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npogheccop 2ocyoapcmeenozo yuusepcumema Huio-Hopra (CILIA)
npogeccop ynusepcumema Geccaruu (I peyus)

npogeccop ynusepcumema um. Hozanna Kennepa 6 Jlunye (Aeécmpus)
Kanouoam ghuz.-mam. nayx, npogeccop, CII6I'Y

dokmop pu3z.-mam. nayk, npogpeccop CII6I'Y

dokmop Qus.-mam. nayx, npogeccop CIIoI'OTY «JIDTH»

Odokmop mex. Hayx, 4i.-kopp. PAH, Yuusepcumem UTMO
npe3udenm xomnanuu Bonvgpam Pucéu (CLLIA)

dokmop neo. Hayx, npogeccop JJBOY

Jupexmop Hayuonanvhozo yenmpa nayunwix ucciedosanuti (Opanyus)
npog. Yuusepcumema Yunghpuoa Jlopwe (Kanaoa)

00KMOop mex. HAyk, npogheccop, Pykosooumens HayuHO20
u obpazosamenvroco nanpaenenuii CII6I'9TY «JIOTHy»

ooxmop ¢husz.-mam. nayx, akademux PAH, [IOMU PAH
O0okmop ¢uz.-mam. Hayk, npogpeccop, HUY BIIID
0okmop mex. Hayk, npogpeccop CIIOI' ITY «JIDTH»

00KmMop u3s.-mam. nayk, npogeccop, un.-kop. Hayuonanvnoii
axaodemuu nayx Keipeviscmana (Kupeusus)

ookmop Qus.-mam. nayx, akademux PAH, MIIT'Y

00KmMOop neo. HayK, npogheccop, NPopexmop no 06paz08amenbHOL
desmenvrocmu u yugposot mpancgopmayuu PITTY

Kanoudam ¢us.-mam. nayx, npogeccop yn-ma Ilons Cabamve (Opanyus)

Odupexmop no nayynot pabome Hayuonanvrozo yenmpa Hayymnvix
uccnedoganuii u Mamemamuuecxoeo uncmumyma (Ppanyus)

dokmop puz.-mam. nayx, npogeccop, CIOIY
Kkanouoam ¢uz.-mam. nayk, ooyenm CII6I'Y

npogheccop ynusepcummema 3anaonozo Onmapuo (Kanaoa)

dokmop neo. Hayk, ooyenm, npopeccop CII6I'ITY «JIDTH»
Kanouoam ¢huz.-mam. nayk, IIOMHU PAH, npogheccop CII6I OTY «JIOTH»

npogeccop ynuseepcumema Deccanuu (I peyus)

Kypnan exooum ¢ nepeuens 6edyuiux peyeH3upyemovlX HayyHovlX HCYPHAI08 U U30AHUII,
6 KOMOPbIX 00NHCHYL ObLMb ONYOIUKOBANHL OCHOGHBLE HAYYHbLE PE3YIbMAM bl OUCCEPMAUUT
Ha cOUuCKaHnue yueHvlx cmeneneii 00Kmopa u Kanouoama nayk (nepeuens BAK)



COMPUTER
TOOLS
IN EDUCATION

MINISTRY OF EDUCATION AND SCIENCE OF THE RUSSIAN FEDERATION
SAINT-PETERSBURG STATE ELECTROTECHNICAL UNIVERSITY «LETI»

EDITORIAL BOARD:

Sergei Abramovich
Alkiviadis Akritas
Bruno Buchberger
Nikolai A. Vavilov
Sergei A. Vakulenko
Eugene I. Butikov
Vladimir N. Vasilyev

Tatyana N. Gnitetskaya

Dima Grigoriev

Mikhail S. Kupriyanov

Yury V. Matiyasevich

Boris A. Novikov
Fedor A. Novikov
Pavel S. Pankov
Viktoria I. Snegurva

Aleksej L. Semenov
Sergei Soloviev
Mark Spivakovsky
Andrej N. Terehov
Alexander Tiskin
Stephen Watt
Stephen Wolfram
Eugene Zima

EDITOR-IN-CHIEF:

Sergei N. Pozdniakov

CO-EDITOR:

Nikolai N. Vassiliev

Alkiviadis G. Akritas

Ne 2, 2022

Prof. at The State University of New York (USA)

Prof. at The University of Thessaly (Greece)

Professor at Johannes Kepler University (Austria)

Prof. at St. Petersburg State University (Russian Federation)

Prof. at St. Petersburg Electrotechnical University LETI (Russian Federation)
Prof. at St. Petersburg State University (Russian Federation)

Prof. at ITMO University, corr. member of RAS (Russian Federation)

Prof. at Far Eastern Federal University (Russian Federation)

Directeur de recherches, CNRS (France)

Prof., Head of Scientific and Educational Areas at St. Petersburg Electrotechnical
University LETI (Russian Federation)

Head of Laboratory of Mathematical logic PDMI, Member and adviser
of the RAS (Russian Federation)

Prof., HSE Campus (Russian Federation)
Prof. at St. Petersburg Electrotechnical University LETI (Russian Federation)
Prof., Corresponding Member of National Academy of Sciences of Kyrgyzstan (Kyrgyzstan)

Vice-Rector for Educational Activities and Digital Transformation of Herzen University
(Russian Federation)

Prof. at MPSU, member and adviser of RAS (Russian Federation)

Prof. of IRIT, University of Toulouse (France)

Directeur de Recherche, CNRS and Institut de Mathematiques de Toulouse (France)
Prof. at St. Petersburg University, Head of Institute of IT (Russian Federation)

Ass. prof. at St. Petersburg State University (Russian Federation)

Professor at University of Western Ontario (Canada)

President of Wolfram Research (USA)

Professor at Wilfrid Laurier University (Canada)

Professor at St. Petersburg Electrotechnical University LETI (Russian Federation)

Senior Research Fellow at St. Petersburg Department of V. A. Steklov Mathematical
Institute, Professor at St. Petersberg Electrotechnical University LETI (Russian Federation)

EDITOR OF ENGLISH PART OF THE JOURNAL:

Prof., University of the Thessaly (Greece)

The journal is included in the list of leading peer-reviewed scientific journals and publications,
in which the basic scientific results of dissertations must be published for obtaining the academic degrees

of doctor and candidate of sciences (list of VAK)



PEJAKIIMOHHAS
KOJUIET U

C. ®. Anai,

K. ¢h.-M. HayK

C.T. lBanos,

K. neo. HayK

J1. A. I1aBnosg,

K. ¢h.-M. HayK,

B.T. ITapdenos,

0. mexH. HayK, npog.
. A. Tlocos,

K. MexXH. HayK

0. b. CennyeHKOB,
0. mexH. HayK, npog.
C.K. Cradees,

0. mexH. HayK, npog.
A.B. CrenaHos,

0. ¢h.-m. HayK, doy.
A. C. Yuprios,
npog. Yu-ma UTMO

KOPPEKTOP:
C.Bb.DHarnHa

BEPCTKA:
T. I Msug

JI3AMH OBJIOXKU:
A. . bapanos

COJEPXKAHMUE

AJITOPUTMHUYECKASA MATEMATHUKA
N MATEMATUYECKOE MOJIEJIMPOBAHUE

A. M. TI'epuireiin,
A. H. Tepexos

K. B. CyxopyueHkos,
E. B. Mapaesa,

O. A. Anekcannposa

H. K. Illapkos,
B. M. Kpsuos,
10. b. Konecos

NHOOPMATUKA
b. ®. MenbHUKOB,
E. A. MenbpHukoBa

MapupyTusanys TpaHCIOPTa MPU HAIUYUU
OIMACHBIX YYaCTKOB Ha JOPOTE
(na npumepe ropona Crnpunrdunn, Maccauycerc) 5

MopenupoBaHue yCIOBHN OYUCTKH
U TIpoIecCa BHIPALTUBAHUS MOITYIPOBOIHHUKOBBIX
MOHOKPHCTAJZIOB METOJIOM 30HHOH IUIaBKU 19

ITnanupoBaHue U OLEHKA KauyecTBa
cHCTEM (PM3MUECKON 3aIIUTH C MOMOIIBIO
MMHMTAlMOHHOIO MOJENUPOBaHus (Ha auan.) 32

O KJIaccH4eckoM BapHaHTE METOna
BETBEH U rpaHull (Ha aHen.) 41

NHXEHEPUSA NIPOT'PAMMHOI'O OBECIIEYEHUSA

B. A. Epmos

Heramn peanmzammmu GPU Bepcun
6ubmuorexku CatBoost (na awen.) 59

KOMIIBIOTEP B YYEBHOM IIPOUECCE

10. b. CennueHkoB,
A. H. Hes3opoga,
A. E. CeMeH1I0B

MopenupoBanue Al HAYMHAIOIUX
B cpene ANYDINAMICS 74

MNOATOTOBKA CIIEHUAJIUCTOB: HOoBbIe MeTOABI 00y4eHU S

B. B. lynxo

A. bynaes,
B.

A.
A. B. Xuaxos

HccnenoBaHne BOBICYCHHOCTH CTYACHTOB
OakanaBpuata B OOydeHHE IO Kypcy MeAaroruKu
C WCIOJb30BaHUEM BeO-mpuioxkeHus LearningApps 76

WNHpopmannoHHO-CIIPaBOYHBIN 4aT-00T

JUTsl 00YYaIOLIMXCsl M MpernojaBaTesieil By3a

Ha OCHOBE colMalibHOM cetn VK

u cucreMbl MOODLE 97

Kypuan uzoaemea npu noooepsicke
HUH ungpopmayuonnvix mexnonozun Cankm-Ilemepoypzckozo zocyoapcmeennozo ynugepcumema

Bce IpaBa 3alllUIEHbI. Hukaxkast vacTh JaHHOTO U3JIAHUS HE MOXKET OBITh BOCIIpOU3BE/ICHA B KaKo ObI TO HU OBLIIO q)opMe
0e3 TUCHEMEHHOTO paspeuieHus peaaKkiinu )KypHaja. PyKOHPICPI MIPUHUMAIOTCS TOJIBKO B DJIEKTPOHHOM BHUIC. HpI/IFJ'IaIHaeM

aBTOPOB K COTPYIHHYECTBY.

AJipec pefakLiy U U31aTess:
197022 Canxkr-IlerepOypr, ya. IIpodeccopa [Tonoga, a. 5, autepa @. Ten. (812) 373-00-25

URL: http://cte.eltech.ru/ojs

E-mail: info@kio.spb.ru

XKypnan ocHoBan B 1997 .
W3z nanne nepeperucrpuposano OenepansHoii cayx00i 0 Ha30py 3a COOMOICHIEM 3aKOHOIATEIbCTBA
B c(hepe MacCOBBIX KOMMYHHUKAIIMH M OXPaHBI KyJIETypHOTO Hacienus (. Mocksa)

Caunerenscto [TH Ne @C 77-63337 ot 09 okta6ps 2015 1.

VYupenutens:
Canxr-IlerepOyprekuii rocynapcTBeHHBIH 1eKTpoTexHrndeckuit yausepeutet «JIOTH» um. B. U. Vnbsaosa (Jlenuna)
Tupax: 100 3x3. CBoO01HAS IICHA

INoanucano B nevats: 29.08.2022.
Otneyarano B AHO «KIO» 192281 Canxr-IlerepOypr, yn. Kymuunckas, 10-3-223



EDITORIAL TEAM:

S. Adlaj,

S. Ivanov,

D. Pavlov,

V. Parfenov,

1. Posov,

Y. Senichenkov,
S. Stafeev,

A. Stepanov,
A. Chirtsov

PAGINATION:
T. Myand

CORRECTOR:
S. Entina

COVER DESIGN:
A. Baranov

CONTENT

ALGORITHMIC MATHEMATICS

AND MATHEMATICAL MODELING

A. M. Gershteyn, Routing Algorithm for Vehicles that Avoids

A. N. Terekhov Severe Traffic Accident Hotspots on the Road
Network (Using the City of Springfield,
Massachusetts as a Case Study)

K. V. Sukhoruchenkov, Simulation of Purification Conditions

E. V. Maraeva, and the Processof Growing Semiconductor
O. A. Alexandrova  Single Crystals by the Zone Melting Method
I. K. Sharkov, Planning and Quality Evaluation

V. M. Krylov, of Physical Protection Systems

Y. B. Kolesov Using Simulation Modeling

COMPUTER SCIENCE

On the Classical Version of the Branch
and Bound Method

B. F. Melnikov,
E. A. Melnikova

SOFTWARE ENGINEERING
V. A. Ershov CatBoost GPU Implementation

COMPUTERS IN THE TEACHING PROCESS

Y. b. Senichenkov, = Modeling for beginners

A. U. Nevzorov, in the ANYDINAMICS environment
A. E. Sementsov

SPECIALISTS TRAINING: new teaching methods

V. V. Dudko A Research on the Undergraduate Student’s
Engagement into the Pedagogy Specialization
Training Using LearningApps Web Application
A. A. Bulaev, Informational Chat-bot for Students and Teachers
A. V. Zhidkov Based on VK and MOODLE

The journal is published with the support of the

Scientific Research Institute of Information Technologies of St. Petersburg State University

19

32

41

59

74

76

97

All rights reserved. No part of this publication may be reproduced in any form without the written permission
of the publisher. Manuscripts are accepted only in electronic form. We ask the authors to cooperate.

Editorial and publisher address:

197022 Russia, Saint Petersburg, str. Professor Popov, 5, lit. .~ Tel. (812) 373-00-25

URL: http://cte.eltech.ru/ojs E-mail: info@kio.spb.ru

The journal was founded in 1997.

The publication is registered by the Federal Service for the Supervision of Compliance of Legislation

in Mass Communications and Protection of Cultural Heritage (Moscow)
Certificate number ITH Ne ®C77-63337, October 9, 2015
Founder: Saint Petersburg Electrotechnical University «LETI»
Free distribution

Signed print: 29-08-2022.
Printed in “Center of information technologiesin education “CTE”,
192281, Russia, Saint Petersburg, Kupchinskaya str., 10-3-223.



