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Pedepar

JumiomHast pabora coctouT u3 47 crpaHuil, 8 pUCYHKOB, 3 TPHIOXKEHUH U 5
HCIOJIL30BaHHBIX HCTOYHHUKOB.

KiroueBble cji0Ba: TEPIENTPOH, MAIIMHHOE OOydYeHWE, HEWpOHHAas CeTh, HEHUPOH,
aKTHBAIMOHHBIM TOTEeHIMaN, pekyppeHtHas cetb, MNIST, noructudeckas perpeccus,
TPaIUEHTHBIA CITYyCK, METOJ MOMEHTOB, MeToa HecTepoBa, MHUHMOATY, aNrOpUTM OOPATHOTO
pacnpocTpaHeHHUs OIIMOKH, pacrio3HaBaHue udp.

Heap paGorbl: pa3paboTka ¥ TOCIEAYIONIas pealu3alus aJIroputMa oOydeHus
PEKYPPEHTHON HEHPOHHOW CETH THIa DJIMaHa Ha 0ase meprenTpoHa.

OO0BbeKT HCCIeJOBAHUSI: METO/IbI PEATU3AIMH PA3TUYHBIX TUTIOB HEUPOHHBIX CETCH.

MeToabl HCC/IeI0BAHMS: B JIAaHHOW IUILUIOMHOM paboTe MOAPOOHO OMHMCAHBI METOJIbI
peanu3anuu 0OBIYHOTO MHOTOCJIOWHOTO MEPIENTPOoHa sl 3a/1a4l PACTiO3HABAHUS PYKOITHMCHBIX
uudp m3 maracera MNIST, a Takke MeTon peanu3allMli MHOTOCIOWHOTO TEPIENTPOHA C
00paTHOH CBS3BIO, TO €CTh PEKYPPEHTHON CETH Ha 0a3e MepIenTpPOHa /I aHAJIOTHYHOM 3a/1a4u.
AHaJIUTHYECKH BBIBEACHBI (QOPMYIbl JUIsi pacuéra MPOU3BOJHBIX, HEOOXOAUMBIX JUIS
MPOrPaMMHOM peau3alii aIropuTMa OO0paTHOTO pacrnpocTpaHeHusi OmuOKA. C MOMOIIBIO
s3bIKa MporpammupoBanus Python Obuto  mpou3BeneHO 00ydeHHE HEHPOHHBIX —CceTei
pa3IMYHBIMH  METOJaMH, a ¢ T[IOMOIIBIO S3bIKa MpOrpaMMHpoOBaHus JavaScript Obutu
BU3YaIM3UPOBAHbI U MPOTECTUPOBAHBI PE3yIbTaThl 00yUEHUsI HEHpOCceTeil.

006JacTh BO3MOKHOTO TPAKTHYECKOr0 NPHUMEHEHHsI: TIOJNYUYCHHBIC pPE3yJIbTaThl
oOydeHHss MOTyT OBbITh HCIOJB30BaHbI NS PA3IMUHBIX 334a4 Kji1accu(UKAIMU WU
pacrno3HaBaHUS JAHHBIX, HalpUMeEp JJIs aBTOMATH3HUPOBAHHOTO OIMO3HAHUS HOMEPOB BaroHOB
TPY30BOr0 Moe3/ia JUIsl KOPPEKTHOTO BeIeHUs yu&Ta OTOBITUS WIIM IPUOBITUS IPy3a U T.1.



Abstract

The thesis consists of 47 pages, 8 figures, 3 attachments and 5 references.

Keywords: perceptron, machine learning, neural network, neuron, activation
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method of moments, Nesterov method, minibatch, backpropagation algorithm,
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Aim of the work: development and subsequent implementation of an
algorithm for training a recurrent neural network of the Elman type based on a
perceptron.

Object of research: methods of implementation of various types of neural
networks.

Research methods: this thesis describes in detail the methods of
implementing a conventional multilayer perceptron for the task of recognition of
handwritten digits from the MNIST dataset, as well as the method of implementing
a multilayer perceptron with recurrent feedback, that is, a recurrent network based
on a perceptron for a similar task. The formulas for calculating the derivatives
necessary for the software implementation of the backpropagation algorithm are
analytically derived. Using the Python programming language, neural networks
were trained via various methods, and using the JavaScript programming language,
the results of neural network training were visualized and tested.

Area of possible practical application: the obtained training results can be
used for various tasks of classification or data recognition, for example, for
automated identification of freight train wagon numbers for correct accounting of
departure or arrival of cargo, etc.



