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NPUMEHEHUE BEKTOPHBIX BA3 JAHHBIX JJISI AHAJIM3A KOMIIBIOTEPHBIX CETEM
HPEINPUSTUN

Manaes C.B.%, besyruwiii H.H.2, Yepmenena W.IT1.2

APPLICATION OF VECTOR DATABASES FOR ANALYSIS OF COMPUTER NETWORKS OF
ENTERPRISES

Palaev S.V.%, Bezuhliy N.N.2, Chermeneva I.P.3

Annomauyusn. Paccmampusaemcesi npumenenue 6eKmMOpPHuIX 0a3 OauHbIX O1sl AHAAU3A  KOMAbIOMEPHbIX Ccemell
npeonpusimuil, a Maxice ux Kuouesble NPeUMywecmed, Memoobl UHMeSPAyul 6 CyWeCmeayiowue cCucmembl 1 npumepsl
YCRewHo2o ucnoavb3osanus. Mcciedoeanvl mexHonozuy 6eKMOpHuIX 6a3 OAHHBIX, KOMOpble MO2YH CHOCOOCMBO8AMb
VayuueHuio 6e30nACHOCU, YBEeTUUEHUIO IPDEKMUBHOCIU U NOGBIULEHUIO YCMOUYUBOCU KOMNbIOMEPHbIX cemell
npeonpusimuil.

Abstract. The application of vector databases for the analysis of enterprise computer networks is considered, as well as
their key advantages, methods of integration into existing systems and examples of successful use. Vector database

technologies that can contribute to improving security, increasing efficiency and increasing the sustainability of
enterprise computer networks are studied.

Kniouegvie cnosa. Bexmopnas 6aza 0annbvlix, cemesas uH@pacmpykmypa, anaius OanHblX, npeoopasosanue 0aHHbIX.

Keywords. Vector database, network infrastructure, data analysis, data transformation.

Ylanaes Cepeeii Bacunvesuu, xano. mexu. nayx, ooy., 3ae. xageopoi, spalaiev@yahoo.com, Poccus,
Cesacmonons, Yeprnomopckoe gvicutee soenno-mopckoe yuunuwe umenu I1.C. Haxumosa

2Besyznoiii Huxonaii Huxonaesuu, kano. mexu. Hayk, ooy., doyenm, mmbez58@mail.ru, Poccus, Cesacmononw,
Yepromopcroe gvicuiee soeHno-mopckoe yuunuuge umenu I1.C. Haxumosa

3Yepmenesa HUpuna Ilempoena, cmapwuii npenooasamens, Stihiya-07@yandex.ru, Poccus, Cesacmononn,
Yepromopckoe svicuee 6oenno-wopckoe yuunuue umenu I1.C. Haxumosa

Palaev Sergey Vasilevich, Candidate of Technical Sciences, Docent, Head of Department, spalaiev@yahoo.com,
Russia, Sevastopol, Black Sea Higher Naval School hamed after P.S. Nakhimov

Bezuhliy Nicolay Nicolaevich, Candidate of Technical Sciences, Docent, Associate Professor,
mmbez58@mail.ru, Russia, Sevastopol, Black Sea Higher Naval School named after P.S. Nakhimov

Chermeneva Irina Petrovna, Senior Lecturer, stihiya-07@yandex.ru, Russia, Sevastopol, Black Sea Higher
Naval School named after P.S. Nakhimov


mailto:spalaiev@yahoo.com
mailto:mmbez58@mail.ru
mailto:stihiya-07@yandex.ru
mailto:stihiya-07@yandex.ru
mailto:stihiya-07@yandex.ru
mailto:stihiya-07@yandex.ru
mailto:stihiya-07@yandex.ru
mailto:spalaiev@yahoo.com
mailto:mmbez58@mail.ru
mailto:stihiya-07@yandex.ru

AHAJIN3 HAJIEXKHOCTH U3MEPUTEJBHOM MOJICUCTEMBI ITPU ABTOMATHYECKOM
YIHPABJIEHUN TAPAMETPAMU MHUKPOK/IMMATA B IMMNPOU3BOACTBEHHBIX INIOMEIINEHUAX

3amopénos U.M.%, Moucees JI.B.2, 3amopénos M.B.3

RELIABILITY ASSESSMENT OF SENSING SYSTEMS IN AUTOMATED INDOOR CLIMATE
CONTROL FOR INDUSTRIAL SPACES

Zamoryonov |.M., Moiseev D.V.2, Zamoryonov M.V.3

AHHO”MH(MII. HOCWIpO@HCl MAPKOBCKAsl Mmooenb gbyHKuuonupoeanl asmomamu4ecKkoll  cucmemvl KOHmMpOJis
MUKpoOKaIumama npou380()cm6eHHblx nOMemeHm? C ydyemom oOmkKasoe 0amuuKos memnepamypbl, 61ANCHOCMU U
3aeazoeannocmu. Cocmasiena u peuwena cucmema ypaeHeHuzZ KOJZMOZOPOG(I OISl HAXOHCOCHUSL qbuHanbezx
6€p0}ZmHOCm€lZ npe6b16anz cucmemsvl 6 COCMOAHUA, Komopas no3eoJsenm Onpedeﬂ}zmb npoyenmnoe coomHoutenue
BpPEeMEHU MOYHO20 COOmMBEemMCmeusl yCﬂOGUZZ MUKpOKaUmama npou%odcmeeﬂnbl)c }’IOMeu';eHZHZ mpe606anm CHull.

Abstract. A Markov model of the functioning of an automatic microclimate control system for industrial premises has
been constructed, taking into account failures of temperature, humidity, and gas sensors. A system of Kolmogorov
equations has been formulated and solved to determine the final probabilities of the system being in various states, which
allows for calculating the percentage of time the microclimate conditions in industrial premises precisely comply with
the requirements of building codes and regulations (SNiP).

Knruessie cnosa. Maprosckas mooenv, MUKPOKAUMAM, OAMYUKU, HAOEHCHOCHIb.

Keywords. Markov model, microclimate, sensors, reliability.
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YIOPABJIIEHUE TYPBOAETAHIAEPOM: CPABHEHUE TPAJUIIMOHHOI'O PID-PEI'YJIMPOBAHUSA
M MOJIEJIEM HA OCHOBE MAIIMHHOI'O OBYYEHMS

Mosuanos JI.B.!

TURBO EXPANDER CONTROL: A COMPARISON OF TRADITIONAL PID CONTROL AND
MACHINE LEARNING MODELS

Molchanov D.V.!

Annomauus. Hccrnedyemes ynpaeienue mypoo0emanoepom ¢ yeivbio NOGblULeHUs €20 D PHeKmUHOCmuU npu CHUICEHUU
Oaenenus 2aza. Cpasnueaiomces 06a nooxoda: kiaccuveckuii PID-pezynamop u ynpasienue Ha 0CHO8€ MHO2OCIOUHO20
nepcenmpona (MLP). Awnanuz nposodumcs 6 Koumexkcme pabomvl mypboOemaHOepd Kax Hacmu Ccucmembvl
noodozpegameisi 2a3d, ¢ y4EMOM MOYHOCIU PE2YIUPOBAHUsl OAGLeHUS, PEMEHU OMKIUKA U YCIMOUYUBOCIU K USMEHEHUIO
6X00HbIX napamempos. Pazpabomana mamemamuueckas Mooeib CUCMEMbl, GbINOTHEHbI YUCACHHbIE IKCHEPUMEHMNbL 8
CMAYUOHAPHBIX U OUHAMUYECKUX pedcumax. Pesynomamul noxaswisarom, ymo PID-pezynisimop nadéicen 6 cmabuibhbix
VCNIOBUSIX, HO NJIOXO A0ANMUPYEMCSl K USMEHEHUSAM, bl3bleasi Konebanus. B ceoio ouepeds, modens MLP obecneuusaem
bonee BbICOKYIO MOYHOCMb, DLICMPYIT OMKAUK U JYYWYIO adanmayuro K usmensowumcs ycrogusim. Coenamn 6u1800 o
npeumyuecmee MLP 0na ynpasnenus mypbodemanoepom 6 ounamuieckux pexcumax. Ilonyuennvie oanmvie moeym
ObIMb UCNONBL3068ANBL NPU CO30AHUU DONIee IPHEKMUBHBIX cucmeM YRPABLeHUsL.

Abstract. The article studies the control of a turboexpander using a sensor measuring its efficiency when gas pressure
decreases. Two connections are compared: a classic PID controller and control based on a multilayer perceptron (MLP).
The analysis is carried out in the fifth work of a turboexpander as a part of a gas heater system, taking into account the
accuracy of pressure control, response time and stability to determine the input parameters. A mathematical model of the
system is developed, conducting numerical experiments in stationary and moving modes. The results show that the PID
controller is reliable in stable conditions, but poorly adapts to changes that cause oscillations. In turn, the MLP model
provides higher accuracy, fast response and fast adaptation to changing conditions. A conclusion is made about the
advantages of MLP for controlling a turboexpander in moving modes. The data obtained can be used to create more
efficient control systems.

Knrouesvie cnosa. Typoooemanoep, PID-pezynsmop, mawunnoe obyuenue, MHO2OCIOUHbLI NEPCenMpPOH, YNPAGIeHUE
OasneHueM, HUCIeHHble IKCRePUMERMbL, A0ANMUEHOe YNPAGLeHue, KOIeOAHUs, nepepesyiuposanue, epems OMKIUKA.

Keywords. Turboexpander, PID controller, machine learning, multilayer perceptron, pressure control, numerical
experiments, adaptive control, oscillations, overshoot, response time.
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AJITOPUTMUM3AIIMS TETEPOTEHHOW MHTETPAIIMUM B ABTOHOMHBIX CTPYKTYPHO
HECTAIIMOHAPHBIX TPYIII BECIIMJIIOTHBIX OBBEKTOB

JHoponuna }0.B .Y, Jiynummn T.0.%, Janunenko B.E3

ALGORITHMIZATION OF HETEROGENEOUS INTEGRATION IN AUTONOMOUS
STRUCTURALLY UNSTABLE GROUPS OF UNMANNED OBJECTS

Doronina Yu.V.%, Lutsishin T.0.%, Danilenko V.E.®

Annomayus. Paccnampugaemes  aneopummuyeckuii nooxo0 K MOOEAUPOSAHUI0 CMPYKIMYPHO HeCMAYUOHAPHBIX
becnunomubIx 2pynn 00vbeKmos, onpeoelsitomes 0CoOeHHOCU CIPYKMYpPHOU ougdgepenyuayuy a8mMoHOMHbIX 2PYNA 8
pamxax xkiaccugukayuy 6u0oe cmpamezuti ux nogeoenus. llpeonodcenvl ocnosnvle NPUHYUNsl 6b100pa U3 AHCAMONA
anzopummos NoeeoeHuUs A6MOHOMHOU OeCHUIOMHOU 2pYNNbl  00bEeKmos, Ymo MNO380IUNO  Peanu306amy  pso
IKCNEPUMEHMOB8 NO 2eMePO2eHHON UHmMezpayuu d1eMenmos maxux epynn. Peanuzosana 2ubpuonas noaumooens Ha
ocHoee uncmpymenmog Python u Matlab.

Abstract. An algorithmic approach to modeling structurally unstable unmanned groups of objects is considered; the
features of the structural differentiation of autonomous groups within the framework of the classification of types of
strategies of their behavior are determined. The basic principles of choosing from an ensemble of algorithms for the
behavior of an autonomous unmanned group of objects are proposed, which made it possible to implement a number of
experiments on the heterogeneous integration of elements of such groups. Implemented a hybrid poly model based on
Python and Matlab tools.

Knroueewvie cnoga. becnunomnviii  00vexm, a8MOHOMHAA  2PYNNG, CMPYKMYPHO  HECMAYUOHAPHAS — 2PYNnd,
AnOPUMMUAYUSL NOBEOEHUS.

Keywords. Unmanned object, autonomous group, structurally unstable group, algorithmization of behavior.
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MATEMATHYECKASI MOJIEJIb PACYETA KOHIEHTPALIU XUMHUYECKHX BEIIECTB
BPBI3TAJIbHBIX BACCEMHOB OTBETCTBEHHBIX IIOTPEBUTEJIEMA A3C

Mopos B.A.%, Mowucees JI.B.2

MATHEMATICAL MODEL FOR CALCULATING CONCENTRATIONS OF CHEMICALS IN SPLASH
POOLS OF RESPONSIBLE CONSUMERS OF NUCLEAR POWER PLANTS

Moroz V.A.1, Moiseev D.V.2

Annomayus. B cmamve paccmampusaemcs npobnema MOOeIUPOBAHUS CLONCHBIX NPOYECcos, PA3BUSBAIOWUXCS 6
opvizeanvhvix  b6acceiinax ADC. Asmopamu meopemuuecku 0OOCHO8AHA CMPYKMYPA YCOBEPUIEHCTNBOBAHHOLO
MOHUMOpUHEa Kauecmea 600bl CucmeM 000pOMHO20 B000CHADICEHUS HA OCHOBE CUCEMHO20 AHANU3A MEXHO-
axocucmemvl ADC ¢ ucnonvzosanuem Mmemooo8 mamemamuyecko2o mooenuposanus. ObocHosanvl 6 pamxax
meopemuueckoll 2uOpasIuKy CUCmeMbl YPAGHEHUL 8 YACHHBIX NPOU3BOOHbIX, Omobpaxicaiouwue 3aKOHbl COXPAHeHUs
maccwl 600bl (0bopomnoti) u npumecei. Ilonyuensl ¢ UCNONb306aHUEM YUCTEHHBIX MEMOO08 peuleHuUs YPasHeHUs
OUHAMUKU KoHYyeHmpayuii eewecms npumeceil. OcobeHHoCmbio 0aHHO20 NOOX00A ACNAEMCA MO, YMO NPU UCHOIB306AHUU
DA3BEPHYMBIX 80 BPEMEHU OAHHBIX HATNYPHBIX USMEPEHUll OMHOCUMENbHO KOHYEHMPAayuii KOHMPOIUPYeMbIX Geuecms
A8MOMAMuU4ecKy peanu3yromcs maxKue Cyuwecmseentvle ACneKmvl MAmeMamuyeckoll Mooenu, KaKk ee Kamuopayus u
sepuurayus.

Abstract. The article discusses the problem of modeling complex processes developing in the catchment areas of nuclear
power plants. The authors theoretically substantiate the structure of improved water quality monitoring in recycled water
supply systems based on a systematic analysis of the techno-ecosystem of nuclear power plants using mathematical
modeling methods. Systems of partial differential equations reflecting the laws of conservation of the mass of water
(circulating) and impurities are substantiated within the framework of theoretical hydraulics. Obtained using numerical
methods to solve the equation of dynamics of concentrations of impurity substances. A special feature of this approach is
that when using field measurement data deployed over time relative to the concentrations of controlled substances, such
essential aspects of the mathematical model as its calibration and verification are automatically implemented.

Knwuesvle cnosa. Mamemamuueckue mooemn nOMOKOS oHepeuu, Mmooenu menﬂoo6meya, ONUCAHUA U3MEHEHUA
memnepamypbol 600bl, B800HbLE IKOCUCHEMbL ANMOMHBIX CMAaHyuu.

Keywords. Mathematical models of energy flows, heat transfer models, descriptions of water temperature changes, and
aquatic ecosystems of nuclear power plants.
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OIlIEHKA METOJA MAHNIUHHOI'O OBYYEHUA JJId CUCTEMbBI ABTOMATHU3UPOBAHHOT' O
BbIBOPA KOMIIOHEHTHOM BA3bI PAIMOIJIEKTPOHHOM AIIAPATYPBI

Py6uos 10.B.!

EVALUATION OF THE MACHINE LEARNING METHOD FOR THE AUTOMATED SELECTION
SYSTEM OF COMPONENT BASE RADIO-ELECTRONIC EQUIPMENT

Rubtsov Yu.V.!

Annomauyus. Ilpednoscensvl u UCCIe008AHbL MEMOObl MAUUHHO20 OOYYeHUs OAA CUCeM dA8MOMAMU3UPOBAHHO2O0
8b100pa  21eKMPOHHOU KOMNOHEHMHOU 0a3bl npu paspabomke paouodreKmpouHol annapamypel. Ilpednoscervl
ANOPUMMbBL  COOMBEMCMBYIOUe20 NPOSPAMMHO20 obecnevenus. Ilpeonodicenvl mMemoobl NPoOSEpKU  NOIYHEHHBIX
Pe3yIbmamos ¢ noMowbio Habopa 0OO0CHOBAHHBIX MempUK oyeHku mooenell. Moeu u paspabomannoe npocpammuoe
obecneuenue anpobUposanvl U HEOPeHbl 8 INEKMPOHHOU npombluLieHHocmu Ha npeonpusmuu LIKE «/letimony.

Abstract. Machine learning methods automated selection systems of electronic component base in the development of
electronic equipment are proposed and investigated. Algorithms for the corresponding software are proposed. Methods
for checking the obtained results using a set of justified metrics for evaluating models are proposed. Ideas and the
developed software have been tested and implemented in the electronics industry at the Central Design Bureau "Dayton".

Knrouegvie cnosa. Ungopmayuonnan cucmema, UCKYCCMBEHHbIN UHMENNEKM, NEKMPOHUKA, KOMNOHeHmHAas 6a3a,
CUCMEeMHbIIL aHAU3, NPUHAMUE peulenull, ynpasienue 0chogrbimu dannsimu, MDM.

Keywords. Information system, artificial intelligence, electronics, component base, system analysis, decision making,
master data management, MDM.
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ACUMIITOTUYECKOE CBOMCTBO SHEPITETUYECKOI'O IIPUHYXJIEHUS IPU
MOJEJIUMPOBAHUU ONITUMAJIBHOI'O IBUXKEHUA OBBEKTOB

Bapmunckas H.W.!

ENERGY ENFORCEMENT ASYMPTOTIC PROPERTY IN OBJECTS’ OPTIMAL MOTION
MODELING

Varminskaya N.I.!

Annomayus. Iloxkasana ananozus medxncoy RPUHYUNOM HAUMEHbULE20 NPUHYIHCOCHUS U MUHUMATLHBIM IHEP2eMUYECKUM
NPUHYICOCHUEM NPU  MOOETUPOSAHUU YNPAGIAEMO20 OBUIICEHUS. MUNA «PazeoH-mopmodiceruey. Mooeruposanue
YenenanpasneHHbIX OBUNCECHUL NPUBOOUN K IKOHOMUU IHEPSUU, UMO NOOMEEPICOAEMC NPUBEOSHHBIMU NPUMEPAMU
KOHCIMPYUPOBAHUST YNPAGTEHUN (C HAUMEHbUUM DIHEPLeMUYECKUM NPUHYICOEHUEM) COLACHO AN2OPUMMY NOTHOU
o0bpamuou 3a0a4u 8apuayUOHHO20 ucuucienus. Ha ocnosanuu panee 8binOIHEHHbIX U ONYOIUKOBAHHBIX UCCIE008AHULL
obpaujeHo BHUMAHUe HA AKMYAIbHOCIb NOJYYEHHbIX Pe3VIbmamos U ux npaKxmuieckoe 3Ha4eHue.

Abstract. The analogy between the least coercion principle and minimum energy enforcement in the acceleration-
deceleration controlled motion modeling is shown. Modeling of targeted motions leads to energy savings that is confirmed
by the given controls’ designing examples (with the least energy coercion) according to the algorithm of the complete
inverse problem of variational calculus. Based on previously performed and published studies, attention is drawn to the
relevance of the obtained results and their practical significance.

Knrouesvie cnosa. Bapuayuonnoe ucuucienue, noaHas odpamuas 3a0aud, NPUHYUN HAUMEHbULE20 NPUHYICOEHUs,
CHUDICEHUE DIHEP2OeMKOCMU YENeHanpasieHHo20 O08UdCEHUs, pesepCuoHnbll  npunyun onmumansrocmu (PIIO),
OnmuManbHoe ynpasienue, 08UNCEHUE MUNA «PA32OH-TNOPMOIACEHUE ).

Keywords. Variational calculus, complete inverse problem, least coercion principle, energy consumption reduction of
purposeful motion, reversal principle of optimality (RPO), optimal control, acceleration-deceleration type motion.
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BEPUOUKALIUA MOAEJN OLEHKHU HAJEXHOCTH JJIEKTPOJABUIATEJIA C YUYETOM
JUATHOCTHUKHU U3HOCA NMOJIIUITHUKOB

3amopénos M.B.!, Moucees JI.B.%, Manuukas A.A.3 Yenraps O.B.*

VERIFICATION OF AN ELECTRIC MOTOR RELIABILITY ASSESSMENT MODEL WITH
BEARING WEAR DIAGNOSTICS ACCOUNTING

Zamoryonov M.V.%, Moiseev D.V.?, Malitskaya A.A.2, Chengar O.V.*

Annomayus. B cmamve npu nomowu cpedvl UMUMayuonHo2o0 mooeruposanus ANYLOJIC cmpoumces umumayuonnas
MOOeNb OYeHKU HAOEHCHOCMU HPOMbBIUULEHHO20 I1eKmpoOosueamens ¢ yY4emom OUASHOCMUKU USHOCA NOOUWUNHUKOS.
Ilymem nposedenusi cpaguenusi pe3yibmamos UMUMAYUOHHO20 U AHATUMUYECKO20 MOOCIUPOBANUs NPOBOOUMCSL
sepuurayus aHarumuyecKol U UMUMAayUOHHOU Mooeell OYeHKU HAOeHCHOCTHU NPOMBIULIEHHO20 1eKmpoosu2amens ¢
Yuemom OUASHOCMUKYU USHOCA ROOWUnHuxos. Ilpouzeodumcs pacuem KoIp@uyuenma 20mogHOCMU UCCIEOYEMOU
cucmembsi.

Abstract. The article presents the development of a simulation model for reliability assessment of an industrial electric
motor, incorporating bearing wear diagnostics, using the AnyLogic simulation environment. Verification of both
analytical and simulation models for reliability evaluation of the industrial electric motor is performed through
comparative analysis of simulation and analytical modeling results. The system's availability factor is calculated.

Knrouegvie cnosa. Ilpomviiunennslii 31eKmpoosuzament, UMUMayUOHHASL MOOelb, epuurayus mooeiu, Kosgguyuenm
20MOBHOCHU.
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U3MEPEHUE U MOJEJTUPOBAHUE BJIUAHUSA HAPAMETPOB TYJIMEBOTI'O BOJIOKOHHOI'O
JUTOTPUIITEPA HA JUIMTEJBHOCTDb JPOBJIEHUA KAMHEN MOYETOYHHKA

Yepuera B.C.%, Apbysos U. A .2, JIymmna B.C.3, Epemenko C.A.*

MEASUREMENT AND MODELING OF THE INFLUENCE OF THULIUM FIBER LITHOTRIPTER
PARAMETERS ON THE DURATION OF URETERAL STONE FRAGMENTATION

Chernega V.S., Arbuzov I.A.2, Lushina V.S.3, Eremenko S.A.*

Annomayusn. Onucan cnoco6 usmepenuss OIUmenbHOCmu OpOONeHUss MOY€eBblX KAMHell Npu KOHMAKMHOU J1a3epHOU
JUMOMPUNCUL, OCHOBAHHBLIL HA USMEPEHUU CYMMAPHOU JHEP2Ull, 3aAMPaieHHoll Ha OpobieHUe KAMHA U HACMOmyl, U
9HepeUl IA3EPHBIX UMNYIbCO8, A MAKICE NPUBEOCHbL OAHHbIE USMEPEHULL 6pEeMeHU OPOONIeHUs MYIUEGLIM 60TOKOHHbIM
nasepom 6 Kaunuueckux ycnosusx. O60CHO8aHa yenecoobpasnocms UCHOIB308AHUS NPU OYeHKe dPdexmuenocmu
OpOOIEHUSL UCNOABL308ANb 6MECTO CKOPOCU OPOOIEHUS 6EIUUUHY YOCTbHOU NOMePU MACCHL KAMHS HA eOUHUYY IHEPUU
UMRYIbCA. DKCNEPUMEHMATILHO ONPeOeieHo, Ymo cpeonee 3Hauenue YOeabHol nomepu maccol kamus na 1 0oy
anepeuu cocmasnsem 0,291 £ 0,015 me/Jorc npu ucnoavzosanuu pescuma «@paemenmayusy u 0,068 + 0,017 me/l]c npu
ucnonvsosanuu  pexcuma «Pacnvinenuey. Ilpueedenvl pezynomamvi MOOCIUPOSAHUL NPOYECCA  OAUMETbHOCHIU
OpOOIeHUSL MOUEBbIX KAMHEU NPU 8aPbUPOSAHUU FHEP2UL U YACTNOMbL UMRYILCOS.

Abstract. The article describes a method for measuring the duration of urinary stone fragmentation in contact laser
lithotripsy based on measuring the total energy spent on stone fragmentation and the frequency and energy of laser
pulses, and also provides data on the fragmentation time measured with a thulium fiber laser in clinical conditions. The
expediency of using the specific stone mass loss per unit of pulse energy instead of the fragmentation rate when assessing
the fragmentation efficiency is substantiated. It has been experimentally determined that the average value of the specific
stone mass loss per 1 joule of energy is 0.291 + 0.015 mg/J when using the Fragmentation mode and 0.068 £ 0.017 mg/J
when using the Dusting mode. The results of modeling the duration of urinary stone fragmentation with varying pulse
energy and frequency are presented.

Knrouesvie cnosa. Jlazepuvl 6 meouyurne, KOHMAKMHAsL 1A3EPHAS TUMOMPUNCUSL, ONUMETLHOCHb OPOOIEHUs, NapamMempbl
JIA3EPHBIX UMNYIbCO8.

Keywords. Lasers in medicine, contact laser lithotripsy, fragmentation duration, laser pulse parameters.
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BEPU®UKAIIUA MOJIEJIA CEJEKTUBHOM CBOPKM JIBYX 3JIEMEHTOB, YUUTBIBAIOIIEN
BJIMUSHUE NOTI'PEIIHOCTENA U3MEPEHMS HA IOKA3ATEJM NPOIIECCA

®ummnosna O.B.1

VERIFICATION OF THE MODEL OF SELECTIVE ASSEMBLY OF TWO ELEMENTS, TAKING
INTO ACCOUNT THE INFLUENCE OF MEASUREMENT ERRORS ON THE PROCESS
INDICATORS

Filipovich O.V.!

Annomayusn. Paccmampusaemces npoyecc cenekmusHot coOopku 08yx dieMeHmos. /s anaiusa u cunmesa coopouHo2o
npoyecca UCNOAb3YIOMCA Memoo U MamemMamudeckas Mooelb, Y4umoléaroujue CMOXACMUYHOCb NApamempos u
8IUAHUE NOZpewHOCmel usMepeHull Ha sman copmuposéku. Ha konkpemnom npumepe npouzeooumcs cpasHeHue
Pe3yibmamos onpeoesienusi noKazameineti npoyecca ¢ U36eCMHOU MOOeIbio, d0eK8AmHOCb KOMOPOU NOOMEepiHCOeHa
OAHHBIMU IKCHEPUMEHTNATILHBIX UCCIe008AHUIL.

Abstract. The process of selective assembly of two elements is considered. To analyze and synthesize the assembly
process, a method and a mathematical model are used, taking into account the stochasticity of parameters and the
influence of measurement errors on the sorting stage. On a concrete example, the results of determining the process
parameters are compared with the known model, the adequacy of which is confirmed by the data of experimental research.

Knrouesvie cnosa. Oononapamempuueckas cenekmusnas coopra, MamemamuiecKas MoOeb, NOSPewHOCHb USMepPeHus,
sepuurayus.

Keywords. Single-parameter selective assembly, mathematical model, measurement error, verification.
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OCHOBBI 1 HEKOTOPBIE OCOBEHHOCTU PABOTHI C IU®POBLIM OCIUJIJIOT'PA®OM
Bono6yes K.A.L, Mockanesa B.M.2, Tpy6un U.B.%, Tpy6un B.I'.*
BASICS AND SOME FEATURES OF WORKING WITH A DIGITAL OSCILLOSCOPE

Volobuev K.A.L, Moskaleva V.M.2, Trubin 1.V.3, Trubin V.G.*

Annomayusn. Heomvemaumor 4acmupto HAyUHO-UCCAEO08AMENbCKOU 0essMeNbHOCU SGISeMCs NPOOIEMA USMEPEHUs. U
aHanU3a PasTuUYHLIX CUSHANo8. dacmo 0N 6U3YANbHO20 AHANU3A CUCHANO8 NPUMEHSIOMC CReyuanusupoSanHble
UHCIMPYMEHMbL — OCYULLOZPADbL. Dmu yempoucmea 0arom 603MONCHOCHb HAOTIOOAMb 30 USMEHEHUEM (OPMbI CUSHALA
¢ meuenuem epemenu. Paccmampueaiomest ocHogbl u nekomopbvie 0CoOeHHOCU pabomsl ¢ YUPPOBbIM OCYULLOZPAPOM,
KOmopbie Mo2ym 6bimb HEOUeBUOHbL KAK Ol HAYUHAIOWUX, MaK U Ol ONbIMHbIX noab3osamenei. Pacckasvisaemes o
napamempax, éausiowux Ha pabomy ocyuinozpapa. Taxoce npusodumcs 6az06as unGopmayus 0 3A3eMICHUU U
PACCMampusaiomcest pasiuyHble GAPUAHMbL 2ATb8AHUYECKOU paszesasku npubopos. Cmamvs noiesHa cmyoeHmam,
HAYUHbIM COMPYOHUKAM, UHJICEHEPAM, ACHUPAHMAM, JICeNaiowum HOOpOOHee Y3HAMb O HEKOMOPbIX MEXHUYECKUX
ocobenHocmsix pabomul ¢ YUGPOGbIMU OCYULIOZPAPaAMU.

Abstract. An integral part of scientific research is the problem of measuring and analyzing various signals. Often,
specialized tools - oscilloscopes - are used for visual analysis of signals. These devices make it possible to observe
changes in the shape of a signal over time. The article discusses the basics and some features of working with a digital
oscilloscope, which may not be obvious to both beginners and experienced users. It describes the parameters that affect
the operation of the oscilloscope. It also provides basic information on grounding and discusses various options for
galvanic isolation of devices. The article is useful for students, researchers, engineers, and graduate students who want
to learn more about some technical features of working with digital oscilloscopes.

Kniwouesvie cnoea. Llupposoii  ocyunnocpag, wynvl ocyuniocpaga, nepemeHHAs/NOCMOSIHHAL —COCMABIsIouue,
3a3emieHue, U30NUPOBAHHbIE U HEU3OAUPOBAHHble KAHALL, 2ANb8AHUYECKAs DA36A3Kd, MPAHCHOPMAMOpHas
2a1b8AHUYECKAs PA36A3KA, bamapelinoe numaue.

Keywords. Digital oscilloscope, oscilloscope probes, AC/DC component, grounding, isolated and non-isolated channels,
galvanic isolation, transformer galvanic isolation, battery power.
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OINIPEJIEJIEHUE PA3MEPOB OBBEKTOB IO M30BPAKEHHMIO IYTEM MX COIIOCTABJIEHUSA
C AXMATHOM JOCKOM M3BECTHOI'O PA3MEPA

Junxo M.JO., SIxynun P.J1.2

DETERMINING THE SIZE OF OBJECTS IN AN IMAGE BY COMPARING THEM WITH A
CHESSBOARD OF KNOWN SIZE

Lipko I.U.%, Yakunin R.D.2

Annomayun. Cmamoes noceésaujena 3a0aye usmeperus pasmepos 00vekmos Ha homozpaguu nymém conocmagieHus ux
pasmepos Ha omocpaguu u pearvHuIX pasmepos. [[isa 3mo20 UCHOIb3VemCcs CReYUdlbHAs MAapKepHas 00CKd ¢
WAXMAMHOU PazIUHOBKOU. DMO no3eousiem OOCMAMmMo4UHO XOpOulo Onpedeisimy e€ NojiodceHue Ha uz00pasicenuu u
pazmepol. OcHOBHASL MPYOHOCH COCMOUM 8 YUEme 2eOMEMPUYECKUX UCKAMCEHUl 0O0bEeKMO8 U UX PACnON0dlCeHUe
omHocumenbHo kamepul. [lpusooamces pesyiomamol npuMeHeHus Memooa Ha uzobpadicenusnx 4K-pasmepom. Buisigneno,
4Umo npu paccmosnuu om mapkepa 00 2 mempos cpedusisi nozpeuinocms pasua 10 cm. Ilpu yeenuuenuu paccmosnus
noZpeuHoCms Y8enuyusaemcs.

Abstract. The article is devoted to the problem of measuring the size of objects in a photo by comparing their sizes in a
photo and their actual sizes. For this purpose, a special checkerboard marker board is used. This allows you to determine
its position in the image and its dimensions quite well. The main difficulty is taking into account the geometric distortions
of objects and their location relative to the camera. The results of applying the method on 4K-sized images are presented.

It was revealed that the average error is 10 cm at the distance of up to 2 meters from the marker. As the distance increases,
the error increases.

Knrouesvie cnosa. Hzobpadicenue, usmepenue paccmosnus, usmepeHue pasmepos, Waxmamuas 00cKd.

Keywords. Image, distance measurement, dimension measurement, chessboard.
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AHAJIN3 TOYHOCTHU YCTPOUCTB PASMEPHOM COPTHPOBKH ﬂETAJIEfI
Banakuna H.A.!
ACCURACY ANALYSIS OF DIMENSIONAL SORTING DEVICES

Balakina N.A.1

Annomauvus. Ilpueooamcsa cxemvl 6bICOKOMOYHBIX CPEOCME KOHMPONA 2eOMempuyeckux napamempos oemainell,
MemoOuKU pacuema NOSPeuwHOCY USMepeHUs, COPMUPOBKU U OONYCKAeMOU NOZPeuHOCU  USMEPUMenbHbIX
npeobpasosamenei. Ilpogseden aHaAnU3 MEmMpOIOSUHECKUX XAPAKMEPUCTIUK UHOYKMUBHBIX U  COPMUPOBOUHBIX
gomoanekmpuueckux npeobpazosameneti U COOMEEMCMEUE UX NOSPEUIHOCHU UMEPeHUs OONYyCKAeMol GeluduHe.
Paccmompenvt mexnuueckue XapakmepucmuKku asmomamos U YCMAHOGIEHO, 4MO He 6ce MOOelu KOHMP ONbHO-
COPMUPOBOUHBIX  ABMOMAMOE  YOOGIEMBOPAION  YCIOBUIO PA3HOPAZMEPHOCHU Oemanell 6 2pynnax CopmuposKu.
ObocHosana HeobX0OUMOCMb NPUMEHEHUS MHOSOKPAMHBIX UBMePeHUll ONsi NOBbIUEHU MOYHOCIU COPMUPOSKU
demaneil U CHUINCEHUS. GETUUUHBL PAZHOPAZMEPHOCHIU.

Abstract. Schemes of high-precision means of control of geometrical parameters of parts, methods of calculation of
measurement error, sorting, tolerance error of measuring transducers are given. The metrological characteristics of
inductive and sorting photoelectric converters and the compliance of their measurement error with the tolerance value
are analyzed. The technical characteristics of automata are considered and it is established that not all models of control
and sorting automata satisfy the condition of different sizes of parts in sorting groups. The necessity of application of
multiple measurements to increase the accuracy of parts sorting and to reduce the value of different sizes has been
substantiated.

Knroueswvie cnoea. Hsmepenue, copmupoeka, npeobpaszosameisb, UHMEPEAL COPMUPOSKU, PAZHOPAIMEPHOCHD,
nogpewHoCcms, KOHMPOIbHO-COPMUPOBOYHBII ABMOMAM.

Keywords. Measurement, sorting, transducer, sorting interval, diversity, uncertainty, sorting control machine.
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