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!"#"$%&'&(&)%*" +(,$&-"(".&$/0 -(0&1("2342 .56 1&#78,4 -&-,#9(%&527 .

-&5#"'%"" .(":9; <(0 &25,252.00 ("$/&= %"&1>&'0:&520 . 5(&?%&= 2(3%5-&(20(&./"

+(,$&. %3 1&#780" (3552&9%09 )"#"$%39 '&(&+3 . (3$* .*+&'%"=@ ?": -"(".&$/3 53:&#62&:

0#0 3.2&2(3%5-&(2&:; A(,$&-&2&/ %3 )"#"$%*> '&(&+3> ,."#0?0.3"259 +&' &2 +&'3@

52(&9259 /0#&:"2(* %&.*> '&(&+@ ,5&."(8"%52.,4259 :&'"#0 .3+&%&.@ #&/&:&20.&.;

B3:39 %3+(,)3":39 ?3527 #41&+& +(,$&.&+& .3+&%3 – 2"#")/3@ 0$&1(3)6%%39 %3 (05.

1. <3(3 /&#65 $3/("-#"%3 %3 &50@ '." &50 5 /&#65%*:0 -3(3:0 5/("-#94259 #")3C0:0 %3

%0> '.,:9 1&/&.*:0 (3:3:0@ :")', (3:3:0 ?"("$ ("55&(* ,523%&.#"%3 %3'("55&(%39

13#/3@ %3 /&2&(,4@ 5&152."%%&@ 0 ,523%3.#0.3"259 +(,$&.&= .3+&%; B3:&" ?352&" :"52&

0$#&:3 2"#")/0 – ,8/& (3:*; D2& :"52& (9'&: 5 ,-&(&: /&#65%&= &50 . (3:,; E:"%%& %3

-&#&:/0 . F2&= &1#3520 -(0>&'9259 '"592/0 /(,8"%0= -&"$'&. . +&'; G3)'39 23/39 3.3(09

H3 '#0%3 +(,$&.&+& -&"$'3 :&)"2 '&520+327 5&2%0 .3+&%&.I -(0%&502 &+(&:%*" ,1*2/0

/&:-3%00--"(".&$?0/,@ 0 . 5#,?3" (3$#0.3 J052"(% – /&#&553#7%*= ,(&% F/&#&+00; K&

-(0:"?32"#7%&@ ?2& 23/&= 0$#&: %" &1(3$,"259 :+%&."%%&; L3#"%7/39 2("C0%/3@

-&9.0.83959 %3 (3:" H3 90 % 0$#&:&. -(0>&'0259 %3 &'%& 0 2& )" :"52&I@ :&)"2

%"'"#9:0@ 3 2& 0 :"59J3:0 (3$(35232759@ -&/3 %" -(0."'62 / /32352(&M";
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Q05; 1. R"#")/3

B#"',"2 ,?"527@ ?2& -"(0&' (&523 2("C0%* :&)"2 '&520+327 :"59J3; D2&+& .(":"%0

.-&#%" '&5232&?%&@ ?2&1* -&"$' $3 .(":9 -,2"8"52.09 -"("56/ %"5/&#7/& /&%2(&#7%*>

5"(.05%*> 523%J0=; K3 %0>@ .& .(":9 -(&>&)'"%09 :0:& %0> -&"$'3 %3 %0$/&= 5/&(&520@

&5,C"52.#9"259 (9' /&%2(&#7%*> -(&J"',(@ 23/0> /3/S -&'5?62 /&#65%*> -3(@ -(&."(/3 %3

2("C0%* /&#65@ .0$,3#7%*= /&%2(&#7; T&-&#%02"#7%*: -,%/2&: -(&."(/0 -("'#3+3"259

,523%&.027 5052":, -(&."(/0 2("C0% (3:*; B&.(":"%%*" -&-*2/0 &5,C"52.027 F2,

-(&."(/, ,#72(3$.,/&: 0#0 '(,+0:0 5("'52.3:0 /&%2(&#9 1"$ ,523%&./0 3--3(32,(* %3

53:, (3:, H23/0:0 /3/ -(&52,/0.3%0"I %" '342 ("$,#72323; K& 5'"#327 /3/&=-#01&

,523%3.#0.3":*= %3 (3:, '32?0/ %" 23/ -(&52&; R("1&.3%0" /(,-%&5"(0=%&520@

-("'U9.#9":&" / 23/&:, :&%20(,":&:, '32?0/,@ %3/#3'*.3"2 %3 %"+& 5"(76$%*"

&+(3%0?"%09S :3/50:3#7%39 '"8".0$%3@ #"+/39 ,523%&./3 %3 :"52& /&%2(&#9@ :0%0:,: H3

#,?8" -&#%&" &25,252.0"I 2">%0?"5/&+& &15#,)0.3%09 '32?0/3@ #6+/39 $3:"%9":&527@

&25,252.0" 5:"%%*> F#":"%2&. -023%09@ :0%0:,: '&-&#%02"#7%*> /&::,%0/3J0= 0

-(&.&'&. %3 '"23#0@ :0%0:0$3J09 0#0 &25,252.0" :&'0M0/3J0= 53:&= '"23#0@ 2&?%&527

/&%2(&#9@ -(0+&'%&527 / (31&2" . #41*> -&+&'%*> ,5#&.09>@ '&#+&."?%&527

05-&#7$&.3%09;

9':; %,0&)6

V"#74 '3%%&= (31&2* 9.#9"259 -(&"/20(&.3%0" -(01&(3, ,'&.#"2.&(94C"+&

J"#&:, (9', 2("1&.3%0=@ . 2&: ?05#" '0/2,":*> 5-"J0M0/&= &2(35#0S

! '"2"/20(&.3%0" 2("C0% /&%52(,/J00@

! 1"5/&%23/2%&" 5?02*.3%0"@

! :3/50:3#7%39 '"8".0$%3@

! #"+/39 ,523%&./3 %3 :"52& /&%2(&#9@
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! :0%0:,: H3 #,?8" -&#%&" &25,252.0"I 2">%0?"5/&+& &15#,)0.3%09 '32?0/3@

! .&$:&)%39 $3:"%9":&527 '32?0/3 3%3#&+0?%*:,

! &25,252.0" 5:"%%*> F#":"%2&. -023%09@

! :0%0:,: '&-&#%02"#7%*> /&::,%0/3J0= 0 -(&.&'&. %3 '"23#0@

! :0%0:0$3J09 0#0 &25,252.0" :&'0M0/3J0= 53:&= '"23#0@ .&$:&)%&527 ,523%&./0

%3 ,)" 5,C"52.,4C0" '"23#0@ %" 2&#7/& %3 .%&.7 -(&0$."'6%%*"@

! 2&?%&527 /&%2(&#9@

! -(0+&'%&527 / (31&2" . #41*> -&+&'%*> ,5#&.09>@

! '&#+&."?%&527 05-&#7$&.3%09;

<%'0&+,-*3 ( 15)%&=5)+1

T32?0/ '&#)"% &25#")0.327 -&9.#"%0" 2("C0% %3 1&/&.&= (3:" . 3.2&:320?"5/&:

(")0:"@ -&#%&5274 05/#4?39 ?"#&."?"5/0= M3/2&(. T32?0/ '&#)"% '3.327 2&?%*" '3%%*"

& 5&52&9%00 (3:*; K"#7$9 '&-,52027 &1(3$&.3%09 2("C0%* 1"$ '"2"/20(&.3%09 F2&+&

M3/23 '32?0/&:; D2& &5%&.%&" 2("1&.3%0"@ -("'U9.#9":&" / 5052":";

B?02*.3%0" -&/3$3%0= '&#)%& -(&0$.&'02759 1"$ -(9:&+& +3#7.3%0?"5/&+&

/&%23/23, 23/ /3/, .&--"(.*>@ &%& '&#)%& -(&0$.&'02759 .& .(":9 '.0)"%09 -&"$'3@ 0@ .&-

.2&(*>@ %"#7$9 1*#& 1* 1*27 ,."("%%*: . 5&>(3%%&520 %3(,)%*> /&%23/2&. '32?0/3@

"5#0 1* &%0 -(05,252.&.3#0@ ,?02*.39 /#0:320?"5/0" ,5#&.09 (31&2* +(,$&.*> -&"$'&..

W?02*.39 :355&.&527 .*-,5/3 '32?0/3@ -& .&$:&)%&520@ %3'& 52(":02759 /

,:"%78"%04 52&0:&520 '32?0/3;

W523%&./3 '32?0/3 %" '&#)%3 50#7%& ,5#&)%927 -(&J"55 .*-,5/3 (3:*; E'"3#7%*=

.3(03%2 – %3'".3":39 5."(>, %3 :"52& /&%2(&#9 :3#&+313(02%39 /&(&1&?/3; K"'&-,520:&

:"%927 /#4?".*" /&%52(,/20.%*" ("8"%09 '"23#0@ -& .&$:&)%&520 :0%0:0$0(&.327

#41*" '(,+0" 0$:"%"%09 '"23#0@ 5'"#327 .&$:&)%*: :&'0M0/3J04 ,)" 5,C"52.,4C0>

'"23#"=;

G3/0:-#01& &1(3$&: -"(0&'0?"5/0 &15#,)0.327 '32?0/ H0 2": 1&#""@ :"%927

5:"%%*" F#":"%2* -023%09I –'&#+0= 0 '&(&+&52&9C0= -(&J"55@ ."'7 /3/ +&.&(0#&57

.*8", /&#0?"52.& 05-&#7$,":*> '"23#"= &+(&:%&. R3/0" -(&J"',(* 5#"',"2 05/#4?027

0#0 5."520 / .&$:&)%&:, :0%0:,:,;

X 5#,?3" ,2"(0 '32?0/3@ .*>&'3 '32?0/3 0$ 52(&9@ '(,+0> %"-("'.0'"%%*>

'"=52.0= '&#)%& 1*27 .&$:&)%& $3:"%027 '32?0/ %3 3%3#&+0?%*= 1"$ /3/0>-#01&

5#&)%*> &-"(3J0=@ /&2&(*" %"#7$9 1,'"2 -(&."520 . )"#"$%&'&(&)%*> '"-&;
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<(&>&)'"%0" -&"$'3 -& $&%3: 5 %0$/&= 05/#4?3"2 -(0:"%"%0" /3/0> 1* 2& %0

1*#& 052&?%0/&. -023%09. Y08%0" -(&.&'3 %3 '"23#0 :&+,2 -(0>&'027 . %"+&'%&527 /3/

-(0 '.0)"%00 -&"$'3@ 23/ 0 -(0 &15#,)0.3%00 "+& -"(5&%3#&: )"#"$%&'&(&)%*> '"-&;

R":-"(32,(%*= '03-3$&%@ . /&2&(&: -(0>&'0259 (31&2327 -&"$'3:@ &?"%7 80(&/;

K"5:&2(9 %3 23/0" %"1#3+&-(092%*" ,5#&.09 '#9 (31&2* F#"/2(&%%*> -(01&(&.,

/&%2(&#0(&.327 5&52&9%0" (3:* %"&1>&'0:&.

T32?0/ %" '&#)"% 1*27 1*52(& .*>&'9C0: 0$ 52(&9@ &'%&(3$&.*:@ 5/#&%%*: /

?352*: -&#&:/3:;

>?'7, @%*0&%,

<(0%J0- (31&2* -(01&(3 &5%&.3% %3 (31&2" 2">%&#&+00 (3'0&?352&2%&=

0'"%20M0/3J00 (RFID – radiofrequency identification, 3%+#;I;

RFID -2">%&#&+09 1"5-(&.&'%&+& &1:"%3 '3%%*:0 -&5("'52.&: (3'0&50+%3#3

:")', F#"/2(&%%&= :"2/&=@ /&2&(39 -&:"C3"259 %3 &1U"/2 0 5-"J03#7%*:

(3'0&F#"/2(&%%*: ,52(&=52.&:@ /&2&(&" 5?02*.3"2 50+%3# :"2/0;

Z2#0?02"#7%&= ?"(2&= RFID-:"2&/ 9.#9"259 2&@ ?2& &%0 :&+,2 (31&2327 /3/ 5&

.52(&"%%*: 052&?%0/&: -023%09 H3/20.%*"I@ 23/ 0 1"$ %"+& H-3550.%*"I; X54

%"&1>&'0:,4 F%"(+04 -3550.%39 :"2/3 -&#,?3"2 &2 .%"8%"+& 052&?%0/3 – RFID-

-(06:%0/3; [%3#&+0?%39 5>":3 05-&#7$,"259 . -(&"$'%*> 10#"23> . :"2(&@ . :"2/3>@

%3%&50:*> %3 &'")', 0#0 /%0+0 . :3+3$0%3>; X -3550.%*> RFID-:"2/3> F#"/2(0?"5/0=

2&/@ 0%',J0(&.3%%*= . 3%2"%%" F#"/2(&:3+%02%*: 50+%3#&: &2 5?02*.32"#9@

&1"5-"?0.3"2 '&5232&?%,4 :&C%&527 '#9 M,%/J0&%0(&.3%09 /(":%0".&+& GLZ<-?0-3

HG-LZ<@ /&:-#":"%23(%39 #&+0/3 %3 2(3%$052&(3> :"23##-&/50'--&#,-(&.&'%0/I@

(3$:"C6%%&+& . :"2/"@ 0 -"("'3?0 &2."2%&+& 50+%3#3;

Q05; 2. Z1C39 5>":3 0 5&523. '32?0/3
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B?02*.32"#7 0$#,?3"2 F%"(+04 -& (3'0&/3%3#,@ -("'&523.#99 -023%0"

:0/(&/&%2(&##"(,; L0/(&/&%2(&##"(@ . 5.&4 &?"("'7@ (35>&',"2 -&#,?"%%,4 F%"(+04 %3

&-(&5 2"%$&'32?0/3 0 -"("'3?, &2."2%&+& 5&&1C"%09 5?02*.32"#4;

K3 (05. 2 &1&$%3?"%* &5%&.%*" M,%/J0&%3#7%*" 5&523.#94C0" '32?0/3; X

/3?"52." 2"%$&'32?0/3 05-&#7$,"259 :&52&.&" ./#4?"%0" 2-> 2"%$&("$052&(&.@ 3 .

/3?"52." -"("'34C"= 3%2"%%* – /&#"132"#7%*= /&%2,(@ %352(&"%%*= %3 125 /AJ;

Z5%&.*" (31&?0" '03-3$&%* ?352&2 . RFID-&2(35#0S 125 /AJ@ 13,56 LAJ@ 890 LAJ;

[%2"%%3 %352(&"%3 %3 125 /AJ@ 23/ /3/ 0:"%%& F20 ?352&2* -&$.&#942 :"2/" (31&2327 1"$

-&:"> .1#0$0 :"23##0?"5/0> -&."(>%&52"= 0 .#3+0.

860&% 7*(%&(&-)%&::'%,

Z5%&.&= '32?0/3 9.#9"259 :0/(&/&%2(&##"(; R3/ /3/ F%"(+04 -("'52&02 1(327 \0$

.&$',>3] (RFID-2">%&#&+09 ^_`/AJ@ . 50#, "6 '&52,-%&520I@ 2& . /3?"52." &'%&+& 0$

&5%&.%*> /(02"(0". .*52,-3"2 -&2("1#9":*= 2&/; B(3.%02"#7%*= 3%3#0$ -&2("1#"%09

2&/&. %"/&2&(*:0 :0/(&/&%2(&##"(3:0 -("'523.#"% . 231#0J" 1.

31H?)=1I1

B(3.%"%0" -&2("1#"%09 2&/3

L3(/3 :0/(&-(&J"55&(3 <&2("1#"%0" 2&/3 -(0 ?352&2" 4LAJ@ :[

Texas Instruments MSP430 2

Atmel Atmega48 3.5

Microchip PIC12F683 0.22

L0%0:3#7%*= -&2("1#9":*= 2&/ -&$.&#9"2 .*1(327 PIC12F683 . /3?"52." &5%&.*

'#9 -&52(&"%09 5052":*; a+& -("0:,C"52.3:0 23/)" 9.#94259 '&52,-%&527@ '"8".0$%3 0

-(&52&23 (31&2* 5 :0/(&/&%2(&##"(&:;

X*1(3%%*= :0/(&/&%2(&##"( &1#3'3"2 .52(&"%%*: 4-/3%3#7%*: 10-(3$(9'%*:

3%3#&+&-J0M(&.*: -("&1(3$&.32"#":, ?2& '362 2&?%&527 -(0 %3-(9)"%00 -023%09 2,5 X '&

2 :X;

B>":3 F#":"%2&. ..&'3b.*.&'3 -("'523.#"%3 . +#3." \B>":3 1"5/&%23/2%&=

-"("'3?0]@ (05; 6. R3/0" &5&1"%%&520 F#":"%23 ..&'3/.*.&'3 ."57:3 ,'&1%* '#9

.*-(9:#"%09 0 52310#0$3J00 -(0%0:3":&+& 50+%3#3;

X*1(3%%*= :0/(&/&%2(&##"( &1#3'3"2 %0$/0: F%"(+&-&2("1#"%0":S 220 :/[ -(0

?352&2" 4LAJ 0 %3-(9)"%00 2.0 X;

R3/)" . :0/(&/&%2(&##"(" 0:""259 6 %"$3.050:*> F#":"%2&. ..&'3/.*.&'3@ 4096

13=2 M#F8--3:920@ 256 13=2 EEPROM, .&$:&)%&527 23/20(&.3%09 &2 .%"8%"+& 052&?%0/3;
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>?'7, .')'()*%&+,-*3 )%'4*-

Q05; 3. R"%$&'32?0/

T#9 '"2"/20(&.3%09 2("C0% (3$:"C3"259 2"%$&("$052&( . :&52&.&= 5>":"

./#4?"%09 5 2"(:&/&:-"%532&: 0 '.,:9 ("$052&(3:0@ 5 %&:0%3#3:0@ 1#0$/0:0 /

%&:0%3#7%&:, 5&-(&20.#"%04 2"%$&("$052&(3;

K3 (05; 3: 1,3 – .>&'* -023%09 5>":*c 2,4 – .*>&'* '#9 5%9209 0%M&(:3J00c d% –

("$052&(* %&:0%3#3 2"%$&("$052&(3c d0 – 2"%$&("$052&( '#9 '"2"/20(&.3%09 2("C0%c d2 –

,523%&.#"%%*= -"(-"%'0/,#9(%& d0 2"%$&("$052&(@ 5#,)3C0= '#9 2"(:&/&:-"%53J00;

Q05; 4. B>":3 ./#4?"%09 2"%$&'32?0/3

B&1(3%%*= 2"%$&'32?0/ -&'/#4?3"259 / :0/(&/&%2(&##"(, -& 5>":"@ ,/3$3%%&= %3

(05. 4. R"%$&'32?0/ -&#,?3"2 -023%0" &2 :0/(&/&%2(&##"(3@ 3 '3%%*" -"("'34259 %3

3%3#&+&-J0M(&.&= -("&1(3$&.32"#7 :0/(&/&%2(&##"(3;
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>?'7, 0'5(&-),()-&= @'%'.,/*

[%2"%%3 -&'/#4?3"259 / -&(23: ..&'3/.*.&'3 :0/(&/&%2(&##"(3 H(05; 5), 0@

-&#,?39 &2 -(06:%0/3 50+%3# . .0'" 50%,5&0'* 125 /AJ@ -"("'362 "+& :0/(&/&%2(&##"(,;

Q05; 5. B>":3 ./#4?"%09 3%2"%%*

Q05; 6. B>":3 -&(23 ..&'3b.*.&'3

<&(2* ..&'3b.*.&'3 ,52(&"%* 23/0: &1(3$&: H(05; 6), ?2& -(0 5&"'0%"%00

&1(3$,42 '0&'%*= :&52@ .*-(9:#99 .>&'%&" %3-(9)"%0"; e3 5?62 (35-&#&)"%09 :")',

.*>&'3:0 -023%09 0 $":#0 (3$'"#02"#7%&+& /&%'"%532&(3, 5+#3)0.3"259 -&#,?3":*=

50+%3# 0 -&#,?3"259 52310#7%&" %3-(9)"%0" H(05; 7).
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Q05; 7. B>":3 -&#,?"%09 -023%09 &2 3%2"%%*

B>":3 ("3#0$,"2 -(&2&/&# Em Marine (EM4100), -"("'3.39 '3%%*" .

:3%?"52"(5/&: /&'" 1#&/3:0 -& 4 1023 5 /&%2(&#7%*: 102&: . /&%J"; f352&23 (31&2* –

125 /AJ@ ?352&23 (31&2* :0/(&/&%2(&##"(3 – 4 LAJ@ 23/ ?2& -"("'3?3 '3%%*> 1,'"2

\(3$13.#92759] -(&52&": -(&J"55&(3 14 23/2&. 0$ 16 H0#0@ . %3?3#" -"("'3?0@ :&)%&

$3%927 F2& .(":9 -&' .*?05#"%0" -&/3$3%0= 2"%$&'32?0/3I;

Q"$&%3%5%39 ?352&23 /&#"132"#7%&+& /&%2,(3 . 125 /AJ -&#,?3"259 -,26: (35?623

-& M&(:,#" ! =  
"

#$%&'
. a6 :&)%& -&#,?027 05-&#7$&.3. /32,8/, 10 000 :/A% 0

/&%'"%532&( 160 -O; R3/&" $%3?"%0" 6:/&520 -&$.&#9"2 %" ,?02*.327 -3(3$02%,4 6:/&527

-&(23 ..&'3/.*.&'3 (~5 -OI;

86+&.6

R3/0: &1(3$&:@ 5-(&"/20(&.3%%*= '32?0/ ,'&.#"2.&(9"2 .5": .*8"&-053%%*:

2("1&.3%09:S M0/50(,"2 '3)" %" $3:"2%*" '#9 ?"#&."?"5/&+& +#3$3 2("C0%*, %" 2("1,"2

5#&)%*> &-"(3J0= -& -&'+&2&./" '"23#0 / ,523%&./" '32?0/3. X"57 '32?0/ #"+/& $3:"%027

. 5#,?3" -&#&:/0; RFID-2">%&#&+09 -&$.&#02 '32?0/, -&#,?027 '&5232&?%&" /&#0?"52.&

F%"(+00 0 ."(%,27 '3%%*" & 5&52&9%00 (3:*;

W/3$3%%39 /&%52(,/J09 '32?0/3 :3582310(,":3S 05-&#7$,9 :0/(&/&%2(&##"( 5

1&#780: /&#0?"52.&: F#":"%2&. ..&'3b.*.&'3 :&)%& -&'/#4?027 %"5/&#7/&
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