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PEDEPAT

O0bém aqumIoMHOM padoTwl. 63 cTpanuiel, 19 pucynkosn, 4 tabiauiel, 36
ACTOYHHUKOB.

Knwuesbie ciaoBa: ®JIYOPECIHHEHTHAA MHWKPOCKOIINA, CBEPX-
PA3PEHIEHUWE, DEEP-STORM, I'JTYBOKOE OBYYUEHME, CNN, U-NET,
RESNET, PEKOHCTPYKIISI N30BPAXXEHUN.

O60bexkT wucciaeaoBanmsi: [Iporecc PEKOHCTPYKIIMU CBEPXPa3peIIEHHBIX
n300paxeHuil GPryopecieHTHON MUKPOCKOIIHUH.

Heas ucciaenoBanms: Pa3zpaboTka anroputMa aHainza (IIyopecleHTHBIX
n300pakeHuii, ocHoBaHHOTO Ha MeTojie Deep-STORM.

Metoabl uccienoBanusi: AHAIU3 TUTEPATYPhl; MAIIMHHOE 00y4YeHHe (TIy-
O00Koe 00yueHue, CBEPTOUHbIE HEMPOHHBIE CETH); LIMPpoBast 00paboTka n3o0paxe-
HUI; YUCIIEHHOE MOJCTUPOBAHNE U TeHEepaIisl CHHTETUYECKUX JTaHHBIX; BBIYHCIIHU-
TEJbHBIE SKCTIEPUMEHTHI M CTATUCTUYECKUH aHaIN3; MporpaMmmupoBanue Ha Python
¢ ucnonp3oBanueM Keras/TensorFlow, NumPy, Scikit-learn, Matplotlib.

Ilonyyennble pe3yabTaThl W WX HOBU3HA: BrepBble mpoBeAcH
CUCTEMATUYECKUI CpaBHUTENbHbIN aHaiu3 3¢ dextuBHOCTH apxuTekTyp U-Net u
ResNet B KOHTEKCTE PEKOHCTPYKIIMH H300pakeHWil MetogoM Deep-STORM.
Pa3pabotan mnonHocThio Python-opueHTHpOBaHHBIN KOHBEHEp sl TeHepaluu
oOy4Jaronmx JaHHBIX, UCKIoyaromuid 3aBucuMocth oT MATLAB. Ilomyuensl
HOBBIE AMIIMPUYECKUE JaHHbIE O BIUAHUM 00bEMa oOywaromie BBIOOPKM Ha
IIPOU3BOIUTEIIBHOCTh HEMPOCETEN. DKCIIEPUMEHTHI MoKa3anu, yTo U-Net u ResNet
c aktuBanueil Leaky ReLU pocturator PSNR > 50 b u SSIM = 0.996 Ha
CUHTETUYECKUX JaHHBIX, TpeBocxons 0azoByro CNN Tuma sHKOAEpP-IEKOAEP.
[ToaTBepkaeHa ciocCOOHOCTh MOJIENEN K PEKOHCTPYKIIUHU CIIOKHBIX OMOJIOTUYECKUX
CTPYKTYp U peajbHbIX JaHHBIX.

/loCTOBEPHOCTHL MATEPHAJIOB M Pe3yJabTATOB [IUIUIOMHOW PpadoThI:
[TonTBepkmaeTcss MCMOJB30BAaHUEM  aMpPOOMPOBAHHBIX METOJOB  TIIYOOKOTO
O0Oy4eHHsI, KOMIUIEKCHBIX BBIYMCIUTEIBHBIX JKCIIEPUMEHTOB HA CHUHTETHYECKUX
JTaHHBIX ¢ «ground truthy u Bepubukaimei Ha peanbHbIX AaHHBIX. [IpUMEHSIHCH
CTaHJapTHbIE METpUKHU olleHKU KadyecTBa: PSNR, SSIM, MSE, MAE.

O0s1acTh BO3MOKHOI'0 NPAKTHYECKOI0 NMpUMeHeHusi: buomenuuumHckue
UCCIIEIOBaHMsI, KJIIMHUYECKasl AMArHOCTHKA, OHKOJIOTHSA, OMOJOrus, HelpoOuoo-
rusi, pa3paboTKa JIEKapCTB.



PO®EPAT

AO0'ém apInJIOMHAaN mpaunbl: 63 craponki, 19 mamonkay, 4 TaGminpl, 36
KPBIHIII.

Kunrouasbis ciioBbl: DJIYAPOSCIIOHTHA A MIKPACKOIIISA, 3BBEPXPAS-
JIBEJIbBHACIIb, DEEP-STORM, I'JIbIFOKAE HABYYAHHE, CNN, U-NET,
RESNET, POKAHCTPYKIIbIS BBIAY.

A0'exT macaenaBanHsi: [Iparpc pIKaHCTPYKIBI 3BBIIIPA3PO3HEHBIX BBISY
bayapaciPHTHAN MiIKpacKaril.

Mbara pacaenaBanns: Pacnpaiioyka anrapblTMy aHaiizy (iryap3CIPHTHBIX
BBISTY, 3acHaBaHara Ha metaaze Deep-STORM.

MeTtaabl gaciaenaBaHHs: AHajl3 HAaBYKOBAl JTapaTypbl; METabl MalllbIH-
Hara HaBy4YaHHs, Y IPbIBATHACLI IVIIOOKAaE HABYYaHHE 1 CBEPTOUYHBISI HEUPOHHBIS
CeTKI; MeTaJbl J1ybaBall ampanoyki BbISY; JiKaBae MadJIIBaHHE 1 TeHepallbld
CIHTATBIYHBIX HA0Opay NaHbIX; MPaBsI3€HHE BbUIIYAIbHBIX IKCIEPHIMEHTAY 1 CTa-
TBICTBIYHBI ~aHa3; IparpaMaBaHHe Ha MoBe Python 3 BbIKapblcTaHHEM
Keras/TensorFlow, NumPy, Scikit-learn, Matplotlib.

ATpbIMaHbIA BbIHIKI i iX HABI3HA: YTIEPIIBIHIO TPaBE3EHbBI CICTAMATHIYHBI
napayHanbHbI aHaii3 agektorynacii apxitaktyp U-Net 1 ResNet, y nagatak na 6a-
3aBail CBEPTOYHON apXITIKTYPHI, Y KAHTIKCIIE PIKAHCTPYKIIBII BbIsTY MeTagam Deep-
STORM. PacmparnaBansl 1 ykapan€asl nankam Python-apeieHTaBaHbBI mparpaMHsbI
KaHBeep JJIs TeHepallbli HaBy4daJbHBIX HAOOpay MaHbIX, K1 JIIKBIaBay 3a1eKHACIb
an MATLAB. AtpbiMaHbl HOBBISI AMIIPBIYHBIS JaHBISA, SKisl XapaKTapbI3yIOIb
yIUTbly a0'éMy HaBy4JalibHaW BHIOAPK] HA MPATYKIBIITHACITL PO3HBIX HEMpPACETKABBIX
apXITIKTYp. DKCcepbIMeHThI Taka3zaini, mto U-Net 1 ResNet 3 yHKIIbIsII akThIBaIBI
Leaky ReLU nacsrarorte PSNR 3Beimn 50 a1b 1 SSIM kans 0.996 Ha CIHTAITHIYHBIX
JAHBIX, JIOMAHCTPYIOYbl TepaBary Haja 0azaBaii CNN TeIy SHKOIAp-IIKOIAD.
[TanBepkaHa 370JIbHACIIP MAJRJISY J1a PIKAHCTPYKIIBI CKJIQJaHBIX OlsIaridHbIX
CTPYKTYD 1 pRaIbHBIX IKCIIEPHIMEHTAIBHBIX JIAHBIX.

JaxnagHacub MaTIpbIsiay i BbIHiIKay AbIIIOMHANH npansl: [Tausspmaxka-
ella BbIKapbICTAaHHEM ampal0aBaHbIX MeTajay IJbI0OKara HaBy4YaHHS, KOMILJIEKC-
HBIX BBUIIYAIBHBIX IKCIEPHIMEHTAY Ha CIHTATBIYHBIX JaHbIX 3 «ground truthy» 1 Be-

peidikanpisaid HAa PIATBHBIX JaHbIX. [IpBIMSHSIIICS CTaHAAPTHBIS METPHIKI AIPHKI
akacii: PSNR, SSIM, MSE, MAE.

Bobaacup MarypiMara npakTbIYHATA NPbIMSIHEHHSI: BistMEIBIIIBIHCKIS
JacieaBaHH1, KJIIHIYHAs JIBISTHOCTBIKA, aHKaJoris, Olstoris, HeHpaoisoris, pac-
Mparoyka Jjekay.



ABSTRACT

Volume of the diploma thesis: 63 pages, 19 figures, 4 tables, 36 sources.

Keywords: FLUORESCENCE MICROSCOPY, SUPER-RESOLUTION,
DEEP-STORM, DEEP LEARNING, CNN, U-NET, RESNET, IMAGE RECON-
STRUCTION.

Object of research: The process of super-resolution image reconstruction in
fluorescence microscopy.

Purpose of research: Development of an algorithm for analyzing fluores-
cence images based on the Deep-STORM method.

Methods of research: Literature analysis; machine learning (deep learning,
convolutional neural networks); digital image processing; numerical simulation and
synthetic data generation; computational experiments and statistical analysis; Py-
thon programming using Keras/TensorFlow, NumPy, Scikit-learn, Matplotlib.

Results obtained and their novelty: For the first time, a systematic compar-
ative analysis of the effectiveness of U-Net and ResNet architectures, in addition to
the basic convolutional architecture, was conducted in the context of Deep-STORM
image reconstruction. A fully Python-oriented software pipeline for generating train-
ing datasets was developed and implemented, eliminating MATLAB dependency.
New empirical data on the influence of training sample volume on neural network
performance were obtained. Experiments showed that U-Net and ResNet with Leaky
RelLU activation achieve PSNR over 50 dB and SSIM around 0.996 on synthetic
data, outperforming basic CNN of the encoder-decoder type. The models' ability to
reconstruct complex biological structures and real experimental data was confirmed.

Authenticity of the materials and results of the diploma work: Authentic-
ity is confirmed by using established deep learning methods, comprehensive com-
putational experiments on synthetic data with "ground truth," and verification with
real experimental data. Standard image reconstruction quality metrics (PSNR,
SSIM, MSE, MAE) were applied.

Area of possible practical application: Biomedical research, clinical diag-
nostics, oncology, biology, neurobiology, drug development.



