
 

ДОДАТОК А 

Звіт результатів перевірки на унікальність тексту в базі Хнуре 

 

Рисунок А.1 – Перша сторінка звіту на унікальність тексту 
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Рисунок А.2 – Друга сторінка звіту на унікальність тексту 
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ДОДАТОК Б 

Слайди презентації 
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ДОДАТОК В 

Діаграми архітектури програми 

 

Рисунок В.1 – UML-діаграма компонентів (рисунок виконаний самостійно) 

 

 

Рисунок В.2 – UML-діаграма розгортання (рисунок виконаний самостійно) 
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ДОДАТОК Г 

Апробація результатів роботи 

 

Рисунок Г.1 – Публікація наукової статті 
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Рисунок Г.2 – Журнал конференції 
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ДОДАТОК Д 

експертний висновок результатів перевірки кваліфікаційної роботи на 

відповідність оформлення вимогам ДСТУ 3008: 2015 

 

Рисунок Д.1 – Висновок 

 

  



19 

ДОДАТОК Е 

Приклади програмного коду 

Генератор тестових даних:  

import asyncio 

import random 

import numpy as np 

from datetime import datetime, timezone 

from typing import Dict, Any 

import json 

import math 

 

from influx.influx_writer import InfluxWriter 

 

class PhysioMockGenerator: 

def init(self, user_ids: list, influx_writer: InfluxWriter, 

generation_interval: float = 1.0): 

self.user_ids = user_ids 

self.influx_writer = influx_writer 

self.generation_interval = generation_interval 

self.running = False 

 

# Enhanced base values for each user with individual characteristics 

self.user_profiles = {} 

for user_id in user_ids: 

self.user_profiles[user_id] = self._create_user_profile() 

 

# Activity state tracking 

self.activity_states = {} 

for user_id in user_ids: 

self.activity_states[user_id] = { 

'current_activity': 'resting', 

'activity_start_time': datetime.now(timezone.utc), 

'activity_duration': 0, 

'stress_episode': False, 

'stress_start_time': None, 

'daily_step_count': 0 

} 

 

def _create_user_profile(self) -> Dict[str, Any]: 

"""Create individual user profile with realistic characteristics""" 

fitness_level = random.choice(['low', 'medium', 'high']) 

stress_tendency = random.choice(['low', 'medium', 'high']) 

 

# Base physiological values based on fitness and stress tendency 

if fitness_level == 'high': 

base_hr = random.randint(55, 70) 

hrv_baseline = random.uniform(35, 55) 

elif fitness_level == 'medium': 

base_hr = random.randint(65, 80) 

hrv_baseline = random.uniform(25, 40) 

else: 

base_hr = random.randint(75, 90) 

hrv_baseline = random.uniform(15, 30) 

 

https://web.telegram.org/a/datetime.now
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return { 

'fitness_level': fitness_level, 

'stress_tendency': stress_tendency, 

'base_heart_rate': base_hr, 

'hrv_baseline': hrv_baseline, 

'base_eda': random.uniform(0.2, 0.5), 

'circadian_phase': random.uniform(0, 2 * math.pi), # Individual circadian 

rhythm 

'activity_preference': random.choice(['morning', 'afternoon', 'evening']), 

'step_counter': 0 

} 

 

def generate_heart_rate(self, user_id: str) -> int: 

profile = self.user_profiles[user_id] 

state = self.activity_states[user_id] 

current_time = datetime.now(timezone.utc) 

 

base_hr = profile['base_heart_rate'] 

 

# Circadian rhythm effect (5-10 bpm variation) 

hour_of_day = current_time.hour 

circadian_effect = 5 * math.sin(2 * math.pi * (hour_of_day - 6) / 24 + 

profile['circadian_phase']) 

 

# Activity effect 

activity_boost = 0 

if state['current_activity'] == 'walking': 

activity_boost = random.randint(15, 25) 

elif state['current_activity'] == 'running': 

activity_boost = random.randint(40, 60) 

elif state['current_activity'] == 'exercising': 

activity_boost = random.randint(30, 50) 

 

# Stress episode effect 

stress_boost = 0 

if state['stress_episode']: 

stress_duration = (current_time - 

state['stress_start_time']).total_seconds() / 60 

if stress_duration < 10: # Stress episode lasts up to 10 minutes 

stress_boost = random.randint(10, 20) 

else: 

state['stress_episode'] = False 

 

# Random noise 

noise = random.gauss(0, 3) 

 

# Calculate final HR 

hr = base_hr + circadian_effect + activity_boost + stress_boost + noise 

 

return max(45, min(180, int(hr))) 

 

def generate_eda(self, user_id: str) -> float: 

profile = self.user_profiles[user_id] 

state = self.activity_states[user_id] 

 

base_eda = profile['base_eda'] 

 

# Slow drift for baseline EDA 

https://web.telegram.org/a/datetime.now
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drift = random.gauss(0, 0.02) > Artem: profile['base_eda'] = max(0.1, 

min(0.8, base_eda + drift)) 

 

# Activity effect on EDA 

activity_boost = 0 

if state['current_activity'] in ['walking', 'running', 'exercising']: 

activity_boost = random.uniform(0.05, 0.15) 

 

# Stress episode effect 

stress_boost = 0 

if state['stress_episode']: 

stress_boost = random.uniform(0.1, 0.3) 

 

# Occasional EDA spikes (emotional responses) 

spike = 0 

if random.random() < 0.05: # 5% chance of EDA spike 

spike = random.uniform(0.1, 0.4) 

 

eda = profile['base_eda'] + activity_boost + stress_boost + spike 

return round(max(0.1, min(1.0, eda)), 3) 

 

def generate_steps(self, user_id: str) -> int: 

profile = self.user_profiles[user_id] 

state = self.activity_states[user_id] 

current_time = datetime.now(timezone.utc) 

 

# Update activity state 

self._update_activity_state(user_id, current_time) 

 

steps = 0 

if state['current_activity'] == 'walking': 

steps = random.randint(8, 15) # Walking pace 

elif state['current_activity'] == 'running': 

steps = random.randint(20, 35) # Running pace 

elif state['current_activity'] == 'exercising': 

steps = random.randint(5, 12) # Exercise movements 

elif random.random() < 0.1: # Occasional movement while resting 

steps = random.randint(1, 3) 

 

# Update daily step counter 

state['daily_step_count'] += steps 

profile['step_counter'] += steps 

 

return steps 

 

def _update_activity_state(self, user_id: str, current_time: datetime): 

"""Update user's activity state based on realistic patterns""" 

state = self.activity_states[user_id] 

profile = self.user_profiles[user_id] 

 

# Calculate activity duration 

activity_duration = (current_time - 

state['activity_start_time']).total_seconds() / 60 

 

# Determine if activity should change 

should_change_activity = False 

 

if state['current_activity'] == 'resting': 

https://web.telegram.org/a/datetime.now
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# Probability of starting activity based on time of day and preference 

hour = current_time.hour 

activity_prob = self._get_activity_probability(hour, 

profile['activity_preference']) 

 

if random.random() < activity_prob and activity_duration > 5: # At least 5 

min rest 

should_change_activity = True 

else: 

# Active state - check if should return to rest 

max_duration = { 

'walking': random.randint(5, 15), 

'running': random.randint(3, 8), 

'exercising': random.randint(10, 25) 

} 

 

if activity_duration > max_duration.get(state['current_activity'], 10): 

should_change_activity = True 

 

# Change activity if needed 

if should_change_activity: 

if state['current_activity'] == 'resting': 

# Start new activity 

activities = ['walking', 'running', 'exercising'] 

weights = [0.6, 0.2, 0.2] # Walking most common 

state['current_activity'] = random.choices(activities, weights=weights)[0] 

else: 

# Return to rest 

state['current_activity'] = 'resting' 

 

state['activity_start_time'] = current_time 

 

# Randomly trigger stress episodes 

if not state['stress_episode'] and random.random() < 0.002: # 0.2% chance 

per second 

if profile['stress_tendency'] == 'high': 

stress_chance = 0.005 

elif profile['stress_tendency'] == 'medium': 

stress_chance = 0.003 

else: 

stress_chance = 0.001 

 

if random.random() < stress_chance: 

state['stress_episode'] = True > Artem: state['stress_start_time'] = 

current_time 

 

def _get_activity_probability(self, hour: int, preference: str) -> float: 

"""Get probability of starting activity based on time and preference""" 

base_prob = 0.001 # Base probability per second 

 

# Time-based modifiers 

if 6 <= hour <= 9: # Morning 

time_modifier = 1.5 if preference == 'morning' else 1.0 

elif 12 <= hour <= 14: # Lunch time 

time_modifier = 1.2 

elif 17 <= hour <= 19: # Evening 

time_modifier = 1.5 if preference == 'evening' else 1.0 

elif 9 <= hour <= 17: # Work hours 



23 

time_modifier = 0.3 

else: # Night/early morning 

time_modifier = 0.1 

 

return base_prob * time_modifier 

 

def generate_sensor_quality(self) -> str: 

# More realistic sensor quality distribution 

rand = random.random() 

if rand < 0.92: 

return "good" 

elif rand < 0.97: 

return "fair" 

else: 

return "poor" 

 

def generate_data_point(self, user_id: str) -> Dict[str, Any]: 

timestamp = datetime.now(timezone.utc) 

 

return { 

"user_id": user_id, 

"timestamp": timestamp.isoformat(), 

"heart_rate": self.generate_heart_rate(user_id), 

"eda": self.generate_eda(user_id), 

"steps": self.generate_steps(user_id), 

"sensor_quality": self.generate_sensor_quality() 

} 

 

async def generate_for_user(self, user_id: str): 

while self.running: 

try: 

data_point = self.generate_data_point(user_id) 

await self.influx_writer.write_data_point(data_point) 

 

# Enhanced logging with activity state 

state = self.activity_states[user_id] 

activity_info = f"[{state['current_activity']}]" 

if state['stress_episode']: 

activity_info += " [STRESS]" 

 

print(f"Generated data for {user_id} {activity_info}: 

HR={data_point['heart_rate']}, EDA={data_point['eda']}, 

Steps={data_point['steps']}") 

await asyncio.sleep(self.generation_interval) 

except Exception as e: 

print(f"Error generating data for {user_id}: {e}") 

await asyncio.sleep(1) 

 

async def start(self): 

self.running = True 

print(f"Starting enhanced physio data generation for users: 

{self.user_ids}") 

 

# Print user profiles 

for user_id, profile in self.user_profiles.items(): 

print(f"{user_id}: {profile['fitness_level']} fitness, 

{profile['stress_tendency']} stress tendency, prefers 

{profile['activity_preference']} activity") 

https://web.telegram.org/a/datetime.now
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tasks = [] 

for user_id in self.user_ids: 

task = asyncio.create_task(self.generate_for_user(user_id)) 

tasks.append(task) 

 

await asyncio.gather(*tasks) 

 

def stop(self): 

print("Stopping enhanced physio data generation") 

self.running = False  

 

Інтерпретатор стресу за фізіологічними даними: 

 

from typing import Dict, Any 

from datetime import datetime 

 

class StressInterpreter: 

    def init(self): 

        # Baseline thresholds for stress assessment 

        self.hr_baseline = 75.0 

        self.hrv_low_threshold = 30.0 

        self.eda_spike_threshold = 3 

        self.movement_low_threshold = 0.05 

        self.stress_index_high = 300 

         

        # Historical stress tracking for burnout detection 

        self.stress_history = {} 

     

    def interpret_features(self, user_id: str, features: Dict[str, float], 

window_start: str, window_end: str) -> Dict[str, Any]: 

        # Calculate stress score 

        stress_score = self._calculate_stress_score(features) 

         

        # Determine stress level 

        stress_level = self._determine_stress_level(stress_score) 

         

        # Generate explanation 

        explanation = self._generate_explanation(features) 

         

        # Check for anomalies 

        anomaly_detected = self._detect_anomalies(features) 

         

        # Update stress history and check burnout 

        possible_burnout_flag = self._check_burnout_risk(user_id, 

stress_score) 

         

        return { 

            "user_id": user_id, 

            "window_start": window_start, 

            "window_end": window_end, 

            "stress_level": stress_level, 

            "stress_score": round(stress_score, 3), 

            "possible_burnout_flag": possible_burnout_flag, 

            "anomaly_detected": anomaly_detected, 
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            "source": "physiology", 

            "explanation": explanation, 

            "features": features 

        } 

     

    def _calculate_stress_score(self, features: Dict[str, float]) -> float: 

        if features.get('data_quality') == 'poor': 

            return 0.0 

         

        score_components = [] 

         

        # Heart rate component (0-0.3) 

        hr = features.get('avg_heart_rate', 0) 

        if hr > 0: 

            hr_score = min(0.3, max(0, (hr - self.hr_baseline) / 50.0 * 

0.3)) 

            score_components.append(hr_score) 

         

        # HRV component (0-0.25) - lower HRV = higher stress 

        hrv = features.get('hrv_rmssd', 0) 

        if hrv > 0: 

            hrv_score = min(0.25, max(0, (self.hrv_low_threshold - hrv) / 

self.hrv_low_threshold * 0.25)) 

            score_components.append(hrv_score) 

         

        # EDA spikes component (0-0.2) 

        eda_peaks = features.get('eda_peak_count', 0) 

        eda_score = min(0.2, (eda_peaks / 10.0) * 0.2) 

        score_components.append(eda_score) 

         

        # Movement component (0-0.15) - low movement = higher stress 

        movement = features.get('movement_mean', 0) 

        movement_score = min(0.15, max(0, (self.movement_low_threshold - 

movement) / self.movement_low_threshold * 0.15)) 

        score_components.append(movement_score) 

         

        # Stress index component (0-0.1) 

        stress_index = features.get('stress_index', 0) 

        si_score = min(0.1, (stress_index / self.stress_index_high) * 0.1) 

        score_components.append(si_score) 

         

        # Combine components 

        total_score = sum(score_components) 

         

        # Normalize to 0-1 range 

        return min(1.0, max(0.0, total_score)) 

     

    def _determine_stress_level(self, stress_score: float) -> str: 

        if stress_score < 0.3: 

            return "low" 

        elif stress_score < 0.6: 

            return "moderate" 

        elif stress_score < 0.8: 

            return "high" 

        else: 

            return "critical" 
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    def _generate_explanation(self, features: Dict[str, float]) -> 

Dict[str, bool]: 

        explanation = {} 

         

        # Heart rate above baseline 

        hr = features.get('avg_heart_rate', 0) 

        explanation['heart_rate_above_baseline'] = hr > self.hr_baseline 

         

        # EDA spikes detected 

        eda_peaks = features.get('eda_peak_count', 0) 

        explanation['eda_spikes_detected'] = eda_peaks >= 

self.eda_spike_threshold 

         

        # Low movement 

        movement = features.get('movement_mean', 0) 

 

> Artem: 

explanation['movement_low'] = movement < self.movement_low_threshold 

         

        # Low HRV 

        hrv = features.get('hrv_rmssd', 0) 

        explanation['hrv_low'] = hrv < self.hrv_low_threshold and hrv > 0 

         

        # High stress index 

        stress_index = features.get('stress_index', 0) 

        explanation['stress_index_elevated'] = stress_index > 

self.stress_index_high 

         

        # Data quality issues 

        data_quality = features.get('data_quality', 'poor') 

        explanation['data_quality_poor'] = data_quality == 'poor' 

         

        return explanation 

     

    def _detect_anomalies(self, features: Dict[str, float]) -> bool: 

        # Check for wildly inconsistent values 

        hr = features.get('avg_heart_rate', 0) 

        eda = features.get('eda_mean', 0) 

         

        # Extreme heart rate 

        if hr > 150 or (hr > 0 and hr < 40): 

            return True 

         

        # EDA flatline (exactly 0 for extended period) 

        if eda == 0.0 and features.get('eda_peak_count', 0) == 0: 

            return True 

         

        # Impossible stress index values 

        stress_index = features.get('stress_index', 0) 

        if stress_index > 1000: 

            return True 

         

        return False 

     

    def _check_burnout_risk(self, user_id: str, stress_score: float) -> 

bool: 

        # Initialize user history if not exists 

        if user_id not in self.stress_history: 
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            self.stress_history[user_id] = [] 

         

        # Add current stress score to history 

        self.stress_history[user_id].append(stress_score) 

         

        # Keep only last 10 measurements for burnout assessment 

        if len(self.stress_history[user_id]) > 10: 

            self.stress_history[user_id] = self.stress_history[user_id][-

10:] 

         

        # Check if last 3 measurements are high stress (>0.8) 

        recent_scores = self.stress_history[user_id][-3:] 

         

        if len(recent_scores) >= 3: 

            high_stress_count = sum(1 for score in recent_scores if score > 

0.8) 

            return high_stress_count >= 3 

         

        return False 

     

    def get_user_stress_history(self, user_id: str) -> list: 

        return self.stress_history.get(user_id, []) 


