><. - 05 - )$- )8)4 0@ ," 9)<(> 1 A%)-5 8-1 31<65-
; . --C  %"$+1%13 -)  ( %.9; . -- C6 $’E<- ) -@ 1 <. 0) ; .= . 

 
$EGHEI IJ  HO QYEVUWeI O[ YOXOUW 

 

1. \ $- )=" +5059C $ " 9-" 3- 5+5 0. "%. 058- 5+5 31<" +" 90C+5 ,%" 35<5 ," 9)<"(  
i A%)-5 8- 56 31<65; . -@ %"$+1%13. 

2. \ $- )=" +5059C $ " 9- " 3-5 +5 ,%)35; )+5 , " $- )8. --C  i ,%"90)-" 3(5  35<13 
," 9)<"(  -)  ( %.9; . -- C6. 

3. \ $- )=" +5059C $1 9( ; )<) ; @- 5+ ( %.9; . -- C+ 1 ="A" 9, . K5Y1( )K1E4. 
4.  " $%"' 505 ( %.9; . --C  -)  " <->-<3i $' 1%(5  i <. 0) ;1 $ $)$- )8. -- C+ 35<13 ," -

9)<"( , H6 ," $- )8. -@. 
5. [ ) - .905 3 0) ' ;5K4  35<5 ," 9)<"(  i , " $- )8. --C , C(1 $)90" 9" 3>4 0@9C. 

 
. "4 )  " ( D4& @- ) 6 44>  

 
1. W5<5 , " 9)<"( . 
2. \ 6)%)( 0. %5$>3)05 9590. +> 3) ;)  i 9590. +> " 03" %>. 
3. r(  ," $- )8)4 0@9C ,";C  <" , >9( 13 > 9590. +)6 " 03" %> i 3) ;) ? 
4. r (1 ," 9)<(5  %. ( " +. - <>4 0@9C <;C $)90" 9>3)--C  3 - . %>6" +56 $’E<- ) -- C6? 
5. r (1 , " 9)<(5  %. ( " +. - <>4 0@9C <;C 3) ; 13, B"  " ' . %0)4 0@9C 3 " , " %)6 ( "3-

$) --C ? 
6. c"  - )$53)E0@9C " 9-" 3- 5+ 31<65; . -- C+? 

 



 34 

1.5 " $4 6 u " / ( +4 4>  $& 8 )  : . ) :  ";  8 - 8 )+ /-  P-CAD. 
4 6 ( 6 1" %v +4 4>  8A +/ 4 " 1"   +%6. ) "  6   

&  +%6. ) "  6  % : . " <6 4 -A  @( 6)  
 

8 WLUbNE QYObVUgGEIIJ  P-CAD 
 

N590. +)  P-CAD ,%5$- )8. -)  <;C ,%". ( 0>3)--C  ' )A)0" D)%" 356 <%>( " 3) - 56 
,; )0 (QF) " ' 859; 4 3) ; @-56  1 %)<1" . ; . ( 0%"--56  ,%590%" H3. Q" 9( ; )<> P-CAD 36"-
<C0@ 8" 05%5 " 9- " 3-1 +" <>;1 – P-CAD Schematic, P-CAD PCB, P-CAD Library 
Executive, P-CAD Autorouters 1 %C< 1- D56 <", " +1L -56  ,%"A%)+  (%59. 5.1). 

 

 
 

 WLgI OV 1.5.1 – 8 UYgVUgYIE Lj bNE LWLUbNW QYObVUgGEIIJ  P-CAD 
 
P-CAD Schematic 1 P-CAD PCB – 31<, " 31<-"  A%)Y18-1 %. <)( 0"%5 ,%5-K5," -

356 . ; . ( 0%58-56  96.+  1 QF.  . <) ( 0" %5 +)4 0@ 9590. +> 9,;5 3)4 856 +. -4  3 905;1 
Windows, )  - )=' 1; @D 8)90" 3L 53)- 5+ ( " +) - <)+  - )$- )8. -1 , 1( 0"A%)+5. W $)%>' 1L-
-56  K5Y%" 356 eiN , B"  ," 90)3; C4 0@9C %)$"+  1$ 9590. +"4  ' 1'; 1" 0.( , E 0%5 3)%1)- 05 
A%)Y1(5 : Normal – -"%+) ; @-5=  (3 90) - <)%01 Nqa ), DeMorgan – ," $- )8. --C  ;"A18-
-56  Y>- ( K1=, IEEE – 3 90) - <)%01 e- 9050>0> 1- L . - . %13 $ . ; . ( 0%" 0. 6- 1(5  (- )=' ;5L -
85= <" %" 91=9@( 56 90)- <)%013). 

 . <) ( 0"% P-CAD PCB +" L.  $) , >9( )059C )30"-" +-"  1 <" $3"; CE %"$+190505 
+" <>;1 -)  35' %)- " +> +"- 0)L -" -( " +>0)K1=-" +> ," ;1 0) ,%" 3" <505 %>8-. , - ) , 13)3-
0" +)058-.  1 )30" +)058-.  0%)9>3)--C  ,%" 31<- 5( 13. r ( B"  P-CAD PCB 35( ; 5( )E0@9C 
$ %. <)( 0"%) P-CAD Schematic, 0" )30" +)058-"  9( ; )<)E0@9C 9,5 9"(  $’E<- ) -@ 96. +5 1 

 

i . - . <L .% ' 1' ; 1" 0.(  
 

L ibrary Executive 

k)$) <) -56   
( "+, " - . - 013 

InterRoute Gold 

 . <)( 0"% 96.+  
Shematic 

InterPlace  . <)( 0"%  
<%>( " 3)-56 

, ; )0 
PCB 

R%)9>3) ; @-5(5 : 
·  Quick Route; 
·  Pro Route; 
·  Sharp Based; 
·  SPECCTRA 

* .eco * .sch 

* .lib 

* .pcb * .lib 

i )=90.% 
903"%. --C  
95+3" ; 13 

 
Symbol  
Editor 

i )=90.% 
903"%. --C  
( "%, >913 

 
Pattern 
Editor 
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-)  ,";1  QF , . %. -" 9C0@9C $" ' %)L . --C  ( " %,>913 ( " +,"- . - 013 $ $)$- )8. -- C+ ; 1- 1= 
. ; . ( 0%58- 56 $’E<- ) -@ +1L H6 353" <)+5. oC ", . %)K1C - )$53)E0@9C >, ) ( >3) -- C+ 96. -
+5 -)  <%>( " 3) -> ,; )0>. F" 01+ 35( %.9; 4 E0@9C ( "- 0>% QF, -)  - @" +> %"$+1B>4 0@9C 
( " +,"- . - 05 1, - )%. D01, ,%" 3" <50@9C 0%)9>3)--C  ,%" 31<-5 ( 13. 

[ )90" 9>3)- -C D%5Y013 True Type <" $3" ; CE 35( "%590" 3>3)05 -)  96. +1 1 QF 
- ) ,5 95 %"91=9@( "4  +" 3"4  (%59. 1.5.2). 

 

 
 

 

^" ; " 3-.  +. -4  e+’C Y)=; > 

W.%6-C 
1-90%>+.- 0) ; @-)  

,)-. ;@ g13) 
1-90%>+.- 0) ; @-)  

,)-. ;@ 

 " ' " 8.  , " ;.  

P""%<5- )05 
( >%9"%) 

R5,  
910(5  

q )A 
910(5  

N0" %1- ()  

R"3B5-)  
; 1- 1H 

N0)0>9-)  
90%" ()  

i) ( %" ( " +)- <5 

N0%"()  
, 1<()$(5  

 
 WLgI OV 1.5.2 –  OXOeWq bVYEI  P-CAD Schematic 

 
a 30" 0%)9>3) ; @-5 (5  35( ; 5( )4 0@9C $ >,%)3; C48"H " ' ";"- (5  P-CAD  NW, <. = 

,%"3" <50@9C - )90%"4 3)--C  90%)0. A1H 0%)9>3)--C . e- Y" %+)K14 ,%" " 9" ' ; 53" 901 0%)-
9>3)--C  " ( %. +56 ; ) -K4 A13 +" L -)  " 0%5+)05 $) <" , " +"A"4  90)- <)%0-56  )0%5' >013, 
33. <. -56  -)  . 0) , )6 903"%. --C  ,%5-K5, " 3"H 96. +5 ) '"  QF. F. %D5= 0%)9>3) ; @-5(  
QuickRoute 31<-" 950@9C <" 0%)9>3) ; @- 5( 13 ; ) '1%5- 0" 3"A" 05,>  1 ,%5$- )8. -5=  <;C 
0%)9>3)--C  - )=,%"901D56 QF. Q%>A5= )30" +)058-5=  0%)9>3) ; @-5(  PRO Route 0%)-
9>E QF $ ( 1; @( 1904 95A-) ; @-56  D)%13 <" 32. R%)9>3) ; @- 5(  Shape-Based Autorouter – 
' . $910( " 3) ,%"A%)+)  )30" 0%)9>3)--C  QF. F%"A%)+)  ,%5$- )8. -)  <;C )30" +)058-" A" 
%"$3. <. --C  ' )A)0" D)%" 3"H <%>( " 3) - "H , ; )05 $ 359" ( "4  B1; @- 1904 %"$+1B. --C  
. ; . +. - 013. W"-)  E . Y. ( 053-"4  ,%5 , " 3. %6- . 3" +> +" - 0)L1 ( "%, >913 . ; . +. - 013, 35-
( "- ) -56  > %1$-56  9590. +)6 ( ""%<5- )0. M +" L ;5 3190@ %"$+1B. --C  ,%" 31<- 5( 13 , 1< 
%1$- 5+5 ( >0)+5 -)  %1$-56  D)%)6 ,; )05, " , 05+1$)K1H H6 <" 3L 5-5  1 ( 1; @( " 901 , . %. 61<-
-56  " 03"%13. 
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Document Toolbox – <" <)0( " 3) " , K1C P-CAD  NW 1 P-CAD Schematic <;C %"$-
+1B. --C  -)  ( %.9; . - - C6 96.+  ) '"  QF %1$-56  <1)A%)+  1 0) ' ;5K@, 9( ; )<) --C  %1$- 56 
9,5 9( 13 1 $31013, C(1 <5- )+18-"  " ' - " 3; 4 4 0@9C, 0) ' ;5K@ <)-56  <;C 93. %<; . --C  " 03"-
%13 ,%" 90%>( 0>%> ,; )05, 0. 6-";" A18- "H 0) " ' ; 1( " 3"H 1- Y" %+)K1H, %"$+1B. - -C -)  
( %.9; . -- C6 96.+  9,5 9( 13 $’E<- ) -@, 353" <13 , 1<( ; 4 8. --C  L 53; . --C  0) 1- D"H 0. ( 90"-
3"H 1- Y"%+)K1H. F%"A%)+)  , %5$- )8. -)  <;C %"$D5%. - -C +" L ;5 3" 90.=  35, >9(> 0. 6- 18-
-"H <" ( >+. - 0)K1H ' .$ 35( " %590)--C  ( %.9; C%9@( 56 ,%"A%)+  05,>  AutoCAD. 
Document Toolbox <" $3"; CE )30" +)05$>3)05 903"%. --C  ( "- 90%>( 0"%9@( "H <" ( >+.- -
0)K1H, - . " ' 61<- "H <;C 35%" ' -5 K03) ,%". ( 0" 3) -56  QF. 

SPECCTRA – ,%"A%)+)  %>8-"A" , - ) , 13)30" +)058-" A" 1 )30" +)058- " A" %"$-
+1B. --C  ( " +,"- . - 013 1 0%)9>3)- -C ,%"31<-5 ( 13. R%)9>E QF 3. ; 5( "H 9( ; )<-" 901 $ 
( 1; @( 1904 D)%13 <" 256. W , %"A%)+1 35( " %590" 3>E0@9C 0)(  $3) -)  ' . $910( " 3) Shape-
Based 0. 6-";" A1C 0%)9>3)--C . [)  %)6>-"(  K@"A" , 1<35B>E0@9C . Y. ( 053- 190@ 0%)9>-
3) --C  QF $ 359" ( "4  B1; @- 1904 %" $+1B. --C  ( " +,"- . - 013, )  0) ( "L  $) ' . $, . 8>E0@9C 
0%)9>3)--C  " <-"A"  1 0"A" L  ; ) -K4 A) 0%)9)+5 %1$- "H D5%5-5. F%"A%)+)  SPECCTRA 
+)E +" <>;@ AutoPlace, ,%5$- )8. - 5= <;C )30" +)058-"A"  %"$+1B. --C  ( " +,"- . - 013 
-)  QF. W5( ;5(  ,%"A%)+5 ,%" 3" <50@9C )30"-" +-"  $ 9.%. <" 35B)  Windows ) '"  $ ,%"-
A%)+5 P-CAD  NW. 

P-CAD Library Executive – +. - . <L .% '1' ; 1" 0.( . e- 0. A%"3)-1 '1' ; 1" 0. (5  P-CAD 
+190C0@ C( A%)Y18-> 1- Y"%+)K14 , %" 95+3";5  1 05," 31 ( "%,>95 ( " +," - . - 013, 0)(  1 
0. ( 90" 3> 1- Y"%+)K14 (( 1; @( 190@ 9. ( K1= > ( "%,>91 ( " +, " - . - 0), -" +. %5 0) 1+. -)  353"-
<13, ( " <5 ; "A18-"H . ( 313) ; . - 0- " 901 353" <13 1 0.<.). F%"A%)+)  +)E 3' ><" 3) -1 +" <>;1: 
Symbol Editor – <;C 903"%. --C  1 %. <)A>3)- -C 95+3" ; 13 ( " +," - . - 013 1 Pattern Editor – 
<;C 903" %. - -C 1 %. <)A>3)--C  ," 9)<( " 3" A" +19KC 1 ( "%,>9> ( " +," - . - 0). Z, ) ( >3) - -C 
3. - 05; 13 ( " +, " - . - 0), 3. <. - -C 1 ( "- 0%" ;@ '1' ; 1" 0.(  $<1=9- 4 4 0@9C +" <>; .+  Library 
Executive. i " <>;@ +)E $)9" '5  , . %. A;C<> '1' ; 1" 0. 8-56  Y)=; 13, ," D>(> ( " +,"- . - 013, 
95+3"; 13 1 ( "%,>913 ( " +,"- . - 013 ,"  3916 +" L ;5 356 )0%5' >0)6. Q" ," +1L -1 >05; 105, 
B"  903"%4 4 0@ 1- 0. %Y. =9 DBX (Data Base Exchange), $" ( %. +) , ,%"3" <C0@ , . %. - >+. -
%)K14 ( " +, "- . - 013, 903"%4 4 0@ $3105 3 - . " ' 61<-" +> Y"%+)01, )30" +)058-"  903"%4-
4 0@ ( " +, " - . - 05, 353" <5 C(56 %"$0)D" 3) -1 -)  ( ";1 ) '"  >03"%44 0@ +)953, %"$%)6"-
3>4 0@ , )%)$50-1 , )%)+. 0%5 QF 0" B" . 

 
4 EKETOHl bI IJ  Lj bNI OTO YbHEVUOYE 

 
^"%5$" - 0) ; @-)  , ) - . ;@ 1- 90%>+. - 013 +19050@ , 1( 0"A%)+5 9590. +-56  ( " +) -< , )  

3. %05( ) ; @-)  , ) - . ;@ – ( " +) - <5 %" $+1B. - -C "' ’E( 013 -)  %"' " 8" +> ," ;1 . ( %)-> . W 
,";1  %" ' " 8"A" 31( -)  %"$0)D" 3>4 0@ 95+3";5  ,%5-K5, " 356 96.+  1 3; )9-.  96. +5, 
9( ; )<. -1 $ 95+3"; 13, . ; . ( 0%58-56  $’E<- ) -@, D5-  0" B" . Q%>A5= %C<"(  $-5 $> -)  .( -
%)-1 – %C<"(  , " 31<" +; . -@. T)=-5 L 85= %C<"(  – %C<"(  90) - 13. 

N590. +)  P-CAD <" , >9( )E %" ' " 0> 3 <3"6 9590. +)6 35+1%4 3)--C  – <4 =+" 31= 1 
+. 0%58- 1=. [)  >+" 38) -- C+ > 9590. +1 C( " <5-5K1 35+1%4 3)--C  390)- " 3; . -1 mils (05-
9C8-)  8)905-)  <4 =+) ). P%1+ 0"A", 3 P-CAD, -)  31<+1-> 31< ' )A)0@"6 1- D56 A%)Y18-
-56  %. <)( 0" %13, 3 - )90%"=( )6 9590. +5 35$- )8)E0@9C %"$+1% %"' " 8"H " ' ; )901. 

W5' 1% 1 >90)- " 3; . --C  9590. +5 " <5- 5K@ 35+1%4 3)--C  1 %"$+1%13 ( %.9; . --C  
35( " - >4 0@9C 35' "%"+  ( " +) - <5 Options/Configure (%59. 1.5.3). 
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 " $+1% 
%"' " 8"H 
" ' ; )901 

\ Y"%+; . --C  
( %. 9; . - -C 

 . L5+ 
+) ; 4 3) --C  

; 1- 1H 

F)%)+. 0%5 
)30" $' . %.-

L . - -C 

«^ )%C85=» 
$3’C$"(  $ 

PCB 

R. ( 90" 35= 
%. <) (0"% 

<;C 
, . %. A; C<> 

 . L5+ 
( " -0%";4  

$+1- 

W5' 1% 
" <5-5K@ 

35+1%43)- -
-C 

 
 WLgI OV 1.5.3 – <RVIO VONEI HW Options/Configure 

 
W5( "%590" 3>3)05 Y"%+)05 a 0-a 4 1 a -_ -.  %. ( " +. - <>E0@9C, 0" +> B"  K. ,%5-

$3. <. <" >90)-" 3; . --C  E3%",. =9@( "A" 1 )+. %5( ) - 9@( "A" Y"%+)0> ( %.9; . --C  31<," 31-
<-" , $ A"%5$"- 0) ; @-5+  %"$0)D>3)-- C+ ( %.9; . --C . P-", ()  Edit  Title Sheets (" Y"%+-
; . --C  ( %. 9; . --C ) <" $3"; CE 390)-" 3505 905;1 " Y"%+; . --C  ( %.9; . -@ 96. +5. \ 9( 1; @(5  
E3%",. =9@(1 0) >( %)H- 9@(1 90)- <)%05 %1$- C0@9C, 35( "%590)--C  9590. +-56  D) ' ;"- 13 
" Y"%+; . --C  E - . ,%5=- C0-5+ . N03"%. --C  1 , 1<( ; 4 8. --C  Y"%+)0"( , B"  31<, " 31<)4 0@ 
>( %)H- 9@( 5+ 90)- <)%0)+ , ' ><. %"$A;C- >0" 3 - )90>,- 1= ; ) ' "%)0"%-1= %"' " 01. 

Q;C ,"; . AD. --C  %" ' " 05 391 . ; . +. - 05 96. +5 -)  %"' " 8" +> ,";1  , %53’C$>4 0@9C 
<" 3>$; 13 9, . K1) ; @-"H 910(5 . F)%)+. 0%5 910(5  (31<90)-@ +1L 3>$; )+5, 35< 910(5 , HH 
05, ) 390)- " 3; 4 4 0@9C > 31( -1, B"  35( ;5 ( )E0@9C ,"  ( " +) - <1 Options/Gr ids 
(%59. 1.5.4). 

 
 
 
 
 
 
 
 

 
 
 

 WLgI OV 1.5.4 – <RVIO VONEI HW Options/Grids 
 

Z 31( -1 Grid Spacing (( %"( 910(5 ) +" L -)  390)-" 3505 ( %"( 910(5  (' .$ $)$-) -
8. --C  " <5-5K@ 35+1%4 3)--C ). F19;C - )059- . --C  ( -" , (5  Add - " 3. $- )8. --C  
$’C350@9C > 31( -1 Grids. 
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Q;C $)<) --C  , )%)+. 0%13 0. ( 90" 356 - ) ,5 913 -)  96. +)6 3 P-CAD 35( "%590" 3>-
E0@9C ,"- C00C 905;4 . N05; .+  35$- )8)E0@9C 05,  D%5Y0>, %"$+1% ' >(3, $" ' %)L . --C , 
- ) '1% 95+3" ; 13. [)  >+" 38)- - C+ 3 9590. +> 3' ><" 3) -"  <. ( 1; @()  9; >L ' " 356 905; 13 
<;C ," $- )8. --C  0. ( 90" 356 )0%5' >013 05, " 356 . ; . +. - 013 (%59. 1.5.5, ) ). q %5Y05, 
3' ><" 3) -1 3 9590. +>, -.  31<, " 31<)4 0@ ^\ NR, 0" +> ' )L ) -"  31<%. <)A>3)05 19- >4 81 1 
,%5 - . " ' 61<-" 901 <" <)05 - " 31 (D%5Y05 Default 1 DefaultTTf -.  %. <)A>4 0@9C). 

Q" <)05 -" 35= 905;@ (%59. 1.5.5) +" L -) , 35' %)3D5 ( " +) - <> Options/Text 
Style, 1 > 31( -1, B"  $’C35;" 9C, - )059- >3D5 ( -", (> Add, 0)(  9)+"  3 K@" +> 31( -1 +" -
L -)  31<%. <)A>3)05 905;@ (Properties), , . %. =+. - >3)05 (Rename) 1 35<) ; 505 (Delete) 
(%59. 1.5.5, ) ).  " $+1% D%5Y0> +" L -)  $)<)05 <3" +)  9," 9" ' )+5: 3( )$)3D5 ="A" > 31-
( -1 - .0 23  ) '"  $)<)3D5 ="A" > 31( -1 Text Size Properties > , ";1 Size. 

Q;C 903"%. --C  905;4 , B"  31<, " 31<)E ^ \ NR, <" 90)0- @" 35' %)05 D%5Y0 GOST 
type %(B) 1 $)<)05 =" +> - . " ' 61<-5=  %" $+1% 1 $" ' %)L . --C  (%59.1.5.5, A), $)$<) ; . A1<@ > 
31( -1 Text Style Properties - . " ' 61<-"  3590)3505 Display – True TypeFont 1 3( ; 4 8505 
Allow True Type (%59. 1.5.5, 3). 

[)  <", " +"A"4  - )90>,-56  ( " +) -<  +" L -)  35( "- )05 <" <)0( " 3. - )90%" 4 3)--C  
%. <)( 0"%) 96.+ : 

·  Options/Current L ine – $)<) --C  -" 3"H D5%5-5 ; 1- 1H; 
·  Options/Current Wire – $)<) --C  - " 3"H D5%5-5 ,%"31<-5 () ; 
·  Options/Display – - )90%"4 3)--C  , )%)+. 0%13 31<" ' %)L . --C ; 
·  Options/Preferences – - )90%"4 3)--C  ( ; )31)0>%5 1 +5D1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 WLgI OV 1.5.5 – %OHEGEIIJ  UE GLUEI OGKbIIJ  QEYENbUYRG I OGOTO LUWKi  

 

E) X) 

G) T) 
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\ 9-" 3-)  8)905-)  - )90%"="(  %. <)( 0"%) 96.+  $ +. -4  Options $' . %1A)E0@9C 95-
90. +"4  )30" +)058-"  1 ,%5 , " <) ; @D1= %" ' " 01 3"-5  $)3) - 0)L >4 0@9C )30" +)058-" . 
e- D1 - )90%" =(5 , - ) ,%5( ; )<, $- "3 33. <. -1 ,";C , ( %"(5  910(5 , 905;1 0. ( 90> $' . %1A)-
4 0@9C 01; @(5  3 , " 0" 8- " +> ,%". ( 01 1 3 , " <) ; @D56 ,%". ( 0)6 , " 35- -1 ' >05 33. <. -1 
- ) -" 3". R" +> %. ( " +. - <>E0@9C $' . %1A)05 <. C( 5= - ) ' 1% «," %" L - 16» ,%". ( 013 (' .$ 
96.+  1 , ; )0) C( D) ' ;"-5 . 

 
4 EKETOHl bIIJ  YbHEVUOYE HYgVOGEI O[ QKEUW 

 
 . <) ( 0"% <%>( " 3) - "H ,; )05 9590. +5 P-CAD +" L.  ' >05 $) , >B. -5=  $ +. -4  

«F>9(» Windows ) '"  $1 96. +-"A"  %. <)( 0" %) Schematic. Q;C K@"A" <" 90)0- @" ) ( 0531-
$>3)05 3 96. +-" +> %. <) ( 0" %1 ( " +) - <> Utils/P-CAD  NW. F" ' ><" 3) -5=  %. <) ( 0"% 
<%>( " 3) - "H ,; )05, 0) ( "L  C( 1 %. <)( 0"% 96.+  +)E 31<+1- - 190@ ;5 D.  3 "' ’E( 0)6, $ 
C( 5+5 31- ,%)K4E. R" +> -)  1- 90%>+. - 0) ; @-56  , ) - . ; C6 $’C35;5 9C - " 31 ( - " , (5 , )  3 
+. -4  – - " 31 ( " +) - <5 (%59.1.5.6). 

 

 
 

 WLgI OV 1.5.6 –  OXOeWq bVYEI  P-CAD PCB 
 

T)90%"4 3)--C  ( "- Y1A>%)K1H A%)Y18-"A"  %. <)( 0"%) P-CAD  NW ' )A)0" 3 8" +> 
," <1'-.  - )90%"4 3)--4  A%)Y18-"A"  %. <)( 0"%) Schematic, <. 0) ; @-"  ",5 9) -" +> %)-1-
D. , 0" +> <) ;1 +5 $3. %-. +"  >3)A> 01; @(5  -)  " 9-" 3-1 +" +. - 05, - . " ' 61<-1 <;C %"' " 05. 

Z90)-" 3; . --C  $)A) ; @-56  , )%)+. 0%13 ,%". ( 0> 35( " - >E0@9C > 31( -1, B"  35( ;5 -
( )E0@9C ( " +) - <"4  Options/Configure. 

Z 31( -1 Options Configure 3 $) ( ; )<K1 General (%59. 1.5.7, ) ) > %)+K1 Units +" -
L -)  35' %)05 9590. +> " <5-5K@, 3 %)+K1 Workspace Size – $)<)05 %" $+1%5 %"' " 8"H $"-
-5  (," 35- -1 ' >05 ' 1; @D5+5 $) %"$+1%5 , %" . ( 0" 3) -"H <%>( " 3) - "H ,; )05). 
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[ ) ( ; )<()  Online DRC (%59.1.5.7, ' ) <" $3" ; CE - )90%" H05 3 9590. +1, , %5 ,%" ( ;) -
<>3)- -1 ,%"31<-5 ( 13, ( " - 0%";@ $) <" 0%5+)-- C+ 0. 6-";" A18-56  -" %+ ($)$"%13, D5-
%5-5 ,%"31<-5 ( 13 1 0., .). 

 

    
E) dETEKf IR QEYENbUYW   X) QEYENbUYW QbYbGRYVW 

 Ubj I OKOTReIWj  OXNbl bIf  
 

    
G) QEYENbUYW UYELgGEI IJ     T) GWYOXI WeR OXNbl bIIJ  

  
 WLgI OV 1.5.7 – <RVIE  VONEI HW Options/Configure YbHEVUOYE HYgVOGEIWj  QKEU PCB 

 
[ ) ( ; )<()  Route (%59. 1.5.7, 3) 31<, " 31<)E $) A;" ' ) ; @-1 ,%)35;)  %>8-"A"  0) 1--

0. %)( 053-" A" 0%)9>3)--C  <;C 39@"A" , %" . ( 0>. R)( , >90)- " 3()  ,%) ,"%KC T-Route 
Default 3( ; 4 8)E %. L 5+ R-, " <1' - "H %"$( ; )<(5  , %"31<-5 ( 13 C( " 9- " 3-5= . W K@" +> 
35, )<(> 31<A) ; >L . --C  0%)95 +" L >0@ ' >05 3 <" 31; @-56  +19KC6. 

T)  $) ( ; )<K1 Manufacturing (%59.1.5.7, A) $)<)4 0@9C , )%)+. 0%5, B"  35( "%590"-
3>4 0@9C ,%5 35%" ' -5 K031 <%>( " 3) - "H , ; )05. R)( , A%>,)  ,%) ,"%K13 Solder Flow 
Direction <" $3"; CE 3( )$)05, 3 C( " +> - ) ,%C+1 , " 01( ,%5, "4  , . %. 05- )E ,; )0>. 
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W A%)Y18- " +> %. <) ( 0" %1  NW 9590. +5 PCAD, -)  31<+1-> 31< 96. +-"A"  %. <)( -
0"%), ,%5=- C0) , "D)%" 3) (A%>," 3)) "%A)- 1$)K1C . ; . +. - 013 $" ' %)L . - -C. Q;C - )" 8- "9-
01 +" L -)  ,%5, >90505, B"  ( " L -)  A%>,)  . ; . +. - 013 $" ' %)L . --C  (D)%) +) ; 4 E0@9C -)  
,%"$"%1= ,; 13K1, C(1 , " 01+ $' 5%)4 0@9C 3 , ) ( .0, Y"%+>4 85 K1; @-.  $" ' %)L . --C . T)  
" <- " +> D)%1 +) ; 4 4 0@9C ,%"31<-5 (5  -)  3. %6-1= 90"%"-1 <%>( " 3) - "H ,; )05, -)  <%>-
A"+> – -)  -5 L - 1=, -)  0%. 0@" +> – +. L1 <%>( " 3) - "H ,; )05 1 0.<. W9@"A" 3 9590. +1 +" -
L ;5 31 99 D)%13. d)905-)  D)%13 E 9590. +-5 +5 (" ' "3’C$( " 35+5), 1- D1 +" L >0@ ' >05 
<" <) -1 ( "%590>3)8.+ . Z90)- " 3()  ( " - Y1A>%)K1H D)%13 E " <- 1E4 $ - )=3)L ; 531D56 
", . %)K1=. [)  >+" 38)-- C+ 3 9590. +1 390) -" 3; 4 E0@9C ( "- Y1A>%)K1C <;C <3" 90"%"- -
- @"H <%>( " 3) - "H ,; )05. T)$3) 1 , %5$- )8. - -C D)%13, $)<) - 56 3 9590. +1 $) >+" 38)- -
- C+, - )3. <. -1 3 0) ' ; 5K1 1.5.1. 

 

R) ' ;5KC 1.5.1 – 4 EdGE R QYWdI EebI IJ  r EYRG, dEHEIWj  g LWLUbNR dE  
gNOGeEI IJN  

 

o EY @YWdI EebIIJ  
R"% F%" 31<-5 (5  -)  3. %6- 1= 90" %" -1 QF (90" %" -)  ( " +, " - . - 013) 
Top Assy a 0%5' >05 -)  3. %6- 1= 90" %" -1 QF 
Top Silk q " 3( " A%)Y1C -)  3. %6- 1= 90" %" -1 QF 
Top Paste ^%)Y1()  , )C--C  -)  3. %6- 1= 90" %" -1 QF 
Top Mask ^%)Y1()  +)9(5  , )C--C  -)  3. %6- 1= 90" %" -1 QF 
Bottom F%" 31<-5 (5  -)  -5 L- 1= 90" %" -1 QF 
Bottom Assy a 0%5' >05 -)  -5 L- 1= 90" %"-1 QF 
Bottom Silk q " 3( " A%)Y1C -)  -5 L - 1= 90" %" -1 QF 
Bottom Paste ^%)Y1()  , )C--C  -)  -5 L - 1= 90" %" -1 QF 
Bottom Mask ^%)Y1()  +)9(5  , )C--C  -)  - 5L - 1= 90" %" -1 QF 
Board i . L1 <%>( " 3)- "H , ; )05 

 

Q;C - )90%"4 3) --C  D)%13 - . " ' 61<-"  35( " - )05 ( " +) - <> Option/Layers. T)  $)-
( ; )<K1 Layers (%59. 1.5.8) 31<" ' %)L )E0@9C ," 0" 8-)  ( " - Y1A>%)K1C D)%13 0) 1- 90%>+. -
- 05 <;C <" <)3) --C  1 +" <5Y1( )K1H D)%13. Z  31( -1 1$ 9,5 9( "+  Current Layer ," ( )$) -"  
1+’C , " 0" 8-"A"  D)%>, 0" ' 0" D)%, -)  C( " +> ' ><. ,%"3" <5059C %" ' " 0). 

W %)+K1 Type $)<)E0@9C 05,  - " 3"A" D)%>. i " L ;5 31 0%5 3)%1)- 05: 
·  Signal – D)% %"$3. <. --C  95A-) ; @-56  ,%" 31<-5 ( 13; 
·  Plane – D)% +. 0) ; 1$)K1H <;C , 1<( ; 4 8. --C  L 53; . --C ; 
·  Non Signal – D)%, B"  -.  - .9.  1- Y" %+)K1H ,%" . ; . ( 0%58-1 ; ) - K4 A5 (A%)Y1()  

( "%, >913, 0. ( 905, %"$+1%5 1 0., .). 
T)90%"4 3)--C  910(5  1 , )%)+. 0%13 0. ( 90> ,%"3" <50@9C ) - ) ;" A18-"  $1 96. +- 5+ 

%. <)( 0"%"+ . 
r(  1 3 %. <)( 0" %1 96.+ , 3 %. <) ( 0" %1 <%>( " 3) -"H ,; )05 19- >E ' . $; 18 <" <)0( " 356 

( " +) -<  - )90%" 4 3)--C  9590. +5: 
·  Options/Display – - )90%"4 3)--C  , )%)+. 0%13 31<" ' %)L . --C ; 
·  Options/Preferences – - )90%"4 3)--C  ( ; )31)0>%5 1 +5D1. 
·  Options/Current L ine – $)<) --C  -" 3"H D5%5-5 ; 1- 1H; 
·  Options/Current Keepout – >90)- " 3()  , " 0" 8-56  , )%)+. 0%13 ' )%’E%13 0%)-

9>3)--C ; 
·  Options/Current Radius – $A; )<L >3)--C  ( >013 ," ; 1A"- 13; 
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·  Options/Pad Style – 903"%. --C  90. ( 13, ( " - 0) ( 0-56  ,; " B5-"(  1 , . %. 61<- 56 
" 03" %13. 

 

 
 

 WLgI OV 1.5.8 – <LUEI OGKbIIJ  VOI ` RTgYEaR[ r EYRG 
 

@ 6 . ) -34+  $6 <%6 4 4>  
 

J" ?+  – " 0%5+)05 $)A) ; @-> 1- Y" %+)K14 ,%" 9590. +> ,%". ( 0>3)--C  P-CAD. 
NY" %+>3)05 - )35(5  ,"  - )90%"4 3)--4  0) ( "- Y1A>%>3)--4  96. +-"A"  %. <) ( 0"%) 1 
%. <)( 0"%) <%>( " 3) - 56 ,; )0. F1<A" 0>3)05 D) ' ;"-5  <;C 35( "- ) --C  ," <) ; @D56 ; ) '" -
%)0"%-56 %" ' 10. 

 

$EGHEI IJ  HO KEXOYEUOYI O[ YOXOUW 
 

1. W538505 0. "%. 058-1 31<" +" 901 $ 0. +5 ; ) ' " %)0"%-"H %" ' " 05. 
2. W1<( " - Y1A>%>3)05 %. <)( 0"% 96.+  $A1<-"  $ 3)%1)- 0"+  (0) ' ;5KC 1.5.2). 
3. [ ' . %. A05 31<( "- Y1A>%" 3)-5=  , %". (0 3 D) ' ;"-  $ 1+’C+ 5 . 79: 0;< .sch. 
4. W1<( " - Y1A>%>3)05 %. <) ( 0"% <%>( " 3) - "H , ; )05 $A1<-"  $ 3)%1)- 0"+  (0) ' ;5 -

KC 1.5.3). 
5. Q" <)05 - " 35= D)% $ 0) ( 5+5 , )%)+. 0%)+5: 

1) Layer Name – \ Y" %+; . --C ; 
2) Layer Number – 12; 
3) R>%1 – Non signal. 

6. [ ' . %. A05 31<( "- Y1A>%" 3)-5=  , %". (0 3 D) ' ;"-  $ 1+’C+ 5 . 79: 0;< .pcb. 
7.  . $>; @0)05 %"' " 05 ," ( )$)05 35( ; )<)8> 1 , 1<A" 0>3)05 $310 $ ; ) ' "%)0"%-"H 

%"' " 05 (<53. <" <)0"(  Q). 
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R) ' ;5KC 1.5.2 – <EYREI UW dEGHEIf  HKJ VOI ` RTgYgGEI IJ  Lj bNI OTO YbHEVUO-
YE* 

 

<EYREIU 4 EqNbIg -
GEIIJ  1 2 3 4 5 6 7 8 9 10 

<WXRY UE GLUEI OGKbIIJ  LWLUbNW OHWI Waf GWNRYi GEIIJ  YOdNRYRG VYbLKbIIJ  

Workspace size 210t  
297 

420t  
297 

297t  
420 

594t  
420 

420t  
594 

841t  
594 

594t  
841 

1189t  
841 

841t  
1189 

210t  
297 

AutoSave 

÷÷
ø

ö
çç
è

æ

- >?A7C. <9<. : D0E3G>

E: 0H0DII7D3 <. : #H7: 30/3 20/2 40/4 30/4 20/3 40/2 30/2 20/4 40/3 30/1 

Units mm mm mm mm mm mm mm mm mm mm 

File Viewer Word Notepad Word Notepad Word Notepad Word Notepad Word Notepad 

:L UEI OGKbIIJ  QEYENbUYRG LRUVW 
Grid Spacing 2.5; 1; 

5 
2.5; 

0.5; 1 
2.5; 

0.1; 2 
2.5; 0.5; 

5 
2.5; 

0.5; 2 
2.5; 

0.1; 5 
2.5; 0.1; 

0.5 
2.5; 5; 

10 2.5; 5; 2 
2.5; 2; 

10 

8 UGOYbIIJ  UE YbHETgGEI IJ  LUWKRG UbVLUg 

Style Name \' _2.5 P>%_3 
p 5%-_

3.5 \' _4 
P>%_2.

5 
p 5%-_

3 \' _3.5 P>%_4 
p 5%-_2

.5 P>%_3 

q %5Y0 
GOST 
type A 

GOST 
type B 

GOST  
type A 

GOST 
type B 

GOST 
type A 

GOST 
type B 

GOST 
type A 

GOST 
type B 

GOST 
type A 

GOST 
type B 

[ " ' %)L . --C  
$358)=-

-5=  ( >%953 
L5%-
-5=  

$358)=-
-5=  ( >%953 

L5%-
-5=  

$358)=-
-5=  ( >%953 L5%-5=  ( >%953 

 "$+1% (++) 2.5 3 3.5 4 2.5 3 3.5 4 2.5 3 

T) ' 1%  
95+3" ; 13 P5%5; . P5%5; . P5%5; . P5%5; . P5%5; . P5%5; . P5%5; . P5%5; . P5%5; . P5%5; . 

*  . D0) , )%)+. 0%13 $A1<-"  $ %59>- ( )+5 1.5.3–1.5.5. 

 
R) ' ;5KC 1.5.3 – <EYREI UW dEGHEIf  HKJ VOI ` RTgYgGEI IJ  YbHEVUOYE %@* 
 

<EYREIU 4 EqNbIg -
GEIIJ  1 2 3 4 5 6 7 8 9 10 

1 2 3 4 5 6 7 8 9 10 11 

<WXRY UE GLUEI OGKbIIJ  LWLUbNW OHWI Waf GWNRYi GEIIJ  UE YOdNRYRG YOdGbHbIIJ  

Workspace size 210t  
297 

420t  
297 

297t  
420 

210t  
297 

420t  
297 

297t  
420 

210t  
297 

420t  
297 

297t  
420 

210t  
297 

AutoSave 

÷÷
ø

ö
çç
è

æ

- >?A7C. <9<.: D0E3G>
E:0H0DII7D3 <.:#H7:  30/3 20/2 40/4 30/4 20/3 40/2 30/2 20/4 40/3 30/1 

Units mm mm mm mm mm mm mm Mm mm mm 

@YEGWKE YgeI OTO UE RI UbYEVUWGI OTO UYELgGEI IJ  
T-Route Default 3(; . 3(; . 3(; . 3(; . 3(; . 3(; . 3(; . 3(; . 3(; . 3(; . 
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F%"<" 3L . --C  0) '; . 1.5.3 
 

1 2 3 4 5 6 7 8 9 10 11 

:L UEI OGKbIIJ  QEYENbUYRG LRUVW 

Grid Spacing 2.5; 1; 5 
2.5; 

0.5; 1 
2.5; 0.1; 

2 
2.5; 0.5; 

5 
2.5; 

0.5; 2 
2.5; 

0.1; 5 
2.5; 0.1; 

0.5 
2.5; 5; 

10 
2.5; 5; 2 

2.5; 2; 
10 

8 UGOYbIIJ  R YbHETgGEI IJ  LUWKRG UbVLUg 

Style Name \' _2.5 P>%_3 
p 5%-_ 

3.5 
\' _4 

P>%_ 
2.5 

p 5%-_3 \' _3.5 P>%_4 
p 5%-_ 

2.5 
P>%_3 

q %5Y0 
GOST 
type A 

GOST 
type B 

GOST 
type A 

GOST 
type B 

GOST 
type A 

GOST 
type B 

GOST 
type A 

GOST 
type B 

GOST 
type A 

GOST 
type B 

[ " ' %)L . --C  
$358)=-

-5=  
( >%-
953 

L5%-
-5=  

$358)=-
-5=  

( >%-
953 

L5%-
-5=  

$358)=-
-5=  

( >%-
953 

L5%-
-5=  

( >%-
953 

 "$+1% (++) 2.5 3 3.5 4 2.5 3 3.5 4 2.5 3 

T) ' 1% 95+3" ; 13 P5%5; . P5%5; . P5%5; . P5%5; . P5%5; . P5%5; . P5%5; . P5%5; . P5%5; . P5%5; .

*  . D0) , )%)+. 0%13 $A1<-"  $ %59>- ( )+5 1.5.7–1.5.8. 
 
T5L 8.  - )3. <. -"  ,%5( ; )< " Y"%+; . --C  $310> $ ; ) ' "%)0"%-"H %"' " 05 u  5 -)  

0. +>: «T) ; )A" <L . --C  96. +-"A"  %. <)( 0" %) 1 %. <)( 0"%) <%>( " 3) -56  ,; )0, " $- )="+ -
; . --C  $1 90%>( 0>%"4 9590. +5 P-CAD». 
 
 

ga k\  a R\  Ta   \ k\ Ra u 5 
" dI EqONKbIIJ  dR LUYgVUgYOi  LWLUbNW P-CAD.  

4 EKETOHl bIIJ  Lj bNI OTO YbHEVUOYE R YbHEVUOYE HYgVOGEIWj  QKEU  
 

J "?+  24C4?6  – " 0%5+)05 $)A) ; @-> 1- Y" %+)K14 , %" 9590. +> , %" . ( 0>3)--C   
P-CAD. NY" %+>3)05 - )358(5  - ) ; )A" <L . --C  1 ( " - Y1A>%>3)--C  96. +- " A" %. <)( 0" %) 1 %.-
<)( 0" %) <%>( " 3)-56 , ; )0. F1<A" 0>3)05 D) ' ; " -5  <;C 35( " - ) --C  , " <) ; @D56 ; ) ' " %)0"%-
-56 %" ' 10. 

 
$EGHEIIJ  (GEYREIU 4) 

1. W538505 0. " %. 058-1 31<" +" 901 <" ; ) ' " %)0" %- "H %" ' " 05. 
2. W1<( " - Y1A>%>3)05 %. <)( 0"% 96.+  $A1<-"  $ 3)%1) - 0"+ . 
3. [ ' . %. A05 31<( " - Y1A>%" 3)-5=  , %" . (0 > D) ' ; "-  $ 1+’C+ 5 . 79: 0;< .sch. 
4. W1<( " - Y1A>%>3)05 %. <)( 0"% <%>( " 3)-56 , ; )0 $A1<-"  $ 3)%1)- 0"+ . 
5. Q" <)05 - " 35= D)% $ 0)( 5+5 , )%)+. 0%)+5: 

1) Layer Name – \ Y" %+; . --C ; 
2) Layer Number – 12; 
3) R>%1 – Non signal. 

6. [ ' . %. A05 31<( " - Y1A>%" 3)-5=  , %" . (0 > D) ' ; "-  $ 1+’C+ 5 . 79: 0;< .pcb. 
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. OI ` RTgYgGEIIJ  Lj bNI OTO YbHEVUOYE 
<WXRY R GLUEI OGKbIIJ  LWLUbNW  

OHWI Waf GWNRYi GEIIJ   
R YOdNRYRG VYbLKbIIJ  

: LUEI OGVE 
QEYENbUYRG 

LRUVW 
8 UGOYbIIJ  R YbHETgGEIIJ  LUWKRG UbVLUg 

Work-
space 
size 

AutoSave 

÷÷
ø

ö
çç
è

æ

- >?A7C. <9<. : D0E3G>

E: 0H0DII7D3 <. : #H7:  Units File 
Viewer 

Gr id 
Spacing 

Style 
Nam

e 
o YẀU $OXYE-

l bI IJ  

 Od-
NRY 
(NN) 

4 EXRY 
LWN-
GOKRG 

594d420 30/4 mm Note-
pad 

2.5; 0.5; 5 \' _4 GOST 
type B 

$358)=-
-5=  

4 P5%5; . 

. OI ` RTgYgGEIIJ  YbHEVUOYE %@ 
<WXRY R GLUEI OGKbIIJ   

LWLUbNW OHWI Waf  
GWNRYi GEIIJ  R YOdNRYRG 

VYbLKbIIJ  

@YEGWKE YgeI OTO 
UE RI UbYEVUWGIO-

TO UYELgGEIIJ  

<LUEI OG-
KbIIJ   

QEYENbUYRG 
LRUVW 

8 UGOYbIIJ  R YbHETgGEIIJ   
LUWKRG UbVLUg 

Work-
space 
size 

AutoSave 

ø

ö
çç
è

æ

- >?A7C. <9<. : D0E3G>

E: 0H0DII7D3 <. : #H7:

 

Units T-Route Default Gr id 
Spacing 

Style 
Name o YẀU $OXYE-

l bI IJ  

 Od-
NRY 
(NN) 

4 EXRY 
LWNGO-

KRG 

210d29
7 

30/4 mm 3(; . 2.5; 0.5; 5 \' _4 GOST 
type B 

$35-
8)=- 5= 

 4 P5%5; . 

 
. OYOUVR UbOYbUWeIR GRHONOLUR 

 
N590. +)  P-CAD , %5$-)8. -)  <;C , %" . ( 0>3)--C  ' )A)0" D)%" 3"H <%>( " 3)- "H , ; )05 

(QF) " ' 859; 4 3) ; @-56 1 %)<1" . ; . ( 0%" --56  , %590%" H3. Q" 9( ; )<> P-CAD 36" <C0@ 8" 05%5 
" 9- " 3-1 +" <>;1 – P-CAD Schematic, P-CAD PCB, P-CAD Library Executive, P-CAD 
Autorouters 1 %C< 1- D56 <" , " +1L -56 , %"A%)+  (%59>- "(  1.5.1).  

P-CAD Schematic 1 P-CAD PCB – 31<, " 31<-"  A%)Y18-1 %. <) ( 0" %5 , %5-K5, " 356 
. ; . ( 0%58-56 96.+  1 QF.  . <)( 0" %5 +)4 0@ 9590. +5 %>6" +56 +. -4  3 905;1 Windows, )  
- )=8)901D.  3L53)- 5+ ( " +)- <)+  , %5$-)8. -1 , 1( 0" A%)+5.  

 . <)( 0"% P-CAD PCB +" L.  $) , >9( )059C )30" - " +-"  1 <" $3" ;CE %"$+190505 +" <>;1 
-)  35' %)- " +> +" - 0)L -" -( " +>0)K1=- " +> , ";1 0) , %"3" <505 %>8-. , - ) , 13)30" +)058-.  1 
)30" +)058-.  0%)9>3)--C  , %" 31<-5 ( 13. r( B"  P-CAD PCB 35( ; 5( )E0@9C $ %. <)( 0" %)  
P-CAD Schematic, 0" )30" +)058-"  9( ; )<)E0@9C 9,5 9"(  $’E<- )-@ 96. +5 1 -)  , " ;1 QF ,. -
%. - " 9C0@9C $" ' %)L . --C  ( " %, >913 ( " +, " - . - 013 $ $)$-)8. -- C+ ; 1- 1= . ; . ( 0%58-56 $’E<- )-@ 
+1L H6 353" <)+5. oC " , . %)K1C - )$53)E0@9C >, ) ( >3)-- C+ 96. +5 -)  <%>( " 3)-> , ; )0>. F" -
01+ 35( %.9; 4 E0@9C ( " - 0>% QF, -)  -@" +> %" $+1B>4 0@9C ( " +, " - . - 05 1, - )%. D01, , %" 3"-
<50@9C 0%)9>3)--C  , %" 31<-5 ( 13.  

[ )90" 9>3)--C  D%5Y013 True Type <" $3" ;CE 35( "%590" 3>3)05 -)  96. +1 1 QF - ) ,5 95 
%" 91=9@( "4  +" 3"4 . 

a 30" 0%)9>3); @-5(5  35( ; 5( )4 0@9C $ >, %)3;C4 8"H " ' " ;" - (5  P-CAD  NW, <. = 
, %"3" <50@9C - )90%" 4 3)--C  90%)0. A1H 0%)9>3)- -C. e- Y" %+)K14 , %" " 9" ' ; 53" 901 0%)9>-
3)--C  " ( %. +56 ; ) -K4 A13 +" L -)  " 0%5+)05 $) <" , " +" A"4  90)- <)%0-56 )0%5' >013, 33. <.-
-56 -)  . 0) , )6 903" %. --C  , %5-K5, " 3"H 96. +5 ) '"  QF. F. %D5= 0%)9>3); @-5( QuickRoute 
31<- " 950@9C <" 0%)9>3); @-5( 13 ; ) ' 1%5- 0" 3" A" 05,> 1 , %5$-)8. -5=  <;C 0%)9>3)--C  - )=-
, %" 901D56 QF. Q%>A5= )30" +)058-5= 0%)9>3) ; @-5( PRO Route 0%)9>E QF $ ( 1; @( 1904 
95A- ) ; @-56 D)%13 <" 32. R%)9>3); @-5( Shape-Based Autorouter – ' . $910( " 3) , %" A%)+)  
)30" 0%)9>3)--C  QF. F%" A%)+)  , %5$-)8. -)  <;C )30" +)058- " A" %" $3. <. --C  ' )A)0" D)%"-
3"H <%>( " 3)- "H , ; )05 $ 359" ( "4  B1; @- 1904 %" $+1B. --C  . ; . +. - 013. W" -)  . Y. ( 053-)  , %5 
, " 3. %6- . 3" +> +" - 0)L1 ( " %, >913 . ; . +. - 013, 35( " - ) -56 > %1$-56 9590. +)6 ( "" %<5- )0. M 
+" L ; 53190@ %" $+1B. --C  , %" 31<-5 ( 13 , 1< %1$-5+5 ( >0)+5 -)  %1$-56 D)%)6 , ; )05, " , 05+1-
$)K1H H6 <" 3L5-5  1 ( 1; @( " 901 , . %. 61<- 56 " 03" %13. 
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 bdgKf UEUW GWVOI EIIJ  KEXOYEUOYI O[ YOXOUW 

 

 

<WXRY R GLUEI OGKbIIJ  LWLUbNW OHWIWaf GWNRYg  
UE YOdNRYRG VYbLKbIIJ  

 
 

<LUEI OGKbI IJ  QEYENbUYRG LRUVW 

     
8 UGOYbIIJ  UE YbHETgGEI IJ  LUWKRG UbVLUg 

 
 

  

<WXRY UE GLUEI OGKbIIJ  LWLUbNW OHWIWaf GWNRYg 
R YOdNRYRG VYbLKbIIJ  

 

T-Route by Default (/ EYr YgU dE dENOGegGEII JN) 
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4 OGWq r EY 

 
Y6; &4-4=: W5( " - )3D5 ; ) ' " %)0" %-> %" ' " 0>, C " 0%5+)3 $)A) ; @-> 1- Y" %+)K14 , %" 

9590. +> , %" . ( 0>3)--C  P-CAD. W1<( " - Y1A>%>3)3 96. +-5=  %. <) ( 0"% 1 %. <)( 0"% <%>( " 3)-
- "H , ; )05, )  9)+. : $)<)3 , )%)+. 0%5 %" ' " 8"H " ' ; )901, 35$-)853 ( %"(  910(5 , 903" %53 0. (9-
0" 35= 905;@ 1 <" <)3 D)% > %. <) ( 0" %1 <%>( " 3)- "H , ; )05. W %. $>; @0)01 ' >;5  , 1<A" 0" 3; . -1 
D) ' ; " -5  <;C 35( " - ) --C  , " <) ; @D56 ; ) ' " %)0" %- 56 %" ' 10. 

 
. "4 )  " ( D4& @- ) 6 44>  

 
1. F%5$- )8. - -C 1 90%>( 0>%) 9590. +5 ,%". ( 0>3)--C  P-CAD. 
2. r (1 %. <) ( 0"%5 3' ><" 3) -1 3 P-CAD 1 C(.  H6 ,%5$- )8. --C ? 
3. c"  0) (.  )30" 0%)9>3) ; @-5 (5 , C(1 3' ><" 3) -1 3 P-CAD, 1 85+ 3"-5  31<%1$-C-

4 0@9C? 
4. r(  , . %. =05 31< )+. %5( ) - 9@( "H 9590. +5 35+1%4 3)--C  <" E3%",. =9@( "H 3 

%. <)( 0"%1 96.+  1 %. <)( 0"%1 QF? 
5. r(  $)<)05 %"$+1%5 ( %.9; . --C  3 %. <)( 0" %1 96.+  1 %. <)( 0" %1 QF? 
6. T)31B"  $)<)3)05 <. ( 1; @()  ( %" ( 13 910(5 ? 
7. r (1 D%5Y05 1 8" +> ( %)B.  35( "%590" 3>3)05 ,%5 903"%. - -1 905;4 ? 
8. W C( " +> $ %. <)( 0"%13 96. +)  35( " - >E0@9C 3 %1$-56  D)%)6? 
9. r(  <" <)05 - " 35= D)%? 
10. T)31B"  ' )L ) -"  $' . %1A)05 ,"%" L -1 D) ' ;" -5  <;C %. <)( 0"%) 96.+  1 %. <)( -

0"%) QF? 
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1.6 8 )< "  +44>  . : ) " <" 1"  o ) 6 / @6  
.  +8 ( +44>  & ^ "  / 6 ) ".  

 
^ \ NR 2.301-68 390)-" 3; 4E " 9-" 3-1 1 <" <)0( " 31 Y" %+)05 ;5 9013 ( %.9; . -@, 

96.+  0) 1- D56 ( "- 90%>( 0"%9@( 56 <" ( >+. - 013. 
F" $- )8. --C  1 %" $+1%5 " 9- " 3-56  Y" %+)013 - )3. <. -1 3 0) ' ;5 K1 1.6.1. 
 
R) ' ;5KC 1.6.1 – @OdI EebI IJ  R YOdNRYW OLI OGI Wj ` OYNEURG 
 

F" $-)8. --C  Y" %+)0> a 0 a 1 a 2 a 3 a 4 

 " $+1%5 90" %1- Y" %+)0>, ++ 841́ 1189 591́ 841 420́ 594 297́ 420 210́ 297 

^%)-5 8-1 31<65; . --C , ++ ±3,0 ±2,0 

 
F%5 35' " %1 Y" %+)013 - . " ' 61<-"  3%)6"3>3)05 "' ’E+ 1 9( ; )<- 190@ ,%". ( 0" 3) -" -

A" 35%" '> , 90>, 1-@ <. 0) ; 1$)K1H <)-56 , " ' >+" 3; . ->  ,%5$- )8. - - C+ 96. +5; >+" 35 $'. -
%. L . --C  = " ' . %0)--C  96.+ ; +" L ; 53190@ 3- .9. --C  $+1-; " 9" ' ;5 3" 901 = +" L ;5 3" 901 
0. 6- 1(5  35( "- ) --C , %. ,%" <>( >3)--C  1 +1( %"Y1; @+>3)--C  0. 6- 18- "H <" ( >+. - 0)K1H, )  
0) ( "L  +" L ; 53" 901 ",%)K4 3)--C  96.+  $)9" ' )+5 . ; . ( 0%"-- "H " ' 859; 4 3) ; @-"H 0. 6-1-
(5 . \' %)- 5= Y"%+)0 , " 35- .-  $) ' . $, . 8>3)05 ( " +, ) ( 0-.  35( "- ) --C  96. +5 ' .$ ," -
%>D. --C  HH - ) " 8-" 901 1 $%>8-" 901 ( "%590>3)--C . F%5 35( "- ) - -1 96. +5 -)  <. ( 1; @( "6 
;5 90)6 <"K1; @-"  +)05 " <- ) ( " 35= Y" %+)0 >916 ;5 9013. 

P" L -5=  ( "- 90%>( 0"%9@( 5= <" ( >+. -0 , " 35- .-  +)05 " 9-" 3- 5= - ) ,59 , B"  +19-
050@ $)A) ; @-1 31<" +" 901 ,%" $" ' %)L . -1 "' ’E( 05. 

n "%+5, %"$+1%5, $+190, ,"%C<"(  $) , " 3- . - -C " 9-" 3- 56 - ) ,5 913 1 <" <)0( " 356 
A%)Y <" -56  > ( "- 90%>( 0"%9@( 56 <" ( >+. - 0)6 >90)-" 3; 4E QNRZ ^ \NR  2.104:2006  
> 8)905-1 %"$+1B. --C  " 9- " 3-" A" - ) ,5 9>, ," <1;>  ,";C  96. +5 -)  $"-5  = " Y" %+; . --C  
,";C  <;C , 1<D53(5 . 

Q;C ( %.9; . -@ 1 96.+  , . %. <' )8. -"  " 9- " 3- 5= - ) ,59 , <" <)0( " 31 A%)Y5 <" - @"A", 
)  0) ( "L  %"$+1%5 %)+"(  -)  ( %. 9; . -- C6 1 96. +)6 (%59. 1.6.1). 

Q;C 0. ( 90" 356 ( "- 90%>( 0"%9@( 56 <" ( >+. - 013 , . %D"A" 1 $)A"; " 3-"A"  ;5 90) 
(- ) ,%5( ; )<, 31<" +" 901 0. 6- 18- "A" ,%". ( 0>, ," C9- 4 3) ; @- "H $) ,5 9(5 , 0. 6- 18-56  
>+"3, 1- 90%>( K1H 0" B" ) , . %. <' )8. -"  " 9- " 3-5=  - ) , 59 1 <" <)0( " 31 A%)Y5 <" - @"A" $) 
Y"%+"4  2 (%59. 1.6.2). 

Q;C - )90>, -56  ;5 9013 ( %.9; . -@ 1 96.+  , %5,>9( )E0@9C $)90" 9" 3>3)05 Y" %+> 
2)  (%59. 1.6.3). 

Z A%)Y)6 " 9-" 3-"A"  - ) ,5 9> 1 <" <)0( " 356 A%)Y)6 (-" +. %5 A%)Y -)  Y"%+)6 
," ( )$) -1 3 <>L ( )6) >( )$>4 0@: 

A%)Y) 1 – - )=+. - >3)--C  35%"'> ; 31<," 31<-"  <" ^\NR  2.109-73 - )=+. - >3)- -C 
+)E ' >05 9059; 5+ 1 $),5 9>3)059C 3 - )$53-" +> 31<+1- (> " <-5-5 ; -)  , . %D" +> +19K1 
," 35- .-  90"C05 1+. - -5( , - ) , %5( ; )<: «N0)'1; 1$)0"% ( ; 4 8" 35=». F19;C - )=+. - >3)--C  
35%"'>  3, 59>4 0@ - )=+. - >3)- -C <" ( >+. - 0) (D%5Y0"+  +. - D" A" %" $+1%>, - 1L - )=-
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+. - >3)--C  35%"'> ), C( B"  K@" +> <" ( >+. - 0> ,%53; )9- . - 5= D5Y%, - ) ,%5( ; )<: «_; .( -
0%"<35A>- . N6. +)  . ; . ( 0%58-)  $’E<- ) -@». F%5,>9( )E0@9C <;C 9( ; )<); @-" A" ( %. 9; . - -C 
- )=+. - >3)--C  <" ( >+. - 0) -.  3( )$>3)05; 

A%)Y) 2 – ," $- )8. --C  <" ( >+. - 0) $) ^ \NR  2.201-80; 
A%)Y) 3 – ," $- )8. --C  +)0. %1) ;>  <. 0) ;1 (A%)Y> $) , " 3- 4 4 0@ 01; @(5  -)  ( %.9-

; . -- C6 <. 0) ; .= ); 
A%)Y) 4 – ; 10. %), ,%53; )9- . -)  <) -" +> <" ( >+. - 0> $) ^\ NR 2.103-68; A%)Y> 

$) ," 3- 4 4 0@ ," 9; 1<" 3-" , ," 85- )4 85 $ ( %)=- @"H ; 13"H ( ; 105-5 ; 
A%)Y) 5 – +)9)  35%" '>  $) ^ \NR  2.109-73;  
A%)Y) 6 – +)9D0)'  $) ^ \ NR 2.302-68 1 ^\ NR 2.109-73; 
A%)Y) 7 – ,"%C<( " 35= - " +.% ;5 90) (-)  <" ( >+. - 0)6, B"  9( ; )<)4 0@9C $ " <- " A" 

;5 90), A%)Y> -.  $) , " 3- 44 0@); 
A%)Y) 8 – $)A) ; @-)  ( 1; @( 190@ ;5 9013 <" ( >+. - 0) (A%)Y> $) , " 3- 44 0@ 01; @(5  -)  

, . %D" +> ; 5901); 
A%)Y) 9 – - )=+. - >3)--C  ) '"  %" $, 1$- )3) ; @-5=  1- <. (9 , 1<,%5E+903), B"  35,> -

9( )E <" ( >+. -0 (A%)Y> -.  $) ," 3- 4 4 0@, C( B"  %"$, 1$- )3) ; @-5=  1- <. (9 +19050@9C 3 ," -
$- )8. --1  <" ( >+. - 0)); 

A%)Y) 10 – 6)%)( 0.% %"' " 05, 35( "- >3)- "H " 9" ' "4 , B"  , 1<,5 9>E <" ( >+. -0 (31-
; @-5=  %C<"(  A%)Y5 10 $) , " 3- 44 0@ -)  %" $9>< %"$%" ' - 5() , - ) ,%5( ; )<, «T)8) ; @- 5(  
31<<1;>», « " $%)6>3)3»); 

A%)Y) 11 – , %1$35B)  " 91', B"  , 1<,5 9>4 0@ <" ( >+. -0; 
A%)Y) 12 – , 1<,5 95 " 91', , %1$35B)  C( 56 $)$- )8. -1 3 A%)Y1 11 (, 1<,5 95 " 91', 

B"  %"$%" ' 5;5  K.=  <" ( >+. -0, 1 31<, " 31<) ; @-56  $) -" %+" ( " - 0%";@ E " ' "3'C$( " 35+5); 
A%)Y) 13 – <)0) , 1<,5 9)--C  <" ( >+. - 0); 
A%)Y5 14-18 – $+1-5 ; A%)Y5 $) ," 3- 4 4 0@ 31<, " 31<-"  <" MNPQ «F%)35;)  3-. -

9.--C  $+1-»; 
A%)Y5 19-23 – 1- 3. - 0)%-5= -" +.% , . %D" 03" %>, , 1<, 59 " 91', B"  ,%5=- C;5  

, . %D" 031% ) '"  <>' ; 1( )0, <)0) ,%5=+)--C  0) 1-.; 
A%)Y) 24 – ," $- )8. --C  <" ( >+. - 0), -)  , 1<90)31 C( " A" 35, >B. -5=  K.=  <" (>-

+. -0; 
A%)Y) 25 – , " $- )8. --C  31<, " 31<-" A" <" ( >+. - 0), 3 C( " +> 3, . %D.  $) ,5 9)-5=  

K.=  <" ( >+. -0; 
A%)Y) 26 – ," $- )8. --C  <" ( >+. - 0), ," 3. %- . -.  -)  180" (<;C Y"%+)0> a 4 1 Y"%-

+)013, ' 1; @D56 a 4, ,%5 %"$0)D>3)- -1 " 9- " 3-"A"  - ) ,5 9> >$<" 3L <" 3A"H 90"%"-5 ;5 -
90)) ) '"  -)  90"  (<;C Y" %+)013, '1; @D56 a 4, ,%5 %" $0)D>3)- -1 " 9-" 3- "A" - ) ,5 9> >$-
<" 3L ( "%"0( "H 90" %"-5  ;5 90)); 

A%)Y5 27-30 – $) , " 3- 4 4 0@9C $)+" 3-5 ( "+ ; 
A%)Y) 31 – , 1<,59  " 9" '5 , B"  ( ", 14 3) ;)  ( %.9; . --C ; 
A%)Y) 32 – , " $- )8. --C  Y"%+)0> ;5 90) $) ^ \NR  2.105-95; 
A%)Y) 33 – , " $- )8. --C  $"-5 , 3 C( 1= $- )6"<50@9C $+1- 4 3)-)  8)905-)  35%" '> ; 
A%)Y) 34 – -" +. %5 )30" %9@( 56 931<" K03 -)  35( "%590)-1 3 <) - " +> 35%"'1 35-

- )6"<5. 
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 WLgI OV 1.6.1 – ̂ OYNE 1 

 

 
 WLgI OV 1.6.2 – ̂ OYNE 2 
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 WLgI OV 1.6.3 – ̂ OYNE 2E 

 
^%)Y5, $" ' %)L . -1 -)  Y" %+)6 D0%56" 3"4  ; 1- 1E4, >3" <C0@ ,%5 - . " ' 61<-" 901. 

^%)Y5 3, 5, 6 -)  96. +)6 -.  $) , " 3- 4 4 0@. F%5 35( "%590)- -1 <;C - )90>,-56  ; 59013 
( %.9; . -@ 1 96.+  Y" %+5 1 A%)Y5 1, 3, 4, 5, 6, 9 -.  $) ," 3- 4 4 0@. 

\ 9-" 3-1 - ) ,5 95 35( " - >4 0@ 9>K1; @- 5+5 " 9-" 3- 5+5 1 9>K1; @-5 +5 0"- ( 5+5 ;1-
- 1C+5 $) ^ \NR  2. 303-68.  " $0)D" 3>4 0@ " 9-" 3-1 - ) ,5 95 > ,%)3" +> -5 L - @" +> ( >01 
( "- 90%>( 0"%9@( 56 <" ( >+. - 013. T)  %59>- (> 1.6.4 , " ( )$) -"  3)%1)- 05 %" $0)D>3)- -C 
" 9-" 3-"A"  - ) ,5 9> 1 <" <)0( " 356 A%)Y -)  %1$- " +) - 10-56  Y" %+)0)6. n " %+)0 a 4 %"$-
0)D" 3>E0@9C 01; @(5  3. %05( ) ; @-"  – "9-" 3- 5= - ) ,59  3-5 $> ;5 90) (%59. 1.6.4, 3). n "%-
+)05 ' 1; @D.  a 4 +" L >0@ ' >05 %"$0)D" 3) -1 C( A"%5$"- 0) ; @-" , 0)(  1 3. %05( ) ; @-" : "9-
-" 3-5=  - ) ,59  +" L.  ' >05 - ) - .9. -"  C( >$<" 3L <" 3A"H (%59. 1.6.4, ' ), 0)(  1 >$<" 3L (" -
%"0( "H (%59. 1.6.4, 3) 90"%"-5 ;5 90). 

 )+(>, B"  " ' +. L >E ,";.  96. +5, - ) -" 9C0@ 9>K1; @-"4  " 9- " 3-"4  ; 1- 1E4 -)  31<-
90)-1 5 ++ 31< +. L1 Y" %+)0> $3. %6>, 9, %)3) 1 $-5 $>; $; 13) $) ;5 D)4 0@ ,";.  D5%5-
-"4  20 ++ <;C , 1<D53(5  96.+ . 

\ 9( 1; @(5  " 9- " 3-1 - ) ,5 95 ( %.9; . -@, B"  , " 90)3; C4 0@9C $ 9590. +"4 , -.  31<," -
31<)4 0@ MNPQ, 903"%5+"  " 9- " 3-5=  - ) ,59  (D0)+, ) $) Y" %+"4  1 QNRZ  
^\ NR 2.104:2006, C( 5= , " 01+ 35( " %590" 3>3)05+. +"  <;C " Y" %+; . --C  ,%". ( 013. 
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)) ' ) 

3) 

 
 WLgI OV 1.6.4 – <EYREI UW YOdUEr gGEIIJ  OLI OGI OTO I EQWLg R HOHEUVOGWj TYE`  

 
 

8 UGOYbI IJ  TYÈ RVW VgUOGOTO r UENQE VYbLKbI IJ  
 

Q;C 35( %.9; 4 3)--C  %)+(5  <" 90)0- @" 9( "%590)059C ( " +) - <"4  Place/Line 
() - ) ;"A – ( -", ()   -)  ; 131= 1- 90%>+. - 0) ; @- 1= , ) - . ;1), 390)- " 3505 31<-" 9->  
(Relative) 910(> $ ," 8)0( "+  ( " "%<5- )0 3 0" 8K1 (20, 5) <;C Y"%+)0> a 4 1 ( %"( "+  910(5  
5 ++, C( ," ( )$) -"  -)  %59>- (> 1.6.5. 

 

 
 WLgI OV 1.6.5 – <LUEI OGKbIIJ  QEYENbUYRG LRUVW 

 
W5' 1% 0" 3B5-5  ; 1- 1H 35( " - >E0@9C 3 90)0>9- " +> %C<(>. Q;C 35( %.9; 4 3)--C  

9>K1; @-"H 0" 390"H ; 1- 1H 9; 1< 35' %)05 Thick, )  <;C 0"- ( "H – Thin. F%" +) ; @" 3>3)--C  
; 1- 1= +" L -)  35( " - >3)05 <3" +)  9," 9" ' )+5: ( ; )K) -- C+ +5D1, 3( )$>4 85 ," 8)0"(  1 
( 1- . K@ ; 1- 1H, ) '"  <%>A5+ 9," 9" ' "+ , C( 5= ' 1; @D 0" 8- 5= 1 - )<1=-5= – 8. %.$ ( ; )31)0>-
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%>. T) ,%5( ; )<, <;C 35( %.9; 4 3)--C  %)+(5  D0)+,)  (%59.1.6.6) - . " ' 61<-"  33.905 0)-
(> ," 9; 1<" 3- 190@ ( " +) -< : 

 

® J® 0® TAB® 0® ENTER®  J® 0® TAB® 55® ENTER®  
J® 185® TAB® 55® ENTER®  J® 185® TAB® 0® ENTER®  

J® 0® TAB® 0® ENTER® ESC 

 
 

 
 WLgI OV 1.6.6 – $OGI Rr IJ  YENVE OLI OGI OTO I EHQWLg 

 
a - ) ;" A18-"  ,%"%59" 3>E0@9C %. D0) ; 1- 1=, A";" 3-.  – -.  $) ' >3)05 , . %. +5( )05 

0" 3B5-> ; 1- 1H 1 ,%5 - . " ' 61<-" 901 $+1- 4 3)05 ( %"( 910(5  (%59. 1.6.7). 
 

 
 WLgI OV 1.6.7 – 1YÈ RVE VgUOGOTO r UENQE VYbLKbIIJ  
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8 UGOYbI IJ  UbVLUOGWj I EQWLRG 
 

W1<, " 31<-"  <" <14 856 ,%)35;  > D0)+,1 ( %.9; . --C  ," 35- -1 ' >05 - )C3-1 0. (9-
0" 31 - ) ,5 95, C(1 3( )$>4 0@ ,%5$- )8. --C  " ( %. +56 A%)Y. 

W3. <. --C  0. ( 90> 35( " - >E0@9C $) <", " +" A"4 ( " +) - <5 Place/Text () - ) ;"A – 
( -", ()   -)  ; 131= 1- 90%>+. - 0) ; @- 1= , ) - . ;1). P; )K) -- C+ +5D1 ," 0%1' -"  3( )$)05 
-5 L - 1= ; 135= ( >0 - ) ,5 9>, > 31( -1 (Place Text) 33.905 , " 0%1' -5=  0. ( 90 1 - )059- >05 
( -", (> Place. Q;C ,%)35; @-"A"  %"$+1B. - -C 0. ( 90> 9; 1< , )+ ’C0)05 , %" 0) (. : 

·  ( %"( 910(5  – +) ( 95+>+ 0,5 ++; 
·  35%13- 4 3)--C  (Justification), C( -)  %59>- (> 1.6.8; 
·  D%5Y0 – GOST type B, $" ' %)L . --C  – ( >%953, %"$+1% – 3,5 ++ ) '"  10 ,, . 

 

 
 WLgI OV 1.6.8 – <LUEI OGKbIIJ  QEYENbUYRG UbVLUg 

 
N; 1< , )+ ’C0)05, B"  0. ( 90 +" L -)  ( ", 14 3)05, %. <)A>3)05 1 , . %. +1B)05. Q;C 

" 0%5+)--C  <" 90>,>  <" K56 ( " +) -<  - . " ' 61<-"  , . %. =05 3 %. L 5+ 35' " %> - )059- .- -
- C+ ( ; )31D1 S () - ) ;"A – ( -", ()   -)  3. %6- 1= 1- 90%>+. - 0) ; @- 1= , ) - . ;1).  . $>;@0)0 
$) ," 3- . -56  0. ( 90" 356 - ) ,5 913 , " ( )$) -"  -)  %59>- (> 1.6.9. 

 

 
 WLgI OV 1.6.9 – o UENQ d UbVLUOGWNW I EQWLENW 
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@OKJ R YOXOUE d I WNW 
 

W 9590. +1 P-CAD 33. <. -"  ,"- C00C , ";C – 0. ( 90" 3"A" "' ’E( 0), , "3’C$)-"A"  $ 
,%". ( 0"+ , $- )8. --C  C( "A" +" L.  ' >05 390) -" 3; . -.  3%>8-> ) '"  ) 30" +)058-"  1 35-. -
9.-.  -)  96. +> ) '"  ( %.9; . --C  <%>( " 3) - "H ,; )05. F";C $%>8-"  35( "%590" 3>3)05 <;C 
" Y"%+; . --C  " 9-" 3-56  - ) ,5 913 ( %.9; . -@ ,%5 903"%. - -1 Y" %+)0"( . N,5 9"(  ," ; 13 
,%". ( 0> +" L -)  ,%"A;C- >05, <"," 3-5 05 ) '"  $+1- 505 H6 $- )8. --C , 35( "%590" 3>4 85 
( " +) - <> File/Design Info. 

N,5 9"(  ," ; 13, 35$- )8. -56  > 9590. +1 P-CAD $) >+" 38)-- C+, 0) H6 +" L ;5 3.  
35( "%590" 3>3)--C  ,%5 " Y" %+; . - -1 ( %.9; . -@ ," <) -"  3 0) ' ;5 K1 1.6.2. W K1= 0) ' ;5 K1 
- ) , 13L 5%-5+  D%5Y0"+  35<1; . -"  - )$35 ,"; 13, C(1 +" L >0@ ' >05 35( "%590) -1 <;C 
" Y"%+; . --C  ( %.9; . -@ $) >( %)H- 9@( 5+5 90) - <)%0)+5. 

 
R) ' ;5KC 1.6.2 – 8 WLUbNIR QOKJ 
 

4 EdGE 6 I EKOT gVYE[I Lf VOi  NOGOi 

Approved N63); 53 (+" L -)  , " +190505 3 A%)Y> [) 3: .) 

Author a 30"% (+" L -)  , " +190505 3 A%)Y> ! ?9.?K.) 

Checked F. %. 31%53 (+" L -)  , " +190505 3 A%)Y> 5 <. <:.) 

Company Name T)$3) ( " +, ) - 1H 

Current Date F" 0" 8-)  <)0) 

Current Time F" 0" 8- 5= 8)9 

Date Q)0) 

Drawing Number T" +.% ( %.9; . --C  (L<M0N#HGD0C D?N<.) 

Drawn P%.9; 53 

Engineer e- L . - .% (+" L -)  , " +190505 3 A%)Y> O.>?D3. .) 

Filename e+’C Y)=;> 

Modified Date Q)0) $+1-5  

Note [ )+10(5  

Number Sheets P1; @( 190@ ; 59013 (, " +190505 3 A%)Y> Q0R3 7:) 

Revision W. %91C 

Revision Note [ )+10(5  <" 3. %91H 

Sheet Name e+’C ; 590) 

Sheet Number T" +.% ; 590) (, " +190505 3 A%)Y> Q0R3) 

Time d)9 

Title T)$3) , %" . ( 0> 

 
\ 9( 1; @(5  -.  391 A%)Y5 " 9-" 3- "A" - ) ,5 9> ( %.9; . --C  $) ( %53)4 0@9C 9590. +-5 -

+5 ,"; C+5, +" L -)  %"$D5%505 9,5 9"(  , " ; 13. W " 9- " 3-" +> +. -4  9; 1< 35' %)05 (" -
+) - <> File/Design Info > 31( -1, B"  $’C35; " 9C, 35' %)05 $) ( ; )<(> Field 1 - )059- >05 
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( -", (> Add. F" 01+ -)  , ) - . ;1 Field Properties (%59. 1.6.10) > 31( -1 Name ," 0%1' -"  
- )<%>( >3)05 4 . . OIU., )  31( -"  Value $) ;5 D505 ,"%" L - 1+. a - ) ;" A18- 5+ 85-"+  +" -
L -)  33. 905 3 , %". (0 ' ><@-C(> ( 1; @( 190@ <" <)0( " 356 ,"; 13. 

 

 
 WLgI OV 1.6.10 – $EHEIIJ  RNbIR I OGOTO QOKJ 

 
Q;C %"$+1B. --C  ," ; 13 > D0)+,1 ( %.9; . - -C 9; 1< 35' %)05 3 " 9-" 3- " +> +. -4  

( " +) - <> Place/Field () - ) ;"A – ( -", ()   -)  3. %6-1= 1- 90%>+. - 0) ; @- 1= , ) - . ;1), ( ;) -
K) -- C+ +5D1 3( )$)05 -5 L - 1= ; 135= ( >0 , " ;C 1 > 31( -1 Place Field, B"  $’C35;" 9C, 35-
' %)05 $1 9,5 9(> - )$3> ," 0%1' -"A"  ,";C , - ) ,%5( ; )<, «Author».  . D0) ,"; 13 %" $+1B>-
E0@9C, C( ," ( )$) -"  -)  %59>- (> 1.6.11. r ( B"  $- )8. --C  , ";C (Value) -.  ,"%" L -E, 0" 
31<" ' %)L )05+. 0@9C 3" -" , 3 1- D" +> 35, )<(> $’C350@9C - )$3) ,";C  > Y1A>%-56 <>L-
( )6, - ) ,%5( ; )< {DATE}. F19;C %"$0)D>3) --C  ,";C  +" L ;5 3) $+1-)  ="A" 3; )9053"9-
0.= , 0) ( 56 C( 35%13- 4 3)--C  (Justification) 1 905;@ 0. ( 90>, <;C K@"A" ,%"90" 9; 1< 35-
( "- )05 , " <31=-.  ( ; )K) --C  ; 13"4  ( -", ( "4  +5D1. 

[ ) ;5 D5;" 9C - ) ( %.9; 505 +. L1 ( %.9; . --C  1 %)+(> <;C 3. %6-@"A" <. K5+) ; @-"A"  
-" +. %) 0) $' . %. A05 Y"%+)0(> (%59. 1.6.12). 

 

 
 WLgI OV 1.6.11 –  OdNRn bIIJ  QOKRG g VONRYVEj OLI OGI OTO I EQWLg 
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 WLgI OV 1.6.12 –  ENVE UE OLI OGIWq I EQWL (` OYNE 1) 

 
 

@RHVKi ebI IJ  ` OYNEUVW VYbLKbIIJ  HO QYObVUg 
 
[)  >+" 38)-- C+ Y)=;  $) ,5 D. 0@9C $ %"$D5%. -- C+ «SCH», 0" <1 C( Y)=;5  Y"%-

+)0"(  ," 35- -1 +)05 %"$D5%. --C  «TTL» (31< 9; " 3) Title). Q" 90)0- @" ,%"90" $+1-5 05 
%"$D5%. --C  Y)=;> . 

R. , .% 903"%4 E+"  - " 35= ,%". (0. R%. ')  ) ( 0531$>3)05 ( " +) - <> 
Option/Configure 1 3 %)+K1 Title Sheets , )- . ;1 Option Configure - )059( >3)05 ( -", -
(> Edit  Titl e Sheets. T)  , ) - . ;1 (%59. 1.6.13) Options Sheets, B"  $’C35; )9C, 3 $) ( ; )<-
K1 Title 9; 1< - )059- >05 ( - " , (> Select. 

[)  <", " +"A"4  90)- <)%0-"A"  <1) ;" A> Windows $- )6" <5+"  1 31<( %53)E+"  -)  
<59(> Y)=;  *.ttl, 903"%. -5=  %)- 1D. . T)  , ) - . ;1 Options Sheets (%59. 1.6.13) - . " ' 61<-
-"  - )059- >05 9," 8)0(> ( -", (> Modify, )  ," 01+ ( - ", (> Close 1 $) ( %505 , ) - . ;@ 
Option Configure. T)  %" ' " 8" +> ,";1  ," 35--)  $’C35059C Y" %+)0()  ( %.9; . --C . 
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 WLgI OV 1.6.13 – @EI bKf  Options Sheets 

 
Q;C $)3. %D. --C  D0)+,)  - . " ' 61<-"  $) , " 3-5 05 391 $- )8. --C  ,"; 13, B"  35(" -

%590" 3>4 0@9C, 1 31<%. <)A>3)05 Y" %+)0 1 $" ' %)L . --C  <. C( 56 ,"; 13 (<;C K@"A", +"L -
;5 3", <" 3. <. 0@9C 903"%505 - " 31 905;1 0. ( 90>) (%59. 1.6.14). Q;C K@"A" , " 0%1' -"  35' -
%)05 3 " 9-" 3- " +> +. -4  ( " +) - <> File/Design Info 1 31<( %505 $) ( ; )<(> Field , ) - . ;1 
Design Info. 

 

 
 WLgI OV 1.6.14 – @YWVKEH dEQOGI bIIJ  OLI OGI O[ YENVW 
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@ 6 . ) -34+  $6 <%6 4 4>  
 

J" ?+  – -)  ,%5( ; )<1 903"%. --C  ( >0" 356 D0)+, 13 1 Y" %+)0"(  ( %.9; . -@ 35385-
05 ,%5=" +5 %" ' " 05 $ ; 1- 1C+5, 0. ( 90)+5 1 , "; C+5. 

 
$EGHEI IJ  HO KEXOYEUOYI O[ YOXOUW 

 

1. W538505 0. "%. 058-1 31<" +" 901 <" ; ) ' "%)0" %-"H %" ' " 05. 
2. N03"%505 Y" %+)0(> – Y" %+)  1 $ 0. ( 90" 35+5 - ) ,5 9)+5 1 ,"; C+5 31<, " 31<-

-"  <" 3)%1)- 0) (0) ' ;5KC 1.6.3). [ ' . %. L 10@ Y)=;  $ 1+’C+ 5 . 79: 0;< _T 1.ttl. 
3. N03"%505 Y"%+)0(> – Y"%+)  2)  $ 0. ( 90" 35+5 - ) , 59)+5 1 ," ; C+5 31<," 31<-

-"  <" 3)%1)- 0) (0) ' ;5KC 1.6.3). [ ' . %. L 10@ Y)=;  $ 1+’C+ 5 . 79: 0;< _T 2#.ttl. 
4. W90)3505 Y" %+)0(> 3 - " 35= ,%". (0, $) ," 3-5 05 , ";C 1 %. $>;@0)0 , " ( )$)05 

35( ; )<)8>. 
5. F1<A" 0>3)05 $310 $ ; ) ' "%)0"%-"H %" ' " 05 (<53. <" <)0"(  Q). 

 
R) ' ;5KC 1.6.3 – <EYREI UW dEGHEIf  HKJ LUGOYbI IJ  ` OYNEUOV 
 

<EYREIU 4 EqNbIg -
GEIIJ  1 2 3 4 5 6 7 8 9 10 

Workspace 
size 

210t  
297 

420t  
297 

297t  
420 

594t  
420 

420t  
594 

841t  
594 

594t  
841 

1189t  
841 

841t  
1189 

210t  
297 

F" 8)0"(  
( " " %<5- )0 

20,5 20,5 20,5 20,5 20,5 20,5 20,5 20,5 20,5 20,5 

 
T5L 8.  - )3. <. -"  ,%5( ; )< " Y" %+; . --C  $310> $ ; ) ' "%)0"%-"H %" ' " 05 u  6 -)  

0. +>: «N03"%. --C  ( >0" 3"A" D0)+,)  ( %.9; . --C  1 Y" %+)0"( ». 
 
 

ga k\  a R\  Ta   \ k\ Ra u  6 
8 UGOYbIIJ  VgUOGOTO r UENQE VYbLKbIIJ  R ` OYNEUOV 

 
J "?+  24C4?6  – -)  , %5( ; )<1 903" %. --C  ( >0" 356 D0)+, 13 1 Y" %+)0"(  ( %.9; . -@ 

3538505 , %5=" +5 %" ' " 05 $ ; 1- 1C+5, 0. ( 90)+5 1 , " ; C+5. 
 

$EGHEIIJ  (GEYREIU 1) 
1. W538505 0. " %. 058-1 31<" +" 901 <" ; ) ' " %)0" %- "H %" ' " 05. 
2. N03" %505 Y" %+)0(> – Y" %+)  1 $ 0. ( 90" 35+5 - ),5 9)+5 1 , " ;C+5 31<, " 31<-"  <" 3)%1)- -

0). [ ' . %. A05 Y)=;  $ 1+’C+ 5 . 79: 0;< _T 1.ttl. 
3. N03" %505 Y" %+)0(> – Y" %+)  2)  $ 0. ( 90" 35+5 - ) ,5 9)+5 1 , " ;C+5 31<, " 31<-"  <" 3)%1)-

- 0). [ ' . %. A05 Y)=;  $ 1+’C+ 5 . 79: 0;< _T 2#.ttl. 
4. W90)3505 Y" %+)0(> 3 - " 35= , %" . (0, $) , " 3-5 05 , " ;C 1 %. $>; @0)0 , " ( )$)05 35( ; )<)8>. 

 
$EGHEIIJ  HKJ LUGOYbIIJ  ` OYNEUOV 

·  Workspace size – 420t 297. 
·  F" 8)0"(  ( " " %<5- )0 – 20,5. 
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. OYOUVR UbOYbUWeIR GRHONOLUR 
 
^\ NR 2.301-68 390)- " 3; 4E " 9- " 3-1 1 <" <)0( " 31 Y" %+)05 ; 59013 ( %.9; . -@, 96.+  0) 

1- D56 ( " - 90%>( 0" %9@( 56 <" ( >+. - 013, , . %. <' )8. -56 ^ \ NR 2.102-68. F%5 35' " %1 Y" %+) -
013 - . " ' 61<-"  3%)6" 3>3)05 "' ’E+ 1 9( ; )<- 190@ , %" . ( 0" 3)- " A" 35%" '> , 90>, 1-@ <. 0) ; 1$)K1H 
<)-56, " ' >+" 3; . - 5= , %5$- )8. -- C+ 96. +5; >+" 35 $' . %. L . --C  = " ' . %0)--C  96.+ ; +" L ;5 -
3190@ 3- .9. --C  $+1-; " 9" ' ; 53" 901 1 +" L ; 53" 901 0. 6- 1(5  35( " - ) - -C, %. , %" <>( >3)--C  1 +1-
( %" Y1; @+>3)--C  0. 6- 18- "H <" ( >+. - 0)K1H, )  0)( "L  +" L ; 53" 901 " , %)K4 3)--C  96.+  $)9" -
' )+5 . ; . ( 0%" -- "H " ' 859; 4 3) ; @-"H 0. 6- 1(5 . \ ' %)-5=  Y" %+)0 , " 35- .-  $) ' . $, . 8>3)05 
( " +, ) ( 0-.  35( " - ) --C  96. +5 ' .$ , " %>D. --C  HH - )" 8- " 901 1 $%>8- " 901 ( " %590>3)--C . F%5 
35( " - ) --1 96. +5 -)  <. ( 1; @( "6 ; 590)6 <" K1; @-" +)05 " <- ) ( " 35= Y" %+)0 >916 ; 59013. 

P" L - 5= ( " - 90%>( 0" %9@( 5= <" ( >+. -0 , " 35- .-  +)05 " 9- " 3-5= - ) ,59 , B"  +19050@ 
$)A); @-1 31<" +" 901 , %" $" ' %)L . -1 "' ’E( 05. n "%+5, %" $+1%5, $+190, , " %C<"(  $), " 3- . - -C 
" 9- " 3- 56 - ) , 5913 1 <" <)0( " 356 A%)Y <" - 56 > ( " - 90%>( 0" %9@(56 <" ( >+. - 0)6 >90)- " 3;4 -
4 0@9C 85--5 +5 90)- <)%0)+5 > 8)905-1 %" $+1B. --C  " 9- " 3- " A" - ) ,5 9>, , " <1;>  , " ;C 96.-
+5 -)  $" -5  = " Y" %+; . --C  , " ;C <;C , 1<D53(5 . Q;C ( %.9; . -@ 1 96.+  , . %. <' )8. -"  " 9- "3-
-5=  - ) ,59 , <" <)0( " 31 A%)Y5 <" -@" A", )  0)( "L  %" $+1%5 %)+"(  -)  ( %.9; . -- C6 1 96. +)6 $) 
Y" %+"4  1 QNRZ ^\ NR 2.104:2006. 

Q;C 0. ( 90" 356 ( " - 90%>( 0" %9@( 56 <" ( >+. - 013 , . %D" A" 1 $)A" ; " 3- " A" ; 590) (-) -
, %5( ; )<, 31<" +" 901 0. 6- 18- " A" , %" . ( 0>, , " C9- 4 3) ; @- "H $) ,5 9(5 , 0. 6- 18-56  >+"3, 1--
90%>( K1H 0" B" ) , . %. <' )8. -5=  " 9- " 3-5= - ) ,59  1 <" <)0( " 31 A%)Y5 <" - @" A" $) Y" %+"4  2. 

\ 9- " 3-1 - ) ,5 95 35( " - >4 0@ 9>K1; @-5+5 " 9- " 3-5 +5 1 9>K1; @-5+5 0" - ( 5+5 ; 1- 1C-
+5 $) ^ \ NR 2.303-68.  " $0)D" 3>4 0@ " 9- " 3-1 - ) ,5 95 3 , %)3" +> -5 L - @" +> ( >01 ( " - 90%>-
( 0" %9@( 56 <" ( >+. - 013. n " %+)0 a 4 %" $0)D" 3>E0@9C 01; @(5  3. %05( ) ; @-" – " 9- " 3- 5= -) -
,59  3-5$> )%( >D) . n " %+)05, ' 1; @D1 $) a 4, +" L >0@ ' >05 %" $0)D" 3)-1 C( A" %5$" - 0) ; @-" , 
0)(  1 3. %05( ) ; @-": " 9- " 3- 5= - ) ,59  +" L.  ' >05 - ) - .9. -"  C( >$<" 3L <" 3A"H, 0)(  1 >$<" 3L 
( " %" 0( "H 90" %" -5  )%( >D) . 

 . $>; @0)05 35( " - ) - -C ; ) ' " %)0" %- "H %" ' " 05 $" ' %)L . -"  -)  %59>- ( )6 1.6.15 0) 
1.6.16. 

 

 
 WLgI OV 1.6.15 – ̂ OYNE 1 Rd dEQOGI bI WNW UbVLUOGWNW I EQWLENW UE QOKJNW 
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 WLgI OV 1.6.16 – ̂ OYNE 2E Rd dEQOGI bI WNW UbVLUOGWNW I EQWLENW UE QOKJNW 

Y6; &4-4=: Z 6" <1 35( " - ) --C  ; ) ' " %)0" %- "H %" ' " 05 +- "4  ' >;"  3538.-"  , %5=" +5 
%" ' " 05 $ ; 1- 1C+5, 0. ( 90)+5 1 , " ;C+5 -)  , %5( ; )<1 903" %. --C  ( >0" 356 D0)+, 13 1 Y" %+)0"(  
( %.9; . -@. T) ' >0" - )358"(  353. <. --C  -)  <%>( ( %.9; . -@ $ 9590. +5 P-CAD. 

 
 

. "4 )  " ( D4& @- ) 6 44>  
 

1. F" $- )8. --C  35%" ' 13 1 ( "- 90%>( 0"%9@( 56 <" ( >+. - 013. 
2. r (1 19- >4 0@ Y" %+)05 1 " 9- " 3-1 - ) ,5 95 -)  ( %.9; . -- C6? 
3. T)  C( 56 ( %.9; . -- C6 ( %.9; 50@9C Y" %+)  2)? 
4. [)  <", " +"A"4  C( "H ( " +) - <5 35( %.9; 4 4 0@9C ; 1- 1H? 
5. Q;C 8"A" , " 0%1'-"  390)-" 3; 4 3)05 31<- " 9-> 910(> 1 3590)3; C05 , " 8)0"(  

( ""%<5- )0? 
6. r (1 <3) " 9- " 3-1 05,5  ; 1- 1= 3' ><" 3) -"  3 P-CAD? 
7. T) ,5 D10@ , " 9; 1<" 3- 190@ ( " +) -<  <;C 35( %. 9; 4 3)--C  ( 3)<%)0) 1$ 90" %"-"4  

20 1 K. - 0%"+  > 0" 8K1 $ ( " " %<5- )0)+5 (50, 80). 
8. r(  390)3505 0. ( 90 1 C(1 " , . %)K1H - )< - 5+ +" L -)  ,%"3" <505? 
9. c"  0) (.  ,";. , <. $%>8-"  $)90" 9" 3>3)05 , " ;C? 
10. c"  0) (.  Y" %+)0()  1 C( HH , 1<( ; 4 8505? 
11. r (.  %"$D5%. --C  +)E Y" %+)0() ? 
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1.7 8 )< "  +44>  . " / @"4 +4 ) &< 
 

Z+" 3-.  A%)Y18-.  $" ' %)L . --C  (Z^[ ) E $)9" ' "+  , . %. <)81 1- Y" %+)K1H ,%" Y>- -
( K14 1 ' ><13;4  96.+ . [)  <" , " +"A"4  Z^[  , . %. <)E0@9C 1- Y" %+)K1C ,%" Y>- ( K1"- ) ;@-
-1 3; )9053" 901 . ; . +. - 013 1 ,%590%" H3. 

Q;C $) ' . $, . 8. --C  " <- ) ( " 3" 901 Z^[ , )  0) ( "L  <;C ,%"90" 05 H6- @"H , " ' ><" 35 
3)%0" $)90" 9" 3>3)05 " 9- " 3-1 Y1A>%5 (%59>- "(  1.7.1). F1< " 9- " 3-"4  Y1A>%"4 %"$>-
+1E0@9C 0)()  A. " +. 0%58-)  Y" %+) , B"  $) <"," +"A"4  <", " +1L -56  . ; . +. - 013 >+"L -
;5 3; 4E 35$- )8. --C  ,%"," %K1= A%)Y18-56  95+3"; 13 1 C3; CE 9" ' "4  910(> ; 1- 1=, B"  
+19050@ ,%"901 A. " +. 0%58-1 . ; . +. - 05. F%" 901 A. " +. 0%58-1 . ; . +. - 05 " 9-" 3- "H Y1A>-
%5 – ( 3)<%)05, ( ";) , 0%5( >0-5 (5 , ,%C+1 ; 1- 1H – , " 35- -1 ' >05 ,"3 ’C$)-1 +1L 9" ' "4  -.  
01; @(5  A. " +. 0%58-" , ) ;.  = +)0. +)058- 5+5 9, 1331<- " D. -- C+5. 

 

 
 

 WLgI OV 1.7.1 – " LI OGIE  ` RTgYE <: 
1 – " 9- " 3-5= ( 3)<%)0 $ <" 3A"4  90" %" - "4 , , %5=- C0"4  $) +" <>;@; 2 – " 9- " 3-5= , %C+" ( >0-5(   
$ <" 3A"4  90" %" - "4 , 1t 2 +" <>;C; 3 – " 9- " 3-.  ( ";"  <1)+. 0%"+ , %13-5+  +" <>;4 ; 4 – %13- " ' .<-

%. -5=  0%5( >0-5(  $ " 9- " 3"4  1 359" 0"4 , %13-5 +5 +" <>;4 ; 5 – " ,5 9)-.  ( " ;"  <1)+. 0%"+ , %13-5+  
1,4 +" <>;C; 6 – <" <)0( " 3. ( " ;"  <1)+. 0%"+ , %13- 5+ 1,8 +" <>;C; 7 – <" <)0( " 3. ( " ;"  <1)+. 0%"+ , 
%13-5+  +" <>;4 ; 8 – <" <)0( " 3. ( " ;"  <1)+. 0%"+ , %13-5+  0,6 +" <>;C; 9 – <" <)0( " 35= ( 3)<%)0 
 $ <" 3A"4  90" %" - "4 , %13- "4  1,4 +" <>;C; 10 – <" <)0( " 35= , %C+" ( >0-5(  $ <" 3A"4  90" %" - "4 , 

%13- "4  1,4t 2,4 +" <>;C; 11 – <" <)0( " 31 , 13( " ;)  <;C 903" %. --C  " 3) ; @-56 Y" %+;  
12 – 0" 8()  , " 8)0(> ( "" %<5- )0 

 
Q;C 35( "- ) --C  Z^[ , C( ,%)35;" , $)90" 9" 3>4 0@ ; 1- 1H " <- 1EH 0" 3B5-5 . R" 3B5-

-)  ; 1- 1H Z^[  1 %"$+1% - ) ,5 9>, B"  36" <C0@ <" 9( ; )<> ," $- )8. --C , 390)- " 3; 44 0@9C 
$) ; . L -"  31< +" <>;C " 9-" 3-"H Y1A>%5 (0) ' ;5KC 1.7.1). R" 3B5-> ; 1- 1H 35' 5%)4 0@ $ 
%C<> 1/28, 1/20, 1/14 +" <>;C " 9-" 3- "H Y1A>%5 31<, " 31<-"  <" 0) ' ; 5K1 1.7.2. 

1 2 3 

 

Ì îäóëü 
4 

12 5 6 7 8 9 10 
 

11 
 



 63 

R) ' ;5KC 1.7.1 –  JH YOdNRYRG NOHgKRG OLI OGIO[ ` RTgYW 

5 7 10 14 20 28 40 
 
R) ' ;5KC 1.7.2 – 8 QRGGRHIOr bIIJ  NOHgKJ OLI OGIO[ ` RTgYW d UOGn WIOi  KRI R[ 

/ OHgKf, NN 
<RHI Or bIIJ  UOGn WIW  

HO NOHgKJ ) OGn WIE KRI R[, NN 

5 0,25 
7 

1/20 

10 
0,35 

14 0,50 
20 

1/28 
0,70 

 
F%5 %"$%"' K1 Z^[  <;C 96.+  . ; . ( 0%58-56  ,%5-K5," 356 35( "%590" 3>E0@9C OL-

I OGIE ` RTgYE <. r ( B"  , %5 %"$%" ' K1 Z^[  - . <" 90)0- @" ,%"9056 A. " +. 0%58-56  . ;. -
+. - 013 " 9- " 3- "H Y1A>%5, 35( "- ) - 56 9>K1; @-"4  ; 1- 1E4, 35( "%590" 3>4 0@ <" <)0( " 31 
. ; . +. - 05, 35( "- ) -1 , >- ( 05%-"4  ; 1- 1E4 >9.%. <5-1 85 ," $) " 9- " 3- 5+ ( 3)<%)0"+ . 
W"-)  $)90" 9" 3>E0@9C, - ) ,%5( ; )<, <;C , " $- )8. --C  ( " - <. - 9)0"%), , ’E$" . ; . ( 0%58- "A" 
. ; . +. - 0), A>8-" +" 3KC, ( 1- .9( " ,)  1 0. <. i " <>;@ OLI OGI OTO VGEHYEUE ` RTgYW < 
90)-" 350@ 10 8)905- .  " $+1% +" <>;C 3 +1; 1+. 0%)6 35' 5%)4 0@ $ %C<>, ," <) - " A" 3 
0) ' ;5 K1 1.7.1. 

W)%0" , )+ ’C0)05, B"  <;C ( " L -"A"  . ; . +. - 0) , " 35- -1 ' >05 31<, " 31<-.  Z^[  1 
( "- 0) ( 0-)  ,;" B5- () . R)( , > 9590. +1 P-CAD ' 1' ; 1" 0. (5  ( " +,"- . - 013 E 1- 0. A%" 3)-5 -
+5, 0" '0"  3 " <- 1= ' 1' ; 1" 0. K1 +190C0@9C Z^[ , B"  %"$+1B>4 0@9C -)  96. +> (95+3"; ), 
A%)Y1()  ( "%, >9>, B"  %"$+1B>E0@9C -)  <%>( " 3) -> ,; ) 0>, 1 0. ( 90" 35= ",59  >, ) ( >3)- -
-C 95+3" ;>  (85 - ) ' " %> 95+3" ; 13) > ( "%, >9. N; 1< $)$- )8505, B"  -.  391 ' 1'; 1" 0. 8-1 
( " +,"- . - 05 +)4 0@ >91 0%5 9( ; )<" 31, - ) , %5( ; )<, 95+3";  «$. +;1» -.  +)E ( "%, >9>, 
" 9( 1; @(5  35( "%590" 3>E0@9C 01; @(5  3 . ; . ( 0%58- 1= 96. +1. N03"%. --C  ( " +, "- . - 0) $%>-
8-"  %"$<1; 505 -)  0%5 90)<1H, <;C C( 56 35( " %590" 3>4 0@9C %1$-1 1- 90%>+. - 05: 

·  903"%. --C  Z^[  (95+3" ;>) <;C . ; . ( 0%58- "H 96. +5; 
·  903"%. --C  A%)Y1(5  ," 9)<( " 3"A" +19KC 1 ( " %,>9>; 
·  >, ) ( >3) --C  ( " +, "- . - 0) 3 ( " %,>9 1 %"$+1B. --C  ="A" 3 ' 1' ; 1" 0. K1. 
Q;C 903"%. --C  95+3" ;>  1 ( "%,>9> $%>8-"  35( "%590" 3>3)05 9, . K1); 1$" 3)-1 , %"-

A%)+5: %. <)( 0"% 95+3" ; 13 (Symbol Editor ) 1 %. <)( 0"% ( "%,>913 (Pattern Editor). Q;C 
903"%. --C  3; )9-.  ( " +," - . - 0) 1 3. <. - -C ' 1' ; 1" 0.(  35( "%590" 3>E0@9C ,%"A%)+)  – <59-
, . 08.% '1' ; 1" 0.(  (Library Executive). T.  ' ><. , . %. '1; @D. - - C+ 9( )$)05, B"  9>( >, -
- 190@ Symbol Editor , Pattern Editor R Library Executive >03"%50@ 9)+" <" 90)0-4  
k1' ; 1" 0. 8-> ", . %)K1=-> 9590. +> (k\N ). 

Z ,%"A%)+1 Library Executive 19- >E +" L ; 53190@ "' ’E<- ) --C  ' 1' ; 1" 0.(  9590.-
+5 3 A%>,5 , B"  190" 0-"  ,"; . AD>E %"' " 0> $ -5 +5. Q;C K@"A" 35( "%590" 3>E0@9C 9,. -
K1) ; @-.  31( -"  Source Browser. o.  31( -"  $’C3; CE0@9C )30" +)058-"  ,%5 $) , >9(> k\N  
85 ,"  ( " +) - <1 View/Source Browser. F19;C >90)- " 3(5  9590. +5 3 9,5 9(> Sources E 
- )C3-"4  ;5 D.  " <-)  A%>,)  – DEFAULT_LIBRARY_SET – A%>,)  $) $)+" 38>3)-- C+. 
vH - . +" L ; 53" 35<) ; 505 85 , . %. =+. - >3)05. 

N," 8)0(> > 31( -1 Source Browser +" L -)  01; @(5  903"%4 3)05 - " 31 A%>,5 , ) '"  
<" <)3)05 ' 1'; 1" 0. (5  <" A%>,5  – DEFAULT_LIBRARY_SET (%59>- "(  1.7.2). 
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E) HOHEGEIIJ  I OGO[ TYgQW    X) HOHEGEIIJ  XRXKROUbV g TYgQg 

 

 WLgI OV 1.7.2 – <RVIO Source Browser 
 
k1' ; 1" 0. (5  $ . ; . +. - 0)+5 <;C ,%". ( 0> >+" 3-"  -.  19- >E, 0" +> -)  , . %D" +> . 0)-

,1 ," 0%1' -"  903"%505 ' 1' ; 1" 0. (> ( " +,"- . - 013, <. ' ><>0@ $' . %1A)059C 391 . ; . +. - 05 
,%". ( 0>; <;C K@"A" $ +. -4  ,%"A%)+5 Library Executive 35( " - >E0@9C ( " +) - <) 
L ibrary/New, 1 > 31( -1, B"  31<( %5; " 9C, >( )$>E0@9C +19K. %"$0)D>3)--C  = 1+’C - " 3"H 
' 1' ; 1" 0. (5 . 
 

8 UGOYbI IJ  LWNGOKg VONQOI bI UE 
 

Q;C 903"%. - -C 1 %. <)A>3)--C  95+3" ; 13 > P-CAD 903"%. -5=  9, . K1) ; @-5=  %.-
<) ( 0"% 95+3" ; 13 Symbol Editor, B"  35( ;5 ( )E0@9C $ +. -4  ,%"A%)+5 Library 
Executive ( " +) - <)+5 Symbol/New <;C 903"%. - -C - " 3"A" 95+3" ;> , Symbol/Open 
<;C %. <)A>3)--C  19- >4 8" A". 

F"  9>01, %. <)( 0"% 95+3"; 13 E 9,%" B. - 5+ 96. +-5+  %. <) ( 0"%"+ , =" A" - )90%"-
4 3)--C  -.  , " 35--.  35( ;5 ( )05 >0%><- . - -C, 0" +> ( " %"0("  , . %. ; 185+"  " 9- " 3-1 +" -
+. - 05, C(1 , " 0%1' -"  35( "- )05 " ' "3’C$( " 3": 

·  >90)-" 3505 +. 0%58-> 9590. +> 35+1%> (Options/Configure); 
·  35' %)05 Y"%+)0 %" ' " 8"H $" -5  – a 4 (Options/Configure); 
·  <" <)05 8" 05%5 ( %"(5  910(5  (Options/Gr ids): 

– 0.25; 
– 0.5; 
– 1.0; 
– 2.5; 
– 5.0; 

·  <" <)05 905;1 0. ( 90>, B"  , 1<0%5+>4 0@ ( 5%5;5K4  (Options/Text Style). 
 " $A;C- . +"  %"' " 0> ,"  903"%. --4  ( " +," - . - 013 1$ - )=' 1; @D ," D5%. - "A" . ;. -

+. - 0) %. $590"%) $ , " 0>L - 1904 %"$914 3) - -C 0,25 W0: 
1. R" - ( "4  ; 1- 1E4 - )+) ; 4 =0. , %C+" ( >0- 5(  %" $+1%"+  10x4 ++ 1$ A" %5$"- -

0) ; @-"  %"$0)D" 3) -"4  3. ; 5( "4  90" %"-"4  1 - )+) ; 4 =0. 3 ,%C+" ( >0-5 (> ," 65;>  ;1-
- 14, C( , " ( )$) -"  -)  %59>-(> 1.7.5, ) . 
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2. Z +. -4  Place 35' . %10@ ( " +) - <> Pin () - ) ; "A – ( -", ()  ) 1 ( ; )K-10@ ; 13"4  
( -", ( "4  +5D1 -)  %" ' " 8" +> ," ;1. Z 31( -1 Place Pin, B"  $’C35;" 9C (%59>- "(  1.7.3), > 
%)+K1 Length 390) -" 310@ ,%),"%. K@ User 1 $)<)=0. <" 3L 5->  353" <> %13- "4  5 ++, C( 
," ( )$) -"  -)  %59>- (> 1.7.3. Z %)+K1 Display 9( 5- @0. " ' 5<3) ,%) ,"%K1, " 9( 1; @(5  -1 
1+’C 353" <> (Pin Name), -1 ="A" , " $5K1=-.  ," $- )8. --C  (Pin Des) -.  , " 0%1' -1 3 K@"-
+> 35, )<(>. Z 31( -1 Default Pin Name (1+’C 353" <> $) $)+" 38>3)-- C+) 1 31( -1 Default 
Pin Des ," 90)30. ,"  " <5- 5K1 1 - )059- 10@ ( -", (> ". . T)059- 10@ ; 13> ( -" , (> +5D1 1, 
-.  31<, >9( )4 85 HH, , . %. +1B)=0. 3531< <" 9.%. <5-5  ; 13"H 90"%"-5 ,%C+" ( >0- 5()  1 
31<, >9010@ ( -", (>. 

 

 
 WLgI OV 1.7.3 – <LUEI OGKbIIJ  QEYENbUYRG GWGOHg 

 
3. T)059- 10@ ; 13> ( -", (> +5D1 1, -.  31<, >9( )4 85 HH, , . %. +1B>=0. 3531< <" 

,%)3"H 90"%"-5 ,%C+" ( >0- 5()  (,%5 K@" +> +" L -)  ( . %>3)05 " ' . %0)- - C+ 353" <> $) 
<", " +"A"4  ( - " ,"(  R 1 F) 1 31<, >9010@ ( - " , (> (%59>-"(  1.7.5, ' ). 

4. r ( B"  35 39. $%" ' 5;5  ,%)35; @-" , 0" ( " - 0) ( 05 ' ><>0@ )30" +)058-"  ,%"-
->+. %" 3)-1 31< 1 <" 2. Z ,%"053-" +> 35, )<(> ) ( 0531$>=0. ( " +) - <> 
Util s/Renumber. T)  , ) - . ;1 Util s Renumber > %)+K1 OI .< 390)-" 310@ ,%),"%. K@ Pin 
Number 1 - )059- 10@ ( -" , (> ". . F" 9; 1<" 3-"  3 ," 0%1' -" +> , " %C<(> , %" ( ; )K)=0. ;1-
3"4  ( -" , ( "4  +5D1 -)  ( " - 0) ( 0)6 0)( , B"'  3"-5  $+1- 4 3) ;5  ( "; 1%. 

\' "3’C$( " 35+ )0%5' >0"+  <;C ' ><@-C( "A" 95+3" ;>  (- )310@ 95+3" ;>  «$. +;1»), $ 
,"A; C<> 9590. +5, E , " $5K1=-.  ," $- )8. --C  (RefDes). Q;C %. $590"%) $ 9590. +-56  )0-
%5' >013, ( %1+ 0"A", ," 0%1' -"  $)<)05 - " +1- );  (Value) 1 05,  (OI .<). o1 , )%)+. 0%5 -.  
$)3L <5 31<" ' %)L )4 0@9C -)  96. +)6, ) ;.  +" L >0@ ' >05 35( "%590)-1 <;C 903"%. --C  ,. -
%. ; 1( 13 . ; . +. - 013. 

5. Z +. -4  35' . %10@ ( " +) - <> Place/Att r ibute () - ) ;"A – ( -", ()  ). T)  , ) -. -
;1 Place Att r ibute (%59>-"(  1.7.4) > 31( -1 Attribute Category 35' 5%)E0@9C ( )0. A"%1C 
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Component, B"'  " ' +. L 505 9,5 9"( , C( 5= , . %. A;C<)E0@9C. Z 31( -1 Name 35' 5%)E+"  
RefDes, ( ; )K)4 85 ,"  - @" +> ; 13"4  ( -" , ( "4  +5D1. e- D1 , )%)+. 0%5 390)- " 3; 4 E+" , 
C( -)  %59>- (> 1.7.4. a - ) ;" A18-"  <" <)E+"  Type 1 Value (' )L ) -" , B"'  K1 , )%)+. 0%5 -.  
' >;5  35<-1 -)  ( %.9; . --1 . Q;C K@"A" , . %. 6"<5+"  3 %. L 5+ %. <)A>3) --C , <3) %)$5 
( ; )K)E+"  -)  ," 0%1' -" +> , )%)+. 0%1 1 $ , >- ( 0> Visible $) ' 5%)E+"  A) ; " 8(>). 

 

 
  

 WLgI OV 1.7.4 – <WXRY EUYWXgURG R GLUEI OGKbI IJ  [j I Rj QEYENbUYRG 
 
\ 90) - - 1+ " ' "3’C$( " 35+ . ; . +. - 0"+  E 0" 8()  ,%53’C$(5 , $) C(> . ; . +. -0 ' ><.  

, . %. 0CA>3)059C -)  96. +1 1 C()  $)3L <5 , ", )<)E > 3>$";  910(5 .  " $+1B>E0@9C 3"-) , C( 
,%)35;" , 3 " <-" +> $ 353" <13. 

 
 

    
) ) ( " - 0>% ' ) 356"<5 3) )0%5' >05 ' ) 0"8()  , %53’C$(5  

 

 WLgI OV 1.7.5 – @OXgHOGE : 1$ YbdWLUOYE d YOdLRi GEI Oi  QOUgl I RLUi  0,25 <)  
 

6. a ( 0531$>=0. 3 +. -4  ( " +) - <> Place/Ref Point (85 - )059- 10@ -)  ( -" , (> 
). P; )K-10@ ; 13"4  ( - " , ( "4  +5D1 , 19;C $) ( 1- 8. --C  ; 13" A" 353" <>. 

7. [ ) ( ; 4 8- 5+ . 0) ,"+  E , . %. +1B. - -C 903" %. -"A"  95+3" ;>  3 " <-> $ ' 1'; 1"-
0.( . a ( 0531$>=0. 3 +. -4  ( " +) - <> Symbol/Save As. T)  , ) - . ;1 Symbol Save To 
Library > 31( -1 33. <. --C  Symbol - ) ' . %10@ - )$3> Z^[  (- ) ,%5( ; )<, R250). Z90)- " 310@ 
,%),"%. K@ Create Component, B"  <" $3"; CE 903"%. --C  ( " +,"- . - 0) (-.  01; @(5  95+-
3" ;>) > ' 1' ; 1" 0. K1, 1 - )$3> ( " +,"- . - 0) (- ) ,%5( ; )<, i gR-0.25). Z 31( -1 Library <;C 
%"$+1B. --C  35' . %10@ ): ?U K7KH7?3 <>I (%59>- "(  1.7.6, ) ). 
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E)  X) 

 
 

 WLgI OV 1.7.6 – 8 UGOYbIIJ  UE dXbYbl bIIJ  VONQOI bI UE G XRXKROUbaR 
 
R) ' ;5KC 1.7.3 – ) WQW VONQOI bI URG 
 

4 EdGE <WVOYWLUEIIJ  

Normal 
T)=' 1; @D $)A); @-5= 05,  ( " +, " - . - 0). o. , - ) , %5( ; )<, <1" <5 1 %. $590" %5. o .=  
05,  ( " +, " - . - 013 31<" ' %)L )E0@9C 3 9,5 9(> ; ) - K4 A13 1 $3101 , %" ( " +, " - . - 05. 

Power 

N, . K1) ; @-5= 05,  ( " +, " - . - 0), 35( " %590" 3>3)-5=  01; @(5  3 96. +)6 C( 1- 90%>-
+. -0 , 1<( ; 4 8. --C  <" <L . %. ;)  L 53; . --C . o .=  ( " +, " - . -0 -.  31<" ' %)L )E0@9C 3 
9,5 9(> ; ) -K4 A13 1 , . %. ; 1(> ( " +, " - . - 013. g )- K4A, <" C( " A" 31- , 1<( ; 4 8. -5=  
)30" +)058-" , " <. %L >E =" A" 1+’C, - ) , %5( ; )<, GND, +5V, VCC 1 0. <. 

Sheet 
Connector 

P" +, " - . -0 <;C $)$-)8. --C  , . %. 6%.9- 56 , " 95; ) -@ -)  96. +)6. o .=  05,  ( " +," -
- . - 0) 35( " %590" 3>E0@9C, B"'  >( )$)05, -)  C( 56 90"%1- ( )6 (85 3 C( 56 $" - )6 
( %.9; . --C ) E , %" <" 3L . --C  ; ) - K4 A). T.  31<" ' %)L )E0@9C 3 9,5 9(> ; ) -K4 A13 
, . %. ; 1(> ( " +, " - . - 013. 

Module 
W5( " %590" 3>E0@9C 3 1E%)%618- 56 , %" . ( 0)6 <;C $)$-)8. --C  $3’C$( 13 $ 1- D5+5 
( " +, " - . - 0)+5 85 +"<>;C+5, B"'  , %. <90)3505 1- D5= ; 590 . ; . ( 0%58- "H 96. +5 
3 , %" . ( 01 (. ( 313) ; . - 0-> 96. +>) > 35A;C<1 «8" %- " A" CB5() ». 

Link 
W5( " %590" 3>E0@9C 3 1E%)%618- 56 , %" . ( 0)6 -)  ; 5901 . ( 313) ; . - 0- "H 96. +5, <;C 
$' . %. L . --C  $3’C$(> +1L +" <>; .+  1 =" A" . ( 313) ; . - 0- "4  96. +"4  

 
 

8 UGOYbI IJ  VOYQgLg VONQOI bI UE 
 

Q;C 903"%. --C  ( "%,>9> (," 9)<( " 3"A" +19KC) ( " +," - . - 0) $%>8-"  35( "%590" 3>-
3)05 9, . K1) ; @- 5= ! <V#>3 ?.  >?. AI R7: (Pattern Editor), B"  +)E <" <)0( " 31 1- 90%>+. - 05, 
C(1 ," ; . AD>4 0@ %"' " 0>. Q;C $) , >9(> %. <)( 0"%) 3 +. -4  , %"A%)+5 Library Executive 
) ( 0531$>=0. ( " +)- <> Pattern/New. [)  $)+" 38>3)-- C+ $)3) - 0)L >E0@9C W#CR3 <., H+ 
$%>8-"  ( "%590>3)059C <;C 903" %. - -C , " 9)<( " 3"A" +19KC , 1< +1( %"96. +>. 

F", . %. <- @" ," 0%1' -"  , 1<A" 0>3)05 +" - 0)L -1 ( " - 0) ( 0-1 , ;" B5- (5 , <;C K@"A" 
9; 1< ) ( 0531$>3)05 ( " +) - <> Options/Pad Style. Z 31( -1, B"  31<( %5;"9C, 0%. ')  - )059-
->05 ( -" , (> Copy, ," 01+, <53; C859@ -)  %59>- "(  1.7.7, 903"%505 - " 31 905;1 ( "- 0)( -
0-56  ,; " B5-"( . 

 " $+1%5 0) ( " - Y1A>%)K14 ( %1,5; @-56 , ( " - 90%>( 053-" -0. 6-";" A18- 56 " 03" %13 
9; 1< 35' 5%)05 $) QNRZ ^\ NR 11284:2008. 
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E) X) G) 
  

 WLgI OV 1.7.7 – 8 UGOYbIIJ  I OGOTO LUWKi  VOI UEVUI O[ QKOn WIVW 
 
Q", >9( )E0@9C $) ^\ NR 10317-79  35( "%590)- -C <1)+. 0%13 +" - 0)L -56 , . %. 61<-

-56  1 - . +. 0) ; 1$" 3) - 56 " 03"%13 $ %C<>: 0,4; 0,5; 0,6; 0,7; 0,8; 0,9; 1; 1,2; 1,3; 1,5; 1,6; 
1,7; 1,8; 2; 2,1; 2,2; 2,4; 2,5; 2,6; 2,7; 2,8; 3 ++. 

_0) ,5  903" %. --C  +19KC ," 9)<(5  , 1< . ; . +. -0 ) - ) ;" A18-1 903"%. --4  95+3" ;>  
( " +,"- . - 0) (E<5-)  31<+1- - 190@, B"  39. ( %.9; . --C  ," 0%1' -"  35( " - >3)05 3 D)%1  
Top Silk): 

1. T) ; )A"<L >E0@9C %. <) ( 0"%, 0)(  9)+"  C( 1 %. <)( 0"% <%>( " 3) -56  ,; )0. 
2. F%"%59" 3>E0@9C A) ' )%50-5=  %"$+1% ( "%, >9>. 
3. F%"90)3; C40@9C " 03" %5 , 1< 353" <5 . ; . +. - 0). 
4. F%"90)3; C40@9C )0%5' >05 +19KC ," 9)<(5  (RefDes, Value, OI .<). 
5. Z( )$>E0@9C 0" 8()  ,%53’C$(5  (%59>- "(  1.7.8). 
6. [ ' . %1A)E0@9C +19K. ," 9)<(5  . ; . +. - 0) 3 93" H= ' 1' ; 1" 0. K1 (' .$ 903"%. --C  

( " +,"- . - 0)). 
 

 
 WLgI OV 1.7.8 – @OLEHVOGb NRLab YbdWLUOYE /()  Rd QOUgl I RLUi  0,25 <U, nO YOdLRi pUf LJ  

 

Q" ( ; )<- 1D.  %" $A;C- . +"  903"%. --C  ( " %,>9> 05,>  DIP $) <"," +" A"4  
i) =90%): 

1. Z +. -4  ) ( 0531$>=0. ( " +) - <> Pattern/Pattern Wizard  () - ) ;"A – ( -" , ()  ). 
2. Z 31( -1 i) =90%) (%59>-"(  1.7.9) $1 9,5 9(> Pattern Type, B"  %" $( %53)E0@9C, 

35' . %10@ 05,  ( "%, >9> DIP. 
 

 
  

 WLgI OV 1.7.9 – 8 UGOYbIIJ  VOYQgLg dE HOQONOTOi  / EqLUYE 
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3. Z 31( -1 Number of Pads Down >( )L 10@ $)A) ; @-> ( 1; @( 190@ 353" <13 >  
( "%,>91 – 14. 

4. Z 31( -1 Pad to Pad Spacing (On Center) >( )L 10@ 31<90)-@ +1L K. - 0%)+5 9>-
91<- 16 ( "- 0) ( 0-56  ,;" B5- "(  – 2,5 ++. 

5. Z 31( -1 Pattern Width >( )L 10@ 31<90)-@ +1L K. - 0%)+5 ( " - 0) ( 0-56  ,;" B5-
-"(  $ %1$-56  90" %1- ( "%, >9> – 7,5 ++. 

6. Z 31( -1 Pad 1 Position >( )L 10@ -" +.% , . %D"A" (( ; 4 8" 3"A") 353" <>, )  > 31-
( -1 Pad Style (Pad 1) 35' . %10@ 905;@ ( " - 0) ( 0- "H ,; " B5- (5  <;C - @"A". r(  ,%)35;" , > 
( "%, >913 $1 D05%"35+5 353" <)+5 ( " - 0) ( 0-)  ,; " B5- ()  <;C , . %D"A" 353" <> %"-
' 50@9C ( 3)<%)0-"4 . 

7. Z 31( -1 Pad Style (Others) 35' . %10@ 905;@ ( "- 0) ( 0-56  ,; " B5-"(  <;C 1- D56 
353" <13. Z K@" +> 35, )<(> K. ( %>A;1 ( "- 0) ( 0-1 ,;" B5- (5 . 

8. Z A%>,1 Silk Screen >90)- " 3; 4 4 0@9C , )%)+. 0%5 A%)Y1(5  ( "%, >9>: 
1) Sil k Line Width – D5%5-) ; 1- 1=, 35( "%590" 3>3)- 56 <;C +) ; 4 3) - -C; 
2) Sil k Rectangle Width – D5%5-) , %C+" ( >0-5 () , B"  $" ' %)L >E ( "%, >9 

(+1L K. - 0%)+5 ; 1- 1=); 
3) Sil k Rectangle Height – 359" 0) ,%C+" ( >0- 5() , B"  $" ' %)L >E ( "%, >9 (+1L 

K. - 0%)+5 ; 1- 1=); 
4) Notch Type – 05,  +10(5 . Q;C ( "%, >913 1$ <3"%C<- 5+ %"$0)D>3)-- C+ 35-

3" <13 +" L ;5 31 0) (1 05,5  +10"( , B"  35$- )8)4 0@ ,";" L . --C  , . %D"A" 
353" <>: None (- . +)E +10(5 ), Arc (<>A)), Square (( 3)<%)0) 1 Triangle 
(0%5( >0-5( ). 

9. Z90)-" 353D5 391 , )%)+. 0%5, C( ," ( )$) -"  -)  %59>- (> 1.7.9, - )059- 10@ ( -" -
, (> Finish <;C $)3. %D. --C  %"' " 05 i) =90%). 

10. [ ) ;5 D5;" 9C 01; @(5  $' . %. A05 ( " %,>9, - ) , %5( ; )<, $ 1+’C+ DIP14. 
 

8 UGOYbI IJ  VONQOI bI UE G Library Executive 
 

F19;C 903" %. --C  95+3" ;>  1 ( " %, >9> - . " ' 61<-"  "' ’E<- )05 391 9( ; )<" 31 8)905-5  
3 E<5-.  K1;.  – ( " +,"- . -0. [  K1E4 +. 0"4  35( "%590" 3>E0@9C +. - . <L .% ' 1' ; 1" 0.(  85 
", . %)K1=-)  '1' ; 1" 0. 8-)  9590. +) . W5( " %590" 3>4 85 903" %. -5=  -)  ,", . %. <- 16 . 0) , )6 
( "%, >9 1 95+3"; , 903"%5+"  - " 35= ' 1' ; 1" 0. 8-5=  ( " +,"- . -0 – %. $590"% i gR 0,25. 

P";5  $' . %1A) ;5  Z^[  %. $590" %), +5 3L.  903"%5;5 ( " +, " - . -0. R. , .% ="A" ," -
0%1' -"  01; @(5  31<%. <)A>3)05. P; )K- 10@ ; 13"4  ( -", ( "4  +5D1 -)  ," $- )8K1 «+», %"$-
0)D" 3) - 1= ; 13" %>8 31< 1+. -1 3)D"H ' 1' ; 1" 0. (5  3 L ibrary Executive, 1 31<( %5=0. 0)-
( "L  >91 %" $<1;5 . 

[ 3. %- 10@ >3)A>, B"  , . %.< ( " L -5+  . ; . +. - 0"+  ' 1' ; 1" 0. (5  90" H0@ 31<, " 31<- 5= 
$- )( , C( 5= <)E $+" A> $%"$>+105 ="A" - ) ; . L - 190@. Q;C 95+3" ; 13 (Symbols) –  
K. $- )(  , <;C ( "%, >913 (Patterns) – . Q;C ( " +,"- . - 013 35( "%590" 3>E0@9C <3) $-) -
(5 : $- )(  , C( B"  ( " +, "- . -0 -.  >, ) ( " 3) -5=  > ( "%, >9, 1 $- )(   <;C ( " +,"- . - 013, B"  
+)4 0@ ( " %,>95. 

W5' . %10@ ( " +, "- . -0 1 ) ( 0531$>=0. ( " +) - <> View/Component Info. [ ’C350@9C 
A" ; " 3-.  31( -"  $ 1- Y" %+)K1E4 , %" ( " +, " - . -0 (%59. 1.7.10). T )059- 10@ > K@" +> 31( -1 
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( -", (> Select Pattern, B"'  35' %)05 ( " %,>9 <;C ( " +,"- . - 0). Z  31( -1 L ibrary 
Browse, B"  $’C35;" 9C (%59. 1.7.11), 35' . %10@ $1 9,5 9(> ," 0%1' -5=  ( "%, >9 <;C ( "+ -
,"- . - 0). Z K@" +> 35, )<(> – K. 903"%. - 5= > ,", . %. <- @" +> , 1<%" $<1;1 ( "%, >9 %. $5-
90"%). 

 
 

 

 
 WLgI OV 1.7.10 – <RVIO d RI ` OYNEaRpi  QYO VONQOI bIU 

 
 
 

 
 

 WLgI OV 1.7.11 – <WXRY VOYQgLg HKJ VONQOI bI UW 
 

Z 31( -1 RefDes Prefix (%59>-"(  1.7.10) >( )L 10@ ,%. Y1(9 <;C ," $5K1=-"A"  ," -
$- )8. --C  ( " +,"- . - 0) -)  96. +1 1 ,; )01. Q;C %. $590" %13 – K. R (0) ' ; 5KC 1.7.4). 
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R) ' ;5KC 1.7.4 – CgVGbIR VOHW GWHRG bKbNbI URG 

" LI OGIb  
QOdIE-
ebIIJ  

4 EqNbI gGEIIJ  bKbNbI UE 
%OHEU-

VOGb QO-
dI EebIIJ  

4 EqNbI gGEIIJ  QYWLUYOi  

1 2 3 4 
66   . A>;C0"% 90%>+> 
6.  k; "(  %. ;.  

6 .<  _; . ( 0%" - -5= , %590%1= 
<6  ^>8- " +" 3K1 

6  F%590%1= 

BF R. ; . Y"-  
BK Q)085(  0. , ;" 35= 
BL n " 0" . ; . +. -0 
BM i 1( %" Y"-  

< F. %. 03" %4 3)81 

BS [ 3>( " $-1+)8 
CB k)0)%.C ( " - <. - 9)0" %13 95; " 3) 8  P" - <. - 9)0" %5 
CG k; "(  ( " - <. - 9)0" %13 $)%C<-5=  
DA e- 0. A%); @-) 96. +)  ) - ) ; " A" 3) D i 1( %" 96. +5,  

+1( %" 9( ; )<)--C  DD e- 0. A%); @-) 96. +)  K5Y%" 3) 
+.  R. , ; " . ; . ( 0%" - )A%13)8 E _; . +. - 05 %1$-1 
EL g )+,)  " 9310; 4 3) ; @-) 

FA 
Q59( %. 0-5=  . ; . +. -0 $)6590>  

,"  90%>+> +500E3"H <1H 
FR R. L  +500E3"H <1H 
FP R. L  1- . %K1=- "H <1H 
FU [ ) , " ' 1L -5(  , ; )3( 5= 

F 
 " $%C<- 5(5 , $) , " ' 1L -5 (5 , 

, %590%"H $)659-1 

FV  " $%C<- 5(  
GB k)0)%.C )( >+>;C0" %-)  
GC N5- 6%" --5=  ( " +, . - 9)0"% G 

^ . - . %)0" %5,  
<L . %. ;)  L 53; . --C  

GE [ ' ><-5(  A. - . %)0" %) 
HA F%5; )< $3>( " 3"H 95A- ) ; 1$)K1H 
HG e- <5( )0"% 
HL F%5; )< 9310; " 3"H 95A- ) ; 1$)K1H 

HLA R) ' ;"  95A- ) ; @-.  
HLG g)+,)  95A- ) ; @-) 1$ $. ; . - "4  ; 1-$"4  
HLR g)+,)  95A- ) ; @-) $ 8.%3" - "4  ; 1-$"4  
HLW g)+,)  95A- ) ; @-) $ ' 1; "4  ; 1-$"4  

H 
F%590%"H 1- <5( )K1=-1  

1 95A- ) ; @-1 

HV e- <5( )0" %5 1" --1 1 - ) , 13, %" 31<-5 ( " 31 
4"   . ;.  90%>+" 3. 
KH  . ;.  3( )$13-.  
KK  . ;.  . ; . ( 0%" 0. , ; " 3. 
KM P" - 0)( 0"%, +)A- 10-5=  , >9( )8 
KT  . ;.  8)9> 
KV  . ;.  - ) , %>A5 

KCC  . ;.  ( " +)- <5 3( ; 4 8. --C  
KCT  . ;.  ( " +)- <5 31<( ; 4 8. --C  

.   . ;. , ( " - 0)( 0" %5, , >9( )81 

KL  . ;.  , %" +1L -.  

L 
Q%" 9.;1, ( " 0>D(5   

1- <>( 053- " 901 LL Q%" 9.;@ ; 4 +1- .9K. - 0- " A" " 9310; . --C  
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F%"<" 3L . --C  0) '; . 1.7.4 
 

1 2 3 4 
M Q35A>-5  MA _; . ( 0%" <35A>-5  

PA a +, . %+. 0% 
PC g 185; @-5( 1+, >; @913 
PF d)90" 0" +1% 
PI g 185; @-5( ) ( 053- "H . - . %A1H 
PK g 185; @-5( %.) ( 053- "H . - . %A1H 
PR \ ++. 0% 
PT W5+1%-5(  8)9> <1H, A" <5- -5(  
PV W" ; @0+. 0% 

P F%5; )<5 35+1%4 3); @-1 

PW W)0+. 0% 

Q W5+5( )81 1 %"$’E<- >3)81 QF W5+5( )8 )30" +)058- 5= 

RK R. %+" %. $590"% 
RP F" 0. -K1" +. 0% 
RS q >-0 35+1%4 3); @-5= 
RU W)%590"% 

R  . $590" %5 

RR  . " 90)0 
SA W5+5( )8 1 , . %. +5( )8 
SB W5+5( )8 ( - " , ( " 35= S 

F%590%"H ( " +>0)K1H 3 ; ) -K4 -
A)6 >, %)3; 1--C  1 95A- ) ; 1$)K1H 

SF W5+5( )8 )30" +)058- 5= 
TA R%)- 9Y" %+)0"% 90%>+> T R%)- 9Y" %+)0" %5,  

)30" 0%)- 9Y" %+)0. TV R%)- 9Y" %+)0"% - ) , %>A5 
UB i " <>;C0"% 
UR Q. +" <>;C0"% 
UG k; "(  L 53; . --C  

U F. %. 03" %4 3)81 

UF F. %. 03" %4 3)8 8)90" 05 
VD Q1"<, 90) ' 1; 10%"-  
VL F%5; )< . ; . ( 0%" 3)( >>+-5=  
VT R%)-$590"% 

V 
F%5; )<5 - ) , 13, %" 31<-1,  

3)( >>+-1 
VS R5%590"% 
A6  N0%>+" $-1+)8 
X3 q 05% 
XS ^- 1$<" 

X [ ’E<- >3)81 ( " - 0)( 0-1 

XW [ ’E<- >3)8 359" ( " 8)90" 0- 5= 
Y6  _; . ( 0%"+)A- 10 Y  N0%>+" $-1+)8 

YAB [ )+"(  . ; . ( 0%" +)A- 10-5=  
 
 
Q;C 9( ; )<- 56 +1( %" 96.+  <" , >905+.  %"$' 500C -)  9.( K1H, <;C K@"A" > 31( -1 

Number Gates 3( )L 10@ ( 1; @( 190@ 9.( K1= > ( " +,"- . - 01. F19;C 8"A" - )059( >=0. ( -", (> 
Pins View <;C 33. <. --C  1- Y"%+)K1H ,%" K. ( >3)--C  ( "%, >9> 0) 3; )9053" 901 9.( K1= 1 
353" <13. W1<%. <)A>=0. 0) ' ;5K4 , - ) , %5( ; )<, <;C +1( %"96. +5 155(6 3 0) ' ;5KC 35-
A;C<)05+. , C( $" ' %)L . -"  -)  %59>- (> 1.7.12. 
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 WLgI OV 1.7.12 – ) EXKWaJ d RI ` OYNEaRpi  QYO YRdI ONEI RUI RLUf VONQOI bI URG 

 
Z , . %D" +> 90" 3,K1 K1EH 0) ' ; 5K1 Pads# %" $0)D" 3>4 0@9C -" +. %5 ( "- 0) ( 0- 56 

,;" B5-"( , > <%>A" +> – Pin Des – ," ( )L 85(5  353" <13. oC 1- Y" %+)K1C , . %. -" 95059C 
)30" +)058-"  $ <) -56  ( "%, >9>. W 0%. 0@" +> 90" 3, K1 – GATE # – $)$- )8)E0@9C - " +.% 
9.( K1H, <" C( "H 31<-" 950@9C 3531<. Z 90" 3, K1 Sym Pin # $)$- )8)4 0@9C -" +. %5 353"-
<13 95+3" ;>  <;C ( " L - "H 9.( K1H, )  3 90" 3, K1 Sym Name – H6 1+. -) . oC 1- Y"%+)K1C $)-
-" 950@9C ,%5 903"%. - -1 95+3" ;> . W 90" 3, K1 Gate Eq $)$- )8)E0@9C ( "< . ( 313) ; . -0-
-" 901 9.( K1H. \ 9( 1; @(5  3 K@" +> ( " +,"- . - 01 391 9.( K1H " <- ) ( " 31, 391 3"-5  +)4 0@ "<-
- ) ( " 35= ( "<, B"  <"%13- 4E " <5-5 K1. W 90" 3,K1 Pin Eq $)$- )8)E0@9C ( "< . ( 313) ; . -0-
-" 901 353" <13 >9.%. <5-1 9.( K1H. W K@" +> 35, )<(> ( " L -)  9.( K1C +)E <3) . ( 313) ; . - 0-1 
36"<5. Q;C $)$- )8. --C  05,>  353" <> 3 90" 3,K1 Elec. Type (. ; . ( 0%58-5=  05, ) ( ; )K-
- 10@ > , " 0%1'- 1= A%)Y1 K@"A" 90" 3,KC , %)3"4  ( -" , ( "4  +5D1 1 35' . %10@ 3 9,; 53)4 -
8" +> +. -4  , >- (0 Electrical Type, B"  +19050@ 9,5 9"(  05, 13 353" <13. R>0 +" L ;5 31 
0) (1 3)%1)- 05: 

·  Unknown –  - . 31<" +5= 05,  353" <13; 
·  Passive – 3531< , )953-" A" ( " +,"- . - 0); 
·  Input – 361<-5=  3531<; 
·  Output – 3561<-5=  3531<; 
·  Bidirectional – <3"- ) ,%)3; . -5=  3531< (361< 1 3561<); 
·  \ %.n-T – 3531< 9.( K1H $ 31<( %505+ . +10. %"+ ; 
·  Open-L – 3531< 9.( K1H $ 31<( %505+ ( "; . ( 0" %"+; 
·  Passive-H – 3531< , )953-"A"  ( " +,"- . - 0) $ 359" ( 5+ %13- .+ ; 
·  Passive-L – 3531< , )953- " A" ( " +,"- . - 0) $ -5 $@( 5+ %13- .+ ; 
·  3-State – 3531< ;" A18- 56 +1( %"96.+  $ 0%@" +)  +" L ;5 35+5 90)- )+5: -5 $@( 5= 

%13. -@, 359" ( 5= %13. -@ 1 359" ( " 1+, . <) - 9- 5= 90)- ; 
·  Power – 3531< L 53; . --C . F1<( ; 4 8)E0@9C <" <L . %. ;)  L 53; . - -C ) '"  «$. +;1». 
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@ 6 . ) -34+  $6 <%6 4 4>  
 

J" ?+  – ", ) - >3)05 903"%. --C  1 3. <. - -C ' 1' ; 1" 0.(  . ; . +. - 013 C( 3)L ;5 3"A" 
. 0) ,>  3, %"3)<L . --C  = " 93"E--C 9590. +5 P-CAD. \ 93" H05 " 9-" 35 %"' " 05 $ 0%@" +)  
,%5( ; )<- 5+5 ,%" A%)+)+5 903"%. --C  ( " +,"- . - 0): Library Executive (<59, . 08.% '1-
' ; 1" 0.( ), Symbol Editor (%. <) ( 0"% 95+3"; 13) 1 Pattern Editor (%. <)( 0"% ( "%, >913). 

 
$EGHEI IJ  HO KEXOYEUOYI O[ YOXOUW 

 

1. W538505 0. "%. 058-1 31<" +" 901 <" ; ) ' "%)0" %-"H %" ' " 05. 
2. W <59, . 08. %1 '1' ; 1" 0.(  (L ibrary Executive) 903"%505 A%>,>  , 1< 93" H+ 5 .7-

9: 0; <N. 
3. W A%>,1 5 . 79: 0;<  , 1<( ; 4 8505, $)$<) ; . A1<@ 903" %53D5, ' 1' ; 1" 0. (> $ 1+’C+ 

5 . 79: 0;< .lib. 
4. T) ; )A"<505 %. <)( 0"% 95+3" ; 13. 
5. N03"%505 Z^[  . ; . +. - 013 $A1<-"  $ 3)%1) - 0"+  1 $' . %. A05 ="A" 3 ' 1' ; 1" 0. K1 

5 . 79: 0;< .lib (0) ' ;5KC 1.7.5, <" <)0(5  k-^). 
6. T) ; )A"<505 %. <)( 0"% ( "%, >913. 
7. N03"%505 ( "%, >95 <;C . ; . +. - 013 $A1<-"  $ 3)%1)- 0"+  1 $' . %. A05 H6 > '1' ; 1"-

0. K1 5 . 79: 0;< .lib (0) ' ;5KC 1.7.5, <" <)0(5  k-^). 
8. [)  <"," +"A"4 <59, . 08. %) '1' ; 1" 0.(  (Library Executive) 903"%505 ( " +," - .- -

05 3 ' 1'; 1" 0. K1 5 . 79: 0;< .lib (0) ' ;5KC 1.7.5, <" <)0(5  k-^). 
9. F1<A" 0>3)05 $310 $ ; ) ' "%)0"%-"H %" ' " 05 (<" <)0"(  Q). 
 

R) ' ;5KC 1.7.5 – @OYJHVOGR I ONbYW VONQOI bI URG HKJ GWVOI EIIJ   
KEXOYEUOYI O[ YOXOUW dTRHIO d GEYREI UON 

<EYREIU 
 

1 2 3 4 5 6 7 8 9 10 

@
O

Y
JH

V
O

G
R

 IO
N

bY
W b

K
bN

bI
U

R
G 

2 
10 
12 
20 
21 
28 
31 
45 
46 
47 
50 
53 
58 
59 
61 
63 

1 
18 
22 
23 
24 
25 
31 
33 
47 
48 
50 
56 
59 

3 
7 
11 
18 
20 
21 
22 
25 
29 
30 
35 
36 
47 
50 
58 
59 
61 
63 

1 
8 
15 
20 
37 
48 
50 
59 
63 

1 
5 
13 
17 
20 
41 
43 
47 
50 
59 
63 

8 
9 
16 
17 
27 
42 
43 
47 
48 
55 
59 
62 
63 

1 
19 
39 
40 
44 
47 
49 
50 
59 
62 

17 
20 
25 
26 
43 
47 
52 
54 
58 
59 
63 

15 
20 
21 
22 
23 
32 
47 
50 
51 
52 
57 
59 

1 
4 
6 
14 
15 
19 
20 
34 
38 
47 
48 
52 
54 
59 
62 
63 
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T5L 8.  - )3. <. -"  Y%)A+. - 05 " Y" %+; . --C  $310> $ ; ) ' "%)0"%-"H %" ' " 05 u  7  
-)  0. +>: «N03"%. --C  ( " +, " - . - 013». 
 
 

ga k\  a R\  Ta   \ k\ Ra u  7 
8 UGOYbI IJ  VONQOI bI URG 

 
J "?+  24C4?6  – " , ) - >3)05 903" %. - -C 1 3. <. - -C ' 1' ; 1" 0.(  . ; . +. - 013 C( 3)L ;5 -

3" A" . 0) ,>  3, %" 3)<L . --C  = " 93" E- -C 9590. +5 P-CAD. \ 93" H05 " 9- " 35 %" ' " 05 $ 0%@" +)  
, %5( ; )<- 5+5 , %" A%)+)+5 903" %. --C  ( " +, " - . - 0): Library Executive (<59, . 08.% ' 1' ; 1"-
0.( ), Symbol Editor (%. <) ( 0"% 95+3"; 13) 1 Pattern Editor (%. <) ( 0"% ( " %, >913). 

 
$EGHEIIJ  (GEYREIU 3) 

1. W538505 0. " %. 058-1 31<" +" 901 <" ; ) ' " %)0" %- "H %" ' " 05. 
2. Z <59, . 08.%1 ' 1' ; 1" 0.(  (L ibrary Executive) 903" %505 A%>,>  , 1< 93" H+  

5 . 79: 0; <N. 
3. Z A%>,1 5 . 79: 0;<  , 1<( ; 4 8505, , " , . %. <- @" 903" %53D5, ' 1' ; 1" 0. (> $ 1+’C+ 5 . 79:0-

;< .lib. 
4. T)90%" H05 %. <)( 0"% 95+3" ; 13. 
5. N03" %505 Z^[  . ; . +. - 013 $A1<-"  $ 3)%1)- 0"+  1 $' . %. A05 =" A" 3 ' 1' ; 1" 0. K1  

5 . 79: 0;< .lib. 
6. T)90%" H05 %. <)( 0"% ( " %, >913. 
7. N03" %505 ( " %, >95 <;C . ; . +. - 013 $A1<-"  $ 3)%1) - 0"+  1 $' . %. A05 H6 > ' 1' ; 1" 0. K1 5 . 79:0-

;< .lib. 
8. [)  <" , " +" A"4  <59, . 08.%) ' 1' ; 1" 0.(  (L ibrary Executive) 903" %505 ( " +, " - . - 05 3 ' 1'-

; 1" 0. K1 5 . 79: 0;< .lib. 
F" %C<( " 31 - " +. %5 ( " +, " - . - 013: 

3; 7; 11; 18; 20; 21; 22; 25; 29; 30; 35; 36; 47; 50; 58; 59; 61; 63. 
 

 bdgKf UEUW GWVOI EIIJ  KEXOYEUOYI O[ YOXOUW 
 

 
 

8 QWLOV VONQOI bI URG 
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8 QWLOV QOLEHVOGWj QKOn EHOV  

bKbVUYWeIWj  bKbNbI URG 8 QWLOV : 1$ bKbVUYWeIWj  bKbNbI URG 

<WLI OGOV: F1< 8)9 35( " - ) --C  ; ) ' " %)0" %- "H %" ' " 05 C " <. %L )3 >C3; . --C  , %" ," -
$-)8. --C  %)<1" . ; . +. - 013 -)  96. +)6 . ; . ( 0%58- 56 , %5-K5, " 356 1 , %" H6 ( " %, >95. N03" %53 
' 1' ; 1" 0. (> . ; . +. - 013. [)  <" , " +" A"4  , %5( ; )<-56 , %" A%)+  – Library Executive (<59, . 08.% 
' 1' ; 1" 0.( ), Symbol Editor (%. <)( 0"% 95+3" ; 13) 1 Pattern Editor (%. <)( 0"% ( " %, >913) – 
903" %53 +19KC , " 9)<"(  . ; . +. - 013 -)  <%>( " 3)- 1= , ; )01, Z^[  = "' 'E<- )3 H6 > ( " +, " - . -0. 

 
 

. "4 )  " ( D4& @- ) 6 44>  
 

1. n >- ( K1H 1 ,%5$- )8. --C  >+" 3-56  A%)Y18- 56 $" ' %)L . -@. 
2. c"  0) (.  " 9- " 3-)  Y1A>%) 1 $ 8"A" 3" -)  9( ; )<)E0@9C? 
3. r(  $) ; . L 50@ 0" 3B5-)  ; 1- 1H Z^[  31< +" <>;C " 9-" 3- "H Y1A>%5? 
4. T)  C(1 0%5 " 9-" 3-1 90)<1H %"$' 53)E0@9C 903"%. --C  ( " +, "- . - 0)? 
5. r (1 ,%"A%)+5 35( "%590" 3>4 0@9C <;C 903" %. --C  ( " +, "- . - 0), ," 9)<( " 3"A" 

+19KC , 1< ( "%, >9 1 95+3" ;>? 
6. c"  0) (.  k\N ? 
7. r(  903"%505 - " 3> ' 1' ; 1" 0. (>? 
8. c"  %" ' 50@ ( " +) - <) Place/Pin? 
9. r(  , " 3. %- >05 . ; . +. -0 -)  ( %.9; . --1? 
10. r(  , . %. - >+. %>3)05 ( "- 0) ( 05 95+3" ;>  1 ( " %,>9>? 
11. c"  0) (.  )0%5' >0 1 C( 31- 90)350@9C? 
12. r(  903"%505 - " 35= Y"%+)0 " 03" %>? 
13. d5+ 31<%1$- CE0@9C 903" %. --C  95+3" ;>  31< 903"%. --C  ( "%, >9>? 
14. c"  0) (.  ' >( 3. - 5= ( "< . ; . +. - 0) 96. +5? 
15. r(  903"%4 4 0@9C +1( %"96. +5, 9( ; )<. -1 $ <. ( 1; @( "6 9. ( K1=? 
16. T)$310@ " 9-" 3-1 05,5  353" <13 > 9590. +1 P-CAD $) . ; . ( 0%58- 5+5 6)%) ( 0.-

%5905( )+5. 
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1.8  " $ " C( +44>  8A +/-  +( +. )  - 3 4"w  @ -4_ - @" <"w 
 

F%5-K5," 3) 96. +)  E - )=' 1; @D ," 3-"4  . ; . ( 0%58- "4  96. +"4  35%" '> , -)  C( 1= 
$" ' %)L >4 0@9C 391 . ; . ( 0%58-1 . ; . +. - 05 1 ,%590%"H, - . " ' 61<-1 <;C $<1=9- . --C  1 ( "-0 -
%";4  > 35%"'1 $)<)-56  . ; . ( 0%58- 56 , %"K. 913, >91 $3’C$(5  +1L -5 +5, )  0) ( "L  . ; . +.- -
05 , 1<( ; 4 8. --C  (%"$’E+5, $)L 5+5), C( 5+5 $) ( 1- 8>4 0@9C 361<-1 1 3561<-1 ; ) -K4 A5. 
T)  96. +1 +" L >0@ ' >05 $" ' %)L . -1 9, " ; >8-1 1 +"- 0)L -1 . ; . +. - 05, 390)- " 3; 4 3) -1 > 
35%" '1 $ ( "- 90%>( 053- 56 %"$>+1-@. 

_; . ( 0%58-1 . ; . +. - 05 -)  96. +1 $" ' %)L >4 0@ >+" 3- 5+5 A%)Y18- 5+5 ," $- )8.- -
- C+5, - ) ( %.9; . --C  1 %"$+1% C( 56 390)- " 3; . -1 3 90) - <)%0)6 MNPQ. _; . +. - 05, 35(" -
%590" 3>3)-1 > 35%" '1 8)90( " 3", <", >9( )E0@9C $" ' %)L >3)05 -.  , " 3- 1904, )  01; @(5  
35( "%590" 3>3)-1 8)905-5 . 

Q" 9( ; )<> 96. +5, ( %1+ $" ' %)L . - -C, 36"<C0@ - ) , 595, B"  6)%)( 0. %5$>4 0@ 361<-1 
1 3561<-1 ; ) -K4 A5, ," $5K1=-1 , " $- )8. --C  . ; . +. - 013 1 , . %. ; 1( . ; . +. - 013. 

Z91+ $" ' %)L . - 5+ -)  96. +1 . ; . +. - 0)+  1 , %590%"C+ ,%53; )9- 44 0@9C >+" 3-1 
' >( 3. -" -K5Y%" 31 ," $5K1=-1 ," $- )8. --C  31<," 31<-"  <" ^ \NR  2.710-81. 

F" $5K1=-1 ," $- )8. - -C . ; . +. - 0)+  (,%590%" C+) ,%53; )9- 4 4 0@ > +. L )6 35%"-
'> . F"%C<( " 31 - " +. %5 . ; . +. - 0)+  (,%590%" C+), ," 85- )4 85 $ " <5-5K1, ,%53; )9-4 -
4 0@ > +. L )6 A%>,5  . ; . +. - 013 (,%590%" H3) $ " <- ) ( " 35+ ' >( 3. - 5+ , " $5K1=- 5+ ," -
$- )8. -- C+ " <- 1EH A%>,5  85 A%>,5  " <- "A" 05,>  31<," 31<-"  <" ," 9; 1<" 3-" 901 H6- @"A" 
%"$0)D>3)--C  -)  96. +1 $3. %6> 3-5$ > - ) ,%C+(> $; 13) - ) , %)3", - ) ,%5( ; )<, R1, 
R2,…, C1, C2.... k>( 35 1 K5Y%5 ," $5K1=- "A" ," $- )8. --C  35( " - >4 0@ ( %.9; C%9@( 5+ 
D%5Y0"+  " <-"A"  %" $+1%>. F" $5K1=-1 ," $- )8. --C  ,%"90)3; C40@ -)  96. +1 ," %>8 $ 
>+" 3- 5+5 A%)Y18- 5+5 , " $- )8. -- C+5 . ; . +. - 013 1 ,%590%"H3 1$ ,%)3"H 90"%"-5 85 
- )< - 5+5. 

F" $- )8. --C  , %590%"4 $)$- )8)4 0@ $3. %6> 85 ,%)3" %>8 31< $" ' %)L . --C  (%59>-
-"(  8.1, ) ). F%5 %"$- .9. - " +> 9," 9" '1 $" ' %)L . --C  ," $5K1=-1 , " $- )8. --C  , %" 90)3-
; C40@ ' 1;C ( " L - "H 9( ; )<" 3"H 8)905-5  (%59>- "(  1.8.1, ' ). 

 
 DD3 

DD3.1 DD3.2 & 

& 

& & 

 
)) ' ) 

 
 WLgI OV 1.8.1 – @OdWaRqIR QOdI EebIIJ  QYWLUYOi  

 

Q)-1 ,%" . ; . +. - 05 1 ,%590%"H, $" ' %)L . -1 -)  96. +1 35%"'> , $) ,5 9>4 0@ > , . %.-
; 1( . ; . +. - 013. Q" , >9( )4 0@9C 391 31<" +" 901 ,%" . ; . +. - 05 ," +1B)05 ," %>8 $ H6- 1+ 
$" ' %)L . -- C+ -)  31; @- " +> ,";1  96. +5. [3 ’C$"(  +1L >+" 3- 5+5 A%)Y18- 5+5 $" ' %)-
L . -- C+5 1 , . %. ; 1( "+  . ; . +. - 013 $<1=9- 4 E0@9C 8. %.$ ," $5K1=-1 , " $- )8. --C . 



 78 

F. %. ; 1( %"$+1B>4 0@ -)  , . %D" +> ;5 901 96. +5 85 35( " - >4 0@ > 35A;C<1 9)+" -
901=- " A" <" ( >+. - 0) -)  )%( >D1 Y" %+)0> a 4 $ " 9-" 3- 5+ - ) ,5 9"+  <;C 0. ( 90" 356 <"-
( >+. - 013 $) Y" %+"4  2 85 2)  QNRZ ^\ NR 2.104:2006. F. %. ; 1( . ; . +. - 013 " Y" %+;C-
4 0@ > 35A;C<1 0) ' ;5 K1 (%59>-"(  8.2) 1 $) , " 3- 44 0@ $3. %6> 3-5$. Z A%)Y)6 , . %. ; 1(> 
$)$- )8)4 0@ 0)(1 <) -1: 

·  > A%)Y1 «5 ?9. A?9D#Y<DDZ» – , " $5K1=-.  , " $- )8. --C  . ; . +. - 0), , %590%"4 85 
Y>- ( K1"- ) ; @-"H A%>,5 ; 

·  > A%)Y1 «+#CN<DI : #DDZ» – - )=+. - >3)--C  . ; . +. - 0) (,%590%"4) 31<, " 31<-"  
<" <" ( >+. - 0), -)  , 1<90)31 C( " A" 31- $)90" 9" 3) -5= , 1 , " $- )8. --C  K@"A" <" ( >+. - 0) 
(" 9-" 3-5=  ( "- 90%>( 0"%9@( 5= <" ( >+. -0, <. %L )3-5=  90)- <)%0, 0. 6- 18-1 >+" 35); <;C 
Y>- ( K1"- ) ; @-"H A%>,5  – - )=+. - >3)--C ; 

·  > A%)Y1 « 7H.» – ( 1; @( 190@ " <- ) ( " 356 . ; . +. - 013; 
·  > A%)Y1 «5 .0 N73 >#» – 0. 6- 18-1 <) -1 . ; . +. - 0) (,%590%"4), B"  -.  +190C0@9C 

3 ="A" - )=+. - >3)--1 . 
 

 !# . $!# -
%&( ) %%+ , &. 1 ) %24&%%+ 5i6.  791:< >& 

    

    

 
 
 

 

20 110 10 

185 

15
 

 

8
m

in
 

 
 WLgI OV 1.8.2 – @bYbKRV bKbNbI URG 

 
F%5 %"$+1B. --1  , . %. ; 1(> . ; . +. - 013 -)  , . %D" +> ;5 901 96. +5 ="A" %"$0)D" -

3>4 0@ - )< " 9- " 3- 5+ - ) ,5 9"+  -)  31<90)-1, -.  +. - D1= 12 ++ 31< - .H. F%" <" 3L . --C  
, . %. ; 1(> , " +1B)4 0@ ; 13" %>8 31< " 9- " 3-" A" - ) ,5 9>, ," 30"%4 4 85 A"; 13(> 0) ' ;5 K1. 

F. %. ; 1( . ; . +. - 013 $) ,5 9>4 0@ > 9, . K5Y1( )K14 , 19;C 96. +5, <" C( "H 31- 35,> -
B. -5=  (%59. 1.8.3). 

T)  96. +1 $" ' %)L >4 0@ %"$’E+5, ( ; . +5 = 1- D1 . ; . +. - 05, C( 5+5 $) ( 1- 8>4 0@9C 
361<-1 0) 3561<-1 ; ) -K4 A5, 1 $)$- )8)4 0@ 6)%)( 0. %5905(5  361<-56  1 3561<-56  ; ) -K4 -
A13 35%" '>  (3. ;5 85-> - ) ,%>A5, 95;>  90%>+>, 8)90" 0> 1 0. <.), )  0) ( "L  , )%)+. 0%5, B"  
, 1<; CA)4 0@ 35+1%4 3)--4  -)  ( " - 0%";@- 56 ( "- 0) ( 0)6, A- 1$<)6. F%5 - . +" L ;5 3" 901 
K56 $)$- )8. -@ %. ( " +. - <>E0@9C 3( )$>3)05 - )=+. - >3) --C  ; ) -K4 A13 85 ( "- 0%";@" 3)-
-56  3. ;5 85- . 

F%5 35( "- ) - -1 ,%5-K5, " 3"H 96. +5 -)  <. ( 1; @( "6 )%( >D)6 +)4 0@ <" 0%5+>3)-
059C 0) (1 35+" A5: 

– ->+. %)K1C ," $5K1=-56 ," $- )8. -@ . ; . +. - 013 ," 35--)  ' >05 - )9( %1$-"4  > 
+. L )6 35%" '>  (>90)-" 3(5 ); 

– , . %. ; 1( . ; . +. - 013 ," 35- .-  ' >05 $)A) ; @-5+ ; 
– ,%5 ," 30"%-" +> $" ' %)L . --1  " ( %. +56 . ; . +. - 013 -)  1- D56 )%( >D)6 96. +5 

3)%0" $' . %1A)05 ," $5K1=-1 ," $- )8. --C , ,%53; )9- . -1 H+ -)  " <-" +> $ )%( >D13 96. +5. 
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 WLgI OV 1.8.3 – @YWVKEH dEQOGI bIIJ  LQbaẀ RVEaR[ 
 

8 UGOYbI IJ  XETEUOLUOYRIV OGOTO QYObVUg 
 

W1<%)$> L  %"$A;C- . +" , C( 903"%505 ' )A)0" 90"%1- ( " 35= ,%". (0, 3 C( " +> 96. +)  
,%5-K5," 3) . ; . ( 0%58-)  ' ><. %" $+1B)059C -)  <. ( 1; @( "6 )%( >D)6 Y"%+)0> a 4. 

[ ) , >9010@ %. <) ( 0"% 96.+  1 $)3) - 0)L 0. 3 - @" A" D) ' ; "-  5 . 79: 0;< .sch. P" +)- -
<"4  File/Save As... 31<%)$> L  $' . %. L 10@ -" 35= , %" . (0 $ 1+’C+ 96. +5 $A1<-"  $ 3)%1-
) - 0"+ . 

a ( 0531$>=0. ( " +) - <> Option/Configure. T)  , ) - . ;1 Option Configure > %)+K1 
Title Sheets - )059- 10@ ( -" , (> Edit  Titl e Sheets. T)  , ) - . ;1 Option Sheets (%59. 1.8.4) 
31<( %5=0. $) ( ; )<(> Sheets 1 > 31( -1 Sheet Name - ) ' . %10@ Sheet2. T)059- 10@ ( -", (> 
Add. T" 3. 1+’C $’C350@9C > 31( -1 Sheets. F%5$- )8. --C  1- D56 ( -","(  -)  K1= 90"%1- K1 
," <) -"  3 0) ' ;5 K1 1.8.1. 
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 WLgI OV 1.8.4 – %OHEGEIIJ  HYgTO[ LUOYRI VW G QYObVU 

 

R) ' ;5KC 1.8.1 – @YWdI EebI IJ  VI OQOV 
. I OQVE <WVOYWLUEIIJ  

Modify T)059( )--C  -)  K4 ( - " , (> <" $3" ;CE $+1-5 05 1+’C " ' %)- "H 90" %1- (5  
Delete Q" $3" ;CE 35<); 505 " ' %)-> 90"%1- (>, C( B"  3" -)  , " %" L -C 1 -.  , " 0" 8-)  

Current 
 " ' 50@ " ' %)-> 90"%1- (> , " 0" 8- "4 , 0" ' 0" 31<" ' %)L >3)- "4  -)  . ( %)-1. \ $-) -
()  , " 0" 8- "H 90"%1- (5  – $1%" 8()  , . %.< HH 1+’C+ 

Move Up  
Move Down 

o1 ( - " , (5  <" $3" ;C4 0@ $+1- 4 3)05 , " %C<"(  90" %1- "(  > 9,5 9(>, , . %. +1B)4 85 
" ' %)-> 90"%1- (> - )A"%> ) '"  3- 5$ $) 9,5 9( "+  

 

\ Y" %+5+"  90" %1- (5  Y"%+)0( )+5 31<, " 31<-"  <" MNPQ. Q;C K@"A" -)  , ) - . ;1 
Options Sheets , . %. =<10@ > $) ( ; )<(> Titles. R. , .% +" L -)  35' %)05 90" %1- (> (Global, 
Sheet1, Sheet2), >90)- " 3505 ,%) ,"%. K@ Custom 1 - )059- >05 ( -" , (> Select. F19;C 8"-
A" $) <"," +" A"4 90)- <)%0-"A"  <1) ;" A> Windows +" L -)  $- )=05 1 31<( %505 Y" %+)0-
(>, 903"%. -> 3 ,", . %. <- 16 %" $<1; )6. W)%0" , )+ ’C0)05, B"  ," 0%1' -"  - )059( )05 ( -", -
(> Modify, B"'  3- .9. -1 $+1-5  - ) ' %) ;5  95;5  (%59. 1.8.5). W5' %)3D5 Y"%+)0(> <;C 
Global, +" L -)  390)-" 3505 905;@ " Y"%+; . --C  $) $)+" 38>3)-- C+. W1- ' ><. <1=9- 5= 
<;C 3916 90"%1- "( , <;C C( 56 -.  390)- " 3; . - 5= 1- D5= 905;@. 

 
 WLgI OV 1.8.5 – " ` OYNKbIIJ  QYObVUg ` OYNEUVENW 
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R. , .% - . " ' 61<-"  $) ," 3- 505 " 9-" 3-1 - ) , 595.  " ' " 0) $ $) ( ; )<( "4  Field , ) - . ;1 
Design Info ' >;)  <" ( ; )<-"  %"$A;C- >0) %)- 1D. . 

F. %. ( ; 4 8. - -C +1L 90"%1- ( )+5 +" L -)  35( "- >3)05 3 90)0>9-" +> %C<(> 3 -5L -
- 1= 8)905-1 . ( %)-)  (%59. 1.8.6). 

 

 
 WLgI OV 1.8.6 – @bYbVKieb IIJ  LUOYRI OV 

 
@RHVKi ebI IJ  XRXKROUbV 

 

W5' . %10@ > +. -4  ( " +) - <> Library/Setup. T)  , ) - . ;1 L ibrary Setup, B"  
$’C35; )9C, - )059- 10@ ( -", (> Add (%59. 1.8.7). 

 

 
 WLgI OV 1.8.7 – @RHVKieb IIJ  XRXKROUbV HO QYObVUg 

 

[- )=<10@ 903"%. -> ' 1'; 1" 0. (>, ( ; )K-10@ ,"  1+. -1 Y)=;>  @YRdGWnb .lib 1 - )059-
- 10@ ( - ", (> <RHVYWUW. T)  , ) - . ;1 L ibrary Setup > 31( -1 Open Libraries $’C350@9C 
- )$3) $- " 3> , 1<( ; 4 8. - "H ' 1' ; 1" 0. (5  (%59. 1.8.7). 

 
<GbHbIIJ  R YOdNRn bI IJ  LWNGOKRG  

XRXKROUbeIWj  VONQOI bI URG IE  Lj bNR 
 

Q;C %"$+1B. --C  95+3" ; 13 9( "%590)=0.9C ( " +) - <"4  Place/Part (( -", ()   -)  
1- 90%>+. - 0) ; @- 1= , ) - . ;1) 1 ( ; )K- 10@ ; 13"4  ( -", ( "4  +5D1 ,"  ,";4  ( %.9; . --C . 

T)  , ) - . ;1 Place Part , B"  31<( %5;)9C (%59. 1.8.8), 35' . %10@ > 31( -1 Library $1 
9,5 9(> 93"4  ' 1' ; 1" 0. (> 1 - )059- 10@ ( - " , (> Browse <;C 31<" ' %)L . --C  3 " ( %. +" +> 
31( -1 A%)Y1(5  " ' %)-"A"  ( " +, "- . - 0). 

Z 31( -1 9,5 9(> ( " +,"- . - 013 Name Component $- )=<10@ 1+’C . ; . +. - 0) (- ) ,%5-
( ; )<, 0%)- $590"%)), B"  3)9 K1( )350@, 1 ( ; )K-10@ ,"  - @" +> ; 13"4  ( -", ( "4  +5D1. 

Z 31( -1 RefDes +" L -)  $)<)05 , " 8)0( " 3. $- )8. - -C <;C ," $5K1=-"A"  , " $- )8. --C , 
)  > 31( -1 Value >( )$)05 ="A" -" +1- ); . T)059- 10@ ( - ", (> ".  <;C $)3. %D. - -C 35' "%>. 

T)  ,";.  ( %.9; . --C  - )059- 10@ ; 13> ( -", (> +5D1 1, -.  31<, >9( )4 85 HH, , . %. +19-
010@ . ; . +. -0 <" +19KC %"$+1B. --C  -)  ( %.9; . --1 . Q;C " ' . %0)--C  ( " +, " - . - 0) 35(" -
%590" 3>=0. ( ; )31D> R. W1<, >9010@ ; 13> ( - ", (> +5D1. 
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 WLgI OV 1.8.8 – <WXRY bKbNbI UE d XRXKROUbVW 

 
Q;C $) ( 1- 8. - -C 33. <. --C  ( ; )K-10@ ,%)3"4  ( -", ( "4  +5D1. R. , .% ," 0%1' -"  

31<%. <)A>3)05 3$)E+-.  ,";" L . --C  . ; . +. - 013 -)  96. +1, %"$0)D>3)--C  1 $- )8. --C  H6-
- 16 )0%5' >013. Q;C 35<1; . --C  -.  >9@"A" ( " +,"- . - 0), )  ="A" " ( %. +56 )0%5' >013 -. -
" ' 61<-"  - )059- >05 ( ; )31D> SHIFT 1, -.  31<, >9( )4 85 HH, ( ; )K- >05 ,"  )0%5' >0> ;1-
3"4  ( -" , ( "4  +5D1. 

F. %. +1B. --C  1 %. <)A>3)--C  3; )9053" 90.=  35<1; . -"A"  )0%5' >0) %"' 50@9C 0)-
( "L , C( . ; . +. - 0) 3 K1; " +>. Q;C " ' . %0)- -C 35<1; . - "A" )0%5' >0) 0) ( "L  35( "%590"-
3>E0@9C ( ; )31D)  R. 

 
<GbHbIIJ  KRI Rq TYgQOGOTO dG’JdVg (rWI ) 

 
Q;C ,"; . AD. --C  %" ' " 05 $ ( %.9; . -- C+ -)  96. +)6 8)90" 35( " %590" 3>4 0@ ; 1- 1H 

A%>, " 3"A" $3’C$(> (D5-5 ). \ 9( 1; @(5  3 9590. +1 P-CAD , %" 31<- 5(5 , , 1<3. <. -1 <" K56 
; 1- 1=, - ) ' >3)4 0@ ," 0%1' -"A"  35A;C<> )30" +)058-" , ; 1- 1H A%>," 3"A" $3’C$(> - . "' -
61<-"  %"$0)D" 3>3)05 -)  ( %.9; . --1  , . %.< $’E<- ) -- C+ . ; . +. - 013 ,%" 3" <)+5. 

c "'  %" $+190505 D5-> -)  ( %.9; . - -1, 35' . %10@ ( " +) - <> Place/Bus 85 - )059-
- 10@ -)  ( -", (>  -)  1- 90%>+. - 0) ; @- 1= , ) - . ;1. Z( )L 10@ ( >%9" %"+  , " 8)0"(  ; 1- 1H 1 
- )059- 10@ ; 13> ( -", (> +5D1. T.  31<, >9( )4 85 HH, , . %. 0CA-10@ ( >%9"% > $) ( 1- 8. - -C 
D5-5 . W1<, >9010@ ; 13> ( -" , (> +5D1 (%59. 1.8.9). 

Q;C $’E<- ) - -C Z^[  ,%"31<-5 ( )+5 1 , 1<( ; 4 8. --C  H6 <" D5-  35' . %10@ > +. -4  
( " +) - <> Place/Wire 85 - )059- 10@ -)  ( -" , (>  -)  1- 90%>+. - 0) ; @- 1= , ) - . ;1. 

[)  <"," +" A"4 ( ; )31D1 "  ' )L ) -"  390)- " 3505 " %0"A"- ) ; @-5=  %. L 5+ +) ;4 -
3) --C  ; 1- 1=. 

F%"31<-5(  , " 0%1'-"  , " 85- )05 ' ><>3)05 $ L " 30"A" ( 3)<%)05()  -)  ( 1-K1 Z^[ . 
F%" ( ;) 3D5 , %" 31<- 5(  <" - )90>, - " A" L " 30" A" ( 3)<%)05()  85 <" D5-5 , +" L -)  $)-
3. %D505 , " ' ><" 3> K@"A" ,%"31<-5 ()  ,%)3"4  ( -", ( "4  +5D1 (%59. 1.8.9). 
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 WLgI OV 1.8.9 – @YWVKEH Lj bNW 

 
$’pHIEI IJ  GWGOHRG VONQOI bI URG QYOGRHI WVENW.  

<WGbHbI IJ  Lj bNW IE  QYWI UbY 
 

N03"%. -)  96. +)  +" L.  ' >05 353. <. -)  -)  C( 5=-- . ' ><@ <%>( >3) ; @-5=  ,%590%1= 
(,%5-0.% 85 ,; " 0.%), , 1<( ; 4 8. -5=  <" ( " +, ’4 0. %). R)( "L  <;C - .H +" L >0@ ' >05 )3-
0" +)058-"  $A. - . %" 3)-1 %1$- " +) - 10-1 0. ( 90" 31 Y)=;5  $31013. 

Q;C K@"A" ) ( 0531$>=0. ( " +) - <> File/Pr int Setup 1 >90)-" 310@ ," 0%1' -1 , )%)-
+. 0%5 ,%5-0. %). 

Z31=<10@ > ( " +) - <> File/Pr int. T)  , ) - . ;1 File Print (%59>-"(  1.8.10) - )059-
- 10@ -)  ( -", (> Set All  <;C 35' " %> 3916 90" %1-"(  ,%". ( 0>, , . %. ; 18. -56  > 31( -1 Sheets. 
T)059- 10@ -)  ( -" , (> Pr int Options, B"'  >( )$)05 , . %. ; 1( "' ’E( 013 ( %.9; . --C , 353.-
<. -56  -)  <%>(, 0) H6-1 3; )9053" 901. [ ’C350@9C , ) - . ;@ Print Options, , " ( )$) -)  -)  %5-
9>- (> 1.8.11. [)  $)+" 38>3)-- C+ 391 "' ’E( 05 35( " - >4 0@9C 8"%-5+ ( "; @"%"+, )  ( " ; 1% 
0;)  " ' %)-5=  ' 1; 5+. 

 

 
 WLgI OV 1.8.10 – @EI bKf  File Print 
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c "'  - )<%>( >3)05 ( %.9; . --C  $ %)+( "4 , -)  , ) - . ;1 File Pr int - )059- 10@ -)  
( -", (> Page Setup... <;C >90) -" 3(5  , )%)+. 0%13 90"%1- (5 . T)  , ) - . ;1 Page Setup 
( ; )K-10@ ,"  1+. -1 90"%1- (5  (Sheet 1) > 31( -1 Sheets <;C ="A" 35<1; . --C . e 390)- " 310@ 
,%),"%. K@ Title <;C <%>( >3)--C  %)+(5  1 D0)+,)  ( %.9; . --C . 

 

 
 WLgI OV 1.8.11 – 4 EKEr UgGEIIJ  QEYENbUYRG OX’pVURG QYW HYgaR 

 
c "'  ,", . %. <- @" , . %. A;C- >05 %"$0)D>3) --C  ( %.9; . -@ -)  )%( >D1, -)  , ) - . ;1 

File Pr int - )059- 10@ ( -", (> Pr int Preview. 
W53. <. --C  $" ' %)L . --C  -)  , %5- 0.% $<1=9- 4 E0@9C ,%5 - )059( ) - -1 ( -" , (5  

Generate Pr intouts (%59.1.8.10). 
 
 

@ 6 . ) -34+  $6 <%6 4 4>  
 

J" ?+  – -)  ,%5( ; )<1 " 93" H05 , %5="+5 %"$+1B. --C  -)  96. +1 Z^[  ( " +,"- . - 013, 
,%"31<- 5( 13, D5-  1 0. <. T)385059C 903" %4 3)05 ' )A)0" 90" %1- ( " 3> 96. +> -)  " 9- " 31 
%)- 1D.  903"%. -56  D) ' ;" - 13, Y" %+)013 1 ( " +,"- . - 013. 

 
$EGHEI IJ  HO KEXOYEUOYI O[ YOXOUW 

 

1. W538505 0. "%. 058-1 31<" +" 901 <" ; ) ' "%)0" %-"H %" ' " 05. 
2. N03"%505 ' )A)0" 90" %1- ( " 35= , %". (0 1$ <3"6 90" %1- "( , 35( "%590" 3>4 85 

D) ' ;"-  5 . 79: 0;< .sch (; ) ' "%)0" %-) %"' " 0) u  2), <. , . %D)  90"%1- ()  a 4 – $) Y"%-
+"4  1, )  <%>A) 90"%1- ()  a 4 – $) Y"%+"4  2) . 

3. T)  , . %D1= 90"%1-K1 35( " - )05 ( %.9; . --C  96. +5 ,%5-K5," 3"H $A1<-"  $ 3)%1-
) - 0"+  (<" <)0"(  _); 

4. T)  <%>A1= 90" %1- K1 " Y" %+505 , . %. ; 1( . ; . +. - 013 <" 35( "- ) - "H 96. +5. 
5. F1<A" 0>3)05 $310 $ ; ) ' "%)0"%-"H %" ' " 05 (<" <)0"(  Q). 
 
T5L 8.  - )3. <. -"  Y%)A+. -0 ,%5( ; )<> " Y" %+; . --C  $310> $ ; ) ' "%)0"%-"H %"'" -

05 u  8 -)  0. +>: «W3. <. --C  96.+5  . ; . ( 0%58- "H ,%5-K5, " 3"H». 
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ga k\  a R\  Ta   \ k\ Ra u  8 
<GbHbIIJ  Lj bNW bKbVUYWeI O[ QYWIaWQOGO[ 

 
J "?+  – -)  , %5( ; )<1 " 93" H05 , %5=" +5 %" $+1B. --C  -)  96. +1 Z^[  ( " +, " - . - 013, 

, %"31<-5 ( 13, D5-  1 0.<. T)385059C 903" %4 3)05 ' )A)0" 90" %1- ( " 3> 96. +> -)  " 9- " 31 %)- 1D.  
903" %. - 56 D) ' ; " - 13, Y" %+)0"(  1 ( " +, " - . - 013. 

 

$EGHEIIJ  (GEYREIU 1) 
1. W538505 0. " %. 058-1 31<" +" 901 <" ; ) ' " %)0" %- "H %" ' " 05. 
2. N03" %505 ' )A)0" 90" %1- ( " 35= , %" . (0 1$ <3"6 90" %1- "( , 35( " %590" 3>4 85 D) ' ; "-  5 .7-

9: 0;< .sch (; ) ' " %)0" %-)  %" ' " 0) u  2), <. , . %D)  90" %1- ()  a 4 – $) Y" %+"4  1, )  <%>A) 90"-
%1- ()  a 4 – $) Y" %+"4  2) . 

3. T)  , . %D1= 90" %1- K1 35( " - )05 ( %.9; . --C  96. +5 , %5-K5, " 3"H $A1<-"  $ 3)%1)- 0"+ . 
4. T)  <%>A1= 90"%1- K1 " Y" %+505 , . %. ; 1( . ; . +. - 013 <" 35( " - ) - "H 96. +5. 
 
 

 

.

 

C1,N2,N3,C7 KM6A-H50-10-n ±10% R1 i gR-0,125-51 ( \+ ±10% 
N4 P71-6-47+(n ±10% R2 i gR-0,125-470 \+ ±10% 
N5 P71-6-36+(n ±10% R3 i gR-0,125-100 \+ ±10% 
N6,N9,N11 P71-6-22+(n ±10% R4 i gR-0,125-82 \+ ±10% 
N8 KM6A-H50-100-n ±10% R5 i gR-0,125-1,5 ( \+ ±10% 
N10 KM6A-H50-47-n ±10% R6 i gR-0,125-36 ( \+ ±10% 
DA1 Pla 058 R7R8 NF3-38' ±30% 
DA2 PZT 038 R9 i gR-0,125-2,7 ( \+  
VD1 KB109B R10 i gR-0,125-10 \+  
VT1 KT368 L1 6 350( "3-Fwg 0.8- 4 
  

 

SA1 T1  
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 bdgKf UEUW GWVOI EIIJ  KEXOYEUOYI O[ YOXOUW 
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<WLI OGOV: F1< 8)9 35( " - ) --C  ; ) ' " %)0" %- "H %" ' " 05 ' >;"  35( " - ) -"  96. +> . ; . (0-
%58-> , %5-K5, " 3> 1 9, . K5Y1( )K14 <" - .H 3 ' )A)0" 90" %1- ( " 3" +> , %" . ( 01 -)  " 9- " 31 %)-1-
D.  903" %. -56 D) ' ; " - 13, Y" %+)0"(  1 ( " +, " - . - 013. 
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. "4 )  " ( D4& @- ) 6 44>  
 

1. r(  ," $- )8)4 0@9C -)  96. +1 . ; . ( 0%58-1 . ; . +. - 05? 
2. c"  0) (.  96. +)  . ; . ( 0%58-)  ,%5-K5," 3)? 
3. Q;C 8"A" , " 0%1'-1 ," $5K1=-1 , " $- )8. --C  . ; . +. - 013? 
4. P";5  35( "%590" 3>4 0@ %"$- .9. - 5= 9," 91' $" ' %)L . --C  . ; . +. - 013? 
5. Q;C 8"A" , " 0%1'-5= , <. 1 C( %" $+1B)4 0@ , . %. ; 1( . ; . +. - 013? 
6. r (1 35+" A5 ," 35- -1 <" 0%5+>3)059C ,%5 35( "- ) - -1 96. +5 -)  <. ( 1; @( "6 

)%( >D)6? 
7. c"  0) (.  ' )A)0" 90" %1- ( " 35= ,%". (0 1 <;C 8"A" 31- , " 0%1' -5= ? 
8. r(  <" <)05 Y"%+)0(> <" 3916 )%( >D13 ,%". ( 0> " <-" 8)9-" ? 
9. r(  , 1<( ; 4 8505 '1' ; 1" 0. (>? 
10. r(  , . %. +190505 1 %"$A"%- >05 ," $5K1=-.  ," $- )8. --C  3 >+" 3- " +> A%)Y18-

-" +> ," $- )8. - -1 . ; . +. - 0)? 
11. c"  0) (.  D5-)  1 C( HH %"$+190505 -)  ( %.9; . --1? 
12. r(  , . %. ( ; 4 85059C <" " %0"A"- ) ; @-" A" %. L 5+> +) ; 4 3) --C  ,%" 31<- 5( 13? 
13. r(  353. 905 -)  <%>( ( %.9; . --C  $ Y" %+)0( "4 ? 
14. r(  353. 905 -)  <%>( 01; @(5  D5-5  1 ,%" 31<- 5(5? 
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1.9  " C" )6  $  +%6. ) "  "/  % : . " <6 4-A  @( 6) ,  
6 <) " / 6 ) - 3 4+  )  68 : <6 44>  

 
[A1<-"  $ ^ \NR  2.417-91 %" $+1%5 -)  ( %.9; . --1  QF $)$- )8)4 0@ " <- 5+ 1$ 0) ( 56 

9," 9" ' 13: 
1) 31<, " 31<-"  <" 35+"A QNRZ ISO 129-1:2007; 
2) - ) - .9. -- C+ ( "" %<5- )0- "H 910(5  3 , %C+" ( >0- 1= 9590. +1 ( "" %<5- )0 
(%59. 1.9.1); 
3) - ) - .9. -- C+ ( "" %<5- )0- "H 910(5  3 ,"; C%- 1= 9590. +1 ( " "%<5- )0; 
4) ( " +'1- " 3) - 5+ 9," 9" ' "+ , $) <", " +"A"4  %"$+1%-56 1 35-" 9-56  ; 1- 1= 0) 
( ""%<5- )0- "H 910(5  3 ,%C+" ( >0- 1= ) '"  ," ; C%-1= 9590. +1 ( "" %<5- )0. 
F%5 $)<)--1  %"$+1%13 - ) - . 9. - - C+ ( " "%<5- )0-"H 910(5  391 ; 1- 1H 910(5  , " 35- -1 

- >+. %>3)059C. Q", >9( )E0@9C 35<1; C05 -)  (%. 9; . - -1 " (%. +1 ; 1- 1H ( ""%<5- )0-"H 910(5 , 
B"  8. %A>4 0@9C 8. %.$ , . 3-1 1- 0. %3) ;5 , ) '"  H6 $" 391+ -.  - )-" 9505. F%5 K@" +> -)  ( %.9-
; . --1 9; 1< ," +1B)05 3( )$13(5 05,> : «g1- 1H ( ""%<5- )0-"H 910(5  - ) - . 9. -1 8. %.$ " <->». 

 

 
 WLgI OV 1.9.1 – . OOYHWIEUIE LRUVE G QYJNOVgUI Rq LWLUbNR VOOYHWI EU 

 

P""%<5- )0-> 910(> 9; 1< - ) -" 9505 -)  ( %.9; . --1  QF -)  39. ,";.  ( %.9; . --C  ) '"  
-)  8)905-> , " 3. %6-1 QF, ) '"  %59( )+5 ,"  , . %5+. 0%> <%>( " 3) -"H ,; )05. 

\ 9-" 3- 5= ( %"( ( " "%<5- )0- "H 910(5  , " 35- .-  ' >05 2,5 ++. F%5 35( "%590" 3>-
3) --1  ( %" (> ( ""%<5- )0- "H 910(5 , +. - D"A" $) "9-" 3- 5=, 9; 1< $)90"9" 3>3)05 ( %"( , %13-
-5=  1,25; 0,625 ++. P%"(  ( "" %<5- )0- "H 910(5  0,625 ++ -.  , " D5%4 E0@9C -)  ,%5E<-
->3) ; @-1 %"$+1%5 ' ><@-C( 56 - )319-56  . ; . +. - 013, 390)- " 3; 4 3) -56  -)  <%>( " 3) ->  
,; )0>.  " $+1% ( " L - "H 90"%"-5 <%>( " 3) - "H ,; )05 , " 35- .-  ' >05 ( %)0-5+ : 

·  2,5 ,%5 <" 3L 5-1 100 ++; 
·  5 ,%5 <" 3L 5-1 350 ++; 
·  10 ,%5 <" 3L 5-1 350 ++. 
i) ( 95+) ; @-5=  %"$+1% ' ><@-C( "H 1$ 90" %1- ," 35- .-  ' >05 -.  ' 1; @D5+ 470 ++. 
N, 1331<-" D. --C  ; 1- 1=- 56 %"$+1%13 <%>( " 3) -"H ,; )05 ," 35--.  ' >05 -.  ' 1;@-

D5+ 3:1. Q" , >9(5  -)  ; 1- 1=-1 %" $+1%5 90"%1- %. ( " +. - <>E0@9C 35' 5%)05 $A1<-"  $ 
^\ NR 25347-82. 
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[)  - >;@ > ,%C+" ( >0- 1= 9590. +1 ( " "%<5- )0 -)  A";" 3-" +> 35A;C<1 QF ,%5=+) -
4 0@ (%59. 1.9.1): 

·  K. - 0% ( %)=- @"A" ; 13"A" -5 L - @"A" " 03" %>; 
·  ; 135= -5 L - 1= ( >0 <%>( " 3) - "H ,; )05; 
·  ; 13> -5 L -4  0" 8(>, >03"%. -> ; 1- 1C+5 , " ' ><" 35. 
Q;C ( %>A;56 QF $) - >;@ > , %C+" ( >0- 1= 9590. +1 ( " " %<5- )0 ,%5=+)E0@9C 

K. - 0% <%>( " 3) - "H ,; )05. 
o . - 0%5 3916 " 03" %13 -)  <%>( " 3) - 1= ,; )01, 3( ; 4 8)4 85 ( %1,5; @-1, , " 35- -1 %"$-

0)D" 3>3)059C > 3>$; )6 ( "" %<5- )0- "H 910(5 . o . - 0%5 " 03"%13, , %5$- )8. -56  , 1< 353"-
<5, ' )A)0" 3531<-56  - )319-56  . ; . +. - 013 (+1( %"96. +5, %. ;. , %"$’E+5 1 0. <.) %"$0)D" -
3>4 0@9C 31<," 31<-"  <" %"$+1%13, $)$- )8. - 56 > -" %+)053- 1= <" ( >+. - 0)K1H -)  K1 . ;. -
+. - 05. o . - 0% " 03"%>, ,%5=-C0"A" $) " 9- " 3-5= , , " 35- .-  %" $0)D" 3>3)059C 3 ( >0(> 
910(5 ; %. D0> " 03" %13 <;C K@"A" . ; . +. - 0) 9; 1<, ,"  +" L ; 53" 901, %" $0)D" 3>3)05 -)  
3. %05( ) ; @-56  ) '"  A"%5$" - 0) ; @-56  ; 1- 1C6 ( ""%<5- )0- "H 910(5 . 

 
$EHEI IJ  VOI UgYg HYgVOGEI O[ QKEUW 

 

F%". ( 0>3)- -C <%>( " 3) -"H ,; )05 ,%5=-C0" ," 85- )05 $ 31<" ' %)L . --C  HH ( " - 0>-
%> 3 ( "- 0. ( 901 $)A) ; @-"A"  9( ; )<) - -C. P"- 0>% +) ; 4 E0@9C $) <" , " +"A"4  ( " +) -<  
Place/Line () - ) ;"A – ( -", ()   -)  , ) - . ;1 1- 90%>+. - 013) 1 Place/Arc () - ) ;"A – ( -", -
()   -)  , ) - . ;1 1- 90%>+. - 013). Z %C<(> 90)-> C( ," 0" 8-5=  9; 1< 35' %)05 1$ 9,5 9(>, 
B"  %"$( %53)E0@9C, D)% «Board». Q;C $%>8-" 901, - )059( >4 85 ( ; )31D> «" », +" L -)  
390)- " 3505 %. L 5+ +) ; 4 3) --C  Ortho=45, C( 5= <)E +" L ;5 3190@ +) ; 4 3)05 ; 1- 1H , 1< 
( >0"+  45°. F%5( ; )< 31<+) ; @" 3)-" A" ( " - 0>%> $" ' %)L . -5=  -)  %59>- (> 1.9.2. 

Q;C ' )A)0@"6 ,%"A%)+  )30" +)058- "A" 0%)9>3)--C  <>L.  3)L ; 53", B"'  ( " - 0>%, 
B"  " '+ . L >E ,";.  0%)9>3)--C , -.  +)3 %"$%5313. [  K1EH 0" 8(5  $" %>, , . %. %53)--C  (" -
+) -<  +) ; 4 3) --C , $+1-)  ( %"(> 910(5  $ 35( "%590)-- C+ - . ( %)0-56  $- )8. -@ -.  %. (" -
+. - <>E0@9C! 

 

 
 WLgI OV 1.9.2 – @KEUE HKJ QYObVUg 

 
 

: QEVgGEI IJ  d’pHI EIf  IE  HYgVOGEIg  QKEUg 
 

Q" <)=0. ' 1'; 1" 0. (>, C()  35( "%590" 3>3)05+. 0@9C ,%5 >, ) ( >3) --1  . ; . +. - 013 -)  
<%>( " 3) - 1= ,; )01, 1 , . %. +19010@ HH 33. %6 9,5 9(>. N03"%10@ $) <", " +"A"4  ( " +) - <5 
Util s/Generate Netli st (> 96. +-" +> %. <)( 0"%1) 9,5 9"(  ; ) -K4 A13, 96. +5 . ; . ( 0%58- "H 
,%5-K5," 3"H, B"  %"$%" ' ; CE0@9C, > Y" %+)01 Tango (%59. 1.9.3). 
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 WLgI OV 1.9.3 – <RVIO LUGOYbIIJ  QbYbKRVg KEIa i TRG 

 

[ )3) - 0)L 0. 3 %. <)( 0"% <%>( " 3) - "H ,; )05 9,5 9"(  ; ) - K4 A13 1 ( " +, " - . - 013 $) 
<", " +"A"4  ( " +) - <5 Util s/Load Netli st, 35' %)3D5 %)- 1D.  903"%. -5=  Y)=;  1 390)-" -
353D5 , )%)+. 0%5, C( -)  %59>- (> 1.9.4. 

\ 9( 1; @(5  3 9590. +1 P-CAD +" L ;5 31 %1$-1 3)%1)- 05 $)3) - 0)L . --C  9,5 9(> ; )- -
K4 A13, %"$A;C- . +"  ,%5$- )8. - -C %. D05 ( -","( , 31( "-  1 ,%) ,"%K13 -)  , ) - . ;1 Util s 
Load Netli st (%59.1.9.4). 

 

 
 WLgI OV 1.9.4 – $EGEI UEl bIIJ  LQWLVg KEIa i TRG 

 

Z A%)Y1 Netli st Format 1$ 9,5 9(> 35' 5%)E0@9C Y" %+)0 $)3) - 0)L >3)- " A" 9,5 9(> 
; ) -K4 A13. 

r ( B"  $)3) - 0)L >E0@9C Y)=;  > Y" %+)01 P-CAD ALT, 0" $) <", " +"A"4  ( - " , (5  
Xref Filename 31<( %53)E0@9C Y)=;  , . %. 6%.9-56  ," 95; ) -@ (xrf-Y)=; ), B"  390)- "3-
; 4E 31<," 31<- 190@ +1L ( " - 90%>( 053- 5+5 1 96. +" 0. 6- 18- 5+5 ' 1' ; 1" 0. ( )+5 %)- - 16 
3. %91= P-CAD. 

Z90)-" 3()  ,%) , "%KC Create Pseudo Pattern <" $3"; CE 9590. +1 903"%4 3)05  
>C3-1 , " 9)<( " 31 +19KC (( "%, >95) <;C 056 . ; . +. - 013, C(1 H6 -.  +)4 0@. 

F%),"%K.+  Optimize Nets 3( ; 4 8)E0@9C )30" +)058-)  ", 05+1$)K1C ; ) -K4 A13 
D; C6"+  , . %. 90)- " 3(5  ;" A18-"  . ( 313) ; . - 0-56  9.( K1= 1 353" <13. P%)B.  , " <1'->  ", -
05+1$)K14 ,%" 3" <505 , 19;C %"$90)- " 3(5  ( " +,"- . - 013, )  -.  ,%5 $)3) - 0)L . --1 . 

F%),"%. K@ Reconnect Copper +" L.  35( "%590" 3>3)059C <;C $) ' "%"-5 , 1<( ;4 -
8. --C  <1; C- "(  +. 0) ; 1$)K1H, C(1 3L.  E -)  ,; )01, <" ; ) -K4 A13 $)3) - 0)L >3)- "H 96. +5. 
F%5 K@" +> $)3) - 0)L . --C  9,5 9(> ; ) -K4 A13 ,%"3" <5059C $- )8-"  D35<D. , )  - )C3-1 
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+. 0) ; 1$" 3) -1 <1; C- (5  ( "- 3. %0>4 0@9C > «31; @-1», -.  )9" K1=" 3) -1 $ C( 5+5-- . ' ><@ 
; ) -K4 A)+5. 

Z90)-" 3()  ,%) ,"%KC Check for Copper Sharing 3( ; 4 8)E , . %. 31%(> ,; )05 1$ $)-
$<); . A1<@ %"$+1B. - 5+5 ( " +, " - . - 0)+5 1 , " , . %. <- 1+ %"$3. <. - - C+ 8)905-5  ; ) -K4 A13. 

r ( B"  $)3) - 0)L >E0@9C 9,5 9"(  ; ) -K4 A13 > Y"%+)01 ACCEL ASCII , <" 90>, -1 
B.  8" 05%5 , )%)+. 0%5 <;C " ' %"' (5  )0%5' >013: 

·  Merge Att r ibutes (Favor  Netlist) – $;5 00C )0%5' >013 9,5 9(> ; ) -K4 A13 $ )0-
%5' >0)+5 , %" . ( 0> ,%5 , %1"%50. 01 )0%5' >013 1$ 9,5 9(>; 

·  Merge Att r ibutes (Favor  Design) – $; 500C )0%5' >013 9,5 9(> ; ) -K4 A13 $ )0-
%5' >0)+5 , %" . ( 0> ,%5 , %1"%50. 01 )0%5' >013 $ ,%". ( 0>; 

·  Replace Existing Attr ibutes – $)+1-)  )0%5' >013 ,%". ( 0> )0%5' >0)+5 1$ 9,5 9(>; 
·  Ignore Netli st Att r ibutes – 1A-"%>3)--C  )0%5' >013 9,5 9(> ; ) -K4 A13 1 <3) ,) -

%)+. 0%5 <;C , . %. <)81 ,%)35;  1 ( ; )913 ; ) - K4 A13: 
·  Replace Existing Net Classes – $)+1-)  19- >4 856 > ,%". ( 01 ( ; )913 ; ) -K4 A13; 
·  Ignore Net Classes – 1A-"%>3)--C  35$- )8. --C  ( ; )913 1$ 9,5 9(>. 

 

 
 OdNRn bI IJ  VONQOI bI URG IE  HYgVOGEI Rq QKEUR 

 

F%5 " ' %"' K1 9,5 9(> ; ) - K4 A13 $)$- )8. -1 3 - @" +> ( "- 90%>( 0535 ( " +, " - . - 013 
35' 5%)4 0@9C $ ' 1' ; 1" 0.(  1 %"$+1B>4 0@9C 9590. +"4  3 %" ' " 81= " ' ; )901 %. <)( 0"%) 
<%>( " 3) - "H ,; )05 <" 31; @- 5+ 85- "+ . r(  ,%)35;" , 3"-5  A%>, >4 0@9C $) 05, )+5 
(%59. 1.9.5). F%5 K@" +> 31<" ' %)L )4 0@9C . ; . ( 0%58-1 $3’C$(5  +1L H6 353" <)+5. 

 

 
 WLgI OV1.9.5 – @YObVU QRLKJ dEGEI UEl bIIJ  LQWLVg KEIa i TRG 

 

Q);1 %"$%" ' - 5(> - . " ' 61<-"  3%>8-> %"$+190505 ( " +,"- . - 05 >9.%. <5-1 ( " - 0>-
%> <%>( " 3) -"H ,; )05. N590. +)  P-CAD -.  +)E $)9" ' 13 <;C )30" +)058-"A"  ( " +," ->-
3) --C , ) ;.  +)E <. ( 1; @()  1- 90%>+. - 013 <;C ,"; . AD. --C  K1EH %"' " 05. F" $- )=" +5+" 9C 
$ -5 +5 ' ;5 L 8. . 

F. %D - 1L ," 8)05 ,%)K4 3)05 $ "' ’E( 0"+  ) '"  A%>,"4  "' ’E( 013, - . " ' 61<-"  H6 
35' %)05. W5' 1% $<1=9- 4 E0@9C 3 %. L 5+1 Select () ( 0531$" 3) -)  ( " +) - <) Edit/Select ) '"  
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- )059( >E0. ( ; )31D>  -)  1- 90%>+. - 0) ; @- 1= , ) - . ;1). \< 5- " 8-5=  ( " +, "- . -0 35'5 -
%)E0@9C ( ; )K) -- C+ ; 13"H ( -" , (5  +5D1 ,"  ="A" ( "- 0>%> () '"  ," <31=- 5+ - )059- .- -
- C+ ( ; )31D1 @ " C+( ). F%5 K@" +> 31- $+1- 4E 931= ( " ; 1%. R)( , - ) , %5( ; )<, -)  %59>- -
(> 1.9.5 <;C %" ' " 05 35' %)-)  +1( %"96. +) . W"-)  35<1; . -)  L " 305+ ( "; @"%"+. W5' 1% 
A%>,5  9>+1L -56  ( " +,"- . - 013 ,%"3" <50@9C D; C6"+  35<1; . --C  H6 31( - "+  ,%5 - )059-
->01= ; 131= ( -", K1 +5D1. T. 9>+1L -1 . ; . +. - 05 35<1; C40@9C ( ; )K) -- C+5 ; 13"H ( -", -
(5  +5D1 ,%5 - )059- >01= ( ; )31D1 CTRL . 

Q>L.  8)90" 35+)A)E0@9C ,%"3" <505 %" ' " 0> -.  $ >91+) , )  01; @(5  $ , . 3- 5+5 
. ; . +. - 0)+5. T) , %5( ; )<, - . " ' 61<-"  3 D)%1 Board > 3916 ; 1- 1= D5%5- "4  0,25 ++ 
$' 1; @D505 D5%5-> <" 0,75 ++. T)90%" H05 %. L 5+ 35' " %> +" L -) , 35( "%590" 3>4 85 
( " +) - <> Options/Selection Mask. F) - . ;@, C()  $’C3; CE0@9C , 19;C ) ( 0531$)K1H K1EH (" -
+) - <5, +19050@ <31 " <- " 05, -1 $) ( ; )<(5  (%59. 1.9.6). \< -)  $ -56  <" $3"; CE - )90%"H05 
Y1; @0% A%>, " 3"A" 35' " %> (Block Selection), <%>A) – Y1; @0% 35' " %> " <5-" 8- 56 
"' ’E( 013 (Single Selection). W " ' "6 35, )<( )6 35' %)-1 . ; . +. - 05 31<+18)4 0@9C ,%),"%-
KC+5 3 %)+K1 Items (%59.1.9.6). P- " , (5  Set All  1 Clear  All 3 K1= A%>,1 <" $3"; C4 0@ 
390)- " 3505 ) '"  9( 5- >05 ,%) ,"%K1 <;C 3916 . ; . +. - 013 31<, " 31<-" . 

 

 
 

 WLgI OV 1.9.6 – @EI bKf  Options Selection Mask 
 

Q;C <. C( 56 "' ’E( 013, - ) ,%5( ; )<, <>A (Arc), ; 1- 1= (Line) 0" B" , +" L -)  $)<)05 
<" <)0( " 31 , )%)+. 0%5, ,%5 C( 56 K1 "' ’E( 05 35' 5%)05+>0@9C. R)( , - ) ,%5( ; )<, +" L -)  
3( )$)05 0" 3B5-> ; 1- 1=. Z 0) ( 56 . ; . +. - 013 ,%) ,"%. K@ +)E -.  <3) (9' %"-
D.- />90)-" 3; .- ), )  0%5 90)-5 . W 0%. 0@" +> 90)-1 (390)-" 3; . -5=  ,%) , "%. K@ 3 $)01-. -
- 1= %)+K1) 90)4 0@ <"90>,-5 +5 " <- "=+. - -1 ( -", (5 , B"  %"$0)D" 3)-1 ," %C< $ ,%),"%-
KC+5 1 31<( %53)4 0@ , ) - . ;1 $ 3; )9053" 90C+5 31<," 31<-56  "' ’E( 013. F%5 K@" +> <"-
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90>,-1  -.  391 3; )9053" 901 "' ’E( 013, )  ;5 D.  01, C(1 +" L >0@ ' >05 9, 1; @- 5+5 <;C A%>,5  
. ; . +. - 013. T) ,%5( ; )<, <;C ; 1- 1= +" L -)  $)<)05 01; @(5  0" 3B5-> 1 31<$- )8505 " $- ) (> 
Y1( 9)K1H (,%) ,"%. K@ Fixed). 

Z 31( -1 Select Mode 35' 5%)E0@9C %. L 5+ 35<1; . - -C: Inside Block – >9.%. <5-1 
31( -)  (35' 5%)4 0@9C . ; . +. - 05, B"  , " 3- 1904 ; . L )0@ >9.%. <5-1 31( -)  35<1; . --C ); 
Outside Block – $$" 3-1 31( -)  (35' 5%)4 0@9C . ; . +. - 05, B"  , " 3- 1904 ; . L )0@ $$" 3-1 
31( -)  35<1; . --C ); Touching Block – 0" %( ) --C  ' ; " ()  (35' 5%)4 0@9C . ; . +. - 05, B"  
; . L )0@ >9.%. <5-1 31( -)  35<1; . - -C 1 0"%( )4 0@9C ) '"  , . %. 05- )4 0@9C $ ="A" +. L )+5). 

W %)+K1 Layers +" L -)  31<$- )8505 01 D)%5, -)  C( 56 ; . L )0@ "' ’E( 05, B"  3)9 K1-
( )3; C0@. P-", (> Set All $%>8-"  35( " %590" 3>3)05, ( ";5  - . " ' 61<-"  35' %)05 3. ;5 (> 
( 1; @( 190@ D)%13, )  ( - ", (> Clear  All , – - )3, ) (5 , ( ";5  - . " ' 61<-"  35' %)05 +) ;>  ( 1;@-
( 190@ D)%13. i " L -)  35<1;5 05 - ) , . %.< 35$- )8. -> A%>,>  D)%13, 35' %)3D5 HH 1+’C > 
31( -1 1$ 9,5 9( "+  Layers Sets 1 - )059( >4 85 ( -", (> Apply. 

[ ) ( ; )<()  Single Selection , ) - . ;1 Options Selection Mask 31<%1$- CE0@9C 31< $)-
( ; )<(5  Block Selection - )C3- 1904 ,%) ,"%KC Current Layer Only 3 %)+K1 Layers, >90)-
-" 3()  C( "A" <" $3"; CE 35' 5%)05 01; @(5  01 "' ’E( 05, C(1 ; . L )0@ > , " 0" 8- " +> D)%1. R)-
( "L  -)  K1= $) ( ; )<K1 $)+190@ 31( -)  Select Mode %"$0)D" 3) -"  31( -"  Single Select 
Mode, B"  +19050@ <31 3$)E+" 35( ; 4 8-1 ( - " , (5 : 

·  Cycle-Picking – K5( ; 18-5=  , . %. ' 1%; 
·  Popup Dialog – 9,; 53)4 85= <1) ; "A. 
Z %. L 5+1 Cycle-Picking ," 9; 1<" 3-1 - )059- . --C  ; 13"H ( -" , (5  +5D1 () '"  ," -

<31=-1 - )059- . --C  ( ; )31D1 @ "@ : 8. ) ,%53" <C0@ <" K5( ; 18-" A" , . %. ' " %> 
"' ’E( 013, B"  , . %. ( %53)4 0@9C, 3 +19K1 %" $0)D>3)--C  ( >%9"%). 

Z %. L 5+1 Popup Dialog - )059- . - -C ; 13"H ( -", (5  +5D1 ,%53" <50@ <" ," C35 
<" <)0( " 3"H , ) - . ;1 1$ 9,5 9( "+  "' ’E( 013, B"  , . %. ( %53)4 0@9C (%59.1.9.7). F. %. +1B)4 -
85 ," ( )L 85( , ( ; )K) -- C+ ; 13"H ( -", (5  +5D1 +" L -)  35' %)05 1$ 9,5 9(> , " 0%1'-5=  
"' ’E(0. T)  <" <)0( " 31= , ) - . ;1 3 90" 3, K1 R>%. - )3" <50@9C 1- Y" %+)K1C ,%" 05,  
"' ’E( 0), 3 90" 3,K1 Layer – ,%" D)%, 3 C( " +> 31- $- )6"<50@9C, 3 90" 3, K1 Net – ,%" 
; ) -K4A, $ C( 5+ 31- $3’C$)-5= , )  0) ( "L  1- D)  ( "%59-)  1- Y" %+)K1C 3 90" 3, K1 
Information (D5%5-) ; 1- 1=, 05,5  ( " +,"- . - 013 0) H6 , " $5K1=-1 , " $- )8. --C  1 0. <.). 
F%5 - . " ' 61<-" 901 %"$+1%5 <" <)0( " 3"H , ) - . ;1 1 D5%5-) 90" 3, K13 +" L >0@ ' >05 ; . A("  
$+1- . -1 , . %. +1B. -- C+ H6 +.L . 

 

 
 WLgI OV 1.9.7 – 8 QWLOV OX’pVURG, nO QbYbVYWGEi Uf LJ 

 
P; )K)- -C ; 13"H ( -", (5  +5D1 3 +19K1 , . %. (%500C <. ( 1; @( "6 "' ’E( 013 ,%5 - )059-

- . - 1= ( ; )31D1 CTRL <" $3"; CE 35' %)05 1$ 9,5 9(> 1 35<1;5 05 <. ( 1; @()  "' ’E( 013. T)  
<" <)0( " 31= , ) - . ;1 $1 9,5 9( "+ , B"  $’C3; CE0@9C ,%5 K@" +>, 35' 5%)-1 "' ’E( 05 - )A";" -
D>4 0@9C ,%),"%KC+5 3 90" 3,K1 R>%. (%59>- "(  1.9.8). 
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 WLgI OV 1.9.8 – <WXRY HbVRKf VOj OX’pVURG Rd LQWLVg 

 

T)059- . --C  ( -" , (5   > ; 13" +> 3. %6-@" +> ( >0(> , ) - . ;1 1$ 9,5 9( "+  <" $3"; CE 
31<+" 35059C 31< 35' "%> "' ’E( 013, )  ( -", ()   , 1<03. %<L >E 35' 1%. W " ' "6 35, )<( )6 
<" <)0( " 3) , ) - . ;@ $) ( %53)E0@9C. 

[)  - )C3-" 901 35<1; . -56  "' ’E( 013 (" <-" A" ) '"  <. ( 1; @( "6) ( ; )K) --C  ,%)3"4  
( -", ( "4  +5D1 3 ' ><@-C( " +> +19K1 %" ' " 8"A" ,";C  35( ;5 ( )E ," C3> 35, )<)4 8" A" 
( "- 0. ( 90-"A"  +. -4  (%59. 1.9.9). N( ; )< ( " +) -<  K@"A" +. -4  190" 0-"  $) ; . L 50@ 31< 
35' %)- 56 "' ’E( 013. [" ( %. +) , 35( "%590" 3>4 85 ( " +) - <5 K@"A" +. -4 , +" L -)  , . %.-
A;C->05 1 31<%. <)A>3)05 3; )9053" 901 "' ’E( 0) (Properties...), 9( ", 14 3)05 "' ’E(0 3 '> -
Y.% (N" %>), " 0%5+)05 +)953 ( " , 1= "' ’E( 0) (N" %> Matrix...), 35%1$)05 "' ’E(0 (Cut), 
35<) ; 505 (Delete), «%"$95, )05» ="A" -)  9( ; )<" 31 . ; . +. - 05 (Explode), 31<%. <)A>3)05 
9( ; )<" 31 8)905-5  ( " +, " - . - 0) (Alter), , 1<9310505 "' ’E(0 (Highlight) ) '"  $- C05 $ - @"-
A" , 1<9318>3)--C  (Unhighlight), , 1<9310505 ; ) -K4 A5, , 1<( ; 4 8. -1 <" "' ’E( 0) (High-
light Attached Nets) ) '"  $- C05 , 1<9318>3) --C  $ K56 ; ) -K4 A13 (Unhighlight Attached 
Nets), 35%13- C05 "' ’E( 05 ,"  910K1, 3. %05( ) ;1 ) '"  A"%5$"- 0) ;1 (Align), 3( )$)05 0" 8(> 
,%53’C$(5  <;C "' ’E( 0) 85 A%>,5  "' ’E( 013, 90" 9" 3-"  C( "H 3" -5  +" L >0@ ' >05 35%13- C-1 
(Selection Point). 

 

 
 WLgI OV 1.9.9 – <WQEHEieb  VOI UbVLUIb  NbIi  

 

\' . %0)--C  35<1; . -"A"  ( " +, " - . - 0) $<1=9- 4 E0@9C ,%5 - )059- . - -1 -)  ( ; )31D> 
$ ' >( 3"4  R. F%5 K@" +> ( " +, " - . -0 , " 3. %0)E0@9C -)  ( >0 90° ,%" 05 A" <5--5 ( " 3"H 
90%1; (5 . 

r ( B"  - )059( >3)05 -)  ( ; )31D> R ,%5 - )059- . - 1= ( ; )31D1 SHIFT, ( " +,"- . -0 
," 3. %0)05+. 0@9C -)  ( >0, $)<) - 5= > - )90%"=( )6 9590. +5 ,%5 35( "- ) - -1 ( " +) - <5 
Options/Configure (A%)Y) Rotation Increment -)  $) ( ; )<K1 General , ) - . ;1 Options 
Configure). 
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[ 3. %- 10@ >3)A> -)  0., B"  ,%5 , . %. 0CA>3)- -1 " <5- " 8-"A"  ( " +,"- . - 0) ( >%9"% 
$)3L <5 %" $0)D" 3>E0@9C 3 " <- " +> 1 0" +> L  +19K1 31<-" 9-"  A%)Y1(5  ( "%, >9> ( " +," -
- . - 0), )  9)+. , 0)+ , <. %"$0)D" 3) -)  0)(  $3) -)  ","%-)  0" 8()  (reference %"int). Z 35<1-
; . -"A"  ( " +,"- . - 0) ","%-)  0" 8()  $" ' %)L >E0@9C > 35A;C<1 - . 3. ; 5( "A" ( 3)<%)0) $ <1-
)A"-) ; C+5. \' . %0)--C  ( " +,"- . - 0) 0) ( "L  ,%"3" <50@9C 31<-" 9-"  "," %-"H 0" 8(5 . 
F";" L . --C  ","%- "H 0" 8(5 $)<)E0@9C ,%5 903"%. - -1 ( " +,"- . - 0) 1 -.  +" L.  ' >05 $+1-
- . -. . r(  ,%)35;" , 3"-)  %"$0)D" 3>E0@9C 3 " <- " +> $ ="A" 353" <13.  )$"+  $ 05+ > <. -
C( 56 35, )<( )6 +" L.  ' >05 ," 0%1'-.  " ' . %0)--C  ( " +,"- . - 0), - ) ,%5( ; )<, 31<-" 9-"  
="A" K. - 0%> ) '"  C( "H-- . ' ><@ 1- D"H 0" 8(5 -)  <%>( " 3) - 1= ,; )01. W K@" +> 35, )<(> 
9; 1< 9( "%590)059C 0)(  $3) -5+  ," ( )L 85( "+  () '"  0" 8( "4 ) 35<1; . --C  (Selection Point). 
[ )<)05 ," ; " L . - -C , " ( )L 85()  35<1; . - -C +" L -)  ( " +) - <"4  Selection Point ( "- 0. (90-
-"A"  +. -4  (%59. 1.9.9). 

Q>L.  ( "%59-5+  +"L.  35C35059C , . %. +1B. --C  $' . %. L . -" A" 3 +1; 1+. 0%)6 95+-
3" ;>  85 ," 9)<( " 3"A" +)=<)- 85() , C( B"  , 19;C 31<( %500C -)  %. <)A>3)--C  $ Library 
Executive K.=  L.  95+3";  31<( %53)E0@9C 3 <4 =+" 31= 910K1, ) '"  ,%"90" H6 , . %. +1B.- -
-C ,"  ( %.9; . --4  $ , %53’C$( "4  <" , . 3- "H 0" 8(5 "' ’E( 0). 

r ( B"  ' )85+" , B"  95+3";  -.  ," 0%),; CE 3 910(>, 35' 5%)E+"  391 ( " +, " - . - 05 
"' ’E( 0) "6",; . -- C+. F19;C 0" A" C( 39. , 1<931050@9C, -.  0CA-. +"  39. $) <"," +" A"4 
+5D1 (K. -.  9,%)K@" 3>E), )  059- . +"  ,%)3> ( -", (> +5D1 1 3 ( " - 0. ( 90-" +> +. -4  35-
' 5%)E+"  " 90) --4  ", K14 Selection Point. [ 3. %- 10@ >3)A> -)  0., B"  3 %C<(> 90)-> 3 
-5 L - 1= 8)905-1 31( -)  $’C35; )9C , 1<( )$() : Press or to drag selection reference .? int. 
R59- . +"  ,%", >9( – $’C3; CE0@9C $- )8"(  0" 8(5 $)6",; . --C . F%5 , . %. +1B. - -1 , " ( )L -
85()  +5D1 31- ,%" <" 3L >E ," 0%),; C05 3 «( %531 3>$;5 » 910(5 , ) ;.  ,%5 - )3. <. - -1 -)  
"' ’E(0 Reference Point 81,; CE0@9C 9)+.  $) - @"A", - . $) ; . L -"  31< >90)- " 3"(  910(5 , 
,%58" +> $+1- 4E 35A; C<. F1=+)3D5 0" 8(> Reference Point, %"' 5+"  ( ; )K) --C  ; 13"4  
( -", ( "4  +5D1 -)  - 1= – 3"-)  $+1- 4E ( "; 1%. R. , .% $) - .H +" L -)  0CA->05 1 , . %. +1905-
05 391 "' ’E( 05 > 3>$;5  ," 0" 8- "H 910(5 . r ( B"  $)<) -"  <. ( 1; @()  910"( , 0" H6 +" L -)  +1-
- C05 , 1< 8)9 , . %. 0CA>3)--C , ," 9; 1<" 3-"  - )059( >4 85 ( ; )31D> G. o .=  +. 0"< ,%)K4E 
1 3 %. <)( 0" %1 96.+ , 1 3 %. <)( 0"%1 , ; )0 (%59. 1.9.10). 

 

 
 WLgI OV 1.9.10 – @YWVKEH YOdNRn bIIJ  bKbNbI URG IE QKEUR 

 



 97 

 bHETgGEI IJ  R QYOTKJHEI IJ  EUYWXgURG VONQOI bI URG 
 

F%5 ( " +, " - >3) - -1 <%>( " 3) -"H ,; )05 ,%) ( 058-"  $)3L <5 35- 5( )E - . " ' 61<- 190@ 
3 %. <)A>3)- -1 )0%5' >013 ( " +,"- . - 013, - ) ,%5( ; )<, 0) ( 56 C( 05,  ) '"  ," $5K1=-.  ," -
$- )8. --C . d)90" 35+)A)E0@9C $+1- 505 H6 +19K. , " ;" L . --C , " %1E- 0)K14, ,%56" 3)05 
) '" , - )3, ) (5 , 31$>) ; 1$>3)05. \ 0%5+)05 <" 90>,  <" )0%5' >013 35<1; . -"A"  ( " +,"- . - 0) 
+" L -) , 35( "%590" 3>4 85 ( " +) - <> Properties $ 35, )<)4 8"A" +. -4 . 

Z A%)Y1 RefDes (%59.1.9.11) +" L -)  $+1-5 05 ," $5K1=-.  , " $- )8. --C  ( " +,"- .- -
0). W5<5+190@ )0%5' >0) 35$- )8)E0@9C - )C3- 1904 ) '"  31<9>0- 1904 ,%) , "%KC 
Visibility . Z 31( -1 1$ 9,5 9( "+  Text Style 35' 5%)E0@9C 905;@ 0. ( 90> <;C )0%5' >0). W 
A%>,1 Location (+19K. ,";" L . --C ) >( )$>4 0@9C ( ""%<5- )05 X 1 Y ","%- "H 0" 8(5  ( "+ -
,"- . - 0), ( >0 ="A" , " 3"%" 0> (Rotation), " $- ) ()  >90)-" 3(5  ( " +,"- . - 0) -)  -5 L - 1= 
90"%"-1 <%>( " 3) - "H ,; )05 (,%) ,"%. K@ Flipped). W90)- " 353D5 ,%) ,"%. K@ Fixed ($)-
Y1( 9>3)05), +" L -)  $)Y1( 9>3)05 ( " +,"- . -0, B"'  $' . %. A05 ="A" 31< 35, )<( " 3" A" ,. -
%. +1B. --C  ,%5 A%>, " 356 ", . %)K1C6. 

o 1( )3", B"  ,%5 390)- " 3; . --1  ( " +, "- . - 0) -)  3. %6-1= 90"%"-1 ,; ) 05 ( "" %<5-
- )05 ="A" ", " %-"H 0" 8(5  -)  K1= $) ( ; )<K1 - . <" 90>, -1, )  ,%5 390)-" 3; . - -1 -)  -5 L - 1= 
90"%"-1 H6 +" L -)  $+1- 4 3)05. 

Z 31( - )6 Glue Dot Locations 1 Pick & Place Locations 31<" ' %)L )4 0@9C ( "" %<5-
- )05 0" 8"(  ,%5( ; .4 3) --C  1 0" 8"(  <;C )30" +)058-"A"  390)- " 3; . --C  ( " +,"- . - 0). W 
A%)Y1 Value $)$- )8)E0@9C -" +1- ) ; @-.  $- )8. --C  +190( " 901, 1- <>( 053- " 901 ) '"  " , " %>. 
W A%)Y1 OI .< 31<" ' %)L )E0@9C 05,  ( " +,"- . - 0). 

 

 
 WLgI OV 1.9.11 –  bHETgGEIIJ  GKELUWGOLUbq VONQOI bI UE 

 
6 GUONEUWeIb  UYELgGEI IJ  HYgVOGEI O[ QKEUW 

 

F%"A%)+5 )30" +)058-"A"  0%)9>3)--C  $) , >9( )4 0@9C $ " 9-" 3- "A" +. -4  %. <)( -
0"%) <%>( " 3) - "H ,; )05  NW ( " +) - <"4  Route/Autorouters. T)  , ) - . ;1 Route 
Autorouters, B"  $’C3; CE0@9C ,%5 K@" +>, > 31( -1 1$ 9,5 9( "+  Autorouter +" L -)  35' %)-
05 " <-"A"  1$ 9590. +-56  0%)9>3) ; @-5 ( 13.  " $A;C- . +"  H6 %" ' " 0> -)  ,%5( ; )<1 )30" 0%)-
9>3) ; @-5 ()  QuickRoute. 
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[ ) ; . L -"  31< 35' " %> 35A;C< , ) - . ;1 Route Autorouters <. B"  $+1- 4 E0@9C. Q;C 
35, )<(> 35' " %> 0%)9>3) ; @-5 ()  QuickRoute , ) - . ;@ +)E 35A;C<, $" ' %)L . -5=  -)  %5-
9>- (> 1.9.12. 

 

 
 WLgI OV 1.9.12 – @EI bKf  Route Autorouters HKJ QuickRoute 

 
Z 3. %6-1= 8)905-1 , ) - . ;1 %"$0)D" 3) -1 ( - ", (5 , B"  <" $3"; C40@ 35' %)05 ) '"  

3( )$)05 Y)=;  90%)0. A1H (Strategy File), Y)=;  <;C $) ,5 9> %. $>; @0)013 0%)9>3)--C  
(Output  8<  File) 1 Y)=;  ,%"0" ( " ;>  0%)9>3)--C  (Output Log File). 

P-", ()  Load <" $3"; CE $)3) - 0)L 505 " - " 3; . -5=  Y)=;  90%)0. A1H, )  ( -", ()  
Save – $' . %. A05 3- .9. -1 3 90%)0. A14 0%)9>3)--C  $+1-5 . T)059- . --C  -)  ( -", (> Set 
Base 31<- " 3; 4E , )%)+. 0%5 90%)0. A1H, $)<) -1 3 9590. +1 $) >+" 38)-- C+. P-", ()  Star t 
$) , >9( )E ,%"K.9 )30" 0%)9>3)--C . P-" , ()  Restar t 35( "%590" 3>E0@9C <;C $) , >9(> 
, . %. %3)-"A"  $ C( 56-- . ' ><@ ,%585-  ,%"K. 9> 0%)9>3)--C . P-", ()  Close $) ( %53)E ,) -
- . ;@ Route Autorouters. 

P-", (5  3 -5 L - 1= 8)905-1 , ) - . ;1 Layers 1 Via Style 35( ; 5( )4 0@ 90)- <)%0-1 
, ) - . ;1 %. <)( 0"%) <%>( " 3) -"H ,; )05 <;C $)<) --C  D)%13 0) H6 3; )9053" 90.=  1 ,%"K.-
<>%> 903"%. --C  90. ( 13 , . %. 61<-56  " 03"%13. P-", ()  Net Att r ibutes <" $3"; CE , . %. =05 
<" $)<) --C  1 %. <)A>3)--C  )0%5' >013 ; ) -K4 A13. 

[ )<) --C  90%)0. A1H 0%)9>3)--C  3 K@" +> 35, )<(> 3( ; 4 8)E 35' 1% ( %" (> ( "" %<5-
- )0-"H 910(5 , $)<) --C  D5%5-5  ,%" 31<- 5( 13 $) >+" 38)-- C+ 1 35' 1% ,%" 6"<13  
0%)9>3)--C . 

P%"( ( ""%<5- )0- "H 910(5  35' 5%)E0@9C > 31( -1 1$ 9,5 9( "+  Routing Grid 3 -5 L - 1= 
8)905-1 , )- . ;1 $ 0) ( "A" - ) ' "%> $- )8. -@: 25 mil; 20 mil; 16,7-16,6-16,7 mil (- . %. A>; C%-
-)  910() ); 12,5 mil; 10 mil. e- D1 ( %" (5  910(5  (> 0" +> 859;1 = +. 0%58-1) - . <", >905+1. 

Z 31( -1 Line Width $)<)E0@9C D5%5-) , %" 31<- 5( 13, <;C C( 56 -.  $)<) -1 )0%5'> -
05 AUTOROUTEWIDE 1 WIDTH. i 1- 1+) ; @-"  +" L ; 53) D5%5-) ,%" 31<- 5()  <" %13-
- 4E 0,1 mil (0,01 ++). q 5%5-) , %" 31<- 5()  -.  +" L.  , . %. 35B>3)05 , ";" 35->  ( %" (> 
( ""%<5- )0- "H 910(5 , - ) ,%5( ; )<, <;C ( %"(> 25 mil +) ( 95+) ; @-"  +" L ; 53) D5%5-)  
,%"31<- 5()  ' ><. <" %13- 4 3)05 12 mil ()30" +)058-"  31<90. L >E0@9C 9590. +"4 ). 

P-", ()  Passes 31<( %53)E +. -4  90%>( 0>%5 0%)9>3)- -C Pass Selection 
(%59. 1.9.13). 
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 WLgI OV 1.9.13 – <WXRY QYOj OHRG UYELgGEI IJ  

 
R>0 35' 5%)4 0@9C 05,5  ,%"6" <13 0%)9>3)- -C, 35( " - >3)-1 3 0) ( " +> ,"%C<(>: 
·  Wide Line Routing – %" $3. <. --C  3916 D5%"( 56 ; ) -K4 A13, B"  +)4 0@ )0%5-

' >05 AUTOROUTEWIDE 1 WIDTH (D5%5-) ) , . %.< 35( "- ) - - C+ 1- D56 ,%"6" <13. 
T)  K@" +> . 0) ,1 ,%"( ; )<)4 0@9C 01; @(5  A" %5$"- 0) ; @-1 1 3. %05( ) ; @-1 0%)95. F" 65;1 
D5%"(1 0%)95 - . " ' 61<-"  $)$<) ; . A1<@ ,%"( ; )905 3%>8->. W ; 10. %)0>%1 %. ( " +. - <>E0@-
9C ," 85- )05 0%)9>3)--C  $ 3( ; 4 8. --C  01; @(5  K@"A" %. L 5+>. F19;C ="A" $) ( 1- 8. --C  
- . %"$3. <. -1 «D5%" (1 ; ) -K4 A5» <"%"$3" <C0@9C 3%>8->, 1 ,%"K.9 )30" +)058-"A"  0%)-
9>3)--C  $) , >9( )E0@9C $- " 3>; 

·  Hor izontal – 35( "- ) --C  - )=,%"901D56 $’E<- ) -@ ,"  A"%5$" - 0) ;1 -)  ' ><@-
C( " +> D)%1 ' .$ 35( "%590" 3>3)--C  , . %. 61<-56  " 03"%13 1 $ +1- 1+) ; @-5 +5 31<65; .- -
- C+5 31< ,%C+56 ; 1- 1=; 

·  Vertical – 35( "- ) --C  - )=, %" 901D56 $’E<- ) -@ ,"  3. %05( ) ;1 -)  ' ><@-C( " +> 
D)%1 ' .$ 35( "%590" 3>3)--C  , . %. 61<-56  " 03"%13 1 $ +1- 1+) ; @-5 +5 31<65; . -- C+5 31< 
,%C+56 ;5-5= ; 

·  'L'  Routes (1 via) – Y"%+>3)--C  , . %. 05-> <3"6 ,%" 31<- 5( 13 1 " <-"A"  , . %.-
61<-"A"  " 03"%>, B"  +)E Y"%+> ' >( 35 L. F%"31<-5 (5  %"$0)D" 3>4 0@9C -)  <3"6 ) ( 053-
-56  D)%)6 1 +)4 0@ "%0"A"- ) ; @-> " %1E- 0)K14 (" <5-  A"%5$"- 0) ; @-5=  – <%>A5= 3.%-
05( ) ; @-5= ). F%" 31<- 5(5  %"$+1B>4 0@9C -)  31<90)-1 -.  ' 1; @D.  100 mil $$" 3-1 ,%C+" -
( >0- 5() , 3. %D5-5  C( "A" $- )6" <C0@9C > 353" <)6, B"  9," ; >8)4 0@9C. T. $3)L )4 85 -)  
0., B"  K.=  35< $’E<- ) --C  $)<) -5=  $) >+" 38)-- C+, 31- -.  Y"%+>3)05+. 0@9C, C( B"  -)  
C( 56-- . ' ><@ <3"6 D)%)6 -.  390)-" 3; . - 5= %. L 5+ 3$)E+-"  , . %,. - <5( >; C%-" A" %"$-
0)D>3)--C  ,%"31<- 5( 13 (-)  " <-" +> 3. %05( ) ; @-. , -)  <%>A"+> – A"%5$"- 0) ; @-. ); 

·  'Z'  Routes (2 vias) – Y"%+>3)--C  , . %. 05-> 0%@"6 ,%" 31<-5 ( 13 $ <3" +)  , . %.-
61<-5 +5 " 03"%)+5, +)E Y"%+> ' >( 35 Z. F%" 31<-5 (5  %"$0)D" 3>4 0@9C -)  <3"6 ) ( 053-
-56  D)%)6 1 +)4 0@ " %0"A"- ) ; @-> " %1E- 0)K14 (A"%5$" - 0) ; @-> 1 3. %05( ) ; @->). k>( 3) 
Z +" L.  +)05 ' ><@-C(> "%1E- 0)K14. F%" 31<-5 (5  %"$+1B>4 0@9C -)  31<90)-1 -.  ' 1; @D.  
100 mil $$" 3-1 ,%C+" ( >0- 5() , 3. %D5-5  C( "A" $- )6"<C0@9C > 353" <)6, B"  9,"; >8)-
4 0@9C. T. $3)L )4 85 -)  0., B"  K.=  35< $’E<- ) - -C $)<) - 5= $) >+" 38)-- C+, 31- -.  Y"%-
+>3)05+. 0@9C, C( B"  -)  C( 56-- . ' ><@ <3"6 D)%)6 -.  390)-" 3; . - 5= %. L 5+ 3$)E+-"  
, . %,. - <5( >;C%-"A" %"$0)D>3)--C  ,%"31<-5 ( 13 (-)  " <-" +> 3. %05( ) ; @-. , -)  <%>A"-
+> – A"%5$"- 0) ; @-. ); 
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·  '8 '  Routes (2 vias) – Y" %+>3)--C  , . %. 05-> 0%@"6 , %" 31<- 5( 13 $ <3" +)  , . %.-
61<-5 +5 " 03"%)+5, +)E Y"%+> ' >( 35 N. F%"31<-5 (5  %"$0)D" 3>4 0@9C -)  <3"6 ) ( 053-
-56  D)%)6 1 +)4 0@ " %0"A"- ) ; @-> " %1E- 0)K14 (A"%5$" - 0) ; @-> 1 3. %05( ) ; @->). k>( 3) 
N +" L.  +)05 ' ><@-C(> " %1E- 0)K14. R%)9>3)--C  05,>  N ' 1; @D A- >8(. , - 1L 0%)9>3)- -
-C 05,>  L 1 Z, " 9( 1; @(5  ,%" 31<- 5(5  +" L >0@ %"$+1B>3)059C -)  31<90) -1 '1; @D.  
100 mil $$" 3-1 ,%C+" ( >0-5 () , 3. %D5-5  C( "A" $- )6" <C0@9C > 353" <)6, B"  9," ; >8)-
4 0@9C. k><@-C(1 <" 90>,-1 D)%5 +" L >0@ 35( "%590" 3>3)059C 3 K@" +> 05,1 0%)9>3)- -
-C. T. $3)L )4 85 -)  0., B"  K.=  35< $’E<- ) - -C $)<) -5=  $) >+" 38)-- C+, 31- -.  Y" %+>-
3)05+. 0@9C, C( B"  -)  C( 56-- . ' ><@ <3"6 D)%)6 -.  390)- " 3; . -5=  %. L 5+ 3$)E+-"  , .%-
, . - <5( >; C%- "A" %"$0)D>3)--C  ,%" 31<-5 ( 13 (-)  " <- " +> 3. %05( ) ; @-. , -)  <%>A"+> – 
A"%5$"- 0) ; @-. ); 

·  Any Node (2 vias) – <;C <" 9CA-. --C  - )=' 1; @D"H ( 1; @( " 901 $’E<- ) -@ 3 K@" +> 
,%"6"<1 ) - ) ; 1$>E0@9C ( " L - 5= 3>$";  ; ) - K4 A) 1 %"' 50@9C 9,%" ')  $’E<- )05 ' ><@-C(1 
3>$;5  3 ; ) - K4 $1 $ 35( " %590" 3>3)- - C+ -.  '1; @D.  <3"6 , . %. 61<- 56 " 03"%13. F" , . %. <-1 
,%"6"<5 35( "%590" 3>3) ;5  01; @(5  " , 05+) ; @-1 $’E<- ) --C  $) ( %50. %1E+ +1- 1+) ; @- "H 
<" 3L 5-5 ; 

·  Maze – 0%)9>3)--C  05,>  «; ) ' 1%5-0», $<)0-.  $- )=05 D; C6 <;C " , 05+) ; @-"A"  
,%"( ; )<. - -C , %"31<-5 () , C( B"  K. Y1$58-"  +" L ;5 3". k)$>E0@9C -)  ,%53’C$K1 ,%"31<-
-5 ( 13 <" 3>$; 13 910(5 . i ) ( 95+) ; @-> ( 1; @( 190@ , . %. 61<-56  " 03" %13 > ( " L - " +> ; )- -
K4 $1 ,%5$- )8)4 0@ $) <" ," +" A"4  )0%5' >0) MAXVIAS ($) >+" 38)-- C+ – 10). r ( B"  
; ) '1%5- 0" 3. 0%)9>3)--C  $) ' ;" ( >E %"$3. <. --C  %C<> ; ) -K4 A13, 0" %" ' ; C0@ 0) ( 5+ 85-
-"+ : 1) 35+5( )4 0@ ) ;A"%50+ Maze 1 $) <", " +"A"4  QuickRoute %"$3" <C0@ ,; )0>; 
2) %"$3" <C0@ 8)905-> ,%"31<-5 ( 13 >%>8-> 3 %. <)( 0" %1 <%>( " 3) - "H ,; )05; 3) $)3.%-
D>4 0@ 0%)9>3)--C  $) <", " +"A"4  QuickRoute, 3( ; 4 853D5 ) ;A" %50+ Maze; 

·  Any Node (Maze) – K.=  ,%"61< 0) ( "L  35( "%590" 3>E ; ) '1%5- 0" 3. 0%)9>3)- -
-C, ) ;.  <;C <" 9CA-. --C  - )='1; @D"H ( 1; @( " 901 $’E<- ) -@ ,%" 31<- 5(5  +" L >0@ ,%" ( ;) -
<)059C - . " ' "3’C$( " 3" ", 05+) ; @- 5+ 85- "+ ; 

·  Route Cleanup – K.= , %"61< 3( ; 4 8)E0@9C <;C ," ; 1, D. - -C $"3- 1D- @"A" 35A;C-
<> <%>( " 3)- "H ,; )05 0) HH 0. 6- ";" A18-" 901. F%5 K@" +> , %"6"<1 8)905-)  ; )- K4 A13 , . %.-
%"$3" <50@9C - ) - " 3" <;C 35,%C+;. - -C , %"31<- 5( 13 1 $+. - D. --C  $)A) ; @- "H <" 3L5-5 ; 

·  Via M inimization – +1- 1+1$)K1C ( 1; @( " 901 , . %. 61<-56  " 03" %13. 
 . ( " +. - <>E0@9C " 90)--1  <3) , %"6" <5 35( " - >3)05 9, 1; @-"  1 ; 5D.  , 19;C $)3.%-

D. --C  0%)9>3)--C  3916 $’E<- ) -@ (%59. 1.9.14). 
 

 
 WLgI OV 1.9.14 –  OdGbHbIIJ  HYgVOGEI O[ QKEUW 
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@YEVUWeIb  dEGHEI IJ  
 
J" ?+  – -)  ,%5( ; )<1 " 93" H05 , %5="+5 %"' " 05 $ %. <)( 0"%"+  <%>( " 3) -56  ,; )0 

9590. +5 P-CAD, - )385059C >( " +, ; . ( 0" 3>3)05 . ; . +. - 05 -)  <%>( " 3)- 1= , ; )01 0) %"$-
3" <505 , %"31<-5 (5  $) <", " +"A"4  D0)0- 56 )30" 0%)9>3) ; @-5 ( 13, B"  ," 90)3; C40@9C 
> 9( ; )<1 P-CAD. 

 

$EGHEI IJ  HO KEXOYEUOYI O[ YOXOUW 
 

1. W538505 0. "%. 058-1 31<" +" 901 <" ; ) ' "%)0" %-"H %" ' " 05. 
2. N03"%505 9,5 9"(  ; ) -K4 A13 (5 . 79: 0;< .net) -)  " 9-" 31 96. +5 5 . 79: 0;< .sch 

(; ) ' "%)0"%-) %"' " 0) u  8). 
3. W5( "%590" 3>4 85 9,5 9"(  ; ) -K4 A13, >, ) ( >3)05 . ; . +. - 05 -)  <%>( " 3) -> ,;) -

0>, Y" %+)0 C( "H $)$- )8. - 5= > <" <)0(> _. 
4.  " $3.905 <%>( " 3) -> ,; )0> $ ", 05+1$)K1E4 ,%"31<- 5( 13 1 , . %. 61<-56  " 03"-

%13, 35( "%590" 3>4 85 )30" 0%)9>3) ; @-5(  QuickRoute. 
5. F1<A" 0>3)05 $310 $ ; ) ' "%)0"%-"H %" ' " 05. 

 
T5L 8.  - )3. <. -"  Y%)A+. -0 " Y" %+; . --C  $310> $ ; ) ' "%)0" %-"H %" ' " 05 u  9 -)  

0. +>: « " ' " 0) $ %. <)( 0"%"+  <%>( " 3) -"H ,; )05, )30" +)058-.  0%)9>3)--C ». 

 
ga k\  a R\  Ta   \ k\ Ra u  9 

 OXOUE d YbHEVUOYON HYgVOGEI O[ QKEUW, EGUONEUWeIb  UYELgGEIIJ  
 

J "?+  24C4?6  – -)  , %5( ; )<1 " 93" H05 , %5=" +5 %" ' " 05 $ %. <)( 0" %"+  <%>( " 3)- "H 
, ; )05 9590. +5 P-CAD. T)385059C >( " +, ; . ( 0" 3>3)05 . ; . +. - 05 -)  <%>( " 3)- 1= , ; )01 1 %"-
$3" <505 , %" 31<-5 (5  $) <" , " +" A"4  D0)0-56 )30" 0%)9>3); @-5( 13, B"  , " 90)3;C4 0@9C > 
9( ; )<1 P-CAD. 

$EGHEIIJ  (GEYREIU 6) 
1. W538505 0. " %. 058-1 31<" +" 901 <" ; ) ' " %)0" %- "H %" ' " 05. 
2. N03" %505 9, 59"(  ; ) -K4 A13 (5 . 79: 0;< .net) -)  " 9- " 31 96. +5 5 . 79: 0;< .sch (; ) ' " %)0"%-

-)  %" ' " 0) u  4). 
3. W5( " %590" 3>4 85 9,5 9"(  ; ) -K4 A13, >, ) ( >3)05 . ; . +. - 05 -)  <%>( " 3)-> , ; )0>, Y" %+)0 

C( "H 3( )$)-5= . 
4.  " $3.905 <%>( " 3)-> , ; )0> $ " , 05+1$)K1E4 , %" 31<-5 ( 13 1 , . %. 61<- 56 " 03" %13, 35( " %5-

90" 3>4 85 )30" 0%)9>3); @-5( QuickRoute. 
5. F1<A" 0>3)05 $310 $ ; ) ' " %)0" %- "H %" ' " 05. 
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 bdgKf UEUW GWVOI EIIJ  KEXOYEUOYI O[ YOXOUW 
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' 0RD?: ?>: W5( " - ) -"  ( %.9; . --C  <%>( " 3)- "H , ; )05, )  9)+. : %" $0)D>3)--C  ( " +," -
- . - 013 1 %" $3. <. --C  <%>( " 3)- "H , ; )05. Z 6" <1 35( " - ) - -C C -)  , %5( ; )<1 " 93" H3 , %5=" +5 
%" ' " 05 $ %. <)( 0" %"+  <%>( " 3)- "H , ; )05 9590. +5 P-CAD 1 - )38539C 3( " +, ; . ( 0" 3>3)05 
. ; . +. - 05 -)  <%>( " 3)- 1= , ; )01 0) %" $3" <505 , %" 31<-5 (5 . 
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. "4 )  " ( D4& @- ) 6 44>  
 

1. r ( 5+5 9," 9" ' )+5 >( )$>4 0@ %"$+1%5 -)  ( %.9; . --1  <%>( " 3) -"H ,; )05? 
2. c"  0) (.  ( "" %<5- )0-)  910()  1 <;C 8"A" 3" -)  - ) -" 950@9C -)  ( %.9; . --C  <%>-

( " 3) - "H ,; )05? 
3. Q;C 8"A" ," 0%1'-1 , . %. 61<-1 " 03"%5 1 <. ," 35--1 %"$0)D" 3>3)059C H6 

K. - 0%5? 
4. r(  1 <;C 8"A" 31<" ' %)L )E0@9C ( " - 0>% <%>( " 3) -"H ,; )05? 
5. r (1 19- >4 0@ 3)%1)- 05 $)3) - 0)L . --C  9,5 9(> ; ) -K4 A13? 
6. r(  %. <)A>E0@9C %"$0)D>3)--C  1 " %1E-0)K1C ," 9)<( " 356 +19K@ ( " +,"- . - 013? 
7. c"  0) (.  9,5 9"(  "' ’E( 013, B"  , . %. ( %53)4 0@9C? 
8. r(  , " 3. %- >05 "' ’E(0 -)  20°? 
9. c"  0) (.  ," ( )L 85(  35<1; . --C  1 3 C( 56 950>)K1C6 ="A" <" 3" <50@9C 35( "%5-

90" 3>3)05? 
10. d5 +" L ; 53" 31<%. <)A>3)05 ," 9)<( " 3. +19K. ' . $," 9.%. <- @" $ %. <) ( 0" %) 

<%>( " 3) - "H ,; )05? 
11. r (1 35 $- )E0. )30" 0%)9>3) ; @-5 (5 , 3' ><" 3) -1 3 P-CAD? 
12. W 8" +> , . %. 3)A) QuickRoute , . %.< 1- D5+5 )30" 0%)9>3) ; @-5 ( )+5? 
13. r (1 ,%"6" <5 0%)9>3)--C  35( " - >4 0@9C $) <%>A5= ,%"61< 1 8" +>? 
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 " $%&(  2 
)  * , - / , 01  

 
2.1 3 / $5 * 7 855:  , &( <, &= 5/?  ) " , * $5/ , &3 5 *%&A5 " = -&  

B( " , &3 & )  / = -  " C3 , " 1 )"5 85 - &3 , " 1) ’E -8  5/?   
-*   " B" - " -8 ? 5 &75/?  = / = -81  

 
  !" ’#!$% !'  ! ) '*+, - /02  3$*57/ '382, 5 85$09 : - ; -!  "=30$' "=>0?=, @0 385"-

*#8+3# 70 ;0 ) 08= $0>A0/ - / 8'"  $0>A’28- ;/ =B 85 ;0 ) 0808-B/ ': / =B 3=38-> , " - *=$5 
%"5?5 "  A;0D-3' ;0 ! ; 0) $=, "=?080"*- //#  '  -$3A*%585D'E >5, =/  A;=7'*#H8+3# A'7"=-
@-//2  / 57' I/0 38' – 07/ 'HE !  03/ 0" /=B A; 0) * -> , #$' 380#8+ A- ; -7 $0/ 38; %$80; 5>= '  
;0 ! ;0 ) / =$5>= $0>A0/- / 8'"  $0>A’2 8- ;/ =B 85 ;0 ) 0808-B/ ': / =B 3=38-> . J 3/ 0" / => 
, *#B0> A'7"=@-//#  / 57'I / 038' $0>A0/- / 8'"  H A'7"=@-//#  / 57'I/0 38' $09 /0?0 EE 
-* ->- / 85. 

L=! / 5: - //#  A0$5! / =$'"  / 57'I/0 38' – 07=/  '!  / 5I 3$*57/ ' , =B -85A'"  A; 0-$8%-
"5//#  3$*575*+/=B 07=/ =D+, >07%* '"  ' $0>A0/- / 8'"  $0>A’2 8- ;/ =B 85 ;0 ) 0808-B-
/ ': / =B 3=38->  % D'*0>%. 

  D'I  : 538=/'  >'38=8+3# >-807=$5 ;0 ! ; 5B%/ $% $'*+$'3/=B A0$5! /= $'" , @0 "=-
$0;=380"%2 8+3# A;= A;0?/0 !%"5//'  / 57'I /0 38', A;= ;0 ! ; 5B%/ $% $0>A*-$8% !5A53-
/=B : 538=/  ' 0) *57/ 5/+ , 5 85$09 A;= 0;?5/ '!5D'E 8-B/ ' : /0?0 0) 3*%?0"%"5//#  8-B/ ': -
/=B !530)'"  $0>A’28- ;/ =B 85 ;0 ) 0808-B/': / =B 3=38-> . N- 807=$5 "=!/ 5: 5H A03*' -
70" / '38+ -85A'"  ;0 ! ; 5B%/ $%, #$=>= / -0) B'7/0  $-; %"58=3# A;=  0D'/ 2 "5//'  (A;0 ?/0 !%-
"5//' ) / 57'I/ 038' $0>A’28- ;/ =B 85 ; 0) 0808-B/ ': / =B 3=38->  /5  3857'#B -3$'! / 0?0 ' 
8-B/ ': / 0?0 A;0 -$8%"5//#  , *#B0> ;0 ! ; 5B%/ $% A0 '/ 8- / 3=" / 038' " '7>0" P%/ $D'0/ 5*+-
/=B ' $0/ 38; %$8="/=B : 538=/ . 

 
" FHI KHL NI OI PQHHS.  I TUWY[ H] I KL ^ I U_ [ O` 

Q57'I/ '38+ $0>A0/- / 8'"  $0>A’2 8- ;/ =B 85 ;0 ) 0808-B/ ': /=B 3=38->  5)0  EB 
0$; ->=B ) *0$'"  ' "%!* '"  – D- >09*=" '38+ "=$0/ %"58= A;08#?0> / -0) B'7/0?0 : 53% !5-
75/'  P%/ $D'E !5 A- " /=B %>0" "=$0;=385/ /# , 8-B/ ': /0?0 0) 3*%?0"%"5//# , ; ->0/ 8%, 
! ) - ; '?5//#  ' 8; 5/ 3A0; 8%"5//# . 

Q57'I / '38+ – D- $0>A*-$3/5  "*538=" '38+ ' !5*-9 /0  " '7 A;=! / 5: - //#  $0>A0-
/ - / 8'"  '  %>0" EE -$3A*%585D'E "0/5 >09-  "$*2 : 58= : 08=;=  3$*570"' : ) - ! " '7>0" / '38+, 
; ->0/ 80A;=758/ '38+, ! ) - ; -9 %"5/ '38+ ' 70"?0" ' : / '38+. 

S- ! " '7>0" / '38+ – "*538=" '38+ $0>A0/- / 8'"  $0>A’28- ; /=B 85 ;0 ) 0808-B/ ': -
/ =B 3=38-> , @0 A0*#?5H "  A;=38030"5/ 038' 70 A0A- ; -79 - //#  ' "=#"*- //#  A;=: =/  
"=/= $/ - //#  " '7>0", A0, $079 - /+  ' %3%/ - /+  EB / 53* '7$'"  , *#B0> A;0"-7- //#  ; ->0/ -
8% ' 8-B0) 3*%?0"%"5/ /# . 

T) - ; -9 %"5/ '38+ – "*538=" '38+ $0>A0/- / 8'"  $0>A’2 8- ; / =B 3=38->  ) - !A- ; - ;" -
/0  ! ) - ; '?58= 3A;5" /=I  ' A;5D- !758/ =I  385/  A;08#?0> ! ) - ; '?5//#  ' A'3*# / +0?0 '  
(5)0) A;= 8; 5/ 3A0; 8%"5/ /' . 

U0"?0" ' : / '38+ – "*538=" '38+ $0>A0/- / 8'"  $0>A’2 8- ;/=B  3=38->  ! ) - ; '?58= 
A;5D- !758/ '38+ 70 / 5385//#  ?;5/ =: /0?0 385/% A;=  "385/0 " *- / 'I  3=38->' . 
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V07'2 , @0 A0*#?5H "  : 538$0" 'I  5)0  A0" / 'I  "8; 58' A;5D- !758/0 38' $0>A0/- / 8'"  
$0>A’2 8- ;/=B  3=38->  '  A;=! "07=8+ 70 / - "=$0/ 5//#  5)0  / -A;5"=*+/0?0 "=$0/ 5/ /#  
8-38'"  ' !575: , / 5!="52 8+  !#$% %' . L '7>0"= !5 3"0E> B5; 5$8- ; 0> A07'*#2 8+ /5  ;5-
A80"'  (; '! $5, 38;= ) $0A07') /5  !>'/5  A5; 5>-8;5) ' A038%A0"'  (!>'/5  A5; 5>-8; '"  70 "=-
B07% !5 / 0; >%). 

T) 'I  – " '7>0"5, @0 35>0%3%"5H8+3#, #$5 "=/= $5H "  ; - !%*+858' 8=>: 530"0 7'2 -
: =B A;=: =/ . 

X/ 8- / 3=" / '38+ " '7>0" B5; 5$8- ;= !%H8+3# " '7/0 , - // #> $'*+$038' - * ->- / 8'" , @0 
" '7>0"=*= "  07=/ =D2 : 53%, 70 $'*+$038' "=;0) '" , @0 A;070"9 %2 8+ !5*=, 58=3# 
3A;5" /= >= 70 A0: 58$% 75/0?0 A;0>'9 $% : 53%, 80) 80 

tN
m
×

=l ,      (2.1.1) 

7- m – $'*+$'38+ "=; 0) '" , @0 " '7>0"=*= !5 : 53 t; 
N – $'*+$'38+ 3A;5" / =B "=; 0) '" . 
X/ 8-/ 3="/ '38+ " '7>0" A;=38; 02  70; '" / 2H 3%>'  '/ 8- / 3=" / 038-I  " '7>0" - * ->-/ -

8'" , @0 385/ 0"*#8+ A;=38; 'I : 

å
=

×=
m

i
ii C

1

l ,     (2.1.2) 

7-  Ci – $'*+$'38+ -* ->- / 8'"  i-?0 8=A% "B'7/0?0 A;=38;02 ; 
l i  – '/ 8- / 3=" / '38+ " '7>0" - * ->- / 8'"  i-?0 8=A%. 
L '7! / 5: =>0 8;=  : 530"'  '/ 8- ; "5*= /5  !0) ; 59 - /0 >% ?;5P'$% (;= 3%/0$  2.1.1): 
1) " '7 0 70 t1 – : 53 A;=;0 ) *- / /#  (A'7"=@-/5  $'*+$'38+ " '7>0" !5 ; 5B%/0$  8-B-
/0*0? ': / =B 7-P-$8'" ); A;08#?0> D+0?0 A; 0>'9 $% : 53% /5  A'7A; =H>38"'  ! 7'I3 -
/ 2 H8+3# 8-B/0*0?': /-  8; - / %"5//#  (A;0?'/ ) "=;0)%, 5 /5  0) ’H$8' – / 5*5?07-
9 - //# , 238%"5//# , 703* '7/5  -$3A*%585D'# "=; 0)%; 
2) " '7 t1 70 t2 – : 53 /0 ; >5*+/0E ; 0) 08= ('/ 8- / 3=" / '38+ " '7>0" A038'I/5 ); 
3) " '7 t2 70 ¥  – : 53 385; '//#  ' P'!=: / 0?0 ! / 03% 7-85*-I  ' "%!* '"  $0>A0/- / 8'"  
$0>A’2 8- ;/=B  3=38-> . 

 
l (t) 

0 t 

A038%A0"'  
; 5A80"'  

 
 ` F[ HI]  2.1.1 – $WOQPHLFab LHaQHF̀ KHI FaL KLc_IK  KLc dWF[ 
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Z0! ; 5B%/0$  / 57'I/0 38' 5A5; 58%;=  A;0"07#8+ 7*# A- ; '07% /0 ; >5*+/0E -$3A*%-
585D'E, #$0>% " '7A0" '75H -$3A0/ - /D'5*+/=I  !5$0/  ?%38=/=  ; 0!A07'*% / 5A; 5D2 "5/ /#  
A0" / '382: 

e
t

tf
×-

×=
ll)( .     (2.1.3) 

X>0" ';/ '38+ ) - ! " '7>0" / 0E ; 0) 08= $0>A0/ - / 8'"  $0>A’2 8- ;/=B  3=38->  (80) 80 
'>0" ';/ '38+ 80?0, @0 /-  ) %7- " '7>0"= "  >-9 5B !575/0?0 / 5A;5D2 "5//# ) !5*-9 =8+ 
" '7 ' / 8- / 3=" /0 38' " '7>0" ' 0A=3%H8+3#: 

1) 7*# ; 5A80"=B " '7>0" !5 -$3A0/- / D'5*+/=>  !5$0/0>  

e
t

tP
×-

=
l

)( ;      (2.1.4 5) 

2) 7*# A038%A0"=B " '7>0" !5 /0 ; >5*+/=>  !5$0/0>  (\ 5%335) 

dt
T

tP e
cp

t

ò
¥

×

-
-

××
=

0

2

)(

2

2

2

1
)( ssp

,    (2.1.4 ) ) 

7- s2 – 7=3A- ; 3'# 3-; -7/ +0?0 / 5A; 5D2 "5//#  A0" / '382, 
Tc(p – 3-; -7/ 'I  : 53 ) - ! " '7>0" / 0E ; 0) 08=. 
U*# ; -9 =>'"  ! ) - ; '?5//#  ' 8; 5/ 3A0; 8%"5/ /#  '>0" '; / '38+ / - "=/= $/ - //#  " '7>0" 

' 3-; -7/ 'I  : 53 / 5A;5D2 "5//#  A0" / '382 "=! / 5: 528+ 5/ 5*0?': /0 , !5>'/ 2 2 :=  / 5A;5-
D2 "5//#  8; ="5* '382 ! ) - ; '?5//#  70 " '7>0"=. 

] - ; -7/ 'I  : 53 >'9  3%3'7/ '>= " '7>0"5>= 5)0  / 5A;5D2 "5//#  /5  " '7>0"% 70; '" -
/ 2H 

l
1

=cpT .      (2.1.5) 

V;=  "=/= $/ - / /'  " '7>0" A;5D- !758/ '38+ A;= 38;02  " '7/ 0"*#H8+3# , *#B0> ;- -
>0/ 8% (%3%/ - //#  / -3A;5" /0 38'). _53 " '7/ 0"* - //#  *   – " - *=: =/5 "=A57$0"5 ' ;0 !A0-
7'* - /5  !5 -$3A0/- / D'5*+/=>  !5$0/ 0>. 

] - ; -7/ 'I  : 53 " '7/ 0"* - //#  *  : 

å
=

=
m

i

i
B m

T
1

t ,      (2.1.6) 

7- t i – : 53, / -0) B'7/=I  /5  "=#"*- //#  '  %3%/ - / /#  i-E " '7>0"=; 
m – $'*+$'38+ " '7>0". 
` 0-P'D'H/8 ?080" /0 38' , - – D- '>0" '; / '38+ 80?0, @0 $0>A0/ - / 8= 0A=/#8+3# "  

A;5D- !758/0 >% 385/'  % ) %7+-#$=I  >0>- /8  : 53%, $; '>  A- ; '07'" , "  #$' EE "=$0;=380"%-
"5//#  /-  A*5/ %H8+3#: 

(
- **

*
K

+
= ,      (2.1.7) 

7- *  – !5?5*+/=I  : 53 3A;5" / 0E ; 0) 08= !5 A- ; '07 -$3A*%585D'E; 
*   – : 53 " '7/ 0"* - //#  !5 D-I  9-  A- ; '07. 
` 0-P'D'H/8 8-B/ ': /0?0 "=$0;= 380"%"5//# : 

.(
*0 ***

*
,

++
= ,     (2.1.8) 

7- *  – : 53 A- ; - ) %"5//#  $0>A0/- / 8'"  $0>A’2 8- ;/=B  3=38->  "  A;5D- !758/ 0>% 
385/' ; 
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* .  – : 53 A;0P'*5$8=$=, ?07.; 
*   – : 53 " '7/ 0"* - //#  (; ->0/ 8%), ?07. 
Z0! ; 5B%/0$  / 57'I/0 38' - * ->- / 8'" , "%!* '"  ' $0>A0/- / 8'"  $0>A’2 8- ;/=B  3=38->  

"  D'*0>% A;0 "07=8+3# 7*# -$3A0/- / D'5*+/ 0?0 !5$0/% ; 0!A07'*% " '7>0" % : 53' (;0! -
; 5B%/ $= 7*# /0 ; >5*+/0?0 !5$0/% 5)0  !5$0/% L- I ) %**5 (!538030"%"5/0?0 7*# "=! /5 -
: - //#  / 57'I/0 38' - * -$8; 0>-B5/ ': /=B -* ->- / 8'" ) ! / 5: /0  3$*57/ ',' ). 

V;0A0/ 0"5/5  >-807=$5 70! "0*#H "=! / 5: =8= $'*+$'3/'  A0$5! / =$= / 57'I/0 38' !  
>-802  %80: / - //# : 

·  "=) 0;% / 5I/ 57'I / ', =B "5; '5/ 8'"  P%/ $D'0/ 5*+/=B -* ->- / 8'" , "%!* '" , ) *0$'"  
' A;=38;0 E"; 

·  "=) 0;% "5; '5/ 8'"  / 5I / 57'I / ', =B $0/ 38; %$8="/ =B >07%* '"  7*# 07/ 'HE >07-*'  
$0>A0/- / 8'"  $0>A’2 8- ;/=B  3=38->  (acT, A5/ -* -I , 38'I0$ , ; 5>, A%*+8'" , 8%>) ); 

·  0D'/ $= $'*+$'3/=B A0$5! / =$'"  / 57'I/0 38'; 
·  "=! / 5: - //#  3$*57% ' $'*+$038' TXV. 
Q0; >%"5//#  ("=! / 5: - //# ) $'*+$'3/=B A0$5! /= $'"  / 57'I / 038' P%/ $D'0/ 5*+/=B 

: 538=/  $0>A0/ - / 8'"  $0>A’2 8- ; /=B 3=38->  (A;=38;0 E", ) *0$'" , "%!* '" , - * ->- / 8'" ) 
A;0"07=8+3# A03* '70" /0  "  A’#8+ -85A'" : >07-*+ (1) – A;= 38; 'I  (2) – ) *0$ (3) – "%!0* 
(4) – P%/ $D'0/ 5*+/=I  - * ->- /8  (5). 

e$ A0$5! /=$  ) - ! " '7>0" / 038' $0>A0/- / 8'"  $0>A’2 8- ; / =B 3=38-> , : =3-*+/-  
! / 5: - //#  #$0?0 A'7*#?5H ;0 !A07'*% >'9  3$*570"=>= : 538=/ 5>=, A;=I >5H8+3# /5 -
A;5D2 "5//#  /5  " '7>0"%. 

e$ A0$5! /= $= / 57'I/0 38' () - ! " '7>0" /0 38') !530) '"  0) : =3*2 "5*+/0E 8-B/ '$=, 
: =3-*+/'  ! / 5: - //#  #$=B A'7*#?52 8+ "385/ 0"*- //2  A;= /0 ; >%"5/ /' , A;=I >528+3#: 
/ 5A; 5D2 "5/ /#  /5  " '7>0"% – 7*# A;=38;0 E", >07%*'" , - * -$8;0/ / =B ' - * -$8; 0>-B5/ ': -
/=B ) *0$'"  5)0  "%!* '" , acT; ' / 8- / 3=" / '38+ " '7>0" – 7*# $0>A*-$8%2 : =B "=;0)'"  
(XN] , cZc). 

 
1 QaI c`]W I eLH]`  HWcLfH I FaL ] I HFaU[ ]e Lf gQT UQTQUK[ KWHHS 

V0: 58$0"'  75/'  7*# ;0 ! ; 5B%/$% A0$5! /= $'"  / 57'I/0 38' 8=A0"=B $0/ 38; %$D'I  
$0>A0/- / 8'"  $0>A’2 8- ;/=B  3=38-> : 

·  A;=/D=A0"5 3B->5 !  !5! / 5: - // #> 8=A% 7-85*-I , @0 "B07#8+ "  / -E; 
·  ; -9 =>= ; 0) 08= "3'B 7-85*-I  (- * -$8;= : /' , $* '>58=: /'  '  >-B5/ ' : /' ); 
·  ! / 5: - //#  '/ 8- / 3=" /0 38' " '7>0" %3'B 8=A'"  7-85*-I  A;=  P5$8=: / =B ' /0 >'/5 -

*+/=B ; -9 =>5B; 
·  ! / 5: - //#  3-; -7/ +0?0 : 53% ) - ! " '7>0" /0E ; 0) 08=; 
·  7=3A- ; 3'# 7*# - * ->- / 8'" , 3B=*+/=B 70 A038%A0"=B " '7>0". 
U*# 8=A0"=B $0/ 38; %$D'I  ; ' ! /0?0 ; '" /#  ;0 ! ; 5B0"%2 8+ 85$' A0$5! /= $=: 
·  ' / 8- / 3=" / '38+ " '7>0" 7*# 8=A0"0?0 -* ->- / 85 !5>'/= ; 
·  ' / 8- / 3=" / '38+ " '7>0" ' / 5A;5D2 "5//#  /5  " '7>0"% 7*# A5/ -*'  () *0$5); 
·  ' / 8- / 3=" / '38+ " '7>0", / 5A;5D2 "5//#  /5  " '7>0"% ' 3-; -7/ 'I  : 53 " '7/ 0"* - //#  

7*# ; 5>=, 38'I $=. 
] %>5;/5  '/ 8- / 3=" / '38+ " '7>0" 8=A0"0E $0/ 38; %$D'E: 

ni

N

i
i
×= å

=1
ll , (2.1.9) 

7- N – $'*+$'38+ 8=A'"  - * ->- / 8'" ; 
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l i ' ni – '/ 8- / 3=" / '38+ " '7>0" ' $'*+$'38+ -* ->- / 8'"  i-?0 8=A%. 
Q5A;5D2 "5/ /#  /5  " '7>0"% A;=38;02 : 

l
1

=oT .      (2.1.10) 

X/ 8- / 3=" / '38+ " '7>0" $0>A*-$8%2 : =B -* ->- / 8'"  H EB A0: 58$0"02  B5; 5$8- ;=3-
8=$02  / 57'I/0 38', !5*-9 =8+ " '7 ; -9 =>% ; 0) 08= ' 38%A-/#  "5?= 85$=B !0" / ', / 'B 7'I , 
#$ 8->A- ; 58%;5, 8-A*0"=I  %75; , "0?$'38+, " ' ) ; 5D'E, * '/ 'I /'  A;=3$0; - //# , %75;= , ;5 -
7'5D'# 80@0, EE >09 /5  !5A=358=: 

 

...*(E KKKK ××= ,     (2.1.11) 

7- , 1 – $0-P'D'H/8  - * -$8; =: /0?0 / 5"5/ 859 - //# , @0 "=! / 5: 5H8+3# !5 85) *=-
D-2  2.1.3; 

,   – $0-P'D'H/8  : 530"0?0 / 5"5/ 859 - //# ; 
, 3  – A0A;5"$0"=I  $0-P'D'H/8 , @0 " ; 5B0"%H ; -9 =>= ;0 ) 08= ' %>0"= -$3A*%5-

85D'E. 
U*# %; 5B%"5/ /#  "A*="% ; -9=>% ;0 ) 08= /5  '/ 8- / 3="/ '38+ " '7>0" - * -$8;0 ; 57'0-

- * ->- / 8'"  " "07#8+ $0-P'D'H/8 / 5"5/ 859 - / /# : 

5%$

68:
; <

<
K = ,       (2.1.12) 

@0 70; '" / 2H " '7/0 , - //2  / 5"5/ 859 - //#  "  ;0 ) 0: 0>% ; -9 =>'  70 / 5"5/ 859 -/ -
/#  "  /0 >'/ 5*+/ 0>% ; -9 =>' . 

` 0-P'D'H/8 / 5"5/ 859 - //#  7*# 8; 5/ !=380; '" : 

5%$>

68:>
$6? @

@
,

.

.
1 = , 

5%$?>

68:?>
$6? U

U
,

..

..
2 = .   (2.1.13) 

` 0-P'D'H/8 / 5"5/ 859 - //#  7*# ; - !=380; '" : 

5%$

68:
? @

@
, =.;. .       (2.1.14) 

` 0-P'D'H/8 / 5"5/ 859 - //#  7*# $0/ 7- / 3580; '" : 

5%$

68:
>? U

U
, =.. .       (2.1.15) 

` 0-P'D'H/8= / 5"5/ 859 - //#  7*# 7'07'" : 

..

..
2

5%$%:6

68:%:6
#? U

U
, = , 

..

..
1

5%$.6

68:.6
#? I

I
, = .    (2.1.16) 

` 0-P'D'H/8= / 5"5/ 859 - //#  7*# 8; 5/ 3P0; >580; '" : 

..

..
..

5%$i

68:i
36? J

J
, = ,     (2.1.17) 

7- Ji – ?%38=/5 38; %>% "  i-I  0)> 08D'. 
T5*-9 / '38+ " '7/0 3/ 0E '/ 8- / 3=" /0 38' " '7>0" " '7 %>0" ; 0) 08= 7*# 8; 5/ !=380; '" , 

; - !=380; '" , $0/ 7- / 3580; '" , 7'07'"  85 8; 5/ 3P0; >580; '"  !0) ; 59 - /5  /5  ;= 3%/ $% 2.1.2. 



 111 

L'7/0 3/5  '/ 8- / 3=" / '38+ " '7>0" X] !>'/ 2 "58=>-8+3# !5*-9 /0  " '7 $0-P'D'H/ 85 
/ 5"5/ 859 - //#  ' 8->A- ; 58%;=  (;= 3%/ 0$ 2.1.3). 

a-A*0"=I  ; -9 => '/ 8-?;5*+/=B 3B->  ! / 5: /0  "A*="5H /5  EB '/ 8- / 3=" / '38+ " '7-
>0". L '7/0 3/5  '/ 8- / 3=" / '38+ " '7>0" X] A;= EB -$3A*%585D'E !5*-9 =8+ " '7 8->A- ; 58%-
;= , 80)80 A0A;5"$0"0?0 $0-P'D'H/85 A0 8->A- ; 58%;'. U*# 0) * '$% ; -9 =>% ; 0) 08= '/ -
8-?;5*+/0E >'$;0 3B->= " "07#8+ $0-P'D'H/8 , @0 0D'/ 2H " '7A0" '7/0  70 : 530"0E 7'5?-
; 5>= 7'2  /5  / -E 3=?/5* '"  " - ;B/ +0?0 ' / =9 / +0?0 ; '" / '"  " '7/0 3/0  /0 >'/ 5*+/0?0 ;- -
9 =>% (, BD). 

 

 0      0,2            0,6             1,0      Ke

 l
lo

=` a                    600]          500] 400]

300]
200]

5) 8; 5/ !=380;=

) ) ; - !=380;=
 l
lo

               
600]

500]

400]
300]
200]

1,6

0,8

2,4
2,0

1,6

1,0

0,4

0

0,2            0,4            0,6            0,8              1
Ke

" ) $0/ 7-/35 80;=
 l
lo 600]

500]
400]
300]
200]

1,6

1,2

0,8

0,6

0
              0,2           0,4          0,6       0,8       1 Ke

 0,2       0,4        0,6        0,8       1      Ke

500]
400]
300]
200]

?) 7'07= (385) '* '! 580;= , 0A8;0 /= )
 l
lo

1,2

0,8

0

600]

= !

=KT

=KT

 

l
lo
8

6

4

2

0
              0,2                        0,6                        1    Ke

60oC

50oC

40oC

30oC

20oC

7) 8; 5/ 3P0; >580;= (7;0 3-*' )

=KT

  

 
 ` F[ HI]  2.1.2 – $WOQPHLFab KLcHI FHIh LHaQHF̀ KHI FaL 8 8  KLc [_IK  UIg I a`  
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0     25       45       65       85       105       t    oC

l
lo
15

10

5

1

=`8

 
 ` F[ HI]  2.1.3 – $WOQPHLFab KLcHI FHIh LHaQHF̀ KHI FaL KLc_IK  LHaQj UWObH`Y FYQ_  

KLc aQ_NQUWa[ U` 
 

Q5 A0: 58$0"=B -85A5B A;0-$8%"5//#  "A*=" !0" / ' , / 'B 7'I  /5  '/ 8- / 3=" / '38+ 
" '7>0" 7*# $0>A0/- / 8'"  $0>A’2 8- ; / =B 3=38->  ; '! /0?0 A;=! / 5: - //#  >09 /5  " ; 5B0-
"%"58= !5 70A0>0?02 '/ 8-?; 5*+/0?0 A0A;5"$0"0?0 $0-P'D'H/ 85: 

O
*K

l
l

= ,     (2.1.18) 

7- l .6% – '/ 8- / 3=" / '38+ " '7>0" - * ->- / 8'"  !5 /0; >5*+/=B %>0" ;0 ) 08= (8->A- ;5 -
8%;5 3-; -70"=@5 *  = (25±10)°] , 58>03P- ;/=I  8=3$ – 760±30 >> ;8. 38.; " '7/0 3/5  
"0?$'38+ – (65±15) %. 

 
 I TUWY[ HI]  HWcLfH I FaL a`NI KI jI  QOQ_QHaW TW_LH` 

 
a=A0"=I  - * ->- /8  !5>'/=  (acT) – $0/ 38; %$8="/5  07=/=D#, @0 3*%9 =8+ 7*# 

- * -$8;= : / 0?0 0) ’H7/ 5//#  '/ 8-?; 5*+/=B 3B->  ' - * -$8; =: /=B $0>A0/- / 8'" . L=! / 5:5 -
2 8+ '/ 8- / 3=" / '38+ " '7>0" acT !5 P0; >%*02  

k

R

k
kj

m

j
jji

p

i
ii nnknk ×+××+××= ååå

=== 111

llll ,    (2.1.19) 

7- l i – '/ 8- / 3=" / '38+ " '7>0" - * ->- / 8'"  i-?0 8=A% (cZc 5)0  3A-D-*->- / 8=); 
l j – '/ 8- / 3=" / '38+ " '7>0" - * ->- / 8'"  j-?0 8=A% ('/ 8-?;5*+/'  3B->=); 
l i – '/ 8- / 3=" / '38+ " '7>0" - * ->- / 8'"  $0/ 38; %$D'E acT (A5#//# , ! "5; 2 "5//# , 

/ 5$; %8$5, >-85* ' !0"5/'  08"0;= , 7; %$0"5/'  A;0" '7/ =$=, 7; %$0"5/5  A*585 "  D'*0>%); 
Ki, Kj – $0-P'D'H/ 8=, @0 " ; 5B0"%2 8+ " '7>'/ / '38+ "  '/ 8- / 3=" /0 38#B " '7>0" 

- * ->- / 8'"  i-?0 ' j-?0 8=A'"  " '7A0" '7/0  A;=  7'E /5  /=B -* -$8; =: / =B / 5"5/ 859 -/+  " - ;B-
/ +0?0 5)0  /= 9 / +0?0 ; '" / '" , ! >'// =B " '7A0" '7/0  70 : 530"0E 7'5?;5>= acT;  

ni, nj, nk – $'*+$'38+ -* ->- / 8'"  i-?0, j-?0 ' k-?0 8=A%, " '7A0" '7/0 ;  
n, m, R – $'*+$'38+ 8=A'"  - * ->- / 8'"  % acT. 
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 I TUWY[ HI]  HWcLfH I FaL NWHQOL (gOI ]W) 
 

L=! / 5: 52 8+ '/ 8- / 3=" / '38+ " '7>0" A5/ -*'  !5 P0; >%*02  

i

n

k
ii

m

j
Fi

p

i
3 ?G nnN ×+×+×= ååå

=== 111

llll ,   (2.1.20) 

7- l 3 ?G  – '/ 8- / 3=" / '38+ " '7>0" acT, ?07.; 
Ni – $'*+$'38+ 07/ 08=A/=B acT, ,8 .; 
l #% – '/ 8- / 3=" / '38+ " '7>0" - * ->- / 8'"  $0/ 38; %$D'E A5/ -*'  (7; %$0"5/5  A*585 "  

D'*0>%, ;0! ’H> 7*# ! ’H7/ 5//#  !  acT, A5#/ /# , / 5$; %8$5, >-85* '! 0"5/=I  08" '; , $5; $53 
A5/ -*' ); 

ni – $'*+$'38+ -* ->- / 8'"  $0/ 38; %$D'E; 
l i – '/ 8- / 3=" / '38+ " '7>0" - * ->- / 8'"  i-?0 8=A%, "385/ 0"*2 "5/=B /5  A5/ -*'   

("  ) *0D'). 
L=! / 5: 52 8+ / 5A;5D2 "5/ /#  /5  " '7>0"% A5/ -*' : 

.
oT

l
1

= .      (2.1.21) 

X>0" ';/ '38+ ) - ! " '7>0" / 0E ; 0) 08= A;=38;02  7*# ; 5A80"=B " '7>0" 7*# "=A57$% 
/ 5"5/ 859 - /0?0 ; - ! - ; "% '!  !5?5*+/ => ; - ! - ; "%"5/ / #> %3+0?0 A;=38; 02  "  D'*0>% ) -!  
" '7/ 0"* - //#  A;=38;02 , @0 " '7>0"=", "=! / 5: =>0 !  P0; >%*= (2.1.4 5): 

e
t

tP
×-

=
l

)( ,     (2.1.22) 

7- t – : 53 "=A;0) %"5/+  /5  ) - ! " '7>0" / '38+. 

 
)  * , - /758  $* 3%* 5 5:  

 
 " $& – / 5" : =8=3# ;0 ! ; 5B0"%"58= 03/0 " /'  A0$5! /= $= / 57'I/0 38', A;0"07=8= 

"=) ';  / 5I / 57'I / ', =B $0/ 38; %$8="/ =B >07%*'"  $0>A0/ - / 8'"  $0>A’2 8- ;/ =B 3=38-> , 
0D'/ 2 "58= $'*+$'3/'  A0$5! / =$= / 57'I / 038'. 

 

$WKcWHHS cI  OWgI UWaI UHIh UIgI a`  
1. J8; =>58= !5"75//#  % "=$*575:5  '  !5 !575/=>  "5; '5/ 80> "=$0/ 58= ;0 ! ;5 -

B%/ $= $'*+$'3/ =B A0$5! /= $'"  / 57'I/0 38' 7*# acT % / 538%A/ 'I  A03* '70" /0 38'. 
2. ` 0-P'D'H/8=, @0 " ; 5B0"%2 8+ ; -9 =>= ; 0) 08= $0>A0/- / 8'"  ($0-P'D'H/ 8= 

/ 5"5/ 859 - //# ), % D'I  ; 0) 08' A;=I/ #8= !?'7/0  !  85) *=D-2  2.1.3. ̀ 0-P'D'H/8  : 530"0?0 
/ 5"5/ 859 - //#  acT A;=I/ #8= K =1. 

3. T5 !575/ 02  7*# $09 / 0?0 "5; '5/ 85 8->A- ; 58%;02  "  85) *=D' 2.1.2 '  !5 ?; 5P'-
$5>= "=! / 5: =8= A0A;5"$0"'  $0-P'D'H/8= , 3  7*# ; - !=380; '" , $0/ 7- / 3580; '" , 7'07'" , 
385) '* '8;0 / '" , 8; 5/ !=380; '" , 8; 5/ 3P0; >580; '" , 7;0 3-* '"  – 7*# '/ 8-?;5*+/=B >'$;0 -
3B-> . T5A0"/= 8= 85) *=D2 2.1.1. 

4. L=! / 5: =8= '/ 8- / 3=" /0 38' " '7>0" - * ->- / 8'"  !  %; 5B%"5// #> $0-P'D'H/ 8'"   
K?, ,   ' K3 . 

5. T/ 5I 8= '/ 8- / 3=" / '38+ " '7>0" acT. 
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6. T5 !575/=>  "5; '5/ 80> ' !5 P0; >%*5>= (2.1.21), (2.1.4 5) "=$0/ 58= ;0 ! ; 5B%-
/ $= A0$5! / =$'"  / 57'I /0 38' * % ' @(t) 7*# acT. 

7. L-*=: =/% '>0" ';/0 38' ) - ! " '7>0" /0E ;0 ) 08= ;0 ! ; 5B%"58= '!  !575/0 ?0 : 53% 
"=A;0) %"5/+  /5  ) - ! " '7>0" / '38+ (t). 

8. T5 / 5#" /= >= A0: 58$0"=>= 75/ =>=, 5 85$09, $0;=38%2 : =3+ 85) *=D#>= 
2.1.1 '  2.1.3, ;0 ! ; 5B%"58= '>0" ';/ '38+ ) - ! " '7>0" /0E ; 0) 08= P(t) 7*# >'/ '>5*+/0E, 3--
; -7/ +0E ' >5$3=>5*+/0E '/ 8-/ 3="/0 38' " '7>0" !  $;0 $0> t ?07=//= $5 A;0 8#?0> 3- ; -7-
/ +0?0 : 53%, / 5A;5D2 "5//#  /5  " '7>0"%. Z0! ; 5B%/0$  A;0"07=8+3# !5 70A0>0?02 A;0-
?;5>= RELIABLE.EXE. T5 08; =>5/= >= ; - !%*+8585>= A0) %7%"58= ?;5P'$ P(t)max, 
P(t)sr, P(t)min. 

9. Z0! ; 5B%/ $0"'  ! / 5: - //#  A0$5! / =$'"  / 57'I /0 38' A0; '" / #8= !  A0$5! /= $5>=, 
"385/ 0"*- / =>= 8-B/ ': / => !5"75// #>. U58= 5/ 5* '!  08; =>5/=B ; - !%*+858'" . T;0) =8= 
"=3/0 "$= A;0 / -0) B'7/ '38+ A'7"=@-/ /#  / 57'I / 038' ' !5A;0A0/ %"58= , *#B= EE "=;' -
, - //# , $- ; %2 : =3+ 75/ =>= 85) *=D' 2.1.4 ' 3A030) 5>=, !5A;0A0/0 "5/ =>= "  [1] ("=$0-
;= 385//#  )' *+,  / 57'I/=B  -* ->- / 8'" , /= !+$0'/ 8- / 3=" /'  (A0 " '7>0"5B) 3A030)=  >0/ -
859%, 38; %$8%;/-  ; - ! - ; "%"5//#  (A0-*->- / 8/- , A03* '70" /-  ' A5; 5*-*+/- )). 

10. J P0; >=8= ! " '8 !  *5) 0; 580;/ 0E ;0 ) 08=. 
 
a5) *=D# 2.1.1 – ) I dWa] I KL cWHL cOS UI TUWY[H][  HWcLf HI FaL -8$  

5 Wf _QH[KWHHS 
QOQ_QHaLK 

, LOb] LFab QOQ_QHaLK [  -8$ , Ni, ka  

3WULWHa`   
TWKcWHb 

- Q_NQUWa[ UH`f  
] I Q̂ LeLl Ha  

( $ =l /l 0 1;6 2;7 3;8 4;9 5;10 Ni Ni·l sr·10-6, d-1 

X/ 8-?; 5*+/'   
>'$; 03B->= 

 40 62 53 28 15   

a; 5/!= 380;=   2 3 3 2 8   

U'07=  2 3 3 2 6   

J A80A5;5 — 2 3 3 2 —   
] 85) '* '8; 0/=   3 4 5 2 —   

Z- !=380;=   22 21 18 12 20   

` 0/ 7- / 3580;=   11 18 12 10 15   

T’H7/ %"5:'  — 4 4 4 4 2   

U; 03-*'   2 3 4 5 4   

a; 5/ 3P0; >580;   1 2 3 4 2   

V5#//#  — 
L=!/ 5:=8= $'*+$'38+  

A5#/+  !5 3"0E>=  
-* -$8; =: /= >= 3B->5>= 

  

U; %$0"5/5  A*585 
(/5  1 , 5; ) 

— 1 2 5 4 3   

X/ ,'  — 3 4 4 3 3   
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a5) *=D# 2.1.2 – ) I dWa] I KL cWHL cOS UI TUWY[H][  HWcLf HI FaL NWHQOL (gOI ]W) 

m  
KWUL-
WHaW 

) QUQNWc 
aQ_NQUWa[U, 

D)+  °=  

=QUQcHLf dWF  
HWNUWen KWHHS  

HW KLc_IK[  NI -$  -8$  
(NOWaW a`NIKI jI   

QOQ_QHaW TW_LH`),  
j Ic . 

7 WF K̀ NUIg[KWHb  
HW gQTKLc_IK HLFab 

t, j Ic . 

 I TUWY[ H] IKL  
NI ] WTH`]`   
HWcLfH I FaL, 

l ·10-6, j Ic .-1; T+, j Ic .; 
- (t) 

1 
2 

20 
50 

10 000 
200 
250 

 

3 
4 
5 

30 
40 
20 

15 000 
300 
350 
400 

 

6 
7 
8 

30 
20 
40 

8 000 
100 
150 
550 

 

9 
10 

40 
30 

5 000 
50 
500 

 

 
a5) *=D# 2.1.3 – ) I dWa] I KL cWHL cOS UI TUWY[ H][  L_ I KLUHI FaL gQTKLc_I KHIh 

UIgI a`  
&HaQHF̀ KHLFab KLc_IK , 

l ·10-6, j Ic .-1 
, I Q̂ LeLl Ha 

8OQ_QHa 
l min l sr l max 5 WKWHaWPQHHS, ( /  

g >0; 8=!5D'E 3,2 1,0 0,3  
g / 8- /5  (>5?/ '8/5 , 8-* -3$0A': /5 ) 1,4 1,0 0,3  
L="07= "=30$0:53808/'  4,2 2,6 1,1  
L=>=$5:'  (/5  07=/  $0/ 85$8) 0,4 0,14 0,05 1,0 
L=A;#>*#:'  0,8 0,6 0,3 0,9 
\ %: / 0>0"D' 7=/ 5>': /'  10,0 3,0 1,0 0,3 
U58: =$= (8->A-; 58%;= , "0?$038' ...) 6,4 3,3 1,5  
U'07= 1,4 0,2 0,02 0,6* 
U; 03-*'  1,0 0,1 0,05 0,6* 
T58=3$= ($*->=) 0,001 0,0005 0,0003 0,8 
X/ 7=$580; /'  A; =*57= 0,4 0,1 0,07 0,9 
U9 -; -*5 9 ="*- //#  300 5,0 0,3 1,2 
` 5) -*'  (7; 08=) /5  1 A0?0//=I  >-8;  0,17 0,02 0,002 1,0 
` 08%, $= '/ 7%$8=" / 038' 1,0 0,2 0,01 0,8 
` 0/ 7- / 3580;=  3,0 0,6 0,006 0,7* 
` 0/ 85$8= (/5  07=/ , ?- ; $0/= , 3-/ 30;= ) 0,4 0,25 0,1 0,8 
` 0; A%3 (, 53', A5/ -*+) 2,0 0,6 0,03 1,0 
i 5>A0: $= ; 0!9 5; 2 "5//#  (A'73" ': %"5//# ) 1,5 0,5 0,02 0,8 
N '$; 03B->= 1,5 0,1 0,05 * 
N %P8= -* -$8; 0>5?/ '8/'  0,9 0,6 0,45  
J A80A5;=  (0A808; 0/= ) 0,8 0,01 0,004 0,7 
V5#//#  3A0*%: /-  0,04 0,001 0,0002 1,0 
V- ; ->=$5:'  (/5  07/% $/ 0A$%), 8%>) *- ;= , $/ 0A$= 5,0 0,1 0,05 0,5 
V*585 7; %$0"5/5  (/5  07=/  , 5; ) 1,5 0,1 0,05 1,0 
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V;0 70"9 - //#  85)* . 2.1.3 
&HaQHF̀ KHLFab KLc_IK , 

l ·10-6, j Ic .-1 
, I Q̂ LeLl Ha 

8OQ_QHa 
l min l sr l max 5 WKWHaWPQHHS, ( /  

V08- /D'0>-8;=  12,5 3,0 0,7  
T5A0) '9 /=$  A*5"$=I  0,8 0,5 0,3 0,2 
X/ ,'  9,6 1,0 0,2 0,5 
Z- !=380;=  2,2 0,2 0,004 0,6* 
Z-*-  -* -$8; 0>5?/ '8/'  (/5  1 $0/ 85$8) 0,5 0,2 0,02 1,1 
Z0! -8$= (?/ '!75) 3A0*%: /'  0,3 0,1 0,05 1,0 
] " '8*07'07= (P080-*->- / 8=) 0,1 0,08 0,05 0,85 
T’H7/ 5//#  ?/ %: $' 1,3 0,7 0,03  
T’H7/ 5//#  90; 38$' 0,05 0,02 0,01  
T’H7/ 5//#  >-B5/ ': /'  2,0 0,02 0,01 1,0 
T’H7/ 5//#  / 5$; %8$02  0,005 0,0001 0,0001 1,0 
T’H7/ 5//#  , 5; / '; /'  4,0 2,4 0,8  
] 85) '* '8; 0/=  0,9 0,5 0,2 0,6* 
a=; =380;=  0,6 0,2 0,1 0,9 
a; 5/ 3P0; >580;=  7,0 0,2 0,07 0,6* 
a; 5/!= 380;=  4,5 0,4 0,2 0,8* 
j 8-A3-*+/'  ; 0!’H>= 7*# 7; %$0"5/ 0?0 >0/ 859% 0,7 0,17 0,03 0,5 
c*-$8; 07"=?%/=  7,5 0,62 0,15 0,6 
c*->- / 8= $; 'A=*+/'  ' >0/ 859 /'  0,4 0,02 0,01  

* L=!/ 5:=8= K3  7*# !575/ 0?0 "5; '5/ 85 8->A-; 58%;=  "  85) *=D' 2.1.2. 
 
a5) *=D# 2.1.4 – &_ I KLUHLFab gQTKLc_I KHIh UI gI a`  QOQ] aÙ dH̀ Y FYQ_  

TWOQPHI KLc ] WaQj I ULf KLc_ IK L HI U_ hY LHaQHF̀ KHI FaL 
 

&_IK LUHLFab gQTKLc_IK HIh UIgI a`  -  % 
NU  ̀dWFL UIgI a` , j Ic . , WaQj I ULh  

KLc_IK  

" ULl HaI KHL  
HI U_`   

LHaQHF̀ KHI FaL 
KLc_IK , 

l ·10-6, j Ic .-1 100 500 1000 5000 10000 

T / - !/ 5: / =>  
! ) =8$0> 50̧ 200 99,5̧ 98,0 97,5̧ 90,5 95̧ 82 78̧ 37 90̧ 61 

X! ! / 5: /=>   
! ) =8$0> 

10̧ 50 99,9̧ 99,5 99,5̧ 97,5 99̧ 95 95̧ 78 90̧ 60 

L '7>0"=,  
@0 A; =!"07#8+  

70 5"5; 'E 
0,4̧ 1 99,99̧ 99,999 — 99,99̧ 99,9 — 99,9̧ 99 

 
, "5 -  " ( <5& ) / - * 5 5:  

 
1. ]P 0; >%*2 I 8- A0/#88# '/ 8- / 3=" /0 38' " '7>0" 7*# A;= 38;02 . 
2. L #$=B 07=/=D#B "=>'; 2 H8+3# '/ 8- / 3=" / '38+ " '7>0"? 
3. _=> H / 5A;5D2 "5/ /#  /5  " '7>0"%? 
4. V0/ #88# ! ) 02 , / 5A;5D2 "5//#  /5  ! ) 'I . 
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5. L=$0;=380"%2 :=  ?;5P'$ !5*-9 /0 38' '/ 8- / 3=" /0 38' " '7>0" "=; 0)% " '7 : 53%, 
75I 8- "=! / 5: - //#  8; +0B B5; 5$8- ; / =B : 530"=B ' / 8- ; "5* '" . 

6. a-B/0*0?': /-  8; - / %"5//#  "%!* '"  ' ) *0$'"  $0>A0/- / 8'"  $0>A’2 8- ;/=B  3=3-
8-> , EE A;=! / 5: - //# , A0;#70$ A;0"-7- //# . N- 807= 0D'/ 2 "5//#  : 53% 8-B-
/0*0? ': / 0?0 A;0?0/%. 

7. Z->0/ 80A;=758/ '38+ $0>A0/ - / 8'"  $0>A’2 8- ;/=B  3=38-> . a-B/ ' : /'  B5; 5$-
8- ;= 38=$= ; ->0/ 80A;=758/0 38'. 

8. a-B/ ': /-  0) 3*%?0"%"5//#  "%!* '"  ' ) *0$'"  $0>A0/- / 8'"  $0>A’2 8- ;/=B  3=3-
8-> , I 0?0 A;=! / 5: - //# , A0;#70$ A;0"-7- / /# . 

9. TXV, I0?0 A;=! / 5: - //# , "=$0;=380"%"5/ /#  "  A;0D-3' -$3A*%585D'E. 
10. T : 0?0 3$*575H8+3# : 53 " '7/ 0"* - //#  A;=38;02 ? 
11. e$ "=! / 5: 5H8+3# '>0" '; / '38+ ) - ! " '7>0" / 0E ;0 ) 08=? 
12. e$' -$3A*%585D'I/'  A0$5! / =$= $0>A0/ - / 8'"  $0>A’2 8- ; / =B 3=38->  B5; 5$8--

;= !%2 8+ $0-P'D'H/8  ?080" / 038', $0-P'D'H/8 8-B/ ': / 0?0 "=$0; =380"%"5/ /# ? 
13. N- 807= A'7"=@-//#  / 57'I/0 38'. 
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2.2  " $ *? 0 5",  -8 ) ( " 3 /?   8o / 1 &3 B( " , &3 , " 1) ’E -8  5/?   
-*   " B" - " -8 ? 5 &75/?  = / = -81  

 
_- ; -!  A;5$8=: /% / ->09 *=" '38+ /-  8'*+$= "=; ', - //# , 5*-  I  3$*575//#  A0" /0E 

3=38->= ; '" / #/+  8-A*00)>' /% 70"07=8+3# A;0D-3=, @0 " '7) %"528+3# "  ) *0D' 
$0>A’2 8- ;5 , 3B->58=!%"58=, A;=I >52:=  ; #7 3A;0@%"5*+/=B A- ; -7%>0". L=B07#:=  
!  85$0E >07-*' , ;0 ! ; 5B%/0$  8-A*0"0?0 ; -9 =>% ) *0$5 $0>A’2 8- ;5  A0*#?5H % "=! /5 -
: - //'  !5 - * -$8;= : /= >=, $0/ 38; %$8="/= >= 75/= >= ' A5; 5>-8; 5>= / 5"$0*=, / +0?0 
3-; -70"=@5 8->A- ; 58%; / 5?;'80E !0/= , A0"- ;B0/+  - * ->- / 8'" , A0" '8;# , $0;A%3% 80@0. 

L=)';  8=A% 0B0*079 -/ /#  A;0"07=8+3# !5 75/=>  A-; -?; '"0> DT ' A=80>=> 8-A-
*0"=> / 5"5/ 859 - // #> (A08%9 / '382 ; 0!3'2 "5//# ) qk !5 ?;5P'$0> (;= 3%/0$  2.2.1). 

 
DT, K 

1 
2 

3 
4 

5 
6 

7 
8 

3 4 5 6 7 

lg(qk) 

100 

200 

300 

 
 ` F[ HI]  2.2.1 – 3 ` c`  I YIOI cPQHHS 

 
- QNOI K̀ f  UQP`_  gOI ]W K j QU_Qa` dHI _[  ] I UN[ FL 

 
L=! / 5: 5*+/ =>= A5; 5>-8; 5>= 7*# ;0 ! ; 5B%/ $% H A=80>'  A08%9 /0 38' ;0 !3'2 -

"5//#  ) *0$5 A;=* 57% "  D'*0>% ' / 5?; '80E !0/=  q> ' qG  " '7A0" '7/0 : 

R

O
K S

P
q = ; 

H

H
H S

P
q = ,     (2.2.1) 

7- @% – ; 0!3'2 "5/5  A08%9 / '38+; 
S> – A*0@5 A0"- ; B/'  $0; A%3% ) *0$5 `J NV ’k acZg 

))21(321(2 LLLLLS, +×+××= ,    (2.2.2) 

7- L1, L2, L3 – " '7A0" '7/0  70"9 =/5, , =;=/5 , "=3085 03/0 "= ) *0$5 $0>A’2 8- ;5 ; 
SG – %>0"/5  " - *=: =/5 A0"- ;B/'  / 5?;'80E !0/=  

))21(321(2 LL,LLLS HH +××+××= ,    (2.2.3) 

7- KG – $0-P'D'H/8 !5A0" / - //#  0) ’H>%. 
L !5?5*+/ 0>% "=A57$% A- ; -?;'"  $0; A%3% ?- ; >-8=: /0?0 ) *0$5 $0>A’2 8- ;5 , @0 

A;5D2H "  /0 ; >5*+/=B $* '>58=: / =B %>0"5B, " '7/0 3/0  / 5"$0*=, / +0?0 3-; -70"=@5 
"=! / 5: 5H8+3# !5*-9 / '382 

3623 103127,0102962,01472,01 ,,, qqqV ××+××-×= -- ,  (2.2.4) 
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7- q> – A=80>5 A08%9 / '38+, L8/>2. V-; -?;'"  / 5?;'80E !0/=  "=! / 5: 5H8+3# 5/ 5*0?': -
/02  !5*-9 / '382: 

3623 100698,0101223,01390,01 HHH qqqV ××+××-×= -- .  (2.2.5) 

T>'/5  58>03P- ;/0 ?0 8=3$% !! 0" /'  $0; A%3% "A*="5H /5  A- ; -?;'"  $0;A%3% ) *0$5 
$0>A’2 8- ;5  @070 8->A- ; 58%;=  / 5"$0*=, / +0?0 A0" '8;# , 5 %3-; -7=/'  $0; A%3% – /5  
A- ; -?;'"  / 5?; '80E !0/=  @070 8->A- ; 58%;=  $0; A%3% ) *0$5 $0>A’2 8- ;5 . L=B07#:=  !  
D+0?0, A- ; -?;'"  / 5?; '80E !0/=  "  !5?5*+/ 0>% "=A57$% "=! / 5: 5H8+3# #$ 

2)12(11 K5VVK5VVH ×-+×= ,    (2.2.6) 

7- A- ; , => 7075/ $0> H A- ; -?; '"  $0; A%3% V>=V1·K51. 
` 0-P'D'H/8 K51 "=! / 5: 5H8+3# 8=3$0> A0" '8;#  !! 0" /'  ) *0$5 $0>A’2 8- ;5 : 

1106,4925,0
1

82,01
5 H

K5
××+

+=
- ,    (2.2.7) 

5 K52 !5*-9 =8+ " '7 8=3$% 3-; -70"=@5 %3-; -7=/'  ) *0$5 $0>A’2 8- ;5 : 

2108,325,1
1

80,02
6 H

K5
××+

+=
- ,    (2.2.8) 

7- H1 ' H2 – 58>03P- ;/=I  8=3$, N V5, !! 0" /'  '  %3-; -7=/'  ) *0$5 $0>A’2 8- ;5  " '7-
A0" '7/0 . 

T5 08; =>5/= >= 75/ =>= "=! / 5: 52 8+ A- ; -?; '"  A0" '8;#  "  ) *0D' (A;=* 57') 

)(5,0 G> qqq +×= ,      (2.2.9) 

3-; -7/2  8->A- ; 58%;% A0" '8;#  "  ) *0D' (A;=* 57'): T =q +Tc, 8->A- ; 58%;% $0; A%3% 
) *0$5 (A;=* 57%): T>=q#%+Tc ' 8->A- ; 58%;% / 5?;'80E !0/= : TG=qG+Tc, 7- Tc – 8->A- ;5 -
8%;5 / 5"$0*=, / +0?0 3- ; -70"=@5. 

 
- QNOI K̀ f  UQP`_  gOI ]W K NQÛ I UI KWHI _[  ] I UN[ FL 

 
Q5#"/ '38+ A- ; P0; 5D'I/=B  08"0; '"  " ; 5B0"%H8+3# $0-P'D'H/ 80>, !5*-9 / => " '7 

" '7/0 3/ 0E A*0@' A- ; P0; 5D'I/=B  08"0; '" , , . =S. /(L1·L2), 7- S.  – 3%>5;/5  A*0@5 
A- ; P0; 5D'I/=B  08"0; '" . 

T5 ; - !%*+8585>= -$3A- ; =>- / 85*+/=B 703* '79 - /+  "385/ 0"*- /5  !5*-9 / '38+ 
, .  = 0,29+1/(1,41+4,95·P), 3A;5"-7*="5 "  7'5A5!0/'  ! / 5: - /+  0<=P<= 0,8. 

L=B07#:=  !  D+0?0, "=! / 5: 5H8+3# A- ; -?;'"  $0; A%3% ) *0$5 qG = 0,93·K51·, . , A--
; -?;'"  / 5?;'80E !0/=  

)1
193,0

2
11(93,0 n K5

V
V

K5V,H ×
-

+×××=q ,   (2.2.10) 

' 3-; -7/ 'I  A- ; -?; '"  A0" '8;#  "  ) *0D': q  = 0,6·qG. 
 

- QNOI K̀ f  UQP`_  gOI ]W T NÙ _ [ FI KIn  KQHa` OSeLln  
 

Z0! ; 5B%/0$  ; -9 =>% ) *0$5 A;0"07#8+, "=B07#:=  !  85$0E >07-*'  ) *0$5 
$0>A’2 8- ;5 : $0; A%3 ) *0$5 >5H P0; >% A5; 5*-* -A'A-75, "  A;08=*-9 /=B ?;5/ #B #$0?0 
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H A;=38; 0E 7*# A'7"-7- //#  ' " '7"-7- //#  A0" '8;# .  3-; -7=/'  $0; A%3% ; 0!85, 0"5/0  
5)0  , 53', #$- 7'*=8+ ) *0$ /5  7"5 " '73'$=, 5)0  n $53-8, #$' 7'*#8+ ) *0$ /5  n+1 " '73'-
$'" . U-85*'  >09 %8+ >58= ; '! /% P0; >% ' ;0 !>';=  ' ;0 !>'@%"58=3# /5  , 53' (A*58') B50-
8=: /0 . 

` 0/ 7%$8="/'  380$= 8-A*5 " '73%8/' , 5 ) *0$ A;5D2H "  85$=B %>0"5B: 
·  8->A- ; 58%;5 / 5"$0*=, / +0?0 3-; -70"=@5    -60...+60 °] ; 
·  8->A- ; 58%;5 0B0*079 %2 : 0?0 A0" '8;#  /5  "B07' "  ) *0$  -20...+60 °] ; 
·  $0-P'D'H/8  !5A0"/ - //#  ) *0$5      0,1...0,85; 
·  A08%9 / '38+, ;0 !3'2 "5/5  "  ) *0D'     5...800 B8 
·  >530"5 "=8; 585 0B0*079 %2 : 0?0 A0" '8;# , G 0,003...0,25 $?/3; 
·  A- ; -8=/  ) *0$5, A- ;A- / 7=$%*#;/=I  70 / 5A; #>% 0)7%"% 0,020...0,750 >2; 
·  70"9 =/5 ) *0$5 % / 5A;#>'  0) 7%"%     0,1...0,8 >. 
L=B07#:=  !  A;=A%@-//# , @0 -* -$8;0; 57'0-* ->- / 8= ; '" / 0>';/0  !5A0"/ 22 8+ 

0) ’H> ) *0$5, 5 3-; -7/#  8->A- ; 58%;5 A0" '8;#  %3-; -7=/'  ) *0$5 70; '" / 2H 3-; -7/ +0-
5;= P>-8=: / 0>% ! / 5: - //2  8->A- ; 58%;=  A0" '8;#  /5  "B07' ' "=B07' ) *0$5, 7*# "=! /5 -
: - //#  A- ; -?;'"% / 5?;'80E !0/=  A;=>%30"0 " - / 8=*+0"5/ =B ) *0$'"  "=$0;=380"%H8+3# 
3A'" " '7/ 0, - //#  

4321105 4 MMMM
G
PI

H ×××+××= -q ,   (2.2.11) 

7- G – >530"5 "=8; 585 0B0*079 %2 : 0?0 A0" '8;# ; 
M1 – $0-P'D'H/8, @0 " ; 5B0"%H "-*=: =/% >530"0E "=8; 58= A0" '8;# , 

G
M

310
1

-

= ,       (2.2.12) 

M2 – $0-P'D'H/8 , @0 " ; 5B0"%H "-*=: =/% A*0@' A0A- ; - : /0?0 70 / 5A;#>% 0) -
7%"% A- ; -8=/% ) *0$5 

406,0)21(2 -×= LLM ,      (2.2.13) 

M3 – $0-P'D'H/8, @0 " ; 5B0"%H 70"9 =/% ) *0$5 % / 5A;#>'  0) 7%"%, 
059,133 -= LM ,      (2.2.14) 

M4 – $0-P'D'H/8, @0 " ; 5B0"%H !5A0"/ - //#  ) *0$5, 

3 242,0 14 KKM H -×= - .     (2.2.15) 

L=; 5! (5·10-4·(PI /G)) H 3-; -7/ '>  A- ; -?;'"0> 0B0*079 %2 : 0?0 A0" '8;#  "  ) *0D'. 
 

3`] I Ù FaI K[ KWHHS L UI TUWY[ HI]  UWcLWaI ULK 
 

V-; -?;'"  / 5A'"A;0" '7/ =$0"=B A;=* 57'"  >09 /5  !>- / , =8= , *#B0> ! ) '*+, - //#  
A0"- ;B/' , 80)80 %385/ 0"$= A;=* 57% /5  ; 57'580;  (;= 3%/0$ 2.2.3). U*# 3=38->  A0" '8-
; #/0?0 0B0*079 %"5//#  , =; 0$0 "=$0;=380"%2 8+ 85$' 8=A= ; 57'580; '" : A*538=/ : 53-
8', ; - ) ;= 38', ?0*: 5380-, 8=;0"' , 8=A% «$; 5)», 9 5*2 ! 'I/' , A-8-*+/0 -7;0 8#/'  (;= 3%-
/0$  2.2.2). 

V0: 58$0"=>= 75/= >= A;=  A; 0-$8%"5//'  5)0  "=) 0;'  ; 57'580;5 H: ?; 5/ =: /5  8-> -
A- ; 58%;5 ; 0) 0: 0E 0) *538' A;=* 57% tp; ;0 !3'2 "5/5  A;=* 570> A08%9 / '38+ P; 8->A- ;5-
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8%;5 / 5"$0*=, / +0?0 3- ; -70"=@5 to; " / %8; ', / 'I  8-A*0"=I  0A';  A;= *57% >'9  ;0 ) 0: 02  
0) *5382 ' $0;A%30> R 5; 8-A*0"=I  0A';  $0/ 85$8% >'9  A;=*570> ' ; 57'580;0>  R>. 

L2

L1

d

h

a)

L1

L2

h

dSk

 )
 

 ` F[ HI]  2.2.2 –  WcLWaI U` NIKLaUSHI jI  I YIOI cPQHHS: 
5) ; - ) ; =38';  

) ) ?0* :5380-, 8=; 0"'  
 

3

2

1

ts

to

tk

t!

t#!

t! tkt#! to
R$% R# R!

 
 ` F[ HI]  2.2.3 –- QNOIKW _I cQOb NU`OWc[  T UWcLWaI UI_ : 
1 – A; =*57; 2 – 0) *538+ 8-A*0"0?0 $0/ 85$8%; 3 – ; 57'580;  

 
N- 807=$5 ;0 ! ; 5B%/$% H 85$02 : 
1. L=! / 5: 5H>0 A- ; -?; '"  >'3D# $; 'A*- //#  A;=*57% !  ; 57'580; 0> 

)()( , 5I@I,, RRPttttt +×--=-=D ,   (2.2.16) 

7- R> = (2,2·10-4)/S>; S> – A*0@5 $0/ 85$8/ 0E A0"- ;B/' . 
2. L=! / 5: 5H>0 "  A- ; , 0>% / 5) *=9 - / /'  3-; -7/ 'I  A- ; -?; '"  03/0 "= ; 57'580;5 

)(83,0 I,II ttttsts -×»-=D .    (2.2.17) 

3. L=) =; 5H>0 8=A ; 57'580;5. l#  A;0D-7%;5 H ->A'; =: /02  ' A;=A%3$5H ! / 5/ -
/#  A0;'" / #*+/0E -P-$8="/0 38' ; '! /=B 8=A'"  ; 57'580; '" . 
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L A- ; , 0>% / 5) *=9 - //'  "=) ; 58= 8=A ; 57'580;5 ' %>0"= 8-A*00) >' /% >09 /5  !5 
70A0>0?02 ?;5P'$'"  (;= 3%/0$  2.2.4). 

 

102              103             104                  105          q=P/Sp, BT/&2

Dtso=ts - to, K

40

30

20

10

1   2     3     4         5            6         7   8       11  12

 
 ` F[ HI]  2.2.4 – pUŴ L]`  K̀ gI U[ a`N[  UWcLWaI UW: 

A;=  " '*+/ 'I  $0/ " -$D'E – ; - ) ; =38' (1-4);  
?0*:5380-, 8=; 0"'  (1-5); 

A;=  "=>%, - / 'I  $0/ " -$D'E – ; - ) ; =38' (6-8);  
?0*:5380-, 8=; 0"'  (11-12) 

 

a%8 A- ; -7) 5: 5H8+3#, @0 A=80>5 A08%9 / '38+ ;0 !3'2 "5//#  q = P/Sp !575/5  '  80-
:$5 A- ; -8=/% A5; 5>-8; '"  Dts ' q %$5!%H 0) *538+, #$'I  " '7A0" '75H A-" /=I  8=A ; 57'580-
;5  ' %>0"= 0B0*079 %"5//#  (Sp – A*0@5 03/ 0"= ; 57'580;5). 

4. L=! / 5: 5H>0 $0-P'D'H/8  -P-$8="/ 0E 8-A*0" '775:'  ; 57'580;5. 
\ ; 5P'$= !5*-9 /0 38' $0-P'D'H/85 -P-$8="/ 0E 8-A*0" '775:'  ?0*: 5380-, 8=;0"=B 

; 57'580; '"  !0) ; 59 - /'  /5  ;= 3%/ $% 2.2.5, 5 EB $0/ 38; %$8="/'  A5; 5>-8;=  – "  85) *=-
D' 2.2.1. 

L %>0"5B "=>%, - / 0?0 A0" '8; #/0?0 0B0*079 - //#  $0-P'D'H/8  -P-$8="/ 0E 8-A-
*0" '775:'  D=B ; 57'580; '"  "=) =; 5H8+3# !5*-9 /0  " '7 , "=7$038' A080$% A0" '8;#  v  !  
?;5P'$5 /5  ;= 3%/ $% 2.2.6. 
 

a5) *=D# 2.2.1 – , I HFaU[ ] a`KHL NWUW_QaU` j I OdWFaI -k a` UI K`Y UWcLWaI ULK 

 I T_LU`, __  5 I_ QU` NI T̀e Lf UWcLWaI ULK 
(U`F[ H]`  2.2.5, 2.2.6) h S0  d 

1 32 7 2.5 
2 20 7 2 
3 15 7 2 
4 12.5 7 2.5 
5 32 9 2.5 
6 20 9 2 
7 15 9 2 
8 12.5 9 2 
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 ` F[ HI]  2.2.5 – , I Q̂ LeLl Ha Q̂ Q] a` KHIh aQNOI KLccWdL j IOdWFaI -k a`UIK`Y UWcLWaI ULK  

K [_IKWY KLObHIh ] I HKQ]e Lh 
 

   1              2            3            4      V, >/3

aQ ,̂  L8/>2`
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 ` F[ HI]  2.2.6 – , I Q̂ LeLl Ha Q̂ Q] a` KHIh aQNOI KLccWdL j IOdWFaI -k a`UIK`Y UWcLWaI ULK  

K [_IKWY K̀ _[ k QHI jI  I YIOI cPQHHS 
 

 QgÙ FaL UWcLWaI U` 
 

\ ; 5P'$= !5*-9 /0 38' $0-P'D'H/ 85 -P-$8="/ 0E 8-A*0" '775:'  ; - ) ;= 38=B ; 57'580-
; '"  "  %>0"5B " '*+/0?0 85 "=>%, - /0 ?0 0B0*079 - //#  !0) ; 59 - /'  /5  ;= 3%/$5B 2.2.7 85 
2.2.8. ̀ 0/ 38; %$8="/'  A5; 5>-8;=  ; - ) ;= 38=B ; 57'580; '"  A075/'  "  85) *=D' 2.2.2. 

 

a5) *=D# 2.2.2 – , I HFaU[ ] a`KHL NWUW_QaU` UQgÙ Fa`Y UWcLWaI ULK 
 I T_LU`, __  5 I_ QU` NI T̀e Lf UWcLWaI ULK 

(U`F[ H]`  2.2.7, 2.2.8) h S0  d1 L1 = L2 
1 32 10 1 40 
2 32 10 1 80 
3 20 10 1 40 
4 20 10 1 80 
5 12.5 10 1 40 
6 12.5 10 1 80 
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 ` F[ HI]  2.2.7 – , I Q̂ LeLl Ha Q̂ Q] a` KHIh aQNOI KLccWdL UQgU`Fa`Y UWcLWaI ULK  

K [_IKWY KLObHIh ] I HKQ]e Lh 

   1              2            3            4      V, >/3

aQ ,̂  L8/> 2`
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 ` F[ HI]  2.2.8 – , I Q̂ LeLl Ha Q̂ Q] a` KHIh aQNOI KLccWdL UQgU`Fa`Y UWcLWaI ULK  

K [_IKWY K̀ _[ k QHI jI  I YIOI cPQHHS 
 

5. T/ 5B07=>0 A*0@% 03/ 0"= ; 57'580;5 

( )0
21 tt

P
LLS

s(K
p -×

=×=
a

.    (2.2.18) 

6. L=! / 5: =>0 3-; -7/ 'I  A- ; -?; '"  03/ 0"= ; 57'580;5 "  7; %?0>% / 5) *=9 - / /'  

2

2

1

2

0

÷
÷
÷
÷
÷
÷

ø
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ç
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ç
ç
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è
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÷
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×D

=D

p
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k

p

k
k

S

S
S

pchp

p
ch

S
S

psh

S
S

t

T ,    (2.2.19) 
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7- 
( ) 1

1
2

2
5,1

-

÷
÷
ø

ö
ç
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è

æ
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×

×
-×=

B

Bsh
Bp , 

pp

p
(K

S
B

dl
a

×
×= , 

l 6 – $0-P'D'H/8  8-A*0A;0" '7/0 38' >58- ; '5*% ; 57'580;5; 
d6 – 80"@=/5  03/0 "= ; 57'580;5; 

( ) .
2

,
2

xxxx ee
ch

ee
xsh

-- +
=

-
=  

7.  80: / 2 H>0 A*0@% 03/0 "= ; 57'580;5 

so
. TD×

=
(K

op

P
S

a
.     (2.2.20) 

 
) Ù ] OWc UI TUWY[ H][  UWcLWaI UW 

 
Z0! ; 5B%"58= A5; 5>-8;=  ?0* : 5380-, 8=; 0"0?0 ; 57'580;5 7*# 8; 5/ !=380;5 

`a 913-g , @0 A;5D2H A;= 8->A- ; 58%;'  / 5"$0*=, / +0?0 3-; -70"=@5 60°]  "  %>0"5B 
A;=;0 7/0 ?0 A0" '8; #/0?0 0B0*079 %"5//# . Z0!3'2 "5/5  A08%9 / '38+ 8; 5/ !=380;5 – 
3,2 L8, " / %8; ', / 'I  8-A*0"=I  0A';  R 5 = 10 ` /L8, >5$3=>5*+/0  70A%38=>5 8->A- ;5-
8%;5 p-n A- ; -B07% tp-n = 150°] . V*0@5 $0/ 85$8% 8; 5/ !=380;5 !  ; 57'580; 0>  
S> = 65,5×10-6 >2. 

1. V;= I >->0 ; 0) 0:% 8->A- ; 58%;% p-n A- ; -B07% tp = 140 °]  ' "=! / 5: =>0 70-
A%38=>=I  A- ; -?; '"  $0/ 85$8% 8; 5/ !=380;5 !  ; 57'580; 0>: 

Ktt @, 25,37)
10510,65

4
10210,210(2,3)60140( 6

4 =
×

-×+×--=- -
- . 

2. L=! / 5: =>0 3-; -7/ 'I  A- ; -?; '"  03/ 0"= ; 57'580;5 

Ktts 92,3025,3783,00 =×=- . 

3. L=) - ; ->0 ?0*: 5380-, 8=; 0"=I  ; 57'580;  !  A5; 5>-8; 5>= h = 15 >>; 
SL  = 7>>; d = 2 >>. 

4. T/ 5B07=>0 $0-P'D'H/8  -P-$8="/ 0E 8-A*0" '775:'  "=) ; 5/0?0 ; 57'580;5 A;=  
DTs = 31 ̀ : 

÷
ø
ö

ç
è
æ ×= K

$
M3

?K 247a . 

5. L=! / 5: =>0 3-; -7/ 'I  A- ; -?; '"  03/ 0"= ; 57'580;5 "  7; %?0>% / 5) *=9 - / /' . 
V;=  D+0>% "=) - ; ->0 #$ >58-; '5* ; 57'580;5 5*2 >'/ 'I , % #$0?0 l p = 208 L8/>` , 5 80"-
@=/% 03/ 0"= dp = 2 >>. a07', A'7385"*#2 :=  75/'  "  (*), 07- ; 9 %H>0 DTs0 = 34,1 ̀ . 

6.  80: / 2 H>0 A*0@% 03/0 "= ; 57'580;5 

241020
1,3447

32
. $oSp -×=

×
= . 
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)  * , - /758  $* 3%* 5 5:  
 

 " $& – / 5" : =8=3# ;0 ! ; 5B0"%"58= 8-A*0"'  ; -9 =>= ) *0$'"  $0>A’2 8- ;5  "  ; '! -
/=B %>0"5B -$3A*%585D'E: "  ?- ; >-8=: / 0>% $0; A%3', "  A- ; P0; 0"5/ 0>% $0; A%3', !  
A;=>%30"02  " - / 8=*#D'H2. Z0! ; 5B0"%"58= ' "=) =; 58= ; 57'580;=  A0" '8; #/0?0 0B0*0-
79 %"5//#  - * ->- / 8'" . 

 

$WKcWHHS cI  OWgI UWaI UHIh UIgI a`  
 

1. T?'7/0  !  08; =>5/=>  % "=$*575:5  "5; '5/ 80> (380"AD' 85) *=D') "=) ; 58= !  
85) *=D' 2.2.3 A0: 58$0"'  75/' . 

 
a5) *=D# 2.2.3 – 3WULWHa`  TWKcWHb 
 

) WUW_QaU` 1 2 3 4 5 6 7 8 9 10 

] A09="5/5  A08%9-
/ '38+, L8 

160 180 200 140 120 100 80 70 60 50 

U0"9 =/5 ) *0$5, >> 200 180 200 140 200 180 160 200 180 160 
j =; =/5 ) *0$5, >> 350 180 160 140 180 160 140 160 140 200 
L=3085 ) *0$5, >> 200 40 60 50 100 80 60 70 50 100 
` 0-P'D'H/8  !5A0"-
/ - //#  ) *0$5 !5 
0) ’H>0> 

0,30 0,35 0,40 0,45 0,50 0,32 0,34 0,28 0,26 0,25 

V*0@5 A-; P0; 0"5-
/=B 08"0; '" , >>2 

120 140 150 160 120 100 90 80 70 80 

` '*+$'38+ 08"0; '"  20 22 24 20 18 16 20 18 16 20 
a=3$ A0" '8;# , N V5 0,10 0,11 0,12 0,13 0,1 0,09 0,08 0,07 0,10 0,11 
` '*+$'38+ 8=A'"   
8-A*0/ 5"5/ 859- -
/=B -* ->- / 8'"  

3 4 5 3 4 5 3 4 5 3 

a->A-; 58%;5 /5 -
"$0*=, / +0?0 3-;- -
70"=@5, °]  

18 15 19 20 22 24 26 28 25 23 

N 530"5 "=8; 585 
A0" '8;# , $?/3 

0,01 0,015 0,02 0,01 0,008 0,01 0,015 0,012 0,01 0,015 

 
2. U*# "3'B 8-A*0/ 5"5/ 859 - /=B -* ->- / 8'"  ) *0$5 ;0 ! ; 5B%"58= / -0) B'7/'  

A*0@' A0"- ;B0/+  - * ->- / 8'" ; A08%9 /0 38', ; 0!3'2 "5/'  - * ->- / 85>=, ' 8.7. 
3. L=$0/ 58= A;0?;5>% ; 0! ; 5B%/ $% 8-A*0"0?0 ; -9 =>% ) *0$5: 
1) "  ?- ; >-8=: / 0>% $0; A%3' !  A;=; 07/02  " - / 8=*#D'H2; 
2) "  A- ; P0; 0"5/ 0>% $0; A%3' !  A;=; 07/02  " - / 8=*#D'H2; 
3) !  A;=>%30"02  " - / 8=*#D'H2. 
4. L=$0/ 58= ;0 ! ; 5B%/ 0$ ; 57'580;5 !?'7/0  !  "5; '5/ 80>. V0: 58$0"'  75/'  – "  

85) *=D#B 2.2.4, 2.2.5. 
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a5) *=D# 2.2.4 – 3WULWHa`  TWKcWHb cOS UI TUWY[H][  UWcLWaI UW 

%WHL NUI QOQ_QHa`  1 2 3 4 5 6 7 8 9 10 

a=A ; 57'580;5 ;  n ;  n ;  n ;  n ;  n 

a=A 8; 5/!= 380;5 

`a
-9

30
g

 

`a
-9

31
g

 

`a
-9

33
g

 

`a
-9

27
g

 

`a
-9

21
g

 

`a
-9

22
L
 

`a
-9

35
S 

`a
-9

19
L
 

`a
-9

19
g

 

`a
-9

14
g

 

Z0!3'2 "5/5  A08%9 / '38+ @, L8 2 1,5 2,5 4 2,5 1 2 1,25 3 1,75 
L/ %8; ', / 'I  8-A*0"=I  0A';  R 5, 
°] /L8 

0,2 0,8 20 1,5 6 3 10 40 12 16 

V*0@5 $0/ 85$8% 8; 5/!= 380;5  
!  ; 57'580;0>  S, >2·10-6 

70 60,5 70,5 65,6 75,5 65,5 70,5 70 60 65,5 

a->A-; 58%;5 / 5"$0*=, / +0?0  
3-; -70"=@5, °C 

60 70 65 55 70 60 75 60 65 70 

N 5$3=>5*+/0 70A%38=>5 8->A-;5-
8%;5 ; -n A- ; -B07% t6-n, °C 

150 150 150 150 150 150 150 150 150 150 

Z0) 0:5 8->A-; 58%;5 ; -n A- ; -B07%,  
t6 °C 

130 140 135 128 142 138 145 135 138 140 

a0"@=/5 03/ 0"= ; 57'580;5, >> 2 3 2,5 3 3 2,5 1,5 2 2,5 3 

V; =>'8$=: 1) #$ >58-; '5* ; 57'580;5 "=) =; 58= 5*2 >'/ 'I  (l  = 208 L8/>` ); 
 2) "" 59 58=, @0 8; 5/!= 380;=  A; 5D22 8+ "  %>0"5B A; =; 07/ 0?0 A0" '8;# / 0?0 0B0-

*079 %"5//# ; 
 3) 6 – ; - ) ; =38=I  ; 57'580; , ! – ?0* :5380-, 8=; 0"=I  ; 57'580; . 
 

 
a5) *=D# 2.2.5 – %WHL NI QOQ_QHaWY cI  UI TUWY[ H][  aQNOW L KLgUI _LeHI FaL 

5 Wf _QH[KWHHS 
QOQ_QHaW 

, LOb] LFab NI KWULWHaWY,  
ka  

L5; '5/8  1;6 2;7 3;8 4;9 5;10 

) I a[ PHLFab, 
3a 

) OIrW, 
__ 2 

1 WFW, j  

N '$; 03B->5 2 3 4 3 2 2 80 2 
a; 5/!= 380;  — 4 2 — 3 10 20 1 
a=; =380;  3 2 2 — 4 8 120 10 
Z- !=380;  2 5 2 2 4 2 20 1 
a; 5/ 3P0; >580;  — — 2 3 — 12 140 80 

 
, "5 -  " ( <5& )/ - * 55:  

 
1. L=7= 0B0*079 %"5//# . 
2. L=! / 5: - //#  A=80>0E 8-A*0"0E A08%9 /0 38' ;0 !3'2 "5//# . 
3. L=! / 5: - //#  8->A- ; 58%;=  / 5?;'80E !0/=  ' $09 %B5. 
4. L=) ';  3A030)% 0B0*079 %"5//# . 
5. a-A*0"=I  0A'; , 8-A*0A;0 " '7/ '38+. 
6. ` 0/ 7%$8="/=I , '/ 7%$8=" /=I , $0/ " -$D'I/ =I  380$= 8-A*5. 
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2.3  " $ *? 0 5",  % 0 , " 3* 5/?  ) ( *-   
5*  3&B " 1 &s5 &= -<  

 
L ; 57'0-* -$8;0/ / 'I  '  - * -$8; 0//0 -0) : =3*2 "5*+/ 'I  5A5; 58%;' A*58= "=$0; =3-

80"%2 8+3# 7*# ;0 !>'@-//#  /5  /=B '/ 8-?;5*+/=B >'$;0 3B->  (X]) 85 cZc ; ' ! /0?0 "=-
7% ' ; ' " /#  85 EB $0>%85D'E >'9  30) 02 , #$5 ! "=: 5I/0  ! 7'I 3/ 2 H8+3# !  70A0>0?02 7;%-
$0"5/ 0?0 >0/ 859%. e$ A;5"=*0, A*58= – D- $0/ 38; %$8="/0  !5$'/ : - / =I  P%/ $D'0/ 5*+-
/=I  >07%*+, #$=I  / 5!="52 8+ '/ 07' $0>'; $02 . ` 5; $53/ =I  "5; '5/8  D+0?0 >07%*# !5-
38030"%2 8+ A;= A'7"=@-/=B "=>0?5B 70 " ' ) ; 0>'D/038' ' " ' ) ;0 38'I $038', 5 85$09 
A;= "=$0;=385//'  "  >07%*'  7"0B 7; %$0"5/ =B A*58 '  )' *+,- . L  $5; $53/ =B $0/ 38; %$-
D'#B A*58 03/ 0"02  H >-85*- "5 ; 5>5, P0; >= ' ;0 !>';=  #$0E !5*-9 58+ " '7 $0/ 38; %$D'E 
>07%*#. V*58%, /5  #$'I  ;0 !>'@%2 8+ X] ' cZc, !5$; 'A*2 2 8+ /5  ; 5>'  ?"=/ 85>= 5)0  
!5$*-A$5>=. L ) - !$5; $53/ 'I  $0/ 38; %$D'E 03/0 "02  H 7; %$0"5/5  A*585 (UV). 

T5 $0/ 38; %$8="/ => 0P0; >*- // #>, !5*-9 /0  " '7 ;0 !>'@-//#  /5  A*58' X] ' cZc, 
5 85$09 " '7 "=7% -* -$8;= : /0?0 >0/ 859%, UV >09 %8+ ) %8= 07/0 380;0/ / '>=, 7"0-
380;0/ / '>= 5)0  ) 5?580, 5; 0"=>=. Q5 *=D+0" 'I  380; 0/'  7"0380;0/ +0E A*58= ;0 !>' -
@%2 8+3# X] ' cZc; /5  7; %?'I  380;0/'  >09 %8+ ;0 !>'@%"58=3# X] !  A*5/ 5;/= >= "=-
"075>= ' "=$0/ %H8+3# 7; %$0"5/=I  >0/ 859. S5?580, 5;0 "'  7; %$0"5/'  A*58= (SUV) 
!538030"%2 8+ A;= A'7"=@- / 'I  @'*+/0 38' $0>A0/ %"5//#  X] ' / ->09 *="038' "=$0-
/ 5//#  $0>%85D'E /5  07/ 0>% ; '" /' . 

m0; >% UV "=) =; 52 8+, #$ A;5"=*0, A;#>0$%8/% !  A- ; - "59 / => 3A'" " '7/0 , -/ -
/ #> 380; '/  1:1…1:2 – A;=  >'/ '>5*+/0 >% ; 0!>';'  380; '/  100B100 >> ' 2:3 – A;= / 5I -
)' *+, 0>% ;0 !>';'  380; '/  240B360 >>. a0"@=/% UV "=) =; 528+ '!  ; #7% 0,8; 1,0; 1,5; 
2,0; 2,5; 3,0 >>. 

U*# "=?080" *- //#  UV "=$0;=380"%2 8+3# ; '! /'  >58- ; '5*=. 
L ') ; 5D'E – $0*="5//#  !  / - " - *=$02  5>A* '8%702  (70 0,1 >>), #$' "=/ =$528+ !5 

; 5B%/ 0$ / - " ; '" /0 "59 - /0 38' 3=* '/ - ;D'E ' A;=! "07#8+ 70 ! /= 9 - //#  70"?0" ': /0 38' 85 
/ 57'I / 038' $0>A0/- / 8'"  $0>A’2 8- ;/=B  3=38-> . 

LA*=" " ' ) ; 5D'E !5*-9 =8+ " '7 : 53808=, 8; ="5*038' ' 5>A*'8%7= $0*="5/+ . V'7 
"A*="0> " ' ) ; 5D'E A*585 A0"07=8+ 3-)-  #$ A;%9 /5  A*538=/5, #$5 !5! / 5H "80>*- /0 ?0 
; %I / %"5//# , 030) *="0 A;= ; - !0/ 5/ 3'. a5$=B " '7>0", #$ 0) ;="  A;0 " '7/= $'" , ; %I /%-
"5//#  A5#/=B ! ’H7/ 5/+ , A0; %, - //#  $0/ 85$8'"  % ! ’H7/ %"5: 5B >09 /5  %/=$/ %8=, #$@0 
: 53808= "*53/ =B $0*="5/+  A*58= 85 , 53' ) %7%8+ ; '! / =>=. 

V;=  ; 0! ; 5B%/ $% /5  " ' ) ; 0>'D/'38+ !5 ; 0! ; 5B%/ $0"% 3B->% 85$09 A;=I >5H8+3# 
3A;0@-/5  >07-*+ % "=?*#7' A;#>0$%8/ 0E A*538=/=  !  ;0 !>'; 5>= 380; '/  8Ob A038'I -
/0E 80"@=/=  h !  ; '! / =>= "=75>= !5$; 'A*- //#  A0 $0/ 8%;%. V;=  ; ' " / 0>'; / 0>% / 5"5/ -
859 - //'  UV A0 EE A0"- ;B/'  cZc 7*# "3'B "=A57$'"  !5$; 'A*- //#  A0 $0/ 8%;% EE "*53/5  
: 538085 "  \D ) %7-: 

f K
D
M0

1
2

=
×

× ×
p a .     (2.3.1) 

a5$, 7*# ) '*+, 038': 

f
K

a

D
M

a b0
1

2 2=
×

× × × ×
p

a
.     (2.3.2) 
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T/ 5: - //#  $0-P'D'H/ 85 , a 0) : =3*2 H8+3# !5 P0; >%*02  

K K
b ba a
b g

= × + +2 4 ,     (2.3.3) 

7- , , a, b, g  "=) =; 528+3# !5*-9 /0  " '7 >-807% !5$; 'A*- //#  UV !5 85) *=-
D-2  2.3.1, "  #$'I  a, b – " '7A0" '7/0  70"9 =/5  85 , =;=/5  A*58=. 

 
a5) *=D# 2.3.1 – 3WULWHa`  TW] ULNOQHHS NOWa 

, I Q̂ LeLl Ha`  m  KWUL-
WHaW 

8F] LT TWj I aIK]`  
k a b g 

a, mm b, mm h, mm 

1 
 

9,87 1 2 1 200 130 1,5 

2 
 

9,87 1 2,33 2,44 140 100 1,0 

3 
 

15,42 1 0,95 0,41 223 110 1,5 

4 

 

9,87 1 2,57 5,14 240 120 1,0 

5 
 

22,37 1 0,48 0,19 300 200 1,5 

6 

 

22,37 1 0,61 1 250 150 1,2 

7 
 

9,87 0 0 1 240 90 1,3 

8 
 

9,87 1 0 0 300 100 1,0 

9 
 

3,52 1 0 0 280 140 1,5 

10 

 

15,42 0 0 1 223 142 2,0 

 
T/ 5: - //#  D=*' / 7; =: / 0E 9 0; 38$038' D "=! / 5: 528+ !5 P0; >%*02  

D E
h

= ×
× -

3

12 1 2( )m ,      (2.3.4) 

7- h – 80"@=/5 UV, >>, 
E – >07%*+ A; %9 /0 38' >58- ; '5*% A*58=, N V5, 
m – $0-P'D'H/8  V%5330/5  >58- ; '5*% UV. 



 130 

a07' A;= : 53808' " ' ) ; 5D'E F  85 ! / 5: - //'  A- ; - "5/ 859 - //#  n 5>A*'8%75 P $0*=-
"5/+  UV "  >> ) %7- 70; '" / 2 "58= 

A
n

F 
= ×250 2 .     (2.3.5) 

L-*=: =/5 $0-P'D'H/ 85 7=/ 5>': /0 38', #$=I  A0$5!%H, % 3$'*+$= ; 5! '"  5>A* '8%75 
"=>%, - /=B $0*="5/+  UV /5  : 53808' F " '7; ' ! / #H8+3# " '7 5>A* '8%7= /5  : 53808' F , 
70; '" / 2H: 

Kd
F
F 

F
F 

= - + × -(( ( ) ) ( ) ) /1 2 2 2 2 1 2e ,   (2.3.6) 
7- e – A0$5! /=$  !5?53/=B $0*="5/+  (7*# 3$*08-$380*'8% A;=  / 5A; %?5B, ) *=!+$=B 
70 70A%38=>=B, A;=I >5H8+3# e = 0,06). 

U=/ 5>': /=I  A;0?=/  "  ?-0>-8;= : /0 >% D- / 8;'  UV "  >> A;= EE ! ) %79 - / /'  !  : 53-
80802  F: 

dd Kd A= × .      (2.3.7) 

c$" '"5*- / 8/-  ; ' " /0 >';/0  ;0 !A07'* - /-  A0 UV 7=/ 5>': /-  / 5"5/ 859 - //# , "  Q/>2 
(V5): 

Pd
d D

C b
=

×

×

d

1 4 ,      (2.3.8) 

5 >5$3=>5*+/=I  ; 0!A07'* - /=I  !?=/ 5*+/=I  >0>- /8 , "  Q, "=$*=$5/=I  D=> /5 -
"5/ 859 - // #>: 

M C Pd bmax= × ×2 2.     (2.3.9) 
` 0-P'D'H/8= R1, R2 !5*-9 58+ " '7 >-807% !5$; 'A*- / /#  UV. V;=  0A=;5/ /'  UV 

A0 $0/ 8%;% 7*# EB "=! / 5: - //#  "=$0;=380"%2 8+ P0; >%*=: 

C
a
b

1 000406 0018= + ×. . lg( ) ,   (2.3.10) 

C
a
b

2 00479 018= + ×. . lg( ) .    (2.3.11) 

V;=  !58=3/ - / /'  A*538=/=  A0 $0/ 8%;% "=$0;= 380"%2 8+ P0; >%*=: 

C
a
b

1 00012 0041= + ×. . lg( ) ,    (2.3.12) 

C
a
b

2 00513 0108= + ×. . lg( ) .    (2.3.13) 

N5$3=>5*+/-  7=/ 5>': /-  / 5"5/ 859 - //#  !?=/% UV, "  N V5 

s max
max=

×

×

6

106 2

M

h
.     (2.3.14) 

 >0"5 " ' ) ; 0>'D/0 38' UV >5H "=?*#7: 

s
s

smax [ ]
= - 1

N ,     (2.3.15) 

7-  s -1 – >-95 "=8; ="5*038' >58- ; '5*% UV, N V5; 
Ns – 70A%38=>=I  !5A53 >'D/ 038'. 
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)  * , - /758  $* 3%* 5 5:  
 

 "$& – / 5) %8= / 5"=: 0$ "=$0/ 5//#  ;0 ! ; 5B%/ $'"  7; %$0"5/=B A*58 (UV) /5  " ') -
;0 >'D/'38+. 

 
$WKcWHHS cI  OWgI UWaI UHIh UIgI a`  

 
1. J ! / 5I 0>=8=3# !  8-0; -8=: / =>= " '70>038#>=, / -0) B'7/ =>= 7*# "=$0/ 5/ /#  

;0 ) 08=. 
2. L=! / 5: =8= >53% cZc (- * -$8; 0; 57'0-* ->- / 8'" ) !?'7/0  !  85) *=D-2  2.3.2. 
 
a5) *=D# 2.3.2 – %WHL NI QOQ_QHaWY cI  UI TUWY[ H][  KLgUI _LeHI FaL 

5 Wf _QH[KWHHS  
QOQ_QHaW 

, LOb] LFab NI KWULWHaWY, 
ka  

3WULWHa 1; 6 2; 7 3; 8 4; 9 5; 10 

) I a[ PHLFab, 
3a 

) OIrW, 
__ 2 

1 WFW, j  

N '$; 03B->5 2 3 4 3 2 2 80 2 
a; 5/!= 380;  — 4 2 — 3 10 20 1 
a=; =380;  3 2 2 — 4 8 120 10 
Z- !=380;  2 5 2 2 4 2 20 1 
a; 5/ 3P0; >580;  — — 2 3 — 12 140 80 

 
3. L=) ; 58= >-807 !5$; 'A*- / /#  UV !?'7/0  !  "5; '5/ 80> '!  85) *=D' 2.3.1. 
4. L=$0/ 58= A;0?;5>% KONSTR.EXE (A;0?; 5>5 «" ') ;0 >'D/ '38+»). 
5. Z0!7;%$%"58= ; - !%*+858= ;0 ! ; 5B%/ $%. 
6. J P0; >=8= ! " '8 85 A'7?080"=8= " '7A0" '7' /5  $0/ 8;0* +/'  A=85//# . 

 
, "5 -  " ( <5& )/ - * 55:  

 

1. N- 807= "=! / 5: - //#  " ') ;0 >'D/038' A;= $0*="5*+/=B 85 %75;/=B  / 5"5/ 85-
9 - // #B. 

2. N- 807= !5$; 'A*- //#  A*58=. 
3. e$ ! ’#3%"58= 5>A*'8%7% $0*="5/+  A*58=? 
4. e$ ! ’#3%"58= 70A%38=>-  / 5"5/ 859 - //#  /5  !?=/ 7*# "=) ; 5/0?0 >58- ; '5*%? 
5. e$=> : =/0>  !7'I 3/ 2 H8+3# " ' ) ; 0'!0*#D'#? T5 #$=B %>0" 5>0; 8=!5D'# -P-$-

8=" /5 ? 
6. J B5; 5$8- ;= !%I 8- A0/#88# «" ') ; 0>'D/'38+» 85 «" ') ;0 38'I $'38+». 
7. T0" / ', /'  >-B5/ ': /'  "A*="0"'  P5$80;=  A;= 8; 5/ 3A0; 8%"5/ /' . 
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2.4 t "  1 -t * , - "  /  = / = -8 1 5/?  B( " , &3  
) 8  = "5 * ( <5 " p"  , " 1) ’E -8  *  

 
Q5 3+0?07/ ', / 'I  7- /+  / 5IA0, =; - / ' , => H Xan  P0;> -P5$80; . ` ; 5@' : 53= 

g an  %9-  75" /0  A;0I , *= – D- >0; 5*+/0  !5385; '*-  ; ' , - //# , 5 Lan  8'*+$= A0: =/ 5H 
!5"0I 0"%"58= ;=/0$ . Q53A;5"7' Lan  '  ATX H 3A-D=P'$5D'#>=, @0 0A=3%2 8+ !" ’#!$% 
$0; A%3 – 3=38->/5  A*585. L0/=  "=! / 5: 52 8+ /-  8'*+$= 8=A 9 ="*- //# , 5*-  I  7-#$' 
- * ->- / 8= $0/ 38; %$D'E 85 " !5H>/ 0?0 ;0 !85, %"5//#  $0>A0/- / 8'" . ` 0>A*-$3/0  D- /5 -
!="5H8+3# P0;> -P5$80;0> . 

ATX 
m0;> -P5$80;  g an  A;=A%3$5H %385/ 0"$% A;0D-30;5 "  3A-D'5*+/=I  3*08 (;= -

3%/ 0$ 2.4.1), #$=I  ! / 5B07=8+3# %!70"9  70"?0E 380;0/=  A*58=, ) *=9 :-  70 A0; 8'"  
L" 07%-L="07%. Q5A; %?5 9 ="*- //#  A;0D-30;5 385/0 "=8+ 12 L, 7*# A03=*- //#  12 L  
* '/ 'E /5  >58- ;=/ 3+$'I  A*58' A- ; -7) 5: 5H8+3# / 5#" / '38+ 70758$0"0?0 12 L  ?/ ' !75 (;= -
3%/ 0$ 2.4.8). m0;> -P5$80;  g an  A'78; =>%H 70 3->= 3*08'"  ;0 !, =; - //# , 85$=B #$ 
ISA, PCI, AGP ' CNR. 

 
Double High  

Expandable I/O 
U"0; '"/ -"5 A5/ -*+  

L"07%/L="07% (L /L) 

System fan ] =38->/=I  " -/ 8=*#80; 

CPU located near 
memory modules 

V;0 D-30; , ; 0! 85, 0"5/=I  
 ) '*# J TV 

Easy to access  
memory modules 

i -?$=I  7038%A  
70 A*58 0A-; 58="/ 0E  

A5>'#8' 

Single  
power connector 

J 3/ 0" /-   
?/ '!70  

9 ="*-//#  

Floppy/IDE  
connectors close  
to perephiral bays 

\ / ' !75 "/ %8; ' , / 'B  
A-; =P-; 'I/ =B  

A; =38; 0E"  
(7=3$0"07'" ,  

9 0; 38$=B  
7=3$'" ) 

12 V Connector  
next to Voltage  

Regulator 
\ / ' !70 9 ="* -//#  12 L 

 

Full Length Card Slots 
\ / ' !75  

A0"/ 0; 0!>'; / =B  
A*58 

 

 ` F[ HI]  2.4.1 – " FHIKHQ k WFL * -?  
 
V0" / =I  ;0 !>';  g an  A*58= 385/ 0"=8+ 305B244 >>. Z0!85, %"5//#  $; 'A=*+/=B 

08"0; '" , >'3D+ A0357$= ?/ '!7 A*58 ;0 !, =; - //#  !5! / 5: - /'  /5  ;= 3%/ $% 2.4.2. 
m0;> -P5$80;  g an  /-  A- ; -7)5: 5H 3A-D=P'$5D'2  /5  7=3$0"'  '/ 8- ; P- I 3=. j 53' 

A- ; -7/ +0E A5/ -*'  85$09 ;0 ! ; 0) *2 2 8+3# "=;0) /= $0> $0; A%3'"  '/ 7=" '7%5*+/0 . a'*+-
$= '/ 8- ; P- I 3= !57/ +0E A5/ -*'  >52 8+ 3A-D=P'$5D'2  /5  ;0 !>';=  !?'7/0  !'  385/ 75; 80> 
g an  (7=". ;= 3%/ $= 2.4.3, 2.4.4). 

V;= $*57= ?080"=B ; ' , - /+  >58- ;=/ 3+$=B A*58 P0; >58% g an  !0) ; 59 - /0  /5  
;= 3%/ $% 2.4.5. 
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 ` F[ HI]  2.4.2 –  I TaWk [KWHHS _I HaWPH`Y I aKIULK  

HW NOWaWY * -?  L microATX 
 

 
 

 ` F[ HI]  2.4.3 –  Q] I_ QHcIKWHL j WgWU`a`  TWcHbIh NWHQOL 3KIc[ /3 ` KIc[   
_WaQU`HFb] Ih NOWa`  * -?  

 

 
 ` F[ HI]  2.4.4 – ) U`] OWc UI Tk `UQHIh _[ Oba` _QcLfH Ih TWcHbIh NWHQOL 3KIc[ /3 ` KIc[  
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W) SOLTE K BOX version g) ASUS A8N32-SLI Deluxe K) ASUS P5VDC-MX 

 
 ` F[ HI]  2.4.5 – ) U`] OWc`  _WaQU`HFb]`Y  NOWa 

 
` 0; A%3= g an  >52 8+ 7"5 03/ 0" /'  "=$0/ 5//#  – D- Desktop ' Tower. U; %?=I 

"=7 " '7A0" '7/0  7'*=8+3# /5  : 08=;=  ?; %A=: Minitower, Miditower, Mediumtower, 
Bigtower (;= 3%/0$  2.4.6). S'*+,  70$*57/0  '!  , 53' ; '! /=B 8=A'"  $0; A%3'"  >09 /5  
0! / 5I0 >=8=3# "  [1]. J 385// '>  : 530> ! ’#"="3# /0 "=I  "=7, 85$ ! "5/=I  BOX. l -I  8=A 
$0; A%3'"  !538030"%H8+3# 7*# 38"0; - //#  70>5, / 'B >%*+8=>-7' I/=B  3=38->  /5  03/0 -
"'  A- ; 30/ 5*+/0?0 $0>A’2 8- ;5  (;= 3%/ 0$ 2.4.7, 5). U-#$' P'; >= A;0A0/ %2 8+ 3A-D'5*' -
!0"5/'  ; ', - //# , / 5A;=$*57, P'; >5 Zalman "=A%38=*5 $0; A%3 /5  8-A*0"=B 8; %) $5B, 
7- #$ A53="/'  ; 57'580;=  "=38%A5H 0; - ) ; - /=I  $0; A%3 3=38->/0?0 ) *0$5; A;=) *=! /5  
"5; 8'38+ D'HE >07-*'  1000 %.0. (;= 3%/0$  2.4.7, ) ). 

 
www.chieftec.ru 

 

   
 

W) Desktop g) M initower K) M iditower j ) Mediumtower c) Bigtower/M iniserver 
 

 ` F[ HI]  2.4.6 – =aWHcWUaHL ULk QHHS ] I UN[ FLK ^ I U_Wa[  * -?  
 
 

 
 

W) BOX g) Zalman 

 ` F[ HI]  2.4.7 – 5 QFaWHcWUaHL ULk QHHS ] I UN[ FLK ^ I U_Wa[  * -?  
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L'7A0" '7/0  70 3A-D=P'$5D'E g an  A- ; -7) 5: - /0  A’#8+ ?/ ' !7 9 ="*- //# , "  #$=B H 
* '/ 'E 9 ="*- / /#  (+12 L, +5 L, +3.3 L, -12 L ), ! ->*# I  $- ; %2 :'  * '/ 'E. J7 /'  ?/ '!75 A;=-
! / 5: - /'  7*# 9 ="*- //#  A- ;= P- ; 'I/ =B A;=38;0 E", '/ ,'  – 7*# 9 ="*- //#  >58- ; =/ 3+$0E 
A*58= I  A;0D-30;5 . p0  B5; 5$8- ;/0 , ?/ '! 75 P'!=: /0  /-  3%>'3/' , @0 /-  70! "0*#H "=-
$0/ 58= / -A; 5"=*+/-  A'7$*2 : - //#  A;=38; 0E" (;= 3%/ 0$ 2.4.8). 

 

 

 

W) Serial ATA g) Perepherial power 

  
 

K) +12V power j ) Floppy drive power c) Main power 
 

 ` F[ HI]  2.4.8 – $’ l cH[KWdL FaWHcWUa[  * -?  
 
e$ >= "9-  !>0?*= A- ; -$0/ 58=3+, P0;> -P5$80;  g an  A;5$8=: /0  /-  >5H #$=B-

/ - ) %7+ 8"- ; 7=B 385/ 75; 8'"  70 $0/ 38; %$8="/0?0 "=$0/ 5//# . L3' A5; 5>-8;=  "  ) '*+-
, 'I  3"0EI : 538=/'  >52 8+ ; -$0>- / 75D'I/ =I  B5; 5$8-; , !5 "=/ #8$0> >0/ 859 /=B 08"0-
; '" , ;0 !85, %"5//#  3*08'"  ;0 !, =; - //#  I  !57/ +0E A5/ -*'  A0;8'"  L "07%/L="07% (1). l-  
>09 /5  " '7/ -38= #$ 70 A*23'" , 85$ ' 70 >' / %3'"  D+0?0 385/ 75; 8%, 03$'*+$= 70! "0*#H 
;0 ! ;0 ) *2 "5: 5> >58- ;=/ 3+$=B A*58 ' $0; A%3'"  "=A%3$58= ) - ! * ':  ; ' ! /=B >07=P'$5-
D'I , A;= D+0>% / -3%>* '/ /'  P'; >= >09 %8+ "=A%3$58= / - !5$'/ : - /'  / -A;07%>5/'  ;' -
, - //# , 7%9-  %3$*57/ 2 2 :=  3$*575//#  3"0EB "=;0)'" . p-  07/ => / -70* '$0> H, A;=  
! ;0 3852: 0>% !  $09 /=>  ;0 $0> ; ' " /'  8-A*0"=7'* - //# , / -A; 07%>5/5  3=38->5 " - / 8=-
*#D'E $0; A%35, @0 I  0) %>0"=*0 ; 0! ; 0) $% P'; >02  Intel 385/ 75; 8% Lan . 

BTX 
BTX – Balanced Technology Extended – A03') / =$ '!  3=38->/0?0 A;0 -$8%"5//#  

" '7A0" '7/0  70 ;0 !, =; - / 0E ! ) 5*5/ 30"5/ 0E 8-B/0*0?'E. X/ 9 - / - ;=  P'; >= Intel A;= ; 0!-
;0 ) D' /0 "0?0 P0;> -P5$80;5 " ; 5B%"5*= "3' / -70*'$= g an , 85$' #$ ! ) '*+, - //#  ?5)5-
;= 8'" , "=30$=I  ; ' " - /+  , %>%, / -- P-$8="/-  $- ; %"5//#  A0" '8; #/ =>= A080$5>= ' 8.7. 
p 0)  %A0;58=3# !  %3'>5 D=>= / -70*'$5>=, ) %*5 !5A;0A0/0 "5/5  / 0"5 >07-*+ %A5$%-
"5//#  $0>A0/- / 8'"  % 3=38->/ =I  ) *0$ (; =3%/ 0$ 2.4.9). l#  3A-D=P'$5D'# 0B0A*2H "  
0) 0"’#!$0"0>% A0;#7$% /-  8'*+$= A;0D-30;  ' >58- ;=/ 3+$% A*58%, 5 I  %3' $0>A0/-/ -
8= 3=38->/0?0 ) *0$5. \ / '! 75 9 ="*- //#  " !#8' !'  385/ 75; 8% g an  (;= 3%/0$  2.4.8). 
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Power Supply Unit S*0$ 9 =" *- //#  
System Memory ] =38->/5  A5>’#8+ 
Optical Disk Drive J A8=: /=I  A; =38; 'I  
Rear Panel I/O T57/#  A5/ -*+ L/L 
I/O Card on Riser V5/ -*+ A'7$*2 :- //#  " -; -

8=$5*+/=B UV 
Processor V; 0D-30;  
Termal Module Z57'580;  
System/Processor Fan(s) L- / 8=*#80;  
I/O Card Slots V*58= ; 0! , =; - //#  
Chassis ` 0; A%3 

 
W) Small  form factor 

Front Side I/O Perepherials V- ; -7/#  A5/ -*+ L/L 

Power Supply Unit S*0$ 9 =" *- //#  
Module Optical Drive J A8=: /=I  A; =38; 'I  
Rear Panel I/O T57/#  A5/ -*+ L/L 
Hard Drive q 0; 38$=I  7=3$ 
System Memory ] =38->/5  A5>’#8+ 
Processor V; 0D-30;  
Termal Module Z57'580;  
System/Processor Fan(s) L- / 8=*#80;  

 
g) Expandable Tower 

Chassis ` 0; A%3 

Power Supply Unit S*0$ 9 =" *- //#  
System Memory ] =38->/5  A5>’#8+ 
Optical Disk Drive J A8=: /=I  A; =38; 'I  
Rear Panel I/O T57/#  A5/ -*+ L/L 
I/O Card on Riser V'7$*2 :- //#  " - ; 8=$5*+-

/=B UV 
Processor V; 0D-30;  
Thermal Module Z57'580;  
System/Processor Fan(s) L- / 8=*#80;  
I/O Card Slots V*58= ; 0! , =; - //#  
Chassis ` 0; A%3 
Front Side I/O Perepherials V- ; -7/#  A5/ -*+ L/L 
Hard Disk Drive q 0; 38$=I  7=3$ 

 

Floppy Disk Drive U=3$0"07 
K) Desktop  

 ` F[ HI]  2.4.9 – - U` I FHIKHL _I cQOL [ NW] [KWHHS ] I_ NI HQHaLK ^ I U_-^ W] aI UW 3-?  
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L=>0?= 70 >-B5/ ': / 0?0 $; 'A*- //#  ; 0! ) ="528+3# /5  7-" ’#8+ %>0"/=B !0/  (;= -
3%/ 0$ 2.4.10), @0 ! / 5: /0  %3$*57/ 2H A;0-$8%"5//#  I  >0/ 859 3=38->/0 ?0 ) *0$5. T0-
/=  C, B ' D – D- !0/5  >0/ 859% >58- ;=/ 3+$0E A*58= (;= 3%/0$  2.4.10). 

 

  
W) k WFL TI H` _WaQÙ HFb] Ih NOWa`  g) k WFL aQU_I TI H` 

 ` F[ HI]  2.4.10 –  "g ’ l _HL TI H` k WFL ^ I U_-^ W] aI UW 3-?  
 
U%9-  ) 5?580 %"5?= A;= ;0 ! ; 0) D' P0;> -P5$80;5 Lan  ) %*0 A;=7'* - /0  " '7"- -

7- //2  8-A*5 '!  3=38->/ 0?0 ) *0$5. Q5 ; =3%/ $% 2.4.11 !0) ; 59 - /0  7"'  >07-*'  / 5?;'"% 
-* ->- / 8'"  7*# ; '! /=B 8=A'"  %A5$%"5//# , 5 /5  ;= 3%/$% 2.4.12 – A;=$*57= $0; A%3'" . 

 

 

 

W) Expandable Tower g) Desktop 

 ` F[ HI]  2.4.11 – 1 I cQOb aQU_I FaWH[ QOQ_QHaLK F̀ FaQ_HI jI  gOI]W 3-?  
 

   

W) microBTX Tower g) BTX Desktop 
K) BTX Desktop  

[  UI TLgUWHI_[  K̀ j OScL 

 ` F[ HI]  2.4.12 – ) U`] OWc`  ] I UN[ FLK 3-?  
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)  * , - /758  $* 3%* 5 5:  
 

1 QaW – 0! / 5I0 >=8=3# !  " / %8; ', / +02  38; %$8%;02  $0>A’2 8- ;5  85 A;0"-38= /5  
A;5$8=D' ;0 ! ) =; 5//#  85 3$*575//#  $0>A’2 8- ;5 . 

 
$WKcWHHS cI  OWgI UWaI UHIh UIgI a`  

 
1. L=" : =8= , 53' 3=38->/=B ) *0$'"  P'; >= Chietec !5 57; -302 : 

www.chieftec.ru 
2. L=" : =8= / 50: / =I  >58- ; '5* !  >0/ 859% 3=38->  0B0*079 - //#  P' ; >= Zalman 

/5  ; '! /'  A*58P0; >= (J B0*079 - //# _Reserator1Plus.swf). 
3. Z0! ') ; 58= 3=38->/=I  ) *0$. 
4. J ! / 5I 0>=8=3+ !  " / %8; ', / +02  38; %$8%;02 $0>A’2 8- ;5 . 
5. ] $*538= 3=38->/ =I  ) *0$, A'7’H7/ 58= %3' A;0"07= " '7 A;=38; 0E" L"07%-

L="07% 85 '/ ,'  ! ’H7/ %"5:' . 
6.   ! " '8' !5! / 5: =8= / -70* '$= 85 A- ; - "5?= 3=38->/0 ?0 ) *0$5 

 
, "5 -  " ( <5& )/ - * 55:  

 
1. Q5"-7'8+ A;=$*57= 03/ 0" /=B P0;> -P5$80; '" . e$5 >'9  /= >= ; '! / =D#? 
2. e$=I  '/ 38; %>- /8  / -0) B'7/=I  A;=  ;0 ! ) =; 5//'  85 3$*575/ /'  $0>A’2 8- ;5? 
3. e$=I  A0;#70$ ;0 ! ) =; 5//#  3=38->/0?0 ) *0$5? 
4. Q5!" '8+, !  #$=B -* ->- / 8'"  3$*575H8+3# 3=38->/=I  ) *0$. 
5. e$=I  A0;#70$ 3$*575/ /#  3=38->/0?0 ) *0$5? 
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2.5 %" = ( &%o 85 5:  - ") " ( " p&C 1 &,  " = -  0 , - 0  /   
&5 -8 p * ( <5 /?  1 &,  " =? 81  

 
N '$;0 3=38->/5  8-B/ '$5 (N ]a ) "=; ', %H A;0) * ->= >'$;0 0) ; 0) $= ' 70! "0*#H 

"703$0/ 5*2 "58= -* -$8; 0//'  8-B/0*0?'E "=?080"*- //#  A;0>=3*0"=B "=; 0) '"  !  ; 0!-
>'; 5>= $0/ 38; %$8="/=B -* ->- / 8'"  % 7'5A5!0/ 5B 1×10-3–1×10-9 >>. 

U0 N ]a  " '7/0 3#8+3#: >'$;0 -* -$8;0 / '$5 ('/ 8-?; 5*+/'  >'$;0 3B->=); >'$;0 -
- * -$8; 0>-B5/ ' : /'  3=38->= (758: =$= 8=3$%, >'$; 07"=?%/ '" ); "=; 0)=  A;=* 570) %7%-
"5//#  !  >'$;0 / /= >= 85 3%)> '$;0// =>= -* ->- / 85>= !0) ; 59 - //#  (7=P; 5$D'I/'  7=3-
$=, >->) ; 5/=  85 '/ .). 

J 30) *=" '382 "=; 0) '"  N ]a  H:  
- ;0 !85, %"5//#  03/0 " / =B $0/ 38; %$8="/=B -* ->- / 8'"  /5  A*0@=/'  5)0  "  A;= -

A0"- ;B/ - "=B , 5; 5B; 
- >/0 9 =/ / '38+ ' " !5H>0!" ’#!0$ D=B -* ->- / 8'" , #$' %8"0; 22 8+ 3$*57/'  80A0*0-

?': /'  38; %$8%;=.  
V;=  D+0>% ?-0>-8;= : /'  ;0 !>';=  - * ->- / 8'"  80A0*0?'E ! / 5B07#8+3# "  >'$;0/ -

/0 >% 7'5A5!0/'  A0 7"0B 5)0  A0 8; +0B $00; 7=/ 585B (70"9 =/5 – , =;=/5  – ?*=) =/5). 
a-B/0*0?': /'  "A*="= A;= "=?080" *-//'  N ]a  >09 /5  ! " -38= 70 8; +0B 03-

/0 " /=B:  
- >'$;0 "=75*- //#  >58- ; '5*% !  ?*=) =/ 02  h1max = 10-20 >$> ' , =;=/02   

S1min = 0,2-0,4 >$>;  
- >07=P'$5D'# "*538="038-I  A0"- ;B/'  /5  ?*=) =/% h2 = 1,5-2,0 >$>;   
- / 5/ -3- //#  >'$;0 , 5; '"  >58- ; '5*% !  h3min =1-20 />  ' 70 20 >$>. 
U*# $0/ 8;0*2  #$038' "=; 0) '"  / 5I )' *+,  -P-$8="/ => H "=$0;=385//#  - * -$8;0 -

//0E >'$;0 3$0A'E ' - * -$8; 0//0 -!0/ 70"0?0 5/ 5* '!%. 
U*# 5/ 5* '!% >0; P038; %$8%;= -* ->- / 8'"  ' / 8-?;5*+/=B 3B->  85 8"- ; 70?0 8'*5 

>-8075>= -* -$8;0// 0E >'$;0 3$0A'E (- * -$8;0//0 ->'$;0 3$0A': /=I  5/ 5* '! ) "=$0;=380-
"%2 8+ >'$;0 3$0A= A;03" '8*2 "5*+/'  ' ; 538;0 "' . 

- &1$ 3+5& "6"7$ 3+//&  8973+17+; 9= (- > ) #"*#H 30) 02  >'$;0 !0/ 70"=I  >- -
807 703* '79 - //#  A0"- ;B0/+  8"- ; 7=B 8'* . J 3/ 0" /5  A- ; - "5?5 D+0?0 >-807% A0*#?5H "  
80>%, @0 " '/  70! "0*#H 3A038- ; '?58= aI NI j UŴ Ln A0"- ;B/'  ! ; 5!$'"  !  "=30$02  ; 0!-
7'*+/02  !758/ '382 (7-9 /> ) ' ?*=) =/02  ; '!$038', @0 ! / 5: /0  A- ; - "=@%H " '7A0" '7/'  
A0$5! /= $= 0A8=: /=B >'$;0 3$0A'" . L  ; 538;0 "0>% -*-$8; 0//0 >% >'$;0 3$0A'  
ZcN -100  A0"- ;B/#  ! ; 5!$5 0A;0>'/ 2 H8+3# A%: $0> -* -$8;0 / '" , A;=3$0; - /=B /5 -
A;%?02  30-40 $L (;= 3%/0$  2.5.1).  

] A-D'5*+/=I  ?-/ - ; 580;  !7'I 3/ 2H 3$5/ %"5/ /#  A%:$5 A0 A-" / 'I  7'*#/D'  A0"- ; B/'  
0) ’H$85.  

T)' *+, - / /#  >'$;0 3$0A5 !5*-9 =8+ " '7 A*0@' ; 538;5 /5  0) ’H$8'. 
J7 - ; 9 5//#  !0) ; 59 - //#  " '7)%"5H8+3# 85$=> : =/ 0>: 3=?/5*=, @0 "=I , *= !  

P080A0>/0 9 %"5:5 , A'73=*2 2 8+3# "  A0A- ; -7/ +0>% A'73=*2 "5:'  85 " '7-0A'73=*2 "5-
:'  '  A0752 8+3# "  A;=38; 'I  " '!%5*+/0?0 3A038- ; -9 - //#  L ` , 7- >07%*2 H8+3# #3$;5 -
" '38+ -* -$8;0//0?0  A%:$5 8-* - " '! ' I/ 0E 8;%) $=. Z0!?0;8$5 -* -$8;0//0?0  A;0 >- /#  
8; %) $= 3A038-; -9 - / /#  !7'I 3/ 2 H8+3# ?- / - ; 580;0>  3$5/ %"5/ /#  3=/ B;0/ /0  !  ; 0!?0;8-
$02  A- ; "=/ /0?0 A%: $5, #$=I  3$5/ %H "=) ; 5/% 7'*#/ $% A0"- ;B/'  0) ’H$85.  
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 ` F[ HI]  2.5.1 – =YQ_W QOQ] aUI HHI jI  _L] UI F] I NW  81 -1000 : 
1 – ! ; 5!0$; 2-4 – -* -$8; 0>5?/ '8/'  * '/!= ; 3 – $08%, $5 " '7B=*#2 :5 ;   

5 – $5807; 6 – 38=?>580; ; 7 – 7-8-$80;  ; - / 8?- / '"3+$0?0 "=A; 0>'/ 2 "5//# ;  
8 – 7-8-$80;  "80; =//=B  -* -$8;0 / '" ; 9 – A'73=*2 "5:  P080A0>/ 09 %"5:5; 

10 – -* -$8; 0/ /0 -A; 0>- / - "5 8; %) $5 
 
T0) ; 59 - //#  >09-  ) %8= 3P0; >0"5/0  - * -$8;0/ 5>=, #$' A0?*=/52 8+3# 5)0  A;0-

/= $528+ : - ; -!  0) ’H$8, A;0>- / #>= $58070*2 >'/ '3D- / D'E 5)0  ; - / 8?- / '"3+$=> B5; 5$-
8- ;= 38=: /=>  "=A; 0>'/ 2 "5/ / #> "=) ; 5/0 ?0 -* ->- / 85. 

\ *=) =/5  P0$%3% "=! / 5: 5H8+3# 7'5>-8;0>  08"0;% 0) ’H$8/ 0E 7'5P; 5?>=. L '7)=-
8' 85 "80;=/ /'  - * -$8;0 /= , @0 "=/ =$528+ A;= " !5H>07'E A- ; "=//0 ?0 A%:$5 -* -$8;0 -
/ '"  !  >58- ; '5*0> 0) ’H$85, 38"0; 2 2 8+ !0) ; 59 - //#  /5  -$; 5/' . V;=  D+0>% !0) ; 59 - / /#  
/5  -$; 5/'  % " '7)=8=B :=  "80;=//=B  -* -$8;0/ 5B ) %7- "=#"*#8= 030) *="038' >0; P0-
38; %$8%;=  ! ; 5!$5 (8=A0"'  "=$; ="*- //# , 7-P-$8=, ; - *+HP/ '38+ A0"- ; B/' , 80A0?;5-
P'2 ), I0?0 3$5/0?; 5>% (" '7 5/ ?*. s3anning – ;0 !?0; 8$5). 

T0) ; 59 - / /#  /5  3$5/ 0?; 5>'  "=! / 5: 5H8+3# B5; 5$8- ; 0> " !5H>07'E A5752: 0?0 A%:-
$5 -* -$8; 0/ '"  !  A0"- ;B/ -2  ! ; 5!$5. L ZcN  "=$0; =380"%2 8+3# ; '! /'  8=A= $0/ 8; 538%: 

- $0/ 8; 538, 0) %>0"*- / =I  ; '! / =>= 580>/= >= /0 >- ; 5>= (!0) ; 59 - //#  /5  3$5-
/0?; 5>'  ! ’#"*#H8+3# " / 53* '70$ ; ' ! /=D'  $0-P'D'H/ 8'"  " '7) =88# -* -$8;0 / '"  '  P5! !  ; '! -
/= >= 3-; -7/ '>= / 0>- ; 5>=);  

- 80A0?;5P': / =I  $0/ 8; 538, "=$*=$5/=I  !>'/02  $0-P'D'H/ 85 " '7) =88# -* -$8-
;0/ '"  A;= !>'/'  $%85 / 5B=*% A0"- ;B/'  ! ; 5!$5 " '7/0 3/0  A5752 : 0?0 A%: $5. 

 

  0 

5 
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- QYHI OI j LdH̀ f  _WUk U[a  K̀ j I aI KOQHHS LHaQj UWObHIh FYQ_`  
J ; 'H/ 85D'# ! *="$'"   

Z'!$5 ! *="$'"  /5  A*538=/=   

U"0380; 0//H  , * 'P%"5//#  
 

N -B5/ ': /-  A0* '; %"5//#  
 

\ 5!0"-  A0* '; %"5//#  
 

a- ; >': /-  0$3=7%"5//#   
85 A- ; ,5  P080* '80?; 5P'# 

 

U=P%! '# – 38"0; -//#  n+ , 5;% 
 

cA'85$3'# 

 

a- ; >': /-  0$3=7%"5//#   
85 7; %?5 P080* '80?; 5P'# 

 

Z0!7'*+/5 7=P%! '# 

 

m0; >%"5//#  ) 5!0"=B 0) *538-I  

 

m0; >%"5//#  ->'8- ; /=B ' 
A; =$0/ 85$8/=B 0) *538-I  $0*-$80; '"  

 

 

 ` F[ HI]  2.5.2 – =YQ_W aQYHIOI j LdHI jI  _WUk U[ a[ . 7 WFa`HW 1 



 142 

  "=A57$% 3$5/ %"5//#  A%:$5 A0 A0"- ;B/'  ! ; 5!$5 !  ?*=) 0$=> ; - *+HP0> D-I  
$%8 ) %7- / -A- ; - ; " /0  !>'/ 2 "58=3+, @0 I  A;= "-7- 70 A0#"= $0/ 8; 538% /5  3$5/0?; 5>' . 
L=$0;=380"%2 8+3# '/ ,'  "=7= $0/ 8; 538%. 

J 3/0 " /'  A- ; - "5?= ZcN  "=#"*#2 8+3# A;= P; 5$80?;5P': /=B 703* '79 - // #B A0-
"- ;B0/+  ! *5>'"  7*# "=! / 5: - //#  >-B5/ '! >% ; %I / %"5//# .  

N- 807 ZcN  "=$0;= 380"%2 8+ 85$09 A;= 703* '79 - / /'  #"=@ /5  A0"- ; B/'  >-85-
* '" , B5; 5$8- ;% ; 0!A07'*% P5! % 3A*5"5B ' A0$;= 88#B A0 P0; >'  85 ;0 !>'; 5B. N -8075-
>= ; 538; 0"0E -* -$8;0// 0E >'$; 03$0A'E "  ; - 9 =>'  "80;=//=B  -* -$8;0 / '"  >09 /5  ) 5:= -
8= / 5I >- / ,% " '7385/+  >'9  7"0>5 7-85*#>= ! ; 5!$5, ;0 !7'*+/0  !0) ; 59 - /= >= /5  3$5-
/0?; 5>'  :=  80A0?;5>'  703* '79 %"5/0?0 0) ’H$85 A;= ! ) '*+, - / /'  "  500-10000 ; 5! '" .  

V;=  703* '79 - //'  >'$;0 38; %$8%;= "=B'7/ =B >58- ; '5* '"  ' A0$;= 8+ >-8075>= 
ZcN  >09 /5  "=" : =8= P0; >% 85 ;0 !>';=  A0;0 , $'" , 8; '@=/ %"58'38+, / 5#" / '38+ "$*2 -
: - /+ , A0;=38'38+ ) -!  "=?080"*- //#  , * 'P5. X/ P0; >5D'I/ '38+ D+0?0 >-807% / 5) 5?580 
! ) '*+, %H8+3# A;= 07/ 0: 53/0 >% "=! / 5: - / /'  *0$5*+/0?0 B'>': /0?0 3$*57% !5 70A0-
>0?02 A;=385"0$ 7*# ; - / 8?- /0 3A-$8; 5*+/0?0 5/ 5* '!% (3A-$8; 0>-8; '" ), #$=>= 
03/ 5@-/5  ) '*+, '38+ 3%: 53/=B ; 538; 0"=B - * -$8;0// =B >'$;0 3$0A'" . 

N '$;0 3$0A >-85*0?;5P': /=I  ; 0) 0: =I  N NZ-2Z 70! "0*#H 3A038- ; '?58= ' P080-
?;5P%"58= >'$;0 38; %$8%;% , * 'P'"  % 3" '8*0>% A0*'  A;= A;#>0>% ' $030>% "=3" '8-
* - //' , % 8->/ 0>% A0*'  I  A0*#;= !0"5/0 >% 3" '8*' .  

J 3/0 " /'  0A8=: /'  "%!*= >'$;0 3$0A5 !5$; 'A*- /'  /5  03/0 "'  85 !5$;= 8' $0; A%30>. 
J A8=: /5  3B->5 >'$;0 3$0A5 3$*575H8+3# !  8; +0B 03/0 " / =B 3=38-> : 03" '8*2 "5*+/0E, 
3A038- ; -9 /0E '  P080?;5P': / 0E. U*# )' *+,  703$0/ 5*0?0 "=" : - //#  ! ; 5!$'"  "=$0; =3-
80"%2 8+3# 0) ’H$8="=, #$' >52 8+ >- / ,% P0$%3/% " '7385/+ . 

N '$;0 3$0A 70! "0*#H 703* '79 %"58= 80A0*0?'2  X]. 
a-B/0*0?'2  [2, 5, 6, 11] )' A0*#;/0?0  8; 5/ !=380;5 8=A5 n-p-n ' P; 5?>- / 8= 80-

A0*0?'E XN]  !0) ; 59 - /0  /5  ; =3%/ $5B 2.5.2–2.5.6. 
 

 
 
 

m0; >%"5//#  >-85* '!5D'E 

 
Q5/ -3- //#  !5B=3/ 0?0 7'-* -$8; =$5 85 ; 0!$; =88# 
"  / +0>% " '$0/  7*# 8- ; >0$0>A; -3'E 

 

N 0/ 859 $; =385* '"  /5  38; ': $%  
a- ; >0$0>A; -3'#  
\ - ; >-8=!5D'# $0; A%3%  
L=A; 0) %"5//# , $*53=P'$5D'#, 30; 8%"5//#   
N 5; $%"5//#   
 A5$%"5//#  ' 3$*57%" 5//#   

 

 ` F[ HI]  2.5.3 – =YQ_W aQYHIOI j LdHI jI  _WUk U[ a[ . 7 WFa`HW 2 
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tU Wj _QHa`  aI NI OI j Lh &1=  
 

 
 

 ` F[ HI]  2.5.4 – , I HFaU[ ]e LS T’ l cHWHb (W) aW ] I HaW] aHIh NOIr `H]`  (g) &1=  
 

 
 ` F[ HI]  2.5.5 – t UWj _QHa aI NIOI j Lh &1=  T ^ Lj [ UW_  ̀F[_ Lr QHHS 

 
 ` F[ HI]  2.5.6 – 3WULWHa`  ^ Lj [U F[_ Lr QHHS: 

5) 8=A  «* '/ '# – * '/ '#» (* '/ 'E B; -385 /5  , 5) *0/'  3%>'@52 8+3# !  * '/ '#>= B; -385 /5  $; =385*' ),  
) -7) !  $0/ 8; 0*22 : => !5!0; 0> >'9  * '/ '#>= P'?%; 3%>'@-//#  /5  , 5) *0/'  85 /5  $; =385*'  

 
" N`F QOQ_QHaLK &= L FNI FI g`  hY K̀ j I aI KOQHHS 

 

@6957+5AC 3"DA1$ +3 #"*#H 30) 02  3>%9 $% "=30$00>/0E A* '"$=, @0 ! ’H7/ 5/5  
A0 0) =7"5 ) 0$= !  /= !+$00>/02  A;0" '7/ 02  A*'"$02 . U'*#/ $5 ; - !=38="/0?0 , 5;% 

 



 144 

>'9  $0/ 85$8/ =>= A- ; -$; =88#>= / 5!="5H8+3# 38;%>0"=> $5/ 5*0>. L '7/0 , - //#  70-
"9 =/=  38; %>0"0?0 $5/ 5*% (; - !=380;5 70 , =;=/=  I0?0 b) A0"=//-  ) %8= "  >-9 5B 
0,1 £ L/b £ 10 !5*-9 /0  " '7 A=80>0?0 0A0;% ; - !=38="/ 0E A538=, 80"@=/=  , 5;% ' /0 -
>'/ 5*% ; - !=380;5. U*# 07- ; 9 5//#  A08; ') / 0?0 / 0>'/ 5*% ; - !=380;5 $0/ 38; %$80;  >0-
9-  !538030"%"58= /-  ) '*+,-  7"0B "=7'"  ; - !=38=" /=B A538, 80>% @0 D- 3A;=: =/ #H 
!53803%"5//#  '/ , 0?0 8; 5P5; -8% A;= 70758$0"=B 0A- ; 5D'#B 7; %$% ' 8- ; >00) ; 0) $=, 
@0 "  038580: / 0>% A'73%>$% A070"9 %H D=$* "=; 0) /= D8"5 [5]. 

Q5 ;= 3%/ $% 2.5.7 !0) ; 59 - /0  8=A0"'  $0/ 38; %$D'E A* '"$0"=B ; - !=380; '"  [6]. 

 
 ` F[ HI]  2.5.7 – , I Ĥ Lj [ UWeLh c` ^ [ TLfH`Y  UQT̀ FaI ULK 

 
Q5IA;0 38',5  P0; >5 (5) A;#>0$%8/5 , !538030"%H8+3# "  03/ 0" / 0>% 7*# / =!+$0-

0>/=B ; - !=380; '" , () ) A03* '70" /-  "$*2 : - //#  A;#>0$%8/=B ; - !=380; '"  – 7*# "=30-
$00>/=B ; - !=380; '" , (" ) «!>'I $5», (?, 7, - ) – >-5/ 7; . 

U*# ;0 ! ; 5B%/ $'"  ?-0>-8; =: /=B ;0 !>'; '"  ; - !=380;5 "=B'7/02  H P0; >%*5: 

                                                 R =r s KK,                                       (2.5.1) 

7-      R – /0 >'/ 5* 0A0;% ; - !=380;5, J> ;  

r s – 0A';  $"57; 585 ; - !=38="/ 0E A*'"$=; 

KK – $0-P'D'H/8 P0; >%*= ; - !=380;5. 

U*# A;#>0$%8/0 ?0 ; - !=380;5 

                                             KK = L/b,                                                     (2.5.2) 

7-      L, b – " '7A0" '7/0  70"9 =/5 ' , =; =/5  ; - !=380;5. 

\ -0>-8;= : /'  ; 0!>';=  ; - !=380;5 "=! / 5: 52 8+3# !  7"0B %>0": 80: /0 38' I0 ?0 "=-
?080" *- //#  ' A08%9 /0 38' ;0 !3'2 "5//# , @0 A;=A575H /5  07=/=D2  A*0@' ; - !=380;5. 

a0>% / -0) B'7/0  7" ':'  "=! / 5: =8= , =; =/% ; - !=380;5 '  "=) ; 58= / 5I )' *+,-  ! /5 -
: - //# : 
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A0"/5  " '7/0 3/5  A0B=) $5 "=?080" *- //#  A*'"$0"0?0 ; - !=380;5 

gR = D R/ R,                                         (2.5.3) 

7-    D R – 5) 30*2 8/5  "=; 0) /= :5  A0B=) $5 /0 >'/ 5*% 0A0;% ; - !=380;5. 
V0" /5  " '7/0 3/5  A0B=) $5 ; - !=380;5: 

                g> = gr  + g>.K + gt + g> + gD,                                         (2.5.4) 

7-     gr   = D r /r  – " '7/0 3/5  A0B=) $5 A=80>0?0 0A0;% ; - !=38="/ 0E A* '"$=; D r  85 r  – 
" '7A0" '7/0  5) 30*2 8/5  A0B=) $5 ' / 0>'/ 5*+/'  ! / 5: - / /#  A=80>0?0 0A0;% A* '"$=. T"=-
: 5I/0  gr   385/0 "=8+ 4-5 %;    

g>.K = gl + gb – " '7/0 3/5  A0B=) $5 $0-P'D'H/ 85 P0; >=, @0 >09-  ) %8= "=; 59 - /5  
'/ 5$,- : 

g>.K =D, K/, K; gl =D L/L – " '7/0 3/5  A0B=) $5 70"9 =/=  ; - !=380;5;   
gb = D b/b – " '7/ 03/5  A0B=) $5 , =;=/=  ; - !=380;5; 
gt – " '7/0 3/5  A0B=) $5 0A0;%, @0 " ; 5B0"%H "A*=" 8->A- ; 58%;=  / 5"$0*=, / +0?0 

3-; -70"=@5, 

                               gt    = a>  (t – 20) * 100 %,                                    (2.5.5) 

7- a> – 8->A- ; 58%;/=I  $0-P'D'H/8 0A0;% ; - !=38="/0E A*'"$=; ! / 5B07=8+3# "  a  /5  
A*'"$%;  

t – / 5I )' *+,5  ; 0) 0:5  8->A- ; 58%;5;  
g> – " '7/0 3/5  A0B=) $5 0A0;% ; - !=380;5, 0) %>0"*- /5  %8"0; - // #> A- ; -B'7/=B 

0A0;'"  % >'3D#B ! ’H7/ 5//#  ; - !=38="/ 0E 85 $0>%85D'I/0E A* '"0$; ! "=: 5I/0  385/ 0"=8+ 
1-3 %;  

gG – " '7/0 3/5  !>'/5  0A0;%, 0) %>0"*- /5  385; '// #> ; - !=380;5.    
J 3$'*+$= A'3*# "=) 0;% >58- ; '5*% A*'"$= ; - !=380;5 "3' ! / 5: - //#  " '7/0 3/ =B 

A0B=) 0$, $; '>  , K, " '70>' , ! / 5I 7->0  g>.K:     

g>.K = g$ – gr  – gt   – g$ - g3.                                    (2.5.6) 

T5 08; =>5/=>  ! / 5: - // #> g>.K !'  3A'" " '7/ 0, - //#  
 

                                 g>.K = Db/ bmin + D L/L min                                      (2.5.7) 
"=! / 5: =>0 >'/ '>5*+/-  ! / 5: - //#  , =;=/=  ; - !=380;5: 

                           bmin   =  (Db + D L/ , K ) / g>.K.                                    (2.5.8) 
g *-  >'/ '>5*+/'  ;0 !>';=  ; - !=380;5 "=!/ 5: 52 8+3# /-  8'*+$= "=>0?5>= A0 80: /03-

8'. Z0!>';=  ; - !=380;5 "=!/ 5: 52 8+ A08%9 / '38+, @0 " '/  >09-  ;0 !3'#8= "  A;0D-3' ; 0) 08=. 
l#  A08%9 / '38+ A0"=//5  ) %8= >- / , 02  :=  70; '" / 2 "58= @.B3  – A=80>'I  A08%9-

/0 38' ;0 !3'2 "5//#  >58- ; '5*% A* '"$= 
                      

                                @/S £ @.B3 ,                                             (2.5.9) 
7-      @ – !575/5  A08%9 / '38+ ; 0!3'2 "5//# ;  

S – A*0@5 ; - !=380;5. 
L=; ' , %2 :=  3A'*+/0  ; ' " / #//#  S = @/ @.B3  ' R = , K r , "=! / 5: 5H>0 >'/ '>5*+/0  

A;=A%38=>% , =; =/% ; - !=380;5 
 

bmin = T#RP@/r .                               (2.5.10) 
T ; - !%*+858'" , 08; =>5/=B !5 P0; >%*5>= (2.5.9) ' (2.5.10), A08; ') /0  "!#8= ) '*+-

, =I . 
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U0"9 =/% ; - !=380;5 ! / 5B07#8+ !  "=; 5!% L = b , K. V;=  ;0 ! ; 5B%/ $% ; - !=380;5 
A;#>0$%8/ 0E P0; >= ) 59 5/0  "=) ; 58= >58- ; '5* !  85$=> A=80>=> 0A0;0>, @0) $0--
P'D'H/8  P0; >= , K * -9 5" % >-9 5B 1...10 (; =3%/ 0$ 2.5.7). 

 

E +$ +69$ +F3&G9= 3*%9 =8+ 7*# 07- ; 9 5//#  / -0) B'7/ 0E $0/ P'?%;5D'E #$ 5$8="-
/=B ' A53="/ =B -* ->- / 8'" , 85$ ' 3A0*%: / =B A;0" '7/ =$'"  >'9  - * ->- / 85>=.   D+0>% 
A; 0D-3' "=$0; =380"%2 8+3# $0>A*-$8= P080, 5) *0/ '"  ' P080; - !=380;= . Z=3%/0$ 
$09 /0?0 P080, 5) *0/5  " '7A0" '75H $0/ P'?%; 5D'E 07/ 'HE !  P0; >0"5/=B 0) *538-I  ()5-
!0"0E, $0*-$80;/ 0E, ->'8- ;/ 0E 85 '/ .). e$ A;= $*57, /5  ;= 3%/$% 2.5.8 !0) ; 59 - /'  03/0 -
" /'  - 85A= ;0 ) '8, @0 !5) - !A- : %2 8+ / -0) B'7/% $0/ P'?%; 5D'2  7=P%! 'I/=B  0) *538-I  
/ 5A'"A;0 " '7/= $0"0E XN] .  

 

 

Q5 0$=3/ - /% $; ->/ 'H"% A*538=/% / 5/ 03#8+ , 5;  P080; -!=38% (; =3%/0$  2.5.8, 5). 
_- ; -!  P080, 5) *0/  A;0"07#8+ -$3A0/ %"5//#  P080; - !=380;5 %*+8; 5P'0*-80-

"=> 3" '8*0> (;= 3%/ 0$ 2.5.8, ) ). L ; - !%*+858' -$3A0!=D'E 7'*#/ $= P080; - !=380;5, ;0 -
!85, 0"5/'  A'7 A;0!0;=>= -* ->- / 85>= >53$=, A0*'>- ;= !%2 8+3# ' 38528+ 38'I $=>= 
70 7'E 08; %I/0?0  ;0 ! : =/%. V'3*# A;0#"*- //#  "=75*#28+3# / - !53" ': - /'  7'*#/ $= P0-

n 

p 

4 

1 

2 

3 

) ) 

n 

p 

1 

2 

7 
 

6 

5) 

n 

p 

1 

2 

" ) 

n 

p 

1 

2 

?) 

n 

p 

1 

5 

7) 

 ` F[ HI]  2.5.8 – =YQ_W NUI eQF[ ^ I aIOLaI j UŴ Lh: 
1 – 7=0$3=7 $; ->/ '2 ; 2 – P080; - !=38; 3 – P080, 5) *0/ ; 4 – 3" '8*0"=I  A08'$; 

 5 – " '$/0  "  7=0$3=7' $; ->/ '2 ; 6 – -A'85$3'5*+/=I  , 5; ;  
7 – A*538=/5  $; ->/ '2  
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80; - !=380;5 (;= 3%/0$  2.5.8, " ) ' /5  A0"- ; B/'  A*538=/=  !5*=, 5H8+3# >5*2 /0$  >53$= 
!  P080; - !=380;5. U5*'  I 7- -85A 8; 5"*- //# , % ; - !%*+858' #$0?0 "=75*#28+3# 7'*#/ $= 
7=0$3=7% $; ->/ '2 , /-  !5B=@-/'  -$3A0/0"5/=>  P080; - !=380; 0> (;= 3%/0$  2.5.8, ?). 
V'3*# 8; 5"* - //#  3A-D'5*+/ => ;0 ! : =/0>  "=75*#28+ P080; - !=38 (;= 3%/ 0$ 2.5.8, 7). 

a5$=> : =/ 0>, A*538=/5  ?080"5 70 A;0"-7- //#  7=P%! 'E. 
 

 
 ` F[ HI]  2.5.9 – ) U`He` NIKW QOQ] aU`dHW FYQ_W cKINI T̀e LfH I jI  

] I_[ aWaI UW HW 32 KYI c`  (LHcQ]F  2 NI ] WT[l  HWOQPHLFab aUWHT̀ FaI UW cU[ j Ih ] I_ LU]`  &=) 

r 1 

r 2 

  U3);  

Uo 

!5?5*+/=I  

L=B'7 1 

L=B'7 2 

LB'7 2 

UA=8 

$ (j+1) UZ? 

VT2 

V a1 V a1 2 

U!5A VT2 

VT2 2 

VT5 

       VT4 

VT3 2 

VT4 2 

VT5 2 

VT7 2 

VT9 

VT9 2 

VT8 2 
VT10 

VT10 

VT8 

VT11                VT6 VT11 2                   VT6 2 

LB'7 1 
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  / 5A'"A;0" '7/= $0"=B XN]  "=$0;=380"%2 8+3# ; - !=380;= , 3P0; >0"5/'  /5  03-
/0 "'  ) 5!0"0?0, ->'8- ;/0?0  :=  $0*-$80;/ 0?0 , 5; '"  n–p–n 8; 5/ !=380;5. J A';  ; - !=3-
80;5 "=! / 5: 5H8+3# I0?0 ?-0>-8; =: /= >= ; 0!>' ; 5>= ' A=80>=> 0A0;0>  "=$0;=380"%-
"5/0?0 , 5;%. 

T;5!$0> -$3A- ;= >- / 85*+/0?0 703* '79 - / /#  H X] S1110̀Q -2, @0 #" *#H 30) 02  
7"0A0!=D'I/=I  32-$5/ 5*+/=I  $0>%8580; , #$=I  !5) - !A- : %H $0>%85D'2  07/0?0 !  7"0B 
! / 5: - /+  / 5A; %?= /5  32 "=B07= A03* '70" /0 , 5 7; %?0?0 – A5; 5*-*+/0  !  : 5380802   
f = 1 N \D; / 5A;%?02 U.  = >'/ %3 15 L; A08%9 / '382 3A09 ="5/ /#  P.  £ 0,1 >L8/$5/ 5* 
A;= 8->A- ; 58%;'  q1= 350] ; 0A0;0> " '7$; =80?0 $*2 :5  R" '7$ £ 400 J> ; 7'5A5!0/ 0> 
$0>%85D'E U>%$, " '7 >'/ %3 5 L 70 >' / %3 10 L; 38; %>0> " '780$% IT3 £ 10-12 g  7*# 
q1=>'/ %3 1960] , A;= D+0>% >'/ '>5*+/=I  '/ P0; >5D'I/=I  38; %> – 10-11g  [3, 4, 8-10]. 

V;= $*57= P; 5?>- / 8'"  80A0*0?'E $;= 385*% X] S1110̀Q 1-2 85 A;=/D=A0"0E 
-* -$8;= : / 0E 3B->= !0) ; 59 - /'  /5  ;= 3%/ $% 2.5.9. 

 

 
 

 ` F[ HI]  2.5.10 – BWj WaI ] WHWObH̀ f  F] WHQU cKI NI T̀e LfH`f : 
1 – ) %838; -A/5 H>/ '38+; 2 – $0>'; $5 %A; 5" * '//#  N UV-$*2 :-> ; 
3 – N UV-$*2: ; 4 – $0/ 85$8/5  A*0@=/ $5 7*# >'$; 03$*575//#  

 
T5A;0A0/0"5/=I  >-807 , "=7$0?0 "=#"*- / /#  ' "=A;5"*- / /#  ) ; 5$% " A;0D-3' 

?; %A0"0?0 >'$; 03$*575//#   m-$'*+$038' >07%*'"  ) 5?580$5/ 5*+/ =B A- ; ->=$52 : =B A;=-
38; 0E" /5  $0>%85D'I /% A*58% !5 8-B/ 0*0?'H2 «A-; - "- ; / - /0 ?0 $; =385*5» >-8070> B0-
*07/0?0 8=3$%. ] %8+ >-807% A0*#?5H % "" -7- //'  8-B/ 0*0?': / 0?0 A- ; -B07% 70 0A--
; 5D'E >'$;0 3$*575/ /#  – A-; -" '; D' "0*+85>A-;/=B  B5; 5$8-; =38=$ (;= 3%/0$ 2.5.11) %3'B 
!5?5*+/ =B $0/ 85$8/ =B , =/  A'3*# %385/ 0"$= $09 / 0?0 !  m-$'*+$038' D=B >07%*'" .  

V;0 "-7- /=I  -$3A- ;= >- /8  7*# 3->= >07%* '"  ) 5?580$5/ 5*+/=B A- ; ->=$52 : =B 
A;=38; 0E" A'78"- ; 7=" ! ) '*+, - //#  A;07%$8="/0 38' >5I 9-  "  A’#8+ ; 5! '" . 

 

1 

2 

3 

4 
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)  * , - /758  $* 3%* 5 5:  
 

 "$& 3+H+$A – 0! / 5I 0>=8=3# !  80A0*0?'H2 >'$;0 38; %$8%;=  X], A;=/ D=-
A0> ;0 ) 08= 85 8-B/0*0?'H2 $0/ 8; 0*2 , ; 538;0 "=> - * -$8;0 / /=> , >-85*0?; 5P': /=>  
>'$;0 3$0A5>=. J ! / 5I0 >=8=3# !  ! 5?5*+/ => 8-B/0*0?': / => >5; , ; %80> "=?080"-
* - / /#  X]. 

 
) Ù OWc`  L _WaQULWO` 

 
1. Z538;0 "=I  - * -$8;0//=I  >'$;0 3$0A ZcN -100 . 
2. N- 85*0?;5P': /=I  >'$;0 3$0A NNZ -2Z. 
3. T;5!$= >'$;0 3B-> . 
4. ] A=;8 -8=*0"=I  (\ J]a  18300-87). 
5. U=38=*+0"5/5  "075 (\ J]a  6709-72). 
6. V'/D-8 5/ 5* '8=: /=I  (\ J]a  21241-89). 
7. i ' / ' I $5 (\ J]a  17435-72). 

 
)L cj I aI K]W cI  UIgI a`  

 
1. L=" : =8= '/ 38; %$D'2  !  0B0;0/=  A;5D' ' 08;= >58= 70A%3$ 70 "=$0/ 5/ /#  *5) 0;5-

80;/ 0E ; 0) 08=. 
2. L=" : =8= 8-0; -8=: /=I  >58- ; '5*. 
3. J ! / 5I 0>=8=3+ !  $0/ 38; %$D'H2 85 A;=/D=A0> ;0 ) 08= >'$;0 3$0A'"  ZcN -100  '  

NNZ -2Z. 
4. J 8; =>58= " '7 $- ; '" / =$5 70A%3$ 85 "=B'7/'  75/'  7*# A; 0"-7- //#  703*'7/ 0E ; 0) 08=. 

 
) I UScI]  K̀ ] I HWHHS UIgI a`  

 
1. V;0 "-38= A'7?080"$% 0) ’H$8'"  703* '79 - / /#   /5  ZcN -100 . 
2. V;0 "-38= 703* '79 - //#  ! ; 5!$'"  85$=> >-8070>: 

                  -100  -50    0    50     100     
 

 ` F[ HI]  2.5.11 – 3 I ObaW_NQUHL YWUW] aQU`Fa` ]`  
 p-n NQUQYI cLK k `H _L]U I F] OWcWHHS 

U, L 

I, >g  

3   2   1 
U70A 

I=f(U0); ) 
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2.1. V0>'38=8= ! ; 5!0$ "  $0*0/ $% ; 538;0 "0?0 -* -$8;0//0?0  >'$;0 3$0A5 
ZcN -100  " '7A0" '7/0  70 a-B/0*0?': / 0E '/ 38; %$D'E 2520212345. 

2.2. Z0!?*#/ %8= /5  -$; 5/'  ! 0) ; 59 - //#  " - *=$=B A0"- ;B0/+ A;=  >5*=B 
! ) '*+, - // #B (B50, B500) 85 !0) ; 59 - //#  0$; ->=B -* ->- / 8'"  ! ; 5!$5 (A;= ! ) '*+-
, - // #B B1000, B10000). 

2.3. L=! / 5: =8= ; 0!>';  - * ->- / 85 >0; P038; %$8%;=  X] !5 70A0>0?02 * '/ 'I -
$= (!  !0) ; 59 - //#  /5  -$; 5/' ). 

3. V;0 "-38= 703* '79 -/ /#  ! ; 5!$'"  /5  >'$;0 3$0A' N NZ-2Z " '7A0" '7/0  70 a-B/ 0*0?': -
/0E '/ 38; %$D'E 2520262345. 

4. V'7?08%"58= ! " '8. 
 

)L cj I aI K]W Ig ’ l ] aLK cOS cI FOLcPQHHS K  81 -1000  
 

T;5!0$ A0"=/ -/  ) %8= / - " - *=$0?0 ;0 !>';% (/-  )' *+,-  1 3>3). e$@0 ! ; 5!0$ >- -
85*- "=I , 80 " '/  /-  A08; - ) %H A0A- ; -7/ +0E A'7?080"$= 7*# 703* '79 - //# . e$@0 ! ; 5!0$ 
/ ->-85* - "=I , 80 7*# A'7?080"$= ! ; 5!$5 "=$0; =380"%H8+3# / 5A=*2 "5*+/ =I  %/ '" -; -
35*+/=I  A038 L V -5. V;=  703*'79 - / /'  85$=B 0) ’H$8'"  /5  >-85*- "=I  380*=$ – A'7-
$*57$% / 5/0 3#8+ , 5;  5$"575?% ("%?*-D- "0E A538=), @0) !5$; 'A=8= ! ; 5!0$. V08'> , 
@0) "=$*2 : =8= -P-$8 !5; #79 - //#  "  ZcN , ! ; 5!0$ ; 5!0> '!  380*=$0> / 5A=*2 H8+3# 
80/ $=> , 5; 0> "%?*-D2 5)0  >-85*% (Ag, Cu, Al, Cr, Ni).  

L5$%%>/=I  %/ '" - ; 35*+/=I  A038 L V -5 A;= ! / 5: - /=I  7*# A'7?080"$= ! ; 5!$'" , 
#$' 703* '79 %2 8+3# !5 70A0>0?02 -* -$8; 0//0?0  >'$;0 3$0A5 85 ' / , =B 703* '7/=D+-
$=B A;=* 57'" . 

J A- ; 5D'E A0 A'7?080"D' 0) ’H$8'"  A;0"07#8+3# "  ;0 ) 0: 0>% 0) ’H>'  A;= !5*=, -
$0"0>% 8=3$% (1,3*10-2 – 1,3*10-4) V5. U*# 07- ; 9 5//#  85$0?0 8=3$% ; 0! ;0 ) * - /5  
$*53=: /5  "5$%%>/5  3=38->5 '!  !53803%"5// #> >-B5/ ' : /0?0 / 53035 7*# 07- ; 9 5//#  
A0A- ; -7/ +0?0 "5$%%>% = A5; 0>53*#/0?0 "=30$0"5$%%>/ 0?0 / 53035. L5$%%>/5  3=3-
8->5 >09-  A;5D2 "58= "  ; %: /0 >% I  5"80>58=: / 0>% ; -9 =>5B. 

J 3/0 " / =>= 0A- ; 5D'#>= A;= A'7?080"D' 0) ’H$8'"  >09 /5  / 5! "58= 8- ; >': /-  "=-
A5;0 "%"5//#  ; - : 0"=/=  !5 70A0>0?02 ; - !=38="/ =B ' - * -$8;0//0?0  "=A5;0 "%"5: '" , 5 
85$09 '0/ /% 0) ; 0) $% 0) ’H$8'" . 

 
, "5 -  " ( <5& )/ - * 55:  

 
1. L=>0?= 70 - * ->- / 8'"  $0/ 38; %$D'E. 
2. ] B->5 A; 0D-3% P080* '80?; 5P'E. 
3. m080, 5) *0/  – @0 D- 85$-? 
4. a=A0"5 8-B/0*0?'# >'$;0 -* -$8;0 / '$= N UV-8; 5/ !=380; '" . 
5. J 3/0 " /'  $0/ 8; 0*+/'  0A- ; 5D'E A;= "=?080"* - //'  X] !5 N UV-8-B/0*0?'H2. 
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2.6 - "5 , " ) ( &3, " 3*  -8 ? 5 " ( " p&:   
)  /  3 / p" - " 3( 855&  &1=  

 
] $*57/=I  $0>A*-$3 !575:  A;0-$8%"5//#  0A8=>5*+/=B 8-B/0*0 ?': /=B A;0D--

3'"  "=; ', %2 8+ 3A'*+/= >= !%3=** #>= 8-B/0*0?=, $0/ 38; %$80;= , A; 0-$8%"5*+/= $= 
3=38->  $- ; %"5//# , -$0/ 0>'38=. 

g $8%5*+/ '38+ 703* '79 - //#  80/ $0A* '"$0"0E 8-B/0*0 ?'E A0;079 - /5  3%: 53/ =>= 
8- / 7- / D'#>= 70 >'$; 0>'/ '582 ;= !5D'E "=;0 ) '"  A; =*570) %7%"5//# , / 57'I/0 38' 85 
! /= 9 - //#  "5; 8038' "=; 0) '"  A;= "=$0;= 385//'  %/ '" - ; 35*+/=B 8-B/0*0?'I , #$' " '7! /5 -
: 528+3# "=30$02  A;0 7%$8="/ '382 A;0D-3% / 5/ -3- //#  A0$;= 88'" , >5*02  - / - ;?0H>-
/ '382, -$0*0?': /02  : =380802  8-B/0*0?'E. 

a0>% A- ; -7 $0/ 38; %$80; 5>= 380E8+ !575:5  A0 "=) 0;% 3B->08-B/' : /0?0 ;' -
, - //# , #$- )  !570"0*+/ #*0 "=@-!5! / 5: - / => "=>0?5>. 

Q5A;=$*57, /5  ;= 3%/ $5B 2.6.1, 2.6.2 ! 0) ; 59 - /'  A;=/D=A0"5 - * -$8;= : /5  3B->5 
$0>'; $= P0; >%"5//#  ) %838; -A/0E H>/0 38' "  80: D' S ' 80A0*0?'# 07/0 ?0 , 5;% 8; 5/ -
!=380;5 VT1-) %838; -A/0E H>/ 038' " '7A0" '7/0 , #$5 >5H A08%9 / '38+ 3A09="5/ /# , >-/ -
,% 0,1 >L8, ' !5) - !A- : %H %3%/ - //#  "A*="% A0;0?0"0E / 5A; %?= 7*# 8; 5/ !=380;5 VT2. 
l => 703#?5H8+3# "=30$5 , "=7$'38+ A- ; - ; 0!A07'*% !5; #7% , =/  $- ; %"5//# .   

j =; 0$0 "=$0; =380"%H8+3# D# n-; 0! ; #7/5  $0>'; $5 7*# 5A5; 58%; / 0E ; -5* '!5D'E 
0) : =3*2 "5:5 7=3$; -8/ 0E P%/$D'E !?0; 8$=, P0; >%"5//#  ! / 5: - //#  8; 5/ 3D- / 7-/ 8/=B 
P%/ $D'I  7*# 0) : =3*2 "5: '"  8; 5H$80; /=B !575: , 0) : =3*-/ /#  $0-P'D'H/ 8'"  m%;+H 7*# 
5/5* '!580;5 3A-$8;5, P0; >%"5:5 '>A%*+3'"  ! : =8%"5//#  " D=P; 0"0>% A;=38; 0E "=>';2 -
"5//#  75*+/0 38', P0; >%"5/ /#  ! / 5: - / /#  5!=>%85 " 7" 'I $0"=I  $07 ' 8. 7., @0 3A;=#H A0-
* 'A, - / /2  8-B/ '$0--$0/ 0>': / =B A0$5!/ =$'"  A;=38; 0E" 85 3=38->  0) ; 0) $= '/ P0; >5D'E. 

 

  
 

 ` F[ HI]  2.6.1 – ) U`He` NIKW QOQ] aU`dHW FYQ_W ^ I U_[KWHHS g[ aFaUQNHIh l _HI FaL  
K aI deL S:  

UG8.  – / 5A; %?= A'7!5;#7$= H>/ 038' "  80: D' S;  
U68G6(L  – '>A%*+3/5  / 5A; %?5 7*# $- ; %"5//# ;  V1, V2 – P5!= $- ; %"5//#   

 
_=3*- //'  !575:'  8-B/0*0?': /0E A'7?080"$= "=; 0) /= D8"5 XN]  85 ?') ;= 7/=B X] 

"$*2 : 52 8+ ;0 ! ;0 ) $% 85 "=?080"*- / /#  "=30$080: /=B P080, 5) *0/ '" , 0) *57/ 5//#  '  
A;=* 57'"  $0/ 8; 0*2  3858=: /=B 85 7=/ 5>': /=B A5; 5>-8; '" .  

V1 

V2 

n-; 0! ; #7/5  $0>' ; $5  

U; 8G6(L  

UG8. 

"=B'7 S 

VT1 
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 ` F[ HI]  2.6.2 – - I NIOI j LS I cHI jI  k WU[ VT1-g[ aFaUQNHIh l _HI FaL: 

1, 2, 3 – >-85* '!0"5/'  $0/ 85$8/'  " '$/5  
 
V;=  "=;0 ) / =D8"'  ?') ;= 7/ =B XN]  / -0) B'7/0  "=; ' , %"58= A=85//#  - * -$8;= : /0 -

?0 3A0*%: - //#  ?') ; =7/=B 80/ $0A* '"$0"=B 38; %$8%; 7*# , =;0$0?0 7'5A5!0/% 8->A--
; 58%;. 

U0 030) *="038-I  "=?080"*- //#  XN]  " '7/0 3=8+3# ) 5?580; 5!0"-  >-B5/ ': /-  
3A0*%: - //#  P080, 5) *0/ '"  A;= "=$0/ 5/ /'  0A- ; 5D'I  P080* '80?; 5P'E, " - *=$5 8;= "5-
* '38+ 7-#$=B 0A- ; 5D'I  ' 0) >-9 - /'  >09 *="038' -P-$8="/ 0?0 $0/ 8;0*2 .  3- D- A;=-
! "07=8+ 70 ! /= 9 - //#  " '7308$5 "=B07% A;=758/=B "=; 0) '"  [6]. 

a-B/0*0?': /=I  A; 0D-3 "=?080"*- //#  XN]  >09 /5  ;0 !7'*=8= /5  8;=  ?; %A=: 
- / 5/ -3- //#  ; - : 0"=/  % "=?*#7' , 5; '"  5)0  A* '"0$ /5  A0"- ;B/2  A'7$*570$; 
- "=75*- //#  ; - : 0"=/=  A0"- ; B/'  A'7$*570$; 
- A- ; - ;0 !A07'*  580>'"  ('0/ '" ) 70>', 0$ >'9  !0" / ' , / '>  3-; -70"=@->  ' A0"- ;B-

/ -2  5)0  0) ’H>0> A'7$*570$. 
V;=  "=;0) /=D8"' / 5A'"A;0" '7/ =$0"=B A; =38; 0E" 85 XN]  , =;0$0 "=$0;= 380-

"%2 8+ 80/ $' >-85*- "'  85 7'- * -$8;= : /'  A* '"$=. 
 " $ &6"59 ; 6957A !538030"%2 8+ 7*# 0>': /=B $0/ 85$8'"  % $0>%85D'I/=B  -*- -

>- / 85B 85 $0/ 85$8/=B A*0@=/ $5B A;= "=?080"*- //'  80/ $0A*'"$0"=B ; - !=380; '"  '  
$0/ 7- / 3580; '"  85 5$8="/ =B -* ->- / 8'" . 

T5*-9 /0  " '7 A;=! / 5: - //#  - * ->- / 8'"  XN]  "=$0;=380"%2 8+ #$ A*'"$= !  A*58=-
/= , !0*085, 3; ' ) *5, / '$- *2 , B;0>%, >'7', 5*2 >'/ '2 , 8=85/%, >0* ')7 - /%, 85$ ' ) 5?580-
, 5;0 "'  A* '"$0"'  38; %$8%;=. 

I 9"6"7$ 3AJ/9 ; 6957A (SiO, SiO2, GeO, Al2O3, Si3N4 ' 8. 7.) "=$0; =380"%2 8+ 
7*# "=?080"*- //#  80/ $0A* '"$0"=B $0/ 7- / 3580; '" , !5B=38% 80/ $0A*'"$0"=B -* ->-/ -
8'" , p-n A- ; -B07'"  ' A0"- ;B/'  / 5A'"A;0" '7/= $0"=B A*538=/ , 38"0; - //#  >'9 , 5;0 "0E 
'!0*#D'E "  ) 5?580, 5;0 "=B $0>%85D'I/=B  A*585B ' 8. 7.  

@6957A 1; 6&595 "=$0; =380"%2 8+3# 7*# "=?080"*- / /#  0A0;'" , #$' >52 8+ "=30$% 
385)' *+/ '38+, /= !+$=I  8->A- ; 58%;/=I  $0-P'D'H/8 0A0;%, 85 " - *=$=B A=80>=B 0A0;'" . 

V* '"$0"'  0A0;=, #$' ) *=!+$' !5 3"0E>= A5; 5>-8; 5>= 70 ! "=: 5I/=B  $0>A0/-/ -
8'" , "=?080"*#2 8+ #$ !  B;0>%, 85$ ' !  85/ 85*%. V;0D-3 / 5/ -3- //#  85$=B A* '"$0"=B 

1 

2 

3 
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0A0;'"  !570"0*+/ #H "=>0?5> >'$;0 -* -$8; 0/ '$=, 03$'*+$= 8=> 9-  >-8070> >09 /5  
"=?080"*#8= I  $0/ 7- / 3580;= . 

U'I 3/ => *=B0> " '8: =! / #/0E ; 57'0-* -$8;0 / '$= 385*0 " '7>0"*- //#  " '8: =! / #/=B 
>'$; 03B->  : - ; -!  / - / 57'I /-  A; ="5; 2 "5/ /#  " / %8; ' , / 'B "="07'"  >' $; 03B->  70 $0/ -
85$8/=B A*0@=/0$ $;= 385* '" . l-  #"=@- A;#>0 A0"’#!5/-  !'  ! /0 30> %3858$%"5//#  
7*# %*+8; 5! "%$0"0?0 ' 8- ; >0$0>A;-3'I /0 ?0 ;0 ! "5; 2 "5//#  "="07'" , -$3A*%580"5/0 -
?0 /5  A'7A;=H>38"5B " '8: =! / #/ 0E -* -$8;0 //0E A;0 >=3*0"038'. l'  / - 70* '$= %3%"5-
2 8+3# [3] !53803%"5// #> 8-B/0*0 ?'E " / %8; ', / +0?0 >0/ 859% $;= 385* '"  >'$; 03B->  '  
P0; >%"5//#  80A0*0?'E - * -$8;0// =B ) *0$'"  / 5A=*2 "5// #> A;0" '7/= $'"  : - ; -!  " '*+/'  
>53$= /5  A'7$*57$=. 

V'7$*57$= >09 %8+ ) %8= "=?080"*- /'  !'  3$*5, $"5; D%, 3*2 7= ' / ->5?/ '8/=B >- -
85* '" . 

L '70>'  8;=  03/0 " /'  "=7= 08; =>5//#  A0$; =88'"  % "5$%%>' : ?5!0P5! / =I ; '0/ /0 -
A*5!>0"=I ; 8- ; >': /=I  (; - !=38="/=I , '/ 7%$D'I/=I , - * -$8;0//0 -A;0>- / - "=I , *5! -; -
/=I  / 5?;'" ). 

N- 807= -8G%K8G5%-% %D8#W(55X s; %/ 8%2 8+3# /5  A075:'  "  8-A*0"=I  ; -5$80;  
* -8$=B 3A0*%$ >-85* '"  ("  03/0 " / 0>% B*0; =7'" ) "  3%>','  !  "07/ ->  ' 70) 5"$5>= 5!0-
8%, >-85/% 5)0  $=3/2 . V;=  38"0; - / /'  %>0" 7*# A;0B079 - //#  B'>' : /=B ; -5$D'I  /5  
A0"- ;B/'  7-85*'  %8"0; 2 H8+3# A0$; =88# 5)0  !  : =380?0 >-85*%, 5)0  !  I0?0 3A0*%$ !  
5!080>, "%?*-D->  5)0  $=3/ -> . 

N- 807 !%55%-. Y8G$% %-% 58.BY(55X 70! "0*#H 08; =>%"58= A* '"$= ) 5?58+0B >5-
8- ; '5* '" . V0$; 5@-/0  A0$5! / =$= A;= A- ; - /0 3' ) 5?580$0>A0/ - / 8/=B ; - : 0"=/  !  79- -
; - *5 "=A5; 0"%"5//#  /5  A'7$*57$% ) -!  ! >'/  B'>': / 0?0 3$*57%, @0 70! "0*#H !538030-
"%"58= D-I  >-807 7*# 08; =>5//#  #$'3/ =B A0$;= 88'"  /-  8'*+$= !  >-85* '" , 5*-  I  !  / '8-
;= 7'" , $5; ) '7'" , 0$3=7'" . N- 807 '0//0 -A*5!>0"0?0 / 5A=*- //#  7*# 08; =>5//#  A0-
$;= 88'"  A07'*#2 8+ /5  '0//-  ;0 !A=*- //# , '0//-  03579 - //# , A*5!>0"-  / 5A=*- //# . 

] %8/ '38+ 3 (6$!Z5%-% $(3 %#T 585(D(55X 3 %5>B[ . Y! %> A0*#?5H "  / 5?; '"'  ;- -
: 0"=/=  "  "5$%%>'  70 8->A- ; 58%;= , A;= #$'I  ! ;0 3852 :5  !  / 5?; '"0> $'/ -8=: /5  - / - ; ?'# 
580>'"  ' >0*-$%* ; - : 0"=/=  385H 703858/ +02  7*# EB " '7; ="% " '7 A0"- ;B/'  ' A0, =; -/ -
/#  "  / 5"$0*=, / +0>% A;0380;' .   

e$'38+ ' >'D/'38+ A* '"0$ ! / 5: /02  >';02  !5*-9 58+ " '7 : =3808= A'7$*57$=. _5-
380 A'7 : 53 / 5A=*2 "5//#  A'7$*57$5 / 5?; '"5H8+3# !5 70A0>0?02 3A-D'5*+/0?0 / 5?;' -
"5:5  70 8->A- ; 58%;=  100-300°] . V;=  / 5?;'"5/ /'  A'7$*57$= : 538$0"0 ! / '>52 8+3# 
" / %8; ', /'  / 5A; %9 - //#  "  A* '"D' 85 A0* 'A, %H8+3# EE 57?- ! '#.  

V;0D-3 ; - !=38="/0?0 / 5A=*- //#  " '7) %"5H8+3# !5 ; 5B%/ 0$ 8-A*5, @0 "=7'*#-
H8+3# A;= A;0B079 - / /'  - * -$8;= : /0 ?0 38; %>% ) - !A03-; -7/ +0 : - ; -!  >58- ; '5*, @0 "=-
A5;0 "%H8+3#, 5)0  "=A5;/=$ , "  #$0>% ! / 5B07=8+3# ; - : 0"=/5, @0 "=A5; 0"%H8+3#. 

` 0/ 38; %$8="/0  ; - !=38=" /'  "=A5;/= $= A07'*#28+ /5  7;0 8#/' , 38; ': $0"'  I  8=?-
*- "' . U;0 8#/'  "=A5; /= $= "=?080"*#28+3# !  7;0 8% 8%?0A*5"$=B >-85* '"  (>0*') 7-/ , 
"0*+P; 5>, / '0) 'I  7'5>-8; 0> 0,5...1,5 >>). U*# "=?080"*- //#  38; ': $0"=B "=A5;/= $'"  
"=$0;=380"%2 8+ 80/ $' *=38= 8%?0A*5"$=B >58- ; '5* '"  80"@=/02  0,1-0,5 >>. t> -
/ '38+ "=A5; 2 "5/ 0E ; - : 0"=/=  385/0 "=8+ $'*+$5 ?;5>'" . ] - ; - 7/#  " - *=: =/5  38; %>% 
385/0 "=8+ 20…500 g  .U*# "=A5; 0"%"5//#  ; - : 0"=/=  "  $'*+$038' " '7 7-3#8$'"  ?;5>'"  
"=$0;=380"%2 8+3# 8=?-*+/'  "=A5; / =$=. a=?-*+ "=?080"*#28+ !  8%?0A*5"$=B >-85-
* '" , ?; 5P'8% ' $- ; 5>': /=B >58- ; '5* '" . 
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Z0! ; 5B%/ $0"5 80"@=/5 A*'"$= "=! / 5: 5H8+3# !5 P0; >%*02 : 
 

uRv4

sinQM
T

2×××

×
= ,                                               (2.6.1) 

 

7- ]  – >535 >58- ; '5*%, ?; 
Q – $%8 / 5B=*% "=A5;/ =$5; 
r  – ?%38=/5 >58- ; '5*%, @0 "=A5; 0"%H8+3#, 3>3/?; 
R – " '7385/+  " '7 A'7$*57$= 70 "=A5;/= $5, 3>. 
V;= $*57 >5; , ; %8% 8-B/0*0?': / =B 0A- ; 5D'I  A;= "=?080"*- / /'  6-$5/ 5*+/=B 

N UV-8; 5/ !=380; '"  !  0; 'H/ 85D'H2 A*538=/=  á100ñ XN]  A075/0  % 85) *=D' 2.6.1. 
L=) ';  $; ->/ 'H"0E A'7$*57$= !  0; 'H/ 85D'H2 A*538=/=  "  $;= 385*0?;5P': / 'I  

A*0@=/'  "  / 5A;#>$% á100ñ 0) %>0"*- / =I  8=>, @0 @'*+/ '38+ A0"- ; B/- "=B 385/ '"  85 
/= !+$0: 53808/'  , %>= !>- / , %2 8+3# "  8;=  ; 5!= " '7/0 3/0  0; 'H/85D'E á111ñ. l-  A0-
$; 5@-//#  "=$*=$5/0  8=>, @0 3A;#9- //#  s; 580$ $; ->/ '2  ' 0$3=7% A0*'A, %H8+3#. 
a0>% 38-B'0>-8; '# ' !758/ '38+ A* '"0$ H #$'3/ ', =>=, 5 8- ; >0A; %9 /'  7-P0; >5D'E ; 0) -
*#8+ >- / , =I  "A*=" /5  B5; 5$8- ;= 38=$= / 5A'"A; 0" '7/= $0"=B A;=* 57'" . 

V;=  3%: 53/ 0>% ; '" /'  N UV-8-B/0*0?'E "=?080" *- //#  03/ 0" /=>  A5; 5>-8; 0>, 
#$=I  70! "0*#H !5) - !A- : =8= ! / 5: - //#  / 5A; %?=, @0 A;0"07=8+3#, "  !575/=B >-9 5B H 
$0/D- / 8; 5D'# 70>', $= % A'7$*57D'.  

 
a5) *=D# 2.6.1 – ) I FOLcI KHLFab K̀ ] I HWHHS aQYHI OI j LdH`Y I NQUWeLf NU` 

K` j I aI KOQHHL 3-] WHWObH̀ Y 1 %) -aUWHT̀ FaI ULK &1=  
" NQUWeLS ) OWH aW NQUQULT * -*  FaU[ ] a[ U` 

1 2 

m0; >%"5//#  !5B=3/ 0?0 A0$; =88# SiO2 8- ; >': -
/=>  0$=3/ - / / #> A'3*# B'>': / 0E 0) ; 0) $=. 
a0"@=/% SiO2 !/ 5B07#8+ !5 P0; >%*02 :  
[  = >1t

1/2» 0,1-0,3 >$>, 
7- >1 – $0-P'D'H/8  A;0 A0; D'I/ 038'; 
t – 8; ="5* '38+ 0) ; 0) $=. 
*  = 900-12000] ; 8=3$ " '7 190 70 760 >> ;8. 38. 
[1, 2] 

 
1 – 7'*#/ $5 P0; >%"5//#  N UV-
38; %$8%;= ; 2 – , 5;  7'0$3=7% $; ->/ '2  
SiO2; 3 – A'7$*57$5 

V-; ,5  P080* '80?; 5P'#: 
L=75*- //#  /5  40-50 % SiO2 !  0) *538-I , 7- )%-
7%8+ P0; >%"58=3# "=80$=, !58"0;= , 380$=  

1 – 7'*#/ $5 "=80$%; 2 – 7'*#/ $5 !58"0;%; 
3 – 7'*#/ $5 380$% 

U; %?5 P080*'80?; 5P'#:  
L=75*- //#  /5  100 % SiO2 !  7'*#/ 0$, 7- ) %7%8+ 
P0; >%"58=3# "=80$=, 380$=. Q57 7'*#/ $5>= 
!58"0; '"  !5*=, 5H8+3# SiO2  

 
1 – 7'*#/ $5 !58"0;%; 
2 – , 5;  7'0$3=7% $; ->/ '2  
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V;0 70"9 - //#  85) *=D' 2.6.1 
 

V-; ,5  7=P%! '#: :- ; -!  ; 0!$; =88# " '$/5  ""0 -
7#8+ 580>= ) 0;% (38"0; - / /#  7'*#/ 0$ 6-8=A% 
"=80$'"  ' 380$'" ). 
1-5 3857'#: *  = 900-10000] , t = 20-25 B", $0/ -
D-/ 8; 5D'# 1018 3>-3. 
2-5 3857'#: *  = 1050-11000] ,  
$0/D-/ 8; 5D'# 580>'"  ) 0;% – 10163>-3 

 
1 – , 5;  7'0$3=7% $; ->/ '2 ; 
2 – 7'*#/ $= "=80$% ' 380$% 
 

a; -8# P080* '80?; 5P'#: 
L=75*- //#  /5  100 % SiO2 !  7'*#/ 0$, 7- ) %7%8+  
P0; >%"58=3# !58"0;=   

1 – , 5;  7'0$3=7% $; ->/ '2 ; 
2 – 7'*#/ $= "=80$% ' 380$% 

U; %?- 0$=3/ - //# : %8"0; - //#  80/ $0?0 , 5;% 
A'7!58"0; / 0?0 7'-* -$8; =$5. 
[  = 0,07-0,09 >$>, A0; 0?0"5 / 5A; %?5  
U.%6 = 0,5-2 L, 
A; 0) ="/5  / 5A; %?5 U = 25-50 L 

 
1 – , 5;  7'0$3=7% $; ->/ '2  (A'7!58"0; -
/=I ); 
2 – 7'*#/ $= "=80$% ' 380$% 

_-8" - ; 85 P080* '80?; 5P'#: 
m0; >%2 8+ " '$/5  7*# 38"0; - //#  0>': /=B $0/ -
85$8'"  70 "=80$'"  ' 380$'" . 
Q5A=*- //#  A* '"$= 5*2 >'/ '2  80"@=/ 02  1 >$> 
/5  "32 A0" - ; B/2  A'7$*570$ "=$0/ %2 8+ 7*# 
P0; >%"5//#  -* -$8; 07'"  !58"0; '"  ' 0>': / =B 
$0/ 85$8'"  70 0) *538-I  "=80$'"  ' 380$'"  

1 – " '$/5  A'7 0>': /'  $0/ 85$8=; 
2 – 7'*#/ $= "=80$% ' 380$%; 
3 – , 5;  7'0$3=7% $; ->/ '2  

V’#85 P080*'80?; 5P'#: 
m0; >%2 8+ >'9 -* ->- / 8/'  ! ’H7/ 5//# . 
V53="5D'# – A'; 0*'8=: /-  03579 -//#  (A;=  *  = 
3000] ) SiO2 

_ = 0,5-0,8 >$> – A; =!/ 5:- /5  7*# ! 5B=38% >- -
85* -"=B >'9 -* ->- / 8/ =B ! ’H7/ 5/+  " '7 !0" / ', -
/ +0?0 "A*="% ($0; 0! 'E, >-B5/ ': /=B A0, $07-
9 -/+ ) 

 
1 –38; %$8%;5 N JV -8; 5/!= 380;5;  
2 – , 5;=  >-85* '!5D'E;  
3 – >'9! ’H7/ 5//# ; 4 – "=80$;  
5 – -* -$8; 07 !58"0;5; 6 – 380$ 

j 0385 P080* '80?; 5P'#: 
L=75*- //#  A53="%2 : 0?0 , 5;% !  $0/ 85$8/ =B 
A*0@=/ 0$ 38; %$8%; XN]  

 
V; =$*57 >-85* '!0"5/=B $0/ 85$8/=B "' -
$0/  !0) ; 59 - /0  /5  ; =3%/ $% 2.6.2 
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Q5 ;= 3%/ $% 2.6.3 !0) ; 59 - /0  3B->% ) %70"= "5$%%>/ 0E %385/0 "$=, #$5 !538030-
"%H8+3# 7*# 07- ; 9 5//#  80/ $=B A*'"0$ , *#B0> 8- ; >': /0?0 "=A5; 2 "5//#  % "5$%%>' . 

a-B/0*0?'2  07- ; 9 5//#  80/ $=B A* '"0$ 8- ; >' : /=>  "=A5; 2 "5// #> % "5$%%>'  
!7' I 3/ 22 8+ % 85$=I  3A03') . 

] A0: 58$% !5"5/ 859 %2 8+ % ; 0) 0:% $5>- ;% 1 A'7$*57$= 4, >53$= 5 '  ; - : 0"=/%, 
@0 "=A5; 0"%H8+3#. wB "385/0 "*2 2 8+ " '7A0" '7/0  "  A'7$*57$08;= >5: , >53$08; =>5:  '  
/ 5?;'"5:  3 A;= A'7/ #80>% $0"A5$%. V08'>  0A%3$528+ $0"A5$ ' ; 0) *#8+ " '7$5: %"5//#  
A0" '8;#  !  $5>- ;=  70 07- ; 9 5//#  "=! / 5: - / 0?0 38%A-/#  "5$%%>%. L5$%%> A0"=/ -/  )%-
8= 85$=>, @0) 580>= >-85*% /-  ! ', 80"B%"5*=3# !  >0*-$%*5>= !5*=, $0"0?0 ?5!% 
A;= 3"0H>% ; %3' 70 A'7$*57$=, 80) 80 EB/'  8; 5H$80; 'E >52 8+ ) %8= A;#>0* '/ 'I/= >=. 
l#  %>0"5 "=$0/ %H8+3#, #$@0 "  $5>- ;'  38"0; 2 H8+3# 8=3$ ) *=!+$0 10-5 >>. ;8 .38.   
D+0>% "=A57$% " '7385/+  " '7 "=A5;/= $5 70 A'7$*57$= / - " - *=$5 A0; '" / #/0  '!  3-; -7-
/ +02  70"9 =/02  " '*+/0?0 A;0) '?% >0*-$%* ?5!%, ' ) '*+,5  : 538=/5 580>'"  >-85*% 
) %7- 703#?58= A'7$*57$= ) -!  ! '8$/ - /+  !  >0*-$%*5>= !5*=, $0"0?0 ?5!%. V'3*# D+0?0 
"$*2 : 52 8+ / 5?; '"5//#  A'7$*57$= 4 ' "=A5;/= $5 7 A;= !5$; =8'I  !53* '/ D' 15. U*# /5 -
?;'"5/ /#  ; - : 0"=/=  / 5I : 538',-  "=$0;=380"%2 8+ U9 0%*- "-  8-A*0, @0 "=7'*#H8+3# "  
A;0" '7/ =$5B A;= A; 0B079 - / /'  : - ; -!  /=B - * -$8;= : /0?0 38; %>% (-* -$8;0/ 5?; '" ). 

V;0D-3 / 5A=*2 "5/ /#  A0: =/ 5H8+3# !  >0>- / 8% " '7$;= 88# !53* '/ $= 15, A;070"-
9 %H8+3# A;08#?0> : 53%, / -0) B'7/ 0?0 7*# 07- ; 9 5//#  A* '"$= !575/ 0E 80"@=/= , ' A;= -
A=/#H8+3# !5$;= 88#> !53* '/ $=, @0 A;=A=/ #H , *#B 580>5;/ 0>% A080$%. V'3*# D+0?0 
;0 !?- ; >-8=!0"%2 8+ $5>- ;% 1, "=8#?52:=  A'7$*57$= 4 !  / 5A=*- /02  A* '"$02 . 

] 8; %$8%;5  ' " *538="038' 80/ $=B A* '"0$, 08;= >5/=B , *#B0> 8- ; >' : /0?0 "=A5-
; 2 "5//#  % "5$%%>' , ! / 5: /02  >'; 02  "=! / 5: 528+3# %>0"5>= EB/+0E $0/ 7- / 35D'E ' !5-
* -958+ " '7 A;=;0 7= ; - : 0"=/= , @0 "=A5;0 "%H8+3#, ' " '7A0" '7/ 038' EE 38; %$8%;=  38; %$-
8%;'  A'7$*57$=; A; =;07= A'7$*57$=, 38%A-/#  EE 0: =@- //# , >'$; 0; - *+HP% ' 8->A- ;5 -
8%;=  A0"- ;B/'  "  A;0D-3'  $0/ 7- / 35D'E /5  / 'I  ; - : 0"=/= , @0 "=A5;0 "%H8+3#; 38%A-/#  
"5$%%>% ' 3$*57% !5*=, $0"0?0 3-; -70"=@5 "  A;0D-3' "=A5; 2 "5//#  ; - : 0"=/=  85 EE 
$0/ 7- / 35D'E; , "=7$038' "=A5; 2 "5//#  ; - : 0"=/= ; $%85 A57'//#  >0*-$%*#; / 0?0 A%:$5 
/5  A'7$*57$%; 80"@=/=  A*'"$=. 

g7?- ! '# A* '"$= 70 A'7$*57$= ) 5?580 "  : 0>% !5*-9 =8+ " '7 / 5#" / 038' 0$=3/ 0?0 
, 5;%, @0 >09-  "=/= $/ %8= "  A;0D-3'  03579 - //#  >'9  A* '"$02  ' A'7$*57$02 . a5$=I  
0$=3/=I  , 5;  %8"0; 2 H8+3#, / 5A;=$*57, A;=  / 5A=*2 "5/ /'  !5* '!5 ' / 'B;0>%, : => ' A0-
#3/ 2 H8+3# ?5;/5  57?- ! '# D=B A*'"0$. V* '"$= !  !0*085, @0 /-  A'775H8+3# 0$=3/ - //2 , 
>528+ 7%9-  A0?5/% 57?- ! '2 , 80>% >'9  !0*080> '  A'7$*57$02  38"0; 2 2 8+ A;0>'9 / =I  
A'7, 5;  !  >58- ; '5*% !  "=30$02  57?- ! 'H2. S59 5/0 , @0) , 5;  0$3=7%, @0 %8"0; =8+3#, 
) %" ; ' " /0 >';/0  ;0 !A07'* - /=I  >'9  A* '"$02  ' A'7$*57$02 . 

Q5#"/ '38+ !5) ; %7/ - /+  /5  A'7$*57D', / 5A; =$*57, % P0; >'  / - " - *=$=B ' !0*+0"5-
/=B 07=/  " '7 07/0?0 038; '"$'" , 7%9-  "A*="5H /5  - * -$8;0 P'!=: /'  " *538="038' A* '"0$. 
T5*-9 /0  " '7 80?0, #$5 - / - ;?'# !" ’#!$% )' *+,5  – >'9  >58- ; '5*0> A*'"$= ' D=>= 038; '" -
$5>= :=  >'9  >58- ; '5*0> A* '"$= ' A'7$*57$02 , – A*'"$5 %8"0; 2 H8+3# 5)0  /5  038; '" -
$5B, 5)0  /5  A0"- ;B/'  A'7$*57$=. a0>% A- ; -7 / 5A=*- // #> / -0) B'7/0  ; -8-*+/0  0:= -
@58= A'7$*57$=, 5 85$09 !5A0)' ?58= A0#"'  >53*#/=B A*'"0$, #$' "=/= $52 8+ "  ;- -
!%*+858' A;0/ =$/ - //#  A5; '"  ; 0) 0: =B ; '7=/  '!  / 5303'" . 

Z0!>';  ! - ; -/  ' 38%A'/+  , 0; 38$038' A0"- ;B/'  A'7$*57$= >52 8+ "A*=" /5  38; %$8%-
;% A* '"$=, @0 %8"0; 2 H8+3#. U*# 08; =>5//#  ?*57$0E A0"- ;B/'  "=$0/ %2 8+ 8-; >': /-  A0-
* '; %"5//#  3$*#/ =B 85 '/ , =B A'7$*570$ / 5?; '"0> ' 0A*5"*-// #> A0"-; B/ -"0?0 , 5;%. 
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Z0!?*#/ %8=I  >-807 70! "0*#H 07- ; 9 %"58= A*'"$= ; '! / 0E 80"@=/= . a0"@=/5 
; -?%*2 H8+3# !>' /02  , "=7$038' 5)0  : 53% $0/ 7- / 35D'E. Q5 A;0D-3 P0; >%"5//#  A*' -
"0$ "A*="52 8+ $'*+$5 P5$80; '" , / 5I ) '*+,  '3808/ => !  #$=B H 8->A- ; 58%;5 A'7$*57$=. 
T5*-9 /0  " '7 D'HE 8->A- ; 58%;=  >09 %8+ ; -5* '!%"58=3# ; ' ! /'  >-B5/ '! >= $0/ 7- / 35D'E, 
@0 "=! / 5: 528+ 38; %$8%;/=I  385/  ' >5?/ '8/'  " *538="038' A*'"0$. T0$; ->5, A;= A'7-
"=@-/ /'  8->A- ; 58%;= A'7$*57$= " '7 200 70 500°]  3A038- ; '?5H8+3# A0>'8/5  !>'/5  
>5?/ '8/ 0E A;0/= $/0 38' ' " - *=: =/=  !0" / ', / +0?0 >5?/ '8/0?0 A0*#, "  #$0>% " '7)%"5-
H8+3# / 53=: - //#  P- ; 0>5?/ '8/ 0?0 3-; -70"=@5. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V-; - "5?5>= D+0?0 >-807% H: 
- /= !+$5 "5; 8'38+ 0) *57/ 5//# ; 
- A;038085 $0/ 38; %$D'I  "=A5;/= $'" ; 
- " - *=$5 , "=7$'38+ / 5/ -3- //#  A0$;= 88'" . 
Q-70* '$5>= >-807% H: 
- ;0 ! ) ; =!$%"5//#  >58- ; '5*%, @0 "=A5; 0"%H8+3#, /5  A'7$*57$%; 
- "=30$' "=>0?= 70 #$038' >58- ; '5*% 7; 08% (" '73%8/ '38+ ; 5$0"=/ , ?5!0"=B 

"$*2 : - /+ ). 
 

a5) *=D# 2.6.2 –  QT[ ObaWa`  Q] FNQÙ _QHaWObH`Y cWH̀ Y 

A/A 
N 58--
; '5* 

! ; 5!$5 

N 58--
; '5* /5 -
" '3$= 

N 535 /5 -
" '3$=, ? 

Z0!>';=  
! ; 5!$5, 

>> 

a->A-;5-
8%;5 A0A--
; -7/+0?0 
/ 5?; '"%  
! ; 5!$5, 
* 0, °]  

Z0) 0: =I  
"5$%%>, 
@0, V5 

] =*5 
38;%>%, 

a, g  

Q5A;%- 
?5, 

U, L 

Z0! ; 5B%/-
$0"5  

80"@=/5  
A* '"$=, >$> 

1 2 3 4 5 6 7 8 9 10 

1 – ; 0) 0:5 $5>-;5; 
2 – / 5?; '"5:'  7*# !/ -?59 %"5//# ; 
3 – / 5?; '"5:  A'7$*57$=; 
4 – A'7$*57$=; 
5 – 8; 5P5; -8 (>53$5); 
6 – / 58'$5: ; 
7 – "=A5; /=$  !  ; - : 0"=/ 02 ; 
8 – " - / 8=*+;  
9 – !58"0; ;  
10 – 0) - ; 85*+/=I  / 5303; 
11 – A5; 0>53*#/ =I  / 5303; 
12 – >53*0" '7)="52 :5 A538$5;   
13 – >5/ 0>-8; ;  
14 – A; 0$*57$= !  - *5380>-;%; 
15 – !53* '/ $5;   
16 – 0?*#70"'  " '$/5   

3
4
5

6

7

8

1
0

9

2
1

1
61
5
1
4
13

1
2
1
1

 ` F[ HI]  2.6.3 – =YQ_W KW] [[_ HIh [ FaWHIK]`  cOS HWN`OQHHS 
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)  * , - /758  $* 3%* 5 5:  
 
 " $& 3+H+$A – 0! / 5I 0>=8=3# !  8-B/0*0?'H2 "=;0 ) / =D8"5 N UV-

8; 5/ !=380; '"  85 A;5$8=$02  07- ; 9 5//#  80/ $=B >-85*- "=B A* '"0$ /5  A0"- ;B/'  A'7-
$*57$= "  %385/ 0"$5B "5$%%>/ 0?0 / 5A=*- / /#  8=A%  LQ-71, / 5) %8= / 5"=: 0$ 0P0;> -
*- //#  8-B/0*0?': / 0E 70$%>-/ 85D'E /5  8-B/ 0*0?': / =I  A;0D-3. 

 
" gOWcHWHHS, K̀ _LUn KWObHL NÙ OWc`  aW LHFaU[ _QHa`  

 

1. V;0 >=3*0"5 "5$%%>/5  %385/0 "$5  LQ-71. 
2. ] 8'*  >0/ 859 /=I  A=*0!5B=3/=I  ] NV -1N .  
3. T5B=3/5  , 5P5 j Tg-TN. 
4. N '$;0 3$0A N S] -9. 
5. X/ 38; %>- / 8= – A'/D-8= !  P80; 0A*5380"=>= ?%) $5>=. 
 

1 WaQULWO` aW LHFaU[ ]e Lh T IYI UI H` NUWeL 
 

1. V'7$*57$=. 
2. N58- ; '5*= 7*# / 5A=*- / /# : >'7+, 5*2 >'/ 'I  (B'>': /0  : =38' 99,99 % ). 
3. L5?= 5/ 5* '8=: /'  a-200. 
4. ] A=;8 -8=*0"=I  ; -$8=P'$0"5/ =I  (\ J ]a  18300-87). 
5. S#!+ 8-B/ ' : /5  (\ J]a  28093-89). 
6. V0*#;=8 8=A% «̀ ZJ `  ] ». 
7. X/ 38; %$D'# !  -$3A*%585D'E %385/ 0"$=  LQ-71. 
8. X/ 38; %$D'# !  8-B/ '$= ) - !A-$= A;= ;0 ) 08' /5  %385/0 "D'. 
9. ] A-D07#?: >-7=: /'  B5*58=, $03=/ $=, ?%>0"'  ; %$5"=: $=. 
 

)L cj I aI K]W cI  UIgI a`  
 

1. L=" : =8= '/ 38; %$D'2  !  0B0;0/= A;5D' '  08; =>58= 70A%3$ 70 "=$0/ 5//#  *5-
) 0; 580;/0E ;0 ) 08=. 

2. L=" : =8= 8-0; -8=: / =I  >58- ; '5*. 
3. J ! / 5I 0>=8=3+ !  $0/ 38; %$D'H2 85 A; =/ D=A0> ; 0) 08= A;0>=3*0"0E "5$%%>-

/0E %385/0 "$=  LQ-71, >'$; 03$0A5 N S] -9.  
4. J 8; =>58= " '7 $- ; ' " /= $5 70A%3$ 85 "=B'7/'  75/'  7*# A;0"-7- //#  703* '7/0E 

;0 ) 08=. 
5. J ! / 5I 0>=8=3+ !  "=>0?5>= 70 0P0; >*- / /#  8-B/0*0?': / 0E 70$%>-/ 85D'E. 
 

) I UScI]  K̀ ] I HWHHS UIgI a`  
 

1. J ! / 5I 0>=8=3# !  8-B/ '$02  ) - !A-$= A;= ; 0) 08' /5  "5$%%>/ 0>% 0) *57/ 5/ /' . 
2. J : =38=8= A0"- ;B/2  A'7$*57$= " '7 >09 *="=B 0;?5/ ': /=B 85 / -0;?5/ ': / =B 

!5) ; %7/ - /+  % 85$'I  A03* '70" /0 38': 
1) A;08- ; 8= A'7$*57$% ) 58=380"02  3-; " -8$02 , !>0: - /02  % 3A=; 8' !  A0*#-
;= 80> «̀ ; 0$%3»; 
2) 3%B' A'7$*57$= "=8- ; 8= ) 58=380"02  3- ; " -8$02  70 A0" /0?0 %3%/ - / /#  
: 538=/0$ A0*#;= 8% !  EB A0"- ;B/' ; 
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3) 58>03P- ;/=I  A=* "=75*=8= !5>, - "02  3-; " -8$02  5)0  A/ - "> 0?;%, -2 . 
V'7$*57$= A0>'38=8= "  !5B=3/% , 5P% j Tg-TN. _53 ! ) - ; -9 - //#  A'7$*5-
70$ 70 >0>- / 8% !5"5/ 859 - //#  "  %385/0 "$% >5H /-  A- ; - "=@%"58= 12 ?07. 

3. V'7?08%"58= / 5" '3$%: 
1) "=) ; 58= >58- ; '5* (!5 ; -$0>- / 75D'H2 "=$*575:5); 
2) A;0"-38= ! "59 %"5//#  / 5" '3$=. 

4. V'7?08%"58= 8-B/0*0?': /-  03/ 5@-//#  %385/0 "$= !?'7/0  !  '/ 38; %$D'H2: 
1) A'7/ #8= $5>- ;% %385/ 0"$=, "385/0 "=8= / 5" '3$%, A'7$*57$08;= >5:  !  A'7-

$*57$5>=, 8- ; >0A5;%, 0A%38=8= $5>- ;%.  
5. L="-38= "5$%%>/% %385/ 0"$% /5  ; -9=> ;0 ) 08= ("5$%%>, 8->A-; 58%;5 ! ; 5!$5) 

7*# /5A=*-//#  (!?'7/0  !  '/ 38; %$D'H2) " A;=3%8/ 038' "=$*575:5 (/ 5" : 5*+/0 ?0 >5I 38;5). 
8. V;0 "-38= / 5A=*- //#  80/ $0E A* '"$= (! / 5: - //#  3=*= 38; %>% 85 : 53 !57528+-

3# "=$*575: -> ). 
9. Z0!?- ; >-8=!%"58= "5$%%>/% $5>- ;%. 
10. L=I/ #8= / 5A=*- /'  A'7$*57$=. 
11. V; 0"-38= " '!%5*+/=I  $0/ 8;0*+  80/ $0E A*'"$=. 
 

$_LFa TKLa[  
 

1. Q5I >- / %"5//#  ; 0) 08=. 
2. N- 85 ;0 ) 08=. 
3. V;=* 57= ' >58- ; '5*=. 
4. ` 0;08$=I  0A=3 8-B/0*0?'E "=?080"*- //#  N UV-8; 5/ !=380; 0" = / 5/ -3- //#  A0-

$;= 88'" . 
5. ] $*575//#  ' !5A0"/ - //#  85) *=D' ; -9=>'"  / 5/ -3-//#  A0$; =88'"  % "5$%%>/ 'I  $5>-;' . 

Q5 A;5$8=: /=B !5/ #88#B: 
1. J P0; >*- //#  >5; , ; %8/ 0E $5; 8= !  8-B/0*0?'E "=?080"*- //#  N UV-8; 5/ !=380; '" . 
2. V;0 "-7- //#  ;0 ! ; 5B%/ $% 80"@=/=  A*'"$= !?'7/0  !  P0; >%*02  (2.6.1) !5 85$=B 

%>0": ]  = 40 >?, R = 5 3>, Q = 90°, r  = 2,7 3>3/? 7*# >58- ; '5*% / 5" '3$= 5*2 >'/ '2  85 
r  = 8,93 3>3/? 7*# >58- ; '5*% / 5" '3$= >'7'.  

 
, "5 -  " ( <5& )/ - * 55:  

 
1. e$' H >-807= / 5/ -3- //#  A0$;= 88'"  % "5$%%>' ?  
2. J A=358= A03* '70" / '38+ A'7?080"$= ! ; 5!$5 70 / 5A=*- //# . 
3. T5 #$=>= A5; 5>-8; 5>= 0) =; 52 8+3# ; -9 =>= / 5/ -3- //#  A0$; =88'" ? 
4. U58= A0#3/ - //#  A;0D-3% 8- ; >': /0?0 "=A5;0 "%"5//# . 
5. U58= A0#3/ - //#  A;0D-3% '0//0 -A*5!>0"0?0 ;0 !A=*- //# . 
6.   : 0>% A0*#?5H A- ; - "5?5 ' / - 70* '$= '0//0 -A*5!>0"0?0 >-807% ;0 !A=*- //#  

A0;'" / #/0  !  8- ; >0"5$%%>/ => "=A5;0 "%"5/ / #>? 
7. J A=358= A03* '70" / '38+ 8-B/ 0*0?': /=B 0A- ; 5D'I  A;= "=?080"*- / /'   

6-$5/ 5*+/=B N UV-8; 5/ !=380; '"  XN] . 
8. U58= A0#3/ - //#  A;0D-3% P080* '80?;5P'E.  
9. ` 07= 8-B/0* 0?': /=B 70$%>-/ 8'"  N` , J` , `c , ̀ ` , LU, aX. 
10. ̀ 07= 8-B/0*0?': /=B 0A- ; 5D'I : $0/ 8; 0*2 , 3*235;/0 -3$*575*+/=B ;0 ) '8, 

>-B5/ ' : /0E 0) ; 0) $=, A;-3%"5//#  85 *=88# 7-85*-I  !  A*538>53 85 '/ . 
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2.7 3 / , "  / = - * 55:  )  " p * 1 5 " p"  $*= " B0  MULT ISIM  
%(:  1 " %8( E 3* 5 5:  =? 81   

& -  *= 0 3* 55:  ) ( *-  
 

Multisim – D- 07=/  '!  / 5IA0A%*#; / ' , =B A;0?; 5>/=B A5$-8'" , @0 "=$0; =380-
"%H8+3# 7*# >07-*2 "5//#  - * -$8;0/ / =B 3B-> , ;0 ! " -7- //#  7; %$0"5/ =B A*58 85 '/ . 
\ 0*0" /5  030) *=" '38+ Multisim – A;038=I  / 50: / =I  '/ 8- ; P- I3 , A08%9 /'  !530)=  ?; 5P': -
/0?0 5/ 5* '!% ; - !%*+858'"  >07-*2 "5//# , / 5#" / '38+ " '; 8%5*+/=B "=>'; 2 "5*+/=B A;=-
38;0 E", #$' $0A'2 2 8+ 7'2 :'  5/ 5*0?=. S') * '08-$5 - * ->- / 8'"  / 5* ': %H )' *+,-  
2000 SPICE->07-*-I  National Semiconductor, Analog Devices, Phillips, NXP 85 '/ -
, =B "=; 0) /= $'" . a5$09 / 5#" /'  - * -$8; 0>-B5/ ': /'  >07-*' , '>A%*+3/'  79 - ; - *5 9 ="-
* - //# , A- ; -8"0; 2 "5:'  A08%9 /0 38'. X/ 38; %>- /8  Convergence Assistant 5"80>58=: /0  
A;5"=8+ A5; 5>-8;=  SPICE, $0; -?%2 :=  A0>=*$= >07-*2 "5//# . Multisim "=A%3$5-
H8+3# "  7"0B "5; '5/ 85B – Professional ' Educational. 

] %: 53/'  A;0?;5>= $0>A’2 8- ; /0?0 A;0-$8%"5//#  ' / P0; >5D'I/=B  3=38->  ;0! -
"="528+3# , "=7$=>= 8->A5>=, " '7A0" '7/0 , ; 0!, =; 22 8+3# P%/ $D'E, #$' 38528+ 70-
38%A/ =>= "  $09 / 'I  /0 " 'I  " - ; 3'E. _= /-  ?0*0" /02  EB A- ; - "5?02 H >09 *=" '38+ 703*' -
79 - //#  " - *=$0E $'*+$038' A;=38;0 E" /5  03/0 "'  ?080"=B ) ') * '08-$ $0>A0/- / 8'" . l-  
75H >09 *=" '38+ A- ; - " '; =8= ; - !%*+858 ;0 ) 08= 3B->=, /-  "=8; 5: 52:=  : 53 /5  A0) %70-
"% 35>0E 3B->= 85 A0, %$ A;0) * -> , @0 "=/= $*= A;= EE A0) %70"' . Q- ! "59 52:=  /5  8-, 
@0 A;0D-3 3=>%*#D'E % A07') /=B A;0?;5>/=B A5$-85B H 7-@0 3A;0@-/ =>, /5  ;- -
!%*+858 3=>%*#D'E >09 /5  3A=;58=3# A;= ; -5* '!5D'E 3B->=, 3=38->=. 
 

)  * , - /758  $* 3%* 5 5:  
 

%I FOLcPQHHS N’ l TI QOQ] aÙ dHI jI  cWad` ]W 
 

 " $& 3+H+$A: 0! / 5I0 >*- //#  !  >09 *="038#>= Multisim, A0) %70"5 3B->= 7*# 
A;0"-7- //#  703* '79 - /+  " '; 8%5*+/ =>= A;=*575>=. 

 

@3+F3&8/"  D&H"D; "J"//= : Multisim. 
 

  A;0?;5>'  Multisim A0) %7%"58= >07-*+ A’H!0-* -$8; =: /0?0 758: =$5 !  ; - !0-
/ 5/ 3/ 02  : 5380802 , @0 70; '" / 2H 20+N $\D (!  80: / '382 70 0,3 $\D), 5 5/ 8=; - !0/ 5/3 -
/5  – 20+N+3 $\D (!  80: / '382 70 0,5 $\D), 7- N – /0 >-;  "5; '5/ 85. U03* '7=8= I0 ?0 
5>A*'8%7/0 -: 53808/% 85 P5!0: 53808/% B5; 5$8- ;= 38=$=. 

T" '8 A0"=/ -/  3$*5758=3# !  8; +0B P5I * '"  A;0?;5> ' 8; +0B A; '/ 83$; '/ '"  " '$0/  
"=$0/ 5//#  !5"75//#  % A; 0?;5>'  (% ; 538; 0"0>% "=?*#7': *. jpg  5)0  *.bmp :=  "385"*- -
/= >= !0) ; 59 - // #>= % P5I *'  * .doc). 

1.   A;0?;5>'  Multisim A0) %7%"58= 85 703* '7=8= 3B->% A'73=*2 "5:5  / 5A; %?=, 
(;= 3%/ 0$ 2.7.1), !  $0-P'D'H/80> A'73=*- / /#  10+N, 7- N – / 0>-;  "5; '5/ 85: 
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 ` F[ HI]  2.7.1 – =YQ_W NLcF̀ On KWdW HWNU[ j`  

 

N 09 *="=I  "=?*#7 " '$/5  A;0?; 5>= !  "=$0/ 5/=>  A- ; , => !5"75// #> !0) ; 59- -
/0  /5  ;= 3%/ $% 2.7.2. 
 

 
 ` F[ HI]  2.7.2 – =YQ_W cOS NQUQKLU]`  UIg I a`  NLcF̀ On KWdW HWNU[ j`  

 

2.   A;0?;5>'  Multisim A0) %7%"58= >07-*+ A’H!0-* -$8; =: /0?0 758: =$5 !  A'7-
3=*2 "5: ->  / 5A; %?= (;= 3%/ 0$ 2.7.3), '!  ; - !0/ 5/ 3/02  : 5380802 , @0 70; '" / 2H 
20+N $\D (!  80: / '382 70 0,3 $\D), 5 5/ 8=; - !0/ 5/ 3/5  – 20+N+3 $\D (!  80: / '382 70 
0,5 $\D) 7- N – /0 >-;  "5; '5/ 85 (>09 /5  !53803%"58= ; - !%*+858= A0A- ; -7/ +0E ;0 ) 08=). 
U03* '7=8= 5>A*'8%7/0 -: 53808/% B5; 5$8- ; =38=$% (g _n ) A’H!0-* -$8; =: /0?0 758: =$5 
!  $0-P'D'H/80> A'73=*- //#  10+N, 7- N – / 0>-;  "5; '5/ 85: 
 

 
 ` F[ HI]  2.7.3 – =YQ_W N’ l TI QOQ] aU`dHI jI  cWad`]W T NLcF̀ On KWdQ_ HWNU[ j`  
 

N 09 *="=I  "=?*#7 " '$/5  A; 0?;5>= !  "=$0/ 5/=>  7; %?=> !5"75// #> !0) ; 59 - /0  
/5  ;= 3%/$% 2.7.4. 

ULxn  

Dg 1 

R2 

C1 U"B 

Vy  

ULxn  

P1 

R2 

R1 ULn  
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 ` F[ HI]  2.7.4 – =YQ_W cOS NQUQKLU]`  UIg I a`  N’ l TI QOQ] aU`dHI jI  cWad` ]W  

T NLcF̀ On KWdQ_ HWNU[ j`  
 

3.   A;0?;5>'  Multisim A0) %7%"58= >07-*+ A’H!0-* -$8; =: /0?0 758: =$5 !  A'7-
3=*2 "5: ->  !5; #7% (!  A0A- ; -7/ '>= A5; 5>-8; 5>= 758: =$5) (;= 3%/0$  2.7.5). U03* '7=-
8= g _n  A’H!0-* -$8;= : /0?0 758: =$5 !  A'73=*2 "5: ->  !5; #7%. T/ 5: - //#  H>/0 38' R 
>09 /5  " !#8= 300 ;m . 

N 09 *="=I  "=?*#7 " '$/5  A;0?;5>= !  "=$0/ 5/=>  8; -8'>  !5"75// #>: 

 
 ` F[ HI]  2.7.5 – =YQ_W cOS NQUQKLU]`  UIg I a`  N' l TI QOQ] aU`dHI jI  cWad`]W  

T NLcF̀ On KWdQ_ TWUSc[  

]  

Ioc 

Iq 

UM0_  I 
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)  * , - /758  $* 3%* 5 5:  
 

) Ig[ cI KW NUI FaI jI  s *)  
 

 "$& 3+H+$A: /5  03/ 0"'  8-0; -8=: / 0E 3B->= "=$0/ 58= EE A0) %70"% "  A;0?;5>-
/0 >% A5$-8' 85 703* '7=8= A;5"=*+/ '38+ EE ; 0) 08=. 

 

@3+F3&8/"  D&H"D; "J"//= : Multisim. 
 

  A;0?;5>'  Multisim A0) %7%"58= 3B->% D=P;0 -5/ 5*0?0"0?0 A- ; -8"0; 2 "5:5 , 
#$ A0$5!5/0  /5  ; =3%/ $% 2.7.6. 

 

 
 ` F[ HI]  2.7.6 – =YQ_W s *)  

 

V;0 7->0/ 38; %"58= ; 0) 08% l gV , A0$5!5" ,=  !>'/% "=B'7/ 0E / 5A; %?= !5 70A0-
>0?02 " '; 8%5*+/0?0 >%*+8=>-8;5  A;= ; '! / =B A0*09 - // #B A- ; ->=$5: '" . 

V0) %7%"58= '/ ,% 3B->% l gV , #$ A0$5!5/0  /5  ;= 3%/$% 2.7.7. 
 

 
 ` F[ HI]  2.7.7 – =YQ_W s *)  

 
a5$ 35>0 A;07->0/ 38; %"58= !>'/% A0$5! / =$'"  /5  >%*+8=>-8;'  A;= !>'/'  A0-

*09 - //#  A- ; ->=$5: '" . 
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)  * , - /758  $* 3%* 5 5:  
 

%I FOLcPQHHS LHc` ] WaI ULK [  Multi sim 
 
 " $& 3+H+$A: / 5" : =8=3# ) %7%"58= " *53/'  3B->= !5 !5"75// #> !  "=$0;=3-

85// #> >09 *="038-I  ) ') * '08-$ $0>A0/- / 8'" . 
 
@3+F3&8/"  D&H"D; "J"//= : Multisim. 
 
1. V0) %7%"58= 3B->% (;= 3%/0$  2.7.8), #$5 0) / %*#H8+3# A'3*# "5, 0?0 /0 >- ;5  

"5; '5/ 85. e$@0 /0 >-;  "5; '5/ 85 3$*575H8+3# !  07/ 'HE D=P;= , 80 70758= 8; 'I $%, 80)80, 
7*# 7-?0 "5; '5/ 85 – D- 37 (% ! " '8' / 5" -38= A; '/ 83$; '/  A0" / 0?0 " '$/5  -$; 5/%). 
 

 
 ` F[ HI]  2.7.8 – =YQ_W, S]W Ig H[OSl abFS NLFOS KLcNIKLcHI jI  HI_ QUW KWULWHaW 

 
2. L=! / 5: =8= ! / 5: - //#  0A0;% (R4), A;= #$0>% A0: =/ 5H8+3# ! )'I  ' / 7=$5D'I  

(% ! " '8' / 5" -38= A; '/ 83$; '/  A0" / 0?0 " '$/5  -$; 5/%). 
3. L=! / 5: =8= 38; %> 3A09 ="5//#  3-?>- / 85 '/ 7=$580;5 "  /0 ; >5*+/0 >% ; -9 =>'  

;0 ) 08= (% ! " '8' / 5" -38= A; ' / 83$; '/  A0" /0 ?0 " '$/5  -$; 5/% 85 08; =>5/-  ! / 5: - //# ). 
4. L=! / 5: =8= 38; %> 3A09 ="5/ /#  3-?>- / 85 '/ 7=$580;5 A;= >'/ '>5*+/0  >09-

*="0>% 3" ': - / /'  (% ! " '8' / 5" -38= A; '/ 83$; '/  A0" /0?0 " '$/5  -$; 5/% 85 08; =>5/-  ! /5 -
: - //# ). 

5. L=! / 5: =8= 0A';  3" '8*07'075 A;=  I 0?0 3" ' : - //'  (/ 5" -38= P0; >%*% ;0 ! ;5 -
B%/$%). 

 
c !#>8G>8: /5  ; =3%/ $% 2.7.9 / 5"-7- /0  / - ; 0) 0:'  "5; '5/ 8= 3B->=. 
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 ` F[ HI]  2.7.9 – 5 QUIgI dL KWULWHa`  FYQ_ 
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, "5 -  " ( <5& )/ - * 55:  
 

1. J 3/0 " /'  A;=!/ 5: - / /#  A;0?;5>= Multisim. 
2. J 30) *=" '38+ 85 >09 *="038' A; 0?; 5>= Multisim. 
3. V-; - "5?= 85 / -70*'$= A; 0?; 5>= Multisim. 
4. Q5*5, 8%"5/ /#  5"80>58=: /0?0 ! ) - ; -9 - / /#  3B->  ' ; - !%*+858'"  >07-*2 "5/ /# . 
5. V; =! / 5: - / /#  0)> -9 %"5*+/0?0 0A0;% 7*# 3" '8*07'07%. 
6. V; =! / 5: - / /#  85 P%/ $D'E l gV . 
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2.8.  " B" -*  3  = / = -81&  MICROCAP 
 

MicroCap – SPICE-A07') /5  A;0?; 5>5 7*# 5/ 5*0?0"0?0 ' D=P;0 "0?0 >07-*2 -
"5//#  - * -$8;= : /=B 85 - * -$8; 0//=B  *5/ D2 ?'"  !  '/ 8-?;0"5/ => " '!%5*+/ => ; -75$80-
;0> . ] =38->5 ;0 ! ;0 ) *- /5  $0>A5/ 'H2 Spectrum Software. MicroCap ;0 !A0"32 79 %H8+-
3# "  7"0B "5; '5/ 85B: ) - !$0, 80" /5  38%7-/ 83+$5 " - ; 3'# (demo), #$5 >5H 0) >-9 - //#  /-  
)' *+,-  50 ; 57'0-* ->- / 8'"  = /-  ) '*+,-  100 "%! * '"  (0) ’H> P5I *% – 19,6 N ) 5I8 ); A;0-
P-3'I/5  $0>- ; D'I/5  " - ; 3'#, #$5 /-  >5H 0)> -9 - /+ . 

 
)  * , - /758  $* 3%* 5 5:  

 
%I FOLcPQHHS * s)  aW s *)  

 
 " $& 3+H+$A: / 5" : =8=3# "=$0/ %"58= / 5*5, 8%"5//#  ?;5P'$'" , @0 B5; 5$8--

;= !%2 8+ ; 0) 08% 3B->=, % A;0?;5>'  MicroCap. 
 
@3+F3&8/"  D&H"D; "J"//= : MicroCap. 
 
1.   A;0?;5>'  MicroCap A0) %7%"58= 3B->% : 08=;= ; 0! ; #7/ 0?0 g lV  (;= 3%-

/0$  2.8.1). 

 
 ` F[ HI]  2.8.1 – =YQ_W dI a`U` UI TUScHI jI  * s)  K M icroCAP 

 
_538085 ?- / - ; 580;5 V1 70; '" / 2H 10 N \D. 
  / 5*5, 8%"5// #B -*- >- / 85 U2 "  ?; 5P' COMMAND !5758= / 538%A/'   

! / 5: - / /# : 
.DEFINE convert1 
+0NS 0 
+ LABEL=START 
+  +0NS 1 
+  +2NS 0 
+  +2NS GOTO START -1 TIMES 
L A;0?;5>/0 >% " '$/'  A075/'  ! / 5: - //#  (;= 3%/ 0$ 2.8.2). 
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 ` F[ HI]  2.8.2 – 5 WOWk a[KWHHS U1 K NUI j UW_HI_[  KL]HL 

 

L / 5*5, 8%"5// #B g lV  U2 "" -38= ! / 5: - / /#  (;= 3%/ 0$ 2.8.3). 

 
 ` F[ HI]  2.8.3 – 5 WOWk a[KWHHS U2 K NUI j UW_HI_[  KL]HL 
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  / 5*5, 8%"5// #B g lV  U3 " " -38= ! / 5: - / /#  (;= 3%/ 0$ 2.8.4). 

 
 ` F[ HI]  2.8.4 – 5 WOWk a[KWHHS U3 K NUI j UW_HI_[  KL]HL 

 
U03#?8= !0) ; 59 - //#  ; - !%*+858'"  (;= 3%/0$  2.8.5). 
 

 
 ` F[ HI]  2.8.5 –  QT[ObaWa`  UIgI a`  FYQ_`  dI aU`U`UI TUScHI jI  * s)  
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T>'/ =8= ! / 5: - //#  "  / 5*5, 8%"5// #B g lV  U3 (;= 3%/0$  2.8.6). 

 
 ` F[ HI]  2.8.6 – $_LHW HWOWk a[KWHb U3 K NUI j UW_HI_[  KL] HL 

Q0"-  !0) ; 59 - //#  ; - !%*+858'"  (;= 3%/0$  2.8.7) ; 5!0> !'  3B->02  A- ; -758= "=-
$*575:%. 

 

 
 

 ` F[ HI]  2.8.7 – 5 IKL UQT[ ObaWa`  UIg I a`  FYQ_`  dI aÙ U`UI TUScHI jI  * s)  
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2. U03* '7=8= 3B->% A;= ; '! / =B ! / 5: - // #B : 53808= ?- / - ; 580;5, / 5A; %?, 9 ="-
* - //#  80@0. 

3. V0) %7%"58= 3B->= 8, 12 85 16-;0 ! ; #7/ 0?0 g lV  
 
 

)  * , - /758  $* 3%* 5 5:  
 

=` FaQ_`  LHc` ] WeLh 
 

 " $& 3+H+$A: 703* '7=8= 03/0 " /'  ) ') * '08-$= $0>A0/- / 8'"  A;0?;5>/=B  
A5$-8'" . 

 
@3+F3&8/"  D&H"D; "J"//= : Multisim, MicroCap. 
 
1.   A;0?;5>'  MicroCap " '7$; =8= P5I*  Amin.cir . 
L ; -9 =>'  5/ 5* '!% : 530"=B B5; 5$8- ; =38=$ 703* '7=8= ! / 5: - / /#  "=B07'"  7- , =P-

; 580;5 3->=3-?>- / 8/0?0 '/ 7=$580;5 (;= 3%/0$ 2.8.8) A;= ; '! /=B ! / 5: - // #B A0$5! /= -
$'"  '/ 7=$580;5 (;= 3%/ 0$ 2.8.9). V0) %7%"58= 85) *=D2 '38=//0 38' !5 ! ; 5!$0> 85) *=-
D' 2.8.1. 

 
a5) *=D# 2.8.1 – $UWTI]  aWgÒ eL LFa`HHI FaL FaWHLK K`YIcLK cQk ` ^ UWaI UW 
 

$HWdQHHS K̀ YI cLK cQk ` ^ UWaI UW 0  cQFSa] IKLf  
F̀ FaQ_L 

0  cKLf] IKLf F̀ FaQ_L 
a b c d e f g 

0 0000        
1 0001        
2 0010        
3 …        
4         
5         
6         
7         
8         
9 1001 1 1 1 0 0 1 1 

 
 

 
 
 

 ` F[ HI]  2.8.8 –  I T_Lr QHHS FQj _QHaLK FQ_` FQj _QHaHI jI  LHc`] WaI UW 

b 

c 

d 

e 

f 

a 

g 

h 
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 ` F[ HI]  2.8.9 – =YQ_W NQUQKLU]`  UIgI a`  cQk` ^ UWaI UW  
cOS FQ_` FQj _QHaHI jI  LHc`] WaI UW 

 

2. L A;0?;5>'  Multisim " '7$; =8= P5I*  BarGraph.ms10. 
U03* '7=8= !5*-9 /0 38' A0$5! /= $'"  , $5*+/ =B '/ 7=$580; '"  " '7 ! / 5: - /+  / 5A; %?, 

@0 A0752 8+3# /5  / +0?0. 
 
3. V0) %7%"58= "  A;0?; 5>'  Multisim 3B->%, @0 !0) ; 59 - /5  /5  ;= 3%/ $% 2.8.10. 

 

 
 

 ` F[ HI]  2.8.10 – =YQ_W NQUQKLU]`  k ] WObH`Y LHc`] WaI ULK 
 

V0#3/= 8= ! / 5: - //#  A0$5! /= $'"  '/ 7=$580;5. 
 
4. L A;0?;5>'  Multisim " '7$;= 8= P5I*  Shift Register.ms10. ] A;038=8= 70 "=-

?*#7% (;= 3%/0$  2.8.11) 85 70758= 3=?/5*+/'  '/ 7=$580;=  ; '! / =B $0*+0; '" . 
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 ` F[ HI]  2.8.11 – =NUI r QHW FYQ_W T NUI Q] a[  ShiftRegister.ms10 

 
$WKcWHHS cI  OWgI UWaI UHIh UIgI a`  

 
1. Q5*5, 8%"58= : 53808% !>' /=  A0$5! /= $'"  '/ 7=$580; '"  A;= ) *=! /0  70 1 3 (!>' -

/02  : 53808= ?- / - ; 580;5). 
2. U03* '7=8= A0$5! / =$= 3=?/5*+/=B *5>A0: 0$. 
3. U03* '7=8= A0$5! /= $= '/ 7=$580; '"  A;= ;0 ! ;= "'  07/0?0 5)0  $'*+$0B '!  : 08=-

; +0B $0/ 85$8'"  '/ 7=$580; '" . 
4. U03* '7=8= "A*=" A- ; ->=$5: '" . 
5. L A;0?;5>'  Multisim % A5AD' Getti ng Star ted " '7$; =8= P5I*  Getti ng 

Star ted 2.ms10. 
 

, "5 -  " ( <5& )/ - * 55:  
 

1. J 3/0 " /'  A;=!/ 5: - / /#  A;0?;5>= MicroCap. 
2. J 30) *=" '38+ 85 >09 *="038' A;0?;5>= MicroCap. 
3. V- ; - "5?= 85 / -70*'$= A; 0?; 5>= MicroCap. 
4. e$' '3/ %2 8+ 3A030)=  A'7$*2 : - / /#  3" '8*07'07/=B 3->=3-?>- / 8/=B '/ 7=$5-

80; '" ? 
5. V;=/D =A ; 0) 08= 7- , =P; 580;5 385/ '"  7*# 3->=3-?>- / 8/0 ?0 '/ 7=$580;5. 
6. V;=/D =A ; 0) 08= , $5*+/ =B '/ 7=$580; '" . 
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 " # %')*  #  ' # %')+  -/ 13 5' 5% 5 %)7' 8 : / ';  

 
8 <=?@B@CD 5   !#%&#&( ) + %, - ./  0131%(&3155/  %! &63&678 #895! . :( , / 7:  <:-

5++ %, #/  !   ! 7&5&< 5101313(5&= @)5 7A:= (#B1<8 0&3:(5/ 55/ , 0:- #8. + ( ! D:, @:. , %38, 
91513! %&38 : %. :5.). 

%=? – %13<:5, E& ) <&(5&  !#%&#&( ) F%, #/ - ./  0& 5! D155/   &(5:G5:B 1. 1<15-
%:(  - 1%! . 1H, (7. + D! + D8 : 51A8.:5- 38D5: 1. 1<15%8. 

%FHJ<L CDMJN?F<<O ES, es – ! .91638D5!  3: 58A/ <:I  5! H6:. , G8< 93! 58D58< 
: ( :- 0&( :- 58< 5&<:5! . , 58< 3& <:3! <8. 

%DMP@C= – ( %3! %! &6’F7%&< ( . ! #%8(&#%: (87&5) ( ! %8 0&%3:65)  @) 57A:+ . 

%DMP@C@QSDTUDQSV – ( . ! #%8( :#%,,  ! 7. ! - 15!  0:-  D!# 03&17%) ( ! 55/   !#&6:(  &6-
D8#. + ( ! . , 5&= %1B5:78, / 7!  - & (&./F  613:9! %8 0&( 5)  D8 &6<1I 15)  03! A1 - ! %5:#%, 
 !  5! / (5&#%: 1. 1<15%:(  JKM, E& 01316) ( ! + %, )  #%! 5: ( :-< &(8 . 

%DMJN?F<<O – ! .91638D5!  3: 58A/ <:I  3& <:3&< (- :H#58< ! 6& 93! 58D58<) : 
( :- 0&( :- 5& 5&<:5! . , 58< 3& <:3&<. 

WH=<NYO P=UQNPZPZ P=SFHD=?Z – %13<:5, E& ( :- 5&#8%, #/ -& %&9&   93! 58D-
58B 3& <:3:( , / 7&<)  ( :- 0&( :- !F 5! H6:. , G8H &6’F< <! %13:! .) , %&6%& 5! H6:. , G&9& 
93! 58D5&9& 3& <:3) ( ! .!  D8 5! H6:. , G&9& 93! 58D5&9& 3& <:3) &%(&3). 

WH=<N\ <F CDMJN?F<<O – ! .91638D5!  3: 58A/ <:I  93! 58D58< : ( :- 0&( :- 58< 
5&<:5! . , 58< 3& <:3! <8. O& 3: 5/ + %, (13B5F %! 58I 5F 93! 58D5: ( :- B8.155/ . 

WH=<N\ <D H@]PDHN – -(!  93! 58D5& - &0) #%8<: 3& <:38 1. 1<15%!, <:I  / 78<8 
0&(8515  5! B&- 8%8#/ (! 6& / 78< <&I1  - &3:(5+ ( ! %8) - :H#58H 3& <:3. 

^DTQ<NT H@]PDH – 3& <:3 1. 1<15%!, (#%! 5&( . 158H (8<:3+ ( ! 55/< . 

^DTQ<D CDMJN?F<<O – ! .91638D5!  3: 58A/ <:I  - :H#58< : ( :- 0&( :- 5& 5&<:5! -
. , 58<  5! D155/< . 

^ @_ZQU _@Q=MUN – #) <!  - &0) #7:(  &%(&3) : ( ! .! , E& #%! 5&( . / %,  ’F- 5! 55/ . 

^ @_ZQU -  – 3: 58A/ <:I  5! H6:. , G8< : 5! H<15G8< 93! 58D58<8 3& <:3! <8 
! 6& ! .91638D5!  3: 58A/ <:I  ( 13B5:< : 58I 5:< ( :- B8.155/ <8. 

/? FPF<S – D!#%85!  QS, E& 31!. : )F @) 57A:+  6) -, -/ 7&9& 1. 17%3&3! -: &1. 1<1-
5%! (UOU), 5! 0387. !- , %3! 5 8#%&38, 31 8#%&38 : %. :5., / 7!  (87&5! 5!  510&- :. , 5& ( :-  
738#%! .!  %! 51 <&I1  6) %8 ( 8- :. 15!  /7  #! <&#%:H58H (83:6. 
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` NCZ\DQSV – ( . ! #%8( :#%,,  ! 7. ! - 15!  0:-  D!# 03&17%) ( ! 55/  JKM, / 7!  - & (&./F 
 61319%8 0&(5)  D8 D!#%7&()  03! A1 - ! %5:#%,  !  5! / (5&#%: 1. 1<15%:(  JKM, E& 0131-
6) ( ! + %, )  #%! 5: ( :- <&(8 , H 51 - &0) #7! %8 0131B&-)  ( :- <&( )  738%8D5:. 

7=]@H – 3: 58A/ <:I  3& <:3! <8 &%(&3) : ( ! .!  -& #7. ! - ! 55/ , / 7E& 3& <:3 
&%(&3)  6:. , G8H  !  3& <:3 ( ! .! . 

5P@CDH<DQSV ZH=a F<<O – :<&( :35:#%, «(%3! %8 I 8( ) D&#%:» JKM  !  ) <&(8 , E& 
#%! (#/ 51#038/ %.8 ( 8H (0. 8(  :   ! - ! 5&= <5&I 858. 

5  – (83:6, / 78H <!F (1.8 7) E :. , 5:#%, 3& %! G) ( ! 55/  1. 1<15%:(  : 7&<0&515-
%:( , E& 17( :( ! . 15%5: 1. 1<15%!<   ( 8D! H5&= #B1<8. 

* C=?DSFS – #) 7) 05:#%, - &0) #7:( , E& 3& 9. / - !+ %, #/ /7  ( :- 0&( :- 5: &- 5&<)  3:-
(5+  %&D5&#%: - ./  ( #:B 5&<:5! . , 58B 3& <:3:( . 

* @FbDYDL<S CDMP@C@QSDTU@QSD ]= m-UH=S<@B@ _@CS@HF<<O CDMP@CN – :<&(: -
35:#%, ( :- 5&( . 155/   !  ( 8- :. 158H 31 13( D! #) - ./  7&I 5&= :  m 0&( %&358B ( :- <&(. 

* @FbDYDL<S CDMP@C@QSDTU@QSD ]= @M<@UH=S<@c CDMP@CN – :<&( :35:#%, ( :- 5&(-
. 155/  JKM  !  ( 8- :. 158H 31 13( D! #). 

* @FbDYDL<S @J@_?F<<O – :<&( :35:#%, ! ( %&<! %8D5&9& ) #) 5155/  01( 58B 51-
#03! (5&#%1H  !  ) <&(8 , E& A/ 51#03! (5:#%, - :H#5& (8587.!  : 5! . 1I 8%, -& - ! 5&9& 
7. !#) . 

* @P_@<F<S – D! #%85!  QS, E& 31!. : )F @)5 7A:+  6) -, -/ 7&9& UOU. W&<0&515% 
<&I 5!  (8- :.8 %8 /7 #!<&#%:H58H (7&<0. 17%) + D8H) (83:6 %! ( :-- :.8 %8 ( :-  QS. 

* HNSN\ <= CDMP@C= – ( :-< &(! , / 7!   !  &A:5+ ( ! 55/<  <&I1  038 (1#%8 -& %3!( -
<) ( ! 55/  . + - 1H,  5! D58B <! %13:! . , 58B (%3!% D8 :5G8B 51038H5/ %58B 5!#. :- 7:( . 

* HNSN\ <= <FQ_H=C<DQSV – 51#03! (5:#%,, / 7!   !  &A:5+ ( ! 55/<  <&I1  038 (1#-
%8 -& %3! (< ) ( ! 55/  . + - 1H,  5! D58B <! %13:! . , 58B (%3!% D8 :5G8B 51038H5/ %58B 5! -
#. :- 7:( . 

* HNSN\ <NT HFQZHQ – #) <! 351 5! 03! A+ ( ! 55/  &6’F7%! ( :-  0&D! %7) H&9& 17#-
0. ) ! %! A:= -& 738%8D5&= ( :- <&(8 . 

' =Tf D?Vg NT BH=<N\ <NT H@]PDH – 5! H6:. , G8H - &0) #%8<8H 3& <:3  
1. 1<15%!. 

' =Tf D?Vg NT ]=]@H – 3: 58A/ <:I  5! H6:. , G8< 93! 58D58< 3& <:3&< &%(&3)   
H 5! H<15G8< 93! 58D58< 3& <:3&< ( ! .!  (  0&#! - A:    !  &3&< ! 6& (  0131B:- 5:H  
0&#!- A:. 

' =TPF<gNT BH=<N\ <NT H@]PDH – 5! H<15G8H - &#%) 058H 3& <:3 1. 1<15%!. 
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' =TPF<gNT ]=]@H – 3: 58A/ <:I  5! H<15G8< 93! 58D58< 3& <:3&< &%( &3) : 
5! H6:. , G8< 93! 58D58< 3& <:3&< ( ! .!  (  0&#!- A:    !  &3&<. 

' =TPF<gNT <=SOB – 3: 58A/ <:I  5! H<15G8< 93! 58D58< 3& <:3&< ( ! .!  : 
5! H6:. , G8< 93! 58D58< 3& <:3&< &%( &3) -& #7. ! - ! 55/  (  0&#! - A:   5! %/ 9&<. 

' =_H=Yh C=<<O M@ UHNSN\ <@c CDMP@CN – 0&(5!  %38( ! . :#%, 5! 03! A+ ( ! 55/  
&6’F7%!   <&<15%) H&9& 013G&9& (( 1- 155/  (  03! A1 - ! %58H #%!5  D8 <&<15%) H&9& 
( :- <&( . 155/  -& 738%8D5&= ( :- <&(8 . 

' =_H=Yh C=<<O M@ \ =QSU@C@c CDMP@CN – 0&(5!  %38( ! . :#%, 5! 03! A+ ( ! 55/  
&6’F7%!   <&<15%) H&9& 013G&9& ( (1- 155/  (  03! A1 - ! %58H #%!5  -& D!#%7&( &=  
( :- <&(8 . 

' =_H=Yh C=<<O PDa \ =QSU@CNPN CDMP@C=PN – 0&(5!  %38( ! . :#%, 5! 03! A+-
( ! 55/  &6’F7%! <:I  0&#. :- &( 58<8 D!#%7&(8<8 ( :-< &( ! <8. 

' =SOB – 3: 58A/ <:I  3& <:3! <8 ( ! .!  : &%( &3) -& #7. ! - ! 55/ , / 7E& 3& <:3 ( ! .!  
6:. , G8H 3& <:3) &%(&3) 

' Na <L CDMJN?F<<O EL, el – ! .91638D5!  3: 58A/ <:I  5! H<15G8< 93! 58D58< 
: ( :- 0&( :- 58< 5&<:5! . , 58< 3& <:3! <8. 

' @PD<=?V<NT H@]PDH _@Q=MUN – 5&<:5! . , 58H 3& <:3, #0:. , 58H - ./  &%(&3) : 
( ! .! , E& #%! 5&( . / %,  ’F- 5! 55/ . 

' @PD<=?V<NT H@]PDH –3& <:3, -& / 7&9& ( 8 5! D!+ %, #/ ( :- B8.155/ . 

' Z?V@C= ?D<DO – . :5:/ , E& ( :- 0&( :- !F 5&<:5! . , 5&<)  3& <:3), ( :-  / 7&9& ( :- -
7. ! - ! + %, #/ ( :- B8.155/  3& <:3:(  )  3!  :  93! @:D5&9&  &63! I 155/  0&. :(  - &0) #7:(  %! 
0&#!- &7. X7E& 5) . , &(!  . :5:/  3& %! G&( ! 5!  9&38 &5%! . , 5&, %& - &- ! %5: ( :- B8.155/  
( :- 7. ! - !+ %, #/ ( (13B ( :-  51=, !  ( :- ’F<5: – ( 58 . 

# MN<NYO M@_ZQUZ  , " – <5&I 587 )  @&3<) . !B - &0) #7:( , E& F @) 57A:F+ 5&-
<:5! . , 5&9& 3& <:3) %! #. ) I 8%, - ./  ( 8 5! D155/  D8#.&(&9&  5! D155/  - &0) #7). 

# Q<@C<F CDMJN?F<<O – &- 51   - (&B 93! 58D58B ( :- B8.15,  ((13B5F ! 6& 58I 5F), 
E& (8 5! D!F 0&. &I 155/  0&./  - &0) #7) ( :- 5&#5& 5) . , &(&= . :5:=. Z A:H #8#%1<: - &0) -
#7:(  %! 0&#! - &7 F ( :- B8.155/ , 5! H6.8 I D: -& 5) . , &(&= . :5:=. 

# Q<@C<NT C=? – ( !. , ( 13B5F ( :- B8.155/  / 7&9& - &3:(5+F 5) .+ . 

# Q<@C<NT @SCDH – &%( :3, 58I 5F  5! D155/  / 7&9& - &3:(5+F 5) .+ . 

#SCDH – %13<:5, E& ) <&(5&  ! #%&#&( )F%, #/ - ./  0& 5! D155/  (5) %3:G5:B 1.1 -
<15%:(  - 1%! . 1H, ( 7. + D!+ D8 : 51A8. :5- 38D5: 1. 1<15%8. 
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i FHFJDM<= _@Q=MU= – 0&#!- 7! ,  !  / 7&+ <&I .8 (1 &%38<! 55/  /7   !  &3), %!7 : 
5! %/ 9) (   ’F- 5! 55:,  ! . 1I 5& ( :-  -: H#58B 3& <:3:(  &%(&3) %! ( ! .! . Z 3!  :  93! @:D5&9& 
 &63! I 155/  0&./  - &0) #7:(  &%(&3) : ( ! .!  0131738( ! + %, #/ 0&(5:#%+ ! 6& D! #%7&(&. 

i @?F M@_ZQUZ – 0&.1, &6<1I 151 5! H6:. , G8< : 5! H<15G8< 93! 58D58<8 3& -
<:3! <8, / 71 (8 5! D! F%, #/ (1.8 D85&+ - &0) #7) : H&9& 0&.&I 155/<  ( :- 5&#5& 5&<:5! -
. , 5&9& 3& <:3) . Z 3!  :  93! @:D5&9&  &63! I 155/  0&.1 - &0) #7) <:#%8%, #/ <:I  - (&<!  
. :5:/ <8, E& ( :- 0&( :- !+ %, (13B5, &<)  %! 58I 5, &<)  ( :- B8.155/<  ( :- 5&#5& 5). , &(&= 
. :5:=. 

i @Q=MU= – B! 3! 7%13  ’F- 5! 55/  - (&B - 1%! . 1H, (8 5! D158H 3: 58A1+ =B 3& <:-
3:(  -& #7. ! - ! 55/ . 

i @Q=MU= ]  <=SOB@P – 0&#!- 7! ,  !  / 7&+  ! ( I -8  ) %(&3+ F%, #/ 5! %/9 )  
 ’F- 5! 55:, %&6%& 5! H6:. , G8H 93! 58D58H 3& <:3 &%(&3), / 78H <15G8H  !  5!H-
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R .4 .          _________________                                 R .4 .                     ______________________  
                               (N090)     
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0 ) @B,  . C. DFGH) I)  , @/DJ,  %K H,  '1  

 
  

4+ f +- g h(+   ! a%h. - g h(+   
_______________________________ ________________________________  
( <@=C38J< (20: 9TM8J< <@=C38J<0) (<@=C38J< (20: 9TM8J< <@=C38J<0) 
    6=B08C20ECF – : M6XJ30?0)   6=B08C20ECF – 20[ 638J<0)  
_______ ___________________   __________ ____________________  
(MCNMJ:)  (=62\J Y=63<0 MCNMJ:T)    (MCNMJ:)   ( =62\ JY=63<0 MCNMJ:T)  
  
R .4 .        ________________                                            R .4 .             _____________________  
                                (N090)                                                                                                                                 (N090)  
   
  
                                                                          ahj( dl (h   ! %- ! ((#   
                                     (!  -+ Vmd-(+ -' +( Va. `' a+ . Vn'`  . +o+a`   

__________________________________ 
                                                                       ( 80230 - '. )  
_______________________________________________________________________________   
                                                (\J Y=, C8N@<:, 86[ @= N@=X0386F =@] : 9=0ECF - '. )  
- C] 2 N6M638@88K[  _______________________________________________________________  
                                                                   ( 86[ @= N6M638@88K)*   
  
  
4+ f +- g h(+ **   
__________________________________                      __________________________________  
   (<@=C38J< MCNM=J] [ : 930 (6=B08C20ECF))                                                      (<@=C38J< MCNM=J] [ : 930 (6=B08C20ECF) –  

3J<6803EK - '.  90 80230 6=B08C20ECF)  
  
__________      _____________________                      _________      ______________________  
(MCNMJ:)                      (=62\J Y=63<0 MCNMJ:T)                                             (MCNMJ:)                    (=62\J Y=63<0 MCNMJ:T)  
  
R .4 .                    _______________                                R .4 .                  ________________  
                                                    (N090)                                                                                                              (N090)  
   
  
4+ f +- g h(+ **   
__________________________________  
    (<@=C38J< MCNM=J] [ : 930 (6=B08C20ECF)  
  
_________          ____________________  
   (MCNMJ:)                          (=62\J Y=63<0 MCNMJ:T)  
  
  
R .4 .                       _________________  
                                          (N090)  

 
 
 
____________________________________  
             *  0280?0_9O 20 80K386: 9C N6M638@88K.  
            * *  0280?0_9O 20 80K386: 9C MCNM=J] [ : 93.  
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 ) +, . )/  L 
 

5 3 ! <8:  M1# 0 :O8:  K! L1# P 688>  6Q63 68 %:<  
 

   

   
1CRDH)/  1.14 – ! TB) . /,  

(/ U@DW, HHX) 

1CRDH)/  1.15 – ' ) H+UHR, . )@ 
Y) R. Z\H )]  `BH) R.Z (a, I , FGHU 

Y) aH, bUHHX) 

1CRDH)/  1.16 – ' ) H+UHR, . )@ 
Y) R. Z\H )]  `BH) R.Z 
(Y) FX@Ca) W, HC\ ) 

   

   
1CRDH)/  1.11 – 

K, aUBFUHHX (a, I , FGHU 
Y) aH, bUHHX) 

1CRDH)/  1.18 – 6FU/ .@CbHU 
a'`+H, HHX a / ) @YDR)B  (B, R)c ) 

1CRDH)/  1.19 – ' ) H. , /.  
/H ) Y/ ) W) I)  / ) BD. , dZ\H ) I)  

Y@CR.@)c  (a, BC/ , c bC\ ) 
   

   
1CRDH)/  1.20 – ' ) H. , /.  

/ ) BD. , dZ\H ) I)  
Y@CR.@)c  

(a, BC/ , c bC\ ) 

1CRDH)/  1.21 – ' ) H. , /.  
/ ) H. , / . H) I)  a'`+H, HHX 

(@) aTZ@H) I) ) 

1CRDH)/  1.22 – ' ) H. , /.  
/ ) H. , / . H) I)  a'`+H, HHX 

(@) aHZBH) I) ) 
   

   
1CRDH)/  1.23 – 1UaCR. )@ 

Y) R. Z\HC\  (0,125 <. ) 
1CRDH)/  1.24 – 1UaCR. )@ 

Y) R. Z\HC\  (0,25 <. ) 
1CRDH)/  1.25 – 1UaCR. )@ 

Y) R. Z\HC\  (1 <. ) 
   

   
1CRDH)/  1.26 – 1UaCR. )@ 

YZ+R. @) c W, FGHC\ 
(a, I , FGHU Y) aH, bUHHX) 

1CRDH)/  1.27 – 1UaCR. )@ aBZHHC\ 
(a, I , FGHU Y) aH, bUHHX) 

1CRDH)/  1.28 – e WZ. F) +Z)+ 

   

   
1CRDH)/  1.29 –  Z)+ 

(a, I , FGHU Y) aH, bUHHX) 1CRDH)/  1.30 –  Z)+ (W, @C/ ,Y ) 1CRDH)/  1.31 –  Z)+ (R. , TZFZ. @)H) 
   

   
1CRDH)/  1.32 – 

g ) FG) WC\  .@, HaCR. )@ (a 
/ , H, F)B  N-. CYD) 

1CRDH)/  1.33 – %@, HaCR. )@ (. CYD 
NPN a / ) FU/ . ) @)B  UFU/ .@CbHCB, 

a'`+H, HC\ a / ) @YDR)B ) 

1CRDH)/  1.34 – K, I , FGHU 
Y) aH, bUHHX , H. UHC 

(HURCBU.@CbH)] ) 
   

 
 

 
1CRDH)/  1.35 –  Z) +HC\  

BZR. 
1CRDH)/  1.36 – MDbH) B) WUdG 

(a, I , FGHU Y) aH, bUHHX) 
1CRDH)/  1.37 – # H, F) I ) W, 

BZ/ @) RhUB,  (LM1800) 
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1CRDH)/  1.38 – 
# H, F) I ) W, BZ/ @) RhUB,  

(' 58 038) 

1CRDH)/  1.39 – # H, F) I ) W, 
BZ/ @) RhUB,  (LM7805) 

1CRDH)/  1.40 – # H, F) I ) W, 
BZ/ @) RhUB,  (TDA2003) 

   

   
1CRDH)/  1.41 – 

# H, F) I ) W, BZ/ @) RhUB,  
(UAA180) 

1CRDH)/  1.42 – # H, F) I ) W, 
BZ/ @) RhUB,  (TDA7000) 

1CRDH)/  1.43 – # H, F) I ) W, 
BZ/ @) RhUB,  (' j# 058) 

   

   
1CRDH)/  1.44 – 

# H, F) I ) W, BZ/ @) RhUB,  
(LM1040) 

1CRDH)/  1.45 – l Cm@) W, 
BZ/ @) RhUB,  (' 155#M1) 

1CRDH)/  1.46 – l Cm@) W, 
BZ/ @) RhUB,  (' 555Q#3, ' 561Q#7) 

   

  

 

1CRDH)/  1.47 – l Cm@) W, 
BZ/ @) RhUB,  (' 555( 3) 

1CRDH)/  1.48 – l Cm@) W, 
BZ/ @) RhUB,  (' 572g< 4) 

1CRDH)/  1.49 – l Cm@) W, 
BZ/ @) RhUB,  (' 561(6 8) 

   

 

 

 

1CRDH)/  1.50 – l Cm@) W, BZ/ @) RhUB,  (' 561(6 10) 
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 ) +, . )/  < 
 

K! <8 :n 8 :o  <( MQ>  6Q63 68 %:<  
 

 

 

1CRDH)/  1.51 (' j# 058, ' 58 038) 1CRDH)/  1.52 (DIP-/ ) @YDR) 

  

  
1CRDH)/  1.53 ('g 303) 1CRDH)/  1.54 ('% 368) 

  

  
1CRDH)/  1.55 (%1) 1CRDH)/  1.56 ('g -1) 

  

  
1CRDH)/  1.57 1CRDH)/  1.58 ('e 147# , 'e 156# , 'e 139) 

  

  
1CRDH)/  1.59 ('< 109<, '< 121L) 1CRDH)/  1.60 
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1CRDH)/  1.61 1CRDH)/  1.62 ('% 315) 

  

  
1CRDH)/  1.63 (TDA2003) 1CRDH)/  1.64 ('% 829) 

  

  
1CRDH)/  1.65 (eg 3-38T) 1CRDH)/  1.66 (' 213) 

  

  
1CRDH)/  1.67 (KM6A) 1CRDH)/  1.68 ('% 940) 
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1CRDH)/  1.69 ('l 407) 1CRDH)/  1.70 (LM7805) 
  

  
1CRDH)/  1.71 (K50-29) 1CRDH)/  1.72 (' 522L) 

  

 
1CRDH)/  1.73 (K71-6) 

  

  
1CRDH)/  1.74 1CRDH)/  1.75 
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 ) +, . )/  M 
 

j # 1# ' %61( e %( '(  ' ! 3 g ! 8 68 %:<  
 

p  
Y/Y 

' ) BY) HUH. 8 ) BZH,F  5 MK 
(p  @CR.) 

' ) @YDR 
(p  @CR.) 

1) aBZ@C / ) @YDRD, BB 

 Z) +C Z RWZ. F) +Z) +C 
1. !m 307 - 1.28 1.61  
2. '% 109% - 1.30 1.59  
3. '% 121o - 1.30 1.59  
4. '- 213 - 1.29 1.66  
5. '- 522o - 1.29 1.72  
6. 'V 139 - 1.31 1.58  
7. 'V 147!  - 1.31 1.58  
8. 'V 156!  - 1.31 1.58  
9. 'c 407 - 1.35 1.69  

:H+D/ . CWHZR.G 
10. 6 3J9<C3 4 pm 0.8 1.14 1.60 4;5 == DH  

11. 8 3J9<C3 4 pm 0.4 1.14 1.60 5,3;5,3 == DH  

' ) BD. , . ) @C 
12. a1 - 1.20 1.55  
13. '4 -1 - 1.19 1.56  

' ) H+UHR, . ) @C 
14. K50-29 47, 470, 1000 [ <Y 1.16 1.71 5,0;5,8;37 === dDL  

15. K50-29 10, 22, 47, 100 [ <Y 1.16 1.71 5,0;6;27 === dDL  

16. K50-29 10, 22, 220, 470 
[ <Y 

1.16 1.71 5,0;5,8;27 === dDL  

17. K50-29 1, 2.2, 4.7, 10, 22 
[ <Y 1.16 1.71 5,0;6;17 === dDL  

18. KM6A-R 1500 1.6-3.3 8r  1.15 1.67 5;6;5,7;5,7 ==== AHBL  

19. KM6A-R 1500 0.82-1.5 8r  1.15 1.67 5,3;5,4;5,6;5,6 ==== AHBL  
20. KM6A-H50 47, 68, 100 8r  1.15 1.67 5,7;6;5,9;5,9 ==== AHBL  

21. KM6A-H50 10, 15 8r  1.15 1.67 5,3;5,4;5,6;5,6 ==== AHBL  
22. KM6A-H90 150, 220, 330 8r  1.15 1.67 5,7;6;5,9;5,9 ==== AHBL  
23. KM6A-H90 470 8r  1.15 1.67 10;6;12;12 ==== AHBL  

24. KM6A-H90 22, 33, 47 8r  1.15 1.67 5,3;5,4;5,6;5,6 ==== AHBL  

25. KM6A-R 47 0,12-0,47 8r  1.15 1.67 5,3;5,4;5,6;5,6 ==== AHBL  
26. KM6! -R 47 0.51-0.68 8r  1.15 1.67 5;6;5,7;5,7 ==== AHBL  
27. KM6! -R 750 1,3-2 8r  1.15 1.67 5;6;5,7;5,7 ==== AHBL  
28. -+ 71-6 33-100 [ <Y 1.15 1.73 5;10 == DL  
29. -+ 71-6 330-510 [ <Y 1.15 1.73 5;14 == DL  

30. -+ 71-6 560-1000 [ <Y 1.15 1.73 6;14 == DL  

31. -+ 71-6 5.1-30 [ <Y 1.15 1.73 4;10 == DL  
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3 Z/ @) RhUBC 
32. LM1040 - 1.44 1.52 12=N  
33. LM1800 - 1.37 1.52 8=N  
34. LM7805 - 1.39 1.70  
35. TDA2003 - 1.40 1.63  
36. TDA7000 - 1.42 1.52 9=N  
37. UAA180 - 1.41 1.52 9=N  
38. ' 155!f 1 - 1.45 1.52 7=N  
39. ' 555*- 3 - 1.47 1.52 12=N  
40. ' 555m! 3 - 1.46 1.52 7=N  
41. ' 561*h 10 - 1.50 1.52 8=N  
42. ' 561*h 8 - 1.49 1.52 8=N  
43. ' 561m! 7 - 1.46 1.52 7=N  
44. ' 5724%4 - 1.48 1.52 14=N  
45. ' `( 038 - 1.38 1.51 8=N  
46. ' j! 058 - 1.43 1.51 19=N  

1UaCR. ) @C 
47. R ma-0,125 1-3×106 +[  1.23 1.57 6,0;20;2,2;6 ==== dlDL  

48. R ma-0,25 1-5.1×106 +[  1.23 1.57 6,0;20;3;7 ==== dlDL  

49. R ma-1 1-10×106 +[  1.23 1.57 6,0;25;6,6;13 ==== dlDL  

50. V4 3-38Z 150-4.7×106 +[  1.26, 1.27 1.65 7;10;5,15;5,16 ==== hlHL  

%@, HaCR. ) @C 
51. '4 303 - 1.32 1.53  
52. 'a 315 - 1.33 1.62  
53. 'a 368 - 1.33 1.54  
54. 'a 829 - 1.33 1.64  
55. 'a 940 - 1.33 1.68  

MHZa+,  
56. 6 <6890<9C3 - 1.22 1.74  
57. 8 <6890<9C3 - 1.22 1.75  

K, I , FGHZ 
58. f T?86[ 63@EO - 1.36 -  
59. GND ([ 0:0) - 1.18 -  
60.  02@[ I @88K - 1.17 -  
61. ! 89@80 - 1.34 -  
62. ' 6890<9 1 - 1.21 -  
63. ' 6890<9 2 - 1.22 -  
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 ) +, . )/    
 
g 1( 'Q #  ! 0 ! 13 Q688>  %( %5Qq8 !r   e %! 1:8 '(  K<:%5 K Q# L! 1# %! 18!r  1! L! %(  

 

R d(dVah.Va%+  +V%da*  d ( ! ` '*  ` ' . ! s(*  
l h.' ! Vn'*t  - h. g ! %(*t  ahj(+ m+ f dl ( *t  ` ( d%h.V*aha  

' ! r h- .!  V4h c d! md +%! (*j  '+R4 'u ah.(*j  V*VahR  

K<:% 
  m! o+ . ! a+.( +s .+ o+a*  v  9 

2 NJ: EJMIC8J «' 68: 9=T_ 3088K h+R » 
80 9@[T: «. 6Z690 2 =@N0<96=6[  N=T<63086F MI09J, 0396[0 9J?8@ 9=0: T3088K» 

 
 
 
 
 

4 @=@3C=J3        %J<6803 
:9. 3J<I 0N0?       : 9TN@89 B=TMJ V'V -14 
. TN0<63 ' .V.       4 @9=@8<6 %.R . 

 
 
 
 
 
 
 
 
 
 
 
 

l@=<0:J 2014 
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 ) +, . )/  6 
 

<# 1:# 8 %(  K#< # 8q   !  Q#L! 1# %! 18 (j  1! L :%  
 

6.1 <, @Z, H.C a, W+, HG +) F,T) @, . ) @H)]  @)T) .C p  8 
 

 

C1,V2,V3,C7 KM6A-H50-108r ±10% R1 Rma-0,125-51 <+[ ±10% 
V4 ' 71-6-47[ <r ±10% R2 Rma-0,125-470 +[ ±10% 
V5 ' 71-6-36[ <r ±10% R3 Rma-0,125-100 +[ ±10% 
V6,V9,V11 ' 71-6-22[ <r ±10% R4 Rma-0,125-82 +[ ±10% 
V8 KM6A-H50-1008r ±10% R5 Rma-0,125-1,5 <+[ ±10% 
V10 KM6A-H50-478r ±10% R6 Rma-0,125-36 <+[ ±10% 
DA1 ' j! 058 R7R8 V43-38Z±30% 
DA2 ' `( 038 R9 Rma-0,125-2,7 <+[  
VD1 KB109B R10 Rma-0,125-10 +[  
VT1 KT368 L1 6 3J9<63-4pm 0.8- 4 
  

 

SA1 T1 

<, @Z, H. 1 (5 'j  O3  Y@C\B,b )  
 

C1 ' 71-6-5 [ <r ±10% DA1 LM1800 
V2 KM6A- R 1500-2,5 8r ±10% HL1 !m 307 
V3,V4 KM6A-H90-22 8r ±10% R1,R2 R ma-0,125-3,9 <+[ ±10% 
V5 KM6A-H90-33 8r ±10% R3 R ma-0,250-1 <+[ ±10% 
V6 KM6A-H90-0,33 [ <r ±10% R4 R ma-0,125-20 <+[ ±10% 
V7 KM6A-R 47-390 Mr ±10% R5 V4 3-38Z±30% 
V8 KM6A-H90-0,22 [ <r ±10% R6 R ma-0,125-3,3 <+[ ±10% 
V9 KM6A-H90-0,47 [ <r ±10% 

 

  

<, @Z, H. 2 (FM R. U@U) +U/ ) +DW,b )  
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C1 ' 71-6-470 [ <r ±10% DA1 TDA2003 
V2,V3,V15,  DA2 TDA7000 
V16,V18 KM6A-H50-100 8r ±10% L1 8 3J9<63-4 pm 0.4- 3,5 
V4,V10,V12 KM6A-H50-10 8r ±10% R1,R5 V4 3-38Z±30% 
V5 ' 71-6-1000 [ <r ±10% R2 R ma-0,125-220 +[ ±10% 
V6 KM6A-H90-0,22 [ <r ±10% R3 R ma-0,125-2,2 +[ ±10% 
V7,V11,V13 KM6A-R 47-220 Mr ±10% R4 R ma-0,125-100 <+[ ±10% 
V8 KM6A-R 47-180 Mr ±10% R6 R ma-0,125-820 +[ ±10% 
V9,V19 KM6A-R 1500-3,3 8r ±10% VD1 KB121o 
V14,V20 KM6A-R 47-330 Mr ±10% VD2 'V 147!  
V17 KM6A-R 47-150 Mr ±10% 

 

  

<, @Z, H. 3 (5 'j  Y@C\B,b )  
 

 
C1 'R 6! -( 50-68 8r ±10% VD1 ' C156A 
V2 K50-29-100 [ <r ±10% R1 R ma-0,25-1 M+[ ±10% 
DA1 UAA180 R2 R ma-0,25-18 <+[ ±10% 
HL1…HL4 !m 307 

 

R3 V4 3-38Z±30% 

<, @Z, H. 4 (:H+C/ , . )@ H, Y@DIC , / DBDFX. ) @, W , W. ) B) TZFZ)  



 194 

4 =6N63X@88K N6N09<0 h 
 

 
C1,V2 KM6A-H50-100 8r ±10% R3 V4 3-38Z±30% 
V3 K50-29-1 [ <r ±10% R4 R ma-0,125-10 <+[ ±10% 
V4 K50-29-4,7 [ <r ±10% R5,R6 R ma-0,125-2,7 <+[ ±10% 
DD1 K561m! 7 R8…R15 R ma-0,125-200 <+[ ±10% 
DD2 ' 561*h 10 R16…R23 R ma-0,125-100 <+[ ±10% 
HL1,HL2 !m 307 SB1,SB2 '4 -1 
R1,R7 R ma-0,125-100 <+[ ±10% VD1 '- 522o 
R2 R ma-0,125-620 <+[ ±10% 

 

  

<, @Z, H. 5 (#W. ) B, . CbHC\  H,F , J . DW,b  FM-Y@C\ B, b, )  
 

 
C1 'R 6! -R 750-2 8r ±10% VT1 KT940 
V2 K50-29-220 [ <r ±10% R1 R ma-0,125-300 <+[ ±10% 
V3, V4 K50-29-2,2 [ <r ±10% R2 R ma-0,125-820 <+[ ±10% 
DD1 K561m! 7 R3 R ma-0,125-82 <+[ ±10% 
DD2 K561*h 8 R4 - R6 R ma-0,125-1 M+[ ±10% 
VD1 'c 407 R7 R ma-0,25-1 <+[ ±10% 
VD2 KC156 

 

R8 R ma-0,125-1 <+[ ±10% 

<, @Z, H. 6 (LF) / DW,b BZs H, @) +HCh YU@UI )W)@ZW)  
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C1 KM6A- R 1500-1 8r ±10% R1 R ma-0,125-510 <+[ ±10% 
DD1 K555m! 3 R2,R5 R ma-0,125-1 <+[ ±10% 
DD2 ' 5724%4 R3 R ma-0,125-220 +[ ±10% 
DD3,DD4 ' 555*- 3 R4 V4 3-38Z±30% 
HL1…HL32 !m 307 

 

R6 R ma-1-220 +[ ±10% 

<, @Z, H. 7 (l Cm@) WC\  ZH+C/ , . )@ @ZWHX)  
 

 
C1 'R 6! -( 50-100 8r ±10% R1, R2 R ma-0,125-270 <+[ ±10% 
V2 K50-29-2,2 [ <r ±10% R3 R ma-0,125-510 <+[ ±10% 
V3 'R 6! -R 47-510 Mr ±10% R4, R5 R ma-0,125-15 <+[ ±10% 
V4 'R 6! -R 47-120 Mr ±10% R6, R8 R ma-0,125-68 <+[ ±10% 
DD1, DD2 K561m! 7 R7, R9 R ma-0,125-100 <+[ ±10% 
Va1, VT2 'a 315 R10 R ma-0,125-8,2 <+[ ±10% 
VT3 KT829 

 

  

<, @Z, H. 8 (5 FG.@,aWD/ ) WC\  I UHU@, . )@ +FX WZ+FX/ DW,HHX I @CaDHZW)  
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C1,V5,V14,  R1,R4,R11,  
V17 K50-29-10 [ <r ±10% R13 R ma-0,125-47<+[ ±10% 
V2,V3,V8,  R2,R3,R10,  
V12,V15,V16 'R 6! -( 90-0,22 [ <r ±10% R12 V4 3-38Z±30% 
V4,V10,V13 'R 6! -( 50-10 8r ±10% R5 R ma-0,125-390<+[ ±10% 
V6 'R 6! -( 50-100 8r ±10% R6,R9 R ma-0,125-1000<+[ ±10% 
V7,V11 'R 6! -( 90-0,47 [ <r ±10% R7 R ma-0,125-680<+[ ±10% 
V9 K50-29-47 [ <r ±10% R8 R ma-0,125-4,7<+[ ±10% 
DA1 LM1040 VT1 '4 303 
  

 

VT2 'a 315 

<, @Z, H. 9 (5 HZWU@R, FGHC\  +WD/ , H, FGHC\  @UI DFX. )@ . UBT@D, I DbH) R.Z .,  
T, F, HRD)  
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C1 'R 6! -M1500-1 8r ±10% R1 R ma-0,125-150 <+[ ±10% 
V2 K50-29-10 [ <r ±10% R2, R5 R ma-0,125-1 <+[ ±10% 
V3, V4 'R 6! -( 50-100 8r ±10% R3, R4 R ma-0,125-10 <+[ ±10% 
V5 K50-29-1000 [ <r ±10% R6 R ma-0,125-20 <+[ ±10% 
DA1 LM7805 R7 R ma-0,125-3 <+[ ±10% 
DD1 K155!f 1 R8…R10 R ma-0,25-30 +[ ±10% 
HL1…HL6 !m 307 VT1 'a 315% 
VD1 '- 213 VT2 'a 829 
VD2 'V 139 

 

  

<, @Z, H. 10 (e . @) T) R/ )Y) 
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6.2. <, @Z, H.C a, W+, HG +) F,T) @, . ) @H)]  @)T) .C p  9 
 

 
<, @Z, H. 1  

 
<, @Z, H. 2  

 
<, @Z, H. 3 
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4 =6N63X@88K N6N09<0 h 

 
<, @Z, H. 4  

 
<, @Z,H.  5  

 
<, @Z, H. 6  
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4 =6N63X@88K N6N09<0 h 

 
<, @Z,H.  7  

 
<, @Z, H. 8  

 
<, @Z, H. 9  
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4 =6N63X@88K N6N09<0 h 

 
<, @Z,H.  10  
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