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#@0:B8G5A:0O @01>B0 № 1. %>AB02;5=85 ?@>AB59H53> 0;3>@8B<0 
?@>3@0<<K 4;O A8AB5<K =0 >A=>25  �. 

 

*5;L @01>BK: >7=0:><8BLAO A A>740=85< ?@>5:B>2 4;O ?;0BK, 
@0AA<>B@5BL 8E AB@C:BC@C; 87CG8BL ?@8=F8?K @01>BK A ?>@B0<8 
22>40/2K2>40 8 >@30=870F88 8E 2708<>459AB28O 

 

"1>@C4>20=85 8 ?@>3@0<<=>5 >15A?5G5=85: ?;0B0 STM32F4 Discovery, 
A@540 @07@01>B:8 

&5>@5B8G5A:89 <0B5@80; 
%25B>48>4K 45;OBAO =0 8=48:0B>@=K5 8 >A25B8B5;L=K5. �=48:0B>@=K5 

A25B>48>4K >1;040NB A;01K< A25G5=85< 8 8A?>;L7CNBAO 4;O 8=48:0F88 
:0:8E-;81> ?@>F5AA>2, ?@>8AE>4OI8E 2 M;5:B@>==>9 F5?8. �;O =8E 
E0@0:B5@=> A;01>5 A25G5=85 8 <0;K9 B>: ?>B@51;5=8O 

!C 8 >A25B8B5;L=K5 A25B>48>4K – MB> B5, :>B>@K5 8A?>;L7CNBAO 2 
20H8E :8B09A:8E D>=0@8:0E, 0 B0:65 2 LED-;0<?0E 

 K @0AA<>B@8< ?@8<5@ 8A?>;L7>20=8O <8:@>:>=B@>;;5@0 4;O 
C?@02;5=8O A25B>48>4><. 

 

1. #>4:;NG5=85 =5>1E>48<KE 181;8>B5:: 
#include "stm32f4xx.h" 

2. "?@545;5=85 ?8=0 4;O ?>4:;NG5=8O A25B>48>40: 
#define LED_PIN GPIO_Pin_13 

#define LED_GPIO_PORT GPIOG 

#define LED_GPIO_RCC RCC_AHB1Periph_GPIOG 

3. �=8F80;870F8O GPIO 4;O A25B>48>40: 
void LED_GPIO_Init(void) { 

  GPIO_InitTypeDef GPIO_InitStruct; 

   

  RCC_AHB1PeriphClockCmd(LED_GPIO_RCC, ENABLE); 

  GPIO_InitStruct.GPIO_Pin = LED_PIN; 

  GPIO_InitStruct.GPIO_Mode = GPIO_Mode_OUT; 

  GPIO_InitStruct.GPIO_Speed = GPIO_Speed_50MHz; 

  GPIO_InitStruct.GPIO_OType = GPIO_OType_PP; 

  GPIO_InitStruct.GPIO_PuPd = GPIO_PuPd_NOPULL; 

  GPIO_Init(LED_GPIO_PORT, &GPIO_InitStruct); 

} 

4. "A=>2=>9 F8:; ?@>3@0<<K, 2 :>B>@>< 1C45B >ACI5AB2;OBLAO 
C?@02;5=85 A25B>48>4><: 

int main(void) { 

  LED_GPIO_Init(); 

  while (1) { 

    // �:;NG05< A25B>48>4 
    GPIO_SetBits(LED_GPIO_PORT, LED_PIN); 

     



    // �045@6:0 
    for (int i = 0; i < 1000000; i++) {} 

     

    // �K:;NG05< A25B>48>4 
    GPIO_ResetBits(LED_GPIO_PORT, LED_PIN); 

    // �045@6:0 
    for (int i = 0; i < 1000000; i++) {} 

  } 

} 

-B>B ?@8<5@ 45<>=AB@8@C5B ?@>AB>9 0;3>@8B< 4;O C?@02;5=8O 
A25B>48>4>< A 8A?>;L7>20=85< <8:@>:>=B@>;;5@0 STM32. 
  



#@0:B8G5A:0O @01>B0 № 2-3. %>AB02;5=85 3@0D0 :>=5G=>3> 02B><0B0 
A;>6=>3> 0;3>@8B<0 4;O A8AB5<K =0 >A=>25  �. 

 

*5;L @01>BK: >7=0:><8BLAO A A>740=85< ?@>5:B>2 4;O ?;0BK, 
@0AA<>B@5BL 8E AB@C:BC@C; 87CG8BL ?@8=F8?K @01>BK A ?>@B0<8 
22>40/2K2>40 8 >@30=870F88 8E 2708<>459AB28O 

&5>@5B8G5A:89 <0B5@80; 
�>=5G=K5 02B><0BK ?>;CG8;8 A2>5 =0720=85 87-70 B>3>, GB> AE5<0 A k-

@538AB@0<8 <>65B =0E>48BLAO 2 >4=>< 87 2k, B> 5ABL 2 :>=5G=>< G8A;5, 
A>AB>O=89. ' ��   2E>4>2, N 2KE>4>2 8 k 18B A>AB>O=89. !0 2E>4 �� B0: 65 
?>405BAO B0:B>2K9 A83=0; 8, 2>7<>6=>, A83=0; A1@>A0. �� A>AB>8B 87 42CE 
1;>:>2 :><18=0F8>==>9 ;>38:8: ;>38:8 ?5@5E>40 2 A;54CNI55 A>AB>O=85 8 
2KE>4=>9 ;>38:8, – 8 87 @538AB@0, 2 :>B>@>< E@0=8BAO B5:CI55 A>AB>O=85. #> 
D@>=BC :064>3> B0:B>2>3> 8<?C;LA0 02B><0B ?5@5E>48B 2 A;54CNI55 
A>AB>O=85, :>B>@>5 >?@545;O5BAO B5:CI8< A>AB>O=85< 8 7=0G5=8O<8 =0 
2E>40E. %CI5AB2C5B 420 >A=>2=KE :;0AA0 :>=5G=KE 02B><0B>2, :>B>@K5 
>B;8G0NBAO A2>8<8 DC=:F8>=0;L=K<8 >?8A0=8O<8. � 02B><0B5  C@0 
2KE>4=K5 7=0G5=8O 7028AOB ;8HL >B B5:CI53> A>AB>O=8O, 2 B> 2@5<O :0: 2 
02B><0B5  8;8 2KE>4 7028A8B :0: >B B5:CI53> A>AB>O=8O, B0: 8 >B 2E>4=KE 
40==KE. �>=5G=K5 02B><0BK ?@54>AB02;ONB A8AB5<0B8G5A:89 A?>A>1 
?@>5:B8@>20=8O A8=E@>==KE ?>A;54>20B5;L=KE AE5< ?> 7040==><C 
DC=:F8>=0;L=><C >?8A0=8N. �?>;=5 2>7<>6=>, GB> 7040==CN AE5<C <>6=> 
@50;87>20BL 8 ?@>I5, >4=0:> 8<5BL A?>A>1, 30@0=B8@>20==> >15A?5G820NI89 
@01>B>A?>A>1=K9 @57C;LB0B, 2A5340 ?>;57=>. 

#@8 2K?>;=5=88 ?@0:B8G5A:>9 @01>BK =5>1E>48<>: 
1. "?8A0BL @01>BC :>=5G=>3> 02B><0B0 2 2845 4803@0<<K ?5@5E>4>2 

(3@0D0) 
2. %D>@<8@>20BL B01;8FC ?5@5E>4>2 
3. �0?8A0BL B01;8FC A>AB>O=89, B01;8FC 2KE>4>2 8 ;>38G5A:85 

2K@065=8O 4;O >?8A0=8O AE5<K. 
4. %>AB028BL >?8A0=85 AE5<K 2 VHDL, ?@>25AB8 <>45;8@>20=85 

2Vivado, ?>4:;NG8BL 2=5H=85 :>=B0:BK, >?@545;8BL G0AB>BK, =0 :>B>@KE 
AE5<0 @01>B>A?>A>1=0. 

*8D@>2K5 02B><0BK =0 VHDL >?8AK20NBAO 2 D>@<5 42CE ?@>F5AA>2: 
:><18=0B>@=>3> 8 @538AB@>2>3>. � :><18=0B>@=>< ?@>F5AA5 D>@<8@C5BAO 
A;54CNI55 A>AB>O=85 02B><0B0 (fsm_next), 2 @538AB@>2>< ?@>F5AA5 B5:CI55 
A>AB>O=85 (fsm_current) 70<5=O5BAO =0 A;54CNI55 (fsm_next). "?8A0=85 
02B><0B0 =0G8=05BAO A A>740=8O B8?0 8 >1JO2;5=8O ?5@5<5==KE MB>3> B8?0. 

�A?>;L7>20=85 A8=E@>==>3> A83=0;0 A1@>A0 =5 ?>72>;O5B >?@545;8BL 2 
:0:>< A>AB>O=88 >:065BAO 02B><0B ?@8 2:;NG5=88 ?8B0=8O. �A;8 2A5 
A>AB>O=8O 02B><0B0 =5 >?8A0=K, B> 5ABL @8A: B>3>, GB> >= >:065BAO 2 >4=>< 
87 =5>?8A0==KE A>AB>O=89. !0 ?@0:B8:5 ?>A;54>20B5;L=>ABL @01>BK A 
CAB@>9AB2>< ?>4@07C<5205B D>@<8@>20=85 A83=0;0 =0G0;L=>9 CAB0=>2:8 
?>A;5 2:;NG5=8O ?8B0=8O, GB> ?>72>;O5B 871560BL ?>4>1=>9 A8BC0F88. 

#@8<5@ >?8A0=8O 02B><0B0: 



TYPE Tctrl_fsm1 IS ( 

state_0, 

state_1, 

state_2, 

state_3 

); 

SIGNAL fsm1_current: Tctrl_fsm1; 

SIGNAL fsm1_next: Tctrl_fsm1; 

PROCESS (clk, reset) BEGIN 

IF (reset = '1') and (clk'EVENT AND clk = '1') THEN 

fsm1_current <= state_0; 

ELSIF (clk'EVENT AND clk = '1') THEN 

fsm1_current <= fsm1_next; 

END IF; 

END PROCESS; 

PROCESS (fsm1_current,start_sig) 

BEGIN 

fsm_new <= fsm_old; 

--- =5B A83=0;0- =5B ?5@5E>40 
CASE fsm1_current IS 

WHEN state_0 => 

fsm1_next <= state_1; 

WHEN state_1 => 

IF (start_sig = '1') THEN 

fsm1_next <= state_2; 

ELSE 

fsm1_next <= state_1; 

END IF; 

WHEN state_2 => -- preparation 

fsm1_next <= state_3; 

WHEN state_3 => -- generation 

fsm1_next <= state_3; 

END CASE; 

END PROCESS; 

 
$8AC=>: �;>:- AE5<0 @01>BK 02B><0B0 
"?8A0=8O 02B><0B>2 A ?><>ILN ?@>F5AA0. 



�>38:0 ?5@5E>4>2 >?8AK205BAO =0?@8<5@ 2 B0:>< AB8;5: 
PROCESS (present_st, input_signal) 

BEGIN 

CASE present_st IS 

WHEN state1 => 

IF input_signal = '1' 

THEN next_st <= state1; 

ELSE next_st <= state2; 

END IF; 

WHEN state2 => 

IF input_signal = '1' 

THEN next_st <= state2; 

ELSE next_st <= state3; 

END IF; 

... 

END CASE; 

END PROCESS; 

 >6=> (=> =5@54:> MB> >:07K205BAO 3@><>74:8<) 70?8A0BL ;>38:C 
@01>BK 2 AB8;5 WHEN-ELSE: 

output <= "000" WHEN present_st = state1 ELSE 

"001" WHEN present_st = state2 ELSE 

... 

"100" WHEN present_st = state5; 

�040=8O =0 @01>BC: @07@01>B0BL 2 2845 :>=5G=>3> 02B><0B0 AE5<C, 
@5038@CNICN 2K40G59 «1» =0 2KE>45 =0 ?>O2;5=85 =0 2E>45 7040==>9 
?>A;54>20B5;L=>AB8. %;54C5B C:070BL, 8A?>;L7C5BAO 02B><0B  8;8 8;8  C@0. 

�0@80=BK 7040=89 

!>
<5@ 

20@
80=B0 

#>A;54>20B5;L=>ABL 

1 00110101 

2 00110100 

3 00110110 

4 00110111 

5 00111000 

6 00111001 

7 00111010 



8 00111011 

9 00111100 

10 00111101 

11 00111110 

12 00111100 

13 00111101 

14 10111100 

15 01011100 

16 10101100 

17 10111101 

18 10110101 

19 11001100 

20 11001000 

21 11001001 

22 11101001 

23 10101001 

24 10111001 

25 10101101 

26 11101011 

27 10101111 

28 10001001 

29 10101011 

30 10101101 

31 11101011 

32 10101011 



�01>@0B>@=0O @01>B0 № 4. $01>B0 A ?0<OBLN  � =0 2KA>:>C@>2=52>< 
O7K:5 (%/%++). &8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 <>4C;8. 

 

*5;L @01>BK: �7CG5=85 >A=>2=KE ?@8=F8?>2 @01>BK A ?0<OBLN 
<8:@>:>=B@>;;5@>2 STM32 =0 O7K:5 ?@>3@0<<8@>20=8O C/C++. 

&5>@5B8G5A:89 <0B5@80; 
 8:@>:>=B@>;;5@K STM32 @01>B0NB A 2=CB@5==59 ?0<OBLN, :>B>@0O 

2:;NG05B 2 A51O D;MH-?0<OBL 4;O ?@>3@0<<=>3> :>40 8 RAM 4;O 40==KE. � 
?@>F5AA5 @01>BK A ?0<OBLN <8:@>:>=B@>;;5@0, =5>1E>48<> C<5BL 
>ACI5AB2;OBL GB5=85 8 70?8AL 40==KE, 0 B0:65 @01>B0BL A C:070B5;O<8 
?0<OB8. 

� <8:@>:>=B@>;;5@0E STM32 ?0<OBL @0745;5=0 =0 @07;8G=K5 
A53<5=BK, B0:85 :0: D;MH-?0<OBL, RAM, EEPROM 8 4@C385. (;MH-?0<OBL 
8A?>;L7C5BAO 4;O E@0=5=8O ?@>3@0<<=>3> :>40, 0 RAM - 4;O 2@5<5==>3> 
E@0=5=8O 40==KE. 

 

�040=85: 
1. !0?8A0BL ?@>3@0<<C =0 O7K:5 %/%++, :>B>@0O 1C45B 70?8AK20BL 

40==K5 2> 2=CB@5==NN Flash-?0<OBL <8:@>:>=B@>;;5@0 STM32. 
2. $50;87>20BL 0;3>@8B< GB5=8O 40==KE 87 Flash-?0<OB8 8 8E 2K2>4 =0 

?>@B 2K2>40 <8:@>:>=B@>;;5@0. 
3. #@>25AB8 B5AB8@>20=85 ?@>3@0<<K 8 >F5=8BL 5P @01>B>A?>A>1=>ABL. 
 

)>4 @01>BK: 
 

,03 1: !0?8H5< ?@>3@0<<C =0 O7K:5 C/C++, :>B>@0O 1C45B 70?8AK20BL 
40==K5 2> 2=CB@5==NN Flash-?0<OBL <8:@>:>=B@>;;5@0 STM32. 

#include "stm32f4xx_hal.h" 

uint32_t flash_address = 0x0800C000; // 04@5A =0G0;0 A5:B>@0 Flash-

?0<OB8 
void write_to_flash(uint32_t* data, uint32_t size) { 

  HAL_FLASH_Unlock(); // @071;>:8@>20BL Flash-?0<OBL 
  for (int i = 0; i < size; i++) { 

    HAL_FLASH_Program(FLASH_TYPEPROGRAM_WORD, 

flash_address, data[i]); // 70?8A0BL 40==K5 2 Flash-?0<OBL 
    flash_address += 4; // C25;8G8BL 04@5A 4;O 70?8A8 A;54CNI53> A;>20 
  } 

  HAL_FLASH_Lock(); // 701;>:8@>20BL Flash-?0<OBL 
} 

,03 2: $50;87C5< 0;3>@8B< GB5=8O 40==KE 87 Flash-?0<OB8 8 8E 2K2>4 
=0 ?>@B 2K2>40 <8:@>:>=B@>;;5@0. 

void read_from_flash(uint32_t* buffer, uint32_t size) { 

  for (int i = 0; i < size; i++) { 

    buffer[i] = *((uint32_t*)flash_address); // AG8B0BL 40==K5 87 Flash-

?0<OB8 



    flash_address += 4; // C25;8G8BL 04@5A 4;O GB5=8O A;54CNI53> A;>20 
  } 

} 

void print_data(uint32_t* data, uint32_t size) { 

  for (int i = 0; i < size; i++) { 

    printf("%lu ", data[i]); // 2K25AB8 40==K5 =0 ?>@B 2K2>40 
  } 

} 

,03 3: #@>2545< B5AB8@>20=85 ?@>3@0<<K 8 >F5=8< 55 
@01>B>A?>A>1=>ABL. 

int main() { 

  uint32_t data_to_write[] = {10, 20, 30, 40, 50}; // 40==K5 4;O 70?8A8 
  uint32_t data_to_read[5]; // 1CD5@ 4;O AG8B0==KE 40==KE 
  write_to_flash(data_to_write, 5); // 70?8A0BL 40==K5 2 Flash-?0<OBL 
  read_from_flash(data_to_read, 5); // AG8B0BL 40==K5 87 Flash-?0<OB8 
  print_data(data_to_read, 5); // 2K25AB8 AG8B0==K5 40==K5 
  return 0; 

} 

�K2>4: � E>45 2K?>;=5=8O ;01>@0B>@=>9 @01>BK 1K;0 @07@01>B0=0 
?@>3@0<<0 =0 O7K:5 ?@>3@0<<8@>20=8O C/C++ 4;O @01>BK A ?0<OBLN 
<8:@>:>=B@>;;5@>2 STM32. #@>3@0<<0 CA?5H=> 70?8AK205B 40==K5 2> 
Flash-?0<OBL, AG8BK205B 8E 8 2K2>48B =0 ?>@B 2K2>40. &0:8< >1@07><, 1K;8 
87CG5=K >A=>2=K5 ?@8=F8?K @01>BK A ?0<OBLN <8:@>:>=B@>;;5@>2 STM32 
=0 2KA>:>C@>2=52>< O7K:5 ?@>3@0<<8@>20=8O. 
  



�01>@0B>@=0O @01>B0 № 5. $01>B0 A ?>4A8AB5<>9 22>40/2K2>40  � =0 
2KA>:>C@>2=52>< O7K:5 (%/%++). &8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 

<>4C;8. 
 

*5;L @01>BK: �7CG5=85 >A=>2=KE 0;3>@8B<>2 8 ?@>3@0<<=KE <>4C;59 
4;O @01>BK A ?>4A8AB5<>9 22>40/2K2>40 <8:@>:>=B@>;;5@>2 STM32 =0 O7K:5 
C/C++. 

�040G8: 
1. !0AB@>9:0 ?>@B0 22>40/2K2>40 4;O <8:@>:>=B@>;;5@0 STM32. 

2. !0?8A0=85 ?@>3@0<<K 4;O C?@02;5=8O A25B>48>4>< G5@57 ?>@B 
22>40/2K2>40. 

3. !0?8A0=85 ?@>3@0<<K 4;O AG8BK20=8O A>AB>O=8O :=>?:8 G5@57 ?>@B 
22>40/2K2>40. 

 

)>4 @01>BK: 
1. !0AB@>9:0 ?>@B0 22>40/2K2>40 4;O <8:@>:>=B@>;;5@0 STM32. 

#include "stm32f4xx.h" 

int main(void) { 

  // �:;NG5=85 B0:B8@>20=8O 4;O ?>@B0 GPIO 8 8A?>;L7>20=85 PA5 2 
@568<5 2K2>40 

  RCC->AHB1ENR | = RCC_AHB1ENR_GPIOAEN; 

  GPIOA->MODER |= GPIO_MODER_MODER5_0; 

   

  // �5A:>=5G=K9 F8:; 4;O C?@02;5=8O A25B>48>4>< 

  while (1) { 

    // �:;NG5=85 A25B>48>40 =0 2K2>45 PA5 

    GPIOA->BSRR = GPIO_BSRR_BS_5; 

     

    // �045@6:0 4;O 45<>=AB@0F88 

    for (int i = 0; i < 1000000; i++) {} 

     

    // �K:;NG5=85 A25B>48>40 =0 2K2>45 PA5 

    GPIOA->BSRR = GPIO_BSRR_BR_5; 

     

    // �045@6:0 4;O 45<>=AB@0F88 

    for (int i = 0; i < 1000000; i++) {} 

  } 

} 

2. !0?8A0=85 ?@>3@0<<K 4;O AG8BK20=8O A>AB>O=8O :=>?:8 G5@57 ?>@B 
22>40/2K2>40. 

#include "stm32f4xx.h" 

int main(void) { 

  // �:;NG5=85 B0:B8@>20=8O 4;O ?>@B0 GPIO 8 8A?>;L7>20=85 PC13 2 
@568<5 22>40 

  RCC->AHB1ENR | = RCC_AHB1ENR_GPIOCEN; 



  GPIOC->MODER &= ~GPIO_MODER_MODER13; 

   

  // �5A:>=5G=K9 F8:; 4;O AG8BK20=8O A>AB>O=8O :=>?:8 

  while (1) { 

    if (GPIOC->IDR & GPIO_IDR_IDR_13) { 

      // �A;8 :=>?:0 =5 =060B0, B> 2K?>;=O5BAO MB>B :>4 
    } else { 

      // �A;8 :=>?:0 =060B0, B> 2K?>;=O5BAO MB>B :>4 
    } 

  } 

} 

-B> ?@8<5@K ?@>3@0<< =0 O7K:5 C 4;O @01>BK A ?>4A8AB5<>9 
22>40/2K2>40 <8:@>:>=B@>;;5@>2 STM32. �0< =5>1E>48<> A:><?8;8@>20BL 
?@>3@0<<K A ?><>ILN A>>B25BAB2CNI8E 8=AB@C<5=B>2 4;O 20H53> 
<8:@>:>=B@>;;5@0 8 703@C78BL 8E =0 CAB@>9AB2> 4;O ?@>25@:8 8E @01>BK. 
  



�01>@0B>@=0O @01>B0 № 6. $01>B0 A ?>A;54>20B5;L=K< 8=B5@D59A>< 
 � =0 2KA>:>C@>2=52>< O7K:5 (%/%++). &8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 

<>4C;8. 
 

*5;L @01>BK: �7CG5=85 >A=>2=KE 0;3>@8B<>2 8 ?@>3@0<<=KE <>4C;59 
4;O @01>BK A ?>A;54>20B5;L=K< 8=B5@D59A><  � =0 2KA>:>C@>2=52>< O7K:5 
(%/%++). 

&5>@5B8G5A:89 <0B5@80; 
#>A;54>20B5;L=K9 8=B5@D59A (Serial Interface) O2;O5BAO >4=8< 87 

A0<KE ?>?C;O@=KE A?>A>1>2 >1<5=0 40==K<8 <564C <8:@>:>=B@>;;5@>< 8 
4@C38<8 CAB@>9AB20<8, B0:8<8 :0: 40BG8:8, 48A?;58, A5=A>@K 8 B.4. 
"A>15==>ABL ?>A;54>20B5;L=>3> 8=B5@D59A0 70:;NG05BAO 2 ?5@540G5 40==KE 
?> >4=><C 18BC 70 @07 G5@57 >48= :0=0; A2O78. 

 

#@>3@0<<=K5 <>4C;8: 
&8?>2K5 ?@>3@0<<=K5 <>4C;8, 8A?>;L7C5<K5 ?@8 @01>B5 A 

?>A;54>20B5;L=K< 8=B5@D59A>< <8:@>:>=B@>;;5@>2 STM32, 2:;NG0NB 2 
A51O: 

1. �=8F80;870F8O ?>A;54>20B5;L=>3> 8=B5@D59A0: !0AB@>9:0 
A>>B25BAB2CNI8E GPIO-?>@B>2 4;O @01>BK A ?>A;54>20B5;L=K< 
8=B5@D59A><, =0AB@>9:0 A:>@>AB8 ?5@540G8 40==KE, D>@<0B0 ?5@540G8, 
:>=B@>;O G5B=>AB8 8 B.4. 

2. "B?@02:0 40==KE: �0?>;=5=85 1CD5@0 A 40==K<8 4;O ?5@540G8, 
CAB0=>2:0 D;03>2 ?5@540G8, >6840=85 ?>4B25@645=8O CA?5H=>9 ?5@540G8 
40==KE. 

3. #@85< 40==KE: "6840=85 ?>O2;5=8O 40==KE 2 1CD5@5 ?@85<0, 
GB5=85 40==KE 87 1CD5@0, >1@01>B:0 ?>;CG5==KE 40==KE. 

4. "1@01>B:0 >H81>::  >=8B>@8=3 A>AB>O=8O ;8=88 ?5@540G8 40==KE, 
>1=0@C65=85 8 >1@01>B:0 >H81>: ?@8 ?5@540G5 8;8 ?@85<5 40==KE. 

#@8<5@ ?@>3@0<<K: 
�;O =03;O4=>AB8 @0AA<>B@8< ?@8<5@ ?@>3@0<<K =0 O7K:5 C, 

@01>B0NI59 A ?>A;54>20B5;L=K< 8=B5@D59A>< <8:@>:>=B@>;;5@0 STM32: 

#include "stm32f4xx.h" 

#include "stdio.h" 

#define UART_PORT USART2 

void UART_Init(uint32_t baudrate) { 

  // !0AB@>9:0 GPIO-?>@B>2 4;O @01>BK A ?>A;54>20B5;L=K< 
8=B5@D59A>< 

  RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOA, ENABLE); 

  GPIO_InitTypeDef GPIO_InitStruct; 

  GPIO_InitStruct.GPIO_Pin = GPIO_Pin_2 | GPIO_Pin_3; 

  GPIO_InitStruct.GPIO_Mode = GPIO_Mode_AF; 

  GPIO_InitStruct.GPIO_Speed = GPIO_Speed_50MHz; 

  GPIO_InitStruct.GPIO_OType = GPIO_OType_PP; 

  GPIO_InitStruct.GPIO_PuPd = GPIO_PuPd_UP; 



  GPIO_Init(GPIOA, &GPIO_InitStruct); 

  // !0AB@>9:0 ?>A;54>20B5;L=>3> 8=B5@D59A0 
  RCC_APB1PeriphClockCmd(RCC_APB1Periph_USART2, ENABLE); 

  USART_InitTypeDef USART_InitStruct; 

  USART_InitStruct.USART_BaudRate = baudrate; 

  USART_InitStruct.USART_WordLength = USART_WordLength_8b; 

  USART_InitStruct.USART_StopBits = USART_StopBits_1; 

  USART_InitStruct.USART_Parity = USART_Parity_No; 

  USART_InitStruct.USART_HardwareFlowControl = 

USART_HardwareFlowControl_None; 

  USART_InitStruct.USART_Mode = USART_Mode_Rx | 

USART_Mode_Tx; 

  USART_Init(UART_PORT, &USART_InitStruct); 

  // �:;NG5=85 ?>A;54>20B5;L=>3> 8=B5@D59A0 
  USART_Cmd(UART_PORT, ENABLE); 

} 

void UART_SendChar(char ch) { 

  // "6840=85 3>B>2=>AB8 ?5@540G8 40==KE 
  while (!(USART_GetFlagStatus(UART_PORT, USART_FLAG_TXE) == 

SET)); 

  // #5@540G0 40==KE 
  USART_SendData(UART_PORT, (uint16_t)ch); 

  // "6840=85 >:>=G0=8O ?5@540G8 40==KE 
  while (!(USART_GetFlagStatus(UART_PORT, USART_FLAG_TC) == 

SET)); 

} 

char UART_ReceiveChar(void) { 

  // "6840=85 ?@85<0 40==KE 
  while (!(USART_GetFlagStatus(UART_PORT, USART_FLAG_RXNE) 

== SET)); 

  // +B5=85 40==KE 
  return (char)USART_ReceiveData(UART_PORT); 

} 

int main(void) { 

  UART_Init(9600); 

  char data; 

  while (1) { 

    // +B5=85 40==KE A ?>A;54>20B5;L=>3> 8=B5@D59A0 
    data = UART_ReceiveChar(); 

    // "1@01>B:0 40==KE 
    // ... 

    // "B?@02:0 40==KE ?> ?>A;54>20B5;L=><C 8=B5@D59AC 
    UART_SendChar(data); 

  } 

} 



�01>@0B>@=0O @01>B0 № 7. $01>B0 A A8AB5<>9 ?@5@K20=89  � =0 
2KA>:>C@>2=52>< O7K:5 (%/%++). &8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 

<>4C;8. 
 

*5;L @01>BK: "7=0:><8BLAO A >A=>20<8 @01>BK A A8AB5<>9 ?@5@K20=89 
<8:@>:>=B@>;;5@>2 STM32 =0 2KA>:>C@>2=52>< O7K:5 ?@>3@0<<8@>20=8O 
%/%++, 87CG8BL B8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 <>4C;8 4;O @01>BK A 
?@5@K20=8O<8. 

 

!5>1E>48<K5 <0B5@80;K: 

1.  8:@>:>=B@>;;5@ STM32. 

2. IDE 4;O @01>BK A STM32 (=0?@8<5@, STM32CubeIDE). 

3. #>4:;NG05<>5 CAB@>9AB2> (=0?@8<5@, :=>?:0 8;8 A5=A>@). 
4. �><?LNB5@ A ?@>3@0<<=K< >15A?5G5=85<. 
 

&5>@5B8G5A:89 <0B5@80; 
%8AB5<0 ?@5@K20=89 2 <8:@>:>=B@>;;5@0E STM32 ?>72>;O5B 

@5038@>20BL =0 2=5H=85 A>1KB8O (=0?@8<5@, =060B85 :=>?:8 8;8 ?@8E>4 
40==KE A 40BG8:0) A <8=8<0;L=>9 7045@6:>9. #@5@K20=8O ?>72>;ONB 
A45;0BL <8:@>:>=B@>;;5@ 1>;55 >B7K2G82K< 8 MDD5:B82=K<. 

 

#@>3@0<<8@>20=85 A8AB5<K ?@5@K20=89 <8:@>:>=B@>;;5@>2 STM32 

=0 2KA>:>C@>2=52>< O7K:5 ?@>8AE>48B A;54CNI8< >1@07><: 
 

1. !0AB@>9:0 ?@5@K20=8O: 
   - �K1>@ 8 =0AB@>9:0 2E>40/2KE>40 (GPIO) 4;O 2=5H=53> CAB@>9AB20, A 

:>B>@K< 1C45B @01>B0BL <8:@>:>=B@>;;5@. 
   - !0AB@>9:0 @568<0 ?@5@K20=8O (=0?@8<5@, D@>=B/A?04, ?@5@K20=85 

?> 87<5=5=8N C@>2=O A83=0;0 8 B. 4.). 
   - !0AB@>9:0 ?@8>@8B5B0 ?@5@K20=8O. 
    

2. "?@545;5=85 >1@01>BG8:0 ?@5@K20=8O: 
   - "?@545;5=85 DC=:F88 (>1@01>BG8:0 ?@5@K20=8O), :>B>@0O 1C45B 

2K720=0 ?@8 2>7=8:=>25=88 ?@5@K20=8O. 
   - � DC=:F88 >1@01>BG8:0 ?@5@K20=8O 2K?>;=ONBAO =5>1E>48<K5 

>?5@0F88 4;O >1@01>B:8 A>1KB8O. 
    

3. �:;NG5=85 ?@5@K20=89: 
   - $07@5H5=85 3;>10;L=KE ?@5@K20=89. 
   - $07@5H5=85 :>=:@5B=>3> ?@5@K20=8O. 
&8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 <>4C;8: 
1. #@>25@:0 A>AB>O=8O 2E>40/2KE>40: 
   - !0 2E>4/2KE>4 ?>4:;NG5=> CAB@>9AB2>, :>B>@>5 35=5@8@C5B 

?@5@K20=85 (=0?@8<5@, :=>?:0). 



   - � DC=:F88 >1@01>BG8:0 ?@5@K20=8O ?@>25@O5BAO A>AB>O=85 
2E>40/2KE>40 8 2K?>;=ONBAO A>>B25BAB2CNI85 459AB28O. 

    

2. 'AB0=>2:0 D;03>2: 
   - � :0G5AB25 ?@5@K20=8O <>65B 1KBL 8A?>;L7>20=> 87<5=5=85 

A>AB>O=8O D;030. 
   - � DC=:F88 >1@01>BG8:0 ?@5@K20=8O ?@>8AE>48B ?@>25@:0 

A>AB>O=8O D;030 8 2K?>;=5=85 =5>1E>48<KE 459AB289. 
    

3. %G5BG8:8: 
   - � DC=:F88 >1@01>BG8:0 ?@5@K20=8O <>6=> 8A?>;L7>20BL AG5BG8:8 

4;O >BA;56820=8O :>;8G5AB20 A>1KB89. 
   - �064K9 @07 ?@8 2>7=8:=>25=88 ?@5@K20=8O AG5BG8: C25;8G8205BAO 

=0 1. 
   - %G5BG8: <>6=> 8A?>;L7>20BL, =0?@8<5@, 4;O 87<5@5=8O G0AB>BK 

A>1KB89, 2@5<5=8 <564C A>1KB8O<8 8 B. 4. 
#@8<5@ @01>BK A A8AB5<>9 ?@5@K20=89 <8:@>:>=B@>;;5@>2 STM32 =0 

2KA>:>C@>2=52>< O7K:5 (%/%++): 
 

```c 

#include "stm32f4xx.h" 

void EXTI0_IRQHandler(void) {        // "1@01>BG8: ?@5@K20=8O 
    if(EXTI_GetITStatus(EXTI_Line0) != RESET) {    // #@>25@:0 D;030 

?@5@K20=8O 
        // �K?>;=5=85 =5>1E>48<KE >?5@0F89 

    

        EXTI_ClearITPendingBit(EXTI_Line0);    // %1@>A D;030 
?@5@K20=8O 

    } 

} 

int main(void) { 

    // !0AB@>9:0 ?@5@K20=8O 
    GPIO_InitTypeDef GPIO_InitStruct; 

    EXTI_InitTypeDef EXTI_InitStruct; 

    NVIC_InitTypeDef NVIC_InitStruct; 

    RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOA, ENABLE);    

// �:;NG5=85 B0:B8@>20=8O GPIO 

    RCC_APB2PeriphClockCmd(RCC_APB2Periph_SYSCFG, ENABLE);    

// �:;NG5=85 B0:B8@>20=8O SYSCFG 

    GPIO_InitStruct.GPIO_Pin = GPIO_Pin_0;        // #8= 0 ?>@B0 A 

    GPIO_InitStruct.GPIO_Mode = GPIO_Mode_IN;    // �E>4 
    GPIO_InitStruct.GPIO_PuPd = GPIO_PuPd_NOPULL;    // �57 

?>4BO6:8 
    GPIO_Init(GPIOA, &GPIO_InitStruct);        // �=8F80;870F8O GPIO 



    SYSCFG_EXTILineConfig(EXTI_PortSourceGPIOA, 

EXTI_PinSource0);    // !0AB@>9:0 EXTI 4;O ?8=0 0 ?>@B0 A 

    EXTI_InitStruct.EXTI_Line = EXTI_Line0;        // �8=8O ?@5@K20=8O 0 
    EXTI_InitStruct.EXTI_Mode = EXTI_Mode_Interrupt;    // $568< 

?@5@K20=8O 
    EXTI_InitStruct.EXTI_Trigger = EXTI_Trigger_Rising;    // 

#@5@K20=85 ?> D@>=BC 
    EXTI_InitStruct.EXTI_LineCmd = ENABLE;        // $07@5H5=85 

?@5@K20=8O 
    EXTI_Init(&EXTI_InitStruct);        // �=8F80;870F8O EXTI 
    NVIC_InitStruct.NVIC_IRQChannel = EXTI0_IRQn;        // �0=0; 

?@5@K20=8O EXTI 0 
    NVIC_InitStruct.NVIC_IRQChannelPreemptionPriority = 0;    // 

#@8>@8B5B ?@5@K20=8O 
    NVIC_InitStru ct.NVIC_IRQChannelSubPriority = 0;    // %C1?@8>@8B5B 

?@5@K20=8O 
    NVIC_InitStruct.NVIC_IRQChannelCmd = ENABLE;        // 

$07@5H5=85 ?@5@K20=8O 
    NVIC_Init(&NVIC_InitStruct);        // �=8F80;870F8O NVIC 

    while(1) { 

        // "A=>2=>9 :>4 ?@>3@0<<K 

    } 

} 

``` 

� 40==>< ?@8<5@5 ?@5@K20=85 =0AB@08205BAO 4;O ?8=0 0 ?>@B0 A. 

"1@01>B:0 ?@5@K20=8O 2K?>;=O5BAO 2 DC=:F88 EXTI0_IRQHandler. �=CB@8 
DC=:F88 >1@01>BG8:0 ?@5@K20=8O ?@>8AE>48B ?@>25@:0 D;030 ?@5@K20=8O 8 
2K?>;=5=85 =5>1E>48<KE >?5@0F89. #>A;5 2K?>;=5=8O >?5@0F89 D;03 
?@5@K20=8O A1@0AK205BAO A ?><>ILN DC=:F88 EXTI_ClearITPendingBit. 

  



�01>@0B>@=0O @01>B0 № 8. $01>B0 A B09<5@0<8 AG5BG8:0<8  � =0 
2KA>:>C@>2=52>< O7K:5 (%/%++). &8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 

<>4C;8. 
 

*5;L @01>BK: 87CG8BL @01>BC A B09<5@0<8 AG5BG8:0<8 
<8:@>:>=B@>;;5@>2 STM32, >A2>8BL B8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 
<>4C;8 4;O @50;870F88 @07;8G=KE DC=:F89. 

&5>@5B8G5A:89 <0B5@80; 
 8:@>:>=B@>;;5@K STM32 >1;040NB 2AB@>5==K<8 B09<5@0<8 

AG5BG8:0<8, :>B>@K5 <>3CB 8A?>;L7>20BLAO 4;O @50;870F88 @07;8G=KE 
DC=:F89, B0:8E :0: 35=5@0F8O ?@5@K20=89, 87<5@5=85 2@5<5=8, 35=5@0F8O 
A83=0;>2 A ,�  8 4@C38E 7040G. � MB>9 ;01>@0B>@=>9 @01>B5 <K @0AA<>B@8< 
420 B8?0 B09<5@>2 AG5BG8:>2: Timer2 8 Timer3, 4>ABC?=K5 4;O 8A?>;L7>20=8O 
2 <8:@>:>=B@>;;5@0E A5@88 STM32F4. 

 

Timer2 8 Timer3 - MB> 16-18B=K5 02B><0B8G5A:8 ?5@5703@C605<K5 
B09<5@K AG5BG8:8, :>B>@K5 <>3CB @01>B0BL 2 @07;8G=KE @568<0E. "=8 
8<5NB AG5B=>5 7=0G5=85, :>B>@>5 C25;8G8205BAO ?@8 :064>< B0:B>2>< 
8<?C;LA5. �>340 AG5B=>5 7=0G5=85 4>AB8305B <0:A8<0;L=>3> 7=0G5=8O (65535 
4;O 16-18B=>3> B09<5@0), ?@>8AE>48B A>1KB85 ?5@5?>;=5=8O, 8 AG5BG8: 
A1@0AK205BAO 4> =C;O. 

 

#@8<5@: 
� 40==>< ?@8<5@5 <K =0AB@>8< Timer2 2 @568<5 35=5@0F88 

?@5@K20=8O =0 :064>5 ?5@5?>;=5=85 8 1C45< <830BL A25B>48>4>< ?@8 
:064>< ?@5@K20=88. 

 

#include "stm32f4xx.h" 

void TIM2_IRQHandler(void) 

{ 

    if (TIM_GetITStatus(TIM2, TIM_IT_Update) != RESET) 

    { 

        //  8305< A25B>48>4>< 

        GPIO_ToggleBits(GPIOD, GPIO_Pin_12); 

        // %1@0AK205< D;03 ?@5@K20=8O 
        TIM_ClearITPendingBit(TIM2, TIM_IT_Update); 

    } 

} 

int main(void) 

{ 

    // �:;NG05< B0:B8@>20=85 ?>@B0 D 

    RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOD, ENABLE); 

    // �:;NG05< B0:B8@>20=85 B09<5@0 2 
    RCC_APB1PeriphClockCmd(RCC_APB1Periph_TIM2, ENABLE); 

    // !0AB@08205< ?>@B D 4;O @01>BK A A25B>48>4>< 



    GPIO_InitTypeDef GPIO_InitStruct; 

    GPIO_InitStruct.GPIO_Pin = GPIO_Pin_12; 

    GPIO_InitStruct.GPIO_Mode = GPIO_Mode_OUT; 

    GPIO_InitStruct.GPIO_OType = GPIO_OType_PP; 

    GPIO_InitStruct.GPIO_PuPd = GPIO_PuPd_NOPULL; 

    GPIO_InitStruct.GPIO_Speed = GPIO_Speed_50MHz; 

    GPIO_Init(GPIOD, &GPIO_InitStruct); 

    // !0AB@08205< B09<5@ 2 
    TIM_TimeBaseInitTypeDef TIM_BaseStruct; 

    TIM_BaseStruct.TIM_Prescaler = 42000 - 1; // #@5445;8B5;L B09<5@0 
    TIM_BaseStruct.TIM_CounterMode = TIM_CounterMode_Up; // $568< 

AG5B0 B09<5@0 
    TIM_BaseStruct.TIM_Period = 1000; // #5@8>4 AG5B0 B09<5@0 
    TIM_BaseStruct.TIM_ClockDivision = 0; 

    TIM_BaseStruct.TIM_RepetitionCounter = 0; 

    TIM_TimeBaseInit(TIM2, &TIM_BaseStruct); 

    // �:;NG05< ?@5@K20=85 >B B09<5@0 2 
    NVIC_InitTypeDef NVIC_InitStruct; 

    NVIC_InitStruct.NVIC_IRQChannel = TIM2_IRQn; 

    NVIC_InitStruct.NVIC_IRQChannelPreemptionPriority = 0; 

    NVIC_InitStruct.NVIC_IRQChannelSubPriority = 0; 

    NVIC_InitStruct.NVIC_IRQChannelCmd = ENABLE; 

    NVIC_Init(&NVIC_InitStruct); 

    // $07@5H05< ?@5@K20=85 ?> ?5@5?>;=5=8N B09<5@0 2 
    TIM_ITConfig(TIM2, TIM_IT_Update, ENABLE); 

    // �0?CA:05< B09<5@ 2 
    TIM_Cmd(TIM2, ENABLE); 

    while (1) 

    { 

        // �5A:>=5G=K9 F8:; 
    } 

} 

� 40==>< ?@8<5@5 <K 8A?>;L7C5< ?>@B D 8 A25B>48>4, ?>4:;NG5==K9 
: ?8=C 12 MB>3> ?>@B0. +B>1K <830BL A25B>48>4><, <K 2:;NG05< ?@5@K20=85 
>B B09<5@0 2 =0 :064>5 53> ?5@5?>;=5=85. � >1@01>BG8:5 ?@5@K20=8O <K 
<8305< A25B>48>4>< ?CB5< 8=25@B8@>20=8O 53> A>AB>O=8O 8 A1@0AK205< D;03 
?@5@K20=8O. 
  



�01>@0B>@=0O @01>B0 № 9. $01>B0 A <>4C;5< DMA =0 2KA>:>C@>2=52>< 
O7K:5 (%/%++). &8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 <>4C;8. 

 

*5;L @01>BK: 87CG8BL @01>BC A <>4C;5< DMA <8:@>:>=B@>;;5@>2 
STM32, >A2>8BL B8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 <>4C;8 4;O @50;870F88 
@07;8G=KE DC=:F89. 

&5>@5B8G5A:89 <0B5@80; 
 >4C;L DMA (Direct Memory Access) ?@54=07=0G5= 4;O ?5@540G8 

40==KE <564C ?5@8D5@89=K<8 CAB@>9AB20<8 8 >?5@0B82=>9 ?0<OBLN 157 
2<5H0B5;LAB20 ?@>F5AA>@0. �A?>;L7>20=85 DMA ?>72>;O5B ACI5AB25==> 
CA:>@8BL ?@>F5AA >1<5=0 40==K<8 8 >A2>1>48BL @5AC@AK ?@>F5AA>@0 4;O 
2K?>;=5=8O 4@C38E 7040G. 

 

� O7K:5 C 4;O @01>BK A <>4C;5< DMA 8A?>;L7CNBAO A;54CNI85 
B8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 <>4C;8: 

 

1. �=8F80;870F8O DMA: �;O =0G0;0 @01>BK A <>4C;5< DMA 

=5>1E>48<> 53> 8=8F80;878@>20BL. �;O MB>3> =C6=> 7040BL ?0@0<5B@K 
?5@540G8 40==KE, =0?@8<5@, 2K1@0BL :>=D83C@0F8N >1<5=0 40==K<8 
(>4=>=0?@02;5==K9, 42C=0?@02;5==K9 8 B. 4.), 2K1@0BL ?5@8D5@89=K9 
<>4C;L 8 7040BL 04@5A0 8 @07<5@K 1CD5@>2 40==KE. 

2. #5@540G0 40==KE A 8A?>;L7>20=85< DMA: #>A;5 8=8F80;870F88 
<>4C;O DMA <>6=> >ACI5AB28BL ?5@540GC 40==KE. �;O MB>3> =C6=> 
70?8A0BL 40==K5 2 1CD5@ ?5@540G8 (5A;8 8A?>;L7C5BAO >4=>=0?@02;5==0O 
?5@540G0) 8;8 ?@>G8B0BL 40==K5 87 1CD5@0 ?@85<0 (5A;8 8A?>;L7C5BAO 
42C=0?@02;5==0O ?5@540G0). �0;55 <>4C;L DMA A0<>AB>OB5;L=> 
>ACI5AB2;O5B >1<5= 40==K<8 <564C ?5@8D5@859 8 >?5@0B82=>9 ?0<OBLN. 

3. "1@01>B:0 ?@5@K20=89 DMA: �> 2@5<O ?5@540G8 40==KE A 
8A?>;L7>20=85< DMA <>3CB 2>7=8:0BL ?@5@K20=8O. �;O >1@01>B:8 MB8E 
?@5@K20=89 =C6=> CAB0=>28BL A>>B25BAB2CNI85 >1@01>BG8:8 ?@5@K20=89, 
:>B>@K5 2K7K20NBAO ?@8 2>7=8:=>25=88 A>1KB89 DMA. � >1@01>BG8:0E 
?@5@K20=89 <>6=> 2K?>;=OBL =5>1E>48<K5 459AB28O, =0?@8<5@, >1@01>B:C 
?>;CG5==KE 40==KE 8;8 >B?@02:C =>2KE 40==KE. 

#@8<5@ ?@>3@0<<K =0 O7K:5 C, 45<>=AB@8@CNI59 @01>BC A <>4C;5< 
DMA: 

#include <stdio.h> 

#include <stdlib.h> 

// (C=:F8O 8=8F80;870F88 DMA 

void initDMA() 

{ 

    // �45AL 2K?>;=O5BAO =0AB@>9:0 8 :>=D83C@0F8O <>4C;O DMA 

    // !0?@8<5@, 70405< 04@5A0 8 @07<5@K 1CD5@>2 40==KE 
} 

// (C=:F8O ?5@540G8 40==KE A 8A?>;L7>20=85< DMA 

void transferData() 



{ 

    // #>43>B>2:0 40==KE 4;O ?5@540G8 

    int dataToSend = 123; 

    // �0?8AL 40==KE 2 1CD5@ ?5@540G8 DMA 

    // !0?@8<5@, 70?8AK205< 40==K5 2 @538AB@ C?@02;5=8O <>4C;5< 
DMA 

} 

// (C=:F8O >1@01>B:8 ?@5@K20=8O DMA 

void handleDMAInterrupt() 

{ 

    // #>;CG5=85 40==KE 87 1CD5@0 ?@85<0 DMA 

    // !0?@8<5@, G8B05< 40==K5 87 @538AB@0 AB0BCA0 <>4C;O DMA 

    // "1@01>B:0 ?>;CG5==KE 40==KE 
    // !0?@8<5@, 2K2>48< ?>;CG5==K5 40==K5 =0 M:@0= 

    printf("Received data: %dn", receivedData); 

} 

int main() 

{ 

    // �=8F80;870F8O DMA 

    initDMA(); 

    // #5@540G0 40==KE A 8A?>;L7>20=85< DMA 

    transferData(); 

    // "6840=85 ?@5@K20=8O DMA 

    // �45AL <>6=> 8A?>;L7>20BL ;81> 15A:>=5G=K9 F8:;, ;81> >6840=85 
A>1KB8O 

    while (1) {} 

    return 0; 

} 
  



�01>@0B>@=0O @01>B0 № 10-11. $01>B0 A A8=E@>==K<8 8=B5@D59A0<8 
 � =0 2KA>:>C@>2=52>< O7K:5 (%/%++). &8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 

<>4C;8. 
 

*5;L @01>BK: 87CG8BL @01>BC A A8=E@>==K<8 8=B5@D59A0<8 
<8:@>:>=B@>;;5@>2 STM32, >A2>8BL B8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 
<>4C;8 4;O @50;870F88 @07;8G=KE DC=:F89. 

&5>@5B8G5A:89 <0B5@80; 
1. SPI (Serial Peripheral Interface) - MB> A8=E@>==K9 ?>A;54>20B5;L=K9 

8=B5@D59A, :>B>@K9 ?>72>;O5B ?5@54020BL 40==K5 <564C 
<8:@>:>=B@>;;5@>< 8 4@C38<8 CAB@>9AB20<8. "= @01>B05B ?> ?@8=F8?C 
?>;C4C?;5:A=>9 ?5@540G8 40==KE, B> 5ABL >4=>2@5<5==> A <8:@>:>=B@>;;5@0 
=0 CAB@>9AB2> 8;8 =0>1>@>B. 

2. I2C (Inter-Integrated Circuit) - MB> 8=B5@D59A 4;O A>548=5=8O 
=51>;LH8E 8=B53@0;L=KE AE5< <564C A>1>9. "= 8A?>;L7C5BAO 4;O 
?>4:;NG5=8O <8:@>AE5< ?0<OB8, 40BG8:>2, 0:A5;5@><5B@>2 8 4@C38E 
CAB@>9AB2. I2C B0:65 O2;O5BAO A8=E@>==K< 8=B5@D59A><, => @01>B05B ?> 
?@8=F8?C A5B52>3> A>548=5=8O, 345 :064>5 CAB@>9AB2> 8<55B A2>9 
A>1AB25==K9 04@5A. 

#@>3@0<<=K9 <>4C;L 4;O @01>BK A SPI 2 STM32 

 

#include "stm32f4xx.h" 

void SPI_Init(void) 

{ 

   // !0AB@>9:0 GPIO 4;O A>548=5=8O A ?5@8D5@859 SPI 

   // !0?@8<5@, 4;O SPI1: GPIOA_Pin6 - SCK, GPIOA_Pin7 - MISO, 

GPIOA_Pin8 - MOSI 

   RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOA, ENABLE); 

   GPIO_InitTypeDef GPIO_InitStruct; 

   GPIO_InitStruct.GPIO_Mode = GPIO_Mode_AF; 

   GPIO_InitStruct.GPIO_OType = GPIO_OType_PP; 

   GPIO_InitStruct.GPIO_Pin = GPIO_Pin_5 | GPIO_Pin_6 | GPIO_Pin_7; 

   // �KA>:0O A:>@>ABL ?5@540G8 40==KE 
   GPIO_InitStruct.GPIO_Speed = GPIO_Speed_50MHz; 

   GPIO_InitStruct.GPIO_PuPd = GPIO_PuPd_UP; 

   GPIO_Init(GPIOA, &GPIO_InitStruct); 

   // !0AB@>9:0 SPI 
   RCC_APB2PeriphClockCmd(RCC_APB2Periph_SPI1, ENABLE); 

   SPI_InitTypeDef SPI_InitStruct; 

   SPI_InitStruct.SPI_Direction = SPI_Direction_2Lines_FullDuplex; 

   SPI_InitStruct.SPI_Mode = SPI_Mode_Master; 

   SPI_InitStruct.SPI_DataSize = SPI_DataSize_8b; 

   SPI_InitStruct.SPI_CPOL = SPI_CPOL_Low; 

   SPI_InitStruct.SPI_CPHA = SPI_CPHA_1Edge; 

   SPI_InitStruct.SPI_NSS = SPI_NSS_Soft; 



   SPI_InitStruct.SPI_BaudRatePrescaler = SPI_BaudRatePrescaler_256; 

   SPI_InitStruct.SPI_FirstBit = SPI_FirstBit_MSB; 

   SPI_InitStruct.SPI_CRCPolynomial = 7; 

   SPI_Init(SPI1, &SPI_InitStruct); 

   SPI_Cmd(SPI1, ENABLE); 

} 

�=B5@D59A SPI 2 STM32 ?@54>AB02;O5B DC=:F88 4;O >B?@02:8 8 
?@8=OB8O 40==KE G5@57 SPI. �>7<>6=K5 >?5@0F88: ?5@540G0 >4=>3> 109B0, 
>B?@02:0 <0AA820 40==KE, ?@85< >4=>3> 109B0, ?@85< <0AA820 40==KE. 

void SPI_SendData(uint8_t data) 

{ 

   while (SPI_I2S_GetFlagStatus(SPI1, SPI_I2S_FLAG_TXE) == RESET); 

   SPI_I2S_SendData(SPI1, data); 

} 

uint8_t SPI_ReceiveData(void) 

{ 

   while (SPI_I2S_GetFlagStatus(SPI1, SPI_I2S_FLAG_RXNE) == 

RESET); 

   return SPI_I2S_ReceiveData(SPI1); 

} 

$01>B0 A I2C 2 STM32 
#include "stm32f4xx.h" 

void I2C_Init(void) 

{ 

   // !0AB@>9:0 GPIO 4;O A>548=5=8O A ?5@8D5@859 I2C 

   // !0?@8<5@, 4;O I2C1: GPIOB_Pin6 - SCL, GPIOB_Pin7 - SDA 

   RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOB, ENABLE); 

   GPIO_InitTypeDef GPIO_InitStruct; 

   GPIO_InitStruct.GPIO_Mode = GPIO_Mode_AF; 

   GPIO_InitStruct.GPIO_OType = GPIO_OType_OD; 

   GPIO_InitStruct.GPIO_Pin = GPIO_Pin_10 | GPIO_Pin_11; 

   GPIO_InitStruct.GPIO_PuPd = GPIO_PuPd_UP; 

   GPIO_InitStruct.GPIO_Speed = GPIO_Speed_50MHz; 

   GPIO_Init(GPIOB, &GPIO_InitStruct); 

   // !0AB@>9:0 I2C 

   RCC_APB1PeriphClockCmd(RCC_APB1Periph_I2C1, ENABLE); 

   I2C_InitTypeDef I2C_InitStruct; 

   I2C_InitStruct.I2C_ClockSpeed = 100000; 

   I2C_InitStruct.I2C_Mode = I2C_Mode_I2C; 

   I2C_InitStruct.I2C_DutyCycle = I2C_DutyCycle_2; 

   I2C_InitStruct.I2C_OwnAddress1 = 0x00; 

   I2C_InitStruct.I2C_Ack = I2C_Ack_Enable; 

   I2C_InitStruct.I2C_AcknowledgedAddress = 

I2C_AcknowledgedAddress_7bit; 

   I2C_Init(I2C1, &I2C_InitStruct); 



   I2C_Cmd(I2C1, ENABLE); 

} 

void I2C_SendData(uint8_t data) 

{ 

   while (I2C_GetFlagStatus(I2C1, I2C_FLAG_BUSY)); 

   I2C_GenerateSTAR T(I2C1, ENABLE); 

   while (!I2C_CheckEvent(I2C1, 

I2C_EVENT_MASTER_MODE_SELECT)); 

   I2C_Send7bitAddress(I2C1, SLAVE_ADDRESS, 

I2C_Direction_Transmitter); 

   while (!I2C_CheckEvent(I2C1, 

I2C_EVENT_MASTER_TRANSMITTER_MODE_SELECTED)); 

   I2C_SendData(I2C1, data); 

   while (!I2C_CheckEvent(I2C1, 

I2C_EVENT_MASTER_BYTE_TRANSMITTED)); 

   I2C_GenerateSTOP(I2C1, ENABLE); 

} 

uint8_t I2C_ReceiveData(void) 

{ 

   while (I2C_GetFlagStatus(I2C1, I2C_FLAG_BUSY)); 

   I2C_GenerateSTART(I2C1, ENABLE); 

   while (!I2C_CheckEvent(I2C1, 

I2C_EVENT_MASTER_MODE_SELECT)); 

   I2C_Send7bitAddress(I2C1, SLAVE_ADDRESS, 

I2C_Direction_Receiver); 

   while (!I2C_CheckEvent(I2C1, 

I2C_EVENT_MASTER_RECEIVER_MODE_SELECTED)); 

   while (!I2C_CheckEvent(I2C1, 

I2C_EVENT_MASTER_BYTE_RECEIVED)); 

   uint8_t data = I2C_ReceiveData(I2C1); 

   I2C_AcknowledgeConfig(I2C1, DISABLE); 

   I2C_GenerateSTOP(I2C1, ENABLE); 

   return data; 

} 

#@8<5@ 8A?>;L7>20=8O SPI 
 

#include "stm32f4xx.h" 

int main(void) 

{ 

   // �=8F80;870F8O SPI 
   SPI_Init(); 

   // "B?@02:0 40==KE SPI 

   uint8_t txData = 0xAA; 

   SPI_SendData(txData); 

   // #@85< 40==KE SPI 



   uint8_t rxData = SPI_ReceiveData(); 

   // "AB0;L=0O ;>38:0 
   while(1); 

} 

#@8<5@ 8A?>;L7>20=8O I2C 

#include "stm32f4xx.h" 

#define SLAVE_ADDRESS 0x50 

int main(void) 

{ 

   // �=8F80;870F8O I2C 

   I2C_Init(); 

   // "B?@02:0 40==KE I2C 

   uint8_t txData = 0xAA; 

   I2C_SendData(txData); 

   // #@85< 40==KE I2C 

   uint8_t rxData = I2C_ReceiveData(); 

   // "AB0;L=0O ;>38:0 
   while(1); 

} 

  



�01>@0B>@=0O @01>B0 № 12. $01>B0 A @568<0<8 ?>B@51;5=8O  � =0 
2KA>:>C@>2=52>< O7K:5 (%/%++). &8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 
<>4C;8. 

 

*5;L @01>BK: 87CG8BL @568<K ?>B@51;5=8O <8:@>:>=B@>;;5@>2 STM32 

8 =0?8A0BL ?@>3@0<<C A 8A?>;L7>20=85< B8?>2KE 0;3>@8B<>2 8 ?@>3@0<<=KE 
<>4C;59 4;O MDD5:B82=>3> @01>BK A ?>B@51;5=85< M=5@388. 

&5>@5B8G5A:89 <0B5@80; 
 8:@>:>=B@>;;5@K STM32 >1;040NB @07;8G=K<8 @568<0<8 

?>B@51;5=8O, :>B>@K5 ?>72>;ONB C?@02;OBL M=5@3>?>B@51;5=85< CAB@>9AB20. 
!865 ?@82545=K >A=>2=K5 @568<K: 

1. $568< "Run" - >A=>2=>9 @568< @01>BK <8:@>:>=B@>;;5@0, 2 :>B>@>< 
>= 2K?>;=O5B A2>8 DC=:F88. � MB>< @568<5 ?>4:;NG5=K 2A5 <>4C;8 8 
?5@8D5@8O, GB> ?@82>48B : =081>;LH5<C ?>B@51;5=8N M=5@388. 

2. $568< "Sleep" - @568< =87:>3> ?>B@51;5=8O M=5@388, 2 :>B>@>< 2A5 
A8AB5<=K5 G0AK >AB0=02;820NBAO, 0 2KG8A;8B5;L=K5 O4@0 8 ?0<OBL 
?5@5E>4OB 2 @568< A=0. �>7<>6=0 0:B820F8O ?> ?@5@K20=8N. 

3. $568< "Stop" - @568< M=5@3>A15@565=8O, ?@8 :>B>@>< >A=>2=K5 
<>4C;8 <8:@>:>=B@>;;5@0 ?>;=>ABLN 2K:;NG5=K, 70 8A:;NG5=85< RTC 8 
=87:>?>B@51;ONI8E ?5@8D5@89=KE CAB@>9AB2. !5>1E>48<> 8A?>;L7>20BL 
?@5@K20=85 4;O 0:B820F88. 

4. $568< "Standby" - A0<K9 M:>=><8G=K9 @568<, ?@8 :>B>@>< 
>B:;NG0NBAO ?8B0=85 >A=>2=>3> 1;>:0 <8:@>:>=B@>;;5@0. #>A;5 0:B820F88 
872=5 CAB@>9AB2> ?5@5703@C605BAO 8 =0G8=05B @01>BC A <5AB0 ?>A;54=59 
>AB0=>2:8. 

#@>3@0<<=K9 <>4C;L "PWR" (Power Control) ?>72>;O5B C?@02;OBL 
@568<0<8 ?>B@51;5=8O STM32 8 2KAB02;OBL =5>1E>48<K5 =0AB@>9:8 4;O 
<8=8<0;L=>3> ?>B@51;5=8O M=5@388. 

#@>3@0<<=K9 <>4C;L "RTC" (Real-Time Clock) 8A?>;L7C5BAO 4;O 
@01>BK A A8AB5<=K< B09<5@><, :>B>@K9 <>65B 1KBL 8A?>;L7>20= 4;O 
C?@02;5=8O 0:B820F859 <8:@>:>=B@>;;5@0 87 @568<>2 M=5@3>A15@565=8O. 

 

#@8<5@ ?@>3@0<<K =0 O7K:5 %/%++: 
 

#include "stm32f10x.h" 

void init_RTC() 

{ 

    RCC_APB1PeriphClockCmd(RCC_APB1Periph_PWR | 

RCC_APB1Periph_BKP, ENABLE); 

    PWR_BackupAccessCmd(ENABLE); 

    RCC_LSEConfig(RCC_LSE_ON); 

    while (RCC_GetFlagStatus(RCC_FLAG_LSERDY) == RESET); 

    RCC_RTCCLKConfig(RCC_RTCCLKSource_LSE); 

    RCC_RTCCLKCmd(ENABLE); 

    RTC_WaitForSynchro(); 



    RTC_WaitForLastTask(); 

    RTC_ITConfig(RTC_IT_ALR, ENABLE); 

    RTC_WaitForLastTask(); 

    RTC_SetPrescaler(32767); 

    RTC_WaitForLastTask(); 

    RTC_WakeUpCmd(ENABLE); 

    RTC_WaitForLastTask(); 

} 

void EXTI0_IRQHandler(void) 

{ 

    if (EXTI_GetITStatus(EXTI_Line0) != RESET) 

    { 

        EXTI_ClearITPendingBit(EXTI_Line0); 

        // "1@01>B:0 ?@5@K20=8O 8 0:B820F8O <8:@>:>=B@>;;5@0 
    } 

} 

int main(void) 

{ 

    // �=8F80;870F8O ?5@8D5@89=KE <>4C;59 

    init_RTC(); 

     

    // �>=D83C@0F8O ?8=>2 4;O ?@5@K20=8O 
    GPIO_InitTypeDef GPIO_InitStruct; 

    GPIO_InitStruct.GPIO_Pin = GPIO_Pin_0; 

    GPIO_InitStruct.GPIO_Mode = GPIO_Mode_IPU; 

    GPIO_InitStruct.GPIO_Speed = GPIO_Speed_10MHz; 

    GPIO_Init(GPIOA, &GPIO_InitStruct); 

    // �>=D83C@0F8O ?@5@K20=8O 
    EXTI_InitTypeDef EXTI_InitStruct; 

    EXTI_InitStruct.EXTI_Line = EXTI_Line0; 

    EXTI_InitStruct.EXTI_Mode = EXTI_Mode_Interrupt; 

    EXTI_InitStruct.EXTI_Trigger = EXTI_Trigger_Rising; 

    EXTI_InitStruct.EXTI_LineCmd = ENABLE; 

    EXTI_Init(&EXTI_InitStruct); 

    NVIC_InitTypeDef NVIC_InitStruct; 

    NVIC_InitStruct.NVIC_IRQChannel = EXTI0_IRQn; 

    NVIC_InitStruct.NVIC_IRQChannelPreemptionPriority = 0x01; 

    NVIC_InitStruct.NVIC_IRQChannelSubPriority = 0x01; 

    NVIC_InitStruct.NVIC_IRQChannelCmd = ENABLE; 

    NVIC_Init(&NVIC_InitStruct); 

    while (1) 

    { 

        // "A=>2=>9 F8:; ?@>3@0<<K 

    } 

} 



�0==0O ?@>3@0<<0 8=8F80;878@C5B <>4C;8 RTC 8 EXTI, =0AB@08205B 
?@5@K20=85 4;O ?8=0 0 ?>@B0 A. #@8 2>7=8:=>25=88 ?@5@K20=8O ?@>8AE>48B 
>1@01>B:0 8 0:B820F8O <8:@>:>=B@>;;5@0. 

� ?@>5:B5 B0:65 =5>1E>48<> =0AB@>8BL A@54C @07@01>B:8 4;O @01>BK A 
<8:@>:>=B@>;;5@0<8 STM32 8 ?>4:;NG8BL =5>1E>48<K5 181;8>B5:8 8 
703>;>2>G=K5 D09;K. 
  



�01>@0B>@=0O @01>B0 № 13. $01>B0 A 2=5H=59 ?0<OBLN 2  � =0 
2KA>:>C@>2=52>< O7K:5 (%/%++). &8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 

<>4C;8. 
 

*5;L @01>BK: 87CG8BL >A=>2=K5 ?@8=F8?K @01>BK A 2=5H=59 ?0<OBLN 
2 <8:@>:>=B@>;;5@0E STM32 8 =0CG8BLAO ?@8<5=OBL B8?>2K5 0;3>@8B<K 8 
?@>3@0<<=K5 <>4C;8. 

 

&5E=8G5A:>5 7040=85: 
1. !5>1E>48<> A>740BL ?@>5:B 2 A@545 @07@01>B:8, A>>B25BAB2CNI59 

8A?>;L7C5<><C <8:@>:>=B@>;;5@C STM32. 

2. $50;87>20BL ?@>3@0<<C, :>B>@0O 1C45B ?8A0BL 40==K5 2> 2=5H=NN 
?0<OBL 8 AG8BK20BL 8E >1@0B=>. 

3. �K25AB8 AG8B0==K5 40==K5 =0 48A?;59 8;8 >B?@028BL 8E ?> UART. 

&5>@5B8G5A:89 <0B5@80; 
 8:@>:>=B@>;;5@K STM32 8<5NB 2AB@>5==CN ?0<OBL @07;8G=>3> 

B8?0: Flash-?0<OBL 4;O E@0=5=8O ?@>3@0<<=>3> :>40, SRAM 4;O 2@5<5==>3> 
E@0=5=8O 40==KE 8 EEPROM 4;O E@0=5=8O ?>AB>O==>9 8=D>@<0F88. "4=0:>, 
>1J5< 2AB@>5==>9 ?0<OB8 <>65B 1KBL >3@0=8G5=, ?>MB><C <>65B 
?>B@51>20BLAO 8A?>;L7>20=85 2=5H=59 ?0<OB8. 

�=5H=OO ?0<OBL <>65B 1KBL ?@54AB02;5=0 @07;8G=K<8 B8?0<8: 
SDRAM, NOR Flash, NAND Flash, EEPROM 8 4@C38<8. �;O @01>BK A =8<8 
=5>1E>48<> 8A?>;L7>20BL A>>B25BAB2CNI89 8=B5@D59A, B0:>9 :0: SDRAM 

Controller, FSMC (Flexible Static Memory Controller) 8;8 QuadSPI (Quadruple 

Serial Peripheral Interface). 

 

#@8<5@ @01>BK A 2=5H=59 ?0<OBLN =0 O7K:5 %/C++: 

 

#include "stm32f4xx.h" 

#include "stm32f4xx_gpio.h" 

#define MEMORY_ADDRESS 0x60000000 // �4@5A 2=5H=59 ?0<OB8 

#define BUFFER_SIZE 256 // $07<5@ 1CD5@0 40==KE 
uint8_t buffer[BUFFER_SIZE]; // �CD5@ 4;O E@0=5=8O 40==KE 
void write_data(uint8_t* data, uint32_t size) { 

  // �0?8AL 40==KE 2> 2=5H=NN ?0<OBL 
   

  for (uint32_t i = 0; i < size; i++) { 

    *((volatile uint8_t*)(MEMORY_ADDRESS + i)) = data[i]; 

  } 

} 

void read_data(uint8_t* data, uint32_t size) { 

  // +B5=85 40==KE 87 2=5H=59 ?0<OB8 

   

  for (uint32_t i = 0; i < size; i++) { 

    data[i] = *((volatile uint8_t*)(MEMORY_ADDRESS + i)); 



  } 

} 

int main(void) { 

  // �=8F80;870F8O 2=5H=59 ?0<OB8 

   

  RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOD, ENABLE); 

   

  GPIO_InitTypeDef GPIO_InitStruct; 

  GPIO_StructInit(&GPIO_InitStruct); 

  GPIO_InitStruct.GPIO_Pin = GPIO_Pin_7 | GPIO_Pin_8 | GPIO_Pin_9 | 

GPIO_Pin_10; 

  GPIO_InitStruct.GPIO_Mode = GPIO_Mode_AF; 

  GPIO_InitStruct.GPIO_OType = GPIO_OType_PP; 

  GPIO_InitStruct.GPIO_Speed = GPIO_Speed_100MHz; 

  GPIO_InitStruct.GPIO_PuPd = GPIO_PuPd_NOPULL; 

  GPIO_Init(GPIOD, &GPIO_InitStruct); 

   

  GPIO_PinAFConfig(GPIOD, GPIO_PinSource7, GPIO_AF_FSMC); 

  GPIO_PinAFConfig(GPIOD, GPIO_PinSource8, GPIO_AF_FSMC); 

  GPIO_PinAFConfig(GPIOD, GPIO_PinSource9, GPIO_AF_FSMC); 

  GPIO_PinAFConfig(GPIOD, GPIO_PinSource10, GPIO_AF_FSMC); 

  FSMC_NORSRAMInitTypeDef FSMC_InitStruct; 

  FSMC_NORSRAMStructInit(&FSMC_InitStruct); 

  FSMC_InitStruct.FSMC_Bank = FSMC_Bank1_NORSRAM1; 

  FSMC_InitStruct.FSMC_DataAddressMux = 

FSMC_DataAddressMux_Disable; 

  FSMC_InitStruct.FSMC_MemoryType = FSMC_MemoryType_SRAM; 

  FSMC_InitStruct.FSMC_MemoryDataWidth = 

FSMC_MemoryDataWidth_8b; 

  FSMC_InitStruct.FSMC_BurstAccessMode = 

FSMC_BurstAccessMode_Disable; 

  FSMC_InitStruct.FSMC_WriteAccessMode = 

FSMC_WriteAccessMode_Enable; 

  FSMC_Init(&FSMC_InitStruct); 

   

  FSMC_NORSRAMCmd(FSMC_Bank1_NORSRAM1, ENABLE); 

  while (1) { 

    // �0?8AL 40==KE 2> 2=5H=NN ?0<OBL 
    for (uint32_t i = 0; i < BUFFER_SIZE; i++) { 

      buffer[i] = i; 

    } 

     

    write_data(buffer, BUFFER_SIZE); 

     

    // +B5=85 40==KE 87 2=5H=59 ?0<OB8 



    read_data(buffer, BUFFER_SIZE); 

     

    // �K2>4 40==KE 
    for (uint32_t i = 0; i < BUFFER_SIZE; i++) { 

      printf("%d ", buffer[i]); 

    } 

    printf("n"); 

     

    delay(1000); // �045@6:0 
  } 

} 

� 40==>< ?@8<5@5 @0AA<>B@5=0 @01>B0 A 2=5H=59 ?0<OBLN B8?0 SRAM 

G5@57 FSMC 8=B5@D59A. %=0G0;0 ?@>872>48BAO 8=8F80;870F8O GPIO-?>@B>2 
8 FSMC. 

�0B5< >?@545;5=K DC=:F88 write_data 8 read_data, :>B>@K5 2K?>;=ONB 
70?8AL 8 GB5=85 40==KE 2/87 2=5H=59 ?0<OB8 A>>B25BAB25==>. �;O >1@0I5=8O 
: 04@5A0< 2=5H=59 ?0<OB8 8A?>;L7C5BAO C:070B5;L B8?0 volatile uint8_t*, GB> 
30@0=B8@C5B, GB> :><?8;OB>@ =5 1C45B 2K?>;=OBL >?B8<870F88 
GB5=8O/70?8A8. 

� DC=:F88 main ?@>8AE>48B 70?8AL ?>A;54>20B5;L=KE 7=0G5=89 2 
1CD5@ buffer, :>B>@K9 70B5< 70?8AK205BAO 2> 2=5H=NN ?0<OBL A ?><>ILN 
DC=:F88 write_data. #>A;5 MB>3>, 40==K5 AG8BK20NBAO 87 2=5H=59 ?0<OB8 2 
B>B 65 1CD5@ buffer A ?><>ILN DC=:F88 read_data. !0:>=5F, 7=0G5=8O 87 
1CD5@0 2K2>4OBAO =0 M:@0= 8;8 ?5@540NBAO ?> UART. 
  



�01>@0B>@=0O @01>B0 № 14. $01>B0 A �*#/*�#  � =0 
2KA>:>C@>2=52>< O7K:5 (%/%++). &8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 

<>4C;8. 
 

*5;L @01>BK:  
- �7CG8BL >A=>2=K5 ?@8=F8?K @01>BK A �*# 8 *�# 

<8:@>:>=B@>;;5@>2 STM32. 
- $07@01>B0BL 0;3>@8B<K 8 ?@>3@0<<=K5 <>4C;8 4;O @01>BK A �*# 8 

*�# =0 <8:@>:>=B@>;;5@5 STM32. 
- #@>25@8BL @01>BC @07@01>B0==KE <>4C;59 =0 ?@0:B8:5. 

&5>@5B8G5A:89 <0B5@80; 
1. �*# (0=0;>3>2>-F8D@>2>9 ?@5>1@07>20B5;L) – MB> CAB@>9AB2>, 

:>B>@>5 ?@5>1@07C5B 0=0;>3>2K9 A83=0; 2 F8D@>2>9.  8:@>:>=B@>;;5@K 
STM32 8<5NB 2AB@>5==K9 �*#, :>B>@K9 ?>72>;O5B AG8BK20BL 8 
>1@010BK20BL 0=0;>3>2K5 A83=0;K. 

2. *�# (F8D@>-0=0;>3>2K9 ?@5>1@07>20B5;L) – MB> CAB@>9AB2>, :>B>@>5 
?@5>1@07C5B F8D@>2>9 A83=0; 2 0=0;>3>2K9.  8:@>:>=B@>;;5@K STM32 
B0:65 8<5NB 2AB@>5==K9 *�#, :>B>@K9 ?>72>;O5B 35=5@8@>20BL 0=0;>3>2K5 
A83=0;K. 

3. $01>B0 A �*#: 
- #5@54 =0G0;>< @01>BK A �*# =5>1E>48<> =0AB@>8BL 53> ?0@0<5B@K, 

B0:85 :0: @07@5H5=85, 8AB>G=8: >?>@=>3> =0?@O65=8O 8 B.4. 
- �;O GB5=8O 0=0;>3>2>3> A83=0;0 A �*# 8A?>;L7C5BAO DC=:F8O 

ADC_Read(), :>B>@0O AG8BK205B 7=0G5=85 =0?@O65=8O A 2K1@0==>3> :0=0;0 
�*#. 

- �;O >1@01>B:8 ?>;CG5==>3> 7=0G5=8O =0?@O65=8O <>6=> 
8A?>;L7>20BL @07;8G=K5 0;3>@8B<K, =0?@8<5@, D8;LB@0F8N, CA@54=5=85 8 
B.4. 

4. $01>B0 A *�#: 
- �;O @01>BK A *�# =5>1E>48<> =0AB@>8BL 53> ?0@0<5B@K, B0:85 :0: 

@07@5H5=85, 8AB>G=8: >?>@=>3> =0?@O65=8O 8 B.4. 
- �;O 35=5@0F88 0=0;>3>2>3> A83=0;0 =0 *�# 8A?>;L7C5BAO DC=:F8O 

DAC_Write(), :>B>@0O ?5@5405B F8D@>2>5 7=0G5=85 =0 *�# 4;O 
?@5>1@07>20=8O 2 0=0;>3>2K9 A83=0;. 

 

#@8<5@ ?@>3@0<<K =0 O7K:5 C/C++: 
 

#include "stm32f4xx.h" 

// (C=:F8O =0AB@>9:8 �*# 

void ADC_Init(void) 

{ 

    // !0AB@>9:0 B0:B8@>20=8O �*# 

    RCC->APB2ENR |= RCC_APB2ENR_ADC1EN; 

    ADC1->CR1 &= ~ADC_CR1_SCAN; 

     



    // !0AB@>9:0 :0=0;>2 �*# 

    ADC1->SQR3 |= ADC_SQR3_SQ1_0; // 2K1>@ :0=0;0 1 
    ADC1->SQR1 |= ADC_SQR1_L;     // :>;8G5AB2> :0=0;>2, :>B>@K5 

1C4CB 70E20G5=K 2 ?@>F5AA5 A:0=8@>20=8O 
     

    // �:;NG5=85 �*# 

    ADC1->CR2 |= ADC_CR2_ADON; 

} 

// (C=:F8O GB5=8O 7=0G5=8O A �*# 

uint16_t ADC_Read(void) 

{ 

    // �0?CA: ?@5>1@07>20=8O 
    ADC1->CR2 |= ADC_CR2_SWSTART; 

     

    // "6840=85 >:>=G0=8O ?@5>1@07>20=8O 
    while (!(ADC1->SR & ADC_SR_EOC)); 

     

    // +B5=85 @57C;LB0B0 
    return ADC1->DR; 

} 

// (C=:F8O =0AB@>9:8 *�# 

void DAC_Init(void) 

{ 

    // !0AB@>9:0 B0:B8@>20=8O *�# 

    RCC->APB1ENR |= RCC_APB1ENR_DACEN; 

     

    // �:;NG5=85 *�# 

    DAC->CR |= DAC_CR_EN1; 

} 

// (C=:F8O 70?8A8 7=0G5=8O =0 *�# 

void DAC_Write(uint16_t value) 

{ 

    // �0?8AL 7=0G5=8O 
    DAC->DHR12R1 = value; 

} 

int main(void) 

{ 

    // �=8F80;870F8O �*# 8 *�# 

    ADC_Init(); 

    DAC_Init(); 

     

    // %G8BK20=85 7=0G5=8O A �*# 8 70?8AL =0 *�# 

    uint16_t adcValue = ADC_Read(); 

    DAC_Write(adcValue); 

     



    while (1) {} 

} 

�0==0O ?@>3@0<<0 8=8F80;878@C5B �*# 8 *�# <8:@>:>=B@>;;5@0 
STM32, AG8BK205B 7=0G5=85 A �*# 8 70?8AK205B 53> =0 *�#. #@8<5@ <>6=> 
4>@01>B0BL 4;O 2K?>;=5=8O 4@C38E 7040G, B0:8E :0: D8;LB@0F8O 2E>4=>3> 
A83=0;0, 35=5@0F8O 4>?>;=8B5;L=KE A83=0;>2 8 B.4. 
  



�01>@0B>@=0O @01>B0 № 15. $01>B0 A USB 2  � =0 2KA>:>C@>2=52>< 
O7K:5 (%/%++). &8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 <>4C;8. 

 

*5;L @01>BK: 87CG8BL >A=>2=K5 ?@8=F8?K @01>BK A USB 2 
<8:@>:>=B@>;;5@0E STM32 8 =0CG8BLAO ?@8<5=OBL B8?>2K5 0;3>@8B<K 8 
?@>3@0<<=K5 <>4C;8. 

&5>@5B8G5A:89 <0B5@80; 
USB (Universal Serial Bus) O2;O5BAO 8=B53@0;L=>9 G0ABLN A>2@5<5==KE 

:><?LNB5@=KE A8AB5<, ?>72>;ONI59 ?>4:;NG0BL @07;8G=K5 CAB@>9AB20. 
 8:@>:>=B@>;;5@K STM32 B0:65 ?>445@6820NB @01>BC A USB 8 
?@54>AB02;ONB B8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 <>4C;8 4;O @50;870F88 
MB>9 DC=:F8>=0;L=>AB8. 

 >4C;L USB 2 <8:@>:>=B@>;;5@5 STM32 ?@54AB02;O5B A>1>9 
A?5F80;878@>20==K9 0??0@0B=K9 1;>:, :>B>@K9 ?>72>;O5B ?>4:;NG0BL 
<8:@>:>=B@>;;5@ : :><?LNB5@C 8;8 4@C3><C CAB@>9AB2C G5@57 8=B5@D59A 
USB. "= >15A?5G8205B >1<5= 40==K<8 <564C CAB@>9AB2>< 8 E>AB>< 
(:><?LNB5@><) ?>A@54AB2>< USB ?@>B>:>;0. 

�;O @01>BK A USB 2 <8:@>:>=B@>;;5@0E STM32 8A?>;L7C5BAO 
181;8>B5:0 USB Device Library (USBD). "=0 ?@54>AB02;O5B =01>@ DC=:F89 8 
AB@C:BC@ 40==KE 4;O C?@02;5=8O USB :><<C=8:0F859. !5:>B>@K5 87 
>A=>2=KE M;5<5=B>2 USBD: 

1. USB Core: O4@> USB, ?@54>AB02;ONI55 107>2K5 DC=:F88 USB 
:><<C=8:0F88. 

2. USB Device Class: :;0AAK CAB@>9AB2, >?@545;ONI85 A?5F8D8G5A:85 
?@>B>:>;K 8 8=B5@D59AK 4;O @01>BK A :>=:@5B=K<8 B8?0<8 CAB@>9AB2. 
!0?@8<5@, USB CDC (Communication Device Class) 4;O >1<5=0 40==K<8 A 
:><?LNB5@>< 2 @568<5 28@BC0;L=>3> COM-?>@B0. 

3. USB Device Middleware: ?@><56CB>G=K9 A;>9, ?@54>AB02;ONI89 
4>?>;=8B5;L=K5 DC=:F88 8 2>7<>6=>AB8, =5 2E>4OI85 2 107>2K9 
DC=:F8>=0; USB Core. 

&8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 <>4C;8, 8A?>;L7C5<K5 ?@8 @01>B5 
A USB 2 <8:@>:>=B@>;;5@0E STM32, 2:;NG0NB 2 A51O A;54CNI85 MB0?K: 

1. �=8F80;870F8O USB <>4C;O: =0AB@>9:0 A>>B25BAB2CNI8E @538AB@>2 
8 ?0@0<5B@>2 4;O @01>BK USB. 

2. $01>B0 A ?@5@K20=8O<8: >1@01>B:0 ?@5@K20=89 USB, A2O70==KE A 
?5@540G59 40==KE 8;8 4@C38<8 A>1KB8O<8. 

3. "?@545;5=85 :;0AA0 CAB@>9AB20 8 8=B5@D59AK: >?@545;5=85 8 
=0AB@>9:0 :;0AA0 CAB@>9AB20 4;O @01>BK A :>=:@5B=K< B8?>< CAB@>9AB20, 0 
B0:65 =0AB@>9:0 A>>B25BAB2CNI8E USB 8=B5@D59A>2. 

4. "1@01>B:0 40==KE: ?5@540G0 8 ?@85< 40==KE G5@57 USB. -B> 
2:;NG05B 2 A51O D>@<8@>20=85 8 >1@01>B:C ?0:5B>2 40==KE, >1<5= 
:><0=40<8 8 >B25B0<8 <564C CAB@>9AB2>< 8 E>AB><. 

5. "1@01>B:0 A>1KB89: >1@01>B:0 @07;8G=KE A>1KB89, A2O70==KE A 
USB, B0:8E :0: ?>4:;NG5=85 8;8 >B:;NG5=85 CAB@>9AB20, >:>=G0=85 
?5@540G8 40==KE 8 4@C385. 



 

#@8<5@ ;01>@0B>@=>9 @01>BK =0 O7K:5 C/C++: 
 

```c 

#include "stm32f4xx_hal.h" 

#include "usbd_core.h" 

#include "usbd_desc.h" 

#include "usbd_cdc.h" 

USBD_HandleTypeDef hUsbDeviceFS; 

void SystemClock_Config(void); 

int main(void) 

{ 

    HAL_Init(); 

    SystemClock_Config(); 

    /* �=8F80;870F8O USB */ 

    USBD_Init(&hUsbDeviceFS, &FS_Desc, DEVICE_FS); 

    USBD_RegisterClass(&hUsbDeviceFS, &USBD_CDC); 

    USBD_CDC_RegisterInterface(&hUsbDeviceFS, 

&USBD_Interface_fops_FS); 

    USBD_Start(&hUsbDeviceFS); 

    while (1) 

    { 

        /* �0H :>4 >1@01>B:8 40==KE 87 USB */ 

    } 

} 

void SystemClock_Config(void) 

{ 

    RCC_OscInitTypeDef RCC_OscInitStruct = {0}; 

    RCC_ClkInitTypeDef RCC_ClkInitStruct = {0}; 

    /** �>=D83C@0F8O A8AB5<K PLL */ 

    RCC_OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSI; 

    RCC_OscInitStruct.HSIState = RCC_HSI_ON; 

    RCC_OscInitStruct.HSICalibrationValue = 

RCC_HSICALIBRATION_DEFAULT; 

    RCC_OscInitStruct.PLL.PLLState = RCC_PLL_ON; 

    RCC_OscInitStruct.PLL.PLLSource = RCC_PLLSOURCE_HSI; 

    RCC_OscInitStruct.PLL.PLLM = 16; 

    RCC_OscInitStruct.PLL.PLLN = 168; 

    RCC_OscInitStruct.PLL.PLLP = RCC_PLLP_DIV4; 

    RCC_OscInitStruct.PLL.PLLQ = 7; 

    if (HAL_RCC_OscConfig(&RCC_OscInitStruct) != HAL_OK) 

    { 

        Error_Handler(); 

    } 

   



    /** �>=D83C@0F8O A8AB5<K A G0AB>B>9 A F5;LN 4>AB865=8O 7=0G5=8O 
A8AB5<=>3> B0:B8@>20=8O. 

    */ 

    RCC_ClkInitStruct.ClockType = 

RCC_CLOCKTYPE_SYSCLK|RCC_CLOCKTYPE_PCLK1|RCC_CLOCKTYP

E_PCLK2; 

    RCC_ClkInitStruct.SYSCLKSource = 

RCC_SYSCLKSOURCE_PLLCLK; 

    RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK_DIV1; 

    RCC_ClkInitStruct.APB1CLKDivider = RCC_HCLK_DIV2; 

    RCC_ClkInitStruct.APB2CLKDivider = RCC_HCLK_DIV1; 

    if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, 

FLASH_LATENCY_5) != HAL_OK) 

    { Error_Handler(); 

    } 

} 

``` 

-B>B ?@8<5@ 45<>=AB@8@C5B 107>2CN AB@C:BC@C ?@>3@0<<K 4;O @01>BK 
A USB 2 <8:@>:>=B@>;;5@0E STM32. "= 8=8F80;878@C5B USB <>4C;L, 
=0AB@08205B ?@5@K20=8O, @538AB@8@C5B :;0AA CAB@>9AB20 8 8=B5@D59AK, 0 
70B5< >68405B >1@01>B:8 40==KE G5@57 USB. 
  



�01>@0B>@=0O @01>B0 № 16. $01>B0 A 2KA>:>C@>2=52K<8 AB5:0<8 2  � 
=0 2KA>:>C@>2=52>< O7K:5 (%/%++). &8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 

<>4C;8. 
 

*5;L @01>BK: 87CG8BL >A=>2=K5 ?@8=F8?K @01>BK A 
2KA>:>C@>2=52K<8 AB5:0<8 2 <8:@>:>=B@>;;5@0E STM32 8 =0CG8BLAO 
?@8<5=OBL B8?>2K5 0;3>@8B<K 8 ?@>3@0<<=K5 <>4C;8. 

&5>@5B8G5A:89 <0B5@80; 
 8:@>:>=B@>;;5@K STM32 ?@54>AB02;ONB <=>3>DC=:F8>=0;L=K5 

AB5:8 ?@>3@0<<=>3> >15A?5G5=8O, :>B>@K5 ?>72>;ONB @07@01>BG8:0< 1KAB@> 
8 MDD5:B82=> A>74020BL ?@8;>65=8O, >A=>20==K5 =0 >A=>2=>< O4@5 O7K:0 
?@>3@0<<8@>20=8O %/%++. %B5:8 >1KG=> 2:;NG0NB 2 A51O 181;8>B5:8 
DC=:F89, 4@0925@K CAB@>9AB2, >?5@0F8>==K5 A8AB5<K 2 @50;L=>< 2@5<5=8 
(RTOS) 8 4@C385 ?@>3@0<<=K5 <>4C;8. 

�KA>:>C@>2=52K5 AB5:8 ?@54AB02;ONB A>1>9 =01>@ ?@>3@0<<=KE 
<>4C;59 8 0;3>@8B<>2 4;O @5H5=8O B8?8G=KE 7040G, B0:8E :0: >1@01>B:0 
A83=0;>2, A5B52>5 2708<>459AB285, <C;LB8<5480 8 B. 4. �@><5 B>3>, MB8 AB5:8 
?@54>AB02;ONB C4>1=K5 8=B5@D59AK 4;O @01>BK A 2=5H=8<8 CAB@>9AB20<8, 
B0:8<8 :0: 48A?;58, A5=A>@K, :;0280BC@K 8 4@C385 ?5@8D5@89=K5 
CAB@>9AB20. 

#@8<5@K 2KA>:>C@>2=52KE AB5:>2 4;O <8:@>:>=B@>;;5@>2 STM32: 

1. CMSIS (Cortex Microcontroller Software Interface Standard): CMSIS 

?@54AB02;O5B A>1>9 AB0=40@B=K5 8=B5@D59AK 8 181;8>B5:8 DC=:F89 4;O 
@01>BK A O4@>< Cortex-M, 2:;NG0O >1@01>B:C ?@5@K20=89, C?@02;5=85 
M=5@3>?>B@51;5=85<, 4>ABC? : ?5@8D5@89=K< CAB@>9AB20< 8 B. 4. 

2. HAL (Hardware Abstraction Layer): HAL ?@54>AB02;O5B 
2KA>:>C@>2=52K9 8=B5@D59A 4;O @01>BK A ?5@8D5@89=K<8 CAB@>9AB20<8 
<8:@>:>=B@>;;5@0, >15A?5G820O 01AB@0:F8N >B 0??0@0B=>9 @50;870F88. HAL 

?>72>;O5B @07@01>BG8:0< @01>B0BL A ?5@8D5@89=K<8 CAB@>9AB20<8 G5@57 
548=K9 8=B5@D59A, =57028A8<> >B <>45;8 <8:@>:>=B@>;;5@0. 

3. LL (Low-Level): LL ?>72>;O5B @01>B0BL A ?5@8D5@89=K<8 
CAB@>9AB20<8 =0 =87:>< C@>2=5, ?@54>AB02;OO ?@O<>9 4>ABC? : @538AB@0< 8 
18B>2K< ?>;O< <8:@>:>=B@>;;5@0. LL <>65B 1KBL ?>;575= 4;O @07@01>B:8 
?@>3@0<< A <8=8<0;L=K< @07<5@>< 8 <0:A8<0;L=>9 ?@>872>48B5;L=>ABLN. 

#@>3@0<<=K9 <>4C;L ?@>AB>9 ?@>3@0<<K =0 O7K:5 C/C++ 4;O @01>BK A 
UART-8=B5@D59A>< <8:@>:>=B@>;;5@0 STM32: 

```c 

#include "stm32f4xx_hal.h" 

UART_HandleTypeDef huart2; 

void SystemClock_Config(void); 

static void MX_GPIO_Init(void); 

static void MX_USART2_UART_Init(void); 

int main(void) 

{ 

  HAL_Init(); 



  SystemClock_Config(); 

  MX_GPIO_Init(); 

  MX_USART2_UART_Init(); 

  char buffer[10] = "Hello STM32"; 

  while (1) 

  { 

    HAL_UART_Transmit(&huart2, (uint8_t*) buffer, sizeof(buffer), 

HAL_MAX_DELAY); 

    HAL_Delay(1000); 

  } 

} 

void SystemClock_Config(void) 

{ 

  RCC_OscInitTypeDef RCC_OscInitStruct; 

  RCC_ClkInitTypeDef RCC_ClkInitStruct; 

  __HAL_RCC_PWR_CLK_ENABLE(); 

  

__HAL_PWR_VOLTAGESCALING_CONFIG(PWR_REGULATOR_VOLTAG

E_SCALE1); 

  RCC_OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSE; 

  RCC_OscInitStruct.HSEState = RCC_HSE_ON; 

  RCC_OscInitStruct.PLL.PLLState = RCC_PLL_ON; 

  RCC_OscInitStruct.PLL.PLLSource = RCC_PLLSOURCE_HSE; 

  RCC_OscInitStruct.PLL.PLLM = 8; 

  RCC_OscInitStruct.PLL.PLLN = 336; 

  RCC_OscInitStruct.PLL.PLLP = RCC_PLLP_DIV2; 

  RCC_OscInitStruct.PLL.PLLQ = 7; 

  HAL_RCC_OscConfig(&RCC_OscInitStruct); 

  RCC_ClkInitStruct.ClockType = 

RCC_CLOCKTYPE_HCLK|RCC_CLOCKTYPE_SYSCLK 

                              

|RCC_CLOCKTYPE_PCLK1|RCC_CLOCKTYPE_PCLK2; 

  RCC_ClkInitStruct.SYSCLKSource = 

RCC_SYSCLKSOURCE_PLLCLK; 

  RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK_DIV1; 

  RCC_ClkInitStruct.APB1CLKDivider = RCC_HCLK_DIV4; 

  RCC_ClkInitStruct.APB2CLKDivider = RCC_HCLK_DIV2; 

  HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH_LATENCY_5); 

  HAL_SYSTICK_Config(HAL_RCC_GetHCLKFreq()/1000); 

  HAL_SYSTICK_CLKSourceConfig(SYSTICK_CLKSOURCE_HCLK); 

  HAL_NVIC_SetPriorityGrouping(NVIC_PRIORITYGROUP_0); 

  HAL_NVIC_SetPriority(SysTick_IRQn, 0, 0); 

} 

static void MX_USART2_UART_Init(void) 

{ 



    huart2.Instance = USART2; 

    huart2.Init.BaudRate = 115200; 

    huart2.Init.WordLength = UART_WORDLENGTH_8B; 

    huart2.Init.StopBits = UART_STOPBITS_1; 

    huart2.Init.Parity = UART_PARITY_NONE; 

    huart2.Init.Mode = UART_MODE_TX_RX; 

    huart2.Init.HwFlowCtl = UART_HWCONTROL_NONE; 

    huart2.Init.OverSampling = UART_OVERSAMPLING_16; 

    HAL_UART_Init(&huart2); 

} 

static void MX_GPIO_Init(void) 

{ 

  GPIO_InitTypeDef GPIO_ InitStruct; 

  __HAL_RCC_GPIOA_CLK_ENABLE(); 

  HAL_GPIO_WritePin(GPIOA, GPIO_PIN_5, GPIO_PIN_RESET); 

  GPIO_InitStruct.Pin = GPIO_PIN_5; 

  GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT_PP; 

  GPIO_InitStruct.Pull = GPIO_NOPULL; 

  GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_LOW; 

  HAL_GPIO_Init(GPIOA, &GPIO_InitStruct); 

} 

``` 

  



�01>@0B>@=0O @01>B0 № 17. %>740=85 0;3>@8B<0 8 ?@>3@0<<K 4;O 
A8AB5<K «�8A?;59 A8<2>;L=K9» =0 >A=>25  �. 

 

*5;L @01>BK: 87CG8BL >A=>2=K5 ?@8=F8?K @01>BK A8AB5<K «�8A?;59 
A8<2>;L=K9» =0 >A=>25 <8:@>:>=B@>;;5@0E STM32. 

&5>@5B8G5A:89 <0B5@80; 
 8:@>:>=B@>;;5@K STM32 O2;ONBAO H8@>:> 8A?>;L7C5<K<8 

<8:@>:>=B@>;;5@0<8, :>B>@K5 G0AB> ?@8<5=ONBAO 2 A8AB5<0E 22>40-2K2>40, 
B0:8E :0: «�8A?;59 A8<2>;L=K9». "=8 8<5NB 2KA>:CN ?@>872>48B5;L=>ABL 
8 <>I=K5 2>7<>6=>AB8. 

%8AB5<0 «�8A?;59 A8<2>;L=K9» ?@54AB02;O5B A>1>9 CAB@>9AB2> 4;O 
>B>1@065=8O B5:AB>2>9 8=D>@<0F88 =0 684:>:@8AB0;;8G5A:>< 48A?;55 8;8 
4@C3>< ?>4>1=>< CAB@>9AB25. "=0 2:;NG05B 2 A51O <8:@>:>=B@>;;5@, LCD-

48A?;59, :;0280BC@C 4;O 22>40 8=D>@<0F88 8 A>>B25BAB2CNICN ?@>3@0<<C 
4;O C?@02;5=8O 2A59 A8AB5<>9. 

�;O A>740=8O 0;3>@8B<0 8 ?@>3@0<<K 4;O A8AB5<K «�8A?;59 
A8<2>;L=K9» =0 >A=>25 <8:@>:>=B@>;;5@>2 STM32 <K 1C45< 8A?>;L7>20BL 
O7K: ?@>3@0<<8@>20=8O C/C++. 

#@>3@0<<=K9 <>4C;L 1: �=8F80;870F8O <8:@>:>=B@>;;5@0. 
#@>3@0<<0 4>;6=0 8=8F80;878@>20BL <8:@>:>=B@>;;5@ STM32, =0AB@0820O 
53> 4;O @01>BK A LCD-48A?;55< 8 :;0280BC@>9. -B> 2:;NG05B 2 A51O 
=0AB@>9:C GPIO-?>@B>2 4;O C?@02;5=8O 2K2>40<8 LCD-48A?;5O 8 GB5=8O 
2E>4>2 :;0280BC@K, =0AB@>9:C ?@5@K20=89 4;O >1@01>B:8 =060B89 :;028H, 
=0AB@>9:C B09<5@>2 4;O A8=E@>=870F88 @01>BK 48A?;5O 8 70?8A8 40==KE =0 
=53>. 

#@>3@0<<=K9 <>4C;L 2: '?@02;5=85 48A?;55<. #@>3@0<<0 4>;6=0 
A>45@60BL DC=:F88 4;O 70?8A8 A8<2>;>2 =0 48A?;59, CAB0=>2:8 :C@A>@0 2 
=C6=>5 ?>;>65=85 8 >G8AB:8 M:@0=0. �;O MB>3> 8A?>;L7C5BAO :><0=4=K9 
=01>@ LCD-48A?;5O, :>B>@K9 <>65B 1KBL @07;8G=K< 2 7028A8<>AB8 >B 
<>45;8 48A?;5O. !0?@8<5@, 4;O CAB0=>2:8 :C@A>@0 2 7040==CN ?>78F8N 
<>6=> 8A?>;L7>20BL :><0=4C "set_cursor(x, y)", 345 x 8 y - :>>@48=0BK 
A8<2>;0 =0 48A?;55. 

#@>3@0<<=K9 <>4C;L 3: '?@02;5=85 :;0280BC@>9. #@>3@0<<0 4>;6=0 
A>45@60BL DC=:F88 4;O >?@545;5=8O =060BKE :;028H =0 :;0280BC@5 8 
A>>B25BAB2CNI59 >1@01>B:8 MB8E =060B89. !0?@8<5@, <>6=> A>740BL 
DC=:F8N "get_key()", :>B>@0O 1C45B AG8BK20BL A>AB>O=85 ?8=>2 :;0280BC@K 8 
2>72@0I0BL :>4 =060B>9 :;028H8. 

#@>3@0<<=K9 <>4C;L 4: "A=>2=>9 F8:; ?@>3@0<<K. � >A=>2=>< F8:;5 
?@>3@0<<K ?@>8AE>48B >?@545;5=85 A>AB>O=8O :;028H, >1@01>B:0 =060BKE 
:;028H, 2K2>4 8=D>@<0F88 =0 48A?;59 8 2K?>;=5=85 4@C38E 7040G. 
!0?@8<5@, <>6=> A>740BL 15A:>=5G=K9 F8:;, 2 :>B>@>< 1C45B 2K7K20BLAO 
DC=:F8O "get_key()" 8 2 7028A8<>AB8 >B ?>;CG5==>3> 7=0G5=8O 1C45B 
2K7K20BLAO DC=:F8O 4;O 70?8A8 A8<2>;0 =0 48A?;59 8;8 >G8AB:8 M:@0=0. 

#@>3@0<<=K9 <>4C;L 5: &5AB8@>20=85 A8AB5<K. #@>3@0<<0 4>;6=0 
A>45@60BL DC=:F88 4;O B5AB8@>20=8O @01>BK A8AB5<K «�8A?;59 



A8<2>;L=K9». !0?@8<5@, <>6=> A>740BL DC=:F8N "test_display()", :>B>@0O 
1C45B ?>A;54>20B5;L=> 2K2>48BL =0 48A?;59 =5:>B>@CN 8=D>@<0F8N, GB>1K 
C1548BLAO, GB> 48A?;59 @01>B05B :>@@5:B=>. 

 

#@8<5@ ?@>3@0<<K =0 O7K:5 C/C++: 
 

#include <stdio.h> 

#include <stdlib.h> 

#include "stm32f0xx.h"  // 703>;>2>G=K9 D09; STM32 

#include "lcd.h"  // 703>;>2>G=K9 D09; 4;O @01>BK A LCD-48A?;55< 

#include "keypad.h"  // 703>;>2>G=K9 D09; 4;O @01>BK A :;0280BC@>9 

int main() { 

    /* �=8F80;870F8O <8:@>:>=B@>;;5@0 */ 
    init_GPIO();  // 8=8F80;870F8O GPIO-?>@B>2 4;O 2708<>459AB28O A 

LCD-48A?;55< 8 :;0280BC@>9 

    init_interrupts();  // =0AB@>9:0 ?@5@K20=89 4;O >1@01>B:8 =060B89 
:;028H 

    init_timers();  // =0AB@>9:0 B09<5@>2 4;O A8=E@>=870F88 @01>BK 
48A?;5O 8 70?8A8 40==KE =0 =53> 

    /* "A=>2=>9 F8:; ?@>3@0<<K */ 
    while (1) { 

        int key = get_key();  // AG8BK205< =060BCN :;028HC 
        switch (key) { 

            case KEY_1: 

                write_lcd('1');  // 70?8AK205< A8<2>; '1' =0 48A?;59 

                break; 

            case KEY_2: 

                write_lcd('2');  // 70?8AK205< A8<2>; '2' =0 48A?;59 

                break; 

            case KEY_3: 

                clear_lcd();  // >G8I05< M:@0= 48A?;5O 
                break; 

        } 

    } 

    return 0; 

} 

� MB>< ?@8<5@5 ?@>3@0<<0 8=8F80;878@C5B <8:@>:>=B@>;;5@ STM32, 
=0AB@08205B ?>@BK 4;O @01>BK A LCD-48A?;55< 8 :;0280BC@>9, =0AB@08205B 
?@5@K20=8O 4;O >1@01>B:8 =060B89 :;028H 8 B09<5@K 4;O A8=E@>=870F88 
@01>BK 48A?;5O. � >A=>2=>< F8:;5 ?@>3@0<<K >=0 AG8BK205B =060BCN 
:;028HC, 8 2 7028A8<>AB8 >B =55 70?8AK205B A8<2>; =0 48A?;59 8;8 >G8I05B 
53>. 
  



�01>@0B>@=0O @01>B0 № 18. %>740=85 0;3>@8B<0 8 ?@>3@0<<K 4;O 
A8AB5<K «�8A?;59 3@0D8G5A:89» =0 >A=>25  �. 

 

*5;L:  
- "7=0:><;5=85 A >A=>20<8 ?@>3@0<<8@>20=8O 8 0;3>@8B<>2 4;O 

A8AB5<K «�8A?;59 3@0D8G5A:89» =0 1075 <8:@>:>=B@>;;5@0. 
- #@0:B8G5A:>5 ?@8<5=5=85 7=0=89 ?> @01>B5 A 3@0D8G5A:8< 48A?;55< 

8 <8:@>:>=B@>;;5@><. 
"1>@C4>20=85 8 ?@>3@0<<=>5 >15A?5G5=85: 
-  8:@>:>=B@>;;5@ ( �). 
- �@0D8G5A:89 48A?;59. 
- �><?LNB5@ A CAB0=>2;5==>9 A@54>9 @07@01>B:8 4;O  � (=0?@8<5@, 

Arduino IDE, Keil, MPLAB X 8 B.4.). 
&5>@5B8G5A:0O G0ABL 

 8:@>:>=B@>;;5@ ( �) ?@54AB02;O5B A>1>9 CAB@>9AB2>, A>45@60I55 
2=CB@8 A51O F5=B@0;L=K9 ?@>F5AA>@ (*#), >?5@0B82=CN ?0<OBL ("�') 8 
?5@8D5@89=K5 CAB@>9AB20 22>40-2K2>40, :>B>@K5 ?>72>;ONB C?@02;OBL 
@07;8G=K<8 2=5H=8<8 CAB@>9AB20<8. �@0D8G5A:89 48A?;59 8A?>;L7C5BAO 
4;O >B>1@065=8O 3@0D8G5A:>9 8=D>@<0F88. 

�;3>@8B< 459AB289: 
1. "7=0:><8BLAO A 4>:C<5=B0F859 ?> ?>4:;NG5=8N 3@0D8G5A:>3> 

48A?;5O :  �. 
2. %>740BL 107>2CN ?@>3@0<<C 4;O  �, :>B>@0O 1C45B C?@02;OBL 

3@0D8G5A:8< 48A?;55<. 
3. !0?8A0BL 0;3>@8B< >B>1@065=8O ?@>AB59H59 3@0D8:8 =0 48A?;55 

(=0?@8<5@, @8A>20=85 ;8=89, :@C3>2, ?@>ABKE D83C@ 8 B.4.). 
4. �03@C78BL ?@>3@0<<C =0  � 8 ?@>25@8BL 5P @01>B>A?>A>1=>ABL. 
#@0:B8G5A:0O G0ABL: 
1. #>4:;NG8BL 3@0D8G5A:89 48A?;59 :  � A>3;0A=> 4>:C<5=B0F88. 
2. %>740BL ?@>3@0<<C, 8A?>;L7CO 2K1@0==CN A@54C @07@01>B:8 4;O  �. 
3. !0?8A0BL 0;3>@8B< >B>1@065=8O ?@>AB59H8E 3@0D8G5A:8E M;5<5=B>2 

(;8=89, :@C3>2, ?@O<>C3>;L=8:>2 8 B.4.) =0 48A?;55. 
4. #@>H8BL  � A>740==>9 ?@>3@0<<>9. 
5. #@>25@8BL @01>BC 0;3>@8B<0 =0 3@0D8G5A:>< 48A?;55. 

  



�01>@0B>@=0O @01>B0 № 19. %>740=85 0;3>@8B<0 8 ?@>3@0<<K 4;O 
A8AB5<K «�8A?;59 7-A53<5=B=K9» =0 >A=>25  �. 

 

*5;L: !0CG8BLAO A>74020BL 0;3>@8B< 8 ?@>3@0<<C 4;O C?@02;5=8O 7-
A53<5=B=K< 48A?;55< A 8A?>;L7>20=85< <8:@>:>=B@>;;5@0 ( �). 

"1>@C4>20=85: 
- 8:@>:>=B@>;;5@ (=0?@8<5@, Arduino, Raspberry Pi 8;8 4@C3>9  � A 

2>7<>6=>ABLN C?@02;5=8O F8D@>2K<8 2K2>40<8). 
-7-A53<5=B=K9 48A?;59. 
-#@>2>40. 
-$578AB>@K (?> =5>1E>48<>AB8). 
)>4 @01>BK: 
,03 1: "?@545;5=85 0;3>@8B<0 C?@02;5=8O 7-A53<5=B=K< 48A?;55<. 
1.1 �7CG8B5 A?5F8D8:0F8N 7-A53<5=B=>3> 48A?;5O 4;O >?@545;5=8O 

A>>B25BAB28O <564C F8D@0<8 8 A53<5=B0<8. 
1.2 "?@545;8B5 ?>A;54>20B5;L=>ABL 2:;NG5=8O A53<5=B>2 4;O 

>B>1@065=8O :064>9 F8D@K (0-9) =0 48A?;55. 
,03 2: #>4:;NG5=85 7-A53<5=B=>3> 48A?;5O : <8:@>:>=B@>;;5@C. 
2.1 #>4:;NG8B5 0=>4K 8 :0B>4K A53<5=B>2 48A?;5O : F8D@>2K< 

2K2>40< <8:@>:>=B@>;;5@0 A 8A?>;L7>20=85< @578AB>@>2 4;O >3@0=8G5=8O 
B>:0. 

2.2 #>4:;NG8B5 ?8=K 2K1>@0 F8D@K 48A?;5O : 4@C38< F8D@>2K< 
2K2>40< <8:@>:>=B@>;;5@0. 

,03 3: !0?8A0=85 ?@>3@0<<K 4;O C?@02;5=8O 7-A53<5=B=K< 48A?;55<. 
3.1 �A?>;L7CO 2K1@0==K9 O7K: ?@>3@0<<8@>20=8O (=0?@8<5@, C++, 

Python), =0?8H8B5 ?@>3@0<<C 4;O >B>1@065=8O F8D@ =0 48A?;55 2 
A>>B25BAB288 A >?@545;5==K< 0;3>@8B<><. 

3.2 #@>?8H8B5 ;>38:C ?5@5:;NG5=8O A53<5=B>2 4;O >B>1@065=8O 
:064>9 F8D@K, 0 B0:65 2K1>@ F8D@K =0 48A?;55. 

,03 4: &5AB8@>20=85 ?@>3@0<<K. 
4.1 �03@C78B5 ?@>3@0<<C =0 <8:@>:>=B@>;;5@. 
4.2 #@>25@LB5 ?@028;L=>ABL >B>1@065=8O F8D@ =0 7-A53<5=B=>< 

48A?;55 A ?><>ILN 22>40 B5AB>2KE 40==KE 2 ?@>3@0<<C. 
,03 5: �=0;87 @57C;LB0B>2 8 4>@01>B:0 ?@>3@0<<K. 
5.1 "F5=8B5 @01>B>A?>A>1=>ABL ?@>3@0<<K 8 >1=0@C65==K5 >H81:8. 
5.2 �=5A8B5 87<5=5=8O 2 ?@>3@0<<C 4;O C;CGH5=8O @01>BK A 7-

A53<5=B=K< 48A?;55< (5A;8 =5>1E>48<>). 
,03 6: �K2>4K. 
6.1 %45;09B5 2K2>4K > ?@>F5AA5 A>740=8O 0;3>@8B<0 8 ?@>3@0<<K 4;O 

C?@02;5=8O 7-A53<5=B=K< 48A?;55<. 
6.2 "F5=8B5 @01>BC <8:@>:>=B@>;;5@0 2 ?@>F5AA5 C?@02;5=8O 48A?;55< 

8 2>7<>6=>AB8 53> ?@8<5=5=8O 4;O 4@C38E 7040G. 
6.3 %D>@<C;8@C9B5 @5:><5=40F88 ?> C;CGH5=8N 40==>9 ?@>3@0<<K 

8;8 @07@01>B:5 =>2KE DC=:F89 4;O 40;L=59H8E 8AA;54>20=89. 



�01>@0B>@=0O @01>B0 № 20. %>740=85 0;3>@8B<0 8 ?@>3@0<<K 4;O 
A8AB5<K «�=>?:8 C?@02;5=8O» =0 >A=>25  �. 

 

*5;L @01>BK:  
!0CG8BLAO A>74020BL 0;3>@8B<K 8 ?@>3@0<<K 4;O A8AB5<K C?@02;5=8O 

=0 1075 <8:@>:>=B@>;;5@0 A 8A?>;L7>20=85< :=>?>: 2 :0G5AB25 C?@02;ONI8E 
M;5<5=B>2. 

"1>@C4>20=85: 
1.  8:@>:>=B@>;;5@ STM32 8;8 0=0;>38G=K9; 
2. #5@8D5@89=K5 CAB@>9AB20 4;O ?>4:;NG5=8O 8 ?@>3@0<<8@>20=8O 

<8:@>:>=B@>;;5@0; 
3. !01>@ :=>?>:; 
4. �;>: ?8B0=8O. 
�040G8: 
1. �7CG8BL ?@8=F8?K @01>BK <8:@>:>=B@>;;5@0 8 53> ?5@8D5@89=KE 

CAB@>9AB2; 
2. %>740BL AE5<C ?>4:;NG5=8O :=>?>: : <8:@>:>=B@>;;5@C; 
3. $07@01>B0BL 0;3>@8B< @01>BK ?@>3@0<<K 4;O A8AB5<K C?@02;5=8O A 

8A?>;L7>20=85< :=>?>:; 
4. $50;87>20BL ?@>3@0<<C =0 O7K:5 % 4;O <8:@>:>=B@>;;5@0; 
5. #@>25@8BL @01>BC A8AB5<K C?@02;5=8O A 8A?>;L7>20=85< :=>?>:. 
)>4 @01>BK: 
1. �7CG5=85 4>:C<5=B0F88 ?> 2K1@0==><C <8:@>:>=B@>;;5@C 8 53> 

?5@8D5@89=K< CAB@>9AB20< 4;O ?>=8<0=8O >A>15==>AB59 @01>BK 8 
2>7<>6=>AB59. 

2. %1>@:0 AE5<K ?>4:;NG5=8O :=>?>: : <8:@>:>=B@>;;5@C A CG5B>< 
=5>1E>48<>AB8 8A?>;L7>20=8O 2=CB@5==8E @578AB>@>2 ?>4BO6:8 8 70I8BK >B 
4@515730 :>=B0:B>2. 

3. $07@01>B:0 0;3>@8B<0 @01>BK ?@>3@0<<K, >?@545;ONI53> 459AB28O 
?@8 =060B88 =0 :064CN 87 :=>?>:. !0?@8<5@, C?@02;5=85 A25B>48>40<8, 
2K2>4 A>>1I5=89 =0 48A?;59, 87<5=5=85 A>AB>O=8O 4@C38E ?5@8D5@89=KE 
CAB@>9AB2 8 B.4. 

4. !0?8A0=85 ?@>3@0<<K =0 O7K:5 %, 8A?>;L7CO 8=B53@8@>20==CN A@54C 
@07@01>B:8, =0?@8<5@, STM32CubeIDE 8;8 0=0;>38G=CN. 

5. &5AB8@>20=85 @01>BK ?@>3@0<<K =0 <8:@>:>=B@>;;5@5, ?@>25@:0 
DC=:F8>=8@>20=8O A8AB5<K C?@02;5=8O A 8A?>;L7>20=85< :=>?>:. #@8 
=5>1E>48<>AB8 :>@@5:B8@>2:0 ?@>3@0<<K 8 ?5@5?@>25@:0. 

$57C;LB0BK @01>BK: 
1. $07@01>B0==K9 0;3>@8B< @01>BK ?@>3@0<<K 4;O A8AB5<K C?@02;5=8O 

=0 1075 <8:@>:>=B@>;;5@0; 
2. $50;87>20==0O ?@>3@0<<0 =0 O7K:5 % 4;O <8:@>:>=B@>;;5@0; 
3. #@>25@5==0O A8AB5<0 C?@02;5=8O A 8A?>;L7>20=85< :=>?>:, 

@01>B0NI0O 2 A>>B25BAB288 A 7040==K< 0;3>@8B<><. 



�01>@0B>@=0O @01>B0 № 21. %>740=85 0;3>@8B<0 8 ?@>3@0<<K 4;O 
A8AB5<K « 0B@8F0 :;0280BC@K» =0 >A=>25  �. 

 

*5;L: $07@01>B0BL 0;3>@8B< 8 =0?8A0BL ?@>3@0<<C 4;O A8AB5<K 
" 0B@8F0 :;0280BC@K" =0 >A=>25 <8:@>:>=B@>;;5@0 ( �). 

!5>1E>48<>5 >1>@C4>20=85: 
-  8:@>:>=B@>;;5@ (=0?@8<5@, Arduino 8;8 STM32) 
-  0B@8F0 :;0280BC@K 

- #@>2>40 
- �><?LNB5@ 4;O ?@>3@0<<8@>20=8O  � 

-B0?K 2K?>;=5=8O: 
1. #>43>B>2:0: 
   - #>4:;NG8BL <0B@8FC :;0280BC@K :  � A ?><>ILN ?@>2>4>2. 
   - �0?8B0BL  � 8 <0B@8FC :;0280BC@K. 
2. #@>5:B8@>20=85 0;3>@8B<0: 
   - $0AAG8B0BL @07<5@K <0B@8FK :;0280BC@K 8 55 ?>4:;NG5=85 :  �. 
   - "?@545;8BL, :0:>9 2K2>4  � 1C45B A>548=5= A :0:8<8 ?8=0<8 

<0B@8FK :;0280BC@K (AB@>:8 8 AB>;1FK). 
3. !0?8A0=85 ?@>3@0<<K: 
   - !0?8A0BL ?@>3@0<<C =0 2K1@0==>< O7K:5 ?@>3@0<<8@>20=8O 4;O 

 � (=0?@8<5@, C/C++ 4;O Arduino 8;8 STM32CubeIDE 4;O STM32). 
   - %>740BL DC=:F88 4;O AG8BK20=8O =060BKE :;028H 8 8E >1@01>B:8. 
   - $07@01>B0BL 0;3>@8B< A:0=8@>20=8O :;0280BC@K 8 >1@01>B:8 

=060B89. 
4. &5AB8@>20=85 8 >B;04:0: 
   - �03@C78BL ?@>3@0<<C =0  �. 
   - #@>25@8BL @01>BC <0B@8FK :;0280BC@K ?CB5< =060B8O @07;8G=KE 

:;028H 8 ?@>25@:8 2K2>40 8=D>@<0F88 > =060BKE :;028H0E. 
5. �A?>;L7>20=85 8 40;L=59H55 @0728B85: 
   - #@>B5AB8@>20BL ?@>3@0<<C 2 @50;L=KE CA;>28OE 8 2=5AB8 

8A?@02;5=8O, 5A;8 =5>1E>48<>. 
   - #@54;>68BL A?>A>1K 40;L=59H53> @0728B8O A8AB5<K " 0B@8F0 

:;0280BC@K", =0?@8<5@, 4>102;5=85 DC=:F89 02B><0B8G5A:>3> @0A?>7=020=8O 
:><18=0F89 :;028H. 

$57C;LB0BK: 
- �>B>20O ?@>3@0<<0 4;O A8AB5<K " 0B@8F0 :;0280BC@K" =0 >A=>25  �, 

A?>A>1=0O AG8BK20BL 8 >1@010BK20BL =060B8O :;028H. 
  



�01>@0B>@=0O @01>B0 № 22. %>740=85 0;3>@8B<0 8 ?@>3@0<<K 4;O 
A8AB5<K «-=:>45@» =0 >A=>25  �. 

 

*5;L @01>BK: 
-$07@01>B0BL 0;3>@8B< 8 =0?8A0BL ?@>3@0<<C 4;O A8AB5<K «-=:>45@» 

=0 >A=>25 <8:@>:>=B@>;;5@0 ( �). 
-"7=0:><8BLAO A ?@8=F8?>< @01>BK M=:>45@0 8 53> ?@8<5=5=85< 2 

@07;8G=KE 7040G0E. 
!5>1E>48<K5 :><?>=5=BK 8 >1>@C4>20=85: 
- 8:@>:>=B@>;;5@ Arduino (8;8 0=0;>38G=K9). 
--=:>45@ (>1KG=> B0:65 ?>AB02;O5BAO A :=>?:>9). 
-�@5041>@4 8;8 ?5G0B=0O ?;0B0 4;O ?>4:;NG5=8O :><?>=5=B>2. 
-#@>2>40 8 @578AB>@K ?> =5>1E>48<>AB8. 
-�><?LNB5@ A CAB0=>2;5==K< #" Arduino IDE. 
)>4 2K?>;=5=8O @01>BK: 
1)#>4:;NG5=85 M=:>45@0 : <8:@>:>=B@>;;5@C: 
-#>4:;NG8B5 15;K9 ?@>2>4 M=:>45@0 : ?8=C 2 (8;8 ;N1><C 4@C3><C 

4>ABC?=><C F8D@>2><C ?8=C) <8:@>:>=B@>;;5@0. 
-#>4:;NG8B5 G5@=K9 8 :@0A=K9 ?@>2>40 M=:>45@0 : A>>B25BAB2CNI8< 

?8=0< 75<;8 8 ?8B0=8O =0 <8:@>:>=B@>;;5@5. 
2)!0?8A0=85 ?@>3@0<<K: 
-"B:@>9B5 Arduino IDE =0 :><?LNB5@5 8 A>7409B5 =>2K9 ?@>5:B. 
-!0?8H8B5 A;54CNI89 :>4: 



 

 
3)�03@C7:0 ?@>3@0<<K =0 <8:@>:>=B@>;;5@: 
-#>4:;NG8B5 <8:@>:>=B@>;;5@ : :><?LNB5@C A ?><>ILN USB-:015;O. 
-�K15@8B5 ?@028;L=CN ?;0BC 8 ?>@B 2 <5=N "�=AB@C<5=BK" 2 Arduino 

IDE. 
-�03@C78B5 ?@>3@0<<C =0 <8:@>:>=B@>;;5@, =0602 :=>?:C "�03@C78BL". 
4)&5AB8@>20=85 8 0=0;87 @57C;LB0B>2: 



-"B:@>9B5 <>=8B>@ ?>@B0 2 Arduino IDE, 2K1@02 A:>@>ABL ?5@540G8 
9600 18B/A5:. 

-�@0I09B5 M=:>45@ 2 >4=C 8;8 4@C3CN AB>@>=C. 
-"1@0B8B5 2=8<0=85 =0 87<5=5=85 7=0G5=8O, 2K2>48<>3> 2 <>=8B>@ 

?>@B0. 
-#@>0=0;878@C9B5 @01>BC M=:>45@0 8 A@02=8B5 A >68405<K< 

?>2545=85<. 
  



�01>@0B>@=0O @01>B0 № 23. %>740=85 0;3>@8B<0 8 ?@>3@0<<K 4;O 
A8AB5<K «&0GA:@8=» =0 >A=>25  �. 

 

*5;L @01>BK: @07@01>B0BL 0;3>@8B< 8 =0?8A0BL ?@>3@0<<C 4;O @01>BK A 
B0GA:@8=>< =0 1075 <8:@>:>=B@>;;5@0. 

!5>1E>48<K5 :><?>=5=BK: 
1.  8:@>:>=B@>;;5@ (=0?@8<5@, Arduino Uno) 
2. &0GA:@8= 

3. �015;8 4;O ?>4:;NG5=8O B0GA:@8=0 : <8:@>:>=B@>;;5@C 
,038 2K?>;=5=8O: 
,03 1: #>43>B>28B5;L=K5 @01>BK 

1. #>4:;NG8B5 B0GA:@8= : <8:@>:>=B@>;;5@C A ?><>ILN :015;O. 
2. 'AB0=>28B5 =5>1E>48<K5 181;8>B5:8 4;O @01>BK A B0GA:@8=><, 5A;8 

>=8 =5>1E>48<K. 
   (#@8<5G0=85: 181;8>B5:8 <>3CB 20@L8@>20BLAO 2 7028A8<>AB8 >B 

8A?>;L7C5<>3> <8:@>:>=B@>;;5@0 8 B0GA:@8=0. #@>25@LB5 4>:C<5=B0F8N 4;O 
:>=:@5B=KE 8=AB@C:F89). 

,03 2: !0AB@>9:0 >1>@C4>20=8O 
1. #@>25@LB5, GB> B0GA:@8= ?>4:;NG5= :>@@5:B=> 8 2:;NG5=. 
2. #@>25@LB5, GB> <8:@>:>=B@>;;5@ ?@028;L=> >?@545;O5B B0GA:@8= 8 

<>65B AG8BK20BL 40==K5 A =53>. 
3. #>4:;NG8B5 <8:@>:>=B@>;;5@ : :><?LNB5@C A ?><>ILN USB-:015;O. 
,03 3: %>740=85 0;3>@8B<0 
1. "?@545;8B5 DC=:F88, :>B>@K5 1C4CB 8A?>;L7>20BLAO 2 ?@>3@0<<5. 

-B> <>65B 2:;NG0BL DC=:F88 4;O AG8BK20=8O :>>@48=0B :0A0=8O, >1@01>B:8 
2E>4=KE 40==KE 8 2K?>;=5=8O :>=:@5B=KE 459AB289 2 7028A8<>AB8 >B 
:0A0=8O. 

2. !0@8AC9B5 1;>:-AE5<C 0;3>@8B<0 @01>BK ?@>3@0<<K. ':068B5 
?>A;54>20B5;L=>ABL 459AB289 8 CA;>28O, :>B>@K5 >?@545;ONB :0:85 459AB28O 
4>;6=K 1KBL 2K?>;=5=K 2 7028A8<>AB8 >B :0A0=8O B0GA:@8=0. 

3. $07159B5 0;3>@8B< =0 ?>47040G8 (DC=:F88) 8 >?@545;8B5 2E>4=K5 8 
2KE>4=K5 40==K5 4;O :064>9 DC=:F88. 

,03 4: !0?8A0=85 ?@>3@0<<K 

1. "B:@>9B5 A@54C ?@>3@0<<8@>20=8O 4;O 2K1@0==>3> 
<8:@>:>=B@>;;5@0. 

2. %>7409B5 =>2K9 ?@>5:B 8 4>102LB5 =5>1E>48<K5 181;8>B5:8. 
3. !0?8H8B5 :>4 ?@>3@0<<K, 8A?>;L7CO A>740==K9 0;3>@8B< 8 

?>47040G8. 
4. #@>25@LB5 ?@>3@0<<C =0 =0;8G85 >H81>: 8 2K?>;=8B5 55 >B;04:C 

?@8 =5>1E>48<>AB8. 
,03 5: &5AB8@>20=85 ?@>3@0<<K 

1. �03@C78B5 ?@>3@0<<C =0 <8:@>:>=B@>;;5@. 
2. #@>25@LB5, GB> ?@>3@0<<0 :>@@5:B=> @01>B05B A B0GA:@8=><. 

#@>25@LB5 DC=:F8>=0;L=>ABL :064>3> M;5<5=B0 0;3>@8B<0. 



3. #@>2548B5 @O4 B5AB>2, GB>1K C1548BLAO, GB> ?@>3@0<<0 @01>B05B 
AB018;L=> 8 =0456=>. 

,03 6: �>:C<5=B0F8O 
1. !0?8H8B5 >BG5B > ?@>2545==>9 @01>B5, >?8AK20NI89 A>740==K9 

0;3>@8B< 8 ?@>3@0<<C. 
2. ':068B5 2A5 =5>1E>48<K5 45B0;8, 2:;NG0O ;8AB8=3 ?@>3@0<<K, 

AE5<C ?>4:;NG5=8O 8 @57C;LB0BK B5AB8@>20=8O. 
  



�01>@0B>@=0O @01>B0 № 24-25. %>740=85 0;3>@8B<0 8 ?@>3@0<<K 4;O 
A8AB5<K « C;LB8<5B@» =0 >A=>25  �. 

 

*5;8: 
1. #>7=0:><8BLAO A ?>=OB85< <C;LB8<5B@0 8 53> 8A?>;L7>20=85< 2 

M;5:B@>=8:5. 
2. "7=0:><8BLAO A <8:@>:>=B@>;;5@>< 8 53> 2>7<>6=>ABO<8. 
3. %>740BL 0;3>@8B< 8 =0?8A0BL ?@>3@0<<C 4;O A8AB5<K " C;LB8<5B@" 

=0 >A=>25 <8:@>:>=B@>;;5@0. 
"1>@C4>20=85: 
1.  8:@>:>=B@>;;5@ (=0?@8<5@, Arduino) 
2.  0:5B=0O ?;0B0 
3. -;5:B@>==K5 :><?>=5=BK (@578AB>@K, :>=45=A0B>@K, 48>4K 8 B.4.) 
4. �><?LNB5@ A CAB0=>2;5==>9 A@54>9 @07@01>B:8 Arduino IDE 

)>4 @01>BK: 
1. "7=0:><;5=85 A <C;LB8<5B@>< 

 #@>2548B5 8AA;54>20=85 <C;LB8<5B@0 8 53> DC=:F89. 
  �7CG8B5 >A=>2=K5 ?0@0<5B@K, :>B>@K5 <>6=> 87<5@8BL A 

?><>ILN <C;LB8<5B@0, B0:85 :0: =0?@O65=85, A>?@>B82;5=85 8 B>:. 
 #@>0=0;878@C9B5 2>7<>6=>AB8 <8:@>:>=B@>;;5@0 4;O 

@50;870F88 DC=:F89 <C;LB8<5B@0. 
2. "7=0:><;5=85 A <8:@>:>=B@>;;5@>< 

 �7CG8B5 2>7<>6=>AB8 2K1@0==>3> 20<8 <8:@>:>=B@>;;5@0. 
"?@545;8B5 53> E0@0:B5@8AB8:8 8 DC=:F8>=0;L=>ABL. 

 'AB0=>28B5 A@54C @07@01>B:8 Arduino IDE =0 20H :><?LNB5@, 
5A;8 >=0 5I5 =5 CAB0=>2;5=0. 

3. %>AB02;5=85 0;3>@8B<0 
 "?@545;8B5 =5>1E>48<K5 DC=:F88 <C;LB8<5B@0, B0:85 :0: 

87<5@5=85 =0?@O65=8O, A>?@>B82;5=8O 8 B>:0. 
 $07@01>B09B5 0;3>@8B< 4;O :064>9 DC=:F88. 
 $0AA<>B@8B5 2>7<>6=>AB8 >1@01>B:8 8 2K2>40 @57C;LB0B>2 

87<5@5=89 =0 48A?;59 8;8 G5@57 ?>A;54>20B5;L=K9 ?>@B :><?LNB5@0. 
4. %>740=85 ?@>3@0<<K 

 %>7409B5 =>2K9 ?@>5:B 2 A@545 @07@01>B:8 Arduino IDE. 
 !0?8H8B5 ?@>3@0<<C =0 O7K:5 Arduino, @50;87CNICN 0;3>@8B<, 

@07@01>B0==K9 2 ?@54K4CI5< ?C=:B5. 
 %:><?8;8@C9B5 8 703@C78B5 ?@>3@0<<C =0 <8:@>:>=B@>;;5@. 
5. &5AB8@>20=85 ?@>3@0<<K 

 #>4:;NG8B5 =5>1E>48<K5 M;5:B@>==K5 :><?>=5=BK : 
<8:@>:>=B@>;;5@C 2 A>>B25BAB288 A @07@01>B0==K< 0;3>@8B<>< 8 
?@>3@0<<>9. 

 #@>25@LB5 @01>BC <C;LB8<5B@0, 2K?>;=82 87<5@5=8O =0?@O65=8O, 
A>?@>B82;5=8O 8 B>:0 A 8A?>;L7>20=85< A>740==>9 ?@>3@0<<K. 



 #@>25@LB5 :>@@5:B=>ABL @57C;LB0B>2 87<5@5=89. �A;8 @57C;LB0BK 
=5 A>>B25BAB2CNB >68405<K<, >B;04LB5 ?@>3@0<<C 8/8;8 ?@>25@LB5 
?@028;L=>ABL ?>4:;NG5=8O :><?>=5=B>2. 

6. %>AB02;5=85 >BG5B0 
 �0?8H8B5 @57C;LB0BK ?@>2545==>3> B5AB8@>20=8O 8 ?>;CG5==K5 

@57C;LB0BK 87<5@5=89. 
 #@>0=0;878@C9B5 ?@>1;5<K, A :>B>@K<8 2K AB>;:=C;8AL 2> 2@5<O 

@01>BK 8 2>7<>6=K5 ?CB8 8E @5H5=8O. 
  %D>@<C;8@C9B5 2K2>4K > @01>B5 <C;LB8<5B@0 =0 >A=>25 

<8:@>:>=B@>;;5@0 8 53> 2>7<>6=>ABOE. 
�06=>: �> 2@5<O 2K?>;=5=8O @01>BK >1O70B5;L=> A>1;N409B5 ?@028;0 

157>?0A=>AB8 ?@8 @01>B5 A M;5:B@>==K<8 :><?>=5=B0<8 8 87<5@8B5;L=K<8 
?@81>@0<8. 
  



�01>@0B>@=0O @01>B0 № 26. %>740=85 0;3>@8B<0 8 ?@>3@0<<K 4;O 
A8AB5<K «UART A PC» =0 >A=>25  �. 

 

*5;L:  
!0CG8BLAO A>74020BL 0;3>@8B< 8 ?@>3@0<<C 4;O >1<5=0 40==K<8 <564C 

<8:@>:>=B@>;;5@>< ( �) 8 ?5@A>=0;L=K< :><?LNB5@>< (PC) ?>A@54AB2>< 
Universal Asynchronous Receiver-Transmitter (UART). 

 

!5>1E>48<>5 >1>@C4>20=85:  
-  8:@>:>=B@>;;5@ A UART-8=B5@D59A>< 

- #5@A>=0;L=K9 :><?LNB5@ 
- �015;L 4;O ?>4:;NG5=8O <8:@>:>=B@>;;5@0 : #� (=0?@8<5@, USB-

UART) 
- #@>3@0<<=>5 >15A?5G5=85 4;O 703@C7:8 ?@>3@0<<K =0 

<8:@>:>=B@>;;5@ 8 4;O @01>BK A B5@<8=0;>< =0 #� (=0?@8<5@, Arduino IDE) 
- #@>2>40 4;O ?>4:;NG5=8O <8:@>:>=B@>;;5@0 : 4@C38< CAB@>9AB20< 

,038 2K?>;=5=8O:  
1. #>43>B>2:0 <8:@>:>=B@>;;5@0: 
- #>4:;NG8B5AL : <8:@>:>=B@>;;5@C A ?><>ILN ?@>3@0<<=>3> 

>15A?5G5=8O 4;O 703@C7:8 ?@>3@0<<K. 
- %>7409B5 =>2K9 ?@>5:B 8 2K15@8B5 A>>B25BAB2CNICN ?;0BD>@<C A 

UART-8=B5@D59A><. 
- !0AB@>9B5 ?0@0<5B@K UART-8=B5@D59A0 (A:>@>ABL ?5@540G8, 

18B=>ABL, :>=B@>;L G5B=>AB8 8 B.4.) 2 ?@>3@0<<5 4;O <8:@>:>=B@>;;5@0. 
2. #>4:;NG5=85 <8:@>:>=B@>;;5@0 : #�: 
- #>4:;NG8B5 >48= :>=5F :015;O USB-UART : ?>@BC USB =0 #� 8 

4@C3>9 :>=5F : A>>B25BAB2CNI5<C ?>@BC =0 <8:@>:>=B@>;;5@5. 
- '1548B5AL, GB> A>548=5=85 CAB0=>2;5=> ?@028;L=>. 
3. !0?8A0=85 ?@>3@0<<K 4;O <8:@>:>=B@>;;5@0: 
- "?@545;8B5 =5>1E>48<K5 ?@5@K20=8O 8 =0AB@>9:8 UART-8=B5@D59A0 

2 ?@>3@0<<5 4;O <8:@>:>=B@>;;5@0. 
- !0?8H8B5 ?@>3@0<<=K9 :>4 4;O ?5@540G8 8 ?@85<0 40==KE G5@57 

UART-8=B5@D59A. 
- #@>3@0<<0 4>;6=0 1KBL A?>A>1=0 >B?@02;OBL 40==K5 A 

<8:@>:>=B@>;;5@0 =0 #� 8 ?>;CG0BL 40==K5 A #� =0 <8:@>:>=B@>;;5@. 
4. �03@C7:0 ?@>3@0<<K =0 <8:@>:>=B@>;;5@: 
- �03@C78B5 ?@>3@0<<C, =0?8A0==CN =0 ?@54K4CI5< H035, =0 

<8:@>:>=B@>;;5@ A ?><>ILN ?@>3@0<<=>3> >15A?5G5=8O 4;O 703@C7:8. 
5. #>43>B>2:0 #�: 
- 'AB0=>28B5 ?@>3@0<<=>5 >15A?5G5=85 4;O @01>BK A B5@<8=0;>< =0 #� 

(=0?@8<5@, Arduino IDE). 
- "B:@>9B5 B5@<8=0; 8 =0AB@>9B5 53> ?0@0<5B@K A>>B25BAB2CNI8< 

>1@07>< (A:>@>ABL ?5@540G8, 18B=>ABL, :>=B@>;L G5B=>AB8 8 B.4.). 
6. &5AB8@>20=85: 



- �0?CAB8B5 ?@>3@0<<C =0 <8:@>:>=B@>;;5@5 8 C1548B5AL, GB> >=0 
@01>B05B :>@@5:B=>. 

- �2548B5 40==K5 2 B5@<8=0; =0 #� 8 C1548B5AL, GB> >=8 CA?5H=> 
?5@540NBAO =0 <8:@>:>=B@>;;5@, 8 =0>1>@>B. 

7. $0AH8@5=85 DC=:F8>=0;L=>AB8: 
- $50;87C9B5 4>?>;=8B5;L=K5 DC=:F88, B0:85 :0: >1@01>B:0 >H81>:, 

:>=B@>;L G5B=>AB8, ?@>25@:0 F5;>AB=>AB8 40==KE. 
- �A?>;L7C9B5 @07;8G=K5 :><0=4K 8 ?@>B>:>;K 4;O >1<5=0 40==K<8 

<564C <8:@>:>=B@>;;5@>< 8 #�. 
�K2>4K:  
� @57C;LB0B5 2K?>;=5=8O ;01>@0B>@=>9 @01>BK 1K; @07@01>B0= 

0;3>@8B< 8 ?@>3@0<<0 4;O >1<5=0 40==K<8 <564C  � 8 #� ?>A@54AB2>< 
UART. �K;0 ?>;CG5=0 ?@0:B8G5A:0O 
  



�01>@0B>@=0O @01>B0 № 27. %>740=85 0;3>@8B<0 8 ?@>3@0<<K 4;O 
A8AB5<K «LAN A PC» =0 >A=>25  �. 

 

*5;L @01>BK:  
- #>7=0:><8BLAO A >A=>2=K<8 ?@8=F8?0<8 @01>BK A8AB5<K «LAN A 

PC» =0 >A=>25 <8:@>:>=B@>;;5@0. 
- $07@01>B0BL 0;3>@8B< 8 ?@>3@0<<C 4;O 2708<>459AB28O 

<8:@>:>=B@>;;5@0 A :><?LNB5@>< G5@57 ;>:0;L=CN A5BL. 
 

"1>@C4>20=85 8 ?@>3@0<<=>5 >15A?5G5=85: 
-  8:@>:>=B@>;;5@ (=0?@8<5@, Arduino Uno) 
- �><?LNB5@ A CAB0=>2;5==>9 ?@>3@0<<>9 Arduino IDE 

- Ethernet-<>4C;L (=0?@8<5@, Ethernet Shield) 
 

-B0?K 2K?>;=5=8O @01>BK: 
1. �7CG5=85 >A=>2 @01>BK A8AB5<K «LAN A PC» =0 >A=>25 

<8:@>:>=B@>;;5@0: 
- #>=OBL ?@8=F8?K @01>BK Ethernet-<>4C;O 8 53> 2708<>459AB285 A 

<8:@>:>=B@>;;5@><. 
- �7CG8BL >A=>2=K5 :><0=4K 8 DC=:F88 4;O @01>BK A Ethernet-<>4C;5< 

2 Arduino IDE. 
2. %>740=85 0;3>@8B<0 @01>BK A8AB5<K «LAN A PC»: 
- "?@545;8BL, :0:85 40==K5 1C4CB ?5@54020BLAO <564C :><?LNB5@>< 8 

<8:@>:>=B@>;;5@>< (=0?@8<5@, AG8BK20=85 40==KE A 40BG8:>2, C?@02;5=85 
0:BC0B>@0<8 8 B. 4.). 

- $07@01>B0BL ?>A;54>20B5;L=>ABL 459AB289 4;O ?5@540G8 8 ?@85<0 
40==KE <564C :><?LNB5@>< 8 <8:@>:>=B@>;;5@>< ?>A@54AB2>< Ethernet-
<>4C;O. 

3. !0?8A0=85 ?@>3@0<<K 4;O <8:@>:>=B@>;;5@0: 
- "B:@KBL ?@>3@0<<C Arduino IDE. 
- %>740BL =>2K9 ?@>5:B 8 =0AB@>8BL 53> 4;O @01>BK A 2K1@0==K< 

<8:@>:>=B@>;;5@>< 8 Ethernet-<>4C;5<. 
- !0?8A0BL ?@>3@0<<C, @50;87CNICN @07@01>B0==K9 0;3>@8B< @01>BK 

A8AB5<K «LAN A PC». 
- %:><?8;8@>20BL 8 703@C78BL ?@>3@0<<C =0 <8:@>:>=B@>;;5@. 
4. #@>25@:0 @01>B>A?>A>1=>AB8 A8AB5<K: 
- #>4:;NG8BL Ethernet-<>4C;L : <8:@>:>=B@>;;5@C. 
- #>4:;NG8BL <8:@>:>=B@>;;5@ : :><?LNB5@C G5@57 USB-?>@B. 
- �0?CAB8BL ?@>3@0<<C =0 <8:@>:>=B@>;;5@5 8 C1548BLAO, GB> 40==K5 

CA?5H=> ?5@540NBAO 8 ?@8=8<0NBAO <564C :><?LNB5@>< 8 
<8:@>:>=B@>;;5@><. 

5. "D>@<;5=85 >BG5B0: 
- "?8A0BL 22545=85 2 B5<C @01>BK. 
- #@825AB8 1;>:-AE5<C 0;3>@8B<0 @01>BK A8AB5<K «LAN A PC». 
- #@54>AB028BL 8AE>4=K9 :>4 ?@>3@0<<K 4;O <8:@>:>=B@>;;5@0. 



- #@825AB8 @57C;LB0BK ?@>25@:8 @01>B>A?>A>1=>AB8 A8AB5<K, 2:;NG0O 
A>>B25BAB2CNI85 A:@8=H>BK 8 :><<5=B0@88. 

- %45;0BL 2K2>4K > 2K?>;=5==>9 @01>B5 8 55 ?@0:B8G5A:>9 7=0G8<>AB8. 
  



�01>@0B>@=0O @01>B0 № 28. %>740=85 0;3>@8B<0 8 ?@>3@0<<K 4;O 
A8AB5<K «CAN» =0 >A=>25  �. 

 

*5;L @01>BK: �7CG5=85 ?@>B>:>;0 CAN 8 @07@01>B:0 ?@>3@0<<=>3> 
>15A?5G5=8O 4;O C?@02;5=8O A8AB5<>9 «CAN» =0 1075 <8:@>:>=B@>;;5@0. 

 

"1>@C4>20=85 8 :><?>=5=BK: 
-  8:@>:>=B@>;;5@ A ?>445@6:>9 ?@>B>:>;0 CAN 

- CAN-B@0=A825@ 
- $07J5<K 8 A>548=8B5;L=K5 M;5<5=BK 4;O ?>4:;NG5=8O A8AB5<K CAN 

- �><?LNB5@ 4;O ?@>3@0<<8@>20=8O 8 B5AB8@>20=8O 
 

-B0?K @01>BK: 
1. �7CG5=85 ?@>B>:>;0 CAN: 
   - �7CG8B5 >A=>2=K5 ?@8=F8?K @01>BK ?@>B>:>;0 CAN. 
   - #>4@>1=> >7=0:><LB5AL A D>@<0B>< :04@0 8 A?>A>10<8 ?5@540G8 

A>>1I5=89. 
   - �7CG8B5 >A>15==>AB8 >1<5=0 40==K<8 <564C CAB@>9AB20<8 2 

A8AB5<5 CAN. 
2. #>4:;NG5=85 A8AB5<K CAN: 
   - #>4:;NG8B5 <8:@>:>=B@>;;5@ : :><?LNB5@C A ?><>ILN @07J5<>2 8 

A>548=8B5;L=KE M;5<5=B>2. 
   - #>4:;NG8B5 CAN-B@0=A825@ : <8:@>:>=B@>;;5@C, 8A?>;L7CO 

A>>B25BAB2CNI85 ?>@BK 8 ?8=K. 
    
3. $07@01>B:0 0;3>@8B<0: 
   - !0 >A=>25 87CG5==>3> ?@>B>:>;0 CAN @07@01>B09B5 0;3>@8B< 

>1<5=0 40==K<8 <564C <8:@>:>=B@>;;5@>< 8 4@C38<8 CAB@>9AB20<8 2 
A8AB5<5. 

   - "?@545;8B5 B8?K A>>1I5=89, :>B>@K5 4>;6=0 ?>445@6820BL 
@07@010BK205<0O A8AB5<0. 

   - %?;0=8@C9B5 ?>A;54>20B5;L=>ABL 2K?>;=5=8O :><0=4 8 >1@01>B:8 
?@8=OBKE A>>1I5=89. 

4. $50;870F8O ?@>3@0<<K: 
   - �A?>;L7C9B5 2K1@0==K9 20<8 O7K: ?@>3@0<<8@>20=8O 4;O 

@07@01>B:8 ?@>3@0<<K 4;O <8:@>:>=B@>;;5@0. 
   - %>>B25BAB2CNI8< >1@07>< =0AB@>9B5 CAN-8=B5@D59A 

<8:@>:>=B@>;;5@0. 
   - $50;87C9B5 0;3>@8B<, @07@01>B0==K9 =0 ?@54K4CI5< MB0?5, 2 2845 

?@>3@0<<=>3> :>40. 
   - #@>B5AB8@C9B5 ?@>3@0<<C =0 <8:@>:>=B@>;;5@5, 8A?>;L7CO 

A?5F80;L=> A>740==K5 B5AB>2K5 40==K5 8 A>>1I5=8O. 
5. &5AB8@>20=85 8 >B;04:0: 
   - #@>25@LB5 DC=:F8>=0;L=>ABL ?@>3@0<<K =0 <8:@>:>=B@>;;5@5. 



   - #@>25@LB5 ?@028;L=>ABL >1<5=0 40==K<8 <564C 
<8:@>:>=B@>;;5@>< 8 4@C38<8 CAB@>9AB20<8 2 A8AB5<5 CAN. 

   - "B;04LB5 ?@>3@0<<C 8 2=5A8B5 =5>1E>48<K5 87<5=5=8O 4;O 
:>@@5:B=>3> DC=:F8>=8@>20=8O A8AB5<K. 

6. �=0;87 @57C;LB0B>2 8 2K2>4K: 
   - #@>0=0;878@C9B5 @57C;LB0BK B5AB8@>20=8O 8 ?@>25@:8 

DC=:F8>=0;L=>AB8 A8AB5<K CAN. 
   - %45;09B5 2K2>4K > @07@01>B0==>9 ?@>3@0<<5 8 ?>;CG5==KE 

@57C;LB0B0E. 
   - "F5=8B5 MDD5:B82=>ABL 8 ?5@A?5:B82K ?@8<5=5=8O A8AB5<K CAN 

=0 >A=>25 <8:@>:>=B@>;;5@0. 
7. "D>@<;5=85 >BG5B0: 
   - %>7409B5 >BG5B > ?@>2545==>9 ;01>@0B>@=>9 @01>B5, 2:;NG0NI89 

>?8A0=85 @01>BK, 0;3>@8B< 8 ?@>3@0<<=K9 :>4, @57C;LB0BK B5AB8@>20=8O 8 
2K2>4K. 

   - #@8 =5>1E>48<>AB8, 2:;NG8B5 AE5<K ?>4:;NG5=8O 8 D>B>3@0D88 
8A?>;L7C5<KE :><?>=5=B>2 8 >1>@C4>20=8O. 

   - ':068B5 8A?>;L7>20==K5 8AB>G=8:8 8=D>@<0F88 8 ;8B5@0BC@C. 
  



�01>@0B>@=0O @01>B0 № 29. %>740=85 0;3>@8B<0 8 ?@>3@0<<K 4;O 
A8AB5<K «-;5:B@>?@82>4» =0 >A=>25  �. 

 

*5;L @01>BK: >7=0:><8BLAO A ?@8=F8?0<8 @01>BK 8 
?@>3@0<<8@>20=85< M;5:B@>?@82>40 =0 >A=>25 <8:@>:>=B@>;;5@0. 

 

!5>1E>48<K5 <0B5@80;K 8 >1>@C4>20=85: 
-  8:@>:>=B@>;;5@ Arduino (8;8 4@C3>9 0=0;>38G=K9) 
- -;5:B@>42830B5;L 
- #>AB>O==>5 =0?@O65=85 8 8AB>G=8: ?8B0=8O 
- #;0BD>@<0 4;O <>=B060 8 A>548=5=8O :><?>=5=B>2 
- #@>2>40 8 A>548=8B5;L=K5 M;5<5=BK 

 

)>4 @01>BK: 
,03 1: #>43>B>2:0 :><?>=5=B>2 
- %>548=8B5 <8:@>:>=B@>;;5@ Arduino A 8AB>G=8:>< ?8B0=8O 8 

:><?LNB5@>< A ?><>ILN A>548=8B5;L=KE :015;59. 
- #>4:;NG8B5 M;5:B@>42830B5;L : <8:@>:>=B@>;;5@C A ?><>ILN 

?@>2>4>2. '1548B5AL, GB> 2A5 A>548=5=8O =0456=> 70:@5?;5=K. 
- 'AB0=>28B5 ?@>3@0<<=>5 >15A?5G5=85 Arduino IDE =0 :><?LNB5@, 

5A;8 >=> 5I5 =5 1K;> CAB0=>2;5=>. 
,03 2: !0?8A0=85 0;3>@8B<0 4;O A8AB5<K M;5:B@>?@82>40 
- "?@545;8B5 B@51>20=8O : A8AB5<5 M;5:B@>?@82>40. !0?@8<5@, 70409B5 

=5>1E>48<K9 C3>; ?>2>@>B0 8;8 A:>@>ABL 2@0I5=8O. 
- $07@01>B09B5 0;3>@8B< C?@02;5=8O M;5:B@>?@82>4><, >A=>2K20OAL =0 

B@51>20=8OE. -B> <>65B 1KBL ?@>AB>9 F8:; A CA;>285<, :>B>@K9 1C45B 
C?@02;OBL @01>B>9 M;5:B@>42830B5;O 2 7028A8<>AB8 >B 2=5H=8E D0:B>@>2 
(:=>?:8, 40BG8:>2 8 B.4.). 

- �0409B5 ?0@0<5B@K @01>BK M;5:B@>42830B5;O, B0:85 :0: =0?@O65=85 
?8B0=8O 8 4@C385 =5>1E>48<K5 =0AB@>9:8. 

,03 3: #@>3@0<<8@>20=85 <8:@>:>=B@>;;5@0 
- �0?CAB8B5 Arduino IDE =0 :><?LNB5@5. 
- %>7409B5 =>2K9 ?@>5:B 8 >B:@>9B5 2 =5< D09; A 0;3>@8B<>< 

C?@02;5=8O M;5:B@>42830B5;5<. 
- �<?>@B8@C9B5 =5>1E>48<K5 181;8>B5:8 (5A;8 B@51C5BAO) 8 

>?@545;8B5 DC=:F88 4;O C?@02;5=8O ?8=0<8 <8:@>:>=B@>;;5@0 8 
M;5:B@>42830B5;5<. 

- !0?8H8B5 :>4, @50;87CNI89 @07@01>B0==K9 0;3>@8B< C?@02;5=8O. 
- #@>25@LB5 :>4 =0 =0;8G85 >H81>: 8 2K?>;=8B5 :><?8;OF8N. 
- �03@C78B5 A:><?8;8@>20==CN ?@>3@0<<C =0 <8:@>:>=B@>;;5@ A 

?><>ILN :015;O, ?>4:;NG5==>3> : :><?LNB5@C. 
,03 4: &5AB8@>20=85 @01>BK A8AB5<K M;5:B@>?@82>40 
- #>4:;NG8B5 <8:@>:>=B@>;;5@ Arduino : 8AB>G=8:C ?8B0=8O. 
- �0?CAB8B5 ?@>3@0<<C =0 <8:@>:>=B@>;;5@5. 



- #@8 =5>1E>48<>AB8 2=5A8B5 :>@@5:B8@>2:8 2 ?@>3@0<<C 8 ?>2B>@8B5 
H038 3 8 4 4> 4>AB865=8O B@51C5<KE @57C;LB0B>2. 

- #@>25@LB5 @01>BC M;5:B@>42830B5;O, C15482H8AL 2 ?@028;L=>AB8 53> 
C?@02;5=8O 2 A>>B25BAB288 A @07@01>B0==K< 0;3>@8B<><. 

,03 5: �=0;87 8 70:;NG5=85 
- "F5=8B5 MDD5:B82=>ABL @07@01>B0==>9 A8AB5<K C?@02;5=8O 

M;5:B@>?@82>4>< =0 >A=>25 <8:@>:>=B@>;;5@0. 
  



�01>@0B>@=0O @01>B0 № 30. %>740=85 0;3>@8B<0 8 ?@>3@0<<K 4;O 
A8AB5<K «!03@520B5;L» =0 >A=>25  �. 

 

*5;L @01>BK:  
- %>740=85 0;3>@8B<0 8 ?@>3@0<<K 4;O 02B><0B878@>20==>9 A8AB5<K 

C?@02;5=8O =03@520B5;5< =0 1075 <8:@>:>=B@>;;5@0. 
 

!5>1E>48<K5 <0B5@80;K 8 >1>@C4>20=85: 
-  8:@>:>=B@>;;5@ (=0?@8<5@, Arduino UNO) 
- !03@520B5;L=K9 M;5<5=B (=03@C7:0) 
- &5@<>40BG8: 8;8 B5@<>?0@0 (4;O 87<5@5=8O B5<?5@0BC@K) 
- �8A?;59 4;O >B>1@065=8O 8=D>@<0F88 (=5>1O70B5;L=>) 
- �;>: ?8B0=8O 
- #@>2>40 4;O A>548=5=8O :><?>=5=B>2 
 

,038 2K?>;=5=8O: 
1. #>43>B>2:0 AE5<K ?>4:;NG5=8O: 
   - #>4:;NG8B5 ?8B0=85 : <8:@>:>=B@>;;5@C 8 =03@520B5;N. 
   - #>4:;NG8B5 B5@<>40BG8: : ?>@B0< 0=0;>3>2>3> 22>40 

<8:@>:>=B@>;;5@0. 
2. !0?8A0=85 0;3>@8B<0: 
   - "?@545;8B5 3@0=8FK B5<?5@0BC@, 2 :>B>@KE 4>;65= @01>B0BL 

=03@520B5;L. 
   - $07@01>B09B5 0;3>@8B< C?@02;5=8O, 2:;NG0NI89: 
     - �=8F80;870F8N <8:@>:>=B@>;;5@0 8 2A5E =5>1E>48<KE ?>@B>2. 
     - "?@545;5=85 B5:CI59 B5<?5@0BC@K A ?><>ILN B5@<>40BG8:0. 
     - %@02=5=85 B5:CI59 B5<?5@0BC@K A 7040==K<8 3@0=8F0<8. 
     - �:;NG5=85 8;8 2K:;NG5=85 =03@520B5;O 2 7028A8<>AB8 >B 

A@02=5=8O. 
     - "B>1@065=85 B5:CI59 B5<?5@0BC@K 8 A>AB>O=8O =03@520B5;O =0 

48A?;55 (5A;8 4>ABC?5=). 
3. !0?8A0=85 ?@>3@0<<K: 
   - "B:@>9B5 A@54C @07@01>B:8 Arduino IDE. 
   - %>7409B5 =>2K9 ?@>5:B 8 A:>?8@C9B5 0;3>@8B< 2 D09; ?@>5:B0. 
   - $50;87C9B5 0;3>@8B< A ?><>ILN O7K:0 Arduino (C++). 
   - %:><?8;8@C9B5 8 703@C78B5 ?@>3@0<<C =0 <8:@>:>=B@>;;5@. 
4. &5AB8@>20=85 A8AB5<K: 
   - #>4:;NG8B5 1;>: ?8B0=8O : =03@520B5;N 8 <8:@>:>=B@>;;5@C. 
   - �0?CAB8B5 ?@>3@0<<C =0 <8:@>:>=B@>;;5@5. 
   - #@>25@LB5, GB> =03@520B5;L 2:;NG05BAO 8 2K:;NG05BAO 2 

7028A8<>AB8 >B B5:CI59 B5<?5@0BC@K. 
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