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2. �V87BFB6>4 8B 6<>BA4AAO DB5BF<: 

1.9. "?@0FN20B8 =5>1EV4=89 B5>@5B8G=89 <0B5@V0; 2 @5:><5=4>20=><C 

?5@5;V:C ;VB5@0BC@8. 

1.10. "?@0FN20B8 <5B>48G=V 2:07V2:8 4> ?@>2545==O ;01>@0B>@=>W @>1>B8, 

COA=8B8 <5BC @>1>B8 B0 ?@8=F8? WW 28:>=0==O. 

1.11. �82G8B8 B5E=VG=V >?8A8 ?@8;04V2, I> 2E>4OBL 4> A:;04C ;01>@0B>@=>3> 

@>1>G>3> <VAFO, 0 B0:>6 A?5FV0;V7>20=>3> ?0:5BC ?@8:;04=8E ?@>3@0< 

#�" . 

1.12. �8:>=0B8 =5>1EV4=V ?>?5@54=V @>7@0EC=:8. 

1.13. �V4?>2VAB8 =0 ?8B0==O A0<>B5ABC20==O, 3>B>2=>ABV 4> 28:>=0==O @>1>B8. 

1.14. �;O :>6=>3> ?C=:BC B@5BL>3> @>74V;C ?@>@>18B8 B0 70?@>?>=C20B8 A2V9 

20@V0=B <5B>48:8 4>A;V465=L 2 7030;L=><C 283;O4V V7 >1ґ@C=BC20==O< 

28:>@8AB0==O :>=:@5B=>W <>45;NNG>W ?@>3@0<8 V7 ?0:5BC ?@8:;04=8E 

?@>3@0<. �0@V0=B <5B>48:8 4>A;V465=L C73>48B8 V7 28:;040G5<. 

1.15. �81@0B8 B8? V AB@C:BC@C <>45;NNG8E A83=0;V2 B0 @>7@0EC20B8 :>=:@5B=V 

WE ?0@0<5B@8 V 4V0?07>=8 WE <>6;828E 7=0G5=L. #V43>BC20B8 ?@>3@0<C 

<>45;L V7 C@0EC20==O< ?@>2545=8E @>7@0EC=:V2 B0 C73>48B8 WW 7 28:;040G5<. 

1.16. #@>0=0;V7C20B8 V 70?@>?>=C20B8 <>6;82VABL @>7H8@5==O 4>A;V465=L 

AB>A>2=> >A>1;82>AB59 ?@>F54C@8 �*-?5@5B2>@5==O @04V>A83=0;V2. 

�0?@>?>=C20B8 20@V0=B8 4>40B:>28E 4>A;V465=L B0 2V4?>2V4=V <5B>48:8 WE 

?@>2545=L 2 4>?>2=5==O ?@>3@0<8 @>74V;C 3. 
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3. �BDO8B> 6<>BA4AAO DB5BF< 

3.1. �>A;V48B8 2?;82 C G0A>2V9 B0 G0AB>B=V9 >1;0ABOE 287=0G5==O =0 

@04V>A83=0;, I> ?5@5B2>@NєBLAO 2 F8D@>2C D>@<C а?е@BC@=>W =ев87=аче=>ABV 

(V=B5@20;C =5287=0G5=>ABV) 48A:@5B870FVW 9>3> C G0AV. �>A;V465==O 28:>=0B8 

4;O 2C7L:>A<C3>2>3> @04V>A83=0;C 2 70;56=>ABV 2V4 9>3> ?0@0<5B@V2 (0<?;VBC48, 

G0AB>B8, ?>G0B:>2>W D078). �>A;V465==O ?@>2>48B8 70 4>?><>3>N ?@>3@0<8 

ADC B0 Numeri. 

�;O FL>3> 2 ?@>3@0<V ADC 2 <5=N %83=0; – %8=CA>W40 7040NBLAO 

?0@0<5B@8 A83=0;C (0<?;VBC40, G0AB>B0 B0 ?>G0B:>20 D070). � <5=N �*# – 

#0@0<5B@8 7040NBLAO ?0@0<5B@8 0=0;>3>-F8D@>2>3> ?5@5B2>@5==O: @>7@O4=VABL 

:>4C :20=BC20==O R; 3@0=8G=V 7=0G5==O 0<?;VBC48 A83=0;C  maxmin ; hh ; :@>: 

:20=BC20==O 
kv
h , I> 287=0G0єBLAO 2 ?@>3@0<V 02B><0B8G=>; ?5@V>4 48A:@5B870FVW 

ДT ; V=B5@20; =5287=0G5=>ABV ДT ; :V;L:VABL 2V4;V:V2 A83=0;C =0:>?8GC20=>3> 

<0A82C n

S
N 2= . 

"B@8<0=89 <0A82 2V4;V:V2 <>6;82> ?@>0=0;V7C20B8 C 283;O4V G0A>2>W 

4V03@0<8 B0 B01;8FV 2V4;V:V2, 281@02H8 =0 ?0=5;V V=AB@C<5=BV2 ?@>3@0<8 ADC 

2V4?>2V4=V V:>=:8. 

#>40;LHV 4>A;V465==O =5>1EV4=> 28:>=C20B8 2 G0AB>B=V9 >1;0ABV, 

0=0;V7CNG8 :><?;5:A=89 A?5:B@ A83=0;C, O:89 287=0G0B8 70 4>?><>3>N 

?@>3@0<8 Numeri. �;O FL>3> =5>1EV4=> 715@53B8 >B@8<0=89 <0A82 2V4;V:V2 

A83=0;C =0B8A=C2H8 V:>=:C (48A:5B0) =0 ?0=5;V V=AB@C<5=BV2 ?@>3@0<8 ADC, B0 

?5@5=5AB8 >B@8<0=89 D09; (10.xy) 2 ?0?:C Numeri. #VA;O 70?CA:C ?@>3@0<8 

Numeri 281@0B8 ?. 5 (�#(), 40;V =0B8A=CB8 – 1 (�0=V), 40;V – 1 (%B2>@5==O 

40=8E), 40;V – 2 (40=V 7 D09;C =0 48A:C), 703@C78B8 D09;: 22>48<> – 10 (=0720 

A2>3> D09;C) + F10. 

->1 >B@8<0B8 A?5:B@ A83=0;C =0B8A=CB8 B@8GV Esc, 40;V – 4 (B8? 2V:=0) + 

5 (�;5:<0=0), 40;V – 3 (�#(), B0 >FV=8B8 A?5:B@ C 283;O4V B01;8FV 2 B0 3@0DV:0 1. 

3.2. �8:>=0B8 4>A;V465==O ?C=:BC 3.1 2 70;56=>ABV 2V4 ?5@V>4C 



�<FB@<DEP>4 
CB?VF9IAV>4 

 �!�%&�$%&�" "%��&� � !�'�� '�$��!�  

�� ������ #���� !�"�" «��"��� !Ь�� ����"�%����» 

!<EF9@4 GCD46?VAAO O>VEFN 6V8CB6V84є �!"# ISO 9001:2015  

$-22.06-

05.01/2/172.00.1/� 

/��24-2021 

�>;9@C?OD № 1 АD>  74 / 16 

 

48A:@5B870FVW. 

3.3. �8:>=0B8 4>A;V465==O ?C=:BC 3.1 2 70;56=>ABV 2V4 D>@<8 A83=0;C C 

G0AV B0 9>3> A?5:B@0;L=>3> A:;04C, 0 B0:>6 4;O ?>;VA83=0;L=>W 048B82=>W 

AC<VHV. 

3.4. �8:>=0B8 4>A;V465==O ?C=:BC 3.1. 70 C<>28 48A:@5B870FVW 048B82=>W 

AC<VHV @04V>A83=0;C V 1V;>3> 30CA>2>3> HC<C, 4;O @V7=8E 2V4=>H5=L 

A83=0;/HC<. 

�;O FL>3> ?VA;O 70?CA:C ?@>3@0<8 Numeri 281@0B8 ?. 5 (�#(), 40;V 

=0B8A=CB8 – 1 (�0=V), 40;V – 1 (%B2>@5==O 40=8E), 40;V – 2 (40=V 7 D09;C =0 

48A:C), 703@C78B8 D09;: 22>48<> – 10 (=0720 A2>3> D09;C) + F10. 

->1 70HC<8B8 40=V =0B8A=CB8 42VG8 Esc, 40;V – 3 (70HC<;5==O 40=8E), 

22>48<> ?0@0<5B@8 + F10, 40;V 42VG8 Esc V >B@8<Cє<> A?5:B@: 4-5 + 3-1(2) 

3.5. �>A;V48B8 2?;82 C G0A>2V9 B0 G0AB>B=V9 >1;0ABOE 287=0G5==O =0 

@04V>A83=0;, I> ?5@5B2>@NєBLAO 2 F8D@>2C D>@<C, ?>E81:8 :20=BC20==O ?> 

@V2=N 2 70;56=>ABV 2V4 25;8G8=8 к@>кC ква=BCва==я 
kv
h . �>A;V465==O 

28:>=C20B8 4;O 2C7L:> A<C3>2>3> @04V>A83=0;C 2 70;56=>ABV 2V4 9>3> 

?0@0<5B@V2 (0<?;VBC48, G0AB>B8, ?>G0B:>2>W D078). 

3.6. �8:>=0B8 4>A;V465==O ?C=:BC 3.5 2 70;56=>ABV 2V4 D>@<8 

@04V>A83=0;C C G0AV B0 9>3> A?5:B@0;L=>3> A:;04C, 0 B0:>6 4;O ?>;V A83=0;L=>W 

048B82=>W AC<VHV. 

3.7. �8:>=0B8 4>A;V465==O ?C=:BC 3.5 70 C<>28 :20=BC20==O 048B82=>W 

AC<VHV @04V>A83=0;C V 1V;>3> 30CA>2>3> HC<C 4;O @V7=8E 2V4=>H5=L A83=0;/HC<. 

3.8. �8:>=0B8 4>A;V465==O ?C=:BC 3.5 70 C<>28 =0O2=>ABV 0?5@BC@=>W 

=5287=0G5=>ABV 48A:@5B870FVW C G0AV. 

3.9. �8:>=0B8 4>A;V465==O ?C=:BC 3.8 2 70;56=>ABV 2V4 ?5@V>4C 

48A:@5B870FVW @04V>A83=0;C. 

3.10. �8:>=0B8 4>A;V465==O 2?;82C C G0A>2V9 B0 G0AB>B=V9 >1;0ABOE 

287=0G5==O ?@>F54C@8 �*-?5@5B2>@5==O 048B82=>W AC<VHV @04V>A83=0;C B0 
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1V;>3> 30CA>2>3> HC<C 2 70;56=>ABV 2V4 0?5@BC@=>W =5287=0G5=>ABV 

48A:@5B870FVW C G0AV B0 ?>E81:8 :20=BC20==O ?> @V2=N. 

4. �5DB5>4 D9;G?PF4FV6 8BE?V8:9AP 

4.1. #> :>6=><C ?C=:BC 4>A;V465=L @>74V;C 3 28:>=0B8 O:VA=89 0=0;V7 

>B@8<0=8E @57C;LB0BV2 V 28O28B8 >A=>2=V 70;56=>ABV. "1@>1:C 28:>=0B8 H;OE>< 

0=0;V7C G0A>28E B0 A?5:B@0;L=8E 4V03@0< @04V>A83=0;C 4> V ?VA;O �*-

?5@5B2>@5==O. +0A>2V B0 A?5:B@0;L=V @50;V70FVW 4>A;V48B8 O:VA=> B0 :V;L:VA=>. 

/:VA=89 0=0;V7 74V9A=NєBLAO 287=0G5==O< =0O2=>ABV A?>B2>@5==O D>@<8 

A83=0;C 01> 9>3> A?5:B@0, D>@<C20==O< ?0@078B=8E A?5:B@0;L=8E A:;04>28E, 0 

B0:>6 ?>O2>N H8@>:>A<C3>28E A?>B2>@5=L C 283;O4V HC<C. 

�V;L:VA=89 0=0;V7 28:>=0B8 H;OE>< 287=0G5==O @V2=O ?0@078B=8E 

A?5:B@0;L=8E A:;04>28E, <0:A8<0;L=>3> B0 A5@54=L>3> 7=0G5==O HC<C, H8@8=8 

A?5:B@0 V @V2=O A?>B2>@5==O A?5:B@0 A83=0;C (0<?;VBC48, H8@8=8 A?5:B@0) ?> 

2V4=>H5==N 4> =5A?>B2>@5=>3> A?5:B@0 ?@8 V450;L=><C �*-?5@5B2>@5==V, O:89 

287=0G0єBLAO 7 28:>@8AB0==O< ?@>3@0<8 Numeri (2 O:V9: @>7@O4=VABL �*# >>1, V 

=C;L>289 V=B5@20; 0?5@BC@=>W =5287=0G5=>ABV). 

4.2. #> :>6=><C ?C=:BC 4>A;V465=L 7=OB8 :V;L:VA=V E0@0:B5@8AB8:8 

?>E81>: B0 ?0@0<5B@V2 @04V>A83=0;V2 V ?>1C4C20B8 2V4?>2V4=V 3@0DVG=V 

70;56=>ABV (3@0DV:8, 3VAB>3@0<8, B>I>). 

4.3. �8:>=0B8 ?>@V2=O;L=89 0=0;V7 >B@8<0=8E @57C;LB0BV2 4>A;V465=L V 

28O28B8 >A=>2=V 70;56=>ABV O:>ABV 2?;82C ?0@0<5B@V2 ?@>F54C@8 �*-

?5@5B2>@5==O =0 @04V>A83=0;. 

4.4. #> :>6=><C ?C=:BC 28:>=0B8 B5>@5B8G=V @>7@0EC=:8 V ?>@V2=OB8 WE 

@57C;LB0B8 V7 >B@8<0=8<8 5:A?5@8<5=B0;L=8<8 @57C;LB0B0<8. 

4.5. #> @57C;LB0B0< 28:>=0=8E 4>A;V465=L B0 @>7@0EC=:V2 7@>18B8 

>1ґ@C=B>20=V 0=0;V7 B0 28A=>2:8. 

4.6. $57C;LB0B8 4>A;V465=L >D>@<8B8 C 283;O4V 72VBC, I> ?>;O30є 

V=482V4C0;L=><C 70E8ABC. 
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�BAFDB?PAV C<F4AAO E4@B>BAFDB?N 

1. �0B8 287=0G5==O ?@>F54C@8 0=0;>3-F8D@>2>3> ?5@5B2>@5==O. 

2. �0B8 287=0G5==O B0 =025AB8 ?@8G8=C 28=8:=5==O 0?5@BC@=>W 

=5287=0G5=>ABV 48A:@5B870FVW C G0AV @04V>A83=0;C. 

3. �0B8 287=0G5==O B0 =025AB8 ?@8G8=C 28=8:=5==O ?>E81:8 :20=BC20==O ?> 

@V2=N ?@8 �*-?5@5B2>@5==V @04V>A83=0;C. 

4. /: 70;568BL <0:A8<0;L=5 B0 A5@54=L>:204@0B8G=5 7=0G5==O ?>E81:8 

:20=BC20==O ?> @V2=N @04V>A83=0;C 2V4 :@>:C :20=BC20==O ah . 

5. /: 2?;820є =0 O:VABL �*-?5@5B2>@5==O @04V>A83=0;C 0?5@BC@=0 

=5287=0G5=VABL 48A:@5B870FVW C G0AV? 

6. /: @>7@0E>2CєBLAO 4>?CAB8<89 :@>: :20=BC20==O ?> @V2=N ah  ?@8 �*-

?5@5B2>@5==V @04V>A83=0;C, 2V45>A83=0;C 01> >48=>G=>3> 2V4;V:C A83=0;C 

V=D>@<0FV9=>3> 40BG8:0 (45B5:B>@0)? 

7. /: @>7@0E>2CєBLAO 4>?CAB8<0 =5287=0G5=VABL 48A:@5B870FVW C G0AV ?@8 

�*-?5@5B2>@5==V 2V45>A83=0;C, @04V>A83=0;C 01> >48=>G=>3> 2V4;V:C 

A83=0;C V=D>@<0FV9=>3> 40BG8:0 (45B5:B>@0)? 
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�45BD4FBDA4 DB5BF4 №3 

�BE?V8:9AAO @9FB8V6 HBD@G64AAO ;6G>B6<I E<7A4?V6 ; 6<>BD<EF4AAO@ 

 �� AVR 

1.1. �46K4?PAV C<F4AAO 

1. $>7@>1:0 ?@8=F8?>2>W AE5<8 <C78G=>W H:0BC;:8 7 28:>@8AB0==O< 

<V:@>:>=B@>;;5@0 �&tiny2313. 

2. !0?8A0==O ?@>3@0<8 4;O <C78G=>W H:0BC;:8 B0 <>45;N20==O WW @>1>B8 

2 A5@54>28IV PROTEUS. 

1.2. �46K4?PA4 @9F4 

1. #@0:B8G=5 >7=09><;5==O 7 @>7@>1:>N B0 ?@>3@0<C20==O< AE5< =0 

<V:@>:>=B@>;5@V �&tiny2313. 

1.3. "9BD9F<KAV 6V8B@BEFV 
3.1. �G;<KA4 L>4FG?>4. �BEF4AB6>4 ;4684AAO 

� B0:, ?>G8=0є<> @O4 ?@8:;04V2, C O:8E 1C45 =5 BV;L:8 ?@54AB02;5=89 >?8A 

O:8E>AL AE5< =0 <V:@>:>=B@>;5@V, 0;5 V >?8A0=89 ?@>F5A WE @>7@>1:8. �AV B@8 

?@8:;048, =02545=V 2 FV9 :=87V A?5FV0;L=> @>7@>1;5=V 02B>@><, V ?@87=0G5=V 4;O 

=02G0==O ?>G0B:V2FV2 ?@>3@0<VABV2 V є 70:;NG=8< 5B0?>< C@>:C 7 

?@>3@0<C20==O, 4>:;04=> ?@54AB02;5=>3> 2 [4].  

' ?5@H><C ?@8:;04V <8 ?>:065<> ?@>F5A @>7@>1:8 ?@>AB>3> 

<V:@>?@>F5A>@=>3> ?@8AB@>N, ?@87=0G5=>3> 4;O 02B><0B8G=>3> 2V4B2>@5==O 

45:V;L:>E ?@>AB8E <5;>4V9. #@8G><C 2AV FV <5;>4VW <8 6>@AB:> "70HL5<" 7 

2H0=C20==O ?0<'OBV <V:@>:>=B@>;5@0. �@CG=VH5 70 2A5 4;O FL>3> 

28:>@8AB>2C20B8 ?@>3@0<=C ?0<'OBL :>=B@>;5@0. &>1B>, BC 6 A0<C ?0<'OBL, :C48 

70?8ACєBLAO :5@CNG0 ?@>3@0<0.  >6=0 1C;> 1, 728G09=>, 4;O 715@V30==O 

<5;>4V9 28:>@8AB>2C20B8 V ��$RO . �;5 >1AO3 ��$R"  2 <V:@>AE5<V 

�&tiny2313 A:;040є 2AL>3> 128 109B, 0 >1AO3 ?0<'OBV ?@>3@0< - 2 :V;>109B. &><C 

?0<'OBL ?@>3@0< C 40=><C 28?04:C ?5@5206=>.  
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!HBD@G?Nє@B ;4684AAO A4EFGCA<@ K<AB@: « B;DB5<F< CD<EFDV=, 
CD<;A4K9A<= 8?O 6V8F6BD9AAO CDBEF<I B8AB7B?BE<I @9?B8V=, ;4C<E4A<I 6 

C4@'OFь CDB7D4@ A4 9F4CV CDB7D4@G64AAO. �D<EFDV= CB6<A9A @4F< EV@ >ABCB> 

>9DG64AAO. КB:AV= ; >ABCB> CB6<AA4 6V8CB6V84F< E6BO @9?B8VO. М9?B8VO 

6V8F6BDNєFьEO CD< A4F<E>4AAV F4 GFD<@4AAV >ABC><. �D< 6V8CGE>G 6EVI >ABCB> 

6V8F6BD9AAO @9?B8V= CD<C<AOєFьEO ». 

 

 <E. 3.1. �D<AJ<CB64 9?9>FD<KA4 EI9@4 @G;<KABW L>4FG?>< 
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5;5<5=BV2 <0A82C 28ABC?0NBL ?>42>є=V 7=0G5==O <VB>: mell,mel2 –mel7. 

�0AB>AC20==O ?>42>є=8E 7=0G5=L >1C<>2;5=5 =5>1EV4=VABN ?5@5:;04C 04@5A V7 

>A=>2=>W 04@5A0FVW 2 0;LB5@=0B82=C. #@8 B@0=A;OFVW ?@>3@0<8 70<VABL <VB>: =0 

7304:C 1C4CBL 70?8A0=V :>=:@5B=V 04@5A8. 

�>:;04=VH5 ?@> >A=>2=C 9 0;LB5@=0B82=C 04@5A0FVN G8B09B5 2 [3] V [4]. 

�DBJ98GD4 B5K<E?9AAO 48D9E< 

�5;8:0 :V;L:VABL B01;8FL C =0HV9 ?@>3@0<V 7<CHCє ?>410B8 ?@> 

?@>F54C@C >1G8A;5==O 04@5A8. 

"4=>B8?=V >1G8A;5==O 7@CG=> >D>@<8B8 C 283;O4V ?V4?@>3@0<8. *O 

?V4?@>3@0<0 709<0є DO8>< 78–84. �8:;8: ?V4?@>3@0<8 ?@>2>48BLAO ?> V<5=V 

addw. #V4?@>3@0<0 >45@6Cє =><5@ 5;5<5=B0 B01;8FV 9 04@5A0 WW ?>G0B:C. !><5@ 

5;5<5=B0 ?5@540єBLAO 2 ?V4?@>3@0<C 70 4>?><>3>N @53VAB@C YL, 0 04@5A0 – 

G5@57 @53VAB@>2C ?0@C Z. 
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�8:>@8AB>2CNG8 FV 40=V, ?V4?@>3@0<0 >1G8A;Nє 48D9EG CBFDV5AB7B 9?9@9AF4. 
�;O FL>3> 2>=0 A?>G0B:C ?>42>Nє =><5@ 5;5<5=B0 (DO8B> 79). #>BV< 4>?>2=Nє 

>B@8<0=5 7=0G5==O 4> HVAB=04F0B8@>7@O4=C H;OE>< 70?8AC 2 YH =C;L>2>3> 

109B0 (DO8B> 80). �, =0@5HBV, @>18BL 4>4020==O 42>E HVAB=04F0B8@>7@O4=8E 

25;8G8=, I> ?5@51C20NBL 4> FL>3> <><5=BC 2 @53VAB@>28E ?0@0E Y V Z (DO8>4 

81, 82). $57C;LB0B >1G8A;5=L ?@8 FL><C ?>?040є, C @53VAB@>2C ?0@C Z. 

#@87=0G5==O :><0=4 push V pop (DO8>4 78, 83), >G5284=>, C65 ?>OA=N20B8 =5 

?>B@V1=>. 

"9>EF CDB7D4@< «>DB> ;4 >DB>B@» 

&5?5@ @>73;O=5<> B5:AB ?@>3@0<8 V7 A0<>3> ?>G0B:C. ' @O4:0E 3...10 

@>7B0H>20=89 <>4C;L >?8AC 7<V==8E (@>1>G8E @53VAB@V2). ' @O4:0E 13...31 

@>7B0H>2CєBLAO <>4C;L ?5@5287=0G5==O 25:B>@V2 ?5@5@820=L, C @O4:0E 32...41 – 

<>4C;L :><0=4 V=VFV0;V70FVW. 

�EB5?<6BEFV CDB7D4@< 

#@>F54C@0, @>7B0H>20=0 2 DO8>4I 45–52 ?@>3@0<8, A:0=Cє :;02V0BC@C 9 

7=0E>48BL :>4 ?5@H>W 7 =0B8A=CB8E :=>?>:. !0945=89:>4 ?5@51C20є 2 @53VAB@V 

count. #>BV< :5@C20==O ?5@5E>48BL 4> DO8>4 53. �7 FL>3> <VAFO ?>G8=0єBLAO 
?@>F54C@0 281>@C <5;>4VW (DO8>4 53–58). %CBL ?@>F54C@8 – ?@>G8B0B8 7 

B01;8FV tabm 7=0G5==O 04@5A8 ?>G0B:C FVєW <5;>4VW. &>1B> ?@>G8B0B8 5;5<5=B 

B01;8FV, =><5@ O:>3> 4>@V2=Nє :>4C =0B8A=CB>W :;02VHV. 

#5@H =V6 ?@>G8B0B8 5;5<5=B, =5>1EV4=> ;A4=F< =B7B 48D9EG. �;O 
>1G8A;5==O 04@5A8 28:>@8AB>2Cє<> ?V4?@>3@0<C addw. #5@54 B5<, O: 28:;8:0B8 

?V4?@>3@0<C, ?V43>BCє<> 2AV 40=V. !><5@ =0B8A=CB>W :;02VHV ?><VI0є<> 2 

@53VAB@ YL (DO8B> 53). �4@5A0 ?>G0B:C B01;8FV 70?8ACє<> 2 @53VAB@>2C ?0@C Z 

(DO8>4 54, 55). � ;8H5 ?>BV< C DO8>G 56 28:;8:0єBLAO ?V4?@>3@0<0 addw. 

#VA;O 28E>4C 7 ?V4?@>3@0<8 2 @53VAB@>2V9 nape Z ?5@51C20є @57C;LB0B 

>1G8A;5=L – 04@5A0 ?>B@V1=>3> =0< 5;5<5=B0 B01;8FV tabm. !0ABC?=V 42V 

:><0=48 (DO8>4 57 V 58) 28BO30NBL B>9 5;5<5=B (04@5A0 ?>G0B:C <5;>4VW) V 
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?><VI0NBL 9>3> 2 @53VAB@>2C ?0@C X. &0< FO 04@5A0 1C45 715@V30B8AO C25AL G0A, 

?>:8 2V4B2>@NєBLAO A0<5 FO <5;>4VO. 

�4EFGCA<= 9F4C – 2V4B2>@5==O <5;>4VW. �V4B2>@5==O< <5;>4VW 709<0єBLAO 

?@>F54C@0, @>7B0H>20=0 2 DO8>4I 59–77. �;O ?>A;V4>2=>3> 2V4B2>@5==O =>B =0< 

7=04>18BLAO ?>:06G8: ?>B>G=>W =>B8. ' O:>ABV ?>:06G8:0 ?>B>G=>W =>B8 

28:>@8AB>2CєBLAO @53VAB@>20 ?0@0 Z. !0 A0<><C ?>G0B:C ?@>F54C@8 2V4B2>@5==O 

<5;>4VW 2 @53VAB@>2C ?0@C Z <VAB8BLAO 04@5A0 ?>G0B:C <5;>4VW WE @53VAB@>2>W 

?0@8 X (DO8>4 59, 60). 

#>BV< ?>G8=0єBLAO F8:; 2V4B2>@5==O (DO8>4 61–77). ' FL><C F8:;V 

?@>3@0<0 28BO30є :>4 =>B8 70 04@5A>N, =0 O:C 2:07Cє =0H ?>:06G8:, 284V;Oє 7 

:>4C =>B8 :>4 B>=C 9 :>4 B@820;>ABV, 2V4B2>@Nє =>BC, 0 ?>BV< 71V;LHCє 7=0G5==O 

?>:06G8:0 =0 >48=8FN. #>BV< C25AL F8:; ?>2B>@NєBLAO. 

*59 ?@>F5A 2V41C20єBLAO 4>B8, ?>:8 :>4 G5@3>2>W =>B8 =5 28O28BLAO 

@V2=8< 255 (<VB:0 :V=FO <5;>4VW). #@>G8B02H8 F59 :>4, ?@>3@0<0 ?5@540є 

:5@C20==O =0 DO8B> 62, 45 2 @53VAB@ Z 7=>2C 70?8ACєBLAO 04@5A0 ?>G0B:C <5;>4VW. 

�V4B2>@5==O <5;>4VW ?>G=5BLAO A?>G0B:C. *59 ?@>F5A ?>28=5= ?5@5@20B8AO 

;8H5 2 >4=><C 28?04:C – ?@8 2V4?CA:0==V :5@CNG>W :=>?:8. 

�;O ?5@52V@:8 AB0=C :=>?>: C F8:; 2V4B2>@5==O <5;>4VW 2:;NG5=0 

A?5FV0;L=0 ?@>F54C@0 (DO8>4 61–63). #@>F54C@0 A?@>I5=> ?5@52V@Oє AB0= 

2V4@07C 2AVE :=>?>:. �>=0 7G8BCє 2<VAB ?>@BC PD (DO8B> 61) V ?>@V2=Nє 9>3> 7 

:>4>< 0x7F (DO8B> 62). #@>G8B0=5 7 ?>@BC 7=0G5==O <>65 1CB8 @V2=> 0x7F 

BV;L:8 2 >4=><C 28?04:C – O:I> 2AV :=>?:8 2V4?CI5==V. /:I> E>G0 1 >4=0 

:=>?:0 =0B8A=CB0, B> ?@8 G8B0==V ?>@BC <8 >45@68<> V=H5 7=0G5==O. 

#5@52V@:>N 28I5>?8A0=>W C<>28 709<0єBLAO >?5@0B>@ breq C DO8>G 63. 

/:I> 2AV :=>?:8 28O28;8AO 2V4?CI5=V, F59 >?5@0B>@ 7025@HCє F8:; 

2V4B2>@5==O <5;>4VW 9 ?5@540є :5@C20==O =0 <VB:C ml, B>1B> =0 A0<89 ?>G0B>: 

>A=>2=>3> F8:;C ?@>3@0<8. &0< 2V41C20єBLAO 28<8:0==O 72C:C, 0 ?>BV< =>25 

A:0=C20==O :;02V0BC@8. 
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/:I> E>G0 1 >4=0 :=>?:0 28O28BLAO =0B8A=CB>W, B> F8:; 2V4B2>@5==O 

72C:C B@820є 40;V, V :5@C20==O ?5@5E>48BL 4> DO8>4 64, 45 2V41C20єBLAO 
4>1C20==O :>4C =>B8. &><C I> 04@5A0 FVєW =>B8 ?5@51C20є 2 @53VAB@>2V9 ?0@V Z 

(?>:06G8: ?>B>G=>W =>B8), B5 4;O 4>1C20==O =>B8 ?@>AB> 28:>@8AB>2CєBLAO 

:><0=40 1pm. 

# DO8>G 65 2V41C20єBLAO ?5@52V@:0 >7=0:8 :V=FO <5;>4VW. &V;L:8 I> 

?@>G8B0=89 :>4 =>B8 @V2=OєBLAO 7 :>4>< Oxff. "?5@0B>@ breq C DO8>G 66 

?5@540є :5@C20==O ?> <VBFV B4, O:I> <5;>4VO 4V9A=> 70:V=G8;0AO (C<>20 

28:>=CєBLAO). /:I> :>4 =>B8 =5 @V2=89 Oxff, ?5@5E>4C =5 2V41C20єBLAO, V 

:5@C20==O ?5@5E>48BL 4> DO8>4 67. 

# DO8>4I 67–75 2V41C20єBLAO >1@>1:0 :>4C =>B8. &>1B> 7 :>4C =>B8 

284V;OєBLAO :>4 B>=C 9 :>4 B@820;>ABV. %?>G0B:C =0 :>4 =>B8 =0:;040єBLAO 

<0A:0, O:0 70;8H0є ?'OBL <>;>4H8E @>7@O4V2, 0 B@8 AB0@HV A:840є (DO8B> 67). 
#V4 4VєN <0A:8 2 @53VAB@V temp 70;8H0єBLAO :>4 B>=C, O:89 ?>BV< <VAB8BLAO 2 

@53VAB@ fnota (DO8B> 68). 

&5?5@ =0< ?>B@V1=> 7=09B8 >B8 FD<64?BEFV ABF<. �;O FL>3> =0< 70=>2> 

?@8945 28BO3B8 :>4 =>B8 7 ?0<'OBV ?@>3@0<. &><C I> 4> FL>3> <><5=BC <8 =5 

7<V=N20;8 ?>;>65==O ?>:06G8:0 ?>B>G=>W =>B8, B> 4;O 4>1C20==O =5<0є =VO:8E 

?5@5H:>4. ' DO8>G 69 <8 ?>2B>@=> 28BO30є<> :>4 =>B8 7 ?0<'OBV ?@>3@0<. �;5 

FL>3> @07C 7=0G5==O ?>:06G8:0 71V;LHCєBLAO. &5?5@ <>6=0 ?@8ABC?0B8 4> 

284V;5==O :>4C B@820;>ABV. /: 28 ?0<'OB0єB5, B@820;VABL :>4CєBLAO B@L><0 

<>;>4H8<8 1VB0<8 :>4C =>B8. �;O 284V;5==O F8E 1VBV2 =0< B0:>6 ?>B@V1=> 

28:>@8AB>2C20B8 @4E>G. �;5 >4=VєW <0A:>N =0< =5 >1V9B8AO. !0< ?>B@V1=> =5 
?@>AB> 284V;8B8 B@8 AB0@HV @>7@O48, 0 7@>18B8 WE=V<8 <>;>4H8<8, O: F5 

?>:070=5 =0 D<E. 3.2. 
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 <E. 3.2.  B;>?484AAO >B8G ABF< 

�DBJ98GD4 6<8V?9AAO >B8G FD<64?BEFV 709<0є DO8>< 70–74. 

%?>G0B:C ?@>3@0<0 @>18BL 1030B>@07>25 F8:;VG=5 7@CH5==O :>4C =>B8 4>B8, 

?>:8 B@8 AB0@HV @>7@O48 =5 AB0=CBL B@L><0 <>;>4H8<8. �;O 7@CH5==O 

28:>@8AB>2CєBLAO :><0=40 roi. &><C I> 7@CH5==O 2V41C20єBLAO G5@57 3=V74> 

>7=0:8 ?5@5=>AC, B> =0< 7=04>18BLAO G>B8@8 :><0=48 7@CH5==O. *V :><0=48 

709<0NBL C ?@>3@0<V DO8>4 70–73. 

#>BV< C DO8>G 74 =0 >B@8<0=5 2 @57C;LB0BV 7@CH5=L G8A;> =0:;040єBLAO 

<0A:0, O:0 284V;Oє B@8 <>;>4HV 1VB0, 0 ?'OBL AB0@H8E A:840є 2 =C;L. "B@8<0=89 

C B0:89 A?>AV1 :>4 B@820;>ABV 70?8ACєBLAO 2 @53VAB@ dnota (DO8B> 75). 

�>;8 >B8 FBAG 9 :>4 B@820;>ABV 287=0G5=V, ?@>2>48BLAO 28:;8: 

?V4?@>3@0<8 2V4B2>@5==O =>B8 (DO8B> 76). "?5@0B>@ rjmp C DO8>G 77 ?5@540є 

:5@C20==O =0 ?>G0B>: F8:;C 2V4B2>@5==O <5;>4VW, V F8:; ?>2B>@NєBLAO 4;O 

=0ABC?=>W =>B8. 

#V4?@>3@0<0 2V4B2>@5==O =>B8 709<0є DO8>< 85–110. �>=0 28:>=Cє 

=0ABC?=V 4VW: 

1 28BO30є 7 B01;8FV tabkd :>5DVFVє=B @>7?>4V;C, 2V4?>2V4=89 4> :>4C =>B8; 

2 ?@>3@0<Cє B09<5@ V 2:;NG0є 72C:; 

3 ?>BV< 28B@8<Cє ?0C7C 9 72C: 28:;NG0є. 
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/:I> :>4 B>=C 4>@V2=Nє =C;N ( ?>B@V1=> 2V4B2>@8B8 ?0C7C 157 72C:C), 

4>1C20==O :>5DVFVє=B0 @>7?>4V;C 9 2:;NG5==O 72C:C =5 28:>=CєBLAO. 

#V4?@>3@0<0 2V4@07C ?5@5E>48BL 4> D>@<C20==O ?0C78. 

#>G8=0єBLAO ?V4?@>3@0<0 2V4B2>@5==O =>B8 7V 715@565==O 2AVE 

28:>@8AB>2C20=8E @53VAB@V2 (DO8>4 85–88). #>BV< ?@>2>48BLAO ?5@52V@:0 :>4C 

=>B8 =0 @V2=VABL =C;N (DO8B> 89). /:I> :>4 =>B8 4>@V2=Nє =C;N, B> >?5@0B>@ 
breq C DO8>G 90 ?5@540є :5@C20==O ?> <VBFV ntl, B>1B> 4> @O4:0, 45 2V41C20єBLAO 

28:;8: ?@>F54C@8 D>@<C20==O 70B@8<:8. 

/:I> :>4 =>B8 =5 4>@V2=Nє =C;N, B> ?@>3@0<0 ?@8ABC?0є 4> 4>1C20==O 

:>5DVFVє=B0 @>7?>4V;C. �;O >1G8A;5==O 04@5A8 5;5<5=B0 B01;8FV tabkd, 45 

?5@51C20є F59 :>5DVFVє=B, 7=>2C 28:>@8AB>2CєBLAO ?V4?@>3@0<0 addw. 

�>4 B>=C <VAB8BLAO 2 @53VAB@ YL (DO8B> 91), 0 04@5A0 ?>G0B:C B01;8FV – C 
@53VAB@>2C ?0@C Z (DO8>4 92, 93). �8:;8: ?V4?@>3@0<8 addw ?@>2>48BLAO 2 

DO8>G 94. ' @53VAB@>2V9 ?0@V Z ?V4?@>3@0<0 ?>25@B0є 04@5AC 5;5<5=B0 B01;8FV, 

45 ?5@51C20є ?>B@V1=89 =0< :>5DVFVє=B @>7?>4V;C. ' DO8>4I 95, 96 7 B01;8FV 

4VAB0єBLAO F59 :>5DVFVє=B. � 2 DO8>4I 97,98 2V= <VAB8BLAO 2 @53VAB@ 71V3C 

B09<5@0. ' DO8>4I 99,100 2:;NG0єBLAO 72C:. 

' DO8>G 104 28:;8:0єBLAO A?5FV0;L=0 ?V4?@>3@0<0, ?@87=0G5=0 4;O 

D>@<C20==O 70B@8<:8. #V4?@>3@0<0 =07820єBLAO wait V D>@<Cє 70B@8<:C 7V 

7<V==>N B@820;VABN. &@820;VABL 70B@8<:8 70;568BL 2V4 7=0G5==O @53VAB@C dnota. 

#> 70:V=G5==N 70B@8<:8 72C: 28<8:0єBLAO (DO8>4 102,103). 

!0 FL><C <>6=0 1C;> 1 70:V=G8B8 ?@>F5A 2V4B2>@5==O =>B8. "4=0: F5 I5 

=5 2A5. �;O ?@028;L=>3> 72CG0==O <5;>4VW <V6 42><0 ACAV4=V<8 =>B0<8 

=5>1EV4=> 70157?5G8B8 E>G0 1 A969?<>G C4G;G. /:I> B0:>W ?0C78 =5 1C45, =>B8 
1C4CBL 72CG0B8 @07><. *5 A?>B2>@8BL <5;>4VN, >A>1;82> O:I> ?V4@O4 V45 :V;L:0 

=>B 7 >4=0:>28< B>=><. (>@<C20==O ?0C78 <V6 =>B0<8 2V41C20єBLAO 2 DO8>4I 
104,105. 

�>?><V6=0 ?0C70 D>@<CєBLAO 70 4>?><>3>N 265 7=09><V9 =0< ?V4?@>3@0<8 
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70B@8<:8. ' DO8>G 104 :>4C ?0C78 ?@82;0A=NєBLAO =C;L>25 7=0G5==O 

(2818@0єBLAO A0<0 <V=V<0;L=0 ?0C70). #>BV< C DO8>G 105 28:;8:0єBLAO 

?V4?@>3@0<0 wait. #VA;O 70:V=G5==O ?0C78 70;8H0єBLAO BV;L:8 2V4=>28B8 2<VAB 

CAVE 715@565=8E @53VAB@V2 7V AB5:0 (@O4:0 106–109) V 289B8 7 ?V4?@>3@0<8 (@O4>: 

110). 

 

�V8CDB7D4@4 HBD@G64AAO ;4FD<@>< 

� >AB0==є, I> =0< I5 70;8H8;>AO @>73;O=CB8, – F5 ?V4?@>3@0<0 

D>@<C20==O 70B@8<:8. &5:AB ?V4?@>3@0<8 709<0є DO8>< 111–135. /: V 1C4L-O:0 
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?>G8=0B8AO 7 ?>G0B:C. � BV;L:8 :>;8 >1>є >?5@0B>@0 ?>@V2=O==O 404CBL 
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?V4?@>3@0<0 D>@<C20==O 70B@8<:8 ?5@5E>48BL 4> 7025@H0;L=>W D078 ( 4> 

DO8>V6 131–135). 

 2.4. �BDO8B> 6<>BA4AAO DB5BF< 

1. %B2>@8B8 =>289 ?@>5:B 2 A5@54>28IV PROTEUS. %:;0AB8 AE5<C 

<C78G=>W H:0BC;:8 73V4=> @8A. 3.1. 
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3. �;O <V:@>:>=B@>;5@0 �&tiny2313 =0?8A0B8 ?@>3@0<C <C78G=>W 
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:=>?:8. �0@V0=B <5;>4V9 7040є 28:;040G. 
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AE5<8. 

8. !0?8A0B8 72VB. �@>18B8 28A=>2:8. 

1.5. �@VEF ;6VFG. �2VB ?>28=5= <VAB8B8: 
1. &5:AB8 =0?8A0=8E ?@>3@0<. 
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?@0:B8G=V @57C;LB0B8 A?V2?0;8 7 B5>@5B8G=8<8. 

1.6. �BAFDB?PAV F9EFB6V C<F4AAO. 
1. /:V <V:@>:>=B@>;5@8 ?V4B@8<Cє 5<C;OB>@ 5;5:B@>==8E ?@8AB@>W2 

PROTEUS? 

2. -> 2V4>1@060є ?0=5;L DEVICES? 
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AE5<8? 

4. /:89 283;O4 <0NBL D09;8 ?@>H82:8 28:>=0=V =0 O78:0E A, assembler, B0 
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�BE?V8:9AAO @9FB8V6 DB;CV;A464AAO E<7A4?V6 ; 6<>BD<EF4AAO@ 
@V>DB>BAFDB?9DV6 AVR E9DVW �"tiny 

 

 1.1. �46K4?PAV C<F4AAO 

1. $>7@>1:0 ?@8=F8?>2>W AE5<8 :>4>2>3> 70<:0 7 28:>@8AB0==O< 

<V:@>:>=B@>;;5@0 �&tiny2313. 
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 1.3. "9BD9F<KAV 6V8B@BEFV 
�B8B6<= ;4@B>. �BEF4AB6>4 ;4684AAO 

' O:>ABV ?@8:;04C ?V41@0=> 70240==O 4>A8BL A:;04=5 9 FV:025, 740B=5 

=02G8B8 ?@0FN20B8 V7 I5 =5>E>?;5=8<8 5;5<5=B0<8 <V:@>:>=B@>;5@0. �@CG=8< 

?@8:;04>< є >B8B6<= ;4@B>. �7030;V, <V:@>:>=B@>;5@8 AVR 7 WE=L>N 

21C4>20=>N 5=5@3>=570;56=>N ?0<'OBBN (EEPROM) 40NBL H8@>:89 ?@>ABV@ 

4;O @>7@>1=8:0 ?>4V1=8E :>=AB@C:FV9. #0<'OBL EEPROM V450;L=> ?V4E>48BL 

4;O 715@V30==O :>4C. #@8G><C B0:89 :>4 702648 ;53:> ?><V=OB8. 

#@8 @>7@>1FV 70<:0 70?@>?>=>20=> =5 7>2AV< 728G09=89 70<>:. *5 

:>4>289 70<>:, O:89 <>65 A?@89<0B8 2 O:>ABV :>4>2>W :><1V=0FVW :=>?:8, I> =5 
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I> ?>?0@=> =0B8A:0NBLAO, :><1V=0FVW B8?C «!060B8 :=>?:C 6 V, =5 

2V4?CA:0NG8, =01@0B8 :>4 257». � 27030;V, 281@0B8 1C4L-O:C :><1V=0FVN 1C4L-
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04@5A :>B>@>9 E@0=8BAO 2 @538AB@>2>9 ?0@5 Z, 8 70?8AK205BAO 2 @538AB@ data. 

�0B5< A>45@68<>5 @538AB@>2>9 ?0@K Z C25;8G8205BAO =0 548=8FC. 

Brsh – C9D9IB8 no GE?B6<N «5B?ьL9 <?< D46AB». � :0G5AB25 CA;>28O 4;O 

?5@5E>40 2KABC?05B A>45@68<>5 D;030 ?5@5=>A0 %. (;03 ?5@5=>A0 

CAB0=02;8205BAO ?> @57C;LB0B0< >?5@0F88 A@02=5=8O 8;8 2KG8B0=8O. �><0=40 

8<55B 2A53> >48= ?0@0<5B@ – >B=>A8B5;L=K9 04@5A ?5@5E>40. #5@5E>4 

2K?>;=O5B 2 B>< A;CG05, 5A;8 D;03 ?5@5=>A0 @025= =C;N. � MB> ?@>8AE>48B 

B>;L:> B>340, :>340 2 ?@54H5AB2CNI59 >?5@0F88 A@02=5=8O (2KG8B0=8O) 2B>@>9 

>?5@0=4 >:065BAO 1>;LH5 8;8 @025= ?5@2><C. 

Sbic – >?5@0B>@ B8?0 «?@>25@8BL - ?@>?CAB8BL». "1I0O D>@<0 70?8A8 

:><0=4K: sbic �,n, 345 � - =><5@ @538AB@0 22>40-2K2>40; n - =><5@ @07@O40. 

�<5AB> =><5@0 @538AB@0 8 =><5@0 @07@O40 <>65B 8A?>;L7>20BLAO 8<O 

@538AB@0 8 8<O @07@O40. "1KG=> 8A?>;L7CNBAO AB0=40@B=K5 8<5=0 >B D8@<K 

Atmel. �><0=40 ?@>25@O5B A>45@68<>5 @07@O40 =><5@ ? @538AB@0 �. �A;8 

@07@O4 A1@>H5=, B> >G5@54=0O :><0=40 ?@>3@0<<K =5 2K?>;=O5BAO. 

 #@8<5@ 8A?>;L7>20=8O 40==>9 :><0=4K - AB@>:0 159 =0H59 ?@>3@0<<K 
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(A<. ;8AB8=3 4.1). � MB>9 AB@>:5 :><0=40 sbic ?@>25@O5B 18B eewe @538AB@0 eecr. 

�A;8 MB>B 18B A1@>H5=, B> :><0=40 2 AB@>:5 160 =5 2K?>;=O5BAO, 0 C?@02;5=85 

?5@5405BAO : AB@>:5 161. �A;8 18B CAB0=>2;5=, B> 2K?>;=O5BAO :><0=40 2 AB@>:5 

160. �><0=40 sbic 8<55B >4=> >3@0=8G5=85. "=0 @01>B05B A @538AB@0<8 22>40-

2K2>40 A 04@5A0<8 2 480?07>=5 >B 0 4> 31. 

Cbr – A1@>A @07@O4>2 $"!. �0==K9 >?5@0B>@ ?@54=07=0G5= 4;O 

>4=>2@5<5==>3> A1@>A0 =5A:>;L:8E @07@O4>2. "?5@0B>@ 8<55B 420 ?0@0<5B@0. 

#5@2K9 ?0@0<5B@ - MB> 8<O @538AB@0 >1I53> =07=0G5=8O, @07@O4K :>B>@>3> 

4>;6=K 1KBL A1@>H5=K. �B>@>9 ?0@0<5B@ - MB> <0A:0 A1@>A0 @07@O4>2. � 

40==>< A;CG05 <0A:0 – MB> 42>8G=>5 G8A;>, C :>B>@>3> 2 548=8FC CAB0=>2;5=K 

B5 @07@O4K, :>B>@K5 4>;6=K 1KBL A1@>H5=K. !0?@8<5@, 2 AB@>:5 129 

?@>3@0<<K (;8AB8=3 1.19) A1@0AK20NBAO @07@O4K @538AB@0 )!. �=0G5=85 <0A:8 

@02=> 0xF8. � 42>8G=>< 2845 G8A;> 0xF8 2K3;O48B B0:: Ob11111000. #>MB><C 2 

@57C;LB0B5 459AB28O :><0=4K cbr 2 AB@>:5 129 ?OBL AB0@H8E @07@O4>2 G8A;0, 

=0E>4OI53>AO 2 @538AB@5 )!, 1C4CB A1@>H5=K 2 =>;L, 0 B@8 <;04H85 >AB0=CBAO 

157 87<5=5=89. -B> 0;LB5@=0B82=K9 A?>A>1 =0;>65=8O <0A:8. 

�8AB8=3 4.1. 
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�C<E CDB7D4@< (?VEF<A7 4.1) 

 O8>< 1, 2 ?@>3@0<8 ?8B0=L =5 28:;8:0NBL. ' DO8>4I 3–11 2V41C20єBLAO 

>?8A CAVE 28:>@8AB>2C20=8E C ?@>3@0<V 7<V==8E. #@87=0G5==O :>6=>W V7 F8E 

7<V==8E <8 @>73;O=5<> 2 E>4V >?8AC ?@8=F8?V2 @>1>B8 ?@>3@0<8. �0;V, C 

DO8>4I 12–14 2V41C20єBLAO >?8A :>=AB0=B. �>6=0 V7 B@L>E :>=AB0=B 287=0G0є 

>48= 7 ?0@0<5B@V2 =0H>3> ?@8AB@>N. �C?8=8<>AO =0 FL><C 4>:;04=VH5. 

�BAEF4AF4 bsize (DO8B> 12) 287=0G0є DB;@VD 5GH9D4 8?O ;59DV74AAO 

>B8B6BW >B@5VA4JVW. *59 @>7<V@ >1@0=89 @V2=8< 60 3=V740<. �@0E>2CNG8, I> 2 
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1CD5@ 1C4CBL 70?8AC20B8AO :>48 AB0=C :;02V0BC@8, 0 :>6=89 B0:89 :>4 

A:;040єBLAO V7 42>E 109BV2, C 1CD5@ 707=0G5=>3> @>7<V@C <>6=0 70?8A0B8 

?>A;V4>2=VABL V7 30 :>4V2. 

/:I> 2@0E>2C20B8, I> 70?8AC ?V4;O30є :>6=0 7<V=0 :>4C AB0=C, 0 9>3> 

7<V=0 2V41C20єBLAO O: ?@8 =0B8A:0==V :=>?:8, B0: V ?@8 WW 2V4?CA:0==V, B> ?VA;O 

=0B8A:0==O 9 2V4?CA:0==O >4=VєW V7 :=>?>: C 1CD5@ 70?8H5BLAO 420 :>48. 

�8E>48BL, >1AO3C 1CD5@0 =0< 28AB0G8BL =0 15 ?>A;V4>2=8E =0B8A:0=L. 

*L>3> FV;:>< 4>AB0B=L>, B><C I> B8?>20 :>4>20 :><1V=0FVO ?>;O30є 728G09=> 7 

4–5 F8D@. /:I> 28 22060єB5, I> FL>3> =54>AB0B=L>, 28 <>65B5 71V;LH8B8 

@>7<V@ 1CD5@0, ?@>AB> ?><V=O2H8 7=0G5==O :>=AB0=B8 bsize 2 DO8>G 12. 
 0:A8<0;L=> <>6;8289 @>7<V@ >1<565=89 >1AO3>< "�' 9 @V2=89 ?@81;87=> 

100 109B0< (?>2=89 @>7<V@ "�' 128 109B). 

'@0EC9B5, I> 1CD5@ =5 <>65 709<0B8 25AL >1AO3 "�', B><C I> C 25@E=VE 

04@5A0E =5>1EV4=> >1>2'O7:>2> 70;8H8B8 ?@>ABV@, O:89 1C45 28:>@8AB>2C20B8 

?0<'OBL. "15@B0N 20HC C203C, I> :>=AB0=B0 bsize 28:>@8AB>2CєBLAO 4;O 

70240==O @>7<V@C =5 BV;L:8 1CD5@0 2 "�', 0;5 9 4;O 70240==O @>7<V@C 1CD5@0 2 

��$R" , O:89 ?@87=0G5=89 4;O 4>23>G0A=>3> 715@V30==O :>4>2>W :><1V=0FVW. 

�BAEF4AF4 kzad (DO8B> 13) 287=0G0є FD<64?VEFP ;4I<EABW C4G;<. 

#@87=0G5==O 70E8A=>W ?0C78 4>:;04=> >?8A0=5 28I5. �>=AB0=B0 O2;Oє A>1>N 

:>5DVFVє=B ?5@5@0EC20==O 4;O B09<5@0, ?@8 O:V< 25;8G8=0 AD>@<>20=>W 

70B@8<:8 1C45 @V2=0 48 <A. 

�BAEF4AF4 kandr (DO8B> 14) – F5 >BAEF4AF4 4AF<8DV5V;7G. �>=0 
28:>@8AB>2CєBLAO 2 A?5FV0;L=V9 0=B81O7:>2V9 ?@>F54C@V. �>=AB0=B0 287=0G0є, 

A:V;L:8 @07 ?V4@O4 ?>28=5= ?>2B>@8B8AO B>9 A0<89 :>4 AB0=C :;02V0BC@8, I>1 

?@>3@0<0 ?@8?8=8;0 F8:; 0=B84@81V730 9 ?5@59H;0 4> >1@>1:8 ;VG5=>3> :>4C. 

#VA;O 287=0G5==O :>=AB0=B ?>G8=0єBLAO 5?B> D9;9D6G64AAO BC9D4F<6ABW 
C4@'OFV (DO8>4 15–17). ' DO8>G 15 2818@0єBLAO 2V4?>2V4=89 A53<5=B ?0<'OBV, C 
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DO8>G 16 CAB0=>2;NєBLAO ?>:06G8: =0 04@5AC 0x60.  V@:C20==O 4;O 281>@C 

A0<5 FVєW 04@5A8 265 ?@82>48;8AO 2 ?>?5@54=L><C ?@8:;04V. 

�;0AB82> @575@2C20==O 3=V74 ?@>2>48BLAO 2 DO8>G 17. �8@5:B820 byte @575@2Cє 

=5>1EV4=0 :V;L:VABL 3=V74 "�', ?>G8=0NG8 7 04@5A8, >1C<>2;5=>W <VB:>N byfr. ' 

FL><C 28?04:C byfr 1C45 @V2=89 0x60. �V;L:VABL 3=V74 287=0G0єBLAO :>=AB0=B>N 

bsize. 

�0;V, C DO8>4I 18–21 2V41C20єBLAO @575@2C20==O 3=V74 2 5=5@3>=570;56=V9 

?0<'OBV (��$RO ). ' DO8>G 18 2818@0єBLAO A53<5=B ��$RO . ' DO8>G 19 

CAB0=>2;NєBLAO ?>B>G=5 7=0G5==O ?>:06G8:0 FL>3> A53<5=B0. #>:06G8:C 

?@82;0A=NєBLAO 7=0G5==O 0x08. &>1B> @>7<VI5==O 40=8E C ?0<'OBV ��$RO  

1C45 ?>G8=0B8AO 7 2>AL<>3> 3=V740. �7030;V 2 FL><C 28?04:C <>6=0 1C;> 

?>G8=0B8 7 =C;L>2>3> 3=V740. *5 =5 7@>1;5=5 ;8H5 7 <V@:C20=L =04V9=>ABV 

@>1>B8. 

$VD@4 Atmel A9 D9>B@9A8Gє 157 >A>1;82>W =5>1EV4=>ABV 28:>@8AB>2C20B8 

3=V74> 7 =C;L>2>N 04@5A>N, B><C I> A0<5 2>=0 707=0є =091V;LH><C @878:C 

2B@0B8 V=D>@<0FVW ?@8 =5?@8?CAB8<8E ?5@5?040E =0?@C38 682;5==O, >A>1;82> 

O:I> ?5@5?048 =0?@C38 28=8:0NBL C <><5=B 70?8AC V=D>@<0FVW 2 ��$RO . 

&><C I> ��$RO  =5 ?@0FNє 7V AB5:><, C =0A є 70?0A ?> 3=V740E. &><C <8 

2V4ABC?8;8 =0 FV;8E 2VAV< 3=V74. 

�;0AB82> :><0=48 @575@2C20==O 709<0NBL DO8>< 20 V 21. ' DO8>G 20 

@575@2CєBLAO >4=5 3=V74>, C O:V< 1C45 715@V30B8AO 4>268=0 :;NG>2>W :><1V=0FVW. 

' DO8>G 21 @575@2CєBLAO 1CD5@ 4>268=>N bsize, C O:V< 1C45 715@V30B8AO A0<0 

:><1V=0FVO. 

#VA;O @575@2C20==O 3=V74 <8 ?5@5E>48<> 6 E97@9AF CDB7D4@AB7B >B8G 

(DO8B> 22). � ?>G8=0є<> D>@<C20==O ?@>3@0<8 7 =C;L>2>W 04@5A8 (:><0=40 org 

C DO8>G 23). #@>3@0<=89 :>4 ?>G8=0єBLAO 7 F45?<JV C9D96<;A4K9AAO 69>FBDV6 
C9D9D<64AP (DO8>< 24–42). 
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/: 10G8B5, C FL><C 28?04:C <8 1C45<> 28:>@8AB>2C20B8 420 2848 

?5@5@820=L. 

*5 ?5@5@820==O ?> 71V3>2V 2 :0=0;V � B09<5@0/;VG8;L=8:0 1 (DO8B> 28) V 

?5@5@820==O ?> ?5@5?>2=5==N B>3> 6 B09<5@0 (DO8B> 29). #5@H5 ?5@5@820==O 

28:>@8AB>2CєBLAO 4;O D>@<C20==O 70E8A=>W 70B@8<:8 2 48 <A. � 4@C35 – 4;O 

D>@<C20==O :>=B@>;L=>3> ?@><V6:C G0AC 2 1 A. �;O >1>E 284V2 ?5@5@820=L 

?@87=0G5=0 B0 A0<0 ?@>F54C@0 >1@>1:8: proper. +><C B0 A0<0 V O: 2>=0 ?@0FNє, 

<8 4>2V40є<>AO B@>E8 ?V7=VH5. 

' DO8>4I 44–61 @>7B0H>20=89 @B8G?P VAVJV4?V;4JVW. #>G8=0єBLAO 
V=VFV0;V70FVO V7 ?@>3@0<C20==O ?>@BV2 C2545==O-282>4C (DO8>4 46–53). 'AV 

@>7@O48 ?>@BC PD V 1V;LH0 G0AB8=0 @>7@O4V2 ?>@BC $� :>=DV3C@CNBLAO O: 

2E>48. � ;8H5 420 @>7@O48 $�.� V $�.4 :>=DV3C@CNBLAO O: 28E>48. 

 B;DO8  �.4 28:>@8AB>2CєBLAO 4;O :5@C20==O <5E0=V7<>< 70<:0. � 

DB;DO8  �.� 27030;V ?>:8 =5 28:>@8AB>2CєBLAO (70@575@2>20=89). �>3> <8 

1C45<> 28:>@8AB>2C20B8 O: 28EV4 72C:C, :>;8 1C45<> ?>є4=C20B8 2 >48= 

?@8AB@V9 =0H :>4>289 70<>: V <C78G=C A:@8=L:C. �;O 2AVE @>7@O4V2 >1>E ?>@BV2, 

=0AB@>є=8E =0 22545==O, 2:;NG0NBLAO 2=CB@VH=V =020=B06C20;L=V @578AB>@8. 

!0 >1>E 28E>40E ($�.� V $�.4) CAB0=>2;NєBLAO =87L:89 ;>3VG=89 @V25=L. 

' DO8>4I 54, 55 ?@>3@0<CєBLAO 4A4?B7B6<= >B@C4D4FBD. 

#@>3@0<C20==O B09<5@0/;VG8;L=8:0 1 ?@>2>48BLAO 2 DO8>4I 56–61. %?>G0B:C 2 

>1842V ?>;>28=:8 @53VAB@C 71V3C (OCR1AH, OCR1AL) 70?8ACєBLAO :>4, I> 

287=0G0є B@820;VABL 70E8A=>W 70B@8<:8 (DO8>4 56–59). #>BV< C @53VAB@ AB0=C 

TCCR1B 70?8ACєBLAO :>4 0x03 (DO8>4 60, 61). #@8 70?8AV FL>3> :>4C 

B09<5@/;VG8;L=8: 1 ?5@52>48BLAO 2 @568< Normal 7 28:>@8AB0==O< 

?>?5@54=L>3> 4V;L=8:0. � :>5DVFVє=B ?>?5@54=L>3> @>7?>4V;C AB0є @V2=8< 1/64. 

 O8>< 62–119 709<0є BEAB6A<= J<>? CDB7D4@<, DO8>4 120–174– A45VD 

8BCB@V:A<I CV8CDB7D4@, 0 DO8>4 175 V 176 – CDBJ98GD4 B5DB5>< C9D9D<64AP. 
 B;7?O8 CDB7D4@< ;DGKAVL9 CBK4F< ; 8BCB@V:A<I CDBJ98GD. 
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� ?5@H0 ?@>F54C@0, O:C <8 @>73;O=5<> – F5 CDBJ98GD4 66989AAO = CBC9D98APBW 
B5DB5>< >B8G EF4AG >?46V4FGD<. #@>F54C@0 O2;Oє A>1>N ?V4?@>3@0<C 7 V<5=5< 

incod V @>7B0H>20=> 2 DO8>4I 120–140. ' ?@>F5AV @>1>B8 ?@>F54C@0 

28:>@8AB>2Cє @53VAB@>2C ?0@C X V 42V 4>?><V6=V @53VAB@>2V ?0@8: codh, codl 

(>?8A0=> 2 DO8>4I 10, 11) V drebh, drebl (>?8A0=> 2 DO8>4I 3, 4). 

�>;>2=5 70240==O 40=>W ?@>F54C@8 – >45@60B8 >B8 EF4AG >?46V4FGD<, 
28:>@8AB>2CNG8 0;3>@8B< 1030B>@07>2>3> 7G8BC20==O 4;O 1>@>BL18 7 

0=B84@81V73><. �@V< B>3>, ?@>F54C@0 28:>=Cє I5 >4=C, 4>?><V6=C DC=:FVN. 

�>=0 ?>@V2=Nє >B@8<0=89 >?8A0=8< 28I5 A?>A>1>< :>4 AB0=C :;02V0BC@8 7 

V=H8< :>4><, O:89 715@V30єBLAO 2 ?0@V @53VAB@V2 codh-codl. &0:5 ?>@V2=O==O 

28:>@8AB>2CєBLAO 2 >A=>2=V9 ?@>3@0<V 4;O >FV=:8 7=0G5==O :>4C AB0=C. 

&0:8< G8=><, ?@>F54C@0 incod ?> 70:V=G5==N A2>єW @>1>B8 ?>25@B0є 420 

@V7=V 7=0G5==O. #>-?5@H5, :>4 AB0=C :;02V0BC@8 ( C @53VAB@>2V9 ?0@V X), 0 ?>-

4@C35, @57C;LB0B ?>@V2=O==O :>4C 7 :>=B@>;L=8< 7=0G5==O< (28:>@8AB>2CNG8 

?@0?>@ =C;L>2>3> @57C;LB0BC Z). 

$>73;O=5<> @>1>BC ?@>F54C@8 4>:;04=VH5. #>-?5@H5, ?V4?@>3@0<0 

28:>@8AB>2Cє B@048FV9=5 715@565==O 9 2V4=>2;5==O 2<VABC @53VAB@V2 C AB5FV. 

*L>3> @07C 715@565==N ?V4;O30є 2AL>3> >48= @53VAB@ – @53VAB@ count. ' DO8>G 
120 9>3> 7=0G5==O 715@V30єBLAO, 0 2 DO8>G 139 – 2V4=>2;NєBLAO. "A=>2=89 65 

B5:AB ?V4?@>3@0<8 A:;040єBLAO V7 42>E G0AB8=: 

■ C ?5@HV9 G0AB8=V (DO8>4 121–133) @50;V7CєBLAO 0;3>@8B< C2545==O :>4C 9 

1>@>BL18 7 0=B81@O7:><; 

■ C 4@C3V9 G0AB8=V (DO8>4 134–138) ?@>2>48BLAO ?>@V2=O==O >B@8<0=>3> :>4C 

V7 G8A;>< C 1CD5@V codh-codl. 

#>G=5<> V7 CDBJ98GD< 66989AAO >B8G = 5BDBFP5< ; 4AF<8D<5V;7B@. *O 
?@>F54C@0 O2;Oє A>1>N =5A:V=G5==89 F8:;, O:89 ?@8 :>6=><C ?@>E>4V @>18BL 

D>@<C20==O :>4C AB0=C :;02V0BC@8 9 ?@8 FL><C ?V4@0E>2Cє, A:V;L:8 @07 ?V4@O4 

>B@8<0=89 :>4 1C45 <0B8 >4=0:>25 7=0G5==O. �;O ?V4@0EC=:C 28:>@8AB>2CєBLAO 
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@53VAB@ count. #@8G><C =0 ?>G0B:C 2 count 70?8ACєBLAO :>=AB0=B0 kandr, V 

I>@07, :>;8 =>289 :>4 @V2=89 ?>?5@54=L><C, C<VAB count 7<5=HCєBLAO =0 

>48=8FN (28:>@8AB>2CєBLAO 72>@>B=89 @0EC=>:). 

/:I> ?@8 G5@3>2><C ?@>E>4V :>4 AB0=C 7<V=8BL A2>є 7=0G5==O, B> 2 

@53VAB@ count 7=>2C 70?8ACєBLAO :>=AB0=B0 kandr, V ?V4@0EC=>: ?>G8=0єBLAO 

A?>G0B:C. �0:V=GCєBLAO F8:; 7G8BC20==O :>4V2 ;8H5 B>4V, :>;8 7=0G5==O count 

4>AO3=5BLAO =C;O. !>25 7=0G5==O :>4C AB0=C :;02V0BC@8 D>@<CєBLAO 2 

@53VAB@>2V9 ?0@V X. �;O B>3>, I>1 =>25 7=0G5==O <>6=0 1C;> ?>@V2=N20B8 7V 

AB0@8<, AB0@5 70?8ACєBLAO 2 1CD5@ drebh-drebl. 

&5?5@ F9>EF BC<E4ABW 6<M9 CDB7D4@< DB;7?OA9@B CB K9D;V. 
'A5 ?>G8=0єBLAO 7 ?V43>B>2:8 @53VAB@>2>W ?0@8 X 4> ?@89=OBBO =>2>3> 

7=0G5==O :>4C. ' DO8>4I 121, 122 2<VAB X >1=C;O5BAO. !5A:V=G5==89 F8:; 

1030B>@07>2>3> 7G8BC20==O 709<0є DO8>< 123–135. 

' DO8>G 123 C @53VAB@ count 70?8ACєBLAO ?>G0B:>25 7=0G5==O kandr. ' 

DO8>4I 124, 125 C<VAB @53VAB@>2>W ?0@8 X 715@V30єBLAO 2 1CD5@V drebh-drebl. ' 

B0:89 A?>AV1 70?0<'OB>2CєBLAO AB0@5 7=0G5==O :>4C AB0=C ?5@54 B5<, O: 1C45 

>B@8<0=> =>25. ' DO8>4I 126–129 2V41C20єBLAO 7G8BC20==O :>4V2 7 ?>@BV2 PD V 

PB V =0:;045==O <0A>:. "B@8<0=89 C @57C;LB0BV F8E >?5@0FV9 :>4 AB0=C 

:;02V0BC@8 28O28BLAO 2 @53VAB@>2V9 ?0@V X. 

' DO8>4I 130–133 ?@>2>48BLAO ?>@V2=O==O AB0@>3> 9 =>2>3> 7=0G5=L 

:>4V2. #>@V2=O==O 2V41C20єBLAO ?>109B=>. %?>G0B:C @V2=ONBLAO <>;>4HV 109B8 

(DO8>4 130,131), ?>BV< AB0@HV (DO8>4 132, 133). "?5@0B>@ brne 28:>=Cє ?5@5EV4 

70 C<>2>N «=5 @V2=>». &><C, O:I> E>G0 1 >4=0 7 >?5@0FV9 ?>@V2=O==O 40ABL 

?>78B82=89 @57C;LB0B (:>48 28O2;OBLAO =5>4=0:>28<8), B5 :5@C20==O ?5@5945 

?> <VBFV ici. &>1B> 4> B>3> <VAFO ?@>3@0<8, 45 ;VG8;L=8:C count 7=>2C 

?@82;0A=NєBLAO 7=0G5==O kandr. 

/:I> 6 >1842V >?5@0FVW ?>@V2=O==O 404CBL =530B82=V @57C;LB0B8 :>48 

28O2;OBLAO @V2=8<8, :5@C20==O ?5@5945 4> DO8>4 134. ' DO8>G 134 
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2V41C20єBLAO 7<5=H5==O 2<VABC @53VAB@C count =0 >48=8FN. #VA;O FL>3> 

?@>2>48BLAO ?5@52V@:0 =0 =C;L (DO8B> 135). /:I> ?VA;O 7<5=H5==O 2<VABC 
count 2>=> I5 =5 4>@V2=Nє =C;N, B> >?5@0B>@ brne C DO8>G 135 ?5@540є 

:5@C20==O ?> <VBFV ic2, V F8:; 0=B84@81V73C B@820є. � O:I> =V, B>.F8:; 

7025@H8BLAO, V :5@C20==O ?5@5E>48BL 4> DO8>4 136. 

' DO8>4I 136–138 ?5@51C20є ?@>F54C@0 ?>@V2=O==O BV;L:8 I> 

>B@8<0=>3> 7=0G5==O :>4C AB0=C :;02V0BC@8 V7 G8A;>< C 1CD5@V codh-codl. 

#>@V2=O==O ?@>E>48BL ?>109B=>. %?>G0B:C 2 DO8>G 136 @V2=ONBLAO <>;>4HV 

109B8. /:I> 2>=8 =5 @V2=V, B> ?>40;LH5 ?>@V2=O==O =5 <0є 7<VABC. &><C 

:5@C20==O ?5@540єBLAO ?> <VBFV ic5, V ?V4?@>3@0<0 7025@HCєBLAO. 

/:I> <>;>4HV 109B8 ?>@V2=N20=8E 25;8G8= 28O28;8AO @V2=V, B> >AB0B>G=89 

@57C;LB0B ?>@V2=O==O B5?5@ <>6=0 >45@60B8, ?@>AB> 7@V2=O2H8 <V6 A>1>N 

AB0@HV 109B8. *5 ?>@V2=O==O ?@>2>48BLAO 2 DO8>G 138.  
# @57C;LB0BV, ?@8 28E>4V 7 ?V4?@>3@0<8 incod: 

■ ?@0?>@ Z 1C45 2AB0=>2;5=89, O:I> ?>@V2=N20=V :>48 @V2=V <V6 A>1>N; 

■ ?@0?>@ Z 1C45 A:8=CB89, O:I> :>48 =5 @V2=V. 

!0ABC?=0 4>40B:>20 ?@>F54C@0, I> 70157?5GCє @>1>BC >A=>2=>W G0AB8=8 

?@>3@0<8, – F5 CV8CDB7D4@4 HBD@G64AAO ;4FD<@><. �;O D>@<C20==O 
B8<G0A>28E V=B5@20;V2 FO ?@>F54C@0 28:>@8AB>2Cє B09<5@.  8 265 @>73;O40;8 

420 20@V0=B8 ?>4V1=8E ?@>F54C@. "4=0 7 =8E 28:>@8AB>2C20;0 ?@O<5 G8B0==O 

2<VABC B09<5@0 9 F8:; >GV:C20==O, 0 4@C30 28:>@8AB>2C20;0 ?5@5@820==O. 

 ' FL><C 28?04:C @>7@>1;5=89 I5 >48= 20@V0=B, O:89 O2;Oє A>1>N I>AL 

A5@54=є <V6 42><0 ?>?5@54=V<8. ' FL><C 20@V0=BV 1C4CBL 28:>@8AB>2C20B8AO 9 

?5@5@820==O, V F8:; >GV:C20==O. !>289 0;3>@8B< @50;V7Cє ?V4?@>3@0<0 wait, O:0 

709<0є DO8>< 141–157. #V4?@>3@0<0 <0є B@8 @568<8 @>1>B8. !><5@ @568<C 

?5@540єBLAO 2 ?V4?@>3@0<C ?@8 WW 28:;8:C. 

�;O FL>3> 2V= 70?8ACєBLAO 2 @53VAB@ data. ' D9:<@V AB@9D 1 ?V4?@>3@0<0 

D>@<Cє 70B@8<:C 48 <A. ' D9:<@V AB@9D 3 D>@<CєBLAO 70B@8<:0 2 1 A. ' 
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D9:<@V AB@9D 2 70B@8<:0 =5 D>@<CєBLAO. #V4?@>3@0<0 ?@>AB> =01C4>2Cє 

B09<5@ B>G=> B0: A0<>, O: C @568<V =><5@ 3, 4>72>;Oє ?5@5@820==O 9 70:V=GCє 

A2>N @>1>BC. �>=B@>;L=89 V=B5@20; G0AC B@820;VABN 1 7 D>@<CєBLAO 265 ?>70 

?V4?@>3@0<>N wait (2 >A=>2=><C B5:ABV ?@>3@0<8). 

"A=>2=89 CD<AJ<C HBD@G64AAO ;4FD<@>< 1C4CєBLAO =0 28:>@8AB0==V 

?@0?>@0 70B@8<:8. ' O:>ABV ?@0?>@0 70B@8<:8 70AB>A>2CєBLAO @53VAB@ flz. "?8A 

FL>3> @53VAB@C 28 <>65B5 10G8B8 2 DO8>G 7 ?@>3@0<8. #5@54 ?>G0B:>< F8:;C 
70B@8<:8 2 @53VAB@ f lz 70?8ACєBLAO =C;L. #>BV< 70?CA:0єBLAO B09<5@ V 

4>72>;OєBLAO @>1>B0 >4=>3> 7 284V2 ?5@5@820=L (?5@5@820==O ?> 71V3>2V 01> 

?5@5@820==O ?> ?5@5?>2=5==N). 

' ?52=89 <><5=B G0AC 1C45 28:;8:0=0 CDBJ98GD4 B5DB5>< C9D9D<64AAO. 
*O ?@>F54C@0 (DO8>4 156, 176) 70?8H5 2 @53VAB@ ?@0?>@0 (f lz) >48=8FN. 

"48=8FO 2 @53VAB@V f lz ?>A;C68BL V=48:0B>@>< B>3> D0:BC, I> 7040=89 

?@><V6>: G0AC 70:V=G82AO. �;O 28O2;5==O <><5=BC 70:V=G5==O 70B@8<:8 

28:>@8AB>2CєBLAO F8:; >GV:C20==O. 

' F8:;V >GV:C20==O ?@>3@0<0 ?>ABV9=> ?5@52V@Oє 2<VAB @53VAB@C f lz. #>:8 

f lz 4>@V2=Nє =C;N, F8:; B@820є. �0:V=GCєBLAO F8:; C B>9 <><5=B, :>;8 f lz 1C45 

4>@V2=Nє >48=8FV. 

�;O D>@<C20==O @V7=8E 7=0G5=L B@820;>ABV 70B@8<:8 28:>@8AB>2CNBLAO 

@V7=V 2848 ?5@5@820=L. #5@5@820==O ?> 71V3>2V 28:>@8AB>2CєBLAO 4;O 

D>@<C20==O 70B@8<:8 2 48 <A. �;O FL>3> 7=0G5==O @53VAB@C 71V3C >1@0=89 B0:8< 

G8=><, I>1 C<VAB @0EC=:>2>3> @53VAB@C 4>AO3AO FL>3> 7=0G5==O A0<5 G5@57 48 

<A. #5@5@820==O ?> ?5@5?>2=5==N B09<5@0 28:>@8AB>2CєBLAO 4;O D>@<C20==O 

V=B5@20;C G0AC, @V2=>3> >4=VєW A5:C=4V. �;03>, I> ?@8 :>5DVFVє=BV ?5@5@0EC20==O 

?>?5@54=L>3> 4V;L=8:0 1/64 V B0:B>2V9 G0AB>BV 2 4  3F ?5@5?>2=5==O B09<5@0 

2V41C45BLAO A0<5 G5@57 1 A. 

$>73;O=5<> F9>EF CV8CDB7D4@< wait 4>:;04=VH5. #>G8=0єBLAO 

?V4?@>3@0<0 7 ?5@52V@:8 7=0G5==O @53VAB@C data (DO8B> 141). /: C65 3>2>@8;>AO 
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@0=VH5, 70 4>?><>3>N FL>3> @53VAB@C 2 ?V4?@>3@0<C ?5@540єBLAO :>4 =><5@0 

@568<C. ' FL><C 28?04:C ?>B@V1=> 287=0G8B8 B@820;VABL D>@<>20=>W 70B@8<:8. 

�V4 FL>3> 70;568BL, O:89 7 284V2 ?5@5@820=L 1C45 0:B82V7>20=89. �;O 

0:B82V70FVW B>3> 01> V=H>3> 284C ?5@5@820=L C @53VAB@ <0A:8 B09<5@0 (TIMSK) 

<8 1C45<> 70?8AC20B8 @V7=V 7=0G5==O <0A:8. ' DO8>4I 141–145 A0<5 = 

2818@0єBLAO F5 7=0G5==O. �81V@ 72>48BLAO 4> ?5@52V@:8 =><5@0 @568<C. 

/:I> 2<VAB data @V2=> 1, B> 28:>=CєBLAO DO8B> 143, 45 2 O:>ABV <0A:8 
2818@0єBLAO G8A;> 0x40 (?5@5@820==O ?> 71V3>2V). "1@0=0 <0A:0 70?8ACєBLAO 2 

@53VAB@ temp. "?5@0B>@ 157C<>2=>3> ?5@5E>4C 3 jmp C DO8>G 144 ?5@540є 

:5@C20==O ?> <VBFV w2 4;O B>3>, I>1 «?5@5AB@81=CB8» DO8B> 145, 45 
2818@0єBLAO V=H5 7=0G5==O <0A:8. 

/:I> :>4 C @53VAB@V data =5 @V2=89 1, B> :5@C20==O ?5@540єBLAO 4> DO8>4 
145, 45 2 @53VAB@ temp 70?8ACєBLAO :>4 0x80.  0A:0 0x80 4>72>;Oє ?5@5@820==O 

?> ?5@5?>2=5==N. �>:;04=VH5 ?@> =0AB@>N20==O B09<5@0 4828B5AO 2 7?46V 1. ' 

DO8>G 146 >1@0=5 7=0G5==O <0A:8 70?8ACєBLAO 2 @53VAB@ TIMSK. 

' DO8>4I 147–149 28:>=CєBLAO E><84AAO F4=@9D4 (2 >1842V ?>;>28=8 

@0EC=:>2>3> @53VAB@C B09<5@0 70?8ACєBLAO =C;L>25 7=0G5==O). �7 FL>3> <><5=BC 

?>G8=0єBLAO 2V4;V: G0AC 70B@8<:8. ' DO8>G 150 A:840єBLAO 2 =C;L @53VAB@ 

?@0?>@0 70B@8<:8 (flz). � 2 DO8>G 151 ?@>2>48BLAO 3;>10;L=89 4>72V; 

?5@5@820=L. !0 FL><C 2AV =0AB@>N20==O, =5>1EV4=V 4;O @>1>B8 ?@>F54C@8 

70B@8<:8, 70:V=GCNBLAO. 

�0;8H0єBLAO ;8H5 G5:0B8 70:V=G5==O 7040=>3> ?@><V6:C G0AC. �;5 ?5@H, =V6 

?>G8=0B8 F8:; >GV:C20==O, ?@>3@0<0 @>18BL I5 >4=C ?5@52V@:C =><5@0 @568<C 

(DO8>4 152, 153). %?@020 2 B><C, I> 4;O @568<C =><5@ 2 F8:; >GV:C20==O 
>@30=V7>2C20B8 =5 ?>B@V1=>. ' FL><C 28?04:C F8:; >GV:C20==O @>7B0H>2CєBLAO 

?>70 ?V4?@>3@0<>N wait, C BV;V A0<>W ?@>3@0<8. &><C, O:I> 1C2 7040=89 @568< 

=><5@ 2, B> @>1>B0 ?V4?@>3@0<8 2 FL><C <VAFV ?>28==0 70:V=GC20B8AO. 
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"?5@0B>@ cpi C DO8>G 152 ?5@52V@Oє 2<VAB @53VAB@C data, 45 715@V30єBLAO 

:>4 =><5@0 @568<C =0 @V2=VABL F8D@V 2. /:I> :>4 @568<C @V2=89 42><, B> 

>?5@0B>@ C<>2=>3> ?5@5E>4C 2 DO8>G 153 ?5@540є :5@C20==O =0 :V=5FL 
?V4?@>3@0<8. � O:I> =V, B> ?@>3@0<0 ?5@5E>48BL 4> F8:;C >GV:C20==O. 

&<>? BKV>G64AAO 709<0є 2AL>3> 420 DO8>< (154, 155).  

' @O4:C 154 ?@>2>48BLAO ?5@52V@:0 2<VABC @53VAB@C ?@0?>@0 (flz) =0 

@V2=VABL >48=8FV. #>:8 ;VG8;L=8: ?5@51C20є 2 ?@>F5AV @0EC=:C 9 ?5@5@820==O 

I5 =5 A?@0FN20;>, B> 2<VAB @53VAB@C flz 4>@V2=Nє =C;N, >?5@0B>@ C DO8>G 155 

?5@540є :5@C20==O =0704 =0 DO8B> 154, V F8:; B@820є. /: BV;L:8 ?@>F54C@0 
>1@>1:8 ?5@5@820==O 70?8H5 2 flz >48=8FN, F8:; 7025@HCєBLAO, V :5@C20==O 

?5@5E>48BL 4> DO8>4 156. ' FL><C DO8>G 2V41C20єBLAO 3;>10;L=0 701>@>=0 2AVE 

?5@5@820=L. � 2 DO8>G 157 ?V4?@>3@0<0 wait 7025@HCєBLAO. 

�2V, I> 70;8H8;8AO, I5 =5 >?8A0=V 4>?><V6=V ?@>F54C@8 ?@87=0G5=V 4;O 

@>1>B8 7 EEPROM. #@8 70?8AV 2 F59 284 ?0<'OBV 9 G8B0==O 7 =5W ?>B@V1=> 

4>B@8<C20B8 ?52=>W ?>A;V4>2=>ABV 4V9. *O ?>A;V4>2=VABL 4>:;04=> >?8A0=0 2 

4>:C<5=B0FVW =0 <V:@>:>=B@>;5@8 AVR. 

&0< 65 =02545=V ?@8:;048 ?@>F54C@, @5:><5=4>20=V 28@>1=8:>< 4;O F8E 

FV;59. "?8AC20=V =86G5 ?@>F54C@8 є ?@0:B8G=> ?>2=>N :>?VєN 

@5:><5=4>20=8E ?@>F54C@, 4>?>2=5=V ;8H5 :><0=4>N 02B><0B8G=>3> 

71V;LH5==O 04@5A8. �;O :5@C20==O ?0<'OBBN EEPROM 28:>@8AB>2CNBLAO 

A?5FV0;L=V @53VAB@8 22545==O-282>4C: 

EEAR – @53VAB@ 04@5A8; EEDR – @53VAB@ 40=8E; EECR – @53VAB@ :5@C20==O. 

":@5<V @>7@O48 @53VAB@C :5@C20==O B0:>6 <0NBL A2>W 2;0A=V V<5=0: EEWE – 1VB 

70?8AC; 

EEMWE – 1VB 4>72>;C 70?8A8; EERE – 1VB G8B0==O. 'AV =0728 22545=V 

DV@<>N-28@>1=8:>< V ?@028;L=> @>7C<VNBLAO B@0=A;OB>@><, O:I> 28 =5 701C;8 

?@8є4=0B8 =0 ?>G0B:C ?@>3@0<8 D09; >?8AV2. 
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�BDO8B> ;4C<EG 54=F4 6 EEPROM =0ABC?=89. �09B 40=8E, ?@87=0G5=89 4;O 

70?8AC, ?>28=5= 1CB8 ?><VI5=89 C @53VAB@ EEDR, 0 109B 04@5A8 – C @53VAB@ 2 

EEAR. �;O B>3>, I>1 4>72>;8B8 70?8A, =5>1EV4=> 2AB0=>28B8 1VB EEMWE. 

#>BV< ?@>BO3>< G>B8@L>E <0H8==8E F8:;V2 ( B>1B> =0ABC?=>W 6 :><0=4>N) 

?>B@V1=> 2AB0=>28B8 1VB EEWE. �V4@07C 6 ?VA;O CAB0=>2:8 1VB0 EEWE 

?>G8=0єBLAO ?@>F5A 70?8AC. *59 ?@>F5A 709<0є 4>A8BL B@820;89 G0A. 'A5 F5 G0A 

1VB EEWE 70;8H0єBLAO 2AB0=>2;5=8<. #> 70:V=G5==N ?@>F5AC 70?8A8 2V= A0< 

A:840єBLAO 2 =C;L. &0:89 1030B>ABC?V=G0AB89 0;3>@8B< ?@84C<0=89 4;O 

70?>1V30==O 28?04:>2>3> 70?8AC. 

#V4?@>3@0<0, I> @50;V7Cє >?8A0=89 28I5 0;3>@8B< 70?8AC 109B0, 

=07820єBLAO eewr V 709<0є DO8>< 158–166. �09B 40=8E, ?@87=0G5=89 4;O 70?8AC, 

?5@540єBLAO 2 ?@>F54C@C 70 4>?><>3>N @53VAB@C data, 0 04@5A0 3=V740, :C48 

?>B@V1=> 70?8A0B8 40=V, – G5@57 @53VAB@ addre. $>1>B0 ?V4?@>3@0<8 ?>G8=0єBLAO 

V7 3;>10;L=>W 701>@>=8 2AVE ?5@5@820=L (DO8B> 158). 

*5 >1>2'O7:>20 C<>20 @>1>B8 7 EEPROM. !52G0A=> 28:;8:0=5 

?5@5@820==O <>65 ?5@5H:>48B8 ?@>F5AC 70?8AC. ' FL><C 28?04:C 701>@>=0 

?5@5@820=L є =04;8H:>28< 70E>4><, B><C I> ?@>3@0<0 ?>1C4>20=0 B0:8< 

G8=><, I> ?@8 70?8AV 2 EEPROM ?5@5@820==O 702648 701>@>=5=V. 

' DO8>4I 159,160 @>7B0H>20=89 F8:; ?5@52V@:8 3>B>2=>ABV EEPROM. 

/:I> 1VB EEWE CAB0=>2;5=89, F5 7=0G8BL, I> ?>?5@54=O >?5@0FVO 70?8AC I5 

=5 :V=G5=0. &><C 2 DO8>G 159 ?5@52V@OєBLAO 7=0G5==O FL>3> 1VB0. #>:8 7=0G5==O 

1VB0 4>@V2=Nє >48=8FV, 28:>=CєBLAO :><0=40 157C<>2=>3> ?5@5E>4C 2 DO8>G 
160, V ?5@52V@:0 28:>=CєBLAO 7=>2C 9 7=>2C. 

�>;8 7=0G5==O 1VB0 28O28BLAO @V2=8< =C;N, DO8B> 160 1C45 ?@>?CI5=0 

(A?@0FNє :><0=40 sbic C DO8>G 159), 0 F8:; >GV:C20==O ?5@5@25BLAO. # DO8>G 
161 2V41C20єBLAO 70?8A 04@5A8 7 @53VAB@C addre C @53VAB@ EEAR. # DO8>G 162 C 

@53VAB@ EEDR 70?8ACєBLAO 109B 40=8E 7 @53VAB@C data. 
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# DO8>G 163 CAB0=>2;NєBLAO 1VB 4>72>;C 70?8A8. # DO8>G 164 – 1VB 

70?8A8. #VA;O CAB0=>2:8 FL>3> 1VB0 ?@>F5A 70?8A8 1C45 70?CH5=89. �0?8A 1C45 

9B8 A2>єN G5@3>N, 0 ?@>3@0<0 <>65 ?@>4>26C20B8 A2>N @>1>BC. �>;>2=5 – =5 

<V=OB8 2<VAB @53VAB@V2 EEDR V EEAR, ?>:8 ?@>F5A 70?8A8 =5 70:V=G8BLAO. # 
DO8>G 165 2V41C20єBLAO 71V;LH5==O 2<VABC @53VAB@C addre. 

�, =0@5HBV, C DO8>G 166 ?V4?@>3@0<0 7025@HCєBLAO. �><0=40 2 DO8>G 165 

=5 AB028BLAO 4> 0;3>@8B<C 70?8AC 2 EEPROM. �;5 WW 70AB>AC20==O 4>72>;Oє 

28:>@8AB>2C20B8 ?V4?@>3@0<C eewr 4;O ?>A;V4>2=>3> 70?8AC ;0=FN6:0 109BV2, 

C G><C <8 9 ?5@5:>=0є<>AO 40;V. 

#>@O4>: G8B0==O 109B0 =01030B> ?@>ABVH5. �>A8BL C @53VAB@ EEAR 70?8A0B8 

04@5A0 3=V740, C<VAB O:>W ?>B@V1=> ?@>G8B0B8, 0 ?>BV< CAB0=>28B8 1VB G8B0==O 

(EERE). #@>G8B0=89 109B 02B><0B8G=> <VAB8BLAO 2 @53VAB@ EEDR. 

�V8CDB7D4@4 K<F4AAO 54=F4 ; EEPROM =07820єBLAO eerd V 709<0є 

DO8>< 167–174. �4@5A0 3=V740, ?@87=0G5=>W 4;O G8B0==O, ?5@540єBLAO 2 

?V4?@>3@0<C G5@57 @53VAB@ addre. #@>G8B0=89 109B 40=8E ?V4?@>3@0<0 ?>25@B0є 

2 @53VAB@V data. #>G8=0єBLAO ?V4?@>3@0<0 G8B0==O, O: V ?V4?@>3@0<0 70?8AC V7 

701>@>=8 ?5@5@820=L (DO8B> 167). 

&><C I> G8B0==N <>65 ?5@54C20B8 70?8A, ?5@H =V6 7<V=N20B8 7=0G5==O 

@53VAB@C EEAR, ?>B@V1=> ?5@52V@8B8, G8 70:V=G82AO ?@>F5A 70?8AC. &><C 2 

DO8>4I 168, 169 <8 10G8<> 265 7=09><89 =0< F8:; >GV:C20==O 3>B>2=>ABV 

EEPROM. # DO8>G 170 C @53VAB@ EEAR 70?8ACєBLAO 2<VAB @53VAB@C addre. 

# DO8>G 171 CAB0=>2;NєBLAO 1VB G8B0==O (EERE). /: BV;L:8 F59 1VB 1C45 

2AB0=>2;5=89, <><5=B0;L=> 2V41C20єBLAO ?@>F5A G8B0==O, V ?@>G8B0=89 109B 

40=8E 7'O2;OєBLAO 2 @53VAB@V EEDR. # DO8>G 172 F59 109B <VAB8BLAO 2 @53VAB@ 

data. # DO8>G 173 2V41C20єBLAO 71V;LH5==O @53VAB@C 04@5A8 addre. �<VAB FL>3> 

71V;LH5==O B0:89 65, O: V 2 ?>?5@54=L><C 28?04:C. &V;L:8 B5?5@ ?>4V1=5 

?@89<0==O 4>72>;Oє G8B0B8 7 EEPROM ;0=FN6>: 109BV2. # DO8>G 174 
?V4?@>3@0<0 eewr 7025@HCєBLAO. 
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&5?5@ C9D9=89@B 8B BEAB6ABW K4EF<A< CDB7D4@<. /: C65 3>2>@8;>AO, 
2>=0 709<0є DO8>< 62–119. � ?5@H5, I> 28:>=Cє >A=>2=0 ?@>3@0<0, – J<>? 
BKV>G64AAO 6V8CGE>4AAO >ABCB>. ' F8:;V 28:>@8AB>2CєBLAO >?8A0=0 28I5 
?V4?@>3@0<0 incod. �>=0 1C45 =5 BV;L:8 7G8BC20B8 :>4 AB0=C :;02V0BC@8, 0;5 9 

2V4@07C 6 @>18B8 9>3> ?>@V2=O==O. 

/:I> 28 =5 701C;8, :>4 AB0=C :;02V0BC@8 ?@8 ?>2=VABN 2V4?CI5=8E 

:=>?:0E @V2=89 0x7F, 0x07. ' @O4:0E 62, 63 F59 :>4 70?8ACєBLAO 2 4>?><V6=89 

1CD5@ codl+codh. *8:; >GV:C20==O 2V4?CA:0==O :=>?>: @>7B0H>20=> 2 DO8>4I 

64, 65. ' DO8>G 64 28:;8:0єBLAO ?V4?@>3@0<0 incod. �>=0 287=0G0є :>4 AB0=C 

:;02V0BC@8 9 ?>@V2=Nє >B@8<0=89 :>4 V7 G8A;><, 70?8A0=8< C 1CD5@V codl+codh. 

/:I> :>4 AB0=C :;02V0BC@8 4>@V2=Nє :>4C 2 1CD5@V, B> ?VA;O 28E>4C 7 

?V4?@>3@0<8 ?@0?>@ Z 1C45 2AB0=>2;5=89. � O:I> =V, B>– A:8=CB89. $V2=VABL 

:>4V2 >7=0G0є, I> :=>?:8 2V4?CI5=V. &><C >?5@0B>@ C<>2=>3> ?5@5E>4C 2 

DO8>G 65 ?5@52V@Oє 7=0G5==O ?@0?>@0 Z. #>:8 :>48 @V7=V, :5@C20==O 

?5@540єBLAO ?> <VBFV B5, V F8:; >GV:C20==O B@820є. /: BV;L:8 :>48 28O2;OBLAO 

@V2=8<8, F8:; ?5@5@820єBLAO, V :5@C20==O ?5@5E>48BL 4> DO8>4 66. 

' DO8>G 66 ?>G8=0єBLAO J<>? BKV>G64AAO A4F<E>4AAO >ABC><. *8:; 
709<0є DO8>< 66, 67 V 283;O40є <0965 B0: A0<>, O: F8:; >GV:C20==O 

2V4?CA:0==O. �V4<V==VABL ?>;O30є 2 >?5@0B>@>2V C<>2=>3> ?5@5E>4C. �0<VABL 

brne (?5@5EV4 70 C<>2>N «=5 @V2=>») 70AB>A>2CєBLAO >?5@0B>@ breq (?5@5EV4 70 

C<>2>N «@V2=>»). 

' 1CD5@V codl+codh O: V @0=VH5 ?5@51C20є :>4 AB0=C :;02V0BC@8 ?@8 

?>2=VABN 2V4?CI5=8E :=>?:0E. &><C 28EV4 7 40=>3> F8:;C 2V41C45BLAO B>4V, 

:>;8 1C45 =0B8A=CB0 :>6=0 V7 :=>?>: (SI-S10). 

/: BV;L:8 =0B8A:0==O 1C45 28O2;5=>, ?@>3@0<0 ?5@5E>48BL C =0ABC?=C 

AB04VN. "B@8<0=89 :>4 AB0=C :;02V0BC@8 ?>28=5= AB0B8 ?5@H8< :>4>< 

:;NG>2>W :><1V=0FVW. �;5 ?5@H =V6 ?>G8=0B8 F8:; C2545==O FVєW :><1V=0FVW, 

?@>3@0<0 28:>=Cє 42V 4C65 206;82V >?5@0FVW: ' DO8>4I 68, 69 C @53VAB@>2C ?0@C 
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Z 70?8ACєBLAO 04@5A0 ?>G0B:C 1CD5@0 2 "�', :C48 1C45 <VAB8B8AO :><1V=0FVO, 

I> 22>48BLAO. $53VAB@ Z 1C45 715@V30B8 ?>B>G=89 ?>:06G8: FL>3> 1CD5@0. 

�@C30 206;820 >?5@0FVO ?@>2>48BLAO 2 DO8>G 70. "BCB AB05 0 ;VG8;L=8: 

109BV2, 70?8A0=8E C 1CD5@. #VA;O FL>3> ?>G8=0єBLAO F8:; C2545==O :>4>2>W 

:><1V=0FVW. *8:; 709<0є DO8>< 71–88. #>G8=0єBLAO @>1>B0 F8:;C 7 D>@<C20==O 

70E8A=>W 70B@8<:8. +><C ?>G8=0єBLAO V7 70B@8<:8, O:I> <8 BV;L:8 I> >45@60;8 

?5@H5 =0B8A:0==O :=>?:8? 

� 73V4=> 7 0;3>@8B<>< ?VA;O =0B8A:0==O ?>:;045=> D>@<C20B8 70B@8<:C. 

�;O D>@<C20==O 70E8A=>W 70B@8<:8 28:>@8AB>2CєBLAO ?V4?@>3@0<0 wait, I> 

?@0FNє 2 @568<V 1. %?>G0B:C 2 DO8>G 72 C @53VAB@ data 70?8ACєBLAO =><5@ 

@568<C. #>BV< C DO8>G 73 28:;8:0єBLAO ?V4?@>3@0<0 wait. 

#VA;O 70:V=G5==O 70E8A=>W 70B@8<:8 2 DO8>G 74 7=>2C ?@>2>48BLAO 22545==O 

:>4C AB0=C. ' DO8>4I 75, 76 >B@8<0=89 :>4 70?8ACєBLAO 2 1CD5@. �;O 70?8AC 

28:>@8AB>2CNBLAO :><0=48, I> 71V;LHCNBL 7=0G5==O ?>:06G8:0 (Z). &><C 

?VA;O 70?8AC :>6=>3> G5@3>2>3> 109B0 ?>:06G8: ?5@5AC20єBLAO 2 =0ABC?=C 

?>78FVN. #>BV< C DO8>4I 77, 78 71V;LHCєBLAO 7=0G5==O ;VG8;L=8:0 ?@89=OB8E 

109BV2. &><C I> <8 70?8A0;8 420 109B8, B5 9 7=0G5==O ;VG8;L=8:0 71V;LHCєBLAO 

42VGV. 

# DO8>4I 79, 80 ?@>2>48BLAO >FV=:0 4>268=8 22545=>3> :>4C. /:I> 

4>268=0 ?5@528I8BL @>7<V@8 1CD5@0, B> F8:; C2545==O :>4C 4>AB@>:>2> 

?@8?8=OєBLAO. # DO8>G 79 ?@>2>48BLAO ?>@V2=O==O ?>B>G=>3> 7=0G5==O 

;VG8;L=8:0 7 @>7<V@>< 1CD5@0. 

' DO8>G 80 ?5@51C20є >?5@0B>@ C<>2=>3> ?5@5E>4C, O:89 ?5@540є 

:5@C20==O ?> <VBFV B7 C 28?04:C, O:I> 4>268=0 :>4C ?5@528I8BL @>7<V@ 

1CD5@0. ' DO8>4I 81, 82 :>4 AB0=C :;02V0BC@8 70?8ACєBLAO 2 1CD5@ codh-codl. 

$>18BLAO F5 4;O B>3>, I>1 =0ABC?=89 C2545=89 :>4 AB0=C <>6=0 1C;> 

?>@V2=N20B8 7 ?>B>G=8<. 
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�0;V ?@>3@0<0 ?>28==0 BKV>G64F< K9D7B64 ;@VA< >B8G EF4AG. �;5 
A?>G0B:C ?>B@V1=> 70?CAB8B8 B09<5@, I>1 2V= ?>G02 D>@<C20==O 70E8A=>3> 

?@><V6:C G0AC. /:I> ?@>BO3>< FL>3> ?@><V6:C =5 1C45 =0B8A=CB0 6>4=0 

:=>?:0, B> F5 ?>28==5 ?>A;C68B8 A83=0;>< 4> 28E>4C V7 F8:;C 22545==O 

:;NG>2>W :><1V=0FVW. �0?CA: B09<5@0 ?@>2>48BLAO 70 4>?><>3>N ?V4?@>3@0<8 

wait C @568<V =><5@ 420. ' DO8>G 83 C @53VAB@ data 70?8ACєBLAO =><5@ @568<C, 

0 2 DO8>G 84 28:;8:0єBLAO A0<0 ?V4?@>3@0<0. 

' DO8>4I 85–88 >@30=V7>20=89 :><1V=>20=89 F8:; >GV:C20==O. ' BV;V 

F8:;C 2V41C20єBLAO 2V4@07C :V;L:0 >?5@0FV9. #>-?5@H5, C2>48BLAO =>25 7=0G5==O 

:>4C AB0=C :;02V0BC@8 (DO8B> 85). ' ?@>F5AV 22545==O =>289 :>4 @V2=OєBLAO 7V 

AB0@8<, O:89 715@V30єBLAO 2 1CD5@V codh-codl. /:I> :>48 =5 @V2=V, B> >?5@0B>@ 

C<>2=>3> ?5@5E>4C 2 DO8>G 86 ?5@540є :5@C20==O ?> <VBFV m3, 45 2V41C20єBLAO 

D>@<C20==O 70E8A=>W 70B@8<:8, ?>BV< ?>2B>@=5 7G8BC20==O 9 70?8A :>4C 2 

1CD5@ V B0: 40;V. 

/:I> =>25 7=0G5==O :>4C @V2=> AB0@><C, :><1V=>20=89 F8:; B@820є. ' DO8>G 

87 ?@>2>48BLAO ?5@52V@:0 ?@0?>@0 70B@8<:8 flz. /:I> ?@0?>@ 4>@V2=Nє =C;N, 

F5 7=0G8BL, I> 70E8A=89 ?@><V6>: G0AC I5 =5 70:V=G82AO. ' FL><C 28?04:C 

>?5@0B>@ C<>2=>3> ?5@5E>4C 2 DO8>G 88 ?5@540є :5@C20==O ?> <VBFV m6, V 

:><1V=>20=89 F8:; B@820є A?>G0B:C. /:I> 7=0G5==O ?@0?>@0 flz 4>@V2=Nє 

>48=8FV, B> F8:; 7025@HCєBLAO, V :5@C20==O ?5@5E>48BL 4> DO8>4 89. 

' DO8>4I 89, 90 2V41C20єBLAO ?5@52V@:0 ?5@5<8:0G0 @568<V2 @>1>B8 (SII). 

�0;56=> 2V4 AB0=C FL>3> ?5@5<8:0G0 >B@8<0=0 BV;L:8 I> :>4>20 :><1V=0FVO 01> 

70?8ACєBLAO 2 ��$RO  (@568< «�0?8A»), 01> =04E>48BL C ?@>F54C@C ?5@52V@:8 

(@568< «$>1>B0»). �><0=40 7,VA C DO8>G 89 ?5@52V@Oє 7=0G5==O AL><>3> 1VB0 

@53VAB@C PINB. 

/:I> 1VB 4>@V2=Nє =C;N (:>=B0:B8 BC<1;5@0 70<:=5=V), B> DO8B> 90 =5 
28:>=CєBLAO, V :5@C20==O ?5@5E>48BL 4> DO8>4 91, 45 ?>G8=0єBLAO ?@>F54C@0 
70?8AC 2 ��$RO  /:I> 7=0G5==O @>7@O4C 4>@V2=Nє >48=8FV (:>=B0:B8 
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BC<1;5@0 =5 70<:=5=V), >?5@0B>@ C<>2=>3> ?5@5E>4C 2 DO8>G 90 ?5@540є 

:5@C20==O ?> <VBFV m9 =0 ?>G0B>: ?@>F54C@8 ?>@V2=O==O. 

 

�DBJ98GD4 ;4C<EG >?NKB6BW >B@5VA4JVW 6 EEPROM 

*O ?@>F54C@0 709<0є DO8>< 91–101. �> ?>G0B:C FVєW ?@>F54C@8 :>4>20 

:><1V=0FVO 265 ?5@51C20є 2 1CD5@V "�'. �>268=0 :><1V=0FVW 2B@8<CєBLAO 2 

7<V==V9 count. !0< 70;8H0єBLAO BV;L:8 70?8A0B8 2A5 F5 2 EEPROM. 

# DO8>4I 91–93 2 EEPROM 70?8ACєBLAO 4>268=0 :><1V=0FVW. # O:>ABV 

04@5A8 4;O 70?8AC 28:>@8AB>2CєBLAO <VB:0 klen. *O <VB:0 2:07Cє =0 3=V74>, O:5 

A?5FV0;L=> 70@575@2>20=0 4;O FVєW <5B8 (482. DO8B> 20). �;O 70?8AC 109B0 2 
EEPROM 28:>@8AB>2CєBLAO ?V4?@>3@0<0 eewr. 

# DO8>G 91 4>268=0 :><1V=0FVW <VAB8BLAO 2 @53VAB@ data. # DO8>G 92 

04@5A0 <VAB8BLAO 2 @53VAB@ addre. #>BV< 28:;8:0єBLAO ?V4?@>3@0<0 eewr (DO8B> 
93). 

# DO8>4I 97–100 @>7B0H>20=89 F8:; 70?8AC 2AVE 109BV2 :;NG>2>W 

:><1V=0FVW. #5@54 ?>G0B:>< F8:;C 2 @53VAB@ addre 70?8ACєBLAO 04@5A0 ?5@H>3> 

3=V740 1CD5@0-?@89<0G0, I> ?5@51C20є 2 EEPROM (DO8B> 94). � 2 @53VAB@>2C 

?0@C Z 70?8ACєBLAO 04@5A0 ?5@H>3> 3=V740 1CD5@0-465@5;0, I> ?5@51C20є 2 "�' 

(DO8>4 95, 96). 

# ?@>F5AV 70?8AC :;NG>2>W :><1V=0FVW @53VAB@ count 28:>@8AB>2CєBLAO 4;O 

?V4@0EC=:C 70?8A0=8E 109BV2. �4 ?>G0B:C, O: C65 3>2>@8;>AO, 2V= <VAB8BL 

4>268=C :><1V=0FVW. #@8 70?8AV :>6=>3> 109B0 2<VAB count 7<5=HCєBLAO. �>;8 

2>=> 28O28BLAO @V2=8< =C;N, F8:; 70?8AC ?@8?8=OєBLAO. 

*8:; ?>G8=0єBLAO 7 B>3>, I> G5@3>289 109B :;NG>2>W :><1V=0FVW, I> ?5@51C20є 

2 "�', <VAB8BLAO 2 @53VAB@ data (DO8B> 97). !03040N, I> 04@5A0 265 ?5@51C20є 2 

@53VAB@V addre. ' DO8>G 98 28:;8:0єBLAO ?V4?@>3@0<0, O:0 70?8ACє 109B 2 

EEPROM. &0 6 ?V4?@>3@0<0 71V;LHCє 7=0G5==O addre =0 >48=8FN. ' DO8>G 99 

7<5=HCєBLAO 7=0G5==O @53VAB@C count. 
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#5@52V@:C 2<VABC count =0 @V2=VABL =C;N @>18BL >?5@0B>@ brne C DO8>G 
100. /:I> 2<VAB =5 4>@V2=Nє =C;N, B> >?5@0B>@ ?5@540є :5@C20==O =0 <VB:C m8, 

V F8:; 70?8AC :;NG>2>W :><1V=0FVW B@820є. � O:I> =V, B> F8:; 7025@HCєBLAO, V 
:5@C20==O ?5@5E>48BL 4> DO8>4 101. &>1B> 4> ?@>F54C@8 2V4:@820==O 70<:0. 

&5?5@ @>715@5<>AO, =02VI> ?VA;O 70?8AC :>4C 28:;8:0єBLAO ?@>F54C@0 

2V4:@820==O 70<:0. *5 7@>1;5=5 4;O 7@CG=>ABV. #VA;O 22545==O :>4>2>W 

:><1V=0FVW =5>1EV4=> 28B@8<0B8 ?0C7C 2 1 V7 4;O B>3>, I>1 C2545=0 :><1V=0FVO 

70?8A0;0AO 2 EEPROM. �;O B>3>, I>1 B>G=> 7=0B8, :>;8 70:V=GCєBLAO FO ?0C70, 

28:>@8AB>2CєBLAO A?@0FL>2C20==O 70<:0. /: BV;L:8 :;0F=5 A>;5=>W4, <>6=0 

22060B8, I> 22545==O 70:V=G5=5. 

�DBJ98GD4 C9D96VD>< >B84 

*O ?@>F54C@0 709<0є DO8>< 102–114. #@>F54C@0 2V4:@V20==O 70<:0 1030B> 

2 G><C AE>60 =0 ?@>F54C@C 70?8AC. �;O G8B0==O 109B0 7 EEPROM 

28:>@8AB>2CєBLAO ?V4?@>3@0<0 eerd. #5@54 28:;8:>< FVєW ?V4?@>3@0<8 04@5A0 

3=V740, 72V4:8 1C45 ?@>G8B0=0 V=D>@<0FVO, 70?8ACєBLAO 2 @53VAB@ addre. 

#@>G8B0=5 7 EEPROM 7=0G5==O 25@B0єBLAO 2 @53VAB@V data. 

' DO8>4I 102–105 2V41C20єBLAO 7G8BC20==O 4>268=8 ?>A;V4>2=>ABV 7 

EEPROM V ?>@V2=O==O WW 7 4>268=>N =>2>W ?>A;V4>2=>ABV. %?>G0B:C 2 DO8>G 

102 04@5A0 3=V740, 45 715@V30єBLAO 4>268=0 :>4C, 70?8ACєBLAO 2 addre. #>BV< 

28:;8:0єBLAO ?V4?@>3@0<0 eerd (DO8B> 103). 

' DO8>G 104 @V2=OєBLAO >B@8<0=5 7 EEPROM 7=0G5==O (@53VAB@ data) V 

=>25 7=0G5==O 4>268=8 :>4C (@53VAB@ count). ' 28?04:C =5@V2=>ABV F8E 42>E 

25;8G8= >?5@0B>@ C<>2=>3> ?5@5E>4C 2 DO8>G 105 ?5@540є :5@C20==O 2 ?>G0B>: 

?@>3@0<8. ' FL><C 28?04:C ?>40;LH0 ?5@52V@:0 1V;LH5 =5 ?@>2>48BLAO. �25@V 

70;8H0єBLAO 70:@8B>W. 

/:I> 4>268=0 :>4C 28O28;0AO ?@028;L=>W, ?>G8=0єBLAO F8:; ?>109B=>2> 

?5@52V@:8 :>4V2. %?>G0B:C 2 @53VAB@ addre 70?8ACєBLAO ?>G0B:>20 04@5A0 1CD5@0 
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2 EEPROM (DO8B> 106). # @53VAB@>2C ?0@C Z 70?8ACєBLAO ?>G0B:>20 04@5A0 

1CD5@0 2 "�' (DO8>4 107, 108). %0< F8:; ?>@V2=O==O 709<0є DO8>< 109–114. 

' DO8>G 109 28:;8:0єBLAO ?V4?@>3@0<0, O:0 G8B0є G5@3>289 109B V7 

EEPROM. �09B <VAB8BLAO 2 @53VAB@ data. ' DO8>G 110 G8B0єBLAO 109B V7 "�'. 

*59 109B <VAB8BLAO 2 @53VAB@ temp. ' DO8>G 111 FV 420 109B8 @V2=ONBLAO. /:I> 

109B8 =5 @V2=V, >?5@0B>@ C<>2=>3> ?5@5E>4C 2 DO8>G 112 ?5@5@820є ?@>F5A 

?>@V2=O==O 9 ?5@540є :5@C20==O =0 ?>G0B>: ?@>3@0<8. &>1B> 425@V 9 C FL><C 

28?04:C 70;8H0єBLAO 70:@8B>W. 

/:I> 109B8 @V2=V, 28:>=CєBLAO 7<5=H5==O 2<VABC ;VG8;L=8:0 count 

(DO8B> 113). /:I> ?VA;O 7<5=H5==O 2<VAB count I5 =5 4>AO3;>AO =C;O, 

:5@C20==O ?5@540єBLAO ?> <VBFV mlo (>?5@0B>@ brne C DO8>G 114), V F8:; 
?>@V2=O==O B@820є. �>;8 2<VAB count 28O28BLAO @V2=8< =C;N, ?@>F5A ?>@V2=O==O 

70:V=GCєBLAO. *5 >7=0G0є, I> 2AV 109B8 >1>E 25@AV9 :;NG>2>W :><1V=0FVW 

28O28;8AO @V2=V. &><C ?@>3@0<0 ?;02=> ?5@5E>48BL 4> ?@>F54C@8 2V4:@820==O 

70<:0 ( 4> @O4:0 115). 

�DBJ98GD4 6V8>D<64AAO ;4@>4 

*O ?@>F54C@0 709<0є DO8>< 115–119. #@>F54C@0 4C65 ?@>AB0. �;O 

?5@52V@:8 :>4C =0 G5B25@B89 @>7@O4 ?>@BC $� ?>40єBLAO >48=8G=89 A83=0;, 

O:89 2V4:@820є B@0=78AB>@ :;NG0 VT1 (D<E. 4.1). $5;5 A?@0FL>2Cє, V 70<>: 

2V4:@820єBLAO. #>402H8 2V4:@820NG89 A83=0;, ?@>3@0<0 28B@8<Cє ?0C7C, 0 

?>BV< A83=0; 7=V<0є. #VA;O FL>3> 70<>: 70:@820єBLAO. &@820;VABL ?0C78 @V2=0 

>4=VєW A5:C=4V. *L>3> G0AC 4>A8BL, I>1 2V4:@8B8 425@V. 

#>40G0 2V4:@820NG>3> A83=0;C =0 28EV4 74V9A=NєBLAO 2 DO8>G 115. ' 

DO8>4I 116, 117 ?@>2>48BLAO 28:;8: ?@>F54C@8 70B@8<:8. #@8 FL><C 

2818@0єBLAO @568< =><5@ 3. %?>G0B:C 2 @53VAB@ data <VAB8BLAO :>4 @568<C 

70B@8<:8 (DO8B> 116). #>BV< 28:;8:0єBLAO ?V4?@>3@0<0 wait (DO8B> 117). ' 

DO8>G 118 7=V<0єBLAO A83=0; 2V4:@820==O 425@V. ' DO8>G 119 ?@>F54C@0 

2V4:@820==O 70<:0 7025@HCєBLAO. "?5@0B>@ 157C<>2=>3> ?5@5E>4C, I> 
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?5@51C20є 2 FL><C @O4:C, ?5@540є :5@C20==O =0 ?>G0B>: ?@>3@0<8. � 25AL ?@>F5A 

?>G8=0єBLAO A?>G0B:C. 

2.4. �BDO8B> 6<>BA4AAO DB5BF< 

1. %B2>@8B8 =>289 ?@>5:B 2 A5@54>28IV PROTEUS. %:;0AB8 AE5<C 

:>4>2>3> 70<:0 73V4=> @8A. 4.1. 

2. %B2>@8B8 =>289 ?@>5:B 2 AVR Studio, 281@0B8 New Project, 40;V 

281@0B8 O: =0;03>46C20;L=C ?;0BD>@<C Atmel AVR Assembler, AVR 

Simulator V <V:@>AE5<C �"tiny2313. 

3. �;O <V:@>:>=B@>;5@0 �&tiny2313 =0?8A0B8 ?@>3@0<C :>4>2>3> 70<:0 =0 

10 :=>?>: 4;O 22545==O :>4C, ?>7=0G5=8E F8D@0<8 2V4 «0» 4> «9». �0<>: 

?>28=5= <0B8 ?5@5<8:0G @568<V2 «�0?8A/$>1>B0». ' 28?04:C ?@028;L=>3> 

=01>@C :>4C 70<>: ?>28=5= 2:;NG0B8 28:>=02G89 <5E0=V7< 70<:0 (A>;5=>W4 01> 

5;5:B@><03=VB=C 70AC2:C). �2545==O :>4C ?>28==> ?@>2>48B8AO >?8A0=8< 2 

B5@5B8G=8E 2V4><>ABOE A?>A>1><. 

�;O AB2>@5==O ?@>3@0<8 :>@8ABC20B8AO V=D>@<0FVєN 7 B5>@5B8G=8E 

2V4><>AB59 B0 ;VAB8=3>< 4.1. 

4. �8:>=0B8 2V4;04:C ?@>3@0<C 2 AVR Studio 2 ?>:@>:>2><C @568<V 70 

4>?><>3>N :=>?:8 F11. 

5. �V4:@8B8 AB2>@5=89 2 PROTEUS ?@>5:B V ?V4:;NG8B8 =0?8A0=C 

?@>3@0<C 4> <V:@>?@>F5A>@0. �0?CAB8B8 A8<C;OFVN, ?5@52V@8B8 ?@0F5740B=VABL 

AE5<8. 

6. !0 >A=>2V ?5@H>W ?@>3@0<8 AB2>@8B8 ?@>3@0<C :>4>2>3> 70<:0 =0 8 

F8D@ 2V4 «0» 4> «7» V C O:>3> 70E8A=0 70B@8<:0 4>@V2=Nє 100 <A. 

7. �V4:@8B8 AB2>@5=89 2 PROTEUS ?@>5:B V ?V4:;NG8B8 =0?8A0=C 

?@>3@0<C 4> <V:@>?@>F5A>@0. �0?CAB8B8 A8<C;OFVN, ?5@52V@8B8 ?@0F5740B=VABL 

AE5<8. 

8. !0?8A0B8 72VB. �@>18B8 28A=>2:8. 

1.5. �@VEF ;6VFG. �2VB ?>28=5= <VAB8B8: 
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1. &5:AB8 =0?8A0=8E ?@>3@0<. 

2. #5@5;V: 28:>@8AB0=8E :><0=4 7 ?>OA=5==O< WE ?@87=0G5==O. 

3. �@>18B8 28A=>2:8: ?@> >1’є< 28:>=0=>W @>1>B8, G8 4>AO3=5=0 <5B0 @>1>B8, G8 

?@0:B8G=V @57C;LB0B8 A?V2?0;8 7 B5>@5B8G=8<8. 

1.6. �BAFDB?PAV F9EFB6V C<F4AAO. 
1. /:V <V:@>:>=B@>;5@8 ?V4B@8<Cє 5<C;OB>@ 5;5:B@>==8E ?@8AB@>W2 

PROTEUS? 

2. -> 2V4>1@060є ?0=5;L DEVICES? 

3. /: 28:>=0B8 ?>40GC 682;5==O 01> ?52=>3> A83=0;C 2 4>2V;L=C B>G:C 

AE5<8? 

4. /:89 283;O4 <0NBL D09;8 ?@>H82:8 28:>=0=V =0 O78:0E A, assembler, B0 

2 <0H8==8E :>40E? 

5. /:V 4VW =5>1EV4=> ?@>25AB8, I>1 ?@>5<C;N20B8 2 PROTEUS @>1>BC 

<V:@>:>=B@>;5@0? 

6. /: 7040B8 G0AB>BC B0:BC20==O  � ?@8 5<C;OFVW? 

7. /:5 ?@87=0G5==O <0є 2V@BC0;L=89 B5@<V=0;? 

8. /: 7040B8 =5>1EV4=89 G0A 5<C;OFVW? 
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