AHHOTALMKM HAaYUYHDbIX CTaTeM U KAloUEeBble C1I0Ba A1 BCeX HAayUYHbIX cTaTen U 0630poB,
ony6/MKOBAHHDbIX peLeH3npyemMbliMm HayuyHbIM U3gaHuem 3a nocneaHue Asa roga
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HUHTe/IeKTya/ibHas reoMHpopManMoHHas
CUCTeMa yIpaBJIeHHUS 3KOJIOTUYeCKOM
6€30MaCHOCTbI0 MPOU3BOACTBEHHbIX 06bEKTOB

AHHOomayus. lpednoxceHa u eepuduyuposaHa mMmooesb Yugpposozo npou3eo0cmeeHH020
AHHOmMayusA. Paccmampusaromcs cospemeHHblie Modxo0bl K KOMMAEKCHOMY pe2ynupo8aHUto
npomblwsneHHOU U 3Konozuveckoli bezonacHocmu rnpednpusamud, pyHKUUOHUPYWUX 8 PAOMKAX
meppumopuanbHeIX MPUPOOHO-MPOU3800CMBEHHbIX KOMI/AeKcos. [1pednoxieHa cmpykmypa
uemebipexyposHesoli uepapxuyeckoli cucmemsl yrpasneHus, nociedosamesbHo 0bveduHaowel
CeHCOpHLIL c60p AAHHbIX, KOMMYHUKAUUOHHYIO UHGPACMPYKMYypPY, YposeHb
2€0UHPOPMAYUOHHO20 MOOeaUPoB8aHUSA U 610K N000epHKU NpuHAMuUA peweHuli. 06ocHos8aHa
KOHUenyus co30aHUA 4ugposbix 080UHUKO8 Mpou3800CcMeeHHbIX 06beKmos,
OeKOMIMO3UPOBAHHbIX HA MEXHOM02UYECKYIO, IKO02UYECKYIO U IKOHOMUYECKYIO Nodcucmemel,
10380/1A10U40S OYEHUBAMb COBOKYMHOE 8/UAHUE MPOU380OCMBEHHbIX NPOUECccos Ha
OKPYHAOWYIo cpedy 8 pexcume peasnbHo20 epemeHu. OnucaHa cmpykmypa pacrnpedesneHHol
CeHCopHoOU cemu MOHUMOPUH2a, 8KAYAOWAA 8 cebs cmayuoHapHbIe Mocmel U MOBUsIbHbIe
nAam@opMbl, a MAKH#e NPOaHAAU3UPOBAHA 3PHeKMUBHOCMb A20PUMMO8 MAWUHHO20
06yyeHus 0014 8biABAEHUA AHOMAanUl U NPO2HO3UPOBAHUA OUHAMUKU 3a2pA3HeHul. Ha npumepe
npednpusmuli paduo31eKMpPOHUKU U MpubopocmpoeHuUs nposedeHa CpasHUMesnbHAA OYeHKA
cyeHapues modepHusayuu cucmem sodoomeedeHus. [pednoreHHas cucmema no3eoaum
108bICUMb 0MEPAMUBHOCMb U MOYHOCMb YPasAeHYECKUX peweHuli Npu 803HUKHO8EeHUU
y2p03bl 3K002UYECKUX UHUUOEeHmMOo8.

Knrouesble cnoea: 2e0UHGOPMAYUOHHAA CUCMEMA, 3KOA02UYecKas 6e30nacHocms, yugposoli
080UHUK, ONTMUMU3aYUA ynpasaeHus, UHMeAaeKkmyasabHeil MOHUMOPUH2

Ana yumuposanus: unvHukosa H. A. UIHmennekmyanbHasA 2e0UHGOPMAYUOHHAA cucmema
ynpasneHus sKonoau4eckoli 6e30MacHoCmbio Npou3eoodcmeeHHbix 06vekmos //
UHHosayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 4. C. 5-12. DOI: 10.31799/2949-0693-2026-
4-5-12.

Ucnosib30BaHUE TMGKHX METO/0/IOTU I
NPOEKTUPOBAaHUS B MHHOBALIUOHHOM
NPUOOPOCTPOEHUU

Intelligent geographic information system for
environmental safety management of industrial
objects

Abstract. This article examines modern approaches to the integrated management of industrial
and environmental safety for enterprises operating within territorial natural-industrial complexes.
The author proposes an architecture for a four-level hierarchical management system that
sequentially integrates sensory data collection, communication infrastructure, a geoinformation
modeling layer, and a decision support module. The study substantiates the concept of creating
digital twins for production systems, decomposed into technological, environmental, and
economic subsystems, which enables the assessment of the aggregate environmental impact of
production processes in real time. The structure of a distributed sensor monitoring network,
comprising stationary monitoring stations and mobile platforms, is described, and the efficiency of
machine learning algorithms for anomaly detection and forecasting pollution dynamics is
analyzed. A comparative analysis of modernization scenarios for wastewater disposal systems is
conducted using the example of radio electronics and instrument engineering enterprises. The
proposed system is designed to enhance the responsiveness and accuracy of management
decisions in the event of threatened environmental incidents.

Keywords: geographic information system, environmental safety, digital twin, management
optimization, intelligent monitoring

For citation: Zhilnikova N. A. Intelligent geographic information system for environmental safety
management of industrial objects. Innovacionnoe priborostroenie = Innovative Instrumentation.
2026;5(4):5-12. (In Russ.). DOI: 10.31799/2949-0693-2026-4-5-12.

Using agile design methodologies in innovative
instrumentation

Abstract. This article examines the application of agile design methodologies in innovative
instrumentation, where traditional waterfall approaches often struggle to cope with high
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AHHOMayusa. Paccmampuearomca ocobeHHocmu npumeHeHus 2ubkux memodonoauli
MPOeKMUpPOBAHUSA 8 UHHOBAUUOHHOM MpubopocmpoeHuu, 20e mpaduyuoHHble KACKaoHble
100X00bl YaCMO He CrpasAAMCA C 8bICOKOU HeonpedesneHHOCMbHo U bbicmpbiMmu
usmeHeHuUsMU mpebosaHuli. [TokazaHa Heobxo0OUMOCMb NPUMEHEHUS Yugposbix mexHoaozul,
BK/IK0YAA 8UPMYAsIbHbLIE MPOMOMUNbI, YU@pPoasie A80UHUKU U UCKYCCmM8eHHbIl UHmesnekm,
0114 8bIABACHUA U yCMpPaHeHUsA npobaem Ha PaHHUX 3Manax ¢ MUHUMGAAbHLIMU hU3UYeCcKUMU
3ampamamu. [MpoaHanu3upoeaHa adanmayus umepamusHsix YuKa08 u 06pamHoli cesasu 004
Pa3pabomKu CAOMHHbIX UHHOBAUUOHHbIX U3MEpUMesbHbIX CUCMeM, CEHCOPO8 U Mpomomurios,
8blAB/EHbI MPEUMyUWecmeaa 8 COKpaueHUU epeMeHuU 8b1800a HA PbIHOK U MO8bIWeHUU 2ubkocmu
KOMaHO. PaszpabomaHsl pekomeHOayuu no 86i6opy u npumeHeHuro 2ubpuUOHbIx modesnel
ynpasneHus 0414 UHHOBAYUOHHbIX MPU6opoCMpPoUMesbHbIX MPOeKmMos, co4emarowjux
Kaaccuyeckue npedukmugHsle u 2ubKue memodonoauu.

Knrouesble cnoea: umepamusHble YUKsbl, npedukmusHsbIl nodxod, Agile, Scrum, duazpammel
ceopaHus, pelimeopk Scrumban, KoaghguyueHm sapuayuu velocity

Ana yumupoeanus: Tumogees K. H. Ucrionb3zosaHue 2ubKux memoooso2auli NpoekmuposaHus 8
UHHOBAUUOHHOM rpubopocmpoeHuu // HHos8auyuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 4. C.
13-23. DOI: 10.31799/2949-0693-2026-4-13-23.

(I)opmaJmsauml 3HAHHUMU O IMIPpON3BOACTBEHHbBIX
CUCTEeMaX CpeACTBAMU OHTOJIOTHYECKOro
MOJAEC/IMPOBAHUA

AHHOMayusa. PaccmompeHa npobaema ¢popmanuzayuu 3HaHul o npou3eoo0cmeeHHbIX
cucmemax. [1pOAHANU3UPOBAHA MEPMUHOI02UYECKAA HEOOHO3HAYHOCMb MOHAMUL
pou3800CcmMBeHHbIX cucmemM 8 omevyecmeeHHoU u 3apybexcHol HayyHoU numepamype, a
makxce npedcmasseHo ux pasepaHuyeHue. [pednoreHo Ucnonb308aHUE OHMOM02UYECKo20
MOOenuposaHUs, MNo380AAULE20 CUCMEMHO CMPYKMYypUposams 3HAHUSA O
npou3eodcmeeHHbIX cucmemax. PaspabomaHa KOMIAeKCHAA OHMOs102US, Peanu308aHHAA 8
cpede Protégé u 8u3yanu3uposaHHas 8 hopme opueHmMupPO8aHHO20 2pacga.

Knroueesie cnoea: npou3sodcmeeHHaAs cucmemd, OHMos02u4eckoe MooeauposaHue,
Kaaccugukayus npou3godcmea, cucmema npou3eoocmaa

Ana yumupoeaHus: 3onomyxuH K. B. ®opmanusayus 3HaHul o npou3800cmeeHHbIX
cucmemax cpedcmeamu OHMO102U4ecKo20 ModeauposaHus // UHHoeayuoHHoe
npubopocmpoeHue. 2026. T. 5, Ne 4. C. 24-29. DOI: 10.31799/2949-0693-2026-4-24-29.

uncertainty and rapidly changing requirements. It demonstrates the need to employ digital
technologies, including virtual prototypes, digital twins, and artificial intelligence, to identify and
resolve issues early on with minimal physical effort. The adaptation of iterative cycles and
feedback loops to the development of complex innovative measurement systems, sensors, and
prototypes is analyzed, highlighting the benefits of reducing time to market and increasing team
agility. Recommendations are developed for the selection and application of hybrid management
models for innovative instrumentation projects, combining classic predictive and agile
methodologies.

Keywords: iterative cycles, predictive approach, Agile, Scrum, burndown charts, Scrumban
framework, coefficient of variation of velocity

For citation: Timofeev K. N. Using agile design methodologies in innovative instrumentation.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2026,5(4):13-23. (In Russ.). DOI:
10.31799/2949-0693-2026-4-13-23.

Knowledge formalization of manufacturing systems
through ontological modeling

Abstract. The problem of formalizing knowledge about production systems is examined. The
terminological ambiguity of the concept of production systems in both domestic and international
scientific literature is analyzed, and their demarcation is presented. The use of ontological
modeling is proposed as a means to systematically structure knowledge about production
systems. A comprehensive ontology has been developed, implemented in the Protégé
environment, and visualized as a directed graph.

Keywords: manufacturing system, ontological modeling, production classification, production
system

For citation: Zolotukhin K. V. Knowledge formalization of manufacturing systems through

ontological modeling. Innovacionnoe priborostroenie = Innovative Instrumentation. 2026,5(4):24—
29. (In Russ.). DOI: 10.31799/2949-0693-2026-4-24-29.

18 ceHTAbGpA 2026 T.



Bonpocsl nudposoii TpaHchopmManumn
AOKYMEHTO0060pO0Ta B IPHUOOPOCTPOEHUH

AHHOmMayus. B coepemeHHOM mupe mexHu4yeckue 00KymeHmsl u ¢alinel yacmo
0nuCbIBAOMCA KAK UOeHMUYHble O0KYMeHMbI, He omau4arouuecs no ceoeli cmpykmype, Ho
yugposas pesontoyus, noseneHue 606WO020 KOAUYECmM8a Yugpposbix cepsucos cmasam
neped Hamu 3a0ay4y eHeOpeHUs 8 EOUHYI0 cucmemy KOHCMpPYKmMopckol 0oKymeHmauuu
60/1bWI020 KOMUYECMBA PA3HOPOPMAMHbLIX OOKYMeHMOo8 371eKMpPoHHo20 8udd. OOHAKo
HOPMOKOHMPOsEPbI MPUBLIKAU K Yepmexcam Ha bymaeze, U nposepKu OOKYMeHmMo8 0py2020
¢opmama, K npumepy, Nposepka meouagalinoe uau 8u0eo00KyMeHmMos, CmaHoeamcsa 017
HUX C/1I0XCHOPeanu3yembiM Mpoyeccom, Komopolli nodpobHo He onucaH 8 cmaHoapmax.
CospemeHHas yugpposas ompacse 8biHy#Oaem 8 Yepmexcu U cxemol 006a8a3Meb
UHMepaKkmueHele 2unepccolnku, sudeogalinbl, Ommemku 0 2e0Mo3UyUAX, CreyudabHsie
wmpuxKoosl U QR-Ko0bI, Ymobbl yrpocmume rpoyecc 0okymeHmoobopoma u 20pa300
b6bicmpee 06bACHUMb Pabomy C/I0HCHbIX MEXAHU3MO8 U MAWUH € MOMOWblo 0eMOHCmpayuu
pabomel 0aHHO20 060py008aHUSA C 6OALWUM KOAUYECMBOM ayouo- U 8U0e08U3yaau3ayul.

Knroueaoble cnoea: mpaHcgopmayus, yugposusayus, peksusumHas yacms, QR-Koobl,
UHMepakmueaHoie OKYMeHMbI, 31eKMPOHHbIE OOKYMeHMbl

Ana yumupoeanus: EnugarHyes K. B. Bonpocel yugposoli mpaHcpopmayuu
doxkymeHmoobopoma e npubopocmpoeHuu // MHHosayuoHHoe npubopocmpoeHue. 2026. T.
5, Ne 4. C. 30-36. DOI: 10.31799/2949-0693-2026-4-30-36.

[IpakTUYeckas peajn3anus aKyCTUYECKH-
3MHCCUOHHOT'0 KOHTPOJIAA Ae(PEKTOB

AHHOMayusA. MpusedeH KOHKpeMHbIl npumep ocyujecmeneHus aKycmuKo-3MUcCUOHHO20
KOHMPposa mpy6onpoeooa amuseHa no mexHu4eckomy 3a0aHUI0 30Ka34uKa. [1oKasaHel umoau
KOHMpOoAa 8 8ude duazpamm, 2paguKos u cxemol yyuacmyka mpybornposoda, Ha KOMOPOM
eblAgseHbl paszeusarowuecs degpexkmel. 1o pezynbmamam 00MonHUMENbHO20 KOHMPOAA HA 3Mux
yyacmeax obHapyxceHsl mpeujuHonodobHele Oepekmeol. [IposedeHHbIe uccnedo8aHuUs
MPAKMUYecKoz20 NpUMeHeHUs aKyCMUKo-3MUCCUOHHO20 Memood KOHMPOoSA M03801uUAu
M0Ay4UMb 3HAUUMBbIE Pe3ysbmamel, M0OOMeepHAarowUe e2o 8bICOKYI0 3hhekmusHoOCMb 8
npomelwneHHol duazHocmuke.

Knroyeeble cnoea: aKycmMuKo-3MUCCUOHHbIE CUCMeMbI, Hepaspywaroujuli KoHmMposns,
passusaroujuecs degpekmeol

Issues of digital transformation of document
management in instrument engineering

Abstract. In the modern world, the concept of a technical document and a file is often described as
an identical document, not differing in structure, however, the digital revolution, the emergence of
a large number of digital services, set us the task of introducing a large number of multi-format
elements into the ESCD system, although conservative standard controllers are accustomed to
drawings on paper, and checking a different format for they remain fantasies from the future. But
the modern digital industry forces interactive hyperlinks, video files, location markers, special
barcodes and QR codes to be added to drawings and diagrams in order to simplify the workflow
process and explain the work of complex mechanisms and machines much faster by
demonstrating the operation of this equipment promptly, quickly and clearly, with a large number
of audio and video clips, video visualizations.

Keywords: transformation, digitalization, banking details, QR codes, interactive documents,
electronic documents

For citation: Epifantsev K. V. Issues of digital transformation of document management in
instrument engineering. Innovacionnoe priborostroenie = Innovative Instrumentation.
2026;5(4):30-36. (In Russ.). DOI: 10.31799/2949-0693-2026-4-30-36.

Practical implementation of acoustic emission
inspection of defects

Abstract. This paper presents a specific example of acoustic emission testing of an ethylene
pipeline according to the customer’s specifications. The testing results are presented in the form of
diagrams, graphs, and a diagram of the pipeline section where developing defects were identified.
As a result of additional inspection, crack-like defects were found in these areas. Conducted
studies of the practical application of the acoustic emission control method allowed us to obtain
significant results confirming its high efficiency in industrial diagnostics.

Keywords: acoustic emission systems, non-destructive testing, developing defects

18 ceHTAbGpA 2026 T.



Ana yumupoeaHusa: Muwypa T. 1. [IpaKkmu4ecKasa peanu3ayua aKycmu4yecKu-3MucCUoHHO20
KoHmMpona degpekmos // UHHosayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 4. C. 37-42. DOI:
10.31799/2949-0693-2026-4-37-42.

0OCO6GEHHOCTH TEXHOJIOTUH MOHUTOPHHTIA
ABHUXKEHHA HAd BBICOKOCKOPOCTHBIX TpacCCaxX

AHHOMayusa. PaccmompeHa cmpykmypa cucmems! 8UOEOMOHUMOPUH2a MPAHCIOPMa Ha
8bICOKOCKOPOCMHbIX mpaccax, obecrneyusaroujas KOHmMposs 3a cumyayueli Ha npoesxeli yacmu
U N10380/A10WAA 8 PeasibHOM 8pemMeHU hUKCUpPOo8aMb 06CMaHoBKY Ha 0opo2e: a8mMomMamuyecku
pacno3Haeame mpaHcIopmHsie cpedcmea; omcaexusame HapyuweHus npasusa 0oPoHHO20
dsuxceHus; obecrneyusams 00Ka3amesbHyr 6a3y npu aOMUHUCMPAMUBHOM fpou3zsodcmee.
bonbwoe BHUMAHUE yOesneHo aHAAU3y MEeXHUYECKUX U MemMpPOos02u4eCcKUX XapaKkmepucmux
cospemeHHbIX 8UOEOKaMep, MEeXHOI02UU UX MPUMEHEHUS C y4emom 8030elicmaus 8HeWHUX
aKmopos u ux Memposo2u4eckomy obCayHUBAHUIO.

Kntouesble c/108a: 8bICOKOCKOPOCMHAA MPACCcA, Mempos102udeckue XapaKkmepucmuku,
sudeoKkamepbl

Ana yumupoesarus: Muwypa T. 1. OcobeHHOCMU MexHOoM02UuU MOHUMOPUH2a 08UMEHUA HA
8bICOKOCKOPOCMHbIX mpaccax // HHosauuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 4. C. 43-52.
DOI: 10.31799/2949-0693-2026-4-43-52.

AHasiM3 AUHAMUYECKHX HAarpy3oK B
NOAIIUNMHUKOBBIX y3/IaX Ma/JIOra0apUTHBIX
3JIEKTPOABUraTe/ieyd C y4eTOM TEXHOJIOTUYeCKUX
dakTopoB

AHHomayus. [Iposodumca aHanu3 OUHAMUYECKUX Ha2PY30K, B03HUKAIOWUX 8 MOOWUMHUKO8bIX
y3n1ax masno2abapumHsix anekmpodsuzamenel. iccnedyemcsa kawo4esoe 8aUSHUE
mexHos102u4ecKux nozpewHocmeli u320moeseHus U cOopKu (2eoMempuyecKue OMKAOHEHUA
Kosley, U WapuKos, HECOOCHOCM®), Komopble MpaduyuOHHO HE y4umel8aaucs Npu
PoeKmMupPo8aHuUU, HaPAAY C HECMKOCMHbLIMU XapaKmMepucmuKamu y3/108 u
IKCMAYAMAYUOHHbLIMU pexcumamu. Ha ocHose nuHeapu308aHHbIX ypasHeHul subpayuu
8bl8edeHO aHAUMUYECKOe 8bipaxteHue O/ pac4ema Haz2py3Ku HA MOOWUNHUK,
demMoHCmMpupytoujee Haau4ue MoCMOAHHOU U 3HaYUMesbHbIX OUHAMUYECKUX 20PMOHUYECKUX
cocmasnaowux. lokazaHo, Ymo Aaxe mMmasnbie mexHoao2udecKue nozpewHocmu (nopadka 1-1074
€M) criocobHe! 8bI3bIBAMS y8enudeHue duHamuyeckoli Hazpy3ku cebite 100 % om senuyuHs!
ocesoz2o Hamsaeaa. lposedeH napamempuyeckuli AHAAU3, yCMAHOBUBWUU 308UCUMOCMb HA2PY30K
om x}ecmkocmu nModWUNHUKO8 U KPbIWeK, CKOPOCMU 8paujeHus U 8eauqyuHbl 0ceso2o Hamsead.

For citation: Mishura T. P. Practical implementation of acoustic emission inspection of defects.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2026,5(4):37—42. (In Russ.). DOI:
10.31799/2949-0693-2026-4-37-42..

Features of traffic monitoring technology
on high-speed highways

Abstract. This paper examines the structure of a video monitoring system for transport on high-
speed highways, which provides control over the situation on the roadway and allows for real-time
recording of the road situation: automatically recognize vehicles; track traffic violations; provide
evidence in administrative proceedings. Much attention is paid to the analysis of the technical and
metrological characteristics of modern video cameras, the technology of their use taking into
account the impact of external factors and their metrological maintenance.

Keywords: high-speed track, metrological characteristics, video cameras
For citation: Mishura T. P. Features of traffic monitoring technology on high-speed highways.

Innovacionnoe priborostroenie = Innovative Instrumentation. 2026,5(4):43—52. (In Russ.). DOI:
10.31799/2949-0693-2026-3-43-52.

Analysis of dynamic loads in the bearing units of
small electric motors considering technological
factors

Abstract. This article analyzes the dynamic loads that occur in the bearing units of small electric
motors. It investigates the key influence of manufacturing and assembly technological
inaccuracies (geometric deviations of rings and balls, misalignment), which have traditionally been
overlooked during design, alongside the stiffness characteristics of the units and operational
modes. Based on linearized vibration equations, an analytical expression for calculating the load
on the bearing is derived, demonstrating the presence of a constant and significant dynamic
harmonic components. It is shown that even small technological inaccuracies (on the order of
1-10"*cm) can cause an increase in dynamic load exceeding 100 % of the axial preload. A
parametric analysis was conducted to establish the dependence of loads on bearing and cover
stiffness, rotational speed, and the magnitude of axial preload. It was identified that the most
dangerous operating condition is the resonance mode, leading to a sharp increase in loads and a
reduction in lifespan. Recommendations for selecting optimal parameters to minimize dynamic
impacts and avoid resonance phenomena during design are formulated.
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BbifigneHo, 4mo Haubosiee onacHbIM A8AAEMCA Pe30HAHCHbIU pexcum pabomesl, npusodawuli K
pe3Komy pocmy Ha2py3oK U COKpawieHuto pecypca. ChopmyauposaHsl peKomeHOayuu rno ebibopy
0NMUMGAsbHbIX NAPamMempos 048 MUHUMU3AUUU OUHaMUYecKux 8o30elicmeull u UCKAOYeHUs
PEe30HAHCHbIX A8AeHUll Mpu MPoeKmMuposaHuU.

Kntouesble cnoea: masnozabapumHele snekmpoosuzamernu, NoOWUNHUKOBbIE Y3/1bl,
mexHoso2uYecKue nozpewHocmu, OUHaMu4eckue Haz2py3Ku, ocesoli Hamse, ypasHeHus
8UbPAYUU, HECMKOCMb, PE30HAHC, pecypc NOOWUMHUKOS, ONMUMU3ayuUs napamempos

Ana yumupoeanus: Epwos [. 0., /lykeaHeHko W. H., Kocmay A . [. AHanu3 UHaMmu4ecKux
HO2PY30K 8 MOOWUMHUKOBbLIX Y3/1aX Masn02abapumHeix anekmpodsuzameneli ¢ y4emom
mexHos02uYecKux gpakmopos // HHosayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 4. C. 53-59.
DOI: 10.31799/2949-0693-2026-4-53-59

HWHHOBaIIMOHHBIN NOAXO0J B HCC/IeJOBAHUH
aJIFCOPUTMA MOPA3PAAHON COPTHPOBKH JJIsI
COBpPEMEHHBIX BbIYHMCJIUTETbHBIX CUCTEM

AHHOMayuA. Paccmampusaromca 80rpocs! MpUMeHeHUA Nopa3pAOHOU copmuposKU 014
06pabomKu 601bWUX MACCUBO8 YUCAEHHbIX OaHHbIX. COPMUPOBKA U2paem K/to4esyto posb 8
pabome 6a3 OaHHbIX, CUCMEMAX MOUCKQA, GHAAUMUYECKUX MPUAOHEHUAX U 80 MHO2UX Opyaux
cghepax sblyucaUMesnbHol mexHUKU. [Tpu 5mom KaaccuyecKkue an20pummel COPMUPOBKU, MaKue
KaK Bbicmpas copmuposKa Usau COpmuposKa cauaHuUem, xoms u 06a1a0arom 8bicokoli
npou3eodumesnbHOCMbIO 8 6ObWUHCMEE CryYaes, He 8ce20a ABAAOMCA ONMUMAbHLIMU 0414
pabomel ¢ 60A6WUMU MACCUBAMU HYUC08bIX OQHHbIX. OnpedeneHbl ontmumasnbHsie obaacmu
npumeHeHuUsA Nopa3pAOHOU COpMUPOBKU U CchopMynuPOBAHbI MpaKmMuYeckKue pekomeHdayuu no
ee UCoMb308aHUIO 8 COBPEMEHHBIX BbIYUCAUMEbHbIX cucmemax. [Toay4yeHsl 3asucumocmu
s8pemeHU pabomei 08yx anzopummos copmuposku: Quick Sort (no ocHosaHuro 16 6um), a makxie
Radix Sort (no ocHosaHuto 8 6um). BeideneHo, Ymo Radix Sort nokasvieaem sgHoe
npeumyuwecmso o npouzgooumesnsHocmu u 8 obaacmu 6oabwux n Kpueas Radix Sort (8-bit)
3amemHo Huxce Kpusoli Radix Sort (16-bit), ymo ompaxcaem cokpaweHue spemeHu pabomel
noymu e dea pasa.

Knrouyesole cnoea: nopaspAa0Has copmuposKa, an20pummel, 3phekmusHocms,
npoussodumesibHOCMb, 8peMA pabomel, MAccus, CMpyKmypa 0aHHbIX

Ana yumupoesanus: Matiopos E. E., Apegpoes A. B., ['ynues P. 6. MIHHO8ayUOHHbIl N00xo0 8
uccnedosaHUU an20pUMMaA NopaspPAOHOLl COpMUPOBKU 0118 COBPEeMEHHbIX 8bIYUCAUMENbHbIX
cucmem // IHHoBauuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 4. C. 59-63. DOI: 10.31799/2949-
0693-2026-4-59-63.

Keywords: small electric motors, bearing units, technological inaccuracies, dynamic loads, axial
preload, vibration equations, stiffness, resonance, bearing lifespan, parameter optimization

For citation: Ershov D. Yu., Lukyanenko I. N., Kostach A. D. Analysis of dynamic loads in the
bearing units of small electric motors considering technological factors. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2026;5(4):53-59. (In Russ.). DOI: 10.31799/2949-
0693-2026-3-53-59.

An innovative approach in the study of the bitwise
sorting algorithm for modern computing systems

Abstract. The article discusses the application of bitwise sorting for processing large amounts of
numerical data. Sorting plays a key role in databases, search engines, analytical applications, and
many other areas of computing. At the same time, classical sorting algorithms such as quick sort
or merge sort, although they have high performance in most cases, are not always optimal for
working with large amounts of numeric data. The optimal areas of application of bitwise sorting
are determined and practical recommendations for its use in modern computing systems are
formulated. The time dependences of two sorting algorithms are obtained: Quick Sort and (base
16 bit), as well as Radix Sort based on 8 bit. It was revealed that Radix Sort shows a clear
performance advantage in the field of large n. The Radix Sort (8 bit) curve is noticeably lower than
the Radix Sort (16 bit) curve, which reflects a reduction in operating time by almost half.

Keywords: bitwise sorting, algorithms, efficiency, performance, running time, array, data structure
For citation: Maiorov E. E., Arefyev A. V., Guliyev R. B. An innovative approach in the study of the
bitwise sorting algorithm for modern computing systems. Innovacionnoe priborostroenie =

Innovative Instrumentation. 2026;5(4):59-63. (In Russ.). DOI:
10.31799/2949-0693-2026-4-59-63.
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[IpyuMeHeHM e A3BIKOBBIX MOAeJIel B
HHPOPMAIMOHHBIX CUCTEMAX TEXHUYECKOM
MO JEPKKH

AHHomayus. [IposedeHo meopemuyecKoe Uccnedo8aHUe COBPeMEHHbIX apXUMEKMYpP A3bIKOBbIX
mooeneli (LLM) u ux npumeHUMocmu 8 UHEOPMAUUOHHbIX CUCMeMax mexHu4Yeckoli noodepiKu.
Llenbto uccnedosaHus cmaso cucmemamu3uposaHue 3HaHUl 0 KAo4eabiX apXumeKmypHbIX
peweHusx, Memooax nogeleHUs 00cmosepHOCMU 0meemos U nodxodax K adanmayuu
modeseli 0518 KoprnopamusHoli cpedsbl. Memoodosozus exkaoYana 8 cebs Kpumuveckuli aHaAU3
Hay4HbIX U mexHuYeckux nybaukayuli 2023-2025 22., oxeambi8aoujux OMKpbimsie Mooesu
(LLaMA 2/3, Mistral 7B, DeepSeek), apxumekmypy Retrieval-Augmented Generation (RAG),
mMemoObl napamempuyecku aghghekmusHo20 0oobyyeHuUs (LORA) u nodxodel K oueHKe Kayecmea
duanozo08bix cucmem. YcmaHosneHo, Ymo uHmezpayus RAG ¢ omkpeimeimu mooenamu
obecrieyusaem onmMumasneHelli 6a1aHC Mexdy MoOYHOCMbIO omeemos, 6e30MacHOCMbIO OaHHbIX
U 3KOHOMUYHOCMbIO pa3sepmol8aHus 8 enterprise-cpede. lokazaHo, Ymo RAG
npednoymumesnsHee NoaHo20 000b6yYeHUsA nNpu OUHAMu4YecKu obHosaaemoli O0KymeHmayuu,
MOCKOAbKY UCKA04Yaem Heobxo0umocms Mno8mopHo20 0by4eHUA Mooenu U MUHUMU3Upyem pucKu
«eannyuHayuli». BolasneHsl Kaoyessle 02paHUYeHUsA: yrpasanaemocme rnosedeHus mooesnel,
obecneyeHue KOHPUOEHYUAMbHOCMU U He0bX00UMOCMb Yes108eKOUeHMpPUpPOB8aHHOU OUeHKU
aggpekmusHocmu. Peaynsmamesi pabomel hopmupyrom meopemudecKyto ocCHosy 0414
npoekmMuposaHus 6e30MacHbIX U 3hgheKmusHbIX cucmem asmomamu3upo8aHHol
mexnoddepxKu Ha 6aze OMKpPbIMbIX A3bIK08bIX Modesel.

Knioueeble cnoea: A3biKosble MoOesiu, mexHU4ecKas no00epHcKa, UCKYcCMaeHHbIl uHmensaexkm,
Retrieval-Augmented Generation (RAG), dooby4yeHue modenel, LoRA, LLaMA 2, Mistral 7B,
DeepSeek, 06pabomKka ecmecmeeHH020 A3bIKd, 0Ua0208bie cucmemol, 6e30MacHoOCMb
UCKYycCmBeHH020 UHMes1eKkma, oyeHKa Kayecmaa, enterprise-pelieHus

Ana yumuposaHus: Matiopos E. E., Lllanosanosa A. A., ene3Hos B. B., Taropckas Y. C.
MpumeHeHue A3bIKo8bIX Molesieli 8 UHPOPMALUOHHbIX CUCMeMax mexHu4yeckol noddepiu //
MHHosayuoHHOoe npubopocmpoeHue. 2026. T. 5, Ne 4. C. 64—69. DOI: 10.31799/2949-0693-2026-
4-64-69.

Application of language models in technical
support information systems

Abstract. This paper presents a theoretical study of modern language model (LLM) architectures
and their applicability in technical support information systems. The aim of the study was to
systematize knowledge about key architectural solutions, methods for improving the reliability of
responses, and approaches to adapting models for the corporate environment. The methodology
included a critical analysis of scientific and technical publications from 2023—-2025 covering open
models (LLaMA 2/3, Mistral 7B, DeepSeek), RetrievalAugmented Generation (RAG) architecture,
parametrically efficient fine-tuning methods (LoRA), and approaches to evaluating the quality of
dialogue systems. It was found that integrating RAG with open models provides an optimal
balance between response accuracy, data security, and cost-effectiveness of deployment in an
enterprise environment. It is shown that RAG is preferable to full retraining with dynamically
updated documentation, as it eliminates the need to retrain the model and minimizes the risk of
hallucinations. Key limitations have been identified: controllability of model behavior, ensuring
confidentiality, and the need for human-centered performance evaluation. The results of the work
form the theoretical basis for designing safe and effective automated technical support systems
based on open language models.

Keywords: language models, technical support, artificial intelligence, Retrieval-Augmented
Generation (RAG), model retraining, LoRA, LLaMA 2, Mistral 7B, DeepSeek, natural language
processing, dialogue systems, Al security, quality assessment, enterprise solutions

For citation: Maiorov E. E., Shapovalova A. A., Zheleznov V. V., Tayurskaya I. S. Application of

language models in technical support information systems. Innovacionnoe priborostroenie =
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AHa/IM3 U CpaBHEHHE MOAYJIei NpeCKPUNTHBHOMN
AHA/TUTHUKHU

AHHomayusa. Cmamos MoceAweHa aHanu3y u CpasHeHUI CO8PEeMEeHHbIX MPo2PamMMHbIX Mooyeli
npeckpunmueHol aHanumuku. PaccmompeHeol sedywue peweHus (IBM, SAS, Oracle, 1C),
nposedeHa OyeHKa Kax0020 UHCMPYMeHmMa no (yHKYUOHAAbHOCMU MamMemMamu4ecKo2o
annapama, UHmezpupyemocmu ¢ 0py2umu cucmemamu U npousgooumesnsHocmu. Ha ocHose
CpasHUMEIbHO20 AHAU3A BbIABAEHbI CUbHbIE U Crabble CMOPOHbI paccmampusaemsix peweHul
u 0603Ha4eHbI nepcrekmuesl pa3gumus modyseli NPeckpunmMueHol aHAAUMUKU.

Knrouesble cnoea: aHaAUMUKA, NPecKpunmueHas aHaaumuka, onmumu3ayus, Mo@ynu
ﬂpECKpUHmUBHOU aHanAumMuKku

Ana yumupoeanus: ®edoceesa C. H., Bypmoiwes /1. H. AHanu3 u cpasHeHue mooyneli
npeckpunmueHol aHanumuku // UHHosayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 4. C. 70-75.
DOI: 10.31799/2949-0693-2026-4-70-75.

HUCKyCcCTBEHHO CMO/Je/IMPOBaHHbIE JAHHbIE B
MAaLIMHHOM 00y4YeHUU: 3P PEeKTUBHOCTD,
nepcneKTUBbI, HeJO0CTAaTKH

AHHomayusa. Paccmampugaemcs meHOeHYUs UCM01b308AHUS UCKYCCMBEHHO CMOOeUpPOBAHHbIX
(cuHmemuueckux) 0aHHbIX NPU 06y4eHUU modeseli UCKYcCMBeHHbIX HelipoHHbIX cemeli 0414
Pa3aAUYHBIX 30004 C Yesbio KOMMeHCayuu 0eqpuyuma peasbHbix OaHHbIX, 8b1380HHO20
npobaemamu c ux cbopom. [pusedeH 0630p NMPUMeEHEHUS UCKYCCMBeHHbIX OaHHbIX 8
KOMMbIOMepHOM 3peHuU, 60bWUX A3bIKOBbIX MOOeAX U Cemsax NPAMOo20 pacnpocmpaHeHus 011
pabomel ¢ mabauyHoimu daHHbIMU. [To pe3ynemamam 0630pa sbiAcHeHbl meKyuue npobaemel,
€rocobbl Ux COKPAWeHUs, a MaKxe rnepcreKkmussl Ucnosab308aHUA MAKo20 nooxoda.

Kntouesble cnoea: HelipoHHble cemu, MawUuHHoe oby4YyeHue, UCKYccmeeHHO CMOOeNUupo8aHHble
OaHHbIe, UCKyccmeeHHble OaHHble, CUHmemu4eckue OaHHble, obyyaroujue OaHHbIe, 0byYaroulas
8bI60PKa

Ansa yumupoearus: lanaHuHa B. A., Kapnos M. E. UckyccmeeHHO cmo0enuposaHHble OGHHbIE 8
MAWUHHOM 06yYeHUU: 3¢hheKmuUBHOCMb, nepcrekmussl, Hedocmamku // MIHHO8AUUOHHoe
npubopocmpoeHue. 2026. T. 5, Ne 4. C. 76-81. DOI: 10.31799/2949-

0693-2026-4-76-81.

Analysis and comparison of prescriptive analytics
modules

Abstract. The article is devoted to the analysis and comparison of modern prescriptive analytics
software modules. It examines the leading solutions (IBM, SAS, Oracle, 1C), evaluates each of the
tools in terms of the functionality of the mathematical apparatus, integrability with other systems
and performance. Based on a comparative analysis, the strengths and weaknesses of the solutions
under consideration are identified and the prospects for the development of prescriptive analytics
modules are outlined.

Keywords: analytics, prescriptive analytics, optimization, prescriptive analytics modules

For citation: Fedoseeva S. N., Burmyshev L. N. Analysis and comparison of prescriptive analytics
modules. Innovacionnoe priborostroenie = Innovative Instrumentation. 2026;5(4):70-75. (In Russ.).
DOI: 10.31799/2949-0693-2026-4-70-75.

Artificially modeled synthetic data in machine
learning: effectiveness, prospects, and
disadvantages

Abstract. This article examines the growing trend of using synthetic data to train artificial neural
network models for various tasks to compensate for the lack of real data due to data collection
issues. It provides an overview of the application of synthetic data in computer vision, large-scale
language models and feedforward networks for working with tabular data. The review identifies
current challenges, mitigation strategies, and prospects for using this approach.

Keywords: neural networks, machine learning, artificially simulated data, artificial data, synthetic
data, training data, training dataset

For citation: Galanina V. A., Karpov M. E. Artificially modeled synthetic data in machine learning:
effectiveness, prospects, and disadvantages. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2026;5(4):76-81. (In Russ.). DOI: 10.31799/2949-0693-

2026-4-76-81.
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XpomaTorpadpudeckuid aHaIu3 AJIA pacyeTa HOpM
noTpe6IeHUA HaTypaibHbIX MaceJl KakK

Gas chromatography method for natural oils
comparison as the sources of polyunsaturated fatty

HUCTOYHHUKOB MOJIMHEHACBILICHHBbIX 2JKHPHbBIX KHCJIOT acids

AHHOmMayus. Ha 0CHOBAHUU 2G30XPOMaMo2PahuUHecKo20 AHANU3a 06PA3Y08 MOMCHO 8bI4UCAUMb
003y NpupoOHbIX Maces 041 MNoKpbIMusA cymo4Holi nompebHocmu YesnoeeKka 8 HEOOX0OUMbIX
KOMMOHEHMax payuoHa NUMaHus 8 coomeemcmeuu ¢ «Hopmamu pu3uon02u4ecKux
nompebHocmeli 8 3HepauU U NUWEBLIX 8eWecmaax 015 PasaudHbIX 2pynn HaceaeHus Pocculickol
®edepayuur». B Kayecmee ucmoYyHUKOB8 IMux sewjecms uccaiedosaHsl 06pasysl He 0YeHob
pPACIpoCcMpPaHeHHbIX MPUPOOHLIX MAces: MAC/Ad 2peyKo20 opexa, abpuKocosoli KOCMOYKU
pasauyHoli cmeneHu 04UCMKU U 20p4U4HO20 Macna. [pedcmasneHsl caedeHus o caolicmeax
maces u Ux rose3Hbix KAYecmasax, d Mmakie cocmassl 1o OCHOBHbIM sewyecmeam. Macna
abpuKocosoli KOCMOYKU, 2PeyKo20 opexd U 20pYU4HOE MAC/0, 8 YGCMHOCMU, UCMOAb3Yom 8 sude
buonozuyecku akmuegHelx 006ABOK U 071 HAPYHCHO20 MPUMEHEHUs 8 Ka4ecmee KOCMemu4ecKux
cpedcme. Uccnedyemole Mmacaa umerom ocobeHHO 8bICOKOe COOepHaHue w-3-HeHacbIWeHHbIX
HCUPHBIX KUC/IOM, YMO 10380s15€em UCM0/16308aMb UX 86CoMa 3¢h¢heKmuBHoO npu Hebosbwol
do3uposke. Macaa 602amel w-6- U w-9-HUPHLIMU KUCAOMAMU. PaccyumaHsl exce0HesHble
do3uposKu macesn.

Knrouessle cnoea: macso 2peyKoeo opexa, macso G6pUKOCOBOﬁ KOCMOYKU, 20p4U4HOE macso,
Cymo4Hasa nompe6Hocmb 8 numamersibHbIX sew,ecmeax, 2030XpOMGm02de)U‘1€CKUﬁ adHanus,
NnosIUHeHacblWeHHbIe U HaCblWeHHble XUpHble Kucsiomebl

Ana yumupoeanus: ®omuyesa T. U. Xpomamoepapuveckuli aHanu3 011 pacdema HOpm
nompebaeHuUa HamMypasnbHbIX MAcCes KaK UCMOYHUKO8 M0/IUHEeHACbIU,EHHbIX ¥UPHbIX Kucsiom //
MHHOBayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 4. C. 82—-87. DOI:
10.31799/2949-0693-2026-4-82-87.

Pa3pab0oTKa MHTe/VIEKTYa/IbHOU CUCTEMBI
npeoopa3oBaHUs YCTHOM peyu B
CTPYKTYPUPOBAHHbIE U AOCTYNHbIE JJIA
AaJIbHeHlIero aHajausa JaHHble

AHHOMayusa. Paccmampusaemcs paspabomka uHmesnnekmyanbHol cucmemel,
npeoHa3HayeHHoU 015 Npeobpa308aHUs YCMHOU pevyu 8 CmpyKmypupoeaHHbie U 0cmynHele 0414
danbHeliwez2o0 aHanu3a OaHHsle. [lpedcmasaeHbl 0OCHOB8HbIE MEMOObI 06pabomKu ayOuOOaHHbIX,
BK/IH0YAA AB8MOMAMUYEcKoe pacro3HA8aHUE peyu, CyMMapu3ayuo mekcma u npumeHeHue
8eKMOopHbIx npedcmasseHuli 0718 ceMaHmuYeckozo noucka. ONUCaHa apxumexkmypa cucmemeol,
OCHOBAHHAA HA UCMO/b308aHUU 6OAbWUX A3bIKOBbIX MOoOeseli u nooxoda Retrieval-Augmented

Abstract. On the base of gas-chromatographic analysis of the oil samples, it is possible to calculate
the dose of natural oils to cover the requirement for essential components of the human diet in
accordance with the “Physiological Requirements for Energy and Nutrients for Various Population
Groups in the Russian Federation”. Samples of common natural oils, such as walnut oil, apricot
kernel oil of varying degrees of refinement, and mustard oil, have been studied as sources of these
substances. The article provides information about the properties and benefits of these oils, as
well as their composition in terms of main substances. Apricot kernel oil, walnut oil and mustard
oil contain fatty acids that are used as dietary supplements and for external use as cosmetical
component. The oils under study have a particularly high content of omega-3 unsaturated fatty
acids, which makes them very effective even in small doses. The oils are rich in w-6 and w-9 fatty
acids. On the base of it the estimated daily intake values for the oils were calculated.

Keywords: walnut oil, apricot kernel oil, mustard oil, daily nutritional requirements,
polyunsaturated and saturated fatty acids, gas chromatography

For citation: Fomicheva T. I. Gas chromatography method for natural oils comparison as the
sources of polyunsaturated fatty acids. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2026;5(4):82-87. (In Russ.). DOI: 10.31799/2949-0693-2026-4-82-87.

Development of an intelligent system designed to
convert spoken language into structured data that
can be further analyzed

Abstract. The article discusses the development of an intelligent system designed to convert
spoken language into structured data that can be further analyzed. The main methods of audio
data processing are presented, including automatic speech recognition, text summarization, and
the use of vector representations for semantic search. The architecture of the system is described,
based on the use of large language models and the Retrieval-Augmented Generation approach to
ensure effective question-and-answer interaction with the user.
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Generation 0n15 obecneyeHus 3ghheKmueHoO20 80MPOCHO-0M8emHo20 83aumooelicmaus ¢ Keywords: automatic speech recognition, semantic search, embeddings, vector indexing,

rnoss3osamesem. Retrieval-Augmented Generation, text summarization, knowledge base, large language models
Knrouesble c08a: asmomamuyeckoe pacrno3HasaHue peyu, ceMaHmuyeckuli nouck, ambedduHeu, For citation: Gataulin A. D., Chabanenko A. V. Development of an intelligent system designed to
8eKmopHasa uHoekcayus, Retrieval-Augmented Generation, cymmapusayua mekcma, 6asa convert spoken language into structured data that can be further analyzed. Innovacionnoe
3HaHul, 6onbuiue A3bIKosble Modesu priborostroenie = Innovative Instrumentation. 2026,5(4):88-96. (In

Russ.). DOI: 10.31799/2949-0693-2026-4-88-96.
Ana yumupoeanus: famaynuH A. []., YabaHeHKo A. B. Pazpabomka uHmennekmyanbHol
cucmemol npeobpazosaHuUa ycmHoU pedyu 8 CMpPyKmMypuposaHHele u 0ocmynHole 011
dasnbHeliwezo aHanu3a 0aHHble // MHHoB8auuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 4. C. 88—
96. DOI: 10.31799/2949-0693-2026-4-88-96.
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Moaenb uu¢ppoBOro Npomu3BOACTBEHHOI0 KOHTypa
AJISI MOAYJIbHOU COOPKHU 6eCIUIOTHBIN
aBHALMOHHBIX CUCTEM

AHHOMayus. lpednoxeHa u 8epuduyupo8aHa Mooesb Yugpposoz2o npou3so0cmeeHHo20
KOHMYypa 018 modynbHoli cbopKu 6ecrnunomHbix asuayuoHHbIx cucmem (BAC). AKmyanbHoCmb
uccnedosaHuUsA obycnoeneHa nepexodom ompacau BAC om edUHUYHbIX ONbIMHbIX 06pa3408 K
Heobxodumocmu 2ubKo20, 6b6ICMPOo NepeHaAnarcueaemozo U Yyugpposoao npo3pa4yHo2o
npouzsodcmaa, cnocobHo2o pabomame 8 yc/o08uUAX MHO20HOMEHKAAMYPHOCMU U 8bICOKOU
u3mMeHYUBOCMU KOH(uaypayuli uzdenusd. Ob6bekmom uccaedo8aHuUs A6,9emcs MoOys1bHbIl
pou3800cmeeHHbIl yuacmoK cOOpKU KOMMOHeHmMo8 u Y3108 bAC. [pedmem uccinedosaHus —
mMooesb Yugposo2o npou3so0cmeeHH020 KOHMypa, 06vbeOUHAIOWAA MPOEeKMHble OGHHbIE,
onepamusHoe ynpasaeHue, KOHMPosb Kayecmea, yugposol 080UHUK yYacmKa u cucmemy
OUYeHKU rpouzsodcmeeHHol sghpekmusHocmu. Mcrionb3o8aHsI Memodbl CUCMeMHO020 aHAAU3a,
YHKYUOHAAbHO-CMPYKMYPHO20 MOOeUpOo8aHUS, OUCKPEMHO-cobbimuliHo20 MOOesIupPO8AHUS,
sepuguKayuU yugppPoso2o 080UHUKA, CMaMUCMUYeCK020 yNpasaeHUs npoueccamu U oyeHKu
obweli appekmusHocmu obopydosaHuA. HosusHa memooa 3aKao4aemca 8 hopmanusayuu
nPAMbIX U 06pamHbIX UHGHOPMAUUOHHbIX TOMOK08 mexdy yposHaAMU PLM — MES — SCADA —
ERP, po6omu3uposaHHbIiMu modyasamu, PLC, MaQWUHHbIM 3peHuemM U Yugppossim 080UHUKOM, a
makxe 80 8sedeHuU YuUgposo2o Nacnopma 3K3emnaapa c6opoyHo20 modysna Kak A0pa
npocnexcusaemocmu. lipakmuy4eckas 3HAYUMOCMb UCCAe008AHUA C8A3AHA C B03MOMHOCMbIO
POeKMupPoBaHUSA U 8BHEOPeHUS MOOYsbHbIX y4acmkos cbopku BAC ¢ COKpauwjeHUem YuKna,
YMeHbUeHUEM 8peMeHU nepeHanadKu, pocmom rnokasamens obuweli aghpgpekmusHocmu
obopyodoesaHus (Overall Equipment Effectiveness, OEE) u nossiweHuem 0oau
asmomamu3upo8aHHO020 KOHMPOJIA.

Kntouesble cao8a: npouzsodcmeo becrnuanomHbix a8UAUUOHHbIX cucmem, MoOys1e6HAs cb60pKa,
uyugpposoli npouzsodcmeeHHbIl KOHMyp, yugpposoli 08oliHuk, PLM, MES, SCADA, mawuHHoe
3peHue, OEE, SPC

Ana yumupoeaHus: PoicuH A. B., ConéHoili C. B., ConéHas O. A., KyzbmeHko B. 1., bobpbiwios A.
. Modenb yugpposozo npou3sodcmeeHH020 KOHMypa 0715 MoodyabHoU cbopKu becrnuaomHeili
asuUAyUOHHbIX cucmem // MHHosayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 3. C. 7-18. DOI:
10.31799/2949-0693-2026-3-7-18.

AHaJ/iu3 CylieCTBYIOUMX TeXHUYeCKUX
0COOEHHOCTEeN KOHCTPYKIMM M COOPOYHBIX

A digital production circuit model for modular UAS
assembly

Abstract. A model of a digital production circuit for modular assembly of unmanned aircraft
systems has been proposed and verified. The relevance of the research is due to the transition of
the UAS industry from single prototypes to the need for flexible, quickly reconfigurable and
digitally transparent production capable of operating in conditions of a multi-nomenclature and
high variability of product configurations. The object of the study is a modular production site for
the assembly of UAS components and assemblies. The subject of the research is a digital
production circuit model that combines design data, operational management, quality control, a
digital twin of the site and a system for evaluating production efficiency. The paper uses methods
of system analysis, functional and structural modeling, discrete event modeling, digital twin
verification, statistical process management and assessment of the overall efficiency of
equipment. The novelty of the method lies in the formalization of forward and reverse information
flows between PLM — MES — SCADA — ERP levels, robotic modules, PLC, machine vision and a
digital twin, as well as the introduction of a digital passport for an instance of the assembly
module as the core of traceability. The practical significance is related to the possibility of
designing and implementing modular UAS assembly sites with a shorter cycle, shorter changeover
time, an increase in the Overall Equipment Efficiency index (Overall Equipment Efficiency, OEE) and
an increase in the share of automated control.

Keywords: AS production, modular assembly, digital production circuit, digital twin, PLM, MES,
SCADA, machine vision, OEE, SPC

For citation: Rysin A. V., Solyonyj S. V., Solenaya O. Ya., Kuzmenko V. P., Bobryshov A. P. A digital

production circuit model for modular UAS assembly. Innovacionnoe priborostroenie = Innovative
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Analysis of existing technical features of designs
and assembly operations of small flying robotics
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onepanuii MaJibIX JieTaTeJbHbIX
POGOTOTEXHUYECKHUX CHCTEM U PellIeHU# AJIs1 uX
ynpoueHus

AHHomayus. [posedeH aHanu3 Npobaem u 803MOHCHbIX clocob06 noselweHus
aghghekmusHOCMU U NPOcMomsi COOPKU Masbix 6eCnun0mHbIX d8UAyUOHHbIX cucmem (MBAC), 8
0cobeHHOCMU MOOYbHbIX KOHCMPYKYul. [IpoaHaNU3UpPOB8aAHbLI OCHOBHbIE 02PAHUYEHUS,
yCAoXHALUWUe npoyecc asmomamu3sayuu coopku MBAC u ucnosnb308aHus c60poYHbIX
pobomomexHuYecKux Komraekcos. lpedanoreHa MemoOuKa nosbieHUs 2ubKocmu u
npocmomsi c6opku MBAC Ha ocHoge 0ceso20 cosMeu,eHuUA omoenbHbix modynell U Y3108
KOHCMPYKYUU, Ymo 11o380a1em onmumu3upo8ames mpaeKkmopuro 08UXeHUA MAHUMYAAMOopPos
y c60pOYHbIX PO6OMU3UPOBAHHbLIX KOMIAEKCO8. onoaHUMen6Ho 060CHOBAHO 8HedpeHue
MA2HUMHO-MPYHCUHHbIX U MOOMPYHCUHEHHbBIX KOHMAKMHbIX 2pyni 041 (hUKCAyuU Y3108
KOHCMPYKYUU, 4Ymo 10380/49em KOMMEHCUpo8amse rnozpewHocmu ycmaHosku 0emasnel 6e3
80roaHUMeNbHO20 BHEOPEHUA CUCMEM KOHMPOsA HO OCHO8E MEXHUYECKO20 3PeHUs.
MpednoxeH anzopumm aemomamu3suposaHHol cbopku MBAC, ekntouarowyuli 8 cebs amanoi
no3uyuoHuUposaHua moodysneli MBAC, cmbIKOBKU U KOHMPOA HA0EXHOCMU COeO0UHeHUs MoOyna
6a3b!1 u nyyeli MBAC. Pe3ynemamei uccnedo8aHuUs HanpasaeHsl Ha ynpoweHue npoyecca
cbopku MBAC 6e3 ucronb308aHUA MAHUMYAAMOPO8 CO CMEHHbIM UHCMPYMeEHMOM unu
cucmemamu mexHU4ecKo20 3peHUs.

Kntouesbie cnoea: Mmanble becrnunomHble a8UAYUOHHbIE CUCMEMbI, MOOY/IbHOCMb
KOHCMPYyKyuu, cC60pKa Masbix Y3708, a8MoOMamu3ayus cbopku

Ana yumupoeaHus: KyzemeHko B. M., KyzbmeHko (0. 1., bobpeiwos A. [1., PoicuH A. B. AHanu3
cywecmsyroujux mexHu4eckux ocobeHHocmeli KOHCMpyKyuli u cb6opoYHbIX onepayuli Maneix
flemamesbHbIX PO6OMoMexHUYecKUx cucmem u peweHuli 047 ux ynpoweHus //
MHHosayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 3. C. 19-32. DOI: 10.31799/2949-0693-
2026-3-19-32.

and solutions for their simplification

Abstract. The paper analyzes the problems and possible ways to improve the efficiency and ease
of assembly of small unmanned aircraft systems (SUAS), especially modular structures. The main
limitations that complicate the process of automating the assembly of SUAS and the use of
assembly robotic systems are analyzed. A technique is proposed to increase the flexibility and
simplicity of SUAS assembly based on the axial alignment of individual modules and structural
components, which makes it possible to simplify the trajectory of manipulators in robotic assembly
complexes. Additionally, the introduction of magnetically spring-loaded and spring-loaded

contact groups for fixing structural components is justified, which makes it possible to compensate
for errors in the installation of parts without additional introduction of control systems based on
technical vision. An automated assembly algorithm is proposed, which includes the stages of
positioning, docking, and connection reliability control. The research results are aimed at reducing
the labor intensity of production and improving the assembly quality of modern SUAS.

Keywords: small unmanned aircraft systems, design modularity, assembly automation, industrial
robotics, interface connectors, technological control, mass production

For citation: Kuzmenko V. P., Kuzmenko Yu. P., Bobryshov A. P., Rysin A. V. Analysis of existing
technical features of designs and assembly operations of small flying robotics and solutions for
their simplification. Innovacionnoe priborostroenie = Innovative Instrumentation. 2026,5(3):19-32.
(In Russ.). DOI: 10.31799/2949-0693-2026-3-19-32.
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[IpyuMeHeHHU e NACCUBHOTO NMPeo6pPa30BaTE/IbHOTO
YCTPOMCTBA HA OCHOBE KaCKaJHbIX MOJIOCKOBBIX
CTPYKTYP AJIA KOHTPOJISI COCTOAHUSI KOMIIO3UTHBIX
MaTepHuajioB

AHHOomayus. PazpabomaHHoe paHee naccusHoe npeobpazosamesnsHoe ycmpolicmeo
M0AAPU3AUUOHHbIX XAPAKMePUCMUK Ha 0CHose cemucnoliHol KackadHol nosnockosoli
cmpykmypel (KINC) anpobuposaHo 8 Kayecmse 6ecCKOHMAKMHO20 cpedcmea
Hepaspywarow,e20 KOHMPOsA NoaAUMePHbIX KOMMO3UMHbIX mamepuanos. [TpedcmasneHsl
pe3ynbmamel 3KCNepuUMeHmManbHol GUA2HOCMUKU yaaennacmuKossix 06pa3yos ¢
UCKycCmBeHHO CO30aHHbIMU 0edpeKmamu: paccioeHUAaMU, 30HAMU MPOHUKHOBEHUS 8/aa2u U
UHOPOOHbIMU BKAKOYEHUAMU. YCMAaHO8/eHOo, Ymo Haubosee YyyscmaumesnbHbIM Napamempom
K CMpPYyKMypHbIM He0OHOPOOHOCMAM 8bICmynaem Ko3gguyueHm 3aaunmu4yHocmu ¥,
usmeHeHue Komopozo Ha 0,5° yeepeHHO yKa3blisaem Ha Hasau4yue paccaoeHus ouamempom om
5 mMm Ha enybuHe 0o 2 MM. [TOKA3aHO, YmMo NoAApU3aYUOHHbIU Memod 10380s5em 8bIA8AAMb
dechekmeol, NponyweHHble yabmpassyKosbiM KOHMposem (paccioeHue 3x3 Mm Ha enybuHe 2
mm). JocmosepHocmb 0bHapyxdeHus 0eghekmo8 omHoCcUMesnbHoO 3MasnoHHO020
ybmpa3eyKoso2o0 Memooa cocmasusa bonee 96 %. Mccriedo8aHO 8auAHUE memnepamypHoix
U 8UbPayUOHHbIX 8030elicmeuli Ha cmabunbHOCMb MOKA3aHUL; MPOOeMOHCMPUPOBAHA
803MOMHOCMb UHMe2payuu ycmpolicmea 8 CBY-mpakm 6e3 usmeHeHUsA e2o0 2eomempudul.

Kntouesble cnoea: Hepaspywarowuli KOHMPOL, KOMMTO3UMHble MaMepuassl, KACKAOHbIE
10/10CK08bIE CMPYKMYPbI, MOAAPUIAYUSA, KO3 DUYUEeHM 3AAuNmu4HOCMU, OepeKkmocKonus,
CBY-0uazHocmuka

Ana yumuposarus: AH C. . [pumeHeHuUe naccusHoz0 npeobpazosamensbHo20 ycmpolicmea
HQO OCHOBEe KACKAOHbIX MOIOCKOB8bIX CMPYKMYyP 0415 KOHMPOA COCMOAHUA KOMMO3UMHbIX
mamepuasnos // HHosayuoHHoe npubopocmpoeHue. 2026. T. 5, No 3. C. 33-38. DOI:
10.31799/2949-0693-2026-3-33-38.

AnropurMuyecKoe M MporpaMMHoOe o6ecrneyeHue
KOHTPOJIA BEKTOPaA 3JIEKTPUYeCcKOoro noJisa B CBY-
HANpaBJIAKINUX CUCTEMAX C MUHUMAJIbHBIM
BO3JelCTBUEM HA TPAKT

AHHOomayus. PaccmompeHsi an20pumm 06pabomku cu2Hasn08 U npo2pammHslli KOMeKc,

Application of a passive converter device based on
cascaded strip structures for monitoring the
condition of composite materials

Abstract. A previously developed passive converter device of polarization characteristics based on
a 7-layer cascade strip structure (CSS) has been tested as a non-contact means of non-destructive
testing of polymer composite materials. The results of experimental diagnostics of carbon fiber
samples with artificially created defects are presented: delaminations, moisture penetration zones
and foreign inclusions. It has been established that the most sensitive parameter to structural
inhomogeneities is the ellipticity coefficient x, a change of which by 0.5° confidently indicates the
presence of stratification with a diameter of 5 mm at a depth of up to 2 mm. It is shown that the
polarization method makes it possible to detect defects missed by ultrasound control (3x3 mm
stratification at a depth of 2 mm). The reliability of defect detection relative to the reference
ultrasound method was more than 96 %. The effect of temperature and vibration influences on the
stability of readings is investigated; the possibility of integrating the device into a microwave path
without changing its geometry is demonstrated.

Keywords: non-destructive testing, composite materials, cascade strip structures, polarization,
ellipticity coefficient, flaw detection, microwave diagnostics

For citation: Yan S. I. Application of a passive converter device based on cascaded strip structures
for monitoring the condition of composite materials. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2026;5(3):33-38. (In Russ.). DOI: 10.31799/2949-0693-2026-3-33-38.

Algorithmic and software control of the electric
field vector in microwave guiding systems with
minimal impact on the path

Abstract. A signal processing algorithm and a software package designed to control the
polarization characteristics of electromagnetic waves in microwave guiding systems are
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npedHa3Ha4YeHHble 0719 KOHMPOAA MOAAPUIAYUOHHBIX XAPAKMEPUCMUK 3AEKMPOMA2HUMHbIX
80s1H 8 CBY-Hanpasaaowux cucmemax. An20pumm peasausyem cemuiazosyio rnpoyedypy om
KaaubposKu 00 8U3yaaAU3AYUU Pe3yabmamos, 8KAYAIWYIO 8 ceba memnepamypHyHo
KomMmeHcayuto, YacmomHyto Koppekyuto u nodassneHue 06pamHo20 paccesHus.
MpozpammHas peanusayus obecneyusaem pacdem mampuysl [y oHca, S-napamempos u
0NMMUMU3AYUI0 2e0MEMPUU KACKAOHbIX M0I0CKOBbLIX CMPYKmMyp. BepuuKkayus nokasana,
ymo aneopumm obecreyusaem mo4Hocmeb onpeodesneHus yaaa nosopoma noAApU3AYUU He
xyxce 0,6° npu 8Hocumom 3amyxaHuu <0,1 b eo ecem paboyem ouanasoHe yacmom 8—18
Ty. Aemomamu3ayus cokpamuaa epems nPoekmMuposaHus ¢ 5 oHeli 0o 8 u.

Knioueeble cno0ea: KOHMPOsb NoAAPU3AYUU, an20pumm 06pabomKu cu2Hasos,
npozpammHsbIl Komnaekc, CBY-mpakm, aemomamu3ayus, KACKaOHble M0a0CKo8bie
cmpykmypobl

Ana yumuposarusa: AH C. . Anzopummuyeckoe u npoepammHoe obecrieyeHue KOHmMpona
8eKmopa 3nekmpu4yecko20 nosaa 8 CBY-Hanpasaaowux cucmemax ¢ MUHUMG/1bHbIM
so3delicmeuem Ha mpakm // HHoeayuoHHOe npubopocmpoeHue. 2026. T. 5, Ne 3. C. 39-43.
DOI: 10.31799/2949-0693-2026-3-39-43.

ABTOHOMHAas HaBUTALUA I'PAXKIAHCKOTO
0eCUJIOTHOrO JIETAaTe/IbHOIO anmnapara
MYJIbTUPOTOPHOI'O TUIIA B 3aMKHYTOM IOMELIeHUH
c nomo1ubio SLAM-asropurma

AHHOomayus. PaccmompeHsi no0Xo0bl K a8mMoHOMHOU Hasuzayuu 6ecrnuaomHoz20
semamesbHO20 annapama 8 rnomeweHuU AabupuHMHO20 MUna, 8bIMOAHEH CPABHUMEbHbIL
aHanAu3 pacnpocmpaHeHHsix SLAM-an20pummo8 ¢ moYKu 3peHus ux npumeHuUmMocmu K 3adave
1oCmMpoeHuUsA Kapmsi U A10KAAU3ayuu OpoHd. B kauecmase 60308020 peweHus 8bI6paH anzopumm
RTAB-Map, obecnevyusarouuli MHO20CeHCOPHOe CAUSHUE OAHHbIX, TOCMPOeHUE Kapmel
3AHAMOCMU U KOPPEKUUI HaKomnaeHHoU owubKuU 3a cHem MexXaHU3Ma 3aMbIKAHUSA nemeso.
MpedcmasneHsl pe3yabmameol UMUMAYUOHHO20 MOOEAUPOBAHUA ABMOHOMHO20 Noaema
Keadpokonmepa 8 nabupuHmHol cpede.

Kntouesble cnoea: 6ecriunomHeili naemamessHolli annapam, K8AOPOKoNmMep, A8MOHOMHASA
HasueayuA, SLAM

Ana yumupoesanusa: KocmuH A. C., KocmuH E. C. ABmOHOMHAA Ha8U2AYUA 2paXOaHCKO20
becnunomHo2o nemamesbHO20 annapama MyasbmMupPoOmMopPHO20 Murna 8 3aMKHYMoM noMeu,eHuU
¢ nomouybto SLAM-anzopumma // HHoayuoHHoe npubopocmpoeHue. 2026. T. 5, No 3. C. 44-52.
DOI: 10.31799/2949-0693-2026-3-44-52.

considered. The algorithm implements a seven-step procedure from calibration to visualization of
the results, including temperature compensation, frequency correction and backscatter
suppression. The software implementation provides the calculation of the Jones matrix, S
parameters, and optimization of the geometry of cascading strip structures. Verification showed
that the algorithm ensures the accuracy of determining the polarization rotation angle of at least
0.6° with an applied attenuation of <0.1 dB over the entire operating frequency range of 8-18
GHz. Automation has reduced the design time from 5 days to 8 hours.

Keywords: polarization control, signal processing algorithm, software package, microwave path,
automation, cascade strip structures

For citation: Yan S. I. Algorithmic and software control of the electric field vector in microwave
guiding systems with minimal impact on the path. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2026;5(3):39-43. (In Russ.). DOI: 10.31799/2949-0693-2026-3-39-43.

Autonomous navigation of a civilian multirotor
unmanned aerial vehicle in a confined space using
the SLAM algorithm

Abstract. The paper examines approaches to autonomous navigation of an unmanned aerial
vehicle in an indoor labyrinth environment and provides a comparative analysis of widely used
SLAM algorithms in terms of their applicability to drone mapping and localization. RTAB-Map was
selected as the core solution due to its support for multisensor data fusion, occupancy grid
generation, and accumulated error correction through loop closure. The paper presents the results
of simulation-based autonomous quadrotor flight in a labyrinth environment.

Keywords: unmanned aerial vehicle, quadrotor, autonomous navigation, SLAM
For citation: Kostin A. S., Kostin E. S. Autonomous navigation of a civilian multirotor unmanned

aerial vehicle in a confined space using the SLAM algorithm. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2026;5(3):44-52. (In Russ.). DOI: 10.31799/2949-0693-2026-3-44-52.
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AHa/IU3 CUMYJIIIIUOHHBIX pellleHUu! A1
ynpaBJ/ieHHA 6eCIUJI0THBIMU JIETaTEeIbHbIMH
anmapaTramMu

AHHOMayuA. B pamkax ucciedosaHusA pewaromca 3a0a4u ymovHeHUsA u popmanusayuu
mpe60o8aHuli K CUMYAAMOpPY HAG OCHOBE MEXHUYECKO20 3d0aHUSA, MPOEeKMUPOBAHUA U peaausayuu
MOOYAbHOU apxumeKkmypbl KOMIAEKCd, pa3pabomKu MexaHU3mMo8 0bMeHa OaHHbIMU MeX Oy
KOMMOHeHmMamu no cmaHéapmtyomy npomokony Micro Air Vehicle Link (MAVLink), co30aHus
cpedcme eu3yanu3ayuu u ynpaeneHus, a maxkme gopMupo8aHuUsa U 8epupuUKayuUU MpuKaaoHo2o
cyeHapus obaema mauym comosoli ceasu. Ocoboe sHUMAHUe ydensemcsa 2ubkoli KoHpuypayuu
60pmosozo 0bopydosaHusa becrnuaomHo20 AemamesibHo20 annapamad, Mooeaupo8aHuo
8HeWHUX ycaoeul, 8KAOYAA pesbeg, Mo200HbIE MApaMempbl, BPEMSA CYMOK, d MAKHe UMumayuu
pabomel a120pUMMO8 MeXHUYECKo20 3peHus 8 cocmase 6opmoeoli cucmemebl. 3HAYUMOCMb
pabomel 3aK04YAEMCA 8 NO8bIWEHUU 3pheKmUBHOCMU U 80CMPOU3800UMOCMU HAYYHbIX
uccnedosaHuli 8 061acmu 6ecnuaomHbIX A8UAYUOHHbIX CUCMEM, CHUXEHUU 3ampam Ha
nposedeHUe HAMYPHbIX UCbiMaHulli U paszsumuu mexHoao2ull Yugppossix 080UHUKOS.

Kntouesble cnoea: cumynayusa becrnuaomuoix saemamessHoix annapamos, MAVLink, modyneHas
apxumekmypa, yugposoli 080lHUK, mexHuU4YecKoe 3peHue

Ana yumupoeaHus: Casenves A. UN., Yepckux E. O., Tumaes U. A., KasaHues H. A. AHanu3s
CUMYAAYUOHHbIX peuwleHuli 001 ynpaeneHua 6ecnuaomHbiMu 1emamesnbHsIMu annapamamu //
UHHoBayuoHHOe npubopocmpoeHue. 2026. T. 5, Ne 3. C. 53—-63. DOI: 10.31799/2949-0693-2026-
3-53-63.

Analysis of simulation solutions for UAV control

Abstract. This work addresses the challenges of refining and formalizing simulator requirements
based on technical specifications, designing and implementing modular architecture for the
system, developing mechanisms for exchanging data between components using the standard
Micro Air Vehicle Link (MAVLink) protocol, creating visualization and control tools, and generating
and verifying an application scenario for flying around cellular communication masts. Attention is
paid to the flexible configuration of the UAV’s onboard equipment, modeling external conditions,
including terrain, weather parameters, and time of day, as well as simulating the operation of
machine vision algorithms within the onboard system. The significance of this work lies in
increasing the efficiency and reproducibility of scientific research in the field of unmanned aerial
systems, reducing the costs of conducting full-scale testing, and developing digital twin
technologies.

Keywords: UAV simulation, MAVLink, modular architecture, digital twin, machine vision
For citation: Saveliev A. I., Cherskikh E. O., Timaev I. A., Kazantsev N. A. Analysis of simulation

solutions for UAV control. Innovacionnoe priborostroenie = Innovative Instrumentation.
2026;5(3):53-63. (In Russ.). DOI: 10.31799/2949-0693-2026-3-53-63.
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AJITOpUTMBI pacnpee/eHHOT0 Ha3HAYeHUs 3a4a4
U MapLIPyTOB B reTepOreHHoOM poe 6eCMJI0THBIX
JieTaTe/IbHbIX annapaToB

AHHOomayus. PaccmompeHa npobaema pacripedesneHHo20 Ha3Ha4YeHusA 3a0ay U nocmpoeHus
Mapuwpymos 8 2emepo2eHHOM poe becrnuaomHsix semamesnbHbix annapamos (b/1A),
yHKUUOHUpYtowem 8 OuHamuyeckoli cpede npu 02paHu4eHHoUl C8A3HOCMU, PecypCHbIX
02PAHUYEHUSAX U pUCKe KOHPAUKMOB 08uxceHuUsA. AKmyanbHocme pabomel onpedenaemcsa
pocmom yucna epynnoseix mucculi b/1A 8 3ada4yax MOHUMOPUHaa, UHCMEKYUU U MOUCKOBO-
cnacamerneHbix onepayuli, 20e yeHMpPanu308aHHbIE CXeMbl YrpasneHus mepsaom ycmoliyugocms
npu HernosaHol ceA3U U 0MKA3aX, d HEOOHOPOOHOCMb POsA M0 CEeHCOPaM, OaAbHOCMU, CKOPOCMU U
nosesHol Hazpyske cmaHo8uUMCcA onpedenstouUuM (hakmopom Kayecmea peweHus. Llensto
uccnedosaHusA A8a9emca pa3pabomka an20pumma, 06veduHAWe20 pacrpedeseHHoe
Ha3Ha4yeHue 3a0a4 U 6eCKOHPAUKMHYI0 Mapwpymu3ayuto 6e3 #ecmxoz20 yeHmpasnu308aHHO20
ducnemyepa. MpednoxceH pacnpedeneHHblli KOHCeHCYCHO-Pe3epa8ayUuoHHbIl anzopumm, 8
KOMOpPOM /10KA/16HASA 110/€3H0CMb HA3HA4YeHUs hopmMupyemcs ¢ y4emom coemecmumocmu
azeHma u 3a0a4u, Mpupocma spemeHu, 3Hep203ampam U 3a2py3Ku, 1ocse 4ez2o 8bINoAHAMCA
MHo20Waz080€e coenacosaHue nobedumerneli, pe3epsuposaHuUe 8peMeHHbIX OKOH Ha Mapwpymax
u cobeimuliHo-ynpasasemoe nepepacnpedeseHue 30004 npu usMmeHeHUU o6cmaHosKu. B
8bIYUCAUMEbHBIX IKCIEPUMEHMAX

HO cUmMyaamope ¢ nAmeto cueHapuamu u 12 cepuamu MoHme-Kapso NoKa3aHo, Ymo 8 ycioeusax
02paHu4eHHoU c8s3u 0015 8bINOAHEHHbIX 3a0a4 docmuzana 66,3 npomus 25,3 % y
YeHmMpanu308aHHO20 SMAsOHA, d NPU OMKA3ax azeHmos — 72,9 npomus 47,6 %, 8 cueHapuu
OUHAMUYECKO20 r0s8aeHUA 3a0a4 npednoxceHHsIl anzopumm obecneyun 75,0 % eoinonHeHus
npu MeHbWeM 8pemMeHU MUCCUU, YeM Y pa3oesnbHOo20 U Mpocmoao pacnpedeneHHo20 nooxooos.
Mpakmuyeckasa 3HAYUMOCMb pe3ysnbmamos cOCMmoum 8 803MOXCHOCMU NMPUMeEHEHUA Memood 8
cucmemax MOHUMOPUH2d, MOUCKOBO-CACAMESbHbIX MUCCUAX, UHCEKYUU U so2ucmuyecKol
noddepike, 20e mpebyemca macwmabupyemas KOOpOUHaAuUs 2emepo2eHHbix b/T1A 6e3 eduHol
MOoYKU OMKa3a.

Knrouesslie cnosea: ZemepOZEHHbIU poﬁ becnunomHoix nemamesnoHbIX annapamos,
pucnpedeﬂeHHoe ynpaesneHue, Ha3Ha4YeHue 3000‘4, naagHUpoeaHue mapwpymos, MHo2oa2eHmHsole
cucmemel, KOOdeHGMUﬂ, onmumusayus, omKa3oycmoﬁt1ueocmb

Ana yumupoesaHus: PeicuH A. B. Anzopummel pacnpedesneHH020 Ha3HaYeHus 3a0ay u
Mapuipymoe e eemepo2eHHOM poe becrnunomHsix semamesbsHbix annapamos // MHHo8ayuoHHoe
npubopocmpoeHue. 2026. T. 5, Ne 3. C. 64-75. DOI: 10.31799/2949-0693-2026-3-64-75.

Algorithms for distributed assignment of tasks and
routes in a heterogeneous swarm of UAVs

Abstract. The problem of distributed assignment of tasks and route construction in a
heterogeneous swarm of unmanned aircraft systems (UAVs) operating in a dynamic environment
with limited connectivity, resource constraints and the risk of traffic conflicts is considered. The
relevance of the work is determined by the growing number of UAVs group missions in the tasks of
monitoring, inspection and search and rescue operations, where centralized control schemes lose
stability with incomplete communication and failures, and the heterogeneity of the swarm in
sensors, range, speed and payload becomes a determining factor in the quality of the solution. The
aim of the research is to develop an algorithm that combines distributed assignment of tasks and
conflict-free routing without a rigid centralized dispatcher. A distributed consensus-redundancy
algorithm is proposed in which the local utility of the destination is formed taking into account the
compatibility of the agent and the task, the increase in time, energy consumption and workload,
after which multi-step matching of winners, reservation of time windows on routes and event-
driven redistribution of tasks in case of a change in the situation are performed. In computational
experiments on a simulator with five scenarios and 12 Monte Carlo series, it was shown that in
conditions of limited communication, the proportion of completed tasks reached 66.3 % versus
25.3% for the centralized benchmark, and in case of agent failures — 72.9 versus 47.6 %; in the
scenario of dynamic task appearance, the proposed algorithm provided 75.0 % of completion with
a shorter mission time, than the separate and simple distributed approaches. The practical
significance of the results lies in the possibility of using the method in monitoring systems, search
and rescue missions, inspection and logistical support, where scalable coordination of
heterogeneous UAVs is required without a single point of failure.

Keywords: heterogeneous swarm of UAVs, distributed management, assignment of tasks, route
planning, multi-agent systems, coordination, optimization, fault tolerance

For citation: Rysin A. V. Algorithms for distributed assignment of tasks and routes in a
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LleHTp KOMIIEKCMPOBaHMS CPEACTB
PasuOTEXHUYECKOro oGecneyeHus NoJeToB
6eCNUJIOTHbIX AaBUALIMOHHBIX CUCTEM: KOHIIENIU,
apXUTEKTypa, NepBble Pe3yJabTaThl

AHHOMayus. MpedcmaeseHa KOHYenyus LleHmpa KoMaeKcupoeaHus cpedcms
paduomexHuyeckozo obecrieqeHus nosaemos 6ecrnuaomHbIX A8UAYUOHHbIX CUCMeM,
opueHMUPoOBAHHO20 Ha co30aHuUe eduHoli Hay4YyHo-uccaedosamenbckol, ucneimamesnsHol u
obpazosamesbHOU UHpacmpykmypel 8 0b61acmu paduomexHUYeCcK020 Conpo8oHOeHUs
nosnemos. ONuCLIBAIOMCA APXUMEKMypPa U Kato4eesble 3nemeHmsl co30a8aemoli cucmemsi:
MHO0200Uana30HHAsA 6opmoeasn Yupposeas akmueHas (ha3uposaHHAA AHMEHHAA peulemxa,
PAOUOAOKAYUOHHAA CMAHYUA cumyayuoHHol oceedomMaeHHOCMU, ucrnbimamesnsHbil yeHmp
cpedcme paduomexHuYeckozo obecriedeHus 6ecrnuaomHbIX A8UAUUOHHbIX CUCMEM U 1emarouias
nabopamopusa 018 HaMypHsIx ucnbimarul. [10Ka3aHO 8nUSHUE NPoeKkma Ha pazsumue
KomnemeHyuli 8 06aacmu 6ecrunomHbIx A8UAUUOHHbIX CUCMeM, noabiuleHue yposHA 6e30MacHo-
cmu nosnemos, hopmuposaHue eduHo20 NPOCMPAHCMEA CMAHOAPMU3AYUU U YCKOpeHue
KOMMepyuanu3ayuu peweHul 0aa 6ecniunomuoli asuayuu. lpedcmasneHsl nepsvie
pe3ynbmameol: pa3pabomka 3cKU3HOU OOKyMeHMayuu aHmMeHHo-(pudepHo20 mMpaKkma, MemoouK
Kanubpoeku u usmepeHull Yugposbix GHMEHHbIX PpewemoK, UHMe2payus SKCrepumMeHmanbHbix
cmeHOo08 8 06pazoeamesbHbIli npoyecc u ny6aAUKAUUOHHAA AKMUBHOCMb KO/1eKmued.
ObocHosbisaemMcs, Ymo co30aHuUe LieHmpa KomMnaeKcuposaHus obecrnevyusaem cucmemHyro
uHmMezpayuto 6opmossix U HazemMHbix cpedcme paduomexHuYeckozo obecrneveHus Moaemos
6ecrnunomHbix a8UAYUOHHbIX cucmem u hopmupyem 6a3y 047 00120CPO4YHO20 HAYYHO-
MmexHOo102U4eCcKo20 U UHOYCmpuansHo20 compydHu4Yecmea.

Knrouyeesle cnoea: becrnunomHsie asUayUoHHble cucmemsl, paduomexHu4eckoe obecrnevyeHue
nosnemos, yugposas AKMUBHAS PA3UPOBAHHAS AHMEHHAA pewemkKd, paduonOKAYUOHHASA
CMAaHYUA cumyayuoHHol oceedomaeHHOCMU, UCMbiIMamesbHasa UHGPAcmpykmypa, 1emarouds
n1a60pamMopus, KanubpPoBKa AHMEHHbLIX pewemoK

Ana yumupoeaHus: KyzemuH C. B., bakweesa K. B., becmyzauH A. P., AHmoxuH E. A., [lyHaes H.
1., AepameHKo A. Al., Koznos T. M. LijeHmp KomnaeKcuposaHus cpedcmes paduomexHu4ecKkozo
obecrieyeHuUsA nosemos 6ecrnunomHbIX A8UAUUOHHbLIX CUCMEM: KOHUEenyus, apxumekmypa,
nepesie pesysabmamel // MHHosayuoHHoe npubopocmpoerue. 2026. T. 5, Ne 3. C. 76-95. DOI:
10.31799/2949-0693-2026-3-76-95.

Center for integration of radio engineering support
equipment for unmanned aircraft system flight
operations: concept, architecture and initial
results

Abstract. The concept of a Center for integrating radio engineering support for flights of
unmanned aircraft systems is presented, focused on creating a unified research, testing and
educational infrastructure in the field of radio flight support. The architecture and key elements of
the system being created are described: a multi-band on-board digital active phased array
antenna, a situational awareness radar station, a test center for radio engineering support for
unmanned aircraft systems and a flying laboratory for field tests. The impact of the project on the
development of unmanned aircraft systems competencies, improving flight safety, creating a
unified standardization space and accelerating the commercialization of solutions for unmanned
aircraft is shown. The first results are presented: the development of draft documentation of the
antenna-feeder path, methods of calibration and measurement of digital antenna arrays, the
integration of experimental stands into the educational process and the publication activity of the
team. It is proved that the creation of the Integration Center ensures the system integration of
onboard and ground-based radio technical support for unmanned aircraft systems flights and
forms the basis for long-term scientific, technological and industrial cooperation.

Keywords: unmanned aircraft systems, radio engineering flight support, digital active phased
array antenna, situational awareness radar, testing infrastructure, flying laboratory, antenna
array calibration

For citation: Kuzmin S. V., Baksheeva lu. V., Bestugin A. R., Antokhin E. A., Dunaev N. P.,
Avramenko A. Ya., Kozlov T. M. Center for integration of radio engineering support equipment for
unmanned aircraft system flight operations: concept, architecture and initial results.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2026,5(3):76-95. (In Russ.). DOI:
10.31799/2949-0693-2026-3-76-95.
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KpuTepuu Bbi6Opa apXUTEKTypbl IPOrpPaMMHOT0
oGecnevYyeHus AJ1s1 00PTOBBIX CUCTEM 6€CMUIOTHBIX
JIeTaTe/IbHbIX aNlllapaTOB

AHHOMayUA. Paccmampuearomcs Kao4esble Kpumepuu 8blbopa apxumeKkmypbl po2pammHO20
obecneyeHus (I10) a3 6opmossix cucmem 6ecrnuaomHbIX sAemamesnbHsix annapamos (B/1A).
AHanusupyromca apxumexkmypHsie nodxodsl, MpuMeHaeMble 8 COBPEeMEHHbIX A8MOnuUAoOMax
(Ardupilot, PX4) u cneyuanu3uposaHHbix naamgpopmax (NASA ICAROUS). Bbidensiomca ocHo8Hble
2pynnel Kpumepues: mpeb0o8aHusA K HadexHocmu u 6e30MacHocmu, 02paHuUYeHus
8bIYUCIUMESbHBIX Pecypcos, 0emepMUHU3M PeanbHO20 8peMeHU, Macuwmabupyemocms u
B803MOMCHOCMb UHMe2Ppayuu 8HeWHUX KoMNIoHeHmMos. lpedaazaemca memoouKka 060CHOBAHUSA
8b160pa apxuUMeKmMypsl Ha OCHOB8E K/AACCa anmnapama u yeneasix 3a0a4 muccuu.

Knrouesble cnoea: becrnunomHsix semamesbHble annapamel, apxumexkmypa npozpammHo20
obecneyeHus, 6opmossle cucmemsl, Kpumepuu 86160pa, HA0eHHOCMb, PeasnbHoe 8pems,
ICAROUS, Ardupilot, PX4

Ana yumupoeanus: PomaHosa M. C., YepHoeiwesa O. b., Kyaukosckasa A. B. Knumepuu ebibopa
apxumeKmypbl po2pammHo20 obecrieyeHuA 019 6opmosbix cucmem 6ecrnunomHsix
nemamesnbHbIx annapamos // UHHosayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 3. C. 85-95.
DOI: 10.31799/2949-0693-2026-3-85-95.

UccnepgoBaHue aJirOpuTMOB AJ1s peajiu3aluu
UHTE/VIEKTYaJIbHOTO IOUCKA 00 bEKTOB

AHHOMayuA. PaccmompeHsl Mo0xo0bi K 8b160pYy U 8epuUpUKAUUU a120pUMMO8 KOOPOUHAYUU 04158
UHMes1eKmMyasibHo20 NoUcKa 06vbekmoe 2pynnamu mobusnbHbix po6omos. AKmyasnbHOCMb
300a4u 06ycnosneHa ece 6osee WUPOKUM MPUMEHEHUEM My1bmua2eHmHbIX CUcmem 8
Kpumu4ecku 8axcHbIx 067aCMAX, MAKUX KOK MOHUMOPUH2 COCMOAHUSA meppumopuu u
06beKmos, cesnbcKoe x03alcmeo, UHCneKyus mpyoHoO00CMYynHbIX Mecm U NomMoWb 8
upe3eblyaliHbIx cUMyayusx.

Kntouessble cnosa: UHme/meKmyaﬂbe/G NMouckK, epynna MOOBUbHBIX p060m03, mMysniemuaceHmHeole
cucmemel, as20pummel noucka nymu, MypGGbUHbllj anzopumm

Ana yumupoeanus: ConéHaa 0. A., CHypHuKos A. [. UccnedosaHue anzopummos 044
peanu3ayuu uHmMesneKmyasnbHo2o noucka 06vekmos // MHHosayuoHHoe npubopocmpoeHue.
2026. T. 5, Ne 3. C. 96—100. DOI: 10.31799/2949-0693-2026-3-96-100.

Software architecture selection criteria for UAV
onboard systems

Abstract. This article examines key criteria for selecting software architecture for onboard systems
of unmanned aerial vehicles (UAVs). Architectural approaches used in modern autopilots
(Ardupilot, PX4) and specialized platforms (NASA ICAROUS) are analyzed. Key criteria are
identified: reliability and safety requirements, computing resource constraints, real-time
determinism, scalability, and the ability to integrate external components. A methodology for
justifying architecture selection based on the vehicle class and mission objectives is proposed.

Keywords: UAV, software architecture, on-board systems, selection criteria, reliability, real time,
ICAROUS, Ardupilot, PX4

For citation: Romanova M. S., Chernysheva O. B., Kulikovskaya A. V. Software architecture
selection criteria for UAV onboard systems. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2026;5(3):85-95. (In Russ.). DOI: 10.31799/2949-0693-2026-3-85-95.

Research of algorithms for implement intelligent
search of objects

Abstract. The article describes the approaches to selecting and verifying coordination algorithms
for intelligent object search by groups of mobile robots. The relevance of this problem stems from
the growing use of multi-agent systems in critical areas such as monitoring, agriculture, inspection
of hard-to-reach areas, and emergency response.

Keywords: intelligent search, mobile robot group, multi-agent systems, pathfinding algorithms,
ant colony algorithm

For citation: Solenaya O. Ya., Snurnikov Ya. D. Research of algorithms for implement intelligent

search of objects. Innovacionnoe priborostroenie = Innovative Instrumentation. 2026;5(3):96—100.
(In Russ.). DOI: 10.31799/2949-0693-2026-3-96-100.
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I[IpyMeHeHue NPOrpaMMHO-oNpee/isieMbIX Application of software-defined radio systems
paauocucteMm Ha 6a3e ETTUS cemericTBa X A1 based on the Ettus X family for research and
HUCC/IeJOBAHUA U NIPOTOTUIIMPOBAHUA prototyping of radio engineering systems
paA“OTeXH“quK“X CHCTEM Abstract. The article discusses the use of software-defined radio systems for the development of
modern radio engineering devices. Special attention is paid to the Ettus family X platform, which is
a high-performance next-generation SDR device. The study demonstrates that the SDR
architecture can significantly reduce the development cost of radio engineering devices and ensure

high system flexibility. Structural diagrams of the experimental setup are presented, along with an
analysis of the platform’s applicability for various radio engineering systems.

AHHOmayus. Paccmampusaemcs npumMeHeHue rpo2pamMmHo-onpedensemblx paduocucmem 011
paspabomku cospemMeHHbIX paduomexHu4yeckux ycmpolicms. Ocoboe sHUMaHuUe yoesieHo
naamgopme Ettus cemelicmea X, komopas npedcmassasgem coboli 8bICOKONpou3sodumensHoe
SDR-ycmpolicmeo Hos020 noKoneHus. [lokazaHo, Ymo npumeHeHue SDR-apxumeKkmypbi
03eosa5em cyu,ecmseHHo CHU3UMb CMOUMOCMb pas3pabomyu paduomexHu4eckux ycmpolicme u
obecrieyume 8bICOKYIO 2ubBKOCMb cucmemsl. [TpusedeHbl CMmpyKmypHole cCxemol
3KCMNepUMeHmManbHo20 KOMIAEKCa, aHAU3 803MOXCHOCMel npumMmeHeHUsA Naamgopmel 0117

PasAUYHLIX PAOUOMEXHUYECKUX cUCMeM. For citation: Baksheeva lu V., Kozlov T. M., Avramenko A. Ya., Kuzmin S. V., Dunaev N. P., Antokhin

E. A., Stolyarov I. A. Application of software-defined radio systems based on the Ettus X family for

research and prototyping of radio engineering systems. Innovacionnoe priborostroenie =

npozpammHo-onpedesnaemoepaduo Innovative Instrumentation. 2026;5(3):101-112. (In Russ.). DOI: 10.31799/2949-0693-2026-3-101-
112.

Keywords: SDR, Ettus family X, radar, digital signal processing, software-defined radio

Kntoyesole cnosa: SDR, Ettus cemelicmea X, paduonokayus, yugposas obpabomka cuzHanos,

Ana yumupoeaHus: bakweesa (0. B., Koznoe T. M., AspameHko A. A., KysemuH C. B., flyHaes H.
M., AHmoxuH E. A., Cmonspos U. A. [IpumeHeHue npozpammHo-onpeodensemblx paduocucmem Ha
6a3ze ETTUS cemelicmea X 015 uccnedosaHus u npomomunuposaHus paduomexHU4ecKux cucmem
// MHHoBayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 3. C. 101-112. DOI: 10.31799/2949-0693-
2026-

3-101-112.

MeToAbI U AJITOPUTMBbI ONITUMU3ALMM XpaHeHUust U Methods and algorithms for optimizing storage
00pabGOTKH JAHHBIX 60PTOBOrO JIa3€PHOr0 and processing of airborne laser scanning data
CKaHUPOBaAHUS AJI 3a4a4 aHA/IU3A 60JIBIIUX for large-scale spatial information analysis

00'beMOB NPOCTPAHCTBEHHOU UHPOpMaLLUU

Abstract. The article compares four practical approaches to optimize storage and preparation of
airborne laser scanning point clouds for analysis. The study considers one lossless method and
three methods with controlled losses (voxel-based thinning, random sampling, octree-based

structuring).

AHHOMayus. BoinonHeHo conocmasneHue yemeolpex NPAKMUKO-OpUeHMUpPOB8AHHbIX mMemooos
onmumusayuu XxpaHeHuAa u nod20moeKu K aHanusy 06/10K08 MOYEK OAHHbIX 60pmosoeo
/103epH020 CKAHUPOBAHUA: bes nomepb U C KOHMpoaupyembeimMmu rnomepamu (GOKCEHbHOE

npopexcusarue, cay4yaliHoe NpopexusaHue, CMmpyKmypuposaHue Ha 0OCHo8e oKkmodepeaa). . . . . .
pop » cny pop » Cmpykmypup pesa) Keywords: airborne laser scanning, point cloud, LAS, LAZ, lossless compression, voxel grid, random

sampling, octree, /O performance, memory footprint
Knroueassle cnoea: 6opmosoe nasepHoe ckaHuposaHue, 061ako moyek, popmam LAS, popmam

LAZ, cxcamue b6e3 nomeps, 80KCeAbHAA CeMKa, cay4aliHoe MpopexcusaHue, OKmooepeso, . g . . .
’ po, , cny pop ’ peso, Acknowledgements. This work was performed with financial support from the Ministry of Science

npoussodumensHocmy 66000-6b16000 and Higher Education of the Russian Federation under Agreement No. FSRF-2023-0003
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BbnazodapHocmu. Paboma ebinosnHeHa npu ¢puHaHcosol noddepycke MuHUcmepcmea HayKu u
sbicwez20 0bpazosaHus Pocculickol ®edepayuu, coenaweHue Ne FSRF-2023-0003
«PyHAaMeHMas1bHbIE 0CHOBbI TOCMPOEHUSA MOMEX03aUUUEHHbIX cucmem Kocmuveckoli u
crnymHuKosoli ceasu, omHocumesnbHol Hasu2ayuu, MexHUYecKo20 3peHuUs U a3p0KOCMUYECKo20
MOHUMOPUH2a ».

Ana yumupoeanus: MuckneHos T. A., HeHawes B. A. MemoOdb! u an20pummel onmumusayuu
XpaHeHUs u 06pabomku OaHHbIX 6OPMOB020 NA3EPHO20 CKAHUPOBAHUSA 0414 3a0aY aHAAU3A
6osbwux 06vemos npocmparHcmeaeHHol uHpopmayuu // MHHosayuoHHoe npubopocmpoeHue.
2026.T. 5, Ne 3. C. 107-112. DOI: 10.31799/2949-0693-2026-3-107-112.

Cucrema CUMYJIAIUHN 0eCIUJIOTHBIX JieTaTe/IbHbIX
dllriapaToB AJId pelleHHUuA L eJI€BbIX
IIPOMBIIIVJICHHBIX 3a4a4

AHHOMayusA. Pazpabomar cumynsayuoHHbIU Mpo2pamMmHbIl KOMIaeKc 0415 MOOeAUpPOo8aHUS
cyeHapues npumeHeHUa 6ecrnuaomHeIx A8UAUUOHHbIX cucmem. PeaauszoeaHa apxumekmypa STIL,
obecrneyusarow,as UHMe2payuro NPo2paMmHo20 aemonusaoma, 8upmyasnsHol
gomopeanucmuyHoli cpedsbl u HazeMHol cmaHyuu yrnpasaeHus. PazpabomaHs! cpedcmea
UMUMAUUOHHO20 MO0OeUpPoB8aHUA noanema 6ecnusa0m+Ho20 1emamesbHO20 annapama,
PYHKUUOHUPOBAHUA 6OpMOoBbIX cucmem, NAaHUPO8AHUA U 8bIMoAHeHUA muccull
a3pOMOHUMOpPUH24d. BeinoaHeHa anpobayus pazpabomaHHo20 cumyaamopd. 3HaYUMocmb
pabomel 3aK4YAEMCA 8 NO8bIWEHUU 3hheKmUBHOCMU U 80CMPOU3B00UMOCMU HAYYHbIX
uccnedosaHuli 8 06acmu 6ecrnuaomMHbIX A8UAYUUOHHbIX CUCMEM, CHUX(EHUU 3ampam Ha
nposedeHUe HAMYPHbIX UCbIMaHull U pazsumuu mexHosao2ull Yugdpossix 080UHUKOS.

Knroueassle cnoea: becrunomheili iemamesnsHelli annapam, cumynayus, mooenuposaHue
nosema, MPoMbluineHHsle 3a0a4u, Yugposslie 080UHUKU, Mpo2pammHoe obecrevyeHue 017
becnunomHelx AemamesibHbIX ANNapamos, 8UpMyasnbHas cpeda, MOHUMOPUH2

Ana yumupoeaHus: Casenves A. U., Yepckux E. O., Tumaes U. A., KazaHuyes H. A. Cucmema
cumynayuu 6ecrnunomHelx 1emamesbHolx annapamos 018 peweHus Yenesolx npombliaeHHbIX
300ay4 // HHo8ayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 3. C. 113-125. DOI: 10.31799/2949-
0693-2026-3-113-125.

“Fundamental principles of constructing interference-resistant systems for space and satellite
communications, relative navigation, machine vision, and aerospace monitoring”.

For citation: Pisklenov T. A., Nenashev V. A. Methods and algorithms for optimizing storage and
processing of airborne laser scanning data for large-scale spatial information analysis.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2026;5(3):107-112. (In Russ.). DOI:
10.31799/2949-0693-2026-3-107-112.

UAV simulation system for solving industrial target
problems

Abstract. A simulation software package for modeling UAS application scenarios has been
developed. The STIL architecture, which enables the integration of a software autopilot, a virtual
photorealistic environment, and a ground control station, has been implemented. Simulation tools
for UAS flight, onboard systems operation, and the planning and execution of aerial monitoring
missions have been developed. The developed simulator has been validated. The significance of
this work lies in its increased efficiency and reproducibility of research in the field of unmanned
aerial systems, reduced costs for full-scale testing, and the development of digital twin
technologies.

Keywords: UAS, simulation, flight modeling, industrial applications, digital twins, UAS software,
virtual environment, monitoring

For citation: Saveliev A. I., Cherskikh E. O., Timaev I. A., Kazantsev N. A. UAV simulation system for

solving industrial target problems. Innovacionnoe priborostroenie = Innovative Instrumentation.
2026;5(3):113-125. (In Russ.). DOI: 10.31799/2949-0693-2026-3-113-125.

18 ceHTAbGpA 2026 T.



Tom 5, No 2 ¢ 2026 / Vol. 5, no. 2¢ 2026

HepCﬂeKTPlel HUCII0JIb30BAHHUA
‘-IBJIOBGKOHO,Z[OﬁHbIX pOﬁOTOB B IPOMBIIIVIEHHOCTH

AHHOmayus. AHmponomopgHas pobomomexHUKa 8 HOCMOAWEE 8pEMA Mepexcusaem amarn
KayecmeeHHO020 npeobpazosaHus, 00yca08aeHHbIl cmpemumesbHbIM pa3sumuem mexHoao2uli
UCKYycCmeeHH020 UHmMesaeKkma u pob6omomexHU4ecKux KoMrnoHeHmos. AKmyasnbHoOCMbe
pazpabomku aHOpoudo8 0717 NPOMbIWAeHHO20 NpUMeHeHUs onpedensemca pacmyuweli
nompe6HOCMbI0 8 yHUBEPCA/bHLIX A8MOMAMU3UPOBAHHbLIX PEUEHUSX, CrIOCOBHbIX
aoanmuposamecs K U3MEHAOUUMCA 1TPoU3800CMBeHHbIM npoyeccam. Ocobyro 3Ha4UMocms
nMpuobpemaem cnocob6HocMe 4en08eKono00bHbIX POOOMOB 8bIMOMHAMbL MUMOBbIE ONePayuU 8
ycnosusax cywecmayrowjeli npousso0cmeeHHol UHGPacmpyKkmypel, U3HA4asbHO co30aHHoU 017
yesiogeyecko2o mpyda. CospemeHHbie pobomomexHuU4ecKue KoMnaeKkcsl demMoHcmpupyom
803MOMHOCMb 3hPeKMUBHO20 PYHKUUOHUPOBAHUSA 8 PA3HOPOOHbIX MPOU3800CMBEHHbIX
cpedax, Ymo omkpeisdem fepcrnekmMussl Ux UHmMe2payuu e 2ubKue aemomamu3uposaHHble
cucmemel. MiccnedosaHue nomeHYuana aHMpPONomMopgHbix pobomos 8 NpPomblwaeHHocmu
npedcmasnsemca 0cobeHHO 8aX(HbIM 8 KOHMeKCcMe repexodd K UHMes1eKmyasnbHomy
npou3esodcmay H08020 NoKoseHus, 20e mpebyemcs coYemaHue yHU8epcaabHocCmu,
adanmueHoOCMu U hyHKYUOHAAbHOCMU.

Knroueesle cnoea: aHmMponomopgHolie pobomsi, 2ubKoe npou3eoo0cmeo, UHMeAEeKMyasbHaAA
pobomomexHUKa, aemomamu3ayus npou3eo0cmed, mexHon02uu UCKYCCM8eHH020
UHMesnnekma e pobomomexHuke, coemecmHasa paboma yenosexka u poboma, yHU8epcasnbHole
pobOMU3UPOBAHHbIE KOMIAEKCbI, HAOEXHOCMb, 8€POAMHOCMb be3omka3Holi pabomsbi

Ana yumuposaHus: Cepzees [1. A., ConéHelli C. B., PomaHosa M. C. lepcrniekmusgebl
UCro0/16b308aHUSA 4en08eKoMod0bHbIX po6omos 8 npomsiuineHHocmu // MHHosayuoHHoe
npubopocmpoeHue. 2026. T. 5, Ne 2. C. 5-14. DOI: 10.31799/2949-0693-2026-2-5-14.

CpaBHUTeJ/IbHbIN AaHAJIU3 METOA0B ONpee/eHUA
BeCOBbIX KO3pPHuLIMeHTOB PaKTOPOB pUCKaA
NPOU3BOACTBEHHOM CUCTEMBbI Ha OCHOBE
00'b€KTUBHBIX JaHHbIX

AHHomayus. lpedcmasneHa memoouKa 8bibopa Haubosnee obvbekmusHo20 crocoba pacyema
8ec08biX KO3(hhuyueHmMos npu oyeHKe npou3so0cmeeHHbIX puckoe bes npuesnevyeHus
9KCrepmHbIX oyeHoK. [lposedeH cpasHUMenbHbIU AHAAU3 80CMU CMAMUCMUYECKUX Memooo8
onpedesieHuUs 8ec08, BKAOHAOUWUX 8 cebA MoKAa3amesnu Yacmomel 803HUKHOBEHUS, CPEOHUX
nocnedcmauli, npousgodcmeeHHo20 macwmaba, spemeHHoli yyecmaumenbHocmu,
(hUHAHCOBbIX U OP2AHU3AYUUOHHbIX hakmopos. [11a oyeHKU co21aco8aHHOCMU Pe3ya6mamos

Prospects for the use of humanoid robots in
industry

Abstract. Anthropomorphic robotics is currently undergoing a stage of qualitative transformation
due to the rapid development of artificial intelligence technologies and robotic components. The
relevance of android development for industrial applications is determined by the growing need
for universal automated solutions that can adapt to changing production processes. Of particular
importance is the ability of humanoid robots to perform typical operations in the conditions of the
existing production infrastructure, originally created for human labor. Modern robotic complexes
demonstrate the possibility of effective functioning in heterogeneous production environments,
which opens up prospects for their integration into flexible automated systems. The study of the
potential of anthropomorphic robots in industry is particularly important in the context of the
transition to a new generation of intelligent manufacturing, where a combination of versatility,
adaptability and functionality is required.

Keywords: anthropomorphic robots, flexible manufacturing, intelligent robotics, production
automation, artificial intelligence technologies in robotics, human-robot collaboration, universal
robotic complexes, reliability, probability of failure-free operation

For citation: Sergeev P. A., Solyonyj S. V., Romanova M. S. Prospects for the use of humanoid
robots in industry. Innovacionnoe priborostroenie = Innovative Instrumentation. 2026,5(2):5-14.
(In Russ.). DOI: 10.31799/2949-0693-2026-2-5-14.

Comparative analysis of methods for determining
the weight coefficients of risk factors in a
production system based on objective data

Abstract. The article presents a methodology for selecting the most objective approach to
calculating weighting coefficients in the assessment of production risks without involving expert
judgments. A comparative analysis of eight statistical methods for determining weights was
carried out, including indicators of occurrence frequency, average consequences, production scale,
time sensitivity, financial and organizational factors. To evaluate the consistency of the results, a
correlation analysis using Pearson’s method was applied. It was established that calculating
weights based on the total financial loss and the average risk elimination time provides the
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UCM0b308AH KOPPENAYUOHHbIU aHaau3 no memoody lMupcoHa. YcmaHosneHo, Ymo pacyem
8€C08 C yYemom COBOKYMHO20 OeHeXHo20 ywepba u cpedHeao 8pemMeHU YCmpPaHeHUs pucKa
obecneyusaem HaAUbOAbWYIO 06BEKMUBHOCMb U OMPAXAEm PeasbHyto CMpPYKmypy eausHuUs
PUCKO8 Ha Npou3800cmeeHHble Npoyeccsl.

Kntouessble cnosa: seca Kpumepues, I'IpOUBBOoCmBEHHbIE pucku, Koppe/muuom/blﬁ aHanus,
yrnpassaemocmes, HadexHocme, MaWwuHoCcmpoeHue, 0b6vekmusHas OUeHKa

Ana yumupoeanus: Komaposa B. C., YabaHeHko A. B. CpagHUMenbHbIl aHAAU3 Memooos
onpedesieHUs 8eCO8bIX KO3 GUUUeHMos8 haKmopos PUcKd Mpou3so0cmeeHHol cucmemsl Ha
ocHoge 06beKmuBHbIX OaHHbIX // MHHoBayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 2, C. 15—
20. DOI: 10.31799/2949-0693-2026-2-15-20.

BHeapeHue HCKYCCTBEHHOTO UHTEJJIEKTa B
NPOBEPKY KAa4YeCTBAa TEXHUYECKHX 3aJaHUN A/
CTAaHKOB C YUCJIOBbIM NIPOTrPaMMHBIM yIIpaBJI€HUEM

AHHOMayusA. losbiweHue ypoBHA CAOXHOCMU MexaHoobpabameblsaroujux onepayud,
8bICOKAA 8APUAMUBHOCMb OCHACMKU U UHCMPYMEeHmMo8, a makxe MHo2006pasue popmamos
daHHbix (CAD-/CAM-modenu, creyugpurayuu, mexHonoauyeckue kapmel, STEP-NC)

denarom mexHu4yecKoe 3a0aHUe 0719 CMAHKO8 C YUC/08bIM PO2PAMMHbLIM YrpasaeHuem
(411Y) kpumuyecku saxcHol moyKoli Kayecmed. BHeOpeHUe UHCMPYMeHMOo8 UCKYcCmeeHHo20
uHmennekma (UN) nossonsem asmomamusuposame UHMENNEKMYAsbHYIO NPO8ePKY
pPoU3800CMBEHHbIX MPOUECco8 00 3Marna nocMnPoueccuHaa U 3anycka, opmupys
«yugposoli KOHMyp» obecnevyeHusa Kayecmea mpebosaHuli u OaHHbIX. [Ipu smom
Heobxo0uma onopa Ha MPUHYUMLl yrpasaeHUs Kayecmeaom OaHHbIX U HOpMamueHyto 6a3y,
BK/110YAA PA38UBAIOUWYHOCA «CeMblo» cmaHOapmos I1SO 8000 u omevyecmeeHHble UHUUUamuasl
no SMART-cma+Hdapmam, 20e doKyMeHm mpakmyemca KaK MawuHonoHumaemas 6asa
OaHHbIX C 8epughuyupyemsiMmu Ka4ecmeeHHbIMu ampubymamu. Lieas uccnedosaHus —
npedaoxume MemoOuKy U apxumekmypy peuleHus Ha baze MW 0aa asmomamu3uposaHHoU
nposepKuU Kayecmea mexHu4yeckoeo 3a0aHuA Ha YIY, nokazame ceA3Ky ¢ npoyeccamu
cucmem meHeoHmeHma kayecmea (PFMEA/8D, SPC) u npusecmu Habop mempuk, popmy u
mabnauy 019 NPaKMu4ecKko20 8HEOPEHUS.

Kntoyesble cnosa: cucmemHoe ModenuposaHue, npou3sodcmeeHHble Npoyeccsl,
uMuUMayuoHHoe modenuposarue, Mamemamu4eckoe ModenuposaHue, ynpassaeHue
Kayecmeom, onmumMu3ayus npou3soocmed

Ana yumuposaHua: Pacceixaesa M. []. BHeOpeHue UCKycCmeeHHO020 UHME/EKMA 8 NPOo8ePKY
Kayecmea mexHu4YecKux 3a0aHuli 0515 CMAHKOB C YUC/108bIM NPO2PAMMHBIM yripasneHuem //
UHHoBayuoHHOe npubopocmpoeHue. 2026. T. 5, N 2. C. 21-25. DOI: 10.31799/2949-0693-
2026-2-21-25.

highest objectivity and accurately reflects the real structure of risk influence on production
processes.

Keywords: criterion weights, production risks, correlation analysis, controllability, reliability,
mechanical engineering, objective assessment

For citation: Komarova V. S., Chabanenko A. V. Comparative analysis of methods for determining
the weight coefficients of risk factors in a production system based on objective data.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2026;5(2):15-20. (In Russ.). DOI:
10.31799/2949-0693-2026-2-15-20.

Implementing artificial intelligence in quality
control of technical specifications for numerically
controlled machines

Abstract. The increasing complexity of machining operations, the high variability of tooling and
tools, as well as the variety of data formats (CAD/CAM models, specifications, process maps, STEP-
NC) make the technical specification for numerical control machines (CNC) a critical quality point.
The introduction of artificial intelligence (Al) tools makes it possible to automate the intelligent
verification of production processes before the postprocessing and launch stage, forming a “digital
contour” to ensure the quality of requirements and data. At the same time, it is necessary to rely
on the principles of data quality management and the regulatory framework, including the
developing 1SO 8000 family of standards and domestic SMART standards initiatives, where the
document is interpreted as a machine-readable database with verifiable quality attributes. The
purpose of the study is to propose an Al-based solution methodology and architecture for
automated quality control of technical specifications on CNC, to show a link with QMS processes
(PFMEA/8D, SPC) and to provide a set of metrics, formulas and tables for practical
implementation.

Keywords: system modeling, production processes, simulation modeling, mathematical modeling,
quality management, production optimization
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HHTerpvpoBaHHasA CUCTEMA aKyCTUKO-
3MMCCUOHHOT'0 KOHTPOJISI 0OHApPYKEeHU S
pa3BuBaOMXCcA JePpeKToB

AHHOMayuA. PaccmompeHo hyHKUUOHUPOBAHUE CUCMeMbl KOMIAEKCHO20 MOHUMOPUHaa
dehekmos, sKarovaroweli 8 ceba pasnuvyHelie MemoOdbl Hepaspyuwiaroweao KoHmposs. Ocoboe
B8HUMAHUE yoesneHo UHMe2pupoeaHHol cucmeme aKyCmMUKO-3MUCCUOHHO20 KOHMPO/IS,
€rnocobHO20 8bIABAAMb PA38UBAIOWUECA OeheKmbl Ha CaMbIX PAHHUX cmadusax. Takue
2ubpudHble peweHus, codemarowyue 8ubPayUOHHbIL, memmnepamypHolli U KOPPO3UOHHbIL
MOHUMOPUHE, M0380/810M MOAYHUMb KOMIIAEKCHYO KAPMUHY MexXHU4eCcKo20 COCMOAHUSA
o6vekma. [lpakmuyveckas Yacme uccaedo08aHUSA MPOOEMOHCMPUPOBASA 8bICOKYHO
3hhekmuBHOCMb COBPEMEHHbIX AKYCMUKO-3MUCCUOHHbIX CUCMEM, OCHAU|eHHbIX YU Po8bIMU
anzopummamu 0bpabomku cueHasn08 u adanmueHol uasmpayueli nomex, crnocobHoIx
adanmuposamscs K pas3nuYHbIM ycao8uUAM pabomel, COXPAHAS MPU 3MOM eOUHbIe MPUHYUMbI
nocmpoeHus u 06pabomxu OaHHbIX.

Knroyeeble cn108a: aKycmMuUKO-3MUCCUOHHbIE CUCMEMbI, Hepaspywaroujuli KoHmMposns,
passusaroujuecs degpekmeol

Ana yumupoeaHusa: Muwypa T. [1. IHme2pupo8aHHAA cucmema aKyCmuKo- 3MUCCUOHHO20
KoHmMponsa obHapyxeHus passusaroujuxca degpekmos // MHHosayuoHHoe npubopocmpoeHue.
2026.T. 5, Ne 2. C. 26-32. DOI: 10.31799/2949-0693-2026-2-26-32.

MeTo KJaaccuPpUKAUU MO ACTU/IAIOIUX
MOBEPXHOCTEM C MCII0/Ib30BAHHEM JaHHbBIX
JIa3epHOro CKAaHUPOBaHUA

AHHOMayus. MpedcmaesneHa NPo2pPamMma, Peanu3yowas Memoo KAaccugpukayuu munos
noocmusnarouwjux nosepxHocmeli Ha ocHose 06pabomku 06710K08 MOYEK, MOYy4eHHbIX C
ucnonbL308aHUem 8030yWHO20 103ePHO20 CKAHUPOBAHUA. Memod ocHO8AH Ha pa3deneHuuU
meppumopuu Ha PABHOMEPHbIE Y4aCMKU U 8bI4UCAEHUU KOMITAEKCA 2e0MempuYecKux
MPU3HAKOB, BK/KOYAIOU4UX 8 CEBOS 8bICOMHbIE XAPAKMEPUCMUKU, MA0OMHOCMHbIE MOKA3amesnu u
napamempboi 2/08HbIX KOMTOHEHMOo8. Ha ocHo8e amux MpuU3HAKO8 Peasu308aHO NpPasusao
KaaccuguKkayuu, no3gonsoujee omHocume y4acmku K cedyrouwum Kameaopuam: 2ycmoli nec,
pedkuli nec, nye2 u 20po0cKasa 3acmpolika. PaspabomaHa npoepamma, obecneqyusarouas
06pabomky OaHHbIX 8030YWHO20 /1G3EPHO20 CKAHUPOBAHUA U (hOPMUPOBAHUE KApMbl
pacnpedesneHus KAaccos, Ymo Mo3805em 06beKmUBHO OUeHU8AMb CMPYKMypy meppumopuu u
onpedename npeobaadarowuli mun naHowagpma. lNonyvyeHHbie pe3yabmamesl mo2ym 6bime
npuMeHeHbl 045 34004 KOHMPOA NPUPOOHbIX U ypbaHU3UPOBAHHbLIX meppumopull.

Integrated acoustic emission control system for
detecting developing defects

Abstract. This article examines the operation of a comprehensive defect monitoring system,
incorporating various non-destructive testing methods. Particular attention is paid to an
integrated acoustic emission testing system capable of detecting developing defects at the earliest
stages. These hybrid solutions, which combine vibration, temperature, and corrosion monitoring,
provide a comprehensive picture of the technical condition of an object. The practical part of the
study demonstrated the high efficiency of modern acoustic emission systems equipped with digital
signal processing algorithms and adaptive noise filtering, capable of adapting to various operating
conditions while maintaining uniform principles of data construction and processing.

Keywords: acoustic emission systems, non-destructive testing, developing defects

For citation: Mishura T. P. Integrated acoustic emission control system for detecting developing
defects. Innovacionnoe priborostroenie = Innovative Instrumentation. 2026,5(2):26—32. (In Russ.).
DOI: 10.31799/2949-0693-2026-2-26-32.

A method for classifying underlying surfaces using
laser scanning data

Abstract. A program is presented that implements a method for classifying the types of underlying
surfaces based on the processing of point clouds obtained using airborne laser scanning. The
method shown is based on dividing the territory into uniform sections and calculating a set of
geometric features, including altitude characteristics, density indicators and parameters of the
main components. Based on these features, a classification rule has been implemented that allows
plots to be classified into categories: dense forest, sparse forest, meadow, and urban
development. A program has been developed that provides the processing of airborne laser
scanning data and the formation of a class distribution map, which allows an objective assessment
of the structure of the territory and determine the prevailing type of landscape. The results
obtained are applicable to control tasks of natural and urbanized territories.

Keywords: point cloud, aerial laser scanning, terrain classification, point cloud classification,
landscape analysis
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Knrouesble cnoea: 06710K0 moYekK, 8030yWHOeE Aa3epHoe CKAHUPOBAHUE, KAaccupukayus
MeCmHOCMU, KAaccugpukayusa 0b6aaKa moYeK, aHanu3 AaHowagpma

Ana yumupoeanus: NMumomey M. E., AgpaHaceesa B. U., becmyauH A. P. Memod knaccugpukayuu
nodcmusnarouux nosepxHocmeli ¢ UCMON6308aHUEM OHHbIX 103EPHO20 CKAHUPOBAHUA //
MHHosayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 2. C. 33-38. DOI: 10.31799/2949-0693-2026-
2-33-38.

MeTo/ 9K0JIOTUYECKOro KOHTPOJIA 30H

For citation: Pitomets M. E., Afanasyeva V. I., Bestugin A. R. A method for classifying underlying
surfaces using laser scanning data. Innovacionnoe priborostroenie = Innovative Instrumentation.
2026;5(2):33-38. (In Russ.). DOI: 10.31799/2949-0693-2026-2-33-38.

The method of ecological control of flood zones

NOATOIJIEHUs C npuMeHeHUeM BudpoBbixX Moaeen using digital relief models and climatic data

peJlbec])a N KNIHMATH4Y€CKHUX NAdHHbIX

AHHOMayus. MposedeHo uccrnedosaHue Memoodd 3K0102UYeCK020 KOHMPOsIA 30H
nomeHyuasabHO20 ModmorisneHus, 0CHOBAHHO20 HA KOMI/AEKCHOU obpabomke yugppossbix
modesneli peavegha u KAUMamu4yeckux 0aHHbIX. PazapabomaHHbIl Nodxo0 opueHmupos8aH Ha
rnosbiWeHUe MoYyHoCmu U ornepamusHoCcmMu oueHKU meppumopuli, npedpacrnonoxeHHsIX K
HAKOMAEHUIo No8epxHOCMHbIX 800, Ymo onpedensem e20 NPaKMuUYeCKyro 3HauumMocme 01 3a0a4
3K0/102UYECK020 MOHUMOPUH2a, AHA/U3A COCMOAHUA MPUPOOHbLIX aKeacucmem u
meppumopuanbHO20 NAGHUPOBAHUA. McoAb308aHbI Memodbl MOPGHOMeMpPUYECKo20 aHAAU3A
penvega, 2udponoaudeckoli KoppeKyuu yugposoli mosepxHoCMuU U UHMe2PaAyUU KAUMamuYecKux
napamempos, nosyYeHHbIX U3 apXueoe CriymHUKo8bIX HabstodeHud.

Knrouessle cnosa: yugposas modesns penvega, KAumamuyeckue OaHHble, Mopgomempuyeckuli
QHAAU3, 3K0A02UYeCKUT KOHMPOsb, MOMeHYUAAbHbIe 30HbI TOOMON/AEHUS, MPOCMPAHCMBEeHHbIl
aHanu3

Ana yumupoesanus: AgpaHaceesa B. WN., becmyauH A. P. MemooO 3K0s02U4eCcKo20 KOHMPOsa 30H
noomonaeHus ¢ npumeHeHuem yugpoesix moodeneli peanseda u KAuMamuyeckux 0aHHbIX //
MHHosayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 2. C. 39-44. DOI: 10.31799/2949-0693-2026-
2-39-44.

Abstract. The paper investigates the method of environmental control of potential flooding zones
based on the complex processing of digital terrain models and climatic data. The developed
approach is aimed at improving the accuracy and efficiency of assessment of territories
predisposed to accumulation of surface waters, which determines its practical significance for the
tasks of environmental monitoring, analysis of the state of natural water systems and territorial
planning. The research uses methods of morphometric terrain analysis, hydrological correction of
the digital surface, and integration of climatic parameters obtained from satellite observation
archives.

Keywords: digital relief model, climate data, morphometric analysis, environmental monitoring,
potential flooding zones, spatial analysis

For citation: Afanasyeva V. I., Bestugin A. R. The method of ecological control of flood zones using

digital relief models and climatic data. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2026;5(2):39-44. (In Russ.). DOI: 10.31799/2949-0693-2026-2-39-44.

18 ceHTAbGpA 2026 T.



CnekTpa/ibHbIM aHAJ/IU3 Mac/ila aBUALMOHHOT0O
ABUTaTe/sA: UgeHTUPUKaALMA NPOAYKTOB U3HOCA C
npuMmeHeHueM ¢pusbTpa CaBunkoro - l'osies

AHHOomayusA. C yenobto nossiweHus 00cmosepHOCMU CreKmpasabHO20 aHAAU3a MPOOYKmMos
U3HOCA 8 Q8UAUUOHHbIX MACAAX Mymem CO8epuIeHCM8o8aHuUA npouedypbl KoppeKuuu ¢poHoeol
cocmaenAoweli npedsnoxeH u 0emasbHO ONUCAH an20pUMM HA 0CHoge adanmueHo20 unbmpa
Casuykozo — lones. Anzopumm peasausyem smansl UHMEAAEKMYanbHO20 Ce2MeHMUpPOB8AHUS
crnekmpa, umepamueHo2o No06opa ONMUMAsbHbIX MTAPAMEMPOB C2AAHUBAHUS,
MamemMamuyecKu Cmpo2o20 8bIYUCAEHUA hOHA MEMOOOM /10KAAbHOU NOAUHOMUAAbHOU
AnMNpPOKCUMAyUU, MHO20yPOBHEB020 KOHMPO/IA KaYecmed U UHme2payuu pe3ynsmamos.
Moka3aHo, Ymo npumeHeHue 0aHHO20 Memoda obecrie4ugaem 8b6ICOKOMO4YHoe NodasaeHue
UHMEHCUBHO20 HesuHeliHo20 ¢hoHa, nopoxdaemozo mampuyel npobsl, Mpu NOAHOM COXPAHEHUU
opMbI, MOAOHEHUA U NAOWAOU AHAAUMUYECKUX NMUKO8 onpedensembix Memasnnos. KoHeyHbim
pe3ysbmamom pabomel aA20pUMMA ABAAEMCA CMPYKMYpPUPOBAHHbIL nepeyeHs
UGEHMUGUUUPOBAHHbIX 371EMEHMO8 C YKA3aHUEM UX XapaKmepucmu4eckux 0s1UH 80/H U OUEHOK
KoHuyeHmpauyul. [aHHbIl ¢hopmanu308aHHbIU 8bIX00 CAyHUM HAOexHoU ocHoeoli 014
nocmpoeHus Ouaz2HOCMUYEeCKUX MpPeHA08, UOeHMUGUKAYUU Y308 MpeHUS U Mpo2HO3UPO8aHUS
0CMamMoYHo20 pecypca asuayuoHHbIX dsuzamerneli 8 cucmemax NPedUKMUBHO20 MeXHUYECKO20
06CAyHUBAHUSA.

Kntouesble cn08a: cnekmpasbHbIl aHAAU3 MAcaa, mexHUYecKas Oua2HOCMuUKa asuayUuOHHbIX
dsuzameneli, NPOOYyKMoel U3HOCA, (POHOBAA KOPPEKYUS, Yugpposas uaempayus, uasmp
Casuykozo — lonesa

Ana yumuposarusa: Ceporok K. B. CnekmpanbHbelll aHAAU3 MACAA A8UAUUOHHO20 08U2amMenA:
udeHmuduKayusa npodyKmos U3Hoca ¢ npumeHeHuem gunasmpa Casuyxozo — lones //
UHHoBayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 2. C. 45-50. DOI: 10.31799/2949-0693-2026-
2-45-50.

Spectral analysis of aircraft engine oil:
identification of wear products using the Savitzky -
Golay filter

Abstract. To improve the reliability of the spectral analysis of wear products in aircraft engine oils
by enhancing the background correction procedure, this paper proposes and describes in detail an
algorithm based on an adaptive Savitzky-Golay filter. The algorithm implements stages of
intelligent spectral segmentation, iterative selection of optimal smoothing parameters,
mathematically rigorous background computation using local polynomial approximation, multi-
level quality control, and result integration. It is demonstrated that the application of this method
ensures high-precision suppression of the intensive non-linear background generated by the
sample matrix while fully preserving the shape, position, and area of the analytical peaks of the
target metals. The final result of the algorithm is a structured list of identified elements indicating
their characteristic wavelengths and estimated concentrations. This formalized output serves as a
reliable basis for building diagnostic trends, identifying friction units, and predicting the remaining
service life of aircraft engines within predictive maintenance systems.

Keywords: oil spectral analysis, technical diagnostics of aircraft engines, wea r products,
background correction, digital filtration, Savitzky — Golay filter
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ABTOMaTH3aLUs reHepaluy UTPOBOT0 KOHTEHTa
C MCN0JIb30BaHMEM HellpoceTeBbIX MoJeiel

AHHOmMayus. B ycio8usx cmpemumesnbHO20 paszsumus ueposoli UHOYCmpuu aKmyaabHOCMb
asmomamu3ayuu npoyeccos co30aHUA U2po8o20 KOHMeHmMa CMaHO8UMCA KpUmMu4Yecku 8axHoU.
Hacmosaw,aa cmames uccnedyem npumeHeHue 2eHepamusHbix Helipocemessix moodeneli 015
npoyedypHoli 2eHepayuu UzposbiX MUPO8, cyeHapues u aHumayull. lMposedeHHsbIl aHanu3
rokaseleaem, Ymo uHmMezpayusA Helipocemesbix mexHono2uli No38osaaem cokpamumes obujee
8pems paspabomku Ha 20-30 %. MeHepayus yposHeli obecrieyugaem mo4HOCMb eeHepayuu
yposHeli 0o 85,4 %, Ougghy3uoHHbIe MOOenu COKpawarom epems co30aHuUA meppeliHos Ha 60—70
%, HappamMuebl CHUX¥arm sampamel Ha paspabomky Ha 50-60 %, a mekcmypebl
deMOHCMpuUpyom aghgheKkmusHOCMb 8 2eHepayuu mexkcmyp Ha 55 %. MpusedeHbi
cucmemamuyeckuli 063op apxumekmyp Helipocemesbix Mmodenell, aHaAU3 UX MPUMEHEHUA HA
Pa3AUYHbIX 3Manax uzposoli pa3pabomKu U NPakmMu4yecKkue peKkomeHoayuu rno sHedpeHuUIo.

Knroueeole cnoea: npoyedypHas 2eHepayus KOHmMeHma, Helipocemesole MoOesu, 8apUAYUOHHbIE
asmosHKoOdepsbl, Ougppy3uoHHbIe MoOesu, bosbuiue A3bIKogble MOOesnu, a8momMmamu3ayus
uzposoli paszpabomku

Ana yumupoeanus: Anekcees K. A., YabaHeHko A. B. ABmomamu3ayus 2eHepayuu uzposoz2o
KOHMeHmMa ¢ ucnonb3o8aHuem Helipocemesoix modeneli // MHHOo8AUUOHHOE MpubopocmpoeHue.
2026.T. 5, Ne 2. C. 51-58. DOI: 10.31799/2949-0693-2026-2-51-58.

CucremMma ctabu/IM3anyy NUTAHUS
BbICOKOBOJIBTHOIo HCTOYHHKA AJIA
IJIA3MOXUMHUYECKOI'o peaKTopad Hd OCHOB¢€E
6apbepHOI‘0 pa3pdaaa

AHHOomayus. /117 Hapabomku cmamucmuyecKux OaHHbIX U MpedCcKasyemocmu napamempos
3IKcnepumeHmos ¢ bapoepHoim paspsadom mpebyromca yoobHas cucmema ynpasneHus u

cmabunusayua napamempos paspada 8o epemeHu. OnucaHel pa3pabomka u cozdaHue sHewHel
cxembl cmabunusayuu 049 numarouje2o 6apbepHbili pa3psa0 UCMOYHUKA 8bICOKO20 HAMPAMCEHUS.

Kntouessle cnosa: 3/7€KmpU‘1€CKUG p03pﬂd, asmomamu3sayuAa skcnepumeHma

Ana yumupoeanus: [osayeHko A. A., lunyyk M. 3., CmenaHosa O. M. Cucmema cmabunusayuu
MUMAHUA 8bICOKOBO/IMHO20 UCMOYHUKA 0415 MaAA3MOXUMUYECKO20 peaKmopa Ha OCHoge
b6apbepHo2o paspsada // MHHosayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 2. C. 59-66. DOI:
10.31799/2949-0693-2026-2-59-66.

The automated generation of game content
using neural network models

Abstract. In the context of the rapid development of the gaming industry, the relevance of
automating the processes of creating game content is becoming critically important. This article
explores the use of generative neural network models for the procedural generation of game
worlds, scenarios, and animations. The analysis shows that the integration of neural network
technologies can reduce the total development time by 20-30 %. VAE provide level generation
accuracy of up to 85.4 %, diffusion models reduce the time needed to create terrains by 60-70 %,
LLMs reduce narrative development costs by 50-60 %, and GANS demonstrate efficiency in texture
generation by 55 %. The article contains a systematic overview of the architectures of neural
network models, an analysis of their application at various stages of game development, and
practical recommendations for implementation.

Keywords: procedural content generation, neural network models, variational autoencoders,
diffusion models, large languagemodels, automation of game development
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Power stabilization system for a high-voltage
source for a plasma chemical reactor based on a
barrier discharge

Abstract. To generate statistical data and predict the parameters of barrier discharge
experiments, a convenient control system and stabilization of discharge parameters over time are
required. The development and creation of an external stabilization circuit for a high-voltage
power source supplying the barrier discharge are described.

Keywords: electric discharge, experiment automation
For citation: Dyachenko A. A., Pinchuk M. E., Stepanova O. M. Power stabilization system for a
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[IpumeHeHnue gudpPpepeHuaIbHbIX YPaBHEHUH B
HUCC/IeJOBAaHUHU JUHAMUYECKUX MPOLECCOB
KOJIe6aTe/IbHbIX CUCTEM

AHHOMayusA. Paccmampusaemcs npumeHeHue ouggepeHyuanbHbiX ypasHeHUl 015
uccnedosaHusA OUHAMUYECKUX MPOUeccos 8 KoaebamesbHbIX cUCMeMax ¢ 8ubpozaacumesnem u
PPUKYUOHHBIM 371eMeHmom. [IposedeH aHanu3 onmumasnbHol Hacmpoliku subpozacumers ¢
Uesbio MUHUMU3AUUU UHMe2PasnbHo20 Kea0pamuyHO20 Kpumepus Kayecmsa rnepexodHo20
npoyecca. NccnedosaHs! ycno8us 803HUKHOBEHUS MPOCKA/b3bIBAHUA 8 cUCMeMe C (hPUKLUOHHbIM
371eMeHMOoM U e20 8aUAHUE Ha OUHAMUKY cucmembl. [TpedaoxeHbl mamemamuyeckue modenu u
MemoObl peweHus, No3eosaouue onpedeanums onmMuMasbHsle napamempsl subpozacumens u
oyeHUMb ornacHole pexcumsl pabomel cucmemsi. Pesynbmamel pa6omel mozym 6bime
UCM0b308AHbI 0718 MPOEKMUPOBAHUSA U ONMUMU3AUUU KOebamesbHbIX CUCMeM 8 pa3audHbIX
MeXHUYECKUX MPUOHEHUSX.

Kntoueasle cnoea: dupgepeHyuansHsie ypasHeHus, KonebamesbHble cucmemsl,
subpozacumesns, hpUKYUOHHbIU 3nemeHm, onmumManeHas Hacmpolika, nepexodHsle npoyeccel,
Mamemamuyeckoe ModenuposaHue, UHmMe2pasnbHbil Kpumepuli Ka4ecmaa, MPoCcKanb3bIBaHUE,
OuHamuyecKue rnpoyeccol

Ana yumupoeaHus: Epwos /. 10., /lykeaHeHKo U. H., Kocmauy A. [. lpumeHeHue
dupghepeHyuanoHbix ypasHeHUll 8 UCCAe008aHUU OUHAMUYECKUX MPOUEccos KonebamesnbHbix
cucmem // HHosauyuoHHoe npubopocmpoerue. 2026. T. 5, Ne 2. C. 67-73. DOI: 10.31799/2949-
0693-2026-2-67-73.

WHHOBaLlMOHHOE pelleHre C IPUMEeHEeHUueM
MaTeMaTHU4YeCKOro anmnapara B MeToax
CcOBpeMeHHOM GPOTOHUKH

AHHOMayuAa. PaccmompeHo 3nekmpomazHuUmHoe ussny4eHue Kak pyHOameHmansHoe
pusuYecKoe AseHUEe, KOmopoe UCMOAb3Yemca 8 Pa3AUYHbLIX HANPABAEHUAX PUIUKU.
SnekmpomazHUMHoe u3sy4eHue — 3mo ceemoeds 80/1HA, KOMOPAs MOXem UMemb Pa3uYHble
071UHbI 80/1H 8 BUANA30HE 0M HaAHOMempo8 00 decameix 0oaeli muanumempa. 18 cospemeHHoU
HAYKU 8aXHO 3HaMb cgolicmea ceema U e2o 83aumodelicmsue ¢ sewecmeom. B Hacmosuweli
pabome nolidem peys 0 80MPOCAX paAcnPOCMpPaHeHuUs ceemoeoli 80/HbI 8 Npupode, 20e
pabomarom onmuKo-gu3u4yeckue Memoobi, 8 KOMOPbLIX c8emM PACKPbIBAeMCA KaK
yHOaMeHManbHAA 0CHOB8A U MOOYUHAEMCA MamemMmamu4yeckomy onucaHuro. lpusedeH npuHyun
HaumeHbwe20 Oelicmeus, Komopbili 8 HAOCMOoAWee 8peMa 3aHUMAem 3HaYUMEbHY HUWY 8
onmu4ecKux ucciedosaHusax. [lpedcmasneHa nepedaya UHGoOPMayuu NpuU NOMouu gomoHos u

Application of differential equations in the study of
dynamic processes of oscillating systems

Abstract. The paper deals with the application of differential equations for the study of dynamic
processes in oscillating systems with a vibration damper and a friction element. The analysis of
optimal tuning of vibration absorber with the purpose of minimisation of integral quadratic
criterion of quality of transition process is carried out. The conditions of slip occurrence in the
system with a friction element and its influence on the system dynamics are investigated.
Mathematical models and solution methods are proposed, which allow to determine the optimal
parameters of the vibration absorber and to estimate the dangerous modes of the system
operation. The results of the work can be used for design and optimisation of vibrating systems in
various technical applications.

Keywords: differential equations, vibrating systems, vibration absorber, friction element, optimal
tuning, transients, mathematical modelling, integral quality criterion, slippage, dynamic processes

For citation: Ershov D. Yu., Lukyanenko I. N., Kostach A. D. Application of differential equations in
the study of dynamic processes of oscillating systems. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2026;5(2):67-73. (In Russ.). DOI: 10.31799/2949-0693-2026-2-67-73.

An innovative solution using mathematical
apparatus in the methods of modern photonics

Abstract. The paper considers electromagnetic radiation as a fundamental physical phenomenon
that is used in various fields of physics. Electromagnetic radiation is a light wave that can have
various wavelengths ranging from nanometers to tenths of a millimeter. It is important for
modern science to know the properties of light and its interactions with matter. In this paper, we
will discuss the issues of light wave propagation in nature, where optical and physical methods
work, in which light is revealed as a fundamental basis and obeys a mathematical description. The
article presents the principle of least action, which currently occupies a leading niche in optical
research. The transmission of information using photons is presented and the condition under
which data transmission deteriorates is shown. A theoretical solution to this problem is proposed.

Keywords: light, photon, energy, integral, trajectory, action, lagrangian, amplitude, probability
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MOKA3aHO ycnosue, npu Komopom yxyowaemcs nepedaya daHHbIX. [IpednoxnceHo
meopemuyeckoe peuieHUe 0aHHOU npobaemel.

Knioueeble cnoea: caem, pomoH, sHepaus, uHmeapas, mpaekmopus, delicmeue, 1a2paHMICUAH,
amnaumyda, eeposmHocMo

Ana yumupoeanus: Kypnos B. B., Asdees A. H., Maliopos E. E., }{ene3Hoe B. B. IHHo8ayuoHHoe
peweHue ¢ npumeHeHUeM MameMamu4ecKo20 annapama 8 Memooax cospemeHHol (hoMoHUKU
// MHHosayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 2. C. 74-80. DOI: 10.31799/2949-0693-
2026-2-74-80.

UccieaoBaHue oTpaxKaTeabHbIX AUPPAKIMOHHBIX
peleToK pa3HbiX ¢OpPM C IOMOLIbI0 KOTEPEHTHOTO
U3JIy4YeHHUs], OTPAHUYEHHOT0 BO BpeMeHHU

AHHomayus. [100HUMaemcs 80MpPOc KOHMPOAA OMPaMamMesbHoix OUGPAKYUOHHbIX peliemoK
Pa3HbIX hOPM C MOMOUIbIO KO2EPEHMHO20 U3/1y4YeHUs, 02paHUYeHH020 80 spemeHu. 0630p
HAy4YHbIX UCMOYHUKO8 N0 OaHHOU meMamuKe oKa3as, Ymo YacmuyHO Ko2epeHmHsle
uHMepgepeHyuoHHble NPubopel U cucmemsl, MOCMpPoeHHsIe Mo cxeme MalikesabcoHa ¢
MpumeHeHuUeM UCMOYHUKO8 6es1020 caema, ABAAMCA AKMYAAbHbIMU PU KOHMpOse
rnosepxHocmu cnoxHoli hopmel. lMoay4eHsl UHMeppepeHYUOHHbIe CMpPYKmMypbl nonel u
epagpudeckue pacnpedeneHus KoaghguyueHma ompaxeHus om nosepxHocmu Kpyeasnod,
npAmMoy20a6Hol ompaxcamesnbsHbix UPPAKYUOHHLIX pewiemok no ocu 0X. [aHel pekomeHdayuu
1o npumeHeHUto uccaedyembix 06veKmoa 8 1a60pPaMOpPHbIX YCA0BUAX.

Knroueaole cnoea: onmuyeckuli anemeHm, 8peMeHHas Ko2epeHMHOCMb, KOMI/IEKCHAsA cmerneHb
Ko2epeHmMHocmu, 0/UHA Ko2epeHMHocmu, uHmepgepeHyUoHHAA CMpPyKmMypd, ompaiamesnsHas
OubPaKYUOHHAA pewemKad, K8apyesoe CMeKs0

Ana yumupoesanus: ®ponosa E. A., Maliopos E. E., ene3Hos B. B. ccnedosaHue
ompaxamesnbHelx OUPPAKYUOHHBIX peulemoK pa3HbiX (hopm C MOMOULbIO KO2epeHMHOo20
u3ny4yeHus, 02paHU4YeHHoz20 80 epemeHu // HHosayuoHHoe npubopocmpoerue. 2026. T. 5, Ne 2.
C. 81-87. DOI: 10.31799/2949-0693-2026-2-81-87.

For citation: Kurlov V. V., Avdeev A. N., Maiorov E. E., Zheleznov V. V. An innovative solution using
mathematical apparatus in the methods of modern photonics. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2026;5(2):74-80. (In Russ.). DOI: 10.31799/2949-0693-2026-2-74-80.

Investigation of reflective diffraction gratings of
various shapes using time-limited coherent
radiation

Abstract. The article raises the problem of controlling reflective diffraction gratings of various
shapes using time-limited coherent radiation. A review of scientific sources on this topic has shown
that partially coherent interference devices and systems built according to the Michelson scheme
using white light sources are relevant for monitoring a complex-shaped surface. Interference
structures of fields and graphical distributions of the reflection coefficient from the surface of
round and rectangular reflective diffraction gratings along the 0X axis are obtained.
Recommendations on the use of the studied objects in laboratory conditions are given.

Keywords: optical element, temporal coherence, complex degree of coherence, coherence length,
interference structure, reflective diffraction grating, quartz glass

For citation: Frolova E. A., Maiorov E. E., Zheleznov V. V. Investigation of reflective diffraction

gratings of various shapes using timelimited coherent radiation. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2026;5(2):81-87. (In Russ.). DOI: 10.31799/2949-0693-2026-2-81-87.
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dopMasibHas BeprupuKausa MeXaHu3Ma
CUHXPOHM3ALUHU JIOKAJIbHBIX C4€TYUKOB BPEMEHH C
HCI0JIb30BaHUEM BpeMeHHbIX Mojesieil Kpunke

AHnHOMayusA. lMpu npoekmuposaHuu cospemeHHbix 6opmosbix cemeli 014 pacrnpedeneHua
02PAHUYEHHbIX Pecypcos Ucnonb3yemcsa naaHuposaHue. KoppekmHocmes pabomesi MeXaHU3MA
MAGHUPOBAHUA 0CObEHHO 8aX(HA 014 cemeli A3POKOCMUYECKO20 Ha3HA4YeHUs. B npomokone
CTM-UCC-14 KoppekmHocmb pabomel Ka4ecmaa cepsuca «[1AaHUposaHue» HanpAMy 3asucum
0m CUHXPOHHOCMU pabombl FIOKA/bHLIX CYeMYUKO8 8cex Y3108 8 cemu. B daHHoU pabome
paccmampusaemcsa Moo0xo0 K 8epuuKayuU MeXaHU3IMA CUHXPOHU3AUUU TOKA/bHbIX
cyemyukos.

Knrouessle cnosa: 6opmossele c emu, S paceWire, C TI1-UCC-14, n naHuposaHue, ¢
UHXPOHU3ayusa 4 acos, m odenu Kpunke, m emnopassHsie so2uku, CTL, CRTCTL

BbnazodapHocmu. Paboma gbinosHeHa npu ¢puHaHcosol noddepicke MuHUCMepcmea HayKu u
sbicwe20 obpazosaHua Pocculickoli ®edepayuu, coenaweHue Ne FSRF-2023-0003
«PyHOaMmeHManbHbIe OCHOBbI MOCMPOEHUA MOMEXO3AWUWEHHbIX CUCMeM KocmuYecKol u
crnymHuKosoli ceAasu, omHocumesnbHol Hagu2ayuu, MexHU4YeCcKo20 3peHuUsA U a3pOKOCMUYECKO20
MOHUMOPUH2a».

Ana yumuposarusa: Yymakosa H. t0. ®opmansHas 8epupuKayua MEXAHU3MA CUHXPOHU3AYUU
/I0KAIbHbIX CYEMYUKO8 8peMeHU C UCMo/b308aHUEeM 8peMeHHbIx modesneli Kpunke //
WHHOoBayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 1. C. 6—18. DOI: 10.31799/2949-0693-2026-
1-6-18.

[IpeasioKeHUs MO pa3BUTHIO CTaHAAPTA
SpaceFibre a5 o6ecneyeHusi AMHAMUY€ECKOTO
nepepacnpeejieH|usA ceTeBbIX peCypcoB

AHHOMayusa. 113 MHo2ux cospemMeHHbIx cemeli A3pOKOCMUYECK020 Ha3HavYeHUs mpebyemcsa
noddepxKa adanmueHoOCMu K npoucxo0awum UsmeHeHUAM, 803MOXCHOCMU OUHAMUYECKO20
nepepacnpedeneHus pecypcos, maclumabupyemocmu, xcusyyecmu. OOHO8PEMEHHO € SMUm
001X HbI M000epHUB8amMbcs mMpebo8aHUA PeasnbHO20 8peMeHU U Cyu,ecmayom 0080s16HO
HecmKue 02paHuU4eHUs Mo Koau4yecmsy Ucnosb3yemoz20 cemeso2o obopydosaHus. B cmamee
MOKA3AHbI B03MOXHOCMU U OCHOBHblE 02paHuU4eHua cmaHoapma SpaceFibre no omHoweHuto K
amum mpe6osaHuAM. [1peds1oHceHbl B03MOMCHbIE MyMU UX YCMPAHEHUS, 8KAKOYASA USMEHEHUE

Formal verification of the local clocks
synchronization mechanism using timed Kripke
structures

Abstract. When designing modern onboard networks, scheduling is used to distribute limited
network resources. The correct operationof the scheduling mechanism is especially important for
aerospace networks. In the STP-I1SS-14 protocol, the correct operation of the “Scheduling” quality
of service directly depends on the synchronization of the local counters of all nodes in the network.
This paper discusses an approach to verifying the local counter synchronization mechanism.

Keywords: on-board networks, SpaceWire, STP-ISS-14, scheduling, clock synchronization, Kripke
structures, temporal logics, CTL, CRTCTL

Acknowledgements. The paper was prepared with the financial support of the Ministry of Science
and Higher Education of the Russian Federation, grant agreement No. FSRF-2023-0003
“Fundamental principles of building of noise-immune systems for space and satellite
communications, relative navigation, technical vision and aerospace monitoring”.

For citation: Chumakova N. Yu. Formal verification of the local clocks synchronization mechanism
using timed Kripke structures. Innovacionnoe priborostroenie = Innovative Instrumentation.
2026,;5(1):6-18. (In Russ.). DOI: 10.31799/2949-0693-2026-1-6-18.

Proposals for the development of the SpaceFibre
standard to ensure the dynamic redistribution of
network resources

Abstract. Many modern aerospace networks require support for adaptability to ongoing changes,
the ability to dynamically redistribute resources (load balancing), scalability, and survivability. At
the same time, real-time requirements must be supported, and there are quite strict limits on the
number of network equipment used. The article shows the possibilities and main limitations of the
Space-Fibre standard in relation to these requirements. Possible ways of their elimination are
suggested. A SpaceFibre network management scheme based on reinforcement learning is
proposed, which allows for dynamic distribution of network resource utilization, scaling, and
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cmaHOapma, a makxe cxemy ynpaeneHus cemoio Spacefibre, 0cHO8aHHYIO Ha 06yYeHuU ¢
MoOKpernaeHUem U Mo3soAWYI0 OCYWecmeanime OUHaMuYecKoe pacrnpedesneHue 3a2py3Ku
pecypcos cemu, macwmabuposaHue, obecreyeHue Hugydyecmu cemu 8 co4emaHuu ¢
noddepxkoli mpebosaHuli peasbHO20 8pemMeHU.

Knroueasle cnoea: Spacefibre, mexaHu3msl obecrieyeHus Ka4ecmea cepaucad, pedsbHoe 8pems,
u301AYUA NOMOKO8 OaHHbLIX, OUHAMUYECKAs PeKoHpuU2ypayus, obydeHue ¢ nooKpernaeHuem,
pacrnpedeneHHoe ynpassneHue

BbnazodapHocmu. Paboma ebinosnHeHa npu ¢puHaHcosol noddepike MuHucmepcmea HayKu u
sbicwez20 0bpazosaHus Pocculickoli ®edepayuu, coenaweHue Ne FSRF-2023-0003
«PyHAAMeHMas1bHbIE OCHOBbI TOCMPOEHUSA MOMEX03AUUUEHHbIX cucmem Kocmuveckoli u
crnymHuKosoli ceasu, omHocumesnsbHol Hasu2ayuu, MexHUYecKo20 3peHuUs U a3pOKOCMUYECK020
MOHUMOPUH2a».

Ana yumuposaHus: Cysoposa E. A. [lpednoxeHus no pazsumuro cmaHoapma SpaceFibre ons
obecrneyeHUa OUHaMUYECKO20 nepepacrnpedesneHus cemesbix pecypcos // UIHHoeayuoHHoe
npubopocmpoeHue. 2026. T. 5, Ne 1. C. 19-27. DOI: 10.31799/2949-0693-2026-1-19-27.

ApXHUTEKTypa NpOorpaMMHOM CUCTEMBI AJIs
nudpoBor Mmoaeu pOPMUPOBAHUA JUHAMUYECKHX
KOMMYHMKALMOHHbIX KAHA/IOB Ha OCHOBE CETHU
FANET

AHHOMayuA. PaccmompeHsl 80npocbl apXumeKmypHO20 MPOeKMUpPO8AHUA NPo2pammHoL
cucmemol 0419 cO30aHUSA Ceyuanu3uposaHHol yugpposoli modenu, Komopas onucsisaem
npouyecc hopMupos8aHus OUHAMUYECKO20 KOMMYHUKAUUOHHO20 KaHanaa 8 cemu FANET.
MpednoxeHo onucaHue 0CHOBHbIX 06beKMOo8, CMPYKMypPbl OGHHbIX U peweHuli 06 obmeHe
OGHHBIMU Me#Oy MOBYAAMU U MPOPAMMHbIMU rpoyeccamu. [lonyyeHHble pewieHus
1038041A10M POBOOUMSb IMYAAYUI pabomesl cemu.

Kntouesble cn08a: npo2pammHasn cucmema, yugposas moodens, FANET, mesh-ceme, REDIS

Ana yumupoeanus: CaeHKo B. N. Apxumekmypa npozpammHoli cucmemsi 045 yugposoli
mMooenu hopmupo8aHUA OUHAMUYECKUX KOMMYHUKAUUOHHbIX KaHA108 Ha ocHose cemu FANET
// MHHosayuoHHoe npubopocmpoeHue. 2026. T. 5, No 1. C. 28-34. DOI: 10.31799/2949-0693-
2026-1-28-34.

network survivability in combination with support for real-time requirements.

Keywords: SpaceFibre, QoS, real-time, data flow isolation, dynamic reconfiguration, reinforcement
learning, distributed management

Acknowledgements. The paper was prepared with the financial support of the Ministry of Science
and Higher Education of the Russian Federation, grant agreement No. FSRF-2023-0003
“Fundamental principles of building of noise-immune systems for space and satellite
communications, relative navigation, technical vision and aerospace monitoring”.

For citation: Suvorova E. A. Proposals for the development of the SpaceFibre standard to ensure
the dynamic redistribution of network resources. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2026;5(1):19-27. (In Russ.). DOI: 10.31799/2949-0693-2026-1-19-27.

Architecture of a software system for a digital
model of forming dynamic communication channels
based on the FANET network

Abstract. This paper examines the architectural design of a software system for creating a
specialized digital model. The model describes the process of forming a dynamic communication
channel in a FANET network. A description of the main objects, data structure, and solutions for
data exchange between modules and software processes are proposed. The resulting solutions
enable network emulation.

Keywords: software system, digital model, FANET, mesh network, REDIS
For citation: Sayenko V. I. Architecture of a software system for a digital model of forming

dynamic communication channels based on the FANET network. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2026;5(1):28-34. (In Russ.). DOI: 10.31799/2949-0693-2026-1-28-34.
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CeTeneHTpUYeCKass apXUTeKTypa KOMILJIeKca
6G0pPTOBOI'0 000PY0OBAHUA HA Oa3e
AETEPMUHUPOBAHHOMN ONITUYECKOH CETHU

AHHOMayuA. PaccmompeHsl 0co6eHHOCMU MPUMEHEHUA cemeyeHmpuyecKo2o nooxooa K
ynpasaeHuo Komaekcom 60pmogo2o 060py008aHUSA, OCHOBHbIE KOMITOHEHMbI KOMOPO20
UHME2pUpPOBaHLI 8 €OUHOE UHBOPMALUOHHOE MPocmpaHcmeo. [pedaoxceHa
cemeueHmMpUYeCcKas apxumeKkmypa Komrsaexkca 60pmoeo2o 060py008aHUA HA aamgopme
demepMuHUpPOBaHHOU onmuyeckoli cemu peasibHo20 apemeHu. ChopMynupPosaHsl MPUHYUbI
CUHXPOHU3ayuU pabomsi pacrnipedeneHHsbix cucmem Komaekcos 60pmoeoz2o 060pydosaHus 8
pexcume peanbHo20 epemeHu. [pednoxceHHble M00X00bl Mo2ym 6bimb UCMO01b308aHbI MPU
paspabomke uHMenneKkmyanbHbiX KOMAeKcos 60pmoeozo 060pyd08aHUA NepPCreKmusHbIX
cucmem a8UAYUOHHO-KOCMUYECKO20 MPUMEHEHUS.

Knroueasle cnoea: kommnaekc 6opmogozo obopydosaHus, 6opmosas pacrnpedeneHHas
8blyuUCIUMenbHAsA cpeda, demepMUHUPOBAHHAS ONMUYECKAA CeMb PeasibHO20 8peMeHU,
cemeuyeHmMpPUYECKas apxumekmypa, cemeyeHmpu4eckuli KOMNAeKc ynpaeneHus,
cemeueHmpuYeckas cemesas cpeda, eOuHoe 8pems

Ana yumupoeaHusa: Hosukos B. M., Conosbés A. M., CeméHos M. E., OneHes B. /1., Colujukos
A. l0., Cysoposa E. A. CemeyeHmpu4eckas apxumexkmypa Komiaekca 60pmogo2o
o06opydosaHusa Ha 6aze demepmuHUpPosaHHolU onmuueckol cemu // HHOBAYUOHHOE
npubopocmpoeHue. 2026. T. 5, Ne 1. C. 35-53. DOI: 10.31799/2949-0693-2026-1-35-53.

IIporpamMMHoO-annapaTHasa apXUuTeKTypa
AeMOHCTpaTtopa aaropurma AP'MOP

AHHOMayusA. MpedcmasneHa NPo2pPaMMHO-ANNAPAMHAA apxumeKkmypa 0emoHcmpamopa
aneopumma adanmueHo20 pOe8o-2eHemMuUYecKko20 Memooda onmuMu3ayuu pacnpedeneHus
pecypcos (APFMOP). OnucaHa cmpyKkmypa 3KCnepuMmeHmasnbHo20 CMeHOd, 0CHOBAHHO20 HA
MUKpOKOHmMposnnepax Raspberry Pi Pico, 06beduHeHHbIx o wiuHe 12C 8 KOHGu2ypayuu
«master/slave». [Toka3aHbl opeaHU3ayusA e3aumodelicmeusn Mexdy KOHMPOAUPYOWUM
ycmpolicmeom, cemegbiM Macmepom U pabodumu y31amu, @ Makxe MopAOOK 8bINOAHEHUA
8blYUCIUMENbHO20 YUKAAd. Paccmampusaromcsa ocobeHHocmu peaausayuu obmeHa 0aHHbIMU,
obpabomka npepsisaHuli, cCmMpyKkmypa KomaHo u mexaHusm cbopa pesyanbsmamos. [pusedeHsl
MempuUKuU, UCMosb3yemeble 015 OueHKU 3gpgpekmusHocmu anzopumma APITMOP u cpasHeHus e2o ¢
HAUBHbLIMU cmpame2uAmU pacrpedeneHusn Hazpy3Ku.

Knrouessle cnosa: apxumekmypa, APFTMOP, macmep u y3es, 8bl4ucaumesnnbHoll Yukn

Network-centric architecture of on-board
equipment system based on deterministic real-
time network

Abstract. The paper examines the specifics of applying a network-centric approach to the control
of an on-board equipment system whose main components are integrated into a unified
information space. A network-centric architecture of the on-board equipment system based on a
deterministic real-time optical network platform is proposed. The principles of real-time
synchronization of distributed on-board systems are formulated. The approaches proposed in the
paper can be used in the development of intelligent on-board equipment systems for advanced
aerospace systems.

Keywords: on-board equipment system, on-board distributed computing environment,
deterministic real-time optical network, networkcentric architecture, network-centric control
system, network-centric network environment, common time base

For citation: Novikov V. M., Solovyov A. M., Semenov M. E., Olenev V. L., Syschikov A. Yu.,
Suvorova E. A. Network-centric architecture of on-board equipment system based on deterministic
real-time network. Innovacionnoe priborostroenie = Innovative Instrumentation. 2026,;5(1):35-53.
(In Russ.). DOI: 10.31799/2949-0693-2026-1-35-53.

Software-hardware architecture of the ARGMOR
algorithm demonstrator

Abstract. This paper presents the hardware-software architecture of a demonstrator for the
ARGMOR algorithm. It describes the structure of an experimental setup based on Raspberry Pi Pico
microcontrollers connected via an I?C bus in a master/slave configuration. The organization of
interaction between the control unit, the network master and the worker nodes is shown, as is the
sequence in which the computational cycle is carried out. Features of the data-exchange
implementation, interrupt handling, command structure and result-collection mechanism are
examined. Metrics used to assess the performance of the ARGMOR algorithm and to compare it
with naive load-distribution strategies are provided.

Keywords: architecture, ARGMOR, master and node, computational cycle
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bnazodapHocmu. Paboma ebinosnHeHa npu nodoepxcke MuHUCmMepcmea HayKu U 8biclue20
obpazosaHusa Pocculickoli ®edepayuu no 2ocydapcmeeHHomy 3adaHuro Ne FSRF-2023-0003.
Ana yumupoeanus: lempos A. 0. [Tpo2pamMmHO-annapamHas apxumekmypa demoHcmpamopa
aneopumma APFMOP // UHHosayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 1. C. 54-58. DOI:
10.31799/2949-0693-2026-1-54-58.

JleTepMHMHHU3M M CO0eyCTOMYUBOCTh B MHTepdeincax
nepejayM JAaHHbBIX: OT IIMHHBIX AQPXUTEKTYP K
CeTeBbIM TEXHOJIOTUAM

AHHOMayus. Nposodumcsa cpasHUMesbHbIl aHanu3 uHmMepgelicos nepedaqu OaHHbIX 015
POMbIWIEeHHO20 U Kpumu4ecKoz2o 06opydosaHus. Paccmampusaemca 368004uUA om
KAaccu4YecKux WuHHelx apxumexkmyp (RS-485, CAN, MKUO) do cospemeHHbIx cemesbix
mexHosnoauli 6opmossix cucmem (Ethernet, EtherCAT, Ethernet/IP, AFDX u dp.), @ makxce ux
cneyuanu3uposaHHeix omeemesneHuli 045 aapokocmudeckoli ompacnu (SpaceWire, SpaceFibre).
Paccmampusaromces 8apuaHmsi MoGepHU3ayUU U nepexodd om ycmapeswux WUHHbIX
apxumeKkmyp K 8bICOKOCKOPOCMHbIM Cemesbim peweHUsM. AHaAU3upyomca cmpameauu
nepexooda, obecrieyusarowue npeemcmeeHHOCMb MPOMOoK0108 8epxXHe20 yPos8HA 0114
MUHUMU3QYUU 3ampam Ha KOPPeKYUo NpoepammHozo obecrieyeHus. OCHOBHOE BHUMAHUE
yoeneHo MAaKuM Kar4YessiM XapaKkmepucmuKam, KaKk 0emepmMuHU3M 8pemMeHHbIX Tapamempos,
cboeycmoliyueocme U CKOpocmo nepedaqu OaHHbIX.

Kmioueeble cnoea: wuHHble uHmepgelicel, cemeebie mexHosno02uu, 0emepmuHU3Mm,
npomeblwWsneHHble UHmepgelicsl, nepedaya OaHHbIX

Ana yumupoeaHusa: PakumuH A. B., TpewemkuH A. 0. lemepmuHusm u cboeycmoliyugocms 8
uHmepgelicax nepedayu AaHHbIX: OM WUHHbIX ApXUMeKmyp K cemeasim mexHosn02uam //
MHHosayuoHHoe npubopocmpoeHue. 2026. T. 5, Ne 1. C. 59-66. DOI: 10.31799/2949-0693-2026-
1-59-66.

For citation: Petrov A. Yu. Software-hardware architecture of the ARGMOR algorithm
demonstrator. Innovacionnoe priborostroenie = Innovative Instrumentation. 2026;5(1):54-58. (In
Russ.). DOI: 10.31799/2949-0693-2026-1-54-58.

Determinism and error tolerance in data
transmission interfaces: from bus architectures to
network technologies

Abstract. This article presents a comparative analysis of data transmission interfaces for industrial
and critical equipment. It explores the evolution from classical bus architectures (RS-485, CAN,
MIL-STD-1553) to modern network technologies for onboard systems (Ethernet, EtherCAT,
Ethernet/IP, AFDX, etc.), as well as their specialized derivatives for the aerospace industry
(SpaceWire, SpaceFibre). The paper considers options for modernization and transition from
legacy bus architectures to high-speed network solutions. It analyzes transition strategies that
ensure the continuity of upper-level protocols to minimize software adaptation costs. The primary
focus is on such key characteristics as temporal determinism, error tolerance, and data transfer
rate.

Keywords: bus interfaces, network technologies, determinism, industrial interfaces, data
transmission

For citation: Rakitin A. V., Treshchetkin A. Yu. Determinism and error tolerance in data
transmission interfaces: from bus architectures to network technologies. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2026;5(1):59-66. (In Russ.). DOI: 10.31799/2949-
0693-2026-1-59-66.
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PUCKH MeTPO0/IOTH4eCKOro KOHTPOJISA
IOBEPXHOCTEeN CBO6GOAHOM GOpMbBI B 3aJa4e
ob6ecre4yeHUsI Ka4eCTBa CJI10XKHONPOPUIbHbBIX
JeTasier

AHHOMayUA. PaccmompeHs! pUucKU Mempos102U4ecKo20 KOHMpPoss nosepxHocmeli ceob600HoU
¢opmbi 8 3a0a4e obecrieyeHUs Ka4ecmead C/I0XHONPOPUAbHbIX 0emasel. [poaHaNU3upPO8aHbI
OCHOBHbIe UCMOYHUKU HeornpedeneHHOCMU Ha amanax usmepeHull, peKoHCmMpyKyuu u
UHMepnpemayuu OaHHbIX, CUCMEMamMU3UPOBAHHbIE C UCMOAb308aHUEM duazpamm McuKassl.
MpedcmasneHa 8epOAMHOCMHAA MOOeslb KOHMPOSA, OCHOBAHHAA HA OWUBKAX Nepeozo u
8mopo2o poda u npumeHeHuUu OC-Kpusblx 048 UHMepnpemayuu puckos. Ocoboe sHUMaHue
ydeneHo owubKke 8mopo2o poda Kak Haubosnee Kpumu4Hol 048 PyHKYUOHANbHOU
npuaodHocmu u3denuli, 0603Ha4YeHb! Memoobl ee MUHUMU3AUUU.

Knrouessle cnosa: nosepxHocms ce0b600HOU (hopmbl, Memposio2u4ecKuli KOHMPO-e,
HeonpedesneHHOCMb usmepeHul, owubka emopozo poda

Ana yumuposaHus: 3onomyxuH K. B. Pucku memposo2u4ecko2o KOHMpossA nosepxHocmel
c80600H0UI hopmbl 8 3a0a4e obecreyeHUa Kayecmea C/I0HHONPogubHbIx demaneli //
MHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 6. C. 5-9. DOI: 10.31799/2949-0693-2025-6-
5-9.

I[IpumeHnenune KoHuenuuu «Kayecrso 4.0» B
KOHTeKCTe U poBU3aL MU IPOU3BOJCTBEHHbBIX
CHCTEM M MCKYCCTBEHHOI'0 UHTeJJIEKTa

AHHOMayusa. CospemMeHHbIl 3marn pazeumus MpomMbIWAEHHOCMU XapaKmepu3syemca
aKMUBHbIM eHedpeHuem mexHosoaul MHAycmpuu 4.0, 0CHOBAHHbIX HA UHMe2payuu
Kubepgusuyeckux cucmem, UCKyccmeeHHo20 uHmennekma (MN) u UumepHema seweli (1oT). B
3amom KoHmeKcme ocoboe Mmecmo 3aHumMaem KoHuyenyusa «Kayecmeo 4.0» (Quality 4.0) — Hoeas
napaduema ynpaeneHus Ka4ecmeom, 06bedUHAIWAA KaaccuvecKue npuHyuUnsl momasabHo2o
meHedxmeHma Kayecmea (TQM) ¢ yugposbimu mexHoa02UAMU, aHAAUMUKOU 60abuwux
OaHHbIX U MPeOUKMUBHbIMU MOOeAAMU.

MpoaHanU3UPOBAHLI KAoYeasble HanpaesaeHuUs eHedpeHUs KoHyenyuu «Kayecmeo 4.0» e
yugpossie npouzeodcmeeHHble cUCmeMbl U MOKA3aHa posib MW & noeviweHuu
aghhekmusHOCMU NPOUECccos ynpasneHuUs Ka4ecmeom.

Knroueesle cnoea: cmaHOapmu3ayus, ynpasaeHue Kayecmeom, OaHHble, yrnpasneHue,
npoekmuposaHue

Risks of metrological control of free-form surfaces
in the task of ensuring the quality of complex-
shaped parts

Abstract. The risks of metrological inspection of freeform surfaces in the task of ensuring the
quality of complex-shaped parts are considered. The main sources of uncertainty at the stages of
measurement, surface reconstruction, and data interpretation are analyzed and systematized
using Ishikawa diagrams. A probabilistic inspection model based on Type | and Type Il errors is
presented, along with the application of OC-curves for risk interpretation. Special attention is
given to Type Il error as the most critical for product functionality, and methods for its
minimization are outlined.

Keywords: freeform surface, metrological inspection, measurement uncertainty, type two error

For citation: Zolotukhin K. V. Risks of metrological control of free-form surfaces in the task of
ensuring the quality of complex-shaped parts. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2025;4(6):5-9. (In Russ.). DOI: 10.31799/2949-0693-2025-6-5-9.

Application of the “Quality 4.0” concept in the
context of digitalization of production systems and
artificial intelligence

Abstract. The current stage of industrial development is characterized by the active introduction of
Industry 4.0 technologies based on the integration of cyber-physical systems, artificial intelligence
(Al) and the Internet of Things (loT). In this context, a special place is occupied by the concept of
“Quality 4.0”, a new quality management paradigm that combines the classical principles of total
quality management (TQM) with digital technologies, big data analytics and predictive models.
The article analyzes the key directions of the implementation of the “Quality 4.0” concept in digital
production systems and shows the role of Al in improving the efficiency of quality management
processes.

Keywords: standardization, quality management, data, management, design

For citation: Chabanenko A. V. Application of the “Quality 4.0” concept in the context of
digitalization of production systems and artificial intelligence. Innovacionnoe priborostroenie =
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Ana yumupoeaHnusa: YabaHeHko A. B. lpumeHeHue KoHuenyuu «Kayecmeo 4.0» 8 KOHMeKcme
YuposU3aYUU NPOU3B0OCMBEHHbIX CUCMEM U UCKYcCMeeHH020 uHmesnsnekma //
MHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 6. C. 10-14. DOI: 10.31799/2949-0693-
2025-6-10-14.

CocTossiHUEe MUPOBOIr0 pbIHKA OpraHU4eCcKou
3JIEKTPOHUKH

AHHOmMayuA. AHaaU3upyemcsa coCmosHUe MUpPOB8020 PbIHKA Op2aHUYECKOU 31eKMPOHUKU.
MpedcmasneHa OUHAMUKGA PbIHKA € npo2Ho30m 00 2033 2. OmmeyeHsl 8axcHeliuue
HanpasaeHUA NpUMeHeHUA op2aHuU4ecKoli 31eKmMpPoHUKU. [JaH ModpobHbIl aHAAU3 COCMOAHUA
PbIHKG Op2aHUYecKux oucraees, 0amyuKos U homo3neKmpu4ecKux cucmem.

Kntouessle cnosa: PbIHOK opeaHuquKoU 3/1EKMPOHUKU, OpeadHuU4yecKkue 00[71'-“1}{(1,
ope2aHu4eckue dUCI‘IﬂeU, ope2aHu4YecKkasa d]O!TIOBOﬂmeUKG

Ana yumuposeaHusa: KupwuHa . A., UnbuHckaa E. M. CocmoaHue mupo8o20 pbiHKa
opaaHuYecKkoli 3nekmpoHuUKu // HHosauyuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 6. C. 15—
19. DOI: 10.31799/2949-0693-2025-6-15-19.

YnpoumeHHas MoJeJsib KO3¢PpHULMeHTa YCKOPeHU
AJISI OLLeHKH CPOKa CJYKObI U3/e/TUU
PaAn031eKTPOHUKH

AHHOMayuA. Paccmampuearomcs oyeHKa U Mpo2HO3UpPOoBaHUE CPOKA CAYyHObI 31eKMPOHHbIX
KOMMOHEHMOo8 U cucmem, Haxo0AwWuxca nod eozdelicmeuem memnepamypsl, KOMopas
ABAEMCA K04e8bIM PaKMOopPOoM, YCKOPAIOUUM MPOYECccsl cmapeHus u dezpadayuu. B
OCHOBE OUEHKU nexcum ¢pyHAameHmasnbHasa Modesb YCKOPEeHHbIX UcnbimaHull — ypasHeHue
AppeHuyca, ycmaHasausarowee sKCNoHeHYuasa6Hy 3a8UCUMOCMb CKOpocmu
0ez2padayUoHHbIX Mpoyeccos om memmnepamypsl. Adanmayus 0aHHO20 ypasHeHUs 015
3/16KMPOHUKU, BK/HOYAA UCMOIb308aHUE MTOCMOAHHOU B0AbUMAHA U 3Hepauu aKkmusayuu,
10380/15€M KO/IUYeCmeeHHO oUeHU8aMb 6/UAHUE repezpesa Ha HadexHocme.
ConocmassneHue Modenu AppeHuyca ¢ aMupuveckum npasusom BaHm — Modga nozsonsem
sblgecmu KoHcmaHmy C, Komopas cesa3bisaem obe Mooenu U cayrum
CMaHAapPMU3UpPOBAHHLIM NMApPaMempom 048 OUeHKU memnepamypHoli yyecmeumenobHocmu
KOMMOHEHMOo8 paduo3AeKmpoHUKU.

Knrouesble cnoea: paduossneKmpoHHble KOMMTOHEHMbI, HA0eXHoCcmb usdenull
paduo03neKMpOoOHUKU, ypasHeHue AppeHuyca

Ana yumuposaHus: YynpuHosa O. B. YnpouwieHHas modesb KoagguyueHma ycKkopeHus 015

Innovative Instrumentation. 2025;4(6):10-14. (In Russ.). DOI: 10.31799/2949-
0693-2025-6-10-14.

The state of the global organic electronics market

Abstract. The article analyzes the state of the global organic electronics market. It presents the
market dynamics and provides a forecast until 2033. The article highlights the most important
applications of organic electronics. It also provides a detailed analysis of the market for organic
displays, sensors, and photovoltaic systems.

Keywords: organic electronics market, organic sensors, organic displays, organic photovoltaics

For citation: Kirshina I. A., llinskaya E. M. The state of the global organic electronics market.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(6):15-19. (In Russ.). DOI:
10.31799/2949-0693-2025-6-15-19.

A simplified acceleration coefficient model for
assessing the service life of radioelectronics
products

Abstract. This paper examines the assessment and prediction of the service life of electronic
components and systems exposed to temperature, a key factor accelerating aging and
degradation. It is based on a fundamental accelerated testing model — the Arrhenius equation —
which establishes an exponential dependence of the degradation rate on temperature. Adapting
this equation to electronics, including the use of the Boltzmann constant and activation energy,
allows for a quantitative assessment of the impact of overheating on reliability. Comparing the
Arrhenius model with the Van’t — Hoff empirical rule allows for the derivation of a constant C,
which links both models and serves as a standardized parameter for assessing the temperature
sensitivity of electronic components.

Keywords: electronic components, electronic component reliability, Arrhenius equation

For citation: Chuprinova O. V. A simplified acceleration coefficient model for assessing the service
life of radioelectronics products.

Innovacionnoe priborostroenie = Innovative Instrumentation. 2025,4(6):20-23. (In Russ.). DOI:
10.31799/2949-0693-2025-6-20-23.
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OUEHKU CPOKa cryHcbbl uzdenuli paduo anekmpoHuKu // MHHosayuoHHoe npubopocmpoeHue.
2025.T. 4, Ne 6. C. 20-23. DOI: 10.31799/2949-0693-2025-6-20-23

OnTumMusanus npoiecca nogepku aosumerpa AKC-
AT3509

AHHOmMayus. lpusedeHsbl pe3yabmamel nogepku dozumempa uHousudyasnsHozo [KC-AT3509, e
MOM Yucse paccyumaHsl nozpewHocmu u HeonpeodeneHHocmu. imoau npakmuyeckoli yacmu
0emasibHO NMPOAHAU3UPOBAHbI C Yesblo 8bIABAEHUA MUMNO8bIX HapyweHul u Hecoomeemcmaud.
Ha ocHoge nosy4eHHbIx OGHHbIX CHOPMUPOBAHLI KOHKPEMHbIE PEKOMeHAayuu Mo onmumu3ayuu
npoyecca nosepKu. [as nosviweHUs moYyHocmu usmepeHuli 8 061acmu HU3KUX
UHMeHcusHocmeli Npedsaazaemcs KOMMNAEKCHbIU Mo0xo0, ekaovarowuli 8 cebs mexHuveckue u
mMemoouYecKue ycoeepuleHCmeo8aHuUs.

Knrouyeeble cnoea: UoHU3UpPYOWee udnyvyeHue, nosepkd, 003umemp, 800HbIl paHmMom

Ana yumuposanusa: Muwypa T. [1. Onmumu3zayus npoyecca nosepku 0ozumempa [KC-AT3509 //
UHHOoBayuoHHOe npubopocmpoeHue. 2025. T. 4, Ne 6. C. 24-29. DOI: 10.31799/2949-0693-2025-
6-24-29.

CucteMbl OCBelleHUA AJ1A 33724 TEXHUYECKOT0
3peHus

AHHOmayus. PaccmompeHsl U OMUCAHbI KAt04eable napamempesi, onpedensowue pabomy
cucmemsl ocgeweHus, cyuecmsyrowue memoos! U UCMOYHUKU oceeweHus 013 3a0a4
mexHUYecKo20 3peHus. lepequcneHbl U oNUCcaHbl YaKMopei, BAUAIOWUE HAG KOPPEKMHOCMb U
moyHocme pabomel gceli cucmemMbl MexXHUYEeCKo20 3PeHUSA, d MAKHe HO 803MOXHOCMb U
yesnecoobpasHocme ee Ucrnonb308aHuUs. [lomumo amoeo, npedcmasseHsl cyujecmaytoujue
paspabomku e obaacmu oceeuwjeHuUA 0418 3a0a4 MexHUYEeCKo20 3peHus u npoussedeH
cpasHUMesnbHbIl aHAAU3 Pa3auYHbIX Modyseli oceelyeHus.

Kntouesble ca08a: cucmema mexHU4ecKo20 3peHus, cucmema oceeweHus, Moodysb oceeu,eHus
Ana yumupoeanus: fjassidos B. A., bynamos B. B. Cucmembl oceeujeHuA 044 3a0a4

mexHuYecKkozo 3peHus // HHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 6. C. 30-36. DOI:
10.31799/2949-0693-2025-6-30-36.

[lorpemtHOCTbh U3MEPEHMA PAAUOMETPUYECKUM
IPUEMHUKOM

Optimization of the verification process of the
dosimeter DKS-AT3509

Abstract. This paper presents the results of the verification of the personal dosimeter DKS-AT3509,
including the calculation of errors and uncertainties. The results of the practical part are analyzed
in detail in order to identify typical violations and inconsistencies.

Based on the data obtained, specific recommendations for optimizing the verification process were
formed. To improve the accuracy of measurements in the low-intensity range, a comprehensive
approach is proposed, including technical and methodological improvements.

Keywords: ionizing radiation, verification, dosimeter, water phantom

For citation: Mishura T. P. Optimization of the verification process of the dosimeter DKS-AT3509.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(6):24-29. (In Russ.). DOI:
10.31799/2949-0693-2025-6-24-29.

Lighting systems for machine vision tasks

Abstract. This article examines and describes the key parameters that determine the operation of
the lighting system, existing methods and sources of illumination for machine vision tasks. The
factors that influence the correctness and accuracy of the entire machine vision system, as well as
the possibility and feasibility of its use, are listed and described. In addition, the article presents
existing developments in the field of lighting for machine vision tasks and a comparative analysis
of various lighting modules is made.

Keywords: machine vision system, lighting system, lighting module
For citation: Davydov V. A., Bulatov V. V. Lighting systems for machine vision tasks. Innovacionnoe

priborostroenie = Innovative Instrumentation. 2025;4(6):30-36. (In Russ.). DOI: 10.31799/2949-
0693-2025-6-30-36.

Measurement error by the radiometric receiver

Abstract. It is noted that radiometric receivers are widely used for remote sensing of objects on

18 ceHTAbGpA 2026 T.



AHHOMayus. 113 0ucmaHyuoHHO020 30HOUPOBAHUA 06bEKMO8 Ha 3emsie WUPOKO MNPUMEHAIMCA
paduomempuyecKkue npuemMmHuUKU. 15 onpedesneHUs c8a3U MeHXOy amnaumyool 8bIX00H020
CU2HAAa NPUeMHUKA U udmepsemoli aHmeHHolU memnepamypoli Heobxo0uma Kanaubposka
wKanel paduomempa. llapamempsi WKAsbI MPUEMHUKA CyujecmeeHHo 3a8Ucam om rnomeps 8
mpakme CBY om aHmeHHb1 00 8x00a NPUEMHUKA. 3mu lomepu CywecmeeHHo U3MEHAIOMCA 8
YCA08UAX IKCMAYAMAYUU U3-30 8AUAHUA NepeMeHHbIX BHeWHUxX 8o3delicmauli. Ymobbi
M000epX#uU8aMb 8bICOKYIO MOYHOCMb U3MepeHUli, He06X00UMO 8bIMOAHAMb MepUOOUHECKYHO
Kanubpoeky wKasel. a8 npuemHUKa MoOyAS4UOHHO20 MUnad rosy4YeHo evipaxceHue 015
usmepsaemol aHmeHHol memnepamyps! 8 3a8UCUMOCMU OM MeMIepamypbl 3ManoHHbLIX
UCMOYHUKO8 U omepb 8 passuyHbIX Yacmax mpakma npuemMHUKa. AHAAU3 Moay4eHHo20
8bIPAXCEeHUSA N0380uA Pa3pabomame PeKoMeHOayUU Mo CHUXEHUIO Mo2pewHocmu usmepeHul.

Kntouesble cnoea: ucmaHyuoHHoe 30HOUPOoBaHUE, paduomempu4veckuli MpuemMHuUK, Kanubposxka
WKQsbl, 3MAsIOHHbLIE UCMOYHUKU, MOOYAAYUOHHbIU NPUEeMHUK, no2pewHoCcms Kaaubposku,
peKomeHOayuu

Ana yumupoesanusa: Muxaiinos B. ®. [MoepewHocms usmepeHuUs paduomempu4ecKum
npuemHuKom // MHosayuoHHoe npubopocmpoerue. 2025. T. 4, Ne 6. C. 37-40. DOI:
10.31799/2949-0693-2025-6-37-40.

KoHuenryajsibHasi MoJeJ/ib HEYeTKOM CUCTEeMbI
OpHEeHTAllMM KOCMHUYECKOro anmnapara 1o mnejieBomMy
06'BEKTY AJIsl MEeKOPOHUTA/ILHOTrO nepesera

AHHOomayus. PaccmompeH mMemood opueHmayuu KOCMUYECcKo20 iemamesibHo20 annapama
rnocpedcmeom uHmesneKmyanbHol Hedemxol cucmemsl € Yesbio NosbilueHUs Ka4ecmea
yrpasneHus u cmeneHU d8MOHOMHOCMU PACCMAmpueaemMoz0 annapama Kak obvekma
ynpaeneHus.

Knroueeslie cnoea: kocmudeckuli annapam, cucmema opueHmauyuu, onmu4yecKas Kamepa,
UHMesAeKmMyasnbHAA HeYemKas cucmema, AUH28UCMUYeCKasa nepemeHHas, QyHKYUs
npuHadnexHocmu, 6asa npasusn

Ana yumupoeanus: NeaHos M. E., E3epckuli B. B. KoHyenmyanbHaa mooess Heyemkol cucmemel
OpueHMaYuUU KOCMUYeCK020 annapama ro yesanesomy obvekmy 0744 MexopbumasnsHo20
nepenema // HHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 6.

C. 41-49. DOI: 10.31799/2949-0693-2025-6-41-49.

0630p cCOBpeMEeHHbIX METO40B HUCC/IeJOBaHMS
MYJIbTHCEHCOPHBIX BbICOKOYYBCTBHUTE/IbHBIX

Earth. Calibration of the radiometer scale is necessary to determine the relationship between the
amplitude of the receiver’s output signal and the temperature measured

by the antenna. The receiver scale parameters depend significantly on the losses in the
microwave path from the antenna to the receiver input. These losses vary significantly under
operating conditions due to the influence of variable external influences. Periodic calibration of
the scale is necessary to maintain high measurement accuracy. For a modulation-type receiver,
an expression is obtained for the temperature measured by the antenna as a function of the
temperature of the reference sources and losses in various parts of the receiver path. The
analysis of the obtained expression made it possible to develop recommendations for reducing
the measurement error.

Keywords: remote sensing, radiometric receiver, scale calibration, reference sources, modulation
receiver, calibration error, recommendations

For citation: Mikhailov V. F. Measurement error by the radiometric receiver. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2025;4(6):37-40. (In Russ.). DOI: 10.31799/2949-
0693-2025-6-37-40.

Conceptual model of a fuzzy spacecraft orientation
system for inter-orbital flight

Abstract. The article discusses the method of spacecraft orientation using an intelligent fuzzy
system in order to improve the quality of control and the degree of autonomy of the spacecraft as
a controlled object.

Keywords: spacecraft, orientation system, optical camera, intelligent fuzzy system, term,
membership function, rule base

For citation: Ivanov M. E., Ezerskiy V. V. Conceptual model of a fuzzy spacecraft orientation system

for inter-orbital flight. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(6):41—
49. (In Russ.). DOI: 10.31799/2949-0693-2025-6-41-49.

An overview of modern research methods for
multisensory high-sensitivity measuring
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W3MEPUTEJIbHBIX PeoGpa3oBaTesiei

AHHOmayus. MoseneHue Hosbix Npubopos 0717 usmepeHus degpekmos hopmsl 10380s59em
nposecmu 3Ha4UMesnbHoIli 06bEM UMUMAYUOHHO20 MOOeAUPOBAHUSA MPU CO30aHUU
supmyasnbHelx Npubopos, Ymobsi 3a6510208peMeHHO 8biABUMb OWUGKU HA amarne
MPOeKMuUpPOBAHUA MysbMUCEHCOPHbLIX Mpubopos, obaadaroujux 60a6WUM 06BEMOM OWUOOK,
Komopeble He803MOM(HO CIIPO2HO3UPOBAMb 8 POYecce HaMypHbIX UCbIMAHUl Mo npuvuHe,
803MO3}#HO, HE00CMAaMO4YHO anpPobuUPOBAHHO20 83AUMHO20 B/UAHUA KOMITOHEHMO8 BHYyMpPU
00Ho20 Koprnyca. OOHAKO Hosble u3udecKue NPUHYUel MO380/A0M CYWecmaeHHO paciu-
pUMb BO3MOXHOCMU U3MEPEHUsA U c030amb HO8ble Memodbl U3MepPEeHUA HECKOMbKUX
napamempos 00HOBPEeMEHHO MOBUMbHBLIMU Cpedcmeamu, Komopsle He bydym mpebosams
0ocmamoyHo 0os2ux Mod20mosumesbHoix Mepornpuamuli neped Ha4Yas0M U3-

mepeHud.

Knroueseole cnosa: MYy/n1bMUCeHCOPHAA UsmepumesibHAA cucmema, rnoepewHocmu cucmemel,
mamemamu4eckue MOdeﬂU, usmepeHue dedJeKmoe NnosepxHOCMHO20 Cn0A,
umriopmosameuw,eHue

Ana yumuposarus: Enugaryes K. B. 0630p cospemeHHbIx Memoodos ucciedo8aHus
MY/1IbMUCEHCOPHBIX B8bICOKOYYBCMBUME bHBLIX U3MepUmesbHbix npeobpasoeamereli //
UHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 6. C. 50-55. DOI: 10.31799/2949-0693-2025-
6-50-55.

JKCIepUMeHTa/IbHas MPoBepKa sABJIeHUA
KBaHTOBaHUS NPOBOAMMOCTH META/IVIOB B
HU3KOpPa3MepPHOU CTPYKTYpPe - HAHONPOBOJe

AHHOMayuA. B c853u C Npo2peccom mexHos02ull 31eKMpPoHHO20 MpubopocmpoeHus, 8
4YacmHocmu ¢ MuHUamiopu3ayueli KOMMNOHEHMOo8 cxeM, akmyasbHol cmana mema yyema
K8AHMOBbIX ceolicme nposodHUKO8. Imo 0b6cmoamesibcmeo npueooum K Heobxodumocmu
s8sedeHuUA 8 06pa308amMesnbHYIO NPO2PAMMY Kypca (hu3UKU, 8 YaCMHOCMU 8 1a60pamopHYo
MPAKMUKY, HO8bIX 1a60pAMOpPHbLIX pabom. 3a 0CHO8Y MPUHAMA 3KCNEPUMEHMAsIbHAA
YCMAHOBKQA, UCMOob3yemas 8 pade 3apybexcHbix mexHUYecKux yHugepcumemos. TeopemuyecKas
MoOerib, onucblearowas uccaedyemoe A8aeHUE K8AHMOBAHUSA MpPosoduMocmu, onupaemca Ha
CMaswiyto Kaaccuyeckoli memy K8AHMOBAHUA 3/1€KMPOHHbIX opbum 8 meopuu H. bopa.
M320mosseHa ycmaHoeKa, 8 Komopoli uccnedyemobiMu ABAAOMCA 3010Mble HOHOKOHMAKMbI,
usmepsaemol eenuquHol — nposoduMocme. Pe3ysibmamel MHO2OKPAMHbIX U3mepeHul
06Hapy»#usaom sghheKm K8aHMOBAHUA U 10380/A0M U3MeEPUMb 8eAUYUHY K8AHMA
nposodumocmu GO u c85a3aHHY!0 € Heli (pyHOAMEHMAbHYIO MOCMOAHHYI — KOHcmaHmy laaHKa
h.

Knrouessle cnosa: keaHmosaHue I'IpOBOdUMOCITIU, KeaHmoesasA d)U3UKG

transducers

Abstract. In the current period, the creation of new devices for measuring shape defects allows for
a significant amount of simulation modeling when creating virtual devices in order to identify
errors in advance at the design stage of multi-sensor devices with a large

amount of errors that cannot be predicted during field tests due to the possibly not very proven
mutual influence of components on each other inside one housing. However, new physical
principles make it possible to significantly expand the measurement capabilities and create new
measurement methods for measuring several parameters simultaneously by mobile means that
will not require sufficiently long preparatory measures before starting measurements.

Keywords: multisensory measuring system, system errors, mathematical models, measurement of
surface layer defects, import substitution

For citation: Epifantsev K. V. An overview of modern research methods for multisensory high-
sensitivity measuring transducers. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025,;4(6):50-55. (In Russ.). DOI: 10.31799/2949-0693-2025-6-50-55.

Experimental verification of the phenomenon of
quantization of metal conductivity in a low-
dimensional structure —a nanowire

Abstract. Due to advances in electronic instrumentation technology, particularly the
miniaturization of circuit components, the topic of accounting for the quantum properties of
conductors has become relevant. This necessitates the introduction of new laboratory exercises
into the physics curriculum, particularly in laboratory practice. An experimental setup used at a
number of foreign technical universities was adopted as a basis. The theoretical model describing
the phenomenon of conductivity quantization is based on the classic concept of electron orbit
quantization in N. Bohr’s theory. A setup was constructed in which gold nanocontacts were
studied, with conductivity being the measured quantity. The results of multiple measurements
revealed the quantization effect and made it possible to measure the magnitude of the
conductivity quantum GO and the associated fundamental constant, Planck’s constant h.

Keywords: quantization of conductivity, quantum physics

For citation: Prilipko V. K., K ovadlo A. A., G ershkovich M. A., K uranov R. A. E xperimental v
erification o f t he p henomenon o f quantization of metal conductivity in a low-dimensional
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Ana yumupoeanus: Mpunaunko B. K., Koeadsno A. A., lepwkosuy M. A., KypaHos P. A.
SKcnepumMeHmManbHAA NPOBEPKA A8/eHUA KBAHMOBAHUA MPO8OOUMOCMU MeMAnos 8
HU3KopasmepHoli cmpykmype — HaHonposooe // IHHo8auUOHHOEe npubopocmpoeHue.
2025. T. 4, Ne 6. C. 56—63. DOI: 10.31799/2949-0693-2025-6-56-63.

CucTeMbl M3MepeHus JaThl 1 BpEMEeHU B
Hay4YHBIX McCaea0BaHUsIX. [Ipeo6pa3oBaHus HA
sa3bike Python

AHHOMayusA. B HayyHbix ucciedo8aHUAX 4acmo nooyepKkusaemcs Heobxooumocmes 0bpabomku
OaHHbIX HabaroOeHull. Kak npasusno, kaxcdoe HabawOeHUe conposoxdaemcs ommemkol 0amsi
U 8pemMeHU uKcayuu HabodeHus. PaccmompeHs! paszsauyHele 8apuaHmel omobpaxeHus
MoMeHma spemMeHU HabaOeHUs 8 npedocmasssemolx Habadaemol cmopoHoU OaHHBIX.
OnucaHbl pasauYHbie cucmemsl USMepPeHUs 8peMEeHU, 8 YGCMHOCMU HAUAHCKAA U 2pU20PUAHCKASA
damel. [TpedcmassneHsbl criocobsl nepexoda Uz 00HOU cucmemMsi 8 Opyayto NMpu MOMOUU A3bIKA
npozpammupoeaHus Python.

Knrouyesble cnoea: 0aAUGHCKAA 0ama, 2pu2opudHcKas 0ama, 00U CymoK, cucmembl U3MepeHUs
spemMeHU, Npeobpa3osaHusA 8pemeHu, spemeHHble pAadsl, Python

Ana yumuposaHusa: ®edoceesa C. H. Cucmembl uamepeHus 0amsi U 8peMeHU 8 Hay4YHbIX
uccnedosaHusx. [lpeobpasosaHus Ha A3bike Python // HHosayuoHHoe npubopocmpoeHue. 2025.
T. 4, Ne 6. C. 64—69. DOI: 10.31799/2949-0693-2025-6-64-69.

depMHU-4YaCTHUILbI U 603€-4aCTULLbI IPH
NpoxX0XKJeHuU yepe3 npu6op llltepna - 'epsiaxa

AHHOmayus. B Hacmosuwee spems npucmassbHoe 8HUMAHUe Hay4YHoe coobujecmeo 8 obaacmu
hu3uKu yoensem 3neKMPOHHbIM 0pEUMAM U UX OpUeHMayuu 8 npocmpaHcmee. BoiagneHo, Ymo
MpoeKyuUa Ma2HUMHO20 MOMEHMA amoMa MPUHUMaem OUCKpemHsle 3HaYeHUs K orpedesneHHOMY
HanpaeneHuto. [oamomy 8bissneHue OUCKPEMHbIX Y2108 K 8bi0eneHHOMY HanpasaeHuto
Aensemca 3Ha4umod 3adayeli 0417 IKkcnepumeHmMasnbHol u3uKu. M3yyas anemeHmapHsle
yacmuubl, uccnedosamesu CMAsAKUBAOMCA C HOBbIM AB/EHUEM 8 Ux nosedeHuu. baazodaps
HOBbIM U3MePEeHUAM OMKPbIBAIOMCA HOBbIE A8/AEHUA U C1e0CMBUs, C MOMOWbIH KOMOpPbIX
803MOMHO 60s1ee NodpobHo onucame Mup. B cmamee 0emaseHo paccmompeH onbim, Komopbil
Cbl2pasn K4esyr posb 8 yberoeHuU yyeHbix 0 npedcmasaeHusX KBaHMOBAHUSA Yy2/108020

structure — a nanowire. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025,;4(6):56—63. (In Russ.). DOI: 10.31799/2949-0693-2025-6-56-63.

Date and time measurement systems in scientific
research. Transformations in Python

Abstract. In scientific research, the need to process observational data is often provided. As a rule,
each observation is accompanied by a date and time stamp of the observation. This article
discusses various options for displaying the moment of observation in the data provided by the
observed party. Various time measurement systems are described, in particular, the Julian and
Gregorian dates. The ways of switching from one system to another using the Python
programming language are presented.

Keywords: julian date, gregorian date, fractions of day, time measurement systems, time
conversion, time series, Python

For citation: Fedoseeva S. N. Date and time measurement systems in scientific research.
Transformations in Python. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025;4(6):64-69. (In Russ.). DOI: 10.31799/2949-0693-2025-6-64-69.

Fermi particles and Bose particles passing through
the Stern - Gerlach device

Abstract. Currently, the scientific community in the field of physics is paying close attention to
electronic orbits and their orientation in space. It is revealed that the projection of the magnetic
moment of an atom takes discrete values in a certain direction. Therefore, the identification of
discrete angles to the selected direction is a significant task for experimental physics. When
studying elementary particles, researchers encounter a new phenomenon in their behavior. By
making new measurements, new phenomena and consequences are discovered, with the help of
which it is possible to describe the world in more detail. The article examines in detail the
experience that played a key role in convincing scientists about the concepts of quantization of the
angular momentum of atoms. The amplitudes and probabilities of atomic passage in this
experiment are presented and the topic of interfering amplitudes is touched upon.
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momeHma amomos. pedcmasneHsbl amnaumyoOsl U 8epOAMHOCMU MPOXOHOEHUSA AmMomMo8 8
OaHHOM orbime U 3ampoHyma mema UHmepgpepupyowux amnaumyo.

Knroueasble cnoea: amom, K8aHMOBAHUS, Y2080l MOMeHM, 8epOAMHOCMU, UHMepgepupyoujue
amnaumyosl, npubop, KoAAuUMamop, mazHum, demexkmop

Ana yumupoesanus: Matiopos E. E., Aedees A. H. ®epmu-yacmuupel u 603e-yacmuuybl npu
npoxoxdeHuu yepe3 npubop LLimepHa — lepaaxa // UHHo8ayuoHHOe npubopocmpoeHue. 2025. T.
4, Ne 6. C. 70-74. DOI: 10.31799/2949-0693-2025-6-70-74.

[IpyuMeHeHU e KOJIOPUMETPHUH AJIS UCCIe 0BaHMUA
JAU3€e/IbHOTO TOIJIMBa

AHHOomayus. Konopumempuyeckue npubopbl U KOMMAEKCHI WUPOKO UCMONb3YIOMCA 8
usmepumesbHoli mexHuke 61a200apA 8bICOKOU movYHocmu, 6oabwomy uanasoHy usmepeHul, a
MaK»ce 803MOXHOCMU KOHMPOosA 06bekmoe OuHamuyeckoli ysemonepedayu. pedsnoxceHo
uccnedo8aHUe Koaopumempu4eckum memooom nezKkux ppakyuli Hegpmenpooykma. Ans
nosy4yeHus gpomomempuveckux napamempos (ysemHocmu) obpasyoe ousesnbHo20 Monaued
uCnosb308aaace PaspabomaHHaA 1a6OPAMOPHAA KOAOPUMEMPUYECKAA YCMAaHo8Ka. 1oayyeHsi
3KCrnepumMeHmMarnbHbele OaHHbIE 8 KOosopumempuyeckux cucmemax XYZ, CIELab, HSL, 20e
KoOpOuHamel ysemHocmu obpa3yoe du3esnbHO020 Monauea Haxo0amcs 8bau3u pegepeHmHo20
3HQYeHUs.

Knroyessle cnoea: Konopumempus, KosopuMmempu4ecKue cucmemsl, KOOpOUHaMesl y8emHocmu,
obpasey dusenbHO20 Monauea, pomomempuyeckuli napamemp, KCeHOHOB8AA AAMMNA

Ana yumupoeanus: Maliopos E. E., flaeaes A. B., Kypnaoe B. B. [lpumeHeHuUe Koanopumempuu 015
uccnedosaHua dusesnbHo20 monauea // HHosayuoHHoe npubopocmpoerue. 2025. T. 4, Ne 6. C.
75-79. DOI: 10.31799/2949-0693-2025-6-75-79.

Keywords: atom, quantization, angular momentum, probabilities, interfering amplitudes,
instrument, collimator, magnet, detector

For citation: Maiorov E. E., Avdeev A. N. Fermi particles and Bose particles passing through the
Stern — Gerlach device. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025;4(6):70-74. (In Russ.). DOI: 10.31799/2949-0693-2025-6-70-74.

Application of colorimetry for the study of diesel
fuel

Abstract. Colorimetric devices and complexes are in demand in measuring technology due to their
high accuracy, large measurement range, and the ability to control objects with dynamic color
rendering. The paper proposes a colorimetric study of light fractions of petroleum products. A
developed laboratory colorimetric installation was used to obtain photometric parameters
(chromaticity) ofdiesel fuel samples. Experimental data were obtained in XYZ, CIELab, and HSL
colorimetric systems, where the color coordinates of diesel fuel samples are near the reference
value.

Keywords: colorimetry, colorimetric systems, chromaticity coordinates, diesel fuel sample,
photometric parameter, xenon lamp

For citation: Maiorov E. E., Dagaev A. V., Kurlov V. V. Application of colorimetry for the study of

diesel fuel. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025,4(6):75-79. (In
Russ.). DOI: 10.31799/2949-0693-2025-6-75-79.

18 ceHTAbGpA 2026 T.



Tom 4, No 5 ¢ 2025 / Vol. 4, no. 5¢ 2025

MeToA CHUKEeHUS YU CJIa BBIGOPOYHBIX TOYEK NPHU
U3MepPEeHUHU U BOCCTAaHOBJIEHUH
CJIOKHONPOPUIbHBIX MOBEPXHOCTEMN

AHHOMayusa. PaccmompeH memod UHmMesaekmyasbHol 86I60pKU Mpu U3mMepumenbHOM
KOHMpoOse CoXHONpo@uabHuix Oemaseli, 0CHOBAHHbIU HO meopeMe YummeKepa —
KomenobHukoea — LLleHHoHa. ChopmyuposaHsl ycao8usa npumeHeHUs Memoda, yMeHbWeHUA
KosuYecmea usmepumeribHblx moveK npu 80CCMAHOBAEHUU U U3MepeHUU 00HOMEPHbIX U
0dsymepHbIx nogepxHocmed.

Knroueeble €1086a: C/I0OXHONPOPUbHAA M0BEPXHOCMb, COBU2-UHBAPUAHMHbIE MPOCMPAHCMEA,
soccmaHosneHue 6e3 uckaxcerud, T-crnaaliH

Ana yumupoeaHus: 3onomyxuH K. B. Memod CHUMeHUs Yucaa 8bI60pO4HbIX MoYeK npu
UsMepeHUU U 80CCMAHOB/eHUU CAOXHOMPOGUAbHbIX nosepxHocmeli // MHHOBAUUOHHOE
npubopocmpoeHue. 2025. T. 4, Ne 5. C. 5-8. DOI: 10.31799/2949-0693-2025-5-5-8.

MeToao/ioruYecKasi Mo e b OLLeHKH 3peJIOCTH
ynpaB/ieHYeCKUX NPAKTHK BHYTPEHHEro ayAuTa
NMILIEBOI NPOMBILIJIEHHOCTH

AHHOomayus. PaccmompeHa uHmezpayua mpebosaHuli ISO 9001:2015 u FSSC 22000 sepcuu 6 8
cucmemy eHympeHHe20 ayouma nuwessix npednpuamul. Lleau uccnedosaHus — evigeneHue
npobaemHbix mpebosaHuli u pazpabomka Modxo0a K Ux oyeHKe. Ucrosnb308aHs!
cpasHUMesnbHbIl aHAAU3 CMAHOAPMO8 U IKCNepMHAA OUEHKA MPAKMUKU ayoumos.
YcmaHoeneHo, Ymo 0CHOBHbie MPyOHOCMU CB8A3AHbI C ynpasaeHuUem 3aKyrnKamu, MapKuposKkol,
npedomepaweHuem anbCupuUKayuU U y2po3, a makxe ¢ Kyabmypol nuwesol
6e3onacHocmu. [TpedsnoxeHo paccmampusams 8HympeHHuUl ayoum He MosibKo KaK
UHCMPYMeHmM KOHMpPOsA coomeemcmaeus, HO U KaK cpedcmaeo OyeHKU 3pesnocmu
ynpaesaeH4YecKux NPAaKmMuUK U co2aaco8aHus UHMe2pupo8aHHsix mpebosaHuli cmaHoapmos.

Knrouessle cnoea: sHympeHHuUl ayoum, cucmema meHedxmeHma kavecmeaa, FOCT P UCO
9001:2015, FSSC 22000, nuwesasn 6ezonacHocms, UHmMepnpemayus mpebosaHuli, puck-
opueHmMupPo8aHH»bIli Nooxod

Ana yumupoeanus: Munosa B. M., BazeHnelimep K. A. Memodosiozu4eckas mooesb oyeHKU
3penocmu ynpasaeHYeckux npakmuk eHympeHHe20 ayduma nuujeeoli npomslwaeHHocmu //
WHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 5. C. 9-13. DOI: 10.31799/2949-0693-2025-
5-9-13.

Method for reducing the number of sample points in
the measurement and reconstruction freeform
surfaces

Abstract. The paper discusses an intelligent sampling method for the dimensional inspection of
complex-profile parts, which is based on the Whittaker — Kotelnikov — Shannon theorem. The
conditions of a method for reducing the number of measurement points during the reconstruction
and measurement of one- and two-dimensional surfaces are presented.

Keywords: freeform surface, shift-invariant space, density condition, T-spline

For citation: Zolotukhin K. V. Method for reducing the number of sample points in the
measurement and reconstruction freeform surfaces. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2025;4(5):5-8. (In Russ.). DOI: 10.31799/2949-0693-2025-5-5-8.

Methodological model for assessing the maturity of
managerial practices in internal auditing of the
food industry

Abstract. The article examines the integration of ISO 9001:2015 and FSSC 22000 v. 6 requirements
into the internal audit system of food enterprises. The aim of the study is to identify problematic
requirements and to develop an approach to their assessment. A comparative analysis of the
standards and expert evaluation of audit practices were used. It was established that the key
challenges are related to procurement management, labeling, prevention of fraud and threats, as
well as food safety culture. It is proposed to consider internal audit not only as a tool for
compliance control, but also as a means of assessing the maturity of management practices and
aligning the integrated requirements of the standards.

Keywords: internal audit, quality management system, I1SO 9001:2015, FSSC 22000, food safety,
interpretation of requirements, riskbased approach

For citation: Milova V. M., Vagenleiter K. A. Methodological model for assessing the maturity of

managerial practices in internal auditing of the food industry. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2025;4(5):9—13. (In Russ.). DOI: 10.31799/2949-0693-2025-5-9-13.
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BHe,apelme aBTOMaTI/l3PII)OBaHHOI7l CHUCTEMBI
OL€HKH COCTOAHHUA OPTadHU3AI MU IIPOU3BOACTBA HA
OCHOB€ HHTErpaJibHOro HHaeKca

AHHOMayusA. MpedcmaeneHa Hay4YHO 060CHOBAHHAS MeMOOUKA NMPUMEHeHUS
asmomMamu3sayuu 018 GHAAU3A COCMOSHUSA U YPOBHA pa38UMUS NPou3800CMBeHHbIX CUCMEM,
OCHOBAHHASA HA Uepapxu4ecKkoli cucmeme Kato4eabix nokasamesneli sgppekmusHocmu.
MpednoxceHHsili 100X00 npedycmampusaem HOPMAAU3auuUIo U azpeauposaHue napamempos
C UCMOMb308AHUEM 8ECOBLIX KO PUUUEHMO8 0714 MosyYeHUA UHMe2panbHo2o UHOeKca
cocmosHusA npoussodcmea. Memoduka obecrieyusaem 06beKMUBHYIO KOAUYEeCMBeHHY
OUeHKy npou3eoo0cmeeHHOl cucmemsl 8 pexcume peasnbHo20 8pemMeHU, Ymo no3eonsem
c80espeMeHHO 8bIA8/1AMb OMK/AOHEHUSA U MPUHUMAMb KOppeKkmupyowue mepbl.
Mpakmuyeckas 3Hayumocme pabomol 3aK/04YAEMCA 8 CO30AHUU MHO20ypoeHeeaoli
apxumeKkmypbl a8Mmomamu3suposaHHoli cucmemol, obecrievusaroujeli macuimabupyemocme,
UHMe2payuto ¢ 2emepo2eHHbIMU UCMOYHUKAMU OaHHbIX U epexod om peakmuseHoli K
npoakmueHol moodesnu ynpasseHus npouszsodcmseom. BHedpeHue 0aHHOU cucmemeol
crnocobcmeayem MosbiWeHUo MPo3payHoCmu U 3¢pheKmusHoOCmuU pou3800CMeeHHbIX
MPOYECCO8, 0 MAKHE COKPALEHUIO 8peMeHU PeaKyuu Ha 803HUKAOWUE OMK/AOHEHUSA Npu
MUHUMU3AUUU YrpasaeH4eckux 3ampam.

Knroueasle cnoea: npou3sodcmeeHHAA cucmemd, a8mMoMamu3upoBaHHAA cUCMema,
UHMe2panbHelli UHOEKC, MpedUKMUBHAA aHAAUMUKA, KAtYesble nokaamenu
aggpekmusHocmu

Ana yumupoeaHus: *unvHukosa H. A. BHedpeHue asmomamu3upo8aHHol cucmemeol OUeHKU
COCMOAHUSA 0p2aHU3ALUU NPOU3800CMBAa HA OCHO8E UHMe2pasnbHo20 uHoekca //
UHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 5. C. 14-20. DOI: 10.31799/2949-0693-
2025-5-14-20.

Implementation of automated system for assessing
of production organization state based on integral
index

Abstract. This paper presents a scientifically grounded methodology for applying automation in
the analysis of the state and development level of production systems, based on a hierarchical
system of key performance indicators (KPIs). The proposed approach involves normalization and
aggregation of parameters using weighted coefficients to derive an integral production status
index. The methodology provides an objective quantitative assessment of the production system in
real-time, enabling timely identification of deviations and the implementation of corrective
actions. The practical significance of this research lies in the development of a multi-level
architecture for an automated system that ensures scalability, integration with heterogeneous
data sources, and facilitates the transition from reactive to proactive production management
paradigms. Implementation of this system contributes to enhanced transparency and efficiency of
manufacturing processes, while simultaneously reducing response time to emerging deviations
with minimal managerial expenditures. The system architecture developed herein represents a
comprehensive solution for real-time production monitoring that aligns with Industry 4.0 principles
and addresses the contemporary challenges of industrial process optimization.

Keywords: production system, automated system, integral index, predictive analytics, key
performance indicators

For citation: Zhilnikova N. A. Implementation of automated system for assessing of production
organization state based on integral index. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2025;4(5):14-20. (In Russ.). DOI: 10.31799/2949-0693-2025-5-14-20.
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Ba3sa JaHHBIX /IS OIleHKH KayecTBa U3 eIl
METO0AaMH1 MAIIMHHOTO0 06Yy4Y€eHHUs, U3rOTOBJ/IEHHbBIX
C IpUMEeHeHHEeM aJJUTHBHbIX TeXHOJIOTHH

AHHOMayusa. AOoumusHsie mexHonozuu, 3D-neyams 8 YacmHocmu, A8AA0MCA
6bICMPOPA38UBAIOWUMUCA MEXHOM02UAMU 8 3roxy MHAycmpuu 4.0 u aKmueHo 8800AMcA 8
npou3eodcmeeHHble cghepbl, M0380AA NPEONPUAMUAM yrnpocmume mexHono2uyecKull
npoyecc U onmMuMu3upo8ame pacxoosb! Ha MPou38o00cmao. OOHAKO 01 00CMUIEHUA
KayecmseHHoU neyamu Heobxodumo usy4yums napamempsi 841 HacmpolKu ne4amu,
HernpasusbHbIl 8b160p KOMOPbLIX MOXem MpusecmMu K pasau4Hsim dedpekmam. Ans
asmomamu3sayuu OaHHO20 npoyecca Heobxo0uUMa cucmema KOHMPOAA Ka4Yecmea 20mogo2o
npodykma Ha smare 3a0aHUs Napamempos.

MpusedeHbl cmpyKkmypa u NopacdoK cocmasneHus 6asol 0aHHbIX 015 0byYeHus moodeneli
MAWUHHO20 06y4eHus ¢ ux 0aabHeliWwum npumMmeHeHUem 8 peweHuu npobsaem KOHmMposns
Kayecmesa neyamu uzdenuli memodamu a00umusHbix mexHosaozull. Takxe paccmompeHa
KOHUenyus npumeHeHUs MauwuHHO20 0byYeHUs KaK cpedcmea aHaAu3a pesyasmama neyamu
C peKoMeHOayuamu rno Hadcmpolike.

Knrouessle cnosa: FDM-neuams, addumueHsie mexHosoauu, 3D-nevams, MHOycmpus 4.0,
KOHMPOsb Kayecmea, MauluHHoe oby4yeHue, onmumu3ayus npou3zeo0cmed, aHaAu3
dehekmos, mexHonoauyeckuli npoyecc, napamempsi neyamu

Ana yumupoeanus: Cepukos C. A., AywkuHa M. ., Makacees []. A., Tumogeesa O. A. baza
OaHHbIX 019 OUeHKU Kayecmasa u3oenuli Memoodamu MawuHHO20 06yYeHUSs, U320Mo8seHHbIX C
npumeHeHuem adoumueHbix mexHosnoaul // HHosayuoHHoe npubopocmpoerue. 2025. T. 4,
Ne 5. C. 21-29. DOI: 10.31799/2949-0693-2025-5-21-29.

Pa3pa6oTKa MeTOAUK U pPEKOMEeHAAL 1 AJIA
TE€XHOJIOTUYECKOT0 KOHTPOJISI NPU MPOU3BO/CTBE
CBETOAMOAHBIX MOAYJIEH AJIS1 MAJIBIX KOCMHY€E€CKUX
anmaparTos

AHHOmayus. Paccmampuearomca npobsiembl NpoekmuposaHus u cepuliHo2o npoussoocmea
c8emo0du00HbIX MOOyel, NPedHa3HAYeHHbIX 018 MPUMEHEHUS Ha MAsbiX KOCMUYeCKUX
annapamax. [ToKa3aHo, Ymo 00/1208pPEeMEHHAA (hOMOMEMPUYECKAA U CIeKmMpPanbHas
cmabusnbHOCMu c8emoOUOOHbIX UCMOYHUKO8 c8ema onpedenaomca He mosbKo pu3udecKumu
cgolicmeamu akmueHoli 30HbI KPUCMAsAA, HO U MeXHOo102u4ecKoli 80CrpoU3800UMOCMbIO
cepuliHo20 npouyecca. PaccmompeHsl Kpumudeckue onepayuu npou3soo0cmeeHH020 Mapwpyma,
BK/11040A 8X00HOU KOHMPOAL MAMEPUAsO8 C y4emom 0e2a3ayuu, popmuposaHue
mensonpoeodAwe20 €105, MOHMAM ONMUYECKUX 371eMEHMO8 C IKPAHAMU U «X0100HbIMU

A database for evaluating the quality of future
products manufactured using additive
technologies by machine learning methods

Abstract. Additive technologies, particularly 3D printing, are rapidly growing technologies in the
era of Industry 4.0 and are being actively introduced into manufacturing areas, allowing
enterprises to simplify the technological process and optimize production costs. However, to
achieve high-quality printing, it is necessary to study the parameters for adjusting the printing
process, as an incorrect choice of parameters can lead to various defects. To automate this
process, a quality control system for the finished product is needed at the stage of setting
parameters. The paper presents the structure and procedure for compiling a database for training
machine learning models with their further application in solving problems of quality control of
printing products using additive technologies. The paper also discusses the concept of using
machine learning as a tool for analyzing the result of printing a product with recommendations for
fine-tuning.

Keywords: FDM technology, additive technologies, 3D printing, Industry 4.0, quality control,
machine learning, production optimization, defect analysis, technological process, printing
parameters

For citation: Serikov S. A., Yaushkina M. D., Makaseev D. A., Timofeeva O. A. A database for
evaluating the quality of future products manufactured using additive technologies by machine
learning methods. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(5):21-29.
(In Russ.). DOI: 10.31799/2949-0693-2025-5-21-29.

Techniques and recommendations for process
control in the production of led modules for small
spacecraft

Abstract. The study examines the challenges of designing and mass-producing light-emitting diode
modules intended for use on small spacecraft. It is shown that the long-term photometric and
spectral stability of light-emitting diode light sources is determined not only by the physical
properties of the crystal’s active region but also by the process reproducibility in series production.
Critical operations of the manufacturing route are considered, including incoming material
inspection accounting for outgassing, formation of a thermally conductive layer, assembly of
optical elements with screens and “cold traps”, thermal vacuum testing, exposure to ionizing
radiation tests, and electromagnetic interference compatibility verification. For each operation,
measurable parameters and acceptance criteria are proposed, enabling the correlation of
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7108yWKAMU», MEPMOBAKYYMHbIE HAPabOMKU, UCMbIMAHUA Ha 8030elicmaue UOHU3UpPYoue20
U3/1y4eHUs U posepKy COBMECMUMOCMU M0 31eKMPOMA2HUMHbLIM rnomexam. [ Kaicool
onepayuu npedaoxeHsl usmepsaemMbie NapaMempsl U Kpumepuu rpuemKu, Ymo no3gonsem
y8A3amb homomempuyeckue U crieKmpasbHbie XapakmepucmuKu ¢ mexHon102u4ecKumu
donyckamu. PazpabomaHsl KapmMbl MexHO02UYECKO20 KOHMPOAA U Mapwpym cepuliHo2o
u3zomoeseHus, sKaoYaoujue 8 ceba npoyedypeol 06pamHoli KOppeKyuU npu HECOOMBemcmausix.
MonyyeHHbIe pe3yaemamsl UMeom NPpUKAAoOHoe 3HaYyeHue 0715 Mo8bIWEHUA 80CMPOU380OUMOCMU
XapakmepucmuK u HadexHocmu c8emooOuoOHbIx MoOyell, npedHa3Ha4YeHHbIX 015
JKCMAYamMayuu 8 ycao8usx mepmosaxkyyma, paduayuoHHbIx 8o30elicmauli u MexaHUYecKux
Ha2py30K opbumasnbHo20 nosema.

Knrouesble cnosa: ceemoduodHbili Modysb, Manbili KocMuYyecKuli annapam, mersnogoe
conpomuesneHue, mepMo8aKyyMHble UCbIMAHUS, MexHoA02u4ecKuli KOHmMpPosb, cepuliHoe
npou3eodcmeo, npuemo-c0amo4Hsle UcrblMaHus

BbnazodapHocmu. Paboma sbinosnHeHa npu ¢puHaHcosol noddepike MuHUcmepcmea HayKu u
sbicwe20 obpazosaHuAa Pocculickoli ®edepayuu, coenaweHue Ne FSRF-2023-0003
«yHOAMEeHManbHble 0CHOBbI TOCMPOEHUA MOMEXO3AUWUUEHHbIX CUCMeM KocmuYyecKol u
cnymHuKoeoli ceAa3u, omHocumesnbHol Ha8U2aYUU, MeXHU4YEeCKO20 3PEHUSA U 03POKOCMUYECKO20
MOHUMOPUH2a ».

Ana yumupoeanus: KyzemeHko B. M., Keac E. C., bobpbiwos A. [1., PoicuH A. B., ConéHas O. A.
Paspabomka memooOuK u pekomeHOayuli 0418 mexHoM02U4eCKo20 KOHMPOsIA npu npouzsodcmse
€8emoou00HbIX MOOYseli 075 MasibiX KOCMUYecKux annapamos // UHHo8ayuoHHoe
npubopocmpoeHue. 2025. T. 4, Ne 5. C. 30-41. DOI: 10.31799/2949-0693-2025-5-30-41.

photometric and spectral characteristics with manufacturing tolerances. Process control charts
and a serial manufacturing route have been developed, incorporating feedback correction
procedures for nonconformities. The obtained results have practical significance for improving the
reproducibility of characteristics and the reliability of light-emitting diode modules designed for
operation in the conditions of thermal vacuum, radiation exposure, and mechanical loads

of orbital flight.

Keywords: light-emitting diode module, small spacecraft, thermal resistance, thermal vacuum
testing, process control, serial production, acceptance testing
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TemnepaTtypHblie 3P PeKThI M AUITEKTPUYECKUE
IOTEPH B yIJIepOJAHbIX HAHOTPYGKAX: BJUSHUE Ha
3JIEKTPOMArHUTHYI0 MPOHUILAEMOCTh MaTEpPHAJIOB

AHHOomayus. [pusedeHbl pe3ysnbmamel KOMAEKCHO20 UCCAe008aHUA memnepamypHoU
3a8ucuMocmu AuasnekmpuyecKux ceolicme noauMepHbIX KOMMO3UYUOHHbLIX Mamepuasnos ¢
yanepoOHbuImu HaHompybkamu (YHT). IKkcnepumeHmanbHO ycmaHo8aeHo, Ymo pocm
memnepamypel om 50 0o 170 K npusodum K yeeanuyeHUro nosepxHoCmHol noagpusayuu Ha 25—
30 %, moada Kak npu danvHeliwem Hazpese 00 440 K amom napamemp cmabunuzupyemcs.
PaspabomaHa mamemamuyeckaa moodens, yyumelgarouiasa opueHmayuto YHT, onucsisarouasn
8/1UAHUE MeMnepamypHbIX 3pheKkmos Ha dusnekmpuveckKue nomepu U 31eKmpomazHUMHYH
npoHuyaemocms Komnoszumos. [lokazaHo, YMo onmuMasnbHele 3KPAHUpyrowue caolicmsa
docmuearomcs npu opueHmayuu YHT nod yeaom 40-50° K HanpasneHuo 31eKmpomMazHUMHO20
nons.

Kntouesble cnoea: yenepooHvie HaHOMPY6bKuU, duasnekmpuyeckue nomepu, memnepamypHas
308UCUMOCMb, 31eKMPOMA2HUMHAA NPOHUYAEeMOCMb, oAUMepPHble KOMI03umel

Ana yumupoesanus: Memyxosa E. A. TemnepamypHsie 3phekmol u Ousnekmpu4eckue nomepu e
yenepodHbIX HAHOMPY6KAX: 8AUAHUE HA 31eKMPOMA2HUMHYO NMPOHUYAeMocms Mamepuanos //
UHHoBayuoHHOe npubopocmpoeHue. 2025. T. 4, Ne 5. C. 42—46. DOI: 10.31799/2949-0693-2025-
5-42-46.

BivsiHMe BUOpaLUii HA TOYHOCTb PaGOThbI
KOHTyporpaga

AHHOMayusA. Niccnedyemcs enusHue subpayuli HO Mo4YHOCMb udmepeHuli KoHmypozpagpa
MITUTOYO Contracer CV-2100M4. [MposedeHo cpasHeHUe pe3ys6mamos usmepeHull npoguns
n1o8epxHOCMu 8 yc08UAx omcymcmeus subpayuli u npu eozdelicmeuu pasau4YHoIx 8U008
subpayul, 8KAOYAA MPOMbIUIEHHOe 060py0o8aHUE, pabomy KOMMIPeccopos U 8eHMUAAMOPOS.,
a makxe subpayuoHHele 8o3delicmaus, 0bycrno6aeHHbIe nepemeweHuemM nepcoHanda.
SKcnepumMeHmasnbHO ycmaHosaeHo, YMo 8UbPAYUU Cyu,ecmeeHHO yeenuyusarom nozpewHocmu
usmepeHuli, ocobeHHo npu cognadeHuU Yyacmomel 8ubpayuli c pe3oHaHcHoU Yacmomodli
npubopa. Haubonswee snusHue HabaLOaemMcs NpPU HU3KOYACMomHoix Konebarusax (1-10 ),
XapakmepHbIx 0418 Wa208bixX Ha2py30K. [1osy4yeHHble OaHHbIe M038040m CHOPMYAUPOB8aAMb
PeKoOMeHOayuu no MUHUMU3ayuU 8ubpayuoHHbIx 8o30elicmeauli, 8KAOYAA NPUMeHeHUe
GKMUBHBIX U ACCUBHBIX cUCMeM 8UBPOU30AAYUU, G MAKHE ONMUMU3AYUI0 PACTONO0MHEHUA
usmepumesnbHo20 060pPyO0BAHUA 8 NPOU3BOOCMBEHHbIX MOMeEU,eHUSIX.

Knrouessle cnosa: koHmypoepadg, MITUTOYO Contracer CV-2100M4, subpayuu, moYyHocme
usmepeHuli, subpousonayus, Pe30HAHC, UCKyccmaeHHble subpayuu, monom, no2peuwHocmeo

Temperature effects and dielectric losses in carbon
nanotubes: influence on the electromagnetic
permittivity of materials

Abstract. The article presents the results of a comprehensive study of the temperature
dependence of the dielectric properties of polymer composite materials with carbon nanotubes
(CNTs). It was experimentally established that a temperature increase from 50 to 170 K leads to an
increase in surface polarization by 25-30 %, while with further heating to 440 K this parameter
stabilizes. A mathematical model has been developed that takes into account the orientation of
CNTs, describing the influence of temperature effects on dielectric losses and electromagnetic
permeability of composites. It has been shown that optimal shielding properties are achieved with
the orientation of CNTs at an angle of 40-50° to the direction of the electromagnetic field.

Keywords: carbon nanotubes, dielectric losses, temperature dependence, electromagnetic
permeability, polymer composites

For citation: Petukhova E. A. Temperature effects and dielectric losses in carbon nanotubes:
influence on the electromagnetic permittivity of materials. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2025;4(5):42—-46. (In Russ.). DOI: 10.31799/2949-0693-2025-5-42-46.

Influence of vibrations on the accuracy of
contourograph work

Abstract. The paper studies the effect of vibrations on the measurement accuracy of the
MITUTOYO Contracer CV-2100M4 contour graph. The results of surface profile measurements in
the absence of vibrations and under the influence of various types of vibrations, including
industrial equipment, compressors and fans, as well as vibration effects caused by the movement
of personnel, are compared. It has been experimentally established that vibrations significantly
increase measurement errors, especially when the vibration frequency coincides with the
resonant frequency of the device. The greatest influence is observed with low-frequency
oscillations (1-10 Hz), typical of step loads. The obtained data allow us to formulate
recommendations for minimizing vibration effects, including the use of active and passive
vibration isolation systems, as well as optimizing the location of measuring equipment in
industrial premises.

Keywords: contour graph, MITUTOYO Contracer CV-2100M4, vibrations, measurement accuracy,
vibration isolation, resonance, artificial vibrations, stomping, error

For citation: Petukhova E. A. Influence of vibrations on the accuracy of contourograph work.
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Ana yumupoeanus: Memyxosa E. A. BausHue subpayuli Ha moyHocmes pabomesi KOHMypozpagpa
// MHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 5. C. 47-51. DOI: 10.31799/2949-0693-
2025-5-47-51.

H3mepeHue pesabeda NOBEPXHOCTH MaTEpPHAJIa,
06pa6OTAHHOTO 3ALUTHBIM MOKPBITHEM «IMHIAM»

AHHOMayus. lMpusedeHbl pe3ynbsmamesi usmepeHuli peasegpa nosepxHocmu obpasyos,
MOKPbIMbIX CBEPXMOHKUMU MHO20(hYHKUUOHAAbHBIMU MOKPLIMUAMU U3 (hmopcoOepHaujux
108epXHOCMHO-aKMUBHbIX 8euwjecms. OyeHeHbl Memoobl CKAHUPOBAHUS, 8blA8/eHbI
0NMUMasnbHble pexcumsl pabomel CKAHUPYOUW,e20 3/1eKMPOHHO20 MUKPOCKOMNA Mo 8pemMeHU,
onpedesieHbl XapaKmMepUCMUKU Wepoxoeamocmu 3MuAamupO8aHHbIX U He3NUAAMUPOBAHHbIX
mamepuanos.

Knrouesble caoea: s3nuanomMuposaHHble MoKpblimMus, HAHOMEXHOA02UU, CKOHUPYOWas
MUKpocKonuAa

Ana yumuposanusa: Muwypa T. 1. U3mepeHue penvega nosepxHocmu mamepuanda,
06pabomaHH020 3aWUMHbIM MOKpbIMuem «3nuaam» // MHHosayuoHHoe npubopocmpoeHue.
2025. T. 4, Ne 5. C. 52-58. DOI: 10.31799/2949-0693-2025-5-52-58.

JKCcnepyMMeHTa/IbHOE MCC/leJ0BaHue MPOAYKTOB
M3HOCA B aBUALMOHHOM MacJie AU PpaKIuOHHbIM
NPU3MEHHBIM CIeKTPaJIbHbIM NPUGOPOM

AHHOmMayus. MpedcmasseHbl pe3ysnbmamel IKCnepumMeHmasabHo20 UCCAe008aHus,
HanNpasaeHHo20 Ha pa3pabomky MemooOuKU ornepamu8Ho20 KOHMPOsA COCMOAHUSA
asuayuoHHO20 macsaa mapku BHUU HIT-50 Ha ocHose aHanu3a e2o crneKkmpasnbHbix
Xapakmepucmuk. UccaedosaHue rnposoousu ¢ UCrosnb308aHUEM Creyuanu3uposaHHol onmukKo-
3/1eKMPOHHOU YyCMAHOBKU, KAKYEBbIM 31eMeHMOM Komopol A8a3emcaA OUPPaKUUOHHbIU
npusmeHHsIl cnekmpansHsili npubop. B xode akcnepumeHmos nosay4yeHbl 0emasbHbie CreKkmpbi
8 duanasoHe 200—1020 HM, udeHMUPUYUPOBAHbI XapaKmMepHble criekmpasbHele AUHUU
XUMUYECKUX 31eMeHmo8 — UuHOuKamopos usHoca (Fe, Cr, Ni, Cu, Al u dp.). Moka3zaHo, Ymo
npeodnoxeHHAs MemoOUKa 10380/5em C 8bICOKOU YyecmaumenbHoCcmMoto U beicmpomodli
06HapyHUBaAMS C1€008bl€ KOHUEHMPAYUU NPOOYKMO8 U3HOCA, YMO OMKPbIBAEM 803MOXHOCMU
019 OUG2HOCMUKU COCMOAHUSA asuauuoHHbIx dsuzamenel.

Knrouessble cnoea: asuayuoHHoe macsao, mpuboduazHocmuka, OUuppPaKyUOHHbIU NMpu3mMeHHbIl
cnekmpasbHoili Mpubop, KOHMPOAL MEXHUYECKO20 COCMOAHUA A8UAUUOHHO20 dg8uzamens,
crnekmpasbHbIli aHAAU3, mexHUYeckas duazHoCmuKa osuzamerns

Innovacionnoe priborostroenie =
Innovative Instrumentation. 2025;4(5):47-51. (In Russ.). DOI: 10.31799/2949-0693-2025-5-47-
51.

Measuring the surface relief of a material treated
with the protective coating “epilam”

Abstract. | This paper presents the results of measurements of the surface topography of samples
coated with ultrathin multifunctional coatings of fluorine-containing surfactants
(fluorosurfactants). Scanning methods were evaluated, optimal operating modes of the scanning
electron microscope were identified in terms of time, and the roughness characteristics of
epilaminated and non-epilated materials were determined.

Keywords: epilated coatings, nanotechnology, scanning microscopy

For citation: Mishura T. P. Measuring the surface relief of a material treated with the protective
coating “epilam”. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(5):52-58.
(In Russ.). DOI: 10.31799/2949-0693-2025-5-52-58.

Experimental study of wear products in aviation oil
using a diffraction prism spectrometer

Abstract. This paper presents the results of an experimental study aimed at developing a method
for the rapid monitoring of the condition of VNIl NP-50 aviation oil based on the analysis of its
spectral characteristics. The research was conducted using a specialized optoelectronic setup, the
key element of which is a diffraction prism spectral instrument. Detailed spectra in the range of
200-1020 nm were obtained during the experiments, and characteristic spectral lines of chemical
elements serving as wear indicators (Fe, Cr, Ni, Cu, Al, etc.) were identified. It is shown that the
proposed method enables the highly sensitive and rapid detection of trace concentrations of wear
products, opening up possibilities for diagnosing the condition of aircraft engines.

Keywords: aviation oil, tribodiagnostics, diffraction prism spectral instrument, aircraft engine
condition monitoring, spectral analysis, engine technical diagnostics

For citation: Bestugin A. R., Serdiuk K. V. Experimental study of wear products in aviation oil using

a diffraction prism spectrometer. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025,4(5):59-64. (In Russ.). DOI: 10.31799/2949-0693-2025-5-59-64.
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Ana yumupoeaHnus: becmyauH A. P., Cepdtok K. B. IkcnepumeHmasbsHoe uccnedosaHue
MPOOYKMo8 U3HOCA 8 A8UAYUOHHOM Macse OUGBPAKYUOHHLIM MPU3MEHHbIM CIEKMPAsbHbIM
npubopom // HHosauuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 5. C. 59—64. DOI:
10.31799/2949-0693-2025-5-59-64.

[IpuMeHeHue HellpoceTeBbIX METOAO0B /Il aHA/IU3a
U300paKeHUM C TOPOACKUX Kamep
BHU/AE€0HAO/II0JEeHUA

AHHOomayus. Liensto uccnedosaHua Asnsemca pa3pabomka u anpobayus KoMmraeKcHol
Helipocemeeoli apxumexkmypol 0418 AHA/U3A 8UGE0NOMOKO8 C 20p0OCKUX cucmeM Hab00eHUs,
obecrieyusarowieli 8bICOKYI0O MOYHOCMb OemeKyuu, ceeMeHmayuu U 8bigeneHus aHomanuli e
pexcume peasnbHo20 spemeHU. B Kayecmae 6a308biX KOMMTOHEHMOB UCM0/Ab3080HbI COBPEMEHHbIE
apxumekmypel YOLOVS, Swin Transformer, DeepSORT u Vision Transformer-aemokodepeol,
adanmupo8aHHbIe K 02PAHUYEHUAM 8bI4UCAUMESbHbIX PECYpPCcos8 Nocpedcmesom K8AHMU3AYUU U
onmumu3ayuu ¢ npumeHeHuem TensorRT. SgppekmusHoCcMb NpednoHeHHo20 peuleHus
nposepeHa Ha omKpsIMbix Habopax 0aHHsIx Cityscapes u BDD100K, a makxe Ha cobcmeeHHbIX
mecmosblix 3anucax. IKcrnepumeHmsl MOKA3aaAU cpedHI0 moYHocme demeKyuu (AP@0.5) do
0,92 0519 omOenbHbIX KAaccos 06vbeKmos U cKopocme 06pabomku 00 45 kadpoes 8 ceKyHOy Ha
GPU RTX 3080. MonyuyeHHble pe3ysbmamel Mo0Meep cdarom npakmu4yecKyo npumeHuUMocme
cucmemol 015 8HeOpeHUs 8 MyHUYUNAsbHbIE KOMIIAEKCbl 8udeoHabadeHus. aneHeliwue
uccnedo08aHUA NAAHUPYemMcs cocpedomoyumes Ha 300a4axX MHO20KAMePHO20 MpeKUuHaa u
uHmMezpayuu memodos Explainable Al.

Kntouessle cnoea: Helipocemu, enybokoe obyyeHue, sudeoHabaodeHue, 20p00CKas
UHpacmpykmypa, KomnelomMepHoe 3peHue

Ana yumupoeanus: Tumos B. E. [lpumeHeHue Helipocemegbix Memo0dos 04158 aHaAu3a
usobpaxceHuli c 20p00CKUX Kamep sudeoHabnodeHus // MHHosayuoHHoe npubopocmpoeHue.
2025.T. 4, Ne 5. C. 65-69. DOI: 10.31799/2949-0693-2025-5-65-69.

Application of neural network methods for urban
surveillance image analysis

Abstract. The aim of this study is to develop and evaluate an integrated neural network
architecture for analyzing video streams from urban surveillance systems, providing high accuracy
in object detection, segmentation, and anomaly detection in real time. The proposed framework
incorporates state-of-the-art models, including YOLOvS8, Swin Transformer, DeepSORT, and Vision
Transformer-based autoencoders, adapted to resource constraints through quantization and
TensorRT optimization. The effectiveness of the approach was validated on public datasets
(Cityscapes and BDD100K) as well as custom test recordings. Experiments demonstrated detection
accuracy of up to 0.92 AP@0.5 for selected object classes and processing speed of up to 45 frames
per second on an NVIDIA RTX 3080 GPU. These results confirm the practical applicability of the
proposed system for deployment in municipal video surveillance infrastructures. Future work will
focus on multi-camera tracking and the integration of Explainable Al techniques.

Keywords: neural networks, deep learning, video surveillance, urban infrastructure, computer
vision

For citation: Titov V. E. Application of neural network methods for urban surveillance image
analysis. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025,;4(5):65—69. (In Russ.).
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JKCIepUMeHTa/IbHOe MCCJ/leJOBaHue
ONTUYECKOr'0 30H/a CKAHUPYIOLIEero TUIa,
HanpaBJIeHHOE Ha MUHUMHU3aLUI0 NOrPEeIHOCTH
U3MepeHumn

AHHOMayusa. PaccmompeHa npobaema mo4Hocmu usmepeHuli npu 803HUKHOBEHUU po0osbHOl
cocmasnsaueli ompareHHo20 c8emo80o20 U3sy4eHUs 8 OTMUYECKOM 30HOe CKAHUPYoWe20
muna. HuzkokozepeHmHeole UHmMepgepeHyUoHHbIe 30HObI M0 MOYHOCMU UamepeHuli He
ycmynarom mexaHu4eckum, a 8 4em-mo 0axce U npesocxodam ux. Imu npubopsl umerom
Hebosbwue pasmepsol, yO0bHbI 8 IKCMAyamayuu u yoosaemeopaom mpebosaHUsIM
npou3eodcmeeHHo20 KOHMPoAA. [loamomy npedcmasnsem uHmMepec ucciedosaHue
pa3pabomaHHo20 HU3KOKO2epeHMHOo20 UHmMepgepeHyUOHHO20 30HAa, HanpasaeHHoe Ha
MUHUMU3QUUIO No2peuiHocmu usmepeHuli Mukpopessega nogepxHocmu. lpednoxceH cnocob
MUHUMU3QUUU 8AUAHUSA noseli pacceusaHus uHmep@epeHyuoHHo20 CU2HAAA HA pe3yabmam
usmepeHul. [oay4eHo Mamemamu4ecKoe 8bipaxceHue, No38oAgWee paccyumams ece
napamempbl MUKPOCKAHUPOBAHUS NPeO0oXEeHH020 8apUaHMa.

Kniouessnle cnosa: npocCMpaHCmMeeHHOe MUKPOCKAHUpos8aHuUe, mempos102uA noeepxHocmu,
yyecmeumesibHoCmb, mo4YyHocme, aUGHGSOH, UHmepd)epeHl{UOHHblﬁ CueHas, nond pacceusaHus

Ana yumupoeanus: Maliopos E. E., flazaes A. B., Apeghoes A. B. SkcnepumeHmassHoe
uccnedosaHuUe 0IMUYEeCKo20 30HOA CKAHUPYOWe20 mund, HanpasaeHHoe Ha MUHUMU3AYUo

noepewHocmu usmepeHuli // HHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 5. C. 70-75. DOI:

10.31799/2949-0693-2025-5-70-75.

[IpoBeseHve JUHAMUYECKUX U3MEPEHU MeTOA0M
aHa/iM3a GOKYCUPOBKHU OTPAKEHHOTO U3JTyYEeHUs
AJIA pacClIupeHUsI BO3MOXKHOCTHU
KOCMETO0JIOTHYeCKHUX UCCIeJOBaHUN

AHHomayus. [1pednoxceHo nposedeHue OUHaMuU4ecKux usmepeHuld memodom aHanusa
DOKYCUPOBKU OMPAaXEeHHO20 U3syYeHUs 018 PacWUpPeHUs 803MOXHOCMU KOCMeMO02UYeCKUX
uccnedosaHruli. CospeMeHHOe pazsumue 8bl4ucauMesnbHol MexHUKU U KOMMeromepu3ayus
Hay4yHbIxX HanpaeaeHuli M0380auaU NPOOBUHYMb KO2epeHMHO-02paHUYeHHble Memodbl Ha HOBbIU
yposeHs usmepeHul. MHozue uccnedosamesnu cmasnu ycnewHo pewamse 3a0a4u memposno2uu
momoepaghudeckux uccnedosaHuli, 8 YGCMHOCMU, AKMUBHO 8e0ymcA u3mepeHus Gopmbl
108epPXHOCMU BHEWHUX G2EHMO8 HA Pa3HbiX 2aybuHax 8 buosnozuveckux ob6vekmax. [loamomy
npedcmasnsem uHmepec nposedeHue OUHAMUYECKUX U3MepeHUli 8 M0ON08epXHOCMHbIX CA0AX

Experimental study of a scanning type optical
probe aimed at minimizing measurement error

Abstract. The paper raises the problem of measurement accuracy when a longitudinal component
of reflected light radiation occurs in a scanning-type optical probe. Low-coherence interference
probes are as accurate as mechanical ones, and in some cases even surpass them. These devices
are small in size, easy to operate and meet the requirements of production control. Therefore, it is
of interest to study the developed low-coherence interference probe aimed at minimizing the
measurement error of the microrelief of the surface. The paper proposes a method for minimizing
the effect of interference signal scattering fields on the measurement result. A mathematical
expression has been obtained that makes it possible to calculate all the parameters of the micro-
scanning of the proposed variant.

Keywords: spatial microscanning, surface metrology, sensitivity, accuracy, range, interference
signal, scattering fields

For citation: Maiorov E. E., Dagaev A. V., Arefyev A. V. Experimental study of a scanning type
optical probe aimed at minimizing measurement error. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2025;4(5):70-75. (In Russ.). DOI: 10.31799/2949- 0693-2025-5-70-75.

Conducting dynamic measurements by focusing
reflected radiation analysis to expand the
possibilities of cosmetic research

Abstract. It is proposed to carry out dynamic measurements by analyzing the focusing of reflected
radiation to expand the possibility of cosmetic research. The modern development of computing
technology and the computerization of scientific fields have allowed coherent limited methods to
advance to a new level of measurement. Many researchers have successfully begun to solve the
problems of tomographic research metrology, in particular, measurements of the surface shape of
external agents at different depths in biological objects are actively underway. Therefore, it is of
interest to carry out dynamic measurements in the subsurface layers of a biological object in the
presence of external agents using a coherently limited interference radar. The distribution of the
reflection coefficient over the depth of the skin is obtained in the absence and presence of external
agents in the subsurface layer of the skin. The dynamics
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6u0s102U4eCK020 06BEKMA MPU HAAUYUU BHEWHUX A2eHMOo8 pa3pabomaHHbIM Ko2epeHmHO-
02paHUYEHHbIM UHMepgepeHyUOHHbIM padapom. lonyueHsl pacnpedeneHus KoaggpuyueHma
ompaxeHus no 2aybuHe KOXHO20 MOKPOo8d Mpu omcymcmeuu U npu Haau4uu 8HeWHUX azeHmos
8 N00MNo8epXHOCMHOM Cri0e Koxcu. MiccnedosaHa OuHAMUKa 8030elicmeus yenantHAIWe20 Kpema
PA3HbIX MAPOK HA KOXCY 8 nepuopbumassbHoli 30He o nasasnebpomanapHoli 6oposoe.

Kntouesbie cnoea: momozpaghudeckue usmepeHus, KOxHbIl MoKpos, sHewHul azeHm,
UHmMepgepeHyUuoHHsIlU padap, anepmypa, 4yecmeumesnbHOCMb UsmepeHuli

Ana yumupoeanus: Maliopos E. E., flazaes A. B., ['yaues P. b. lposedeHue duHamu4eckux
usmepeHuli Memodom aHANU3A POKYCUPOBKU OMPAHEHHO20 U3/yHeHUs 014 paclupeHus
803MOMHOCMU KOCMemos02uYecKux uccaedosaruli // IHHosayuoHHoe npubopocmpoeHue.
2025.T. 4, Ne 5. C. 76-80. DOI: 10.31799/2949-0693-2025-5-76-80.

of the effect of moisturizer of different brands on the skin in the periorbital zone along the

palpebromal sulcus has been studied.

Keywords: tomographic measurements, skin, external agent, interference radar, aperture,

measurement sensitivity

For citation: Maiorov E. E., Dagaev A. V., Guliyev R. B. Conducting dynamic measurements by
focusing reflected radiation analysis to expand the possibilities of cosmetic research.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2025,;4(5):76-80. (In Russ.). DOI:

10.31799/2949-0693-2025-5-76-80.
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HcciegoBaHue I-)pFaTI/l‘-IECKOﬁ CUCTEMBI B
ﬂpOI/IBBO,Z[CTBeHHOﬁ cpeae

AHHOMayus. NNpedcmasaeH KOMMAEKCHbIl Mo0X00 K MOOeAUPO8aAHUIO U OMMUMU3AYUU
apaamuyeckoli cucmemsi (3C) «onepamop — 0bopydosaHue» 8 Npou3soocmaeHHol cpede
MawuHoCMpoumesnbHbIX opeaHu3ayull. Ha ocHose Kaaccugukayuu cucmemsl
(MoHo3p2amuyecKas, HenpepoisHoe 83aumodelicmsue) paspabomaHa cmpyKmypHas modeso,
dornosHeHHas mampuueli KoppenauUuoHHbIX 3asucumocmeli Mexcdy napamempamu ornepamopa
(Xi) u 06opydosarus (Yi). [na yuema OuHamMu4YecKux 3¢gpgpekmoa npeodsioneHa cucmema
JughpepeHyuanebHeIX ypasHeHul, pewaemsix memodom PyHze — Kymmeol 4-20 nopsadka. Ha
ocHose OuHamu4ecKoli Mooesu ChopMupo8aHa onNMUMU3AUUOHHAA 3a0a4a ¢ uenesoli
PyHKyuedl, makcumusupyroujeli uHme2pasnbHyo agphekmusHocms, u cucmemoli oepaHuyeHud,
ompaxarowux ncuxogusuonozuveckue npedessl onepamopa U mexHuyeckue Aumumel
o0bopyodosaHus. Pe3ynemamsl 0eMOHCMPUPYOM 803MOXHOCMb 6AAAHCUPOBKU MEHOY
pou3e00UMenbHOCMbIO, HA0EHHOCMbIO U Yes08e4ecKUM (PaKmMopoM, 8K/OYAA CyeHapuu
a0anmueHo20 ynpaesneHus Hazpy3Kkol u NnpoguaakmuKu usHoca.

Knroueesie cnoea: dugpepeHyuancHsie ypasHeHUs, Memoo PyHze — Kymmel, onmumu3ayus,
npou3eod0cmeeHHas cpeoda, Yea08eKo-MawUHHoe 83aumodelicmaue, ap2amuyecKkas cucmema

Ana yumupoeaHus: BuHHuYeHKo A. B., BuHHu4YeHkKo A.-10. A. ccnedosaHue speamuyeckoli
cucmemel 8 npouszeodcmeeHHoli cpede // HHosayuoHHoe npubopocmpoerue. 2025. T. 4, No 4,
C. 5-11. DOI: 10.31799/2949-0693-2025-4-5-11.

UCKycCTBEHHBIA UHTE/NJIEKT KaK UHCTPYMEHT
MOBbILIEHUS Ka4eCTBa HA NpeANpPUATHH MO
NPOMU3BOACTBY NeYaTHbIX MJIAT

AHHomayus. CospemMeHHble KOMIMbIOMEPHbIE MeXHOI02UU, MAKue KaK UCKYcCcmeeHHbIl
uHMessnekm u Helipocemu, ABAAMCA NePCreKMUBHbIMU 0717 BHEOPeHUA HA NPeonpuAmMus ¢
yesblo nosslleHUs Ka4ecmaa Ha npou3godcmee. [TosbiweHuUe Kayecmea A87emcs KAlo4eabim
thakmopom 8 KOHKypeHmMHol bopbbe 8 co30aHuU ycmoliyuso KOHKYPeHMOocnocobHoli
opaaHusayuu. [Ipou3zsodcmeo neyamHsIx naam, KAK 0MHOCUMesnbHO HOBOE HaNpasseHue,
cmankusaemcs ¢ pA0oM creyugpu4ecKux npobaem, MaKux KaK 8bICOKAA CIOMHOCMb
mexHos102u4ecK020 npoyecca, MUHUaMIOPU3AYUA U 8bICOKAA Yy8CMBUMenbHOCMb K
depekmam. BHedOpeHue UCKyccmeeHHO20 UHMeseKkma, 8 yacmudocmu, 678 agmomamusayuu
8U3Yas1bHO20 KOHMPO/A, ONMUMU3AYUU Napamempos NaliKu u NPo2HO3UpPOBAHUS OMKA308
060py008aHUA, ABAAEMCA OMAUYHBIM UHCMPYMEHMOM 044 onmumMu3ayuu u pobomusayuu
3amozo cnoxcHozo npoyecca. OOHAKO 8HedpeHue Helipocemeli U UCKYcCMBeHHO20 UHMesnaekma

Study of an ergatic system in a production
environment

Abstract. The article presents a comprehensive approach to modeling and optimization of the
ergatic system «operator — “equipment” in the production environment of machine-building
organizations. On the basis of system classification (monoergatic, continuous interaction) a
structural model is developed, supplemented by a matrix of correlation dependencies between
operator (Xi) and equipment (Yi) parameters. To account for dynamic effects, a system of
differential equations solved by the Runge — Kutta method of the 4th order is proposed. Based on
the dynamic model, an optimization problem with a target function maximizing integral efficiency
and a system of constraints reflecting the psychophysiological limits of the operator and technical
limits of the equipment is formed. The results demonstrate the possibility of balancing between
performance, reliability and human factor, including scenarios of adaptive

load management and wear prevention.

Keywords: differential equations, Runge — Kutta method, optimization, production environment,
human-machine interaction, ergatic system

For citation: Vinnichenko A. V., Vinnichenko Ya.-Y. A. Study of an ergatic system in a production
environment. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025,;4(4):5-11. (In
Russ.). DOI: 10.31799/2949-0693-2025-4-5-11.

Artificial intelligence as a tool for improving
quality in printed circuit board production

Abstract. Modern computer technologies, such as artificial intelligence and neural networks,
represent a promising quality is a key factor implementation in enterprises aiming to improve
quality in production. Improving quality is a key factor in the competitive struggle and in creating
a sustainable competitive organization. Printed circuit board production, as a relatively

new field, faces a number of specific problems, such as the high complexity of the technological
process, miniaturization, and high sensitivity to defects. The implementation of artificial
intelligence, in particular for automating visual inspection, optimizing soldering parameters, and
predicting equipment failures, is an excellent tool for optimizing soldering and this complex
process. However, the implementation of neural networks and artificial intelligence faces various
obstacles, primarily related to the qualification of neural networks and artificial intelligence faces
various obstacles, primary related to the qualification of personnel. Despite this, by addressing and
overcoming these challenges, an enterprise can take advantage of neutral networks and artificial
intelligence.
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CMasnKueaemcs ¢ pasauYHeIMU Penamcmeuamu, C8A3aHHbLIMU, 8 nepsyro oyepeds, ¢
Keanugpukayuel Kadpos. CripaesnssAcy ¢ 8b1308aMU U Npeodos1esas ux, npednpusmue Moxem
80CM10/1b308aMbCA Npeumyujecmeamu Helipocemeli U UCKYCCMBEHH020 UHMesaeKkma.

Knroueasble cnoea: uckyccmeeHHblli uHmMesnnekm, Helipocemu, ne4amele naamel, 8U3yasbHbIl
KOHMPpOsb, boabuwiue OaHHble, nepcrnekmussl 8HeOpeHuUs, 3hekmusHOCMb

Ana yumuposaHus: KoHoHos 0. A., YabaHeHKo A. B. ickyccmeeHHbIl UHmennekm Kak
UHCMPYMEHM M08bIWEHUA Ka4ecmaa Ha Npednpusmuu no npouszeodcmey nevyamwsix naam //
MHHOoBayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 4. C. 12-16. DOI:
10.31799/2949-0693-2025-4-12-16.

[MoTeHIUa/I KOMMeEpPIHAJIU3aNUHU 06 bEKTOB
UHTE/UIEKTYa/JIbHOM JAeSTeIbHOCTH HAQYKOEMKOT0
npeanpUsATHA

AHHOMayuA. PaccmompeHsl 0cobeHHoCMU ynpaeneHus UHHOBAUUOHHOU desmenbHOoCMbo Ha
npednpusmuu, ocywecmsnsiowem HayKoemKoe npouseodcmeo. McciedosaHsl ocobeHHocmu
ynpasaeHus UHHOB8AUUAMU 8 AKUUOHepHOM obuwecmeae «Paduesbili uHcmumym um. B. I
XA0MUHa» U HaNpPaeaeHuUa KOMMEPYUAAU3ayuu Hay4YHbiX paspabomok.

Knrouesble cnoea: uHmennekmyanoHasa 0esmesnbHOCMb, HAYKOeMKoe rpou3eo0cmeso,
KomMMepyuanuzayua ob6vbekmos uHmesnnekmyasnsbHol deamenbHOCMU, UHHO8AYUU,
pou3800cM8BeHHbIe MexHOos102uU

Ansa yumupoearus: bpaxkuHa A. H., []3t06aHeHKo A. A. [TomeHyuan Kommepyuanusayuu
06beKkmos uHmesnnekmyanbHoli desmesnbHOCMU HayKoemKo20 npeonpuamus //
MHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 4. C. 17-23. DOI: 10.31799/2949-
0693-2025-4-17-23.

Keywords: artificial intelligence, neutral networks, printed circuit boards, visual inspection, big
data, implementation prospects, efficiency

For citation: Kononov Y. A., Chabanenko A. V. Artificial intelligence as a tool for improving quality
in printed circuit board production. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025,;4(4):12-16. (In Russ.). DOI: 10.31799/2949-0693-

2025-4-12-16.

Potential for commercialization of intellectual
property objects of a science-intensive enterprise

Abstract. The article examines the features of innovation management at an enterprise engaged
in high-tech production. The features of innovation management at JSC “V. G. Khlopin Radium
Institute” and the directions of commercialization of scientific developments

are studied.

Keywords: intellectual activity, high-tech production, commercialization of intellectual property,
innovation, production technologies

For citation: Brazhkina A. N., Dzyubanenko A. A. Potential for commercialization of intellectual
property objects of a scienceintensive enterprise. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2025;4(4):17-23. (In Russ.). DOI: 10.31799/2949-

0693-2025-4-17-23.
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MeToabI ooecrneyeHus OTKEI3OYCTOﬁ‘IPIBOCTPl C
IMIOMOILI b0 PE3€PBHLIX 3JICMEHTOB

AHHOMayus. Omkaszoycmoliyueocme cemu mpebyem 0co6020 8HUMAHUSA Npu
MPOEKMUPOBAHUU CAOMHbIX Cemeabix cmpykmyp. [laHHoe uccaedosaHue HanpasaeHo Ha
aHanu3 8udoe obecneyeHus omkazoycmoliyueocmu cemu ¢ MOMOWbIO PA3/UYHbIX 8UO08
pe3epeuposaHus.

Knroueaoble cnoea: omkazoycmoliyusocmes, CmpykmypHoe pe3epauposaHue

Ana yumuposaHua: Memauuykas /1. B. MemoOdes! obecrneyeHus omkazoycmodliyusocmu ¢
TOMOU,bIO pe3epaHbIX 3emeHmos // UHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, No 4. C.
24-29. DOI: 10.31799/2949-0693-2025-4-24-29.

JlaT4YMKU TeMnepaTyphbl ¥ BJa>KHOCTH MOYBBI AJ1A
NPOMBILIJIEHHOCTH U 06pa30BaHUs

AHHOMayusa. Paccmampuearomcsa cospemeHHble 0amyuKu memnepamypsi U 81a#HOCMU 1048bl,
npuHyunsl ux pabomel u 06aaCMU NPUMEHEHUSA. BHUMaHUE yoeneHo coeMeleHHbIM 0amyuKam,
Komopble nooxo0am 018 0bpa3osamernbHbIx yeael, HO uMmerom 02pa-

HUYeHUS Mpu UCrosab308aHUU 8 MPOMbIWAEHHOCMU U cenbCKom xo3Aalicmee. [aa peweHus 3a0a4
MPOMbIWAEHHO20 MOHUMOPUH2a MpedcmassneH mpex30HHbIU 0amyuK 81aHXHOCMU 10Y8bl,

o6ecne'-fueafou4uﬁ B8bICOKYIO MO4YHOCMb usmepeHuU u ycmoﬁqueocmb K 8HEeWHUM s8030elicmausam.

Knrouyessle cnoea: damyuk memnepamypel, 0amMYuK 8AaXHOCMU 1048bl, eMKOCMHOU memoo,
mpex30HHbIlU 0amyYuk

Ana yumuposaHus: Cepzees [1. A., ConéHelli C. B., AH C. U. lamyuku memnepamypel u
8/1aX#HOCMU 1104861 0414 NPOMbIWAEHHOCMU U 06pa3osaHus // MHHo8ayuoHHoe
npubopocmpoeHue. 2025. T. 4, Ne 4. C. 30-34. DOI: 10.31799/2949-0693-2025-4-30-34.

Methods of ensuring fault tolerance using backup
elements

Abstract. Network fault tolerance plays an important role in the design of complex network
structures. This work aims to investigate the types of network fault tolerance using various types
of redundancy.

Keywords: fault tolerance, structural redundancy

For citation: Metlitskaya L. V. Methods of ensuring fault tolerance using backup elements.
Innovacionnoe priborostroenie =Innovative Instrumentation. 2025;4(4):24-29. (In Russ.). DOI:
10.31799/2949-0693-2025-4-24-29.

Soil temperature and moisture sensors for
industry and education

Abstract. This article discusses modern soil temperature and moisture sensors, their operating
principles, and areas of application. Special attention is given to combined sensors that are
suitable for educational purposes but have limitations when used in industrial and agricultural
settings. To address industrial monitoring tasks, a three-zone soil moisture sensor is presented,
offering high measurement accuracy and resistance to external influences.

Keywords: temperature sensor, soil moisture sensor, capacitive method, three-zone sensor
For citation: Sergeev P. A., Solyonyj S. V., Yan S. . Soil temperature and moisture sensors for

industry and education. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025;4(4):30-34. (In Russ.). DOI: 10.31799/2949-0693-2025-4-30-34.
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HccneaoBaHue XapaKTepUCTHK JUArPaMMbl
HaNpPaBJIECHHOCTU (pa3MPOBAHHOU aHTEHHOH
pelleTKM NPU OTKJIOHEHUSIX IapaMeTpPOB ee
3JIeMEHTOB OT HOMMHAJIbHBIX 3HAYEeHUH

AHHOmayus. [posedeHo MmodenuposaHue 3a8UCUMOCMU XapaKmepucmuk ouazpammeol
HanpasaeHHocmMu ¢asuposaHHoli aHmMeHHoU pewemKku om cmerneHu o3delicmeus
amnaumyOHelix, (hazosbix U MPOCMPAHCMEBEHHbIX MOMeX 0418 Pa3AUYHbIX pacrpedeneHuli
amnaumyosl 8 PACKPbIBE AHMEHHbI, KOMOpPble BO3HUKAOM MPU OMKAOHEHUU ee 31eMeHmos om
HOMUHGbHbIX 3HAYeHUl, a makxce om yaaa HabawoeHus. ModenuposaHue nposedeHo 8
cucmeme MatLab 0na ¢pazuposaHHol aHmeHHoUl pewemxu ¢ 3a0aHHbIMU NApPaMempamu.
MpusedeH 0606wWeHHbIl aHANU3 NOAYYEHHbIX XapAKMePUCMUK, Komopsil nokassieaem, 4ymo,
M10/163YACb MOAYYEHHbIMU 2pAMUKAMU, MOXHO orpedesnums MaKCUMasnbHoe 3HaYeHue
CpeoHeK8aOpPaMuU4YHO20 OMKAOHEHUA NApamempos aHMeHHoU pewemku, Mpu KOmopom WUpuHa
2/108H020 /1€MEeCMKa U yposeHb BOK0B020 /1erecmKa He 8bIX00m 3a YyCmMaHOo8seHHble O0NYCKU.
Pesynbmamel uccnedosaHus moaym Gbimb UCMOb308aHbI NPU MexHuU4ecKoli peaausayuu
OHMEHHbI, K020 MOXHO MOYHO 3a0amb rpedesibHO AoMyCMUMbIE OMK/AOHEHUA Napamempos
3/1eMeHmMo8 aHMeHHbl 0M HOMUHG/bHbIX.

Kntouessle cnosa: d)a3upoeaHHaﬂ JHMEeHHAA pewemka, 0U02pGMMG HaripasseHHocmu,
cnyanHb/e nomexu

Ana yumupoesanusa: Muwypa T. 1. UccnedosaHue xapakmepucmuk duazpammel
HanpasaeHHocMu a3upo8aHHol aHMeHHoU peuwlemKuU rnNpU OMK/AOHEHUAX Napamempos ee
371eMeHmMo8 om HOMUHAnbHbIX 3HaveHull // MHHo8auuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 4.
C. 35-38. DOI: 10.31799/2949-0693-2025-4-35-38.

Moaenb onpeae/JieHud CBOMCTB IIOJIMMEPHBbIX
KOMIIO3UTHBIX MAaTE€PHUAJIOB

AHHOMayusa. Paccmampusaemcs memoo onpedesneHus ceolicms noauMepHsIX KOMIO3UMHbIX
Mamepuasose Ha ocHose AuHeliHol peepeccuu. Memod nuHeliHoli peepeccuu noseonsgem
MPO2HO3UPOBAMb U ONMUMU3UPOBAMb AeKmpuYecKue U MexaHu4ecKue ceolicmed, 0CHO8bIBAACH
Ha napamempax cocmasa u cmpykmypol Mmamepuanda. [pueedeH npumep npumeHeHUs memooa
014 NPO2HO3UPOBAHUA MOOY/A YIPYy20CMU MOAUMEPHO20 KOMNo3umad. Pesynbmamel
MOKa3bI8a0M, YUMo AUHeUHAA peapeccus A8a9emcsa 3hheKMUBHbIM UHCMPYMeHMOoM 0114
onpedeneHus ceolicme MoauMepHbIX KOMIO3UYUOHHbIX MamMepuasnos, Ymo crocobcmsyem ux
danbHeliwemy pazgumuro U MPAKmMuUYecKomy UCrnosib308aHUIO.

Study of the characteristics of the radiation pattern
of a phased antenna array with deviations of the
parameters of its elements from the nominal
values

Abstract. We modeled the dependence of the characteristics of the directional pattern of a phased
antenna array on the degree of influence of amplitude, phase and spatial interference for various
amplitude distributions in the antenna aperture, which occur when its elements deviate from the
nominal values, as well as from the observation angle. The simulation was carried out in the
MatLab system for a phased array antenna with specified parameters. A generalized analysis of
the obtained characteristics is presented, which shows that using the obtained graphs, it is
possible to determine the maximum value of the root-mean-square deviation of the antenna array
parameters, at which the width of the main lobe and the level of the side lobe do not exceed the
established tolerances. The results of the study can be used in the technical implementation of the
antenna, when it is possible to precisely set the maximum permissible deviations of the
parameters of the antenna elements from the nominal ones.

Keywords: phased array antenna, radiation pattern, random interference

For citation: Mishura T. P. Study of the characteristics of the radiation pattern of a phased
antenna array with deviations of the parameters of its elements from the nominal values.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(4):35-38. (In Russ.). DOI:
10.31799/2949-0693-2025-4-35-38.

Model for determining the properties of polymer
composite materials

Abstract. This paper discusses a method for determining the properties of polymer composite
materials based on linear regression. The linear regression method allows predicting and
optimizing these properties based on the parameters of the composition and structure of the
material. An example of applying the method to predict the elastic modulus of a polymer
composite is presented. The results show that linear regression is an effective tool for
determining properties, which contributes to their further development and practical use.

Keywords: diagnostics of polymer composite materials, polymer composite materials, prediction
of properties of polymer composite materials, artificial intelligence methods
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Kntouesble cnoea: duazHOCMuUKa NMosIUMEPHbIX KOMIMO3UYUOHHbIX Mamepuaros, nosiumMepHeole
KOMIMO3UYUOHHbIe Mamepuasisl, Npo2HO3UposaHue ceolicms nosuMepHbIX KOMMO3UYUOHHbIX
mamepuanos, memoosbl UCKYyCCMB8eHHO020 UHmMesnn1ekma

Ana yumupoeanus: N'ywuHa E. A. Modesno onpedeneHus cgolicme noaumepHsiX KOMIO3UMHbIX
mamepuasnos // HHosayuoHHoe npubopocmpoeHue. 2025. T. 4, No 4. C. 39-44. DOI:
10.31799/2949-0693-2025-4-39-44.

CpaBHHUTEJ/IbHBIN aHAJIU3 METOA0B NNpeACKa3aHUA
TPAEeKTOPHUHU JBHKEHHUS HA3€eMHbIX 0€eCIIUJIOTHbIX
00'bEKTOB HAa TECTOBOM Habope AaHHBIX Waymo
Open Dataset

AHHOomayus. lpozHo3uposaHue dsuxeHUA 06bekmos asasemca hyHoameHmasnsHol 3adaveli
cospemMeHHbIX cucmem a8MOHOMHO20 80#0eHUA. [TposedeH aHaNU3 co8peMeHHbIX Memodo8
pedcKa3aHua mMpaekmopuu 08UHEHUA HO3EMHbIX MPAHCTOPMHbIX CpedCcme Ha OMKPLIMOM
mecmosom Habope daHHbix Waymo Open Dataset.

Knrouyessle cnoea: asmomamusayus, mpaHcropmHoe cpedcmeo, mpaekmopus 08U eHUS

Ana yumupoeanus: bapskwesa B. I1., [leopHukoe P. N. CpasHumenbHbIl aHAAU3 Memooos
npedckazaHus mpaekmopuu dsuxce\HuUA Ha3emHbIx 6ecruIomMHbIX 065eKMo8 Ha Mecmo8om
Habope 0aHHbix Waymo Open Dataset // MHHosayuoHHoe npubopocmpoerue. 2025. T. 4, Ne 4. C.
45-53. DOI: 10.31799/2949-0693-2025-4-45-53.

YHuBepca/IbHbIN JIMHEUHbIN CIIEKTPaJIbHO-
GUMHUTHBIN KBa3MONTUMAJIbHbI METO/
duabTpanyuu pe3yibTaTOB U3MEPEHUS

AHHOMayuAa. PaccmompeH cnekmpasnabHO-(hUHUMHbIU K8A3uonMumMasbHbIl Memod gunempayuu
HernpepbiBHbIX pe3yabmamos HabawoeHul Ha ocHoge onNMUMAanbHOU annPoKCUMayuu
oyeHuUBaemMo20 cueHana KoHeyHol cymmoli pada KapyHeHa — Jlosea. duasmpayus nomexu
onpedenaemca 8bl6paHHbIM pasmepom 6a3uca CrekmpasabHO20 PasnoxeHus. [pednorceHHbIl
Memoo unbmMpayuU A6A9emcs yHU8epCasbHbIM OMHOCUMmMesnbHo 8uda modeseli cuzHana u
romex usmepeHus, omau4yaemcs npocmomod Npu peanu3ayuu aa20pUMMa U He3Ha4umesbHO
ycmynaem o moyHocmu gunempayuu Kaamawa.

Knrouesvble cnoea: paznoxceHue KapyHeHa — /10380 0yeHUBAEMO20 CU2HA/A, K8A3UONMUMArbHAA
punbMpPayua NPou3soabHO20 8UOA Pe3ys1bmamos usmepeHuli, Mpocmoma peaausayuu
an20pUMMa huALMPAYUU, 8bICOKOE KA4ecmeo OUeHKU Cu2Hasn08

For citation: Gushchina E. A. Model for determining the properties of polymer composite
materials. Innovacionnoe priborostroenie =Innovative Instrumentation. 2025;4(4):39-44. (In
Russ.). DOI: 10.31799/2949-0693-2025-4-39-44.

Comparative analysis of trajectory prediction
methods for ground-based unmanned objects on
the Waymo Open Dataset

Abstract. Predicting movement is a fundamental task of modern autonomous driving systems. The
article analyzes modern methods for predicting the trajectory of ground vehicles using the Waymo
Open Dataset.

Keywords: automatization, vehicle, trajectory

For citation: Baryaksheva V. P., Dvornikov R. I. Comparative analysis of trajectory prediction
methods for ground-based unmanned objects on the Waymo Open Dataset. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2025;4(4):45-53. (In Russ.). DOI: 10.31799/2949-
0693-2025-4-45-53.

A universal linear spectral-finite quasi-optimal
method for filtering measurement results

Abstract. A spectral-finite quasi-optimal method for filtering continuous observation results based
on optimal approximation of the estimated signal by a finite sum of the Karunen — Loev series is
considered. Interference filtering is determined by the selected size of the spectral decomposition
basis. The proposed filtering method is universal with respect to the type of signal models and
measurement interference, is simple in implementing the algorithm, and is slightly inferior in
accuracy to Kalman filtering.

Keywords: Karunen — Loev decomposition of the estimated signal, quasi-optimal filtering of

arbitrary measurement results, ease of implementation of the filtering algorithm, high quality of
signal evaluation
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Ana yumupoesarus: NeaHos I0. [. YHusepcanoHbil AuHeliHbIl cnekmpaabHO-PUHUMHbIG
K8a3uonmumaseHbili Memod (uabmpayuu pe3ysnemamos usmepeHus // MHHO8AUUOHHOe
npubopocmpoeHue. 2025. T. 4, Ne 4. C. 54-60. DOI: 10.31799/2949-0693-2025-4-54-60.

AHa/IM3 MeJUIMHCKUX JAHHbIX C IOMOIIbIO
CIleHApHOTI0 MoAX0/a

AHHOMayusa. Paccmampueaemcs npumeHeHuUe CyeHapHo20 Modxo0a 8 KOHMeKcme aHaAu3a
MeOUYUHCKUX OaHHbIX. [TpednoxceHa cucmema, Komopas bydem aHaAAU3upPos8amMs pPou3e8osbHble
mabnuyHsie AaHHbIE, y4umbigame pakmopbl HeornpeodeneHHOCMU 8 Hux, d 3amem onpedeasameo
00UH U3 3apaHee 3a0aHHbIX CUyeHapues npedsapumesnsHoli 06pabomku u npumeHeHUs modeneli
MAWUHHO20 0by4YeHus. Llesb — aemomamuyecku npoussecmu npedobpabomky u obyyeHue,
4mobbl MpUMeHUMb HaUAYYWYo MoOesb Kaaccupukayuu. OnucaHsl 0CobeHHOCMU CUEHAPHO20
nodxoda, mpebosaHus K paspabamsisaemoli cucmeme U ee apxumexkmypa, a MaKkxe
ChopMynUPOBAHLI OCHOBHbIE NPABUA 047 c030aHUSA MNOAHOUEHHbIX cyeHapues. lMpednazaemoili
nooxo0 crnocobcmeyem 6onee 2ubKOMy U 060CHOBAHHOMY MPUHAMUIO peuwieHuli 8 MeOUYUHCKOoU
pakmuke.

Knroyeeble cnoea: aHanu3 0aHHbIX, CUyeHapHsIl No0xod, MawuHHoe obyveHue,
Mpo2HO3UPOBAHUE, MPUHAMUE peweHul, MeduyUHCcKue OaHHble, HeonpedeneHHOCMb

Ana yumupoeaHus: boxceHKo B. B. AHGnU3 MedUYUHCKUX OGHHbIX C MOMOWbIO CUeHapPHO20
nodxoda // MHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 4. C. 61-67. DOI: 10.31799/2949-
0693-2025-4-61-67.

OnTuMuU3sanua AMHAMU4YeCKUX IapaMeTpoB
3KCIlepUMEeHTaJIbHOU UHTepPepeHMOHHOHN
YCTaHOBKH, pa6boTawLiel B CKAHUPYWILLeM
pexKumMe U3MepeHUum

AHHOmayusa. Paboma noceaweHa onmumu3ayuu GUHAMUYECKUX Napamempo8s
aKcnepumeHmanesHol uHMepgepeHyuoHHoU ycmaHosKu, pabomaroujeli 8 CKAHUPYOWEM
pexcume usmepeHuli. Cpedu onmuyeckux memodos usmepeHuli Mukpopessepa nogepxHocmu
Haubosee yHUBEPCAAbHBIMU ABAAIOMCA UHMeppepoMempuvecKue, 8 KOMopbIX UCONb3YOM
UCMOYHUKU U3/yYeHUA ¢ Manoli 0a1uHol KozepeHmMHOCMU U3-3a UX MEeXHUYeCKUX
xapakmepucmuk. lToayyeHsl 3a8ucumocmu cpedHeK8adpamu4yecKkozo OMKAOHEHUS

For citation: Ivanov Yu. P. A universal linear spectral-finite quasi-optimal method for filtering
measurement results. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(4):54—
60. (In Russ.). DOI: 10.31799/2949-0693-2025-4-54-60.

Scenario-based approach for medical data
processing

Abstract. This study explores the application of a scenario-based approach to medical data
analysis. We propose a system designed to analyze arbitrary tabular data while accounting for
inherent uncertainties, subsequently selecting an appropriate predefined scenario for data
preprocessing and machine learning model application. The objective is to automatically perform
preprocessing, model training and select the best classification model. The paper describes the
features of the scenario approach, the basic requirements for the system being developed and its
architecture, as well as the basic rules for creating completed scenarios. The proposed approach
promotes more flexible and informed decision-making in medical practice.

Keywords: data analysis, scenario approach, machine learning, forecasting, decision making,
medical data, uncertainty

For citation: Bozhenko V. V. Scenario-based approach for medical data processing. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2025;4(4):61-67. (In Russ.). DOI: 10.31799/2949-
0693-2025-4-61-67.

Optimization of dynamic parameters of an
experimental interference installation operating in
the scanning measurement mode

Abstract. The present work is devoted to optimizing the dynamic parameters of an experimental
interference installation operating in the scanning measurement mode. Among the optical
methods for measuring the microrelief of a surface, interferometric methods

are the most universal, which use radiation sources with a short coherence length due to their
technical characteristics. In this work, the dependences of the standard deviation of the
measurements of the distance to the object on the velocity of the transverse displacement

of the surface, the correlation function on the transverse displacement of the object at different
angles of incidence are obtained.
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usmepeHuli paccmosaHua 00 06bekma om cKopocmu fonepeyHo2o CMeujeHUs NosepxHocmu,
KoppenAayuoHHOU hyHKYUU om nonepe4yHo20 cmeweHus 06vbekma npu passauYHbIX yanax
nadeHus.

Knroueeble cnoea: ckaHupyrowuli pexcum, duamemp c6emosozo MamHa, UHmepgpepomemp
MalikenbcoHa, 8bicoma 8apuayuu Mukpopenseda, nosepxHocms 06beKmMad, 0rnopHoe 3epKaso,
Komnapamop

Ana yumupoeanus: Maliopos E. E., Apegpoes A. B., lywkuHa B. [1. Onmumu3ayus OUHAMUYECKUX
napamempos sKcrnepuMmeHmansbHoli UHmepgepeHyUoHHol ycmaHoeKu, pabomatroujeli 8
CKaHUpyrouwem pexcume usmeperuli // UHHoeayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 4. C.
68-72. DOI: 10.31799/2949-0693-2025-4-68-72.

HccieaoBaHUe CIEKTPOB PAaCTBOPOB AJIsI
KOHTAKTHBIX JINH3 B BUAMMO# 06/1aCTH AJIUH BOJIH

AHHomayus. Paboma noceaweHa uccaedosaHuto crieKmpos pacmeopos 0718 KOHMAKMHbIX UH3
8 sudumoli 06sacmu 051UH 80s1H pa3HbIX Mpouzsodumerneli. Ha peiHKe MeOUUUHCKUX npenapamos
npedcmasneHa 6obWas AUHelKa pacmeopos 07189 KOHMAKMHbIX IUH3, U HEKomopas npodyKyus
cmasna ympa4ueame c8oU XUMU4ecKue caolicmead, CHU3U/OCL ee Ka4ecmeo, No3momy
npedcmasnsem uHmepec criekmpasbHsil aHAAU3 PAcMBopos 8 8uAUMOM Auana3oHe OsUH B0SIH.
MonyyeHsl cnekmpasbHele 3a8UCUMOCMU KO3ghguyueHma nponycKkaHus pacmeopos Ha
3aKcnepumeHmanebHol ycmaHosKe, pabomatowieli 8 sudumoli obaacmu cnekmpa (om 380 do 760
HM).

Knroueassble cnoea: criekmpopomomempuyeckas yCmaHoB8Ka, Crekmp, pacmeop, KOHMAaKkmHsle
/1UH3bI, OUANA30H, N02PeWHOCMb, KOAAUMUPOBAHHbIU My4YoK, 08YX/IUH308bIU KOHOEHCOop

Ana yumupoeanus: Matiopos E. E., Kypaos B. B., lywkuHa B. [1. UccnedosaHue cnekmpos
pPacmeopos 018 KOHMAKMHbIX /IUH3 8 8UOUMOL 061acMU BAUH 801H // MHHOBAUUOHHOE
npubopocmpoeHue. 2025. T. 4, Ne 4. C. 73-78. DOI: 10.31799/2949-0693-2025-4-73-78.

HNHaeKc cxoacTBa A CpaBHEHUA ABYMEPHbBIX
BeMBJIETHBIX CIICKTPOB 0 KJITNYE€BbIM 30HAM

Keywords: scanning mode, diameter of the light spot, Michelson interferometer, height of
microrelief variation, object surface, reference mirror, comparator

For citation: Maiorov E. E., Arefyev A. V., Pushkina V. P. Optimization of dynamic parameters of an
experimental interference installation operating in the scanning measurement mode.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(4):68-72. (In Russ.). DOI:
10.31799/2949-0693-2025-4-68-72.

Investigation of the spectra of contact lens
solutions in the visible wavelength range

Abstract. The present work to the study of the spectra of solutions for contact lenses in the visible
wavelength range of different manufacturers is devoted. There is a large range of contact lens
solutions on the market for medical products, and some products

have begun to lose their chemical properties and quality, so spectral analysis of solutions in the
visible wavelength range is of interest. The spectral dependences of the transmittance coefficient
of solutions on an experimental setup operating in the visible region of the

spectrum (from 380 to 760 nm) are obtained.

Keywords: spectrophotometric installation, spectrum, solution, contact lenses, range, error,
collimated beam, two-lens condenser

For citation: Maiorov E. E., Kurlov V. V., Pushkina V. P. Investigation of the spectra of contact lens

solutions in the visible wavelength range. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2025;4(4):73-78. (In Russ.). DOI: 10.31799/2949-0693-2025-4-73-78.

Similarity index for comparing two-dimensional

wavelet spectra based on key regions
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AHHOMayus. MpednoxceH yHUBepcanbHolli MoAXo0 K KoauyecmeeHHOMY CPABHEHU0 08YMepPHbLIX
selisniem-crnekmpos, OCHOBAHHbIU HO OUEHKE NepeKpbimuUs «K/AHYe8bIX 30H» — COBOKYMHOCMU
Haubosee 3Ha4UMbIX KO3ghuyueHmos criekmpa. B kaxooli nape cnekmpos hopmupyemcs
06be0UHeHHAA MACKa Kntovesbix obaacmeli, Mocse Yez2o 8bI4UCAAEMCA UHOEKC CX00CMea KaK
00718 AYeeK, 8 KOMOopbix MOOYs1b PA3HOCMU KO3 uyueHmos He npessiiaem 3a0aHHO20 Mopoaa.
Mo0dx00 He 3asucum om npupoOsbI CU2HA/08, ycmoliYus K hoHOoB80U «cuHese» criekmpa u
ompaxcaem UMeHHO cosnadeHue IHepemuyecKU 3HaYUMbIX KOMMTOHEHMO8.
Pabomocrnocob6Hocmb Memoda npodeMoHCMpPUPOBAHA HA CUHXPOCHAMbIX eeliesiem-crekmpax
371eKMpPO3HYehanoepamm u sapuabensHocmu cepdeyHo20 pumma, nosay4eHHsix 0o u nocne
PYyHKUUOHAAbHOU Npobbl. PazpabomaHHbIl UHOEKC MoXem MpuMeHAMsCA 045 aHanu3a
83aUMOCBA3U M06biX BpeMeHHbIX PA008, 20e 8AXCHA /I0KAAbHAS CMPYKMYPHASA CXOHECMb
crnekmpos, —om 6uoMeOuyUHCKUX 3anuceli 00 mexHo2eHHbIX U (hUHAHCO8bIX CU2HA/108.

Kntouessnle cnosa: 6606ﬂ€m-np€06p03060HU€, Ks/1ro4yesble 30Hbl, UHOeKc CXOdCITIGG, CpasHeHuUe
cnekmpos

Ana yumupoeanus: Maliep E. A., Tumoe B. E., CemeHo8 U. A. lhOeKc cxo0cmea 0715 cpasHeHUs

d8ymepHbIx seligaemHbix CIeKMpo8 Mo Ko4Yeabim 30Ham // HHosayuoHHoe npubopocmpoeHue.

2025.T. 4, Ne 4. C. 79-85. DOI: 10.31799/2949-0693-2025-4-79-85.

Abstract. A general method is introduced for quantitative comparison of two-dimensional wavelet
spectra based on the overlap of “key regions”, — the set of the most significant coefficients of the
spectrum. A joint mask of these regions is constructed, and a similarity index is computed as the
fraction of pixels whose absolute coefficient difference stays below a chosen threshold. The metric
is signal-agnostic, suppresses low-energy background and highlights agreement of energetically
significant components. Feasibility is demonstrated on synchrosqueezed wavelet spectra of
electroencephalography and heart-rate-variability signals recorded before and after a functional
test, but the approach is readily transferable to any pair of time series where local spectral
similarity matters, from biomedical recordings to engineering or financial data.

Keywords: wavelet transform, key-region overlap, similarity index, spectral matching
For citation: Mayer E. A., Titov V. E., Semenov I. A. Similarity index for comparing two-dimensional

wavelet spectra based on key regions. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2025;4(4):79-85. (In Russ.). DOI: 10.31799/2949-0693-2025-4-79-85.
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UccnepoBanue 3pPeKTUBHOCTH OTAEJIOB MO
yIpaBJ/IEHUI0 HHTE/IJIEKTYa/IbHON COGCTBEHHOCThIO
C MOMOIIbI0 TEOPHH MACCOBOT'O 0GC/TyKUBAHUS

AHHOMayua. Paboma HanpassneHa Ha uccnedosaHue aghpekmusHocmu pabomel omoesnos o
ynpasaeHuro UHmMesAnekmyansHoli cobcmeeHHOCMbIO C MOMOWbI0 MeoPUU MACco8020
obcnymusaHus. PaccmompeH cnocob npedcmasneHus npoyecca nocmynsaeHus u obpabomku
30A8KU HA pe2ucmpayuro 06vbekma uHmesnekmyansHol cobcmeeHHOCMU KaK rpoyecca
cucmembl Maccosoz20 0bCayHusaHus. IhpekmusHocmos pabomesl omdena oyeHU8Aaemcs o
cmeneHu e2o 3azpyreHHocmu. lpedcmasneH cnocob onpedesneHus payuoHanbHO20
Ko/uYecmeeHH020 cocmaea omoesa o ynpasaeHuro UHmennekmyanbHoli cobcmeeHHoOCmMebHo.

Knioueeble cnoea: nameHm Ha usobpemeHue, nosae3Has modess, Meopus Maccoeo2o
o0bcayrcusaHus, agpdpekmusHocms pabomei

Ana yumupoeanus: icmomuHa k0. [1., BuHHuU4eHko A. B. UccnedosaHue aghgpekmusHocmu
om0oes08 1o ynpasneHuto UHmesnsneKkmyanbHol cobcmeeHHOCMbIO C MOMOWbi0 meopuu
maccoeoeo obcayncusaHuA // MHHosayuoHHoe npubopocmpoerue. 2025. T. 4, Ne 3. C. 5-10.
DOI: 10.31799/2949-0693-2025-3-5-10.

CucTeMHOe MO/JeJIMpOBaHUE yIIPaBJIeHUA
NPOU3BOACTBEHHBIMHU NPOLECCAMU

AHHomayus. CospemeHHoe npou3godcmeo npedcmasasem cobol CrI0HHYIO MHO20yPOBHEBYIO
cucmemy, ahgpekmusHocmb pabomel KOmMopoli HANPAMYIO 3a8UCUM OM Ka4yecmeaa ynpaeaeHus
pou3800cMeeHHbIMU rpoyeccamu. Ce200HA 00HUM U3 Haubosee 3¢hheKmuBHbIX
UHCMpPYMeHmMo8, obecneyusaoujux onmumMasnbHoe hyHKUUOHUPOBaHUe npou3sodcms,
Asnaemca cucmemHoe modenuposaHue. OHO 10380s17em yyecme MHOMECMBO NepemMeHHbIX
aKmopos u ahgheKMUBHO yrpasaame pecypcamu npednpuamus, MUHUMU3UPYA U30epHKU U
MAKCUMAsIbHO 108bILIASA KaYecmao KoHe4yHol npodykyuu. CucmemHoe ModenuposaHue
npedcmasnsem coboli npoyecc co3daHua abcmpakmHoli uau mamemamu4eckol Mmooesnu,
ompaxarouwell pyHKUUOHUPOBAHUe peasbHoU npou3sodcmeeHHoU cucmemesl. OCHOBHbIMU
Memodamu maKozo MoOesnUPOBAHUA ABAAIOMCA UMUMAYUOHHOE U MamemMamu4ecKoe
modenuposaHue. MIMumayuoHHoe ModenuposaHue 0cO6eHHO aKMyasnbHO NPU CAOHCHbIX
1pou3800cMBEHHbIX MPoyeccax, kKo20a nposedeHue peasbHbIX IKCIepuMmeHmos aeagemcs Aubo
HEeB03MOMHbIM, AUGO HeyenecoobpasHbLIM.

Knrouessle cnosa: cucmemHoe MO@E/IU,DOBGHUE, ﬂpOUBBOaCmGEHHbIE npouyeccel,
umumayuoHHoe ManHUpOGGHUE, mamemamu4vecKkoe ManHUpOGGHUE, ynpaeneHue

Research on the effectiveness of intellectual
property management departments using queuing
theory

Abstract. The work is aimed at investigating the efficiency of intellectual property management
departments using queuing theory. The research considers a method for representing the process
of receipt and processing of an application for registration of an intellectual property object as a
queuing system process. The efficiency of the department is assessed based on the workload of the
department. A method for determining the rational quantitative composition of the intellectual
property management department is presented.

Keywords: invention patent, utility model, queuing theory, work efficiency

For citation: Istomina Yu. P., Vinnichenko A. V. Research on the effectiveness of intellectual
property management departments using queuing theory. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2025;4(3):5—10. (In Russ.). DOI: 10.31799/2949-0693-2025-3-5-10.

System modeling of production process control

Abstract. Modern production is a complex multi-level system, the efficiency of which directly
depends on the quality of production process management. Today, one of the most effective tools
for ensuring optimal functioning of production is system modeling. It allows you to take into
account many variable factors and effectively manage the resources of the enterprise, minimizing
costs and maximizing the quality of the final product. System modeling is the process of creating
an abstract or mathematical model that reflects the functioning of a real production system. The
main methods of such modeling are simulation and mathematical modeling. Simulation modeling
is especially relevant for complex production processes, when conducting real experiments is
either impossible or impractical.

Keywords: system modeling, production processes, simulation modeling, mathematical modeling,
quality management, production optimization

For citation: Rassyhaeva M. D. System modeling of production process control. Innovacionnoe

priborostroenie = Innovative Instrumentation. 2025;4(3):11-14. (In Russ.). DOI: 10.31799/2949-
0693-2025-3-11-14.

18 ceHTAbGpA 2026 T.


https://guap.ru/content/inps/2025/2025-3.pdf

Kadyecmeom, onmumusayusa I'IpOU3600CIT160

Ana yumupoeanus: Pacceixaesa M. []. CuicmemHoe ModenuposaHue yrnpasaeHus
npou3800cmeeHHbIMU nipoyeccamu // MHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 3. C.
11-14. DOI: 10.31799/2949-0693-2025-3-11-14.

YrpasjeHHe Ka4eCTBOM JaHHbIX YIPABJISIOINX Quality management of control system data
CUCTEM IIPHU TIPOECKTHUPOBAHUU NNOCPEACTBOM in design through standardization
CTaHAAPTU3ALUHA

Abstract. In modern conditions of digitalization of production processes, data quality
AHHOMAYUSA. B COBPEMEHHbIX YCAOBUAX YUPPOBUZAUUU MPOU3B0OCMEEHHbIX IPOYUECCO8 management in management systems is becoming critically important. Inconsistency, duplication,
KPUMUYECKU 8AMCHBIM CMAHOBUMCA YIPABAEHUE KAYecmaom AaHHbIX 8 YIPaBasowUX and errors in data lead to failures in automated control systems, reduced design efficiency, and
cucmemax. HecoenacosaHHocmb, dy6auposaHue u owubKu 8 AaHHbIX MPUSodIm K c60M 8 increased costs. The article discusses data standardization methods as a key tool for improving
8MOMAMU3UPOBAHHBIX CUCMEMAX YIPABAEHUS, CHUMEHUIO 3heKkmusHocmu their quality at the design stage. Approaches to the unification of formats, metadata, and
MPOEKMUPOBAHUSA U yeeaudeHuo 3ampam. Paccmampusaomes Memodsl cmaHdapmu3ayuu exchange protocols are proposed, as well as an assessment of their impact on the reliability of
OaHHbIX KOK KAr04esoli UHCMPYMeHM M08bIWEHUSA UX KaYecmaa Ha smare npoeKmuposaHuUs. control systems.
MpednoxeHbl M0OX00bl K yHUGUKAUUU hopMamos, MemdaOaHHbIX U MPOMOK0a108 0bmeHa, a
MaKHe oueHKe UX 8AUAHUA HA HAOEHHOCMb YNPaeAAIoUUX CUCMEM. Keywords: standardization, quality management, data, management, design
Kntouessle cnoea: cmaHdapmu3ayus, ynpassaeHUe Ka4ecmaom, OaHHbIe, yrpasaeHue, For citation: Chabanenko A. V. Quality management of control system data in design through
npoekmuposaHue standardization. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025,;4(3):15-18.

(In Russ.). DOI: 10.31799/2949-0693-2025-3-15-18.

Ana yumupoesaHus: YabaHeHKo A. B. YnpasneHue Kauecmeom OaHHbIX Yrpasagioujux
cucmem npu MPOEKMUPO8AHUU NOcpedcmeom cmaHoapmu3sayuu // MIHHoeayuoHHoe
npubopocmpoeHue. 2025. T. 4, Ne 3. C. 15-18. DOI: 10.31799/2949-0693-2025-3-15-18.
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OueHka 3¢ peKTUBHOCTH TEXHOJIOTHYECKHX Evaluation of technological innovations in

MHHOBAIIUU B l'lpl/lﬁopOCTpoeHI/lPl instrument engineering

AnHomayusa. Cmamos noceaweHa npobaeme oueHKU ShghekmueHoCmu UHHO8aYu. Abstract. The article is devoted to the problem of evaluating the effectiveness of innovations. The
[pedcmaeneHa xapakmepucmuKka mexHosno2u4eckux uHHosayul. lpusedersl npumeps! characteristics of technological innovations are presented. Examples of the introduction of
8HEOPEHUA MEexXHOA02UYECKUX UHHO8AYUL 8 IPUBOPOCMPOEHUU, OCHOBHbIE HAMPAB/EHUS technological innovations in instrument engineering are given. The main directions of
mexHo02uYecKuX UHHo8ayul 6 npubopocmpoeHuu. Takxce paccmampueaemcsa 60npoc o technological innovations in instrument engineering are presented. The issue of methodology for
Memo00/102UU OYeHKU MeXHOM02UYeCcKUX UHHOB8aYul. [lepeyucsieHbl OCHOBHbIE MOKAa3amenu assessing technological innovations is also being considered. The main indicators for assessing the
OUEeHKU 3¢htheKma om mexHoN02U4eCKUX UHHO8ayull. OmoesnbHoO NPoaHanu3uposaHa effect of technological innovations are listed. The system for assessing the economic efficiency of
cucmema oyeHKU 3KoOHoMu4ecKol 3hghekmuaHocmu UHHo8ayu . innovations is analyzed separately.

Knio4esbie cnoea: mexHonozuyeckue uHHO8ayuu, Memodosoaus OYeHKU, mokasamenu Keywords: technological innovations, assessment methodology, indicators of economic efficiency
3KOHOMUYecKol 3hhekmueHocmu uHHosayu(ll of innovations

Ana yumuposanus: Kupwura W. A., Uneurckaa E. M. Oyenka aghpekmusrHocmu For citation: Kirshina I. A., llinskaya E. M. Evaluation of technological innovations in instrument
mexHosnoauveckux uHHoeayul 6 npubopocmpoeruu // UHHosayuoHHoe npubopocmpoetue. engineering. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(3):19-24. (In
KoHuenuusa agantauuu npoMbILIJIEHHOT O Climate change adaptation concept for industrial
NMMpoOn3BOACTBA K UBMEHEHUAM K/IMMATA pl‘OdllCthIl

AHHOomayus. /117 nogblweHus ycmoliyueocmu npou3eodcmed K meKyujum U npo2Ho3upyembim

6030elicmeusm KUMAMUYECKUX 3MeHeHUld U MUHUMU3QUUU MeXHUYECKUX PUCKOS MpedsioeHa  Apstract. To increase the resilience of production to current and projected impacts of climate
KOHYenyus a0anmayuu npousso0CMeeHHbIX CUCMEM K USMEHEHUIO KUMamd, 0CHO8aHHAA Ha change and minimize technical risks, a concept of adaptation of production systems to climate
ynpesoarouem ynpasieruu u CyeHapHoOM nnaHUpoSaHuU. MHmezpuposaHHbil nooxod K change based on proactive management and scenario planning is proposed. An integrated
ynpasneHuto npouseodcmeerHol cucmemol dacm 603mMoxHHOCMb npednpuamuio approach to production system management will allow the enterprise to optimize the use of
0IMUMU3UpPOBaMb UCMO/6308aHUE PECYPCOE U 06bICUMb YPOBeHb a0anmueHocmu resources and increase the level of adaptability of production to climate change. The developed

Mpou3800CMBa K U3MEHEHUIO Knumama. [peds1oxeHHas MemoouKa peanu3ayuu KoHyenyuu methodology for implementing the concept of adaptation of production to climate change will
adanmayuu npouseo0cMed K U3MEeHeHUI0 KAUMama 10360/1um npoMblWAeHHbIM MPeNpUAMUAM  gjiow industrial enterprises to develop flexible and effective strategies for adaptation to climate
paspabomame 2ubKue U shpekmusHble cmpamezuu a0ANMAYUU K USMEHeHUI0 Kaumama, change that will ensure long-term sustainability and competitiveness. An assessment of the
Komopble obecrie4am 00/120CPOUHYIO yCmMOU4UEOCMb U KOHKYpeHmMOocnocobHocme. OueHka vulnerability of an instrument-making enterprise to rising air temperatures showed that the
yA38uMocmu npednpusmus npubopocmpOoeHUs K M08bILIEHUIO Memnepamypbl 6030yxa implementation of adaptation measures will lead to a decrease in the costs of cooling and
r0Ka3ana, Ymo eHedpeHue adanMayUoHHbIX Mep MPUEEdem K CHUMNEHUIO 3ampam Ha repairing equipment.

oxnaxcdeHue u pemMmoHm 0b6opyG08aHUS.

Keywords: climate change, adaptation to climate change, production adaptability, climate risks,

Kntouessble cnoea: usmeHeHue Kaumama, adanmauun K U3MEeHEeHUI Kanumama, adanmueHocmMe climate impacts

npouasodcmea, Kaumamu4ecKue puckKu, Kaumamu4eckue so30elicmaus
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Ana yumupoeanus: LLluwkuH U. A., }uneHukosea H. A. KoHyenyua adanmayuu npomeiwsaeHHo20
npou38o00cmea K usmeHeHUaM Kaumama // MHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 3.
C. 25-34. DOI: 10.31799/2949-0693-2025-3-25-34.

KOHTpOoJIb ONTHYECKOH NOBEPXHOCTH
MHUKPOOOGBEKTHUBA IKCNIEPUMEHTA/IbHOM
U3MepUTEJbHOM YCTAHOBKOM Ha Oa3e
AUPPAKLUOHHOIO HHTepPpepoMeTpa

AHHOMayuA. PaccmompeHa 803MOXHOCMb MPUMEHEHUA 3KcrnepumeHmassHoli usmepumernsHol
YCMAaHOBKU 0415 Uccaedo8aHUA onmuyecKuli No8epxHOCMuU MUKpPoobbekmuea 08ys1y4eso20
uHmepgepomempa. CospemeHHble UHMepgpepeHyUoHHble Memoodbi U cpedcmed CrnocobHbI
po8oduMb 8bICOKOMOYHbIE U OOCMOBEPHbIE U3MepeHUs 0115 peleHus pada CAoXHbIX 3a0ady,
POsIb KOMOPbIX C KaxAbiM OHeM cmpemumessHo pacmem. [lpusedeHbl onMmu4eckas cxema
3KcnepumeHmManbHol yCMAHOBKU U mexHUYecKue xapakmepucmuku. [Toay4yeHsl pasmax,
MAKCUMGA/bHOE U MUHUMAbHOE 3HQYEHUS, CihepuyHOCMb, Wepoxoeamocme,
cpedHeKeadpamu4eckoe OMK/AOHeHUE 8 MUKPOMEMPAX.

Knroueasole cnoea: uHmepgpepeHyuoHHAsA YCMaHoBKd, pa3max, cpedHeksadpamuyeckoe
OMEK/0OHEHUE, MOYHOCMb U3MepeHull, oTMmuYecKas No8epxHocmeo, UHMepgpepozpamma

Ana yumuposaHus: Matiopos E. E., Kypnaos B. B., [lazaes A. B. KoHmposs onmuyeckoli
n08epxHOCMuU MUKPoobbekmuea sKcrepuMmeHmasbHol usmepumensHoli ycmaHosKol Ha base
OupaKyUuoHHo20 uHMepgpepomempa // HHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 3. C.
35-39. DOI: 10.31799/2949-0693-2025-3-35-39.

TeopeTnyeckoe M 3KCrIepUMeHTa/IbHOE
HUccieJ0BaHMe YCTOMYMBOCTHU PAMHbIX
KOHCTPYKIUH

AHHomauUﬂ. ﬂpedﬂaaaemcg HeumepClL(UOHHbIU anzopumm I'lpu6/7U)+(€HHOZO UHXEeHepHoz0o
pacyema pamHbIX KOHCMPYKYUl CO CKBO3HbIMU CMEePHCHAMU Ha ycmolvyugocms npu ycao8uu

npumeHumocmu bugypKayuoHHo20 Nodxooa. llpou3sooumcsa cpasHeHUe meopemu4ecKux
3Ha@YeHuUl KpUMUYECKUX Ha2py30K C IKCepuMeHmMasnbHbIMU.

Knroueeolie cnoea: sedywuli napamemp, cmepiceHs, yrpyaas ycmoliyusocme, 06aacme
ycmoliyugocmu, cxema pam, ydyem cosuaa

For citation: Shishkin I. A., Zhilnikova N. A. Climate change adaptation concept for industrial
production. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(3):25-34. (In
Russ.). DOI: 10.31799/2949-0693-2025-3-25-34.

Control of the optical surface of a micro lens by an
experimental measuring device based on a
diffraction interferometer

Abstract. The paper considers the possibility of using an experimental measuring device to study
the optical surface of a micro-lens of a two-beam interferometer. Modern interference methods
and tools are capable of carrying out highly accurate and reliable measurements to solve a
number of complex tasks, the role of which is rapidly growing every day. The optical scheme of the
experimental setup and technical characteristics are given. The range, maximum and minimum
values, sphericity, roughness, and standard deviation in micrometers are obtained.

Keywords: interference installation, range, standard deviation, measurement accuracy, optical
surface, interferogram

For citation: Maiorov E. E., Kurlov V. V., Dagaev A. V. Control of the optical surface of a micro lens
by an experimental measuring device based on a diffraction interferometer. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2025;4(3):35-39. (In Russ.). DOI: 10.31799/2949-
0693-2025-3-35-39.

Theoretical and experimental study of stability
frame structures

Abstract. A non-iterative algorithm for approximate engineering calculation of frame structures
with through bars for stability under the condition of applicability of the bifurcation approach is
proposed. The theoretical values of critical loads are compared with experimental ones.

Keywords: leading parameter, rod, elastic stability, stability region, frame scheme, shear
accounting

For citation: Ershov D. Yu., Lukyanenko I. N., Kostach A. D. Theoretical and experimental study of

stability frame structures. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025;4(3):40-46. (In Russ.). DOI: 10.31799/2949-0693-2025-3-40-46.
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Ana yumuposaHus: Epwos /. 10., /lykesHeHKo U. H., Kocmay A. []. TeopemuyecKoe u
JKCrepumeHmMasnbHoe uccnedo8aHue ycmol-4usocmu pamHeix KOHcmpykyuli // IHHos8ayuoHHoe
npubopocmpoeHue. 2025. T. 4, Ne 3. C. 40-46. DOI: 10.31799/2949-0693-2025-3-40-46.

MeToabl U CpeACTBA pa3pabOTKH NPUOGOPOB AJIs
KOHTPOJIsA AedeKTOB (pOPMBbI POCCUUCKOTO
IPOU3BOACTBA

AHHOMayuA. B Hacmosuwee spems 80npoc npouzeodcmeaa npubopos omevyecmeeHHO20 muna
cmoum docmamoyHo ocmpo. HecmMompsa Ha CywecmeeHHoe Mpucymcmeue Ha pbiHKe
UHOCMPAHHO20 060PyA0BAHUSA, MPOUECC €20 UCMOAb308AHUSA OCIOHHAECMCA CAHKUUAMU, MAK KaK
e20 0b6CayHusaHue cmaHosumca 0opo2ocmoAwUM U O1UMesnbHbIM [0 CPOKAM. B c8a3u ¢ mem,
Ymo mexHos02uu nposedeHus usmepeHull ywau 0aneko eneped, 80 MHO20 0603HA4US MPUHYUN
b6eckoHmakmHocmu usmepeHuli, Hekomopele usmepumerbHele NPUGoPbI — AOCMAMOYHO HOBbIE,
He sHeceHbl 8 «[ocpeecmp», He 8ce20a obecneyusarom udeasbHbie yco08us usmepeHus. OOHAKO
OaHHble npubopPbl MAKHCE OMNUCLIBAIOMCA 8 CMAMbLE KAK MepcrnekmueHsle U UHHO8AYUOHHbIe
KOHCmMpyKuuu 015 6y0yuyux pa3pabomok.

Kniouessle cnosa: usmepeHue ded)exmoe nosepxHOCMHO20 C/104, umriopmo3sameuw,eHue,
ome4yecmeeHHble I'IpU60pr, mpuezepHeole damqw(u, damyuKu 0nsa usmepeHuAa wepoxoeamocmu

Ana yumupoeanus: EnugaHyes K. B. Memoosi u cpedcmea paspabomku npubopos 015
KOHMPposAa degpekmos ghopmbi pocculickozo npouszeodcmsea // MHHOBAYUOHHOE
npubopocmpoeHue. 2025. T. 4, Ne 3. C. 47-54. DOI: 10.31799/2949-0693-2025-3-47-54.

CucTeMHBIE MO/e/IM M AaHAJIU3 MApILIPYTOB B
BbIYHMC/IUTE/IbHBIX CETAX C YEPBAYHOU
KOMMYyTauuen

AHHOmMayusa. Paccmampusaemca npobsiema nocmpoeHus popmasibHbix Mmodesneli Mapuwpymos
UHPOPMAYUOHHbIX MOMOKO08. 1pou3800UMCA OUeHKA aKkmyasnbHocmu uccaedosaHuli u
paspabomok, paccmampusaromcs nocseoHue ocmuxceHus u pabomsi 8 obaacmu
npoekmuposaHus cemeli U Usy4eHUA Mapwpymos nepedayu 0aHHbIX. Cmasumcs yenb
nocmpoeHus opmasnbHbix modeneli mapuwipymos nepedayu OaHHbLIX 8 8bIYUCAUMENbHbLIX CemAX
¢ yepssayHoli kommymayueli. Kpamkuli 0630p mexHon02uU Yep8ayYHol KOMMymayuu nomoaaem
demarnbHee paccmompems npedsaazaemyro 0aa usyyeHus obaacms. Onpedensomcs ya3gumsle
mecma aHanusupyemoli mexHoso2uu, mpebyroujue popmasbHo2o onucaHuA. lpedaazaemca
HOo8aA cUCMeMHasA MoOes1b ONMUCAHUA MapWpPymos, PAcCMampuearouids ux KaK Kopmexcu
MHO020MecmHo20 omHoweHuA. Ha ocHose npednazaemozo onucaHus 8600Amca Hogble Modesnu
Ha 6ase onepayuli NPOEKMUpPOBAHUSA U ceyeHuUa omHouweHull, mo3eonaowue aHaau3uposams

Methods and tools development of Russian-made
devices for mold defect control

Abstract. Currently, the issue of manufacturing domestic-type devices is quite acute. However, the
significant presence of foreign equipment on the market complicates the process of using it,
because due to sanctions, its maintenance becomes expensive and time-consuming. Due to the
fact that measurement technologies have gone far ahead, having largely outlined the principle of
contactless measurements, some measuring instruments are quite new, not included in the State
Register, and do not always provide ideal measurement conditions. However, these devices are
also described in the article as promising and innovative designs for future developments.

Keywords: measurement of surface layer defects, import substitution, domestic devices, trigger
sensors, sensors for measuring roughness

For citation: Epifantsev K. V. Methods and tools development of Russian-made devices for mold
defect control. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(3):47-54. (In
Russ.). DOI: 10.31799/2949-0693-2025-3-47-54.

System models and route analysis in wormhole
computing networks

Abstract. Current paper considers the problem of constructing formal models of information flow
routes. The relevance of research and development is assessed, the latest achievements and works
in the field of network design and data transmission route study are considered. The paper aims to
construct formal models of data transmission routes in computer networks with wormhole
routing. A brief overview of the wormhole routing technologies helps to consider the proposed
area for study in more detail. Vulnerabilities of the analyzed technology that require a formal
description are identified. A new system model for describing routes is proposed, considering them
as tuples of a multi-place relation. Based on the proposed description, new models are introduced
based on the operations of designing and cutting relations, allowing to analyze the systems of
routes and sets of elements that make them up. An example of using the proposed formulas is
considered on a network of the type “(2 X2)-lattice”. The results of network theory and relation
theory are used for the study.
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cucmembl Mapwpymos U MHOXeCcmaa cocmas/Aaouux ux anemeHmos. lpumep Ucrnosnb308aHUA
npednazaembix popMya paccmampusaemcs Ha cemu muna «(2 X2)-pewemka». 14
Uccnedo8aHUSA UCMOb3YIOMCA pe3ysnbmamel meopuu cemeli U meopuu omHouwieHud.

Knroueeble cnoea: 4epsauHas KOMMymauyus, cemu, Mapuwpymsl, MHO20OMECMHOE OMHOWEHUE,
nopmeli nepedayu OaHHbIX

bnazodapHocmu. Paboma 8binosHeHa npu puHaHcoeoli noddepxcke MuHucmepcmea HayKu u
sbicwez0 obpazosaHuA Pocculickol ®edepayuu, coenaweHue Ne FSRF-2023-0003
«PyHOaMeEHMAs1bHbIE OCHOBbLI TOCMPOEHUA MOMEX03aUWUUWEHHbIX cUCmeM KocMmuYe-

cKoll U cnymHuUKoeol ceA3u, omHocumenbHoU Ha8U2aYUU, MeXHUYECKO20 3PEHUA U
Aa3POKOCMUYECKO20 MOHUMOPUH2a ».

Ana yumuposarusa: KapaHdawes A. A. CucmemHbie MoOesU U GHAAU3 Mapupymos 8
8bI4UCAUMEbHbIX CeMAX C Yepea4Hol Kommymauueli // UHHoeayuoHHoe npubopocmpoeHue.
2025. T. 4, Ne 3. C. 55-61. DOI: 10.31799/2949-0693-2025-3-55-61.

IIpocToi1 yHuBepCa/IbHbIN JIMHEUHbIN
ONTUMAJIbHbIN MeTo 4, GU/IbTPaALMU Pe3y/bTaTOB
U3MepeHUM JUCKPETHbIX MAPKOBCKUX CUTHAJIOB

AHHOMayusA. OnucaH nuHeliHbIl 0ONMUManbHeIl Memoo uabMpayuu pe3ynemamos usmepeHul
OUCKpeMHbIX MAPKOBCKUX CU2HA08, KOMOpbIli M0 MOYHOCMU He ycmynaem ¢uasmpayuu
Kanmawa, yHusepcasneH rno Haau4yuro uau omcymcmeuio ceolicmea Koppenayuu nomex
usmepeHusa u He mpebyem peweHus HeAuHeldH020 MAMPUYHOR20 ypasHeHUs PUKKamu 017
onpedesneHUs onNMUMAanbHOU Mmampuysl ycuneHus KaamaHa u anocmepuopHol mampuybl
OWUBOK ONMUMAsbHbIX OUEHOK.

Knioueebie cnoea: nuHeliHaA 0NmMuMansHas uabmpayus, noKasamesns moYyHocmu — cied
KoppenayuoHHol mampuubl owUubOK O0YeHOK, yHUsepcanbHbIl, npocmoli anzopumm
unempayuu, KoppeauposaHHAA U He KOPPenupoBaHHAs NoMexa usmepeHus

Ana yumupoeanus: Nearos F0. 1. MMpocmoli yHUsepcanbHeil AuHelHbIG onmumaneHelli memod
unbmpayuu pesynemamos usmepeHuli OUCKPemMHbIX MApPKOBCKUX CU2HAn08 // MHHo8ayuoHHoe
npubopocmpoeHue. 2025. T. 4, Ne 3. C. 62—68. DOI: 10.31799/2949-

0693-2025-3-62-68.

[IpumeHeHue pePpaKTOMETPUH AJIA
HUCCIe0BaHUA 00pa3L0B KOJIJIOUJHBIX BOAHbBIX

Keywords: wormhole routing, networks, routes, multi-location relation, data ports
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For citation: Karandashev A. A. System models and route analysis in wormhole computing
networks. Innovacionnoe priborostroenie

= Innovative Instrumentation. 2025;4(3):55—61. (In Russ.). DOI: 10.31799/2949-0693-2025-3-55-
61.

A simple universal linear optimal method for
filtering measurement results of discrete Markov
signals

Abstract. The paper describes a linear optimal method for filtering measurement results of
discrete Markov signals, which is not inferior in accuracy to Kalman filtering, universal to the
presence or absence of the correlation property of measurement interference, which does not
require solving the nonlinear matrix Riccati equation to determine the optimal Kalman gain matrix
and a posteriori error matrix. Finite methods of filtering without feedback of both Markov and
non-Markov signals.

Keywords: linear optimal filtering, accuracy indicator — trace of the correlation matrix of
estimation errors, universal, simple filtering algorithm, measurement interference both correlated
and in the form of whitenoise

For citation: Ivanov Yu. P. A simple universal linear optimal method for filtering measurement
results of discrete Markov signals. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025;4(3):62-68. (In Russ.). DOI: 10.31799/2949-0693-2025-3-62-68.

The use of refractometry for the study of samples

of colloidal aqueous solutions thickened with
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PaCTBOPOB, 3aryme€HHbIX IIOJINTJINKOJ/IEBBIM
IMoJIMMEpPOM

AHHOmMayus. PaccMompeHa 803MOXHOCMb NPUMeHeHUA pegpakmomempuu 011 uccaedosaHus
06pa3y08 KosnouOHbIX B0OHbLIX pACMBOPO8, 3a2yUleHHbIX M0AU2UKONe8bIM MOAUMEPOM 8
1a60paMOopHbIX ycA08UAX. B onmuKo-gusuveckux usmepeHusx smom memoo rno3gonsem
moay4ames 00CmMogepHbie U MOYHbIE KOAU4ecmeaeHHble OaHHbIE 110 MOKA3amesto NpesoMaeHus,
onpedenams memMnepamypHyr 308UCUMOCMb MOKA3aMes npesnoMaeHuUs, 8biA8aame OUCNepCcuro
KoHmponupyemozo sewecmaa. [pusedersl sHewHUl 8ud pegppakmomempuyeckoli u
aKcnepumeHmansHol pedhpakmomempuyeckoli-ciekmpomempuyeckoli ycmaHOB80K, a MaKMe ux
OCHOBHble mexHUYecKue Xapakmepucmuku. [ToayyeHsl KOHUEHMPAYUOHHASA, memnepamypHas u
CNeKmMpanbHaAsA 3a8UCUMOCMU OM TOKA3amess NpesomaeHUs 800HbIX PACMB0PO08, 3a2yUeHHbIX
1101U2UKOe8bIM MOAUMEPOM PAa3HOU KOHUEeHMpayuu u memepamypsl. BoiasneHa cxo0umocme
peppakmomempuyeckux u peipakmomempuyecKux-crieKmpomempuyecKux
JKCrepuMeHmasnbHbIX OaHHBIX.

Knrouessie cnoea: pehpakmomemp, pegpakmomemp-criekmpomemp, 800HbIG pacmeop,
KOHUeHmMpayus, memnepamypa, CekmpasabHas 308UcUMOCMb, CX0OUMOCMb

Ana yumupoesanus: Matiopos E. E., lywkuHa B. I1., yaues P. b. [pumeHeHuUe peppakmomempuu
017 uccnedosaHus 06pasy08 KonoUGHbIX BOOHbIX PpACMBOPOB, 3a2YUEeHHbIX N0AU2/IUKOE8bIM
nonumepom // MHHosayuoHHoe npubopocmpoerue. 2025. T. 4, Ne 3. C. 69-75. DOI:
10.31799/2949-0693-2025-3-69-75.

Pa3pa6oTKa KOMILJIEKCHOM CCTeMbI pacyeTa
KPaTHOCTH pa36aBJIEHUA CTOYHBIX BOJ, C yYETOM
BapHAaTUBHbIX TMPOJIOTHYECKUX PEKUMOB U
JAUHAMHUKHU TYPOYJIEHTHOCTH

AHHOMayusA. MMpedcmassneHsi pe3ysnbmamel Hay4YHsIx uccaedosaHuli no pazpabomexe
KomrsieKcHol cucmemel paciema KpamHocmu pa3basaneHus CmoYHblx 800 € y4emom
8apPUAMUBHbIX 2UGPOI02UYECKUX PEHUMO8 U OUHAMUKU mypbyneHmHocmu. PaspabomarHas
cucmema 6a3supyemcs Ha KOMMAEKCHOM nooxode, 06beduHAOWEM YPaBHEHUS KOHBEKMUBHO-
Oughpy3uoHHO20 NnepeHoca U MPAHCHOPMAYUU BEW,ECMS C Y4EemMOM HEKOHCeP8amueHocCmu
npumecell. [pednoxiceHbl Memodbl MOOEAUPOBAHUA MPOYECCO8 HAYATbHO20 U OCHOBHO20
pa3basseHus, @ Maxk#e y4ema 6/UAHUA XapaKmMepHbIX 2UOPOI02UYECKUX PEIHUMO8 (1emHezo,
3UMHe20 U nepexodHbix nepuodos) Ha OUHAMUKY pacCceus8aHUs 302PA3HAUWUX 8eujecms.

Ana sepugukayuu modenu ucrnonb308aHsl U3MePUMenbHblIe KOMIAEKChI, 8KAOHAA
mynemunapamempuyeckue 30H0bl CTDIOM u Hach HQ30D, akycmuyeckue donaeposckue
npoghunozpagsl meyeHuli (ADCP), no08o0Hble OpoHbI u Opyaue cpedcmea. Obpabomka OaHHbIX
8bIMOMHEHA C MpUMeHeHUeM npo2pamMmmHsix cpedcms Waste 4.5 u MathCAD 15.

polyglycolic polymer

Abstract. The paper considers the possibility of using refractometry to study samples of colloidal
aqueous solutions thickened with polyglycolic polymer in laboratory conditions. In optical and
physical measurements, this method allows obtaining reliable and accurate quantitative data on
the refractive index, determining the temperature dependence of the refractive index, and also
detecting the dispersion of the controlled substance. The paper presents the appearance of
refractometric and experimental refractometricspectrometric installations, as well as their main
technical characteristics. The concentration, temperature, and spectral dependences

on the refractive index of aqueous solutions of potassium hydroxide of different concentrations
and temperatures are obtained. The convergence of the refractometric and refractometric-
spectrometric experimental data is revealed.

Keywords: refractometer, refractometer-spectrometer, aqueous solution, concentration,
temperature, spectral dependence, convergence

For citation: Maiorov E. E., Pushkina V. P., Guliyev R. B. The use of refractometry for the study of
samples of colloidal aqueous solutions thickened with polyglycolic polymer. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2025;4(3):69-75. (In Russ.). DOI: 10.31799/2949-
0693-2025-3-69-75.

Development of a comprehensive system for
calculating the dilution ratio of wastewater
considering variable hydrological regimes and
turbulence dynamics

Abstract. The article presents the results of scientific research on the development of a
comprehensive system for calculating the dilution ratio of wastewater, taking into account
variable hydrological regimes and turbulence dynamics. The developed system is based on an
integrated approach that combines convective-diffusion transport and substance transformation
equations, considering the non-conservative nature of impurities. Methods for modeling initial and
main dilution processes are proposed, along with approaches to account for the influence of
characteristic hydrological regimes (summer, winter, and transitional periods) on the dynamics of
pollutant dispersion.

For model verification, measurement systems were used, including multiparametric CTD90M and
Hach HQ30D probes, acoustic Doppler current profilers (ADCP), underwater drones, and other
tools. Data processing was performed using Waste 4.5 and MathCAD 15 software.
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Mony4eHHbie pe3ysbmamel M03680suAU ONpedenums Kratyessble hakmopsl, 8nAuaouue Ha
aghekmusHocmb pa3basaeHUs CMOYHbIX 800, U pazpabomame MemoOUKy pacdema KpamHocmu
obuwezo pazbasneHus cmo4Hbix 800 8 sodoeme. [pednoreHHas cucmema obecneyusaem b6osnee
mo4HbIli MPo2HO3 pacceusaHus 3a2PA3HAULUX 8ELECM8 10 CPABHEHUIO C Cyujecmeyouumu
MemoOuKamu 3a cuem y4yema npocmpaHcmeeHHOo-8peMeHHOU U3MEeHYUB80CMU 2UdPO02U4eCKUX
napamempos u Xxapakmepucmuk myp6yaeHmHocmu.

PazpabomaHHas memodos02ua umeem 8axcHoe npakmu4eckoe 3HayeHue 014
cosepuIeHCMB08AHUSA CUCMEM 3KO0/102UYeCK020 MOHUMOPUH2a U HOPMUPOBAHUA cbpocoe
CMOYHbIX 800 8 800HbIEe 06beKkMbl. Memoduka moxem bbims MPUMeHeHa Mpu NPoOeKmMupPos8aHuU
HOBbIX U PEKOHCMPYKYUU CyWecmayowux cucmem 80000meedeHus, a makie 044
onmumMu3ayuu pabomel 04UCMHbIX COOPYHceHUU.

Knroueeble cnoea: cmoyHble 800bl, KPAMHOCMb pa3baesseHus, Mamemamu4eckoe
MOOenupPoBaHUE, 2UBPO02UYECKUE PEXCUMbI, MypOYyaeHMHOCMb, KOHBEKMUBHO-0UGEY3UOHHbI
rnepeHoc, 800Hble 06BbEKMbI, 2UOPOIKOM02UYECKUL MOHUMOPUH2, Oughghy3us, nokasamenu
Kavyecmea 800b!

Ana yumupoeanus: LLuwkuH U. A., KywiHepos A. U., bapxxyes X. O. Paspabomka KomnaeKcHol
cucmemebl pacyema KpamHocmu pa3bassneHus CMo4HbiX 800 C y4emom 8apuamMuUBHsIX
2UOpPO02UYECKUX PEHUMO8 U OUHaMUKU mypbyaeHmHocmu // HHOBAYUOHHOe
npubopocmpoeHue. 2025. T. 4, Ne 3. C. 76—84. DOI: 10.31799/2949-0693-2025-3-76-84.

The obtained results allowed us to identify key factors influencing the efficiency of wastewater
dilution and develop a method for calculating the total dilution ratio of wastewater in a water
body. The proposed system provides more accurate predictions of pollutant dispersion compared
to existing methods due to the consideration of spatiotemporal variability of hydrological
parameters and turbulence characteristics.

The developed methodology has important practical significance for improving environmental
monitoring systems and regulating wastewater discharges into water bodies. The method can be
applied in the design of new and reconstruction of existing drainage systems, as well as for
optimizing the operation of wastewater treatment facilities.

Keywords: wastewater, dilution ratio, mathematical modeling, hydrological regimes, turbulence,
convective-diffusion transport, water bodies, hydroecological monitoring, diffusion, water quality
indicators

For citation: Shishkin I. A., Kushnerov A. I., Barkhkhuev Kh. O. Development of a comprehensive
system for calculating the dilution ratio of wastewater considering variable hydrological regimes
and turbulence dynamics. Innovacionnoe priborostroenie = Innovative

Instrumentation. 2025,;4(3):76—-84. (In Russ.). DOI: 10.31799/2949-0693-2025-3-76-84.
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CpaBHUTE/JIbHbIA aHAJIN3 CTPYKTYPHOM
[e/IOCTHOCTH HepapXuyeCKUX OpraHU3alOHHbIX
CUCTEM

AHHOMayus. OnpedesneHol acnekmsi 018 OUeHKU cmpyKkmypHoli 4eaocmHocmu uepapxu4ecKkux
0pP2aHU3AYUOHHbIX cUCmeM, pacnucaHsl NoKasamenu u paspabomaHsi WKaAsbl 049 OUeHKU
pe3ynemama Kax 0020 u3 HUx. MpuceoeHbl 8ecosbie KO3 duyueHMbl IKCIEPMHbLIM MEMOOOM,
paspabomarHa MmemoOuKa o oUueHKe U npedcmasseHa Keaaumempu4yeckas wxana 0na
UHMepnpemMayuu nosy4YeHHsIX pe3ynemamos.

Knrouesble €a106a: cmpyKmypHas 4esocmHoCms, Uepapxuveckue op2aHU3ayuoHHbIe cucmemsi,
cpasHuUmMenbHbIl aHanu3, ynpasaeHue opeaHudayueli, cucmemHbili aHAAU3, CpasHUMenbHoe
uccnedosaHue

Ana yumupoesaHus: CeduH /1. VN. CpasHumenbHbIl aHanu3 cmpykmypHoli yeaocmHocmu
uepapxu4yeckux opeaHu3ayuoHHbIX cucmem // MHHosayuoHHoe npubopocmpoeHue. 2025. T. 4,
Ne 2. C. 5-14. DOI: 10.31799/2949-0693-2025-2-5-14.

PykoBojsye yKa3aHUA 10 yIpaBJIeHHUI0
uGpoBOH 3pesIOCThI0 OM3HEC-NPOLECCOB HA
ocHoBe 1ukJja PDCA

AHHOomayus. Packpelsaemca mema ynpasneHus yugposol 3pesocmsto buzHec-rnpoyeccos 8
ycnosusax yugposol mpaHcghopmayuu cucmem meHedxmeHma Kayecmea. pusedeHsl
PYKOBOOAUWUE YKA3AHUA M0 yrpasaeHuto yugposoli 3peanocmeto busHec-npo-

yeccos Ha ocHose yukaa PDCA u ¢ yyuemom nonoxceHuli cmaHoapma FOCT P UICO 19011-2021,
npedycmampusaroujue caedyrouyro nocsiedosamesibHocme delicmauli: TOCMAaHOBKA yenu
ynpasneHus yugposoli 3penocmeto, onpedesneHue pucKkos u 803moxcHocmed,

¢hopmanuzayus uHUYUAYUU pabom, 8biNosHEHUE U MOHUMOpPUH2 pabom, aHAAU3 U yay4weHue
npoyedyp, UHUYUUposaHue pa3pabomku naaHa meponpuamuli, NT0020MOBKA U 8blMOAHEHUE
naaHa meponpuamud, Mo020mMo8Ka omyema o pe3ysabmamax, 3aeepweHue naaHa
meponpuamuli u 8binosnHeHuUe nocaedyouwux delicmeul. BoideneHa hyHKUUOHAAbHO-POe8as
CMpyKmypa 2pynnel AUy, HernocpedcmeeHHO y4acmaeyouux 8 8blnosaHeHUU pabom no
ynpaeseHuro yugposoli 3pesocmeio.

Kntouesble cnoea: yugposas mpaHchopmayus, cucmemsl MEHEOHMEHMA Ka4ecmaa,
yugposas 3peanocmeo

Ana yumupoeanus: Axmamosa M.-C. C., leHuckuHa A. P. Pykogodsauwue yKa3aHus no
ynpasneHuo yugpoeoli 3pesocmeto 6U3HEC-NPoueccos Ha ocHoee yukaa PDCA //
MHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 2. C. 15-20. DOI: 10.31799/2949-0693-

Comparative analysis of the structural integrity
of hierarchical organizational systems

Abstract. Aspects for assessing the structural integrity of hierarchical organizational systems are
identified, indicators are described and scales for evaluating the result of each of them are
developed. weighting coefficients were assigned by the expert method, an assessment
methodology was developed, and a qualimetric scale for interpreting the obtained results was
presented.

Keywords: structural integrity, hierarchical organizational systems, comparative analysis,
organization management, system analysis, comparative research

For citation: Sedin L. I. Comparative analysis of the structural integrity of hierarchical
organizational systems. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(2):5—
14. (In Russ.). DOI: 10.31799/2949-0693-2025-2-5-14.

Guidelines for managing digital maturity based on
the PDCA cycle

Abstract. The paper discusses the topic of managing the digital maturity of business processes in
the context of digital transformation of quality management systems. Guidelines on managing the
digital maturity of business processes based on the PDCA cycle and the provisions of GOST R ISO
19011-2021 are provided: setting goals for managing digital maturity, identifying risks and
opportunities, formalizing work initiation, executing and monitoring work, analyzing and
improving procedures, initiating the development of an action plan, preparing and executing an
action plan, preparing a report on results, finalizing an action plan, and the implementation

of follow-up actions.

Keywords: digital transformation, quality management systems, digital maturity
For citation: Akhmatova M.-S. S., Deniskina A. R. Guidelines for managing digital maturity based

on the PDCA cycle. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(2):15-20.
(In Russ.). DOI: 10.31799/2949-0693-2025-2-15-20.
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ABTOMaTHU3aLUs MPOLECCOB yNIPAaBJ/JIeHMS
Ka4yeCTBOM B CJIOKHBIX CUCTEMaXx

AHHOMayusa. Paccmampuearomca memodsl U UHCMPYMeHMb a8MomMamu3ayuu, Komopele
moaym 6bimb nMpumMeHeHs! 074 No8bIWeHUS Kauecmea npodyKyuu U onmumu3ayuu
Mpou3800CMBEHHbIX NPOUECCo8 8 CAA0KHbIX cucmemax. Ocoboe sHUMaHuUe ydensemcs
UCMOb308AHUIO MAKUX MEXHO102Ull, KAK UCKYCCMBEHHbIU UHMesnnekm u MauuHHoe
obyveHue, pobomomexHUKa U aemomamu3ayus, yugpossie 08oliHUKU. Obcyxcdaromcs
npeumywecmea amux mexHos02ull, maxkue KaK nossbiweHue MoYHoCmu KOHMpPOAs Kayecmed,
yCKOpeHue rpou38o0cmeeHHbIX MPoUeccos, CHUXEHUe 8AUAHUA Yes108e4YecKo2o (hakmopa u
onmumu3ayus pecypcos. Takxce paccmampuearomca 803MOXCHbIe MPyOHOCMU U PUCKU npu
8HeOpeHUU asmMoMamu3ayuu 8 NPoyeccsl yrnpasaeHUs Ka4ecmeom.

Knroyeesble ci0ea: asmomamu3sayus, ynpasaeHue Ka4ecmeom, CA0XHbIe cUCmeMbl,
NHAycmpus 4.0, uckyccmeeHHbIl UHmennekm, yugpossie 080UHUKU, pobomomexHUKa

Ana yumupoeanus: CeHuHa 4. C., [i3robaHeHKo A. A. Aemomamu3ayus npoyeccos
yrpasneHus Kauecmeom 8 CAIOMHbIX cucmemax //MIHHoeayuoHHoe npubopocmpoeHue.
2025. T. 4, Ne 2. C. 21-25. DOI: 10.31799/2949-0693-2025-2-21-25.

Automation of quality management processes in
complex systems

Abstract. The article discusses automation methods and tools that can be used to improve product
quality and optimize production processes in complex systems. Particular attention is paid to the
use of technologies such as artificial intelligence and machine learning, robotics and automation,
and digital twins. The advantages of these technologies, such as increasing the accuracy of quality
control, accelerating production processes, reducing the influence of the human factor, and
optimizing resources, are discussed. Potential difficulties and risks in implementing automation in
quality management processes are also considered.

Keywords: automation, quality management, complex systems, Industry 4.0, artificial intelligence,
digital twins, robotics

For citation: Senina D. S., Dzyubanenko A. A. Automation of quality management processes in

complex systems. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(2):21-25.
(In Russ.). DOI: 10.31799/2949-0693-2025-2-21-25.
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I/ICCJIeAOBaHPIe BEPOATHOCTHBIX OTKA30B CTAHKOB C
YU C/JIOBBIM CUCTEMHBIM YVIIpPABJIEHUEM Hd
MAIIMHOCTPOUTEC/IBHOM NIPpECANIPUATHHA

AHHOMayus. Paccmampueaemcs Ha0eXHOCMb CMAHKOE C YUC/08bIM CUCMEMHbIM
ynpasneHuem Ha MawuHOCMpPOUMesbHOM NPedNPUAMUU, MPO8edeHbl OYEHKA HadexHocmu

U aHAAU3 YYECMBUMENbHOCMU Pe3yabmamog K U3MeHeHUAM Napamempog, CONocmasneHue ¢

mpeb6o8aHUAMU K HAOEHHOCMU 8 COOM8emcmauuU ¢ HOPMAMUBHO-MeXHUYEeCKUMU
doKymeHmamu.

Knroueeslie cnoea: HadexHOCMb, HAPAbOMKA HA OMKA3, UHMEHCUBHOCMb OMKA308,
8eposmHocme bezomkasHoli pabomsi, KO3ghghuyueHm 20moeHOCMU, 8epPOAMHOCMb OMKA3ad

Ansa yumupoearus: bapaycos K. B., BuHHu4eHKo A. B. iccnedosaHue 8eposimHOCMHbIX
0OMKA308 CMAHKOB C YUC08bIM CUCMEMHbIM yripasaeHuem Ha MauwuHoCmMpoumenbHoOM
npednpusmuu // HHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 2. C. 26-31. DOI:
10.31799/2949-0693-2025-2-26-31.

UccneaoBanre ¢akTopoB BJIUSIHHUA HA CPOK
paccMOTpeHUs 3asBJI€HUA 0 TOCYAapCTBEeHHOM
perucTpanuy Ha M306peTeHHue UIH M0JIe3HYI0
Mo/ieJsib

AHHOMayus. Paboma HarnpassneHa Ha uccnedosaHue dJGKmOpOG 8/1UAHUA, OM KOMopbIX 3asucum

CPOK paccmompeHus 3aA804H020 MAMePUAsa Ha 8bI0avy NameHmMa, mem camsim criocobcmeys
cosepuieHcmeo8aHuU0 Memodos U cpedcms 0418 MAAHUPOBAHUS 8CIOMO2aMesbHbIX MPOUeccos
npoussodcmea. [posedeH cmamucmuyeckul U KoppenayuoHHbIG aHAU3 30A804HbIX
mMamepuasoe U cpoKos ux obpabomku dedepasnbHbIM UHCMUMYMOM MPOMblAeHHO
cobcmeeHHOCMU.

Kntouessle cnosa: nameHm Ha u3o6pemeHue, nonesHasa MOdeﬂb, KOppeﬂFIMUOHHbIU aHanus,
cmamucmuyecKull aHanus, d]GKmOpbl 8/1UAHUA

Ana yumupoearus: VicmomuHa 0. M., BuHHu4eHkKo A. B. iccnedosaHue (hakmopoes 8AUAHUA HA
CPOK paccmompeHus 3aa6seHus o0 20cydapcmeeHHol peaucmpayuu Ha usobpemexue uau
nonesHyro modess // UHHosayuoHHoe npubopocmpoerue. 2025. T. 4, Ne 2. C. 32-39. DOI:
10.31799/2949-0693-2025-2-32-39.

Research of probabilistic failures of computer
numerical control machines in machine-building
enterprise

Abstract. The article deals with the reliability of computer numerical control machine tools at a
machine-building enterprise, reliability assessment and sensitivity analysis of the results to
changes in parameters are carried out, comparison with the requirements to reliability in
accordance with normative and technical documents is carried out.

Keywords: reliability, MTBF, failure rate, failure probability, probability of failure-free operation,
availability factor

For citation: Barausov K. V., Vinnichenko A. V. Research of probabilistic failures of computer
numerical control machines in machinebuilding enterprise. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2025;4(2):26-31. (In Russ.). DOI: 10.31799/2949-
0693-2025-2-26-31.

Investigation of factors influencing the period of
consideration of an application for state
registration for an invention or utility model

Abstract. The work is aimed at studying the factors of influence on the term of examination of
application material for patent granting, thus contributing to the improvement of methods and
tools for planning of auxiliary production processes. Statistical and correlation analysis of
application materials and its processing time at the Federal Institute of Industrial Property was
carried out.

Keywords: invention patent, utility model, correlation analysis, statistical analysis, influence
factors

For citation: Istomina Yu. P., Vinnichenko A. V. Investigation of factors influencing the period of
consideration of an application for state registration for an invention or utility model.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2025,4(2):32-39. (In

Russ.). DOI: 10.31799/2949-0693-2025-2-32-39.
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l'lpnMeHeHne MeTOoJa KOHEYHbIX 3JIEMEHTOB AJiA
OLCHKH MIPOYHOCTHBIX XdPAKTEPUCTHUK
KOMIIO3UTHBIX MAaTE€EPHUAJIOB

AHHOMayusa. Paccmampusaemcs npumeHeHue Memood KOHEYHbIX 31eMeHmMos 8 Mpozpamme
ELCUT 0515 oUyeHKU npoYHOCMHbIX XaPAKmMepucmuK KOMno3um+o20 Mamepuana, CoOCmosawe2o U3
nosnuypemaHa, Moougpuyupo8aHHo20 2udpoKcudom antomuHusa Al(OH)s. ModenuposaHue
nposodusnu Ha npumepe 06pa3yos, NoodsepaHymMsix 0OHOOCHOMY cxcamuto. OnucaHue modenu
8K/r0Yaem 8 cebs ceomempuveckue XapaKkmepucmuKku o6pasya, husuKo-mexaHuyeckue
cgolicmea KOMIMOHEeHMOo8, a MAK}e YyC08uUsA Ha2py3KU. Pe3ysemamel MoOenuposaHuUa nokasanu
pacnpedeneHue HanpaxeHul u depopmayuli no obvemy 06pasya, a Maxxce 8bIABUAU 8AUAHUE
cooepxcarusa Al(OH)s Ha Mpo4YHOCMHbIe XaPAaKMepucMuUKU KOMMNO3UMHO20 Mamepuand.

Kntouesbie cno6a: Memod KOHEYHbIX 371eMeHMo8, MoOesnupo8aHuUe Mpoyecca cxamus,
nosumMepHele KOMNO3UYUOHHbIe Mamepuassl, modenauposaHue ELCUT, modenuposaHue
MEexXaHUYeCKUX XapaKmepucmuk

Ana yumupoeanus: NywuHa E. A. lpumeHeHue Memooa KOHeYHbIX 31eMeHmMos 0718 OUeHKU
MPOYHOCMHbIX XAPAKMEPUCMUK KOMMO3UMHbIX Mamepuasnoe // IHHoeayuoHHoe
npubopocmpoeHue. 2025. T. 4, Ne 2. C. 40-45. DOI: 10.31799/2949-0693-2025-2-40-45.

MoaenvpoBaHue XapaKTePpUCTUK ¢pa3supPpOBaAHHBIX
AHTEHHbIX pPelleTOK B YCJI0BUSAX BO34EeNCTBUA
CJIy4YaWHbIX IOMeX

AHHOMayuA. 113 KOHKPEMHbIX MeXHUYECKUX XapaKmepucmuk auHeliHol ¢paszuposaHHol
aHMeHHoU pewemKu cmodenuposaHsi OuUdepaMMbl HAMPAsaAEHHOCMU 8 3a8UCUMOCMU Oom
cpedHeK8aodpamMu4ecKko20 OMK/AOHEHUS ha3zbl, amnaumyosi U pacCmosHUA Mexoy
usny4amenamu 044 pasaudHelx pacrnpedeneHuli amnaumyosl 8 packpsiee aHmeHHsl. [TposedeH
QHAAU3 M0AYYeHHbIX XapaKmepucmuk. BoiaeneHo, Ymo Haubosee cyujecmeeHHoe 8auaHUe Ha
napamempol AUazpPaMmMbl HaNPAsAEHHOCMU OKa3bieaem cay4aliHoe usmeHeHue ¢hassl 8 cayyae
pacnpedeneHus Yeboiwesa amnaumyobl 8 packpbiee AHMeHHbI. HosusHa uccaedosaHus
30KA104aeMca 8 MOM, YMO AHAA02UYHbIE pacyemel M0360470m onpedeaums npeodesnbHoe
3Ha4eHue 8030elicmeus cay4aliHbix MoMex Ha OUA2PAMMY HAMPABAEHHOCMU GHMEHHbI C 06bIMU
3000HHbIMU XAPAKMePUCMUKAMU.

Knrouessle cnosea: d)ClBUpOBCIHHCIﬂ JHMEeHHAA pewemka, 0U02p0MMO HaripassneHHocmu,
cnyanHb/e nomexu

Method for determining the properties of polymer
composite materials

Abstract. The paper deals with the application of the finite element method in the ELCUT program
to evaluate the strength characteristics of a composite material consisting of polyurethane
modified with aluminum hydroxide Al(OH)s;. The modeling was performed on specimens subjected
to uniaxial compression. The model description includes geometric characteristics of the specimen,
physical and mechanical properties of the components, and loading conditions. The simulation
results showed the distribution of stresses and strains over the specimen volume and revealed the
influence of Al(OH)s content on the strength characteristics of the composite material.

Keywords: finite element method, compression modeling, polymer composites, ELCUT modeling,
mechanical performance modeling

For citation: Gushchina E. A. Method for determining the properties of polymer composite
materials. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2025;4(2):40-45. (In Russ.). DOI: 10.31799/2949-0693-2025-2-40-45.

Modeling the characteristics of phased antenna
arrays under random interference conditions

Abstract. In this work, for specific technical characteristics of a linear phased array antenna,
radiation patterns are modeled depending on the standard deviation of the phase, amplitude
and distance between the emitters for various amplitude distributions in the antenna aperture.
An analysis of the obtained characteristics was carried out. The obtained characteristics were
analyzed. It was found that the most significant influence on the parameters of the radiation
pattern is exerted by a random phase change in the case of the Chebyshev distribution of the
amplitude in the antenna aperture. he novelty of the study lies in the fact that similar
calculations make it possible to determine the limiting value of the impact of random
interference on the antenna pattern with any given characteristics.

Keywords: phased antenna array, radiation pattern, random interference
For citation: Mishura T. P. Modeling the characteristics of phased antenna arrays under random

interference conditions. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025;4(2):46-52. (In Russ.). DOI: 10.31799/2949-0693-2025-2-46-52.
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Ana yumuposarua: Muwypa T. 1. ModenuposaHue Xxaparmepucmux (ha3upos8aHHbIX AHMEHHbIX
pewiemok 8 ycio8usax 8o3delicmeus cay4aliHbix nomex // MHHO8AUUOHHOE npubopocmpoeHue.
2025. T. 4, Ne 2. C. 46-52. DOI: 10.31799/2949-0693-2025-2-46-52.

CoBpeMeHHbI€ CTaHAAPTHI B 06/1aCTH
3JIEKTPOHHOI0 JJOKYMEHT0060p0Ta KaK BEKTOP
aBTOMAaTHU3aL MU

AHHOMAYUA. 31eKMpPOHHbII AOKYyMeHMoobopom — HeoMbvemMaAeMas Yacmo PyHKUUOHUPOBAHUS
cospemeHHoli KomnaHuu. B npoyecce paspabomku 371eKmMpoHHbIX KOHCMPYKMOPCKUX
00KYyMeHmMo8 Yacmo 803HUKaem Heobxo0uMOoCmb pasmeleHus Ha Yepmexice 0onoaHumesnoHol
UHgopmayuu 8 sude sHewHeli CCbiKU, 0OHAKO, eC/iU 3Mom Yepmex« pacrneyamat, He ece2da
yO06HO U Npasusas6HO pasmew,ame 2Unepceblaky HA Mosae mexHu4eckux mpebosaHuli. 3mo
moxcem 6bimb HeaghgheKmMuU8HO Mo MPUYUHe MOo20, YMO CCbiAKA 8 HaNeYamaHHOM OOKyMeHme He
moxcem 6bimb akmusuposaHa. CiedosamesnbHo, 048 3mux yeneli MoXHO Ucnonb308amsQR-Kod.
Bonipocsl 0 npasuabHOCMuU pasmeueHus 0aHHO20 K0Oa 8 cpede KoHCmpyKkmopoe ecez20a bbiau
aKMyasbHbl, 0CO6EHHO CO CMOPOHbI HOPMOKOHMPOEPOs8, KOMopble Yacmo Mo2au PacyeHums
HeKoppekmHoe Mecmo ycmaHoeKu QR-Koda Kak owubKy U 8bIHECMU 3MO HA AUCM 3amMedaHul
HOPMOKOHMPOEepPa, 4mo 0673618010 Pa3pPabOMYUKA Yepme(a 8HOCUMb UCHPAB/EHUS.

Knrouyesblie cnoea: QR-K00, cospemeHHble CMAaHOapmMbl, PEK8U3UMHAA Yacms,
O0KyMeHmMoobopom 8 KOMIMAHUU, 371eKmMPOHHbIU oKymeHmoobopom, SMART-cmaHOapm,
MAWUHOMNOHUMAeMoe COOepHaHue

Ana yumupoeanus: Enugaryes K. B. CospemeHHble cmaHdapmel 8 06a1acmu 31eKmpoHH020
doKkymeHmoobopoma KAk eekmop asemomamu3sayuu // HHosayuoHHoe npubopocmpoeHue.
2025.T. 4, Ne 2. C. 53-57. DOI: 10.31799/2949-0693-2025-2-53-57.

Oco6eHHOCTH CTaHJAapTU3anuu B Poccun,
Pecny6/imke Kazaxcrad u Kurae kak ocHoOBa
HMIIOPTO3aMelleHus

AHHOMayusA. B npoyecce umnopmosamew,eHUA 8axXHbIM haKMOPOM A8719emcA 8bIX00 Ha
MexOyHapoOHble pbiHKU. B mekyweli skoHomuyeckol cumyayuu Haubosee KpynHbiMu
napmHepamu Poccuu asnaromca Kazaxcmax u Kumad. B ceazu ¢ smum sonpoc
CMaHOapmu3ayuu 00aMceH NoOMoYb 8 CO30AHUU eOUHO20 A3bIKAa 0bueHUA Mexdy OaHHbIMU
CMpPaHamu 8 80rpocax nocmasKu 0b6opyd08aHUA U 861200HO20 0BMEHA MEXHOA02UAMU.
CmaHdapmu3sayua umeem 6osbuwioe 3Ha4eHue 8 0ese ygenudeHus npoussooumensHocCmu,
YMeHbWEHUA MPAasMOONAacHOCMU, CYMMApPHO20 y8enuYeHUs Ka4ecmeaa #U3HU U Kayecmesa
mosapos.

Modern standards in the field of electronic
document management as a vector of automation

Abstract. Electronic document management is an integral part of a modern company. During the
development of electronic design documents, it is often necessary to place additional information
on the drawing in the form of an external link, however, if this drawing is printed, it is not always
convenient and correct to place a hyperlink to the field of technical requirements. This may be
ineffective due to the fact that the link in the printed document cannot be activated. Therefore, a
QR code can be used for these purposes. Questions about the correct placement of this code
among designers have always been relevant, especially from the part of the standard controllers,
who could often attribute the incorrect location of the QR code as an error and put it on the
standard controller’s comments sheet, which obliged the drawing developer to make corrections.

Keywords: QR code, modern standards, requisites, document flow in the company, electronic
document management, SMART standard, machine-readable content

For citation: Epifantsev K. V. Modern standards in the field of electronic document management
as a vector of automation. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025,;4(2):53-57. (In Russ.). DOI: 10.31799/2949-0693-2025-2-53-57.

Features of standardization in Russia, the Republic
of Kazakhstan and China as a basis for import
substitution

Abstract. In the process of import substitution, access to international markets is an important
factor. As a rule, in the current situation, Russia’s largest partners are Kazakhstan and China. In
this regard, the issue of standardization should become a common language of communication
between these countries regarding the supply of equipment and the beneficial exchange of

technologies. Standardization is of great importance in increasing productivity, reducing the risk of
injury, and overall improving the quality of life and goods.

Keywords: standardization, harmonization of standards, international standards
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Knrouessie cnoea: cmaHOapmu3ayus, 2pMOHU3AYUS CMAHOapPmMos, Mex0yHapooHble
cmaHoapmel

Ana yumupoearus: Enugaryes K. B. OcobeHHocmu cmaHdapmu3sayuu 8 Poccuu, Pecnybauke
KaszaxcmaH u Kumae Kak ocHosa umnopmo3ameweHus // IHHo8ayuoHHoe npubopocmpoeHue.
2025. T. 4, Ne 2. C. 58-64. DOI: 10.31799/2949-0693-2025-2-58-64.

MeToaMKaA 3aILMTHI OT aTaK MO0 CTOPOHHMM KaHaJIaM
c nomombiw White box-rexHosiorum

AHHOMayuA. AKmyasabHOCMb 80MPOCA 3aUuUMmbl UHGOPMAUUU 0m amak rno CMOPOHHUM KaHA/AaM
¢ ucronvzosaHuem White box-mexHonozuli 06ycs06seHa yeeauvyeHuem 4uca yepos, C8A3AaHHbIX C
YMeyuKamu KOH@UOeHYuaabHoU UHGOPMAYUU Yepe3 CMOPOHHUE KaHAsbI 8 COBPEMEHHbIX
8bIYUCAUMEsbHbIX cucmemax. Lieaamu 0aHH020 Uucciedo8aHuUs ABAAMCA paccMompeHue
MemoOUKU 3aWumsl 0m amak 1o CMopoHHUM KaHaaam ¢ npumeHeHuem White box-nodxodos, a
Make aHanu3 803moxcHocmeli UCMOb308aHUA OAHHbIX MexHosno2uli 0414 No8bIUIeHUA
6e3onacHocmu Kpunmozpaguyeckux cucmem. lMpedcmaesieHbl Memodsi, KOmopble M0380A710M
3ahheKMUBHO 8bIABAAMb U YCMPAHAMb YA38UMOCMU, C8A3AHHbIE C OGHHBLIMU AMAKAMU.
MpusedeHbl Hosble peweHUs 015 obecneyeHus 6e30nacHocmu 8 yc108usx yeeaudusarowelics
y2po3bl ymeveK UHGOopMayuu, 4mo 8axHO 0414 pa3pabomyuKkos 3auUueHHbIX cucmem u
opeaHu3ayuli, pabomaroujux ¢ KOHPUOEeHUUANbHbIMU OAHHBIMU.

Knroyeesle cnoea: UHHOPMAYUOHHAA 6e301acHOCMb, WUpPOBAHUE, 3auuma OaHHbIX, AHAAU3
yazsumocmeli, White box, amaka, Kpunmoepagus

BnazodapHocmu. Paboma ebinosnHeHa 8 pamkax 20cydapcmeeHHo20 3adaHus MuHucmepcmea
HayKu u ebicuie2o 0bpazosaHus Pocculickoli ®edepayuu Ne 075-00003-24-01 om 08.02.2024
(npoexkm FSEE-2024-0003).

Ana yumupoeanus: ManyeHKko H. A., /lesuHa A. 6. Memoduka 3awumel om amak rno CMopoOHHUM
KaHanam c nomowibro White box-mexHonoauli // MHHosayuoHHoe npubopocmpoeHue. 2025. T. 4,
Ne 2. C. 65-69. DOI: 10.31799/2949-0693-2025-2-65-69.

CUHXpOHU3aLMs COObITUM B pacnpeae/ieHHbIX
COOGBITUHO-OPUEHTUPOBAHHBIX CUCTEMaX

AHHomayus. [1pu npoekmuposaHuu pacnpedeneHHsix cucmem Heobxo0UMO n02udecKu
0p2aHU308bI80MbE CMPYKMYPY KAK NPO2PAMMHbIX, MAK U ANnapamHsiX KOMIoHeHmos. [as
0p2aHU3AYUU PO2PAMMHbIX KOMITOHEHMO8 Cywecmayrom crneyuasnbHeie WabnoHsl —
apxumeKkmypHeie cmusau. B daHHol cmamee onucaH apxumeKkmypHsil cmuse Ha ocHoee

For citation: Epifantsev K. V. Features of standardization in Russia, the Republic of Kazakhstan and
China as a basis for import substitution. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2025;4(2):58-64. (In Russ.). DOI: 10.31799/2949-0693-

2025-2-58-64.

Protection methodology against side-channel
attacks using White box technologies

Abstract. The relevance of the issue of protecting information from side-channel attacks using
White box technologies is due to the increasing number of threats associated with leaks of
confidential information through third-party channels in modern computing systems. The purpose
of this article is to consider the methodology for protecting against side-channel attacks using
White box approaches, as well as to analyze the possibilities of using these technologies to
improve the security of cryptographic systems. As a result of the work, methods are presented that
allow you to effectively identify and eliminate vulnerabilities associated with these attacks. The
article presents new solutions for ensuring security in the face of an increasing threat of
information leaks, which is important for developers of secure systems and organizations working
with confidential data.

Keywords: information security, encryption, data protection, vulnerability analysis, White box,
attack, cryptography
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For citation: Panchenko N. A., Levina A. B. Protection methodology against side-channel attacks
using White box technologies. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025,;4(2):65-69. (In Russ.). DOI: 10.31799/2949-0693-2025-2-65-69.

Event’'s synchronization in distributed event-
driven systems

Abstract. For designing distributed systems, it is necessary to logically organize the structure of
both software and hardware components. Special templates used for organizing software
components — architectural styles. This article describes an event-driven architecture style for

18 ceHTAbGpA 2026 T.



cobbimuli 0na pacnpedeneHHb/x cucmem, a maKkxce MexaHu3mMbl CUHXpoHusayuu cobbimuli
8HymMpu pacnpedeﬂeHHblx cucmem, CrnpoeKkmMupoB8aHHbIX HA OCHose 0aHHO20 WabsoHa.

Knroueasle cnoea: pacrpedesneHHblie cucmemsl, ApXUMeKmMypHble Cmusu, CUHXPOHU3AYUS,
apxumeKmypa Ha ocHose cobbimuli

Ana yumupoeanus: LLnuayH 1. B. CuHxpoHu3sayus cobeimuli 8 pacripedesneHHbix cobbimuliHo-
OpUeHMUPOBAHHbIX cucmemax // HHoeayuoHHoe npubopocmpoerue. 2025. T. 4, Ne 2. C. 70-76.
DOI: 10.31799/2949-0693-2025-2-70-76.

Pa3spa6oTka web-cepBuca 10 MOHUTOPHUHTY
OKpY>Kawlieu cpeabl

AHHOMayusa. Paccmampueaemca paspabomka web-cepeuca, npedHa3Ha4yeHHo20 0415
MOHUMOPUH2a OKpyxcarouweli cpedsl, ¢ Ucnonb3osaHuem 6ecrpo8ooHbIX CeHCOPHbIX cemedl.
OnucbiBaomcsA 0CHOBHbIe 3a0a4u Cepeuca, 8KAYAS 0mobpaxceHue UHhopMayuu Ha
Kapmoezpadguyeckoli ocHoge, xpaHeHue AaHHbIX 8 PeasibHOM 8peMeHU, I0KANU3ayuto 06bekmos u
UHMepPaKmMueHyto Haguaayuto. lNodpobHo npedcmaesneHa apxumexkmypa pas3pabomaHHo20 web-
cepeuca, 8KAYAOUWAA 8 cebs KaUueHmM-cepeepHyo CMpyKmMypy, Ucrnonb308aHUe KOHUenyuu
Single Page Application (SPA) u modynbHy0 opeaHu3ayuto npuaoxceHus. lMpedcmaesneHHoll web-
cepeuc npedHasHayeH 0718 MOHUMOPUH2a AecHbix meppumopuli, obecneyusaem nosb3osameneli
akmyasneHoli uHghopmayueli 06 3K0102U4ECKOM COCMOAHUU U N0380s4em 0nepamugHo
peazuposams Ha YpessblvaliHble cumyayuu.

Knrouesble cnosa: web-cepsuc, MOHUMOPUH2 OKpyaroweli cpedbl, 6ecripo8o0Hbie CeHCOpPHbIe
cemu, KnueHm-cepgepHasa apxumexkmypa, Single Page Application (SPA), susyanusayusa 0aHHbIX,
Kapmozpaghuyeckas 0CHOBaA, aHAU3 OAHHbIX, cuicmema onoseuweHull, 1ecHvle meppumopuu

Ana yumupoeanus: 6obposckas P. M., 3asy A. M., Keuepykos A. P., Bazuzoe M. P. Paspabomka
web-cepeuca no MoHUMopuHay oxkpyxaroweli cpedsi // HHO8aUUOHHOE npubopocmpoeHue.
2025. T. 4, Ne 2. C. 77-83. DOI: 10.31799/2949-0693-2025-2-77-83.

JKCepuMeHTa/IbHOEe UCCIeJOBaHMe OTpaKalouien
CIIOCOOHOCTHM 3epKaJIbHbIX 3JIEMEHTOB Ha OCHOBEe
Al203 u Ag20, nokpsITbiX Rh

AHHOmayusA. PaccmompeHa 803MOXCHOCMb MPUMEHEHUA IKCrepumeHmasnbHol
UHMepgepeHyUoHHOU ycCmaHOo8KU 0118 UCCAe008AHUA OMPAXAOULUX NogepxHocmeli naocKux
MUKpo3nemeHmos Ha ocHose AlI203 u Ag20, nokpsimsix Rh, npumeHaembix 8 cucmemax
3epKansHoli onmuku. CospemMeHHble UHmepgepeHyUuoHHble Memoosl U cpedcmea crnocobHel
pos8ooduMb 8bICOKOMOYHbIE U 00CMOBepHble U3MepeHUs 018 peweHUs PAOA C0MCHbIX 3a0aH,

distributed systems and events synchronization mechanisms within distributed systems designed
based on this template.

Keywords: distributed systems, architecture styles, synchronization, event-driven architectures

For citation: Shpigun P. V. Event’s synchronization in distributed event-driven systems.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(2):70-76. (In Russ.). DOI:
10.31799/2949-0693-2025-2-70-76.

Development of a web-based environmental
monitoring service

Abstract. The article discusses the development of a web service designed for environmental
monitoring using wireless sensor networks. The main tasks of the service are described, including
mapping information, storing data in real time, localizing objects, and

interactive navigation. The architecture of the developed Web service is presented in detail,
including a client-server structure, the use of the Single Page Application (SPA) concept and the
modular organization of the application. The presented web service is designed to monitor forest
areas, providing users with up-to-date information about the environmental condition and
allowing them to respond promptly to emergencies.

Keywords: web service, environmental monitoring, wireless sensor networks, client-server
architecture, Single Page Application (SPA), data visualization, cartographic framework, data
analysis, alert system, forest areas

For citation: Bobrovskaya R. M., Zayats A. M., Kecherukov A. R., Vagizov M. R. Development of a
web-based environmental monitoring service. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2025;4(2):77-83. (In Russ.). DOI: 10.31799/2949-0693-2025-2-77-83.

Experimental investigation of the reflectivity of
mirror elements based on A1203 and Ag20 coated

with Rh

Abstract. The paper considers the possibility of using an experimental interference installation to
study the reflective surfaces of flat microelements based on AI203 and Ag20 coated with Rh, used
in mirror optics systems. Modern interference methods and tools are capable of carrying out
highly accurate and reliable measurements to solve a number of complex tasks, the role of which
is growing rapidly every day, therefore this work is promising. The paper presents the optical
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POsIb KOMOPbIX C KAXObIM OHEM cmpemumesbHO pacmem, Mo3momy 0aHHoe ucciedo8aHue
nepcnekmusHo. [pugedeHbl OTMUYeCcKas cXemad 3KcrepuMeHmasnbHol YyCMaHOBKU U ee
mexHu4YecKue xapakmepucmuku. [1osny4yeHel pasmax u cpedHeK8aopamMuYecKoe OMK/OHeHUe 8
MUKpomempax 014 uccaedyembix 06pa3y08 MUKpPOOTMuUKU.

Knroyesble cnoea: naockuli MUKpo3nemeHm, UHmepgpepeHUUOHHAS YCMAHOBKA, Ko3agguyueHm
OMpPaMeHUs, KozepeHMHbIU UCMOYHUK, Ucciedyemas nogepxHocme, pasmax,
cpedHeK8adpamu4ecKoe OmKaoHeHue

Ana yumupoeanus: Maliopos E. E., LibieaHkosa I. A., AgpaHaceesa O. B. IkcrnepumeHmasnsHoe
uccnedosaHue ompaxcarowieli cnocobHocMu 3epKasbHbIX 3nemeHmos Ha ocHose Al203 u Ag20,
nokpsimoix Rh // UHHoeayuoHHoe npubopocmpoeHue. 2025. T. 4,

Ne 2. C. 84-88. DOI: 10.31799/2949-0693-2025-2-84-88.

scheme of the experimental setup and its technical characteristics. The range and standard
deviation in micrometers for the studied samples of micro optics are obtained.

Keywords: flat microelement, interference installation, reflection coefficient, coherent source,
surface under study, range, standard deviation

For citation: Maiorov E. E., Tsygankova G. A., Afanasyeva O. V. Experimental investigation of the
reflectivity of mirror elements based on AI203 and Ag20 coated with Rh. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2025;4(2):84-88. (In Russ.).

DOI: 10.31799/2949-0693-2025-2-84-88.
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HUcciepoBaHue BO3eiCTBUSA BHEIIHUX YCJIOBUM Ha
Ka4yeCTBO paGoThl 3JIEKTPUYECKHX KOHTPOJILHO-
U3MEPUTEJIbHBIX NPUGOPOB

AHHOMAYUA. YC108UA SKCAYAMAYUU U ammecmayuu 0418 31eKmpuyecKux KOHmMpPOsbHO-
usmepumesnbHoix MPUBGOPO. ABAAOMCA 8AHCHLIMU NAPAMEMPAMU, HEMOCPedCMBEHHO
8/IUAOWUMU HO KaYecmeo npos8oouMbIx usmepeHull u pe3ysemamel nosepKu npubopos.
Kaxcdoe omdenbHoe so3delicmaue okasvisaem pasnuyHoe 8ausHUe Ha pabomy ycmpolicmea,
8HOCA UAU MPOABAAA 8 PA3IUYHOU CMeneHU OMK/AOHEeHUs 8 USMepeHUAX Uau pesyasmamax
mecmuposaHuA. CmaHOapmMamu U HOPMAMUBHbIMU OOKYMEHMAMU YyCMAHOBAEHb!
onpedesneHHblEe PAMKU HOPM 0718 SKCAYamMayuu U ammecmayuu, Ho 8 OOHHbIX OOKYyMeHmMax
omcymcmeyem onucaHue csy4yaes 8bixo0a 3a daHHble HOpMbi 08yX U 6osiee napamempos
sHewHux so3delicmeuli. Ljenb ucciedosaHuA 3aKA04Yaemcsa 8 usydeHuu ocobeHHocmel
UCKaxceHUa Ka4yecmaa pabomeol 31eKMpPUYEeCKUX U3mMepumesnbHbIx ycmpolicme rnpu
Hecob1o0eHUU yCMaHOoBAEHHbIX PAMOK 071 HECKObKUX BHEWHUX yco8ull, @ makxce 8 aHanuze
8030elicmaus 00HO20 yc/108UA HO U3MEHEHUE HOPMAsTbHLIX UHMEPB8as08 00MyCmuMbix
3Ha4eHul 0na dpyaoeo.

Knrouesble cnoea: KOHMpPOAbHO-UIMepPUMesibHble I'lpU60pr, usmepumesibHble ycmpoﬁcmsa,
8HeWHee eosdeﬁcmeue, nosepkKa, aKkcnayamayuda, kKka4ecmeo, OmK/0HeHUA

Ana yumupoeanus: 6obpsiwos A. I1., Conénvili C. B., Kyzomenko B. M., /lay C. 10., JlemyeHKo I.
B. UccnedosaHue 8030elicmeus 8HEWHUX yca08Uli HA Ka4yecmeo pabomel 3AeKmpuYecKux
KOHMpPOsIbHO-U3MepumesbHbix npubopoe // MHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne
1. C. 5-15. DOI: 10.31799/2949-0693-2025-1-5-15.

OueHka ¢aKToOpoOB, BJIUAKIIMX HA KA4€CTBO
NMPOU3BOACTBA aMIyJl penepHbIX TOYEK

AHHOMayus. B 061acmu KOHMaxkmHol mepmomMempuu UCrosb3yomca amMiysbl penepHoix
moyekK 0719 c030aHUA 8bICOKOCMabusbHol memnepamypHol cpedsl. Cambim 00po2um
KOMMOHEHMOM Mpu U320MosseHUU amrys A8AAemcsa 8bicokoyucmolli memarna (5N). OnucaH
mexHoso02u4ecKuli npoyecc npouseoocmea amnys penepHsix moyekx. [pumeHeH UHCmpymeHm
Kayecmea «0uazspamma Mcukassi» 045 onpedesnieHUs MPU4YUHHO-C1e0CMBEHHbIX ces3eli Mex oy
GPaAKmMopamu u Memposo2u4ecKUMU XapaKmepucmuKamu ammyssl. [locmpoeH
OpUEHMUPOBAHHDIU 2pad, ompaxcarowuli 6epoAMHOCMHYI0 MOenb 8AUAHUA (haKMOPo8 Ha
Kayecmeo u32o0mosseHus ammnyssl. PaccmompeHsl Memodbl OUeHKU 8aAUSHUA npumeceli
memanna, pekomeHoyemble KOHCY1bmamugHbsIM KOMUMemom o mepmomMmempudu.
MpednoxeHo Ucnonb308aHUe MAcC-CIeKMpPoMmempa 0418 OUEeHKU Yucmoms! Memasna

Investigation of the impact of external conditions on
the quality of operation of electrical test and
measurement instruments

Abstract. Operating and certification conditions for electrical test and measurement devices are
important parameters directly affecting the quality of measurements and verification results of
the devices. Each separate influence has a different impact on the device operation, introducing or
manifesting in different degree deviations in measurements or test results. Standards and
normative documents establish certain limits of norms for operation and attestation, but these
documents do not describe cases when two or more parameters of external influences exceed
these norms. The purpose of this research is to study the peculiarities of distortion of the quality of
work of electrical measuring devices at non-compliance with the established framework for
several external conditions, as well as to analyze the impact of one condition on the change of
normal intervals of permissible values for the other.

Keywords: control and measuring instruments, measuring devices, external influence, verification,
operation, quality, deviations

For citation: Bobryshov A. P., Solyonyj S. V., Kuzmenko V. P., Lach S. Yu., Demchenko G. V.
Investigation of the impact of external conditions on the quality of operation of electrical test and
measurement instruments. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025,;4(1):5-15. (In Russ.). DOI: 10.31799/2949-0693-2025-1-5-15.

RAMS methodology: current state and application
experience in domestic production

Abstract. The article discusses the RAMS methodology (Reliability, Availability, Maintainability and
Safety). A review of RAMS articles was conducted, which reflect the experience of applying this
concept in Russian industry. The analysis was published and conclusions were made about the
current state and application by RAMS methodologists in production.

Keywords: RAMS, quality, reliability, transport

For citation: Bulatov V. V. RAMS methodology: current state and application experience in
domestic production. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024;3(6):10-
15. (In Russ.). DOI: 10.31799/2949-0693-2024-6-10-15.

18 ceHTAbGpA 2026 T.


https://guap.ru/content/inps/2025/2025-1.pdf

Ka4yecmee npouedypb/ 8X00H020 KOHMPOA Npu 3aKyrike memarna, rno3eosAarwuee
obecrieyusame Ka4ecmeo npouaeodcmsu amrysan Yyucmelx eewjecme.

Knrouesslie cnoea: MexOyHapoOHAAa memnepamypHaa wKana, ouazpamma Mcukassl,
KOHMAKmMHas mepmomempus, amiyna pernepHol MoyKu, yucmoma memanna

Ana yumupoeanus: Kameiwes A. []. OueHKa (hakmopos, 8aUAIWUX HA KaYecmeo
npou3sodcmea amnys penepHsix moyek // MHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, No
1. C. 16-21. DOI: 10.31799/2949-0693-2025-1-16-21.

l'lpornosuposalme Ka4yeCTBd NIPOAYKIIMHK METOAO0M
MAaIoIuHHOI O 06yqe}ma

AHHOMayuA. PaccmompeH Memod Mpo2HO3UPOBAHUSA Ka4ecmed npodyKyuu Ha ocHose
ucmopuyeckux OaHHbIX C 0aMYUKO8 memMnepamypel o 8peMeHHbIM MEMKAM.
MpozHo3uposaHue 8bIMOAHEHO C MOMOWbI0 Memoda MAWUHHO20 0ByYeHUs —
2padueHmHo20 6ycmuHaa, pacciumaHa abcontomHas no2pewHocms nocmpoeHHol
mamemamuyeckol modenu.

Kntouesbie cnoea: npozHo3Upos8aHUe Ka4ecmaa npooyKyuu, MawuHHoe oby4eHue,
2padueHmHelli cryck, epadueHmHelli 6ycmuHe

Forecasting product quality using machine

learning

Abstract. The paper considers a method for forecasting products quality based on historical data
from temperature sensors using time stamps. Forecasting is performed using the machine learning

method — gradient boosting, the absolute error of the constructed mathematical model is
calculated.

Keywords: product quality forecasting, machine learning, gradient descent, gradient boosting

For citation: Chuprinova O. V., Bondarenko G. I. Forecasting product quality using machine
learning. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,3(6):16-20. (In
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MemoOoM MAWUHHo20 0by4eHus // HHo8auuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 6. C. 16—
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CpaBHUTEJ/IbHBIA aHAJ/IN3 PEaKTUBHOIO U
NMPOAKTUBHOIO NOAXO0A0B 6epeXJIMBOro
npousBoJcTBa KanseH U JI>KMILYKeH,
HaIlpaBJ/IEHHbIX HA MOBbILIEHUE
NMPOU3BOAUTEILHOCTH

AHHOMayusa. PaccmompeHsi 08a memoda 6epexaugo2o npou3eoocmea — Meponpuamus
KalizeH u cemuHaps! [xuwyKeH, Komopsie 0mpaxcarom pasaudus mexody peakmueHbsim U
POAKMUBHbIM M0OX0O0AMU K COBEPLIEHCMBO8AHUIO MPOU3800CMBEHHbIX MPOYUECCOS.
PeakmuseHbili M00X00 HanpassaeH Ha yCMPAaHeHUE y#e 803HUKWUX Npobsem, 8 mo epems
KaK npoakmueHsili Nooxo0 akyeHmupyem eHUMAHUe Ha npedsudeHuu u npedomepaujeHuu
MomMeHYuasnbHbIX Npobaem. Pesyabmamsi CpagHUMENbHO20 AHAAU3A, 8KAtOYaAtOuUe 8 cebsa
XapakmepucmuKku memodos, npedcmasneHsl 8 popme 3aKa4umensHol mabauysl.

Knroueeole cnoea: meponpuamus KalizeH, cemuHapbel xcuwyKkeH, peakmueHeili
no0xo0, NPoaKkmueHslIl No0xo0, HenpepsigHoe yayvleHue

Ana yumuposarus: 3onomyxuH K. B. CpagHUumMenbHbili aHAAU3 peaKMUBHO20 U MPOAKMUBHO20
rnodxodoe bepexcauso2o npouszeodcmeaa KalizeH u [y uwyKeH, HaNPasaeHHbIX Ha NosblueHue
npoussodumesnsHocmu // MHHosayuoHHoe npubopocmpoerue. 2024. T. 3, Ne 6. C. 21-25. DOI:
10.31799/2949-0693-2024-6-21-25.

[IpoekTUpOBaHUE UHTErPUPOBAHHOM
aBTOMATH3HUPOBAHHOM CUCTEMBbI YIIPABJIEHUS

AHHOmayusA. OnucaHa modesib NPOeKMUPOB8AHUA UHMe2pUpPO8AHHOU a8MoMamu3upo8aHHoU
cucmemsl ynpasneHus (MACY). Paccmampusaromcs paznudHsie nodxoodbl K NPOeKmupo8aHuto
UACY, aHanu3upyromcs npeumyujecmea u Hedocmamku, npedsaazaemcs a8mopckas moodesb
UACY, 6a3upyrowasca Ha mpex asmomamu3upo8aHHbIX CUCMEMAX yrpasaeHus cucmemel
nAaHuposaHus pecypcos npednpuamus (ERP), cucmembl yrnpaeneHus Uernoykamu nocmasox
(SCM) u cucmemei ynpaeneHus npoussoocmeom (MES).

Knrouesble cnoea: uHmezpayus, a8momMmamu3uposaHHasa cucmema ynpasneHus, ERP-cucmema,
SCM-cucmema, MES-cucmema

Ansa yumupoeaHusa: BuHHU4YeHKo A. B., Kpacosckas E. []. [lpoekmuposaHue uHmezpuposaHHol
asmomamu3supoeaHHol cucmemel ynpasneHus // MHHosayuoHHoe npubopocmpoeHue. 2025. T.
4, Ne 1. C. 22-28. DOI: 10.31799/2949-0693-2025-1-22-28.

Evaluation of factors influencing production of
fixed point cell’s production quality

Abstract. Fixed-point cells are used to create a highly stable temperature environment in the field
of contact thermometry. The high-purity metal (5N) is the most expensive component which
necessary to purchase for production fixed-point cells. The technological process for producing
fixed-point cells are described. The quality tool Ishikawa diagram 6M was used to determine the
causeand-effect relationships between influencing factors and the quality of fixed-point cells. An
oriented graph is constructed reflecting a probabilistic model of the influence of factors on the
manufacturing quality of the cell. The methods of assessing metallic impurities recommended by
the CCT are considered. It is proposed to use a mass spectrometer to assess metal purity as an
incoming control procedure when purchasing metal, which allows ensuring the quality of
production of fixed-point cells.

Keywords: ITS-90, Ishikawa diagram, contact thermometry, fixed point cell, metal purity

For citation: Katyshev A. D. Evaluation of factors influencing production of fixed point cell’s
production quality. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(1):16-21.
(In Russ.). DOI: 10.31799/2949-0693-2025-1-16-21.

Designing an integrated automated control system

Abstract. The article describes a design model for an integrated automated control system (IASU).
Various approaches to IASU design are considered, the advantages and disadvantages are
analyzed, and the author’s IAS model is proposed, based on three automated control systems
(ACS) of the enterprise resource planning system (ERP), supply chain management system (SCM)
and production management system (MES).

Keywords: integration, automated management system, ERP system, SCM system, MES system
For citation: Vinnichenko A. V., Krasovskaya E. D. Designing an integrated automated control

system. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(1):22-28. (In Russ.).
DOI: 10.31799/2949-0693-2025-1-22-28
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UccneaoBaHue npuMeHeHUA aJJUTUBHBIX
TEXHOJIOTUN B aTOMHOU 3HEepreTuKe

AHHOMayua. AOOumusHsie mexHos02uu 8 amomHoli sSHepezemuke npedcmaenaom coboli
nepedosoli Memoo, Komopblili PesostoYUOHU3UPYyem Mpoyecc npou3soocmsa u 0bcayHusaHus
KOMMOHEHMo8 A0epHbIX peakmopos. Imu mexHos02UU M0380/710M U320maeaueams 0emasnu ¢
8bICOKOU MOYHOCMBIO U C/103#CHOL 2e0Mempueli, MUHUMU3UPYS Mamepuano3ampams! U epems
npouszsodcmea. [pumeHeHue ad0UMUBHO20 NMPOU3B0OCMBA COKPALWAEM CPOKU CO30AHUSA

npomomurioe u u3eomoesieHuUA yHUKAs1bHbIX KOMITOHEHMOS, Heobxo0umbix 015 MO@EpHU3CIL(UU u

pemMoHma obopydosaHus, Ymo, 8 C8OH o4epedsb, Nosbilidem HadexrHocms u 6e30nacHocmeo
A0epHbIX 06bekmos. lHmezapayus maxkux mexHosoz2uli cnocobcmeyem nosvluieHuro
agppexkmusHOCMU 3HEpaemuU4ecKux cucmem, CO30aHUIO HOBbIX MUMNO8 PeaKkmopos U
yMeHbLEeHUK 3Kono2udeckoli Hazpy3Kku. B ueanom pazsumue a0dumueHslix mexHosoauli 8
amomHoli sHepaemuKe OMKpbi8aem Ho8ble 20pU30HMbI 0418 ONMUMU3AUUU NPOU3800CMBEHHbIX
npouyeccos u ycmoliyueo2o pa3sumus 3Hep2emuKu.

Knioueesle cnoea: addumueHble mexHos02uuU, AMOMHAA SHep2emuKad, A0epHsle Peakmopsl,
mModepHu3ayusa obopydosaHus

Ana yumupoeanus: LlabanuHa A. [., YabaHeHko A. B. UccnedosaHue npumeHeHus a00UMuUBHbIX
mexHosoauli 8 amomHol sHepezemuke // MHHOo8aUUOHHOE npubopocmpoeHue. 2025. T. 4, Ne 1. C.

29-32. DOI: 10.31799/2949-0693-2025-1-29-32.

[IuppoBbie JBOMHUKM: PEBOJIIOLMOHHBINA MIOAXO0[ K
yNnpaBJIEHUI0 U ONITUMHU3allU1 OM3HEC-TIPOLECCOB

AHHOMayusA. Packpsisaemca mema yugpossix 080UHUK08. [TpusedeHbl Kaaccupukayus
Uugposbix 080LUHUKO8 U 3a0a4U, KOMopbie pewarmcs 3a cHem 8HeOPEHUS HOBOU MexHos102uu
80 8ce cihepbl #U3HU. Takxce paccmampueaemca npumeHeHue 4ugppossix 080UHUKOE 8
Pa3AuYHbIX chepax OeamesnbHOCMU, BKAKOYAA MEOUUUHY, 06pa3osaHue, npou3soocmeo u

mpaHcnopm. Onucbi8aloMcA NPouecc co30aHUA Yugposbix 080UHUKO8 U UX OCHOBHbIe MPUHUUMbI

pabomeol.
Kmioueeble cnoea: yugposoli 80UHUK, UCKYCCMBEeHHbIl UHMennekm, upmyasbHas mooess
Ana yumupoesaHnusa: CumkuHa E. K., YabaHeHKo A. B. Llugpposbie 080UHUKU: pesontoyUOHHbIl

nodxo0 K ynpasaeHuto u onmumusayuu busHec-npoyeccos // MHHosayuoHHoe
npubopocmpoeHue. 2025. T. 4, Ne 1. C. 33—-37. DOI: 10.31799/2949-0693-2025-1-33-37

Investigation of additive technologies application
in nuclear power engineering

Abstract. Additive manufacturing in nuclear energy is a groundbreaking technique that is
revolutionizing the way nuclear reactor components are fabricated and serviced. It enables the
production of highly accurate and complex geometry parts, minimizing material waste and
production time. The adoption of additive manufacturing reduces prototyping lead times and
facilitates the fabrication of unique components required for equipment upgrades and repairs,
thus enhancing the reliability and safety of nuclear facilities. This technology integration
contributes to improved efficiency of energy systems, enabling the development of new reactor
designs and reducing the environmental footprint. Overall, the advancement of additive
manufacturing in nuclear energy holds the promise of optimizing manufacturing processes and
driving sustainable energy development.

Keywords: additive manufacturing, atomic energy, nuclear reactors, equipment modernization

For citation: Shabalina A. D., Chabanenko A. V. Investigation of additive technologies application
in nuclear power engineering. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025;4(1):29-32. (In Russ.). DOI: 10.31799/2949-0693-2025-1-29-32.

Digital twins: a revolutionary approach to
managing and optimizing business processes

Abstract. The article reveals the topic of digital twins. It provides a classification of digital twins
and the tasks that are solved by introducing new technology into all spheres of life. This article
examines how digital twins are used in various fields, including medicine, education,
manufacturing, and transportation. It also describes the process of creating digital twins and
their basic operating principles.

Keywords: digital twin, artificial intelligence, virtual model

For citation: Sitkina E. K., Chabanenko A. V. Digital twins: a revolutionary approach to managing
and optimizing business processes. Innovacionnoe priborostroenie = Innovative Instrumentation.
2025;4(1):33-37. (In Russ.). DOI: 10.31799/2949-0693-2025-1-33-37.
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P0o60TH3MpPOBaHHBIN KOMILJIEKC CEJIEKTUBHOM
AW KM BbIBOJAHBIX 3JIEKTPOHHbIX KOMIIOHEHTOB AJIS
npeAnpUATUA 3JIEKTPOHHOM NPOMBILLIEHHOCTH

AHHOMayusa. PaccmompeHs! 0CHOBHble KOHCMPYKMUBHbIE 31eMeHmbl pobomu3UpPo8aHHO20
KomnseKkca cenekmuegHol naliku. [MpusedeHo cpagHeHUEe KOMMAEKCA C AHA02UYHbIM
o06opydosaHuem. ONUCAH Ornblm 8HEOPEHUA HA NPoU3800cmeae 31eKMPOHUKU U NepcrneKkmussl
paseumus npoekma.

Kntoyeaoble cnoea: 31eKmpoHHAA MPOMbIUAEHHOCMb, 31eKMPOHUKA, Mpou3800cmao,
pobomomexHuka, cenekmusHas nalika, npou3godumesnsHocms mpyoa

Ansa yumupoearus: Cepzees l1. A., ConéHeili C. B., bobpeiwoeg A. 1. Pobomu3uposaHHbIli
KomrisieKc ceneKkmueHol naliku 8bI800HbIX 3/1eKMPOHHbLIX KOMTOHEeHMo8 011 npednpuamuli
anekmpoHHoli npomelwneHHocmu // MHHosayuoHHoe npubopocmpoerue. 2025. T. 4, Ne 1. C. 38—
43. DOI: 10.31799/2949-0693-2025-1-38-43

[IpoekTupoBanue USB-ocuusuiorpadga u
HUCC/IeJOBAaHME ero0 MeTPOJIOrH4eCKUX
XapaKTepPUCTUK

AHHOmayus. Paboma noceswjeHa NpoeKmupo8aHuio Mo4YyHo20, KOMIMIAKMHOR20,
b6bicmpoodelicmeyrouje2o, HO 8 MO Xe 8pemMsa UMeloWe20 HU3KY cmoumocme paspabomku USB-
ocyunnoepaga. Takol npubop MOXHO UCM06308aMb 041 UCCAEO08AHUA CU2HA/08 PA3HbLIX
¢opm. OH criocobeH COXPaHAMb MosyYeHHyHo 8 npoyecce uamepeHuli uHpopmayuto 044
danvHeliweao aHAAU3A U CPABHEHUA PA3UYHbIX cueHan08. USB-ocyunnozpad,
npedcmasnsowuli coboli supmyaneHeili npubop, yOobHO NPUMeHAMb 8 CI0MHOU
usmepumensHoli cucmeme, Hanpumep, 8 KOMaeKce 0115 npPosedeHuUs peanameHmMHbIX U
PEeMOHMHbIX Pabom 20mMo8020 3/1eKMpPoHHO20 060py008aHUSA. TaKuUe XapaKmepucmuKu, Kax
KOMMAKMHOCMb, MPocmoma 8 UCrosnb308aHUU U 803MOXHOCMb MOOKAOYEHUS K KOMITblomepy,
desnarom e20 He3aMeHUMbIM MOMOWHUKOM Ceyuanucmos 8 06acmu 31eKmMpPoHUKU.
lMpoekmupoeaHue supmyanbHbix NPUbOPO8 A6AAEMCA NepcrneKMuUeHsIM Mymem pa3eumus
usmepumenbHol MexHUKU U U3MepumesibHbIX CUCMeM M0 MpUuYUHe UMeoWUXCA npeumyuecms
M0 OMHOWEHUI0 K Opy2um munam cpedcme usmepeHud.

Robotic complex for selective soldering of pin
electronic components for electronic industry
enterprises

Abstract. The main structural elements of a robotic selective soldering complex are considered.
The comparison of the complex with similar equipment is given. The experience of implementation
in the production of electronics and the prospects for the development of the project are
described.

Keywords: electronic industry, electronics, manufacturing, robotics, selective soldering, labor
productivity

For citation: Sergeev P. A., Solyonyj S. V., Bobryshov A. P. Robotic complex for selective soldering
of pin electronic components for electronic industry enterprises. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2025;4(1):38-43. (In Russ.). DOI: 10.31799/2949-0693-2025-1-38-43.

Designing a USB oscilloscope and studying its
metrological characteristics

Abstract. This work is devoted to the design of an accurate, compact, high-speed, but at the same
time low-cost USB oscilloscope development. Such a device can be used to study signals of various
forms. It is capable of storing information obtained during the measurement process for further
analysis and comparison of various signals. A USB oscilloscope, which is a virtual instrument, is
convenient to use in a complex measuring system, for example, in a complex for carrying out
routine maintenance and repair work on finished electronic equipment. Such characteristics as
compactness, ease of use and the ability to connect to a computer make it an indispensable
assistant for specialists in the field of electronics. The design of virtual instruments is a promising
way of developing measuring technology and measuring systems due to the existing advantages
in relation to other types of measuring instruments.

Keywords: USB oscilloscope, virtual instruments, metrological characteristics
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Knrouessie cnoea: USB-ocyunnozpad, supmyaneHsie npubopsl, Memposnoaudeckue
XapaKmepucmuku

Ana yumupoeanusa: Muwypa T. 1. poekmuposaHue USB-ocyusnozpagha u uccnedosaHue e2o
Memposo2uYecKux xapakmepucmuk // MHHoeayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 1. C.
44-48. DOI: 10.31799/2949-0693-2025-1-44-48.

MeToab!l pacyeTa 3¢pPeKTUBHOCTH IKPAHUPOBAHUS
paAu03JIeKTPOHHOU annapaTyphbl IpU
3KCIUIyaTaliuy B MI0JIEBBIX YC/IOBUAX

AHHOMayus. NpedcmasaeH onMuMasbHbili Memoo pacyema 3¢hgheKmu8HOCMU 3KPAHUPOBAHUS
paouo3nekKMpoHHOU annapamypsi Npu ee 3KCnayamayuu 8 rnosaesbix yca08usaxX U MpUMeHeHUU 8
mexHuKe crneyuanbHol ceasu. BoinosHeHHble pacdyemsl M0380UU MOAYYUMb Ha2/AA0HbIe
pe3yabmamel, NpUMeHUMble K paspabomke 3KpaHupyouux peweHull 044 annapamypsi
cneyuanbHo20 HasHavyeHuUd. Imo daem bosee peaaucmuyHoe U Npakmuveckoe npedcmasnaeHue
06 akpaHupyrowel agppekmusHocmu 06veKMOo8, YUMo 0coObeHHO 8aMCHO 019 Ppa3pabomKu neaKux
3hheKMUBHbIX IKPAHUPYIOWUX MAMEPUAs0s U peweHud.

Knroyeasble cnoea: s¢hdhekmusHOCMb IKPAHUPOBAHUSA, PAOUO3IeKMPOHHASA annapamypa,
crneyuasnbHele annapamHsie

Ana yumupoeanus: LLmeipkuH B. A. Memodel pacuema 3¢hgpekmusHOCMU 3KPAHUPOBAHUSA
paduoanekmpoHHOU annapamypel Npu IKCMAyamayuu 8 rnosesbix ycaoeusx // UHHosayuoHHoe
npubopocmpoeHue. 2025. T. 4, Ne 1. C. 49-59. DOI: 10.31799/2949-0693-2025-1-49-59.

CucTteMa BpeMeHHOM CUHXPOHU3ALUH AJIA
U3y4YeHUs NPOLECCOB B IJIa3Me NepeMeHHOro
TOKA NPOMbILLJIEHHOW 4YaCTOThI METO40M
ONTUYECKON 3MHUCCUOHHOM CIEKTPOCKONUU

AHHOMayuA. /117 ucciedo8aHuUA NPOYeccos 8 naasme, 2eHepupyemoli ycmpolicmeamu ¢
UCMOYHUKAMU NUMAHUA nepemeHHo20 moKa, mpebyemcs speMeHHas CUHXPOHU3ayuA npouyecca
usMepeHuUsa Nnapamempos naa3mol ¢ e2o ¢asol. [ samoao Heobxo0uma cxema co30aHuUA
CUHXPOHU3UPYOUWUX UMITYAbCco8. B pabome onucaHsl pa3pabomka u sKkcrnayamayus 0aHHol
cxembl 0418 UCCAe008aHUSA MaAA3Mbl, c030a8aemoli NaAa3MompPoHOM MPOMblWAeHHOU Yyacmomel
50ry.

For citation: Mishura T. P. Designing a USB oscilloscope and studying its metrological
characteristics. Innovacionnoe priborostroenie = Innovative Instrumentation. 2025,;4(1):44—48. (In
Russ.). DOI: 10.31799/2949-0693-2025-1-44-48.

Methods for calculating the effectiveness of REA
shielding during field operation

Abstract. The article presents an optimal method for calculating the shielding efficiency of
electronic equipment during its operation in the field and application in special communication
equipment. The calculations performed made it possible to obtain visual results applicable to the
development of shielding solutions for special-purpose equipment. This provides a more realistic
and practical view of the shielding efficiency of objects, and this is especially important for the
development of lightweight, effective shielding materials and solutions.

Keywords: shielding efficiency, radio-electronic equipment, special hardware

For citation: Shtyrkin V. A. Methods for calculating the effectiveness of REA shielding during field
operation. Innovacionnoepriborostroenie = Innovative Instrumentation. 2025;4(1):49-59. (In
Russ.). DOI: 10.31799/2949-0693-2025-1-49-59.

Time synchronization system for studying
processes in industrial frequency alternating
current plasma using optical emission
spectroscopy

Abstract. To study processes in plasma generated by devices with AC power sources, time
synchronization of the plasma parameter measurement process with its phase is required. This
requires a synchronizing pulse generation circuit. The paper describes the development and

operation of this circuit for studying plasma generated by a 50 Hz industrial frequency plasma
torch.

Keywords: emission spectroscopy, measurement automation, measurement synchronization
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Knroyeeble cn106a: SMUCCUOHHAA CIEKMPOCKOMUA, A8MOoMamu3ayus usmepeHull, CUHXPOHU3AUUA
usmepeHuli

BnazodapHocmu. Beipaxcaem npusHamesnsHocmeo 3agedyowemy aabopamopueli
nepcnekmMueHbIX KOHCMPYKYUl NaAa3moOuHAMUYECKUX U 31eKmpooHbIx cucmem MHcmumyma
3/71eKMPOGhU3UKU U 31eKmpo3Hepeemuku Pocculickoli akademuu HayK KAHOUOAmMy mexHUYeCcKUX
Hayk Bnadumupy EezeHbesuqy Ky3Heyosy, 8 pamkax pabomsi ¢ KOmopbiM npoucxoouna
modepHusayua ycmpoticmea.

Ana yumupoeanus: [jba4eHko A. A., MuHuyk M. 3., Cypos A. B., HukoHo8 A. B., Cepba E. O.,
HakoHeyHwili I. B., Monos C. [. Cucmema epemeHHOU CUHXPOHU3auuU 0158 U3y4YeHUs npoueccos 8
naasme nepemeHHoO20 MOKA MPOMblWAeHHOU Yacmomsl Memodom onmu4ecKoli SMUCCUOHHOU
cnekmpockonuu // IHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne 1. C. 60-67. DOI:
10.31799/2949- 0693-2025-1-60-67.

HelipoceTeBasi KOppeKIUs HABUTALMOHHBIX CUCTEM
BbICOKOTOYHBIX 6€CNMUJIOTHBIX JIeTaTe/IbHbIX
anmapaToB HAa OCHOBe 00y4YeHHUsI HelpoceTHu 6e3
yYuTes

AHHomauun. PGCCMOI‘anH no0xo0 K KOppeKyuu UHepyuasibHbIX HaAB8U2AUUOHHbIX cucmem
8bICOKOMOYHbIX BecrnunomHelx AemamessHolix annapamos (b1/1A) ¢ nomowibto Helipocemeabix

aneopummos, Komopwll nozeonum obecrne4ums asmoHomHocms BI1/1A 8 uensax ycmoliyusocmu
€20 rnosema 8 ycaosusx 2ubpudHozo eo3delicmeusa Ha femamesbHbIl annapam.

Knroyeasoble cnoea: uHepyuasbHble HaBU2AYUUOHHbIE cUCMeMbI, Helipocemesas KoppeKyus,
obyueHue Helipocemu ¢ yyumesnem

Ansa yumupoearus: ieaHoe M. E., PewiemHukos /. B. Helipocemesas Koppekyus
HABU2AUUOHHbIX CUCMeM 8bICOKOMOYHbIX 6eCriuan0mMHbIX 1emamesbHbIX annapamos Ha ocHose
06yyeHus Helipocemu 6e3 yuumens // IHHoBauuoHHOE npubopocmpoeHue. 2025. T. 4, Ne 1. C.
68-73. DOI: 10.31799/2949-0693-2025-1-68-73.

UcciepoBaHue 3KClIepUMEHTa/IbHBIX 00pa3L 0B
YaCTUYHO-KOTePEeHTHBIX UICTOYHUKOB U3JIyYeHUs
cneKTpopoTOMEeTPUIECKON YCTAHOBKOM

AHHomauun. PGCCMOIT]pEHG npoﬁnema 6bl60p0 UCMoYHUKa ceema 0114 YaCMU4YHO-KO2epeHMmMHbIX

UHmMepgepeHyUoHHbIX Npubopos u cucmem. B Hacmoswee spems 02poMHoe 8HUMAHUE
ydensemcs cynepaloMuHecyeHMHbIM c8emoouodam, MoMomy Ymo OHU A87A70McA

Acknowledgements. We express our gratitude to Vladimir E. Kuznetsov, Candidate of Technical
Sciences, Head at the Laboratory of Advanced Designs of Plasmadynamic and Electrode Systems at
the Institute of Electrophysics and Electric Power Engineering of the Russian Academy of Sciences,
who worked with us to modernize the device.

For citation: Dyachenko A. A., Pinchuk M. E., Surov A. V., Nikonov A. V., Serba E. O., Nakonechny
G. V., Popov S. D. Time synchronization system for studying processes in industrial frequency
alternating current plasma using optical emission spectroscopy. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2025;4(1):60-67. (In Russ.). DOI: 10.31799/2949-0693-2025-1-60-67.

Neural network correction of navigation systems of
high-precision unmanned aerial vehicles based on
neural network training without a teacher

Abstract. The approach to correction of inertial navigation systems of high-precision unmanned
aerial vehicles using neural network algorithms is considered, which will provide autonomy of
high-precision unmanned aerial vehicles for the stability of its flight in the conditions of hybrid
impact on the aircraft.

Keywords: inertial navigation systems, neural network correction, neural network training with a
teacher

For citation: Ivanov M. E., Reshetnikov D. V. Neural network correction of navigation systems of
high-precision unmanned aerial vehicles based on neural network training without a teacher.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2025;4(1):68-73. (In Russ.). DOI:
10.31799/2949-0693-2025-1-68-73.

Investigation of experimental samples of partially
coherent radiation sources by a spectrometric
installation

Abstract. The paper considers the problem of choosing a light source for partially coherent
interference devices and systems. Currently, great attention is being paid to superluminescent
LEDs, because they are the optimal light sources for low-coherence interferometry due to their
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0MIMUMAsbHLIMU UCMOYHUKAMU ceema 018 HU3KOKo2epeHmMHoU uHmepgepomempuu 6aa200aps
C80UM MeXHUYEeCKUM XapaKmepucmukam. [pumeHeHuUe cneKmpasnbHo20 Memood 0115 8bIABAEHUA
MuKo8oli 0s1UHbI 80/THbLI U3/YYEHUSA, WUPUHbI CIeKMpa UCMOYHUKA, Komopas onpedessem OAuHy
Ko2epeHMHoCmu, 3Ha4umo 011 HU3KOKo2epeHmMHol uHmepgpepoMmempuu, no3Momy Hacmoawas
paboma akmyaneHa u nepcriekmusHa. lMpusedeHa PyHKYUOHAAbHAA cXxema usmepumensHoli
ycmaHosKu. lMony4eHsl ciekmpasbHbie napamempel cyneparoMuHecyeHmMHosix caemoduodos Ha
Pa3HbIX 2eMepoCMpPYKMypax u paccyumaHsl OAUHbI Ko2epeHMHOCMU 0117 Kax 0020 UCMOYHUKA
cgema.

Knioueeble €108a: aMoMHO-MOAEKYAAPHAA CMPYKMypa, CeKmpasbHbili memoo,
cynepaloMuHecyeHMHbIl 0U00d, NUKOBAA OAUHA B0/HbI U3y4YeHUS, WUPUHA criekmpd, 0aUuHa
KOo2epeHMHOoCMuU UCMOYHUKQ, 2emepocmpykmypa

Ana yumupoeanus: Maliopos E. E., Kypnos B. B., lywkuHa B. I1. UccnedosaHue
3KCrepuMeHmMasnbHbIx 06pa3y08 YaCMUYHO-KO2EePEHMHbIX UCMOYHUKO8 U3/y4YeHus
cnekmpogomomempuyeckol ycmaHoskoli // MHHosayuoHHoe npubopocmpoeHue. 2025. T. 4, Ne
1. C. 74-78. DOI: 10.31799/2949-0693-2025-1-74-78.

[IpuMeHeHUEe MUKPOUHTEePPEepPEHIIMOHHOTO METOAA
JIJIs PEKOHCTPYMPOBAHUA TOMOTrpaduiecKux
JIAHHBIX MO0 ONTUYECKUM HEOZHOPOAHOCTAM
3/IEMEHTOB MUKPOONTHKHU

AHHOmayus. ViccnedosaHue NoceAw,eHo NpuUMeHeHUI0 MUKpOUHMepgepeHyUuoHH020 Memoda
011 PEKOHCMPYUPOBAHUA MOMO2PAUHECKUX OGHHbIX 0 ONMUYECKUM HEOOHOPOOHOCMAM
271emMeHmMo8 MUKpoONMuUKU. Ycnexu, 00cmuzHymsle 8 MUKPO3/1eKMPOHUKe, MUKPOOMUKe,
8edym K MUHUAMIOPU3ayuu 3a1eMeHmo8 ofimomexHUYecKux npubopos U KOMIAEeKcos, M03Momy
uccnedosaHue MUKpoUHmMepgpepeHyUuOHHO20 MemodoM MUKPOKOMMOHEHM GKMYaAsabHO U
nepcnekmusHo. pugedeHa PyHKYUOHAAbHAA cXeMa usmepumersnsHoli ycmaHosKu. TosnyyeHel
pacripedeneHus KoagguyueHma ompaxceHus no aaybuHe u onpedesneHa c8uabHOCMb 0415
371eMeHMOo8 MUKPOONMUKU.

Knrouesble cnoea: onmuyeckas HEOOHOPOOHOCMb, MUKPOUHMepgepeHUUOHHbIl Memod,
MUKPOONMUKQA, MOYHOCMb usmepeHul, 2aybuHa aHanu3a, MUKpoauH3bl

Ansa yumupoeanus: Maliopos E. E., Apegpoes A. B., ['yaues P. b. lpumeHeHue
MUKPOUHMepgepeHYUOHHO20 Memoda 014 PeKOHCMPYUPOBAHUA MOMO2PAPUYECKUX OGHHbIX 110
0nMuYecKUM HeOOHOPOOHOCMAM 31eMeHMO8 MUKPOONMUKU // IHHOB8AYUOHHOe
npubopocmpoerue. 2025. T. 4, Ne 1. C. 79-84. DOI: 10.31799/2949-0693-2025-1-79-84.

technical characteristics. The use of the spectral method to identify the peak wavelength of
radiation, the width of the source spectrum, which determines the coherence length, is significant,
therefore, this work is relevant and promising. As well as a functional diagram of the measuring
installation is given. Spectral parameters of superluminescent LEDs on different heterostructures
were obtained and the coherence lengths for each light source were calculated.

Keywords: atomic-molecular structure, spectral method, superluminescent diode, peak
wavelength of radiation, spectral width, coherence length of the source, heterostructure

For citation: Maiorov E. E., Kurlov V. V., Pushkina V. P. Investigation of experimental samples of
partially coherent radiation sources by a spectrometric installation. Innovacionnoe priborostroenie
= Innovative Instrumentation. 2025;4(1):74-78. (In Russ.). DOI: 10.31799/2949-0693-2025-1-74-
78.

Application of the microinterference method for
reconstructing tomographic data on optical
inhomogeneities of microoptic elements

Abstract. The present work is devoted to the application of the microinterference method for
reconstructing tomographic data on optical inhomogeneities of microoptic elements. The
successes achieved in microelectronics and microoptics lead to the miniaturization of elements of
thermal engineering devices and complexes, therefore, the study of microinterference by the
microcomponet method is relevant and promising. Functional diagram of the measuring
installation is given. The distributions of the reflection coefficient over depth are obtained and the
luminosity for the elements of micro optics is determined.

Keywords: optical inhomogeneity, microinterference method, micro optics, measurement
accuracy, depth of analysis, microlenses

For citation: Maiorov E. E., Arefyev A. V., Guliyev R. B. Application of the microinterference
method for reconstructing tomographic data on optical inhomogeneities of microoptic elements.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2025,4(1):79—- 84. (In Russ.). DOI:
10.31799/2949-0693-2025-1-79-84.
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MaTeMaTH4YeCKHUe MO eI Ha OCHOBE
HCKYCCTBEHHOTO0 MHTeJ/IJIEKTA AJIS OpraHu3ainuu
NpOU3BO/JCTBA

AHHOmayus. Paccmampusaemcs npuMmeHeHUe Mamemamuyeckux mooeseli Ha ocHose
UCKyccmeeHH020 uHmesnekma 045 op2aHu3ayuu npou3eoocmea. [aomcsa MHO204YUCAEHHbIE
noomeepic0eHuUa 3hpekmusHoOCMU NMpumMeHeHUA 0aHHOU mexHosozuu. [Tpedocmasasomcs
uugpsl, nodmeepxcoaroujue 3pheKmusHOCMb Ha KOHKPEMHOM npumepe

Knaiouesoblie cnoea: UCKyCCanEHHbIlj UHmMesnnekm,
mamemamu4yecKkue MOdEﬂU, MO@Eﬂb, mamemamuka

opeaHu3ayus,  nMpouseoocmeo,

Ana yumupoeanus: [aa yumuposaHua: Cnabeukuli H. A., YabareHko A. B. Mamemamuueckue
Modenu Ha OCHoBe UCKYCCMBeHH020 UHMesAeKkma 044 op2aHu3ayuu npoussodcmsa //
MHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 6. C. 5-9. DOI: 10.31799/2949-0693- 2024-6-
5-9.

MeTopos1orusa RAMS: coBpeMeHHO€e COCTOSIHUE U
ONbIT NIPUMEHEHHUs Ha 0TeYeCTBEHHOM
IIPOU3BOJCTBE

AHHOmayus. PaccmompeHa memodosiozaua RAMS («Reliability, Availability, Maintainability,
Safety» — «be3omKa3HOCMb, 20M0OBHOCMb, PEMOHMONPU200HOCMb, 6€30MaCHOCMb»).
OcyuwiecmeneH 063op cmameli no RAMS, Komopele ompaxcaom ornbim npumeHeHuUs 0aHH020
KoHUenma 8 pocculickol npomeiwneHHocmu. [posedeH aHanu3 nybaukayuli u coenaHsl
8b1800bI 0 COBPEMEHHOM COCMOAHUU U NpUMeHeHUU memodosnoauu RAMS Ha npoussodcmee.

Kntouessle cnoea: : RAMS, ka4ecmeo, Ha0exHOCMb, mpaHcriopm

Ana yumupoeanus: Bulatov V. V. RAMS methodology: current state and application experience
in domestic production. Innovacionnoe priborostroenie = Innovative Instrumentation.
2024;3(6):10-15. (In Russ.). DOI: 10.31799/2949-0693-2024-6-10-15.

Al-based mathematical models for production
organization

Abstract. The application of mathematical models based on artificial intelligence for
production organization is examined, numerous confirmations of the effectiveness of
applying this technology are provided, and figures are presented confirming its efficiency in a
specific example.

Keywords: artificial intelligence, organization, production, mathematical models, model,
mathematics

For citation: Slabetskiy N. A., Chabanenko A. V. Al-based mathematical models for production
organization. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,3(6):5-9. (In
Russ.). DOI: 10.31799/2949-0693-2024-6-5-9.

RAMS methodology: current state and application
experience in domestic production

Abstract. The article discusses the RAMS methodology (Reliability, Availability, Maintainability and
Safety). A review of RAMS articles was conducted, which reflect the experience of applying this
concept in Russian industry. The analysis was published and conclusions were made about the
current state and application by RAMS methodologists in production.

Keywords: RAMS, quality, reliability, transport

For citation: Bulatov V. V. RAMS methodology: current state and application experience in
domestic production. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024;3(6):10-
15. (In Russ.). DOI: 10.31799/2949-0693-2024-6-10-15.
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[IporHo3upoBaHue KayecTBa NPOAYKLIMHU METOA0M
MAILIUHHOI'0 00y4YeHUs

AHHOomayus. PaccmompeH mMemood npo2HO3upoB8aHUs Kayecmeaa npooyKyuu Ha 0cHoge
ucmopu4ecKkux AaHHbIX C 0amM4UKO8 memMiepamypbl Mo 8PEMeHHbIM MeMKAM.
Mpo2HOo3UpoBaHUE 8biNONHEHO C MOMOWbI0 Memoda MAWUHHO20 0ByYeHUs —
epadueHmHo20 6ycmuHaa, paccyumaHa abconomHas MozpewHocme NOCMpPoeHHoU
mamemamuyeckol modenu.

Knrouyessle coea: npozHO3UpoB8aHUe Ka4ecmed npooyKyuu, MawuHHoe obyveHue,
epadueHmHsili cryck, epadueHmHoil 6ycmuHe

Ana yumupoeanus: YynpuHosa O. B., boHdapeHKo I. U. [poeHo3uposaHue Kayecmesa npodyKyuu
MemoOoM MawWuHHo20 oby4yeHusA // HHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 6. C. 16—
20. DOI: 10.31799/2949-0693-2024-6-16-20.

CpaBHMTE/IbHbIM aHA/IU3 PEAKTUBHOTO U
NPOAKTHUBHOTIO MOAXO00B 6epeK/JIMBOro
npousBo/cTBa KaiizeH u />KkMIIyKeH,
HanpaBJ/IEHHBIX HA MOBbILIEHHE
NPOU3BOJUTENbHOCTHU

AHHOMayusa. PaccmompeHsi 08a memoda 6epexsugo2o npou3eoocmea — Meponpuamus
KalizeH u cemuHaps! [xuwyKeH, Komopsie 0mpaxcarom pasaudyus mexdy peakmueHbsim U
POAKMUBHbIM M0OX00AMU K COBEPLUIEHCMBO8AHUIO NMPOU3800CMBEHHbIX MPOUECCOS.
PeakmueHbili M0OX00 HanpassaeH HA yCMPAaHeHUE y#e 803HUKWUX Npobsem, 8 mo epems
KGK nNpoakmueHsili Nooxo0 akyeHmupyem eHUMAHUe Ha npedsudeHuu u npedomepaujeHuu
MomMeHYuasnbHbIX Npobaem. Pesyanbmamsi CpagHUMENbHO20 AHAAU3A, 8KAtOYatOwUe 8 cebs
XapakmepucmuKku memodos, npedcmassneHsl 8 popme 3aKaYumensHol mabauybl.

Knroueasle cnosa: meponpuamus KaliseH, ceMuHaps! xcuwyKeH, peakmugHbili
no0x00, NPOAKMuUBHbIl No0X00, HenpepbisHoe yay4weHue

Ana yumuposarusa: 3onomyxuH K. B. CpagHUmMenbHbIli aHAAU3 peaKMUBHO20 U MPOAKMUBHO20
rnodxodos bepexcaugo2o npouzsoocmea KaliseH u [xuwyKeH, HaNpasaeHHbIX HA NogbiueHue
npoussodumesnsHocmu // MHHosayuoHHoe npubopocmpoerue. 2024. T. 3, Ne 6. C. 21-25. DOI:
10.31799/2949-0693-2024-6-21-25.

Forecasting product quality using machine
learning

Abstract. The paper considers a method for forecasting products quality based on historical data
from temperature sensors using time stamps. Forecasting is performed using the machine learning
method — gradient boosting, the absolute error of the constructed mathematical model is
calculated.

Keywords: product quality forecasting, machine learning, gradient descent, gradient boosting

For citation: Chuprinova O. V., Bondarenko G. I. Forecasting product quality using machine
learning. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,3(6):16-20. (In
Russ.). DOI: 10.31799/2949-0693-2024-6-16-20.

Comparative analysis of reactive and proactive
lean approaches Kaizen and Jishuken for
productivity improvement

Abstract. This paper examines two lean methods — Kaizen events and Jishuken workshops, which
reflect the differences between reactive and proactive approaches to improving production
processes. The reactive approach focuses on addressing existing problems, while the proactive
approach emphasizes anticipating and preventing potential issues. The results of the comparative
analysis, including the key characteristics of the methods, are presented in a conclusive table.

Keywords: Kaizen events, Jishuken workshops, reactive approach, proactive approach, continuous
improvement

For citation: Zolotukhin K. V. Comparative analysis of reactive and proactive lean approaches

Kaizen and Jishuken for productivity improvement. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2024;3(6):21-25. (In Russ.). DOI: 10.31799/2949-0693- 2024-6-21-25.
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[IpuHsATHE pelieHU O BbIGOpeE
ceptuduMpyOLIEero OpraHa Ha OCHOBe MeToAa
TOPSIS

AHHomayus. B cospemeHHoli npouzsodcmeeHHol cpede, a UMEHHO — Mpu 8bIMOAHEHUU GyHKYUU
MeHedHmeHma, npuxodumcsa pewams 3a0a4u, codepicaujue MHO20 Kpumepues, U npu 3mom
MpuHAaMuUe peweHull ocyuw,ecmenaemca KosneauasnasHo. Paccmampusaemcs nooxo0 peweHus
MHO20KpumMepuansbHol 3ad0a4u memodom TOPSIS, komopsili 0CHO8AH Ha npouedype NPUHAMUS
peweHuli no 8bi60py MOCMABWUKA YCs1yau 078 cepmuguKayuu cucmemol MeHedOXmeHma
Kavyecmea. B pe3ynbsmame npumeHeHuUs 0aHHO020 No0xo0a 0158 KoOHKpemHol 3a0a4u bbin
onpedesneH Haubosnee npednoymumesbHoil sapuaHm.

Knrouyeeolie coea: sKCepmHas oyeHKa, MHO20KpumepuaneHsili 8bi6op, memod TOPSIS

Ana yumupoeanus: Munosa B. M. MpuHamue peweHuli o 8bibope cepmuguyupytowe2o opeaHa
Ha ocHose memooda TOPSIS // UHHoeayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 6. C. 26-30.
DOI: 10.31799/2949-0693-2024-6-26-30.

HHCcTpyMeHThI OBbILIEHUA 3P PEKTUBHOCTH
paGoThl CTPYKTYPHOIO NoJgpa3jeleHus Ha
MPOMBILLIEHHOM NpeAnpUsITHHA

AHHOMayuA. PaccmompeHsi nodxo0bl K ynpasaeHuto npoyeccamu U nepcoHasnom co CMopoHb|
PYKOB80OUMess, ONUCAHbI OCHOBHbIE MPobaeMbl 0pP2aHU3AUUU PYHKYUOHUPOBAHUSA
CMpYKmMypHo20 noopa3oeneHus, a MaKxe eausHuUe Ha 3ghpekmusHocme pabomeol u
docmuxceHue yenesbix nokazamesnel pabomeol nodpasdeneHus u KOMNAHUU 8 UesoMm.
MpedcmasneHbl makue Memoobl, KAK 0p2aHU3ayus exce0He8HbIx cmpey U 8HedpeHue 00CKU
peweHus npobaem KAk UHCmpymeHma memododosozuu beperiusozo npoussoocmed, 05
ornepamueHo20 peuleHuUs 803HUKAOWUX Npobsem U KOHMPOsA 1o 8bIMoAHEHU0 Mepornpuamul
0414 UX yCmpaHeHus.

Knrouesole cnoea: ynpassaeHue npou3sodcmeom, bepexcugoe npou3eo0cmeo, 00CKa peweHus
npobaem, ynpasaeHue npoyeccamu

Ana yumuposeaHusa: Hazaposesa A. B., lNonakos C. /1. UHcmpymeHmMebl nosbiueHua
aghgpekmusHocmu pabomel cmpykmypHo20 Modpa3zdeneHus Ha MPOMbIUWAEHHOM npednpusmuu //
MHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 6. C. 31-36. DOI: 10.31799/2949-0693-2024-
6-31-36.

Decision-making in the selection of a certifying
authority using the TOPSIS method

Abstract. This article presents a decision-making framework utilizing a multi-criteria assessment
approach, structured into 8 stages, and leveraging the TOPSIS method. This approach is shown to
effectively address critical selection decisions, such as identifying an optimal certification service
provider. The application of this method enabled the identification of the most suitable option for
the given task.

Keywords: : expert assessment, multi-criteria selection, TOPSIS method

For citation: Milova V. M. Decision-making in the selection of a certifying authority using the
TOPSIS method. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,;3(6):26-30. (In
Russ.). DOI: 10.31799/2949-0693-2024-6-26-30.

Tools for improving the efficiency of a structural
unit at an industrial enterprise

Abstract. This study examines the shortcomings in the management of processes and personnel
on the part of the manager due to the lack of competent dialogue between the manager and
subordinates, as well as how this affects the efficiency of work and the achievement of target
indicators of the department and the company as a whole. Such tools as organizing daily meetings
— briefings and the introduction of a problem-solving board as a tool of the lean manufacturing
methodology for promptly solving emerging problems and monitoring the implementation of
measures to eliminate them are considered.

Keywords: production management, lean manufacturing, problem-solving board, process
management

For citation: Nazareva A. V., Polyakov S. L. Tools for improving the efficiency of a structural unit at

an industrial enterprise. Innovacionnoe priborostroenie = Innovative Instrumentation.
2024;3(6):31-36. (In Russ.). DOI: 10.31799/2949-0693-2024-6-31-36.
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CoBeplLIEeHCTBOBAaHHE OPraHU3allMOHHOU
CTPYKTYpbI NOApa3/Je/ieHUuA NOCPeACTBOM MaTPHULbI
OTBETCTBEHHOCTH

AHHOmayus. /115 op2aHU3ayuu yrnpasaeHYeckux npoyeccos, a makice npouzeodcmeeHHol
deamennbHOCMU C 2paMOMHbIM pacripedeneHuem yHKyuli nepcoHana Heobxodumo co3oaHue
makoli cmpyKmypbl, KOMOPAA M0380/UM 8bINOAHAMb N10CMABAEHHbIE 300a4U C MAKCUMAAbHBIM
aghghekmom, a makxce onMmumasbHo nodolidem 0414 peanuszayuu yeael npednpuasmus.
Mocpedcmeom npumeHeHUs MAKO020 UHCMPYMeHMa, KaK Mampuuya omeemcmeeHHocmu,
npednazaemca paccmompems UMeoUUecs Mpoyeccbl 8Hympu 00H020 CMpPYKmMypHo20
nodpasdeneHus, Komopoe A8a3emcsa Ho8bIM Ha npednpusmuu, pacrnpedenums 06a3aHHOCMU
MeHOy UMEIOWUMCA NMepcoHasnoM U 8biA8UMb NpobsieMHbIe 30Hbl, C KOMOPbIMU cedyem
nopabomams omadensHo. MpumeHeHue GHHO20 UHCMPYMeHMa M0380/7em 8biA8UMb cabbie
mecma nodpazdeneHus: OybauposaHue noaHomoyul, YpemepHyo Haz2py3Ky Ha compyoHUKOs, —
a makxce noay4ums HaznadHoe npedcmassaeHue o hyHKYUAX No0pazdeneHus 8 Yesom.

Knroueesle cnoea: ynpassaeHue npou3go0cmeom, opeaHU3ayUOHHAA CMPYyKmypa, Mampuya
omeemcmeeHHOCMU, CUCMmeMa MeHeoOXMeHma Kayecmsa

Ana yumupoeanus: Hazapeesa A. B., [Monsakos C. /1. CosepweHcmeosaHue op2aHU3ayUOHHOU
cmpykmypbl nodpasdeneHus nocpedcmsom mampuysl omeemcmeeHHocmu // MIHHO8AUUOHHOe
npubopocmpoeHue. 2024. T. 3, Ne 6. C. 37-44. DOI: 10.31799/2949- 0693-2024-6-37-44.

MeToAuKa NO3ULUOHHUPOBAHUA COeANHEHUN
$OTOHHO-KpHUCTA//INYECKUX BOJIOKOH

AHHOmayus. PaccmompeHsi o0X00bl K OUeHKE IKCAyamayuoHHbIX
XapakmepucmuK homoHHO-KpUCManauveckux 80s10KkoH (PKB) u pacnpedeneHue
MO0008020 0714 8 HUX NMPU HE0bX00UMOCMU NposedeHUs C8aPOYHbIX coedUHeHU.
UccnedosaHo enusHUE ONMUKO-2e0MempuYecKux pakmopos Ha nomepu
onmuyeckoli MowHocmu cueHana 8 coeduHeHuax ®KB, a makxce nposedeHa
nposepka npedsaazaemoix Memodo8 No3UuYUOHUPOB8AHUS. [1na mocmpoeHus
cmpyKkmypel cucmemol ynpasaeHus no3uyuoHUpo8aHuem homoHHo-
Kpucmasnau4yecKux 80s10KOH UCMO/b30807U MemMoObl Meopuu a8MmomMamu4ecKozo
ynpasaeHus. Mi3mepeHue UHMeHCUBHOCMU ONTMUYeCKOo20 MosA, CPOPMUPOBAHHO20
®KB, peasnusyemcs Memooamu mexHU4ecKo20 3peHuUs ¢ npumeHeHuem memodos
0b6pabomku yugpossix uzobpaxceHuli. Memodsi udeHmuguKkayuu napamempos
pacrionoxeHus 06vbekmoa ynpasneHus 6a3upyromcsa Ha KOpPeasyuoHHOM
memode. Pe3ysnbmamel meopemuyeckux U Mooeaupyrouux uccaedosaruli
noomeepicoeHbl Memodamu ¢u3u4eCcKo20 sKCrnepumeHma.

Improving the organizational structure of a
subdivision by means of a responsibility matrix

Abstract. For the organization of management processes, as well as production activities with a
competent distribution of personnel functions it is necessary to create such a structure, which
will allow to perform the tasks with maximum effect, as well as optimally suited to the
implementation of the goals of the enterprise. Through the application of such a tool as a
delegation matrix it is proposed to consider the existing processes within one structural
subdivision, which is new at the enterprise, to distribute responsibilities between the existing
staff and identify problem areas that should be dealt with separately. The use of this tool
provides an opportunity to identify the weaknesses of the unit: to prevent duplication of
authority, as well as the load of non-correlated responsibilities on one person, as well as to get a
clear picture of the functions of the unit as a whole.

Keywords: production management, organizational framework, responsibility matrix, QMS

For citation: Nazareva A. V., Polyakov S. L. Improving the organizational structure of a
subdivision by means of a responsibility matrix. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2024;3(6):37—44. (In Russ.). DOI: 10.31799/2949-0693-2024-6- 37-44.

Technique for positioning of photonic crystal fibre
junctions

Abstract. Approaches to the estimation of photonic crystal fibres (PCF) performance
characteristics and mode field distribution in them when welding joints are required are
considered. The influence of optical and geometric factors on the loss of optical signal power in
FCF joints is investigated, and the proposed positioning methods are verified. Methods of
automatic control theory were used to build the structure of the control system for photonic
crystal fibre positioning. Measurement of the intensity of the optical field formed by photonic
crystal fibres is realised by vision methods with the use of digital image processing methods.
Methods of identification of control object location parameters are based on the correlation
method. The results of theoretical and modelling studies are confirmed by physical experiment
methods.

Keywords: photonic crystal fibre, welding, splicing, positioning, optical fibre, control model
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Knrouessle cnosea: cbomOHHo-Kpucma/muquKoe B80/10KHO, C8APKaA, COE@UHEHUE,
no3uyuoHuposeaHue, orimoesos10KHO, mooerb yrnpaeneHusa

Ana yumupoeanus: naokuli H. A., Kpayko A. @., LLlakuH O. B. Memoouka
MoO3UYUOHUPOBAHUA coeOUHEeHUL hOMOHHO-KPUCMA/AUYECKUX 80/10KOH //
MHHOBayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 6. C. 45-51. DOI:
10.31799/2949-0693-2024-6-45-51.

0 IMPpOTHUBOpEYUAX B onipeac/icHUU BUA 0B
TEXHUYECKOr'o COCTOSIHUSA 00ObEKTOB B
HOpMaTI/lBHOﬁ AOKYMEHTAIlUU

AHHOMayusA. Paccmampuearomcs npomugopeyus 8 HopmamueHoli 00KyMeHmMayuu e
mpakmoeaHuu onpedeneHuli U mepmMuHO8 8UOO8 MEXHUYECKO20 COCMOAHUA 06bekmos. BHoab
seedeHHble [OCTbl UHO20a HE OMMEHAIOM PAHEE BbiMyU,eHHbIE, MPU 3MOM U3MEeHAoM
mpakmogKy onpedeneHuli u mepmuHos. Cyujecmayom pasHele HOPMamueHble OOKYyMeHMbI, 20e
00HO U MO }e MoHAmMuUe Mpakmyemcs no-pasHomy.

Kntouessle cnosa: paduoaneKmpOHHaﬂ annapamypa, 8UObI MexXHUYeCcKo20 COCMOAHUA,
ucripasHoe cocmosAHue, HeucrnpasHoe cocmosHue, pa6omocnoco6Hoe cocmosHue,
Hepa6omocnoco6Hoe cocmoAHue, npedeﬂbHoe cocmosHue, noepemaeHue, OmKas, peMoHm,
80ccmaHoessieHUe, mexHu4eckoe O6C/7y)+(UBCIHU€

Ana yumupoeanus: Muxalinos A. H. O npomusopeyusx 8 onpedesneHuu 8u008 MexHu4ecKo2o
cocmosHusa 06bekmos 8 HopmamusHoli doKymeHmayuu // HHosayuoHHoe npubopocmpoeHue.
2024.T. 3, Ne 6. C. 52-56. DOI: 10.31799/2949-0693-2024-6-52-56.

MeToj, KOHTPOJIA 1 AUAT'HOCTUKH COCTaBa
IMNOJIMMEPHBIX KOMIIO3UIIUOHHBIX MATEPHUAJIOB HA
OCHOB€ aJITOPUTMOB KJ/IaCTEPHU3AIUHN

AHHOMayus. Paccmampueaemcn npumeHeHue peKomeHdameanoG cucmemel, 0CHOBAHHOU Ha
memode k-means, 0718 OUG2HOCMUKU U KOHMPOsAa Ka4yecmea rnosiumMmepHoiX KOMNo3uyUuoOHHbIX
mamepuanos. OnucaHbl Memo0d0s102usA UCMOMb308AHUSA peKomeHdameanblx cucmem, @ makxe
nosy4yeHHsle pe3sysnbmamel NpuMeHeHUA MAaKux cucmem 8 NMNpaKkmuKe KOHMmMposaAa Kka4yecmea
NnosuUMepHbIX KOMNo3umoes.

For citation: Gladkiy N. A., Kryachko A. F., Shakin O. V. Technique for positioning of photonic
crystal fibre junctions. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024;3(6):45—
51. (In Russ.). DOI: 10.31799/2949-0693-2024-6-45-51.

On contradictions in the definition of the technical
condition of electronic equipment in the regulatory
documentation

Abstract. The contradictions in the normative documentation in the interpretation of definitions
and terms of types of technical condition of objects are considered. Newly introduced GOST
standards sometimes do not cancel previously issued ones, while changing the interpretation of
definitions and terms. There are different regulatory documents where the same concept is
interpreted in different ways.

Keywords: electronic equipment, types of technical condition, serviceable condition, faulty
condition, operable condition, inoperable condition, limit condition, damage, failure, repair,
restoration, maintenance

For citation: Mikhailov A. N. On contradictions in the definition of the technical condition of
electronic equipment in the regulatory documentation. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2024;3(6):52-56. (In Russ.). DOI: 10.31799/2949- 0693-2024-6-52-56.

Application of recommender systems for control
and diagnostics of polymer composite materials

Abstract. The article deals with the study of application of the recommendation system based on
the k-means method for diagnostics and quality control of composite polymer materials. The
article describes the methodology of using recommender systems, as well as the obtained results
of using such systems in the practice of quality control of polymer composites.

Keywords: diagnostics of PCM, polymer composite materials, prediction of PCM properties,
artificial intelligence methods
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Kntouessle cnosa: nosumepHole KoMrno3uyuoHHble mamepuarsel, ouaezHocmMuKa nosiuMepHbIX
KOMIMO3UYUOHHbIX Mamepuanos, npo2Ho3uposaHue ceolicme nosumMepHbIX KOMMNO3UYUOHHbIX
mamepuanos, memoosbl UCKYyCCMB8eHHO020 UHmMesnn1ekma

Ana yumupoeanus: NywuHa E. A., ®ponosa E. A. Memod KOHmMpoaa u duazHOCMUKU cocmasa
MoAUMEPHBIX KOMTO3UYUOHHBIX MAMEPUAs108 Ha OCHOBE a/A20pUMmmos Kaacmepusayuu //
MHHosayuoHHOoe npubopocmpoeHue. 2024. T. 3, Ne 6. C. 57-60. DOI: 10.31799/2949-0693-2024-
6-57-60.

For citation: Gushchina E. A., Frolova E. A. Application of recommender systems for control and
diagnostics of polymer composite materials. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2024;3(6):57-60. (In Russ.). DOI: 10.31799/2949-0693- 2024-6-57-60.

[Ipo6/ieMbl cTaHJAPTU3aL MM UMIIOPTO3aMelleHUs B Problems of standardization of import substitution

EauHOM cucTeMe NpOorpaMMHOM JOKYMEHTALUU U
EAMHOM cUCTeMe TEXHOJIOTUYEeCKOW JOKYMEeHTal U

AHHOMayus. VimnopmosameleHue Heeo3MOoXHO 6e3 pacuiupeHusa 6a3ol 31eKMpPOoHHbIX
npozpammHsix cpedcme. [locse cyujecmeeHHbIX IKOHOMUYECKUX U MOAUMUYECKUX UusMmeHeHuli 8
2022 2. 80M1poC UMNOpPMo3ameweHus Mpoepamm U 31eKmpoHHbIX 00KyMmeHmos 8 Poccuu cman
0co6eHHO oCMpbIM, MAK Kak AoCmy Ko 8CeM apXusam U pecypcam 014 npomomunuposaHus
ocywecmenaemcs Yyepes npo2pammHsie cpedcmea. [1poepammHele U KOHCMPYKMopcKue
OOKyMeHmMbl Hepa3pbiBHO C8530HbI, c030a8as ycmolivussili pyHOameHmM 018 NMPoMbIWAeHHOCMU.
B cmambe onucaHo ynpasaeHue npoyeccamu UMnopmo3amMeljeHus Ha 0cHoge cmaHOapmos,
noovyepkusaemcs Heobxo0UMOCmb CMaHoapmMu3ayuu pA0oa NPoUeccos UMNopmMo3ameweHus,
MAKUX KAK yrnpasaeHue 3AeKmpoHHbIM A0KyMeHmMoobopomom, paboma ¢ UHOCMPAHHbIMU
CXeMamu U Yepmexamu, an20pumm npomomunupo8aHuUs, aa20pUMM MAMEHMOB8AHUA HOB8020
cnocoba uau modenu. lMpu pazsepmei8aHUU UMITOPMO3amMeuleHUs 8ce20a 8aHHbI MaKue
ocobeHHOCMU 3ameuw,aemblx Mpubopos, KaK Mo4YHOCMb, CXOOUMOCMb, 80CMPOU3800UMOCMb 8
npoyecce npou3sodcmea. ImMu KayecmeeHHble XapakmepucmuKku npubopa KOMMAeKcHo
onpedenAaom e20 CMmouMoCms U AKMyas6HOCMb 8 onpedesieHHOM MexHOA02UYeCKoM rpouyecce,
B803MOMCHOCMb y8eau4eHUs Koau4ecmead npoussedeHHbix 06pa3yos, npuHyoumesnoHoe
8HedpeHue 8 Mpou3800cMeo Usu QUPEKMUBHOE CHAMUE — Makum obpazom onpedensgomcs
pa3Hble CMaduu #U3HEeHHO020 UUKAa O0OKyMeHmayuu Ha 0aHHbIl npubop. BaxHo, ymo 8
npubopocmpoeHuU NOCMOAHHO fpucymcmeayem Heobxodumocme yay4wame npubop, deaame
e20 6osee npucnocobieHHbIM Mod meKyujue 3a0a4u, Mo3Momy 0CHOBHAA 20pU30HMAsbHAA OCb
HU3HEHHO020 YUKAa e20 O0KYMeHmMayuu umeem psao 8epmuKasbHbIX AUHUL — 8800UMBbIX
usmeHeHul. Bce OaHHble npoyeccsl 00MXHbI MPOoUcXodums ¢ yyemom peanuli
umnopmo3sameujeHus.

Knrouessie cnoea: umnopmosameujeHue, NpoepammHas O0KyMeHmMayus, KOHCMPYKMOPCKas
OoKymeHmauyus

Ana yumupoeanus: Enugaryes K. B. [pobaemsl cmaHdapmu3ayuu UmMnopmo3ameweHus 8
EduHoli cucmeme npoepammHoli dokymeHmayuu u EOuHol cucmeme mexHonozuyeckoli

in the Unified system of design documentation and
Unified system of software documentation

Abstract. Import substitution is impossible without expanding the base of electronic software.
After significant economic and political changes in 2022, the issue of import substitution of
programs and electronic documents in Russia has become particularly acute, since access to all
archives and prototyping resources is carried out through software tools. Software and design
documents are inextricably linked, creating a stable foundation for the industry. The article
describes the management of import substitution processes based on standards, emphasizes the
need to standardize a number of import substitution processes, such as electronic document
management, work with foreign schemes and drawings, prototyping algorithm, patenting
algorithm of a new method or model. At the same time, when deploying import substitution, such
features of the replaced devices as accuracy, convergence, reproducibility in the production
process were important. These qualitative characteristics of the device comprehensively determine
its cost and relevance in a certain technological process, the possibility of increasing the number of
samples produced, forced introduction into production or directive removal — thus, different stages
of the documentation life cycle for this device are determined. It is important that in instrument
engineering there is a constant need to improve the device, to make it more adapted to current
tasks, therefore the main horizontal axis of the life cycle of its documentation has a number of
vertical lines — introduced changes. All these processes should take into account the realities of
import substitution.

Keywords: import substitution, software documentation, design documentation
For citation: Epifantsev K. V. Problems of standardization of import substitution in the Unified
system of design documentation and Unified system of software documentation. Innovacionnoe

priborostroenie = Innovative Instrumentation. 2024,3(6):61-67. (In Russ.). DOI: 10.31799/2949-
0693-2024-6-61-67.
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dokymeHmauuu // MHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 6. C. 61-67. DOI:
10.31799/2949-0693-2024-6-61-67.

[IpyuMeHeHUe MeTOAA JIOTUCTUYECKOU perpeccumu
AJIsI OWHAPHOU KIacCUPUKALUU OTKA30B
000pyAOBaHUS

AHHOMayusA. PaccmompeH Habop 0aHHbIX, co0epxauuli MoKasaHuUs ¢ 0amyukos 06 omkasax
obopydosaHus. [IposepKa Koppenayuu Mnokasameseli U OMKA308 M0380/UA 8bIABUMb
napamempei, 8UAIOUjUE HO OMKA3 CUslbHee Opyaux, d Makxie nposecmu omceusaHue aAuHeliHo
3asucumbix AaHHbIX. [TpumeHeHue no2ucmu4ecKol peepeccuu npoeHo3upyem eeposmHocms
8X0MO0eHUsA NpedCKa3aHHbIX 3Ha4YeHull omKka3oe 8 00UH U3 08yx Kaaccos — bydem unu He bydem
omka3s. PaccyumaHsl moYyHocme U 3¢hpekmusHocmes mamemamuyeckoli modesnu.

Kntouessble cnoea: nocucmu4veckasn peapeccus, npocHo3uposaHue omkasos, npeduxmueHaﬂ
aHAAUMUKA, Mamemamu4eckas Mmooesnb

Ana yumupoeaHus: YynpuHosa O. B. MpumeHeHue memoda nozucmuyeckoli pezpeccuu 015
6uHapHoli Knaccuguxkayuu omkasoe o6opydosaHus // UHHOBAUUOHHOE npubopocmpoeHue.
2024.T. 3, Ne 6. C. 68-71. DOI: 10.31799/2949-0693-2024-6-68-71.

Bo3MoKxHOCTH dKYCTOOIITHUYECKOIO YIIpABJICHUA
rayCcCoBbiIMH1 1 6ecce/ieBbIMH CBETOBBIMHU INY4YKaMH

AHHomayus. [IpedcmasseHsl pe3yabmamol KCnepuMeHmMasnbHeix uccnedosarud,
deMoHCMpupyoujue 803MOXHOCMU YIPAB/EHUSA 2ayccos8biMu U beccenesbimu ceemosbimu
My4YKamu € MOMOWbIO0 GKYCMoonmuyeckozo 0egaeKkmopa Ha 0CHo8e Kpucmansaa
napamensnypuma. Co30aH aKcrnepumeHmasnsHelli cmeHo 017 hopMUpPOBAHUSA 2aYCCOBbIX U
beccesneabix My4yKO8 U AKYCMOoommu4ecKo20 yrnpasaeHus umu. BoinosHeHa oyeHKa 00CMUMCUMBbIX
803MOMCHOCMell aKycmoormu4ecKo20 CKOHUPOBAHUSA 2ayccosad U beccesnesa My4yKos,
MpedsnoxeHsl peweHuUs, No3eoAAWUE PACWUPUMb PYHKYUOHAMBHOCMb GKYCMOONMUYECcK020
dechriekmopa npu ynpasneHuu KeasubezouppakyUuoHHbIMU My4YKamu.

Knroueassle cnoea: akycmoonmuka, dugpakyus, dedpaekmop, beccenes rny4yok, ynpasneHue,
Kpucmansa, napamenaypum

bnazodapHocmu. Paboma 8binosHeHa 8 PAMKAX U Npu ¢puHaHcosol nodoepicke Mpo2pammeol
Coto3Ho20 2ocydapcmea «KomnoHeHm-®» (HUP LLugp «beccens PO u Pb»). Aemopeol
61a200apam Cepzaes Bacunvesuua AKUMOBA 30 HAYYHYIO OUCKYCCUIO U KOMMeHmMapuu npu
nodzomoeke pabomeoi.

Application of logistic regression method for
binary classification of equipment failures

Abstract. This paper considers a dataset containing readings from sensors about equipment
failures. Checking the correlation between indicators and failures allowed to reveal the
parameters influencing the failure most of all, and also to carry out screening of the linearly
dependent data. The application of logistic regression predicts the probability of the predicted
failure values falling into one of two classes: will or will not will fail. The accuracy and efficiency of
the mathematical model are calculated.

Keywords: logistic regression, failure prediction, predictive analytics, mathematical model

For citation: Chuprinova O. V. Application of logistic regression method for binary classification of
equipment failures. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,;3(6):68—71.
(In Russ.). DOI: 10.31799/2949-0693-2024-6-68-71.

Possibilities of acousto-optic control of Gaussian
and Bessel light beams

Abstract. The results of experimental studies demonstrating the possibilities of controlling
Gaussian and Bessel light beams using an acousto-optic deflector based on a paratellurite crystal
is presented. An experimental setup for forming Gaussian and Bessel beams and their acousto-
optic control has been developed. The achievable capabilities of acousto-optic scanning of a
Gaussian and Bessel beam have been assessed, and solutions have been proposed to expand the
functionality of the acousto-optic deflector when controlling quasi-diffraction-free beams.

Keywords: acousto-optics, diffraction, deflector, Bessel beam, control, crystal, paratellurite
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Ana yumupoeanus: LLlakuH O. B., Kazakoe B. U., Cepotok K. B. BoamoxcHocmu
aKyCMoonmu4ecKo20 ynpasaeHus 2ayccosbimu U 6eccesnesbimu ceemosbimMu myuykamu //
MHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 6. C. 72—78. DOI: 10.31799/2949-0693- 2024-
6-72-78.

KoMniekcHasa moAroToBKa HHXKCHEPOB-
METPpPOoJIOroB C TEH,Z[eH].lI/leﬁ YBCJIMYCHHUA
HUMIIOPTO3aMela oI X KOMHETeHuI/lﬁ

AHHOMayusa. AKmyasnsHas 3a0a4a npu oby4eHuU UMMNoOpmMO3amMewaroujum mexHoA02UAM 1o
HanpasneHuto 27.03.01 — «CmaHOapmu3ayusa u Memposno2usa» — mpaHcghopmayus
memposnoau4eckozo obecrieyeHusa 0415 Hy# 0 Yugpposoli SKOHOMUKU. B Hee 8xo0am Hay4Hsble,
HOPMAMUBHO-PABO8bLIE, OP2AHU3AUUOHHbIE U MeXHUYecKue 31eMeHmsl, HO Heobxo0umo
Hapawusams KomnemeHyuu 8 obsacmu npoekmHol deamensHocmu. PaccmompeH npoyecc
B803MOMHO20 ClyeHapus Mo020MOoBKU Creyuanucmos 8 06acmu UMNopmMo3ameleHUsA KaK
0moesbHo20 HaNPasaAeHUs 06y4YeHUA UHHEeHepPHbIX creyuansHocmeli 8 0aHHOU akmyanbHoU
cgepe. MiMnopmo3samelweHue, yxe 8 cusay meKkyuwux obcmoamesnscms, cmaso He npocmo
pomomunuposaHuem U KonuposaHuem 3apybexcHbix mexHonoaull, a 6onee eceobvemaowum
HanpasaeHUeM, 8KIYAOUUM 8 cebA MHO20 acrekmos — u topududeckull, U mexHu4yeckud, u
aKoHomuyecKuli. OOHAKO 8 HaOCMosWee 8peMs 8 8y3aX N0 MeXHUYECKOMY Mpogusto Hem
omoesbHbIX HanpasaeHUli Mo UMMOPMO3aMEW,eHUI0 — UMEOMCA MOsbKO omoesibHbie
hakynbmamueHele Kypcel.

Kntouessnle cnosa: cmaHOapmusauug, npoekmHyan deamenbHOCMb, mempornoaus,
crneyuanusayua Ha umnopmosameweHuu

Ana yumupoeanus: EnugarHyes K. B., Lleamc P. H., Edppemos H. t0. KomnaekcHas no02omosKka
UHM#EeHepos8-Mmempos10208 ¢ meHOeHyuell ygeaudeHus Uumnopmo3samewarowux komnemeryuli //
UHHOoBayuoHHOe npubopocmpoeHue. 2024. T. 3, Ne 6. C. 79—-84. DOI: 10.31799/2949-0693-2024-
6-79-84.

OuneHKa noKa3saTeJjied COBMECTHBIX peKypPpPeHTHbIX
AUarpaMM CTUMyJia M OTBETa MO3ra B HOpMe U IpHU
HapyuUIeHUH CepAevYHOoro purMa

AHHomayus. C noMouwjblo aHaAMU3a COBMECMHbIX peKyppeHmHocmel d8yx cuzHas08 peweHa
3a0a4a 8biABAEHUA Pa3Au4uUli 8 peaKyuu yceoeHUA pummu4ecKo2o0 cmumysaa u omeema
300p08020 M0320 U M032d Yes108eKa C HapyweHUAMU cepleyHo20 pumma e gpopme
mepyamernsHoli apummuu. AKmyaneHocms peweHus daHHoU 3ada4u cocmoum 8
HeobXx00UMOCMU MPO2HO3UPOBAHUA KORHUMUBHbIX HaPYWeHUl, CBA3AHHbIX C HAPYWEeHUAMU

Comprehensive training of metrological engineers
with a tendency to increase import-substituting
competencies

Abstract. An urgent task in teaching import-substituting technologies in the direction of 27.03.01
— “Standardization and metrology” is the transformation of metrological support for the needs of
the digital economy. It includes scientific, regulatory, organizational and technical elements, but it
is necessary to increase competence in the field of project activities. The article also examines the
process of a possible scenario for the training of specialists in the field of import substitution as a
separate area of study for engineering specialties in this relevant field. Import substitution,
already due to current circumstances, has become not just prototyping and copying foreign
technologies, but a more comprehensive direction, including many aspects — both legal, technical
and economic. However, currently there are no separate import substitution directions in
universities in the technical profile — there are only separate optional courses.

Keywords: standardization, project activities, metrology, specialization in import substitution

For citation: Epifantsev K. V., Tselms R. N., Efremov N. Yu. Comprehensive training of metrological
engineers with a tendency to increase import-substituting competencies. Innovacionnoe
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Evaluation of joint recurrence diagrams of the
brain stimulus and response in normal and
abnormal heart rhythms

Abstract. By analyzing the joint recurrences of two signals, we solved the problem of identifying
differences in the reaction of assimilation of a rhythmic stimulus and the response of a healthy

brain and the brain of a person with cardiac arrhythmia in the form of atrial fibrillation. The
relevance of solving this problem lies in the need to predict cognitive impairments associated with

18 ceHTAbGpA 2026 T.



cepdequeo pumma, u HAXOHOEHUA KOUYeCmeeHHbIX napamempos peakyuu yceoeHusa
B8HEWHe20 cmumyna onsa peanusayuu 803MOMCHOR20 MNMPOcHO3UPOBAHUA.

Kntouessle cnosa: 6UO.9ﬂeKmpU‘-IECKGFI dKMuUB8HOCMb, COBMECMHAA PEKYPPEHMHOCMY,
pummuYeckaa cmumynAayud, noKkasamersio demepMUHu3ma, Yyacmoma eo3spama

Ana yumupoeanus: fuk O. E., Tumos B. E., /lumoHos A. V. OueHKa nokazamesneli coeMeCmHbIX
peKyppeHmMHbIx OUa2pamm CMmumMyaa U omeema Mo3ad 8 HOpMe U NMpu HapyweHuU cepoeyHo20
pumma // UHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 6. C. 85-90. DOI: 10.31799/2949-
0693-2024-6-85-90.

cardiac arrhythmia and to find quantitative parameters of the reaction of assimilation of an

external stimulus to implement such a possible forecast.

Keywords: bioelectrical activity, joint recurrence, rhythmic stimulation, determinism index,

recurrence rate

For citation: Dick O. E., Titov V. E., Limonov A. . Evaluation of joint recurrence diagrams of the
brain stimulus and response in normal and abnormal heart rhythms. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2024,3(6):85-90. (In Russ.). DOI: 10.31799/2949-
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MeToAUKA MPOTrHO3UPOBAHUS MOTPEGUTEIbCKOM
LeHHOCTH UHHOBALMH

AHHOMayusa. OnpedesneHa 00CMAMOYHAA KpumepuasasbHaa 6a3a 0415 oueHKU
nompebumesnbCKUX U MeXHUYeCKUX XapaKmepucmuKyeHHOCMHOU UHHO8AYUU, MPUCBOEHbI
8ecosble KoaghuyueHMbl IKCrepmHsiM Memodom, paspabomaHa MemoouKa hpoHMuUpo-
8aHUA YeHHOCMHbIX UHHOBAUUU U NpedcmasneHa K8aaumempuyeckas WKana 01s
UHMepnpemayuu nosy4YeHHsIX pe3ya6mamos.

Knroyesble cnoea: uHHOBAYUU, MpPeHObl, hopmuposaHue mpeHO08, nameHMHbIl aHAAU3,
yeHHoCMHeole UHHO8AYUU

Ana yumupoeanus: LLlykuHa 4. C. Memoduka npozHo3uposaHus nompebumesnsckoli yeHHocmu
UHHosayuu // HHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 5. C. 5-9. DOI:
10.31799/2949-0693-2024-5-5-9.

CuMyJ/IALIMOHHOE MOJAE/IMPOBaHHE yIIPaBJJIeHUs
€eMKOCTBhI0 0ydepa Kak K/JAK4eBor GaKTop
ONTUMHU3ALUU IPOU3BOAUTETBHOCTH
PO6GOTU3UPOBAHHON JIMHUU PO3/IMBA

AHHOMayus. Viccnedyemca eauaHuUe ynpassaeHus eMKocmsio bygepa Ha
npou3eodumesibHOCMb POBOMU3UPOBAHHOU AUHUU PO3/UEA C UCMO/1b308aHUEM Memoda
duckpemHo20 cobbimuliHo2o ModenuposaHus. Lienvto pabomel Aenaemcsa oyeHKa
803MOMCHOCMeEU 0OMTMUMU3ayUU NPou3800CMBEHHO20 Npouyecca 3d c4em npasusabHO20
ynpasnaeHus 6ygepom, Komopsili KoMneHcupyem nomepu, 8bI38AHHbLIE MPOCMOAMU
060pydosaHuA. B pamKkax uccnedo8aHus MocmpoeHa cCumMyAaayuoHHas Mmooesb, Komopas
10380/15€m OUeHUMb 8/1UAHUE PA3AUYHbLIX CUEHApUee 8pemMeHU 80CCMAHOBAEHUA Noce
3HaYUMesbHbIX cboes U UsMmeHeHUs emMKocmu Bygepa Ha obuyto Mpou3sodumenbHOCMb
cucmembsl. [posedeHHbIl aHAAU3 MOKA3as, YMO yeesnuvdeHUe eMkocmu bygepa 0o
0NMUMAsnbHO20 3HAYEHUSA M0380759em CyujecmeeHHO MosbiCUMb 3hheKmUBHOCMb cUCMeMbl U
CHU3UM®b 8/UAHUE 8pemeHU npocmoes. Modesb bbi1a 8epupUUUPO8AHA C MOMOULLIO PEasibHbIX
3KCepuMeHmasbHbIX OaHHbIX, 4mo nodmeepdusio ee NPUMeHUMOCMb A8 onMuUMU3ayuu
pabomel npou3sodcmeeHHbIx AUHUl. [JaHHAs Mmodesb npedocmassisiem 803MOXHOCMb
MPO2HO3UPOBAHUA N08eOeHUSA cucCmeMbl U MPUHAMUSA 060CHOBAHHbIX peweHul no yay4uweHuro
ee ycmoliyueocmu u npou3eooumesibHocmu.

Methodology for predicting the consumer value of
innovation

Abstract. The work defines a sufficient criterial base for assessing the consumer and
technical characteristics of a value-based innovation, assigns weighting coefficients using the
expert method, develops a methodology for fronting value-based innovations, and presents a
qualimetric scale for interpreting the results obtained.

Keywords: innovations, trends, trends formation, patent analysis, value innovations

For citation: Shchukina D. S. Methodology for predicting the consumer value of innovation.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,;3(5):5-9. (In Russ.). DOI:
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Simulation modeling of buffer capacity
management as a key factor in optimizing the
performance of a robotic bottling line

Abstract. This paper investigates the impact of buffer capacity management on the performance
of a robotic bottling line using discreteevent simulation. The primary goal of the research is to
evaluate the optimization potential of the production process through effective buffer
management, which mitigates losses caused by equipment downtime. A simulation model was
developed to assess the influence of various recovery time scenarios after significant failures and
buffer capacity changes on the overall system performance. The analysis demonstrated that
increasing buffer capacity to an optimal level significantly improves system efficiency and reduces
the impact of downtime. The model was validated using real experimental data, confirming its
applicability for optimizing production line performance. This model enables the prediction of
system behavior and supports informed decision—-making for enhancing system resilience and
efficiency.

Keywords: simulation modeling, robotic bottling line, buffer capacity regulation, production line
performance optimization

For citation: Kvas E. S., Solyonyj S. V., Kuzmenko V. P. Simulation modeling of buffer capacity
management as a key factor inoptimizing the performance of a robotic bottling line. Innovacionnoe
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Knrouesble cnoea: cumynayuoHHoe ModenuposaHue, pobomu3upo8aHHAsA AUHUS PO3/UESa,
peaynuposaHue emKocmu 6ygepa, onmumMu3ayus npou3sooumenbHOCMU NPou3800cmMeeHHoU
AUHUU

Ana yumuposaHus: Keac E. C., ConéHelli C. B., KyzbmeHko B. 1. CumynayuoHHoe
modenuposaHue ynpasaeHus eMmKocmoto bygepa Kak Kawdesol pakmop onmumusayuu
npoussodumesnbHocmMu pobomu3suposaHHol AUHUU po3auea // UHHosayuoHHoe
npubopocmpoeHue. 2024. T. 3, Ne 5. C. 10-22. DOI: 10.31799/2949-0693-2024-5-10-22.

AI/ICCPIHaTPIBHOCTb B OPraHU3allUOHHBIX CUCTEMAX:
IIOKa3aTEe/IM 1 l'[pOﬁJIEMbI HU3MEpPEHUA

AHHOMayusA. B Hacmoswee spems hopMuposaHue ycmoliyuebix opeaHU3aUUOHHbIX
cucmem — 3as102 0bujeli KOHKYpeHMocnocobHocmu. Paccmampugaromcs 8onpocsi
UsMepeHusA NPU3HAK08 OUCcUnamueHoOCMU 0pP2aHU3ALUOHHbIX CUCMeM, Komopeble
10380/1810M y8eauYUMs CmerneHb OMKPLIMOCMU CyWecmeayoujux Cmpykmyp ynpagneHus
npednpuaAMUAMU Mymem NOHUMAHUSA MPpupoosb! U MeXaHU3MO8 YrpasaeHUs U3MeHeHUAMU,
HAX00ACb MO0 BHYMPEHHUMU U BHEWHUMU 8bI1308aMU. TAKMe UCCAe0yomcs 803MOXHOCMU
HUBEAUPOBAHUA MPobem, C8A3aHHbIX C U3MepeHUeM MPU3HAKos8 duccunamusHocmu

Kntouessble cnoea: cucmemel, Op2aHU3AUUOHHbIe cucmemebl, rNpU3HaKuU, I'Ip06/1€MbI,
usmepeHud, BHeWHuUe 8bl308bl

Ana yumupoeaHusa: Hazapesuy C. A. [luccunamusHocms 8 0p2aHU3AYUOHHbIX cucmemax:
nokasamesu u npobsaemsi usmepeHus // MHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 5.
C. 23-26. DOI: 10.31799/2949-0693-2024-5-23-26.

priborostroenie = Innovative Instrumentation. 2024,3(5):10-22. (In Russ.). DOI: 10.31799/2949-
0693-2024-5-10-22.

Dissipativity in organizational systems: indicators
and measurement problems

Abstract. Nowadays, the formation of sustainable organizational systems is the key to overall
competitiveness. The article deals with the issues of measuring the signs of dissipativity of
organizational systems, which allow to increase the degree of openness of existing management
structures of enterprises, by understanding the nature and mechanisms of change management,
being under internal and external challenges. As well as explores the possibilities of leveling the
problems associated with measuring the signs of dissipativity.

Keywords: dissipative systems, organizational systems, attributes, problems, measurements,
external challenges

For citation: Nazarevich S. A. Dissipativity in organizational systems: indicators and
measurement problems. Innovacionnoe priborostroenie = Innovative Instrumentation.
2024;3(5):23-26. (In Russ.). DOI: 10.31799/2949-0693-2024-5-23-26.
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IBpHUCTUYECKHUE MOJENHU B OPraHU3aLUOHHOM
JAU3aliHe AJis1 NPOEeKTUPOBaHUA GepexJTUBOro
IPOU3BOACTBA

AHHOmayus. B cospemeHHbIX yca08usx 2106a16HOU KOHKYpeHyuu npednpuamusam
Heobxo0UMO CMpPemMumMbCA K Mo8bIUEHUIO 3hheKmMUBHOCMU MPOU3800CMBEHHbIX
npoyeccos. bepexcnusoe npouzsodcmeo (Lean Production) cmaHosumcsa o0Hol u3
KAtoYesbix KoHYyenyull, crocobcmayowux MUHUMU3AYUU 3ampam, yay4weHuto Kayecmea
MPOOYKUUU U COKPAUW,EeHUH CPOKO8 rnpouzsoocmed. OOHUM U3 NepcrieKmugHbix nooxo00o8 K
POeKMUpPOBAHUIO U BHEOPeHU bepexa1uso2o npou3soo0cmead A6aemcs Ucrosnb308aHUe
aspucmu4eckux mooesneli 8 op2aHU3ayUOHHOM du3aliHe. Paccmampusaromcs OCHOB8Hble
MPUHYUMbI 38pUCMUYECK020 N00X00d, €20 POsb 8 OP2AHU3AUUOHHOM du3aliHe u 8ausaHUE
Ha nocmpoeHue 3 phekmusHbIX cucmem bepexcau8o20 npou3eoo0cmsa.

Knroueasble cnoea: sgpucmuyeckue mooesnu, Op2aHu3ayuoHHbIlG du3alH,
bepexcusoe npoussoocmeo

Ana yumupoeanus: MNMawuHa E. A., Hazapesuy C. A. 38pucmuyeckue mooesnu 8
opaaHuU3ayuoHHOM dusaliHe 0 NpoekmuposaHus bepexcauso2o npouzsodcmea //

MHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 5. C. 27-30. DOI: 10.31799/2949-0693-2024-
5-27-30.

Heuristic models in organizational design for lean
manufacturing design

Abstract. In the current environment of global competition, enterprises need to strive to improve
the efficiency of production processes. Lean Production is becoming one of the key concepts that
contribute to minimizing costs, improving product quality and reducing production time. One of
the promising approaches to the design and implementation of Lean Production is the use of
heuristic models in organizational design. This article discusses the basic principles of the heuristic
approach, its role in organizational design and its impact on the construction of effective lean
manufacturing systems.

Keywords: heuristic models, organizational design, Lean Production
For citation: Pashina E. A., Nazarevich S. A. Heuristic models in organizational design for lean

manufacturing design. Innovacionnoe priborostroenie = Innovative Instrumentation.
2024,3(5):27-30. (In Russ.). DOI: 10.31799/2949-0693-2024-5-27-30.
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OTedyecTBEHHbIE POGOTHI-MAHUNYJIATOPbI: aHAJIU3
rOTOBHOCTH NMPOU3BOACTBA M NePCNEeKTUBBI
pa3BUTHUSA

AHHOMayusA. Llenbio ucciedo8aHus A6aaemcsa evissneHue meHdeHyuli passumus
omeyvecmeeHH020 npou3eodcmed pobomos-MaHunyAamopos. PaccmompeHsi naaHs! Poccuu no
B8XOMOEHUI 8 YUC/10 25 cmpaH no yposHHo NaomHocmu pobomu3sayuu, npoeedeHa oyeHKa amux
naaHos. lpedcmasneH 0630p Haubosiee uzseCMHbIX NPou3sooumersneli ome4yecmeeHHbIX
po60MOoB-MaHUMYAAMOPOo8s, oyeHeHbl 803MOXHOCMU 3mux npednpuamuli nodoeprusams
ysenuveHue 06emos Mpouzeo0cmaa, 8bioeseHsl audepsbl, CrnocobHsie obecrneyumeo
dopozocmosaujue paspabomku U pacnosnazaroujue 3Ha4umesnbHbIMU NPou3800CMEeHHbIMU
MOUHOCMAMU.

Knroueasole cnoea: pobom-maHunyaamop, npouzeodcmeo pobomos, ome4ecmaeHHoe
npou3zeodcmaeo, umnopmo3samelyeHue, pobomomexHuKa, KonnabopamuegHele pobomel

Ana yumupoeanus: Cepzees I1. A., ConéHelili C. B. OmeyecmeeHHbie pobombI-MaHUMyASMOopbI:
QHAU3 20MOBHOCMU NPOU3800CMEa U nepcriekmussl pazeumus // UIHHo8ayuoHHoe
npubopocmpoeHue. 2024. T. 3, Ne 5. C. 31-36. DOI: 10.31799/2949-0693-2024-5-31-36.

BeKTOpbl UMNIOpPTO3aMeLleHUsI KaK (PaKTOPbI
TEeXHOJIOTUYEeCKOM 3pesIoCTh

AHHomayus. TexHono02u4yecKkas 3peanocmes 0bycsnosneHa ymeHuem adanmuposamscs K meKywum
COBPEMEHHbIM CAOHHBIM SKOHOMUYECKUM YC08UAM HO (hOHE MexXHOM02UYEeCKO20 8AKYYMA.
lMpoyecc umnopmo3sameweHus KpaliHe 601e3HEeHHO ouyuaemcs 8 cghepe 8bICOKOMOYHO20
06opydosaHus 3a cyem 00CMAMOYHO PecypcoemKozo U 60s1bWo20 hUHAHCOB020 B8EHYYPHO20
8/1UBAHUA CPeACME C NPOOH2UPOBAHHBIM 3hcheKmom, Komopwblli Moxcem dame pe3yaemam
MOsIBKO CYCMA HECKO/bKO MECAYEe8 SKCepUMEHMO8, HaAAaXU8aHUA pabomsl 00mM4YUKO8,
paduoaneKMpoHHbIX Npeobpazosamereli. 3aK0HOAAMeNbHO MPOYECC UMMTOPMO3aMeweHUs 8
obaacmu memposiozuu celidac MosbKo YCAOKHAGMCA U3-3a yeenuyeHus obbema cmaHOapmos u
nocmaHosneHuli Mpasumenscmaa Pocculickoli ®edepayuu. Paccmampusatomes nepcrekmuss!
pacwupeHus hopmama UmMnopmMo3ameueHus.

Kntouesbie cnoea: umnopmosameujeHue, Memposo2us, CmaHoapmu3ayus
Ana yumupoeanus: EnugarHyes K. B. Bekmopbl umnopmo3ameweHus KaK ¢pakmopel

mexHonoauyeckoli 3penocmu // MHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 5. C. 37-44.
DOI: 10.31799/2949-0693-2024-5-37-44.

Domestic robotic arms: analysis of production
readiness and development prospects

Abstract. The purpose of the study is to identify trends in the development of domestic production
of robotic arms. The article indicates the goals of Russia’s appearance in the 25 leader countries.
An overview of the most famous domestic manufacturers of robotics arms is presented. The
possibilities of these enterprises in production are shown. The leaders enterprises are highlighted
having ability to provide expensive research and development and have significant production
capacities.

Keywords: robotic arms, robot manufacturing, domestic production, import substitution, robotics,
collaborative robots

For citation: Sergeev P. A., Solyonyj S. V. Domestic robotic arms: analysis of production readiness
and development prospects. Innovacionnoe priborostroenie = Innovative Instrumentation.
2024;3(5):31-36. (In Russ.). DOI: 10.31799/2949-0693-2024-5-31-36.

Import substitution vectors as factors of
technological maturity

Abstract. Technological maturity is due to the ability to adapt to the current modern difficult
economic conditions in a technological vacuum. The process of import substitution is extremely
painful in the field of high-precision equipment due to a rather resource-intensive and large
financial venture infusion of funds with a prolonged effect, which can give a result only after
several months of experiments, setting up sensors, radio-electronic converters. Legislatively, the
process of import substitution in the field of metrology is only now increasing the volume of
standards and Government Regulations. The theses consider the prospects for expanding the
import substitution format.

Keywords: import substitution, metrology, standardization
For citation: Epifantsev K. V. Import substitution vectors as factors of technological maturity.

Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,;3(5):37—44. (In Russ.). DOI:
10.31799/2949-0693-2024-5-37-44.
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WHHOBaIlMOHHOE pelieHre B UCC/IeJ0BaHUU
IIOBEPXHOCTHU CJI0OKHOU reoMeTpu4ecKon ¢popmsl
CKaHUPYHWIIUM UHTepPepeHUOHHBIM LIYIIOM

AHHOmayus. PaccmompeH 80Mpoc usmepeHus MUKpopesbega rnosepxHocmu UHCMpymeHmo8a
CMOMamMos02UYeCcKo20 Ha3HAYEHUS CKAHUPYIOWUM UHMepgepeHyuoHHbIM wynom. Om
MUKpopesnbeda nosepxHOCMu roaupa 3a8UcUm Ka4yecmao yposHsa scmemuKku pecmaspayuli Ha
meepOobix MKaHAX 3yba, a uHMepgepeHYUOHHbIU Wy No3eoaaem noay4ums MoYHy u
docmosepHy UHGOPMALUI0 O 2e0MeMpPUYECKUX Napamempax Heenadkux nosepxHocmed,
noamomy paboma nepcrnekmueHa u akmyasnsHa. OnucaHel 06pasyel a1 uccnedosaHull,
Komopebie npedHa3Ha4yeHol 0418 yOaneHUs U3AUUWKO8 KOMMO3UMHO20 Mamepuana u 06pabomku
KoHmMypa pecmaspayuoHHoli nogepxHocmu. loay4yeHsl OaHHbIE 0 MUKpopesnbegpe nosepxHocmu
1101UpP0O8, @ UMEHHO — pe3yemamsl UsmepeHuli paccmosaHuA Ao nosepxHocMu rnoaupos, a
makxe UHopmayua o pacnpedesneHuu KoaghguyueHma omparceHus om uccaeoyemeoix
nosepxHocmeli 8 nonepe4HoM HAMPasAeHuU.

A0Yesoble €/106a: KO3 puyueHm ompaxceHus, noaup, UHmepgepeHyuoHHbIl wyrn, anepmypHsil
Y2071, KOHMPOAUPYEMAA MOBEPXHOCMb, ABMOK/ABUPOBAHUE, OAUHA Ko2epeHmHocmu

Ana yumupoeanus: Matiopos E. E., yneaa U. A., Hosukos A. B. IHHO8ayUOHHOe peweHue 8
uccnedo8aHUU NOBepXHOCMU CAOXCHOU eeomempuyecKkoli popMbl CKOHUPYHOULUM
UHMepgepeHyUoHHbIM wynom // HHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 5. C. 45-50.
DOI: 10.31799/2949-0693-2024-5-45-50.

An innovative solution in the study of a complex
geometric surface with a scanning interference
probe

Abstract. The paper considers the issue of measuring the microrelief of the surface of dental
instruments with a scanning interference probe. The quality of the aesthetics of restorations on
hard tooth tissues depends on the microrelief of the surface of the polish, and the interference
probe allows you to obtain highly informative, accurate and reliable information about the
geometric parameters of non-smooth surfaces, therefore the work is promising and relevant. The
paper describes research samples that are designed to remove excess composite material and
process the contour of the restoration surface. Data on the microrelief of the surface of the
polishes were obtained, namely: the results of measurements of the distance to the surface of the
polishes, as well as information on the distribution of the reflection coefficient from the studied
surfaces in the transverse direction.

Keywords: reflection coefficient, polish, interference probe, aperture angle, controlled surface,
autoclaving, coherence length

For citation: Maiorov E. E., Zhulega I. A., Novikov A. V. An innovative solution in the study of a
complex geometric surface with a scanning interference probe. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2024;3(5):45-50. (In Russ.). DOI: 10.31799/2949-0693-2024-5-45-
50.

[IpumeHeHUe MeTOA0B oNITUYECKOu cneKTpockonuu Application of optical spectroscopy methods in

B 3aJa4ax uAeHTUPUKALHMH U KOHTPOJISA
MHUKPOIJIACTUKA

AHHOMayusa. OnucaHsl meopemuyveckue Memoosi onpedesneHus XUMU4ecKUX Xapakmepucmux
MUKPOMAACMUKA C UCMOMb308AHUEM CMIEKMPOCKONUU. PaccmompeHa mexHo102uUA 8bIA6AeHUSA
CcrnekmpanbHol XapakmepucmuKU MUKPON/AACMUKA € MpUMeHeHuUem memooos UH@pakpacHol
crnekmpomMempuu ¢ ypbe-npeobpasosaHuem, pamaHo8cKol ciekmpomempuu u memooda
/103epHO-UHOYUUPOBAHHOU 3MUCCUOHHOU crieKmpocKonuu.

Knioueeble cn10ea: sK0102Us, 302pA3HEHUE MUKPOMAACMUKOM, ONMUYecKas CekmpocKomnus,
MHO20KAHAbHbIU ciekmpanbHbili onmuyeckuli npubop, pPAMAHOBCKASA CIeKMpPoMempus,
UHPPAKPACHAs cnekmpomempus ¢ pypoe-rpeobpazosaHuem, Memoo ia3epHO-UHOYUUPOB8AHHOU
3MUCCUOHHOU criekmpocKonuu

problems of identification and control of
microplastics

Abstract. Theoretical methods for determining chemical characteristics of microplastics using
spectroscopy are described. The technology of revealing the spectral characteristic of microplastic
using Fourier-transform infrared spectrometry, Raman spectrometry and laser-induced emission
spectroscopy methods is described.

Keywords: ecology, microplastic pollution, optical spectroscopy, multichannel spectral optical
device, Raman spectrometry, Fourier transform infrared spectrometry, laser-induced emission
spectroscopy method

For citation: Kitaev V. V., Kazakov V. I. Application of optical spectroscopy methods in problems of
identification and control of microplastics. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2024;3(5):51-58. (In Russ.). DOI: 10.31799/2949-0693-2024-5-51-58.

18 ceHTAbGpA 2026 T.



Ana yumupoeaHus: Kumaes B. B., Kazakos B. U. lpumeHeHue memodos onmuyecKoli
CeKmMpoCcKonuu 8 3a0a4ax U0eHMU@PUKAYUU U KOHMPOA MUKponaacmuka // MIHHo8ayuoHHoe
npubopocmpoeHue. 2024. T. 3, Ne 5. C. 51-58. DOI: 10.31799/2949-0693-

2024-5-51-58.

CpaBHUTE/IbHbIN aHA/IU3 IPUMEHEHUS
HelipoceTeBOro M HEYETKOTO PEryJIATOPOB B
CHCTEMe aBTOMAaTUYECKOTI'0 ynpaB/JIeHUs
JieTaTeJIbHOT0 anmnapara 1no yrjy KpeHa

AHHOMayusa. OcywecmeseH CUHMe3 cucmemsl demomamu4eckoeo ynpasneHus (CAY) yeaom
KpeHa semamesbHo20 annapama c npumeHeHuem Helipocemesgozo peaynamopa NARMA L-2.
JlaHo KayecmeeHHoe 3aKtoYeHuUe 0 yenecoobpasHocmu npumeHeHus OGHHO20 peayaamopd 8
uccnedyemoli CAY, a makice npogedeH cpasHuUmMesbHbll aHanu3 pa3pabomaHHo20
Helipocemegozo pe2ynamopa u Heyemko2o pe2ynamopa npumeHuUmenoHo K 0aHHol CAY.
OcHosHol nokasamese KA4ecmea cucmemol, UCron6308aHHbIN 8 xo0e CPABHEHUS, — KOHEYHbI
nepexodHslli npoyecc, xapakmepu3syrouwuli ycmolivusocme cucmemeol. Kpumepudli
0NMUManbHOCMU repexo0HbIX MPOYECccos8 8 PAcCCMampusaemom cayvae — MUHUMYM 3Ha4YeHUus
nepepezyauposaHUs U owubKu peayauposaHus. ModenuposaHue nposedeHo 8 cpede Matlab
Simulink.

Knroyeeble cnoea: cpasHUMesbHbIl aHaau3, cucmema a8momMamu4yecko2o ynpaeneHus, memoosl
UCKyccmeeHH020 UHmesnnekma, Helipocemegoli pe2ynamop, UCKYCCmeeHHAsA HelipoHHAsA cems,
obyyeHue, nepexodHslIl npoyecc

Ana yumuposaHus: NeaHos M. E., Esepckuli B. B. CpagHUmMenbHbIl aHAAU3 NpuMeHeHUsA
Helipocemegozo U HeyemKo20 pe2ys1Amopos 8 cucmeme a8MoMamu4yecKko20 ynpasaeHua
flemamesbHO20 annapama o yaay Kpexa // HHosayuoHHoe npubopocmpoeHue. 2024. T. 3,
Ne 5. C. 59-64. DOI: 10.31799/2949-0693-2024-5-59-64.

Hcno/sib30BaHUE KOMIILIOTEPHOTO 3peHUs AJIs
BepupUKaLUHU JBIKEeHMS IKCTpyAepa 3D-
NpUHTEpaA

AHHOmayus. ViccnedosaHa 803MOXHOCMb UCI0/163080HUA KOMITbIOMEPHO20 3peHuUs 0.
sepuduKayuu 08UXCEHUA SKCmpydepa. pa 1o ysemy ¢ MOMOWbI0 Y8emHozo MapKepa u
8bIYUMAHUSA (POHA Ha OCHOBe ornpedeneHuUs dsuxeHUA. Bmopoli no0xo0 oKa3asca HeycrnewHsim.
Mepeoili M00x00 oka3asaca 00cMmamo4yHo moyHsiM (RMSE=1,163). [ToKa3aHa 803MOXHOCMb
UCr0/163080HUA KOMITbIOMEPHO20 3peHUsA 018 KOHMPOoA pabomel 3D-npuHmepos omkpsimoli
KOHCMpYyKYyuu.

Comparative analysis of using of neural network
and fuzzy logic controllers in the automatical
control system of an aircraft by roll angle

Abstract. The synthesis of the roll angle control system of the aircraft using the NARMA L-2 neural
network controller has been carried out in this article. The qualitative conclusion is given on using
this controller in this researching system, as well as a comparative analysis of the developed neuro
controller and fuzzy controller in relation to this system. The main indicator of the quality of
system used in the comparative analysis is the transient process characterizing the stability of the
system. The criterion for the optimality of transients in this case is the minimum value of overshoot
and control error rate. The simulation using Matlab Simulink was carried out.

Keywords: comparative analysis, automatic control system, artificial intelligence, neuro network
controller, artificial neuro network, training, transient process

For citation: Ivanov M. E., Ezerskiy V. V. Comparative analysis of using of neural network and fuzzy
logic controllers in the automatical control system of an aircraft by roll angle. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2024,3(5):59-64. (In Russ.). DOI: 10.31799/2949-
0693-2024-5-59-64.

Using computer vision to verify the movement of a
3D printer extruder

Abstract. This problem explores the possibility of using computer vision to verify the movement of
an extruder. Approaches to finding the extruder by color using a color marker and by background
subtraction based on motion detection were tested. The second approach was not successful. The

first approach turned out to be quite accurate (RMSE=1.163). The study shows the possibility of
using computer vision to monitor the operation of open-design 3D printers.

Keywords: object detection, object tracking, computer vision
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Knrouessle cnosea: demeKuUH 06veKkmos, mpeKuHe 06vekmos, KomMribromepHoe 3peHue

Ana yumupoeanus: puzopses [. B., bab4yuHeuykul C. . icnons308aHUe KOMMbIOMepPHO20
3peHus 0na sepugurkayuu dsuxceHus akempyodepa 3D-npuHmepa // UHHoBAYUOHHOE
npubopocmpoeHue. 2024. T. 3, Ne 5. C. 65—70. DOI: 10.31799/2949-0693-2024-5-65-70.

JlaTyuK Ha OCHOBe uHTepdpepomeTpa Maxa -
Hanaepa

AHHOMayuA. [11a peweHus 300a4u KOHMPOAA HANPAXEeHHO-0edopMUPOBAHHO20 COCMOAHUSA
mexHUYeCcKUx 06eKMo8 MpUMeHam Memoosl U3MepeHUs, OCHOBHbIMU U3 KOMOPbIX A8AAI0MCSA
MexaHu4ecKue, meH3oMempuyeckue U rnee3osnekmpuyeckue. PaccmompeHsi meopemuyeckue u
npakmuyeckue nodxo0bl K NOCMPOEHUIO GyHKUUOHAbHbLIX CXeM 80/10KOHHO-0MMUYeCKUX
usmepumerbHbIx Npeobpazosamesneli MeXaHUYECKUX 8eAUYUH Ha 6aze uHmepgepomempa Ha
MoAUMEPHOM ONMUYeCKOM 80/10KHe. PaccmompeHHbIl memood 0CHOBAH HA MPAMOM
KOppenayuoHHOM CpasHeHuU pacrnpedesneHuli UHMeHCUBHOCMU OMOPHO20 U MEKYU,e20 CreKs-
usobpaxceHuli, Ymo Mo380715em NPoeoouUMb A8MOMAMU3UPOBAHHbIT KOHMPOsb MAPAMEMPOS
deghopmayuu mexHUYecKUx 06veKkmos.

Kniouesble cnoea: damyuk, uHmepgepomemp Maxa — LjaHdepa, noaumepHoe ormogosnoKHo,
crnexn-uzobpaxceHue

Ana yumupoeanus: Kpayko A. @., LLlakuH O. B. lam4uk Ha ocHose uHMepgepomempa Maxa —
LlaHdepa // NHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 5. C. 71-75. DOI: 10.31799/2949-
0693-2024-5-71-75.

Moae/iMpoBaHHE MEXaHM3MOB TPAHCHOPTHBIX
coeJJMHEeHHUH C MOMOLIbI0 BpeMeHHbIX ceTell [leTpu

AHHOMayusA. PaccmompeHsl MeXaHU3Mbl OMKPbLIMUA U 3GKPbIMUA MPAHCIOPMHbIX coeOuHeHul
npomokona CTM-UCC. [ina mexaHu3mos nocmpoeHsl 8pemeHHble uHaubumopHsie cemu lMempu,
nosgonaroujue modeanuposame pabomy MexaHU3IMO8 C Pa3AUYHbIMU 3HaYeHUAMU malimepos u
3a0epcek. MpusedeHsbl Npumepsl pabomel OaHHbIX MEXAHU3MOB.

Kntouesble cnoea: 6opmosbie cemu, npomokosbl nepedaqu 0aHHbIx, CTI1-UCC, modenuposaHue,
cemu lNempu

Ana yumupoesanus: Yymakosa H. 10., MamoHmosa A. A. ModenuposaHue MexaHU3mos
MpaHcnopmMHsix coeduHeHuli ¢ ToMouwibto epemeHHbix cemeli Mempu // MHHOBaAYUOHHOE
npubopocmpoeHue. 2024. T. 3, Ne 5. C. 76—86. DOI: 10.31799/2949-0693-2024-5-76-86.

For citation: Grigoriev D. V., Babchinetsky S. G. Using computer vision to verify the movement of a
3D printer extruder. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,;3(5):65—
70. (In Russ.). DOI: 10.31799/2949-0693-2024-5-65-70.

Sensor on the basis of the Mach - Zehnder
interferometer

Abstract. To solve the problem of controlling the stress-strain state of technical objects,
measurement methods are used, the main ones being mechanical, strain gauge and piezoelectric
methods. Theoretical and practical approaches to the construction of functional schemes of fibre-
optic measuring transducers of mechanical quantities on the basis of an interferometer on a
polymer optical fibre are considered. The considered method of signal processing of
interferometer on polymer optical fibre is based on direct correlation comparison of intensity
distributions of reference and current speckle-images, which allows to carry out automated
control of deformation parameters of technical objects.

Keywords: sensor, Mach — Zehnder interferometer, polymer optical fibre, speckle imaging

For citation: Kryachko A. F., Shakin O. V. Sensor on the basis of the Mach — Zehnder
interferometer. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024;3(5):71-75. (In
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Modeling of transport connection mechanisms

using temporal Petri nets

Abstract. The article considers the STP-ISS protocol mechanisms of opening and closing transport
connections. Temporal inhibitory Petri nets are constructed for the mechanisms, allowing to model

the operation of mechanisms with different values of timers and delays. Examples of the operation
of these mechanisms are presented.

Keywords: on-board networks, communication protocols, STP-ISS, modeling, Petri nets
For citation: Chumakova N. Yu., Mamontova A. A. Modeling of transport connection mechanisms

using temporal Petri nets.Innovacionnoe priborostroenie = Innovative Instrumentation.
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O nepuoANYeCKUX Kole6aHUAX Henoyku Toaa

AHHOMayus. Llenoyka Tooa —3mo 00Ha U3 nepsbix OugpgepeHyuanbHO-PA3HOCMHbIX
HenuHelHbIx UHmezpupyemeoix moodesnell. locmamoyHo Aa8HO U38ecmHbl ycao8us, NPUBoOAUUE K
nepuoduyHoOCMuU ee o HoMepy y3a yernoyku. Bmecme ¢ mem ycnosus, npugodsawjue K
nepuoduYecKUM o 8pemeHu peweHuaM amoli moodesnu, 00 cux nop He bbiau OnUCAHbI. B
npedcmasneHHoli pabome npusedeHsl YCa08uUS, MPU KOMOPbIX MoYMu nepuodu4eckoe no
8pemMeHU KOHeYHO30HHOe pewieHue yeno4yku Toda bydem sewecmeeHHbIM U Nepuodu4eckum.

Knroyeasle cnoea: yernoyka Toda, mama-hyHKYUSA, CIeKmMpasbHas Kpueas, KOHEYHO30HHOe
peweHue, uHMe2pupyemoe HeauHelHoe ypasHeHue

Ana yumupoeaHus: CmupHos A. O. O nepuoduveckux KonebaHusAx yeno4ku Toda //
UHHOoBayuoHHOe npubopocmpoeHue. 2024. T. 3, Ne 5. C. 87-93. DOI: 10.31799/2949-0693-2024-
5-87-93.

On periodic oscillations of the Toda chain

Abstract. The Toda chain is one of the first differential—difference nonlinear integrable models.
The conditions leading to its periodicity by the number of the chain node have been known for a
long time. However, the conditions leading to time-periodic solutions of this model have not yet
been described. The present paper presents the conditions under which an almost periodic finite-
zone solution of the Toda chain will be real and periodic.

Keywords: Toda chain, theta function, spectral curve, finite zone solution, integrable nonlinear
equation
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AHa/IM3 U OLleHKA K/II04YeBbIX KOHCTPYKTUBHbIX
0COO0EHHOCTEeH, onpee/IAIIUX KaYeCTBO
3JIEKTPUYEeCKUX KOHTPOJIbHO-U3MEePHUTE/IbHbIX
NpUuGOpoB

AHHOMayus. lapamemp Kayecmea Xapakmepusyemcs cnoco6HOCMbio U30esus 8bIMoAHAMb 8
nosHom obveme u docmamoyHoli cmerneHu 3aA8/eHHbIe Macnopmom pyHKyuu. a4
371eKMPUYECKUX KOHMPOAbHO-U3MepUmMesbHbiX npubopos oueHo4HbIM Napamempom,
OUCHLIBAIOULUM, HOCKO/IbKO KaYecmeeHHO ycmpolicmeo 8biMoaHAem ce80u yHKYUU, Aea9emcs
moy4Hocme. [JaHHOE 3HaYeHue 3a8Ucum om MHo2UX (haKMopos, 8 pa3nuyHoli cmeneHu
oKa3bisaoWUx eo3delicmaue Ha usmepumessHoe ycmpolicmeo. Y4umeleaa pa3Ho8UOHOCMb
KoHcmpykyul npubopos, 0co6eHHOCMU U Pa3auYHY cmeneHsb ya38UMOCmMU KOHCMPYKMUBHbLIX
V37108, MOXHO COeaameb 861800, YMO CHUMCEHUE MAKO20 Napamempd, KaK moYyHocms npubopa, y
pasHeIx ycmpolicme 6ydem, coomeemcmeeHHO, pa3Has, 0axce rnpu 0O0UHAKOBbIX 8HEWHUX
YC/108UAX SKCMAYamayuu. Liess uccnedoeaHus 3aKa104aemca 8 ocyujecmsneHuu nodpobHozo
QHAAU3A KOHCMPYKYUL 31eKMpUYecKUX KOHMpPOIbHO-U3MepUMesbHbIX Npubopoe 0114 8biAeneHUsA
Haubosnee yyecmeumesnbHbIX KOHCMPYKMUBHbIX 31eMeHmMos, yyem ocobeHHocmeli U crneyuguku
U3HOCA KOMOopbIX M10380AUM CHOPMUPOBAMb MOOEsU, ONUCbIBArOWUe OUHAMUKY U3MeHeHUS
moyYHoCcmu 3nekmpu4eckoz2o npubopa.

Knroueeble cn0ea: KOHMPOsbHO-U3MepUMmMesbHbie npubopsl, UsMmepumerbHble
npubopsl, usmepumessHole ycmpolicmed, MoYHOCMb, N02PewHOCMb, KaYecmao
u30enuli, Ha0eXHoCMsb Y3708, AHAA020-Yugposoli npeobpazosamers

Ana yumupoeaHus: 6o6psiwos A. I1., Conénbliii C. B., KyaemeHKo B. 1. AHaAu3 u oyeHKa
K/1104e8bIX KOHCMPYKMU8HbIx ocobeHHocmel, orpedenaujux Ka4ecmao saeKmpu4eckux
KOHMPOsbHO-U3MepumesnbsHbix npubopos // HHosayuoHHoe npubopocmpoeHue. 2024.
T.3, Ne 4. C. 5-13. DOI: 10.31799/2949-0693-2024-3-4-5-13.

Analysis and evaluation of key design features that
determine the quality of electrical test and
measurement instruments

Abstract. The quality parameter is characterized by the ability of the product to perform fully
and sufficiently the functions declared in the data sheet. In the context of electrical measuring
and control devices, accuracy is an evaluation parameter describing how well the device
performs its functionality. This value depends on many factors that affect the measuring
device to varying degrees, and given the variety of device design, features and varying
degrees of vulnerability of structural units, we can conclude that the reduction of such a
parameter as the accuracy of the device in different devices will be correspondingly different,
even under the same external operating conditions. The purpose of this study is to carry out a
detailed analysis of the design of electrical test and measurement devices to identify the most
sensitive structural elements, considering the peculiarities and specificity of wear which will
allow to form models describing the dynamics of changes in the accuracy of electrical devices

Keywords: control and measuring instruments, measuring instruments, measuring devices,
accuracy, error, product quality, reliability of assemblies, analog-to-digital converter
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Pa3pa6oTKa KOHIeNnuy YHUBEPCAIbHOM
J1aTPOpPMbI 6€CIU/IOTHOTO JIETATEIbHOT0
anmapara Ha OCHOBe IpuMeHeHus metoaa QFD

AHHOomayus. Ha ocHose npumeHeHuUa Memooda yHKUUU paseepmobisaHus kayecmea (QFD)
paspabomaHa KOHYenyua yHusepcasabHol naamgopmesl 6ecrnunomHozo semamesnbHo20
MY6MUPOMOpPHO20 annapama. YHusepcanbHas naamepopma becnuaomHozo
slemamesbHO20 annapama 3a c4em moodysbHoli COOPKU M0380/1UM BbIMNOAHAMb WUPOKUL
Kpya epaxdaHcKkux 3a0a4. Kpome mozo, KoHyenyus yHusepcansHol naamgopmesi
paspabomaHa ¢ y4emom e20 U320mosseHuUs 8 ycaosusx cepuliHo2o npoussoocmsa.

Knrouessie cnoea: becrnunomHeili nemamessHoili annapam, yHU8epcanbHas
naamgopma, QFD

Ana yumupoeanus: 3a2udynnuH P. C., TkayeHKo A. A., Muxees M. A., Kptokosa A. K.
Paspabomka KoHyenyuu yHusepcanbHol naamegopmel 6ecrnusnomHozo semamesnsHo20
annapama Ha ocHoee npumeHeHua memoda QFD // UHHoeayuoHHoe npubopocmpoeHue.
2024. T. 3, Ne 4. C. 14-21. DOI: 10.31799/2949-0693-2024-3-4-14-21.

HHHOBaI.[l/II/l B BCHAHWHrIE: HAIIpaBJICHUA
TEXHUYECKOI0O COBEPIHICHCTBOBAHMUA

AHHOomayus. 0603Ha4eHbl hakmMopsbl POCcMa, OCHOBHbIE HAMPABAEHUA U meHOeHYuU, C
MOMOW,bI0 NAMEHMHO20 aHAAU3A NpusedeHbl MPUMepsbl UHHOBAYUOHHO20
mexHo02U4ecKo20 pa3sumus 8eHOUH208020 cepauca. OmmeyeHbl mexcompacaesoli u
MHO0200UCYUNAUHAPHbIU Xapakmep UHHO8AUUL, UX pOsb 8 KOHKYpeHUUU. BoigeneHsi
ynpasseH4yeckKue pymuHel, NpeodoneHue Komopbix 803MOXHO Yepe3 bosiee WUpPoKyo
adanmayuto Digital-mexHonoauli, cocmassneH npogunb 8eHOUH2a U NMPedsaoHeHbl Hosble
nokaszamenu KPI.

Kntouessle cnosa: mopeoeblﬁ asmomam, BEHdUHZ, UHHosauuu, mexHuyveckuli

ypo8eHb, mexHos02u4eckas ModepHu3ayus, obaayHele mexHonoauu, KPI
npodykmusHocmu

Ana yumupoeanus: Kpynura H. H. UHHOoBayuU 8 8eHOUH2€e: HaNpasaeHUs mexHU4ecKo20

cosepuieHcmsosaHus // NHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 4. C. 22-27. DOI:

10.31799/2949-0693-2024-3-4-22-27

Development of the concept of a universal
unmanned aerial vehicle platform based on the
application of the QFD method

Abstract. Based on the application of the Quality Function Deployment (QFD) method, the concept
of a universal multi-rotor unmanned aerial vehicle platform has been developed. The universal
platform of an unmanned aerial vehicle, due to its modular assembly, will allow it to perform a
wide range of civil tasks. In addition, the concept of a universal platform is developed taking into
account its production in mass production conditions

Keywords: unmanned aerial vehicle, universal platform, QFD

For citation: Zagidullin R. S., Tkachenko A. A., Mikheyev M. A., Kryukova A. K. Development of the
concept of a universal unmanned aerial vehicle platform based on the application of the QFD
method. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024;3(4):14-21. (In Russ.).
DOI: 10.31799/2949-0693-2024-4-14-21.

Innovations in vending: directions for technical
improvement

Abstract. Growth factors, main directions and trends are outlined, examples of innovative
technological development of the vending service are given with the help of patent analysis. The
intersectoral and multidisciplinary nature of innovations and their role in competition are noted.
Management routines have been identified, which can be overcome through a broader adaptation
of Digital-technologies, a vending profile has been compiled and new KPI-indicators have been
proposed

Keywords: vending machine, vending, innovation, technical level, technological modernization,
cloud technologies, productivity criteria
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[loaxoa K onTUMHU3ALUH NPOLEecCa yIpaBJIeHUS
MepCOHAJ/IOM OCPEACTBOM BHeApeHUsI HUPPOBbIX
TEeXHOJIOTUH

AHHomayus. HanpasneHue pasgumus yugposeix mexHono2uli 8 HAWU OHU —
06beKmu8sHas peasbHOCMb, Komopas npeodnosaazaem, 8 fnepsyto ouepeds, Yugpposu3ayuo
npoyeccos Kak ocHosy yugposoli mpaHchopmayuu 6usHeca, crrocobcmayouyto
108bIWEHUI0 KaYecmaa NPoOdyKYUU U ycsye, nossiweHuto 2ubKkocmu u adanmuesHocmu K
U3MeHeHUAM Ha pbiHKe. Ljugposas mpaHcgopmayusa busHeca ocHos8aHA HA
UCr0/16b308aHUU HOBbIX MexHO02ull, maKux Kak UHmepHem seuweli, uckyccmaeHHbll
UHMesneKkm, aHaAUMUKa 0aHHbIX, 06Aa4HbIe 8bIYUCAEHUA U Op. IMu mexHoa02uu
10380/170M ABMOMaMU3UPOBAMb U ONMUMU3UPO8aMb BU3HEC-Npoyeccsl, cobupams u
aHanu3uposame b6osnbwue 06veMbl OQHHLIX, MPUHUMaMb 601ee Mmo4Hble U 060CHOBAHHbIE
peweHus, a makie co30a8ame Hosble Yyugpossie Mpodykmesl u ycayau. Kak ciedcmaue,
rnosblwalomcsa nokazamesu pesysnemamusHocmu desmesnsHocmu npednpuamud, 6usHec
cmaHosumcs Haubosiee KOHKYPeHMocrnocobHbIM U 20MO8bIM K USMEHEHUAM Ha pbIHKe.

Kntouesble cno8a: yugpposusayus, yugpposas mpaHcghopmayus, npoyecc,
onMuMU3ayus, NPoyeccHsili mooxod

Ana yumupoeanus: Musnosa B. M., laspunosa A. [. [lodx00 Kk onmumu3ayuu npoyecca
yrpasneHus nepcoHasnom nocpedcmeom eHedpeHuUs Uu@ppoasix mexHonoauli // MHHo8aUUOHHOe
npubopocmpoeHue. 2024. T. 3, Ne 4. C. 28-33. DOI: 10.31799/2949-0693- 2024-4-28-33

An approach to optimizing the personnel
management process through the introduction of
digital technologies

Abstract. The direction of digital technology development nowadays is an objective reality, which
primarily involves the digitalization of processes as the basis for digital business transformation,
contributing to improving the quality of products and services, increasing flexibility and
adaptability to changes in the market. Digital business transformation is based on the use of new
technologies such as the Internet of things, artificial intelligence, data analytics, cloud computing
and others. These technologies allow you to automate and optimize business processes, collect
and analyze large amounts of data, make more accurate and informed decisions, and create new
digital products and services. As a result, the performance indicators of enterprises are increasing,
the business becomes the most competitive and ready for changes in the market

Keywords: digitalization, digital transformation, process, optimization, process approach
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[IpoeKkTHpOBaHKE MPOU3BOACTBEHHBIX MPOLECCOB
HU3rOTOBJIEHUS HAYKOEMKOM NPOAYKIUU

AHHOMayusA. VIHHo8ayuu uzparom pewarowyto pose 8 CoO8peMeHHOM MUpPE, ornpeodesnsasn
8eKMop passuMuUsA SKOHOMUKU, obujecmea u mexHonoeul. B ycnosusx enobanbHol
KOHKYPEeHYUU U cmpemumesibHo20 MexHUYeCKo20 Npo2pecca KOMIaHuu u 2ocydapcmea
8bIHYHOEHbI UCKAOMb Ho8ble Mymu rosblueHus shghekmueHocmu, Ka4ecmaa u
ycmoliyusocmu ceoeli mpodyKyuu u ycaye. BeedeHue uHHosayuli 8 npouzsoocmeeHHbie
npoyecceyl, bU3Hec-mooesnu, MapKemuHa08ble cmpameauu U opeaHU3ayUuOHHbIe
CMpyKmMypbl CMAHOBUMCA HEOMbEMAEMOU YACMbIO Cmpame2uu pa3eumus ycrewHsix
KomnaHuli. B 0aHHOU cmamee paccmompeHsi pasauyHsie 8udbl U munel UHHO8AyUl, a
MaK#ce ux 8auUAHUE Ha HaYyKOeMKUue ompacau rnpombsluiaeHHOCMU.

TexHos02UuYeCcKUe UHHOBAYUU ABAAIOMCA 00HOU U3 K/to4esbix 0BUXCYLUX CUs pozpecca.
OHu gKnto4atom e cebs KaK paduKasbHele, MaK u yaydywarouue UHHo8ayuu. PaduKkasnbHblie
UHHOBaYUU npedcmasnaom coboli NPUHYUNUAALHO HOBbIE MEXHO02UU, KOmopsle Mo2ym
MOIHOCMbIO U3MEHUMb Cyujecmayroujue poIHKU Uau co30ams Hosble. [Tpumepsl makux
uHHosayuli — pazpabomka lHmepHema, co30aHUe nepsbix NepCcoHANbHbIX KOMIbIOMepPos
U Opyaux pesosntoyUOHHbIX mexHos102uli, Komopele UsMeHUU 06pa3 HU3HU MUsIUOHO8
nodeli. C dpyzoli cmopoHsl, yayqwarowue UHHoeayuu npedcmasnsaom coboli
cosepuieHcmeo8aHuUe Cywecmsyrowux mexHonozulli u npodykmos. Imu UHHO8AUUU MeHee
80cmpebo8aHbI, HO He MeHee 8aM(HbI, MAK KaK OHU 10380/A10M 108bIWAMb
npoussooumenbHOCMb U Kayecmao npodyKyuu. [Ipumepamu mozym cayxums yaydueHue
npoyeccopos, paspabomxa HO8bix sepculi onepayuoHHbIX cucmem u Opyaux mexHonoaud,
Komopebie deaarom Hauly NoscedHesHyHo #u3Hb 6onee KomgpopmHol u sgppekmueHol.
HaykoemKaa npodyKyua A6a19emca 8aHHbIM KOMITOHEHMOM UHHO8AUUOHHOU 3KOHOMUKU.
S371eKmpPOHUKQA, A8UAKOCMUYECKAA MeXHUKa, buomexHoa02uu, UHGHOPMAYUOHHbIE
mexHOos102UU, HAIHOMEXHO/102UU, SHEP2EMUKA U pobOMOomMexHUKa — 8ce amu ompacau
mpebyrom 8bICOKUX UHBeCMUYuli 8 Hay4Hble UCCAE008AHUA U pa3pabomku U A8a4tomcs
OCHOBHbIMU 08U2aMeENAMU MEXHO02UYECKO20 fpozpecca.

JuHamuKa paseumus cospemeHHO20 POMbIWIEeHHO20 Mpou3sodcmea onpedesnsem
MOCMOAHHYIO UHHOBAUUOHHYIO HANpPasaeHHoOCMb 0715 peweHus 3a0a4 mexHoao2uu u
opeaHu3ayuu npouzeoocmaa u 3a0ay4 yrnpaeneHus.

Knroueaoble cnoea: npou3sodcmeo, HayKoemKas npodyKyus, npou3goocmeeHHsle
npoyeccol

Ana yumupoeanus: YabaHeHko A. B., Pacceixaesa M. [., Komaposa B. C. [lpoekmuposaHue
1pou3800CMBEHHbIX POYECCO8 U320MossaeHUs HayKoemKol npodykyuu // HHosayuoHHoe
npubopocmpoeHue. 2024. T. 3, Ne 4. C. 34-39. DOI: 10.31799/2949-0693- 2024-4-34-39

Design of production processes for the
manufacture of high-tech products

Abstract. Innovations play a crucial role in the modern world, determining the vector of economic,
social and technological development. In the context of global competition and rapid technological
progress, companies and governments are forced to look for new ways to improve the efficiency,
quality and sustainability of their products and services. The introduction of innovations into
production processes, business models, marketing strategies and organizational structures is
becoming an integral part of the development strategy of successful companies. This article
examines various types and types of innovations, as well as their impact on knowledge-intensive
industries.

Technological innovation is one of the key drivers of progress. They include both radical and
improving innovations. Radical innovations are fundamentally new technologies that can
completely change existing markets or create new ones. Examples of such innovations include the
development of the Internet, the creation of the first personal computers and other revolutionary
technologies that have changed the way of life of millions of people. On the other hand, improving
innovations are improvements to existing technologies and products. These innovations are less
dramatic, but no less important, as they allow for increased productivity and product quality.
Examples include the improvement of processors, the development of new versions of operating
systems and other technologies that make our daily lives more comfortable and efficient.
Knowledge-intensive products are an important component of an innovative economy. Electronics,
aerospace engineering, biotechnology, information technology, nanotechnology, energy and
robotics — all these industries require high investments in research and development and are the
main engines of technological progress.

The dynamics of the development of modern industrial production determines the constant
innovative orientation of both solving the problems of technology and organization of production,
as well as management tasks

Keywords: manufacturing, high-tech products, production processes
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Tunbl cTaHAAPTU3UPOBAHHOM PAa6OTHI B CUCTEME
6epexJIMBOro Npou3BOACTBA B NPOU3BOACTBEHHbIX
cucreMmax «Tormorsl» U «PocaTomMma»

AHHOMayusa. PaccmompeHa cmaHoapmu3uposaHHas paboma Kak oOUH U3 Ko4esbix
3nemeHmos npou3sodcmeeHHoli cucmemel «Toliomel», a makxe ee adanmuposaHHas
8epcus 8 pamKkax npouszsodcmeeHHol cucmemeol «Pocamoma». PaccmompeHel
cywecmsyoujue mpu muna cmaHoapmu3uposaHHol pabomel, npedHa3Ha4YeHHble 0417
Pa3AUYHBIX MPOU380OCMBEHHbIX yca08ull. [pusedeHbl NpuMepsl 0715 KA 0020 U3 mpex
murnos, a makx e ux coomeemcmaue npou3eo0cmMeeHHbIM MPoUeccam.

Knrouessie cnoea: cmaHOapmu3uposaHHas paboma, npou3eo0cmeeHHas
cucmema «Tolioma», Mpou3sodcmeeHHAs cucmema «Pocamoma», 8pema makma,
8pemsA YUKnAa, cmaHoapmusayus

Ana yumuposarus: 3onomyxuH K. B. Tunsl cmaHdapmu3uposaHHoli pabomei 8 cuicmeme
bepexnusozo Npou3sodcmeaa 8 npouzsodcmseHHbix cucmemax «Toliomsl» u «Pocamoma» //
UHHosayuoHHoe npubopocmpoerue. 2024. T. 3, Ne 4. C. 40-44. DOI: 10.31799/2949-0693-2024-
4-40-44.

UaeHTHPUKALMSI HECOOTBETCTBUM B Ipolecce
BXOJHOT'0 KOHTPOJISI C IOMOIIbI0 TEXHOJIOTUH
KOMIILIOTEPHOI'O 3pEHUS

AHHOMayus. B cospemerHoli npoussodcmeeHHoUl cpede Kauecmeo 8xo0Au,e2o Coipba U
mMamepuasnoe Hanpamyio eausem Ha 6e30MacHocms KoHeYHol npodykyuu. Cmames
0C8AWEHA aHAAU3Y NPUMeHEHUS MeXHO02UU KOMMbIOMePHO20 3peHus 017
udeHmMuUUKAYUU U KaaccuguKkayuu Hecoomeemcmaeuli Ha amarne 8X00H020 KOHMPOJIA.
PazpabomaHbl UHHOBAUUOHHbIE a120pUMMbI NOUCKA peweHull pu 06HapyxeHuu
npou3sodcmeeHHbIX Hecoomeemcmeud, knAoYarowue 8 cebs obHapyx#eHue degpekmos ¢
MOMOUW,bI0 MEXHOA02UU KOMIbIOMEPHO20 3PEHUS.

Kniovesble cnoea: KomnbromepHoe 3peHue, KOHMpPOosb KaYyecmsa,
udeHmugukayus Hecoomsemcmaudi, 8Xo0HOU KOHMPOb, an20pUMMb]
KOMIMblomepHOo20 3peHus, Kaaccugukayus degpekmos, ceepmoyHsle HelipoHHbIe
cemu

Ana yumuposarusa: Munosa B. M., BazeHnelimep K. A. UdBeHmugpukayusa
Hecoomeemcmauli 8 npoyecce 8X00H020 KOHMPOIA C MOMOWbIO MexXHoM02UU
KomnblomepHo20 3peHus // MHHosayuoHHoe npubopocmpoerue. 2024. T. 3, N 4.
C. 45-50. DOI: 10.31799/2949-0693-2024-4-45-50.

Types of standardized work in lean production
systems: Toyota production system and Rosatom
production system

Abstract. The paper examines standardized work as one of the key elements of the Toyota
Production System (TPS) and its adaptation in the Rosatom Production System (RPS). The three
existing types of standardized work designed for various production conditions are discussed.
Examples for each of the three types are provided, as well as their correspondence to production
processes.

Keywords: standardized work, Toyota production system, Rosatom production system, takt time,
cycle time, standardization

For citation: Zolotukhin K. V. Types of standardized work in lean production systems: Toyota
production system and Rosatom production system. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2024,;3(4):40-44. (In Russ.). DOI: 10.31799/2949- 0693-2024-4-40-44.

Identification of nonconformities in the process of
incoming inspection with the help of computer
vision technology

Abstract. In modern production environment the quality of incoming raw materials and materials
directly affects the safety of the final products. The article is devoted to the application of
computer vision technology for identification and classification of nonconformities at the stage of
incoming inspection. Innovative algorithms of search of decisions at detection of production
nonconformities including application of detection of defects with the help of computer vision
technology are developed.

Keywords: computer vision, quality control, identification of nonconformities, incoming inspection,
computer vision algorithms, classification of defects, convolutional neural networks

For citation: Milova V. M., Vagenleiter K. A. Identification of nonconformities in the process of
incoming inspection with the help of computer vision technology. Innovacionnoe priborostroenie
= Innovative Instrumentation. 2024;3(4):45-50. (In Russ.). DOI: 10.31799/2949-0693-2024-4-45-
50.
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PedppakTomMeTpuUecKHii KOHTPOJIb ONTHYECKH

MYTHBIX XKMAKO(Pa3HBIX CpeJ, IKCIEePUMEHTATbHOU

YyCTaHOBKOM

AHHOMayus. PaccmompeHb/ 8oripocol uccnedo8aHUA onmuyecKku MYMHbIX }f(UdKOd)GBHbIX

cped c npumeHeHuem Memoda osaHo20 8HymMpeHHe20 ompaxceHus. [na aHanusa
onMmMuYecKku MymHoix YUOKOGa3HbIX cped NepcrnekmusHo U akmyasabHO NPUMeHAMb
onmuyeckue mexHosa02uuU, 8 4aCMHOCMU, pehpakmomMmempuyecKue Mmemoos! u
mexHuYecKue cpedcmaea, MaK KaK OHU A8/AI0MCA 8bICOKOUHMOPMAMUBHbLIMU,
8bICOKOMOYHbLIMU U 00CMOBEPHbIMU UHCMPYMeHmamu uccnedosaHudl. Lieas pabomel —

usy4yeHue oMuUYecKux Napamempos onmuYeckUu MymHbix #UOKOga3HbIx cped 8 nuujesol

nMpoMmblWAeHHoCcMu 3KcnepumeHmaneHoli peppakmomempudeckoli ycmaHosKol.

lMony4eHbl 3a8ucUMOCMU NOKA3aMeNA NPesnomaeHus BOO0HbIX pacmeopos A67104HO20 COKa
Oom KOHUyeHmpauyuu, a makie onpedeﬂeHa cxo0umocmes 3KcrepumeHmanbHbIX U 30800CKUX

OaHHbIX 0018 O/1UHbI 80sHbI A = 633 HM.

Kntouesble cnosa: pedhpakmomempu4eckas yCmaHo8Ka, OnmMuYecku MymHas
cpeda, nokasamess NpesnomMsAeHUsA, KOHUeHmMpPayus, nosauHOM, CXoOUMOCMeb,
nozpewHocmo UsmepeHus

Ana yumupoeanus: Matliopos E. E. Pegppakmomempuyeckuli KOHmMpPose
onmuYecku MymHbIx HUOKOGa3HbIX cped sKcrepumeHmansHol ycmaHosekoli //
UHHoBayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 4. C. 51-55. DOI:
10.31799/2949-0693-2024-4-51-55.

UccneaoBaHue 3KCIepUMEHTa/IbHOU
UHTepdepeHIIMOHHOM YCTAHOBKM Ha 6a3e
uHtepdepomerpa XKameHa /11 U3MepeHUs
CMeLleHUA TOYEK NOBEPXHOCTH

AHHOMayusa. Paboma noceaweHa usmepeHUro amraumyosl 8bIXo00H020 Cu2HAAd Mpu
UaMeHeHUU yena mexcdy naacmuHamu npu pasHol moaujuHe 8 uHmepgepomempe
MameHa, a makce onpedeneHuro 4yecmeumesnbHOCMU YyCMAHOBKU 018 PA3AUYHbIX
8e/1IUYUH CMeW,eHUs moyvek nogepxHocmu obvekma. C nosesneHuem cospemeHHol
uHmepgepeHyuoHHol annapamypsi uccaedosamesnu docmuanu 60bUIUX YCEXO8 8
peaucmpayuu, 06pabomke u aHasU3e Noay4eHHbIX OGHHbIX, 0OHAKO He peuwieHbl 8ce
npobsaembl 8 KOHCMPYKMOPCKoU Yacmu UuHmMepgpepeHYUOHHbIX Mpubopos u cucmem,
noamomy uccnedo8aHue aKkmyasnabHoO U nepcrnekmusHo. lpusedeHsl cxema
e3aumodelicmeus ceemosbix ny4veli, MpowedwUx CMeKAAHHbIE MaAACMUHbI
uHmMepgepomempa, a MAaKMHe oONMUYECcKas cxema UHmepgpepeHuUuoHHoU ycmaHoeKu

Refractometric control of optically cloudy liquid-
phase media by an experimental setup

Abstract. The paper considers the issues of studying optically cloudy liquid-phase media using the
method of total internal reflection. For the analysis of optically turbid liquid-phase media, it is
promising and relevant to use optical technologies, in particular, refractometric methods and
technical means, since they are highly informative, highly accurate and reliable research tools. The
purpose of this work — the study of optical parameters of optically turbid liquid-phase media in the
food industry with an experimental refractometric installation. The dependences of the refractive
index of aqueous solutions of apple juice on the concentration are obtained, and the convergence
of experimental and factory data for the wavelength A = 633 nm was determined.

Keywords: refractometric installation, optically cloudy medium, refractive index, concentration,
polynomial, convergence, measurement error

For citation: Maiorov E. E. Refractometric control of optically cloudy liquid-phase media by an
experimental setup. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024;3(4):51—
55. (In Russ.). DOI: 10.31799/2949-0693-2024-4-51-55.

Investigation of an experimental interference
installation based on the Jamin interferometer for
measuring the displacement of surface points

Abstract. This work is devoted to measuring the amplitude of the output signal when the angle
between the plates changes at different thicknesses in the Jamin interferometer, as well as
determining the sensitivity of the installation for various values of displacement of points on the
surface of the object. With the advent of modern interference equipment, researchers have
achieved great success in recording, processing and analyzing the data obtained, however, all
problems in the design of interference devices and systems have not been solved, so the work is
relevant and promising. A diagram of the interaction of light rays passing through the glass plates
of the interferometer, as well as an optical scheme of an interference installation for monitoring
elementary displacements, is presented. The dependences of the output signal amplitude on the
angle between the glass plates and the calibration curves of the experimental interference setup
for different plate thicknesses are obtained.
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KOHMPOA 31eMEHMApPHbIX CMEU.{EHUU. nOﬂy'-IeHbI 3asucumocmu amnnumydb/ 8bIXOOH020

cu2HanNa om yana mexcoy CmMeKAAHHbIMU NMAACMUHAMU U KaaAUubPpOBOYHbIE Kpusble
3KCrnepumMeHmManbHolU UHMepgepeHYUOHHOU yCMAaHOB8KU 018 pa3au4Hol moaujuHsi
nAaCMuH.

Knroueebie cnoea: onmuyeckue memoosl, UHmepgpepomempus,
na0cKonapannesnbHsie naacmuHel, KaAubpPo8oO4YHAA KpUBAS, Yy8cmaumea6HOCMe,
pasHocmeo xo00a sydeli, MOAWUHA NAACMUHbI

Ana yumupoearus: Matliopos E. E. ViccnedosaHue akcrepumeHmansHol
UHMepgepeHyuoHHOU ycmaHos8Ku Ha basze uHmepgepomempa ameHa 015
usmMepeHus cMeweHUs moYeK nosepxHocmu // MHHosayuoHHoe
npubopocmpoeHue. 2024. T. 3, Ne 4. C. 56— 60. DOI: 10.31799/2949-0693-2024-4-
56-60.

HN3y4yeHue BJIMSAHUA HAJIUYUSA ayrMEeHTAL U
AAHHbIX Ha KA4Y€CTBO 00y4YeHHUsI MO e U
cermeHTanum YOLOS8n

AHHOMayus. UccnedosaHo enusHue ayameHmauyuu OaHHbIX HO Ka4ecmeo O6y‘1€HUe

mooesnu YOLO (You Only Look Once) sepcuu nano npu obyyeHuu Ha Habope 0aHHbix TACO

ona ceameHmayuu mycopa. Pesynemamsi uccnedosaHUA 2080pAM 0 Mom, Ymo

ayemeHmMayua OaHHbIX, HECMOMPSA HA yeesnuveHue spemeHuU 0byyeHUs MPonopyuoHaIbHO

cmeneHu yene4eHUs HAbopa OaHHbIX, CM027a yAy4WUMs Kayecmeo pabomel modenu.
Pesynbmamel uccnedosaHus nomoaym eblbpame Haubosee nodoxodsawue napamempol
ayameHmauuu 0aHHbIX, YMO N03680/UM MO8bICUMb KaYyecmeao pabomel modesnu be3
Heobxodumocmu nepexoda K bosee 3ampamHol modesu. I3mo daem 803MOXHHOCMb
c0enams onepamugHoe 0bHapyxceHue Mmycopa npouje, Ymo bydem cnocobcmeosame
nosviweHuto 6e3onacHocmu u 3aujume oKpyxcaroweli cpedbl Ha CMpoumesbHbIX
0bvbekmax.

Knrouessble cnoea: ceemeHnmayus, TACO, YOLO, ayameHmauyusa 0aHHbIX

Ana yumupoearus: babyuHeykuli C. I. U3yyeHue 8AUAHUA HAAUYUA ayamMeHmayuu
OaHHbIX Ha Kayecmeso obyyeHusa modesnu ceameHmayuu YOLOSn //
UHHoBayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 4. C. 61-67. DOI:
10.31799/2949-0693-2024-4-61-67.

Moay/ibHBIN IOAXO0[ K pa3pado0TKe 00 bEKTHO-
OpPHUEHTHPOBAHHBIX CCTEM JJIsl aHA/IU3a

Keywords: ptical methods, interferometry, plane-parallel plates, calibration curve, sensitivity, beam
path difference, plate thickness

For citation: Maiorov E. E. Investigation of an experimental interference installation based on
the Jamin interferometer for measuring the displacement of surface points. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2024;3(4):56—60. (In Russ.). DOI: 10.31799/2949-
0693-2024-4-56-60.

Studying the impact of data augmentation on the
quality of training of the YOLO8n segmentation
model

Abstract. The article examined the influence data augmentation for quality training of the “YOLO”
(You Only Look model Once) version of nano when trained on the “TACO” data set for
segmentation garbage. The results of the study suggest that data augmentation, despite the
increase in training time in proportion to the degree passion for the data set, was able to improve
the quality. The research results will help you choose the most appropriate data augmentation
parameters, which will improve quality of model performance without the need to switch to a
more expensive one models. This will make prompt detection of garbage easier, which will help
improve safety and environmental protection in construction sites.

Keywords: segmentation, TACO, YOLO, data augmentation

For citation: Babchinetsky S. G. Studying the impact of data augmentation on the quality of
training of the YOLO8n segmentation model. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2024;3(4):61-67. (In Russ.). DOI: 10.31799/2949-0693-2024-4- 61-67.

Modular approach to the development of object-
oriented systems for time series analysis
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BpPpEMEHHBLIX pAA0B

AHHOomauyus. PaccmompeH MoOys1bHbIl NoOX00 K CO30aHUI0 KOMI/AEKCA C UCMOAb308AHUEM
06bEKMHO-0pUEHMUPOBAHHOU MexHoM02UU, a UMEHHO — 06beKMHO-KAaccosas
CMPYKMypa u NpuHyumnsl ee nocmpoeHus. CrpoekmuposaHa KaAaccosas cmpykmypa
cucmemsl 06paboMKu U aHAAU3A MHO20MEpPHbIX 8peMeHHbIX PAG08 C UCroNb308aHUEM
MOOYbHO20 M00x004a. 3a cHem 06beKMHOOPUEHMUPOBAHHOU U MOOYAbHOU apxumeKkmyp
obecrieyeHbl 2ubKOCMb U Macwmabupyemocms cucmembl, YmMo 1038075em s1e2Ko
0060a8s1Mb HOBbIE AA20pUMMbI U MeMOObI aHanu3a. lNocmpoeHa UML-0uazpamma
Knaccos 011 obsie24yeHus peanusayuu cucmemsi C UCM0Nb308AHUEM A3bIKA
po2PaMMUPOBAHUA.

Knrouesbie cnosa: 06beKmMHO-opueHMUpPOo8aHHbIl nodxod, modysbHblli Modxoo,
cucmema, aHANU3 8PEMEHHbIX PAO0S, CU2HAs, ABCMPaKYus, KAacc

Ana yumupoesarus: laaumosa M. B., 3onomyxuH K. B. ModynbHbil nooxod K
paspabomke 06beKMHO-0pUEeHMUPOBAHHbIX cUCMeM 077 GHAAU3A 8pEMEHHbIX
pAdoe // NHHosauuoHHOEe npubopocmpoeHue. 2024. T. 3, Ne 4. C. 68-73. DOI:
10.31799/2949-0693-2024- 4-68-73.

ApxuTtekTypa BbeiCOKonpoussoauteabHoro NAND
Flash-kKoHTpoJ/1epa ¢ pacnpeaeeHHOU
NPOrpaMMHO-aNIapaTHON NOLACUCTEMOU
KOppeKL MU OIIUO0K

AHHOomayus. [pou3sooumenbHOCMb, HAOEHHOCMb U dHepP203¢hheKmusHOCMb
cospemeHHbIX meepdomesbHbIX Hakonumeseli 8 3Ha4uMesnbHoUl cmeneHu onpeodenamcsa
B803MOMHHOCMAMU KOHMPO/11ePOo8, YCMAHOB/EHHbIX 8 HUX. BbibpaHHAA apxumekmypa
KOHMPpOs1epa u an20pummel, KOmopble 8 HeM Peasnu308aHsl, ornpedenaom
XapaKmMepucmuKu U Cmoumocme KoHeyHoz20 ycmpolicmea. O0HUM u3 Haubonee
HazpyeHHbIX Y3/108 KOHMPOsAepPa AsAAemMcaA nodcucmema nomexoycmotiyugsozo
KoOuposaHus. B daHHol pabome npednazaemca pacnpedeneHHAs apxumekmypa
nomexoycmolivyugsix 6510K08 Ha Npumepe Kooeka Kooa boyza — Yoydxypu — XokeuHzema u
apxumeKkmypa KoHmposnsnepa SSD-Hakonumessa, OCHOBAHHAA HA HUX. OcobeHHOCMbIo
OdaHHoU apxumeKkmypbl Asnaemca enyboKas UHMe2payus 8blvucauUmMenbHolx Adep 8
npoyecc 0ekoOuUpPosaHUsA, Ymo Oeslaem 3Mom npoyecc NPo2PaAMMHO-ANNApPaAmMHsIM U
cywjecmseHHo ygenuyusaem 2ubKOCMb U 803MOXHOCMU nomexoycmoliyusoli cucmemel
NAND Flash-koHmponnepa. [MpedcmassneHsl npeumyujecmea npedsaazaemoli
apxumeKmypbl o CPA8HEHUIO C UCMO0b3yemMbIMU Ha OaHHbILU MOMEHM apxumeKmypamu
NAND-KkoHmponnepos.

Abstract. The article considers the modular approach to the creation of a complex using object-
oriented technology, namely the object-class structure and the principles of its construction. The
class structure of the system of processing and analyzing multivariate time series using the
modular approach is designed. Due to the object-oriented and modular architecture flexibility and
scalability of the system are provided, which allows to easily add new algorithms and methods of
analysis. The UML class diagram is built to facilitate the implementation of the system using a
programming language.

Keywords: object-oriented approach, modular approach, system, time series analysis, signal,
abstraction, class

For citation: Galimova M. V., Zolotukhin K. V. Modular approach to the development of object-
oriented systems for time series analysis. Innovacionnoe priborostroenie = Innovative
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Architecture of a high-performance NAND Flash
controller with a distributed software and
hardware error correction subsystem

Abstract. The performance, reliability and energy efficiency of modern solid-state drives are
determined by the capabilities of the controllers installed in them. Depending on the selected
controller architecture and the algorithms implemented on this architecture, the characteristics
and cost of the final device are determined. One of the most loaded controller nodes is the ECC
subsystem. This paper provides an overview of currently used NAND controller architectures. A
distributed architecture of Error Correction blocks is proposed using the BCH codec as an example,
and an SSD drive controller architecture based on them is proposed. A feature of this architecture
is the deep integration of computing cores into the decoding process, which makes this process
hardware-software and significantly increases the flexibility and capabilities of the Error
Correction NAND Flash controller system.

Keywords: NAND, SSD controller, Flash, ASIC, BCH, memory controller, noise-resistant codes
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Knrouessie cnosa: NAND, SSD controller, Flash, ASIC, BCH, kohmponnep namsamu,
nomexoycmoliyugblie KoObl
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