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!"#$$%&'$(#)* +',-%)* #.+,/#+%&'$(,0,* 12-#."'3%)* 45678* ).")'+$)* 3#1&3,9*

:%$;%2"%3,9<* %=1&#>?'9* .,2-,$@* #.+,/#+%&'$(,0,* 12-#."'3%)* ,AB'(+#/%* -#=3,9*

C%=%&'$(,9* 2-%-,:@* [1]D* E* -#/(#F* G+,9* :%$;%2"%3@ -#=-#A,+#3,* A,"HI,'* &%$",*

/#+'/#+%&'$(%F /'+,:,.* #3#"%=#* %* $%3+'=#* $%$+'/* #.+,/#+%&'$(,0,* 12-#."'3%)* 4J678D*

K:3#(,, $1?'$+.1'+*;'"@9*("#$$*#(+1#"H3@F*=#:#&< (*(,+,-@/*("#$$%&'$(%'*/'+,:@*567*

$"#A,* 2-%/'3%/@D* L'&H* %:'+* ,A* 12-#."'3%%* $"#A,$+-1(+1-%-,.#33@/% %"%* 2",F,*

,2-':'"'33@/% ,AB'(+#/%<* (,+,-@/* 2-%$1?%* +#(%'* $.,9$+.#<* (#(* 13%(#"H3,$+H<*

,+$1+$+.%'* C,-/#"%=1'/,9* ;'"%* $1?'$+.,.#3%)<* ,+$1+$+.%'* ,2+%/#"H3,$+%,

:%3#/%&3,$+H< 3'$+#;%,3#-3,$+H* $+-1(+1-@* %* 2#-#/'+-,.<* 3'2,"3,+#* %"%* 2-#(+%&'$(%*

2,"3,'*,+$1+$+.%'*C,-/#"H3,0,*,2%$#3%)*[2]D*M",F,*,2-':'"'33@'*,AB'(+@*$-#.3%+'"H3,*

/#",* %=1&'3@<* &+,* $1?'$+.'33,* =#+-1:3)'+* %F* C,-/#"H3,'* /#+'/#+%&'$(,'* ,2%$#3%'* %<*

(#(* $"':$+.%'<* 1$",N3)'+* 2-%/'3'3%'* /'+,:,.* 567. !"#$$%&'$(#)* 567*

:'+'-/%3%-,.#33@/%* %* $+,F#$+%&'$(%/%* $%$+'/#/%* 1$2'I3,* 2-%/'3)'+$)* :")*

2,$+-,'3%)* J67* "'+#+'"H3@/%* #22#-#+#/%<* G3'-0'+%&'$(%/%* 1$+#3,.(#/%* %* +D2D<* 3,*

2,2@+(%* -#$2-,$+-#3'3%)* +-#:%;%,33@F* /'+,:,.* 3#* +#(%'* ,A"#$+%<* (#(* A%,$%3+'=<*

/3,0,C#=3@'* F%/%(,-+'F3,",0%&'$(%'* 2-,;'$$@<* 12-#."'3%'* .* 1$",.%)F*

3',2-':'"'33,$+% %* +D2D<* 3'* :#"%* ,?1+%/@F*2-#(+%&'$(%F* -'=1"H+#+,.<* 3'$/,+-)* 3#* .$'*

A,"''*1$",N3)>?%'$)*/#+'/#+%&'$(%'*/'+,:@*%F*,2%$#3%)*O3].
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S#*2-#(+%('*=#:#&%*+#(,0,*-,:#*1$2'I3,*-'I#>+$)*&'",.'(,/-,2'-#+,-,/<*.*$%"1*

'0,* $2,$,A3,$+%* 3#A">:#+H<* #3#"%=%-,.#+H<* 3#(#2"%.#+H* %3C,-/#;%><* :'"#+H* .@.,:@*%*

2-%3%/#+H*-'I'3%)D*T"#0,:#-)*$.,'/1*%3+'""'(+1<*&'",.'(*/,N'+*,2'-%-,.#+H*3'*+,"H(,*

$*(,"%&'$+.'33@/%<*3,*%* $*(#&'$+.'33@/%*3'C,-/#"%=,.#33@/%*2,3)+%)/%<*.$"':$+.%'*

&'0,* :,.,"H3,* 1$2'I3,* $2-#.")'+$)* $* 3',2-':'"'33,$+H>* %* $",N3,$+H>* 2-,;'$$#*

12-#."'3%) [4]. M,G+,/1<*,:3%/*%=*$#/@F*.#N3@F*%*2'-$2'(+%.3@F*3#2-#."'3%9*-#=.%+%)*

+',-%%* 12-#."'3%) ).")'+$)* 2,$+-,'3%' %* %$2,"H=,.#3%' /,:'"'9* 2-%A"%N'33@F*

-#$$1N:'3%9 &'",.'(#<* +,* '$+H* 2,$+-,'3%'* %3+'""'(+1#"H3@F* J67 4UJ678[3][5].

U3+'""'(+1#"H3#)*J67 $2,$,A3# .*+,9*%"%*%3,9*$+'2'3%*.,$2-,%=.,:%+H*,2-':'"'33@'*

%3+'""'(+1#"H3@'* :'9$+.%)* &'",.'(#<* $.)=#33@'* $* 2-%,A-'+'3%'/<* #3#"%=,/<*

("#$$%C%(#;%'9* =3#3%9* .* 2-':/'+3,9* ,A"#$+%* 12-#."'3%)<* #* +#(N'* ,2'-%-1>?%F*

=3#3%)/%<*3#(,2"'33@/%*&'",.'(,/-,2'-#+,-,/*%"%*$#/,9*$%$+'/,9*.*F,:'*2-#(+%&'$(,9*

:')+'"H3,$+%* 2,* 12-#."'3%>* ,AB'(+,/. JC'-#* 2-%/'3'3%)* UJ67* I%-,(#* – ,+*

2-,/@I"'33@F*-,A,+,.*:,*A@+,.@F*2-%A,-,.D

V#-#(+'-3@/%* ,$,A'33,$+)/%* UJ67* ).")'+$)* %$2,"H=,.#3%'* %3C,-/#;%%* .*

$%/.,"H3,/* .%:'* %* 3#"%&%'* .,=/,N3,$+%* .@A,-#* 4/'N:1* .#-%#3+#/%* .* 1$",.%)F*

3',2-':'"'33,$+%8D* M-%* G+,/, 2-%/'3'3%'* UJ67* 2,=.,")'+* 2,.@$%+H* (#&'$+.,*

2-,:1(;%%* 2-%* 1/'3HI'3%%* =#+-#+* -'$1-$,. %* G3'-0%%<* ,A'$2'&%.#>+* A,"''* .@$,(1>*

1$+,9&%.,$+H* (* .,=:'9$+.%>* .,=/1?#>?%F* C#(+,-,.* 2,* $-#.3'3%>* $* +-#:%;%,33@/%*

J67*O3].

L#=.%+%'* +',-%%* UJ67* 2-%.'",* (* 2,$+#3,.('* $"':1>?%F* =#:#&W -#=-#A,+(%

/'+,:,.* /#+'/#+%&'$(,0,* ,2%$#3%)<* #3#"%=#* 1$+,9&%.,$+%* %* ,;'3(%* (#&'$+.#* UJ67X*

$,=:#3%) %3$+-1/'3+#"H3@F*$-':$+.*2-,'(+%-,.#3%)*%*/'+,:,.*$%3+'=#*UJ67*%*+D2D [6].

1. @-6A.>0285$<$BCD!

E* YZ[Z* 0D* $,=:#+'"H* +',-%%* %3+'""'(+1#"H3@F* /#I%3* \ND* J#-%:%$* -#=-#A,+#"*

$+-1(+1-31>* ,-0#3%=#;%>* %3+'""'(+1#"H3@F* $%$+'/<* .* (,+,-,9* * UJ67* 2-':$+#.")'+$)

+-'/)* ,A,A?'33@/% 1-,.3)/% .* $,,+.'+$+.%%* $* 2-%3;%2,/* IPDI[7]. M-%* G+,/ 2,* /'-'*

2-,:.%N'3%)* (* .@$I%/* 1-,.3)/* %'-#-F%&'$(,9* $+-1(+1-@* 2,.@I#'+$)*

%3+'""'(+1#"H3,$+H*$%$+'/@<*3,*$3%N#'+$)*''*+,&3,$+H<*%*3#,A,-,+[3].

U3+'""'(+1#"H3,$+H $%$+'/@* F#-#(+'-%=1'+$) $2,$,A3,$+H> $%$+'/@ -#A,+#+H* $*

A#=,9 $,A@+%9*$*;'"H>*.@)."'3%)*=3#3%9<*2,=.,")>?%F*1+,&3%+H =#:#&1*%*3#/'+%+H*21+%*

''* -'I'3%)D* UJ67<* ,+.'&#>?#) G+,/1* A#=,.,/1* 2-%3;%21< #-F%+'(+1-3, $,$+,%+* %=*

,-0#3%=#;%,33,0,<* (,,-:%3#;%,33,0,* %* %$2,"3%+'"H3,0,* 1-,.3'9. !#N:@9* %=*



http://sntbul.bmstu.ru/doc/571221.html

,A,=3#&'33@F 1-,.3'9* -'#"%=1'+$)* ,+:'"H3,9 2,:$%$+'/,9* 4+#(N'<* .,=/,N3,,

%'-#-F%&'$(,98, ,+.'&#>?'9*%=",N'33@/*3%N'*2-%3;%2#/*,-0#3%=#;%%*UJ67[8].

1 S#"%&%'* .=#%/,:'9$+.%)* 12-#.")>?%F* $%$+'/* $* -'#"H3@/* .3'I3%/* /%-,/* $*

%$2,"H=,.#3%'/* %3C,-/#;%,33@F* (#3#",.* $.)=%D M-%3;%2 .=#%/,:'9$+.%)* $%$+'/@* $*

.3'I3%/* /%-,/* 2,=.,")'+* ,-0#3%=,.#+H* (#3#"@* $.)=%* :")* %=."'&'3%)* 3',AF,:%/@F*

=3#3%9* $* ;'"H>* ,-0#3%=#;%%* ;'"'$,,A-#=3,0,* 2,.':'3%) % #(+%.3,0,* .,=:'9$+.%)* 3#*

$-':1<*'$"%*G+,*3',AF,:%/,.

2 M-%3;%2%#"H3#)* ,+(-@+,$+H* $%$+'/* $* ;'"H>* 2,.@I'3%)* %3+'""'(+1#"H3,$+%* %*

$,.'-I'3$+.,.#3%)* $,A$+.'33,0,* 2,.':'3%)D K+(-@+,$+H* $%$+'/* ,A'$2'&%.#'+$)*

3#"%&%'/ $2,$,A3,$+'9*( $#/,3#$+-,9('<*$#/,,-0#3%=#;%%*%*$#/,,A1&'3%>D*E@2,"3'3%'*

G+,0, 2-%3;%2#* 2,=.,")'+* ,-0#3%=,.#+H* .* %3+'""'(+1#"H3,9* $%$+'/'* 2-,;'$$*

2-%,A-'+'3%)<*2,2,"3'3%)*%*.'-%C%(#;%%*=3#3%9D

3 S#"%&%'* /'F#3%=/,.* 2-,03,=#* %=/'3'3%)* .3'I3'0,* /%-#* %* $,A$+.'33,0,*

2,.':'3%)* $%$+'/@* .* :%3#/%&'$(%* /'3)>?'/$)* .3'I3'/* /%-'D E@2,"3'3%'* 2-%3;%2#*

,A'$2'&%.#'+*.,=/,N3,$+H*.@F,:#*%=*(-%+%&'$(%F*%*3'2-':$(#=1'/@F*$%+1#;%9D*

4 S#"%&%'* 1* UJ67 /3,0,1-,.3'.,9* %'-#-F%&'$(,9* $+-1(+1-@<* 2,$+-,'33,9* .*

$,,+.'+$+.%%* $ IPDI. \#33@9* 2-%3;%2* 2,=.,")'+* (,3$+-1%-,.#+H* UJ67 .* +'F* $"1&#)F<*

(,0:#* 3'+,&3,$+H* =3#3%9* ,* /,:'"%* ,AB'(+#* 12-#."'3%)* %"%* '0,* 2,.':'3%%* /,N3,*

$(,/2'3$%-,.#+H* =#* $&'+* 2,.@I'3%)* %3+'""'(+1#"H3,$+%* $,=:#.#'/@F* $%$+'/* %"%*

$,,+.'+$+.1>?%F*#"0,-%+/,.*12-#."'3%)D

5 M,$+,)3$+.,* C13(;%,3%-,.#3%)* 4.,=/,N3,<* $* ,2-':'"'33,9* $+'2'3H>*

:'0-#:#;%%8*2-%*-#=-@.'*$.)='9*%"%*2,+'-'*12-#.")>?%F*.,=:'9$+.%9*,+*.@$I%F*1-,.3'9*

%'-#-F%%*12-#.")>?'9*$+-1(+1-@D J,F-#3'3%'*#.+,3,/3,0,*C13(;%,3%-,.#3%)*.*-#/(#F*

A,"''*2-,$+,0,*2,.':'3%)*$%$+'/@*,A'$2'&%.#'+*/#($%/#"H31>*N%.1&'$+H*UJ67.

J+'2'3H* %3+'""'(+1#"H3,$+%* $%$+'/@ 12-#."'3%) =#.%$%+ ,+* C13(;%,3#"H3,9*

3#$@?'33,$+%* 1-,.3'9 IPDID*E* $.)=%* $* G+%/ /,N3,* 1+,&3%+H*2,3)+%93@9* #22#-#+D*M,:*

%3+'""'(+1#"H3,9 .*A,"HI'/ $%$+'/,9*A1:'+*2,3%/#+H$)*$%$+'/#<*$,,+.'+$+.1>?#) .$'/*

2'-'&%$"'33@/* 2-%3;%2#/D*M,:* %3+'""'(+1#"H3,9 .*/#",/ $%$+'/,9* A1:'+* 2,3%/#+H$)**

$%$+'/#<* 3'* -'#"%=1>?#) 1(#=#33@F* 2-%3;%2,.<* 3,* %$2,"H=1>?#)* =3#3%)<* (#(* $-':$+.,*

2-',:,"'3%)*3',2-':'"'33,$+%D

U3+'""'(+1#"H3@'* .* A,"HI'/* %* /#",/ $%$+'/@* 1$+#3#."%.#>+* .'-F3>>* %*

3%N3>> 0-#3%;@*%3+'""'(+1#"H3,$+%*12-#.")>?%F*$%$+'/D*J+'2'3H*%3+'""'(+1#"H3,$+%*

$%$+'/<* 3#F,:)?%F$)* .31+-%* G+,0,* :%#2#=,3#<* /,N3,* ,2-':'"%+H* 2,* 3#"%&%>* %"%*

,+$1+$+.%>*+'F*%"%*%3@F*1-,.3'9*]^_] [3].



P,",:'N3@9*3#1&3,-+'F3%&'$(%9*.'$+3%(*QJRR-51038

M,.@I'3%'* %3+'""'(+1#"H3,$+%* $%$+'/@* /,N'+* A@+H* -'I'3%'/* %=.'$+3,9*

2-,A"'/@*#(+1#"H3,$+%*A#=@*=3#3%9*– (*/,/'3+1*3#&#"#*C13(;%,3%-,.#3%)*$%$+'/@<*A#=#*

=3#3%9<*$,$+#."'33#)*G($2'-+#/%<*1N'*).")'+$)*1$+#-'.I'9D*`+,*2-,%$F,:%+<*.*&#$+3,$+%<*

%=-=#* $#/,9* $+-1(+1-@* +#(%F* 2-#.%"W* ab+,* A@",* A@<* '$"%* A@* $%$+'/#* 2,2#"#* +#(1>-+,*

$%+1#;%>cD* d:%3$+.'33@/* $2,$,A,/* 2,::'-N#3%)* A#=@* =3#3%9* .* #(+1#"H3,/* $,$+,)3%%*

).")'+$)*3'2-'-@.3#)*#:#2+#;%)*$%$+'/@*(*%=/'3)>?%/$)*1$",.%)/*,(-1N#>?'9*$-':@D

J67*/,N3,*("#$$%C%;%-,.#+H*+#(*N'*%*2,*$2,$,A1*.=#%/,:'9$+.%)*c ,(-1N#>?'9*

$-':,9W* #.+,3,/3@'* 43'+* .=#%/,:'9$+.%)8<* C,-/#"%=,.#33@'* 4.=#%/,:'9$+.%'* .* -#/(#F*

%:'#"%=%-,.#33,9* /,:'"%8* %* %3C,-/#;%,33@'* 4.=#%/,:'9$+.%'* 3#* 1-,.3'* -'#"H3@F*

.,=:'9$+.%98D* J,,+.'+$+.'33,<* $* 2,.@I'3%'/* (#&'$+.# .=#%/,:'9$+.%)* -#$+1+* +#(* N'* %*

+-'A,.#3%)*(*%3+'""'(+1#"H3,$+%*$%$+'/@D

2. E6;64<05$BCD!

e>A#)* UJ67* %=3#&#"H3,* :,"N3#* %/'+H* 3'(,+,-@9* A#=,.@9* 3#A,-* =3#3%9* ,*

2-':/'+3,9*,A"#$+%*C13(;%,3%-,.#3%)<*=#:#33@9*G($2'-+#/%*2-%*'f*$,=:#3%%D*7&%+@.#)*

+,+* C#(+<* &+,* G($2'-+#/%* ).")>+$)* ">:%<* #* ">:)/* $.,9$+.'33,* C,-/1"%-,.#+H* $.,%*

=3#3%)* ,* /%-'* .* .%:'* .'-A#"H3@F* %* 3'&'+(%F* 1+.'-N:'3%9<* ,:3%/* %=* $#/@F*

2'-$2'(+%.3@F* 2,:F,:,.* :")* 2-':$+#."'3%)* =3#3%9* ).")'+$)* %$2,"H=,.#3%'*

"%30.%$+%&'$(%F* 2'-'/'33@F* %* #22#-#+# 3'&'+(%F* /3,N'$+..[3][9] 5#(,9* 2,:F,:* (*

.@&%$"'3%)/* $#/* #.+,-* 3'&'+(,9* ",0%(%* g#:'* ,+3,$%+* (* ("#$$1* a/)0(%F* .@&%$"'3%9c* W*

«L1(,.,:)?%/* 2-%3;%2,/* /)0(%F* .@&%$"'3%9* ).")'+$)W* +'-2%/,$+H* (* 3'+,&3,$+%<*

3',2-':'"'33,$+%* %* &#$+%&3,9* %$+%33,$+%* :")* :,$+%N'3%)* 1:,A$+.#* /#3%21"%-,.#3%)<*

-,A#$+3,$+%<* 3%=(,9* $+,%/,$+%* -'I'3%)* %* "1&I'0,* $,0"#$%)* $* -'#"H3,$+H>cO9].

6-01/'3+#/%* .* 2,"H=1* %$2,"H=,.#3%)* #22#-#+#* 3'&'+(%F* /3,N'$+.* +#(* N'* ).")>+$)W*

,+$1+$+.%'* #3#"%+%&'$(,9* $.)=%* .F,:3@F* %* .@F,:3@F* 2#-#/'+-,.<* 3'2,"3,+#* =3#3%)* ,*

2-#.%"#F*2,.':'3%)*$%$+'/@<*3')$3#)* $.)=H*/'N:1*2#-#/'+-#/%<* (#&'$+.'33,'*,2%$#3%'*

2,.':'3%)*12-#.")'/,9*$%$+'/@O10][11].

M-%/'3'3%'* 3'&'+(,9* ",0%(%* 2,:-#=1/'.#'+* %$2,"H=,.#3%'* * 3'&'+(%F*

F#-#(+'-%$+%(<* ,2%$@.#>?%F* $%$+'/1<* ./'$+,* &'+(%F<* 3,* 3'* .$'0:#* ,:3,=3#&3@F*

2#-#/'+-,.D* M-%* G+,/* 3'(,+,-#)* F#-#(+'-%$+%(#* ,AB'(+#* ,2%$@.#'+$)* "%30.%$+%&'$(,9*

2'-'/'33,9<*2-%3%/#>?'9*=3#&'3%'*%=*/3,N'$+.#*3'&'+(%F*+'-/,.<*(#N:@9*%=*(,+,-@F*

=#:#'+*$,$+,)3%'*3'(,+,-,9*F#-#(+'-%$+%(%*,AB'(+#D*E@.,:*-'I'3%)*$,$+,%+*%=*&'+@-'F*

,$3,.3@F* $+#:%9W* C#=%C%(#;%%42-%.':'3%)* (* 3'&'+(,$+%8<* ",0%&'$(,0,* .@.,:# -'I'3%)*

%=* /3,N'$+.#* 3'&'+(%F* 2-#.%"* .@.,:#<* (,/2,=%;%% -'I'3%) %*

:'C#=%C%(#;%%42-%.':'3%)*,A-#+3,*(*&'+(,$+%8D M-%*12-#."'3%%*$",N3@/%*2-,;'$$#/%<*



http://sntbul.bmstu.ru/doc/571221.html

3'*%/'>?%/%*+,&3,0,*(,"%&'$+.'33,0,*/#+'/#+%&'$(,0,*,2%$#3%)<*3'&'+(%'*$%$+'/@*2,*

$-#.3'3%>* $* +-#:%;%,33@/%* %/'>+* "1&I1>* 2,/'F,=#?%?'33,$+H<* A@$+-,:'9$+.%'* %*

+,&3,$+H* =#* $&'+* A,"''* #:'(.#+3,0,* ,2%$#3%)* -'#"H3,9* $-':@<* .* (,+,-,9* ,3%*

C13(;%,3%-1>+*O3].

\#33@9*2,:F,:*.*(,3+'($+'*+',-%%*12-#."'3%)*3#=@.#'+$)*3'&'+(%/*12-#."'3%'/D*

K3* 2-%/'3)'+$)* 2-%* $%3+'='* 3'&'+(%F* -'01")+,-,.<* 0%A-%:3@F* -'01")+,-,.<* 3'&'+(%F*

2,%$(,.@F* $%$+'/* #.+,/#+%&'$(,9* ,2+%/%=#;%%<* 3'&'+(%F* 1$+-,9$+.* ,;'3%.#3%)* %*

C%"H+-#;%%D J-':%*2-%&%3*-#$2-,$+-#3'3%)*3'&'+(,0,*12-#."'3%)<*/,N3,*.@:'"%+HO12]:

! ,$,A@'* (#&'$+.#* UJ67* $* 3'&'+(,9* ",0%(,9* 43#2-%/'-<* /#"#)*

&1.$+.%+'"H3,$+H*(*%=/'3'3%>*2#-#/'+-,.*,AB'(+#*12-#."'3%));

! A,"''*2-,$+,9*$%3+'=*UJ67*4.*$-#.3'3%%*$*+-#:%;%,33@/%*/'+,:#/%8

! a2#+'3+3#)* &%$+,+#c* 2-,'(+%-1'/@F* UJ67* .* $%"1* ,+3,$%+'"H3,9*

/,",:,$+%*3#1(%D

! 2,21")-3,$+H*3'&'+(,0,*2,:F,:#

3. @83F$26;64<8G$BCD!'

K$3,.3@/* (-%+'-%'/* ("#$$%C%(#;%%* 3'&'+(%F* J67* ).")'+$)* -#$2,",N'3%'* %*

=#:#&%* 3'&'+(,0,* 1="#* .* $%$+'/'* 12-#."'3%)* O12hD* 7&%+@.#)* ..':'33,'* 2,3)+%'*

%3+'""'(+1#"H3,$+%* %* A#=,.1>* $F'/1* J67<* /,N3,* ,2-':'"%+H* +-%* +%2#* 3'&'+(%F*

UJ67O3][12][13].

1 UJ67 $* 3'&'+(%/* (,3+-,""'-,/ 42-)/,9* (,3+-,"H8. KA@&3#)* =#/(31+#)*

$%$+'/#* 12-#."'3%)* $* ,A-#+3,9* $.)=H><* %$2,"H=1>?#)* .* (#&'$+.'* -'01")+,-#* 3'&'+(%9*

(,3+-,""'-D*M,$(,"H(1* 3'&'+(%9* (,3+-,""'-* ,$1?'$+.")'+* .@.,:* -'I'3%)* 2,$-':$+.,/*

=#-#3''* =#:#33,9* A#=@* =3#3%9* %* 3'* %/''+* $-':$+.* :")* 'f* /,:%C%(#;%%<* G+,* $%$+'/#* $*

3#%/'3HI%/*1-,.3'/*%3+'""'(+1#"H3,$+% (%3+'""'(+1#"H3#) .*/#",/ J678.

2 i%A-%:3@'* 3'&'+(%' UJ67D* UJ67<* %$2,"H=1>?#)* .* (#&'$+.'* -'01")+,-#*

0%A-%:3@9* 3'&'+(%9* (,3+-,""'-D* i%A-%:3@9* (,3+-,""'-* 2-':$+#.")'+* %=* $'A)*

:.1F1-,.3'.,'* 1$+-,9$+.,<* 3%N3%9* 1-,.'3H* (,+,-,0,* .@-#A#+@.#'+* 12-#.")>?''*

.,=:'9$+.%'* /'+,:#/%* ("#$$%&'$(,9* 567* 43#2-%/'-<* ,A@&3@/* MU\--'01")+,-,/8<* #*

.'-F3%9* – 2-,%=.,:%+* 3'&'+(1>* #:#2+#;%>* 2#-#/'+-,.* -'01")+,-#* 3%N3'0,* 1-,.3)D*

5#(%/* ,A-#=,/* :,$+%0#'+$)* 3'(,+,-@9* 1-,.'3H* #:#2+%.3,$+%* UJ67D* !* G+,/1* ("#$$1*

,+3,$)+$)* +#(* N'* $%$+'/@* a$* 3'&'+(%/%* (,/2"'($3@/%* /,:'")/%c<* .* (,+,-@F* 3%N3%9*

1-,.'3H* -'#"%=1'+$)* #3$#/A"'/* +-#:%;%,33@F* -'01")+,-,.<* #* .'-F3%9* ,$1?'$+.")'+* %F*

2'-'(">&'3%'*O12hD*d?'*,:3%/*.#-%#3+,/*+#(,9*$%$+'/@*).")'+$)*2#-3,'*%$2,"H=,.#3%'*
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3'&'+(,0,* %* +-#:%;%,33,0,* -'01")+,-,.<* 2-%* G+,/* 3'&'+(%9* -'01")+,-* %0-#'+* -,"H*

(,/2'3$#+,-#*[13].

3 6:#2+%.3@'* 3'&'+(%' UJ67D* E* (#&'$+.'* -'01")+,-,.* %$2,"H=1>+$)*

#:#2+%.3@'*(,3+-,""'-@D*`+,* +,N'*:.1F1-,.3'.@'* 1$+-,9$+.#<* .* (,+,-@F* 12-#.")>?%'*

.,=:'9$+.%)*3%N3'0,*1-,.3)*C,-/%-1>+$)*2,$-':$+.,/*3'&'+(,0,*.@.,:#D*6*3#*.'-F3'/*

1-,.3'* 2-,%$F,:%+* 3'&'+(#)* (,--'(;%)* A#=@* 2-#.%"* 3%N3'0,* 1-,.3)D* J* 2,/,?H>*

(,--'(+%-,.(%* A#=@* 2-#.%"* +#(#)* UJ67* /,N'+* #:#2+%-,.#+H$)* (* %=/'3)>?%/$)*

1$",.%)/*,(-1N#>?'9*$-':@*%*2#-#/'+-#/*12-#.")'/,0,*,AB'(+#D*

E3'* =#.%$%/,$+%* ,+* ("#$$#* 3'&'+(,9* UJ67<* ,$3,.3@/* .,2-,$,/* 2-%* 'f*

2-,'(+%-,.#3%%*).")'+$)*C,-/%-,.#3%'*A#=@*=3#3%9D

4. C82469$26;64<.H$BCD!

IJ2.>2F6$3.?G.?F$<$K.-18-.>028L$A09F 26;64<8G 3-0>87 >F>.?0

S%N'*2'-'&%$"'3@*,$3,.3@'*/'+,:@ C,-/%-,.#3%)*A#=@*=3#3%9 [12][13].

1 i'3'-#;%)*3#*,$3,.'*G($2'-+3,9*,;'3(% [4].  

2 6.+,/#+%&'$(#)* 0'3'-#;%)*3#*,$3,.'*3#A">:'3%)*=#*:'9$+.%)/%*,2'-#+,-#

[14].

3 U$2,"H=,.#3%'* =#.%$%/,$+'9* 3'"%3'93@F* ,2'-#+,-,.<* -'#"%=1'/@F*

3'&'+(%/%* * $%$+'/#/%<* * ,+* (,3(-'+3@F* 2#-#/'+-,.* 3'&'+(,0,* .@.,:#* 4A#=@* 2-#.%"<*

C13(;%9*2-%3#:"'N3,$+%*%*2-,&D8 [14].

4 M-%/'3'3%'* .'-,)+3,$+3@F* /'+,:,.* %* /'+,:,.* ,A-#+3,9* :%3#/%(%*

42,$+-,'3%'*3'&'+(,9*$%$+'/@*.*$,,+.'+$+.%%*$*,A-#+3@/*,2'-#+,-,/*,AB'(+#8O14].

5 M,$+-,'3%'* 3'&'+(,9* /,:'"%* 12-#."'3%)* 2,* 2-':.#-%+'"H3,* 2,"1&'33,9*

3'&'+(,9*/,:'"%*,AB'(+#*12-#."'3%) [15].

6 622-,($%/#;%)* 2-':.#-%+'"H3,* 2,$+-,'33@F* ,2'-#+,-,.* 3'"%3'93,0,*

,2+%/#"H3,0,*=#(,3#*12-#."'3%)*3'&'+(,9*$%$+'/,9*O15].

7 S'&'+(%'* #3#",0%* /'+,:,.* ("#$$%&'$(,9* 567* 42'-':#+,&3,9* C13(;%%<*

/'+,:#*e)213,.#*%*:-D8[16].

8 P#I%33,'*,A1&'3%' %*G($2'-+3@'*$%$+'/@ [14].

S#%A,"''* &#$+,* %$2,"H=1'/@/%* ).")>+$)* /'+,:@* 4Y-j8<* (#(* 3#%A,"''* 2-,$+@'* .*

,-0#3%=#;%%*%*2,=.,")>?%'*,2%$#+H $%$+'/1 ">A,9*$",N3,$+%D*K$3,.3,9*%F*3':,$+#+,(*

– +-'A,.#3%'*3#"%&%)*G($2'-+,.*%*$1AB'(+%.3,$+H*2,"1&#'/@F*-'=1"H+#+,.D*Q,-/#"H3@'*

/'+,:@<*3#;'"'33@'*3#*#.+,/#+%=#;%>*%*,AB'(+%.%=#;%>*2-,;'$$# 2,*A,"HI'9*&#$+%*.$'*

'?'* 3#F,:)+$)* .* $+#:%%* -#=-#A,+(%* %* ,A"#:#>+* $.,%/%*3':,$+#+(#/%* %* ,0-#3%&'3%)/%D*

S#2-%/'-<* 4k8* 2-':2,"#0#'+* 3#"%&%' 3'"%3'93,0,* ,2'-#+,-#* J67<* (5) – 3#"%&%'*
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,A-#+3,0,* ,2'-#+,-#<* #* (7) – .,=/,N3,$+H* 2,$+-,'3%) ,2+%/#"H3,0,* 12-#."'3%)* 4&+,*

.,=/,N3,* :#"'(,* 3'* .$'0:#8D P'+,: 4l8* 3#("#:@.#'+* ,0-#3%&'3%'* 3#* ,+$1+$+.%'* A",(#*

:'C#==%C%(#;%%*– 2-':2,"#0#'+$)<*&+,*.*$%$+'/'*:'9$+.1>+*3'&'+(%'*$%03#"@D !*+,/1*N'*

1(#=#33@'* /'+, :@* :'9$+.1>+* .* - #/(#F* 567* %* :#>+* /'3HI1>* 0%A(, $+H* 2- %* , 2%$#3%%*

$",N3,* C,-/#"%=1'/@F* #"0,-%+/,.* 2,.':'3%)D* M,G+,/1* 3#* 2-#(+%('<* 2-%* -#=-#A,+('*

$",N3@F*%3+'""'(+1#"H3@F*$%$+'/*12-#."'3%)<*&#?'*.$'0,*%$2,"H=1>+$)*4Y8*%*4j8*/'+,:*.*

$,&'+#3%%*$* 4[8D*\#33@9*2,:F,:*2,=.,")'+*$3#&#"#*$C,-/1"%-,.#+H*/'+,:,/*G($2'-+3,9*

,;'3(%* 2-':2,"#0#'/1>* ",0%(1* 2,.':'3%)* %* =#+'/<* $* 2,/,?H>* /'+,:,.* /#I%33,0,*

,A1&'3%)< .@2,"3%+H*(,--'(+%-,.(1*A#=@*=3#3%9D

IJ2.>2F6$3.?G.?F$<$K.-18-.>028L$KM2<:8H$3-820?76N2.J48

M,/%/,*A#=@*2-#.%"*3',AF,:%/,*$C,-/%-,.#+H C13(;%% 2-%3#:"'N3,$+%*+'-/,.D*

! G+,9*=#:#&'*$1?'$+.1'+*:.# ,$3,.3@F 2,:F,:#<*(,+,-@'*%=",N'3@*3%N'.

1 M-)/@'* /'+,:@ (3#2-%/'-<* * /'+,:* ,+3,$%+'"H3@F* &#$+,+<*

2#-#/'+-%&'$(%9<*%3+'-.#"H3@98*;'"'$,,A-#=3,*%$2,"H=,.#+H*:")*%=/'-%/@F*$.,9$+.*

%*2-%=3#(,. +#(%F*(#(*$(,-,$+H<*.-'/)<*+'/2'-#+1-#< :#."'3%'*%*+D2D*M-%*%$2,"H=,.#3%%*

2-)/@F* /'+,:,. 3'* +-'A1'+$)* +,&3,0,* =#:#3%) C13(;%%D* \,$+#+,&3,* =#C%($%-,.#+H* .%:*

C13(;%%* 2-%3#:"'N3,$+%* %* F#-#(+'-3@'* +,&(%<* 2,* (,+,-@/* :%$(-'+3,'* 2-':$+#."'3%'*

C13(;%%* 2-%3#:"'N3,$+%* #22-,($%/%-1'+$)* 3'2-'-@.3@/* #3#",0,/* – 3#%A,"''*

2,:F,:)?'9*+%2,.,9*C13(;%'9*2-%3#:"'N3,$+%<*%$2,"H=1'/,9*.*3'&'+(,/*.@.,:' [4].

2 !,$.'33@'*/'+,:@ (3#2-%/'-<* /'+,:*2#-3@F*$-#.3'3%9) %$2,"H=1>+$)*.*+'F*

$"1&#)F<*(,0:#*,+$1+$+.1>+*%=/'-%/@'*$.,9$+.#*,AB'(+,.*.*-#$$/#+-%.#'/,9*2-':/'+3,9*

,A"#$+% [4].

E* $%"1* $2';%C%(%* =#:#&* 2-%* 2,$+-,'3%%* 3'&'+(%F* $%$+'/* #.+,/#+%&'$(,0,*

12-#."'3%)<*(#(*2-#.%",<*2-%/'3)>+$)*2-)/@'*/'+,:@D*E*$.,>*,&'-':H<*.*=#.%$%/,$+%*,+*

&%$"#*2-%."'&'33@F*(*,2-,$1*G($2'-+,.*(#(*2-)/@'<*+#(*%*(,$.'33@'*/'+,:@*:'")+$)*3#*

,:%3,&3@'* %* 0-122,.@'D* S#%A,"''* 0-1A1>* ,;'3(1* F#-#(+'-%$+%&'$(%F* +,&'(* C13(;%%*

2-%3#:"'N3,$+%*/,N3,*2,"1&%+H*21+'/*,2-,$#* ,:3,0,* G($2'-+#<* (,+,-@9*2-,$+,* =#:#'+*

:")* (#N:,0,* =3#&'3%) %=* ,A"#$+%* ,2-':'"'3%) $,,+.'+$+.1>?''* =3#&'3%'* C13(;%%*

2-%3#:"'N3,$+%.

C82469$26;64<./.$<.24-.776-0

E* ;'",/* (* (,3$+-1%-,.#3%>* 3'&'+(,0,* (,3+-,""'-#* $1?'$+.1'+* A,"HI,'* &%$",*

$,.'-I'33,* -#=3@F* 2,:F,:,.<* .@A,-* (,+,-@F* .,* /3,0,/* 2-,:%(+,.#3* 2,$+#."'33@/%*

;'")/%. S#2-%/'-<*.*O13h*,2%$@.#'+$)*2,:F,:<*2-%*(,+,-,/*$3#&#"#*(,3$+-1%-1'+$)*MU\-

-'01")+,-<* =#+'/* G(.%.#"'3+3@9* "%3'93@9* 3'&'+(%9* (,3+-,""'-<* (,+,-@9* 2,$+'2'33,*
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2-%.,:%+$)* (* 3'"%3'93,/1D* E* O17h* .@2,"3)'+$)* 2,$+-,'3%'* 3'&'+(,0,* (,3+-,""'-#* 3#*

,$3,.'*/#-(,.$(%F*;'2'9<*#*.*O18h*.@2,"3)'+$)*2,$+-,'3%'*%=*A",(,.<*2-':$+#.")>?%F*%=*

$'A)*A,"''*2-,$+@'*(,3+-,""'-@D*U3+'-'$3@/*%*F,-,I,*2,:F,:)?%/*:")*;'",0,*("#$$#*

=#:#& (2,:-#=1/'.#>?%F* .@2,"3'3%' 2,$"':,.#+'"H3,$+%* 3'&'+(%F* %3$+-1(;%98,

).")'+$)* 2,:F,:<* $.)=#33@9* * $* %$2,"H=,.#3%'/* 2,3)+%) 3'&'+(,0,* #"0,-%+/#D* S'&'+(%9*

#"0,-%+/*2-':$+#.")'+ %=*$'A)*3#A,-*3'&'+(%F*%3$+-1(;%9D*E2'-.@'*G+,*2,3)+%'*..,:%+$)*

.*-#A,+'* g#:'* O19h*3#*2-%/'-'*(1"%3#-3,0,*-';'2+#*.#-(%*-%$#D*V,-,I#)*C,-/#"%=#;%)

3'&'+(,0,*#"0,-%+/#*% ..':'3%'*2,3)+%)*3'&'+(,9*0-#//#+%(%*:")*2,-,N:'3%)*3'&'+(,0,*

)=@(#*2-':$+#."'3@*.*-#A,+#F*O4][20].

U$2,"H=,.#3%'*2,3)+%)*3'&'+(,0,*#"0,-%+/#*/,N'+*=3#&%+'"H3,*,A"'0&%+H*=#:#&1*

-#=-#A,+(%* 3'&'+(,0,* (,3+-,""'-#<* '$"%* '$+H* a-';'2+c* %"%* ,2%$#3%'* 3',AF,:%/@F*

:'9$+.%9* 3#* '$+'$+.'33,/* )=@('D* M,/%/,* $#/,0,* -';'2+#* 3',AF,:%/,* +'F3%&'$(,'*

1$+-,9$+.,* – 3'&'+(#)* .@&%$"%+'"H3#)* /#I%3#* %* 3'&'+(%9* )=@(D* * K$3,.3@'*

2-'%/1?'$+.#*+#(,0,*2,:F,:#W

! A,"HI#)* 0%A(,$+H* 2-%* ,2%$#3%%* #"0,-%+/#* 4,0-#3%&'33#)* .,=/,N3,$+)/%*

3'&'+(,0,*)=@(#8;

! '$+'$+.'33,$+H*=#:#3%)*%3$+-1(;%9*12-#.")'/,/1*1$+-,9$+.1;

! .,=/,N3,$+H* %+'-#;%,33,0,* 2,.@I'3%)* %3+'""'(+1#"H3,$+%* J67* A'=*

%=/'3'3%)*C%=%&'$(,9*#-F%+'(+1-@*421+'/*:,A#."'3%)*$,,+.'+$+.1>?%F*%3$+-1(;%98D

S%N'* 2-':$+#."'3* 2-%/'-* 2-#(+%&'$(,9* -'#"%=#;%%* 1(#=#33,0,* 2,:F,:#* (*

2-,'(+%-,.#3%>*3'&'+(,9*J67<*%3+'""'(+1#"H3,9*.*/#",/*%*1(#=#3@*21+%*2,.@I'3%)*'f*

%3+'""'(+1#"H3,$+%D

5. IJ.A622.J48$3-0<48;6J<.H$-607890:88$26;64<./.$<.24-.776-0

!#(*1(#=#3,*.@I'<*:")*=#:#3%)*3'&'+(,0,*#"0,-%+/#*-#A,+@*J67*3',AF,:%/@*+-%*

$,$+#.")>?%FW* ,2%$#3%'* #"0,-%+/#* 3#* '$+'$+.'33,/* )=@('<* 3'&'+(#)* .@&%$"%+'"H3#)*

/#I%3#*% 3'&'+(%9*)=@(D*

E6;64<05$>F;8J78467O205$10P820$8$26;64<8H$59F<

M-%* -'I'3%%* =#:#&* 12-#."'3%)* 2-%/'3)>+* 1$+-,9$+.#* $* N'$+(,9* %*

2-,0-#//%-1'/,9* ",0%(,9D* E* (,3+'($+'* 2,$+#."'33,9* =#:#&%* 3',AF,:%/,* %$2,"H=,.#+H*

1$+-,9$+.#* %/'33,* $* 2-,0-#//%-1'/,9* ",0%(,9D* L#$2-,$+-#3'33@/* 2,:F,:,/* ).")'+$)*

%$2,"H=,.#3%'* /%(-,(,3+-,""'-,.* – ,:3,(-%$+#"H3@F* `EP<* -#=-#A,+#33@F* :")* =#:#&*

12-#."'3%)*G"'(+-,33@/%*1$+-,9$+.#/%D
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\")*-'#"%=#;%%*3'&'+(,0,*#"0,-%+/#*3#*/%(-,(,3+-,""'-#F*$1?'$+.1'+*:.#*21+%D*

M'-.@9* – #22#-#+3#)* -'#"%=#;%)* 3'&'+(,0,* /%(-,(,3+-,""'-#<* .+,-,9* – 2-,0-#//3,* -

#22#-#+3#)D*S%N'*,3%*-#$$/,+-'3@*A,"''*:'+#"H3,D*

! 622#-#+3#)*-'#"%=#;%)D

J2';%#"H3,*-#=-#A,+#33,'*1$+-,9$+.,*2,:*(,3(-'+3@'*;'"%D

o 7$+-,9$+.,*$,*$2-,'(+%-,.#33,9*2,:*(,3(-'+3@9*#"0,-%+/*$+-1(+1-,9D

o M-,/@I"'33@9*,A-#=';

! P%(-,(,3+-,""'-@* $2';%#"H3,0,* 3#=3#&'3%)* 43#2-%/'-<* Fujitsu F2RU-8, 

VY86C570 (Togai InfraLogic), SAE 81C99 (Siemens))

! P%(-,(,3+-,""'-@*,A?'0,*3#=3#&'3%)*$*#22#-#+3,9*2,::'-N(,9*3'&'+(,9*

",0%(%*4+#(%'*(#(*Motorola 68HC12, ST52 Dualogic (STMicroelectronics)).

! M-,0-#//3#)*-'#"%=#;%)D

E* $%"1* +,0,<* &+,* #22#-#+3#)* -'#"%=#;%)<* 2-%* 3#"%&%%* +#(%F* 2-'%/1?'$+.* (#(*

$(,-,$+H* %* 1:,A$+.,* -#A,+@<* 3'* .$'0:#* /,N'+* A@+H* :,$+123#* 4%=-=#* /#",9*

-#$2-,$+-#3'33,$+%* %* .@$,(,9* ;'3@8<* &#$+,* 2-%/'3)+$)* 2-,0-#//3#)* -'#"%=#;%)* 3#*

,$3,.'*/%(-,(,3+-,""'-,.*,A?'0,*3#=3#&'3%)*4AVR, PIC, MSP, ARM).

o U$2,"H=,.#3%' $2';%#"H3,9* a3'&'+(,9c* A%A"%,+'(%<* 2-':,$+#.")>?'9*

3',AF,:%/,'*a3'&'+(%9c*API 43'&'+(%9*)=@(8(Free Fuzzy Logic Library, fuzzyCLIPS [5]);

o U$2,"H=,.#3%'* $2';%#"H3@F* a(,3$+-1(+,-,.c* 3'&'+(%F* $%$+'/* %*

2,$"':1>?#)*+-#3$");%)*.*(,:*/%(-,2-,0-#//@*/%(-,(,3+-,""'-# (Matlab, Matematica, 

CubiCalc, RuleMaker, FuziCalc, fuzzyTECH [5])

o U$2,"H=,.#3%'* $2';%#"%=%-,.#33@F* 2-,0-#//3@F* $-':$+.<* 2,=.,")>?%F* $-#=1*

0'3'-%-,.#+H*(,:*$*3'&'+(,9*$%$+'/,9*2,:*">A,9*/%(-,(,3+-,""'-D*

!* ,A?%/* :,$+,%3$+.#/* 2-,0-#//3,9* -'#"%=#;%%* /,N3,* ,+3'$+%* 2-,$+,+1*

%$2,"H=,.#3%)* %* .@$,(1>* :,$+123,$+H* 4%=-=#* .@$,(,9* -#$2-,$+-#3'33,$+%*

/%(-,(,3+-,""'-,.* ,A?'0,* 3#=3#&'3%)8<* 0%A(,$+H* $,=:#.#'/@F* -'I'3%9D S':,$+#+(%*

2-,0-#//3,9*-'#"%=#;%%*– $(,-,$+H*-#A,+@*3'&'+(%F*,2'-#;%9*4.*,+"%&%'*,+*#22#-#+3,9*

-'#"%=#;%%8*%*2,0-'I3,$+%*.*.@&%$"'3%)F*4%=-=#*.@31N:'33,9*:%$(-'+%=#;%%8D

S',AF,:%/,* ,+/'+%+H<* &+, /3,N'$+.,* 3'&'+(%F* ,2'-#;%9<* 12,/%3#'/@F .*

2'-'&%$"'3%%*.@I'<*3'*=#:#f+*3'&'+(,0,*)=@(#*.*$+-,0,/ 2,3%/#3%%*O4h<*$(,-''*)."))$H*

'0,* 3'(,+,-,9* #22-,($%/#;%'9D* S,* .* (,3+'($+'* :#33,9* -#A,+@* 2,:* 3'&'+(%/* )=@(,/*

A1:'+* 2,3%/#+H$)* %/'33,* /3,N'$+.,* 3'&'+(%F* ,2'-#;%9* /%(-,(,3+-,""'-#D P,N3,*

2,(#=#+H<*&+,*3'&'+(%9*)=@(<*2,-,N:#'/@9*3'&'+(,9*0-#//#+%(,9<*$+-,0,*=#:#33@9*.*O4]

%* /3,N'$+.,* 3'&'+(%F* ,2'-#;%9* .@.,:#* 2,=.,")>+* =#:#+H* G(.%.#"'3+3@'*

2,$"':,.#+'"H3,$+%*3'&'+(%F*%3$+-1(;%9<*+D'D*3'&'+(%'*#"0,-%+/@D
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E* $%"1* 2-#(+%&'$(%* 31"'.,9* :,$+123,$+%* #22#-#+3,* -'#"%=,.#33@F* 3'&'+(%F*

/%(-,(,3+-,""'-,.* A@"* .@A-#3* .#-%#3+* 2-,0-#//3,9* -'#"%=#;%%D* i,+,.@F* -'I'3%9* .*

.%:'*A%A"%,+'(% 3'&'+(%F*,2'-#;%9<*,+.'&#>?%F*=#)."'33@/*+-'A,.#3%)/< 3#*-@3('*3'*

3#9:'3,D*\-10%'*.#-%#3+@*2-':$+#."'3@*I%-,(%/*3#A,-,/*$-':$+.*.*-#="%&3@F*;'3,.@F*

(#+'0,-%)F* %* $* -#="%&3@/* 1-,.3'/* C13(;%,3#"H3,$+%D* K:3#(,* ,3%* ,A"#:#>+* -):,/*

$'-H'=3@F* 3':,$+#+(,.* – .@$,(,9* ;'3,9* 2#('+#<* $",N3,$+H>* +-#3$");%%* 3'&'+(,0,*

/,:1")* 2,:* (,3(-'+31>* /,:'"H* /%(-,(,3+-,""'-#<* 1=,$+H>* 2-%/'3'3%)<* 2",F,9*

2,::'-N(,9*-#=-#A,+&%(,.D

E* $%"1* ,2%$#33@F* .@I'* 2-%&%3* A@"* .@A-#3* .#-%#3+* -'#"%=#;%%* 3'&'+(,0,*

/%(-,(,3+-,""'-#* 21+'/* -#=-#A,+(%* $2';%#"H3,9* 3'&'+(,9* A%A"%,+'(%<*

2-':,$+#.")>?'9*3',AF,:%/@'*:")*3'&'+(,0,*#22#-#+#*,2'-#;%%D

T@"* 2-,%=.':'3* ,A=,-* %/'>?%F$)* 3#* -@3('* /%(-,(,3+-,""'-,.* ,A?'0,*

3#=3#&'3%)* :")* .@A,-# ;'"'.,9* /%(-,$F'/@* -#=-#A#+@.#'/,9* a3'&'+(,9c* A%A"%,+'(%D*

m'"'.,9* 2"#+C,-/,9* A@"* .@A-#3* [-A%+3@9* /%(-,(,3+-,""'-* AVRD* S'$/,+-)* 3#*

2,$+,)33,* 1.'"%&%.#>?%'$)* /,?3,$+%* %* -#=-):3,$+%* $,.-'/'33@F* 2-,;'$$,-,.<* .*

/%(-,G"'(+-,3%(' .$' '?'*,&'3H*%3+'3$%.3,*%$2,"H=1>+$)*[-A%+3@'*/%(-,(,3+-,""'-@D*

`+,*,A1$",."'3,*%F*3%=(,9*;'3,9*%*3'.@$,(,9*.@&%$"%+'"H3,9*$",N3,$+H>*.,="#0#'/@F*

3#* 3%F* =#:#&D* L'I'3%'* C%-/@* Atmel 2,"H=1'+$)* A,"HI,9* 2,21")-3,$+H>* %* ).")'+$)*

,:3%/* %=* $#/@F* -#$2-,$+-#3'33@F* +%2,.* /%(-,(,3+-,""'-,.* 43#-#.3'* $* PIC %*ARM). 

T,"HI%/* 2-'%/1?'$+.,/* AVR ).")'+$)* I%-,(%9 3#A,-* 1$+#3,."'33,9* 2'-%C'-%%<

':%3,'*):-,*.*-#/(#F*.$'9*"%3'9(%<*&+,*,A'$2'&%.#'+*2'-'3,$%/,$+H*(,:# %*2,21")-3,$+H*

$-':%*-#=-#A,+&%(,.<*&+,*,A'$2'&%.#'+*A,"HI,'*(,"%&'$+.,*-#=3,,A-#=3,9*:,(1/'3+#;%%.

D7/.-841$20$6J46J4>622.1$59F<6

\")* 2-#(+%&'$(,9* -'#"%=#;%%* A@"#* .@A-#3#* =#:#&#* 2,%$(#* 21+%* .* 3'%=.'$+3,/*

,(-1N'3%%*3'(,+,-@/*%3+'""'(+1#"H3@/*#0'3+,/*4-,A,+,/8D*M,$+#3,.(#*:#33,9*=#:#&%<*#*

+#(N'*,2%$#3%'*.,=/,N3@F*21+'9*-'I'3%)*2-,%=.':'3,*.*Oj1hD*S%N'*2-%.':'3,*(-#+(,'*

,2%$#3%'*3'&'+(,0,*#"0,-%+/#*3'&'+(,9*J67<*%3+'""'(+1#"H3,9*.*/#",/D*

! d$"%*M,=%;%)*-,A,+#*+#(#)-+,*%*M,=%;%)*m'"%*+#(#)-+,<*+,*3#2-#."'3%'*+#(,'-+,.

! d$"%*.*,(-'$+3,$+%*3#2-#."'3%)*'$+H*2-'2)+$+.%)<*+,*(,--'(+%-,.(#*+#(#)-+,.

! d$"%*$(,--'(+%-,.#33,'*3#2-#."'3%'*+#(,'-+,<*+,*$(,-,$+%*/,+,-,.*+#(%'-+,D

6. D-G846<4M-0$26;64<./.$18<-.<.24-.776-0

KA?#)* $+-1(+1-#* 3'&'+(,9* J67<* %3+'""'(+1#"H3,9* .* /#",/, 2-':$+#."'3#* 3#*

-%$13('* YD* g:'$H*X – .F,:3@'* 2#-#/'+-@* $%$+'/@<*Y – .@F,:3@'<*R – ,A-#+3#)* $.)=HD*
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E@F,:3@'*2#-#/'+-@*4Y8*2-,F,:)+*3'(,+,-1>*,A-#A,+(1*2'-':*+'/*(#(*2,2#$+H*3#*.F,:*

/%(-,(,3+-,""'-#D

L%$D*1. KA?#)*$+-1(+1-#*3'&'+(,9*J67<*%3+'""'(+1#"H3,9*.*/#",/

M-%* 2-,'(+%-,.#3%%* 3'&'+(%F* /%(-,(,3+-,""'-,. 1:,A3,* %$2,"H=,.#+H*

2,3)+%' A",(# [18]. 5,0:#*/,N3,*.@:'"%+H*$"':1>?%'*A",(%:

! T",(*2-':.#-%+'"H3,9*,A-#A,+(%

! T",(*C#=%C%(#;%%

! T",(*.@.,:#*-'I'3%)

! T",(*:'C#=%C%(#;%%

! T",(*,(,3&#+'"H3,9*,A-#A,+(%

E=#%/,:'9$+.%'* 1(#=#33@F* A",(,.* .* #22#-#+3,* -'#"%=,.#33,/* 3'&'+(,/*

/%(-,(,3+-,""'-'* 2-,:'/,3$+-%-,.#3,* 3#* -%$DjD 5#(1>* $.)=H* A",(,.* /,N3,* 3#=.#+H*

2,$"':,.#+'"H3,9D g:'$H* X – :#33@'* 2,$+12#>?%'* %=.3'* 43#2-%/'-<* $* 2,:(">&'33@F*

:#+&%(,.*%"%*21"H+#*12-#."'3%)8<*f(X) – ,A-#A,+#33@'*:#33@'*4$*1&'+,/*,A-#+3,9*$.)=%8<*

f(X)* - 3'&'+(%'* =3#&'3%)* ,A-#A,+#33@F* .F,:3@F* :#33@F<* Y* - 3'&'+(%'* =3#&'3%)*

.@F,:3@F*:#33@F<*Y – &'+(%'*=3#&'3%)*.@F,:3@F*:#33@F<*f(Y) – ,A-#A,+#33@'*.@F,:3@'*

:#33@'*412-#.")>?%'*$%03#"@8D
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L%$D*2. M,$"':,.#+'"H3#)*$.)=H*A",(,.*.*3'&'+(,/*P!

M-%* #22#-#+3,9* -'#"%=#;%%* 2'-'&%$"'33@'* A",(%* -'#"%=1>+$)* .* .%:'*

3'=#.%$%/@F /%(-,G"'(+-,33@F*1$+-,9$+.<*$.)=#33@F*:-10*$*:-10,/D K:3#(,*+#(#)*$F'/#*

/%(-,(,3+-,""'-#*3'*,A'$2'&%.#'+*3',AF,:%/,9*0%A(,$+%*%*2,=.,")'+*%$2,"H=,.#+H*"%IH*

$+#3:#-+31>*2,$"':,.#+'"H3,$+H*3'&'+(,0,*.@.,:#D*5#(%' -'I'3%) /,01+*%$2,"H=,.#+H$)*

.*$2';%#"H3@F*=#:#&#F<*.*(,+,-@F*3'*2"#3%-1'+$)*2,$"':1>?#)*/,:%C%(#;%).

M-%* 2-,0-#//3,9* -'#"%=#;%%* +#(%'* A",(%* -'#"%=1>+$)* .* .%:'* 3'=#.%$%/@F*

2-,0-#//3@F*/,:1"'9<*+,*'$+H*).")>+$)*.%-+1#"H3@/%D*E*(,3+'($+'*+,0,<*&+,*1(#=#33@'*

A",(%-/,:1"%* /,01+* %$2,"H=,.#+H$)* #"0,-%+/,/* C13(;%,3%-,.#3%)* /%(-,(,3+-,""'-#<*

=#2%$#33,0,* .* 2#/)+H* 2-,0-#//* .* 2-,%=.,"H3,/* 2,-):('<* $F'/1* 3'&'+(,0,*

/%(-,(,3+-,""'-#* /,N3,* 2-':$+#.%+H* 2,-:-10,/1* 4-%$Dk8D* 5#(1>* $.)=H* A",(,.* /,N3,*

3#=.#+H*;'3+-#"%=,.#33,9D
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L%$D*3. m'3+-#"%=,.#33#)*$.)=H*A",(,.*3'&'+(,0,*P!

S#* $F'/'<* %=,A-#N'33,9* 3#* -%$Dk* .%:3,<* &+,* #"0,-%+/* C13(;%,3%-,.#3%)*

12-#.")'/,9* $%$+'/@* $.)=#3* $* A",(#/%<* -'#"%=1>?%/%* ,$3,.3@'* G+#2@* 3'&'+(,0,*

.@.,:#<*%*/,N'+*$*%F*2,/,?H>*0'3'-%-,.#+H*3',AF,:%/,'*-'I'3%'D !#N:@9*,2%$#33@9*

A",(*=#:#'+*3'(,+,-,'*2,:/3,N'$+.,*3'&'+(%F*,2'-#;%9<*,2%$@.#>?%F*#"0,-%+/D

7. IJ.A622.J48$ 3-0<48;6J<.H$ 3-./-0112.H -607890:88$ 26;64<./.$

18<-.<.24-.776-0

622#-#+3@'* ,$,A'33,$+%* .@A-#33,9* #-F%+'(+1-@* 4[--#=-):3,'* AVR-):-,8*

3#("#:@.#>+* ,2-':'"'33@' ,0-#3%&'3%)* 3#* -#=-#A#+@.#'/,'* -'I'3%'D* i#-.#-:$(#)*

#-F%+'(+1-#* /%(-,(,3+-,""'-#* 4-#=:'"H3#)* 2#/)+H* (,/#3:* 4Flash8* %* :#33@F* 4RAM %*

EEPROM88* 2,=.,")'+* .@2,"3)+H* (,:* 2-,0-#//@* 3'2,$-':$+.'33,* $* Flash-2#/)+%<* 3'*

=#0-1N#)* 'f* .* Kg7D* M, G+, /1* .'$H* , AB'/* Kg7* /, N3,* %$2,"H=,.#+H* :")* :#33@FD*

P#($%/#"H3,'* &%$",* ;%(",.* =#2%$%* Flash-2#/)+%* -#.3,* Ynnnn<* #* EEPROM-2#/)+%* –

YnnnnnD*M,G+,/1* +#(%'* :#33@'<* (#(* A#=#* =3#3%9<* ;'"'$,,A-#=3,* -#=/'$+%+H* .*EEPROM-

2#/)+%<*#*2-%*.(">&'3%%*/%(-,(,3+-,""'-#*– =#0-1N#+H*'f*.*,2'-#+%.31>*2#/)+HD*5#(,'*

-#=/'?'3%'**=3#&%+'"H3,*2,.@I#'+*0%A(,$+H*-'I'3%)*– :#33@'*3'*=#.%$)+*,+*(,:#D*M-%*

:#"H3'9I'9* /,:%C%(#;%%* -'I'3%)* /,N3,* -'#"%=,.#+H* :-10%'* $2,$,A@* =#0-1=(%* A#=@*

=3#3%9*.*Kg7D
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M-%* .@2,"3'3%%* 2-,0-#//@* (-#93'* N'"#+'"H3,<* &+,A@* .* ,2'-#+%.3,9* 2#/)+%*

-#$2,"#0#"#$H* .$)* A#=#* =3#3%9<* +D(D* .* 2-,+%.3,/* $"1&#'* 'f* 3',AF,:%/,* 2,:0-1N#+H* $*

.3'I3'0,* 3,$%+'")D* d$"%* G+,* EEPROM<* +,* :#33@'* ,2'-#;%%* A1:1+* =#3%/#+H* /3,0,*

.-'/'3%*4EEPROM- /':"'33,'*.3'I3''*1$+-,9$+., $*3',2-':'"'33@/*.-'/'3'/*:,$+12#8.

E*%/'>?'9$)*/,:'"%*P!*4Atmega [oYo8*-#=/'-@*,A,%F*.%:,.*2#/)+%*-#.3@*4oYj*

A#9+8<*&+,*$+#.%+*.'-F3>>*0-#3%;1*-#=/'-#*A#=@*=3#3%9*.*oYj*A#9+D*\#33,'*,0-#3%&'3%'*

2,:-#=1/'.#'+* :,$(,3#"H3@9* (,3+-,"H* 2#/)+%* %* %$2,"H=,.#3%'* (,/2#(+3,0,* C,-/#+#*

F-#3'3%)* A#=@* =3#3%9D* 5D(D* .$)* ,2'-#+%.3#)* 2#/)+H* A1:'+* =#3)+#* A#=,9* =3#3%9<* .$'*

2-,/'N1+,&3@'* :#33@'* 3',AF,:%/,* F-#3%+H* .* -'0%$+-,.,9* 2#/)+%* 4.* ):-'* AVR – 32

LKS8D

J%$+'/#* (,/#3:* $,:'-N%+* Ykn* -#=3,,A-#=3@F*RISC – (,/#3:W* #-%C/'+%&'$(%'* %*

",0%&'$(%'*(,/#3:@<*(,/#3:@*2'-'F,:#<*(,/#3:@*-#A,+@*$*:#33@/%*%*A%+,.@'*(,/#3:@D*

E#N3,<*&+,*.*A,"HI%3$+.'*/%(-,(,3+-,""'-,.*AVR '$+H*#22#-#+3#)*-'#"%=#;%)*,2'-#;%%*

1/3,N'3%)* 4.-'/)* .@2,"3'3%)* - j* +#(+#8<* ,:3#(,* ,+$1+$+.1'+* * #22#-#+3#)* -'#"%=#;%)*

,2'-#;%%* :'"'3%)D* S#* /%(-,(,3+-,""'-#F* AVR ,3#* /,N'+* A@+H* -'#"%=,.#3#* +,"H(,*

2-,0-#//3,<*2,G+,/1*.-'/)*'f*.@2,"3'3%)*=3#&%+'"H3,*A,"HI'*Y-j*+#(+,.<*&+,*).")'+$)*

$+#3:#-+3,/* :")* (,/#3:* AVR-#$$'/A"'-#D* `+,* ,=3#&#'+<* &+,* 2-%* -#=-#A,+('* C13(;%9<*

-'#"%=1>?%F*G+#2@*3'&'+(,0,*.@.,:#<*3',AF,:%/,*/%3%/%=%-,.#+H*(,"%&'$+.,*:'"'3%9D

P%(-,(,3+-,""'-*AVR – [*A%+3@9*/%(-,(,3+-,""'-<*#*=3#&%+*.$'*,2'-#;%%*.*):-'*

2-,%=.,:)+$)*$*A#9+#/%D*\")*:,$+%N'3%)*/#($%/#"H3,9*2-,%=.,:%+'"H3,$+%*3',AF,:%/,*

G+,*1&%+@.#+HW*2,-.,=/,N3,$+%<*,0-#3%&%+H*:%#2#=,3@*:#33@F*-#=/'-,/*Y-0,*A#9+#<*#*:")*

:-,A3@F* &%$'"* 2-,%=.'$+%* :%$(-'+%=#;%>* 4#3#",0%&3,<* '$"%* G+,* .,=/,N3,<* .* Y* A#9+8D*

M-%/'-*– $+'2'3H*2-%3#:"'N3,$+%*+'-/1*.*3'&'+(,/*.@.,:'*=#:#'+$)*=3#&'3%'/*,+*n*:,*YD*

E* 2-':$+#."'3%%* .31+-%* /%(-,(,3+-,""'-#* G+,* A1:'+* :%#2#=,3* n-jooD* E* :#33,9* -#A,+'*

2-%3)+*%/'33,*+#(,9*I#0<*+#(*(#(*%3#&'*42-%*-#A,+'*$*&%$"#/%*A,"HI'0,*-#=-):#8*3'"H=)*

%$2,"H=,.#+H* /#I%33@'* (,/#3:@* .* &%$+,/* .%:'* – :,"N3@* A@+H* ,-0#3%=,.#3@*

$2';%#"H3@'*2-,;':1-@*,A-#A,+(%*:#33@F*A,"HI'9*-#=-):3,$+%<*&+,*=3#&%+'"H3,*$3%=%+*

$(,-,$+H*.@2,"3'3%)*+#(,9*2-,0-#//@D

!#(* 12,/%3#",$H* -#3''<* -#=-#A#+@.#'/,'* -'I'3%'* :,"N3,* 2-':$+#.")+H* %=* $'A)

A%A"%,+'(1<* -'#"%=1>?1>* C13(;%% 3'&'+(,0,* )=@(# 2,:* /%(-,(,3+-,""'-D* L#=/'-*

2#/)+%* 2-,0-#//* 1* -#$$/#+-%.#'/,9* /,:'"%* – [* (T#9+D* L#=/'-* Y* (,/#3:@* – j* A#9+#<*

=3#&%+* /#($%/#"H3@9* -#=/'-* /%(-,2-,0-#//@* 2,:* :#33@9* /%(-,(,3+-,""'-* – p* +@$D*

%3$+-1(;%9D* 5D(D* -#=-#A#+@.#'+$)* A%A"%,+'(#<* ,3#* 3'* :,"N3#* =#3%/#+H* .$>* 2#/)+H*

2-,0-#//<*'f*C13(;%)*– 2-':,$+#."'3%'*3',AF,:%/@F*$'-.%$,.*:")*,$3,.3,0,*#"0,-%+/#<*
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=#0-1N#'/,0,*.*/%(-,(,3+-,""'-D*`+,*+#(*N'*$"':1'+* 1&%+@.#+H*2-%*-#=-#A,+('*:#33,9*

2-,0-#//@D

7&%+@.#)* 1(#=#33@'* .@I'* +-'A,.#3%)* 2,* (,3+-,">* 2#/)+%* %* +-'A,.#3%)*

A@$+-,:'9$+.%)<* A@",* 2-%3)+,* -'I'3%'* .'$+%* -#=-#A,+(1* A%A"%,+'(%* 3#* )=@('*

#$$'/A"'-#D*

T#=#* =3#3%9* 3'&'+(,0,* .@.,:#* /,N'+* =#3%/#+H* 2-#(+%&'$(%* .'$H* ,AB'/*

,2'-#+%.3,9*2#/)+%<*2,G+,/1*%$2,"H=,.#3%'*$+'(#*3',AF,:%/,*$.'$+%*3#*/%3%/1/D*\")*

G+, 9* ;'"%* %=* k j *LKS* A@"%* .@:'"'3@* -#A, &%'* - '0%$+- @* 4r2-r5,r21,rjj8<* $,F-#3'3%'*

$,$+,)3%)*(,+,-@F*3'*0#-#3+%-,.#",$H*2,:2-,0-#//#/%D*K3%*31N3@*:")*2-,/'N1+,&3@F*

.@&%$"'3%9* /'N:1* .@=,.#/%* 2,:2-,0-#//D* 5D(D* %F* $,$+,)3%'* 3'* 0#-#3+%-1'+$)<* %F* 3'*

31N3,*$,F-#3)+H*.*$+'('D*`+,*G(,3,/%+*2#/)+H*%*.-'/)D

\")*2'-':#&%*2#-#/'+-,.*.*2,:2-,0-#//1*A@"%*+#(*N'*=#-'='-.%-,.#3@*3'$(,"H(,*

-'0%$+-,.*4r19,r23-rjo8D*T@"%*3#2%$#3@*$,,+.'+$+.1>?%'*/#(-,$@<*%/%+%-1>?%'*.@=,.@*

C13(;%9* 3#* )=@(#F* .@$,(,0,* 1-,.3)<* (,+,-@'* (,2%-,.#"%* =3#&'3%)* ,2'-#3:,.* .*

$2';%#"H3@'*-'0%$+-@*,2'-#3:,.*%*,$1?'$+.")"% .@=,.*2,:2-,0-#//@D*\")*.,=.-#?'3%)*

-'=1"H+#+#* %$2,"H=,.#"#$H* =#-'='-.%-,.#33#)* 2#-#* -'0%$+-,.* rl* %* rjnD* L#=/'?'3%'*

-'0%$+-,.*3'*2,*2,-):(1*$.)=#3,*$*+'/<*&+,*-'0%$+-@*.*AVR 3'*,-+,0,3#"H3@< 3#2-%/'-<

r16-rkY*A,"''* 1:,A3@*:")* -#A,+@* 42,=.,")>+* =#0-1N#+H* &%$",.@'* =3#&'3%)*%*:#33@'*%=*

Kg7*3#2-)/1>8D

\")*-'#"%=#;%%*:'"'3%)*A@",*3#2%$#3,*3'$(,"H(,*2,:2-,0-#//<*,$1?'$+.")>?%F*

:'"'3%'* 2,* $,A$+.'33,/1* #"0,-%+/1D* * \")* 1$(,-'3%)* .@&%$"'3%9* A@",* -'#"%=,.#3,* k*

.#-%#;%%*2,:* (,3(-'+3@'* +%2@* =#:#&W* :'"'3%'* nxFF 3#* ,:3,A#9+,.@9* ,2'-#3:<* :'"'3%'*

,:3,A#9+,.,0,*,2'-#3:#*3#*,:3,A#9+,.@9*,2'-#3:*%*:'"'3%'*:.1FA#9+,.,0,*,2'-#3:#*3#*

:.1FA#9+,.@9* ,2'-#3:D* \'"'3%'* -'#"%=,.#3,* .* .%:'* ;%("%&'$(,0,* ,2-':'"'3%)*

2-%/'-3,0,* /3,N%+'")* 4.* .%:'* $+'2'3%* :.,9(%8* 21+'/* 2,$"':,.#+'"H3@F* $:.%0,.*

:'"%/,0,* %* :'"%+'")<* 1/3,N'3%)* /3,N%+'")* 3#* :'"%+'"H* %* .@&%+#3%) 2,"1&'33,0,*

-'=1"H+#+#*%=*:'"%/,0,D*\#33@9*2-,;'$$*2-,%$F,:%+*:,*+'F*2,-<*2,(#*:'"%/,'*3'*$+#3'+*

/'3HI'*:'"%+'")D***

8 . Q403F$26;64<./.$>F>.?0

b+,A@* =#:#+H* 3',AF,:%/@'* 3'&'+(%'* ,2'-#;%%<* 3',AF,:%/,* -'#"%=,.#+H*

$,,+.'+$+.1>?%'* A",(%D* S'&'+(%9* .@.,:* .(">&#'+* .* $'A)* p* ,$3,.3@F* G+#2#D* K:3#(,*

.+,-,9*%*+-'+%9*G+#2*/,N3,*,AB':%3%+H*.*,:%3W

! C#==%C%(#;%)*4,2-':'"'3%'*=3#&'3%9*"%30.%$+%&'$(%F*2'-'/'33@F8

! ",0%&'$(%9*.@.,:*%*(,/2,=%;%)
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! :'C#==%C%(#;%)*42,"1&'3%' &'+(%F*=3#&'3%9*.@F,:3@F*F#-#(+'-%$+%(8

U+#(<*2-,0-#//3#)*-'#"%=#;%)*3'&'+(,0,*/%(-,(,3+-,""'-#*:,"N3# $,:'-N#+H*k*

/,:1")<*-'#"%=1>?%' :#33@'*G+#2@ %*=#:#>?%' +-'A1'/@'*,2'-#;%%D*E=#%/,:'9$+.%'*

G+%F*/,:1"'9*$*,$3,.3,9*2-,0-#//,9*2-,:'/,3$+-%-,.#3,*3#*DFD-:%#0-#//'*3#*-%$13('*

4. S%N'*(#N:@9*G+#2*.@.,: -#$$/,+-'3*A,"''*2,:-,A3,D

L%$D*4. DFD-:%#0-#//#*.=#%/,:'9$+.%)*/,:1"'9*3'&'+(,0, .@.,:#*%*,$3,.3,0,*#"0,-%+/#

Q403$K0998K8<0:88

S#*:#33,/*G+#2'*2-,%$F,:%+*2'-'.,:*%=*&'+(,0,*=3#&'3%)*3'(,+,-,0,*2#-#/'+-#*.*

3'&'+(,'*=3#&'3%'*3'(,+,-,9*"%30.%$+%&'$(,9*2'-'/'33,9D*\")*+,0,*&+,A@*,$1?'$+.%+H*

+#(,9* 2'-'F,:<* 3',AF,:%/#* C13(;%)* 2-%3#:"'N3,$+%<* =#:#>?#)* (,3(-'+31>*

"%30.%$+%&'$(1>*2'-'/'331>D*Q13(;%%*2-%3#:"'N3,$+%*/,01+ A@+H*=#:#3@*-#="%&3@/%*

$2,$,A#/%* – /,3,+,33@/%<* +-'10,"H3@/%<* +-#2';'%:#"H3@/%* %* $%0/,%:#"H3@/%**

C13(;%)/%D*7&%+@.#) -#$$/,+-'33@'*.@I' ,0-#3%&'3%)*-'#"%=#;%%, A@"*$:'"#3*.@A,-*.*

2,"H=1*+-#2';'%:#"H3@F*C13(;%9D**

e>A#)* "%30.%$+%&'$(#)* 2'-'/'33#)* ,2-':'")'+$)* 3#* 3'(,+,-,/* 3'&'+(,/*

/3,N'$+.'D J+'2'3H* 2-%3#:"'N3,$+%* (* (#N:,/1* +'-/1* =#:#>+$)* C13(;%'9*

2-%3#:"'N3,$+%D*5#(%/*,A-#=,/<*C13(;%)*2-%3#:"'N3,$+%*– G+,*$,.,(123,$+H*+-#2';%9<*

(#N:#)* %=* (,+,-@F* =#:#'+* 2-%3#:"'N3,$+H* (,3(-'+3,/1* +'-/1D* \")* G(,3,/%%* 2#/)+%<*
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+-#2';%>* ;'"'$,,A-#=3,* =#:#.#+H* &'+@-H/)* #A$;%$$#/%<* +D(D* ,-:%3#+@* 1*

$,,+.'+$+.1>?%F* +,&'(* .$'0:#* ,:3%* %* +'*N'*– n<Y<Y<n* 4%"%<* 2-%/'3%+'"H3,* (* 2-%3)+@/*

2-#.%"#/*:%$(-'+%=#;%%*=3#&'3%9<*n<joo<joo<n8D

5,0:#* 2-,;'$$* C#==%C%(#;%%* =#(">&#'+$)* .* 2-,$/,+-'* .$'F* +-#2';%9* $* ;'"H>*

,2-':'"'3%)* C#(+#* .F,N:'3%)* C#==%C%;%-1'/,0,* =3#&'3%)* 4x8* .* $,,+.'+$+.1>?%9*

%3+'-.#"<*#*2-%*3#F,N:'3%%*+#(,0,*%3+'-.#"#*– ,2-':'"'3%'*$+'2'3%*2-%3#:"'N3,$+%*4q8D*

\")*">A,0,*+'-/#*.,=/,N3@*k*$"1&#)W

1 x 3'*2,2#",*.*,A"#$+H*,2-':'"'3%)*+-#2';%%D*5,0:#*q*r*n

2 x 2,2#",*.*$-':3%9*%3+'-.#"D*5,0:#*q*r*Y

3 G 2,2#",* .* "'.@9* %"%* 2-#.@9* %3+'-.#"D* 5,0:#* 3#:,* 3#9+%* ,-:%3#+1*

2'-'$'&'3%)**2-)/,9<*=#:#33,9*+,&(#/%*4x1,0) -(x2<joo8*%"%*4x3,255) -(x4<n8*%*2-)/,9*x = x.

M1$+H<*:")*,2-':'"'33,$+%<*x 2,2#",*.*"'.@9*%3+'-.#"D*5,0:#**! =  
"##

($%&$')
( () * )+).

5#(%/* ,A-#=,/<* 2-%* C#==%C%(#;%%* /,N'+* .,=3%(31+H* :,* N :'"'3%9<* 0:'* N –

(,"%&'$+.,* +'-/,.D* K$+#"H3@'* ,2'-#;%%* 2-,$+@'* 4=#3%/#>+* Y-j* +#(+#8* –

2,$"':,.#+'"H3@9*2-,F,:*2,*2#/)+% %*#-%C/'+%&'$(%'*$-#.3'3%)D

R./8;6J<8H$>F>.?.

m'"H*",0%&'$(,0,*.@.,:#*– .@.'$+%<*$*2,/,?H>*=#:#33,9*A#=@*2-#.%"*%*%=.'$+3@F*

=3#&'3%9* "%30.%$+%&'$(%F* 2'-'/'33@F<* 3'%=.'$+3@'* =3#&'3%)* "%30.%$+%&'$(%F*

2'-'/'33@FD*M-%*,2%$#3%%*=3#3%9 /,N'+*A@+H*%$2,"H=,.#3#*2-,:1(;%,33#)*/,:'"H*%"%*

",0%(#* 2-':%(#+,.D* E* :#33,9* -#A,+'* 2-%3)+#* 2-,:1(;%,33#)* /,:'"H<* (#(* 3#%A,"''*

$,,+.'+$+.1>?#)* '$+'$+.'33,/1* )=@(1* %* %:''* 3'&'+(,0,* )=@(#D* M-#.%"#* =#:#>+$)* .*

C,-/#+'<*,2%$#33,/*3%N'D*

ad$"%*#3+';':'3+<*+,*(,3$'(.'3+c<*0:'

s!,3$'(.'3+t*r*sE@A,-*+'-/#t

s*63+';':'3+*trsE@A,-*+'-/#t*uvwx**sE@A,-*+'-/#ty

sE@A,-*+'-/#t*r**se%30.%$+%&'$(#)*2'-'/'33#)t**vrx*s5'-/t

“&” – $%/.,"*(,3B>3(;%%D

E* :#33,9* -#A,+'* 2-':2,"#0#'+$)<* &+,* ;'"H* .@.,:#* 4;'"'.#)* "%30.%$+%&'$(#)*

2'-'/'33#)8*.*2-%3;%2'*.@.,:%/#*%=*3#&#"H3@F*2-':2,$@",(D*`+,*3'*3#-1I#'+*,A?3,$+%*

-#$$1N:'3%9<* +#(*(#(*;'"H*",0%&'$(,0,*.@.,:#*.* $"1&#'*%$2,"H=,.#3%)*3'&'+(,9*",0%(%*

=#(">&#'+$)* 3'* .* :,(#=#+'"H$+.'* %"%* ,2-,.'-N'3%%* (#(,0,-"%A,* 1+.'-N:'3%)<* #* .*

3#F,N:'3%%* =3#&'3%)* ;'"'.,9 "%30.%$+%&'$(,9* 2'-'/'33,9D* `+,* =3#&%+<* &+,* .* A#='*

2-#.%"*%/''+$)* (#(*/%3%/1/ Y*2-#.%",<* .* $,$+#.* (,3$'(.'3+#* (,+,-,0,* .F,:%+*%$(,/#)*

eM*%*.$'*eM*%=*'0,*#3;':'3+#*.@.,:%/@*%=*3#&#"H3@F*2-':2,$@",(D
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M-,:1(;%,33@9*.@.,:*,$1?'$+.")'+$)*,A-#+3@/*/'+,:,/*42,%$(*.*0"1A%318* - 3#*

.F,:*2-,;':1-'*",0%&'$(,0,*.@.,:#*2,:#'+$)*%/)*%$(,/,9*"%30.%$+%&'$(,9*2'-'/'33,9*

%* $2%$,(* 3#&#"H3@F* 2-':2,$@",(D* M-,;':1-#* 2-,$/#+-%.#'+* 2-#.@'* &#$+%* 2-#.%"* .*

2,%$(#F*%$(,/,0,*(,3$'(.'3+#D*d$"%*.$'*eM*%=*$,,+.'+$+.1>?'0,*#3+';'3:'3+#*.F,:)+*.*

$2%$,(*3#&#"H3@F*2-':2,$@",(<*+,W

! (,*.$'/*1$",.%)/*#3+';':'3+#*2-%/'3)'+$)*T-3,-/#O22];

! (* -'=1"H+#+1* %* %/'>?'/1$)* =3#&'3%>* (,3$'(.'3+#* 2-%/'3)'+$)* S-

3,-/#O22].

E :#33,9* -#A,+'* =#*T-3,-/1* 2-%3)+#* ,2'-#;%)* .=)+%)* /%3%/1/#<* #* =#*S-3,-/1* –

,2'-#;%)* .=)+%)* /#($%/1/#D d$"%* (#(#)-+,* eM* %=* #3;':'3+#* 3'* .F,:%+* .* $2%$,(*

3#&#"H3@F* 2-':2,$@",(<* +,* ,3#* $+#3,.%+$)* +'(1?'9* ;'"H>* .@.,:#D* \")* G+,0,* .* $+'('*

=#2,/%3#'+$)*+'(1?''*$,$+,)3%'*.@.,:#*42,=%;%)*.*A#='*2-#.%"<*.@.,:%/#)*eM8*%*.@.,:*

3#&%3#'+$)* $3#&#"#<* 3,* $* 3,.,9* ;'"H>D* E@.,:* =#(#3&%.#'+$)<* (,0:#* .$)* A#=#* 2-#.%"*

2-,$/,+-'3#<*#*+'(1?#)*;'"H*.@.,:#*-#.3#*3#&#"H3,9*;'"%*.@.,:#D

"6K0998K8<0:85'

K$3,.3#)*;'"H*:'C#==%C%(#;%%*– $.':'3%'* =3#&'3%)*eM*,A-#+3,*(*&'+(,$+%D*\")*

G+,0,*2-%/'3)>+$)*-#=3@'*$2,$,A@W*2,*$-':3'/1*;'3+-1<*2,*$1//'*;'3+-,.<*/'+,:*;'3+-#*

+)N'$+%<* /#($%/1/#* C13(;%%* 2-%3#:"'N3,$+%OlhD* * \,* G+%F* 2,-* .@.,:* ,$1?'$+.")"$)*

$,0"#$3,* 3'$(,"H(,* #:#2+%-,.#33,/1* /'+,:1* .@.,:#*P#/:#3%D* E* /'+,:'*P#/:#3%* :")*

:'C#==%C%(#;%%*+-#:%;%,33,*%$2,"H=1'+$)*/'+,:*;'3+-#*+)N'$+%*4;'3+-,%:#8W

,- =  
. , ( /0) 123----(,)
4

. /0) 123----(,)
4

0:'*56-C13(;%)*2-%3#:"'N3,$+%*k –0,*+'-/#D

K:3#(,* .* :#33,9* -#A,+'* 2-%/'3'3%'* :#33,0,*/'+,:#* 3';'"'$,,A-#=3,* .* $%"1* '0,*

A,"HI,9* .@&%$"%+'"H3,9* $",N3,$+%D* \#33@9* /'+,:* 2-':2,"#0#'+* ,+$'&'3%'* .$'F*

C13(;%9* 2-%3#:"'N3,$+%* $,,+.'+$+.1>?%/%* 1<* ,AB':%3'3%'* 2,"1&%.I%F$)* C%01-* %*

.@&%$"'3%'* ;'3+-#* +)N'$+%* ,AB':%3'3%)D* E/'$+,* G+,0,* %$2,"H=1'+$)* /'+,:*

:'C#==%C%(#;%%*2,*$-':3'/1*;'3+-1W

,- =  
7  123----(,-

6),-68
69+

7  123----(,-
6)8

69+
    (1)

M-%*%$2,"H=,.#3%%*:#33,0,*/'+,:#W

1 S#F,:%+$)* ,+$'&'3%'* (#N:,0,* +'-/#* eMD* \")* G+,0,* 3#F,:%+$)* 2'-'$'&'3%)*

2-)/@F*4x1,0) -(x2<joo8*%*4x3,255) -(x4<n8*$*2-)/,9*y =  1D*\")*"'.,0,*%3+'-.#"#W 
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) =  
1

255
()" * )+)

\.,93,'* :'"'3%'* .* :#33,9* C,-/1"'* %$2,"H=1'+$)* :")* +,0,<* &+,A@* 3'* 2,"1&%+H*

=3#&'3%)* A,"HI'* ,:3,0,* A#9+#* %<* +#(%/* ,A-#=,/<* 3'* 2,"1&%+H* 2'-'2,"3'3%' .*

,:3,A#9+,.,9*)&'9('*2#/)+%.

2 S#F,:%+$)*$'-':%3#*2,"1&'33,9 .'-F3'9*2",?#:(%*+-#2';%%*:")*%$2,"H=,.#3%)*

.*C,-/1"' 2.1.

k* M,$"'* +,0,<* (#(* 2-,$1//%-,.#3@* .$'* $-':3%'* ;'3+-@* %* $,,+.'+$+.1>?%'* 1,

2-%/'3)'+$)*C,-/1"#*YD*g:'$H*2-,%$F,:%+*:'"'3%'*j-F*A#9+,.,0,*&%$"#*3#*j-F*A#9+,.,'D*

5#(%/*,A-#=,/<*2-%*:'CC#=%C%(#;%%*%/''+$)*pN 1-A#9+,.@F*:'"'3%9*%*,:3,*j-F*

A#9+,.,'*:'"'3%'<*0:'*N - (,"%&'$+.,*+'-/,.D

6. S607890:85$ 26;64<./.$ 07/.-8410T$ 1.?67O$ 0/6240$ 8$ 3.J76?.>0467O2.J4O$

?6HJ4>8H

M,$"'* +,0,<* (#(* A@"#* -#=-#A,+#3#* 3'&'+(#)* 2"#+C,-/#* 43'&'+(#)* .@&%$"%+'"H3#)*

/#I%3#*%*3'&'+(%9*)=@(8<*,$+#",$H*-'#"%=,.#+H*3'&'+(%9*#"0,-%+/*3#*:#33,9*2"#+C,-/'D*

S,*:")*3#&#"#*3',AF,:%/,*=#:#+H*/,:'"H*12-#.")'/,9*$%$+'/@D

6"0,-%+/* :,$+%N'3%)* ;'"%* ,2'-%-1'+* 2,3)+%'/* #0'3+#D* E* (,3+'($+'* :#33,9*

-#A,+@* #0'3+* 2-':$+#.")'+$)* +-'F(,"'$3@/* :.1F2-%.,:3@/* /,A%"H3@/* -,A,+,/<*

,$3#?'33@/* 1"H+-#=.1(,.@/* :#"H3,/'-,/<* 1$+#3,."'33,/* 3#* $'-.,2-%.,:'D* \#33#)*

$+-1(+1-#*.@A-#3#*2,*2-%&%3'*$.,'9*,+3,$%+'"H3,9*2-,$+,+@*(#(**.*$/@$"'*",0%(%*$.)='9*

,+:'"H3@F*A",(,.<*+#(*%*.*$/@$"'*2-#(+%&'$(,9*-'#"%=#;%%D*e,0%&'$(#)*$+-1(+1-#*+#(,0,*

-,A,+# 2-':$+#."'3#*3#*-%$13('*5.

L%$D*5. e,0%&'$(#)*$+-1(+1-#*/,A%"H3,0,*-,A,+#D
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\")*2,"1&'3%)*%3C,-/#;%%*,*2-'2)+$+.%)F*P!*2,$@"#'+*:#"H3,/'-1*3#2-#."'3%'D*

\#"H3,/'-* C,-/%-1'+* $%03#"* 3#* $'-.,2-%.,:<* 2,$@"#'+* 1"H+-#=.1(,.,9* $%03#"* .*

2-,$+-#3$+.,* %* .,=.-#?#'+* /%(-,(,3+-,""'-1* ,+.'+D* \")* 2'-'/'?'3%)* .* 2-,$+-#3$+.'<*

/%(-,(,3+-,""'-* 2,$@"#'+ (,3+-,""'-1* /,+,-,.* =3#&'3%)* $(,-,$+'9* "'.,0,* %* 2-#.,0,*

(,"'$#*$,,+.'+$+.'33,D*!,3+-,""'-*/,+,-,.**.*$.,>*,&'-':H*C,-/%-1'+*$,,+.'+$+.1>?%'*

.'"%&%3@*3#2-)N'3%9*3#*.@F,:#F<*(*(,+,-@/*2,:(">&'3@*:.%0#+'"%D

M,.,-,+*+#(,9*$%$+'/@*,$1?'$+.")'+$)*=#*$&'+*+,0,<*&+,*$(,-,$+%*"'.,0,*%*2-#.,0,*

:.%0#+'"'9* /,01+* A@+H* -#="%&3@/%D* `+,* $,,A?#'+* ;'3+-,A'N3,'* 1$(,-'3%'* $%$+'/'* %*

-,A,+*,$1?'$+.")'+*2,.,-,+D*d$"%*$(,-,$+%*/,+,-,.*,:%3#(,.@*2,*/,:1"><*3,*-#=3@'*2,*

3#2-#."'3%><* +,* -,A,+* .-#?#'+$)* 3#* /'$+'D* E* :-10,/* $"1&#'* 2,.,-,+* ,$1?'$+.")'+$)* .*

:.%N'3%%D* JF'/#+%&'$(%9* .%:* -,A,+#* $.'-F1* %* -'=1"H+%-1>?#)* +-#'(+,-%)* 2,.,-,+#*

%=,A-#N'3@*3#*-%$13('*l.

L%$D 6. JF'/#+%&'$(%9*.%:*-,A,+#*$.'-F1

U$F,:)*%=*1(#=#33@F*.@I'*-#$$1N:'3%9*A@"*2-':",N'3*3'&'+(%9*#"0,-%+/*2,%$(#*

21+% .* 2'-.,/* 2-%A"%N'3%%. U:')* #"0,-%+/#* $,$+,%+* .* $"':1>?'/W* 2,$"'* 3#&#"H3,9*

%3%;%#"%=#;%%* #0'3+* =#2,/%3#'+* (,,-:%3#+@* ;'"%* %* $.,'* 3#&#"H3,'* $,$+,)3%'D* K3*

2'-'.,:%+* %F* .* 2,3)+%'* "%30.%$+%&'$(%F* 2'-'/'33@F* %* $* 2,/,?H>* A#=@* 2-#.%"*

,2-':'")'+* 3#2-#."'3%'* 3#* ;'"HD* M,$"'* G+,0,* 2,* 2,"1&'33,/1* 3#2-#."'3%>* 4z{- 45

0-#:1$,.8* ,3* 2-,.'-)'+* 3#"%&%'* 2-'2)+$+.%9<* * 2'-'.,:%+* -'=1"H+#+* .* =3#&'3%)*
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"%30.%$+%&'$(%F* 2'-'/'33@F* %<* ,2)+H* %$2,"H=1)* A#=1* =3#3%9, 2,"1&#'+* =3#&'3%)*

(,--'(+%-,.,(D* M,$"'* G+,0,* C,-/%-1'+* 10",.1>* F#-#(+'-%$+%(1* $(,-,$+%* :.%0#+'"'9* %*

C#==%C%;%-1'+* 'fD* Q13(;%)* 2-%3#:"'N3,$+%* :#33,9* "%30.%$+%&'$(,9* 2'-'/'33,9*

2,:,A-#3#* +#(%/* ,A-#=,/<* &+,* 2,"1&%.I%'$)* .* -'=1"H+#+' C#==%C%(#;%% $+'2'3%*

2-%3#:"'N3,$+%*:.1/*+'-/#/*%*-#.3@*$(,-,$+)/*:.1F*:.%0#+'"'9D M,"1&'33@' 3'&'+(%'

=3#&'3%)* 2,$@"#>+$)* 3#* (,3+-,""'-* :.%0#+'"'9D* \#33#) 2,$"':,.#+'"H3,$+H* :'9$+.%9

2,.+,-)'+$)*:,*+'F*2,-<*2,(#*;'"H*3'*A1:'+*:,$+%031+#D*S#*-%$13('*R 2-':$+#."'3#*$F'/#*

:#33,0,*#"0,-%+/#.

L%$. 7. JF'/#*3'&'+(,0,*#"0,-%+/#*2,%$(#*21+%
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9. S607890:85$26;64<./.$07/.-8410T$A090$92028H

E*+',-%%*3'&'+(%F*/3,N'$+.*">A#)*.'"%&%3#* =#:#'+$)*3'(,+,-@/*/3,N'$+.,/*'f*

.,=/,N3@F* =3#&'3%9<* F#-#(+'-%=1>?%F$)* +,9* %"%* %3,9* $+'2'3H>* 2-%3#:"'N3,$+%* 4$*

2,/,?H>* +#(* 3#=@.#'/,9* C13(;%%* 2-%3#:"'N3,$+%8* ,AB'(+1<* ,2%$@.#'/,/1* G+%/*

3'&'+(%/* /3,N'$+.,/* [21]. E* ,2%$#33,/* .@I' #"0,-%+/'* ..':'3@* -#="%&3@'*

"%30.%$+%&'$(%'*2'-'/'33@'D*S%N'*$"':1'+*%F*,2%$#3%'*$*C13(;%)/%*2-%3#:"'N3,$+%D

1 X %*Y - =#:#>+*(,,-:%3#+@*.*2-,$+-#3$+.'*=#:#&%D

M-,$+-#3$+.,* =#:#&%* ,0-#3%&'3,* 2,* X %* 2,* Y %3+'-.#",/* =3#&'3%9* On<joohD*

S'&'+(,'* /3,N'$+.,* =#:#'+$)* 3#* k* +'-/#F* – «"'.,», «2-)/,», «2-#.,»D* Q13(;%)*

2-%3#:"'N3,$+%*2-':$+#."'3#*3#*-%$13('*8.

L%$D*8. Q13(;%) 2-%3#:"'N3,$+%*"%30.%$+%&'$(%F*2'-'/'33@F X %*Y

2 P;'"%**%*P#0'3+#*– =#:#>+*2,",N'3%)*#0'3+#*%*;'"%*.*2-,$+-#3$+.'*=#:#&%D

\")* G(,3,/%%* 2#/)+%* .* A#='* =3#3%9<* :#33@'* eM* 3'* %/'>+* C13(;%9*

2-%3#:"'N3,$+%<* +D(D* G+,* 2-,/'N1+,&3@'* 2'-'/'33@'<* %$2,"H=1'/@'* .* ",0%&'$(,/*

.@.,:'D*E.':'3@*:")*A,"''*(,/2#(+3,0,*=#:#3%)*2-#.%".

3 Alpha – 3#2-#."'3%'*:,*;'"%D*

70,"*=#:#f+$)*.*%3+'-.#"'*,+*n*:,*j|D K:3#(,<*1&%+@.#)*+-'A,.#3%)*:%$(-'+%=#;%%<*

.* P!* :#33@9* %3+'-.#"* ,+,A-#N#'+$)* 3#* %3+'-.#"* On<joohD \#33#)* "%30.%$+%&'$(#)*

2'-'/'33#)* =#:#'+$)* 3#* Yl-+%* +'-/#F<* (#N:@9* %=* (,+,-@F* 2-':$+#.")'+* ,:3,* %=*

.,=/,N3@F* 3#2-#."'3%9* :.%N'3%9* -,A,+#D Q13(;%)* 2-%3#:"'N3,$+%* 2-':$+#."'3#* 3#*

-%$13('*9.
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L%$D*9. Q13(;%) 2-%3#:"'N3,$+%*"%30.%$+%&'$(,9*2'-'/'33,9 Alpha

4 Dist1,Dist2,Dist3 – -#$$+,)3%)*:,*2-'2)+$+.%9*2,*+-'/*3#2-#."'3%)/D

g#:#>+$)* 3#* +-'F* +'-/#FW* «A"%=(,», «$-':3'», «:#"'(,»D* K+* $,,+3,I'3%)*

-#$$+,)3%9* 2,* +-'/* 3#2-#."'3%)/* =#.%$%+* (,--'(+%-,.(#* 3#2-#."'3%)D* Q13(;%)*

2-%3#:"'N3,$+%*2-':$+#."'3#*3#*-%$13('*10.

L%$D*10. Q13(;%) 2-%3#:"'N3,$+%*"%30.%$+%&'$(%F*2'-'/33@F Dist1, Dist2, Dist3

5 dAlpha – (,--'(+%-,.(#*3#2-#."'3%).

!,--'(+%-,.(#* 3#2-#."'3%)* .* =#.%$%/,$+%* ,+* eM* Dist1, Dist2, Dist3. 

!,--'(+%-,.(#* =#(">&#'+$)* .* %=/'3%* 10"#* 3#* z{- Zn* 0-#:1$,.D* J"':,.#+'"H3,<* ,A"#$+H*

,2-':'"'3%)* QM* :")* dAlpha: [-lp<lphD* 5D(D* .* :#33,/* -'I'3%%* -#$$/#+-%.#>+$)* +,"H(,*

2,",N%+'"H3@'*=3#&'3%)<*+,*$*1&'+,/*$:.%0#*,A"#$+H*,2-':'"'3%)W* On<*Yj[hD*eM*=#:#'+$)*

3#* o* +'-/#FW* -'=(,* ."'.,<* &1+H* ."'.,<* 2-)/,<* &1+H* .2-#.,<* -'=(,* .2-#.,D* Q13(;%)*

2-%3#:"'N3,$+%*2-':$+#."'3#*3#*-%$13('*7.4.

L%$D*11. Q13(;%) 2-%3#:"'N3,$+%*"%30.%&+%&'$(,9*2'-'/'33,9 dAlpha
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6 Moto – $(,-,$+%*:")*,A,%F*/,+,-,.D

`+#* 2'-'/'33#) 2-':$+#.")'+* %=* $'A)* 10",.1>* F#-#(+'-%$+%(1* Phi}#0'3+#* –

(Alpha+dPhi8* zYjR<* 2-%* C#=%C%(#;%%* (,+,-,9* 2,"1&#>+$)* +#(%'* =3#&'3%)* $+'2'3'9*

2-%3#:"'N3,$+%* +'-/#/<* (,+,-@'* /,01+* 3#2-)/1>* %$2,"H=,.#+H$)* (#(* 12-#.")>?%'*

.,=:'9$+.%)*:")*$(,-,$+'9*j-F*:.%0#+'"'9D*M'-'/'33#)*=#:#'+$)*3#*:.1F*+'-/#FW*«"'.@9

:.%0#+'"Hc %*«2-#.@9*:.%0#+'"H»D*Q13(;%)*2-%3#:"'N3,$+%*2-':$+#."'3#*3#*-%$13('*12.

L%$D*12. Q13(;%) 2-%3#:"'N3,$+%*"%30.%$+%&'$(,9*2'-'/'33,9Moto

T#=#* 3'&'+(%F* 2-#.%"<* %$2,"H=1'/#)* 2-%* .@.,:'D* J,$+,%+* %=* $"':1>?%F*

$/@$",.@F*A",(,.W

! T",(*.@.,:#*2,=%;%%*%=*=3#&'3%9*(,,-:%3#+D

J,:'-N%+*2-#.%"#*.%:#W*ad$"%*X = «e'.,», Y = «e'.,»<*+,*P = «e'.@9*3%N3%9*

(.#:-#+»»

! T",(*.@.,:#*3#2-#."'3%)*%=*=3#&'3%9*2,=%;%9*;'"%*%*#0'3+#D

J,:'-N%+*2-#.%"#*.%:#W*ad$"%*P}#0'3+#*r*«e'.@9*3%N3%9*(.#:-#+», P};'"%*r*

«M-#.@9*.'-F3%9*(.#:-#+»<*+,*Alpha = «3#2-#."'3%'*3# po*0-#:1$,.»»

! T",(*.@.,:#*(,--'(+%-,.(%*3#2-#."'3%)*%=*=3#&'3%9*2-'2)+$+.%9D

J,:'-N%+*2-#.%"#*.%:#W*ad$"%*Dist1 = «J-':3'», Dist2 = «T"%=(,», Dist3 = «T"%=(,»<*+,*

dAlpha = «b1+H*."'.,»»

E*/%(-,(,3+-,""'-#F*AVR ,AB'/*EEPROM (,"'A"'+$)*,+*oYj*A#9+*:,*p*(T#9+D*5D(D*

EEPROM ).")'+$)* ,$3,.3@/* 3,$%+'"'/* A#=@* =3#3%9<* +,* 3',AF,:%/* ,&'3H* (,/2#(+3@9*

$2,$,A*2-':$+#."'3%)D*!-,/'*+,0,<*Tg .,*.-'/)*-#A,+@*2-,0-#//@*2"#3%-1'+$)*F-#3%+H*.*

Kg7* 4+D(D* ;%("@* ,A-#?'3%)* (* EEPROM ,&'3H* /':"'33@'8<* 2,G+,/1* 3',AF,:%/,*

2-':1$/,+-'+H* /'$+,* :")* F-#3'3%)* =3#&'3%9* eMD* Q,-/#+* A#=@* =3#3%9* 2-':$+#."'3* .*

+#A"%;'*YD**
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75AH)E5,-

Q,-/#+*A#=@*=3#3%9

6:-'$ S#=.#3%'*A",(# J,:'-N#3%'

1 2 3

0x0 : 0x4 g#0,",.,( 7(#=#+'"H*3#*A",(*eM*4LV_ptr)

7(#=#+'"H*3#*A",(*Tg*4KB_ptr)

0x5 : LV_ptr – 0x1 T",(*QM*

4C13(;%%*

2-%3#:"'N3,$+%8

Q13(;%%* 2-%3#:"'N3,$+%* .* C,-/#+'*

2,$"':,.#+'"H3,$+'9* %=* p* A#9+<* (#N:@9* %=*

(,+,-@F*– $,,+.'+$+.1>?#)*#A$;%$$#*+-#2';%%D

LV_ptr : KB_ptr –

0x1

T",(*eM*

4"%30.%$+%&'$(%'*

2'-'/'33@'8

e%30.%$+%&'$(%'*2'-'/'33@'*.*C,-/#+'W

i:'*N – (,"-.,* +'-/,.* :#33,9*eM* 4/#($%/1/* –

16).

\#33@9* C,-/#+* 2-':,$+#.")'+* .,=/,N3,$+H*

F-#3%+H*Yo*-#="%&3@F*eMD

!"# $%-&' () N  

*+,-./ N ,-./ 

01-231!#+/34"56 

4 ,!/- 4 ,!/- 
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KB_ptr : 0xXXXX T",(*Tg*4A#=#*

=3#3%98

J,:'-N%+* +'-/%3#"H3@'* $%/.,"@* %*

2-,:1(;%,33@'*2-#.%"#D

Q,-/#+*+'-/%3#"H3,0,*$%/.,"#W

0x0N<*0:'*N – &%$",*1$",.%9*.*:#33,/*A",('*TgD*

0xnn*1(#=@.#'+*3#*(,3';*TgD

Q,-/#+*2-,:1(;%,33,0,*2-#.%"#W

63+';':'3+* =#:#'+$)* (,3B>3(;%'9* 1(#=#33@F*

1$",.%9D

5#(,'*2-#.%",*&%+#'+$)*(#(*ad$"%*eMY*r*5'-/Y<*

+,*eMj*r*5'-/jc

T#=#*=3#3%9<*=#(,:%-,.#33#)*.*:#33,/*C,-/#+', =#3%/#'+*pZo*A#9+D*`+,*=3#&%+<*&+,*

1* 2-,0-#//* '$+H* +,"H(,* YR* A#9+* $.,A,:3,0,*/'$+#* :")* %$2,"H=,.#3%)* $+'(#D*M-,0-#//#*

3#2%$#3#*+#(%/*,A-#=,/<*&+,*/#($%/#"H3,'*2,0-1N'3%'*.*$+'(*,$1?'$+.")'+$)*3#*Yj*A#9+*

4.*C13(;%%*:'C#==%C%(#;%%8D*5#(%/*,A-#=,/<* ,$+#'+$)* '?'*o*A1C'-3@F*A#9+* =#?%+@*,+*

2,.-'N:'3%)*:#33@FD

10 S69M7O404F

\")* 2-,.'-(%* -#A,+,$2,$,A3,$+%* 3'&'+(,0,* /%(-,(,3+-,""'-# A@"#* -#=-#A,+#3#*

$2';%#"H3#)* /,:'"%-1>?#)* 2-,0-#//#<* /,:'"%-1>?#) ,2%$#331>* .@I'* $+-1(+1-1*

#0'3+#* %* 3'%=.'$+3,'* ,(-1N'3%'D* J.)=H* $ /%(-,(,3+-,""'-,/* 1$+#3#."%.#"#$H 2,*

$2';%#"H3,* -#=-#A,+#33,/1* 2-,+,(,"1* &'-'=* %3+'-C'9$* RS-232. 6-F%+'(+1-# G+,0,

(,/2"'($#*2-':$+#."'3#*3#*-%$13('*13.

734" 8) 

9+,!/- N ,-./ 

 

:51;3%631/ 

8) 734" …………………

<1/3=3>31/ 

9+,!/- 
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L%$. 13D*6-F%+'(+1-#*-#=-#A,+#33,0,*(,/2"'($#

S#* -%$13('* 14 2-':$+#."'3@* -'=1"H+#+@ -#A,+@* 2-':",N'33,0,* #"0,-%+/#D

M-,%=.,:%",$H* +'$+%-,.#3%'* $%$+'/@* 3#* 2,$"':,.#+'"H3,* 1$",N3)>?'9$)* (#-+'*

2-'2)+$+.%9D* 5#(%/* ,A-#=,/<* /,N3,* ,+$"':%+H* %=/'3'3%'* +-#'(+,-%%* :.%N'3%)* #0'3+#D*

S#*G+,/*-%$13('*.%:3,<*&+,*+-#'(+,-%)*:,$+#+,&3,*2"#.3,*%=/'3)'+$)*$*2,&+%*2-)/,9*4Y-)*

%"">$+-#;%)8* :,* .,"3%$+,9* "%3%%* 4l* – )* %"">$+-#;%)8D* !#(* %* ,N%:#",$H<* +-#'(+,-%)*

%/''+*F#-#(+'-*2"#.3,9*"%3%%*40"#:(,9*C13(;%%8D
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L%$D*14. M-%/'-*-#A,+@*#"0,-%+/#*3#*2,$"':,.#+'"H3,*1$",N3)'/,/*2-,$+-#3$+.'

S#* -%$13('* Yo* 2-,:'/,3$+-%-,.#3#* -#A,+#* #"0,-%+/#* 2-%* -#="%&3@F* 3#&#"H3@F*

1$",.%)F<* #* 3#* -%$13('* Yl* – 2-%.':'3@* C13(;%%* ,I%A,(* 4-#$$+,)3%)* :,* ;'"%) :")*

-#="%&3@F* $"1&#'.D* S#2-%/'-<* Yl-A* – $"1&#9* ,AB'=:#* A,"HI,0,* 2-'2)+$+.%)<*

2'-'(-@.I'0,*;'"H< #*Yl-0*– $"1&#9*:.%N'3%)*.:,"H*2-'2)+$+.%)D

L%$D*15. M-%/'-*-#A,+@*#"0,-%+/#*2-%*-#=3@F*3#&#"H3@F*1$",.%)F
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L%$D*16. Q13(;%%*,I%A,(*41:#"'3%)*,+*;'"%8*:")*-#=3@F*$"1&#'.*:.%N'3%)*#0'3+#

S#* -%$13('* YR* 2-%.':'3@* G/2%-%&'$(%* 2,$+-,'33@'* C13(;%%* =#.%$%/,$+%*

$(,-,$+'9*"'.,0,*%*2-#.,0,*/,+,-,.*,+*A"%=,$+%*2-'2)+$+.%9D*S#*0-#C%(#F*F,-,I,*.%:3,<*

&+,* &'/* A"%N'* 2-'2)+$+.%'<* +'/* A,"HI'* $(,-,$+H* /,+,-#* :")* ,$1?'$+."'3%)*

$,,+.'+$+.1>?'0,*2,.,-,+#D

L%$D*17. `/2%-%&'$(%*2,$+-,'33@'*C13(;%%*=#.%$%/,$+%*$(,-,$+'9 "'.,0,*%*

2-#.,0,*/,+,-,.*,+*A"%=,$+%*2-'2)+$+.%9

J* 2,/,?H>* G/1"%-1>?'9* $-':@ A@",* 2-,%=.':'3,* 3'A,"HI,'* +'$+%-,.#3%'*

2-,%=.,:%+'"H3,$+%* 2,"1&'33,9* J67D M,$"'* 2-,.':'3%)* 3'$(,"H(%F* +'$+,.* A@"%*
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2,"1&'3@* $"':1>?%'* 1$-':3'33@'* .-'/'33@'* F#-#(+'-%$+%(%* :")* G+#2,.* 3'&'+(,0,*

.@.,:#*2-%*-'I'3%%*:#33,9*=#:#&%W**

! Q#==%C%(#;%)W*jnn*- pnn*+#(+,.*4=#.%$%+*,+*(,"%&'$+.#*,2'-#;%9*:'"'3%)8X

! e,0%&'$(%9*.@.,:W*onnn*– jnnnn*+#(+,.*4=#.%$%+*,+*0"1A%3@*:,(#=#+'"H$+.#8;

! \'C#==%C%(#;%)W*onn-Ynnn*+#(+,.*4=#.%$%+*,+*(,"%&'$+.#*,2'-#;%9*:'"'3%)8D

M,(#=#+'"'/* 2-,%=.,:%+'"H3,$+%* 3'&'+(%F* .@&%$"%+'"H3@F* /#I%3* ).")'+$)*

$(,-,$+H*,A-#A,+(%*2-#.%"D*E*A#=' 2-#.%"*(,3(-'+3,0,*3'&'+(,0,*#"0,-%+/# Zj*2-#.%"#<*

$"':,.#+'"H3,<* 2-%* 2,0-1N'3%%* .* $+'(* 3'* A,"''* &'/* 3#* ,:3,* 2-#.%",<* 2-%/'-3,'*

(,"%&'$+.,*,A-#A#+@.#'/@F*2-#.%"*– Y[pD*M1$+H*$(,-,$+H*.@2,"3'3%)*G+#2#*",0%&'$(,0,*

.@.,:#*Ynnnn*+#(+,.D*5,0:#*=#*Y*$'(13:1*2-%*+#(+,.,9*&#$+,+'*2-,;'$$,-#<*1$+#3,."'33,9*

.* [* Pi;* 4/#($%/1/* :")* G3'-0,$A'-'0#>?'0,* -'N%/#* P!8* ,2'-#;%)* :'C#==%C%(#;%%*

/,N'+* A@+H* .@2,"3'3#* [nn* -#=D* J"':,.#+'"H3,<* $(,-,$+H* ,A-#A,+(%* 2-#.%"W* Ypn* +@$D*

2-#.%"*.*$'(13:1D*

U0<7L;6286

E* -'=1"H+#+'* -#A,+@* A@"#* -#=-#A,+#3#* 3'&'+(#)* J67<* %3+'""'(+1#"H3#)* .* /#",/<* .*

.%:'* 2-,0-#//3,-#22#-#+3,9* -'#"%=#;%%* 3'&'+(,0, /%(-,(,3+-,""'-#<* -'I#>?'0,*

=#:#&1* 2,%$(#* 21+%* .* 3'%=.'$+3,/* ,(-1N'3%%D S'$/,+-)* 3#* :,$+#+,&3,* 0-1A1>*

:%$(-'+%=#;%>*4[*A%+8< /3,0,&%$"'33@'*,(-10"'3%) %*/#"@9*-#=/'-*A#=@*=3#3%9<*1:#",$H*

2,"1&%+H*3'2",F%'* -'=1"H+#+@<*:'/,3$+-%-1>?%'* .,=/,N3,$+H*%$2,"H=,.#3%)* #22#-#+#*

3'&'+(,9*",0%(%*:#N'*3#*/%(-,(,3+-,""'-#F* ,A?'0,*3#=3#&'3%)*%*-'I'3%)* $* 2,/,?H>*

+#(,9*-'#"%=#;%%*2-#(+%&'$(%F*=#:#&D*

L#=-#A,+#33#)* 2-,0-#//3#)* -'#"%=#;%)* 3'&'+(,0,* /%(-,(,3+-,""'-#* ,A'$2'&%.#'+*

2-%'/"'/1>*$(,-,$+H* ,A-#A,+(%*2-#.%"* 4Ypn* +@$D* .* $'(13:18*%* ,2'-#;%9*C#==%C%(#;%%*

{:'C#==%C%(#;%%D* S'$/,+-)* 3#* :%$(-'+%=#;%>* %* ,(-10"'3%)* 43'%=A'N3@'<* 2-%*

%$2,"H=,.#3%%* ,2'-#;%9 ;'",&%$"'33,0, :'"'3%)8<* 2,"1&#'/@'* -'=1"H+#+@* $,.2#:#>+* $*

,N%:#'/@/%D

J%3+'=%-,.#33@9 3'&'+(%9* (,3+-,""'-* :")* -'I'3%)* =#:#&%* 2,%$(#* 21+%* .*

3'%=.'$+3,/* ,(-1N'3%%* ).")'+$)* $%$+'/,9<* %3+'""'(+1#"H3,9* .* /#",/<* +D(D* .* 3'/*

,+$1+$+.1'+* .,=/,N3,$+H* (* #:#2+#;%%* (* %=/'3)>?%/$)* 1$",.%)/* C13(;%,3%-,.#3%)D*

K:3#(,<* A"#0,:#-)* +,/1<* &+,* 3'&'+(%9* (,3+-,"H* ,$1?'$+."'3* 2,$-':$+.,/* 3'&'+(,0,*

#"0,-%+/#* 3#* 2$'.:,3'&'+(,/* )=@('* 3'&'+(%F* ,2'-#;%9<* :#33@9* 3':,$+#+,(* ).")'+$)*

%$2-#.%/@/D* M,.@I'3%'* %3+'""'(+1#"H3,$+%* /,N'+* 2-,%=.,:%+$)* 21+'/* 1$",N3'3%)

#"0,-%+/#D* E* G+,/* $"1&#'* 3',AF,:%/,* -#$I%-%+H* A#=1* 2-#.%"* %* .(">&%+H* .* 3'f* A",(*

2-#.%"* (,--'(+%-1>?'0,* %"%* ,-0#3%=#;%,33,0,* 1-,.3)<* 2-,%=.,:)?%F* #:#2+#;%>*

$1?'$+.1>?%F* 2-#.%"* %$2,"3%+'"H3,0,* 1-,.3)D* M,/%/,* 2-#.%"<* (,--'(+%-,.(' /,01+*
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2,:.'-0#+H$)* C13(;%%* 2-%3#:"'N3,$+%* +'-/,.* $* 2,/,?H>* $2';%#"H3@F* 2-#.%" .*

=#.%$%/,$+%*,+*3'&'+(,9*C13(;%%*,I%A(%*$%$+'/@D

C38J.<$7846-04M-F

1. 5',-%)* #.+,/#+%&'$(,0,* 12-#."'3%) //Wikipedia.URL. http://en.wikipedia.org/wiki/

5',-%)}#.+,/#+%&'$(,0,}12-#."'3%)*4:#+#*,A-#?'3%): 03.03.2013)
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