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PA3PABOTKA D®®EKTHUBHBIX METOJ0OB KOONEPUPYIOIUIETO B3AUMOJIENCTBUS
HoaABOAHBIX POBOTOTEXHUYECKHUX CUCTEM C UCIHOJB30BAHUEM
I'MJAPOAKYCTHYECKOI'O KAHAJIA CBs3HU

Jumun M.D.%, Kpamaps O.A.2, Jlymko B.P.3

DEVELOPMENT OF AN EFFECTIVE METHOD FOR COOPERATIVE INTERACTION OF
UNDERWATER ROBOTIC SYSTEMS USING A HYDROACOUSTIC COMMUNICATION CHANNEL

Dimin M.E.}, Kramar O.A.2, Dushko V.R.2

Annomauusn. B pabome paccmampusaemcsi 3a0aua nosviuieHus: 3QQeKmusHOCmu  83auMO0elcmeus no080OHLIX
annapamos, OCHAWEHHbIX 2UOPOAKyCmudeckumu mooyaamu ceazu. OcHO8HOe GHUMAHUE YOeNeHO O2PAHUYEHUSM,
KOmopbvle G03HUKAIOM NpuU nepedave OAHHLIX U KOOPOUHAYUU ZSPYNAbL POOOMOS 8 YCI06USIX NOO80OHOU cpedvl. B
Kauecmee pewleHus NpeodniodceHa KOHYenyus cemegou NoIb308AMeENbCKOU HAOCMPOUKY, OPUEHMUPOBAHHOU HA
KOMMYHUKAYUOHHBIE U HABULAYUOHHbIE MOOYIU, UCHONb3YIOWUe 2UOPOAKYCIMUYECKU KAHAL OAsl  pACUUpeHUs.
DYHKYUOHATLHBIX B03MOICHOCHEU CYWECMBYIOWUX Modemos. Takas HadcmpoiKka no3eoisem opeanuzosams Oonee
yemouuuewlti  00Men  uHpopmayuel  Mexncoy annapamdamiu U HO8bLCUMb  HAOENCHOCHb  2PYNNOGOL  pabomul.
Jlonoanumenvho 06CyscOaiomess NPeonocvliKu HeoOX00UMOCMU CO30aHUsL HAOCMPOUKU, NOMEHYUATbHbIE 6bl200bl
BHEOPEHUsI CEeMEBbIX MEXAHUZMO8 8 CUCHEMbl NOOBOOHOU C653U U NPUBOOUMCSL AHANU3 PA3PAOOMANHO20 DEUeHUsl, 8
MOM YUCIIe, BO3MOIICHBIE CYEHAPUU NPUMEHEHUS] 8 PEATbHBIX YCIIOGUSIX IKCIILYAMAYUL.

Abstract. This paper addresses the challenge of improving the efficiency of interaction among underwater vehicles
equipped with hydroacoustic communication modules. Particular attention is given to the limitations that arise in data
transmission and coordination of multiple robots in the underwater environment. As a solution, the concept of a
network user overlay is proposed, designed for communication and navigation modules that utilize the hydroacoustic
channel to extend the functional capabilities of existing modems. The proposed overlay enables more stable information
exchange between vehicles and increases the reliability of cooperative operation. Furthermore, the paper discusses the
prerequisites for developing such an overlay, the potential benefits of integrating networking mechanisms into
underwater communication systems, and presents an analysis of the developed solution, including possible scenarios of
practical deployment.

Knruesvie cnosa. Iloosoonvie pobomul, eudpoaxycmuyeckue cemu, 6ecnpo8oOHdas NOOB0OHAS C653b, NPOMOKO.Ib
c6A3.

Keywords. Underwater robots, hydroacoustic networks, wireless underwater communication, communication protocols.
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SKCHEPUMEHTAJIBHBIN KOHTPOJIJIEP YIIPABJEHHUS BECHUJOTHBIMHU AIITAPATAMU
Bypnaxa B.B.%, I'ynakor C.B.2, T'onosun A.10.2
EXPERIMENTAL CONTROLLER FOR UNMANNED VEHICLES
Burlaka V.V.%, Gulakov S.V.2, Golovin A.Yu.?

Annomayus. B pabome npednoscen Npocmol 6 U320MOGIEHUU KOHMPOILIED, NO360MSUIOWUN peuams 3a0ayu
VApasneHust 6eCRULOMHbIMU ANNApamamu (Kax 6030YWHbIMU, MAK U HazemubiMu). Konmponnep ocnaujen 2up ockonom,
axcenepomMempom, MasHumomempom, oapomempom. Peanuzoeana @ynkyus evisoda un@opmayuu 8 aHaLO208bill
sudeocuernan (OSD) aubo camocmosmenvrhoe gopmuposanue sudeocueHala npu omkase euoeokamepuvl. Bozmooicna
MACKUPOBKA KAPMUHKU C BUOCOKAMEPDL 3d CYEM HANONICEHUsL NceBAoCaydalinozo wyma npu coxpanenuu OSD. Hmeemces
MAKICce BO3MOICHOCTb NEPEKTIOUEHUS. CUSHATIA OM PA3HBIX BUOCOKAMED, a MAKJICce BbINOIHAMb NPOCMOoe WUpposanue
BUOCOCUCHANA, BKIIOUAIOWEEe COKPbIMUE CUHXPOUMNYIbCO8. [Ipedycmompena 603MOACHOCHL NOOKIIOYEHUsE 00 08YX
MOOYell YIbmpasgyKosblx 0albHOMEPO8 (Hanpumep, 0isi 0becnedeHus asmoMamu4ecKkoll MaeKou nocaoKu).

Abstract. In the paper, a simple-to-build controller is proposed that allows solving problems of controlling unmanned
vehicles (both air and ground). The controller is equipped with a gyroscope, accelerometer, magnetometer, and
barometer. The function of outputting information into an analog video signal (On Screen Display, OSD) or standalone
formation of a video signal in case of a video camera failure is implemented. It is possible to mask the image from the
video camera by superimposing pseudo-random noise while maintaining the OSD. It is also possible to switch the
signal from different video cameras, as well as to perform simple encryption of the video signal, including hiding sync
pulses. It is possible to connect up to two ultrasonic rangefinder modules (for example, to accomplish automatic soft
landing).

Knrouesvie cnosa. Becnuiomuviii annapam, bBIIJIA, nonemmuwiti konmponnep, OSD, wugposanue euoeo, nuskas
cebecmoumocmsy, OONOIHUMENbHBLU (PYHKYUOHAIL.

Keywords. Unmanned vehicle, UAV, flight controller, video encryption, low cost, additional functionality.
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AHAJIN3 NEPUOJUYECKUX PEXXMMOB B HEJIUMHEMHON CUCTEME ABTOMATHYECKOI'O
YHPABJIEHUA IMPOMBIINJIEHHOI'O POBOTA

I'pymryn AWM., Tpymryn T.A2 Ocamuenxo A.E.3

ANALYSIS OF PERIODIC MODES IN A NONLINEAR AUTOMATIC CONTROL SYSTEM OF AN
INDUSTRIAL ROBOT

Grushun A.1.%, Grushun T.A.2, Osadchenko A.E.3

Annomauyus. Paccmampusaemcs ancebpauueckuii Memoo NaApaMempudecko20 AHAIU3d NepuoOUYecKUx PexlcuMos 8
HenuHeunol cucmeme asmomamuyeckoeo ynpaeienusi (HCAY) npomwiunennoeo poboma. Knaccuueckoe peuwienue
makoul 3adauu Ha OBM mpebyem MHO2OKPAMHO20 NOCMPOEHUs. U AHATU3A KPUBbIX YACMOMHBIX 20002padoas.
Ilpeonacaemca  onpedensimb — 8O3MOJCHOCHb — CYUWECMBOBaHUsL — nepuoouyeckux  pexcumos 6 HCAY  bes
HEeNnocpeoCcmeeHH020  NOCMPOEHUsi  YACMOMHbIX — 20002pAp06 N0 NOIONCUMENbHLIM — BEUECTNBEHHBIM — KOPHIM
CReYUanbHblM 00pA30M NOCMPOEHHBIX aneeOpaudeckux ypaguenuu. BuluucieHue nOIONCUMENbHBIX BeUeCNBEHHbIX
KOpHell, 6 Omauyue oM bl4UCIeHUS KOMNLEKCHbIX KOPHel, He NPeOCmasisiem Cl0NCHOCHU.

Abstract. An algebraic method for parametric analysis of periodic modes in a nonlinear automatic control system
(NACS) of an industrial robot is considered. The classical solution of such a problem on a computer requires multiple
construction and analysis of frequency hodograph curves. It is proposed to determine the possibility of the existence of
periodic modes in the NACS without directly constructing frequency hodographs using positive real roots of specially
constructed algebraic equations. Calculating positive real roots, unlike calculating complex roots, is not difficult.

Kniouesvie cnoea. Ilpomviuiennvlii pobom, HeIuHeluHas cucmema asmomMamuyecko20 YAPAsieHus, NepuoouyecKull
PedicUM, NOOACUMETbHBIE BEUECNBEHHbLE KOPHIL.

Keywords. Industrial robot, nonlinear automatic control system, periodic modes, positive real roots.
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AHAJIA3 MOJIEJIEM PEAJIM3AIIMM PACIPEJEJEHHOM BA3bI JJAHHBIX IPOMBIIIJIEHHOI'O
HNPEAIIPUATUSA

[laranosa FO.I'.%, Yanenxos H.U.2, [Tectpsaxosa A.B.3

ANALYSIS OF MODELS FOR IMPLEMENTING A DISTRIBUTED DATABASE IN AN INDUSTRIAL
ENTERPRISE

Shatalova J.G.%, Chalenkov N.1.2, Pestryakova A.V.3

Annomayus. B cmamove anamuzupyemcs apxumekmypa 63aumo0etiCmeuss KieHmos u pacnpedenénnol 6asol OaHHbIX
npomvluLieHHo20 npeonpuamus. Paccmampusaromes mpu modenu opeanuzayuu é3aumoodeticmeus. O60cHO8bI6aeMCS
8b100p MPEXYPOBHEBOT MOOENU C UCHONb308AHUEM O08YX cepgepos npunodcenuu. Ocywecmensiemcs pacnpedeieHue
@yHKYUIl RO yposHaAM 6blOpanHol Modenu. [Iposodumcs obocHosanue hpazmenmayuu 6asvl OaHHbIX. AHATUUPYIOMCA
B03MOJICHBLE MEMOObL PENTUKAYUL, OOBACHACCI 6blO0OP KIACCUUECKOU MOOENU ¢ 0CHOGHOU Konueil. O60cH0gbI8aemcs.
6b100p 08YX(ha3HO2O Memoda CUHXPOHU3AYUU OAHHBIX Ha Y31ax 6asvl. Paspabamovieaemcs cucmema peniuxayuu u
CUHXPOHU3AYUU PACHpedesieHHOU Oa3bl OAHHBIX NPEeONPUSIMUSL.

Abstract. The article analyzes the architecture of interaction between clients and a distributed database of an industrial
enterprise. Three models of interaction organization are considered. The choice of a three-tier model using two
application servers is substantiated. The distribution of functions across the levels of the chosen model is carried out.
The justification of database fragmentation is provided. Possible replication methods are analyzed, and the choice of a
classical model with a master copy is explained. The choice of a two-phase method for synchronizing data on database
nodes is substantiated. A system for replicating and synchronizing the distributed database of an enterprise is
developed.

Knioueswvie cnosa. Pacnpedenénnas 6aza 0annvlx, cepeep NpuioiCenull, Memoobl CUHXPOHUZAYUU, PENTUKAYUSL OAHHDIX.
Keywords. Distributed database, application server, synchronization methods, and data replication.

Yllamanosa FOnua ['eopeueena, kanod. mexu. nayk, ooy., ooyenm, ugshatalova@mail.sevsu.ru, Poccus,
Cesacmononv, PI'AOY BO «Cesacmononbckuti 20Cy0apCmeeHHblll YHUBEPCUMen )

2Yanenxoe Huxuma Heopesuu, cmapwuii npenodasamenw, nichalenkov@mail.sevsu.ru, Poccus,
Cesacmononv, PI'AOY BO «Cesacmononbckuti 20Cy0apCmeeH blll YHUBEPCUmMeny

$[Tecmpsaxosa Anna Bsuecnasosua, accucmenm, pestryakova@mail.sevsu.ru, Poccus, Cesacmonoav, PLAOY
BO «Cesacmononvckuii 2ocyoapcmeennbiil yHugepcumem»

Shatalova Julia Georgievna, Candidate of Technical Sciences, Docent, Associate Professor,
ugshatalova@mail.sevsu.ru, Russia, Sevastopol, Sevastopol State University

Chalenkov Nikita Igorevich, Senior Lecturer, nichalenkov@mail.sevsu.ru, Russia, Sevastopol, Sevastopol State
University

Pestryakova Anna Vyacheslavovna, Assistant, pestryakova@mail.sevsu.ru, Russia, Sevastopol, Sevastopol
State University


mailto:nichalenkov@mail.sevsu.ru
mailto:pestryakova@mail.sevsu.ru
mailto:nichalenkov@mail.sevsu.ru
mailto:pestryakova@mail.sevsu.ru

AJIBTEPHATUBHBIE CTOXACTHYECKHUE CETEBBIE MOJEJIN ITPU IINIAHUPOBAHUHN
PEMOHTHBIX PABOT B MAIIMHO- U NPUBOPOCTPOEHUUN

Yepnera B.C., Kapnycor B.10.2, Jlymuna B.C.2

ALTERNATIVE STOCHASTIC NETWORK MODELS IN PLANNING REPAIR WORK IN
MECHANICAL ENGINEERING AND INSTRUMENTATION

Chernega V.S.%, Karlusov V.Yu.?, Lushina V.S.2

Annomayus. Paccmompena 803MONCHOCMb UCNOAb308aHUsL anbmepHamusnblx cmoxacmuueckux GERT-cemeii ons
NOGbIUEHUSI MOYHOCU OYeHKU ONUMENbHOCIU PEMOHMHBIX pabom 8 MawuHo- u npubopocmpoenuu. Paspabomana
modenv GERT-cemu 0606wennoti npoyedypvl pemonma 0060pyoosanuss u noOayyeHa Gopmyaa Oas paciema
aKeueanenmuol nepedamounon Qyukyuu 0606wennot GERT-cemu, sensiowelics ocnogou 0ns  onpedenenus
npouseooselt hyHKYuU MOMEHMOG IKGUBANICHMHOU cemu, RO KOMOPOU ONpedeNsiemcst MamemMamuyeckoe 0jiCUoaHue u
oucnepcus 6pemeHU 8bINOIHEHUS NPOYedyPbl PEMOHMA 060PYO0BAHUSL.

Abstract. The possibility of using alternative stochastic GERT networks to improve the accuracy of estimating the
duration of repair work in mechanical engineering and instrument engineering is considered. A model of a GERT
network of a generalized equipment repair procedure is developed and a formula is obtained for calculating the
equivalent transfer function of the generalized GERT network, which is the basis for determining the generating
function of the moments of the equivalent network, according to which the mathematical expectation and variance of
the time of performing the equipment repair procedure are determined.

Knrouesvte cnosa. GERT-mooens npoyedypvl pemonma o0bopydosanusi, npouzsooswyas Q@VHKYUs MOMEHMO8
IKGUBANLEHIMHOU CeMU, MAMEMAMUIECKOe 0XHCUOAHUEe ONUMETbHOCMU PEMOHMA.

Keywords. GERT model of equipment repair procedure, generating function of moments of equivalent network,
mathematical expectation and variance of repair duration.
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INPUMEHEHUE ®YHKIMOHAJOB 3AKOHOB PACIIPEJEJEHUA I'AYCCA U PJJIEA B
BEPOATHOCTHbBIX MOJEJIAX

Boxonckuif A.W.}, Bapmunckas H.1.?, ®ununosua O.B.3

APPLICATION OF FUNCTIONALS OF THE GAUSSIAN AND RAYLEIGH DISTRIBUTION LAWS
IN PROBABILISTIC MODELS

Bokhonsky A.I.%, Varminskaya N.1.2, Filipovich O.V.3

Annomauus. /[na 3akoH08 pacnpedeneHus ciyuainsix eenrudun I aycca u Panes ¢ npusneueHuem aneopumma peuieHus
HOMHOU 00pamHOU 3a0auu 8APUAYUOHHO2O UCHUCIEHUS (HA36AHO PEBEPCUOHHBIM UCHUCTEHUEM) B0CCMAHOBIEHb
@yuxyuonanel, 6 obwem 6ude ompadcalwue CE0UCMEA CIYYAUHbIX BeAuduH. J{Isi 9mux @QyHKYUOHAN08 ¢
UCNONb306AHUEM TEOPEeMbl O YUCIEHHOM PABEHCINBEe ONPeOeleHHbIX UHMeSpanos u3 o00ue2o HeauHetHo2o
aneebpauieckoeo ypagHeHusi NepeooOpAsHbIX epauuecku HAUOEeHbl KOPHU, AGIAIOWUECs GEePXHUM Npeoeiom
unmezpuposanus. O0CYsHCOAemcss 603MONCHOCHb NPAKMUYECKO20 UCNONb30BAHUSL  PE3VIbINANOS, OMPANCAIOUUX
coemecmHoe npuMeHeHue meopuu 8epoamHOCmeli U 8apuayuo HHO20 UCYUCTEHUS.

Abstract. Functionals that generally reflect the properties of random variables are reconstructed for the distribution
laws of Gaussian and Rayleigh random variables using the algorithm of the complete inverse problem of the calculus of
variations (called reversal calculus). For these functionals, using the theorem on the numerical equality of definite
integrals from a general nonlinear algebraic equation of antiderivatives, the roots, which are the upper limit of
integration, are graphically found. The practical application of these results, reflecting the combined application of
probability theory and the calculus of variations, is discussed.

Knrwoueewvie cnosa. Teopus eeposmuocmeli, cpedHneksaopamuyeckoe omkaIoHeHue, 3akouwvl laycca u Pones,
80CCMAHOBIEHHbLE DY HKYUOHATbI, NPUTONHCEHUSL.

Keywords. Probability theory, standard deviation, Gauss and Rayleigh laws, reconstructed functionals, applications.
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NPUMEHEHUE METOJIA IYTEM AJ151 ONEHKU HAJEKHOCTH DJEKTPO/IBUTATEJISA
Mupsosn H.IO.}, 3amopénor M.B.2, 3amopénos U.M.%, Manunkas A.A.*

APPLICATION OF THE PATH METHOD FOR RELIABILITY ASSESSMENT OF AN ELECTRIC
MOTOR

Mirzoyan N.Y.%, Zamoryonov M.V.2, Zamoryonov |.M.%, Malitskaya A.A.*

Annomayus. B Oannoii cmamve cmpoumcsi aHAIUMUYECKdas MoOenb Olsl OYEHKU HAOEHCHOCMU NPOMbBIULIEHHO20
anexmpoosueamens. Modenvb yuumvlgaem OUAZHOCMUKY U3HOCA NOOWUNHUKOS U OCHOBBIBAEMCs HA annapame
HOIYMAPKOBCKUX NPOYECCO8, A MAKdICe HA OPUSUHATLHOM Memode nymell, npeonodcenHom aemopamu. Kmouesvim
BLIXOOHBIM NAPAMEMPOM MOOETUPOBAHUS BLIOPAHO 6peMsl 6e30mKa3HOU pabombl cucmemsl. Bepupurayus moodenu
OCYIeCmasemcs nymem CpAGHeHUsL MAMeMamu4ecko20 0XCUOAHUS 6DeMEHU NPEObIBAHUsL CUCEMbL 8 NOOMHONCECNEE
PabomocnocoOHbIX COCMOAHULL ¢ Pe3VIbMaAmamil, NOIYYEHHBIMU NPU MOOETUPOBAHUU MAKOU CUCTEMbl MemoooM
MPpaexmopull.

Abstract. This paper constructs an analytical model for assessing the reliability of an industrial electric motor. The
model takes into account data from bearing wear diagnostics and is based on the apparatus of semi-Markov processes,
as well as an original method of paths proposed by the authors. The system's time to failure is chosen as the key output
parameter of the simulation. Verification of the model is carried out by comparing the mathematical expectation of the
system's sojourn time in the subset of operable states with the results obtained by modeling such a system using the
method of trajectories.

Knroueswvie cnosa. Ilonymaprosckas mooenn, 21ekmpoosucamens, OUaeHOCMUKA, 6e30mKasHas paboma, memoo nymei.
Keywords. Semi-Markov model, electric motor, diagnostics, trouble-free operation, trajectory method.
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AHAJIN3 ITPOU3BOJUTEJIBHOCTHU KOHTPOJIBHO-COPTUPOBOYHBIX ABTOMATOB C
IHOBTOPHBIMU UBMEPEHUAMHA

Banakuna H.A.!

PERFORMANCE ANALYSIS OF CONTROL AND SORTING AUTOMATIC MACHINES WITH
REPEATED MEASUREMENTS

Balakina N.A.1

Annomayusn. Hcnonv3oeanue MHO2OKDAMHBIX USMEPEHULL GNEMCS dIDPHEKMUBHBIM MEMOOOM NOBBIULEHUSL MOYHOCIMU
3a cyem KOMHWeHcayuu Cayyaunvlx noepewnocmet. Iloxazano, umo npumenenue nosmopHuvix usmepenuti 100%
KOHMPOAUPYEMbIX — Oemaneil  CHujicaem Nnpou3600UmMeIbHOCHb — KOHMPOIbHO-COPMUPOBOUHO20 — AGMOMAMO8 €
HOCIe008AMENbHBIM YUKIOM 6bINOHeHUss onepayutli Ha 34..43% npu nocmosnHom 6pemeHu BCHOMO2AMENbHbIX
onepayuu. [na  agmomamos ¢ NAPANIETbHbIM YUKIOM NPeONOdNCeHd cXeMd ¢ O08YMsL  NOCAe008AMENbHO
PACNONOINCEHHLIMU  UBSMEPUTNETbHLIMU NOZUYUAMU ONIsL NOBMOPHLIX USMEPEeHUll U OLO0KOM CAMONOOHACMPOUKYU 075
KOMNEeHCayuy CUCmemMamuyeckux COCMagaowux NnoepeutHocmy usmepenus Oe3 CHUINICEHUs NPOU3800UMETbHOCTIU
aA8MOMAamos.

Abstract. The use of repeated measurements is an effective method of accuracy increase due to compensation of
random errors. It is shown that the use of repeated measurements of 100% of controlled parts reduces the productivity
of the control and sorting automatic machine with a sequential cycle of operations by 34...43% at constant time of
auxiliary operations. The scheme with two sequentially arranged measuring positions for repeated measurements and
self-tuning block for compensation of systematic components of measurement error without reducing the productivity of
automatic machines is proposed for automatic machines with parallel cycle.

Knroueswie cnosa. IlpoussooumenvHocms, asmomam, Yuki, COPMUPOBKA, NOGMOPHbIE UMEpeHUs, NOOHACMPOUKA,
nozpeuHocme.

Keywords. Productivity, automatic, cycle, sorting, repeat measurements, tweaking, uncertainty.
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TEH30METPUYECKOE BECOU3MEPHUTEJIBHOE YCTPOMCTBO
Bacrotenko A.I1.}, Banakuna H.A.2
TENZOMETRIC WEIGHING DEVICE
Vasyutenko A.P.%, Balakina N.A.2

Annomayusa. Ilpusedena cmpykmypHas cxema GeCOUSMepUMENbHOU CUCHEMbl, KOHCMPYKYUA UBMEPUMENbHO20
yempoucmea Ha base meH3oMempuieckux npeobpazosameneii u memoouka ezo pacuema. Cgopmynruposana yeiv
pabomul. Ilpusedenuvl gvipadicenue, onucvleaioujee Cmamuieckylo XapaKmepucmuxy usmepumenbHo2o0 ycmpoucmea u
pe3yibmamovl  MOOEIUPOBAHUA XAPAKMEPUCUK NPU  DASTUYHBIX COYEMAHUAX KOHCMPYKMUGHLIX Napamempos.
Paccuumanvr  yyecmeumenvnocmu  uzmepenus, no3eonsOwUe ONpeoensmsv HUCIOBble 3HAYEHUS Napamempos
ycmpoiicmea, obecneuusaowjue 3a0anHblil OUANA30H U MOYHOCIMU USMEPEHUSL.

Abstract. The paper presents a structural diagram of a weighing system, the design of a measuring device based on
strain gauge transducers, and a method for calculating it. The purpose of the work is formulated. The paper presents an
expression describing the static characteristic of the measuring device and the results of modeling the characteristics
for various combinations of design parameters. The paper calculates the measurement sensitivities, which allow
determining the numerical values of the device parameters that ensure the specified range and measurement accuracy.

Knruesvie cnosa. Hsmepenue, menzonpeobpaszoseamens, 4y8CMEUMENIbHOCIb, CMAMUYECKds XApaKkmepucmuxda,
NPYACUHHBLU NAPATINENOZDAMM.

Keywords. Measurement, strain gauge, sensitivity, static characteristic, spring parallelogram.
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MOJYJb OBPABOTKH HU30BPAKEHUS C AHAJIOTOBOM KAMEPHI JIUISI BECIIMJIOTHBIX
AITIITAPATOB

Bypnaxa B.B.!
ANALOG CAMERA IMAGE PROCESSING MODULE FOR UNMANNED VEHICLES
Burlaka V.V.!

Annomayusn. B pabome npednodicen npocmotl 8 u320mosneHuu Mooyib, N0380JAOUULE NPOBOOUMb HECTONCHBI AHANU3
U3006padicenus, NOIYYaAeMo20 ¢ aHAL02080U BudeoKamepsl. Takou MoOy1b Modxcem OblMb UCNOIb308AH, HANpUMED, Hd
becnunomunvix annapamax 01 001e2YeHus peuwenus 3a0ay CcmaduIu3ayuu U SU3VAIbHOU Hagueayuu, aubo O
agmMoMamuiecko2o obHapycenus 6 Kaope O0gudcywuxcsi 06vekmos. Cxema nocmpoena Ha OOHOKPUCHATbHOM
Mukpoxonmpoiiepe ¢ aopom Cortex-M4. [ua cessu ¢ enewnumu ycmpoucmeamu npedycMompeno 08a AdCUHXPOHHbIX
nocnedogamenvuvix nopma u 6vixoowvl LLIUM cuenanos. Hmeemcsi maxice 603MONCHOCHb NEPEKNIOUEHUs. CUSHANA OM
PAa3HbIX  8UOeoKamMep, a maKdce BbINOHAMb NPOCMoe WUPposaniue GUOCOCUSHANd, BKIIOYAlOwee COKpbimue
CUHXPOUMNYNLCOS.

Abstract. The paper proposes a simple-to-manufacture module that allows for simple analysis of image received from
an analog video camera. Such a module can be used, for example, on unmanned vehicles to facilitate the solution of
stabilization and visual navigation tasks, or for automatic detection of moving objects in the image from camera. The
circuit is built around a single-chip microcontroller with a Cortex-M4 core. Two asynchronous serial ports and PWM
signal outputs are provided for communication with external devices. It is also possible to switch signals from different
cameras, as well as to perform simple encryption of the video signal, including hiding synchronization pulses.

Knrouesvie cnosa. Obpabomra u306padicenusi, AHanI0208bill GUOCOCUSHAT, SU3YALbHASL 000Mempusl, Oecnuiomublil
annapam, Onmu4ecKoe OmcaedNcusanue 0o6veKma.

Keywords. Image processing, analog video signal, visual odometry, unmanned vehicle, optical object tracking.
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HNCCIEJOBAHUE TOUHOCTHU NMOJHAJIAAKN BECHEHTPOBO-IIJIM®OBAJIBHBIX CTAHKOB
Banakun A.W.1, Bactorenko A.I1.2
STUDY ON THE ACCURACY OF ADJUSTING CENTERLESS GRINDING MACHINES
Balakin A.l1.1, Vasyutenko A.P.?

Annomauus. Ilpusedena cxema ob6pabomxu u usmepeHuss Oemaneil HA 0eCyeHmMpo8o-WUIUDOBATLHOM CMAHKE,
cpopmynuposana yenv pabomwl. Ilpeocmasnenvl epagux usmeHeHus pasmepos Oemaineli npu NOOHANAOKe U
3a8ucumMocmu  nozpewHocmy  00pabomxku U NOOHANAOKU OeCYeHMPOBO-UWAUPDOBATLHBIX CIMAHKO8 OM NAPAMEmpos
npoyecca obpabomxu u MOYHOCMU UMepumenvHo2o ycmpoiicmsa. Ilpusedensvi pesynvmamvl MOOEIUPOBAHUSA
noepewHocmy nOOHANAOKU OISl PA3IUYHBIX Memo008 QOpMUPOSAHUs. YNPAGISOWeEl KOMAHObL. N0 OOHOU Oemanu
(uMnYILCY), NO  NOBMOPHBLIM UMNYILCAM, NO CpeOHeMy apugmemuueckomy. J[lana cpagnumenvHas oyeHKa
nocpewHoCmy NOOHANAOKU 05t YKA3AHHBIX Memo008.

Abstract. The scheme for the processing and measurement of components on a centreless grinding machine is
presented, along with the objectives of the work. A graph illustrating the variation in component dimensions during
setup is included, as well as the relationships between machining error and the setup of centreless grinding machines,
influenced by processing parameters and the accuracy of the measuring device. The results of simulating setup errors
for various methods of generating control commands are provided: for a single component (impulse), for repeated
impulses, and for the arithmetic mean. A comparative assessment of the setup errors for the specified methods is also
given.

Knrouesvie cnosa. becyenmposoe winugosanue, noonaiadka, memoo GOpMuposanus KOMAHObl HA NOOHALAOKY,
nozpewHocms NOOHANAOKU.

Keywords. Centreless grinding, adjustments, team formation method for adjustments, adjustment error.
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M3MEPEHME KPYTSIIEIO MOMEHTA B BECIIETOYHBIX JABUTATEJAX MOCTOSHHOI'O
TOKA: METO/JIbI 1 OIIEHKA I'PAHUIl MPUMEHUMOCTHU

Terkun W.10., Papuxos M.B.2, Kamuaun U.A 3, Mapuenko 10.I.4

TORQUE MEASUREMENT IN BRUSHLESS DC MOTORS: METHODS AND ASSESSMENT OF THE
LIMITS OF APPLICABILITY

Tetkin 1.Y.1, Rafikov M.B.2, Kalinin I.A.2, Marchenko Y.G.*

Annomayus. B cmamve paccmampueaiomces, Memoovl UsMEPEHUst Kpymsiue2co MOMeHma 6ecujémounvix dgueamernet
nocmosnnozo moka (BLDC), npumensiembix 6 pobomomexHuke, MeOUuyuHckomM obopy0osanuul, a maxdice OeCnuiomHou
asuayuu. Ilposedén ananuz meH30Mempuyeckux, peaKxmuGHuIX, KOCEEHHLIX MOKOBbIX, d MAKHCe UHEPYUOHHBIX
Memo0o8s, BbISIGIEHbI UX NPEUMYUECMBA U OSPAHUYEHUs C MOYKU 3PEHUs MOYHOCMU, CIOUMOCIU U CIONCHOCIU
nposedenus ucnvimanuti. Paspabomana xonyenyus manoeabapumnozo n1abopamoprozo cmenoa na baze KOHmpoiepa
Arduino/STM32, nozeonsioweco noayyames OanHvle ¢ noepewHocmvio 5—10 % 6 duanazone momenmog 00 2 Hwm u
yacmom epawgerust 00 40 000 o6/mun. Ilokazano, umo npednodicenHblll NOOX00 obecneuugaem HU3Kyl CMOUMOCHb,
NPOCMOmY KOHCMPYKYUU U WUPOKUE B03MOICHOCIU YuebH020 npumenenus. Onpedeienvl 02panuieHiss UHePYUOHHO2O0
Memooa: 4y8CMEUMENbHOCMb K WYMAM Oamyuxkos, HeobXo0UMOCmb KAIubposKu nomepv u yuéma oucbanauca
maxosuka. Pesynemamuvl  uccredoganus  OeMoHCmMpupyiom  NepCHeKmMUSHOCHb — NPeONONCeHHO20 Memoda  OJis
ucnblmMaHuil 1eKmpoosuzamernetl Maiot MOWHOCMU 6 TAOOPAMOPHBIX YCIOGUSX.

Abstract. The article discusses methods for measuring the torque of brushless DC motors (BLDC) used in robotics,
medical equipment, and unmanned aircraft. The analysis of strain gauges, reactive, indirect current, and inertial
methods has been carried out, and their advantages and limitations in terms of accuracy, cost, and complexity of testing
have been identified. The concept of a small-sized laboratory stand based on the Arduino/STM32 controller has been
developed, which allows obtaining data with an error of 5-10% in the range of torques up to 2 Nm and rotational
speeds up to 40,000 rpm. It is shown that the proposed approach provides low cost, simplicity of design and wide
possibilities of educational application. The limitations of the inertial method are determined: sensitivity to sensor
noise, the need to calibrate losses and take into account the imbalance of the flywheel. The results of the study
demonstrate the prospects of the proposed method for testing low-power electric motors in laboratory conditions.

Kniouegvie cnosa. Kpymawuii momenm, 6ecwémounvlii  O0gueamens NOCMOSHHO20 —MOKA, MeXAHUYEeCKAs
Xapaxmepucmukd, UHePYUOHHbIU CIMEHO.

Keywords. Torque, brushless DC motor, mechanical characteristic, inertial stand.
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