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FEATURES OF IoT APPLICATION IN THE SECURITY SECTOR

R.V. Marunich, S. V. Sotnik

Kharkiv National University of Radio Electronics

Ukraine, 61166, Kharkiv, Nauky av., 14

E-mail: rostyslav.marunich{@nure.ua, svetlana.sotnik(@nure.ua

Abstract: The theses are devoted to the peculiarities of the Internet of Things (IoT) application in
the security sector. The main advantages of using loT technologies, such as automating access
control processes, improving monitoring, rapid response to threats, and integration with other security
systems, are considered. The key areas of loT application are described, including automated access
control, smart video surveillance, use of sensors for threat detection, data protection, and integration
with emergency response systems. Challenges related to cybersecurity, privacy protection, and
reliability of ToT devices are also highlighted. The future of IoT in the security sector is associated
with the introduction of artificial intelligence. quantum cryptography, and integration with 5G
networks. ToT is presented as a key tool for improving the efficiency. security and automation of
modern security systems.

Keywords: 1oT, security, automated access control, smart video surveillance, cybersecurity.
sensors, artificial ntelligence.

OCOB/IMBOCTI 3ACTOCYBAHHA IoT V C@EPI BE3ITEKH

P. B. Mapysiy, C. B. Cotauk

XapKIBCEKII HAINIOHATBHINT VHIBEPCHTET pa/lloeIeKTPOHIKI

Vkpaina, 61166, Xapkig, ip. Hayxkn 14

E-mail: rostyslav.marunich@nure.ua. svetlana.sotnik{@nure.ua

Anomayia: PoboTa mpriceAueHa ocoGIMBOCTAM 3acTocyBaHHA [HTepHeTy peueil (IoT) v cdepi
Oesmekn. Po3rmamaroThes OCHOBHI Meperari BUKopucTtaHHa loT-TexHomorii, Taki SK aBTOMATH3aMiA
TPOIECIB KOHTPOTIO JOCTYIY, MOKPAIEHHA MOHITOPHHTY, IBHAKE PEaryBaHHA Ha 3arpo3n Ta
IHTeTpaliga 3 IHOMMI cHcTeMaMH Oesmekin. OmmcaHo KTIOWOBI HampsMi 3acTocyBanHA [oT,
BKITIOUAOYH ABTOMATII30BAHINT KOHTPOTh JOCTYIY, PO3YMHE BIICOCHOCTEPEKEHHS, BIHKOPIICTAHHA
CEHCOPIB I BISIBICHHS 3aTpo3, 3aXICT JaHNX Ta IHTeTPAIlo 3 CHCTeMaMH eKCTPeHOTO pearyBaHHs.
Tako:x BHCBITTICHO BHKTHKI, ITOR'A3aHI 3 K10epOE3ICK0I0, 3aXIICTOM IIPIBATHOCTI Ta HamdifiHicTro [oT-
nprctpoie. MaitbytHe IoT v cepl Gesmekn mos's3aHe 3 BOPOBAUKEHHAM MITYIHOTO IHTETEKTY,
KBaHTOBOI Kpumrorpadii Ta iHTerpamiero 3 Mepekamn 5G. lol mpencraneHo fK KIHOTOBIIL
IHCTPYMEHT JUTA MIABUINEHH eQeKTIBHOCTI, Ge3MeKI Ta ABTOMATIT3AINT CYUACHIIX CHCTEM 3aXICTY.

Knwuosi  cnoea: IoT. Oezmexka, aBTOMATHZ0BaHIII  KOHTPONb  TOCTYIY,  PO3YMHE
BIIEOCTIOCTEpEKeHH, KibepOe3neka, CeHCOPH, MITYYHIIT IHTEIEKT.

RELEVANCE OF THE WORK. The Internet of Things (IoT) and automation are among the most
important technological trends of our time, which actively influence various spheres of life and
business [1-8]. Their relevance 1s driven by reducing production costs, optimizing resource use, and
increasing productivity. ToT enables remote monitoring and control of devices, which reduces
maintenance and energy costs. In addition, these technologies significantly improve the quality of
life, making it more convenient, safer, and more comfortable thanks to smart devices such as smart
home or wearables. IoT is one of the most important technologies of our time, which has a significant
tmpact on various areas of life, including security. IoT allows you to connect various devices to the
network, which makes it possible to automate processes, collect real-time data, and respond quickly
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to threats [9, 10]. In the security sector. [oT plays a key role in providing physical and cyber security,
umproving monitoring and automating response systems.

The relevance of researching the issue of the specifics of [oT application in the security sector 1s that
the growing number of connected devices and their integration into critical systems require an in-
depth analysis of risks, protection methods and strategies for the effective use of these technologies.
In particular, it is important to investigate how IoT can improve security, as well as the challenges
posed by cyber threats and network vulnerabilities. This makes the study particularly relevant in the
context of modern requirements for data protection, confidentiality, and system stability.

MATERIALS AND RESEARCH RESULTS. In today's world, where threats in both the physical
and cyber environments are becoming increasingly complex and diverse, IoT opens up new
opportunities for improving security. Thanks to its ability to integrate various devices, collect real-
time data, and automate processes, [oT is becoming a powerful tool for preventing and responding to
threats. Let's take a look at the main security benefits of ToT that make this technology indispensable
for ensuring protection at various levels.

So, let's identify the main advantages of [oT 1n the security sector:

1. Automation of access control processes Because one of the main advantages of IoT is the
ability to automate access control to facilities. Thanks to smart locks, face recognition systems, and
biometric sensors, you can ensure reliable user identification. For example, enterprises use RFID
cards that are synchronmized with centralized control systems. This allows you to restrict access to
certain areas only to authorized persons, which significantly increases the level of security.

2. Improved monitoring, as loT allows for the implementation of smart video surveillance systems
that not only record events but also analyze them using artificial intelligence. Such systems are able
to recognize dangerous situations, such as a suspicious object left behind or a crowd in a restricted
area. This allows them to respond quickly to potential threats and prevent their development.

3. Rapid response to threats loT devices such as motion, gas, or temperature sensors can quickly
detect dangerous situations, such as a fire, gas leak, or unauthorized access. These devices can
automatically send signals to emergency response systems, minimizing response times and
preventing serious consequences.

4. Integration with other security systems as [oT allows you to integrate various security systems,
such as video surveillance, access control, fire alarms, and emergency response systems, into a single
network. This provides an integrated approach to security and allows vou to effectively manage all
processes from a single control center.

Let's look at the key areas of IoT application mn the security sector to understand how this
technology is transforming security approaches at different levels:

1. Automated access control because IoT allows you to create intelligent access control systems
that use biometric data, RFID cards, or QR codes to identify users. Such systems provide a high level
of security and allow you to restrict access to certain areas only to authorized persons.

2. Smart video surveillance because IoT-connected cameras can not only record events but also
analyze them using artificial intelligence. For example. they can recognize faces, detect suspicious
objects, or analyze human behavior. This allows you to respond quickly to potential threats.

3. Use sensors to detect threats because IoT sensors [11], such as motion, temperature, gas. or
smoke sensors, can quickly detect dangerous situations. For example. in the event of a fire, the
sensors can automatically activate the fire alarm system and send a signal to the emergency services.

4. Data protection and cybersecurity Since [oT devices are connected to the network, they are
often targeted by cybercriminals [12]. To protect data, encryption methods, multi-factor
authentication, and analysis of abnormal network traffic behavior are used. This ensures a high level
of cybersecurity.
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5. Integration with emergency response systems Because [oT allows security systems to integrate
with emergency response services. For example, in the event of a fire or burglary, the system can
automatically send a signal to the police. fire department, or paramedics, allowing for a quick
response to incidents.

Despite the significant advantages and broad capabilities of ToT in the security sector, this
technology also faces a number of challenges that may affect its effectiveness and reliability, which
we will discuss below.

One of the most serious challenges related to the use of loT in the security sector is cybersecurity.
Since loT devices are constantly connected to the network, they become potential targets for
cyberattacks. Hackers can exploit vulnerabilities in device software to gain unauthorized access to
security systems, which can lead to serious consequences. such as leakage of confidential data or
even physical hacking of facilities. To protect [oT devices, it is necessary to implement modern data
encryption methods, regularly update software to eliminate vulnerabilities, and continuously monitor
network traffic to detect suspicious activity. In addition. it is important to provide multi-factor
authentication to increase the level of protection.

Another mmportant challenge 1s privacy protection. loT devices collect a huge amount of data,
including video, audio, location, and other sensitive information. This data can be used to violate
users' privacy 1if it falls into the hands of intruders. To prevent such situations, it is necessary to
implement strict data protection mechanisms, including encryption of information at all stages of its
transmission and storage. It 1s also important to ensure transparency in the collection and use of data
so that users can control what information is collected and how it 1s used.

Reliability of ToT devices is another key aspect that requires attention. For security reasons,
devices need to operate smoothly, especially in critical situations such as fire, hacking, or other
emergencies. Any failure of the devices can lead to serious consequences, including loss of property
or even life. Therefore, it is necessary to ensure high quality equipment, regular maintenance, and the
availability of backup power in case of a power outage. In addition, it 1s important to develop systems
that can quickly recover from failures.

Hardware compatibility is another challenge faced by developers and users of ToT systems. Since
IoT devices are manufactured by different companies, they often have different standards and
communication protocols, making it difficult to integrate them into a single system. For ToT systems
to function efficiently, it is necessary to ensure high compatibility between ditferent components.
This can be achieved by developing unified standards and protocols that allow devices from different
manufacturers to work together seamlessly.

The future of ToT in the security sector 1s associated with innovative technologies that will further
improve the efficiency and reliability of security systems. One of the key areas of development is the
introduction of artificial intelligence (AI). Al will allow analyzing huge amounts of data collected by
ToT devices and detecting anomalies in real time. For example, Al can recognize suspicious human
behavior, predict potential threats, and automatically make decisions to eliminate them. This will
significantly mcrease security and prevent incidents before they occur.

Another promising area is quantum cryptography. In the future, quantum technologies may
become the main tool for data protection in IoT systems. Quantum cryptography provides a high
level of protection because it is based on the principles of quantum mechanics, which makes it
virtually indestructible to modern hacking methods. This is especially important for protecting critical
data, such as mformation on access to strategic facilities or personal data of users.

Integration with 5G networks 1s another step mn the development of IoT in the security sector. 5G
networks provide faster data exchange, low latency, and lngh bandwidth, allowing IoT devices to
operate more efficiently. This is especially important for systems that require instant response, such
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as emergency alert systems or automated access control. Thanks to 5SG, ToT devices will be able to
exchange data in real time, which will significantly increase their efficiency.

Last but not least, digital twins are an important area. Digital twins are virtual copies of physical
objects that allow you to model various scenarios and analyze their impact on the security system.
For example, with the help of digital twins, you can simulate various emergencies, such as a fire or a
break-in, and study how the security system responds to them. This allows you to improve security
systems and prepare for different scenarios.

CONCLUSIONS. The study analyzed the current capabilities of IoT technology in ensuring
security. The maimn work was aimed at studying the potential of the Internet of Things as an
innovative tool for protecting various objects and information systems. The study found that [oT has
significant security benefits. In particular, the technology allows automating access control,
significantly improving monitoring systems, providing an extremely fast response to potential threats,
and integrating various security systems into a single complex. The key areas of ToT application were
identified, including intelligent access control, smart video surveillance, the use of sensors to detect
threats, cybersecurity and data protection, and integration with emergency response systems.
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#include <WiFi.h>

#include <WiFiClientSecure.h>
#include <UniversalTelegramBot.h>
#include <ESP32Servo.h>

#include "time.h"

#include <HTTPClient.h>

#include <ArduinoJson.h>

const char* ssid = "Wokwi-GUEST";

const char* password ;

#define BOTtoken ""
#define CHAT ID ""

WiFiClientSecure client;

Universal TelegramBot bot(BOTtoken, client);

const char* ntpServer = "pool.ntp.org";
const long gmtOffset sec =3 * 3600;
const int daylightOffset sec = 0;

#define NFC_BUTTON_PIN 21
#define FINGER_ BUTTON_PIN 22
#define PIR_SENSOR_PIN 26
#define POT PIN 32

#define LED GRANTED PIN 27
#define LED DENIED PIN 33
#define LED MOTION_PIN 25
#define SERVO_PIN 4

Servo doorServo;
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int lastBatteryLevel = -1;

bool motionDetected = false;

void connectWiFi() {
WiFi.begin(ssid, password);
while (WiFi.status() = WL CONNECTED) delay(500);
client.setInsecure();

configTime(gmtOffset sec, daylightOffset sec, ntpServer);

String getCurrentTime() {
struct tm timeinfo;
if (getLocal Time(&timeinfo)) return "Time Error";
char buftfer[30];
strftime(buffer, 30, "%Y-%m-%d %H:%M:%S", &timeinfo);
return String(buffer);

void sendTelegramLog(String status) {
String message = status + "\nYac: " + getCurrentTime();

bot.sendMessage(CHAT ID, message, "");
}

void openDoor() {

doorServo.write(90);

b

nmn,

const char* apiToken ="";

void checkAlerts() {
HTTPClient http;
http.begin("https://api.alerts.in.ua/v1/alerts/active.json");
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http.addHeader(" Authorization", String("Bearer ") + apiToken);

int httpCode = http.GET();

if (httpCode > 0) {
String payload = http.getString();
DynamicJsonDocument doc(16384);
deserializeJson(doc, payload);

JsonArray alerts = doc["alerts"].as<JsonArray>();

if (alerts.size() == 0) {
sendTelegramLog(" |v¥] TpuBor Hapa3si Hemae");
} else {
String combinedMessage =" /\ Bussieno tpusoru:\n";
for (JsonObject alert : alerts) {
String oblast = alert["location_oblast"].as<String>();
String title = alert["location_title"].as<String>();
String type = alert["alert type"].as<String>();
combinedMessage += oblast + " - " + title + " (" + type + ")\n";

}

sendTelegramLog(combinedMessage);
§
} else {
sendTelegramLog("Tlomunka gqoctymy no API: " + String(httpCode));

}
b

void setup() {
pinMode(NFC_BUTTON_PIN, INPUT PULLUP);
pinMode(FINGER BUTTON_PIN, INPUT PULLUP);
pinMode(PIR_SENSOR_PIN, INPUT);
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pinMode(LED GRANTED PIN, OUTPUT);

pinMode(LED DENIED PIN, OUTPUT);
pinMode(LED MOTION_PIN, OUTPUT);
doorServo.attach(SERVO_PIN);

doorServo.write(0);

connectWiFi();
sendTelegramLog("Cuctema 3amyiena");

checkAlerts();
b

bool potTriggered = false;

void loop() {
bool currentMotionState = digitalRead(PIR_SENSOR_PIN) == HIGH;

if (currentMotionState && !motionDetected) {
motionDetected = true;
digitalWrite(LED_MOTION_PIN, HIGH);
sendTelegramLog(" & Bussneno pyx!");
delay(1000);
digitalWrite(LED MOTION_PIN, LOW);

if (!currentMotionState && motionDetected) {

motionDetected = false;

}

if (digitalRead(NFC_BUTTON_PIN) == LOW) {
sendTelegramLog("OuikyBaHHs BigOUTKA...");

unsigned long start = millis();



bool granted = false;

while (millis() - start < 15000) {
if (digitalRead(FINGER _BUTTON_PIN) == LOW) {
digitalWrite(LED_GRANTED_PIN, HIGH);
sendTelegramLog("|v] docTtyn HagaHo");
openDoor();
digitalWrite(LED GRANTED PIN, LOW);

granted = true;

break;

b
delay(50);

}

if (granted) {
digitalWrite(LED DENIED_PIN, HIGH);
sendTelegramLog(" X JlocTyn Bimxuneno");

delay(2000);
digitalWrite(LED_DENIED PIN, LOW);

// OTHOPA30BBINA TPUTTEP MJISI TOTCHIIMOMETPA
int potValue = analogRead(POT PIN);
if (potValue > 3000 && !potTriggered) {
potTriggered = true;
sendTelegramLog(" A\ TToreHIioMeTp B MaKCHMaIbHOMY MOJIOKeHHi!");
b
if (potValue <= 3000 & & potTriggered) {
potTriggered = false;
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delay(100);
b
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Jlonatoxk B

Jlictunr nporpamu y wokwi (arduino uno)
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#include <Servo.h>

#include <LiquidCrystal.h>

#define NFC_BUTTON_PIN 2
#define FINGER BUTTON_PIN 3
#define PIR_SENSOR _PIN 4
#define POT_PIN A0

#define LED ACCESS_GRANTED 5
#define LED ACCESS_DENIED 6
#define ALARM_LED PIN 7

#define SERVO_PIN 9

LiquidCrystal lcd(8, 10, 11, 12, 13, Al);

Servo doorServo;

"nn

String authorizedUsers[] = {"admin", "guest", "manager"};

String currentUser = "";

bool isAuthorized(String user) {
for (int 1 = 0; 1 < sizeof(authorizedUsers) / sizeof(authorizedUsers[0]); i++) {
if (authorizedUsers[1] == user) {

return true;

b
}

return false;

}

void setup() {



Serial.begin(9600);

Serial.println("Bezits iM's kopucTyBaya:");

pinMode(NFC_BUTTON _PIN, INPUT PULLUP);
pinMode(FINGER BUTTON_PIN, INPUT PULLUP);
pinMode(PIR_SENSOR_PIN, INPUT);

pinMode(LED ACCESS_GRANTED, OUTPUT);
pinMode(LED ACCESS DENIED, OUTPUT);
pinMode(ALARM_LED PIN, OUTPUT);

doorServo.attach(SERVO_PIN);
doorServo.write(0);
lcd.begin(16, 2);
led.print("System is ready");
delay(2000);

led.clear();

void loop() {
int batteryLevel = analogRead(POT PIN) / 10;
led.setCursor(0, 0);
led.print("Power: ");
lcd.print(batteryLevel);
led.print("% ");

if (Serial.available()) {
currentUser = Serial.readStringUntil("\n');

currentUser.trim();

if (isAuthorized(currentUser)) {
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Serial.println("Kopuctysau 3naiigen: " + currentUser);

Serial.printin("Tenep natucuHiTe NFC-KHOMNKY 1715 MiATBEPKEHHS...");
} else {

Serial.println(" )X JlocTyn Bimxuneno");

led.setCursor(0, 1);

led.print("Access Denied ");

digitalWrite(LED ACCESS DENIED, HIGH);

delay(2000);

digital Write(LED ACCESS DENIED, LOW);

lcd.clear();

Serial.printin("Bsenits im's kopuctyBaya:");

nn,

currentUser ="";

if (currentUser !="" && digitalRead(NFC_BUTTON_PIN) == LOW) {
Serial.println("OuikyBanns Bigoutka...");
led.setCursor(0, 1);
led.print("Waiting Finger...");
unsigned long startTime = millis();

bool granted = false;

while (millis() - startTime < 5000) {
if (digitalRead(FINGER BUTTON_PIN) == LOW) {
granted = true;
break;

b
delay(50);

}

if (granted) {



Serial.printin(" v Hoctyn Haganuii kopuctyBauy: " + currentUser);

led.setCursor(0, 1);
led.print("Access granted ");
digitalWrite(LED ACCESS GRANTED, HIGH);
doorServo.write(90);
delay(3000);
digital Write(LED ACCESS_GRANTED, LOW);
doorServo.write(0);

} else {
Serial.printin(" X JlocTym BimxuieHo (He Ha/laH BiIOUTOK)");
led.setCursor(0, 1);
led.print("Access Denied ");
digitalWrite(LED ACCESS_DENIED, HIGH);
delay(2000);
digitalWrite(LED ACCESS_DENIED, LOW);

led.clear();
currentUser ="";

Serial.println("BBenits iM's kopuctyBaya:");

if (digitalRead(PIR_SENSOR _PIN) == HIGH) {
led.setCursor(0, 1);
led.print("ALARM! Movement ");
Serial.println("TpuBora! Bussen pyx");
digitalWrite(ALARM LED PIN, HIGH);
delay(1000);
digitalWrite(ALARM_LED PIN, LOW);
led.setCursor(0, 1);
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led.print(" ");

b

delay(200);
}
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Hoparok I

Jlictunr nmporpamu y wokwi (raspberry pi pico w)



import network
import urequests
import time

from machine import Pin, PWM
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from config import WIFI _SSID, WIFI PASSWORD, TELEGRAM_BOT_TOKEN

nfc_button = Pin(10, Pin.IN, Pin.PULL UP)
finger button = Pin(11, Pin.IN, Pin.PULL_UP)
pir_sensor = Pin(4, Pin.IN)

led_granted = Pin(5, Pin.OUT)

led denied = Pin(6, Pin.OUT)

alarm_led = Pin(7, Pin.OUT)

servo = PWM(Pin(8))

servo.freq(50)

def connect wifi():

wlan = network. WLAN(network.STA_IF)
wlan.active(True)

wlan.connect(WIFI_SSID, WIFI_PASSWORD)
while not wlan.isconnected():
print("Connecting to Wi-Fi...")

time.sleep(0.5)

print("Connected to Wi-Fi")

def notify(message):
print(message)
encoded message = message.replace(' ', '%20")

url =

f"https://api.telegram.org/bot{TELEGRAM_ BOT TOKEN}/sendMessage?chat id=

&text={encoded message}"
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response = urequests.get(url)

response.close()

def open_door():
servo.duty ul6(4500)
time.sleep(3)
servo.duty ul6(2000)

connect wifi()

while True:

if nfc_button.value() == 0:
notify(" ® Waiting for Finger...")
start = time.time()

while time.time() - start < 15:

if finger button.value() == 0:
led granted.on()

notify(" V] Hoctyn Haganmii")
open_door()

led granted.off()

break

time.sleep(0.05)

else:

led denied.on()

notify(" X Jloctyn Bigxuneno")

time.sleep(2)
led denied.off()

if pir_sensor.value() == 1:

alarm_led.on()
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notify(" & Pyx 3adikcoBan!")

time.sleep(1)
alarm_led.off()

time.sleep(0.05)
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Honarox |

Jlictunar nmporpamu python



from flask import Flask, jsonify, render template string

import requests

app = Flask(_ name )

API_URL = "https://api.alerts.in.ua/v1/alerts/active.json"
API TOKEN =""

HTML TEMPLATE ="""
<IDOCTYPE html>
<html lang="uk">
<head>
<meta charset="UTF-8">
<title>Cnucok akTUBHHMX TpUBOT</title>
<style>
body { font-family: Arial, sans-serif; background-color: #f0f0f0; color: #333;
text-align: center; padding: 20px; }
h1 { color: #d3212f; }
ul { list-style: none; padding: O; }
li { background: #{ff; margin: 10px auto; padding: 10px; border-radius: 5px;
max-width: 600px; box-shadow: 0 2px 5px rgba(0,0,0,0.1); }
.no-alerts { color: green; font-weight: bold; }
</style>
<script>
setTimeout(function(){ location.reload(); }, 30000);
</script>
</head>
<body>
<h1>AxktuBH1 TpuBoru B Ykpaini</h1>

{% if alerts %}
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<ul>

{% for alert in alerts %}
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<li><strong>{{ alert['location_oblast'] } }</strong>— {{ alert['location_title']

b ({{ alert['alert_type'] } })</li>
{% endfor %}
</ul>
{% else %}
<p class="no-alerts">Ha ganuit MoMeHT TprBOr Hemae (M]</p>
{% endif %}
<p><small>OnoBmoerbcs koxH1 30 cekyHa</small></p>
</body>

</html>

nmn

# BeO-cTpanuiia s Jroaei
@app.route('/")
def alerts page():
try:
headers = {"Authorization": f"Bearer {API TOKEN}"}
response = requests.get(API URL, headers=headers)
data = response.json()
alerts = data.get(‘alerts', [])
return render_template string(HTML_ TEMPLATE, alerts=alerts)
except Exception as e:

return f'<p>ITomunxka: {e}</p>"

# JSON API nns Raspberry
@app.route('/apt')
def alerts_api():

try:
headers = {"Authorization": f"Bearer {API TOKEN}"}



124
response = requests.get(API_URL, headers=headers)

return jsonify(response.json())
except Exception as e:
return jsonify({"error": str(e)}), 500
if name ==" main ":

app.run(host="0.0.0.0", port=8080, debug=False, use reloader=False)
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Jlonaroxk E

JleMoHCTpaliitH1il MaTepian
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No
JlonaTkoBi
JIOKY- ITo3nauenns HalimenyBanns ' '
B1JIOMOCTI
MEHTAa
TexcToBI TOKYMEHTH
1 I'tOUK. 156118.010 I13 ITosicHIOBanbHA 3aIIMCKA A4,92 c.
JlonaTkoBi Marepiaim
2 Amnpo0aitist pe3yJibTariB A4, 11 c.
KkBaTidikaiiiHoi poooTH
3 JlicTuHT iporpamu y A4,7 c.
wokwi (esp32)
4 JIicTHHT mporpaMu y A4,6c.
wokwi (arduino uno)
5 JlictuHr porpamMu y A4, 4c.
wokwi (raspberry pi pico w)
6 Jlictunr nmporpamu python A4, 4 c.
7 JleMoHcTpariitnuit Matepiany | A4, 12 c.
BUTJISII MPE3eHTaIlil
I'FOUK. 156118.010 I13
3MmiH. |ApK. Howmep aokym. Hignmuc |[lata
Po3po0. MapyHniu P.B. PO3pOGIICHHS CHCTEMH UTitepa | Apkym | Apkyuiis
ITepegip. Cornuk C.B. H 1 1
aBTOMAaru3anil JJjis1 KOHTPOJIrO
. Kadenpa
JOCTYIYy 10 OXOPOHIOBAHOI 30HU
H.xoutp. | Crapoay6mnes M.I.
3 BUKOPHCTAHHSM TEXHOJOTiH KITAP
3ars. Hesmromos 1.111. IoT XHYPE
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