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PEIIEHUE OBPATHOM 3AJTAYA TUHAMHWKHA TP COBMECTHOM PEAJIM3AIINA KOJA
HA PYTHON U NNPOTPAMMBI MATLAB/SIMULINK OJI1 MAHUIIYJATOPA THUIIA SCARA

Yanenkor H.W.1, Hepap I'.B.2, Bapanosckuii [0.A 3, Manmunkas A.A.4

SOLUTION OF THE INVERSE PROBLEM OF DYNAMICS IN THE JOINT
IMPLEMENTATION OF PYTHON CODE AND MATLAB/SIMULINK PROGRAMME FOR THE
MANIPULATOR SCARA TYPE

Chalenkov N.1.1, Nevar G.V.2, Baranovsky Y.A.%, Malitskaya A.A.*

Annomayua. Paccmampusaemes pewienue 006pamuoill 3a0a4u OUHAMUKY O8YX36EHHO20 MAHUNYIAMOpA mund
SCARA nymém peanusayuu xooa 011 onpedeneHus y2io8 NOBOPOMA 36eHbe8 N0 3A0aHHOU MPAeKmopuu Ha
saseike python u obpabomrxu nonyuennvix smauenuii ¢ cpeoe MATLAB/SIMULINK npu ucnonssosanuu
bubnuomexu mooenuposanus Gusuveckux cucmem Simscape. Ilpusooumcs peuwenue 00pamuoi 3a0aqu
KUHEeMAmuKU u JaucmuHe npozpammvl Ha szweike Python, a maxoice moodenv manunynsmopa u pesyivmamol
mooenuposanus 6 cpede MATLAB/SIMULINK.

Abstract. The solution of the inverse problem of dynamics of a two-link manipulator of SCARA type is
considered by implementing the code for determining the angles of rotation of links along a given trajectory in
python language and processing the obtained values in MATLAB/SIMULINK environment using Simscape
physical systems modelling library. The solution of the inverse problem of kinematics and the listing of the
program in Python, as well as the manipulator model and the results of simulation in MATLAB/SIMULINK
environment are given.

Knroueevie  cnoea. Obpamnas  3adaua  OUHAMUKU, obpamuas ~ 3a0aua  KUHEMAMUuKu, python,
MATLAB/SIMULINK, Simscape.

Keywords. Inverse dynamics, inverse kinematics, python, MATLAB/SIMULINK, Simscape.
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CUHTE3 ITIPOTPAMMHOI'O ONITUMAJIBHOT'O 3AKOHA YIIPABJEHUS JUHEWHBIMA
HECTAIIMUOHAPHBIMU HENPEPBIBHO-JUCKPETHBIMHU CUCTEMAMM YIIPABJIEHUSA

Kpamaps B.A L, lementrer K.B.2, SIkynun P.J1.3, Kpamaps O.A.%, Tpounkas A.A.°

SYNTHESIS OF A SOFTWARE OPTIMAL CONTROL LAW FOR LINEAR TIME-VARYING
CONTINUOUS-DISCRETE CONTROL SYSTEMS

Kramar V.A.%, Dementiev K.V.2, Yakunin R.D.%, Kramar O.A.% Troitskaya A.A.5

Annomayus. Paccmampusaemcs mamemamuieckas MoOeib HenpepbigHO-0UCKPEeMHOU CUCIeMbl YNPAasieHus,
KOMopas cooepicum 6 KOHmype YRpaGleHus YCMmpoucmed, QYHKYUOHUpYIOwUe KaK HenpepviéHo, MaKk u
Oouckpemno 60 epemenu. B cmamove 6v1600amcsa Heobxooumvle u 00OCMAMOUHbIE YCA0BUS ONMUMATLHOCIU HA
cyuai cunmesa npoepammuozo ynpaeienus. Iloxkasan nyms ceedenusi Kpaesou 3adauu k 3aoaue Kowu 6 ude
cucmembl U3 08YX MamMpuyHblX HeNPepbIeHO-OUCKPEMHbIX ypasHenuil. B ocrnoge ecex nocmpoenuii ucnonv3yemcs
xapakmepucmuyeckoe modxcoecmeo I puna-Jlaepanoica.

Abstract. The mathematical model of a continuous-discrete control system containing devices in the control loop
that operate both continuously and discretely in time is considered. The necessary and sufficient optimality
conditions are derived in the article for the case of synthesis of program control in the form of a continuous-
discrete boundary point. The way of reducing the specified boundary value problem to the Cauchy problem in
the form of a system of two matrix continuous-discrete equations is shown. The Green-Lagrange characteristic
identity is used as the basis for all constructions.

Knrwouegvie cnosa. Henpepuigno-ouckpemnas cucmema, MamemMamuieckas Mooeib, ONmuMaibHoe ynpasienue,
mooicoecmeo I puna-Jlazpanaica, npoepammnoe ynpasienue.

Keywords. Continuous-discrete system, mathematical model, optimal control, Green-Lagrange identity, program
control.
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IINIAHUPOBAHWE ITYTH MOBHWJIBHOTI'O POBOTA C YYETOM HNPENSTCTBUM
Huxutun 10.P.%, 3y6rosa 10.B.% 3y6xos 1.5.3
PATH PLANNING OF A MOBILE ROBOT CONSIDERING OBTACLES
Nikitin Yu.R.%, Zubkova Yu.V.?, Zubkov D.B.?

Annomayus. Cmames  noceswyena paspabomke —aneOpumma  a8MOMAmu4eckozo0 NAAHUPOGAHUA — NYMU
mobunvnozo poboma (MP) x 3adannoil yenegoi mouxe ¢ yuemoM NOAGNEHUs NPEnAmcmeuli Ha nymu
cneoosanus. Paccmampusaomes npeumywecmsa ucnonvzoseanus MP na npouzsoocmee, maxue Kax nogviuenue
NPOU3BOOUMENbHOCIU, — CHUJICEHUe 3ampam, Yayuuienue 6e3onachocmu u eubkocmu. Qbcysxcoaromes
cogpemennble Memoobl NIAHUPOSAHUA NYMU, GKIIOUAS AN2OPUMMbL NOUCKA NO epagy, CAy4aiinou eéblOopKu u
unmeniekmyanvuvle Ouonuveckue anrcopummuvl. Ocoboe eHUMaHUe YOenaemcs npobnieme NAAHUP O8AHU
be3onacHvix Mpaekmopuil 6 YCI08UAX UHPOPMAYUOHHOU HEOOCMAMOYHOCIU U HATUYUA  NPEensmcmeul.
Ilpeocmasnensr pesynvmamul Modenupoganus naanuposanus nymu MP, noomeepacoarowue 3¢ghexmusnocmo
npeonodicenblx pewenull. [nsa nosviuenus 6ezonacnocmu O0gudicenus MP  npeonodiceno ucnonb3osamo
nasepHule oanbHomepsl. Onpedenenvl 2nasuble Kpumepuu npu 6bl0ope 1a3epHozo 0aibHOMEPa — paccmosnue,
macca, HaoexcHocms, cmoumocms. [na o6Hapyscenus: npensamcemeutl vlopan nasepruiil darvromep VLS3L1X
Ha npunyune usmepenusi epemenu nponema ceema (ToF) uz cemeticmeéa npooykmos ST FlightSense. [ns
peanuzayuy  CUCmemvl OOHAPYICEHUS U  AGMOMAMUYECKO20 VKIOHEHUs. Om CHMOJIKHOBeHUl mpedyemcs
ycmanogume 3 nazepuvix oanvHomepa. Ilianupoeanue nymu oas MP u npedomeépawjenue CmoaKHOGeHUll
ocmaemcs akmyanbhou 3a0ayell u mpedyem danvheliuie2o Uccie008anus, 0CO6eHHo 8 KOHmeKcme uHmezpayuu
MP ¢ Opyeumu asmomamusupo6aHHbIMU MeEeXHOIOSUUECKUMU CUCEMAMU U NOGLIUEHUU UX HAOEICHOCU U
bezonacrocmu.

Abstract. The paper is devoted to the development of an algorithm for automatic path planning of a mobile robot
(MR) to a given target point, taking into account the occurrence of obstacles on its way. The advantages of using
MR in manufacturing, such as increased productivity, reduced costs, improved safety and flexibility, are
discussed. State-of-the-art path planning methods including graph search, random sampling and intelligent
bionic algorithms are discussed. Special attention is given to the problem of planning safe paths in the presence
of information scarcity and obstacles. The results of MP path planning modelling are presented, confirming the
effectiveness of the proposed solutions. Laser range finders have been proposed to improve the safety of MR
traffic. The main criteria for selecting a laser rangefinder - distance, weight, reliability, cost - are defined. For
obstacle detection the VL53L1X laser rangefinder based on the principle of time-of-flight (ToF) measurement
from the ST FlightSense product family was selected. It is a fast, miniature ToF sensor with a range of upto 4 m
and a measurement frequency of up to 50 Hz, allowing absolute distance measurement independent of obstacle
colour and surface reflection properties. To realise a collision detection and automatic evasion system, 3 laser
rangefinders are required. Path planning for MR and collision avoidance remains a topical issue and requires
further research, especially in the context of integrating MR with other automated process systems and
improving their reliability and safety.

Knroueewie cnosa. [lnanuposanue nymu, agmomamuszayusi, MOOUIbHbIL pOOOM, NPENAMCmMEUs, MOOEIUPOBAHUe.
Keywords. Path planning, automation, mobile robot, obstacles, modelling.
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BEPOATHOCTHBIE OHEHKA MOBWJIBHOCTH POEBBIX 3JIEMEHTOB HA OCHOBE
MOJEJIM JUCKPETHOHU IINIOCKOCTHU C HEOJHOPOJHOCTAMMU

Kapnycog B.10.1, Kyapssuenxo W.B.?

PROBABILISTIC ESTIMATES OF THE MOBILITY OF SWARM ELEMENTS BASED ON THE
MODEL OF A DISCRETE PLANE WITH HETEROGENEITIES

Karlusov V.Yu.!, Kudryavchenko 1.V.2

Annomayus. Paccmampusaemcs Mooenb OUCKPEMHOU NIOCKOCMU C 3A0AHHbIM PABHOMEPHbIM pAchpedeneHuem
geposmHocmeli nepemMeujeHus. INeMEHMO8 PO MedHCOy COCeOHUMU KACMKAMU ONepayuonHo20 NoJs,
codepoicawyeco ompaicaroujue HewHue paHuybl U HeOOHOPOOHOCMU 8 GUOE 3epKAJl. NIOCKO20 U Y2l06020.
Beposamnocmuvie oyenku MOOUNILHOCMU PACCHUMBIBAIOMCS KAK COBOKYNHOCMU UCX0008, COCMOAWUX 6
NONAOAHUU POEBbIX INEMEHMOE 6 KIeMKU ONepayuoHHO20 NOJis, OMHECEHHbIX K CYMMe COBOKYNHOCMell 6cex
BO3MOJCHBIX UCX0008 3a PACCMAMPUBAEMOe YUCTO TAKMO8 Ouckpemnozo epemenu. I[Ipusedenvi npumepul
MOOeUPOBAHUA U BO3MOICHBIE NEPCHEKMUBHL OATbHEUUIUX UCCTe008AHUN.

Abstract. A model of the discrete plane with a given uniform distribution of probabilities of swarm elements
movement between adjacent cells of the operational field containing reflective external boundaries and
heterogeneities in the form of mirrors: flat and angular is considered. Probabilistic estimates of mobility are
calculated as sets of outcomes consisting of swarm elements entering the cells of the operational field, divided to
the sum of sets of all possible outcomes for the considered number of discrete time steps. Examples of modeling
and possible prospects for further research are given.

Knrwouegvie cnosa. Mooenuposanue, Ouckpemuas NiIOCKOCMb ¢ HEOOHOPOOHOCMAMU, CIYYaliHble COObIMUA,
COBOKYNHOCHIb UCXO0O08.

Keywords. Modeling, discrete plane with heterogeneities, random events, set of outcomes.

Kapnycos Baoum [Opveeuu, kanod. mexu. nayk, ooy., ooyenm, KVYu 2015@mail.ru, Poccus,
Cesacmonons, PI'AOY BO «Cesacmononbckuil 20Cy0apCmeenHblil YHUSepCUumen»

2Kyopsieuenxo Hean Braoumupoeuy, Kauo. mexwu. nayk, ooy., ooyenm, 1VKudryavchenko@sevsu.ru,
Poccus, Cesacmononv, DI'AOY BO «Cegacmononvbckuii 20cy0apcmeeHHbLL YHUBEPCUMEN»

Karlusov Vadim Yurievich, Candidate of Technical Sciences, Docent, Associate Professor,
KVYu_2015@mail.ru, Russia, Sevastopol, Sevastopol State University

Kudryavchenko Ivan Vladimirovich, Candidate of Technical Sciences, Docent, Associate Professor,
IVKudryavchenko @sevsu.ru, Russia, Sevastopol, Sevastopol State University


mailto:avsergeev@sevsu.ru
mailto:avsergeev@sevsu.ru

METO/IbI MOJAEJIMPOBAHHUA ITPOLECCOB OI[HQHAPAMETPPI‘IECKOFI
MHOT'O2JIEMEHTHOU CEJIEKTUBHOU CBOPKH

dummnosny O.B.1

METHODS OF MODELING OF SINGLE-PARAMETER MULTI-ELEMENT SELECTIVE
ASSEMBLY PROCESSES

Filipovich O.V.1

Annomauus. Paccmampusaromes 3a0auu cenekmugHo20 KOMNIEKMOBAHUSA NPEeYUSUOHHBIX U30eUll PA3TULYHO20
HasHaueHus. [[na awanuza u cuHmesa COOPOUHBIX NPOYECCO8 UCHONL3VIOMCA MamemamuyecKue Mooenu,
yuumoleaouwjue cmMoXacmuiHoCmsb napamempos u eosmywenui. Ilpusedensvt memoovl, no3goasaOwUe peuums
npobemy MOOEIUPOBAHUSL NPOYECCO8 OOHONAPAMEMPULECKOU CeNeKMUBHOU COOPKU 08YX U OoJee 1eMeHmos,
npU HETUHEUHBIX 3ABUCUMOCHAX MENHCOY BXOOHLIMU U BbIXOOHLIMU NAPAMEMpPAMU coOUpaemuvix uzoeaut, a
makaice onpeodesims KOIUYeCHEeHHble U KaueCmeeHHble NoKa3amenu cOOPOUHbIX NPOYECCOS.

Abstract. The problems of selective assembly of precision products for various purposes are considered. For the
analysis and synthesis of assembly processes mathematical models are used, taking into account stochasticity of
parameters and perturbations. The methods allowing to solve the problem of modeling processes of one-
parameter selective assembly of two and more elements, at nonlinear dependences between input and output
parameters of assembled products, and also to determine gquantitative and qualitative indicators of assembly
processes are given.

Kniouesvie cnosa. Oononapamempuyeckas celeKmuenas cOoOpKa, mMemoo MOoOenupo8anus, MamemamuyecKas
Mooeb.

Keywords. Single-parameter selective assembly, modeling method, mathematical model.
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MOJEJIb 3XO0J0OTA U TUAPOJOKATOPA BOKOBOI'O OB30PA B COCTABE
UMHUTAIIMOHHOI'O TPEHAXKEPHOI'O KOMILIEKCA JJIsI IPUBPEXXHBIX MOPCKHX
UCCJIEJOBAHUI

Hukumus B.B.1, Baraes A.B.?

A MODEL OF ECHO SOUNDER AND SIDE-SCAN SONAR AS A PART OF A MARITIME
SIMULATION FOR COASTAL MARINE RESEARCH

Nikishin V.V.%, Bagaev A.V.2

Annomayusa. [lpusedenvi pes3yromanmsl paspabomxu UHMEPAKMUSHOU MAMeMAMUYecKol MoOenu 3X0noma u
eudponokamopa bokosozo ob3opa (I'FO), 6xoosawel 8 cCOCMAas UMUMAYUOHHO20 MPEHAHNCEPHO20 KOMNIEKCA HA
ocnose I10 Unigine. Komnaexc npednasnauen 01 NOOOMOSKU —CHEYUALUCTNOS, VUACMEYIOWUX 8
IKCNEOUYUOHHBIX pabomax 6 Npubpedxcnvix paiionax mopsa. Paboma moodenu ocmosama na pacueme OauH
8EKIMOPOE MeHCOY NPUEMHO-UTYUAIOWUM YCTNPOTICIEOM IXON0MA U Ompadcaroujeli hosepxnocmoio. [Ipusedensi
pe3yrbmamul  uchvlmanull xomniekca c axoromom u I'BO, ycmanosneHHviM HA MAnIOMeEPHOM CYOHe npu
nepemewenuu 8 «yupposom 08olHuUKe» aksamopuu Jlumenckou 6yxmeoi.

Abstract. The article presents the results of development of an interactive mathematical model of echo sounder
and side scan sonar (SSS) as part of the maritime training complex based on Unigine software. The complex is
designed for training of specialists involved in expeditionary work in coastal areas. The model is based on the
calculation of vector lengths between the receiving and emitting device of the echo sounder and the reflecting
surface. The results of tests with echo sounder installed on a small vessel while moving in the “digital twin” of
the Limenskaya Bay are given.

Knioueevte  cnosa. Mamemamuueckoe mooenupoeanue,  9X0i0m,  cUOPOIOKAmop  O0K08ozo  0030pa,
becnunommulil HA08OOHBIL ANNAPAM, 2EOUHDOPMAYUOHHAS CUCTHEMA.

Keywords. Mathematical model, echo sounder, side-scan sonar, unmanned surface vehicle, geographic
information system.
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PA3PABOTKA TUBPUJIHOU CNN-GAN CHCTEMBI 1/ TUATHOCTUKHA PEJAKHUX
OHKOJIOI'MYECKHX 3ABOJIEBAHUU HA OCHOBE OT'PAHUYEHHBIX HABOPOB KT/MPT-
CHUMKOB

A6ubynaes D.A.%, Kpamaps B.A .2

DEVELOPMENT OF A HYBRID CNN-GAN SYSTEM FOR DIAGNOSTICS OF RARE
ONCOLOGICAL DISEASES BASED ON LIMITED SETS OF CT/MRI IMAGES

Abibulaev E.A.L, Kramar V.A.2

Annomayus. B cmamve ompasxcena paspabomka  MemoOuku OUASHOCMUKU PEOKUX  OHKOIOSUYECKUX
3a0071e6aHUIL ¢ UCNONL306AHUEM 2UOPUOHOL  CUCHEMb, COYEmAalroueli CEepmoyHble HelUpoHHble Cemu
(Convolutional Neural Networks, CNN) u eenepamueno-cocmszamenvuvie cemu (Generative Adversarial
Networks, GAN). Llenv pabomwvl — npednodcums dheKmusHy0 Memoouxy asmomMamusupo8aHHo20 aHaAIU3a u
knaccupurxayuu KT/MPT-cHUMKO8 NpU 0ZPAHUYEHHOM KOIUYECMEe UCXOOHBIX OAHHbIX, YMO XAPAKMEPHO OJis
PEOKUX OHKONO2UYECKUX namonozutl. B cmamve npedcmaenenvl smansi paspabomru CUcmemsl, MemoooI02us
uccredosanusi, gvlopanivie onmumuzayuonnsle @ynxyuti 011 GAN u CNN, a maxoice pe3yiomamol eeHepayuu u
kaaccupuxayuu. Ioxazana s¢pghexmuenocmo npednodicenHo MemoouKu Ha npumepe 3a0ayu Kiaccugurayuu
PeOK020 8U0A 310KAYECMBEHHBIX ONYX0aell HAONOYEeUHUKOS.

Abstract. The article discusses the development of a method for diagnosing rare oncological diseases using a
hybrid system combining convolutional neural networks (CNN) and generative adversarial networks (GAN). The
purpose of the work is to propose an effective method for automated analysis and classification of CT/MRI
images with a limited amount of initial data, which is typical for rare oncological pathologies. The article
presents the stages of system development, research methodology, selected optimization functions for GAN and
CNN, as well as the results of generation and classification. The effectiveness of the proposed method is shown
using the example of the problem of classifying a rare type of malignant adrenal tumors.

Knrwouesbie cnoesa. C@emeUHble H@l;pOHHble cemu, ceHepamueHo-cocmizamelilibHvle cemu, maccud)ukauuﬂ,
onmumusayus.

Keywords. Convolutional neural networks, generative adversarial networks, classification, optimization.
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AHAJIMTUYECKASI MEXAHUKA B MOJIEJIMPOBAHUN YHPABJISAEMOI'O JABWKEHUA
OBBEKTOB

Boxounckuii A.1.1

ANALYTICAL MECHANICS IN OBJECTS
CONTROLLED MOTION MODELLING

Bokhonsky A.I.1

Annomayus. Ha npumepe Ounamuku Ynpagisiemozo O8UdCeHUs 00beKma OmpadiceHo 63aumooelcmsue
NPUBNIEKAeMbIX K MOOEIUPOBAHUI0 MeMO008 U3 poocmeennvix oucyuniun. Ilokazana c6a3v  ypagHenui
Jazpanoca u Iamunbmona, KOmopas UCMOPUYECKU CHOCOOCMBOBANA NOAGNEHUIO NPUHYUNA MAKCUMYMA
IHoumpszuna. Obpaweno sHuManue Ha HEKOMopbvle XapakmepHvle 0COOEHHOCMU UCHONb308AHUS NPUMEHAEMBIX
Memo008 npu  MOOEIUPOBAHUU  OBUIICEHUS 0OBLEKMO8, a maKdice Ha  BOSMOINCHOCMb  NPUGIEUEHUs
ANbMEPHAMUBHBIX MEMOO08, NO3ONAIOWUX NPOSEPUMb PAHee NOLYHEHHbLE Pe3YIbmManibl.

Abstract. The example of an object controlled motion dynamics reflects the interaction of methods from related
disciplines involved in modeling. The connection between the equations of Lagrange and Hamilton is shown,
which historically contributed to the emergence of the Pontryagin maximum principle. Attention is drawn to
some usage characteristic features of the applied methods in the objects motion modeling, as well as to the
possibility of alternative methods using that allow checking previously obtained results.

Knwuesvie cnosa. Ypasnenus Jlacpanxca u I'amunomona, npunyun maxcumyma I[lonmpseuna, ounamuyeckue
MoOenu, anbmepHamugHvle Memoobl.

Keywords. Lagrange and Hamilton equations, Pontryagin maximum principle, dynamic models, alternative
methods.
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BEPUOUKALNDNA MOAEJN ®YHKIIMOHUPOBAHUA TEXHIﬁI‘IECKOﬁ CUCTEMBI C
YYETOM OTKA30B U PE3EPBA DHEPIT'ETHYECKOMU INIOJCUCTEMBI

3amopénos M.B.%, Yanenxos H.1.?, Illepuenxo B.1.3, Mamenko E.H.#, 3amopénos .M.°

VERIFICATION OF A TECHNICAL SYSTEM OPERATION MODEL CONSIDERING
FAILURES AND POWER SUBSYSTEM REDUNDANCY

Zamoryonov M.V.%, Chalenkov N.I.2, Shevchenko V.1.5, Maschenko E.N.4,
Zamoryonov |.M.%

Annomayus. B cpede umumayuonnozo modenuposanuss AnyLOgiC paspabomana umumayuonnas mooens
DYHKYUOHUPOBAHUS MEXHUUECKOU CUCTEMbl C YYEemOM OMKA308 U pPe3epea IHePeemuyecKol noOCUCHeMbL.
Iocmpoennas moodens no3gonsem onpedenams KOID@uyuenm comognocmu ucciedyemoti cucmemsl. Ilpogedero
cpasHenue  pe3ynbmamos — AHATUMUYECKO20 U UMUMAYUOHHO20 MOOeNUpo8anus, Komopoe HnoKa3aio
KOPPEKMHOCMb NOCMPOEHUs AHATUTNUYECKOT MOOeU.

Abstract. An simulation model of a technical system operation was developed in the AnyLogic simulation
environment, accounting for failures and redundancy in the power subsystem. The model constructed in this
study enables determination of the system's availability factor. A comparison of analytical and simulation
modeling results was performed, which confirmed the correctness of the analytical model construction.

Knrwouegvie cnoea. Hmumayuonnaa mooens, sepudurxayus, mexHuueckas cucmemd, pesepes, Kod(pduyuenm
20MOBHOCIU.

Keywords. Simulation model, verification, technical system, redundancy, availability factor.

Bamopénos Muxaun Badumosuy, xano. mexn. nayx, 0oy., doyenm, zamoryonoffl@gmail.com, Poccus,
Cesacmononv, PI'AOY BO «Cegacmononvckuti 20Cy0apCmeeHHblll YHUGEPCUMEm »

2Yanenxoe Huxuma Heopesuu, cmapwuii npenooasamensy, chalenkov-nikita@yandex.ru, Poccus,
Cesacmononv, PI'AOY BO «Cegsacmononvckuti 20Cy0apCmeeHHblll YHUGEP CUMem »

31llesuenxo Buxmopuss ~ Heopesna, Kawo. mexH. HayK, doy., 3a8. Kkagpeopoil,
vishevchenko@mail.sevsu.ru, Poccus, Cesacmonons, ®IAOY BO «Cesacmononvbckuil 20Cy0apcmeeHHblil
VHUSEpCUmen

*Mawenxo Enena Huxonaeena, xano. mexn. nayk, ooy., doyenm, maschenko@mail sevsu.ru, Poccus,
Cesacmonons, ®I'AOY BO «Cesacmononbckuil 20Cy0apCmeenHblil YHUSepCUmem»

53aMopé'H06 Hness Muxaunosuu, accucmenm, ilia.zamoryonov@gmail.com, Poccus, Cesacmonoi,
DI'A0Y BO «Cesacmononbckuii 20Cy0apcmeeHtblll YHUBEPCUMEeNn)

Zamoryonov Mikhail Vadimovich, Candidate of Technical Sciences, Docent, Associate Professor,
zamoryonoff@gmail.com, Russia, Sevastopol, Sevastopol State University

Chalenkov Nikita Igorevich, Senior Lecturer, chalenkov-nikita@yandex.ru, Russia, Sevastopol,
Sevastopol State University

Shevchenko Viktoria Igorevna, Candidate of Technical Sciences, Docent, Head of Department,
vishevchenko@mail.sevsu.ru, Russia, Sevastopol, Sevastopol State University

Maschenko Elena Nikolaevna, Candidate of Technical Sciences, Docent, Associate Professor,
maschenko@mail.sevsu.ru, Russia, Sevastopol, Sevastopol State University

Zamoryonov llia Mikhailovich, Assistant, ilia.zamoryonov@gmail.com, Russia, Sevastopol, Sevastopol
State University


https://mailto:chalenkov-nikita@yandex.ru/
mailto:vishevchenko@mail.sevsu.ru

MCHOJIb30BAHUE TTPH MOJIEJTMPOBAHUW YIIPABJEHHUS NPUHIMUIIA JEMCTBUAA IS
INIOUCKA ®OPM JABMXEHHUA

Bapmunckas H.1.!

ACTION PRINCIPLE USING IN CONTROL MODELING
TO MOTION FORMS’ SEARCH

Varminskaya N.I.!

Annomayusa. [Ipy  moldenuposanuu  ORMUMANBHO20 — OBUIICEHUS  MPEX36EHHO20 — AHMPONOMOPPHO2O
MAHURYIAMOPA C KOHEUHbIM HUCIOM CHeneHel c80000bl (C HeGecOMbIMU 36EHbAMU U COCPEOOMOUECHHLIMU
maccamu 8 y3nax) noKa3anHa 603MOACHOCHb UCHOIb306ANUA NPUHYUNA OelcmEUsl OJis OnpeoeieHus: Hauryyuen
@opmel 08udiCcenus, komopas obecneyusaem OOCMUIICEHUE YeaU OBUNCEHUS CO CHUICEHUEM DHEP2emuyecKux
3ampam Ha e20 peanusayuio; pe3yromanm OONOIHUMENbHO NPOGepeH NAPANIETbHLIM GbIYUCTEHUEM HECKOIbKUX
9HEP2eMU4ecKux Kpumepues.

Abstract. In the optimal motion modeling of a three-link anthropomorphic manipulator with a finite number of
degrees of freedom (with weightless links and concentrated masses at the nodes), the possibility of using the
action principle to determine the best motion form that ensures the achievement of the motion purpose with a
reduction in the energy costs for its implementation is demonstrated; the result is additionally verified by
calculating several energy criteria.

Knrouesvie cnosa. Onmumanvroe ()euofceﬂue, npuryun 0eﬁcm6uﬂ, qbopMa 061/[9IC6HM}1, oHepeemuvecKue
sampamnivl, CHUNCEHUE IHEeP2OEeMKOCMU YeleHanpaeieHno2o O0BUICCHUSL.

Keywords. Optimal motion, action principle, motion form, energy costs, energy consumption reduction of
purposeful motion.
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METO/]Ibl CEMAHTUYECKOW CETMEHTAIIMA U KJIACCHU®UKAIIUU JTAHHBIX JIMJAPA
C UCIIOJIb3OBAHUEM MAIIWHHOI'O OBYYEHMHUS

3yes C.M.1, 3nproes I'.E.2

METHODS OF SEMANTIC SEGMENTATION AND CLASSIFICATION OF LIDAR DATA
USING MACHINE LEARNING

Zuev S.M.1, Zdruyev G.E.2

Annomauyusn. B pabome paccmampusaromesi memoowvl CeMaHMU4ecKol cecMeHmayuil U Kiaccu@urayuu OaHHbIX
AUOAPa ¢ UCNOTL3OBAHUEM AICOPUMMOE MAwunHo20 00yyenus. HMccnedyemces npumenenue mexHoao2uu
MUOAPHO20 CKAHUPOBAHUSL OISt CO30AHUSL OCMATUZUPOBAHHBIX MPEXMEPHBIX Modenell 00beKmMos U NPOCMPAHCG.
OcHognoe eHUMAaHUe YOeleHO pa3pabomike U aHAIU3y MoOenu, OcHo8amHolu Ha anzopumme k-NN, ons
Kraccugurayuu mouex obnaxka 6 cpede MatLab ¢ ucnonvsosanuem uncmpymenmos Lidar Toolbox u Lidar
Viewer. Ilposeden cpasnumenvhuiii auaiu3 s@gexmugHocmu npeonodxceHHou moodenu. Paccmompervl
B03MOJICHOCTU NOBBIUEHUL MOYHOCMU 3d CHem ONMUMUAYUYU NAPAMEMPO8 MOOeIU U GHeOPEeHUsl 2UOPUOHBIX
Memo008, kombunupyrowux k-NN ¢ netipocemesvimu nooxodamu. Ilonyuennvie pe3ynrbmamsl nOOMEEPHCOAIOM
NepCneKmMuU8HOCHb UCHONb30BAHUS MAWUHHO20 00yueHus Oasi 00padomKu JAUOAPHLIX OAHHLIX 8 3a0ayax
MAUUHOCMPOEHUSL, ABMOHOMHO20 MPAHCHOPMA U AGMOMAMU3AYUY NPOUIEOICMEA.

Abstract. The paper considers methods of semantic segmentation and classification of lidar data using machine
learning algorithms. The application of lidar scanning technology for creating detailed three-dimensional
models of objects and spaces is investigated. The main attention is paid to the development and analysis of a
model based on the k-NN algorithm for classifying cloud points in the MatLab environment using the Lidar
Toolbox and Lidar Viewer tools. A comparative analysis of the proposed model efficiency is carried out. The
possibilities of increasing accuracy by optimizing model parameters and introducing hybrid methods combining
k-NN with neural network approaches are considered. The obtained results confirm the promise of using
machine learning for processing lidar data in mechanical engineering, autonomous transport and industrial
automation.

Knroueevie cnosa. Obpabomrxa usobpasicenuil, obpabomka 001aKa mouex, MawuHHoe o0yueHus, MAPKUPOBKa
061aKa Moyex, mecmuposatie.

Keywords. Image processing, point cloud processing, machine learning, point cloud labeling, testing.
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AHAJIN3 PACTIIPEJEJIEHUH CJOYYAWHBIX COCTABJSAIOMINX HOFPEHIHOCT]:;PI
CTATUCTHYECKUMU METOJAMMU TIPU M3MEPEHUSX PASMEPOB JIETAJIEU

@ununosnu O.B.}, Kamnes B.A.?2, banakuna H.A 3, Banakun A.1.4

ANALYSIS OF DISTRIBUTIONS OF RANDOM ERROR COMPONENTS USING STATISTICAL
METHODS FOR PART DIMENSIONS MEASUREMENTS

Filipovich O.V.%, Kamtsev V.A.2, Balakina N.A.%, Balakin A.1.4

Annomayusa. Paccmompena Memoouxka NOAYYeHUs CMAmucmuyeckux OaHHbIX Osl onpeoenieHus 3aKoHa
pacnpedenenus — CIYYAUHOU — cocmagialowjell  nospewHocmu  usmepenus.  Ilpueedenvi  pesynvmamol
cmamucmuyeckol  00pabomKu  NOJIYYEHHbIX OAHHbIX C Yenblo OnpedeieHus 3aKoHa pacnpeoeneHus
nozpewiHocmu cpedcmea usmepenus. Ilocmpoenvt cucmozpammol, onpeoener U0 mMeopemu4eckoo 3aKoHd,
npogepenbl 2UNomesul 0 8ude 3aKoHa pacnpeoenenus ¢ UCHONb3068anuem Kpumepus coenacus Iupcona.

Abstract. The technique of obtaining statistical data for determining the law of distribution of the random
component of measurement error is considered. The results of statistical processing of the obtained data to
determine the law of distribution of the measurement error are given. Histograms are constructed, the type of
the theoretical law is determined, hypotheses about the type of the distribution law are tested using Pearson's
agreement criterion.

Knrwouegvie cnosa. [locpewnocme usmepenus, Cayyainas cocmasisiiowds, 3aK0H pacnpeodenetus, 2UCmocpamma,
cmamucmuyecku pso.
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