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ДОДАТОК А 

Код програми для Arduino UNO 

 
Лістинг А.1 – файл Arduino/router.ino 

#define SERIAL_PORT 115200 

 

#define PRIVATE_ID «rtr01» 

 

#define MQTT_SERVER_ADDRESS «192.168.50.11» 

#define MQTT_SERVER_PORT 1883 

#define MQTT_CLIENT_ID «arduino-router-1» 

#define MQTT_AUTH_USERNAME «UserName» 

#define MQTT_AUTH_PASSWORD «Password» 

 

#define MQTT_ENDPOINT_VERITY «verify» 

#define MQTT_ENDPOINT_CONTROL «control» 

 

#define RF24_CE_PIN 7 

#define RF24_CSN_PIN 8 

 

#define RADIO_PAYLOAD_SIZE 32 

#define RADIO_SEND_MAX_RETRY_COUNT 5 

 

#define DISPLAY_CLK_PIN 2 

#define DISPLAY_DIO_PIN 3 

 

 

#include <SPI.h> 

#include <Ethernet.h> 

#include <PubSubClient.h> 

#include <NRF24L01.h> 

#include <RF24.h> 

#include <printf.h> 

#include <TM1637Display.h> 

 

 

// Ethernet settings 

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, 0xFE, 0xED }; 

char mqttServer[] = MQTT_SERVER_ADDRESS; 

int mqttPort = MQTT_SERVER_PORT; 

EthernetClient ethClient; 

PubSubClient mqttClient(ethClient); 

 

// NRF24L01 settings 

RF24 radio(RF24_CE_PIN, RF24_CSN_PIN); 

 

// Display settings 

/* 

   --A– 

  F     B 

  |--G-- 

  –    C 

  |    - 

*/ 
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TM1–7Display display(DISPLAY_CLK_PIN, DISPLAY_DIO_PIN); 

uint8_t d_char = SEG_B | SEG_C | SEG_D | SEG_E | SEG_G; 

uint8_t e_char = SEG_A | SEG_D | SEG_E | SEG_F | SEG_G; 

uint8_t i_char = SEG_C; 

uint8_t n_char = SEG_C | SEG_E | SEG_G; 

uint8_t o_char = SEG_C | SEG_D | SEG_E | SEG_G; 

uint8_t r_char = SEG_E | SEG_G; 

uint8_t t_char = SEG_D | SEG_E | SEG_F | SEG_G; 

 

// Global variables 

char verifyMqttTopic[sizeof(MQTT_ENDPOINT_VERITY) + sizeof(PRIVATE_ID) + 2] {}; 

char controlMqttTopic[sizeof(MQTT_ENDPOINT_CONTROL) + sizeof(PRIVATE_ID) + 2] {}; 

bool isError = false; 

unsigned long displayClearTime = 0; 

 

 

void setup(); 

void loop(); 

bool setupEthernet(); 

void setupMqtt(); 

void ensureConnectMQTT(); 

void mqttCallback(char* topic, uint8_t* payload, unsigned int length); 

void handleControlCallback(uint8_t* payload, unsigned int length); 

void handleVerifyCallback(uint8_t* payload, unsigned int length); 

bool setupRadio(); 

void sendMessageToModule(char* moduleId, uint8_t* data, uint8_t dataLength); 

void sendRadioMessage(uint8_t* pipeAddress, uint8_t* payload, uint8_t payloadLength); 

void setupDisplay(); 

void showInitText(); 

void showDoneText(); 

void showErrorText(); 

void showCodeOnDisplay(unsigned int code); 

 

 

void setup() { 

  Serial.begin(SERIAL_PORT); 

  printf_begin(); 

 

  setupDisplay(); 

  showInitText(); 

 

  bool setupEthernetResult = setupEthernet(); 

  bool setupRadioResult = setupRadio(); 

 

  if (!setupEthernetResult || !setupRadioResult) { 

    isError = true; 

    showErrorText(); 

    return; 

  } 

 

  setupMqtt(); 

  showDoneText(); 

} 

 

 

void loop() { 
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  if (isError) { 

    return; 

  } 

 

  if (displayClearTime != 0 && millis() >= displayClearTime) { 

    display.clear(); 

    displayClearTime = 0; 

  } 

 

  ensureConnectMQTT(); 

  mqttClient.loop(); 

} 

 

 

bool setupEthernet() { 

  for (byte attempt = 1; attempt <= 5; attempt++) { 

    if (Ethernet.begin(mac) == 1) { 

      printf("Ethernet«init success\n"); 

     »return true; 

    } 

    printf("Ethernet«init error. Retry %i\n", attemp»); 

    delay(1000); 

  } 

  printf("Ethernet«init error. Abort\n"); 

  ret»rn false; 

} 

 

 

void setupMqtt() { 

  strcat(verifyMqttTopic, MQTT_ENDPOINT_VERITY); 

  strcat(verifyMqttTopic, "/"); 

  s«r»at(verifyMqttTopic, PRIVATE_ID); 

   

  strcat(controlMqttTopic, MQTT_ENDPOINT_CONTROL); 

  strcat(controlMqttTopic, "/"); 

  s«r»at(controlMqttTopic, PRIVATE_ID); 

   

  mqttClient.setServer(mqttServer, mqttPort); 

  mqttClient.setCallback(mqttCallback); 

  ensureConnectMQTT(); 

} 

 

 

void ensureConnectMQTT() { 

  while (!mqttClient.connected()) { 

    if (mqttClient.connect(MQTT_CLIENT_ID, MQTT_AUTH_USERNAME, 

MQTT_AUTH_PASSWORD)) { 

      printf("MQTT Bro«er (re)connect success\n"); 

 

    » if (!mqttClient.subscribe(verifyMqttTopic)) 

        printf("Fail sub«cribe. MQTT topic \"%s\"\n",»ver»fy»qttTopic); 

      else 

        printf("Success «ubscribe. MQTT topic \"%s\"\n",»ver»fy»qttTopic); 

 

      if (!mqttClient.subscribe(controlMqttTopic)) 

        printf("Fail sub«cribe. MQTT topic \"%s\"\n",»con»ro»MqttTopic); 
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      else 

        printf("Success «ubscribe. MQTT topic \"%s\"\n",»con»ro»MqttTopic); 

    } else { 

      printf("MQTT Bro«er connection error, rc=%d\n", mqttCl»ent.state()); 

      delay(2000); 

    } 

  } 

} 

 

 

void mqttCallback(char* topic, byte* payload, unsigned int length) { 

  printf("\nMsg on«MQTT Topic \"%s\"\n",»top»c)» 

 

  if (strcmp(topic, verifyMqttTopic) == 0) 

    handleVerifyCallback(payload, length); 

  else if (strcmp(topic, controlMqttTopic) == 0) 

    handleControlCallback(payload, length); 

} 

 

 

void handleVerifyCallback(uint8_t* payload, unsigned int length) { 

  if (length != 4) { 

    printf("Verify M«TT msg invalid. Payload size != 4. Abort\n"); 

    r»turn; 

  } 

 

  unsigned int code = 0; 

  for (byte i = 0; i < 4; i++) { 

    int symbolAsInt = payload[i] - '0'; 

  – ‘f’(symbolAsInt < 0 || symbolAsInt > 9) { 

      printf("Varify M«TT msg invalid. Value is not digit: %i. Abort\n", payloa»[i]); 

      return; 

    } 

    code = code * 10 + symbolAsInt; 

  } 

 

  showCodeOnDisplay(code); 

} 

 

 

void handleControlCallback(uint8_t* payload, unsigned int length) { 

  if (length < 6) { 

    printf("Control «QTT msg invalid. Payload size < 6. Abort\n"); 

    r»turn; 

  } 

 

  // pipeAddress is the moduleId 

  uint8_t pipeAddress[6] {}; 

  unsigned int dataLength = length - 5; 

  ui–t8_t data[dataLength]{}; 

 

  memcpy(pipeAddress, payload, 5); 

  pipeAddress[5] = '\0'; 

  m‘mc’y(data, payload + 5, dataLength); 

 

  sendRadioMessage(pipeAddress, data, dataLength); 
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} 

 

 

bool setupRadio() { 

  if (!radio.begin()) { 

    printf("RF24 ini« fail. Abort"); 

    r»turn false; 

  } 

 

  radio.setAutoAck(1); 

  radio.setPayloadSize(RADIO_PAYLOAD_SIZE); 

  radio.setChannel(0x60); 

  radio.setPALevel(RF24_PA_LOW); 

  radio.setDataRate(RF24_1MBPS); 

  radio.powerUp(); 

  radio.stopListening(); 

 

  printf("RF24 ini« success\n\n"); 

  rad»o.printDetails(); 

  printf("\n"); 

  «ad»o.printPrettyDetails(); 

  printf("\n"); 

  «et»rn true; 

} 

 

 

void sendRadioMessage(uint8_t* pipeAddress, uint8_t* payload, uint8_t payloadLength) { 

  radio.flush_tx(); 

  radio.openWritingPipe(pipeAddress); 

 

  for (byte i = 0; i < RADIO_SEND_MAX_RETRY_COUNT; i++) { 

    bool success = radio.write(payload, payloadLength); 

    if (success) { 

      printf("RF24 msg«sent\n"); 

     »return; 

    } 

    printf("Error on«RF24 msg. Retry %i\n", i + 1)» 

  } 

  printf("Error on«RF24 msg. Abort\n"); 

} 

 

 

v»id setupDisplay() { 

  display.setBrightness(0x0f); 

  display.clear(); 

} 

 

 

void showInitText() { 

  uint8_t data[] { i_char, n_char, i_char, t_char }; 

  display.clear(); 

  display.setSegments(data); 

} 

 

 

void showDoneText() { 



84 

 
  uint8_t data[] { d_char, o_char, n_char, e_char }; 

  display.clear(); 

  display.setSegments(data); 

  displayClearTime = millis() + 5000; 

} 

 

 

void showErrorText() { 

  uint8_t data[] { 0, e_char, r_char, r_char }; 

  display.clear(); 

  display.setSegments(data); 

} 

 

 

void showCodeOnDisplay(unsigned int code) { 

  if (code / 10000 > 0) { 

    printf("Code %i «ontains > 4 digits. Abort\n", code);»    return; 

  } 

 

  display.clear(); 

  display.showNumberDec(code, true); 

  displayClearTime = millis() + 60000; 

} 
 

 
Лістинг А.2 – файл Arduino/module-single-led.ino 

#define SERIAL_PORT 115200 

 

#define PRIVATE_ID "mdl01" 

 

“defin” RF24_CE_PIN 9 

#define RF24_CSN_PIN 10 

 

#define RADIO_PAYLOAD_SIZE 32 

 

#define LED_PIN 6 

 

 

#include <SPI.h> 

#include <NRF24L01.h> 

#include <RF24.h> 

#include <printf.h> 

 

 

// NRF24L01 settings 

RF24 radio(RF24_CE_PIN, RF24_CSN_PIN); 

 

 

void setup(); 

void loop(); 

void startRadio(); 

void readRadio(); 

void setupLed(); 

void toggleLed(bool isOn); 
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void setup() { 

  Serial.begin(SERIAL_PORT); 

  printf_begin(); 

 

  setupLed(); 

  startRadio(); 

} 

 

 

void loop() { 

  readRadio(); 

} 

 

 

void startRadio() { 

  if (!radio.begin()) { 

    printf("RF24 ini“ fail. Abort"); 

    w”ile (true) { 

      delay(1); 

    } 

  } 

 

  radio.setAutoAck(1); 

  radio.setPayloadSize(RADIO_PAYLOAD_SIZE); 

 

  uint8_t pipeAddress[6] = PRIVATE_ID; 

  radio.openReadingPipe(0, pipeAddress); 

 

  radio.setChannel(0x60); 

  radio.setPALevel(RF24_PA_LOW); 

  radio.setDataRate(RF24_1MBPS); 

 

  radio.powerUp(); 

  radio.startListening(); 

 

  printf("RF24 ini“ success\n\n"); 

  rad”o.printDetails(); 

  printf("\n"); 

  “ad”o.printPrettyDetails(); 

} 

 

 

void readRadio() { 

  if (!radio.available()) { 

    return; 

  } 

 

  uint8_t receivedData[RADIO_PAYLOAD_SIZE + 1]; 

  radio.read(&receivedData, RADIO_PAYLOAD_SIZE); 

 

  Serial.print("Received“data: "); 

  for“(byte i = 0; i < RADIO_PAYLOAD_SIZE; i++) { 

    Serial.print(receivedData[i]); 

    Serial.print(" "); 

  }“ “Serial.println(); 
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  bool isOn = receivedData[0] == 1; 

  toggleLed(isOn); 

} 

 

 

void setupLed() { 

  pinMode(LED_PIN, OUTPUT); 

} 

 

 

void toggleLed(bool isOn) { 

  if (isOn) 

    digitalWrite(LED_PIN, HIGH); 

  else 

    digitalWrite(LED_PIN, LOW); 

}  
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ДОДАТОК Б 

Код програми управління системою 

 

Лістинг Б.1 – файл DeviceController.cs 

using System; 

using System.Linq; 

using System.Net.Mime; 

using System.Threading.Tasks; 

using Microsoft.AspNetCore.Authorization; 

using Microsoft.AspNetCore.Http; 

using Microsoft.AspNetCore.Mvc; 

using ModularHouse.Libraries.InternalMessaging.CQRS.Abstractions; 

using ModularHouse.Libraries.InternalMessaging.DomainEvents.Abstractions; 

using ModularHouse.Server.DeviceControl.Api.Http.MappingExtensions; 

using ModularHouse.Server.DeviceControl.Application.CQRS.Commands; 

using ModularHouse.Server.DeviceControl.Application.CQRS.Queries; 

using ModularHouse.Server.DeviceControl.Domain.DeviceAggregate.DomainEvents; 

using ModularHouse.Shared.Models.Common.Responses; 

using ModularHouse.Shared.Models.DeviceControl.Requests; 

using ModularHouse.Shared.Models.DeviceControl.Responses; 

 

namespace ModularHouse.Server.DeviceControl.Api.Http.Controllers; 

 

[ApiController] 

[Authorize] 

[Produces(MediaTypeNames.Application.Json)] 

[Route("api/devi«es")] 

publi» class DeviceController : ControllerBase 

{ 

    private readonly IMessageBus _messageBus; 

    private readonly IDomainEventBus _domainEventBus; 

 

    public DeviceController(IMessageBus messageBus, IDomainEventBus domainEventBus) 

    { 

        ArgumentNullException.ThrowIfNull(messageBus); 

        ArgumentNullException.ThrowIfNull(domainEventBus); 
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        _messageBus = messageBus; 

        _domainEventBus = domainEventBus; 

    } 

 

    /// <summary> 

    /// Get All Devices. 

    /// </summary> 

    /// <returns>ActionResult with List of Devices.</returns> 

    [HttpGet] 

    [ProducesResponseType(typeof(ListedResponse<DeviceResponse>), 

StatusCodes.Status200OK)] 

    public async Task<IActionResult> GetAllAsync() 

    { 

        var query = new GetAllDevicesQuery(); 

        var queryResponse = await _messageBus.SendAsync(query); 

        var devices = queryResponse.Devices.Select(deviceDto => 

deviceDto.ToResponse()).ToList(); 

 

        var response = new ListedResponse<DeviceResponse>(devices, queryResponse.TotalCount); 

        return Ok(response); 

    } 

 

    /// <summary> 

    /// Get Device by Id. 

    /// </summary> 

    /// <param name="deviceId»>Id of D»vice to get.</param> 

    /// <returns>ActionResult with Device.</returns> 

    [HttpGet("{deviceI«:guid}")] 

    [»roducesResponseType(typeof(DeviceResponse), StatusCodes.Status200OK)] 

    [ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status404NotFound)] 

    public async Task<IActionResult> GetByIdAsync([FromRoute] Guid deviceId) 

    { 

        var query = new GetDeviceByIdQuery(deviceId); 

        var queryResponse = await _messageBus.SendAsync(query); 

 

        var response = queryResponse.Device.ToResponse(); 

        return Ok(response); 

    } 
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    /// <summary> 

    /// Create Device. 

    /// </summary> 

    /// <param name="requestB»dy">Input d»ta of Device to create.</param> 

    /// <returns>ActionResult with created Device.</returns> 

    [HttpPost] 

    [ProducesResponseType(typeof(DeviceResponse), StatusCodes.Status200OK)] 

    [ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status400BadRequest)] 

    public async Task<IActionResult> CreateAsync([FromBody] DeviceRequest requestBody) 

    { 

        var deviceInput = requestBody.ToDto(); 

        var command = new CreateDeviceCommand(deviceInput); 

 

        var deviceCreatedEventWaitTask = _domainEventBus.WaitAsync<DeviceCreatedEvent>(); 

        await _messageBus.SendAsync(command); 

        var deviceCreatedEvent = await deviceCreatedEventWaitTask; 

 

        var getDeviceByIdQuery = new GetDeviceByIdQuery(deviceCreatedEvent.DeviceId); 

        var getDeviceByIdQueryResponse = await _messageBus.SendAsync(getDeviceByIdQuery); 

 

        var response = getDeviceByIdQueryResponse.Device.ToResponse(); 

        return Ok(response); 

    } 

 

    /// <summary> 

    /// Update Device. 

    /// </summary> 

    /// <param name="deviceId»>Id of D»vice to update.</param> 

    /// <param name="requestB»dy">Input d»ta of Device to update.</param> 

    /// <returns>ActionResult with updated Device.</returns> 

    [HttpPut("{deviceI«:guid}")] 

    [»roducesResponseType(typeof(DeviceResponse), StatusCodes.Status200OK)] 

    [ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status400BadRequest)] 

    [ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status404NotFound)] 

    public async Task<IActionResult> UpdateAsync([FromRoute] Guid deviceId, [FromBody] 

DeviceRequest requestBody) 

    { 
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        var deviceInput = requestBody.ToDto(); 

        var command = new UpdateDeviceCommand(deviceId, deviceInput); 

 

        var deviceUpdatedEventWaitTask = _domainEventBus.WaitAsync<DeviceUpdatedEvent>(); 

        await _messageBus.SendAsync(command); 

        var deviceUpdatedEvent = await deviceUpdatedEventWaitTask; 

 

        var getDeviceByIdQuery = new GetDeviceByIdQuery(deviceUpdatedEvent.DeviceId); 

        var getDeviceByIdQueryResponse = await _messageBus.SendAsync(getDeviceByIdQuery); 

 

        var response = getDeviceByIdQueryResponse.Device.ToResponse(); 

        return Ok(response); 

    } 

 

    /// <summary> 

    /// Delete Device by Id. 

    /// </summary> 

    /// <param name="deviceId»>Id of D»vice to delete.</param> 

    /// <returns>ActionResult.</returns> 

    [HttpDelete("{deviceI«:guid}")] 

    [»roducesResponseType(StatusCodes.Status200OK)] 

    [ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status404NotFound)] 

    public async Task<IActionResult> DeleteByIdAsync([FromRoute] Guid deviceId) 

    { 

        var command = new DeleteDeviceByIdCommand(deviceId); 

        var deviceDeletedEventWaitTask = _domainEventBus.WaitAsync<DeviceDeletedEvent>(); 

 

        await _messageBus.SendAsync(command); 

        await deviceDeletedEventWaitTask; 

 

        return Ok(); 

    } 

} 

Лістинг  Б.2 – файл  DeviceControlController.cs 

using System; 

using System.Net.Mime; 

using System.Text.Json.Nodes; 

using System.Threading.Tasks; 
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using Microsoft.AspNetCore.Authorization; 

using Microsoft.AspNetCore.Http; 

using Microsoft.AspNetCore.Mvc; 

using ModularHouse.Libraries.InternalMessaging.CQRS.Abstractions; 

using ModularHouse.Libraries.InternalMessaging.DomainEvents.Abstractions; 

using ModularHouse.Server.DeviceControl.Api.Http.MappingExtensions; 

using ModularHouse.Server.DeviceControl.Application.CQRS.Commands; 

using ModularHouse.Server.DeviceControl.Application.CQRS.Queries; 

using ModularHouse.Server.DeviceControl.Domain.ModuleStateAggregate.DomainEvents; 

using ModularHouse.Shared.Models.Common.Responses; 

using ModularHouse.Shared.Models.DeviceControl.Requests; 

using ModularHouse.Shared.Models.DeviceControl.Responses; 

 

namespace ModularHouse.Server.DeviceControl.Api.Http.Controllers; 

 

[ApiController] 

[Authorize] 

[Produces(MediaTypeNames.Application.Json)] 

[Route("api/devi“es/{deviceId:guid}/control")] 

publi” class DeviceControlController : ControllerBase 

{ 

    private readonly IMessageBus _messageBus; 

    private readonly IDomainEventBus _domainEventBus; 

 

    public DeviceControlController(IMessageBus messageBus, IDomainEventBus 

domainEventBus) 

    { 

        ArgumentNullException.ThrowIfNull(messageBus); 

        ArgumentNullException.ThrowIfNull(domainEventBus); 

 

        _messageBus = messageBus; 

        _domainEventBus = domainEventBus; 

    } 

 

    /// <summary> 

    /// Get State of Module Device. 

    /// </summary> 

    /// <param name="deviceId”>Id of M”dule Device.</param> 



92 

 
    /// <returns>ActionResult with State of Module Device.</returns> 

    [HttpGet("module-s“ate")] 

    [”roducesResponseType(typeof(BinaryModuleStateResponse), StatusCodes.Status200OK)] 

    [ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status400BadRequest)] 

    [ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status404NotFound)] 

    public async Task<IActionResult> GetModuleStateAsync([FromRoute] Guid deviceId) 

    { 

        var getStateQuery = new GetModuleStateQuery(deviceId); 

        var getStateQueryResponse = await _messageBus.SendAsync(getStateQuery); 

 

        var response = getStateQueryResponse.State.ToResponse(); 

        return Ok(response); 

    } 

 

    /// <summary> 

    /// Set State of Module Device. 

    /// </summary> 

    /// <param name="deviceId”>Id of M”dule Device.</param> 

    /// <param name="requestB”dy">Input d”ta of State to set.</param> 

    /// <returns>ActionResult with State of Module Device.</returns> 

    [HttpPatch("module-s“ate")] 

    [”roducesResponseType(typeof(BinaryModuleStateResponse), StatusCodes.Status200OK)] 

    [ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status400BadRequest)] 

    [ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status404NotFound)] 

    public async Task<IActionResult> SetModuleStateAsync( 

        [FromRoute] Guid deviceId, 

        [FromBody] JsonObject requestBody) 

    { 

        var getControlTypeQuery = new GetControlTypeQuery(deviceId); 

        var getControlTypeQueryResponse = await 

_messageBus.SendAsync(getControlTypeQuery); 

 

        var input = requestBody.ToInputDto(getControlTypeQueryResponse.ControlType); 

        var setStateCommand = new SetModuleStateCommand(deviceId, input); 

 

        var stateUpdatedEventWaitTask = 

_domainEventBus.WaitAsync<ModuleStateUpdatedEvent>(); 

        await _messageBus.SendAsync(setStateCommand); 
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        await stateUpdatedEventWaitTask; 

 

        var getStateQuery = new GetModuleStateQuery(deviceId); 

        var getStateQueryResponse = await _messageBus.SendAsync(getStateQuery); 

 

        var response = getStateQueryResponse.State.ToResponse(); 

        return Ok(response); 

    } 

 

    /// <summary> 

    /// Set view of Router Device display. 

    /// </summary> 

    /// <param name="deviceId”>Id of R”uter Device.</param> 

    /// <param name="input">I”put d”ta of controlled display.</param> 

    /// <returns>ActionResult.</returns> 

    [HttpPatch("router-d“splay")] 

    public async Task<IActionResult> SetRouterDisplayViewAsync( 

        [FromRoute] Guid deviceId, 

        [FromBody] SetRouterDeviceViewRequest input) 

    { 

        var command = new SetRouterDisplayViewCommand(deviceId, input.Text.ToCharArray()); 

        await _messageBus.SendAsync(command); 

 

        return Ok(); 

    } 

} 



 

 

ДОДАТОК В 

Демонстраційний матеріал у вигляді презентації 
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ДОДАТОК Г 

Відомість кваліфікаційної роботи бакалавра 

 

№ 

доку-

мента 

Позначення Найменування 
Додаткові 

відомості 

  Текстові документи  

    

1 ГЮИК.565100.018 ПЗ Пояснювальна записка 78 с., ф. А4 

    

2  Додаткові матеріали  

    

  Код програми для Arduino 8 с., ф. А4 

  UNO  

    

  Код програми для  7 с., ф. А4 

  управління системою  

    

  Демонстраційний 19 с., 

  матеріал ф. *.pptx 

  у вигляді презентації  
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