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'4<,302..6'&% -5302=537,'&% .,% 80&'404% >7-<53484..2=% 82>7&?.2=% 8;,3@20'6

79;AB,AC4=% 7% 541:% 82>5&534'-% '2.&320&.D, &% 0,582E.,7,.&: 82>7&?.6<% 21F49327(% /%

B,53.253&G%&55;4>27,.6%3,9&4%,584936G%9,9%04?&'6%0,1236%H,D276< >7&D,34;4=G%'432>6%

-80,7;4.&:%&582;.&34;I.6'&%'4<,.&E','&%82>7&?.2=%8;,3@20'6G%7280256%5280:?4.&:%

J;4'4.3.2=% 1,E6% &% 5<4'6% -80,7;4.&:% 5% KL(% M;:% -584H.2D2% 04H4.&:% E,>,B&%

0,582E.,7,.&:%80&'4.:A35:%.4=025434764%82><2>6.

),-B.,:%N4..253I%0,1236%E,9;AB,435:%7%8253024.&&O

- 804N&E&2..2D2% -5302=537,% 82E&N&2.&027,.&:% % 82>7&?.2=% 8;,3@20'6% 5%

-53,.27;4..6'% .,% .4=% -5302=5372'% 584N&,;I.2D2% .,E.,B4.&:G% 214584B&7,AC4D2%
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- ,;D20&3'27% 0,582E.,7,.&:% .,% 25.274% 9,03% L2<2.4.,G% &E-B4.&&% 802N45527%

21-B4.&:%.4=02..6<%5434=%&%3453&027,.&4%82;-B4..2D2%802D0,''.2D2%214584B4.&:(

K2>7&?.2=% 8;,3@20',% 5% E,9048;4..6'% .,% .4=% % -5302=5372'% 584N&,;I.2D2%

.,E.,B4.&:% 804>53,7;:43% 5212=% 8272023.-A% 8;,3@20'-% 5% >7-':% 53484.:'&% 57212>6G%

214584B&7,AC-A% .,74>4.&4% -5302=537,% % 584N&,;I.2D2% .,E.,B4.&:% 7% E,>,..-A% 32B9-%

802530,.537,% T34;45.6=% -D2;U(% % /% 9,B45374% -5302=537,% 584N&,;I.2D2% .,E.,B4.&:% % .,%

8;,3@20'-% '2?43% 163I% -53,.27;4.,% % >;&..2@29-5.,:% @232- 7&>429,'40,G%

804>.,E.,B4..,:%>;:%E,<7,3,%>43,;&E&027,..2D2%&E210,?4.&:%21F493,%&.34045,G%0,12B&=%

&.530-'4.3G% 7682;.:AC&=% 34<.2;2D&B459&4% 2840,N&&% 5% % 21F4932'% &.34045,G% &;&% &.24%

-5302=5372(

R&534',%5280272?>4.&:%30,49320&&%52532&3%&EO

! $5302=537,%5280:?4.&:%'4?>-%PC &%'&90292.302;;402'P

! !&90292.302;;40,P

! R&;27,:%B,53I%T>0,=740%-80,7;4.&:%&582;.&34;I.6'&%'4<,.&E','&UP

! M7,%&582;.&34;I.6<%'4<,.&E',P

! K;,3@20',%>;:%9048;4.&:%-5302=537,%584N&,;I.2D2%.,E.,B4.&:P

! KV%'&90292.302;;40,(

M7&?4.&4% 8;,3@20'6% 25-C4537;:435:% >7-':% >7&D,34;:'&% 82532:..2D2% 329,G%

9232064% -80,7;:A35:% 5% 82'2CIA% '&90292.302;;40,% WXYZ[\]^(% ),% '&90292.302;;404%

04,;&E27,.%K_M`KM%04D-;:320G%923206=%04D-;&0-43%5920253I%70,C4.&:%&%-D2;%8272023,%

>7&D,34;:% 7% 5223743537&&% 5% E,>,..6'&% E.,B4.&:'&G% 82;-B,4'6'&% 23% 84052.,;I.2D2%

92'8IA340,(% R920253I% &% -D2;% 8272023,% >7&D,34;4=% 92.302;&0-A35:% 82504>5372'%

&.904'4.3.6<%J.92>4027.
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a&5( ](%V1C&=%7&>%82>7&?.2=%8;,3@20'6%RRKV

),%0&5-.94O%

bc$%– ;,E40.6=%N4;4-9,E,34;IP%

_!%– &582;.&34;I.6=%'4<,.&E'P%

L2.740340%– J;4930&B459,:%5<4',%804210,E27,.&:%5&D.,;,P%

!L%– '&90292.302;;40P

M0,=740%– J;4930&B459,:%5<4',%-80,7;:4'2D2%8&3,.&:%>7&D,34;4=P%

KL%– 84052.,;I.6=%92'8IA340P%

COM – 825;4>27,34;I.6=%8203%3&8,%RS-232 DB-d%&;&%COM-8203(

I5$#"&*,E0J6%&69((6#60<6-"

M7&D,34;I%82532:..2D2%329,— J;4930&B459,:%',H&.,G ',H&.,%82532:..2D2%329,G%

804210,E-AC,:%J;4930&B459-A%J.40D&A%82532:..2D2%329,%7%'4<,.&B459-A%J.40D&A(

M7&D,34;I% 52532&3% &E% :920.2=% 21'239&% T02320,% 5% :920.2=% 21'2392=UG% 53,320,G%

Ce32B.2D2% -E;,(% MK#% :7;:A35:% 210,3&'6'&% J;4930&B459&'&% ',H&.,'&G% 32% 453I% 7%

2804>4;4..6<%-5;27&:<%582521.6%0,123,3I%9,9%D4.40,3206(
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)4>253,39&O
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829,E,..2=%.,%0&5-.942.
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(92.53,.3,). "(– .2'&.,;I.24%.,80:?4.&4, .,%9232024%0,55B&3,.%>7&D,34;I%(92.53,.3,). E

– 8023&72%*MR, 72E.&9,AC,:%7%>7&D,34;4%80&%70,C4.&&%02320,%>7&D,34;:% (.,80:?4.&4,

760,1,367,4'24% >7&D,34;4'% 7% 04?&'4% D4.40,320,). I – 349-C44% E.,B4.&4% 823041;:4'2D2%

329,. L:– &.>-93&7.253I%:920:%>7&D,34;:%(92.53,.3,). R:– 528023&7;4.&4%:920:%>7&D,34;:%

(92.53,.3,). !)– 8-59272=%'2'4.3%>7&D,34;:%(92.53,.3,). !(– 7.4H.&=%'2'4.3%.,D0-E9&%

.,% >7&D,34;I. M – >4=537-AC&=% '2'4.3% >7&D,34;:. J:– 5215374..6=% '2'4.3% &.40N&&%

02320,%>7&D,34;:, &E'404..6=%.,%<2;2536<%212023,<%(92.53,.3,). #5(*L– 7.4H.&=%'2'4.3%

&.40N&&% '4<,.&E'27, 57:E,..6<% 5% 023202'% >7&D,34;:. M0 – -D;2724% -59204.&4% 02320,%
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>7&D,34;:. N0– -D;27,:% 5920253I% 02320,%>7&D,34;:. $OO– 5920253I%<2;2532D2% <2>,% 02320,%

>7&D,34;:. P0– -D2;%8272023,%7,;,%>7&D,34;:. s – 2840,320%b,8;,5,.

K0&%04,;&E,N&&%,;D20&3'27%-80,7;4.&:%7,?.2%521;A>,3I%E,>,..6=%3,93%0,5B43,,

7% 8023&7.2'% 5;-B,4% .40,7.2'40.253I% 3,93,% 0,5B43,% 59,E67,435:% .,% 0,1234% >7&D,34;::

82:7;:A35:%8253202..&4%H-'6%&%765292B,5323.64%92;41,.&:.

V>.,92%,;D20&3'%0,5B43,%04D-;:320,%7%E,7&5&'253&%23%0,E;&B.6<%-5;27&=%'2?43%

7682;.:3I5:%8404'4..24%B&5;2%3,9327 [1].

K2J32'-% E,% ,;D20&3'% 0,5B43,% 04D-;:320,% 2374B,43 804067,.&4% 23% ]-D2% 3,='40,,

923206=%B4392%7%2>.2%&%32%?4%704':%76E67,43%802N455%0,5B43,%04D-;:320,. K4076'&%?4%

&.530-9N&:'&% 7% J32'% 802N4554% @20'&0-435:% -53,79,% .,% h_!, 0,55B&3,..,:% .,%

804>6>-C4'%3,934%0,5B43,%&%52<0,.4..,:%7%D;21,;I.2=%8404'4..2=.

M0-D2=% 3,='40% 2374B,43% E,% 802N455% 28025,% >,3B&927. *32'-% 802N455-% 23>,435:%

80&20&343.

V5.27.2=% N&9;% 802D0,''6% 802&E72>&3% &.&N&,;&E,N&A% -5302=537%

'&902802N45520,, 825;4% B4D2% 7% .4'% 25-C4537;:A35:% 802N4556% 5% 5,'6'% .&E9&'%

80&20&3432'%– 21'4.%>,..6'&%5%*/!%740<.4D2%-027.:.

/% 9,B45374% '2>-;:G% 2374B,AC4D2% E,% 76>4;4.&4% >7&?-C&<5:% 21F49327% 7% 9,>04%

&582;IE27,;25I% 802D0,''.6=% 8,943% Wijk[Z(% K04&'-C45372% >,..2D2% 802D0,''.2D2%

214584B4.&:% E,9;AB,435:% 7% 32'G% B32G% 72-84076<G% 2.2% .,8&5,.2% .,% :E694% lmG% 34'% 5,'6'%

&59;AB,:% 0,123-% 82% 30,.5;:N&&% 92>,% 80&'4.&34;I.2% 9% 0,55',30&7,4'2=% 0,1234G% 72-

73206<G%7%5724'%5253,74%802>-93%&'443%1,E276=%92>%&E%802493,%nokZpqrsjtG%82E72;:AC&=%

14E%;&H.&<%E,30,3%0,123,3I%5%7&>42-823292'(%

/%9,B45374%3453272D2%'432>,%76>4;4.&:%82>7&?.2D2%21F493,%16;%80&.:3%>4349320%

0,E.&N6%'4?>-%5254>.&'&%9,>0,'&(

a&5(%u(%V9.2%80&;2?4.&:%802493,
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M;:% 57:E&% '&90292.302;;40,% 5% 92'8IA3402'% &582;IE-435:% 82;.2>-8;495.6=%

-.&7405,;I.6=% 5&.<02..2-,5&.<02..6=% 825;4>27,34;I.6=% 80&4'28404>,3B&9%

(UniversalSynchronousandAsynchronousserialReceiverandTransmitter— USART).

USART :7;:435:% 2B4.I% D&19&'% -5302=5372'% 825;4>27,34;I.2=% 8404>,B&%

&.@20',N&&(%V.%&'443%5;4>-AC&4%25.27.64%25214..253&O

" 82;.2>-8;495.,:% 20D,.&E,N&:% T.4E,7&5&'64% 04D&530,3206%

825;4>27,34;I.2D2%80&4',%&%8404>,B&UP

" 5&.<02..6=%&%,5&.<02..6=%04?&'6%0,1236P

" 5&.<02.&E,N&:%9,9%23%74>-C4D2G%3,9%&%23%74>2'2D2%-5302=537,P

" 76120%5920253&%8404>,B&%&.@20',N&&%7%H&029&<%804>4;,<P

" 82>>40?9,%9,>027%>;&.2=%v—d%1&327%&%]%&;&%f%5328-1&3,P

" ,88,0,3.,:%82>>40?9,%D4.40,N&&%&%8027409&%5&D.,;,%B43.253&P

" 21.,0-?4.&4%840482;.4.&:%>,..6<P%- 21.,0-?4.&4%2H&129%9,>0&027,.&:P

" .&E92-027.47,:% N&@027,:% @&;I30,N&:% &% 21.,0-?4.&4% ;2?.2D2% 5328272D2%

1&3,P

" 30&% &532B.&9,% 804067,.&:O% wK404>,B,% E,740H4.,xG% wa4D&530% >,..6<%

8404>,3B&9,%8-53xG%wK0&4'%E,740H4.xP

" 04?&'%'4?802N45520.2=%57:E&P

" >7-<5920253.2=%04?&'%,5&.<02..2=%8404>,B&



http://sntbul.bmstu.ru/doc/567870.html

a&5( 4. y88,0,3.,:%04,;&E,N&:%5280:?4.&:%'&90292.302;;40,%&%84052.,;I.2D2%

92'8IA340,

$027.&%;2D&B459&<%4>&.&N%&%.-;4=%0,E.64%.,%'&90292.302;;404%&%.,%RV!-82034%

84052.,;I.2D2% 92'8IA340,(% $% '&90292.302;;40,% z-v/G% ,% -% RV!-8203, -12-`]f/(% M;:%

80,7&;I.2=% 0,1236% .421<2>&'2% 52D;,527,3I% J3&% -027.&% '4?>-% 5212=(% /% >,..2=% 0,1234%

>;:%J3&<%N4;4=%&582;IE-435:%53,.>,03.,:%'&9025<4',%MAX232.

K2329%>,..6<G%8404>,7,4'6<%82%9,.,;-%{W|XG%804>53,7;:43%5212=%52729-8.253I%

8256;29% &;&% 9,>027(% L,?>6= 9,>0% 52>40?&3% 53,03276=% 1&3G% 7254'I% &;&% >47:3I% 1&327%

>,..6<%&%5328276=%1&3(%R3,03276=%1&3%&'443%-0274.I%;2D&B4592D2%VG%5328276=%– -0274.I%

;2D&B4592=%](

R920253I% 8404>,B&% >,..6<% '2?43% 7,0I&027,3I5:% 7% H&029&<% 804>4;,<G% 80&B4'%

76529&4% 5920253&% 8404>,B&% '2D-3 163I% >253&D.-36% >,?4% 80&% 23.25&34;I.2% .&E92=%

3,93272=%B,53234%'&90292.302;;40,(

_E7453.2G%B32%80&%8404>,B4%>,..6<%'2D-3%802&E2=3&%0,E;&B.64%512& [2](%!2>-;I%

{W|XG%04,;&E27,..6=%7%'&90292.302;;40,<G%5825214.%80&%80&4'4%21.,0-?&7,3I%2H&19-%

@20',3,%&%840482;.4.&4(
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M;:% 7E,&'2>4=537&:% 5% 802D0,''2=% 7% '2>-;4% 804>-5'2304.6% 804067,.&:% 80&%

.,53-8;4.&&% 5;4>-AC&<% 52163&=O% 80&4'% E,740H4.G% 04D&530% >,..6<% 8404>,3B&9,% 8-53G%

8404>,B,%E,740H4.,(

/672>6% '&90292.302;;40,G% &582;IE-4'64% '2>-;4'% {W|XG% :7;:A35:% ;&.&:'&%

8203,% }n(% /% 9,B45374% 7<2>,% 80&4'.&9,% T|~nU% &582;IE-A3% 7672>% }n�G% ,% 7% 9,B45374%

76<2>,%8404>,3B&9,%TX~nU%– 7672>%}n](

K0&.&',4'64% &% 8404>,7,4'64% >,..64% T7254'I% 0,E0:>27U% <0,.:35:% 7% 04D&5304%

{n|(% Q&E&B459&% 04D&530% {n|% 52532&3% &E% >7-<% 23>4;I.6<% 04D&53027G% 2>&.% &E% 923206<%

&582;IE-435:% >;:% 8404>,B&% >,..6<G% >0-D2=% – >;:% 80&4',(% K0&% B34.&&% 04D&530,% {n|%

7682;.:435:%210,C4.&4%9%04D&530-%80&4'.&9,G%80&%E,8&5&%– 9%04D&530-%8404>,3B&9,(

/%>,..2=%0,1234% >;:% 57:E&%'&90292.302;;40,%&% 92'8IA340,%&582;IE-435:%8,943%

&E% � %1&3G %D>4% v-=% & 6-=% 1&3% .45-3% &.@20',N&A% 2% 92;&B45374% H,D27% &% .,80,7;4.&:% >;:%

H,D272D2%>7&D,34;:G%,%1&36%5%z-D2%82%v-=%>;:%54072',H&.9&(

R920253I%8404>,B&%>,..6<%0,7.,%u��zz12>(

2&'8-&8'"0SOM $0",#6'$&306K87*($90

R30,34D&:% '432>,% 8253024.&:% SOM E,9;AB,435:% 7% 804>53,7;4.&&% '.2?4537,%

J95840&'4.3,;I.6<%>,..6<%7%7&>4%3282;2D&B4592=%9,036%– 04H439&%0,E'40.253IA%n # m,

52532:C4=%%&E%.4=02.27(%L,?>6=%.4=02.%804>53,7;:43%5212=%749320G%2804>4;:AC&=%7%d –

'40.2'% 802530,.5374% 80&E.,927% .492320-A% <,0,9340.-A% 32B9- [4](% /% 04E-;I3,34%

04,;&E,N&&% ,;D20&3',% 21-B4.&:% 749320,-.4=02.6% 0,5804>4;:A35:% 7% 802530,.5374%

80&E.,927G% ,880295&'&0-:% 53,3&53&B459&4% 7E,&'257:E&% '4?>-% >,..6'&% 21-B,AC4D2%

'.2?4537,(%%%%%%%%

a,55'230&'%%21C-A%%@20'-%%,;D20&3',%21-B4.&:O

! K-53I%%%E,>,.%%%.,120%%74932027%%M={mi} ni !1$ G%D>4%%mi— �.4=02.6�%%9,036%

T5&.,83&B459&4 7452764%%749320,UG%%2.%E,>,.%%.,%.4923202=%%04D-;:0.2=%%%54394G%

E,>,AC4=%%%3282;2D&AG%%%.,%%92320-A%%%1->-3%%23210,?,3I5:%%>,..64%%761209&(

! /74>4'%%7%%802530,.5374%%74932027%'40-%%1;&E253&%%d(x,yU(%/61&0,:%%&E%%21-B,AC4D2%%%

'.2?4537,%%749320,%%%>,..6<G%%.,=>4'%749320-.4=02.%%9,036%mcG%>;:%%%923202D2%%

7682;.:435:%%%-5;27&4%d(xj, mc)=min (d(xj, miUU(%*323%%.4=02.%%&%%1->43G%82;IE-:5I%%

340'&.2;2D&4=%%%.4=02..6<%%5434=G%.4=02.2'-�8214>&34;4'�%T7%%;&340,3-04%%82%%SOM,
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