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UIEHTUO®UKALIUSA PACIPEIEJEHUNA CJOYUYAHHBIX COCTABJISIONIUX IMOIPEIIHOCTEM
W3MEPEHMSI C IPUMEHEHUEM MCKYCCTBEHHBIX HEWMPOHHBIX CETEM

Kamues B.A.L, ®ununosuy O.B.?

IDENTIFYING THE DISTRIBUTIONS OF RANDOM MEASUREMENT ERROR COMPONENTS
USING ARTIFICIAL NEURAL NETWORKS

Kamtsev V.A.%, Filipovich O.V.2

Annomauvus. [Ipeonodcern memoo uoeHmudurayuu 3aKoHo8 pacnpeoeieHutl CLy4aiunblx COCMAGIAIWUX NOSPeUHOCHell
UMEpPeHUs U HAXOHCOEHUSI OYEHOK UX NAPaAMempo8 ¢ NPUMeHeHUueM Mooeell Ha OCHO8e C8EPMOUHBIX HElPOHHBIX Cemell.
Paccmompenvt apxumexmypul mooenetl, anzopumm ux o0yyenus u nopsook cenepayuu ooyyarowux oannwix. Ilpueeoenvi
epaghuku npoyecca oOyyenus Mmooleneu, pe3yIbmamvl UCHLIMAHUL O00YYeHHbIX MOOeNel HA CUHMEMUYECKUX U
IKCHepUMeHmaIbHblx Oannbix. [Ipouszsedena oyenka 00CMOBEPHOCIU U AOEKBAMHOCIU Pe3YTbMAMO8 NPedCcKa3aHul
Mooenetl nymém CPasHeHUs ¢ KIACCULECKUMU CIMAMUCTIUYECKUMU MEMOOamMu U MemoooM 8bl00pa 6udd pacnpeodeneHus
no uHgopmayuonHomy Kpumepuro Axauxe.

Annotation. A method is proposed for identifying the probability distributions of random measurement errors components
and estimating their parameters using convolutional neural network-based models. The architectures of the models, their
training algorithm, and the procedure for generating training data are described. Training curves are presented, along
with the results of testing the trained models on both synthetic and experimental data. The reliability and adequacy of the
model predictions are evaluated by comparing them with classical statistical methods and with the distribution selection
approach based on the Akaike information criterion (AIC).

Knrouesvie cnoea. Ilocpewnocmv usmepeHus, CAyYQUHAs COCMAGNAIOWAs, UOCHMUGUKAyus pacnpeoeienull,
UCKYCCMBEHHbLE HEelPOHHbLE CemU, KIACCUDUKAYUsL, peepeccusi Napamempos, UuHGopmayuonnvli kpumepuii Akauxe.

Keywords. Measurement error, random component, distributions identification, artificial neural networks, classification,
parameters regression, Akaike information criterion.
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OIIEHKA BBICTPOJIEVICTBUSA CUCTEMbI ABTOMATHYECKOI'O YIIPABJIEHUS
MNPOMBIIIVIEHHOT'O POBOTA

I'pymyn AWML Tpymryn T.A2, Ocanuenxo A.E.3, Kapaneresan B.A.4

EVALUATION OF THE SPEED OF THE AUTOMATIC CONTROL SYSTEM OF AN INDUSTRIAL
ROBOT

Grushun A.1.%, Grushun T.A.2, Osadchenko A.E.3, Karapetyan V.A.*

Annomauyusn. Paccmampusaemces:  aneebpauveckuti mMemoo NAPAMempUu4ecKol OYeHKU OblCcmpoOeticmeus CUucmem
asmomamuueckozo ynpagienus (CAY) npomviunennvix pobomos. Kiaccuueckoe pewenue maxoti 3adauu Ha IBM
mpebyem MHO2OKPAMHO20 NOCMPOEHUSl U AHANU3A KPUBHIX NepexooHozo npoyecca. Ilpednazaemcs onpedensmo
ovicmpooeticmeue CAY 6e3 nenocpedcmeennozo nocmpoerust Kpugoll nepexoOH020 npoyecca no noa0ACUMETbHbIM
6CUJECMBEHHBIM — KOPHAM — CNEYUAIbHbIM — 00pAa30M — HOCMPOEHHbIX — aneebpauyeckux ypasHenuti. Buluucnenue
HOOJCUMENbHBIX BEUCCMBEHHBIX KOPHEU, 8 OMmJuyue Om 6bl4UCICHUs KOMNJIEKCHbIX KOpHeU, He npeocmasnsem
CLOACHOCMU.

Abstract. An algebraic method for parametric evaluation of the speed of automatic control systems (ACS) of industrial
robots is considered. The classical solution of such a problem on a computer requires multiple construction and analysis
of transient process curves. It is proposed to determine the speed of ACS without directly constructing a transient process
curve using positive real roots of specially constructed algebraic equations. Calculating positive real roots, unlike
calculating complex roots, is not difficult.

Knwuesvie cnoesa. HpOMleﬂeHHblﬁ po60m, JAUHEUHAs. cucmema asmomMamuyeckKo2o ynpaejleHus, ONUMENbHOCb
I’lepEXOOHOZO npoyecca, obracme ycmoziltueocmu, obracmo Kadyecmea, nojoasicumelibivle 6eujeCmeeHHble KOpHU.

Keywords. Industrial robot, linear automatic control system, duration of the transition process, stability area, quality
area, positive real roots.
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CPABHUTEJIBHBIII AHAJIN3 TPAJUIIMOHHBIX METOJOB IMAPAMETPUYECKOM
ONITUMU3ALIMN ABTOMATHYECKHUX PEI'YJIATOPOB ASC U METOJA C NTIPUMEHEHUEM
AHAJIMTUYECKUX TPEHAXEPOB

Tonoxonckuit A.O.%, Menok /1.C.2

COMPARATIVE ANALYSIS OF TRADITIONAL METHODS FOR PARAMETRIC OPTIMIZATION
OF AUTOMATIC CONTROLLERS IN NPPS AND AN APPROACH USING ANALYTICAL
SIMULATORS

Tolokonsky A.O.%, Menyuk D.S.?

Annomayua. lLlens uccrnedosanus — paspabomxa yco8epuieHcmeo8anHo20 Memood HACMPOUKU aA8MOMAMUYECKUX
peaynamopog ona duepeobaokos AIC, obecneuusaroujeco 6viCOKYI0 MOYHOCHb, YCMOUYUBOCHb U COOMBEMCMEUE
nopmamuseam. Cywecmayioujue memoowt (3uenepa-Huxonvca, Yuna-Xponeca-Peceuxa) umeiom nedocmamru.: HU3Kyo
MOYHOCMb 6 CIOJMCHLIX CUCEMAX U HeoOX00UMocmy pyuHol Koppekmuposku. Ilpednazaemcs ucnonvsosanue
AHATUMUYECKUX MPEHANHCePOs, MOOETUPYIOWUX OUHAMUKY DHEP2OONOKA ¢ 6blcOKOU docmosepHocmblo. Memoowl
BKIIOUAIOM CPASHUMENbHBLI AHANU3, MAMEMAMUYEcKoe MOOeIuposanue u dKcnepumenmanviyio eepuguxayuio na ITK
YMUKOH. Aunanumuyeckutl mpeHadxcep 2ceHepupyem OaHHble O ONMUMU3AYUU NAPAMEMPO8 pPe2yismopos.
Paspabomanvl smnupuueckue 3agucumocmu 0as 6vicmpol oyenku Kodpduyuenmos ITH-pezynamopos ¢ yuemom
ounamuxu obvekma. Pezynbmamei: anepuoouueckuii nepexoouwlli npoyecc 6e3 nepepe2yiuposanus, Cokpaujenue
spemenu 6vixo0a Ha ycmasky Ha 35—40% (vs 3uenepa-Hukonvca) u ynyuwenue ounamuxu na 25-30% (vs Yuna-Xpoueca-
Pecsuxa). Ycmotiuusocmv noomsepoicoena npu eapuayusix napamempos £25%, cmenenv samyxanua >0,83. Memoo
npumeHuM 07ia paziudnsix konmypos AIC, cokpawaem epems Hanadku u nogvluiaem HaoedcHocmy. Ilepcnekmuebl —
adanmayus 015 MHO2OKOHMYPHBIX CUCTHEM U UHMeSPaYUs C YUPPOsbiMU 080UHUKAMU.

Abstract. The study aims to develop an improved method for tuning automatic controllers in NPP power units, ensuring
high accuracy, stability, and compliance with regulatory standards. Existing methods (e.g., Ziegler-Nichols, Chien-
Hrones-Reswick) have limitations, including low accuracy in complex systems and the need for manual adjustments. The
proposed approach uses analytical simulators to model unit dynamics with high fidelity. Research methods include
comparative analysis of classical tuning techniques, mathematical modeling based on simulators, and experimental
verification using a real-time hardware-software complex (PTK UMIKON). The analytical simulator generates input
data for optimizing controller parameters. Empirical dependencies were developed for rapid estimation of PI-controller
coefficients, accounting for system dynamics. Results show an aperiodic transient response without overshoot, a 35-40%
faster settling time compared to Ziegler-Nichols, and a 25-30% improvement in dynamic performance over Chien-
Hrones-Reswick. Experiments confirmed system stability under £25% parameter variations, with a damping ratio >0.83.
The method is applicable to various NPP control loops, reducing commissioning time and improving reliability. Future
research will focus on adaptation for multi-loop systems and integration with NPP digital twins.

Kniouesvie cnosa. Aemomamuueckue pezyisimopwl, NAPAMEMPUYecKas ONMUMU3AYUs, AHATUMUYECKUN mpeHaicep,
ADC, memoowt 3uenepa-Huxonvca, nepexooHvle Xapakmepucmuxu.

Keywords. Automatic controllers, parametric optimization, analytical simulator, NPP, Ziegler-Nichols methods,
transient characteristics.
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OBOBIIEHHAST MOJIEJIb ABTOMATHU3AIIMM MPOIIECCA KOHTPOJISI KAUECTBA M3JIEJINA
IMPUBOPOCTPOEHUA

[Inaes B.W.Y, Bunbayk M.B.2

GENERALIZED MODEL FOR AUTOMATING THE QUALITY CONTROL PROCESS OF
INSTRUMENT ENGINEERING PRODUCTS

Shlaev V.1.1, Bilchuk M.V.2

Annomayus. Paccmampusaemcs agmomamusayus KOHMPONA Kayecmea usoenuti npubopocmpoeHus, 6 6uoe
MHO2OKAHATLHBIX cUcmeMm npeodpazogameneii. AHATUSUPYIOMCS cyujecmayroujue Memoovl pecucmpayuu u 06pabomxu
CUSHANIO8 (8KNIOUAS CNEKMPATLHBII AHATU3 U MEMOoObl yudposol unempayuu). B pabome paccmampusaromes memoou
U aneopummuvl 06paboOmMKU OAHHLIX, NPUMeHseMble 8 MHOLOKAHANbHBIX CUCHEMAX, SKIIOUAS CNEeKMPANbHblll aHANU3,
ovicmpule npeodpaszosanus Pypve u memoowt unvmpayuu nomex. Paccmampusaiomes npobnemvl, 803HUKaioOwue npu
YeenuyeHuyu KOAUYecmed Kauanos, U npeondazaiomcs peuwlenus, OCHOBAHHble HA UCHONb308AHUU KACKAOHBIX CXeM
Kommymayuy. Onucwvleaiomes cyujecmeyloujue Cmanoapmsl KOHMPOIs Kauecmea pasnuiHulx munos npeoopasosameneti,
sKIIOUAsL 2UOPOPOHbI, MUKPOPDOHBL U DNEeKMpOIOMUHecyenmuble Oamuuxy. I[Ipeonodcena cmpykmypHuas mooens
asmomamuzayuy npoyecca KOHMPOAs KA4yecmed, OCHOBAHHAA HA KACKAOHOU cXeMe KOMMYMAayuu, No380aaouel
aghgpexmusHo obpabameieams 601bUI0E KOTULECMBO KAHAN08. Paspabomannas mamemamuyeckas Mooenb YNpasieHus
KoMMymayueu obecneyugaem onmumanbHoe pacnpeoeienie CUSHAN08 U MUHUMU3AYUIO nomepb 0aHHbiX. Mcnonv3osarnue
OMEYeCMBEHHBIX USMEPUIMENTbHBIX MOOYIel U  ONMUMUSUDOBAHHBIX AN2OPUMMO8 00paboOmKu OAHHBIX NO38OJUM
nOGbICUMb IPPEKMUSHOCb KOHMPOJIA KAYeCmed, CHUUNb 3d6UCUMOCTb O UMHOPIMHO20 000PYO0SAHUA U YEEeTUYUMb
YCmouueocmy K HeWHUM nomexam. Bredpenue npeonoswcennvix pewenuti obecneyum nogvluieHue MOYHOCHU
usmMepenull u pacuiupenue QYHKYUOHATLHBIX 603MONCHOCIEL CUCTEMBL.

Abstract. Automation of quality control of instrumentation products in the form of multichannel converter systems is
considered. The existing methods of signal registration and processing (including spectral analysis and digital filtering
methods) are analyzed. The paper discusses data processing methods and algorithms used in multichannel systems,
including spectral analysis, fast Fourier transforms, and interference filtering methods. The problems that arise when the
number of channels increases are considered, and solutions based on the use of cascade switching schemes are proposed.
The existing quality control standards for various types of transducers, including hydrophones, microphones, and
electroluminescent sensors, are described. A structural model of automation of the quality control process is proposed,
based on a cascade switching scheme that allows efficient processing of a large number of channels. The developed
mathematical model of switching control ensures optimal signal distribution and minimization of data loss. The use of
domestic measurement modules and optimized data processing algorithms will improve the efficiency of quality control,
reduce dependence on imported equipment and increase resistance to external interference. The implementation of the
proposed solutions will ensure an increase in measurement accuracy and an expansion of the system's functionality.

Knrwouesvie cnosa. Asmomamusayus KOHMPOJA KAYECMBA, MHO2OKAHANbHbIE CUCMeMbl npeobpazosameretl,
peaucmpayus 0aHHbIX, 00PAOOMKA CUSHAN08, CNEKMPANbHbIL aHau3, npeobpaszosanue Pypve, KOMMYMAYUs KAHANO8,
usmepumenvHsvie MOOYIU, NPUOOPOCMPOEHUe, OAMUUKIL.

Keywords. Quality control automation, multi-channel converter systems, data registration, signal processing, spectral
analysis, Fourier transform, channel switching, measurement modules, instrumentation, sensors.
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ABTOMATM3AIIUA U YIIPABJIEHUE YCTAHOBKOM MO MOJYYEHHIO MUKPOBHOI'O BEJKA
HA OCHOBE MHOI'OKOHTYPHBIX CUCTEM

Tyramoga JI.T.}, Tarupos A.®.2

AUTOMATION AND CONTROL OF A MICROBIAL PROTEIN PRODUCTION UNIT BASED ON
MULTIPLE-CONTOUR SYSTEMS

Tugashova L.G., Tagirov A.F.?

AHHOTamMsA. Paccmompena 803MOiCHOCMb NOCMpoOeHUs moodeneil cucmemvl ynpaenenus ypoenem PH cpeowvr na
YCMAaHOBKe NOLYUEHUS MUKPOOHO20 OEeIKd ¢ NPUMEHeHUeM MHOLOKOHMYpHbIX cucmem. Ocyuecmenen 6bloop 6X00HbIX U
BbIXOOHBIX napamempos pepmenmepa. [lpednoscena gynkyuonanvhas cxema agmomamusayuu obwvekma. Ilonyuena
uUMUmMayuonHas mooens obvexma. Paspabomana cmpykmypa KoMmnliekca mexHuueckux cpeocme. Beinonneno
noCmpoeHue U Mmecmupo8anue CMpyKmypvl 6 6ude O8YXKOHMYpHuIX cucmem 6 npocpamme Codesys. Ilpumenenue
nPeoNodACeHHOU Modenu cucmemvl ynpagienus ypogiem PH cpedvr nanpasneno na nogviuenue Kavecmea GbixOOHO20
npooykma.

Abstract. The possibility of building models of the pH control system for the microbial protein production unit using
multi-loop systems has been considered. The input and output parameters of the fermenter have been selected. A
functional diagram of the object's automation has been proposed. An object simulation model has been obtained. The
structure of the technical equipment complex has been developed. The structure has been built and tested as a two-loop
system using the Codesys software. The proposed model of the pH control system aims to improve the quality of the output
product.

Knrouesvie cnosa. Ynpasnenue, umumayuonnas mooenn, epmenmep, pezyauposanue, yposeub pH cpeowvi, pacxoo,
KOHmMPOILIED, YacCmomublil npeobpazoeamens.

Keywords. Control, simulation model, fermenter, regulation, pH level, flow rate, controller, frequency converter.
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ONTUMM3ALINA C MOMOIIBIO UCKYCCTBEHHOI'O UHTEJIVIEKTA JABJIEHHUA BO/bI B
JUCHHETYEPU3ALIIMU BOJOCHABXEHUSA

XKmyns B.AL, Acer A2, AxmeroBa A.M.%, A6aunmaesa A.A.*

OPTIMIZATION USING ARTIFICIAL INTELLIGENCE OF WATER PRESSURE IN WATER
SUPPLY DISPATCHING

Zhmud V.A.%, Asset A.2, Akhmetova A.M.%, Abdildayeva A.A.*

Annomayus. Paccmampusaemcs npumenenue mexHono2uli uckyccmeennozo unmeniekma (MH) u neliponnvix cemeii 6
oucnemuepuzayuu 8000CHAONCEHUS, Ol KOHMPOJIA 0A8IeHUs 800bl 8 PeXCuMe PedbHO20 8peMeHU U I PekmusHozo
ynpaenenus cucmemou. Onucvligaiomess Mmemoovl ucnonvsosauus HH ona  onmumusayuu Oasnenus 600bl 6
oucnemuepckoll cucmeme 8000CHADICEHUSA, UX NPEUMYUeCmea U npakmuieckue pesynomamsl. [oxkazano, umo mooenu,
OCHOBAHHbIE HA UCKYCCIMBEHHOM UHMEIIEKMe, NOSLIUAIOM HA0eHCHOCMY U dpdexmusrnocms cucmemsl. Kpome moeo,
pe3ynomamul  UCCIEO068AHUA — NOKA3bIBAIONM — HeoOX00UMOCMb — nepexood  OUCNemuepcKoz20 — YApAGleHus K
aemMoMamu3UpOBAHHLIM U UHMENIEKMYATbHLIM CUCTHEMAM.

Abstract. The application of artificial intelligence (Al) technologies and neural networks in water supply dispatching is
considered, for real-time water pressure monitoring and effective system management. The methods of using Al to
optimize water pressure in a water supply dispatching system, their advantages and practical results are described. It is
proven that models based on artificial intelligence increase the reliability and efficiency of the system. In addition, the
results of the study show the need to transition dispatching control to automated and intelligent systems.

Knroueswvie cnosa. Booocnaboicenue, Helponnas cems, 6a3a OAHHbIX, ONMUMUZAYUSL.

Keywords. Water supply, neural network, database, optimization.
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PABPABOTKA MOJEJIA MPOCTPAHCTBEHHO-BPEMEHHOT'O TPAHC®OPMEPA U EI'O
MPUMEHEHME JIJII ABTOMATHU3UPOBAHHOM JIMATHOCTUKH MATOJIOTUA CEPJEYHOI'O
PUTMA

[erunnn E.IO., Tlectpsxosa A.B.?

DEVELOPMENT OF A MODEL OF SPATIO-TEMPORAL TRANSFORMER AND ITS USE FOR
AUTOMATED DIAGNOSIS OF HEART RHYTHM PATHOLOGIES

Shchetinin E.Yu.!, Pestryakova A.V.?

Annomauus. Ipeonodicena mooens npocmpancmeenio-epemenno2o mpancgopmepa (Spatio-Temporal Transformer, STT),
HA OCHOBE KOMOPO20 YCOBEPULEHCTNBOBA MEMOOUKA ABMOMAMUYECKOU OUASHOCTUKU apUMMULL Cepoya HA OCHOBE AHAU3A
anexmpokapouocpamm. Hoeusna STT 3axmouaemcs 6 ummespayuu npoCMPAHCIBEHHO20 U BPEMEHHO20 MeXAHUIMOS
sHUManus 0nsi oopabomru mHo2okanaabhvix IKI -cuenanos, umo no3eonsem GulAGIsMb MEHCKAHAIbHBIE U 00N20CPOUHbIE
sasucumocmu. Hccneoosanue sxmouaem auvanus mopgonoeuu eonn IKI (P, QRS, T), dunempayuro wiyma ¢ nomoupio
OJuckpemnozo geignem-npeoopaszosanusi DWT u oyenusanue STT na nabopax oamnvix MIT-BIH Arrhythmia Database,
PhysioNet/Computing in Cardiology Challenge » PTB Diagnostic ECG Database ¢ onmumuzayueti eunepnapamempos
memodamu batiecoeckoti onmumuzayuu u Grid Search. Ilpoeedennviii cpagnumenbhblll aHamus ¢ MOOEISIMU MAUUHHO20
obyuenuss SVM, Random Forest, LightGBM u o6yuenuss CNN, LSTM, BLSTM nokazan xomkypenmocnocobnocmo
npeonodicentou modeau STT. Modens docmuena suavenuti nokazamenetl Makpoycpeonénno mounocmu 93,5%, nonnomoi
96,0%, F1-uepot 94,7% u ROC-AUC 97,5% na nabope MIT-BIH, umo cpasnumo ¢ pesynomamamu uszgecmuuix ucciedosaruil.

Abstract. A model of spatio-temporal Transformer (STT) is proposed, on the basis of which an approach to automatic diagnosis
of heart arrhythmias based on an analysis of electrocardiograms has been improved. The novelty of the STT consists in the
integration of the spatial and temporary mechanisms of attention for the processing of multi-channel ECG signals, which allows
you to effectively identify inter-active and long-term dependencies. The study includes a deep analysis of the Morphology of
ECG waves (p, grs, t), noise filtering using DWT discrete vyvyl-transforming and STT assessment at MIT-BIH Arrhythmia
Database, Physionet/Computing in Cardiology Challenge and PTB Diagnostic ECG Database with hyperparameter
optimization methods of Bayes optimization and Grid Search. A comparative analysis with SVM, Random Forest, LightGBM
and deep learning CNN, LSTM, BLSTM showed the competitiveness of the proposed STT model. The STT model reached the
values of macro-medium accuracy of 93.5%, completeness 96.0%, F1-meters 94.7% and ROC-AUC 97.5% on the MIT-BIH
set, which is comparable to the results of similar studies.

Knrouegwie cnosa. Apummus, cepoeunwlii pumm, 2iybokoe obyueHue, npoCmpancmeeHHo-6peMeHHO mpanc@opmep.
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MOJEJIb ITPEJUKTUBHOTI'O ITPOI'HO3UPOBAHUSA ITAPAMETPOB CBAPHbBIX COEﬂI/IHEHI/Iﬁ
Ocunos K.H.!
THE MODEL OF PREDICTIVE FORECASTING OF WELDING JOINT PARAMETERS

Osipov K.N.!

Annomayus. Oyenuganue napamempos Kaiecmed C8aPHO20 HEPA3bEMHO20 COeOUHEHUs, NOTYHAeMO20 MemOoOoM
ONNAGNEHUA CONpALAeMbIX Oemanell, ABNAeMCs AKMYAIbHOU MEeXHUYecKol 3a0adell, OCOOEHHO ¢ MOYKU 3PEeHUust
asmomamuzayuu npoyeccos KOHMPOAA Kawecmea. B cmamve npednacaemcs memoo nocmpoenus mooenu
NPeOUKMUBHO20 NPOSHOZUPOBAHUSA NAPAMEMPOB CBAPHO20 COCOUHEHUS, A UMEHHO 2TYOUHbL U WIUPUHBL C8APOUHO20 WIBA
8 3A8UCUMOCIU OM CKOPOCHU OBUICEHUS INEKMPOOd, CUTbL TMOKA (POKYCUPOBKU INEKMPOHHO20 TYUd, BEIUNUHBL CUTbL
C8APOUHO20 MOKA U PACCMOAHUA OM DNIEKMPOHHO-ONMUYECKOT ccCmeMbl 00 céapusaemuvix demanetl. Pabouas cunomesa
cocmoum 6 mom, Ymo annpoKCUMAyUs UCCIe0yemMoll 3a8UCUMOCIU C 3A0AHHbIM YPOSHEM MOYHOCHU MOdcem Oblmb
RONYHEHA UCHOTb306aHUEM anzopumma «oepeso peurenuily (decision tree). 3adaua onpedenenus eunepnapamempos
MoOenu peuiena 8 KOMOUHAMOPHOU (opme nymem NOCMENeHHO20 HApAWUeaHUus CMpyKmypHoU U, Kax cleocmsue,
BHLIYUCTUMENLHO CLOACHOCIU MOOenu. B kauecmee yenesou pynKyuu cmoumocmu ucnoab3068an cpeoHekeaopamuyecKuil
Kpumepui u ungopmayuonusiti AlC-xpumepuil.

Abstract. Evaluation of the quality parameters of a permanent welded joint obtained by melting the mating parts is an
urgent technical task, especially from the point of view of automation of quality control processes. The article proposes
a method for predictive forecasting of the parameters of a welded joint, namely the depth and width of the weld depending
on the speed of the electrode, the focusing current of the electron beam, the magnitude of the welding current and the
distance from the electron-optical system to the welded parts. The working hypothesis is that an approximation of the
studied dependence with a given level of accuracy can be obtained using a multilayer artificial neural network trained
by the backpropagation method. The problem of determining the hyperparameters of the network is solved in a
combinatorial form, by gradually increasing the structural and, as a consequence, computational complexity of the model.
The information AIC criterion is used as the target cost function.

Knrouegwie cnoga. Mooenuposanue, meopust ungopmayuu, MHO2OKpAMHbLE USMEPEHUSL.

Keywords. Modeling, information theory, multiple measurements.
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®OYHKIUUA PACHPEJAEJEHUS CJIYYAVMHBIX BEJIMYUAH U UX ®YHKIMOHAJIbI
Boxonckuit A.1.Y, Bapmunckas H.W.2, Penkkos A2
DISTRIBUTION FUNCTIONS OF RANDOM VARIABLES AND THEIR FUNCTIONALS

Bokhonsky A.l.%, Varminskaya N.I.2, Ryzhkov A.1.2

Annomayusa. C ucnonvb3o8anuem 3aK0H08 pacnpeoeienus CIyYaunbiX 6eIUYUH NOKA3AH AN0PUMM NOAHOU 00pamHou
3a0a4u 8apUAYUOHHO20 UCHUCTEHUS — OM 3A0A8AeMOU AHATUMUYECKOU QYHKYUU 00 80CCIMAHOBNEHUs QYHKYUOHANA.
IIpusedenvl npumepbl npUMeHeHUs Meopemsl 0 YUCIEHHOM PABEHCMEe UHME2PAI08 NPU NOObIHMEZPANLHBIX (QYHKYUAX.
Ilpusedennvie cpaguxu GynKyui ompasxcaiom O0cOOeHHOCMU AHATUMUYECKUX NPeoOpa308anull npu peanusayuu
aneopumma peeepCUOHHO020 UCHUCTICHUSL.

Abstract. Using the distribution laws of random variables, an algorithm for the complete inverse problem of the calculus
of variations is demonstrated — proceeding from a given analytical function to the reconstruction of the functional.
Examples are provided applying the theorem on the numerical equality of integrals with specific integrands. The
presented function graphs reflect the features of analytical transformations during the implementation of the reversal
calculus algorithm.

Kniouegvie cnosa. Teopus eeposmnocmei, Qynkyuu pacnpedenenus, ypasHeHus Junepa, QYHKYUOHAbI, meopema
PEBEPCUOHHO20 UCHUCTEHUSL.

Keywords. Probability theory, distribution functions, Euler equations, functionals, reversal calculus theorem.
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3KBUBAJIEHTHOE 110 S3HEPTOEMKOCTHU PEJEMHOE YCKOPEHUE PEBEPCHUOHHO
KOHCTPYUPYEMOMY

Bboxonckuit A.W.}, Bapmunckas H.1.%, Maiictpumma M.M.3
EQUIVALENT IN ENERGY CAPACITY RELAY ACCELERATION REVERSIBLY DESIGNED

Bokhonsky A.l.%, Varminskya N.1.2, Maystrishin M.M.3

Annomayusn. Hatioeno sxeusanenmuoe no 5HEP20eMKOCMU pelleliHoe YCKOpeHue ONMUMATbHOMY DeBepCCUOHHO
KOHCMPYUpPYemMomy NepeHOCHOMY YCKopeHuio. B oboux ciyuasx OsudiceHue ocywecmsisiemcs u3 cOCMosHUsA NOKOs 8
HOB0€ COCMOsIHUE NOKOSL NPU 3A0AHHOM 8PeMeHU OBUNCEHUS U MAKCUMATbHOM NepeMeujeHul ¢ MUHUMATbHOU 3ampamot
anepeuu. Kax sxeusanrenm, uUcnonvb308aHO PeGePCUOHHO KOHCHpYyupyemoe YCKopeHue (ynpaeienue) co CMeneHvio
noaunoma N = 3. Ananusupyemcs OuHamuyeckoe nogeoerue obvexma. Pezyismamol unmiocmpupyiomes epaguxamu.

Abstract. A relay acceleration equivalent in energy consumption to the optimal reversibly constructed translational
acceleration is found. In both cases, motion occurs from a state of rest to a new state of rest with a given motion time and
maximum displacement, with minimal energy expenditure. A reversibly constructed acceleration (control) with a
polynomial degree n=3 is used as an equivalent. The dynamic behavior of the object is analyzed. The results are
illustrated with graphs.

Knrouegvie  cnoea. Ycxopenue — (onmumanbHoe — Yynpasnenue),  peGepCUHHHOE — KOHCMpYUposauue, — peneuoe,
9KBUBANEHMHOE.

Keywords. Acceleration (optimal control), reversible design, relay, equivalent.
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K AHAJIN3Y XAPAKTEPUCTHUK JIASEPHOI'O HU®POBOI'O CKAHEPA HA OCHOBE
TEXHOJIOTMM DLP JIJISI MPEIIM3MOHHOI'O KOHTPOJISI KAUECTBA W3JEJIUIA

3yes C.M.!, Jle6enos B.B.2, Kypaxuna E.A 3

TO THE ANALYSIS OF THE CHARACTERISTICS OF A LASER DIGITAL SCANNER BASED ON
DLP TECHNOLOGY FOR PRECISION QUALITY CONTROL OF PRODUCTS

Zuev S.M.!, Debelov V.V.2, Kurakina E.A.3

Annomayus. Cospemennvle nazepHvie YUPposvle CKAHepbl WUPOKO NPUMEHAIOMCA 6 3a0ayax OnMuU4ecKo2o
Hepaspyuiaiowe2o KOHMpOJsa, O0OHAKO OONbUWUHCINGO KOMMepYecKu OOCHYNHBIX CUCMEM, 6KM0Yas YCmpolcmed Ha
OcHoge mexHono2uu yugposot obpabomku ceema (Digital Light Processing, DLP), xapaxmepu3syromcsa c
OSPAHUYEHUAMU THOYHOCUY, CMAOUTLHOCU U BOCHPOU3BOOUMOCHIU Pe3yAbmamos npu pabome 8 pearbHbiX
NPOU3BOOCMBEHHBIX YCA08UAX. AKMyanvHa 3a0aua KAmubpoeKu MAakux Cucmem, 6IUAIOWAsA HA KOPPEKMHOCb
DEKOHCMPYKYUU 2eomempuu 00beKMoe8 ¢ 8bICOKOU cmenenvio demanuzayuu. Paccmampusaemces npobnema nosvluienus
mounocmu u dpgexmusnocmu DLP-ckanepos 3a cuém onmumusayuu aieopummos KAaiuOpOoeKu u HACMPOUKU
napamempos onmuueckoi cucmemvl. Ilpeonodcena memoouxa, no380NAOWAL MUHUMUSUPOSAMb NOSPEUHOCTN,
CBA3ANHbIE C PACCONACOBAHUEM ONMMUYECKUX INEMEHMOs, U NOBbICUMb OOCHOSEPHOCHb NOIYUAEMbIX USMEPEHU.
Onucana cmpykmypHas cxema paspabomannozo nHacmoavhozo DLP-ckanepa, npueedén ananus eiusHus napamempos
CKAHUPOBAHUS  (MOWHOCMU 1d3epd, NPOCMPAHCMBEHHO20 PA3PEUleHUs, Vel08 MPUAHSYIAYUU) HA MOUYHOCMb
soccmanosnenus — Qopmvl  0b0vekmos.  Ilpeocmagienvi  pe3yromamvl  IKCHEPUMEHMATLHLIX — UCCI008aAHU,
noomeepoicoaroujue  8biCOKYI0  MOYHOCMb, CMAOUTBHOCIL U 80CHPOU3BOOUMOCHb  noayuaemvix  3D-moodeneil.
Paspabomanneiti nooxoo modxcem 6vimeo PDEKMUBHO UCNOIB308AH 8 3A0AUAX MEMPOIO2ULeCKO20 KOHMPOI,
UHIICEHEPHO20 AHAU3A U ABMOMAMUSUPOBAHHLIX CUCIMEMAX MEXHUHeCKOU OUAZHOCMUKY, 20e mpebyemcs MmouHoe
goccmanosneHe 2eomempuy u30enull U gvlAsneHue OMKIOHEHUL Om 3a0aHHBIX OONYCKOS.

Abstract. Modern laser digital scanners are widely used in optical non-destructive testing, but most commercially
available systems, including devices based on Digital Light Processing (DLP) technology, are characterized by
limitations in accuracy, stability, and reproducibility of results when operating in real production conditions. The task of
calibrating such systems, which affects the correctness of the reconstruction of the geometry of objects with a high degree
of detail, is relevant. The problem of increasing the accuracy and efficiency of DLP scanners by optimizing calibration
algorithms and adjusting the parameters of the optical system is considered. A methodology is proposed to minimize
errors associated with the mismatch of optical elements and to increase the reliability of the measurements obtained. The
structural diagram of the developed desktop DLP scanner is described, and the analysis of the influence of scanning
parameters (laser power, spatial resolution, triangulation angles) on the accuracy of the object shape reconstruction is
given. The results of experimental studies are presented, confirming the high accuracy, stability, and reproducibility of
the obtained 3D models. The developed approach can be effectively used in metrological control, engineering analysis,
and automated technical diagnostics systems, where accurate reconstruction of product geometry and detection of
deviations from specified tolerances are required.

Kmroueswie cnosa. 3D-cranuposaniue, nazepHulii yu@hposou ckanep, ORMuUYecKull Hepaspyuaouwull KOHmpob, Yupposas
obpabomka ceema, MpuaH2yisyus, ONMUKO-3J1eKMPOHHbLE NPUOOPLL U CUCIEMBI.

Keywords. 3D scanning, laser digital scanner, optical non-destructive testing, digital light processing, triangulation,
optoelectronic devices and systems.
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