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NWHTENNEKTYAIIbHbIE CUCTEMBbI

YTMNPABJIEHNA KAHECTBOM TEXHONOIMMYECKUX
MPOLIECCOB 1 OBOPYOOBAHWA HAYKOEMKOIO
NMPON3BOOCTBA

In the article, a methodology for quality management of technological processes and equipment in
high-tech production is proposed. Practical testing of this methodology has shown its applicability
when comparing the current situation with previously calculated options from the tree of all quality
states.
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Introduction

The task of achieving a high level of quality in the functioning of technological
processes (TP) and technological equipment in intelligent high-tech production (IHTP) can
be addressed through continuous monitoring and forecasting of their states, as well as timely
execution of production and preventive maintenance.

In this context, the development of a methodology and systems for quality management
of technological processes and equipment becomes highly relevant. These systems should
provide information not only about the actual state of the monitored processes and equipment
but also offer predictions about the potential emergence of critical states.

The obtained information enables the establishment of clearer links between the
procedures for planning scheduled maintenance and the actual (as well as forecasted) state
of technological processes and equipment, which should ultimately enhance overall
production efficiency.

The goal of this work is to develop a methodology for quality management of
technological processes and equipment in intelligent high-tech production.

Quality Management Methodology

The methodology is based on the principle of comprehensive, multi-level quality
control. The main levels are identified as follows (Fig. 1):

* Quality control of technological equipment. The control element is a multi-layer
neural network classifier (NNC) for equipment states. The NNC undergoes preliminary
training on a dataset of equipment signals (machine learning mode), enabling it to distinguish
between equipment states (optimal, good, etc.). The NNC serves as the foundation for a
system of monitoring and forecasting the states of technological processes and equipment
[1]. This system is integrated into the 10T Istok platform, allowing for timely mitigation of
factors that reduce product quality and enabling more precise organization of repair and
preventive maintenance.

* Quality control of technological operations (TO). To optimize TO, a digital twin
(DT) is created based on a knowledge base (KB), and a 3D model of the processed part (P)
is developed. After performing the TO, the controlled dimension (CD) is measured and
compared with the 3D model, providing a probabilistic assessment of the operation's
effectiveness, which serves as a measure of TO quality. The availability of probabilistic
effectiveness measures for all operations allows for an overall assessment of the
technological process quality.

* Quality control of the technological process through evaluation of current quality
indicators. For this purpose, interval values of probabilistic indicators (Pmin, Pmax) are
determined in machine learning mode, and corresponding boundary quality indicators H and
H are defined according to algorithm A1 [2], which are further determined by algorithm A2
[2]. The current indicators H and A, obtained at each step of the TP, are compared with the
boundary values (quality boundaries: Hy and Hp). Exceeding these boundaries indicates a
disruption in the TP.

* Predictive quality control. Within the quality boundaries, algorithm A3,
incorporating artificial intelligence elements, is used to identify trends (sustained movement
of current indicators H and A toward a boundary value). If a trend is detected, a signal is
issued about the risk of TP disruption. If no trend is found, statistical processing of the dataset
is performed using algorithm A4 to determine the probability of TP disruption risk.
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Fig. 1. Structural diagram of the quality management system for TP and equipment

The practical implementation of the quality management system as a trainable neural
network will enable the creation of a calculation matrix, allowing for the comparison of the
current situation with pre-calculated scenarios from the tree of all quality states.

Conclusion

The proposed methodology facilitates the development of quality management
systems for technological processes and equipment in intelligent high-tech production in the
form of programmable modules. These modules enable the optimization of preventive
maintenance plans based on machine learning. This serves as a solid foundation for
achieving high-quality functioning of both technological equipment and technological
processes as a whole.
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RESUME

S. S. Antsyferov, K.N. Fazilova, D.S. Muravyov
Intelligent Quality Control Systems for High-Tech Manufacturing Processes and Equipment

The task of achieving a high level of quality in the functioning of technological
processes (TP) and technological equipment in intelligent high-tech production (IHTP) can
be addressed through continuous monitoring and forecasting of their states, as well as timely
execution of production and preventive maintenance.

In this context, the development of a methodology and systems for quality management
of technological processes and equipment becomes highly relevant. These systems should
provide information not only about the actual state of the monitored processes and equipment
but also offer predictions about the potential emergence of critical states.

The goal of this work is to develop a methodology for quality management of
technological processes and equipment in intelligent high-tech production.

The methodology is based on Industry 4.0, which involves the use of elements of
artificial intelligence, machine learning methods, digital twins, industrial Internet of Things
technology, knowledge bases, and databases.

The practical implementation of the quality management system as a trainable neural
network will enable the creation of a calculation matrix, allowing for the comparison of the
current situation with pre-calculated scenarios from the tree of all quality states.

64 Mpobnembl nCKyccTBEHHOrO MHTennekta 2025 Ne 2(37)



Intelligent Quality Control Systems For High-Tech Manufacturing Processes...

A

The proposed methodology facilitates the development of quality management
systems for technological processes and equipment in intelligent high-tech production in the
form of programmable modules. These modules enable the optimization of preventive
maintenance plans based on machine learning.

PE3IOME

C.C. AHubipepos, K.H. ®asunosa, [.C. Mypasbes
UWHmennekmyarbHble cucmeMsbl yrpasrneHus Ka4ecmaeoM mexHo102U4ecKux
npouyeccos u 06opydoeaHuUsi HAayKOEMKO20 rpou3eodcmea

3ajava JOCTMXKEHHSI BBICOKOTO YPOBHS KauyeCcTBa (PYyHKIIMOHUPOBAHUS TEXHOIOTMIECKUX
npoueccoB (TII) u TexHomornyeckoro 00OPYyAOBAHUS WHTEIIEKTYyalbHOTO HAYKOEMKOTO
npousBojacTBa (MHII) MoxxeT OBITH pelieHa ImyTeM HENpepbIBHOTO MOHUTOPHHIA M IpO-
THO3UPOBAHUS X COCTOSIHHM, a TaK’K€ CBOEBPEMEHHBIM MPOBEICHUEM MPOU3BOICTBEHHO-
npoduIakTU4ecKux pador.

B cBs3u ¢ 3TUM aKkTyanpHO# CTaHOBUTCS MpobiieMa pa3pabOTKH METOI0JIOTHH U pea-
JU3YIOUIMX €€ CHCTEM YIPABIIEHUS KAa4eCTBOM TEXHOJIOTMYECKHX IPOILIECCOB U TEXHOJO-
TUYECKOTO 000pynoBanus. J[aHHBIE CHCTEMBI JOJKHBI MPEIOCTaBIATh MH(POpMAIUIO HE
TOJIBKO O peaJlbHOM COCTOSIHUU KOHTPOJIUPYEMBIX ITPOLIECCOB U 000PYI0OBAHUS, HO U 1aBaTh
IMPOrHO3 O BO3MOKHOCTH IMOABJICHHUA KPUTHICCKHUX COCTOSTHUH.

[{enb paboThl — pa3paboTKa METOAOJIOTHH YIIPABICHUS KAU€CTBOM TEXHOJIOTUYECKUX
MPOLIECCOB U 000PYAOBAHUS UHTEILIEKTYAIbHOTO HAYKOEMKOTO IIPOU3BOCTBA.

B ocHoBy noctpoenust merogoniorun nonoxena Mugycrpus 4.0., npeanonararomias uc-
TMOJIb30BAaHKE AJIEMEHTOB UCKYCCTBEHHOI'O MHTEJUIEKTa, METOZ0B MAIIMHHOTO 00Yy4eHus, IIudpo-
BbIX I[BOI\/JIHI/IKOB, TCXHOJIOIMU ITPOMBIIIIJICHHOI'O MHTCPHCTA BGHIGfI, 0a3bl 3HAHUH U 63,31)1 JaHHBbIX.

[TpakTiyeckass peanu3anusi CUCTEMbl yMpaBIEHUS KadyeCTBOM B BUJE 00ydyaeMmoi
HEHUPOCETH MO3BOJUT CO3/1aTh PACUETHYIO MATPHILy, C OMOUIbIO KOTOPOW MOSIBUTCSI BO3-
MOKHOCTb COIIOCTABJICHHSI TEKYLIEH CUTyalluu C paHEe NPOCUYUTAHHBIMM BapHaHTAMU U3
JIEPEBA BCEX COCTOSIHUM KauecTBa.

[Ipennaraemas METOJOJIOTHS IO3BOJISIET CO3JABaTh CUCTEMBI YIPABICHUS Kau€CTBOM
TEXHOJIOTMYECKHX ITPOLIECCOB U 000PYA0BaHNS HHTEIUIEKTYaIbHOTO HAyKOEMKOT'O [TPON3BOCTBA
B BHJIE IPOTPAMMHUPYEMBIX MOJTYJIEH, CO3AOIINX BO3MOKHOCTh OIITUMU3AIIUH TJIaHA IIPEAYIIpe-
JIUTETBHBIX PEMOHTHO-TIPOGMIAKTUYECKUX pabOT Ha OCHOBE MAIIMHHOTO O0OyYEHMSI.
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