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ABSTRACT 

Qualification Bachelor's thesis: 40 pages, 17 figures, 10 tables, 14 formulas, 15 

literature sources. 

Development Object - Device for electronic equipment testing control 

Objective of the thesis: includes reviewing and analyzing analogs of the design object 

and developing the structural and schematic diagrams, as well as other graphical 

documentation for the device. During the work, we also learn and demonstrate the 

development of schematic and structural diagrams with calculations of their electronic 

components. 

In this thesis, an analysis of analogs of the design object was conducted, and structural 

and schematic diagrams were developed according to the requirements of the technical task. 

The main technical characteristics are described, and trends in development are discussed. 

The work includes structural and schematic diagrams, as well as calculations of device 

component values. 
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ВABC? 

 

#@8ABV9 :>=B@>;N 28?@>1C20=ь 5;5:B@>==>W 0?0@0BC@8 – F5 ?@8AB@V9, O:89 

28:>@8AB>2CєBьAO 4;O ?5@52V@:8 ?@0F5740B=>ABV B0 2V4?>2V4=>ABV 4> 7040=8E 

?0@0<5B@V2 5;5:B@>==8E :><?>=5=BV2 B0 ?@8AB@>W2. �V= 4>72>;Oє A8<C;N20B8 

5:AB@5<0;ь=V C<>28 5:A?;C0B0FVW B0 287=0G8B8, O: 2>=8 2?;820NBь =0 

DC=:FV>=0;ь=VABь B0 =04V9=VABь 5;5:B@>==8E ?@8AB@>W2. 

*59 ?@8AB@V9 70728G09 A:;040єBьAO 7 :0<5@8, O:0 <>65 :>=B@>;N20B8 

B5<?5@0BC@C B0 2>;>3VABь, B0 4>40B:>28E ?@8AB@>W2, B0:8E O: 40BG8:8 B5<?5@0BC@8 B0 

2>;>3>ABV, A8AB5<8 >E>;>465==O, V=AB@C<5=BV2 4;O 71>@C 40=8E B>I>. 

#@>F5A 28?@>1C20==O <>65 1CB8 ?@>3@0<>20=8< B0 02B><0B87>20=8<, I>1 

70157?5G8B8 AB0=40@B87>20=V C<>28 4;O :>6=>3> B5ABC. #@8AB@V9 <>65 

28?@>1>2C20B8 5;5:B@>==V ?@8AB@>W ?@8 @V7=8E B5<?5@0BC@0E B0 2>;>3>ABV, O:V 

<>6CBь A8<C;N20B8 5:AB@5<0;ь=V C<>28 5:A?;C0B0FVW, B0:V O: 28A>:0 2>;>3VABь, 

=87ь:V 01> 28A>:V B5<?5@0BC@8, @0?B>2V 7<V=8 B5<?5@0BC@8 B>I>. 

#VA;O 28?@>1C20==O ?@8AB@V9 <>65 0=0;V7C20B8 40=V, >B@8<0=V 2 ?@>F5AV 

B5ABC20==O, B0 72VBC20B8 ?@> @V25=ь DC=:FV>=0;ь=>ABV B0 =04V9=>ABV 5;5:B@>==8E 

?@8AB@>W2. *5 4>72>;Oє 28@>1=8:0< 5;5:B@>==>W 0?0@0BC@8 70157?5G8B8 28A>:C O:VABь 

B0 =04V9=VABь A2>WE ?@>4C:BV2 ?V4 G0A 5:A?;C0B0FVW 2 @V7=8E C<>20E. 

�@V< B>3>, B0:89 ?@8AB@V9 <>65 1CB8 28:>@8AB0=89 4;O 28?@>1C20==O 28@>1V2 

=0 2V4?>2V4=VABь AB0=40@B0< B0 28<>30< @V7=8E V=4CAB@V9, B0:8E O: 02B><>1V;ь=0, 

02V0FV9=0, <548G=0 B0 V=HV 30;C7V. �8@>1=8:8 <>6CBь 28:>@8AB>2C20B8 40=V, 

>B@8<0=V 2 ?@>F5AV B5ABC20==O, I>1 ?V428I8B8 O:VABь A2>WE ?@>4C:BV2 B0 70157?5G8B8 

WE=N =04V9=VABь B0 4>23>2VG=VABь 2 @V7=8E C<>20E. 
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�030;><, ?@8AB@V9 4;O 28?@>1C20==O ?@8;04V2 5;5:B@>==>W 0?0@0BC@8 70 

4>?><>3>N B5<?5@0BC@8 B0 2>;>3>ABV є 206;828< V=AB@C<5=B>< 4;O 28@>1=8:V2 

5;5:B@>==>W 0?0@0BC@8. 

�V= 4>72>;Oє ?V428I8B8 O:VABь B0 =04V9=VABь ?@>4C:BV2 B0 70157?5G8B8 WE=N 

2V4?>2V4=VABь AB0=40@B0< B0 28<>30< @V7=8E 30;C759. 

"B65, ?@8AB@V9 4;O 28?@>1C20==O ?@8;04V2 5;5:B@>==>W 0?0@0BC@8 70 

4>?><>3>N B5<?5@0BC@8 B0 2>;>3>ABV є 206;828< V=AB@C<5=B>< 4;O 28@>1=8:V2 B0 

4>A;V4=8:V2, O:89 4>72>;Oє >FV=8B8 DC=:FV>=0;ь=VABь B0 =04V9=VABь 5;5:B@>==>W 

0?0@0BC@8 ?V4 @V7=8<8 C<>20<8. 
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1.�3;O4 B0 0=0;V7 0=0;>3V2 >1’є:BC ?@>5:BC20==O 

"4=8< 7 0=0;>3V2, O:89 <>6=0 28:>@8AB0B8 4;O ?@>2545==O B5ABC20==O 

>1;04=0==O, є :;V<0B8G=0 B5@<>:0<5@0 TH-I-180. 

 

 

 

$8A.1.TH-I-180 , :;V<0B8G=0 :0<5@0 [1] 

#>B@V1=> 2V47=0G8B8, I> :;V<0B8G=0 :0<5@0, ?@> O:C 945BьAO, є 4>A8Bь 

A:;04=8< >1;04=0==O<. ' 72'O7:C 7 F8< <8 7>A5@548<>AO =0 >A=>2=8E 

E0@0:B5@8AB8:0E FVєW :0<5@8, I>1 AB2>@8B8 2;0A=5 >1;04=0==O 4;O ?@>2545==O 

B5ABC20==O. 
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&01;.1.)0@0:B5@8AB8:8 :;V<0B8G=>W :0<5@8 TH-I-180[1] 

 >45;ь TH-I-180 

"1’є< 180 

�V0?07>= B5<?5@0BC@,℃ -30&+120 

+0A 
!03@V20==O, E2 50 E2 (2V4 -30℃ 4> 120℃) 

"E>;>465==O, E2 60 E2 (2V4 20℃ 4> 2 30℃) 

�>;>3VABь �V0?07>=,% 2V4=.2;. 

30-80 ?@8 10℃ 

20-98 ?@8 20&80℃ 

20-80 ?@8 90℃ 

 

&0:>6 <>6=0 73040B8 ?@> :;V<0B8G=C :0<5@C Binder MKF 56, O:0 <0є <5=H89 

>1'є< :0<5@8. *5 4>72>;8Bь 1V;ьH B>G=> >FV=8B8 @V7=8FN <V6 B5@<>:0<5@0<8. 

$8A.2. Binder MKF 56, :;V<0B8G=0 :0<5@0 [2] 
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&01;.2. )0@0:B5@8AB8:8 :;V<0B8G=>W :0<5@8 Binder MKF 56 [2] 

 

' 72'O7:C 7 B8<, I> ?@8=F8?>2V AE5<8 F8E :;V<0B8G=8E :0<5@ =5 4>ABC?=V 

>:@5<>, >A:V;ь:8 2>=8 є 3>B>28<8 ?@>4C:B0<8 B0 70E8I5=V V=B5;5:BC0;ь=>N 

2;0A=VABN, <8 ?>28==V @>7@>18B8 2;0A=C AE5<C. 

"48= 7 =09?@>ABVH8E A?>A>1V2 28@VH5==O Fь>3> 70240==O ?>;O30є C 

28:>@8AB0==V AE5<8, 45 3>;>2=89 <V:@>:>=B@>;5@ 28ABC?0є 2 @>;V :5@CNG>3> 

?@8AB@>N, I> C?@02;Oє V=H8< >1;04=0==O<. &0:V AE5<8 G0AB> >B@8<CNBь =072C AE5< 

:5@C20==O 01> :>=B@>;N. �0;56=> 2V4 :>=:@5B=>W A8AB5<8 01> 70AB>AC20==O, 2>=8 

<>6CBь <0B8 @V7=V =0728, =0?@8:;04, 02B><0B87>20=V A8AB5<8 :5@C20==O (�%�), 

A8AB5<8 C?@02;V==O B0 <>=VB>@8=3C (%' ), :>=B@>;5@8, <V:@>:>=B@>;5@=V A8AB5<8 

( �%) V B0: 40;V.' =0H><C 28?04:C =091V;ьH >?B8<0;ь=8< 281>@>< 1C45 

28:>@8AB0==O <V:@>:>=B@>;5@=>W A8AB5<8 ( �%). 

 �% є :><?;5:A=>N A8AB5<>N, O:0 2:;NG0є 2 A515 <V:@>:>=B@>;5@ ( �), 

?5@8D5@V9=V ?@8AB@>W, 2=CB@VH=N B0 7>2=VH=N ?0<'OBь, V=B5@D59A8 4;O 72'O7:C 7 

V=H8<8 ?@8AB@>O<8 B0 ?@>3@0<=5 70157?5G5==O, I> :5@Cє 2AV<0 F8<8 :><?>=5=B0<8. 

 

 

 >45;ь MKF 56 

"1’є< 60 

�V0?07>= B5<?5@0BC@,℃ -40&+180 

+0A 
!03@V20==O, E2 1 E2 (=0 5℃) 

"E>;>465==O, E2 90 E2 (2V4 180℃ 4> 2 30℃) 

�>;>3VABь �V0?07>=,%  10-98 

#>BC6=VABь :�B 2,8 

!0?@C30 2 

<5@56V(?@8 

50�F) 

� 230 
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 V:@>:>=B@>;5@ 28ABC?0є O: F5=B@0;ь=89 V=B53@0;ь=89 ?@8AB@V9 2  �% V <0є 

21C4>20=89 ?@>F5A>@, ?0<'OBь 4;O 715@V30==O ?@>3@0<=>3> :>4C B0 40=8E, 0 B0:>6 

@V7=><0=VB=V ?5@8D5@V9=V ?@8AB@>W, B0:V O: ?>@B8 22545==O/282545==O (GPIO), 

B09<5@8, 70A>18 72'O7:C (=0?@8:;04, UART, SPI, I2C) B0 V=HV.  V:@>:>=B@>;5@ 

28:>=Cє ?@>3@0<8, O:V 70157?5GCNBь :5@C20==O B0 :5@CNBь @>1>B>N V=H8E ?@8AB@>W2 

2 @0<:0E A8AB5<8. �8:>@8AB0==O  �% 4>72>;Oє @50;V7C20B8 H8@>:89 A?5:B@ 

DC=:FV>=0;ь=>ABV B0 <>6;82>AB59 4;O C?@02;V==O V :>=B@>;N 2 @V7=8E ?@8AB@>OE B0 

A8AB5<0E. 

"4=0:, 7 C@0EC20==O< B>3>, I> 1V;ьHVABь ACG0A=>3> >1;04=0==O <0є 

:><?0:B=89 @>7<V@, <8 <>65<> 7<5=H8B8 >1’є< =0H>W :0<5@8, I> 4>72>;8Bь 

A?@>AB8B8 ?@8AB@V9. -> 2 7030;ь=><C 7<>65 28:>=0B8 ?@0:B8G=> BV A0<V 70240==O 

4;O 28?@>1C20==O 5;5:B@>==>W a?a@aBC@8. 

&0:8< G8=><, O:I> ?>@V2=OB8 7 0=0;>30<8, =0H5 B5E=VG=5 70240==O 1C45 

283;O40B8 =0ABC?=8< G8=><: 

➢ !0?@C30 682;5==O (?>ABV9=89 AB@C<)            5,12,24 �; 

➢ !0?@C30 682;5==O (7<V==89 AB@C<)               220�; 

➢ %?>6820==O, =5 1V;ьH5                                   3:�B; 

➢ �V0?07>= B5<?5@0BC@                                       -40°C 4> +80°C 7 B>G=VABN 4>  ±1°C; 

➢ �V0?07>= 2>;>3VABV                                           0% 4> 100% 7 B>G=VABN 4> ± 3%; 

➢ &8? <V:@>:>=B@>;5@0                                      AVR; 

➢ &8? =020=B065==O                                           0:B82=5. 
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2.�@>5:B=>-:>=AB@C:B>@Aь:89 @>74V; 

"A:V;ь:8 =0H ?@8AB@V9 :>=B@>;N 28?@>1C20=ь 5;5:B@>==>W 0?0@0BC@8 

A:;040єBьAO 7 45:V;ь:>E 1;>:V2, >?8A DC=:FV9 :>6=>3> 7 =8E 4>72>;8Bь =0< :@0I5 

287=0G8B8 =5>1EV4=V 5;5<5=B8. �2060NG8 =0 A:;04=VABь ?@8AB@>N, @>718BBO =0 1;>:8 

B0 >?8A WE DC=:FV9 4>72>;8Bь 7@>7C<VB8, O: 2>=8 270є<>4VNBь <V6 A>1>N B0 O:V 

70240==O 2>=8 28:>=CNBь. &0:>6 F5 4>?><>65 281@0B8 BV 1;>:8, O:V є =5>1EV4=8<8 

4;O 28:>=0==O :>=:@5B=>W 7040GV, I> A?@>AB8Bь @>7@>1:C B0 7<5=H8Bь G0A, ?>B@V1=89 

4;O AB2>@5==O ?@8AB@>N. 

 

$8A.3. %B@C:BC@=0 AE5<0 ?@8AB@>N :>=B@>;N 28?@>1C20=ь 5;5:B@>==>W 

0?0@0BC@8. 
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�;O 70157?5G5==O 682;5==O ?@8AB@>N :>=B@>;N 28?@>1C20=ь 5;5:B@>==>W 

0?0@0BC@8 28:>@8AB>2CNBьAO ;V=V9=V AB01V;V70B>@8 =0?@C38, O:V @>7B0H>20=V ?VA;O 

4V>4=8E <>ABV2. #5@H89 AB01V;V70B>@ LM7812 2V4?>2V40є 70 682;5==O 25=B8;OB>@V2, 0 

4@C389 AB01V;V70B>@ 

 V:@>:>=B@>;5@ є =0ABC?=8< 1;>:>< , 0 B0:>6 3>;>2=8< 5;5<5=B><, I> :5@Cє 

2AVєN A8AB5<>N. �V= 2V4?>2V40є 70 ?@89><, >1@>1:C B0 ?5@540GC V=D>@<0FVW =0 V=HV 

5;5<5=B8 ?@8AB@>N, B0:V O: B@0=78AB>@=V :;NGV 01> 0=0;>3>2V <V:@>AE5<8. 

#@>3@0<=89 :>4, O:89 70?8A0=89 =0 <V:@>:>=B@>;5@V, є 287=0G0;ь=8< D0:B>@>< 4;O 

28:>=0==O @V7=8E B5ABV2 =0 28?@>1C20=><C ?@8AB@>W. �0;56=> 2V4 7040GV, O:C 

?>B@V1=> 28@VH8B8, ?@>3@0<=89 :>4 <>65 =04A8;0B8 A83=0;8 =0 @V7=V 5;5<5=B8 

?@8AB@>N :>=B@>;N 28?@>1C20=ь 5;5:B@>==>W 0?0@0BC@8. !0?@8:;04, 4;O 

28?@>1C20==O ?52=>3> 5;5<5=BC 0?0@0BC@8 <>65 1CB8 28:>@8AB0=0 0=0;>3>20 

<V:@>AE5<0, 0 4;O V=H>3> – B@0=78AB>@=89 :;NG. �V4 Fь>3> 70;568Bь 5D5:B82=VABь V 

B>G=VABь 28<V@N20==O ?>:07=8:V2 28?@>1C20==O. 

' ?@>5:BV :>=B@>;N 28?@>1C20=ь 5;5:B@>==>W 0?0@0BC@8 є >:@5<89 1;>:, O:89 

2V4?>2V40є 70 :5@C20==O B0 682;5==O ?’є7>5;5<5=B0. �>3> 3>;>2=0 DC=:FVO – 

72>;>65==O :0<5@8 B0 ?V4B@8<0==O ?52=>3> @V2=O 2>;>3>ABV 2 =V9. 

-5 >4=8< 1;>:>< є A8AB5<0 :5@C20==O >15@B0<8 25=B8;OB>@V2, O:0 2:;NG0є 2 

A515 B@0=78AB>@=V :;NGV B0 V=HV :><?>=5=B8, I> 70157?5GCNBь @53C;N20==O 

H284:>ABV >15@B0==O 25=B8;OB>@V2 2V4?>2V4=> 4> ?>B@518. 

� 72VA=> >:@5<> ?>B@V1=> 284V;8B8 25=B8;OB>@8 , O:V 2V4?>2V40NBь 70 

F8@:C;OFVN ?>2VB@O 2 :0<5@V. *O DC=:FVO є =5>1EV4=>N 4;O 70157?5G5==O @V2=><V@=>W 

B5<?5@0BC@8 B0 2>;>3>ABV 2 C<>20E 5:A?5@8<5=BC. 

 

 

     

��$ �% 19050039.001 #� 

А@к. 
     10 

В8<. А@к. №4>кC<. #і4?8A Д4B4 



 

�>FV;ь=> 707=0G8B8, I> C ?@8AB@>W :>=B@>;N 28?@>1C20=ь 5;5:B@>==>W 

0?0@0BC@8 25;8:C @>;ь 2V4V3@0NBь 40BG8:8 2>;>3>ABV B0 B5<?5@0BC@8, O:V 4>72>;ONBь 

718@0B8 206;82C V=D>@<0FVN ?@> AB0= 2=CB@VH=ь>3> A5@54>28I0 2 :0<5@V. �0 

4>?><>3>N F8E 40BG8:V2 <>6=0 :>=B@>;N20B8 @V25=ь 2>;>3>ABV B0 B5<?5@0BC@8 2 

:0<5@V B0 70157?5GC20B8 >?B8<0;ь=V C<>28 4;O 5D5:B82=>3> 28?@>1C20==O 

5;5:B@>==>W 0?0@0BC@8. &0:8< G8=><, 40BG8:8 2>;>3>ABV B0 B5<?5@0BC@8 є 

=52V4’є<=>N G0AB8=>N ?@8AB@>N :>=B@>;N 28?@>1C20=ь 5;5:B@>==>W 0?0@0BC@8. 

�>40B:>2>N :><?>=5=B>N, O:C =5>1EV4=> 2@0E>2C20B8, є :><C=V:0B82=89 

5;5<5=B – 5=:>45@. *5 40є <>6;82VABь :>@8ABC20GC 270є<>4VOB8 7 2V4>1@065=>N =0 

48A?;5W V=D>@<0FVєN B0 @53C;N20B8 @V7=><0=VB=V ?0@0<5B@8 ?@8AB@>N. �=:>45@ 

70157?5GCє 7@CG=89 B0 H284:89 4>ABC? 4> 2AVE DC=:FV9 ?@8AB@>N, 70157?5GCNG8 

<0:A8<0;ь=89 :><D>@B :>@8ABC20==O. 

&0:>6 є 1;>:, O:89 <VAB8Bь 5;5:B@>==V ?5@5<8:0GV =0 >A=>2V A5<8AB>@=>W 

72’O7:8, O:V 2V4?>2V40NBь 70 :5@C20==O =03@V20;ь=8< 5;5<5=B>< V :><?@5A>@><, I> 

70157?5GCNBь <>6;82VABь =03@V2C V >E>;>465==O 2 :0<5@V 2V4?>2V4=>. *59 1;>: 

206;8289 4;O @53C;N20==O B5<?5@0BC@8 2 :0<5@V. 

�57C<>2=> 206;828< 1;>:>< є :><?@5A>@ B0 B5@<>5;5<5=B (0 A0<5 B5=8), O:V 

2V4?>2V40NBь 70 =040==O >?B8<0;ь=>W B5<?5@0BC@8 2 :0<5@V B0 ?V4B@8<0==O WW =0 

=5>1EV4=><C @V2=V. 
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3.!8=B57 B0 0=0;V7 ?@8=F8?>2>W AE5<8 

�@0E>2CNG8 2AV FV 1;>:8,O:V 1C;8 2:070=V @0=VH5 <8 <>65<> 284V;8B8 

?@81;87=C ?@8=F8?>2C AE5<C. 

 

$8A.4. #@8=F8?>20 AE5<0 ?@8AB@>N :>=B@>;N 28?@>1C20=ь 5;5:B@>==>W 

0?0@0BC@8. 
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4.В81V@ 5;5<5=BV2 ?@8=F8?>2>W AE5<8 

#VA;O AB2>@5==O ?@8=F8?>2>W AE5<8, =5>1EV4=> 2V4V1@0B8 2V4?>2V4=V 5;5<5=B8, 

O:V 1C4CBь 28:>@8AB>2C20B8Aь 4;O DC=:FV>=C20==O ?@8AB@>N :>=B@>;N 28?@>1C20=ь 

5;5:B@>==>W 0?0@0BC@8. 

      �B0? 2V41>@C 5;5<5=BV2 4;O ?@8=F8?>2>W AE5<8 є 206;828< 5B0?>< 

?@>5:BC20==O ?@8AB@>N :>=B@>;N 28?@>1C20=ь 5;5:B@>==>W 0?0@0BC@8. !0 Fь><C 

5B0?V 2V41C20єBьAO 281V@ =5>1EV4=8E :><?>=5=BV2, O:V 28:>=CNBь DC=:FVW ?@8AB@>N 

2V4?>2V4=> 4> 9>3> ?@8=F8?>2>W AE5<8. &0:>6 <>65 1CB8 206;828< 2@0EC20==O 

DC=:FV>=0;ь=8E 28<>3 4> ?@8AB@>N, =0?@8:;04, H284:>ABV @50:FVW, B>G=>ABV 

28<V@N20==O B>I>.  

      !0 Fь><C 5B0?V 206;82> 2@0E>2C20B8 B0:V D0:B>@8, O: B5E=VG=V 

E0@0:B5@8AB8:8 :><?>=5=BV2. #@8 ?V41>@V 5;5<5=BV2 =5>1EV4=> 4>B@8<C20B8Aь 

?@8=F8?C >?B8<0;ь=>ABV, B>1B> >18@0B8 5;5<5=B8, O:V =09:@0I5 2V4?>2V40NBь 

?>B@510< ?@8=F8?>2>W AE5<8. 

      ' ?@>F5AV ?V41>@C 5;5<5=BV2 206;82> B0:>6 2@0E>2C20B8 AC<VA=VABь <V6 

=8<8 B0 <>6;82VABь WE=ь>3> 270є<>4VW. �@V< B>3>, =5>1EV4=> 2@0E>2C20B8 28<>38 4> 

B>G=>ABV B0 H284:>4VW ?@8AB@>N, I>1 70157?5G8B8 9>3> 5D5:B82=C @>1>BC. 
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4.1.  >7@0EC=>: :><?>=5=BV2 B@0=AD>@<0B>@0 4;O B@0=AD>@<0FVW =0?@C38 

 

#5@H8< 5;5<5=B><, O:89 1C45 2:;NG5=89 4> ?@8=F8?>2>W AE5<8, 1C45 

B@0=AD>@<0B>@ ,0 A0<5 B>@>W40;ь=>3> B8?C. 

&>@>W40;ь=V B@0=AD>@<0B>@8 <0NBь :V;ь:0 ?5@5203 ?>@V2=O=> 7 

B@0=AD>@<0B>@0<8 =0 AB@86=528E V 1@>=ь>28E A5@45G=8:0E 7V H-?>4V1=8E ?;0AB8=. 

&>@>W48 <0NBь <5=HV @>7<V@8, <5=HC 203C V ?@8 Fь><C 7=0G=> 28IC �#�. 

�;O ?@>2545==O @>7@0EC=:V2 B@0=AD>@<0B>@0 <8 A:>@8AB0є<>AO A?@>I5=>N 

B01;8F5N, O:0 4>?><>65 287=0G8B8 =5>1EV4=V ?0@0<5B@8. 

&01;.3.%?@>I5==0 B01;8FO 4;O @>7@0EC=:V2 [3] 

 

*N B01;8FN 28:>@8AB>2CNBь 4;O @>7@0EC=:C B@0=AD>@<0B>@V2 7 G0AB>B>N 

<5@56V 50 �F, O:V <0NBь A5@45G=8:8 7 E>;>4=>:0B0=>W AB0;V <0@>: -310, -320, -330 

B>2I8=>N AB@VG:8 0,35-0,5 <<.  

�030;ь=0 ?>BC6=VABь O:0 <0є 1CB8 2 =0H>3> B@0=D>@<0B>@C , 4>@V2=Nє : 

"A:V;ь:8 =0< ?>B@V1=> 7=0B8 ?>BC6=VABь A?>6820==O 4;O @>7@0EC=:C, <8 

A:>@8AB0є<>AO ?@81;87=>N 25;8G8=>N, O:0 2V4?>2V40є =0H8< ?>B@510<. 

 �;O ?@8AB@>W2, O:V ?@0FNNBь 7 =0?@C3>N 5 2>;ьB, B0:8E O: 3>;>2=89 

<V:@>:>=B@>;5@, O:89 2 ?V:>2><C =020=B065==V <>65 A?>6820B8 ?@81;87=> 200<�, 

LCD 48A?;59, O:89 B0:>6 2 ?V:>2><C =020=B065==V <>65 A?>6820B8 1;87ь:> 200<�, 

V V=HV 5;5<5=B8, I> A?>6820NBь 4> 100<�, 1C45<> 2@0E>2C20B8 FV 7=0G5==O 4;O 

@>7@0EC=:V2. 

��(ВB) �ÿ �Ā S(A<Ā) &  (А/<<Ā) �(%) 

Д> 10 41/S 38 √�� 4.5 0.8 

10-30 36/S 32 √��/ÿ, ÿ 4.0 0.9 

30-50 33.3\S 29 √��/ÿ, Ā 3.5 0.92 

50-120 32/S 28 √��/ÿ, ā 3.0 0.95 
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�;5 70<VABь 28:>@8AB0==O =0?@C38 5 2>;ьB, <8 1C45<> 28:>@8AB>2C20B8 

=0?@C3C 8 2>;ьB, O:0 1C45 >B@8<0=0 7 ?>=86C20;ь=>3> AB01V;V70B>@0. �;O FVєW =0?@C38 

=0< ?>B@V1=> 1C45 @>7@0EC20B8 2V4?>2V4=89 AB@C<."B65, O:I> <8 <0є<> 0,5 � ?@8 5 

�, B> F5 5:2V20;5=B=> 8 � * 0,3 �. 

�=0;>3VG=0 A8BC0FVO 28=8:0є 7 25=B8;OB>@0<8, 45 AB01V;V70B>@ 7=86Cє =0?@C3C 

7 15 � 4> 12 �, 0 A?>6820G0<8 є 25=B8;OB>@8, O:V <>6CBь A?>6820B8 4> 0,5 �. &>6 

AB@C< 28E>48Bь (12�*0,5�)/15�=0,4�. 

�;O :5@CNG>W AE5<8 C?@02;V==O C;ьB@072C:>28< ?'є7>5;5<5=B><, 2:070=> =0 

A09BV 28@>1=8:0, 28:>@8AB>2CєBьAO =0?@C30 24 � B0 AB@C< 0,5 �. 

&0:8< G8=><, @>7@0EC=>: 1C45 28:>=C20B8AO 7 C@0EC20==O< F8E 7=0G5=ь, 

=0ABC?=8< G8=><. � = 24ā ∙ 0.5� + 15ā ∙ 0.4� + 8ā ∙ 0.3� = 20.4ВB (1). 
�@0E>2CNG8 @50;ь=V 2B@0B8 =0 =03@V2 V B4. ��(�B)= � ÷  �(%) = 20.4ВB ÷ 0.9 = 22.7ВB (2). 
$>7@0E>2Cє<> ?;>IC ?5@5@V7C A5@45G=8:0 þ = √��1,1 = :22.71.1 = 4.33 A<2 (3). 
#V418@0є<> @>7<V@8 A5@45G=8:0 ĀĀ−āĀ2 ∙ ℎĀ  (4). 

!091;86G89 AB0=40@B=89 B8? >A5@4O – "�40/64/40  

�5 <03=VB>?@>2V4 "�, B0:>6 2V4><89 O: :V;ьF5289 <03=VB>?@>2V4 B8?C "� 01> 

0=C;O@=89 <03=VB=89 B8? "� V 28ABC?0є 2 @>;V >A5@4O 4;O A8;>2>3> <0;>?>BC6=>3> 

>4=>D07=>3> B@0=AD>@<0B>@C. 

"�40/64/40, 45 40 << - þĀ , 64 << - �Ā , 40 << - ℎĀ 

� ?V4AB0282H8 F5 2 D>@<C;C(4) B> ?;>I0 ?5@5@V7C 4>@V2=Nє 4,8 A<2 , 2>=0 =5 

<0є 1CB8 <5=H>N =V6 ?;>I0 O:C <8 28@0EC20;8 2 D>@<C;V (3). 

#@8 287=0G5==V 2=CB@VH=ь>3> 4V0<5B@0 >A5@4O <0є 1CB8 28:>=0=0 C<>20: þĀ∙ f þĀ þĀ∙ = √2,4 ∙ þ = :10.392 j 3.22ý� (5). 3.22ý� < 4ý� 
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#>25@B0NG8Aь 4> A?@>I5=>W B01;8FV, O:0 4>72>;Oє 287=0G8B8 :V;ь:VABь 28B:V2 

=0 2>;ьB, <8 >B@8<0є<> V=D>@<0FVN. �1 = 36þ = 364.8 = 7.5 68B:V6 =4 6>;ьB (6). 
�=0E>48<> @>7@0EC=:>2V G8A;0 28B:V2 ?5@28==>W B0 2B>@8==>W >1<>B>: Ă1 = �1 ∙ Ā1 = 7.5 ∙ 220ā = 1650 28B:V2  Ă2 = �1 ∙ Ā2 = 7.5 ∙ 24ā = 180 28B:V2  Ă2 = �1 ∙ Ā3 = 7.5 ∙ 15ā = 112 68B:V6 Ă3 = �1 ∙ Ā3 = 7.5 ∙ 8ā = 60 68B:V6  ДV7=4є<>Aь AB@C< ?5@68==>W >5><>B:8, я:89 7=4E>48<> 7 D>@<C;8: �1 = 1,1 ∙ ��Ā1  (7)   

�1 = 1,1 ∙ 22,7220 = 0,1135 А  
�87=0G0є<> 4V0<5B@8 4@>BV2 4;O >1<>B>: þ1 = 1.13:ý1&    , 4V4<5B@ ?5@68==>W >5<>B:8 (8).   & 2 �>?CAB8<0 IV;ь=VABь AB@C<C 2 >1<>B:0E V 76V4A8 4V7=4є<>Aь þ1: 

þ1 = 1.13:0,11354 j 0,191 << , 45> 0,2 << 

�0;8H8;>Aь BV;ь:8 287=0G8B8 4V0<5B@8 2B>@8==8E >1<>B>: , 

28:>@8AB02H8 D>@<C;C (7) ?V4AB0282H8 70<VABь  �1 , �= 2 ABC< =464=B465==я:   
þ2 = 1,13:0,54   j 0,4 << , 45 �= = 0,5А 

þ3 = 1,13:0,44   j 0,36 << , 45 �= = 0,4А 

þ4 = 1,13:0,34   j 0,31 << , 45 �= = 0,3А 
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4.2. >7@0EC=>: AB01V;V70B>@V2 =0?@C38 

�@0E>2CNG8 206;82VABь AB01V;ь=>W =0?@C38 4;O 3>;>2=>W <V:@>AE5<8, 40BG8:V2, 

5=:>45@0 V 5:@0=C, =5>1EV4=> 725@=CB8 C203C =0 281V@ AB01V;V70B>@0. �V= ?>28=5= 1CB8 

<0:A8<0;ь=> AB01V;ь=8<, I>1 70157?5G8B8 AB01V;ь=C =0?@C3C =0 @V2=V 5 2>;ьB 4;O 

2AVE F8E ?@8AB@>W2. 

&01;.4. +0AB8=0 7 40B0H8BC 4> LM7805 [4] 

)0@0:B5@8AB8:0 ?@8 

2EV4=V9 =0?@C7V 10 � V 

A?>6820==V 0,5� 

%8<2>; �=0G5==O "48=8FV 

�8EV4=0 =0?@C30  ā0 
<V=V<0;ь=5 <0:A8<0;ь=5 

�>;ьB 
4.8 5.2 

%B@C< :>@>B:>3> 

70<8:0==O 
�þÿ 750 <� 

#V:>289 AB@C< �Āÿ 2.2 �<?5@ 

)0@0:B5@8AB8:0  %8<2>; �=0G5==O "48=8FV 

 0:A8<0;ь=0 2EV4=0 

=0?@C30  
āýþ 35 �>;ьB 
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$8A.5. #@8=F8?>20 AE5<0 4;O LM7805 

/:I> @>73;O40B8 G0AB8=C ?@8=F8?>2>W AE5<8( 0;.4.), O:0 AB>ACєBьAO 682;5==O 

3>;>2=>W <V:@>AE5<8, 40BG8:V2, 48A?;5N B0 V=:>45@V2, B> <>6=0 ?><VB8B8. ":@V< 

A0<>3> AB01V;V70B>@0 =0?@C38 LM7805, 2 ?@8=F8?>2V9 AE5<V є V=HV 5;5<5=B8, B0:V O: 

C9&C12, VD6 V VD7. �5@0<VG=V :>=45=A0B>@8 C9 V %11 2V4DV;ьB@>2CNBь 

28A>:>G0AB>B=V V<?C;ьA8, B>4V O: 5;5:B@>;VB8G=V :>=45=A0B>@8 C10 V %12 – 

=87ь:>G0AB>B=V V<?C;ьA8. VD6 є 4V>4=8< <>AB><, I> ?5@5B2>@Nє 7<V==89 AB@C< =0 

?>ABV9=89, 0 VD7 є A2VB;>4V>4><, I> 2:07Cє =0 @>1>BC AE5<8. 

�0209B5 725@=5<>AO A?>G0B:C 4> AB01V;V70B>@0 =0?@C38 V @>73;O=5<>  0;.3. 

�25@=5<> C203C =0 Output Voltage V ?>10G8<>, I> 2 40B0H8BV 4V0?07>= AB0=>28Bь 2V4 

4,75 4> 5,25 2>;ьB, =02VBь O:I> B5<?5@0BC@0 4>@V2=Nє 120 3@04CAV2 70 *5;ьAVє<. �0;V, 

@>73;O=5<> Peak Output Current, (F5 ?V:>289 AB@C< O:89 28B@8<Cє <V:@>AE5<0)  O:89 

AB0=>28Bь 2,2�, I> ?>2=VABN 704>2>;ь=Oє ?>B@518 682;5==O V=H8E 5;5<5=BV2 2 

?V:>28E AB0=0E , 4;O O:8E 2V= 70157?5GCє AB01V;V70FVN. 

#@8 @>7@0EC=:C >1<>B>: B@0=AD>@<0B>@0 2@0E>2CєBьAO, I> 2AV 5;5<5=B8, O:V 

?@0FNNBь ?@8 =0?@C7V 5 �, <0NBь ?V:>289 AB@C< 4> 0,5 �, O: 2:070=> 2 WE 

A?5F8DV:0FVOE. 
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!02VBь 70 C<>28, I> 2@0E>2Cє<> <>6;82V 2B@0B8 B0 7=865==O 5D5:B82=>ABV, O:V 

<>6CBь 2V41C20B8Aь ?@8 =03@V2V, ?5@5410GC20=5 7=0G5==O AB@C<C 2A5 >4=> 1C45 

4>AB0B=V<, I>1 70157?5G8B8 AB01V;ь=C @>1>BC 2AVE =020=B06C20;ь=8E 5;5<5=BV2. 

�@V< B>3>, A;V4 707=0G8B8, I> 7024O:8 =0O2=>ABV :>=45=A0B>@V2 ?VA;O 

AB01V;V70B>@0, =0?@C30 1C45 4>40B:>2> 73;046C20B8Aь, I> 7<5=H8Bь 4V0?07>= 

=0?@C38, O:89 28E>48B8<5 7 AE5<8 V 70157?5G8Bь 1V;ьHC AB01V;ь=VABь. 

 8 ?5@5E>48<> 4> =0ABC?=>3> 5;5<5=BC, 0 A0<5 4V>4=>3> <>AB0, V 725@B0є<> 

C203C =0 ?0@0<5B@ <0:A8<0;ь=0 A5@54=O =0?@C30 =020=B065==O (Maximum RMS Input 

Voltage Load, āýýþ) O:8E 2:070=89 =0  0;.5., 45 707=0G5=> 40 2>;ьB. *5 7=0G5==O 

?5@528ICє =0?@C3C, I> 28E>48Bь 7 2B>@8==>W >1<>B:8 2 G>B8@8 @078, G>3> FV;:>< 

28AB0G8Bь. &0:>6 20@B> 725@=CB8 C203C =0 ?0@0<5B@ <0:A8<0;ь=89 A5@54=V9 AB@C< 

(Maximum Average Forward Current For Load , �Ă(ýā)), 45 707=0G5=> 1,5 �, I> 1V;ьH5, 
=V6 1C4CBь A?>6820B8 2AV 5;5<5=B8 =020=B065==O. 

&01;.5.�0B0H8B 4V>4=>3> <>AB0 4;O B40-C1500R [5] 

)0@0:B5@8AB8:0 %8<2>; �=0G5==O "48=8FV 

 0:A8<0;ь=0 ?>2B>@N20=0 ?V:>20 

72>@>B=0 =0?@C30 
āýĀý 100 �>;ьB8 

 0:A8<0;ь=0 A5@54=O =0?@C30 

=020=B065==O 
āýýþ 40 �>;ьB8 

 0:A8<0;ь=0 =0?@C30 ?>ABV9=>3> 

AB@C<C, I> 1;>:CєBьAO 
āĀÿ  100 �>;ьB8 

 0:A8<0;ь=89 A5@54=V9 AB@C<  �Ă(ýā) 1,5 �<?5@ 

�V0?07>= @>1>G>W B5<?5@0BC@8 ÿþ -50 to +125 ℃ 

 

"AB0==V< :><?>=5=B>< є VD7, O:89 ?@87=0G5=89 28:;NG=> 4;O V=48:0FVW 

@>1>B8 AE5<8. 
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&0:>6, A5@54 AB01V;V70B>@V2 =0?@C38, O:V 28:>@8AB>2CNBьAO 2 ?@8=F8?>2V9 

AE5<V, <>6=0 284V;8B8 B>9, O:89 70157?5GCє 682;5==O 25=B8;OB>@V2 7 =0?@C3>N 12 

2>;ьB. 

 

$8A.6. #@8=F8?>20 AE5<0 4;O LM7812 

#@0:B8G=> B0:0 A0<0 AE5<0, O: =0  0;.5, 28:>@8AB>2CєBьAO 4;O 682;5==O 

25=B8;OB>@V2 7 =0?@C3>N 12 2>;ьB. � F8E 5;5<5=BV2 682;5==O 28:>@8AB>2CєBьAO 

B0:89 A0<89 AB@C<, I> 9 C ?>?5@54=V9 AE5<V, O:89 AB0=>28Bь 0,5�.  

Є48=5 2V4<V==VABь ?>;O30є C 28:>@8AB0==V V=H>3> AB01V;V70B>@0 =0?@C38 

LM7812 B0 V=H>3> A2VB;>4V>40. 
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&01.6.+0AB8=0 7 40B0H8BC LM7812 [6] 

)0@0:B5@8AB8:0 ?@8 

2EV4=V9 =0?@C7V 10 � V 

A?>6820==V 0,5� 

%8<2>; �=0G5==O "48=8FV 

�8EV4=0 =0?@C30  ā0 
<V=V<0;ь=5 <0:A8<0;ь=5 

�>;ьB 
11.5 12.5 

%B@C< :>@>B:>3> 

70<8:0==O 
�þÿ 230 <� 

#V:>289 AB@C< �Āÿ 2.2 �<?5@ 

)0@0:B5@8AB8:0  %8<2>; �=0G5==O "48=8FV 

 0:A8<0;ь=0 2EV4=0 

=0?@C30  
āýþ 35 �>;ьB 

 

&0:>6 20@B> 707=0G8B8, I> 2 40B0H8B0E =02545=0 =0?@C30, O:0 ?>40єBьAO =0 

AB01V;V70B>@8, B@>E8 2V4@V7=OєBьAO 2V4 =0H>W. "4=0:, G5@57 B5, I> @V7=8FO <V6 

2EV4=>N V 28EV4=>N =0?@C30<8, O:C AB01V;V70B>@8 @53C;NNBь, є I5 <5=H>N, =V6 

707=0G5=> 2 40B0H8BV, <>6=0 AB25@46C20B8, I> 40=V 2 40B0H8B0E є 0:BC0;ь=8<8. *5 

?>OA=NєBьAO B8<, I> <5=H5 5=5@3VW 28B@0G0єBьAO =0 ?@>F5A ?5@5B2>@5==O =0?@C38. 
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4.3. >7@0EC=>: B@0=78AB>@=8E :;NGV2 

� O:>ABV B@0=78AB>@=>3> :;NG0 2 =0HV9 ?@8=F8?>2V9 AE5<V , 28:>@8AB>2CєBьAO  

B@0=78AB>@ 2N3904. 

&01;.7.+0AB8=0 7 40B0H8BC 4;O 2N3904 [7] 

)0@0:B5@8AB8:0 %8<2>; �=0G5==O "48=8FV 

!0?@C30 =0 :>;5:B>@-

5<VB5@=><C ?5@5E>4V 
āÿāÿ 40 �>;ьB 

!0?@C30 =0 1070-

:>;5:B@>=><C ?5@5E>4V 
āÿþÿ 60 �>;ьB 

!0?@C30 =0 1070-

5<VB5@=><C ?5@5E>4V 
āāþÿ 6 �>;ьB 

�>;5:B>@=89 AB@C<-

?>ABV9=89 
�ÿ 200 <� 

�030;ь=0 ?>BC6=VABь 

B@0=78A>@0 
�Ā 625 <�B 

�V0?07>= @>1>G>W 

B5<?5@0BC@8 
ÿþ -55 , +150 ℃ 

 

�>3> 70240==O ?>;O30є 2 @53C;N20==V >15@BV2, B>1B> 2V= :>=B@>;Nє :V;ь:VABь 

5=5@3VW, I> ?>40єBьAO =0 25=B8;OB>@, 70157?5GCNG8 9>3> >?B8<0;ь=C @>1>BC. 

*59 B@0=78AB>@ 1C2 281@0=89 =5 28?04:>2>, ?5@54 9>3> 28:>@8AB0==O< 

?@>2>48;8Aь 45:V;ь:0 @>7@0EC=:V2, I>1 70157?5G8B8 9>3> >?B8<0;ь=5 

DC=:FV>=C20==O 2 40=V9 AE5<V. 

"A:V;ь:8 <8 7=0є<>, I> 25=B8;OB>@ ?@0FNє 70 =0?@C3>N 12 2>;ьB B0 <0є AB@C< 

A?>6820==O 0,18 � , B> B@0=78AB>@ <CA8Bь 2V4?>2V40B8 B0:8< :@8B5@VO<:                            
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1) $5:><5=4CєBьAO, I>1 =0?@C30 <V6 :>;5:B>@>< B0 5<VB5@>< 

B@0=78AB>@0 ĀĀĂ� 1C;0 1V;ьH>N 70 12 2>;ьB. ĀĀĂ� = 40ā >ĀĀĂ1 , 45 ĀĀĂ1 = 12ā (9). 
2) !5>1EV4=> 70157?5G8B8, I>1 AB@C<, I> ?@>BV:0є G5@57 :>;5:B>@ �Ā, 

?5@528IC202 7=0G5==O 0,18� �Ā = 0.2� > �Ā1 , 45 �Ā1 = 0,18А (10). 
3) �0;8H8;>Aь @>7@0EC20B8 ?>BC6=VABь @>7AVN20==O 4;O Fь>3> ?>B@V1=>: 

• $>7@0EC20B8 107>289 AB@C< �ÿ = �Ā1/ℎăĂ=0.18/40 =0.0045A (11). 

• #>BC6=VABь O:C 2V= @>7AVNє @>7@0E>2CєBьAO 70 B0:>N D>@<C;>N 

P=  �ÿ*ĀĀĂ1=0.0045*12=0.054�B (12). 

•  �@V2=OB8 ?>BC6=>ABV  �Ā > � , �Ā = 0.625 ВB 

�AV FV 7=0G5==O 1C;8 ?>@V2=O=V 7V 

7=0G5==O<8, 707=0G5=8<8 2 40B0H8BV. 

!5 A;V4 701C20B8 ?@> R10 O:89 >1<56Cє 

AB@C< , 9>3> A;V4 B0:>6 @>7@0EC20B8 4;O Fь>3>: ýÿ = ý10 = Āÿ−Āÿ�ýÿ = 4−0.60.0045 j 755 "<  (13). ĀÿĂ 2 ?04V==O =0 1070 5<VB5@=><C ?5@5E>4V 
&0:>6 A;V4 7=0B8 >?V@ R11 70E8I0є 2V4 

72>@>B=ь>3> AB@C<C: ý11 = ĀĀ�1−Āÿ� ýÿ = 12−0.60.0045 j 2.5 :"<  (14). 
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$8A.8.$>7?V=>2:0 B@0=78AB>@0 [7]  

#VA;O @5B5;ь=8E @>7@0EC=:V2 B0 0=0;V7C, <8 ?@89=O;8 @VH5==O 281@0B8 F59 

1V?>;O@=89 NPN B@0=78AB>@, >A:V;ь:8 2V= V450;ь=> 2V4?>2V40є =0H8< 28<>30< I>4> 

C?@02;V==O 25=B8;OB>@0<8 7 C@0EC20==O< WE A?>6820==O.  8 725@=C;8 >A>1;82C 

C203C =0 B5E=VG=V E0@0:B5@8AB8:8 B@0=78AB>@0, B0:V O: 9>3> <0:A8<0;ь=89 AB@C< 

:>;5:B>@0 B0 :>5DVFVє=B ?>A8;5==O AB@C<C, I> 30@0=BCє =04V9=5 B0 5D5:B82=5 

DC=:FV>=C20==O A8AB5<8. �8:>@8AB0==O Fь>3> B@0=78AB>@0 4>72>;8Bь =0< 

74V9A=N20B8 B>G=5 C?@02;V==O H284:VABN B0 V=B5=A82=VABN @>1>B8 25=B8;OB>@V2, 

70157?5GCNG8 ?@8 Fь><C >?B8<0;ь=5 28:>@8AB0==O 5;5:B@>5=5@3VW B0 7<5=H5==O 

5=5@35B8G=8E 28B@0B. �030;><, >1@0==O Fь>3> B@0=78AB>@0 є >?B8<0;ь=8< @VH5==O< 

4;O ?V4B@8<:8 DC=:FV>=C20==O =0H>W A8AB5<8 . 
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4.4. >7@0EC=>: 5;5:B@>==8E ?5@5<8:0GV2 

$>73;O40NG8 B5, I> =0HV =03@V20;ь=V 5;5<5=B8 , 0 A0<5 B5=8 28:>=CNBь @>;ь 

=03@V20;ь=>3> 5;5<5=B0, 0 B0:>6 B5, I> :><?@5A>@ 6828BьAO 2V4 7<V==>3> AB@C<C 

<5@56V 220 2>;ьB, <>6=0 7@>18B8 =0ABC?=89 28A=>2>:. 

�0;8H0єBьAO >1@0B8 <V6 @5;5 B0 A5<8AB>@><, 0;5 2 72’O7:C 7 G0AB>N 

?5@5:;NG5==O 728G09=5 @5;5 2V4?040є O: 20@V0=B, 0 B25@4>BV;ь=5 @5;5 A:;04=5 B0 

A:;040єBьAO 7 1030Bь>E 5;5<5=BV2, I> @>18Bь 9>3> =5>?B8<0;ь=8< 20@V0=B><. "B65, 

=091V;ьH ?V4E>4OI8< 20@V0=B>< є 28:>@8AB0==O A5<8AB>@0. 

"A:V;ь:8 A5<8AB>@>< <>6=0 :5@C20B8 BV;ь:8 A83=0;>< 2V4 3>;>2=>3> 

<V:@>:>=B@>;5@0, 0;5 AE5<0 ?@0FNє 7 7<V==8< AB@C<><, =5>1EV4=> 70E8AB8B8 

<V:@>:>=B@>;5@ 2V4 <>6;828E V<?C;ьAV2 B0 28:>@8AB>2C20B8 30;ь20=VG=C @>72’O7:C, 

I>1 ?>71028B8AO Fь>3> @878:C O:89 <>65 2825AB8 9>3> 7 ;04C. �;O Fь>3> <>6=0 

28:>@8AB0B8 >?B@>=. 

 >6;82> =09:@0I8< 20@V0=B>< 4;O Fь>3> 1C45 28:>@8AB0==O MOC3061-M, 

>A:V;ь:8 2>=0 <0є DC=:FVN 45B5:BC20==O =C;O, I> 4>72>;8Bь 02B><0B8G=> 2:;NG0B8 

B0 28<8:0B8 =020=B065==O BV;ь:8 2 <><5=B8, :>;8 =0?@C30 2 <5@56V ?@>E>48Bь G5@57 

0. *5 4>?><>65 7<5=H8B8 @V25=ь HC<V2 2 <5@56V. /:I> 27OB8 40B0H8B =0 MOC3061-

M, B> B0< є AE5<0 4;O :>=B@>;N A5<8AB>@0. 

 

$8A.9.#@8=F8?>20 AE5<0, 4;O :5@C20==O A5<8B>@>< [8] 
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/:I> @>73;O=CB8 FN AE5<C, B> <>6=0 ?>10G8B8, I> 2 =V9 70AB>A>2CєBьAO 

A=015@=89 ;0=FN3, O:89 2 >:@5<V <><5=B8 703;CHCє 28A>:V ?C;ьA0FVW =0?@C38 V 

70E8I0є A5<8AB>@. 

"4=0:, =0 Aь>3>4=VH=V9 45=ь VA=CNBь 1V;ьH ACG0A=V A5<8AB>@8, B><C <8 

2815@5<> WE. "48= 7 B0:8E – F5 BTA08-600B. � 9>3> 40B0H8BV 707=0G5=> 

«Snubberless» 25@AVW (BTA / BTB & W), I> >7=0G0є, I> 4;O =ь>3> =5 ?>B@V15= 

A=015@=89 ;0=FN3. 

&01.8.+0AB8=0 40B0H8BC 4;O BTA08-600� [9] 

)0@0:B5@8AB8:0 %8<2>; �=0G5==O "48=8FV 

#>2B>@N20=V ?V:>2V 

=0?@C38 28<:=5==O 
āĀýý 600 �>;ьB 

#V:>2V 72>@>B=V =0?@C38 

28<:=5==O 
āýýý 600 �>;ьB 

%5@54=є 7=0G5==O AB@C<C 

C AB0=V 2:;NG5==O 
�ÿ 8 �<?5@ 

�V0?07>= @>1>G>W 

B5<?5@0BC@8 
ÿþ 110 ℃ 

 

 

$8A.10.$>7?V=>2:0 BTA08-600� [9] 
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/:I> @>73;O=CB8 $8A.8. 7 C@0EC20==O< B>3>, I> 2 =0HV9 AE5<V 265 =5 ?>B@V15= 

A=015@=89 ;0=FN3, B> WW <>6=0 ?5@5@>18B8 =0ABC?=8< G8=><. 

 

 

$8A.11.#@8=F8?>20 AE5<0 4;O  BTA08-600B  

"B65, <8 A?@>AB8;8 FN AE5<C B0 7<5=H8;8 :V;ь:VABь WW 5;5<5=BV2. &0:>6 20@B> 

707=0G8B8, I> <8 281@0;8 BTA08-600B 7 C@0EC20==O< 9>3> 740B=>ABV :5@C20B8 

?>BC6=VABN 1;87ь:> 4800 20B, I> є 4>AB0B=ь>N 4;O C?@02;V==O =03@V20NG8<8 

5;5<5=B0<8 01> :><?@5A>@><. 

"Aь B0:V 5;5<5=B8 1C4CBь A:;040B8 =020=B065==O: 

• &�! 150 C13/1,5-S-220 – !03@V20;ь=89 5;5<5=B ?>BC6=VABь O:>3> 1,5:�B 

• GS 26 CLX SECOP - )>;>48;ь=89 :><?@5AA>@ ?>BC6=VABь O:>3> 1,3:�B 

&>1B> =0H>3> A5<8AB>@0 24>AB0;ь 28AB0G0є 4;O @>1>B8 :>6=>3> 7 5;5<5=BV2 

=020=B065==O 

 

     

��$ �% 19050039.001 #� 

А@к. 
     27 

В8<. А@к. №4>кC<. #і4?8A Д4B4 



 

4.5. >7@0EC=>: :5@CNG>W AE5<8 4;O C;ьB@072C:>2>3> ?’є7>5;5<5BC 

';ьB@072C:>289 ?'є7>5;5<5=B є 206;82>N A:;04>2>N ?@8;04C 4;O :>=B@>;N 

28?@>1C20=ь 5;5:B@>==>W 0?0@0BC@8, >A:V;ь:8 4>72>;Oє AB2>@N20B8 2>;>3VABь G5@57 

CB2>@5==O BC<0=C 7 ?52=>3> >1'є<C 2>48. 

!0 @8=:C 4>ABC?=89 H8@>:89 0A>@B8<5=B <>45;59 ?'є7>5;5<5=BV2, 7>:@5<0 

28@>1=8:>< PZT, O:89 ?@>?>=Cє @V7=V B8?8 B0 @>7<V@8. *5 4>72>;Oє 704>2>;ь=8B8 

@V7=V ?>B@518 B0 28<>38 :>@8ABC20GV2. !570;56=> 2V4 @>7<V@C, D>@<8, @>1>G>W 

G0AB>B8 B0 E0@0:B5@8AB8:, <>6=0 7=09B8 >?B8<0;ь=89 ?'є7>5;5<5=B 4;O :>=:@5B=>3> 

70AB>AC20==O 7024O:8 H8@>:><C 281>@C ?@>4C:FVW Fь>3> 28@>1=8:0. 

"Aь B01;8FO 9>3> 7 9>3> ?@>4C:FVєN: 

&01;.9.%?8A>: 5;5<5=BV2 2V4 28@>1=8:0 PZT [10] 

%5@V9=89 

=><5@ 

$>7<V@ 

(<<) 

$57>=0=A=0 

G0AB>B0 

(:�F) 

�EV4=0 

=0?@C30 (�) 

�0@<>=V9=89 

>?V@ ("<) 

"1’є< 

@>7?8;5=

=O 

(<;/3>4) 

�>5DVFV5=B 

72’O7:C (�B) 

Є<=VABь 

(?() 

PZT-16-

1.7BU 
(16*1.2 1700±50 AC24~48 f2 f150 g0.45 900~1300 

PZT-16-

2.4BU 
(16*1.0 2400±50 AC24~48 f2 f150 g0.45 900~1300 

PZT-16-

3.0BU 
(16*0.95 3000±50 AC24~48 f2 f150 g0.45 900~1300 

PZT-16-

5.0BU 
(16*0.75 5000±50 AC24~48 f2 f150 g0.45 900~1300 

PZT-20-

1.7BU 
(20*1.2 1700±50 AC24~48 f2 f300 g0.45 1200~1800 

PZT-20-

2.4BU 
(20*1.0 2400±50 AC24~48 f2 f300 g0.45 1200~1800 

PZT-20-

3.0BU 
(20*0.95 3000±50 AC24~48 f2 f300 g0.45 1200~1800 

PZT-20-

5.0BU 
(20*0.75 5000±50 AC24~48 f2 f300 g0.45 1200~1800 

PZT-25-

1.7BU 
(25*1.2 1700±50 AC24~48 f2 f350 g0.45 1300~2100 

PZT-25-

2.4BU 
(25*1.0 2400±50 AC24~48 f2 

f350 
g0.45 1300~2100 

PZT-25-

3.0BU 
(25*0.95 3000±50 AC24~48 f2 

f350 
g0.45 1300~2100 

PZT-30-

1.7BU 
(30*1.2 1700±50 AC24~48 f2 f400 g0.45 1500~2300 

PZT-30-

2.4BU 
(30*1.0 2400±50 AC24~48 f2 f400 g0.45 1500~2300 
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 >45;ь PZT-25-2.4BU <>6=0 22060B8 >4=VєN 7 ?>BC6=VH8E A5@54 

C;ьB@072C:>28E ?'є7>5;5<5=BV2, O:V 4>ABC?=V 7V A?8A:C. �W E0@0:B5@8AB8:8 2:07CNBь =0 

<>6;82VABь 35=5@0FVW 4> 350 <; 2>4O=>3> BC<0=C =0 3>48=C, I> @>18Bь WW 

?@8201;828< 20@V0=B>< 4;O 28:>@8AB0==O 2 A8AB5<0E 7 :>=B@>;5< 2>;>3>ABV. 

!0 251-A09BV 28@>1=8:0 C;ьB@072C:>28E ?’є7>5;5<5=BV2 <>6=0 ?><VB8B8 AE5<C, 

O:0 28:>@8AB>2CєBьAO @07>< V7 =8<. "A=>2=0 <5B0 FVєW AE5<8 ?>;O30є 2 B><C, I>1 

7040B8 ?>B@V1=C @>1>GC G0AB>BC 4;O A0<>3> ?’є7>5;5<5=BC. 

$8A.12. #@8=F8?>20 AE5<0 4;O C;ьB@072C:>2>3> ?’є7>5;5<5BC [10] 

�030;><, <8 1C45<> 28:>@8AB>2C20B8 FN AE5<C, 0;5 70<V=8<> >48= 

:><?>=5=B – ?V4AB@>N20;ь=89 @578AB>@ =0 F8D@>289. *5 4>72>;8Bь =0< 

:>=B@>;N20B8 ?>BC6=VABь C;ьB@072C:>2>3> ?’є7>5;5<5=BC 70 4>?><>3>N 3>;>2=>W 

<V:@>AE5<8. 

/:I> >7=09><8B8AO 7 E0@0:B5@8AB8:0<8 ?>B5=FV><5B@0, B> <>6=0 

7@>7C<VB8, I> 2V= ?@0FNє 2 4V0?07>=V 5:"<. !091V;ьH ?V4E>4OI8< F8D@>28< 

?>B5=FV><5B@>< 4;O @>1>B8 2 Fь><C 4V0?07>=V є DS1804-010+, O:89 <0є 4V0?07>= 

10:"<. 
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"B65, B0:8< G8=><, 283;O4 AE5<8 1C45 7<V=5=89 =0ABC?=8< G8=><. 

$8A.13.'4>A:>=0;5==0 ?@8=F8?>20 AE5<0 4;O  PZT-25-2.4BU 

*N AE5<C <>6=0 @>74V;8B8 =0 42V G0AB8=8. �V20 G0AB8=0 7=0E>48BьAO ?5@54 

F8D@>28< ?>B5=FV><5B@>< DA1 , O:89 :5@Cє =0?@C3>N =0 5;5<5=BV ?5@54 F8D@>28< 

?>B5=FV><5B@><, O:89 :5@Cє =0?@C3>N =0 5;5<5=BV O2;ONG8 A>1>N 4V;ь=8:>< 

=0?@C38. #@020 G0AB8=0 <VAB8Bь :V;ь:0 :>BCH>: V=4C:B82=>ABV B0 :>=45=A0B>@V2, O:V 

7030;>< 7040NBь =5>1EV4=C G0AB>BC. 

�06;82> 707=0G8B8, I> <V:@>:>=B@>;5@ B0 ?>B5=FV><5B@ 270є<>4VNBь 70 

4>?><>3>N :>=B0:BV2 INC# B0 U/D#. 

INC# - F5 2EV4=89 A83=0;, O:89 ?@89<0є V<?C;ьA8 7 <V:@>:>=B@>;5@0. �>65= 

B0:89 V<?C;ьA 71V;ьHCє ?>B>G=5 7=0G5==O ?>B5=FV><5B@0 =0 >48= :@>:. *5 40є 

<>6;82VABь 71V;ьHC20B8 7=0G5==O >?>@C ?>B5=FV><5B@0 70 4>?><>3>N 

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

U/D# - F5 2EV4=89 A83=0;, O:89 2:07Cє =0?@O<>: 7<V=8 7=0G5==O ?>B5=FV><5B@0. 

�>;8 U/D# <0є 7=0G5==O "1", ?>B5=FV><5B@ 71V;ьHCє A2>є 7=0G5==O, :>;8 "0" - 

7<5=HCє. 
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4.6.�V41V@ 3>;>2=>3> <V:@>:>=B@>;5@0 

ATmega328P-PU є 3>;>2=8< <V:@>:>=B@>;5@>< V7 @>7H8@5=>N 

DC=:FV>=0;ь=VABN, I> 2E>48Bь 4> AV<59AB20 AVR :>=B@>;5@V2 2V4 :><?0=VW 

Microchip. *59 <V:@>:>=B@>;5@ <0є 28 =V3 4;O 7>2=VH=VE ?@8AB@>W2, 2:;NG0NG8 23 

22545==O / 282545==O, V=B5@D59A8 SPI, I2C, UART V ?V4B@8<Cє 8- V 16-@>7@O4=V 7@07:8 

40=8E. 

ATmega328P-PU <>65 ?@0FN20B8 7 B0:B>2>N G0AB>B>N 4> 20  �F V 7 =0?@C3>N 

682;5==O 2V4 1,8 4> 5 �, I> @>18Bь 9>3> 2V4?>2V4=8< 4;O @V7=><0=VB=8E 70AB>AC20=ь. 

' <V:@>:>=B@>;5@0 B0:>6 є 21C4>20=0 ?0<’OBь ?@>3@0<8 Flash >1’є<>< 32 :�, 

?0<’OBь SRAM 2 :� B0 EEPROM 1 :�, I> 70157?5GCє 4>AB0B=V9 >1AO3 <VAFO 4;O 

715@V30==O ?@>3@0<=>3> :>4C B0 40=8E.Atmega328P-PU є ?>?C;O@=8< A5@54 

@>7@>1=8:V2 5;5:B@>==8E ?@8AB@>W2 <V:@>:>=B@>;5@><. 

$8A.14.%E5<0 282>4V2 <V:@>:>=B@>;5@0 ATmega328P-PU 
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�024O:8 <>6;82>ABV ?@>3@0<C20==O G5@57 ?V=8 RX B0 TX, ATmega328P-PU 

=040є H8@>:V <>6;82>ABV 4;O :5@C20==O @V7=><0=VB=8<8 :><?>=5=B0<8. 

#5@53;O=C2H8 ?@8=F8?>2C AE5<C( 0;.2), <>6=0 ?><VB8B8, I> <0965 2AV 

0=0;>3>2V B0 F8D@>2V ?V=8 28:>@8AB>2CNBьAO 2 ?@>F5AV @>1>B8. *5 A2V4G8Bь ?@> B5, 

I> <V:@>:>=B@>;5@ 4>1@5 ?V4E>48Bь FV9 AE5<V V 5D5:B82=> 2:;NG5=89 2 @>1>BC. 

�06;82> 2V47=0G8B8, I> =0 AE5<V ?@8ACB=V9 >:@5<89 :20@F>289 35=5@0B>@, 

O:89 70157?5GCє B>G=C B0:B>2C G0AB>BC 4;O <V:@>:>=B@>;5@0. �=H8<8 A;>20<8, 

<V:@>:>=B@>;5@ A8=E@>=V7CєBьAO 7 35=5@0B>@><. 

 

$8A.15.+0AB8=0 ?@8=F8?>2>W AE5<8 4;O <V:@>:>=B@>;5@0 

ATmega328P-PU  
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#@8 45B0;ь=><C >?8AV AE5<8 ?V4:;NG5==O 4> <V:@>:>=B@>;5@0 <>6=0 

707=0G8B8 =0ABC?=5: 

• ?V= VCC (7) B0 GND (8) 28:>@8AB>2CNBьAO 4;O ?V4:;NG5==O 

682;5==O +5V B0 75<;V 2V4?>2V4=> 

• ?V= GND (22) є 75<5;ь=8< 28E>4>< 4;O =0?@C38 12V 

• ACDC4 (27) B0 ACDC5 (28) - 0=0;>3>2V 28E>48 =0 LCD 48A?;59 

• PD2 (4) B0 PD3 (5) - F8D@>2V 28E>48 =0 ?>B5=FV><5B@ 

• 2V4 PD6 (12) 4> PB0 (14) 28:>@8AB>2CNBьAO F8D@>2V 28E>48 =0 

V=:>45@ 

• ?V= 18 є F8D@>28< 28E>4>< 4;O >B@8<0==O V=D>@<0FVW ?@> AB0= 

35@:>=0. 

• ?V=8 16 B0 17 - O: F8D@>2V 2E>48 4;O >B@8<0==O V=D>@<0FVW 2V4 

40BG8:V2 

• PD4 (6) B0 PD5 (11) - F8D@>2V 28E>48 =0 B@0=78AB>@=V :;NGV 

� 40=V9 A8AB5<V 1C45 28:>@8AB>2C20B8Aь H8@>B=>-V<?C;ьA=0 

<>4C;OFVO (,� ) =0 WW 28E>40E. ,�  є <5B>4>< @53C;N20==O 

A83=0;C, O:89 70A=>20=89 =0 7<V=V H8@8=8 V<?C;ьAV2. *5 4>72>;Oє 

B>G=> :>=B@>;N20B8 ?>BC6=VABь 01> V=HV ?0@0<5B@8 28EV4=>3> 

A83=0;C. *59 <5B>4 70157?5GCє 5D5:B82=5 C?@02;V==O A83=0;><, 

70157?5GCNG8 B>G=VABь, AB01V;ь=VABь B0 28A>:C O:VABь 

@53C;ь>20=>3> 28EV4=>3> A83=0;C. ,�  4>72>;Oє 4>AO3B8 28A>:>W 

5D5:B82=>ABV 2 @>1>BV A8AB5<8, <V=V<V7C20B8 5=5@3>2B@0B8 B0 

70157?5G8B8 >?B8<0;ь=C @>1>BC >1;04=0==O. 
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$8A.16.�V7C0;V70FVO @>1>B8 ,�  

 

• ?V=8 15 B0 19 28:>@8AB>2CNBьAO O: F8D@>2V 28E>48 4;O :5@C20==O 
>?B@>=0<8 

�;O 70157?5G5==O ?;02=>3> :5@C20==O =020=B065==O< 7<V==>3> AB@C<C 

70240==O CA:;04=NєBьAO: ?>B@V1=> 2;>2;N20B8 <><5=B ?5@5<8:0==O =0?@C38, 

28<V@N20B8 G0A V 28<8:0B8 A5<8@8AB>@, 2V4@V70NG8 G0AB8=C A8=CA>W48. *59 ?@>F5A 

=07820єBьAO D07>28< :5@C20==O<. 

$8A.17.�V7C0;V70FVO @>1>B8 D07>2>3> :>=B@>;N 
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4.7.В81V@ 40BG8:V2 B0 5;5<5=BV2 72'O7:C 7 <V:@>:>=B@>;5@><. 
"48= 7 =09:@0I8E 20@V0=BV2 4;O 28:>@8AB0==O C ?@8AB@>W :>=B@>;N 

28?@>1C20=ь 5;5:B@>==>W 0?0@0BC@8 - F5 C=V25@A0;ь=V 40BG8:8 DHT22. 

DHT22 ?@0FNє =0 >A=>2V F8D@>2>3> A83=0;ь=>3> ?@>B>:>;C V ?V4:;NG0єBьAO 4> 

<V:@>:>=B@>;5@0 01> >4=>?;0B=>3> :><?'NB5@0 G5@57 F8D@>289 2EV4-28EV4, B0:89 O: 

GPIO (General Purpose Input/Output). �V= <0є 4 282>48: VCC (682;5==O), GND 

(75<;O), DATA (40=8E) V NC (=5704VO=89 282V4). 

"A=>2=>N DC=:FVєN DHT22 є 28<V@N20==O B5<?5@0BC@8 V 2>;>3>ABV ?>2VB@O. 

�V= <0є 2=CB@VH=V9 B5@<>A5=A>@, O:89 28<V@Nє B5<?5@0BC@C, 0 B0:>6 2>;>3VABь 2 

70;56=>ABV 2V4 B5<?5@0BC@8 70 4>?><>3>N 21C4>20=>3> 5;5<5=B0, I> @503Cє =0 7<V=C 

2>;>3>ABV. 

�;O >B@8<0==O 40=8E 7 DHT22 =5>1EV4=> 270є<>4VOB8 7 =8< G5@57 ?@>B>:>; 

?5@540GV 40=8E.  V:@>:>=B@>;5@ 01> >4=>?;0B=89 :><?'NB5@ =04A8;0є A83=0; AB0@BC, 

>B@8<Cє 1VB>2V 40=V 7 40BG8:0 V ?5@5B2>@Nє WE =0 7=0G5==O B5<?5@0BC@8 B0 2>;>3>ABV. 

"B@8<0=V 40=V <>6CBь 1CB8 28:>@8AB0=V 4;O ?>40;ьH>W >1@>1:8, 2V4>1@065==O =0 

48A?;5W 01> ?5@540GV G5@57 <5@56C. 

"4=VєN 7 ?5@5203 DHT22 є 9>3> 28A>:0 B>G=VABь 28<V@N20==O B5<?5@0BC@8 V 

2>;>3>ABV. �V= <>65 28<V@N20B8 B5<?5@0BC@C 2 4V0?07>=V 2V4 -40°C 4> +80°C 7 

B>G=VABN ±0.5°C, 0 B0:>6 2>;>3VABь 2 4V0?07>=V 2V4 0% 4> 100% 7 B>G=VABN ±2%. �@V< 

B>3>, DHT22 <0є =87ь:5 5=5@3>A?>6820==O V 4C65 H284:C 2V4?>2V4ь =0 7<V=8 C<>2 

>B>G5==O. 

�024O:8 A2>W< E0@0:B5@8AB8:0<, DHT22 7=0E>48Bь 70AB>AC20==O 2 @V7=8E 

?@>5:B0E, B0:8E O: A8AB5<8 02B><0B870FVW, :;V<0B8G=89 :>=B@>;ь, V=:C10B>@8, 

?>3>4=V AB0=FVW B0 V=HV ?@8AB@>W, 45 206;82> 28<V@N20B8 B5<?5@0BC@C B0 2>;>3VABь 

=02:>;8H=ь>3> A5@54>28I0.  

' =0H><C ?@8AB@>W <8 28:>@8AB>2Cє<> 420 40BG8:8 4;O ?V428I5==O B>G=>ABV 

28<V@N20=ь. 
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&01.10. &5E=VG=V A?5F8DV:0FVW DHT22 [11] 

)0@0:B5@8AB8:0 �=0G5==O 

�8EV4=89 A83=0; *8D@>289 

#5@V>4 GCB;82>ABV 2 A. 

�82;5==O  3.3-6 ?>ABV9=>W =0?@C38 

�V0?07>= @>1>B8 
�>;>3>ABV &5<?5@0BC@8 

0-100% -40,+80 °C 

&>G=VABь 70<V@C 
�>;>3>ABV &5<?5@0BC@8 

±2% ±0.5 °C 

 

 8 28:>@8AB>2Cє<> KY-040 O: ?5@H89 5;5<5=B 72'O7:C, 2V= є ?>2>@>B=8< 

5=:>45@><, I> 28:>@8AB>2CєBьAO 4;O 22545==O >15@B0;ь=8E @CEV2 2 5;5:B@>==8E 

?@8AB@>OE. �>3> <5E0=V7< A:;040єBьAO 7 @CG:8 01> 48A:0 4;O >15@B0==O, 5=:>45@=>3> 

40BG8:0 V ?;0B8 7 282>40<8 4;O ?V4:;NG5==O 4> <V:@>:>=B@>;5@0. �0BG8: ?5@540є 

A83=0;8 70;56=> 2V4 =0?@O<:C V H284:>ABV >15@B0==O @CG:8.  

"A=>2=0 9>3> DC=:FVO ?>;O30є 2 28<V@N20==V :V;ь:>ABV >15@BV2 B0 =0?@O<:C 

>15@B0==O. �>;8 @CG:0 ?>25@B0єBьAO, 5=:>45@=89 40BG8: 35=5@Cє V<?C;ьA8, O:V 

2:07CNBь =0 7<V=C ?>;>65==O. �0 4>?><>3>N F8E V<?C;ьAV2 <>6=0 287=0G8B8 

:V;ь:VABь >15@BV2 V 287=0G8B8 =0?@O<>: @CEC. 

KY-040 <0є 4>40B:>2C DC=:FV>=0;ь=VABь, O:0 4>72>;Oє B0:>6 28:>@8AB>2C20B8 

9>3> O: :=>?:C. !0 <>4C;V 7=0E>48BьAO :=>?:0, O:C <>6=0 =0B8A=CB8, 0 ?@8 

=0B8A:0==V 1C45 35=5@C20B8AO A83=0;. *5 4>72>;Oє 28:>@8AB>2C20B8 KY-040 O: 

:><1V=>20=89 5;5<5=B C?@02;V==O, O:89 ?>є4=Cє >15@B0==O B0 =0B8A:0==O. 

!0B8A:0==O :=>?:8 <>65 1CB8 28:>@8AB0=5 4;O 28:>=0==O ?52=8E 4V9 01> 

2:;NG5==O/28:;NG5==O ?52=8E DC=:FV9 2 ?@>5:BV. !0?@8:;04, 2V= <>65 A;C68B8 4;O 

?V4B25@465==O 281>@C, 7<V=8 @568<V2 @>1>B8 01> ?5@5:;NG5==O <V6 @V7=8<8 

=0;0HBC20==O<8. *O <>6;82VABь @>7H8@Nє DC=:FV>=0;ь=VABь KY-040 V 4>72>;Oє 

1V;ьH 3=CG:5 :5@C20==O, 45 ?>B@V1=> ?>є4=C20B8 >15@B0==O V =0B8A:0==O 4;O 

270є<>4VW 7 :>@8ABC20G5< 01> 74V9A=5==O ?52=8E >?5@0FV9. 
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!0ABC?=8< 5;5<5=B>< 72’O7:C C =0H><C ?@8AB@>W є 35@:>=. �V= <0є 420 >A=>2=V 

AB0=8: 2V4:@8B89 V 70:@8B89. � AB0=V "2V4:@8B89" 35@:>= =5 2?;820є =0 5;5:B@8G=5 

:>;>, V AB@C< =5 ?@>E>48Bь G5@57 =ь>3>. � AB0=V "70:@8B89" 35@:>= 70<8:0B8<5 

5;5:B@8G=5 :>;> V 4>72>;OB8<5 ?@>BV:0==O AB@C<C. 

%B0= 35@:>=0 70;568Bь 2V4 2?;82C <03=VB=>3> ?>;O <03=VB0, O:89 @>7B0H>20=89 

?>1;87C 35@:>=0. �0;56=> 2V4 ?>;>65==O <03=VB0, 35@:>= <>65 707=020B8 7<V= C 

A2>є<C AB0=V. -> =040є <>6;82VABь 4V7=0B8Aь AB0= :0<5@8 , 45 ?@>2>48BьAO 

B5ABC20==O - 2V4:@8B0 2>=0 G8 70:@8B0. 

"AB0==V< 7 5;5<5=BV2 72'O7:C є LCD 48A?;59 LCD1602 O:89 <0є <>6;82>ABV 4;O 

2V4>1@065==O @V7=><0=VB=>3> B5:ABC V A8<2>;V2. �V= ?V4B@8<Cє AB0=40@B=89 =01V@ 

A8<2>;V2, B0:8E O: ;VB5@8 ;0B8=Aь:>3> 0;D02VBC, F8D@8, A?5FV0;ь=V A8<2>;8 V 

?V:B>3@0<8. �0 4>?><>3>N 21C4>20=8E :><0=4 :>=B@>;5@0 48A?;5O, <>6=0 

2AB0=>2;N20B8 ?>;>65==O :C@A>@C, 7<V=N20B8 OA:@02VABь ?V4A2VGC20==O, 28:>=C20B8 

?@>:@CB:C B5:ABC B0 V=HV >?5@0FVW. 

#V4:;NG5==O 48A?;5O 74V9A=NєBьAO 70 4>?><>3>N ?52=>3> =01>@C :>=B0:BV2, 

O:V ?5@540NBь 40=V V A83=0;8 C?@02;V==O. �024O:8 A2>W< AB0=40@B=8< V=B5@D59A0<, 

B0:8< O: I2C 01> SPI, 270є<>4VO 7 LCD1602 AB0є ?@>AB>N V 7@CG=>N. 

�8A?;59 A:;040єBьAO 7 2 @O4:V2 ?> 16 A8<2>;V2 :>65=, B><C 2V= 740B5= 

2V4>1@060B8 4> 32 A8<2>;V2 B5:ABC >4=>G0A=>. -> 2 7030;ь=><C 28AB0G0є 4;O 

<>6;82>ABV 2V4>1@060B8 2AN 0:BC0;ь=C V=D>@<0FVN. 
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В8A=>2:8 

� @0<:0E 40=>W 10:0;02@Aь:>W @>1>B8 1C;> ?@>2545=> @>7@>1:C 5;5:B@8G=>W 

AB@C:BC@=>W AE5<8 B0 5;5:B@8G=>W ?@8=F8?>2>W AE5<8 ?@8AB@>N, O:89 ?@87=0G5=89 

4;O :>=B@>;N 28?@>1C20=ь 5;5:B@>==>W 0?0@0BC@8. #@>F5A @>7@>1:8 2:;NG02 

=5>1EV4=V 107>2V @>7@0EC=:8 5;5:B@8G=8E ?0@0<5B@V2 5;5<5=BV2 AE5<8, I>1 

70157?5G8B8 WE 2V4?>2V4=VABь ?>AB02;5=8< B5E=VG=8< 28<>30<. 

$>7@>1;5=89 ?@8AB@V9 1C2 >A=0I5=89 42><0 40BG8:0<8, O:V 70157?5GC20;8 

=5>1EV4=C V=D>@<0FVN 4;O :>=B@>;N 28?@>1C20=ь. �@V< B>3>, 2 A8AB5<C 1C;8 

2:;NG5=V 5;5<5=B8 :><C=V:0FVW, I> 4>72>;O;8 270є<>4VOB8 7 =0H8< ?@8AB@>є<. 

�;5:B@8G=0 ?@8=F8?>20 AE5<0 ?@8AB@>N 1C;0 ?>1C4>20=0 =0 107V 

<V:@>:>=B@>;5@0 B8?C AVR, O:89 28:>=C202 =5>1EV4=V >1G8A;N20;ь=V B0 :5@CNGV 

DC=:FVW. !0?@C30 682;5==O F8D@>2>3> :>=B@>;5@0 AB0=>28;0 5 �, 0 4;O 682;5==O 

=020=B065==O 28:>@8AB>2C20;0AO =0?@C30 230 � 7 G0AB>B>N 50 �F. �@V< B>3>, 

?@8AB@V9 B0:>6 ?>B@51C202 4>40B:>28E =0?@C3, B0:8E O: 24 � B0 12 � ?>ABV9=>W 

=0?@C38, 4;O 70157?5G5==O @>1>B8 ?52=8E 5;5<5=BV2 AE5<8. �@0E>2CNG8 2AV 5;5<5=B8 

=020=B065==O, 7030;ь=5 A?>6820==O 5;5:B@>5=5@3VW 40=>3> ?@8AB@>N AB0=>28Bь 

?@81;87=> 2,85 :�B. 

' @57C;ьB0BV 28:>=0==O 40=>W :C@A>2>W @>1>B8 1C;> 4>AO3=CB> <5BC, 0 A0<5 

@>7@>1;5=> ?@8=F8?>2C 5;5:B@8G=C AE5<C ?@8AB@>N 4;O :>=B@>;N 28?@>1C20=ь 

5;5:B@>==>W 0?0@0BC@8, I> 2V4?>2V40;0 28<>30< B5E=VG=>3> 70240==O. 
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�5@5;V: ?>A8;0=ь 

1. https://spectrolab.com.ua/ua/p523385416-klimaticheskaya-kamera-teplo.html ; 

2. https://www.binder-world.com/int-en/product/mkf-56  ; 

3. https://li-ne.ru/page/raschet-toroidalnyh-transformatorov/; 

4. https://pdf1.alldatasheetru.com/datasheet-pdf/view/838007/TI1/LM7805.html; 

5. https://html.alldatasheet.com/html-pdf/59666/EIC/B40-C1500R/49/1/B40-

C1500R.html; 

6. https://html.alldatasheet.com/html-

pdf/838008/TI1/LM7812/407/7/LM7812.html; 

7. https://html.alldatasheet.com/html-

pdf/11470/ONSEMI/2N3904/180/1/2N3904.html; 

8. https://www.minitech.com.ua/download/datasheet/Raznoe/MOC3061_MOC3

062_MOC3063_zerocross_ds.pdf  ; 

9. https://pdf1.alldatasheet.com/datasheet-pdf/view/447079/TGS/BTA08-

600B.html  ; 

10.https://www.piezoelements.com/mist-generation/piezo-transducer-

atomizer/piezo-humidifier-transducer.html  ; 

11.https://www.sparkfun.com/datasheets/Sensors/Temperature/DHT22.pdf  ; 

12.https://html.alldatasheetru.com/html-pdf/114065/MAXIM/DS1804-

010/153/1/DS1804-010.html  ; 

13.https://www.rcscomponents.kiev.ua/datasheets/ky-040-datasheet.pdf  ; 

14.https://mdk-kyiv.prom.ua/ua/p586757121-ten-150-c1315.html  ; 

15.http://elektroten.com/articles/53-whatisten . 
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https://spectrolab.com.ua/ua/p523385416-klimaticheskaya-kamera-teplo.html%20%5b13
https://www.binder-world.com/int-en/product/mkf-56%20%5b12
https://li-ne.ru/page/raschet-toroidalnyh-transformatorov/
https://pdf1.alldatasheetru.com/datasheet-pdf/view/838007/TI1/LM7805.html
https://html.alldatasheet.com/html-pdf/59666/EIC/B40-C1500R/49/1/B40-C1500R.html
https://html.alldatasheet.com/html-pdf/59666/EIC/B40-C1500R/49/1/B40-C1500R.html
https://html.alldatasheet.com/html-pdf/838008/TI1/LM7812/407/7/LM7812.html
https://html.alldatasheet.com/html-pdf/838008/TI1/LM7812/407/7/LM7812.html
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https://html.alldatasheetru.com/html-pdf/114065/MAXIM/DS1804-010/153/1/DS1804-010.html
https://html.alldatasheetru.com/html-pdf/114065/MAXIM/DS1804-010/153/1/DS1804-010.html
https://www.rcscomponents.kiev.ua/datasheets/ky-040-datasheet.pdf
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VD1, VD2, 

VD6 
B40 C1500/1000 3  

VD3, VD7 KT-SMD3528-R 2  

VD4, VD5 1N4007 2  
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BQ1 PZT-20-2.4BU 1  

BQ2 KX-3H 16.0 MHz 1  
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SF1 KLS26-MR3210 1  
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VS1, VS2 BTA08-600� 2  

 �4FG8>8   

�1,�2 DHT22 2  

 �5AF8?яFBD8   

 1, 2 ME92251V1-G99 2 
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DA1 DS1804-010+ 1 

 

DA2 LM7812 1 

 

DA3 LM7805 1 
 

 

DA4 KY-040 1 
 

 

DD1 ATMEGA328P-PU 1 
 

 

DD2 LCD1602 1 

 

DD3, DD4 MOC3041 2 
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