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ДОДАТОК А  

Текст програми 

 

using System; 

using System.Collections.Generic; 

using System.Data; 

using System.Windows.Forms; 

using MySql.Data.MySqlClient; 

using DiplomaFomin.Database; 

using DiplomaFomin.Services; 

using Timer = System.Windows.Forms.Timer; 

 

namespace DiplomaFomin 

{ 

    public partial class SimulationForm : Form 

    { 

        private Timer simulationTimer; 

        private Random rnd = new Random(); 

        private readonly TelegramService _telegramService; 

 

        private Dictionary<int, bool> deviceFailed = new Dictionary<int, bool>(); 

 

        public SimulationForm() 

        { 

            InitializeComponent(); 

            this.FormClosing += SimulationForm_FormClosing; 

 

            _telegramService = new TelegramService( 

                "8061010453:AAGbcpz7YRY6rHHrUEEdvLxvQU-dVduZ81g", 

                -4799699635); 

        } 

 

        private void StartSimulation() 

        { 

            simulationTimer = new Timer(); 

            simulationTimer.Interval = 5000; 

            simulationTimer.Tick += SimulationTimer_Tick; 

            simulationTimer.Start(); 

        } 

 

        private async void SimulationTimer_Tick(object sender, EventArgs e) 

        { 

            var (deviceIds, thresholds) = LoadDevicesAndThresholds(); 
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            if (deviceIds.Count == 0) return; 

 

            foreach (int deviceId in deviceIds) 

            { 

                if (deviceFailed.TryGetValue(deviceId, out var failed) && failed) 

                { 

                    await LogDeviceReadingsAsync(deviceId, 0, 0, 

                        anomaly: true, permanentFailure: true); 

                    continue; 

                } 

 

                double temp = rnd.NextDouble() * 10 + 20; 

                double wet = rnd.NextDouble() * 20 + 40; 

 

                if (thresholds.TryGetValue(deviceId, out var th)) 

                { 

                     

                    double targetTemp = (th.MinTemp + th.MaxTemp) / 2.0; 

                    double targetHum = (th.MinHum + th.MaxHum) / 2.0; 

 

                    double errorT = targetTemp - temp; 

                    double errorH = targetHum - wet; 

 

                    double kT = 0.5; 

                    double kH = 0.5; 

 

              

                    temp += kT * errorT; 

                    wet += kH * errorH; 

                } 

 

                if (thresholds.TryGetValue(deviceId, out var thCheck) && 

                    (temp < thCheck.MinTemp || temp > thCheck.MaxTemp || 

                     wet < thCheck.MinHum || wet > thCheck.MaxHum)) 

                { 

                    await LogDeviceReadingsAsync(deviceId, temp, wet, 

                        anomaly: true, permanentFailure: false); 

 

                    string deviceName = GetDeviceName(deviceId); 

                    string reason = "Threshold breach"; 

                    string msg = $"Пристрій «{deviceName}» (ID {deviceId}) за 

межами порогів: T={temp:F1}, H={wet:F1}"; 

 

                    if (!NotificationExists(deviceId, reason)) 



66 

 

                    { 

                        InsertNotification(deviceId, deviceName, reason, msg); 

                        await _telegramService.SendMessageAsync(msg); 

                    } 

 

                    continue; 

                } 

 

                if (rnd.NextDouble() < 0.1) 

                { 

                    if (rnd.NextDouble() < 0.5) 

                    { 

                        deviceFailed[deviceId] = true; 

                        MarkDeviceAsFailedInDB(deviceId); 

                        await LogDeviceReadingsAsync(deviceId, 0, 0, 

                            anomaly: true, permanentFailure: true); 

                    } 

                    else 

                    { 

                        await LogDeviceReadingsAsync(deviceId, 0, 0, 

                            anomaly: true, permanentFailure: false); 

                    } 

                } 

                else 

                { 

                    await LogDeviceReadingsAsync(deviceId, temp, wet, 

                        anomaly: false, permanentFailure: false); 

                } 

            } 

        } 

 

        private (List<int> deviceIds, Dictionary<int, Threshold> thresholds) 

            LoadDevicesAndThresholds() 

        { 

            var ids = new List<int>(); 

            var ths = new Dictionary<int, Threshold>(); 

            deviceFailed.Clear(); 

 

            const string sql = @" 

        SELECT d.id, d.is_failed, 

               l.min_temp, l.max_temp, l.min_hum, l.max_hum 

          FROM devices d 

          JOIN locations l ON d.location_id = l.id 

         WHERE d.status = 'active'"; 
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            using var conn = new DbConnection().GetConnection(); 

            conn.Open(); 

            using var cmd = new MySqlCommand(sql, conn); 

            using var rdr = cmd.ExecuteReader(); 

            while (rdr.Read()) 

            { 

                int id = rdr.GetInt32(0); 

                bool isFailed = rdr.GetBoolean(1); 

                double? minT = rdr.IsDBNull(2) ? (double?)null : rdr.GetDouble(2); 

                double? maxT = rdr.IsDBNull(3) ? (double?)null : rdr.GetDouble(3); 

                double? minH = rdr.IsDBNull(4) ? (double?)null : rdr.GetDouble(4); 

                double? maxH = rdr.IsDBNull(5) ? (double?)null : rdr.GetDouble(5); 

 

                ids.Add(id); 

                deviceFailed[id] = isFailed; 

 

                ths[id] = new Threshold 

                { 

                    MinTemp = minT ?? double.MinValue, 

                    MaxTemp = maxT ?? double.MaxValue, 

                    MinHum = minH ?? double.MinValue, 

                    MaxHum = maxH ?? double.MaxValue 

                }; 

            } 

 

            return (ids, ths); 

        } 

 

        private class Threshold 

        { 

            public double MinTemp, MaxTemp, MinHum, MaxHum; 

        } 

 

        private void MarkDeviceAsFailedInDB(int deviceId) 

        { 

            try 

            { 

                DbConnection db = new DbConnection(); 

                using (MySqlConnection conn = db.GetConnection()) 

                { 

                    conn.Open(); 

                    string updateQuery = "UPDATE devices SET is_failed = 1 WHERE 

id = @deviceId"; 

                    using (MySqlCommand cmd = new MySqlCommand(updateQuery, 

conn)) 
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                    { 

                        cmd.Parameters.AddWithValue("@deviceId", deviceId); 

                        cmd.ExecuteNonQuery(); 

                    } 

                } 

            } 

            catch (Exception ex) 

            { 

                MessageBox.Show("Помилка оновлення статусу пристрою: " + 

ex.Message); 

            } 

        } 

 

        private async Task LogDeviceReadingsAsync(int deviceId, double 

temperature, double wetness, bool anomaly, bool permanentFailure = false) 

        { 

            try 

            { 

                using var conn = new DbConnection().GetConnection(); 

                await conn.OpenAsync(); 

                const string insertQuery = @" 

            INSERT INTO device_readings  

                (device_id, reading_date, reading_temp, reading_wet, 

reading_temp_value, reading_wet_value) 

            VALUES  

                (@deviceId, NOW(), @readingTemp, @readingWet, @tempValue, 

@wetValue)"; 

                using var cmd = new MySqlCommand(insertQuery, conn); 

                cmd.Parameters.AddWithValue("@deviceId", deviceId); 

 

                if (anomaly && !permanentFailure) 

                { 

                    cmd.Parameters.AddWithValue("@readingTemp", "threshold"); 

                    cmd.Parameters.AddWithValue("@readingWet", "threshold"); 

                    cmd.Parameters.AddWithValue("@tempValue", temperature); 

                    cmd.Parameters.AddWithValue("@wetValue", wetness); 

                } 

                else if (anomaly && permanentFailure) 

                { 

                    cmd.Parameters.AddWithValue("@readingTemp", "permanent"); 

                    cmd.Parameters.AddWithValue("@readingWet", "permanent"); 

                    cmd.Parameters.AddWithValue("@tempValue", temperature); 

                    cmd.Parameters.AddWithValue("@wetValue", wetness); 

                } 

                else 
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                { 

                    cmd.Parameters.AddWithValue("@readingTemp", "temperature"); 

                    cmd.Parameters.AddWithValue("@readingWet", "humidity"); 

                    cmd.Parameters.AddWithValue("@tempValue", temperature); 

                    cmd.Parameters.AddWithValue("@wetValue", wetness); 

                } 

 

                await cmd.ExecuteNonQueryAsync(); 

            } 

            catch (Exception ex) 

            { 

                MessageBox.Show("Помилка запису показання: " + ex.Message); 

                return; 

            } 

 

            if (anomaly) 

            { 

                string deviceName = GetDeviceName(deviceId); 

                string reason; 

                string messageText; 

 

                if (!permanentFailure) 

                { 

                    reason = "Threshold breach"; 

                    messageText = $"Пристрій \"{deviceName}\" (ID {deviceId}) за 

межами порогів: T={temperature:F1}, H={wetness:F1}"; 

                } 

                else 

                { 

                    reason = "Permanent failure"; 

                    messageText = $"Пристрій \"{deviceName}\" (ID {deviceId}) 

вийшов з ладу остаточно: T={temperature:F1}, H={wetness:F1}"; 

                } 

 

                if (!NotificationExists(deviceId, reason)) 

                { 

     

                    InsertNotification(deviceId, deviceName, reason, messageText); 

 

                    try 

                    { 

                        await _telegramService.SendMessageAsync(messageText); 

                    } 

                    catch (Exception) 

                    { 
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                        System.Diagnostics.Debug.WriteLine("Не вдалося відправити 

Telegram-повідомлення"); 

                    } 

                } 

            } 

        } 

        private string GetDeviceName(int deviceId) 

        { 

            try 

            { 

                string deviceName = ""; 

                DbConnection db = new DbConnection(); 

                using (MySqlConnection conn = db.GetConnection()) 

                { 

                    conn.Open(); 

                    string query = "SELECT name FROM devices WHERE id = 

@deviceId"; 

                    using (MySqlCommand cmd = new MySqlCommand(query, conn)) 

                    { 

                        cmd.Parameters.AddWithValue("@deviceId", deviceId); 

                        object result = cmd.ExecuteScalar(); 

                        if (result != null && result != DBNull.Value) 

                            deviceName = result.ToString(); 

                    } 

                } 

                return deviceName; 

            } 

            catch (Exception ex) 

            { 

                MessageBox.Show("Помилка отримання назви пристрою: " + 

ex.Message); 

                return ""; 

            } 

        } 

 

        private void InsertNotification(int deviceId, string deviceName, string 

anomalyReason, string message) 

        { 

            try 

            { 

                if (NotificationExists(deviceId, anomalyReason)) 

                { 

                    return; 

                } 

 



71 

 

                DbConnection db = new DbConnection(); 

                using (MySqlConnection conn = db.GetConnection()) 

                { 

                    conn.Open(); 

                    string query = @" 

                        INSERT INTO device_notifications (device_id, device_name, 

anomaly_reason, message) 

                        VALUES (@deviceId, @deviceName, @anomalyReason, 

@message)"; 

                    using (MySqlCommand cmd = new MySqlCommand(query, conn)) 

                    { 

                        cmd.Parameters.AddWithValue("@deviceId", deviceId); 

                        cmd.Parameters.AddWithValue("@deviceName", deviceName); 

                        cmd.Parameters.AddWithValue("@anomalyReason", 

anomalyReason); 

                        cmd.Parameters.AddWithValue("@message", message); 

                        cmd.ExecuteNonQuery(); 

                    } 

                } 

            } 

            catch (Exception ex) 

            { 

                MessageBox.Show("Помилка запису сповіщення: " + ex.Message); 

            } 

        } 

 

        private bool NotificationExists(int deviceId, string anomalyReason) 

        { 

            bool exists = false; 

            try 

            { 

                DbConnection db = new DbConnection(); 

                using (MySqlConnection conn = db.GetConnection()) 

                { 

                    conn.Open(); 

                    string query = "SELECT COUNT(*) FROM device_notifications 

WHERE device_id = @deviceId AND anomaly_reason = @anomalyReason"; 

                    using (MySqlCommand cmd = new MySqlCommand(query, conn)) 

                    { 

                        cmd.Parameters.AddWithValue("@deviceId", deviceId); 

                        cmd.Parameters.AddWithValue("@anomalyReason", 

anomalyReason); 

                        long count = (long)cmd.ExecuteScalar(); 

                        exists = count > 0; 

                    } 
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                } 

            } 

            catch (Exception ex) 

            { 

                MessageBox.Show("Помилка перевірки існування сповіщення: " + 

ex.Message); 

            } 

            return exists; 

        } 

 

        private void SimulationForm_FormClosing(object sender, 

FormClosingEventArgs e) 

        { 

            if (simulationTimer != null) 

            { 

                simulationTimer.Stop(); 

                simulationTimer.Dispose(); 

            } 

        } 

 

        private void buttonStarSim_Click(object sender, EventArgs e) 

        { 

            if (simulationTimer != null && simulationTimer.Enabled) 

            { 

                MessageBox.Show("Симуляція вже запущена."); 

                return; 

            } 

            StartSimulation(); 

            MessageBox.Show("Симуляцію запущено."); 

        } 

 

        private void buttonStopSim_Click(object sender, EventArgs e) 

        { 

            if (simulationTimer != null && simulationTimer.Enabled) 

            { 

                simulationTimer.Stop(); 

                MessageBox.Show("Симуляцію зупинено."); 

            } 

            else 

            { 

                MessageBox.Show("Симуляція не запущена."); 

            } 

        } 

    } 

}   
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ДОДАТОК Б  

Демонстраційно-графічний матеріал 
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