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UCCJIEJOBAHUE BJIUSAHUSI AYIMEHTAIIUM  M30BPAXKEHUH  HA
OBYUYEHME CBEPTOYHBIX HEWPOHHBIX C}ETEFI TP AHAJIM3E
NMMYHOI'NCTOXUMHNYECKHNX  H3OBPA’KEHUU PAKA  MOJIOYHOH
KEJIE3bI

KaroueBble cjioBa: MammHHOE OOy4YeHHE, CBEPTOYHBIE HEWPOHHBIE CETH, ayrMEHTaIus
JTAHHBIX, CJIOM IYJIMHTA, CJIOM CBEPTKHU, ITOJTHOCBA3HBINA CII0M, TOYHOCTD, MOJHOTA.

O0beKT nccsie0BaHusl - CBEPTOYHbBIE HEUPOHHBIE CETH.

Leap padoTBl — MCCIENOBaTh BIMSHHE PA3JIMYHBIX ONEpallMi ayrMEHTAMM Ha KadecTBO
OOy4eHHsI CBEPTOUHBIX HEHPOHHBIX ceTed i 00pabOTKM THMCTOXUMUYECKUX H300paKeHUH
PAKOBBIX KJIETOK.

MeTOHLI HCCIECAOBAHUSA — KOMIIBIOTCPHOC MOACIIMPOBAHUC.

B nanHOli paboTe wHCCIENOBalOCh BIMSHUE ayIrMEHTAalMd HMMMYHOTHCTOXMMHUYECKUX
n300pakeHUi Mpu OOYYEHHUU CBEPTOYHBIX HEHpOHHBIX ceTed. i wuccnenoBaHus ObulM
pean30BaHbl TAKME apXUTEKTYPBl CBEPTOUYHBIX HEUPOHHBIX ceTell, kak SqueezeNet, VGGNet n
DenseNet. Onu ObuIM peasin3oBaHbl Ha s3bike Python, ¢ momomibto Oubamoreku PyTorch nHa
obmaunom cepBuce Google Colab. Jlna ayrmenrtanuu Obutd BBIOpaHbl (DYHKIIMHM M3 TAKeTa
Torchvision, a umenno RandomHorizontalFlip, Colorlitter 1 RandomRotation. Ha ochoBe
NOJTyYEHHBIX JaHHBIX OBLIM CIeNaHbl BBIBOJBI O TOM, Kakas M3 BBIOpPaHHBIX ayrMEHTalluH,
NOBJHUsIAa OOJIbIIE HA CBEPTOUYHBIE CETH, M KaK OHA HAa HUX MOBJIMSLIA.
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JACJIEJABAHHE VILUIBIBY AYITMEHTAIIBII MAJIIOHKAY HA HABYYAHHE
CKPYTKABBIX HEMPOHABBIX CETAK IIPbI AHAJII3E
UMMYHOTUCTOXUMHUYECKNX MAJTIOHKAY PAKA MAJIOYHAM 3AJI036I

KarouaBbisi CJ10BBI: MallblHHA€ HaBy4YaHHE, CKPYTKaBbIs HEWPOHABbIS CETKI, ayrMEHTAallbls
Ja/3eHbIX, MJIaCT MYJiHTa, IJIacT 3TOPTKI, MMay3BA3HbBI IUIACT, AaKIaJHACIb, TayHaTa.

AO'eKT nacjieJaBaHHs - CKPYTKaBblsl HEUPOHABBISI CETKI.

MbTa mpaunbl - gaciefaBanb YIIblYy PO3HBIX alepalblii ayrMEeHTalbli Ha SKAacllb HaBy4aHHS
CKPYTKaBbIX HEHPOHABBIX CETaK JJIs alpaloyKi TricTaxiMIYHBIX MaJTIOHKAY pPaKaBbIX KJIETaK.

MeTtaabl 1acjieiaBaHHs - KaMIT FOTOPHAE MaJIdJIsIBaHHE.

Y nman3enail mpamsl JaciiefaBaycs YIUIBIY ayrMEHTallbll IMyHAricTaxiMi4HBIX MalllOHKay Ha
HAaBYYaHHE CKPYTKaBbIX HEWpPOHABBIX ceTak. Jlis nacienaBaHHs ObUIL pialli3aBaHbl TaKis
apXITAKTYpPHI CKPYTKAaBBIX HEHpOHABBIX ceTak, sk SqueezeNet, VGGNet i DenseNet. SIapt ObuTi
poaiizaBaHbl Ha MoBe Python, 3 mamamoraii 610misTaki PyTorch Ha abnokaseiM capBice Google
Colab. Jlns ayrmenrtanbni Obuti aOpaHbl (yHKIBI 3 makeTa Torchvision, a MeHaBiTa
RandomHorizontalFlip, ColorJitter i RandomRotation. Ha acHoBe aTphIMaHBIX JaJ3eHBIX OBLII
3po0JIeHbl BBICHOBBI a0 ThIM, fKas 3 aOpaHbIX ayrMEHTallbli, MayIulbiBajga OOJBII Ha
CKPYTKAaBBbIS CETKI, 1 K SHA Ha 1X MayTIbIBajia
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THE RESEARCH OF THE EFFECT OF IMAGE AUGMENTATION ON THE
TRAINING OF CONVOLUTIONAL NEURAL NETWORKS DURING THE
ANALYSIS OF BREAST CANCER IMMUNOHISTOCHEMICAL IMAGES

Keywords: machine learning, convolutional neural networks, data augmentation,
pooling layer, convolution layer, fully connected layer, precision, recall.

Object of research - convolutional neural networks.

The purpose of this work is to investigate the effect of various augmentation
operations on the quality of training of convolutional neural networks for processing
histochemical images of cancer cells.

Research methods - computer simulation.

In this work, the effect of augmentation of immunohistochemical images in the training of
convolutional neural networks was researched. Convolutional neural network architectures such
as SqueezeNet, VGGNet and DenseNet were implemented for the research. They were
implemented in Python using the PyTorch library in the Google Colab cloud service.
Torchvision functions such as RandomHorizontalFlip, Colorlitter and RandomRotation were
chosen for augmentation. Based on the data obtained, conclusions were drawn about which of
the selected augmentations had the most impact on convolutional networks, and how it affected
them.



