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B marucrepckoit jguccepramun 50 crpanul, b m3o0parkeHuii, 22 ncTouHuUKa, 4
HPUJIOYKEHI.

Koouessie ciosa: CETMEHTAIINA M30BPAYKEHNN, KITACCUPUKA-
1A N30BPAYKEHNI, BUOJIOTMYECKUNE KJIETKU, INTYBOKOE OBYYE-
HUE, CBEPTOYHBIE HEMTPOHHBLIE CETU, ResNet50, SimCLR, SwAV.

OOBEKTOM HCCJIe/IOBaHUS sIBJISIETCsT OMOJIOrnyIeckasi cucreMa, nHdopMalinisd O 10-
BEJIEHNN KOTOPOIl IpejicTaBIeHa IKCIePIMEHTAIbHBIMEI JAHHBIMEI B BU/IE€ N300pazke-

HUI.

[esibio paboOThI SIBJIsIETCs pa3pabOTKe U peasu3allii ajJropuTMa st 00paboT-
KU 1300pakKeHnii ¢ OMOJIOrmIecKIMI KJIeTKaMI.

Jlst TocTHzKeHUsT TI0CTaBJIEHHON 11e/in ObLIN UCIIOJIBb30BAHbBL: SI3bIK ITPOIPAMMI-
poanust Python, bubsmoreka s padborsl ¢ nzodbpaxkenuamu OpenCV oubmoreka
JIJIsT TEH30PHBIX Bbluncjenuii Pytorch u 6ubsmorexka YOLO.

B muccepraiiun moJiydeHbl CJIeAyIoNe pe3yabTaThbl:

1. IIpoBesien aHau3 CyIHIECTBYIOMINX TEXHOJOIMHI MAIIMHHOTO OOyUeHUsT JIJIsI
00paboTKN M300parkeHnit ¢ OMOJOrNYEeCKUME KJIeTKaMU, BKJIIOUYasl METOJIbl Cer-
MEHTAINN n300parkeHnii, KaaccupuKalnl KJIeTOK Ha U300parKeHUN 1 MEeTO[bI
camoo0yuenus ¢ yuauresem (SSL) jist paboThl ¢ MaJbIM KOJTHIECTBOM JAHHBIX.
DTOT aHaJM3 Jier B OCHOBY BbIOOpA 1 aJIallTallii MOJIeJIel JIJisl TabHeM X dKC-

IIEPUMEHTOB.

2. Pazpaboran m KOMIIBIOTEDHO pean30BaH MOPUIHLIA aJrOPUTM JIJIs Ha-
XOXKJIEeHNsT 1 KjaacCu(pUKaINy KJIeTOK Ha M300parKeHuu. AJIPOPUTM BKJIIOUAET
nociejioBaresibHoe npuMenernne Y OLOv11-seg ji/1st TOYHOI cerMeHTalnn KJIeTOK

n ResNetd0 g ux nocsenyroreil KiaccuduKaliim.

3. BrinosineHo smmmupudeckoe cpaBHeHne 3 (MEKTUBHOCTH PA3JINIHBIX 10JIX0-
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JIOB K KJlaccuduKalum OMoJ0rMYecKuxX KJeToK. B dacTHOCTH, IIPOBEIEHO CpaB-
HeHre KoHTpoJimpyemoro odydenus: Ha ResNetb0 ¢ meTomaMu caMOKOHTPOJIIPY-
emoro obyuerns (SimCLR n SwAV) B yc10BusaX JanHOM 33141, 9TO TIO3BOJIIIO

BBISIBUTL UX CUJILHBIE U CjIa0dble CTOPOHLI.

Bce pesyibraTbl MarncTepeKoii JUCCEePTAIN JIOKa3aHbl B COOTBETCTBUN C COBPE-
MEHHBIMH TI0JIX0/IaMU K 00paboTKe M300parkeHuil 1 MAIIMHHOMY OOYYEHUIO, a TaK-
JKe MOATBePzKIeHbl SKCIEePUMEHTAIbHONI IIPOBEPKOIl Ha peabHbIX OMOJIOIMYEeCKUIX
naHHbIX. HoB1U3HA pe3y/bTaToB COCTOUT B pa3spabOTKe U IMIIMPUIECKOM CPaBHEHUN
3P dHeKTUBHOCTH THOPUIHOIO O/IX0/Ia K CeIMeHTAInn 1 KJjaccuduKaium OnoIoru-
JeCKUX KJIETOK Ha M300parkKeHUsiX, coueTaroniero riybokne cBepTouHble HeipOHHbIE
cetrn (ResNet50) ¢ meromamu camokouTpospyemoro obydenus (SimCLR, SwAV) u
mojiesiedi gerekTupoBanus 00beKToB (YOLOvVI11-seg), ¢ 1esiblo onTuMU3aIn aHa-
JIN3a [IPU OIPAHUYEHHBIX pa3sMedeHHbIX JTaHHbIX. OO0CHOBAHHOCTD U JJOCTOBEPHOCTH
IOJIYUYEHHBIX PE3y/IbTaTOB 00YCJIOBJIEHa TIIATe/JbLHBIM BBIOOPOM U ajalralueil Me-
TOJOJIOI'UH, IIPOBEJIEHNEM CePUU KOHTPOJUPYEMbIX SKCIIEPUMEHTOB C Pa3/IMIHBIMU
TUIIAMKI OMOJIOIMYECKUX M300parkeHuil 1 CTaTUCTHYECKUM aHaJIN30M I10JIyYeHHbBIX
JIAHHBIX.

M&FI/ICTepCKaﬂ JAuccepTanns BBIIIOJIHEHA aBTOPOM CaMOCTOATEJILHO.



The master thesis is presented in the form of an explanatory note of 50 pages, 5
figures, 22 references, 4 applications.

Keywords: IMAGE SEGMENTATION, IMAGE CLASSIFICATION, BIO-
LOGICAL CELLS, DEEP LEARNING, CONVOLUTIONAL NEURAL NET-
WORKS, ResNet50, SimCLR, SwAV.

The object of the thesis is a biological system whose behavioral information is
represented by experimental data in the form of images.

The purpose of the work is to develop and implement an algorithm for image
processing with biological cells.

To achieve the goal we used Python programming language, the image processing
library OpenCV, the framework for tensor computing Pytorch and the YOLO library.

The main results of the thesis are as follows:

1. We analyzed existing machine learning techniques for biological cell image pro-
cessing, including methods for image segmentation, classification of cells in an
image, and self-learning with a teacher (SSL) methods for handling small
amounts of data. This analysis formed the basis for selecting and adapting

models for further experiments.

2. A hybrid algorithm for finding and classifying cells in an image has been
developed and computer-implemented. The algorithm includes sequential
application of YOLOv11-seg for accurate cell segmentation and ResNet50 for

cell classification.

3. An empirical comparison of the performance of different approaches to classify
biological cells has been performed. In particular, supervised learning on
ResNetb0 was compared with self-supervised learning methods (SimCLR. and
SwAV) for this task to identify their strengths and weaknesses.

All the results of the master thesis are proved in accordance with state-of-
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the-art approaches to image processing and machine learning, and validated by
experimental verification on real biological data. The novelty of the results consists in
the development and empirical comparison of the effectiveness of a hybrid approach
to segmentation and classification of biological cells in images, combining deep
convolutional neural networks (ResNet50) with methods of self-supervised learning
(SimCLR, SwAV) and object detection models (YOLOv11-seg), in order to optimize
the analysis with limited labeled data. The validity and reliability of the obtained
results are due to the careful selection and adaptation of the methodology, a series
of controlled experiments with different types of biological images and statistical
analysis of the obtained data.

The master thesis was done solely by the author.



