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JOIAATOK A
[epenik mxepen MOCUIAHHA HAyKOBUMH HalpsiMaMH KepiBHUKA Ta HAyKOBIIIB Kadeapu

[TporpamHoi iHXEHEPIT

12. Afanasieva, I., Golian, N., Golian, V., Khovrat, A., & Onyshchenko, K.
(2023). Application of Neural Networks to Identify of Fake News. CEUR Workshop
Proceedings, 3396, 346-358.

13. Afanasieva I.V., et al. Neural network approach for emotional recognition in
text / [.V. Afanasieva, D.S. Nazarenko, N.V. Golian // bioHika iHTenekTy, XapkKiB:
XHVYPE, 2019. —1(92). — C. 9-14.

19. Nazarenko, D., Afanasieva, I., Golian, N., & Golian, V. (2021). Investigation
of the deep learning approaches to classify emotions in texts. CEUR Workshop
Proceedings, 2870, 206-224.
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TIOJIATOK B

Crnaiiau npe3eHTaiii

MIHICTEPCTBO XAPKIBCBKHMA
OCBITHIHAYKHW ‘ ;i:ll{.leﬂ::"l"l.rb!r‘lrnu
. YKPAIHM PARICENEKTPOHIKM
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JlocaimKeHHsST METO/IIB
HEUPOHHUX MEPEeX IS
BUSIBJICHHSI IIAXPaKCTB

Cxkpumincbkuii H.O, [113m-224
| — noi.kad. 11, ApanacreBal.B.

1749epBHs1 2024

JlocaimKkeHHd

Ha cborogHi 3poctaHHs LundpoBmx TpaH3akLuin nigsuLLye noTpedy B
epeKTUBHVX MeTofax BUSBNEHHS LLaxpancTea.

[ocnifKeHHs cnpsiMOBaHe Ha po3pobKy Ta aHai3 HEMPOHHUX Mepex ANs
BUSIBNEHHS LLAXPaNCbKMX TPaH3aKLil.

O6'eKTOM AOCNIAKEHHS € METOAN HENPOHHUX MepeX ANA BUABEHHS
Lwaxparcrea y iHaHCOBUX AaHWX.

F—
!




OrJisi riTepaTypH (aHaJIoTiB)

[Ana NpoBefieHHs1 3araAbHoro aHanisy NnpeAMeTHoT 061acTi 6yN10 BUKOPUCTAHO HACTYMHI
Lxepena:

- Seventh report on card fraud;

- Credit card fraud.

Ansi NnpoBeAeHHA A0CNIAXKeHHA MeTOAiIB BUKOPUCTaHO HACTYNHI gxepena:
— Harris Hawks optimization;

- Sagemaker-graph-fraud-detection.

C— -
e —

[locTaHOBKa 3aa4i

—  po3rnAHyTU i MpoaHanisyeaTw icHyHo4i MeTOAWN BMABNEHHS LlaxpaiicTa 3a 40NOMOror HelipoHNX
Mepex;
—  BW3HaYUTW NepeBarn i 0bMeXeHHs Helipomepe;
— o06paTn TMN Ta KoHirypauito HelipoHHOI Mepexi, fka Halbinbll NigXoAUTE ANA BUPILLEHHS
rnocraefeHol 3ajaui;
— BigibpaTw Ta nigrotysatu Habop AaHWX ANA HaBYaHHA Ta TecTyBaHHS;
— HaBYaHHS HellpoHHOI MepeXi Ha MigroToBneHoMy Habopi AaHWX ANA po3ni3HaBaHHS LWabnoHis,
MOB'A3aHUX 3 WaxpalicTBOM;
— aHani3 pesynbTaTiB BUSBNEHHA LWAaXPalrcTBa, BKIYAY TOUHICTb, YyTAMBICTb, creyndidHicTe
Ta iHWi MeTpuKW, WO BigobpaxatoTe edekTUBHICTE Mogeni;
—  MNOPIBHATY 3 iHWWNMW piLLEHHAMMN.
— —
o —
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AHa3 MEeTOI1B

*ANN 3 Adam
*ANN 3 HOA
*GNN 3 DGL

*NumPy: ans pob0Tun 3 6araToBUMIPHUMI MacBaMM Ta BUKOHAHHS
MaTeMaTUYHNX onepauin.

*Pandas: ans 06pobkun Ta aHanisy gaHux.

*Matplotlib: gna Bisyanisauil gaHVX Ta pe3ynbTaTiB aHanisy.

*Scikit-learn: gna nonepeAHbLOI 06PO6KK AaHWX, peani3ayii MeTOAIB MaLUMHHOIO
HaBYaHHS Ta OLiHKM MOAenen.

*TensorFlow Ta Keras: Ansl CTBOpPeHHS, HABYaHHSA Ta OLiHKN HEMPOHHNX MepeXx.
-Pg/Torch: AN PO3POOKM Ta TeCTYBaHHS HEMPOHHUX MepeX, 30KpeMa A5
obumncneHb Ha rpadivHMX NpoLecopax.

P_
=

Omnuc nporpaMHoOro 3abesne4yeHHs, 10
0yJI0 BUKOPHUCTAHO y JOCJII>KEHHI

MepLurM KPOKOM CTano 36mpaHHa Ta NigrotToBka faHux. MNoTim nobygosa
Helpomepexi Ta HanalwTyBaHHA Mojeni.

class Net(nn.Module):
def __init_ (self):
super(Net, self)._ init
self.fcl = nn.Linear
self.fc2 = nn.Linear
self.fc3 = nn.Linear(12
self.fc4 = nn.Linear(64,1)

criterion = BCELoss()
self.dropout = nn.Dropout(p= .6, inplace = True) Op‘timi zer = Adam ( net. par‘ameter‘s () )’

def forward(self, x):
x = self.dropout(F.relu(self.fc1(x)))
x = self.dropout(F.relu(self.fc2(x)))
x = self.dropout(F.relu(self.fc3(x)))
x = F.sigmoid(self.fc4(x))
return x

M
e,




Peastizaniia ctparerii XMXKUX [ITAaxXiB

def update_solution(self, solution, best_solution):
rl, r2, r3 = np.random.rand(3)
g=2*r3-1
q_tensor = torch.tensor(q, dtype=torch.float).to(device)
d = torch.abs(best_solution - solution)
new_solution = best_solution - rl * d * torch.sign(q_tensor)

# Adding more variability by introducing noise
noise = torch.randn_like(new_solution) * 2.81
nev_solution += noise

return new_solution

P_
!
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3MiCT IpOBeJIEHOT0 EKCIIEPUMEHTY

e Bnbip Ta nigrotoska Habopy gaHunx (Pandas, NumPy, Matplotlib Ta Scikit-
learn).

e CTBOpeHHs HepoHHOI MepeXxi (PyTorch).

e TpeHyBaHHA Mogeni (Adam, HOA).

e OuiHKa Ta Banigauia moaeni.

— —
| —




Pe3ysibTaTHU eKCIEpUMEHTY
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AHaJ1i3 OTpUMaHUX pe3yJbTaTiB

BpaxoBytoumn, Wo AaHi gyxxe He3banaHCOBaHi, HaAM MOTPIGHO 3HalMTKM KoMnpomic Mix Recall i
Precision. Bpaxosyloumn, WO MOMWUAKOBa Kkhacuikalis Helaxpacbkux TpaH3akuii Sk
Laxpancbknx Cepro3HO BAAWHE Ha JOCBif KOPUCTYBadiB, MPIOPUTETOM € TOUHICTb. Tomy
TOYHICTb 415 KOXHOIo MeToay €:

— [MpotoTnn 3 Adam: 3abe3neyye BMCOKY TOYHICTb SIK Ha HaB4Ya/bHWUX, TaK i Ha BanijauiiHMX

AaHnx (npnbansHo 0.90);
— GNN 3 DGL: BiAMIHHO Npautoe AN 3a4a4 BUABNEHHS LLAXPacTBa 3 BUCOKO TOYHICTHO (0.92);

— [Mpototnn 3 HOA: nokasye cTabifbHe 3pOCTaHHA TOYHOCTI, gocAratoun 6amsbko 0.75 Ak Ha

HaBYaNbHUX, TaK i Ha BanigauiiHNX JaHUX.

P_
[
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BUCHOBKMU

® [poBeseHo ornaj Ta aHanis iCHYKUMX METOAIB BUABNEHHS LLAXPaicTBa 3a AOMOMOrOK HEPOHHIX MepeX.

® O6paHo TWN Ta KoH$IrypaLit HelipoHHOT Mepesi, Aka HalbinbLue NigXoAnTe ANA 3a3Aaudi BUSBNEHHS LLaxpaicTBa.
® Biabip Ta nigroToBka HaboPY AaHWX AN HABUYAHHA Ta TECTYBAHHA MOZeni.

® HelipoHHY Mepexy HaBYEHO PO3Mi3HaBaTW LWaxpaiceKi NAaTEPHIX Ha NiAroToOBAEHOMY HaBopi AaHWX.

® [poBeAeHo aHani3 pe3yNbTaTiB BUSBAEHHS LWAXPancTBa, BKIKYAKUM METPWKM TOYHOCTI.

® [IpoBefeHO NOPIBHAHHSA 3 IHLLKMMK METOAaMM BUSIBNEHHS LLAXPaicTBa.

F—
dh

[lyouiikaniss pe3yibTaTiB

Po6oty Oymo mpezncraBmeno Ha [X MbkHapomHa HAyKOBO -TeXHIUHA KOH(EpEHITs

«ITonirpadivni, MyTbTUMEIIHHI Ta Web-TeXHOJIOTiD . 30IpHUK 3HAXOMUTHCS Y APYIIi

33. AOCNIAMEHHA METOAIB HEAPOHHUX MEPEX O1A BUABJIEHHA LWAXPANCTBA.
Adanacbesa |.B., Ckpumincokmid H.O.




[lizcymMKuH

Ha ocHOBI Lux pe3ynbTaTiB MOXHa 3p06UTK BUCHOBOK, o GNN 3
DGL € HalbinbLL NepcnekTUBHOK MOAENSIIO ANA LbOr0 KOHKPETHOro
3aB/JlaHHA, OCKINNbKM BOHa A0CATa€e HaMBULLLOT TOYHOCTI.

TakM UMHOM, SKLLIO BaX/11Ba BUCOKA TOYHICTb i pecypcHi
obMexeHHA He € KpUTnYHUMK, GNN 3 DGL 6yze Harkpalmm BnbopomM. Adam
TaKOX MOKA3Yy€E BNCOKY TOYHICTb i LUBUAKE CXOAXKEHHS, MiAXOAUTL ANA
6araTbox 3aranbHux 3agay. HOA Moxe 6yTr KOPUCHUM Y BUNaAKax, KO
NOTPi6HA CTabiNbHICTb | YHUKHEHHS MepeHaBYaHHSs, Xo4a oro TOUHICTb
TPOXU HUXKYaA

F—
AR

AaKkyto 3a yBary!

——
e w—
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JIOJIATOK B

Te3u nomosii 11t KOHMEpeHTIii

Mmlcrepcrao OCBITH i Hayxu YKpamM

XapKiBcokmid (v
AHY «Kumxxoea nanara vxpa uu |M Ieaua Qenoposa (Wpama)
IpoMaacLKa crinka «YKpaikcoKa acouiauin
Hauloﬂaﬂbﬂﬂ" TeXHI‘dNKM VHIBEDCMYEY praIHH KMIBCDKK” "DHWEXNIHHMH IHCTMTVT !M |l’°pﬁ
Cikopcexoro» (Ykpaina)
YKpaincbKa akaaemis ApykapcTsa (Ykpaina)
Bapwasceka nonitexsixa (Monbwa)

Yuisepcurer wrary MNyakaxyaro (Mekcuka)
TaWKEeHTCoKNUA IHCTUTYT TeKCTUABHOI Ta Nerkoi NpoMMUCA0BOCTI (Yaberncran)

PRINT
MULTIMEDIA &
WEB

IX MixkHapoaHa HayKOBO-TeXHiuYHa KoHpepeHLin

«MNonirpadiyni, MynbTUMeaiitHi Ta web-TexHonorii»
14-18 tpasHs 2024 poky

NPOrPAMA

KondepeHuis byae npoxoantu 3a agpecoio: M. Xapkis, np. Hayku, 14.
(a ANCTHUIHHOMY pexunmi)
n i, -14 2024 poky 8 9-30.
OHnaiiH-3aciganHa cexuyin — 15, 16 tpasus 2023 poky 8 11-00.

TenedoHu ana A0BIAOK:
3acrynuuk ronosu OprrkomiteTy: npod. [lewrexo ManHa BanewmHisHa,
1en. +38(099) 492-18-49
Cexpetapi OprromiTeTy:
cT. BuKn. Ye60oTapbosa Ipuna Bopucisna, aou,. Bosx 0.B.
Ten.+38(068) 884-85-62
Appeca enekTpoHHoi nowT: pmw@nure.ua
Cant xondepeHuii: pmw.nure.ua

PernamenT gonosigei:
Ha NAeHapHOMY 3aciganni — do 20 xeunuk;
Ha CeKUiMHMX 3aciaannax — 10-15 xsunuwx;
MONOADKHA WKONA-CeMIHAP ~ 6-8 xsunu.

32. AITOPUTMM NOKANIBALLIT TPAEKTOPIT TPAHCNOPTHUX 3ACOBIB Y BIAEONOTOKI.
CynpyHx 0.0., KotenbHikos 1.B.

33. OCNIAKEHHA METOAIB HEMPOHHWX MEPEX ANA BUABNEHHA LLAXPANCTBA.
Adanacbesa |.B., Ckpumincokuin H.O.

34. NOBYAOBA ER-MOZAEN! IHOOPMALIMHO-KOMYHIKALIAHOI TEXHONOI T YNPAB/IHHA
ENEKTPOHHUMWU HAYKOBUMU BUAAHHAMMW. Hepopa T.B., Mopos P.B.

35. PO3POBKA NIACUCTEMM KANIBPYBAHHA TEH30CEHCOPA AN1A CMAPT-KOHTEMHEPA
HAKONMWYEHHA CYBCTPATHUX OBPI3KIB. Hepoga T.B., Cropoxyk Al.

36. OCOB/IMBOCTI O6POBKU ACTPOHOMIYHOIO BIAEO. Xnamos C.B., NniryHosa E.B.

37. NEPETBOPEHHA 3D-MOAENEN NPOrPAMAMMU-CNTAUCEPAMM AIK KNIOYOBUM GAKTOP
LNOCATHEHHA AKOCTI AAUTUBHOIO [IPYKY. Bonogbko M.IO.

38. AIANTALIA NOACHEHb 3 YPAXYBAHHA 11K KOPUCTYBAYA HA OCHOBI AHANIZY
XYPHANIB NOAIA METOAAMM PROCESS MINING. Yanuii C.®., Epoxin A.0.
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TIOJIATOK T

®parMeHTH KoLy

@aiin HOA .py

import pandas as pd

import numpy as np

import torch

import torch.nn as nn

import torch.nn.functional as F

from torch.utils.data import Dataloader, TensorDataset
from sklearn.preprocessing import StandardScaler, OneHotEncoder
from sklearn.compose import ColumnTransformer

from sklearn.impute import SimpleImputer

from sklearn.pipeline import Pipeline

from sklearn.model selection import train test split
from sklearn.metrics import roc_auc_score

import warnings
warnings.filterwarnings ("ignore")

device = torch.device('cuda' if torch.cuda.is available() else 'cpu')

print ('Using device:', device)

print ('SETUP COMPLETED')

column_ types = {'TransactionID': 'int32', 'isFraud': 'int8', 'TransactionDT':
'int32', 'TransactionAmt': 'float32', 'ProductCD': 'object', 'cardl': 'intle',
'card2': 'float32', 'card3': 'float32', 'card4': 'object', 'card5': 'float32',
'card6': 'object', 'addrl': 'float32', 'addr2': 'float32', 'distl': 'float32',
'dist2': 'float32', 'P_emaildomain': 'object', 'R emaildomain': 'object', 'Cl':
'float32', 'C2': 'float32', 'C3': 'float32', 'C4': 'float32', 'C5': 'float32',
'C6': 'float32', 'C7': 'float32', 'C8': 'float32'}

train df = pd.read csv('../input/ieee-fraud-detection/train transaction.csv',

dtype=column_types)

train y = train df['isFraud']
train df.drop('isFraud', axis=1, inplace=True)

# Select categorical columns
categorical cols = [cname for cname in train df.columns if train df[cname].dtype
== "object"]

# Select numerical columns
numerical cols = [cname for cname in train df.columns if train df[cname].dtype in
["int8', 'intlé6', 'int32', 'float32']]

# Preprocessing for numerical data
numerical transformer = Pipeline (steps=[('imputer',
SimpleImputer (strategy='constant')), ('scale', StandardScaler())])

# Preprocessing for categorical data

categorical transformer = Pipeline(steps=[('imputer',

SimpleImputer (strategy='constant')), ('onehot', OneHotEncoder (dtype=np.int8,
handle unknown='ignore'))])

# Bundle preprocessing for numerical and categorical data
preprocessor = ColumnTransformer (transformers=|
("num', numerical transformer, numerical cols),
('cat', categorical transformer, categorical cols)
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1)

train df = preprocessor.fit transform(train df)
train y = train y.values

# Convert csr matrix to np.ndarray
train df = train df.toarray()

print ("Shape of transformed train data:", train df.shape)

train tmp, valid tmp, y train tmp, y valid tmp = train test split(train df,
train y, stratify=train y)

train tmp = torch.from numpy(train tmp).type (torch.float) .to(device)
y train tmp = torch.from numpy(y train tmp).type(torch.float).to(device) .view(-1,
1)

valid tmp = torch.from numpy(valid tmp).type(torch.float) .to(device)
y valid tmp = torch.from numpy(y valid tmp).type(torch.float) .to(device) .view(-1,
1)

train loader = DataLoader (TensorDataset (train tmp, y train tmp), batch size=64,
shuffle=True) # Reduced batch size

valid loader = DatalLoader (TensorDataset (valid tmp, y valid tmp), batch size=64,
shuffle=False)

# Adjust input size of the network based on the transformed data shape
input size = train df.shape[1l]

class Net (nn.Module) :

def init (self, input size):
super (Net, self). init ()
self.fcl = nn.Linear (input size, 256)
self.fc2 = nn.Linear (256, 128)
self.fc3 = nn.Linear (128, 64)
self.fc4 = nn.Linear (64, 1)
self.dropout = nn.Dropout (p=0.5)

def forward(self, x):
x = self.dropout (F.leaky relu(self.fcl(x))) # Using Leaky RelLU
x = self.dropout (F.leaky relu(self.fc2(x)))
x = self.dropout (F.leaky relu(self.fc3(x)))
x = torch.sigmoid(self.fc4 (x))
return x

class EarlyStopping:
"""Early stops the training if validation loss doesn't improve after a given
patience."""
def init (self, patience=10, verbose=False, delta=0, path='checkpoint.pt',
trace func=print) :
self.patience = patience
self.verbose = verbose
self.counter = 0
self.best score = None
self.early stop = False
self.val loss min = np.Inf
self.delta = delta
self.path = path
self.trace func = trace func

def call (self, val loss, model):
score = val loss
if self.best score is None:
self.best score = score
self.save_ checkpoint(val loss, model)



{self.pa

def

-> {val

class Ha
def
max_ iter

def

torch.ra

def

def

elif score < self.best score + self.delta:
self.counter += 1

self.trace func(f'EarlyStopping counter: {self.counter} out of

tience}')
if self.counter >= self.patience:
self.early stop = True
else:
self.best score = score
self.save checkpoint (val loss, model)
self.counter = 0

save checkpoint (self, val loss, model):
if self.verbose:
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self.trace func(f'Validation loss decreased ({self.val loss min:.6f} -

loss:.6f}). Saving model ...")

torch.save (model.state dict (), self.path)
self.val loss min = val loss

wkOptimizer:

__init (self, net, pop size=30, max iter=100):

self.net = net
self.pop size = pop_ size

self.max iter = max iter
self.dim = sum(p.numel () for p in net.parameters())
self.pop = [self.initialize solution() for _ in range(pop size)]

self.best solution = None
self.best fitness = float('inf')
self.train auroc list = []
self.valid auroc list = []

initialize solution(self):

solution = []

for p in self.net.parameters():
solution.append(p.data.clone () .view(-1) +

ndn like(p.data.clone() .view(-1)) * 0.1) # Adding randomness

return torch.cat (solution) .to(device)

evaluate fitness(self, solution, loader, criterion):
idx = 0
for p in self.net.parameters():

p.data = solution[idx:idx + p.numel ()] .view(p.size()) .clone()

idx += p.numel ()
self.net.eval ()
loss = 0
true labels = []
pred labels [1]
with torch.no grad():
for data, target in loader:
output = self.net (data)
loss += criterion (output, target).item()
true labels.extend(target.cpu() .numpy())
pred labels.extend (output.cpu () .numpy () )
roc_auc = roc_auc_score(true labels, pred labels)
return loss / len(loader), roc_auc

update solution(self, solution, best solution):

rl, r2, r3 = np.random.rand(3)

g=2*1r3 -1

g_tensor = torch.tensor(q, dtype=torch.float).to(device)

d = torch.abs (best solution - solution)

new_solution = best solution - rl * d * torch.sign(g_ tensor)

# Increased pop_ size and



# Adding more variability by introducing noise
noise = torch.randn like(new_solution) * 0.01
new solution += noise

return new solution
def optimize(self, train loader, valid loader, criterion, patience=10):

early stopping = EarlyStopping(patience=patience, verbose=True)
for iter in range(self.max iter):

fitnesses = [self.evaluate fitness(sol, valid loader, criterion)
sol in self.pop]
losses, roc_aucs = zip(*fitnesses)

best idx = np.argmin(losses)
if losses[best idx] < self.best fitness:

self.best fitness = losses[best idx]
self.best solution = self.pop[best idx].clone()
new_pop = []
for sol in self.pop:
new_sol = self.update solution(sol, self.best solution)

new pop.append(new_sol)
self.pop = new_ pop

train loss, train roc_auc = self.evaluate fitness(self.best solution,

train loader, criterion)

valid loss, valid roc auc = self.evaluate fitness(self.best solution,

valid loader, criterion)

self.train auroc_list.append(train roc_ auc)
self.valid auroc_list.append(valid roc_ auc)

print (f"Iteration {iter + 1}, Train ROC AUC: {train roc_auc}, Valid

ROC AUC: {valid roc_ auc}, Best Fitness: {self.best fitness}")

early stopping(valid roc _auc, self.net)
if early stopping.early stop:

print ("Early stopping")

break

idx = 0
for p in self.net.parameters():
p.data = self.best solution[idx:idx +
p.numel ()] .view(p.size()) .clone ()
idx += p.numel ()

input size = train df.shape[1l]
net = Net (input size) .to(device)

# Use weighted BCE loss to address class imbalance
pos_weight = torch.tensor([len(y train tmp) / sum(y train tmp)]).to(device)
criterion = nn.BCEWithLogitsLoss (pos weight=pos weight)

# Hawk Optimizer
optimizer = HawkOptimizer (net, pop size=30, max iter=100)

# Train the network using HOA
optimizer.optimize (train loader, valid loader, criterion)

# Evaluate and plot results
import matplotlib.pyplot as plt

plt.plot (optimizer.train auroc list, label='Training accuracy')
plt.plot (optimizer.valid auroc list, label='Validation accuracy')
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plt.legend (frameon=False)
plt.show ()

# Make predictions on test set

submit df = pd.read csv('../input/ieee-fraud-detection/test transaction.csv',
dtype=column_types)
sub = pd.read csv('../input/ieee-fraud-detection/sample submission.csv')

submit df = preprocessor.transform(submit df)

submit df = submit df.toarray ()

submit tmp = torch.from numpy (submit df) .type(torch.float).to(device)

fake labels = torch.zeros (submit tmp.size(0)).type(torch.float) .to(device)

submit loader = DataLoader (TensorDataset (submit tmp, fake labels), batch size=64,
shuffle=False)

submission = []
with torch.no grad():
net.eval ()
for samples,  in submit loader:
log ps = net (samples)
submission.extend(log ps.cpu() .numpy())
sub['isFraud'] = submission

sub.to _csv('submission.csv', index=False)



JIOJIATOK ]I

3BIT pe3yabTariB MEPEBIPKU HA YHIKAIBHICTH TeKCTy B 6a31 XHYPE
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JOIAATOK E
ExcniepTHuil BUCHOBOK pe3yibTaTiB MepeBipku KBaiikaiiitHoi po6oTu Ha

BianmoBiAHICTH oopmieHHs Bumoram JICTY 3008:2015
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CTYOEHT HNpOrpaMHo] IHACHEPIT m13m-22-4
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JavBamcHHA

Cropinka
IMICT DYHETY EBamigikaminol
podoTH

Mynsr JCTY
3008-2015

1 2 3

7.1 Jaraneni noaoKeHHs

7.3 Hymepanin cropiHOK 3BITY

7.4 Hymepauis posaiais, niaposiuis, 0yHKTIE, DNYHETIE

7.5 Pucyuku

7.6 Tabanui

7.7 MMepenikn

7.8 Ilpumiren

7.9 Bunockn

T.10 Mopmyan Ta piBHAHHE

7.11 Mocnaaunn

7.13 Cnucok agTopis

7.14 CropotenHs T4 yMOBHI MOIHAKH

7.15 MopaTem

3AyBAMCHE HEMAE
Excnepr Onena OJITHHUK

(e [Rielel o il EHELRATH

11.06.2024




