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JIOJIATOK A

[ToBHMIT TICTUHT IPOEKTY

daiin «generic_synthitic_data.py»
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
from itertools import combinations
import o0s
num_points = 100
elements = ['Auerar’, 'AckopOiHoBa kuciorta', ''mokosa’, 3amizo’', 'Jlakrar',
‘NaCl']
np.random.seed(42)
samples_per_class = 5000
samples_per plot=3
os.makedirs('Result’, exist_ok=True)
def generate_voltamogram(name, num_points):
x = np.linspace(0, 2 * np.pi, num_points)
base_signal = {
'Auerat': np.sin(x) * np.cos(2 * x),
'Ackop6iHOBa KucoTa': np.cos(x) * np.sin(2 * x),
'T'mroko3a': np.sin(2 * x) * np.cos(x / 2),
'3ami3o0': np.cos(2 * x) * np.sin(x / 2),
'JTaktat": np.sin(x / 2) * np.cos(x),
‘NaCl'": np.cos(x / 2) * np.sin(x)
¥
phase_shift = np.random.uniform(-np.pi, np.pi)
amplitude_variation = np.random.uniform(0.8, 1.2)
noise = np.random.normal(0, 0.8, num_points) + np.random.normal(0, 0.5,

num_points) * np.sin(x)
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y = amplitude_variation * (base_signal[name] * np.sin(x + phase_shift)) +
noise
return y.astype(np.float32)
voltammograms = {element: generate_voltamogram(element, num_points) for
element in elements}
comb_2 elements = list(combinations(elements, 2))
comb_3 elements = list(combinations(elements, 3))
def combine_voltamograms(voltammograms, combination, num_samples):
combined _samples =[]
for _in range(num_samples):
combined = np.sum(Jvoltammograms[elem] for elem in combination],
axis=0)
phase_shift = np.random.uniform(-np.pi, np.pi)
amplitude_variation = np.random.uniform(0.8, 1.2)
combined = amplitude_variation * (combined * np.sin(np.linspace(0, 2 *
np.pi, num_points) + phase_shift))
combined += np.random.normal(0, 0.8, num_points) +
np.random.normal(0, 0.5, num_points) * np.sin(np.linspace(0, 2 * np.pi,
num_points)) # KomOinaiis nmrymis
combined_samples.append(combined.astype(np.float32))
return combined_samples
X=1
y=1l
for element in elements:
for _in range(samples_per_class):
X.append(voltammograms[element] +  np.random.normal(0, 0.8,
num_points).astype(np.float32))
y.append(element)

for comb in comb_2_elements:
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combined_samples = combine_voltamograms(voltammograms, comb,
samples_per_class)

X.extend(combined_samples)

y.extend([f'{comb[0]} + {comb[1]} for _in range(samples_per_class)])
for comb in comb_3_elements:

combined_samples = combine_voltamograms(voltammograms, comb,
samples_per_class)

X.extend(combined_samples)

y.extend([f'{comb[0]} + {comb[l]} + {comb[2]} for _ in
range(samples_per_class)])
X = np.array(X)
y = np.array(y)
from sklearn.model_selection import train_test_split
X train, X test, y train, y test = train_test split(X, vy, test size=0.3,
random_state=42)
train_data = pd.DataFrame(X_train, columns=[f'feature {i}' for 1 in
range(num_points)])

train_data['label’] =y _train

test_data pd.DataFrame(X_test, columns=[f'feature {i}' for i in
range(num_points)])
test_data['label'] =y _test
train_data.to_csv('train_dataset.csv', index=False)
test _data.to_csv('test_dataset.csv', index=False)
print("HaBuanpHuii 1 TeCTOBUH natacetu 30epekeHo y daitmm 'train_dataset.csv'
Ta 'test dataset.csv'')
def save_plot(sample, title, filename):
plt.figure(figsize=(10, 6))
plt.plot(sample)
plt.title(title)
plt.xlabel('Touka')
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plt.ylabel('Curnan')
plt.savefig(filename)
plt.close()
for element in elements:
samples = [voltammograms[element] + np.random.normal(0, 0.8,
num_points).astype(np.float32) for _in range(samples_per_plot)]
for i, sample in enumerate(samples):
filename = f'Result/{element} sample_{i+1}.png'
save_plot(sample, f'{element} - 3pazok {i+1}', filename)
for comb in comb_2_elements:
samples = combine_voltamograms(voltammograms, comb, samples_per_plot)
for i, sample in enumerate(samples):
title = f'{comb[0]} + {comb[1]} - 3pa3oxk {i+1}'
filename = f'Result/{comb[0]} {comb[1]} sample {i+1}.png'
save_plot(sample, title, filename)
for comb in comb_3_elements:
samples = combine_voltamograms(voltammograms, comb, samples_per_plot)
for i, sample in enumerate(samples):
title = f'{comb[0]} + {comb[1]} + {comb[2]} - 3pa3ok {it+1}'
filename = f'Result/{comb[0]} {comb[1]} {comb[2]} sample {i+1}.png'

save_plot(sample, title, filename)

daiin «Machine Learning.py»

import numpy as np

import pandas as pd

from sklearn.preprocessing import LabelEncoder

from sklearn.metrics import accuracy_score, classification_report
import tensorflow as tf

from tensorflow.keras.models import Sequential



from tensorflow.keras.layers import Dense, Dropout, BatchNormalization,
ReLU

from tensorflow.keras.optimizers import Adam

from tensorflow.keras.callbacks import EarlyStopping

from tensorflow.keras.regularizers import 12

train_data = pd.read_csv('train_dataset.csv')

test_data = pd.read_csv('test_dataset.csv')

X_train = train_data.drop('label', axis=1).values.astype(np.float32)
y_train = train_data['label'].values

X_test = test_data.drop(‘label', axis=1).values.astype(np.float32)
y_test = test_data['label'].values

label encoder = LabelEncoder()

y_train_encoded = label_encoder.fit_transform(y_train)
y_test_encoded = label _encoder.transform(y_test)

model = Sequential([
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Dense(64, input_shape=(X _train.shape[1],), kernel_regularizer=12(0.02)), #

3MEeHIIeHHs KIJIbKOCTI HEHPOHIB Ta noAaHHs L2 perynspu3zanii
ReLU(),
BatchNormalization(),

Dropout(0.5), # 36inbmiennst Dropout asis OUTbIIOT peryspu3artii

Dense(32, kernel regularizer=12(0.02)), # 3meHIeHHs KUTbKOCTI HEUPOHIB

Ta gojnanusa L2 perynspuzamii
ReLU(),
BatchNormalization(),
Dropout(0.5),
Dense(len(np.unique(y_train_encoded)), activation="softmax’)

)

model.compile(optimizer=Adam(learning_rate=0.04), # 3MeHIIeHHs

MIBUAKOCTI HABYAHHS 18 OUIBII ITOBUILHOIO HaBUYAHHS
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loss='sparse_categorical _crossentropy’,

metrics=['accuracy'])
early_stopping = EarlyStopping(monitor="val_loss', patience=20,
restore_best weights=True)
history = model.fit(X_train, y_train_encoded, epochs=100, batch_size=256, #
301uIbIIEHHS PO3MIpy OaTdy

validation_split=0.2, verbose=2, callbacks=[early_stopping])

test_loss, test_accuracy = model.evaluate(X_test, y_test_encoded, verbose=0)
print(f TounicTs Ha TecToBOMY Habopi: {test accuracy}')
y_pred_encoded = model.predict(X _test)
y_pred = label_encoder.inverse_transform(np.argmax(y_pred_encoded, axis=1))
print("3BiT mpo kiacudikariro:")
report = classification_report(y_test, y _pred, zero_division=1)
print(report)
import matplotlib.pyplot as plt
plt.figure(figsize=(12, 6))
plt.plot(history.history['accuracy'], label="Training Accuracy")

plt.plot(history.history['val_accuracy'], label="Validation Accuracy")
plt.xlabel('Epochs’)

plt.ylabel(‘Accuracy")

plt.legend()

plt.title("Training and Validation Accuracy')
plt.savefig('Training and Validation Accuracy.png’)
plt.figure(figsize=(12, 6))

plt.plot(history.history['loss'], label="Training Loss')
plt.plot(history.history['val loss'], label="Validation Loss")
plt.xlabel('Epochs’)

plt.ylabel('Loss')

plt.legend()

plt.title("Training and Validation Loss')
plt.savefig('Training and Validation Loss.png')
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Pucynok b.12 — Ilpukian 3pa3ka 1 komOiHalii aHamiTiB «ACKOpOiHOBa
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Pucynok b.14 — Ilpukinan 3pa3ka 11 komOiHalii aHaiTiB «ACKOpOiHOBa

KHCJIOTa», «JIakTaT»
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Pucynok Bb.16 — Ilpukian 3pa3ka 1t komOiHarii anamitiB «Amerar, «NaCly,

«ACKOpOIHOBA KHCTIOTa»
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Pucynox b.18 — Ipuknan 3pa3ka 11 KoMOIHAIlT aHATITIB «ATieTaTy,

«AckopOiHoOBa KucaoTay, «I J1roko3a»
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Pucynox b.20 — ITpuknan 3pa3ka 1 KOMOIHAIlT aHATITIB «ATieTaTy,

«AckopOiHoBa KucaoTay, «JlakraT»
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Pucynox b.22 — Ipuknaz 3pa3ka 11 KOMOIHAIlT aHATITIB «ATieTaTy,

«'mroko3a»
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Pucynox b.24 — [puknaz 3pa3ka ajist KOMOIHAIlIi aHATITIB « ATieTaTy,

«I'moko3ay, «JIakTaT»

85



86

AueTaT + 3anizo + NaCl - 3pasok 1

CurHan
[=
I

—4 4

T
0 20 40 60 80 100
Touka

Pucynok b.25 — INpuximan 3pa3ka 1y KOMOiHAIIT aHaTITIB «A1eTary,
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Pucynox b.26 — ITpuknan 3pa3ka 1 KOMOIHAIlT aHATITIB «ATieTaTy, «3aii3o»
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«NaCly»
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Pucynok b.29 — Ilpuximan 3pa3ka muis koMOiHaIi1 aHammiTiB «Anerary, «Jlakram»
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Pucynox b.30 — IIpukian 3pa3ka aast komOiHaiii aHamitiB «I'moko3ay», «NaCly
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Inokosa + 3anizo + NaCl - 3pasok 1
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Pucynok b.31 — Ilpuknaz 3pa3ka s komOiHamii anamiTiB «I moko3ay,

«3amizo», «NaCl»
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Pucynox b.32 — I[puknaz 3pa3ka s kKoMOiHaIi aHamiTiB «I JTroko3ay, «3aimi3om»
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Pucynox b.33 — [Ipuknaz 3pa3ka ajst komOiHaIi aHamiTiB «[ Jiroko3ay,
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Pucynox b.34 — I[Ipuknaz 3pa3ka a1 koMOiHaIii aHamiTiB «[ Jmroko3ay,

«Baiizo», «NaCl»
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Pucynok b.35 — Ilpukinaz 3paska i komOiHamii anamiTiB «I moko3ay,

«JlakTaT»
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Pucynox 5.36 — IIpukian 3pa3ka ajast komOiHarii aHamiTiB «3aiizon, «NaCl»
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3anizo + JlaktaT + NaCl - 3pasok 1
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Pucynok b.36 — IIpukinan 3paska 1y komOiHamii anamiTiB «3ami3oy, «JlakraTy,

«NaCly»
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Pucynox b.38 — [Ipuknaz 3pa3ka nist komOiHaIi aHaTITIB «3amizon, «Jlakrat»
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Pucynok b.39 — Ilpukitan 3pa3ka mis komOiHarii anamiTiB «Jlakra), «NaCly»
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